
HAL Id: tel-03920243
https://theses.hal.science/tel-03920243

Submitted on 3 Jan 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Plant-virus interactions : role of virus- and host-derived
small non-coding RNAs during infection and disease

Nicolas Pitzalis

To cite this version:
Nicolas Pitzalis. Plant-virus interactions : role of virus- and host-derived small non-coding RNAs dur-
ing infection and disease. Virology. Université de Strasbourg, 2018. English. �NNT : 2018STRAJ103�.
�tel-03920243�

https://theses.hal.science/tel-03920243
https://hal.archives-ouvertes.fr


 
 

 

 

UNIVERSITÉ DE STRASBOURG 

 

 
ÉCOLE DOCTORALE DES SCIENCES DE LA VIE ET DE LA SANTÉ 

INSTITUT DE BIOLOGIE MOLÉCULAIRE DES PLANTES - CNRS UPR 2357 
 
 
 

THÈSE 
présentée par :  

 Nicolas PITZALIS  
 

Soutenue le : 9 Novembre 2018 
 

 

 

pour obtenir le grade de : Docteur de l’Université de Strasbourg 
Spécialité : Science de la Vie et de la Santé 

Discipline : Science du Vivant Aspects Moléculaires et Cellulaires de la Biologie 
 

 

Plant-virus interactions: role of virus- and 
host-derived small non-coding RNAs during 

infection and disease 
 
 
 

 
THÈSE dirigée par : 

Dr. HEINLEIN Manfred Directeur de recherche, Université de Strasbourg, IBMP-CNRS 
 
RAPPORTEURS EXTERNES : 

Dr. GERMAN-RETANA Sylvie Directeur de recherche, INRA - Bordeaux-Aquitaine – UMR 1332  
Prof. Dr. KOGEL Karl-Heinz Professeur, Directeur de recherche, Université Justus Liebig de 

Giessen, Allemagne 
 
EXAMINATEUR INTERNE : 

Dr. BLEVINS Todd Chargé de recherche, Université de Strasbourg, IBMP-CNRS  
 



Acknowledgments 
 
It has always been difficult for me to find the correct way and the right words to thank people who are dear to me and 
helped me during all these years. For me the ending of my thesis is not only representing the end of three years of 
work, but the end of eight years of work taken in account all the years at the University of Strasbourg.  
 
Almost all the people I’ve met during my years of study have, in a way, helped and contributed to the accomplishment 
of my work that I don’t see as an ending but as a fulfillment and mostly as a new beginning. 
 
I will, of course, first start to thank the person who played one of the major roles during all these years of work, my 
half. You were able to support my terrible mood and stress at some moments, you calmed my doubts, listen to my 
numerous and countless complains… You made it possible for me, from time to time, to briefly step back from science, 
which really gave me a better look on my research or simply avoid exhausting myself too rapidly… There is not enough 
space to write how much I thank you, I hope you understand the sincerity of my words. 
 
I want also to thank and at the same time apologize to my family to whom I have not given enough of my news and 
which I probably made feeling put aside sometimes… Thank you Mom, you, who aren’t a biologist, who allowed me 
to learn my first exams. You kindly told me that you understood everything I was explaining although I know it was 
just to please me. Thank you, Dad, for all advises or for regularly asking me how I was doing, but also for asking me 
during my first year of PhD, if my internship was not finished yet. An innocent question that made me realize that the 
thesis is absolutely not an end state or something to be resting upon. Thanks to my brother, you have from time to 
time to straightened my ideas and reduced my stress with your precious presence. 
 
It would be too long to thank you all one by one, my IBMP friends and colleagues (Caroline, Déborah, Florent and 
Pierre) for all the burgers, beers, advises and discussions we had in after-works or other distractions (sorry if I was not 
always present…). Arnaud, thanks for bringing me out for running (even though I was not laughing at all on our very 
first race) which had clarified my ideas and avoid the breakdown at some important moments. I want to thank the 
IBMP Newsletter team members (Hélène, Géraldine, Magalie, Lucie and Marlène) for all the great time we had, having 
a good coffee and croissants in the morning while discussing about all kind of gossip. 
 
Even if the contacts are no longer regular, thanks to my university friends Gilles, Charles and Daniel. I will always 
remember our 3 bachelor years spent together (the laughs, TP/TD courses, the Subway with the famous “Chicken-
Bacon-Ranch”!). A little thought also for Yannick for all the laughs and the Sushidos during the master degree. Also, 
many thanks to my “step-bro” Thomas, who always believed in me and taught me to trust myself. 
 
Thanks to the Argentinians and proclaimed team members, Matias and the “Fat-i-gue” Gabriel, for the shared beers 
and discussions we had together. Congrats for your great and hard work at IBMP and for your really deserved 
publications. Eduardo Peña and his family, you made me smile at work under the beautiful sun of Argentina but also 
during the loneliness and cold Christmas period spent in Strasbourg. 
 
As last but not least, I would like to thank my thesis advisor Dr. Manfred Heinlein for patience, scientific guidance, 
advise, support, immense knowledge and shared beers, which allowed me to graduate as a Doctor and especially to 
become a scientist. I would like to thank the committee members Dr. Sylvie German-Retana, Dr. Karl-Heinz Kogel and 
Dr. Todd Blevins for having accepted to evaluate my work through their precious knowledge. Also, I would like to 
thank, Damien Garcia and Michael Wassenegger for advising me during my mid-term, and César Llave and Livia 
Donaire for their kindness, great knowledge and for the help they provided during all this work. 

 
 
 
 
 
 
 

 



Remerciements 
 
Il a toujours été difficile pour moi de trouver la bonne manière et les mots justes pour remercier les personnes qui me 
sont chères et m’ayant aidé pendant toutes ces années. Pour moi, la fin de ma thèse ne représente pas seulement la 
fin de trois années de travail, mais la fin de huit années de travail, qui prennent également en compte tout mon cursus 
universitaire passé à Strasbourg. 
 
Toutes les personnes que j’ai rencontrées et qui m’ont été proches pendant les années d’étude ont, d’une manière ou 
d’une autre, eu un rôle pour moi et contribuées à la réalisation de mon travail de thèse. Ce travail, je ne le vois pas 
comme une finalité mais un accomplissement et surtout un nouveau départ. 
 
Je commencerai, bien évidemment, à remercier la personne qui a joué un rôle majeur durant toutes ces années de 
travail, ma moitié. Toi, qui as su supporter, à certains moments, mon humeur et mon terrible stress, calmer mes 
doutes, écouter ou déjouer mes nombreuses plaintes… Tu m'as permis, régulièrement, de prendre du recul sur la 
science, tu m'as donné la possibilité de voir mes recherches d’un autre œil ou éviter, simplement, de m'épuiser trop 
vite… C’est sûr, la place que je te dédis ici ne suffit pas et ne suffira d’ailleurs jamais pour décrire combien je te remercie 
et j'espère que tu comprends la sincérité de mes mots. 
 
Je tiens également à remercier et en même temps m’excuser auprès de ma famille, à qui je n'ai certainement pas 
donné assez de nouvelles, et qui je pense, se sont sentis mis de côté à certains moments… Merci Maman, toi qui n'est 
pas biologiste, qui m’a permis de réviser mes premiers partiels, je me souviens quand j’essayais de t’expliquer mes 
cours et que tu disais gentiment que tu avais compris toutes mes explications, même si je sais que c'était juste pour 
me faire plaisir. Merci Papa pour les conseils, pour m’avoir régulièrement demandé comment j’allais, mais aussi pour 
m’avoir demandé au cours de ma première année de thèse, si mon stage était bientôt terminé, une phrase innocente 
qui m’a fait réaliser que la thèse n’est absolument pas un aboutissement ou ne représente pas des lauriers sur lesquels 
se reposer. Merci à toi aussi mon frangin, pour m’avoir de temps en temps remis à ma place et réduit mon stress avec 
ta précieuse compagnie. 
 
Il serait trop long de les remercier un par un, mais merci à mes amis et collègues de l'IBMP (Caroline, Déborah, Florent 
et Pierre) pour tous les hamburgers, bières, conseils donnés et discussions que nous avons eu dans les after-work ou 
autres distractions (pardon d’ailleurs si je n'ai pas toujours été présent…). Merci Arnaud de m'avoir fait sortir pour 
aller courir (même si lors de notre toute première course je ne faisais pas le malin), ces courses ont toutes su m’éclaircir 
les idées et m’éviter de craquer aux moments importants. Merci aussi aux membres de l'équipe de la Newsletter 
(Hélène, Géraldine, Magalie, Lucie et Marlène) avec lesquels j’ai passé un bon moment en prenant un café et des 
croissants, tout en discutant de toutes sortes de commérages. 
 
Même si les contacts ne sont plus réguliers, merci à mes amis universitaires Gilles, Charles et Daniel. Je me souviendrais 
toujours de nos 3 années de licence passées ensemble (les rires, les cours de TP/TD, le Subway avec le fameux « 
Chicken-Bacon-Ranch » !). Une petite pensée aussi pour Yannick, merci pour tous les rires pendant les cours et les 
Sushidos en master. Merci également à mon “Beauf” Thomas d'avoir toujours cru en moi et de m’avoir fait prendre 
confiance en moi. 
 
Merci aux Argentins et proclamés membres de l’équipe, Matias et Gabriel alias « Fat-i-gue », pour les bières partagées, 
sympathique présence, toutes les discussions que nous avons eues ensemble et surtout félicitation pour votre dur 
travail à l’IBMP et publications vraiment méritées. Merci Eduardo Pena et sa famille, vous m'avez rendu le sourire au 
travail sous le beau soleil d’Argentine mais aussi, sous la difficile solitude et le froid de la période de Noël à Strasbourg. 
 
Enfin, je tiens à remercier mon responsable de thèse, le Dr. Manfred Heinlein, pour sa patience, son orientation 
scientifique, ses conseils, son soutien, ses immenses connaissances et les quelques discussions partagées autour d’une 
bière qui m’ont permis de devenir docteur mais surtout un scientifique. Je tiens aussi à remercier les membres du 
comité, le Dr. Sylvie German-Retana, Dr. Karl-Heinz Kogel et Dr. Todd Blevins, pour avoir accepté d’évaluer mon travail 
grâce à vos connaissances précieuses. Je tiens également à remercier Damien Garcia et Michael Wassenegger pour 
m'avoir conseillé lors de ma mi-thèse ainsi que Cesar et Livia pour leur gentillesse, leur grande connaissance et leur 
aide durant tout ce travail. 



TABLES OF CONTENTS 
 
 

Table of contents 
Abbreviations ....................................................................................................................... 1 

General introduction ............................................................................................................ 6 

Chapter I: Virus infection and mechanisms involved in disease ........................................... 9 
1. Introduction .............................................................................................................................. 9 

1.1. Plasmodesmata ................................................................................................................ 9 
1.2. TMV and ORMV infection ............................................................................................... 11 
1.3. TuMV infection ............................................................................................................... 14 

2. Publication: "The roles of membranes and associated cytoskeleton in plant virus replication 
and cell-to-cell movement” by Pitzalis and Heinlein 2017 .......................................................... 21 

Chapter II: RNA silencing and role of small RNAs ............................................................... 22 
1. Introduction ............................................................................................................................ 22 
2. RNA silencing pathways and their components ...................................................................... 23 

2.1. Role and function of DCL proteins .................................................................................. 24 
2.2. Role and function of AGO proteins ................................................................................. 25 
2.3. Role and function of RDR proteins ................................................................................. 27 
2.4. Role and function of HEN1 proteins ............................................................................... 28 

3. Roles and pathways of RNA silencing ..................................................................................... 29 
3.1. miRNA biogenesis and function...................................................................................... 30 
3.2. phasiRNA biogenesis and function ................................................................................. 31 
3.3. Virus-derived siRNAs (vsiRNAs) ...................................................................................... 32 

4. Draft manuscript: “Virus- and host-derived small RNAs coordinate infection in oilseed rape” by 
Pitzalis et al................................................................................................................................. 34 

Chapter III: Plant-virus infection and disease symptoms .................................................... 71 
1. Introduction ............................................................................................................................ 71 

1.1. The phenomenon of disease symptoms recovery .......................................................... 71 
1.2. Role of VSR function in the formation of disease symptoms and recovery .................... 74 
1.3. A potential role of antiviral meristem resistance in recovery ......................................... 75 
1.4. The role of PTGS and TGS in recovery............................................................................. 76 
1.5. Disease symptoms recovery in ORMV-infected Arabidopsis plants................................ 78 

2. My contributing role to the publication by Kørner et al. (2018) .............................................. 81 
3. Conclusion .............................................................................................................................. 85 
4. Publication: "Crosstalk between PTGS and TGS pathways in natural antiviral immunity and 
disease recovery” by Kørner et al. 2018...................................................................................... 86 

General conclusion ............................................................................................................. 87 
The role of virus-and host-derived small RNAs in plant-virus interactions ................................. 87 



TABLES OF CONTENTS 
 
 

Processes that lead to viral symptom recovery and promote plant health ................................. 92 

Materials and methods ...................................................................................................... 94 

I. Materials ......................................................................................................................... 94 
1. Plant species ........................................................................................................................... 94 

1.1. Brassica napus ................................................................................................................ 94 
1.2. Arabidopsis thaliana ...................................................................................................... 94 

1.2.1. T-DNA mutants ....................................................................................................... 94 
2. Viral strain and constructs ...................................................................................................... 95 

2.1. pCB-TuMV-GFP ............................................................................................................... 95 
2.2. ORMV virions ................................................................................................................. 95 

3. Antibodies............................................................................................................................... 96 
4. Primers ................................................................................................................................... 96 

II. Methods ......................................................................................................................... 96 
1. Plant culture ........................................................................................................................... 96 
2. Inoculation of plants with virus .............................................................................................. 96 
3. Measurement of specific RNA levels by reverse transcription followed by quantitative 
Polymerase Chain Reaction analysis (RT-qPCR) .......................................................................... 97 

3.1. Total RNA extraction and cDNA synthesis ...................................................................... 97 
3.2. cDNA quantification by RT-qPCR .................................................................................... 98 

4. 5’RACE (Rapid Analysis of cDNA Ends) .................................................................................... 99 
4.1. Total RNA extraction .................................................................................................... 100 
4.2. Purification of mRNA from total RNA ........................................................................... 100 
4.3. Adapter ligation ........................................................................................................... 100 
4.4. Reverse transcription ................................................................................................... 101 
4.5. cDNA fragment amplification by PCR (nested PCR) ...................................................... 101 

5. DNA genome sequencing ...................................................................................................... 102 
5.1. DNA isolation ............................................................................................................... 102 
5.2. Sequencing and quality control .................................................................................... 102 
5.3. Alignment of DNA reads to the Brassica napus reference genome .............................. 102 
5.4. SNP calling and cultivar-specific transcriptome construction ....................................... 103 

6. RNA sequencing .................................................................................................................... 103 
6.1. Total RNA isolation and quality control ........................................................................ 103 
6.2. mRNA sequencing and quality control ......................................................................... 103 
6.3. Alignment and annotation of mRNAseq reads ............................................................. 104 
6.4. Differential expression analysis .................................................................................... 104 

7. sRNA sequencing .................................................................................................................. 104 



TABLES OF CONTENTS 
 
 

7.1. vsiRNA alignment ......................................................................................................... 104 
7.2. Identification of miRNAs .............................................................................................. 105 
7.3. De novo miRNA and va-phasiRNA detection ................................................................ 105 
7.4. Short read abundance and differential expression (DE) analysis .................................. 106 

8. mRNA degradome sequencing .............................................................................................. 106 
8.1. Sequencing of PAREseq libraries and quality control ................................................... 107 
8.2. Association of cleaved mRNA 5’ends with RISC-mediated mRNA cleavage .................. 107 

9. RNA analysis using the northern blotting technique ............................................................. 108 
9.1. Total RNA extraction and size fractionation ................................................................. 108 
9.2. RNA blotting ................................................................................................................. 108 

10. Protein analysis using the western blot technique.............................................................. 110 
10.1. Total protein extraction and quantification ............................................................... 110 
10.2. SDS-PAGE ................................................................................................................... 111 

10.3. Protein transfer and luminescent detection .................................................................... 111 

References ........................................................................................................................ 113 

Appendix 

Appendix 1: Supplementary figures and tables of draft manuscript: “Virus- and host-derived small 
RNAs coordinate infection in oilseed rape” by Pitzalis et al.  

Appendix 2: Supplementary figures and tables of publication: “Crosstalk between PTGS and TGS 
pathways in natural antiviral immunity and disease recovery” by Kørner et al. 2018 

Résumé de thèse en français 
 



ABBREVIATIONS 
 
 

 1 

Abbreviations 

Viruses acronyms Full name Genus 
 

BCMV Bean common mosaic virus Potyvirus 
BCTV Beet curly top virus Curtovirus 
BMV Brome mosaic virus Bromovirus 
CalCuV Cabbage leaf curl virus Begomovirus 
CaMV Cauliflower mosic virus Caulimovirus 
CMV Cucumber mosaic virus Cucumovirus 
CymRDV Cymbidium ringspot virus Potexvirus 
CymRSV Cymbidium ringspot tombusvirus Tombusvirus 
LMV Lettuce mosaic virus Potyvirus 
ORMV Oilseed rape mosaic virus Potyvirus 
PepGMV Pepper golden mosaic virus Begomovirus 
PVX Potato virus X Potexvirus 
PVY Potato virus Y Potyvirus 
SMV Soybean mosaic virus Potyvirus 
TBRV Tomato black ring virus Nepovirus 
TEV Tobacco etch virus Potyvirus 
TMV Tobacco mosaic virus Tobamovirus 
ToMV Tomato mosaic virus Tobamovirus 
ToRSV Tomato ringSpot Virus Nepovirus 
TRV Tobacco rattle virus Tobravirus 
TSV Tobacco streak Virus Ilarvirus 
TuMV Turnip mosaic virus Potyvirus 
TuYV Turnip yellows virus Polerovirus 
TVMV Tobacco vein mottling virus Potyvirus 

 
 
Word abbreviations 
   
(b-ME) b-mercaptoethanol  
ABA Abscisic acid  
ADF3 Actin depolymerization factor 3 
AGO ARGONAUTE 
AtSuc:GFP Arabidopsis thaliana sucrose symporter promoter driving expression of GFP 
BAK1 BRASSINOSTEROID INSENSITIVE 1-ASSOCIATED KINASE 1  
BG b-(1.3)-Glucanase 
BiFC Biomolecular fluorescence complementation  
BLOS2 Biogenesis of lysosome-related organelles complex 1 subunit 2 
Ca2+ Calcium  
CalS Callose synthase  
casiRNA cis-acting small interfering RNA 
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CB60G Calmodulin-binding protein 60G 
CDPK Calcium-dependent protein kinase 
CFDA Carboxyfluorescein diacetate  
ChIP Chromatin immuno-precipitation  
CI Cylindrical inclusion protein  
CIP Calf intestinal phosphatase  
ConTR01 Conditional TuMV resistance 01  
COPI Coat protein complex I  
CP Coat protein 
Ct Cycle threshold  
DAMP Damage-associated molecular pattern  
DCL Dicer-like  
DE Differential expression  
DEAD-box DExD/H-Box RNA helicase  
DI Defective interfering  
DM Mock-treated B. napus cv. Drakkar 
dsRBD dsRNA-binding domain  
dsvRNA double-stranded viral RNA  
DT Virus-treated B. napus cv. Drakkar 
DTX47 DETOXIFICATION 47 
DUB Deubiquitinylation protein  
DUF283 Domain of unknown function 283  
eEF1A Eukaryotic elongation factor 1A 
EF2 Elongation factor 2  
eIF Eukaryotic initiation factor 
eIFiso4E Eukaryotic-Initiation factor isoform 4E 
EIN5 ETHYLENE-INSENSITIVE 5 
ER Endoplasmic reticulum 
ERES ER exit site  
ERF RAP 2 Ethylene-responsive transcription factor RELATED TO APETALA 2 
ETI Effector-triggered immunity 
FC Fold change  
FLS2 FLAGELLIN SENSING 2  
GFP Green fluorescent protein 
GO Gene ontology 
hc-siRNA Heterochromatic small interfering RNA 
HcPro Helper component proteinase  
HD-ZIPIII Class-III homeodomain-leucine zipper  
HEN1 HUA ENHANCER 1  
HMW High molecular weight RNA  
HR Hypersensitive resistance  
hsRNA Host-derived siRNA 
JA Jasmonic acid  
L8z2 A. thaliana line 8z2  
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LCD La-motif-containing domain  
LMW Low molecular weight  
LRD Leucine-rich domain  
LRR Leucine-rich repeat  
MAMP Microbe-associated molecular pattern  
MAP Microtubule-associated protein 
MAPK Mitogen-activated protein kinase  
met-tRNA Methionine-tRNA 
miRNA microRNA 
MP Movement protein 
mRNAseq mRNA sequencing 
MT Microtubule 
MTA Material transfer agreement  
MTase Methyltransferase domain  
NAC60 NAC domain-containing protein 60 
NB Nucleotide binding  
NB-LRR Nucleotide-binding leucine-rich repeat  
NGS Next-generation sequencing  
NIMIN-2 NIM1-INTERACTING 2 
OAS Origin of assembly  
P3N-PIPO Trans-frame N-terminus fused P3-PIPO 
PABP Poly(A)-binding protein 
PAGE Polyacrylamide gel electrophoresis  
PAMP Pathogen-associated molecular pattern  
PARE Parallel analysis of RNA ends 
PAREseq mRNA degradome profiling using PARE sequencing 
PAZ Piwi/Argonaute/Zwille  
PD Plasmodesmata 
PDCB PLASMODESMATA CALLOSE BINDING  
PDLP PLASMODESMATA-LOCATED PROTEIN 
phasiRNA Phased small interfering RNA 
PIPO Pretty interesting potyviral ORF 
PM Plasma membrane 
POL IV RNA polymerase VI  
PP2A2 PHLOEM PROTEIN 2-LIKE A2  
PPR Pentatricopeptide repeat 
pri-miRNA Primary microRNA precursor  
PRR Pattern recognition receptor 
PTGS Post-transcriptional gene silencing  
PTI Pattern-triggered immunity  
PVIP VPg-interacting protein  
QTL Quantitative trait loci  
RACE Rapid amplification of cDNA ends 
rasiRNA Repeat-associated small interfering RNA 
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RdDM RNA-directed DNA methylation  
RDRP, RDR RNA-dependent RNA polymerase  
REn Replication enhancer  
retr01 Resistance 01  
RIN RNA integrity number 
RIN4 RPM1-INTERACTING PROTEIN 4 
RISC  RNA-induced silencing complex 
RLK Receptor-like kinase  
RLP Receptor-like protein 
RNAi RNA-interference  
ROS Reactive oxygen species  
rpm Reads per million 
SA Salicylic acid  
SAM Shoot apical meristem  
SAR Systemic acquired resistance 
SCL SCARECROW-LIKE 
SDS Sodium dodecyl dulphate  
SEL Size exclusion limit  
SERK1 SOMATIC EMBRYOGENESIS RECEPTOR-LIKE KINASE 1 
SGS3 SUPPRESSOR OF GENE SILENCING 3 
siRNA Small interfering RNA 
SNARE Soluble N-ethyl-maleimide-sensitive-factor attachment protein receptor 
SNP Single nucleotide polymorphism 
SPL SQUAMOSA PROMOTER-BINDING-LIKE 
SR Serine/arginine-rich  
sRNA Small RNA 
sRNAseq Small RNA sequencing 
ssRNA Single-stranded RNA 
ST Symptom Type 
TAO1 TARGET OF AVRB OPERATION 1 
TAP Tobacco acid pyrophosphatase 
tasiRNA trans-acting small interfering RNA 
TEMED N,N,N',N'- tetramethyl-1-,2-diaminométhane 
TF Transcription factor 
TGS Transcriptional gene silencing  
TM Mock-treated B. napus cv. Tanto 
TOE2 TARGET OF EAT 2  
TOM TOBAMOVIRUS MULTIPLICATION 
TrAP Transcription activator protein  
tRNA Transfer RNA 
TT Virus-treated B. napus cv. Tanto 
TuMV-GFP GFP-tagged TuMV 
UGPase UDP-GLUCOSE PYROPHOSPHORYLASE  
UTR Untranslated region  
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VPg Genome-linked viral protein  
VRC Viral replication complex  
vRNA Viral RNA  
vsiRNA Virus-derived small interfering RNA 
VSR Viral suppressor of RNA silencing  
XRN4 EXORIBONUCLEASE 4 
Y2H Yeast two-hybrid  
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General introduction 

Virus infection in plants depends on the ability of viruses to replicate and spread their genomes 

from cell to cell and systemically through plasmodesmata (PD) and the connected phloem. Viruses 

encode only a limited set of proteins and depend on molecular mechanisms provided by their hosts 

for propagation. Numerous studies have illuminated cellular membrane- and cytoskeleton-

associated mechanisms as well as specific host factors involved in virus replication and movement. 

However, our knowledge about gene regulatory processes that orchestrate virus infection remains 

limited. Viruses may employ mechanisms to manipulate host gene expression to ensure that 

defenses are minimized and resources required for viral replication are maximized, whereas the cell 

may counteract through opposite mechanisms that maximize defenses and minimize the resources 

for the virus. This battle between the virus and its host is best illustrated by a gene regulatory 

process known as post-transcriptional gene silencing (PTGS, also known as ‘RNA silencing’ or ‘RNA 

interference’ [RNAi]). During infection, PTGS functions as an important antiviral defense response 

that controls viral accumulation by targeting the viral RNA for cleavage or translational repression. 

Viruses, in turn, have evolved specific effector proteins (Viral Suppressor of RNA silencing, VSR) that 

interfere with the RNA silencing pathway at specific steps and thereby enhance their propagation. 

As the antiviral RNA silencing pathway shares components with other transcriptional and post-

transcriptional RNA silencing pathways playing a role in the regulation of gene expression, viruses 

may apply their VSRs also for the modulation of host gene expression. In addition, while cellular 

alterations are most commonly orchestrated by virus-encoded proteins, viruses may manipulate 

their hosts also by using their virus genome-encoded small RNAs as RNA effectors. This strategy is 

best illustrated by DNA viruses belonging to the Herpesviridae family, which were found to encode 

between 1 and 14 miRNAs (Cox and Sullivan 2014). While some of these miRNAs engage in the 

regulation of viral gene expression during the viral replication cycle, other miRNAs act as mimics for 

endogenous cellular miRNAs and modulate the levels of host gene transcripts, thereby creating an 

environment more amenable to replication and/or latency (Gottwein et al. 2007; Kincaid et al. 

2012). A similar strategy has also been evolved by certain plant pathogenic fungi. Similar to the DNA 

viruses in mammals, these fungi use small RNAs derived from their own genome to hijack the host 

RNA silencing pathway to target the expression of host defense genes and thereby enhance host 

susceptibility (Suffert et al. 2011; Weiberg et al. 2013). Based on these examples, it can be expected 

that also plant viruses have evolved such RNA effectors. Although most plant viruses are RNA viruses 

that replicate in the cytoplasm and, therefore, do not encode miRNAs (Aguado and tenOever 2018), 
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the virus-derived small interfering RNAs (vsiRNAs) that are produced during antiviral silencing may 

have the potential to target host genes. In addition, given the sheer amount of small RNAs produced 

by RNA silencing pathways in plants, it may also be conceivable that plants themselves encode small 

RNAs with homology to viruses that infect them and that are part of the arms arsenal available to 

plants to control their viruses. Certain reported cases in Arabidopsis literature, illustrate that 

vsiRNAs and VSRs have the potential to interfere with host processes required for normal host 

cellular function and development (Kasschau et al. 2003; Qi et al. 2009; Jay et al. 2011; Hu et al. 

2011; Avina-Padilla et al. 2015). Therefore, it appears likely that such mechanisms may be involved 

in the triggering of virus-induced diseases in cultivated plants, which cause losses worth of 20-60 

billion US$ worth in yield annually (Randles and Ogle 1997; Sastry and Zitter 2014). 

This thesis project was aimed to address the role of host- and virus-encoded small RNAs in 

plant:virus interactions during virus spread in infected tissues and in determining host disease. The 

thesis is organized in three different chapters: 

Chapter I introduces the viruses Oilseed rape mosaic virus (ORMV) and Turnip mosaic virus (TuMV) 

that were used as pathogens in the present thesis, describes cellular mechanisms involved their cell-

to-cell movement and presents a review article (Pitzalis and Heinlein 2017) describing viral 

movement mechanisms and the potential role of endoplasmic reticulum:plasma membrane 

(ER:PM) contact sites and associated proteins during infection.  

Chapter II describes the results of a project applying Next Generation Sequencing (NGS) approaches 

to the analysis of virus infection and which led to important new insights into the functions of host- 

and virus derived-small RNAs in regulating their specific RNA targets during the spread of infection 

in leaves. This work was applied to local sites of infection caused by an economically important virus 

(TuMV) within the leaves of rapeseed (Brassica napus, ‘Canola’), an economically important oilseed 

crop species. Thus, the obtained results suggest important new gene targets for crop breeding. 

Finally, work described in Chapter III revealed the genetic and functional basis of disease symptoms 

and symptoms recovery observed in Arabidopsis plants infected with ORMV. Symptoms recovery 

relates to the ability of plants to recover from an established viral disease. Understanding this 

phenomenon is a key to important mechanisms that support plant health and the survival of plants 

in natural environments full of viruses. The results of this study were published in the journal Nature 

Plants (Kørner et al. 2018) and led to the important discovery that recovery does not require the 

silencing inhibition of the virus but is associated with the achievement of a tolerant state in which 

the virus and the host can coexist without disease. The work led to the identification of RNA silencing 
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pathway genes and of a mechanism by which plants use these RNA silencing pathway genes for the 

robust production of secondary small interfering RNAs (siRNAs) as well as intercellular 

communication and systemic regulation to use these siRNAs to downregulate the virus-encoded 

VSR in physiological sink tissues and thereby achieve the tolerant state in newly emerging leaves 

(Kørner et al. 2018).  

Together, the results described in these three chapters of the thesis provide novel insights into the 

regulatory mechanisms involved in the interaction of viruses with their hosts and which have the 

potential to indicate novel strategies for crop protection. 
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Chapter I: Virus infection and mechanisms involved in disease 

1. Introduction 

Viruses use different mechanisms for plant-to-plant transmission (Hosford 1967; Hull 2009) and for 

their propagation within the infected plants (Verchot-Lubicz et al. 2010; Niehl and Heinlein 2011; 

Agbeci et al. 2013; Laliberte and Zheng 2014; Liou et al. 2015; Schoelz et al. 2016; Pitzalis and 

Heinlein 2017). As plants are sessile, viruses usually depend on fungi, nematodes, protists, or insects 

as vectors for transmission. Moreover, several viruses, for example the tobamoviruses (e.g. Tobacco 

mosaic virus, TMV), are mechanically transmitted by wind, water, soil, seeds, as well as by humans 

through virus-infected plant handling and processing (Hull 2009). 

 

Work described in this thesis involved experimentation with TMV and ORMV as well as with TuMV, 

a potyvirus. Whereas TMV and ORMV are mechanically transmitted, TuMV is transmitted by several 

aphid species. Once a virus has been transmitted and entered a host cell, it is uncoated and 

translated to produce proteins required for replication, cell-to-cell movement, viral counter-defense 

(e.g. a Viral Suppressor of RNA silencing, VSR), virion assembly and transmission. 

 

1.1. Plasmodesmata 

Viruses cause systemic plant infection by cell to cell movement through PD and long-distance 

movement via the phloem (Deom et al. 1987; Wolf et al. 1989; Heinlein 2002; Lucas et al. 2006; 

Guenoune-Gelbart et al. 2008; Benitez-Alfonso et al. 2010; Sager and Lee 2014; Heinlein 2015). The 

PD are symplastic channels in the cell walls through which adjacent plant cells communicate. They 

are about 50 nm in diameter and provide a direct passageway for the intercellular transport of 

diffusible factors (e.g. metabolites, certain hormones, ions), and macromolecules (Lucas and Wolf 

1993; Kragler et al. 1998; Cantrill et al. 1999; Heinlein 2002; Heinlein and Epel 2004; Kragler 2013). 

The PD provide both cytoplasmic as well as membrane continuity between adjacent cells. The 

plasma membrane (PM) delimits the PD channel against the surrounding cell wall and a thin tubule 

of the endoplasmic reticulum (ER) (the “desmotubule”) extends through the center of the channel 

(Ding et al. 1992)(see Figure 1). The cytoplasmic space (also referred as the “cytoplasmic sleeve”) 

between the PM and the desmotubule is thought to represent the major pathway for intercellular 

molecular trafficking. The size of this space determines the size exclusion limit (SEL) of PD, thus the 

maximal size of molecules that can be transported though this channel. The PD SEL is under tight 
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control and dynamically regulated to control PD permeability. Thus, in allowing multicellularity, the 

PD also act as important gatekeepers permitting or restricting the cell-to-cell trafficking of 

informational macromolecules in response to intrinsic and extrinsic signals, thereby playing a crucial 

role during plant development and immunity against pathogen attack (Lee and Lu 2011; Lee 2014; 

Sager and Lee 2014; Tilsner et al. 2016; Brunkard and Zambryski 2017; Cheval and Faulkner 2018; 

Sager and Lee 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The mechanism regulating PD SEL is not clearly resolved today, but appears to involve alterations in 

Calcium (Ca2+) levels, the redox state within the cell, and phytohormones. The major mechanism by 

which the SEL is increased or decreased involves the deposition and degradation of callose in the 

cell walls around the neck regions of PD (Olesen and Robards 1990; Iglesias and Meins 2000; Bucher 

et al. 2001; Radford and White 2001). The deposition of callose by callose-synthase (CalS) reduces 

PD SEL by moving the PM closer to the desmotubule (Olesen and Robards 1990; Simpson et al. 2009; 

Figure 1: Schematic illustration of plasmodesmata (PD) 
Ultrastructure and cell-to-cell trafficking of diffusible signalling molecules (modified from Lee et al. 2011). The SEL of PD 
is regulated primarily by the degree of callose deposition in the cell wall near the PD neck regions. In addition, the SEL 
may also be regulated by proteins that tether the ER to the plasma membrane (orange-yellow spheres and short rods) 
and may regulate the size of the cytoplasmic sleeve between these membranes. 
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Gui et al. 2014; Grison et al. 2015), whereas the degradation of callose deposits by !-(1.3)-Glucanase 

(BGs) increases the PD SEL by increasing the size of the cytoplasmic sleeve (Iglesias and Meins 2000; 

Bucher et al. 2001; Radford and White 2001; Levy et al. 2007). Upstream to callose synthesis, Ca2+, 

has been found to regulate intercellular communication by closure of PD in staminal hairs of 

Setcreasea purpurea (Tucker 1990). During PD closure, Ca2+ may function as a putative regulator of 

CalS (Andrawis et al. 1993). Callose deposition at PD is also induced by the accumulation of reactive 

oxygen species (ROS), which are known to take part in regulating development and pathogen 

responses (Bolwell et al. 2002; Pitzschke et al. 2006; Torres 2010). ROS accumulation increases 

callose deposition at PD (Benitez-Alfonso and Jackson 2009; Benitez-Alfonso et al. 2010) and 

influences the abundance of Ca2+ (Bolwell et al. 2002; Foreman et al. 2003). It seems that a ROS-

Ca2+ activation system is able to trigger callose deposition at PD but the underlying mechanism is 

still unknown (Benitez-Alfonso et al. 2011; De Storme and Geelen 2014; Tilsner et al. 2016). PD are 

associated with numerous proteins implicated in regulating PD permeability such as different 

receptor kinases involved in the sensing of pathogens and developmental signals, the PD-Located 

Protein (PDLP) family of proteins, and callose-binding proteins (PDCBs). Moreover, the desmotubule 

may be associated with Ca2+-sensitive proteins that tether the desmotubule to the PM and control 

the size of the cytoplasmic sleeve by varying tether length in response to Ca2+ (Tilsner et al. 2016; 

Sager and Lee 2018). 

 

1.2. TMV and ORMV infection 

ORMV, also known as Youcai mosaic virus or Chinese rape mosaic virus (Aguilar et al. 1996), is an 

Arabidopsis-infecting tobamovirus. Compared to TMV, the 3’ Untranslated Region (UTR) of ORMV 

is longer than in TMV and differences exist between the viruses in the overlap of movement protein 

(MP) and coat protein (CP) open reading frames (ORFs). Tobamoviruses have been classified into 

different subgroups according the sequence location of their origin of virion assembly (OAS) (Fukuda 

et al. 1981; Gibbs 1986). The OAS is the viral RNA region used to target and initiate particle assembly 

by forming aggregates of CP in the form of discs leading to the formation of virions. ORMV and TMV 

differ in the host range in which they cause disease. Whereas ORMV efficiently infects and causes 

symptoms in Cruciferae plants such as Arabidopsis, TMV and the highly homologous Tomato mosaic 

virus (ToMV) efficiently infect and cause symptoms in Solanacea plants such as tobacco, tomato and 

pepper (Melcher 2003; Cai et al. 2009). TMV and ORMV have a positive-sense ssRNA genome of 

about 6300 nt in length. The viral RNA is capped at the 5’ end and forms a tRNA-like structure at the 
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3’ end (see Figure 2). The TMV and ORMV genomes contain three major ORFs. The first ORF encodes 

two subunits of the replicase (126k/183k for TMV; 125k/182k for ORMV), whereby the larger 

subunit is produced by translational read-though of an amber-stop codon. The shorter protein 

contains 5’ methyltransferase and helicase domains, whereas the longer protein in addition 

contains an RNA-dependent RNA polymerase (RDR) domain (Beier et al. 1984). 

 

 

 

 

 

 

 

 

 

 

 

 

 

The small replicase subunit has VSR activity and suppresses antiviral RNA silencing by sequestration 

of small RNA duplexes, thereby interfering with small RNA loading into the RNA-induced silencing 

complex (RISC) (Kubota et al. 2003; Ding et al. 2004; Csorba et al. 2007; Vogler et al. 2007). The 

replicase subunits are translated from the viral RNA that enters the cell whereas the MP and CP 

encoded by the two remaining ORFs are translated during viral replication from sub-genomic RNAs. 

The 30 kDa MP is required for the cell-to-cell spread of the virus and was the first protein known to 

facilitate virus movement (Deom et al. 1987; Holt and Beachy 1991). Studies on this prototype MP 

revealed that this protein targets PD and triggers an increase in the PD SEL (Wolf et al. 1989). This 

activity has been correlated with a reduction in callose-deposition in the PD neck regions (Ueki et 

al. 2010) and may involve a direct or indirect interaction of MP with a callose-degrading BG (Zavaliev 

et al. 2013). The MP interacts with ER membranes and microtubules (MTs) (Heinlein et al. 1995; 

Heinlein et al. 1998; Reichel and Beachy 1998; Ashby et al. 2006; Ferralli et al. 2006; Fujiki et al. 

2006; Peiro et al. 2014) and plays fundamental roles in the anchoring of viral replication complexes 

(VRCs) at distinct, MT-associated, cortical ER sites (Boyko et al. 2000a,b; Niehl et al. 2013b; Peña 

Figure 2: The RNA genome of TMV and encoded proteins 
The RNA genome of TMV is caped at its 5’ end and forms a tRNA-like structure at the 3’ end. The RNA encodes four 
proteins, the large 183 kDa (183k-RdRp) and small 126 kDa (126k-VSR) subunits of the replicase, the 30 kDa movement 
protein (MP), and the 17.5 kDa coat protein (CP). The large 183 kDa replicase subunit is produced by read-through of 
an amber stop codon that terminates the translation of the short subunit. The two replicase subunits interact in vivo. 
Whereas the large subunit contains an RNA-dependent RNA polymerase domain and is sufficient for replication of viral 
RNA, the small subunit has Viral Suppressor of RNA silencing (VSR) activity and increases viral replication efficiency. 
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and Heinlein 2013; Heinlein 2015). According to current models, which are also described in the 

attached review by Pitzalis and Heinlein (2017), infection starts when the mechanically transmitted 

virion is uncoated and the free viral RNA (vRNA) binds to the ER via it’s 5’CAP (Christensen et al. 

2009). Subsequently, the replicase, which is translated from the vRNA, binds to the 5’UTR for 

replication (Kawamura-Nagaya et al. 2014). The MP, which then also becomes translated, anchors 

the ER-associated VRCs to MT. The MT-associated ER sites (also called “cMERs”) are proposed to be 

equivalent to cortical sites of MT-associated, stable ER proposed to function as hubs for membrane 

trafficking and exchange/delivery of membrane cargo (Niehl et al. 2013b; Peña and Heinlein 2013; 

Heinlein 2015), through which the VRCs may recruit membranes and host factors. For example, the 

host proteins TOBAMOVIRUS MULTIPLICATION (TOM) 1, 2a and 3 are involved in the formation of 

VRCs (Ishibashi et al. 2010). Detachment of the VRCs allows their trafficking along the ER, which is 

continuous through PD (Ding et al. 1992) and provides a direct route for cell-to-cell movement. MP-

containing VRC particle movements along the ER occur in a stop-and-go fashion and are guided by 

MT (Boyko et al. 2007; Niehl et al. 2013b; Peña and Heinlein 2013; Niehl et al. 2014; Heinlein 2015). 

The ER membrane is tightly associated with actin filaments and numerous studies demonstrated 

the role of myosin motor proteins in ER motility and the transport of organelle and membrane cargo 

along the ER-actin network (Boevink et al. 1998; Avisar et al. 2008; Peremyslov et al. 2008; 

Prokhnevsky et al. 2008; Sparkes et al. 2008; Sparkes et al. 2009; Ueda et al. 2010; Griffing et al. 

2017). Consistently, it was shown that the intra-and intercellular movement of the MP-containing 

particles along the ER as well as the intercellular spread of TMV infection depend on actin and 

specific class VIII and class XI myosins (Wright et al. 2007; Sambade et al. 2008; Harries et al. 2009; 

Hofmann et al. 2009; Amari et al. 2014). Thus, VRC movement occurs along the ER while MTs initially 

anchor VRCs at specific ER sites and guide their movements along the ER-actin network (Niehl et al. 

2013b; Peña and Heinlein 2013; Heinlein 2015; Pitzalis and Heinlein 2017). However, not all of the 

early VRCs are mobile. Instead most of them remain stationary and grow over time to become viral 

factories. 

During these later stages of infection also the 17.5 kDa CP is produced and encapsidates replicated 

vRNA. The rod-shaped TMV particle contains 2130 CP subunits (Dunigan et al. 1988) and provides 

stable protection of the viral genome until the virus is mechanically transmitted to a new host. The 

CP is dispensable for viral cell-to-cell movement but plays a yet unknown role in the long distance 

spread of infection via the vascular phloem (Saito et al. 1990; Holt and Beachy 1991; Hilf and Dawson 

1993).  
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The MP of ORMV associates with MT-associated ER sites like the MP of TMV and is proposed to 

support ORMV movement by mechanisms similar to the model described for TMV above. However, 

unlike the MP of TMV, the MP of ORMV is expressed at a lower level and does not accumulate in 

viral factories and along MTs to a level seen with the MP of TMV (Niehl et al. 2014). The observation 

that the MP of TMV accumulates in viral factories and along MT before it is degraded during late 

stages of infection was a motivation for studies showing that the MP is a MT-associated protein 

(MAP) able to bind directly to the MT surface (Ashby et al. 2006) and for addressing the mechanism 

of MP turnover. During infection, the MP becomes polyubiquitylated and degraded by the 26S 

proteasome (Reichel and Beachy 2000). Interestingly, the MP fraction that accumulates along MTs 

during late infection is not ubiquitinylated (Ashby et al. 2006). Consistently, it was shown that the 

degradation of MP depends on CELL DIVISION CYCLE 48 (CDC48), a triple A (AAA) ATPase (these 

ATPases are machines that use ATP hydrolysis to exert force on macromolecules for unfolding and 

translocation) that interacts with MP and extracts the protein from the ER (Niehl et al. 2012). CDC48 

substrates are de-ubiquitinylated before extraction from the ER and become re-ubiquitinylated 

before degradation by the proteasome (Ernst et al. 2011; Tsai and Weissman 2011). This suggest 

the hypothesis, that ubiquitinylated MP is de-ubiquitinylated and then extracted from MT-

associated ER-localized virus factories by CDC48. Once present in high amounts in the cytoplasm, 

the MP aligns along MT according to its intrinsic MAP activity before it is re-ubiquitinylated and 

degraded by the proteasome (Niehl et al. 2012; Niehl et al. 2013a). More recent studies indicate 

that the MP is also a target of deubiquitinylation (DUB) enzymes (Niehl et al. unpublished), which is 

consistent with this model.  

 

1.3. TuMV infection 

TuMV belongs to the Potyvirus family, the second largest plant virus family after Geminiviridae 

(Ivanov et al. 2014), and is among the most damaging plant viruses worldwide (Tomlinson 1987; 

Nguyen et al. 2013; Yasaka et al. 2015). Potyviruses give rise to different types of symptoms such as 

yellow mosaic patterning, leaf tip necrosis, or the formation of black necrotic ring spots, and can 

cause growth inhibition and strong seed losses (Tomlinson et al. 1970 ; Hull 2014; Kenyon et al. 

2014). TuMV infects a wide range of 318 species in 156 genera of 43 families. Among the hosts are 

wild and cultivated Brassica species, in which it causes different types of symptoms, seed losses, 

and even plant death (Tomlinson et al. 1970; Walsh and Tomlinson 1985; Tomlinson 1987; 

Edwardson and Christie 1991; Moreno and Fereres 2012). 
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The filamentous viral particles of potyviruses contain a positive-sense, single-stranded (ss)RNA 

genome of 10 kb. Following transmission and entry of the filamentous virions into the host cell by 

the stylet of aphids, the vRNA is uncoated and translated into a single polyprotein (Carrington et al. 

1989; Nicolas and Laliberté 1992), which is then processed into eleven proteins by virus-encoded 

proteolytic cleavage. The vRNA carries a genome-linked viral protein (VPg) at its 5’ end and is 3’ 

poly-adenylated. Processing of the virus-encoded polyprotein leads to the production of the 

Protease P1, the Helper Component Proteinase (HcPro), the Protease P3, the two 6 kDa proteins 

6K1 and 6K2, a cylindrical inclusion CI protein, the VPg, the cysteine protease NIa-Pro, the nuclear 

inclusion b (NIb; RDR), the CP, and the P3-“Pretty Interesting Potyviral ORF” Protein (P3-PIPO), which 

is produced as a trans-frame fusion to the amino terminus of P3 (P3N-PIPO) (Vijayapalani et al. 

2012). Seven of the nine polyprotein cleavages are processed by NIa-Pro, whereas the two 

remaining cleavages occur by cis-cleavage by the P1 and HcPro proteases at their own C-terminal 

end (Carrington et al. 1989; Verchot et al. 1992). The vRNA is used for both translation and 

replication but the exact process of replication in potyviruses is still unclear. P3, VPg, Nla-Pro, Nlb, 

6K2, Hc-Pro, vRNA and double-stranded viral RNA (dsvRNA) are present in VRCs (Schaad et al. 1997; 

Li et al. 1997; Haldeman-Cahill et al. 1998; Fellers et al. 1998; Thivierge et al. 2008; Cui et al. 2010; 

Wei et al. 2010a; Ala-Poikela et al. 2011). Translation and replication are closely linked and occur in 

association with the ER membrane (Martin et al. 1995; Schaad et al. 1997). During infection the ER 

produces organelle-like vesicles that function as compartments for potyviral replication (Wei et al. 

2010a). Each vesicle originates from a single translated genome into which viral proteins are also 

translated (Cotton et al. 2009). The replication protein 6K2 is found also in larger, perinuclear 

compartments derived from the ER (Schaad et al. 1997). These structures are functionally linked to 

the production of 6K2 vesicles and their trafficking to the cortical ER via transvacuolar strands 

(Grangeon et al. 2012). The 6K2 protein was shown to colocalize with the ER exit site (ERES) proteins 

Sar1, Sec23, and Sec24. Disruption of the two major coating machineries involved in ER-Golgi 

trafficking, the coat protein complex I (COPI) and COPII, led to reduced accumulation of 6K2 at ERES, 

smaller sizes of infection foci on leaves, and reduced TEV-GFP fluorescence, thus supporting the 

importance of ER-Golgi trafficking for efficient infection (Wei and Wang 2008). After accumulation 

at ERES and transport via the COPI/II Golgi early secretory pathway, the VRC-containing vesicles are 

transported along actin microfilaments to chloroplasts using a myosin XI-K and XI-2-dependent 

mechanism (Wei et al. 2010a; Agbeci et al. 2013). The presence of these vesicles at chloroplasts is 

indicated by the observation of 6K2 protein aggregates and the formation of membrane 
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invaginations at the chloroplast envelope (Cotton et al. 2009; Wei et al. 2010a). Experiments 

involving the down-regulation of Syp71, a component of the Soluble N-ethyl-maleimide-sensitive-

factor Attachment protein REceptor (SNARE) complex involved in vesicle-membrane fusion, 

indicated that the fusion of the VRC-containing vesicles with the chloroplast membrane is essential 

for successful viral infection (Wei et al. 2013). Thus, potyvirus replication occurs within chloroplasts 

as well as on the ER. While the formation of the ER-derived vesicles and their trafficking to 

chloroplast is not absolutely essential for virus replication, the formation and trafficking of the 

vesicles is nevertheless necessary for virus cell-to-cell movement. Yeast two-hybrid and co-

immunoprecipitation experiments coupled to deletion mapping and site-specific mutagenesis 

indicated that the formation of the mobile ER-derived vesicles require the N-terminal soluble 

domain of 6K2, which interacts with Sec24a, a COPII coatomer component. Mutations in the 6K2 N-

terminus that interfere with vesicle formation still allowed virus replication but abolished virus cell-

to-cell movement. Moreover, TuMV systemic movement was delayed in an Arabidopsis mutant 

defective in Sec24a (Jiang et al. 2015). Thus, the motile ER-derived 6K2 vesicles contribute to the 

distribution and propagation of viral replication centers in the infected cell and are essential for 

transporting the infectious viral RNA into the neighboring cells (see Figure 3). Consistent with their 

role in virus movement, the 6K2 vesicles are also transported to PD and can move cell-to-cell 

(Grangeon et al. 2013). However, the mechanism of movement through the PD is still unclear. Unlike 

most other viruses, potyviruses do not encode a designed MP. Instead many viral proteins have 

been reported to have MP-related functions. HcPro and the CP can increase the SEL of PD (Rojas et 

al. 1997). In addition, CP and the cylindrical inclusion (CI) protein are required for virus intercellular 

movement (Dolja et al. 1994; Dolja et al. 1995; Carrington and Whitham 1998). CI was shown to 

associate with PD and to produce conspicuous conical structures that extend through PD 

(Rodriguez-Cerezo et al. 1997; Roberts et al. 1998). CI targets PD through interaction with P3N-PIPO 

(Wei et al. 2010b), which itself is targeted to the PM through an interaction with the host protein 

PCaP1 (Vijayapalani et al. 2012). However, how the 6K2-associated vesicles that contain the viral 

RNA interact with these potyvirus-induced movement structures for movement through PD is still 

not known. Nevertheless, a recent study demonstrated that the intercellular movement of 6K2 

vesicles depends on the interaction of 6K2 with CI. Thus, CI structures at PD may act as a docking 

point for 6K2 vesicles destined for intercellular transport (Movahed et al. 2017).  
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Although viruses are generally believed to move their genomes over long-distances into other leaves 

via the phloem, GFP-tagged 6K2 vesicles were observed in xylem vessels as well as in phloem sieve 

elements of infected plants (Wan et al. 2015). The authors suggest that the 6K2 vesicles may enter 

into immature xylem vessels and replicate in the cytoplasm and then move upward in the plant 

before programmed cell death occurs and the xylem becomes a hollow vessel. It would be 

interesting to see by which mechanism the vesicles can enter and exit the xylem. It has been 

observed that membrane-impermeant fluorophores such as carboxyfluorescein-diacetate (CFDA) 

and also much larger Texas Red-labeled dextran (10 kD) molecules unload from xylem via the xylem 

Figure 3: Potyvirus infection  
The filamentous particle is uncoated, and the viral RNA is translated and replicated. Viral replication and production of 
viral replication complexes (VRCs) take place close to the ER at ER-exit sites (ERES). VRC-containing vesicles move along 
actin microfilaments to chloroplasts and also to pinwheel structures formed at PD for cell-to-cell movement. 
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vessel-xylem parenchyma pit membranes, potentially by endocytosis (Botha et al. 2008). Such 

pathway may also be used by TuMV, since 6K2 was observed in xylem parenchyma cells. Several 

other cases where virus particles or components were found in xylem have been reported 

previously (Andrianifahanana et al. 1997; Opalka et al. 1998; French and Elder 1999; Ding et al. 2001; 

Verchot et al. 2001; Moreno et al. 2004; Betti et al. 2012; Manabayeva et al. 2013). Thus, several 

systems are available that may ultimately challenge the stronghold model that systemic virus 

movement occurs strictly via the phloem.  

 

The attached review article by Pitzalis and Heinlein (2017) provides an overview about the major 

pathways used by plant viruses for their cell-to-cell movement. As described in detail above, TMV 

exemplifies a pathway that targets PD and spreads into adjacent cells by movement of mobile VRCs 

along the ER-actin network. Since this network is continuous through PD into adjacent cells, this 

type of movement may not require a specific docking mechanism at PD but certainly depends on a 

MP or other proteins with MP-related functions able to modify the gating function of PD in order to 

allow VRC movement through the channel. This pathway of virus movement is in contrast to the 

pathway used by viruses that move cell-to-cell in the form of whole virion particles. To allow whole 

virion movement, some of these viruses were shown to cause strong structural alterations in PD 

structure by replacing the centrally located desmotubule by a tubule-like structure assembled by 

viral MP. Tubule assembly by these “tubule-forming” viruses and their intercellular movement 

depend on members of the PDLP family that act as docking point for tubule-forming MPs at PD 

(Amari et al. 2011). To allow virion movement through the tubule, the tubule-guided movement 

mechanism usually depends on an interaction between MP and CP. The tubule-guided movement 

mechanism also depends on the secretory pathway which is required for targeting PDLP to PD. As 

described above, potyviruses use a special mechanism for movement that neither fits to the tubule-

guided mechanism, nor to the non-tubule-guided mechanism used by TMV. 

The review article by Pitzalis and Heinlein (2017) continues to further discuss the roles of the ER-

Golgi secretory pathway in virus infection and then focusses on the roles of myosin motor proteins, 

particularly on class VIII myosins. These plant-specific motor proteins were shown to be essential 

for efficient TMV movement and function in the targeting of the MP to PD (Amari et al. 2014). 

Myosin VIII proteins also have been localized to PD (Reichelt et al. 1999; Baluska et al. 2001; Golomb 

et al. 2008; Haraguchi et al. 2014). The potential function of myosin VIII is discussed together with 

the potential roles of the synaptotagmin SYT1/SYTA. This protein is a target of MP (Lewis and 
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Lazarowitz 2010; Uchiyama et al. 2014; Levy et al. 2015) and is supposed to act as a tether protein 

that links the ER to the PM at ER-PM contact sites. Both class VIII myosin and SYT1/SYTA are 

discussed as potential components of ER-PM contact sites within PD and at the cortical ER sites at 

which viruses like TMV set up their replication complexes. The PD is proposed to contain ER-PM 

contact sites because of the very close apposition of ER and PM along the length of the PD channel 

(Tilsner et al. 2016). Although the SEL of PD is regulated by deposition and removal of callose in the 

PD neck regions, the SEL may also be regulated by myosin VIII and synaptotagmin as ER-embedded 

proteins that may tether the ER to the PM and determine the size of the cytoplasmic sleeve by 

regulating their tether length. Hypothetical models are presented to explain how MP could modify 

the PD SEL through interaction with these tether proteins. The two mechanisms are not mutually 

exclusive and may instead complement each other in regulating PD. Whereas tether contraction 

may allow rapid and short-term PD regulation to control trafficking of individual molecules (e.g. 

virus) between individual cells or groups of cells, the enzymatic changes in callose levels in the cell 

walls surrounding the PD may allow the plant to change PD conductivity over the longer term and 

thus to respond more persistently to developmental or environmental cues. The observation that 

the MP of TMV increases the SEL of PD only transiently during infection (Oparka et al. 1997) and 

also the reported molecular interaction of MP with SYT1 (Lewis and Lazarowitz 2010; Uchiyama et 

al. 2014; Levy et al. 2015; Ishikawa et al. 2018; Yuan et al. 2018) support the model that MP alters 

PD SEL through manipulating SYT1 tether length in PD. The regulation of PD SEL by membrane 

tethering proteins is in agreement with the ability of PD to regulate their SEL in response to Ca2+ 

(Tucker and Boss 1996) as Ca2+ concentration influences tether length as shown for mammalian Syt-

1 (Fernandez-Busnadiego et al. 2015). Thus, MP may change the SEL of PD through direct 

interactions with the tether proteins or rather indirectly by causing changes in the local 

concentration of Ca2+ within the channel.  

The article then continues to discuss the possibility that ER-PM contact sites may represent the 

primary target of viral MP. This idea comes from the fact that ER-PM contact sites are associated 

with ER-actin and MT, thus cellular components that also coincide at the cortical MT-associated ER 

sites at which TMV forms mobile VRCs with the help of MP. It is proposed that the MP may target 

(i) SYT1 localized at MT-associated ER sites to establish mobile VRCs and (ii) SYT1 localized at PD to 

modify SYT1 tether length to allow the mobile VRCs to move through PD. However, this model is 

highly speculative and must be addressed by further experimentation before conclusions can be 
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drawn. Nevertheless, a recent publication supports this model by showing that SYTA binds to the N-

terminal region of MP and stabilizes the interaction of MP with PD (Yuan et al. 2018). 
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2. Publication: "The roles of membranes and associated cytoskeleton in plant virus replication 

and cell-to-cell movement” by Pitzalis and Heinlein 2017 

PITZALIS AND HEINLEIN 2017. THE ROLES OF MEMBRANES AND ASSOCIATED 
CYTOSKELETON IN PLANT VIRUS REPLICATION AND CELL-TO-CELL MOVEMENT. J EXP 
BOT 69, 117-132. 
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Chapter II: RNA silencing and role of small RNAs 

1. Introduction 

Virulence comes from the Latin “virulentus” and associates “vīrus” (poisonous liquid) and “ulentus” 

(full of). It defines the capacity of a pathogen to accumulate in the host. To do so, the host must 

provide the cellular mechanisms and the host factors the pathogen requires for propagation. The 

lack of any such factors reduces the ability of the pathogen to be virulent and is at the basis of host 

recessive resistance. In addition, the pathogen must have evolved the capacity to efficiently interact 

with these host mechanisms and host factors. Moreover, to propagate efficiently, the pathogen 

should be able to overcome the host defense mechanisms. To protect themselves against invading 

pathogens, hosts have evolved the ability to recognize conserved molecules associated with the 

presence of pathogens (e.g. with pathogen-recognition receptors) and to raise different defense 

layers such as Pattern-Triggered Immunity (PTI) and the expression of defense-related genes, or 

RNA silencing. To break these barriers, pathogens have evolved effector proteins that interfere with 

these defense pathways by various mechanisms. In some hosts this has led to the evolution of 

resistance genes triggering Effector Triggered Immunity (ETI), which finally often initiate a 

hypersensitive response upon recognition of the pathogen effector, or of its activity, leading to the 

death of the infected cell. In these hosts, the pathogen has lost its virulence and is “avirulent”, and 

the gene of the pathogen that encodes the effector, which is recognized by the protein encoded by 

the host resistance gene, is referred to as the “avirulence gene” (“Gene-for-gene” resistance). 

In comparison to bacteria and fungi, viruses encode only a limited number of proteins (see Chapter 

I). Most of them associate with host mechanisms for replication as well as for intercellular and 

systemic spread of their infectious genomes, whereas other specific proteins act as effectors to 

suppress host defense. Only since recently, it is known that plant viruses can trigger PTI (Kørner et 

al. 2013; Niehl et al. 2016; Nicaise and Candresse 2017) and only few effectors of some viruses able 

to suppress PTI have been identified so far (Gouveia et al. 2017; Nicaise and Candresse 2017; Kong 

et al. 2018). 

However, the major defense response controlling the accumulation of viruses in infected plant cells 

is RNA silencing, which relies on the production of small 21-24 nt long siRNAs and microRNAs 

(miRNAs) that associate with an ARGONAUTE (AGO) protein-containing RNA-induced Silencing 

Complex (RISC) to target viral and host RNAs for cleavage or translational repression in a target 

sequence-specific manner (Bologna and Voinnet 2014). Viruses encode effector proteins that 
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suppress RNA silencing (VSR) (Csorba et al. 2015) and Arabidopsis mutants affected in DICER-Like 

(DCL) and other RNA silencing pathway genes showed enhanced susceptibility (Mourrain et al. 2000; 

Morel et al. 2002; Bouché et al. 2006; Deleris et al. 2006), thus indicating the importance of RNA 

silencing in antiviral defense and plant-virus co-evolution (Pumplin and Voinnet 2013). However, 

the role of RNA silencing in plant:virus interactions may be more complex as it targets both the virus 

and its host. For example, it is conceivable that similar to certain mammalian DNA viruses 

(Herpesviridae) (Hook et al. 2014) and plant-pathogenic fungi (Weiberg et al. 2013), also plant 

viruses may have evolved the ability to hijack the host RNA silencing pathway with their own small 

RNAs in order to modulate host gene expression.  

To further explore the function of small RNAs (sRNAs) during plant:virus interactions, we have used 

next-generation RNA profiling technologies and specific gene analysis to address the function of 

sRNAs accumulating during early TuMV infection in leaves of oilseed rape (Brassica napus). As 

described in the attached draft manuscript by Pitzalis et al., this work led to the identification of a 

whole network of host- and virus-derived sRNAs correlated with specific host mRNA and viral RNA 

cleavage events during infection. The observations indicate that viruses and their hosts exchange 

multiple sRNA signals for mutual control and regulation. 

 

The attached draft manuscript (Pitzalis et al.) and also Chapter III mention numerous components 

of different RNA silencing pathways, which are briefly explained in the following paragraphs.  

 

2. RNA silencing pathways and their components  

RNA silencing relies on pathways that involve the production of 21-24 nt long sRNAs from double-

stranded sRNA precursor molecules by DICER enzymes [DICER-Like (DCL), in plants]. Upon cleavage 

of dsRNA into 21-24 nt sRNA duplexes, one strand of a given duplex associates with an AGO family 

protein within RISC and guides this complex for sequence-specific, AGO-mediated, slicing or 

translational repression of the corresponding target transcript (Hammond et al. 2000; Zamore et al. 

2000). The endogenous dsRNA molecules that function as substrates for DCL enzymes can originate 

from transcripts of dedicated miRNA (MIR) genes able to fold into hairpin structures, or can 

represent long dsRNA molecules produced by transcription of inverted repeat loci, the alignment of 

overlapping transcripts produced from opposite strands of DNA, or the activity of viral or 

endogenous RDR that convert single stranded (ss) RNA molecules into dsRNA molecules. Unlike the 

miRNAs that are encoded by MIR genes, the sRNAs that are derived from DCL processing of long 
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dsRNA precursors are referred to as siRNAs. The RISC-mediated cleavage of viral RNA or of mRNA 

transcripts of transgenes can be amplified by RDR enzymes by conversion of the RNA cleavage 

fragments into new dsRNA, thereby providing new dsRNA template for the production of 

“secondary sRNAs” that again target the same transcript or viral RNA. This process involves 

“transitivity”, which describes the fact that the secondary siRNAs involved in secondary silencing 

are different from the siRNA that caused the initial cleavage event and map to the target transcript 

to sites adjacent to the original siRNA (Dalmay et al. 2000; Himber et al. 2003). An interesting and 

important feature of siRNAs and of some miRNAs is their intercellular and systemic mobility through 

PD (Vatén et al. 2011) and phloem by which they coordinate abiotic and biotic stress responses 

across the plants (Buhtz et al. 2008; Molnar et al. 2010; Brosnan and Voinnet 2011; Melnyk et al. 

2011; Zhang et al. 2014; Borges and Martienssen 2015; Lewsey et al. 2016). The systemic mobility 

of siRNAs and the systemic silencing of their targets is supported by the increased level of target-

specific siRNAs produced by RDR-dependent secondary siRNA production (Himber et al. 2003). The 

A. thaliana genome encodes four DCLs (DCL1 to DCL4), ten AGOs (AGO1 to AGO10) and six RDRs 

(RDR1 to RDR6) (Vazquez 2006) that function in different RNA silencing pathways. 

 

2.1. Role and function of DCL proteins 

DICER proteins are ribonucleases that belong to the RNAse III (also called RNAse C) family. Initially 

found in Escherichia coli (Chen et al. 1990), they were later found to be present and conserved also 

among flies, plants, fungi and mammals (Bernstein et al. 2001). The DCL proteins in Arabidopsis 

were originally identified as SIN1/SUS1/CAF and were then re-named because of their similarity to 

DICER proteins in Drosophila and Coenorhabditis (Schauer et al. 2002). For example, the A. thaliana 

DCL1 was shown to share with DICER1 proteins of S. pombe, C. elegans, D. melanogaster, Mouse or 

Human species the DExD/H-Box RNA helicase (DEAD-box) and helicase-C domains both used for 

unwinding secondary RNA structures (Tanner and Linder 2001), a Domain of Unknown Function 283 

(DUF283), which may help for targeting helper proteins (Qin et al. 2010), a 

PIWI/ARGONAUTE/ZWILLE (PAZ) domain used as a binding module able to recognize the 3’ end of 

sRNAs (Song et al. 2003), two catalytic RNAse III domains, and one or two dsRNA-binding domain 

(dsRBD) important for sRNA binding and miRNA accumulation (Schauer et al. 2002; Margis et al. 

2006; Chapman and Carrington 2007; Bologna and Voinnet 2014) (see DCLs, Figure 4). 
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Whereas DCL1 is predominantly involved in the processing of 21-24 nt miRNAs from miRNA 

precursors transcribed from MIR genes (Reinhart et al. 2002), DCL2 and DCL4 target long dsRNA 

molecules and produce 22 and 21 nt long siRNAs, respectively. They play a major role in antiviral 

silencing in Arabidopsis (Akbergenov et al. 2006; Blevins et al. 2006; Deleris et al. 2006) by cleaving 

viral dsRNA, which is produced by the viral RDR (replicase) during viral replication, into viral siRNAs 

(vsiRNAs). DCL1 and DCL4 [and an additional DCL5 in rice (previously called DCL3b)] are involved 

together in the biogenesis of 21-24 nt trans-acting small interfering RNAs (tasiRNAs) and phased 

small interfering RNAs (phasiRNAs), derived from long dsRNAs produced by RDR6 and/or RDR1 from 

transcripts encoded by TAS and PHAS loci (Peragine et al. 2004; Vazquez et al. 2004; Song et al. 

2012). DCL2 functions as a surrogate for DCL4 function in producing vsiRNAs (Gasciolli et al. 2005) 

and was shown also to stimulate transitive secondary siRNA production together with RDR6 (Parent 

et al. 2015). DCL3 has a central function in transcriptional gene silencing (TGS) by processing 24 nt 

long siRNAs from dsRNA molecules generated by RDR2 from RNAs transcribed by RNA polymerase 

VI (POL IV) from intergenic or repetitive regions, transposons, and other loci undergoing RNA-

dependent DNA methylation (RdDM) (Xie et al. 2004; Henderson et al. 2006; Pontes et al. 2006; 

Matzke et al. 2009; Blevins et al. 2015). 

 
 

2.2. Role and function of AGO proteins 

The AGO proteins are highly conserved among organisms (Carmell et al. 2002) and represent the 

main RNA silencing effectors by acting as the “slicers” of the RISC complex (Fang and Qi 2016). AGOs 

are RNAse H-like enzymes containing a variable N-terminal domain and a conserved RNA-binding 

PAZ (for PIWI, AGO, and Zwille), MID (middle) domain able to recognize the 5’nucleotide of sRNAs, 

and PIWI domains able to correctly position the RNAs relative to their target and to perform double 

Figure 4: Conserved domain organization of RNA silencing pathway proteins 
(modified from Bologna and Voinnet 2014). 
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stranded-RNA-guided hydrolysis of ssRNA (Song et al. 2004; Wang et al. 2009; Wei et al. 2012) (see 

AGOs, Figure 4). The number of AGO proteins ranges from 1 AGO in S. pombe to 27 AGOs in C. 

elegans. The different AGO proteins share similarities but not all share slicing activity functions. For 

example, most miRNAs and their associated AGOs in animals function in translational repression 

rather than cleavage because of limited complementarity with the target RNA in the sRNA seed 

region (nucleotide 2 to 7) (Lewis et al. 2003; Lewis et al. 2005; Bhattacharyya et al. 2006; Mallory 

and Vaucheret 2010). The functions of the 10 AGO proteins in Arabidopsis have been reviewed in 

detail (Bologna and Voinnet 2014; Zhang et al. 2015). Although translational repression is also 

observed in plants and involves miRNA- and siRNA-guided AGO1 and AGO10 (Brodersen et al. 2008), 

slicing appears to be the dominant activity of AGO proteins in plants (Song et al. 2004) and has been 

experimentally demonstrated for Arabidopsis AGO1, AGO2, AGO7, and AGO10 (mediating PTGS) 

and AGO4 (mediating TGS) (Zhu et al. 2011; Carbonell et al. 2012; Manavella et al. 2012). miRNAs 

are loaded into AGO1, AGO2, AGO7 and AGO10 to guide mRNA target cleavage during stress 

responses, plant development, and antibacterial immunity (Baumberger and Baulcombe 2005; 

Montgomery et al. 2008). AGO1 also acts as an effector for tasiRNA production and function (see 

paragraph 3.2), and also mediates antiviral silencing upon loading with 21 and 22 nt vsiRNAs 

produced by DCL4 and DCL2, respectively (Pumplin and Voinnet 2013). AGO1 is associated with 

endomembranes and its homeostasis is controlled by miR168-AGO1 dependent slicing and miR168-

AGO10-dependent translational repression of its mRNA. Moreover, the P0 VSR of poleroviruses 

targets AGO1 for ubiquitinylation and subsequent degradation by autophagy (Derrien et al. 2012).  

AGO10, the closest AGO1 homolog in Arabidopsis specifically binds miRNA members of the 

MIR165/166 family to regulate shoot apical meristem development (Zhu et al. 2011). Current 

models suggest that AGO10 may compete with AGO1 for miR165/166 to protect the target RNAs 

(encoding class-III HomeoDomain-leucine ZIPper [HD-ZIPIII] transcription factors) for expression in 

the meristems (Zhang and Zhang 2012; Bologna and Voinnet 2014). AGO10 also associates with 

miR168 to mediate the translational repression of AGO1 mRNA (Mallory et al. 2009) and was shown 

to act in antiviral defense against TuMV in inflorescence tissues (Garcia-Ruiz et al. 2015). 

AGO2 displays additive and overlapping functions with AGO1. Like AGO1, also AGO2 functions in 

antiviral defense and loads vsiRNAs to trigger cleavage of the vRNA (Takeda et al. 2008; Mallory and 

Vaucheret 2010; Bologna and Voinnet 2014). Similar to regulation of AGO1 by miR168, AGO2 is 

regulated by miR403 in an AGO1-dependent manner (Allen et al. 2005). Thus, AGO2 can act as a 
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surrogate AGO to AGO1, when AGO1 itself is not available, for example when targeted by 

polerovirus P0.  

AGO7 is almost exclusively associated with miR390 to initiate the biogenesis of tasiRNAs from the 

TAS3 gene (Montgomery et al. 2008) but also plays a role in antiviral defense in leaves (Garcia-Ruiz 

et al. 2015). 

AGO4, AGO6 and AGO9 were shown to bind DCL3-dependent 24 nt heterochromatic small 

interfering RNAs (hcRNAs) and to act in RdDM (Zheng et al. 2007; Gao et al. 2010; Havecker et al. 

2010; Blevins et al. 2015). Whereas AGO6 and AGO9 load hcRNAs derived from transposable 

elements (Olmedo-Monfil et al. 2010; McCue et al. 2015), AGO9 incorporates hcRNAs to control 

female gamete formation (Olmedo-Monfil et al. 2010). AGO5 was shown to associate with 

phasiRNAs, may induce megagametogenesis (Mi et al. 2008; Tucker et al. 2012; Komiya et al. 2014; 

Zhang et al. 2015) and to trigger antiviral defense against systemic PVX infection in Arabidopsis 

(Brosseau and Moffett 2015). The exact function(s) of AGO3 and AGO8 have not yet been 

determined. 

AGO proteins generally act as platforms to bind proteins containing Gly-Trp (GW) dipeptides. These 

“GW proteins” often act as essential cofactors in various RNA silencing reactions (El-Shami et al. 

2007; Till et al. 2007; Poulsen et al. 2013). 

 

2.3. Role and function of RDR proteins 

RDR proteins are RNA-dependent RNA polymerases that produce dsRNAs from single-stranded RNA 

templates. They are found in RNA viruses, plants, fungi, protists and C. elegans but are absent in 

Drosophila and mammals. They are characterized by the presence of a catalytic psi-β-barrel DxDGD 

(DFDGD in Arabidopsis) motif at the C-terminus, which is highly conserved among the identified 

eukaryotic and viral RDRs (Makeyev and Bamford 2002; Wassenegger and Krczal 2006) (see RDRs, 

Figure 4). As already mentioned, these proteins have a key role in producing long dsRNA substrates 

for the sequential processing of secondary siRNAs by DCL2 and DCL4. By linkage with specific siRNA-

processing DCLs, the different RDRs are functionally diversified into different RNA silencing 

pathways. Loss of RDR1, RDR2, or RDR6 results in enhanced susceptibility to RNA and DNA viruses, 

thus confirming their important role in antiviral defense (Pumplin and Voinnet 2013). One of the 

major roles of RDR1 and RDR6 is to produce dsRNA to amplify vsiRNAs production by DCL2 and DCL4 

for antiviral silencing (Donaire et al. 2008; Wang et al. 2010). RDR6 is the most studied RDR. In 

addition to its major role in antiviral defense (Himber et al. 2003; Schwach 2005; Vazquez 2006), 
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RDR6 is also the major RDR involved in the production of tasi- and phasiRNAs (Vazquez 2006) and 

has important functions during plant development, for example in the regulation of self-

incompatibility (Tantikanjana et al. 2009), juvenile-to-adult phase change (Peragine et al. 2004), or 

leaf and pistil development (Peragine et al. 2004; Willmann et al. 2011). 

RDR2 has a prominent role in TGS by conversion of capped or non-capped ssRNAs transcribed by 

POLIV from heterochromatic regions into dsRNAs for sequential processing by DCL3 into 24 nt long 

hcRNAs and loading into AGO4-RISC. RDR2 plays a central role in RNA-mediated DNA methylation, 

histone modification, and telomeric heterochromatic formation and its maintenance (Vrbsky et al. 

2010; Blevins et al. 2015). RDR2 has also been shown to be involved in nucleolar dominance 

(silencing of one parental set of ribosomal RNA genes) (Autran et al. 2011). RDR2 and RDR6 are both 

involved in female gamete formation with the presence of multiple abnormalities in female 

gametophytes in rdr2 and rdr6 mutants (Olmedo-Monfil et al. 2010) as well as in transgene silencing. 

The exact functions of RDR3 and RDR5 have not been shown until now and remain to be 

demonstrated. 

 

2.4. Role and function of HEN1 proteins 

HUA ENHANCER 1 (HEN1) is a RNA methyltransferase (fully named S-adenosyl-L-methionine-

dependent RNA methyltransferase) that ligates a methyl group (CH3) onto the 2’-OH of each strand 

of all DCL-derived products (Li et al. 2005; Yu et al. 2005; Yang et al. 2006). HEN1-mediated 

methylation causes the stabilization of sRNAs by preventing their uridinylation degradation 

signaling (Yu et al. 2005; Kim et al. 2010). HEN1 has five domains. Four of them directly interact with 

sRNA substrates, namely the two dsRNA binding domains (dsRBD1 located at the N-terminus and 

dsRBD2 located in the center), the La-motif-containing domain (LCD), which specifically recognizes 

the 3’-OH group (Bologna and Voinnet 2014), and the methyltransferase domain (MTase) (Yu et al. 

2005). The fifth domain is the PPIase-like domain (PLD), which does not interact with sRNA 

substrates (Huang et al. 2009). This domain has been proposed to function as a protein-protein 

interaction domain (Ying et al. 2009; Vasudevan et al. 2015) (see HEN1, Figure 4). It has been 

speculated that the methylation mechanism is initiated by the targeting of the 18-24 nt siRNA 

duplex by dsRBD1 and dsRBD2, which places one of the terminal ends of the duplex close to the 

MTase domain and the other end close to the LCD domain for protection (Ying et al. 2009). The 

MTase then methylates the 3’terminus in a Mg2+-dependent mechanism. 
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3. Roles and pathways of RNA silencing  

DCL proteins that process miRNAs and siRNAs from RNA precursor molecules and AGO-RISC 

complexes that use these miRNAs and siRNAs for RNA cleavage or translational repression 

constitute the core components of many known RNA silencing pathways. The different pathways 

are distinguished by the specific types and origins of sRNA, their specific processing by specific DCL 

proteins, their specific association with specific AGO proteins, and their specific role. Generally, RNA 

silencing pathways act at either the transcriptional or post-transcriptional levels. TGS acts in the 

nucleus and uses DCL3-dependent 24 nt siRNAs referred to as repeat-associated siRNAs (rasiRNAs) 

or heterchromatic siRNA (hcRNAs). The hcRNAs are processed from dsRNA precursors generated by 

RDR2 from RNA POL IV transcripts of heterochromatic regions and associate with AGO4 to guide 

RNA-dependent DNA methylation (RdDM) and histone modification leading to the epigenetic 

modification of transposons and endogenous repeat loci (Matzke et al. 2009) (Figure 5a). PTGS 

pathways, in contrast, use either miRNAs derived from MIR genes or siRNAs processed from 

different long dsRNA precursors (e.g. viral dsRNA, extended hairpin mRNAs encoded by inverted 

repeat loci, dsRNAs produced by RDR using viral RNA or single-stranded RNAs derived from TAS or 

PHAS loci as template) to regulate the abundance of mRNAs (or viral RNAs) and proteins by mRNA 

cleavage or translational repression. 
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3.1. miRNA biogenesis and function 

miRNAs are 20-22 nt long sRNAs derived from non-coding MIR genes (Figure 5b). Transcription of 

the MIR gene by RNA polymerase II (Pol II) leads to production of capped, single-stranded and 

polyadenylated primary miRNA (pri-miRNA) that folds into a hairpin-like structure. Initial cleavage 

by DCL1 leads to a shorter stem-loop structure called precursor miRNA (pre-miRNA), which is again 

cleaved by DCL1 to produce the mature miRNA duplex (Reinhart et al. 2002; Kurihara and Watanabe 

2004; Qi et al. 2005; Park et al. 2005). Following methylation by HEN1 at both 3’-ends the duplex is 

exported from the nucleus into the cytoplasm dependent on an exportin-5 homolog called HASTY. 

In the cytoplasm, one strand of the duplex is loaded into a RISC complex containing either AGO1, 

Figure 5: Biogenesis of sRNAs and RNA silencing pathways 
a. PolIV transcripts derived from transposable elements and repeats are converted to dsRNA by RDR2 and then cleaved 
by DCL3 into rasi/hcRNAs. b. After transcription of pri-miRNA from a MIR gene by RNA polymerase II (Pol ll) the double-
stranded foldback structure is cleaved by DCL1 into a 20-22 nt long miRNA duplex. c. PhasiRNAs (which include tasiRNAs) 
are transcribed from coding genes or non-coding genes (e.g. TAS genes in Arabidopsis) by Pol II and converted into 
dsRNA by the RDR6 protein. The dsRNA is then processed by DCL4 into phased 21 nt siRNAs. d. Viral RNA replication by 
the viral RNA dependent RNA polymerase (vRdRp) leads to the formation of double-stranded RNA (dsRNA) which is 
cleaved by DCL2 and DCL4 into 21-22 nt long siRNA duplexes. e. rasi/hcRNA, miRNA, phasi/tasiRNA, and vsiRNA are 
methylated by HEN1 and loaded into the AGO-RISC complex for DNA methylation and chromatin 
formation/maintenance (TGS) or direct cleavage or translational repression of target RNA (PTGS). 
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AGO2, AGO7 or AGO10 to guide the complex to its mRNA target for sequence-specific cleavage. 

Published miRNA sequences and associated annotations are deposited in the miRbase database 

(http://www.mirbase.org; Kozomara and Griffiths-Jones 2014).  

 

3.2. phasiRNA biogenesis and function  

phasiRNAs are generated from a long dsRNA precursor at intervals of 21-26 nt (Figure 5c). As 

exemplified by the category of Arabidopsis trans-acting siRNAs (tasiRNAs), phasiRNAs are derived 

from an mRNA converted to dsRNA by RDR6 and processed by DCL4 (Vazquez et al. 2004). The origin 

of referring to some phasiRNAs as tasiRNAs stems from their ability to act like miRNAs in homology-

dependent manner, directing AGO1-dependent cleavage of mRNAs from genes other than that of 

their source mRNA (Fei et al. 2013). The term phased indicates that the phasiRNAs are produced in 

a head-to-tail arrangement, starting precisely at a specific nucleotide. This specific nucleotide is 

usually determined by cleavage of the transcript by a 22 nt-long miRNA or siRNA (e.g. tasiR2140; 

Chen et al. 2007), which is followed by dsRNA formation and DCL4 cleavage. Due to the phasing of 

the siRNAs, the phasiRNA-producing PHAS loci can be identified with the help of computational 

algorithms. Such algorithms can be used in genome-wide scanning and allow identifying PHAS loci 

according to a p-value or phasing score as a threshold or cutoff. In Arabidopsis, this approach led to 

the original identification of tasiRNAs as well as to the identification of new phasiRNA-producing 

loci. Importantly, many of these these phasiRNA-producing loci actually represent coding genes 

[many of which encode Nucleotide-Binding, Leucine-Rich Repeat (NB-LRR) proteins, 

PENTATRICOPEPTIDE REPEAT (PPR) proteins, or MYB transcription factors (Howell et al. 2007; Zhai 

et al. 2011; Xia et al. 2012; Zhu et al. 2012)], thus showing that phased, secondary siRNAs can be 

generated from protein-coding transcript and not only from non-coding genes, such as TAS genes. 

It is important to note that phasiRNAs are defined just as being phased whereas tasiRNAs are 

defined as being phased and shown to be trans-acting (Zhai et al. 2011). Although phasiRNAs were 

shown to act in trans (tasi-RNAs), they may also act in cis (called casiRNAs) and be part of a self-

regulatory network (Zhai et al. 2011), in which phased siRNAs target homologous regions in both 

the transcript of origin and in transcripts of homologous genes, enabling the plant to maintain the 

homeostasis of transcripts encoded by the whole gene family. Such autoregulatory network plays 

an important role in controlling the expression of hundreds of homologous of NB-LRR genes present 

in Medicago (Young et al. 2011; Zhai et al. 2011) or potato (Wang et al. 2011; Xu et al. 2011a; Zhai 

et al. 2011; Lozano et al. 2012; Shivaprasad et al. 2012). 
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Interestingly, certain coding genes in Arabidopsis were shown to produce phasiRNAs only upon viral 

infection and to play a role in defense against infection by Cucumber mosaic virus (CMV) and TuMV 

(Cao et al. 2014a). These virus-activated siRNAs (vasiRNAs) were processed from dsRNA generated 

by RDR1 rather than RDR6 and associated with AGO2 for target cleavage.  

 

3.3. Virus-derived siRNAs (vsiRNAs) 

Replication of RNA viruses leads to the production of viral dsRNA as a replication intermediate. This 

dsRNA is recognized by the host and triggers RNA silencing as an antiviral defense response in which 

the viral dsRNA is processed by DCL4 and DCL2 into 21-22 nt long vsiRNAs (Blevins et al. 2006; Deleris 

et al. 2006). Although the cleavage of the viral replication intermediate already interferes with 

efficient viral replication, vsiRNAs are methylated by HEN1 and incorporated into AGO1, AGO2, and 

AGO10 (Pumplin and Voinnet 2013; Garcia-Ruiz et al. 2015) for further RISC-mediated cleavage of 

viral RNA (Voinnet 2005; Pantaleo et al. 2007). RDR6, but also RDR1 and RDR2 support antiviral RNA 

silencing through the production of secondary vsiRNAs (Donaire et al. 2008; Vaistij and Jones 2009). 

To counter-act antiviral RNA silencing, viruses evolved specialized proteins known as suppressor of 

RNA silencing (VSR). The VSRs of different viruses have evolved independently and inhibit distinct 

steps of the silencing pathway (Table 1; Csorba et al. 2015).  

 

Table 1: Examples of identified VSRs and their activity 

 

 

Viruses VSR function Inhibited RNA silencing pathway step

P14 (PoLV), NS3 (RSV) dsRNA binding

CaMV leader Decoy RNA

P38 (TCV), P1 (RYMV) Blocking DCL activity

CaMV P6 Inbition of DCL co-factor

P19 (TBSV), Hc-Pro (TuMV), 126k (TMV) Sequestration of ds-siRNA duplex

RNAse 3 (SPVD) Direct ds-siRNA cleavage

Hc-Pro (TuMV) HEN1 ds-siRNA binding

P6 RYSV), Hc-Pro (TuMV) RDR6 inhibition

P2 (RSV), VPg (PVA) RDR6 co-factor inactivation

P25  (PVX), P0 (BWYV) AGO degradation

P38 (TCV), P1 (SPMMV) AGO inactivation

Inibition of vRNA cleavage and vsiRNA production

Inhibition of vsiRNA activity

Inactivation of RISC complex activity (vRNA or host mRNA PTGS and TGS inhibition)

Inhibition of secondary siRNAs processivity
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The VSRs of several viruses, including the tombusvirus P19, the potyvirus HcPro, and the 

tobamoviral p122/p125/p126 proteins sequester siRNA duplexes after DCL processing and inhibit 

their HEN1 methylation of siRNAs and their incorporation into RISC. Some VSRs act earlier in the 

pathway, such as the sobemovirus P1 or the carmovirus P38 that inhibit the processing of siRNAs by 

DCL4, or act downstream in the pathway, such as the polerovirus P0 that targets AGO1 for 

degradation. 

 

Several plant pathogenic fungi were shown to hijack the host RNA silencing pathway with their own 

siRNAs to manipulate the expression of defense-related genes, in a process referred to “cross-

kingdom RNAi” (Weiberg et al. 2015). Given that viruses replicate within cells, it seems likely that 

they have evolved similar strategies to target host genes with their own vsiRNAs. Indeed, the cloning 

of host-derived sequences into the replicating virus genome is used as a strategy to silence plant 

genes in a process call virus-induced gene silencing (VIGS). There is indeed evidence that natural 

viruses encode vsiRNAs that can act in trans. Early studies demonstrated that vsiRNAs of Cymbidium 

ringspot virus (CymRDV) target subviral satellite RNA (Pantaleo and Burgyan 2008). Moreover, 

vsiRNAs produced by TMV-Cg were shown to cleave two Arabidopsis mRNA targets (Qi et al. 2009) 

and vsiRNAs from the Y-satellite of Cucumber mosaic virus (CMV) cleaved a Nicotiana benthamiana 

chlorophyll synthesis gene (Shimura et al. 2011; Smith et al. 2011). More recent approaches utilizing 

genome-wide studies to correlate vsiRNAs and host RNA degradome data using CleaveLand 

software (Addo-Quaye et al. 2009) revealed numerous potential mRNAs that are targeted by viruses 

in Vitis vinifera (Miozzi et al. 2013). However, while improved degradome analysis software became 

available (e.g. PAREsnip, Folkes et al. 2012; sPARTA, Kakrana et al. 2014) and an increasing number 

of studies aim to identify novel miRNAs and their targets in various species (e.g. Baksa et al. 2015; 

Cao et al. 2014b; Wang et al. 2016), the further analysis of the sRNA network utilized by both viruses 

and their hosts to control viral accumulation and gene expression in the infected cell is lagging 

behind. Knowing more about this network will greatly increase our understanding of plant:virus 

interactions. 
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Introduction 

Viruses are among the parasites that induce the most severe damages on cultivated plants, 

estimated to cause up to US $30 billion worth of damage worldwide to agriculture and forestry 

industries (Randles and Ogle 1997; Sastry and Zitter 2014). In view of the major economic problem 

caused by viruses, breeders usually rely on the development of resistant cultivars. However, this 

strategy often turns out not to be durable since virus evolution favors the emergence of adapted 

virus populations able to overcome such resistance (Garcia-Arenal and McDonald 2003). Although 

the incidence of plant virus diseases can be controlled to some extent by controlling the viral insect 

vectors, the repeated application of insecticides poses a threat to our environment. The 

development and application of innovative and sustainable approaches for protecting cultivated 

plants against their pathogenic viruses depends on the identification of gene targets that are part 

of the fundamental molecular mechanisms that determine virus:host compatibility and disease. 

Viruses utilize host mechanisms to support their replication and movement and, at the same time, 

trigger host defense responses. Numerous previous studies have demonstrated that viral infection 

in susceptible hosts is associated with the altered expression of genes and the activation of defense 

responses such Pattern-Triggered-Immunity (PTI) (Kørner et al. 2013) and RNA silencing (Ding and 

Voinnet 2007). Both defense responses are triggered by the recognition of double -stranded RNA 

(dsRNA) produced during viral replication. However, whereas PTI involves BAK1 (Kørner et al. 2013) 

and the recognition of dsRNAs by an unknown pathogen-recognition receptor together with 

SOMATIC EMBRYOGENESIS RECEPTOR-LIKE KINASE 1 (SERK1) as a potential co-receptor (Niehl et al. 

2016), RNA silencing relies on the recognition of dsRNA by DICER-LIKE (DCL) proteins. Moreover, PTI 

involves the activation of transcriptional signaling cascades and confers broad-spectrum pathogen 

resistance (Dodds and Rathjen 2010; Jones and Dangl 2006; Spoel and Dong 2012), whereas RNA 

silencing relies on the production of small 21-24 nt long small interfering RNAs (siRNAs) and 

microRNAs (miRNAs) that associate with an ARGONAUTE (AGO) protein-containing RNA-induced 

silencing complex (RISC) to target viral and host RNAs for cleavage or translational repression in a 

target sequence-specific manner (Bologna and Voinnet 2014). RNA silencing plays a central role in 

plant-virus interactions as it targets both the virus and its host. Viruses encode effector proteins 

that suppress RNA silencing (VSR) (Csorba et al. 2015) and Arabidopsis mutants affected in DCL and 

other RNA silencing pathway genes showed enhanced susceptibility (Bouché et al. 2006; Deleris et 

al. 2006; Morel et al. 2002; Mourrain et al. 2000), thus indicating the importance of RNA silencing 

in antiviral defense and plant-virus co-evolution (Pumplin and Voinnet 2013). However, the role of 
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RNA silencing in plant:virus interactions may be more complex. For example, it is conceivable that 

similar to certain mammalian DNA viruses (Herpesviridae) (Hook et al. 2014) and plant-pathogenic 

fungi (Weiberg et al. 2013), also plant viruses may have evolved the ability to hijack the host RNA 

silencing pathway with their own small RNAs in order to modulate host gene expression. 

To further explore the function of sRNAs during plant:virus interactions, we here used next-

generation RNA profiling technologies and specific gene analysis to address the function of sRNAs 

accumulating during early Turnip mosaic virus (TuMV) infection in leaves of oilseed rape (Brassica 

napus). sRNA:RNA target pairs correlated with specific host mRNA and viral RNA cleavage events 

during infection were identified. Moreover, our analysis revealed the targeting of specific host genes 

by virus-encoded siRNAs. The results also suggest the existence of specific host genes that function 

as virus-induced hubs for secondary siRNA synthesis and the regulation of downstream secondary 

gene target networks. We also show that the virus itself is targeted for RISC-mediated cleavage by 

sRNAs encoded by the host. This finding indicates that the network of sRNA-mediated interactions 

between the virus and its host includes the activity of plant-encoded sRNAs with homology to viral 

genomes and that are part of the arms arsenal available to plants to control their viruses. 

Collectively, the observations indicate that viruses and their hosts cells form tightly organized niches 

in which both sides exchange multiple sRNA signals for mutual control and regulation. B. napus is a 

global economically important crop grown for its oil-rich seeds and vulnerable to a number of 

widespread viruses including TuMV. By focusing the analysis on dissected local sites of infection in 

leaves, we identified regulatory hubs and sRNA target genes that control plant-virus interactions 

during the onset of virus infection before disease symptoms arise. The identified genes and 

mechanisms are potential targets for crop breeding aiming to interfere with the onset of infection 

already during early stages. 

 

Results 

The rapeseed cultivars Drakkar and Tanto differ in susceptibility to TuMV-GFP 

The analysis involved two different commercial B. napus cultivars, Tanto and Drakkar, which showed 

strong differences in their susceptibility for GFP-tagged TuMV (TuMV-GFP) (Fig. 1). Both cultivars 

develop green fluorescent infection foci visible under UV light in the inoculated leaves. However, 

although the foci in the two cultivars develop and further grow similarly in size, the foci in Drakkar 

leaves are homogenously green fluorescent (Fig. 1a), whereas the foci in the Tanto leaves occur as 
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fluorescent halos (Fig. 1b). This halo-like phenotype of infection sites were previously reported for 

GFP-tagged viruses with compromised VSR activity (Garcia-Ruiz et al. 2015; Kubota et al. 2003; 

Vogler et al. 2007) indicating that the virus is silenced or otherwise inhibited shortly after infection 

of new cells. Consistent with a stronger antiviral response in Tanto, infection foci in Tanto leaves 

contain slightly less viral RNA as compared to the foci in Drakkar leaves (Fig. 1e). The difference 

between the two cultivars in TuMV susceptibility is also expressed at the level of systemic infection. 

Whereas Drakkar plants show extensive green fluorescent areas in the local and systemic tissues 

two to three weeks after inoculation (Fig. 1c), the upper leaves in Tanto plants show only few 

dispersed fluorescent spots (Fig. 1d). 

 

Profiling of TuMV-GFP induced gene expression within local infection foci in Drakkar and Tanto 
leaves 

Local green fluorescent infection foci in leaves and similar leaf samples of mock-treated plants were 

excised for transcriptome profiling using RNAseq. The analysis was performed for three 

independent replicate infection experiments, thus involving three independent RNA samples each 

for mock-treated Drakkar (DM), mock-treated Tanto (TM), virus-treated Drakkar (DT), and virus-

treated Tanto (TT). To determine the profiles of sRNAs and their activity in mRNA target cleavage, 

exactly the same 12 RNA samples were also used for sRNA and mRNA degradome profiling (sRNAseq 

and PAREseq). The RNAseq analysis of the 12 samples gave 35 to 72 million clean paired reads per 

sample (Table S1). To allow appropriate mapping of the reads the Drakkar and Tanto DNA genomes 

were re-sequenced with 15 x coverage (Table S2) and reconstructed by alignment of the respective 

genomic sequencing data to the Darmor-bzh reference genome (Chalhoub et al. 2014) and by 

inferring the cultivar-specific high confidence single nucleotide polymorphisms (SNPs) (about 1.5 

SNPs per kilobase; Table S2; Fig. S1) into the reference sequence. Using the reconstructed Drakkar- 

and Tanto-specific DNA genome data, around 80 % of the quality-filtered mRNAseq reads could be 

mapped with a maximum of one mismatch (Table S1).  

Differential mRNA expression analysis revealed numerous transcripts that are significantly either up 

or down-regulated in virus-infected cells as compared to cells of mock-treated samples in both 

cultivars or in a cultivar-specific manner (Fig. 1f). The 24 genes that were most strongly regulated at 

transcript levels in both cultivars (fold change [log2] ³ +4/-4; p<0.05; Fig. S2) may provide an 

important signature profile for early virus infection in rapeseed. These include a transcript predicted 

to encode CALMODULIN-BINDING PROTEIN 60G (CB60G), a master immune regulator that 
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promotes the expression of key genes involved in salicylic acid (SA) biosynthesis and in regulating 

pathogen-associated molecular pattern (PAMP)-triggered immunity (PTI), effector-triggered 

immunity (ETI) and systemic acquired resistance (SAR) (Sun et al. 2015). Genes that are expressed 

in a cultivar-specific manner or which show stronger regulation in one cultivar than in the other are 

candidates involved in determining the difference in virus susceptibility between the two cultivars 

(Table S3 – S7). Consistent with resistance, transcripts highly abundant specifically in Tanto encode 

proteins playing a role in defense, such as DETOXIFICATION 47 (DTX47)/EDS5, 4-SUBSTITUTED 

BENZOATES-GLUTAMATE LIGASE GH3.12, and NIM1-INTERACTING 2 (NIMIN-2), all of which play a 

role in the regulation of SA synthesis or the activation of genes downstream in the SAR pathway 

(Carviel et al. 2014; Hermann et al. 2013; Jagadeeswaran et al. 2007; Nawrath et al. 2002; Nobuta 

et al. 2007; Zwicker et al. 2007), whereby DTX47 was shown to be directly involved in the defense 

against viruses (Ishihara et al. 2008). Another highly induced gene encodes TARGET OF AVRB 

OPERATION1 (TAO1), a TIR-NB-LRR receptor-like protein previously known to also contribute to 

disease resistance induced by the Pseudomonas syringae effector AvrB (Eitas et al. 2008). Efficient 

progression of virus infection in Drakkar correlates with high levels of transcripts involved in 

membrane transport, the suppression of plant defense responses, and, potentially, in the regulation 

of plasmodesmata (PD)-mediated intercellular transport. For example, we found a strong induction 

of expression of the coatomer alpha-2 subunit of the COPI coatomer complex (Ahn et al. 2015), 

which is consistent with the role COPI vesicles in the replication of TuMV and other potyviruses (Wei 

and Wang 2008). The strongly induced NAC domain-containing protein 60 (NAC60) is a transcription 

factor activated at the ER that attenuates the sensitivity to abscisic acid (ABA). ABA has been shown 

to inhibit virus infection and is implicated to play a role in antiviral silencing and callose deposition 

at PD (Alazem and Lin 2017). NAC60 also reduces expression of ABI4 gene, which has been 

implicated in viral resistance (Alazem et al. 2014). The induction of transcripts encoding the leucine-

rich repeat (LRR) receptor-like serine/threonine-protein kinase RPK2 is of particular interest as this 

protein forms heteromeric complexes with BAM1 which was recently shown to localize to PD, to 

promote the spread of the RNA silencing signal, and is targeted by a viral protein to inhibit antiviral 

RNA-silencing signaling (Rosas-Diaz et al. 2018). Thus, RPK2 may be induced during TuMV infection 

to regulate BAM1 and thereby control antiviral RNA silencing signaling through PD. A gene that is 

induced in Drakkar as well as in Tanto encodes a protein homologous to Arabidopsis PATELLIN-6 

(PATL6), which was shown to be involved in resistance against Alfalfa mosaic virus, to interact with 

the viral movement protein (MP) and to prevent the targeting of MP to PD (Peiro et al. 2014). Other 
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induced transcripts encode TOPLESS-RELATED PROTEIN 2 (TPR2) and CYTOKININ DEHYDROGENASE 

3 (CKX3), both of which are involved in the suppression of defense responses. TPX2 is a 

transcriptional corepressor and negative regulator of jasmonate responses (Pauwels et al. 2010), 

whereas CKX3 is a cytokinin-degrading enzyme that may control cytokinin levels implicated to 

determine the amplitude of immune responses and the outcome of plant-pathogen interactions 

(Argueso et al. 2012; Choi et al. 2010). Consistent with efficient systemic movement of the virus, 

TuMV-infection in Drakkar downregulates a transcript for PHLOEM PROTEIN 2-LIKE A2 (PP2A2) that 

together with PP2A1 can form high-molecular mass polymers to block phloem sieve plate pores (Fu 

et al. 2014).  

The virus-induced differential expression profiles of several genes were validated by RT-qPCR using 

RNA samples of mock- and virus-treated Drakkar and Tanto plants of five independent biological 

experiments. The results generally confirmed the virus-induced changes in gene expression (Fig. S2) 

indicated by RNAseq data.  

 

mRNA cleavage by miRNAs 

The replicative sRNAseq datasets provided 27-52 Mio clean and quality-filtered (18-30 nt) reads per 

sample (Table S1). The sRNA size profiles within the libraries showed the expected changes in 

distribution of sizes upon RNA virus infection (Fig. S3). Mock-treated Drakkar and Tanto plants 

showed typical and very similar sRNA size profiles of predominantly 21nt – 24 nt long sRNAs, with 

likely DCL3-derived 24 nt sRNAs representing the major species. In contrast, the sRNA profiles in the 

virus-treated plants were dominated by virus-derived 21 nt and 22 nt siRNAs (84% and 74% of the 

21 nt sRNAs are virus-derived in infected Drakkar and Tanto plants, respectively), which is consistent 

with the presence of the virus and the processing of viral dsRNA by DCL4 and DCL2, respectively. 

Moreover, host-derived sRNAs showed a strong increase in the number of 21 nt sRNAs, whereas 

the number of sRNAs belonging to other size classes, except the 22 nt size class, was strongly 

reduced. These alterations in the pattern of host sRNAs may represent an accumulation of miRNAs 

in virus-infected tissues, as previously observed (Hu et al. 2011; Tagami et al. 2007; Vogler et al. 

2007). The virus-derived siRNAs aligned to the TuMV genome along its entire length, on both plus 

(+) and minus (-) strands. (Fig. S4)”. The virus-genome aligned siRNA profiles of peaks and valleys 

are almost identical between Drakkar and Tanto, thus demonstrating that the cultivar-specific 

differences in the susceptibility for the virus cannot be explained by obvious differences in vsRNA 

processing or accumulation.  
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Host-derived miRNAs were identified by mapping the sRNA reads to Brassicacea mature miRNA 

family sequences deposited in miRBase (Kozomara and Griffiths-Jones 2014) and by analyzing them 

for miRNA prediction with ShortStack (Axtell 2013; Shahid and Axtell 2014). ShortStack annotates 

miRNAs on the basis of specific criteria, including a requirement of the corresponding star sequence 

present in the sRNA data and its mapping near the candidate miRNA sequence within the same 

gene. Our list of known and predicted miRNAs was complemented by B. napus miRNAs reported in 

publications and contained 1047 miRNAs to which our sRNAs were aligned (Table S8). Around 8 

million sRNA reads per condition could be mapped to 652 expressed miRNA species and, of these, 

53 miRNAs and 47 miRNAs were present only in either Drakkar and Tanto, respectively. 

To identify mRNAs targeted for cleavage by miRNAs and other sRNAs expressed in the mock- and 

virus-treated plants the replicate DM, DT, TM and TT samples were also used for the sequencing of 

the mRNA degradome by PAREseq. The PAREseq reads consist of 20 nt signatures derived from 

mono-phosphorylated, non-capped 5’ ends of the 3’ fragments of mRNAs following cleavage by 

RISC, Dicer, or other degradation processes. By applying the combination of PAREseq, mRNAseq, 

and sRNAseq reads for degradome analysis with PAREsnip software (Folkes et al. 2012), we 

identified sRNA:mRNA pairs that are functional in sRNA-mediated RNA cleavage events. Our 

degradome and sRNA data sets derived from leaf samples of twelve independent replicate biological 

experiments with non-infected mock and TuMV-infected Drakkar and Tanto plants were consistent 

with the activity of numerous B. napus miRNAs involved in the RISC-mediated cleavage of mRNA 

targets known already in Arabidopsis and other species. The analysis agreed the activity of 

previously known B. napus members (annotated in miRbase) of miRNA families targeting the mRNA 

transcripts for SQUAMOSA PROMOTER-BINDING-LIKE (SPL) proteins (bna-miR156), Auxin response 

factors (ARFs) (bna-miR160), SCARECROW-LIKE (SCL) proteins (bna-miR171), Ethylene-responsive 

transcription factor (ERF) RELATED TO APETALA 2 (RAP2), TARGET OF EAT 2 (TOE2), and APETALA 2 

(bna-miR172), Auxin signaling F-box (TIR1/AFB2/AFB3) proteins (bna-miR393), CHLOROPLASTIC 

SUPEROXIDE DISMUTASE (bna-miR398), and ARGONAUTE 2 (bna-miR403) (Table S9). Several 

members of these mRNA target families are also presumably targeted by previously unknown B. 

napus miRNAs identified by ShortStack (Table S10) or by miRNAs sequences present in miRbase but 

previous described only in other species (Table S11). Our degradome data also indicate the cleavage 

of several predicted targets by sRNAs that we annotated as “miRNA-related sRNAs” since they carry 

small mismatches to miRNA sequences in other species (Table S12). Some of these sequences were 

identified by ShortStack as genuine B. napus miRNAs (Table S13). Our replicate degradome data also 
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indicate that certain known miRNAs likely cause the cleavage of mRNA transcripts that were 

previously unknown as specific targets (Table S14). For example, a miRNA homologous to the B. 

rapa bra-miR1885b targets transcripts of BIOGENESIS OF LYSOSOME-RELATED ORGANELLES 

COMPLEX 1 SUBUNIT 2 (BLOS2), and the mRNA of the cytochrome c oxidase assembly protein 

COX19 is indicated as a target of the B. napus miRNA bna-miRC23a-3.  

The cleavage breakpoints indicated by several miRNA:mRNA target pairs were confirmed RLM-

5’RACE assays with independent, newly created, biological samples (Figs. S5-S9). For example, the 

targeting of ARF10 mRNA by bna-miR160c produced a highly defined degradome signature along 

the transcript in mock as well as infected Drakkar and Tanto samples, and the respective cleavage 

site could be clearly mapped also by 5’RACE (Fig.S5). Other examples of miRNA:mRNA target pairs 

confirmed by 5’RACE are bna-miR1885:TAO1 (Fig. S6), bna-miR403:AGO2 (Fig. S7), bna-

mi1885b:BLOS2 (Fig. S8), or bna-miR172:APETALA2 (Fig. S9). 

 

miRNA and mRNA target levels are not always correlated 

Infection by TuMV-GFP leads to varying changes in the levels of the specific miRNAs and these 

changes are conspicuously similar between infection foci in Drakkar and Tanto. However, the virus-

induced changes in the levels of the miRNAs does not always correspond to the expected reduction 

in the steady state level of the respective target mRNA. The complete data describing identified 

miRNA:mRNA target pairs and the respective miRNA and mRNA target expression levels in the two 

cultivars are summarized in Table S15 and an overview over miRNA and mRNA target expression 

levels is provided in Table S16. Several miRNA:mRNA target pairs follow the expected rule that an 

increase, or decrease, in the level of a specific miRNA should lead to a decrease, or increase, in level 

of the corresponding mRNA target, respectively. Amongst the targets showing cleavage in at least 

three of the twelve total samples, the miRNAs of the miRNA:mRNA target pairs miR403:AGO2, 

miR172:ERF RAP2-7, miR160c:ARF16, miR393:ASB2/3, miR156:SPL11, and miR172:APETALA2, are 

down-regulated upon infection and lead to a corresponding increase in the amount of the 

corresponding mRNA (Table S15). Conversely, the levels of miRNAs of other miRNA:mRNA target 

pairs, such as miR171:SCL, are increased and show a corresponding decrease of the corresponding 

mRNA. On the other hand, several other target pairs did not show these expected results. For 

example, the mRNAs of the target pairs miR1885b:BLOS2 or miR398:Superoxide dismutase 2 [Cu-

Zn] (CSD2) accumulated upon infection, although their corresponding miRNAs increased. Similarly, 

several miRNA:mRNA target pairs correlated with lower levels of both the miRNAs and mRNAs. 
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Some miRNA:mRNA target pairs showed the expected results in mRNA levels in only one of the two 

cultivars but not in the other. These findings demonstrate that miRNA levels do not necessarily 

correspond to miRNA activity in mRNA target cleavage. Moreover, RISC-mediated cleavage is only 

one of several mechanisms by which cellular mRNA levels are regulated.  

 

TuMV uses vsiRNAs to target host genes 

The sRNA data analysis revealed that TuMV-infected cells produce about 300000 unique siRNA 

sequences derived from the positive and negative strands of the virus. The replicative PAREsnip data 

indicated the presence of 205 sRNA:mRNA target pairs (that involve 87 virus-derived siRNAs 

(vsiRNAs) that occur exclusively in the infected tissues and show 100% sequence homology to the 

virus and no significant sequence homology to the host (Table S17). As is shown in Fig. 2, the vsiRNA 

with the potential to interact with host mRNA cleavage are derived from both the minus and plus 

strands of the virus and map at various positions along the viral genome. Eight of the vsiRNAs stand 

out as they are repetitively associated with cleavage events in 17 different transcripts and were 

detected in at least two of the six independent degradomes of infected plants studied by 

PAREseq/PAREsnip (Table S18, vsiRNA:mRNA target pairs highlighted in Figure 2). Among the 17 

different vsiRNA:mRNA target pairs, we found one unique vsiRNA (AAGAATCTGATGATGCTGT) 

capable of interacting with transcripts of eight genes encoding the ethylene response factors (ERFs) 

RAP2-7, TOE2, and APETALA2 (Table S18, Fig. 2G). Given that the ERFs targeted by the vsiRNA 

AAGAATCTGATGATGCTGT are also regulated by miR172, we wondered whether the vsiRNA could 

mimic the function of miR172. As is shown in Fig. 2b, and more in detail in Fig. S10, this vsiRNA 

indeed shows high homology to bna-miR172 and would cleaves exactly the same position within 

target sequence. Since the host downregulates miR172 levels upon infection (Fig. S10, d), the vsiRNA 

may complement this reduced amount of miR172 in order to control the expression of these ERFs. 

The PAREseq/PAREsnip data for host mRNA targets of vsiRNA (Table S18) provide evidence for 

specific roles of vsiRNA targeting mRNAs particularly in Drakkar, such as mRNAs encoding the 

pseudokinase ZED1, the cysteine-protease aleurain, and the serine/arginine-rich (SR) splicing factor 

RS31A. The pseudokinase ZED1 is an important mediator of effector-triggered immunity (Lewis et 

al. 2013; Seto et al. 2017), whereas the cysteine-protease aleurain plays an important role in 

hypersensitive responses and programmed cell death (Lu et al. 2015). SR proteins are essential 

factors in regulating pre-mRNA constitutive and alternative splicing (Jeong 2017). They also act in 

RNA surveillance and promote RNA degradation through the nonsense-mediated RNA decay 
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pathway (Zhang and Krainer 2004). In plants, SR proteins play numerous roles in stress tolerance 

(Duque 2011), and were shown to be involved in the splicing of RNA encoding plant immune 

receptors (Xu et al. 2011b). Nevertheless, the identified vsiRNA:mRNA target pairs are correlated 

with rather moderate yet significant downregulation of some of the target genes, thus indicating 

that the virus may use specific vsiRNAs to prevent a strong induction of these defense-related genes 

in infected cells. 

 

TuMV infection triggers the widespread targeting of mRNAs through activation of secondary 
siRNA production from PHAS loci. 
 

In addition to AGO1, also other AGO proteins, particularly AGO2, play important roles in antiviral 

defense (Carbonell and Carrington 2015; Garcia-Ruiz et al. 2015). The expression of AGO2 is 

controlled by AGO1 through miR403 (Harvey et al. 2011). Consistently, our PARE analysis predicted 

cleavage of AGO2 mRNAs (BnaCnng68320D and BnaA05g14760D) by miR403 (Fig. S7) in both mock-

treated and TuMV-infected B. napus samples BnaC06g41790D). Nevertheless, infection triggered 

the downregulation of miR403 and upregulation of AGO2 mRNA levels. Interestingly, infection also 

caused a strong production of secondary, phased siRNAs (phasiRNAs) from AGO2 mRNA in both 

Drakkar and Tanto plants (Fig. 3a). The TuMV-associated activation of phased siRNA production 

from coding genes has been described in Arabidopsis (Cao et al. 2014) and may as well occur in B. 

napus. To identify other coding genes that produce virus-associated phasiRNAs (va-phasiRNAs) 

upon TuMV infection, we mapped the virus-induced siRNAs found in our sRNA data to the Drakkar 

and Tanto coding genes and filtering these genes by applying thresholds for the number of siRNAs 

mapped to the coding regions of genes (>100 reads), the gene-specific PHAS score calculated by 

Shortstack (>30), and for the ratio in the number of specific va-phasiRNAs found in infected tissues 

versus mock-treated tissues (rpm infected / rpm mock >2). Using this approach, we identified 128 

coding genes that act as PHAS loci and produce va-phasiRNAs in Drakkar (Table S19) and 253 coding 

genes that that act as PHAS loci and produce va-phasiRNAs in Tanto (Table S20), and of which 98 

coding genes produce va-phasiRNAs in both cultivars (Table S21). As has been shown in detail for 

tasiRNAs in Arabidopsis, phasiRNAs are produced by conversion of the gene transcript into dsRNA 

followed by phased cleavage into phasiRNA duplexes (Fei et al. 2013). The production of phasiRNAs 

from coding genes can have varying effects, from controlling the homeostasis of the specific mRNA 

and encoded protein to the suppression of the specific gene and other homologous members of the 

same gene families (Fei et al. 2013). As known by the prototype example of trans-acting siRNAs 
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(tasiRNAs (Vazquez et al. 2004)) and by several new examples involving coding genes such as NB-

LRR, PPR and MYB genes, phasiRNAs may also act in trans by directing AGO-dependent slicing of 

mRNAs of genes other than that of their source mRNA (Fei et al. 2013). To determine whether the 

va-phasiRNAs found in our analysis are functional and cause the cleavage of secondary mRNA 

targets in trans, we used them as query in our PAREsnip analysis of our sequenced degradome 

libraries prepared from mock-treated and virus-infected tissues. We could not find any of the AGO2 

mRNA-derived va-phasiRNAs in our PARE analysis, thus indicating that the AGO2 va-phasiRNAs do 

not act in RISC-mediated slicer activity. va-phasiRNAs produced by several other genes [for example 

BnaC02g40260D encoding Elongation factor 2 (EF2) (Fig. 3b) or BnaA05g28710D encoding CDC48E 

(Fig. 3c)] were similarly absent in our PAREsnip database and may similarly be inactive in guiding 

RISC-mediated target RNA cleavage. However, among other va-PHAS genes, we found members of 

three small gene families particularly involved in the production of va-phasiRNAs and engaged in 

secondary mRNA target cleavage. These three gene families are predicted to encode Chlorophyll a-

b binding protein 1 (BnaA04g20150D, BnaAnng22920D, BnaC03g59520D, BnaA07g07560D, 

BnaA03g15830D, BnaC03g18980D, BnaA09g26570D, BnaA08g17660D, BnaC05g22880D, 

BnaC04g10770D, BnaC04g10780D), NBR1 homolog (NBR1, BnaA01g14050D, BnaA03g46880D, 

BnaC07g39070D, BnaC01g16550D, BnaC08g11760D), and a protein with homology to yeast 

ART1/TAR1 (Transcript Antisense to Ribosomal RNA) (Galopier and Hermann-Le Denmat 2011) 

(BnaAnng22160D, BnaA09g04420D, BnaC08g46150D, BnaAnng21760D). These three gene families 

alone were found to produce 415 different unique va-phasiRNAs induced upon infection (Tables 

S22-S24) and associated with 969 unique va-phasiRNA:RNA target pairs targeting 413 different 

genes upon infection. Whereas va-phasiRNAs derived from both dsRNA strands of genes for 

Chlorophyll a-b binding protein 1 were found to target their own transcript or other highly 

homologous transcripts of the same gene family (Table S25), va-phasiRNAs derived from NBR1 and 

TAR1 genes also target the mRNAs of other genes (Table S26 and Table 27). A predominant group 

of target genes for NBR1 va-phasiRNAs that was redundantly identified in several PARE analysis 

replicates encodes ACTIN DEPOLYMERIZATION FACTOR 3 (ADF3) (Table S26). ADF3 was recently 

shown to play an important role in plant defense against aphids (Mondal et al. 2018). It is interesting 

that the trans-acting NBR1-derived va-phasiRNAs with secondary gene targets map exactly to the 

peaks of va-phasiRNA production along the NBR1 transcript (Fig. 4). This suggests that the efficient 

cleavage of va-phasiRNA targets is already programmed at the level of the va-phasiRNA-producing 
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gene or that the va-phasiRNAs associated with target cleavage are stabilized by association with 

their effector complexes.  

Taken together, these observations demonstrate that virus infection in rapeseed triggers the 

production of secondary siRNAs from numerous coding genes. Some of these genes, like those 

encoding AGO2, EF2, or CDC48E produce secondary siRNAs that do not participate in guiding RISC 

and, therefore, may represent end-products of an RDR-dependent mRNA degradation pathway to 

maintain mRNA homeostasis upon infection. Other genes like those encoding Chlorophyll a-b 

binding protein 1, NBR1, and TAR1, produce trans-acting siRNAs with the predicted potential to 

target mRNAs of homologous genes within the same gene family or mRNAs of other genes. 

 

Targeting of viral RNA by virus- and host-derived sRNAs 

Although antiviral defense relies to some extent on the degradation of viral dsRNA by DCL enzymes, 

virus-derived siRNAs were found in association with AGO proteins (Garcia-Ruiz et al. 2015; Pantaleo 

et al. 2007; Zhang et al. 2006), thus suggesting a role of RISC-mediated viral RNA cleavage. Given 

that the viral genomic RNA of TuMV is polyadenylated in infected cells and degradome analysis by 

PARE relies on the analysis of polyadenylated RNA fragments, we wondered whether we can find 

virus-specific degradome signatures of the viral (+) and (-) strands in our degradome data from 

infected samples. PAREsnip analysis revealed 56 unique vsiRNAs derived from the negative strand 

of the virus present in unique vsiRNA:vRNA target pairs, thus suggesting that viral genomic RNA is 

indeed cleaved by vsiRNA-programmed RISC. We found 36 unique vsiRNA:vRNA target pairs in 

Drakkar (Table S28) and 58 unique vsiRNA:vRNA target pairs in Tanto (Table 29). Of these, 26 unique 

vsiRNAs:vRNA target pairs were commonly found in both Drakkar and Tanto, whereas four and 26 

of the unique pairs were Drakkar- and Tanto-specific, respectively. Although most of the cultivar-

specific pairs rank relatively low with respect to the number of their specific vRNA cleavage 

fragments, the vsiRNA CAGTGCTGCTGCTTTCATCTG was associated with vRNA cleavage events at 

relatively high frequencies specifically in Tanto.  

Interestingly, in addition these vsiRNA derived from the virus, we identified 87 unique virus-

targeting sRNAs that were derived from the host (hsRNAs, host-derived siRNAs). We found 45 

unique hsRNA:vRNA target pairs in Drakkar (Table S30) and 64 unique hsRNA:vRNA target pairs in 

Tanto (Table S31). 23 of the unique hsRNA:vRNA target pairs occurred in both cultivars and 22 and 

41 of them were Drakkar- and Tanto-specific, respectively. The most frequent RISC-mediated vRNA 

cleavage events potentially involving vsiRNAs and hsRNAs were detected in the 3’ region of the viral 
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RNA (Fig. 5), which may be caused by a limitation in the length of cDNAs synthesized for PAREseq 

analysis. vsiRNA:vRNA and hsRNA:vRNA pairs found in both cultivars and associated with cleavage 

events found at the same positions of the vRNA in both cultivars provide mutual support for the 

significance of these viral sites of RISC-mediated cleavage. Cultivar-specific sites of vRNA cleavage 

may be related to the difference in viral susceptibility between Drakkar and Tanto. Interestingly, 

several of the hsRNA-mediated cleavage events were found to involve trans-acting va-phasiRNAs 

derived from NBR1 and TAR1 genes (Table S30 and Table S31). However, the large majority of the 

cleavage events were associated with unique hsRNAs derived from genes annotated as disease 

resistance genes TAO1 and RPP5, both encoding TIR-NB-LRR receptor-like proteins. These and 

several other genes associated with hsRNA-mediated antiviral vRNA cleavage produce numerous 

secondary siRNAs in both mock-treated as well as TuMV-infected plants (Figure S11). Thus, these 

genes produce antiviral siRNAs already before infection. 

 

Discussion 

sRNAs have emerged as key players of RNA silencing in the regulation of various biological 

processes, including plant growth and development, host immunity and pathogen virulence. As 

viruses replicate within plant cells viruses become an integrated part of this sRNA-mediated 

regulatory network. The plant host silencing machinery is known to process the double-stranded 

viral replication intermediates into primary and secondary vsiRNAs to use them as guides for 

cleavage of vRNA by AGO-RISC and that viruses suppress this antiviral host activity with their VSRs. 

However, although sRNAs and protein effectors in fungi, oomycetes, and bacteria have been shown 

to function in promoting pathogen virulence (Weiberg et al. 2014), much less is known about the 

potential of viruses to use their vsiRNAs and VSRs to target the expression of host genes. While the 

general impact of viral infection on host transcriptomes, the profiles of sRNAs, the methylation of 

sRNAs, and activities of specific miRNAs and few virus- or viroid-derived siRNAs have been described 

(e.g. Hu et al. 2011; Huang et al. 2016; Niu et al. 2015; Ruiz-Ferrer and Voinnet 2009; Varallyay et 

al. 2010; Whitham et al. 2006), a deep understanding of host and viral sRNA activities in mutual 

regulation within the viral niche of infected leaf cells engaged in local viral replication and spread 

has not yet been achieved. The current study has applied a combination of different replicate RNA 

profiling approaches to the analysis of distinct local sites of early TuMV infection in rapeseed leaves. 

By using rapeseed cultivars strongly differing in susceptibility to this economically important virus 

(Edwardson and Christie 1991; Shattuck 1992) the data distinguish general mechanisms involved in 
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virus infection from those that may correspond to resistance. Transcriptional RNAseq profiling 

revealed the regulation of virus-responsive genes whereas the combination of sRNAseq with 

PAREseq profiles allowed us to correlate the occurrence of cleaved mRNA 5’ends with 

corresponding sRNA:mRNA target pairs and thereby identify the virus-induced activity of sRNAs, 

including previously unknown miRNAs and siRNAs, in RISC-mediated RNA target cleavage. 

Collectively, the results draw a novel picture of interactions between a virus and its host (Fig. 6) in 

which the mutual regulation of host mRNAs and the viral RNA genome by host and virus-derived 

small RNAs plays a central role.  

First of all, the results establish the novel finding that the host apparently uses endogenous siRNAs 

to target the virus, whereas the virus, in turn, uses vsiRNAs to target the host. The host-derived 

siRNAs that target the virus are derived from genes that convert all or part of their mRNA transcripts 

into secondary siRNAs. Such production of phased secondary siRNAs (phasiRNAs) has emerged as a 

regulatory mechanism for coding genes, particularly of nucleotide-binding, leucine-rich repeat (NB-

LRR) disease resistance genes (Fei et al. 2013). Consistently, we found that siRNAs that target the 

virus are predominantly derived from resistance genes TAO1 and RPP5. This finding indicates that 

by conversion of their transcripts to siRNAs, resistance genes have the capacity to provide RNA-

based immunity in addition to protein-based immunity. Interestingly, TAO1 and RPP5 produce 

phasiRNAs also in the absence of the virus suggesting that antiviral siRNA production from these 

genes serves to provide basal antiviral immunity already in naïve plants. Additional siRNAs targeting 

the virus derive from genes that produce siRNAs only upon infection, such as the Chroropylll a, b-

binding protein 1 and NBR1 genes, or produce additional siRNAs upon infection such as the TAR1 

genes. As previously noted in Arabidopsis and other viral host systems (Cao et al. 2014; Zheng et al. 

2015), we found that virus infection indeed promotes a dramatic induction of phased secondary 

siRNA (va-phasiRNA) production from coding genes. According to our results, the va-phasiRNAs 

induced by TuMV infection in rapeseed greatly differ in their activity as guides for RISC in a manner 

dependent on the gene of origin. Some genes produce va-phasiRNAs not participating in RISC-

mediated mRNA target cleavage (e.g. AGO2 genes), whereas other genes produce phasiRNAs that 

do participate in RISC-mediated mRNA target cleavage and target the gene of origin as well as 

homologous genes in the same gene family (e.g. Chorophyll-a,b-binding protein 1 genes). Yet other 

genes produce va-phasiRNAs that target other genes (e.g. NBR1 and TAR genes). The induction of 

va-phasiRNAs likely serves to dampen the effects of infection on transcript homeostasis. This might 

be particularly true for va-phasiRNAs that do not participate in RISC-mediated target cleavage, or 
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target only the gene of origin or genes within the same family. On the other hand, the loci that 

produce trans-acting va-phasiRNAs may be induced by the virus to modify the expression of 

secondary mRNA targets. This is supported, for example, by the virus-induced targeting of genes for 

ACTIN-DEPOLYMERIZING FACTOR 3 by NBR1-derived va-phasiRNAs, which may represent a virus-

induced mechanism to lower defense against aphids that the virus needs for plant-to-plant 

transmission. These and other genes targeted by virus-induced and predominantly NBR1-derived 

va-phasiRNAs identify NBR1 genes as virus-inducible hubs for secondary trans-acting siRNA 

production and for the virus-induced manipulation of secondary mRNA targets. As NBR1-derived 

va-phasiRNAs also target the virus, the evolution of NBR1 genes as virus-inducible hubs for 

secondary trans-acting siRNA production may have occurred on the basis of the precondition that 

the va-phasiRNAs derived from the same hub will, in turn, also control the virus. It is intriguing that 

the B. napus NBR1 genes are highly homologous to the selective autophagy receptor protein 

AT4G24690/NBR1 gene in Arabidopsis (81-84% identity), which has been implicated in antiviral 

defenses involving the degradation of viral proteins and particles by autophagy (Hafren et al. 2017; 

Hafren and Hofius 2017) This protein was in particular shown to suppress TuMV infection in 

Arabidopsis by targeting the VSR of the virus (HcPro) (Hafren et al. 2018). Thus, by conversion of 

NBR1 mRNA into secondary siRNAs the virus gains widespread control over host gene expression 

and also suppresses NBR1 mRNA levels to control the antiviral functions of the NBR1 protein (Fig. 

7). 

Among the host mRNAs targeted by virus-derived siRNAs (vsRNAs), we identified 17 unique 

transcripts representing the most significant targets in both Drakkar and Tanto. Interestingly, all 

these transcripts encode ethylene responsive factors (ERFs) and are targeted by a specific unique 

vsiRNA. The targeted ERFs all contain a repression domain and therefore can act to actively inhibit 

transcription (Licausi et al. 2013). The vsiRNA mediates the cleavage of these transcripts at exactly 

the site usually cleaved by miR172. Since this miRNA is downregulated upon infection, this vsiRNA 

may mimic miR172 to maintain efficient control over the expression of ERFs, which regulate plant 

responses to biotic and abiotic stresses (Licausi et al. 2013; Muller and Munne-Bosch 2015). It is 

interesting that this vsiRNA is only 19 nucleotides (nt) in length. This particular length may have 

been selected to evade capturing by the TuMV VSR (HcPro), which specifically binds 21 and 22 nt 

sRNAs (Del Toro et al. 2017; Valli et al. 2018). Thus, unlike the 21 nt long miR172, which is prone to 

capturing by HcPro, the vsiRNA may remain active even at high VSR levels (Fig. 8). The observation 

that the mRNAs for ERFs and other host mRNA targets of vsiRNAs are only moderately 
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downregulated during infection suggests that the vsiRNA-mediated interaction of the virus with 

these genes may have evolved to interfere with a strong induction of these defense-related genes 

in infected cells. 

The sRNA-mediated mechanisms described here were identified in two different rapeseed cultivars, 

which confirms the significance of the observations. Although these cultivars differ strongly in their 

susceptibility towards TuMV, the sRNA-mediated mechanisms seem rather be unrelated to these 

differences. Although we found cultivar specific cleavage sites in the vRNA, infection in these 

cultivars generally cause rather similar changes in the levels of host sRNAs and their mRNA targets. 

The specific susceptibility of the cultivars for TuMV infection is rather correlated with strong 

differences in the virus-induced mRNA levels of other genes. Resistance in Tanto is correlated with 

the cultivar-specific or pronounced expression of several important defense-related genes, (e.g. 

DTX47/EDS5, GH3.12, NIMIN-2, TAO1), whereas promoted infection in Drakkar correlates with the 

cultivar-specific or pronounced expression of genes involved in virus replication and movement (e.g. 

a COP-I subunit), the down -regulation of genes with potential to inhibit systemic movement (e.g. 

PPA2), or the attenuation of plant defenses (e.g. NAC60, RPK2, TPR2, CKX3). These genes, and also 

the NBR1 and TAR1 genes that spawn virus-induced secondary siRNAs for widespread virus-induced 

gene regulation, may represent important targets for plant engineering. 

 

Materials and Methods 

Plant materials, plant growth conditions, virus inoculation, and RNA extraction 

Brassica napus cv. Drakkar and Brassica napus cv. Tanto plants grown for 4-5 weeks in a growth 

chamber at 24 oC with a 16h photoperiod were mechanically inoculated with freshly prepared crude 

extract (sap) of donor B. napus cv Drakkar plants systemically infected with TuMV-GFP. The donor 

plants were mechanically inoculated with sap from systemically infected Nicotiana benthamiana 

plants. Sap was always created by grinding infected leaves in 75 mM potassium phosphate buffer 

pH 7.5 in a cooled mortar. To create the original N. benthamiana donor plants, five weeks old N. 

benthamiana plants grown at 25oC with a 16h photoperiod were inoculated by agroinfiltration of 

two leaves per plant with A. tumefaciens strain GV3101 containing the binary plasmid pCB-TuMV-

GFP (Dunoyer et al. 2004; Lellis et al. 2002). The agrobacteria were grown over night and pressure-

injected at an OD600nm of 0.5 using a syringe without needle. The TuMV (UK1) construct present in 

plasmid pCB-TuMV-GFP (GenBank: EF028235.1) has been verified by sequencing before use.  
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Inoculated leaves were monitored with a handheld UV lamp (UVP Blak-Ray B-100) to reveal GFP 

fluorescent infection sites. TuMV-GFP infection sites in the inoculated leaves of B. napus cv Drakkar 

and B. napus cv Tanto plants were carefully isolated at 12 dpi with a 0.5 cm micropunch and 

immediately frozen in liquid nitrogen. Leaf disks of mock treated B. napus cv Drakkar (sample DM) 

and mock-treated B. napus cv Tanto plants (sample TM) as well as infection sites on virus-treated B. 

napus cv Drakkar (sample DT) and infection sites on virus-treated B. napus cv Tanto plants (sample 

TT) were dissected from three independent inoculation experiments. Thus, three samples each of 

DM, DT, TM, and TT, were created.  

Total RNA of each sample was extracted from ca 200 dissected leaf-disks / infection foci. Two grams 

(2 g) of these were ground in liquid nitrogen and RNA was purified using the RNAeasy Mini Kit 

(Qiagen). The quality of each RNA sample was verified by gel electrophoresis and BioAnalyzer 

(Agilent technologies) techniques. The relative number of viral genomes in the samples was 

determined by RT-qPCR amplifying the TuMV CP cistron using oligonucleotide 

TGTTCGGCTTGGATGGAA as forward primer and oligonucleotide TTAACGTCCTCGGTCGTATGC as 

reverse primer within 30 ng total RNA. sRNAseq and mRNAseq sequencing libraries were 

constructed and sequenced (Illumina HiSeq2000) by aScidea Computational Biology Solutions 

(http://www.ascidea.com/). mRNA and sRNA reads were created by (2x100bp) paired-end 

sequencing and (1x50bp) sequencing, respectively. 

 

Degradome sequencing 

Degradome libraries were constructed from each RNA sample essentially as described previously 

(German et al. 2009). Briefly, mRNA was purified from 75-150 µg of total RNA using the Dynabeads 

mRNA direct purification kit (Ambion). 1 µg of the isolated mRNA was ligated to a 5' RNA adapter, 

purified using Dynabeads and used for the cDNA synthesis, PCR amplification and MmeI digestion. 

The 20 nt DNA fragments resulting from MmeI digestion were purified by polyacrylamide gel 

electrophoresis (PAGE) and 3’ ligated to a dsDNA adapter. The ligation products were further 

purified by PAGE and amplified by PCR using indexed Illumina primers (Illumina primers RPI1 to 

RPI4) to allow multiplexing during sequencing. The final libraries consisting of amplicons of 

approximately 125 bp were again purified by PAGE. The suitability of our libraries for high- 

throughput sequencing was tested by cloning them into TOPO vector and low-scale sequencing of 

individual clones. After quantification using Nanodrop, the degradome libraries were sequenced (1x 

50 bp) on an Illumina HiSeq2000 platform by aScidea. 
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Whole genome re-sequencing 

DNA isolated from 1.9 g fast-frozen leaf tissue of B. napus cv Drakkar and B. napus cv Tanto plants 

was used for creation of 800 bp insert PCR-free libraries and subsequent paired-end sequencing 

(2*150 bp) on an Illumina HiSeq 4000 platform (BGI Tech Solutions, Hongkong). The 123 Mio clean 

reads obtained for each cultivar were mapped to the B.napus “Darmor-bzh” reference genome 

sequence (Genoscope v4.1; (Chalhoub et al. 2014)) with the Burrows-Wheeler Aligner BWA-MEM 

algorithm ((Li and Durbin 2009); RRID:SCR_010910) version v0.7.15-r1142, using default 

parameters. Duplicated reads were marked with Picard-tools (RRID:SCR_006525; 

http://broadinstitute.github.io/picard/) version v1.140 and SNPs calling was performed with GATK 

HaplotypeCaller ((McKenna et al. 2010), RRID:SCR_001876) version v3.3-0. Only high-quality 

homozygous SNPs were kept using the filters: QD < 2.0 || FS > 60.0 || MQ < 40.0 || MQRankSum < 

-12.5 || ReadPosRankSum < -8.0 || DP < 4. Representative genomes for Drakkar and Tanto cultivars 

were constructed by inferring these cultivar-specific high confidence SNPs into the reference 

sequence with GATK FastaAlternateReferenceMaker (RRID:SCR_001876; 

https://software.broadinstitute.org/gatk/documentation/tooldocs/3.8-

0/org_broadinstitute_gatk_tools_walkers_fasta_FastaAlternateReferenceMaker.php). The 

reconstructed Drakkar and Tanto genomes were used for the rest of the analysis. 

 

Bioinformatic analysis of mRNA, sRNA, and degradome profiles 

mRNAseq raw reads libraries were quality checked with FastQC (RRID:SCR_014583) version v0.11.2 

and cleaned with cutadapt (RRID:SCR_011841) version v1.8.1 for adapter removal, N removal and 

quality filtering. Reads longer than 60 bp and with a Phred score greater than 30 where kept. The 

clean RNAseq reads from the Tanto and Drakkar samples were then aligned to the reconstructed 

Tanto and Drakkar genomes, respectively, using Tophat2 ((Kim et al. 2013), 

https://ccb.jhu.edu/software/tophat/index.shtml) version v2.0.13, allowing one mismatch and 

applying Bowtie2 ((Langmead and Salzberg 2012), http://bowtie-

bio.sourceforge.net/bowtie2/index.shtml) as its read-alignment engine. Genes were re-annotated 

with blastx against the Arabidopsis thaliana genome (with default parameters) and the Arabidopsis 

gene identifiers were used receive the gene ontology (GO) annotations from the protein 

knowledgebase (UniProtKB). For differential expression analysis the mapped reads were counted 

using the SAMtools (Li et al. 2009) (RRID:SCR_002105) idxstats tool version v1.1, and analyzed using 

Bioconductor - DESeq2 (Love et al. 2014)(RRID:SCR_015687) version v1.10.0. The results were 
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filtered for expressed transcripts with at least 150 mean reads and showing statistically significant 

changes (p-value < 0.05) in expression between conditions. 

sRNAseq raw read libraries were quality checked and reads were filtered like the mRNAseq read 

libraries. Clean reads that were 18 nt to 30 nt in length and that had a Phred score higher than 30 

were kept and then annotated by mapping them with no mismatches to TuMV-GFP and to miRNAs 

of Brassicacea (B. napus, B. oleracea, B. rapa, A. thaliana, A. lyrate) compiled from miRbase 

(Kozomara and Griffiths-Jones 2014) using Bowtie2 (Langmead and Salzberg 2012) version v2.2.9 

and applying the option “-t -N 0 --end-to-end --very-sensitive --score-min C,0,0" with no mismatch 

for virus -derived sRNAs. The set of miRNAs derived from miRbase was complemented by miRNAs 

described in recent publications (Jiang et al. 2014; Lukasik et al. 2013; Xu et al. 2012) and by miRNAs 

derived from miRNA genes predicted by ShortStack (Axtell, 2013)(RRID:SCR_010834). We used 

ShortStack version v3.4. in de novo mode and the list of predicted miRNAs was filtered to keep only 

clusters with: Dicer call 21, 22, 24nt, and MIRNAs step Y_N15. The total list of known miRNAs 

contained 1047 miRNAs, against which the sRNA reads were aligned. sRNA reads that were strongly 

induced by infection and could be mapped to both strands of B. napus coding genes but not to the 

viral genome likely represent a specific class of RDR1-dependent siRNAs identified in Arabidopsis 

and known as vasiRNAs (virus-associated siRNAs, (Cao et al. 2014)). Although the virus-induced B. 

napus siRNAs show phasing along the transcript of origin like vasiRNAs, we do not know the specific 

RDR by which these siRNAs are produced. Therefore, we refer to these siRNAs as “va-phasiRNAs” 

rather than to vasiRNAs. We focused our analysis on va-phasiRNAs that were 21 nt in length and 

represented by at least 100 reads in the samples from infected tissues. Moreover, va-phasiRNA-

producing genes had a PHAS Score higher than 30 (determined by ShortStack). The virus-induced 

and phased production of the va-phasiRNAs was verified by visualization of the gene-specific siRNA 

pattern with the Integrated Genome Viewer tool IGV 2.3 (Thorvaldsdottir et al. 2013).  

Similar as for mRNAseq and siRNAseq reads, also the sequenced degradome read libraries were 

cleaned with cutadapt (RRID:SCR_011841) version v1.8.1 for adapter removal, N removal and 

quality filtering. Clean libraries were then analysed with PAREsnip (Folkes et al. 2012) implemented 

in the UEA sRNA Workbench (http://srna-workbench.cmp.uea.ac.uk/; (Stocks et al. 2018) version 

v4.2.1 alphaD, with min read abundance set to 100 and default parameters, and using the sRNAseq 

and mRNAseq data as inputs to predict sRNA:mRNA pairs associated with identified 

monophosphorylated mRNA 5’ends and consistent with sRNA-mediated RNA target cleavage. 

Specific cleavage events were normalized and compared between samples in reads per million (rpm; 
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number of specific cleavage events multiplied by106 and divided by the total number of cleavage 

events in the degradome library). The sums of normalized cleavage events occurring in the three 

replicates per condition (specific cultivar/specific treatment) were used to compare specific 

cleavage events between conditions. The gene or viral origins of the sRNAs associated with specific 

mRNA or viral RNA cleavage events were identified by extracting the sRNA associated with a specific 

cleavage event from PAREsnip and by aligning its sequence to the cultivar/viral transcriptome 

without mismatch, using Bowtie 2. A role of a given sRNA (e.g. miRNA, vasiRNA, vsRNA) in specific 

RNA target cleavage was determined by searching the sRNA:RNA target pair outputs of PAREsnip 

with the specific sRNA query sequence(s).  

 

Quantitative RT-PCR 

Total RNA was isolated from ca 150 leaf disk samples of infection sites or of mock-treated, non-

infected control tissues each pooled from ten plants, respectively. After grinding, 0.1 g fine powder 

was homogenized and extracted with Trizol reagent (Invitrogen, USA) following the manufacturer’s 

instructions. RNA quantities were determined by spectrophotometric analysis using Nanodrop 

equipment (Thermo Scientific, USA). 1-2 µg of the RNA preparations were reverse-transcribed using 

an oligo dT primer and SuperScript IV reverse transcriptase (200 U/µl) (Invitrogen). The abundance 

of specific transcript was measured by probing the cDNA by quantitative real-time PCR using a SYBR-

green master mix (Roche) and allele-specific primers (Table S32) in a Lightcycler 480 (Roche). 

Because the mRNAseq data refer to changes in the expression of specific A- or-C-genome-specific 

alleles, the analysis was performed with genes for which allele-specific, intron-spanning primer sets 

showing no homology to any other paralogs or homologous sequences could be designed. The 

specific transcript levels were measured in five independent biological replicate samples for each 

cultivar and respective mock-treated and virus-infected conditions. Each RNA sample was analyzed 

by three technical replicates and specific RNA levels were normalized against the levels of 

transcripts produced by two known housekeeping genes (Bra011516 encoding a TIP41-like protein 

and BnaA08g11790D (‘BnaUP1’; unknown function) (Wang et al. 2014; Zhang et al. 2014)). 

Significant differences in mRNA abundance between samples of the mock- and virus-treated 

conditions were determined by an F-test (test for homoscedasticity) followed by a t-test. The 

statistical significance levels in figures are shown with asterisks: p<0.05 = *; p<0.01 = **; 

p<0.001 =***. 

 



CHAPITRE II 
 
 

 54 

5’ RACE 

mRNA 5’ends were analyzed by 5’RACE as described previously (Llave et al. 2011; Llave et al. 2002). 

poly(A)+ mRNA was purified from 1-5 µg total RNA using a magnetic isolation module (NEBNext®, 

BioLabs) and ligated to the GeneRacer RNA oligo 5’RACE adapter (Invitrogen) using T4 RNA ligase 

(New England BioLabs). The ligation product was purified using Illustra Microspin S-300 Sephacryl 

columns (GE Healthcare) and reverse transcribed into cDNA using an oligo(dT)20 primer and 

SuperScript IV reverse transcriptase (200 U/µl, Invitrogen). Each cDNA was then used of PCR 

amplification using the GeneRacer 5’RACE outer primer mapping to a sequence within the 5’ 

adapter and two nested, gene specific primers (Table S33). The PCR products were purified with a 

PCR clean-up kit (Macherey-Nagel) and sequenced with an ABI3130xl sequencer (Applied Life 

Technologies).  
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Figures: 

 

 

Fig. 1. TuMV-GFP infection in B. napus. a-d, local (6 dpi; a, b) and systemic (14 dpi; c, d) TuMV-GFP 

infection in Drakkar (a, c) and Tanto (b, d). Local infection foci in leaves have a disk-shaped 

appearance in Drakkar (a) and halo-shaped appearance in Tanto (b). TuMV exhibits efficient 

systemic spread in Drakkar (c) but not in Tanto (d). e, number of TuMV-GFP genome copies within 

expanded local infection foci at 12 dpi determined by RT-qPCR. Genome copies present in 30 ng 

total RNA were calculated using a RT-qPCR standard curve obtained for samples with known 

concentrations of in vitro-transcribed TuMV RNA. f, number of up-and down-regulated genes within 

infection foci of infected Drakkar and Tanto plants. The number of differentially expressed genes 

differs according to the applied fold change (FC) threshold (log2 values). Considered mRNAs were 

represented by at least 150 mean reads (treatment and control) in each replicate experiment and 

showing statistically significant changes (p-value < 0.05) in expression between control and 

treatment conditions. 
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Fig. 2. vsiRNA profile and trans-acting vsiRNAs that target host genes. a, vsiRNAs found in Drakkar 

and Tanto aligned along the viral genome. vsiRNAs derived from the positive and negative strand of 

viral dsRNA are shown in black and red respectively. Untranslated regions (UTR) and proteins 
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encoded by the viral RNA are indicated on top of the figure. The vsiRNA profiles as well as the 

profiles of vsiRNAs associated with host mRNA cleavage (grey and black dots with lines indicating 

the position along the viral RNA) are almost identical between Drakkar and Tanto. The vsiRNA:mRNA 

target pairs of most significant vsiRNAs (black dots) are shown and indicated by capital letters. The 

vsiRNA labelled with G mimics miR172 and was found associated with cleavage of different mRNAs 

encoding ethylene-responsive factors (G1-4). b, the vsiRNA labeled with ‘G’ in figure a is similar in 

sequence to bna-miR172a and bna-miR172b and is associated with cleavage at exactly the same site 

of target mRNA. 
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Fig. 5. RISC-mediated cleavage of viral RNA by virus and host siRNAs. a, vRNA cleavage by 

vsiRNAs; b, vRNA cleavage by host-derived siRNAs (hsRNAs). The distribution of vsiRNA:vRNA 

target pairs (rpm) and hsRNA:vRNA target pairs (rpm) along the vRNA is shown. The pattern 

of vRNA cleavage by vsiRNAs and hsRNAs is very similar between Drakkar and Tanto. 

vsiRNA:vRNA target pairs DT and ET were found in Tanto but not in Drakkar. Target pair 

alignments are shown together with the numbers for specific PARE signature fragment reads 

(Frag reads: total reads / rpm) and respective vsiRNA and hsRNA reads (sRNA reads: total 

reads / rpm). 
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Fig. 6. Model of multiple virus:host interactions involving sRNAs. Virus infection causes 

changes in expression of coding and non-coding genes. Resulting changes in the levels of 

mRNA transcripts can lead to changes in the levels of encoded proteins that may play an 

important role in the determination of host susceptibility and resistance. Changes in the 

expression of non-coding genes leads to changes in the levels of miRNAs, which, in turn, 

control the levels of their mRNA targets by miRNA guided, RISC-mediated mRNA cleavage. 

Virus infection also triggers the ability of some genes to convert their mRNA transcripts via 

the formation of dsRNA into va-phasiRNAs. For some genes, va-phasiRNAs are the end 

product of a virus-induced pathway to control the transcript level (e.g. AGO2), whereas for 

other genes va-phasiRNAs engage RISC-mediated cleavage of either the transcript of origin, 

the transcript of origin as well as the transcripts of homologous genes in the same family, or 

of transcripts of other genes. The induction of va-phasiRNAs thus allows the virus to induce 

widespread regulation of secondary gene targets. The replicating virus, in turn, is primarily 
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controlled by DCL-mediated cleavage. However, DCL cleavage, again in turn, allows the virus 

to use its own vsiRNAs for RISC-mediated cleavage of host mRNA transcripts. The virus-

induced RISC-mediated cleavage of host transcripts by va-phasiRNAs and vsiRNAs is, once 

again in turn, balanced by the ability of the host to also use vsiRNAs and va-phasiRNAs to 

target the viral RNA. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. NBR1 is a regulatory hub for plant:virus interactions. The NBR1 protein controls virus 

infection by targeting viral effector proteins (e.g. the VSR of TuMV) and viral particles for 

degradation by autophagy. The virus, in turn, triggers conversion of NBR1 mRNA into trans-

acting va-phasiRNAs to induce widespread control over NBR1 and other gene targets. 

However, NBR1 va-phasi-RNAs also target the virus. Thus, the evolution of NBR1 as a virus-

inducible hub for transacting siRNA production may be counterbalanced by an ability of the 

host to use the same locus to target the virus. 
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Fig. 8. A vsiRNA mimics and complements bna-miR172. In the absence of infection, the 21 

nt long bna-miR172 controls the levels of mRNAs for ethylene-responsive transcription factor 

(ERF). During infection, bna-miR172 is trapped and inactivated by the VSR of the virus (HcPro). 

To keep ERF expression low, TuMV encodes a vsiRNA that mimics miR172. Because this 

vsiRNA is only 19 nt in length it escapes sequestration by HcPro and therefore remains active 

in the presence of the VSR.  

 

Supplementary Figures and Tables are shown in APPENDIX 1. 
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Chapter III: Plant-virus infection and disease symptoms 

1. Introduction 

Viral accumulation as well as the viral recruitment of host factors and membranes, and the 

interference of viral proteins with normal host cell processes can lead to various effects on 

plant growth and physiology. However, while certain plant:virus combinations lead to 

disease, other plant:virus interactions remain free of symptoms and undergo tolerance, a 

state in which the plant and the virus can coexist (Roossinck and Bazán 2017). Diseases caused 

by viruses and other pathogens in cultivated crop plants and associated losses in yield 

represent a global threat for food security (Calil and Fontes 2017). Thus, studies to achieve an 

understanding of the mechanisms that determine disease versus tolerance are of utmost 

importance. 

A key to the mechanisms determining disease versus tolerance is provided by the 

phenomenon of “disease symptoms recovery”. This phenomenon describes the occurrence 

of heathy, “recovered” leaves on a diseased plant. Although symptoms recovery was 

generally believed to be caused by a strong host response able to overcome the pathogen, 

our team could show that Arabidopsis plants infected with ORMV undergo recovery without 

interfering with viral propagation. Therefore, this work showed that symptoms recovery can 

occur through an achievement of a tolerant state in which the virus and its host can coexist 

without disease (Kørner et al. 2018). The aim of his chapter is to draw the historical context 

of recovery, its correlation with RNA silencing, and the recent findings about this 

phenomenon. This chapter is followed by a description of my authorship contribution to the 

attached publication of Kørner et al. (2018). 

 

1.1. The phenomenon of disease symptoms recovery 

The phenomenon of symptoms recovery was described already 90 years ago for a Tobacco 

ringspot virus (Nepovirus genus) infection in tobacco plants (Wingard 1928) (Figure 6). 

Recovery in these plants occurred after 23 days of ringspot virus infection. The recovered 

leaves were reported immune to a second infection by the same virus. However, 90 years ago 

the underlying mechanism was a total mystery.  



CHAPITRE III 
 

 

 72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 6: Recovery: occurrence of healthy leaves on symptomatic plants. 
Symptoms recovery in tobacco plants infected with Tobacco ringspot virus. Recovered leaves are immune to a 

second infection with the same type of virus. Crude extract preparation of these leaves is infectious to other 

plants (From Baulcombe 2004). 
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Research on recovery only started more than 60 years later, when it was found that infection 

of tobacco plants that were transgenic for either the Tobacco etch virus (TEV) CP or the 

Potatovirus Y (PVY) CP with TEV or PVY, respectively, first led to disease and then to recovery 

(Lindbo et al. 1993; Smith 1994). Similar to the original observations by Wingard, 1928, both 

transgenic plants showed immunity to a secondary infection. 

Interestingly, resistance was only against the same virus used in the initial infection but not 

against the other virus. Thus, the recovered leaves of the plants infected with TEV showed 

resistance against secondary infection by TEV but were susceptible to PVY infection. Similarly, 

the recovered leaves of PVY-infected plants were susceptible for TEV or Tobacco vein mottling 

virus (TVMV) but resistant against secondary infection by PVY. These findings indicated that 

the resistance occurring in recovered leaves is virus-specific (Lindbo et al. 1993; Smith 1994). 

Interestingly, transgenic plants expressing a non-translatable PVY CP ORF also showed 

symptoms recovery upon infection with the cognate virus. This was the strong sign indicating 

that the mechanism behind symptoms recovery was sequence-specific and RNA-based (Smith 

1994). Although today one may immediately consider RNA silencing as the responsible 

mechanism, the TGS and PTGS pathways and the role of small RNAs in these pathways were 

not yet known at this time. However, three publications established that recovery during 

infection by Cauliflower mosaic virus (CaMV) in Brassica oleracea gongylodes, by Tomato 

black ring virus (TBRV, Nepovirus) in Nicotiana clevelandii, and by Tobacco rattle virus (TRV) 

in N. benthamiana plants was correlated with reduced vRNA levels in recovered leaves as 

compared to symptomatic tissues, which suggesting that recovery may be related to 

transgene-induced gene silencing and cross-protection (Covey et al. 1997; Ratcliff et al. 1997; 

Ratcliff et al. 1999).  

It was then soon realized that the occurrence of symptoms recovery depends on specific 

plant-virus combinations and is influenced by environmental factors such as daylength and 

temperature (Ghoshal and Sanfaçon 2014). Moreover, a reduction in vRNA levels during 

symptoms recovery was not always observed. This was reported, for example, in recovered 

tissues developed in tobacco plants infected with Tobacco streak virus (TSV) (Xin and Ding 

2003) or in recovered tissues of N. benthamiana plants infected with Tomato ringspot virus 

(ToRSV) (Jovel et al. 2007). These findings suggested that symptoms recovery may not 

necessarily correlate with reduced viral replication or the degradation of vRNA. 
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1.2. Role of VSR function in the formation of disease symptoms and recovery 

Understanding recovery also depends on an understanding of mechanisms that cause disease 

in the first place. Here, the VSRs play a specific role, because the mechanisms through which 

they act to suppress antiviral silencing (e.g. sequestration of small RNAs or degradation of 

AGO protein) are prone to also affect RNA silencing-based pathways involved in controlling 

host gene expression. The involvement of VSR activity in pathogenicity and symptom severity 

has been highlighted in several studies (e.g. Voinnet et al. 1999; Moissiard and Voinnet 2004; 

Voinnet 2005; Csorba et al. 2015). For example, Arabidopsis leaves constitutively expressing 

VSRs such as the pecluviral P15, the potyviral Hc-Pro, or the closteroviral P21 show disease 

symptoms with similarity to disease symptoms produced during viral infection, and the 

severity of the disease symptoms induced by expression of a specific VSR correlated with the 

efficiency by which the respective VSR controls antiviral RNA silencing (Voinnet 2005). 

Consistent with the role of VSR activity in disease symptom development, ectopic over-

expression of Hc-Pro (PVY) or P25 (PVX) was shown to prevent recovery usually seen in 

tobacco plants infected with nepoviruses (Santovito et al. 2014; Siddiqui et al. 2008). In 

addition, the VSR of Cucumber mosaic virus (CMV), the 2b protein, is fundamental for disease 

symptom formation in N. tabacum or A. thaliana (Col-0), as a corresponding virus with 

compromised VSR activity (CMV∆2b) did not trigger symptoms (Lewsey et al. 2009). 

Consistently, infection also with other viruses carrying mutations in their VSRs often resulted 

in recovery phenotypes (Hormuzdi and Bisaro 1995; Chu et al. 2000; Szittya et al. 2002; 

Omarov et al. 2006; Raja et al. 2008; Wu et al. 2010). This indicates that symptoms are 

induced by VSR activity and that a lack of VSR activity can allow recovery. However, this 

conclusion does not hold for all viruses, or virus strains. For example, for the subgroup IA 

strain Fny-CMV, both the wildtype and the VSR-deficient Fny-CMV∆2b induced symptoms in 

Chenopodium species, N. occidentalis and five different A. thaliana ecotypes; Fny-CMV∆2b 

allowed recovery only in the Arabidopsis C24 ecotype (Lewsey et al. 2009). Nevertheless, 

symptoms recovery is often permitted by viruses that express only weak VSRs and are not 

able to suppress the RNA silencing pathway efficiently (Martin-Hernandez and Baulcombe 

2008; Ghoshal and Sanfaçon 2015). Thus, collectively, these findings indicated that disease 

symptoms are likely provoked by a strong VSR and that symptoms recovery may occur if the 

VSR is weak or weakened by mutation. However, as already mentioned, although a weak or 
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weakened VSR should be correlated with vRNA degradation, lower vRNA levels were not 

always observed. Translational repression rather than RNA degradation was proposed for 

recovery of N. benthamiana plants infected by Tobacco ringspot virus (ToRSV) (Jovel et al. 

2007) since a temperature-dependent enhancement of recovery was correlated with a 

requirement for AGO1 and reduced translation of viral proteins despite the presence of 

enhanced levels of viral RNA and siRNAs (Ghoshal and Sanfacon 2014). Thus, recovery may 

involve a mechanism that weakens VSR activity without necessarily causing an effect on 

vRNA. 

 

1.3. A potential role of antiviral meristem resistance in recovery 

Since leaves emerge from the shoot apical meristem (SAM), the mechanism leading to the 

emergence of a healthy leaf rather than a diseased leaf on a systemically infected and 

diseased plant must be localized to the SAM. Interestingly, some viruses are unable to infect 

the meristem. The underlying mechanism of meristem resistance in these cases may be 

related to the mechanism of recovery in cases allowing virus entry. The failure of Potato virus 

X (PVX) to infect the N. benthamiana meristem was correlated with RDR6 activity, as shown 

with silenced RDR6 RNAi plants (Schwach et al. 2005). Since RDR6 is required for secondary 

siRNA production and the amplification of antiviral RNA silencing (Himber et al. 2003; Vazquez 

2006), it was proposed that meristem resistance against the virus is due to secondary virus-

derived siRNAs that spread systemically and immunize the meristem ahead of the virus 

(Schwach et al. 2005). An RDR polymerase activity was also invoked to explain the resistance 

of the tobacco apical meristem against invasion by CMV (Mochizuki and Ohki 2004). 

Interestingly, using immunohistochemical staining and in situ hybridization, it was shown that 

CMV was not excluded from the SAM. Rather, this virus was initially present at 7 days post-

inoculation (dpi) and only later cleared (at 14 dpi). Consistent with this clearance, CMV-

derived siRNAs were present in the SAM up to 24 dpi. Based on these observations, the 

authors concluded that the SAM in tobacco can clear viral infection by RNA silencing.  

This case is one example showing that infected plants can undergo symptom recovery 

initiated in the SAM even if the infecting virus initially entered the SAM (Ghoshal and Sanfaçon 

2015). In these cases, symptoms recovery may be due to a weak VSR or recovery from VSR 

activity (as described further above) rather than by recovery from the virus. For example, TRV 
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expresses a weak VSR called 16K. This virus is able to infect and systemically spread into the 

SAM of N. benthamiana plants whereas a mutant TRV with a inactivated VSR (TRV:stop) fails 

to reach the SAM (Martin-Hernandez and Baulcombe 2008). Interestingly, neither wild type 

TRV nor TRV:stop trigger symptoms or recovery. Based on these observations, it was 

proposed that viruses expressing only a weak VSRs are nevertheless able to enter the 

meristem and induce the accumulation of vRNA similar to viruses with a strong VSR. However, 

as compared to viruses with a strong VSR, viruses like TRV accumulate only transiently and to 

a lower level, which consequently will trigger weaker antiviral silencing responses and less 

damage, thus allowing recovery (Martin-Hernandez and Baulcombe 2008; Ghoshal and 

Sanfaçon 2015).  

 

1.4. The role of PTGS and TGS in recovery 

A decrease in vRNA concentration in recovered tissues (which is not seen in all cases of 

recovery) and the described role of RDR6, secondary siRNAs, and VSRs in recovery indicates 

that recovery can involve the degradation of the viral genome by antiviral PTGS. Antiviral RNA 

silencing acts through DCL and AGO-RISC mediated cleavage (Szittya et al. 2002). A role of 

RISC-mediated cleavage of viral RNA in symptoms recovery has been indicated by the analysis 

of infection of N. benthamiana plants with Cymbidium ringspot tombusvirus (CymRSV). A VSR-

defective CymRSV mutant (CymRSV19stop), which is unable to express the VSR p19, was 

shown to allow symptoms recovery. The recovered leaves showed an accumulation of 21- to 

25-nt long vsiRNAs indicating a role of vsiRNAs in recovery. Moreover, evidence was 

presented indicating that these vsiRNAs are used as guides for the cleavage of co-replicating 

defective interfering (DI) RNAs in trans thus suggesting their incorporation into RISC (Szittya 

et al. 2002). Pantaleo et al. (2007), used the expression of a sensor construct consisting of a 

GFP-encoding RNA fused to viral RNA in recovered leaves of an CymRSV19stop-infected plant 

to demonstrate that the virus-derived siRNAs target the sensor construct by RISC-mediated 

RNA cleavage. Using size fractionation, vsiRNAs and miRNAs were found to be bound by the 

same protein complex consistent with the size of the RISC complex. Based on these 

observations, the authors concluded that PTGS employing RISC-mediated cleavage of vRNA 

was responsible for symptoms recovery in leaves. The correlation of vRNA cleavage with 
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recovered tissues was corroborated with other plant-virus systems (Omarov et al. 2007; 

Scholthof et al. 2011).  

In some cases, symptom recovery in plants infected with RNA viruses has been associated 

with RISC-mediated translational repression rather with cleavage of the vRNA. For example, 

recovery in N. benthamiana plant infected with Tomato ringspot virus (ToRSV) involved the 

translational inhibition of ToRSV-encoded CP and MP genes (Ghoshal and Sanfaçon 2014). 

Consistent with a role of AGO1 in antiviral RISC (Carbonell and Carrington 2015; Garcia-Ruiz 

et al. 2015; Morel et al. 2002), symptom recovery was blocked in N. benthamiana in which 

AGO1 was silenced by RNAi.  

 

There is experimental evidence indicating that plant recovery from symptoms of infection by 

DNA viruses is caused by viral silencing involving components of the TGS pathway. Direct 

evidence of a role of TGS in recovery came from observations with a VSR-deficient Beet curly 

top virus (BCTV L2—) in Arabidopsis (Raja et al. 2008). Using BCTV infection and chromatin 

immunoprecipitation (ChIP), the authors showed that Arabidopsis plants impaired in DNA 

methylation, exhibited reduced viral methylation and increased susceptibility to the virus. In 

contrast, BCTV L2— infection led to the development of recovered leaves and these leaves 

contained hypermethylated viral DNA. Furthermore, symptom recovery was blocked in plants 

mutant for AGO4, a central component of the RdDM pathway (Zheng et al. 2007; Havecker et 

al. 2010; Gao et al. 2010; Blevins et al. 2015). Using the same ChIP procedure, the authors 

demonstrated that viral DNA methylation was abolished in these plants. These observations 

demonstrated the role of TGS in viral DNA methylation, which reduced the virulence of the 

virus and resulted in recovery of infected plants from disease symptoms.  

Other studies revealed that antiviral defense and symptoms recovery in plants infected with 

DNA viruses also involves PTGS in addition to TGS (Rodriguez-Negrete et al. 2009; Pooggin 

2013). Initial findings showed that infection of Arabidopsis with the geminivirus Cabbage leaf 

curl virus (CalCuV) triggered symptoms recovery and that 21-, 22-, and 24-nt long siRNAs 

accumulated in these symptom-free leaves (Blevins et al. 2006). The 21- nt and 22-nt long 

siRNAs and the 24 -nt long siRNAs represent central components of PTGS and TGS pathways, 

respectively. Moreover, recovery was inhibited in the PTGS mutants dcl4, rdr6, sgs3 and hen1 

(Muangsan et al. 2004; Blevins et al. 2006). Small RNAs of the 21nt and 22nt sizes classes as 

well as of the 24 nt size category were also present in the recovered leaves of pepper plants 
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infected with the geminivirus Pepper golden mosaic virus (PepGMV) (Rodriguez-Negrete et 

al. 2009). Many of these siRNAs were derived from the virus and could be mapped all along 

the viral genome. It is interesting that the 21-22 nt vsiRNAs mapped to the coding genes of 

the virus, whereas the 24 nt siRNAs were derived from a strongly methylated viral intergenic 

region. The methylation level of this intergenic region was lower in the symptomatic leaves 

as compared to recovered leaves, which suggested a role of viral DNA methylation in 

recovery. Using bisulfite sequencing for the profiling of BCTV L2— DNA methylation in 

systemically infected Arabidopsis wildtype plants and mutants affected in RdDM such as drb3, 

dcl3, and ago4 demonstrated that these mutants failed to show symptom recovery and also 

were impaired in inducing strong cytosine methylation of the viral DNA genome (Raja et al. 

2014). Consistent with a role of DCL3 and AGO4 in RdDM (Raja et al. 2008; Blevins et al. 2011), 

CoIP and biomolecular fluorescence complementation (BiFC) experiments demonstrated a 

direct interaction of DRB3 with DCL3 and AGO4 (Raja et al. 2014). 

 

1.5. Disease symptoms recovery in ORMV-infected Arabidopsis plants 

Although the role of PTGS in symptoms recovery in plants infected with RNA viruses and the 

role of both PTGS and TGS in symptoms recovery in plants infected with DNA viruses has been 

established, the full network of RNA-silencing based interactions between viruses and their 

plant hosts remains unclear. The publication of Kørner et al. (2018) to which I have 

contributed and which is attached herein, describes the interaction between Arabidopsis 

plants and the tobamovirus ORMV and provides deep insights into the mechanisms and 

genetic requirements involved in disease symptom formation and symptoms recovery. 

ORMV belongs to the same virus family as the well-known TMV, but unlike TMV, ORMV 

produces strong disease symptoms in Arabidopsis. Importantly, we found that ORMV first 

induces symptoms and later allows symptoms recovery (Kørner et al. 2018; Fig. 1a-b; Fig. S1), 

which opened the way for genetic analysis of this phenomenon. Infected plants show severe 

disease symptoms at 14 dpi and start to develop recovered leaves at 23-25 dpi. As shown in 

Fig.1b of Kørner et al. (2018), the leaves of the infected plants were categorized at 28 dpi 

according to their symptom types to facilitate their analysis. The oldest leaves at the bottom 

of the plant were already present before inoculation and remained non-symptomatic but 

showed signs of necrosis presumably due to age (symptom type 1, ST1). Leaves that were still 
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young and physiological sinks at the time of inoculation were symptomatic. The lower, older 

leaves in this category showed different degrees of curling (symptom type 2, ST2), whereas 

the younger, more upper leaves showed stronger symptoms with strongly serrated margins 

(symptom type 3, ST3). Interestingly, several of the ST3 leaves showed a transition between 

leaf areas with symptoms restricted the tip and symptom-free areas at the leaf base. This 

transition occurred along a very distinct line at which a decision between disease and 

recovery apparently was made. Finally, the youngest leaves at the top of the plant were fully 

recovered and completely free of disease symptoms (symptom type 4, ST4). The transition 

between the diseased and healthy areas in ST3 “transition leaves” and the observation that 

symptoms in these leaves were limited to the leaf base suggested that the transition to 

recovery occurred along the border between source and sink tissues. This hypothesis was 

corroborated by infection of AtSUC:GFP plants as a source/sink marker (Imlau, 1999), which 

demonstrated that recovery indeed occurs in sink leaves and that leaves showing both 

diseases and recovered areas undergo the sink-to-source transition (Supplementary Fig. 14).  

To determine whether symptom recovery was correlated with a decrease in the level of viral 

RNA, the different symptom types were probed by in situ hybridization (Kørner et al. 2018; 

Fig. 1c) and northern blotting (Kørner et al. 2018; Fig. 1d) using probes against the virus. 

Interestingly, the results showed that the recovered leaves contained viral RNA to the same 

level as the symptomatic leaves. The northern blot analysis also demonstrated that the RNA 

was full-length and, furthermore, that both strands of the viral RNA were present, thus 

indicating that the virus was actively replicating in recovered leaves as well as in symptomatic 

leaves. 

I already mentioned evidence indicating a role of the VSR in the formation of disease 

symptoms and that recovery may occur in the presence of a weak or weakened VSR (see 

paragraph 1.2). To determine whether disease symptoms and disease recovery in ORMV-

infected Arabidopsis plants correlate with VSR activity, we infected plants of Arabidopsis line 

8z2, which expresses a continuously silenced, double 35S promoter-driven GFP transgene 

(Glazov et al. 2003). Using this approach we could show that ORMV infection restores GFP 

expression form this gene (Kørner et al. 2018; Fig. 1 e-g), thus indicating that the VSR activity, 

which is known to reside in the small replicase subunit [125k protein of ORMV (Hu et al. 2011; 

Malpica-López et al. 2018); 126k protein of TMV (Vogler et al. 2007); 122k protein of crTMV 

(Csorba et al. 2007)], suppresses PTGS activity. Importantly, green fluorescence coincided 
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with symptomatic tissues but was absent in recovered tissues demonstrating that that VSR 

activity is active in the symptomatic leaves and suppressed in the recovered leaves. RT-qPCR 

measurements were used to confirm that GFP mRNA levels were high in symptomatic leaves 

and low in the recovered leaves (Kørner et al. 2018; Fig. S2a). The correlation between 

symptom phenotypes and VSR activity was investigated by specific detection of viral and 

endogenous sRNAs. As shown previously (Hu et al. 2011), miR398 accumulated in ORMV-

infected tissues. However, accumulation of this miRNA was restricted to symptomatic tissues 

with VSR activity, whereas recovered tissues with low or absent VSR activity also showed low 

levels of this miRNA. Also, ORMV-derived siRNAs accumulated to higher levels in symptomatic 

tissue and showed lower levels in recovered tissues (Kørner et al. 2018; Fig. S2). These findings 

are consistent with previous described correlations between tobamoviral VSR activity and 

specific sRNA accumulation (Blevins et al. 2006; Csorba et al. 2007; Hu et al. 2011). The 

correlation between symptoms and VSR activity were further demonstrated by infecting the 

A. thaliana suc:sul line (Himber et al. 2003), whose vein-centered chlorosis phenotype 

disappeared in the symptomatic leaves thus indicating the presence of VSR activity (ST2-ST3), 

but was distinctly visible along the veins in the recovered ST4 leaves, thus indicating the 

absence of VSR activity (Kørner et al. 2018; Fig. S3).  

The analysis to this point demonstrated that recovery from symptoms in ORMV-infected 

plants occurs in sink tissues and is associated with the loss or strong reduction in VSR activity. 

However, given that the recovered leaves contained normal levels of replicating viral RNA, 

recovery was not caused by antiviral RNA silencing, but rather due to the silencing of VSR 

activity. Western blot assays using antibodies against the 125k-VSR protein demonstrated 

that the VSR was present in recovered leaves (Kørner et al. 2018; Fig. S13). Thus, recovery 

could not be correlated with translational repression of VSR expression. Rather, recovery was 

indeed due to the inhibition of the functional activity of the expressed protein. Based on the 

finding that symptoms recovery is restricted to sink tissues, we proposed that the suppression 

of VSR activity occurs in sink tissues.  

The pathway leading to VSR inactivation in sink tissues was finally highlighted by genetic 

analysis using a library of known mutants affected in PTGS and TGS pathways (Kørner et al. 

2018; Table 1, Table 2, Table S1, Table S2).  

Infection of these mutants with ORMV was used to identify mutants showing impaired or 

enhanced symptoms recovery. In essence, the results of this analysis demonstrated that the 
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occurrence of symptoms recovery depends on the DCL4/RDR6/SGS3 pathway, which 

produces primary and secondary endogenous and viral siRNAs (Bologna and Voinnet, 2014). 

Moreover, mutants accumulating higher levels of secondary vsiRNAs (dcl3-1 and xrn4/ein5) 

recovered earlier, thus indicating that recovery is the more likely the more vsiRNAs are 

produced. The analysis also showed that recovery in our system is independent of TGS 

pathway components, except for Pol IV and RDR2. Interestingly, these two proteins have been 

implicated to play a role in the spread or reception of systemic silencing signals (Dunoyer et 

al. 2007; Brosnan et al. 2007; Smith et al. 2007; Eamens et al. 2008). Based on our findings, 

we proposed that the mechanism that leads to VSR inactivation and symptoms recovery 

involves the trafficking of mobile vsiRNAs from source to sink and that the vsiRNAs that 

accumulate in sink tissues saturate the VSR so that its ability to sequester and interfere with 

the activity of other sRNAs, such as the GFP-mRNA derived siRNAs in the z82 line or miRNAs 

involved in the regulation of plant development, is suppressed (Kørner et al. 2018; Fig. 3). 

Because the virus remains mostly unaffected by these mechanisms leading to symptoms 

recovery and continues to propagate, our study clearly demonstrated that plants can use 

sRNAs and intercellular communication to overcome an established disease and achieve a 

tolerant state in which both virus and host can coexist. 

 

2. My contributing role to the publication by Kørner et al. (2018) 

In the context of this work, I conducted experiments of ORMV infection in several A. thaliana 

PTGS and TGS mutants, analyzed the symptom phenotypes and performed molecular 

characterization by northern and western blot analysis (Figure 1d; Figure S12, and Figure S13), 

which aimed to answer several main questions in the understanding of the recovery 

phenomenon (see APPENDIX 2 for Supplementary Figures and Tables of Kørner et al. 2018). 

 

Figure 1d shows a northern blot analysis of recovered leaves (except second lane from the 

left, symptomatic leaves) of wildtype plants and of single (dcl3, ein5, rdr2, rdr6) as well as of 

double mutants (ein5 rdr6, dcl2 dcl4) in which I have used radiolabeled probes to detect 

positive-sense (+) and negative sense (-) viral RNA. The result demonstrates that recovered 

leaves contain full-length genomic and subgenomic viral RNAs. The detection of negative 

sense viral RNA showed that the virus was actively replicating in recovered tissues. Moreover, 
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levels of viral RNAs appeared almost unchanged in the RNA silencing pathway mutants. 

However, the same mutants were shown to affect recovery in other experiments. Thus, 

recovery was found to occur independently from effects on viral RNA or viral replication. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1d. Two independent northern blots showing viral plus (+) and minus (−)-sense genomic and sub-genomic 

viral RNAs in RNA extracts of non-recovered ST2 and recovered ST4 leaves of WT Col-0 plants and in recovered 

ST4 leaves of different silencing pathway mutants. The viral RNA pattern is identical to the viral RNA patterns 

reported in previous publications. The blot combines independent samples (each sample representing 20 

infected plants, that is, recovery experiments) from WT plants (Col-0) and mutants undergoing recovery (dcl3, 

ein5 and ein5 rdr6) or not undergoing recovery (rdr2, rdr6 and dcl2 dcl4) in upper leaves, and demonstrates that 

upper leaves contain full-length plus and minus-sense viral RNA irrespective of recovery. 

 

Figure S12 shows a small RNA northern blot in which I confirmed the expected effects of 

specific RNA pathway mutations on the synthesis and accumulation of specific sRNAs. The 

same small RNA blot was probed several times with different radiolabeled oligonucleotide 

probes to detect different sRNA species in the same samples. Probing siRNAs derived from 

the 5S repeat (ra-si1003) reports on the functionality of the TGS pathway, whereas probing 

tasiRNA255, miRNA160, and ORMV vsiRNA, reports on the functionality of PTGS pathways 

involved in tasiRNA, miRNA, and vsiRNA synthesis. As expected and previously shown (Blevins 

et al. 2006; Blevins et al. 2015), dcl3 and rdr2 mutants are defective in the production of 24 nt 
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siRNAs and repeat-associated siRNAs associated with TGS but do not affect any of the sRNA 

species associated with PTGS. In contrast the other mutants tested do not affect 24 nt species 

involved in TGS but specific classes of 21-22 nt sRNA involved in PTGS. Thus, rdr6, ein5-rdr6, 

as well as dcl2-dcl4 were defective in the production of 21nt trans-acting siRNAs, as expected. 

Moreover, dcl2-dcl4 affected the production of vsiRNAs. As expected, mutant ein5 showed a 

strong increase in the level of vsiRNAs as expected. ein5 plants are defective in exonuclease 

4 (XRN4) activity (Olmedo et al. 2006; Potuschak et al. 2006; De Vleesschauwer et al. 2014) 

involved in RNA decay and thus provide increased levels of RNA template for secondary 

vsiRNA production. These increase levels of secondary vsiRNAs are consistent with enhanced 

recovery in the ein5 plants (Kørner et al. 2018, Fig S8). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S12: sRNA analysis of infected Col-0 wild type plants and silencing pathway mutants.  
sRNA species in recovered ST4 (Col-0, dcl3, ein5) and corresponding non-recovered leaves of mutants (rdr6, rdr2, 

ein5 rdr6, dcl2 dcl4), in which recovery is absent, were analyzed. The analysis was performed with the same RNA 

samples also used for viral RNA analysis (Fig. 1d). The mutants affected the accumulation of specific sRNA species 

as expected. None of the mutants affected the accumulation of miR160. The accumulation of 5S rDNA repeat-

derived ra-siR1003 was affected in dcl3 and rdr2 mutants but not in rdr6 mutants, whereas the production of 

tasiR255 was affected in rdr6, ein5 rdr6, and dcl2 dcl4 mutants but not in rdr2 or dcl3 mutants. As is also 

expected, production of vsiRNAs was abolished in dcl2 dcl4, as is consistent with the lack of recovery in this 

double mutant. Relative to Col-0 wild type, the vsiRNA levels were higher in mutants showing enhanced recovery 

(ein 5, dcl3) and reduced in rdr6, which interferes with the formation of secondary siRNAs and does not support 

recovery. 
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Figure S13 represents a western blot analysis to detect the 125k-VSR in samples taken from 

recovered leaves of wild type and mutant plants infected with ORMV. The results show that 

the VSR is expressed in infected tissues irrespective of recovery, thus demonstrating that the 

absence of VSR activity in recovered leaves cannot be ascribed to translational suppression 

of the protein. 

 

 

 

 

 

 

 

Figure S13: VSR expression in recovered leaves of infected Col-0 wild type plants and silencing pathway 
mutants.  
The 125k-VSR is expressed in infected tissues irrespective of recovery. The amount of the VSR in recovered 

leaves is lower in mutants undergoing early recovery (ein5, dcl3) and higher in the upper leaves of rdr6 mutants 

in which recovery is inhibited. L8z2 plants, which contain a continuously active silencing system, produce 

relatively high levels of the VSR whereas dcl2 dcl4 plants, in which siRNA synthesis is inhibited, contain relatively 

low levels of the VSR. UGPase, UDP-glucose pyrophosphorylase. 

 

In addition to these northern blots and western blots, I also performed experiments 

demonstrating the inhibition of symptoms recovery in transgenic plants expressing the VSR 

from a closterovirus (P21) or the VSR from a tombusvirus (P19) (Kørner et al. 2018; Fig. S4).  
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Figure S4: Suppression of recovery in VSR-expressing transgenic plants.  
Mock- and ORMV-infected plants expressing either closterovirus P21-VSR or the tombusvirus P19-VSR. Plant 

areas within the dashed rectangles are shown enlarged. Neither P21 nor P19 plants allow disease recovery.  
 

3. Conclusion 

In this paper, the phenomenon of symptoms recovery in Arabidopsis was studied. This led to 

the identification of RNA silencing pathway genes that are involved and also unraveled the 

importance of an interesting interplay between a virus-encoded VSR and small RNAs in the 

determination of health versus disease.  

The results demonstrate that symptoms recovery can occur in leaves undergoing normal virus 

replication and accumulation. Thus, plants have the capacity to achieve a state of tolerance 

and recover from an established disease despite the presence of an ongoing virus replication. 

Moreover, recovery can occur simply through inhibition of VSR activity. This may imply that 

plants could be protected against disease through strategies aiming at the inhibition of the 

VSR. Based on our observations and genetic requirements for recovery, we propose that the 

VSR is inhibited by mobile vsiRNAs that accumulate by systemic transport from source to sink. 

The sharp border between recovered and non-recovered tissues occurs along the sink-to-

source transition suggests that the symptom-free sink-tissues will undergo disease as soon as 

these tissues mature and undergo the transition from sink to source. This may imply that the 

tolerance of plants for viruses could be supported by strengthening vsiRNA production (as 

shown in dcl3 and ein5/xrn4 mutants for ORMV) and by choosing growth conditions that 

support sink strength and a prolongation of juvenile growth. 
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4. Publication: "Crosstalk between PTGS and TGS pathways in natural antiviral 

immunity and disease recovery” by Kørner et al. 2018 

  

KØRNER ET AL. 2018. CROSSTALK BETWEEN PTGS AND TGS PATHWAYS IN 
NATURAL ANTIVIRAL IMMUNITY AND DISEASE. NATURE PLANTS 4, 157-164. 
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General conclusion 

The major goal of this thesis was to gain new insights into plant-virus interactions by 

elucidating the role of virus- and host-derived small RNAs in the regulation of gene expression 

during the local spread of virus infection in leaves and also in mechanisms determining plant 

disease and recovery. As part of my thesis I also contributed to a review article discussing 

current models of virus movement through PD (Pitzalis and Heinlein 2017). 

 

The role of virus-and host-derived small RNAs in plant-virus interactions  

The cellular events involved in local viral replication and cell-to-cell-movement have been 

intensely studied in recent years. However, we still know very little about plant:virus 

interactions playing a role in orchestrating these processes at the level of gene expression. 

Thus, as described in Chapter II of this thesis, different deep sequencing approaches (RNAseq, 

sRNAseq, PAREseq) were used to investigate the virus-induced changes in the host 

transcriptome and the regulation of genes and of the virus by virus- and host-encoded sRNAs. 

Using bioinformatic analysis of the sequencing data, the focus was laid on the identification 

of host-or virus-derived sRNAs that target host mRNA transcripts or viral RNA by RISC-

mediated cleavage. The work was applied to TuMV infection in rapeseed (B. napus), which 

represents an economically important crop-pathosystem. To gain information related to the 

process of ongoing virus replication and spread, we used a GFP-tagged version of the virus, 

which allowed us to isolate RNA samples from local sites of spreading infection in the 

inoculated leaves. Reliable data and conclusions were achieved through the analysis of 

samples from three independent biological experiments. Moreover, the use of samples from 

two different cultivars allowed us to interpret the results in relation to the cultivar-specific 

susceptibility for the virus. Importantly, the different NGS approaches (RNAseq, sRNAseq, 

PAREseq) were always applied to the same individual RNA samples, so that the different levels 

of analysis and respective results for a given sample could be combined, mutually correlated 

and interpreted. 

 

Genome-wide mRNAseq analysis revealed numerous genes showing differences in the 

accumulation of their transcripts between mock-treated and virus-treated samples. Among 

these, numerous virus-induced genes were significantly up or down-regulated either in both 
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cultivars or in a cultivar-specific manner. Some of the differentially expressed transcripts are 

predicted to encode proteins that are known to play important roles in pathogen defense. 

One example is CALMODULIN-BINDING PROTEIN 60G (CB60G), which is induced in both 

cultivars and known to act as a master immune regulator that promotes the expression of key 

genes involved in salicylic acid (SA) biosynthesis and in regulating PAMP-PTI, ETI and systemic 

acquired resistance (SAR) (Sun et al. 2015). Viral susceptibility in the cultivar Drakkar 

correlated, for example, with a strong induction of expression of the coatomer alpha-2 

subunit of the COPI coatomer complex (Ahn et al. 2015), which may play a role in the 

formation of vesicles involved in TuMV replication and movement (Wei and Wang 2008) (see 

Chapter I). On the other hand, the more resistant phenotype of the cultivar Tanto was 

correlated, for example, with the specific induction of transcripts encoding TARGET OF AVRB 

OPERATION1 (TAO1), a TIR-NB-LRR receptor-like protein (Eitas et al. 2008). The general 

validity of our mRNAseq data was confirmed by testing the expression of several genes by RT-

qPCR analysis, in which both the original RNA that was analyzed by NGS-mRNAseq as well as 

novel RNA samples from four new and independent infection experiments were used. This 

part of the work provided lists of genes with induced or suppressed transcript levels in local 

TuMV-GFP infection sites formed in two different cultivars differing in virus susceptibility, and 

these lists are ranked according to the strength of the observed changes.  

 

To reveal mRNAs that might be targeted by virus-induced host-or-virus-derived sRNA, the 

sRNA reads were first counted and aligned to both the viral genome and the Tanto and 

Drakkar transcriptomes and annotated. As has been noted by previous studies (e.g. Hu et al. 

2011; Tagami et al. 2007; Vogler et al. 2007), virus infection triggered drastic changes in the 

sRNA length profile. Whereas the sRNAs from Tanto and Drakkar mock samples showed 

identical and typical profiles of predominantly 21 nt - 24 nt long sRNAs, the profiles were 

greatly dominated by virus-derived 21 nt and 22 nt siRNAs upon infection (vsiRNAs). These 

profiles as well as the profiles of vsiRNAs aligned to the TuMV genome were almost identical 

between both B. napus cultivars, indicating that the differences in susceptibility for the virus 

cannot be explained by obvious differences in sRNA processing. By mapping the host-derived 

sRNAs to Brassicacea miRNAs in the miRbase database (Kozomara and Griffiths-Jones 2014), 

several of the reads could be annotated to known miRNAs. Moreover, by using Shortstack 

software (Axtell 2013), numerous previously unknown miRNAs were identified.  
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The sRNA and mRNA data were finally combined with the results of PAREseq analysis to reveal 

sRNAs that align to cleaved mRNA 5’ ends and satisfy the conditions of RISC pairing using 

PAREsnip software (Folkes et al. 2012). The analysis revealed already known miRNAs:mRNA 

target pairs, such as miRNAs targeting the mRNAs for specific Squamosa promoter-binding-

like (SPL) proteins, Auxin response factors (ARFs), Scarecrow-like (SCL) proteins, Ethylene-

responsive transcription factors (RAP2-7, AP2), Auxin signaling F-box proteins (AFB2, AFB3), 

and Superoxide dismutase proteins (Llave et al. 2002 ; Rhoades et al. 2002 ; Allen et al. 2005 ; 

Wang et al. 2005a ; Wang et al. 2005b ; Kim et al. 2006; Gandikota et al. 2007; Vidal et al. 

2010; Si-Ammour et al. 2011; Yu et al. 2012; Lu et al. 2013; Ma et al. 2014; Jung et al. 2014; 

Xu et al. 2016) and thereby confirmed the accuracy of PARE analysis. In addition, the analysis 

led to the identification of new miRNA:mRNA target pair candidates, such as miR1885b:BLOS2 

or miRC23a:COX19. The cleavage activity of some of the known and predicted miRNA:mRNA 

target pairs was confirmed by gene-specific 5’ RACE assays using repetitive, newly created 

biological samples.  

One of the important aims was to determine whether the infecting virus may use vsiRNAs 

processed from its genome as RNA effectors for the RISC-mediated targeting of host genes. 

The analysis indeed revealed the presence of vsiRNAs in predicted vsiRNA:mRNA target pairs 

which appeared only after infection. A predominant vsiRNA was found in predicted 

vsiRNA:mRNA target pairs involving transcripts of ERF genes that are also targeted by miR172. 

This specific vsiRNA was found similar in sequence to miR172 and to engage in predicted 

cleavage of exactly the same site in the target mRNA. This suggests that viruses may encode 

vsiRNAs evolved to mimic the activity of host miRNAs and, thereby, to control the specific 

miRNA target genes during infection. 

The mapping of sRNAs to the two cultivar transcriptomes and the analysis of the alignment 

with the ShortStack program (Axtell 2013) led to the identification of numerous PHAS loci that 

produce phased, secondary, small interfering RNAs (phasiRNAs). PhasiRNAs are produced by 

conversion of a transcript into dsRNA by RDR6 or RDR1 and subsequently processing of the 

dsRNA into phased siRNAs by DCL4 (Fei et al. 2013). The production of phasiRNAs is thought 

to represent a mechanism to down-regulate the specific transcript from which they are 

derived as well as to produce siRNAs able to target homologous sequences in trans (Fei et al. 

2013). Thus, unlike the non-coding TAS genes in Arabidopsis, which were among the first loci 

known to produce phased tasiRNAs (Vazquez et al. 2004), PHAS loci refer to coding genes, 
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many of which are NB-LRR family genes involved in pathogen defense, as well as genes of the 

PPR and MYB families, as shown in Arabidopsis, Medicago, and peach (Fei et al. 2013; Zhai et 

al. 2011). The analysis of PHAS loci in mock-treated and TuMV-infected B. napus plants 

revealed that certain PHAS loci produce phasiRNAs only after infection. The production of 

virus-associated secondary siRNAs (vasiRNAs) from coding genes upon virus infection has 

been previously noted in Arabidopsis and found to require RDR1 for vasiRNA synthesis and 

AGO2 for mRNA target cleavage (Cao et al. 2014a). Thus, the vaPHAS loci identified in our 

analysis may represent vasiRNA-producing loci. However, because the pathway for the 

synthesis of the phasiRNAs in B. napus is not clarified, it is preferable to distinguish them as 

va-phasiRNAs. Our study indicates that virus infection in rapeseed stimulates the production 

of phasiRNAs at numerous defense-related coding genes (e.g. TAO1, AGO2, NBR1 homolog). 

Among these genes we found family members of three small gene families (encoding 

Chlorophyll a-b binding protein 1, NBR1 homolog, and TAR1) that produce va-phasiRNAs 

associated with cleavage of their own transcript or of transcripts of homologous genes in the 

same gene family. This suggests that the process of va-phasiRNA production may represent a 

mechanism to dampen the effects of infection on transcript homeostasis. Interestingly, 

members of the NBR1 and TAR1 family also produce va-phasiRNAs with potential to target 

mRNA transcripts of other genes. The data suggest that particularly NBR1 may represent a 

virus-induced hub for siRNA synthesis and the virus-induced targeting of a whole network of 

other genes. 

 

The results of PAREsnip analysis indicate that also the viral genome can be cleaved by virus- 

and host-derived siRNAs (siRNAs, hsRNA). The large majority of the cleavage events were 

associated with unique hsRNAs derived from genes annotated as disease resistance genes 

TAO1 and RPP5, both encoding TIR-NB-LRR receptor-like proteins. The cleavage of the vRNA 

though vsiRNAs or hsRNAs may contribute to cultivar-specific susceptibility for the virus, as 

some cleavage sites are predicted in a cultivar-specific manner. Interestingly, some of the 

predicted hsRNA:vRNA target pairs include trans-acting va-phasiRNAs derived from NBR1 and 

TAR1 genes, which may support the hypothesis that the evolution of NBR1 genes as virus-

inducible hubs for secondary tasiRNA production may have occurred on the precondition that 

the va-phasiRNAs derived from the same hub will, in turn, also control the virus. It is intriguing 

also that the B. napus NBR1 genes are highly homologous to the selective autophagy receptor 
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protein AT4G24690/NBR1 gene in Arabidopsis (81-84% identity), which has been implicated 

in antiviral defenses involving the degradation of viral proteins and particles by autophagy 

(Hafren et al. 2017; Hafren and Hofius 2017). This protein was shown to suppress TuMV 

infection in Arabidopsis by targeting the VSR of the virus (HcPro) (Hafren et al. 2018). Thus, 

by inducing the conversion of NBR1 mRNA into secondary siRNAs the virus may have gained 

the possibility to achieve widespread control over host gene expression and at the same time 

also to suppresses NBR1 mRNA levels and thereby control the antiviral functions of the NBR1 

protein. 

 

In conclusion, this study involved NGS analysis and in vivo experiments performed in B. napus, 

the most widely produced oilseed crop in the European Union. The results highlight 

differential expressed genes and virus- or host-derived sRNAs correlated with cleaved mRNA 

5’ ends indicating their role in RISC-mediated cleavage. Collectively, the data suggest that B. 

napus uses endogenous siRNAs derived from resistance genes to target the virus, whereas 

the virus, in turn, uses its own vsiRNAs to target the host. Moreover, by inducing the 

production of secondary siRNAs from coding genes, the virus appears to gain the possibility 

to target other genes. The virus-responsive genes and particularly the genes predicted as 

targets of vsiRNAs or va-phasiRNAs may play an important role during virus infection in B. 

napus and could represent important new candidate loci for crop improvement. However, it 

is important to note that the identified sRNA:RNA target pairs are predicted and that 

additional experiments are needed to prove that these target pairs are indeed functional in 

RISC-mediated RNA cleavage. One approach to gain supporting evidence could be by using 

AGO- immunoprecipitation for determining whether specific sRNAs in question are indeed 

present in AGO-RISC complexes. RISC-mediated cleavage of an mRNA target is usually 

confirmed by expression of a reporter construct in which the sRNA target sequence (and in a 

control construct, a mutant target sequence) is fused to a reporter, for example a transcript 

for GFP, and by comparing reporter expression (which is reduced by reporter RNA cleavage) 

between infected and control tissues. However, this approach may require the production of 

transgenic plants, since B. napus is not suitable for transient expression assays based on 

agroinfiltration. Given that the DNA genomes of Drakkar and Tanto were sequenced as part 

of this project, it may be possible to identify cultivar-specific SNPs that map to cultivar-specific 

sRNA:mRNA target pairs and use these SNPs in genetic crosses to correlate the SNPs and 
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specific mRNA cleavage by gene-specific 5’RACE experiments. The role of genes during virus 

infection should be tested using gene-specific mutants. However, given that B. napus is an 

allotetraploid species with an highly amplified genome (Chalhoub et al. 2014), it is almost 

impossible to create recessive mutants in which a given function is no longer expressed. The 

functional analysis of genes rather depends on dominant approaches such as VIGS, RNAi or 

CRISPR/CAS9, all of which have the potential to affect the expression of all members of a given 

gene family.  

Nevertheless, the findings obtained in this study have revealed a complex network of 

potential sRNA-mediated interactions between B. napus and invading virus and led to the 

identification of important new gene targets for crop improvement. 

 

Processes that lead to viral symptom recovery and promote plant health 

Viruses are obligate intracellular parasites, and most studies of viruses have focused on 

describing their association with diseases. However, viral infection does not always trigger 

diseases. Although virus diversity surveys demonstrated that viruses were present in 

thousands of plants, no disease symptoms were seen that could be correlated with the 

presence of virus, even if the plants contained viruses related to important crop pathogens 

(Roossinck 2012; Roossinck and Bazán 2017; Roossinck and García-Arenal 2015). Thus, most 

plants in the wild appear to be tolerant to viruses and pathology from virus infection can be 

seen as an exception, rather than the rule.  Given that viruses produce diseases and important 

yield losses in crops, it is very important to gain an understanding of the processes by which 

plants can promote their health in the presence of viruses. To gain such insight, the 

phenomenon of “symptoms recovery”, thus the ability of plants to recover from disease, was 

studied. Using ORMV infection in Arabidopsis as a model, it was found that recovery occurred 

in the presence of replicating virus thus indicating that recovered leaves had gained a state 

of tolerance. By further analysis we showed that disease symptoms correlated with VSR 

activity and that the plant achieved tolerance through the ability to gain control over this 

activity. By screening Arabidopsis mutants affected in varies defense- and hormone-related 

pathways the underlying mechanism was found to involve post-transcriptional RNA silencing 

pathway genes that are required for the synthesis of primary and secondary siRNAs as well as 

transcriptional silencing pathway genes previously implied in systemic RNA silencing 
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signaling. Moreover, mutants that support enhanced siRNA production also showed 

enhanced recovery. Together with the additional finding that recovery was restricted to sink 

tissues, this led us to the model that recovery occurs upon transport of virus-derived siRNAs 

(vsiRNAs) from source to sink and that the vsiRNAs that accumulate in sink tissues finally 

cause saturation and inhibition of the VSR activity responsible for disease.  

Overall, this study demonstrates that plants can use RNA silencing coupled to intercellular 

communication and systemic regulation to (gain) control (over) VSR activity in the distant, 

young tissues and thereby control (overcome an established) disease. This conclusion implies 

that plant health can be promoted by sink strength and by controlling the activity of genes 

that act against efficient vsiRNA production (e.g. EIN5/XRN4).  The results are consistent with 

previous reports indicating the importance of RNA silencing and of a “weak” VSR in recovery. 

However, unlike in these previous reports, our findings argue against a requirement of viral 

inhibition or clearance as a precondition for recovery; we rather show that the virus itself is 

not affected during this process. Thus, recovery does not depend on the “killing of the 

pathogen” but rather on the ability of the infected plants to properly “deal” with the virus. 

This ability of plants to remain healthy despite the ubiquitous presence of viruses in the 

environment should indeed be expected as a result of virus-host co-evolution. To support 

propagation, a virus should not kill its host but rather promote its fitness. The occurrence of 

serious viral diseases in cultivated plants may be the result of extensive crop breeding that 

may have led to the loss of important mechanisms evolved during co-evolution. 
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Materials and methods  

I. Materials 

1. Plant species 

1.1. Brassica napus 

In this work, two different B. napus cultivars were used. Both cultivars are spring rapeseed 

varieties stemming from french breeding programs and developed by the company SERASEM 

(France). The cultivar ‘Drakkar’ is a ‘double low’ cultivar (low for toxic glucosinolates and 

erucic acid) approved for research in France in 1986. It has been used as an experimental host 

for genetic transformation (for example, Han et al. 2001) and the profiling of phloem sap 

contents (Buhtz et al. 2008; Hanhart et al. 2017). Seeds for this cultivar were provided by 

Michael Wassenegger (RLP AgroScience GmbH, AlPLanta - Institute for Plant Research, 

Neustadt an der Weinstrasse, Germany). The cultivar ‘Tanto’ has been approved in 1990 for 

research and used by INRA for the development of a B. napus Tilling platform using a 

collection of collection of 8500 EMS mutant lines. Seeds of this cultivar were provided by the 

company ANOVA+ (Evry, France). 

 

1.2. Arabidopsis thaliana 

1.2.1. T-DNA mutants 

T-DNA mutants mentioned in the publication by Kørner et al. (2018) were provided by Franck 

Vazquez (University of Basel, Switzerland). Tables 2 provide all recovery T-DNA mutants used 

for my contribution in Kørner et al. (2018). 
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Tables 2: T-DNA mutants 

 

 

 

 

 

 

 

 

2. Viral strain and constructs  

2.1. pCB-TuMV-GFP 

The binary plasmid pCB-TuMV-GFP (Lellis et al. 2002; Dunoyer et al. 2004; GenBank: 

EF028235.1) encodes the UK1 strain of TuMV modified by a Green Fluorescent Protein (GFP) 

cistron cloned between the P1 and HCpro sequences of the polyprotein (Fig. X). The binary 

plasmid is based on a pGREEN II backbone providing resistance to kanamycin and gives rise 

to infectious RNA upon transcription from an upstream 35S promoter in plant cells. The 

TuMV-GFP coding sequence was verified by DNA sequencing before use. 

 

 

 

2.2. ORMV virions 

ORMV virions were purified from systemically infected Nicotiana benthamiana leaves that 

were mechanically inoculated with infectious RNA produced by in vitro transcription of viral 

RNA from the pBTI ORMV IC clone (provided by Greg Pogue (Large Scale Biosciences, 

Vacaville) and were used for inoculation of N. benthamiana and A. thaliana plants as 

Locus in Arabidopsis T-DNA lines Background Annotations

AT3G43920 dcl3-1 Col 0 Dicer-Like 3

AT1G54490 ein5-1 Col 0 Ethylene Insensitive 5

AT4G11130 rdr2-2 Col 0 RNA-Dependent RNA Polymerase 2

AT3G49500 rdr6-15 Col 0 RNA-Dependent RNA Polymerase 6

double mutant ein5-Rdr6 Col 0 -

double mutant dcl2-4 Col 0 -

P19 expressing lines Col 0 -

P21 expressing lines Col 0 -

Line 8z2 Col 0 -
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described in previous publications of the team (Hu et al. 2011; Kørner et al. 2013; Niehl et al. 

2014).  

 

3. Antibodies 

 

 

4. Primers 

Tables 3: Primers for nested PCR during 5’RACE 

 

II. Methods 

1. Plant culture  

Seeds were sown on soil. 5 to 7 days after germination, B. napus seedlings were transplanted 

into 13 cm pots; Arabidopsis seedlings were transplanted at 15 days after germination into 7 

cm pots. Before using them for experiments (i.e. infection with virus), the plants were further 

grown for 4-5 weeks in a growth chamber with a 16h photoperiod at 24oC and 70% humidity. 

2. Inoculation of plants with virus 

Four weeks old Brassica napus plants were mechanically inoculated with TuMV using crude 

extract (sap) of previously infected plants and rubbing 2 leaves per plant with a gloved finger 

covered with sap in the presence of an abrasive (Celite®545). The sap was created from leaves 

that were previously harvested (at 20 days post inoculation, dpi) from systemically infected 

Antibody Name Detection Oirign Host / Clonality Use
UGPase Anti-UDP glucose pyrophosphorylase Agrisera (Vännäs, Sweden) Rabbit / Polyclonal 1:5000 TBS-T 0.5% milk

125k 125k ORMV replicase Malpica-Lopez et al., 2018 Rabbit / Polyclonal 1:3500 TBS-T 5% milk

Secondary antibody GAR
Goat Anti Rabbit antibody conjugated to 

HoRseradish Peroxidase (HRP)
Invitrogen Goat / Polyclonal 1:10000 TBS-T 5% milk

Primary antibody

Name Nucleic acid sequences (5' - 3') Gene annotations
5' RACE adapter 5'RACE Adapter GCUGAUGGCGAUGAAUGAACACUGCGUUUGCUGGCUUUGAUGAAA -

5' RACE adapter primers 5'RACE outer primer GCTGATGGCGATGAATGAACACTG

5'RACE inner primer CGCGGATCCGAACACTGCGTTTGCTGGCTTTGATG

Gene-specific primers BnaA07g13830D-1 TTTCTCCTCCTTCTCCGC

BnaA07g13830D-2 CTTTCTCCTCCTTCTCCGCCTC 

BnaAnng18540D-1 GGGAGAAGCGAAGACAGT

BnaAnng18540D-2 GTCGGGAGAAGCGAAGACAGTG

BnaCnng68320D-1 CACCATAAGTAGTCTCCGCTC Protein argonaute 2

BnaA05g14760D-1 CCATTACATAATGCAGTCTCTGCTCC Protein argonaute 2

BnaA09g14980D-1 GACCAACCTCTTCCCTG

BnaA09g14980D-2 CACACAGGTTTCATCAAAGG

BnaCnng44780D-1 GTTTGGTTCAGACACAATGAAACG

BnaCnng44780D-2 CGATGTTGATGATGACGACACTCAG

BnaA01g34730D-1 CATGAGAGAAGGTTGGAAGC Floral homeotic protein APETALA 2

Disease resistance protein TAO1 {ECO:0000305}

Auxin response factor 10

Scarecrow-like protein 6

Biogenesis of lysosome-related organelles complex 1 subunit 2

-
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B. napus cv Drakkar plants and by grinding them in 10 mM K2HPO4 buffer pH 7.5 (using 3 ml 

buffer per gram leaf material). These TuMV donor plants were initially mechanically 

inoculated with sap from systemically infected Nicotiana benthamiana plants. To create the 

original N. benthamiana donor plants, five weeks old N. benthamiana plants grown at 25oC 

with a 16h photoperiod were inoculated by agroinfiltration of two leaves per plant with A. 

tumefaciens strain GV3101 transformed with plasmid pCB-TuMV-GFP as described in 

Dunoyer et al. (2004) paragraph “Virus and plant material” in Materials and Methods. For 

agroinfiltration, the agrobacteria were grown over night and pressure-injected into leaves at 

an OD600nm of 0.5 using a syringe without needle. 

 

Three weeks old Arabidopsis plants were inoculated with ORMV by rubbing three leaves (pre-

powdered with Celite®545) with a cotton tip in the presence of 150 ng purified ORMV virions 

per leaf (Kørner et al. 2018). 

 

3. Measurement of specific RNA levels by reverse transcription followed by 
quantitative Polymerase Chain Reaction analysis (RT-qPCR) 

3.1. Total RNA extraction and cDNA synthesis 

TuMV-GFP infection sites developed in the inoculated leaves of B. napus plants were revealed 

by monitoring GFP fluorescence with a handheld UV lamp (UVP Blak-Ray B-100). At 12 dpi, 

fluorescent foci were carefully isolated by cutting leaf discs with a 0.5 cm micropunch and 

immediately frozen in liquid nitrogen. Leaf discs were also harvested from control plants 

treated with buffer without virus.  

Total RNA was isolated from ca 150 leaf disk samples of infection sites or of mock (buffer)-

treated, non-infected control tissues, each pooled from ten plants, respectively. After 

grinding in N2, 0.1 g fine powder was homogenized and extracted with 1.4 ml Trizol reagent 

(Invitrogen, USA) until defrosting. After addition of chloroform to 20% (volume to volume) 

(300 µl), the sample was strongly vortexed for 40 sec. Following centrifugation at 9000 g for 

15 min, the upper aqueous phase was transferred to a new tube and after mixing with an 

equal volume of cold pure isopropanol stored for 30 min at -20°C. After centrifugation at 

10150 g (4°C) the lower aqueous phase was kept and supplemented with 1.4 ml cold 70% 

ethanol. This was followed by centrifugation at 9000 g for 5 min, after which the supernatant 



MATERIALS AND METHODS 
 

 

 98 

was discarded and the pellet dried for 15-20 min at room temperature. Finally, the RNA in the 

pellet was resolubilized in 50 µl RNAse-free water heated to 60°C. The concentration of the 

isolated RNA was quantified by spectrophotometric measurement at 260 nm absorbance 

using Nanodrop equipment (Thermo Scientific, USA) (Purity: A260/A280 > 1.8, A260/A230 > 2.0) 

and stored at -20°C. For cDNA synthesis, the quality of the RNA sample was verified by an 1% 

agarose gel electrophoresis in 1x TBE [(90 mM Tris-base, 90 mM Boric acid, 2 mM EDTA 

(Ethylene Diamine Tetraacetic Acid, pH 8.3)] at constant voltage (100 V). 1-2 µg of the RNA 

was reverse-transcribed in the presence of an oligo(dT)20 primer and the SuperScript IV 

reverse transcriptase (200 U/µl) following the manufacturer’s instructions (Invitrogen).  

 

3.2. cDNA quantification by RT-qPCR 

PCR is an in vitro polymerase chain reaction technique that allows the exponential 

amplification of a DNA sequence by a thermostable DNA polymerase. It requires a pair of 

oligonucleotide primers hybridizing to flanking regions of the sequence selected for 

amplification, a complementary DNA strand as template and deoxynucleotide triphosphates 

(dGTPs, dCTPs, dATPs and dTTPs) for primer extension DNA synthesis. The abundance of 

specific transcript was measured by probing 1 µl cDNA by quantitative real-time PCR using 5 

µl SYBR-green master mix (Roche) and 2 µl of 2.5 µM allele-specific oligonucleotide primers 

(12.5 µl forward and reverse primer in 475 µl water; see Table 3 for a list of primers used) in 

a Lightcycler 480 (Roche). The PCR program used for cDNA amplification and measurement is 

shown in table 4. 

 

Table 4: qRT-PCR amplification conditions 

 

 

 

 

 

 

Steps Temp (°C) Time Cycles
Initiale denaturation 95 5 min 1
Denaturation 95 10 s 

Hybridization 60 15 s

Elongation 72 15 s

95 5 s 

55 1 min

95 Continuous

Cooling 40 30 s 1

45

1Final cycle
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The specific transcript levels were measured by applying three technical replicates for each 

sample. To compare different samples, the measured transcript level quantified as cycle 

threshold (Ct) values was normalized against the Ct values for RNA transcripts of two known 

“housekeeping” genes [TIP41-like protein; BnaA08g11790D (Zhang et al. 2014; Wang et al. 

2014)]. The RT-qPCR analysis was performed the same way for each sample (e.g. virus- versus 

buffer-treated, one B. napus cultivar versus another). Assuming a Normal distribution of the 

data, a statistical Fisher’s F-test was performed to determine variance equality 

(homoscedastic or heteroscedastic variance), which was needed for a subsequent student’s 

T-test to calculate the probability of difference between populations and, thus, to determine 

whether mRNA abundances between control and treated samples were significantly different 

(p<0.05 = *; p<0.01=**; p<0.001 = ***).  

 

4. 5’RACE (Rapid Analysis of cDNA Ends) 

Non-capped mRNA 5’ends that occur upon RISC-mediated RNA cleavage were analyzed by 

5’RACE as described previously (Llave et al. 2002; Llave et al. 2011). RLM (RNA Ligase-

Mediated)-RACE kits are usually optimized for the cloning of cDNA of capped full-length 

mRNA molecules. In this procedure, the RNA is treated with calf intestinal phosphatase (CIP) 

to avoid the cloning of non-capped molecules carrying a 5’ monophosphate (degraded mRNA, 

rRNA, tRNA and DNA) and with tobacco acid pyrophosphatase (TAP) to remove the cap 

structure on the full-length mRNA. Sine we aimed to apply 5’RACE for the cloning and 

identification of mRNA molecules that are non-capped and 5’ monophosphorylated due to 

RISC-mediated cleavage, these two enzymatic steps were avoided. Instead, poly-adenylated 

RNA was used to ligate the 5’RACE RNA adapter to available mono-phosphorylated 5’ RNA 

ends. As shown in figure 7, the ligation product was then reverse transcribed into cDNA using 

an oligo dT primer. The cDNA was then amplified with nested RACE adapter-specific and gene-

specific primers to create gene-specific cDNA fragments that were further analyzed by 

electrophoresis through an 1% agarose gel in 1x TBE [(90 mM Tris-base, 90 mM Boric acid, 2 

mM EDTA (Ethylene Diamine Tetraacetic Acid) pH 8.3] at constant voltage (100 V) and 

sequenced the IBMP platform with gene-specific primers and the ABI3130xl sequencer 

(Applied Life Technologies). 
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4.1. Total RNA extraction 

Total RNA was extracted as described under paragraph 3.1 

 

4.2. Purification of mRNA from total RNA 

Polyadenylated mRNA was purified from 1-5 µg total RNA by binding to oligo d(T)25 -coupled 

paramagnetic beads and separation with a magnetic isolation module [NEBNext® Poly(A) RNA 

Magnetic Isolation Module (E7490L), BioLabs] according to the manufacturer’s instructions. 

Each purified mRNA sample was quantified and the quality was measured according to the 

RNA Integrity Number (RIN) and 18S/28S ribosomal ratio using the Agilent RNA 6000 Pico Chip 

kit and by running the electrophoretic assays with the 2100 Bioanalyzer system (Agilent 

Technologies). 

 

4.3. Adapter ligation 

Ligation of the GeneRacer RNA oligo 5’RACE adapter (Invitrogen; see Table 2) to mRNA 

molecules carrying a monophosphate at the 5’ end was performed as described in Llave et al. 

2011 and following the manufacturer’s instructions of T4 RNA ligase (New England BioLabs). 

AAA AA

Sequencing

5’RACE inner primer
Gene specific primer

AAA AA

PCR2

b)

+
5’RACE Adapter
HO OH 5’PO4

sRNA cleavage product
5’PO4

AAA AA

AAA AA

Reverse transcription

5’RACE Adapter ligation

AAA AA

PCR1

5’RACE outer primer

OligodT primer

Gene specific primer

Figure 1 : 5’RACE analysis of mRNA molecules 
with monophosphorylated, non-capped 5’ ends.

 Figure 7: 5’RACE analysis of mRNA molecules with monophosphorylated, non-capped 5’ ends. 
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In a sterile Eppendorf tube were mixed 2 ng of RNA oligonucleotide adapter and 1 ng Poly(A) 

purified RNA, incubated for 5 min at 65°C to relax secondary structures. After incubation, the 

mixture was supplemented with 1 µl 10X ligation buffer, 1 µl RNAseOUT (40 U/µl), 1 µl T4 

RNA ligase, 1 µl ATP (10 mM) and filled up with sterilized miliQ water to 10 µl final volume. 

After incubation at 37°C for 1h, the ligation products were separated from non-incorporated 

adapter molecules using an Illustra Microspin S-300 Sephacryl size filtration column (GE 

Healthcare) and centrifugation for 1 min at 735 g.  

 

4.4. Reverse transcription  

Eight µl of the RACE adapter-ligated RNA were used for cDNA synthesis as described in 

paragraph 3.1 with the exception that the reaction with SuperScript IV reverse transcriptase 

was done for 20 min at 60°C. 

 

4.5. cDNA fragment amplification by PCR (nested PCR) 

Sample preparation and conditions used for 5’RACE nested PCR amplification are detailed in 

table 5 and represent the same conditions used in Llave et al. 2011 and follows the 

manufacturer’s instructions of the GoTaq® G2 Hot Start Polymerase (Promega). The sample 

preparation has been performed on ice and directly placed in 94°C pre-heated PCR block for 

amplification. Nested PCR requires two independent amplifications starting first with a gene-

specific outer primer amplification followed by a second gene-specific inner primer 

amplification as shown in figure 7. 

 

Table 5: Sample preparation and nested PCR conditions for 5’RACE. 

 

Nested PCR amplification Volumes Steps Temp (°C) Time Cycles
Colorless GoTaq®Flexi Buffer PCR buffer (5x) 10 µl Initiale denaturation 94 5 min 1

MgCl2 (25 mM) 3 µl Denaturation 94 30 s 

dNTP mix (10 mM each) 1 µl  Hybridization 70 1 min

GSP (10 mM) 1 µl Denaturation 94 30 s 

5’RACE Outer Primer (10 mM) 1 µl Hybridization 65 1 min

5'END cDNA 1 - 2 µl Denaturation 94 30 s 

Taq DNA polymerase (5 U/ml) 0.5 µl Hybridization 60 30 s

Final volume 50 µl Elongation 72 1 min

Final elongation 72 10 min 1

5

5

20–25
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5. DNA genome sequencing 

The genomes of the B. napus cultivars Drakkar and Tanto were analyzed by paired-end (2x 

100 bp) sequencing and the reads were aligned to the published transcriptome of B. napus 

cultivar “Darmor-bzh” (Chalhoub et al. 2014; Genoscope v4.1, http://www.genoscope.cns.fr/ 

brassicanapus/). Identified SNPs were inferred into the Darmor transcriptome to create the 

cultivar-specific transcriptomes that were used for the cultivar specific mapping of the 

mRNAseq, sRNAseq, and PAREseq reads. 

5.1. DNA isolation 

DNA was isolated by aScidea Computational Biology Solutions (http://www.ascidea.com/) 

from 1.9 g fast-frozen leaf tissue of B. napus cv Drakkar and B. napus cv Tanto plants. 

 

5.2. Sequencing and quality control 

The sequencing was performed with 800 bp insert PCR-free libraries and subsequent paired-

end sequencing (2*100 bp) on an Illumina HiSeq 4000 platform (BGI Tech Solutions, 

Hongkong). Raw libraries were quality checked with FastQC (RRID:SCR_014583) version 

v0.11.2 and cleaned with cutadapt (RRID:SCR_011841) version v1.8.1 to remove adapters, 

ambiguous bases, and low-quality reads. Reads longer than 60 bp and with a Phred score 

greater than 30 were kept. The Phred quality scores reflect the nucleotide error probabilities. 

A Phred score of 30 reflects a base call accuracy of 99,9%. 

 

5.3. Alignment of DNA reads to the Brassica napus reference genome 

The 123 Mio clean reads obtained for each cultivar were mapped to the genome of European 

winter oilseed B. napus Darmor-bzh using the Burrows-Wheeler Aligner (Li and Durbin 2009); 

RRID:SCR_010910) version v0.7.15-r1142. The BWA-MEM algorithm was used with default 

parameters. Duplicated reads where marked and removed with Picard-tools 

(RRID:SCR_006525; http://broadinstitute.github.io/picard/) version v1.140 (Illumina 

sequencing involves several PCR amplification steps that may produce duplicated reads. If 

there is a wrongly sequenced nucleotide in these reads, the error is multiplied. Picard-tools 

identify and remove these reads derived from PCR duplicates to increase sequencing quality 

and to increase the reliability of the given sequence data and SNP calling). 
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5.4. SNP calling and cultivar-specific transcriptome construction 

SNPs present in the DNA of Drakkar and Tanto in comparison to the DNA of Darmor-bzh were 

identified using GATK HaplotypeCaller (McKenna et al. 2010), RRID:SCR_001876) version v3.3-

0. Only high-quality homozygous SNPs were kept using the following filters: QD < 2.0 || FS > 

60.0 || MQ < 40.0 || MQRankSum < -12.5 || ReadPosRankSum < -8.0 || DP < 4.  

 

Representative transcriptome genomes of Drakkar and Tanto cultivars were constructed by 

inferring each cultivar-specific high confidence SNPs into the Darmor-bzh reference genome 

using GATK FastaAlternateReferenceMaker (RRID:SCR_001876) 

https://software.broadinstitute.org/gatk/documentation/tooldocs/3.8-

0/org_broadinstitute_gatk_tools_walkers_fasta_FastaAlternateReferenceMaker.php). 

 

6. RNA sequencing 

6.1. Total RNA isolation and quality control 

For deep sequencing profiling of RNA, total RNA of each sample was extracted as described 

in paragraph 3.1, except that ca. 200 dissected leaf-disks were harvested at 12 dpi. Two grams 

(2 g) of these leaf disks were ground in liquid nitrogen and RNA was purified using the 

RNAeasy Mini Kit (Qiagen). The quality of each RNA sample was verified by gel electrophoresis 

and BioAnalyzer (Agilent technologies) techniques as described (paragraph 4.2). Each 

individual total RNA sample was divided into three aliquots, each used for further analysis by 

mRNAseq (transcriptome profiling), sRNAseq (small RNA profiling), and PAREseq (mRNA 

degradome profiling using Parallel Analysis of RNA ends (PARE)).  

 

6.2. mRNA sequencing and quality control 

The total RNA preparations were used for mRNA isolation, the construction of mRNAseq 

paired-end libraries (2*100bp) and Illumina HiSeq2000 sequencing by the company “aScidea 

Computational Biology Solutions” (http://www.ascidea.com/; Barcelona, Spain). The 

mRNAseq raw reads libraries were quality-checked with FastQC (RRID:SCR_014583) version 

v0.11.2 and cleaned with cutadapt (RRID:SCR_011841) version v1.8.1 for adapter removal, 
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“N“ base removal, and quality filtering. Reads longer than 60 bp and with a Phred score 

greater than 30 where kept.  

 

6.3. Alignment and annotation of mRNAseq reads 

Tanto and Drakkar clean mRNAseq reads were aligned to the reconstructed Tanto and 

Drakkar transcriptome, respectively, using Tophat2 (Kim et al. 2013, 

https://ccb.jhu.edu/software/tophat/index.shtml) version v2.0.13. The Bowtie2 aligner was 

chosen allowing one mismatch (Langmead and Salzberg 2012, http://bowtie-

bio.sourceforge.net/bowtie2/index.shtml). Genes were annotated using blastx on the 

Arabidopsis thaliana genome with default parameters. The Arabidopsis TAIR10 gene 

identifiers were used to retrieve the gene ontology (GO) annotations from the UniProtKB 

database. 

 

6.4. Differential expression analysis 

After mapping to the transcriptome the unique mapped RNAseq reads were counted using 

the SAMtools (Li et al. 2009, RRID:SCR_002105) idxstats tool version v1.1. The counts of 

mapped reads were then used for differential expression analysis with DESeq2 (Love et al. 

2014), RRID:SCR_015687) version v1.10.0.  

 

7. sRNA sequencing 

sRNAseq paired-end libraries (1*50 bp) were constructed and sequenced on an Illumina 

HiSeq2000 sequencer by aScidea Computational Biology Solutions 

(http://www.ascidea.com/, Barcelona, Spain). The sRNAseq raw read libraries were quality 

checked and remaining reads were filtered like the mRNAseq read libraries. Clean reads that 

were 18 nt to 30 nt in length and that had a Phred score higher than 30 were kept.  

 

7.1. vsiRNA alignment 

Virus-derived siRNAs were identified by mapping the clean sRNAseq reads to the TuMV-GFP 

genome (described in paragraph 2.1 pCB-TuMV-GFP) with Bowtie2 (Langmead and Salzberg 
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2012) version v2.2.9 using the following options "-t -N 0 --end-to-end --very-sensitive --score-

min C,0,0" with no mismatch for virus-derived sRNAs. These reads have been re-mapped to 

the cultivar-specific transcriptomes to verify the absence of homology in the plants. 

 

7.2. Identification of miRNAs 

Reads were mapped to miRNAs of B. napus, B. oleracea, B. rapa, A. thaliana and A. lyrata 

annotated in miRbase21 as well as to new Brassica miRNAs described in three publications 

(Xu et al. 2012; Lukasik et al. 2013; Jiang et al. 2014). 

 

7.3. De novo miRNA and va-phasiRNA detection 

To identify B. napus miRNAs that are still unknown, we analyzed the reads with ShortStack 

(Axtell 2013) (v3.4, RRID:SCR_010834) in de novo mode. ShortStack annotates miRNAs on the 

basis of specific criteria, including a requirement of the corresponding star sequence present 

in the sRNA data and its mapping near the candidate miRNA sequence within the same gene. 

The list of predicted miRNAs was filtered to keep only candidates (clusters) with: DicerCall 21, 

22, 24nt, and MIRNAs step Y_N15. The DicerCall reflects the predominant RNA size observed 

in the locus (not necessarily the majority). The N15 step is the last step in the analysis. By 

choosing the option Y-N15, only the sRNA reads that have passed all selective steps of miRNA 

identification, including the sequencing of the exact miRNA star sequences, are selected and 

identified as miRNAs. 

We focused our analysis of sequenced sRNAs also on the identification of siRNAs that are 

particularly induced upon virus infection. Similar to virus-associated, RDR1-dependent siRNAs 

(vasiRNAs) reported for Arabidopsis (Cao et al. 2014a), we found siRNAs that derive from 

coding genes that convert their transcripts into dsRNA followed by phased DCL-mediated 

cleavage and which we named “virus-associated phased siRNAs (va-phasiRNAs)”. The unique 

va-phasiRNAs in our database were predominantly 21 nt in length, represented by at least 

100 reads in the samples from virus-infected tissues, and exceeded their normalized 

abundance in virus-treated tissues over their abundance in non-infected control tissues 

(mock) by at least a factor of 2 (rpm infected / rpm mock >2) (read per million (rpm); number 

of reads are multiplied by 106 and divided by the total number of cleavage events in the 
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corresponding sequenced library). Moreover, the corresponding va-phasiRNA-producing 

genes showed a PhaseScore (the quality of the phasing register) higher than 30 (determined 

by Shortstack). The virus-induced and phased production of the va-phasiRNAs was verified by 

visualization of the gene-specific siRNA pattern with the Integrated Genome Viewer tool IGV 

2.3 (Thorvaldsdóttir et al. 2013). 

 

7.4. Short read abundance and differential expression (DE) analysis 

The abundance of our known and predicted miRNAs and va-phasiRNAs was estimated after 

mapping using idxstats command of SAMtools v1.1 (Li et al. 2009) (RRID:SCR_002105). The 

differential expression analysis for miRNAs was performed with DESeq2 (Love et al. 2014), 

RRID:SCR_015687) version v1.10.0. 

 

8. mRNA degradome sequencing 

The construction of PARE libraries was performed according to the protocol of German et al. 

(2009) with modifications, which concerned particularly the purification of each intermediate 

reaction product during the procedure. This part of the work was done by Khalid Amari 

(former Post-doc) in collaboration with Livia Donaire and César Llave in the CIB-CSIC Institute, 

Madrid (Spain). Similar to 5’RACE, the construction of PARE libraries involves mRNA 

purification (affinity binding to oligo dT-coated beads), 5’RNA adapter ligation, reverse 

transcription, an additional MmeI enzyme treatment causing cleavage of the cDNAs at a 

position 20 bp downstream of the original 5’ end of the mRNA, subsequent 3’RNA adapter 

ligation to the new cDNA3’ ends, PCR amplification, and high-throughput sequencing. 

Thus, the procedure started by ligating 1 ug of purified mRNA to a 5' RNA adapter. After a 

new purification step of mRNA again using oligo dT-coupled Dynabeads, cDNA synthesis, 

short PCR amplification and MmeI digestion were performed as described (German et al. 

2009). Digested fragments of ≈20 nt were then purified by PAGE, and 3’ ligated to a dsDNA 

adapter. The ligation products were further purified by PAGE and amplified using Illumina 

primers. The final amplicons of approximately 125 bp were again purified by PAGE. To allow 

sample multiplexing in the sequencing reaction, different indexed primers were used in the 

amplification step (Illumina primers RPI1 to RPI4). The amplicon structure was then checked 
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by cloning into TOPO vector and low-scale sequencing of individual clones. All clones analyzed 

contained inserts according to the predicted structure when libraries prepared from Drakkar 

were tested. 

 

8.1. Sequencing of PAREseq libraries and quality control  

The PAREseq libraries were sequenced (1x 50 bp) on an Illumina HiSeq2000 platform by 

aScidea Computational Biology Solutions (http://www.ascidea.com/). The sequenced 

PAREseq read libraries were cleaned with cutadapt (RRID:SCR_011841) version v1.8.1 for 

adapter removal, ‘removal of reads with “N” bases, and quality filtering.  

 

8.2. Association of cleaved mRNA 5’ends with RISC-mediated mRNA cleavage 

To determine whether the cleaved 5’ mRNA ends identified by PAREseq analysis could be 

caused by RISC-mediated RNA cleavage, the sample-specific PAREseq library was aligned to 

the cultivar-specific transcriptome and correlated with sRNAs (determined by sRNAseq) from 

the same original total RNA sample with PAREsnip software (Folkes et al. 2012) implemented 

in the UEA sRNA Workbench version v4.2.1a (Stocks et al. 2018). The default parameters were 

used except for the “min read abundance” option set to 100. The analysis with this software 

allows the identification of potential mRNA:sRNA target pairs involved in sRNA-mediated RNA 

cleavage. Since the RNA genome of TuMV is polyadenylated, the PARE analysis included the 

analysis of 5’ ends of viral RNA. 

 

To compare predicted cleavage events between samples, the specific PAREseq reads 

associated with RISC-mediated mRNA cleavage events were normalized as reads per million. 

The sums of normalized cleavage events that occurred in the three biological replicates per 

condition (specific B. napus cultivar/specific treatment) were used to compare the occurrence 

and abundance of specific cleavage events between conditions. The gene or viral origins of 

sRNAs associated with specific mRNA or vRNA cleavage were identified by extracting the sRNA 

associated with a specific cleavage event from the PAREsnip analysis and by aligning its 

sequence to the transcriptome or viral genome without mismatch. 
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9. RNA analysis using the northern blotting technique 

9.1. Total RNA extraction and size fractionation 

RNA extraction from Arabidopsis plants was performed essentially as described under 

paragraph 3.1 for RNA from B. napus leaves. Here, total RNA was extracted by homogenizing 

0.7 g Arabidopsis leaf material derived from the pools of several ORMV-infected (35 dpi) or 

non-infected Arabidopsis leaves, into fine powder in liquid N2. In contrast to the protocol 

described in paragraph 3.1, the volumes of chemicals were adapted to the weight of 

Arabidopsis grinded tissues. Thus, 10 ml of TRI REAGENT® (MRC) were add to the crude 

extract and supplemented with 2 ml Chloroform in the suspension followed by strong 

vortexing to create a homogenous mixture. After centrifugation and precipitation, the pellet 

was washed with 10 ml of 70% EtOH and after discarding of the supernatant, the pellet was 

dried for 15-20 min at room temperature and finally resuspended in 150 µL RNAse-free water 

heated to 60°C. The RNA in the resuspended pellet was quantified with a NanoDrop 

microvolume spectrophotometer at 260 nm absorbance. 

To separate high molecular weight (HMW) RNA (e.g. mRNA) from low molecular weight 

(LMW) RNA (e.g. small RNAs), the isolated total RNA was size-fractionated with the RNAeasy 

Mini Kit® (QIAGEN) by applying the RNA cleanup protocol with some modifications, as 

described by Blevins (2017). For instance, the RTL buffer was supplemented with 10 μl b-

mercaptoethanol (b-ME) per ml nd the sample was adjusted to 90 μg total RNA. Moreover, 

all the flow-through was kept for collecting the LMW RNA. 

Eluted HMW and LMW RNA fractions were precipitated by addition of an equal volume of 

isopropanol, overnight incubation at -20°C and centrifugation at 14 000 g in the cold (4°C). 

The precipitated RNA was resuspended in RNAse-free water and the concentration was 

determined with a NanoDrop microvolume spectrophotometer at 260 nm. 

 

9.2. RNA blotting 

The procedure of Northern blotting for the detection of specific HMW and LMW RNA 

molecules is mentioned in Kørner et al. (2018) and followed exactly the steps described in J. 

Sambrook, D. William Russell CSHL Press, 2006 (Volume 1, Chapter 7, Protocol 6 and 7) for 
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HMW RNA and the procedures described by Akbergenov et al. (2006) and Blevins (2017) for 

LMW RNA.  

For the specific probing of HMW RNA, 8 µg of HMW RNA where used for electrophoresis 

through the formaldehyde agarose gel. The RNA was then transferred and fixed onto 

nitrocellulose membrane as described in J. Sambrook, D. William Russell CSHL Press, 2006 

(Volume 1, Chapter 7, Protocol 6 and 7). The RNA was crosslinked to the membrane by UV 

irradiation (1400 x 100 µJ/cm2). For detection of abundant, HMW, positive sense, genomic 

viral RNA, the RNA on the blot was probed by hybridization with a sequence-specific mix of 

oligonucleotide probes (with sequences complementary to the viral RNA) that were end-

labelled with γ[32P]-dATP. The probes were prepared in 20 µl reactions containing 1 µl T4 

Polynucleotide-Kinase (Thermo Scientific), 0.3 µl 100 µM oligo-nucleotides, 2 µl 10X PNK 

buffer A, 4.5 µl γ[32P]-dATP (~ 50 µCi) and 12 µl H20 that were incubated for 30 min at 37°C. 

For detection of rare molecules such as negative strand viral RNA, a 200 bp long RNA probe 

generated by T7 promoter-driven in vitro transcription in the presence of α[32P]-dUTP was 

used. The short oligonucleotide probes were purified through illustra MicroSpin G-25 

Columns (GE Healthcare Life Sciences) and centrifugation at 735g for 1 min, whereas the 

longer probe was cleaned by phenol/chloroform extraction and 100% ethanol precipitation. 

The probes were applied to a nitrocellulose membrane (N+, Amersham) previously pre-

hybridized for 4 hours in 10 ml PerfectHybTM Plus buffer (Sigma). The specific probes were 

then added and the membrane followed by incubation in this solution overnight at 37°C for 

detection of abundant viral positive RNA strand and 70°C for detection of the less abundant 

negative strand. The membranes probed with oligonucleotide or in vitro transcript probes 

were washed in 2x SSC (300mM NaCl, 30mM Na-Citrate, pH 7) containing 2% SDS (Sodium 

Dodecyl Sulphate) at 50°C for 5 min or 10 min at 60°C, respectively. To visualize the hybridized 

probes on the membrane, the membranes were exposed to a storage phosphor screen (for 

1h to visualize the viral genomic RNA; for one week to visualize the viral negative strand RNA). 

The storage phosphor screen was then imaged with a Typhoon FLA-7000 laser scanner (GE 

Healthcare). 

 

For probing of LMW RNA, 5 µg of the LMW RNAs were separated by electrophoresis through 

a 16 % polyacrylamide urea gel [12.0 ml 30% acrylamide bisacrylamide (19:1), 18 ml urea 

solution (11.1 g urea, 6.0 ml 5x TBE (54 g Tris-base, 27.5 g boric acid, 20 ml 0.5 M EDTA pH 8.0 
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in 1 L miliQ water)) supplemented with 30 µl of TEMED (N,N,N',N'-TEtraMEthyl-1-,2-

Diaminométhane), 300 µl APS (ammonium persulfate) (10%)]. The polyacrylamide gel was 

pre-run in 1x TBE for 20 min at 15W before loading of the sample and the wells were washed 

using a syringae to remove any excess of urea. The samples were dried for 40 min at room 

temperature by sublimation in a SpeedVac Concentrator (Thermo Scientific) and resuspended 

in 8 µl RNA loading buffer (95% formamide, 0.025% bromophenol blue, 0.025% xylene cyanol 

FF, 5 mM EDTA, 0.025% SDS, pH 8.5). Before loading, the samples were heated to 95°C for 3 

min and cooled on ice. The electrophoresis was run for 1h30 at 15W in 1X TBE. After 

electrophoresis, the RNA in the gel was stained for 8 min in Ethidium bromide (EtBr) solution 

(400 ml 1X TBE, 20 µl EtBr (from a 10 mg/ml stock) photographed (GelDoc 2000, Bio-Rad), 

and washed for 20 min in 1X TBE.  

Next, the gel was blotted overnight onto a Hybond N+ membrane (GE Healthcare, UK) by 

capillarity blotting in 0.5X TBE buffer followed by crosslinking the RNA to the membrane by 

UV (140 mJ/cm2). Oligonucleotide probes were prepared and purified as described for HMW 

probes. The membrane was pre-hybridized for 4 hours in 10 ml Perfect-Hyb buffer (Sigma, 

USA) at 40°C, followed by the overnight hybridization in the same buffer with the specific 

probes at 37 oC. Blots were washed three to five times in 0.5% SDS; 2x SSC at 37 °C. For 

detection of different sRNAs in the same RNA extract, the blots were stripped by three 

consecutive washes with boiling 0.5% SDS each for 20 min before re-probing. The membrane 

was exposed two- to seven-days to a storage phosphor screen, which was then imaged with 

a Typhoon FLA-7000 laser scanner (GE Healthcare). 

 

10. Protein analysis using the western blot technique 

10.1. Total protein extraction and quantification 

As described in Kørner et al. (2018), 0.1g Arabidopsis leaf tissues were homogenized to fine 

powder in liquid N2. After addition of 400-600 µl extraction buffer (10% glycerol, 5% β-ME, 75 

mM Tris-HCl pH 6.8) and homogenization with the help of a Silimat® shaking machine, the 

sample was heated at 95°C with 2% SDS for 5 min and centrifuged at 14 000 g for 10 min. The 

aqueous phase was extracted, boiled 10 min at 95°C for their denaturation and quantified 

using the Bradford protein assay (Bio-Rad). The protein extract was then mixed to 1x with 
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Laemmli buffer (62,5 mM Tris-HCl pH 6.8, 3% SDS, 10% glycerol, 0.1% bromophenol blue, 5% 

β-ME), boiled again 5 min at 95°C before loading into a polyacrylamide gel.  

 

10.2. SDS-PAGE  

Proteins were separated by PAGE under denaturing conditions in the presence of SDS using 

Bio-Rad electrophoresis equipment. The acrylamide gel was polymerized in the presence of 

APS as a radical initiator and TEMED as catalyst. The acrylamide/bisacrylamide percentage in 

the separation gel was chosen according to the size of the proteins to be analyzed (generally 

between 8 % and 15%).  

Protein samples were heated in Laemmli buffer for 10 min at 95 °C, mixed and cleared by 

centrifugation at 14,000 g for 10 min. Between 5 and 25 μL (≈ 20 µg) of protein solution were 

loaded per well. Protein size markers (PageRuler™ 10-170 kDa, Thermo Scientific, 7 μL) were 

loaded in parallel. The electrophoresis was performed in 1x Tris-Glycine-SDS buffer (25 mM 

Tris-base, pH 8.3, 192 mM Glycine) at constant voltage (90 V). 

 

10.3. Protein transfer and luminescent detection  

The protein gel was rinsed in transfer buffer (25 mM Tris-base, pH 8.3; glycine 250 mM) to 

partially remove the remaining SDS. Immobilon-P (Millipore) membrane was cut to the size 

of the gel, activated in 96% ethanol for 15 sec and briefly rinsed in transfer buffer. The gel and 

the membrane were placed in a transfer system (Mini Trans-Blot Cell, Bio-Rad) between 

Whatmann papers and sponges. The transfer was carried out at 90V for 130 min. The 

membrane was then rinsed for 10 min in TBS-T buffer (1x TBS and 0.1% Tween20®) and pre-

incubated in TBS-T / 5% milk powder for 60 min at room temperature to saturate the 

unspecific sites. After addition of primary antibodies and further incubation at 10 rpm shaking 

on a Duomax 1030 (Heidolph) apparatus overnight at 4 °C (for dilutions see Material 

paragraph 4), the membrane was washed 3 times in TBS-T / 5% milk buffer for 10 min. The 

membrane was then incubated for 1h in the same buffer and in the presence of horseradish 

peroxidase-coupled secondary antibodies (see Material paragraph 4) at room temperature 

and again washed for 3 times in TBS-T buffer for 10 min. The location of the antibody-labeled 

proteins on the membrane was revealed by chemiluminescent detection using "Lumi-LightPLUS 
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Western Blotting Substrate" (Roche Diagnostics) according to the manufacturer's 

recommendations (volume to volume black and white solution, 1 min contact with the 

membrane) and documented by imaging with a FUSION FX western blot and 

chemiluminescence imaging system (VIlber Lourmat, France). The membrane was stained 

with Coomassie blue (50% ethanol, 10% acetic acid, 0.25% Coomassie R250 blue) to visualize 

the amount of transferred protein.  
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APPENDIX 1: SUPPLEMENTARY FIGURES AND TABLES OF DRAFT MANUSCRIPT: 
“VIRUS- AND HOST-DERIVED SMALL RNAS COORDINATE INFECTION IN OILSEED 
RAPE” BY PITZALIS ET AL. 



 

 

Supplementary Figures: 

 

 

 

Fig. S1. Homozygous SNPs by which B. napus cvs. Drakkar and Tanto differ from the reference 

sequence of B. napus cv. Darmor-bzh. a, Distribution of SNP categories. Most SNPs are from 

intergenic regions. b, Total homozygous SNPs that are shared by or specific to the Drakkar and Tanto 

cultivars. c, Homozygous SNPs that map to transcribed genes and are either shared by or specific to 

the Drakkar and Tanto cultivars respectively. 
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Fig. S2. Confirmation of RNAseq-based DEseq data by q-RT-PCR. Relative expression levels in local 

sites of virus-infected leaves in comparison to expression levels in mock-control tissues (set to 1) 

are shown. qRT-PCR assays were performed with original polyA RNA used for RNAseq (Rep1) as well 

as with polyA RNA isolated from new biological samples derived from four new independent 

experiments (Rep2-Rep5). a, RNAseq-based DEseq data indicated that a transcript for AGO2 

(BnaA05g14760D) is induced by TuMV infection in both Drakkar (fold change [log2]: 2.6) and Tanto 

(fold change [log2]: 3.1). This upregulation in both cultivars is confirmed by qRT-PCR using 

independent RNA samples derived from the five independent experiments Rep1-Rep5. b, RNAseq-

based DEseq data indicated that a transcript for DCL2 (BnaC05g47910D) is induced by TuMV 
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infection in Tanto (fold change [log2]: 1.7) but not in Drakkar RNAseq-based (fold change [log2]: 0.0). 

This upregulation Tanto is confirmed by qRT-PCR using independent RNA samples derived from the 

five independent experiments Rep1-Rep5. However, unlike the original sample (Rep1), samples 

Rep2-Rep5 indicate that DCL2 may also be virus-induced in Drakkar. c, RNAseq-based DEseq data 

indicated that a transcript for SPL3 (BnaA04g19840D) is downregulated by TuMV infection in both 

Drakkar (fold change [log2]: -2.5) and Tanto (fold change [log2]: -0.84). This downregulation in both 

cultivars is confirmed by qRT-PCR with samples from all replicative experiments except Rep3. d, 

RNAseq-based DEseq data indicated that a transcript for VSR7 (BnaA01g10420D) is induced by 

TuMV infection in both Drakkar (fold change [log2]: 6.2) and Tanto (fold change [log2]: 1.37). This 

induction in both cultivars is confirmed by qRT-PCR with samples from all replicative experiments. 

e, RNAseq-based DEseq data indicated that a transcript for TLP1 (BnaA01g01570D) is induced by 

TuMV infection in Drakkar (fold change [log2]: 7.1) but not in Tanto (fold change [log2]: 0.0). qRT-

PCR analysis confirms the strong induction of this gene in Drakkar, although the induction is lower 

in the new repetitive samples. The RT-qPCR experiments also confirm a low or absent induction of 

this gene in Tanto, except in the Rep5 sample. f, RNAseq-based DEseq data indicated that a 

transcript for MLO6 (BnaA01g22680D) is induced by TuMV infection in Drakkar (fold change [log2]: 

0.76) and suppressed in Tanto (fold change [log2]: -3.7). qRT-PCR analysis confirms the strong 

induction of this gene in Drakkar (except in Rep4), and the suppression of this gene in Tanto.  

 



 

 

 

Fig. S3. Small RNA size distribution before and after TuMV infection in Drakkar and Tanto. Sizes of 

sRNAs within local infection sites in leaves and mock-treated control samples. The sRNA size 

distribution is very similar between Drakkar and Tanto. Panels at the top show the distribution of 

sRNAs in mock-treated control samples. The panels in the middle and at the bottom show the 

distribution of sRNAs within local infection sites. The panels in the middle show the sRNA size 

distribution only for host sRNAs, whereas the panels at the bottom show the size distribution for 

both host and viral sRNA. In comparison to the panels at the top, the panels in the middle illustrate 

the impact of virus infection on the host sRNA profile. 
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Fig. S4. Alignment of vsiRNAs to the TuMV genome. The pattern of vsiRNA shows the origin of 

vsiRNAs derived from DCL cleavage of viral dsRNA. All reads were mapped without mismatch to the 

10644 bases long viral RNA. vsiRNA reads derived from the viral (+) strand are shown in black; 

vsiRNA reads derived from the viral (-) strand are shown in red. The UTRs and protein-coding regions 

of the viral RNA are shown at the top of the figure.  
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Fig. S5. Targeting of ARF10 mRNA by bna-miR160c. a, Targeting of ARF10 mRNA by bna-miR160c 

produced a highly defined PAREseq degradome signature (arrow) in mock (DM, TM) as well as 

infected Drakkar (DT) and Tanto (TT) samples. The T-plots generated by PAREsnip show the total 

number of degradome fragments (y axis) found for ARF10 mRNA in the three replicate samples per 

condition analyzed by PAREseq and their mapping along the length of the ARF10 mRNA (z-axis). b, 

Alignment of bna-miR160c to the ARF10 mRNA by PAREsnip. The cleavage site within the 

miRNA:mRNA target pair behind nucleotide 1698 of the mRNA is indicated by a red line. c, 5’ RACE 

analysis of independent biological samples confirmed the exact cleavage site at position 1698 of the 

transcript. The electrophoresis gel shows the RACE DNA fragment of corresponding size (arrow). d, 

Verification of the cleavage site by DNA sequencing of the RACE DNA fragment.  

 

 

 

 



 

 

 

Fig. S6. Targeting of Target of Avtb Operation 1 (TAO1) mRNA by bna-miR1885a and related 

sRNAs. a, Targeting of TAO1mRNA by bna-miR1885a produced a highly defined PAREseq 

degradome signature (arrow) in TM as well as infected Drakkar (DT) and Tanto (TT) samples. The T-

plots generated by PAREsnip show the total number of degradome fragments (y axis) found for 

TAO1 mRNA in the three replicate samples per condition analyzed by PAREseq and their mapping 

along the length of the TAO1 mRNA (z-axis). b, Alignment of bna-miR1885a and related siRNAs to 

the TAO1 mRNA by PAREsnip. The specific cleavage sites within the miRNA:mRNA target pair behind 

nucleotide positions 131-134 of the mRNA are indicated by a red line. c, 5’ RACE analysis of 

independent biological samples confirmed the exact cleavage sites at these positions of the 

transcript. Cleavage sites shown in red are the most dominant category 0 cleavage events indicated 

by the red dots and arrows in (a). The electrophoresis gel shows the RACE DNA fragment of 

corresponding size (arrow). d, The specific cleavage sites were confirmed by DNA sequencing of the 

RACE DNA fragment.  

 



 

 

 

Fig. S7. Targeting of AGO2 mRNA by bna-miR403. a, Targeting of AGO2 mRNA by bna-miR403 

produced a highly defined PAREseq degradome signature (arrow) in mock (DM, TM) as well as 

infected Tanto (TT) samples. The T-plots generated by PAREsnip show the total number of 

degradome fragments (y axis) found for AGO2 mRNA in the three replicate samples per condition 

analyzed by PAREseq and their mapping along the length of the AGO2 mRNA (z-axis). b, Alignment 

of bna-miR403 to the AGO2 mRNA by PAREsnip. The specific cleavage site within the 

miR403:AGO2mRNA pair behind nucleotide positions 3378 of the mRNA is indicated by a red line. 

c, 5’ RACE analysis of independent biological samples confirmed the exact cleavage sites at this 

position of the transcript. The cleavage sites shown in red is the most dominant category 0 cleavage 

event indicated by the red dots and arrow in (a). The electrophoresis gel shows the RACE DNA 

fragment of corresponding size (arrow). PAREsnip analysis indicates a second cleavage site at 

position 3165 of the Ago2 mRNA. d, The specific cleavage site at position 3378 was confirmed by 

DNA sequencing of the RACE DNA fragment.  
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Fig. S8. Targeting of Biogenesis of Lysosome-related organelles complex 1 subunit 2 (BLOS2) mRNA 

by bna-miR1885b. a, Targeting of BLOS2 mRNA by bna-miR1885b produced a highly defined 

PAREseq degradome signature (arrow) in mock (DM, TM) and infected (DT, TT) samples. The T-plots 

generated by PAREsnip show the total number of degradome fragments (y axis) found for BLOS2 

mRNA in the three replicate samples per condition analyzed by PAREseq and their mapping along 

the length of the BLOS2 mRNA (z-axis). b, Alignment of bna-miR1885b to the AGO2 mRNA by 

PAREsnip. The specific cleavage site within the miR1885b:AGO2mRNA pair behind nucleotide 

positions 1380 of the mRNA is indicated by a red line. c, 5’ RACE analysis of independent biological 

samples confirmed the exact cleavage sites at this position of the transcript. The cleavage sites 

shown in red is the most dominant category 0 cleavage event indicated by the red dots and arrow 

in (a). The electrophoresis gel shows the RACE DNA fragment of corresponding size (arrow). d, The 

specific cleavage site at position 1380 of the mRNA was confirmed by DNA sequencing of the RACE 

DNA fragment. 

 



 

 

 

Fig. S9. Targeting of AP2 mRNA by bna-miR172a, bna-miR172b and TuMV vsiRNA. a, Cleavage of 

APETALA2 (AP2) mRNA produced a highly defined PAREseq degradome signature (arrow) in mock 

(DM, TM) and infected (DT, TT) samples. The T-plots generated by PAREsnip show the total number 

of degradome fragments (y axis) found for AP2 mRNA in the three replicate samples per condition 

analyzed by PAREseq and their mapping along the length of the AP2 mRNA (z-axis). b, AP2 cleavage 

by bna-miR172a, bna-miR172b and a specific TuMV vsiRNAs. The alignment of bna-miR172a, bna-

miR172b and vsiRNA to the AP2 mRNA by PAREsnip is shown. The specific cleavage site associated 

with the three target pairs and its location behind nucleotide positions 1043 of the mRNA is 

indicated by a red line. c, 5’ RACE analysis of independent biological samples confirmed the exact 

cleavage sites at this position of the transcript. The cleavage sites shown in red is the category 0 

cleavage event indicated by the red dots and arrow in (a). The electrophoresis gel shows a RACE 

DNA fragment of corresponding size (arrow). d, The specific cleavage site at position 1043 of the 

mRNA was confirmed by DNA sequencing of the RACE DNA fragment. 

 



 

 

 

Fig. S10. Targeting of ERF RAP2-7 mRNA by bna-miR172a, bna-miR172b, and TuMV vsRNA. 

Cleavage of RAP2-7 mRNA produced a highly defined PAREseq degradome signature (arrow) in the 

seven PARE analysis replicates (DM2, DM3, DT2, DT3, TM2, TM3, TT3). The T-plots generated by 

PAREsnip show the total number of degradome fragments (y axis) found for RAP2-7 mRNA in these 

samples in alignment along the length of the RAP2-7 mRNA (z-axis). b, RAP2-7 mRNA cleavage by 

bna-miR172a, bna-miR172b and a specific TuMV vsiRNA. The alignment of bna-miR172a, bna-

miR172b and the vsiRNA to the RAP2-7 mRNA as identified by PAREsnip analysis in the respective 

PARE analysis sample shown. As expected, the vsiRNA:RAP2-7 mRNA target pair occurred only in 

the infected samples (DT2, DT3, TT3). The specific cleavage site in the mRNA is indicated by a red 

line c, location of the specific cleavage site at nucleotide positions 2414. d, Levels of bna-miR172a 



 

 

and bna-miR172b in the different samples, as determined by sRNAseq. Infection causes a strong 

reduction in the levels of these miRNAs. Cleavage of the same mRNA target by vsiRNA may 

complement this reduction in miR172 levels to maintain control over the expression of RAP2-7. 

 

 

Fig. S11. Examples of host genes that produce trans-acting siRNAs associated with antiviral vRNA 

cleavage. The different panels show the identity of the host siRNA (hsRNA)-producing gene, the 

exon-intron structure of the mRNA and the alignment of hsRNAs to the mRNA. Thee panels show 

hsRNAs from mock-treated Drakkar samples. Thus, unlike va-phasiRNAs, the hsRNAs shown here 



 

 

are expressed before infection. hsRNAs that target TuMV RNA for cleavage may constitute an 

antiviral defense layer that is already active before infection.  

  



 

 

Supplementary Tables: 

Table S1. RNAseq, sRNAseq, and PAREseq read and mapping statistics 

 

RNAseq Tophat 0mm
sample raw read pairs read pairs after filtering mapped to Drakkar transcriptome (%) mapped to Tanto transcriptome (%) mapped to virus (%)

DM1 43 912 453 41058168 (93.5%) 83.5%
DM2 72 061 780 63849830 (88.6%) 84.9%
DM3 77 108 467 69053540 (89.6%) 85.2%

DT1 56 371 395 52684838 (93.5%) 82.7% 1.00%
DT2 79 992 678 71436541 (89.3%) 84.2% 0.90%
DT3 81 059 545 72219626 (89.1%) 83.4% 1.10%

TM1 52 507 664 49215556 (93.7%) 84.5%
TM2 78 864 932 70708215 (89.7%) 85.1%
TM3 80 875 384 72703910 (89.9%) 86.1%

TT1 37 860 785 35427931 (93.6%) 83.3% 0.90%
TT2 74 880 253 66737776 (89.1%) 84.3% 0.80%
TT3 70 132 740 61864732 (88.2%) 84.3% 0.80%

sRNAseq
sample raw reads reads after filtering mapped to Drakkar transcriptome (%) mapped to Tanto transcriptome (%) mapped to virus (%)

DM1 56 025 255 27037795 (48.3%) 48.59% 0.01%
DM2 48 296 781 29994399 (62.1%) 41.92% 0.02%
DM3 66 801 262 49791620 (74.5%) 47.64% 0.06%

DT1 53 665 478 51503121 (96.0%) 13.38% 68.23%
DT2 50 094 688 42003172 (83.8%) 15.25% 64.56%
DT3 54 154 789 49288670 (91.0%) 14.30% 65.28%

TM1 56 422 412 40102411 (71.1%) 48.74% 0.01%
TM2 53 210 994 37955105 (71.3%) 44.33% 0.02%
TM3 56 518 524 36275037 (64.2%) 45.62% 0.06%

TT1 54 042 539 51476472 (95.3%) 21.27% 54.24%
TT2 40 112 100 34302205 (85.5%) 21.85% 52.24%
TT3 57 396 907 52282103 (91.1%) 21.99% 50.91%

PAREseq
sample raw reads reads after filtering mapped to Drakkar transcriptome (%) mapped to Tanto transcriptome (%) mapped to virus (%)

DM1 39 360 296 33032811 (83.9%) 15.76% 0.56%
DM2 10 330 179 7596192 (73.5%) 66.07% 0.00%
DM3 19 291 097 15995324 (82.9%) 72.80% 0.03%

DT1 31 138 488 26715785 (85.8%) 25.05% 2.36%
DT2 14 934 860 11254877 (75.4%) 57.97% 9.13%
DT3 27 356 001 22031176 (80.5%) 68.46% 8.23%

TM1 36 739 520 30524077 (83.1%) 66.68% 3.94%
TM2 8 138 303 6283685 (77.2%) 69.28% 0.00%
TM3 20 196 721 16981513 (84.1%) 74.20% 0.02%

TT1 37 590 376 33071083 (88.0%) 64.50% 0.89%
TT2 10 172 194 7663383 (75.3%) 61.07% 4.36%
TT3 25 146 645 21606965 (85.9%) 60.70% 6.62%

Tophat 1mm

bowtie2 -t -N 0 --end-to-end --very-sensitive --score-min C,0,0

bowtie2 -t -N 0 --end-to-end --very-sensitive --score-min C,0,0
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Table S4: Genes that are most strongly and significantly regulated within sites of local TuMV 

infection in Tanto leaves but not in Drakkar leaves. These genes respond significantly to TuMV 

infection in Tanto but not in Drakkar. The fold-change values (log2) represent significant differences 

between transcript levels within infection sites and transcript levels in mock-treated tissue samples 

(p-value: <0.05). These values are based on three independent infection experiments (biological 

replicates) for both Drakkar and Tanto. In each experiment, transcripts were detected with at least 

150 mean reads. Only genes with strongest fold-changes ([log2] ³ +4 / -4) are shown. 

Foldchange (log2) UniProt % identity Annotation
BnaA01g00520D 8.30 C81F1_ARATH 83.63 Cytochrome P450 81F1
BnaA01g05280D 8.28 DTX47_ARATH 61.157 Protein DETOXIFICATION 47, chloroplastic
BnaA01g13360D 7.73 CHX17_ARATH 76.2 Cation/H(+) antiporter 17
BnaA01g15420D 7.40 PFKA3_ARATH 66.667 ATP-dependent 6-phosphofructokinase 3
BnaA01g33750D 6.52 TAO1_ARATH 58.311 Disease resistance protein TAO1 
BnaA02g01560D 5.73 GH312_ARATH 87.547 4-substituted benzoates-glutamate ligase GH3.12
BnaA02g04040D 5.58 NC100_ARATH 83.696 NAC domain-containing protein 100
BnaA02g05170D 5.57 ALDO1_ARATH 78.508 Indole-3-acetaldehyde oxidase
BnaA02g05340D 5.52 CKX7_ARATH 89.024 Cytokinin dehydrogenase 7
BnaA02g09030D 5.50 unknown - -
BnaA02g10950D 5.38 ADF12_ARATH 94.253 Actin-depolymerizing factor 12
BnaA02g11760D 5.26 NRT31_ARATH 76.22 High-affinity nitrate transporter 3.1
BnaA02g13260D 5.11 YUID_BACSU 35 Uncharacterized membrane protein YuiD
BnaA02g15280D 5.09 DNJB6_XENTR 57.143 DnaJ homolog subfamily B member 6
BnaA02g17240D 5.08 C96AF_ARATH 54.237 Alkane hydroxylase MAH1
BnaA02g19960D 5.00 unknown - -
BnaA02g19970D 4.98 unknown - -
BnaA02g25150D 4.92 NIMI2_ARATH 76.147 Protein NIM1-INTERACTING 2
BnaA02g25550D 4.91 TDT_ARATH 89.46 Tonoplast dicarboxylate transporter
BnaA02g27620D 4.77 unknown - -
BnaA02g29990D 4.69 NSP5_ARATH 85.256 Nitrile-specifier protein 5
BnaA02g30040D 4.68 COL10_ARATH 68.584 Zinc finger protein CONSTANS-LIKE 10
BnaA02g31620D 4.51 PWD_ARATH 93.069 Phosphoglucan, water dikinase, chloroplastic
BnaA02g34380D 4.39 RGF9_ARATH 64.815 Root meristem growth factor 9
BnaA03g00550D 4.38 unknown - -
BnaA03g03700D 4.35 unknown - -
BnaA03g03710D 4.33 unknown - -
BnaA03g03740D 4.31 HS176_ARATH 89.677 17.6 kDa class II heat shock protein
BnaA03g05550D 4.30 FB244_ARATH 65.394 F-box protein At4g22390
BnaA03g12520D 4.23 unknown - -
BnaA03g13610D 4.16 PHF5B_ARATH 98.182 PHD finger-like domain-containing protein 5B
BnaA03g18980D 4.12 T5AT_TAXWC 31.735 Taxadien-5-alpha-ol O-acetyltransferase
BnaA03g19850D 4.10 SD16_ARATH 71.392 Receptor-like serine/threonine-protein kinase SD1-6
BnaA03g20310D 4.10 CHI4_BRANA 91.156 Basic endochitinase CHB4
BnaA01g00310D -5.88 unknown - -
BnaA01g00740D -5.11 YODA_ARATH 38.636 Mitogen-activated protein kinase kinase kinase YODA
BnaA01g10690D -4.42 CML42_ARATH 81.579 Calcium-binding protein CML42
BnaA01g12860D -4.25 PR1B1_ARATH 86.047 PRA1 family protein B1
BnaA01g12870D -4.25 unknown - -
BnaA01g15080D -4.12 AAPC_CENCI 38.415 Putative glucose-6-phosphate 1-epimerase
BnaA01g15130D -4.04 AB10B_ARATH 65.835 ABC transporter B family member 10



 

 

Table S5: Genes that are most strongly and significantly regulated within sites of local TuMV 

infection in Drakkar leaves but not in Tanto leaves. These genes respond significantly to TuMV 

infection in Drakkar but not in Tanto. The fold-change values (log2) represent significant differences 

between transcript levels within infection sites and transcript levels in mock-treated tissue samples 

(p-value: <0.05). These values are based on three independent infection experiments (biological 

replicates) for both Drakkar and Tanto. In each experiment, transcripts were detected with at least 

150 mean reads. Only genes with strongest fold-changes ([log2] ³ +4 / -4) are shown. 

 

 

 

 

 

 

Foldchange (log2) UniProt % identity Annotation
BnaA01g01570D 7.17 TLP1_PRUPE 54.24 Thaumatin-like protein 1
BnaA01g01780D 6.85 DIN1_RAPSA 54.24 Senescence-associated protein DIN1
BnaA01g05610D 6.48 COPA2_ARATH 92.27 Coatomer subunit alpha-2
BnaA01g21570D 5.64 PATL1_DANRE 26.57 Protein PAT1 homolog 1
BnaA01g30530D 5.50 AGL97_ARATH 29.37 Agamous-like MADS-box protein AGL97
BnaA01g33090D 5.33 NAC60_ARATH 73.02 NAC domain-containing protein 60 
BnaA01g33110D 5.30 NAC60_ARATH 70.15 NAC domain-containing protein 60 
BnaA01g33140D 5.21 RPK2_ARATH 88.27 LRR receptor-like serine/threonine-protein kinase RPK2
BnaA01g35500D 4.84 GRXS4_ARATH 98.04 Monothiol glutaredoxin-S4
BnaA01g36060D 4.74 VIP5_ARATH 86.68 Protein RTF1 homolog 
BnaA01g37020D 4.72 TPR2_ARATH 82.12 Topless-related protein 2
BnaA02g04780D 4.65 RFS6_ARATH 82.95 Probable galactinol--sucrose galactosyltransferase 6
BnaA02g06780D 4.61 ZAT12_ARATH 86.25 Zinc finger protein ZAT12
BnaA02g08420D 4.45 CKX3_ARATH 65.84 Cytokinin dehydrogenase 3
BnaA02g09670D 4.41 unknown - -
BnaA02g10970D 4.31 LTI65_ARATH 47.77 Low-temperature-induced 65 kDa protein
BnaA02g25380D 4.16 MY1R1_SOLTU 75.95 Transcription factor MYB1R1
BnaA02g29540D 4.08 AIG2_ARATH 55.29 Protein AIG2
BnaA01g02570D -6.09 BZP53_ARATH 50 bZIP transcription factor 53 
BnaA01g03580D -5.89 DRL29_ARATH 85.17 Probable disease resistance protein At4g33300
BnaA01g04010D -5.66 U587_DROPS 28.91 UPF0587 protein GA18326
BnaA01g08750D -4.89 MYC4_ARATH 72.4 Transcription factor MYC4
BnaA01g09070D -4.88 E1314_ARATH 50.58 Glucan endo-1,3-beta-glucosidase 14
BnaA01g09200D -4.81 unknown - -
BnaA01g10260D -4.72 P2A02_ARATH 62.44 Protein PHLOEM PROTEIN 2-LIKE A2
BnaA01g13950D -4.28 PUMP4_ARATH 87.15 Mitochondrial uncoupling protein 4
BnaA01g14340D -4.21 TPD1_ARATH 85.09 Protein TAPETUM DETERMINANT 1 
BnaA01g16090D -4.14 FAD4_ARATH 77.61 Fatty acid desaturase 4, chloroplastic }
BnaA01g16380D -4.06 DYL2_RAT 50 Dynein light chain 2, cytoplasmic
BnaA01g18170D -4.01 ERF39_ARATH 81.97 Ethylene-responsive transcription factor ERF039
BnaA01g18680D -4.01 BBX32_ARATH 55.36 B-box zinc finger protein 32



 

 

Table S6: Genes that are more strongly and significantly regulated within sites of local TuMV 

infection in Tanto leaves than in Drakkar leaves. These genes respond to TuMV infection more 

strongly in Tanto than in Drakkar. The fold-change values (log2) represent significant differences 

between transcript levels within infection sites and transcript levels in mock-treated tissue samples 

(p-value: <0.05). These values are based on three independent infection experiments (biological 

replicates) for both Drakkar and Tanto. In each experiment, transcripts were detected with at least 

150 mean reads. The table is based on genes with strongest fold-changes in Tanto ([log2] ³ +4 / -

3,8). 

 

 

 

 

 

 

 

 

 

Drakkar  Tanto UniProt Drakkar Tanto Annotations
BnaA01g02270D 0.36 8.29 NFD4_ARATH 46.88 46.88 Protein NUCLEAR FUSION DEFECTIVE 4 
BnaA01g05410D 0.76 8.04 GRP10_BRANA 95.92 95.92 Glycine-rich RNA-binding protein 10
BnaA01g08170D 1.13 7.98 YUC8_ARATH 92.2 92.20 Probable indole-3-pyruvate monooxygenase YUCCA8
BnaA01g08550D -1.05 7.89 unknown - - -
BnaA01g10250D 0.94 7.79 PATL6_ARATH 87.03 87.03 Patellin-6
BnaA01g13210D -1.28 7.78 unknown - - -
BnaA01g13700D 1.31 7.52 VEP1_ARATH 85.98 85.98 3-oxo-Delta(4,5)-steroid 5-beta-reductase
BnaA01g19210D 0.87 7.34 CIPK4_ARATH 78.66 78.90 CBL-interacting serine/threonine-protein kinase 4
BnaA01g20660D 0.78 7.32 PER34_ARATH 82.57 84.23 Peroxidase 34
BnaA01g27800D 0.52 7.28 DPYD_ARATH 73.23 73.23 Dihydropyrimidine dehydrogenase (NADP(+)), chloroplastic 
BnaA01g27930D 1.08 7.15 CHX19_ARATH 65.52 71.68 Cation/H(+) antiporter 19
BnaA01g28680D 1.02 7.14 unknown - - -
BnaA01g30490D 0.91 7.08 MD37C_ARATH 96.92 96.92 Probable mediator of RNA polymerase II transcription subunit 37c
BnaA01g31030D 0.90 7.05 RLP12_ARATH 42.26 42.15 Receptor-like protein 12
BnaA01g31190D 0.33 7.04 RLP12_ARATH 41.02 39.82 Receptor-like protein 12
BnaA01g31210D 0.90 6.91 RLP12_ARATH 40.09 40.20 Receptor-like protein 12
BnaA01g02860D -0.39 -5.09 FUCO2_ARATH 85.42 86.11 Alpha-L-fucosidase 2
BnaA01g02460D -0.43 -5.09 SPE2_ARATH 85.4 85.71 Arginine decarboxylase 2
BnaA01g03200D -1.07 -4.77 RNHX1_ARATH 56.63 56.63 Putative ribonuclease H protein At1g65750
BnaA01g04750D -0.77 -4.65 unknown - - -
BnaA01g07460D -0.80 -4.44 unknown - - -
BnaA01g14730D 0.51 -4.12 TBL18_ARATH 83.63 83.63 Protein trichome birefringence-like 18
BnaA01g15810D -0.68 -4.01 GPDL3_ARATH 84.95 59.06 Glycerophosphodiester phosphodiesterase GDPDL3 
BnaA01g17700D -0.95 -3.96 GAT17_ARATH 56.91 56.91 GATA transcription factor 17
BnaA01g19120D -0.79 -3.91 APS3_ARATH 70.54 70.12 ATP-sulfurylase 3, chloroplastic

% identityFoldchange (log2)



 

 

Table S7: Genes that are more strongly and significantly regulated within sites of local TuMV 

infection in Drakkar leaves than in Tanto leaves. These genes respond to TuMV infection more 

strongly in Drakkar than in Tanto. The fold-change values (log2) represent significant differences 

between transcript levels within infection sites and transcript levels in mock-treated tissue samples 

(p-value: <0.05). These values are based on three independent infection experiments (biological 

replicates) for both Drakkar and Tanto. In each experiment, transcripts were detected with at least 

150 mean reads. The table is based on genes with strongest fold-changes in Tanto ([log2] ³ +4 / -4). 

 

 

 

 

 

 

 

 

Drakkar Tanto UniProt Drakkar Tanto Annotation DT
BnaA01g01000D 8.69 0.90 unknown - - -
BnaA01g01300D 7.37 -0.41 UBC17_ARATH 94.59 91.89 Probable ubiquitin-conjugating enzyme E2 17
BnaA01g01690D 6.86 1.06 NIP1_ARATH 67.89 67.89 NEP1-interacting protein 1
BnaA01g10420D 6.22 1.38 VSR7_ARATH 92.67 92.67 Vacuolar-sorting receptor 7
BnaA01g13080D 6.20 1.08 unknown - - -
BnaA01g13540D 6.01 0.52 UGE2_ARATH 67.11 67.11 UDP-glucose 4-epimerase 2
BnaA01g14240D 5.93 1.19 PPA24_ARATH 76.57 76.57 Probable inactive purple acid phosphatase 24
BnaA01g16400D 5.81 -0.60 NAC72_ARATH 72.7 72.70 NAC domain-containing protein 72
BnaA01g16910D 5.71 -0.54 ERF54_ARATH 69.77 69.44 Ethylene-responsive transcription factor ERF054
BnaA01g22310D 5.62 1.49 NRX1_ARATH 86.1 86.10 Probable nucleoredoxin 1
BnaA01g32540D 5.40 0.79 unknown - - -
BnaA01g00140D -7.25 -1.24 CADH7_ARATH 84.04 84.04 Cinnamyl alcohol dehydrogenase 7
BnaA01g01220D -6.63 -1.01 unknown - - -
BnaA01g02550D -6.24 -0.86 unknown - - -
BnaA01g02780D -5.94 -1.48 ISPH_ARATH 50.63 50.63 4-hydroxy-3-methylbut-2-enyl diphosphate reductase, chloroplastic
BnaA01g03830D -5.88 1.24 GRXC6_ARATH 91.67 91.67 Glutaredoxin-C6
BnaA01g04070D -5.55 -0.89 LFS_ALLCE 36.15 36.15 Lachrymatory-factor synthase
BnaA01g05720D -5.22 -0.80 PNSL4_ARATH 85.71 85.71 Photosynthetic NDH subunit of lumenal location 4, chloroplastic 
BnaA01g06190D -5.07 -1.25 FAD6C_BRANA 68.84 68.84 Omega-6 fatty acid desaturase, chloroplastic 
BnaA01g06600D -5.05 -0.72 unknown - - -
BnaA01g08240D -5.01 -0.91 TYDC2_ARATH 61.69 61.69 Probable tyrosine decarboxylase 2
BnaA01g08260D -4.93 -1.39 PSB28_ARATH 88.75 85.71 Photosystem II reaction center PSB28 protein, chloroplastic
BnaA01g08510D -4.90 0.81 CNBL1_ARATH 79.59 79.59 Calcineurin B-like protein 1
BnaA01g09270D -4.74 -0.84 CHLI1_ARATH 96.57 96.57 Magnesium-chelatase subunit ChlI-1, chloroplastic
BnaA01g09550D -4.74 -0.71 unknown - - -
BnaA01g10480D -4.65 -0.64 C71AF_ARATH 67.57 67.57 Cytochrome P450 71A15
BnaA01g10670D -4.63 -0.97 YCP9_SCHPO 32.56 32.56 Uncharacterized oxidoreductase C663.09c

Foldchange (log2) % identity



  Ta
bl

e 
S8

: K
no

w
n 

an
d 

ne
w

ly
 id

en
tif

ie
d 

B.
 n

ap
us

 m
iR

N
As

. 

 

 TT
GG

AT
TT
AT

AG
TT
GG

AT
AA

G
at
hm

iR
56
32
3p

21
AG

AA
GC

AA
AA

TG
AC

GA
CT
CG

G
at
hm

iR
39
33

21
AC

TG
GA

CG
AC

TT
AC

AC
GG

AA
G

bo
lm

iR
94
11

21
TG

AA
CC
AG

AT
AG

AG
TG

GG
AC

T
bn
am

iR
60
33

21
TT
AT

GT
CT
TG

TT
GA

TC
TC
AA

T
at
hm

iR
86
35
p

21
CG

AA
CC
AT

CA
CC
TT
CC
AA

AC
C

al
ym

iR
34
45
5p

21
TT
GT

GT
TG

CG
TT
TC
TG

TT
GA

TT
at
hm

iR
81
82

22
TC
CA

AT
AG

GT
CG

AG
CA

TG
TG

C
at
hm

iR
86
25
p

21
TT
CG

AT
GT

CT
AG

CA
GT

GC
CA

at
hm

iR
77
5

20
GG

CA
GT

CT
CT
TT
GG

CT
AT

C
al
ym

iR
16
9n
3p

19
TC
AT

CG
TA

AG
AG

AT
CT
GC

AT
T

br
am

iR
95
68
3p

21
CA

GG
GA

AC
AA

GC
AG

AG
CA

TG
G

al
ym

iR
40
85
p

21
TT
TG

TT
AT

TT
TC
GC

AT
GC

TC
C

at
hm

iR
42
39

21
GG

CA
GT

CT
CC
TT
GG

CT
AT

C
al
ym

iR
16
9k
3p

19
GC

TC
AC

TG
CT
CT
AT

CT
GT

CA
GA

br
am

iR
15
6g
3p

22
TA

AA
AG

TT
AA

GA
GA

CA
AG

TT
A

br
am

iR
95
63
a3
p

21
AC

AG
TG

GT
CA

TC
TG

GT
GG

GC
T

at
hm

iR
56
38
b

21
TG

AC
AG

AA
GA

GA
GA

GA
GC

AG
at
hm

iR
15
6i

20
TG

GA
GA

AG
CA

GG
GC

AC
GT

GC
AA

br
am

iR
16
4e
5p

22
TC
AT

GG
TC
AG

AT
CC
GT

CA
TC
C

at
hm

iR
84
2

21
GA

TC
TT
TT
GA

GA
GG

GT
TC
CA

G
at
hm

iR
29
38

21
CC
TT
CT
CA

TC
GA

TG
GT

CT
AG

A
at
hm

iR
82
43
p

21
TT
AG

AT
GA

CC
AT

CA
AC

AA
AC

T
at
hm

iR
82
7

21
AG

CA
AA

AG
CT
AA

GG
AA

AA
GG

AA
at
hm

iR
85
5

22
TG

AA
AT

TA
TA

GA
TT
TC
GT

AC
A

al
ym

iR
42
43

21
TG

AC
TA

GA
CC
CG

TA
AC

AT
TA

C
at
hm

iR
42
40

21
TC
TT
GC

TT
AA

AT
GA

GT
AT

TC
CA

at
hm

iR
82
8

22
CC
CG

CC
TT
GT

AT
CA

AG
TG

AA
T

br
am

iR
16
8a
3p

21
TT
GA

AG
AG

GA
CT
TG

GA
AC

TT
CG

AT
at
hm

iR
16
3

24
AG

GT
GG

GC
AT

AC
TG

CC
AA

TA
G

at
hm

iR
39
4b
3p

21
AT

GT
GC

TG
AT

TC
GA

GG
TG

GG
A

at
hm

iR
81
73

21
CT
TT
GG

GA
TT
TT
CT
TA

CA
GC

GA
al
ym

iR
42
41

22
GG

AC
TG

TT
GT

CT
GG

CT
CG

AG
G

at
hm

iR
16
6b
5p

21
GA

AA
CA

AC
AT

AC
GT

TA
CA

TC
C

al
ym

iR
82
23
p

21
TG

TT
AA

GG
AG

TG
TT
AA

CG
GT

G
at
hm

iR
56
35
c

21
TC
AT

CT
TC
AT

CA
TC
AT

CG
TC
A

at
hm

iR
41
4

21
AC

TG
TA

TA
TA

TG
TA

AG
TG

AC
A

at
hm

iR
50
25

21
GC

GT
AC

AG
AG

TA
GT

CA
AG

CA
TG

al
ym

iR
16
0b
3p

22
TA

CC
CA

TA
TC
TC
CA

TC
TC
CA

A
al
ym

iR
77
4a
3p

21
TG

AG
CC
AA

GG
AT

GA
CT
TG

CC
G

at
hm

iR
16
9e

21
TA

AG
AT

CC
GG

AC
TA

CA
AC

AA
AG

at
hm

iR
85
0

22
GC

GT
AC

AG
AG

TA
GT

CA
AG

CA
TA

Bn
am

iR
16
0a
*

22
GA

GA
GA

CT
CT
GA

AA
GA

CT
CA

CC
br
am

iR
95
61
3p

22
CA

TT
CA

AG
GA

CT
TC
TA

TT
CA

G
at
hm

iR
84
65
p

21
TG

GC
TT
GG

TT
TA

TG
TA

CA
CC
G

at
hm

iR
77
8

21
TA

CG
AG

CC
AC

TT
GA

AA
CT
GA

A
at
hm

iR
84
1a
5p

21
AG

GG
AC

TT
TG

TG
AA

TT
TA

GG
G

at
hm

iR
56
34

21
CG

GC
TC
TG

AT
AC

CA
AT

TG
AT

G
at
hm

iR
84
5a

21
GG

CA
GT

CT
CC
TT
GG

AT
AT

C
al
ym

iR
16
9i
3p

19
GG

CA
GT

CT
CC
TT
GG

CT
AT

T
al
ym

iR
16
9h
3p

19
TG

AC
AG

AA
GA

TA
GA

GA
GC

AC
at
hm

iR
15
7d

20
AC

TG
AA

AA
CA

CT
AC

AA
CC
CC
T

al
ym

iR
42
35

21
TG

AA
AC

CA
AG

TA
GC

TA
AA

TA
G

at
hm

iR
59
97

21
TT
CG

CA
GG

AG
AG

AT
AG

CG
CC
A

br
am

iR
39
15
p

21
TG

TT
TG

TT
GT

AC
TC
GG

TC
TA

GT
at
hm

iR
83
3a
5p

22
AA

AA
AA

CA
AG

GA
TC
CA

CG
GA

T
al
ym

iR
34
37
5p

21
GG

CA
AT

CC
CA

TG
TC
AA

A
al
ym

iR
84
85
p

17
GG

CA
AG

TC
AT

CT
CT
GG

CT
AT

G
al
ym

iR
16
9c
3p

21
GT

TC
CC
TT
AA

AC
GC

TT
TA

TT
G

al
ym

iR
39
5f
5p

21
TT
GG

TG
GA

CA
AG

AT
CT
GG

GA
T

at
hm

iR
56
65

21
TA

GA
CC
AT

TT
GT

GA
GA

AG
GG

A
bn
am

iR
82
4

21
AA

AC
TT
TC
AC

CA
TA

CA
AA

AT
A

al
ym

iR
85
75
p

21
TT
GG

TG
TT
AT

GT
GT

AG
TC
TT
C

at
hm

iR
50
15

21
GA

TC
CC
CG

GC
AA

CG
GC

GC
CA

at
hm

iR
81
75

20
TG

TT
TT
GT

GG
GT

TT
CT
AC

CG
A

br
am

iR
57
11

21
CA

TC
CA

AG
GT

GT
TT
GT

AG
AA

A
at
hm

iR
29
34
3p

21
TT
TT
TC
CT
CA

AA
TT
TA

TC
CA

A
at
hm

iR
86
53
p

21
AA

TC
TC
AT

CA
AT

CT
CC
CA

AT
A

al
ym

iR
34
44
a3
p

21
GG

GA
GC

CA
GG

GA
AG

AG
GC

AG
T

br
am

iR
40
85
p

21
AA

CA
GA

GC
AG

AA
AC

AG
AA

CA
T

at
hm

iR
41
5

21
TT
GT

AC
AA

AT
TT
AA

GT
GT

AC
G

at
hm

iR
50
14
a3
p

21
AT

AT
AG

TC
CA

AT
CT
AT

TG
AA

G
al
ym

iR
86
05
p

21
TT
CG

CT
TG

GT
GC

AG
GT

CG
GG

A
Bn

am
iR
16
8b

21
TT
AT

TT
GT

TA
CC
CA

TA
TC
TC
C

al
ym

iR
77
4a
3p

21
GA

GC
TT
TC
TT
CG

GT
CC
AC

TC
Bn

am
iR
31
9a

20
AG

GG
TT
GA

TA
TG

AG
AA

CA
CA

C
at
hm

iR
39
8c
5p

21
TG

CC
AA

AG
GA

GA
TT
TG

TC
CG

G
bn
am

iR
39
9c

21
TT
TC
CC
GT

AA
AG

CT
TA

GA
AC

C
br
am

iR
95
55
a3
p

21
CA

CG
TG

CT
CC
AC

TC
CT
CC
AA

C
br
am

iR
16
4a
p3

21
TG

TT
CT
GG

TT
TG

AT
TT
TG

AA
C

br
am

iR
57
18
p5

21
AA

CT
TT
GT

GA
TG

AC
AA

CG
AA

G
at
hm

iR
39
32
b3
p

21
TG

GG
TG

GT
GA

TC
AT

AT
AA

GA
T

at
hm

iR
82
3

21
CG

GT
GG

AT
CT
TG

TT
TT
TT
GT

al
ym

iR
34
37
3p

20
TG

GC
AT

AA
TT
CT
GT

CA
AT

TC
C

al
ym

iR
34
35
5p

21
AG

AT
GT

GG
AG

AT
CG

TG
GG

GA
TG

at
hm

iR
81
67
a

22
GG

GC
AT

CT
TT
CT
AT

TG
GC

AG
G

at
hm

iR
39
9c
5p

21
TG

AT
TC
TC
TG

TG
TA

AG
CG

AA
A

at
hm

iR
17
33
p

21
TT
GG

GG
AC

GA
GA

TG
TT
TT
GT

TG
at
hm

iR
44
7b

22
AG

AG
CT
TT
CT
TC
GG

TC
CA

CT
C

al
ym

iR
31
9b
5p

21
TC
TG

CT
GG

TC
GT

TC
CA

TG
TT
AA

br
am

iR
60
32
3p

22
TG

AA
GA

AG
AT

AC
GC

AA
GA

AA
G

al
ym

iR
83
53
p

21
AA

GA
AC

TC
GT

CT
CT
TA

AC
TT
TT
AA

br
am

iR
95
63
b5
p

24
CC
CT
CA

AT
GA

TG
TT
TT
GA

AG
C

al
ym

iR
34
41
3p

21
AT

GG
GA

CA
TC
GA

GC
AT

TT
AA

T
at
hm

iR
56
66

21
CG

CA
AA

TG
CG

GA
TA

TC
AA

TG
T

at
hm

iR
21
12
5p

21
GC

TT
AC

TC
TC
TC
TC
TG

TC
AC

C
br
am

iR
15
6a
3p

21
TT
CA

GA
GT

CT
AA

AC
AT

GG
TG

T
al
ym

iR
34
42
3p

21
GA

AA
TC
GG

AG
AG

GA
AA

TT
CG

CC
at
hm

iR
29
33
a

22
CC
TG

GG
TT
TG

AG
AT

AA
TT
GA

C
al
ym

iR
86
93
p

21
GT

GG
CA

TC
AT

CA
AG

AT
TC
AC

A
al
ym

iR
17
2a
5p

21
AA

CC
GC

CG
GT

TT
GA

TA
AT

AG
C

br
am

iR
57
24

21
TT
GA

CA
GA

AG
AT

AG
AG

AG
CA

C
bn
am

iR
15
6g

21
AA

AT
CC
AA

TT
TT
CA

TT
GC

TT
AA

al
ym

iR
42
46

22
TG

GC
AG

GA
AA

GA
CA

TA
AT

TT
T

at
hm

iR
56
31

21
GC

AG
CA

TC
AT

TA
AG

AT
TC
AC

A
br
am

iR
17
2d
5p

21
CA

TT
GT

TT
CT
TG

TT
TT
TT
TC
A

al
ym

iR
83
75
p

21
GG

AA
TG

TT
GT

CT
GG

AT
CG

AG
G

at
hm

iR
16
5a
5p

21
GA

GC
TC
CT
TG

AA
GT

TC
AA

TG
G

at
hm

iR
15
9b
5p

21
CA

CG
TA

CT
CC
CC
TT
CT
CC
AA

C
al
ym

iR
16
4a
3p

21
TC
GC

TC
TG

AT
AC

CA
AA

TT
GA

TG
at
hm

iR
84
5b

22
TC
TC
GC

GC
TT
GT

AC
GG

CT
TT

at
hm

iR
56
42
b

20
CT
AT

CG
GT

CT
AC

TT
GG

TC
AG

C
br
am

iR
95
52
b5
p

21
TT
GT

TT
AG

GT
CC
CT
TA

GT
TT
CT

al
ym

iR
84
03
p

22
GC

GT
AC

AA
GG

AG
CC
AA

GC
AT

G
al
ym

iR
16
0c
3p

21
TT
AG

AG
TT
TT
CT
GG

AT
AC

TT
A

at
hm

iR
78
1a

21
TG

CT
CA

CT
GC

TC
TT
TC
TG

TC
AG

A
br
am

iR
15
6f
3p

23
AT

CT
GA

AG
AA

AA
TA

GC
GG

CA
T

at
hm

iR
56
48
3p

21
AT

TA
AC

GC
TG

GC
GG

TT
GC

GG
CA

GC
at
hm

iR
40
4

24
AT

TG
AA

TA
TG

TT
GG

TT
AC

TA
T

at
hm

iR
56
49
a

21
CT
GC

TA
TC
CT
TT
TC
CT
GT

TG
CA

al
ym

iR
85
35
p

22
CA

CT
TA

TC
TC
AA

CC
CT
AG

TG
A

al
ym

iR
86
95
p

21
TT
GT

TT
TG

GA
TC
TT
AG

AT
AC

A
at
hm

iR
56
50

21
GG

GT
TG

AT
AT

GA
GG

AC
AC

AT
G

al
ym

iR
39
8b
5p

21
TT
GG

GG
TT
TC
GA

AA
TC
AA

GA
G

al
ym

iR
34
39
5p

21
CA

CG
TG

CT
CC
CC
TC
CT
CC
AA

C
br
am

iR
16
4e
3p

21
GA

CT
TA

TA
AT

GA
TC
TC
AT

GA
A

br
am

iR
40
03
p

21
TT
TT
CT
TC
TA

CT
TC
TT
GC

AC
A

at
hm

iR
83
8

21
AC

CG
GT

TG
GA

AC
TT
GC

CT
TA

A
at
hm

iR
50
27

21
TT
GC

TT
AA

AG
AT

TT
TC
TA

TG
T

at
hm

iR
81
70
3p

21
TA

GC
CA

AG
GA

TG
AC

TT
GC

CT
G

at
hm

iR
16
9h

21
TC
AA

TA
GA

TT
GG

AC
TA

TG
TA

T
at
hm

iR
86
0

21
TG

AG
CC
TC
TG

TG
GC

AG
CC
CT
C

al
ym

iR
77
15
p

21
CA

TC
CA

TA
TT
TT
CA

TC
TC
GA

A
at
hm

iR
77
4b
3p

21
CG

TA
CA

AG
GA

GT
CA

AG
CA

TG
A

at
hm

iR
16
0c
3p

21
TA

AT
TC
CA

CC
AA

TA
AC

TT
CA

GC
al
ym

iR
85
65
p

22
AA

GT
AG

AC
AC

AT
AA

GA
AG

GA
G

at
hm

iR
56
55

21
GG

AG
AT

TC
TT
TC
AG

TC
CA

GT
C

al
ym

iR
31
9c
5p

21
TT
TT
CT
TC
TT
CT
TC
TT
GC

AC
A

al
ym

iR
83
83
p

21
CG

TG
AC

GA
AC

AT
AA

TC
AA

AC
G

al
ym

iR
34
47
5p

21
TT
GT

GA
TT
TG

GT
TG

GA
AT

AT
C

br
am

iR
57
20

21
TC
AA

TA
GA

TT
GG

AC
TA

TA
TA

T
al
ym

iR
86
03
p

21
CC
TT
GG

AG
AA

AT
AT

GC
GT

CA
A

at
hm

iR
86
15
p

21
GC

TC
TC
TA

TA
CT
TC
TG

TC
AC

C
at
hm

iR
15
7c
3p

21
CA

AA
TT
AA

AG
CT
TC
AA

GG
TA

G
at
hm

iR
82
93
p

21
AA

TG
TG

CT
GC

AA
TA

TC
TC
TG

C
br
am

iR
57
23

21
CT
GA

AG
CT
AG

TG
AA

AG
AG

AG
A

br
am

iR
95
65
3p

21
GC

AG
CA

CC
AT

CA
AG

AT
TC
AC

A
al
ym

iR
17
2b
5p

21
TT
TG

AG
TG

TG
TT
TG

TT
AT

GA
A

al
ym

iR
34
47
3p

21
GA

TG
GA

TA
TA

TC
TT
CA

AG
AA

C
al
ym

iR
86
13
p

21
AC

TT
TG

AA
GC

TT
TG

AT
TT
GA

A
at
hm

iR
82
95
p

21
AC

CA
TG

TT
TA

GA
CT
CT
GA

AT
T

al
ym

iR
34
42
5p

21
CA

AC
AA

CG
AT

TT
TT
GG

GT
CG

TT
al
ym

iR
34
36
3p

22
TC
GC

TT
GG

TG
CA

GG
TC
GA

GA
A

bn
am

iR
16
8b

21
TT
TG

CT
TC
CA

GC
TT
TT
GT

CT
C

at
hm

iR
77
3a

21
TT
GG

AT
AA

TT
GA

AG
AT

AT
AA

A
br
am

iR
57
16

21
CA

CC
AA

CC
TC
TC
AT

CG
TT
CC
C

al
ym

iR
83
95
p

21
AG

AA
TC
TT
GA

TG
AT

GC
TG

CA
G

bn
am

iR
17
2d

21
AA

AT
TA

AG
AG

AT
GA

AT
TC
TT
AC

br
am

iR
95
63
b3
p

22
AG

GC
TT
AG

AA
GA

AC
GT

TT
GT

T
br
am

iR
57
13

21
TG

AT
TT
TA

CA
AT

AG
AT

AG
AT

A
al
ym

iR
85
93
p

21
TA

TG
AT

CA
TC
AG

AA
AA

CA
GT

G
at
hm

iR
56
33

21
AG

AA
GC

GT
AC

AA
GG

AG
AT

GA
GG

at
hm

iR
83
15
p

22
TG

GA
GG

CA
GC

GG
TT
CA

TC
GA

TC
at
hm

iR
16
2a
5p

22
GG

GC
GA

AT
CC
TC
TA

TT
GG

CA
GG

al
ym

iR
39
9e
5p

22
AA

GA
GG

TT
CG

GA
GC

GG
TT
TG

AA
GC

bn
am

iR
60
31

24
TT
TC
AT

CT
TA

GA
GA

AT
GT

TG
TT

br
am

iR
94
08
3p

22
GA

TG
AG

GA
TA

GG
GA

GG
AG

GA
G

at
hm

iR
85
4a

21
CT
TC
TT
AA

GT
GC

TG
AT

AA
TG

T
al
ym

iR
86
83
p

21
AG

AT
AG

AA
AG

CA
AT

CT
GG

AT
A

al
ym

iR
34
49
3p

21
TT
TC
CA

AA
TG

TA
GA

CA
AA

GC
A

br
am

iR
15
83
p

21
GG

AG
GC

AG
CG

GT
TC
AT

CG
AT

C
br
am

iR
16
25
p

21
TT
GG

AC
TG

AA
GG

GA
GC

TC
CT
T

at
hm

iR
31
9c

21
CC
GT

AT
CT
TG

GC
CT
TG

TC
AT

T
at
hm

iR
50
24
3p

21
TT
AG

AT
GA

CC
AT

CA
AC

AA
AC

G
al
ym

iR
82
73
p

21
TT
AG

GG
TA

GT
TA

AC
GG

AA
GT

TA
at
hm

iR
56
29

22
TG

GA
GA

AG
CA

GG
GC

AC
GT

GC
A

bn
am

iR
16
4a

21
AA

AC
TA

TA
TG

TG
TT
GC

TT
AG

A
br
am

iR
95
67
3p

21
AT

CA
TG

CT
AT

CT
CT
TT
GG

AT
T

at
hm

iR
39
3a
3p

21
AA

CA
TG

GA
GC

AT
CA

AC
AG

AT
C

br
am

iR
60
32
5p

21
GC

TC
AC

TC
TC
TT
TC
TG

TC
AT

A
al
ym

iR
15
6d
3p

21

Kn
ow

n 
m

iR
NA

s (
m

iR
ba

se
) &

 si
ze

 (n
t)



  

 

  TG
GA

GA
AG

CA
GG

GC
AC

GT
GC

G
bn
am

iR
16
4d

21
AT

AG
TA

CT
AG

TA
CT
TG

CA
TG

AT
CA

bn
am

iR
60
36

24
TT
GT

GA
TG

AT
AA

TA
CG

AC
TT
C

br
am

iR
57
19

21
AT

CA
TG

CG
AT

CT
CT
TT
GG

AT
T

at
hm

iR
39
3b
3p

21
TC
CG

TT
AT

TT
CC
GC

AT
GC

TC
C

al
ym

iR
42
39

21
GT

TC
GA

GG
CA

CG
TT
GG

GA
GG

at
hm

iR
56
46

20
AT

AC
CA

AA
AC

TC
TC
TC
AC

TT
T

at
hm

iR
56
38
a

21
AT

TT
GA

GT
CA

TG
TC
GT

TA
AG

at
hm

iR
56
45
a

20
CT
TC
TT
AA

GT
GC

TG
AT

AA
TG

C
at
hm

iR
86
83
p

21
TC
AA

AA
TC
AG

AG
AA

TC
AA

CC
A

al
ym

iR
34
34
3p

21
GG

AA
TG

TT
GT

CT
GG

CA
CG

AG
G

at
hm

iR
16
6e
5p

21
AG

AA
GG

AC
TA

GT
AA

GA
TG

GC
T

al
ym

iR
84
45
p

21
GT

TT
GG

AG
AA

AT
AT

GC
AT

CA
T

al
ym

iR
86
15
p

21
TC
AT

TG
AG

TG
CA

TC
GT

TG
AT

G
at
hm

iR
39
7b

21
TG

GT
TT
CC
CT
GG

CC
AA

TC
CA

CT
al
ym

iR
34
40
5p

22
AT

GA
AT

TT
GG

AT
CT
AA

TT
GA

G
at
hm

iR
86
55
p

21
TG

CC
TG

GC
TC
CC
TG

TA
TG

CC
A

bn
am

iR
16
0c

21
TA

GA
AT

GC
TA

TT
GT

AA
TC
CA

G
at
hm

iR
40
6

21
CC
AT

CT
TA

CT
AG

TC
TT
TC
TT
T

al
ym

iR
84
43
p

21
AA

AC
GA

AC
AA

GA
AA

CT
GA

TG
A

al
ym

iR
83
73
p

21
AA

CG
AC

TT
CA

TC
TT
CT
TT
GC

T
al
ym

iR
34
41
3p

21
TA

AT
TT
GG

TG
TT
TC
TT
CG

AT
C

at
hm

iR
87
03
p

21
TT
TG

GA
AA

TA
TT
TG

GC
TT
GA

CT
at
hm

iR
56
48
5p

22
TC
AC

AG
TT
CT
TG

AT
TA

CC
CA

C
al
ym

iR
34
33
3p

21
CC
CC
TT
AC

AA
TG

TC
GA

GT
AA

A
at
hm

iR
44
7c
5p

21
AA

TG
GA

GG
CA

AG
TG

TG
AA

GG
A

at
hm

iR
81
65

21
TT
TA

AA
TC
AT

AT
AC

TT
TT
GG

T
at
hm

iR
40
7

21
GC

TG
AT

TC
TC
TG

AT
TT
TG

AA
C

al
ym

iR
34
34
5p

21
TT
TG

GT
CT
GA

TT
AC

GA
AT

GT
A

at
hm

iR
81
84

21
TT
CT
TC
GT

GA
AT

AT
CT
GG

CA
T

at
hm

iR
78
0

21
TA

AA
CT
CC
TC
GT

AC
TC
TT
CT
TG

al
ym

iR
83
13
p

22
GA

CT
TA

TA
AT

AA
TC
TC
AT

GA
A

al
ym

iR
40
03
p

21
GG

GC
GC

CT
CT
CC
AT

TG
GC

AG
G

al
ym

iR
39
9b
5p

21
GG

GC
AA

AT
AC

TC
CA

TT
GG

CA
GA

al
ym

iR
39
9i
5p

22
TC
TC
TC
CG

TT
GT

AA
AA

TC
AA

A
al
ym

iR
85
95
p

21
AG

AT
GC

TC
AT

TT
GA

GC
AA

GC
AA

al
ym

iR
82
83
p

22
TG

GA
GT

AG
AA

AA
TG

CA
GT

CG
T

bn
am

iR
60
35

21
AA

CC
TA

TT
TA

AC
GA

CA
TG

AC
T

at
hm

iR
56
45
c

21
CT
TG

AT
AG

TG
AG

AA
AG

AC
CC
A

al
ym

iR
34
45
3p

21
TT
TT
GG

AA
AT

TT
GT

CC
TT
AC

G
at
hm

iR
42
6

21
TC
AT

AT
TA

GT
TC
TA

CC
TC
CT
GC

TG
br
am

iR
95
60
b3
p

24
AA

AG
TT
AA

CT
AT

GG
CA

TT
CC
C

al
ym

iR
42
42

21
TT
CT
CG

AG
AA

GG
TG

CA
TG

AA
C

al
ym

iR
82
53
p

21
GT

TC
CC
TT
TA

AC
GC

TT
CA

TT
G

al
ym

iR
39
5b
5p

21
TT
TT
AC

TG
CT
AC

TT
GT

GT
TC
C

at
hm

iR
50
12

21
TC
TA

GA
TT
GC

TT
TC
GG

TC
TG

T
al
ym

iR
34
49
5p

21
AC

AA
AC

AC
CT
TG

GA
TG

TT
CT
T

at
hm

iR
78
2

21
GA

AT
GA

TA
CT
TG

GA
TA

TA
AT

C
br
am

iR
95
54
5p

21
TG

GG
TT
GA

GT
TG

AG
TT
GA

GT
TG

GC
at
hm

iR
56
53

24
TC
TT
GA

TG
AA

GA
GG

AA
TG

GA
A

al
ym

iR
84
75
p

21
TA

AT
CT
GC

AT
CC
TG

GG
GT

TT
A

bn
am

iR
21
11
c

21
TT
TT
CC
TC
TG

TT
GA

AT
TC
TT
GC

at
hm

iR
42
21

22
AC

TC
AT

AA
GA

TC
GT

GA
CA

CG
T

at
hm

iR
50
26

21
CA

AC
TG

AG
CT
TC
CT
CA

TC
TC
T

al
ym

iR
42
24

21
GG

CA
AG

TT
GT

CC
TT
CG

GC
TA

CA
at
hm

iR
16
9b
3p

22
GG

CA
AT

AA
CT
TG

AG
CA

AA
CA

at
hm

iR
77
3b
5p

20
CA

TT
AA

TT
TG

TT
CC
CC
TC
CT
A

al
ym

iR
42
36

21
CG

GC
TC
TG

AT
AC

CA
GT

TG
AT

G
al
ym

iR
84
5a
3p

21
AT

AG
TT
TC
TC
TT
GT

TC
TG

CA
C

at
hm

iR
41
3

21
AG

CT
CT
GA

TA
CC
AA

AT
GA

TG
GA

AT
at
hm

iR
82
93
p

24
TC
TA

GC
AG

CT
GT

TG
AG

CA
GG

T
at
hm

iR
78
0

21
TT
TT
GC

GT
TT
CA

AC
TC
GG

TC
C

br
am

iR
95
57
5p

21
GG

AA
TG

TT
GT

TT
GG

CT
CG

AA
G

Bn
am

iR
16
6a
*

21
GC

AA
GT

TG
AC

TT
TG

GC
TC
TG

T
Bn

am
iR
16
9n

21
TC
TT
TC
TG

CA
AA

CG
CC
TT
GG

A
at
hm

iR
29
34
5p

21
TG

AC
AG

AA
GA

AA
GA

GA
GC

AC
at
hm

iR
15
6h

20
CA

GC
CA

AG
GA

TG
AC

TT
GC

CG
G

bn
am

iR
16
9n

21
TG

TT
GG

GA
AA

GA
AA

AA
CT
CT
T

at
hm

iR
50
19

21
TA

CT
TA

AT
TA

TA
AG

TC
GT

CT
GG

bo
lm

iR
94
10

22
TC
AT

AT
CC
AA

GT
AT

CA
TT
CC
T

br
am

iR
95
54
3p

21
TT
TG

TG
AC

AT
CT
AG

GT
GC

TT
T

at
hm

iR
50
13

21
TT
TG

TT
GA

TT
GA

CA
TC
TA

TA
C

al
ym

iR
82
75
p

21
TA

GC
CA

AA
GA

TG
AC

TT
GC

CT
G

al
ym

iR
16
9n
5p

21
GC

AT
CA

TC
AT

CA
AG

AT
TC
AG

A
br
am

iR
17
2c
5p

21
CA

GC
CA

AG
GA

TG
AC

TT
GC

CG
A

bn
am

iR
16
9a

21
GG

AG
TG

TC
AT

GA
GA

AC
AC

GG
A

bo
lm

iR
39
8a
5p

21
TT
TT
CT
TG

GC
CC
AT

CC
AC

TT
C

at
hm

iR
34
40
b5
p

21
AG

AA
GA

GG
TA

CA
AG

GA
GA

TG
AG

A
al
ym

iR
83
15
p

23
AT

AG
CA

AA
TC
GA

TA
AG

CA
AT

G
at
hm

iR
81
70
5p

21
GA

AT
CG

AT
GG

TT
AA

AC
AA

CA
C

al
ym

iR
42
25

21
AT

GT
AA

CG
CA

TG
TT
GT

TT
TC
T

al
ym

iR
82
25
p

21
CT
TT
GT

CT
AC

AA
TT
TT
GG

AA
A

at
hm

iR
15
8a
5p

21
CT
AT

CG
GT

CT
AC

TC
GG

TC
AG

C
br
am

iR
95
52
a5
p

21
TG

AG
AG

AA
GG

AA
TT
AG

AT
TC
A

at
hm

iR
56
40

21
CA

AC
TT
AA

AA
TC
AG

TT
GG

CA
AT

al
ym

iR
42
34

22
AG

AC
TC
TA

CG
AC

AT
CA

AG
AA

AC
br
am

iR
57
14

22
CG

CT
GT

CC
AT

CC
TG

AG
TT
TC
A

br
am

iR
39
03
p

21
TT
GA

AC
AT

GG
TT
TA

TT
AG

GA
A

at
hm

iR
86
7

21
GC

TT
AC

TC
TC
TT
CT
TG

TC
TC
C

al
ym

iR
15
6g
3p

21
AA

TA
AA

GC
TG

TG
GG

AA
GA

TA
C

Bn
am

iR
39
6

21
GA

CT
TT
AG

CA
AC

AA
CG

AT
TT
C

al
ym

iR
16
35
p

21
AC

AA
TG

AA
CG

AA
AT

CC
AA

AT
C

br
am

iR
95
59
3p

21
TG

GC
AT

GG
AA

GA
AG

GT
GA

GA
C

at
hm

iR
50
20
c

21
AA

TT
AA

AG
AT

TT
CA

TC
TT
AC

T
at
hm

iR
18
86
.3

21
AC

AT
AT

GA
TC
TG

CA
TC
TT
TG

C
at
hm

iR
59
95
b

21
TG

CC
AA

AG
GA

GA
TT
TG

CC
CC
G

at
hm

iR
39
9d

21
GC

TA
AG

AG
CG

GT
TC
TG

AT
GG

A
at
hm

iR
56
30
b

21
TT
TG

TC
TA

CA
AT

TT
TG

GA
AA

al
ym

iR
15
8b
5p

20
TT
CA

AA
GC

AT
CT
TT
GA

AG
GA

A
al
ym

iR
34
41
5p

21
TG

AA
GC

TG
CC
AG

CA
TG

AT
CT
GG

at
hm

iR
16
7d

22
TG

AG
AT

GA
AA

TC
TT
TG

AT
TG

G
at
hm

iR
18
86

21
TA

AC
TA

TT
TT
GA

GA
AG

AA
GT

G
at
hm

iR
83
03
p

21
CA

AC
CG

GA
AA

GG
GG

AG
CA

GC
A

al
ym

iR
85
33
p

21
AA

TG
CG

CA
AC

TC
TA

TA
TT
TC
C

at
hm

iR
56
37

21
TT
CT
TG

CA
TA

TG
TT
CT
TT
AT

C
at
hm

iR
83
55
p

21
TT
GA

TT
CC
CA

AT
CC
AA

GC
AA

G
at
hm

iR
83
23
p

21
GT

CA
TG

GG
GT

AT
GA

TC
GA

AT
G

at
hm

iR
50
22

21
TC
CC
AA

AT
GT

AG
AC

AA
AG

C
al
ym

iR
15
8b
3p

19
TT
TA

GT
TG

AC
GG

AA
TT
GT

GG
C

at
hm

iR
81
83

21
GA

CC
TC
AG

GA
TG

CG
GA

TT
AC

C
br
am

iR
21
11
3p

21
TG

AA
TG

AT
GC

CT
GG

CT
CG

AG
A

al
ym

iR
16
6h
5p

21
AC

AA
AA

TC
CG

TC
TT
TG

AA
GA

at
hm

iR
86
63
p

20
TC
TA

AG
TC
TT
CT
AT

TG
AT

GT
T

at
hm

iR
77
6

21
TG

TT
AG

TC
TG

AA
CT
CG

GT
CT
AG

T
al
ym

iR
83
35
p

23
CG

AG
TT
CC
AG

CC
TC
CT
CA

GA
al
ym

iR
16
35
p

20
CA

AA
TC
AA

AT
CT
TC
AA

GG
TA

C
al
ym

iR
82
93
p

21
TG

TT
TT
GT

GC
TT
GA

AT
CT
AA

TT
at
hm

iR
40
35
p

22
AC

AA
AA

CG
AT

TA
CA

CA
GC

TC
GG

TC
br
am

iR
95
64
5p

24
TT
CT
AA

TC
CC
GC

CA
TG

CA
CC
G

al
ym

iR
34
43
5p

21
AT

GT
AG

TC
CA

AT
CT
AT

TG
AA

G
br
am

iR
86
05
p

21
TA

GA
CC
GA

TG
TC
AA

CA
AA

CA
AG

at
hm

iR
83
3a
3p

22
AG

AA
CA

AA
GG

CG
CT
TA

TC
TT
AT

al
ym

iR
85
25
p

22
TG

GA
AG

AT
GC

TT
TG

GG
AT

TT
AT

T
at
hm

iR
56
54
3p

23
CT
TG

AG
AG

AG
AG

AA
CA

CA
GA

CG
at
hm

iR
29
36

22
TG

CT
CA

CC
TC
TC
TT
TC
TG

TC
AG

T
br
am

iR
15
6e
3p

23
GG

AA
TC
TT
GA

TG
AT

GC
TG

CA
T

bn
am

iR
17
2b

21
GG

CA
AG

TT
GT

CC
TT
GG

CT
AC

A
al
ym

iR
16
9a
3p

21
TT
CG

AG
GC

CT
AT

TA
AA

CC
TC
TG

at
hm

iR
40
2

22
AC

TT
GG

CT
GA

TT
CT
AT

TA
TT

at
hm

iR
34
34
5p

20
TG

GT
AA

GA
TT
GC

TT
AT

AA
GC

T
at
hm

iR
84
45
p

21
AC

AG
TT
TG

TG
TT
TT
GT

TT
TG

T
at
hm

iR
59
98
a

21
TT
GA

AT
TG

AA
GT

GC
TT
GA

AT
T

at
hm

iR
84
63
p

21
TA

AA
CA

AC
AC

AT
AT

AG
TT
TG

C
br
am

iR
95
67
5p

21
TG

TA
TC
CT
AA

TA
TT
AG

AC
CC
C

al
ym

iR
42
47

21
TA

GG
TC
AT

GC
TG

GT
AG

TT
TC
AC

C
at
hm

iR
16
7c
3p

23
TT
TA

GG
TC
GA

GC
TT
CA

TT
GG

A
at
hm

iR
84
3

21
GC

AA
CA

TC
TT
CA

AG
AT

TC
AG

A
at
hm

iR
17
2d
5p

21
AT

CA
TG

CG
AT

CT
CT
TC
GG

AT
T

Bn
am

iR
39
3*

21
TG

AC
CA

AG
TA

GA
CC
GA

TA
GT

C
br
am

iR
95
52
a3
p

21
AT

AG
GT

GG
GC

CA
GT

GG
TA

GG
A

at
hm

iR
81
71

21
GG

AG
CA

TC
AT

CA
AG

AT
TC
AC

A
al
ym

iR
17
2c
5p

21
GT

CA
AT

TG
GT

GA
TA

GT
AG

TT
C

br
am

iR
95
56
5p

21
GG

GC
AA

GA
TC
TC
TA

TT
GG

CA
GG

al
ym

iR
39
9h
5p

22
GG

TC
AT

TT
GA

GA
AC

TG
TG

AT
G

al
ym

iR
34
33
5p

21
TG

AA
TT
TG

AG
AA

GT
TG

AG
GT

A
al
ym

iR
42
49

21
TT
AG

AT
TC
AC

GC
AC

AA
AC

TC
G

bn
am

iR
40
3

21
CT
GA

AG
TG

TT
TG

GG
GG

AA
CT
C

bn
am

iR
39
5b

21
TT
GT

GC
GG

TT
CA

AA
TA

GT
AA

C
at
hm

iR
56
51

21
CT
TT
CT
CG

GC
AC

TT
GA

GG
AT

GT
al
ym

iR
86
85
p

22
TT
TT
GT

TC
AT

GA
CT
GC

AT
TT
TC

bo
lm

iR
94
09

22
AC

AC
TA

AA
GG

AC
CT
AA

AC
TA

AC
al
ym

iR
84
05
p

22
TA

CA
AG

AT
GC

AT
TC
GA

GC
AA

TA
al
ym

iR
42
26

22
TC
TA

CT
TT
CA

CC
AA

TT
GG

CC
T

br
am

iR
95
56
3p

21
AA

GG
AG

TG
GC

AT
GT

GA
AC

AC
A

at
hm

iR
39
8a
5p

21
AT

CC
TC
GG

GA
TA

CA
GT

TT
AC

C
at
hm

iR
21
11
b3
p

21
CA

CG
TG

TT
CT
AC

TA
CT
CC
AA

C
br
am

iR
16
4c
3p

21
TA

AG
TT
AA

GA
TT
TG

TG
AA

GA
A

at
hm

iR
18
88
a

21
AT

TG
GT

TC
AA

TT
CT
GG

TG
TT
G

at
hm

iR
86
9

21
TT
CG

TT
GT

CT
GT

TC
GA

CC
TT
G

at
hm

iR
85
8b

21
AA

TT
GA

CA
GT

AT
TA

TG
CC
AG

A
al
ym

iR
34
35
3p

21
TT
GG

CC
TA

TT
GA

AC
CT
CT
GT

TT
al
ym

iR
40
25
p

22
TG

GT
CT
TT
GT

TT
GC

GA
CC
CA

TA
CG

al
ym

iR
85
15
p

24
TG

CG
GT

GC
GG

GA
GA

AG
TG

C
at
hm

iR
81
80

19
AT

AA
AT

CC
CA

AC
AT

CT
TC
CA

at
hm

iR
56
54
5p

20
GG

TC
TT
TC
TC
CC
TA

TC
AA

GC
G

al
ym

iR
34
45
5p

21
CA

CA
TC
AT

CA
AC

AT
CA

AC
TC
C

al
ym

iR
42
33

21
TG

CG
GG

AA
GC

AT
TT
GC

AC
AT

G
at
hm

iR
82
25
p

21
TC
TT
CA

CT
AT

TA
GA

CG
GA

CA
A

at
hm

iR
59
99

21
TC
AG

CG
TT
GC

AT
TC
AA

TT
AT

G
al
ym

iR
39
7b
3p

21
TG

AC
AG

AA
GA

GA
GA

GA
GC

AC
at
hm

iR
15
6j

20
TT
TT
GT

AT
GT

TG
AA

GG
TG

TA
T

at
hm

iR
85
7

21
AA

GC
TC
AG

GA
GG

GA
TA

GC
GC

C
bn
am

iR
39
0c

21
TC
CC
CT
CT
TT
AG

CT
TG

GA
GA

AG
at
hm

iR
85
3

22
CT
GA

AG
TG

TT
TG

GA
GG

AA
CT
C

al
ym

iR
39
5i

21
GC

TG
AG

TT
GG

AA
CG

CA
AA

AT
C

br
am

iR
95
57
3p

21
AT

AG
AC

AG
AG

TC
AC

TC
AC

AG
A

at
hm

iR
81
69

21
TG

AA
GC

TG
CC
AG

CA
TG

AT
CT

bn
am

iR
16
7d

20
TC
TG

AT
TT
TC
GA

AG
TC
CC
AA

AA
al
ym

iR
34
39
3p

22
GG

CA
AG

TT
GT

CC
TT
GG

CT
AC

at
hm

iR
16
9a
3p

20
AG

GT
GC

TG
AG

TG
TG

CT
AG

TG
C

at
hm

iR
81
68

21

Kn
ow

n 
m

iR
NA

s (
m

iR
ba

se
) &

 si
ze

 (n
t)



  

 

  CA
GG

TG
GT

TA
GT

GC
AA

TG
GA

A
at
hm

iR
56
60

21
TA

CG
AC

CC
AC

TG
GA

AA
CT
AA

A
al
ym

iR
84
1

21
AA

GA
TA

AG
CG

CC
TT
AG

TT
CT
GA

al
ym

iR
85
23
p

22
CG

AA
AC

TG
GT

GT
CG

AC
CG

AC
A

at
hm

iR
40
1

21
AC

AG
CC
TA

AA
CC
AA

TC
GG

AG
C

bn
am

iR
11
40

21
TG

AT
TG

AG
CC
GC

GC
CA

AT
AT

CT
bn
am

iR
17
1g

22
AG

AG
CT
TC
CT
TG

AG
TC
CA

TT
C

br
am

iR
31
95
p

21
TA

CG
AG

CC
AC

TG
GA

AA
CT
GA

A
at
hm

iR
84
1b
5p

21
GG

GC
GA

AT
AC

TC
CT
AT

GG
CA

GA
al
ym

iR
39
9d
5p

22
AT

GA
GT

TG
GG

TC
TA

AC
CC
AT

AA
CT

at
hm

iR
40
5b

24
CG

AT
GA

AG
GT

CT
TT
GG

AA
CG

GT
A

at
hm

iR
56
59

23
TG

GA
TT
GG

TC
AA

GA
GA

AC
CG

CA
al
ym

iR
34
40
3p

22
TG

TG
GG

TG
GC

AA
AC

AA
AG

AC
GA

CA
al
ym

iR
85
13
p

24
TG

AT
TG

AG
CC
GC

GC
CA

AT
AT

C
bn
am

iR
17
1f

21
AA

GA
TA

AG
CG

CC
TT
AG

TT
CT
G

at
hm

iR
85
2

21
AC

AT
GC

TG
GA

TC
TA

CT
TG

AA
G

al
ym

iR
86
23
p

21
TC
AA

TG
CA

TT
GA

AA
GT

GA
CT
A

at
hm

iR
16
1

21
AT

AT
GC

TG
GA

TC
TA

CT
TG

AA
G

at
hm

iR
86
23
p

21
AC

TT
TG

AA
TC
TT
TG

AT
TT
GA

A
al
ym

iR
82
95
p

21
TG

AC
AG

AA
GA

GA
GT

GA
GC

AC
A

bn
am

iR
15
6a

21
GG

GC
TC
CT
TA

TA
GT

TC
AA

AC
G

Bn
am

iR
15
9*

21
AC

AT
TT
TA

TT
TT
TG

GC
AA

TC
A

al
ym

iR
42
48
b

21
AG

AT
AT

GG
GT

GA
CT
AA

TA
CT
T

al
ym

iR
77
4a
5p

21
TG

AG
AG

AA
GT

GA
GA

TG
AA

AT
C

at
hm

iR
18
86

21
AT

CC
TC
GG

GA
TA

CG
GA

TT
AC

C
br
am

iR
21
11
b3
p

21
AT

AA
GA

GC
TG

TT
GA

AG
GA

GT
C

at
hm

iR
29
37

21
TG

AG
TC
TC
TC
AC

CA
GT

CT
TT
CA

C
br
am

iR
95
61
5p

23
TG

AG
AT

GA
AG

AT
TT
GG

AT
GA

C
al
ym

iR
77
4b
5p

21
GC

AA
GT

TG
AC

CT
TG

GC
TC
TG

C
at
hm

iR
16
9f
3p

21
AC

AG
GT

GG
TG

GA
AC

AA
AT

AT
GA

GT
br
am

iR
95
60
b5
p

24
GG

GC
AA

GA
TC
AC

CA
TT
GG

CA
GA

al
ym

iR
39
9f
5p

22
TC
CA

CC
CA

TA
CC
AT

AC
AG

AC
CC

bn
am

iR
60
30

22
GA

AT
GT

TG
TT
TG

GA
TC
GA

GG
al
ym

iR
16
5b
5p

20
TG

GG
TG

GC
AA

AC
AA

AG
AC

GA
C

at
hm

iR
85
13
p

21
AA

AG
TA

TA
AT

GG
TT
TA

GT
GG

TT
TG

at
hm

iR
81
21

24
GT

TC
TC
CC
GA

AC
AC

TT
CA

TT
G

al
ym

iR
39
5d
5p

21
TA

AC
TA

AA
CA

TT
GG

TG
TA

GT
A

at
hm

iR
84
9

21
AC

CC
GT

CT
CT
TA

AT
TT
TT
AA

C
br
am

iR
95
63
a5
p

21
GT

GT
GA

TG
AT

GT
GT

CA
TT
TA

TA
at
hm

iR
81
77

22
TA

CA
TC
TT
CT
CC
GC

GG
AA

GC
TC

br
am

iR
18
85
b

22
GC

AA
GT

TG
AC

CT
TG

GC
TC
TG

T
al
ym

iR
16
9e
3p

21
AG

GC
TT
TT
AA

GA
TC
TG

GT
TG

C
at
hm

iR
56
43
b

21
TC
AT

AT
TA

GT
TC
TA

CC
TC
CT
GT

TG
br
am

iR
95
60
a3
p

24
CG

AG
CA

AA
AA

TC
AT

TG
TT
GA

T
al
ym

iR
34
36
5p

21
TG

AC
AT

CC
AG

AT
AG

AA
GC

TT
TG

at
hm

iR
59
96

22
TA

GA
CC
TT
TG

TG
TT
GC

CA
TC
G

al
ym

iR
42
31

21
CC
CG

TC
TT
GT

AT
CA

AC
TG

AA
T

at
hm

iR
16
8b
3p

21
TC
AC

TC
CT
CT
TC
TT
CA

TG
AT

G
al
ym

iR
84
73
p

21
TG

AT
TG

GA
AA

TT
TC
GT

TG
AC

T
at
hm

iR
77
9

21
TC
GA

TT
GG

TG
TC
AG

AG
CC
AC

G
al
ym

iR
84
5a
5p

21
TT
AG

AA
AC

TT
GC

AA
TT
AT

AT
A

br
am

iR
95
55
b3
p

21
GC

TC
TC
TA

GC
CT
TC
TG

TC
AT

CA
al
ym

iR
15
7a
3p

22
TT
AG

GC
TA

AG
AT

TT
GT

GA
AG

A
at
hm

iR
18
88
b

21
TC
AA

GC
AC

CA
GC

TC
GA

AG
AA

GC
al
ym

iR
82
55
p

22
TT
TG

GA
TT
GA

AG
GG

AG
CT
CC
T

at
hm

iR
15
9c

21
TT
TG

GA
TT
GA

AG
GG

AG
CT
CT
T

at
hm

iR
15
9b
3p

21
TG

AC
CG

AG
TA

GA
CC
GA

TA
GT

C
br
am

iR
95
52
b3
p

21
TA

AT
CC
TA

CC
AA

TA
AC

TT
CA

GC
at
hm

iR
85
6

22
TT
CT
TG

TG
GA

TT
CC
TT
GG

AA
A

at
hm

iR
50
16

21
TC
AC

TC
CT
CT
TC
TT
CT
TG

AT
G

at
hm

iR
84
7

21
TG

AG
AT

GA
AG

AT
AT

GG
GT

GA
T

at
hm

iR
77
4b
5p

21
TC
TT
CT
CC
AA

AT
AG

TT
TA

GG
TT

at
hm

iR
83
05
p

22
TC
TG

AG
GA

TT
TT
TT
TT
GT

GG
TC

al
ym

iR
34
48
3p

22
AT

GG
CA

TG
AA

AG
AA

GG
TG

AG
A

at
hm

iR
50
20
b

21
GT

TC
CC
TT
AA

AC
GC

TT
CA

TT
G

al
ym

iR
39
5h
5p

21
TA

AT
GT

GA
TG

AT
GA

AC
TG

AC
C

at
hm

iR
41
8

21
TT
GG

CA
GG

GA
GG

TC
CT
CC
AC

AC
al
ym

iR
42
29

22
GA

TG
GA

TA
TG

TC
TT
CA

AG
GA

C
at
hm

iR
86
13
p

21
CT
TT
GT

CT
AT

CG
TT
TG

GA
AA

AG
br
am

iR
15
85
p

22
GC

GT
AT

GA
GG

AG
CC
AT

GC
AT

A
br
am

iR
16
0a
3p

21
TG

AT
TG

AG
CC
GT

GT
CA

AT
AT

C
at
hm

iR
17
03
p

21
CT
TG

TA
TG

AT
CA

CT
AA

CC
AT

al
ym

iR
82
35
p

20
TG

CT
GG

GA
TC
GG

GA
AT

CG
AA

A
at
hm

iR
83
25
p

21
TG

GA
GC

AT
CA

AC
AG

AT
CT
CG

G
bn
am

iR
60
32

21
AT

TT
CT
AG

TG
GG

TC
GT

AT
TC
A

at
hm

iR
84
1a
3p

21
GC

AG
CA

CC
AT

TA
AG

AT
TC
AC

at
hm

iR
17
2b
5p

20
CG

CT
AT

CC
AT

CC
TG

AG
TT
TC
A

at
hm

iR
39
0a
3p

21
GT

TT
CA

TC
TT
AG

AG
AA

TG
TT
GT

C
bo
lm

iR
94
08

23
TG

CT
TG

TT
CC
CT
GT

CT
CT
CT
C

br
am

iR
40
83
p

21
GC

TC
TC
TT
TC
CT
TC
TG

CC
AC

C
al
ym

iR
15
6h
3p

21
CG

TA
GT

TG
CA

GA
GC

TT
GA

CG
G

at
hm

iR
56
36

21
TT
AA

AG
CT
CC
AC

CA
TG

AG
TC
CA

AT
at
hm

iR
50
18

24
TG

GT
AG

CA
GT

AG
CG

GT
GG

TA
A

at
hm

iR
83
4

21
TT
TG

GA
TT
GA

AG
GG

AG
CT
CT
A

bn
am

iR
15
9

21
TT
TG

GA
AG

GT
GA

TT
GT

TT
GC

T
al
ym

iR
34
45
3p

21
TG

TT
TT
GT

GC
GT

GA
AT

CT
AA

TT
br
am

iR
40
35
p

22
TG

TT
TG

TT
GA

CA
TC
GG

TC
TA

G
at
hm

iR
83
3b

21
AT

CT
GC

CG
AC

TC
AT

CC
AT

CC
A

Bn
am

iR
31
9b
1

21
TA

TG
GA

AG
AA

AT
TG

TA
GT

AT
T

at
hm

iR
44
7a
3p

21
AT

TT
GT

AC
AC

CT
AG

AT
CT
GT

A
at
hm

iR
50
14
b

21
AG

AG
AG

TG
TA

GA
AA

GT
TT
CT
CA

at
hm

iR
81
66

22
AC

AC
AG

GA
AC

AA
TA

CT
AA

CT
CA

TT
br
am

iR
95
69
3p

24
TG

TA
AT

TG
CG

GG
GT

TC
TA

AG
C

br
am

iR
95
55
b5
p

21
AC

GT
GA

TA
AG

CC
TC
TG

AA
GA

A
br
am

iR
57
15

21
TG

GA
AG

AA
GA

TG
AT

AG
AA

TT
A

at
hm

iR
56
41

21
TC
AC

AT
TT
AT

TA
GG

AT
GT

GT
GC

al
ym

iR
42
32

22
TC
GG

AT
GC

GA
AA

CG
GT

GG
TG

T
at
hm

iR
42
28
3p

21
TG

AG
CC
TC
TG

TG
GT

AG
CC
CT
CA

at
hm

iR
77
1

22
AT

GG
AT

CA
TC
TA

GA
TG

GA
GA

T
at
hm

iR
81
72

21
AA

GA
GT

TC
AA

AA
GT

AG
TG

AA
GA

al
ym

iR
42
21

22
GG

AG
TG

TC
AT

GA
GA

AC
AC

AG
A

al
ym

iR
39
8a
5p

21
TC
GA

TA
AA

CC
TG

TG
CA

TC
CA

G
bn
am

iR
16
2a

21
TT
TA

GC
CT
CA

GA
CC
AC

GG
TG

GA
CT

at
hm

iR
56
39
3p

24
TC
CA

TA
GC

TT
CA

TC
TC
TG

AC
C

al
ym

iR
34
38
3p

21
TC
AT

TG
AG

TG
CA

GC
GT

TG
AT

GT
bn
am

iR
39
7a

22
GT

TC
CT
CT
GA

GC
AC

TT
CA

TT
G

br
am

iR
39
5d
5p

21
AT

GA
TG

AT
GA

TG
AT

GA
TG

AA
A

at
hm

iR
56
58

21
TG

GA
AG

AA
GG

TG
AG

AC
TT
GC

A
at
hm

iR
50
20
a

21
TC
GC

TC
TG

AT
AC

CA
AA

TG
AT

G
al
ym

iR
84
5b
3p

21
TC
TC
TC
TG

TT
GT

GA
AG

TC
AA

A
at
hm

iR
85
9

21
CC
GG

TT
TA

GT
CA

CT
TT
CA

C
al
ym

iR
16
13
p

19
AG

CT
AA

GG
AT

TT
GC

AT
TC
TC
A

at
hm

iR
56
63
5p

21
GA

GC
CT
AA

GT
AT

TT
GT

CA
AC

AA
TG

br
am

iR
95
66
3p

24
AC

TA
TG

CA
AT

TG
TG

AA
CA

AA
C

br
am

iR
95
62
5p

21
AG

GT
CA

TC
CT
GC

AG
CT
TC
AG

T
al
ym

iR
16
7d
3p

21
TA

CA
AA

GC
TG

AA
GC

TA
AT

TA
TG

br
am

iR
95
53
5p

22
GA

AC
GC

AT
GA

GA
GG

TT
GG

TG
AA

al
ym

iR
83
93
p

22
TT
CT
GC

TA
TG

TT
GC

TG
CT
CA

T
at
hm

iR
77
9

21
AC

AA
AG

TT
TT
AT

AC
TG

AC
AA

T
at
hm

iR
42
45

21
TC
AT

GT
CG

TA
AT

AG
TA

GT
CA

C
at
hm

iR
86
85
p

21
TG

AA
GA

GG
AC

TT
GG

AA
CT
CG

AT
C

al
ym

iR
16
33
p

23
TT
GG

CA
TT
CT
GT

CC
AC

CT
CC

bn
am

iR
39
4a

20
TC
AA

GG
AT

TA
AG

CT
AT

GA
AG

C
al
ym

iR
34
38
5p

21
TC
CG

AT
TG

GC
TT
TA

GG
CT
GT

TG
br
am

iR
11
40
p5

22
GC

AA
GT

CG
AC

TT
TG

GC
TC
TG

Bn
am

iR
16
1*

20
TG

CC
AA

AG
GA

GA
TT
TG

CC
TC
G

at
hm

iR
39
9e

21
TA

CC
AA

CC
TT
TC
AT

CG
TT
CC
C

at
hm

iR
83
95
p

21
AT

TG
GT

AG
TG

GA
TA

AG
GG

GG
C

at
hm

iR
50
23

21
TG

CA
AG

AA
TG

AG
AA

GC
AA

AG
C

al
ym

iR
83
85
p

21
AA

TG
AG

AG
AG

AA
CA

CT
GC

AA
A

at
hm

iR
50
29

21
GG

TC
AT

GC
TC
TG

AC
AG

CC
TC
AC

T
al
ym

iR
16
7b
3p

23
CG

CT
AT

CC
AT

CC
TG

AG
TT
CC

at
hm

iR
39
0b
3p

20
TA

GC
CA

AG
GA

TG
AC

TT
GC

CT
A

bn
am

iR
16
9d

21
TG

AC
AT

GG
GA

CT
GC

CT
AA

GC
TA

at
hm

iR
84
8

22
TG

AA
AT

AG
AG

TC
AT

GT
GG

AA
CG

br
am

iR
57
22

22
TG

AC
AT

GG
GA

CT
AA

CA
GA

CT
AA

al
ym

iR
84
83
p

22
TG

AT
GT

TA
TT
TG

TG
GT

AT
AA

A
al
ym

iR
85
63
p

21
TC
AA

GT
TT
GA

TG
AC

GA
TT
CC
A

at
hm

iR
56
47

21
TT
CT
AA

GC
TT
TA

CG
GG

AA
AC

C
br
am

iR
95
55
a5
p

21
TG

TC
TC
GG

AA
AT

TT
GC

AC
CC
T

al
ym

iR
42
30

21
CA

TG
TG

CC
CA

TC
TT
CA

CC
AT

C
at
hm

iR
16
4b
3p

21
CA

TC
AA

TG
AA

AG
GT

AT
GA

TT
CC

br
am

iR
18
85
a

22
AA

TT
GG

GT
TT
AT

GC
TA

GA
GT

T
at
hm

iR
50
28

21
AT

GG
TC
GA

AG
TA

GG
CA

AA
AT

C
at
hm

iR
47
25
p

21
AA

TC
GT

TG
AG

GC
TG

AA
GT

CG
T

al
ym

iR
16
33
p

21
AT

TT
GG

CA
CA

AT
CT
GA

TC
TG

C
br
am

iR
57
25

21
GA

TT
CT
CT
GT

GC
AA

GT
GG

AA
G

al
ym

iR
17
3b
3p

21
TC
AC

TG
GT

AC
CA

AT
CA

TT
CC
A

at
hm

iR
42
27

21
TT
GA

GA
GC

AA
CA

AG
AC

AT
AA

T
at
hm

iR
86
33
p

21
TT
GT

TT
AG

GT
CC
CT
TA

GT
TT
C

at
hm

iR
84
03
p

21
AC

AC
TT
AG

TT
TT
GT

AC
AA

CA
T

at
hm

iR
50
14
a5
p

21
AT

AA
AT

CC
CA

AG
CA

TC
AT

CC
A

br
am

iR
56
54
b

21
GA

AA
TA

GC
GA

AG
AT

AT
GA

TT
A

at
hm

iR
56
28

21
TC
AA

TG
CA

CT
GA

AA
GT

GA
CT
A

bn
am

iR
16
1

21
CA

AC
AG

TC
TC
AG

GA
TG

GA
AA

A
br
am

iR
94
08
5p

21
GG

TC
GA

GC
AG

AC
AA

CG
AA

GA
T

al
ym

iR
85
83
p

21
AG

GT
CA

TG
CT
GG

TA
GT

TT
CA

C
al
ym

iR
16
7c
3p

21
GC

TC
AC

TC
TC
TA

TC
TG

TC
AC

C
br
am

iR
15
6b
3p

21
TC
AG

AG
TA

TC
AG

CC
AT

GT
GA

at
hm

iR
34
34
3p

20
TT
GG

TT
AC

CC
AT

AT
GG

CC
AT

C
at
hm

iR
77
4a

21
CG

AA
GA

AA
AT

GA
AG

TC
GT

TT
T

al
ym

iR
34
41
5p

21
TG

CC
AC

TC
TT
TT
AG

CT
TC
CG

AA
TC

al
ym

iR
34
46
3p

24
TT
TG

AC
GT

GC
TC
GA

TC
TG

CT
C

at
hm

iR
39
32
b5
p

21
CT
CG

GA
AG

CT
AG

AC
GT

GT
GG

CA
GG

al
ym

iR
34
46
5p

24
GT

TT
GG

AT
TG

TT
TG

CC
TT
GG

C
br
am

iR
57
17

21
TT
AT

AC
CA

AA
TT
AA

TA
GC

AA
A

at
hm

iR
50
17
3p

21
TG

AG
AA

TG
CA

AA
TC
CT
TA

GC
T

at
hm

iR
56
63
3p

21
TA

TC
TT
TG

AA
CA

AA
CA

GT
TG

A
al
ym

iR
77
3b
5p

21
GA

AG
GT

AG
TG

AA
TT
TG

TT
CG

A
at
hm

iR
41
7

21
AC

TG
AA

GT
AG

AG
AT

TG
GG

TT
T

at
hm

iR
56
56

21
AT

AG
TC
AA

TT
TT
AT

CG
GT

CT
G

at
hm

iR
56
64

21
TC
CC
AA

AT
GT

AG
AC

AA
AG

CA
at
hm

iR
15
8a
3p

20
AA

AG
CC
TT
GA

AC
GC

TG
TC
GT

T
al
ym

iR
42
28

21
GT

GG
GT

TG
CG

GA
TA

AC
GG

TA
at
hm

iR
56
44

20
TC
GG

AC
CA

GG
CT
TC
AT

CC
CC

al
ym

iR
16
5b
3p

20
AT

AG
CC
TT
GA

AC
GC

CG
TC
GT

T
at
hm

iR
42
28
5p

21
TG

CC
AA

AG
GA

GA
TT
TG

CC
CG

G
bn
am

iR
39
9b

21
AA

TT
GT

TC
AT

TC
AA

GG
AT

AT
T

al
ym

iR
77
3b
3p

21
GC

TC
TC
TA

AG
CT
TC
TG

TC
AT

CA
al
ym

iR
15
7b
3p

22
AA

AC
GA

AC
AA

AA
AA

CT
GA

TG
G

at
hm

iR
83
73
p

21

Kn
ow

n 
m

iR
NA

s (
m

iR
ba

se
) &

 si
ze

 (n
t)



  

 

  TG
GA

GA
AG

AT
AC

GC
AA

GA
AA

G
at
hm

iR
83
53
p

21
GG

CA
GT

CT
TC
TT
GG

CT
AT

C
al
ym

iR
16
9m

3p
19

CT
GA

AG
TG

TT
TG

GG
GG

GA
CT
C

bn
am

iR
39
5f

21
TT
GG

AC
TG

AA
GG

GA
GC

TC
CC
T

br
am

iR
31
93
p

21
GA

TC
AT

GT
TC
GT

AG
TT
TC
AC

C
Bn

am
iR
16
7e
*

21
TA

GT
CC
AC

TG
TG

GT
CT
AA

GG
C

at
hm

iR
56
39
5p

21
GC

TC
TC
TA

GC
CT
TC
TG

TC
AT

C
at
hm

iR
15
7a
3p

21
TA

AT
CT
GC

AT
CC
TG

AG
GT

TT
A

bn
am

iR
21
11
a5
p

21
TT
TT
TC
CT
AC

TC
CG

CC
CA

TA
CC

at
hm

iR
47
23
p

22
TT
CA

GG
GA

CT
TC
AA

TT
CA

GA
A

al
ym

iR
84
65
p

21
TC
AT

TT
GT

GC
CA

AT
CA

TT
CT
A

al
ym

iR
42
27

21
TT
CT
CA

AG
AA

GG
TG

CA
TG

AA
C

at
hm

iR
82
5

21
TG

TG
TT
CT
CA

GG
TC
AC

CC
CT
T

bo
lm

iR
39
8a
3p

21
TC
AG

GT
AT

GA
TT
GA

CT
TC
AA

A
at
hm

iR
86
45
p

21
CC
AG

GA
AA

AC
AT

CT
TC
AG

AC
A

al
ym

iR
34
48
5p

21
TA

AC
AG

AG
TA

AT
TG

TA
CA

GT
G

at
hm

iR
81
78

21
TT
CC
AC

AG
CT
TT
CT
TG

AA
CT
T

bn
am

iR
39
6a

21
TG

AA
GC

TG
CC
AG

CA
TG

AT
CT
A

bn
am

iR
16
7c

21
GA

GC
TC
CC
TT
CC
TC
CA

AA
AC

G
al
ym

iR
15
9c
5p

21
AC

AG
AG

TT
CC
GT

AG
AC

CA
CG

G
al
ym

iR
40
23
p

21
GG

AA
TG

TT
GT

CT
GG

CT
CG

AG
G

al
ym

iR
16
6c
5p

21
TG

AG
TT
AT

CA
TT
GG

TC
TT
GT

G
br
am

iR
95
69
5p

21
GC

TC
AC

TG
CT
CT
TT
CT
GT

CA
GA

at
hm

iR
15
6a
3p

22
AT

GC
AC

TG
CC
TC
TT
CC
CT
GG

C
at
hm

iR
40
83
p

21
TA

GC
CA

AG
GA

TG
AC

TT
GC

CT
GC

bn
am

iR
16
9h

22
CG

AG
AC

GA
AG

AT
AT

GG
GT

GA
C

al
ym

iR
77
4a
5p

21
AT

GA
TG

GA
TC
CG

AC
CA

TG
AT

G
al
ym

iR
84
25
p

21
TC
GA

TA
AA

CC
TC
TG

CA
TC
CA

G
br
am

iR
16
23
p

21
TT
GT

TG
AT

TC
CT
TG

GA
GA

TT
G

al
ym

iR
42
44

21
TA

CG
CA

TT
GA

GT
TT
CG

TT
GC

TT
at
hm

iR
77
7

22
CT
GA

AG
TG

TT
TG

GG
GG

GA
CT
T

al
ym

iR
39
5c
3p

21
TG

TT
TT
GT

GC
GT

GA
CT
CT
AA

TT
al
ym

iR
40
3b
5p

22
AC

AC
TG

AA
GG

AC
CT
AA

AC
TA

AC
at
hm

iR
84
05
p

22
TC
TC
GT

TC
TC
TC
GT

TT
CA

GC
T

br
am

iR
95
65
5p

21
AA

AC
GT

AA
AC

AT
AT

AT
AA

TC
GA

al
ym

iR
42
37

22
TT
AT

AA
GC

CA
TC
TT
AC

TA
GT

T
at
hm

iR
84
43
p

21
TT
CG

CT
TG

CA
GA

GA
GA

AA
TC
AC

at
hm

iR
17
35
p

22
AG

AG
GT

AC
AT

CA
TG

TA
GT

CT
G

at
hm

iR
56
61

21
TA

CT
AA

GT
AG

AG
TC
TA

AG
AG

A
at
hm

iR
18
87

21
TT
GA

AA
TT
GT

AG
AT

TT
CG

TA
C

at
hm

iR
42
43

21
TT
CC
AC

AG
CT
TT
CT
TG

AA
CT
G

at
hm

iR
39
6a
5p

21
TT
GA

AA
GT

GA
CT
AC

AT
CG

GG
G

al
ym

iR
16
15
p

21
CG

AG
CT
GT

GT
AA

TC
GT

TT
TG

TT
br
am

iR
95
64
3p

22
TG

GA
CA

AG
GT

TA
GA

TT
TG

GT
G

at
hm

iR
56
57

21
TG

GA
GA

GT
AA

GG
AC

AT
TC
AG

A
bn
am

iR
60
28

21
AT

CC
TC
GG

GA
TA

CA
GA

TT
AC

C
bn
am

iR
21
11
b3
p

21
TT
AT

GA
AT

GC
TG

AG
GA

TG
TT
G

at
hm

iR
41
9

21
AG

AT
AT

TG
GT

GC
GG

TT
CA

AT
C

at
hm

iR
17
1c
5p

21
TT
TC
GT

TG
TC
TG

TT
CG

AC
CT
T

at
hm

iR
85
8a

21
GC

TC
AA

GA
AA

GC
TG

TG
GG

AA
A

br
am

iR
39
63
p

21
TA

AA
CT
AA

TC
AC

GG
AA

AT
GC

A
at
hm

iR
42
0

21
CA

CC
CA

AA
TC
TT
CC
TC
TC
AG

G
al
ym

iR
77
4b
3p

21
TC
AT

TG
AG

TG
CA

GC
GT

TG
AT

G
at
hm

iR
39
7a

21
TG

CG
GA

TA
TC
TT
AG

GA
TG

AG
GT

br
am

iR
95
68
5p

22
GT

CA
CT
TT
CA

AT
GC

GT
TG

AT
C

br
am

iR
16
13
p

21
GC

TC
AC

CT
CT
CT
TT
CT
GT

CA
GT

al
ym

iR
15
6b
3p

22
GT

CC
TC
GG

GA
TG

CG
GA

TT
AC

C
bn
am

iR
21
11
a3
p

21
TC
TC
GG

TT
CG

CG
AT

CC
AC

AA
G

at
hm

iR
85
15
p

21
GA

GA
TT
CT
TT
CA

GT
CC
AG

TC
A

Bn
am

iR
31
9b
2

21
CC
CC
AA

AT
GT

AG
AC

AA
AG

CA
at
hm

iR
15
8b

20
GA

AT
CT
TG

AT
GA

TG
CT
GC

AT
al
ym

iR
17
2e
3p

20
TG

GT
TT
TG

GA
CA

CG
TG

AA
AA

T
at
hm

iR
82
6b

21
AT

GT
GT

AT
AG

GG
AA

GC
TA

AT
C

at
hm

iR
81
74

21
TT
GA

AT
GT

GA
AT

GA
AT

CG
GG

C
at
hm

iR
56
52

21
AC

CA
CA

GC
TT
CT
GC

TA
CG

AA
C

al
ym

iR
83
45
p

21
TT
TG

AT
TC
CA

GC
TT
TT
GT

CT
C

at
hm

iR
77
3b
3p

21
AA

GA
AC

AT
CA

AA
TT
AG

AA
TG

T
at
hm

iR
87
05
p

21
TT
GT

TG
AC

AA
AT

AC
TT
AG

GC
TC

br
am

iR
95
66
5p

22
TG

AG
AA

GA
AG

AA
GA

AG
AA

AA
at
hm

iR
50
21

20
AT

CT
CA

TC
AA

TC
TC
CC
AA

TA
C

al
ym

iR
34
44
b

21
TA

GG
TT
GG

TG
AT

CA
TA

TA
GG

AT
al
ym

iR
82
33
p

22
AG

GT
GG

AC
AT

AT
TG

CC
AA

CA
al
ym

iR
39
4b
3p

20
TA

GT
CC
GG

TT
TT
GG

AT
AC

GT
G

at
hm

iR
82
6a

21
CA

AT
TT
CT
AG

TG
GG

TC
GT

AT
T

at
hm

iR
84
1b
3p

21
GG

GC
TC
CT
CA

GA
TG

TT
CA

TG
al
ym

iR
77
13
p

20
TC
CT
GT

GT
TT
CC
TT
TG

AT
GC

GT
GG

at
hm

iR
83
6

24
GA

GC
TC
CT
TG

AA
GT

TC
AA

AC
G

al
ym

iR
15
9a
5p

21
TT
GG

GG
AC

GA
CA

TC
TT
TT
GT

TG
at
hm

iR
44
7c
3p

22
TA

AA
GT

CA
AT

AA
TA

CC
TT
GA

AG
at
hm

iR
86
43
p

22
TC
CG

GC
AA

GT
TG

AC
CT
TG

GC
T

at
hm

iR
16
9g
3p

21
TC
CA

AA
GG

CA
CA

AG
AA

CA
TC
A

al
ym

iR
42
50

21
AG

AG
GT

GA
CC
AT

TG
GA

GA
TG

at
hm

iR
56
62

20
GT

TC
AA

TA
AA

GC
TG

TG
GG

AA
G

at
hm

iR
39
6a
3p

21
TG

GA
TT
GG

TC
AA

GG
GA

AG
CG

T
at
hm

iR
34
40
b3
p

21
AT

GG
AA

TT
TG

AT
AA

AT
AA

AC
AC

al
ym

iR
42
23

22
AC

GG
TA

TC
TC
TC
CT
AC

GT
AG

C
br
am

iR
39
13
p

21
TG

AC
TG

CA
TT
AA

CT
TG

AT
CG

T
at
hm

iR
81
79

21
TT
GA

TT
CT
CT
TA

TC
CA

AC
TG

T
at
hm

iR
56
32
5p

21
GG

TT
CG

TA
CG

TA
CA

CT
GT

TC
A

at
hm

iR
41
6

21
TT
AT

TC
AC

AA
CT
GC

AT
AA

TT
C

br
am

iR
95
62
3p

21
TG

CC
AA

AG
GA

GA
TT
TG

CC
CT
G

at
hm

iR
39
9a

21
CA

AA
GG

TT
GC

TT
GA

AT
AA

GG
T

br
am

iR
57
26

21
TG

TG
TT
AA

CT
CA

GG
TC
AC

CC
CT
G

al
ym

iR
39
8c
3p

23
CA

CT
TA

GA
TT
GT

TC
TT
AG

TA
TG

AG
al
ym

iR
18
87

24
TG

TG
CA

AA
TG

CT
TT
CT
AC

AG
G

at
hm

iR
82
23
p

21
TG

AA
AG

TG
AC

TA
CA

TC
GG

GG
T

at
hm

iR
16
1

21
AG

AT
AT

TA
GT

GC
GG

TT
CA

AT
C

at
hm

iR
17
1b
5p

21
TC
CA

AT
AG

GT
CT
AG

CA
TG

TG
C

al
ym

iR
86
25
p

21
TC
TG

AT
GT

AT
AT

AG
CT
TT
GG

G
bn
am

iR
60
34

21
AG

TA
TC
CA

GA
AA

AC
TC
TA

AT
T

al
ym

iR
78
13
p

21
GG

GT
CG

AC
AT

GA
GA

AC
AT

AT
G

al
ym

iR
39
8c
5p

21
GC

TC
AC

TC
TC
TT
TT
TG

TC
AT

AA
C

at
hm

iR
15
6d
3p

23
AT

GA
CA

AG
GC

CA
AG

AT
AT

AA
CA

at
hm

iR
50
24
5p

22
AA

AA
AT

GG
AG

TG
AG

AA
AT

GG
A

br
am

iR
57
21

21
GC

TC
TC
TA

TG
CT
TC
TG

TC
AT

C
al
ym

iR
15
7d
3p

21
CA

CG
TG

TT
CT
AC

TC
CT
CC
AA

C
al
ym

iR
16
4c
3p

21
CG

CT
AT

CC
AT

CC
TG

AG
TT
CC
A

al
ym

iR
39
0b
3p

21
GG

GT
AA

GA
TC
TC
TA

TT
GG

CA
GG

al
ym

iR
39
9a
5p

22
TT
TC
AT

TC
GA

AA
TT
GT

TA
CC
GC

al
ym

iR
42
22

22
TC
AA

TT
GG

TA
TC
AG

AG
CA

AC
G

al
ym

iR
84
5b
5p

21
GC

TC
AC

TC
TC
TA

TC
CG

TC
AC

C
at
hm

iR
15
6f
3p

21
TC
AA

GG
AA

CG
GA

TT
TT
GT

TA
A

at
hm

iR
86
65
p

21
AT

CA
GT

TT
CT
TG

TT
CG

TT
TC
A

at
hm

iR
83
75
p

21
TA

AT
CA

GC
TC
CA

GC
TA

TG
TA

CA
br
am

iR
95
53
3p

22
AT

TT
GT

TA
CT
AA

TT
TG

GA
AT

G
at
hm

iR
50
17
5p

21
TC
CA

AA
GG

GA
TC
GC

AT
TG

AT
C

bn
am

iR
39
3

21
TC
GG

AC
CA

GG
CT
TC
AT

CC
CC
C

bn
am

iR
16
6f

21
CT
TT
AT

AT
CC
GC

AT
TT
GC

GC
A

at
hm

iR
21
12
3p

21
GT

GC
CT
TG

TG
AG

AT
TA

GA
GT

T
al
ym

iR
34
43
3p

21
GG

GT
CG

AC
AT

GA
GA

AC
AC

AT
G

br
am

iR
39
85
p

21
TA

AG
CT
GC

CA
GC

AT
GA

TC
TT
G

at
hm

iR
16
7c
5p

21
GA

TC
AT

GT
TC
GC

AG
TT
TC
AC

C
at
hm

iR
16
7a
3p

21
CC
GG

CG
TT
GC

GC
TC
AA

TT
AT

G
al
ym

iR
39
7a
3p

21
GG

CC
GG

TG
GT

CG
CG

AG
AG

GG
A

at
hm

iR
81
76

21
TG

AA
GC

TG
CC
AG

CA
TG

AT
CT
T

Bn
am

iR
16
7f

21
TT
GG

GA
GC

TC
GA

TG
AG

AT
CG

A
al
ym

iR
34
44
a5
p

21
TG

GG
GG

TG
GG

GG
GG

TG
AC

AG
at
hm

iR
81
81

20
GT

CA
CT
TT
CA

CT
GC

AT
TA

AT
C

al
ym

iR
16
13
p

21
TG

AT
CT
CT
TC
GT

AC
TC
TT
CT
TG

at
hm

iR
83
13
p

22
TC
TG

GT
GT

TG
AG

AT
AG

TT
GA

C
at
hm

iR
86
9

21
CG

AC
AG

AA
GA

GA
GT

GA
GC

AC
at
hm

iR
15
6g

20
AC

AG
GG

AA
CA

AG
CA

GA
GC

AT
G

at
hm

iR
40
85
p

21
AG

GT
GG

GT
AT

AC
TG

CC
AA

TA
al
ym

iR
39
4a
3p

20
TG

AA
GC

TG
CC
AG

CA
TG

AT
CT
AA

bn
am

iR
16
7b

22
GA

AT
GT

TG
TC
TG

GA
TC
GA

GG
al
ym

iR
16
5a
5p

20
TT
TT
TG

CA
AA

TT
AA

AA
CC
CC
AA

al
ym

iR
42
38

22
TA

AC
GC

AC
AA

CA
CT
AA

GC
CA

T
at
hm

iR
29
39

21
TC
AG

AA
CC
AA

AC
AC

AG
AA

CA
AG

br
am

iR
57
18

22
TA

TG
AG

AG
TA

TT
AT

AA
GT

CA
C

br
am

iR
40
05
p

21
GG

AA
TG

TT
GT

TT
GG

CT
CG

AG
G

al
ym

iR
16
6g
5p

21
AT

GG
CT
AG

AG
TG

AC
TA

GA
CC
CG

al
ym

iR
42
40

22
TT
TG

GA
TT
TT
GG

TC
AT

TG
TT
G

br
am

iR
95
59
5p

21

Kn
ow

n 
m

iR
NA

s (
m

iR
ba

se
) &

 si
ze

 (n
t)



  

 

  TG
CC
TG

GC
TC
CC
TG

TA
TA

CC
A

Bn
am

iR
C9

21
AG

AG
TT
TC
CT
TA

AG
TC
CA

TT
C

Bn
am

iR
C2
5*

21
TG

TG
TT
GT

GA
TG

AT
AA

TC
CG

A
Bn

am
iR
C5
1

21
CC
AT

AC
TA

AA
TC
TG

GA
TC
AT

TT
Bn

am
iR
C1

22
TC
TT
GT

GT
TG

TG
AT

GA
TA

AT
C

Bn
am

iR
C5
3*

21
TA

TC
TA

CT
GC

TT
AT

GC
CA

CC
A

Bn
am

iR
C2
3a
3

21
TT
TC
AT

CT
TA

GA
GA

AT
GT

TG
TC

Bn
am

iR
C4
5

22
TC
GG

AT
TA

TC
AT

CA
CA

AC
AC

T
Bn

am
iR
C5
6

21
TG

AT
AA

TC
CG

AC
TT
CT
AT

GA
C

Bn
am

iR
C5
4

21
AC

AT
TG

GA
CT
AC

AT
AT

AT
TA

C
Bn

am
iR
C1
51

21
GG

GT
CG

AT
AT

GA
GA

AC
AC

AT
G

Bn
am

iR
C1
2

21
GC

TG
AG

TT
GG

AA
CA

CA
AA

AT
C

br
am

iR
n7
3p

21
TT
GG

TT
TG

GA
TC
TT
GG

AA
AT

C
Bn

am
iR
C5
5

21
CA

AA
TG

TA
GA

CA
AA

GC
AA

AA
C

Bn
am

iR
C4
7

21
AT

GG
TG

TA
GG

TA
CT
GA

GC
AG

A
Bn

am
iR
C3
5

21
TT
TT
GC

CT
AC

TC
CT
CC
CA

TA
CC

Bn
am

iR
C3
3

22
TT
GG

AT
TT
AT

AG
TT
GG

AT
AA

G
at
hm

iR
56
32
3p

21
TT
AT

CA
TC
AC

AA
CA

CT
AG

AT
C

Bn
am

iR
C5
3

21
NG

CG
GA

TA
TC
TT
AG

GA
TG

AG
GT

br
am

iR
n2
15
p

22
AC

CC
TG

TT
GA

GC
TT
GT

CT
CT
A

Bn
am

iR
C1
3

21
GA

AT
GA

TA
CT
TG

GA
TA

TG
AT

C
br
am

iR
n4
5p

21
TT
GG

AC
TG

AA
GG

GA
AC

TC
CC
T

Bn
am

iR
C2
5

21
CG

TC
CG

GG
GA

AA
GC

AA
AG

TC
G

Bn
am

iR
C3
6

21
AT

GG
AT

CC
GC

CG
GA

TA
AG

GA
T

Bn
am

iR
C2
8

21
TT
AG

AA
AC

CT
GC

AA
TT
AT

AT
A

br
am

iR
n1
23
p

21
AG

AT
CA

TC
CT
GC

GG
CT
TC
AT

T
Bn

am
iR
C3
1

21
AT

AG
AT

CC
TT
CT
GA

TG
AC

GC
A

Bn
am

iR
C6

21
TT
GG

CC
AC

AA
CG

GA
TT
TA

AC
A

Bn
am

iR
C4
4

21
TT
TC
CA

AA
TG

TA
GA

CA
AA

GC
T

br
am

iR
n2
33
p

21
TT
AC

AG
AA

CA
GC

AA
CA

AG
CT
GT

Bn
am

iR
C2
3a
2

22
AA

AC
TA

AG
AG

AT
GA

AT
TC
TT
AC

br
am

iR
n2
03
p

22
TG

GG
AT

TG
GC

TT
TG

GG
CT
TT
TC

Bn
am

iR
C3

22
TC
AA

TG
TT
GG

CT
CA

AT
TA

TG
T

Bn
am

iR
C1
0

21
CA

AA
TC
CT
GT

CA
TC
CC
TA

CC
A

Bn
am

iR
C7

21
AT

CC
TC
GG

GA
CA

CA
GA

TT
AC

C
Bn

am
iR
C3
4

21
TT
CC
CC
GG

AC
GA

CT
TT
AA

AT
T

Bn
am

iR
C4
2

21
TA

AG
AT

GA
TG

GG
AC

GT
TG

GA
TC

Bn
am

iR
C3
9

22
CA

GG
AG

AG
AT

TG
TT
GG

AT
CC
A

Bn
am

iR
C8

21
AC

TT
GT

CT
CA

CT
CA

TC
AG

TT
Bn

am
iR
C4
6

20
CA

GC
TG

GA
CG

AC
TT
AG

TA
GA

C
Bn

am
iR
C1
4

21
TT
GG

AC
GA

CT
TT
GT

AG
AC

GA
C

Bn
am

iR
C2
2a
3

21
TT
AG

GA
TT
GA

GA
TC
TT
AG

CG
A

Bn
am

iR
C2
4

21
TC
AA

CC
AA

AT
AC

AC
AT

TG
TG

G
Bn

am
iR
C5
2

21
CT
CT
CG

TG
GA

GC
GT

CT
CG

AG
G

Bn
am

iR
C2
0

21
TT
GA

GG
TT
TT
GA

GG
AC

TG
GC

C
Bn

am
iR
C2
9

21
TC
GC

GA
TC
TT
AG

AT
CC
TC
TA

A
Bn

am
iR
C1
8

21
TC
AG

AA
CC
AA

AC
CC
AG

AA
CA

AG
Bn

am
iR
C2
3a
1

22
AT

AA
AA

CG
AT

TA
CA

CA
GC

TC
GG

TC
br
am

iR
n1
65
p

24
GT

TT
TG

AG
AG

AT
TG

GG
AA

GC
T

Bn
am

iR
C1
6

21
TG

TG
AA

TG
AT

GC
GG

GA
GA

TG
T

Bn
am

iR
C4
3

21
CG

AG
TT
GG

TC
GG

GA
AA

GA
CG

G
Bn

am
iR
C1
9

21
TA

AG
AT

GA
TG

GA
AC

AC
TG

GC
C

Bn
am

iR
C2
7

21
TG

AG
CC
AA

AG
AT

GA
CT
TG

TC
G

Bn
am

iR
C2
6

21
CA

AG
TA

GA
CT
AC

TT
TC
CA

GA
CG

Bn
am

iR
C3
8

22
TG

AT
TT
AT

CC
AA

GG
GT

TC
AG

G
Bn

am
iR
C3
7

21
GC

AA
GT

TG
AC

TT
TG

GC
TC
CG

T
Bn

am
iR
C3
2

21
GG

CG
AG

TC
AC

CG
GT

GT
CG

GT
C

Bn
am

iR
C1
1

21
CG

AG
CT
GT

GT
AA

TC
GT

TT
TG

TT
A

br
am

iR
n1
63
p

23
TT
TC
AG

TC
GT

CA
TA

GG
TT
AG

T
Bn

am
iR
C4

21
TT
TT
GG

AG
AA

GG
CT
GT

AG
GC

A
Bn

am
iR
C4
1

21
AA

TC
GG

AT
TA

TC
AT

CA
CA

AC
A

Bn
am

iR
C5
1*

21
TC
CT
GG

AC
GA

CT
TT
CA

AG
TA

AG
Bn

am
iR
C3
0

22
CG

CT
CA

CA
GC

AT
CT
GA

AC
TC
T

Bn
am

iR
C4
0

21
GA

TG
CA

TA
AC

CA
CT
AG

AT
AC

G
Bn

am
iR
C2
3a
3*

21
TA

AA
CA

AC
AC

AT
AT

AC
TT
TG

C
br
am

iR
n1
95
p

21
TT
AT

AT
CC
AA

GT
AT

CA
TT
CC
T

br
am

iR
n4
3p

21
CG

TG
GT

CG
TC
CA

AG
TA

GA
CG

A
Bn

am
iR
C2
2a
2

21
CA

AG
TA

GA
CG

AC
TT
TC
CA

GA
C

Bn
am

iR
C2
2a
1

21

 P
ub

lis
he

d 
m

iR
NA

s (
no

t p
re

se
nt

 in
 m

iR
ba

se
) &

 si
ze

 (n
t)



  

 

  AT
AG

AG
GA

TC
TA

GA
AA

CT
GG

GT
TT

TM
_C
lu
st
er
_2
50
78

24
AT

CA
TG

CG
AT

CT
AT

TT
GG

AT
T

TT
_C
lu
st
er
_6
08
84

21
TC
TG

AT
GG

CC
TT
GA

TG
AG

CT
C

DT
_C
lu
st
er
_9
51
9

21
AC

CA
GT

CC
TG

AG
AT

CA
TC
GT

TC
DT

_C
lu
st
er
_4
06
87

22
AC

GA
GC

TG
TT
AC

TC
GC

TG
CC
T

DM
_C
lu
st
er
_1
54
38

21
TC
TA

AG
AT

TC
CT
GT

CT
CT
AT

C
TM

_C
lu
st
er
_7
50
18

21
GC

TG
TG

CT
CT
CT
TC
CC
GC

GT
A

DT
_C
lu
st
er
_1
00
40
3

21
AA

TT
TT
GT

AG
AA

AA
CT
AT

AA
GA

TT
_C
lu
st
er
_2
25
02

22
TT
GT

GA
TG

AG
AG

CT
CT
TG

CC
T

TT
_C
lu
st
er
_1
40
82
0

21
TA

TT
GT

TA
TA

TG
TT
TT
GT

TG
A

TT
_C
lu
st
er
_7
94
58

21
AG

AC
TT
CG

TA
GA

AG
AC

TT
CC
T

TT
_C
lu
st
er
_1
29
31
6

21
GA

GA
AA

AA
AA

TA
GG

TA
TG

GA
T

TT
_C
lu
st
er
_2
89
2

21
TC
TA

TT
AA

GG
TA

AC
AT

CA
GA

CT
DT

_C
lu
st
er
_8
61
75

22
CT
TG

TC
GG

AG
TT
TA

TG
AT

CT
C

TM
_C
lu
st
er
_4
50
56

21
TC
GT

TC
CG

TG
TT
GT

TA
CC
AT

C
DT

_C
lu
st
er
_8
59
61

21
AG

AG
TT
AA

GT
GG

AG
TC
GA

AG
A

TM
_C
lu
st
er
_5
51
84

21
AA

AA
GC

TT
CT
CT
GA

TT
GA

TC
T

TM
_C
lu
st
er
_5
42
03

21
AT

GA
AA

AT
AC

AA
TA

GT
GT

TA
GG

AT
TM

_C
lu
st
er
_3
19
75

24
AT

CG
AC

GA
GA

GA
TA

CG
AA

GA
AA

CG
DM

_C
lu
st
er
_3
67
69

24
AA

AG
AA

AA
AG

AA
CT
TC
AA

GC
C

TT
_C
lu
st
er
_1
54
54
9

21
AG

AG
GA

AC
CT
CT
TC
GT

CG
AT

T
TM

_C
lu
st
er
_5
82
23

21
TT
TT
GG

AT
TT
GA

TT
TT
GA

AC
A

TT
_C
lu
st
er
_1
15
08
2

21
AT

CC
AA

TG
TG

TG
TA

TT
TG

CT
AC

TT
DT

_C
lu
st
er
_4
37
52

24
TA

TT
TT
TT
TT
TT
TA

TG
TT
AT

GT
TT
_C
lu
st
er
_1
62
49
3

22
AG

AC
TG

TA
TC
TT
AT

AT
TA

AG
C

DM
_C
lu
st
er
_7
14
80

21
AA

GG
AT

TG
AG

AC
TT
GA

GA
GA

G
TT
_C
lu
st
er
_1
49
50
5

21
GA

TT
TG

TT
TT
CT
CT
TT
GA

AC
T

DT
_C
lu
st
er
_1
06
34
7

21
GC

AG
AT

GA
TG

TG
AG

CT
GA

GC
A

TM
_C
lu
st
er
_3
27
08

21
AA

GG
GG

AA
GG

AA
CA

GA
AA

CG
AG

AA
TM

_C
lu
st
er
_2
37
65

24
GT

TA
TT
GG

AG
TT
AA

TA
GA

GA
AC

CG
DM

_C
lu
st
er
_7
22
95

24
CG

GA
GA

AT
TA

TG
AT

GA
AC

AA
G

TT
_C
lu
st
er
_1
25
48

21
AT

AA
AT

GG
AT

CA
TC
TG

GA
TG

AA
GA

TT
_C
lu
st
er
_8
81
6

24
AT

TG
CA

AG
TG

TC
GT

TT
TA

GA
TT

TM
_C
lu
st
er
_1
29

22
CG

CA
TG

TT
TC
TT
TA

GG
AG

AT
C

TT
_C
lu
st
er
_5
30
36

21
TT
CA

CG
GC

TC
GA

AC
TC
GG

GA
DT

_C
lu
st
er
_9
18
15

20
TT
GC

TC
CA

AA
TA

AT
TA

AG
AC

G
TT
_C
lu
st
er
_8
32
74

21
AG

AA
GA

AG
GA

GA
GA

GA
GA

AG
G

TT
_C
lu
st
er
_1
23
36
0

21
TG

GC
GA

CG
TC
GA

AG
AT

AG
AG

A
DT

_C
lu
st
er
_6
52
19

21
TT
GG

AC
GA

CT
TT
GT

AG
AC

GA
CT

TM
_C
lu
st
er
_8
87
81

22
TC
AA

GA
AA

GC
TT
AC

CA
GA

GG
A

DM
_C
lu
st
er
_6
84
57

21
TT
TC
AT

CA
GT

TT
TA

TT
TT
GG

G
DM

_C
lu
st
er
_3
92
02

21
AA

AA
GG

AT
CG

AG
GA

TT
AA

AA
A

DT
_C
lu
st
er
_4
80
80

21
TT
TC
CT
AC

AG
AA

AC
AG

GC
GT

A
TM

_C
lu
st
er
_2
78
16

21
TT
GA

CA
GA

AG
AG

AG
TG

AG
CA

C
TM

_C
lu
st
er
_4
09
01

21
TT
TT
TT
CT
TT
TT
CT
TT
TC
TT
T

DT
_C
lu
st
er
_4
58
93

21
AG

TT
TG

GT
TA

TT
TT
GG

TC
AG

G
TM

_C
lu
st
er
_6
03
27

21
TT
TT
TT
TT
AA

AT
GT

TA
TG

TT
G

TT
_C
lu
st
er
_4
86
79

21
CC
AG

TA
GT

TC
GT

TA
GG

TT
TG

AC
TM

_C
lu
st
er
_1
43
81

22
CA

CG
GA

AT
GG

TA
TA

TG
TA

GC
T

DT
_C
lu
st
er
_5
65
08

21
TA

TT
AA

GA
TT
GT

GA
CA

TG
TG

T
TM

_C
lu
st
er
_5
18
96

21
TA

CC
TG

AT
GA

GA
TC
TA

GA
CG

T
TM

_C
lu
st
er
_3
38
67

21
AA

TT
TA

TC
AC

TT
AA

AA
GG

CA
CG

TM
_C
lu
st
er
_1
89
70

22
TG

AA
GT

TG
TC
AT

GA
AG

TC
TT
C

DM
_C
lu
st
er
_5
40
50

21
AT

TA
TG

CA
GT

TG
TG

AA
TA

AA
C

DT
_C
lu
st
er
_8
96
3

21
TC
CA

TT
AG

TA
TC
AG

AC
GA

TC
T

DM
_C
lu
st
er
_7
49
56

21
AA

CG
GA

AT
AT

AA
GA

AC
TC
AT

CT
CT

TT
_C
lu
st
er
_1
21
73
6

24
TA

AT
TC
AC

GT
GT

TG
TT
AA

CT
CA

DT
_C
lu
st
er
_9
13
75

22
CA

AT
GA

GA
GT

GA
TG

TA
TG

AG
CC
T

DM
_C
lu
st
er
_4
41
86

23
CT
TC
CT
AT

AA
AT

AT
GC

AA
GC

T
DM

_C
lu
st
er
_6
62
35

21
AT

GG
AG

TA
GA

AA
AT

GC
AG

TC
G

TT
_C
lu
st
er
_7
18
99

21
TT
GA

CA
GA

AG
AG

AG
CG

AG
CA

C
DM

_C
lu
st
er
_1
17
33

21
AA

GA
AT

CT
CG

GT
TA

AG
AG

AC
T

DM
_C
lu
st
er
_5
27
03

21
AC

CA
TG

TG
GA

TG
TT
AC

GG
AC

T
TT
_C
lu
st
er
_1
00
76

21
AA

TT
TG

CT
TC
AA

TG
TA

TG
TC
T

DT
_C
lu
st
er
_6
07
26

21
AA

TC
TG

TT
GA

GA
TC
TA

TG
CC
T

TT
_C
lu
st
er
_7
08
86

21
TT
TG

AG
AA

GC
AT

TC
TG

AG
TG

AG
AA

DM
_C
lu
st
er
_5
97
66

24
CC
GA

GT
TT
AA

TG
TA

CC
TG

GT
T

TM
_C
lu
st
er
_3
19
61

21
TT
CA

GA
AT

GA
GA

TT
GT

GA
AG

G
TT
_C
lu
st
er
_8
71
59

21
AG

AG
GT

GT
AA

GA
AA

AG
TT
AC

C
DT

_C
lu
st
er
_9
05
49

21
GG

TA
AA

AG
CC
TT
CA

GA
AT

AT
G

TT
_C
lu
st
er
_7
54
25

21
CT
GG

CT
CT
GA

TA
CC
AT

GT
GA

AA
GT

DM
_C
lu
st
er
_5
86
96

24
TA

CG
GT

AG
AC

GA
AT

TC
GA

AT
T

DT
_C
lu
st
er
_4
85
36

21
AT

TG
GA

CA
AC

TT
TA

TT
TT
TT
GG

TC
TM

_C
lu
st
er
_3
13
27

24
AG

GC
GG

AT
TT
GA

AT
TT
GA

GG
C

TT
_C
lu
st
er
_1
25
99
2

21
TC
GC

TT
GG

TG
CA

GG
TC
GG

GA
AC

DM
_C
lu
st
er
_6
90
56

22
TT
CG

GC
TT
GA

GC
TC
GG

TC
GC

T
TT
_C
lu
st
er
_9
96
26

21
TT
CC
TG

TT
GT

CG
TT
GA

CG
AC

TC
TT
_C
lu
st
er
_6
17
52

22
TG

AA
GA

TG
AC

GA
TG

AC
TT
GA

T
DT

_C
lu
st
er
_2
13
02

21
TT
CA

TT
CA

TT
TT
CT
TT
GG

CG
CA

AG
TM

_C
lu
st
er
_3
34
92

24
TT
GA

TC
TG

AA
TC
AA

GA
GG

GT
C

TT
_C
lu
st
er
_1
01
14
6

21
CG

GA
TC
TT
CG

CC
GT

GT
AG

CT
AA

TT
_C
lu
st
er
_6
70
9

22
AT

TC
AT

GT
CA

TA
TG

CT
AC

TA
C

TT
_C
lu
st
er
_1
55
31
9

21
TA

GT
TA

TC
AA

GT
GC

AT
AT

AT
T

TM
_C
lu
st
er
_2
43
45

21
AA

AA
AG

GA
CG

GA
TC
TT
GG

CG
C

TM
_C
lu
st
er
_3
28
24

21
TC
AG

GT
TT
TT
GG

TA
TA

GT
TC
C

DM
_C
lu
st
er
_3
67
2

21
AA

GA
TC
TC
TT
TT
AT

GC
TT
CC
G

DT
_C
lu
st
er
_4
89
47

21
AT

TC
AC

TA
AT

CT
TC
AG

GA
TA

G
DM

_C
lu
st
er
_4
68
1

21
TT
GG

CA
CA

GT
AC

TC
GA

TC
AG

T
TT
_C
lu
st
er
_1
49
03
8

21
AT

TT
AT

GG
CT
TC
TC
TT
TT
TT
T

DM
_C
lu
st
er
_1
46
59

21
TC
AT

AT
GA

GA
AA

CG
CA

TC
CG

TG
A

TM
_C
lu
st
er
_6
48

23
TT
GC

TT
GA

CT
AG

AG
AA

AC
TC
AG

TM
_C
lu
st
er
_8
63
00

22
TC
CA

AA
GC

CT
TT
CT
AT

GT
CT
T

TM
_C
lu
st
er
_2
04
95

21
AG

AC
AT

CG
TA

GA
AG

AC
TT
CC
T

DT
_C
lu
st
er
_7
36
01

21
AA

CA
AC

GA
AT

CG
TT
GA

GG
CG

T
DM

_C
lu
st
er
_4
24
01

21
AA

TG
AA

GA
GT

TC
CT
AG

AC
TG

TA
TT
_C
lu
st
er
_6
69
22

22
TT
TT
GT

TA
CT
AT

TA
CG

AC
TG

CA
CC

TM
_C
lu
st
er
_3
00
20

24
AC

CT
TA

TC
AT

CT
CT
CT
AT

CC
CC
TC

DM
_C
lu
st
er
_1
57
48

24
TT
AG

AA
TA

CT
CT
TA

TT
TA

CG
TA

GA
TT
_C
lu
st
er
_4
53
6

24
CT
TT
GC

TT
TT
AG

GG
TT
TC
TG

TT
TT
_C
lu
st
er
_9
83
57

22
AC

GA
GA

CC
GC

TG
TA

GA
TT
AG

AC
GA

TM
_C
lu
st
er
_3
07
41

24
AA

CT
GA

TT
TA

CA
AC

GA
TT
TA

GA
CC

TM
_C
lu
st
er
_6
52
44

24
GA

AA
CT
TT
GG

GT
TG

GT
TT
TC
C

TT
_C
lu
st
er
_9
48
99

21
TT
AT

CG
AG

GT
CG

GA
TT
AG

AA
TC

TM
_C
lu
st
er
_3
76
50

22
CT
TG

TC
GG

AG
TT
TA

CG
AT

CT
C

DM
_C
lu
st
er
_2
90
58

21
CT
GG

AC
GA

CT
TA

GT
AG

AA
GG

TC
GT

TM
_C
lu
st
er
_8
64
31

24
AA

TC
TG

TG
TG

AA
TA

AA
AC

TA
TA

AC
DM

_C
lu
st
er
_2
64

24
GC

AG
AC

CC
CT
CT
GA

CT
CA

GG
CT

TM
_C
lu
st
er
_8
11
82

22
AA

TG
AC

CT
TC
TT
TT
TC
TT
CT
T

DM
_C
lu
st
er
_2
82
98

21
AT

CG
TC
AA

TA
AG

TT
TT
AA

GT
TG

GA
DM

_C
lu
st
er
_3
96
89

24
AC

TC
AT

AG
AC

GC
AC

TG
AA

AC
C

DT
_C
lu
st
er
_6
99
98

21
TT
TT
GT

TA
CT
AT

TA
CG

AC
TG

C
TT
_C
lu
st
er
_5
73
02

21
TA

TT
TT
TG

TT
AG

TG
CC
TT
TC
T

TM
_C
lu
st
er
_8
39
0

21
AG

CC
TG

GC
TC
TG

AT
AC

CA
TG

AA
GT

TM
_C
lu
st
er
_1
69
24

24
AC

GG
AA

GC
AT

AA
AA

CA
GA

TC
T

TT
_C
lu
st
er
_7
11
40

21
AT

TC
CA

AT
GA

TT
TC
TT
TT
GA

C
TT
_C
lu
st
er
_5
04
52

21
TT
TT
GT

TG
TT
TA

TT
GT

AT
AT

T
TT
_C
lu
st
er
_1
28
44
7

21
AG

GG
AT

AA
CG

AC
TA

CT
GT

AA
AA

GG
DM

_C
lu
st
er
_6
32
18

24
TG

AC
AC

AT
GC

AG
AG

CC
GT

GA
C

TT
_C
lu
st
er
_1
60
69
2

21
GT

GG
TC
AT

GG
TC
AT

CG
TC
AT

C
DT

_C
lu
st
er
_1
61
77

21
TG

AT
TG

AG
AG

AA
TT
CT
GG

AG
T

TT
_C
lu
st
er
_8
42
34

21
TA

CA
CA

AA
TT
TT
TT
TT
TG

TG
T

TT
_C
lu
st
er
_1
17
27
4

21
TA

AA
AG

TA
GA

AA
CG

CT
GC

CA
G

DM
_C
lu
st
er
_2
18
84

21
AA

AC
CG

GA
GT

AA
CT
GA

AC
TA

AC
CA

TM
_C
lu
st
er
_2
48
71

24
AA

GA
AA

AA
AA

CA
GA

AC
AC

CG
AG

GG
TM

_C
lu
st
er
_9
11
89

24
AC

AT
GT

AT
TG

TC
GT

TG
AT

AT
A

TT
_C
lu
st
er
_1
20
91
3

21
TT
GT

TC
CT
CG

GA
AT

TT
CC
TC
G

DT
_C
lu
st
er
_5
10
67

21
TA

TA
TG

CA
CT
TG

AT
AG

CT
AA

A
DT

_C
lu
st
er
_3
19
15

21
AT

AG
AA

TA
GC

TC
GT

TA
CA

AG
A

TM
_C
lu
st
er
_3
75
27

21
AG

GA
CT
TA

TC
AG

AT
AT

GA
AA

GA
TT
_C
lu
st
er
_9
35
29

22
AG

AA
TC
TT
GA

TG
AT

GC
TG

CA
TT

TM
_C
lu
st
er
_3
52
75

22
AG

AA
AG

CA
TC
TG

TT
GA

AG
CC
A

TT
_C
lu
st
er
_1
17
82

21
GT

TT
TG

TT
TG

TT
TG

AT
AT

GT
T

TT
_C
lu
st
er
_9
64
34

21
TC
TG

AG
GT

CT
AT

TT
TT
GT

GA
C

DT
_C
lu
st
er
_7
55
00

21
TT
CC
TC
CA

CT
TC
AT

GG
CC
TT
CT

TM
_C
lu
st
er
_4
46
52

22
GG

AG
CA

GA
AC

CA
AG

TT
AG

TC
T

TT
_C
lu
st
er
_7
92
42

21
CG

GA
AG

AC
AT

GG
TT
CA

AA
CT
G

TM
_C
lu
st
er
_1
66
26

21
TC
GA

GG
GA

GA
CA

CA
AT

AA
CT
G

TT
_C
lu
st
er
_1
60
40
4

21
AG

AT
CA

AA
AC

AC
TT
GA

GA
GA

G
DM

_C
lu
st
er
_3
79
63

21
CA

AA
CA

AA
AA

AG
CA

AT
CA

GT
T

TT
_C
lu
st
er
_4
55
21

21
TT
TT
TT
TT
TT
TA

TG
TT
AT

GT
TG

TT
_C
lu
st
er
_1
46
47
2

22
TA

GT
GG

AA
GC

AG
CA

AC
GA

GA
A

TM
_C
lu
st
er
_1
16
36

21
CA

TT
GG

TA
TT
GC

TG
TG

GC
CG

A
TT
_C
lu
st
er
_5
65
04

21
TG

TC
AG

AT
CG

TG
TT
CA

CG
TC
GG

TC
TT
_C
lu
st
er
_8
75
17

24
TT
CA

GA
TC
CT
AA

GA
TG

TG
GA

CC
TT
_C
lu
st
er
_9
17
10

22
TG

AT
TG

AG
CC
GC

GT
CA

AT
AT

C
TM

_C
lu
st
er
_3
17
73

21
AG

TA
GT

TC
GT

TA
GG

TT
TG

AC
C

TT
_C
lu
st
er
_1
10
54
6

21
AT

TG
TT
GT

AT
GT

AT
AT

AT
AT

A
TT
_C
lu
st
er
_1
15
91
4

21
AG

AC
TC
AT

CG
TT
TA

GT
TG

GC
C

TT
_C
lu
st
er
_1
53
26
4

21
TT
TT
TG

AT
TT
AG

AA
TT
TA

GG
A

TT
_C
lu
st
er
_3
10
43

21
CT
TA

TA
TT
CT
AG

TA
AG

AA
CC
T

DM
_C
lu
st
er
_2
43
81

21
GT

AG
CT
AA

CT
GT

GT
AC

AT
GT

GT
AG

TM
_C
lu
st
er
_6
22
13

24
AC

AG
AT

CT
GT

CT
CC
TC
TT
CT
C

TM
_C
lu
st
er
_1
09
27

21
TT
GA

AC
CC
AA

GA
TC
TC
AC

CC
T

TM
_C
lu
st
er
_1
87
41

21
CA

AT
TA

AA
TA

TT
AA

TA
TT
TA

T
DT

_C
lu
st
er
_5
25
93

21
AG

CG
GA

AT
AT

AA
GA

AC
TT
GT

CT
CT

TM
_C
lu
st
er
_4
45
06

24
CA

AA
GA

GA
AG

AT
TG

TC
AC

AC
A

DT
_C
lu
st
er
_4
69
6

21
AA

AC
TA

AG
AG

GA
CA

TG
TA

AT
C

TT
_C
lu
st
er
_3
11
75

21
TC
TA

AA
AT

AG
AA

TA
TC
AT

TG
GA

AC
TM

_C
lu
st
er
_2
01
59

24
GA

AG
AG

GC
TA

GA
GA

AG
AG

GC
T

TM
_C
lu
st
er
_2
30
18

21
CT
TT
TT
TG

CT
TC
TG

TA
AA

CT
T

TM
_C
lu
st
er
_3
94
15

21
GC

AA
GT

AG
AC

TT
TG

GC
TC
TG

T
TT
_C
lu
st
er
_4
94
93

21
TC
TT
GA

GA
TT
CG

TC
AT

GG
AG

A
TT
_C
lu
st
er
_2
61
54

21
TT
GG

AT
CT
CC
AA

GA
GG

AC
TC
T

TM
_C
lu
st
er
_3
92

21
AA

CT
GG

AT
CA

AT
TG

TT
GT

TG
T

TT
_C
lu
st
er
_1
27
96
9

21
AT

CA
TG

CT
AT

CC
CT
TT
CG

AT
T

TM
_C
lu
st
er
_1
41
80

21
AA

AA
AT

CG
GT

TT
AG

GC
AG

CG
C

TM
_C
lu
st
er
_5
17
06

21
TC
TT
TT
AT

AT
GG

TT
GT

TG
TA

T
DM

_C
lu
st
er
_5
33
71

21
TG

TT
TG

AC
TT
GT

AG
CT
CA

AG
T

TT
_C
lu
st
er
_5
47
97

21
CC
GG

GT
GA

AG
AT

CT
TC
AA

AT
C

TT
_C
lu
st
er
_4
93
73

21
AA

AG
GA

GA
TC
GA

AG
AT

GA
AG

A
DT

_C
lu
st
er
_9
06
43

21
AA

GG
GA

AT
CG

TC
AA

TG
CT
CA

GA
GA

DM
_C
lu
st
er
_7
39
44

24
TC
TC
GA

AG
AT

CA
AT

GT
AT

AG
T

DM
_C
lu
st
er
_2
30
13

21
CT
AT

AC
TA

TT
GA

TT
GG

CA
CC
AG

DM
_C
lu
st
er
_6
52
27

22
CT
TT
TC
AA

CT
TT
AT

CA
AA

AA
CT
GT

TM
_C
lu
st
er
_3
47
84

24
AT

AG
AG

AG
AG

AG
AT

AG
AC

TG
A

DM
_C
lu
st
er
_6
29
02

21
CC
GT

AA
CA

AA
AG

TT
AG

TC
AA

C
TT
_C
lu
st
er
_7
43
7

21
TA

AA
TT
AA

TA
AT

AT
TG

GG
AC

T
TM

_C
lu
st
er
_3
52
49

21
AG

CG
GA

AT
AT

AA
GA

AA
CT
GT

TT
CT

DM
_C
lu
st
er
_3
73
32

24
AA

AG
CT
GT

AG
AT

AA
AA

AT
TA

AA
GC

TT
_C
lu
st
er
_8
19
00

24
AG

CG
GA

AT
AT

AA
GA

AC
CT
GT

TT
CT

DM
_C
lu
st
er
_6
36
58

24

Pr
ev

io
us

ly
 u

nk
no

w
n 

m
iR

NA
s i

de
nt

ifi
ed

 w
ith

 S
ho

rt
st

ac
k 

&
 si

ze
 (n

t) 



  

 

  GA
TG

AT
GC

TT
GG

GA
TT
TA

TT
T

DT
_C
lu
st
er
_9
97
12

21
TC
AC

TA
CG

TT
AC

AA
TA

TG
CC
A

DM
_C
lu
st
er
_3
28
23

21
TA

TA
TG

TA
GA

CG
GT

AG
GT

AC
A

TT
_C
lu
st
er
_7
95
11

21
TT
GG

TG
AT

AA
TT
GG

AT
TG

GC
A

DT
_C
lu
st
er
_2
41
17

21
AT

GG
GA

TA
TG

GA
GA

TC
TT
CT
TC

DM
_C
lu
st
er
_2
11
55

22
CT
AG

GC
CG

TA
GC

TA
TG

CG
CT
T

TT
_C
lu
st
er
_7
09
2

21
AG

TA
TG

AT
TT
GT

GA
TT
TG

AC
A

DT
_C
lu
st
er
_2
91
79

21
AA

TC
AA

GC
TT
CT
CC
GC

CT
CT
C

DM
_C
lu
st
er
_5
44
40

21
TC
GA

AC
CG

CC
TT
CA

AC
AA

GA
G

DM
_C
lu
st
er
_6
52
88

21
AT

AC
GA

GG
AT

CA
TA

AA
GA

AC
AT

GT
DM

_C
lu
st
er
_6
42
48

24
TT
TG

AG
AT

CT
TC
TA

CA
TG

GT
A

TT
_C
lu
st
er
_3
19
83

21
AC

CT
GC

TT
TC
CT
GT

TA
TA

AC
C

TT
_C
lu
st
er
_6
71
0

21
AA

AA
TA

AC
AT

TC
AT

TA
AA

AG
GT

AA
DM

_C
lu
st
er
_3
59
80

24
AA

TA
TA

AA
AA

CC
CG

TC
TT
TG

A
TT
_C
lu
st
er
_1
22
92
6

21
AG

AG
GT

GT
CA

GA
AG

AG
TT
AC

C
TT
_C
lu
st
er
_1
29
18
0

21
GT

AG
AA

TC
CT
TT
TA

TT
TT
TT
T

TT
_C
lu
st
er
_2
12
25

21
GA

AA
GA

CC
AG

AG
AA

GC
TG

AA
T

TT
_C
lu
st
er
_1
07
57
3

21
TT
TT
AG

TG
TG

AA
AT

AT
AG

AT
G

TM
_C
lu
st
er
_9
08
38

21
TT
TC
TT
TG

TC
TG

TA
CG

TT
AG

C
TM

_C
lu
st
er
_8
96
94

21
TA

CC
TA

CC
GT

CT
AC

AT
AT

AT
G

TT
_C
lu
st
er
_7
95
12

21
AC

CG
GA

TC
TG

AA
AA

GA
AG

AC
G

TT
_C
lu
st
er
_8
50
98

21
TT
AT

GC
CC
TG

CC
TA

AA
CC
GA

T
DM

_C
lu
st
er
_7
81
4

21
TG

CC
GG

AC
GA

CA
TG

TT
GT

GC
C

TT
_C
lu
st
er
_1
11
34
7

21
TT
AT

GT
TA

TG
TT
AT

GT
TG

AG
T

TT
_C
lu
st
er
_1
13
38
2

21
TT
TT
GT

TC
CA

TT
TG

CG
TT
TT
GA

TM
_C
lu
st
er
_6
64
3

22
GA

TG
AC

TT
AC

TG
GT

AA
GT

CG
T

DT
_C
lu
st
er
_8
17
32

21
AA

GA
TA

TA
TA

TA
TA

TG
TA

GA
CA

CT
TM

_C
lu
st
er
_2
20
37

24
AT

TC
GG

TA
AG

CT
CG

TA
GA

GA
TT
GC

DM
_C
lu
st
er
_3
95
10

24
CC
AA

CT
AC

CA
AT

GT
TG

AG
AC

C
DT

_C
lu
st
er
_1
71
85

21
TT
AA

CT
AA

AA
AA

CT
AA

GA
AC

C
TT
_C
lu
st
er
_9
08
33

21
AT

CA
AT

GA
TT
GT

GG
TG

AA
AG

T
DM

_C
lu
st
er
_6
56
53

21
AT

CT
GA

TC
AC

AA
GT

TT
AA

TC
T

TM
_C
lu
st
er
_6
91
82

21
TT
TG

AC
TT
GC

AT
CT
CA

AG
TT
G

DT
_C
lu
st
er
_3
75
98

21
AA

CC
CA

TC
GT

TG
TG

TG
AC

AG
A

TM
_C
lu
st
er
_4
14
28

21
TA

TC
GG

TA
AA

TC
TT
TA

GT
TT
A

DT
_C
lu
st
er
_2
37
82

21
AA

GA
GA

GA
AG

TG
GA

CA
GA

AG
C

TT
_C
lu
st
er
_1
22
75
0

21
TC
GA

GT
AA

CG
CC
AA

GC
GC

AC
C

TT
_C
lu
st
er
_6
41
73

21
AT

TT
CA

TG
TG

GC
TT
TG

TC
GT

AA
CG

DM
_C
lu
st
er
_2
38
09

24
AT

CC
AT

TA
GT

AT
CA

GA
CG

AT
C

TT
_C
lu
st
er
_1
58
09
2

21
TG

AG
AT

TT
GA

GA
TT
GT

TC
TT
G

TT
_C
lu
st
er
_2
60
85

21
TC
TC
CT
CG

CA
AA

CT
AT

CA
GG

T
TM

_C
lu
st
er
_1
72
85

21
TT
TG

AT
TG

TT
GG

CC
GG

TT
CG

A
TT
_C
lu
st
er
_2
82
52

21
AG

GG
AT

AA
AC

AT
TC
CA

TG
GT

C
DT

_C
lu
st
er
_8
05
69

21
AC

GA
AG

CA
TA

GA
AC

AG
AT

CT
TT
CT

TM
_C
lu
st
er
_7
70
26

24
AA

CC
CT
GA

CG
AT

TT
GA

AG
AA

C
TT
_C
lu
st
er
_1
11
86
6

21
AG

GA
CT
AT

AC
TC
CG

GC
AC

CA
GC

DT
_C
lu
st
er
_6
34
65

22
AA

TT
AG

AT
AA

GT
CA

CA
GA

CC
T

TT
_C
lu
st
er
_1
12
73

21
AA

AA
AA

AA
GA

AC
AA

TG
AT

CC
T

DT
_C
lu
st
er
_1
08
55
1

21
TT
TG

GT
TT
GA

AT
TA

AA
GT

GA
CA

GT
DM

_C
lu
st
er
_4
34
68

24
GC

TA
TG

AG
AT

CA
AA

GG
GT

TG
T

DT
_C
lu
st
er
_3
25
16

21
CG

AT
AA

AA
GA

CT
CA

AA
AC

AT
T

TM
_C
lu
st
er
_9
14
67

21
GT

GA
GT

CA
TA

AA
GT

CT
CA

AA
CT
TT

TM
_C
lu
st
er
_7
49
25

24
GT

TC
GG

TG
GG

GG
GT

CT
TA

TT
CT

TM
_C
lu
st
er
_4
09
5

22
CT
GC

AG
CT
GC

TC
TC
AT

GG
CT
G

TT
_C
lu
st
er
_1
59
25
2

21
GA

AG
AC

TG
TA

GT
TG

TT
GT

TG
T

DM
_C
lu
st
er
_7
39
29

21
AA

AA
CC
GG

AA
CC
GA

AC
CA

AA
AA

CC
TM

_C
lu
st
er
_5
18
42

24
GG

AG
AG

AC
AT

AT
TC
GG

GC
TG

A
TM

_C
lu
st
er
_5
78
45

21
AT

CC
AA

AA
AG

TA
TT
TC
GT

GT
TA

TT
DM

_C
lu
st
er
_5
99
26

24
AT

TC
GA

GG
AC

AG
AG

AC
GT

AC
C

TM
_C
lu
st
er
_2
10
42

21
AT

CA
AA

AT
AT

AG
TG

GT
TG

TT
AT

TT
DM

_C
lu
st
er
_1
74
8

24
TA

AC
TA

AA
AA

AA
AC

TA
AG

AA
CC

DT
_C
lu
st
er
_1
45
7

22
TC
AG

AC
GA

CT
TA

TA
TA

TA
AG

T
DM

_C
lu
st
er
_7
69
11

21
AC

TT
GG

TC
AT

TG
TT
GT

AT
GT

AG
TM

_C
lu
st
er
_3
05
15

22
AA

TA
AG

TC
GT

CT
GG

AA
AG

TC
TT
CC

DM
_C
lu
st
er
_4
98
71

24
TC
TG

AA
TC
CA

AG
TA

AG
TT
AT

T
TM

_C
lu
st
er
_2
94
10

21
AC

TA
GG

AG
AT

TT
GA

CG
CG

AC
G

TT
_C
lu
st
er
_1
07
63
4

21
GC

CG
GT

CC
TG

AG
AT

TT
TG

GG
GA

GG
DM

_C
lu
st
er
_5
87
56

24
TG

CA
CT
GC

CT
CT
TC
CC
TG

GC
T

DM
_C
lu
st
er
_7
28
62

21
TA

CT
TT
AC

TA
AT

AA
TT
AG

GA
T

TM
_C
lu
st
er
_5
80
70

21
TG

TA
AA

CC
GG

TT
AA

TC
TC
TC
T

DM
_C
lu
st
er
_5
87
65

21
TA

TA
GT

AC
CG

GT
TA

TT
GT

TG
G

TT
_C
lu
st
er
_1
03
22
4

21
TA

TT
AC

TT
AA

AA
TC
TC
TT
CC
C

TT
_C
lu
st
er
_3
90
48

21
TT
GG

TG
AA

CG
CA

GC
TA

GT
TG

C
TM

_C
lu
st
er
_8
19
69

21
TT
GA

TG
AT

GC
TT
CT
GT

TG
AT

G
DM

_C
lu
st
er
_3
33
73

21
GA

GA
AT

TA
TT
GC

GA
CT
TG

CA
TC
GT

TM
_C
lu
st
er
_8
43
05

24
AT

GT
TA

TA
TT
TT
AA

TA
GT

TA
GA

CT
DM

_C
lu
st
er
_7
59
67

24
TC
AG

TG
AT

TT
AC

AG
AG

CC
AG

C
DM

_C
lu
st
er
_6
78
85

21
GT

CA
AG

AT
CT
CA

TC
AA

GT
AG

A
TT
_C
lu
st
er
_6
47
50

21
GG

AG
CA

CG
GG

TT
TG

TT
TA

CC
G

TT
_C
lu
st
er
_2
46
22

21
TG

TT
CT
GT

GG
GT

TT
TT
AC

CG
A

TM
_C
lu
st
er
_2
59
44

21
TA

AG
AA

CC
CA

CA
TT
AA

TC
AT

G
TT
_C
lu
st
er
_1
07
35
2

21
AA

CC
CT
CT
GA

TC
TC
AT

AG
CT
C

DM
_C
lu
st
er
_2
03
84

21
AG

AG
AC

GC
GA

CT
GA

CA
TT
GA

DT
_C
lu
st
er
_9
09
35

20
CA

TG
AA

GA
CT
TC
AT

GA
AG

AC
T

DM
_C
lu
st
er
_5
42
43

21
AG

TC
TG

AA
AC

TT
TG

TG
AC

AT
TG

C
DT

_C
lu
st
er
_9
50
86

23
AT

AT
TC
CG

TT
AA

GA
AC

TT
CA

CC
TT
_C
lu
st
er
_1
20
08
4

22
TC
AC

GG
AT

TT
AT

TT
TT
GG

AT
C

TM
_C
lu
st
er
_6
33
88

21
AA

CT
AT

AC
TA

AA
AC

CT
TG

AA
C

DT
_C
lu
st
er
_5
82
9

21
TT
GA

GG
GA

CC
AG

TT
TG

AA
GC

T
TT
_C
lu
st
er
_1
57
64
2

21
AC

GA
AG

CA
TA

GA
AC

AG
AT

CT
T

TT
_C
lu
st
er
_1
39
25
1

21
CC
GT

GG
GG

CG
GA

AC
CG

TT
GA

GC
TT
_C
lu
st
er
_1
29
47
2

22
AT

TA
AT

AA
TT
AT

AC
TG

AG
GA

A
TM

_C
lu
st
er
_8
74
65

21
AC

AT
GA

TC
AT

CA
TT
GG

TG
AT

G
TT
_C
lu
st
er
_4
48
54

21
TA

TA
GT

AA
TA

TA
GT

AC
TG

TC
T

TM
_C
lu
st
er
_7
20
19

21
CG

AG
GA

CA
AT

GA
GA

CA
CA

AG
A

TT
_C
lu
st
er
_1
04
48
9

21
CA

TC
GG

TA
TA

AT
TA

TT
AA

TT
A

TT
_C
lu
st
er
_1
57
17
7

21
TT
TC
CC
TT
TT
CG

TT
TA

TG
TT
T

TM
_C
lu
st
er
_7
01
29

21
GC

TA
CG

TA
AC

GA
CC
AA

GC
GG

GA
TT
_C
lu
st
er
_2
31
57

22
CC
AC

AG
AG

AT
CT
CA

AG
CC
TG

A
DT

_C
lu
st
er
_1
03
23

21

Pr
ev

io
us

ly
 u

nk
no

w
n 

m
iR

NA
s i

de
nt

ifi
ed

 w
ith

 S
ho

rt
st

ac
k 

&
 si

ze
 (n

t) 



  Ta
bl

e 
S9

: b
na

-m
iR

N
A:

m
RN

A 
pa

irs
 in

 B
. n

ap
us

. 

 

  

m
iR

N
Aa

Ta
rg

et
 tr

an
sc

rip
t I

D
Pr

ed
ic

te
d 

ge
ne

 fu
nc

tio
n

Cl
ea

va
ge

 p
os

iti
on

m
iR

N
A:

m
RN

A 
ta

rg
et

 p
ai

r (
5'

-3
' :

  3
'-5

')
Cl

ea
va

ge
 fo

un
d 

in
 P

AR
Es

eq
 re

pl
ic

at
es

D
M

D
T

TM
TT

bn
a-

m
iR

15
6

Bn
aA

06
g3

67
80

D
SP

L 
21

30
11

TG
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
   

  |
||

||
||

||
||

||
 |

||
||

| 
  T

TA
AA

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

G
TA

G
TT

CT
   

D
T2

 D
T3

 T
T3

0.
00

1.
13

0.
00

0.
37

bn
a-

m
iR

15
6

Bn
aA

06
g3

67
80

D
SP

L 
21

30
12

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
  |

||
||

||
||

||
 |

||
||

||
||

   
CT

TA
AA

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

G
TA

G
TT

C 
  

D
T2

 D
T3

 T
T3

0.
00

2.
04

1.
59

3.
93

bn
a-

m
iR

15
6

Bn
aA

04
g1

98
40

D
SP

L 
32

56
0

TG
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
   

  |
||

||
||

||
||

||
oo

||
||

   
TC

TG
AC

TG
TC

TT
CT

CT
CG

TT
CG

TT
TC

CG
AT

TT
   

D
M

3 
D

T3
 T

T3
1.

19
3.

31
0.

00
1.

48

bn
a-

m
iR

15
6

Bn
aC

04
g4

42
30

D
SP

L 
32

61
9

TG
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
   

  |
||

||
||

||
||

||
oo

||
||

   
TC

TG
AC

TG
TC

TT
CT

CT
CG

TT
CG

TT
TC

CC
G

AA
T 

  
D

M
3 

D
T3

 T
T3

1.
19

3.
31

0.
00

1.
48

bn
a-

m
iR

15
6

Bn
aC

02
g1

91
00

D
SP

L 
63

11
16

TG
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
   

  |
||

||
||

||
||

||
 |

||
||

| 
  C

TC
G

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
TC

   
D

M
3 

D
T2

 D
T3

 T
M

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

bn
a-

m
iR

15
6

Bn
aC

02
g1

40
00

D
SP

L 
63

10
95

TG
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
   

  |
||

||
||

||
||

||
 |

||
||

| 
  C

TC
G

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
TC

   
D

M
3 

D
T2

 D
T3

 T
M

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

bn
a-

m
iR

15
6

Bn
aC

02
g1

91
00

D
SP

L 
63

11
16

TG
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
   

  |
||

||
||

||
||

||
 |

||
||

| 
  C

TC
G

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
TC

   
D

M
3 

D
T2

 D
T3

 T
M

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

bn
a-

m
iR

15
6

Bn
aC

02
g1

40
00

D
SP

L 
63

10
95

TG
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
   

  |
||

||
||

||
||

||
 |

||
||

| 
  C

TC
G

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
TC

   
D

M
3 

D
T2

 D
T3

 T
M

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

bn
a-

m
iR

15
6

Bn
aA

07
g2

77
30

D
SP

L 
63

63
9

TG
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
   

  |
||

||
||

||
||

||
||

||
||

| 
  C

TC
G

AC
TG

TC
TT

CT
CT

CA
CT

CG
TG

TT
CA

TC
TT

   
D

M
3 

D
T2

 D
T3

4.
50

17
.0

9
0.

00
0.

00

bn
a-

m
iR

15
6

Bn
aA

02
g1

45
80

D
SP

L 
63

10
83

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
  o

||
||

||
||

||
 |

||
||

||
||

   
AC

TC
G

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
T 

  
D

M
3 

TM
3 

TT
3

2.
56

0.
00

0.
94

4.
21

bn
a-

m
iR

15
6

Bn
aA

07
g2

77
30

D
SP

L 
63

64
0

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
  o

||
||

||
||

| 
 |

| 
||

||
||

   
AC

TC
G

AC
TG

TC
TT

CC
CT

CA
CT

CG
TG

TT
CA

TC
T 

  
D

M
3 

TM
3 

TT
3

2.
56

0.
00

0.
94

4.
21

bn
a-

m
iR

15
6

Bn
aC

02
g1

91
00

D
SP

L 
63

11
17

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
  o

||
||

||
||

||
 |

||
||

||
||

   
AC

TC
G

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
T 

  
D

M
3 

TM
3 

TT
3

2.
56

0.
00

0.
94

4.
21

bn
a-

m
iR

15
6

Bn
aC

nn
g6

14
00

D
SP

L 
63

77
1

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
  o

||
||

||
||

||
 |

| 
||

||
||

   
AC

TC
G

AC
TG

TC
TT

CT
CT

CA
CT

CG
TG

TT
CA

TA
T 

  
D

M
3 

TM
3 

TT
3

1.
75

0.
00

1.
06

1.
43

bn
a-

m
iR

15
6

Bn
aC

02
g1

40
00

D
SP

L 
63

10
96

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
  o

||
||

||
||

||
 |

||
||

||
||

   
AC

TC
G

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
T 

  
D

M
3 

TM
3 

TT
3

2.
56

0.
00

0.
94

4.
21

bn
a-

m
iR

15
6

Bn
aC

07
g1

13
80

D
SP

L 
10

3
15

68
TT

G
AC

AG
AA

G
AT

AG
AG

AG
CA

C 
   

  |
||

||
||

||
||

 |
||

||
||

||
   

CT
TC

AA
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
CC

AC
CT

T 
  

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

2 
TT

3
18

.8
4

0.
86

14
.6

1
34

.8
5

bn
a-

m
iR

15
6

Bn
aA

07
g0

88
30

D
SP

L 
10

3
16

32
TT

G
AC

AG
AA

G
AT

AG
AG

AG
CA

C 
   

  |
||

||
||

||
||

 |
||

||
||

||
   

CT
G

CA
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
AC

AT
CT

T 
  

D
M

3 
D

T3
 T

M
2 

TM
3 

TT
3

19
.5

1
8.

58
33

.1
7

31
.0

1

bn
a-

m
iR

15
6

Bn
aC

07
g1

13
80

D
SP

L 
10

3
15

67
TG

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

   
  |

||
||

||
||

||
||

 |
||

||
| 

  T
TC

AA
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
CC

AC
CT

TA
   

D
M

3 
D

T3
 T

M
3 

TT
3

0.
19

0.
27

1.
00

2.
96

bn
a-

m
iR

15
6

Bn
aA

07
g0

88
30

D
SP

L 
10

3
16

31
TG

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

   
  |

||
||

||
||

||
||

 |
||

||
| 

  T
G

CA
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
AC

AT
CT

TT
   

D
M

3 
TM

3 
TT

3
5.

00
0.

00
0.

77
3.

89

bn
a-

m
iR

15
6

Bn
aA

nn
g2

50
50

D
SP

L 
11

3
13

41
TT

G
AC

AG
AA

G
AT

AG
AG

AG
CA

C 
   

  |
||

||
||

||
||

 |
||

||
||

||
   

CT
G

CA
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
AC

AT
CT

T 
  

D
M

3 
D

T3
 T

M
2 

TM
3 

TT
3

19
.5

1
8.

58
33

.1
7

31
.0

1

bn
a-

m
iR

15
6

Bn
aC

05
g2

12
70

D
SP

L 
11

3
16

90
TG

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

   
  |

||
||

||
||

||
||

 o
||

||
| 

  T
TC

AA
CT

G
TC

TT
CT

CT
CT

TT
CG

TG
CC

AC
CT

TT
   

D
M

3 
D

T3
 T

M
3 

TT
3

0.
19

0.
27

1.
00

3.
01

bn
a-

m
iR

15
6

Bn
aA

nn
g2

50
50

D
SP

L 
11

3
13

40
TG

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

   
  |

||
||

||
||

||
||

 |
||

||
| 

  T
G

CA
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
AC

AT
CT

TT
   

D
M

3 
TM

3 
TT

3
5.

00
0.

00
0.

77
3.

89

bn
a-

m
iR

15
6

Bn
aC

04
g2

39
30

D
SP

L 
15

3
95

2
TT

G
AC

AG
AA

G
AT

AG
AG

AG
CA

C 
   

  |
||

||
||

||
||

 |
||

||
||

||
   

CT
CA

AA
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
TC

G
AA

CT
   

D
M

2 
D

M
3 

D
T3

 T
M

3 
TT

3
2.

80
3.

00
0.

82
1.

90

bn
a-

m
iR

16
0

Bn
aA

07
g1

38
30

D
AR

F 
10

4
16

98
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

A 
   

  |
||

||
||

||
||

||
||

||
 |

| 
  T

CG
AA

CG
G

AC
CG

AG
G

G
AC

AT
AA

G
G

G
CG

TC
CT

C 
  

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
2 

TT
3

8.
94

12
.5

0
18

.3
8

20
.2

2

bn
a-

m
iR

16
0

Bn
aA

01
g0

69
10

D
AR

F 
16

4
23

41
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

A 
   

  |
||

||
||

||
||

||
||

| 
o|

| 
  T

AA
TA

CG
G

AC
CG

AG
G

G
AC

AT
TT

G
G

G
TG

CC
CT

T 
  

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
2 

TT
3

8.
06

22
.8

6
18

.6
0

32
.4

5

bn
a-

m
iR

16
0

Bn
aC

01
g0

83
30

D
AR

F 
16

4
23

24
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

A 
   

  |
||

||
||

||
||

||
||

| 
o|

| 
  T

AA
TA

CG
G

AC
CG

AG
G

G
AC

AT
TT

G
G

G
TG

CC
CT

T 
  

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
2 

TT
3

8.
06

22
.8

6
18

.6
0

32
.4

5

bn
a-

m
iR

17
1

Bn
aA

nn
g1

85
50

D
SC

L 
65

84
0

TT
G

AG
CC

G
TG

CC
AA

TA
TC

AC
G

   
   

||
||

||
||

o|
||

||
||

||
 |

   
AA

CT
AA

CT
CG

G
CG

CG
G

TT
AT

AG
G

G
G

AC
AC

G
G

T 
  

D
M

3 
D

T2
 D

T3
 T

M
3 

TT
3

4.
13

4.
22

5.
30

0.
97

bn
a-

m
iR

17
1

Bn
aA

nn
g1

85
40

D
SC

L 
65

85
1

TT
G

AG
CC

G
TG

CC
AA

TA
TC

AC
G

   
   

||
||

||
||

o|
||

||
||

||
 |

   
AA

CT
AA

CT
CG

G
CG

CG
G

TT
AT

AG
G

G
G

AC
AC

G
G

T 
  

D
M

3 
D

T2
 D

T3
 T

M
3 

TT
3

4.
13

4.
22

5.
30

0.
97

bn
a-

m
iR

17
1

Bn
aC

04
g2

20
80

D
SC

L 
22

6
81

6
TT

G
AG

CC
G

TG
CC

AA
TA

TC
AC

G
   

   
||

||
||

||
o|

||
||

||
||

 |
   

AA
CT

AA
CT

CG
G

CG
CG

G
TT

AT
AG

G
G

AA
CG

CG
CT

   
D

M
3 

D
T2

 T
M

3 
TT

3
14

.5
0

4.
53

1.
06

0.
60

bn
a-

m
iR

17
2

Bn
aC

09
g1

34
30

D
ER

F 
RA

P2
-7

7
10

39
AG

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T 

   
  |

||
||

|o
||

||
||

||
||

||
 |

   
AA

TC
TC

TT
AG

G
AC

TA
CT

AC
G

AC
G

-A
CG

TT
G

AC
   

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

3
16

.6
0

10
.0

3
14

.4
8

6.
66

Fr
ag

m
en

t s
ig

na
tu

re
s 

(r
pm

)



  

 

 

 bn
a-

m
iR

17
2

Bn
aA

03
g2

21
00

D
ER

F 
RA

P2
-7

7
22

84
AG

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T 

   
  |

||
||

|o
||

||
||

||
||

||
 |

   
AA

TC
TC

TT
AG

G
AC

TA
CT

AC
G

AC
G

-A
CG

TT
G

AC
   

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

3
16

.6
0

10
.0

3
14

.4
8

6.
66

bn
a-

m
iR

17
2

Bn
aC

03
g2

64
80

D
ER

F 
RA

P2
-7

7
23

28
AG

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T 

   
  |

||
||

|o
||

||
||

||
||

||
 |

   
AA

TC
TC

TT
AG

G
AC

TA
CT

AC
G

AC
G

-A
CG

TT
G

AC
   

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

3
16

.6
0

10
.0

3
14

.4
8

6.
66

bn
a-

m
iR

17
2

Bn
aC

04
g1

56
40

D
ER

F 
RA

P2
-7

7
24

14
AG

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T 

   
  |

||
||

|o
||

||
||

||
||

||
 |

   
AA

TC
TC

TT
AG

G
AC

TA
CT

AC
G

AC
G

-A
CG

TT
G

AC
   

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

3
16

.6
0

10
.0

3
14

.4
8

6.
66

bn
a-

m
iR

17
2

Bn
aC

03
g2

64
80

D
ER

F 
RA

P2
-7

7
23

28
G

G
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T 
   

  o
||

||
|o

||
||

||
||

||
||

 |
   

AA
TC

TC
TT

AG
G

AC
TA

CT
AC

G
AC

G
-A

CG
TT

G
AC

   
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66

bn
a-

m
iR

17
2

Bn
aA

03
g2

21
00

D
ER

F 
RA

P2
-7

7
22

84
G

G
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T 
   

  o
||

||
|o

||
||

||
||

||
||

 |
   

AA
TC

TC
TT

AG
G

AC
TA

CT
AC

G
AC

G
-A

CG
TT

G
AC

   
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66

bn
a-

m
iR

17
2

Bn
aC

04
g1

56
40

D
ER

F 
RA

P2
-7

7
24

14
G

G
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T 
   

  o
||

||
|o

||
||

||
||

||
||

 |
   

AA
TC

TC
TT

AG
G

AC
TA

CT
AC

G
AC

G
-A

CG
TT

G
AC

   
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66

bn
a-

m
iR

17
2

Bn
aC

09
g1

34
30

D
ER

F 
RA

P2
-7

7
10

39
G

G
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T 
   

  o
||

||
|o

||
||

||
||

||
||

 |
   

AA
TC

TC
TT

AG
G

AC
TA

CT
AC

G
AC

G
-A

CG
TT

G
AC

   
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66

bn
a-

m
iR

17
2

Bn
aA

10
g1

29
50

D
AP

2-
lik

e 
ER

F 
TO

E2
8

29
33

AG
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T 
   

  |
||

||
|o

||
||

||
||

||
||

||
   

AC
AC

TC
TT

AG
G

AC
TA

CT
AC

G
AC

G
TA

AA
CT

CT
C 

  
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

3
0.

75
5.

00
11

.1
4

9.
95

bn
a-

m
iR

17
2

Bn
aC

09
g3

54
30

D
AP

2-
lik

e 
ER

F 
TO

E2
8

26
71

AG
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T 
   

  |
||

||
|o

||
||

||
||

||
||

||
   

AC
AC

TC
TT

AG
G

AC
TA

CT
AC

G
AC

G
TA

AA
CT

AT
C 

  
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

3
0.

75
5.

00
11

.1
4

9.
95

bn
a-

m
iR

17
2

Bn
aA

10
g1

29
50

D
AP

2-
lik

e 
ER

F 
TO

E2
8

29
33

G
G

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T 

   
  o

||
||

|o
||

||
||

||
||

||
||

   
AC

AC
TC

TT
AG

G
AC

TA
CT

AC
G

AC
G

TA
AA

CT
CT

C 
  

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

0.
75

5.
00

11
.1

4
9.

95

bn
a-

m
iR

17
2

Bn
aC

09
g3

54
30

D
AP

2-
lik

e 
ER

F 
TO

E2
8

26
71

G
G

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T 

   
  o

||
||

|o
||

||
||

||
||

||
||

   
AC

AC
TC

TT
AG

G
AC

TA
CT

AC
G

AC
G

TA
AA

CT
AT

C 
  

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

0.
75

5.
00

11
.1

4
9.

95

bn
a-

m
iR

17
2

Bn
aA

07
g1

20
50

D
AP

2-
lik

e 
ER

F 
TO

E3
9

22
27

AG
AA

TC
TT

G
AT

G
AT

G
CT

G
C-

AT
   

   
||

||
||

o|
||

||
||

||
o|

| 
||

   
CC

TC
TC

TT
AG

G
AC

TA
CT

AC
G

G
CG

G
TA

AG
G

G
TG

   
D

M
3 

TM
2 

TT
3

1.
56

0.
00

8.
75

0.
46

bn
a-

m
iR

17
2

Bn
aC

07
g1

61
90

D
AP

2-
lik

e 
ER

F 
TO

E3
9

21
85

AG
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T 
   

  |
||

||
|o

||
||

||
||

| 
||

| 
  C

CT
CT

CT
TA

G
G

AC
TA

CT
AC

G
TC

G
TC

G
G

TA
AG

G
   

D
M

3 
TM

2 
TT

3
1.

56
0.

00
8.

75
0.

46

bn
a-

m
iR

17
2

Bn
aA

07
g1

20
50

D
AP

2-
lik

e 
ER

F 
TO

E3
9

22
27

G
G

AA
TC

TT
G

AT
G

AT
G

CT
G

C-
AT

   
   

 o
||

||
|o

||
||

||
||

|o
||

 |
| 

  C
CT

CT
CT

TA
G

G
AC

TA
CT

AC
G

G
CG

G
TA

AG
G

G
TG

   
D

M
3 

TM
2 

TT
3

1.
56

0.
00

8.
75

0.
46

bn
a-

m
iR

17
2

Bn
aC

nn
g3

96
90

D
ER

F 
AP

ET
AL

A 
27

22
33

G
G

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T 

   
  o

||
||

|o
||

||
||

||
||

||
| 

  C
CT

CT
CT

TA
G

G
AC

TA
CT

AC
G

AC
G

TC
G

TA
AA

CG
   

D
T2

 D
T3

 T
T3

0.
00

0.
53

0.
71

1.
25

bn
a-

m
iR

17
2

Bn
aC

nn
g3

96
90

D
ER

F 
AP

ET
AL

A 
27

22
33

AG
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T 
   

  |
||

||
|o

||
||

||
||

||
||

| 
  C

CT
CT

CT
TA

G
G

AC
TA

CT
AC

G
AC

G
TC

G
TA

AA
CG

   
D

T2
 D

T3
 T

T3
0.

00
0.

53
0.

71
1.

25

bn
a-

m
iR

17
2

Bn
aA

01
g3

47
30

D
ER

F 
AP

ET
AL

A 
27

10
43

AG
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T 
   

  |
||

||
|o

||
||

||
||

||
||

| 
  C

CT
CT

CT
TA

G
G

AC
TA

CT
AC

G
AC

G
TC

G
TA

AA
CG

   
D

M
2 

D
M

3 
D

T2
 T

M
3 

TT
3

3.
62

2.
04

0.
47

1.
62

bn
a-

m
iR

17
2

Bn
aA

01
g3

47
30

D
ER

F 
AP

ET
AL

A 
27

10
43

G
G

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T 

   
  o

||
||

|o
||

||
||

||
||

||
| 

  C
CT

CT
CT

TA
G

G
AC

TA
CT

AC
G

AC
G

TC
G

TA
AA

CG
   

D
M

2 
D

M
3 

D
T2

 T
M

3 
TT

3
3.

62
2.

04
0.

47
1.

62

bn
a-

m
iR

39
3

Bn
aC

02
g3

63
70

D
AU

XI
N

 S
IG

N
AL

IN
G

 F
-B

O
X 

210
25

91
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
C 

   
  |

||
||

||
||

||
||

||
||

| 
| 

  C
TG

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
AA

AG
TA

TG
AA

   
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
3 

TT
3

7.
08

2.
00

5.
77

8.
70

bn
a-

m
iR

39
3

Bn
aA

02
g2

82
90

D
AU

XI
N

 S
IG

N
AL

IN
G

 F
-B

O
X 

210
25

31
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
C 

   
  |

||
||

||
||

||
||

||
||

| 
| 

  C
TG

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
AA

AG
TA

TG
AA

   
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
3 

TT
3

7.
08

2.
00

5.
77

8.
70

bn
a-

m
iR

39
3

Bn
aC

08
g4

08
90

D
AU

XI
N

 S
IG

N
AL

IN
G

 F
-B

O
X 

311
24

68
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
C 

   
  |

||
||

||
||

||
||

||
||

| 
||

   
CT

G
TA

G
G

TT
TC

CC
TA

G
CG

TA
AC

AA
G

AC
AT

G
AA

   
D

M
3 

D
T3

 T
M

3 
TT

3
2.

63
4.

63
9.

30
12

.0
8

bn
a-

m
iR

39
3

Bn
aA

08
g2

45
70

D
AU

XI
N

 S
IG

N
AL

IN
G

 F
-B

O
X 

311
26

40
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
C 

   
  |

||
||

||
||

||
||

||
||

| 
| 

  C
TG

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
AA

AG
CA

TG
AA

   
D

M
3 

D
T3

 T
M

3 
TT

3
2.

63
4.

63
9.

30
12

.0
8

br
a-

m
iR

39
8

Bn
aA

04
g1

63
10

D
Su

pe
ro

xi
de

 d
is

m
ut

as
e 

[C
u-

Zn
], 

ch
lo

ro
pl

as
tic

12
77

6
TG

TG
TT

CT
CA

G
G

TC
AC

CC
CT

G
   

   
||

| 
||

|o
||

||
||

||
||

 o
o 

  T
AT

TA
CA

-A
AG

G
G

TC
CA

G
TG

G
G

CG
TA

CT
G

CC
T 

  
D

M
2 

TM
3 

TT
3

3.
42

0.
00

1.
35

0.
23

bn
a-

m
iR

40
3

Bn
aC

nn
g6

83
20

D
AR

G
O

N
AU

TE
 2

13
30

30
TT

AG
AT

TC
AC

G
CA

CA
AA

CT
CG

   
   

||
||

||
||

||
||

||
||

||
||

   
G

G
TT

AA
TC

TA
AG

TG
CG

TG
TT

TG
AG

G
AA

CT
CT

A 
  

D
M

1 
D

M
3 

D
T1

 D
T2

 D
T3

 T
M

2 
TM

3 
TT

3
62

.3
2

9.
04

9.
78

5.
46

bn
a-

m
iR

40
3

Bn
aA

05
g1

47
60

D
AR

G
O

N
AU

TE
 2

13
33

78
TT

AG
AT

TC
AC

G
CA

CA
AA

CT
CG

   
   

||
||

||
||

||
||

||
||

||
||

   
G

G
TT

AA
TC

TA
AG

TG
CG

TG
TT

TG
AG

G
AA

AG
AT

G
   

D
M

1 
TM

3 
TT

3
0.

03
0.

00
0.

82
2.

55
a  B

ra
ss

ica
 n

ap
us

 m
iR

N
A 

id
en

tif
ie

d 
in

 s
RN

As
eq

 a
nd

 P
AR

Es
eq

 d
at

a
SP

L 
= 

SQ
U

AM
O

SA
 P

RO
TE

IN
-B

IN
D

IN
G

 L
IK

E;
 A

RF
 =

 a
ux

in
 re

sp
on

se
 fa

ct
or

; S
CL

 =
 S

CA
RE

CR
O

W
-L

IK
E;

 E
RF

 =
 e

th
yl

en
e-

re
sp

on
si

ve
 tr

an
sc

rip
tio

n 
fa

ct
or

;

R
ef

er
en

ce
1

R
ho

ad
es

, M
. W

. e
t a

l.
 P

re
di

ct
io

n 
of

 p
la

nt
 m

ic
ro

R
N

A
 t

ar
ge

ts
. C

el
l 
11
0,

 5
13

-5
20

 (
20

02
).

2
G

an
di

ko
ta

, M
. e

t 
al

. T
he

 m
iR

N
A

15
6/

15
7 

re
co

gn
it

io
n 

el
em

en
t 

in
 t

he
   

 U
TR

 o
f 

th
e 

A
ra

bi
do

ps
is

 S
B

P 
bo

x 
ge

ne
 S

PL
3 

pr
ev

en
ts

 e
ar

ly
 f

lo
w

er
in

g 
by

 t
ra

ns
la

ti
on

al
 in

hi
bi

ti
on

 in
 s

ee
dl

in
gs

. P
la

nt
 J

 4
9,

 6
83

-6
93

 (
20

07
).

3
Xu

, M
. e

t a
l.

 D
ev

el
op

m
en

ta
l f

un
ct

io
ns

 o
f 

m
iR

15
6-

R
eg

ul
at

ed
 S

Q
U

A
M

O
SA

 P
R

O
M

O
TE

R
 B

IN
D

IN
G

 P
R

O
TE

IN
-L

IK
E 

(S
PL

) 
ge

ne
s 

in
 A

ra
bi

do
ps

is
 t

ha
lia

na
. P

Lo
S 

G
en

et
 1
2,

 e
10

06
26

3 
 (

20
16

).
4

W
an

g,
 J

. W
. e

t 
al

. C
on

tr
ol

 o
f 

ro
ot

 c
ap

 f
or

m
at

io
n 

by
 M

ic
ro

R
N

A
-t

ar
ge

te
d 

A
U

XI
N

 R
ES

PO
N

SE
 F

A
CT

O
R

 (
A

R
F)

s 
in

 A
ra

bi
do

ps
is

. P
la

nt
 C

el
l 1

7,
 2

20
4-

22
16

 (
20

05
).

5
Ll

av
e,

 C
., 

Xi
e,

 Z
., 

Ka
ss

ch
au

, K
. D

. &
 C

ar
ri

ng
to

n,
 J

. C
. C

le
av

ag
e 

of
 S

CA
R

EC
R

O
W

-L
IK

E 
(S

CL
) 

m
R

N
A

 t
ar

ge
ts

 d
ir

ec
te

d 
by

 a
 c

la
ss

 o
f 

A
ra

bi
do

ps
is

 m
iR

N
A

. S
ci

en
ce

 2
97

, 2
05

3-
20

56
 (

20
02

).
6

M
a,

 Z
. e

t 
al

. A
ra

bi
do

ps
is

 m
iR

17
1-

ta
rg

et
ed

 S
CA

R
EC

R
O

W
-L

IK
E 

(S
CL

) 
pr

ot
ei

ns
 b

in
d 

to
 G

T 
ci

s-
el

em
en

ts
 a

nd
 m

ed
ia

te
 g

ib
be

re
lli

n-
re

gu
la

te
d 

ch
lo

ro
ph

yl
l b

io
sy

nt
he

si
s 

un
de

r 
lig

ht
 c

on
di

ti
on

s.
 P

Lo
S 

G
en

et
 1

0,
 e

10
04

51
9 

(2
01

4)
.

7
Ki

m
, S

., 
So

lt
is

, P
. S

., 
W

al
l, 

K.
 &

 S
ol

ti
s,

 D
. E

. P
hy

lo
ge

ny
 a

nd
 d

om
ai

n 
ev

ol
ut

io
n 

in
 t

he
 A

PE
TA

LA
2-

lik
e 

ge
ne

 f
am

ily
. M

ol
 B

io
l E

vo
l 
23

 (
20

06
).

8
Yu

, S
. e

t a
l.

 G
ib

be
re

lli
n 

re
gu

la
te

s 
th

e 
A

ra
bi

do
ps

is
 f

lo
ra

l t
ra

ns
it

io
n 

th
ro

ug
h 

m
iR

15
6-

ta
rg

et
ed

 S
Q

U
A

M
O

SA
 p

ro
m

ot
er

 b
in

di
ng

-l
ik

e 
tr

an
sc

ri
pt

io
n 

fa
ct

or
s.

 P
la

nt
 C

el
l 
24

, 3
32

0-
33

32
 (

20
12

).
9

Ju
ng

, J
. H

., 
Le

e,
 S

., 
Yu

n,
 J

., 
Le

e,
 M

. &
 P

ar
k,

 C
. M

. T
he

 m
iR

17
2 

ta
rg

et
 T

O
E3

 r
ep

re
ss

es
 A

G
A

M
O

U
S 

ex
pr

es
si

on
 d

ur
in

g 
A

ra
bi

do
ps

is
 f

lo
ra

l p
at

te
rn

in
g.

 P
la

nt
 S

ci
 2
15
-2
16

, 2
9-

38
, (

20
14

).
10

Si
-A

m
m

ou
r,

 A
. e

t a
l.

 m
iR

39
3 

an
d 

se
co

nd
ar

y 
si

R
N

A
s 

re
gu

la
te

 e
xp

re
ss

io
n 

of
 t

he
 T

IR
1/

A
FB

2 
au

xi
n 

re
ce

pt
or

 c
la

de
 a

nd
 a

ux
in

-r
el

at
ed

 d
ev

el
op

m
en

t 
of

 A
ra

bi
do

ps
is

 le
av

es
. P

la
nt

 P
hy

si
ol

 1
57

, 6
83

-6
91

 (
20

11
).

11
V

id
al

, E
. A

. e
t a

l.
 N

it
ra

te
-r

es
po

ns
iv

e 
m

iR
39

3/
A

FB
3 

re
gu

la
to

ry
 m

od
ul

e 
co

nt
ro

ls
 r

oo
t 

sy
st

em
 a

rc
hi

te
ct

ur
e 

in
 A

ra
bi

do
ps

is
 t

ha
lia

na
. P

ro
c 

N
at

l A
ca

d 
Sc

i U
 S

 A
 1
07

, 4
47

7-
44

82
, (

20
10

).



  Ta
bl

e 
S1

0:
 m

iR
N

A:
m

RN
A 

ta
rg

et
 p

ai
rs

 in
vo

lv
in

g 
m

iR
N

As
 p

re
vi

ou
sl

y 
un

kn
ow

n 
in

 B
. n

ap
us

 a
nd

 id
en

tif
ie

d 
by

 S
ho

rt
st

ac
k.

 

  

     

m
iR

N
Aa

Ta
rg

et
 tr

an
sc

rip
t I

D
Pr

ed
ic

te
d 

ge
ne

 fu
nc

tio
n

Cl
ea

va
ge

 p
os

iti
on

m
iR

N
A:

m
RN

A 
ta

rg
et

 p
ai

r (
5'

-3
' :

  3
'-5

')
Cl

ea
va

ge
 fo

un
d 

in
 P

AR
Es

eq
 re

pl
ic

at
es

D
M

D
T

TM
TT

gm
a-

m
iR

15
6k

Bn
aA

06
g3

67
80

D
SP

L 
21

15
68

TT
G

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

  |
||

||
||

||
||

||
| 

||
||

||
   

CT
TA

AA
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
G

TA
G

TT
C

D
T2

 D
T3

 T
T3

0.
00

2.
04

1.
59

3.
93

gm
a-

m
iR

15
6k

Bn
aC

nn
g6

14
00

D
SP

L 
62

13
80

TT
G

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

  o
||

||
||

||
||

||
||

||
||

||
   

AC
TC

G
AC

TG
TC

TT
CT

CT
CA

CT
CG

TG
TT

CA
TA

T
D

M
3 

TM
3 

TT
3

1.
75

0.
00

1.
06

1.
43

gm
a-

m
iR

15
6k

Bn
aA

02
g1

45
80

D
SP

L 
62

23
28

TT
G

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

  o
||

||
||

||
||

||
| 

||
||

||
   

AC
TC

G
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
TT

CA
TC

T
D

M
3 

TM
3 

TT
3

2.
56

0.
00

0.
94

4.
21

gm
a-

m
iR

15
6k

Bn
aC

02
g1

91
00

D
SP

L 
62

10
39

TT
G

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

  o
||

||
||

||
||

||
| 

||
||

||
   

AC
TC

G
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
TT

CA
TC

T
D

M
3 

TM
3 

TT
3

2.
56

0.
00

0.
94

4.
21

gm
a-

m
iR

15
6k

Bn
aC

02
g1

40
00

D
SP

L 
62

22
84

TT
G

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

  o
||

||
||

||
||

||
| 

||
||

||
   

AC
TC

G
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
TT

CA
TC

T
D

M
3 

TM
3 

TT
3

2.
56

0.
00

0.
94

4.
21

gm
a-

m
iR

15
6k

Bn
aA

07
g2

77
30

D
SP

L 
62

22
84

TT
G

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

  o
||

||
||

||
| 

||
||

||
||

||
   

AC
TC

G
AC

TG
TC

TT
CC

CT
CA

CT
CG

TG
TT

CA
TC

T
D

M
3 

TM
3 

TT
3

2.
56

0.
00

0.
94

4.
21

gm
a-

m
iR

15
6k

Bn
aC

07
g1

13
80

D
SP

L 
10

2
23

28
TT

G
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
  |

||
||

||
||

||
||

| 
||

||
||

   
CT

TC
AA

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

CC
AC

CT
T

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

2 
TT

3
18

.8
4

0.
86

14
.6

1
34

.8
5

gm
a-

m
iR

15
6k

Bn
aA

07
g0

88
30

D
SP

L 
10

2
24

14
TT

G
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
  |

||
||

||
||

||
||

| 
||

||
||

   
CT

G
CA

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

AC
AT

CT
T

D
M

3 
D

T3
 T

M
2 

TM
3 

TT
3

19
.5

1
8.

58
33

.1
7

31
.0

1
gm

a-
m

iR
15

6k
Bn

aA
nn

g2
50

50
D

SP
L 

11
2

24
14

TT
G

AC
AG

AA
G

AG
AG

TG
AG

CA
C 

  |
||

||
||

||
||

||
| 

||
||

||
   

CT
G

CA
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
AC

AT
CT

T
D

M
3 

D
T3

 T
M

2 
TM

3 
TT

3
19

.5
1

8.
58

33
.1

7
31

.0
1

gm
a-

m
iR

15
6k

Bn
aC

04
g2

39
30

D
SP

L 
15

2
10

39
TT

G
AC

AG
AA

G
AG

AG
TG

AG
CA

C 
  |

||
||

||
||

||
||

| 
||

||
||

   
CT

CA
AA

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TC
G

AA
CT

D
M

2 
D

M
3 

D
T3

 T
M

3 
TT

3
2.

80
3.

00
0.

82
1.

90
at

h-
m

iR
39

3
Bn

aC
02

g3
63

70
D

AU
XI

N
 S

IG
N

AL
IN

G
 F

-B
O

X 
23

23
41

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
   

||
||

||
||

||
||

||
||

||
 |

 |
   

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
AA

AG
TA

TG
AA

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

3 
TT

3
7.

08
4.

13
5.

77
8.

70
at

h-
m

iR
39

3
Bn

aA
02

g2
82

90
D

AU
XI

N
 S

IG
N

AL
IN

G
 F

-B
O

X 
23

23
24

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
   

||
||

||
||

||
||

||
||

||
 |

 |
   

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
AA

AG
TA

TG
AA

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

3 
TT

3
7.

08
4.

13
5.

77
8.

70
at

h-
m

iR
39

3
Bn

aA
08

g2
45

70
D

AU
XI

N
 S

IG
N

AL
IN

G
 F

-B
O

X 
34

16
98

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
   

||
||

||
||

||
||

||
||

||
 |

 |
   

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
AA

AG
CA

TG
AA

D
M

3 
D

T3
 T

M
3 

TT
3

2.
63

4.
63

9.
30

12
.0

8
at

h-
m

iR
39

3
Bn

aC
08

g4
08

90
D

AU
XI

N
 S

IG
N

AL
IN

G
 F

-B
O

X 
34

25
91

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
   

||
||

||
||

||
||

||
||

||
 |

| 
  C

TG
TA

G
G

TT
TC

CC
TA

G
CG

TA
AC

AA
G

AC
AT

G
AA

D
M

3 
D

T3
 T

M
3 

TT
3

2.
63

4.
63

9.
30

12
.0

8
a   m

iR
N

A 
fr

om
 o

th
er

 s
pe

ci
es

 a
nd

 h
om

ol
og

ou
s 

to
 m

iR
N

A 
fo

un
d 

in
 th

e 
B.

 n
ap

us
 s

RN
As

eq
 a

nd
 D

EG
se

q 
da

ta
 a

nd
 id

en
tif

ie
d 

by
 S

ho
rt

St
ac

k
SP

L 
= 

SQ
U

AM
O

SA
 P

RO
TE

IN
-B

IN
D

IN
G

 L
IK

E

Fr
ag

m
en

t s
ig

na
tu

re
s 

(r
pm

)

Re
fe
re
nc
es

1
Rh

oa
de

s,
 M

. W
. e

t a
l.

 P
re

di
ct

io
n 

of
 p

la
nt

 M
ic

ro
RN

A 
ta

rg
et

s.
 C

el
l 
11
0,

 5
13

-5
20

 (2
00

2)
.

2
Xu

, M
. e

t a
l.

 D
ev

el
op

m
en

ta
l F

un
ct

io
ns

 o
f m

iR
15

6-
Re

gu
la

te
d 

SQ
U

AM
O

SA
 P

RO
M

O
TE

R 
BI

N
DI

N
G

 P
RO

TE
IN

-L
IK

E 
(S

PL
) G

en
es

 in
 A

ra
bi

do
ps

is
 th

al
ia

na
. P

Lo
S 

G
en

et
 1
2,

 e
10

06
26

3 
(2

01
6)

.
3

Si
-A

m
m

ou
r, 

A.
 e

t a
l.

 m
iR

39
3 

an
d 

se
co

nd
ar

y 
si

RN
As

 re
gu

la
te

 e
xp

re
ss

io
n 

of
 th

e 
TI

R1
/A

FB
2 

au
xi

n 
re

ce
pt

or
 c

la
de

 a
nd

 a
ux

in
-r

el
at

ed
 d

ev
el

op
m

en
t o

f A
ra

bi
do

ps
is

 le
av

es
. P

la
nt

 P
hy

si
ol

 1
57

, 6
83

-6
91

 (2
01

1)
.

4
Vi

da
l, 

E.
 A

. e
t a

l.
 N

itr
at

e-
re

sp
on

si
ve

 m
iR

39
3/

AF
B3

 re
gu

la
to

ry
 m

od
ul

e 
co

nt
ro

ls
 ro

ot
 s

ys
te

m
 a

rc
hi

te
ct

ur
e 

in
 A

ra
bi

do
ps

is
 th

al
ia

na
. P

ro
c 

N
at

l A
ca

d 
Sc

i U
 S

 A
 1
07

, 4
47

7-
44

82
, (

20
10

).



  Ta
bl

e 
S1

1:
 m

iR
N

A:
m

RN
A 

ta
rg

et
 p

ai
rs

 in
vo

lv
in

g 
m

iR
N

A 
se

qu
en

ce
s i

de
nt

ic
al

 to
 m

iR
N

As
 p

re
vi

ou
sl

y 
id

en
tif

ie
d 

in
 o

th
er

 sp
ec

ie
s 

 

  

m
iR

NA
a

Ta
rg

et
 tr

an
sc

rip
t I

D
Pr

ed
ict

ed
 g

en
e 

fu
nc

tio
n

Cl
ea

va
ge

 p
os

iti
on

m
iR

NA
:m

RN
A 

ta
rg

et
 p

ai
r (

5'
-3

' :
  3

'-5
')

Cl
ea

va
ge

 fo
un

d 
in

 P
AR

Es
eq

 re
pl

ica
te

s
DM

DT
TM

TT

gm
a-

m
iR

15
6q

Bn
aA

06
g3

67
80

D
SP

L 2
30

11
TG

AC
AG

AA
GA

GA
GT

GA
GC

AC
T 

   
||

||
||

||
||

||
| 

||
||

||
o3

' T
TA

AA
CT

GT
CT

TC
TC

TC
TC

TC
GT

GG
TA

GT
TC

T
DT

2 
DT

3 
TT

3
0.

00
1.

13
0.

00
0.

37

sm
o-

m
iR

15
6c

Bn
aA

06
g3

67
80

D
SP

L 2
30

12
TT

GA
CA

GA
AG

AA
AG

AG
AG

CA
C 

   
||

||
||

||
||

| 
||

||
||

||
|3

' C
TT

AA
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
GT

AG
TT

C
DT

2 
DT

3 
TT

3
0.

00
2.

04
1.

59
3.

93

gm
a-

m
iR

15
6q

Bn
aA

04
g1

98
40

D
SP

L 3
56

0
TG

AC
AG

AA
GA

GA
GT

GA
GC

AC
T 

   
||

||
||

||
||

||
|o

o|
||

|3
' T

CT
GA

CT
GT

CT
TC

TC
TC

GT
TC

GT
TT

CC
GA

TT
T

DM
3 

DT
3 

TT
3

1.
19

3.
31

0.
00

1.
48

gm
a-

m
iR

15
6q

Bn
aC

04
g4

42
30

D
SP

L 3
61

9
TG

AC
AG

AA
GA

GA
GT

GA
GC

AC
T 

   
||

||
||

||
||

||
|o

o|
||

|3
' T

CT
GA

CT
GT

CT
TC

TC
TC

GT
TC

GT
TT

CC
CG

AA
T

DM
3 

DT
3 

TT
3

1.
19

3.
31

0.
00

1.
48

gm
a-

m
iR

15
6q

Bn
aA

07
g2

77
30

D
SP

L 6
63

9
TG

AC
AG

AA
GA

GA
GT

GA
GC

AC
T 

   
||

||
||

||
||

||
||

||
||

||
3'

 C
TC

GA
CT

GT
CT

TC
TC

TC
AC

TC
GT

GT
TC

AT
CT

T
DM

3 
DT

2 
DT

3
4.

50
17

.0
9

0.
00

0.
00

sm
o-

m
iR

15
6c

Bn
aC

nn
g6

14
00

D
SP

L 6
77

1
TT

GA
CA

GA
AG

AA
AG

AG
AG

CA
C 

   
o|

||
||

||
||

| 
||

 |
||

||
|3

' A
CT

CG
AC

TG
TC

TT
CT

CT
CA

CT
CG

TG
TT

CA
TA

T
DM

3 
TM

3 
TT

3
1.

75
0.

00
1.

06
1.

43

sm
o-

m
iR

15
6c

Bn
aC

02
g1

40
00

D
SP

L 6
10

96
TT

GA
CA

GA
AG

AA
AG

AG
AG

CA
C 

   
o|

||
||

||
||

| 
||

||
||

||
|3

' A
CT

CG
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
TT

CA
TC

T
DM

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

sm
o-

m
iR

15
6c

Bn
aA

02
g1

45
80

D
SP

L 6
10

83
TT

GA
CA

GA
AG

AA
AG

AG
AG

CA
C 

   
o|

||
||

||
||

| 
||

||
||

||
|3

' A
CT

CG
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
TT

CA
TC

T
DM

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

sm
o-

m
iR

15
6c

Bn
aC

02
g1

91
00

D
SP

L 6
11

17
TT

GA
CA

GA
AG

AA
AG

AG
AG

CA
C 

   
o|

||
||

||
||

| 
||

||
||

||
|3

' A
CT

CG
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
TT

CA
TC

T
DM

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

sm
o-

m
iR

15
6c

Bn
aA

07
g2

77
30

D
SP

L 6
64

0
TT

GA
CA

GA
AG

AA
AG

AG
AG

CA
C 

   
o|

||
||

||
||

  |
| 

||
||

||
3'

 A
CT

CG
AC

TG
TC

TT
CC

CT
CA

CT
CG

TG
TT

CA
TC

T
DM

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

gm
a-

m
iR

15
6q

Bn
aC

02
g1

91
00

D
SP

L 6
11

16
TG

AC
AG

AA
GA

GA
GT

GA
GC

AC
T 

   
||

||
||

||
||

||
| 

||
||

||
3'

 C
TC

GA
CT

GT
CT

TC
TC

TC
TC

TC
GT

GT
TC

AT
CT

C
DM

3 
DT

2 
DT

3 
TM

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

gm
a-

m
iR

15
6q

Bn
aA

02
g1

45
80

D
SP

L 6
10

82
TG

AC
AG

AA
GA

GA
GT

GA
GC

AC
T 

   
||

||
||

||
||

||
| 

||
||

||
3'

 C
TC

GA
CT

GT
CT

TC
TC

TC
TC

TC
GT

GT
TC

AT
CT

C
DM

3 
DT

2 
DT

3 
TM

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

gm
a-

m
iR

15
6q

Bn
aC

nn
g6

14
00

D
SP

L 6
77

0
TG

AC
AG

AA
GA

GA
GT

GA
GC

AC
T 

   
||

||
||

||
||

||
||

||
||

||
3'

 C
TC

GA
CT

GT
CT

TC
TC

TC
AC

TC
GT

GT
TC

AT
AT

T
DM

3 
DT

2 
DT

3 
TM

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

gm
a-

m
iR

15
6q

Bn
aC

02
g1

40
00

D
SP

L 6
10

95
TG

AC
AG

AA
GA

GA
GT

GA
GC

AC
T 

   
||

||
||

||
||

||
| 

||
||

||
3'

 C
TC

GA
CT

GT
CT

TC
TC

TC
TC

TC
GT

GT
TC

AT
CT

C
DM

3 
DT

2 
DT

3 
TM

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

gm
a-

m
iR

15
6q

Bn
aA

07
g0

88
30

D
SP

L 1
0

16
31

TG
AC

AG
AA

GA
GA

GT
GA

GC
AC

T 
   

||
||

||
||

||
||

| 
||

||
||

|3
' T

GC
AA

CT
GT

CT
TC

TC
TC

TC
TC

GT
GA

CA
TC

TT
T

DM
3 

TM
3 

TT
3

5.
00

0.
00

0.
77

3.
89

sm
o-

m
iR

15
6c

Bn
aC

07
g1

13
80

D
SP

L 1
0

15
68

TT
GA

CA
GA

AG
AA

AG
AG

AG
CA

C 
   

||
||

||
||

||
| 

||
||

||
||

|3
' C

TT
CA

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

CC
AC

CT
T

DM
2 

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
2 

TT
3

18
.8

4
0.

86
14

.6
1

34
.8

5

sm
o-

m
iR

15
6c

Bn
aA

07
g0

88
30

D
SP

L 1
0

16
32

TT
GA

CA
GA

AG
AA

AG
AG

AG
CA

C 
   

||
||

||
||

||
| 

||
||

||
||

|3
' C

TG
CA

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

AC
AT

CT
T

DM
3 

DT
3 

TM
2 

TM
3 

TT
3

19
.5

1
8.

58
33

.1
7

31
.0

1

gm
a-

m
iR

15
6q

Bn
aC

07
g1

13
80

D
SP

L 1
0

15
67

TG
AC

AG
AA

GA
GA

GT
GA

GC
AC

T 
   

||
||

||
||

||
||

| 
||

||
||

3'
 T

TC
AA

CT
GT

CT
TC

TC
TC

TC
TC

GT
GC

CA
CC

TT
A

DM
3 

DT
3 

TM
3 

TT
3

0.
19

0.
27

1.
00

2.
96

gm
a-

m
iR

15
6q

Bn
aA

nn
g2

50
50

D
SP

L 1
1

13
40

TG
AC

AG
AA

GA
GA

GT
GA

GC
AC

T 
   

||
||

||
||

||
||

| 
||

||
||

|3
' T

GC
AA

CT
GT

CT
TC

TC
TC

TC
TC

GT
GA

CA
TC

TT
T

DM
3 

TM
3 

TT
3

5.
00

0.
00

0.
77

3.
89

gm
a-

m
iR

15
6q

Bn
aC

05
g2

12
70

D
SP

L 1
1

16
90

TG
AC

AG
AA

GA
GA

GT
GA

GC
AC

T 
   

||
||

||
||

||
||

| 
o|

||
||

3'
 T

TC
AA

CT
GT

CT
TC

TC
TC

TT
TC

GT
GC

CA
CC

TT
T

DM
3 

DT
3 

TM
3 

TT
3

0.
19

0.
27

1.
00

3.
01

sm
o-

m
iR

15
6c

Bn
aA

nn
g2

50
50

D
SP

L 1
1

13
41

TT
GA

CA
GA

AG
AA

AG
AG

AG
CA

C 
   

||
||

||
||

||
| 

||
||

||
||

|3
' C

TG
CA

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

AC
AT

CT
T

DM
3 

DT
3 

TM
2 

TM
3 

TT
3

19
.5

1
8.

58
33

.1
7

31
.0

1

sm
o-

m
iR

15
6c

Bn
aC

04
g2

39
30

D
SP

L 1
5

95
2

TT
GA

CA
GA

AG
AA

AG
AG

AG
CA

C 
   

||
||

||
||

||
| 

||
||

||
||

|3
' C

TC
AA

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TC
GA

AC
T

DM
2 

DM
3 

DT
3 

TM
3 

TT
3

2.
80

3.
00

0.
82

1.
90

gm
a-

m
iR

16
0b

Bn
aA

07
g1

38
30

D
AR

F 
10

16
98

TG
CC

TG
GC

TC
CC

TG
TA

TG
CC

   
  |

||
||

||
||

||
||

||
||

 |
|3

' T
CG

AA
CG

GA
CC

GA
GG

GA
CA

TA
AG

GG
CG

TC
CT

C
DM

3 
DT

2 
DT

3 
TM

2 
TM

3 
TT

2 
TT

3
8.

94
12

.5
0

18
.3

8
20

.2
2

gm
a-

m
iR

16
0b

Bn
aC

01
g0

83
30

D
AR

F 
16

23
24

TG
CC

TG
GC

TC
CC

TG
TA

TG
CC

   
  |

||
||

||
||

||
||

||
| 

o|
|3

' T
AA

TA
CG

GA
CC

GA
GG

GA
CA

TT
TG

GG
TG

CC
CT

T
DM

3 
DT

2 
DT

3 
TM

2 
TM

3 
TT

2 
TT

3
8.

06
22

.8
6

18
.6

0
32

.4
5

gm
a-

m
iR

16
0b

Bn
aA

01
g0

69
10

D
AR

F 
16

23
41

TG
CC

TG
GC

TC
CC

TG
TA

TG
CC

   
  |

||
||

||
||

||
||

||
| 

o|
|3

' T
AA

TA
CG

GA
CC

GA
GG

GA
CA

TT
TG

GG
TG

CC
CT

T
DM

3 
DT

2 
DT

3 
TM

2 
TM

3 
TT

2 
TT

3
8.

06
22

.8
6

18
.6

0
32

.4
5

ao
f-m

iR
39

3a
Bn

aA
02

g2
82

90
D

AU
XI

N 
SI

GN
AL

IN
G 

F-
BO

X 
2

25
31

TC
CA

AA
GG

GA
TC

GC
AT

TG
AT

TC
   

 |
||

||
||

||
||

||
||

||
| 

||
|3

' C
TG

TA
GG

TT
TC

CC
TA

GC
GT

AA
CA

AA
GT

AT
GA

A
DM

2 
DM

3 
TM

3
7.

08
0.

00
5.

77
0.

00

os
a-

m
iR

39
3b

-5
p

Bn
aC

02
g3

63
70

D
AU

XI
N 

SI
GN

AL
IN

G 
F-

BO
X 

2
25

91
TC

CA
AA

GG
GA

TC
GC

AT
TG

AT
CT

   
 |

||
||

||
||

||
||

||
||

| 
| 

|3
' C

TG
TA

GG
TT

TC
CC

TA
GC

GT
AA

CA
A-

AT
AA

TG
A

DM
2 

DM
3 

TM
3

7.
08

0.
00

5.
77

0.
00

ao
f-m

iR
39

3a
Bn

aC
02

g3
63

70
D

AU
XI

N 
SI

GN
AL

IN
G 

F-
BO

X 
2

25
91

TC
CA

AA
GG

GA
TC

GC
AT

TG
AT

TC
   

 |
||

||
||

||
||

||
||

||
| 

||
|3

' C
TG

TA
GG

TT
TC

CC
TA

GC
GT

AA
CA

AA
GT

AT
GA

A
DM

2 
DM

3 
TM

3
7.

08
0.

00
5.

77
0.

00

os
a-

m
iR

39
3b

-5
p

Bn
aA

02
g2

82
90

D
AU

XI
N 

SI
GN

AL
IN

G 
F-

BO
X 

2
25

31
TC

CA
AA

GG
GA

TC
GC

AT
TG

AT
CT

   
 |

||
||

||
||

||
||

||
||

| 
| 

|3
' C

TG
TA

GG
TT

TC
CC

TA
GC

GT
AA

CA
A-

AT
AA

TG
A

DM
2 

DM
3 

TM
3

7.
08

0.
00

5.
77

0.
00

ah
y-

m
iR

39
8

Bn
aA

04
g1

63
10

D
Su

pe
ro

xi
de

 d
ism

ut
as

e 
[C

u-
Zn

], 
ch

lo
ro

pl
as

tic
77

6
TG

TG
TT

CT
CA

GG
TC

AC
CC

CT
   

  |
||

 |
||

o|
||

||
||

||
| 

o3
' T

AT
TA

CA
-A

AG
GG

TC
CA

GT
GG

GC
GT

AC
TG

CC
T

DM
2 

TM
3 

TT
3

3.
42

0.
00

1.
35

0.
23

ca
s-

m
iR

40
3

Bn
aC

nn
g6

83
20

D
AR

GO
NA

UT
E 

2
30

30
TT

AG
AT

TC
AC

GC
AC

AA
AC

TC
GT

   
 |

||
||

||
||

||
||

||
||

||
| 

|3
' G

GT
TA

AT
CT

AA
GT

GC
GT

GT
TT

GA
GG

AA
CT

CT
A

DM
1 

DM
3 

TM
2 

TM
3

62
.3

2
0.

00
9.

78
0.

00
a  m

iR
NA

 in
 o

th
er

 sp
ec

ie
s i

de
nt

ica
l t

o 
m

iR
NA

 id
en

tif
ie

d 
in

 B
. n

ap
us

 a
nd

 p
re

se
nt

 in
 sR

NA
se

q 
an

d 
PA

RE
se

q 
da

ta
SP

L =
 S

QU
AM

OS
A 

PR
OT

EI
N-

BI
ND

IN
G 

LIK
E;

 A
RF

 =
 a

ux
in

 re
sp

on
se

 fa
ct

or
; S

CL
 =

 S
CA

RE
CR

OW
-L

IK
E;

 E
RF

 =
 e

th
yl

en
e-

re
sp

on
siv

e 
tra

ns
cr

ip
tio

n 
fa

ct
or

;

Fr
ag

m
en

t s
ig

na
tu

re
s (

rp
m

)



  Ta
bl

e 
S1

2:
 m

iR
N

A-
lik

e 
sR

N
As

 fo
un

d 
in

 sR
N

A:
m

RN
A 

ta
rg

et
 p

ai
rs

 

 

m
iR

N
A 

a
m

iR
N

A 
se

qu
en

ce
 b

sR
N

A 
fo

un
d 

in
 s

RN
A:

m
RN

A 
ta

rg
et

 p
ai

r c
Ta

rg
et

 tr
an

sc
rip

t I
D

Pr
ed

ic
te

d 
ge

ne
 fu

nc
tio

n
Cl

ea
va

ge
 p

os
iti

on
m

iR
N

A:
m

RN
A 

ta
rg

et
 p

ai
r (

5'
-3

' :
  3

'-5
')

Cl
ea

va
ge

 fo
un

d 
in

 P
AR

Es
eq

 re
pl

ic
at

es
 

D
M

D
T

TM
TT

br
a-

m
iR

18
85

b
TA

CA
TC

TT
CT

CC
G

CG
G

AA
G

CT
C

TA
CA

TC
TT

CT
CC

G
CG

G
AA

G
CT

CT
Bn

aC
nn

g4
47

80
D

 B
LO

CS
2

13
80

TA
CA

TC
TT

CT
CC

G
CG

G
AA

G
CT

CT
   

 |
 |

||
||

 |
||

||
||

o|
|o

||
||

   
 

G
CT

G
AA

G
TA

G
AC

G
AG

G
CG

CT
TT

TG
AG

AG
TC

G
G

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

2 
TT

3
32

.9
0

66
.2

5
33

.0
5

11
6.

04

bn
a-

m
iR

40
3

TT
AG

AT
TC

AC
G

CA
CA

AA
CT

CG
TT

AG
AT

TC
AC

G
CA

CA
AA

CT
CA

Bn
aC

nn
g6

83
20

D
AR

G
O

N
AU

TE
 2

30
30

TT
AG

AT
TC

AC
G

CA
CA

AA
CT

CA
   

   
||

||
||

||
||

||
||

||
||

||
   

 
G

G
TT

AA
TC

TA
AG

TG
CG

TG
TT

TG
AG

G
AA

CT
CT

A
D

M
1 

D
M

3 
D

T1
 D

T2
 D

T3
 T

M
2 

TM
3

62
.3

2
9.

04
9.

78
0.

00

bn
a-

m
iR

15
6b

,c
,g

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
CT

Bn
aC

07
g1

13
80

D
SP

L 
10

15
68

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
CT

   
  |

||
||

||
||

||
 |

||
||

||
||

   
 

CT
TC

AA
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
CC

AC
CT

T
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

18
.8

4
0.

86
14

.6
1

6.
66

br
a-

m
iR

18
85

b
TA

CA
TC

TT
CT

CC
G

CG
G

AA
G

CT
C

TA
CA

TC
TT

CT
CC

G
CG

G
AA

G
CT

Bn
aC

nn
g4

47
80

D
 B

LO
CS

2
13

80
TA

CA
TC

TT
CT

CC
G

CG
G

AA
G

CT
   

   
| 

||
||

| 
||

||
||

|o
||

o|
| 

   
G

CT
G

AA
G

TA
G

AC
G

AG
G

CG
CT

TT
TG

AG
AG

TC
G

G
D

M
2 

D
M

3 
D

T3
 T

M
2 

TM
3 

TT
2 

TT
3

32
.9

0
10

.9
8

33
.0

5
11

6.
04

bn
a-

m
iR

40
3

TT
AG

AT
TC

AC
G

CA
CA

AA
CT

CG
TT

AG
AT

TC
AC

G
CA

CA
AA

CT
C

Bn
aC

nn
g6

83
20

D
AR

G
O

N
AU

TE
 2

30
30

TT
AG

AT
TC

AC
G

CA
CA

AA
CT

C 
   

   
||

||
||

||
||

||
||

||
||

||
   

 
G

G
TT

AA
TC

TA
AG

TG
CG

TG
TT

TG
AG

G
AA

CT
CT

A
D

M
1 

D
M

3 
D

T1
 D

T3
 T

M
2 

TM
3

62
.3

2
1.

40
9.

78
0.

00

bn
a-

m
iR

15
6b

,c
,g

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
CT

Bn
aC

04
g2

39
30

D
SP

L 
15

95
2

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
CT

   
  |

||
||

||
||

||
 |

||
||

||
||

   
 

CT
CA

AA
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
TC

G
AA

CT
D

M
2 

D
M

3 
D

T3
 T

M
3 

TT
3

2.
80

3.
00

0.
82

1.
90

bn
a-

m
iR

40
3

TT
AG

AT
TC

AC
G

CA
CA

AA
CT

CG
TT

AG
AT

TC
AC

G
CA

CA
AA

CT
Bn

aC
nn

g6
83

20
D

AR
G

O
N

AU
TE

 2
30

30
TT

AG
AT

TC
AC

G
CA

CA
AA

CT
   

   
  |

||
||

||
||

||
||

||
||

||
   

 
G

G
TT

AA
TC

TA
AG

TG
CG

TG
TT

TG
AG

G
AA

CT
CT

A
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3
2.

50
9.

00
9.

78
0.

00

bn
a-

m
iR

15
6b

,c
,g

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
CT

Bn
aA

07
g0

88
30

D
SP

L 
10

16
32

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
CT

   
  |

||
||

||
||

||
 |

||
||

||
||

| 
   

CT
G

CA
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
AC

AT
CT

T
D

M
3 

D
T3

 T
M

2 
TM

3 
TT

3
19

.5
1

8.
58

33
.1

7
31

.0
1

bn
a-

m
iR

15
6b

,c
,g

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
CT

Bn
aA

nn
g2

50
50

D
SP

L 
11

13
41

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
CT

   
  |

||
||

||
||

||
 |

||
||

||
||

| 
   

CT
G

CA
AC

TG
TC

TT
CT

CT
CT

CT
CG

TG
AC

AT
CT

T
D

M
3 

D
T3

 T
M

2 
TM

3 
TT

3
19

.5
1

8.
58

33
.1

7
31

.0
1

bn
a-

m
iR

40
3

TT
AG

AT
TC

AC
G

CA
CA

AA
CT

CG
TT

AG
AT

TC
AC

G
CA

CA
AA

CT
CT

Bn
aC

nn
g6

83
20

D
AR

G
O

N
AU

TE
 2

30
30

TT
AG

AT
TC

AC
G

CA
CA

AA
CT

CT
   

   
||

||
||

||
||

||
||

||
||

||
o 

   
G

G
TT

AA
TC

TA
AG

TG
CG

TG
TT

TG
AG

G
AA

CT
CT

A
D

M
1 

D
M

3 
TM

2 
TM

3
62

.3
2

0.
00

9.
78

0.
00

at
h-

m
iR

39
3a

-5
p

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
TT

Bn
aC

02
g3

63
70

D
AU

XI
N

 S
IG

N
AL

IN
G

 F
-B

O
X 

2
25

91
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
TT

   
  |

||
||

||
||

||
||

||
||

| 
||

| 
   

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
-A

AA
G

TA
TG

A
D

M
2 

D
M

3 
TM

3 
TT

3
7.

08
0.

00
5.

77
8.

70

at
h-

m
iR

39
3a

-5
p

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
TT

T
Bn

aA
02

g2
82

90
D

AU
XI

N
 S

IG
N

AL
IN

G
 F

-B
O

X 
2

25
31

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

TT
T 

   
||

||
||

||
||

||
||

||
||

 |
||

o 
   

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
-A

AA
G

TA
TG

A
D

M
2 

D
M

3 
TM

3 
TT

3
7.

08
0.

00
5.

77
8.

70

at
h-

m
iR

39
3a

-5
p

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
TT

T
Bn

aC
02

g3
63

70
D

AU
XI

N
 S

IG
N

AL
IN

G
 F

-B
O

X 
2

25
91

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

TT
T 

   
||

||
||

||
||

||
||

||
||

 |
||

o 
   

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
-A

AA
G

TA
TG

A
D

M
2 

D
M

3 
TM

3 
TT

3
7.

08
0.

00
5.

77
8.

70

at
h-

m
iR

39
3a

-5
p

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
TT

Bn
aA

02
g2

82
90

D
AU

XI
N

 S
IG

N
AL

IN
G

 F
-B

O
X 

2
25

31
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
TT

   
  |

||
||

||
||

||
||

||
||

| 
||

| 
   

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
-A

AA
G

TA
TG

A
D

M
2 

D
M

3 
TM

3 
TT

3
7.

08
0.

00
5.

77
8.

70

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

05
g4

55
20

D
un

kn
ow

n
43

43
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CC
CA

AA
TC

TC
D

M
2 

D
M

3 
TM

2
14

.1
7

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

01
g3

79
40

D
AB

C 
TR

AN
SP

O
RT

ER
 C

 F
AM

IL
Y 

M
EM

BE
R 

6
54

85
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TC

AA
AT

CC
CA

AA
TC

TC
D

M
2 

D
M

3 
TM

2
5.

51
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

03
g0

96
70

D
pr

ob
ab

le
 S

U
LF

AT
E 

TR
AN

SP
O

RT
ER

 3
.5

52
13

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TC
AA

AT
CC

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

14
.1

7
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

09
g4

56
40

D
AS

PA
RT

IC
 P

RO
TE

AS
E 

IN
 G

U
AR

D
 C

EL
L 

2
35

2
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TC

AA
AT

CC
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

03
g5

09
60

D
FL

C 
EX

PR
ES

SO
R

54
9

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
|o

||
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
TT

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

12
.0

4
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

08
g2

46
20

D
AS

PA
RT

AT
E-

TR
N

A 
LI

G
AS

E 
2,

 c
yt

op
la

sm
ic

13
61

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TC
AA

AT
CC

CA
AA

TT
CC

D
M

2 
D

M
3 

TM
2

14
.1

7
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

07
g0

42
20

D
un

kn
ow

n
13

00
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

||
| 

||
 |

 |
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TC

AA
TT

CC
CC

AC
CC

AA
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

04
g5

08
00

D
JA

SM
O

N
IC

 A
CI

D
-A

M
ID

O
 S

YN
TH

ET
AS

E 
JA

R1
24

84
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

o|
||

||
||

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CT

AA
AT

CT
CA

AA
TC

TC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

09
g1

49
20

D
N

AD
PH

-D
EP

EN
D

EN
T 

CO
D

EI
N

O
N

E 
RE

D
U

CT
AS

E 
1-

2
20

30
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
||

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CT
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

03
g1

18
70

D
1-

AM
IN

O
CY

CL
O

PR
O

PA
N

E-
1-

CA
RB

O
XY

LA
TE

 
O

XI
D

AS
E 

H
O

M
O

LO
G

 1
2

15
94

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

||
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CT

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

nn
g4

06
40

D
pr

ob
ab

le
 P

RO
TE

IN
 P

H
O

SP
H

AT
AS

E 
2C

 6
5

86
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
oo

o|
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TT
TT

AA
AT

CC
CA

AA
TC

CT
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

Fr
ag

m
en

t s
ig

na
tu

re
s 

(r
pm

)



  

 

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

03
g7

08
40

D
un

ch
ar

ac
te

riz
ed

 p
ro

te
in

 a
t4

g2
64

85
12

66
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TC

AA
AT

CC
CA

AA
TT

CC
D

M
2 

D
M

3 
TM

2
14

.1
7

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

nn
g5

35
90

D
FR

U
CT

O
SE

-1
,6

-B
IS

PH
O

SP
H

AT
AS

E,
 

cy
to

so
lic

29
62

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

||
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CT

CA
AA

TC
TC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

06
g2

89
20

D
H

IS
TO

N
E-

LY
SI

N
E 

N
-M

ET
H

YL
TR

AN
SF

ER
AS

E,
 

H
3 

ly
si

ne
-9

 s
pe

ci
fic

 S
U

VH
7

42
7

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CC

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

05
g1

72
40

D
U

D
P-

G
LY

CO
SY

LT
RA

N
SF

ER
AS

E 
72

B3
25

28
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
||

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CT
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

07
g3

38
40

D
un

kn
ow

n
53

4
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CC
CA

AA
TC

CT
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

09
g1

45
10

D
SP

LI
CI

N
G

 F
AC

TO
R 

U
2A

F 
la

rg
e 

su
bu

ni
t B

21
34

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

||
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CT

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

04
g2

17
10

D
F-

BO
X/

KE
LC

H
-r

ep
ea

t p
ro

te
in

 A
T3

G
61

59
0

32
41

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

| 
||

||
||

||
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

G
CA

AA
TC

TC
AA

AT
CC

C
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

09
g1

68
70

D
H

is
to

ne
-ly

si
ne

 n
-m

et
hy

ltr
an

sf
er

as
e 

AT
XR

7 
55

8
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
||

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CT
CA

AA
TC

TC
D

M
2 

D
M

3 
TM

2
12

.0
4

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

08
g2

02
10

D
To

ll/
in

te
rle

uk
in

-1
 re

ce
pt

or
-li

ke
 p

ro
te

in
18

29
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

o|
||

||
||

o|
||

||
 o

||
   

 
TC

TC
AA

AT
CT

CA
AA

TC
CT

AA
AT

CC
TA

AA
TT

TC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

4.
93

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

08
g0

37
60

D
PT

O
-IN

TE
RA

CT
IN

G
 P

RO
TE

IN
 1

33
7

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CC

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

05
g1

64
40

D
un

kn
ow

n
52

8
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
||

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CT
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

08
g4

30
30

D
EP

SI
N

11
84

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TC
AA

AT
CC

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

01
g3

20
70

D
un

kn
ow

n
22

96
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
||

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CT
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

07
g2

13
20

D
PU

RP
LE

 A
CI

D
 P

H
O

SP
H

AT
AS

E 
7

58
25

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TC
AA

AT
CC

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

04
g3

03
40

D
15

.7
 k

da
 h

ea
t s

ho
ck

 p
ro

te
in

, p
er

ox
is

om
al

35
7

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

||
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CT

CA
AA

TC
CT

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

02
g0

88
80

D
un

kn
ow

n
70

8
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TC

AA
AT

CC
CA

AA
TT

CC
D

M
2 

D
M

3 
TM

2
14

.1
7

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

06
g1

80
20

D
un

kn
ow

n
51

7
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

 |
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TA

AA
AT

CC
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

06
g2

05
30

D
SY

N
AP

TO
N

EM
AL

 C
O

M
PL

EX
 2

52
07

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TC
AA

AT
CC

CA
AA

TC
TA

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

05
g3

01
90

D
LI

N
O

LE
AT

E 
9S

-L
IP

O
XY

G
EN

AS
E 

5,
 

ch
lo

ro
pl

as
tic

37
92

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
 |

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TA
AA

AT
CC

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

06
g0

62
60

D
un

ch
ar

ac
te

riz
ed

 p
ro

te
in

 A
t1

g2
44

85
41

15
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
o|

||
||

||
||

||
   

 
TC

CC
AA

AT
CC

CA
AA

TT
CC

AA
AT

CT
CA

AA
TA

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

nn
g1

08
20

D
un

kn
ow

n
53

33
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
|o

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CT
TA

AC
TC

TT
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aA

10
g0

12
20

D
H

is
to

ne
-ly

si
ne

 n
-m

et
hy

ltr
an

sf
er

as
e 

M
ED

EA
29

03
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TC

AA
AT

CC
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

07
g1

86
70

D
AL

PH
A-

G
LU

CA
N

 W
AT

ER
 D

IK
IN

AS
E 

2
13

17
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
||

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CT
CA

AA
TC

TC
D

M
2 

D
M

3 
TM

2
12

.0
4

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

01
g1

02
10

D
CA

LC
IN

EU
RI

N
 B

-L
IK

E 
PR

O
TE

IN
 1

14
63

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TC
AA

AT
CC

CA
AA

TC
TC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

06
g0

66
20

D
Pr

ot
ea

so
m

e 
su

bu
ni

t a
lp

ha
 ty

pe
-5

-A
28

81
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
|o

||
||

||
|o

||
| 

|o
|o

 |
   

 
TC

CC
AA

AT
TC

CA
AA

TC
TC

AA
CT

TT
TT

AC
TC

TA
D

M
2 

D
M

3 
TM

2
14

.1
7

0.
00

4.
14

0.
00



  

 

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

07
g0

55
60

D
Pr

ob
ab

le
 d

is
ea

se
 re

si
st

an
ce

 p
ro

te
in

 R
PP

1 
13

24
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
oo

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TT
TC

AA
AT

CC
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
12

.0
4

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

07
g0

10
30

D
AL

PH
A-

D
IO

XY
G

EN
AS

E 
1

51
8

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TC
AA

AT
CC

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

06
g1

21
10

D
N

D
R1

/H
IN

1-
LI

KE
 3

14
15

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

||
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CT

CA
AC

TC
TT

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

09
g4

80
90

D
FO

RM
IN

-L
IK

E 
20

17
26

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

||
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CT

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

12
.0

4
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

09
g5

27
00

D
un

kn
ow

n
14

88
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TC

AA
AT

CC
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

06
g2

71
40

D
PR

O
TE

AS
E 

D
O

-L
IK

E 
4,

 m
ito

ch
on

dr
ia

l
62

1
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

||
||

|o
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TC

AA
AT

TC
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

09
g4

36
20

D
AT

P 
SY

N
TH

AS
E 

su
bu

ni
t O

, m
ito

ch
on

dr
ia

l
13

82
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

 |
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TA

AA
AT

CC
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

08
g0

37
30

D
un

kn
ow

n
15

72
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
|o

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CT
TA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

01
g0

49
80

D
M

YO
SI

N
-1

5
56

3
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

o|
||

|o
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TT

AA
AT

TC
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
14

.1
7

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

04
g0

55
80

D
D

A1
-R

EL
AT

ED
 2

10
14

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CC

CA
AA

TT
TT

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

02
g2

35
10

D
G

IB
BE

RE
LL

IN
-R

EG
U

LA
TE

D
 P

RO
TE

IN
 1

41
3

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
||

||
||

 o
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TC
AA

AT
CC

TA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

03
g0

35
80

D
Li

po
yl

 s
yn

th
as

e,
 c

hl
or

op
la

st
ic

32
9

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TC
AA

AT
CC

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

02
g1

05
40

D
D

EH
YD

RO
D

O
LI

CH
YL

 D
IP

H
O

SP
H

AT
E 

SY
N

TH
AS

E 
2

11
13

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

|o
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CT

TA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

06
g2

66
70

D
LI

PO
XY

G
EN

AS
E 

6,
 c

hl
or

op
la

st
ic

10
04

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

|o
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

TC
AA

AT
CC

CA
AA

TC
CC

D
M

2 
D

M
3 

TM
2

5.
51

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

09
g3

78
60

D
IM

PO
RT

IN
-5

18
06

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
o|

||
||

o|
||

||
||

 |
||

   
 

TC
TC

AA
AT

CT
CA

AA
TT

CC
AA

AT
CA

CA
AA

TC
TC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
4.

93
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

07
g0

07
20

D
M

O
N

O
TH

IO
L 

G
LU

TA
RE

D
O

XI
N

-S
12

, 
ch

lo
ro

pl
as

tic
11

62
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
||

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
CC

AA
AT

CC
CA

AA
TC

TC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

nn
g2

32
60

D
SU

CR
O

SE
 S

YN
TH

AS
E 

3
13

39
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

||
||

||
|o

||
||

||
 |

||
   

 
TC

CC
AA

AT
CC

CA
AA

TC
TC

AA
AT

CC
CA

AA
TC

CC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

0.
16

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

08
g3

10
90

D
CY

TO
CH

RO
M

E 
P4

50
 7

6C
3

60
7

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

 |
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CC

CA
AA

TC
TC

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

nn
g1

77
80

D
un

kn
ow

n
13

71
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

   
 |

||
||

o|
||

||
||

||
||

||
 |

||
   

 
TC

TC
AA

AT
CT

CA
AA

TC
CC

AA
AT

CC
CA

AA
TC

TC
D

M
2 

D
M

3 
TM

2
17

.2
3

0.
00

4.
93

0.
00

st
u-

m
iR

80
05

a
TT

TA
G

AG
TT

TA
AG

G
TT

TA
G

AG
TT

T
TT

TA
G

G
G

TT
TA

G
G

G
TT

TA
G

AG
TT

Bn
aC

08
g2

12
60

D
tR

N
A-

D
IH

YD
RO

U
RI

D
IN

E(
20

) S
YN

TH
AS

E 
[N

AD
(P

)+
]-

lik
e

55
85

TT
TA

G
G

G
TT

TA
G

G
G

TT
TA

G
AG

TT
   

 |
||

||
||

||
||

||
||

||
||

||
||

   
 

TC
CC

AA
AT

CC
CA

AA
TC

CC
AA

AT
CT

CA
AC

TC
TT

D
M

2 
D

M
3 

TM
2

17
.2

3
0.

00
0.

16
0.

00

at
h-

m
iR

39
3a

-5
p

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
TT

TT
Bn

aA
02

g2
82

90
D

AU
XI

N
 S

IG
N

AL
IN

G
 F

-B
O

X 
2

25
31

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

TT
TT

   
 |

||
||

||
||

||
||

||
||

| 
||

o 
| 

   
CT

G
TA

G
G

TT
TC

CC
TA

G
CG

TA
AC

AA
AG

TA
TG

AA
D

M
2 

D
M

3 
TM

3
7.

08
0.

00
5.

77
0.

00

at
h-

m
iR

39
3a

-5
p

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
TT

TT
Bn

aC
02

g3
63

70
D

AU
XI

N
 S

IG
N

AL
IN

G
 F

-B
O

X 
2

25
91

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

TT
TT

   
 |

||
||

||
||

||
||

||
||

| 
||

o 
| 

   
CT

G
TA

G
G

TT
TC

CC
TA

G
CG

TA
AC

AA
AG

TA
TG

AA
D

M
2 

D
M

3 
TM

3
7.

08
0.

00
5.

77
0.

00

at
h-

m
iR

39
3a

-5
p

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
T

Bn
aA

02
g2

82
90

D
AU

XI
N

 S
IG

N
AL

IN
G

 F
-B

O
X 

2
25

31
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
T 

   
  |

||
||

||
||

||
||

||
||

| 
||

   
 

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
AA

AG
TA

TG
AA

D
M

2 
D

M
3 

TM
3

7.
08

0.
00

5.
77

0.
00

at
h-

m
iR

39
3a

-5
p

TC
CA

AA
G

G
G

AT
CG

CA
TT

G
AT

CC
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
T

Bn
aC

02
g3

63
70

D
AU

XI
N

 S
IG

N
AL

IN
G

 F
-B

O
X 

2
25

91
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
T 

   
  |

||
||

||
||

||
||

||
||

| 
||

   
 

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

AC
AA

AG
TA

TG
AA

D
M

2 
D

M
3 

TM
3

7.
08

0.
00

5.
77

0.
00

br
a-

m
iR

39
8-

3p
TG

TG
TT

CT
CA

G
G

TC
AC

CC
CT

G
TG

TG
TT

CT
CA

G
G

TC
AC

CC
C

Bn
aA

04
g1

63
10

D
SU

PE
RO

XI
D

E 
D

IS
M

U
TA

SE
 [C

U
-Z

N
], 

ch
lo

ro
pl

as
tic

77
6

TG
TG

TT
CT

CA
G

G
TC

AC
CC

C 
   

   
 |

||
 |

||
o|

||
||

||
||

| 
   

   
TA

TT
AC

A-
AA

G
G

G
TC

CA
G

TG
G

G
CG

TA
CT

G
CC

T
D

M
2 

TM
3 

TT
3

3.
42

0.
00

1.
35

0.
23

br
a-

m
iR

18
85

b
TA

CA
TC

TT
CT

CC
G

CG
G

AA
G

CT
C

TA
CA

TC
TT

CT
CC

G
CG

G
AA

G
CT

CT
Bn

aA
06

g2
94

50
D

 B
LO

CS
2

31
9

TA
CA

TC
TT

CT
CC

G
CG

G
AA

G
CT

CT
   

 |
 |

||
||

 |
||

||
|o

o|
|o

||
||

   
 

G
TT

G
AA

G
TA

G
AC

G
AG

G
CG

TT
TT

TG
AG

AC
TC

G
G

D
M

3 
D

T2
 T

T3
0.

13
0.

18
0.

00
0.

19

bn
a-

m
iR

16
0a

,b
,c

,d
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

A
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

T
Bn

aA
07

g1
38

30
D

AU
XI

N
 R

ES
PO

N
SE

 F
AC

TO
R 

10
16

98
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

T 
   

  |
||

||
||

||
||

||
||

||
 |

|o
   

 
TC

G
AA

CG
G

AC
CG

AG
G

G
AC

AT
AA

G
G

G
CG

TC
CT

C
D

M
3 

TM
2 

TM
3

8.
94

0.
00

18
.3

8
0.

00



  

 

       bn
a-

m
iR

16
0a

,b
,c

,d
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

A
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

T
B

na
A

01
g0

69
10

D
A

U
X

IN
 R

ES
PO

N
SE

 F
A

CT
O

R
 1

6
23

41
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

T 
   

  |
||

||
||

||
||

||
||

| 
o|

|o
   

 

TA
A

TA
CG

G
A

CC
G

A
G

G
G

A
CA

TT
TG

G
G

TG
CC

CT
T

D
M

3 
TM

2 
TM

3
8.

06
0.

00
18

.6
0

0.
00

bn
a-

m
iR

16
0a

,b
,c

,d
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

A
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

T
B

na
C0

1g
08

33
0D

A
U

X
IN

 R
ES

PO
N

SE
 F

A
CT

O
R

 1
6

23
24

TG
CC

TG
G

CT
CC

CT
G

TA
TG

CC
T 

   
  |

||
||

||
||

||
||

||
| 

o|
|o

   
 

TA
A

TA
CG

G
A

CC
G

A
G

G
G

A
CA

TT
TG

G
G

TG
CC

CT
T

D
M

3 
TM

2 
TM

3
8.

06
0.

00
18

.6
0

0.
00

at
h-

m
iR

39
3a

-5
p

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TC
C

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TT
TT

B
na

C0
8g

40
89

0D
A

U
X

IN
 S

IG
N

A
LI

N
G

 F
-B

O
X

 3
24

68
TC

CA
A

A
G

G
G

A
TC

G
CA

TT
G

A
TT

TT
   

 |
||

||
||

||
||

||
||

||
| 

||
o|

   
 

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

A
C-

A
A

G
A

CA
TG

A
D

M
3 

TM
3 

TT
3

2.
63

0.
00

9.
30

12
.0

8

at
h-

m
iR

39
3a

-5
p

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TC
C

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TT
TT

B
na

A
08

g2
45

70
D

A
U

X
IN

 S
IG

N
A

LI
N

G
 F

-B
O

X
 3

26
40

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TT
TT

   
 |

||
||

||
||

||
||

||
||

| 
||

|o
   

 

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

A
C-

A
A

A
G

CA
TG

A
D

M
3 

TM
3 

TT
3

2.
63

0.
00

9.
30

12
.0

8

bn
a-

m
iR

15
6b

,c
,g

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

C
TT

G
A

CA
G

A
A

G
A

TA
G

A
G

A
G

CA
CT

B
na

C0
2g

19
10

0D
SP

L 
6

11
17

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

CT
   

  o
||

||
||

||
||

 |
||

||
||

||
   

 

A
CT

CG
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
T

D
M

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

at
h-

m
iR

39
3a

-5
p

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TC
C

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TT
T

B
na

A
08

g2
45

70
D

A
U

X
IN

 S
IG

N
A

LI
N

G
 F

-B
O

X
 3

26
40

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TT
T 

   
 |

||
||

||
||

||
||

||
||

| 
||

| 
   

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

A
C-

A
A

A
G

CA
TG

A
D

M
3 

TM
3 

TT
3

2.
63

0.
00

9.
30

12
.0

8

at
h-

m
iR

39
3a

-5
p

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TC
C

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TT
T

B
na

C0
8g

40
89

0D
A

U
X

IN
 S

IG
N

A
LI

N
G

 F
-B

O
X

 3
24

68
TC

CA
A

A
G

G
G

A
TC

G
CA

TT
G

A
TT

T 
   

 |
||

||
||

||
||

||
||

||
| 

|o
| 

   

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

A
CA

A
G

A
CA

TG
A

A
D

M
3 

TM
3 

TT
3

2.
63

0.
00

9.
30

12
.0

8

bn
a-

m
iR

15
6b

,c
,g

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

CT
B

na
A

02
g1

45
80

D
SP

L 
6

10
83

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

CT
   

  o
||

||
||

||
||

 |
||

||
||

||
   

 

A
CT

CG
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
T

D
M

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

bn
a-

m
iR

15
6b

,c
,g

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

CT
B

na
A

07
g2

77
30

D
SP

L 
6

64
0

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

CT
   

  o
||

||
||

||
| 

 |
| 

||
||

||
   

 

A
CT

CG
A

CT
G

TC
TT

CC
CT

CA
CT

CG
TG

TT
CA

TC
T

D
M

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

bn
a-

m
iR

15
6b

,c
,g

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

CT
B

na
C0

2g
14

00
0D

SP
L 

6
10

96
TT

G
A

CA
G

A
A

G
A

TA
G

A
G

A
G

CA
CT

   
  o

||
||

||
||

||
 |

||
||

||
||

   
 

A
CT

CG
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
T

D
M

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

br
a-

m
iR

18
85

a
CA

TC
A

A
TG

A
A

A
G

G
TA

TG
A

TT
CC

TC
A

A
TG

A
A

A
G

G
TA

TG
A

TT
CC

C
B

na
A

09
g1

49
80

D
D

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
TA

O
1 

13
1

TC
A

A
TG

A
A

A
G

G
TA

TG
A

TT
CC

C 
   

  |
||

||
||

||
||

||
||

||
||

||
   

 

CA
G

TA
G

TT
A

CT
TT

CC
A

TA
CT

A
A

G
G

G
A

A
CG

A
A

A
D

T2
 D

T3
 T

T3
0.

00
0.

99
0.

00
2.

87

br
a-

m
iR

18
85

a
CA

TC
A

A
TG

A
A

A
G

G
TA

TG
A

TT
CC

TC
A

A
TG

A
A

A
G

G
TA

TG
A

TT
CC

CT
B

na
A

09
g1

49
80

D
D

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
TA

O
1 

13
1

TC
A

A
TG

A
A

A
G

G
TA

TG
A

TT
CC

CT
   

  |
||

||
||

||
||

||
||

||
||

||
| 

   

CA
G

TA
G

TT
A

CT
TT

CC
A

TA
CT

A
A

G
G

G
A

A
CG

A
A

A
D

T2
 D

T3
 T

T3
0.

00
0.

99
0.

00
2.

87

br
a-

m
iR

18
85

a
CA

TC
A

A
TG

A
A

A
G

G
TA

TG
A

TT
CC

TC
A

A
TG

A
A

A
G

G
TA

TG
A

TT
CC

CA
B

na
A

09
g1

49
80

D
D

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
TA

O
1 

13
1

TC
A

A
TG

A
A

A
G

G
TA

TG
A

TT
CC

CA
   

  |
||

||
||

||
||

||
||

||
||

||
   

 

CA
G

TA
G

TT
A

CT
TT

CC
A

TA
CT

A
A

G
G

G
A

A
CG

A
A

A
D

T2
 D

T3
 T

T3
0.

00
0.

99
0.

00
2.

87

bn
a-

m
iR

15
6b

,c
,g

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

C
TT

G
A

CA
G

A
A

G
A

TA
G

A
G

A
G

CA
CT

B
na

A
06

g3
67

80
D

SP
L 

2
30

12
TT

G
A

CA
G

A
A

G
A

TA
G

A
G

A
G

CA
CT

   
  |

||
||

||
||

||
 |

||
||

||
||

o 
   

CT
TA

A
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

G
TA

G
TT

C
D

T2
 D

T3
 T

T3
0.

00
2.

04
1.

59
3.

93

at
h-

m
iR

41
4

TC
A

TC
TT

CA
TC

A
TC

A
TC

G
TC

A
TC

A
TC

A
TC

G
TC

A
TC

A
TT

G
TG

A
B

na
C0

8g
30

15
0D

F-
B

O
X

/K
EL

CH
-r

ep
ea

t 
pr

ot
ei

n 
SK

IP
20

11
62

TC
A

TC
A

TC
G

TC
A

TC
A

TT
G

TG
A

   
   

||
||

||
||

o|
||

||
||

o|
| 

   

CA
G

TA
G

TA
G

TA
G

TA
G

TA
G

TA
G

CA
G

G
G

CG
A

A
A

G
TM

1 
TM

2 
TT

1
0.

00
0.

00
7.

35
17

2.
81

a  m
iR

N
A

s 
fr

om
 B

. n
ap

us
 a

nd
 o

th
er

 s
pe

ci
es

 m
at

ch
in

g 
th

e 
sR

N
A

 f
ou

nd
 in

 s
R

N
A

se
q 

an
d 

PA
R

Es
eq

 d
at

a 
w

it
h 

m
is

m
at

ch
es

b  N
uc

le
ot

id
es

 t
ha

t 
ar

e 
m

is
si

ng
 t

he
 in

 t
he

 r
el

av
an

t 
sR

N
A

 f
ou

nd
 in

 P
A

R
Es

e 
da

ta
 a

re
 in

di
ca

te
d 

in
 g

re
en

 c
ol

or
c 
sR

N
A

 f
ou

nd
 in

 B
. n

ap
us

 s
R

N
A

se
q 

an
d 

PA
R

Es
eq

 d
at

a 
w

it
h 

m
is

m
at

ch
es

 t
o 

kn
ow

n 
m

iR
N

A
s 

SP
L 

= 
SQ

U
A

M
O

SA
 P

R
O

M
O

TE
R

-B
IN

D
IN

G
 L

IK
E;

 B
LO

CS
 2

 =
 B

LO
CS

2 
= 

B
IO

G
EN

ES
IS

 O
F 

LY
SO

SO
M

E-
R

EL
A

TE
D

 O
R

G
A

N
EL

LE
S 

CO
M

PL
EX

 1
 s

ub
un

it
  2



  Ta
bl

e 
S1

3:
 T

ra
ns

cr
ip

ts
 c

le
av

ed
 b

y 
a 

m
iR

N
A-

lik
e 

sR
N

A 
id

en
tif

ie
d 

by
 S

ho
rt

St
ac

k 

 

Ta
bl

e 
S1

4:
 N

ew
 m

RN
A 

ta
rg

et
s o

f k
no

w
n 

m
iR

N
As

 

 

m
iR

N
A 

a
m

iR
N

A-
lik

e b
Ta

rg
et

 tr
an

sc
rip

t I
D

Pr
ed

ic
te

d 
ge

ne
 fu

nc
tio

n
Cl

ea
va

ge
 p

os
iti

on
m

iR
N

A:
m

RN
A 

ta
rg

et
 p

ai
r (

5'
-3

' :
  3

'-5
')

Cl
ea

va
ge

 fo
un

d 
in

 P
AR

Es
eq

 re
pl

ic
at

es
 

D
M

D
T

TM
TT

br
a-

m
iR

15
6a

,b
,d

,f-
5p

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aA

06
g3

67
80

D
SP

L 
2

30
12

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
||

||
||

||
||

| 
||

||
||

||
| 

   
CT

TA
AA

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

G
TA

G
TT

C
D

T2
 D

T3
 T

T3
0.

00
2.

04
1.

59
3.

93

br
a-

m
iR

15
6a

,b
,d

,f-
5p

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aA

02
g1

45
80

D
SP

L 
6

10
83

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
o|

||
||

||
||

| 
||

||
||

||
| 

   
AC

TC
G

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
T

D
M

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

br
a-

m
iR

15
6a

,b
,d

,f-
5p

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aC

nn
g6

14
00

D
SP

L 
6

77
1

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
o|

||
||

||
||

| 
||

 |
||

||
| 

   
AC

TC
G

AC
TG

TC
TT

CT
CT

CA
CT

CG
TG

TT
CA

TA
T

D
M

3 
TM

3 
TT

3
1.

75
0.

00
1.

06
1.

43

br
a-

m
iR

15
6a

,b
,d

,f-
5p

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aA

07
g2

77
30

D
SP

L 
6

64
0

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
o|

||
||

||
||

  |
| 

||
||

||
   

 
AC

TC
G

AC
TG

TC
TT

CC
CT

CA
CT

CG
TG

TT
CA

TC
T

D
M

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

br
a-

m
iR

15
6a

,b
,d

,f-
5p

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aC

02
g1

40
00

D
SP

L 
6

10
96

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
o|

||
||

||
||

| 
||

||
||

||
| 

   
AC

TC
G

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
T

D
M

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

br
a-

m
iR

15
6a

,b
,d

,f-
5p

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aC

02
g1

91
00

D
SP

L 
6

11
17

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
o|

||
||

||
||

| 
||

||
||

||
| 

   
AC

TC
G

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
T

D
M

3 
TM

3 
TT

3
2.

56
0.

00
0.

94
4.

21

br
a-

m
iR

15
6a

,b
,d

,f-
5p

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aA

07
g0

88
30

D
SP

L 
10

16
32

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
||

||
||

||
||

| 
||

||
||

||
| 

   
CT

G
CA

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

AC
AT

CT
T

D
M

3 
D

T3
 T

M
2 

TM
3 

TT
3

19
.5

1
8.

58
33

.1
7

31
.0

1

br
a-

m
iR

15
6a

,b
,d

,f-
5p

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aC

07
g1

13
80

D
SP

L 
10

15
68

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
||

||
||

||
||

| 
||

||
||

||
| 

   
CT

TC
AA

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

CC
AC

CT
T

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

2 
TT

3
18

.8
4

0.
86

14
.6

1
34

.8
5

br
a-

m
iR

15
6a

,b
,d

,f-
5p

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aA

nn
g2

50
50

D
SP

L 
11

13
41

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
||

||
||

||
||

| 
||

||
||

||
| 

   
CT

G
CA

AC
TG

TC
TT

CT
CT

CT
CT

CG
TG

AC
AT

CT
T

D
M

3 
D

T3
 T

M
2 

TM
3 

TT
3

19
.5

1
8.

58
33

.1
7

31
.0

1

br
a-

m
iR

15
6a

,b
,d

,f-
5p

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aC

04
g2

39
30

D
SP

L 
15

95
2

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C 

   
||

||
||

||
||

| 
||

||
||

||
| 

   
CT

CA
AA

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TC
G

AA
CT

D
M

2 
D

M
3 

D
T3

 T
M

3 
TT

3
2.

80
3.

00
0.

82
1.

90

a  K
no

w
n 

B.
 ra

pa
 m

iR
N

A 
ho

m
ol

og
ou

s 
to

 th
e 

m
iR

N
A-

lik
e 

sR
N

A 
fo

un
d 

in
 B

. n
ap

us
 s

RN
A 

sR
N

As
eq

 a
nd

 P
AR

Es
eq

 d
at

a
b  m

iR
N

A-
lik

e 
sR

N
A 

pr
es

en
t i

n 
B.

 n
ap

us
 b

ut
 c

ar
ry

in
g 

m
is

m
at

ch
es

 (h
ig

hl
ig

ht
ed

 in
 re

d 
co

lo
r)

 re
la

tiv
e 

to
 th

e 
kn

ow
n 

br
a-

m
iR

N
A

SP
L 

= 
SQ

U
AM

O
SA

 P
RO

TE
IN

-B
IN

D
IN

G
 L

IK
E

Fr
ag

m
en

t s
ig

na
tu

re
s 

(r
pm

)

m
iR

N
Aa

Tr
an

sc
rip

t I
D

Pr
ed

ic
te

d 
ge

ne
 fu

nc
tio

n
Cl

ea
va

ge
 p

os
iti

on
m

iR
N

A:
m

RN
A 

ta
rg

et
 p

ai
r (

5'
-3

' :
  3

'-5
')

Cl
ea

va
ge

 fo
un

d 
in

 P
AR

Es
eq

 re
pl

ic
at

es
 

D
M

D
T

TM
TT

br
a-

m
iR

18
85

b
Bn

aC
nn

g4
47

80
D

BL
O

CS
 2

13
80

TA
CA

TC
TT

CT
CC

G
CG

G
AA

G
CT

C 
   

| 
||

||
| 

||
||

||
|o

||
o|

||
   

 
G

CT
G

AA
G

TA
G

AC
G

AG
G

CG
CT

TT
TG

AG
AG

TC
G

G
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
2 

TT
3

32
.9

0
66

.2
5

33
.0

5
11

6.
04

br
a-

m
iR

18
85

b
Bn

aA
06

g2
94

50
D

BL
O

CS
 2

31
9

TA
CA

TC
TT

CT
CC

G
CG

G
AA

G
CT

C 
   

| 
||

||
| 

||
||

||
oo

||
o|

||
   

 
G

TT
G

AA
G

TA
G

AC
G

AG
G

CG
TT

TT
TG

AG
AC

TC
G

G
D

M
3 

D
T2

 T
T3

0.
13

0.
18

0.
00

0.
19

Bn
a-

m
iR

C2
3a

-3
Bn

aA
07

g2
82

90
D

Cy
to

ch
ro

m
e 

c 
ox

id
as

e 
as

se
m

bl
y 

pr
ot

ei
n 

CO
X1

9
99

6
TA

TC
TA

CT
G

CT
TA

TG
CC

AC
CA

   
  o

||
 |

 |
||

||
| 

||
||

| 
||

   
 

G
TC

TG
TA

TA
G

G
AC

G
AA

-A
CG

G
TA

G
TT

CA
AG

G
A

D
M

2 
D

M
3 

TM
2 

TM
3 

TT
3

0.
26

0.
00

0.
22

0.
32

bn
a-

m
iR

60
30

Bn
aA

02
g1

69
70

D
un

kn
ow

n
98

4
TC

CA
CC

CA
TA

CC
AT

AC
AG

AC
CC

   
 |

||
| 

||
| 

| 
||

 |
||

||
||

| 
   

CT
TC

AG
G

TA
G

G
TT

TT
G

T-
TG

TC
TG

G
G

TT
G

G
TT

D
M

3 
D

T3
 T

M
2 

TM
3

0.
56

0.
59

5.
40

0.
00

a  m
iR

N
A 

pr
es

en
t i

n 
B.

 n
ap

us
 s

RN
As

eq
 a

nd
 P

AR
Es

eq
 d

at
a

BL
O

CS
2 

= 
BI

O
G

EN
ES

IS
 O

F 
LY

SO
SO

M
E-

RE
LA

TE
D

 O
RG

AN
EL

LE
S 

CO
M

PL
EX

 1
 s

ub
un

it 
 2

Fr
ag

m
en

t s
ig

na
tu

re
s 

(r
pm

)



  Ta
bl

e 
S1

5:
 T

ar
ge

tin
g 

of
 h

os
t m

RN
A 

tr
an

sc
rip

ts
 b

y 
m

iR
N

As
 

 

D
M

D
T

TM
TT

D
M

D
T

TM
TT

D
M

D
T

TM
TT

bn
a-

m
iR

40
3

10
73

84
-1

.7
2

31
06

5
-1

.1
9

Bn
aC

nn
g6

83
20

D
Pr

ot
ei

n 
ar

go
na

ut
e 

2
30

30
TT

AG
AT

TC
AC

GC
AC

AA
AC

TC
G 

   |
||

||
||

||
||

||
||

||
||

|  
  

GG
TT

AA
TC

TA
AG

TG
CG

TG
TT

TG
AG

GA
AC

TC
TA

D
M

1 
D

M
3 

D
T1

 D
T2

 D
T3

 T
M

2 
TM

3 
TT

3
62

.3
2

9.
04

9.
78

5.
46

12
00

1.
50

17
93

1.
27

D
M

_C
lu

st
er

_1
17

33
90

7
-1

.1
3

91
3

-1
.7

0
Bn

aC
07

g1
13

80
D

SP
L 

10
15

68
TT

GA
CA

GA
AG

AG
AG

CG
AG

CA
C 

   |
||

||
||

||
||

||
| |

||
||

|  
  

CT
TC

AA
CT

GT
CT

TC
TC

TC
TC

TC
GT

GC
CA

CC
TT

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

2 
TT

3
18

.8
4

0.
86

14
.6

1
34

.8
5

36
3

-0
.5

4
47

0
-0

.3
4

bn
a-

m
iR

15
6g

85
55

-1
.1

3
11

77
8

-1
.6

5
Bn

aC
07

g1
13

80
D

SP
L 

10
15

68
TT

GA
CA

GA
AG

AT
AG

AG
AG

CA
C 

   |
||

||
||

||
||

 ||
||

||
||

|  
  

CT
TC

AA
CT

GT
CT

TC
TC

TC
TC

TC
GT

GC
CA

CC
TT

D
M

2 
D

M
3 

D
T2

 D
T3

 T
M

2 
TM

3 
TT

2 
TT

3
18

.8
4

0.
86

14
.6

1
34

.8
5

36
3

-0
.5

4
47

0
-0

.3
4

TM
_C

lu
st

er
_4

09
01

20
27

-1
.2

3
27

89
-1

.4
4

Bn
aC

07
g1

13
80

D
SP

L 
10

15
68

TT
GA

CA
GA

AG
AG

AG
TG

AG
CA

C 
   |

||
||

||
||

||
||

| |
||

||
|  

  
CT

TC
AA

CT
GT

CT
TC

TC
TC

TC
TC

GT
GC

CA
CC

TT
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
2 

TT
3

18
.8

4
0.

86
14

.6
1

34
.8

5
36

3
-0

.5
4

47
0

-0
.3

4

br
a-

m
iR

18
85

b
68

09
3

2.
29

75
65

8
2.

85
Bn

aC
nn

g4
47

80
D

BL
O

CS
 2

13
80

TA
CA

TC
TT

CT
CC

GC
GG

AA
GC

TC
    

| |
||

||
 ||

||
||

|o
||

o|
||

    
GC

TG
AA

GT
AG

AC
GA

GG
CG

CT
TT

TG
AG

AG
TC

GG
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
2 

TT
3

32
.9

0
66

.2
5

33
.0

5
11

6.
04

11
10

0.
44

91
6

0.
64

bn
a-

m
iR

17
2b

35
9

-1
.7

2
44

0
-1

.7
3

Bn
aC

03
g2

64
80

D
ER

F 
RA

P2
-7

23
28

GG
AA

TC
TT

GA
TG

AT
GC

TG
CA

T  
  o

||
||

|o
||

||
||

||
||

||
 | 

   
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

G-
AC

GT
TG

AC
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66
81

5
-0

.3
9

12
02

0.
43

bn
a-

m
iR

17
2a

59
1

-1
.0

2
47

7
-0

.7
0

Bn
aC

09
g1

34
30

D
ER

F 
RA

P2
-7

10
39

AG
AA

TC
TT

GA
TG

AT
GC

TG
CA

T  
  |

||
||

|o
||

||
||

||
||

||
 | 

   
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

G-
AC

GT
TG

AC
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66
65

2
0.

30
31

66
-1

.5
7

bn
a-

m
iR

17
2a

59
1

-1
.0

2
47

7
-0

.7
0

Bn
aA

03
g2

21
00

D
ER

F 
RA

P2
-7

22
84

AG
AA

TC
TT

GA
TG

AT
GC

TG
CA

T  
  |

||
||

|o
||

||
||

||
||

||
 | 

   
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

G-
AC

GT
TG

AC
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66
41

3
0.

53
31

7
1.

04

bn
a-

m
iR

17
2b

35
9

-1
.7

2
44

0
-1

.7
3

Bn
aA

03
g2

21
00

D
ER

F 
RA

P2
-7

22
84

GG
AA

TC
TT

GA
TG

AT
GC

TG
CA

T  
  o

||
||

|o
||

||
||

||
||

||
 | 

   
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

G-
AC

GT
TG

AC
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66
41

3
0.

53
31

7
1.

04

bn
a-

m
iR

17
2a

59
1

-1
.0

2
47

7
-0

.7
0

Bn
aC

03
g2

64
80

D
ER

F 
RA

P2
-7

23
28

AG
AA

TC
TT

GA
TG

AT
GC

TG
CA

T  
  |

||
||

|o
||

||
||

||
||

||
 | 

   
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

G-
AC

GT
TG

AC
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66
81

5
-0

.3
9

12
02

0.
43

bn
a-

m
iR

17
2b

35
9

-1
.7

2
44

0
-1

.7
3

Bn
aC

04
g1

56
40

D
ER

F 
RA

P2
-7

24
14

GG
AA

TC
TT

GA
TG

AT
GC

TG
CA

T  
  o

||
||

|o
||

||
||

||
||

||
 | 

   
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

G-
AC

GT
TG

AC
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66
15

38
0.

78
45

57
4

-1
.7

4

bn
a-

m
iR

17
2a

59
1

-1
.0

2
47

7
-0

.7
0

Bn
aC

04
g1

56
40

D
ER

F 
RA

P2
-7

24
14

AG
AA

TC
TT

GA
TG

AT
GC

TG
CA

T  
  |

||
||

|o
||

||
||

||
||

||
 | 

   
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

G-
AC

GT
TG

AC
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66
15

38
0.

78
45

57
4

-1
.7

4

bn
a-

m
iR

17
2b

35
9

-1
.7

2
44

0
-1

.7
3

Bn
aC

09
g1

34
30

D
ER

F 
RA

P2
-7

10
39

GG
AA

TC
TT

GA
TG

AT
GC

TG
CA

T  
  o

||
||

|o
||

||
||

||
||

||
 | 

   
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

G-
AC

GT
TG

AC
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

16
.6

0
10

.0
3

14
.4

8
6.

66
65

2
0.

30
31

66
-1

.5
7

bn
a-

m
iR

16
0c

12
24

9
-1

.0
3

11
89

0
-0

.9
8

Bn
aA

01
g0

69
10

D
AR

F 
16

23
41

TG
CC

TG
GC

TC
CC

TG
TA

TG
CC

A 
   |

||
||

||
||

||
||

||
| o

||
    

TA
AT

AC
GG

AC
CG

AG
GG

AC
AT

TT
GG

GT
GC

CC
TT

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
2 

TT
3

8.
06

22
.8

6
18

.6
0

32
.4

5
39

5
0.

60
64

7
1.

21

bn
a-

m
iR

16
0c

12
24

9
-1

.0
3

11
89

0
-0

.9
8

Bn
aC

01
g0

83
30

D
AR

F 
16

23
24

TG
CC

TG
GC

TC
CC

TG
TA

TG
CC

A 
   |

||
||

||
||

||
||

||
| o

||
    

TA
AT

AC
GG

AC
CG

AG
GG

AC
AT

TT
GG

GT
GC

CC
TT

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
2 

TT
3

8.
06

22
.8

6
18

.6
0

32
.4

5
73

0
0.

52
68

5
0.

79

bn
a-

m
iR

16
0c

12
24

9
-1

.0
3

11
89

0
-0

.9
8

Bn
aA

07
g1

38
30

D
AR

F 
10

16
98

TG
CC

TG
GC

TC
CC

TG
TA

TG
CC

A 
   |

||
||

||
||

||
||

||
||

 ||
    

TC
GA

AC
GG

AC
CG

AG
GG

AC
AT

AA
GG

GC
GT

CC
TC

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
2 

TT
3

8.
94

12
.5

0
18

.3
8

20
.2

2
10

06
-0

.6
3

71
7

0.
01

at
h-

m
iR

39
3b

-5
p

15
38

0
-0

.1
4

15
06

6
-0

.5
4

Bn
aC

02
g3

63
70

D
Pr

ot
ei

n 
AU

XI
N

 S
IG

N
AL

IN
G

 F
-B

O
X 

2
25

91
TC

CA
AA

GG
GA

TC
GC

AT
TG

AT
CC

    
||

||
||

||
||

||
||

||
||

 | 
|  

  
CT

GT
AG

GT
TT

CC
CT

AG
CG

TA
AC

AA
AG

TA
TG

AA
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
3 

TT
3

7.
08

4.
13

5.
77

8.
70

11
28

0.
35

12
32

0.
12

at
h-

m
iR

39
3b

-5
p

15
38

0
-0

.1
4

15
06

6
-0

.5
4

Bn
aA

02
g2

82
90

D
Pr

ot
ei

n 
AU

XI
N

 S
IG

N
AL

IN
G

 F
-B

O
X 

2
25

31
TC

CA
AA

GG
GA

TC
GC

AT
TG

AT
CC

    
||

||
||

||
||

||
||

||
||

 | 
|  

  
CT

GT
AG

GT
TT

CC
CT

AG
CG

TA
AC

AA
AG

TA
TG

AA
D

M
2 

D
M

3 
D

T2
 D

T3
 T

M
3 

TT
3

7.
08

4.
13

5.
77

8.
70

66
4

0.
50

86
0

0.
24

bn
a-

m
iR

17
2b

35
9

-1
.7

2
44

0
-1

.7
3

Bn
aA

10
g1

29
50

D
AP

2-
lik

e 
ER

F 
TO

E2
29

33
GG

AA
TC

TT
GA

TG
AT

GC
TG

CA
T  

  o
||

||
|o

||
||

||
||

||
||

||
    

AC
AC

TC
TT

AG
GA

CT
AC

TA
CG

AC
GT

AA
AC

TC
TC

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

0.
75

5.
00

11
.1

4
9.

95
29

7
0.

33
44

3
-0

.0
4

bn
a-

m
iR

17
2a

59
1

-1
.0

2
47

7
-0

.7
0

Bn
aA

10
g1

29
50

D
AP

2-
lik

e 
ER

F 
TO

E2
29

33
AG

AA
TC

TT
GA

TG
AT

GC
TG

CA
T  

  |
||

||
|o

||
||

||
||

||
||

||
    

AC
AC

TC
TT

AG
GA

CT
AC

TA
CG

AC
GT

AA
AC

TC
TC

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

0.
75

5.
00

11
.1

4
9.

95
29

7
0.

33
44

3
-0

.0
4

bn
a-

m
iR

17
2a

59
1

-1
.0

2
47

7
-0

.7
0

Bn
aC

09
g3

54
30

D
AP

2-
lik

e 
ER

F 
TO

E2
26

71
AG

AA
TC

TT
GA

TG
AT

GC
TG

CA
T  

  |
||

||
|o

||
||

||
||

||
||

||
    

AC
AC

TC
TT

AG
GA

CT
AC

TA
CG

AC
GT

AA
AC

TA
TC

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

0.
75

5.
00

11
.1

4
9.

95
23

2
0.

01
34

2
-0

.2
2

bn
a-

m
iR

17
2b

35
9

-1
.7

2
44

0
-1

.7
3

Bn
aC

09
g3

54
30

D
AP

2-
lik

e 
ER

F 
TO

E2
26

71
GG

AA
TC

TT
GA

TG
AT

GC
TG

CA
T  

  o
||

||
|o

||
||

||
||

||
||

||
    

AC
AC

TC
TT

AG
GA

CT
AC

TA
CG

AC
GT

AA
AC

TA
TC

D
M

3 
D

T2
 D

T3
 T

M
2 

TM
3 

TT
3

0.
75

5.
00

11
.1

4
9.

95
23

2
0.

01
34

2
-0

.2
2

bn
a-

m
iR

17
2a

59
1

-1
.0

2
47

7
-0

.7
0

Bn
aA

01
g3

47
30

D
Fl

or
al

 h
om

eo
tic

 p
ro

te
in

 A
PE

TA
LA

 2
10

43
AG

AA
TC

TT
GA

TG
AT

GC
TG

CA
T  

  |
||

||
|o

||
||

||
||

||
||

|  
  

CC
TC

TC
TT

AG
GA

CT
AC

TA
CG

AC
GT

CG
TA

AA
CG

D
M

2 
D

M
3 

D
T2

 T
M

3 
TT

3
3.

62
2.

04
0.

47
1.

62
46

0
-0

.4
4

48
7

0.
12

bn
a-

m
iR

17
2b

35
9

-1
.7

2
44

0
-1

.7
3

Bn
aA

01
g3

47
30

D
Fl

or
al

 h
om

eo
tic

 p
ro

te
in

 A
PE

TA
LA

 2
10

43
GG

AA
TC

TT
GA

TG
AT

GC
TG

CA
T  

  o
||

||
|o

||
||

||
||

||
||

|  
  

CC
TC

TC
TT

AG
GA

CT
AC

TA
CG

AC
GT

CG
TA

AA
CG

D
M

2 
D

M
3 

D
T2

 T
M

3 
TT

3
3.

62
2.

04
0.

47
1.

62
46

0
-0

.4
4

48
7

0.
12

D
M

_C
lu

st
er

_1
17

33
90

7
-1

.1
3

91
3

-1
.7

0
Bn

aC
04

g2
39

30
D

SP
L 

15
95

2
TT

GA
CA

GA
AG

AG
AG

CG
AG

CA
C 

   |
||

||
||

||
||

||
| |

||
||

|  
  

CT
CA

AA
CT

GT
CT

TC
TC

TC
TC

TC
GT

GT
CG

AA
CT

D
M

2 
D

M
3 

D
T3

 T
M

3 
TT

3
2.

80
3.

00
0.

82
1.

90
20

6
-0

.3
2

65
-0

.8
3

TM
_C

lu
st

er
_4

09
01

20
27

-1
.2

3
27

89
-1

.4
4

Bn
aC

04
g2

39
30

D
SP

L 
15

95
2

TT
GA

CA
GA

AG
AG

AG
TG

AG
CA

C 
   |

||
||

||
||

||
||

| |
||

||
|  

  
CT

CA
AA

CT
GT

CT
TC

TC
TC

TC
TC

GT
GT

CG
AA

CT
D

M
2 

D
M

3 
D

T3
 T

M
3 

TT
3

2.
80

3.
00

0.
82

1.
90

20
6

-0
.3

2
65

-0
.8

3

Fr
ag

m
en

t s
ig

na
tu

re
s 

(r
pm

)
m

iR
N

A
D

E 
ta

rg
et

 m
RN

A
ho

st
 m

RN
A 

ta
rg

et
s

m
RN

A 
re

ad
s 

&
 F

C(
lo

g2
)

Cl
ea

va
ge

 fo
un

d 
in

 P
AR

Es
eq

 re
pl

ic
at

es
 

m
iR

N
A 

sp
ec

ie
s

Ta
rg

et
 tr

an
sc

rip
t 

ID
Pr

ed
ic

te
d 

ge
ne

 fu
nc

tio
n

Cl
ea

va
ge

 
po

si
tio

n
m

iR
N

A:
m

RN
A 

ta
rg

et
 p

ai
r (

5'
-3

' :
  3

'-5
')

m
iR

N
A 

re
ad

s 
&

 F
C(

lo
g2

)



  

 

bn
a-

m
iR

39
3

19
0

-2
.0

0
26

9
-2

.1
0

B
na

C0
2g

36
37

0D
Pr

ot
ei

n 
A

U
X

IN
 S

IG
N

A
LI

N
G

 F
-B

O
X

 2
25

91
TC

CA
A

A
G

G
G

A
TC

G
CA

TT
G

A
TC

    
||

||
||

||
||

||
||

||
||

 |
    

CT
G

TA
G

G
TT

TC
CC

TA
G

CG
TA

A
CA

A
A

G
TA

TG
A

A
D

M
2 

D
M

3 
D

T3
 T

M
3 

TT
3

7.
08

2.
00

5.
77

8.
70

11
28

0.
35

12
32

0.
12

bn
a-

m
iR

15
6g

85
55

-1
.1

3
11

77
8

-1
.6

5
B

na
C0

4g
23

93
0D

SP
L 

15
95

2
TT

G
A

CA
G

A
A

G
A

TA
G

A
G

A
G

CA
C 

   |
||

||
||

||
||

 |
||

||
||

||
    

CT
CA

A
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TC
G

A
A

CT
D

M
2 

D
M

3 
D

T3
 T

M
3 

TT
3

2.
80

3.
00

0.
82

1.
90

20
6

-0
.3

2
65

-0
.8

3

bn
a-

m
iR

39
3

19
0

-2
.0

0
26

9
-2

.1
0

B
na

A
02

g2
82

90
D

Pr
ot

ei
n 

A
U

X
IN

 S
IG

N
A

LI
N

G
 F

-B
O

X
 2

25
31

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TC
    

||
||

||
||

||
||

||
||

||
 |

    
CT

G
TA

G
G

TT
TC

CC
TA

G
CG

TA
A

CA
A

A
G

TA
TG

A
A

D
M

2 
D

M
3 

D
T3

 T
M

3 
TT

3
7.

08
2.

00
5.

77
8.

70
66

4
0.

50
86

0
0.

24

B
na

-m
iR

C2
3a

-3
41

8
-0

.1
3

57
3

0.
60

B
na

A
07

g2
82

90
D

Cy
to

ch
ro

m
e 

c 
ox

id
as

e 
as

se
m

bl
y 

pr
ot

ei
n 

CO
X

19
99

6
TA

TC
TA

CT
G

CT
TA

TG
CC

A
CC

A
    

o|
| 

| 
||

||
||

 |
||

||
 |

| 
   

G
TC

TG
TA

TA
G

G
A

CG
A

A
-A

CG
G

TA
G

TT
CA

A
G

G
A

D
M

2 
D

M
3 

TM
2 

TM
3 

TT
3

0.
26

0.
00

0.
22

0.
32

73
5

-0
.4

0
65

8
-0

.3
5

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

C0
2g

19
10

0D
SP

L 
6

11
16

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

    
||

||
||

||
||

||
| 

||
||

||
    

CT
CG

A
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
TT

CA
TC

TC
D

M
3 

D
T2

 D
T3

 T
M

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

32
9

-0
.2

7
31

6
0.

23

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

C0
2g

14
00

0D
SP

L 
6

10
95

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

    
||

||
||

||
||

||
| 

||
||

||
    

CT
CG

A
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
TT

CA
TC

TC
D

M
3 

D
T2

 D
T3

 T
M

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

11
9

-0
.1

5
15

0
0.

01

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

Cn
ng

61
40

0D
SP

L 
6

77
0

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

    
||

||
||

||
||

||
||

||
||

||
    

CT
CG

A
CT

G
TC

TT
CT

CT
CA

CT
CG

TG
TT

CA
TA

TT
D

M
3 

D
T2

 D
T3

 T
M

3 
TT

3
4.

50
17

.0
9

5.
12

4.
07

50
9

-0
.6

2
40

1
-0

.0
5

bn
a-

m
iR

17
1a

79
6

2.
20

75
3

1.
93

B
na

A
nn

g1
85

50
D

Sc
ar

ec
ro

w
-l

ik
e 

pr
ot

ei
n 

6
84

0
TT

G
A

G
CC

G
TG

CC
A

A
TA

TC
A

CG
    

||
||

||
||

o|
||

||
||

||
 |

    
A

A
CT

A
A

CT
CG

G
CG

CG
G

TT
A

TA
G

G
G

G
A

CA
CG

G
T

D
M

3 
D

T2
 D

T3
 T

M
3 

TT
3

4.
13

4.
22

5.
30

0.
97

18
95

-0
.6

0
11

46
-0

.2
5

bn
a-

m
iR

17
1a

79
6

2.
20

75
3

1.
93

B
na

A
nn

g1
85

40
D

Sc
ar

ec
ro

w
-l

ik
e 

pr
ot

ei
n 

6
85

1
TT

G
A

G
CC

G
TG

CC
A

A
TA

TC
A

CG
    

||
||

||
||

o|
||

||
||

||
 |

    
A

A
CT

A
A

CT
CG

G
CG

CG
G

TT
A

TA
G

G
G

G
A

CA
CG

G
T

D
M

3 
D

T2
 D

T3
 T

M
3 

TT
3

4.
13

4.
22

5.
30

0.
97

21
52

-0
.6

1
12

86
-0

.2
3

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

A
02

g1
45

80
D

SP
L 

6
10

82
TG

A
CA

G
A

A
G

A
G

A
G

TG
A

G
CA

C 
    

||
||

||
||

||
||

| 
||

||
||

    
CT

CG
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TT
CA

TC
TC

D
M

3 
D

T2
 D

T3
 T

M
3 

TT
3

4.
50

17
.0

9
5.

12
4.

07
19

7
-0

.1
6

22
7

0.
12

bn
a-

m
iR

15
6g

85
55

-1
.1

3
11

77
8

-1
.6

5
B

na
A

nn
g2

50
50

D
SP

L 
11

13
41

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

C 
   |

||
||

||
||

||
 |

||
||

||
||

    
CT

G
CA

A
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
A

CA
TC

TT
D

M
3 

D
T3

 T
M

2 
TM

3 
TT

3
19

.5
1

8.
58

33
.1

7
31

.0
1

68
0.

70
73

0.
71

TM
_C

lu
st

er
_4

09
01

20
27

-1
.2

3
27

89
-1

.4
4

B
na

A
nn

g2
50

50
D

SP
L 

11
13

41
TT

G
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

   |
||

||
||

||
||

||
| 

||
||

||
    

CT
G

CA
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

A
CA

TC
TT

D
M

3 
D

T3
 T

M
2 

TM
3 

TT
3

19
.5

1
8.

58
33

.1
7

31
.0

1
68

0.
70

73
0.

71

D
M

_C
lu

st
er

_1
17

33
90

7
-1

.1
3

91
3

-1
.7

0
B

na
A

07
g0

88
30

D
SP

L 
10

16
32

TT
G

A
CA

G
A

A
G

A
G

A
G

CG
A

G
CA

C 
   |

||
||

||
||

||
||

| 
||

||
||

    
CT

G
CA

A
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
A

CA
TC

TT
D

M
3 

D
T3

 T
M

2 
TM

3 
TT

3
19

.5
1

8.
58

33
.1

7
31

.0
1

34
1

-0
.6

1
21

3
0.

57

TM
_C

lu
st

er
_4

09
01

20
27

-1
.2

3
27

89
-1

.4
4

B
na

A
07

g0
88

30
D

SP
L 

10
16

32
TT

G
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

   |
||

||
||

||
||

||
| 

||
||

||
    

CT
G

CA
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

A
CA

TC
TT

D
M

3 
D

T3
 T

M
2 

TM
3 

TT
3

19
.5

1
8.

58
33

.1
7

31
.0

1
34

1
-0

.6
1

21
3

0.
57

bn
a-

m
iR

15
6g

85
55

-1
.1

3
11

77
8

-1
.6

5
B

na
A

07
g0

88
30

D
SP

L 
10

16
32

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

C 
   |

||
||

||
||

||
 |

||
||

||
||

    
CT

G
CA

A
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
A

CA
TC

TT
D

M
3 

D
T3

 T
M

2 
TM

3 
TT

3
19

.5
1

8.
58

33
.1

7
31

.0
1

34
1

-0
.6

1
21

3
0.

57

D
M

_C
lu

st
er

_1
17

33
90

7
-1

.1
3

91
3

-1
.7

0
B

na
A

nn
g2

50
50

D
SP

L 
11

13
41

TT
G

A
CA

G
A

A
G

A
G

A
G

CG
A

G
CA

C 
   |

||
||

||
||

||
||

| 
||

||
||

    
CT

G
CA

A
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
A

CA
TC

TT
D

M
3 

D
T3

 T
M

2 
TM

3 
TT

3
19

.5
1

8.
58

33
.1

7
31

.0
1

68
0.

70
73

0.
71

bn
a-

m
iR

17
1a

79
6

2.
20

75
3

1.
93

B
na

C0
4g

22
08

0D
Sc

ar
ec

ro
w

-l
ik

e 
pr

ot
ei

n 
22

81
6

TT
G

A
G

CC
G

TG
CC

A
A

TA
TC

A
CG

    
||

||
||

||
o|

||
||

||
||

 |
    

A
A

CT
A

A
CT

CG
G

CG
CG

G
TT

A
TA

G
G

G
A

A
CG

CG
CT

D
M

3 
D

T2
 T

M
3 

TT
3

14
.5

0
4.

53
1.

06
0.

60
13

30
-0

.9
7

56
8

0.
05

bn
a-

m
iR

60
30

28
79

-0
.0

9
30

92
-0

.1
7

B
na

A
02

g1
69

70
D

un
kn

ow
n

98
4

TC
CA

CC
CA

TA
CC

A
TA

CA
G

A
CC

C 
   |

||
| 

||
| 

| 
||

 |
||

||
||

| 
   

CT
TC

A
G

G
TA

G
G

TT
TT

G
T-

TG
TC

TG
G

G
TT

G
G

TT
D

M
3 

D
T3

 T
M

2 
TM

3
0.

56
0.

59
5.

40
0.

00
33

28
-0

.7
8

15
02

-0
.7

2

at
h-

m
iR

39
3b

-5
p

15
38

0
-0

.1
4

15
06

6
-0

.5
4

B
na

A
08

g2
45

70
D

Pr
ot

ei
n 

A
U

X
IN

 S
IG

N
A

LI
N

G
 F

-B
O

X
 3

26
40

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TC
C 

   |
||

||
||

||
||

||
||

||
| 

| 
| 

   
CT

G
TA

G
G

TT
TC

CC
TA

G
CG

TA
A

CA
A

A
G

CA
TG

A
A

D
M

3 
D

T3
 T

M
3 

TT
3

2.
63

4.
63

9.
30

12
.0

8
25

30
-0

.1
9

29
85

0.
31

at
h-

m
iR

39
3b

-5
p

15
38

0
-0

.1
4

15
06

6
-0

.5
4

B
na

C0
8g

40
89

0D
Pr

ot
ei

n 
A

U
X

IN
 S

IG
N

A
LI

N
G

 F
-B

O
X

 3
24

68
TC

CA
A

A
G

G
G

A
TC

G
CA

TT
G

A
TC

C 
   |

||
||

||
||

||
||

||
||

| 
||

    
CT

G
TA

G
G

TT
TC

CC
TA

G
CG

TA
A

CA
A

G
A

CA
TG

A
A

D
M

3 
D

T3
 T

M
3 

TT
3

2.
63

4.
63

9.
30

12
.0

8
26

34
0.

55
30

65
0.

56

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

C0
5g

21
27

0D
SP

L 
11

16
90

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

    
||

||
||

||
||

||
| 

o|
||

||
    

TT
CA

A
CT

G
TC

TT
CT

CT
CT

TT
CG

TG
CC

A
CC

TT
T

D
M

3 
D

T3
 T

M
3 

TT
3

0.
19

0.
27

1.
00

3.
01

52
1

-0
.7

3
34

6
0.

50

bn
a-

m
iR

39
3

19
0

-2
.0

0
26

9
-2

.1
0

B
na

C0
8g

40
89

0D
Pr

ot
ei

n 
A

U
X

IN
 S

IG
N

A
LI

N
G

 F
-B

O
X

 3
24

68
TC

CA
A

A
G

G
G

A
TC

G
CA

TT
G

A
TC

    
||

||
||

||
||

||
||

||
||

 |
| 

   
CT

G
TA

G
G

TT
TC

CC
TA

G
CG

TA
A

CA
A

G
A

CA
TG

A
A

D
M

3 
D

T3
 T

M
3 

TT
3

2.
63

4.
63

9.
30

12
.0

8
26

34
0.

55
30

65
0.

56

bn
a-

m
iR

39
3

19
0

-2
.0

0
26

9
-2

.1
0

B
na

A
08

g2
45

70
D

Pr
ot

ei
n 

A
U

X
IN

 S
IG

N
A

LI
N

G
 F

-B
O

X
 3

26
40

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TC
    

||
||

||
||

||
||

||
||

||
 |

    
CT

G
TA

G
G

TT
TC

CC
TA

G
CG

TA
A

CA
A

A
G

CA
TG

A
A

D
M

3 
D

T3
 T

M
3 

TT
3

2.
63

4.
63

9.
30

12
.0

8
25

30
-0

.1
9

29
85

0.
31

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

C0
7g

11
38

0D
SP

L 
10

15
67

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

    
||

||
||

||
||

||
| 

||
||

||
    

TT
CA

A
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
CC

A
CC

TT
A

D
M

3 
D

T3
 T

M
3 

TT
3

0.
19

0.
27

1.
00

2.
96

36
3

-0
.5

4
47

0
-0

.3
4

bn
a-

m
iR

40
3

10
73

84
-1

.7
2

31
06

5
-1

.1
9

B
na

A
05

g1
47

60
D

Pr
ot

ei
n 

ar
go

na
ut

e 
2

33
78

TT
A

G
A

TT
CA

CG
CA

CA
A

A
CT

CG
    

||
||

||
||

||
||

||
||

||
||

    
G

G
TT

A
A

TC
TA

A
G

TG
CG

TG
TT

TG
A

G
G

A
A

A
G

A
TG

D
M

1 
TM

3 
TT

3
0.

03
0.

00
0.

82
2.

55
25

5
2.

60
37

8
3.

13

br
a-

m
iR

39
8-

3p
12

80
22

4.
09

73
18

6
4.

34
B

na
A

04
g1

63
10

D
Su

pe
ro

xi
de

 d
is

m
ut

as
e 

[C
u-

Zn
],

 c
hl

or
op

la
st

ic
77

6
TG

TG
TT

CT
CA

G
G

TC
A

CC
CC

TG
    

||
| 

||
|o

||
||

||
||

||
 o

o 
   

TA
TT

A
CA

-A
A

G
G

G
TC

CA
G

TG
G

G
CG

TA
CT

G
CC

T
D

M
2 

TM
3 

TT
3

3.
42

0.
00

1.
35

0.
23

25
9

2.
75

10
83

2
0.

67

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

A
07

g2
77

30
D

SP
L 

6
63

9
TG

A
CA

G
A

A
G

A
G

A
G

TG
A

G
CA

C 
    

||
||

||
||

||
||

||
||

||
||

    
CT

CG
A

CT
G

TC
TT

CT
CT

CA
CT

CG
TG

TT
CA

TC
TT

D
M

3 
D

T2
 D

T3
4.

50
17

.0
9

0.
00

0.
00

14
9

-0
.1

7
30

8
0.

33

br
a-

m
iR

18
85

b
68

09
3

2.
29

75
65

8
2.

85
B

na
A

06
g2

94
50

D
B

LO
CS

 2
31

9
TA

CA
TC

TT
CT

CC
G

CG
G

A
A

G
CT

C 
   |

 |
||

||
 |

||
||

|o
o|

|o
||

| 
   

G
TT

G
A

A
G

TA
G

A
CG

A
G

G
CG

TT
TT

TG
A

G
A

CT
CG

G
D

M
3 

D
T2

 T
T3

0.
13

0.
18

0.
00

0.
19

79
0.

10
11

3
0.

63

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

A
04

g1
98

40
D

SP
L 

3
56

0
TG

A
CA

G
A

A
G

A
G

A
G

TG
A

G
CA

C 
    

||
||

||
||

||
||

|o
o|

||
| 

   
TC

TG
A

CT
G

TC
TT

CT
CT

CG
TT

CG
TT

TC
CG

A
TT

T
D

M
3 

D
T3

 T
T3

1.
19

3.
31

0.
00

1.
48

20
43

-2
.5

2
21

0
-0

.8
4



  

 

b
n

a
-
m

i
R

1
5

6
d

6
8

1
-
0

.
6

5
4

3
6

-
0

.
9

5
B

n
a

C
0

4
g

4
4

2
3

0
D

S
P

L
 
3

6
1

9

T
G

A
C

A
G

A
A

G
A

G
A

G
T

G
A

G
C

A
C

  
  
 |

|
|

|
|

|
|

|
|

|
|

|
|

o
o

|
|

|
|

  
  

T
C

T
G

A
C

T
G

T
C

T
T

C
T

C
T

C
G

T
T

C
G

T
T

T
C

C
C

G
A

A
T

D
M

3
 
D

T
3

 
T

T
3

1
.
1

9
3

.
3

1
0

.
0

0
1

.
4

8
1

5
3

-
1

.
4

2
8

4
-
0

.
8

3

b
n

a
-
m

i
R

1
7

2
b

3
5

9
-
1

.
7

2
4

4
0

-
1

.
7

3
B

n
a

A
0

7
g

1
2

0
5

0
D

A
P

2
-
l
i
k

e
 
E

R
F

 
T

O
E

3
2

2
2

7

G
G

A
A

T
C

T
T

G
A

T
G

A
T

G
C

T
G

C
-
A

T
  
  
o

|
|

|
|

|
o

|
|

|
|

|
|

|
|

|
o

|
|

 |
|

  
  

C
C

T
C

T
C

T
T

A
G

G
A

C
T

A
C

T
A

C
G

G
C

G
G

T
A

A
G

G
G

T
G

D
M

3
 
T

M
2

 
T

T
3

1
.
5

6
0

.
0

0
8

.
7

5
0

.
4

6
2

5
4

-
0

.
2

5
5

1
3

0
.
0

8

b
n

a
-
m

i
R

1
7

2
a

5
9

1
-
1

.
0

2
4

7
7

-
0

.
7

0
B

n
a

A
0

7
g

1
2

0
5

0
D

A
P

2
-
l
i
k

e
 
E

R
F

 
T

O
E

3
2

2
2

7

A
G

A
A

T
C

T
T

G
A

T
G

A
T

G
C

T
G

C
-
A

T
  
  
|

|
|

|
|

|
o

|
|

|
|

|
|

|
|

|
o

|
|

 |
|

  
  

C
C

T
C

T
C

T
T

A
G

G
A

C
T

A
C

T
A

C
G

G
C

G
G

T
A

A
G

G
G

T
G

D
M

3
 
T

M
2

 
T

T
3

1
.
5

6
0

.
0

0
8

.
7

5
0

.
4

6
2

5
4

-
0

.
2

5
5

1
3

0
.
0

8

b
n

a
-
m

i
R

1
7

2
a

5
9

1
-
1

.
0

2
4

7
7

-
0

.
7

0
B

n
a

C
0

7
g

1
6

1
9

0
D

A
P

2
-
l
i
k

e
 
E

R
F

 
T

O
E

3
2

1
8

5

A
G

A
A

T
C

T
T

G
A

T
G

A
T

G
C

T
G

C
A

T
  
  
|

|
|

|
|

|
o

|
|

|
|

|
|

|
|

|
 |

|
|

  
  

C
C

T
C

T
C

T
T

A
G

G
A

C
T

A
C

T
A

C
G

T
C

G
T

C
G

G
T

A
A

G
G

D
M

3
 
T

M
2

 
T

T
3

1
.
5

6
0

.
0

0
8

.
7

5
0

.
4

6
4

2
9

-
0

.
2

4
9

3
2

-
0

.
0

5

T
M

_
C

l
u

s
t
e

r
_

4
0

9
0

1
2

0
2

7
-
1

.
2

3
2

7
8

9
-
1

.
4

4
B

n
a

C
n

n
g

6
1

4
0

0
D

S
P

L
 
6

7
7

1

T
T

G
A

C
A

G
A

A
G

A
G

A
G

T
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

A
C

T
C

G
T

G
T

T
C

A
T

A
T

D
M

3
 
T

M
3

 
T

T
3

1
.
7

5
0

.
0

0
1

.
0

6
1

.
4

3
5

0
9

-
0

.
6

2
4

0
1

-
0

.
0

5

b
n

a
-
m

i
R

1
5

6
g

8
5

5
5

-
1

.
1

3
1

1
7

7
8

-
1

.
6

5
B

n
a

A
0

2
g

1
4

5
8

0
D

S
P

L
 
6

1
0

8
3

T
T

G
A

C
A

G
A

A
G

A
T

A
G

A
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
1

9
7

-
0

.
1

6
2

2
7

0
.
1

2

b
n

a
-
m

i
R

1
5

6
g

8
5

5
5

-
1

.
1

3
1

1
7

7
8

-
1

.
6

5
B

n
a

A
0

7
g

2
7

7
3

0
D

S
P

L
 
6

6
4

0

T
T

G
A

C
A

G
A

A
G

A
T

A
G

A
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
  
|

|
 |

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

C
C

T
C

A
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
1

4
9

-
0

.
1

7
3

0
8

0
.
3

3

T
M

_
C

l
u

s
t
e

r
_

4
0

9
0

1
2

0
2

7
-
1

.
2

3
2

7
8

9
-
1

.
4

4
B

n
a

A
0

2
g

1
4

5
8

0
D

S
P

L
 
6

1
0

8
3

T
T

G
A

C
A

G
A

A
G

A
G

A
G

T
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
1

9
7

-
0

.
1

6
2

2
7

0
.
1

2

T
M

_
C

l
u

s
t
e

r
_

4
0

9
0

1
2

0
2

7
-
1

.
2

3
2

7
8

9
-
1

.
4

4
B

n
a

C
0

2
g

1
9

1
0

0
D

S
P

L
 
6

1
1

1
7

T
T

G
A

C
A

G
A

A
G

A
G

A
G

T
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
3

2
9

-
0

.
2

7
3

1
6

0
.
2

3

D
M

_
C

l
u

s
t
e

r
_

1
1

7
3

3
9

0
7

-
1

.
1

3
9

1
3

-
1

.
7

0
B

n
a

A
0

7
g

2
7

7
3

0
D

S
P

L
 
6

6
4

0

T
T

G
A

C
A

G
A

A
G

A
G

A
G

C
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
 |

|
|

 |
|

|
|

|
|

  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

C
C

T
C

A
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
1

4
9

-
0

.
1

7
3

0
8

0
.
3

3

D
M

_
C

l
u

s
t
e

r
_

1
1

7
3

3
9

0
7

-
1

.
1

3
9

1
3

-
1

.
7

0
B

n
a

C
0

2
g

1
4

0
0

0
D

S
P

L
 
6

1
0

9
6

T
T

G
A

C
A

G
A

A
G

A
G

A
G

C
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
1

1
9

-
0

.
1

5
1

5
0

0
.
0

1

D
M

_
C

l
u

s
t
e

r
_

1
1

7
3

3
9

0
7

-
1

.
1

3
9

1
3

-
1

.
7

0
B

n
a

C
0

2
g

1
9

1
0

0
D

S
P

L
 
6

1
1

1
7

T
T

G
A

C
A

G
A

A
G

A
G

A
G

C
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
3

2
9

-
0

.
2

7
3

1
6

0
.
2

3

b
n

a
-
m

i
R

1
5

6
d

6
8

1
-
0

.
6

5
4

3
6

-
0

.
9

5
B

n
a

A
n

n
g

2
5

0
5

0
D

S
P

L
 
1

1
1

3
4

0

T
G

A
C

A
G

A
A

G
A

G
A

G
T

G
A

G
C

A
C

  
  
 |

|
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

|
|

  
  

T
G

C
A

A
C

T
G

T
C

T
T

C
T

C
T

C
T

C
T

C
G

T
G

A
C

A
T

C
T

T
T

D
M

3
 
T

M
3

 
T

T
3

5
.
0

0
0

.
0

0
0

.
7

7
3

.
8

9
6

8
0

.
7

0
7

3
0

.
7

1

D
M

_
C

l
u

s
t
e

r
_

1
1

7
3

3
9

0
7

-
1

.
1

3
9

1
3

-
1

.
7

0
B

n
a

C
n

n
g

6
1

4
0

0
D

S
P

L
 
6

7
7

1

T
T

G
A

C
A

G
A

A
G

A
G

A
G

C
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

A
C

T
C

G
T

G
T

T
C

A
T

A
T

D
M

3
 
T

M
3

 
T

T
3

1
.
7

5
0

.
0

0
1

.
0

6
1

.
4

3
5

0
9

-
0

.
6

2
4

0
1

-
0

.
0

5

T
M

_
C

l
u

s
t
e

r
_

4
0

9
0

1
2

0
2

7
-
1

.
2

3
2

7
8

9
-
1

.
4

4
B

n
a

C
0

2
g

1
4

0
0

0
D

S
P

L
 
6

1
0

9
6

T
T

G
A

C
A

G
A

A
G

A
G

A
G

T
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
1

1
9

-
0

.
1

5
1

5
0

0
.
0

1

D
M

_
C

l
u

s
t
e

r
_

1
1

7
3

3
9

0
7

-
1

.
1

3
9

1
3

-
1

.
7

0
B

n
a

A
0

2
g

1
4

5
8

0
D

S
P

L
 
6

1
0

8
3

T
T

G
A

C
A

G
A

A
G

A
G

A
G

C
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
1

9
7

-
0

.
1

6
2

2
7

0
.
1

2

b
n

a
-
m

i
R

1
5

6
g

8
5

5
5

-
1

.
1

3
1

1
7

7
8

-
1

.
6

5
B

n
a

C
0

2
g

1
9

1
0

0
D

S
P

L
 
6

1
1

1
7

T
T

G
A

C
A

G
A

A
G

A
T

A
G

A
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
3

2
9

-
0

.
2

7
3

1
6

0
.
2

3

T
M

_
C

l
u

s
t
e

r
_

4
0

9
0

1
2

0
2

7
-
1

.
2

3
2

7
8

9
-
1

.
4

4
B

n
a

A
0

7
g

2
7

7
3

0
D

S
P

L
 
6

6
4

0

T
T

G
A

C
A

G
A

A
G

A
G

A
G

T
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

C
C

T
C

A
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
1

4
9

-
0

.
1

7
3

0
8

0
.
3

3

b
n

a
-
m

i
R

1
5

6
g

8
5

5
5

-
1

.
1

3
1

1
7

7
8

-
1

.
6

5
B

n
a

C
n

n
g

6
1

4
0

0
D

S
P

L
 
6

7
7

1

T
T

G
A

C
A

G
A

A
G

A
T

A
G

A
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

 |
|

 |
|

|
|

|
|

  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

A
C

T
C

G
T

G
T

T
C

A
T

A
T

D
M

3
 
T

M
3

 
T

T
3

1
.
7

5
0

.
0

0
1

.
0

6
1

.
4

3
5

0
9

-
0

.
6

2
4

0
1

-
0

.
0

5

b
n

a
-
m

i
R

1
5

6
d

6
8

1
-
0

.
6

5
4

3
6

-
0

.
9

5
B

n
a

A
0

7
g

0
8

8
3

0
D

S
P

L
 
1

0
1

6
3

1

T
G

A
C

A
G

A
A

G
A

G
A

G
T

G
A

G
C

A
C

  
  
 |

|
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

|
|

  
  

T
G

C
A

A
C

T
G

T
C

T
T

C
T

C
T

C
T

C
T

C
G

T
G

A
C

A
T

C
T

T
T

D
M

3
 
T

M
3

 
T

T
3

5
.
0

0
0

.
0

0
0

.
7

7
3

.
8

9
3

4
1

-
0

.
6

1
2

1
3

0
.
5

7

b
n

a
-
m

i
R

1
5

6
g

8
5

5
5

-
1

.
1

3
1

1
7

7
8

-
1

.
6

5
B

n
a

C
0

2
g

1
4

0
0

0
D

S
P

L
 
6

1
0

9
6

T
T

G
A

C
A

G
A

A
G

A
T

A
G

A
G

A
G

C
A

C
  
  
o

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

|
|

|
|

|
  
  

A
C

T
C

G
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
T

T
C

A
T

C
T

D
M

3
 
T

M
3

 
T

T
3

2
.
5

6
0

.
0

0
0

.
9

4
4

.
2

1
1

1
9

-
0

.
1

5
1

5
0

0
.
0

1

b
n

a
-
m

i
R

1
5

6
d

6
8

1
-
0

.
6

5
4

3
6

-
0

.
9

5
B

n
a

A
0

6
g

3
6

7
8

0
D

S
P

L
 
2

3
0

1
1

T
G

A
C

A
G

A
A

G
A

G
A

G
T

G
A

G
C

A
C

  
  
 |

|
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

|
|

  
  

T
T

A
A

A
C

T
G

T
C

T
T

C
T

C
T

C
T

C
T

C
G

T
G

G
T

A
G

T
T

C
T

D
T

2
 
D

T
3

 
T

T
3

0
.
0

0
1

.
1

3
0

.
0

0
0

.
3

7
2

4
7

-
0

.
4

1
2

3
4

0
.
3

8

b
n

a
-
m

i
R

1
7

2
a

5
9

1
-
1

.
0

2
4

7
7

-
0

.
7

0
B

n
a

C
n

n
g

3
9

6
9

0
D

F
l
o

r
a

l
 
h

o
m

e
o

t
i
c
 
p

r
o

t
e

i
n

 
A

P
E

T
A

L
A

 
2

2
2

3
3

A
G

A
A

T
C

T
T

G
A

T
G

A
T

G
C

T
G

C
A

T
  
  
|

|
|

|
|

|
o

|
|

|
|

|
|

|
|

|
|

|
|

|
  
  

C
C

T
C

T
C

T
T

A
G

G
A

C
T

A
C

T
A

C
G

A
C

G
T

C
G

T
A

A
A

C
G

D
T

2
 
D

T
3

 
T

T
3

0
.
0

0
0

.
5

3
0

.
7

1
1

.
2

5
4

8
5

0
.
1

9
6

3
9

0
.
2

8

T
M

_
C

l
u

s
t
e

r
_

4
0

9
0

1
2

0
2

7
-
1

.
2

3
2

7
8

9
-
1

.
4

4
B

n
a

A
0

6
g

3
6

7
8

0
D

S
P

L
 
2

3
0

1
2

T
T

G
A

C
A

G
A

A
G

A
G

A
G

T
G

A
G

C
A

C
  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
  
  

C
T

T
A

A
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
G

T
A

G
T

T
C

D
T

2
 
D

T
3

 
T

T
3

0
.
0

0
2

.
0

4
1

.
5

9
3

.
9

3
2

4
7

-
0

.
4

1
2

3
4

0
.
3

8

b
n

a
-
m

i
R

1
5

6
g

8
5

5
5

-
1

.
1

3
1

1
7

7
8

-
1

.
6

5
B

n
a

A
0

6
g

3
6

7
8

0
D

S
P

L
 
2

3
0

1
2

T
T

G
A

C
A

G
A

A
G

A
T

A
G

A
G

A
G

C
A

C
  
  
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

|
|

|
|

|
  
  

C
T

T
A

A
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
G

T
A

G
T

T
C

D
T

2
 
D

T
3

 
T

T
3

0
.
0

0
2

.
0

4
1

.
5

9
3

.
9

3
2

4
7

-
0

.
4

1
2

3
4

0
.
3

8

D
M

_
C

l
u

s
t
e

r
_

1
1

7
3

3
9

0
7

-
1

.
1

3
9

1
3

-
1

.
7

0
B

n
a

A
0

6
g

3
6

7
8

0
D

S
P

L
 
2

3
0

1
2

T
T

G
A

C
A

G
A

A
G

A
G

A
G

C
G

A
G

C
A

C
  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
  
  

C
T

T
A

A
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
T

G
G

T
A

G
T

T
C

D
T

2
 
D

T
3

 
T

T
3

0
.
0

0
2

.
0

4
1

.
5

9
3

.
9

3
2

4
7

-
0

.
4

1
2

3
4

0
.
3

8

b
n

a
-
m

i
R

1
7

2
b

3
5

9
-
1

.
7

2
4

4
0

-
1

.
7

3
B

n
a

C
n

n
g

3
9

6
9

0
D

F
l
o

r
a

l
 
h

o
m

e
o

t
i
c
 
p

r
o

t
e

i
n

 
A

P
E

T
A

L
A

 
2

2
2

3
3

G
G

A
A

T
C

T
T

G
A

T
G

A
T

G
C

T
G

C
A

T
  
  
o

|
|

|
|

|
o

|
|

|
|

|
|

|
|

|
|

|
|

|
  
  

C
C

T
C

T
C

T
T

A
G

G
A

C
T

A
C

T
A

C
G

A
C

G
T

C
G

T
A

A
A

C
G

D
T

2
 
D

T
3

 
T

T
3

0
.
0

0
0

.
5

3
0

.
7

1
1

.
2

5
4

8
5

0
.
1

9
6

3
9

0
.
2

8

b
n

a
-
m

i
R

1
6

6
f

1
0

4
0

5
-
3

.
0

9
1

4
0

4
9

-
2

.
4

7
B

n
a

C
0

4
g

1
0

4
8

0
D

H
o

m
e

o
b

o
x

-
l
e

u
c
i
n

e
 
z
i
p

p
e

r
 
p

r
o

t
e

i
n

 
A

T
H

B
-
8

1
3

7
4

T
C

G
G

A
C

C
A

G
G

C
T

T
C

A
T

C
C

C
C

C
  
  
o

|
|

|
|

|
|

|
|

|
|

|
 |

|
 |

|
 |

  
  

C
T

T
A

G
G

C
C

T
G

G
T

C
C

G
A

T
G

T
T

G
G

T
G

T
A

T
T

T
T

C
T

D
M

1
 
T

T
1

4
9

.
7

1
0

.
0

0
0

.
0

0
0

.
0

6
1

0
8

-
1

.
0

1
6

0
-
0

.
0

4

T
M

_
C

l
u

s
t
e

r
_

2
0

4
9

5
3

8
8

0
.
8

9
8

0
9

1
.
3

3
B

n
a

A
0

9
g

2
4

9
4

0
D

F
o

r
m

i
n

-
l
i
k

e
 
p

r
o

t
e

i
n

 
1

4
4

1
2

3

T
C

C
A

A
A

G
C

C
T

T
T

C
T

A
T

G
T

C
T

T
  
  
|

|
|

 |
|

|
|

 |
|

|
|

|
 |

|
|

|
 o

  
  

T
G

A
A

A
G

G
-
T

T
C

G
T

A
A

A
G

A
A

A
C

A
G

T
G

G
C

C
A

T
A

T

D
M

2
 
D

M
3

4
.
8

0
0

.
0

0
0

.
0

0
0

.
0

0
1

3
0

0
.
0

3
3

2
4

0
.
0

9



  

 

TT
_C

lu
st

er
_1

58
09

2
43

03
5.

32
37

18
4.

23
B

na
C0

3g
01

75
0D

Pe
nt

at
ri

co
pe

pt
id

e 
re

pe
at

-c
on

ta
in

in
g 

pr
ot

ei
n 

A
t5

g0
47

80
66

9
A

T-
CC

A
TT

A
G

TA
TC

A
G

A
CG

A
TC

    
||

 |
||

o|
||

| 
||

||
||

o 
||

    
CT

CT
A

CG
G

TG
A

TC
A

CA
G

TC
TG

TA
A

G
G

TT
CC

CT
D

M
2 

D
M

3
14

.6
4

0.
00

0.
00

0.
00

15
83

-0
.8

0
11

21
-0

.2
6

bn
a-

m
iR

17
2a

59
1

-1
.0

2
47

7
-0

.7
0

B
na

A
08

g2
18

60
D

Pl
as

to
cy

an
in

 m
aj

or
 is

of
or

m
, c

hl
or

op
la

st
ic

15
06

A
G

A
A

TC
TT

G
A

TG
A

TG
CT

G
CA

T 
   |

| 
|o

|o
||

||
||

 |
| 

||
|o

    
A

TG
G

TC
G

TG
G

G
A

CT
A

CT
CC

G
-C

G
TG

TC
A

TC
TT

D
M

2 
TT

2
6.

19
0.

00
0.

00
32

.4
9

59
51

4
-0

.9
4

37
00

6
0.

06

bn
a-

m
iR

16
8a

11
93

2
-0

.4
6

12
26

5
-0

.5
0

B
na

C0
3g

19
18

0D
Fl

av
in

-d
ep

en
de

nt
 o

xi
do

re
du

ct
as

e 
FO

X
2

14
08

TC
G

CT
TG

G
TG

CA
G

G
TC

G
G

G
A

A
    

||
 |

||
| 

||
 |

|o
o|

||
o|

| 
   

CC
TT

A
G

G
G

A
A

CG
A

C-
TC

TG
G

CC
TT

TT
TC

A
A

TC
D

M
2 

TT
3

6.
19

0.
00

0.
00

0.
14

27
-2

.0
3

1
0.

21

bn
a-

m
iR

60
30

28
79

-0
.0

9
30

92
-0

.1
7

B
na

A
05

g3
52

20
D

Pr
ot

ei
n 

us
f

13
88

TC
CA

CC
CA

TA
CC

A
TA

CA
G

A
CC

C 
   |

||
||

 |
| 

| 
||

||
||

o|
||

    
G

TG
TA

G
G

TG
TG

T-
TT

G
TA

TG
TT

TG
G

TG
A

A
A

CA
D

M
3 

D
T2

1.
63

1.
78

0.
00

0.
00

55
26

-0
.4

3
41

77
-0

.5
0

B
na

-m
iR

C5
-3

62
98

0.
80

74
92

0.
23

B
na

A
10

g2
71

70
D

M
et

al
lo

th
io

ne
in

-l
ik

e 
pr

ot
ei

n 
ty

pe
 2

, M
T2

-2
2

51
3

TT
A

TC
A

TC
A

CA
A

CA
CT

A
G

A
TC

    
||

||
 |

 |
||

||
||

 |
||

||
    

CG
G

TA
A

TA
A

T-
G

TG
TT

G
TA

A
TC

TA
TA

TA
A

CG
T

D
M

3 
D

T2
5.

44
2.

22
0.

00
0.

00
18

69
3

0.
10

35
74

5
-0

.1
5

bn
a-

m
iR

17
2b

35
9

-1
.7

2
44

0
-1

.7
3

B
na

C0
7g

16
19

0D
A

P2
-l

ik
e 

ER
F 

TO
E3

21
85

G
G

A
A

TC
TT

G
A

TG
A

TG
CT

G
CA

T 
   o

||
||

|o
||

||
||

||
| 

||
| 

   
CC

TC
TC

TT
A

G
G

A
CT

A
CT

A
CG

TC
G

TC
G

G
TA

A
G

G
D

M
3 

TM
2

1.
56

0.
00

8.
75

0.
00

42
9

-0
.2

4
93

2
-0

.0
5

D
M

_C
lu

st
er

_7
28

62
11

84
-2

.4
5

89
4

-2
.6

8
B

na
A

02
g0

52
30

D
L-

as
co

rb
at

e 
ox

id
as

e
91

9
TG

CA
CT

G
CC

TC
TT

CC
CT

G
G

CT
    

||
||

||
||

||
||

||
||

| 
  |

    
TT

G
CA

CG
TG

A
CG

G
A

G
A

A
G

G
G

A
A

G
CA

A
CG

A
A

TT
D

M
3 

TM
3

1.
00

0.
00

0.
47

0.
00

29
1

-3
.5

4
12

37
0.

05

bn
a-

m
iR

60
30

28
79

-0
.0

9
30

92
-0

.1
7

B
na

A
08

g2
48

20
D

D
is

ea
se

 r
es

is
ta

nc
e 

pr
ot

ei
n 

R
PS

5
54

0
TC

CA
CC

CA
TA

CC
A

TA
CA

G
A

CC
C 

   |
||

||
||

||
||

| 
||

 |
||

||
| 

   
G

A
TG

A
G

G
TG

G
G

TA
TG

G
CA

TA
TC

TG
G

G
TA

CT
A

T
D

M
3 

TT
3

2.
19

0.
00

0.
00

0.
14

77
5

-0
.2

5
88

1
-0

.4
1

B
na

-m
iR

C5
-1

16
87

1.
15

21
29

0.
82

B
na

C0
6g

43
79

0D
Pa

te
lli

n-
1

15
13

TG
TG

TT
G

TG
A

TG
A

TA
-A

TC
CG

A
    

||
| 

||
||

||
||

||
 |

||
||

| 
   

G
G

A
A

CC
A

CT
A

CA
CT

A
CT

A
TC

TA
G

G
CT

TA
CA

A
A

D
M

3 
TT

3
2.

13
0.

00
0.

00
0.

19
62

97
1.

16
10

89
2

-0
.4

4

bn
a-

m
iR

60
30

28
79

-0
.0

9
30

92
-0

.1
7

B
na

C0
9g

10
77

0D
Pu

ta
ti

ve
 d

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
A

t1
g6

33
50

54
6

TC
CA

CC
CA

TA
CC

A
TA

CA
G

A
CC

C 
   |

||
||

||
||

||
||

| 
 |

||
||

| 
   

G
A

TG
A

G
G

TG
G

G
TA

TG
G

TA
CC

TC
TG

G
G

TA
TT

A
T

D
M

3 
TT

3
2.

19
0.

00
0.

00
0.

14
0

-0
.0

9
0

N
A

TT
_C

lu
st

er
_9

96
26

82
2.

24
12

9
0.

96
B

na
A

03
g4

74
70

D
Pr

ob
ab

le
 t

ra
ns

cr
ip

ti
on

al
 r

eg
ul

at
or

 S
LK

3
28

43
TT

CG
G

CT
TG

A
G

CT
CG

G
TC

G
CT

    
| 

||
||

||
||

||
| 

o|
o|

o 
| 

   
G

A
CG

A
CG

CC
G

A
A

CT
CG

A
CT

CG
G

TA
A

G
TA

TC
G

A
D

T2
 D

T3
0.

00
3.

72
0.

00
0.

00
17

6
1.

25
31

6
0.

20

br
a-

m
iR

16
1-

3p
24

62
5.

83
28

02
5.

89
B

na
A

06
g3

96
50

D
Pr

ob
ab

le
 d

is
ea

se
 r

es
is

ta
nc

e 
R

PP
8-

lik
e 

pr
ot

ei
n 

2
30

40
G

TC
A

CT
TT

CA
A

TG
CG

TT
G

A
TC

    
o|

||
||

 |
||

| 
||

o|
||

 |
| 

   
TT

A
CT

A
G

TG
A

TA
G

TT
TC

G
TA

A
C-

A
G

TA
TG

TT
T

D
T2

 D
T3

0.
00

3.
29

0.
00

0.
00

25
10

0.
13

12
62

-0
.4

4

bn
a-

m
iR

11
40

61
0

-2
.5

8
14

48
-2

.2
4

B
na

A
01

g0
29

40
D

St
re

ss
 e

nh
an

ce
d 

pr
ot

ei
n 

1,
 c

hl
or

op
la

st
ic

53
6

A
CA

G
CC

TA
A

A
CC

A
A

TC
G

G
A

G
C 

   |
||

| 
| 

||
||

||
|o

|o
 |

||
    

CC
G

CT
G

TC
-G

TT
TT

G
G

TT
G

G
TA

TC
G

CG
G

TG
CT

D
T2

 T
M

3
0.

00
1.

69
0.

77
0.

00
22

90
8

-0
.9

0
21

62
2

-0
.1

9

br
a-

m
iR

18
85

b
68

09
3

2.
29

75
65

8
2.

85
B

na
C0

1g
40

31
0D

Pr
ob

ab
le

 d
is

ea
se

 r
es

is
ta

nc
e 

pr
ot

ei
n 

R
PP

1
19

8
TA

CA
TC

TT
CT

CC
G

CG
G

A
A

G
CT

C 
   |

||
||

| 
||

||
| 

||
||

||
||

    
A

TG
CC

TG
TA

G
A

CG
A

G
G

CA
CC

TT
CG

A
G

CC
TT

TC
D

T3
 T

T3
0.

00
1.

00
0.

00
0.

19
10

9
0.

50
98

1.
04

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

C0
4g

23
93

0D
SP

L 
15

95
1

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

    
||

||
||

||
||

||
| 

||
||

||
    

TC
A

A
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TC
G

A
A

CT
C

D
T3

 T
T3

0.
00

0.
45

0.
00

0.
19

20
6

-0
.3

2
65

-0
.8

3

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

C0
3g

18
80

0D
SP

L 
3

70
6

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

    
||

||
||

||
||

||
|o

o|
||

| 
   

CT
G

A
A

CT
G

TC
TT

CT
CT

CG
TT

CG
TT

TC
G

G
A

CA
A

D
T3

 T
T3

0.
00

0.
64

0.
00

0.
56

26
9

-1
.0

4
20

2
-0

.2
9

bn
a-

m
iR

11
40

61
0

-2
.5

8
14

48
-2

.2
4

B
na

A
07

g0
74

30
D

un
kn

ow
n

11
43

A
CA

G
CC

TA
A

A
CC

A
A

TC
G

G
A

G
C 

   |
||

| 
|o

||
| 

||
||

||
||

||
    

CT
CG

TG
TC

TG
G

TT
TC

G
TT

A
G

CC
TC

G
A

CC
A

A
CT

D
T3

 T
T3

0.
00

0.
54

0.
00

0.
05

35
08

8
0.

12
23

16
5

0.
00

bn
a-

m
iR

16
9m

62
7

-0
.0

1
27

3
-1

.4
4

B
na

A
09

g3
62

60
D

A
ut

op
ha

gy
-r

el
at

ed
 p

ro
te

in
 3

25
0

TG
A

G
CC

A
-A

A
G

A
TG

A
CT

TG
CC

G
    

||
||

||
| 

||
||

|o
| 

||
| 

| 
   

A
G

TA
CT

CG
G

TG
TT

CT
A

TT
CA

A
CT

G
A

CT
TC

TC
A

TM
3 

TT
3

0.
00

0.
00

1.
65

0.
97

27
0.

25
2

-0
.3

4

bn
a-

m
iR

15
6g

85
55

-1
.1

3
11

77
8

-1
.6

5
B

na
A

04
g2

43
40

D
SP

L 
9

20
50

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

C 
   |

||
||

||
||

||
 |

||
||

||
||

    
CC

TA
A

A
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
TC

A
A

A
CT

TM
3 

TT
3

0.
00

0.
00

0.
29

0.
09

21
6

-0
.8

9
10

2
-0

.1
8

bn
a-

m
iR

60
30

28
79

-0
.0

9
30

92
-0

.1
7

B
na

Cn
ng

50
41

0D
Pr

ob
ab

le
 d

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
A

t4
g1

46
10

63
TC

CA
CC

CA
TA

CC
A

TA
CA

G
A

CC
C 

   |
||

||
||

||
||

| 
||

 |
o 

||
| 

   
G

TT
G

A
G

G
TG

G
G

TA
TG

G
CA

TA
TT

A
G

G
G

TA
TT

A
T

TM
3 

TT
3

0.
00

0.
00

0.
77

0.
14

1
-0

.2
5

2
0.

63

bn
a-

m
iR

60
30

28
79

-0
.0

9
30

92
-0

.1
7

B
na

Cn
ng

64
09

0D
D

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
R

PS
5

54
9

TC
CA

CC
CA

TA
CC

A
TA

CA
G

A
CC

C 
   |

||
||

||
||

||
||

||
||

o|
||

| 
   

G
TT

G
A

G
G

TG
G

G
TA

TG
G

TA
TG

TT
TG

G
G

TT
TT

G
G

TM
3 

TT
3

0.
00

0.
00

0.
77

0.
14

23
4

-0
.4

1
28

1
-0

.4
1

bn
a-

m
iR

15
6g

85
55

-1
.1

3
11

77
8

-1
.6

5
B

na
A

07
g1

61
80

D
Pr

ot
ei

n 
N

R
T1

/ 
PT

R
 F

A
M

IL
Y 

5.
7

22
79

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

C 
   o

o|
||

|o
||

||
o 

||
||

||
||

    
CT

G
CG

G
CT

G
TT

TT
CT

G
CC

TC
TC

G
TG

CT
CC

CT
C

TM
3 

TT
3

0.
00

0.
00

1.
53

0.
23

19
62

0.
55

13
55

-0
.8

2

D
M

_C
lu

st
er

_1
17

33
90

7
-1

.1
3

91
3

-1
.7

0
B

na
A

04
g2

43
40

D
SP

L 
9

20
50

TT
G

A
CA

G
A

A
G

A
G

A
G

CG
A

G
CA

C 
   |

||
||

||
||

||
||

| 
||

||
||

    
CC

TA
A

A
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
TC

A
A

A
CT

TM
3 

TT
3

0.
00

0.
00

0.
29

0.
09

21
6

-0
.8

9
10

2
-0

.1
8

bn
a-

m
iR

15
6g

85
55

-1
.1

3
11

77
8

-1
.6

5
B

na
C0

4g
48

15
0D

SP
L 

9
20

21
TT

G
A

CA
G

A
A

G
A

TA
G

A
G

A
G

CA
C 

   |
||

||
||

||
||

 |
||

||
||

||
    

CC
TA

A
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TC
A

A
A

CT
TM

3 
TT

3
0.

00
0.

00
0.

29
0.

09
14

0
-0

.9
5

10
3

0.
49

D
M

_C
lu

st
er

_1
17

33
90

7
-1

.1
3

91
3

-1
.7

0
B

na
C0

4g
48

15
0D

SP
L 

9
20

21
TT

G
A

CA
G

A
A

G
A

G
A

G
CG

A
G

CA
C 

   |
||

||
||

||
||

||
| 

||
||

||
    

CC
TA

A
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TC
A

A
A

CT
TM

3 
TT

3
0.

00
0.

00
0.

29
0.

09
14

0
-0

.9
5

10
3

0.
49

TM
_C

lu
st

er
_4

09
01

20
27

-1
.2

3
27

89
-1

.4
4

B
na

C0
4g

48
15

0D
SP

L 
9

20
21

TT
G

A
CA

G
A

A
G

A
G

A
G

TG
A

G
CA

C 
   |

||
||

||
||

||
||

| 
||

||
||

    
CC

TA
A

A
CT

G
TC

TT
CT

CT
CT

CT
CG

TG
TC

A
A

A
CT

TM
3 

TT
3

0.
00

0.
00

0.
29

0.
09

14
0

-0
.9

5
10

3
0.

49

TM
_C

lu
st

er
_4

09
01

20
27

-1
.2

3
27

89
-1

.4
4

B
na

A
04

g2
43

40
D

SP
L 

9
20

50
TT

G
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

   |
||

||
||

||
||

||
| 

||
||

||
    

CC
TA

A
A

CT
G

TC
TT

CT
CT

CT
CT

CG
TG

TC
A

A
A

CT
TM

3 
TT

3
0.

00
0.

00
0.

29
0.

09
21

6
-0

.8
9

10
2

-0
.1

8

D
T_

Cl
us

te
r_

32
51

6
11

68
3.

98
94

4.
66

B
na

C0
2g

04
92

0D
G

TP
-b

in
di

ng
 p

ro
te

in
 T

yp
A

/B
ip

A
 h

om
ol

og
32

62
G

CT
A

TG
A

G
A

TC
A

A
A

G
G

G
TT

G
T 

   o
||

||
o|

| 
||

||
 |

|o
 |

||
    

G
G

TC
TG

A
TA

TT
C-

A
G

TT
A

CC
TC

A
CA

G
TT

CG
TG

D
M

2
13

.1
6

0.
00

0.
00

0.
00

17
46

-0
.2

5
28

07
-0

.6
9

TT
_C

lu
st

er
_1

58
09

2
43

03
5.

32
37

18
4.

23
B

na
C0

4g
55

93
0D

Ph
ot

os
ys

te
m

 I 
re

ac
ti

on
 c

en
te

r 
su

bu
ni

t 
X

I, 
ch

lo
ro

pl
as

ti
c

13
01

A
TC

CA
TT

A
G

TA
TC

A
G

A
CG

A
TC

    
||

||
| 

||
||

||
 |

 |
|o

||
    

CT
TC

TA
G

G
T-

A
TC

A
TA

A
TG

TG
TT

A
CT

G
CT

G
G

G
D

M
2

4.
74

0.
00

0.
00

0.
00

15
41

53
-0

.9
2

72
41

0
-0

.2
8



  

 

B
n

a
-m

iR
C

5
-3

6
2

9
8

0
.8

0
7

4
9

2
0

.2
3

B
n

a
C

n
n

g
2

4
0

8
0

D
u

n
k

n
o

w
n

1
7

1
3

TT
A

TC
A

TC
A

C
A

A
C

A
C

TA
G

A
TC

   
 |

o
||

 |
| 

||
||

 |
||

| 
||

| 
   

G
TC

A
A

G
TA

A
TA

A
TG

TT
TT

G
A

T-
TA

G
A

C
G

A
A

C
G

D
M

2
7

.5
0

0
.0

0
0

.0
0

0
.0

0
1

2
7

1
-0

.4
4

1
3

2
2

-0
.9

2

B
n

a
-m

iR
C

5
-3

*
7

6
0

8
1

.2
6

9
3

7
5

0
.5

1
B

n
a

A
0

5
g

3
2

9
0

0
D

u
n

k
n

o
w

n
2

0
3

4
TC

TT
G

TG
TT

-G
TG

A
TG

A
TA

A
TC

   
 |

|o
||

| 
||

 |
||

 |
||

 |
||

| 
   

TC
A

A
G

G
A

C
A

G
A

A
TC

A
C

A
A

C
TT

TT
A

G
TA

TG
TT

T
D

M
2

1
1

.8
5

0
.0

0
0

.0
0

0
.0

0
8

8
6

0
.9

6
8

1
8

0
.3

3

T
T

_
C

lu
st

e
r_

3
1

9
8

3
7

1
-0

.8
7

1
0

3
-0

.4
1

B
n

a
C

0
2

g
2

1
1

7
0

D
U

n
ch

a
ra

ct
e

ri
ze

d
 m

it
o

ch
o

n
d

ri
a

l 
p

ro
te

in
5

8
4

9
TT

TG
A

G
A

TC
TT

C
TA

C
A

TG
G

TA
   

 |
o

| 
||

||
||

| 
o

 |
||

|o
||

   
 

TA
G

A
A

G
A

-T
C

TA
G

A
A

A
G

A
G

TA
C

TA
TG

TG
G

A
G

T
D

M
2

2
.1

1
0

.0
0

0
.0

0
0

.0
0

4
0

0
.2

2
8

6
-0

.3
4

b
o

l-
m

iR
3

9
8

a
-3

p
1

0
5

3
0

1
.5

7
1

8
5

0
2

.4
8

B
n

a
A

0
4

g
1

6
3

1
0

D
S

u
p

e
ro

x
id

e
 d

is
m

u
ta

se
 [

C
u

-Z
n

],
 c

h
lo

ro
p

la
st

ic
7

7
6

TG
TG

TT
C

TC
A

G
G

TC
A

C
C

C
C

TT
   

 |
||

 |
||

o
||

||
||

||
||

 o
   

   

TA
TT

A
C

A
-A

A
G

G
G

TC
C

A
G

TG
G

G
C

G
TA

C
TG

C
C

T
D

M
2

3
.4

2
0

.0
0

0
.0

0
0

.0
0

2
5

9
2

.7
5

1
0

8
3

2
0

.6
7

a
th

-m
iR

1
5

8
a

-3
p

2
6

6
4

0
.2

2
2

9
4

2
0

.5
3

B
n

a
C

0
4

g
1

1
7

9
0

D
P

ro
te

in
 d

is
u

lf
id

e
-i

so
m

e
ra

se
 l

ik
e

 2
-2

2
7

5
4

TC
C

C
A

A
A

TG
TA

G
A

C
A

A
A

G
C

A
   

  |
 |

||
||

 |
||

||
 |

||
 |

| 
   

   
   

  

TG
TT

A
-G

G
TT

TT
C

A
TC

TT
TT

TA
G

TC
C

A
G

TT
TG

D
M

2
4

.0
8

0
.0

0
0

.0
0

0
.0

0
7

9
6

0
.2

7
7

0
2

0
.0

5

a
th

-m
iR

1
5

8
a

-3
p

2
6

6
4

0
.2

2
2

9
4

2
0

.5
3

B
n

a
A

0
5

g
3

5
0

3
0

D
P

ro
te

in
 d

is
u

lf
id

e
-i

so
m

e
ra

se
 2

-3
2

9
3

2
TC

C
C

A
A

A
TG

TA
G

A
C

A
A

A
G

C
A

   
  |

 |
||

||
 |

||
||

 |
||

 |
| 

   
   

   
  

TG
TT

A
-G

G
TT

TT
C

A
TC

TT
TT

TA
G

TC
C

A
G

TT
TG

D
M

2
3

.1
6

0
.0

0
0

.0
0

0
.0

0
2

8
3

0
.4

2
2

9
6

0
.5

1

b
n

a
-m

iR
1

6
8

a
1

1
9

3
2

-0
.4

6
1

2
2

6
5

-0
.5

0
B

n
a

A
n

n
g

2
9

1
7

0
D

F
la

v
in

-d
e

p
e

n
d

e
n

t 
o

x
id

o
re

d
u

ct
a

se
 F

O
X

5
1

5
9

4
TC

G
C

TT
G

G
TG

C
A

G
G

TC
G

G
G

A
A

   
 |

| 
||

||
 |

| 
||

o
o

||
|o

||
   

 

C
C

TT
A

G
G

G
A

A
C

G
A

C
-T

C
TG

G
C

C
TT

TT
TT

A
A

TC
D

M
2

6
.1

9
0

.0
0

0
.0

0
0

.0
0

2
7

3
3

-1
.9

4
4

6
8

-1
.9

1

b
n

a
-m

iR
1

5
6

d
6

8
1

-0
.6

5
4

3
6

-0
.9

5
B

n
a

C
n

n
g

6
0

2
7

0
D

P
u

ta
ti

v
e

 F
-b

o
x

/k
e

lc
h

-r
e

p
e

a
t 

p
ro

te
in

1
2

4
7

TG
A

C
A

G
A

A
G

A
G

A
G

TG
A

G
C

A
C

   
  |

||
||

||
| 

||
||

 o
 |

||
   

 

TC
TC

A
C

TG
TC

TT
-T

C
TC

TT
A

C
G

TT
TT

G
G

A
A

G
A

D
M

2
8

.1
6

0
.0

0
0

.0
0

0
.0

0
2

9
2

0
.4

2
1

0
1

0
.3

6

T
T

_
C

lu
st

e
r_

1
5

8
0

9
2

4
3

0
3

5
.3

2
3

7
1

8
4

.2
3

B
n

a
A

0
3

g
4

9
9

0
0

D
u

n
k

n
o

w
n

8
9

8
A

TC
C

A
TT

A
G

TA
TC

A
G

A
C

G
A

TC
   

 |
| 

||
|o

|o
||

||
| 

||
 |

||
   

 

G
TA

A
TA

A
G

TA
G

TT
A

TA
G

T-
TG

G
TA

G
TC

A
A

A
A

T
D

M
2

0
.1

3
0

.0
0

0
.0

0
0

.0
0

2
8

4
1

-0
.5

4
1

7
2

2
0

.1
2

b
n

a
-m

iR
1

5
6

d
6

8
1

-0
.6

5
4

3
6

-0
.9

5
B

n
a

C
0

8
g

4
7

2
4

0
D

S
e

ri
n

e
/a

rg
in

in
e

-r
ic

h
 s

p
li

ci
n

g
 f

a
ct

o
r 

R
S

4
0

2
5

3
3

TG
A

C
A

G
A

A
G

A
G

A
G

TG
A

G
C

A
C

   
  |

||
| 

||
||

||
 |

o
|o

||
| 

   

G
TC

TT
C

TG
T-

TT
C

TC
TG

A
TT

TG
TG

TC
C

TG
TG

T
D

M
2

4
.6

1
0

.0
0

0
.0

0
0

.0
0

1
1

7
8

0
.7

9
1

9
1

2
0

.0
2

T
M

_
C

lu
st

e
r_

2
0

4
9

5
3

8
8

0
.8

9
8

0
9

1
.3

3
B

n
a

A
0

7
g

0
2

8
8

0
D

u
n

k
n

o
w

n
6

1
3

TC
C

A
A

A
G

C
C

TT
TC

TA
TG

TC
TT

   
 |

 |
||

||
| 

||
| 

||
 |

||
o

| 
   

A
A

A
G

A
A

G
TT

TC
G

C
A

A
A

C
A

T-
C

A
G

G
A

G
TA

G
G

A
C

D
M

2
9

.6
1

0
.0

0
0

.0
0

0
.0

0
8

9
9

0
0

.1
9

1
2

1
9

8
0

.8
9

T
M

_
C

lu
st

e
r_

2
0

4
9

5
3

8
8

0
.8

9
8

0
9

1
.3

3
B

n
a

A
0

9
g

2
5

1
4

0
D

F
o

rm
in

-l
ik

e
 p

ro
te

in
 1

4
4

0
0

2
TC

C
A

A
A

G
C

C
TT

TC
TA

TG
TC

TT
   

 |
||

 |
||

| 
||

||
| 

||
||

 o
   

 

TG
A

A
A

G
G

-T
TC

G
TA

A
A

G
A

A
A

C
A

G
TG

G
C

C
A

TA
T

D
M

2
3

.4
2

0
.0

0
0

.0
0

0
.0

0
1

5
7

-0
.5

0
3

9
6

-0
.2

2

T
M

_
C

lu
st

e
r_

2
0

4
9

5
3

8
8

0
.8

9
8

0
9

1
.3

3
B

n
a

C
0

8
g

0
8

4
4

0
D

F
o

rm
in

-l
ik

e
 p

ro
te

in
 1

4
4

4
4

4
TC

C
A

A
A

G
C

C
TT

TC
TA

TG
TC

TT
   

 |
||

 |
||

| 
||

||
| 

||
||

 o
   

 

TG
A

A
A

G
G

-T
TC

G
TA

A
A

G
A

A
A

C
A

G
TG

G
TC

A
TA

T
D

M
2

3
.4

2
0

.0
0

0
.0

0
0

.0
0

3
2

9
0

.2
0

6
0

1
-0

.0
4

T
M

_
C

lu
st

e
r_

3
1

7
7

3
2

3
0

-3
.0

2
2

8
2

-2
.3

0
B

n
a

A
n

n
g

1
8

5
5

0
D

S
ca

re
cr

o
w

-l
ik

e
 p

ro
te

in
 6

8
4

3
TG

A
TT

G
A

G
C

C
G

C
G

TC
A

A
TA

TC
   

 |
||

||
||

||
||

||
o

||
||

||
| 

   

G
A

C
A

A
C

TA
A

C
TC

G
G

C
G

C
G

G
TT

A
TA

G
G

G
G

A
C

A
C

D
M

3
2

.0
0

0
.0

0
0

.0
0

0
.0

0
1

8
9

5
-0

.6
0

1
1

4
6

-0
.2

5

b
n

a
-m

iR
3

9
3

1
9

0
-2

.0
0

2
6

9
-2

.1
0

B
n

a
C

0
3

g
2

6
0

4
0

D
C

a
lv

in
 c

y
cl

e
 p

ro
te

in
 C

P
1

2
-1

, 
ch

lo
ro

p
la

st
ic

4
4

1
TC

C
A

A
A

G
G

G
A

TC
G

C
A

TT
G

A
TC

   
 |

||
||

| 
||

||
||

 |
|o

 |
o

| 
   

A
A

G
A

A
G

G
TT

T-
C

C
TA

G
C

C
TA

G
G

TG
G

TC
G

A
A

A
G

D
M

3
1

.2
5

0
.0

0
0

.0
0

0
.0

0
2

6
1

8
8

-0
.3

1
1

5
7

7
3

0
.3

6

b
o

l-
m

iR
3

9
8

a
-3

p
1

0
5

3
0

1
.5

7
1

8
5

0
2

.4
8

B
n

a
C

0
4

g
3

9
5

8
0

D
S

u
p

e
ro

x
id

e
 d

is
m

u
ta

se
 [

C
u

-Z
n

] 
2

, 
ch

lo
ro

p
la

st
ic

1
0

4
9

TG
TG

TT
C

TC
A

G
G

TC
A

C
C

C
C

TT
   

 |
||

 |
||

o
||

||
||

||
||

 o
   

  

C
A

TT
A

C
A

-A
A

G
G

G
TC

C
A

G
TG

G
G

C
G

TA
C

TG
C

C
T

D
M

3
0

.5
0

0
.0

0
0

.0
0

0
.0

0
9

2
1

5
1

.3
4

8
2

3
2

0
.6

1

b
n

a
-m

iR
1

7
1

f
2

5
0

-3
.0

2
2

0
6

-2
.8

2
B

n
a

A
n

n
g

1
8

5
5

0
D

S
ca

re
cr

o
w

-l
ik

e
 p

ro
te

in
 6

8
4

3
TG

A
TT

G
A

G
C

C
G

C
G

C
C

A
A

TA
TC

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

G
A

C
A

A
C

TA
A

C
TC

G
G

C
G

C
G

G
TT

A
TA

G
G

G
G

A
C

A
C

D
M

3
2

.0
0

0
.0

0
0

.0
0

0
.0

0
1

8
9

5
-0

.6
0

1
1

4
6

-0
.2

5

b
ra

-m
iR

3
9

8
-3

p
1

2
8

0
2

2
4

.0
9

7
3

1
8

6
4

.3
4

B
n

a
C

0
4

g
3

9
5

8
0

D
S

u
p

e
ro

x
id

e
 d

is
m

u
ta

se
 [

C
u

-Z
n

] 
2

, 
ch

lo
ro

p
la

st
ic

1
0

4
9

TG
TG

TT
C

TC
A

G
G

TC
A

C
C

C
C

TG
   

 |
||

 |
||

o
||

||
||

||
||

 o
o

   
 

C
A

TT
A

C
A

-A
A

G
G

G
TC

C
A

G
TG

G
G

C
G

TA
C

TG
C

C
T

D
M

3
0

.5
0

0
.0

0
0

.0
0

0
.0

0
9

2
1

5
1

.3
4

8
2

3
2

0
.6

1

b
n

a
-m

iR
1

6
0

c
1

2
2

4
9

-1
.0

3
1

1
8

9
0

-0
.9

8
B

n
a

A
0

6
g

2
8

0
2

0
D

F
e

rr
o

ch
e

la
ta

se
-1

, 
ch

lo
ro

p
la

st
ic

/m
it

o
ch

o
n

d
ri

a
l

1
8

5
7

TG
C

C
TG

G
C

TC
C

C
TG

TA
TG

C
C

A
   

 |
 |

|o
||

||
||

||
||

o
 |

||
   

   
  

G
G

TT
TC

-G
A

TC
G

A
G

G
G

A
C

A
TG

A
G

G
TA

C
A

G
A

TA
D

M
3

2
.1

3
0

.0
0

0
.0

0
0

.0
0

3
6

1
8

-0
.9

9
4

9
8

3
-0

.8
2

b
ra

-m
iR

1
6

2
-5

p
7

7
7

4
.4

3
8

9
3

4
.0

5
B

n
a

C
0

4
g

2
8

4
4

0
D

C
a

lm
o

d
u

li
n

-l
ik

e
 p

ro
te

in
 9

9
4

9
G

G
A

G
G

C
A

G
C

G
G

TT
C

A
TC

G
A

TC
   

 o
||

||
||

||
|o

| 
||

||
o

 |
   

 

TT
A

TT
C

TC
C

G
TC

G
C

TA
-G

TA
G

TA
A

A
A

C
C

TC
TT

D
M

3
1

.1
9

0
.0

0
0

.0
0

0
.0

0
2

1
1

5
0

-0
.2

1
1

5
4

8
0

-0
.7

4

T
M

_
C

lu
st

e
r_

3
1

7
7

3
2

3
0

-3
.0

2
2

8
2

-2
.3

0
B

n
a

A
n

n
g

1
8

5
4

0
D

S
ca

re
cr

o
w

-l
ik

e
 p

ro
te

in
 6

8
5

4
TG

A
TT

G
A

G
C

C
G

C
G

TC
A

A
TA

TC
   

 |
||

||
||

||
||

||
o

||
||

||
| 

   

G
A

C
A

A
C

TA
A

C
TC

G
G

C
G

C
G

G
TT

A
TA

G
G

G
G

A
C

A
C

D
M

3
2

.0
0

0
.0

0
0

.0
0

0
.0

0
2

1
5

2
-0

.6
1

1
2

8
6

-0
.2

3

b
ra

-m
iR

1
6

1
-3

p
2

4
6

2
5

.8
3

2
8

0
2

5
.8

9
B

n
a

A
0

5
g

0
0

5
6

0
D

P
ro

b
a

b
le

 g
lu

ta
m

y
l 

e
n

d
o

p
e

p
ti

d
a

se
, 

ch
lo

ro
p

la
st

ic
3

7
7

1
G

TC
A

C
TT

TC
A

A
TG

C
G

TT
G

A
TC

   
 |

||
 |

||
||

| 
||

||
||

||
   

   

G
G

C
A

C
A

G
-G

A
A

A
G

TC
A

C
G

C
A

A
C

TT
C

TT
A

G
A

C
A

D
M

3
1

.8
1

0
.0

0
0

.0
0

0
.0

0
1

6
4

4
0

.4
4

1
8

8
3

-0
.1

9

T
M

_
C

lu
st

e
r_

1
4

1
8

0
1

1
5

7
4

.2
4

1
2

7
4

3
.6

2
B

n
a

C
0

5
g

1
2

7
5

0
D

u
n

k
n

o
w

n
2

8
4

4
A

TC
A

TG
C

TA
TC

C
C

TT
TC

G
A

TT
   

 |
 |

|o
||

o
||

 |
|o

||
|o

||
o

   
   

 

C
A

G
A

T-
G

TG
C

G
G

TA
A

G
G

G
A

A
G

TT
A

G
TT

TT
TT

C
D

M
3

1
.8

8
0

.0
0

0
.0

0
0

.0
0

7
0

4
-0

.2
5

7
1

8
-0

.3
2

b
n

a
-m

iR
1

7
1

f
2

5
0

-3
.0

2
2

0
6

-2
.8

2
B

n
a

A
n

n
g

1
8

5
4

0
D

S
ca

re
cr

o
w

-l
ik

e
 p

ro
te

in
 6

8
5

4
TG

A
TT

G
A

G
C

C
G

C
G

C
C

A
A

TA
TC

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

G
A

C
A

A
C

TA
A

C
TC

G
G

C
G

C
G

G
TT

A
TA

G
G

G
G

A
C

A
C

D
M

3
2

.0
0

0
.0

0
0

.0
0

0
.0

0
2

1
5

2
-0

.6
1

1
2

8
6

-0
.2

3

D
M

_
C

lu
st

e
r_

7
2

8
6

2
1

1
8

4
-2

.4
5

8
9

4
-2

.6
8

B
n

a
A

0
8

g
0

0
0

8
0

D
N

u
cl

e
o

la
r 

p
ro

te
in

 5
6

2
1

1
1

TG
C

A
C

TG
C

C
TC

-T
TC

C
C

TG
G

C
T 

   
| 

||
||

||
||

| 
||

||
||

  |
| 

   

C
C

G
G

A
G

G
TG

A
C

G
G

A
G

G
A

A
G

G
G

A
A

G
G

A
G

TA
G

A
T

D
M

3
2

.4
4

0
.0

0
0

.0
0

0
.0

0
9

1
5

-0
.5

1
1

4
2

2
-0

.2
7

T
T

_
C

lu
st

e
r_

4
9

3
7

3
2

0
5

0
.7

5
1

6
0

.8
9

B
n

a
C

0
1

g
2

0
4

4
0

D
A

cy
l-

C
o

A
-b

in
d

in
g

 d
o

m
a

in
-c

o
n

ta
in

in
g

 p
ro

te
in

 2
4

9
2

C
C

G
G

G
TG

A
A

G
A

T-
C

TT
C

A
A

A
TC

   
 |

||
| 

| 
||

||
| 

||
||

||
 |

| 
   

TG
G

A
G

G
C

C
A

A
A

TT
C

TA
A

G
A

A
G

TT
A

A
G

G
C

C
A

A
G

D
M

3
2

.1
9

0
.0

0
0

.0
0

0
.0

0
9

6
7

0
.0

1
1

2
8

8
0

.1
9

b
n

a
-m

iR
3

9
3

1
9

0
-2

.0
0

2
6

9
-2

.1
0

B
n

a
A

0
3

g
2

1
7

7
0

D
C

a
lv

in
 c

y
cl

e
 p

ro
te

in
 C

P
1

2
-1

, 
ch

lo
ro

p
la

st
ic

4
3

0
TC

C
A

A
A

G
G

G
A

TC
G

C
A

TT
G

A
TC

   
 |

||
||

| 
||

||
||

 |
|o

 |
o

| 
   

A
A

G
A

A
G

G
TT

T-
C

C
TA

G
C

C
TA

G
G

TG
G

TC
G

A
A

A
G

D
M

3
1

.2
5

0
.0

0
0

.0
0

0
.0

0
3

0
5

3
5

-0
.2

9
2

3
3

2
5

0
.4

1

D
M

_
C

lu
st

e
r_

6
3

6
5

8
2

7
1

5
-3

.3
1

1
9

1
5

-2
.1

6
B

n
a

C
0

7
g

4
4

7
2

0
D

P
ro

b
a

b
le

 E
3

 u
b

iq
u

it
in

 l
ig

a
se

 S
U

D
1

6
7

4
A

G
C

G
G

A
A

T-
A

TA
A

G
A

A
C

C
TG

TT
TC

T 
   

| 
||

||
||

 |
||

||
||

||
||

||
o

   
 

TC
A

TG
G

C
C

TT
A

C
TA

TT
C

TT
G

G
A

C
A

A
G

TC
A

TT
C

D
M

3
1

.5
0

0
.0

0
0

.0
0

0
.0

0
2

-0
.0

5
0

-0
.0

2

D
T

_
C

lu
st

e
r_

3
2

5
1

6
1

1
6

8
3

.9
8

9
4

4
.6

6
B

n
a

A
0

5
g

1
6

1
3

0
D

u
n

k
n

o
w

n
1

3
9

G
C

TA
TG

A
G

A
TC

A
A

A
G

G
G

TT
G

T 
   

||
 |

o
||

||
||

||
 |

| 
| 

||
   

 

C
C

G
C

C
G

C
TG

C
TC

TA
G

TT
G

C
C

A
A

TC
A

A
A

G
TG

TT
D

T
1

0
.0

0
9

3
.4

7
0

.0
0

0
.0

0
3

9
0

0
0

.5
8

4
1

4
-2

.4
3



  

 

D
M

_
C

lu
st

e
r_

7
4

9
5

6
3

3
3

-0
.4

2
2

8
8

-0
.0

7
B

n
a

A
0

5
g

2
2

3
0

0
D

u
n

k
n

o
w

n
2

8
7

TC
C

A
TT

A
G

TA
TC

A
G

A
C

G
A

TC
T 

   
||

||
||

| 
||

o
 |

||
| 

 |
||

   
 

TG
TT

A
G

G
TA

A
T-

A
TG

TT
C

TG
A

G
A

G
A

A
G

C
G

G
C

G
D

T
2

0
.0

0
1

.2
4

0
.0

0
0

.0
0

1
2

6
3

8
-0

.6
4

1
0

0
6

5
-0

.3
2

a
th

-m
iR

3
9

9
c-

3
p

1
1

6
6

4
.0

7
3

0
8

2
.2

3
B

n
a

C
0

3
g

1
0

3
6

0
D

u
n

k
n

o
w

n
5

0
0

TG
C

C
A

A
A

G
G

A
G

A
G

TT
G

C
C

C
TG

   
 |

 |
||

| 
||

||
||

|o
| 

 |
||

   
 

A
TT

C
A

A
G

G
TT

A
C

C
TC

TC
A

G
C

TT
G

A
C

G
G

G
TG

TT
D

T
2

0
.0

0
0

.7
1

0
.0

0
0

.0
0

1
3

2
5

-1
.0

9
8

3
6

0
.0

7

a
th

-m
iR

3
9

3
b

-5
p

1
5

3
8

0
-0

.1
4

1
5

0
6

6
-0

.5
4

B
n

a
C

0
2

g
4

6
8

1
0

D
C

h
lo

ro
p

h
y

ll
 a

-b
 b

in
d

in
g

 p
ro

te
in

 C
P

2
6

, 

ch
lo

ro
p

la
st

ic
1

2
1

1
TC

C
A

A
A

G
G

G
A

TC
G

C
A

TT
G

A
TC

C
   

 |
||

 |
||

||
||

|o
 |

| 
||

 |
| 

   

G
TT

C
A

G
G

G
TT

C
C

C
TA

G
TT

TA
C

C
T-

G
G

A
G

G
A

C
C

D
T

2
0

.0
0

2
.9

3
0

.0
0

0
.0

0
1

2
0

5
2

9
-0

.3
1

7
0

7
4

2
-0

.1
7

B
n

a
-m

iR
C

5
-6

8
0

5
4

0
.2

6
9

2
3

2
0

.0
3

B
n

a
C

0
3

g
0

6
0

5
0

D
U

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

t5
g

3
9

8
6

5
1

2
4

7
TC

G
G

A
TT

A
TC

A
TC

A
C

A
A

C
A

C
T 

   
||

||
||

| 
||

||
||

| 
||

| 
   

TG
G

TT
G

C
C

TA
A

T-
G

TA
G

TG
TA

G
TG

TT
G

TG
TT

T
D

T
2

0
.0

0
3

.4
7

0
.0

0
0

.0
0

1
2

6
8

0
.2

9
1

4
9

7
0

.5
1

D
M

_
C

lu
st

e
r_

1
1

7
3

3
9

0
7

-1
.1

3
9

1
3

-1
.7

0
B

n
a

A
0

3
g

5
0

8
8

0
D

C
B

S
 d

o
m

a
in

-c
o

n
ta

in
in

g
 p

ro
te

in
 C

B
S

X
2

, 

ch
lo

ro
p

la
st

ic
1

3
9

TT
G

A
C

A
G

A
A

G
A

G
A

G
C

G
A

G
C

A
C

   
 |

||
||

||
 |

||
||

 |
||

o
| 

| 
   

C
TT

A
A

A
C

TG
TC

-T
C

TC
TA

G
C

TT
G

G
G

TA
C

TA
A

T
D

T
2

0
.0

0
2

.1
3

0
.0

0
0

.0
0

5
7

7
5

-0
.4

2
3

6
2

5
-0

.1
6

a
th

-m
iR

3
9

9
c-

3
p

1
1

6
6

4
.0

7
3

0
8

2
.2

3
B

n
a

A
0

3
g

0
8

1
6

0
D

u
n

k
n

o
w

n
5

1
0

TG
C

C
A

A
A

G
G

A
G

A
G

TT
G

C
C

C
TG

   
 |

 |
||

| 
||

||
||

|o
| 

 |
||

   
 

A
TT

C
A

A
G

G
TT

A
C

C
TC

TC
A

G
C

TT
G

A
C

G
G

G
TG

TT
D

T
2

0
.0

0
0

.7
1

0
.0

0
0

.0
0

9
8

9
-0

.6
6

3
8

3
-0

.0
4

B
n

a
-m

iR
C

5
-3

*
7

6
0

8
1

.2
6

9
3

7
5

0
.5

1
B

n
a

C
0

2
g

1
8

9
5

0
D

C
a

ti
o

n
/c

a
lc

iu
m

 e
x

ch
a

n
g

e
r 

2
6

7
4

TC
TT

G
TG

TT
G

TG
A

TG
A

TA
A

TC
   

 |
||

||
o

|o
||

 |
||

| 
||

|o
   

 

A
TC

G
A

G
A

A
C

G
C

G
A

C
TC

TA
C

-A
TT

G
A

G
G

TA
C

A
G

D
T

2
0

.0
0

5
.7

8
0

.0
0

0
.0

0
4

4
-0

.4
4

4
2

-0
.0

4

b
n

a
-m

iR
1

6
0

c
1

2
2

4
9

-1
.0

3
1

1
8

9
0

-0
.9

8
B

n
a

A
n

n
g

0
9

1
0

0
D

Z
in

c 
fi

n
g

e
r 

p
ro

te
in

 G
IS

2
1

2
6

0
TG

C
C

TG
G

C
TC

C
C

TG
TA

-T
G

C
C

A
   

 |
||

||
||

||
 |

||
o

| 
| 

||
| 

   

TG
C

A
C

C
G

G
A

C
C

G
A

G
A

G
A

C
G

TC
A

A
G

G
TC

G
TG

G
C

D
T

2
0

.0
0

2
.8

4
0

.0
0

0
.0

0
2

5
6

1
0

.5
9

2
5

4
8

0
.1

9

B
n

a
-m

iR
C

5
-3

*
7

6
0

8
1

.2
6

9
3

7
5

0
.5

1
B

n
a

A
0

2
g

0
3

7
3

0
D

C
a

ti
o

n
/c

a
lc

iu
m

 e
x

ch
a

n
g

e
r 

2
1

2
1

1
TC

TT
G

TG
TT

G
TG

A
TG

A
TA

A
TC

   
 |

||
||

o
|o

||
 |

||
| 

||
|o

   
 

A
TC

G
A

G
A

A
C

G
C

G
A

C
TC

TA
C

-A
TT

G
A

G
G

TA
C

A
G

D
T

2
0

.0
0

5
.7

8
0

.0
0

0
.0

0
6

0
-0

.1
2

1
5

6
-0

.4
0

D
M

_
C

lu
st

e
r_

7
4

9
5

6
3

3
3

-0
.4

2
2

8
8

-0
.0

7
B

n
a

A
0

1
g

1
7

1
7

0
D

A
sp

a
rt

ic
 p

ro
te

in
a

se
 n

e
p

e
n

th
e

si
n

-2
1

3
1

0
TC

C
A

TT
A

G
TA

TC
A

G
A

C
G

A
TC

T 
   

| 
||

|o
||

o
||

||
o

||
 |

||
o

   
 

TG
G

C
A

A
G

TA
G

TC
G

TA
G

TT
TG

-T
A

G
G

TT
G

G
A

A
G

D
T

2
0

.0
0

0
.3

6
0

.0
0

0
.0

0
1

1
3

3
1

.3
6

3
9

0
2

0
.5

3

D
M

_
C

lu
st

e
r_

2
0

3
8

4
1

2
0

8
-0

.6
0

1
3

6
-1

.1
7

B
n

a
C

0
1

g
1

1
3

9
0

D
U

n
ch

a
ra

ct
e

ri
ze

d
 W

D
 r

e
p

e
a

t-
co

n
ta

in
in

g
 p

ro
te

in
 

C
1

7
D

1
1

.1
6

1
3

7
9

A
A

C
C

C
TC

TG
A

TC
TC

A
TA

G
C

TC
   

 |
| 

||
| 

||
||

|o
 |

||
||

| 
   

C
C

G
C

TT
A

G
G

A
A

A
C

TA
G

G
TT

A
TC

G
A

TG
TT

TT
A

A
D

T
2

0
.0

0
4

.4
4

0
.0

0
0

.0
0

3
8

1
0

.2
1

6
0

1
-0

.1
0

D
T

_
C

lu
st

e
r_

9
9

7
1

2
3

0
3

5
.4

5
3

0
6

6
.2

2
B

n
a

A
0

9
g

2
5

2
6

0
D

P
h

o
to

sy
st

e
m

 I
 r

e
a

ct
io

n
 c

e
n

te
r 

su
b

u
n

it
 I

II
, 

ch
lo

ro
p

la
st

ic
1

3
7

G
A

TG
A

TG
C

TT
G

G
G

A
TT

TA
TT

T 
   

||
||

| 
||

||
 o

||
||

| 
||

| 
   

TT
C

TC
TA

C
T-

C
G

A
A

A
TC

TA
A

A
G

A
A

A
TG

TT
C

TG
D

T
2

0
.0

0
2

.3
1

0
.0

0
0

.0
0

8
8

8
8

0
-0

.3
9

9
1

6
5

4
-0

.0
8

D
M

_
C

lu
st

e
r_

1
1

7
3

3
9

0
7

-1
.1

3
9

1
3

-1
.7

0
B

n
a

C
0

7
g

4
4

7
3

0
D

C
B

S
 d

o
m

a
in

-c
o

n
ta

in
in

g
 p

ro
te

in
 C

B
S

X
2

, 

ch
lo

ro
p

la
st

ic
8

4
TT

G
A

C
A

G
A

A
G

A
G

A
G

C
G

A
G

C
A

C
   

 |
||

||
||

 |
||

||
 |

||
o

| 
| 

   

C
TT

A
A

A
C

TG
TC

-T
C

TC
TA

G
C

TT
G

G
G

TA
A

C
TA

A
D

T
2

0
.0

0
2

.1
3

0
.0

0
0

.0
0

4
4

3
1

-0
.5

5
3

0
7

9
-0

.7
3

b
ra

-m
iR

1
6

8
a

-3
p

3
9

4
1

0
.3

9
3

7
4

3
-0

.2
2

B
n

a
A

0
2

g
1

5
7

1
0

D
T

ra
n

sc
ri

p
ti

o
n

 f
a

ct
o

r 
T

C
P

2
2

1
1

2
6

C
C

C
G

C
C

TT
G

TA
TC

A
A

G
TG

A
A

T 
   

||
||

||
o

||
| 

o
||

| 
o

| 
||

   
 

TG
TT

G
G

G
C

G
G

G
A

C
A

G
G

G
TT

G
G

C
C

TA
TT

G
A

G
G

G
D

T
2

0
.0

0
7

.1
1

0
.0

0
0

.0
0

2
2

1
4

-0
.2

9
1

3
0

8
-0

.2
0

D
M

_
C

lu
st

e
r_

7
4

9
5

6
3

3
3

-0
.4

2
2

8
8

-0
.0

7
B

n
a

A
0

6
g

0
2

9
4

0
D

P
ro

b
a

b
le

 d
is

e
a

se
 r

e
si

st
a

n
ce

 p
ro

te
in

 A
t1

g
1

5
8

9
0

5
3

4
TC

C
A

TT
A

G
TA

TC
A

G
A

C
G

A
TC

T 
   

||
||

| 
|o

||
o

| 
o

||
| 

||
| 

   

G
G

TA
A

G
G

TA
TT

TA
TG

G
A

TT
G

C
A

A
G

A
A

G
G

A
A

G
T

D
T

2
0

.0
0

0
.9

8
0

.0
0

0
.0

0
1

4
2

0
.3

6
1

9
1

-0
.2

4

T
M

_
C

lu
st

e
r_

4
0

9
0

1
2

0
2

7
-1

.2
3

2
7

8
9

-1
.4

4
B

n
a

A
0

3
g

5
0

8
8

0
D

C
B

S
 d

o
m

a
in

-c
o

n
ta

in
in

g
 p

ro
te

in
 C

B
S

X
2

, 

ch
lo

ro
p

la
st

ic
1

3
9

TT
G

A
C

A
G

A
A

G
A

G
A

G
TG

A
G

C
A

C
   

 |
||

||
||

 |
||

||
 o

||
o

| 
| 

   

C
TT

A
A

A
C

TG
TC

-T
C

TC
TA

G
C

TT
G

G
G

TA
C

TA
A

T
D

T
2

0
.0

0
2

.1
3

0
.0

0
0

.0
0

5
7

7
5

-0
.4

2
3

6
2

5
-0

.1
6

b
n

a
-m

iR
1

5
6

d
6

8
1

-0
.6

5
4

3
6

-0
.9

5
B

n
a

C
0

5
g

3
8

3
5

0
D

S
P

L 
5

6
4

3
TG

A
C

A
G

A
A

G
A

G
A

G
TG

A
G

C
A

C
   

  |
||

||
||

||
||

||
 |

||
| 

   

A
TC

TA
C

TG
TC

TT
C

TC
TC

TC
TC

G
C

C
A

A
C

C
C

A
C

A
D

T
3

0
.0

0
1

.0
0

0
.0

0
0

.0
0

1
3

4
-0

.2
6

2
4

2
-0

.7
4

b
ra

-m
iR

1
6

1
-3

p
2

4
6

2
5

.8
3

2
8

0
2

5
.8

9
B

n
a

A
n

n
g

3
5

5
9

0
D

T
ra

n
sc

ri
p

ti
o

n
 i

n
it

ia
ti

o
n

 f
a

ct
o

r 
T

F
II

D
 s

u
b

u
n

it
 7

1
1

6
2

G
TC

A
C

TT
TC

A
A

TG
C

G
TT

G
A

TC
   

 |
||

 |
|o

||
||

o
||

|o
||

  |
   

 

C
G

TT
C

A
G

A
G

A
G

A
G

TT
G

C
G

C
G

A
C

A
TG

TT
C

G
A

G
G

D
T

3
0

.0
0

0
.5

9
0

.0
0

0
.0

0
1

8
0

-0
.0

6
1

8
5

0
.3

4

B
n

a
-m

iR
C

5
-3

*
7

6
0

8
1

.2
6

9
3

7
5

0
.5

1
B

n
a

C
0

6
g

3
4

0
9

0
D

T
o

ll
/i

n
te

rl
e

u
k

in
-1

 r
e

ce
p

to
r-

li
k

e
 p

ro
te

in
1

0
2

8
TC

TT
G

TG
TT

G
TG

A
TG

A
TA

A
TC

   
 |

||
||

||
| 

||
||

||
||

||
 |

   
 

G
A

A
C

A
G

A
A

C
A

C
A

TC
A

C
TA

C
TA

TT
-G

A
TA

TG
A

G
D

T
3

0
.0

0
0

.7
3

0
.0

0
0

.0
0

3
8

0
.2

0
9

3
0

.8
1

T
T

_
C

lu
st

e
r_

4
9

3
7

3
2

0
5

0
.7

5
1

6
0

.8
9

B
n

a
A

n
n

g
0

2
7

4
0

D
N

u
cl

e
a

r 
tr

a
n

sc
ri

p
ti

o
n

 f
a

ct
o

r 
Y

 s
u

b
u

n
it

 A
-2

1
3

8
9

C
C

G
G

G
TG

A
A

G
A

TC
TT

C
A

A
A

TC
   

 |
||

|o
||

||
||

 |
||

||
 |

   
 

G
A

A
A

G
G

C
C

TA
C

TT
C

TT
G

A
A

G
TC

TC
A

A
G

A
C

TC
T

D
T

3
0

.0
0

0
.0

5
0

.0
0

0
.0

0
3

0
7

-1
.2

2
4

6
6

-0
.1

5

b
n

a
-m

iR
1

1
4

0
6

1
0

-2
.5

8
1

4
4

8
-2

.2
4

B
n

a
C

0
1

g
0

4
2

0
0

D
S

tr
e

ss
 e

n
h

a
n

ce
d

 p
ro

te
in

 1
, 

ch
lo

ro
p

la
st

ic
5

1
7

A
C

A
G

C
C

TA
A

A
C

C
A

A
TC

G
G

A
G

C
   

 |
||

| 
| 

||
||

||
|o

|o
 |

||
   

 

C
C

G
C

TG
TC

-G
TT

TT
G

G
TT

G
G

TA
TC

G
C

G
G

TG
C

T
D

T
3

0
.0

0
0

.0
9

0
.0

0
0

.0
0

2
3

0
1

0
-0

.5
4

1
9

8
1

2
-0

.1
1

a
th

-m
iR

8
2

4
-3

p
1

6
6

8
0

.2
7

1
9

4
0

0
.3

3
B

n
a

C
0

6
g

0
7

8
8

0
D

P
u

ta
ti

v
e

 m
e

th
y

le
st

e
ra

se
 1

4
, 

ch
lo

ro
p

la
st

ic
1

6
7

4
C

C
TT

C
T-

C
A

TC
G

A
TG

G
TC

TA
G

A
   

 |
||

||
| 

||
||

o
 |

||
||

o
|o

   
 

A
A

TG
G

A
A

G
A

G
G

TA
G

TA
A

C
C

A
G

G
TT

C
A

C
C

A
TG

T
D

T
3

0
.0

0
1

.4
1

0
.0

0
0

.0
0

5
4

4
0

.8
5

8
5

3
0

.7
8

B
n

a
-m

iR
C

1
8

1
1

0
0

4
.3

2
1

7
0

8
5

.1
2

B
n

a
A

0
9

g
1

0
8

1
0

D
R

H
O

M
B

O
ID

-l
ik

e
 p

ro
te

in
 3

1
6

2
3

TC
G

C
G

A
TC

T-
TA

G
A

TC
C

TC
TA

A
   

 |
| 

|o
||

||
 |

 |
 |

||
||

||
| 

   

G
A

C
A

G
A

G
TT

A
G

A
G

A
A

C
A

A
G

G
A

G
A

TT
A

TC
A

G
A

T
D

T
3

0
.0

0
0

.2
3

0
.0

0
0

.0
0

2
5

3
7

0
.1

4
5

1
3

1
-0

.8
4

b
n

a
-m

iR
1

5
6

d
6

8
1

-0
.6

5
4

3
6

-0
.9

5
B

n
a

A
0

5
g

2
4

3
4

0
D

S
P

L 
5

1
9

0
5

TG
A

C
A

G
A

A
G

A
G

A
G

TG
A

G
C

A
C

   
  |

||
||

||
||

||
||

 |
||

| 
   

A
TC

TA
C

TG
TC

TT
C

TC
TC

TC
TC

G
C

A
A

A
C

C
C

A
C

T
D

T
3

0
.0

0
1

.0
0

0
.0

0
0

.0
0

2
2

5
0

.3
5

2
5

8
-0

.9
7

b
n

a
-m

iR
1

7
1

a
7

9
6

2
.2

0
7

5
3

1
.9

3
B

n
a

C
0

8
g

3
2

2
8

0
D

u
n

k
n

o
w

n
4

7
5

TT
G

A
G

C
C

G
TG

-C
C

A
A

TA
TC

A
C

G
   

 |
o

||
||

|o
||

 |
| 

||
 o

||
||

   
 

C
TC

TA
G

C
TC

G
G

TA
C

TG
G

C
TA

A
G

G
TG

C
TC

G
A

G
C

D
T

3
0

.0
0

6
.8

5
0

.0
0

0
.0

0
3

0
1

5
-0

.8
9

2
3

4
6

2
-0

.3
1

B
n

a
-m

iR
1

6
8

b
1

0
6

0
0

0
.8

4
8

4
0

1
0

.9
0

B
n

a
C

n
n

g
1

1
3

3
0

D
D

IS
3

-l
ik

e
 e

x
o

n
u

cl
e

a
se

 2
3

7
8

2
TT

C
G

C
TT

G
G

TG
C

A
G

G
TC

G
G

G
A

   
 |

o
||

||
o

||
||

 |
| 

||
||

 |
   

 

A
G

A
G

A
G

G
C

G
A

G
C

C
A

C
C

TC
-A

G
C

C
A

TT
G

TC
TG

T
D

T
3

0
.0

0
0

.3
6

0
.0

0
0

.0
0

3
6

8
0

.9
1

9
7

9
-0

.9
8

T
T

_
C

lu
st

e
r_

1
1

0
5

4
6

5
9

4
6

.0
7

6
4

7
6

.3
7

B
n

a
C

0
7

g
2

0
1

1
0

D
D

e
S

I-
li

k
e

 p
ro

te
in

 A
t4

g
1

7
4

8
6

1
0

0
7

A
G

TA
G

TT
C

G
TT

A
G

G
TT

TG
A

C
C

   
 |

o
||

||
| 

| 
||

||
|o

o
||

| 
   

G
G

A
C

C
C

G
TC

A
A

G
G

A
-T

C
C

A
A

G
TT

G
G

A
G

TT
TG

T
D

T
3

0
.0

0
0

.0
5

0
.0

0
0

.0
0

1
3

0
4

0
.0

2
1

1
3

8
-0

.0
4

B
n

a
-m

iR
C

5
-3

*
7

6
0

8
1

.2
6

9
3

7
5

0
.5

1
B

n
a

A
0

7
g

3
0

5
1

0
D

T
o

ll
/i

n
te

rl
e

u
k

in
-1

 r
e

ce
p

to
r-

li
k

e
 p

ro
te

in
1

0
2

3
TC

TT
G

TG
TT

G
TG

A
TG

A
TA

A
TC

   
 |

||
||

||
| 

||
||

||
||

||
 |

   
 

G
A

A
C

A
G

A
A

C
A

C
A

TC
A

C
TA

C
TA

TT
-G

A
TA

TG
A

G
D

T
3

0
.0

0
0

.7
3

0
.0

0
0

.0
0

1
0

.3
9

0
N

A

T
T

_
C

lu
st

e
r_

7
9

2
4

2
1

7
3

-0
.3

8
6

7
-1

.0
0

B
n

a
A

0
1

g
0

5
2

4
0

D
K

in
e

si
n

-l
ik

e
 p

ro
te

in
 N

A
C

K
2

4
5

4
3

G
G

A
G

C
A

G
A

A
C

C
A

A
G

TT
A

G
TC

T 
   

|o
||

 |
||

||
||

|o
|o

||
| 

   

TC
TT

C
TT

C
TT

C
TT

G
G

TT
TA

G
TC

A
TC

TC
G

TC
TC

D
T

3
0

.0
0

0
.0

9
0

.0
0

0
.0

0
2

5
0

.0
7

2
1

1
4

0
.2

3



  

 

Bn
a-

m
iR

C5
-2

57
4.

51
34

4.
49

Bn
aC

08
g0

18
80

D
Ox

yg
en

-e
vo

lv
in

g 
en

ha
nc

er
 p

ro
te

in
 2

, 
ch

lo
ro

pl
as

tic
14

56
TC

AA
CC

AA
AT

AC
AC

AT
TG

TG
G 

   |
| |

||
||

||
| |

 ||
| |

|o
    

TT
CT

AG
AT

GG
TT

TA
TA

T-
TA

AA
AC

TT
TT

TC
GG

DT
3

0.
00

0.
05

0.
00

0.
00

89
72

5
-0

.3
5

80
06

9
0.

11

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

Bn
aA

nn
g2

06
10

D
un

kn
ow

n
14

57
TG

AC
AG

AA
GA

GA
GT

GA
GC

AC
    

 ||
||

| |
||

|o
|o

| |
o 

||
    

CT
CA

AC
TG

TG
TT

CT
TT

TA
-T

TT
TG

TG
CT

TT
AC

TM
1

0.
00

0.
00

0.
07

0.
00

11
58

1.
26

15
0

2.
18

bn
a-

m
iR

16
9m

62
7

-0
.0

1
27

3
-1

.4
4

Bn
aA

07
g2

80
40

D
un

kn
ow

n
15

98
TG

AG
-C

CA
AA

GA
TG

AC
TT

GC
CG

    
| |

| |
||

||
||

||
| o

||
| |

    
AC

AA
GT

CA
GG

TT
TC

TA
CT

CG
AC

GA
CT

CA
AG

TC
TM

2
0.

00
0.

00
9.

87
0.

00
74

22
3

-1
.0

5
69

42
1

-0
.6

8

bn
a-

m
iR

17
2a

59
1

-1
.0

2
47

7
-0

.7
0

Bn
aA

05
g0

56
00

D
Eu

ka
ry

ot
ic 

tra
ns

la
tio

n 
in

iti
at

io
n 

fa
ct

or
 3

 su
bu

ni
t 

F
14

81
AG

AA
TC

TT
GA

TG
AT

GC
TG

CA
T  

  |
o|

 ||
||

 ||
||

o|
||

o|
|o

    
AG

GC
TT

TC
AG

AA
-T

AC
TG

CG
AT

GT
GG

TA
GG

TA
TM

2
0.

00
0.

00
7.

16
0.

00
29

7
0.

11
60

1
-0

.2
1

br
a-

m
iR

16
8b

-3
p

18
21

3
0.

54
19

03
6

0.
59

Bn
aC

01
g4

01
40

D
un

kn
ow

n
26

80
CC

CG
CC

TT
GC

AT
CA

AC
TG

AA
T  

  |
||

o|
| |

||
| |

 ||
||

| |
    

GG
CC

GG
GT

GG
-A

CG
TC

GA
TG

AC
TA

AG
TA

GG
CA

TM
2

0.
00

0.
00

3.
18

0.
00

70
4

0.
24

85
1

-0
.2

0

bn
a-

m
iR

15
6g

85
55

-1
.1

3
11

77
8

-1
.6

5
Bn

aA
08

g0
78

70
D

SH
3 

do
m

ai
n-

co
nt

ai
ni

ng
 p

ro
te

in
 1

25
57

TT
GA

CA
GA

AG
AT

AG
AG

AG
CA

C 
   |

| |
||

||
||

| |
 ||

||
 ||

    
TT

AT
AA

-T
GT

CT
TC

TT
TG

TC
TC

TT
GG

GT
AG

TT
TM

2
0.

00
0.

00
9.

23
0.

00
12

85
-0

.0
4

21
71

-0
.1

1

bn
a-

m
iR

60
29

23
0.

18
89

-0
.5

6
Bn

aA
05

g0
58

40
D

Ri
bu

lo
se

 b
isp

ho
sp

ha
te

 ca
rb

ox
yl

as
e/

ox
yg

en
as

e 
ac

tiv
as

e,
 ch

lo
ro

pl
as

tic
61

4
TG

GG
GT

TG
TG

AT
TT

CA
GG

CT
T  

  o
||

 ||
||

||
| |

||
 ||

 ||
    

TC
CT

GC
CG

CA
AC

AC
TC

AA
GG

CC
-A

AG
GG

TA
TC

TM
2

0.
00

0.
00

14
.4

8
0.

00
17

40
8

-0
.5

0
45

94
-2

.4
6

TM
_C

lu
st

er
_2

04
95

38
8

0.
89

80
9

1.
33

Bn
aA

10
g1

79
10

D
Gl

ut
am

in
e 

sy
nt

he
ta

se
 cy

to
so

lic
 is

oz
ym

e 
1-

4
21

61
TC

CA
AA

GC
CT

TT
CT

AT
GT

CT
T  

  |
||

 ||
||

 |o
||

||
|  

||
|  

   C
GT

TA
GG

-
TT

CG
AA

GA
GA

TA
GC

GA
AA

GA
AA

TA
TM

2
0.

00
0.

00
9.

71
0.

00
22

33
-1

.2
8

11
13

-1
.4

4

DM
_C

lu
st

er
_1

17
33

90
7

-1
.1

3
91

3
-1

.7
0

Bn
aA

08
g0

78
70

D
SH

3 
do

m
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 1
25

57
TT

GA
CA

GA
AG

AG
AG

CG
AG

CA
C 

   |
| |

||
||

||
|o

|  
||

| |
|  

  
TT

AT
AA

-T
GT

CT
TC

TT
TG

TC
TC

TT
GG

GT
AG

TT
TM

2
0.

00
0.

00
9.

23
0.

00
12

85
-0

.0
4

21
71

-0
.1

1

bo
l-m

iR
39

8a
-3

p
10

53
0

1.
57

18
50

2.
48

Bn
aA

03
g2

65
10

D
Pr

ot
ei

n 
To

lB
 {E

CO
:0

00
02

55
|H

AM
AP

-
Ru

le
:M

F_
00

67
1}

56
5

TG
TG

TT
CT

CA
GG

TC
AC

CC
CT

T  
  o

|o
||

||
 ||

|o
o|

||
| |

|o
    

GG
CG

GC
GC

AA
GC

GT
CT

GG
TG

GT
GA

GA
GA

AG
AG

TM
2

0.
00

0.
00

11
.6

2
0.

00
48

14
-0

.0
2

42
86

-0
.9

9

br
a-

m
iR

16
8b

-3
p

18
21

3
0.

54
19

03
6

0.
59

Bn
aA

01
g3

36
20

D
un

kn
ow

n
29

23
CC

CG
CC

TT
GC

AT
CA

AC
TG

AA
T  

  |
||

o|
| |

||
| |

 ||
||

| |
    

GG
CC

GG
GT

GG
-A

CG
TC

GA
TG

AC
TA

AG
TA

GG
CA

TM
2

0.
00

0.
00

3.
18

0.
00

15
0

0.
93

22
6

-0
.5

9

bn
a-

m
iR

17
1a

79
6

2.
20

75
3

1.
93

Bn
aA

04
g0

12
10

D
Sc

ar
ec

ro
w

-li
ke

 p
ro

te
in

 2
2

66
8

TT
GA

GC
CG

TG
CC

AA
TA

TC
AC

G 
   |

||
||

||
|o

||
||

||
||

| |
    

CA
CT

AA
CT

CG
GC

GC
GG

TT
AT

AG
GG

AA
CG

CG
CT

TM
3

0.
00

0.
00

1.
41

0.
00

34
2

-0
.7

3
26

5
-0

.4
6

at
h-

m
iR

81
75

99
2

-0
.7

7
14

95
-1

.6
6

Bn
aA

06
g2

46
00

D
Ph

os
ph

oe
no

lp
yr

uv
at

e 
ca

rb
ox

yk
in

as
e 

[A
TP

]
93

0
GA

TC
CC

CG
GC

AA
CG

GC
GC

CA
    

 | 
| |

||
|o

||
||

| |
||

||
    

AA
AC

CG
A-

GG
GC

TG
TT

GC
AG

CG
GT

TG
CG

TG
GC

TM
3

0.
00

0.
00

0.
53

0.
00

17
01

2.
34

68
2

-2
.3

0

bo
l-m

iR
39

8a
-3

p
10

53
0

1.
57

18
50

2.
48

Bn
aA

09
g4

70
90

D
Co

pp
er

 ch
ap

er
on

e 
fo

r s
up

er
ox

id
e 

di
sm

ut
as

e,
 

ch
lo

ro
pl

as
tic

/c
yt

os
ol

ic
12

38
TG

TG
TT

CT
CA

GG
TC

AC
CC

CT
T  

  |
||

||
|o

||
||

||
 ||

|  
|  

  
GA

GA
TC

AC
AA

GG
GT

CC
AG

CG
GG

TT
AC

CG
AC

AG
TM

3
0.

00
0.

00
4.

65
0.

00
15

2
1.

04
34

5
0.

89

bn
a-

m
iR

39
3

19
0

-2
.0

0
26

9
-2

.1
0

Bn
aC

03
g7

17
80

D
Th

ia
m

in
e 

th
ia

zo
le

 sy
nt

ha
se

, c
hl

or
op

la
st

ic
15

81
TC

CA
AA

GG
GA

TC
GC

AT
TG

AT
C 

   |
||

||
||

||
|o

||
   |

||
o|

    
AC

CG
AG

GT
TT

CC
CT

GG
CA

GC
AC

TG
GC

GT
GC

TC
TM

3
0.

00
0.

00
1.

00
0.

00
52

13
1

-0
.8

9
75

88
7

-0
.8

0

Bn
a-

m
iR

C5
-1

16
87

1.
15

21
29

0.
82

Bn
aC

nn
g3

82
10

D
Pr

ob
ab

le
 d

ise
as

e 
re

sis
ta

nc
e 

pr
ot

ei
n 

RP
P1

 
11

87
TG

TG
TT

GT
GA

TG
AT

AA
TC

CG
A 

   |
||

||
||

|o
|o

||
||

||
||

||
    

TA
GA

AC
AC

AA
CA

TT
GC

TA
TT

AG
GC

TG
AG

GG
CC

TM
3

0.
00

0.
00

0.
59

0.
00

99
0.

54
70

-0
.1

6

bn
a-

m
iR

15
6g

85
55

-1
.1

3
11

77
8

-1
.6

5
Bn

aC
01

g3
62

90
D

SP
L 5

75
6

TT
GA

CA
GA

AG
AT

AG
AG

AG
CA

C 
   |

||
||

||
||

||
||

||
||

|  
  

CA
TC

TA
CT

GT
CT

TC
TA

TC
TC

TC
GA

CC
AC

AC
AA

TM
3

0.
00

0.
00

0.
53

0.
00

18
0

-0
.8

1
18

2
-1

.8
5

TM
_C

lu
st

er
_1

87
41

13
7

-1
.8

2
23

8
-1

.4
5

Bn
aC

04
g4

35
10

D
AT

P 
sy

nt
ha

se
 su

bu
ni

t g
am

m
a,

 m
ito

ch
on

dr
ia

l
84

9
TT

GA
AC

CC
AA

GA
TC

TC
AC

CC
T  

  o
|o

||
||

| |
o|

o|
o|

||
||

|  
  

TT
AG

GA
TT

TG
GG

AT
TT

GG
GG

TG
GG

AA
AT

TG
AG

TM
3

0.
00

0.
00

0.
18

0.
00

41
09

-0
.3

9
26

52
-0

.1
1

Bn
a-

m
iR

C5
-3

62
98

0.
80

74
92

0.
23

Bn
aC

05
g2

40
00

D
Pr

ot
ei

n 
ne

ur
al

ize
d

25
81

TT
AT

CA
TC

A-
CA

AC
AC

TA
GA

TC
    

|o
||

||
||

| |
| |

||
 ||

 ||
    

AG
TA

GT
AG

TA
GT

AG
TA

GT
GC

TC
GA

GA
AA

TT
TA

TM
3

0.
00

0.
00

0.
59

0.
00

89
-0

.6
9

15
9

-0
.5

1

TT
_C

lu
st

er
_9

96
26

82
2.

24
12

9
0.

96
Bn

aA
03

g3
51

50
D

F-
bo

x/
ke

lch
-re

pe
at

 p
ro

te
in

 S
KI

P3
0

99
9

TT
CG

GC
TT

GA
GC

TC
GG

TC
GC

T  
  o

||
||

||
|o

|o
||

|o
| |

||
o 

   
TT

AG
GA

GC
CG

AA
TT

TG
AG

TC
TG

CG
GC

TG
CG

TT
TM

3
0.

00
0.

00
0.

41
0.

00
57

2
0.

98
87

6
0.

35

bo
l-m

iR
39

8a
-3

p
10

53
0

1.
57

18
50

2.
48

Bn
aC

08
g4

11
50

D
Co

pp
er

 ch
ap

er
on

e 
fo

r s
up

er
ox

id
e 

di
sm

ut
as

e,
 

ch
lo

ro
pl

as
tic

/c
yt

os
ol

ic
12

95
TG

TG
TT

CT
CA

GG
TC

AC
CC

CT
T  

  |
||

||
|o

||
||

||
 ||

|  
|  

  
GA

GA
TC

AC
AA

GG
GT

CC
AG

CG
GG

TT
AC

CG
AC

AG
TM

3
0.

00
0.

00
4.

65
0.

00
42

3
1.

41
67

1
0.

86

br
a-

m
iR

16
8b

-5
p

22
22

6
0.

73
23

40
8

1.
78

Bn
aA

05
g2

61
60

D
AB

C 
tra

ns
po

rte
r C

 fa
m

ily
 m

em
be

r 7
63

0
TC

GC
TT

GG
TG

CA
GG

TC
GG

GA
C 

   |
 ||

 ||
o|

||
||

|o
||

||
 | 

   
CT

GC
AT

CG
-A

CT
AC

GT
CC

GG
CC

CA
GT

GC
GA

GG
TM

3
0.

00
0.

00
0.

94
0.

00
44

58
-0

.3
2

43
97

-0
.5

3

Bn
a-

m
iR

C5
-5

29
8

-1
.4

9
27

6
0.

50
Bn

aA
05

g1
80

00
D

un
kn

ow
n

27
7

TT
GG

TT
TG

GA
TC

TT
GG

AA
AT

C 
   |

o|
o|

||
 ||

||
|o

 ||
||

 | 
   

CG
GT

AG
CT

AA
AA

CT
AG

AG
GC

TT
T-

GC
GT

CC
AA

TM
3

0.
00

0.
00

0.
35

0.
00

32
-0

.9
3

24
0.

15

at
h-

m
iR

40
8-

5p
19

2
-1

.8
6

24
0

-1
.8

8
Bn

aC
09

g2
80

20
D

Pr
ot

ei
n 

NS
P-

IN
TE

RA
CT

IN
G 

KI
NA

SE
 2

29
53

AC
AG

GG
AA

CA
AG

CA
GA

GC
AT

G 
   |

 ||
||

||
 ||

||
||

||
||

|  
   

GT
TC

T-
TC

CC
TT

TT
TC

GT
CT

CG
TA

GA
AA

AG
AA

TM
3

0.
00

0.
00

0.
18

0.
00

14
7

-1
.1

6
11

4
-1

.5
2

Bn
a-

m
iR

C5
-5

29
8

-1
.4

9
27

6
0.

50
Bn

aC
nn

g5
66

20
D

LO
B 

do
m

ai
n-

co
nt

ai
ni

ng
 p

ro
te

in
 3

7
73

0
TT

GG
TT

-T
GG

AT
CT

TG
GA

AA
TC

    
o|

||
||

 |o
||

 ||
||

o|
||

||
    

CT
AG

AC
CA

AG
AT

CT
CG

AA
CT

TT
TA

GA
TC

TC
AC

TM
3

0.
00

0.
00

0.
47

0.
00

87
89

-0
.1

7
79

77
0.

34

TM
_C

lu
st

er
_2

59
44

18
77

9
-0

.5
6

90
10

-0
.7

5
Bn

aA
06

g2
39

90
D

Pr
ot

ei
n 

M
AD

S 
AF

FE
CT

IN
G 

FL
OW

ER
IN

G 
5

43
23

TG
TT

CT
GT

GG
GT

TT
TT

AC
CG

A 
   |

 |o
| |

||
|o

||
 ||

||
||

|  
  

TC
TC

AG
AG

GC
CA

CC
TA

AC
AA

TG
GC

TT
AG

AT
AT

TM
3

0.
00

0.
00

0.
88

0.
00

12
90

-0
.5

4
16

02
-0

.2
1

bn
a-

m
iR

17
2a

59
1

-1
.0

2
47

7
-0

.7
0

Bn
aC

02
g2

01
20

D
Pr

ot
ei

n 
TI

FY
 7

15
66

AG
AA

TC
TT

GA
TG

AT
GC

TG
CA

T  
  |

| |
 ||

||
||

||
||

|o
||

|  
   

AC
CG

TC
-T

CG
AA

CT
AC

TA
CG

GC
GT

CG
TC

GT
CG

TM
3

0.
00

0.
00

0.
53

0.
00

67
1

-1
.8

5
33

8
-1

.8
3

TM
_C

lu
st

er
_1

87
41

13
7

-1
.8

2
23

8
-1

.4
5

Bn
aC

05
g2

87
60

D
Pu

ta
tiv

e 
F-

bo
x 

pr
ot

ei
n 

At
1g

33
02

0
18

11
TT

GA
AC

CC
AA

GA
TC

TC
AC

CC
T  

  o
|o

||
||

| |
o|

o|
o|

||
||

o 
   

TT
AG

GA
TT

TG
GG

AT
TT

GG
GG

TG
GG

GA
TT

TG
AG

TM
3

0.
00

0.
00

0.
18

0.
00

26
-0

.4
6

13
-0

.2
0

Bn
a-

m
iR

16
8b

10
60

0
0.

84
84

01
0.

90
Bn

aC
09

g3
36

50
D

Ph
ot

ot
ro

pi
n-

2
42

36
TT

CG
CT

TG
GT

GC
AG

GT
CG

GG
A 

   |
| |

||
 ||

||
||

||
| |

|o
|  

  
AA

GC
AA

AC
GA

TC
CA

CG
TC

CA
-C

CT
TA

TT
AT

TC
TM

3
0.

00
0.

00
0.

35
0.

00
20

37
-0

.1
5

30
86

-0
.4

6



  
 

B
na

-m
iR

C5
-5

29
8

-1
.4

9
27

6
0.

50
B

na
C0

5g
28

43
0D

un
kn

ow
n

28
9

TT
G

G
TT

TG
G

A
TC

TT
G

G
A

A
A

TC
    

|o
|o

||
| 

||
||

|o
 |

||
| 

| 
   

CG
G

TA
G

CT
A

A
A

A
CT

A
G

A
G

G
CT

TT
-G

CG
G

CC
A

A
TM

3
0.

00
0.

00
0.

35
0.

00
13

5
0.

37
12

6
1.

21

TT
_C

lu
st

er
_9

08
33

82
4

1.
96

80
4

1.
76

B
na

A
03

g1
31

40
D

N
on

-s
pe

ci
fi

c 
lip

id
-t

ra
ns

fe
r 

pr
ot

ei
n 

3
65

1
TT

A
A

CT
A

A
A

A
A

A
CT

A
A

G
A

A
CC

    
|o

||
||

| 
||

||
 |

||
o|

||
    

G
A

A
A

A
G

TT
G

A
TG

TT
TT

-A
TT

TT
TG

TT
CT

G
TT

T
TM

3
0.

00
0.

00
0.

18
0.

00
38

97
3

-0
.6

4
39

41
6

-0
.6

5

at
h-

m
iR

15
7c

-3
p

96
-2

.0
6

15
0

-2
.4

0
B

na
A

07
g1

07
50

D
CO

P9
 s

ig
na

lo
so

m
e 

co
m

pl
ex

 s
ub

un
it

 7
15

92
G

CT
CT

CT
A

TA
CT

TC
TG

TC
A

CC
    

||
||

||
 |

||
o|

 |
 |

||
||

    
A

G
A

G
A

G
A

G
A

G
A

G
A

TG
G

A
-A

G
A

G
TG

G
CC

TA
CG

G
TM

3
0.

00
0.

00
0.

06
0.

00
76

7
0.

28
96

3
0.

05

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

A
01

g0
81

50
D

Ph
ot

os
ys

te
m

 I 
re

ac
ti

on
 c

en
te

r 
su

bu
ni

t 
IV

 A
, 

ch
lo

ro
pl

as
ti

c
25

36
TG

A
CA

G
A

A
G

A
G

A
G

TG
A

G
CA

C 
    

||
||

| 
|o

||
||

||
||

  |
    

CA
A

G
TC

TG
TC

CT
TT

CT
CA

CT
CA

A
G

A
A

TC
TA

A
C

TT
2

0.
00

0.
00

0.
00

7.
83

60
80

7
-0

.8
4

42
67

7
0.

05

TM
_C

lu
st

er
_4

09
01

20
27

-1
.2

3
27

89
-1

.4
4

B
na

A
nn

g2
06

10
D

un
kn

ow
n

14
58

TT
G

A
CA

G
A

A
G

A
G

A
G

TG
A

G
CA

C 
   |

||
||

| 
||

||
o|

o|
 |

o 
||

    
TC

TC
A

A
CT

G
TG

TT
CT

TT
TA

-T
TT

TG
TG

CT
TT

A
TT

2
0.

00
0.

00
0.

00
41

.2
4

11
58

1.
26

15
0

2.
18

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

C0
3g

06
73

0D
Pr

ob
ab

le
 r

ec
ep

to
r-

lik
e 

pr
ot

ei
n 

ki
na

se
 A

t5
g1

50
80

86
8

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

    
||

||
||

 |
 |

 |
||

o|
||

 |
    

CA
A

A
A

CT
G

TC
G

T-
TG

TC
A

TT
CG

G
G

TC
A

TG
G

CC
TT

2
0.

00
0.

00
0.

00
17

.2
2

93
6

0.
80

14
19

0.
39

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

C0
9g

04
21

0D
un

kn
ow

n
33

TG
A

CA
G

A
A

G
A

G
A

G
TG

A
G

CA
C 

    
||

 |
||

||
||

||
| 

||
| 

| 
   

CG
TT

A
CC

G
TC

TT
CT

CT
CT

CT
C-

TC
TC

TC
TC

TC
TT

2
0.

00
0.

00
0.

00
25

.3
2

11
10

0
0.

47
10

21
5

-0
.4

1

B
na

-m
iR

C2
3a

-1
59

5
-2

.1
1

81
2

-1
.3

5
B

na
C0

2g
04

19
0D

O
m

eg
a-

am
id

as
e,

 c
hl

or
op

la
st

ic
69

3
TC

A
G

A
A

CC
A

A
A

CC
CA

G
A

A
CA

A
G

    
||

||
||

||
||

| 
 |

| 
||

||
||

    
TG

G
TA

G
TC

TT
G

G
TT

TC
TG

TG
TT

G
TT

CA
CA

A
TA

TT
3

0.
00

0.
00

0.
00

0.
23

6
-0

.2
3

9
0.

15

B
na

-m
iR

C5
-1

16
87

1.
15

21
29

0.
82

B
na

A
02

g1
58

20
D

Pa
te

lli
n-

1
14

04
TG

TG
TT

G
TG

A
TG

A
TA

-A
TC

CG
A

    
|o

| 
||

||
||

||
||

 |
||

||
| 

   
G

G
A

A
CC

G
CT

A
CA

CT
A

CT
A

TC
TA

G
G

CT
TA

CA
A

A
TT

3
0.

00
0.

00
0.

00
0.

14
17

90
3

0.
71

29
65

4
-0

.1
2

bn
a-

m
iR

39
3

19
0

-2
.0

0
26

9
-2

.1
0

B
na

A
06

g0
57

30
D

un
kn

ow
n

34
5

TC
CA

A
A

G
G

G
A

TC
G

CA
TT

G
A

TC
    

o|
 |

||
|o

||
||

||
||

| 
||

| 
   

CT
TG

G
G

CT
TT

CT
CT

A
G

CG
TA

A
G

TA
G

CT
G

CA
CC

TT
3

0.
00

0.
00

0.
00

0.
14

32
0.

02
29

-0
.2

3

B
na

-m
iR

C5
-1

16
87

1.
15

21
29

0.
82

B
na

C0
1g

40
31

0D
Pr

ob
ab

le
 d

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
R

PP
1 

12
02

TG
TG

TT
G

TG
A

TG
A

TA
A

TC
CG

A
    

||
o|

||
||

o|
o|

||
||

||
||

| 
   

TA
G

A
A

CG
CA

A
CA

TT
G

CT
A

TT
A

G
G

CT
G

A
A

G
G

TA
TT

3
0.

00
0.

00
0.

00
0.

37
10

9
0.

50
98

1.
04

bn
a-

m
iR

17
1a

79
6

2.
20

75
3

1.
93

B
na

A
07

g0
17

20
D

Sc
ar

ec
ro

w
-l

ik
e 

pr
ot

ei
n 

15
60

8
TT

G
A

G
CC

G
TG

CC
A

A
TA

TC
A

CG
    

||
||

||
||

||
 |

||
||

||
||

    
A

A
CT

A
A

CT
CG

G
CA

CT
G

TT
A

TA
G

TG
G

A
CT

CG
CA

TT
3

0.
00

0.
00

0.
00

0.
28

19
1

-0
.3

9
18

1
-0

.1
6

bn
a-

m
iR

15
6g

85
55

-1
.1

3
11

77
8

-1
.6

5
B

na
A

05
g2

43
40

D
SP

L 
5

19
06

TT
G

A
CA

G
A

A
G

A
TA

G
A

G
A

G
CA

C 
   |

||
||

||
||

| 
||

||
||

| 
   

CA
TC

TA
CT

G
TC

TT
CT

CT
CT

CT
CG

CA
A

A
CC

CA
C

TT
3

0.
00

0.
00

0.
00

2.
92

22
5

0.
35

25
8

-0
.9

7

TM
_C

lu
st

er
_4

09
01

20
27

-1
.2

3
27

89
-1

.4
4

B
na

C0
3g

18
80

0D
SP

L 
3

70
7

TT
G

A
CA

G
A

A
G

A
G

A
G

TG
A

G
CA

C 
   |

||
||

||
||

||
||

|o
o|

||
| 

   
TC

TG
A

A
CT

G
TC

TT
CT

CT
CG

TT
CG

TT
TC

G
G

A
CA

TT
3

0.
00

0.
00

0.
00

0.
23

26
9

-1
.0

4
20

2
-0

.2
9

bn
a-

m
iR

16
0c

12
24

9
-1

.0
3

11
89

0
-0

.9
8

B
na

A
07

g3
37

40
D

A
R

F 
17

30
2

TG
CC

TG
G

CT
CC

CT
G

TA
TG

CC
A

    
||

||
||

||
||

||
||

o|
||

||
| 

   
CA

TT
A

CG
G

A
CC

G
A

G
G

G
A

CG
TA

CG
G

TC
G

TC
CT

T
TT

3
0.

00
0.

00
0.

00
0.

65
38

0.
21

52
1.

77

bn
a-

m
iR

15
6d

68
1

-0
.6

5
43

6
-0

.9
5

B
na

C0
3g

16
49

0D
SP

L 
13

B
11

68
TG

A
CA

G
A

A
G

A
G

A
G

TG
A

G
CA

C 
    

||
||

||
||

||
||

| 
||

||
 |

    
TA

CT
A

CT
G

TC
TT

CT
CT

CT
CT

CG
CG

TT
A

G
TC

TC
TT

3
0.

00
0.

00
0.

00
0.

09
21

6
-0

.8
6

14
0

0.
41

TM
_C

lu
st

er
_5

82
23

41
75

11
.6

7
45

50
11

.8
2

B
na

C0
5g

16
52

0D
N

em
at

od
e 

re
si

st
an

ce
 p

ro
te

in
-l

ik
e 

H
SP

R
O

2
85

A
G

A
G

G
A

A
CC

TC
TT

CG
TC

G
A

TT
    

||
|o

||
||

||
||

||
|o

| 
|o

o 
   

CG
CT

TC
TT

CT
TG

G
A

G
A

A
G

CG
G

-T
G

G
CG

A
A

G
G

T
TT

3
0.

00
0.

00
0.

00
0.

09
0

N
A

3
0.

63

B
na

-m
iR

C5
-1

16
87

1.
15

21
29

0.
82

B
na

C0
7g

51
22

0D
N

ic
ot

in
at

e 
ph

os
ph

or
ib

os
yl

tr
an

sf
er

as
e 

1
42

TG
TG

TT
G

TG
A

TG
A

TA
A

TC
CG

A
    

||
||

||
||

||
||

||
||

||
||

    
TA

G
A

TC
A

CA
A

CA
CT

A
CT

A
TT

A
G

G
CT

CA
A

G
G

TT
TT

3
0.

00
0.

00
0.

00
0.

05
10

75
-0

.9
6

83
8

-0
.1

7

at
h-

m
iR

15
8a

-3
p

26
64

0.
22

29
42

0.
53

B
na

C0
3g

71
70

0D
Tw

o-
po

re
 p

ot
as

si
um

 c
ha

nn
el

 1
17

07
TC

CC
A

A
A

TG
TA

G
A

CA
A

A
G

CA
    

 |
 |

||
||

|o
||

o|
||

||
o|

| 
    

G
G

TC
A

-G
G

TT
TA

TA
TT

TG
TT

TT
G

TA
A

G
TT

TC
T

TT
3

0.
00

0.
00

0.
00

0.
19

65
1

-0
.2

6
29

7
0.

40

TT
_C

lu
st

er
_1

21
73

6
39

98
-3

.4
9

27
11

-2
.2

0
B

na
C0

3g
72

85
0D

un
kn

ow
n

70
88

A
A

CG
G

A
A

TA
TA

A
G

A
A

CT
CA

TC
TC

T 
   |

||
||

||
||

||
||

||
|o

  |
 |

||
    

A
G

A
A

TT
G

CC
TT

A
TA

TT
CT

TG
G

A
CA

A
A

G
A

A
TT

A
TT

3
0.

00
0.

00
0.

00
0.

05
1

-0
.5

1
3

0.
76

TM
_C

lu
st

er
_5

82
23

41
75

11
.6

7
45

50
11

.8
2

B
na

A
01

g0
66

70
D

Pr
ob

ab
le

 c
yc

lic
 n

uc
le

ot
id

e-
ga

te
d 

io
n 

ch
an

ne
l 1

7
25

58
A

G
A

G
G

A
A

CC
TC

TT
CG

TC
G

A
TT

    
||

 |
||

||
||

||
||

||
o|

o|
    

A
CA

TC
CT

-C
TT

G
G

A
G

A
A

G
CA

G
TT

G
A

G
G

A
G

A
A

C
TT

3
0.

00
0.

00
0.

00
0.

14
83

7
0.

81
19

46
0.

81

TT
_C

lu
st

er
_1

21
73

6
39

98
-3

.4
9

27
11

-2
.2

0
B

na
A

03
g2

55
20

D
Cy

st
ei

ne
-r

ic
h 

re
ce

pt
or

-l
ik

e 
pr

ot
ei

n 
ki

na
se

 3
7

11
34

A
A

CG
G

A
A

TA
TA

A
G

A
A

CT
CA

TC
TC

T 
   |

||
||

||
||

||
||

||
 |

  |
||

||
    

A
G

A
A

TT
G

CC
TT

A
TA

TT
CT

TA
A

A
CA

G
A

G
A

A
TT

A
TT

3
0.

00
0.

00
0.

00
0.

05
2

1.
29

4
0.

11

TM
_C

lu
st

er
_4

09
01

20
27

-1
.2

3
27

89
-1

.4
4

B
na

C0
5g

21
27

0D
SP

L 
11

16
91

TT
G

A
CA

G
A

A
G

A
G

A
G

TG
A

G
CA

C 
   |

||
||

||
||

||
||

| 
o|

||
||

    
CT

TC
A

A
CT

G
TC

TT
CT

CT
CT

TT
CG

TG
CC

A
CC

TT
TT

3
0.

00
0.

00
0.

00
0.

97
52

1
-0

.7
3

34
6

0.
50

br
a-

m
iR

95
58

-5
p

19
08

6.
71

43
9

6.
50

B
na

Cn
ng

02
13

0D
Pr

ob
ab

le
 m

et
hy

lt
ra

ns
fe

ra
se

 P
M

T1
3

25
08

A
G

A
G

A
TG

TC
TG

G
CT

TG
CA

A
CA

    
||

||
| 

||
 |

||
 |

||
||

||
| 

   
G

A
G

G
TC

TC
TC

CA
A

A
CC

-A
A

CG
TT

G
TT

CC
TA

G
A

TT
3

0.
00

0.
00

0.
00

0.
09

13
0.

54
15

0.
08

bn
a-

m
iR

39
3

19
0

-2
.0

0
26

9
-2

.1
0

B
na

A
04

g2
27

60
D

Pr
ol

in
e 

tr
an

sp
or

te
r 

1
51

46
TC

CA
A

A
G

G
G

A
TC

G
CA

TT
G

A
TC

    
||

||
||

||
||

||
||

||
||

||
| 

   
TC

CT
A

G
G

TT
TC

CC
TA

G
CG

TA
A

CT
A

G
G

A
TT

CA
G

TT
3

0.
00

0.
00

0.
00

1.
11

70
-1

.8
6

60
-0

.9
0

br
a-

m
iR

40
0-

5p
10

90
0.

47
10

01
0.

30
B

na
A

09
g4

98
60

D
Pe

nt
at

ri
co

pe
pt

id
e 

re
pe

at
-c

on
ta

in
in

g 
pr

ot
ei

n 
A

t1
g0

65
80

35
7

TA
TG

A
G

A
G

TA
TT

A
TA

A
G

TC
A

C 
   |

||
||

||
||

||
||

||
||

||
| 

   
G

CA
A

TT
A

CT
CT

CA
TA

A
TA

TT
CA

G
TG

G
TC

TA
A

G
TT

3
0.

00
0.

00
0.

00
0.

05
15

0.
71

20
-1

.1
7

TT
_C

lu
st

er
_1

21
73

6
39

98
-3

.4
9

27
11

-2
.2

0
B

na
C0

2g
47

98
0D

Pr
ob

ab
le

 W
R

K
Y 

tr
an

sc
ri

pt
io

n 
fa

ct
or

 3
11

54
A

A
CG

G
A

A
TA

TA
A

G
A

A
CT

CA
TC

TC
T 

   |
 |

||
||

||
||

| 
||

|o
| 

||
||

| 
   

A
G

A
A

TC
G

CC
TT

A
TA

TT
A

TT
G

G
G

CA
G

A
G

A
A

TT
G

TT
3

0.
00

0.
00

0.
00

0.
23

0
0.

17
1

0.
52

D
M

_C
lu

st
er

_1
17

33
90

7
-1

.1
3

91
3

-1
.7

0
B

na
C0

3g
18

80
0D

SP
L 

3
70

7
TT

G
A

CA
G

A
A

G
A

G
A

G
CG

A
G

CA
C 

   |
||

||
||

||
||

||
||

o|
||

| 
   

TC
TG

A
A

CT
G

TC
TT

CT
CT

CG
TT

CG
TT

TC
G

G
A

CA
TT

3
0.

00
0.

00
0.

00
0.

23
26

9
-1

.0
4

20
2

-0
.2

9

B
na

-m
iR

C5
-1

16
87

1.
15

21
29

0.
82

B
na

A
03

g5
38

20
D

N
ic

ot
in

at
e 

ph
os

ph
or

ib
os

yl
tr

an
sf

er
as

e 
1

23
1

TG
TG

TT
G

TG
A

TG
A

TA
A

TC
CG

A
    

||
||

||
||

||
||

||
||

||
||

    
TA

G
A

TC
A

CA
A

CA
CT

A
CT

A
TT

A
G

G
CT

A
A

A
G

G
TT

TT
3

0.
00

0.
00

0.
00

0.
05

13
50

-1
.2

7
10

08
-1

.0
6

TM
_C

lu
st

er
_5

82
23

41
75

11
.6

7
45

50
11

.8
2

B
na

C0
8g

27
07

0D
N

em
at

od
e 

re
si

st
an

ce
 p

ro
te

in
-l

ik
e 

H
SP

R
O

2
85

A
G

A
G

G
A

A
CC

TC
TT

CG
TC

G
A

TT
    

||
|o

||
||

||
||

||
|o

| 
|o

o 
   

CG
CT

TC
TT

CT
TG

G
A

G
A

A
G

CG
G

-T
G

G
CG

A
A

G
G

T
TT

3
0.

00
0.

00
0.

00
0.

09
0

N
A

48
0.

50



  

 

b
n

a
-
m

iR
6

0
3

0
2

8
7

9
-
0

.0
9

3
0

9
2

-
0

.1
7

B
n

a
C

n
n

g
2

0
4

1
0

D
P

u
t
a

t
iv

e
 d

is
e

a
s
e

 r
e

s
is

t
a

n
c
e

 p
r
o

t
e

in
 A

t
4

g
1

0
7

8
0

5
5

2
T

C
C

A
C

C
C

A
T

A
C

C
A

T
A

C
A

G
A

C
C

C
  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

 |
|

 |
|

|
  
  

G
A

T
G

A
G

G
T

G
G

G
T

A
T

G
G

T
A

T
T

T
C

C
G

G
G

T
A

T
T

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
0

N
A

0
N

A

T
T

_
C

lu
s
t
e

r
_

9
9

6
2

6
8

2
2

.2
4

1
2

9
0

.9
6

B
n

a
C

n
n

g
7

2
8

1
0

D
u

n
k

n
o

w
n

2
3

6
T

T
C

G
G

C
T

T
G

A
G

C
T

C
G

G
T

C
G

C
T

  
  
|

o
|

|
|

|
 |

|
|

 |
|

|
|

 |
|

o
|

o
  
  

A
G

A
G

A
G

G
C

C
G

-
A

C
T

A
G

A
G

C
A

A
G

T
G

G
T

A
G

A
G

G
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
1

7
0

-
0

.8
9

1
5

9
0

.2
2

b
r
a

-
m

iR
5

7
1

8
9

9
7

-
4

.3
0

1
1

1
5

-
3

.8
6

B
n

a
C

0
2

g
0

4
1

9
0

D
O

m
e

g
a

-
a

m
id

a
s
e

, 
c
h

lo
r
o

p
la

s
t
ic

6
9

3
T

C
A

G
A

A
C

C
A

A
A

C
A

C
A

G
A

A
C

A
A

G
  
  
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
 |

|
|

|
|

|
  
  

T
G

G
T

A
G

T
C

T
T

G
G

T
T

T
C

T
G

T
G

T
T

G
T

T
C

A
C

A
A

T
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
6

-
0

.2
3

9
0

.1
5

B
n

a
-
m

iR
C

5
-
5

2
9

8
-
1

.4
9

2
7

6
0

.5
0

B
n

a
C

0
3

g
2

9
7

5
0

D
P

la
s
t
id

 l
ip

id
-
a

s
s
o

c
ia

t
e

d
 p

r
o

t
e

in
 1

, 
c
h

lo
r
o

p
la

s
t
ic

2
0

9
T

T
G

G
T

T
T

G
G

A
T

C
T

T
G

G
A

A
A

T
C

  
  
o

|
|

|
o

|
o

|
|

|
|

|
|

|
|

 |
|

|
|

|
  
  

C
A

G
T

G
A

C
C

G
A

G
C

C
T

A
G

A
A

C
-
T

T
T

A
G

C
A

C
G

G
C

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

1
4

2
2

-
1

.8
1

7
5

8
4

-
1

.2
8

D
M

_
C

lu
s
t
e

r
_

1
1

7
3

3
9

0
7

-
1

.1
3

9
1

3
-
1

.7
0

B
n

a
C

0
5

g
2

1
2

7
0

D
S

P
L
 1

1
1

6
9

1
T

T
G

A
C

A
G

A
A

G
A

G
A

G
C

G
A

G
C

A
C

  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
 o

|
|

|
|

|
  
  

C
T

T
C

A
A

C
T

G
T

C
T

T
C

T
C

T
C

T
T

T
C

G
T

G
C

C
A

C
C

T
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.9

7
5

2
1

-
0

.7
3

3
4

6
0

.5
0

T
T

_
C

lu
s
t
e

r
_

1
2

1
7

3
6

3
9

9
8

-
3

.4
9

2
7

1
1

-
2

.2
0

B
n

a
C

0
4

g
5

6
9

2
0

D
P

h
o

s
p

h
o

g
ly

c
e

r
a

t
e

 m
u

t
a

s
e

-
li

k
e

 p
r
o

t
e

in
 4

 
9

2
9

A
A

C
G

G
A

A
T

A
T

A
A

G
A

A
C

T
C

A
T

C
T

C
T

  
  
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

o
|

 |
|

|
|

|
  
  

A
G

A
A

T
T

G
C

C
T

T
A

T
A

T
T

A
T

T
G

G
G

C
A

G
A

G
A

A
T

T
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
0

N
A

0
-
0

.1
8

b
n

a
-
m

iR
1

5
6

d
6

8
1

-
0

.6
5

4
3

6
-
0

.9
5

B
n

a
A

0
3

g
1

3
5

8
0

D
S

P
L
 1

3
B

1
1

5
7

T
G

A
C

A
G

A
A

G
A

G
A

G
T

G
A

G
C

A
C

  
  
 |

|
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

 |
  
  

T
A

C
T

A
C

T
G

T
C

T
T

C
T

C
T

C
T

C
T

C
G

C
G

T
T

A
G

T
C

T
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
5

7
-
1

.7
7

3
6

-
0

.8
1

b
n

a
-
m

iR
1

5
6

d
6

8
1

-
0

.6
5

4
3

6
-
0

.9
5

B
n

a
C

0
3

g
2

7
8

7
0

D
S

P
L
 1

3
B

1
0

1
4

T
G

A
C

A
G

A
A

G
A

G
A

G
T

G
A

G
C

A
C

  
  
 |

|
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

|
  
  

T
A

C
T

A
C

T
G

T
C

T
T

C
T

C
T

C
T

C
T

C
G

T
T

T
T

A
G

T
C

T
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
1

0
1

.4
2

1
2

0
.8

2

T
M

_
C

lu
s
t
e

r
_

5
8

2
2

3
4

1
7

5
1

1
.6

7
4

5
5

0
1

1
.8

2
B

n
a

C
0

1
g

0
8

6
8

0
D

N
e

m
a

t
o

d
e

 r
e

s
is

t
a

n
c
e

 p
r
o

t
e

in
-
li

k
e

 H
S

P
R

O
2

8
5

A
G

A
G

G
A

A
C

C
T

C
T

T
C

G
T

C
G

A
T

T
  
  
|

|
|

o
|

|
|

|
|

|
|

|
|

|
|

o
|

 |
o

o
  
  

C
G

C
T

T
C

T
T

C
T

T
G

G
A

G
A

A
G

C
G

G
-
T

G
G

C
G

A
A

G
G

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
9

0
N

A
4

8
0

.5
0

B
n

a
-
m

iR
C

5
-
1

1
6

8
7

1
.1

5
2

1
2

9
0

.8
2

B
n

a
C

0
1

g
4

0
2

7
0

D
D

is
e

a
s
e

 r
e

s
is

t
a

n
c
e

 p
r
o

t
e

in
 T

A
O

1
 

1
1

8
1

T
G

T
G

T
T

G
T

G
A

T
G

A
T

A
A

T
C

C
G

A
  
  
|

|
o

|
|

|
|

|
o

|
o

|
|

|
|

|
|

|
|

|
|

  
  

T
A

G
A

A
C

G
C

A
A

C
A

T
T

G
C

T
A

T
T

A
G

G
C

T
G

A
A

G
G

T
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

7
2

3
0

0
.1

0
4

7
5

0
.1

2

b
r
a

-
m

iR
9

5
5

8
-
5

p
1

9
0

8
6

.7
1

4
3

9
6

.5
0

B
n

a
A

0
3

g
2

6
9

9
0

D
P

r
o

b
a

b
le

 m
e

t
h

y
lt

r
a

n
s
f
e

r
a

s
e

 P
M

T
1

3
2

6
9

2
A

G
A

G
A

T
G

T
C

T
G

G
C

T
T

G
C

A
A

C
A

  
  
|

|
|

|
|

 |
|

 |
|

|
 |

|
|

|
|

|
|

|
  
  

A
A

G
G

T
C

T
C

T
C

C
A

A
A

C
C

-
A

A
C

G
T

T
G

T
T

C
T

T
A

G
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

2
1

3
1

3
0

.8
2

1
6

2
9

0
.2

0

b
n

a
-
m

iR
8

2
4

3
9

3
-
0

.3
4

6
5

1
-
0

.0
1

B
n

a
C

0
1

g
0

4
1

7
0

D
A

g
a

m
o

u
s
-
li

k
e

 M
A

D
S

-
b

o
x

 p
r
o

t
e

in
 A

G
L
1

6
2

8
8

1
T

A
G

A
C

C
A

T
T

T
G

T
G

A
G

A
A

G
G

G
A

  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
o

|
|

  
  

A
C

G
G

A
T

C
T

G
G

T
A

A
A

C
A

C
T

C
T

T
C

T
C

T
T

T
A

A
A

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
1

0
2

6
0

.3
3

1
1

5
4

-
0

.0
4

b
n

a
-
m

iR
4

0
3

1
0

7
3

8
4

-
1

.7
2

3
1

0
6

5
-
1

.1
9

B
n

a
A

1
0

g
1

7
0

2
0

D
A

A
A

-
A

T
P

a
s
e

 A
t
5

g
1

7
7

6
0

8
8

7
T

T
A

G
A

T
T

C
A

C
G

C
A

-
C

A
A

A
C

T
C

G
  
  
|

o
|

|
|

 |
|

|
|

|
|

|
 |

|
 |

|
|

|
|

  
  

G
T

C
C

A
G

T
C

T
C

A
G

T
G

C
G

T
A

G
T

G
T

G
A

G
C

G
C

T
C

G
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
6

0
1

.7
1

3
0

6
2

.3
2

T
T

_
C

lu
s
t
e

r
_

1
2

1
7

3
6

3
9

9
8

-
3

.4
9

2
7

1
1

-
2

.2
0

B
n

a
C

0
3

g
3

7
4

2
0

D
R

a
s
-
r
e

la
t
e

d
 p

r
o

t
e

in
 R

A
B

A
4

d
1

1
2

2
A

A
C

G
G

A
A

T
A

T
A

A
G

A
A

C
T

C
A

T
C

T
C

T
  
  
|

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

o
|

 |
 |

 |
  
  

A
G

A
A

T
C

G
C

C
T

T
A

T
A

T
T

C
T

T
G

G
G

C
A

-
A

T
A

A
A

T
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
0

N
A

0
N

A

a
t
h

-
m

iR
3

9
3

b
-
5

p
1

5
3

8
0

-
0

.1
4

1
5

0
6

6
-
0

.5
4

B
n

a
A

0
4

g
2

2
7

6
0

D
P

r
o

li
n

e
 t

r
a

n
s
p

o
r
t
e

r
 1

5
1

4
6

T
C

C
A

A
A

G
G

G
A

T
C

G
C

A
T

T
G

A
T

C
C

  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
  
  

T
C

C
T

A
G

G
T

T
T

C
C

C
T

A
G

C
G

T
A

A
C

T
A

G
G

A
T

T
C

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

1
.1

1
7

0
-
1

.8
6

6
0

-
0

.9
0

b
r
a

-
m

iR
1

6
2

-
3

p
2

6
3

4
0

.3
3

3
8

6
8

0
.0

3
B

n
a

A
0

2
g

1
8

7
5

0
D

F
-
b

o
x

 p
r
o

t
e

in
 A

t
1

g
7

8
1

0
0

3
9

6
T

C
G

A
T

A
A

A
C

C
T

C
T

G
C

A
T

C
C

A
G

  
  
o

|
|

 |
|

|
|

 |
|

|
o

o
|

|
|

|
|

|
|

  
  

A
G

G
C

G
G

C
-
A

T
T

T
T

G
A

G
G

T
G

T
A

G
G

T
C

C
A

A
G

G
C

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

3
7

1
.3

5
1

2
6

3
.2

4

a
t
h

-
m

iR
4

0
8

-
3

p
1

2
7

0
-
1

.9
4

1
8

1
2

-
2

.5
6

B
n

a
C

n
n

g
0

9
3

2
0

D
P

e
p

t
id

e
 c

h
a

in
 r

e
le

a
s
e

 f
a

c
t
o

r
 1

1
3

4
1

A
T

G
C

A
C

T
G

C
C

T
C

T
T

C
C

C
T

G
G

C
  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

  
  

A
G

G
G

T
A

C
G

T
G

A
C

G
G

A
G

A
A

G
G

G
A

C
C

G
A

G
G

G
A

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
1

5
4

-
0

.4
0

1
0

1
-
0

.3
4

T
M

_
C

lu
s
t
e

r
_

4
0

9
0

1
2

0
2

7
-
1

.2
3

2
7

8
9

-
1

.4
4

B
n

a
A

0
4

g
1

9
8

4
0

D
S

P
L
 3

5
6

1
T

T
G

A
C

A
G

A
A

G
A

G
A

G
T

G
A

G
C

A
C

  
  
o

|
|

|
|

|
|

|
|

|
|

|
|

|
o

o
|

|
|

|
  
  

C
T

C
T

G
A

C
T

G
T

C
T

T
C

T
C

T
C

G
T

T
C

G
T

T
T

C
C

G
A

T
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
2

0
4

3
-
2

.5
2

2
1

0
-
0

.8
4

b
r
a

-
m

iR
3

9
8

-
3

p
1

2
8

0
2

2
4

.0
9

7
3

1
8

6
4

.3
4

B
n

a
C

0
9

g
4

2
9

2
0

D
u

n
k

n
o

w
n

3
1

1
4

T
G

T
G

T
T

C
T

C
A

G
G

T
C

A
C

C
C

C
T

G
  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

  
  

A
A

G
T

A
C

A
C

A
A

G
A

G
T

C
C

A
G

T
G

G
G

G
A

C
G

A
C

T
C

G
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
6

6
8

-
1

.1
8

4
1

0
-
0

.3
5

b
n

a
-
m

iR
1

6
0

c
1

2
2

4
9

-
1

.0
3

1
1

8
9

0
-
0

.9
8

B
n

a
C

0
6

g
3

8
3

6
0

D
A

R
F

 1
7

1
8

5
4

T
G

C
C

T
G

G
C

T
C

C
C

T
G

T
A

T
G

C
C

A
  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
o

|
|

|
|

|
  
  

C
A

T
T

A
C

G
G

A
C

C
G

A
G

G
G

A
C

G
T

A
C

G
G

C
C

G
T

C
C

T
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.6

5
1

0
1

0
.6

3
1

1
8

1
.4

8

T
T

_
C

lu
s
t
e

r
_

1
2

1
7

3
6

3
9

9
8

-
3

.4
9

2
7

1
1

-
2

.2
0

B
n

a
C

n
n

g
6

8
4

0
0

D
P

a
ir

e
d

 a
m

p
h

ip
a

t
h

ic
 h

e
li

x
 p

r
o

t
e

in
 S

in
3

-
li

k
e

 2
1

1
3

2
A

A
C

G
G

A
A

T
A

T
A

A
G

A
A

C
T

C
A

T
C

T
C

T
  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
o

|
 |

|
|

|
|

  
  

A
G

A
A

T
T

G
C

C
T

T
A

T
A

T
T

C
T

T
G

G
G

C
A

G
A

G
A

A
T

T
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
1

-
0

.0
6

0
-
0

.2
5

b
n

a
-
m

iR
1

5
6

g
8

5
5

5
-
1

.1
3

1
1

7
7

8
-
1

.6
5

B
n

a
C

0
5

g
2

1
2

7
0

D
S

P
L
 1

1
1

6
9

1
T

T
G

A
C

A
G

A
A

G
A

T
A

G
A

G
A

G
C

A
C

  
  
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
o

|
|

|
|

|
  
  

C
T

T
C

A
A

C
T

G
T

C
T

T
C

T
C

T
C

T
T

T
C

G
T

G
C

C
A

C
C

T
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.9

7
5

2
1

-
0

.7
3

3
4

6
0

.5
0

D
M

_
C

lu
s
t
e

r
_

1
1

7
3

3
9

0
7

-
1

.1
3

9
1

3
-
1

.7
0

B
n

a
C

0
5

g
3

8
3

5
0

D
S

P
L
 5

6
4

4
T

T
G

A
C

A
G

A
A

G
A

G
A

G
C

G
A

G
C

A
C

  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

  
  

C
A

T
C

T
A

C
T

G
T

C
T

T
C

T
C

T
C

T
C

T
C

G
C

C
A

A
C

C
C

A
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

2
.9

2
1

3
4

-
0

.2
6

2
4

2
-
0

.7
4

B
n

a
-
m

iR
C

5
-
1

1
6

8
7

1
.1

5
2

1
2

9
0

.8
2

B
n

a
A

0
1

g
3

3
7

5
0

D
D

is
e

a
s
e

 r
e

s
is

t
a

n
c
e

 p
r
o

t
e

in
 T

A
O

1
 

1
1

9
8

T
G

T
G

T
T

G
T

G
A

T
G

A
T

A
A

T
C

C
G

A
  
  
|

|
o

|
|

|
|

|
o

|
|

|
|

|
|

|
|

|
|

|
|

  
  

T
A

G
A

A
C

G
C

A
A

C
A

T
T

A
C

T
A

T
T

A
G

G
C

T
G

A
A

G
G

T
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

7
2

0
.1

9
1

9
3

6
.5

2

B
n

a
-
m

iR
C

1
8

1
1

0
0

4
.3

2
1

7
0

8
5

.1
2

B
n

a
A

0
3

g
2

7
4

4
0

D
T

r
a

n
s
c
r
ip

t
io

n
 f

a
c
t
o

r
 M

Y
B

5
7

5
8

1
T

C
G

C
G

A
T

C
T

T
A

G
A

T
C

C
T

C
T

A
A

  
  
|

|
|

|
o

|
|

|
|

|
 |

|
o

|
 o

|
|

|
  
  

A
C

A
A

A
G

C
G

T
T

A
G

A
A

G
C

T
G

G
T

G
G

A
T

A
T

A
T

A
T

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
1

3
4

-
0

.6
5

6
4

-
0

.4
1

b
r
a

-
m

iR
1

8
8

5
a

3
5

1
2

6
0

.1
3

3
4

3
3

7
1

.0
9

B
n

a
A

0
9

g
1

4
9

8
0

D
D

is
e

a
s
e

 r
e

s
is

t
a

n
c
e

 p
r
o

t
e

in
 T

A
O

1
 

1
3

3
C

A
T

C
A

A
T

G
A

A
A

G
G

T
A

T
G

A
T

T
C

C
  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
  
  

A
G

C
A

G
T

A
G

T
T

A
C

T
T

T
C

C
A

T
A

C
T

A
A

G
G

G
A

A
C

G
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

6
5

4
0

-
1

.0
1

1
0

7
2

0
.5

0

b
n

a
-
m

iR
8

2
4

3
9

3
-
0

.3
4

6
5

1
-
0

.0
1

B
n

a
A

0
1

g
0

2
9

0
0

D
A

g
a

m
o

u
s
-
li

k
e

 M
A

D
S

-
b

o
x

 p
r
o

t
e

in
 A

G
L
1

6
2

8
9

9
T

A
G

A
C

C
A

T
T

T
G

T
G

A
G

A
A

G
G

G
A

  
  
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
o

|
|

  
  

A
C

G
G

A
T

C
T

G
G

T
A

A
A

C
A

C
T

C
T

T
C

T
C

T
T

T
A

A
A

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
4

3
3

0
.1

0
6

1
0

0
.2

3

b
r
a

-
m

iR
9

5
5

8
-
5

p
1

9
0

8
6

.7
1

4
3

9
6

.5
0

B
n

a
C

0
3

g
3

1
9

5
0

D
P

r
o

b
a

b
le

 m
e

t
h

y
lt

r
a

n
s
f
e

r
a

s
e

 P
M

T
1

3
2

7
5

6
A

G
A

G
A

T
G

T
C

T
G

G
C

T
T

G
C

A
A

C
A

  
  
|

|
|

|
|

 |
|

 |
|

|
 |

|
|

|
|

|
|

|
  
  

A
A

G
G

T
C

T
C

T
C

C
A

A
A

C
C

-
A

A
C

G
T

T
G

T
T

C
T

T
A

G
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

2
1

8
1

9
0

.5
6

1
9

1
2

0
.0

6

b
r
a

-
m

iR
5

7
1

8
9

9
7

-
4

.3
0

1
1

1
5

-
3

.8
6

B
n

a
A

0
3

g
0

3
7

5
0

D
O

m
e

g
a

-
a

m
id

a
s
e

, 
c
h

lo
r
o

p
la

s
t
ic

6
9

3
T

C
A

G
A

A
C

C
A

A
A

C
A

C
A

G
A

A
C

A
A

G
  
  
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
 |

 |
|

|
|

  
  

T
G

G
T

A
G

T
C

T
T

G
G

T
T

T
C

T
G

T
G

T
C

G
T

T
C

A
C

A
A

T
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
2

6
4

4
0

.1
8

2
7

4
8

0
.4

6

b
n

a
-
m

iR
1

6
9

m
6

2
7

-
0

.0
1

2
7

3
-
1

.4
4

B
n

a
C

0
4

g
3

6
0

6
0

D
u

n
k

n
o

w
n

2
1

9
T

G
A

G
C

C
A

A
A

G
A

T
G

A
C

T
T

G
C

C
G

  
  
|

|
|

|
|

|
 |

|
|

o
|

|
|

|
o

|
|

|
|

  
  

C
C

G
G

C
C

T
C

G
G

T
A

T
C

T
G

C
T

G
A

G
C

G
G

C
G

G
A

G
G

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
1

8
0

0
.2

6
1

1
1

-
0

.0
6



  

 

     B
n

a
-m

iR
C

5
-1

1
6

8
7

1
.1

5
2

1
2

9
0

.8
2

B
n

a
A

0
1

g
3

3
7

1
0

D
D

is
e

a
s
e

 r
e

s
is

ta
n

c
e

 p
ro

te
in

 T
A

O
1

 
2

1
2

4
T

G
T

G
T

T
G

T
G

A
T

G
A

T
A

A
T

C
C

G
A

   
 |

|
o

|
|

|
|

|
o

|
|

|
|

|
|

|
|

|
|

|
|

   
 

T
A

G
A

A
C

G
C

A
A

C
A

T
T

A
C

T
A

T
T

A
G

G
C

T
G

A
A

G
G

T
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

7
4

4
1

.0
6

4
8

0
.3

5

b
o

l-
m

iR
3

9
8

a
-3

p
1

0
5

3
0

1
.5

7
1

8
5

0
2

.4
8

B
n

a
C

0
9

g
4

2
9

2
0

D
u

n
k

n
o

w
n

3
1

1
4

T
G

T
G

T
T

C
T

C
A

G
G

T
C

A
C

C
C

C
T

T
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

A
A

G
T

A
C

A
C

A
A

G
A

G
T

C
C

A
G

T
G

G
G

G
A

C
G

A
C

T
C

G
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
6

6
8

-1
.1

8
4

1
0

-0
.3

5

B
n

a
-m

iR
C

5
-1

1
6

8
7

1
.1

5
2

1
2

9
0

.8
2

B
n

a
C

0
1

g
4

0
2

8
0

D
P

ro
b

a
b

le
 d

is
e

a
s
e

 r
e

s
is

ta
n

c
e

 p
ro

te
in

 R
P

P
1

4
1

5
4

T
G

T
G

T
T

G
T

G
A

T
G

A
T

A
A

T
C

C
G

A
   

 |
|

o
|

|
|

|
|

o
|

o
|

|
|

|
|

|
|

|
|

|
   

 

T
A

G
A

A
C

G
C

A
A

C
A

T
T

G
C

T
A

T
T

A
G

G
C

T
G

A
A

G
G

T
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

7
8

9
1

.5
6

2
0

6
0

.8
0

b
n

a
-m

iR
1

7
2

a
5

9
1

-1
.0

2
4

7
7

-0
.7

0
B

n
a

C
0

4
g

0
5

7
0

0
D

R
ib

u
lo

s
e

 b
is

p
h

o
s
p

h
a

te
 c

a
rb

o
x

y
la

s
e

/
o

x
y

g
e

n
a

s
e

 

a
c
ti

v
a

s
e

, 
c
h

lo
ro

p
la

s
ti

c
4

5
2

A
G

A
A

T
C

T
T

G
A

T
G

A
T

G
C

T
G

C
A

T
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

o
|

|
   

 

A
C

C
C

T
C

T
T

A
G

A
A

C
T

A
C

T
A

C
A

A
T

G
T

T
G

A
A

A
G

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
1

8
0

8
6

-0
.5

5
3

1
7

-1
.7

5

T
M

_
C

lu
s
te

r_
4

0
9

0
1

2
0

2
7

-1
.2

3
2

7
8

9
-1

.4
4

B
n

a
C

0
4

g
4

4
2

3
0

D
S

P
L
 3

6
2

0
T

T
G

A
C

A
G

A
A

G
A

G
A

G
T

G
A

G
C

A
C

   
 o

|
|

|
|

|
|

|
|

|
|

|
|

|
o

o
|

|
|

|
   

 

C
T

C
T

G
A

C
T

G
T

C
T

T
C

T
C

T
C

G
T

T
C

G
T

T
T

C
C

C
G

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
1

5
3

-1
.4

2
8

4
-0

.8
3

B
n

a
-m

iR
C

5
-1

1
6

8
7

1
.1

5
2

1
2

9
0

.8
2

B
n

a
A

0
1

g
3

3
7

8
0

D
D

is
e

a
s
e

 r
e

s
is

ta
n

c
e

 p
ro

te
in

 T
A

O
1

 
1

3
1

9
T

G
T

G
T

T
G

T
G

A
T

G
A

T
A

A
T

C
C

G
A

   
 |

|
o

|
|

|
|

|
o

|
|

|
|

|
|

|
|

|
|

|
|

   
 

T
A

G
A

A
C

G
C

A
A

C
A

T
T

A
C

T
A

T
T

A
G

G
C

T
G

A
A

G
G

T
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

7
1

9
0

.9
7

8
5

4
-0

.1
2

D
M

_
C

lu
s
te

r_
1

1
7

3
3

9
0

7
-1

.1
3

9
1

3
-1

.7
0

B
n

a
C

0
4

g
4

4
2

3
0

D
S

P
L
 3

6
2

0
T

T
G

A
C

A
G

A
A

G
A

G
A

G
C

G
A

G
C

A
C

   
 o

|
|

|
|

|
|

|
|

|
|

|
|

|
|

o
|

|
|

|
   

 

C
T

C
T

G
A

C
T

G
T

C
T

T
C

T
C

T
C

G
T

T
C

G
T

T
T

C
C

C
G

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
1

5
3

-1
.4

2
8

4
-0

.8
3

T
T

_
C

lu
s
te

r_
1

6
0

6
9

2
2

4
4

.7
6

6
5

4
.1

0
B

n
a

A
0

7
g

2
5

5
3

0
D

G
lu

ta
m

a
te

 d
e

c
a

rb
o

x
y

la
s
e

 2
3

7
8

6
T

G
A

C
-A

C
A

T
G

C
A

G
A

G
C

C
G

T
G

A
C

   
 |

|
|

|
 |

|
|

o
|

|
|

|
|

o
|

|
|

|
|

|
   

 

A
T

T
A

C
T

G
T

T
G

T
G

C
G

T
C

T
T

G
G

C
A

C
T

A
C

A
C

G
A

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
2

3
6

3
1

.1
8

7
0

8
6

1
.0

5

b
n

a
-m

iR
3

9
4

a
4

2
9

-2
.1

7
5

0
9

-2
.1

0
B

n
a

C
0

7
g

1
1

3
6

0
D

F
-b

o
x

 o
n

ly
 p

ro
te

in
 6

1
7

7
1

T
T

G
G

C
A

T
T

C
T

G
T

C
C

A
C

C
T

C
C

   
  |

|
|

|
|

|
|

|
|

|
|

|
|

 |
|

|
|

|
|

   
 

T
G

C
A

A
A

C
C

G
T

A
A

G
A

C
A

G
T

T
G

G
A

G
G

A
A

G
G

T
G

T
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
3

9
9

0
.3

9
3

4
3

0
.3

2

b
n

a
-m

iR
6

0
3

0
2

8
7

9
-0

.0
9

3
0

9
2

-0
.1

7
B

n
a

C
0

8
g

4
1

3
4

0
D

P
ro

b
a

b
le

 d
is

e
a

s
e

 r
e

s
is

ta
n

c
e

 p
ro

te
in

 A
t1

g
1

2
2

9
0

5
5

5
T

C
C

A
C

C
C

A
T

A
C

C
A

T
A

C
A

G
A

C
C

C
   

 |
|

|
|

|
|

|
|

|
|

|
|

 |
|

 |
|

|
|

|
|

   
 

G
A

T
G

A
G

G
T

G
G

G
T

A
T

G
G

C
A

T
A

T
C

T
G

G
G

T
A

C
T

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
2

3
2

.4
9

2
7

2
.8

6

b
n

a
-m

iR
1

5
6

g
8

5
5

5
-1

.1
3

1
1

7
7

8
-1

.6
5

B
n

a
A

n
n

g
2

1
1

6
0

D
R

e
tr

o
v

ir
u

s
-r

e
la

te
d

 P
o

l 
p

o
ly

p
ro

te
in

 f
ro

m
 

tr
a

n
s
p

o
s
o

n
 T

N
T

 1
-9

4
5

7
1

4
T

T
G

A
C

A
G

A
A

G
A

T
A

G
A

G
A

G
C

A
C

   
 o

|
o

|
|

|
 |

|
|

|
o

|
|

|
|

|
 |

|
|

   
 

A
A

G
A

G
A

T
T

G
T

G
T

T
C

T
G

T
C

T
C

T
-G

T
G

C
C

T
T

T
G

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

5
0

.5
5

0
-0

.0
8

D
M

_
C

lu
s
te

r_
1

1
7

3
3

9
0

7
-1

.1
3

9
1

3
-1

.7
0

B
n

a
A

0
4

g
1

9
8

4
0

D
S

P
L
 3

5
6

1
T

T
G

A
C

A
G

A
A

G
A

G
A

G
C

G
A

G
C

A
C

   
 o

|
|

|
|

|
|

|
|

|
|

|
|

|
|

o
|

|
|

|
   

 

C
T

C
T

G
A

C
T

G
T

C
T

T
C

T
C

T
C

G
T

T
C

G
T

T
T

C
C

G
A

T
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
2

0
4

3
-2

.5
2

2
1

0
-0

.8
4

b
n

a
-m

iR
1

7
2

b
3

5
9

-1
.7

2
4

4
0

-1
.7

3
B

n
a

C
0

4
g

0
5

7
0

0
D

R
ib

u
lo

s
e

 b
is

p
h

o
s
p

h
a

te
 c

a
rb

o
x

y
la

s
e

/
o

x
y

g
e

n
a

s
e

 

a
c
ti

v
a

s
e

, 
c
h

lo
ro

p
la

s
ti

c
4

5
2

G
G

A
A

T
C

T
T

G
A

T
G

A
T

G
C

T
G

C
A

T
   

 o
|

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

o
|

|
   

 

A
C

C
C

T
C

T
T

A
G

A
A

C
T

A
C

T
A

C
A

A
T

G
T

T
G

A
A

A
G

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
1

8
0

8
6

-0
.5

5
3

1
7

-1
.7

5

T
M

_
C

lu
s
te

r_
3

1
7

7
3

2
3

0
-3

.0
2

2
8

2
-2

.3
0

B
n

a
A

0
7

g
0

1
7

2
0

D
S

c
a

re
c
ro

w
-l

ik
e

 p
ro

te
in

 1
5

6
1

1
T

G
A

T
T

G
A

G
C

C
G

C
G

T
C

A
A

T
A

T
C

   
 |

|
|

|
|

|
|

|
|

|
|

 |
 |

|
|

|
|

|
|

   
 

G
G

C
A

A
C

T
A

A
C

T
C

G
G

C
A

C
T

G
T

T
A

T
A

G
T

G
G

A
C

T
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
1

9
1

-0
.3

9
1

8
1

-0
.1

6

b
n

a
-m

iR
1

7
2

b
3

5
9

-1
.7

2
4

4
0

-1
.7

3
B

n
a

C
0

7
g

2
6

6
7

0
D

u
n

k
n

o
w

n
4

9
8

G
G

A
A

T
C

T
T

G
A

T
G

A
T

G
C

T
G

C
A

T
   

 |
 |

|
|

|
|

|
|

o
|

|
|

|
|

|
 |

|
|

   
 

C
A

A
G

A
C

C
T

A
G

A
A

C
T

G
C

T
A

C
G

A
-G

T
A

C
T

C
T

A
A

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

1
0

4
-0

.5
9

1
2

5
-0

.1
6

a
th

-m
iR

4
0

8
-3

p
1

2
7

0
-1

.9
4

1
8

1
2

-2
.5

6
B

n
a

C
0

4
g

0
0

4
7

0
D

P
e

p
ti

d
e

 c
h

a
in

 r
e

le
a

s
e

 f
a

c
to

r 
1

2
2

7
9

A
T

G
C

A
C

T
G

C
C

T
C

T
T

C
C

C
T

G
G

C
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

A
G

G
G

T
A

C
G

T
G

A
C

G
G

A
G

A
A

G
G

G
A

C
C

G
A

G
G

G
A

C
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
3

5
2

0
.1

5
3

1
7

-0
.5

2

b
n

a
-m

iR
6

0
3

0
2

8
7

9
-0

.0
9

3
0

9
2

-0
.1

7
B

n
a

A
0

7
g

1
7

0
0

0
D

P
u

ta
ti

v
e

 d
is

e
a

s
e

 r
e

s
is

ta
n

c
e

 p
ro

te
in

 A
t4

g
1

0
7

8
0

5
5

2
T

C
C

A
C

C
C

A
T

A
C

C
A

T
A

C
A

G
A

C
C

C
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
 |

|
 |

|
|

   
 

G
A

T
G

A
G

G
T

G
G

G
T

A
T

G
G

T
A

T
T

T
C

G
G

G
G

T
A

T
T

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
1

4
1

.0
8

5
0

.6
5

b
ra

-m
iR

1
8

8
5

a
3

5
1

2
6

0
.1

3
3

4
3

3
7

1
.0

9
B

n
a

C
0

9
g

3
9

5
5

0
D

P
ro

b
a

b
le

 d
is

e
a

s
e

 r
e

s
is

ta
n

c
e

 p
ro

te
in

 R
P

P
1

1
2

1
C

A
T

C
A

A
T

G
A

A
A

G
G

T
A

T
G

A
T

T
C

C
   

 |
|

|
|

|
|

|
|

|
|

|
|

  |
|

|
|

|
|

|
   

 

A
G

G
A

A
T

A
G

T
T

A
C

T
T

T
C

C
T

G
A

C
T

A
A

G
G

T
A

A
C

G
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
0

N
A

4
3

0
-0

.6
6

B
n

a
-m

iR
C

5
-3

*
7

6
0

8
1

.2
6

9
3

7
5

0
.5

1
B

n
a

C
0

6
g

2
6

6
3

0
D

S
ig

n
a

l 
re

c
o

g
n

it
io

n
 p

a
rt

ic
le

 s
u

b
u

n
it

 S
R

P
7

2
3

9
5

T
C

T
T

G
T

G
T

T
G

T
G

A
T

G
A

T
A

A
T

C
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

  |
|

|
o

|
   

 

G
T

C
G

A
G

A
A

C
A

C
A

A
C

A
C

T
A

A
A

A
T

T
G

G
T

T
C

A
G

G
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
1

4
1

.3
4

1
0

5
-0

.1
5

S
P

L
 =

 S
Q

U
A

M
O

S
A

 P
R

O
T

E
IN

-B
IN

D
IN

G
 L

IK
E

; 
A

R
F

 =
 a

u
x

in
 r

e
s
p

o
n

s
e

 f
a

c
to

r;
 S

C
L
 =

 S
C

A
R

E
C

R
O

W
-L

IK
E

; 
E

R
F

 =
 e

th
y

le
n

e
-r

e
s
p

o
n

s
iv

e
 t

ra
n

s
c
ri

p
ti

o
n

 f
a

c
to

r;
 B

L
O

C
S

 2
 =

 B
L
O

C
S

2
 =

 B
IO

G
E

N
E

S
IS

 O
F

 L
Y

S
O

S
O

M
E

-R
E

L
A

T
E

D
 O

R
G

A
N

E
L
L
E

S
 C

O
M

P
L
E

X
 1

 s
u

b
u

n
it

  
2



  Ta
bl

e 
S1

6:
 O

ve
rv

ie
w

 o
ve

r l
ev

el
s o

f m
iR

N
As

 a
nd

 th
ei

r c
or

re
sp

on
di

ng
 m

RN
A 

ta
rg

et
s 

 
Vi

ru
s-

in
du

ce
d 

m
iR

NA
 a

nd
 ta

rg
et

 le
ve

ls 
m

iR
NA

m
iR

NA
 se

qu
en

ce
Ta

rg
et

 tr
an

sc
rip

t I
D

An
no

ta
tio

n
Cl

ev
ag

e 
fo

un
d 

in
 P

AR
Es

eq
 re

pl
ica

te
s

Dr
ak

ka
r

Ta
nt

o 
 D

ra
kk

ar
  

Ta
nt

o 
m

iR
NA

↓
  t

ar
ge

t m
RN

A↑
m

iR
40

3
TT

AG
AT

TC
AC

G
CA

CA
AA

CT
CG

Bn
aC

nn
g6

83
20

D
AG

O
2

DM
1 

DM
3 

DT
1 

DT
2 

DT
3 

TM
2 

TM
3 

TT
3

-1
.7

2
-1

.1
9

1.
50

1.
27

m
iR

40
3

TT
AG

AT
TC

AC
G

CA
CA

AA
CT

CG
Bn

aA
05

g1
47

60
D

AG
O

2
DM

1 
TM

3 
TT

3
-1

.7
2

-1
.1

9
2.

60
3.

13
m

iR
39

6
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
C

Bn
aA

02
g2

82
90

D
AF

B2
DM

2 
DM

3 
DT

3 
TM

3 
TT

3
-2

.0
0

-2
.1

0
0.

50
0.

24
m

iR
39

5
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
C

Bn
aC

02
g3

63
70

D
AF

B2
DM

2 
DM

3 
DT

3 
TM

3 
TT

3
-2

.0
0

-2
.1

0
0.

35
0.

12
m

iR
39

4
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
CC

Bn
aA

02
g2

82
90

D
AF

B2
DM

2 
DM

3 
DT

2 
DT

3 
TM

3 
TT

3
-0

.1
4

-0
.5

4
0.

50
0.

24
m

iR
39

3
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
CC

Bn
aC

02
g3

63
70

D
AF

B2
DM

2 
DM

3 
DT

2 
DT

3 
TM

3 
TT

3
-0

.1
4

-0
.5

4
0.

35
0.

12
m

iR
39

3
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
CC

Bn
aC

08
g4

08
90

D
AF

B3
DM

3 
DT

3 
TM

3 
TT

3
-0

.1
4

-0
.5

4
0.

55
0.

56
m

iR
39

3
TC

CA
AA

G
G

G
AT

CG
CA

TT
G

AT
C

Bn
aC

08
g4

08
90

D
AF

B2
DM

3 
DT

3 
TM

3 
TT

3
-2

.0
0

-2
.1

0
0.

55
0.

56
m

iR
17

2 
AG

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T

Bn
aA

03
g2

21
00

D
ER

F 
RA

P2
-7

DM
2 

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
3

-1
.0

2
-0

.7
0

0.
53

1.
04

m
iR

17
2 

G
G

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T

Bn
aA

03
g2

21
00

D
ER

F 
RA

P2
-7

DM
2 

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
3

-1
.7

2
-1

.7
3

0.
53

1.
04

m
iR

17
2

AG
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T
Bn

aC
nn

g3
96

90
D

AP
ET

AL
A 

2
DT

2 
DT

3 
TT

3
-1

.0
2

-0
.7

0
0.

19
0.

28
m

iR
17

2
G

G
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T
Bn

aC
nn

g3
96

90
D

AP
ET

AL
A 

2
DT

2 
DT

3 
TT

3
-1

.7
2

-1
.7

3
0.

19
0.

28
m

iR
16

0
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

A
Bn

aA
01

g0
69

10
D

AR
F1

6
DM

3 
DT

2 
DT

3 
TM

2 
TM

3 
TT

2 
TT

3
-1

.0
3

-0
.9

8
0.

60
1.

21
m

iR
16

0
TG

CC
TG

G
CT

CC
CT

G
TA

TG
CC

A
Bn

aC
01

g0
83

30
D

AR
F1

6
DM

3 
DT

2 
DT

3 
TM

2 
TM

3 
TT

2 
TT

3
-1

.0
3

-0
.9

8
0.

52
0.

79
m

iR
15

6
TT

G
AC

AG
AA

G
AT

AG
AG

AG
CA

C
Bn

aA
nn

g2
50

50
D

SP
L1

1
DM

3 
DT

3 
TM

2 
TM

3 
TT

3
-1

.1
3

-1
.6

5
0.

70
0.

71
m

iR
15

6
TG

AC
AG

AA
G

AG
AG

TG
AG

CA
C

Bn
aA

nn
g2

50
50

D
SP

L1
1

DM
3 

TM
3 

TT
3

-0
.6

5
-0

.9
5

0.
70

0.
71

m
iR

 (S
ho

rt
st

ac
k)

TT
G

AC
AG

AA
G

AG
AG

TG
AG

CA
C

Bn
aA

nn
g2

50
50

D
SP

L1
1

DM
3 

DT
3 

TM
2 

TM
3 

TT
3

-1
.2

3
-1

.4
4

0.
70

0.
71

m
iR

 (S
ho

rt
st

ac
k)

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aA

nn
g2

50
50

D
SP

L1
1

DM
3 

DT
3 

TM
2 

TM
3 

TT
3

-1
.1

3
-1

.7
0

0.
70

0.
71

m
iR

NA
↑

  t
ar

ge
t m

RN
A↓

bn
a-

m
iR

17
1

TT
G

AG
CC

G
TG

CC
AA

TA
TC

AC
G

Bn
aA

nn
g1

85
50

D
SC

L6
DM

3 
DT

2 
DT

3 
TM

3 
TT

3
2.

20
1.

93
-0

.6
0

-0
.2

5
bn

a-
m

iR
17

1
TT

G
AG

CC
G

TG
CC

AA
TA

TC
AC

G
Bn

aA
nn

g1
85

40
D

SC
L6

DM
3 

DT
2 

DT
3 

TM
3 

TT
3

2.
20

1.
93

-0
.6

1
-0

.2
3

m
iR

NA
↑

  t
ar

ge
t m

RN
A↑

m
iR

18
85

TA
CA

TC
TT

CT
CC

G
CG

G
AA

G
CT

C
Bn

aC
nn

g4
47

80
D

BL
O

C1
S2

DM
2 

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
2 

TT
3

2.
29

2.
85

0.
44

0.
64

m
iR

39
8

TG
TG

TT
CT

CA
G

G
TC

AC
CC

CT
G

Bn
aA

04
g1

63
10

D
SO

DC
2

DM
2 

TM
3 

TT
3

4.
09

4.
34

2.
75

0.
67

m
iR

18
85

TA
CA

TC
TT

CT
CC

G
CG

G
AA

G
CT

C
Bn

aA
06

g2
94

50
D

BL
O

C1
S2

DM
3 

DT
2 

TT
3

2.
29

2.
85

0.
10

0.
63

m
iR

NA
↓

  t
ar

ge
t m

RN
A↓

m
iR

 (S
ho

rt
st

ac
k)

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aC

07
g1

13
80

D
SP

L1
0

DM
2 

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
2 

TT
3

-1
.1

3
-1

.7
0

-0
.5

4
-0

.3
4

m
iR

15
6

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C

Bn
aC

07
g1

13
80

D
SP

L1
0

DM
2 

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
2 

TT
3

-1
.1

3
-1

.6
5

-0
.5

4
-0

.3
4

m
iR

 (S
ho

rt
st

ac
k)

TT
G

AC
AG

AA
G

AG
AG

TG
AG

CA
C

Bn
aC

07
g1

13
80

D
SP

L1
0

DM
2 

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
2 

TT
3

-1
.2

3
-1

.4
4

-0
.5

4
-0

.3
4

m
iR

 (S
ho

rt
st

ac
k)

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aC

04
g2

39
30

D
SP

L1
5

DM
2 

DM
3 

DT
3 

TM
3 

TT
3

-1
.1

3
-1

.7
0

-0
.3

2
-0

.8
3

m
iR

 (S
ho

rt
st

ac
k)

TT
G

AC
AG

AA
G

AG
AG

TG
AG

CA
C

Bn
aC

04
g2

39
30

D
SP

L1
5

DM
2 

DM
3 

DT
3 

TM
3 

TT
3

-1
.2

3
-1

.4
4

-0
.3

2
-0

.8
3

m
iR

15
6

TT
G

AC
AG

AA
G

AT
AG

AG
AG

CA
C

Bn
aC

04
g2

39
30

D
SP

L1
5

DM
2 

DM
3 

DT
3 

TM
3 

TT
3

-1
.1

3
-1

.6
5

-0
.3

2
-0

.8
3

m
iR

15
6

TG
AC

AG
AA

G
AG

AG
TG

AG
CA

C
Bn

aC
nn

g6
14

00
D

SP
L6

DM
3 

DT
2 

DT
3 

TM
3 

TT
3

-0
.6

5
-0

.9
5

-0
.6

2
-0

.0
5

m
iR

60
30

TC
CA

CC
CA

TA
CC

AT
AC

AG
AC

CC
Bn

aA
02

g1
69

70
D

un
kn

ow
n

DM
3 

DT
3 

TM
2 

TM
3

-0
.0

9
-0

.1
7

-0
.7

8
-0

.7
2

m
iR

15
6

TG
AC

AG
AA

G
AG

AG
TG

AG
CA

C
Bn

aC
07

g1
13

80
D

SP
L1

0
DM

3 
DT

3 
TM

3 
TT

3
-0

.6
5

-0
.9

5
-0

.5
4

-0
.3

4
m

iR
15

6
TG

AC
AG

AA
G

AG
AG

TG
AG

CA
C

Bn
aA

04
g1

98
40

D
SP

L3
DM

3 
DT

3 
TT

3
-0

.6
5

-0
.9

5
-2

.5
2

-0
.8

4
m

iR
15

6
TG

AC
AG

AA
G

AG
AG

TG
AG

CA
C

Bn
aC

04
g4

42
30

D
SP

L3
DM

3 
DT

3 
TT

3
-0

.6
5

-0
.9

5
-1

.4
2

-0
.8

3
m

iR
17

2
AG

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T

Bn
aC

07
g1

61
90

D
AP

2
DM

3 
TM

2 
TT

3
-1

.0
2

-0
.7

0
-0

.2
4

-0
.0

5
m

iR
 (S

ho
rt

st
ac

k)
TT

G
AC

AG
AA

G
AG

AG
TG

AG
CA

C
Bn

aC
nn

g6
14

00
D

SP
L6

DM
3 

TM
3 

TT
3

-1
.2

3
-1

.4
4

-0
.6

2
-0

.0
5

m
iR

 (S
ho

rt
st

ac
k)

TT
G

AC
AG

AA
G

AG
AG

CG
AG

CA
C

Bn
aC

nn
g6

14
00

D
SP

L6
DM

3 
TM

3 
TT

3
-1

.1
3

-1
.7

0
-0

.6
2

-0
.0

5
m

iR
15

6
TT

G
AC

AG
AA

G
AT

AG
AG

AG
CA

C
Bn

aC
nn

g6
14

00
D

SP
L6

DM
3 

TM
3 

TT
3

-1
.1

3
-1

.6
5

-0
.6

2
-0

.0
5

m
iR

NA
↑

  t
ar

ge
t m

RN
A 

on
ly

 in
 o

ne
 cu

lti
va

r↓
m

iR
C5

-3
TT

AT
CA

TC
AC

AA
CA

CT
AG

AT
C

Bn
aA

10
g2

71
70

D
M

T2
3

DM
3 

DT
2

0.
80

0.
23

0.
10

-0
.1

5
m

iR
C5

-1
TG

TG
TT

G
TG

AT
G

AT
AA

TC
CG

A
Bn

aC
06

g4
37

90
D

PA
TL

1
DM

3 
TT

3
1.

15
0.

82
1.

16
-0

.4
4

m
iR

16
1

G
TC

AC
TT

TC
AA

TG
CG

TT
G

AT
C

Bn
aA

06
g3

96
50

D
RP

P8
-li

ke
2

DT
2 

DT
3

5.
83

5.
89

0.
13

-0
.4

4
m

iR
C5

-3
TT

AT
CA

TC
AC

AA
CA

CT
AG

AT
C

Bn
aA

10
g2

71
70

D
M

T2
3

DM
3 

DT
2

0.
80

0.
23

0.
10

-0
.1

5
m

iR
C5

-1
TG

TG
TT

G
TG

AT
G

AT
AA

TC
CG

A
Bn

aC
06

g4
37

90
D

PA
TL

1
DM

3 
TT

3
1.

15
0.

82
1.

16
-0

.4
4

m
iR

16
1

G
TC

AC
TT

TC
AA

TG
CG

TT
G

AT
C

Bn
aA

06
g3

96
50

D
RP

P8
-li

ke
2

DT
2 

DT
3

5.
83

5.
89

0.
13

-0
.4

4
m

iR
17

1
TT

G
AG

CC
G

TG
CC

AA
TA

TC
AC

G
Bn

aC
04

g2
20

80
D

SC
L2

2
DM

3 
DT

2 
TM

3 
TT

3
2.

20
1.

93
-0

.9
7

0.
05

m
iR

NA
↓

  t
ar

ge
t m

RN
A 

on
ly

 in
 o

ne
 cu

lti
va

r↑
m

iR
17

2
AG

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T

Bn
aC

09
g1

34
30

D
ER

F 
RA

P2
-7

DM
2 

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
3

-1
.0

2
-0

.7
0

0.
30

-1
.5

7
m

iR
17

2
G

G
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T
Bn

aC
04

g1
56

40
D

ER
F 

RA
P2

-7
DM

2 
DM

3 
DT

2 
DT

3 
TM

2 
TM

3 
TT

3
-1

.7
2

-1
.7

3
0.

78
-1

.7
4

m
iR

17
2

AG
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T
Bn

aC
04

g1
56

40
D

ER
F 

RA
P2

-7
DM

2 
DM

3 
DT

2 
DT

3 
TM

2 
TM

3 
TT

3
-1

.0
2

-0
.7

0
0.

78
-1

.7
4

m
iR

17
2

G
G

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T

Bn
aC

09
g1

34
30

D
ER

F 
RA

P2
-7

DM
2 

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
3

-1
.7

2
-1

.7
3

0.
30

-1
.5

7
m

iR
17

2
G

G
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T
Bn

aA
10

g1
29

50
D

AP
2

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
3

-1
.7

2
-1

.7
3

0.
33

-0
.0

4
m

iR
17

2
AG

AA
TC

TT
G

AT
G

AT
G

CT
G

CA
T

Bn
aA

10
g1

29
50

D
AP

2
DM

3 
DT

2 
DT

3 
TM

2 
TM

3 
TT

3
-1

.0
2

-0
.7

0
0.

33
-0

.0
4

m
iR

17
2

AG
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T
Bn

aC
09

g3
54

30
D

AP
2

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
3

-1
.0

2
-0

.7
0

0.
01

-0
.2

2
m

iR
17

2
G

G
AA

TC
TT

G
AT

G
AT

G
CT

G
CA

T
Bn

aC
09

g3
54

30
D

AP
2

DM
3 

DT
2 

DT
3 

TM
2 

TM
3 

TT
3

-1
.7

2
-1

.7
3

0.
01

-0
.2

2
co

rre
sp

on
di

ng
 ch

an
ge

s  
in

  o
nl

y 
on

e 
cu

lti
va

r
m

iR
C2

3a
-3

TA
TC

TA
CT

G
CT

TA
TG

CC
AC

CA
Bn

aA
07

g2
82

90
D

CO
X1

9
DM

2 
DM

3 
TM

2 
TM

3 
TT

3
-0

.1
3

0.
60

-0
.4

0
-0

.3
5

m
iR

NA
 fo

ld
 ch

an
ge

 (l
og

2) 
m

RN
A 

ta
rg

et
 fo

ld
 ch

an
ge

 (l
og

2)



  Ta
bl

e 
S1

7:
 T

ar
ge

tin
g 

of
 h

os
t m

RN
A 

tr
an

sc
rip

ts
 b

y 
vs

iR
N

As
 

 

DM
DT

TM
TT

DM
DT

TM
TT

DM
DT

TM
TT

AA
GA

AT
CT

GA
TG

AT
GC

TG
T 

(-)
19

0.
00

2.
13

0.
00

1.
60

Bn
aC

03
g2

64
80

D
ER

F 
RA

P2
-7

23
28

AA
GA

AT
-C

TG
AT

GA
TG

CT
GT

    
||

||
| |

||
||

||
||

||
|o

    
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

GA
CG

TT
GA

CT
DT

2 
DT

3 
TT

3
0.

00
10

.0
3

0.
00

6.
66

81
5

-0
.3

9
12

02
0.

43

AA
GA

AT
CT

GA
TG

AT
GC

TG
T 

(-)
19

0.
00

2.
13

0.
00

1.
60

Bn
aC

04
g1

56
40

D
ER

F 
RA

P2
-7

24
14

AA
GA

AT
-C

TG
AT

GA
TG

CT
GT

    
||

||
| |

||
||

||
||

||
|o

    
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

GA
CG

TT
GA

CT
DT

2 
DT

3 
TT

3
0.

00
10

.0
3

0.
00

6.
66

15
38

0.
78

45
57

4
-1

.7
4

AA
GA

AT
CT

GA
TG

AT
GC

TG
T 

(-)
19

0.
00

2.
13

0.
00

1.
60

Bn
aA

10
g1

29
50

D
AP

2-
lik

e 
ER

F 
TO

E2
29

33
AA

GA
AT

-C
TG

AT
GA

TG
CT

GT
    

||
||

| |
||

||
||

||
||

|o
    

AC
AC

TC
TT

AG
GA

CT
AC

TA
CG

AC
GT

AA
AC

TC
TC

DT
2 

DT
3 

TT
3

0.
00

5.
00

0.
00

9.
95

29
7

0.
33

44
3

-0
.0

4

AA
GA

AT
CT

GA
TG

AT
GC

TG
T 

(-)
19

0.
00

2.
13

0.
00

1.
60

Bn
aC

09
g3

54
30

D
AP

2-
lik

e 
ER

F 
TO

E2
26

71
AA

GA
AT

-C
TG

AT
GA

TG
CT

GT
    

||
||

| |
||

||
||

||
||

|o
    

AC
AC

TC
TT

AG
GA

CT
AC

TA
CG

AC
GT

AA
AC

TA
TC

DT
2 

DT
3 

TT
3

0.
00

5.
00

0.
00

9.
95

23
2

0.
01

34
2

-0
.2

2

AA
GA

AT
CT

GA
TG

AT
GC

TG
T 

(-)
19

0.
00

2.
13

0.
00

1.
60

Bn
aC

09
g1

34
30

D
ER

F 
RA

P2
-7

10
39

AA
GA

AT
-C

TG
AT

GA
TG

CT
GT

    
||

||
| |

||
||

||
||

||
|o

    
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

GA
CG

TT
GA

CT
DT

2 
DT

3 
TT

3
0.

00
10

.0
3

0.
00

6.
66

65
2

0.
30

31
66

-1
.5

7

TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T 
(-)

21
0.

01
54

.2
7

0.
02

40
.6

9
Bn

aC
09

g5
32

30
D

un
kn

ow
n

21
9

 TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T  
  |

||
o|

 ||
 ||

||
||

| |
| |

    
AG

AG
AG

AG
AG

AG
AG

AG
AG

CA
-A

CA
AA

GT
CC

AC
DT

2 
DT

3
0.

00
13

.4
9

0.
00

0.
00

3
-0

.0
2

5
-0

.2
7

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C 
(-)

21
0.

01
11

.6
3

0.
00

9.
29

Bn
aC

nn
g3

66
90

D
No

n-
fu

nc
tio

na
l p

se
ud

ok
in

as
e 

ZE
D1

 
62

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C 
   |

 ||
||

||
||

 ||
||

||
oo

||
    

GA
AG

AA
GA

AG
AA

GA
AG

AA
GA

GG
TG

GC
TG

GT
AG

DT
2 

DT
3

0.
00

4.
17

0.
00

0.
00

19
7

-0
.1

8
18

6
-0

.3
5

TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T 
(-)

21
0.

01
54

.2
7

0.
02

40
.6

9
Bn

aC
04

g5
15

40
D

FB
D-

as
so

cia
te

d 
F-

bo
x 

pr
ot

ei
n 

At
3g

49
02

0
11

4
TC

TT
TG

TC
AC

TC
TC

GT
GT

GC
T  

  |
||

o|
 ||

 ||
||

| |
 ||

||
    

AG
AG

AG
AG

AG
AG

AG
AG

AG
-A

GA
CG

AA
AC

AA
GA

DT
2 

DT
3

0.
00

13
.4

9
0.

00
0.

00
1

-0
.5

4
0

-0
.1

8

TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T 
(-)

21
0.

01
54

.2
7

0.
02

40
.6

9
Bn

aC
04

g0
43

00
D

un
kn

ow
n

21
3

TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T  
  |

||
o|

 ||
 ||

||
| |

 ||
||

    
AG

AG
AG

AG
AG

AG
AG

AG
AG

-A
GA

CG
AG

TT
TT

AG
DT

2 
DT

3
0.

00
13

.4
9

0.
00

0.
00

1
0.

63
4

-0
.0

4

AA
GA

AT
CT

GA
TG

AT
GC

TG
T 

(-)
19

0.
00

2.
13

0.
00

1.
60

Bn
aA

03
g2

21
00

D
ER

F 
RA

P2
-7

22
84

AA
GA

AT
-C

TG
AT

GA
TG

CT
GT

    
||

||
| |

||
||

||
||

||
|o

    
AA

TC
TC

TT
AG

GA
CT

AC
TA

CG
AC

GA
CG

TT
GA

CT
DT

2 
DT

3
0.

00
10

.0
3

0.
00

0.
00

41
3

0.
53

31
7

1.
04

AA
CT

GC
CT

CA
AG

AG
CT

CC
AT

A 
(-)

21
0.

01
32

.8
8

0.
04

29
.4

4
Bn

aA
10

g1
32

10
D

Th
io

l p
ro

te
as

e 
al

eu
ra

in
12

21
 A

AC
TG

CC
TC

AA
GA

GC
TC

CA
-T

A 
   |

 |o
||

||
||

||
 ||

||
||

 ||
    

CT
AT

TC
GG

CG
GA

GT
TC

GC
GA

GG
TC

AT
CA

TG
AT

DT
2 

DT
3

0.
00

3.
52

0.
00

0.
00

45
62

1
-0

.6
3

51
81

9
0.

27

AA
GA

AT
CT

GA
TG

AT
GC

TG
T 

(-)
19

0.
00

2.
13

0.
00

1.
60

Bn
aA

01
g3

47
30

D
Fl

or
al

 h
om

eo
tic

 p
ro

te
in

 A
PE

TA
LA

 2
10

43
AA

GA
AT

-C
TG

AT
GA

TG
CT

GT
    

||
||

| |
||

||
||

||
||

|o
    

CC
TC

TC
TT

AG
GA

CT
AC

TA
CG

AC
GT

CG
TA

AA
CG

DT
2 

TT
3

0.
00

2.
04

0.
00

1.
62

46
0

-0
.4

4
48

7
0.

12

AA
GA

AT
CT

GA
TG

AT
GC

TG
T 

(-)
19

0.
00

2.
13

0.
00

1.
60

Bn
aC

nn
g3

96
90

D
Fl

or
al

 h
om

eo
tic

 p
ro

te
in

 A
PE

TA
LA

 2
22

33
AA

GA
AT

-C
TG

AT
GA

TG
CT

GT
    

||
||

| |
||

||
||

||
||

|o
    

CC
TC

TC
TT

AG
GA

CT
AC

TA
CG

AC
GT

CG
TA

AA
CG

DT
2 

TT
3

0.
00

0.
53

0.
00

1.
25

48
5

0.
19

63
9

0.
28

TG
TG

TG
TT

GT
TG

TT
AC

TT
TC

T 
(+

)
21

0.
01

8.
67

0.
00

7.
24

Bn
aA

03
g2

15
10

D
Se

rin
e/

ar
gi

ni
ne

-ri
ch

 sp
lic

in
g 

fa
ct

or
 R

S3
1A

35
6

 TG
TG

TG
TT

GT
TG

TT
AC

TT
TC

T  
  |

||
||

| |
||

| |
|  

||
||

o 
   

AC
AC

AC
AC

AC
-A

CA
AA

AA
AT

AA
AG

GA
AC

GT
CC

DT
1 

DT
2

0.
00

0.
13

0.
00

0.
00

4
-0

.1
9

4
0.

19

TA
CC

AG
AA

CT
CA

TC
GA

AG
C 

(+
)

19
0.

00
1.

79
0.

00
2.

25
Bn

aC
04

g5
33

00
D

Ne
m

at
od

e 
re

sis
ta

nc
e 

pr
ot

ei
n-

lik
e 

HS
PR

O2
12

41
TA

CC
AG

AA
CT

CA
TC

GA
AG

C 
   |

 ||
||

||
||

| o
| |

||
    

    
    

  
AC

CG
A-

GG
TC

TT
GA

GA
GG

GT
TC

TT
GC

AG
AA

GC
DT

1 
TT

1
0.

00
0.

04
0.

00
17

0.
97

24
81

9
-0

.4
6

11
58

6
0.

49

AG
AA

CC
GA

GA
AC

AT
TG

AG
AA

 (+
)

20
0.

01
4.

14
0.

00
4.

01
Bn

aC
02

g3
70

40
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 3

6,
 ch

lo
ro

pl
as

tic
86

3
 A

GA
AC

CG
AG

AA
CA

TT
GA

GA
A 

    
||

||
||

 | 
||

||
| |

||
||

    
TG

TT
TC

TT
GG

GT
-T

TG
TA

CC
TC

TT
GT

AC
CG

TT
DT

2 
DT

3
0.

00
10

.4
1

0.
00

0.
00

53
56

55
-0

.4
8

31
57

82
-0

.0
3

CA
GA

GA
AG

GA
GA

AG
AA

GG
AG

A 
(+

)
21

0.
00

16
.4

2
0.

00
12

.7
8

Bn
aC

03
g0

41
80

D
3-

hy
dr

ox
ya

cy
l-[

ac
yl

-c
ar

rie
r-p

ro
te

in
] d

eh
yd

ra
ta

se
 F

ab
Z 

90
 C

AG
AG

AA
GG

AG
AA

GA
AG

GA
GA

    
||

||
 ||

o|
||

||
||

|o
||

|  
  

CT
CT

CT
CT

C-
TC

TT
CT

TC
TT

CT
TC

TT
CC

CT
GC

DT
2 

TT
2

0.
00

0.
18

0.
00

0.
65

60
3

-0
.1

7
40

1
0.

13

CA
GA

GA
AG

GA
GA

AG
AA

GG
AG

A 
(+

)
21

0.
00

16
.4

2
0.

00
12

.7
8

Bn
aA

01
g0

99
50

D
un

kn
ow

n
20

3
 C

AG
AG

AA
GG

AG
AA

GA
AG

GA
GA

    
| |

||
||

o|
||

||
||

|o
||

|  
  

TC
TT

CT
-T

CT
TC

TT
CT

TC
TT

CT
TC

TG
CT

GC
CA

DT
1

0.
00

0.
04

0.
00

0.
00

1
-0

.0
4

3
0.

51

AG
TG

GA
CC

AT
AA

GA
CA

AA
GA

 (+
)

20
0.

00
2.

40
0.

00
2.

44
Bn

aC
nn

g7
17

20
D

NA
D(

P)
H-

qu
in

on
e 

ox
id

or
ed

uc
ta

se
 su

bu
ni

t S
, 

ch
lo

ro
pl

as
tic

63
 A

GT
GG

AC
CA

TA
AG

AC
AA

AG
A 

    
||

| |
 ||

||
 ||

||
||

||
|  

  
TT

CT
TC

AG
C-

GG
TA

AT
CT

GT
TT

CT
TT

TC
AA

AA
DT

1
0.

00
0.

04
0.

00
0.

00
26

32
-0

.9
2

18
31

0.
34

CA
GA

GA
AG

GA
GA

AG
AA

GG
AG

A 
(+

)
21

0.
00

16
.4

2
0.

00
12

.7
8

Bn
aC

08
g3

99
50

D
Ph

os
ph

at
e 

tra
ns

po
rte

r P
HO

1 
ho

m
ol

og
 3

33
27

 C
AG

AG
AA

GG
AG

AA
GA

AG
GA

GA
    

| |
||

||
o|

||
||

||
|o

||
|  

  
TC

TT
CT

-T
CT

TC
TT

CT
TC

TT
CT

TC
TT

AG
TT

TA
DT

1
0.

00
0.

22
0.

00
0.

00
43

6
-0

.7
5

42
1

1.
46

TG
TG

TG
TT

GT
TG

TT
AC

TT
TC

T 
(+

)
21

0.
01

8.
67

0.
00

7.
24

Bn
aC

01
g0

74
20

D
un

kn
ow

n
66

 TG
TG

TG
TT

GT
TG

TT
AC

TT
TC

T  
  |

||
||

| |
||

|o
oo

 ||
o|

|o
    

AC
AC

AC
AC

AC
-A

CA
AT

GG
GG

AG
AG

GT
AA

CA
AC

DT
1

0.
00

0.
04

0.
00

0.
00

38
55

-0
.3

2
38

67
0.

18

TC
TT

CT
CC

TT
CT

CT
GC

CT
GC

T 
(-)

21
0.

00
14

.5
3

0.
00

10
.4

1
Bn

aC
04

g0
33

50
D

60
S 

rib
os

om
al

 p
ro

te
in

 L7
-3

15
83

 TC
TT

CT
CC

TT
CT

CT
GC

-C
TG

CT
    

||
||

||
 ||

||
||

||
| |

o|
|  

  
AA

GA
AG

AA
GA

AG
AA

GA
GA

CG
CG

GC
GC

GA
GA

GA
DT

1
0.

00
0.

04
0.

00
0.

00
18

77
-0

.5
0

21
66

-0
.5

9

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C 
(-)

21
0.

01
11

.6
3

0.
00

9.
29

Bn
aC

02
g0

96
70

D
Pr

ob
ab

le
 W

RK
Y 

tra
ns

cr
ip

tio
n 

fa
ct

or
 3

8
95

8
 TC

CT
TC

TT
CT

CC
TT

CT
CT

GC
C 

   |
 ||

o|
||

||
||

||
||

||
 ||

    
GA

AG
AA

GA
GG

AA
GA

GG
AA

GA
GA

AG
GG

GT
CT

CT
DT

1
0.

00
0.

04
0.

00
0.

00
18

1
0.

25
17

8
-0

.3
0

AA
AA

GG
AA

CG
AG

AG
AG

GC
AA

A 
(+

)
21

0.
00

8.
38

0.
01

5.
55

Bn
aC

06
g3

86
00

D
Tr

eh
al

os
e-

ph
os

ph
at

e 
ph

os
ph

at
as

e 
B

12
52

 A
AA

AG
GA

AC
GA

GA
GA

GG
CA

AA
    

||
||

 | 
||

| |
| |

|o
||

||
    

CA
GC

TT
TT

AC
AT

GC
-C

TG
TC

TG
TT

TT
GA

AC
AA

DT
2

0.
00

6.
57

0.
00

0.
00

23
1.

61
54

0.
92

AG
AA

AT
AC

TG
AA

AC
AA

AG
TT

G 
(+

)
21

0.
00

3.
65

0.
00

2.
67

Bn
aC

05
g0

45
90

D
Ox

yg
en

-e
vo

lv
in

g 
en

ha
nc

er
 p

ro
te

in
 2

, c
hl

or
op

la
st

ic
12

13
 A

GA
AA

TA
CT

GA
AA

CA
AA

GT
TG

    
||

 ||
o|

||
||

||
 ||

 ||
 | 

   
AA

GT
TC

GT
TG

TG
AC

TT
TC

TT
-C

AC
CG

AC
GA

AA
DT

2
0.

00
12

.9
7

0.
00

0.
00

84
17

4
-0

.3
1

77
60

9
-0

.1
2

AG
AA

GA
AC

TT
TT

CA
CT

GG
AG

 (+
)

20
0.

00
3.

11
0.

00
3.

12
Bn

aC
03

g0
71

70
D

F-
bo

x/
ke

lch
-re

pe
at

 p
ro

te
in

 A
t5

g1
57

10
13

24
 A

GA
AG

AA
CT

TT
TC

AC
TG

GA
G 

    
||

||
| |

|o
||

||
 ||

 ||
    

CA
TG

TC
TT

C-
TG

GA
AA

GG
GA

AC
TA

AG
GT

GC
TG

DT
2

0.
00

1.
95

0.
00

0.
00

86
8

0.
74

11
16

0.
05

TC
CT

GA
AG

AT
TT

CT
CT

GC
A 

(+
)

19
0.

00
2.

72
0.

01
2.

18
Bn

aU
nn

g0
29

70
D

Ri
bu

lo
se

 b
isp

ho
sp

ha
te

 ca
rb

ox
yl

as
e/

ox
yg

en
as

e 
ac

tiv
as

e,
 

ch
lo

ro
pl

as
tic

58
 TC

CT
GA

AG
AT

TT
CT

CT
GC

A 
   |

||
||

||
||

| o
|o

 ||
||

    
AG

CC
AG

GA
CT

TC
TA

TG
GG

AA
CG

TT
TG

TG
GC

TA
DT

2
0.

00
3.

91
0.

00
0.

00
35

84
0.

02
57

21
-0

.8
1

vs
iR

NA
DE

 ta
rg

et
 m

RN
A

Ho
st

 m
RN

A 
ta

rg
et

s
Fr

ag
m

en
t s

ig
na

tu
re

s (
rp

m
)

m
RN

A 
re

ad
s &

 F
C(

lo
g2

)
vs

iR
NA

:m
RN

A 
ta

rg
et

 p
ai

r (
5'

-3
' :

  3
'-5

')
Cl

ea
va

ge
 fo

un
d 

in
 

PA
RE

se
q 

re
pl

ica
te

s 
Cl

ea
va

ge
 

po
sit

io
n

Pr
ed

ict
ed

 g
en

e 
fu

nc
tio

n
Ta

rg
et

 tr
an

sc
rip

t 
ID

vs
iR

NA
 re

ad
s &

 F
C(

lo
g2

)
vs

iR
NA

 (s
tra

nd
)

Le
ng

th



  

 

CA
AC

AA
AA

TG
GG

TA
GA

GA
AG

T 
(+

)
21

0.
00

4.
09

0.
01

2.
72

Bn
aC

05
g4

09
70

D
Om

eg
a-

6 
fa

tty
 a

cid
 d

es
at

ur
as

e,
 e

nd
op

la
sm

ic 
re

tic
ul

um
26

90
 C

AA
CA

AA
AT

GG
GT

AG
AG

AA
GT

    
||

||
||

||
||

|o
||

|  
||

|  
  

TT
GT

GT
TG

TT
TT

AC
CT

AT
CA

AT
TC

TA
AT

AA
CT

DT
2

0.
00

2.
49

0.
00

0.
00

62
62

-0
.0

9
55

87
0.

08

TT
GA

TA
AG

GA
AC

CA
GC

TC
AA

G 
(+

)
21

0.
00

3.
37

0.
00

2.
38

Bn
aC

06
g0

81
00

D
Un

ch
ar

ac
te

riz
ed

 o
xi

do
re

du
ct

as
e 

At
4g

09
67

0
16

92
TT

GA
TA

-A
GG

AA
CC

AG
CT

CA
AG

    
o|

||
||

 |o
||

||
| |

 ||
||

|  
  

CC
GG

AC
TA

TG
TT

CT
TG

GG
CA

AG
TT

CC
AA

TA
AT

DT
2

0.
00

4.
26

0.
00

0.
00

15
3

1.
41

23
5

0.
98

GT
CC

CA
AC

GA
AC

TT
CG

AA
GT

 (+
)

20
0.

01
2.

47
0.

00
1.

97
Bn

aC
06

g0
36

60
D

Fo
rm

at
e-

-te
tra

hy
dr

of
ol

at
e 

lig
as

e
16

39
 G

TC
CC

AA
CG

AA
CT

TC
GA

AG
T  

   |
||

||
 ||

 | 
||

||
o|

||
o 

   
GG

TC
CA

GG
G-

TG
GT

CG
AA

GT
TT

CG
TT

AA
AA

TA
DT

2
0.

00
0.

09
0.

00
0.

00
33

78
0.

47
59

57
-0

.1
7

TC
CT

GA
AG

AT
TT

CT
CT

GC
A 

(+
)

19
0.

00
2.

72
0.

01
2.

18
Bn

aC
05

g0
45

90
D

Ox
yg

en
-e

vo
lv

in
g 

en
ha

nc
er

 p
ro

te
in

 2
, c

hl
or

op
la

st
ic

10
14

 TC
CT

GA
AG

AT
TT

CT
CT

GC
A 

   |
||

||
||

 ||
||

 ||
| |

|  
  

TT
GC

AG
GA

CT
TG

TA
AA

CA
GA

GG
TC

TT
AC

AA
AC

DT
2

0.
00

0.
44

0.
00

0.
00

84
17

4
-0

.3
1

77
60

9
-0

.1
2

CG
AG

AA
CA

TA
TC

AG
TG

CT
TG

AA
 (+

)
22

0.
00

5.
81

0.
00

7.
81

Bn
aC

02
g0

10
60

D
Tr

an
sla

tio
n 

fa
ct

or
 G

UF
1 

ho
m

ol
og

, c
hl

or
op

la
st

ic 
42

54
 C

GA
GA

AC
AT

AT
CA

GT
GC

TT
GA

A 
   |

||
||

| |
||

||
  o

o|
o|

||
|  

  
GA

AG
GC

TC
TT

-T
AT

AG
AG

GT
GG

AC
TT

GG
TT

AG
DT

2
0.

00
2.

40
0.

00
0.

00
34

11
-0

.6
3

47
47

-1
.0

9

CG
AG

AA
CA

TA
TC

AG
TG

CT
TG

 (+
)

20
0.

00
1.

85
0.

00
1.

18
Bn

aA
nn

g0
60

20
D

Tr
an

sla
tio

n 
fa

ct
or

 G
UF

1 
ho

m
ol

og
, c

hl
or

op
la

st
ic 

44
37

 C
GA

GA
AC

AT
AT

CA
GT

GC
TT

G 
    

||
||

||
 ||

||
|  

oo
|o

||
    

GA
AG

GC
TC

TT
-T

AT
AG

AG
GT

GG
AC

TT
GG

TT
AG

DT
2

0.
00

2.
40

0.
00

0.
00

37
70

-0
.3

1
52

45
-1

.0
0

AG
CA

GG
CA

GA
GA

AG
GA

GA
AG

A 
(+

)
21

0.
01

16
.0

8
0.

00
11

.0
4

Bn
aC

05
g4

43
10

D
Zi

nc
 fi

ng
er

 p
ro

te
in

 C
ON

ST
AN

S-
LIK

E 
9

28
05

 A
GC

AG
GC

AG
AG

AA
GG

AG
AA

GA
    

||
 |o

||
||

||
||

|o
|o

 ||
|  

  
TC

TC
TC

-T
TC

GT
CT

CT
TC

TT
TC

TC
TC

TT
CA

TC
DT

2
0.

00
3.

02
0.

00
0.

00
26

0
1.

64
60

8
0.

70

TT
GA

TC
CT

GA
AG

AT
TT

CT
CT

G 
(+

)
21

0.
01

8.
69

0.
00

5.
64

Bn
aA

09
g2

94
10

D
Tr

an
sc

rip
tio

n 
fa

ct
or

 P
RE

6
13

8
 TT

GA
TC

CT
GA

AG
AT

TT
CT

CT
G 

   |
||

| |
 ||

| |
||

o|
 ||

||
    

AC
AG

AA
CT

TG
CA

CT
AC

TA
GA

-A
GA

CG
AG

CT
GT

DT
2

0.
00

3.
55

0.
00

0.
00

19
5

-1
.0

7
45

1.
38

CG
AG

AA
CA

TA
TC

AG
TG

CT
TG

AA
 (+

)
22

0.
00

5.
81

0.
00

7.
81

Bn
aA

nn
g0

60
20

D
Tr

an
sla

tio
n 

fa
ct

or
 G

UF
1 

ho
m

ol
og

, c
hl

or
op

la
st

ic 
44

37
 C

GA
GA

AC
AT

AT
CA

GT
GC

TT
GA

A 
   |

||
||

| |
||

||
  o

o|
o|

||
|  

  
GA

AG
GC

TC
TT

-T
AT

AG
AG

GT
GG

AC
TT

GG
TT

AG
DT

2
0.

00
2.

40
0.

00
0.

00
37

70
-0

.3
1

52
45

-1
.0

0

AG
AA

CC
GA

GA
AC

AT
TG

AG
AA

 (+
)

20
0.

01
4.

14
0.

00
4.

01
Bn

aC
02

g0
38

30
D

un
kn

ow
n

83
4

 A
GA

AC
CG

AG
AA

CA
TT

GA
GA

A 
    

||
||

 |o
||

||
||

| |
||

    
GA

AG
TC

TT
CG

TT
CT

TG
TA

-C
TC

AG
TC

AA
AT

CG
DT

2
0.

00
1.

33
0.

00
0.

00
56

0.
00

12
8

-0
.1

5

CG
AA

GC
AG

AA
GT

CC
AT

CA
GA

G 
(+

)
21

0.
02

49
.6

3
0.

02
27

.4
7

Bn
aA

08
g2

25
10

D
Ph

os
ph

os
er

in
e 

ph
os

ph
at

as
e,

 ch
lo

ro
pl

as
tic

19
05

 C
GA

AG
CA

GA
AG

TC
CA

TC
AG

AG
    

||
||

||
 ||

| |
||

| |
| |

|  
  

AA
GT

GC
TT

CG
AC

TT
GA

GG
TC

GT
AT

CG
TA

TA
CT

DT
2

0.
00

2.
84

0.
00

0.
00

11
7

-0
.2

6
88

-0
.6

8

GG
CA

GA
GA

AG
GA

GA
AG

AA
GG

A 
(+

)
21

0.
00

14
.9

2
0.

00
15

.6
7

Bn
aC

04
g1

01
80

D
Re

tro
vi

ru
s-

re
la

te
d 

Po
l p

ol
yp

ro
te

in
 fr

om
 tr

an
sp

os
on

 T
NT

 
1-

94
86

39
GG

CA
GA

-G
AA

GG
AG

AA
GA

AG
GA

    
||

 ||
| |

||
|o

||
| |

||
||

|  
  

TC
TC

CT
TC

TC
CT

TC
TT

CT
GC

TT
CC

TC
TC

TA
TC

DT
2

0.
00

0.
09

0.
00

0.
00

74
2

0.
37

60
4

0.
42

TA
TG

GA
GC

TC
TT

GA
GG

CA
GT

T 
(+

)
21

0.
01

32
.5

3
0.

04
21

.3
4

Bn
aC

08
g1

93
60

D
Ca

ta
la

se
-3

15
41

 TA
TG

GA
GC

TC
TT

GA
GG

CA
GT

T  
  o

 ||
||

||
||

| |
||

| |
||

o 
   

TT
GT

GG
AC

CT
CG

AG
A-

CT
CC

TT
CA

GT
CG

TG
TT

DT
2

0.
00

2.
49

0.
00

0.
00

20
67

44
0.

47
33

55
99

0.
67

TC
TT

CT
CC

TT
CT

CT
GC

CT
GC

T 
(-)

21
0.

00
14

.5
3

0.
00

10
.4

1
Bn

aC
04

g0
34

20
D

un
kn

ow
n

16
64

 TC
TT

CT
CC

TT
CT

CT
GC

CT
GC

T  
  |

||
||

||
| |

||
||

||
 | 

||
    

AG
TT

AG
AA

GA
GG

TA
GA

GA
CG

-A
GG

AG
CA

CG
TG

DT
2

0.
00

2.
84

0.
00

0.
00

40
0

0.
41

66
7

0.
12

CA
CT

TC
TC

TA
CC

CA
TT

TT
GT

T 
(-)

21
0.

00
2.

88
0.

01
1.

75
Bn

aC
05

g1
91

00
D

E3
 u

bi
qu

iti
n-

pr
ot

ei
n 

lig
as

e 
To

po
rs

13
68

CA
CT

TC
T-

CT
AC

CC
AT

TT
TG

TT
    

||
|o

||
| |

||
||

||
| |

|o
 | 

   
GT

GG
TG

GA
GA

TG
AT

GG
GT

AT
AA

TT
AT

TC
AG

AT
DT

2
0.

00
3.

02
0.

00
0.

00
26

4
-0

.1
6

42
1

-0
.0

8

TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T 
(-)

21
0.

01
54

.2
7

0.
02

40
.6

9
Bn

aC
nn

g0
41

70
D

G-
ty

pe
 le

ct
in

 S
-re

ce
pt

or
-li

ke
 se

rin
e/

th
re

on
in

e-
pr

ot
ei

n 
ki

na
se

 A
t1

g6
14

20
21

7
 TC

TT
TG

TC
AC

TC
TC

GT
GT

GC
T  

  |
||

o|
 ||

 ||
||

||
| o

||
|  

  
AG

AG
AG

AG
AG

AG
AG

AG
AG

CA
AG

CG
AT

CG
CC

AT
DT

2
0.

00
9.

95
0.

00
0.

00
0

NA
0

NA

AT
CT

CG
AT

GT
TT

CC
AA

CT
TT

C 
(-)

21
0.

01
6.

48
0.

01
5.

29
Bn

aA
02

g1
92

90
D

Sy
nt

ax
in

-5
2

73
7

 A
TC

TC
GA

TG
TT

TC
CA

AC
TT

TC
    

||
||

|o
| |

||
o|

||
||

o 
|  

  
AA

AC
TA

GA
GT

T-
CA

AG
GG

TT
GG

TA
TA

GG
AA

TG
DT

2
0.

00
0.

09
0.

00
0.

00
12

52
1.

14
16

31
0.

45

TT
CA

AG
CA

CT
GA

TA
TG

TT
CT

C 
(-)

21
0.

00
11

.4
1

0.
01

7.
87

Bn
aA

03
g5

84
80

D
un

kn
ow

n
25

95
 TT

CA
AG

CA
CT

GA
TA

TG
TT

CT
C 

   |
||

 |o
||

 | 
||

||
| |

||
|  

  
AG

AA
AA

GG
TT

GT
AA

GT
AT

AC
TA

GA
GC

AC
GC

AC
DT

2
0.

00
3.

38
0.

00
0.

00
76

0.
29

24
3

3.
53

TG
CT

CG
GA

TT
GT

CT
CT

TC
GC

T 
(-)

21
0.

01
48

.0
9

0.
03

30
.9

5
Bn

aC
03

g0
97

00
D

Do
lic

hy
l-d

ip
ho

sp
ho

ol
ig

os
ac

ch
ar

id
e-

-p
ro

te
in

 
gl

yc
os

yl
tra

ns
fe

ra
se

 su
bu

ni
t S

TT
3A

51
07

 TG
CT

CG
GA

TT
GT

CT
CT

TC
GC

T  
  |

 | 
||

||
||

 | 
||

||
|o

||
    

AT
GT

AG
GT

GC
CT

AA
GA

-A
GA

AG
TG

AC
TA

AA
AC

DT
2

0.
00

5.
15

0.
00

0.
00

99
9

0.
24

16
92

0.
78

CT
TG

AG
CT

GG
TT

CC
TT

AT
CA

A 
(-)

21
0.

00
3.

15
0.

00
1.

84
Bn

aC
06

g3
46

00
D

un
kn

ow
n

17
52

 C
TT

GA
GC

TG
GT

TC
CT

TA
TC

AA
    

||
||

||
|o

||
||

| |
| |

  |
    

TC
AC

GA
AC

TC
GG

CC
AA

GA
AA

GA
TA

TA
TT

GT
TT

DT
2

0.
00

2.
75

0.
00

0.
00

30
64

-0
.7

6
28

66
0.

53

AG
AG

AT
TT

CA
AA

AC
GA

CC
AA

C 
(-)

21
0.

01
39

.6
1

0.
03

25
.5

4
Bn

aC
03

g3
76

40
D

Pr
ot

ei
n 

AB
IL3

18
89

 A
GA

GA
TT

TC
AA

AA
CG

AC
CA

AC
    

||
|o

||
||

 ||
||

| |
  |

||
    

AA
CG

TC
TT

TA
AA

CT
TT

TG
-T

TA
TT

GT
TT

TG
AG

DT
2

0.
00

2.
40

0.
00

0.
00

74
5

-0
.5

4
85

3
-0

.7
9

TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T 
(-)

21
0.

01
54

.2
7

0.
02

40
.6

9
Bn

aC
07

g2
11

60
D

un
kn

ow
n

12
02

 TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T  
  |

||
o|

 ||
 ||

||
||

o|
||

 | 
   

AG
AG

AG
AG

AG
AG

AG
AG

AG
CG

CA
CT

AT
TT

TG
TA

DT
2

0.
00

9.
95

0.
00

0.
00

23
54

0.
19

91
0.

62

AT
CT

CG
AT

GT
TT

CC
AA

CT
TT

C 
(-)

21
0.

01
6.

48
0.

01
5.

29
Bn

aA
07

g3
50

20
D

Sy
nt

ax
in

-5
2

83
3

 A
TC

TC
GA

TG
TT

TC
CA

AC
TT

TC
    

||
||

|o
| |

||
o|

||
||

o 
|  

  
AA

AC
TA

GA
GT

T-
CA

AG
GG

TT
GG

TA
TA

GG
AA

CG
DT

2
0.

00
0.

09
0.

00
0.

00
68

95
0.

08
11

58
1

0.
17

TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T 
(-)

21
0.

01
54

.2
7

0.
02

40
.6

9
Bn

aC
01

g2
06

00
D

Cy
to

ch
ro

m
e 

c o
xi

da
se

 su
bu

ni
t 6

b-
2

10
95

 TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T  
  |

||
o|

 ||
 ||

||
||

| |
 ||

    
AG

AG
AG

AG
AG

AG
AG

AG
AG

CA
AA

-G
AA

GA
AT

AT
DT

2
0.

00
9.

95
0.

00
0.

00
21

23
-0

.3
1

24
19

0.
03

TG
CA

CC
AC

TG
TG

GA
TT

AT
C 

(-)
19

0.
00

3.
07

0.
00

3.
75

Bn
aC

02
g3

31
50

D
Su

lfi
te

 o
xi

da
se

50
3

 TG
CA

CC
AC

TG
TG

GA
TT

AT
C 

   o
||

| |
||

||
|o

||
 ||

 | 
    

  
AT

GG
GC

GT
-G

TG
AC

AT
CT

CA
TC

GT
CA

CT
GT

AA
DT

2
0.

00
0.

09
0.

00
0.

00
57

54
-0

.2
8

66
69

-0
.4

7

AT
CT

CG
AT

GT
TT

CC
AA

CT
TT

C 
(-)

21
0.

01
6.

48
0.

01
5.

29
Bn

aC
06

g3
99

50
D

Sy
nt

ax
in

-5
2

87
5

 A
TC

TC
GA

TG
TT

TC
CA

AC
TT

TC
    

||
||

|o
| |

||
o|

||
||

o 
|  

  
AA

AC
TA

GA
GT

T-
CA

AG
GG

TT
GG

TA
TA

GG
AA

CG
DT

2
0.

00
0.

09
0.

00
0.

00
29

84
0.

40
30

77
0.

33

TC
TC

CT
TC

TT
CT

CC
TT

CT
CT

G 
(-)

21
0.

00
3.

37
0.

00
2.

64
Bn

aC
07

g2
80

10
D

F-
bo

x/
LR

R-
re

pe
at

/k
el

ch
-re

pe
at

 p
ro

te
in

 A
t1

g0
96

50
97

3
 TC

TC
CT

TC
TT

CT
CC

TT
CT

CT
G 

   |
||

 ||
||

||
||

 ||
||

||
oo

    
TT

GA
AG

AA
GA

AG
AA

GA
AG

AA
GA

GG
TG

TT
TT

TA
DT

2
0.

00
2.

58
0.

00
0.

00
0

NA
0

NA

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C 
(-)

21
0.

01
11

.6
3

0.
00

9.
29

Bn
aC

09
g4

87
90

D
un

kn
ow

n
51

0
 TC

CT
TC

TT
CT

CC
TT

CT
CT

GC
C 

   |
 ||

||
||

||
 ||

||
| |

||
|  

  
GA

AG
AA

GA
AG

AA
GA

AG
AA

GA
AA

CG
GT

AG
AA

AT
DT

2
0.

00
2.

22
0.

00
0.

00
41

1
-1

.5
5

96
5

-1
.5

4

TT
CA

AG
CA

CT
GA

TA
TG

TT
CT

CG
 (-

)
22

0.
01

16
.8

5
0.

00
15

.9
2

Bn
aA

03
g5

84
80

D
un

kn
ow

n
25

95
 TT

CA
AG

CA
CT

GA
TA

TG
TT

CT
CG

    
||

| |
o|

| |
 ||

||
| |

||
||

    
AG

AA
AA

GG
TT

GT
AA

GT
AT

AC
TA

GA
GC

AC
GC

AC
DT

2
0.

00
3.

38
0.

00
0.

00
76

0.
29

24
3

3.
53

TC
TT

TG
TC

AC
TC

TC
GT

GT
GC

T 
(-)

21
0.

01
54

.2
7

0.
02

40
.6

9
Bn

aA
09

g4
59

20
D

An
ky

rin
 re

pe
at

 d
om

ai
n-

co
nt

ai
ni

ng
 p

ro
te

in
 4

9
14

97
 TC

TT
TG

TC
AC

TC
TC

GT
GT

GC
T  

  |
||

o|
 ||

 ||
||

| |
 ||

||
    

AG
AG

AG
AG

AG
AG

AG
AG

AG
AA

AA
CG

AC
AA

TC
GA

DT
2

0.
00

9.
95

0.
00

0.
00

16
39

0.
46

31
25

0.
46

TT
CA

AG
CA

CT
GA

TA
TG

TT
CT

CG
 (-

)
22

0.
01

16
.8

5
0.

00
15

.9
2

Bn
aA

03
g3

89
50

D
Co

ld
-re

gu
la

te
d 

41
3 

pl
as

m
a 

m
em

br
an

e 
pr

ot
ei

n 
4

87
2

 TT
CA

AG
CA

CT
GA

TA
TG

TT
CT

CG
    

o|
 ||

||
 ||

o|
||

||
||

||
 | 

   
GG

TG
GA

CT
TC

GA
GA

TT
AT

AC
AA

GA
AC

CT
CG

TT
DT

2
0.

00
4.

71
0.

00
0.

00
13

48
5

0.
00

12
49

5
0.

25

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C 
(-)

21
0.

01
11

.6
3

0.
00

9.
29

Bn
aC

04
g0

33
50

D
60

S 
rib

os
om

al
 p

ro
te

in
 L7

-3
15

87
 TC

CT
TC

TT
CT

CC
TT

CT
CT

GC
C 

   |
 ||

||
||

||
 ||

||
||

||
|  

  
GA

AG
AA

GA
AG

AA
GA

AG
AA

GA
GA

CG
CG

GC
GC

GA
DT

2
0.

00
2.

22
0.

00
0.

00
18

77
-0

.5
0

21
66

-0
.5

9



  

 

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

C0
4g

09
27

0D
un

kn
ow

n
23

94
 T

CT
TT

G
TC

A
CT

CT
CG

TG
TG

CT
    

||
|o

| 
||

 |
||

||
 |

||
| 

| 
   

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
A

CA
CA

A
CA

CG
A

A
G

D
T2

0.
00

9.
95

0.
00

0.
00

42
4

0.
03

50
5

-0
.2

8

A
A

CT
G

CC
TC

A
A

G
A

G
CT

CC
A

TA
 (

-)
21

0.
01

32
.8

8
0.

04
29

.4
4

B
na

A
06

g2
26

90
D

U
PF

02
35

 p
ro

te
in

 A
t5

g6
34

40
68

30
 A

A
CT

G
CC

TC
A

A
G

A
-G

CT
CC

A
TA

    
||

| 
||

||
||

||
| 

||
| 

| 
o|

    
TA

TG
TT

G
CC

G
G

A
G

TT
CT

TC
G

A
A

G
A

G
TA

TG
TG

G
D

T2
0.

00
0.

09
0.

00
0.

00
61

8
0.

57
10

58
0.

24

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

C0
6g

22
55

0D
M

it
oc

ho
nd

ri
al

 im
po

rt
 in

ne
r 

m
em

br
an

e 
tr

an
sl

oc
as

e 
su

bu
ni

t 
Ti

m
13

43
8

 T
CT

TT
G

TC
A

CT
CT

CG
TG

TG
CT

    
||

|o
| 

||
 |

||
||

||
||

o 
| 

   
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
CA

CA
TC

A
A

CT
TA

TA
D

T2
0.

00
9.

95
0.

00
0.

00
26

6
0.

03
23

3
0.

72

TT
CA

A
G

CA
CT

G
A

TA
TG

TT
CT

C 
(-

)
21

0.
00

11
.4

1
0.

01
7.

87
B

na
A

07
g1

28
10

D
H

em
e 

ox
yg

en
as

e 
1,

 c
hl

or
op

la
st

ic
11

96
 T

TC
A

A
G

CA
CT

G
A

TA
TG

TT
CT

C 
   |

o|
||

o|
| 

||
||

 |
 |

||
||

    
G

A
G

A
A

G
G

TT
TG

TT
A

CT
A

-A
G

A
A

G
A

G
A

A
G

A
G

A
G

D
T2

0.
00

2.
04

0.
00

0.
00

51
65

0.
09

62
34

-0
.1

6

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
 (

-)
21

0.
01

11
.6

3
0.

00
9.

29
B

na
A

05
g1

15
20

D
Tr

an
sc

ri
pt

io
n 

fa
ct

or
 b

H
LH

10
10

41
 T

CC
TT

CT
TC

TC
CT

TC
TC

TG
CC

    
| 

||
||

||
||

 |
||

||
|o

o|
| 

   
G

A
A

G
A

A
G

A
A

G
A

A
G

A
A

G
A

A
G

A
G

G
TG

G
TT

G
A

G
A

T
D

T2
0.

00
2.

22
0.

00
0.

00
2

0.
52

0
-0

.1
8

A
G

G
A

G
CT

TT
CC

CT
TC

TT
G

TG
C 

(-
)

21
0.

00
5.

80
0.

02
3.

28
B

na
A

08
g2

32
10

D
un

kn
ow

n
46

7
 A

G
G

A
G

CT
TT

CC
CT

TC
TT

G
TG

C 
   |

||
||

 |
||

||
  |

||
||

||
| 

   
TC

CC
TC

CT
C-

A
A

A
G

G
A

CA
G

A
A

CA
CG

CC
A

CT
CT

D
T2

0.
00

1.
16

0.
00

0.
00

22
9

0.
84

29
8

0.
38

G
TT

TG
CC

A
A

CA
TG

TC
TT

CT
TT

 (
-)

21
0.

01
6.

52
0.

01
4.

24
B

na
C0

3g
33

07
0D

Pu
ta

ti
ve

 li
pi

d 
ph

os
ph

at
e 

ph
os

ph
at

as
e 

3,
 c

hl
or

op
la

st
ic

14
87

 G
TT

TG
CC

A
A

CA
TG

TC
TT

CT
TT

    
||

o|
o|

||
||

 |
|o

 |
||

||
| 

   
G

CG
CC

A
G

A
TG

G
TT

G
-A

CG
CA

A
G

A
A

A
TA

G
CT

TA
D

T2
0.

00
0.

09
0.

00
0.

00
19

2
-0

.5
1

84
-0

.7
9

TC
G

G
TT

CT
G

TT
CT

TC
A

G
G

TA
T 

(-
)

21
0.

00
4.

80
0.

00
2.

98
B

na
A

10
g2

94
60

D
Zi

nc
 f

in
ge

r 
CC

CH
 d

om
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 6
6

20
46

 T
CG

G
TT

CT
G

TT
CT

TC
A

G
G

TA
T 

   |
| 

||
||

||
| 

||
o|

| 
||

||
    

TG
CC

A
G

A
CA

A
G

A
CA

-G
A

G
G

TA
CA

TA
CT

A
A

CG
A

D
T2

0.
00

2.
75

0.
00

0.
00

20
99

1.
16

16
10

0.
45

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

C0
8g

06
97

0D
un

kn
ow

n
29

74
 T

CT
TT

G
TC

A
CT

CT
CG

TG
TG

CT
    

||
|o

| 
||

 |
||

||
||

o|
| 

| 
   

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

CA
TA

CC
A

A
TT

TC
TA

D
T2

0.
00

9.
95

0.
00

0.
00

33
1.

24
41

0.
86

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

C0
5g

47
83

0D
Pr

ot
ea

se
 D

o-
lik

e 
7

53
08

 T
CT

TT
G

TC
A

CT
CT

CG
TG

TG
CT

    
||

|o
| 

||
 |

||
||

 |
||

||
    

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

-A
CA

CG
TA

A
A

G
TA

A
D

T2
0.

00
9.

95
0.

00
0.

00
16

1
0.

89
68

5
-0

.0
3

G
TT

TG
CC

A
A

CA
TG

TC
TT

CT
TT

 (
-)

21
0.

01
6.

52
0.

01
4.

24
B

na
A

03
g2

80
40

D
Pu

ta
ti

ve
 li

pi
d 

ph
os

ph
at

e 
ph

os
ph

at
as

e 
3,

 c
hl

or
op

la
st

ic
11

07
 G

TT
TG

CC
A

A
CA

TG
TC

TT
CT

TT
    

||
o|

o|
||

||
 |

|o
 |

||
||

| 
   

G
CG

CC
A

G
A

TG
G

TT
G

-A
CG

CA
A

G
A

A
A

TA
G

CT
TA

D
T2

0.
00

0.
09

0.
00

0.
00

10
71

-0
.4

2
75

8
-0

.7
5

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

C0
3g

14
00

0D
W

EB
 f

am
ily

 p
ro

te
in

 A
t5

g5
58

60
98

7
 T

CT
TT

G
TC

A
CT

CT
CG

TG
TG

CT
    

||
|o

| 
||

 |
||

||
 |

||
| 

| 
   

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
A

CA
C-

A
TT

A
TT

TT
D

T2
0.

00
9.

95
0.

00
0.

00
44

1.
55

14
2

0.
48

G
CT

CG
G

A
TT

G
TC

TC
TT

CG
CT

T 
(-

)
21

0.
00

19
.9

0
0.

01
8.

93
B

na
C0

1g
20

33
0D

A
TP

as
e 

fa
m

ily
 A

A
A

 d
om

ai
n-

co
nt

ai
ni

ng
 p

ro
te

in
 1

-A
11

85
 G

CT
CG

G
A

TT
G

TC
TC

TT
CG

CT
T 

   |
||

| 
||

| 
||

||
 |

||
| 

||
    

A
G

CT
CG

A
G

A
CT

A
CC

A
G

A
CA

A
G

C-
A

A
CG

TC
G

TT
D

T2
0.

00
5.

24
0.

00
0.

00
13

92
-0

.1
7

14
57

0.
00

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

A
nn

g1
25

90
D

Se
ri

ne
/t

hr
eo

ni
ne

-p
ro

te
in

 k
in

as
e 

N
ek

4
10

04
 T

CT
TT

G
TC

A
CT

CT
CG

TG
TG

CT
    

||
|o

| 
||

 |
||

||
| 

||
||

| 
   

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

C-
CA

CG
A

CA
CA

CA
C

D
T2

0.
00

9.
95

0.
00

0.
00

10
7

0.
28

16
8

0.
51

TT
TG

CC
TC

TC
TC

G
TT

CC
TT

TT
 (

-)
21

0.
02

12
.2

5
0.

00
9.

24
B

na
C0

9g
21

21
0D

un
kn

ow
n

16
74

 T
TT

G
CC

TC
TC

TC
G

TT
CC

TT
TT

    
||

||
| 

| 
||

||
||

||
||

|o
| 

   
CG

A
G

A
A

A
CG

A
A

A
A

G
A

G
CA

A
G

G
A

A
G

A
G

G
G

CG
A

G
D

T2
0.

00
2.

13
0.

00
0.

00
41

8
0.

23
61

8
0.

04

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
 (

-)
21

0.
01

11
.6

3
0.

00
9.

29
B

na
C0

6g
10

27
0D

26
S 

pr
ot

ea
se

 r
eg

ul
at

or
y 

su
bu

ni
t 

7 
ho

m
ol

og
 A

90
 T

CC
TT

CT
TC

TC
CT

TC
TC

TG
CC

    
| 

||
||

||
||

 |
||

||
 |

||
| 

   
G

A
A

G
A

A
G

A
A

G
A

A
G

A
A

G
A

A
G

A
-A

CG
G

TC
CT

CG
A

D
T2

0.
00

2.
22

0.
00

0.
00

26
0.

35
14

0.
48

TC
TT

CT
CC

TT
CT

CT
G

CC
TG

CT
 (

-)
21

0.
00

14
.5

3
0.

00
10

.4
1

B
na

A
03

g2
07

10
D

un
kn

ow
n

16
07

 T
CT

TC
TC

CT
TC

TC
TG

CC
TG

CT
    

||
||

||
||

 |
||

||
||

 |
 |

| 
   

A
G

TT
A

G
A

A
G

A
G

G
TA

G
A

G
A

CG
-A

G
G

A
G

TA
CG

TG
D

T2
0.

00
2.

84
0.

00
0.

00
53

0.
73

79
-0

.4
4

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

C0
8g

40
79

0D
un

kn
ow

n
13

3
 T

CT
TT

G
TC

A
CT

CT
CG

TG
TG

CT
    

||
|o

| 
||

 |
||

||
o 

o|
||

| 
   

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

TT
TA

CG
A

CA
G

A
G

A
A

D
T2

0.
00

9.
95

0.
00

0.
00

11
0

0.
51

26
0

0.
80

CA
G

A
TT

CC
CT

CT
CT

TT
TG

TG
C 

(-
)

21
0.

00
13

.1
0

0.
00

10
.5

8
B

na
C0

9g
09

56
0D

bZ
IP

 t
ra

ns
cr

ip
ti

on
 f

ac
to

r 
27

 
35

2
 C

A
G

A
TT

CC
CT

CT
CT

TT
TG

TG
C 

   |
||

||
||

 |
| 

| 
o|

||
||

 |
    

CG
TC

G
TC

TA
A

G
A

G
A

CA
A

G
A

A
A

CA
-G

TA
TG

CC
A

D
T2

0.
00

1.
95

0.
00

0.
00

28
1

1.
12

10
1

-0
.6

0

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

C0
6g

33
58

0D
40

S 
ri

bo
so

m
al

 p
ro

te
in

 S
A

 
15

55
 T

CT
TT

G
TC

A
CT

CT
CG

TG
TG

CT
    

||
|o

| 
||

 |
||

||
||

||
o 

| 
   

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

CA
CA

TT
A

A
A

A
G

TT
G

D
T2

0.
00

9.
95

0.
00

0.
00

11
08

-0
.1

8
13

74
-0

.2
8

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

C0
8g

49
82

0D
U

nc
ha

ra
ct

er
iz

ed
 p

ro
te

in
 A

t4
g2

84
40

18
9

 T
CT

TT
G

TC
A

CT
CT

CG
TG

TG
CT

    
||

|o
| 

||
 |

||
||

 |
 |

||
| 

   
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
-A

G
A

CG
A

A
A

CT
CA

A
D

T2
0.

00
9.

95
0.

00
0.

00
71

5
-0

.1
5

79
4

-0
.1

7

TT
CA

A
G

CA
CT

G
A

TA
TG

TT
CT

C 
(-

)
21

0.
00

11
.4

1
0.

01
7.

87
B

na
A

03
g3

89
50

D
Co

ld
-r

eg
ul

at
ed

 4
13

 p
la

sm
a 

m
em

br
an

e 
pr

ot
ei

n 
4

87
2

 T
TC

A
A

G
CA

CT
G

A
TA

TG
TT

CT
C 

   o
| 

||
||

 |
|o

||
||

||
||

| 
   

G
G

TG
G

A
CT

TC
G

A
G

A
TT

A
TA

CA
A

G
A

A
CC

TC
G

TT
D

T2
0.

00
4.

71
0.

00
0.

00
13

48
5

0.
00

12
49

5
0.

25

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

C0
2g

46
26

0D
Eu

ka
ry

ot
ic

 in
it

ia
ti

on
 f

ac
to

r 
4A

-3
33

61
 T

CT
TT

G
TC

A
CT

CT
C-

G
TG

TG
CT

    
||

|o
| 

||
 |

||
||

 |
||

|o
||

    
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

CA
CA

TG
A

A
A

CA
CA

D
T2

0.
00

1.
24

0.
00

0.
00

34
-0

.7
7

44
-0

.4
5

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

A
01

g1
60

60
D

Po
ly

ad
en

yl
at

e-
bi

nd
in

g 
pr

ot
ei

n 
R

B
P4

5C
29

47
 T

CT
TT

G
TC

A
CT

CT
CG

TG
TG

CT
    

||
|o

| 
||

 |
||

||
 |

||
 |

| 
   

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

A
G

-A
CA

G
G

A
A

A
CG

G
G

A
D

T2
0.

00
9.

95
0.

00
0.

00
12

64
0.

94
15

53
0.

36

A
G

CT
TC

CT
CA

G
CG

CT
G

TT
TC

C 
(-

)
21

0.
00

3.
00

0.
00

2.
05

B
na

A
03

g2
65

10
D

Pr
ot

ei
n 

To
lB

 
17

99
 A

G
CT

TC
CT

CA
G

CG
CT

G
TT

TC
C 

   |
||

o|
||

||
|o

| 
| 

||
| 

||
    

G
CA

G
TC

G
G

A
G

G
A

G
TT

G
G

G
TC

A
A

-G
G

CA
G

G
TT

G
D

T2
0.

00
1.

24
0.

00
0.

00
48

14
-0

.0
2

42
86

-0
.9

9

CA
TC

TT
CA

TA
A

TC
CT

CA
A

A
G

A
 (

-)
21

0.
02

25
.2

3
0.

00
20

.6
4

B
na

C0
3g

34
85

0D
un

kn
ow

n
29

7
 C

A
TC

TT
CA

TA
A

TC
CT

CA
A

A
G

A
    

| 
||

o|
| 

||
 |

||
||

 |
||

| 
   

A
G

G
A

G
G

A
G

G
A

G
G

A
TG

A
G

G
A

G
G

TT
CT

A
G

G
A

G
G

C
D

T2
0.

00
2.

93
0.

00
0.

00
40

-1
.6

3
13

0.
15

TC
TT

CT
CC

TT
CT

CT
G

CC
TG

CT
 (

-)
21

0.
00

14
.5

3
0.

00
10

.4
1

B
na

A
05

g0
38

10
D

un
kn

ow
n

16
98

 T
CT

TC
TC

CT
TC

TC
TG

CC
TG

CT
    

||
||

||
||

 |
||

||
||

 |
 |

| 
   

A
G

TT
A

G
A

A
G

A
G

G
TA

G
A

G
A

CG
-A

G
G

A
G

CA
CG

TG
D

T2
0.

00
2.

84
0.

00
0.

00
14

1
0.

81
45

1
-0

.0
1

TG
CA

CC
A

CT
G

TG
G

A
TT

A
TC

 (
-)

19
0.

00
3.

07
0.

00
3.

75
B

na
A

02
g2

50
10

D
Su

lf
it

e 
ox

id
as

e
11

93
 T

G
CA

CC
A

CT
G

TG
G

A
TT

A
TC

    
o|

||
 |

||
||

|o
||

 |
| 

| 
    

  
A

TG
G

G
CG

T-
G

TG
A

CA
TC

TC
A

TC
G

TC
A

CT
G

TA
A

D
T2

0.
00

0.
09

0.
00

0.
00

53
37

-0
.4

9
68

54
-0

.1
4

CT
TT

G
A

G
G

A
TT

A
TG

A
A

G
A

TG
G

 (
+)

21
0.

01
15

.6
5

0.
01

11
.7

5
B

na
Cn

ng
78

64
0D

Ca
llo

se
 s

yn
th

as
e 

2
12

68
 C

TT
TG

A
G

G
A

TT
A

TG
A

A
G

A
TG

G
    

||
||

||
||

||
  |

||
||

||
    

A
A

A
A

A
A

A
A

CT
CC

TA
A

A
TC

TT
CT

A
CA

G
A

G
TT

TG
D

T3
0.

00
0.

36
0.

00
0.

00
25

4
0.

50
10

35
0.

03

A
TG

A
G

A
TG

TT
TG

CT
A

CA
TG

A
G

 (
+)

21
0.

05
90

.5
4

0.
04

77
.5

5
B

na
C0

7g
15

02
0D

N
as

ce
nt

 p
ol

yp
ep

ti
de

-a
ss

oc
ia

te
d 

co
m

pl
ex

 s
ub

un
it

 a
lp

ha
-

lik
e 

pr
ot

ei
n 

4
11

05
 A

TG
A

G
A

TG
TT

TG
CT

A
CA

TG
A

G
    

||
||

||
o|

||
|o

 |
| 

||
||

o 
   

TC
TT

TA
CT

CT
G

CA
A

A
TT

A
T-

TA
CT

TT
TC

TC
CT

D
T3

0.
00

0.
91

0.
00

0.
00

40
80

-0
.2

6
25

78
-0

.4
0

A
A

A
G

TT
G

G
A

A
A

CA
TC

G
A

G
A

TC
 (

+)
21

0.
01

41
.9

3
0.

01
34

.0
7

B
na

C0
2g

08
49

0D
Se

ri
ne

/t
hr

eo
ni

ne
-p

ro
te

in
 k

in
as

e 
ED

R
1

14
3

 A
A

A
G

TT
G

G
A

A
A

CA
TC

G
A

G
A

TC
    

||
||

o|
| 

||
| 

||
| 

||
|o

| 
   

G
A

G
G

TT
TC

G
A

CA
TT

TA
TA

G
-T

CT
G

G
A

CA
TA

G
T

D
T3

0.
00

0.
91

0.
00

0.
00

22
-0

.2
0

0
N

A

G
A

A
CC

G
A

G
A

A
CA

TT
G

A
G

A
A

 (
+)

19
0.

00
2.

65
0.

00
1.

82
B

na
A

03
g3

27
80

D
U

nc
ha

ra
ct

er
iz

ed
 W

D
 r

ep
ea

t-
co

nt
ai

ni
ng

 p
ro

te
in

 C
2A

9.
03

14
62

 G
A

A
CC

G
A

G
A

A
CA

TT
G

A
G

A
A

    
| 

||
||

 |
||

||
||

||
||

| 
    

    
   

TG
TA

C-
TG

G
CG

CT
TG

TA
A

CT
CT

TG
A

A
G

G
A

A
G

A
D

T3
0.

00
0.

05
0.

00
0.

00
26

28
1.

05
35

80
0.

19



  
 

A
TG

TC
A

CT
G

A
TG

A
G

A
A

TG
A

CA
 (

+)
21

0.
03

75
.4

1
0.

02
65

.7
8

B
na

A
05

g0
54

00
D

PR
A

1 
fa

m
ily

 p
ro

te
in

 B
2

78
1

 A
TG

TC
A

CT
G

A
TG

A
G

A
A

TG
A

CA
    

||
||

 |
 |

||
||

||
||

oo
||

| 
   

TG
G

G
TA

CA
-T

TA
CT

A
CT

CT
TG

TT
G

TT
CT

CA
TA

D
T3

0.
00

0.
64

0.
00

0.
00

17
7

0.
20

29
2

0.
16

A
TC

A
A

A
G

TC
A

CG
A

G
G

A
CA

A
 (

+)
19

0.
01

5.
36

0.
00

4.
18

B
na

A
02

g2
15

80
D

H
yd

ro
xy

m
et

hy
lg

lu
ta

ry
l-

Co
A

 s
yn

th
as

e
30

53
 A

TC
A

A
A

G
TC

A
CG

A
G

G
A

CA
A

    
||

||
||

||
 |

|o
||

o|
| 

   
G

A
TT

TA
G

TT
TC

A
TT

G
TT

CT
TG

G
A

A
TA

TT
TT

TG
D

T3
0.

00
0.

54
0.

00
0.

00
57

4
0.

48
47

4
0.

13

G
A

A
CC

G
A

G
A

A
CA

TT
G

A
G

A
A

 (
+)

19
0.

00
2.

65
0.

00
1.

82
B

na
C0

3g
37

88
0D

U
nc

ha
ra

ct
er

iz
ed

 W
D

 r
ep

ea
t-

co
nt

ai
ni

ng
 p

ro
te

in
 C

2A
9.

03
82

3
 G

A
A

CC
G

A
G

A
A

CA
TT

G
A

G
A

A
    

| 
||

||
 |

||
||

||
||

||
| 

    
    

   
TG

TA
C-

TG
G

CG
CT

TG
TA

A
CT

CT
TG

A
A

G
G

A
A

G
A

D
T3

0.
00

0.
05

0.
00

0.
00

48
20

0.
92

51
07

0.
19

CA
G

A
G

A
A

G
G

A
G

A
A

G
A

A
G

G
A

G
A

 (
+)

21
0.

00
16

.4
2

0.
00

12
.7

8
B

na
A

08
g2

05
40

D
Pr

ob
ab

le
 a

la
ni

ne
 a

m
in

ot
ra

ns
fe

ra
se

, m
it

oc
ho

nd
ri

al
28

27
 C

A
G

A
G

A
A

G
G

A
G

A
A

G
A

A
G

G
A

G
A

    
||

 |
||

||
o|

||
||

||
|o

||
| 

   
TA

TT
G

T-
TC

TT
CT

TC
TT

CT
TC

TT
CT

TC
TT

CT
T

D
T3

0.
00

0.
68

0.
00

0.
00

52
96

0
0.

16
60

70
2

-0
.6

0

A
TG

TG
TG

TT
G

TT
G

TT
A

CT
TT

C 
(+

)
21

0.
00

6.
98

0.
00

5.
84

B
na

C0
4g

32
09

0D
Fe

rr
ed

ox
in

-t
hi

or
ed

ox
in

 r
ed

uc
ta

se
 c

at
al

yt
ic

 c
ha

in
, 

ch
lo

ro
pl

as
ti

c
16

49
 A

TG
TG

TG
TT

G
TT

G
TT

A
CT

TT
C 

   |
||

||
 |

o|
||

||
||

 |
||

| 
   

A
G

TG
TA

CA
CT

CG
A

CA
A

CA
A

A
G

A
A

A
CT

A
A

A
G

TA
D

T3
0.

00
1.

54
0.

00
0.

00
21

19
1

-0
.7

6
17

51
5

0.
27

G
G

CA
G

A
G

A
A

G
G

A
G

A
A

G
A

A
G

G
A

 (
+)

21
0.

00
14

.9
2

0.
00

15
.6

7
B

na
A

nn
g1

26
10

D
Se

le
no

cy
st

ei
ne

 S
e-

m
et

hy
lt

ra
ns

fe
ra

se
21

65
G

G
CA

G
A

-G
A

A
G

G
A

G
A

A
G

A
A

G
G

A
    

||
||

o|
 |

||
||

|o
||

o|
|o

o|
    

A
A

A
CC

G
TT

TC
CT

TC
CT

TT
TT

TT
TT

TT
TG

TT
TC

D
T3

0.
00

0.
82

0.
00

0.
00

32
-0

.2
5

15
7

0.
67

A
TG

TG
TG

TT
G

TT
G

TT
A

CT
TT

C 
(+

)
21

0.
00

6.
98

0.
00

5.
84

B
na

A
04

g0
99

00
D

Fe
rr

ed
ox

in
-t

hi
or

ed
ox

in
 r

ed
uc

ta
se

 c
at

al
yt

ic
 c

ha
in

, 
ch

lo
ro

pl
as

ti
c

17
65

 A
TG

TG
TG

TT
G

TT
G

TT
A

CT
TT

C 
   |

||
||

 |
o|

||
||

||
 |

||
| 

   
A

G
TG

TA
CA

CT
CG

A
CA

A
CA

A
A

G
A

A
A

CT
A

A
A

G
TA

D
T3

0.
00

1.
54

0.
00

0.
00

10
87

9
-1

.2
0

23
14

1
0.

16

G
A

A
CC

G
A

G
A

A
CA

TT
G

A
G

A
A

 (
+)

19
0.

00
2.

65
0.

00
1.

82
B

na
C0

8g
31

36
0D

A
qu

ap
or

in
 P

IP
1.

1
12

09
 G

A
A

CC
G

A
G

A
A

CA
TT

G
A

G
A

A
    

||
||

|o
||

||
 |

o|
| 

o|
| 

   
TT

CA
CT

TG
G

TT
CT

TT
TG

A
CG

TT
TG

G
G

CT
A

A
CC

D
T3

0.
00

0.
05

0.
00

0.
00

23
73

0
-1

.2
3

42
0

-1
.5

9

G
G

A
G

A
A

G
A

A
CT

TT
TC

A
CT

G
G

A
 (

+)
21

0.
00

9.
17

0.
01

5.
49

B
na

A
08

g0
48

20
D

Ph
ot

os
ys

te
m

 I 
re

ac
ti

on
 c

en
te

r 
su

bu
ni

t 
X

I, 
ch

lo
ro

pl
as

ti
c

11
77

 G
G

A
G

A
A

G
A

A
CT

TT
TC

A
CT

G
G

A
    

|o
||

||
||

||
oo

|o
||

 |
oo

| 
   

G
A

G
G

CT
TC

TT
CT

TG
G

G
A

G
G

TC
A

TT
TG

A
A

TC
G

G
D

T3
0.

00
0.

27
0.

00
0.

00
16

59
17

-0
.9

7
71

69
3

-0
.2

6

CA
G

A
G

A
A

G
G

A
G

A
A

G
A

A
G

G
A

G
A

G
 (

+)
22

0.
00

2.
00

0.
00

2.
18

B
na

A
08

g2
05

40
D

Pr
ob

ab
le

 a
la

ni
ne

 a
m

in
ot

ra
ns

fe
ra

se
, m

it
oc

ho
nd

ri
al

28
27

 C
A

G
A

G
A

A
G

G
A

G
A

A
G

A
A

G
G

A
G

A
G

    
||

 
||

||
|o

||
||

||
||

o|
||

o 
   T

A
TT

G
T-

TC
TT

CT
TC

TT
CT

TC
TT

CT
TC

TT
CT

T
D

T3
0.

00
0.

68
0.

00
0.

00
52

96
0

0.
16

60
70

2
-0

.6
0

G
A

A
CC

G
A

G
A

A
CA

TT
G

A
G

A
A

 (
+)

19
0.

00
2.

65
0.

00
1.

82
B

na
C0

2g
24

93
0D

F-
bo

x 
pr

ot
ei

n 
A

t1
g7

82
80

69
54

 G
A

A
CC

G
A

G
A

A
CA

TT
G

A
G

A
A

    
||

| 
||

o|
||

| 
|o

||
||

    
TT

G
A

A
TT

G
TC

TT
TT

G
TT

A
TT

CT
TT

TC
A

TT
CT

T
D

T3
0.

00
0.

41
0.

00
0.

00
0

0.
22

25
-1

.9
3

TT
G

A
TC

CT
G

A
A

G
A

TT
TC

TC
TG

 (
+)

21
0.

01
8.

69
0.

00
5.

64
B

na
A

05
g0

26
70

D
un

kn
ow

n
12

65
 T

TG
A

TC
CT

G
A

A
G

A
TT

TC
TC

TG
    

||
||

||
 |

o|
||

 |
||

||
| 

o 
   

CA
A

G
A

A
CT

A
G

TA
TT

TC
A

A
A

A
G

A
G

TT
TG

A
G

G
TA

D
T3

0.
00

0.
50

0.
00

0.
00

15
58

-1
.0

1
94

0
-0

.2
6

A
TG

A
G

A
TG

TT
TG

CT
A

CA
TG

A
G

 (
+)

21
0.

05
90

.5
4

0.
04

77
.5

5
B

na
C0

7g
15

05
0D

N
as

ce
nt

 p
ol

yp
ep

ti
de

-a
ss

oc
ia

te
d 

co
m

pl
ex

 s
ub

un
it

 a
lp

ha
-

lik
e 

pr
ot

ei
n 

4
81

8
 A

TG
A

G
A

TG
TT

TG
CT

A
CA

TG
A

G
    

||
||

||
o|

||
|o

 |
| 

||
||

o 
   

TC
TT

TA
CT

CT
G

CA
A

A
TT

A
T-

TA
CT

TT
TC

TC
CT

D
T3

0.
00

0.
91

0.
00

0.
00

31
21

-0
.2

5
17

49
-0

.3
9

G
A

G
G

CA
CA

CA
TC

CA
G

A
TG

A
A

A
 (

+)
21

0.
00

3.
90

0.
00

3.
21

B
na

A
06

g1
97

30
D

N
ic

al
in

39
26

 G
A

G
G

CA
CA

CA
TC

CA
G

A
TG

A
A

A
    

||
||

||
 |

||
 |

 |
||

 |
||

| 
   

TT
G

TC
TC

CG
TA

TG
TT

G
-T

CT
TC

TT
TC

TC
A

A
TT

D
T3

0.
00

0.
05

0.
00

0.
00

16
42

0.
58

16
87

0.
40

G
A

G
A

A
G

TT
G

A
G

TT
CT

CC
A

CT
C 

(+
)

21
0.

00
4.

51
0.

00
3.

28
B

na
C0

8g
35

00
0D

E3
 u

bi
qu

it
in

-p
ro

te
in

 li
ga

se
 O

R
TH

R
U

S 
1

10
59

 G
A

G
A

A
G

TT
G

A
G

TT
CT

CC
A

CT
C 

   |
 |

||
| 

||
||

o|
|o

||
||

| 
   

TA
CG

CC
CT

TC
-A

CT
CG

A
G

G
G

G
TG

A
CG

G
CC

G
TG

D
T3

0.
00

1.
27

0.
00

0.
00

50
8

1.
57

21
22

-0
.1

8

G
TT

TG
CC

A
A

CA
TG

TC
TT

CT
TT

 (
-)

21
0.

01
6.

52
0.

01
4.

24
B

na
A

02
g3

57
80

D
A

CT
 d

om
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 A
CR

4 
14

04
 G

TT
TG

CC
A

A
CA

TG
TC

TT
CT

TT
    

||
||

| 
||

||
| 

|o
||

 |
|o

| 
   

A
G

TG
CA

A
A

CT
G

TT
G

TT
CG

G
A

TG
A

G
A

TA
G

G
CA

G
D

T3
0.

00
0.

05
0.

00
0.

00
11

8
1.

08
15

4
0.

21

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
21

0.
01

54
.2

7
0.

02
40

.6
9

B
na

Cn
ng

74
00

0D
un

kn
ow

n
11

78
 T

CT
TT

G
TC

A
CT

CT
CG

TG
TG

CT
    

||
||

||
||

||
o|

||
| 

o|
 |

| 
   

TC
TA

A
G

A
A

A
CA

G
TG

G
G

A
G

CT
TA

G
G

A
A

G
TA

G
A

G
D

T3
0.

00
0.

05
0.

00
0.

00
15

40
0.

00
23

83
-1

.1
0

TC
A

A
G

CA
CT

G
A

TA
TG

TT
CT

CG
 (

-)
21

0.
00

23
.2

0
0.

02
13

.8
6

B
na

A
03

g4
60

10
D

un
kn

ow
n

11
54

 T
CA

A
G

CA
CT

G
A

TA
TG

TT
CT

CG
    

||
||

||
||

o|
| 

|o
o 

||
||

    
A

A
CT

A
G

TT
CG

TG
G

CT
CT

G
TT

A
G

A
G

A
TC

A
G

A
CG

D
T3

0.
00

1.
18

0.
00

0.
00

51
7

-0
.9

4
36

8
0.

15

TC
TC

CT
TC

TT
CT

CC
TT

CT
CT

G
 (

-)
21

0.
00

3.
37

0.
00

2.
64

B
na

A
09

g4
06

50
D

 F
A

TT
Y 

A
CI

D
 E

X
PO

R
T 

7 
94

 T
CT

CC
TT

CT
TC

TC
CT

TC
TC

TG
    

||
| 

||
||

||
||

 |
||

||
||

| 
   

A
A

G
A

A
G

A
A

G
A

A
G

A
A

G
A

A
G

A
A

G
A

G
A

CA
CA

A
G

A
G

D
T3

0.
00

0.
73

0.
00

0.
00

10
69

0.
54

18
26

0.
00

CA
G

A
TT

CC
CT

CT
CT

TT
TG

TG
C 

(-
)

21
0.

00
13

.1
0

0.
00

10
.5

8
B

na
C0

7g
39

31
0D

M
ag

ne
si

um
 p

ro
to

po
rp

hy
ri

n 
IX

 m
et

hy
lt

ra
ns

fe
ra

se
, 

ch
lo

ro
pl

as
ti

c
36

 C
A

G
A

TT
CC

CT
CT

CT
TT

TG
TG

C 
   |

||
| 

||
 |

||
||

||
o|

 |
||

    
TT

G
A

G
TC

TT
A

G
TG

A
G

A
G

A
A

G
A

G
A

CG
A

TT
TC

TT
D

T3
0.

00
0.

05
0.

00
0.

00
0

N
A

0
N

A

TG
CA

G
A

G
A

A
A

TC
TT

CA
G

G
A

TC
 (

-)
21

0.
02

40
.3

8
0.

00
31

.9
4

B
na

A
03

g2
83

70
D

un
kn

ow
n

91
6

 T
G

CA
G

A
G

A
A

A
TC

TT
CA

G
G

A
TC

    
||

||
 |

||
||

| 
||

||
|o

||
    

TA
A

A
A

CG
T-

TC
TT

TA
A

A
A

G
TC

TT
A

A
TG

TA
A

A
T

D
T3

0.
00

0.
50

0.
00

0.
00

10
12

57
1.

32
5

-0
.0

8

CT
TG

A
G

CT
G

G
TT

CC
TT

A
TC

A
A

 (
-)

21
0.

00
3.

15
0.

00
1.

84
B

na
C0

4g
01

05
0D

D
N

A
-d

ir
ec

te
d 

R
N

A
 p

ol
ym

er
as

e 
II 

su
bu

ni
t 

2
55

25
 C

TT
G

A
G

CT
G

G
TT

-C
CT

TA
TC

A
A

    
||

| 
||

||
||

||
 |

||
| 

| 
||

    
G

CG
G

G
A

A
G

TC
G

A
CC

A
A

CG
G

A
A

CA
A

TT
CT

A
A

A
C

D
T3

0.
00

2.
54

0.
00

0.
00

74
1

0.
77

10
11

0.
04

A
A

TC
G

A
CG

A
A

G
A

G
G

TT
CC

TC
T 

(-
)

21
0.

01
6.

25
0.

00
3.

43
B

na
A

06
g1

36
20

D
B

R
A

SS
IN

A
ZO

LE
-R

ES
IS

TA
N

T 
2 

83
6

 A
A

TC
G

A
CG

A
A

G
A

G
G

TT
CC

TC
T 

   |
| 

||
||

||
||

 |
o|

o|
|o

|o
    

CT
CC

TT
CG

CT
G

CT
TC

CC
TA

G
G

G
G

G
G

CA
A

G
G

A
C

D
T3

0.
00

0.
09

0.
00

0.
00

45
41

-0
.9

4
55

46
-0

.6
1

G
CT

CG
G

A
TT

G
TC

TC
TT

CG
CT

T 
(-

)
21

0.
00

19
.9

0
0.

01
8.

93
B

na
C0

7g
39

75
0D

Pr
e-

m
R

N
A

 c
le

av
ag

e 
fa

ct
or

 Im
 2

5 
kD

a 
su

bu
ni

t 
2 

10
98

 G
CT

CG
G

A
TT

G
TC

TC
TT

CG
CT

T 
   |

| 
||

o|
||

|o
||

|o
  |

||
| 

   
TG

G
TC

G
-G

CT
TA

A
CG

G
A

G
G

TT
CG

A
A

TG
A

CC
A

G
D

T3
0.

00
0.

05
0.

00
0.

00
10

69
-0

.1
3

97
1

0.
36

TC
G

G
TT

CT
G

TT
CT

TC
A

G
G

TA
T 

(-
)

21
0.

00
4.

80
0.

00
2.

98
B

na
A

10
g0

47
30

D
un

kn
ow

n
26

94
 T

CG
G

TT
CT

G
TT

CT
TC

A
G

G
TA

T 
   |

|o
|o

||
||

||
 |

 |
||

o|
| 

   
G

A
A

G
A

G
TC

G
A

G
A

CA
A

-A
TG

TC
TA

TT
CT

TT
TT

T
D

T3
0.

00
0.

05
0.

00
0.

00
13

87
5

0.
43

20
44

8
0.

46

G
TT

TG
CC

A
A

CA
TG

TC
TT

CT
TT

 (
-)

21
0.

01
6.

52
0.

01
4.

24
B

na
A

10
g0

99
60

D
un

kn
ow

n
12

71
 G

TT
TG

CC
A

A
CA

TG
TC

TT
CT

TT
    

||
||

||
||

 |
 |

||
||

| 
||

o 
   

G
G

CC
CA

A
A

CG
G

TG
G

-A
CA

G
A

A
A

A
A

G
A

G
TA

G
G

G
D

T3
0.

00
0.

91
0.

00
0.

00
25

50
0.

37
24

08
0.

58

TA
A

TT
TT

G
A

A
G

TT
A

G
CT

TT
G

A
 (

-)
21

0.
01

5.
86

0.
00

5.
20

B
na

A
09

g3
20

00
D

ST
R

IC
TO

SI
D

IN
E 

SY
N

TH
A

SE
-L

IK
E 

5 
15

12
 T

A
A

TT
TT

G
A

A
G

TT
A

G
CT

TT
G

A
    

||
||

 |
||

||
 |

 |
o|

||
||

| 
   

G
A

A
TA

TT
A

TA
A

CT
T-

A
TT

TG
A

A
A

CT
A

TA
TC

TT
D

T3
0.

00
0.

32
0.

00
0.

00
45

0
0.

20
30

5
0.

57

CT
CC

TT
CT

CT
G

CC
TG

CT
TT

TG
 (

-)
21

0.
00

3.
86

0.
00

3.
42

B
na

A
07

g3
78

40
D

Tr
io

se
ph

os
ph

at
e 

is
om

er
as

e,
 c

yt
os

ol
ic

36
2

 C
TC

CT
TC

TC
TG

CC
TG

CT
TT

TG
    

||
||

o|
||

||
 |

||
 |

||
 |

| 
   

G
A

G
A

G
A

G
G

G
A

G
A

G
A

G
G

G
A

G
G

A
A

TA
CA

TG
TA

CT
D

T3
0.

00
0.

05
0.

00
0.

00
9

0.
00

2
0.

20

A
A

TC
G

A
CG

A
A

G
A

G
G

TT
CC

TC
T 

(-
)

21
0.

01
6.

25
0.

00
3.

43
B

na
A

03
g5

67
10

D
14

-3
-3

-l
ik

e 
pr

ot
ei

n 
G

F1
4 

m
u

44
3

 A
A

TC
G

A
CG

A
A

G
A

G
G

TT
CC

TC
T 

   |
||

||
||

 |
||

o|
 |

||
||

o 
   

CG
A

G
CT

A
G

CT
G

C-
TC

TT
CT

A
G

G
A

G
G

TG
CT

TC
G

D
T3

0.
00

0.
82

0.
00

0.
00

20
66

0
-0

.4
2

17
26

2
0.

02

G
TT

TG
CC

A
A

CA
TG

TC
TT

CT
TT

 (
-)

21
0.

01
6.

52
0.

01
4.

24
B

na
C0

9g
32

42
0D

un
kn

ow
n

10
67

 G
TT

TG
CC

A
A

CA
TG

TC
TT

CT
TT

    
||

||
||

||
 |

| 
||

||
| 

||
o 

   
G

G
CC

CA
A

A
CG

G
TG

G
T-

CA
G

A
A

A
A

A
G

A
G

TA
G

G
G

D
T3

0.
00

0.
91

0.
00

0.
00

12
65

0.
60

12
41

1.
16

TT
G

CA
A

TA
CA

A
CT

TG
G

A
A

CT
T 

(-
)

21
0.

07
14

7.
07

0.
10

12
2.

43
B

na
A

09
g0

38
90

D
60

S 
ri

bo
so

m
al

 p
ro

te
in

 L
18

-2
18

02
 T

TG
CA

A
TA

CA
A

CT
TG

G
A

A
CT

T 
   |

o|
||

|o
| 

| 
||

|o
||

 |
||

    
TT

G
G

A
G

CG
TT

G
T-

TG
G

A
A

TC
TG

G
A

A
CT

TT
G

G
T

D
T3

0.
00

0.
95

0.
00

0.
00

54
62

-0
.4

5
42

50
-0

.3
3



  

 

TC
CT

G
AA

G
AT

TT
CT

CT
G

CA
 (+

)
19

0.
00

2.
72

0.
01

2.
18

Bn
aC

05
g0

20
20

D
Pr

ob
ab

le
 s

er
in

e/
th

re
on

in
e-

pr
ot

ei
n 

ki
na

se
 A

t1
g5

46
10

30
25

 TC
CT

GA
AG

AT
TT

CT
CT

GC
A 

   |
||

||
||

| |
 o

||
 | 

||
    

TT
TA

AG
GA

CT
TC

GA
CG

GA
CA

-G
TA

CA
AG

GA
GT

TT
1

0.
00

0.
00

0.
00

0.
03

37
4

0.
79

93
7

-0
.2

4

TA
CC

AG
AA

CT
CA

TC
G

AA
G

C 
(+

)
19

0.
00

1.
79

0.
00

2.
25

Bn
aA

05
g0

55
90

D
N

em
at

od
e 

re
si

st
an

ce
 p

ro
te

in
-li

ke
 H

SP
RO

2
12

38
 TA

CC
AG

AA
CT

CA
TC

GA
AG

C 
   |

 ||
||

||
||

| o
| |

||
    

    
    

 
AC

CG
A-

GG
TC

TT
GA

GA
GG

GT
TC

TT
GC

AG
AA

GC
TT

1
0.

00
0.

00
0.

00
17

0.
97

20
94

6
-0

.2
7

12
27

7
0.

61

TA
CC

AG
AA

CT
CA

TC
G

AA
G

C 
(+

)
19

0.
00

1.
79

0.
00

2.
25

Bn
aC

05
g1

65
20

D
N

em
at

od
e 

re
si

st
an

ce
 p

ro
te

in
-li

ke
 H

SP
RO

2
22

7
 TA

CC
AG

AA
CT

CA
TC

GA
AG

C 
   |

 ||
||

||
||

| o
| |

||
    

    
    

 
AC

CG
A-

GG
TC

TT
GA

GA
GG

GT
TC

TT
GC

AG
AA

TC
TT

1
0.

00
0.

00
0.

00
0.

12
0

N
A

3
0.

63

TA
CC

AG
AA

CT
CA

TC
G

AA
G

C 
(+

)
19

0.
00

1.
79

0.
00

2.
25

Bn
aC

04
g0

53
70

D
N

em
at

od
e 

re
si

st
an

ce
 p

ro
te

in
-li

ke
 H

SP
RO

2
57

2
 TA

CC
AG

AA
CT

CA
TC

GA
AG

C 
   |

 ||
||

||
||

| o
| |

||
    

    
    

 
AC

CG
A-

GG
TC

TT
GA

GA
GG

GT
TC

TT
AC

AG
AA

TC
TT

1
0.

00
0.

00
0.

00
17

0.
97

0
N

A
15

3
0.

54

TG
AA

G
AA

CA
G

AA
CC

G
AG

AA
 (+

)
19

0.
00

2.
77

0.
00

2.
00

Bn
aA

05
g0

64
90

D
Va

cu
ol

ar
 c

at
io

n/
pr

ot
on

 e
xc

ha
ng

er
 1

37
99

 TG
AA

GA
AC

AG
AA

CC
GA

GA
A 

   |
||

| |
| |

||
||

 ||
o|

    
TC

TT
AC

TT
-T

TA
TC

TT
GT

CT
TT

CG
TA

TG
TA

TC
TT

1
0.

00
0.

00
0.

00
0.

06
56

21
8

0.
06

37
59

6
0.

41

TA
CC

AG
AA

CT
CA

TC
G

AA
G

C 
(+

)
19

0.
00

1.
79

0.
00

2.
25

Bn
aC

01
g0

86
80

D
N

em
at

od
e 

re
si

st
an

ce
 p

ro
te

in
-li

ke
 H

SP
RO

2
22

7
 TA

CC
AG

AA
CT

CA
TC

GA
AG

C 
   |

 ||
||

||
||

| o
| |

||
    

    
    

 
AC

CG
A-

GG
TC

TT
GA

GA
GG

GT
TC

TT
GC

AG
AA

TC
TT

1
0.

00
0.

00
0.

00
0.

12
0

N
A

48
0.

50

TA
CC

AG
AA

CT
CA

TC
G

AA
G

C 
(+

)
19

0.
00

1.
79

0.
00

2.
25

Bn
aC

08
g2

70
70

D
N

em
at

od
e 

re
si

st
an

ce
 p

ro
te

in
-li

ke
 H

SP
RO

2
22

7
 TA

CC
AG

AA
CT

CA
TC

GA
AG

C 
   |

 ||
||

||
||

| o
| |

||
    

    
    

 
AC

CG
A-

GG
TC

TT
GA

GA
GG

GT
TC

TT
GC

AG
AA

TA
TT

1
0.

00
0.

00
0.

00
0.

12
0

N
A

48
0.

50

TC
CT

G
AA

G
AT

TT
CT

CT
G

CA
 (+

)
19

0.
00

2.
72

0.
01

2.
18

Bn
aA

10
g0

21
10

D
Pr

ob
ab

le
 s

er
in

e/
th

re
on

in
e-

pr
ot

ei
n 

ki
na

se
 A

t1
g5

46
10

29
20

 TC
CT

GA
AG

AT
TT

CT
CT

GC
A 

   |
||

||
||

| |
 o

||
 | 

||
    

TT
TA

AG
GA

CT
TC

GA
CG

GA
CA

-G
TA

CA
AG

AA
GT

TT
1

0.
00

0.
00

0.
00

0.
03

16
8

1.
22

89
6

-0
.4

5

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
 (-

)
21

0.
01

11
.6

3
0.

00
9.

29
Bn

aC
05

g1
28

20
D

FA
M

32
A

64
7

 TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C 
   |

 ||
||

||
||

 ||
||

| |
| |

    
AA

CA
AA

GA
AG

AA
GA

AG
AA

GA
-A

CT
GA

GG
TG

GA
TT

1
0.

00
0.

00
0.

00
16

9.
36

41
96

-0
.3

9
21

81
0.

07

AT
G

TT
G

AG
TT

TT
TA

TA
TT

TT
 (-

)
20

0.
00

0.
34

0.
00

2.
48

Bn
aC

03
g1

74
80

D
Pe

nt
at

ric
op

ep
tid

e 
re

pe
at

-c
on

ta
in

in
g 

pr
ot

ei
n 

At
2g

31
40

0,
 

ch
lo

ro
pl

as
tic

27
50

 A
TG

TT
GA

GT
TT

TT
AT

AT
TT

T  
   |

 ||
||

||
||

||
 ||

||
 | 

   
AA

AA
AA

AA
AC

TC
AA

AA
AC

AT
AA

TA
GA

GC
AC

TG
TT

1
0.

00
0.

00
0.

00
0.

09
54

9
-0

.6
6

52
9

0.
33

TT
TT

CC
TT

TA
AC

TG
TG

TG
CT

T 
(-

)
21

0.
00

31
.8

7
0.

01
19

.9
1

Bn
aC

07
g4

30
40

D
CB

L-
in

te
ra

ct
in

g 
se

rin
e/

th
re

on
in

e-
pr

ot
ei

n 
ki

na
se

 6
11

56
 TT

TT
CC

TT
TA

AC
TG

TG
TG

CT
T  

  |
o|

||
||

| |
||

| |
||

||
 o

    
TC

AG
AG

AA
GG

AA
TT

TG
A-

AC
AC

GT
GC

CT
CT

CT
TT

1
0.

00
0.

00
0.

00
0.

03
75

28
-1

.2
9

40
24

-0
.6

5

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
 (-

)
21

0.
01

11
.6

3
0.

00
9.

29
Bn

aA
07

g0
19

40
D

N
uc

le
ol

ar
 c

om
pl

ex
 p

ro
te

in
 2

 h
om

ol
og

36
49

 TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C 
   |

 ||
||

||
||

| |
o 

||
| |

|  
  

AC
CA

AA
GA

AG
AA

GA
GA

AG
AA

GA
AG

GA
GA

CG
GA

TT
1

0.
00

0.
00

0.
00

0.
18

99
-0

.2
3

18
2

-0
.0

1

TT
TG

AA
AT

CA
CA

TC
AC

AA
TT

G
 (-

)
21

0.
04

10
6.

27
0.

04
74

.9
6

Bn
aA

06
g0

40
90

D
D

ih
yd

ro
lip

oy
l d

eh
yd

ro
ge

na
se

 1
, m

ito
ch

on
dr

ia
l

14
79

 TT
TG

AA
AT

CA
CA

TC
AC

-A
AT

TG
    

oo
||

 ||
||

||
||

| |
 ||

|o
|  

  
AC

CA
GG

AC
CT

TA
GT

GT
AG

AG
GT

TA
GC

GT
AT

GT
TT

1
0.

00
0.

00
0.

00
0.

21
63

39
-0

.5
0

74
45

-0
.2

8

CA
G

AG
AA

G
G

AG
AA

G
AA

G
G

AG
A 

(+
)

21
0.

00
16

.4
2

0.
00

12
.7

8
Bn

aC
04

g4
55

50
D

Ph
os

ph
at

id
yl

in
os

ito
l:c

er
am

id
e 

in
os

ito
lp

ho
sp

ho
tr

an
sf

er
as

e 
2

27
 C

AG
AG

AA
GG

AG
AA

GA
AG

GA
GA

    
||

||
 ||

o|
||

 ||
||

o|
o|

    
CT

CT
CT

CT
C-

TC
TT

CT
AC

TT
CT

TT
TA

TC
TA

AA
TT

2
0.

00
0.

00
0.

00
0.

65
11

05
6

-1
.1

2
10

11
0

-0
.7

8

CA
AG

CG
AA

G
AG

AC
AA

TC
CG

AG
C 

(+
)

22
0.

00
6.

69
0.

01
6.

13
Bn

aC
03

g7
20

10
D

Aq
ua

po
rin

 P
IP

2-
2

42
 C

AA
GC

GA
AG

AG
AC

AA
TC

CG
AG

C 
   |

 ||
| |

||
| |

||
| |

||
|o

|  
  

GA
AC

GC
TC

GG
TT

CT
-T

GT
TC

GG
CT

TG
CA

GT
GG

TT
2

0.
00

0.
00

0.
00

18
.1

4
83

7
-1

.7
6

11
38

-1
.7

5

TT
G

AT
CC

TG
AA

G
AT

TT
CT

CT
G

 (+
)

21
0.

01
8.

69
0.

00
5.

64
Bn

aA
03

g3
96

50
D

Ca
lc

iu
m

 s
en

si
ng

 re
ce

pt
or

, c
hl

or
op

la
st

ic
15

2
 TT

GA
TC

CT
GA

AG
AT

TT
CT

CT
G 

   |
||

 | 
||

||
||

|o
||

|  
||

    
CG

TC
AA

CA
AT

GA
CT

TC
TG

AA
GT

AA
CG

GT
AG

AG
TT

2
0.

00
0.

00
0.

00
20

.6
2

34
86

0
-0

.9
0

25
55

7
-1

.1
0

CA
G

AG
AA

G
G

AG
AA

G
AA

G
G

AG
A 

(+
)

21
0.

00
16

.4
2

0.
00

12
.7

8
Bn

aA
06

g3
21

00
D

Eu
ka

ry
ot

ic
 tr

an
sl

at
io

n 
in

iti
at

io
n 

fa
ct

or
 3

 s
ub

un
it 

I 
16

75
 C

AG
AG

AA
GG

AG
AA

GA
AG

GA
GA

    
||

||
 ||

o|
||

||
||

o 
|o

|  
  

CT
CT

CT
CT

C-
TC

TT
CT

TC
TT

TG
TT

TT
GT

AT
AG

TT
2

0.
00

0.
00

0.
00

0.
65

67
6

-0
.1

1
76

8
0.

33

TT
G

AT
CC

TG
AA

G
AT

TT
CT

CT
G

 (+
)

21
0.

01
8.

69
0.

00
5.

64
Bn

aC
nn

g4
07

90
D

Ca
lc

iu
m

 s
en

si
ng

 re
ce

pt
or

, c
hl

or
op

la
st

ic
14

6
 TT

GA
TC

CT
GA

AG
AT

TT
CT

CT
G 

   |
||

 | 
||

||
||

|o
||

|  
||

    
CG

TC
AA

CA
AT

GA
CT

TC
TG

AA
GT

AA
CG

GT
AG

AG
TT

2
0.

00
0.

00
0.

00
20

.6
2

31
41

7
-1

.0
8

19
18

2
-1

.1
5

G
G

CA
G

AG
AA

G
G

AG
AA

G
AA

G
G

A 
(+

)
21

0.
00

14
.9

2
0.

00
15

.6
7

Bn
aC

01
g0

26
00

D
Ch

ap
er

on
e 

pr
ot

ei
n 

dn
aJ

 1
1,

 c
hl

or
op

la
st

ic
53

 G
GC

AG
AG

AA
GG

AG
AA

GA
-A

GG
A 

   |
||

 ||
||

||
o|

||
 ||

 ||
||

    
CT

CT
CC

GC
CT

CT
TC

TT
CT

CC
TC

TC
CT

TC
CC

TA
TT

2
0.

00
0.

00
0.

00
0.

13
14

22
9

0.
09

11
68

8
0.

24

G
TT

TG
CC

AA
CA

TG
TC

TT
CT

TT
 (-

)
21

0.
01

6.
52

0.
01

4.
24

Bn
aC

02
g1

89
10

D
AC

T 
do

m
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 A
CR

4
18

06
 G

TT
TG

CC
AA

CA
TG

TC
TT

CT
TT

    
||

|o
| |

||
||

 |o
||

 ||
o|

    
AG

TG
CA

AG
CT

GT
TG

TT
CG

GA
TG

AG
AT

AG
GC

AG
TT

2
0.

00
0.

00
0.

00
13

.7
0

12
3

1.
28

18
3

-0
.0

8

TC
TT

CT
CC

TT
CT

CT
G

CC
TG

CT
 (-

)
21

0.
00

14
.5

3
0.

00
10

.4
1

Bn
aA

06
g0

34
70

D
Zi

nc
 fi

ng
er

 C
CC

H
 d

om
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 3
8

26
57

 TC
TT

CT
CC

TT
CT

CT
GC

CT
GC

T  
  |

||
||

| |
||

||
||

 | 
| |

|  
  

AA
GA

AG
AA

GA
AG

AA
GA

GA
-G

AA
AG

AG
AG

AC
AG

TT
2

0.
00

0.
00

0.
00

0.
13

21
4

0.
34

38
8

0.
11

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
T 

(-
)

22
0.

00
1.

17
0.

00
1.

92
Bn

aA
03

g0
67

80
D

un
kn

ow
n

44
15

 TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

CT
    

||
||

||
||

||
 ||

| |
|o

  |
|  

  
GA

AC
AG

GA
AG

AA
GA

AG
AA

CA
GG

AA
GA

AG
AA

GA
TT

2
0.

00
0.

00
0.

00
13

.1
8

18
1

0.
98

35
7

0.
45

CC
TT

CT
TC

TC
CT

TC
TC

TG
CC

T 
(-

)
21

0.
00

11
.1

7
0.

00
8.

13
Bn

aA
nn

g2
93

50
D

un
kn

ow
n

55
9

 C
CT

TC
TT

CT
CC

TT
CT

CT
GC

CT
    

||
||

|o
||

| |
||

||
oo

 ||
    

TG
TC

AG
AA

GA
GG

AG
-A

AG
AG

GT
CG

AA
CG

AA
TT

TT
2

0.
00

0.
00

0.
00

14
.4

8
26

39
-0

.0
4

56
80

1.
49

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
 (-

)
21

0.
01

11
.6

3
0.

00
9.

29
Bn

aC
06

g0
09

30
D

D
N

A 
re

pl
ic

at
io

n 
lic

en
si

ng
 fa

ct
or

 M
CM

2
16

7
TC

CT
TC

TT
C-

TC
CT

TC
TC

TG
CC

    
| |

||
||

||
 ||

||
o|

||
o|

 | 
   

TA
GA

AG
AA

GA
AG

AA
GG

AG
GA

GG
CC

GA
GT

AG
AG

TT
2

0.
00

0.
00

0.
00

0.
13

57
-0

.3
3

29
0.

12

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
T 

(-
)

22
0.

00
1.

17
0.

00
1.

92
Bn

aA
01

g1
41

70
D

un
kn

ow
n

29
 TC

CT
TC

TT
CT

CC
TT

CT
CT

GC
CT

    
o 

||
||

||
 ||

||
||

| |
| |

|  
  

AG
CT

GT
GA

AG
AA

-A
GG

AA
GA

AA
CC

GA
TC

AT
CA

TT
2

0.
00

0.
00

0.
00

3.
26

18
37

-0
.1

3
12

48
-0

.4
2

TC
TC

CT
TC

TT
CT

CC
TT

CT
CT

G
 (-

)
21

0.
00

3.
37

0.
00

2.
64

Bn
aA

07
g2

28
80

D
An

oc
ta

m
in

-li
ke

 p
ro

te
in

 A
t1

g7
30

20
13

8
 TC

TC
CT

TC
TT

CT
CC

TT
CT

CT
G 

   |
||

 ||
||

||
||

 ||
||

||
 | 

   
AA

GA
AG

AA
GA

AG
AA

GA
AG

AA
GA

G-
CT

CA
GG

AG
TT

2
0.

00
0.

00
0.

00
0.

13
0

N
A

0
N

A

TC
TC

CT
TC

TT
CT

CC
TT

CT
CT

G
 (-

)
21

0.
00

3.
37

0.
00

2.
64

Bn
aC

nn
g1

78
60

D
un

kn
ow

n
23

77
 TC

TC
CT

TC
TT

CT
CC

TT
CT

CT
G 

   |
||

 ||
||

||
||

 ||
||

| |
o 

   
TA

GA
AG

AA
GA

AG
AA

GA
AG

AA
GA

AA
TA

GT
AG

TA
TT

2
0.

00
0.

00
0.

00
22

.5
7

24
25

-0
.3

8
35

87
-0

.5
9

TC
TC

CT
TC

TT
CT

CC
TT

CT
CT

G
 (-

)
21

0.
00

3.
37

0.
00

2.
64

Bn
aC

07
g1

53
80

D
D

eh
yd

rin
 E

RD
10

78
7

 TC
TC

CT
TC

TT
CT

CC
TT

CT
C-

TG
    

||
o|

 ||
||

||
||

||
o|

 | 
||

    
TC

TT
AG

GG
AA

AG
AA

GA
GG

AG
GC

GT
AC

GA
GG

CG
TT

2
0.

00
0.

00
0.

00
15

.4
0

16
37

9
-0

.3
3

24
73

2
-0

.4
2

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
T 

(-
)

22
0.

00
1.

17
0.

00
1.

92
Bn

aC
06

g0
09

30
D

D
N

A 
re

pl
ic

at
io

n 
lic

en
si

ng
 fa

ct
or

 M
CM

2
16

7
TC

CT
TC

TT
C-

TC
CT

TC
TC

TG
CC

T  
  |

 ||
||

||
| |

||
|o

||
|o

| |
|  

  
TA

GA
AG

AA
GA

AG
AA

GG
AG

GA
GG

CC
GA

GT
AG

AG
TT

2
0.

00
0.

00
0.

00
0.

13
57

-0
.3

3
29

0.
12

G
AA

G
AG

AC
AC

AG
TT

G
G

AG
G

 (-
)

19
0.

00
2.

47
0.

00
3.

06
Bn

aC
05

g1
70

50
D

Pr
ot

ea
so

m
e 

su
bu

ni
t b

et
a 

ty
pe

-3
-A

60
GA

AG
AG

A-
CA

CA
GT

TG
GA

GG
    

||
||

|o
| |

 ||
| o

||
||

|  
  

CT
TC

TT
CT

TT
AG

AG
TC

TG
CC

TC
CT

CT
CT

CT
CT

TT
2

0.
00

0.
00

0.
00

5.
74

23
60

0.
23

24
10

0.
96

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
T 

(-
)

22
0.

00
1.

17
0.

00
1.

92
Bn

aA
nn

g2
90

30
D

D
eh

yd
rin

 E
RD

14
52

7
 TC

CT
TC

TT
CT

CC
TT

C-
TC

TG
CC

T  
  |

||
||

||
||

| |
||

| |
||

 | 
o 

   
GA

AC
AG

GA
AG

AA
GA

AG
AA

GG
AG

AA
GA

GT
GG

TA
TT

2
0.

00
0.

00
0.

00
13

.1
8

92
93

9
-0

.0
4

94
65

2
-1

.3
7

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
 (-

)
21

0.
01

11
.6

3
0.

00
9.

29
Bn

aA
nn

g2
90

30
D

D
eh

yd
rin

 E
RD

14
52

7
 TC

CT
TC

TT
CT

CC
TT

C-
TC

TG
CC

    
||

||
||

||
||

 ||
||

 ||
| |

    
GA

AC
AG

GA
AG

AA
GA

AG
AA

GG
AG

AA
GA

GT
GG

TA
TT

2
0.

00
0.

00
0.

00
13

.1
8

92
93

9
-0

.0
4

94
65

2
-1

.3
7



  

 

G
AA

G
AG

AC
AC

AG
TT

G
G

AG
G

 (-
)

19
0.

00
2.

47
0.

00
3.

06
Bn

aC
08

g0
59

80
D

Cy
to

ch
ro

m
e 

c 
ox

id
as

e 
su

bu
ni

t 6
b-

1
19

1
 G

A
A

G
A

G
A

CA
CA

G
-T

TG
G

A
G

G
    

 o
 |

||
||

 |
||

| 
||

||
||

o 
   

TC
TC

TC
TC

TC
TC

TG
TC

G
A

A
CC

TC
TT

CT
TA

TT
A

TT
2

0.
00

0.
00

0.
00

1.
17

74
0

-0
.6

6
61

0
-0

.4
0

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
T 

(-
)

22
0.

00
1.

17
0.

00
1.

92
Bn

aA
02

g3
60

30
D

D
eh

yd
rin

 E
RD

14
51

7
 T

CC
TT

CT
TC

TC
CT

TC
-T

CT
G

CC
T 

   |
||

||
||

||
| 

||
||

 |
||

 |
 o

    
G

A
A

CA
G

G
A

A
G

A
A

G
A

A
G

A
A

G
G

A
G

A
A

G
A

G
TG

G
TA

TT
2

0.
00

0.
00

0.
00

13
.1

8
56

90
6

0.
21

12
88

84
-1

.3
6

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
 (-

)
21

0.
01

11
.6

3
0.

00
9.

29
Bn

aA
02

g3
60

30
D

D
eh

yd
rin

 E
RD

14
51

7
 T

CC
TT

CT
TC

TC
CT

TC
-T

CT
G

CC
    

||
||

||
||

||
 |

||
| 

||
| 

| 
   

G
A

A
CA

G
G

A
A

G
A

A
G

A
A

G
A

A
G

G
A

G
A

A
G

A
G

TG
G

TA
TT

2
0.

00
0.

00
0.

00
13

.1
8

56
90

6
0.

21
12

88
84

-1
.3

6

AG
AG

G
AA

CC
TC

TT
CG

TC
G

AT
T 

(+
)

21
0.

08
16

8.
57

0.
10

15
0.

66
Bn

aC
05

g1
65

20
D

N
em

at
od

e 
re

si
st

an
ce

 p
ro

te
in

-li
ke

 H
SP

RO
2

85
 A

G
A

G
G

A
A

CC
TC

TT
CG

TC
G

A
TT

    
||

|o
||

||
||

||
||

|o
| 

|o
o 

   
CG

CT
TC

TT
CT

TG
G

A
G

A
A

G
CG

G
-T

G
G

CG
A

A
G

G
T

TT
3

0.
00

0.
00

0.
00

0.
09

0
N

A
3

0.
63

AG
AA

AT
AC

TG
AA

AC
AA

AG
TT

G
 (+

)
21

0.
00

3.
65

0.
00

2.
67

Bn
aC

07
g4

55
70

D
CM

P-
si

al
ic

 a
ci

d 
tr

an
sp

or
te

r 4
52

0
 A

G
A

A
A

TA
CT

G
A

A
A

CA
A

A
G

TT
G

    
|o

| 
||

||
||

||
||

| 
||

 o
| 

   
TA

CG
TT

TA
TA

TG
A

CT
TT

G
TC

TC
TG

CT
G

G
G

A
CG

TT
3

0.
00

0.
00

0.
00

0.
23

61
-0

.3
5

12
0.

35

G
G

CA
G

AG
AA

G
G

AG
AA

G
AA

G
G

A 
(+

)
21

0.
00

14
.9

2
0.

00
15

.6
7

Bn
aC

09
g0

78
30

D
Pr

ot
ei

n 
in

de
te

rm
in

at
e-

do
m

ai
n 

1 
97

3
 G

G
CA

G
A

G
A

A
G

G
A

G
A

A
G

A
A

G
G

A
    

||
| 

||
||

||
||

||
||

 |
||

| 
   

TC
CG

CC
G

CC
TC

TT
CC

TC
TT

CC
TC

CT
CC

TC
TT

A
TT

3
0.

00
0.

00
0.

00
0.

05
25

1
0.

00
55

7
0.

38

G
G

AA
AC

AG
CG

CT
G

AG
G

AA
G

CT
 (+

)
21

0.
04

25
.9

8
0.

02
20

.1
4

Bn
aA

nn
g0

70
00

D
N

AC
 d

om
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 1
00

87
3

 G
G

A
A

A
CA

G
CG

CT
G

A
G

G
A

A
G

CT
    

o|
 |

||
||

 |
||

||
 |

||
||

o 
   

CA
A

TT
C-

TT
G

TC
CC

G
A

CT
A

CT
TC

G
G

TA
A

CT
CA

TT
3

0.
00

0.
00

0.
00

0.
37

60
0

0.
12

25
2

2.
22

AG
AG

G
AA

CC
TC

TT
CG

TC
G

AT
T 

(+
)

21
0.

08
16

8.
57

0.
10

15
0.

66
Bn

aA
01

g0
66

70
D

Pr
ob

ab
le

 c
yc

lic
 n

uc
le

ot
id

e-
ga

te
d 

io
n 

ch
an

ne
l 1

7
25

58
 A

G
A

G
G

A
A

CC
TC

TT
CG

TC
G

A
TT

    
||

 |
||

||
||

||
||

||
o|

o|
    

A
CA

TC
CT

-C
TT

G
G

A
G

A
A

G
CA

G
TT

G
A

G
G

A
G

A
A

C
TT

3
0.

00
0.

00
0.

00
0.

14
83

7
0.

81
19

46
0.

81

CA
AC

AA
AA

TG
G

G
TA

G
AG

AA
G

T 
(+

)
21

0.
00

4.
09

0.
01

2.
72

Bn
aC

nn
g0

71
30

D
U

D
P-

gl
yc

os
yl

tr
an

sf
er

as
e 

71
B2

15
28

 C
A

A
CA

A
A

A
TG

G
G

TA
G

A
G

A
A

G
T 

   |
||

| 
||

||
||

||
|o

| 
||

o|
    

A
TT

G
G

TT
G

CT
TT

A
CC

CA
TT

TG
TT

TA
CT

A
TC

G
C

TT
3

0.
00

0.
00

0.
00

0.
69

60
1

-0
.9

7
51

9
0.

69

AA
AG

TT
G

G
AA

AC
AT

CG
AG

AT
C 

(+
)

21
0.

01
41

.9
3

0.
01

34
.0

7
Bn

aC
nn

g3
22

50
D

Se
rin

e/
th

re
on

in
e-

pr
ot

ei
n 

ki
na

se
 E

D
R1

15
51

 A
A

A
G

TT
G

G
A

A
A

CA
TC

G
A

G
A

TC
    

||
||

o|
| 

||
||

||
| 

||
|o

| 
   

G
A

G
G

TT
TC

G
A

CA
TT

TG
TA

G
-T

CT
G

G
A

CA
TA

A
T

TT
3

0.
00

0.
00

0.
00

0.
05

0
N

A
0

N
A

TG
AG

G
AC

G
AG

AA
G

G
TT

G
TA

AT
 (+

)
21

0.
02

37
.9

9
0.

02
23

.4
0

Bn
aA

03
g3

96
50

D
Ca

lc
iu

m
 s

en
si

ng
 re

ce
pt

or
, c

hl
or

op
la

st
ic

19
17

 T
G

A
G

G
A

CG
A

G
A

A
G

G
TT

G
TA

A
T 

   |
| 

|o
||

||
||

||
 |

||
||

| 
   

G
G

A
CA

CG
CT

TG
CT

CT
TC

-A
A

CA
TT

CT
TA

G
TC

A
TT

3
0.

00
0.

00
0.

00
0.

05
34

86
0

-0
.9

0
25

55
7

-1
.1

0

AG
CA

CA
CG

AG
AG

TG
AC

AA
AG

A 
(+

)
21

0.
01

1.
11

0.
00

1.
39

Bn
aA

07
g3

38
80

D
un

kn
ow

n
97

8
 A

G
CA

CA
CG

A
G

A
G

TG
A

CA
A

A
G

A
    

|o
||

||
||

||
||

||
| 

 |
| 

| 
   

G
G

TG
TT

G
TG

TG
CT

CT
CA

CT
A

A
TT

G
TT

G
TC

CA
A

TT
3

0.
00

0.
00

0.
00

1.
25

89
19

-0
.6

5
90

72
0.

04

AA
TT

AT
G

TC
AC

TG
AT

G
AG

AA
T 

(+
)

21
0.

01
6.

59
0.

01
2.

41
Bn

aC
02

g2
88

90
D

un
kn

ow
n

15
69

A
A

TT
A

TG
TC

-A
CT

G
A

TG
A

G
A

A
T 

   |
||

o|
o|

||
 |

 |
o|

|o
||

||
| 

   
CA

TT
TA

G
TG

CA
G

CT
TA

TT
A

TT
CT

TA
G

TT
TT

TG
TT

3
0.

00
0.

00
0.

00
0.

74
19

16
0.

22
25

03
0.

01

AG
AG

G
AA

CC
TC

TT
CG

TC
G

AT
T 

(+
)

21
0.

08
16

8.
57

0.
10

15
0.

66
Bn

aC
08

g2
70

70
D

N
em

at
od

e 
re

si
st

an
ce

 p
ro

te
in

-li
ke

 H
SP

RO
2

85
 A

G
A

G
G

A
A

CC
TC

TT
CG

TC
G

A
TT

    
||

|o
||

||
||

||
||

|o
| 

|o
o 

   
CG

CT
TC

TT
CT

TG
G

A
G

A
A

G
CG

G
-T

G
G

CG
A

A
G

G
T

TT
3

0.
00

0.
00

0.
00

0.
09

0
N

A
48

0.
50

AG
AA

AT
AC

TG
AA

AC
AA

AG
TT

G
 (+

)
21

0.
00

3.
65

0.
00

2.
67

Bn
aA

07
g3

73
60

D
LO

B 
do

m
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 3
7

43
8

A
G

-A
A

A
TA

CT
G

A
A

A
CA

A
A

G
TT

G
    

||
 |

||
 |

||
||

||
||

||
|o

||
    

A
TC

TC
G

TT
TC

TG
A

CT
TT

G
TT

TC
G

A
CG

CG
TC

TT
TT

3
0.

00
0.

00
0.

00
0.

79
14

52
1

-0
.2

7
69

14
0.

24

G
G

CA
G

AG
AA

G
G

AG
AA

G
AA

G
G

A 
(+

)
21

0.
00

14
.9

2
0.

00
15

.6
7

Bn
aA

07
g2

59
10

D
E3

 u
bi

qu
iti

n-
pr

ot
ei

n 
lig

as
e 

SI
N

A-
lik

e 
2

27
4

G
G

CA
G

-A
G

A
A

G
G

A
G

A
A

G
A

A
G

G
A

    
o|

 |
| 

||
||

|o
||

||
||

||
o|

    
TC

TT
CT

TC
TT

CT
TC

TT
CT

TC
TT

CT
TC

TT
CG

A
C

TT
3

0.
00

0.
00

0.
00

0.
14

1
-0

.0
3

1
0.

30

AG
AA

AT
AC

TG
AA

AC
AA

AG
TT

G
 (+

)
21

0.
00

3.
65

0.
00

2.
67

Bn
aA

03
g4

06
60

D
LO

B 
do

m
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 3
8

42
5

A
G

-A
A

A
TA

CT
G

A
A

A
CA

A
A

G
TT

G
    

||
 |

||
 |

||
||

||
||

||
|o

||
    

A
TC

TC
G

TT
TC

TG
A

CT
TT

G
TT

TC
G

A
CG

TT
TA

CT
TT

3
0.

00
0.

00
0.

00
0.

79
93

0.
06

69
-0

.5
6

AG
AG

G
AA

CC
TC

TT
CG

TC
G

AT
T 

(+
)

21
0.

08
16

8.
57

0.
10

15
0.

66
Bn

aC
01

g0
86

80
D

N
em

at
od

e 
re

si
st

an
ce

 p
ro

te
in

-li
ke

 H
SP

RO
2

85
 A

G
A

G
G

A
A

CC
TC

TT
CG

TC
G

A
TT

    
||

|o
||

||
||

||
||

|o
| 

|o
o 

   
CG

CT
TC

TT
CT

TG
G

A
G

A
A

G
CG

G
-T

G
G

CG
A

A
G

G
T

TT
3

0.
00

0.
00

0.
00

0.
09

0
N

A
48

0.
50

CA
AG

CG
AA

G
AG

AC
AA

TC
CG

AG
C 

(+
)

22
0.

00
6.

69
0.

01
6.

13
Bn

aC
04

g4
78

10
D

Pu
ta

tiv
e 

flu
or

id
e 

io
n 

tr
an

sp
or

te
r C

rc
B 

2 
14

22
 C

A
A

G
CG

A
A

G
A

G
A

CA
A

TC
CG

A
G

C 
   |

 |
||

 |
||

|o
||

 |
||

 |
||

| 
   

CT
CG

G
CT

CG
-T

TC
TT

TG
G

TA
G

A
CT

CG
G

TC
TG

T
TT

3
0.

00
0.

00
0.

00
0.

56
10

57
-0

.2
3

94
5

-0
.1

3

AA
AG

AA
G

AC
AT

G
TT

G
G

CA
AA

C 
(+

)
21

0.
01

23
.8

2
0.

00
11

.7
5

Bn
aA

08
g2

24
10

D
N

AP
1-

re
la

te
d 

pr
ot

ei
n 

2
19

39
 A

A
A

G
A

A
G

A
CA

TG
TT

G
G

CA
A

A
C 

   |
 |

||
||

||
||

||
 o

||
||

| 
   

A
CA

A
TA

TC
TT

CT
G

TA
CA

TT
CG

TT
TA

CC
A

CC
A

A
TT

3
0.

00
0.

00
0.

00
0.

09
23

02
-1

.1
4

18
40

-0
.5

8

AT
CC

TG
AA

G
AT

TT
CT

CT
G

CA
G

 (+
)

21
0.

02
78

.8
7

0.
02

46
.0

4
Bn

aA
10

g0
01

30
D

U
D

P-
gl

uc
ur

on
at

e 
4-

ep
im

er
as

e 
3

36
86

 A
TC

CT
G

A
A

G
A

TT
TC

TC
TG

CA
G

    
||

||
||

||
 |

||
||

||
| 

||
    

G
A

A
TT

A
G

G
A

CT
T-

TA
A

A
G

A
G

A
G

G
TA

TT
A

TG
TT

TT
3

0.
00

0.
00

0.
00

0.
23

46
2

-0
.0

9
11

29
-0

.0
3

AG
AA

AT
AC

TG
AA

AC
AA

AG
TT

G
 (+

)
21

0.
00

3.
65

0.
00

2.
67

Bn
aC

nn
g5

66
20

D
LO

B 
do

m
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 3
7

44
2

A
G

-A
A

A
TA

CT
G

A
A

A
CA

A
A

G
TT

G
    

||
 |

||
 |

||
||

||
||

||
|o

||
    

A
TC

TC
G

TT
TC

TG
A

CT
TT

G
TT

TC
G

A
CG

CG
TG

TT
TT

3
0.

00
0.

00
0.

00
0.

79
87

89
-0

.1
7

79
77

0.
34

G
AG

AA
CA

TA
TC

AG
TG

CT
TG

AA
 (+

)
21

0.
00

5.
87

0.
01

3.
82

Bn
aC

nn
g1

59
00

D
Te

tr
as

pa
ni

n-
3

57
7

 G
A

G
A

A
CA

TA
TC

A
G

TG
CT

TG
A

A
    

o|
||

||
||

||
||

|o
o|

||
  |

    
G

A
CC

TT
CT

TG
TA

TA
G

TC
G

TG
A

A
A

G
TC

CC
TG

CG
TT

3
0.

00
0.

00
0.

00
0.

09
12

23
9

-0
.3

1
15

09
6

0.
58

AT
AC

CT
G

AA
G

AA
CA

G
AA

CC
G

A 
(+

)
21

0.
02

10
7.

91
0.

06
79

.4
3

Bn
aC

01
g1

30
20

D
un

kn
ow

n
37

2
 A

TA
CC

TG
A

A
G

A
A

CA
G

A
A

CC
G

A
    

||
||

||
o|

||
||

  o
||

||
o|

    
A

G
G

CT
A

TG
G

A
TT

TC
TT

TA
TT

TG
G

TT
TC

A
CT

TT
TT

3
0.

00
0.

00
0.

00
0.

09
31

9
-1

.1
7

11
2

-0
.8

8

AA
AG

G
AA

CG
AG

AG
AG

G
CA

AA
A 

(+
)

21
0.

00
11

.5
4

0.
01

8.
84

Bn
aA

09
g1

20
90

D
Pu

ta
tiv

e 
pe

nt
at

ric
op

ep
tid

e 
re

pe
at

-c
on

ta
in

in
g 

pr
ot

ei
n 

At
1g

64
31

0
12

69
 A

A
A

G
G

A
A

CG
A

G
A

G
A

G
G

CA
A

A
A

    
||

|o
| 

||
 |

||
| 

||
||

||
| 

   
CA

CA
TT

TT
C-

TG
G

TC
TC

A
CC

G
TT

TT
A

CA
TG

TT
TT

3
0.

00
0.

00
0.

00
0.

09
12

-0
.5

1
8

-0
.8

8

CG
AG

AA
CA

TA
TC

AG
TG

CT
TG

AA
 (+

)
22

0.
00

5.
81

0.
00

7.
81

Bn
aA

05
g3

40
80

D
Cy

st
at

hi
on

in
e 

ga
m

m
a-

sy
nt

ha
se

 1
, c

hl
or

op
la

st
ic

 
11

01
 C

G
A

G
A

A
CA

TA
TC

A
G

TG
CT

TG
A

A
    

|o
|o

| 
||

||
 |

||
||

||
||

 |
    

TT
CG

G
TT

TT
CG

TA
TT

G
TC

A
CG

A
A

CG
TG

TG
TA

G
TT

3
0.

00
0.

00
0.

00
0.

05
16

48
3

-0
.8

9
72

49
-0

.8
8

CA
G

AG
AA

G
G

AG
AA

G
AA

G
G

AG
AG

 (+
)

22
0.

00
2.

00
0.

00
2.

18
Bn

aC
09

g1
73

10
D

Th
io

re
do

xi
n 

H
-t

yp
e

78
8

 C
A

G
A

G
A

A
G

G
A

G
A

A
G

A
A

G
G

A
G

A
G

    
||

||
||

|o
||

||
||

||
o|

||
o 

   
A

TC
CA

TC
TC

TT
CT

TC
TT

CT
TC

TT
CT

TC
CT

A
TT

TT
3

0.
00

0.
00

0.
00

0.
14

72
37

5
-0

.9
5

58
06

1
-0

.3
5

G
AA

AG
TT

G
G

AA
AC

AT
CG

AG
AT

 (+
)

21
0.

00
5.

75
0.

00
2.

41
Bn

aC
02

g2
79

70
D

un
kn

ow
n

16
50

 G
A

A
A

G
TT

G
G

A
A

A
CA

TC
G

A
G

A
T 

   |
 |

||
||

||
||

||
| 

 o
||

|o
    

TA
TG

C-
TT

CA
A

CC
TT

TG
TT

TT
TC

TG
TC

TT
TC

G
TT

3
0.

00
0.

00
0.

00
0.

37
3

-0
.0

8
20

-0
.2

5

AA
AG

TT
G

G
AA

AC
AT

CG
AG

AT
C 

(+
)

21
0.

01
41

.9
3

0.
01

34
.0

7
Bn

aC
01

g0
11

20
D

Pr
ot

ei
n 

RM
D

5 
ho

m
ol

og
 A

21
77

 A
A

A
G

TT
G

G
A

A
A

CA
TC

G
A

G
A

TC
    

||
| 

||
||

| 
||

o|
||

||
 |

    
CT

A
CC

TT
C-

A
CC

TT
A

G
TG

G
CT

CT
CG

A
CG

A
TG

G
TT

3
0.

00
0.

00
0.

00
0.

14
20

18
1.

10
23

42
0.

43

AG
AA

TT
G

TG
TA

TC
CA

CC
AT

CC
G

 (-
)

22
0.

00
6.

19
0.

00
5.

51
Bn

aA
02

g0
08

80
D

D
EA

D
-b

ox
 A

TP
-d

ep
en

de
nt

 R
N

A 
he

lic
as

e 
56

48
4

 A
G

A
A

TT
G

TG
TA

TC
CA

CC
A

TC
CG

    
||

||
o|

||
||

||
||

 |
||

o 
 o

    
TA

G
G

TC
TT

G
A

CA
CA

TA
G

G
-G

G
TG

CA
TT

G
G

A
G

A
TT

3
0.

00
0.

00
0.

00
0.

19
30

26
0.

46
53

27
0.

53

AG
AA

TT
G

TG
TA

TC
CA

CC
AT

CC
 (-

)
21

0.
00

4.
51

0.
00

2.
37

Bn
aC

09
g2

04
50

D
un

kn
ow

n
20

01
 A

G
A

A
TT

G
TG

TA
TC

CA
CC

A
TC

C 
   |

o|
||

||
| 

||
||

||
 |

 |
||

    
TA

G
G

TT
TT

A
A

CA
-A

TA
G

G
TA

G
A

A
G

G
A

A
CA

CA
C

TT
3

0.
00

0.
00

0.
00

0.
14

21
1

0.
72

85
3

0.
40



  

 

      CA
TC

TT
CA

TA
AT

CC
TC

AA
AG

A 
(-

)
21

0.
02

25
.2

3
0.

00
20

.6
4

Bn
aA

09
g4

74
50

D
As

pa
rt

ic
 p

ro
te

in
as

e 
A1

23
86

 C
AT

CT
TC

AT
AA

TC
CT

CA
AA

GA
    

||
||

|o
||

 ||
||

|o
||

| |
|  

  
AG

TC
GT

AG
AG

GT
CT

TA
GG

GG
TT

-C
TG

GC
AT

TG
TT

3
0.

00
0.

00
0.

00
0.

19
58

68
5

0.
94

92
69

5
1.

33

CA
G

AT
TC

CC
TC

TC
TT

TT
G

TG
C 

(-
)

21
0.

00
13

.1
0

0.
00

10
.5

8
Bn

aC
09

g4
21

90
D

un
kn

ow
n

13
7

 C
AG

AT
TC

CC
TC

TC
TT

TT
GT

GC
    

||
||

||
||

||
||

 |o
||

 ||
|  

  
TA

AT
GT

CT
AA

GG
GA

GA
AA

GA
A-

AC
GC

TG
AA

CC
TT

3
0.

00
0.

00
0.

00
0.

28
0

N
A

1
0.

11

CT
G

CA
CG

TA
TC

CC
TC

AG
G

CA
T 

(-
)

21
0.

00
5.

97
0.

00
3.

05
Bn

aC
06

g4
11

30
D

un
kn

ow
n

26
63

 C
TG

CA
CG

TA
TC

CC
TC

AG
GC

AT
    

|o
||

||
 ||

||
||

||
||

 | 
|  

  
GA

GG
GG

CG
TG

GA
TA

GG
GA

GT
C-

GA
AG

TA
GA

GG
TT

3
0.

00
0.

00
0.

00
0.

28
46

5
1.

00
90

6
0.

59

CA
TC

TT
CA

TA
AT

CC
TC

AA
AG

A 
(-

)
21

0.
02

25
.2

3
0.

00
20

.6
4

Bn
aC

08
g4

17
20

D
As

pa
rt

ic
 p

ro
te

in
as

e
79

0
 C

AT
CT

TC
AT

AA
TC

CT
CA

AA
GA

    
||

||
|o

||
 ||

||
|o

||
| |

|  
  

AG
TC

GT
AG

AG
GT

CT
TA

GG
GG

TT
-C

TG
GC

AT
TG

TT
3

0.
00

0.
00

0.
00

0.
19

37
93

0
0.

46
48

93
1

0.
66

CT
TT

AA
TC

G
TT

TT
G

TG
TA

TG
T 

(-
)

21
0.

00
8.

28
0.

00
10

.9
7

Bn
aA

08
g1

84
80

D
Pu

rin
e 

pe
rm

ea
se

 1
83

 C
TT

TA
AT

CG
TT

TT
GT

GT
AT

GT
    

||
||

 ||
 ||

||
||

||
| |

||
    

AA
TG

GA
AA

CT
A-

CA
AA

AC
AC

AA
AC

AC
AA

CA
AC

TT
3

0.
00

0.
00

0.
00

0.
05

22
75

-0
.0

8
34

97
0.

37

AG
AA

TT
G

TG
TA

TC
CA

CC
AT

CC
 (-

)
21

0.
00

4.
51

0.
00

2.
37

Bn
aA

09
g1

85
20

D
un

kn
ow

n
20

07
 A

GA
AT

TG
TG

TA
TC

CA
CC

AT
CC

    
|o

||
||

||
 ||

||
||

 | 
||

|  
  

TA
GG

TT
TT

AA
CA

-A
TA

GG
TA

GA
AG

GA
AC

AC
AC

TT
3

0.
00

0.
00

0.
00

0.
14

56
5

-0
.6

9
76

6
-0

.3
8

TT
AT

G
TT

G
AG

TT
TT

TA
TA

TT
 (-

)
20

0.
00

1.
71

0.
00

30
.2

6
Bn

aA
01

g2
29

50
D

un
kn

ow
n

15
66

 TT
AT

GT
TG

AG
TT

TT
TA

TA
TT

    
 | 

||
||

||
||

||
||

| |
 ||

    
TC

AG
AT

TA
CA

AC
TC

AA
AA

AA
AA

AA
AG

GT
TA

GT
TT

3
0.

00
0.

00
0.

00
0.

14
28

0
1.

15
23

3
0.

36

AA
CT

TT
G

TT
TC

AG
TA

TT
TC

TT
 (-

)
21

0.
00

4.
54

0.
00

2.
19

Bn
aC

05
g1

02
40

D
un

kn
ow

n
45

 A
AC

TT
TG

TT
TC

AG
TA

TT
TC

TT
    

||
||

||
 ||

||
|o

| |
||

||
o 

   
TG

TC
TT

GA
AA

GA
AA

GT
TA

-A
AA

GA
GC

CC
TT

TT
TT

3
0.

00
0.

00
0.

00
0.

09
47

5
0.

46
45

91
1.

14

TC
AA

G
CA

CT
G

AT
AT

G
TT

CT
CG

 (-
)

21
0.

00
23

.2
0

0.
02

13
.8

6
Bn

aA
10

g0
50

40
D

AP
-2

 c
om

pl
ex

 s
ub

un
it 

si
gm

a
97

6
 TC

AA
GC

AC
TG

AT
AT

GT
TC

TC
G 

   |
||

||
| |

o|
|o

||
 o

||
||

|  
  

GA
AG

AG
TT

CG
AG

GC
TG

TA
GG

AG
AG

CT
AC

TA
GC

TT
3

0.
00

0.
00

0.
00

0.
05

11
66

-0
.4

7
95

9
0.

13

TT
TG

CC
TC

TC
TC

G
TT

CC
TT

TT
 (-

)
21

0.
02

12
.2

5
0.

00
9.

24
Bn

aC
04

g4
11

00
D

Th
yl

ak
oi

da
l p

ro
ce

ss
in

g 
pe

pt
id

as
e 

1,
 c

hl
or

op
la

st
ic

20
00

 TT
TG

CC
TC

TC
TC

GT
TC

CT
TT

T  
  |

||
||

 ||
||

o|
o|

||
||

||
|  

  
TG

TC
AA

AC
GT

AG
AG

GG
TA

AG
GA

AA
AA

GA
TG

TG
TT

3
0.

00
0.

00
0.

00
0.

05
10

97
1

-0
.1

9
81

70
-0

.5
2

TT
TC

AT
CT

G
G

AT
G

TG
TG

CC
TC

 (-
)

21
0.

02
14

.1
1

0.
00

11
.9

5
Bn

aA
03

g1
33

10
D

Su
pe

ro
xi

de
 d

is
m

ut
as

e 
[F

e]
 2

, c
hl

or
op

la
st

ic
11

36
 TT

TC
AT

CT
GG

AT
GT

GT
GC

CT
C 

   |
o|

||
||

o|
||

 ||
||

||
|  

  
CT

GT
TA

GG
TA

GA
TC

TA
GA

CA
CG

GA
TC

CT
AA

AC
TT

3
0.

00
0.

00
0.

00
0.

51
32

0
0.

13
22

4
-0

.4
0

TC
AA

G
CA

CT
G

AT
AT

G
TT

CT
CG

 (-
)

21
0.

00
23

.2
0

0.
02

13
.8

6
Bn

aC
05

g2
02

30
D

un
kn

ow
n

32
75

 TC
AA

GC
AC

TG
AT

AT
GT

TC
TC

G 
   o

||
| |

||
||

||
|o

|o
||

||
o 

   
TT

CG
GG

TT
GG

TG
AC

TA
TG

CG
AG

AG
TC

CG
AC

GC
TT

3
0.

00
0.

00
0.

00
0.

23
34

7
1.

06
61

9
0.

13

TT
TG

CC
TC

TC
TC

G
TT

CC
TT

TT
 (-

)
21

0.
02

12
.2

5
0.

00
9.

24
Bn

aA
04

g1
75

40
D

Th
yl

ak
oi

da
l p

ro
ce

ss
in

g 
pe

pt
id

as
e 

1,
 c

hl
or

op
la

st
ic

23
41

 TT
TG

CC
TC

TC
TC

GT
TC

CT
TT

T  
  |

||
||

 ||
||

o|
o|

||
||

||
|  

  
TG

TC
AA

AC
GT

AG
AG

GG
TA

AG
GA

AA
AA

GA
TG

TG
TT

3
0.

00
0.

00
0.

00
0.

05
20

20
-0

.5
8

95
42

-0
.6

1

AG
AA

TT
G

TG
TA

TC
CA

CC
AT

CC
 (-

)
21

0.
00

4.
51

0.
00

2.
37

Bn
aA

09
g3

87
20

D
Tr

an
sk

et
ol

as
e-

1,
 c

hl
or

op
la

st
ic

23
25

 A
GA

AT
TG

TG
TA

TC
CA

CC
AT

CC
    

||
 ||

||
||

||
||

||
||

 | 
|  

  
AG

TC
TC

-T
AA

CA
CA

TA
GG

TG
GG

AA
GA

GG
TG

AG
TT

3
0.

00
0.

00
0.

00
0.

09
14

31
1

-0
.8

3
13

71
1

-0
.7

7

TG
AC

TT
TG

AA
G

TC
TC

TT
TC

AA
 (-

)
21

0.
00

2.
89

0.
00

2.
45

Bn
aA

05
g3

19
90

D
Su

ga
r t

ra
ns

po
rt

er
 E

RD
6-

lik
e 

10
24

42
 TG

AC
TT

TG
AA

GT
CT

CT
TT

CA
A 

   o
||

||
||

||
| |

||
 o

||
||

|  
  

TT
GA

GC
TG

AA
AC

TT
-A

GA
AG

AA
GT

TC
GG

AA
AA

TT
3

0.
00

0.
00

0.
00

0.
14

52
34

-0
.5

2
62

52
-0

.3
7

TG
CA

CG
TA

TC
CC

TC
AG

G
CA

 (-
)

19
0.

00
2.

30
0.

00
1.

82
Bn

aA
03

g2
10

90
D

Au
to

ph
ag

y-
re

la
te

d 
pr

ot
ei

n 
8e

48
9

 TG
CA

CG
TA

TC
CC

TC
AG

GC
A 

   |
||

| |
||

||
 ||

||
oo

||
    

CA
TA

AC
GT

AC
AT

AG
AG

AG
TT

TG
TT

TG
TT

TC
TA

TT
3

0.
00

0.
00

0.
00

0.
05

24
30

0
0.

64
46

89
0.

13

TG
CA

G
AG

AA
AT

CT
TC

AG
G

AT
C 

(-
)

21
0.

02
40

.3
8

0.
00

31
.9

4
Bn

aA
01

g1
40

50
D

N
BR

1 
ho

m
ol

og
 

70
8

 TG
CA

GA
GA

AA
TC

TT
CA

GG
AT

C 
   |

||
| |

| |
||

||
||

|o
||

 | 
   

GC
TG

AC
GT

GT
CA

TT
AG

AA
GT

TC
TT

GA
AT

TC
TG

TT
3

0.
00

0.
00

0.
00

0.
05

29
59

5.
97

27
9

7.
49

TT
TT

G
CC

TC
TC

TC
G

TT
CC

TT
T 

(-
)

21
0.

01
15

.0
7

0.
01

11
.0

6
Bn

aC
04

g2
90

80
D

U
-b

ox
 d

om
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 1
1

13
79

 TT
TT

GC
CT

CT
CT

C-
GT

TC
CT

TT
    

|o
||

||
||

||
||

| |
||

||
 ||

    
AA

GG
AG

AA
CG

GA
GA

GA
GA

CA
AG

GC
AA

GA
AG

CA
TT

3
0.

00
0.

00
0.

00
0.

14
0

N
A

0
N

A

CC
TT

CT
TC

TC
CT

TC
TC

TG
CC

T 
(-

)
21

0.
00

11
.1

7
0.

00
8.

13
Bn

aA
02

g0
50

30
D

Pr
ob

ab
le

 p
ol

le
n 

re
ce

pt
or

-li
ke

 k
in

as
e 

6 
10

04
 C

CT
TC

TT
CT

CC
TT

CT
CT

GC
CT

    
||

|o
||

o|
||

||
o|

||
o 

||
|  

  
AG

GA
GG

AG
GA

GG
AG

GA
GG

AG
GA

GG
AT

GT
GG

TG
TT

3
0.

00
0.

00
0.

00
0.

69
0

0.
22

1
0.

18

TC
AA

G
CA

CT
G

AT
AT

G
TT

CT
CG

 (-
)

21
0.

00
23

.2
0

0.
02

13
.8

6
Bn

aC
nn

g4
81

80
D

G
lu

co
se

-6
-p

ho
sp

ha
te

 1
-d

eh
yd

ro
ge

na
se

 1
, c

hl
or

op
la

st
ic

11
59

TC
-A

AG
CA

CT
GA

TA
TG

TT
CT

CG
    

||
 ||

||
||

||
| |

 ||
||

||
o 

   
CT

TA
GC

TT
CG

TG
AC

TT
TC

CA
AG

AG
TT

GC
TC

AA
TT

3
0.

00
0.

00
0.

00
0.

14
20

94
0.

00
31

35
-0

.4
5



  Ta
bl

e 
S1

8:
 M

os
t s

ig
ni

fic
an

t t
ar

ge
tin

g 
of

 h
os

t m
RN

A 
tr

an
sc

rip
ts

 b
y 

vs
iR

N
As

 

 

   

D
T

TT
D

T
TT

D
T

TT

A
A

G
A

A
TC

TG
A

TG
A

TG
CT

G
T 

(-
)

2.
13

1.
60

B
na

C0
3g

26
48

0D
ER

F 
R

A
P2

-7
23

28
A

A
G

A
A

T-
CT

G
A

TG
A

TG
CT

G
T 

   |
||

||
 |

||
||

||
||

||
|o

    
A

A
TC

TC
TT

A
G

G
A

CT
A

CT
A

CG
A

CG
A

CG
TT

G
A

CT
D

T2
 D

T3
 T

T3
10

.0
3

6.
66

-0
.3

9
0.

43

A
A

G
A

A
TC

TG
A

TG
A

TG
CT

G
T 

(-
)

2.
13

1.
60

B
na

C0
4g

15
64

0D
ER

F 
R

A
P2

-7
24

14
A

A
G

A
A

T-
CT

G
A

TG
A

TG
CT

G
T 

   |
||

||
 |

||
||

||
||

||
|o

    
A

A
TC

TC
TT

A
G

G
A

CT
A

CT
A

CG
A

CG
A

CG
TT

G
A

CT
D

T2
 D

T3
 T

T3
10

.0
3

6.
66

0.
78

-1
.7

4

A
A

G
A

A
TC

TG
A

TG
A

TG
CT

G
T 

(-
)

2.
13

1.
60

B
na

A
10

g1
29

50
D

A
P2

-l
ik

e 
ER

F 
TO

E2
29

33
A

A
G

A
A

T-
CT

G
A

TG
A

TG
CT

G
T 

   |
||

||
 |

||
||

||
||

||
|o

    
A

CA
CT

CT
TA

G
G

A
CT

A
CT

A
CG

A
CG

TA
A

A
CT

CT
C

D
T2

 D
T3

 T
T3

5.
00

9.
95

0.
33

-0
.0

4

A
A

G
A

A
TC

TG
A

TG
A

TG
CT

G
T 

(-
)

2.
13

1.
60

B
na

C0
9g

35
43

0D
A

P2
-l

ik
e 

ER
F 

TO
E2

26
71

A
A

G
A

A
T-

CT
G

A
TG

A
TG

CT
G

T 
   |

||
||

 |
||

||
||

||
||

|o
    

A
CA

CT
CT

TA
G

G
A

CT
A

CT
A

CG
A

CG
TA

A
A

CT
A

TC
D

T2
 D

T3
 T

T3
5.

00
9.

95
0.

01
-0

.2
2

A
A

G
A

A
TC

TG
A

TG
A

TG
CT

G
T 

(-
)

2.
13

1.
60

B
na

C0
9g

13
43

0D
ER

F 
R

A
P2

-7
10

39
A

A
G

A
A

T-
CT

G
A

TG
A

TG
CT

G
T 

   |
||

||
 |

||
||

||
||

||
|o

    
A

A
TC

TC
TT

A
G

G
A

CT
A

CT
A

CG
A

CG
A

CG
TT

G
A

CT
D

T2
 D

T3
 T

T3
10

.0
3

6.
66

0.
30

-1
.5

7

A
A

G
A

A
TC

TG
A

TG
A

TG
CT

G
T 

(-
)

2.
13

1.
60

B
na

A
03

g2
21

00
D

ER
F 

R
A

P2
-7

22
84

A
A

G
A

A
T-

CT
G

A
TG

A
TG

CT
G

T 
   |

||
||

 |
||

||
||

||
||

|o
    

A
A

TC
TC

TT
A

G
G

A
CT

A
CT

A
CG

A
CG

A
CG

TT
G

A
CT

D
T2

 D
T3

10
.0

3
0.

00
0.

53
1.

04

A
A

G
A

A
TC

TG
A

TG
A

TG
CT

G
T 

(-
)

2.
13

1.
60

B
na

A
01

g3
47

30
D

Fl
or

al
 h

om
eo

ti
c 

pr
ot

ei
n 

A
PE

TA
LA

 2
10

43
A

A
G

A
A

T-
CT

G
A

TG
A

TG
CT

G
T 

   |
||

||
 |

||
||

||
||

||
|o

    
CC

TC
TC

TT
A

G
G

A
CT

A
CT

A
CG

A
CG

TC
G

TA
A

A
CG

D
T2

 T
T3

2.
04

1.
62

-0
.4

4
0.

12

A
A

G
A

A
TC

TG
A

TG
A

TG
CT

G
T 

(-
)

2.
13

1.
60

B
na

Cn
ng

39
69

0D
Fl

or
al

 h
om

eo
ti

c 
pr

ot
ei

n 
A

PE
TA

LA
 2

22
33

A
A

G
A

A
T-

CT
G

A
TG

A
TG

CT
G

T 
   |

||
||

 |
||

||
||

||
||

|o
    

CC
TC

TC
TT

A
G

G
A

CT
A

CT
A

CG
A

CG
TC

G
TA

A
A

CG
D

T2
 T

T3
0.

53
1.

25
0.

19
0.

28

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
54

.2
7

40
.6

9
B

na
C0

9g
53

23
0D

un
kn

ow
n

21
9

 T
CT

TT
G

TC
A

CT
CT

CG
TG

TG
CT

    
 |

||
o|

 |
| 

||
||

||
| 

||
 |

    
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
CA

-A
CA

A
A

G
TC

CA
C

D
T2

 D
T3

13
.4

9
0.

00
-0

.0
2

-0
.2

7

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
54

.2
7

40
.6

9
B

na
C0

4g
51

54
0D

FB
D

-a
ss

oc
ia

te
d 

F-
bo

x 
pr

ot
ei

n 
A

t3
g4

90
20

11
4

 T
CT

TT
G

TC
A

CT
CT

CG
TG

TG
CT

    
 |

||
o|

 |
| 

||
||

| 
| 

||
||

    
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
-A

G
A

CG
A

A
A

CA
A

G
A

D
T2

 D
T3

13
.4

9
0.

00
-0

.5
4

-0
.1

8

TC
TT

TG
TC

A
CT

CT
CG

TG
TG

CT
 (

-)
54

.2
7

40
.6

9
B

na
C0

4g
04

30
0D

un
kn

ow
n

21
3

 T
CT

TT
G

TC
A

CT
CT

CG
TG

TG
CT

    
 |

||
o|

 |
| 

||
||

| 
| 

||
||

    
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
A

G
-A

G
A

CG
A

G
TT

TT
A

G
D

T2
 D

T3
13

.4
9

0.
00

0.
63

-0
.0

4

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

CC
 (

-)
11

.6
3

9.
29

B
na

Cn
ng

36
69

0D
N

on
-f

un
ct

io
na

l p
se

ud
ok

in
as

e 
ZE

D
1 

62
 T

CC
TT

CT
TC

TC
CT

TC
TC

TG
CC

    
 |

 |
||

||
||

| 
||

||
||

oo
||

    
G

A
A

G
A

A
G

A
A

G
A

A
G

A
A

G
A

A
G

A
G

G
TG

G
CT

G
G

TA
G

D
T2

 D
T3

4.
17

0.
00

-0
.1

8
-0

.3
5

A
A

CT
G

CC
TC

A
A

G
A

G
CT

CC
A

TA
 (

-)
32

.8
8

29
.4

4
B

na
A

10
g1

32
10

D
Th

io
l p

ro
te

as
e 

al
eu

ra
in

12
21

 A
A

CT
G

CC
TC

A
A

G
A

G
CT

CC
A

-T
A

    
| 

|o
||

||
||

||
 |

||
||

| 
||

    
CT

A
TT

CG
G

CG
G

A
G

TT
CG

CG
A

G
G

TC
A

TC
A

TG
A

T
D

T2
 D

T3
3.

52
0.

00
-0

.6
3

0.
27

TG
TG

TG
TT

G
TT

G
TT

A
CT

TT
CT

 (
+)

8.
67

7.
24

B
na

A
03

g2
15

10
D

Se
ri

ne
/a

rg
in

in
e-

ri
ch

 s
pl

ic
in

g 
fa

ct
or

 R
S3

1A
35

6
 T

G
TG

TG
TT

G
TT

G
TT

A
CT

TT
CT

    
 |

||
||

| 
||

||
 |

| 
 |

||
|o

    
A

CA
CA

CA
CA

C-
A

CA
A

A
A

A
A

TA
A

A
G

G
A

A
CG

TC
C

D
T1

 D
T2

0.
13

0.
00

-0
.1

9
0.

19

TA
CC

A
G

A
A

CT
CA

TC
G

A
A

G
C 

(+
)

1.
79

2.
25

B
na

C0
4g

53
30

0D
N

em
at

od
e 

re
si

st
an

ce
 p

ro
te

in
-l

ik
e 

H
SP

R
O

2
12

41
 T

A
CC

A
G

A
A

CT
CA

TC
G

A
A

G
C 

   |
 |

||
||

||
||

 o
| 

||
| 

   A
CC

G
A

-
G

G
TC

TT
G

A
G

A
G

G
G

TT
CT

TG
CA

G
A

A
G

C
D

T1
 T

T1
0.

04
17

0.
97

-0
.4

6
0.

49

A
G

A
A

CC
G

A
G

A
A

CA
TT

G
A

G
A

A
 (

+)
4.

14
4.

01
B

na
C0

2g
37

04
0D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 3

6,
 

ch
lo

ro
pl

as
ti

c
86

3
 A

G
A

A
CC

G
A

G
A

A
CA

TT
G

A
G

A
A

    
  |

||
||

| 
| 

||
||

| 
||

||
| 

   
TG

TT
TC

TT
G

G
G

T-
TT

G
TA

CC
TC

TT
G

TA
CC

G
TT

D
T2

 D
T3

10
.4

1
0.

00
-0

.4
8

-0
.0

3

CA
G

A
G

A
A

G
G

A
G

A
A

G
A

A
G

G
A

G
A

 (
+)

16
.4

2
12

.7
8

B
na

C0
3g

04
18

0D
3-

hy
dr

ox
ya

cy
l-

[a
cy

l-
ca

rr
ie

r-
pr

ot
ei

n]
 

de
hy

dr
at

as
e 

Fa
bZ

 
90

 C
A

G
A

G
A

A
G

G
A

G
A

A
G

A
A

G
G

A
G

A
    

 |
||

| 
||

o|
||

||
||

|o
||

| 
   

CT
CT

CT
CT

C-
TC

TT
CT

TC
TT

CT
TC

TT
CC

CT
G

C
D

T2
 T

T2
0.

18
0.

65
-0

.1
7

0.
13

Fr
ag

m
en

t 
si

gn
at

ur
es

 (
rp

m
)

FC
(l

og
2)

Cl
ea

va
ge

 f
ou

nd
 in

 
PA

R
Es

eq
 r

ep
lic

at
es

 
Pr

ed
ic

te
d 

ge
ne

 f
un

ct
io

n
Ta

rg
et

 t
ra

ns
cr

ip
t 

ID
vs

iR
N

A
:m

R
N

A
 t

ar
ge

t 
pa

ir
 (

5'
-3

' :
  3

'-
5'

)
vs

R
N

A
 (

st
ra

nd
)

Cl
ea

va
ge

 
po

si
ti

on

M
ea

n 
re

ad
s 

(r
pm

)



  Ta
bl

e 
S1

9:
 P

H
AS

 lo
ci

 th
at

 p
ro

du
ce

 v
a-

ph
as

iR
N

As
 in

 D
ra

kk
ar

 

 

PH
AS

 lo
cu

s
Pr

ed
ic

te
d 

ge
ne

 fu
nc

tio
n

tr
an

sc
rip

t l
en

gt
h

D
T 

rp
m

 /
 D

M
 rp

m
PH

AS
 S

co
re

Bn
aA

01
g1

40
50

D
N

BR
1 

ho
m

ol
og

21
09

91
57

0
83

11
0

25
02

29
43

9
21

0.
5

Bn
aC

01
g1

65
50

D
N

BR
1 

ho
m

ol
og

 
21

18
90

56
4

74
02

1
22

28
64

39
5

22
7.

4

Bn
aA

04
g2

01
50

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

46
0

28
82

18
29

3
55

07
7

19
17

8.
9

Bn
aA

04
g1

21
30

D
Pr

ob
ab

le
 fr

uc
to

se
-b

is
ph

os
ph

at
e 

al
do

la
se

 1
, c

hl
or

op
la

st
ic

11
73

79
49

5
10

28
7

30
97

2
63

42
.1

Bn
aA

nn
g2

29
20

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

27
7

17
36

10
04

6
30

24
7

17
16

4.
2

Bn
aC

03
g5

95
20

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

37
5

23
50

93
49

28
14

8
12

98
.7

Bn
aC

04
g3

35
70

D
Fr

uc
to

se
-b

is
ph

os
ph

at
e 

al
do

la
se

, c
hl

or
op

la
st

ic
11

73
79

49
5

89
34

26
89

9
54

47
.6

Bn
aA

02
g0

50
40

D
un

kn
ow

n
75

3
20

6
12

91
88

03
26

50
4

21
11

7

Bn
aA

05
g2

93
90

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 C
P2

9.
2,

 c
hl

or
op

la
st

ic
86

7
16

1
10

09
84

90
25

56
2

25
10

0

Bn
aA

07
g0

75
60

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

32
4

20
30

84
29

25
37

8
13

86
.5

Bn
aA

07
g1

96
10

D
AB

C 
tr

an
sp

or
te

r G
 fa

m
ily

 m
em

be
r 3

5
41

73
10

8
67

7
79

75
24

01
1

35
61

.6

Bn
aA

03
g1

58
30

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
1

24
9

15
60

76
90

23
15

3
15

75
.4

Bn
aC

03
g1

89
80

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
1

25
3

15
85

67
97

20
46

5
13

38
.9

Bn
aC

05
g1

09
80

D
RN

A-
de

pe
nd

en
t R

N
A 

po
ly

m
er

as
e 

1
32

82
45

28
2

64
67

19
47

1
69

74
.9

Bn
aA

09
g2

65
70

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

19
8

12
41

63
07

18
98

9
15

61
.1

Bn
aA

08
g1

76
60

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

24
8

15
54

60
17

18
11

6
12

64
.9

Bn
aC

05
g2

28
80

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

17
5

10
97

57
02

17
16

8
16

52
.1

Bn
aC

06
g1

44
50

D
Pr

ob
ab

le
 p

ec
ta

te
 ly

as
e 

22
16

11
66

1
41

42
54

81
16

50
2

4
44

3.
6

Bn
aA

nn
g2

36
70

D
AT

Pa
se

 2
, p

la
sm

a 
m

em
br

an
e-

ty
pe

27
57

51
32

0
54

57
16

43
0

51
45

.2

Bn
aA

09
g4

78
80

D
Zi

nc
 tr

an
sp

or
te

r 4
, c

hl
or

op
la

st
ic

11
94

10
63

52
90

15
92

7
25

4
65

.4

Bn
aC

08
g4

22
50

D
Zi

nc
 tr

an
sp

or
te

r 4
, c

hl
or

op
la

st
ic

11
91

6
38

52
48

15
80

1
42

0
67

.1

Bn
aC

08
g1

66
70

D
un

kn
ow

n
59

1
72

3
45

30
47

52
14

30
7

3
93

4.
2

Bn
aC

07
g0

94
00

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

23
4

14
66

47
42

14
27

7
10

47
.3

Bn
aA

09
g0

03
90

D
S-

ad
en

os
yl

m
et

hi
on

in
e 

sy
nt

ha
se

10
98

29
18

2
47

16
14

19
9

78
12

0.
1

Bn
aC

07
g3

90
70

D
N

BR
1 

ho
m

ol
og

20
76

12
75

46
64

14
04

2
18

7
42

Bn
aC

04
g0

83
60

D
S-

ad
en

os
yl

m
et

hi
on

in
e 

sy
nt

ha
se

 3
11

22
34

21
3

46
46

13
98

8
66

83
.5

Bn
aC

04
g1

07
70

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

99
0

50
3

31
52

46
44

13
98

2
4

10
5.

3

Bn
aA

02
g2

26
60

D
Tu

bu
lin

 b
et

a-
4 

ch
ai

n
13

41
30

18
8

45
85

13
80

5
73

97
.4

Bn
aC

05
g2

75
60

D
Pr

ob
ab

le
 L

RR
 re

ce
pt

or
-li

ke
 s

er
in

e/
th

re
on

in
e-

pr
ot

ei
n 

ki
na

se
 A

t4
g0

88
50

22
41

50
31

3
43

87
13

20
8

42
51

.9

si
RN

A 
re

ad
s 

&
 rp

m
 &

 ra
tio

 &
 P

H
AS

 S
co

re

D
M

 (r
ea

ds
, r

pm
)

D
T 

(r
ea

ds
, r

pm
)



  

 

 Bn
aC

04
g1

07
80

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
1

23
8

14
91

42
42

12
77

2
9

69
.8

Bn
aC

09
g3

71
70

D
un

kn
ow

n
75

9
35

21
9

41
76

12
57

3
57

59
.5

Bn
aC

07
g2

94
10

D
EI

N
3-

bi
nd

in
g 

F-
bo

x 
pr

ot
ei

n 
2

18
66

20
12

5
41

69
12

55
2

10
0

97
.4

Bn
aC

06
g4

17
90

D
AR

G
O

N
AU

TE
 2

31
08

71
44

5
40

24
12

11
6

27
76

.1

Bn
aA

06
g3

72
30

D
Pr

ob
ab

le
 fr

uc
to

se
-b

is
ph

os
ph

at
e 

al
do

la
se

 2
, c

hl
or

op
la

st
ic

11
82

10
9

68
3

39
34

11
84

5
17

30
.2

Bn
aA

nn
g1

45
20

D
Su

bt
ili

si
n-

lik
e 

pr
ot

ea
se

 S
BT

1.
7 

22
83

32
20

1
39

24
11

81
4

59
67

.2

Bn
aC

05
g1

70
00

D
Pr

ot
ei

n 
To

lB
 

21
21

14
88

39
18

11
79

6
13

4
71

.4

Bn
aC

03
g6

02
80

D
Pr

ob
ab

le
 fr

uc
to

se
-b

is
ph

os
ph

at
e 

al
do

la
se

 2
, c

hl
or

op
la

st
ic

11
52

13
1

82
1

38
10

11
47

1
14

43
.2

Bn
aA

10
g1

48
10

D
un

kn
ow

n
74

7
63

39
5

37
08

11
16

4
28

36
.9

Bn
aA

05
g0

94
00

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
1

10
5

65
8

36
40

10
95

9
17

46
.5

Bn
aA

07
g1

72
60

D
Pu

ta
tiv

e 
ca

lc
iu

m
-t

ra
ns

po
rt

in
g 

AT
Pa

se
 1

1,
 p

la
sm

a 
m

em
br

an
e-

ty
pe

30
78

15
94

36
09

10
86

6
11

6
75

.4

Bn
aC

04
g4

20
10

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
78

3
22

13
8

35
79

10
77

6
78

11
0.

4

Bn
aC

04
g3

77
50

D
EI

N
3-

bi
nd

in
g 

F-
bo

x 
pr

ot
ei

n 
1

18
00

88
55

1
35

55
10

70
3

19
92

.2

Bn
aC

02
g3

10
30

D
Tu

bu
lin

 b
et

a-
1 

ch
ai

n
13

38
21

13
2

35
23

10
60

7
81

42

Bn
aA

06
g3

86
20

D
Py

ro
ph

os
ph

at
e-

en
er

gi
ze

d 
va

cu
ol

ar
 m

em
br

an
e 

pr
ot

on
 p

um
p

18
21

77
8

48
75

33
70

10
14

6
2

53
.1

Bn
aA

06
g3

59
40

D
un

kn
ow

n
51

87
14

88
31

80
95

74
10

9
62

.7

Bn
aC

03
g0

59
80

D
M

ag
ne

si
um

-c
he

la
ta

se
 s

ub
un

it 
Ch

lH
, c

hl
or

op
la

st
ic

41
55

12
6

79
0

31
24

94
06

12
31

Bn
aA

06
g0

44
40

D
El

on
ga

tio
n 

fa
ct

or
 1

-a
lp

ha
 4

13
83

16
10

0
31

19
93

91
94

79
.6

Bn
aC

04
g5

08
50

D
Ph

os
ph

at
id

yl
in

os
ito

l 4
-k

in
as

e 
ga

m
m

a 
4

14
70

10
63

30
83

92
82

14
8

63
.8

Bn
aC

nn
g6

40
10

D
AB

C 
tr

an
sp

or
te

r G
 fa

m
ily

 m
em

be
r 3

6
21

45
25

15
7

30
70

92
43

59
43

.4

Bn
aC

nn
g0

74
70

D
Pu

ta
tiv

e 
ca

lc
iu

m
-t

ra
ns

po
rt

in
g 

AT
Pa

se
 1

1,
 p

la
sm

a 
m

em
br

an
e-

ty
pe

30
78

18
11

3
30

65
92

28
82

36
.7

Bn
aC

01
g2

19
20

D
Cy

st
ei

ne
 p

ro
te

in
as

e 
RD

19
a

11
07

28
17

5
30

45
91

68
52

60
.9

Bn
aA

06
g1

54
00

D
Pr

ot
ei

n 
To

lB
 

20
04

26
16

3
29

88
89

96
55

45
.5

Bn
aC

04
g4

20
20

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
72

3
12

75
28

95
87

16
11

6
79

Bn
aA

05
g2

87
10

D
Ce

ll 
di

vi
si

on
 c

on
tr

ol
 p

ro
te

in
 4

8 
ho

m
ol

og
 E

24
27

15
94

28
62

86
17

92
30

.4

Bn
aA

03
g1

07
90

D
H

ea
t s

ho
ck

 p
ro

te
in

 9
0-

4 
17

28
30

18
8

27
62

83
16

44
87

.1

Bn
aC

07
g1

52
80

D
Ca

ta
la

se
-3

14
79

10
5

65
8

27
10

81
59

12
40

.1

Bn
aC

nn
g7

49
30

D
24

-m
et

hy
le

ne
st

er
ol

 C
-m

et
hy

ltr
an

sf
er

as
e 

2
10

71
22

13
8

26
54

79
91

58
36

.6

Bn
aA

04
g1

48
90

D
EI

N
3-

bi
nd

in
g 

F-
bo

x 
pr

ot
ei

n 
1

18
72

57
35

7
25

97
78

19
22

47
.4

Bn
aC

nn
g2

07
70

D
24

-m
et

hy
le

ne
st

er
ol

 C
-m

et
hy

ltr
an

sf
er

as
e 

2
10

71
17

10
7

25
92

78
04

73
40

.4



  

 

 Bn
aA

09
g2

68
90

D
U

-b
ox

 d
om

ai
n-

co
nt

ai
ni

ng
 p

ro
te

in
 1

7
21

15
7

44
25

88
77

92
17

8
43

.3

Bn
aA

nn
g0

17
30

D
AB

C 
tr

an
sp

or
te

r G
 fa

m
ily

 m
em

be
r 2

2
21

57
20

12
5

25
47

76
69

61
30

.8

Bn
aA

nn
g3

55
80

D
G

ly
ci

ne
-r

ic
h 

RN
A-

bi
nd

in
g 

pr
ot

ei
n 

G
RP

2A
50

7
14

9
93

4
23

77
71

57
8

38
.2

Bn
aC

07
g2

14
30

D
Pr

ot
ei

n 
N

RT
1/

 P
TR

 F
AM

IL
Y 

8.
3

17
58

11
69

23
66

71
24

10
3

45
.6

Bn
aC

07
g1

92
50

D
un

kn
ow

n
50

82
17

10
7

23
47

70
66

66
44

.7

Bn
aC

07
g1

59
30

D
Su

bt
ili

si
n-

lik
e 

pr
ot

ea
se

 S
BT

1.
7

22
83

23
14

4
23

29
70

12
49

34
.9

Bn
aA

06
g2

46
50

D
Le

uc
in

e-
ric

h 
re

pe
at

 re
ce

pt
or

-li
ke

 s
er

in
e/

th
re

on
in

e-
pr

ot
ei

n 
ki

na
se

 B
AM

1
29

16
42

26
3

22
38

67
38

26
61

.8

Bn
aC

08
g3

86
60

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 C
P2

4 
10

B,
 c

hl
or

op
la

st
ic

78
0

61
38

2
22

33
67

23
18

54
.9

Bn
aC

nn
g0

34
70

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
78

3
16

10
0

21
98

66
18

66
54

.1

Bn
aC

06
g3

83
00

D
N

itr
at

e 
re

du
ct

as
e 

[N
AD

H
], 

cl
on

e 
PB

N
BR

14
05

26
85

21
1

13
22

21
85

65
79

5
32

.8

Bn
aC

05
g4

02
90

D
AB

C 
tr

an
sp

or
te

r C
 fa

m
ily

 m
em

be
r 7

52
14

21
13

2
20

70
62

32
47

40

Bn
aC

09
g3

25
20

D
Tr

an
sm

em
br

an
e 

pr
ot

ei
n 

24
5

19
53

26
16

3
20

53
61

81
38

49
.2

Bn
aC

08
g3

63
30

D
Tr

an
sc

rip
tio

n 
ac

tiv
at

or
 G

LK
1

30
66

94
58

9
19

50
58

71
10

12
5.

2

Bn
aA

nn
g0

45
40

D
Pr

ob
ab

le
 L

RR
 re

ce
pt

or
-li

ke
 s

er
in

e/
th

re
on

in
e-

pr
ot

ei
n 

ki
na

se
 A

t4
g0

88
50

16
26

3
19

18
99

57
18

30
4

50
.4

Bn
aC

03
g2

55
10

D
Aq

ua
po

rin
 P

IP
1-

2
86

1
32

20
1

18
63

56
09

28
32

.7

Bn
aC

01
g3

89
40

D
Ce

ll 
di

vi
si

on
 c

on
tr

ol
 p

ro
te

in
 4

8 
ho

m
ol

og
 E

24
33

8
50

18
56

55
88

11
1

33
.1

Bn
aC

02
g4

02
60

D
El

on
ga

tio
n 

fa
ct

or
 2

 
25

17
21

13
2

18
53

55
79

42
48

.8

Bn
aA

03
g2

65
30

D
S-

ad
en

os
yl

m
et

hi
on

in
e 

sy
nt

ha
se

10
98

22
13

8
17

73
53

38
39

38
.5

Bn
aA

01
g2

96
30

D
Su

bt
ili

si
n-

lik
e 

pr
ot

ea
se

 S
BT

1.
4 

23
28

62
38

8
17

66
53

17
14

31
.2

Bn
aC

01
g3

72
40

D
Su

bt
ili

si
n-

lik
e 

pr
ot

ea
se

 S
BT

1.
4 

23
28

63
39

5
17

66
53

17
13

38
.6

Bn
aA

09
g5

65
70

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 C
P2

4 
10

B,
 c

hl
or

op
la

st
ic

78
0

74
46

4
16

94
51

00
11

55
.3

Bn
aC

04
g2

06
90

D
Ca

lc
iu

m
-t

ra
ns

po
rt

in
g 

AT
Pa

se
 1

2,
 p

la
sm

a 
m

em
br

an
e-

ty
pe

31
02

23
14

4
16

64
50

10
35

37
.8

Bn
aA

03
g0

08
50

D
Ce

ll 
di

vi
si

on
 c

on
tr

ol
 p

ro
te

in
 4

8 
ho

m
ol

og
 E

23
97

5
31

16
58

49
92

15
9

31
.1

Bn
aA

01
g2

23
10

D
Pr

ob
ab

le
 n

uc
le

or
ed

ox
in

 1
17

37
94

58
9

16
39

49
35

8
38

.1

Bn
aA

07
g1

95
80

D
2-

m
et

hy
l-6

-p
hy

ty
l-1

,4
-h

yd
ro

qu
in

on
e 

m
et

hy
ltr

an
sf

er
as

e,
 c

hl
or

op
la

st
ic

10
14

11
69

16
32

49
14

71
36

Bn
aC

01
g0

36
00

D
un

kn
ow

n
43

8
27

6
17

29
16

00
48

17
3

30
.3

Bn
aC

01
g3

39
00

D
Ac

tin
-2

11
34

48
30

1
15

93
47

96
16

34
.6

Bn
aA

02
g2

79
80

D
Th

ia
m

in
e 

th
ia

zo
le

 s
yn

th
as

e,
 c

hl
or

op
la

st
ic

84
3

96
60

2
15

93
47

96
8

43

Bn
aC

01
g4

31
80

D
Pr

ob
ab

le
 n

uc
le

or
ed

ox
in

 1
17

37
45

28
2

15
83

47
66

17
37

.6

Bn
aA

09
g0

46
00

D
EI

N
3-

bi
nd

in
g 

F-
bo

x 
pr

ot
ei

n 
2

18
51

16
10

0
15

56
46

85
47

34
.8



  

 

Bn
aA

nn
g3

39
70

D
El

on
ga

tio
n 

fa
ct

or
 2

 
15

30
15

94
15

42
46

43
49

56
.3

Bn
aA

07
g0

74
30

D
un

kn
ow

n
74

4
17

4
10

90
15

22
45

82
4

36
.9

Bn
aC

nn
g3

87
80

D
El

on
ga

tio
n 

fa
ct

or
 1

-a
lp

ha
 4

12
87

21
13

2
15

21
45

79
35

31
.4

Bn
aA

09
g0

58
50

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
79

5
21

13
2

14
80

44
56

34
34

.1

Bn
aC

09
g1

47
30

D
un

kn
ow

n
26

4
21

5
13

47
14

80
44

56
3

35
2.

5

Bn
aA

04
g2

18
50

D
Va

cu
ol

ar
 c

at
io

n/
pr

ot
on

 e
xc

ha
ng

er
 1

13
98

32
20

1
14

51
43

69
22

30
.2

Bn
aA

03
g4

96
10

D
Cy

tid
in

e 
de

am
in

as
e 

1
87

3
72

45
1

13
69

41
22

9
31

Bn
aC

03
g1

34
70

D
H

ea
t s

ho
ck

 p
ro

te
in

 9
0-

2 
16

14
24

15
0

13
51

40
68

27
31

.7

Bn
aC

02
g0

19
60

D
AB

C 
tr

an
sp

or
te

r G
 fa

m
ily

 m
em

be
r 2

2
22

59
13

81
13

41
40

38
50

16
9.

7

Bn
aA

nn
g0

99
60

D
Tu

bu
lin

 b
et

a-
4 

ch
ai

n
13

38
12

75
13

07
39

35
52

30
.3

Bn
aA

nn
g0

71
50

D
un

kn
ow

n
69

9
11

69
13

02
39

20
57

41
.9

Bn
aC

04
g0

64
80

D
In

or
ga

ni
c 

ph
os

ph
at

e 
tr

an
sp

or
te

r 1
-4

15
24

53
33

2
12

90
38

84
12

34
.4

Bn
aC

03
g7

61
50

D
El

on
ga

tio
n 

fa
ct

or
 2

12
00

21
13

2
12

43
37

42
28

30
.3

Bn
aA

10
g2

94
60

D
Zi

nc
 fi

ng
er

 C
CC

H
 d

om
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 6
6

15
60

17
10

7
12

34
37

15
35

33
.4

Bn
aA

07
g3

36
80

D
N

itr
at

e 
re

du
ct

as
e 

[N
AD

H
], 

cl
on

e 
PB

N
BR

14
05

84
0

20
3

12
72

12
24

36
85

3
32

.7

Bn
aC

nn
g2

39
30

D
Cy

to
ch

ro
m

e 
P4

50
 8

9A
2

14
88

1
6

11
24

33
84

54
0

32

Bn
aC

07
g2

37
40

D
Pe

nt
at

ric
op

ep
tid

e 
re

pe
at

-c
on

ta
in

in
g 

pr
ot

ei
n 

At
3g

26
63

0,
 c

hl
or

op
la

st
ic

13
59

21
13

2
10

89
32

79
25

43
.4

Bn
aC

nn
g4

41
70

D
U

D
P-

gl
uc

ur
on

at
e 

4-
ep

im
er

as
e 

6
13

83
20

8
13

03
87

9
26

47
2

34
.7

Bn
aC

04
g4

41
00

D
D

EA
D

-b
ox

 A
TP

-d
ep

en
de

nt
 R

N
A 

he
lic

as
e 

21
17

73
12

75
85

8
25

83
34

33
.4

Bn
aA

08
g2

17
30

D
Ca

ta
la

se
-3

14
79

87
54

5
84

1
25

32
5

32
.4

Bn
aA

01
g2

60
70

D
un

kn
ow

n
13

20
18

11
3

82
2

24
75

22
33

.9

Bn
aC

08
g3

79
70

D
Ca

tio
ni

c 
am

in
o 

ac
id

 tr
an

sp
or

te
r 8

, v
ac

uo
la

r
17

58
3

19
81

0
24

39
13

0
31

.5

Bn
aC

07
g3

69
20

D
G

PN
-lo

op
 G

TP
as

e 
1 

87
71

44
5

80
9

24
36

5
31

0.
5

Bn
aA

07
g0

03
90

D
Sh

ik
im

at
e 

O
-h

yd
ro

xy
ci

nn
am

oy
ltr

an
sf

er
as

e
13

02
30

18
8

79
8

24
03

13
49

.1

Bn
aA

05
g2

47
50

D
Pr

ob
ab

le
 le

uc
in

e-
ric

h 
re

pe
at

 re
ce

pt
or

-li
ke

 s
er

in
e/

th
re

on
in

e-
pr

ot
ei

n 
ki

na
se

 A
t3

g1
48

40
62

7
70

43
9

70
3

21
17

5
45

.1

Bn
aC

09
g2

32
40

D
un

kn
ow

n
30

6
87

54
5

69
9

21
05

4
43

.8

Bn
aC

06
g3

72
90

D
3-

hy
dr

ox
y-

3-
m

et
hy

lg
lu

ta
ry

l-c
oe

nz
ym

e 
A 

re
du

ct
as

e 
1

17
25

18
11

3
65

6
19

75
18

62
.5

Bn
aA

07
g3

28
10

D
3-

hy
dr

ox
y-

3-
m

et
hy

lg
lu

ta
ry

l-c
oe

nz
ym

e 
A 

re
du

ct
as

e 
1

17
31

16
10

0
62

4
18

79
19

64
.7

Bn
aC

09
g1

57
30

D
un

kn
ow

n
41

7
45

28
2

52
9

15
93

6
33

.1

Bn
aC

08
g1

41
30

D
Pe

nt
at

ric
op

ep
tid

e 
re

pe
at

-c
on

ta
in

in
g 

pr
ot

ei
n 

At
1g

10
27

0
24

66
5

31
28

3
85

2
27

60
.5

Bn
aC

04
g1

05
50

D
un

kn
ow

n
35

7
22

13
8

17
3

52
1

4
48

.1



  

 

            Bn
aC

07
g2

99
50

D
TR

AN
SP

AR
EN

T 
TE

ST
A 

G
LA

BR
A 

1
71

7
4

25
22

41
67

47
26

9
42

.6

Bn
aC

03
g5

10
90

D
Pr

ob
ab

le
 in

ac
tiv

e 
pu

rp
le

 a
ci

d 
ph

os
ph

at
as

e 
29

12
72

5
31

94
5

28
45

91
47

.8

Bn
aA

08
g2

50
40

D
As

pa
rt

ic
 p

ro
te

in
as

e 
A1

15
81

15
94

87
2

26
25

28
58

.2

Bn
aC

01
g0

64
30

D
un

kn
ow

n
63

0
20

12
5

15
0

45
2

4
64

.6

Bn
aC

07
g4

36
30

D
un

kn
ow

n
54

3
15

94
10

2
30

7
3

33

Bn
aC

07
g0

03
00

D
Tr

an
sc

rip
tio

n 
ac

tiv
at

or
 G

LK
1

13
41

37
23

2
43

7
13

16
6

40
.1

Bn
aC

04
g4

65
60

D
Ri

bu
lo

se
 b

is
ph

os
ph

at
e 

ca
rb

ox
yl

as
e/

ox
yg

en
as

e 
ac

tiv
as

e,
 c

hl
or

op
la

st
ic

13
20

26
5

16
61

28
30

85
21

5
75

.3

Bn
aC

04
g3

08
70

D
Ri

bu
lo

se
 b

is
ph

os
ph

at
e 

ca
rb

ox
yl

as
e 

sm
al

l c
ha

in
 F

1,
 c

hl
or

op
la

st
ic

54
6

17
4

10
90

94
0

28
30

3
35

.9



  Ta
bl

e 
S2

0:
 P

H
AS

 lo
ci

 th
at

 p
ro

du
ce

 v
a-

ph
as

iR
N

As
 in

 T
an

to
 

 

PH
AS

 lo
cu

s
Pr

ed
ic

te
d 

ge
ne

 fu
nc

tio
n

tr
an

sc
rip

t l
en

gt
h

TT
 rp

m
 /

 T
M

 rp
m

PH
AS

 S
co

re

Bn
aA

01
g1

40
50

D
N

BR
1 

ho
m

ol
og

 
21

09
13

5
69

1
11

48
44

23
21

60
33

6
37

7

Bn
aC

01
g1

65
50

D
N

BR
1 

ho
m

ol
og

21
18

10
2

52
2

10
63

57
21

50
03

41
2

38
6.

9

Bn
aC

06
g4

17
90

D
AR

G
O

N
AU

TE
 2

31
08

28
0

14
33

19
30

2
39

01
9

27
27

3

Bn
aA

07
g1

96
10

D
AB

C 
tr

an
sp

or
te

r G
 fa

m
ily

 m
em

be
r 3

6
41

73
26

1
13

36
16

03
3

32
41

1
24

13
9.

3

Bn
aA

04
g2

01
50

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

96
6

49
44

15
48

1
31

29
5

6
22

4.
5

Bn
aC

05
g1

09
80

D
RN

A-
de

pe
nd

en
t R

N
A 

po
ly

m
er

as
e 

1
32

82
13

1
67

0
15

17
2

30
67

1
46

21
9

Bn
aA

02
g0

50
40

D
un

kn
ow

n
75

3
88

6
45

34
13

15
3

26
58

9
6

15
5.

9

Bn
aA

10
g2

70
60

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
13

65
11

3
57

8
11

31
2

22
86

7
40

38
.1

Bn
aC

05
g4

83
70

D
Au

xi
n 

tr
an

sp
or

t p
ro

te
in

 B
IG

15
23

1
15

4
78

8
10

17
0

20
55

9
26

96
.3

Bn
aC

03
g5

95
20

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

72
0

36
85

96
63

19
53

4
5

93
.3

Bn
aA

08
g1

76
60

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

62
8

32
14

81
76

16
52

8
5

95
.7

Bn
aA

nn
g2

29
20

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

50
0

25
59

79
81

16
13

4
6

20
7.

7

Bn
aC

07
g3

90
70

D
N

BR
1 

ho
m

ol
og

20
76

18
92

72
64

14
68

4
15

9
93

.6

Bn
aC

03
g1

89
80

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
1

49
8

25
49

72
18

14
59

1
6

94
.3

Bn
aC

nn
g6

83
20

D
AR

G
O

N
AU

TE
 2

26
64

10
0

51
2

70
91

14
33

5
28

59
6

Bn
aC

07
g1

92
50

D
un

kn
ow

n
50

82
34

17
4

70
67

14
28

6
82

14
9.

3

Bn
aA

07
g0

75
60

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

53
2

27
23

70
18

14
18

7
5

10
5.

1

Bn
aC

nn
g6

40
10

D
AB

C 
tr

an
sp

or
te

r G
 fa

m
ily

 m
em

be
r 3

6
21

45
11

0
56

3
69

38
14

02
5

25
72

.8

Bn
aC

04
g4

20
10

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
78

3
36

18
4

68
84

13
91

6
76

17
3.

9

Bn
aC

07
g2

94
10

D
EI

N
3-

bi
nd

in
g 

F-
bo

x 
pr

ot
ei

n 
2

18
66

55
28

1
68

58
13

86
4

49
15

7

Bn
aC

06
g0

19
10

D
AB

C 
tr

an
sp

or
te

r C
 fa

m
ily

 m
em

be
r 4

44
97

28
14

3
67

76
13

69
8

96
63

.5

Bn
aA

09
g2

52
90

D
AR

G
O

N
AU

TE
 2

30
72

86
44

0
66

33
13

40
9

30
37

4.
5

Bn
aA

04
g1

21
30

D
Pr

ob
ab

le
 fr

uc
to

se
-b

is
ph

os
ph

at
e 

al
do

la
se

 1
, c

hl
or

op
la

st
ic

11
73

22
2

11
36

63
84

12
90

5
11

47
.8

Bn
aC

06
g1

44
50

D
Pr

ob
ab

le
 p

ec
ta

te
 ly

as
e 

22
16

11
10

54
53

94
63

33
12

80
2

2
47

5.
3

Bn
aA

nn
g2

36
70

D
AT

Pa
se

 2
, p

la
sm

a 
m

em
br

an
e-

ty
pe

27
57

11
9

60
9

62
57

12
64

9
21

49

Bn
aC

09
g0

08
00

D
Ca

llo
se

 s
yn

th
as

e 
12

53
52

25
12

8
62

34
12

60
2

98
86

.2

Bn
aA

01
g0

68
20

D
AT

Pa
se

 2
, p

la
sm

a 
m

em
br

an
e-

ty
pe

28
47

10
5

53
7

62
14

12
56

2
23

32
.6

Bn
aA

09
g2

65
70

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

48
3

24
72

61
84

12
50

1
5

59
.1

Bn
aA

03
g1

58
30

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
1

41
7

21
34

61
17

12
36

6
6

11
9.

6

si
RN

A 
re

ad
s 

&
 rp

m
 &

 ra
tio

 &
 P

H
AS

 S
co

re
TM

 (r
ea

ds
, r

pm
)

TT
 (r

ea
ds

, r
pm

)



  
 

Bn
aA

06
g0

96
00

D
RN

A-
de

pe
nd

en
t R

N
A 

po
ly

m
er

as
e 

1
33

30
47

24
1

58
63

11
85

2
49

42
.3

Bn
aA

03
g3

26
90

D
AB

C 
tr

an
sp

or
te

r C
 fa

m
ily

 m
em

be
r 3

36
96

44
22

5
58

49
11

82
4

53
69

.1

Bn
aA

04
g1

48
90

D
EI

N
3-

bi
nd

in
g 

F-
bo

x 
pr

ot
ei

n 
1

18
72

11
5

58
9

57
44

11
61

2
20

10
6.

8

Bn
aC

05
g2

28
80

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

41
6

21
29

56
39

11
39

9
5

53
.6

Bn
aA

02
g0

54
30

D
Ch

ap
er

on
e 

pr
ot

ei
n 

dn
aJ

 2
12

72
42

21
5

56
06

11
33

3
53

85
.1

Bn
aC

05
g4

31
80

D
Ce

ll 
di

vi
si

on
 c

on
tr

ol
 p

ro
te

in
 4

8 
ho

m
ol

og
 E

24
27

16
82

54
95

11
10

8
13

6
59

.8

Bn
aC

04
g4

65
60

D
Ri

bu
lo

se
 b

is
ph

os
ph

at
e 

ca
rb

ox
yl

as
e/

ox
yg

en
as

e 
ac

tiv
as

e,
 c

hl
or

op
la

st
ic

13
20

64
1

32
80

54
36

10
98

9
3

13
2.

9

Bn
aA

03
g1

07
90

D
H

ea
t s

ho
ck

 p
ro

te
in

 9
0-

4
17

28
36

18
4

53
14

10
74

2
58

11
7.

1

Bn
aC

08
g1

66
70

D
un

kn
ow

n
59

1
99

4
50

87
53

01
10

71
6

2
98

4.
3

Bn
aA

06
g0

38
80

D
AB

C 
tr

an
sp

or
te

r C
 fa

m
ily

 m
em

be
r 4

45
57

34
17

4
52

42
10

59
7

61
47

Bn
aC

04
g3

35
70

D
Pr

ob
ab

le
 fr

uc
to

se
-b

is
ph

os
ph

at
e 

al
do

la
se

 1
, c

hl
or

op
la

st
ic

11
73

20
1

10
29

51
99

10
51

0
10

44
.7

Bn
aA

09
g0

16
30

D
Ca

llo
se

 s
yn

th
as

e 
12

53
52

28
14

3
51

97
10

50
6

73
37

.9

Bn
aC

04
g3

77
50

D
EI

N
3-

bi
nd

in
g 

F-
bo

x 
pr

ot
ei

n 
1

18
00

13
1

67
0

51
01

10
31

2
15

98
.9

Bn
aC

09
g0

51
90

D
un

kn
ow

n
20

46
5

26
49

24
99

54
38

9
36

Bn
aC

03
g0

59
80

D
M

ag
ne

si
um

-c
he

la
ta

se
 s

ub
un

it 
Ch

lH
, c

hl
or

op
la

st
ic

41
55

26
1

13
36

46
48

93
96

7
37

.7

Bn
aA

nn
g3

55
80

D
G

ly
ci

ne
-r

ic
h 

RN
A-

bi
nd

in
g 

pr
ot

ei
n 

G
RP

2A
50

7
25

5
13

05
46

01
93

01
7

79
.7

Bn
aC

04
g0

10
00

D
BA

G
 fa

m
ily

 m
ol

ec
ul

ar
 c

ha
pe

ro
ne

 re
gu

la
to

r 6
27

33
5

26
45

17
91

31
35

7
88

.8

Bn
aC

04
g4

20
20

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
72

3
27

13
8

44
88

90
73

66
83

.5

Bn
aA

06
g3

43
80

D
Pr

ot
ei

n 
N

RT
1/

 P
TR

 F
AM

IL
Y 

8.
3

19
74

9
46

44
43

89
82

19
5

47
.8

Bn
aA

10
g2

70
80

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
78

3
31

15
9

43
49

87
92

55
39

.4

Bn
aA

02
g2

26
60

D
Tu

bu
lin

 b
et

a-
4 

ch
ai

n
13

41
47

24
1

42
95

86
82

36
10

7

Bn
aA

05
g2

87
10

D
Ce

ll 
di

vi
si

on
 c

on
tr

ol
 p

ro
te

in
 4

8 
ho

m
ol

og
 E

24
27

9
46

42
76

86
44

18
8

50
.2

Bn
aA

09
g0

56
30

D
un

kn
ow

n
21

69
4

20
42

63
86

18
42

1
50

.9

Bn
aA

03
g3

96
00

D
Sa

cs
in

13
02

3
58

29
7

41
44

83
77

28
53

.1

Bn
aC

nn
g0

34
70

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
78

3
28

14
3

41
43

83
75

58
89

Bn
aC

02
g1

27
50

D
H

ea
t s

ho
ck

 p
ro

te
in

 9
0-

4 
17

22
26

13
3

40
84

82
56

62
10

2.
8

Bn
aA

05
g2

93
90

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 C
P2

9.
2,

 c
hl

or
op

la
st

ic
86

7
30

4
15

56
40

33
81

53
5

66
.7

Bn
aC

04
g1

07
80

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
1

39
8

20
37

38
85

78
54

4
78

Bn
aA

10
g2

70
70

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
72

3
26

13
3

38
84

78
52

59
55

.1

Bn
aC

07
g1

52
80

D
Ca

ta
la

se
-3

14
79

24
6

12
59

38
46

77
75

6
40

.6

Bn
aA

03
g4

96
10

D
Cy

tid
in

e 
de

am
in

as
e 

1
87

3
15

5
79

3
37

93
76

68
10

84
.1

Bn
aA

07
g1

72
60

D
Pu

ta
tiv

e 
ca

lc
iu

m
-t

ra
ns

po
rt

in
g 

AT
Pa

se
 1

1,
 p

la
sm

a 
m

em
br

an
e-

ty
pe

30
78

19
97

37
58

75
97

78
85

.2

Bn
aA

nn
g0

24
50

D
RE

F/
SR

PP
-li

ke
 p

ro
te

in
 A

t3
g0

55
00

71
1

12
61

37
42

75
65

12
3

11
3.

4



  
 

B
na

C0
1g

40
40

0D
un

kn
ow

n
76

8
13

2
67

6
37

22
75

24
11

87
.1

B
na

C0
4g

10
77

0D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

99
0

61
0

31
22

36
82

74
43

2
85

.2

B
na

A
09

g2
68

90
D

U
-b

ox
 d

om
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 1
7

21
15

14
72

36
53

73
85

10
3

69
.9

B
na

A
06

g0
44

40
D

El
on

ga
ti

on
 f

ac
to

r 
1-

al
ph

a 
4

13
83

29
14

8
36

17
73

12
49

11
2.

5

B
na

A
06

g2
76

40
D

EI
N

3-
bi

nd
in

g 
F-

bo
x 

pr
ot

ei
n 

2
18

69
41

21
0

35
84

72
45

35
63

B
na

A
nn

g0
36

50
D

un
kn

ow
n

56
13

39
20

0
35

79
72

35
36

56
.9

B
na

C0
4g

50
85

0D
Ph

os
ph

at
id

yl
in

os
it

ol
 4

-k
in

as
e 

ga
m

m
a 

4
14

70
31

15
9

35
30

71
36

45
78

B
na

C0
9g

21
44

0D
B

et
a-

am
yl

as
e 

1,
 c

hl
or

op
la

st
ic

16
95

18
5

94
7

34
23

69
20

7
79

B
na

C0
2g

31
03

0D
Tu

bu
lin

 b
et

a-
1 

ch
ai

n
13

38
42

21
5

33
93

68
59

32
66

.6

B
na

Cn
ng

71
82

0D
A

B
C 

tr
an

sp
or

te
r 

C 
fa

m
ily

 m
em

be
r 

3
15

21
20

10
2

33
82

68
37

67
58

.8

B
na

C0
3g

13
93

0D
H

ea
t 

sh
oc

k 
pr

ot
ei

n 
90

-3
 

17
31

15
77

33
78

68
29

89
73

.5

B
na

C0
3g

37
87

0D
Pr

ot
ea

so
m

e 
ac

ti
va

to
r 

su
bu

ni
t 

4
53

55
11

56
33

73
68

19
12

1
38

.3

B
na

C0
3g

37
68

0D
Pr

ob
ab

le
 m

ed
ia

to
r 

of
 R

N
A

 p
ol

ym
er

as
e 

II 
tr

an
sc

ri
pt

io
n 

su
bu

ni
t 

37
c

19
53

18
92

33
55

67
82

74
60

.5

B
na

A
06

g3
72

30
D

Pr
ob

ab
le

 f
ru

ct
os

e-
bi

sp
ho

sp
ha

te
 a

ld
ol

as
e 

2,
 c

hl
or

op
la

st
ic

11
82

25
1

12
85

32
76

66
23

5
37

.1

B
na

A
06

g3
59

40
D

un
kn

ow
n

51
87

15
77

32
56

65
82

86
69

.8

B
na

A
10

g1
48

10
D

un
kn

ow
n

74
7

11
9

60
9

32
38

65
46

11
49

.7

B
na

C0
7g

21
43

0D
N

R
T1

/ 
PT

R
 F

A
M

IL
Y 

8.
3

17
58

14
72

32
23

65
15

91
39

.5

B
na

C0
1g

38
94

0D
Ce

ll 
di

vi
si

on
 c

on
tr

ol
 p

ro
te

in
 4

8 
ho

m
ol

og
 E

24
33

11
56

32
20

65
09

11
6

71
.3

B
na

A
03

g3
23

20
D

Pr
ob

ab
le

 m
ed

ia
to

r 
of

 R
N

A
 p

ol
ym

er
as

e 
II 

tr
an

sc
ri

pt
io

n 
su

bu
ni

t 
37

c
19

59
14

72
32

13
64

95
91

52
.2

B
na

C0
5g

05
63

0D
El

on
ga

ti
on

 f
ac

to
r 

1-
al

ph
a 

4
14

64
42

21
5

30
82

62
30

29
45

B
na

C0
3g

13
47

0D
H

ea
t 

sh
oc

k 
pr

ot
ei

n 
90

-2
 

16
14

20
10

2
30

69
62

04
61

85
.7

B
na

C0
3g

77
22

0D
Po

ly
ad

en
yl

at
e-

bi
nd

in
g 

pr
ot

ei
n 

2
18

54
42

5
21

75
30

26
61

17
3

60
.3

B
na

C0
9g

37
17

0D
un

kn
ow

n
75

9
11

8
60

4
30

20
61

05
10

55
.8

B
na

C0
8g

36
33

0D
Tr

an
sc

ri
pt

io
n 

ac
ti

va
to

r 
G

LK
1

30
66

33
6

17
20

29
82

60
28

4
96

.8

B
na

C0
8g

21
78

0D
un

kn
ow

n
56

28
41

21
0

29
73

60
10

29
42

.3

B
na

A
09

g0
58

50
D

Pr
ob

ab
le

 m
ed

ia
to

r 
of

 R
N

A
 p

ol
ym

er
as

e 
II 

tr
an

sc
ri

pt
io

n 
su

bu
ni

t 
37

e
79

5
29

14
8

29
41

59
45

40
96

.6

B
na

Cn
ng

24
14

0D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 C
P2

9.
2,

 c
hl

or
op

la
st

ic
87

0
27

8
14

23
28

70
58

02
4

33
.1

B
na

C0
3g

13
87

0D
H

ea
t 

sh
oc

k 
pr

ot
ei

n 
90

-2
10

95
30

15
4

28
59

57
80

38
54

B
na

A
03

g3
26

40
D

A
B

C 
tr

an
sp

or
te

r 
C 

fa
m

ily
 m

em
be

r 
6

15
09

18
92

28
06

56
72

62
37

.8

B
na

C0
2g

40
26

0D
El

on
ga

ti
on

 f
ac

to
r 

2
25

17
50

25
6

27
76

56
12

22
76

.5

B
na

A
09

g2
68

50
D

Pr
ot

ei
n 

M
EI

2-
lik

e 
5

23
22

19
97

27
01

54
60

56
40

B
na

C0
9g

54
00

0D
4-

hy
dr

ox
y-

3-
m

et
hy

lb
ut

-2
-e

n-
1-

yl
 d

ip
ho

sp
ha

te
 s

yn
th

as
e 

(f
er

re
do

xi
n)

, c
hl

or
op

la
st

ic
22

11
41

21
0

26
99

54
56

26
30

.5

B
na

C0
7g

50
78

0D
Cy

ti
di

ne
 d

ea
m

in
as

e 
1

94
2

11
9

60
9

26
97

54
52

9
58

.6



  
 

Bn
aA

03
g0

08
50

D
Ce

ll 
di

vi
si

on
 c

on
tr

ol
 p

ro
te

in
 4

8 
ho

m
ol

og
 E

23
97

10
51

26
95

54
48

10
6

60

Bn
aA

03
g1

47
60

D
SO

BI
R1

19
38

25
12

8
26

68
53

93
42

72
.2

Bn
aA

08
g1

51
60

D
U

-b
ox

 d
om

ai
n-

co
nt

ai
ni

ng
 p

ro
te

in
 5

54
06

28
14

3
26

60
53

77
38

48
.6

Bn
aC

nn
g0

34
60

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
72

3
13

67
25

93
52

42
79

30
.5

Bn
aC

03
g7

36
10

D
AB

C 
tr

an
sp

or
te

r C
 fa

m
ily

 m
em

be
r 3

23
85

18
92

25
86

52
28

57
54

.5

Bn
aA

05
g3

36
30

D
Au

xi
n 

tr
an

sp
or

t p
ro

te
in

 B
IG

66
81

33
16

9
25

70
51

95
31

37
.4

Bn
aA

07
g0

57
90

D
Be

ta
-a

m
yl

as
e 

1,
 c

hl
or

op
la

st
ic

17
13

13
8

70
6

25
70

51
95

7
31

.5

Bn
aA

nn
g0

71
50

D
un

kn
ow

n
69

9
12

61
25

64
51

83
84

48
.8

Bn
aC

05
g1

78
90

D
Q

U
IR

KY
30

24
39

20
0

25
19

50
92

26
48

.7

Bn
aC

08
g1

40
30

D
N

F-
X1

-t
yp

e 
zi

nc
 fi

ng
er

 p
ro

te
in

 N
FX

L1
28

98
29

14
8

25
18

50
90

34
47

.6

Bn
aC

04
g3

08
10

D
Ri

bu
lo

se
 b

is
ph

os
ph

at
e 

ca
rb

ox
yl

as
e 

sm
al

l c
ha

in
 1

A,
 c

hl
or

op
la

st
ic

54
6

25
2

12
90

25
01

50
56

4
45

.4

Bn
aA

09
g0

03
90

D
S-

ad
en

os
yl

m
et

hi
on

in
e 

sy
nt

ha
se

10
98

51
26

1
24

83
50

19
19

71
.1

Bn
aC

05
g1

14
40

D
AL

G
-2

 in
te

ra
ct

in
g 

pr
ot

ei
n 

X
25

71
22

11
3

24
64

49
81

44
37

.4

Bn
aC

04
g3

08
70

D
Ri

bu
lo

se
 b

is
ph

os
ph

at
e 

ca
rb

ox
yl

as
e 

sm
al

l c
ha

in
 F

1,
 c

hl
or

op
la

st
ic

54
6

30
9

15
81

24
52

49
57

3
62

.3

Bn
aA

02
g0

88
20

D
H

ea
t s

ho
ck

 p
ro

te
in

 9
0-

2
16

56
18

92
24

27
49

06
53

75
.1

Bn
aC

03
g1

78
00

D
SO

BI
R1

19
35

31
15

9
24

26
49

04
31

37
.1

Bn
aA

01
g1

58
10

D
G

D
PD

L2
 

22
74

30
15

4
24

22
48

96
32

35
.9

Bn
aC

07
g2

99
50

D
TR

AN
SP

AR
EN

T 
TE

ST
A 

G
LA

BR
A 

1
71

7
9

46
24

18
48

88
10

6
40

.7

Bn
aC

06
g0

64
00

D
H

ea
t s

ho
ck

 7
0 

kD
a 

pr
ot

ei
n 

14
28

71
34

17
4

23
84

48
19

28
35

.4

Bn
aC

08
g4

93
60

D
G

ly
ci

ne
-r

ic
h 

RN
A-

bi
nd

in
g 

pr
ot

ei
n 

7
50

4
15

7
80

3
23

83
48

17
6

33
.9

Bn
aC

01
g2

76
00

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
12

54
20

10
2

23
69

47
89

47
32

.7

Bn
aA

01
g3

20
30

D
Ce

ll 
di

vi
si

on
 c

on
tr

ol
 p

ro
te

in
 4

8 
ho

m
ol

og
 A

24
33

7
36

23
12

46
74

13
0

32
.8

Bn
aC

nn
g2

63
60

D
un

kn
ow

n
43

8
12

2
62

4
23

10
46

70
7

42
.8

Bn
aC

06
g3

83
00

D
N

itr
at

e 
re

du
ct

as
e 

[N
AD

H
], 

cl
on

e 
PB

N
BR

14
05

26
85

42
1

21
55

22
93

46
35

2
35

.2

Bn
aC

09
g4

19
70

D
Pr

ob
ab

le
 e

nd
o-

1,
3(

4)
-b

et
a-

gl
uc

an
as

e 
AR

B_
01

44
4 

21
51

16
82

22
62

45
73

56
39

.4

Bn
aC

05
g4

35
40

D
un

kn
ow

n
11

04
1

5
22

55
45

59
89

1
41

.3

Bn
aA

06
g0

08
70

D
H

ea
t s

ho
ck

 7
0 

kD
a 

pr
ot

ei
n 

14
25

77
14

72
21

56
43

58
61

35
.7

Bn
aC

nn
g3

87
80

D
El

on
ga

tio
n 

fa
ct

or
 1

-a
lp

ha
 4

12
87

31
15

9
21

54
43

54
27

77
.8

Bn
aA

08
g2

59
50

D
N

F-
X1

-t
yp

e 
zi

nc
 fi

ng
er

 p
ro

te
in

 N
FX

L1
26

76
28

14
3

21
50

43
46

30
34

Bn
aC

08
g3

21
00

D
Pr

ob
ab

le
 p

ro
te

in
 p

ho
sp

ha
ta

se
 2

C 
49

11
28

10
51

21
34

43
14

84
49

.1

Bn
aA

nn
g0

17
30

D
AB

C 
tr

an
sp

or
te

r G
 fa

m
ily

 m
em

be
r 2

2
21

57
52

26
6

21
22

42
90

16
43

.4

Bn
aC

02
g4

68
10

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 C
P2

6,
 c

hl
or

op
la

st
ic

84
6

24
5

12
54

21
19

42
84

3
30

.7

Bn
aA

09
g0

58
60

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
71

7
21

10
7

21
17

42
80

40
52

.9



  
 

B
na

C0
9g

34
84

0D
E3

 u
bi

qu
it

in
-p

ro
te

in
 li

ga
se

 R
IN

G
1-

lik
e

10
68

21
10

7
21

13
42

71
40

36
.9

B
na

C0
1g

01
11

0D
H

ea
t 

sh
oc

k 
70

 k
D

a 
pr

ot
ei

n 
9,

 m
it

oc
ho

nd
ri

al
20

43
7

36
21

12
42

69
11

9
45

B
na

C0
1g

31
71

0D
Pr

ot
ea

so
m

e 
su

bu
ni

t 
al

ph
a 

ty
pe

-4
-A

60
6

9
46

21
02

42
49

92
60

.1

B
na

A
05

g2
81

10
D

un
kn

ow
n

74
1

11
8

60
4

20
97

42
39

7
45

.9

B
na

C0
4g

07
66

0D
L-

ty
pe

 le
ct

in
-d

om
ai

n 
co

nt
ai

ni
ng

 r
ec

ep
to

r 
ki

na
se

 IV
.1

20
22

23
11

8
20

90
42

25
36

40
.3

B
na

C0
3g

11
13

0D
A

B
C 

tr
an

sp
or

te
r 

F 
fa

m
ily

 m
em

be
r 

1
27

60
21

10
7

20
33

41
10

38
35

.5

B
na

C0
4g

20
69

0D
Ca

lc
iu

m
-t

ra
ns

po
rt

in
g 

A
TP

as
e 

12
, p

la
sm

a 
m

em
br

an
e-

ty
pe

31
02

36
18

4
20

22
40

88
22

40
.9

B
na

A
10

g0
08

30
D

N
A

C 
do

m
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 1
 

14
28

17
87

20
01

40
45

46
48

B
na

C0
9g

32
52

0D
Tr

an
sm

em
br

an
e 

pr
ot

ei
n 

24
5

19
53

43
22

0
19

93
40

29
18

51
.9

B
na

C0
5g

40
29

0D
A

B
C 

tr
an

sp
or

te
r 

C 
fa

m
ily

 m
em

be
r 

7
52

14
64

32
8

19
64

39
70

12
40

.2

B
na

A
nn

g3
39

70
D

El
on

ga
ti

on
 f

ac
to

r 
2 

15
30

38
19

4
19

46
39

34
20

47
.3

B
na

C0
1g

21
92

0D
Cy

st
ei

ne
 p

ro
te

in
as

e 
R

D
19

a
11

07
61

31
2

19
32

39
06

13
46

.4

B
na

C0
3g

51
09

0D
Pr

ob
ab

le
 in

ac
ti

ve
 p

ur
pl

e 
ac

id
 p

ho
sp

ha
ta

se
 2

9
12

72
17

87
19

19
38

79
45

51
.2

B
na

Cn
ng

36
54

0D
Tu

bu
lin

 b
et

a-
4 

ch
ai

n
13

38
30

15
4

19
16

38
73

25
35

.8

B
na

C0
6g

28
80

0D
A

TP
-d

ep
en

de
nt

 z
in

c 
m

et
al

lo
pr

ot
ea

se
 F

TS
H

 1
, c

hl
or

op
la

st
ic

21
09

12
1

61
9

18
56

37
52

6
33

.9

B
na

C0
5g

17
00

0D
To

lB
21

21
37

18
9

18
37

37
14

20
53

.4

B
na

A
03

g1
11

40
D

H
ea

t 
sh

oc
k 

pr
ot

ei
n 

90
-2

 
10

92
14

72
18

20
36

79
51

37
.2

B
na

C0
2g

44
79

0D
A

ux
in

-r
es

po
ns

iv
e 

pr
ot

ei
n 

SA
U

R
32

 
38

7
7

36
18

11
36

61
10

2
45

.1

B
na

C0
3g

01
16

0D
Ce

ll 
di

vi
si

on
 c

on
tr

ol
 p

ro
te

in
 4

8 
ho

m
ol

og
 E

24
30

9
46

18
09

36
57

79
43

.5

B
na

A
nn

g1
20

70
D

Pr
ob

ab
le

 m
ed

ia
to

r 
of

 R
N

A
 p

ol
ym

er
as

e 
II 

tr
an

sc
ri

pt
io

n 
su

bu
ni

t 
37

e
77

1
10

51
18

05
36

49
71

51
.7

B
na

A
09

g3
97

70
D

Pr
ob

ab
le

 p
ro

te
in

 p
ho

sp
ha

ta
se

 2
C 

49
11

25
12

61
17

73
35

84
58

88
.9

B
na

A
10

g1
42

40
D

Ch
ap

er
on

e 
pr

ot
ei

n 
dn

aJ
 3

12
69

7
36

17
64

35
66

10
0

36
.6

B
na

A
09

g2
25

40
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 C

P2
6,

 c
hl

or
op

la
st

ic
63

0
20

1
10

29
17

51
35

40
3

31
.3

B
na

A
nn

g0
45

40
D

Pr
ob

ab
le

 L
R

R
 r

ec
ep

to
r-

lik
e 

se
ri

ne
/t

hr
eo

ni
ne

-p
ro

te
in

 k
in

as
e 

A
t4

g0
88

50
16

26
4

20
17

39
35

15
17

2
62

.9

B
na

C0
5g

30
20

0D
TI

M
E 

FO
R

 C
O

FF
EE

46
50

10
0

51
2

17
34

35
05

7
30

.3

B
na

A
04

g1
83

10
D

Pe
nt

at
ri

co
pe

pt
id

e 
re

pe
at

-c
on

ta
in

in
g 

pr
ot

ei
n 

A
t2

g3
14

00
, c

hl
or

op
la

st
ic

21
90

23
11

8
17

31
34

99
30

36
.2

B
na

A
01

g3
00

60
D

A
B

C 
tr

an
sp

or
te

r 
C 

fa
m

ily
 m

em
be

r 
3

34
83

8
41

17
25

34
87

85
30

.8

B
na

A
06

g3
13

50
D

un
kn

ow
n

20
55

22
11

3
17

21
34

79
31

36
.9

B
na

A
03

g3
22

50
D

EL
C 

18
12

11
56

16
80

33
96

60
32

B
na

A
01

g3
04

90
D

Pr
ob

ab
le

 m
ed

ia
to

r 
of

 R
N

A
 p

ol
ym

er
as

e 
II 

tr
an

sc
ri

pt
io

n 
su

bu
ni

t 
37

c
19

53
15

77
16

52
33

40
44

34
.7

B
na

C0
4g

08
36

0D
S-

ad
en

os
yl

m
et

hi
on

in
e 

sy
nt

ha
se

 3
11

22
60

30
7

16
36

33
07

11
42

.1

B
na

A
nn

g0
99

60
D

Tu
bu

lin
 b

et
a-

4 
ch

ai
n

13
38

33
16

9
16

23
32

81
19

43
.5

B
na

C0
5g

09
21

0D
G

ly
ce

ra
ld

eh
yd

e-
3-

ph
os

ph
at

e 
de

hy
dr

og
en

as
e 

G
A

PA
2,

 c
hl

or
op

la
st

ic
12

00
31

3
16

02
15

98
32

30
2

32
.3



  
 

B
na

A
08

g1
87

50
D

Ca
lc

iu
m

-t
ra

ns
po

rt
in

g 
A

TP
as

e 
1,

 c
hl

or
op

la
st

ic
30

54
8

41
15

96
32

26
79

41
.4

B
na

A
09

g0
46

00
D

EI
N

3-
bi

nd
in

g 
F-

bo
x 

pr
ot

ei
n 

2
18

51
53

27
1

15
93

32
20

12
39

.9

B
na

C0
3g

76
15

0D
El

on
ga

ti
on

 f
ac

to
r 

2
12

00
35

17
9

15
62

31
58

18
42

.8

B
na

C0
4g

44
10

0D
D

EA
D

-b
ox

 A
TP

-d
ep

en
de

nt
 R

N
A

 h
el

ic
as

e 
21

17
73

17
87

15
61

31
56

36
49

.6

B
na

C0
9g

06
29

0D
Sp

lic
in

g 
fa

ct
or

 3
B

 s
ub

un
it

 1
36

27
19

97
15

53
31

39
32

34
.4

B
na

A
07

g1
59

00
D

Fr
uc

to
se

-b
is

ph
os

ph
at

e 
al

do
la

se
, c

yt
op

la
sm

ic
 is

oz
ym

e 
2

10
77

5
26

15
45

31
23

12
2

51

B
na

A
01

g2
96

30
D

Su
bt

ili
si

n-
lik

e 
pr

ot
ea

se
 S

B
T1

.4
 

23
28

22
1

11
31

15
33

30
99

3
37

.2

B
na

C0
6g

14
27

0D
Fr

uc
to

se
-b

is
ph

os
ph

at
e 

al
do

la
se

, c
yt

op
la

sm
ic

 is
oz

ym
e 

2
10

77
16

82
15

17
30

67
37

37
.9

B
na

C0
1g

05
23

0D
G

ly
ci

ne
 d

eh
yd

ro
ge

na
se

 (
de

ca
rb

ox
yl

at
in

g)
 1

, m
it

oc
ho

nd
ri

al
31

38
28

1
14

38
15

16
30

65
2

30
.6

B
na

A
07

g0
74

30
D

un
kn

ow
n

74
4

27
8

14
23

15
02

30
36

2
39

.2

B
na

C0
7g

22
66

0D
Ph

os
ph

at
id

yl
in

os
it

ol
 4

-k
in

as
e 

ga
m

m
a 

7
18

48
60

30
7

14
94

30
20

10
32

.3

B
na

C0
3g

37
54

0D
Pr

ot
ei

n 
EL

C 
17

79
9

46
14

77
29

86
65

33
.9

B
na

C0
8g

42
25

0D
Zi

nc
 t

ra
ns

po
rt

er
 4

, c
hl

or
op

la
st

ic
11

91
2

10
14

64
29

60
28

9
33

.5

B
na

A
06

g3
36

10
D

Ph
os

ph
at

id
yl

in
os

it
ol

 4
-k

in
as

e 
ga

m
m

a 
7

18
51

45
23

0
14

62
29

55
13

31
.8

B
na

C0
4g

47
65

0D
Pr

ob
ab

le
 c

al
ci

um
-b

in
di

ng
 p

ro
te

in
 C

M
L3

5
65

4
35

17
9

14
55

29
41

16
35

.6

B
na

A
09

g0
67

70
D

Sp
lic

in
g 

fa
ct

or
 3

B
 s

ub
un

it
 1

37
05

25
12

8
14

55
29

41
23

39
.3

B
na

C0
2g

45
02

0D
Fe

rr
ed

ox
in

--
N

A
D

P 
re

du
ct

as
e,

 le
af

 is
oz

ym
e 

1,
 c

hl
or

op
la

st
ic

30
15

31
15

9
14

41
29

13
18

46
.2

B
na

A
10

g1
84

10
D

Pr
ob

ab
le

 e
nd

o-
1,

3(
4)

-b
et

a-
gl

uc
an

as
e 

A
R

B
_0

14
44

21
39

15
77

14
32

28
95

38
38

.3

B
na

A
07

g1
35

30
D

R
uB

is
CO

 la
rg

e 
su

bu
ni

t-
bi

nd
in

g 
pr

ot
ei

n 
su

bu
ni

t 
al

ph
a,

 c
hl

or
op

la
st

ic
17

91
16

82
14

32
28

95
35

45
.8

B
na

A
10

g2
55

50
D

Pr
ob

ab
le

 d
is

ea
se

 r
es

is
ta

nc
e 

pr
ot

ei
n 

A
t4

g3
33

00
19

71
13

67
14

25
28

81
43

31
.1

B
na

A
nn

g1
45

20
D

Su
bt

ili
si

n-
lik

e 
pr

ot
ea

se
 S

B
T1

.7
 

22
83

31
15

9
14

22
28

75
18

44
.8

B
na

A
09

g5
65

70
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 C

P2
4 

10
B

, c
hl

or
op

la
st

ic
78

0
17

5
89

6
14

15
28

60
3

44
.6

B
na

A
08

g2
50

40
D

A
sp

ar
ti

c 
pr

ot
ei

na
se

 A
1

15
81

37
18

9
14

12
28

54
15

60
.7

B
na

A
10

g1
16

20
D

Ch
ap

er
on

e 
pr

ot
ei

n 
Cl

pB
28

26
52

26
6

14
00

28
30

11
31

.6

B
na

A
01

g2
42

50
D

CB
L-

in
te

ra
ct

in
g 

se
ri

ne
/t

hr
eo

ni
ne

-p
ro

te
in

 k
in

as
e 

7
12

45
86

44
0

13
76

27
82

6
43

.6

B
na

A
01

g2
23

10
D

Pr
ob

ab
le

 n
uc

le
or

ed
ox

in
 1

17
37

46
23

5
13

34
26

97
11

48
.1

B
na

A
08

g1
81

40
D

26
S 

pr
ot

ea
so

m
e 

no
n-

A
TP

as
e 

re
gu

la
to

ry
 s

ub
un

it
 1

1 
ho

m
ol

og
12

60
5

26
13

19
26

66
10

4
31

.5

B
na

C0
5g

47
72

0D
un

kn
ow

n
76

8
35

17
9

13
15

26
58

15
48

.1

B
na

A
10

g1
25

20
D

E3
 u

bi
qu

it
in

-p
ro

te
in

 li
ga

se
 R

IN
G

1-
lik

e
10

29
11

56
13

02
26

32
47

30
.1

B
na

A
07

g0
03

90
D

Sh
ik

im
at

e 
O

-h
yd

ro
xy

ci
nn

am
oy

lt
ra

ns
fe

ra
se

13
02

11
7

59
9

12
87

26
02

4
54

.5

B
na

C0
9g

15
73

0D
un

kn
ow

n
41

7
52

26
6

12
40

25
07

9
71

.8

B
na

Cn
ng

73
29

0D
N

D
R

1/
H

IN
1-

Li
ke

 p
ro

te
in

 3
 

71
4

49
25

1
12

15
24

56
10

32

B
na

C0
3g

61
17

0D
H

ea
t 

sh
oc

k 
70

 k
D

a 
pr

ot
ei

n 
9,

 m
it

oc
ho

nd
ri

al
20

46
8

41
12

10
24

46
60

84



  
 

Bn
aA

03
g2

65
30

D
S-

ad
en

os
yl

m
et

hi
on

in
e 

sy
nt

ha
se

10
98

35
17

9
11

66
23

57
13

30
.1

Bn
aA

01
g2

65
00

D
Ac

tin
-8

11
34

62
31

7
11

04
22

32
7

37
.7

Bn
aC

07
g2

37
40

D
Pe

nt
at

ric
op

ep
tid

e 
re

pe
at

-c
on

ta
in

in
g 

pr
ot

ei
n 

At
3g

26
63

0,
 ch

lo
ro

pl
as

tic
13

59
44

22
5

11
01

22
26

10
34

.2

Bn
aA

07
g0

61
90

D
UD

P-
gl

uc
ur

on
at

e 
4-

ep
im

er
as

e 
6

13
62

13
0

66
5

10
99

22
22

3
32

.5

Bn
aA

09
g1

37
10

D
Ph

ot
os

ys
te

m
 I 

ch
lo

ro
ph

yl
l a

/b
-b

in
di

ng
 p

ro
te

in
 3

-1
, c

hl
or

op
la

st
ic 

81
6

86
44

0
10

86
21

95
5

35
.2

Bn
aC

nn
g3

95
00

D
SO

BI
R1

19
26

18
92

10
83

21
89

24
33

.5

Bn
aA

02
g1

01
90

D
Au

xi
n-

re
sp

on
siv

e 
pr

ot
ei

n 
SA

UR
32

 
38

7
8

41
10

64
21

51
53

39
.3

Bn
aC

nn
g1

91
90

D
L-

ty
pe

 le
ct

in
-d

om
ai

n 
co

nt
ai

ni
ng

 re
ce

pt
or

 k
in

as
e 

IV
.4

17
16

18
92

10
63

21
49

23
47

.8

Bn
aC

nn
g7

00
90

D
Ph

en
ol

ic 
gl

uc
os

id
e 

m
al

on
yl

tra
ns

fe
ra

se
 1

14
01

5
26

10
52

21
27

83
34

.4

Bn
aA

10
g0

04
10

D
BP

S1
, c

hl
or

op
la

st
ic

10
53

95
48

6
10

43
21

08
4

31
.3

Bn
aA

nn
g3

34
60

D
Po

ly
ub

iq
ui

tin
31

5
50

25
6

10
40

21
02

8
46

Bn
aA

04
g2

48
70

D
un

kn
ow

n
23

67
65

33
3

10
31

20
84

6
34

.9

Bn
aC

03
g3

29
40

D
S-

ad
en

os
yl

m
et

hi
on

in
e 

de
ca

rb
ox

yl
as

e 
pr

oe
nz

ym
e 

3
11

04
84

43
0

10
22

20
66

5
36

.9

Bn
aC

09
g4

70
20

D
un

kn
ow

n
14

28
36

18
4

10
12

20
46

11
31

.9

Bn
aC

03
g2

65
30

D
un

kn
ow

n
10

98
1

5
10

05
20

32
39

7
30

.2

Bn
aA

01
g3

36
60

D
Gl

yc
er

al
de

hy
de

-3
-p

ho
sp

ha
te

 d
eh

yd
ro

ge
na

se
, c

yt
os

ol
ic

10
26

1
5

99
9

20
20

39
5

34
.5

Bn
aA

03
g5

01
70

D
UD

P-
gl

uc
ur

on
at

e 
4-

ep
im

er
as

e 
1

12
93

31
15

9
97

1
19

63
12

36

Bn
aC

05
g1

20
70

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 C
P2

4 
10

B,
 ch

lo
ro

pl
as

tic
77

7
11

7
59

9
96

6
19

53
3

33
.6

Bn
aC

09
g4

48
30

D
un

kn
ow

n
19

5
19

97
96

3
19

47
20

46
.5

Bn
aA

09
g5

16
20

D
NA

C 
do

m
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 6
8

12
78

4
20

95
8

19
37

95
33

.6

Bn
aA

nn
g1

20
60

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
NA

 p
ol

ym
er

as
e 

II 
tra

ns
cr

ip
tio

n 
su

bu
ni

t 3
7e

43
2

2
10

94
6

19
12

18
7

47
.2

Bn
aA

08
g1

58
70

D
He

at
 sh

oc
k 

70
 k

Da
 p

ro
te

in
 9

, m
ito

ch
on

dr
ia

l
20

37
9

46
93

8
18

96
41

55
.5

Bn
aA

05
g3

71
80

D
un

kn
ow

n
77

7
26

13
3

93
6

18
92

14
33

Bn
aC

09
g3

36
00

D
Te

m
pe

ra
tu

re
-in

du
ce

d 
lip

oc
al

in
-1

55
8

4
20

92
1

18
62

91
38

.5

Bn
aC

07
g1

28
70

D
Pr

ob
ab

le
 g

al
ac

tu
ro

no
sy

ltr
an

sf
er

as
e-

lik
e 

8
11

49
33

16
9

88
8

17
95

11
37

.1

Bn
aA

01
g2

60
70

D
un

kn
ow

n
13

20
39

20
0

81
7

16
52

8
32

.6

Bn
aA

01
g1

07
50

D
Re

tic
ul

in
e 

ox
id

as
e-

lik
e 

pr
ot

ei
n

17
07

36
18

4
81

2
16

41
9

53
.7

Bn
aC

03
g6

84
20

D
Tu

bu
lin

 a
lp

ha
 ch

ai
n

13
53

44
22

5
80

7
16

31
7

34
.9

Bn
aC

06
g3

72
90

D
3-

hy
dr

ox
y-

3-
m

et
hy

lg
lu

ta
ry

l-c
oe

nz
ym

e 
A 

re
du

ct
as

e 
1

17
25

28
14

3
79

2
16

01
11

43
.1

Bn
aC

03
g1

38
80

D
He

at
 sh

oc
k 

pr
ot

ei
n 

90
-3

 
43

8
11

56
77

3
15

63
28

37
.7

Bn
aA

07
g3

28
10

D
3-

hy
dr

ox
y-

3-
m

et
hy

lg
lu

ta
ry

l-c
oe

nz
ym

e 
A 

re
du

ct
as

e 
1

17
31

24
12

3
74

2
15

00
12

34
.9

Bn
aA

03
g0

99
20

D
Te

m
pe

ra
tu

re
-in

du
ce

d 
lip

oc
al

in
-1

 
56

4
2

10
72

8
14

72
14

4
33

.5

Bn
aA

09
g3

54
90

D
Pu

ta
tiv

e 
se

rin
e/

th
re

on
in

e-
pr

ot
ei

n 
ki

na
se

-li
ke

 p
ro

te
in

 C
CR

3
23

76
8

41
72

8
14

72
36

30
.5



  

 

   Bn
aC

08
g3

90
50

D
E3

 u
bi

qu
iti

n-
pr

ot
ei

n 
lig

as
e 

RH
A2

A
50

4
72

36
8

72
1

14
58

4
41

.6

Bn
aA

02
g3

49
80

D
un

kn
ow

n
19

5
9

46
65

4
13

22
29

41

Bn
aA

06
g4

03
30

D
Tr

an
sc

rip
tio

n 
fa

ct
or

 M
YC

3
13

50
21

10
7

65
0

13
14

12
30

.2

Bn
aA

03
g3

14
00

D
Tr

an
sc

rip
tio

n 
fa

ct
or

 L
U

X
40

8
1

5
63

9
12

92
25

2
40

.8

Bn
aC

08
g0

80
80

D
Bi

fu
nc

tio
na

l p
ur

pl
e 

ac
id

 p
ho

sp
ha

ta
se

 2
6

14
28

10
51

62
2

12
57

25
11

9.
1

Bn
aC

08
g1

41
30

D
Pe

nt
at

ric
op

ep
tid

e 
re

pe
at

-c
on

ta
in

in
g 

pr
ot

ei
n 

At
1g

10
27

0
24

66
6

31
59

9
12

11
39

90
.4

Bn
aA

01
g0

46
20

D
Pr

ob
ab

le
 s

ug
ar

 p
ho

sp
ha

te
/p

ho
sp

ha
te

 tr
an

sl
oc

at
or

 A
t4

g3
23

90
10

56
15

77
59

6
12

05
16

30
.6

Bn
aA

08
g0

46
20

D
bZ

IP
 tr

an
sc

rip
tio

n 
fa

ct
or

 6
0 

70
2

5
26

52
4

10
59

41
47

.6

Bn
aA

09
g2

91
00

D
Pr

ob
ab

le
 m

ed
ia

to
r o

f R
N

A 
po

ly
m

er
as

e 
II 

tr
an

sc
rip

tio
n 

su
bu

ni
t 3

7e
38

4
1

5
51

2
10

35
20

2
30

.1

Bn
aC

01
g0

64
30

D
un

kn
ow

n
63

0
37

18
9

45
5

92
0

5
12

3.
4

Bn
aC

07
g4

36
30

D
un

kn
ow

n
54

3
17

87
37

5
75

8
9

79
.2

Bn
aA

02
g0

15
10

D
G

EM
-li

ke
 p

ro
te

in
 5

81
9

7
36

34
9

70
6

20
30

.7

Bn
aC

08
g2

28
90

D
Re

ce
pt

or
-li

ke
 p

ro
te

in
 k

in
as

e 
FE

RO
N

IA
35

31
12

61
34

9
70

6
11

16
6.

8

Bn
aC

05
g1

17
70

D
Pe

rio
di

c 
tr

yp
to

ph
an

 p
ro

te
in

 2
 h

om
ol

og
27

63
8

41
34

5
69

7
17

14
4.

1

Bn
aA

03
g0

79
90

D
un

kn
ow

n
31

2
13

67
29

9
60

4
9

42
.4

Bn
aC

07
g5

13
00

D
Tu

bu
lin

-f
ol

di
ng

 c
of

ac
to

r C
36

9
3

15
28

3
57

2
37

65
.6

Bn
aA

01
g0

48
90

D
un

kn
ow

n
59

1
21

10
7

27
3

55
2

5
56

.8

Bn
aA

03
g5

18
70

D
un

kn
ow

n
54

0
13

67
24

2
48

9
7

34
.4

Bn
aA

04
g0

85
10

D
un

kn
ow

n
11

1
6

31
17

1
34

6
11

66
.8

Bn
aA

07
g2

84
70

D
G

lu
ta

th
io

ne
 S

-t
ra

ns
fe

ra
se

 U
11

70
5

1
5

15
8

31
9

62
38

.8

Bn
aC

06
g2

68
10

D
un

kn
ow

n
36

9
19

97
13

8
27

9
3

33
.8

Bn
aC

03
g6

02
80

D
Pr

ob
ab

le
 fr

uc
to

se
-b

is
ph

os
ph

at
e 

al
do

la
se

 2
, c

hl
or

op
la

st
ic

11
52

32
1

16
43

37
05

74
90

5
35

.9

Bn
aC

09
g1

47
30

D
un

kn
ow

n
26

4
31

8
16

27
27

52
55

63
3

70
6.

3

Bn
aC

02
g0

19
60

D
AB

C 
tr

an
sp

or
te

r G
 fa

m
ily

 m
em

be
r 2

2
22

59
31

15
9

81
9

16
56

10
64

.8

Bn
aC

07
g3

69
20

D
G

PN
-lo

op
 G

TP
as

e 
1

87
26

4
13

51
15

90
32

14
2

42
7

Bn
aC

07
g0

03
00

D
Tr

an
sc

rip
tio

n 
ac

tiv
at

or
 G

LK
1

13
41

94
48

1
94

5
19

10
4

66
.8



  Ta
bl

e 
S2

1:
 P

H
AS

 lo
ci

 th
at

 p
ro

du
ce

 v
a-

ph
as

iR
N

As
 in

 b
ot

h 
D

ra
kk

ar
 a

nd
 T

an
to

 

 

  

PH
AS

 lo
cu

s
Pr

ed
ic

te
d 

ge
ne

 fu
nc

tio
n

tr
an

sc
rip

t l
en

gt
h

D
T 

rp
m

 /
 D

M
 rp

m
PH

AS
 S

co
re

TT
 rp

m
 /

 T
M

 rp
m

PH
AS

 S
co

re

B
na

A
01

g1
40

50
D

N
B

R
1 

ho
m

ol
og

21
09

91
57

0
83

11
0

25
02

29
43

9
21

0.
5

13
5

69
1

11
48

44
23

21
60

33
6

37
7

29
59

5.
97

27
9

7.
49

B
na

C0
1g

16
55

0D
N

B
R

1 
ho

m
ol

og
21

18
90

56
4

74
02

1
22

28
64

39
5

22
7.

4
10

2
52

2
10

63
57

21
50

03
41

2
38

6.
9

72
01

1.
42

15
40

9
0.

96

B
na

A
04

g2
01

50
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

, c
hl

or
op

la
st

ic
80

4
46

0
28

82
18

29
3

55
07

7
19

17
8.

9
96

6
49

44
15

48
1

31
29

5
6

22
4.

5
10

94
13

5
-0

.3
1

11
14

13
5

0.
27

B
na

A
04

g1
21

30
D

Pr
ob

ab
le

 f
ru

ct
os

e-
bi

sp
ho

sp
ha

te
 a

ld
ol

as
e 

1,
 c

hl
or

op
la

st
ic

11
73

79
49

5
10

28
7

30
97

2
63

42
.1

22
2

11
36

63
84

12
90

5
11

47
.8

94
78

0
-0

.9
6

56
83

6
-0

.9
1

B
na

A
nn

g2
29

20
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

, c
hl

or
op

la
st

ic
80

4
27

7
17

36
10

04
6

30
24

7
17

16
4.

2
50

0
25

59
79

81
16

13
4

6
20

7.
7

11
04

78
3

-0
.3

6
56

90
76

0.
15

B
na

C0
3g

59
52

0D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

37
5

23
50

93
49

28
14

8
12

98
.7

72
0

36
85

96
63

19
53

4
5

93
.3

41
75

31
0.

02
30

51
88

0.
73

B
na

C0
4g

33
57

0D
Pr

ob
ab

le
 f

ru
ct

os
e-

bi
sp

ho
sp

ha
te

 a
ld

ol
as

e 
1,

 c
hl

or
op

la
st

ic
11

73
79

49
5

89
34

26
89

9
54

47
.6

20
1

10
29

51
99

10
51

0
10

44
.7

12
88

31
-0

.6
8

56
21

2
-0

.9
6

B
na

A
02

g0
50

40
D

un
kn

ow
n

75
3

20
6

12
91

88
03

26
50

4
21

11
7

88
6

45
34

13
15

3
26

58
9

6
15

5.
9

99
06

-0
.4

0
27

85
2

1.
49

B
na

A
05

g2
93

90
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 C

P2
9.

2,
 c

hl
or

op
la

st
ic

86
7

16
1

10
09

84
90

25
56

2
25

10
0

30
4

15
56

40
33

81
53

5
66

.7
27

09
95

0.
12

26
13

89
-0

.1
3

B
na

A
07

g0
75

60
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

, c
hl

or
op

la
st

ic
80

4
32

4
20

30
84

29
25

37
8

13
86

.5
53

2
27

23
70

18
14

18
7

5
10

5.
1

40
36

62
-0

.7
4

22
91

28
0.

32

B
na

A
07

g1
96

10
D

A
B

C 
tr

an
sp

or
te

r 
G

 f
am

ily
 m

em
be

r 
36

41
73

10
8

67
7

79
75

24
01

1
35

61
.6

26
1

13
36

16
03

3
32

41
1

24
13

9.
3

11
55

8
0.

64
29

84
3

-0
.9

8

B
na

A
03

g1
58

30
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

, c
hl

or
op

la
st

ic
80

1
24

9
15

60
76

90
23

15
3

15
75

.4
41

7
21

34
61

17
12

36
6

6
11

9.
6

26
70

44
-0

.3
4

19
96

03
-0

.1
8

B
na

C0
3g

18
98

0D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
1

25
3

15
85

67
97

20
46

5
13

38
.9

49
8

25
49

72
18

14
59

1
6

94
.3

38
42

20
-0

.1
8

24
26

74
0.

08

B
na

C0
5g

10
98

0D
RN

A-
de

pe
nd

en
t R

N
A 

po
ly

m
er

as
e 

1
32

82
45

28
2

64
67

19
47

1
69

74
.9

13
1

67
0

15
17

2
30

67
1

46
21

9
19

2
1.

68
29

67
1.

75

B
na

A
09

g2
65

70
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

, c
hl

or
op

la
st

ic
80

4
19

8
12

41
63

07
18

98
9

15
61

.1
48

3
24

72
61

84
12

50
1

5
59

.1
32

57
31

-0
.2

5
21

27
98

0.
26

B
na

A
08

g1
76

60
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

, c
hl

or
op

la
st

ic
80

4
24

8
15

54
60

17
18

11
6

12
64

.9
62

8
32

14
81

76
16

52
8

5
95

.7
27

82
19

-0
.2

3
31

76
65

0.
62

B
na

C0
5g

22
88

0D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
4

17
5

10
97

57
02

17
16

8
16

52
.1

41
6

21
29

56
39

11
39

9
5

53
.6

17
97

54
-0

.1
2

11
70

20
0.

42

B
na

C0
6g

14
45

0D
Pr

ob
ab

le
 p

ec
ta

te
 ly

as
e 

22
16

11
66

1
41

42
54

81
16

50
2

4
44

3.
6

10
54

53
94

63
33

12
80

2
2

47
5.

3
1

-0
.2

1
0

-0
.2

3

B
na

A
nn

g2
36

70
D

A
TP

as
e 

2,
 p

la
sm

a 
m

em
br

an
e-

ty
pe

27
57

51
32

0
54

57
16

43
0

51
45

.2
11

9
60

9
62

57
12

64
9

21
49

88
12

0.
86

15
28

4
0.

00

B
na

C0
8g

42
25

0D
Zi

nc
 t

ra
ns

po
rt

er
 4

, c
hl

or
op

la
st

ic
11

91
6

38
52

48
15

80
1

42
0

67
.1

2
10

14
64

29
60

28
9

33
.5

12
45

5
1.

01
26

2
1.

59

B
na

C0
8g

16
67

0D
un

kn
ow

n
59

1
72

3
45

30
47

52
14

30
7

3
93

4.
2

99
4

50
87

53
01

10
71

6
2

98
4.

3
26

2
1.

58
24

9
0.

59

B
na

A
09

g0
03

90
D

S-
ad

en
os

yl
m

et
hi

on
in

e 
sy

nt
ha

se
10

98
29

18
2

47
16

14
19

9
78

12
0.

1
51

26
1

24
83

50
19

19
71

.1
10

06
3

1.
39

97
95

-0
.3

5

B
na

C0
7g

39
07

0D
N

B
R

1 
ho

m
ol

og
20

76
12

75
46

64
14

04
2

18
7

42
18

92
72

64
14

68
4

15
9

93
.6

22
41

1.
36

59
53

1.
44

B
na

C0
4g

08
36

0D
S-

ad
en

os
yl

m
et

hi
on

in
e 

sy
nt

ha
se

 3
11

22
34

21
3

46
46

13
98

8
66

83
.5

60
30

7
16

36
33

07
11

42
.1

20
37

7
0.

26
14

31
1

-0
.3

6

B
na

C0
4g

10
77

0D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

99
0

50
3

31
52

46
44

13
98

2
4

10
5.

3
61

0
31

22
36

82
74

43
2

85
.2

42
50

70
-0

.1
7

19
90

07
0.

94

B
na

A
02

g2
26

60
D

Tu
bu

lin
 b

et
a-

4 
ch

ai
n

13
41

30
18

8
45

85
13

80
5

73
97

.4
47

24
1

42
95

86
82

36
10

7
15

46
3

0.
76

15
55

1
0.

03

B
na

C0
4g

10
78

0D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

80
1

23
8

14
91

42
42

12
77

2
9

69
.8

39
8

20
37

38
85

78
54

4
78

52
40

35
-0

.1
2

29
95

57
0.

39

B
na

C0
9g

37
17

0D
un

kn
ow

n
75

9
35

21
9

41
76

12
57

3
57

59
.5

11
8

60
4

30
20

61
05

10
55

.8
12

90
0

-0
.5

3
12

76
8

1.
25

B
na

C0
7g

29
41

0D
EI

N
3-

bi
nd

in
g 

F-
bo

x 
pr

ot
ei

n 
2

18
66

20
12

5
41

69
12

55
2

10
0

97
.4

55
28

1
68

58
13

86
4

49
15

7
36

90
1.

38
62

55
-0

.3
0

B
na

C0
6g

41
79

0D
AR

G
O

N
AU

TE
 2

31
08

71
44

5
40

24
12

11
6

27
76

.1
28

0
14

33
19

30
2

39
01

9
27

27
3

51
5

1.
62

27
5

1.
68

B
na

A
06

g3
72

30
D

Pr
ob

ab
le

 f
ru

ct
os

e-
bi

sp
ho

sp
ha

te
 a

ld
ol

as
e 

2,
 c

hl
or

op
la

st
ic

11
82

10
9

68
3

39
34

11
84

5
17

30
.2

25
1

12
85

32
76

66
23

5
37

.1
15

62
06

-0
.6

3
13

61
58

-0
.8

2

B
na

A
nn

g1
45

20
D

Su
bt

ili
si

n-
lik

e 
pr

ot
ea

se
 S

B
T1

.7
22

83
32

20
1

39
24

11
81

4
59

67
.2

31
15

9
14

22
28

75
18

44
.8

21
66

3
1.

26
39

1
2.

19

si
RN

A 
re

ad
s 

&
 rp

m
 &

 ra
tio

 &
 P

H
AS

 S
co

re
m

RN
A 

re
ad

s 
&

 F
C(

lo
g2

)

D
T

TT
D

M
 (r

ea
ds

, r
pm

)
D

T 
(r

ea
ds

, r
pm

)
TM

 (r
ea

ds
, r

pm
)

TT
 (r

ea
ds

, r
pm

)



  

 

  B
na

C0
5g

17
00

0D
To

lB
21

21
14

88
39

18
11

79
6

13
4

71
.4

37
18

9
18

37
37

14
20

53
.4

48
89

0.
82

64
70

0.
96

B
na

C0
3g

60
28

0D
Pr

ob
ab

le
 f

ru
ct

os
e-

bi
sp

ho
sp

ha
te

 a
ld

ol
as

e 
2,

 c
hl

or
op

la
st

ic
11

52
13

1
82

1
38

10
11

47
1

14
43

.2
32

1
16

43
37

05
74

90
5

35
.9

33
78

91
-0

.4
1

26
58

27
-1

.3
1

B
na

A
10

g1
48

10
D

un
kn

ow
n

74
7

63
39

5
37

08
11

16
4

28
36

.9
11

9
60

9
32

38
65

46
11

49
.7

42
59

-0
.0

8
22

1
2.

32

B
na

A
07

g1
72

60
D

Pu
ta

ti
ve

 c
al

ci
um

-t
ra

ns
po

rt
in

g 
A

TP
as

e 
11

, p
la

sm
a 

m
em

br
an

e-
ty

pe
30

78
15

94
36

09
10

86
6

11
6

75
.4

19
97

37
58

75
97

78
85

.2
16

51
0.

36
25

16
-0

.1
0

B
na

C0
4g

42
01

0D
Pr

ob
ab

le
 m

ed
ia

to
r 

of
 R

N
A

 p
ol

ym
er

as
e 

II 
tr

an
sc

ri
pt

io
n 

su
bu

ni
t 

37
e

78
3

22
13

8
35

79
10

77
6

78
11

0.
4

36
18

4
68

84
13

91
6

76
17

3.
9

74
94

0.
58

81
97

0.
02

B
na

C0
4g

37
75

0D
EI

N
3-

bi
nd

in
g 

F-
bo

x 
pr

ot
ei

n 
1

18
00

88
55

1
35

55
10

70
3

19
92

.2
13

1
67

0
51

01
10

31
2

15
98

.9
54

97
1.

08
55

77
0.

50

B
na

C0
2g

31
03

0D
Tu

bu
lin

 b
et

a-
1 

ch
ai

n
13

38
21

13
2

35
23

10
60

7
81

42
42

21
5

33
93

68
59

32
66

.6
11

14
3

0.
52

10
69

1
-0

.1
4

B
na

A
06

g3
59

40
D

un
kn

ow
n

51
87

14
88

31
80

95
74

10
9

62
.7

15
77

32
56

65
82

86
69

.8
85

0.
27

13
5

0.
96

B
na

C0
3g

05
98

0D
M

ag
ne

si
um

-c
he

la
ta

se
 s

ub
un

it
 C

hl
H

, c
hl

or
op

la
st

ic
41

55
12

6
79

0
31

24
94

06
12

31
26

1
13

36
46

48
93

96
7

37
.7

69
99

0.
05

13
92

1
-0

.3
6

B
na

A
06

g0
44

40
D

El
on

ga
ti

on
 f

ac
to

r 
1-

al
ph

a 
4

13
83

16
10

0
31

19
93

91
94

79
.6

29
14

8
36

17
73

12
49

11
2.

5
15

03
9

0.
36

20
32

9
0.

69

B
na

C0
4g

50
85

0D
Ph

os
ph

at
id

yl
in

os
it

ol
 4

-k
in

as
e 

ga
m

m
a 

4
14

70
10

63
30

83
92

82
14

8
63

.8
31

15
9

35
30

71
36

45
78

11
19

0.
68

21
58

0.
05

B
na

Cn
ng

64
01

0D
A

B
C 

tr
an

sp
or

te
r 

G
 f

am
ily

 m
em

be
r 

36
21

45
25

15
7

30
70

92
43

59
43

.4
11

0
56

3
69

38
14

02
5

25
72

.8
90

22
0.

35
19

31
6

-1
.2

4

B
na

C0
1g

21
92

0D
Cy

st
ei

ne
 p

ro
te

in
as

e 
R

D
19

a
11

07
28

17
5

30
45

91
68

52
60

.9
61

31
2

19
32

39
06

13
46

.4
71

96
3

0.
57

10
77

05
0.

91

B
na

C0
4g

42
02

0D
Pr

ob
ab

le
 m

ed
ia

to
r 

of
 R

N
A

 p
ol

ym
er

as
e 

II 
tr

an
sc

ri
pt

io
n 

su
bu

ni
t 

37
e

72
3

12
75

28
95

87
16

11
6

79
27

13
8

44
88

90
73

66
83

.5
24

67
1.

07
58

77
-0

.1
7

B
na

A
05

g2
87

10
D

Ce
ll 

di
vi

si
on

 c
on

tr
ol

 p
ro

te
in

 4
8 

ho
m

ol
og

 E
24

27
15

94
28

62
86

17
92

30
.4

9
46

42
76

86
44

18
8

50
.2

27
22

1.
41

43
60

1.
04

B
na

C0
4g

46
56

0D
R

ib
ul

os
e 

bi
sp

ho
sp

ha
te

 c
ar

bo
xy

la
se

/o
xy

ge
na

se
 a

ct
iv

as
e,

 c
hl

or
op

la
st

ic
13

20
26

5
16

61
28

30
85

21
5

75
.3

64
1

32
80

54
36

10
98

9
3

13
2.

9
33

08
79

0.
04

52
83

85
-0

.8
3

B
na

A
03

g1
07

90
D

H
ea

t 
sh

oc
k 

pr
ot

ei
n 

90
-4

 
17

28
30

18
8

27
62

83
16

44
87

.1
36

18
4

53
14

10
74

2
58

11
7.

1
83

90
0.

61
99

12
-0

.3
6

B
na

C0
7g

15
28

0D
Ca

ta
la

se
-3

14
79

10
5

65
8

27
10

81
59

12
40

.1
24

6
12

59
38

46
77

75
6

40
.6

91
41

1
0.

90
16

94
86

1.
06

B
na

A
04

g1
48

90
D

EI
N

3-
bi

nd
in

g 
F-

bo
x 

pr
ot

ei
n 

1
18

72
57

35
7

25
97

78
19

22
47

.4
11

5
58

9
57

44
11

61
2

20
10

6.
8

39
40

0.
48

67
51

0.
31

B
na

A
09

g2
68

90
D

U
-b

ox
 d

om
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 1
7

21
15

7
44

25
88

77
92

17
8

43
.3

14
72

36
53

73
85

10
3

69
.9

19
84

-1
.2

8
15

88
-0

.1
6

B
na

A
nn

g0
17

30
D

A
B

C 
tr

an
sp

or
te

r 
G

 f
am

ily
 m

em
be

r 
22

21
57

20
12

5
25

47
76

69
61

30
.8

52
26

6
21

22
42

90
16

43
.4

22
4

1.
96

15
99

4
0.

01

B
na

A
nn

g3
55

80
D

G
ly

ci
ne

-r
ic

h 
R

N
A

-b
in

di
ng

 p
ro

te
in

 G
R

P2
A

50
7

14
9

93
4

23
77

71
57

8
38

.2
25

5
13

05
46

01
93

01
7

79
.7

10
87

1.
91

31
3

2.
15

B
na

C0
7g

21
43

0D
N

R
T1

/ 
PT

R
 F

A
M

IL
Y 

8.
3

17
58

11
69

23
66

71
24

10
3

45
.6

14
72

32
23

65
15

91
39

.5
29

3
1.

61
69

29
0.

61

B
na

C0
7g

19
25

0D
un

kn
ow

n
50

82
17

10
7

23
47

70
66

66
44

.7
34

17
4

70
67

14
28

6
82

14
9.

3
77

0.
91

15
6

1.
66

B
na

C0
7g

29
95

0D
TR

A
N

SP
A

R
EN

T 
TE

ST
A

 G
LA

B
R

A
 1

71
7

4
25

22
41

67
47

26
9

42
.6

9
46

24
18

48
88

10
6

40
.7

15
87

0.
85

18
23

1.
48

B
na

Cn
ng

03
47

0D
Pr

ob
ab

le
 m

ed
ia

to
r 

of
 R

N
A

 p
ol

ym
er

as
e 

II 
tr

an
sc

ri
pt

io
n 

su
bu

ni
t 

37
e

78
3

16
10

0
21

98
66

18
66

54
.1

28
14

3
41

43
83

75
58

89
13

01
3

0.
10

78
25

-0
.5

5

B
na

C0
6g

38
30

0D
N

it
ra

te
 r

ed
uc

ta
se

 [
N

A
D

H
],

 c
lo

ne
 P

B
N

B
R

14
05

26
85

21
1

13
22

21
85

65
79

5
32

.8
42

1
21

55
22

93
46

35
2

35
.2

24
18

0
0.

66
49

28
4

-0
.8

5

B
na

C0
5g

40
29

0D
A

B
C 

tr
an

sp
or

te
r 

C 
fa

m
ily

 m
em

be
r 

7
52

14
21

13
2

20
70

62
32

47
40

64
32

8
19

64
39

70
12

40
.2

10
66

5
0.

19
79

00
-0

.3
1

B
na

C0
9g

32
52

0D
Tr

an
sm

em
br

an
e 

pr
ot

ei
n 

24
5

19
53

26
16

3
20

53
61

81
38

49
.2

43
22

0
19

93
40

29
18

51
.9

33
86

0.
29

34
58

0.
16

B
na

C0
8g

36
33

0D
Tr

an
sc

ri
pt

io
n 

ac
ti

va
to

r 
G

LK
1

30
66

94
58

9
19

50
58

71
10

12
5.

2
33

6
17

20
29

82
60

28
4

96
.8

12
05

7
0.

65
12

94
7

0.
47

B
na

A
nn

g0
45

40
D

Pr
ob

ab
le

 L
R

R
 r

ec
ep

to
r-

lik
e 

se
ri

ne
/t

hr
eo

ni
ne

-p
ro

te
in

 k
in

as
e 

A
t4

g0
88

50
16

26
3

19
18

99
57

18
30

4
50

.4
4

20
17

39
35

15
17

2
62

.9
10

30
1.

44
21

89
0.

49

B
na

C0
1g

38
94

0D
Ce

ll 
di

vi
si

on
 c

on
tr

ol
 p

ro
te

in
 4

8 
ho

m
ol

og
 E

24
33

8
50

18
56

55
88

11
1

33
.1

11
56

32
20

65
09

11
6

71
.3

19
2

1.
85

38
54

1.
28

B
na

C0
2g

40
26

0D
El

on
ga

ti
on

 f
ac

to
r 

2 
25

17
21

13
2

18
53

55
79

42
48

.8
50

25
6

27
76

56
12

22
76

.5
25

93
1.

15
57

19
0.

28

B
na

A
03

g2
65

30
D

S-
ad

en
os

yl
m

et
hi

on
in

e 
sy

nt
ha

se
10

98
22

13
8

17
73

53
38

39
38

.5
35

17
9

11
66

23
57

13
30

.1
23

17
1.

20
29

59
-0

.2
4

B
na

A
01

g2
96

30
D

Su
bt

ili
si

n-
lik

e 
pr

ot
ea

se
 S

B
T1

.4
 

23
28

62
38

8
17

66
53

17
14

31
.2

22
1

11
31

15
33

30
99

3
37

.2
70

30
0.

36
94

24
0.

33



  

 

    B
na

A
09

g5
65

70
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 C

P2
4 

10
B

, c
hl

or
op

la
st

ic
78

0
74

46
4

16
94

51
00

11
55

.3
17

5
89

6
14

15
28

60
3

44
.6

76
39

2
-0

.4
2

45
14

6
0.

80

B
na

C0
4g

20
69

0D
Ca

lc
iu

m
-t

ra
ns

po
rt

in
g 

A
TP

as
e 

12
, p

la
sm

a 
m

em
br

an
e-

ty
pe

31
02

23
14

4
16

64
50

10
35

37
.8

36
18

4
20

22
40

88
22

40
.9

25
6

1.
72

21
54

1.
84

B
na

A
03

g0
08

50
D

Ce
ll 

di
vi

si
on

 c
on

tr
ol

 p
ro

te
in

 4
8 

ho
m

ol
og

 E
23

97
5

31
16

58
49

92
15

9
31

.1
10

51
26

95
54

48
10

6
60

64
8

3.
73

12
90

0.
94

B
na

A
01

g2
23

10
D

Pr
ob

ab
le

 n
uc

le
or

ed
ox

in
 1

17
37

94
58

9
16

39
49

35
8

38
.1

46
23

5
13

34
26

97
11

48
.1

11
88

5.
62

21
30

1.
49

B
na

A
09

g0
46

00
D

EI
N

3-
bi

nd
in

g 
F-

bo
x 

pr
ot

ei
n 

2
18

51
16

10
0

15
56

46
85

47
34

.8
53

27
1

15
93

32
20

12
39

.9
22

4
2.

07
73

90
0.

07

B
na

A
nn

g3
39

70
D

El
on

ga
ti

on
 f

ac
to

r 
2

15
30

15
94

15
42

46
43

49
56

.3
38

19
4

19
46

39
34

20
47

.3
66

38
0.

65
81

59
-0

.0
2

B
na

A
07

g0
74

30
D

un
kn

ow
n

74
4

17
4

10
90

15
22

45
82

4
36

.9
27

8
14

23
15

02
30

36
2

39
.2

35
08

8
0.

12
23

16
5

0.
00

B
na

Cn
ng

38
78

0D
El

on
ga

ti
on

 f
ac

to
r 

1-
al

ph
a 

4
12

87
21

13
2

15
21

45
79

35
31

.4
31

15
9

21
54

43
54

27
77

.8
85

32
0.

45
12

21
6

0.
02

B
na

A
09

g0
58

50
D

Pr
ob

ab
le

 m
ed

ia
to

r 
of

 R
N

A
 p

ol
ym

er
as

e 
II 

tr
an

sc
ri

pt
io

n 
su

bu
ni

t 
37

e
79

5
21

13
2

14
80

44
56

34
34

.1
29

14
8

29
41

59
45

40
96

.6
58

15
0.

34
71

81
-0

.2
9

B
na

C0
9g

14
73

0D
un

kn
ow

n
26

4
21

5
13

47
14

80
44

56
3

35
2.

5
31

8
16

27
27

52
55

63
3

70
6.

3
11

6
0.

44
71

0.
58

B
na

A
03

g4
96

10
D

Cy
ti

di
ne

 d
ea

m
in

as
e 

1
87

3
72

45
1

13
69

41
22

9
31

15
5

79
3

37
93

76
68

10
84

.1
16

97
0.

13
26

09
0.

38

B
na

C0
3g

13
47

0D
H

ea
t 

sh
oc

k 
pr

ot
ei

n 
90

-2
16

14
24

15
0

13
51

40
68

27
31

.7
20

10
2

30
69

62
04

61
85

.7
25

50
0.

61
52

85
0.

39

B
na

C0
2g

01
96

0D
A

B
C 

tr
an

sp
or

te
r 

G
 f

am
ily

 m
em

be
r 

22
22

59
13

81
13

41
40

38
50

16
9.

7
31

15
9

81
9

16
56

10
64

.8
45

29
0.

29
88

63
-0

.6
6

B
na

A
nn

g0
99

60
D

Tu
bu

lin
 b

et
a-

4 
ch

ai
n

13
38

12
75

13
07

39
35

52
30

.3
33

16
9

16
23

32
81

19
43

.5
55

38
0.

80
74

20
-0

.2
6

B
na

A
nn

g0
71

50
D

un
kn

ow
n

69
9

11
69

13
02

39
20

57
41

.9
12

61
25

64
51

83
84

48
.8

21
6

1.
95

78
0

2.
22

B
na

C0
3g

76
15

0D
El

on
ga

ti
on

 f
ac

to
r 

2
12

00
21

13
2

12
43

37
42

28
30

.3
35

17
9

15
62

31
58

18
42

.8
42

13
1.

22
68

95
0.

13

B
na

C0
7g

23
74

0D
Pe

nt
at

ri
co

pe
pt

id
e 

re
pe

at
-c

on
ta

in
in

g 
pr

ot
ei

n 
A

t3
g2

66
30

, c
hl

or
op

la
st

ic
13

59
21

13
2

10
89

32
79

25
43

.4
44

22
5

11
01

22
26

10
34

.2
30

16
0.

03
23

63
0.

03

B
na

C0
3g

51
09

0D
Pr

ob
ab

le
 in

ac
ti

ve
 p

ur
pl

e 
ac

id
 p

ho
sp

ha
ta

se
 2

9
12

72
5

31
94

5
28

45
91

47
.8

17
87

19
19

38
79

45
51

.2
12

54
4

-0
.1

8
18

23
3

-1
.1

7

B
na

C0
4g

30
87

0D
R

ib
ul

os
e 

bi
sp

ho
sp

ha
te

 c
ar

bo
xy

la
se

 s
m

al
l c

ha
in

 F
1,

 c
hl

or
op

la
st

ic
54

6
17

4
10

90
94

0
28

30
3

35
.9

30
9

15
81

24
52

49
57

3
62

.3
82

75
14

-1
.0

2
39

46
04

-0
.7

4

B
na

A
08

g2
50

40
D

A
sp

ar
ti

c 
pr

ot
ei

na
se

 A
1

15
81

15
94

87
2

26
25

28
58

.2
37

18
9

14
12

28
54

15
60

.7
28

77
1

0.
81

39
52

8
0.

65

B
na

C0
4g

44
10

0D
D

EA
D

-b
ox

 A
TP

-d
ep

en
de

nt
 R

N
A

 h
el

ic
as

e 
21

17
73

12
75

85
8

25
83

34
33

.4
17

87
15

61
31

56
36

49
.6

66
2

1.
07

11
89

0.
59

B
na

A
01

g2
60

70
D

un
kn

ow
n

13
20

18
11

3
82

2
24

75
22

33
.9

39
20

0
81

7
16

52
8

32
.6

14
59

0.
85

13
84

0.
70

B
na

C0
7g

36
92

0D
G

PN
-l

oo
p 

G
TP

as
e 

1 
87

71
44

5
80

9
24

36
5

31
0.

5
26

4
13

51
15

90
32

14
2

42
7

11
7

0.
46

49
0.

23

B
na

A
07

g0
03

90
D

Sh
ik

im
at

e 
O

-h
yd

ro
xy

ci
nn

am
oy

lt
ra

ns
fe

ra
se

13
02

30
18

8
79

8
24

03
13

49
.1

11
7

59
9

12
87

26
02

4
54

.5
25

32
-0

.0
7

25
04

-1
.0

7

B
na

C0
6g

37
29

0D
3-

hy
dr

ox
y-

3-
m

et
hy

lg
lu

ta
ry

l-
co

en
zy

m
e 

A
 r

ed
uc

ta
se

 1
17

25
18

11
3

65
6

19
75

18
62

.5
28

14
3

79
2

16
01

11
43

.1
40

92
0.

69
48

20
-0

.3
7

B
na

A
07

g3
28

10
D

3-
hy

dr
ox

y-
3-

m
et

hy
lg

lu
ta

ry
l-

co
en

zy
m

e 
A

 r
ed

uc
ta

se
 1

17
31

16
10

0
62

4
18

79
19

64
.7

24
12

3
74

2
15

00
12

34
.9

54
38

0.
30

62
36

-0
.6

4

B
na

C0
9g

15
73

0D
un

kn
ow

n
41

7
45

28
2

52
9

15
93

6
33

.1
52

26
6

12
40

25
07

9
71

.8
33

67
1.

05
26

84
0.

55

B
na

C0
7g

00
30

0D
Tr

an
sc

ri
pt

io
n 

ac
ti

va
to

r 
G

LK
1

13
41

37
23

2
43

7
13

16
6

40
.1

94
48

1
94

5
19

10
4

66
.8

37
52

-0
.4

9
31

61
1.

05

B
na

C0
8g

14
13

0D
Pe

nt
at

ri
co

pe
pt

id
e 

re
pe

at
-c

on
ta

in
in

g 
pr

ot
ei

n 
A

t1
g1

02
70

24
66

5
31

28
3

85
2

27
60

.5
6

31
59

9
12

11
39

90
.4

13
2

0.
87

23
6

0.
80

B
na

C0
1g

06
43

0D
un

kn
ow

n
63

0
20

12
5

15
0

45
2

4
64

.6
37

18
9

45
5

92
0

5
12

3.
4

18
01

0
-0

.2
7

17
66

7
0.

15

B
na

C0
7g

43
63

0D
un

kn
ow

n
54

3
15

94
10

2
30

7
3

33
17

87
37

5
75

8
9

79
.2

30
94

8
-0

.9
5

16
63

4
0.

02



  Ta
bl

e 
S2

2:
 v

a-
ph

as
iR

N
As

 d
er

iv
ed

 fr
om

 N
BR

1 
ge

ne
s a

nd
 a

ss
oc

ia
te

d 
w

ith
 m

RN
A 

ta
rg

et
 c

le
av

ag
e 

 

    

va
-p

ha
siR

NA
ds

RN
A 

st
ra

nd
DM

DT
TM

TT
va

-p
ha

siR
NA

ds
RN

A 
st

ra
nd

DM
DT

TM
TT

va
-p

ha
siR

NA
ds

RN
A 

st
ra

nd
DM

DT
TM

TT
AA

GA
GA

TT
GA

TC
TG

AA
CA

AG
GA

+
2.

20
13

8.
96

1.
41

16
5.

40
TC

AC
GT

CA
AG

CT
CA

CT
GT

TG
A

-
0.

00
42

.3
7

0.
00

55
.1

2
CA

GA
GA

GC
GT

CA
AC

AG
AC

TG
CT

-
0.

00
17

.5
4

0.
00

24
.0

2
AA

GA
GA

TT
GA

TC
TG

AA
CA

AG
G

+
0.

26
25

0.
83

0.
80

28
7.

10
AC

TA
AT

CG
AG

GA
TT

TG
GA

AT
C

-
0.

90
19

.3
6

1.
42

25
.2

6
AC

GA
GT

GC
AG

TA
GT

AG
AA

TC
C

-
2.

61
45

.1
0

4.
12

73
.7

3
GT

CA
AT

GT
AC

TT
GA

TG
GA

AC
C

+
0.

00
58

.2
5

0.
00

59
.6

2
AG

AG
AG

CG
TC

AA
CA

GA
CT

GC
T

-
0.

00
29

.4
7

0.
00

25
.5

3
CT

GT
CC

AT
TA

GC
TT

TG
AA

AG
GC

-
0.

00
4.

85
0.

00
22

.2
0

TG
AG

GG
AC

AA
CG

AG
TA

CA
AC

T
+

1.
77

10
8.

08
0.

80
10

0.
16

CT
GC

TC
CA

AG
TT

GT
AC

TC
GT

T
-

0.
00

23
.6

9
0.

00
19

.1
1

CA
CC

AA
CG

TT
CG

AC
TG

CA
CA

GT
-

0.
00

13
.6

1
0.

00
39

.8
8

AG
GG

AC
AA

CG
AG

TA
CA

AC
TT

G
+

0.
00

56
.5

7
0.

00
48

.2
6

TT
CA

CG
TC

AA
GC

TC
AC

TG
TT

GA
-

0.
00

26
.2

7
0.

00
49

.3
8

TT
AG

GA
AC

AA
CA

GG
CT

CA
AC

T
-

0.
00

47
.0

7
4.

12
53

.6
2

AA
GA

AG
AA

CA
AT

GG
AA

GC
AT

T
+

0.
00

25
2.

60
0.

00
25

0.
67

AG
AA

TC
CA

TC
GT

TC
AC

GG
AT

T
-

0.
00

35
.9

1
6.

14
87

.5
5

TC
CA

AT
AA

GA
TA

TG
TA

TC
GG

CC
-

0.
00

22
.4

3
0.

00
43

.3
7

AC
GA

GT
TT

CA
TG

GA
CT

GA
AC

T
+

0.
00

11
0.

77
0.

00
18

5.
32

TC
AG

GC
AT

AA
CC

GA
GG

CG
GA

TG
-

0.
00

16
.3

3
1.

23
27

.6
0

AG
GA

CA
AA

GC
GA

CT
GT

CT
AG

CT
-

0.
00

12
.3

7
0.

00
22

.8
7

GA
AG

AA
TG

AC
GT

CG
AG

AT
AA

C
+

0.
00

91
.4

6
0.

00
80

.7
0

CA
GA

GA
GC

GT
CA

AC
AG

AC
TG

C
-

0.
00

48
.3

7
1.

42
52

.4
1

TC
CA

CA
GA

GA
GC

GT
CA

AC
AG

AC
-

0.
00

26
.8

0
0.

00
44

.0
2

TG
AT

CT
GA

CG
AA

CA
AG

AG
GC

T
+

0.
26

72
.5

9
0.

71
56

.8
3

AA
CA

GG
TC

AT
CT

TT
CA

TC
GG

A
-

0.
00

48
.4

2
0.

00
53

.6
3

TG
CA

GA
TG

AG
GA

AC
CG

CC
AC

C
-

0.
00

38
.9

2
0.

00
36

.1
0

AA
CG

AG
TT

TC
AT

GG
AC

TG
AA

C
+

0.
00

81
.3

5
0.

00
77

.9
5

TT
TA

GA
CT

TG
AA

TC
TA

GG
CC

C
-

0.
85

65
.1

3
1.

23
91

.9
4

CA
GT

AG
TA

GA
AT

CC
AT

CG
TT

CA
-

0.
00

10
.8

0
0.

00
22

.3
5

CA
TG

GC
AC

GC
AG

AT
CG

TT
TG

GA
+

0.
00

52
.4

2
0.

00
12

7.
05

CC
AC

AG
AG

AG
CG

TC
AA

CA
GA

C
-

0.
00

58
.9

5
0.

00
40

.7
3

AC
CA

CC
GA

TC
CA

AA
CG

AT
CT

G
-

0.
90

24
.9

3
4.

08
40

.9
8

AT
GG

AC
TG

AA
CT

TG
AA

TG
CC

T
+

0.
00

13
1.

39
2.

32
12

1.
20

CC
AA

TA
AG

AT
AT

GT
AT

CG
GC

C
-

0.
00

34
.1

3
0.

00
40

.6
5

CA
TC

GG
AA

TG
TT

TG
AT

CC
CG

A
-

0.
85

80
.2

2
2.

06
80

.7
5

CT
AC

TA
CT

GT
TG

AG
GC

CT
TG

G
+

0.
00

61
.3

3
0.

71
68

.3
6

TC
TG

GT
TC

AA
CA

TC
AG

CA
CC

T
-

0.
00

18
.0

7
0.

00
19

.2
9

AG
GA

CT
TG

AG
AG

CT
TC

CC
GA

G
-

0.
00

34
.6

0
2.

06
61

.1
2

AA
CG

AG
TT

TC
AT

GG
AC

TG
AA

CT
+

0.
26

63
.5

3
0.

71
13

8.
84

GG
CA

TA
AC

CG
AG

GC
GG

AT
GA

A
-

0.
00

21
.4

6
0.

00
35

.2
6

TT
GA

GA
TT

CG
TT

GG
AT

TT
GG

A
-

0.
00

15
.3

0
0.

00
21

.6
4

AC
AA

CG
AG

TA
CA

AC
TT

GG
AG

C
+

0.
00

63
.1

1
0.

81
54

.5
2

TT
AG

CT
TT

GA
AA

GG
CA

CC
CT

GA
-

4.
45

23
.8

4
6.

18
50

.4
9

AG
GC

GG
AT

GA
AC

TC
CC

AC
TG

CT
-

0.
00

8.
19

0.
00

23
.2

4
AT

AC
AT

AT
CT

TA
TT

GG
AG

GA
TG

+
1.

68
12

3.
57

0.
71

13
9.

20
GA

CG
AG

TG
CA

GT
AG

TA
GA

AT
C

-
4.

41
29

.7
0

2.
47

46
.9

3
CT

TT
AG

AC
TT

GA
AT

CT
AG

GC
CC

-
0.

00
22

.1
1

0.
00

41
.5

9
TT

GA
TG

CA
TC

CT
TG

AA
GG

GC
T

+
0.

00
24

.5
8

0.
00

39
.0

9
GT

AC
AC

CT
GA

AA
TG

TA
AA

CC
T

-
0.

90
14

.2
2

0.
00

13
.9

4
TT

TG
AA

AG
GC

AC
CC

TG
AA

GC
GC

-
0.

85
6.

92
1.

42
24

.4
5

TG
CC

CG
TC

GT
GT

AT
GT

CA
CT

C
+

0.
00

40
.7

5
0.

71
62

.9
6

TA
AC

CG
AG

GC
GG

AT
GA

AC
TC

C
-

0.
90

25
.6

3
3.

48
65

.7
2

GT
CC

AT
TA

GC
TT

TG
AA

AG
GC

AC
-

0.
00

6.
27

0.
00

11
.9

6
TA

AC
AC

TG
TT

GT
GC

CT
AA

CA
CT

+
0.

52
26

.4
5

0.
00

40
.3

8
TA

AC
CG

AG
GC

GG
AT

GA
AC

TC
CC

-
0.

00
31

.4
7

0.
00

82
.5

2
TT

CA
CC

AG
CG

GA
AG

GA
AC

TT
C

-
0.

00
22

.8
3

0.
00

35
.8

9
CC

AC
TG

CA
CT

CG
TC

GT
CA

AG
G

+
1.

68
21

.0
6

0.
80

55
.4

2
CG

AC
GA

GT
GC

AG
TA

GT
AG

AA
TC

-
4.

36
57

.2
4

4.
90

15
3.

24
TA

GA
AT

CC
AT

CG
TT

CA
CG

GA
T

-
2.

61
37

.5
5

2.
66

80
.6

6
CA

TG
GA

CT
GA

AC
TT

GA
AT

GC
C

+
0.

00
17

9.
80

0.
81

19
2.

60
TC

CA
TT

AG
CT

TT
GA

AA
GG

CA
CC

-
3.

55
29

.9
8

5.
69

59
.0

3
AA

GA
GG

TC
GT

TG
TC

AT
CA

AC
A

-
0.

85
20

.6
2

0.
00

35
.1

0
AC

AG
CT

TG
AT

CT
GG

AC
AT

GG
C

+
1.

77
42

.4
1

2.
34

99
.0

9
AT

TG
GC

TT
TG

AA
AG

GC
AC

CC
T

-
0.

85
32

.3
0

5.
50

47
.7

2
AA

AC
AC

TA
AT

CG
AG

GA
TT

TG
GA

-
0.

85
12

.8
0

2.
47

38
.7

2
AC

AG
CT

TG
AT

CT
TG

AC
AT

GG
C

+
1.

67
19

.4
7

0.
00

38
.6

3
AT

TA
GC

TT
TG

AA
AG

GC
AC

CC
T

-
0.

00
29

.3
5

6.
77

43
.5

6
GA

GA
GG

TC
GT

TG
TC

AT
CA

AC
A

-
0.

00
17

.0
3

0.
00

26
.1

8
TG

AT
GT

TA
TG

AT
GG

CT
GT

GC
C

+
0.

00
22

.7
4

0.
00

61
.1

6
TC

CA
CA

GA
GA

GC
GT

CA
AC

AG
A

-
0.

85
71

.9
5

0.
00

68
.0

9
TT

AG
CT

TT
GA

AA
GG

CA
CC

CT
G

-
0.

00
15

.4
3

0.
00

25
.5

2
AA

GG
AT

GT
AT

CT
AA

GA
AG

AC
C

+
0.

00
35

.7
6

0.
00

55
.4

6
AA

GG
GA

TG
TA

GC
TG

TT
GA

GC
T

-
0.

00
34

.1
9

0.
00

47
.2

6
AG

GA
CT

TG
AG

AG
CT

TC
CC

GA
GC

-
0.

85
8.

07
0.

00
38

.0
0

TA
CA

TA
TC

TT
AT

TG
GA

GG
AT

G
+

0.
00

72
.4

2
0.

00
77

.6
8

GT
AC

AT
TG

AC
AT

CA
AG

GA
CA

A
-

0.
00

31
.9

2
0.

00
35

.2
9

TA
GA

AT
CC

AT
CG

TT
CA

CG
GA

TT
-

0.
85

31
.9

3
0.

00
12

7.
67

AT
GG

AC
AG

CT
TG

AT
CT

GG
AC

A
+

0.
26

38
.4

1
0.

00
72

.7
3

AC
GA

AG
AC

GA
AG

AT
GA

AG
AT

G
-

0.
85

5.
36

0.
00

19
.5

6
CC

CA
GT

TA
TT

GG
AA

GA
AC

GC
C

-
0.

85
16

.7
6

0.
00

32
.4

3
AA

GA
AT

GA
CG

TC
GA

GA
TA

AC
C

+
0.

00
61

.0
6

0.
00

48
.5

1
GA

GA
AC

TC
AG

CA
TC

CA
GA

GG
G

-
0.

00
16

.0
9

2.
47

37
.7

7
CA

AC
TT

GG
AG

CA
GT

CT
GT

TG
AC

+
0.

00
52

.7
0

0.
81

83
.9

9
CC

TG
AG

GA
CT

TG
AG

AG
CT

TC
C

-
0.

00
25

.9
9

0.
00

39
.8

1
AA

CA
AG

AG
GC

TG
CT

GA
AG

AA
G

+
0.

00
39

.7
3

0.
00

34
.1

7
GT

AG
AA

TC
CA

TC
GT

TC
AC

GG
AT

-
0.

00
38

.8
6

0.
00

94
.4

3
CT

GA
GG

GA
CA

AC
GA

GT
AC

AA
CT

+
0.

00
54

.3
6

0.
00

77
.1

8
TT

GG
CT

TT
GA

AA
GG

CA
CC

CT
GA

-
2.

61
19

.4
8

10
.6

6
37

.6
5

No
rm

al
ise

d 
re

ad
s

No
rm

al
ise

d 
re

ad
s

No
rm

al
ise

d 
re

ad
s



  Ta
bl

e 
S2

3:
 v

a-
ph

as
iR

N
As

 d
er

iv
ed

 fr
om

 C
hl

or
op

hy
ll 

a-
b 

bi
nd

in
g 

pr
ot

ei
n 

1 
ge

ne
s a

nd
 a

ss
oc

ia
te

d 
w

ith
 m

RN
A 

ta
rg

et
 c

le
av

ag
e 

 

  

va
-p

ha
siR

NA
ds

RN
A 

st
ra

nd
DM

DT
TM

TT
va

-p
ha

siR
NA

ds
RN

A 
st

ra
nd

DM
DT

TM
TT

va
-p

ha
siR

NA
ds

RN
A 

st
ra

nd
DM

DT
TM

TT

TG
AA

GA
TC

TG
TG

AA
CC

AG
CC

T
+

20
.9

6
13

3.
72

46
.3

8
88

.7
0

TT
CT

GG
GT

CG
GT

AG
CG

AG
GC

C
+

9.
09

79
.4

1
19

.5
7

51
.4

7
AC

AA
TG

GC
TT

GA
AC

AA
AG

AA
T

-
7.

91
20

.0
2

9.
43

14
.3

5
TA

AG
AT

GC
TC

TG
AG

CG
TG

GA
CC

+
11

.4
6

13
6.

08
26

.6
8

10
8.

25
GT

GG
AC

CA
AG

CT
CG

GG
TT

GC
C

+
0.

52
57

.5
3

0.
80

37
.8

0
GT

GG
AC

CA
AG

CT
CG

GG
TT

GC
C

-
1.

71
27

.0
1

1.
23

18
.6

3
CT

GA
AG

AT
CT

GT
GA

AC
CA

GC
C

+
1.

15
72

.6
0

5.
34

49
.1

1
AA

AT
GG

TC
GG

CG
AG

AT
TC

TC
C

+
1.

77
42

.1
7

0.
00

36
.1

1
TC

TG
CG

AA
CC

GG
CC

TT
GA

AC
C

-
6.

20
18

.9
4

23
.5

4
29

.1
5

AA
TG

GA
CC

CA
AG

TA
CT

TG
AC

T
+

18
.3

7
72

.3
3

46
.6

3
46

.5
2

TC
TG

CG
AA

CC
GG

CC
TT

GA
AC

C
+

3.
72

37
.5

3
12

.6
1

58
.4

9
CC

AT
GG

GC
TG

CC
TG

AT
GG

GC
C

-
0.

90
22

.9
9

1.
42

17
.9

8
AA

GA
TG

CT
CT

GA
GC

GT
GG

AC
C

+
3.

08
17

8.
85

16
.7

7
12

7.
30

TC
TG

TG
AA

CC
AG

CC
TT

GA
AC

C
+

41
.1

7
29

9.
14

97
.1

7
24

3.
71

GA
GG

CC
GA

GG
AC

TT
GC

TT
TA

CC
-

4.
41

7.
52

15
.0

1
15

.5
6

AA
TG

GA
CC

TA
AG

TA
CT

TG
AC

T
+

1.
68

67
.6

5
9.

91
28

.8
5

TC
CG

AG
AG

AG
TC

AA
GT

AC
TT

G
+

25
.8

0
74

.6
7

23
.3

0
45

.2
3

CG
AA

CC
GG

CC
TT

GA
AC

CA
AA

CC
-

0.
90

18
.4

8
1.

42
31

.2
8

CT
TC

CA
AG

GA
CT

TC
TG

AT
GC

T
+

81
.7

6
19

7.
98

22
3.

18
14

7.
39

CC
AT

GG
GC

TG
CC

TG
AT

GG
GC

C
+

0.
89

46
.5

4
0.

81
36

.3
1

AT
GA

GG
AT

CA
CC

TG
AG

TA
GC

C
-

3.
55

23
.3

2
7.

18
20

.8
9

CG
GC

CT
TG

AA
CC

AA
AC

CG
CC

T
+

24
.7

2
45

.4
6

58
.6

6
45

.7
7

CC
GA

GG
AC

TT
GC

TT
TA

CC
CA

G
+

14
.0

2
40

.9
0

45
.0

3
54

.2
5

CG
TG

GA
CC

AA
GC

TC
GG

GT
TG

CC
-

0.
00

16
.6

5
0.

00
25

.1
1

TG
AA

CC
AG

CC
TT

GA
AC

CA
AA

C
+

2.
57

45
.1

5
7.

88
49

.0
7

GA
GG

CC
GA

GG
AC

TT
GC

TT
TA

CC
+

1.
94

15
.6

9
5.

85
31

.3
3

TC
TC

GG
GA

TC
GG

CT
GA

GA
GA

CC
-

3.
55

16
.2

7
0.

00
24

.5
8

AT
GG

AC
CC

AA
GT

AC
TT

GA
CC

C
+

13
.1

8
44

.5
5

29
.9

1
43

.2
7

CG
AA

CC
GG

CC
TT

GA
AC

CA
AA

CC
+

0.
89

38
.5

4
0.

81
63

.3
4

TG
AA

CA
AA

GA
AT

CC
AA

AC
AT

A
-

2.
69

12
.2

1
3.

89
16

.2
6

TT
CG

CT
GA

AG
AT

CT
GC

GA
AC

C
+

3.
44

34
.6

6
9.

38
45

.7
0

AT
GA

GG
AT

CA
CC

TG
AG

TA
GC

C
+

1.
68

47
.4

4
3.

91
42

.0
9

AG
AA

GA
AA

CG
TT

CT
AA

TG
GC

T
-

4.
36

12
.1

3
27

.2
5

16
.8

2
TG

AA
CC

AG
CC

TT
GA

AC
CA

AA
CG

+
0.

00
48

.6
1

1.
61

32
.5

2
CG

TG
GA

CC
AA

GC
TC

GG
GT

TG
CC

+
0.

00
35

.2
1

0.
00

50
.9

0
AA

GA
AG

AA
AC

GT
TC

TA
AT

GG
C

-
2.

56
23

.1
7

49
.2

9
22

.5
3

AA
TG

GC
TA

AG
AT

GC
TC

TG
AG

C
+

1.
68

34
.7

7
0.

00
35

.2
4

TC
TC

GG
GA

TC
GG

CT
GA

GA
GA

CC
+

1.
68

33
.9

8
0.

00
49

.8
4

AG
GC

CG
AG

GA
CT

TG
CT

TT
AC

C
-

4.
31

16
.9

1
30

.6
2

15
.4

4
CC

GG
CC

TT
GA

AC
CA

AA
CC

GC
C

+
1.

15
47

.9
4

5.
54

66
.6

9
TG

AA
CA

AA
GA

AT
CC

AA
AC

AT
A

+
2.

66
23

.4
8

2.
41

32
.4

6
TG

AA
CC

AG
CC

TT
GA

AC
CA

AA
CC

+
0.

89
40

.0
2

7.
92

39
.2

9
CT

GA
AG

AT
CT

GT
GA

AC
CA

GC
CT

+
1.

67
25

.0
3

0.
00

50
.8

9
TT

CG
CT

GA
AG

AT
CT

GT
GA

AC
C

+
17

.4
1

30
2.

45
36

.6
2

21
9.

25
AG

GC
CG

AG
GA

CT
TG

CT
TT

AC
C

+
1.

93
33

.9
9

12
.6

1
30

.9
8

GG
AA

GA
CG

CA
GC

CT
AG

GG
CT

C
+

0.
52

38
.5

4
3.

93
42

.6
8

TA
AG

AT
GC

TC
TG

AG
CG

TG
GA

CC
-

23
.6

5
68

.2
6

49
.9

9
53

.7
9

AT
CT

GT
GA

AC
CA

GC
CT

TG
AA

C
+

0.
00

63
.1

3
7.

15
43

.3
4

AA
TG

GA
CC

CA
AG

TA
CT

TG
AC

T
-

34
.3

4
34

.7
6

93
.4

1
22

.9
7

AT
CT

GT
GA

AC
CA

GC
CT

TG
AA

CC
+

8.
28

38
.4

4
30

.3
3

53
.0

2
AA

GA
TG

CT
CT

GA
GC

GT
GG

AC
C

-
6.

07
91

.1
2

29
.8

3
63

.3
8

AA
GG

TA
GC

TC
GG

TG
GC

TC
GC

C
+

0.
26

45
.8

4
5.

58
27

.9
7

AA
TG

GA
CC

TA
AG

TA
CT

TG
AC

T
-

3.
55

32
.7

3
21

.9
3

14
.2

6
CC

TA
GG

GC
TC

CG
AG

CA
TG

GC
C

+
3.

09
50

.7
1

4.
46

37
.5

5
AA

GA
TG

CT
CT

GA
GC

GT
GA

AC
C

-
0.

85
24

.1
0

2.
66

16
.1

2
AC

TC
AG

GT
GA

TC
CT

CA
TG

GG
A

+
1.

04
37

.0
7

11
.2

7
33

.6
2

TT
CG

CT
GA

AG
AT

CT
GC

GA
AC

C
-

5.
25

17
.9

8
18

.2
3

22
.8

6
TT

CT
GG

GT
CG

GT
AG

CG
AG

AC
C

+
19

.1
6

75
.8

2
64

.4
0

84
.0

7
AA

TG
GC

TA
AG

AT
GC

TC
TG

AG
C

-
3.

55
17

.9
3

0.
00

17
.5

1
CC

TT
CG

CT
GA

AG
AT

CT
GT

GA
A

+
0.

00
59

.0
0

0.
00

31
.1

4
CC

GG
CC

TT
GA

AC
CA

AA
CC

GC
C

-
1.

75
22

.8
1

10
.0

3
32

.9
0

TC
TG

TG
AG

CC
AG

CC
TT

GA
AC

C
+

7.
93

33
.6

6
9.

69
25

.5
1

GG
AA

GA
CG

CA
GC

CT
AG

GG
CT

C
-

1.
71

19
.3

3
7.

37
21

.1
6

CT
AG

GG
CT

CC
GA

GC
AT

GG
CC

C
+

1.
41

54
.6

0
3.

91
41

.2
8

AA
GG

TA
GC

TC
GG

TG
GC

TC
GC

C
-

0.
85

22
.9

9
10

.4
1

13
.8

8
GT

CG
GC

GA
GA

TT
CT

CC
AA

CG
G

+
1.

77
31

.4
1

3.
99

26
.5

4
CC

TA
GG

GC
TC

CG
AG

CA
TG

GC
C

-
6.

16
25

.3
4

11
.0

8
18

.6
4

AT
GG

TC
GG

CG
AG

AT
TC

TC
CA

A
+

9.
18

55
.5

1
20

.2
2

29
.7

0
AC

TC
AG

GT
GA

TC
CT

CA
TG

GG
A

-
3.

42
19

.4
3

18
.4

1
16

.8
5

AC
AA

TG
GC

TT
GA

AC
AA

AG
AA

T
+

4.
24

40
.7

6
4.

64
29

.0
2

CT
AG

GG
CT

CC
GA

GC
AT

GG
CC

C
-

2.
61

27
.1

6
7.

18
20

.5
0

No
rm

al
ise

d 
re

ad
s

No
rm

al
ise

d 
re

ad
s

No
rm

al
ise

d 
re

ad
s



  Ta
bl

e 
S2

4:
 v

a-
ph

as
iR

N
As

 d
er

iv
ed

 fr
om

 T
AR

1 
ge

ne
s a

nd
 a

ss
oc

ia
te

d 
w

ith
 m

RN
A 

ta
rg

et
 c

le
av

ag
e 

 

    

va
-p

ha
siR

NA
ds

RN
A 

st
ra

nd
DM

DT
TM

TT
va

-p
ha

siR
NA

ds
RN

A 
st

ra
nd

DM
DT

TM
TT

va
-p

ha
siR

NA
ds

RN
A 

st
ra

nd
DM

DT
TM

TT
CG

AG
CT

AA
GG

AC
GT

CA
GG

AG
CG

+
#N

/A
#N

/A
28

.6
1

63
.9

4
GT

CG
CT

GC
AA

AA
CC

TA
GG

GC
G

+
7.

93
37

.0
7

9.
47

60
.6

4
CA

AT
GT

CC
TC

GA
CC

TA
TT

CT
C

+
76

.0
6

12
8.

34
13

4.
24

25
0.

33
CC

CC
AT

CC
TC

TC
GA

GG
AT

AT
G

+
1.

41
10

5.
00

6.
22

13
2.

85
AC

CC
GT

CT
GA

TA
GC

GC
TT

AT
G

+
23

.4
6

95
.4

0
12

2.
66

16
6.

83
AG

GA
AG

CT
GA

TT
GG

CT
GG

AT
C

+
74

.4
3

12
4.

57
13

6.
07

26
0.

72
CA

TC
CT

CT
CG

AG
GA

TA
TG

GG
AC

+
1.

41
65

.8
2

6.
96

26
1.

61
GC

AC
TT

GC
AC

AT
GG

GT
TA

GT
C

+
11

.8
8

45
.7

4
20

.5
6

90
.8

7
TA

TT
CA

AC
GA

GT
TC

AC
AC

CT
TG

+
96

.3
0

16
0.

73
59

8.
68

53
8.

61
GT

TG
GC

CA
AA

AT
CC

GA
GC

TA
A

+
1.

93
90

.1
1

3.
24

33
.7

5
GG

TT
AG

TC
GA

TC
CT

AA
GA

GT
C

+
53

.3
3

19
7.

69
14

6.
20

37
8.

64
CC

TC
GA

TG
AG

TA
GG

AG
GG

CG
C

+
16

.8
1

27
.9

5
50

.2
0

52
.3

3
TG

TG
TT

AC
CG

CA
CG

CG
GT

TG
GC

+
9.

35
29

7.
89

32
.4

6
56

3.
56

AG
AG

GC
AT

CG
GG

GA
CG

CA
AT

G
+

19
.5

9
70

.5
8

23
.7

1
10

1.
14

GT
TA

AA
AT

TC
CG

GA
AC

CG
GG

A
+

63
.6

3
10

2.
89

11
5.

62
22

5.
72

TC
CG

AG
CT

AA
GA

AC
GT

CA
GG

A
+

5.
64

17
4.

13
0.

00
0.

67
CC

GA
AG

AG
GG

GA
AA

GG
TT

CC
A

+
17

.0
3

60
.4

1
40

.2
5

10
3.

44
GA

TC
CT

AA
GA

GT
CG

GG
GG

AA
AC

+
38

.3
8

61
.2

2
44

.8
4

14
5.

48
TC

GA
GG

AT
AT

GG
GA

CG
GA

AG
C

+
43

.2
6

11
22

.3
3

11
1.

30
92

8.
51

AG
TT

CA
CA

CC
TT

GG
CC

GA
CA

G
+

12
.6

9
45

.0
0

12
2.

06
75

.3
3

AA
TG

GA
TG

GC
GC

TG
AA

GC
GC

G
+

11
4.

78
18

0.
52

37
3.

41
47

9.
41

CG
CA

CG
CG

GT
TG

GC
CA

AA
AT

C
+

8.
11

19
4.

14
5.

31
10

2.
73

CC
AA

GG
AA

GT
TT

GA
GG

CA
AT

A
+

99
.1

0
34

1.
97

27
7.

03
66

8.
17

AG
TT

CT
AT

CG
GG

TA
AA

GC
CA

A
+

9.
95

15
.4

7
44

.6
7

30
.0

0
TC

GA
GG

AT
AT

GG
GA

CG
GA

AG
CT

+
28

.5
9

54
2.

56
44

.0
6

38
4.

72
CG

GT
TG

GC
CA

AA
AT

CC
GA

GC
T

+
15

.2
0

50
.4

5
20

.5
1

28
.5

8
CA

AA
TG

AG
AA

CT
TT

GA
AG

GC
A

+
23

.0
1

34
.9

8
59

.6
9

41
.1

8
GA

AC
GT

CA
GG

AG
CG

TC
TT

GA
CA

+
3.

09
54

.0
8

0.
00

0.
25

GC
CG

TC
TG

CG
AC

GT
CG

CG
AG

A
+

36
5.

18
12

04
.8

0
12

83
.3

2
29

41
.7

0
CG

GC
CG

TC
GG

TG
CA

GA
TC

TT
G

+
48

.7
2

72
.4

7
95

.8
1

12
7.

91
GT

TC
AC

AC
CT

TG
GC

CG
AC

AG
G

+
18

.4
2

31
1.

96
69

.8
3

61
5.

48
GA

TC
CT

AA
GA

GT
CG

GG
GG

AA
A

+
16

.6
4

52
.8

1
33

.7
7

88
.6

5
TG

AA
CG

GC
AC

TT
GC

AC
AT

GG
G

+
92

.9
5

13
7.

53
24

9.
60

23
6.

34
AT

GG
GA

CG
GA

AG
CT

GA
TC

TC
C

+
44

.5
1

72
1.

86
77

.2
1

41
9.

08
CG

GC
TT

CT
TA

GA
GG

GA
CT

AT
G

+
38

.2
9

11
2.

07
61

.0
4

19
5.

35
TG

GT
GT

CC
GG

TG
CA

TT
CC

CG
G

+
17

.4
0

25
.6

7
27

.5
9

60
.1

6
GT

CT
GC

GA
CG

TC
GC

GA
GA

AG
TC

+
17

7.
74

27
94

.5
5

30
1.

43
71

06
.1

7
CG

TC
TG

CG
AC

GT
CG

CG
AG

AA
G

+
10

9.
87

31
9.

01
21

6.
40

44
7.

47
AA

CC
CG

TC
TG

AT
AG

CG
CT

TA
TG

+
50

.7
1

74
.3

7
13

4.
66

17
8.

54
TA

AG
AA

CG
TC

AG
GA

GC
GT

CT
+

4.
44

56
.9

9
0.

00
0.

40
CG

GT
CG

CT
GC

AA
AA

CC
TA

GG
G

+
22

.6
5

64
.9

9
48

.3
2

11
9.

78
GT

TG
AG

CC
AT

CC
CA

CG
GA

AT
C

+
10

.0
9

14
.6

9
31

.5
6

26
.9

9
GT

TG
GC

CA
AA

AT
CC

GA
GC

T
+

2.
04

24
.4

2
6.

45
13

.0
1

AC
GC

AA
TG

TC
CT

CG
AC

CT
AT

T
+

15
.5

1
43

.4
5

32
.4

8
63

.7
2

CG
CG

AA
CT

TC
GA

AA
GG

GG
AT

CC
+

13
0.

62
18

5.
41

28
4.

46
58

7.
28

TG
TG

TT
AC

CG
CA

CG
CG

GT
TG

GC
C

+
10

.7
8

12
0.

29
7.

65
11

2.
79

CG
TG

GT
GT

CC
GG

TG
CA

TT
CC

C
+

21
.0

8
57

.9
8

96
.2

7
10

5.
81

GC
CT

CG
AT

GA
GT

AG
GA

GG
GC

G
+

38
.7

3
54

.8
5

10
9.

75
77

.1
8

GT
CT

GC
GA

CG
TC

GC
GA

GA
AG

T
+

10
1.

30
11

28
.7

7
18

1.
66

18
89

.1
9

CG
TG

GG
TG

GT
TC

GC
CG

TC
TG

C
+

95
5.

47
25

30
.0

7
31

44
.5

2
35

16
.7

7
TT

AA
AT

AG
GT

AG
GA

CG
GG

GT
GG

+
14

.1
9

19
.9

0
50

.7
0

45
.2

9
TG

TA
TT

CA
AC

GA
GT

TC
AC

AC
C

+
35

.1
1

37
9.

00
77

.0
7

64
3.

71
CT

GA
TC

TC
CC

GT
GT

GT
TA

CC
G

+
12

0.
84

30
1.

33
15

2.
25

25
2.

46
AT

TC
AA

CG
AG

TT
CA

CA
CC

TT
G

+
54

.9
8

76
.6

7
27

9.
65

15
6.

88
GT

TC
GC

CG
TC

TG
CG

AC
GT

CG
C

+
29

.8
7

30
2.

31
74

.3
9

41
3.

97
TG

AT
CT

CC
CG

TG
TG

TT
AC

CG
C

+
25

.9
5

64
.5

6
48

.9
9

55
.0

5
CA

GG
CC

TC
GA

TG
AG

TA
GG

AG
G

+
59

.6
2

79
.4

0
15

5.
58

20
4.

14
TA

TG
GG

AC
GG

AA
GC

TG
AT

CT
CC

+
37

.8
0

37
7.

74
93

.0
6

41
5.

63
CA

TG
TG

AA
CG

GC
AC

TT
GC

AC
A

+
83

0.
30

19
59

.9
8

20
77

.7
4

33
18

.7
6

GG
AT

AG
CT

GG
AG

CT
CG

GA
AA

C
+

25
.5

4
33

.7
4

81
.5

2
75

.2
9

GA
AC

GA
CC

TG
AG

AA
CG

AT
GA

A
+

14
.3

0
13

2.
60

11
3.

19
24

1.
21

AA
GG

TT
CC

AT
GT

GA
AC

GG
CA

C
+

44
.5

4
10

4.
68

11
9.

79
22

0.
04

CC
GT

CT
GC

GA
CG

TC
GC

GA
GA

A
+

46
4.

02
59

7.
62

17
11

.4
2

90
0.

63
AG

GA
TA

TG
GG

AC
GG

AA
GC

TG
A

+
59

.4
5

51
7.

07
10

5.
38

24
7.

38
GA

TG
GC

GC
TG

AA
GC

GC
GC

GA
C

+
17

.6
2

39
.4

4
49

.4
6

74
.3

2
AA

GG
CC

GA
AG

AG
GG

GA
AA

GG
T

+
40

.2
5

51
.8

3
16

3.
42

15
1.

43
CG

CG
GT

TG
GC

CA
AA

AT
CC

GA
G

+
10

.5
0

90
.1

1
27

.4
8

56
.0

1
CG

GA
GA

CG
TC

GG
CG

GG
AA

TT
C

+
21

.2
4

47
.4

2
36

.6
1

10
8.

15
CG

CG
CT

AA
CC

TA
GA

AC
CC

AC
A

+
38

.1
4

45
.7

3
93

.9
8

83
.3

8
AG

CT
GA

TC
TC

CC
GT

GT
GT

TA
C

+
18

.4
4

15
4.

03
50

.8
1

10
9.

28
AA

TT
CC

GG
AA

AG
AG

TT
AT

CT
T

+
39

.2
2

85
.3

8
10

2.
58

13
0.

26
GC

CG
TC

TG
CG

AC
GT

CG
CG

AG
AA

+
45

.5
8

54
.3

5
10

4.
25

14
2.

83
CG

CG
AA

CT
TC

GA
AA

GG
GG

AT
C

+
10

7.
19

86
3.

03
25

9.
07

20
36

.7
4

GG
TC

GC
TG

CA
AA

AC
CT

AG
GG

C
+

12
.7

9
27

.3
2

18
.8

8
67

.4
1

TG
CG

GG
AT

GA
AC

CG
GA

AG
CC

G
+

25
3.

07
29

6.
40

61
3.

72
49

8.
18

AG
GC

CT
CG

AT
GA

GT
AG

GA
GG

G
+

13
.9

0
10

6.
85

50
.0

9
22

9.
85

CT
GA

AG
CG

CG
CG

AC
CT

AT
AC

C
+

15
1.

29
31

8.
14

40
5.

04
55

5.
55

AG
AG

CC
AG

GC
CT

CG
AT

GA
GT

A
+

22
8.

08
25

5.
20

77
1.

91
53

3.
14

AG
CT

GA
TC

TC
CC

GT
GT

GT
TA

CC
+

31
.3

3
23

8.
62

49
.8

7
12

6.
22

CT
GG

AG
CT

CG
GA

AA
CG

AG
TT

C
+

40
.2

6
81

.0
4

92
.7

3
10

1.
54

AA
GA

GC
CA

GG
CC

TC
GA

TG
AG

T
+

29
.7

9
32

.7
4

75
.0

4
64

.0
3

CT
AA

GA
AC

GT
CA

GG
AG

CG
TC

T
+

74
.0

8
53

2.
19

0.
00

0.
88

TA
GG

CC
AA

GG
AA

GT
TT

GA
GG

CA
+

13
0.

02
25

9.
46

40
7.

50
56

6.
27

GG
TT

AG
TC

GA
TC

CT
AA

GA
GT

CG
+

10
8.

00
11

7.
16

15
1.

96
30

4.
33

GG
CC

GA
AG

AG
GG

GA
AA

GG
TT

C
+

11
.1

7
79

.6
5

38
.6

5
14

9.
09

GG
GT

GG
TT

CG
CC

GT
CT

GC
GA

C
+

65
.8

0
12

9.
54

12
5.

25
16

9.
79

AC
GG

AA
TC

GA
GA

GC
TC

CA
AG

T
+

12
36

.1
3

13
39

.3
7

27
08

.6
5

22
49

.4
8

GA
TC

TC
CC

GT
GT

GT
TA

CC
GC

A
+

28
.7

1
18

6.
86

44
.0

9
11

9.
75

TG
AT

TG
GC

TG
GA

TC
CC

TC
AC

G
+

19
.8

6
38

.7
9

41
.5

8
12

9.
90

CT
TA

TG
CG

CG
AA

CT
TC

GA
AA

GG
+

29
.1

0
31

.3
7

77
.8

9
12

8.
69

AG
GA

GC
GT

CT
TG

AC
AT

GC
GG

T
+

18
.0

2
92

.3
6

13
9.

92
67

.5
3

TC
GA

TC
CT

AA
GA

GT
CG

GG
GG

A
+

80
.3

5
15

3.
36

22
9.

65
27

0.
06

TC
GA

TT
AA

GA
CA

GC
AG

GA
CG

G
+

82
.2

6
88

.0
1

15
5.

41
17

9.
30

GC
GG

TC
GC

TG
CA

AA
AC

CT
AG

G
+

29
.7

2
15

2.
11

63
.8

9
28

7.
58

AT
GG

CC
GT

TT
AG

GC
CA

AG
GA

AG
+

38
.8

3
72

.5
5

10
4.

51
18

2.
04

TT
CC

AT
GT

GA
AC

GG
CA

CT
TG

C
+

73
.0

1
77

.9
9

16
3.

72
12

4.
07

GT
TG

GC
CA

AA
AT

CC
GA

GC
TA

AG
+

6.
37

31
.7

7
4.

02
35

.3
2

TT
GG

TC
GA

TT
AA

GA
CA

GC
AG

G
+

67
.8

0
12

2.
62

16
3.

65
22

1.
13

AT
GA

AC
CG

GA
AG

CC
GG

GT
TA

CG
+

85
.3

0
90

.4
4

17
5.

86
21

5.
73

TG
GC

CG
TT

TA
GG

CC
AA

GG
AA

G
+

31
.5

6
15

7.
36

12
8.

60
45

0.
85

AA
AC

TT
TA

AA
TA

GG
TA

GG
AC

G
+

75
.3

5
13

5.
48

14
1.

44
33

5.
15

CA
TC

CC
AC

GG
AA

TC
GA

GA
GC

T
+

74
.6

4
78

.8
1

19
7.

83
15

5.
07

TA
TG

GG
AC

GG
AA

GC
TG

AT
CT

C
+

11
9.

99
56

3.
81

18
2.

12
36

8.
24

TG
CG

GA
AG

GA
TC

AT
TG

TC
GT

A
+

28
9.

94
49

7.
11

19
53

.4
1

38
4.

34
TG

CG
CG

CT
AA

CC
TA

GA
AC

CC
A

+
18

.5
1

19
.5

1
53

.8
0

39
.4

1

No
rm

al
ise

d 
re

ad
s

No
rm

al
ise

d 
re

ad
s

No
rm

al
ise

d 
re

ad
s



  

 

va
-p

ha
siR

NA
ds

RN
A 

st
ra

nd
DM

DT
TM

TT
va

-p
ha

siR
NA

ds
RN

A 
st

ra
nd

DM
DT

TM
TT

va
-p

ha
siR

NA
ds

RN
A 

st
ra

nd
DM

DT
TM

TT
TG

TT
GA

GC
CA

TC
CC

AC
GG

AA
TC

+
19

.1
7

20
.1

4
27

.4
5

36
.8

2
TA

GC
TC

GG
AT

TT
TG

GC
CA

AC
C

-
13

.9
3

25
5.

39
76

.0
0

16
3.

78
AC

CA
AG

AT
CT

GC
AC

CG
AC

GG
C

-
17

.5
8

12
3.

69
38

.0
9

20
9.

00
AC

TT
CG

AA
AG

GG
GA

TC
CG

GT
T

+
26

.9
7

28
.3

1
78

.8
2

65
.7

3
CC

AC
CA

AG
AT

CT
GC

AC
CG

AC
G

-
4.

36
79

.1
9

5.
35

11
5.

18
TT

TG
AG

AA
TA

GG
TC

GA
GG

AC
A

-
20

3.
27

13
63

.5
1

53
8.

52
28

60
.4

1
GC

TG
AA

GC
GC

GC
GA

CC
TA

TA
CC

+
42

.5
0

44
.1

9
14

7.
43

14
1.

61
AG

AT
CT

GC
AC

CG
AC

GG
CC

GC
T

-
0.

85
15

.2
2

3.
48

33
.5

6
TA

CT
CA

TC
GA

GG
CC

TG
GC

TC
T

-
13

.2
0

88
.3

1
35

.0
5

35
5.

83
AA

TG
AG

AA
CT

TT
GA

AG
GC

CG
AA

T
+

10
3.

76
10

6.
61

15
7.

43
81

.4
5

TA
GT

CC
CT

CT
AA

GA
AG

CC
GG

CC
-

1.
75

29
.8

0
10

.0
3

11
9.

14
AG

CA
CG

CA
GA

TG
CC

GA
GG

CA
C

-
0.

00
6.

51
4.

08
14

.0
9

TT
AA

GG
TG

GT
GA

CC
TA

AG
CC

CG
+

13
.3

2
13

.4
5

31
.2

1
35

.3
1

AG
AA

GC
CG

GC
CG

TG
AA

GG
GA

TG
-

1.
80

30
.0

6
27

.2
8

53
.9

7
GT

CC
CT

CT
AA

GA
AG

CC
GG

CC
G

-
6.

20
40

.2
5

13
.0

9
10

5.
07

TC
CT

AA
GA

GT
CG

GG
GG

AA
AC

C
+

29
7.

22
29

1.
49

40
6.

86
52

8.
42

AA
GA

TC
TG

CA
CC

GA
CG

GC
CG

CT
-

0.
90

14
.8

6
1.

23
44

.9
7

TA
AT

CG
AC

CA
AC

AC
CC

TT
TG

T
-

1.
80

11
.3

4
6.

14
17

.6
8

AA
GA

GT
CG

GG
GG

AA
AC

CC
GT

C
+

11
5.

43
11

0.
68

23
2.

08
24

6.
67

TG
AG

AA
TA

GG
TC

GA
GG

AC
AT

TG
-

0.
90

14
.5

0
0.

00
43

.8
3

AA
AG

TT
TG

AG
AA

TA
GG

TC
GA

G
-

8.
63

53
.5

2
63

.6
9

75
.7

9
AA

CC
CA

CA
AA

GG
GT

GT
TG

GT
C

+
81

3.
37

73
9.

76
18

86
.7

4
19

63
.5

5
TT

GG
CT

TT
AC

CC
GA

TA
GA

AC
TC

-
4.

31
66

.3
6

9.
24

21
7.

09
AA

CC
CG

AC
TC

GT
AG

AC
AG

CG
C

-
14

.2
3

78
.9

3
10

2.
12

10
5.

59
CG

GC
CG

TC
GG

TG
CA

GA
TC

TT
GG

+
87

1.
20

76
4.

03
12

59
.9

7
17

56
.4

4
TC

GA
CC

AA
CA

CC
CT

TT
GT

GG
G

-
3.

46
52

.4
2

26
.4

6
89

.8
4

AC
CC

GA
CT

CG
TA

GA
CA

GC
GC

C
-

10
.4

7
56

.4
4

56
.1

7
12

4.
16

TA
AA

GC
CA

AT
GA

TT
AG

AG
GC

A
+

28
.4

9
23

.4
1

30
.1

6
41

.5
7

AC
CA

CC
AA

GA
TC

TG
CA

CC
GA

CG
-

0.
00

15
.0

7
0.

00
71

.2
2

TA
GG

TT
AG

CG
CG

CA
GT

TG
GG

CA
-

0.
90

4.
72

1.
42

23
.8

0
CA

AT
GT

CC
TC

GA
CC

TA
TT

CT
CA

+
39

.4
1

28
.0

6
84

.2
2

88
.5

0
AA

CT
TC

CT
TG

GC
CT

AA
AC

GG
CC

-
1.

71
25

.6
1

2.
66

16
2.

61
GC

AG
AC

GG
CG

AA
CC

AC
CC

AC
G

-
9.

53
47

.3
4

4.
08

80
.9

4
GG

TA
AG

CA
GA

AC
TG

GC
GA

TG
C

+
39

.9
5

27
.1

4
61

.9
9

68
.1

4
GA

CT
TC

TC
GC

GA
CG

TC
GC

AG
AC

-
4.

27
63

.1
6

13
.7

4
10

9.
62

CC
AA

GA
TC

TG
CA

CC
GA

CG
GC

C
-

22
.0

2
10

5.
38

32
.7

9
15

4.
52

AT
TA

GA
GG

CA
TC

GG
GG

AC
GC

AA
+

29
.9

9
19

.3
3

36
.0

2
59

.4
5

AC
AA

CC
CG

AC
TC

GT
AG

AC
AG

CG
-

0.
00

14
.2

4
33

.4
2

97
.8

9
AT

TC
CG

TG
GG

AT
GG

CT
CA

AC
AA

-
0.

00
4.

70
2.

47
33

.5
2

GC
TA

AG
GA

CG
TC

AG
GA

GC
GT

C
+

0.
00

0.
31

36
.1

0
49

7.
05

GT
AA

CA
CA

CG
GG

AG
AT

CA
GC

T
-

3.
50

47
.2

8
8.

79
35

.7
2

TG
TC

GG
CC

AA
GG

TG
TG

AA
CT

C
-

32
.2

9
14

9.
93

14
8.

96
29

0.
43

AG
CT

AA
GG

AC
GT

CA
GG

AG
CG

TC
+

0.
00

0.
13

39
.4

4
66

2.
83

CA
AC

GC
GA

GC
TG

AT
GA

CT
CG

A
-

0.
90

12
.1

0
12

.7
2

26
.6

9
AC

TC
AT

CG
AG

GC
CT

GG
CT

CT
T

-
4.

40
20

.1
7

13
.7

3
31

.6
0

TG
CT

CC
GT

TC
CG

CA
TT

CG
AC

C
-

#N
/A

#N
/A

44
.0

7
58

.6
6

AC
TT

CG
GA

GG
GA

AC
CA

GC
TA

CT
-

0.
90

11
.2

6
6.

18
24

.5
1

TA
GC

TC
GG

AT
TT

TG
GC

CA
AC

CG
-

4.
41

19
.9

7
33

.0
1

20
.3

7
CG

TC
CT

TA
GC

TC
GG

AT
TT

TG
GC

-
#N

/A
#N

/A
12

1.
64

18
8.

13
TG

AG
AA

TA
GG

TC
GA

GG
AC

AT
T

-
5.

30
64

.6
2

14
.1

8
90

.5
2

TT
TA

AA
GT

TT
GA

GA
AT

AG
GT

C
-

16
.7

7
72

.0
2

27
.2

9
12

4.
88

GA
AT

AG
GT

CG
AG

GA
CA

TT
GC

G
-

0.
85

55
.6

6
3.

48
10

5.
77

GT
CG

GC
TG

TG
CA

CC
CG

TG
AG

G
-

1.
71

20
.7

7
1.

42
49

.4
7

CT
TA

GG
AT

CG
AC

TA
AC

CC
AT

G
-

8.
71

37
.0

9
34

.0
6

52
.7

9
CT

CA
TC

GA
GG

CC
TG

GC
TC

TT
G

-
1.

71
83

.9
1

4.
90

14
3.

58
AC

CA
AG

AT
CT

GC
AC

CG
AC

GG
CC

-
1.

75
21

.2
4

2.
66

71
.7

3
GT

CG
CA

GA
CG

GC
GA

AC
CA

CC
CA

-
28

.5
7

11
8.

70
47

.6
3

20
5.

21
AG

AA
TA

GG
TC

GA
GG

AC
AT

TG
C

-
0.

85
38

.2
0

16
.1

7
67

.4
7

GA
TA

GA
AC

TC
GT

TT
CC

GA
GC

T
-

14
.2

0
16

6.
23

38
.7

7
33

6.
70

GG
TA

AC
AC

AC
GG

GA
GA

TC
AG

CT
-

8.
80

36
.4

7
17

.8
4

24
.7

9
GA

CT
CT

TA
GG

AT
CG

AC
TA

AC
C

-
0.

85
30

.2
3

6.
14

42
.3

7
TA

AC
GT

TG
CC

GT
CA

AC
CG

CC
A

-
0.

00
11

.4
6

12
.0

9
26

.5
2

TA
TT

TA
AA

GT
TT

GA
GA

AT
AG

G
-

8.
72

35
.6

5
12

.9
4

55
.7

3
GT

CC
TG

CT
GT

CT
TA

AT
CG

AC
C

-
0.

00
31

.0
4

15
.7

5
50

.9
8

CA
CC

AA
GA

TC
TG

CA
CC

GA
CG

GC
-

2.
61

29
.4

5
15

.1
9

13
1.

87
AG

AT
AA

CT
CT

TT
CC

GG
AA

TT
C

-
1.

80
7.

27
16

.7
6

16
.8

8
GT

GT
GA

AC
TC

GT
TG

AA
TA

CA
TC

-
0.

00
30

.3
5

16
.4

2
87

.1
9

CC
TC

TA
AT

CA
TT

GG
CT

TT
AC

C
-

1.
80

20
.0

5
1.

23
36

.2
6

GC
CC

TA
GG

TT
TT

GC
AG

CG
AC

C
-

2.
61

9.
92

2.
66

24
.1

8
CT

CA
TC

GA
GG

CC
TG

GC
TC

TT
GC

-
0.

00
28

.2
8

2.
85

10
9.

43
GA

GA
AT

AG
GT

CG
AG

GA
CA

TT
GC

-
6.

20
68

.6
2

11
.0

4
35

8.
72

TC
AA

GG
TC

GG
TC

GG
CT

GT
GC

A
-

3.
46

13
.0

7
12

.0
9

28
.3

6
AC

TT
CC

TT
GG

CC
TA

AA
CG

GC
C

-
4.

27
12

0.
42

77
.8

6
23

7.
77

CG
AC

TC
TT

AG
GA

TC
GA

CT
AA

CC
-

9.
70

10
6.

91
27

.2
4

23
2.

10
GA

TC
AG

CT
TC

CG
TC

CC
AT

AT
C

-
6.

07
21

.3
9

8.
16

13
.2

5
AG

AA
TA

GG
TC

GA
GG

AC
AT

TG
CG

-
0.

00
27

.1
1

1.
42

10
6.

78
TT

AG
CG

CG
CA

GT
TG

GG
CA

CC
G

-
5.

35
58

.2
6

11
.8

7
13

5.
48

TA
CT

CA
TC

GA
GG

CC
TG

GC
TC

TT
-

15
.9

0
52

.4
4

35
.1

0
18

9.
02

CG
AC

GT
CG

CA
GA

CG
GC

GA
AC

C
-

32
.3

0
84

9.
78

61
.4

4
27

65
.4

9
CA

TC
GA

GG
CC

TG
GC

TC
TT

GC
C

-
10

.5
1

11
0.

09
31

.3
6

14
4.

62
AT

AG
AA

CT
CG

TT
TC

CG
AG

CT
C

-
48

.8
8

16
0.

72
16

0.
84

27
7.

69
CT

GT
CT

TA
AT

CG
AC

CA
AC

AC
C

-
0.

00
26

.3
0

0.
00

38
.8

0
GA

CG
CT

CC
TG

AC
GT

TC
TT

AG
C

-
1.

75
18

.3
1

#N
/A

#N
/A

TA
GA

CA
GC

GC
CT

CG
TG

GT
GC

GA
-

0.
85

2.
64

3.
70

14
.0

8
GC

AT
GT

CA
AG

AC
GC

TC
CT

GA
CG

-
0.

00
25

.2
5

35
.8

1
23

.3
3

GA
AG

AT
CA

AG
GT

CG
GT

CG
GC

TG
-

0.
00

9.
38

0.
00

28
.6

1
TA

AA
GT

TT
GA

GA
AT

AG
GT

CG
A

-
11

.3
2

34
.8

7
18

.6
3

38
.8

0
GG

TA
TA

GG
TC

GC
GC

GC
TT

CA
GC

-
0.

85
18

.7
8

3.
48

37
.6

8
AC

CC
GA

TA
GA

AC
TC

GT
TT

CC
G

-
1.

80
15

.7
0

24
.8

5
22

.9
8

AA
AC

AA
CC

CG
AC

TC
GT

AG
AC

A
-

3.
50

10
.5

8
30

.5
3

25
.1

6
CC

GT
GG

GA
TG

GC
TC

AA
CA

AA
GC

-
0.

90
19

.6
0

14
.7

8
53

.6
6

CG
GT

TC
CG

GA
AT

TT
TA

AC
CG

GA
-

0.
85

7.
22

0.
00

25
.4

6
TT

AA
TC

GA
CC

AA
CA

CC
CT

TT
G

-
3.

55
10

.6
1

4.
08

20
.1

8
TC

TT
AG

CT
CG

GA
TT

TT
GG

CC
A

-
1.

80
38

.1
9

0.
00

0.
12

GA
GC

TC
TC

GA
TT

CC
GT

GG
GA

TG
-

0.
00

8.
18

2.
06

28
.9

9
TT

GA
GA

AT
AG

GT
CG

AG
GA

CA
TT

-
10

.4
7

30
.8

2
14

.3
7

92
.7

3
AC

TC
AT

CG
AG

GC
CT

GG
CT

CT
TG

-
0.

85
17

.8
9

2.
66

53
.3

5
GT

CG
GC

CA
AG

GT
GT

GA
AC

TC
G

-
6.

92
52

.4
7

4.
08

91
.3

2
AA

TA
GG

TC
GA

GG
AC

AT
TG

CG
T

-
5.

34
15

.6
7

24
.5

5
40

.9
8

GA
GA

AT
AG

GT
CG

AG
GA

CA
TT

G
-

4.
45

87
.0

4
5.

69
12

3.
35

AT
TG

CC
TC

AA
AC

TT
CC

TT
GG

CC
-

4.
40

32
.8

8
74

.0
0

11
9.

08
TC

CG
TC

CC
AT

AT
CC

TC
GA

GA
GG

-
13

.1
6

37
.2

9
20

.4
3

36
.1

1
CA

AG
AT

CT
GC

AC
CG

AC
GG

CC
G

-
0.

85
16

.1
0

1.
23

30
.1

1
TA

GG
TT

AG
CG

CG
CA

GT
TG

GG
C

-
0.

00
7.

41
4.

27
21

.5
2

AG
CT

CG
GA

TT
TT

GG
CC

AA
CC

G
-

52
.8

0
14

8.
67

37
8.

81
63

.6
3

No
rm

al
ise

d 
re

ad
s

No
rm

al
ise

d 
re

ad
s

No
rm

al
ise

d 
re

ad
s



  

 

     

va
-p

ha
siR

NA
ds

RN
A 

st
ra

nd
DM

DT
TM

TT
va

-p
ha

siR
NA

ds
RN

A 
st

ra
nd

DM
DT

TM
TT

AC
TC

TT
AG

GA
TC

GA
CT

AA
CC

C
-

6.
07

16
.2

9
26

.0
1

20
.4

5
TC

TC
GC

GA
CG

TC
GC

AG
AC

GG
CG

-
30

6.
51

45
1.

31
14

02
.2

3
14

22
.2

2
CC

CC
GA

AT
CG

AT
CG

GC
GG

AC
C

-
25

.4
0

67
.5

4
47

.5
3

19
5.

45
AA

AA
TG

GC
CC

AC
TT

GG
AG

CT
CT

-
4.

45
6.

53
0.

00
25

.4
1

TC
GC

GC
CC

TA
GG

TT
TT

GC
AG

CG
-

0.
90

2.
35

1.
23

15
.5

3
TC

TA
AT

CA
TT

GG
CT

TT
AC

CC
GA

-
2.

61
3.

73
14

.7
7

32
.2

5
CT

AC
CT

AT
TT

AA
AG

TT
TG

AG
A

-
8.

85
23

.0
8

11
.0

4
36

.7
0

TT
CT

TA
GC

TC
GG

AT
TT

TG
GC

C
-

20
3.

59
28

9.
71

2.
85

1.
60

TT
TG

TG
GG

TT
CT

AG
GT

TA
GC

G
-

6.
25

16
.2

3
5.

35
19

.6
4

AT
CG

AG
GC

CT
GG

CT
CT

TG
CC

C
-

57
.0

1
79

.2
1

21
4.

29
16

1.
12

GT
TC

TT
AG

CT
CG

GA
TT

TT
GG

CC
-

20
.1

9
49

.7
0

0.
00

0.
06

AT
TG

CC
TC

AA
AC

TT
CC

TT
GG

C
-

62
.2

2
86

.0
0

38
2.

64
14

0.
59

GT
CG

AG
GA

CA
TT

GC
GT

CC
CC

GA
-

0.
00

2.
46

1.
42

21
.2

5
TT

GC
CT

CA
AA

CT
TC

CT
TG

GC
CT

-
14

.8
7

20
.2

8
75

.6
9

83
.4

8
CT

TT
CG

AA
GT

TC
GC

GC
AT

AA
G

-
14

.1
5

33
.0

8
26

.3
0

55
.2

7
CA

GC
GC

CA
TC

CA
TT

TT
CG

GG
GC

-
3.

46
4.

69
12

.5
0

24
.5

2
TG

AA
CT

CG
TT

GA
AT

AC
AT

CA
G

-
77

.1
3

17
1.

22
22

9.
34

41
1.

16
GA

GA
TC

AG
CT

TC
CG

TC
CC

AT
A

-
23

.9
0

32
.3

0
32

.5
8

22
.8

2
CG

CT
CC

TG
AC

GT
TC

TT
AG

CT
C

-
48

.7
0

10
1.

28
0.

00
0.

48
TA

CC
CG

AT
AG

AA
CT

CG
TT

TC
C

-
46

.9
2

62
.9

2
49

.0
9

10
2.

58
TT

TC
GA

AG
TT

CG
CG

CA
TA

AG
C

-
28

.2
2

58
.5

6
13

1.
51

11
1.

70
TT

TG
AG

AA
TA

GG
TC

GA
GG

AC
AT

-
4.

41
5.

81
2.

66
27

.4
0

CA
CC

AA
GA

TC
TG

CA
CC

GA
CG

G
-

12
6.

72
26

2.
92

28
3.

96
45

9.
48

TA
GC

TC
GG

AT
TT

TG
GC

CA
AC

CG
C

-
20

.4
2

26
.8

6
83

.9
1

39
.7

4
TC

CT
AC

TC
AT

CG
AG

GC
CT

GG
C

-
6.

20
12

.8
3

9.
01

29
.8

2
TG

TC
GG

CC
AA

GG
TG

TG
AA

CT
CG

-
30

.4
1

37
.0

7
13

3.
79

10
8.

00
AC

AA
CC

CG
AC

TC
GT

AG
AC

AG
C

-
29

.3
4

60
.3

4
15

1.
21

13
5.

51
TC

AG
CG

CC
AT

CC
AT

TT
TC

GG
GG

-
4.

45
5.

39
8.

20
41

.2
4

CG
CG

AC
GT

CG
CA

GA
CG

GC
G

-
47

.3
8

95
.4

4
35

0.
64

15
1.

98
CA

AC
CC

GA
CT

CG
TA

GA
CA

GC
A

-
7.

90
9.

54
56

.2
8

20
.8

0
TT

TA
GT

GG
AC

TT
CT

CG
CG

AC
T

-
29

.0
2

57
.9

0
73

.9
0

60
.3

7
CC

GG
TT

CC
GG

AA
TT

TT
AA

CC
G

-
19

.5
0

23
.2

9
53

.5
5

45
.9

5
TC

AG
CG

CC
AT

CC
AT

TT
TC

GG
G

-
15

.9
2

31
.7

3
50

.0
7

48
.3

8
CT

TA
GC

TC
GG

AT
TT

TG
GC

CA
AC

-
15

.7
7

18
.6

3
12

0.
87

26
.9

8
CG

CC
CC

GA
AT

CG
AT

CG
GC

GG
A

-
28

.9
4

56
.5

8
34

.7
3

14
7.

85
AT

TT
TC

AA
GG

GC
CG

CC
GG

GA
A

-
16

.6
8

19
.4

8
47

.6
0

24
.6

5
CG

AT
AG

AA
CT

CG
TT

TC
CG

AG
C

-
71

.5
5

13
6.

47
44

.7
5

23
8.

06
TC

GA
TC

GG
CG

GA
CC

GG
AT

TG
C

-
13

.2
2

15
.3

2
9.

01
23

.5
6

CG
TC

CC
AT

AT
CC

TC
GA

GA
GG

A
-

17
2.

94
32

6.
00

31
1.

97
17

0.
30

TT
AG

CT
CG

GA
TT

TT
GG

CC
AA

CC
-

17
5.

30
20

2.
64

36
6.

78
17

3.
10

CG
CA

TG
TC

AA
GA

CG
CT

CC
T

-
6.

02
10

.9
0

62
2.

23
22

.7
9

TC
TA

AT
CA

TT
GG

CT
TT

AC
CC

G
-

8.
80

9.
99

6.
36

23
.5

1
GT

CC
CA

TA
TC

CT
CG

AG
AG

GA
TG

-
15

1.
56

27
4.

16
28

4.
93

27
0.

58
AT

CG
AT

CG
GC

GG
AC

CG
GA

TT
G

-
14

.1
6

15
.2

8
43

.1
4

32
.8

2
CA

AC
CC

GA
CT

CG
TA

GA
CA

GC
GC

-
18

.3
8

32
.6

4
75

.8
9

10
3.

29
AT

TC
CG

TG
GG

AT
GG

CT
CA

AC
A

-
43

.2
0

44
.3

7
17

1.
08

62
.9

6
AC

GC
TC

CT
GA

CG
TT

CT
TA

GC
T

-
10

.5
1

18
.5

7
0.

00
0.

12
CC

AA
GG

TG
TG

AA
CT

CG
TT

GA
A

-
81

.8
0

82
.5

9
21

5.
93

17
5.

72
AT

CT
GC

AC
CG

AC
GG

CC
GC

TC
C

-
4.

36
7.

22
0.

00
18

.5
5

CC
GA

AT
CG

AT
CG

GC
GG

AC
CG

GA
-

51
.1

1
48

.8
2

88
.6

2
21

3.
26

CC
TA

CT
CA

TC
GA

GG
CC

TG
GC

TC
-

6.
20

10
.1

8
20

.5
0

28
.7

6
CC

AC
CA

AG
AT

CT
GC

AC
CG

AC
GG

-
34

.1
0

23
.7

2
82

.5
9

10
3.

97
AC

GC
CC

CG
AA

TC
GA

TC
GG

CG
GA

-
6.

16
10

.0
9

3.
70

48
.2

1
GC

GG
AC

CG
GA

TT
GC

TC
CG

TT
C

-
13

4.
30

88
.0

2
64

.0
8

17
3.

69
CC

GA
TA

GA
AC

TC
GT

TT
CC

GA
G

-
15

6.
45

25
5.

46
18

1.
14

37
0.

66
AA

CA
AC

CC
GA

CT
CG

TA
GA

CA
G

-
20

.2
8

12
.5

9
33

.0
0

35
.3

7
AA

CC
CG

AC
TC

GT
AG

AC
AG

CG
CC

-
3.

50
5.

68
11

.5
3

41
.1

8
CG

GT
CC

GT
CG

CT
GA

GG
AC

GC
T

-
36

.1
2

17
.9

5
45

.2
4

48
.9

4
AG

CT
CG

GA
TT

TT
GG

CC
AA

CC
GC

-
46

.6
0

75
.2

7
37

9.
96

39
.8

4
AC

CC
GA

CT
CG

TA
GA

CA
GC

GC
CT

-
9.

58
4.

27
28

.9
3

29
.6

4
CT

CA
AA

CT
TC

CT
TG

GC
CT

AA
A

-
18

.4
2

29
.6

6
26

.6
0

49
.8

3
CC

CG
GG

CT
TA

GG
TC

AC
CA

CC
T

-
58

.2
9

25
.1

6
43

.7
8

49
.4

1
TT

GG
TC

CG
TG

TT
AC

AA
GA

CA
-

3.
42

5.
42

13
.0

6
30

.9
6

CG
TA

GA
CA

GC
GC

CT
CG

TG
GT

GC
-

8.
63

2.
33

14
.7

4
29

.3
1

CT
GA

GG
AC

GC
TT

CT
CC

AG
AC

T
-

19
.4

0
29

.7
7

49
.5

8
45

.9
3

TC
AA

GA
CG

CT
CC

TG
AC

GT
CC

T
-

0.
00

0.
15

20
.8

8
23

.5
6

TG
AA

CT
CG

TT
GA

AT
AC

AT
CA

GT
-

90
.7

4
13

6.
42

50
3.

35
39

5.
98

CA
GT

TG
GG

CA
CC

GT
AA

CC
CG

G
-

34
.1

3
50

.7
7

48
.6

4
10

3.
11

No
rm

al
ise

d 
re

ad
s

No
rm

al
ise

d 
re

ad
s



  Ta
bl

e 
S2

5:
 v

a-
ph

as
iR

N
As

 p
ro

du
ce

d 
fr

om
 g

en
es

 e
nc

od
in

g 
'C

hl
or

op
hy

ll 
a-

b 
bi

nd
in

g 
pr

ot
ei

n 
1'

 a
nd

 ta
rg

et
in

g 
m

RN
As

 w
ith

in
 th

e 
ge

ne
 fa

m
ily

 fo
r c

le
av

ag
e  

  

D
M

D
T

D
T

/D
M

 r
e

a
d

s
T

M
T

T
T

T
/T

M
 r

e
a

d
s

D
M

D
T

T
M

T
T

D
M

D
T

T
M

T
T

T
G

A
A

G
A

T
C

T
G

T
G

A
A

C
C

A
G

C
C

T
+

C
h

lo
ro

4
2

0
.9

6
 /

 -
1

3
3

.7
2

 /
 -

6
.3

8
 /

 -
4

6
.3

8
 /

 -
8

8
.7

0
 /

 -
1

.9
1

 /
 -

B
n

a
C

0
3

g
5

9
5

2
0

D
C

A
B

B
P

1
5

1
9

TG
A

A
G

A
TC

TG
TG

A
A

C
C

A
G

C
C

T 
   

||
||

||
||

||
o

||
||

| 
||

||
   

 

A
G

C
G

A
C

TT
C

TA
G

A
C

G
C

TT
G

G
C

C
G

G
A

A
C

TT
G

G
T

D
T

2
 D

T
3

 T
T

2
 T

T
3

0
.0

0
2

5
.4

2
0

.0
0

4
4

.5
5

4
1

7
5

3
1

0
.0

2
3

0
5

1
8

8
0

.7
3

T
A

A
G

A
T

G
C

T
C

T
G

A
G

C
G

T
G

G
A

C
C

+
 /

 -
C

h
lo

ro
1

1
.4

6
 /

 2
3

.6
5

1
3

6
.0

8
 /

 6
8

.2
6

1
1

.8
7

 /
 2

.8
9

2
6

.6
8

 /
 4

9
.9

9
1

0
8

.2
5

 /
 5

3
.7

9
4

.0
6

 /
 1

.0
8

B
n

a
C

0
4

g
1

0
7

8
0

D
C

A
B

B
P

1
4

6
5

TA
A

G
A

TG
C

TC
TG

A
G

C
G

TG
G

A
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

A
C

C
G

A
TT

C
TA

C
G

A
G

A
C

TC
G

C
A

C
C

TG
G

TT
C

G
A

G
D

T
2

 D
T

3
 T

T
2

 T
T

3
0

.0
0

1
6

.1
3

0
.0

0
3

2
.9

9
5

2
4

0
3

5
-0

.1
2

2
9

9
5

5
7

0
.3

9

T
G

A
A

G
A

T
C

T
G

T
G

A
A

C
C

A
G

C
C

T
+

 
C

h
lo

ro
2

0
.9

6
 /

 -
1

3
3

.7
2

 /
 -

6
.3

8
 /

 -
4

6
.3

8
 /

 -
8

8
.7

0
 /

 -
1

.9
1

 /
 -

B
n

a
C

0
4

g
1

0
7

8
0

D
C

A
B

B
P

1
4

0
6

TG
A

A
G

A
TC

TG
TG

A
A

C
C

A
G

C
C

T 
   

||
||

||
||

||
o

||
||

| 
||

||
   

 

A
G

C
G

A
C

TT
C

TA
G

A
C

G
C

TT
G

G
C

C
G

G
A

A
C

TT
G

G
T

D
T

2
 D

T
3

 T
T

2
 T

T
3

0
.0

0
3

4
.9

8
0

.0
0

4
3

.9
5

5
2

4
0

3
5

-0
.1

2
2

9
9

5
5

7
0

.3
9

T
A

A
G

A
T

G
C

T
C

T
G

A
G

C
G

T
G

G
A

C
C

+
 /

 -
C

h
lo

ro
1

1
.4

6
 /

 2
3

.6
5

1
3

6
.0

8
 /

 6
8

.2
6

1
1

.8
7

 /
 2

.8
9

2
6

.6
8

 /
 4

9
.9

9
1

0
8

.2
5

 /
 5

3
.7

9
4

.0
6

 /
 1

.0
8

B
n

a
A

0
9

g
2

6
5

7
0

D
C

A
B

B
P

1
5

3
4

TA
A

G
A

TG
C

TC
TG

A
G

C
G

TG
G

A
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

A
C

C
G

A
TT

C
TA

C
G

A
G

A
C

TC
G

C
A

C
C

TG
G

TT
C

G
A

G
D

T
2

 D
T

3
 T

T
2

 T
T

3
0

.0
0

1
6

.1
3

0
.0

0
3

2
.9

9
3

2
5

7
3

1
-0

.2
5

2
1

2
7

9
8

0
.2

6

T
A

A
G

A
T

G
C

T
C

T
G

A
G

C
G

T
G

G
A

C
C

+
 /

 -
C

h
lo

ro
1

1
.4

6
 /

 2
3

.6
5

1
3

6
.0

8
 /

 6
8

.2
6

1
1

.8
7

 /
 2

.8
9

2
6

.6
8

 /
 4

9
.9

9
1

0
8

.2
5

 /
 5

3
.7

9
4

.0
6

 /
 1

.0
8

B
n

a
A

0
5

g
0

9
4

1
0

D
C

A
B

B
P

1
4

6
5

TA
A

G
A

TG
C

TC
TG

A
G

C
G

TG
G

A
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

A
C

C
G

A
TT

C
TA

C
G

A
G

A
C

TC
G

C
A

C
C

TG
G

TT
C

G
A

G
D

T
2

 D
T

3
 T

T
2

 T
T

3
0

.0
0

1
6

.1
3

0
.0

0
3

2
.9

9
1

8
5

2
7

8
-0

.1
2

1
3

1
7

7
9

1
.1

6

T
G

A
A

G
A

T
C

T
G

T
G

A
A

C
C

A
G

C
C

T
+

C
h

lo
ro

2
0

.9
6

 /
 -

1
3

3
.7

2
 /

 -
6

.3
8

 /
 -

4
6

.3
8

 /
 -

8
8

.7
0

 /
 -

1
.9

1
 /

 -
B

n
a

A
0

5
g

0
9

4
1

0
D

C
A

B
B

P
1

4
0

6
TG

A
A

G
A

TC
TG

TG
A

A
C

C
A

G
C

C
T 

   
||

||
||

||
||

o
||

||
| 

||
||

   
 

A
G

C
G

A
C

TT
C

TA
G

A
C

G
C

TT
G

G
C

C
G

G
A

A
C

TT
G

G
T

D
T

2
 D

T
3

 T
T

2
 T

T
3

0
.0

0
3

4
.9

8
0

.0
0

4
3

.9
5

1
8

5
2

7
8

-0
.1

2
1

3
1

7
7

9
1

.1
6

C
T

G
A

A
G

A
T

C
T

G
T

G
A

A
C

C
A

G
C

C
+

C
h

lo
ro

1
.1

5
 /

 -
7

2
.6

0
 /

 -
6

3
.2

4
 /

 -
5

.3
4

 /
 -

4
9

.1
1

 /
 -

9
.1

9
 /

 -
B

n
a

C
0

3
g

5
9

5
2

0
D

C
A

B
B

P
1

5
2

0
C

TG
A

A
G

A
TC

TG
TG

A
A

C
C

A
G

C
C

   
 |

||
||

||
||

||
o

||
||

| 
||

| 
   

A
A

G
C

G
A

C
TT

C
TA

G
A

C
G

C
TT

G
G

C
C

G
G

A
A

C
TT

G
G

D
T

1
 D

T
3

 T
T

3
0

.0
0

3
.5

2
0

.0
0

5
.0

4
4

1
7

5
3

1
0

.0
2

3
0

5
1

8
8

0
.7

3

C
T

G
A

A
G

A
T

C
T

G
T

G
A

A
C

C
A

G
C

C
+

C
h

lo
ro

1
.1

5
 /

 -
7

2
.6

0
 /

 -
6

3
.2

4
 /

 -
5

.3
4

 /
 -

4
9

.1
1

 /
 -

9
.1

9
 /

 -
B

n
a

A
0

5
g

0
9

4
1

0
D

C
A

B
B

P
1

4
0

7
C

TG
A

A
G

A
TC

TG
TG

A
A

C
C

A
G

C
C

   
 |

||
||

||
||

||
o

||
||

| 
||

| 
   

A
A

G
C

G
A

C
TT

C
TA

G
A

C
G

C
TT

G
G

C
C

G
G

A
A

C
TT

G
G

D
T

1
 D

T
3

 T
T

3
0

.0
0

8
4

.4
1

0
.0

0
6

.1
6

1
8

5
2

7
8

-0
.1

2
1

3
1

7
7

9
1

.1
6

C
T

G
A

A
G

A
T

C
T

G
T

G
A

A
C

C
A

G
C

C
+

C
h

lo
ro

1
.1

5
 /

 -
7

2
.6

0
 /

 -
6

3
.2

4
 /

 -
5

.3
4

 /
 -

4
9

.1
1

 /
 -

9
.1

9
 /

 -
B

n
a

C
0

4
g

1
0

7
8

0
D

C
A

B
B

P
1

4
0

7
C

TG
A

A
G

A
TC

TG
TG

A
A

C
C

A
G

C
C

   
 |

||
||

||
||

||
o

||
||

| 
||

| 
   

A
A

G
C

G
A

C
TT

C
TA

G
A

C
G

C
TT

G
G

C
C

G
G

A
A

C
TT

G
G

D
T

1
 D

T
3

 T
T

3
0

.0
0

8
4

.4
1

0
.0

0
6

.1
6

5
2

4
0

3
5

-0
.1

2
2

9
9

5
5

7
0

.3
9

A
A

T
G

G
A

C
C

C
A

A
G

T
A

C
T

T
G

A
C

T
+

 /
 -

C
h

lo
ro

1
8

.3
7

 /
 3

4
.3

4
7

2
.3

3
 /

 3
4

.7
6

3
.9

4
 /

 1
.0

1
4

6
.6

3
 /

 9
3

.4
1

4
6

.5
2

 /
 2

2
.9

7
1

.0
0

 /
 0

.2
5

B
n

a
A

0
5

g
0

9
4

1
0

D
C

A
B

B
P

1
1

7
3

A
A

TG
G

A
C

C
C

A
A

G
TA

C
TT

G
A

C
T 

   
||

||
||

||
||

||
||

||
|o

||
o

   
 

C
C

TC
TT

A
C

C
TG

G
G

TT
C

A
TG

A
A

TT
G

G
G

A
C

A
G

C
C

D
T

2
 D

T
3

 T
T

3
0

.0
0

2
.7

3
0

.0
0

0
.3

2
1

8
5

2
7

8
-0

.1
2

1
3

1
7

7
9

1
.1

6

A
A

G
A

T
G

C
T

C
T

G
A

G
C

G
T

G
G

A
C

C
+

 /
 -

C
h

lo
ro

3
.0

8
 /

 6
.0

7
1

7
8

.8
5

 /
 9

1
.1

2
5

8
.0

9
 /

 1
5

.0
2

1
6

.7
7

 /
 2

9
.8

3
1

2
7

.3
0

 /
 6

3
.3

8
7

.5
9

 /
 2

.1
2

B
n

a
C

0
4

g
1

0
7

8
0

D
C

A
B

B
P

1
4

6
4

A
A

G
A

TG
C

TC
TG

A
G

C
G

TG
G

A
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

C
C

G
A

TT
C

TA
C

G
A

G
A

C
TC

G
C

A
C

C
TG

G
TT

C
G

A
G

C
D

T
2

 D
T

3
 T

T
3

0
.0

0
1

0
.8

6
0

.0
0

3
.2

4
5

2
4

0
3

5
-0

.1
2

2
9

9
5

5
7

0
.3

9

A
A

T
G

G
A

C
C

C
A

A
G

T
A

C
T

T
G

A
C

T
+

 /
 -

C
h

lo
ro

1
8

.3
7

 /
 3

4
.3

4
7

2
.3

3
 /

 3
4

.7
6

3
.9

4
 /

 1
.0

1
4

6
.6

3
 /

 9
3

.4
1

4
6

.5
2

 /
 2

2
.9

7
1

.0
0

 /
 0

.2
5

B
n

a
C

0
4

g
1

0
7

8
0

D
C

A
B

B
P

1
1

7
3

A
A

TG
G

A
C

C
C

A
A

G
TA

C
TT

G
A

C
T 

   
||

||
||

||
||

||
||

||
|o

||
o

   
 

C
C

TC
TT

A
C

C
TG

G
G

TT
C

A
TG

A
A

TT
G

G
G

A
C

A
G

C
C

D
T

2
 D

T
3

 T
T

3
0

.0
0

2
.7

3
0

.0
0

0
.3

2
5

2
4

0
3

5
-0

.1
2

2
9

9
5

5
7

0
.3

9

A
A

G
A

T
G

C
T

C
T

G
A

G
C

G
T

G
G

A
C

C
+

 /
 -

C
h

lo
ro

3
.0

8
 /

 6
.0

7
1

7
8

.8
5

 /
 9

1
.1

2
5

8
.0

9
 /

 1
5

.0
2

1
6

.7
7

 /
 2

9
.8

3
1

2
7

.3
0

 /
 6

3
.3

8
7

.5
9

 /
 2

.1
2

B
n

a
A

0
5

g
0

9
4

1
0

D
C

A
B

B
P

1
4

6
4

A
A

G
A

TG
C

TC
TG

A
G

C
G

TG
G

A
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

C
C

G
A

TT
C

TA
C

G
A

G
A

C
TC

G
C

A
C

C
TG

G
TT

C
G

A
G

C
D

T
2

 D
T

3
 T

T
3

0
.0

0
1

0
.8

6
0

.0
0

3
.2

4
1

8
5

2
7

8
-0

.1
2

1
3

1
7

7
9

1
.1

6

A
A

G
A

T
G

C
T

C
T

G
A

G
C

G
T

G
G

A
C

C
+

 /
 -

C
h

lo
ro

3
.0

8
 /

 6
.0

7
1

7
8

.8
5

 /
 9

1
.1

2
5

8
.0

9
 /

 1
5

.0
2

1
6

.7
7

 /
 2

9
.8

3
1

2
7

.3
0

 /
 6

3
.3

8
7

.5
9

 /
 2

.1
2

B
n

a
A

0
9

g
2

6
5

7
0

D
C

A
B

B
P

1
5

3
3

A
A

G
A

TG
C

TC
TG

A
G

C
G

TG
G

A
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

C
C

G
A

TT
C

TA
C

G
A

G
A

C
TC

G
C

A
C

C
TG

G
TT

C
G

A
G

C
D

T
2

 D
T

3
 T

T
3

0
.0

0
1

0
.8

6
0

.0
0

3
.2

4
3

2
5

7
3

1
-0

.2
5

2
1

2
7

9
8

0
.2

6

A
A

T
G

G
A

C
C

T
A

A
G

T
A

C
T

T
G

A
C

T
+

 /
 -

C
h

lo
ro

1
.6

8
 /

 3
.5

5
6

7
.6

5
 /

 3
2

.7
3

4
0

.2
4

 /
 9

.2
1

9
.9

1
 /

 2
1

.9
3

2
8

.8
5

 /
 1

4
.2

6
2

.9
1

 /
 0

.6
5

B
n

a
C

0
4

g
1

0
7

8
0

D
C

A
B

B
P

1
1

7
3

A
A

TG
G

A
C

C
TA

A
G

TA
C

TT
G

A
C

T 
   

||
||

||
||

o
||

||
||

||
o

||
o

   
 

C
C

TC
TT

A
C

C
TG

G
G

TT
C

A
TG

A
A

TT
G

G
G

A
C

A
G

C
C

D
T

2
 D

T
3

0
.0

0
2

.7
3

0
.0

0
0

.0
0

5
2

4
0

3
5

-0
.1

2
2

9
9

5
5

7
0

.3
9

A
A

G
A

T
G

C
T

C
T

G
A

G
C

G
T

G
A

A
C

C
-

C
h

lo
ro

- 
/ 

-
2

4
.1

0
 /

 2
4

.1
0

- 
/ 

2
8

.2
2

2
.6

6
 /

 2
.6

6
1

6
.1

2
 /

 1
6

.1
2

6
.0

7
 /

 6
.0

7
B

n
a

C
0

4
g

1
0

7
8

0
D

C
A

B
B

P
1

4
6

4
A

A
G

A
TG

C
TC

TG
A

G
C

G
TG

A
A

C
C

   
 |

||
||

||
||

||
||

||
||

 |
||

   
 

C
C

G
A

TT
C

TA
C

G
A

G
A

C
TC

G
C

A
C

C
TG

G
TT

C
G

A
G

C
D

T
2

 D
T

3
0

.0
0

1
0

.8
6

0
.0

0
0

.0
0

5
2

4
0

3
5

-0
.1

2
2

9
9

5
5

7
0

.3
9

A
A

G
A

T
G

C
T

C
T

G
A

G
C

G
T

G
A

A
C

C
-

C
h

lo
ro

- 
/ 

-
2

4
.1

0
 /

 2
4

.1
0

- 
/ 

2
8

.2
2

2
.6

6
 /

 2
.6

6
1

6
.1

2
 /

 1
6

.1
2

6
.0

7
 /

 6
.0

7
B

n
a

A
0

5
g

0
9

4
1

0
D

C
A

B
B

P
1

4
6

4
A

A
G

A
TG

C
TC

TG
A

G
C

G
TG

A
A

C
C

   
 |

||
||

||
||

||
||

||
||

 |
||

   
 

C
C

G
A

TT
C

TA
C

G
A

G
A

C
TC

G
C

A
C

C
TG

G
TT

C
G

A
G

C
D

T
2

 D
T

3
0

.0
0

1
0

.8
6

0
.0

0
0

.0
0

1
8

5
2

7
8

-0
.1

2
1

3
1

7
7

9
1

.1
6

A
A

T
G

G
A

C
C

T
A

A
G

T
A

C
T

T
G

A
C

T
+

 /
 -

C
h

lo
ro

1
.6

8
 /

 3
.5

5
6

7
.6

5
 /

 3
2

.7
3

4
0

.2
4

 /
 9

.2
1

9
.9

1
 /

 2
1

.9
3

2
8

.8
5

 /
 1

4
.2

6
2

.9
1

 /
 0

.6
5

B
n

a
A

0
5

g
0

9
4

1
0

D
C

A
B

B
P

1
1

7
3

A
A

TG
G

A
C

C
TA

A
G

TA
C

TT
G

A
C

T 
   

||
||

||
||

o
||

||
||

||
o

||
o

   
 

C
C

TC
TT

A
C

C
TG

G
G

TT
C

A
TG

A
A

TT
G

G
G

A
C

A
G

C
C

D
T

2
 D

T
3

0
.0

0
2

.7
3

0
.0

0
0

.0
0

1
8

5
2

7
8

-0
.1

2
1

3
1

7
7

9
1

.1
6

A
A

G
A

T
G

C
T

C
T

G
A

G
C

G
T

G
A

A
C

C
-

C
h

lo
ro

- 
/ 

-
2

4
.1

0
 /

 2
4

.1
0

- 
/ 

2
8

.2
2

2
.6

6
 /

 2
.6

6
1

6
.1

2
 /

 1
6

.1
2

6
.0

7
 /

 6
.0

7
B

n
a

A
0

9
g

2
6

5
7

0
D

C
A

B
B

P
1

5
3

3
A

A
G

A
TG

C
TC

TG
A

G
C

G
TG

A
A

C
C

   
 |

||
||

||
||

||
||

||
||

 |
||

   
 

C
C

G
A

TT
C

TA
C

G
A

G
A

C
TC

G
C

A
C

C
TG

G
TT

C
G

A
G

C
D

T
2

 D
T

3
0

.0
0

1
0

.8
6

0
.0

0
0

.0
0

3
2

5
7

3
1

-0
.2

5
2

1
2

7
9

8
0

.2
6

C
T

T
C

C
A

A
G

G
A

C
T

T
C

T
G

A
T

G
C

T
+

C
h

lo
ro

8
1

.7
6

 /
 -

1
9

7
.9

8
 /

 -
2

.4
2

 /
 -

2
2

3
.1

8
 /

 -
1

4
7

.3
9

 /
 -

- 
/ 

-
B

n
a

A
0

9
g

2
6

5
7

0
D

C
A

B
B

P
1

1
4

6
C

TT
C

C
A

A
G

G
A

C
TT

C
TG

A
TG

C
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   

C
G

G
C

G
A

A
G

G
TT

C
C

TG
A

A
G

A
C

TA
C

G
A

C
G

TC
C

TC
D

T
2

 T
T

3
0

.0
0

3
.8

2
0

.0
0

0
.4

2
3

2
5

7
3

1
-0

.2
5

2
1

2
7

9
8

0
.2

6

C
T

T
C

C
A

A
G

G
A

C
T

T
C

T
G

A
T

G
C

T
+

C
h

lo
ro

8
1

.7
6

 /
 -

1
9

7
.9

8
 /

 -
2

.4
2

 /
 -

2
2

3
.1

8
 /

 -
1

4
7

.3
9

 /
 -

- 
/ 

-
B

n
a

C
0

3
g

5
9

5
2

0
D

C
A

B
B

P
1

1
9

0
C

TT
C

C
A

A
G

G
A

C
TT

C
TG

A
TG

C
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   

C
G

G
C

G
A

A
G

G
TT

C
C

TG
A

A
G

A
C

TA
C

G
A

C
G

A
C

C
C

C
D

T
2

 T
T

3
0

.0
0

3
.8

2
0

.0
0

0
.4

2
4

1
7

5
3

1
0

.0
2

3
0

5
1

8
8

0
.7

3

T
G

A
A

C
C

A
G

C
C

T
T

G
A

A
C

C
A

A
A

C
+

C
h

lo
ro

2
.5

7
 /

 -
4

5
.1

5
 /

 -
1

7
.5

8
 /

 -
7

.8
8

 /
 -

4
9

.0
7

 /
 -

6
.2

3
 /

 -
B

n
a

C
0

3
g

5
9

5
2

0
D

C
A

B
B

P
1

5
0

9
TG

A
A

C
C

A
G

C
C

TT
G

A
A

C
C

A
A

A
C

   
 o

||
||

| 
||

||
||

||
||

||
||

   
 

A
G

A
C

G
C

TT
G

G
C

C
G

G
A

A
C

TT
G

G
TT

TG
G

C
G

G
A

G
A

D
T

3
 T

T
3

0
.0

0
3

.5
0

0
.0

0
0

.2
8

4
1

7
5

3
1

0
.0

2
3

0
5

1
8

8
0

.7
3

A
T

G
G

A
C

C
C

A
A

G
T

A
C

T
T

G
A

C
C

C
+

C
h

lo
ro

1
3

.1
8

 /
 -

4
4

.5
5

 /
 -

3
.3

8
 /

 -
2

9
.9

1
 /

 -
4

3
.2

7
 /

 -
1

.4
5

 /
 -

B
n

a
C

0
4

g
1

0
7

8
0

D
C

A
B

B
P

1
1

7
2

A
TG

G
A

C
C

C
A

A
G

TA
C

TT
G

A
C

C
C

   
 |

||
||

||
||

||
||

||
|o

||
||

   
 

C
TC

TT
A

C
C

TG
G

G
TT

C
A

TG
A

A
TT

G
G

G
A

C
A

G
C

C
T

D
T

3
 T

T
3

0
.0

0
0

.9
5

0
.0

0
0

.5
1

5
2

4
0

3
5

-0
.1

2
2

9
9

5
5

7
0

.3
9

T
T

C
G

C
T

G
A

A
G

A
T

C
T

G
C

G
A

A
C

C
+

 /
 -

C
h

lo
ro

3
.4

4
 /

 5
.2

5
3

4
.6

6
 /

 1
7

.9
8

1
0

.0
6

 /
 3

.4
2

9
.3

8
 /

 1
8

.2
3

4
5

.7
0

 /
 2

2
.8

6
4

.8
7

 /
 1

.2
5

B
n

a
C

0
4

g
1

0
7

8
0

D
C

A
B

B
P

1
4

1
1

TT
C

G
C

TG
A

A
G

A
TC

TG
C

G
A

A
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

G
A

G
G

A
A

G
C

G
A

C
TT

C
TA

G
A

C
G

C
TT

G
G

C
C

G
G

A
A

C
D

T
3

 T
T

3
0

.0
0

5
.4

0
0

.0
0

2
.0

8
5

2
4

0
3

5
-0

.1
2

2
9

9
5

5
7

0
.3

9

C
G

G
C

C
T

T
G

A
A

C
C

A
A

A
C

C
G

C
C

T
+

C
h

lo
ro

2
4

.7
2

 /
 -

4
5

.4
6

 /
 -

1
.8

4
 /

 -
5

8
.6

6
 /

 -
4

5
.7

7
 /

 -
0

.7
8

 /
 -

B
n

a
A

0
5

g
0

9
4

1
0

D
C

A
B

B
P

1
3

9
1

C
G

G
C

C
TT

G
A

A
C

C
A

A
A

C
C

G
C

C
T 

   
||

||
||

||
||

||
||

||
||

| 
| 

   

C
TT

G
G

C
C

G
G

A
A

C
TT

G
G

TT
TG

G
C

G
A

A
G

A
G

G
C

TT
D

T
3

 T
T

3
0

.0
0

4
.9

9
0

.0
0

3
.3

8
1

8
5

2
7

8
-0

.1
2

1
3

1
7

7
9

1
.1

6

T
G

A
A

C
C

A
G

C
C

T
T

G
A

A
C

C
A

A
A

C
G

+
C

h
lo

ro
0

.0
0

 /
 -

4
8

.6
1

 /
 -

4
8

.6
1

 /
 -

1
.6

1
 /

 -
3

2
.5

2
 /

 -
2

0
.1

7
 /

 -
B

n
a

A
0

5
g

0
9

4
1

0
D

C
A

B
B

P
1

3
9

6
TG

A
A

C
C

A
G

C
C

TT
G

A
A

C
C

A
A

A
C

G
   

 o
||

||
| 

||
||

||
||

||
||

||
   

 

A
G

A
C

G
C

TT
G

G
C

C
G

G
A

A
C

TT
G

G
TT

TG
G

C
G

A
A

G
A

D
T

3
 T

T
3

0
.0

0
3

.5
0

0
.0

0
0

.2
8

1
8

5
2

7
8

-0
.1

2
1

3
1

7
7

9
1

.1
6

A
A

T
G

G
C

T
A

A
G

A
T

G
C

T
C

T
G

A
G

C
+

 /
 -

C
h

lo
ro

1
.6

8
 /

 3
.5

5
3

4
.7

7
 /

 1
7

.9
3

2
0

.6
8

 /
 5

.0
4

0
.0

0
 /

 0
.0

0
3

5
.2

4
 /

 1
7

.5
1

3
5

.2
4

 /
 1

7
.5

1
B

n
a

A
0

9
g

2
6

5
7

0
D

C
A

B
B

P
1

5
4

0
A

A
TG

G
C

TA
A

G
A

TG
C

TC
TG

A
G

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

G
G

G
TT

TA
C

C
G

A
TT

C
TA

C
G

A
G

A
C

TC
G

C
A

C
C

TG
G

D
T

3
 T

T
3

0
.0

0
9

.7
6

0
.0

0
7

.8
2

3
2

5
7

3
1

-0
.2

5
2

1
2

7
9

8
0

.2
6

D
E

 t
a

rg
e

t 
m

R
N

A
3

v
a

-p
h

a
si

R
N

A
1

H
o

st
 m

R
N

A
 t

a
rg

e
ts

2

N
o

rm
a

li
ze

d
 r

e
a

d
s 

(p
o

si
ti

v
e

 /
 n

e
g

a
ti

v
e

)
T

a
rg

e
t 

tr
a

n
sc

ri
p

t 

ID
v

a
-p

h
a

si
R

N
A

O
ri

g
in

 (
g

e
n

e
 

fa
m

il
y

)

m
R

N
A

 r
e

a
d

s 
&

 F
C

(l
o

g
2

)
d

sR
N

A
 (

+
) 

/ 
(-

) 
st

ra
n

d
 

v
a

-p
h

a
si

R
N

A

F
ra

g
m

e
n

t 
si

g
n

a
tu

re
s 

(r
p

m
)

C
le

a
v

a
g

e
 f

o
u

n
d

 i
n

 

P
A

R
E

se
q

 r
e

p
li

ca
te

s 
v

si
R

N
A

:m
R

N
A

 t
a

rg
e

t 
p

a
ir

 (
5

'-
3

' 
: 

 3
'-

5
')

C
le

a
v

a
g

e
 

p
o

si
ti

o
n

P
re

d
ic

te
d

 g
e

n
e

 

fu
n

ct
io

n



  

 

AA
TG

GA
CC

CA
AG

TA
CT

TG
AC

T
+ 

/ -
Ch

lo
ro

18
.3

7 
/ 3

4.
34

72
.3

3 
/ 3

4.
76

3.
94

 / 
1.

01
46

.6
3 

/ 9
3.

41
46

.5
2 

/ 2
2.

97
1.

00
 / 

0.
25

Bn
aC

03
g5

95
20

D
CA

BB
P1

28
6

AA
TG

GA
CC

CA
AG

TA
CT

TG
AC

T  
  |

||
||

 ||
||

||
||

||
||

||
|  

  
CC

TC
TT

AC
CC

GG
GT

TC
AT

GA
AC

TG
AG

AG
AG

CC
DT

3 
TT

3
0.

00
0.

86
0.

00
0.

60
41

75
31

0.
02

30
51

88
0.

73

TG
AA

CC
AG

CC
TT

GA
AC

CA
AA

CG
+

Ch
lo

ro
0.

00
 / 

-
48

.6
1 

/ -
48

.6
1 

/ -
1.

61
 / 

-
32

.5
2 

/ -
20

.1
7 

/ -
Bn

aC
04

g1
07

80
D

CA
BB

P1
39

6
TG

AA
CC

AG
CC

TT
GA

AC
CA

AA
CG

    
o|

||
||

 ||
||

||
||

||
||

||
o 

   
AG

AC
GC

TT
GG

CC
GG

AA
CT

TG
GT

TT
GT

CG
GA

GA
DT

3 
TT

3
0.

00
3.

50
0.

00
0.

28
52

40
35

-0
.1

2
29

95
57

0.
39

AA
TG

GC
TA

AG
AT

GC
TC

TG
AG

C
+ 

/ -
Ch

lo
ro

1.
68

 / 
3.

55
34

.7
7 

/ 1
7.

93
20

.6
8 

/ 5
.0

4
0.

00
 / 

0.
00

35
.2

4 
/ 1

7.
51

35
.2

4 
/ 1

7.
51

Bn
aC

04
g1

07
80

D
CA

BB
P1

47
1

AA
TG

GC
TA

AG
AT

GC
TC

TG
AG

C 
   |

||
||

||
||

||
||

||
||

||
||

    
GG

GT
TT

AC
CG

AT
TC

TA
CG

AG
AC

TC
GC

AC
CT

GG
DT

3 
TT

3
0.

00
1.

72
0.

00
5.

60
52

40
35

-0
.1

2
29

95
57

0.
39

CC
GG

CC
TT

GA
AC

CA
AA

CC
GC

C
+ 

/ -
Ch

lo
ro

1.
15

 / 
1.

75
47

.9
4 

/ 2
2.

81
41

.7
5 

/ 1
3.

03
5.

54
 / 

10
.0

3
66

.6
9 

/ 3
2.

90
12

.0
3 

/ 3
.2

8
Bn

aA
05

g0
94

10
D

CA
BB

P1
39

2
CC

GG
CC

TT
GA

AC
CA

AA
CC

GC
C 

   |
||

||
||

||
||

||
||

||
||

|  
  

GC
TT

GG
CC

GG
AA

CT
TG

GT
TT

GG
CG

AA
GA

GG
CT

DT
3 

TT
3

0.
00

3.
77

0.
00

0.
74

18
52

78
-0

.1
2

13
17

79
1.

16

TG
AA

CC
AG

CC
TT

GA
AC

CA
AA

CG
+

Ch
lo

ro
0.

00
 / 

-
48

.6
1 

/ -
48

.6
1 

/ -
1.

61
 / 

-
32

.5
2 

/ -
20

.1
7 

/ -
Bn

aC
03

g5
95

20
D

CA
BB

P1
50

9
TG

AA
CC

AG
CC

TT
GA

AC
CA

AA
CG

    
o|

||
||

 ||
||

||
||

||
||

||
    

AG
AC

GC
TT

GG
CC

GG
AA

CT
TG

GT
TT

GG
CG

GA
GA

DT
3 

TT
3

0.
00

3.
50

0.
00

0.
28

41
75

31
0.

02
30

51
88

0.
73

CC
GG

CC
TT

GA
AC

CA
AA

CC
GC

C
+ 

/ -
Ch

lo
ro

1.
15

 / 
1.

75
47

.9
4 

/ 2
2.

81
41

.7
5 

/ 1
3.

03
5.

54
 / 

10
.0

3
66

.6
9 

/ 3
2.

90
12

.0
3 

/ 3
.2

8
Bn

aC
03

g5
95

20
D

CA
BB

P1
50

5
CC

GG
CC

TT
GA

AC
CA

AA
CC

GC
C 

   |
||

||
||

||
||

||
||

||
||

||
    

GC
TT

GG
CC

GG
AA

CT
TG

GT
TT

GG
CG

GA
GA

GG
CT

DT
3 

TT
3

0.
00

3.
77

0.
00

0.
74

41
75

31
0.

02
30

51
88

0.
73

AT
GG

AC
CC

AA
GT

AC
TT

GA
CC

C
+

Ch
lo

ro
13

.1
8 

/ -
44

.5
5 

/ -
3.

38
 / 

-
29

.9
1 

/ -
43

.2
7 

/ -
1.

45
 / 

-
Bn

aC
03

g5
95

20
D

CA
BB

P1
28

5
AT

GG
AC

CC
AA

GT
AC

TT
GA

CC
C 

   |
||

| |
||

||
||

||
||

||
| |

    
CT

CT
TA

CC
CG

GG
TT

CA
TG

AA
CT

GA
GA

GA
GC

CT
DT

3 
TT

3
0.

00
0.

27
0.

00
0.

32
41

75
31

0.
02

30
51

88
0.

73

AT
GG

AC
CC

AA
GT

AC
TT

GA
CC

C
+

Ch
lo

ro
13

.1
8 

/ -
44

.5
5 

/ -
3.

38
 / 

-
29

.9
1 

/ -
43

.2
7 

/ -
1.

45
 / 

-
Bn

aA
05

g0
94

10
D

CA
BB

P1
17

2
AT

GG
AC

CC
AA

GT
AC

TT
GA

CC
C 

   |
||

||
||

||
||

||
||

|o
||

||
    

CT
CT

TA
CC

TG
GG

TT
CA

TG
AA

TT
GG

GA
CA

GC
CT

DT
3 

TT
3

0.
00

0.
95

0.
00

0.
51

18
52

78
-0

.1
2

13
17

79
1.

16

TG
AA

CC
AG

CC
TT

GA
AC

CA
AA

CC
+

Ch
lo

ro
0.

89
 / 

-
40

.0
2 

/ -
45

.1
1 

/ -
7.

92
 / 

-
39

.2
9 

/ -
4.

96
 / 

-
Bn

aC
04

g1
07

80
D

CA
BB

P1
39

6
TG

AA
CC

AG
CC

TT
GA

AC
CA

AA
CC

    
o|

||
||

 ||
||

||
||

||
||

||
    

AG
AC

GC
TT

GG
CC

GG
AA

CT
TG

GT
TT

GT
CG

GA
GA

DT
3 

TT
3

0.
00

3.
50

0.
00

0.
28

52
40

35
-0

.1
2

29
95

57
0.

39

CC
GG

CC
TT

GA
AC

CA
AA

CC
GC

C
+ 

/ -
Ch

lo
ro

1.
15

 / 
1.

75
47

.9
4 

/ 2
2.

81
41

.7
5 

/ 1
3.

03
5.

54
 / 

10
.0

3
66

.6
9 

/ 3
2.

90
12

.0
3 

/ 3
.2

8
Bn

aC
04

g1
07

80
D

CA
BB

P1
39

2
CC

GG
CC

TT
GA

AC
CA

AA
CC

GC
C 

   |
||

||
||

||
||

||
||

||
 ||

|  
  

GC
TT

GG
CC

GG
AA

CT
TG

GT
TT

GT
CG

GA
GA

GG
CT

DT
3 

TT
3

0.
00

3.
77

0.
00

0.
74

52
40

35
-0

.1
2

29
95

57
0.

39

TT
CG

CT
GA

AG
AT

CT
GT

GA
AC

C
+

Ch
lo

ro
17

.4
1 

/ -
30

2.
45

 / 
-

17
.3

7 
/ -

36
.6

2 
/ -

21
9.

25
 / 

-
5.

99
 / 

-
Bn

aC
04

g1
07

80
D

CA
BB

P1
41

1
TT

CG
CT

GA
AG

AT
CT

GT
GA

AC
C 

   |
||

||
||

||
||

||
||

o|
||

||
    

GA
GG

AA
GC

GA
CT

TC
TA

GA
CG

CT
TG

GC
CG

GA
AC

DT
3 

TT
3

0.
00

5.
40

0.
00

2.
08

52
40

35
-0

.1
2

29
95

57
0.

39

TG
AA

CC
AG

CC
TT

GA
AC

CA
AA

CC
+

Ch
lo

ro
0.

89
 / 

-
40

.0
2 

/ -
45

.1
1 

/ -
7.

92
 / 

-
39

.2
9 

/ -
4.

96
 / 

-
Bn

aC
03

g5
95

20
D

CA
BB

P1
50

9
TG

AA
CC

AG
CC

TT
GA

AC
CA

AA
CC

    
o|

||
||

 ||
||

||
||

||
||

||
|  

  
AG

AC
GC

TT
GG

CC
GG

AA
CT

TG
GT

TT
GG

CG
GA

GA
DT

3 
TT

3
0.

00
3.

50
0.

00
0.

28
41

75
31

0.
02

30
51

88
0.

73

TG
AA

CC
AG

CC
TT

GA
AC

CA
AA

C
+

Ch
lo

ro
2.

57
 / 

-
45

.1
5 

/ -
17

.5
8 

/ -
7.

88
 / 

-
49

.0
7 

/ -
6.

23
 / 

-
Bn

aC
04

g1
07

80
D

CA
BB

P1
39

6
TG

AA
CC

AG
CC

TT
GA

AC
CA

AA
C 

   o
||

||
| |

||
||

||
||

||
||

|  
  

AG
AC

GC
TT

GG
CC

GG
AA

CT
TG

GT
TT

GT
CG

GA
GA

DT
3 

TT
3

0.
00

3.
50

0.
00

0.
28

52
40

35
-0

.1
2

29
95

57
0.

39

TG
AA

CC
AG

CC
TT

GA
AC

CA
AA

C
+

Ch
lo

ro
2.

57
 / 

-
45

.1
5 

/ -
17

.5
8 

/ -
7.

88
 / 

-
49

.0
7 

/ -
6.

23
 / 

-
Bn

aA
05

g0
94

10
D

CA
BB

P1
39

6
TG

AA
CC

AG
CC

TT
GA

AC
CA

AA
C 

   o
||

||
| |

||
||

||
||

||
||

|  
  

AG
AC

GC
TT

GG
CC

GG
AA

CT
TG

GT
TT

GG
CG

AA
GA

DT
3 

TT
3

0.
00

3.
50

0.
00

0.
28

18
52

78
-0

.1
2

13
17

79
1.

16

GG
AA

GA
CG

CA
GC

CT
AG

GG
CT

C
+ 

/ -
Ch

lo
ro

0.
52

 / 
1.

71
38

.5
4 

/ 1
9.

33
73

.8
7 

/ 1
1.

32
3.

93
 / 

7.
37

42
.6

8 
/ 2

1.
16

10
.8

6 
/ 2

.8
7

Bn
aA

09
g2

65
70

D
CA

BB
P1

40
3

GG
AA

GA
CG

CA
GC

CT
AG

GG
CT

C 
   |

||
||

||
o|

||
||

||
||

||
||

    
AG

GC
CC

TT
CT

GT
GT

CG
GA

TC
CC

GA
GG

TT
CG

TA
DT

3 
TT

3
0.

00
0.

36
0.

00
0.

14
32

57
31

-0
.2

5
21

27
98

0.
26

AA
GA

TG
CT

CT
GA

GC
GT

GG
AC

C
+ 

/ -
Ch

lo
ro

3.
08

 / 
6.

07
17

8.
85

 / 
91

.1
2

58
.0

9 
/ 1

5.
02

16
.7

7 
/ 2

9.
83

12
7.

30
 / 

63
.3

8
7.

59
 / 

2.
12

Bn
aC

03
g5

95
20

D
CA

BB
P1

57
7

AA
GA

TG
CT

CT
GA

GC
GT

GG
AC

C 
   |

||
||

||
||

||
||

||
||

o|
||

    
TC

GG
TT

CT
AC

GA
GA

CT
CG

CA
CT

TG
GT

TC
GA

TC
DT

3 
TT

3
0.

00
1.

13
0.

00
2.

31
41

75
31

0.
02

30
51

88
0.

73

TG
AA

CC
AG

CC
TT

GA
AC

CA
AA

CC
+

Ch
lo

ro
0.

89
 / 

-
40

.0
2 

/ -
45

.1
1 

/ -
7.

92
 / 

-
39

.2
9 

/ -
4.

96
 / 

-
Bn

aA
05

g0
94

10
D

CA
BB

P1
39

6
TG

AA
CC

AG
CC

TT
GA

AC
CA

AA
CC

    
o|

||
||

 ||
||

||
||

||
||

||
|  

  
AG

AC
GC

TT
GG

CC
GG

AA
CT

TG
GT

TT
GG

CG
AA

GA
DT

3 
TT

3
0.

00
3.

50
0.

00
0.

28
18

52
78

-0
.1

2
13

17
79

1.
16

CG
GC

CT
TG

AA
CC

AA
AC

CG
CC

T
+

Ch
lo

ro
24

.7
2 

/ -
45

.4
6 

/ -
1.

84
 / 

-
58

.6
6 

/ -
45

.7
7 

/ -
0.

78
 / 

-
Bn

aC
04

g1
07

80
D

CA
BB

P1
39

1
CG

GC
CT

TG
AA

CC
AA

AC
CG

CC
T  

  |
||

||
||

||
||

||
||

| |
||

|  
  

CT
TG

GC
CG

GA
AC

TT
GG

TT
TG

TC
GG

AG
AG

GC
TT

DT
3 

TT
3

0.
00

4.
99

0.
00

3.
38

52
40

35
-0

.1
2

29
95

57
0.

39

CG
GC

CT
TG

AA
CC

AA
AC

CG
CC

T
+

Ch
lo

ro
24

.7
2 

/ -
45

.4
6 

/ -
1.

84
 / 

-
58

.6
6 

/ -
45

.7
7 

/ -
0.

78
 / 

-
Bn

aC
03

g5
95

20
D

CA
BB

P1
50

4
CG

GC
CT

TG
AA

CC
AA

AC
CG

CC
T  

  |
||

||
||

||
||

||
||

||
||

||
    

CT
TG

GC
CG

GA
AC

TT
GG

TT
TG

GC
GG

AG
AG

GC
TT

DT
3 

TT
3

0.
00

4.
99

0.
00

3.
38

41
75

31
0.

02
30

51
88

0.
73

AT
CT

GT
GA

AC
CA

GC
CT

TG
AA

C
+

Ch
lo

ro
0.

00
 / 

-
63

.1
3 

/ -
63

.1
3 

/ -
7.

15
 / 

-
43

.3
4 

/ -
6.

06
 / 

-
Bn

aC
03

g5
95

20
D

CA
BB

P1
51

4
AT

CT
GT

GA
AC

CA
GC

CT
TG

AA
C 

   |
||

||
o|

||
||

 ||
||

||
||

|  
  

CT
TC

TA
GA

CG
CT

TG
GC

CG
GA

AC
TT

GG
TT

TG
GC

TT
1 

TT
3

0.
00

0.
00

0.
00

0.
59

41
75

31
0.

02
30

51
88

0.
73

AT
CT

GT
GA

AC
CA

GC
CT

TG
AA

CC
+

Ch
lo

ro
8.

28
 / 

-
38

.4
4 

/ -
4.

64
 / 

-
30

.3
3 

/ -
53

.0
2 

/ -
1.

75
 / 

-
Bn

aC
04

g1
07

80
D

CA
BB

P1
40

1
AT

CT
GT

GA
AC

CA
GC

CT
TG

AA
CC

    
||

||
|o

||
||

| |
||

||
||

||
|  

  
CT

TC
TA

GA
CG

CT
TG

GC
CG

GA
AC

TT
GG

TT
TG

TC
TT

1 
TT

3
0.

00
0.

00
0.

00
0.

59
52

40
35

-0
.1

2
29

95
57

0.
39

AT
CT

GT
GA

AC
CA

GC
CT

TG
AA

CC
+

Ch
lo

ro
8.

28
 / 

-
38

.4
4 

/ -
4.

64
 / 

-
30

.3
3 

/ -
53

.0
2 

/ -
1.

75
 / 

-
Bn

aA
05

g0
94

10
D

CA
BB

P1
40

1
AT

CT
GT

GA
AC

CA
GC

CT
TG

AA
CC

    
||

||
|o

||
||

| |
||

||
||

||
|  

  
CT

TC
TA

GA
CG

CT
TG

GC
CG

GA
AC

TT
GG

TT
TG

GC
TT

1 
TT

3
0.

00
0.

00
0.

00
0.

59
18

52
78

-0
.1

2
13

17
79

1.
16

AT
CT

GT
GA

AC
CA

GC
CT

TG
AA

CC
+

Ch
lo

ro
8.

28
 / 

-
38

.4
4 

/ -
4.

64
 / 

-
30

.3
3 

/ -
53

.0
2 

/ -
1.

75
 / 

-
Bn

aC
03

g5
95

20
D

CA
BB

P1
51

4
AT

CT
GT

GA
AC

CA
GC

CT
TG

AA
CC

    
||

||
|o

||
||

| |
||

||
||

||
|  

  
CT

TC
TA

GA
CG

CT
TG

GC
CG

GA
AC

TT
GG

TT
TG

GC
TT

1 
TT

3
0.

00
0.

00
0.

00
0.

59
41

75
31

0.
02

30
51

88
0.

73

AT
CT

GT
GA

AC
CA

GC
CT

TG
AA

C
+

Ch
lo

ro
0.

00
 / 

-
63

.1
3 

/ -
63

.1
3 

/ -
7.

15
 / 

-
43

.3
4 

/ -
6.

06
 / 

-
Bn

aC
04

g1
07

80
D

CA
BB

P1
40

1
AT

CT
GT

GA
AC

CA
GC

CT
TG

AA
C 

   |
||

||
o|

||
||

 ||
||

||
||

|  
  

CT
TC

TA
GA

CG
CT

TG
GC

CG
GA

AC
TT

GG
TT

TG
TC

TT
1 

TT
3

0.
00

0.
00

0.
00

0.
59

52
40

35
-0

.1
2

29
95

57
0.

39

AT
CT

GT
GA

AC
CA

GC
CT

TG
AA

C
+

Ch
lo

ro
0.

00
 / 

-
63

.1
3 

/ -
63

.1
3 

/ -
7.

15
 / 

-
43

.3
4 

/ -
6.

06
 / 

-
Bn

aA
05

g0
94

10
D

CA
BB

P1
40

1
AT

CT
GT

GA
AC

CA
GC

CT
TG

AA
C 

   |
||

||
o|

||
||

 ||
||

||
||

|  
  

CT
TC

TA
GA

CG
CT

TG
GC

CG
GA

AC
TT

GG
TT

TG
GC

TT
1 

TT
3

0.
00

0.
00

0.
00

0.
59

18
52

78
-0

.1
2

13
17

79
1.

16

AA
GG

TA
GC

TC
GG

TG
GC

TC
GC

C
+ 

/ -
Ch

lo
ro

0.
26

 / 
0.

85
45

.8
4 

/ 2
2.

99
17

5.
72

 / 
26

.9
3

5.
58

 / 
10

.4
1

27
.9

7 
/ 1

3.
88

5.
02

 / 
1.

33
Bn

aC
03

g5
95

20
D

CA
BB

P1
31

1
AA

GG
TA

GC
TC

GG
TG

GC
TC

GC
C 

   |
||

||
||

||
||

||
||

||
||

||
    

GC
CA

TT
CC

AT
CG

AG
CC

AC
CG

AG
CG

GC
CT

CT
TA

DT
2

0.
00

1.
42

0.
00

0.
00

41
75

31
0.

02
30

51
88

0.
73

CC
TA

GG
GC

TC
CG

AG
CA

TG
GC

C
+ 

/ -
Ch

lo
ro

3.
09

 / 
6.

16
50

.7
1 

/ 2
5.

34
16

.4
1 

/ 4
.1

1
4.

46
 / 

11
.0

8
37

.5
5 

/ 1
8.

64
8.

43
 / 

1.
68

Bn
aA

05
g0

94
10

D
CA

BB
P1

32
3

CC
TA

GG
GC

TC
CG

AG
CA

TG
GC

C 
   |

||
||

||
||

||
o|

||
||

||
||

    
TG

TC
GG

AT
CC

CG
AG

GT
TC

GT
AC

CG
GG

TA
GA

CG
DT

2
0.

00
3.

47
0.

00
0.

00
18

52
78

-0
.1

2
13

17
79

1.
16

CC
TT

CG
CT

GA
AG

AT
CT

GT
GA

A
+

Ch
lo

ro
0.

00
 / 

-
59

.0
0 

/ -
59

.0
0 

/ -
0.

00
 / 

-
31

.1
4 

/ -
31

.1
4 

/ -
Bn

aA
05

g0
94

10
D

CA
BB

P1
41

3
CC

TT
CG

CT
GA

AG
AT

CT
GT

GA
A 

   |
||

||
||

||
||

||
||

||
o|

||
    

GG
GA

GG
AA

GC
GA

CT
TC

TA
GA

CG
CT

TG
GC

CG
GA

DT
3

0.
00

1.
91

0.
00

0.
00

18
52

78
-0

.1
2

13
17

79
1.

16

AT
GG

TC
GG

CG
AG

AT
TC

TC
CA

A
+

Ch
lo

ro
9.

18
 / 

-
55

.5
1 

/ -
6.

04
 / 

-
20

.2
2 

/ -
29

.7
0 

/ -
1.

47
 / 

-
Bn

aC
04

g1
07

80
D

CA
BB

P1
72

9
AT

GG
TC

GG
CG

AG
AT

TC
TC

CA
A 

   |
||

||
|o

||
||

||
||

||
||

||
    

GG
TT

TA
CC

AG
TC

GC
TC

TA
AG

AG
GT

TG
CC

AG
GG

DT
3

0.
00

23
.6

0
0.

00
0.

00
52

40
35

-0
.1

2
29

95
57

0.
39

AA
GA

TG
CT

CT
GA

GC
GT

GA
AC

C
-

Ch
lo

ro
0.

85
 / 

0.
85

24
.1

0 
/ 2

4.
10

28
.2

2 
/ 2

8.
22

2.
66

 / 
2.

66
16

.1
2 

/ 1
6.

12
6.

07
 / 

6.
07

Bn
aC

03
g5

95
20

D
CA

BB
P1

57
7

AA
GA

TG
CT

CT
GA

GC
GT

GA
AC

C 
   |

||
||

||
||

||
||

||
||

||
||

    
TC

GG
TT

CT
AC

GA
GA

CT
CG

CA
CT

TG
GT

TC
GA

TC
DT

3
0.

00
1.

13
0.

00
0.

00
41

75
31

0.
02

30
51

88
0.

73

TT
CT

GG
GT

CG
GT

AG
CG

AG
GC

C
+

Ch
lo

ro
9.

09
 / 

-
79

.4
1 

/ -
8.

73
 / 

-
19

.5
7 

/ -
51

.4
7 

/ -
2.

63
 / 

-
Bn

aA
07

g0
75

70
D

CA
BB

P1
20

55
TT

CT
GG

GT
CG

GT
AG

CG
AG

GC
C 

   o
||

||
||

||
||

||
||

 |o
||

|  
  

TT
CG

GA
GA

CC
CA

GC
CA

TC
GG

TT
CG

GG
TT

AC
CC

DT
3

0.
00

0.
18

0.
00

0.
00

21
37

12
-0

.7
6

11
71

62
0.

37

AA
AT

GG
TC

GG
CG

AG
AT

TC
TC

C
+

Ch
lo

ro
1.

77
 / 

-
42

.1
7 

/ -
23

.7
6 

/ -
0.

00
 / 

-
36

.1
1 

/ -
36

.1
1 

/ -
Bn

aA
09

g2
65

70
D

CA
BB

P1
80

0
AA

AT
GG

TC
GG

CG
AG

AT
TC

TC
C 

   |
||

||
||

|o
||

o|
| |

||
||

|  
  

TC
GG

TT
TA

CC
AG

TC
GT

TC
CA

AG
AG

GT
TG

CC
AG

DT
3

0.
00

14
.8

9
0.

00
0.

00
32

57
31

-0
.2

5
21

27
98

0.
26

AC
AA

TG
GC

TT
GA

AC
AA

AG
AA

T
+ 

/ -
Ch

lo
ro

4.
24

 / 
7.

91
40

.7
6 

/ 2
0.

02
9.

62
 / 

2.
53

4.
64

 / 
9.

43
29

.0
2 

/ 1
4.

35
6.

26
 / 

1.
52

Bn
aA

05
g0

94
10

D
CA

BB
P1

69
2

AC
AA

TG
GC

TT
GA

AC
AA

AG
AA

T  
  |

| |
||

||
o|

| |
||

||
||

||
    

TC
AC

TG
CT

AC
CG

GA
CA

TG
TT

TC
TT

AG
GT

TT
GT

DT
3

0.
00

8.
49

0.
00

0.
00

18
52

78
-0

.1
2

13
17

79
1.

16

GT
GG

AC
CA

AG
CT

CG
GG

TT
GC

C
+ 

/ -
Ch

lo
ro

0.
52

 / 
1.

71
57

.5
3 

/ 2
7.

01
11

0.
27

 / 
15

.8
2

0.
80

 / 
1.

23
37

.8
0 

/ 1
8.

63
47

.4
0 

/ 1
5.

10
Bn

aC
04

g1
07

80
D

CA
BB

P1
45

0
GT

GG
AC

CA
AG

CT
CG

GG
TT

GC
C 

   |
||

||
||

||
||

||
||

||
||

||
    

CT
CG

CA
CC

TG
GT

TC
GA

GC
CC

AA
CG

GG
TT

CA
TC

DT
3

0.
00

3.
31

0.
00

0.
00

52
40

35
-0

.1
2

29
95

57
0.

39

AA
TG

GA
CC

TA
AG

TA
CT

TG
AC

T
+ 

/ -
Ch

lo
ro

1.
68

 / 
3.

55
67

.6
5 

/ 3
2.

73
40

.2
4 

/ 9
.2

1
9.

91
 / 

21
.9

3
28

.8
5 

/ 1
4.

26
2.

91
 / 

0.
65

Bn
aC

03
g5

95
20

D
CA

BB
P1

28
6

AA
TG

GA
CC

TA
AG

TA
CT

TG
AC

T  
  |

||
||

 ||
o|

||
||

||
||

||
|  

  
CC

TC
TT

AC
CC

GG
GT

TC
AT

GA
AC

TG
AG

AG
AG

CC
DT

3
0.

00
0.

86
0.

00
0.

00
41

75
31

0.
02

30
51

88
0.

73



  

 

AA
TG

GA
CC

TA
AG

TA
CT

TG
AC

T
+ 

/ -
Ch

lo
ro

1.
68

 / 
3.

55
67

.6
5 

/ 3
2.

73
40

.2
4 

/ 9
.2

1
9.

91
 / 

21
.9

3
28

.8
5 

/ 1
4.

26
2.

91
 / 

0.
65

Bn
aC

03
g5

95
20

D
CA

BB
P1

28
6

AA
TG

GA
CC

TA
AG

TA
CT

TG
AC

T  
  |

||
||

 ||
o|

||
||

||
||

||
|  

  
CC

TC
TT

AC
CC

GG
GT

TC
AT

GA
AC

TG
AG

AG
AG

CC
DT

3
0.

00
0.

86
0.

00
0.

00
41

75
31

0.
02

30
51

88
0.

73

TT
CG

CT
GA

AG
AT

CT
GT

GA
AC

C
+

Ch
lo

ro
17

.4
1 

/ -
30

2.
45

 / 
-

17
.3

7 
/ -

36
.6

2 
/ -

21
9.

25
 / 

-
5.

99
 / 

-
Bn

aA
09

g2
65

70
D

CA
BB

P1
48

0
TT

CG
CT

GA
AG

AT
CT

GT
GA

AC
C 

   o
||

||
||

||
||

| |
||

||
 ||

    
GA

GG
GA

GC
GA

CT
TC

TA
AA

CA
CT

CG
GC

CG
GA

AC
DT

3
0.

00
1.

72
0.

00
0.

00
32

57
31

-0
.2

5
21

27
98

0.
26

AA
AT

GG
TC

GG
CG

AG
AT

TC
TC

C
+

Ch
lo

ro
1.

77
 / 

-
42

.1
7 

/ -
23

.7
6 

/ -
0.

00
 / 

-
36

.1
1 

/ -
36

.1
1 

/ -
Bn

aA
05

g0
94

10
D

CA
BB

P1
73

1
AA

AT
GG

TC
GG

CG
AG

AT
TC

TC
C 

   |
||

||
||

|o
||

o|
||

||
||

||
    

TC
GG

TT
TA

CC
AG

TC
GT

TC
TA

AG
AG

GT
TT

CC
AG

DT
3

0.
00

14
.8

9
0.

00
0.

00
18

52
78

-0
.1

2
13

17
79

1.
16

CC
TT

CG
CT

GA
AG

AT
CT

GT
GA

A
+

Ch
lo

ro
0.

00
 / 

-
59

.0
0 

/ -
59

.0
0 

/ -
0.

00
 / 

-
31

.1
4 

/ -
31

.1
4 

/ -
Bn

aC
04

g1
07

80
D

CA
BB

P1
41

3
CC

TT
CG

CT
GA

AG
AT

CT
GT

GA
A 

   |
||

||
||

||
||

||
||

||
o|

||
    

GG
GA

GG
AA

GC
GA

CT
TC

TA
GA

CG
CT

TG
GC

CG
GA

DT
3

0.
00

5.
08

0.
00

0.
00

52
40

35
-0

.1
2

29
95

57
0.

39

GT
CG

GC
GA

GA
TT

CT
CC

AA
CG

G
+

Ch
lo

ro
1.

77
 / 

-
31

.4
1 

/ -
17

.7
0 

/ -
3.

99
 / 

-
26

.5
4 

/ -
6.

66
 / 

-
Bn

aC
04

g1
07

80
D

CA
BB

P1
72

6
GT

CG
GC

GA
GA

TT
CT

CC
AA

CG
G 

   |
||

o|
||

||
||

||
||

||
||

||
    

TT
AC

CA
GT

CG
CT

CT
AA

GA
GG

TT
GC

CA
GG

GA
AA

DT
3

0.
00

1.
82

0.
00

0.
00

52
40

35
-0

.1
2

29
95

57
0.

39

GT
GG

AC
CA

AG
CT

CG
GG

TT
GC

C
+ 

/ -
Ch

lo
ro

0.
52

 / 
1.

71
57

.5
3 

/ 2
7.

01
11

0.
27

 / 
15

.8
2

0.
80

 / 
1.

23
37

.8
0 

/ 1
8.

63
47

.4
0 

/ 1
5.

10
Bn

aA
09

g2
65

70
D

CA
BB

P1
51

9
GT

GG
AC

CA
AG

CT
CG

GG
TT

GC
C 

   |
||

||
||

||
||

||
||

||
||

||
    

CT
CG

CA
CC

TG
GT

TC
GA

GC
CC

AA
CG

GG
TT

CA
TC

DT
3

0.
00

3.
31

0.
00

0.
00

32
57

31
-0

.2
5

21
27

98
0.

26

AA
AT

GG
TC

GG
CG

AG
AT

TC
TC

C
+

Ch
lo

ro
1.

77
 / 

-
42

.1
7 

/ -
23

.7
6 

/ -
0.

00
 / 

-
36

.1
1 

/ -
36

.1
1 

/ -
Bn

aC
04

g1
07

80
D

CA
BB

P1
73

1
AA

AT
GG

TC
GG

CG
AG

AT
TC

TC
C 

   |
||

||
||

|o
||

||
||

||
||

||
    

TC
GG

TT
TA

CC
AG

TC
GC

TC
TA

AG
AG

GT
TG

CC
AG

DT
3

0.
00

14
.8

9
0.

00
0.

00
52

40
35

-0
.1

2
29

95
57

0.
39

TT
CG

CT
GA

AG
AT

CT
GC

GA
AC

C
+ 

/ -
Ch

lo
ro

3.
44

 / 
5.

25
34

.6
6 

/ 1
7.

98
10

.0
6 

/ 3
.4

2
9.

38
 / 

18
.2

3
45

.7
0 

/ 2
2.

86
4.

87
 / 

1.
25

Bn
aA

09
g2

65
70

D
CA

BB
P1

48
0

TT
CG

CT
GA

AG
AT

CT
GC

GA
AC

C 
   o

||
||

||
||

||
| |

| |
| |

|  
  

GA
GG

GA
GC

GA
CT

TC
TA

AA
CA

CT
CG

GC
CG

GA
AC

DT
3

0.
00

1.
72

0.
00

0.
00

32
57

31
-0

.2
5

21
27

98
0.

26

GT
GG

AC
CA

AG
CT

CG
GG

TT
GC

C
+ 

/ -
Ch

lo
ro

0.
52

 / 
1.

71
57

.5
3 

/ 2
7.

01
11

0.
27

 / 
15

.8
2

0.
80

 / 
1.

23
37

.8
0 

/ 1
8.

63
47

.4
0 

/ 1
5.

10
Bn

aA
05

g0
94

10
D

CA
BB

P1
45

0
GT

GG
AC

CA
AG

CT
CG

GG
TT

GC
C 

   |
||

||
||

||
||

||
||

||
||

||
    

CT
CG

CA
CC

TG
GT

TC
GA

GC
CC

AA
CG

GG
TT

CA
TC

DT
3

0.
00

3.
31

0.
00

0.
00

18
52

78
-0

.1
2

13
17

79
1.

16

AA
AT

GG
TC

GG
CG

AG
AT

TC
TC

C
+

Ch
lo

ro
1.

77
 / 

-
42

.1
7 

/ -
23

.7
6 

/ -
0.

00
 / 

-
36

.1
1 

/ -
36

.1
1 

/ -
Bn

aC
03

g5
95

20
D

CA
BB

P1
84

4
AA

AT
GG

TC
GG

CG
AG

AT
TC

TC
C 

   |
||

||
||

|o
||

o|
||

||
||

||
    

TC
GG

TT
TA

CC
AG

TC
GT

TC
TA

AG
AG

GT
TT

CC
AG

DT
3

0.
00

14
.8

9
0.

00
0.

00
41

75
31

0.
02

30
51

88
0.

73

AT
GG

AC
CC

AA
GT

AC
TT

GA
CC

C
+

Ch
lo

ro
13

.1
8 

/ -
44

.5
5 

/ -
3.

38
 / 

-
29

.9
1 

/ -
43

.2
7 

/ -
1.

45
 / 

-
Bn

aA
09

g2
65

70
D

CA
BB

P1
24

1
AT

GG
AC

CC
AA

GT
AC

TT
GA

CC
C 

   |
||

||
||

||
||

||
||

||
||

 | 
   

CT
CT

TA
CC

TG
GG

TT
CA

TG
AA

CT
GA

GA
AA

GC
CT

DT
3

0.
00

0.
64

0.
00

0.
00

32
57

31
-0

.2
5

21
27

98
0.

26

TT
CT

GG
GT

CG
GT

AG
CG

AG
AC

C
+

Ch
lo

ro
19

.1
6 

/ -
75

.8
2 

/ -
3.

96
 / 

-
64

.4
0 

/ -
84

.0
7 

/ -
1.

31
 / 

-
Bn

aA
07

g0
75

70
D

CA
BB

P1
20

55
TT

CT
GG

GT
CG

GT
AG

CG
AG

AC
C 

   o
||

||
||

||
||

||
||

 |o
 ||

    
TT

CG
GA

GA
CC

CA
GC

CA
TC

GG
TT

CG
GG

TT
AC

CC
DT

3
0.

00
0.

18
0.

00
0.

00
21

37
12

-0
.7

6
11

71
62

0.
37

AC
AA

TG
GC

TT
GA

AC
AA

AG
AA

T
+ 

/ -
Ch

lo
ro

4.
24

 / 
7.

91
40

.7
6 

/ 2
0.

02
9.

62
 / 

2.
53

4.
64

 / 
9.

43
29

.0
2 

/ 1
4.

35
6.

26
 / 

1.
52

Bn
aC

03
g5

95
20

D
CA

BB
P1

80
5

AC
AA

TG
GC

TT
GA

AC
AA

AG
AA

T  
  |

||
||

o|
||

||
||

||
||

||
||

    
TC

AC
TG

TT
AT

CG
AA

CT
TG

TT
TC

TT
AG

GT
TT

GT
DT

3
0.

00
1.

63
0.

00
0.

00
41

75
31

0.
02

30
51

88
0.

73

CC
AT

GG
GC

TG
CC

TG
AT

GG
GC

C
+ 

/ -
Ch

lo
ro

0.
89

 / 
0.

90
46

.5
4 

/ 2
2.

99
52

.4
6 

/ 2
5.

61
0.

81
 / 

1.
42

36
.3

1 
/ 1

7.
98

44
.5

7 
/ 1

2.
64

Bn
aA

09
g2

65
70

D
CA

BB
P1

20
7

CC
AT

GG
GC

TG
CC

TG
AT

GG
GC

C 
   |

||
||

||
||

||
||

||
||

| |
|  

  
GC

AT
GG

TA
CC

CG
AC

GG
AC

TA
CC

AG
GG

AA
AC

CG
DT

3
0.

00
1.

77
0.

00
0.

00
32

57
31

-0
.2

5
21

27
98

0.
26

CC
TA

GG
GC

TC
CG

AG
CA

TG
GC

C
+ 

/ -
Ch

lo
ro

3.
09

 / 
6.

16
50

.7
1 

/ 2
5.

34
16

.4
1 

/ 4
.1

1
4.

46
 / 

11
.0

8
37

.5
5 

/ 1
8.

64
8.

43
 / 

1.
68

Bn
aC

03
g5

95
20

D
CA

BB
P1

43
6

CC
TA

GG
GC

TC
CG

AG
CA

TG
GC

C 
   |

||
||

||
||

||
||

||
||

||
||

    
CG

TC
GG

AT
CC

CG
AG

GC
TC

GT
AC

CG
GG

TG
GA

CG
DT

3
0.

00
0.

54
0.

00
0.

00
41

75
31

0.
02

30
51

88
0.

73

GG
AA

GA
CG

CA
GC

CT
AG

GG
CT

C
+ 

/ -
Ch

lo
ro

0.
52

 / 
1.

71
38

.5
4 

/ 1
9.

33
73

.8
7 

/ 1
1.

32
3.

93
 / 

7.
37

42
.6

8 
/ 2

1.
16

10
.8

6 
/ 2

.8
7

Bn
aC

04
g1

07
80

D
CA

BB
P1

33
4

GG
AA

GA
CG

CA
GC

CT
AG

GG
CT

C 
   |

||
|o

||
||

| |
||

||
||

||
|  

  
AG

TC
CC

TT
TT

GC
GT

AG
GA

TC
CC

GA
GG

TT
CG

TA
TT

3
0.

00
0.

00
0.

00
0.

28
52

40
35

-0
.1

2
29

95
57

0.
39

AA
TG

GC
TA

AG
AT

GC
TC

TG
AG

C
+ 

/ -
Ch

lo
ro

1.
68

 / 
3.

55
34

.7
7 

/ 1
7.

93
20

.6
8 

/ 5
.0

4
0.

00
 / 

0.
00

35
.2

4 
/ 1

7.
51

35
.2

4 
/ 1

7.
51

Bn
aA

05
g0

94
10

D
CA

BB
P1

47
1

AA
TG

GC
TA

AG
AT

GC
TC

TG
AG

C 
   |

||
||

||
||

||
||

||
||

||
||

    
GG

GT
TT

AC
CG

AT
TC

TA
CG

AG
AC

TC
GC

AC
CT

GG
TT

3
0.

00
0.

00
0.

00
5.

23
18

52
78

-0
.1

2
13

17
79

1.
16

CG
AA

CC
GG

CC
TT

GA
AC

CA
AA

CC
+ 

/ -
Ch

lo
ro

0.
89

 / 
0.

90
38

.5
4 

/ 1
8.

48
43

.4
4 

/ 2
0.

59
0.

81
 / 

1.
42

63
.3

4 
/ 3

1.
28

77
.7

5 
/ 2

1.
99

Bn
aC

03
g5

95
20

D
CA

BB
P1

50
9

CG
AA

CC
GG

CC
TT

GA
AC

CA
AA

CC
    

||
||

||
||

||
||

||
||

||
||

||
    

AG
AC

GC
TT

GG
CC

GG
AA

CT
TG

GT
TT

GG
CG

GA
GA

TT
3

0.
00

0.
00

0.
00

0.
28

41
75

31
0.

02
30

51
88

0.
73

AT
GA

GG
AT

CA
CC

TG
AG

TA
GC

C
+ 

/ -
Ch

lo
ro

1.
68

 / 
3.

55
47

.4
4 

/ 2
3.

32
28

.2
2 

/ 6
.5

6
3.

91
 / 

7.
18

42
.0

9 
/ 2

0.
89

10
.7

6 
/ 2

.9
1

Bn
aA

05
g0

94
10

D
CA

BB
P1

49
4

AT
GA

GG
AT

CA
CC

TG
AG

TA
GC

C 
   |

||
||

o|
||

||
||

| |
| |

||
    

AG
GG

TA
CT

CT
TA

GT
GG

AC
GC

AA
CG

GG
TT

TA
CC

TT
3

0.
00

0.
00

0.
00

0.
23

18
52

78
-0

.1
2

13
17

79
1.

16

TT
CG

CT
GA

AG
AT

CT
GT

GA
AC

C
+

Ch
lo

ro
17

.4
1 

/ -
30

2.
45

 / 
-

17
.3

7 
/ -

36
.6

2 
/ -

21
9.

25
 / 

-
5.

99
 / 

-
Bn

aA
05

g0
94

10
D

CA
BB

P1
41

1
TT

CG
CT

GA
AG

AT
CT

GT
GA

AC
C 

   |
||

||
||

||
||

||
||

o|
||

||
    

GA
GG

AA
GC

GA
CT

TC
TA

GA
CG

CT
TG

GC
CG

GA
AC

TT
3

0.
00

0.
00

0.
00

0.
83

18
52

78
-0

.1
2

13
17

79
1.

16

CG
TG

GA
CC

AA
GC

TC
GG

GT
TG

CC
+ 

/ -
Ch

lo
ro

0.
00

 / 
0.

00
35

.2
1 

/ 1
6.

65
35

.2
1 

/ 1
6.

65
0.

00
 / 

0.
00

50
.9

0 
/ 2

5.
11

50
.9

0 
/ 2

5.
11

Bn
aC

04
g1

07
80

D
CA

BB
P1

45
1

CG
TG

GA
CC

AA
GC

TC
GG

GT
TG

CC
    

||
||

||
||

||
||

||
||

||
||

||
    

AC
TC

GC
AC

CT
GG

TT
CG

AG
CC

CA
AC

GG
GT

TC
AT

TT
3

0.
00

0.
00

0.
00

0.
83

52
40

35
-0

.1
2

29
95

57
0.

39

CG
AA

CC
GG

CC
TT

GA
AC

CA
AA

CC
+ 

/ -
Ch

lo
ro

0.
89

 / 
0.

90
38

.5
4 

/ 1
8.

48
43

.4
4 

/ 2
0.

59
0.

81
 / 

1.
42

63
.3

4 
/ 3

1.
28

77
.7

5 
/ 2

1.
99

Bn
aC

04
g1

07
80

D
CA

BB
P1

39
6

CG
AA

CC
GG

CC
TT

GA
AC

CA
AA

CC
    

||
||

||
||

||
||

||
||

||
||

|  
  

AG
AC

GC
TT

GG
CC

GG
AA

CT
TG

GT
TT

GT
CG

GA
GA

TT
3

0.
00

0.
00

0.
00

0.
28

52
40

35
-0

.1
2

29
95

57
0.

39

AT
GA

GG
AT

CA
CC

TG
AG

TA
GC

C
+ 

/ -
Ch

lo
ro

1.
68

 / 
3.

55
47

.4
4 

/ 2
3.

32
28

.2
2 

/ 6
.5

6
3.

91
 / 

7.
18

42
.0

9 
/ 2

0.
89

10
.7

6 
/ 2

.9
1

Bn
aA

07
g0

75
70

D
CA

BB
P1

19
43

AT
GA

GG
AT

CA
CC

TG
AG

TA
GC

C 
   |

| |
o|

||
||

| |
||

||
||

||
    

AG
GG

TA
GT

TC
TA

GT
GA

AC
TC

AT
CG

GG
TT

TA
TC

TT
3

0.
00

0.
00

0.
00

0.
51

21
37

12
-0

.7
6

11
71

62
0.

37

CG
TG

GA
CC

AA
GC

TC
GG

GT
TG

CC
+ 

/ -
Ch

lo
ro

0.
00

 / 
0.

00
35

.2
1 

/ 1
6.

65
35

.2
1 

/ 1
6.

65
0.

00
 / 

0.
00

50
.9

0 
/ 2

5.
11

50
.9

0 
/ 2

5.
11

Bn
aA

09
g2

65
70

D
CA

BB
P1

52
0

CG
TG

GA
CC

AA
GC

TC
GG

GT
TG

CC
    

||
||

||
||

||
||

||
||

||
||

||
    

AC
TC

GC
AC

CT
GG

TT
CG

AG
CC

CA
AC

GG
GT

TC
AT

TT
3

0.
00

0.
00

0.
00

0.
83

32
57

31
-0

.2
5

21
27

98
0.

26

CC
GG

CC
TT

GA
AC

CA
AA

CC
GC

C
+ 

/ -
Ch

lo
ro

1.
15

 / 
1.

75
47

.9
4 

/ 2
2.

81
41

.7
5 

/ 1
3.

03
5.

54
 / 

10
.0

3
66

.6
9 

/ 3
2.

90
12

.0
3 

/ 3
.2

8
Bn

aA
09

g2
65

70
D

CA
BB

P1
46

1
CC

GG
CC

TT
GA

AC
CA

AA
CC

GC
C 

   |
||

||
||

||
||

||
||

||
||

||
    

AC
TC

GG
CC

GG
AA

CT
TG

GT
TT

GG
CG

GA
GA

GG
CT

TT
3

0.
00

0.
00

0.
00

0.
05

32
57

31
-0

.2
5

21
27

98
0.

26

CT
GA

AG
AT

CT
GT

GA
AC

CA
GC

CT
+

Ch
lo

ro
1.

67
 / 

-
25

.0
3 

/ -
14

.9
9 

/ -
0.

00
 / 

-
50

.8
9 

/ -
50

.8
9 

/ -
Bn

aA
05

g0
94

10
D

CA
BB

P1
40

7
CT

GA
AG

AT
CT

GT
GA

AC
CA

GC
CT

    
||

||
||

||
||

|o
||

||
| |

||
|  

  
AA

GC
GA

CT
TC

TA
GA

CG
CT

TG
GC

CG
GA

AC
TT

GG
TT

3
0.

00
0.

00
0.

00
6.

16
18

52
78

-0
.1

2
13

17
79

1.
16

CT
GA

AG
AT

CT
GT

GA
AC

CA
GC

CT
+

Ch
lo

ro
1.

67
 / 

-
25

.0
3 

/ -
14

.9
9 

/ -
0.

00
 / 

-
50

.8
9 

/ -
50

.8
9 

/ -
Bn

aC
03

g5
95

20
D

CA
BB

P1
52

0
CT

GA
AG

AT
CT

GT
GA

AC
CA

GC
CT

    
||

||
||

||
||

|o
||

||
| |

||
|  

  
AA

GC
GA

CT
TC

TA
GA

CG
CT

TG
GC

CG
GA

AC
TT

GG
TT

3
0.

00
0.

00
0.

00
5.

04
41

75
31

0.
02

30
51

88
0.

73

CG
AA

CC
GG

CC
TT

GA
AC

CA
AA

CC
+ 

/ -
Ch

lo
ro

0.
89

 / 
0.

90
38

.5
4 

/ 1
8.

48
43

.4
4 

/ 2
0.

59
0.

81
 / 

1.
42

63
.3

4 
/ 3

1.
28

77
.7

5 
/ 2

1.
99

Bn
aA

05
g0

94
10

D
CA

BB
P1

39
6

CG
AA

CC
GG

CC
TT

GA
AC

CA
AA

CC
    

||
||

||
||

||
||

||
||

||
||

||
    

AG
AC

GC
TT

GG
CC

GG
AA

CT
TG

GT
TT

GG
CG

AA
GA

TT
3

0.
00

0.
00

0.
00

0.
28

18
52

78
-0

.1
2

13
17

79
1.

16

AT
GA

GG
AT

CA
CC

TG
AG

TA
GC

C
+ 

/ -
Ch

lo
ro

1.
68

 / 
3.

55
47

.4
4 

/ 2
3.

32
28

.2
2 

/ 6
.5

6
3.

91
 / 

7.
18

42
.0

9 
/ 2

0.
89

10
.7

6 
/ 2

.9
1

Bn
aC

04
g1

07
80

D
CA

BB
P1

49
4

AT
GA

GG
AT

CA
CC

TG
AG

TA
GC

C 
   |

||
||

||
||

||
||

||
||

||
||

    
AG

GG
TA

CT
CC

TA
GT

GG
AC

TC
AT

CG
GG

TT
TA

CC
TT

3
0.

00
0.

00
0.

00
2.

59
52

40
35

-0
.1

2
29

95
57

0.
39

TT
CG

CT
GA

AG
AT

CT
GT

GA
AC

C
+

Ch
lo

ro
17

.4
1 

/ -
30

2.
45

 / 
-

17
.3

7 
/ -

36
.6

2 
/ -

21
9.

25
 / 

-
5.

99
 / 

-
Bn

aC
03

g5
95

20
D

CA
BB

P1
52

4
TT

CG
CT

GA
AG

AT
CT

GT
GA

AC
C 

   |
||

||
||

||
||

||
||

o|
||

||
    

GA
GG

AA
GC

GA
CT

TC
TA

GA
CG

CT
TG

GC
CG

GA
AC

TT
3

0.
00

0.
00

0.
00

0.
37

41
75

31
0.

02
30

51
88

0.
73

TT
CG

CT
GA

AG
AT

CT
GC

GA
AC

C
+ 

/ -
Ch

lo
ro

3.
44

 / 
5.

25
34

.6
6 

/ 1
7.

98
10

.0
6 

/ 3
.4

2
9.

38
 / 

18
.2

3
45

.7
0 

/ 2
2.

86
4.

87
 / 

1.
25

Bn
aA

05
g0

94
10

D
CA

BB
P1

41
1

TT
CG

CT
GA

AG
AT

CT
GC

GA
AC

C 
   |

||
||

||
||

||
||

||
||

||
||

    
GA

GG
AA

GC
GA

CT
TC

TA
GA

CG
CT

TG
GC

CG
GA

AC
TT

3
0.

00
0.

00
0.

00
0.

83
18

52
78

-0
.1

2
13

17
79

1.
16

TG
AA

CA
AA

GA
AT

CC
AA

AC
AT

A
+ 

/ -
Ch

lo
ro

2.
66

 / 
2.

69
23

.4
8 

/ 1
2.

21
8.

82
 / 

4.
53

2.
41

 / 
3.

89
32

.4
6 

/ 1
6.

26
13

.4
7 

/ 4
.1

8
Bn

aC
04

g1
07

80
D

CA
BB

P1
68

3
TG

AA
CA

AA
GA

AT
CC

AA
AC

AT
A 

   |
||

||
 ||

||
||

||
||

||
||

    
AC

GG
AC

TT
GC

TT
CT

TA
GG

TT
TG

TA
CC

TC
TT

GT
TT

3
0.

00
0.

00
0.

00
0.

09
52

40
35

-0
.1

2
29

95
57

0.
39

CG
GC

CT
TG

AA
CC

AA
AC

CG
CC

T
+

Ch
lo

ro
24

.7
2 

/ -
45

.4
6 

/ -
1.

84
 / 

-
58

.6
6 

/ -
45

.7
7 

/ -
0.

78
 / 

-
Bn

aA
09

g2
65

70
D

CA
BB

P1
46

0
CG

GC
CT

TG
AA

CC
AA

AC
CG

CC
T  

  |
||

||
||

||
||

||
||

||
||

||
    

CT
CG

GC
CG

GA
AC

TT
GG

TT
TG

GC
GG

AG
AG

GC
TT

TT
3

0.
00

0.
00

0.
00

0.
28

32
57

31
-0

.2
5

21
27

98
0.

26

TG
AA

CA
AA

GA
AT

CC
AA

AC
AT

A
+ 

/ -
Ch

lo
ro

2.
66

 / 
2.

69
23

.4
8 

/ 1
2.

21
8.

82
 / 

4.
53

2.
41

 / 
3.

89
32

.4
6 

/ 1
6.

26
13

.4
7 

/ 4
.1

8
Bn

aA
07

g0
75

70
D

CA
BB

P1
21

32
TG

AA
CA

AA
GA

AT
CC

AA
AC

AT
A 

   |
||

||
||

||
||

||
||

||
||

||
    

CC
GA

AC
TT

GT
TT

CT
TA

GG
TT

TG
TA

TC
TC

TT
GT

TT
3

0.
00

0.
00

0.
00

0.
09

21
37

12
-0

.7
6

11
71

62
0.

37

TG
AA

CA
AA

GA
AT

CC
AA

AC
AT

A
+ 

/ -
Ch

lo
ro

2.
66

 / 
2.

69
23

.4
8 

/ 1
2.

21
8.

82
 / 

4.
53

2.
41

 / 
3.

89
32

.4
6 

/ 1
6.

26
13

.4
7 

/ 4
.1

8
Bn

aA
09

g2
65

70
D

CA
BB

P1
75

2
TG

AA
CA

AA
GA

AT
CC

AA
AC

AT
A 

   |
||

||
||

||
||

||
||

||
||

||
    

CC
GA

AC
TT

GT
TT

CT
TA

GG
TT

TG
TA

TC
TC

TT
GT

TT
3

0.
00

0.
00

0.
00

0.
09

32
57

31
-0

.2
5

21
27

98
0.

26

TA
AG

AT
GC

TC
TG

AG
CG

TG
GA

CC
+ 

/ -
Ch

lo
ro

11
.4

6 
/ 2

3.
65

13
6.

08
 / 

68
.2

6
11

.8
7 

/ 2
.8

9
26

.6
8 

/ 4
9.

99
10

8.
25

 / 
53

.7
9

4.
06

 / 
1.

08
Bn

aC
03

g5
95

20
D

CA
BB

P1
57

8
TA

AG
AT

GC
TC

TG
AG

CG
TG

GA
CC

    
o|

||
||

||
||

||
||

||
||

o|
||

    
AT

CG
GT

TC
TA

CG
AG

AC
TC

GC
AC

TT
GG

TT
CG

AT
TT

3
0.

00
0.

00
0.

00
0.

79
41

75
31

0.
02

30
51

88
0.

73



  

 

          TG
AA

CA
AA

GA
AT

CC
AA

AC
AT

A
+ 

/ -
Ch

lo
ro

2.
66

 / 
2.

69
23

.4
8 

/ 1
2.

21
8.

82
 / 

4.
53

2.
41

 / 
3.

89
32

.4
6 

/ 1
6.

26
13

.4
7 

/ 4
.1

8
Bn

aA
05

g0
94

10
D

CA
BB

P1
68

3
TG

AA
CA

AA
GA

AT
CC

AA
AC

AT
A 

   |
| |

||
||

||
||

||
||

||
||

    
CC

GG
AC

AT
GT

TT
CT

TA
GG

TT
TG

TA
CC

TC
TT

GT
TT

3
0.

00
0.

00
0.

00
1.

80
18

52
78

-0
.1

2
13

17
79

1.
16

CT
AG

GG
CT

CC
GA

GC
AT

GG
CC

C
+ 

/ -
Ch

lo
ro

1.
41

 / 
2.

61
54

.6
0 

/ 2
7.

16
38

.7
6 

/ 1
0.

42
3.

91
 / 

7.
18

41
.2

8 
/ 2

0.
50

10
.5

5 
/ 2

.8
5

Bn
aA

05
g0

94
10

D
CA

BB
P1

32
2

CT
AG

GG
CT

CC
GA

GC
AT

GG
CC

C 
   |

||
||

||
||

|o
||

||
||

||
||

    
GT

CG
GA

TC
CC

GA
GG

TT
CG

TA
CC

GG
GT

AG
AC

GT
TT

3
0.

00
0.

00
0.

00
0.

23
18

52
78

-0
.1

2
13

17
79

1.
16

TC
TC

GG
GA

TC
GG

CT
GA

GA
GA

CC
+ 

/ -
Ch

lo
ro

1.
68

 / 
3.

55
33

.9
8 

/ 1
6.

27
20

.2
1 

/ 4
.5

8
0.

00
 / 

0.
00

49
.8

4 
/ 2

4.
58

49
.8

4 
/ 2

4.
58

Bn
aC

03
g5

95
20

D
CA

BB
P1

37
2

TC
TC

GG
GA

TC
GG

CT
GA

GA
GA

CC
    

||
||

||
||

||
||

||
||

||
||

||
    

TT
GC

AG
AG

CC
CT

AG
CC

GA
CT

CT
CT

GG
AC

GC
CA

TT
3

0.
00

0.
00

0.
00

0.
60

41
75

31
0.

02
30

51
88

0.
73

CT
GA

AG
AT

CT
GT

GA
AC

CA
GC

CT
+

Ch
lo

ro
1.

67
 / 

-
25

.0
3 

/ -
14

.9
9 

/ -
0.

00
 / 

-
50

.8
9 

/ -
50

.8
9 

/ -
Bn

aC
04

g1
07

80
D

CA
BB

P1
40

7
CT

GA
AG

AT
CT

GT
GA

AC
CA

GC
CT

    
||

||
||

||
||

|o
||

||
| |

||
|  

  
AA

GC
GA

CT
TC

TA
GA

CG
CT

TG
GC

CG
GA

AC
TT

GG
TT

3
0.

00
0.

00
0.

00
6.

16
52

40
35

-0
.1

2
29

95
57

0.
39

AT
GA

GG
AT

CA
CC

TG
AG

TA
GC

C
+ 

/ -
Ch

lo
ro

1.
68

 / 
3.

55
47

.4
4 

/ 2
3.

32
28

.2
2 

/ 6
.5

6
3.

91
 / 

7.
18

42
.0

9 
/ 2

0.
89

10
.7

6 
/ 2

.9
1

Bn
aC

03
g5

95
20

D
CA

BB
P1

60
7

AT
GA

GG
AT

CA
CC

TG
AG

TA
GC

C 
   |

| |
o|

||
||

| |
||

||
||

||
    

AG
GG

TA
GT

TC
TA

GT
GA

AC
TC

AT
CG

GG
TT

TA
TC

TT
3

0.
00

0.
00

0.
00

0.
51

41
75

31
0.

02
30

51
88

0.
73

CG
TG

GA
CC

AA
GC

TC
GG

GT
TG

CC
+ 

/ -
Ch

lo
ro

0.
00

 / 
0.

00
35

.2
1 

/ 1
6.

65
35

.2
1 

/ 1
6.

65
0.

00
 / 

0.
00

50
.9

0 
/ 2

5.
11

50
.9

0 
/ 2

5.
11

Bn
aA

05
g0

94
10

D
CA

BB
P1

45
1

CG
TG

GA
CC

AA
GC

TC
GG

GT
TG

CC
    

||
||

||
||

||
||

||
||

||
||

||
    

AC
TC

GC
AC

CT
GG

TT
CG

AG
CC

CA
AC

GG
GT

TC
AT

TT
3

0.
00

0.
00

0.
00

0.
83

18
52

78
-0

.1
2

13
17

79
1.

16

CT
AG

GG
CT

CC
GA

GC
AT

GG
CC

C
+ 

/ -
Ch

lo
ro

1.
41

 / 
2.

61
54

.6
0 

/ 2
7.

16
38

.7
6 

/ 1
0.

42
3.

91
 / 

7.
18

41
.2

8 
/ 2

0.
50

10
.5

5 
/ 2

.8
5

Bn
aC

03
g5

95
20

D
CA

BB
P1

43
5

CT
AG

GG
CT

CC
GA

GC
AT

GG
CC

C 
   |

||
||

||
||

||
||

||
||

||
||

    
GT

CG
GA

TC
CC

GA
GG

CT
CG

TA
CC

GG
GT

GG
AC

GT
TT

3
0.

00
0.

00
0.

00
0.

05
41

75
31

0.
02

30
51

88
0.

73

AA
TG

GC
TA

AG
AT

GC
TC

TG
AG

C
+ 

/ -
Ch

lo
ro

1.
68

 / 
3.

55
34

.7
7 

/ 1
7.

93
20

.6
8 

/ 5
.0

4
0.

00
 / 

0.
00

35
.2

4 
/ 1

7.
51

35
.2

4 
/ 1

7.
51

Bn
aC

03
g5

95
20

D
CA

BB
P1

58
4

AA
TG

GC
TA

AG
AT

GC
TC

TG
AG

C 
   |

||
o|

|o
||

||
||

||
||

||
||

    
GG

GT
TT

AT
CG

GT
TC

TA
CG

AG
AC

TC
GC

AC
TT

GG
TT

3
0.

00
0.

00
0.

00
3.

15
41

75
31

0.
02

30
51

88
0.

73

1  sR
NA

 se
q 

/ D
ES

eq
2 

da
ta

2  P
AR

Es
eq

 / 
PA

RE
sn

ip
 d

at
a

3  R
NA

se
q 

/ D
ES

eq
2 

da
ta

4  'C
hl

or
o'

 st
an

ds
 fo

r g
en

es
 p

re
di

ct
ed

 to
 e

nc
od

e 
"C

hl
or

op
hy

ll 
a-

b 
bi

nd
in

g 
pr

ot
ei

n 
1"

 (B
na

C0
3g

59
52

0D
, B

na
C0

4g
10

78
0D

, B
na

A0
9g

26
57

0D
, B

na
A0

5g
09

41
0D

, B
na

A0
7g

07
57

0D
)

CA
BB

P1
 =

 C
hl

or
op

hy
ll 

a-
b 

bi
nd

in
g 

pr
ot

ei
n 

1,
 ch

lo
ro

pl
as

tic



  Ta
bl

e 
S2

6:
 v

a-
ph

as
iR

N
As

 p
ro

du
ce

d 
fr

om
 g

en
es

 fo
r '

N
BR

1 
ho

m
ol

og
' a

nd
 ta

rg
et

in
g 

m
RN

As
 w

ith
in

 th
e 

ge
ne

 fa
m

ily
 a

s 
w

el
l a

s 
m

RN
As

 o
f o

th
er

 g
en

es
 

fo
r c

le
av

ag
e 

 

D
M

D
T

D
T/

D
M

 r
ea

ds
TM

TT
TT

/T
M

 r
ea

ds
D

M
D

T
TM

TT
D

M
D

T
TM

TT

TC
A

CG
TC

A
A

G
CT

CA
CT

G
TT

G
A

 -
N

B
R

14
0.

00
42

.3
7

42
.3

7
0.

00
55

.1
2

55
.1

2
B

na
A

10
g1

28
50

D
A

ct
in

-d
ep

ol
ym

er
iz

in
g 

fa
ct

or
 3

82
8

TC
A

CG
TC

A
A

G
CT

CA
CT

G
TT

G
A

    
 |

| 
||

||
||

||
||

 |
| 

||
||

    
CT

TA
A

G
-G

CA
G

TT
CG

A
G

A
G

A
G

A
A

CT
TG

G
A

CA
G

D
T2

 D
T3

 T
T2

 T
T3

0.
00

9.
15

0.
00

30
.4

2
19

83
6

-0
.8

2
11

51
8

-0
.6

7

A
CT

A
A

TC
G

A
G

G
A

TT
TG

G
A

A
TC

-
N

B
R

1
0.

90
19

.3
6

21
.5

7
1.

42
25

.2
6

17
.7

5
B

na
A

07
g2

88
60

D
N

A
D

(P
)H

-q
ui

no
ne

 o
xi

do
re

du
ct

as
e 

su
bu

ni
t 

L,
 

ch
lo

ro
pl

as
ti

c
96

0
A

CT
A

A
TC

G
A

G
G

A
TT

TG
G

A
A

TC
    

 |
||

||
| 

||
||

||
 |

o 
| 

||
    

A
CA

CT
G

A
TT

A
-C

TC
CT

A
TA

TG
TC

A
G

TG
TT

G
A

C
D

T1
 T

T1
0.

00
0.

37
0.

00
0.

21
42

31
-1

.4
2

62
45

-0
.4

5

A
G

A
G

A
G

CG
TC

A
A

CA
G

A
CT

G
CT

-
N

B
R

1
0.

00
29

.4
7

29
.4

7
0.

00
25

.5
3

25
.5

3
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
 

28
65

A
G

A
G

A
G

CG
TC

A
A

CA
G

A
CT

G
CT

    
 |

||
||

||
||

||
||

||
||

||
||

    
G

G
TG

TC
TC

TC
G

CA
G

TT
G

TC
TG

A
CG

A
G

G
TT

CA
A

D
T2

 T
T3

0.
00

3.
20

0.
00

1.
25

29
59

5.
97

27
9

7.
49

CT
G

CT
CC

A
A

G
TT

G
TA

CT
CG

TT
-

N
B

R
1

0.
00

23
.6

9
23

.6
9

0.
00

19
.1

1
19

.1
1

B
na

A
03

g4
68

80
D

N
B

R
1 

ho
m

ol
og

27
01

CT
G

CT
CC

A
A

G
TT

G
TA

CT
CG

TT
    

 |
||

||
||

||
||

||
||

||
||

||
    

G
TC

TG
A

CG
A

G
G

TT
CA

A
CA

TG
A

G
CA

A
CA

G
G

G
A

G
D

T3
 T

T3
0.

00
3.

54
0.

00
0.

79
27

40
0.

77
48

43
0.

45

CT
G

CT
CC

A
A

G
TT

G
TA

CT
CG

TT
-

N
B

R
1

0.
00

23
.6

9
23

.6
9

0.
00

19
.1

1
19

.1
1

B
na

C0
7g

39
07

0D
N

B
R

1 
ho

m
ol

og
36

67
CT

G
CT

CC
A

A
G

TT
G

TA
CT

CG
TT

    
 |

||
||

||
||

||
||

||
||

|o
||

    
G

TC
TG

A
CG

A
G

G
TT

CA
A

CA
TG

A
G

TA
A

A
A

G
G

A
A

G
D

T3
 T

T3
0.

00
3.

54
0.

00
0.

79
22

41
1.

36
59

53
1.

44

TT
CA

CG
TC

A
A

G
CT

CA
CT

G
TT

G
A

-
N

B
R

1
0.

00
26

.2
7

26
.2

7
0.

00
49

.3
8

49
.3

8
B

na
C0

9g
35

26
0D

A
ct

in
-d

ep
ol

ym
er

iz
in

g 
fa

ct
or

 3
81

74
TT

CA
CG

TC
A

A
G

CT
CA

CT
G

TT
G

A
    

||
| 

|o
||

||
||

||
 |

| 
||

||
    

A
CT

TA
A

G
-G

TA
G

TT
CG

A
G

A
G

A
G

A
A

CT
TG

G
A

CA
D

T3
 T

T3
0.

00
0.

64
0.

00
0.

28
31

65
2

-0
.6

6
22

46
4

-0
.5

9

TT
CA

CG
TC

A
A

G
CT

CA
CT

G
TT

G
A

-
N

B
R

1
0.

00
26

.2
7

26
.2

7
0.

00
49

.3
8

49
.3

8
B

na
A

10
g1

28
50

D
A

ct
in

-d
ep

ol
ym

er
iz

in
g 

fa
ct

or
 3

82
9

TT
CA

CG
TC

A
A

G
CT

CA
CT

G
TT

G
A

    
||

| 
||

||
||

||
||

 |
| 

||
||

    
A

CT
TA

A
G

-G
CA

G
TT

CG
A

G
A

G
A

G
A

A
CT

TG
G

A
CA

D
T3

 T
T3

0.
00

1.
36

0.
00

0.
65

19
83

6
-0

.8
2

11
51

8
-0

.6
7

A
G

A
A

TC
CA

TC
G

TT
CA

CG
G

A
TT

-
N

B
R

1
0.

00
35

.9
1

35
.9

1
6.

14
87

.5
5

14
.2

6
B

na
A

02
g2

70
10

D
Pr

ob
ab

le
 r

ib
os

e-
5-

ph
os

ph
at

e 
is

om
er

as
e 

2
97

9
A

G
A

A
TC

-C
A

TC
G

TT
CA

CG
G

A
TT

    
 |

||
||

| 
||

||
|o

||
||

||
 o

o 
   

G
A

G
TC

TT
A

G
CG

TA
G

CG
A

G
TG

CC
G

G
G

G
G

TT
TA

G
D

T3
 T

T3
0.

00
0.

64
0.

00
0.

09
83

58
-0

.7
0

53
88

-1
.0

6

TC
A

G
G

CA
TA

A
CC

G
A

G
G

CG
G

A
TG

-
N

B
R

1
0.

00
16

.3
3

16
.3

3
1.

23
27

.6
0

22
.3

7
B

na
C0

8g
19

95
0D

di
su

lf
id

e 
is

om
er

as
e-

lik
e 

1-
1

17
99

TC
A

G
G

CA
TA

A
CC

G
A

G
G

CG
G

A
TG

    
||

| 
||

||
 |

||
||

|o
 |

||
 |

    
CA

A
G

A
G

T-
CG

TA
G

TG
G

CT
CT

TC
CT

TC
G

A
TT

CT
D

T1
0.

00
0.

04
0.

00
0.

00
62

8
0.

98
95

8
0.

59

A
A

G
A

G
A

TT
G

A
TC

TG
A

A
CA

A
G

G
A

+
N

B
R

1
2.

20
13

8.
96

63
.0

8
1.

41
16

5.
40

11
6.

99
B

na
C0

6g
27

63
0D

H
em

e 
ox

yg
en

as
e 

1,
 c

hl
or

op
la

st
ic

14
02

A
A

G
A

G
A

TT
G

A
TC

TG
A

A
CA

A
G

G
A

    
||

||
| 

||
||

| 
oo

||
||

||
 |

    
TT

TA
TT

CT
CA

A
A

CT
A

TG
TT

TG
TT

CG
TC

TT
CG

C
D

T2
0.

00
7.

82
0.

00
0.

00
25

25
0.

05
56

15
-0

.1
3

A
A

G
A

G
A

TT
G

A
TC

TG
A

A
CA

A
G

G
+

N
B

R
1

0.
26

25
0.

83
96

1.
57

0.
80

28
7.

10
36

0.
05

B
na

C0
7g

16
85

0D
H

em
e 

ox
yg

en
as

e 
1,

 c
hl

or
op

la
st

ic
14

02
A

A
G

A
G

A
TT

G
A

TC
TG

A
A

CA
A

G
G

    
 |

||
||

 |
||

||
 o

o|
||

||
| 

   
TT

TA
TT

CT
CA

A
A

CT
A

TG
TT

TG
TT

CG
TC

TT
CG

C
D

T2
0.

00
7.

82
0.

00
0.

00
25

25
0.

05
56

15
-0

.1
3

G
TC

A
A

TG
TA

CT
TG

A
TG

G
A

A
CC

+
N

B
R

1
0.

00
58

.2
5

58
.2

5
0.

00
59

.6
2

59
.6

2
B

na
C0

7g
25

88
0D

CO
B

R
A

-l
ik

e 
pr

ot
ei

n 
2

16
91

G
TC

A
A

TG
TA

CT
-T

G
A

TG
G

A
A

CC
    

|o
||

||
| 

||
| 

||
||

||
 |

| 
   

TG
TA

CG
G

TT
A

CT
TG

A
G

A
CT

A
CC

CT
G

TG
TA

TA
C

D
T2

0.
00

0.
27

0.
00

0.
00

35
41

-0
.0

7
26

77
-1

.2
6

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
CT

G
C

-
N

B
R

1
0.

00
48

.3
7

48
.3

7
1.

42
52

.4
1

36
.8

4
B

na
A

04
g1

43
70

D
un

kn
ow

n
33

27
CA

G
A

G
A

G
CG

TC
A

A
CA

G
A

CT
G

C 
    

||
||

||
||

 |
||

||
|o

| 
oo

    
A

CG
TG

TC
TC

TC
G

A
A

G
TT

G
TT

TT
G

TT
TT

TT
TT

G
D

T2
0.

00
3.

20
0.

00
0.

00
81

0.
30

17
4

0.
71

A
A

CA
G

G
TC

A
TC

TT
TC

A
TC

G
G

A
-

N
B

R
1

0.
00

48
.4

2
48

.4
2

0.
00

53
.6

3
53

.6
3

B
na

C0
2g

20
67

0D
Tu

bu
lin

-f
ol

di
ng

 c
of

ac
to

r 
E

25
9

A
A

CA
G

G
TC

A
TC

TT
TC

A
TC

G
G

A
    

 |
||

||
o|

||
||

||
| 

||
 |

o 
   

G
G

TG
TT

G
TC

TA
G

TA
G

A
A

A
-T

A
A

CT
A

A
G

A
CT

A
T

D
T2

0.
00

3.
29

0.
00

0.
00

0
-0

.1
5

0
0.

20

TT
TA

G
A

CT
TG

A
A

TC
TA

G
G

CC
C

-
N

B
R

1
0.

85
65

.1
3

76
.2

7
1.

23
91

.9
4

74
.5

2
B

na
A

06
g1

53
70

D
un

kn
ow

n
94

9
TT

TA
G

A
CT

TG
A

A
TC

TA
G

G
CC

C 
    

||
||

||
 |

||
 |

 |
| 

o|
||

| 
   

CG
G

A
A

A
A

TC
TA

A
A

CC
T-

G
A

G
TC

G
G

G
A

CG
G

CT
C

D
T2

0.
00

1.
69

0.
00

0.
00

20
5

-0
.7

0
13

0
-0

.1
8

CC
A

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
C

-
N

B
R

1
0.

00
58

.9
5

58
.9

5
0.

00
40

.7
3

40
.7

3
B

na
C0

8g
19

43
0D

H
ig

h 
m

ob
ili

ty
 g

ro
up

 B
 p

ro
te

in
 3

49
3

CC
A

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
C 

    
||

||
||

||
||

| 
| 

| 
||

 |
| 

   
A

A
CC

G
G

TG
TC

TC
TC

G
G

A
TT

A
G

T-
TG

TT
TG

CA
T

D
T2

0.
00

2.
84

0.
00

0.
00

23
44

8
0.

16
33

95
9

0.
61

TG
A

G
G

G
A

CA
A

CG
A

G
TA

CA
A

CT
+

N
B

R
1

1.
77

10
8.

08
60

.9
1

0.
80

10
0.

16
12

5.
61

B
na

C0
7g

33
20

0D
60

S 
ri

bo
so

m
e 

su
bu

ni
t 

bi
og

en
es

is
 p

ro
te

in
 N

IP
7 

ho
m

ol
og

50
9

TG
A

G
G

G
A

CA
A

CG
A

G
TA

CA
A

CT
    

 |
||

o|
 |

||
||

||
 |

||
 |

 |
    

G
A

CT
A

CT
TC

G
TG

TT
G

CT
-A

TG
G

TA
A

G
CC

TA
G

G
D

T2
0.

00
3.

11
0.

00
0.

00
81

-0
.1

6
10

1
0.

21

A
A

G
A

G
A

TT
G

A
TC

TG
A

A
CA

A
G

G
A

+
N

B
R

1
2.

20
13

8.
96

63
.0

8
1.

41
16

5.
40

11
6.

99
B

na
C0

7g
16

85
0D

H
em

e 
ox

yg
en

as
e 

1,
 c

hl
or

op
la

st
ic

14
02

A
A

G
A

G
A

TT
G

A
TC

TG
A

A
CA

A
G

G
A

    
||

||
| 

||
||

| 
oo

||
||

||
 |

    
TT

TA
TT

CT
CA

A
A

CT
A

TG
TT

TG
TT

CG
TC

TT
CG

C
D

T2
0.

00
7.

82
0.

00
0.

00
25

25
0.

05
56

15
-0

.1
3

CC
A

A
TA

A
G

A
TA

TG
TA

TC
G

G
CC

-
N

B
R

1
0.

00
34

.1
3

34
.1

3
0.

00
40

.6
5

40
.6

5
B

na
A

09
g2

95
90

D
un

kn
ow

n
17

60
CC

A
A

TA
A

G
A

TA
TG

TA
TC

G
G

CC
    

 |
| 

||
||

o|
||

|o
||

| 
||

| 
   

CG
TA

G
G

CT
A

TT
TT

A
TA

TA
TA

-C
CG

TT
G

TG
TG

T
D

T2
0.

00
1.

24
0.

00
0.

00
27

6
-2

.0
6

17
87

8
-1

.4
4

TC
TG

G
TT

CA
A

CA
TC

A
G

CA
CC

T
-

N
B

R
1

0.
00

18
.0

7
18

.0
7

0.
00

19
.2

9
19

.2
9

B
na

C0
9g

31
71

0D
un

kn
ow

n
42

3
TC

TG
G

TT
CA

A
CA

TC
A

G
CA

CC
T 

    
||

o|
 |

||
||

| 
||

||
 |

||
o 

   
G

A
G

A
A

G
G

CG
A

A
G

TT
G

G
A

G
TC

TT
G

G
G

A
A

TC
G

TG
D

T2
0.

00
3.

47
0.

00
0.

00
68

4
-0

.2
6

67
2

-0
.8

4

G
TC

A
A

TG
TA

CT
TG

A
TG

G
A

A
CC

+
N

B
R

1
0.

00
58

.2
5

58
.2

5
0.

00
59

.6
2

59
.6

2
B

na
C0

3g
16

87
0D

CO
B

R
A

-l
ik

e 
pr

ot
ei

n 
2

24
3

G
TC

A
A

TG
TA

CT
-T

G
A

TG
G

A
A

CC
    

|o
||

||
| 

||
| 

||
||

||
 |

| 
   

TG
TA

CG
G

TT
A

CT
TG

A
G

A
CT

A
CC

CT
G

TG
TA

TA
C

D
T2

0.
00

0.
27

0.
00

0.
00

2
0.

45
4

0.
26

A
G

G
G

A
CA

A
CG

A
G

TA
CA

A
CT

TG
+

N
B

R
1

0.
00

56
.5

7
56

.5
7

0.
00

48
.2

6
48

.2
6

B
na

A
09

g3
94

60
D

U
nc

ha
ra

ct
er

iz
ed

 m
em

br
an

e 
pr

ot
ei

n 
Yu

iD
17

1
A

G
G

G
A

CA
A

CG
A

G
T-

A
CA

A
CT

TG
    

||
o|

| 
||

 |
||

| 
||

||
 |

||
    

TC
TC

TC
TC

TT
TT

TC
TC

A
A

TG
TT

CA
A

CT
CA

CA
C

D
T2

0.
00

3.
02

0.
00

0.
00

86
1

-0
.8

5
47

3
0.

29

A
A

G
A

G
A

TT
G

A
TC

TG
A

A
CA

A
G

G
+

N
B

R
1

0.
26

25
0.

83
96

1.
57

0.
80

28
7.

10
36

0.
05

B
na

C0
6g

27
63

0D
H

em
e 

ox
yg

en
as

e 
1,

 c
hl

or
op

la
st

ic
14

02
A

A
G

A
G

A
TT

G
A

TC
TG

A
A

CA
A

G
G

    
 |

||
||

 |
||

||
 o

o|
||

||
| 

   
TT

TA
TT

CT
CA

A
A

CT
A

TG
TT

TG
TT

CG
TC

TT
CG

C
D

T3
0.

00
0.

73
0.

00
0.

00
25

25
0.

05
56

15
-0

.1
3

A
A

G
A

A
G

A
A

CA
A

TG
G

A
A

G
CA

TT
+

N
B

R
1

0.
00

25
2.

60
25

2.
60

0.
00

25
0.

67
25

0.
67

B
na

A
02

g0
63

80
D

Ex
on

uc
le

as
e 

V
, c

hl
or

op
la

st
ic

25
91

A
A

G
A

A
G

A
A

CA
A

TG
G

A
A

G
CA

TT
    

 |
||

||
||

||
||

o 
||

|o
| 

o|
    

TC
CG

TT
CT

TC
TT

G
TT

G
A

CT
TT

G
CG

A
G

A
CC

TA
G

D
T3

0.
00

0.
64

0.
00

0.
00

76
-0

.1
6

54
2

0.
37

A
CG

A
G

TT
TC

A
TG

G
A

CT
G

A
A

CT
+

N
B

R
1

0.
00

11
0.

77
11

0.
77

0.
00

18
5.

32
18

5.
32

B
na

A
05

g2
42

00
D

un
kn

ow
n

69
9

A
CG

A
G

TT
TC

A
TG

G
A

CT
G

A
A

CT
    

 |
 |

||
o|

o|
||

o|
| 

||
||

||
    

TC
TA

TA
CT

CG
A

G
G

TA
TC

T-
A

CT
TG

A
G

TG
TA

G
T

D
T3

0.
00

0.
50

0.
00

0.
00

11
64

35
-0

.8
3

11
65

67
-0

.3
0

TT
CA

CG
TC

A
A

G
CT

CA
CT

G
TT

G
A

-
N

B
R

1
0.

00
26

.2
7

26
.2

7
0.

00
49

.3
8

49
.3

8
B

na
C0

3g
68

57
0D

Pr
ot

ea
se

 2
36

30
TT

CA
-C

G
TC

A
A

G
CT

CA
CT

G
TT

G
A

    
|o

||
 |

|o
||

||
||

||
| 

 |
||

| 
   

TA
CA

G
G

TC
G

CG
G

TT
CG

A
G

TG
TA

A
A

CT
TG

TT
TT

D
T3

0.
00

0.
36

0.
00

0.
00

3
0.

80
4

0.
86

TT
CA

CG
TC

A
A

G
CT

CA
CT

G
TT

G
A

-
N

B
R

1
0.

00
26

.2
7

26
.2

7
0.

00
49

.3
8

49
.3

8
B

na
C0

6g
03

57
0D

Pr
ot

ea
se

 2
37

43
TT

CA
-C

G
TC

A
A

G
CT

CA
CT

G
TT

G
A

    
|o

||
 |

|o
||

||
||

||
| 

 |
||

| 
   

TA
CA

G
G

TC
G

CG
G

TT
CG

A
G

TG
TA

A
A

CT
TG

TT
TT

D
T3

0.
00

0.
36

0.
00

0.
00

12
15

0.
93

17
54

0.
17

O
ri

gi
n 

(g
en

e 
fa

m
ily

)
Ta

rg
et

 t
ra

ns
cr

ip
t 

ID
Pr

ed
ic

te
d 

ge
ne

 f
un

ct
io

n
Cl

ea
va

ge
 

po
si

ti
on

D
E 

ta
rg

et
 m

RN
A

3
va

-p
ha

si
RN

A
1

H
os

t 
m

RN
A

 t
ar

ge
ts

2

va
-p

ha
si

R
N

A
ds

R
N

A
 (

+)
 /

 (
-)

 
st

ra
nd

 v
a-

ph
as

iR
N

A

N
or

m
al

iz
ed

 r
ea

ds
 (

po
si

ti
ve

 /
 n

eg
at

iv
e)

vs
iR

N
A

:m
R

N
A

 t
ar

ge
t 

pa
ir

 (
5'

-3
' :

  3
'-

5'
)

Cl
ea

va
ge

 f
ou

nd
 in

 
PA

R
Es

eq
 r

ep
lic

at
es

 

Fr
ag

m
en

t 
si

gn
at

ur
es

 (
rp

m
)

m
R

N
A

 r
ea

ds
 &

 F
C(

lo
g2

)



  

 

G
G

CA
TA

A
CC

G
A

G
G

CG
G

A
TG

A
A

-
N

B
R

1
0.

00
21

.4
6

21
.4

6
0.

00
35

.2
6

35
.2

6
B

na
A

07
g3

21
10

D
un

kn
ow

n
13

4
G

G
CA

TA
A

CC
G

A
G

G
CG

G
A

TG
A

A
    

 |
 |

 |
||

||
||

|o
||

 |
oo

||
    

CT
G

CC
G

G
CA

TT
G

G
CT

CT
G

C-
TG

TT
TC

TA
CT

TA
D

T3
0.

00
1.

63
0.

00
0.

00
13

3
-1

.8
5

11
8

-0
.7

3

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
CT

G
A

-
N

B
R

1
4.

45
23

.8
4

5.
35

6.
18

50
.4

9
8.

17
B

na
A

03
g0

19
40

D
Tr

ic
ho

m
e 

bi
re

fr
in

ge
nc

e-
lik

e 
9

55
29

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
-C

TG
A

    
||

 |
||

o|
||

||
|o

| 
||

 |
|o

| 
   

A
CG

A
A

A
CC

G
A

G
A

CT
TT

CT
G

CG
G

A
G

A
TT

TT
TA

A
D

T3
0.

00
0.

82
0.

00
0.

00
11

24
0.

06
22

95
-0

.2
2

A
A

G
A

G
A

TT
G

A
TC

TG
A

A
CA

A
G

G
+

N
B

R
1

0.
26

25
0.

83
96

1.
57

0.
80

28
7.

10
36

0.
05

B
na

A
09

g0
43

40
D

A
LF

IN
-L

IK
E 

4
16

79
A

A
G

A
G

A
T-

TG
A

TC
TG

A
A

CA
A

G
G

    
 |

| 
|o

||
 |

||
||

|o
| 

||
|o

| 
   

TG
G

TT
G

TT
TA

G
A

CT
A

G
A

TT
G

G
TT

TC
TC

A
TT

CC
D

T3
0.

00
0.

05
0.

00
0.

00
23

54
0.

07
22

74
-0

.1
3

G
A

CG
A

G
TG

CA
G

TA
G

TA
G

A
A

TC
-

N
B

R
1

4.
41

29
.7

0
6.

74
2.

47
46

.9
3

19
.0

2
B

na
A

02
g3

41
40

D
Cl

as
si

ca
l a

ra
bi

no
ga

la
ct

an
 p

ro
te

in
 1

30
7

G
A

CG
A

G
TG

CA
G

TA
G

TA
G

A
A

TC
    

 |
||

||
o|

 |
||

 |
| 

||
||

||
    

TC
G

G
CT

G
CT

TA
-G

TC
TT

CC
TC

TT
A

G
TC

G
A

TT
T

D
T3

0.
00

0.
82

0.
00

0.
00

39
3

-0
.1

0
11

4
1.

21

G
A

A
G

A
A

TG
A

CG
TC

G
A

G
A

TA
A

C
+

N
B

R
1

0.
00

91
.4

6
91

.4
6

0.
00

80
.7

0
80

.7
0

B
na

C0
3g

05
12

0D
un

kn
ow

n
67

7
G

A
A

G
A

A
TG

A
CG

TC
G

A
G

A
TA

A
C 

    
||

||
 |

 |
||

||
||

 |
||

 |
| 

   
G

CG
G

CT
TC

A
T-

CT
G

CA
G

CG
CT

A
G

TG
CG

A
G

G
A

T
D

T3
0.

00
0.

09
0.

00
0.

00
39

2
0.

45
49

3
0.

62

G
TA

CA
CC

TG
A

A
A

TG
TA

A
A

CC
T

-
N

B
R

1
0.

90
14

.2
2

15
.8

5
0.

00
13

.9
4

13
.9

4
B

na
C0

2g
35

34
0D

un
kn

ow
n

51
2

G
TA

CA
CC

TG
A

A
A

TG
TA

A
A

CC
T 

    
||

| 
||

||
||

||
|o

o|
 |

| 
o 

   
G

G
CT

CA
T-

TG
G

A
CT

TT
A

TG
TA

TG
TG

TG
G

TG
CC

D
T3

0.
00

1.
04

0.
00

0.
00

10
9

-0
.6

2
78

-0
.5

8

TA
A

CC
G

A
G

G
CG

G
A

TG
A

A
CT

CC
-

N
B

R
1

0.
90

25
.6

3
28

.5
5

3.
48

65
.7

2
18

.8
8

B
na

C0
5g

17
82

0D
N

R
T1

/ 
PT

R
 F

A
M

IL
Y 

5.
10

11
53

TA
A

CC
G

A
G

G
CG

G
A

TG
A

A
CT

CC
    

 o
||

||
||

o|
| 

||
|o

| 
||

||
    

CG
A

TG
TT

G
G

CT
TC

G
A

CT
A

TT
A

G
A

G
G

TC
A

A
G

A
A

D
T3

0.
00

0.
86

0.
00

0.
00

17
29

-0
.0

6
11

92
-0

.3
5

TA
A

CC
G

A
G

G
CG

G
A

TG
A

A
CT

CC
C

-
N

B
R

1
0.

00
31

.4
7

31
.4

7
0.

00
82

.5
2

82
.5

2
B

na
C0

5g
17

82
0D

N
R

T1
/ 

PT
R

 F
A

M
IL

Y 
5.

10
11

53
TA

A
CC

G
A

G
G

CG
G

A
TG

A
A

CT
CC

C 
   o

||
||

||
o|

| 
||

|o
| 

||
||

    
CG

A
TG

TT
G

G
CT

TC
G

A
CT

A
TT

A
G

A
G

G
TC

A
A

G
A

A
D

T3
0.

00
0.

86
0.

00
0.

00
17

29
-0

.0
6

11
92

-0
.3

5

CG
A

CG
A

G
TG

CA
G

TA
G

TA
G

A
A

TC
-

N
B

R
1

4.
36

57
.2

4
13

.1
4

4.
90

15
3.

24
31

.2
5

B
na

A
02

g3
41

40
D

Cl
as

si
ca

l a
ra

bi
no

ga
la

ct
an

 p
ro

te
in

 1
30

8
CG

A
CG

A
G

TG
CA

G
TA

G
TA

G
A

A
TC

    
||

||
||

o|
 |

||
 |

| 
||

||
||

    
G

TC
G

G
CT

G
CT

TA
-G

TC
TT

CC
TC

TT
A

G
TC

G
A

TT
D

T3
0.

00
0.

09
0.

00
0.

00
39

3
-0

.1
0

11
4

1.
21

TC
CA

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
-

N
B

R
1

3.
55

29
.9

8
8.

44
5.

69
59

.0
3

10
.3

7
B

na
A

06
g1

54
00

D
 T

ol
B

 
16

28
TC

CA
TT

A
G

CT
TT

G
A

A
A

G
G

C-
A

CC
    

||
| 

||
|o

||
|o

 |
||

|o
| 

||
| 

   
TG

G
A

A
G

G
CA

A
TT

G
A

A
G

G
TT

TC
TG

G
TG

G
CC

A
G

A
D

T3
0.

00
0.

45
0.

00
0.

00
16

65
2

0.
59

19
92

9
1.

17

TG
A

TC
TG

A
CG

A
A

CA
A

G
A

G
G

CT
+

N
B

R
1

0.
26

72
.5

9
27

8.
29

0.
71

56
.8

3
80

.4
0

B
na

C0
3g

04
59

0D
H

is
to

ne
 H

3.
3

52
3

TG
A

TC
TG

A
CG

A
A

CA
A

G
A

G
G

CT
    

 o
o|

||
| 

||
||

||
||

||
 |

||
    

A
CT

CG
TT

A
G

A
G

TG
CT

TG
TT

CT
G

CG
A

CC
TT

G
CC

D
T3

0.
00

0.
05

0.
00

0.
00

17
64

0.
21

18
74

0.
88

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
CT

G
A

-
N

B
R

1
4.

45
23

.8
4

5.
35

6.
18

50
.4

9
8.

17
B

na
Cn

ng
46

65
0D

un
kn

ow
n

30
2

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
CT

G
A

    
||

 |
||

|o
||

||
||

  |
||

| 
| 

   
G

CC
CA

A
CC

G
A

A
G

CT
TT

CC
A

CG
G

G
A

-T
CC

TT
A

T
D

T3
0.

00
0.

09
0.

00
0.

00
30

33
0

-0
.5

2
74

78
-0

.5
2

A
A

CG
A

G
TT

TC
A

TG
G

A
CT

G
A

A
C

+
N

B
R

1
0.

00
81

.3
5

81
.3

5
0.

00
77

.9
5

77
.9

5
B

na
A

06
g0

57
80

D
Cy

st
ei

ne
 p

ro
te

in
as

e 
R

D
21

a
16

53
A

A
CG

A
G

TT
TC

A
TG

G
A

CT
G

A
A

C 
    

||
|o

||
|o

||
||

 o
 |

||
||

| 
   

G
TC

G
TT

G
TT

CA
G

A
G

TA
G

TC
G

A
CT

TG
TT

A
TC

CA
D

T3
0.

00
1.

41
0.

00
0.

00
31

5
0.

81
43

9
0.

67

A
TT

G
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
-

N
B

R
1

0.
85

32
.3

0
37

.8
3

5.
50

47
.7

2
8.

67
B

na
Cn

ng
46

65
0D

un
kn

ow
n

30
3

A
TT

G
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
    

 |
||

||
||

o|
||

||
| 

 |
||

| 
   

A
G

CC
CA

A
CC

G
A

A
G

CT
TT

CC
A

CG
G

G
A

TC
CT

TA
T

D
T3

0.
00

5.
04

0.
00

0.
00

30
33

0
-0

.5
2

74
78

-0
.5

2

A
A

G
A

G
A

TT
G

A
TC

TG
A

A
CA

A
G

G
A

+
N

B
R

1
2.

20
13

8.
96

63
.0

8
1.

41
16

5.
40

11
6.

99
B

na
A

09
g0

43
40

D
A

LF
IN

-L
IK

E 
4

16
79

A
A

G
A

G
A

T-
TG

A
TC

TG
A

A
CA

A
G

G
A

    
||

 |
o|

| 
||

||
||

o|
 |

||
o|

| 
   

TG
G

TT
G

TT
TA

G
A

CT
A

G
A

TT
G

G
TT

TC
TC

A
TT

CC
D

T3
0.

00
0.

05
0.

00
0.

00
23

54
0.

07
22

74
-0

.1
3

A
TT

A
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
-

N
B

R
1

0.
00

29
.3

5
29

.3
5

6.
77

43
.5

6
6.

43
B

na
A

10
g0

90
70

D
Th

io
re

do
xi

n 
Y2

, c
hl

or
op

la
st

ic
52

2
A

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
CT

    
 |

||
||

 |
||

 |
||

||
 |

||
| 

   
CA

A
CC

A
A

TC
G

-A
A

CG
TT

CC
G

A
G

G
G

A
G

G
A

CG
G

T
D

T3
0.

00
0.

68
0.

00
0.

00
12

55
-0

.7
3

95
9

-0
.1

0

CA
TG

G
CA

CG
CA

G
A

TC
G

TT
TG

G
A

+
N

B
R

1
0.

00
52

.4
2

52
.4

2
0.

00
12

7.
05

12
7.

05
B

na
A

09
g0

21
20

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 3
6,

 
ch

lo
ro

pl
as

ti
c

99
8

CA
TG

G
CA

CG
CA

G
A

TC
G

TT
-T

G
G

A
    

||
||

||
| 

||
 |

|o
||

||
 |

 |
| 

   
TC

TT
G

TA
CC

G
TT

CG
G

CT
G

G
CA

A
G

A
A

CT
CG

A
G

G
D

T3
0.

00
0.

82
0.

00
0.

00
28

19
01

-0
.3

9
18

62
38

-0
.5

3

A
A

G
A

A
G

A
A

CA
A

TG
G

A
A

G
CA

TT
+

N
B

R
1

0.
00

25
2.

60
25

2.
60

0.
00

25
0.

67
25

0.
67

B
na

C0
8g

47
95

0D
un

kn
ow

n
52

6
A

A
G

A
A

G
A

A
CA

A
TG

G
A

A
G

CA
TT

    
 |

||
||

||
||

||
o 

||
||

| 
o|

    
TC

CG
TT

CT
TC

TT
G

TT
G

A
CT

TC
G

CG
A

G
A

CC
CA

C
D

T3
0.

00
0.

64
0.

00
0.

00
8

0.
12

4
0.

38

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
CT

G
A

-
N

B
R

1
4.

45
23

.8
4

5.
35

6.
18

50
.4

9
8.

17
B

na
C0

3g
02

49
0D

un
kn

ow
n

33
59

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
-C

TG
A

    
||

 |
||

o|
||

||
|o

| 
||

 |
|o

| 
   

A
CG

A
A

A
CC

G
A

G
A

CT
TT

CT
G

CG
G

A
G

A
TT

TT
TA

A
D

T3
0.

00
0.

82
0.

00
0.

00
11

47
-0

.0
4

23
99

-0
.4

8

A
TG

G
A

CT
G

A
A

CT
TG

A
A

TG
CC

T
+

N
B

R
1

0.
00

13
1.

39
13

1.
39

2.
32

12
1.

20
52

.2
7

B
na

A
09

g1
62

30
D

Th
io

re
do

xi
n 

H
5

79
1

A
TG

G
A

CT
G

A
A

C-
TT

G
A

A
TG

CC
T 

   |
||

| 
||

||
||

 |
o|

||
o 

||
| 

   
G

CC
G

TA
CC

G
G

A
CT

TG
TA

G
CT

TG
A

G
G

A
A

A
CG

TT
D

T3
0.

00
2.

63
0.

00
0.

00
74

59
9

-0
.3

0
61

03
7

-0
.3

4

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
-

N
B

R
1

0.
85

71
.9

5
84

.2
5

0.
00

68
.0

9
68

.0
9

B
na

A
09

g4
26

30
D

 A
TH

B
-6

13
73

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
    

 |
||

||
||

|o
|o

 o
| 

||
||

||
    

G
CT

TA
G

G
TG

TC
TT

TT
TT

A
-T

TG
TC

TC
G

TA
A

A
A

D
T3

0.
00

0.
54

0.
00

0.
00

36
52

7
0.

09
27

82
3

0.
23

A
TT

A
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
-

N
B

R
1

0.
00

29
.3

5
29

.3
5

6.
77

43
.5

6
6.

43
B

na
Cn

ng
46

65
0D

un
kn

ow
n

30
3

A
TT

A
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
    

 |
| 

||
||

o|
||

||
| 

 |
||

| 
   

A
G

CC
CA

A
CC

G
A

A
G

CT
TT

CC
A

CG
G

G
A

TC
CT

TA
T

D
T3

0.
00

5.
04

0.
00

0.
00

30
33

0
-0

.5
2

74
78

-0
.5

2

A
A

G
G

G
A

TG
TA

G
CT

G
TT

G
A

G
CT

-
N

B
R

1
0.

00
34

.1
9

34
.1

9
0.

00
47

.2
6

47
.2

6
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
15

38
A

A
G

G
G

A
TG

TA
G

CT
G

TT
G

A
G

CT
    

 |
||

||
||

||
||

||
||

||
||

||
    

A
G

A
CT

TC
CC

TA
CA

TC
G

A
CA

A
CT

CG
A

CT
CT

G
CC

D
T3

0.
00

0.
23

0.
00

0.
00

29
59

5.
97

27
9

7.
49

G
TA

CA
TT

G
A

CA
TC

A
A

G
G

A
CA

A
-

N
B

R
1

0.
00

31
.9

2
31

.9
2

0.
00

35
.2

9
35

.2
9

B
na

C0
9g

21
01

0D
A

LF
IN

-L
IK

E 
6

24
94

G
TA

CA
TT

G
A

CA
TC

A
A

G
G

A
CA

A
    

 |
| 

||
||

||
||

| 
||

 o
||

||
    

TC
A

TC
A

CG
TA

A
CT

G
TA

A
TT

G
TT

G
TT

G
TT

G
TT

T
D

T3
0.

00
0.

05
0.

00
0.

00
31

12
-0

.1
9

33
11

0.
07

CT
A

CT
A

CT
G

TT
G

A
G

G
CC

TT
G

G
+

N
B

R
1

0.
00

61
.3

3
61

.3
3

0.
71

68
.3

6
96

.7
1

B
na

C0
1g

40
19

0D
Pr

ob
ab

le
 U

D
P-

N
-a

ce
ty

lg
lu

co
sa

m
in

e-
-p

ep
ti

de
 

N
-a

ce
ty

lg
lu

co
sa

m
in

yl
tr

an
sf

er
as

e 
SE

C
56

60
CT

A
CT

A
CT

G
TT

G
A

G
G

CC
TT

G
G

    
 |

o|
||

||
| 

||
||

o|
  |

||
o 

   
A

A
A

A
G

G
TG

A
TG

A
-A

A
CT

TC
A

CA
A

CT
CC

G
A

A
G

A
D

T3
0.

00
0.

05
0.

00
0.

00
17

71
0.

70
55

82
0.

03

A
A

CG
A

G
TT

TC
A

TG
G

A
CT

G
A

A
CT

+
N

B
R

1
0.

26
63

.5
3

24
3.

54
0.

71
13

8.
84

19
6.

41
B

na
A

06
g0

57
80

D
Cy

st
ei

ne
 p

ro
te

in
as

e 
R

D
21

a
16

53
A

A
CG

A
G

TT
TC

A
TG

G
A

CT
G

A
A

CT
    

||
|o

||
|o

||
||

 o
 |

||
||

| 
   

G
TC

G
TT

G
TT

CA
G

A
G

TA
G

TC
G

A
CT

TG
TT

A
TC

CA
D

T3
0.

00
1.

41
0.

00
0.

00
31

5
0.

81
43

9
0.

67

A
CG

A
A

G
A

CG
A

A
G

A
TG

A
A

G
A

TG
-

N
B

R
1

0.
85

5.
36

6.
28

0.
00

19
.5

6
19

.5
6

B
na

A
nn

g3
62

10
D

R
ib

ul
os

e 
bi

sp
ho

sp
ha

te
 c

ar
bo

xy
la

se
 s

m
al

l 
ch

ai
n 

F1
, c

hl
or

op
la

st
ic

10
64

A
CG

A
A

G
A

CG
A

A
G

A
TG

A
A

G
A

TG
    

 |
| 

||
||

||
||

||
 |

 |
 |

|o
    

TC
A

TT
G

G
TT

CT
G

CT
TC

TT
CG

T-
TA

TA
TC

TC
TA

TT
1

0.
00

0.
00

0.
00

0.
09

43
95

00
-1

.0
5

24
99

08
-0

.8
5

G
A

G
A

A
CT

CA
G

CA
TC

CA
G

A
G

G
G

-
N

B
R

1
0.

00
16

.0
9

16
.0

9
2.

47
37

.7
7

15
.3

1
B

na
A

04
g1

94
40

D
H

et
er

og
en

eo
us

 n
uc

le
ar

 r
ib

on
uc

le
op

ro
te

in
 1

14
21

G
A

G
A

A
CT

CA
G

CA
TC

CA
G

A
G

G
G

    
 o

 |
 |

||
||

||
||

| 
||

||
 |

    
TT

CA
TG

C-
TG

A
G

TC
G

TA
G

TT
CT

CA
CG

G
A

CT
TG

TT
2

0.
00

0.
00

0.
00

25
.4

5
35

3
-0

.1
0

62
4

0.
29

A
TT

G
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
-

N
B

R
1

0.
85

32
.3

0
37

.8
3

5.
50

47
.7

2
8.

67
B

na
C0

3g
02

49
0D

un
kn

ow
n

33
60

A
TT

G
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
    

 |
||

||
|o

||
||

||
o|

 |
| 

| 
   

G
A

CG
A

A
A

CC
G

A
G

A
CT

TT
CT

G
CG

G
-A

G
A

TT
TT

T
TT

2
0.

00
0.

00
0.

00
17

.6
2

11
47

-0
.0

4
23

99
-0

.4
8

CC
TG

A
G

G
A

CT
TG

A
G

A
G

CT
TC

C
-

N
B

R
1

0.
00

25
.9

9
25

.9
9

0.
00

39
.8

1
39

.8
1

B
na

C0
8g

30
15

0D
F-

bo
x/

ke
lc

h-
re

pe
at

 p
ro

te
in

 S
K

IP
20

43
CC

TG
A

G
G

A
CT

-T
G

A
G

A
G

CT
TC

C 
   |

|o
||

 |
||

| 
||

|o
||

|o
||

| 
   

TT
TA

G
G

G
CT

G
CT

G
A

G
A

CT
TT

CG
G

A
G

G
A

CA
A

TG
TT

2
0.

00
0.

00
0.

00
14

.8
8

26
45

4
-0

.0
7

26
28

0
0.

19

A
CA

A
CG

A
G

TA
CA

A
CT

TG
G

A
G

C
+

N
B

R
1

0.
00

63
.1

1
63

.1
1

0.
81

54
.5

2
66

.9
3

B
na

A
06

g3
89

80
D

N
it

ri
la

se
 2

15
37

A
CA

A
CG

-A
G

TA
CA

A
CT

TG
G

A
G

C 
    

||
| 

||
 |

||
| 

||
||

||
| 

o|
    

TG
G

TG
TA

G
CT

TC
A

TA
TT

G
A

A
CC

G
TG

CA
CG

CT
A

TT
2

0.
00

0.
00

0.
00

22
.1

8
25

81
5

0.
19

27
25

9
-0

.3
2

A
TT

G
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
-

N
B

R
1

0.
85

32
.3

0
37

.8
3

5.
50

47
.7

2
8.

67
B

na
A

03
g0

19
40

D
Tr

ic
ho

m
e 

bi
re

fr
in

ge
nc

e-
lik

e 
9

55
30

A
TT

G
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
    

 |
||

||
|o

||
||

||
o|

 |
| 

| 
   

G
A

CG
A

A
A

CC
G

A
G

A
CT

TT
CT

G
CG

G
-A

G
A

TT
TT

T
TT

2
0.

00
0.

00
0.

00
17

.6
2

11
24

0.
06

22
95

-0
.2

2

G
A

G
A

A
CT

CA
G

CA
TC

CA
G

A
G

G
G

-
N

B
R

1
0.

00
16

.0
9

16
.0

9
2.

47
37

.7
7

15
.3

1
B

na
C0

4g
43

83
0D

H
et

er
og

en
eo

us
 n

uc
le

ar
 r

ib
on

uc
le

op
ro

te
in

 1
15

13
G

A
G

A
A

CT
CA

G
CA

TC
CA

G
A

G
G

G
    

 o
 |

 |
||

||
||

||
| 

||
||

 |
    

TT
CA

TG
C-

TG
A

G
TC

G
TA

G
TT

CT
CA

CG
G

A
CT

TG
TT

2
0.

00
0.

00
0.

00
25

.4
5

13
23

-0
.0

2
11

41
0.

02

A
TT

G
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
-

N
B

R
1

0.
85

32
.3

0
37

.8
3

5.
50

47
.7

2
8.

67
B

na
A

10
g3

05
00

D
un

kn
ow

n
28

58
A

TT
G

G
CT

TT
G

A
A

A
G

G
CA

CC
CT

    
 |

||
||

|o
||

||
||

o|
 |

| 
| 

   
G

A
CG

A
A

A
CC

G
A

G
A

CT
TT

CT
G

CG
G

-A
G

G
TT

TT
T

TT
2

0.
00

0.
00

0.
00

17
.6

2
17

0.
83

6
0.

57

A
TA

CA
TA

TC
TT

A
TT

G
G

A
G

G
A

TG
+

N
B

R
1

1.
68

12
3.

57
73

.5
0

0.
71

13
9.

20
19

6.
92

B
na

A
09

g0
68

20
D

B
et

a-
ur

ei
do

pr
op

io
na

se
92

3
A

TA
CA

TA
TC

TT
A

TT
G

G
A

G
G

A
TG

    
||

 |
||

||
||

o 
||

 |
||

||
|o

    
G

CA
CT

A
G

G
TA

TA
G

A
G

A
A

A
G

CT
CC

TA
TC

CT
A

A
G

TT
3

0.
00

0.
00

0.
00

0.
09

16
6

0.
24

27
5

0.
49



  

 

G
TA

G
A

A
TC

CA
TC

G
TT

CA
CG

G
A

T
-

N
B

R
1

0.
00

38
.8

6
38

.8
6

0.
00

94
.4

3
94

.4
3

B
na

A
08

g2
80

40
D

3-
ke

to
ac

yl
-C

oA
 t

hi
ol

as
e 

1,
 p

er
ox

is
om

al
16

13
G

TA
G

A
A

T-
CC

A
TC

G
TT

CA
CG

G
A

T 
   |

| 
||

||
 |

||
||

||
o|

||
o|

| 
   

A
TC

CA
G

CT
TA

G
G

G
TA

G
CA

G
G

TG
TC

TT
TG

A
CA

A
TT

3
0.

00
0.

00
0.

00
0.

05
48

2
0.

12
65

4
0.

38

TT
G

G
CT

TT
G

A
A

A
G

G
CA

CC
CT

G
A

-
N

B
R

1
2.

61
19

.4
8

7.
48

10
.6

6
37

.6
5

3.
53

B
na

Cn
ng

46
65

0D
un

kn
ow

n
30

2
TT

G
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
G

A
    

||
||

||
|o

||
||

||
  |

||
| 

| 
   

G
CC

CA
A

CC
G

A
A

G
CT

TT
CC

A
CG

G
G

A
-T

CC
TT

A
T

TT
3

0.
00

0.
00

0.
00

0.
14

30
33

0
-0

.5
2

74
78

-0
.5

2

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
CT

G
CT

-
N

B
R

1
0.

00
17

.5
4

17
.5

4
0.

00
24

.0
2

24
.0

2
B

na
C0

7g
39

07
0D

N
B

R
1 

ho
m

ol
og

 
36

84
CA

G
A

G
A

G
CG

TC
A

A
CA

G
A

CT
G

CT
    

||
o|

||
||

 |
||

||
||

||
||

||
    

A
G

G
TG

TT
TC

TC
G

G
A

G
TT

G
TC

TG
A

CG
A

G
G

TT
CA

TT
3

0.
00

0.
00

0.
00

0.
05

22
41

1.
36

59
53

1.
44

A
CG

A
G

TG
CA

G
TA

G
TA

G
A

A
TC

C
-

N
B

R
1

2.
61

45
.1

0
17

.3
1

4.
12

73
.7

3
17

.9
1

B
na

C0
8g

14
68

0D
un

kn
ow

n
11

52
A

CG
A

G
TG

CA
G

TA
G

TA
G

A
A

TC
C 

    
||

| 
||

||
||

||
||

||
|o

    
TA

A
CG

G
CT

-A
CG

TC
A

TC
A

TC
TT

G
CC

CT
A

CC
CT

TT
3

0.
00

0.
00

0.
00

0.
23

28
2

-0
.3

2
31

1
0.

34

CT
G

TC
CA

TT
A

G
CT

TT
G

A
A

A
G

G
C

-
N

B
R

1
0.

00
4.

85
4.

85
0.

00
22

.2
0

22
.2

0
B

na
A

05
g3

33
70

D
Pr

ob
ab

le
 p

ro
te

in
 p

ho
sp

ha
ta

se
 2

C 
33

23
61

CT
G

TC
CA

TT
A

G
CT

TT
G

A
A

A
G

G
C 

   |
||

||
||

 |
|o

||
||

||
||

| 
| 

   
G

A
G

A
G

A
CA

G
G

T-
A

TT
G

A
A

A
CT

TT
CG

G
A

A
TT

CT
TT

3
0.

00
0.

00
0.

00
0.

05
53

94
0.

00
33

87
0.

21

TC
TG

G
TT

CA
A

CA
TC

A
G

CA
CC

T
-

N
B

R
1

0.
00

18
.0

7
18

.0
7

0.
00

19
.2

9
19

.2
9

B
na

C0
1g

16
55

0D
N

B
R

1 
ho

m
ol

og
26

45
TC

TG
G

TT
CA

A
CA

TC
A

G
CA

CC
T 

    
||

||
||

||
||

||
||

||
||

||
| 

   
TC

G
A

A
G

A
CC

A
A

G
TT

G
TA

G
TC

G
TG

G
A

A
A

G
TG

A
T

TT
3

0.
00

0.
00

0.
00

0.
19

72
01

1.
42

15
40

9
0.

96

CA
CC

A
A

CG
TT

CG
A

CT
G

CA
CA

G
T

-
N

B
R

1
0.

00
13

.6
1

13
.6

1
0.

00
39

.8
8

39
.8

8
B

na
C0

3g
32

94
0D

S-
ad

en
os

yl
m

et
hi

on
in

e 
de

ca
rb

ox
yl

as
e 

pr
oe

nz
ym

e 
3

88
0

CA
CC

A
A

CG
TT

CG
A

CT
G

CA
CA

G
T 

   |
 |

||
||

|o
||

||
 |

||
||

||
o 

   
A

A
G

CG
A

G
G

TT
G

CG
A

G
CT

CA
CG

TG
TC

G
G

TG
TC

T
TT

3
0.

00
0.

00
0.

00
0.

60
60

57
7

-0
.2

2
56

26
0

-0
.1

6

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
CT

G
C

-
N

B
R

1
0.

00
48

.3
7

48
.3

7
1.

42
52

.4
1

36
.8

4
B

na
C0

7g
39

07
0D

N
B

R
1 

ho
m

ol
og

36
84

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
CT

G
C 

    
||

o|
||

||
 |

||
||

||
||

||
| 

   
A

G
G

TG
TT

TC
TC

G
G

A
G

TT
G

TC
TG

A
CG

A
G

G
TT

CA
TT

3
0.

00
0.

00
0.

00
0.

05
22

41
1.

36
59

53
1.

44

TT
A

G
G

A
A

CA
A

CA
G

G
CT

CA
A

CT
-

N
B

R
1

0.
00

47
.0

7
47

.0
7

4.
12

53
.6

2
13

.0
2

B
na

A
03

g4
68

80
D

N
B

R
1 

ho
m

ol
og

24
54

TT
A

G
G

A
A

CA
A

CA
G

G
CT

CA
A

CT
    

 |
||

||
||

||
||

||
||

||
||

| 
   

TC
A

CA
A

TC
CT

TG
TT

G
TC

CG
A

G
TT

G
CA

G
TG

G
TT

TT
3

0.
00

0.
00

0.
00

0.
05

27
40

0.
77

48
43

0.
45

TC
CA

A
TA

A
G

A
TA

TG
TA

TC
G

G
CC

-
N

B
R

1
0.

00
22

.4
3

22
.4

3
0.

00
43

.3
7

43
.3

7
B

na
C0

7g
39

07
0D

N
B

R
1 

ho
m

ol
og

30
28

TC
CA

A
TA

A
G

A
TA

TG
TA

TC
G

G
CC

    
||

||
||

||
||

 |
||

||
||

|o
||

    
TA

G
TA

G
G

TT
A

TT
CT

TT
A

CA
TA

G
CT

G
G

TC
CA

TT
TT

3
0.

00
0.

00
0.

00
0.

09
22

41
1.

36
59

53
1.

44

A
G

G
A

CA
A

A
G

CG
A

CT
G

TC
TA

G
CT

-
N

B
R

1
0.

00
12

.3
7

12
.3

7
0.

00
22

.8
7

22
.8

7
B

na
C0

8g
11

76
0D

N
B

R
1 

ho
m

ol
og

17
44

A
G

G
A

CA
A

A
G

CG
A

CT
G

TC
TA

G
CT

    
||

 |
||

||
||

| 
||

||
| 

||
||

    
TA

G
TT

CG
TG

TT
TC

G
CC

G
A

CA
G

TT
CG

A
A

TC
CG

G
TT

3
0.

00
0.

00
0.

00
0.

32
12

75
1.

12
19

41
0.

66

TT
G

A
TG

CA
TC

CT
TG

A
A

G
G

G
CT

+
N

B
R

1
0.

00
24

.5
8

24
.5

8
0.

00
39

.0
9

39
.0

9
B

na
A

01
g1

75
00

D
D

O
W

N
Y 

M
IL

D
EW

 R
ES

IS
TA

N
CE

 6
 

83
3

TT
G

A
TG

CA
TC

CT
TG

A
A

G
G

G
CT

    
 |

||
||

 |
||

||
||

| 
|o

o|
||

    
CG

G
TA

A
CT

A
-G

TA
G

G
A

A
CA

TT
TC

G
A

CT
TC

TG
G

TT
3

0.
00

0.
00

0.
00

0.
19

88
3

0.
90

13
33

1.
24

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
C

-
N

B
R

1
0.

00
26

.8
0

26
.8

0
0.

00
44

.0
2

44
.0

2
B

na
A

03
g4

68
80

D
N

B
R

1 
ho

m
ol

og
 

27
22

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
C 

   |
||

||
|o

||
||

| 
||

||
||

||
| 

   
A

TT
G

A
G

G
TG

TT
TC

TC
G

G
A

G
TT

G
TC

TG
A

CG
A

G
G

TT
3

0.
00

0.
00

0.
00

0.
09

27
40

0.
77

48
43

0.
45

TG
CA

G
A

TG
A

G
G

A
A

CC
G

CC
A

CC
-

N
B

R
1

0.
00

38
.9

2
38

.9
2

0.
00

36
.1

0
36

.1
0

B
na

A
01

g0
41

30
D

un
kn

ow
n

94
00

TG
CA

G
A

TG
A

G
G

A
A

CC
G

CC
A

CC
    

 |
||

||
||

| 
||

| 
||

o|
 |

| 
   

G
A

CC
A

CG
TC

TA
CA

CC
TC

G
G

TG
TT

G
A

TA
G

G
G

G
T

TT
3

0.
00

0.
00

0.
00

0.
69

16
2

0.
10

36
8

0.
12

CT
G

CT
CC

A
A

G
TT

G
TA

CT
CG

TT
-

N
B

R
1

0.
00

23
.6

9
23

.6
9

0.
00

19
.1

1
19

.1
1

B
na

C0
7g

36
33

0D
Le

uc
in

e-
ri

ch
 r

ep
ea

t 
re

ce
pt

or
-l

ik
e 

se
ri

ne
/t

hr
eo

ni
ne

-p
ro

te
in

 k
in

as
e 

B
A

M
3

26
73

CT
G

CT
CC

-A
A

G
TT

G
TA

CT
CG

TT
    

 |
|o

||
||

 |
||

o|
||

||
 |

o|
o 

   
CA

TG
A

TG
A

G
G

TT
TC

G
A

CA
TG

TG
TA

G
CG

A
G

A
A

G
TT

3
0.

00
0.

00
0.

00
0.

37
13

1
-0

.3
3

81
-0

.3
4

CA
G

TA
G

TA
G

A
A

TC
CA

TC
G

TT
CA

-
N

B
R

1
0.

00
10

.8
0

10
.8

0
0.

00
22

.3
5

22
.3

5
B

na
C0

4g
33

98
0D

W
A

T1
-r

el
at

ed
 p

ro
te

in
 A

t4
g1

55
40

16
04

CA
G

TA
G

TA
G

A
A

TC
CA

TC
G

TT
CA

    
||

||
| 

||
||

||
||

| 
 |

o|
||

    
TA

G
TG

TC
A

T-
A

TC
TT

A
G

G
TT

TC
G

A
G

TT
A

TA
G

T
TT

3
0.

00
0.

00
0.

00
0.

37
36

44
0.

44
76

41
1.

19

TG
CC

CG
TC

G
TG

TA
TG

TC
A

CT
C

+
N

B
R

1
0.

00
40

.7
5

40
.7

5
0.

71
62

.9
6

89
.0

7
B

na
A

01
g0

49
10

D
A

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
, c

hl
or

op
la

st
ic

23
79

TG
CC

CG
TC

G
TG

TA
TG

TC
A

CT
C 

    
||

 |
||

||
o|

||
 |

o|
||

||
| 

   
G

TG
A

A
CA

G
G

CA
G

TA
CA

-A
TA

G
TG

A
G

A
CG

G
TG

C
TT

3
0.

00
0.

00
0.

00
0.

28
67

2
0.

41
11

34
0.

78

A
G

A
G

A
G

CG
TC

A
A

CA
G

A
CT

G
CT

-
N

B
R

1
0.

00
29

.4
7

29
.4

7
0.

00
25

.5
3

25
.5

3
B

na
A

03
g4

68
80

D
N

B
R

1 
ho

m
ol

og
 

27
17

A
G

A
G

A
G

CG
TC

A
A

CA
G

A
CT

G
CT

    
 |

o|
||

||
 |

||
||

||
||

||
||

    
G

G
TG

TT
TC

TC
G

G
A

G
TT

G
TC

TG
A

CG
A

G
G

TT
CA

A
TT

3
0.

00
0.

00
0.

00
0.

14
27

40
0.

77
48

43
0.

45

G
TA

G
A

A
TC

CA
TC

G
TT

CA
CG

G
A

T
-

N
B

R
1

0.
00

38
.8

6
38

.8
6

0.
00

94
.4

3
94

.4
3

B
na

C0
8g

00
92

0D
3-

ke
to

ac
yl

-C
oA

 t
hi

ol
as

e 
2,

 p
er

ox
is

om
al

14
94

G
TA

G
A

A
T-

CC
A

TC
G

TT
CA

CG
G

A
T 

   |
| 

||
||

 |
||

||
||

o|
||

o|
| 

   
A

TC
CA

G
CT

TA
G

G
G

TA
G

CA
G

G
TG

TC
TT

TG
A

CA
A

TT
3

0.
00

0.
00

0.
00

0.
05

40
6

0.
20

67
4

0.
66

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
C

-
N

B
R

1
0.

00
26

.8
0

26
.8

0
0.

00
44

.0
2

44
.0

2
B

na
C0

7g
39

07
0D

N
B

R
1 

ho
m

ol
og

36
88

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
C 

   |
||

||
|o

||
||

| 
||

||
||

||
| 

   
A

TT
G

A
G

G
TG

TT
TC

TC
G

G
A

G
TT

G
TC

TG
A

CG
A

G
G

TT
3

0.
00

0.
00

0.
00

0.
09

22
41

1.
36

59
53

1.
44

TC
A

CG
TC

A
A

G
CT

CA
CT

G
TT

G
A

-
N

B
R

1
0.

00
42

.3
7

42
.3

7
0.

00
55

.1
2

55
.1

2
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
21

44
TC

A
CG

TC
A

A
G

CT
CA

CT
G

TT
G

A
    

 |
||

||
||

||
||

||
||

||
||

||
    

TG
A

A
A

G
TG

CA
G

TT
CG

A
G

TG
A

CA
A

CT
A

TC
CG

TG
TT

3
0.

00
0.

00
0.

00
0.

14
29

59
5.

97
27

9
7.

49

TT
A

G
G

A
A

CA
A

CA
G

G
CT

CA
A

CT
-

N
B

R
1

0.
00

47
.0

7
47

.0
7

4.
12

53
.6

2
13

.0
2

B
na

A
01

g1
40

50
D

N
B

R
1 

ho
m

ol
og

25
90

TT
A

G
G

A
A

CA
A

CA
G

G
CT

CA
A

CT
    

 |
||

||
||

||
||

||
||

||
||

||
    

TC
A

CA
A

TC
CT

TG
TT

G
TC

CG
A

G
TT

G
A

A
G

TG
G

TT
TT

3
0.

00
0.

00
0.

00
0.

09
29

59
5.

97
27

9
7.

49

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
-

N
B

R
1

0.
85

71
.9

5
84

.2
5

0.
00

68
.0

9
68

.0
9

B
na

A
03

g4
68

80
D

N
B

R
1 

ho
m

ol
og

27
22

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
    

 |
||

||
|o

||
||

| 
||

||
||

||
    

A
TT

G
A

G
G

TG
TT

TC
TC

G
G

A
G

TT
G

TC
TG

A
CG

A
G

G
TT

3
0.

00
0.

00
0.

00
0.

09
27

40
0.

77
48

43
0.

45

A
CC

A
CC

G
A

TC
CA

A
A

CG
A

TC
TG

-
N

B
R

1
0.

90
24

.9
3

27
.7

7
4.

08
40

.9
8

10
.0

5
B

na
A

05
g3

50
60

D
B

et
a-

gl
uc

os
id

as
e 

33
23

11
A

CC
A

CC
G

A
TC

CA
A

A
CG

A
TC

TG
    

 |
 |

 |
||

||
||

||
||

o|
||

oo
    

A
G

TC
TC

G
-G

G
CT

A
G

G
TT

TG
TT

A
G

G
TT

G
G

G
CT

A
TT

3
0.

00
0.

00
0.

00
0.

14
67

0.
19

56
-0

.1
2

CA
TC

G
G

A
A

TG
TT

TG
A

TC
CC

G
A

-
N

B
R

1
0.

85
80

.2
2

93
.9

4
2.

06
80

.7
5

39
.2

2
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
25

46
CA

TC
G

G
A

A
TG

TT
TG

A
TC

CC
G

A
    

 |
||

||
||

||
||

||
||

||
||

||
    

G
A

A
A

G
TA

G
CC

TT
A

CA
A

A
CT

A
G

G
G

CT
TC

TT
CG

A
TT

3
0.

00
0.

00
0.

00
0.

14
29

59
5.

97
27

9
7.

49

A
G

G
A

CA
A

A
G

CG
A

CT
G

TC
TA

G
CT

-
N

B
R

1
0.

00
12

.3
7

12
.3

7
0.

00
22

.8
7

22
.8

7
B

na
C0

7g
39

07
0D

N
B

R
1 

ho
m

ol
og

25
76

A
G

G
A

CA
A

A
G

CG
A

CT
G

TC
TA

G
CT

    
||

 |
||

||
||

||
||

||
| 

||
 |

    
TA

G
TT

CG
TG

TT
TC

G
CT

G
A

CA
G

CT
CA

A
A

TC
A

G
G

TT
3

0.
00

0.
00

0.
00

0.
32

22
41

1.
36

59
53

1.
44

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
CT

G
CT

-
N

B
R

1
0.

00
17

.5
4

17
.5

4
0.

00
24

.0
2

24
.0

2
B

na
A

03
g4

68
80

D
N

B
R

1 
ho

m
ol

og
27

18
CA

G
A

G
A

G
CG

TC
A

A
CA

G
A

CT
G

CT
    

||
o|

||
||

 |
||

||
||

||
||

||
    

A
G

G
TG

TT
TC

TC
G

G
A

G
TT

G
TC

TG
A

CG
A

G
G

TT
CA

TT
3

0.
00

0.
00

0.
00

0.
05

27
40

0.
77

48
43

0.
45

CA
TC

G
G

A
A

TG
TT

TG
A

TC
CC

G
A

-
N

B
R

1
0.

85
80

.2
2

93
.9

4
2.

06
80

.7
5

39
.2

2
B

na
C0

1g
16

55
0D

N
B

R
1 

ho
m

ol
og

26
73

CA
TC

G
G

A
A

TG
TT

TG
A

TC
CC

G
A

    
 |

||
||

||
||

||
||

||
||

||
||

    
G

A
A

A
G

TA
G

CC
TT

A
CA

A
A

CT
A

G
G

G
CT

TC
TT

CG
A

TT
3

0.
00

0.
00

0.
00

0.
14

72
01

1.
42

15
40

9
0.

96

A
G

G
A

CT
TG

A
G

A
G

CT
TC

CC
G

A
G

-
N

B
R

1
0.

00
34

.6
0

34
.6

0
2.

06
61

.1
2

29
.6

9
B

na
C0

7g
47

57
0D

A
ux

in
-r

es
po

ns
iv

e 
pr

ot
ei

n 
SA

U
R

23
 

26
A

G
G

A
CT

TG
A

G
A

G
CT

TC
CC

G
A

G
    

 |
|o

||
 |

||
||

o|
||

 |
 |

||
    

G
A

CG
TC

TT
G

CA
CT

CT
TG

A
A

CG
A

CT
CG

TA
TC

TC
TT

3
0.

00
0.

00
0.

00
0.

93
11

27
0.

63
45

4
-0

.1
6

TT
A

G
G

A
A

CA
A

CA
G

G
CT

CA
A

CT
-

N
B

R
1

0.
00

47
.0

7
47

.0
7

4.
12

53
.6

2
13

.0
2

B
na

C0
1g

16
55

0D
N

B
R

1 
ho

m
ol

og
27

17
TT

A
G

G
A

A
CA

A
CA

G
G

CT
CA

A
CT

    
 |

||
||

||
||

||
||

||
||

||
||

    
TC

A
CA

A
TC

CT
TG

TT
G

TC
CG

A
G

TT
G

A
A

G
TG

G
TT

TT
3

0.
00

0.
00

0.
00

0.
05

72
01

1.
42

15
40

9
0.

96

TT
A

G
G

A
A

CA
A

CA
G

G
CT

CA
A

CT
-

N
B

R
1

0.
00

47
.0

7
47

.0
7

4.
12

53
.6

2
13

.0
2

B
na

C0
3g

43
12

0D
A

ux
in

-r
es

po
ns

iv
e 

pr
ot

ei
n 

IA
A

2
73

3
TT

A
G

G
A

A
CA

A
CA

G
G

C-
TC

A
A

CT
    

||
||

o|
 |

||
||

o|
| 

||
||

||
    

A
CG

CA
A

TC
TT

CG
TT

G
TT

CG
CA

G
TT

G
A

TG
TT

TC
TT

3
0.

00
0.

00
0.

00
0.

05
25

15
0.

12
10

03
2

-1
.7

7

TA
A

CA
CT

G
TT

G
TG

CC
TA

A
CA

CT
+

N
B

R
1

0.
52

26
.4

5
50

.7
0

0.
00

40
.3

8
40

.3
8

B
na

C0
1g

03
28

0D
N

LP
2

31
96

TA
A

CA
CT

G
TT

G
TG

CC
TA

A
CA

CT
    

||
||

| 
||

||
 |

| 
|o

||
||

|o
    

A
A

G
G

A
TT

G
TC

A
CA

A
-A

CA
G

G
TT

G
TG

G
TT

TC
CT

TT
3

0.
00

0.
00

0.
00

0.
14

17
2

-0
.3

2
30

2
0.

20

TT
G

A
G

A
TT

CG
TT

G
G

A
TT

TG
G

A
-

N
B

R
1

0.
00

15
.3

0
15

.3
0

0.
00

21
.6

4
21

.6
4

B
na

A
01

g1
40

50
D

N
B

R
1 

ho
m

ol
og

12
00

TT
G

A
G

A
TT

CG
TT

G
G

A
TT

TG
G

A
    

 |
||

||
||

||
||

||
||

||
||

||
    

G
G

A
CA

A
CT

CT
A

A
G

CA
A

CC
TA

A
A

CC
TA

A
A

CC
TC

TT
3

0.
00

0.
00

0.
00

0.
09

29
59

5.
97

27
9

7.
49

TC
CA

A
TA

A
G

A
TA

TG
TA

TC
G

G
CC

-
N

B
R

1
0.

00
22

.4
3

22
.4

3
0.

00
43

.3
7

43
.3

7
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
21

95
TC

CA
A

TA
A

G
A

TA
TG

TA
TC

G
G

CC
    

||
||

||
||

||
||

||
||

||
||

||
    

TA
G

G
A

G
G

TT
A

TT
CT

A
TA

CA
TA

G
CC

G
G

TC
CA

CT
TT

3
0.

00
0.

00
0.

00
0.

37
29

59
5.

97
27

9
7.

49

CT
G

CT
CC

A
A

G
TT

G
TA

CT
CG

TT
-

N
B

R
1

0.
00

23
.6

9
23

.6
9

0.
00

19
.1

1
19

.1
1

B
na

A
01

g1
40

50
D

N
B

R
1 

ho
m

ol
og

28
49

CT
G

CT
CC

A
A

G
TT

G
TA

CT
CG

TT
    

 |
||

||
||

||
||

||
||

||
||

||
    

G
TC

TG
A

CG
A

G
G

TT
CA

A
CA

TG
A

G
CA

A
CA

G
G

G
A

G
TT

3
0.

00
0.

00
0.

00
0.

05
29

59
5.

97
27

9
7.

49



  

 

CC
AC

TG
CA

CT
CG

TC
G

TC
AA

G
G

+
N

BR
1

1.
68

21
.0

6
12

.5
3

0.
80

55
.4

2
69

.5
1

Bn
aC

05
g0

45
90

D
O

xy
ge

n-
ev

ol
vi

ng
 e

nh
an

ce
r p

ro
te

in
 2

, 
ch

lo
ro

pl
as

tic
98

1
CC

A
CT

G
CA

CT
CG

TC
G

TC
A

A
G

G
    

 |
||

||
||

| 
| 

||
 |

||
||

o|
    

CA
A

CG
G

TG
A

CG
T-

A
A

CA
A

CA
G

TT
TC

G
G

A
G

G
G

A
TT

3
0.

00
0.

00
0.

00
14

.0
2

84
17

4
-0

.3
1

77
60

9
-0

.1
2

CA
TG

G
AC

TG
AA

CT
TG

AA
TG

CC
+

N
BR

1
0.

00
17

9.
80

17
9.

80
0.

81
19

2.
60

23
6.

42
Bn

aC
07

g4
30

40
D

CB
L-

in
te

ra
ct

in
g 

se
rin

e/
th

re
on

in
e-

pr
ot

ei
n 

ki
na

se
 6

16
33

CA
TG

G
A

CT
G

A
A

-C
TT

G
A

A
TG

CC
    

||
o|

o|
||

||
| 

||
||

||
| 

| 
   

CT
TA

G
TG

CT
TG

A
CT

TA
G

A
A

CT
TA

G
G

TT
G

TT
A

T
TT

3
0.

00
0.

00
0.

00
0.

05
75

28
-1

.2
9

40
24

-0
.6

5

AG
G

CG
G

AT
G

AA
CT

CC
CA

CT
G

CT
-

N
BR

1
0.

00
8.

19
8.

19
0.

00
23

.2
4

23
.2

4
Bn

aA
09

g5
62

40
D

Se
rin

e/
ar

gi
ni

ne
-r

ic
h 

sp
lic

in
g 

fa
ct

or
 S

R4
5

28
51

A
G

G
CG

G
A

TG
A

A
CT

CC
CA

CT
G

CT
    

||
||

||
 |

||
 |

| 
| 

||
||

||
    

CT
CC

TC
CG

CC
-A

CT
CG

A
CG

A
TG

A
CG

A
CG

A
CA

A
TT

3
0.

00
0.

00
0.

00
0.

19
48

7
0.

34
35

0
-0

.3
2

TT
AG

G
AA

CA
AC

AG
G

CT
CA

AC
T

-
N

BR
1

0.
00

47
.0

7
47

.0
7

4.
12

53
.6

2
13

.0
2

Bn
aC

07
g3

90
70

D
N

BR
1 

ho
m

ol
og

34
29

TT
A

G
G

A
A

CA
A

CA
G

G
CT

CA
A

CT
    

 |
||

||
||

||
||

||
||

||
||

| 
   

TC
A

CA
A

TC
CT

TG
TT

G
TC

CG
A

G
TT

G
CA

G
TG

G
TT

TT
3

0.
00

0.
00

0.
00

0.
05

22
41

1.
36

59
53

1.
44

CT
TT

AG
AC

TT
G

AA
TC

TA
G

G
CC

C
-

N
BR

1
0.

00
22

.1
1

22
.1

1
0.

00
41

.5
9

41
.5

9
Bn

aA
10

g0
07

00
D

3-
ke

to
ac

yl
-C

oA
 s

yn
th

as
e 

1 
14

80
CT

-T
TA

G
A

CT
TG

A
A

TC
TA

G
G

CC
C 

   |
| 

||
| 

||
||

||
| 

|o
||

o|
||

    
CG

TG
A

CA
A

TG
TG

A
A

CT
TT

G
G

TC
TG

G
G

TT
TG

CG
TT

3
0.

00
0.

00
0.

00
0.

23
46

1
-2

.0
1

29
47

-1
.4

3

AC
AG

CT
TG

AT
CT

G
G

AC
AT

G
G

C
+

N
BR

1
1.

77
42

.4
1

23
.9

0
2.

34
99

.0
9

42
.4

1
Bn

aC
09

g4
56

10
D

CB
S 

do
m

ai
n-

co
nt

ai
ni

ng
 p

ro
te

in
 C

BS
X3

, 
m

ito
ch

on
dr

ia
l

17
33

A
CA

G
CT

TG
-A

TC
TG

G
A

CA
TG

G
C 

    
||

||
||

||
 |

||
| 

||
| 

|o
o|

    
TA

G
TG

TC
G

A
A

CG
TA

G
A

A
CT

G
G

A
TT

G
TA

G
TC

TA
TT

3
0.

00
0.

00
0.

00
0.

09
19

10
7

0.
02

24
88

1
0.

61

TT
TG

AA
AG

G
CA

CC
CT

G
AA

G
CG

C
-

N
BR

1
0.

85
6.

92
8.

10
1.

42
24

.4
5

17
.1

8
Bn

aC
03

g4
44

40
D

Pr
ob

ab
le

 E
3 

ub
iq

ui
tin

-p
ro

te
in

 li
ga

se
 X

ER
IC

O
29

9
TT

TG
A

A
A

G
G

CA
CC

CT
G

A
A

G
CG

C 
   |

|o
||

 |
||

||
| 

||
||

| 
|o

| 
   

CT
TA

A
A

G
CT

G
TC

CG
TG

TG
A

CT
T-

G
TG

A
G

CG
A

C
TT

3
0.

00
0.

00
0.

00
0.

09
1

-0
.8

5
10

0.
44

TC
CA

CA
G

AG
AG

CG
TC

AA
CA

G
A

-
N

BR
1

0.
85

71
.9

5
84

.2
5

0.
00

68
.0

9
68

.0
9

Bn
aC

08
g1

17
60

D
N

BR
1 

ho
m

ol
og

27
81

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
    

 |
||

||
|o

||
||

|o
||

||
||

||
    

A
TT

G
A

G
G

TG
TT

TC
TC

G
TA

G
TT

G
TC

TG
A

CG
A

G
G

TT
3

0.
00

0.
00

0.
00

0.
09

12
75

1.
12

19
41

0.
66

AG
AG

AG
CG

TC
AA

CA
G

AC
TG

CT
-

N
BR

1
0.

00
29

.4
7

29
.4

7
0.

00
25

.5
3

25
.5

3
Bn

aC
07

g3
90

70
D

N
BR

1 
ho

m
ol

og
36

83
A

G
A

G
A

G
CG

TC
A

A
CA

G
A

CT
G

CT
    

 |
o|

||
||

 |
||

||
||

||
||

||
    

G
G

TG
TT

TC
TC

G
G

A
G

TT
G

TC
TG

A
CG

A
G

G
TT

CA
A

TT
3

0.
00

0.
00

0.
00

0.
14

22
41

1.
36

59
53

1.
44

AC
AG

CT
TG

AT
CT

TG
AC

AT
G

G
C

+
N

BR
1

1.
67

19
.4

7
11

.6
6

0.
00

38
.6

3
38

.6
3

Bn
aA

10
g2

15
10

D
CB

S 
do

m
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 C
BS

X3
, 

m
ito

ch
on

dr
ia

l
88

2
A

CA
G

CT
TG

-A
TC

TT
G

A
CA

TG
G

C 
    

||
||

||
||

 |
||

||
||

| 
|o

o|
    

TA
G

TG
TC

G
A

A
CG

TA
G

A
A

CT
G

G
A

TT
G

TA
G

TC
TA

TT
3

0.
00

0.
00

0.
00

0.
09

70
46

0.
26

27
40

4
0.

73

TG
AT

G
TT

AT
G

AT
G

G
CT

G
TG

CC
+

N
BR

1
0.

00
22

.7
4

22
.7

4
0.

00
61

.1
6

61
.1

6
Bn

aA
01

g3
41

00
D

50
S 

rib
os

om
al

 p
ro

te
in

 L
2,

 c
hl

or
op

la
st

ic
73

6
TG

A
TG

TT
A

TG
-A

TG
G

CT
G

TG
CC

    
o 

||
o|

||
||

 |
||

||
o|

||
||

    
TA

A
A

G
A

TA
TA

A
TA

CA
TA

CC
G

G
CA

CG
G

A
TT

CC
C

TT
3

0.
00

0.
00

0.
00

0.
14

15
9

-0
.9

5
23

3
-0

.6
4

CC
AC

AG
AG

AG
CG

TC
AA

CA
G

AC
-

N
BR

1
0.

00
58

.9
5

58
.9

5
0.

00
40

.7
3

40
.7

3
Bn

aC
01

g1
65

50
D

N
BR

1 
ho

m
ol

og
29

93
CC

A
CA

G
A

G
A

G
CG

TC
A

A
CA

G
A

C 
    

||
||

||
||

||
||

||
||

||
||

| 
   

TT
G

A
G

G
TG

TC
TC

TC
G

CA
G

TT
G

TC
TG

A
CG

A
G

G
T

TT
3

0.
00

0.
00

0.
00

0.
19

72
01

1.
42

15
40

9
0.

96

G
TC

CA
TT

AG
CT

TT
G

AA
AG

G
CA

C
-

N
BR

1
0.

00
6.

27
6.

27
0.

00
11

.9
6

11
.9

6
Bn

aA
10

g1
31

00
D

L-
ty

pe
 le

ct
in

-d
om

ai
n 

co
nt

ai
ni

ng
 re

ce
pt

or
 

ki
na

se
 I.

7
37

3
G

TC
CA

TT
A

G
CT

TT
G

A
A

A
G

G
CA

C 
   |

||
||

| 
||

 |
||

||
|o

||
 |

    
CT

TC
G

A
G

G
TA

A
CC

G
CA

A
CT

TT
TC

G
G

G
CT

TC
TT

TT
3

0.
00

0.
00

0.
00

0.
09

26
1.

30
35

0.
40

TT
CA

CC
AG

CG
G

AA
G

G
AA

CT
TC

-
N

BR
1

0.
00

22
.8

3
22

.8
3

0.
00

35
.8

9
35

.8
9

Bn
aC

09
g4

48
10

D
N

AD
H

 d
eh

yd
ro

ge
na

se
 [u

bi
qu

in
on

e]
 ir

on
-s

ul
fu

r 
pr

ot
ei

n 
7,

 m
ito

ch
on

dr
ia

l
14

42
TT

CA
CC

A
G

CG
G

A
A

G
G

A
A

CT
TC

    
 |

o|
||

||
| 

| 
||

|o
||

 |
o|

    
A

A
CA

A
G

G
TG

G
TC

A
CG

TT
CT

TT
-A

G
G

A
A

CG
CG

G
TT

3
0.

00
0.

00
0.

00
6.

43
26

46
-0

.5
7

39
36

-0
.0

3

AA
G

G
AT

G
TA

TC
TA

AG
AA

G
AC

C
+

N
BR

1
0.

00
35

.7
6

35
.7

6
0.

00
55

.4
6

55
.4

6
Bn

aA
01

g2
95

10
D

Ph
os

ph
oi

no
si

tid
e 

ph
os

ph
at

as
e 

SA
C2

48
11

A
A

G
G

A
TG

TA
TC

TA
A

G
A

A
G

A
CC

    
 |

|o
||

|o
||

||
o|

| 
||

||
 |

    
A

G
A

G
TT

TC
TA

TA
TA

G
G

TT
G

TT
CT

A
G

A
TT

CA
A

T
TT

3
0.

00
0.

00
0.

00
0.

05
32

1
-0

.7
0

82
4

-0
.4

9

TA
G

AA
TC

CA
TC

G
TT

CA
CG

G
AT

-
N

BR
1

2.
61

37
.5

5
14

.4
1

2.
66

80
.6

6
30

.3
6

Bn
aC

nn
g3

63
90

D
Et

hy
le

ne
-r

es
po

ns
iv

e 
tr

an
sc

rip
tio

n 
fa

ct
or

 
ER

F1
06

85
1

TA
G

A
A

TC
CA

TC
G

TT
CA

CG
G

A
T 

    
||

 |
||

 |
||

|o
||

||
|o

||
| 

   
TA

CA
A

T-
TT

A
CG

TA
G

TA
A

G
TG

TC
TA

G
TG

A
A

CT
TT

3
0.

00
0.

00
0.

00
0.

14
54

21
0.

31
46

71
-0

.6
7

CT
AC

TA
CT

G
TT

G
AG

G
CC

TT
G

G
+

N
BR

1
0.

00
61

.3
3

61
.3

3
0.

71
68

.3
6

96
.7

1
Bn

aA
04

g2
67

70
D

Tr
an

sc
rip

tio
n 

fa
ct

or
 b

H
LH

70
90

1
CT

A
CT

A
CT

G
TT

G
A

G
G

CC
TT

G
G

    
 |

| 
||

||
|o

||
||

 |
||

| 
||

    
CG

A
G

G
A

G
G

A
TG

A
TA

A
CT

G
CG

G
A

-C
CA

G
A

G
G

G
A

TT
3

0.
00

0.
00

0.
00

0.
19

6
0.

77
2

0.
45

TA
CA

TA
TC

TT
AT

TG
G

AG
G

AT
G

+
N

BR
1

0.
00

72
.4

2
72

.4
2

0.
00

77
.6

8
77

.6
8

Bn
aC

04
g3

66
80

D
F-

bo
x/

ke
lc

h-
re

pe
at

 p
ro

te
in

 A
t1

g6
48

40
10

66
TA

CA
TA

TC
TT

A
TT

G
G

A
G

G
A

TG
    

 |
 |

||
||

 |
||

| 
|o

 |
||

||
    

G
G

TG
A

G
G

TA
TA

-A
A

TA
TC

TG
CC

TA
CA

A
G

G
TG

A
TT

3
0.

00
0.

00
0.

00
0.

14
0

N
A

0
N

A

TT
AG

G
AA

CA
AC

AG
G

CT
CA

AC
T

-
N

BR
1

0.
00

47
.0

7
47

.0
7

4.
12

53
.6

2
13

.0
2

Bn
aC

01
g1

38
10

D
M

ito
ch

on
dr

ia
l p

yr
uv

at
e 

ca
rr

ie
r 4

11
96

TT
A

G
G

A
A

CA
A

CA
G

G
CT

CA
A

CT
    

 |
| 

| 
||

||
||

||
||

||
 |

||
    

A
A

G
A

A
A

CC
G

TT
G

TT
G

TC
CG

A
G

G
TG

A
A

G
TC

TA
C

TT
3

0.
00

0.
00

0.
00

0.
14

51
0

-0
.3

1
62

7
0.

25

CT
TT

AG
AC

TT
G

AA
TC

TA
G

G
CC

C
-

N
BR

1
0.

00
22

.1
1

22
.1

1
0.

00
41

.5
9

41
.5

9
Bn

aC
05

g0
07

80
D

3-
ke

to
ac

yl
-C

oA
 s

yn
th

as
e 

1 
91

3
CT

-T
TA

G
A

CT
TG

A
A

TC
TA

G
G

CC
C 

   |
| 

||
| 

||
||

||
| 

|o
||

o|
||

    
CG

TG
A

CA
A

TG
TG

A
A

CT
TT

G
G

TC
TG

G
G

TT
TG

CG
TT

3
0.

00
0.

00
0.

00
0.

23
55

5
-1

.3
9

12
55

-1
.3

1

TC
CA

CA
G

AG
AG

CG
TC

AA
CA

G
A

-
N

BR
1

0.
85

71
.9

5
84

.2
5

0.
00

68
.0

9
68

.0
9

Bn
aA

01
g1

40
50

D
N

BR
1 

ho
m

ol
og

28
70

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
    

 |
||

||
||

||
||

||
||

||
||

||
    

A
TT

G
A

G
G

TG
TC

TC
TC

G
CA

G
TT

G
TC

TG
A

CG
A

G
G

TT
3

0.
00

0.
00

0.
00

0.
14

29
59

5.
97

27
9

7.
49

TG
AT

G
TT

AT
G

AT
G

G
CT

G
TG

CC
+

N
BR

1
0.

00
22

.7
4

22
.7

4
0.

00
61

.1
6

61
.1

6
Bn

aC
09

g1
66

40
D

50
S 

rib
os

om
al

 p
ro

te
in

 L
2,

 c
hl

or
op

la
st

ic
73

6
TG

A
TG

TT
A

TG
-A

TG
G

CT
G

TG
CC

    
o 

||
o|

||
||

 |
||

||
o|

||
||

    
TA

A
A

G
A

TA
TA

A
TA

CA
TA

CC
G

G
CA

CG
G

A
TT

CC
C

TT
3

0.
00

0.
00

0.
00

0.
14

11
9

-1
.0

8
17

5
-0

.7
7

AT
G

G
AC

AG
CT

TG
AT

CT
G

G
AC

A
+

N
BR

1
0.

26
38

.4
1

14
7.

26
0.

00
72

.7
3

72
.7

3
Bn

aC
09

g3
78

30
D

un
kn

ow
n

51
8

A
TG

G
A

CA
G

-C
TT

G
A

TC
TG

G
A

CA
    

 |
||

o|
||

| 
||

||
| 

||
||

 |
| 

   
G

CT
TA

CT
TG

TC
A

G
A

A
CT

TG
A

CC
A

G
TT

A
TA

G
CT

TT
3

0.
00

0.
00

0.
00

0.
05

17
78

0.
17

21
81

0.
97

CA
G

AG
AG

CG
TC

AA
CA

G
AC

TG
C

-
N

BR
1

0.
00

48
.3

7
48

.3
7

1.
42

52
.4

1
36

.8
4

Bn
aA

03
g4

68
80

D
N

BR
1 

ho
m

ol
og

27
18

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
CT

G
C 

    
||

o|
||

||
 |

||
||

||
||

||
| 

   
A

G
G

TG
TT

TC
TC

G
G

A
G

TT
G

TC
TG

A
CG

A
G

G
TT

CA
TT

3
0.

00
0.

00
0.

00
0.

05
27

40
0.

77
48

43
0.

45

AA
G

AG
G

TC
G

TT
G

TC
AT

CA
AC

A
-

N
BR

1
0.

85
20

.6
2

24
.1

4
0.

00
35

.1
0

35
.1

0
Bn

aA
05

g2
55

10
D

Eu
ka

ry
ot

ic
 in

iti
at

io
n 

fa
ct

or
 4

A-
1

18
29

A
A

G
A

G
G

TC
-G

TT
G

TC
A

TC
A

A
CA

    
 |

||
||

o|
| 

||
o|

| 
||

||
||

| 
   

CG
G

TT
CT

CT
A

G
TC

A
G

CA
CT

A
G

TT
G

TG
TG

CT
CT

TT
3

0.
00

0.
00

0.
00

0.
05

58
05

0.
09

80
38

0.
09

AA
AC

AC
TA

AT
CG

AG
G

AT
TT

G
G

A
-

N
BR

1
0.

85
12

.8
0

14
.9

9
2.

47
38

.7
2

15
.6

9
Bn

aC
02

g1
02

20
D

Ra
s-

re
la

te
d 

pr
ot

ei
n 

RA
BA

2d
40

2
A

A
A

CA
CT

A
A

TC
G

A
G

G
A

TT
TG

G
A

    
||

||
|o

||
| 

| 
||

|o
||

||
| 

   
TT

A
A

G
TT

G
TG

G
TT

A
CC

A
CC

TG
A

A
CC

TA
A

G
G

TT
TT

3
0.

00
0.

00
0.

00
0.

09
32

0
-1

.1
9

76
7

-1
.8

3

AA
CG

AG
TT

TC
AT

G
G

AC
TG

AA
C

+
N

BR
1

0.
00

81
.3

5
81

.3
5

0.
00

77
.9

5
77

.9
5

Bn
aA

03
g1

09
10

D
Pr

ob
ab

le
 p

yr
uv

at
e 

ki
na

se
, c

yt
os

ol
ic

 is
oz

ym
e

49
2

A
A

CG
A

G
TT

TC
A

TG
G

A
CT

G
A

A
C 

    
||

| 
||

||
||

 |
|o

 |
||

||
| 

   
A

G
G

A
TT

G
-T

CA
A

A
G

G
A

CT
G

G
A

CT
TG

G
TT

CA
G

G
TT

3
0.

00
0.

00
0.

00
0.

05
72

2
1.

19
13

99
0.

71

G
AG

AG
G

TC
G

TT
G

TC
AT

CA
AC

A
-

N
BR

1
0.

00
17

.0
3

17
.0

3
0.

00
26

.1
8

26
.1

8
Bn

aA
05

g2
55

10
D

Eu
ka

ry
ot

ic
 in

iti
at

io
n 

fa
ct

or
 4

A-
1

18
29

G
A

G
A

G
G

TC
-G

TT
G

TC
A

TC
A

A
CA

    
 o

||
||

o|
| 

||
o|

| 
||

||
||

| 
   

CG
G

TT
CT

CT
A

G
TC

A
G

CA
CT

A
G

TT
G

TG
TG

CT
CT

TT
3

0.
00

0.
00

0.
00

0.
05

58
05

0.
09

80
38

0.
09

TC
CA

CA
G

AG
AG

CG
TC

AA
CA

G
AC

-
N

BR
1

0.
00

26
.8

0
26

.8
0

0.
00

44
.0

2
44

.0
2

Bn
aA

01
g1

40
50

D
N

BR
1 

ho
m

ol
og

28
70

TC
CA

CA
G

A
G

A
G

CG
TC

A
A

CA
G

A
C 

   |
||

||
||

||
||

||
||

||
||

||
| 

   
A

TT
G

A
G

G
TG

TC
TC

TC
G

CA
G

TT
G

TC
TG

A
CG

A
G

G
TT

3
0.

00
0.

00
0.

00
0.

14
29

59
5.

97
27

9
7.

49

TG
CC

CG
TC

G
TG

TA
TG

TC
AC

TC
+

N
BR

1
0.

00
40

.7
5

40
.7

5
0.

71
62

.9
6

89
.0

7
Bn

aC
01

g0
64

60
D

As
pa

rt
at

e 
am

in
ot

ra
ns

fe
ra

se
, c

hl
or

op
la

st
ic

29
66

TG
CC

CG
TC

G
TG

TA
TG

TC
A

CT
C 

    
||

 |
||

||
o|

||
 |

o|
||

||
| 

   
G

TG
A

A
CA

G
G

CA
G

TA
CA

-A
TA

G
TG

A
G

A
CG

G
TG

C
TT

3
0.

00
0.

00
0.

00
0.

28
23

05
0.

33
27

77
0.

34

TG
CA

G
AT

G
AG

G
AA

CC
G

CC
AC

C
-

N
BR

1
0.

00
38

.9
2

38
.9

2
0.

00
36

.1
0

36
.1

0
Bn

aC
01

g0
55

90
D

un
kn

ow
n

95
65

TG
CA

G
A

TG
A

G
G

A
A

CC
G

CC
A

CC
    

 |
||

||
||

| 
||

||
||

o|
 |

| 
   

G
A

CC
A

CG
TC

TA
CA

CC
TT

G
G

TG
TT

G
A

TA
G

G
G

G
T

TT
3

0.
00

0.
00

0.
00

0.
69

19
5

-0
.1

4
36

0
0.

04

TT
AG

CT
TT

G
AA

AG
G

CA
CC

CT
G

-
N

BR
1

0.
00

15
.4

3
15

.4
3

0.
00

25
.5

2
25

.5
2

Bn
aA

10
g1

65
90

D
M

yb
 fa

m
ily

 tr
an

sc
rip

tio
n 

fa
ct

or
 A

PL
10

3
TT

A
G

CT
TT

G
A

A
A

G
G

CA
CC

CT
G

    
 |

||
| 

||
|o

||
| 

||
| 

||
||

    
TT

A
G

A
A

TC
A

A
A

A
TT

TT
A

CG
TC

G
G

A
CG

A
A

G
A

G
A

TT
3

0.
00

0.
00

0.
00

0.
05

26
8

0.
54

32
9

0.
31

AA
G

AA
TG

AC
G

TC
G

AG
AT

AA
CC

+
N

BR
1

0.
00

61
.0

6
61

.0
6

0.
00

48
.5

1
48

.5
1

Bn
aA

06
g0

66
00

D
AP

-1
 c

om
pl

ex
 s

ub
un

it 
m

u-
2

10
1

A
A

G
A

A
TG

A
CG

TC
G

A
G

A
TA

A
CC

    
 |

||
||

||
| 

|o
 |

||
||

 |
 |

    
TC

TC
TT

CT
TA

CT
-C

G
A

CT
CT

A
G

TA
G

TA
G

TA
CT

TT
3

0.
00

0.
00

0.
00

0.
37

19
47

0.
21

25
63

0.
00

TC
CA

AT
AA

G
AT

AT
G

TA
TC

G
G

CC
-

N
BR

1
0.

00
22

.4
3

22
.4

3
0.

00
43

.3
7

43
.3

7
Bn

aC
05

g3
37

90
D

Cy
cl

in
-d

ep
en

de
nt

 k
in

as
e 

in
hi

bi
to

r 6
49

7
TC

CA
A

TA
A

G
A

TA
TG

TA
TC

G
G

CC
    

||
| 

||
||

||
 |

||
o 

||
|o

||
    

A
TC

G
A

G
G

CT
A

TT
CT

-T
A

CG
A

A
G

CT
G

G
A

G
G

A
G

T
TT

3
0.

00
0.

00
0.

00
0.

14
61

2
-0

.0
6

52
3

0.
45

TC
CA

AT
AA

G
AT

AT
G

TA
TC

G
G

CC
-

N
BR

1
0.

00
22

.4
3

22
.4

3
0.

00
43

.3
7

43
.3

7
Bn

aC
08

g1
17

60
D

N
BR

1 
ho

m
ol

og
21

28
TC

CA
A

TA
A

G
A

TA
TG

TA
TC

G
G

CC
    

||
||

||
||

||
 |

||
||

||
|o

||
    

TA
G

G
A

G
G

TT
A

TT
CT

TT
A

CA
TA

G
CT

G
G

TC
CA

TT
TT

3
0.

00
0.

00
0.

00
0.

37
12

75
1.

12
19

41
0.

66



  

 

TT
AG

G
AA

CA
AC

AG
G

CT
CA

AC
T

-
N

BR
1

0.
00

47
.0

7
47

.0
7

4.
12

53
.6

2
13

.0
2

Bn
aC

03
g4

31
30

D
Au

xi
n-

re
sp

on
si

ve
 p

ro
te

in
 IA

A2
29

44
TT

AG
GA

AC
AA

CA
GG

C-
TC

AA
CT

    
||

||
o|

 ||
||

|o
||

 ||
||

||
    

AC
GC

AA
TC

TT
CG

TT
GT

TC
GC

AG
TT

GA
TG

TT
TC

TT
3

0.
00

0.
00

0.
00

0.
05

27
2

0.
65

39
5

-1
.7

7

AA
CG

AG
TT

TC
AT

G
G

AC
TG

AA
CT

+
N

BR
1

0.
26

63
.5

3
24

3.
54

0.
71

13
8.

84
19

6.
41

Bn
aC

03
g1

35
90

D
Pr

ob
ab

le
 p

yr
uv

at
e 

ki
na

se
, c

yt
os

ol
ic

 is
oz

ym
e

18
07

AA
CG

AG
TT

TC
AT

GG
AC

TG
AA

CT
    

||
| |

||
||

| |
|o

 ||
||

||
o 

   
AG

GA
TT

G-
TC

AA
AG

GA
CT

GG
AC

TT
GG

TT
CA

GG
TT

3
0.

00
0.

00
0.

00
0.

05
86

6
1.

07
22

35
0.

29

AG
G

AC
TT

G
AG

AG
CT

TC
CC

G
AG

C
-

N
BR

1
0.

85
8.

07
9.

45
0.

00
38

.0
0

38
.0

0
Bn

aC
07

g4
75

70
D

Au
xi

n-
re

sp
on

si
ve

 p
ro

te
in

 S
AU

R2
3 

26
AG

GA
CT

TG
AG

AG
CT

TC
CC

GA
GC

    
||

o|
| |

||
||

o|
||

 | 
||

||
    

GA
CG

TC
TT

GC
AC

TC
TT

GA
AC

GA
CT

CG
TA

TC
TC

TT
3

0.
00

0.
00

0.
00

0.
93

11
27

0.
63

45
4

-0
.1

6

CA
AC

TT
G

G
AG

CA
G

TC
TG

TT
G

AC
+

N
BR

1
0.

00
52

.7
0

52
.7

0
0.

81
83

.9
9

10
3.

10
Bn

aC
07

g3
27

20
D

un
kn

ow
n

10
31

CA
AC

TT
GG

AG
CA

GT
CT

GT
TG

AC
    

||
||

||
|o

||
|  

||
| |

| |
|  

  
TC

TG
GT

TG
AA

CT
TC

GA
GA

GA
GA

A-
TG

TG
TG

TT
TT

3
0.

00
0.

00
0.

00
0.

23
54

49
0.

03
44

78
0.

00

CT
G

CT
CC

AA
G

TT
G

TA
CT

CG
TT

-
N

BR
1

0.
00

23
.6

9
23

.6
9

0.
00

19
.1

1
19

.1
1

Bn
aA

07
g0

68
30

D
un

kn
ow

n
12

60
CT

GC
TC

CA
AG

TT
GT

AC
TC

GT
T  

   |
||

||
| |

||
||

|o
 ||

|o
o|

    
AT

AC
GA

CG
AG

TT
TC

AA
CG

CG
AG

TG
AG

AC
GG

TA
TT

3
0.

00
0.

00
0.

00
0.

09
51

8
0.

10
54

0
0.

27

CT
G

CT
CC

AA
G

TT
G

TA
CT

CG
TT

-
N

BR
1

0.
00

23
.6

9
23

.6
9

0.
00

19
.1

1
19

.1
1

Bn
aC

01
g1

65
50

D
N

BR
1 

ho
m

ol
og

29
73

CT
GC

TC
CA

AG
TT

GT
AC

TC
GT

T  
   |

||
||

||
||

||
||

||
||

||
||

    
GT

CT
GA

CG
AG

GT
TC

AA
CA

TG
AG

CA
AC

AG
GG

AG
TT

3
0.

00
0.

00
0.

00
0.

05
72

01
1.

42
15

40
9

0.
96

CC
TG

AG
G

AC
TT

G
AG

AG
CT

TC
C

-
N

BR
1

0.
00

25
.9

9
25

.9
9

0.
00

39
.8

1
39

.8
1

Bn
aA

01
g1

40
50

D
N

BR
1 

ho
m

ol
og

 
97

1
CC

TG
AG

GA
CT

TG
AG

AG
CT

TC
C 

    
||

||
||

||
||

||
||

||
||

||
|  

  
GA

AA
GG

AC
TC

CT
GA

AC
TC

TC
GA

AG
GG

AT
CG

AA
TT

3
0.

00
0.

00
0.

00
0.

05
29

59
5.

97
27

9
7.

49

TC
AC

G
TC

AA
G

CT
CA

CT
G

TT
G

A
-

N
BR

1
0.

00
42

.3
7

42
.3

7
0.

00
55

.1
2

55
.1

2
Bn

aC
01

g1
65

50
D

N
BR

1 
ho

m
ol

og
 

22
69

TC
AC

GT
CA

AG
CT

CA
CT

GT
TG

A 
    

||
||

||
||

||
||

||
||

||
||

|  
  

TG
AA

AG
TG

CA
GT

TC
GA

GT
GA

CA
AC

TA
TC

CG
TG

TT
3

0.
00

0.
00

0.
00

0.
14

72
01

1.
42

15
40

9
0.

96

AA
CA

AG
AG

G
CT

G
CT

G
AA

G
AA

G
+

N
BR

1
0.

00
39

.7
3

39
.7

3
0.

00
34

.1
7

34
.1

7
Bn

aA
03

g1
90

60
D

N
RT

1/
 P

TR
 F

AM
IL

Y 
5.

1
59

94
AA

CA
AG

AG
GC

TG
CT

GA
AG

AA
G 

    
| |

||
||

o|
||

o 
| |

||
||

|  
  

AC
AG

TG
GT

TC
TT

CG
AT

AA
GT

TC
TT

CA
AG

GG
TT

TT
3

0.
00

0.
00

0.
00

0.
69

20
97

-0
.0

3
13

12
0.

10

CA
CC

AA
CG

TT
CG

AC
TG

CA
CA

G
T

-
N

BR
1

0.
00

13
.6

1
13

.6
1

0.
00

39
.8

8
39

.8
8

Bn
aA

09
g3

82
20

D
M

et
hy

le
ne

te
tr

ah
yd

ro
fo

la
te

 re
du

ct
as

e 
1

26
77

CA
CC

AA
CG

TT
CG

AC
TG

CA
CA

GT
    

||
||

||
||

||
 ||

 |o
| |

||
|  

  
CG

AA
GT

GG
TT

GC
AA

AC
T-

AT
GG

GT
CA

AG
GG

AC
TT

3
0.

00
0.

00
0.

00
0.

14
16

70
-0

.1
0

20
02

-0
.6

4

TC
TG

G
TT

CA
AC

AT
CA

G
CA

CC
T

-
N

BR
1

0.
00

18
.0

7
18

.0
7

0.
00

19
.2

9
19

.2
9

Bn
aA

01
g1

40
50

D
N

BR
1 

ho
m

ol
og

 
25

18
TC

TG
GT

TC
AA

CA
TC

AG
CA

CC
T  

   |
||

||
||

||
||

||
||

||
||

||
    

TC
GA

AG
AC

CA
AG

TT
GT

AG
TC

GT
GG

AA
AG

TG
AT

TT
3

0.
00

0.
00

0.
00

0.
19

29
59

5.
97

27
9

7.
49

TT
G

G
CT

TT
G

AA
AG

G
CA

CC
CT

G
A

-
N

BR
1

2.
61

19
.4

8
7.

48
10

.6
6

37
.6

5
3.

53
Bn

aA
03

g0
19

40
D

Tr
ic

ho
m

e 
bi

re
fr

in
ge

nc
e-

lik
e 

9
55

29
TT

GG
CT

TT
GA

AA
GG

CA
CC

-C
TG

A 
   |

||
||

|o
||

||
||

o|
 ||

 ||
o|

    
AC

GA
AA

CC
GA

GA
CT

TT
CT

GC
GG

AG
AT

TT
TT

AA
TT

3
0.

00
0.

00
0.

00
0.

37
11

24
0.

06
22

95
-0

.2
2

CC
AA

TA
AG

AT
AT

G
TA

TC
G

G
CC

-
N

BR
1

0.
00

34
.1

3
34

.1
3

0.
00

40
.6

5
40

.6
5

Bn
aC

nn
g0

63
20

D
un

kn
ow

n
89

0
CC

AA
TA

AG
AT

AT
GT

AT
CG

GC
C 

    
||

||
 ||

 ||
||

|o
||

 |o
||

    
GA

TA
GG

TT
-T

TG
TA

TA
CG

TA
TC

TG
GA

GG
GG

CT
TT

3
0.

00
0.

00
0.

00
0.

09
97

0.
27

33
5

0.
84

TG
AT

G
TT

AT
G

AT
G

G
CT

G
TG

CC
+

N
BR

1
0.

00
22

.7
4

22
.7

4
0.

00
61

.1
6

61
.1

6
Bn

aA
06

g1
93

20
D

50
S 

rib
os

om
al

 p
ro

te
in

 L
2,

 c
hl

or
op

la
st

ic
85

8
TG

AT
GT

TA
TG

-A
TG

GC
TG

TG
CC

    
o 

||
o|

||
||

 ||
||

|o
||

||
|  

  
TA

AA
GA

TA
TA

AT
AC

AT
AC

CG
GC

AC
GG

AT
TC

CC
TT

3
0.

00
0.

00
0.

00
0.

14
13

4
-1

.2
1

19
1

-0
.7

9

TA
G

AA
TC

CA
TC

G
TT

CA
CG

G
AT

T
-

N
BR

1
0.

85
31

.9
3

37
.4

0
0.

00
12

7.
67

12
7.

67
Bn

aC
nn

g3
63

90
D

Et
hy

le
ne

-r
es

po
ns

iv
e 

tr
an

sc
rip

tio
n 

fa
ct

or
 

ER
F1

06
85

1
TA

GA
AT

CC
AT

CG
TT

CA
CG

GA
TT

    
||

 ||
| |

||
|o

||
||

|o
||

|o
    

TA
CA

AT
-T

TA
CG

TA
GT

AA
GT

GT
CT

AG
TG

AA
CT

TT
3

0.
00

0.
00

0.
00

0.
14

54
21

0.
31

46
71

-0
.6

7

AG
G

AC
AA

AG
CG

AC
TG

TC
TA

G
CT

-
N

BR
1

0.
00

12
.3

7
12

.3
7

0.
00

22
.8

7
22

.8
7

Bn
aA

03
g4

68
80

D
N

BR
1 

ho
m

ol
og

 
16

03
AG

GA
CA

AA
GC

GA
CT

GT
CT

AG
CT

    
||

 ||
||

||
||

||
||

||
 ||

 | 
   

TA
GT

TC
GT

GT
TT

CG
CT

GA
CA

GC
TC

AA
AT

CA
GG

TT
3

0.
00

0.
00

0.
00

0.
32

27
40

0.
77

48
43

0.
45

CT
G

AG
G

G
AC

AA
CG

AG
TA

CA
AC

T
+

N
BR

1
0.

00
54

.3
6

54
.3

6
0.

00
77

.1
8

77
.1

8
Bn

aA
05

g1
74

50
D

U
V-

B-
in

du
ce

d 
pr

ot
ei

n 
At

3g
17

80
0,

 
ch

lo
ro

pl
as

tic
 

16
11

CT
GA

G-
GG

AC
AA

CG
AG

TA
CA

AC
T  

  |
||

||
 |o

||
||

|o
|o

||
||

| |
    

CA
TG

AC
TC

TC
TT

GT
TG

TT
TA

TG
TT

CA
AC

CA
GG

TT
3

0.
00

0.
00

0.
00

0.
05

29
41

0.
06

33
49

-0
.1

2

CA
G

AG
AG

CG
TC

AA
CA

G
AC

TG
C

-
N

BR
1

0.
00

48
.3

7
48

.3
7

1.
42

52
.4

1
36

.8
4

Bn
aC

08
g1

17
60

D
N

BR
1 

ho
m

ol
og

 
27

77
CA

GA
GA

GC
GT

CA
AC

AG
AC

TG
C 

    
||

o|
||

||
o|

||
||

||
||

||
|  

  
AG

GT
GT

TT
CT

CG
TA

GT
TG

TC
TG

AC
GA

GG
TT

CA
TT

3
0.

00
0.

00
0.

00
0.

51
12

75
1.

12
19

41
0.

66

CA
G

AG
AG

CG
TC

AA
CA

G
AC

TG
CT

-
N

BR
1

0.
00

17
.5

4
17

.5
4

0.
00

24
.0

2
24

.0
2

Bn
aA

01
g1

40
50

D
N

BR
1 

ho
m

ol
og

 
28

66
CA

GA
GA

GC
GT

CA
AC

AG
AC

TG
CT

    
||

||
||

||
||

||
||

||
||

||
||

    
AG

GT
GT

CT
CT

CG
CA

GT
TG

TC
TG

AC
GA

GG
TT

CA
TT

3
0.

00
0.

00
0.

00
1.

25
29

59
5.

97
27

9
7.

49

AA
CG

AG
TT

TC
AT

G
G

AC
TG

AA
C

+
N

BR
1

0.
00

81
.3

5
81

.3
5

0.
00

77
.9

5
77

.9
5

Bn
aC

03
g1

35
90

D
Pr

ob
ab

le
 p

yr
uv

at
e 

ki
na

se
, c

yt
os

ol
ic

 is
oz

ym
e

18
07

AA
CG

AG
TT

TC
AT

GG
AC

TG
AA

C 
    

||
| |

||
||

| |
|o

 ||
||

||
    

AG
GA

TT
G-

TC
AA

AG
GA

CT
GG

AC
TT

GG
TT

CA
GG

TT
3

0.
00

0.
00

0.
00

0.
05

86
6

1.
07

22
35

0.
29

AG
AG

AG
CG

TC
AA

CA
G

AC
TG

CT
-

N
BR

1
0.

00
29

.4
7

29
.4

7
0.

00
25

.5
3

25
.5

3
Bn

aC
01

g1
65

50
D

N
BR

1 
ho

m
ol

og
 

29
89

AG
AG

AG
CG

TC
AA

CA
GA

CT
GC

T  
   |

||
||

||
||

||
||

||
||

||
||

    
GG

TG
TC

TC
TC

GC
AG

TT
GT

CT
GA

CG
AG

GT
TC

AA
TT

3
0.

00
0.

00
0.

00
0.

14
72

01
1.

42
15

40
9

0.
96

AC
AG

CT
TG

AT
CT

TG
AC

AT
G

G
C

+
N

BR
1

1.
67

19
.4

7
11

.6
6

0.
00

38
.6

3
38

.6
3

Bn
aC

09
g4

56
10

D
CB

S 
do

m
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 C
BS

X3
, 

m
ito

ch
on

dr
ia

l
17

33
AC

AG
CT

TG
-A

TC
TT

GA
CA

TG
GC

    
 ||

||
||

||
 ||

||
||

||
 |o

o|
    

TA
GT

GT
CG

AA
CG

TA
GA

AC
TG

GA
TT

GT
AG

TC
TA

TT
3

0.
00

0.
00

0.
00

0.
09

19
10

7
0.

02
24

88
1

0.
61

CC
CA

G
TT

AT
TG

G
AA

G
AA

CG
CC

-
N

BR
1

0.
85

16
.7

6
19

.6
3

0.
00

32
.4

3
32

.4
3

Bn
aA

03
g5

34
50

D
Pr

ob
ab

le
 s

er
in

e/
th

re
on

in
e-

pr
ot

ei
n 

ki
na

se
 

Cx
32

, c
hl

or
op

la
st

ic
22

40
CC

CA
GT

TA
TT

GG
AA

GA
AC

GC
C 

    
||

 |o
||

| |
||

||
||

||
| |

    
GG

CC
GG

CT
TA

AT
TA

CC
TT

CT
TG

CC
GG

AC
CC

TG
TT

3
0.

00
0.

00
0.

00
0.

05
26

92
0.

65
34

35
0.

10

TC
CA

AT
AA

G
AT

AT
G

TA
TC

G
G

CC
-

N
BR

1
0.

00
22

.4
3

22
.4

3
0.

00
43

.3
7

43
.3

7
Bn

aC
01

g1
65

50
D

N
BR

1 
ho

m
ol

og
 

23
20

TC
CA

AT
AA

GA
TA

TG
TA

TC
GG

CC
    

||
||

||
||

||
 ||

||
||

||
o|

|  
  

TA
GG

AG
GT

TA
TT

CT
TT

AC
AT

AG
CT

GG
TC

CA
CT

TT
3

0.
00

0.
00

0.
00

0.
37

72
01

1.
42

15
40

9
0.

96

CA
G

AG
AG

CG
TC

AA
CA

G
AC

TG
CT

-
N

BR
1

0.
00

17
.5

4
17

.5
4

0.
00

24
.0

2
24

.0
2

Bn
aC

08
g1

17
60

D
N

BR
1 

ho
m

ol
og

 
27

77
CA

GA
GA

GC
GT

CA
AC

AG
AC

TG
CT

    
||

o|
||

||
o|

||
||

||
||

||
||

    
AG

GT
GT

TT
CT

CG
TA

GT
TG

TC
TG

AC
GA

GG
TT

CA
TT

3
0.

00
0.

00
0.

00
0.

51
12

75
1.

12
19

41
0.

66

AG
AA

TC
CA

TC
G

TT
CA

CG
G

AT
T

-
N

BR
1

0.
00

35
.9

1
35

.9
1

6.
14

87
.5

5
14

.2
6

Bn
aA

03
g1

59
90

D
Pr

ob
ab

le
 p

ro
te

in
 p

ho
sp

ha
ta

se
 2

C 
28

25
5

AG
AA

TC
CA

TC
GT

TC
AC

GG
AT

T  
   |

o|
||

 ||
||

o|
||

| |
 ||

o 
   

AA
GG

TT
TT

A-
GT

AG
TA

AG
TA

CA
TA

GA
TA

GA
TA

TT
3

0.
00

0.
00

0.
00

0.
23

0
N

A
0

N
A

CA
G

AG
AG

CG
TC

AA
CA

G
AC

TG
C

-
N

BR
1

0.
00

48
.3

7
48

.3
7

1.
42

52
.4

1
36

.8
4

Bn
aA

01
g1

40
50

D
N

BR
1 

ho
m

ol
og

 
28

66
CA

GA
GA

GC
GT

CA
AC

AG
AC

TG
C 

    
||

||
||

||
||

||
||

||
||

||
|  

  
AG

GT
GT

CT
CT

CG
CA

GT
TG

TC
TG

AC
GA

GG
TT

CA
TT

3
0.

00
0.

00
0.

00
1.

25
29

59
5.

97
27

9
7.

49

TC
TG

G
TT

CA
AC

AT
CA

G
CA

CC
T

-
N

BR
1

0.
00

18
.0

7
18

.0
7

0.
00

19
.2

9
19

.2
9

Bn
aA

06
g2

25
50

D
Pr

ob
ab

le
 in

ac
tiv

e 
pu

rp
le

 a
ci

d 
ph

os
ph

at
as

e 
29

35
08

TC
TG

GT
TC

AA
CA

TC
AG

CA
CC

T  
   |

||
 ||

||
||

 ||
||

||
| |

|  
  

GG
GA

AG
AA

CA
AG

TT
-T

AG
TC

GT
TG

AT
GT

TG
AG

TT
3

0.
00

0.
00

0.
00

0.
14

31
0.

76
0

0.
24

TC
CA

CA
G

AG
AG

CG
TC

AA
CA

G
AC

-
N

BR
1

0.
00

26
.8

0
26

.8
0

0.
00

44
.0

2
44

.0
2

Bn
aC

08
g1

17
60

D
N

BR
1 

ho
m

ol
og

 
27

81
TC

CA
CA

GA
GA

GC
GT

CA
AC

AG
AC

    
||

||
||

o|
||

||
o|

||
||

||
||

    
AT

TG
AG

GT
GT

TT
CT

CG
TA

GT
TG

TC
TG

AC
GA

GG
TT

3
0.

00
0.

00
0.

00
0.

09
12

75
1.

12
19

41
0.

66

TC
CA

AT
AA

G
AT

AT
G

TA
TC

G
G

CC
-

N
BR

1
0.

00
22

.4
3

22
.4

3
0.

00
43

.3
7

43
.3

7
Bn

aA
03

g4
68

80
D

N
BR

1 
ho

m
ol

og
 

20
55

TC
CA

AT
AA

GA
TA

TG
TA

TC
GG

CC
    

||
||

||
||

||
 ||

||
||

||
o|

|  
  

TA
GT

AG
GT

TA
TT

CT
TT

AC
AT

AG
CT

GG
TC

CA
TT

TT
3

0.
00

0.
00

0.
00

0.
14

27
40

0.
77

48
43

0.
45

TC
CA

CA
G

AG
AG

CG
TC

AA
CA

G
A

-
N

BR
1

0.
85

71
.9

5
84

.2
5

0.
00

68
.0

9
68

.0
9

Bn
aC

07
g3

90
70

D
N

BR
1 

ho
m

ol
og

 
36

88
TC

CA
CA

GA
GA

GC
GT

CA
AC

AG
A 

    
||

||
||

o|
||

||
 ||

||
||

||
    

AT
TG

AG
GT

GT
TT

CT
CG

GA
GT

TG
TC

TG
AC

GA
GG

TT
3

0.
00

0.
00

0.
00

0.
09

22
41

1.
36

59
53

1.
44

1  s
RN

A 
se

q 
/ 

D
Es

eq
 d

at
a

2  P
AR

Es
eq

 /
 P

AR
Es

ni
p 

da
ta

3  R
N

As
eq

 /
 D

es
eq

 d
at

a
4  "

N
BR

1"
 s

ta
nd

s 
fo

r a
 s

m
al

l g
en

e 
fa

m
ily

 p
re

di
ct

ed
 to

 e
nc

od
e 

a 
ho

m
ol

og
 o

f N
BR

1 
(B

na
A0

1g
14

05
0D

, B
na

A0
3g

46
88

0D
, B

na
C0

7g
39

07
0D

, B
na

C0
1g

16
55

0D
, B

na
C0

8g
11

76
0D

)



  Ta
bl

e 
S2

7:
 v

a-
ph

as
iR

N
As

 p
ro

du
ce

d 
fr

om
 g

en
es

 fo
r '

TA
R1

' a
nd

 ta
rg

et
in

g 
m

RN
As

 w
ith

in
 th

e 
ge

ne
 fa

m
ily

 a
nd

 o
th

er
 g

en
es

 

 

D
M

D
T

D
T

/D
M

 r
e

a
d

s
T

M
T

T
T

T
/T

M
 r

e
a

d
s

D
M

D
T

T
M

T
T

D
M

D
T

T
M

T
T

C
C

G
A

A
G

A
G

G
G

G
A

A
A

G
G

T
T

C
C

A
+

T
A

R
1

4
1

7
.0

3
6

0
.4

1
3

.5
5

4
0

.2
5

1
0

3
.4

4
2

.5
7

B
n

a
A

0
4

g
0

8
5

7
0

D
R

ib
u

lo
se

 b
is

p
h

o
sp

h
a

te
 c

a
rb

o
x

y
la

se
 s

m
a

ll
 

ch
a

in
 1

A
, 

ch
lo

ro
p

la
st

ic
9

0
7

C
C

G
A

A
G

A
G

G
G

G
A

A
A

G
G

TT
C

C
A

   
 |

||
||

 |
o

||
||

| 
| 

||
||

| 
   

C
G

TA
G

G
C

TT
G

TT
C

C
C

TT
-C

G
A

A
G

G
TG

TA
A

C
A

G
D

T
2

 D
T

3
 T

T
1

 T
T

2
 T

T
3

0
.0

0
5

4
8

.7
3

0
.0

0
1

3
5

.2
7

3
2

9
7

6
5

-1
.1

9
1

0
0

3
4

2
-0

.8
8

C
C

G
A

A
G

A
G

G
G

G
A

A
A

G
G

T
T

C
C

A
+

T
A

R
1

1
7

.0
3

6
0

.4
1

3
.5

5
4

0
.2

5
1

0
3

.4
4

2
.5

7
B

n
a

A
n

n
g

3
6

2
1

0
D

R
ib

u
lo

se
 b

is
p

h
o

sp
h

a
te

 c
a

rb
o

x
y

la
se

 s
m

a
ll

 

ch
a

in
 F

1
, 

ch
lo

ro
p

la
st

ic
7

5
6

C
C

G
A

A
G

A
G

G
G

G
A

A
A

G
G

TT
C

C
A

   
 |

||
||

 |
o

||
||

| 
| 

||
||

| 
   

C
G

TA
G

G
C

TT
G

TT
C

C
C

TT
-C

G
A

A
G

G
TG

TA
A

C
A

G
D

T
2

 D
T

3
 T

T
1

 T
T

2
0

.0
0

5
4

8
.7

3
0

.0
0

4
0

.7
7

4
3

9
5

0
0

-1
.0

5
2

4
9

9
0

8
-0

.8
5

C
A

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
C

-
T

A
R

1
1

8
.3

8
3

2
.6

4
1

.7
8

7
5

.8
9

1
0

3
.2

9
1

.3
6

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
6

1
4

C
A

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

G
C

G
C

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

G
TT

TG
TT

G
G

G
C

TG
A

G
C

A
TC

TG
TC

G
C

G
G

A
G

C
A

C
D

T
2

 D
T

3
 T

T
3

0
.0

0
5

.7
2

0
.0

0
1

.2
0

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

C
A

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
C

-
T

A
R

1
1

8
.3

8
3

2
.6

4
1

.7
8

7
5

.8
9

1
0

3
.2

9
1

.3
6

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
6

1
0

C
A

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

G
C

G
C

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

G
TT

TG
TT

G
G

G
C

TG
A

G
C

A
TC

TG
TC

G
C

G
G

A
G

C
A

C
D

T
2

 D
T

3
 T

T
3

0
.0

0
5

.7
2

0
.0

0
1

.2
0

1
4

3
9

7
9

-1
.1

4
6

0
5

1
0

-0
.8

0

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
C

C
-

T
A

R
1

1
0

.4
7

5
6

.4
4

5
.3

9
5

6
.1

7
1

2
4

.1
6

2
.2

1
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

6
1

2
A

C
C

C
G

A
C

TC
G

TA
G

A
C

A
G

C
G

C
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

TT
G

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
C

C
A

D
T

2
 D

T
3

 T
T

3
0

.0
0

7
.9

9
0

.0
0

1
2

.5
9

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

C
A

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
C

-
T

A
R

1
1

8
.3

8
3

2
.6

4
1

.7
8

7
5

.8
9

1
0

3
.2

9
1

.3
6

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
6

1
4

C
A

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

G
C

G
C

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

G
TT

TG
TT

G
G

G
C

TG
A

G
C

A
TC

TG
TC

G
C

G
G

A
A

C
A

C
D

T
2

 D
T

3
 T

T
3

0
.0

0
5

.7
2

0
.0

0
1

.2
0

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4

G
G

T
A

A
C

A
C

A
C

G
G

G
A

G
A

T
C

A
G

C
T

-
T

A
R

1
8

.8
0

3
6

.4
7

4
.1

4
1

7
.8

4
2

4
.7

9
1

.3
9

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
2

1
3

G
G

TA
A

C
A

C
A

C
G

G
G

A
G

A
TC

A
G

C
T 

   
||

||
||

||
||

||
||

||
||

||
||

   
 

C
A

C
G

C
C

A
TT

G
TG

TG
C

C
C

TC
TA

G
TC

G
A

A
G

G
C

A
G

D
T

2
 D

T
3

 T
T

3
0

.0
0

6
.9

1
0

.0
0

0
.7

9
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
C

C
-

T
A

R
1

1
0

.4
7

5
6

.4
4

5
.3

9
5

6
.1

7
1

2
4

.1
6

2
.2

1
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

6
0

8
A

C
C

C
G

A
C

TC
G

TA
G

A
C

A
G

C
G

C
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

TT
G

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
C

C
A

D
T

2
 D

T
3

 T
T

3
0

.0
0

7
.9

9
0

.0
0

1
2

.5
9

1
4

3
9

7
9

-1
.1

4
6

0
5

1
0

-0
.8

0

G
G

T
A

A
C

A
C

A
C

G
G

G
A

G
A

T
C

A
G

C
T

-
T

A
R

1
8

.8
0

3
6

.4
7

4
.1

4
1

7
.8

4
2

4
.7

9
1

.3
9

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
2

1
3

G
G

TA
A

C
A

C
A

C
G

G
G

A
G

A
TC

A
G

C
T 

   
||

||
||

||
||

||
||

||
||

||
||

   
 

C
A

C
G

C
C

A
TT

G
TG

TG
C

C
C

TC
TA

G
TC

G
A

A
G

G
C

A
G

D
T

2
 D

T
3

 T
T

3
0

.0
0

6
.9

1
0

.0
0

0
.7

9
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

G
G

T
A

A
C

A
C

A
C

G
G

G
A

G
A

T
C

A
G

C
T

-
T

A
R

1
8

.8
0

3
6

.4
7

4
.1

4
1

7
.8

4
2

4
.7

9
1

.3
9

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
1

2
1

3
G

G
TA

A
C

A
C

A
C

G
G

G
A

G
A

TC
A

G
C

T 
   

||
||

||
||

||
||

||
||

o
||

||
| 

   

C
A

C
G

C
C

A
TT

G
TG

TG
C

C
C

TC
TG

G
TC

G
A

A
G

G
C

A
G

D
T

2
 D

T
3

 T
T

3
0

.0
0

6
.9

1
0

.0
0

0
.7

9
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

C
A

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
C

-
T

A
R

1
1

8
.3

8
3

2
.6

4
1

.7
8

7
5

.8
9

1
0

3
.2

9
1

.3
6

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
1

6
1

4
C

A
A

C
C

C
G

A
C

TC
G

TA
G

A
C

A
G

C
G

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

G
TT

TG
TT

G
G

G
C

TG
A

G
C

A
TC

TG
TC

G
C

G
G

A
G

C
A

C
D

T
2

 D
T

3
 T

T
3

0
.0

0
5

.7
2

0
.0

0
1

.2
0

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

G
G

T
A

A
C

A
C

A
C

G
G

G
A

G
A

T
C

A
G

C
T

-
T

A
R

1
8

.8
0

3
6

.4
7

4
.1

4
1

7
.8

4
2

4
.7

9
1

.3
9

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
2

0
9

G
G

TA
A

C
A

C
A

C
G

G
G

A
G

A
TC

A
G

C
T 

   
||

||
||

||
||

||
||

| 
o

||
||

| 
   

C
A

C
G

C
C

A
TT

G
TG

TG
C

C
C

TC
A

G
G

TC
G

A
A

G
G

TA
G

D
T

2
 D

T
3

 T
T

3
0

.0
0

6
.9

1
0

.0
0

0
.7

9
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
C

C
-

T
A

R
1

1
0

.4
7

5
6

.4
4

5
.3

9
5

6
.1

7
1

2
4

.1
6

2
.2

1
B

n
a

A
n

n
g

3
6

7
3

0
D

P
u

ta
ti

v
e

 u
n

ch
a

ra
ct

e
ri

ze
d

 p
ro

te
in

 A
R

T
3

6
1

2
A

C
C

C
G

A
C

TC
G

TA
G

A
C

A
G

C
G

C
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

TT
G

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

A
C

A
C

C
A

D
T

2
 D

T
3

 T
T

3
0

.0
0

7
.9

9
0

.0
0

1
2

.5
9

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4

C
G

C
G

A
C

G
T

C
G

C
A

G
A

C
G

G
C

G
-

T
A

R
1

4
7

.3
8

9
5

.4
4

2
.0

1
3

5
0

.6
4

1
5

1
.9

8
0

.4
3

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
6

5
0

C
G

C
G

A
C

G
TC

G
C

A
G

A
C

G
G

C
G

   
   

| 
||

||
 |

||
 |

||
|o

||
| 

   

TG
TT

G
G

G
C

TG
-A

G
C

A
TC

TG
TC

G
C

G
G

A
G

C
A

C
C

A
D

T
2

 D
T

3
 T

T
3

0
.0

0
1

4
.0

3
0

.0
0

2
.6

8
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
C

C
-

T
A

R
1

1
0

.4
7

5
6

.4
4

5
.3

9
5

6
.1

7
1

2
4

.1
6

2
.2

1
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

1
6

1
2

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

G
C

G
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

TT
G

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
C

C
A

D
T

2
 D

T
3

 T
T

3
0

.0
0

7
.9

9
0

.0
0

1
2

.5
9

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

C
C

A
A

G
G

A
A

G
T

T
T

G
A

G
G

C
A

A
T

A
+

T
A

R
1

9
9

.1
0

3
4

1
.9

7
3

.4
5

2
7

7
.0

3
6

6
8

.1
7

2
.4

1
B

n
a

C
0

3
g

6
1

1
5

0
D

S
e

ri
n

e
 h

y
d

ro
x

y
m

e
th

y
lt

ra
n

sf
e

ra
se

 1
, 

m
it

o
ch

o
n

d
ri

a
l

3
0

4
2

C
C

A
A

G
G

A
A

G
TT

TG
A

G
G

C
A

A
TA

   
 |

||
 |

||
||

||
o

o
|o

||
| 

||
   

 

G
TA

A
G

G
TA

C
C

TT
C

A
A

G
TT

TC
G

T-
A

TT
A

TT
TT

T
D

T
2

 D
T

3
 T

T
3

0
.0

0
5

.1
5

2
.6

4
0

.0
0

4
3

2
8

9
-0

.2
6

6
9

2
8

9
-0

.7
9

C
T

C
A

T
C

G
A

G
G

C
C

T
G

G
C

T
C

T
T

G
C

-
T

A
R

1
0

.0
0

2
8

.2
8

2
8

.2
8

2
.8

5
1

0
9

.4
3

3
8

.4
5

B
n

a
C

0
6

g
4

2
8

2
0

D
C

a
se

in
 k

in
a

se
 I

I 
su

b
u

n
it

 b
e

ta
1

4
4

3
C

TC
A

TC
G

A
G

G
C

C
TG

G
C

TC
TT

G
C

   
 |

o
||

 |
||

 |
||

 |
||

| 
||

||
   

 

G
G

C
G

G
G

G
TC

G
C

T-
C

G
G

TC
C

G
A

C
A

A
C

G
G

TA
G

TC
D

T
3

 T
T

2
 T

T
3

0
.0

0
9

.5
3

0
.0

0
7

8
.2

3
1

0
9

0
-0

.2
4

9
6

0
-0

.0
8

C
T

T
T

C
G

A
A

G
T

T
C

G
C

G
C

A
T

A
A

G
-

T
A

R
1

1
4

.1
5

3
3

.0
8

2
.3

4
2

6
.3

0
5

5
.2

7
2

.1
0

B
n

a
A

0
3

g
3

9
1

8
0

D
A

ct
in

-d
e

p
o

ly
m

e
ri

zi
n

g
 f

a
ct

o
r 

5
1

4
6

C
TT

TC
G

A
A

G
TT

C
G

C
G

C
A

TA
A

G
   

 |
o

||
||

| 
||

| 
||

| 
||

||
| 

   

G
G

TC
G

G
A

A
G

C
TG

C
A

A
-C

G
C

A
TA

TT
C

TA
G

A
A

A
C

D
T

2
 D

T
3

0
.0

0
6

.9
9

0
.0

0
0

.0
0

9
1

0
.9

5
5

8
-0

.1
3

C
A

T
C

G
A

G
G

C
C

T
G

G
C

T
C

T
T

G
C

C
-

T
A

R
1

1
0

.5
1

1
1

0
.0

9
1

0
.4

7
3

1
.3

6
1

4
4

.6
2

4
.6

1
B

n
a

C
0

6
g

4
2

8
2

0
D

C
a

se
in

 k
in

a
se

 I
I 

su
b

u
n

it
 b

e
ta

1
4

4
1

C
A

TC
G

A
G

G
C

C
TG

G
C

TC
TT

G
C

C
   

 |
| 

||
| 

||
| 

||
||

 |
||

||
   

 

C
G

G
G

G
TC

G
C

T-
C

G
G

TC
C

G
A

C
A

A
C

G
G

TA
G

TC
A

A
D

T
2

 D
T

3
0

.0
0

4
.3

4
0

.0
0

0
.0

0
1

0
9

0
-0

.2
4

9
6

0
-0

.0
8

C
T

T
T

C
G

A
A

G
T

T
C

G
C

G
C

A
T

A
A

G
-

T
A

R
1

1
4

.1
5

3
3

.0
8

2
.3

4
2

6
.3

0
5

5
.2

7
2

.1
0

B
n

a
C

0
3

g
4

6
5

1
0

D
A

ct
in

-d
e

p
o

ly
m

e
ri

zi
n

g
 f

a
ct

o
r 

5
1

0
6

6
C

TT
TC

G
A

A
G

TT
C

G
C

G
C

A
TA

A
G

   
 |

o
||

||
| 

||
| 

||
| 

||
||

| 
   

G
G

TC
G

G
A

A
G

C
TG

C
A

A
-C

G
C

A
TA

TT
C

TA
G

A
A

A
C

D
T

2
 D

T
3

0
.0

0
6

.9
9

0
.0

0
0

.0
0

1
6

6
9

0
.9

7
1

2
0

0
-0

.0
6

C
C

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
-

T
A

R
1

4
.3

6
7

9
.1

9
1

8
.1

7
5

.3
5

1
1

5
.1

8
2

1
.5

2
B

n
a

C
0

3
g

2
0

1
7

0
D

u
n

k
n

o
w

n
1

3
0

C
C

A
C

C
A

A
G

A
TC

TG
C

A
C

C
G

-A
C

G
   

 |
||

||
||

||
| 

| 
 |

||
| 

||
| 

   

G
G

A
G

G
G

TG
G

TT
C

TA
C

A
A

TT
G

G
C

A
TG

C
A

TG
A

A
A

D
T

2
 D

T
3

0
.0

0
3

.5
5

0
.0

0
0

.0
0

0
N

A
0

N
A

T
A

C
T

C
A

T
C

G
A

G
G

C
C

T
G

G
C

T
C

T
-

T
A

R
1

1
3

.2
0

8
8

.3
1

6
.6

9
3

5
.0

5
3

5
5

.8
3

1
0

.1
5

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
3

2
7

4
TA

C
TC

A
TC

G
A

G
G

C
C

TG
G

C
TC

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

G
A

G
G

A
TG

A
G

TA
G

C
TC

C
G

G
A

C
C

G
A

G
A

A
C

G
G

G
G

C
D

T
2

 D
T

3
0

.0
0

3
.5

9
0

.0
0

0
.0

0
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

C
G

G
T

T
G

G
C

C
A

A
A

A
T

C
C

G
A

G
C

T
+

T
A

R
1

1
5

.2
0

5
0

.4
5

3
.3

2
2

0
.5

1
2

8
.5

8
1

.3
9

B
n

a
A

0
8

g
2

9
2

6
0

D
N

u
cl

e
a

r 
p

o
re

 c
o

m
p

le
x

 p
ro

te
in

 N
U

P
2

1
4

 
7

8
4

1
C

G
G

TT
G

G
C

C
A

A
A

A
TC

C
G

A
G

C
T 

   
||

||
||

||
||

||
 |

||
| 

 |
| 

   

C
G

C
TG

C
C

A
A

C
C

G
G

TT
T-

A
G

G
C

G
G

G
A

C
TC

A
C

C
C

D
T

2
 D

T
3

0
.0

0
4

.0
1

0
.0

0
0

.0
0

1
2

6
0

.7
4

2
8

5
0

.1
2

A
G

G
C

C
T

C
G

A
T

G
A

G
T

A
G

G
A

G
G

G
+

T
A

R
1

1
3

.9
0

1
0

6
.8

5
7

.6
9

5
0

.0
9

2
2

9
.8

5
4

.5
9

B
n

a
A

0
3

g
0

7
4

9
0

D
S

te
m

-s
p

e
ci

fi
c 

p
ro

te
in

 T
S

JT
1

1
8

2
1

A
G

G
C

C
TC

G
A

TG
A

G
TA

G
G

A
G

G
G

   
 |

o
||

||
|o

||
||

 o
|o

||
|o

o
   

 

A
A

C
A

TT
C

G
G

A
G

TT
A

C
TG

G
TT

C
TC

TT
G

G
A

G
C

A
A

D
T

2
 D

T
3

0
.0

0
5

.4
4

0
.0

0
0

.0
0

4
4

2
1

3
-0

.3
1

2
7

3
2

5
0

.6
3

T
A

C
T

C
A

T
C

G
A

G
G

C
C

T
G

G
C

T
C

T
T

-
T

A
R

1
1

5
.9

0
5

2
.4

4
3

.3
0

3
5

.1
0

1
8

9
.0

2
5

.3
9

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

7
2

0
TA

C
TC

A
TC

G
A

G
G

C
C

TG
G

C
TC

TT
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

G
A

G
G

A
TG

A
G

TA
G

C
TC

C
G

G
A

C
C

G
A

G
A

A
C

G
G

G
G

C
D

T
2

 D
T

3
0

.0
0

3
.5

9
0

.0
0

0
.0

0
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

T
A

C
T

C
A

T
C

G
A

G
G

C
C

T
G

G
C

T
C

T
-

T
A

R
1

1
3

.2
0

8
8

.3
1

6
.6

9
3

5
.0

5
3

5
5

.8
3

1
0

.1
5

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

7
2

0
TA

C
TC

A
TC

G
A

G
G

C
C

TG
G

C
TC

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

G
A

G
G

A
TG

A
G

TA
G

C
TC

C
G

G
A

C
C

G
A

G
A

A
C

G
G

G
G

C
D

T
2

 D
T

3
0

.0
0

3
.5

9
0

.0
0

0
.0

0
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

T
A

C
T

C
A

T
C

G
A

G
G

C
C

T
G

G
C

T
C

T
T

-
T

A
R

1
1

5
.9

0
5

2
.4

4
3

.3
0

3
5

.1
0

1
8

9
.0

2
5

.3
9

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
3

2
7

4
TA

C
TC

A
TC

G
A

G
G

C
C

TG
G

C
TC

TT
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

G
A

G
G

A
TG

A
G

TA
G

C
TC

C
G

G
A

C
C

G
A

G
A

A
C

G
G

G
G

C
D

T
2

 D
T

3
0

.0
0

3
.5

9
0

.0
0

0
.0

0
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

T
T

G
A

G
A

A
T

A
G

G
T

C
G

A
G

G
A

C
A

T
T

-
T

A
R

1
1

0
.4

7
3

0
.8

2
2

.9
5

1
4

.3
7

9
2

.7
3

6
.4

6
B

n
a

A
0

6
g

0
4

0
9

0
D

D
ih

y
d

ro
li

p
o

y
l 

d
e

h
y

d
ro

g
e

n
a

se
 1

, 

m
it

o
ch

o
n

d
ri

a
l

1
4

4
7

TT
G

A
G

A
-A

TA
G

G
TC

G
A

G
G

A
C

A
TT

   
 o

||
||

| 
||

 |
||

||
||

o
||

 |
o

   
 

G
C

G
G

A
C

TC
TG

TA
A

C
C

A
G

C
TC

TT
G

G
A

G
A

G
C

A
A

G
D

T
2

 D
T

3
0

.0
0

7
.7

5
0

.0
0

0
.0

0
6

3
3

9
-0

.5
0

7
4

4
5

-0
.2

8

C
C

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
-

T
A

R
1

4
.3

6
7

9
.1

9
1

8
.1

7
5

.3
5

1
1

5
.1

8
2

1
.5

2
B

n
a

A
0

3
g

5
6

3
7

0
D

u
n

k
n

o
w

n
1

3
0

C
C

A
C

C
A

A
G

A
TC

TG
C

A
C

C
G

-A
C

G
   

 |
||

||
||

||
| 

| 
 |

||
| 

||
| 

   

G
G

A
G

G
G

TG
G

TT
C

TA
C

A
A

TT
G

G
C

A
TG

C
A

TG
A

A
A

D
T

2
 D

T
3

0
.0

0
3

.5
5

0
.0

0
0

.0
0

0
N

A
0

N
A

C
C

C
G

G
G

C
T

T
A

G
G

T
C

A
C

C
A

C
C

T
-

T
A

R
1

5
8

.2
9

2
5

.1
6

0
.4

3
4

3
.7

8
4

9
.4

1
1

.1
3

B
n

a
C

0
3

g
7

2
0

1
0

D
A

q
u

a
p

o
ri

n
 P

IP
2

-2
1

5
C

C
C

G
G

G
C

TT
A

G
G

TC
A

C
C

A
C

C
T 

   
||

||
| 

||
| 

||
 |

||
||

||
   

 

G
TG

G
C

G
G

C
C

C
A

A
A

TA
C

A
C

TG
G

TG
G

A
A

G
T 

   
D

T
2

 T
T

3
0

.0
0

0
.2

7
0

.0
0

0
.0

9
8

3
7

-1
.7

6
1

1
3

8
-1

.7
5

C
C

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
-

T
A

R
1

4
.3

6
7

9
.1

9
1

8
.1

7
5

.3
5

1
1

5
.1

8
2

1
.5

2
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

1
7

9
0

C
C

A
C

C
A

A
G

A
TC

TG
C

A
C

C
G

A
C

G
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

TG
A

TG
G

TG
G

TT
C

TA
G

A
C

G
TG

G
C

TG
C

C
G

G
C

G
A

G
D

T
2

 T
T

3
0

.0
0

2
.7

5
0

.0
0

0
.0

9
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

C
T

C
A

A
A

C
T

T
C

C
T

T
G

G
C

C
T

A
A

A
-

T
A

R
1

1
8

.4
2

2
9

.6
6

1
.6

1
2

6
.6

0
4

9
.8

3
1

.8
7

B
n

a
A

0
2

g
0

4
3

0
0

D
A

sp
a

rt
a

te
 a

m
in

o
tr

a
n

sf
e

ra
se

, 
cy

to
p

la
sm

ic
 

is
o

zy
m

e
 1

3
4

6
2

C
TC

A
A

A
C

TT
C

C
TT

G
G

C
C

TA
A

A
   

 |
||

||
| 

||
||

||
||

| 
||

| 
   

A
A

C
C

A
A

G
TT

TG
TA

G
G

A
A

C
C

G
G

TT
TT

TC
TA

TA
C

D
T

2
 T

T
3

0
.0

0
1

.4
2

0
.0

0
0

.2
8

1
6

4
1

-0
.1

5
1

8
0

5
-0

.0
3

v
a

-p
h

a
si

R
N

A
1

D
E

 t
a

rg
e

t 
m

R
N

A
3

H
o

st
 m

R
N

A
 t

a
rg

e
ts

2

d
sR

N
A

 (
+

) 
/ 

(-
) 

st
ra

n
d

 

v
a

-p
h

a
si

R
N

A

N
o

rm
a

li
ze

d
 r

e
a

d
s 

(p
o

si
ti

v
e

 /
 n

e
g

a
ti

v
e

)
O

ri
g

in
 (

g
e

n
e

 

fa
m

il
y

)
v

a
-p

h
a

si
R

N
A

T
a

rg
e

t 
tr

a
n

sc
ri

p
t 

ID
P

re
d

ic
te

d
 g

e
n

e
 f

u
n

ct
io

n
C

le
a

v
a

g
e

 

p
o

si
ti

o
n

v
si

R
N

A
:m

R
N

A
 t

a
rg

e
t 

p
a

ir
 (

5
'-

3
' 

: 
 3

'-
5

')
C

le
a

v
a

g
e

 f
o

u
n

d
 i

n
 

P
A

R
E

se
q

 r
e

p
li

ca
te

s 

F
ra

g
m

e
n

t 
si

g
n

a
tu

re
s 

(r
p

m
)

m
R

N
A

 r
e

a
d

s 
&

 F
C

(l
o

g
2

)



  

 

  CT
CA

AA
CT

TC
CT

TG
G

CC
TA

AA
-

TA
R1

18
.4

2
29

.6
6

1.
61

26
.6

0
49

.8
3

1.
87

Bn
aA

02
g0

43
00

D
As

pa
rt

at
e 

am
in

ot
ra

ns
fe

ra
se

, c
yt

op
la

sm
ic

 
is

oz
ym

e 
1

34
62

CT
CA

A
A

CT
TC

CT
TG

G
CC

TA
A

A
    

||
||

||
 |

||
||

||
||

 |
||

    
A

A
CC

A
A

G
TT

TG
TA

G
G

A
A

CC
G

G
TT

TT
TC

TA
TA

C
D

T2
 T

T3
0.

00
1.

42
0.

00
0.

28
16

41
-0

.1
5

18
05

-0
.0

3

CC
AC

CA
AG

AT
CT

G
CA

CC
G

AC
G

-
TA

R1
4.

36
79

.1
9

18
.1

7
5.

35
11

5.
18

21
.5

2
Bn

aC
02

g3
61

10
D

un
kn

ow
n

38
9

CC
A

CC
A

A
G

A
TC

TG
CA

CC
G

A
CG

    
||

||
||

||
||

||
||

||
||

||
o 

   
TG

A
TG

G
TG

G
TT

CT
A

G
A

CG
TG

G
CT

G
TC

G
G

TG
A

G
D

T2
 T

T3
0.

00
2.

75
0.

00
0.

09
25

73
7

-1
.1

2
12

54
7

-0
.8

0

CC
CG

G
G

CT
TA

G
G

TC
AC

CA
CC

T
-

TA
R1

58
.2

9
25

.1
6

0.
43

43
.7

8
49

.4
1

1.
13

Bn
aA

03
g1

70
30

D
Aq

ua
po

rin
 P

IP
2-

2
50

8
CC

CG
G

G
CT

TA
G

G
TC

A
CC

A
CC

T 
   |

||
||

 |
||

 |
| 

||
||

||
| 

   
G

TG
G

CG
G

CC
CA

A
A

TA
CA

CT
G

G
TG

G
A

A
G

TG
TA

T
D

T2
 T

T3
0.

00
0.

27
0.

00
0.

09
10

54
0

-1
.2

6
11

50
-2

.8
3

CC
AC

CA
AG

AT
CT

G
CA

CC
G

AC
G

-
TA

R1
4.

36
79

.1
9

18
.1

7
5.

35
11

5.
18

21
.5

2
Bn

aA
09

g0
44

20
D

TA
R1

17
94

CC
A

CC
A

A
G

A
TC

TG
CA

CC
G

A
CG

    
||

||
||

||
||

||
||

 |
||

||
| 

   
TG

A
TG

G
TG

G
TT

CT
A

G
A

CG
G

G
G

CT
G

CC
G

G
CG

A
G

D
T2

 T
T3

0.
00

2.
75

0.
00

0.
09

23
94

30
-1

.0
0

10
14

42
-0

.7
8

CT
CA

TC
G

AG
G

CC
TG

G
CT

CT
TG

-
TA

R1
1.

71
83

.9
1

49
.1

3
4.

90
14

3.
58

29
.2

8
Bn

aC
06

g4
28

20
D

Ca
se

in
 k

in
as

e 
II 

su
bu

ni
t b

et
a

14
43

CT
CA

TC
G

A
G

G
CC

TG
G

CT
CT

TG
    

|o
||

 |
||

 |
||

 |
||

| 
||

| 
   

G
G

CG
G

G
G

TC
G

CT
-C

G
G

TC
CG

A
CA

A
CG

G
TA

G
TC

D
T3

 T
T2

0.
00

9.
53

0.
00

74
.2

5
10

90
-0

.2
4

96
0

-0
.0

8

CC
CG

G
G

CT
TA

G
G

TC
AC

CA
CC

T
-

TA
R1

58
.2

9
25

.1
6

0.
43

43
.7

8
49

.4
1

1.
13

Bn
aC

03
g7

17
80

D
Th

ia
m

in
e 

th
ia

zo
le

 s
yn

th
as

e,
 c

hl
or

op
la

st
ic

19
86

CC
CG

G
G

CT
TA

G
G

TC
A

CC
-A

CC
T 

   |
||

||
||

||
||

||
 |

| 
||

 |
    

G
TC

G
A

G
G

CC
CG

A
A

TC
CA

G
A

G
G

CT
G

TA
TC

CA
A

G
D

T3
 T

T2
0.

00
6.

04
0.

00
21

.0
1

52
13

1
-0

.8
9

75
88

7
-0

.8
0

G
AG

AT
CA

G
CT

TC
CG

TC
CC

AT
A

-
TA

R1
23

.9
0

32
.3

0
1.

35
32

.5
8

22
.8

2
0.

70
Bn

aA
09

g0
44

20
D

TA
R1

20
1

G
A

G
A

TC
A

G
CT

TC
CG

TC
CC

A
TA

    
||

||
||

||
||

||
||

||
||

||
| 

   
TG

CC
CT

CT
A

G
TC

G
A

A
G

G
CA

G
G

G
TA

TA
G

G
A

G
CT

D
T3

 T
T3

0.
00

0.
86

0.
00

0.
23

23
94

30
-1

.0
0

10
14

42
-0

.7
8

AT
G

AA
CC

G
G

AA
G

CC
G

G
G

TT
AC

G
+

TA
R1

85
.3

0
90

.4
4

1.
06

17
5.

86
21

5.
73

1.
23

Bn
aA

08
g0

79
20

D
F-

bo
x/

ke
lc

h-
re

pe
at

 p
ro

te
in

 S
KI

P2
5

12
08

A
TG

A
A

CC
G

G
A

A
G

CC
G

G
G

TT
A

CG
    

||
||

||
||

o|
| 

||
||

 |
o|

 |
    

TA
TG

TA
CT

TG
G

CT
TT

-G
G

CC
A

A
G

TT
CG

G
G

A
A

G
D

T3
 T

T3
0.

00
0.

50
0.

00
0.

14
21

0
-1

.4
5

11
0

-0
.1

4

CG
TG

G
TG

TC
CG

G
TG

CA
TT

CC
C

+
TA

R1
21

.0
8

57
.9

8
2.

75
96

.2
7

10
5.

81
1.

10
Bn

aC
02

g3
70

40
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 3

6,
 

ch
lo

ro
pl

as
tic

41
2

CG
TG

G
TG

TC
CG

G
TG

CA
TT

CC
C 

   |
||

o|
| 

||
||

| 
| 

||
||

 |
    

G
TT

G
G

CA
TC

A
G

A
G

G
CC

CC
A

TA
A

G
TG

G
CC

A
TT

C
D

T3
 T

T3
0.

00
0.

05
0.

00
0.

05
53

56
55

-0
.4

8
31

57
82

-0
.0

3

AG
AT

CT
G

CA
CC

G
AC

G
G

CC
G

CT
-

TA
R1

0.
85

15
.2

2
17

.8
2

3.
48

33
.5

6
9.

64
Bn

aC
02

g0
49

90
D

Pr
ot

ei
n 

ZI
N

C 
IN

D
U

CE
D

 F
AC

IL
IT

AT
O

R-
LI

KE
 

1
39

57
A

G
A

TC
TG

CA
CC

G
A

CG
G

CC
G

CT
    

||
| 

||
o|

||
||

||
 o

||
o|

| 
   

G
CA

CT
CT

CG
A

TG
TG

G
CT

G
G

TG
G

TG
A

TA
G

TG
TA

D
T3

 T
T3

0.
00

0.
54

0.
00

0.
19

12
9

1.
66

39
1.

31

CC
G

AA
TC

G
AT

CG
G

CG
G

AC
CG

G
A

-
TA

R1
51

.1
1

48
.8

2
0.

96
88

.6
2

21
3.

26
2.

41
Bn

aA
nn

g3
67

30
D

Pu
ta

tiv
e 

un
ch

ar
ac

te
riz

ed
 p

ro
te

in
 A

RT
3

83
0

CC
G

A
A

TC
G

A
TC

G
G

CG
G

A
CC

G
G

A
    

||
||

||
||

||
||

||
||

||
||

||
    

G
CG

G
G

G
CT

TA
G

CT
A

G
CC

G
CC

TG
G

CC
TA

A
CG

A
G

D
T3

 T
T3

0.
00

2.
27

0.
00

1.
34

32
58

4
-0

.1
7

17
99

6
-0

.7
4

CC
AA

G
AT

CT
G

CA
CC

G
AC

G
G

CC
-

TA
R1

22
.0

2
10

5.
38

4.
78

32
.7

9
15

4.
52

4.
71

Bn
aC

02
g3

61
10

D
un

kn
ow

n
38

6
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

CC
    

||
||

||
||

||
||

||
||

|o
||

| 
   

TG
G

TG
G

TT
CT

A
G

A
CG

TG
G

CT
G

TC
G

G
TG

A
G

G
G

G
D

T3
 T

T3
0.

00
1.

41
0.

00
0.

37
25

73
7

-1
.1

2
12

54
7

-0
.8

0

AC
CC

G
AC

TC
G

TA
G

AC
AG

CG
CC

-
TA

R1
10

.4
7

56
.4

4
5.

39
56

.1
7

12
4.

16
2.

21
Bn

aA
08

g2
37

60
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 C

P2
4 

10
A,

 
ch

lo
ro

pl
as

tic
95

7
A

CC
CG

A
CT

CG
TA

G
A

CA
G

CG
CC

    
| 

||
| 

||
||

||
o|

||
 |

||
| 

   
G

G
G

A
TA

G
G

CG
G

A
G

CA
TT

TG
TG

G
CG

G
TG

CA
CA

G
D

T3
 T

T3
0.

00
2.

54
0.

00
0.

46
10

58
8

-0
.3

4
54

25
0.

68

G
AG

AT
CA

G
CT

TC
CG

TC
CC

AT
A

-
TA

R1
23

.9
0

32
.3

0
1.

35
32

.5
8

22
.8

2
0.

70
Bn

aA
nn

g3
67

30
D

Pu
ta

tiv
e 

un
ch

ar
ac

te
riz

ed
 p

ro
te

in
 A

RT
3

20
1

G
A

G
A

TC
A

G
CT

TC
CG

TC
CC

A
TA

    
||

||
||

||
||

||
||

||
||

||
| 

   
TG

CC
CT

CT
A

G
TC

G
A

A
G

G
CA

G
G

G
TA

TA
G

G
A

G
CT

D
T3

 T
T3

0.
00

0.
86

0.
00

0.
23

32
58

4
-0

.1
7

17
99

6
-0

.7
4

G
TC

CC
AT

AT
CC

TC
G

AG
AG

G
AT

G
-

TA
R1

15
1.

56
27

4.
16

1.
81

28
4.

93
27

0.
58

0.
95

Bn
aA

nn
g3

67
30

D
Pu

ta
tiv

e 
un

ch
ar

ac
te

riz
ed

 p
ro

te
in

 A
RT

3
18

8
G

TC
CC

A
TA

TC
CT

CG
A

G
A

G
G

A
TG

    
||

||
||

||
||

||
||

||
||

||
||

    
A

A
G

G
CA

G
G

G
TA

TA
G

G
A

G
CT

CT
CC

TA
CC

CC
CC

T
D

T3
 T

T3
0.

00
5.

13
0.

00
0.

37
32

58
4

-0
.1

7
17

99
6

-0
.7

4

AG
AT

CT
G

CA
CC

G
AC

G
G

CC
G

CT
-

TA
R1

0.
85

15
.2

2
17

.8
2

3.
48

33
.5

6
9.

64
Bn

aC
08

g4
61

50
D

TA
R1

17
84

A
G

A
TC

TG
CA

CC
G

A
CG

G
CC

G
CT

    
||

||
||

||
||

||
||

||
||

||
| 

   
TG

G
TT

CT
A

G
A

CG
TG

G
CT

G
CC

G
G

CG
A

G
G

CG
G

G
C

D
T3

 T
T3

0.
00

1.
41

0.
00

0.
69

14
39

79
-1

.1
4

60
51

0
-0

.8
0

CC
AA

G
G

TG
TG

AA
CT

CG
TT

G
AA

-
TA

R1
81

.8
0

82
.5

9
1.

01
21

5.
93

17
5.

72
0.

81
Bn

aA
nn

g2
21

60
D

TA
R1

43
0

CC
A

A
G

G
TG

TG
A

A
CT

CG
TT

G
A

A
    

||
||

||
||

||
||

||
||

||
||

| 
   

A
G

CC
G

G
TT

CC
A

CA
CT

TG
A

G
CA

A
CT

TA
TG

TA
G

T
D

T3
 T

T3
0.

00
2.

45
0.

00
0.

19
25

77
65

-1
.0

1
11

42
34

-0
.8

5

CG
TC

CC
AT

AT
CC

TC
G

AG
AG

G
A

-
TA

R1
17

2.
94

32
6.

00
1.

89
31

1.
97

17
0.

30
0.

55
Bn

aA
nn

g3
67

30
D

Pu
ta

tiv
e 

un
ch

ar
ac

te
riz

ed
 p

ro
te

in
 A

RT
3

18
9

CG
TC

CC
A

TA
TC

CT
CG

A
G

A
G

G
A

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

A
A

G
G

CA
G

G
G

TA
TA

G
G

A
G

CT
CT

CC
TA

CC
CC

CC
D

T3
 T

T3
0.

00
0.

86
0.

00
0.

28
32

58
4

-0
.1

7
17

99
6

-0
.7

4

AG
AT

CT
G

CA
CC

G
AC

G
G

CC
G

CT
-

TA
R1

0.
85

15
.2

2
17

.8
2

3.
48

33
.5

6
9.

64
Bn

aA
02

g0
18

50
D

Pr
ot

ei
n 

ZI
N

C 
IN

D
U

CE
D

 F
AC

IL
IT

AT
O

R 
1

12
18

A
G

A
TC

TG
CA

CC
G

A
CG

G
CC

G
CT

    
||

| 
||

o|
||

||
||

 o
||

o|
| 

   
G

CA
CT

CT
CG

A
TG

TG
G

CT
G

G
TG

G
TG

A
TA

G
TG

TA
D

T3
 T

T3
0.

00
0.

54
0.

00
0.

19
4

0.
83

0
-0

.2
0

AG
G

CC
TC

G
AT

G
AG

TA
G

G
AG

G
G

+
TA

R1
13

.9
0

10
6.

85
7.

69
50

.0
9

22
9.

85
4.

59
Bn

aC
05

g2
87

00
D

St
em

-s
pe

ci
fic

 p
ro

te
in

 T
SJ

T1
14

99
A

G
G

CC
TC

G
A

TG
A

G
TA

G
G

A
G

G
G

    
|o

||
||

||
||

||
 o

|o
||

|o
o 

   
A

A
CA

TT
CG

G
A

G
CT

A
CT

G
G

TT
CT

CT
TG

G
A

G
CA

A
D

T3
 T

T3
0.

00
0.

91
0.

00
0.

09
17

7
-0

.0
5

10
96

0.
51

CC
G

AA
TC

G
AT

CG
G

CG
G

AC
CG

G
A

-
TA

R1
51

.1
1

48
.8

2
0.

96
88

.6
2

21
3.

26
2.

41
Bn

aC
08

g4
61

50
D

TA
R1

82
6

CC
G

A
A

TC
G

A
TC

G
G

CG
G

A
CC

G
G

A
    

||
||

||
||

||
||

||
||

||
||

||
    

G
CG

G
G

G
CT

TA
G

CT
A

G
CC

G
CC

TG
G

CC
TA

A
CG

A
G

D
T3

 T
T3

0.
00

2.
27

0.
00

1.
34

14
39

79
-1

.1
4

60
51

0
-0

.8
0

G
CA

G
AC

G
G

CG
AA

CC
AC

CC
AC

G
-

TA
R1

9.
53

47
.3

4
4.

97
4.

08
80

.9
4

19
.8

4
Bn

aA
06

g3
03

90
D

N
itr

ile
-s

pe
ci

fie
r p

ro
te

in
 5

10
53

G
CA

G
A

CG
G

CG
A

A
CC

A
CC

CA
CG

    
||

|o
||

 |
||

 |
||

||
||

||
| 

   
TT

G
TC

G
TT

TG
-C

G
CG

TG
G

TG
G

G
TG

CA
CC

CG
TG

D
T3

 T
T3

0.
00

0.
73

0.
00

0.
65

11
63

5
1.

14
16

85
2

1.
14

CC
AA

G
AT

CT
G

CA
CC

G
AC

G
G

CC
-

TA
R1

22
.0

2
10

5.
38

4.
78

32
.7

9
15

4.
52

4.
71

Bn
aC

08
g4

61
50

D
TA

R1
17

87
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

CC
    

||
||

||
||

||
||

||
||

||
||

| 
   

TG
G

TG
G

TT
CT

A
G

A
CG

TG
G

CT
G

CC
G

G
CG

A
G

G
CG

D
T3

 T
T3

0.
00

1.
41

0.
00

0.
37

14
39

79
-1

.1
4

60
51

0
-0

.8
0

CC
CC

G
AA

TC
G

AT
CG

G
CG

G
AC

C
-

TA
R1

25
.4

0
67

.5
4

2.
66

47
.5

3
19

5.
45

4.
11

Bn
aA

nn
g2

21
60

D
TA

R1
18

32
CC

CC
G

A
A

TC
G

A
TC

G
G

CG
G

A
CC

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

TG
CG

G
G

G
CT

TA
G

CT
A

G
CC

G
CC

TG
G

CC
TA

A
CG

D
T3

 T
T3

0.
00

2.
36

0.
00

0.
32

25
77

65
-1

.0
1

11
42

34
-0

.8
5

AG
G

CC
TC

G
AT

G
AG

TA
G

G
AG

G
G

+
TA

R1
13

.9
0

10
6.

85
7.

69
50

.0
9

22
9.

85
4.

59
Bn

aC
02

g0
85

40
D

St
em

-s
pe

ci
fic

 p
ro

te
in

 T
SJ

T1
18

66
A

G
G

CC
TC

G
A

TG
A

G
TA

G
G

A
G

G
G

    
|o

||
||

||
||

||
 o

|o
||

|o
o 

   
A

A
CA

TT
CG

G
A

G
CT

A
CT

G
G

TT
CT

CT
TG

G
A

G
CA

A
D

T3
 T

T3
0.

00
0.

91
0.

00
0.

09
42

71
0

0.
13

42
76

2
0.

74

CC
CC

G
AA

TC
G

AT
CG

G
CG

G
AC

C
-

TA
R1

25
.4

0
67

.5
4

2.
66

47
.5

3
19

5.
45

4.
11

Bn
aA

09
g0

44
20

D
TA

R1
83

2
CC

CC
G

A
A

TC
G

A
TC

G
G

CG
G

A
CC

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

TG
CG

G
G

G
CT

TA
G

CT
A

G
CC

G
CC

TG
G

CC
TA

A
CG

D
T3

 T
T3

0.
00

2.
36

0.
00

0.
32

23
94

30
-1

.0
0

10
14

42
-0

.7
8

CC
AA

G
AT

CT
G

CA
CC

G
AC

G
G

CC
-

TA
R1

22
.0

2
10

5.
38

4.
78

32
.7

9
15

4.
52

4.
71

Bn
aA

09
g0

44
20

D
TA

R1
17

91
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

CC
    

||
||

||
||

||
| 

||
||

||
||

| 
   

TG
G

TG
G

TT
CT

A
G

A
CG

G
G

G
CT

G
CC

G
G

CG
A

G
G

CG
D

T3
 T

T3
0.

00
1.

41
0.

00
0.

37
23

94
30

-1
.0

0
10

14
42

-0
.7

8

CC
CC

G
AA

TC
G

AT
CG

G
CG

G
AC

C
-

TA
R1

25
.4

0
67

.5
4

2.
66

47
.5

3
19

5.
45

4.
11

Bn
aA

nn
g3

67
30

D
Pu

ta
tiv

e 
un

ch
ar

ac
te

riz
ed

 p
ro

te
in

 A
RT

3
83

2
CC

CC
G

A
A

TC
G

A
TC

G
G

CG
G

A
CC

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

TG
CG

G
G

G
CT

TA
G

CT
A

G
CC

G
CC

TG
G

CC
TA

A
CG

D
T3

 T
T3

0.
00

2.
36

0.
00

0.
32

32
58

4
-0

.1
7

17
99

6
-0

.7
4

G
TC

CC
AT

AT
CC

TC
G

AG
AG

G
AT

G
-

TA
R1

15
1.

56
27

4.
16

1.
81

28
4.

93
27

0.
58

0.
95

Bn
aA

09
g0

44
20

D
TA

R1
18

8
G

TC
CC

A
TA

TC
CT

CG
A

G
A

G
G

A
TG

    
||

||
||

||
||

||
||

||
||

||
||

    
A

A
G

G
CA

G
G

G
TA

TA
G

G
A

G
CT

CT
CC

TA
CC

CC
CC

T
D

T3
 T

T3
0.

00
5.

13
0.

00
0.

37
23

94
30

-1
.0

0
10

14
42

-0
.7

8

CC
G

AA
TC

G
AT

CG
G

CG
G

AC
CG

G
A

-
TA

R1
51

.1
1

48
.8

2
0.

96
88

.6
2

21
3.

26
2.

41
Bn

aA
09

g0
44

20
D

TA
R1

83
0

CC
G

A
A

TC
G

A
TC

G
G

CG
G

A
CC

G
G

A
    

||
||

||
||

||
||

||
||

||
||

||
    

G
CG

G
G

G
CT

TA
G

CT
A

G
CC

G
CC

TG
G

CC
TA

A
CG

A
G

D
T3

 T
T3

0.
00

2.
27

0.
00

1.
34

23
94

30
-1

.0
0

10
14

42
-0

.7
8

CG
TC

CC
AT

AT
CC

TC
G

AG
AG

G
A

-
TA

R1
17

2.
94

32
6.

00
1.

89
31

1.
97

17
0.

30
0.

55
Bn

aA
09

g0
44

20
D

TA
R1

18
9

CG
TC

CC
A

TA
TC

CT
CG

A
G

A
G

G
A

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

A
A

G
G

CA
G

G
G

TA
TA

G
G

A
G

CT
CT

CC
TA

CC
CC

CC
D

T3
 T

T3
0.

00
0.

86
0.

00
0.

28
23

94
30

-1
.0

0
10

14
42

-0
.7

8



  

 

CC
CC

G
A

A
TC

G
A

TC
G

G
CG

G
A

CC
-

TA
R

1
25

.4
0

67
.5

4
2.

66
47

.5
3

19
5.

45
4.

11
B

na
C0

8g
46

15
0D

TA
R

1
82

8
CC

CC
G

A
A

TC
G

A
TC

G
G

CG
G

A
CC

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

TG
CG

G
G

G
CT

TA
G

CT
A

G
CC

G
CC

TG
G

CC
TA

A
CG

D
T3

 T
T3

0.
00

2.
36

0.
00

0.
32

14
39

79
-1

.1
4

60
51

0
-0

.8
0

A
G

A
TC

TG
CA

CC
G

A
CG

G
CC

G
CT

-
TA

R
1

0.
85

15
.2

2
17

.8
2

3.
48

33
.5

6
9.

64
B

na
C0

2g
36

11
0D

un
kn

ow
n

38
3

A
G

A
TC

TG
CA

CC
G

A
CG

G
CC

G
CT

    
||

||
||

||
||

||
||

o|
||

o|
| 

   
TG

G
TT

CT
A

G
A

CG
TG

G
CT

G
TC

G
G

TG
A

G
G

G
G

G
CC

D
T3

 T
T3

0.
00

1.
41

0.
00

0.
69

25
73

7
-1

.1
2

12
54

7
-0

.8
0

CC
G

A
A

TC
G

A
TC

G
G

CG
G

A
CC

G
G

A
-

TA
R

1
51

.1
1

48
.8

2
0.

96
88

.6
2

21
3.

26
2.

41
B

na
A

nn
g2

21
60

D
TA

R
1

18
30

CC
G

A
A

TC
G

A
TC

G
G

CG
G

A
CC

G
G

A
    

||
||

||
||

||
||

||
||

||
||

||
    

G
CG

G
G

G
CT

TA
G

CT
A

G
CC

G
CC

TG
G

CC
TA

A
CG

A
G

D
T3

 T
T3

0.
00

2.
27

0.
00

1.
34

25
77

65
-1

.0
1

11
42

34
-0

.8
5

A
A

CA
A

CC
CG

A
CT

CG
TA

G
A

CA
G

-
TA

R
1

20
.2

8
12

.5
9

0.
62

33
.0

0
35

.3
7

1.
07

B
na

C0
8g

46
15

0D
TA

R
1

61
2

A
A

CA
A

CC
CG

A
CT

CG
TA

G
A

CA
G

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

G
G

TT
TG

TT
G

G
G

CT
G

A
G

CA
TC

TG
TC

G
CG

G
A

G
C

TT
2 

TT
3

0.
00

0.
00

0.
00

22
.3

3
14

39
79

-1
.1

4
60

51
0

-0
.8

0

A
A

CA
A

CC
CG

A
CT

CG
TA

G
A

CA
G

-
TA

R
1

20
.2

8
12

.5
9

0.
62

33
.0

0
35

.3
7

1.
07

B
na

A
nn

g3
67

30
D

Pu
ta

ti
ve

 u
nc

ha
ra

ct
er

iz
ed

 p
ro

te
in

 A
R

T3
61

6
A

A
CA

A
CC

CG
A

CT
CG

TA
G

A
CA

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

G
G

G
TT

TG
TT

G
G

G
CT

G
A

G
CA

TC
TG

TC
G

CG
G

A
A

C
TT

2 
TT

3
0.

00
0.

00
0.

00
22

.3
3

32
58

4
-0

.1
7

17
99

6
-0

.7
4

A
A

CA
A

CC
CG

A
CT

CG
TA

G
A

CA
G

-
TA

R
1

20
.2

8
12

.5
9

0.
62

33
.0

0
35

.3
7

1.
07

B
na

A
nn

g2
21

60
D

TA
R

1
16

16
A

A
CA

A
CC

CG
A

CT
CG

TA
G

A
CA

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

G
G

G
TT

TG
TT

G
G

G
CT

G
A

G
CA

TC
TG

TC
G

CG
G

A
G

C
TT

2 
TT

3
0.

00
0.

00
0.

00
22

.3
3

25
77

65
-1

.0
1

11
42

34
-0

.8
5

A
A

CA
A

CC
CG

A
CT

CG
TA

G
A

CA
G

-
TA

R
1

20
.2

8
12

.5
9

0.
62

33
.0

0
35

.3
7

1.
07

B
na

A
09

g0
44

20
D

TA
R

1
61

6
A

A
CA

A
CC

CG
A

CT
CG

TA
G

A
CA

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

G
G

G
TT

TG
TT

G
G

G
CT

G
A

G
CA

TC
TG

TC
G

CG
G

A
G

C
TT

2 
TT

3
0.

00
0.

00
0.

00
22

.3
3

23
94

30
-1

.0
0

10
14

42
-0

.7
8

CT
G

A
G

G
A

CG
CT

TC
TC

CA
G

A
CT

-
TA

R
1

19
.4

0
29

.7
7

1.
53

49
.5

8
45

.9
3

0.
93

B
na

A
nn

g0
09

30
D

un
kn

ow
n

13
89

CT
G

A
G

G
A

CG
CT

TC
TC

CA
G

A
CT

    
| 

||
||

| 
||

 |
||

| 
||

||
| 

   
CC

A
CG

TC
TC

CT
-C

G
CA

G
A

G
A

TC
TG

A
CA

TC
TT

T
D

T2
0.

00
1.

87
0.

00
0.

00
29

42
-0

.2
0

20
85

0.
00

G
TT

A
A

A
A

TT
CC

G
G

A
A

CC
G

G
G

A
+

TA
R

1
63

.6
3

10
2.

89
1.

62
11

5.
62

22
5.

72
1.

95
B

na
A

06
g3

90
60

D
Pu

ro
m

yc
in

-s
en

si
ti

ve
 a

m
in

op
ep

ti
da

se
20

00
G

TT
A

A
A

A
TT

CC
G

G
A

A
CC

G
G

G
A

    
||

||
||

| 
||

 |
||

||
 |

 |
| 

   
TG

TA
CA

A
TT

TT
-A

G
A

CC
TT

G
CC

G
CT

G
TT

A
CA

A
D

T2
0.

00
2.

31
0.

00
0.

00
41

26
1.

02
74

52
0.

36

G
G

TT
A

G
TC

G
A

TC
CT

A
A

G
A

G
TC

G
+

TA
R

1
10

8.
00

11
7.

16
1.

08
15

1.
96

30
4.

33
2.

00
B

na
A

08
g1

18
40

D
Pr

ob
ab

le
 d

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
A

t4
g3

33
00

31
13

G
G

TT
A

G
TC

G
A

TC
CT

A
A

G
A

G
TC

G
    

||
||

|o
| 

||
||

||
| 

  |
||

| 
   

A
TA

TC
CA

A
TT

A
-C

TA
G

G
A

TG
A

G
CA

G
CT

CG
G

TT
D

T2
0.

00
0.

09
0.

00
0.

00
59

12
0.

01
88

59
0.

28

A
G

G
A

G
CG

TC
TT

G
A

CA
TG

CG
G

T
+

TA
R

1
18

.0
2

92
.3

6
5.

13
13

9.
92

67
.5

3
0.

48
B

na
A

03
g2

46
40

D
R

N
A

 p
ol

ym
er

as
e 

II 
tr

an
sc

ri
pt

io
na

l 
co

ac
ti

va
to

r 
K

EL
P

21
0

A
G

G
A

G
CG

TC
TT

G
A

C-
A

TG
CG

G
T 

   |
||

|o
||

 |
||

||
| 

||
||

 |
o 

   
A

A
G

CT
CC

TT
G

CT
G

A
A

CT
G

CT
A

CG
G

CG
CA

TG
CT

D
T2

0.
00

0.
89

0.
00

0.
00

12
23

0.
03

13
19

0.
13

G
A

A
CG

A
CC

TG
A

G
A

A
CG

A
TG

A
A

+
TA

R
1

14
.3

0
13

2.
60

9.
27

11
3.

19
24

1.
21

2.
13

B
na

Cn
ng

51
14

0D
Tr

an
sc

ri
pt

io
n 

re
pr

es
so

r 
O

FP
15

71
4

G
A

A
CG

A
CC

TG
-A

G
A

A
CG

A
TG

A
A

    
o 

||
||

| 
||

 |
||

||
||

oo
||

    
TT

CT
TG

TG
CT

G
CA

CA
TC

TT
G

CT
G

TT
TC

CT
CT

A
D

T2
0.

00
3.

20
0.

00
0.

00
12

5
-1

.0
1

21
-1

.0
1

CG
A

CG
TC

G
CA

G
A

CG
G

CG
A

A
CC

-
TA

R
1

32
.3

0
84

9.
78

26
.3

1
61

.4
4

27
65

.4
9

45
.0

1
B

na
A

nn
g2

21
60

D
TA

R
1

64
8

CG
A

CG
TC

G
CA

G
A

CG
G

CG
A

A
CC

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

A
G

CG
CT

G
CA

G
CG

TC
TG

CC
G

CT
TG

G
TG

G
G

TG
C

D
T2

0.
00

1.
33

0.
00

0.
00

25
77

65
-1

.0
1

11
42

34
-0

.8
5

A
TT

G
CC

TC
A

A
A

CT
TC

CT
TG

G
CC

-
TA

R
1

4.
40

32
.8

8
7.

47
74

.0
0

11
9.

08
1.

61
B

na
A

10
g1

73
40

D
2-

hy
dr

ox
ya

cy
l-

Co
A

 ly
as

e
14

03
A

TT
G

CC
TC

A
A

A
CT

TC
CT

TG
G

CC
    

|o
|o

||
||

||
 |

||
||

 |
||

| 
   

A
CA

A
TG

A
TG

G
A

G
TT

-G
A

A
G

G
TA

CC
G

CG
A

CT
TA

D
T2

0.
00

1.
69

0.
00

0.
00

36
93

0.
29

33
25

0.
34

G
A

CG
CT

CC
TG

A
CG

TT
CT

TA
G

C
-

TA
R

1
1.

75
18

.3
1

10
.4

6
#N

/A
#N

/A
#N

/A
B

na
C0

4g
41

35
0D

H
is

to
ne

 H
1.

2
84

6
G

A
CG

CT
CC

TG
A

CG
TT

CT
TA

G
C 

   |
 |

||
| 

||
| 

| 
||

||
||

||
    

G
TG

TC
G

G
CG

A
CG

A
C-

G
A

A
A

G
A

A
TC

G
TC

CT
CG

T
D

T2
0.

00
4.

80
0.

00
0.

00
59

73
0.

67
49

98
1.

03

G
G

CC
G

A
A

G
A

G
G

G
G

A
A

A
G

G
TT

C
+

TA
R

1
11

.1
7

79
.6

5
7.

13
38

.6
5

14
9.

09
3.

86
B

na
A

nn
g2

17
60

D
TA

R
1

83
2

G
G

CC
G

A
A

G
A

-G
G

G
G

A
A

A
G

G
TT

C 
   |

||
||

||
||

 |
||

o|
| 

| 
|o

| 
   

CT
TC

CG
G

CT
TC

TC
CC

CT
TT

CC
A

A
G

G
TA

CA
CT

T
D

T2
0.

00
0.

18
0.

00
0.

00
47

01
2

-1
.0

1
20

91
2

-0
.7

9

CG
A

CG
TC

G
CA

G
A

CG
G

CG
A

A
CC

-
TA

R
1

32
.3

0
84

9.
78

26
.3

1
61

.4
4

27
65

.4
9

45
.0

1
B

na
C0

5g
18

83
0D

A
D

P-
ri

bo
sy

la
ti

on
 f

ac
to

r 
1

90
6

CG
A

CG
TC

G
CA

G
A

CG
G

CG
A

A
CC

    
||

||
o|

| 
||

||
| 

| 
||

| 
| 

   
G

G
G

G
G

CT
G

TA
G

G
G

TC
TG

A
CA

CT
TT

G
A

CT
A

CA
A

D
T2

0.
00

3.
29

0.
00

0.
00

27
47

-0
.9

5
19

94
-0

.5
7

G
TC

G
CT

G
CA

A
A

A
CC

TA
G

G
G

CG
+

TA
R

1
7.

93
37

.0
7

4.
67

9.
47

60
.6

4
6.

40
B

na
C0

2g
04

56
0D

G
EM

-l
ik

e 
pr

ot
ei

n 
5

11
77

G
TC

G
CT

G
CA

A
A

A
CC

TA
G

G
G

CG
    

||
||

||
o|

||
||

  o
|o

 |
||

    
CT

G
CC

A
G

CG
A

TG
TT

TT
TC

G
TT

G
CG

CT
TG

TA
A

T
D

T2
0.

00
1.

78
0.

00
0.

00
93

78
-1

.3
0

10
29

1
-0

.2
3

G
TC

G
CT

G
CA

A
A

A
CC

TA
G

G
G

CG
+

TA
R

1
7.

93
37

.0
7

4.
67

9.
47

60
.6

4
6.

40
B

na
A

02
g0

15
10

D
G

EM
-l

ik
e 

pr
ot

ei
n 

5
11

41
G

TC
G

CT
G

CA
A

A
A

CC
TA

G
G

G
CG

    
||

||
||

o|
||

||
  o

|o
 |

||
    

CT
G

CC
A

G
CG

A
TG

TT
TT

TC
G

TT
G

CG
CT

TG
TA

A
T

D
T2

0.
00

1.
78

0.
00

0.
00

87
79

-0
.3

3
12

86
6

0.
21

G
A

A
CG

A
CC

TG
A

G
A

A
CG

A
TG

A
A

+
TA

R
1

14
.3

0
13

2.
60

9.
27

11
3.

19
24

1.
21

2.
13

B
na

A
05

g0
82

10
D

Tr
an

sc
ri

pt
io

n 
re

pr
es

so
r 

O
FP

15
76

1
G

A
A

CG
A

CC
TG

-A
G

A
A

CG
A

TG
A

A
    

o 
||

||
| 

||
 |

||
||

||
oo

||
    

TT
CT

TG
TG

CT
G

CA
CA

TC
TT

G
CT

G
TT

TC
CT

CT
A

D
T2

0.
00

3.
20

0.
00

0.
00

34
9

-0
.1

0
31

0
-1

.3
7

A
G

A
A

TA
G

G
TC

G
A

G
G

A
CA

TT
G

C
-

TA
R

1
0.

85
38

.2
0

44
.7

4
16

.1
7

67
.4

7
4.

17
B

na
Cn

ng
03

47
0D

Pr
ob

ab
le

 m
ed

ia
to

r 
of

 R
N

A
 p

ol
ym

er
as

e 
II 

tr
an

sc
ri

pt
io

n 
su

bu
ni

t 
37

e
36

9
A

G
A

A
TA

G
G

TC
G

A
G

G
A

CA
-T

TG
C 

   |
| 

||
||

||
||

|o
||

| 
||

||
    

A
CA

G
G

CT
CA

TC
CA

G
CT

CT
TG

TG
A

A
CG

A
G

G
A

A
G

D
T2

0.
00

2.
22

0.
00

0.
00

13
01

3
0.

10
78

25
-0

.5
5

TT
CT

TA
G

CT
CG

G
A

TT
TT

G
G

CC
-

TA
R

1
20

3.
59

28
9.

71
1.

42
2.

85
1.

60
0.

56
B

na
C0

9g
49

11
0D

un
kn

ow
n

37
24

TT
CT

TA
G

CT
CG

G
A

TT
TT

G
G

CC
    

||
| 

||
o|

||
|o

 |
||

| 
||

| 
   

CC
G

TA
A

G
-A

TT
G

A
G

CT
A

A
A

A
A

G
CG

G
G

A
CT

A
A

A
D

T2
0.

00
3.

73
0.

00
0.

00
24

47
0.

25
38

98
0.

21

TA
TG

G
G

A
CG

G
A

A
G

CT
G

A
TC

TC
C

+
TA

R
1

37
.8

0
37

7.
74

9.
99

93
.0

6
41

5.
63

4.
47

B
na

C0
4g

38
65

0D
A

bs
ci

si
c-

al
de

hy
de

 o
xi

da
se

42
10

TA
TG

G
G

A
CG

G
A

A
G

CT
G

A
TC

TC
C 

   o
||

| 
||

||
||

| 
||

||
 |

| 
| 

   
TA

TG
G

TA
CA

CT
G

CC
TT

G
G

A
CT

-G
A

A
G

A
G

G
TA

G
D

T2
0.

00
2.

04
0.

00
0.

00
24

2
0.

69
59

2
0.

85

A
G

G
A

A
G

CT
G

A
TT

G
G

CT
G

G
A

TC
+

TA
R

1
74

.4
3

12
4.

57
1.

67
13

6.
07

26
0.

72
1.

92
B

na
A

04
g2

79
20

D
R

ib
ul

os
e 

bi
sp

ho
sp

ha
te

 c
ar

bo
xy

la
se

 s
m

al
l 

ch
ai

n 
F1

, c
hl

or
op

la
st

ic
80

0
A

G
G

A
A

G
CT

G
A

TT
G

G
CT

G
G

A
TC

    
| 

||
|o

||
||

| 
 o

||
||

|o
| 

   
CC

G
CT

A
CT

TT
G

A
CT

A
CG

TG
A

CC
TG

G
A

CT
G

CC
A

D
T2

0.
00

2.
58

0.
00

0.
00

15
3

-2
.4

7
68

95
9

-1
.1

2

TA
A

A
G

TT
TG

A
G

A
A

TA
G

G
TC

G
A

-
TA

R
1

11
.3

2
34

.8
7

3.
08

18
.6

3
38

.8
0

2.
08

B
na

C0
1g

42
66

0D
Ca

se
in

 k
in

as
e 

II 
su

bu
ni

t 
al

ph
a-

2
22

76
TA

-A
A

G
TT

TG
A

G
A

A
TA

G
G

TC
G

A
    

||
 |

||
||

||
|o

||
||

|o
| 

o|
    

A
A

G
A

TG
TT

CA
A

A
CT

TT
TA

TC
TA

CT
TT

CG
TC

A
G

D
T2

0.
00

4.
26

0.
00

0.
00

39
56

0.
18

49
29

0.
14

A
TT

G
CC

TC
A

A
A

CT
TC

CT
TG

G
C

-
TA

R
1

62
.2

2
86

.0
0

1.
38

38
2.

64
14

0.
59

0.
37

B
na

C0
9g

40
57

0D
2-

hy
dr

ox
ya

cy
l-

Co
A

 ly
as

e
13

94
A

TT
G

CC
TC

A
A

A
CT

TC
CT

TG
G

C 
   |

o|
o|

||
||

| 
||

||
| 

||
||

    
A

CA
A

TG
A

TG
G

A
G

TT
-G

A
A

G
G

TA
CC

G
CG

A
CT

TA
D

T2
0.

00
1.

69
0.

00
0.

00
55

56
0.

31
61

78
0.

27

TG
TC

G
G

CC
A

A
G

G
TG

TG
A

A
CT

CG
-

TA
R

1
30

.4
1

37
.0

7
1.

22
13

3.
79

10
8.

00
0.

81
B

na
A

04
g0

81
10

D
A

sp
ar

ti
c 

pr
ot

ei
na

se
 P

CS
1

93
4

TG
TC

G
G

CC
A

A
G

-G
TG

TG
A

A
CT

CG
    

o|
||

|o
||

||
| 

| 
||

||
| 

||
| 

   
CG

G
TG

CA
G

CT
G

G
TT

CA
CT

CA
CT

TA
A

G
CC

TT
G

G
D

T2
0.

00
0.

09
0.

00
0.

00
26

68
-1

.3
4

81
38

-0
.7

3

A
TG

G
G

A
CG

G
A

A
G

CT
G

A
TC

TC
C

+
TA

R
1

44
.5

1
72

1.
86

16
.2

2
77

.2
1

41
9.

08
5.

43
B

na
A

07
g1

33
40

D
60

S 
ac

id
ic

 r
ib

os
om

al
 p

ro
te

in
 P

2-
2

54
0

A
TG

G
G

A
CG

G
A

A
G

CT
G

A
TC

TC
C 

   |
||

o|
||

||
||

|o
o|

 |
| 

| 
   

G
G

CG
A

A
CC

TT
G

CC
TT

CG
G

TT
-G

A
A

G
A

G
G

G
A

A
G

D
T2

0.
00

0.
98

0.
00

0.
00

35
67

-0
.7

8
20

75
-0

.4
4

G
A

TC
CT

A
A

G
A

G
TC

G
G

G
G

G
A

A
A

+
TA

R
1

16
.6

4
52

.8
1

3.
17

33
.7

7
88

.6
5

2.
63

B
na

Cn
ng

49
00

0D
G

er
an

yl
ge

ra
ny

l d
ip

ho
sp

ha
te

 r
ed

uc
ta

se
, 

ch
lo

ro
pl

as
ti

c
11

19
G

A
TC

C-
TA

A
G

A
G

TC
G

G
G

G
G

A
A

A
    

||
||

 |
||

o|
o|

||
||

o|
| 

| 
   

TG
G

G
TA

G
G

CA
TT

TT
TA

G
CC

CT
CT

G
TG

CA
G

TA
G

D
T2

0.
00

3.
38

0.
00

0.
00

51
47

1
-0

.4
3

41
44

8
-0

.0
8

G
A

CG
CT

CC
TG

A
CG

TT
CT

TA
G

C
-

TA
R

1
1.

75
18

.3
1

10
.4

6
#N

/A
#N

/A
#N

/A
B

na
A

09
g0

44
20

D
TA

R
1

25
7

G
A

CG
CT

CC
TG

A
CG

TT
CT

TA
G

C 
   |

||
||

||
||

||
||

||
||

||
||

    
A

G
TT

CT
G

CG
A

G
G

A
CT

G
CA

A
G

A
A

TC
G

A
G

CC
TA

A
D

T2
0.

00
5.

42
0.

00
0.

00
23

94
30

-1
.0

0
10

14
42

-0
.7

8

G
TT

G
G

CC
A

A
A

A
TC

CG
A

G
CT

+
TA

R
1

2.
04

24
.4

2
12

.0
0

6.
45

13
.0

1
2.

02
B

na
C0

3g
26

84
0D

Pr
ot

ei
n 

TI
C 

55
, c

hl
or

op
la

st
ic

19
85

G
TT

G
G

CC
A

A
A

A
TC

CG
A

G
CT

    
  |

||
o|

||
||

| 
| 

 |
||

|o
    

TC
G

CC
A

A
TC

G
G

TT
TA

A
CC

CT
CG

G
A

CG
TA

TC
A

T
D

T2
0.

00
2.

31
0.

00
0.

00
12

17
9

-0
.2

2
13

79
8

-0
.0

1

G
TT

CA
CA

CC
TT

G
G

CC
G

A
CA

G
G

+
TA

R
1

18
.4

2
31

1.
96

16
.9

4
69

.8
3

61
5.

48
8.

81
B

na
C0

2g
09

01
0D

Tu
bu

lin
 a

lp
ha

-5
 c

ha
in

12
47

G
TT

CA
CA

CC
TT

G
G

CC
G

A
CA

G
G

    
| 

||
||

| 
||

||
||

|o
 |

| 
| 

   
G

A
G

CC
CA

G
TG

T-
G

A
A

CC
G

G
TA

G
TA

CG
A

TC
G

A
C

D
T2

0.
00

1.
07

0.
00

0.
00

16
52

-0
.0

3
26

24
-0

.5
5

TC
CG

A
G

CT
A

A
G

A
A

CG
TC

A
G

G
A

+
TA

R
1

5.
64

17
4.

13
30

.9
0

0.
00

0.
67

0.
67

B
na

C0
9g

19
27

0D
La

-r
el

at
ed

 p
ro

te
in

 6
A

10
22

TC
CG

A
G

CT
A

A
G

A
A

CG
T-

CA
G

G
A

    
||

||
|o

||
||

 |
||

 |
 |

||
| 

   
G

A
G

TA
G

G
CT

TG
A

TT
G

TT
G

G
A

CG
TC

CA
A

A
CT

CG
D

T2
0.

00
0.

98
0.

00
0.

00
45

71
0.

64
42

08
0.

68

TA
TT

TA
A

A
G

TT
TG

A
G

A
A

TA
G

G
-

TA
R

1
8.

72
35

.6
5

4.
09

12
.9

4
55

.7
3

4.
31

B
na

A
06

g0
16

90
D

CU
R

V
A

TU
R

E 
TH

YL
A

K
O

ID
 1

C,
 c

hl
or

op
la

st
ic

11
22

TA
TT

TA
A

A
G

TT
TG

A
G

A
A

TA
G

G
    

||
||

||
 |

||
||

 |
| 

|o
| 

| 
   

TA
TC

A
TA

A
A

TG
TC

A
A

A
G

TC
A

TG
TA

CT
TT

G
A

TC
D

T2
0.

00
4.

09
0.

00
0.

00
58

75
4

-0
.4

7
33

63
0

0.
00

CG
CG

G
TT

G
G

CC
A

A
A

A
TC

CG
A

G
+

TA
R

1
10

.5
0

90
.1

1
8.

58
27

.4
8

56
.0

1
2.

04
B

na
A

06
g1

39
30

D
Pr

ob
ab

le
 p

ur
in

e 
pe

rm
ea

se
 1

4
71

7
CG

CG
G

TT
G

G
CC

A
A

A
A

TC
CG

A
G

    
||

| 
| 

||
||

 |
||

| 
||

o|
| 

   
G

G
CC

G
CG

G
CT

A
CC

G
CT

TT
T-

G
G

TT
CC

TC
TA

A
T

D
T2

0.
00

0.
18

0.
00

0.
00

15
55

0
-1

.0
2

12
61

6
-0

.4
7



  

 

T
G

A
G

A
A

T
A

G
G

T
C

G
A

G
G

A
C

A
T

T
-

T
A

R
1

5
.3

0
6

4
.6

2
1

2
.2

0
1

4
.1

8
9

0
.5

2
6

.3
8

B
n

a
C

0
3

g
7

0
8

7
0

D
u

n
k

n
o

w
n

1
6

0
0

T
G

A
G

A
A

T
A

G
G

T
C

G
A

G
G

A
C

A
T

T
   

 o
|

|
|

|
|

|
|

 |
|

 |
 |

|
|

|
|

|
|

   
 

T
T

C
G

G
C

T
C

T
T

A
T

A
C

A
T

C
C

C
C

T
G

T
A

A
C

T
G

T
T

A
C

D
T

2
0

.0
0

5
.0

6
0

.0
0

0
.0

0
3

5
8

-0
.0

3
4

1
1

0
.4

6

C
T

G
G

A
G

C
T

C
G

G
A

A
A

C
G

A
G

T
T

C
+

T
A

R
1

4
0

.2
6

8
1

.0
4

2
.0

1
9

2
.7

3
1

0
1

.5
4

1
.0

9
B

n
a

C
n

n
g

7
3

3
7

0
D

u
n

k
n

o
w

n
2

1
6

6
C

T
G

G
A

G
C

T
C

G
G

A
A

A
C

G
A

G
T

T
C

   
 |

|
|

o
|

o
|

|
|

|
o

|
|

|
|

 |
 |

|
   

 

G
T

A
T

G
A

C
T

T
T

G
A

G
C

T
T

T
T

G
-T

G
A

A
T

A
A

T
G

A
A

C
D

T
2

0
.0

0
7

.2
0

0
.0

0
0

.0
0

6
6

3
0

.8
9

8
5

2
-0

.0
3

A
G

A
A

T
A

G
G

T
C

G
A

G
G

A
C

A
T

T
G

C
G

-
T

A
R

1
0

.0
0

2
7

.1
1

2
7

.1
1

1
.4

2
1

0
6

.7
8

7
5

.0
5

B
n

a
C

n
n

g
0

3
4

7
0

D
P

ro
b

a
b

le
 m

e
d

ia
to

r 
o

f 
R

N
A

 p
o

ly
m

e
ra

s
e

 I
I 

tr
a

n
s
c
ri

p
ti

o
n

 s
u

b
u

n
it

 3
7

e
3

6
9

A
G

A
A

T
A

G
G

T
C

G
A

G
G

A
C

A
-T

T
G

C
G

   
 |

|
 |

|
|

|
|

|
|

|
|

o
|

|
|

 |
|

|
|

   
 

A
C

A
G

G
C

T
C

A
T

C
C

A
G

C
T

C
T

T
G

T
G

A
A

C
G

A
G

G
A

A
G

D
T

2
0

.0
0

2
.2

2
0

.0
0

0
.0

0
1

3
0

1
3

0
.1

0
7

8
2

5
-0

.5
5

C
G

G
A

G
A

C
G

T
C

G
G

C
G

G
G

A
A

T
T

C
+

T
A

R
1

2
1

.2
4

4
7

.4
2

2
.2

3
3

6
.6

1
1

0
8

.1
5

2
.9

5
B

n
a

C
n

n
g

6
1

6
9

0
D

C
y

c
li

n
-d

e
p

e
n

d
e

n
t 

k
in

a
s
e

 G
1

1
7

7
C

G
G

A
G

A
C

G
T

C
G

G
C

G
G

G
A

A
T

T
C

   
 |

o
|

|
|

|
|

|
|

|
o

o
 |

|
|

|
|

|
o

|
   

 

G
G

G
A

G
T

C
T

C
T

G
C

A
G

T
T

T
C

C
C

T
T

A
G

G
C

A
T

G
A

G
A

D
T

2
0

.0
0

1
.6

0
0

.0
0

0
.0

0
2

9
0

0
.9

0
6

4
0

-0
.4

6

G
G

C
C

G
A

A
G

A
G

G
G

G
A

A
A

G
G

T
T

C
+

T
A

R
1

1
1

.1
7

7
9

.6
5

7
.1

3
3

8
.6

5
1

4
9

.0
9

3
.8

6
B

n
a

C
0

8
g

4
7

0
4

0
D

u
n

k
n

o
w

n
3

7
1

G
G

C
C

G
A

A
G

A
-G

G
G

G
A

A
A

G
G

T
T

C
   

 |
|

|
|

|
|

|
|

|
 |

|
|

o
|

|
 |

 |
o

|
   

 

C
T

T
C

C
G

G
C

T
T

C
T

C
C

C
C

T
T

T
C

C
A

A
G

G
T

A
C

A
C

T
T

D
T

2
0

.0
0

3
.5

5
0

.0
0

0
.0

0
1

2
7

-1
.1

0
3

4
-1

.0
9

G
G

A
T

A
G

C
T

G
G

A
G

C
T

C
G

G
A

A
A

C
+

T
A

R
1

2
5

.5
4

3
3

.7
4

1
.3

2
8

1
.5

2
7

5
.2

9
0

.9
2

B
n

a
C

0
5

g
1

4
2

6
0

D
P

ro
b

a
b

le
 g

a
la

c
tu

ro
n

o
s
y

lt
ra

n
s
fe

ra
s
e

 1
1

2
4

6
1

G
G

A
T

A
G

C
T

G
G

A
G

C
T

C
G

G
A

A
A

C
   

 |
|

|
|

 |
|

|
 |

|
|

 |
|

o
o

|
|

|
|

   
 

T
A

T
T

C
C

T
A

C
C

G
A

G
C

T
C

A
A

G
T

T
T

T
T

G
G

A
A

T
T

G
G

D
T

2
0

.0
0

5
.2

4
0

.0
0

0
.0

0
5

8
3

0
.9

8
1

3
8

1
0

.8
5

C
T

G
T

C
T

T
A

A
T

C
G

A
C

C
A

A
C

A
C

C
-

T
A

R
1

0
.0

0
2

6
.3

0
2

6
.3

0
0

.0
0

3
8

.8
0

3
8

.8
0

B
n

a
A

0
1

g
0

2
5

3
0

D
u

n
k

n
o

w
n

2
6

9
C

T
G

T
C

T
T

A
A

T
C

G
A

C
C

A
A

C
A

C
C

   
 |

o
|

|
|

 |
 |

|
|

|
 |

|
|

 |
|

|
|

   
 

T
A

G
T

G
G

C
A

G
C

A
G

T
A

G
C

-G
G

T
C

G
T

G
G

C
A

G
C

T
C

T
D

T
2

0
.0

0
2

.3
1

0
.0

0
0

.0
0

5
5

0
1

-0
.9

7
2

5
7

6
0

.4
0

G
A

A
C

G
T

C
A

G
G

A
G

C
G

T
C

T
T

G
A

C
A

+
T

A
R

1
3

.0
9

5
4

.0
8

1
7

.5
0

0
.0

0
0

.2
5

0
.2

5
B

n
a

C
0

3
g

3
7

9
8

0
D

C
h

a
p

e
ro

n
in

 6
0

 s
u

b
u

n
it

 b
e

ta
 2

, 

c
h

lo
ro

p
la

s
ti

c
2

8
0

7
G

A
A

C
G

T
C

A
G

G
A

G
C

G
T

C
T

T
G

A
C

A
   

 |
 |

|
o

|
|

|
o

|
|

o
|

|
|

|
|

|
  |

|
   

 

C
A

G
T

C
-T

G
T

A
G

T
T

C
T

T
G

C
A

G
A

A
A

C
G

T
T

G
G

C
T

C
D

T
2

0
.0

0
3

.5
5

0
.0

0
0

.0
0

2
-0

.1
6

1
0

.2
3

A
G

A
G

C
C

A
G

G
C

C
T

C
G

A
T

G
A

G
T

A
+

T
A

R
1

2
2

8
.0

8
2

5
5

.2
0

1
.1

2
7

7
1

.9
1

5
3

3
.1

4
0

.6
9

B
n

a
A

0
7

g
1

0
0

2
0

D
G

lu
ta

m
a

te
--

g
ly

o
x

y
la

te
 a

m
in

o
tr

a
n

s
fe

ra
s
e

 

1
1

7
5

2
A

G
A

G
C

C
A

G
G

C
C

T
C

G
A

T
G

A
G

T
A

   
 |

|
|

|
|

|
|

|
|

|
 o

 |
 |

|
|

|
 |

   
 

T
A

G
G

T
C

T
C

G
G

T
C

C
G

T
G

A
C

A
A

C
T

C
-T

A
A

G
G

A
C

A
D

T
2

0
.0

0
1

.1
6

0
.0

0
0

.0
0

2
1

5
9

-1
.1

5
1

5
6

-0
.9

5

G
A

T
C

A
G

C
T

T
C

C
G

T
C

C
C

A
T

A
T

C
-

T
A

R
1

6
.0

7
2

1
.3

9
3

.5
3

8
.1

6
1

3
.2

5
1

.6
2

B
n

a
A

0
7

g
1

3
4

2
0

D
u

n
k

n
o

w
n

6
6

1
G

A
T

C
A

G
C

T
T

C
C

G
T

C
C

C
A

T
A

T
C

   
 |

|
|

|
|

|
|

|
|

|
 |

|
 |

|
 |

 |
|

   
 

C
G

C
T

C
T

A
G

T
C

G
A

A
G

A
C

A
A

G
G

G
A

-A
G

G
A

T
A

T
G

G
D

T
2

0
.0

0
1

.6
0

0
.0

0
0

.0
0

8
9

9
4

-0
.4

7
9

3
3

2
-0

.5
9

C
C

G
A

T
A

G
A

A
C

T
C

G
T

T
T

C
C

G
A

G
-

T
A

R
1

1
5

6
.4

5
2

5
5

.4
6

1
.6

3
1

8
1

.1
4

3
7

0
.6

6
2

.0
5

B
n

a
A

0
2

g
2

2
4

5
0

D
P

ro
b

a
b

le
 i

n
a

c
ti

v
e

 h
is

to
n

e
-l

y
s
in

e
 N

-

m
e

th
y

lt
ra

n
s
fe

ra
s
e

 S
U

V
R

2
3

0
6

7
C

C
G

A
T

A
G

A
A

C
T

C
G

T
T

T
C

C
G

A
G

   
 |

|
|

|
o

|
|

|
|

|
|

|
|

o
|

 |
|

o
 o

   
 

G
T

A
A

G
G

C
T

G
T

C
T

T
G

A
G

C
G

A
T

G
G

T
G

T
A

A
C

T
G

T
T

D
T

2
0

.0
0

0
.0

9
0

.0
0

0
.0

0
5

1
1

.0
6

9
0

-0
.2

7

A
A

A
C

T
T

T
A

A
A

T
A

G
G

T
A

G
G

A
C

G
+

T
A

R
1

7
5

.3
5

1
3

5
.4

8
1

.8
0

1
4

1
.4

4
3

3
5

.1
5

2
.3

7
B

n
a

C
0

5
g

0
8

6
1

0
D

S
u

g
a

r 
tr

a
n

s
p

o
rt

 p
ro

te
in

 1
2

5
4

7
A

A
A

C
T

T
T

A
A

A
T

A
G

G
T

A
G

G
A

C
G

   
 |

|
|

|
|

|
o

|
|

|
|

 |
|

o
|

o
o

 |
o

   
 

C
G

G
G

T
T

T
G

A
A

G
T

T
T

A
-C

C
G

T
T

T
C

G
T

A
A

C
A

G
T

T
D

T
2

0
.0

0
5

.6
0

0
.0

0
0

.0
0

1
0

4
9

6
0

.7
0

1
9

0
1

3
-0

.3
6

C
A

G
G

C
C

T
C

G
A

T
G

A
G

T
A

G
G

A
G

G
+

T
A

R
1

5
9

.6
2

7
9

.4
0

1
.3

3
1

5
5

.5
8

2
0

4
.1

4
1

.3
1

B
n

a
C

0
2

g
0

8
5

4
0

D
S

te
m

-s
p

e
c
if

ic
 p

ro
te

in
 T

S
JT

1
1

8
6

7
C

A
G

G
C

C
T

C
G

A
T

G
A

G
T

A
G

G
A

G
G

   
 |

o
|

|
|

|
|

|
|

|
|

|
 o

|
o

|
|

|
o

   
 

G
A

A
C

A
T

T
C

G
G

A
G

C
T

A
C

T
G

G
T

T
C

T
C

T
T

G
G

A
G

C
A

D
T

2
0

.0
0

2
.5

8
0

.0
0

0
.0

0
4

2
7

1
0

0
.1

3
4

2
7

6
2

0
.7

4

A
C

G
C

A
A

T
G

T
C

C
T

C
G

A
C

C
T

A
T

T
+

T
A

R
1

1
5

.5
1

4
3

.4
5

2
.8

0
3

2
.4

8
6

3
.7

2
1

.9
6

B
n

a
A

1
0

g
0

8
5

5
0

D
T

h
ia

m
in

e
 t

h
ia

z
o

le
 s

y
n

th
a

s
e

, 
c
h

lo
ro

p
la

s
ti

c
 

1
3

9
0

A
C

G
C

A
A

T
G

-T
C

C
T

C
G

A
C

C
T

A
T

T
   

 |
|

 |
|

|
|

|
 |

|
 |

|
o

|
|

|
|

 |
|

   
 

A
G

T
T

G
G

G
T

T
A

C
G

A
G

A
A

G
T

T
G

G
A

G
A

A
G

T
G

T
G

G
C

D
T

2
0

.0
0

1
.7

8
0

.0
0

0
.0

0
3

4
1

9
0

0
.0

4
8

0
0

6
4

-0
.1

3

C
C

G
A

T
A

G
A

A
C

T
C

G
T

T
T

C
C

G
A

G
-

T
A

R
1

1
5

6
.4

5
2

5
5

.4
6

1
.6

3
1

8
1

.1
4

3
7

0
.6

6
2

.0
5

B
n

a
C

0
2

g
3

0
7

3
0

D
P

ro
b

a
b

le
 i

n
a

c
ti

v
e

 h
is

to
n

e
-l

y
s
in

e
 N

-

m
e

th
y

lt
ra

n
s
fe

ra
s
e

 S
U

V
R

2
3

8
0

7
C

C
G

A
T

A
G

A
A

C
T

C
G

T
T

T
C

C
G

A
G

   
 |

|
|

|
o

|
|

|
|

|
|

|
|

o
|

 |
|

o
 o

   
 

G
T

A
A

G
G

C
T

G
T

C
T

T
G

A
G

C
G

A
T

G
G

T
G

T
A

A
C

T
G

T
T

D
T

2
0

.0
0

0
.0

9
0

.0
0

0
.0

0
1

0
8

0
.8

4
1

7
2

-0
.1

2

C
G

C
G

A
C

G
T

C
G

C
A

G
A

C
G

G
C

G
-

T
A

R
1

4
7

.3
8

9
5

.4
4

2
.0

1
3

5
0

.6
4

1
5

1
.9

8
0

.4
3

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
6

1
2

C
G

C
G

A
C

G
T

C
G

C
A

G
A

C
G

G
C

G
   

   
|

 |
|

|
|

 |
|

|
 |

|
|

|
o

|
|

|
   

 

T
G

T
T

G
G

G
C

T
G

-A
G

C
A

T
C

T
G

T
C

G
C

G
G

A
G

C
A

C
C

A
D

T
2

0
.0

0
3

.9
1

0
.0

0
0

.0
0

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

A
A

G
A

G
T

C
G

G
G

G
G

A
A

A
C

C
C

G
T

C
+

T
A

R
1

1
1

5
.4

3
1

1
0

.6
8

0
.9

6
2

3
2

.0
8

2
4

6
.6

7
1

.0
6

B
n

a
A

0
5

g
0

9
4

1
0

D
C

h
lo

ro
p

h
y

ll
 a

-b
 b

in
d

in
g

 p
ro

te
in

 1
, 

c
h

lo
ro

p
la

s
ti

c
3

4
3

A
A

G
A

G
-T

C
G

G
G

G
G

A
A

A
C

C
C

G
T

C
   

 |
|

|
|

|
 |

|
o

|
|

|
o

|
|

|
|

 |
o

 |
   

 

C
G

G
T

T
C

T
C

G
A

G
T

C
C

C
T

T
T

T
G

T
G

T
C

G
G

A
T

C
C

C
G

D
T

2
0

.0
0

0
.6

2
0

.0
0

0
.0

0
1

8
5

2
7

8
-0

.1
2

1
3

1
7

7
9

1
.1

6

G
A

C
G

C
T

C
C

T
G

A
C

G
T

T
C

T
T

A
G

C
-

T
A

R
1

1
.7

5
1

8
.3

1
1

0
.4

6
#

N
/
A

#
N

/
A

#
N

/
A

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
c
h

a
ra

c
te

ri
z
e

d
 p

ro
te

in
 A

R
T

3
2

5
7

G
A

C
G

C
T

C
C

T
G

A
C

G
T

T
C

T
T

A
G

C
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

o
|

|
|

|
|

|
   

 

A
G

T
T

C
T

G
C

G
A

G
G

A
C

T
G

C
A

G
G

A
A

T
C

G
A

G
C

C
T

A
A

D
T

2
0

.0
0

5
.4

2
0

.0
0

0
.0

0
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

G
A

C
G

C
T

C
C

T
G

A
C

G
T

T
C

T
T

A
G

C
-

T
A

R
1

1
.7

5
1

8
.3

1
1

0
.4

6
#

N
/
A

#
N

/
A

#
N

/
A

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
1

2
5

7
G

A
C

G
C

T
C

C
T

G
A

C
G

T
T

C
T

T
A

G
C

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

A
G

T
T

C
T

G
C

G
A

G
G

A
C

T
G

C
A

A
G

A
A

T
C

G
A

G
C

C
T

A
A

D
T

2
0

.0
0

5
.4

2
0

.0
0

0
.0

0
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

A
G

G
A

A
G

C
T

G
A

T
T

G
G

C
T

G
G

A
T

C
+

T
A

R
1

7
4

.4
3

1
2

4
.5

7
1

.6
7

1
3

6
.0

7
2

6
0

.7
2

1
.9

2
B

n
a

C
0

4
g

3
4

3
9

0
D

R
ib

u
lo

s
e

 b
is

p
h

o
s
p

h
a

te
 c

a
rb

o
x

y
la

s
e

 s
m

a
ll

 

c
h

a
in

 F
1

, 
c
h

lo
ro

p
la

s
ti

c
8

3
6

A
G

G
A

A
G

C
T

G
A

T
T

G
G

C
T

G
G

A
T

C
   

 |
 |

|
|

o
|

|
|

|
|

  o
|

|
|

|
|

o
|

   
 

C
C

G
C

T
A

C
T

T
T

G
A

C
T

A
C

G
T

G
A

C
C

T
G

G
A

C
T

G
C

C
A

D
T

2
0

.0
0

2
.5

8
0

.0
0

0
.0

0
1

0
5

2
-1

.7
2

6
8

4
4

7
-1

.2
9

A
A

G
G

C
C

G
A

A
G

A
G

G
G

G
A

A
A

G
G

T
+

T
A

R
1

4
0

.2
5

5
1

.8
3

1
.2

9
1

6
3

.4
2

1
5

1
.4

3
0

.9
3

B
n

a
C

0
3

g
4

5
9

9
0

D
C

o
ld

-r
e

g
u

la
te

d
 4

1
3

 p
la

s
m

a
 m

e
m

b
ra

n
e

 

p
ro

te
in

 4
1

1
7

A
A

G
G

C
C

G
A

A
G

A
G

G
G

G
A

A
A

G
G

T
   

 |
|

|
|

 |
|

|
|

|
|

|
o

o
o

|
|

 |
 |

   
 

C
T

C
C

T
T

C
C

T
G

C
T

T
C

T
C

T
T

T
T

T
A

C
A

A
T

C
T

C
G

A
A

D
T

2
0

.0
0

1
.2

4
0

.0
0

0
.0

0
2

3
2

5
7

0
.1

4
2

4
2

2
9

0
.3

1

G
C

C
T

C
G

A
T

G
A

G
T

A
G

G
A

G
G

G
C

G
+

T
A

R
1

3
8

.7
3

5
4

.8
5

1
.4

2
1

0
9

.7
5

7
7

.1
8

0
.7

0
B

n
a

A
0

7
g

0
3

7
4

0
D

C
o

ld
-r

e
g

u
la

te
d

 4
1

3
 p

la
s
m

a
 m

e
m

b
ra

n
e

 

p
ro

te
in

 1
7

3
6

G
C

C
T

C
G

A
T

G
A

G
T

A
G

G
A

G
G

G
C

G
   

 o
|

|
 |

o
|

|
|

|
|

|
|

|
|

|
  |

|
o

   
 

T
C

G
G

T
G

G
T

G
T

T
A

C
T

C
A

T
C

C
T

A
G

C
G

T
C

G
T

C
G

G
C

D
T

2
0

.0
0

1
.0

7
0

.0
0

0
.0

0
1

9
8

7
5

-0
.0

6
3

5
0

6
1

0
.4

7

T
T

C
C

A
T

G
T

G
A

A
C

G
G

C
A

C
T

T
G

C
+

T
A

R
1

7
3

.0
1

7
7

.9
9

1
.0

7
1

6
3

.7
2

1
2

4
.0

7
0

.7
6

B
n

a
A

1
0

g
1

8
7

0
0

D
U

D
P

-g
lu

c
o

s
e

 6
-d

e
h

y
d

ro
g

e
n

a
s
e

 3
8

7
2

T
T

C
C

A
T

G
T

G
A

A
C

G
G

C
A

C
T

T
G

C
   

 |
o

|
|

|
 |

o
|

|
 |

|
o

 |
|

|
|

|
|

   
 

G
C

G
C

A
G

G
G

T
T

C
G

C
T

G
G

C
T

C
T

G
A

A
C

G
A

A
G

T
G

T
C

D
T

2
0

.0
0

4
.3

5
0

.0
0

0
.0

0
1

4
3

8
-0

.7
8

1
8

7
2

-0
.8

0

T
A

A
A

G
T

T
T

G
A

G
A

A
T

A
G

G
T

C
G

A
-

T
A

R
1

1
1

.3
2

3
4

.8
7

3
.0

8
1

8
.6

3
3

8
.8

0
2

.0
8

B
n

a
A

0
3

g
1

1
1

6
0

D
E

R
 m

e
m

b
ra

n
e

 p
ro

te
in

 c
o

m
p

le
x

 s
u

b
u

n
it

 

8
/
9

 h
o

m
o

lo
g

1
5

4
2

T
A

A
A

G
T

T
T

G
A

G
A

A
T

A
G

G
T

C
G

A
   

 |
|

|
 |

|
|

|
|

|
|

|
 |

|
 |

 |
|

|
   

 

T
T

T
G

A
T

T
C

C
A

A
A

C
T

C
T

-A
T

A
C

T
G

C
T

A
A

T
T

A
T

C
D

T
2

0
.0

0
0

.9
8

0
.0

0
0

.0
0

1
3

5
8

0
.2

9
6

7
6

0
.1

9

G
C

C
G

T
C

T
G

C
G

A
C

G
T

C
G

C
G

A
G

A
A

+
T

A
R

1
4

5
.5

8
5

4
.3

5
1

.1
9

1
0

4
.2

5
1

4
2

.8
3

1
.3

7
B

n
a

C
0

2
g

1
6

0
8

0
D

F
-b

o
x

 p
ro

te
in

 A
t5

g
5

0
4

5
0

6
5

1
G

C
C

G
T

C
T

G
C

G
A

C
G

T
C

G
C

G
A

G
A

A
   

 o
|

|
 |

|
 |

|
|

|
|

|
|

|
|

|
|

|
|

 |
   

 

C
T

G
C

T
G

G
A

A
G

C
C

G
C

T
G

C
A

G
C

G
C

T
C

C
T

T
G

C
G

G
C

D
T

2
0

.0
0

2
.6

7
0

.0
0

0
.0

0
7

7
2

7
0

.9
1

8
7

0
7

0
.4

6

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
-

T
A

R
1

1
7

.5
8

1
2

3
.6

9
7

.0
4

3
8

.0
9

2
0

9
.0

0
5

.4
9

B
n

a
C

0
8

g
2

5
6

4
0

D
U

-b
o

x
 d

o
m

a
in

-c
o

n
ta

in
in

g
 p

ro
te

in
 1

4
7

9
4

5
A

C
-C

A
A

G
A

T
C

T
G

C
A

C
C

G
A

C
G

G
C

   
 |

|
 |

|
|

 |
|

|
|

|
|

|
|

|
o

|
|

  |
   

 

A
G

T
T

G
C

G
T

T
G

T
A

G
A

C
G

T
G

G
T

T
G

G
A

G
A

G
A

G
C

G
A

D
T

2
0

.0
0

5
.7

8
0

.0
0

0
.0

0
4

2
4

1
-0

.0
8

4
3

6
5

0
.0

8

G
A

T
A

G
A

A
C

T
C

G
T

T
T

C
C

G
A

G
C

T
-

T
A

R
1

1
4

.2
0

1
6

6
.2

3
1

1
.7

1
3

8
.7

7
3

3
6

.7
0

8
.6

8
B

n
a

C
0

5
g

1
8

2
2

0
D

T
-c

o
m

p
le

x
 p

ro
te

in
 1

1
 h

o
m

o
lo

g
4

0
1

4
G

A
T

A
G

A
A

C
T

C
G

T
T

T
C

C
G

A
G

C
T

   
 o

|
|

|
o

|
|

|
|

|
 |

o
|

|
 |

 |
|

|
   

 

T
C

G
G

T
T

A
T

T
T

T
G

A
G

G
A

G
A

G
T

C
A

C
G

A
A

A
C

A
T

A
T

D
T

2
0

.0
0

1
.1

6
0

.0
0

0
.0

0
1

0
2

8
0

.0
4

5
3

2
1

0
.7

1

A
G

G
A

A
G

C
T

G
A

T
T

G
G

C
T

G
G

A
T

C
+

T
A

R
1

7
4

.4
3

1
2

4
.5

7
1

.6
7

1
3

6
.0

7
2

6
0

.7
2

1
.9

2
B

n
a

A
0

7
g

1
9

3
6

0
D

u
n

k
n

o
w

n
3

8
7

A
G

G
A

A
G

C
T

G
A

T
T

G
G

C
T

G
G

A
T

C
   

 |
|

|
 |

|
|

|
 |

|
|

o
|

|
|

|
  |

|
   

 

G
T

C
T

T
C

C
C

T
C

G
A

A
T

A
A

T
C

G
A

C
A

C
A

G
C

G
C

A
A

C
G

D
T

2
0

.0
0

2
.2

2
0

.0
0

0
.0

0
1

6
3

6
-0

.8
1

1
5

8
7

0
.1

1

T
A

T
G

G
G

A
C

G
G

A
A

G
C

T
G

A
T

C
T

C
+

T
A

R
1

1
1

9
.9

9
5

6
3

.8
1

4
.7

0
1

8
2

.1
2

3
6

8
.2

4
2

.0
2

B
n

a
C

0
4

g
3

8
6

5
0

D
A

b
s
c
is

ic
-a

ld
e

h
y

d
e

 o
x

id
a

s
e

4
2

1
0

T
A

T
G

G
G

A
C

G
G

A
A

G
C

T
G

A
T

C
T

C
   

 o
|

|
|

 |
|

|
|

|
|

|
 |

|
|

|
o

 |
|

   
 

T
A

T
G

G
T

A
C

A
C

T
G

C
C

T
T

G
G

A
C

T
G

A
A

G
A

G
G

T
A

G
T

D
T

2
0

.0
0

2
.0

4
0

.0
0

0
.0

0
2

4
2

0
.6

9
5

9
2

0
.8

5

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
-

T
A

R
1

1
7

.5
8

1
2

3
.6

9
7

.0
4

3
8

.0
9

2
0

9
.0

0
5

.4
9

B
n

a
A

0
9

g
3

4
6

8
0

D
U

-b
o

x
 d

o
m

a
in

-c
o

n
ta

in
in

g
 p

ro
te

in
 1

4
2

7
1

4
A

C
-C

A
A

G
A

T
C

T
G

C
A

C
C

G
A

C
G

G
C

   
 |

|
 |

|
|

 |
|

|
|

|
|

|
|

|
o

|
|

  |
   

 

A
G

T
T

G
C

G
T

T
G

T
A

G
A

C
G

T
G

G
T

T
G

G
A

G
A

G
A

G
C

G
A

D
T

2
0

.0
0

5
.7

8
0

.0
0

0
.0

0
5

0
7

1
.2

2
1

0
9

2
0

.4
0

C
T

C
A

A
A

C
T

T
C

C
T

T
G

G
C

C
T

A
A

A
-

T
A

R
1

1
8

.4
2

2
9

.6
6

1
.6

1
2

6
.6

0
4

9
.8

3
1

.8
7

B
n

a
C

0
2

g
0

8
8

2
0

D
A

s
p

a
rt

a
te

 a
m

in
o

tr
a

n
s
fe

ra
s
e

, 
c
y

to
p

la
s
m

ic
3

3
7

2
C

T
C

A
A

A
C

T
T

C
C

T
T

G
G

C
C

T
A

A
A

   
 |

|
|

|
|

|
 |

|
|

|
|

o
|

|
|

 |
|

|
   

 

A
A

C
C

A
A

G
T

T
T

G
T

A
G

G
A

A
T

C
G

G
T

T
T

T
T

C
T

A
T

G
C

D
T

2
0

.0
0

1
.4

2
0

.0
0

0
.0

0
7

4
8

0
.0

8
1

1
4

7
0

.0
2

A
T

T
G

C
C

T
C

A
A

A
C

T
T

C
C

T
T

G
G

C
-

T
A

R
1

6
2

.2
2

8
6

.0
0

1
.3

8
3

8
2

.6
4

1
4

0
.5

9
0

.3
7

B
n

a
A

1
0

g
1

7
3

4
0

D
2

-h
y

d
ro

x
y

a
c
y

l-
C

o
A

 l
y

a
s
e

1
4

0
3

A
T

T
G

C
C

T
C

A
A

A
C

T
T

C
C

T
T

G
G

C
   

 |
o

|
o

|
|

|
|

|
|

 |
|

|
|

|
 |

|
|

|
   

 

A
C

A
A

T
G

A
T

G
G

A
G

T
T

-G
A

A
G

G
T

A
C

C
G

C
G

A
C

T
T

A
D

T
2

0
.0

0
1

.6
9

0
.0

0
0

.0
0

3
6

9
3

0
.2

9
3

3
2

5
0

.3
4

T
T

T
C

G
A

A
G

T
T

C
G

C
G

C
A

T
A

A
G

C
-

T
A

R
1

2
8

.2
2

5
8

.5
6

2
.0

8
1

3
1

.5
1

1
1

1
.7

0
0

.8
5

B
n

a
A

0
3

g
3

9
1

8
0

D
A

c
ti

n
-d

e
p

o
ly

m
e

ri
z
in

g
 f

a
c
to

r 
5

1
4

5
T

T
T

C
G

A
A

G
T

T
C

G
C

G
C

A
T

A
A

G
C

   
 o

|
|

|
|

|
 |

|
|

 |
|

|
 |

|
|

|
|

   
 

G
T

C
G

G
A

A
G

C
T

G
C

A
A

-C
G

C
A

T
A

T
T

C
T

A
G

A
A

A
C

G
D

T
2

0
.0

0
0

.5
3

0
.0

0
0

.0
0

9
1

0
.9

5
5

8
-0

.1
3

C
A

G
G

C
C

T
C

G
A

T
G

A
G

T
A

G
G

A
G

G
+

T
A

R
1

5
9

.6
2

7
9

.4
0

1
.3

3
1

5
5

.5
8

2
0

4
.1

4
1

.3
1

B
n

a
A

n
n

g
0

8
7

0
0

D
S

te
m

-s
p

e
c
if

ic
 p

ro
te

in
 T

S
JT

1
1

7
6

8
C

A
G

G
C

C
T

C
G

A
T

G
A

G
T

A
G

G
A

G
G

   
 |

o
|

|
|

|
|

|
|

|
|

|
 o

|
o

|
|

|
o

   
 

G
A

A
C

A
T

T
C

G
G

A
G

C
T

A
C

T
G

G
T

T
C

T
C

T
T

G
G

A
G

C
A

D
T

2
0

.0
0

2
.5

8
0

.0
0

0
.0

0
7

6
1

9
6

0
.0

7
9

2
6

6
6

0
.7

0

C
T

G
A

G
G

A
C

G
C

T
T

C
T

C
C

A
G

A
C

T
-

T
A

R
1

1
9

.4
0

2
9

.7
7

1
.5

3
4

9
.5

8
4

5
.9

3
0

.9
3

B
n

a
C

0
2

g
0

2
5

7
0

D
u

n
k

n
o

w
n

1
5

0
9

C
T

G
A

G
G

A
C

G
C

T
T

C
T

C
C

A
G

A
C

T
   

 |
 |

|
|

|
|

 |
|

 |
|

|
|

 |
|

|
|

|
   

 

C
C

A
C

G
T

C
T

C
C

T
-C

G
C

A
G

A
G

A
T

C
T

G
A

C
A

T
C

T
A

T
D

T
2

0
.0

0
1

.8
7

0
.0

0
0

.0
0

3
8

5
6

-0
.2

4
6

5
7

3
-0

.0
4



  

 

TT
CC

A
TG

TG
A

A
CG

G
CA

CT
TG

C
+

TA
R

1
73

.0
1

77
.9

9
1.

07
16

3.
72

12
4.

07
0.

76
B

na
Cn

ng
71

67
0D

31
 k

D
a 

ri
bo

nu
cl

eo
pr

ot
ei

n,
 c

hl
or

op
la

st
ic

13
66

TT
CC

A
TG

TG
A

A
CG

G
CA

CT
TG

C 
   |

||
|o

||
||

||
||

| 
||

  |
    

G
G

CT
TA

G
G

TG
CA

CT
TG

CC
G

-G
A

CA
G

A
G

CG
CC

A
D

T2
0.

00
2.

67
0.

00
0.

00
77

24
-1

.3
0

33
73

-1
.2

3

A
TT

G
CC

TC
A

A
A

CT
TC

CT
TG

G
CC

-
TA

R
1

4.
40

32
.8

8
7.

47
74

.0
0

11
9.

08
1.

61
B

na
C0

9g
40

57
0D

2-
hy

dr
ox

ya
cy

l-
Co

A
 ly

as
e

13
94

A
TT

G
CC

TC
A

A
A

CT
TC

CT
TG

G
CC

    
|o

|o
||

||
||

 |
||

||
 |

||
| 

   
A

CA
A

TG
A

TG
G

A
G

TT
-G

A
A

G
G

TA
CC

G
CG

A
CT

TA
D

T2
0.

00
1.

69
0.

00
0.

00
55

56
0.

31
61

78
0.

27

CG
A

TA
G

A
A

CT
CG

TT
TC

CG
A

G
C

-
TA

R
1

71
.5

5
13

6.
47

1.
91

44
.7

5
23

8.
06

5.
32

B
na

C0
5g

18
22

0D
T-

co
m

pl
ex

 p
ro

te
in

 1
1 

ho
m

ol
og

40
15

CG
A

TA
G

A
A

CT
CG

TT
TC

CG
A

G
C 

   |
o|

||
o|

||
||

 |
o|

| 
| 

||
    

G
TC

G
G

TT
A

TT
TT

G
A

G
G

A
G

A
G

TC
A

CG
A

A
A

CA
TA

D
T2

0.
00

1.
07

0.
00

0.
00

10
28

0.
04

53
21

0.
71

G
G

TT
A

G
TC

G
A

TC
CT

A
A

G
A

G
TC

+
TA

R
1

53
.3

3
19

7.
69

3.
71

14
6.

20
37

8.
64

2.
59

B
na

A
08

g1
18

40
D

Pr
ob

ab
le

 d
is

ea
se

 r
es

is
ta

nc
e 

pr
ot

ei
n 

A
t4

g3
33

00
31

13
G

G
TT

A
G

TC
G

A
TC

CT
A

A
G

A
G

TC
    

||
||

|o
| 

||
||

||
| 

  |
||

    
A

TA
TC

CA
A

TT
A

-C
TA

G
G

A
TG

A
G

CA
G

CT
CG

G
TT

D
T2

0.
00

0.
09

0.
00

0.
00

59
12

0.
01

88
59

0.
28

CA
G

G
CC

TC
G

A
TG

A
G

TA
G

G
A

G
G

+
TA

R
1

59
.6

2
79

.4
0

1.
33

15
5.

58
20

4.
14

1.
31

B
na

C0
5g

28
70

0D
St

em
-s

pe
ci

fi
c 

pr
ot

ei
n 

TS
JT

1
15

00
CA

G
G

CC
TC

G
A

TG
A

G
TA

G
G

A
G

G
    

|o
||

||
||

||
||

 o
|o

||
|o

    
G

A
A

CA
TT

CG
G

A
G

CT
A

CT
G

G
TT

CT
CT

TG
G

A
G

CA
D

T2
0.

00
2.

58
0.

00
0.

00
17

7
-0

.0
5

10
96

0.
51

TT
TC

G
A

A
G

TT
CG

CG
CA

TA
A

G
C

-
TA

R
1

28
.2

2
58

.5
6

2.
08

13
1.

51
11

1.
70

0.
85

B
na

C0
3g

46
51

0D
A

ct
in

-d
ep

ol
ym

er
iz

in
g 

fa
ct

or
 5

10
65

TT
TC

G
A

A
G

TT
CG

CG
CA

TA
A

G
C 

   o
||

||
| 

||
| 

||
| 

||
||

| 
   

G
TC

G
G

A
A

G
CT

G
CA

A
-C

G
CA

TA
TT

CT
A

G
A

A
A

CG
D

T2
0.

00
0.

53
0.

00
0.

00
16

69
0.

97
12

00
-0

.0
6

G
G

CC
G

A
A

G
A

G
G

G
G

A
A

A
G

G
TT

C
+

TA
R

1
11

.1
7

79
.6

5
7.

13
38

.6
5

14
9.

09
3.

86
B

na
Cn

ng
04

23
0D

Ph
ot

os
ys

te
m

 I 
ch

lo
ro

ph
yl

l a
/b

-b
in

di
ng

 
pr

ot
ei

n 
3-

1,
 c

hl
or

op
la

st
ic

79
3

G
G

CC
G

A
A

G
A

G
G

G
-G

A
A

A
G

G
TT

C 
   |

| 
|o

||
||

||
| 

| 
||

||
 |

| 
   

A
G

CT
CC

TG
TT

TC
TC

CC
A

CA
TT

CC
CA

G
A

CG
G

G
T

D
T2

0.
00

0.
09

0.
00

0.
00

14
50

90
-0

.2
7

57
99

-0
.7

0

G
CC

G
TC

TG
CG

A
CG

TC
G

CG
A

G
A

+
TA

R
1

36
5.

18
12

04
.8

0
3.

30
12

83
.3

2
29

41
.7

0
2.

29
B

na
C0

2g
16

08
0D

F-
bo

x 
pr

ot
ei

n 
A

t5
g5

04
50

65
1

G
CC

G
TC

TG
CG

A
CG

TC
G

CG
A

G
A

    
o|

| 
||

 |
||

||
||

||
||

||
    

CT
G

CT
G

G
A

A
G

CC
G

CT
G

CA
G

CG
CT

CC
TT

G
CG

G
C

D
T2

0.
00

2.
67

0.
00

0.
00

77
27

0.
91

87
07

0.
46

TG
TC

G
G

CC
A

A
G

G
TG

TG
A

A
CT

C
-

TA
R

1
32

.2
9

14
9.

93
4.

64
14

8.
96

29
0.

43
1.

95
B

na
A

04
g0

81
10

D
A

sp
ar

ti
c 

pr
ot

ei
na

se
 P

CS
1

93
4

TG
TC

G
G

CC
A

A
G

-G
TG

TG
A

A
CT

C 
   o

||
||

o|
||

||
 |

 |
||

||
 |

| 
   

CG
G

TG
CA

G
CT

G
G

TT
CA

CT
CA

CT
TA

A
G

CC
TT

G
G

D
T2

0.
00

0.
09

0.
00

0.
00

26
68

-1
.3

4
81

38
-0

.7
3

CA
A

TG
TC

CT
CG

A
CC

TA
TT

CT
C

+
TA

R
1

76
.0

6
12

8.
34

1.
69

13
4.

24
25

0.
33

1.
86

B
na

C0
9g

41
34

0D
G

lu
ta

m
in

e 
sy

nt
he

ta
se

 le
af

 is
oz

ym
e,

 
ch

lo
ro

pl
as

ti
c

24
85

CA
A

TG
TC

CT
CG

A
CC

TA
TT

CT
C 

   |
| 

||
||

| 
||

||
| 

|o
||

| 
   

A
CG

A
G

TC
A

CA
G

G
-G

CT
G

G
TT

G
A

G
A

TT
A

G
CT

A
C

D
T2

0.
00

0.
09

0.
00

0.
00

33
89

-1
.4

5
50

95
-0

.4
5

CA
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

C
-

TA
R

1
2.

61
29

.4
5

11
.3

0
15

.1
9

13
1.

87
8.

68
B

na
C0

8g
46

15
0D

TA
R

1
17

89
CA

CC
A

A
G

A
TC

TG
CA

CC
G

A
CG

G
C 

   |
||

||
||

||
||

||
||

||
||

||
| 

   
G

A
TG

G
TG

G
TT

CT
A

G
A

CG
TG

G
CT

G
CC

G
G

CG
A

G
G

D
T3

0.
00

0.
45

0.
00

0.
00

14
39

79
-1

.1
4

60
51

0
-0

.8
0

TC
G

A
CC

A
A

CA
CC

CT
TT

G
TG

G
G

-
TA

R
1

3.
46

52
.4

2
15

.1
5

26
.4

6
89

.8
4

3.
40

B
na

A
07

g1
28

10
D

H
em

e 
ox

yg
en

as
e 

1,
 c

hl
or

op
la

st
ic

95
2

TC
G

A
CC

A
A

CA
CC

CT
TT

G
TG

G
G

    
||

||
||

| 
||

 |
 o

| 
||

||
| 

   
A

G
TA

A
G

CT
G

G
TG

G
TC

G
CG

A
-C

A
CC

CG
CT

TC
A

T
D

T3
0.

00
0.

05
0.

00
0.

00
51

65
0.

09
62

34
-0

.1
6

A
TT

CA
A

CG
A

G
TT

CA
CA

CC
TT

G
+

TA
R

1
54

.9
8

76
.6

7
1.

39
27

9.
65

15
6.

88
0.

56
B

na
C0

7g
20

45
0D

C2
-D

O
M

A
IN

 A
B

A
-R

EL
A

TE
D

 1
1 

66
1

A
TT

CA
A

CG
A

G
TT

CA
CA

CC
TT

G
    

||
||

||
| 

||
o 

||
||

 |
||

    
G

G
G

CT
A

A
G

TT
G

-T
CG

CG
TG

TC
G

A
A

G
TC

G
G

TG
T

D
T3

0.
00

1.
45

0.
00

0.
00

24
2

-0
.7

8
40

2
-1

.0
8

CA
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

-
TA

R
1

12
6.

72
26

2.
92

2.
07

28
3.

96
45

9.
48

1.
62

B
na

C0
2g

36
11

0D
un

kn
ow

n
38

8
CA

CC
A

A
G

A
TC

TG
CA

CC
G

A
CG

G
    

||
||

||
||

||
||

||
||

||
|o

| 
   

G
A

TG
G

TG
G

TT
CT

A
G

A
CG

TG
G

CT
G

TC
G

G
TG

A
G

G
D

T3
0.

00
0.

45
0.

00
0.

00
25

73
7

-1
.1

2
12

54
7

-0
.8

0

CG
G

TT
G

G
CC

A
A

A
A

TC
CG

A
G

CT
+

TA
R

1
15

.2
0

50
.4

5
3.

32
20

.5
1

28
.5

8
1.

39
B

na
C0

3g
26

82
0D

Pr
ot

ei
n 

TI
C 

55
, c

hl
or

op
la

st
ic

19
77

CG
G

TT
G

G
CC

A
A

A
A

TC
CG

A
G

CT
    

||
||

|o
||

||
||

 |
  |

||
|o

    
CA

TC
G

CC
A

A
TC

G
G

TT
TA

A
CC

CT
CG

G
A

CG
TA

TC
D

T3
0.

00
3.

90
0.

00
0.

00
10

97
2

-0
.2

1
13

10
5

0.
00

CA
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

-
TA

R
1

12
6.

72
26

2.
92

2.
07

28
3.

96
45

9.
48

1.
62

B
na

C0
8g

46
15

0D
TA

R
1

17
89

CA
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

A
TG

G
TG

G
TT

CT
A

G
A

CG
TG

G
CT

G
CC

G
G

CG
A

G
G

D
T3

0.
00

0.
45

0.
00

0.
00

14
39

79
-1

.1
4

60
51

0
-0

.8
0

CA
G

TT
G

G
G

CA
CC

G
TA

A
CC

CG
G

-
TA

R
1

34
.1

3
50

.7
7

1.
49

48
.6

4
10

3.
11

2.
12

B
na

A
05

g2
38

70
D

M
on

ot
hi

ol
 g

lu
ta

re
do

xi
n-

S1
5,

 
m

it
oc

ho
nd

ri
al

38
5

CA
G

TT
G

G
G

CA
CC

G
TA

A
CC

CG
G

    
||

||
|o

||
 |

 |
o|

||
||

|o
o 

   
A

A
TT

G
TC

A
A

TC
C-

TA
G

TA
TT

G
G

G
TT

TT
CC

G
TA

D
T3

0.
00

1.
23

0.
00

0.
00

20
49

-0
.3

4
19

14
-0

.0
8

A
TT

CA
A

CG
A

G
TT

CA
CA

CC
TT

G
+

TA
R

1
54

.9
8

76
.6

7
1.

39
27

9.
65

15
6.

88
0.

56
B

na
C0

2g
33

47
0D

Pr
ot

ei
n 

C2
-D

O
M

A
IN

 A
B

A
-R

EL
A

TE
D

 1
1 

13
75

A
TT

CA
A

CG
A

G
TT

CA
CA

CC
TT

G
    

||
||

||
| 

||
o 

||
||

 |
||

    
G

G
G

CT
A

A
G

TT
G

-T
CG

CG
TG

TC
G

A
A

G
TC

G
G

TG
T

D
T3

0.
00

1.
45

0.
00

0.
00

82
2

-0
.3

5
47

0
-1

.0
7

CG
TG

G
TG

TC
CG

G
TG

CA
TT

CC
C

+
TA

R
1

21
.0

8
57

.9
8

2.
75

96
.2

7
10

5.
81

1.
10

B
na

C0
3g

44
11

0D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
51

, 
ch

lo
ro

pl
as

ti
c

37
4

CG
TG

G
TG

TC
CG

G
TG

CA
TT

CC
C 

   |
||

o|
| 

||
||

| 
| 

||
||

 |
    

G
TC

G
G

CA
TC

A
G

A
G

G
CC

CC
A

TA
A

G
A

G
G

TC
A

A
TC

D
T3

0.
00

0.
05

0.
00

0.
00

29
12

24
-0

.2
2

19
54

01
0.

08

TC
TC

G
CG

A
CG

TC
G

CA
G

A
CG

G
CG

-
TA

R
1

30
6.

51
45

1.
31

1.
47

14
02

.2
3

14
22

.2
2

1.
01

B
na

C0
2g

04
08

0D
un

kn
ow

n
59

3
TC

TC
G

CG
A

CG
TC

G
CA

G
A

CG
G

CG
    

||
 |

||
| 

||
 |

||
||

||
| 

||
    

G
TC

G
A

G
TG

CG
CG

G
CC

G
CG

TC
TG

CG
G

CG
CT

A
G

T
D

T3
0.

00
0.

73
0.

00
0.

00
22

-0
.4

9
17

-0
.0

4

G
TT

CT
TA

G
CT

CG
G

A
TT

TT
G

G
CC

-
TA

R
1

20
.1

9
49

.7
0

2.
46

0.
00

0.
06

0.
06

B
na

A
03

g5
58

50
D

26
S 

pr
ot

ea
so

m
e 

no
n-

A
TP

as
e 

re
gu

la
to

ry
 

su
bu

ni
t 

12
 h

om
ol

og
 A

13
67

G
TT

CT
TA

G
CT

-C
G

G
A

TT
TT

G
G

CC
    

o|
||

|o
||

||
 |

o|
||

o|
| 

o|
| 

   
TT

A
CT

A
A

G
A

G
TC

G
A

A
G

TC
TA

G
A

A
G

TG
G

TC
G

G
A

D
T3

0.
00

0.
41

0.
00

0.
00

29
2

0.
91

45
7

0.
62

TA
TT

TA
A

A
G

TT
TG

A
G

A
A

TA
G

G
-

TA
R

1
8.

72
35

.6
5

4.
09

12
.9

4
55

.7
3

4.
31

B
na

C0
8g

47
76

0D
A

B
 h

yd
ro

la
se

 s
up

er
fa

m
ily

 p
ro

te
in

 Y
fh

M
89

9
TA

TT
TA

A
A

G
TT

TG
A

G
A

A
TA

G
G

    
| 

||
||

||
 |

|o
o|

o|
||

||
    

A
A

A
A

A
A

A
A

A
TT

TA
A

A
G

TT
TT

TA
TC

A
A

A
G

TT
TT

D
T3

0.
00

0.
05

0.
00

0.
00

39
-0

.9
6

29
-0

.6
9

G
CG

G
TC

G
CT

G
CA

A
A

A
CC

TA
G

G
+

TA
R

1
29

.7
2

15
2.

11
5.

12
63

.8
9

28
7.

58
4.

50
B

na
A

04
g1

88
20

D
N

it
ri

le
-s

pe
ci

fi
er

 p
ro

te
in

 2
13

32
G

CG
G

TC
G

CT
G

CA
A

A
A

CC
TA

G
G

    
o|

||
o|

||
o|

 |
||

||
 |

||
o 

   
G

TA
G

TG
CC

G
G

CG
G

C-
TT

TT
G

CA
TC

TC
A

CA
TC

T
D

T3
0.

00
0.

86
0.

00
0.

00
78

9
-2

.5
3

15
8

-0
.9

4

A
A

CC
CG

TC
TG

A
TA

G
CG

CT
TA

TG
+

TA
R

1
50

.7
1

74
.3

7
1.

47
13

4.
66

17
8.

54
1.

33
B

na
A

09
g0

83
80

D
Pr

ob
ab

le
 p

ro
te

in
 S

-a
cy

lt
ra

ns
fe

ra
se

 2
3

56
74

A
A

CC
CG

TC
TG

A
TA

G
-C

G
CT

TA
TG

    
||

||
||

||
o|

||
 |

 |
o 

||
||

o 
   

G
TG

TT
TG

G
G

CA
G

G
CT

A
CC

TG
TT

A
A

TA
TA

G
TA

T
D

T3
0.

00
2.

00
0.

00
0.

00
13

4
0.

89
17

2
-0

.2
5

A
A

CC
CG

TC
TG

A
TA

G
CG

CT
TA

TG
+

TA
R

1
50

.7
1

74
.3

7
1.

47
13

4.
66

17
8.

54
1.

33
B

na
A

09
g5

26
90

D
Pr

ob
ab

le
 p

ro
te

in
 S

-a
cy

lt
ra

ns
fe

ra
se

 2
3

40
11

A
A

CC
CG

TC
TG

A
TA

G
-C

G
CT

TA
TG

    
||

||
||

||
o|

||
 |

 |
o 

||
||

o 
   

G
TG

TT
TG

G
G

CA
G

G
CT

A
CC

TG
TT

A
A

TA
TA

G
TA

T
D

T3
0.

00
2.

00
0.

00
0.

00
21

4
0.

86
28

3
-0

.2
8

CG
TG

G
TG

TC
CG

G
TG

CA
TT

CC
C

+
TA

R
1

21
.0

8
57

.9
8

2.
75

96
.2

7
10

5.
81

1.
10

B
na

C0
7g

24
66

0D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 3
6,

 
ch

lo
ro

pl
as

ti
c

38
4

CG
TG

G
TG

TC
CG

G
TG

CA
TT

CC
C 

   |
||

o|
| 

||
||

| 
| 

||
||

 |
    

G
TT

G
G

CA
TC

A
G

A
G

G
CC

CC
A

TA
A

G
TG

G
TC

A
A

TC
D

T3
0.

00
0.

05
0.

00
0.

00
19

79
88

-0
.3

8
12

41
55

-0
.6

1

A
CG

CT
CC

TG
A

CG
TT

CT
TA

G
CT

-
TA

R
1

10
.5

1
18

.5
7

1.
77

0.
00

0.
12

0.
12

B
na

A
nn

g2
21

60
D

TA
R

1
12

56
A

CG
CT

CC
TG

A
CG

TT
CT

TA
G

CT
    

||
||

||
||

||
||

||
||

||
||

| 
   

G
TT

CT
G

CG
A

G
G

A
CT

G
CA

A
G

A
A

TC
G

A
G

CC
TA

A
A

D
T3

0.
00

1.
63

0.
00

0.
00

25
77

65
-1

.0
1

11
42

34
-0

.8
5

A
A

A
CT

TT
A

A
A

TA
G

G
TA

G
G

A
CG

+
TA

R
1

75
.3

5
13

5.
48

1.
80

14
1.

44
33

5.
15

2.
37

B
na

A
nn

g0
77

30
D

un
kn

ow
n

19
78

A
A

A
CT

TT
A

A
A

-T
A

G
G

TA
G

G
A

CG
    

||
| 

||
o|

||
 |

||
||

|o
o|

|o
    

TT
TG

TT
TC

A
A

G
TT

TT
A

TC
CA

TT
TT

G
TA

TC
TT

T
D

T3
0.

00
0.

14
0.

00
0.

00
48

9
-0

.3
3

13
18

0.
04

G
TT

CG
CC

G
TC

TG
CG

A
CG

TC
G

C
+

TA
R

1
29

.8
7

30
2.

31
10

.1
2

74
.3

9
41

3.
97

5.
57

B
na

C0
3g

38
85

0D
Tr

an
sc

ri
pt

io
n 

fa
ct

or
 T

CP
4

63
3

G
TT

CG
CC

G
TC

TG
CG

A
CG

TC
G

C 
   |

||
||

| 
|o

||
 |

||
||

| 
||

    
G

CG
G

CA
A

G
CG

A
CG

G
A

G
G

CT
G

CA
TC

G
CG

CC
G

CA
D

T3
0.

00
0.

73
0.

00
0.

00
30

79
0.

71
31

65
0.

84

G
A

TC
CT

A
A

G
A

G
TC

G
G

G
G

G
A

A
A

C
+

TA
R

1
38

.3
8

61
.2

2
1.

60
44

.8
4

14
5.

48
3.

24
B

na
Cn

ng
49

00
0D

G
er

an
yl

ge
ra

ny
l d

ip
ho

sp
ha

te
 r

ed
uc

ta
se

, 
ch

lo
ro

pl
as

ti
c

11
19

G
A

TC
C-

TA
A

G
A

G
TC

G
G

G
G

G
A

A
A

C 
   |

||
| 

||
|o

|o
||

||
|o

||
 |

| 
   

TG
G

G
TA

G
G

CA
TT

TT
TA

G
CC

CT
CT

G
TG

CA
G

TA
G

D
T3

0.
00

0.
41

0.
00

0.
00

51
47

1
-0

.4
3

41
44

8
-0

.0
8

A
A

TT
CC

G
G

A
A

A
G

A
G

TT
A

TC
TT

+
TA

R
1

39
.2

2
85

.3
8

2.
18

10
2.

58
13

0.
26

1.
27

B
na

C0
9g

45
48

0D
un

kn
ow

n
48

5
A

A
TT

CC
G

G
A

A
A

G
A

G
TT

A
TC

TT
    

||
||

| 
|o

||
||

|o
 o

||
|o

| 
   

CA
CT

TT
A

A
G

CC
TT

TT
CT

TT
G

TA
G

G
A

G
CA

TG
CG

D
T3

0.
00

0.
41

0.
00

0.
00

10
79

6
-0

.4
3

64
20

0.
17

TT
A

G
CG

CG
CA

G
TT

G
G

G
CA

CC
G

-
TA

R
1

5.
35

58
.2

6
10

.8
9

11
.8

7
13

5.
48

11
.4

2
B

na
A

04
g0

85
70

D
R

ib
ul

os
e 

bi
sp

ho
sp

ha
te

 c
ar

bo
xy

la
se

 s
m

al
l 

ch
ai

n 
1A

, c
hl

or
op

la
st

ic
10

72
TT

A
G

CG
CG

CA
G

TT
G

G
G

CA
CC

G
    

oo
|o

||
||

 |
o|

|o
o|

||
||

| 
   

A
G

A
A

G
G

TT
G

CG
C-

TT
A

A
TT

CG
TG

G
CC

A
CT

TC
G

D
T3

0.
00

1.
54

0.
00

0.
00

32
97

65
-1

.1
9

10
03

42
-0

.8
8

CG
G

TT
G

G
CC

A
A

A
A

TC
CG

A
G

CT
+

TA
R

1
15

.2
0

50
.4

5
3.

32
20

.5
1

28
.5

8
1.

39
B

na
A

03
g2

27
80

D
Pr

ot
ei

n 
TI

C 
55

, c
hl

or
op

la
st

ic
19

83
CG

G
TT

G
G

CC
A

A
A

A
TC

CG
A

G
CT

    
||

||
|o

||
||

||
 |

  |
||

|o
    

CA
TC

G
CC

A
A

TC
G

G
TT

TA
A

CC
CT

CG
G

A
CG

TA
TC

D
T3

0.
00

3.
90

0.
00

0.
00

13
77

3
-0

.2
1

13
39

4
-0

.0
7

G
CA

TG
TC

A
A

G
A

CG
CT

CC
TG

A
CG

-
TA

R
1

0.
00

25
.2

5
25

.2
5

35
.8

1
23

.3
3

0.
65

B
na

C0
5g

09
21

0D
G

ly
ce

ra
ld

eh
yd

e-
3-

ph
os

ph
at

e 
de

hy
dr

og
en

as
e 

G
A

PA
2,

 c
hl

or
op

la
st

ic
56

7
G

CA
TG

TC
A

A
G

A
CG

CT
CC

TG
A

CG
    

||
||

 |
||

||
| 

| 
||

||
| 

||
    

CG
G

TC
G

TA
G

A
G

TT
CT

TC
A

A
G

G
A

CG
G

CT
A

G
G

A
T

D
T3

0.
00

0.
86

0.
00

0.
00

95
74

3
-1

.2
7

48
83

8
-0

.6
4

A
TA

G
A

A
CT

CG
TT

TC
CG

A
G

CT
C

-
TA

R
1

48
.8

8
16

0.
72

3.
29

16
0.

84
27

7.
69

1.
73

B
na

A
nn

g2
20

10
D

H
ea

t 
sh

oc
k 

pr
ot

ei
n 

90
-5

, c
hl

or
op

la
st

ic
 

91
2

A
TA

G
A

A
CT

CG
TT

TC
CG

A
G

CT
C 

   |
||

o|
 |

| 
||

|o
||

 |
||

||
    

A
G

A
G

TA
TT

TA
G

A
A

CA
A

G
G

G
G

TC
G

A
G

TC
G

G
CC

C
D

T3
0.

00
0.

05
0.

00
0.

00
5

-0
.6

3
13

-1
.1

3



  

 

G
A

TC
TC

CC
G

TG
TG

TT
A

CC
G

CA
+

TA
R

1
28

.7
1

18
6.

86
6.

51
44

.0
9

11
9.

75
2.

72
B

na
A

01
g2

64
30

D
Po

ly
ol

 t
ra

ns
po

rt
er

 5
50

87
G

A
TC

TC
CC

G
TG

TG
TT

A
CC

G
-C

A
    

||
o|

||
||

 |
|o

||
o 

||
| 

||
    

TT
CG

CT
G

G
A

G
G

G
A

A
CG

CA
G

A
G

G
CC

G
TT

CT
TT

C
D

T3
0.

00
0.

32
0.

00
0.

00
27

72
0.

37
16

60
0.

48

A
CC

CG
TC

TG
A

TA
G

CG
CT

TA
TG

+
TA

R
1

23
.4

6
95

.4
0

4.
07

12
2.

66
16

6.
83

1.
36

B
na

A
01

g3
04

50
D

Pr
ob

ab
le

 p
ro

te
in

 p
ho

sp
ha

ta
se

 2
C 

38
16

41
A

CC
CG

TC
TG

A
TA

G
CG

CT
TA

TG
    

| 
||

||
||

||
| 

||
o 

 |
||

| 
   

G
TA

TT
CG

G
CA

G
A

CT
A

-C
G

TT
TA

TA
CT

CT
TT

G
A

D
T3

0.
00

0.
05

0.
00

0.
00

80
7

0.
45

11
55

0.
42

TC
TC

G
CG

A
CG

TC
G

CA
G

A
CG

G
CG

-
TA

R
1

30
6.

51
45

1.
31

1.
47

14
02

.2
3

14
22

.2
2

1.
01

B
na

A
06

g2
25

40
D

un
kn

ow
n

60
1

TC
TC

G
CG

-A
CG

TC
G

CA
G

A
CG

G
CG

    
||

||
 |

| 
||

|o
||

  |
||

||
||

    
TA

TA
G

A
G

G
G

CA
TG

CG
G

CT
G

CT
G

CC
G

CT
CA

A
G

C
D

T3
0.

00
2.

63
0.

00
0.

00
49

2
-0

.6
8

24
4

-0
.3

2

A
A

G
A

G
CC

A
G

G
CC

TC
G

A
TG

A
G

T
+

TA
R

1
29

.7
9

32
.7

4
1.

10
75

.0
4

64
.0

3
0.

85
B

na
A

08
g1

54
50

D
B

EL
1-

lik
e 

ho
m

eo
do

m
ai

n 
pr

ot
ei

n 
2

22
04

A
A

G
A

G
CC

A
G

G
CC

TC
G

A
TG

A
G

T 
   |

||
||

||
|o

||
 |

||
| 

| 
o|

    
G

A
G

CT
TC

TC
G

G
TT

CG
-A

G
CT

TC
CT

A
TA

A
TT

G
C

D
T3

0.
00

0.
23

0.
00

0.
00

12
14

0.
17

10
51

1.
06

G
CC

TC
G

A
TG

A
G

TA
G

G
A

G
G

G
CG

+
TA

R
1

38
.7

3
54

.8
5

1.
42

10
9.

75
77

.1
8

0.
70

B
na

C0
3g

57
55

0D
un

kn
ow

n
51

7
G

CC
TC

G
A

TG
A

G
TA

G
G

A
G

G
G

CG
    

||
||

||
||

|o
 |

o|
|o

||
||

    
G

G
G

A
A

G
G

A
G

CT
A

CT
TT

TT
CT

TC
CG

CC
G

CC
G

CA
D

T3
0.

00
0.

59
0.

00
0.

00
59

79
-0

.1
5

45
57

-0
.1

7

TC
TT

A
G

CT
CG

G
A

TT
TT

G
G

CC
A

-
TA

R
1

1.
80

38
.1

9
21

.2
7

0.
00

0.
12

0.
12

B
na

C0
1g

28
84

0D
Sp

lic
in

g 
fa

ct
or

 U
2a

f 
la

rg
e 

su
bu

ni
t 

B
76

7
TC

TT
A

-G
CT

CG
G

A
TT

TT
G

G
CC

A
    

|o
||

 |
||

||
||

|o
||

|o
||

    
A

TG
CG

G
A

TA
CG

A
G

CC
TA

G
A

A
CT

G
G

A
TG

CA
A

G
T

D
T3

0.
00

1.
95

0.
00

0.
00

81
5

0.
16

13
78

0.
03

CG
G

CC
G

TC
G

G
TG

CA
G

A
TC

TT
G

G
+

TA
R

1
87

1.
20

76
4.

03
0.

88
12

59
.9

7
17

56
.4

4
1.

39
B

na
C0

5g
11

93
0D

Py
ro

ph
os

ph
at

e-
en

er
gi

ze
d 

va
cu

ol
ar

 
m

em
br

an
e 

pr
ot

on
 p

um
p 

1
25

02
CG

G
CC

G
TC

G
G

TG
CA

G
A

TC
TT

G
G

    
o|

 |
||

||
||

| 
||

||
||

||
o 

   
TA

CC
TT

C-
G

CA
G

CC
A

CC
TC

TA
G

A
A

CT
G

CG
TG

C
D

T3
0.

00
1.

04
0.

00
0.

00
70

46
0.

31
11

12
1

0.
43

TG
A

G
A

A
TA

G
G

TC
G

A
G

G
A

CA
TT

-
TA

R
1

5.
30

64
.6

2
12

.2
0

14
.1

8
90

.5
2

6.
38

B
na

A
09

g1
40

90
D

Ph
os

ph
at

id
yl

in
os

it
ol

 4
-p

ho
sp

ha
te

 5
-k

in
as

e 
8

23
56

TG
A

G
A

A
TA

G
G

TC
G

A
G

G
A

CA
TT

    
||

||
||

 |
||

| 
||

o|
| 

|o
| 

   
CA

G
CA

CT
CT

T-
TC

CA
TC

TT
CT

A
TG

A
CG

G
TG

A
A

D
T3

0.
00

0.
05

0.
00

0.
00

39
4

0.
61

56
6

0.
35

A
CG

G
A

A
TC

G
A

G
A

G
CT

CC
A

A
G

T
+

TA
R

1
12

36
.1

3
13

39
.3

7
1.

08
27

08
.6

5
22

49
.4

8
0.

83
B

na
C0

9g
37

03
0D

Ph
os

ph
oi

no
si

ti
de

 p
ho

sp
ha

ta
se

 S
A

C4
65

86
A

CG
G

A
A

TC
G

A
G

A
G

CT
CC

A
A

G
T 

   |
|o

||
||

 |
||

| 
||

 |
||

oo
    

A
TG

TT
G

TC
TT

A
A

CT
CT

-G
A

A
G

TT
TG

TA
TT

TG
T

D
T3

0.
00

0.
91

0.
00

0.
00

38
0

0.
51

69
9

0.
08

A
TT

G
CC

TC
A

A
A

CT
TC

CT
TG

G
C

-
TA

R
1

62
.2

2
86

.0
0

1.
38

38
2.

64
14

0.
59

0.
37

B
na

A
nn

g2
21

60
D

TA
R

1
35

3
A

TT
G

CC
TC

A
A

A
CT

TC
CT

TG
G

C 
   |

||
||

||
||

||
||

||
||

||
||

    
A

CA
A

TA
A

CG
G

A
G

TT
TG

A
A

G
G

A
A

CC
G

G
A

TT
TG

C
D

T3
0.

00
1.

00
0.

00
0.

00
25

77
65

-1
.0

1
11

42
34

-0
.8

5

TG
TA

TT
CA

A
CG

A
G

TT
CA

CA
CC

+
TA

R
1

35
.1

1
37

9.
00

10
.8

0
77

.0
7

64
3.

71
8.

35
B

na
C0

8g
20

82
0D

Pe
ro

xi
da

se
 3

4
39

19
TG

TA
TT

CA
A

CG
A

G
TT

CA
CA

CC
    

o|
 |

 |
||

||
||

||
||

| 
||

| 
   

G
A

TT
G

CT
TT

A
G

TT
G

CT
CA

A
G

T-
TG

G
TG

TA
G

A
A

D
T3

0.
00

0.
45

0.
00

0.
00

94
51

-1
.4

2
10

03
0

-1
.2

1

A
TT

G
CC

TC
A

A
A

CT
TC

CT
TG

G
CC

-
TA

R
1

4.
40

32
.8

8
7.

47
74

.0
0

11
9.

08
1.

61
B

na
A

nn
g2

21
60

D
TA

R
1

35
3

A
TT

G
CC

TC
A

A
A

CT
TC

CT
TG

G
CC

    
||

||
||

||
||

||
||

||
||

||
||

    
A

CA
A

TA
A

CG
G

A
G

TT
TG

A
A

G
G

A
A

CC
G

G
A

TT
TG

C
D

T3
0.

00
1.

00
0.

00
0.

00
25

77
65

-1
.0

1
11

42
34

-0
.8

5

A
TA

G
A

A
CT

CG
TT

TC
CG

A
G

CT
C

-
TA

R
1

48
.8

8
16

0.
72

3.
29

16
0.

84
27

7.
69

1.
73

B
na

C0
9g

22
18

0D
H

ea
t 

sh
oc

k 
pr

ot
ei

n 
90

-5
, c

hl
or

op
la

st
ic

 
37

72
A

TA
G

A
A

CT
CG

TT
TC

CG
A

G
CT

C 
   |

||
||

 |
| 

||
|o

||
 |

||
||

    
A

G
A

G
TA

TC
TA

G
A

A
CA

A
G

G
G

G
TC

G
A

G
TC

G
G

CC
C

D
T3

0.
00

1.
72

0.
00

0.
00

12
02

-0
.7

7
16

96
-1

.2
7

CA
TC

CC
A

CG
G

A
A

TC
G

A
G

A
G

CT
+

TA
R

1
74

.6
4

78
.8

1
1.

06
19

7.
83

15
5.

07
0.

78
B

na
A

04
g0

40
90

D
U

ri
di

ne
 5

'-
m

on
op

ho
sp

ha
te

 s
yn

th
as

e
19

88
CA

TC
CC

A
CG

G
A

A
TC

G
A

G
A

G
CT

    
||

o|
 |

||
o|

||
||

o|
o|

 |
| 

   
G

TT
G

G
TG

G
A

G
TG

TC
TT

A
G

TT
TT

-G
A

TG
A

CT
CT

D
T3

0.
00

1.
91

0.
00

0.
00

47
1

-0
.2

7
89

3
-0

.1
3

G
TC

G
G

CT
G

TG
CA

CC
CG

TG
A

G
G

-
TA

R
1

1.
71

20
.7

7
12

.1
6

1.
42

49
.4

7
34

.7
7

B
na

A
nn

g2
21

60
D

TA
R

1
21

01
G

TC
G

G
CT

G
TG

CA
CC

CG
TG

A
G

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

CA
G

CC
A

G
CC

G
A

CA
CG

TG
G

G
CA

CT
CC

CT
A

G
G

TC
D

T3
0.

00
1.

50
0.

00
0.

00
25

77
65

-1
.0

1
11

42
34

-0
.8

5

A
G

CT
CG

G
A

TT
TT

G
G

CC
A

A
CC

G
C

-
TA

R
1

46
.6

0
75

.2
7

1.
62

37
9.

96
39

.8
4

0.
10

B
na

A
09

g0
44

20
D

TA
R

1
23

9
A

G
CT

CG
G

A
TT

TT
G

G
CC

A
A

CC
G

C 
   |

||
||

||
||

||
||

||
||

||
||

| 
   

A
G

A
A

TC
G

A
G

CC
TA

A
A

A
CC

G
G

TT
G

G
CG

CA
CG

CC
D

T3
0.

00
0.

45
0.

00
0.

00
23

94
30

-1
.0

0
10

14
42

-0
.7

8

A
TA

G
A

A
CT

CG
TT

TC
CG

A
G

CT
C

-
TA

R
1

48
.8

8
16

0.
72

3.
29

16
0.

84
27

7.
69

1.
73

B
na

A
09

g1
94

50
D

H
ea

t 
sh

oc
k 

pr
ot

ei
n 

90
-5

, c
hl

or
op

la
st

ic
 

37
20

A
TA

G
A

A
CT

CG
TT

TC
CG

A
G

CT
C 

   |
||

||
 |

| 
||

|o
||

 |
||

||
    

A
G

A
G

TA
TC

TA
G

A
A

CA
A

G
G

G
G

TC
G

A
G

TC
G

G
CC

C
D

T3
0.

00
1.

72
0.

00
0.

00
65

1
-0

.8
1

14
52

-1
.3

6

TC
G

A
G

G
A

TA
TG

G
G

A
CG

G
A

A
G

CT
+

TA
R

1
28

.5
9

54
2.

56
18

.9
8

44
.0

6
38

4.
72

8.
73

B
na

C0
7g

24
76

0D
50

S 
ri

bo
so

m
al

 p
ro

te
in

 L
12

-1
, c

hl
or

op
la

st
ic

23
1

TC
G

A
G

G
A

TA
TG

G
G

A
CG

G
A

A
G

CT
    

o 
| 

||
||

||
||

||
||

||
 |

 |
    

A
G

CT
G

CC
G

CC
TA

TA
CC

CT
G

CC
TC

C-
A

CC
CA

A
C

D
T3

0.
00

2.
13

0.
00

0.
00

58
86

-0
.8

2
23

79
-0

.4
9

A
TA

G
A

A
CT

CG
TT

TC
CG

A
G

CT
C

-
TA

R
1

48
.8

8
16

0.
72

3.
29

16
0.

84
27

7.
69

1.
73

B
na

C0
7g

22
68

0D
H

ea
t 

sh
oc

k 
pr

ot
ei

n 
90

-5
, c

hl
or

op
la

st
ic

 
36

58
A

TA
G

A
A

CT
CG

TT
TC

CG
A

G
CT

C 
   |

||
o|

 |
| 

||
|o

||
 |

||
||

    
A

G
A

G
TA

TT
TA

G
A

A
CA

A
G

G
G

G
TC

G
A

G
CC

G
G

CC
T

D
T3

0.
00

0.
05

0.
00

0.
00

76
3

0.
10

10
59

-1
.0

4

CA
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

-
TA

R
1

12
6.

72
26

2.
92

2.
07

28
3.

96
45

9.
48

1.
62

B
na

A
09

g0
44

20
D

TA
R

1
17

93
CA

CC
A

A
G

A
TC

TG
CA

CC
G

A
CG

G
    

||
||

||
||

||
||

| 
||

||
||

| 
   

G
A

TG
G

TG
G

TT
CT

A
G

A
CG

G
G

G
CT

G
CC

G
G

CG
A

G
G

D
T3

0.
00

0.
45

0.
00

0.
00

23
94

30
-1

.0
0

10
14

42
-0

.7
8

CG
TG

G
TG

TC
CG

G
TG

CA
TT

CC
C

+
TA

R
1

21
.0

8
57

.9
8

2.
75

96
.2

7
10

5.
81

1.
10

B
na

A
02

g2
90

10
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 3

6,
 

ch
lo

ro
pl

as
ti

c
38

1
CG

TG
G

TG
TC

CG
G

TG
CA

TT
CC

C 
   |

||
o|

| 
||

||
| 

| 
||

||
 |

    
G

TC
G

G
CA

TC
A

G
A

G
G

CC
CC

A
TA

A
G

A
G

G
CC

A
A

TC
D

T3
0.

00
0.

05
0.

00
0.

00
54

49
23

-0
.3

8
39

51
49

-0
.0

3

TC
G

A
G

G
A

TA
TG

G
G

A
CG

G
A

A
G

C
+

TA
R

1
43

.2
6

11
22

.3
3

25
.9

4
11

1.
30

92
8.

51
8.

34
B

na
C0

7g
24

76
0D

50
S 

ri
bo

so
m

al
 p

ro
te

in
 L

12
-1

, c
hl

or
op

la
st

ic
23

1
TC

G
A

G
G

A
TA

TG
G

G
A

CG
G

A
A

G
C 

   o
 |

 |
||

||
||

||
||

||
| 

| 
   

A
G

CT
G

CC
G

CC
TA

TA
CC

CT
G

CC
TC

CA
CC

CA
A

CG
D

T3
0.

00
2.

13
0.

00
0.

00
58

86
-0

.8
2

23
79

-0
.4

9

TG
A

TC
TC

CC
G

TG
TG

TT
A

CC
G

C
+

TA
R

1
25

.9
5

64
.5

6
2.

49
48

.9
9

55
.0

5
1.

12
B

na
C0

2g
03

41
0D

IQ
-D

O
M

A
IN

 1
20

68
TG

A
TC

TC
CC

G
TG

TG
TT

A
CC

G
C 

   o
| 

||
||

| 
||

||
| 

||
||

o|
    

G
G

TA
G

CA
A

G
A

G
G

A
CA

CA
CC

A
TG

G
TG

G
TG

G
CG

A
D

T3
0.

00
1.

72
0.

00
0.

00
23

22
-0

.0
9

32
69

-0
.6

5

CG
CC

CC
G

A
A

TC
G

A
TC

G
G

CG
G

A
-

TA
R

1
28

.9
4

56
.5

8
1.

95
34

.7
3

14
7.

85
4.

26
B

na
A

04
g0

93
80

D
V

es
ic

le
 t

ra
ns

po
rt

 v
-S

N
A

R
E 

11
12

58
CG

CC
CC

G
A

A
TC

G
A

TC
G

G
CG

G
A

    
||

 |
||

 |
||

||
||

||
| 

 |
| 

   
TC

A
A

G
CT

G
G

G
-T

TA
G

CT
A

G
CC

A
A

CT
G

TA
G

TA
G

D
T3

0.
00

0.
41

0.
00

0.
00

29
23

-0
.4

2
47

83
0.

29

CG
CT

CC
TG

A
CG

TT
CT

TA
G

CT
C

-
TA

R
1

48
.7

0
10

1.
28

2.
08

0.
00

0.
48

0.
48

B
na

C0
3g

11
20

0D
A

de
ny

la
te

 k
in

as
e 

is
oe

nz
ym

e 
6 

ho
m

ol
og

11
3

CG
CT

CC
TG

A
CG

TT
CT

TA
G

CT
C 

   |
||

||
o|

 |
o|

||
||

||
 |

| 
   

A
CA

A
TC

G
A

G
G

G
CG

G
TA

A
G

A
A

TC
-A

G
A

A
A

CC
TT

D
T3

0.
00

1.
32

0.
00

0.
00

18
0

-0
.4

0
82

6
-0

.4
4

A
G

CT
CG

G
A

TT
TT

G
G

CC
A

A
CC

G
C

-
TA

R
1

46
.6

0
75

.2
7

1.
62

37
9.

96
39

.8
4

0.
10

B
na

A
nn

g2
21

60
D

TA
R

1
12

39
A

G
CT

CG
G

A
TT

TT
G

G
CC

A
A

CC
G

C 
   |

||
||

||
||

||
||

||
||

||
||

| 
   

A
G

A
A

TC
G

A
G

CC
TA

A
A

A
CC

G
G

TT
G

G
CG

CA
CG

CC
D

T3
0.

00
0.

45
0.

00
0.

00
25

77
65

-1
.0

1
11

42
34

-0
.8

5

CG
G

CC
G

TC
G

G
TG

CA
G

A
TC

TT
G

+
TA

R
1

48
.7

2
72

.4
7

1.
49

95
.8

1
12

7.
91

1.
34

B
na

C0
5g

11
93

0D
Py

ro
ph

os
ph

at
e-

en
er

gi
ze

d 
va

cu
ol

ar
 

m
em

br
an

e 
pr

ot
on

 p
um

p 
1

25
02

CG
G

CC
G

TC
G

G
TG

CA
G

A
TC

TT
G

    
o|

 |
||

||
||

| 
||

||
||

||
    

TA
CC

TT
C-

G
CA

G
CC

A
CC

TC
TA

G
A

A
CT

G
CG

TG
C

D
T3

0.
00

1.
04

0.
00

0.
00

70
46

0.
31

11
12

1
0.

43

G
A

TC
TC

CC
G

TG
TG

TT
A

CC
G

CA
+

TA
R

1
28

.7
1

18
6.

86
6.

51
44

.0
9

11
9.

75
2.

72
B

na
C0

1g
33

83
0D

Po
ly

ol
 t

ra
ns

po
rt

er
 5

28
50

G
A

TC
TC

CC
G

TG
TG

TT
A

CC
G

-C
A

    
||

o|
||

||
 |

|o
||

o 
||

| 
||

    
TT

CG
CT

G
G

A
G

G
G

A
A

CG
CA

G
A

G
G

CC
G

TT
CT

TT
C

D
T3

0.
00

0.
32

0.
00

0.
00

37
20

0.
10

28
23

-0
.0

9

A
A

G
A

G
CC

A
G

G
CC

TC
G

A
TG

A
G

T
+

TA
R

1
29

.7
9

32
.7

4
1.

10
75

.0
4

64
.0

3
0.

85
B

na
C0

4g
25

58
0D

B
et

a-
he

xo
sa

m
in

id
as

e 
1

35
42

A
A

G
A

G
CC

A
G

G
CC

TC
G

A
TG

A
G

T 
   |

||
||

||
||

| 
|o

 |
| 

| 
||

    
A

TC
G

TT
CT

CG
G

TC
CA

G
G

TC
TC

C-
CA

CC
A

G
A

A
G

D
T3

0.
00

1.
82

0.
00

0.
00

43
7

0.
55

39
7

0.
04

G
CG

G
TC

G
CT

G
CA

A
A

A
CC

TA
G

G
+

TA
R

1
29

.7
2

15
2.

11
5.

12
63

.8
9

28
7.

58
4.

50
B

na
Cn

ng
21

64
0D

N
it

ri
le

-s
pe

ci
fi

er
 p

ro
te

in
 2

12
39

G
CG

G
TC

G
CT

G
CA

A
A

A
CC

TA
G

G
    

o|
||

o|
||

o|
 |

||
||

 |
||

o 
   

G
TA

G
TG

CC
G

G
CG

G
C-

TT
TT

G
CA

TC
TC

A
CA

TC
T

D
T3

0.
00

0.
86

0.
00

0.
00

34
3

-1
.5

4
13

6
0.

00

TT
CC

A
TG

TG
A

A
CG

G
CA

CT
TG

C
+

TA
R

1
73

.0
1

77
.9

9
1.

07
16

3.
72

12
4.

07
0.

76
B

na
Cn

ng
47

96
0D

60
S 

ri
bo

so
m

al
 p

ro
te

in
 L

10
a-

3
31

24
TT

CC
A

TG
TG

-A
A

CG
G

CA
CT

TG
C 

   |
||

||
||

||
 |

| 
||

||
| 

oo
| 

   
CT

A
A

A
G

G
TA

CA
CT

TT
TC

CG
TG

CG
TG

CG
G

TA
G

A
D

T3
0.

00
0.

82
0.

00
0.

00
32

11
-0

.2
1

32
47

0.
25

G
TC

G
G

CT
G

TG
CA

CC
CG

TG
A

G
G

-
TA

R
1

1.
71

20
.7

7
12

.1
6

1.
42

49
.4

7
34

.7
7

B
na

A
09

g0
44

20
D

TA
R

1
11

01
G

TC
G

G
CT

G
TG

CA
CC

CG
TG

A
G

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

CA
G

CC
A

G
CC

G
A

CA
CG

TG
G

G
CA

CT
CC

CT
A

G
G

TC
D

T3
0.

00
1.

50
0.

00
0.

00
23

94
30

-1
.0

0
10

14
42

-0
.7

8

CC
G

G
TT

CC
G

G
A

A
TT

TT
A

A
CC

G
-

TA
R

1
19

.5
0

23
.2

9
1.

19
53

.5
5

45
.9

5
0.

86
B

na
A

08
g0

04
50

D
R

uB
is

CO
 la

rg
e 

su
bu

ni
t-

bi
nd

in
g 

pr
ot

ei
n 

su
bu

ni
t 

be
ta

, c
hl

or
op

la
st

ic
42

41
CC

G
G

TT
CC

G
G

A
A

TT
TT

A
A

CC
G

    
||

||
||

 |
o|

 |
||

 |
||

||
| 

   
G

A
A

CG
G

CC
A

A
CG

TC
G

TA
A

CA
TT

G
G

CT
TG

A
A

G
T

D
T3

0.
00

2.
41

0.
00

0.
00

17
82

0.
23

18
32

-0
.6

8

A
A

G
G

CC
G

A
A

G
A

G
G

G
G

A
A

A
G

G
T

+
TA

R
1

40
.2

5
51

.8
3

1.
29

16
3.

42
15

1.
43

0.
93

B
na

A
nn

g1
97

80
D

Lo
ng

 c
ha

in
 b

as
e 

bi
os

yn
th

es
is

 p
ro

te
in

 1
b

33
06

A
A

G
G

CC
G

A
A

G
A

G
G

G
G

A
-A

A
G

G
T 

   |
 |

||
 |

||
||

|o
||

| 
||

||
| 

   
G

CC
CT

G
CC

G
TC

TT
CT

CT
CC

TG
TT

CC
A

A
A

A
A

A
A

D
T3

0.
00

2.
00

0.
00

0.
00

43
69

0.
07

72
8

-0
.1

7

A
CG

CT
CC

TG
A

CG
TT

CT
TA

G
CT

-
TA

R
1

10
.5

1
18

.5
7

1.
77

0.
00

0.
12

0.
12

B
na

A
nn

g3
67

30
D

Pu
ta

ti
ve

 u
nc

ha
ra

ct
er

iz
ed

 p
ro

te
in

 A
R

T3
25

6
A

CG
CT

CC
TG

A
CG

TT
CT

TA
G

CT
    

||
||

||
||

||
||

|o
||

||
||

| 
   

G
TT

CT
G

CG
A

G
G

A
CT

G
CA

G
G

A
A

TC
G

A
G

CC
TA

A
A

D
T3

0.
00

1.
63

0.
00

0.
00

32
58

4
-0

.1
7

17
99

6
-0

.7
4



  

 

G
TT

G
G

CC
A

A
A

A
TC

CG
A

G
CT

A
A

G
+

TA
R

1
6.

37
31

.7
7

4.
99

4.
02

35
.3

2
8.

78
B

na
C0

1g
36

13
0D

Le
ct

in
-l

ik
e 

pr
ot

ei
n 

A
t3

g1
65

30
85

5
G

TT
G

G
CC

A
A

A
A

TC
CG

A
G

CT
A

A
G

    
||

o|
||

||
||

 |
||

|o
|o

||
o 

   
CT

TT
G

A
A

TC
G

G
TT

TT
-G

G
CT

TG
G

TT
TT

TG
G

TT
D

T3
0.

00
0.

50
0.

00
0.

00
48

99
0.

07
35

7
-1

.8
5

A
G

CT
CG

G
A

TT
TT

G
G

CC
A

A
CC

G
-

TA
R

1
52

.8
0

14
8.

67
2.

82
37

8.
81

63
.6

3
0.

17
B

na
A

nn
g2

21
60

D
TA

R
1

12
39

A
G

CT
CG

G
A

TT
TT

G
G

CC
A

A
CC

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

A
G

A
A

TC
G

A
G

CC
TA

A
A

A
CC

G
G

TT
G

G
CG

CA
CG

CC
D

T3
0.

00
0.

45
0.

00
0.

00
25

77
65

-1
.0

1
11

42
34

-0
.8

5

A
CG

CT
CC

TG
A

CG
TT

CT
TA

G
CT

-
TA

R
1

10
.5

1
18

.5
7

1.
77

0.
00

0.
12

0.
12

B
na

A
09

g0
44

20
D

TA
R

1
25

6
A

CG
CT

CC
TG

A
CG

TT
CT

TA
G

CT
    

||
||

||
||

||
||

||
||

||
||

| 
   

G
TT

CT
G

CG
A

G
G

A
CT

G
CA

A
G

A
A

TC
G

A
G

CC
TA

A
A

D
T3

0.
00

1.
63

0.
00

0.
00

23
94

30
-1

.0
0

10
14

42
-0

.7
8

CC
CG

G
G

CT
TA

G
G

TC
A

CC
A

CC
T

-
TA

R
1

58
.2

9
25

.1
6

0.
43

43
.7

8
49

.4
1

1.
13

B
na

A
02

g2
79

80
D

Th
ia

m
in

e 
th

ia
zo

le
 s

yn
th

as
e,

 c
hl

or
op

la
st

ic
22

63
CC

CG
G

G
CT

TA
G

G
TC

A
CC

-A
CC

T 
   |

||
||

||
||

||
||

 |
| 

||
 |

    
TT

CG
A

G
G

CC
CG

A
A

TC
CA

G
A

G
G

CT
G

TA
TC

CT
A

G
D

T3
0.

00
1.

77
0.

00
0.

00
96

01
9

-0
.4

5
80

06
4

-0
.2

3

G
CA

CT
TG

CA
CA

TG
G

G
TT

A
G

TC
+

TA
R

1
11

.8
8

45
.7

4
3.

85
20

.5
6

90
.8

7
4.

42
B

na
C0

7g
39

40
0D

M
ed

ia
to

r-
as

so
ci

at
ed

 p
ro

te
in

 1
94

1
G

CA
CT

TG
CA

CA
TG

G
G

TT
A

G
TC

    
||

||
||

o|
||

 |
o|

oo
| 

o|
| 

   
TT

G
G

CG
TG

A
A

TG
TG

-A
TC

TG
A

G
TA

G
G

TT
TG

G
G

D
T3

0.
00

1.
72

0.
00

0.
00

15
8

1.
18

38
5

0.
32

TG
A

A
CG

G
CA

CT
TG

CA
CA

TG
G

G
+

TA
R

1
92

.9
5

13
7.

53
1.

48
24

9.
60

23
6.

34
0.

95
B

na
A

01
g0

25
30

D
un

kn
ow

n
68

1
TG

A
A

CG
G

CA
CT

TG
CA

CA
TG

G
G

    
o|

| 
|o

||
||

||
| 

||
 |

|o
| 

   
TG

G
TG

CT
A

G
TC

G
TG

A
A

CT
TG

A
A

CT
CC

G
G

CT
CT

D
T3

0.
00

2.
27

0.
00

0.
00

55
01

-0
.9

7
25

76
0.

40

CG
TG

G
TG

TC
CG

G
TG

CA
TT

CC
C

+
TA

R
1

21
.0

8
57

.9
8

2.
75

96
.2

7
10

5.
81

1.
10

B
na

A
09

g0
21

20
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 3

6,
 

ch
lo

ro
pl

as
ti

c
56

7
CG

TG
G

TG
TC

CG
G

TG
CA

TT
CC

C 
   |

||
o|

| 
||

||
| 

| 
||

||
 |

    
G

TC
G

G
CA

TC
A

G
A

G
G

CC
CC

A
TA

A
G

TG
G

CC
A

A
TC

D
T3

0.
00

0.
05

0.
00

0.
00

28
19

01
-0

.3
9

18
62

38
-0

.5
3

G
TC

G
G

CC
A

A
G

G
TG

TG
A

A
CT

CG
-

TA
R

1
6.

92
52

.4
7

7.
58

4.
08

91
.3

2
22

.3
9

B
na

C0
9g

36
95

0D
Pr

ob
ab

le
 d

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
R

PP
1 

15
7

G
TC

G
G

CC
A

A
G

G
TG

TG
A

A
CT

CG
    

||
 |

||
||

||
|o

 o
||

||
| 

| 
   

G
CG

TC
A

-C
CG

G
TT

CC
G

A
G

CT
TG

A
TC

CC
CT

CC
C

D
T3

0.
00

1.
00

0.
00

0.
00

54
-1

.3
5

10
9

-0
.0

7

A
G

A
G

G
CA

TC
G

G
G

G
A

CG
CA

A
TG

+
TA

R
1

19
.5

9
70

.5
8

3.
60

23
.7

1
10

1.
14

4.
27

B
na

C0
2g

48
62

0D
Se

ri
ne

/t
hr

eo
ni

ne
 p

ro
te

in
 p

ho
sp

ha
ta

se
 2

A
 

57
 k

D
a 

re
gu

la
to

ry
 s

ub
un

it
 B

' i
ot

a 
is

of
or

m
94

1
A

G
A

G
G

CA
TC

G
G

G
G

A
CG

CA
A

TG
    

||
||

||
 |

||
o|

||
| 

 |
||

    
CG

CA
G

CT
CC

G
T-

G
CC

TC
TG

CA
CT

A
CT

TG
A

A
TT

D
T3

0.
00

2.
45

0.
00

0.
00

12
63

0.
06

10
54

0.
46

G
TC

G
G

CT
G

TG
CA

CC
CG

TG
A

G
G

-
TA

R
1

1.
71

20
.7

7
12

.1
6

1.
42

49
.4

7
34

.7
7

B
na

A
nn

g3
67

30
D

Pu
ta

ti
ve

 u
nc

ha
ra

ct
er

iz
ed

 p
ro

te
in

 A
R

T3
11

01
G

TC
G

G
CT

G
TG

CA
CC

CG
TG

A
G

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

CA
G

CC
A

G
CC

G
A

CA
CG

TG
G

G
CA

CT
CC

CT
A

G
G

TC
D

T3
0.

00
1.

50
0.

00
0.

00
32

58
4

-0
.1

7
17

99
6

-0
.7

4

TT
TA

A
A

G
TT

TG
A

G
A

A
TA

G
G

TC
-

TA
R

1
16

.7
7

72
.0

2
4.

29
27

.2
9

12
4.

88
4.

58
B

na
C0

1g
42

66
0D

Ca
se

in
 k

in
as

e 
II 

su
bu

ni
t 

al
ph

a-
2

22
78

TT
TA

-A
A

G
TT

TG
A

G
A

A
TA

G
G

TC
    

|o
||

 |
||

||
||

|o
||

||
|o

| 
   

TC
A

A
G

A
TG

TT
CA

A
A

CT
TT

TA
TC

TA
CT

TT
CG

TC
D

T3
0.

00
0.

82
0.

00
0.

00
39

56
0.

18
49

29
0.

14

A
G

CT
CG

G
A

TT
TT

G
G

CC
A

A
CC

G
-

TA
R

1
52

.8
0

14
8.

67
2.

82
37

8.
81

63
.6

3
0.

17
B

na
A

09
g0

44
20

D
TA

R
1

23
9

A
G

CT
CG

G
A

TT
TT

G
G

CC
A

A
CC

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

A
G

A
A

TC
G

A
G

CC
TA

A
A

A
CC

G
G

TT
G

G
CG

CA
CG

CC
D

T3
0.

00
0.

45
0.

00
0.

00
23

94
30

-1
.0

0
10

14
42

-0
.7

8

CG
TC

CC
A

TA
TC

CT
CG

A
G

A
G

G
A

-
TA

R
1

17
2.

94
32

6.
00

1.
89

31
1.

97
17

0.
30

0.
55

B
na

A
09

g3
28

50
D

Co
at

om
er

 s
ub

un
it

 g
am

m
a

47
8

CG
TC

CC
A

TA
TC

CT
CG

A
G

A
G

G
A

    
||

 |
 |

||
||

 |
||

||
| 

||
| 

   
A

A
G

TG
CC

G
TG

TA
TA

TG
A

G
CT

CC
CC

TA
CT

TA
G

T
D

T3
0.

00
0.

05
0.

00
0.

00
20

6
-0

.1
4

28
2

-0
.2

9

G
TT

CT
TA

G
CT

CG
G

A
TT

TT
G

G
CC

-
TA

R
1

20
.1

9
49

.7
0

2.
46

0.
00

0.
06

0.
06

B
na

C0
9g

46
79

0D
26

S 
pr

ot
ea

so
m

e 
no

n-
A

TP
as

e 
re

gu
la

to
ry

 
su

bu
ni

t 
12

 h
om

ol
og

 A
19

92
G

TT
CT

TA
G

CT
-C

G
G

A
TT

TT
G

G
CC

    
o|

||
|o

||
||

 |
o|

||
o|

| 
||

| 
   

TT
A

CT
A

A
G

A
G

TC
G

A
A

G
TC

TA
G

A
A

G
CG

G
TC

G
A

A
D

T3
0.

00
0.

41
0.

00
0.

00
25

38
0.

36
27

44
0.

16

A
G

G
A

TA
TG

G
G

A
CG

G
A

A
G

CT
G

A
+

TA
R

1
59

.4
5

51
7.

07
8.

70
10

5.
38

24
7.

38
2.

35
B

na
C0

3g
38

85
0D

Tr
an

sc
ri

pt
io

n 
fa

ct
or

 T
CP

4
20

11
A

G
G

A
TA

TG
G

G
A

CG
G

A
A

G
CT

G
A

    
||

||
||

| 
||

| 
| 

||
 |

||
| 

   
CC

A
G

TC
CT

A
TA

A
CC

TT
C-

TT
G

G
A

CT
TT

A
CC

A
C

D
T3

0.
00

2.
00

0.
00

0.
00

30
79

0.
71

31
65

0.
84

A
G

G
A

A
G

CT
G

A
TT

G
G

CT
G

G
A

TC
+

TA
R

1
74

.4
3

12
4.

57
1.

67
13

6.
07

26
0.

72
1.

92
B

na
C0

3g
09

14
0D

Se
ri

ne
/t

hr
eo

ni
ne

-p
ro

te
in

 k
in

as
e 

PB
S1

29
41

A
G

G
A

A
G

CT
G

A
-T

TG
G

CT
G

G
A

TC
    

|o
||

||
|o

||
 |

|o
||

||
||

    
TC

TT
TT

CT
TC

G
G

CT
G

A
A

TC
G

A
CC

TC
A

A
A

G
A

A
A

D
T3

0.
00

1.
00

0.
00

0.
00

18
5

0.
99

44
4

-0
.3

0

TG
A

G
A

A
TA

G
G

TC
G

A
G

G
A

CA
TT

-
TA

R
1

5.
30

64
.6

2
12

.2
0

14
.1

8
90

.5
2

6.
38

B
na

C0
9g

14
45

0D
Ph

os
ph

at
id

yl
in

os
it

ol
 4

-p
ho

sp
ha

te
 5

-k
in

as
e 

8
33

48
TG

A
G

A
A

TA
G

G
TC

G
A

G
G

A
CA

TT
    

||
||

||
 |

||
| 

||
o|

| 
|o

| 
   

CA
G

CA
CT

CT
T-

TC
CA

TC
TT

CT
A

TG
A

CG
G

TG
A

A
D

T3
0.

00
0.

05
0.

00
0.

00
33

0
0.

88
58

3
0.

76

CA
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

C
-

TA
R

1
2.

61
29

.4
5

11
.3

0
15

.1
9

13
1.

87
8.

68
B

na
C0

2g
36

11
0D

un
kn

ow
n

38
8

CA
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

C 
   |

||
||

||
||

||
||

||
||

||
o|

| 
   

G
A

TG
G

TG
G

TT
CT

A
G

A
CG

TG
G

CT
G

TC
G

G
TG

A
G

G
D

T3
0.

00
0.

45
0.

00
0.

00
25

73
7

-1
.1

2
12

54
7

-0
.8

0

CC
G

G
TT

CC
G

G
A

A
TT

TT
A

A
CC

G
-

TA
R

1
19

.5
0

23
.2

9
1.

19
53

.5
5

45
.9

5
0.

86
B

na
A

05
g1

37
40

D
R

uB
is

CO
 la

rg
e 

su
bu

ni
t-

bi
nd

in
g 

pr
ot

ei
n 

su
bu

ni
t 

be
ta

, c
hl

or
op

la
st

ic
29

77
CC

G
G

TT
CC

G
G

A
A

TT
TT

A
A

CC
G

    
||

||
||

 |
o|

 |
||

 |
||

||
| 

   
G

A
A

CG
G

CC
A

A
CG

TC
G

TA
A

CA
TT

G
G

CA
TA

A
A

G
T

D
T3

0.
00

2.
41

0.
00

0.
00

11
27

-0
.5

2
32

7
-2

.4
4

CA
TC

CC
A

CG
G

A
A

TC
G

A
G

A
G

CT
+

TA
R

1
74

.6
4

78
.8

1
1.

06
19

7.
83

15
5.

07
0.

78
B

na
C0

4g
26

27
0D

U
ri

di
ne

 5
'-

m
on

op
ho

sp
ha

te
 s

yn
th

as
e

19
58

CA
TC

CC
A

CG
G

A
A

TC
G

A
G

A
G

CT
    

||
o|

 |
||

o|
||

||
||

o|
 |

| 
   

G
TT

G
G

TG
G

A
G

TG
TC

TT
A

G
CT

TT
-G

A
TG

A
CT

CT
D

T3
0.

00
1.

91
0.

00
0.

00
22

92
0.

28
13

36
0.

21

TG
A

TC
TC

CC
G

TG
TG

TT
A

CC
G

C
+

TA
R

1
25

.9
5

64
.5

6
2.

49
48

.9
9

55
.0

5
1.

12
B

na
C0

8g
20

54
0D

Co
ile

d-
co

il 
do

m
ai

n-
co

nt
ai

ni
ng

 p
ro

te
in

 
SC

D
2 

40
52

TG
A

TC
TC

CC
G

TG
TG

TT
A

CC
G

C 
   |

||
| 

||
||

||
 |

|o
||

| 
||

    
A

TC
A

A
CT

A
A

A
G

G
G

CA
-A

CG
A

TG
CC

G
A

CT
A

G
G

T
D

T3
0.

00
1.

68
0.

00
0.

00
23

39
0.

62
55

07
0.

12

CA
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

C
-

TA
R

1
2.

61
29

.4
5

11
.3

0
15

.1
9

13
1.

87
8.

68
B

na
A

09
g0

44
20

D
TA

R
1

17
93

CA
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

C 
   |

||
||

||
||

||
||

 |
||

||
||

| 
   

G
A

TG
G

TG
G

TT
CT

A
G

A
CG

G
G

G
CT

G
CC

G
G

CG
A

G
G

D
T3

0.
00

0.
45

0.
00

0.
00

23
94

30
-1

.0
0

10
14

42
-0

.7
8

CG
CA

CG
CG

G
TT

G
G

CC
A

A
A

A
TC

+
TA

R
1

8.
11

19
4.

14
23

.9
4

5.
31

10
2.

73
19

.3
5

B
na

A
07

g2
22

80
D

Pr
ob

ab
le

 x
yl

og
lu

ca
n 

6-
xy

lo
sy

lt
ra

ns
fe

ra
se

 
5 

27
9

CG
CA

CG
CG

G
TT

G
G

CC
A

A
A

A
TC

    
||

 |
||

||
||

|o
o|

||
 |

|o
    

CG
CG

G
C-

TG
CG

CC
A

A
TT

G
G

TC
TT

G
TA

G
TA

G
CT

D
T3

0.
00

0.
18

0.
00

0.
00

26
3

-0
.2

5
27

8
-0

.6
0

G
G

G
TG

G
TT

CG
CC

G
TC

TG
CG

A
C

+
TA

R
1

65
.8

0
12

9.
54

1.
97

12
5.

25
16

9.
79

1.
36

B
na

A
06

g0
60

60
D

D
yn

am
in

-2
B

68
34

G
G

G
TG

G
TT

CG
CC

G
TC

TG
CG

A
C 

   |
||

||
||

 |
| 

||
 |

||
| 

||
    

A
A

G
CC

CC
A

CC
A

CG
CC

G
CC

G
A

CG
A

TG
G

TC
TC

G
G

D
T3

0.
00

2.
27

0.
00

0.
00

75
8

0.
95

16
69

0.
24

CT
A

A
G

A
A

CG
TC

A
G

G
A

G
CG

TC
T

+
TA

R
1

74
.0

8
53

2.
19

7.
18

0.
00

0.
88

0.
88

B
na

A
05

g0
34

90
D

St
ea

ro
yl

-[
ac

yl
-c

ar
ri

er
-p

ro
te

in
] 

9-
de

sa
tu

ra
se

, c
hl

or
op

la
st

ic
23

25
CT

A
A

G
A

A
CG

TC
A

G
G

A
G

CG
TC

T 
   |

o|
||

||
| 

||
|o

||
o 

||
|o

    
G

G
CT

G
G

TT
CT

TG
-A

G
TT

CT
TA

CA
G

G
CG

TA
TT

A
D

T3
0.

00
0.

36
0.

00
0.

00
63

3
-0

.8
1

74
7

-1
.1

5

G
TC

G
G

CC
A

A
G

G
TG

TG
A

A
CT

CG
-

TA
R

1
6.

92
52

.4
7

7.
58

4.
08

91
.3

2
22

.3
9

B
na

A
03

g5
38

60
D

un
kn

ow
n

38
9

G
TC

G
G

CC
A

A
G

G
TG

TG
A

A
CT

CG
    

||
 |

||
||

||
|o

 o
||

||
o|

o 
   

G
CG

TC
A

-C
CG

G
TT

CC
G

A
G

CT
TG

G
G

TC
CC

CG
CC

D
T3

0.
00

1.
00

0.
00

0.
00

7
-0

.8
9

12
0.

14

TA
A

G
A

A
CG

TC
A

G
G

A
G

CG
TC

T
+

TA
R

1
4.

44
56

.9
9

12
.8

5
0.

00
0.

40
0.

40
B

na
C0

6g
38

52
0D

D
O

W
N

ST
R

EA
M

 O
F 

FL
C

86
6

TA
A

G
A

-A
CG

TC
A

G
G

A
G

CG
TC

T 
    

o|
|o

| 
||

o|
||

|o
|o

|o
||

| 
   

CT
CG

TT
TT

G
TG

TA
G

TC
TT

TG
TA

G
A

A
A

G
A

G
CT

T
D

T3
0.

00
0.

82
0.

00
0.

00
13

95
9

-0
.6

2
69

27
-0

.9
8

A
TG

A
A

CC
G

G
A

A
G

CC
G

G
G

TT
A

CG
+

TA
R

1
85

.3
0

90
.4

4
1.

06
17

5.
86

21
5.

73
1.

23
B

na
C0

8g
09

12
0D

F-
bo

x/
ke

lc
h-

re
pe

at
 p

ro
te

in
 S

K
IP

25
10

98
A

TG
A

A
CC

G
G

A
A

G
CC

G
G

G
TT

A
CG

    
||

||
||

||
o|

| 
||

||
 |

o|
 |

    
TA

TG
TA

CT
TG

G
CT

TT
-G

G
CC

A
A

G
TT

CG
G

G
A

A
C

D
T3

0.
00

0.
50

0.
00

0.
00

93
3

-1
.1

1
46

5
-0

.4
5

G
TT

G
G

CC
A

A
A

A
TC

CG
A

G
CT

A
A

+
TA

R
1

1.
93

90
.1

1
46

.6
7

3.
24

33
.7

5
10

.4
1

B
na

C0
1g

36
13

0D
Le

ct
in

-l
ik

e 
pr

ot
ei

n 
A

t3
g1

65
30

85
5

G
TT

G
G

CC
A

A
A

A
TC

CG
A

G
CT

A
A

    
||

o|
||

||
||

 |
||

|o
|o

||
    

CT
TT

G
A

A
TC

G
G

TT
TT

-G
G

CT
TG

G
TT

TT
TG

G
TT

D
T3

0.
00

0.
50

0.
00

0.
00

48
99

0.
07

35
7

-1
.8

5

G
A

G
A

A
TA

G
G

TC
G

A
G

G
A

CA
TT

G
-

TA
R

1
4.

45
87

.0
4

19
.5

5
5.

69
12

3.
35

21
.6

7
B

na
A

03
g1

29
90

D
un

kn
ow

n
20

07
G

A
G

A
A

TA
G

G
TC

G
A

G
G

A
CA

TT
G

    
o|

||
| 

|o
||

||
||

| 
||

||
    

CT
TC

TT
CT

TC
TT

CA
G

CT
CC

-G
TA

A
A

A
CC

TC
G

C
D

T3
0.

00
0.

05
0.

00
0.

00
22

5
0.

71
38

2
0.

31

A
G

G
CC

TC
G

A
TG

A
G

TA
G

G
A

G
G

G
+

TA
R

1
13

.9
0

10
6.

85
7.

69
50

.0
9

22
9.

85
4.

59
B

na
A

nn
g0

87
00

D
St

em
-s

pe
ci

fi
c 

pr
ot

ei
n 

TS
JT

1
17

67
A

G
G

CC
TC

G
A

TG
A

G
TA

G
G

A
G

G
G

    
|o

||
||

||
||

||
 o

|o
||

|o
o 

   
A

A
CA

TT
CG

G
A

G
CT

A
CT

G
G

TT
CT

CT
TG

G
A

G
CA

A
D

T3
0.

00
0.

91
0.

00
0.

00
76

19
6

0.
07

92
66

6
0.

70

TG
TT

G
A

G
CC

A
TC

CC
A

CG
G

A
A

TC
+

TA
R

1
19

.1
7

20
.1

4
1.

05
27

.4
5

36
.8

2
1.

34
B

na
A

01
g2

12
30

D
Ca

lt
ra

ct
in

11
54

TG
TT

G
A

G
CC

A
TC

CC
A

CG
G

A
A

TC
    

| 
||

 |
o|

||
||

 |
||

| 
||

||
    

TC
G

A
A

G
A

A
G

TT
G

G
TA

G
A

G
TG

C-
TT

A
G

A
G

TC
G

T
TT

1
0.

00
0.

00
0.

00
0.

12
67

44
-0

.3
7

56
15

0.
12

TG
G

TG
TC

CG
G

TG
CA

TT
CC

CG
G

+
TA

R
1

17
.4

0
25

.6
7

1.
48

27
.5

9
60

.1
6

2.
18

B
na

A
02

g2
90

10
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 3

6,
 

ch
lo

ro
pl

as
ti

c
37

9
TG

G
TG

TC
CG

G
TG

CA
TT

C-
CC

G
G

    
|o

||
 |

||
||

 |
 |

||
| 

||
||

    
CG

G
CA

TC
A

G
A

G
G

CC
CC

A
TA

A
G

A
G

G
CC

A
A

TC
CA

TT
1

0.
00

0.
00

0.
00

0.
18

54
49

23
-0

.3
8

39
51

49
-0

.0
3

TG
G

TG
TC

CG
G

TG
CA

TT
CC

CG
G

+
TA

R
1

17
.4

0
25

.6
7

1.
48

27
.5

9
60

.1
6

2.
18

B
na

A
09

g0
21

20
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 3

6,
 

ch
lo

ro
pl

as
ti

c
56

5
TG

G
TG

TC
CG

G
TG

CA
TT

C-
CC

G
G

    
|o

||
 |

||
||

 |
 |

||
| 

||
||

    
CG

G
CA

TC
A

G
A

G
G

CC
CC

A
TA

A
G

TG
G

CC
A

A
TC

CA
TT

1
0.

00
0.

00
0.

00
0.

18
28

19
01

-0
.3

9
18

62
38

-0
.5

3

TG
A

G
A

A
TA

G
G

TC
G

A
G

G
A

CA
TT

G
-

TA
R

1
0.

90
14

.5
0

16
.1

5
0.

00
43

.8
3

43
.8

3
B

na
C0

7g
19

13
0D

CT
D

 s
m

al
l p

ho
sp

ha
ta

se
-l

ik
e 

pr
ot

ei
n 

2
14

42
TG

A
G

A
A

TA
G

G
TC

G
A

G
G

A
CA

TT
G

    
| 

||
||

o|
||

| 
||

oo
| 

||
||

    
A

G
TA

A
G

TC
TT

G
TC

CA
-C

TT
TT

A
TA

A
CA

TA
G

TC
TT

2
0.

00
0.

00
0.

00
32

.6
2

91
4

0.
67

17
63

-0
.2

0



  

 

CG
G

TC
G

CT
G

CA
AA

AC
CT

AG
G

G
+

TA
R1

22
.6

5
64

.9
9

2.
87

48
.3

2
11

9.
78

2.
48

Bn
aC

nn
g6

36
60

D
un

kn
ow

n
14

6
CG

GT
CG

CT
GC

AA
AA

CC
TA

GG
G 

   |
||

| |
||

o|
||

||
 | 

| |
|  

  
CG

GT
GC

CA
CC

GA
TG

TT
TT

TG
CT

GC
CG

TT
TG

AA
TT

2
0.

00
0.

00
0.

00
39

.1
5

29
98

2
-1

.0
2

11
22

5
-0

.8
1

G
G

TC
G

CT
G

CA
AA

AC
CT

AG
G

G
C

+
TA

R1
12

.7
9

27
.3

2
2.

14
18

.8
8

67
.4

1
3.

57
Bn

aC
nn

g6
36

60
D

un
kn

ow
n

14
5

GG
TC

GC
TG

CA
AA

AC
CT

AG
GG

C 
   |

||
 ||

|o
||

||
| |

 | 
||

|  
  

GG
TG

CC
AC

CG
AT

GT
TT

TT
GC

TG
CC

GT
TT

GA
AG

TT
2

0.
00

0.
00

0.
00

13
.4

4
29

98
2

-1
.0

2
11

22
5

-0
.8

1

G
G

TC
G

CT
G

CA
AA

AC
CT

AG
G

G
C

+
TA

R1
12

.7
9

27
.3

2
2.

14
18

.8
8

67
.4

1
3.

57
Bn

aA
01

g2
63

00
D

un
kn

ow
n

57
GG

TC
GC

TG
CA

AA
AC

CT
AG

GG
C 

   |
||

 ||
|o

||
||

| |
 | 

||
|  

  
GG

TG
CC

AC
CG

AT
GT

TT
TT

GC
TG

CC
GT

TT
GA

AG
TT

2
0.

00
0.

00
0.

00
13

.4
4

82
09

-0
.6

2
23

09
-1

.0
4

G
AT

CT
CC

CG
TG

TG
TT

AC
CG

CA
+

TA
R1

28
.7

1
18

6.
86

6.
51

44
.0

9
11

9.
75

2.
72

Bn
aA

05
g2

94
60

D
Pr

ob
ab

le
 re

ce
pt

or
-li

ke
 p

ro
te

in
 k

in
as

e 
At

5g
15

08
0

27
94

GA
TC

T-
CC

CG
TG

TG
TT

AC
CG

CA
    

||
||

| |
||

o|
o|

|o
| |

| |
|  

  
GA

GC
TA

GA
GG

GG
TA

TA
CG

AA
GG

AG
TG

GC
GC

CG
TT

2
0.

00
0.

00
0.

00
10

.3
1

28
57

1.
00

54
96

0.
09

AT
TT

TC
AA

G
G

G
CC

G
CC

G
G

G
AA

-
TA

R1
16

.6
8

19
.4

8
1.

17
47

.6
0

24
.6

5
0.

52
Bn

aC
02

g1
44

10
D

U
bi

qu
iti

n-
co

nj
ug

at
in

g 
en

zy
m

e 
E2

-1
7 

kD
a

12
91

AT
TT

TC
AA

GG
GC

CG
CC

GG
GA

A 
   |

||
||

 ||
o|

| |
| |

o|
o|

|  
  

TC
TT

TA
AA

AT
TT

TC
CT

GC
TG

TC
TT

TG
TC

TA
CA

TT
2

0.
00

0.
00

0.
00

20
.6

2
32

40
8

-0
.8

3
28

64
7

-0
.2

8

CG
G

TC
G

CT
G

CA
AA

AC
CT

AG
G

G
+

TA
R1

22
.6

5
64

.9
9

2.
87

48
.3

2
11

9.
78

2.
48

Bn
aA

01
g2

63
00

D
un

kn
ow

n
58

CG
GT

CG
CT

GC
AA

AA
CC

TA
GG

G 
   |

||
| |

||
o|

||
||

 | 
| |

|  
  

CG
GT

GC
CA

CC
GA

TG
TT

TT
TG

CT
GC

CG
TT

TG
AA

TT
2

0.
00

0.
00

0.
00

39
.1

5
82

09
-0

.6
2

23
09

-1
.0

4

TG
AG

AA
TA

G
G

TC
G

AG
G

AC
AT

T
-

TA
R1

5.
30

64
.6

2
12

.2
0

14
.1

8
90

.5
2

6.
38

Bn
aC

07
g1

91
30

D
CT

D
 s

m
al

l p
ho

sp
ha

ta
se

-li
ke

 p
ro

te
in

 2
14

42
TG

AG
AA

TA
GG

TC
GA

GG
AC

AT
T  

  |
 ||

||
o|

||
| |

|o
o|

 ||
|  

  
AG

TA
AG

TC
TT

GT
CC

A-
CT

TT
TA

TA
AC

AT
AG

TC
TT

2
0.

00
0.

00
0.

00
32

.6
2

91
4

0.
67

17
63

-0
.2

0

CC
TC

G
AT

G
AG

TA
G

G
AG

G
G

CG
C

+
TA

R1
16

.8
1

27
.9

5
1.

66
50

.2
0

52
.3

3
1.

04
Bn

aA
07

g0
37

40
D

Co
ld

-r
eg

ul
at

ed
 4

13
 p

la
sm

a 
m

em
br

an
e 

pr
ot

ei
n 

1
73

5
CC

TC
GA

TG
AG

TA
GG

AG
GG

C-
GC

    
||

 |o
||

||
||

||
||

  |
| |

|  
  

CG
GT

GG
TG

TT
AC

TC
AT

CC
TA

GC
GT

CG
TC

GG
CC

TT
2

0.
00

0.
00

0.
00

1.
96

19
87

5
-0

.0
6

35
06

1
0.

47

CG
G

TC
CG

TC
G

CT
G

AG
G

AC
G

CT
-

TA
R1

36
.1

2
17

.9
5

0.
50

45
.2

4
48

.9
4

1.
08

Bn
aC

03
g4

41
10

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
51

, 
ch

lo
ro

pl
as

tic
15

0
CG

GT
CC

GT
CG

CT
GA

GG
AC

GC
T  

  |
||

 ||
|o

||
|o

| o
||

|o
|o

    
CT

GC
GC

C-
GG

CG
GC

GG
CC

TC
TG

TG
GC

TG
GA

AC
TT

2
0.

00
0.

00
0.

00
43

.7
1

29
12

24
-0

.2
2

19
54

01
0.

08

CG
CG

CT
AA

CC
TA

G
AA

CC
CA

CA
+

TA
R1

38
.1

4
45

.7
3

1.
20

93
.9

8
83

.3
8

0.
89

Bn
aC

04
g1

22
90

D
un

kn
ow

n
76

6
CG

CG
CT

AA
CC

TA
GA

AC
CC

AC
A 

   |
o|

o|
o|

||
||

|  
||

| |
||

    
GT

CA
GT

GT
GG

TT
GG

AT
AG

TG
G-

TG
TA

AA
AA

TC
TT

2
0.

00
0.

00
0.

00
9.

26
66

23
-0

.4
3

40
72

-0
.3

8

TC
CT

AA
G

AG
TC

G
G

G
G

G
AA

AC
C

+
TA

R1
29

7.
22

29
1.

49
0.

98
40

6.
86

52
8.

42
1.

30
Bn

aC
nn

g4
90

00
D

G
er

an
yl

ge
ra

ny
l d

ip
ho

sp
ha

te
 re

du
ct

as
e,

 
ch

lo
ro

pl
as

tic
11

17
TC

C-
TA

AG
AG

TC
GG

GG
GA

AA
CC

    
||

| |
||

o|
o|

||
||

o|
| |

|  
  

GG
TA

GG
CA

TT
TT

TA
GC

CC
TC

TG
TG

CA
GT

AG
AG

TT
2

0.
00

0.
00

0.
00

4.
18

51
47

1
-0

.4
3

41
44

8
-0

.0
8

TC
G

AT
CC

TA
AG

AG
TC

G
G

G
G

G
A

+
TA

R1
80

.3
5

15
3.

36
1.

91
22

9.
65

27
0.

06
1.

18
Bn

aC
nn

g4
90

00
D

G
er

an
yl

ge
ra

ny
l d

ip
ho

sp
ha

te
 re

du
ct

as
e,

 
ch

lo
ro

pl
as

tic
11

21
TC

GA
TC

C-
TA

AG
AG

TC
GG

GG
GA

    
o|

 ||
||

 ||
|o

|o
||

||
|o

||
    

TT
TG

GG
TA

GG
CA

TT
TT

TA
GC

CC
TC

TG
TG

CA
GT

TT
2

0.
00

0.
00

0.
00

8.
61

51
47

1
-0

.4
3

41
44

8
-0

.0
8

AA
AG

TT
TG

AG
AA

TA
G

G
TC

G
AG

-
TA

R1
8.

63
53

.5
2

6.
20

63
.6

9
75

.7
9

1.
19

Bn
aC

05
g4

27
20

D
Ex

oc
ys

t c
om

pl
ex

 c
om

po
ne

nt
 S

EC
8

66
60

AA
AG

TT
TG

AG
AA

TA
GG

TC
GA

G 
   |

||
 ||

|o
||

||
||

| |
|o

 o
    

GC
CG

TT
T-

AA
AT

TC
TT

AT
CA

AG
TG

TC
TC

AA
GA

TT
2

0.
00

0.
00

0.
00

5.
09

91
4

0.
92

18
64

-0
.3

2

CG
CA

TG
TC

AA
G

AC
G

CT
CC

T
-

TA
R1

6.
02

10
.9

0
1.

81
62

2.
23

22
.7

9
0.

04
Bn

aC
03

g4
41

10
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

51
, 

ch
lo

ro
pl

as
tic

80
7

CG
CA

TG
TC

AA
GA

CG
CT

CC
T  

    
o|

||
| |

||
||

||
 ||

|  
  

GC
TC

TT
GT

AC
CG

TT
CT

GC
-A

GG
CA

AG
AA

CT
CG

TT
2

0.
00

0.
00

0.
00

9.
53

29
12

24
-0

.2
2

19
54

01
0.

08

G
TC

CT
G

CT
G

TC
TT

AA
TC

G
AC

C
-

TA
R1

0.
00

31
.0

4
31

.0
4

15
.7

5
50

.9
8

3.
24

Bn
aC

02
g3

61
10

D
un

kn
ow

n
18

0
GT

CC
TG

CT
GT

CT
TA

AT
CG

AC
C 

   |
||

||
||

||
||

||
||

||
||

||
    

GT
GG

CA
GG

AC
GA

CA
GA

AT
TA

GC
TG

GT
TG

TG
GG

TT
3

0.
00

0.
00

0.
00

0.
19

25
73

7
-1

.1
2

12
54

7
-0

.8
0

TC
CG

TC
CC

AT
AT

CC
TC

G
AG

AG
G

-
TA

R1
13

.1
6

37
.2

9
2.

83
20

.4
3

36
.1

1
1.

77
Bn

aA
09

g0
44

20
D

TA
R1

19
1

TC
CG

TC
CC

AT
AT

CC
TC

GA
GA

GG
    

||
||

||
||

||
||

||
||

||
||

||
    

TC
GA

AG
GC

AG
GG

TA
TA

GG
AG

CT
CT

CC
TA

CC
CC

TT
3

0.
00

0.
00

0.
00

1.
43

23
94

30
-1

.0
0

10
14

42
-0

.7
8

G
TC

CT
G

CT
G

TC
TT

AA
TC

G
AC

C
-

TA
R1

0.
00

31
.0

4
31

.0
4

15
.7

5
50

.9
8

3.
24

Bn
aA

nn
g2

21
60

D
TA

R1
31

37
GT

CC
TG

CT
GT

CT
TA

AT
CG

AC
C 

   |
||

||
||

||
||

||
||

||
||

||
    

GT
GG

CA
GG

AC
GA

CA
GA

AT
TA

GC
TG

GT
TG

TG
GG

TT
3

0.
00

0.
00

0.
00

0.
19

25
77

65
-1

.0
1

11
42

34
-0

.8
5

TG
TC

G
G

CC
AA

G
G

TG
TG

AA
CT

C
-

TA
R1

32
.2

9
14

9.
93

4.
64

14
8.

96
29

0.
43

1.
95

Bn
aC

04
g5

59
60

D
As

pa
rt

ic
 p

ro
te

in
as

e 
PC

S1
93

4
TG

TC
GG

CC
AA

G-
GT

GT
GA

AC
TC

    
o|

||
|o

||
||

| |
||

||
||

 ||
    

CG
GT

GC
AG

CT
GG

TT
CA

CA
CA

CT
TA

AG
CC

TT
GG

TT
3

0.
00

0.
00

0.
00

0.
46

75
24

-0
.7

2
81

97
-0

.9
4

CC
CG

G
G

CT
TA

G
G

TC
AC

CA
CC

T
-

TA
R1

58
.2

9
25

.1
6

0.
43

43
.7

8
49

.4
1

1.
13

Bn
aA

06
g3

92
30

D
Th

io
re

do
xi

n 
re

du
ct

as
e 

2
72

1
CC

CG
GG

CT
TA

GG
TC

AC
CA

CC
T  

  |
|o

||
||

||
| |

||
||

||
 | 

   
AG

CA
TG

GT
CC

GA
AT

C-
AG

TG
GT

GT
AT

GG
GT

AG
TT

3
0.

00
0.

00
0.

00
0.

23
45

54
-0

.2
4

40
40

-0
.3

4

G
G

TC
G

CT
G

CA
AA

AC
CT

AG
G

G
C

+
TA

R1
12

.7
9

27
.3

2
2.

14
18

.8
8

67
.4

1
3.

57
Bn

aA
09

g2
46

50
D

Pi
no

re
si

no
l r

ed
uc

ta
se

 1
11

6
GG

TC
GC

TG
CA

AA
AC

CT
AG

GG
C 

   |
|o

||
||

||
||

||
| |

||
| |

    
GA

GA
CC

GG
CG

AC
GT

TT
TG

CA
TC

CA
GT

GC
AC

TG
TT

3
0.

00
0.

00
0.

00
0.

14
7

-1
.0

2
6

-1
.5

6

TA
G

G
TT

AG
CG

CG
CA

G
TT

G
G

G
CA

-
TA

R1
0.

90
4.

72
5.

26
1.

42
23

.8
0

16
.7

3
Bn

aA
09

g0
44

20
D

TA
R1

15
44

TA
GG

TT
AG

CG
CG

CA
GT

TG
GG

CA
    

||
||

||
||

||
||

||
||

||
||

||
    

CA
AG

AT
CC

AA
TC

GC
GC

GT
CA

AC
CC

GT
GG

CA
TT

TT
3

0.
00

0.
00

0.
00

0.
28

23
94

30
-1

.0
0

10
14

42
-0

.7
8

TT
TG

TG
G

G
TT

CT
AG

G
TT

AG
CG

-
TA

R1
6.

25
16

.2
3

2.
60

5.
35

19
.6

4
3.

67
Bn

aC
02

g3
61

10
D

un
kn

ow
n

15
2

TT
TG

TG
GG

TT
CT

AG
GT

TA
GC

G 
   |

||
||

||
||

||
||

||
||

||
||

    
TG

GG
AA

AC
AC

CC
AA

GA
TC

CA
AT

CG
CG

CG
TC

AA
TT

3
0.

00
0.

00
0.

00
0.

19
25

73
7

-1
.1

2
12

54
7

-0
.8

0

AG
CT

AA
G

G
AC

G
TC

AG
G

AG
CG

TC
+

TA
R1

0.
00

0.
13

0.
13

39
.4

4
66

2.
83

16
.8

0
Bn

aA
nn

g2
17

60
D

TA
R1

24
21

AG
CT

AA
GG

AC
GT

CA
GG

AG
CG

TC
    

||
||

||
||

||
||

||
||

||
||

||
    

AG
GC

TC
GA

TT
CC

TG
CA

GT
CC

TC
GC

AG
AA

CT
GT

TT
3

0.
00

0.
00

0.
00

0.
37

47
01

2
-1

.0
1

20
91

2
-0

.7
9

AG
CA

CG
CA

G
AT

G
CC

G
AG

G
CA

C
-

TA
R1

0.
00

6.
51

6.
51

4.
08

14
.0

9
3.

45
Bn

aA
07

g0
35

30
D

Pu
ta

tiv
e 

po
ly

ol
 tr

an
sp

or
te

r 1
76

2
AG

CA
CG

CA
GA

TG
CC

GA
GG

CA
C 

   |
o|

||
 | 

||
||

 | 
||

||
||

    
AC

GG
TT

GT
GA

GG
CT

AC
CG

AT
CC

GT
GT

GA
CT

CC
TT

3
0.

00
0.

00
0.

00
0.

37
0

N
A

16
7

0.
75

CG
CG

AA
CT

TC
G

AA
AG

G
G

G
AT

CC
+

TA
R1

13
0.

62
18

5.
41

1.
42

28
4.

46
58

7.
28

2.
06

Bn
aA

02
g3

15
80

D
El

on
ga

tio
n 

fa
ct

or
 2

 
15

85
CG

CG
AA

CT
TC

GA
AA

GG
GG

AT
CC

    
||

|o
||

|o
||

||
| |

 o
||

||
|  

  
TG

CA
GC

GT
TT

GG
AG

CT
T-

CG
TC

TA
GG

GA
GA

GT
TT

3
0.

00
0.

00
0.

00
0.

14
29

06
0.

75
54

80
0.

27

G
G

TA
AG

CA
G

AA
CT

G
G

CG
AT

G
C

+
TA

R1
39

.9
5

27
.1

4
0.

68
61

.9
9

68
.1

4
1.

10
Bn

aC
07

g4
77

10
D

Tr
af

fic
ki

ng
 p

ro
te

in
 p

ar
tic

le
 c

om
pl

ex
 

su
bu

ni
t 2

-li
ke

 p
ro

te
in

43
8

GG
TA

-A
GC

AG
AA

CT
GG

CG
AT

GC
    

||
||

 ||
||

||
 ||

o|
 o

||
||

    
GA

CC
CA

TA
TC

GT
CT

GG
AT

CT
TT

AC
GG

AG
CA

AG
TT

3
0.

00
0.

00
0.

00
0.

09
18

97
-0

.1
2

15
62

0.
12

TT
AG

CG
CG

CA
G

TT
G

G
G

CA
CC

G
-

TA
R1

5.
35

58
.2

6
10

.8
9

11
.8

7
13

5.
48

11
.4

2
Bn

aA
09

g0
44

20
D

TA
R1

15
40

TT
AG

CG
CG

CA
GT

TG
GG

CA
CC

G 
   |

||
||

||
||

||
||

||
||

||
||

    
AT

CC
AA

TC
GC

GC
GT

CA
AC

CC
GT

GG
CA

TT
GG

GC
TT

3
0.

00
0.

00
0.

00
0.

28
23

94
30

-1
.0

0
10

14
42

-0
.7

8

TA
AA

G
TT

TG
AG

AA
TA

G
G

TC
G

A
-

TA
R1

11
.3

2
34

.8
7

3.
08

18
.6

3
38

.8
0

2.
08

Bn
aA

09
g0

44
20

D
TA

R1
14

04
TA

AA
GT

TT
GA

GA
AT

AG
GT

CG
A 

   |
||

||
||

||
||

||
||

||
||

||
    

AT
AA

AT
TT

CA
AA

CT
CT

TA
TC

CA
GC

TC
CT

GT
AA

TT
3

0.
00

0.
00

0.
00

0.
05

23
94

30
-1

.0
0

10
14

42
-0

.7
8

AG
CT

G
AT

CT
CC

CG
TG

TG
TT

AC
+

TA
R1

18
.4

4
15

4.
03

8.
35

50
.8

1
10

9.
28

2.
15

Bn
aC

05
g1

63
10

D
un

kn
ow

n
31

09
AG

CT
GA

TC
TC

CC
GT

GT
GT

TA
C 

   |
||

||
| |

||
||

 ||
 o

||
||

    
TT

CC
TC

GA
CT

TG
AG

GG
GA

CT
TA

AT
GT

TC
TT

GT
TT

3
0.

00
0.

00
0.

00
0.

23
10

59
-0

.6
3

94
2

-0
.2

8

CC
AC

CA
AG

AT
CT

G
CA

CC
G

AC
G

G
-

TA
R1

34
.1

0
23

.7
2

0.
70

82
.5

9
10

3.
97

1.
26

Bn
aC

08
g4

61
50

D
TA

R1
17

90
CC

AC
CA

AG
AT

CT
GC

AC
CG

AC
GG

    
||

||
||

||
||

||
||

||
||

||
||

    
TG

AT
GG

TG
GT

TC
TA

GA
CG

TG
GC

TG
CC

GG
CG

AG
TT

3
0.

00
0.

00
0.

00
0.

09
14

39
79

-1
.1

4
60

51
0

-0
.8

0

TC
AG

CG
CC

AT
CC

AT
TT

TC
G

G
G

-
TA

R1
15

.9
2

31
.7

3
1.

99
50

.0
7

48
.3

8
0.

97
Bn

aA
09

g0
44

20
D

TA
R1

16
68

TC
AG

CG
CC

AT
CC

AT
TT

TC
GG

G 
   |

||
||

||
||

||
||

||
||

||
||

    
GC

GA
AG

TC
GC

GG
TA

GG
TA

AA
AG

CC
CC

GA
TC

AA
TT

3
0.

00
0.

00
0.

00
0.

19
23

94
30

-1
.0

0
10

14
42

-0
.7

8

CC
TC

TA
AT

CA
TT

G
G

CT
TT

AC
C

-
TA

R1
1.

80
20

.0
5

11
.1

7
1.

23
36

.2
6

29
.3

9
Bn

aC
08

g4
61

50
D

TA
R1

13
60

CC
TC

TA
AT

CA
TT

GG
CT

TT
AC

C 
   |

||
||

||
||

||
||

||
||

||
||

    
CT

AC
GG

AG
AT

TA
GT

AA
CC

GA
AA

TG
GG

CT
AT

CT
TT

3
0.

00
0.

00
0.

00
0.

05
14

39
79

-1
.1

4
60

51
0

-0
.8

0

CC
G

TG
G

G
AT

G
G

CT
CA

AC
AA

AG
C

-
TA

R1
0.

90
19

.6
0

21
.8

3
14

.7
8

53
.6

6
3.

63
Bn

aA
nn

g3
67

30
D

Pu
ta

tiv
e 

un
ch

ar
ac

te
riz

ed
 p

ro
te

in
 A

RT
3

14
47

CC
GT

GG
GA

TG
GC

TC
AA

CA
AA

GC
    

||
||

||
||

||
||

||
||

||
||

||
    

CT
AA

GG
CA

CC
CT

AC
CG

AG
TT

GT
TT

CG
TC

GG
TG

TT
3

0.
00

0.
00

0.
00

0.
37

32
58

4
-0

.1
7

17
99

6
-0

.7
4

CA
G

CG
CC

AT
CC

AT
TT

TC
G

G
G

G
C

-
TA

R1
3.

46
4.

69
1.

36
12

.5
0

24
.5

2
1.

96
Bn

aC
08

g4
61

50
D

TA
R1

16
63

CA
GC

GC
CA

TC
CA

TT
TT

CG
GG

GC
    

||
||

||
||

||
||

||
||

||
||

||
    

CG
AA

GT
CG

CG
GT

AG
GT

AA
AA

GC
CC

CG
AT

CA
AC

TT
3

0.
00

0.
00

0.
00

0.
14

14
39

79
-1

.1
4

60
51

0
-0

.8
0

CA
G

CG
CC

AT
CC

AT
TT

TC
G

G
G

G
C

-
TA

R1
3.

46
4.

69
1.

36
12

.5
0

24
.5

2
1.

96
Bn

aA
nn

g2
21

60
D

TA
R1

32
21

CA
GC

GC
CA

TC
CA

TT
TT

CG
GG

GC
    

||
||

||
||

||
||

||
||

||
||

||
    

CG
AA

GT
CG

CG
GT

AG
GT

AA
AA

GC
CC

CG
AT

CA
AC

TT
3

0.
00

0.
00

0.
00

0.
14

25
77

65
-1

.0
1

11
42

34
-0

.8
5



  

 

TC
G

AG
G

AT
AT

G
G

G
AC

G
G

AA
G

C
+

TA
R1

43
.2

6
11

22
.3

3
25

.9
4

11
1.

30
92

8.
51

8.
34

Bn
aA

09
g2

18
80

D
Pr

ot
ei

n 
SG

T1
 h

om
ol

og
 B

79
TC

G
A

G
G

A
TA

TG
G

G
A

CG
G

A
A

G
C 

   |
||

||
||

||
||

| 
| 

o|
| 

||
    

A
G

A
A

A
G

CT
CC

TA
TA

CC
-T

CT
CT

A
CG

TC
TT

CT
T

TT
3

0.
00

0.
00

0.
00

0.
05

12
70

0.
98

19
45

0.
25

AC
AA

CC
CG

AC
TC

G
TA

G
AC

AG
C

-
TA

R1
29

.3
4

60
.3

4
2.

06
15

1.
21

13
5.

51
0.

90
Bn

aA
09

g0
44

20
D

TA
R1

61
5

A
CA

A
CC

CG
A

CT
CG

TA
G

A
CA

G
C 

   |
||

||
||

||
||

||
||

||
||

||
    

G
G

TT
TG

TT
G

G
G

CT
G

A
G

CA
TC

TG
TC

G
CG

G
A

G
CA

TT
3

0.
00

0.
00

0.
00

1.
43

23
94

30
-1

.0
0

10
14

42
-0

.7
8

G
CC

TC
G

AT
G

AG
TA

G
G

AG
G

G
CG

+
TA

R1
38

.7
3

54
.8

5
1.

42
10

9.
75

77
.1

8
0.

70
Bn

aC
02

g0
85

40
D

St
em

-s
pe

ci
fic

 p
ro

te
in

 T
SJ

T1
18

64
G

CC
TC

G
A

TG
A

G
TA

G
G

A
G

G
G

CG
    

||
||

||
||

||
 o

|o
||

|o
o|

    
CA

TT
CG

G
A

G
CT

A
CT

G
G

TT
CT

CT
TG

G
A

G
CA

A
A

C
TT

3
0.

00
0.

00
0.

00
0.

14
42

71
0

0.
13

42
76

2
0.

74

TA
AC

G
TT

G
CC

G
TC

AA
CC

G
CC

A
-

TA
R1

0.
00

11
.4

6
11

.4
6

12
.0

9
26

.5
2

2.
19

Bn
aC

03
g0

02
80

D
Py

rid
ox

al
 5

'-p
ho

sp
ha

te
 s

yn
th

as
e 

su
bu

ni
t 

PD
X1

.3
15

4
TA

A
CG

TT
G

CC
G

TC
A

A
CC

G
CC

A
    

o|
 |

||
|o

||
||

 |
||

||
||

| 
   

TA
G

CG
TG

G
CA

A
TG

G
CA

TT
TG

G
CG

G
TG

CT
G

CG
A

TT
3

0.
00

0.
00

0.
00

0.
09

20
8

-1
.8

4
76

52
-0

.5
8

G
AG

CT
CT

CG
AT

TC
CG

TG
G

G
AT

G
-

TA
R1

0.
00

8.
18

8.
18

2.
06

28
.9

9
14

.0
8

Bn
aA

nn
g3

67
30

D
Pu

ta
tiv

e 
un

ch
ar

ac
te

riz
ed

 p
ro

te
in

 A
RT

3
14

59
G

A
G

CT
CT

CG
A

TT
CC

G
TG

G
G

A
TG

    
||

||
||

||
||

||
||

||
||

||
||

    
G

A
A

CC
TC

G
A

G
A

G
CT

A
A

G
G

CA
CC

CT
A

CC
G

A
G

TT
TT

3
0.

00
0.

00
0.

00
0.

05
32

58
4

-0
.1

7
17

99
6

-0
.7

4

CT
TA

G
G

AT
CG

AC
TA

AC
CC

AT
G

-
TA

R1
8.

71
37

.0
9

4.
26

34
.0

6
52

.7
9

1.
55

Bn
aA

nn
g1

67
00

D
un

kn
ow

n
95

1
CT

TA
G

G
A

TC
G

A
CT

A
A

CC
CA

TG
    

||
||

||
||

||
||

||
||

||
||

| 
   

CT
G

A
G

A
A

TC
CT

A
G

CT
G

A
TT

G
G

G
TA

CA
CG

TT
CA

TT
3

0.
00

0.
00

0.
00

0.
23

0
0.

17
2

0.
44

AC
TC

TT
AG

G
AT

CG
AC

TA
AC

CC
-

TA
R1

6.
07

16
.2

9
2.

69
26

.0
1

20
.4

5
0.

79
Bn

aC
02

g3
61

10
D

un
kn

ow
n

48
4

A
CT

CT
TA

G
G

A
TC

G
A

CT
A

A
CC

C 
   |

||
||

||
||

||
||

||
||

||
||

    
G

G
G

CT
G

A
G

A
A

TC
CT

A
G

CT
G

A
TT

G
G

G
TA

CA
CG

T
TT

3
0.

00
0.

00
0.

00
0.

32
25

73
7

-1
.1

2
12

54
7

-0
.8

0

CA
AC

CC
G

AC
TC

G
TA

G
AC

AG
CA

-
TA

R1
7.

90
9.

54
1.

21
56

.2
8

20
.8

0
0.

37
Bn

aC
08

g4
61

50
D

TA
R1

61
0

CA
A

CC
CG

A
CT

CG
TA

G
A

CA
G

CA
    

||
||

||
||

||
||

||
||

||
||

    
G

TT
TG

TT
G

G
G

CT
G

A
G

CA
TC

TG
TC

G
CG

G
A

G
CA

C
TT

3
0.

00
0.

00
0.

00
1.

20
14

39
79

-1
.1

4
60

51
0

-0
.8

0

TC
AG

CG
CC

AT
CC

AT
TT

TC
G

G
G

-
TA

R1
15

.9
2

31
.7

3
1.

99
50

.0
7

48
.3

8
0.

97
Bn

aA
nn

g2
21

60
D

TA
R1

32
22

TC
A

G
CG

CC
A

TC
CA

TT
TT

CG
G

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

G
CG

A
A

G
TC

G
CG

G
TA

G
G

TA
A

A
A

G
CC

CC
G

A
TC

A
A

TT
3

0.
00

0.
00

0.
00

0.
19

25
77

65
-1

.0
1

11
42

34
-0

.8
5

AA
TA

G
G

TC
G

AG
G

AC
AT

TG
CG

T
-

TA
R1

5.
34

15
.6

7
2.

93
24

.5
5

40
.9

8
1.

67
Bn

aA
02

g2
63

60
D

un
kn

ow
n

15
35

A
A

TA
G

G
TC

G
A

G
G

A
CA

TT
G

CG
T 

   |
||

 |
o|

|o
||

||
 |

||
o|

||
    

G
G

CG
TT

A
-C

TA
G

TT
CC

TC
TA

A
TG

CA
A

CA
TG

TG
TT

3
0.

00
0.

00
0.

00
0.

14
51

6
0.

35
63

1
0.

52

TG
AA

CT
CG

TT
G

AA
TA

CA
TC

AG
T

-
TA

R1
90

.7
4

13
6.

42
1.

50
50

3.
35

39
5.

98
0.

79
Bn

aA
nn

g2
21

60
D

TA
R1

42
2

TG
A

A
CT

CG
TT

G
A

A
TA

CA
TC

A
G

T 
   |

||
||

||
||

||
||

||
||

||
||

| 
   

CC
A

CA
CT

TG
A

G
CA

A
CT

TA
TG

TA
G

TC
A

CA
TC

G
C

TT
3

0.
00

0.
00

0.
00

0.
32

25
77

65
-1

.0
1

11
42

34
-0

.8
5

TC
CG

TC
CC

AT
AT

CC
TC

G
AG

AG
G

-
TA

R1
13

.1
6

37
.2

9
2.

83
20

.4
3

36
.1

1
1.

77
Bn

aA
nn

g3
67

30
D

Pu
ta

tiv
e 

un
ch

ar
ac

te
riz

ed
 p

ro
te

in
 A

RT
3

19
1

TC
CG

TC
CC

A
TA

TC
CT

CG
A

G
A

G
G

    
||

||
||

||
||

||
||

||
||

||
||

    
TC

G
A

A
G

G
CA

G
G

G
TA

TA
G

G
A

G
CT

CT
CC

TA
CC

CC
TT

3
0.

00
0.

00
0.

00
1.

43
32

58
4

-0
.1

7
17

99
6

-0
.7

4

G
AG

CT
CT

CG
AT

TC
CG

TG
G

G
AT

G
-

TA
R1

0.
00

8.
18

8.
18

2.
06

28
.9

9
14

.0
8

Bn
aC

02
g3

61
10

D
un

kn
ow

n
56

G
A

G
CT

CT
CG

A
TT

CC
G

TG
G

G
A

TG
    

||
||

||
||

||
||

||
||

||
||

||
    

G
A

A
CC

TC
G

A
G

A
G

CT
A

A
G

G
CA

CC
CT

A
CC

G
A

G
TT

TT
3

0.
00

0.
00

0.
00

0.
05

25
73

7
-1

.1
2

12
54

7
-0

.8
0

AT
CT

G
CA

CC
G

AC
G

G
CC

G
CT

CC
-

TA
R1

4.
36

7.
22

1.
66

0.
00

18
.5

5
18

.5
5

Bn
aC

02
g3

61
10

D
un

kn
ow

n
38

1
A

TC
TG

CA
CC

G
A

CG
G

CC
G

CT
CC

    
||

||
||

||
||

||
o|

||
o|

||
| 

   
G

TT
CT

A
G

A
CG

TG
G

CT
G

TC
G

G
TG

A
G

G
G

G
G

CC
G

A
TT

3
0.

00
0.

00
0.

00
0.

32
25

73
7

-1
.1

2
12

54
7

-0
.8

0

TT
G

G
CT

TT
AC

CC
G

AT
AG

AA
CT

C
-

TA
R1

4.
31

66
.3

6
15

.3
9

9.
24

21
7.

09
23

.4
9

Bn
aA

nn
g3

67
30

D
Pu

ta
tiv

e 
un

ch
ar

ac
te

riz
ed

 p
ro

te
in

 A
RT

3
13

54
TT

G
G

CT
TT

A
CC

CG
A

TA
G

A
A

CT
C 

   |
||

||
||

||
||

||
||

||
||

||
| 

   
TA

G
TA

A
CC

G
A

A
A

TG
G

G
CT

A
TC

TT
G

A
G

TA
A

A
G

G
TT

3
0.

00
0.

00
0.

00
0.

09
32

58
4

-0
.1

7
17

99
6

-0
.7

4

CT
AC

CT
AT

TT
AA

AG
TT

TG
AG

A
-

TA
R1

8.
85

23
.0

8
2.

61
11

.0
4

36
.7

0
3.

32
Bn

aA
nn

g2
21

60
D

TA
R1

29
67

CT
A

CC
TA

TT
TA

A
A

G
TT

TG
A

G
A

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

CA
G

G
A

TG
G

A
TA

A
A

TT
TC

A
A

A
CT

CT
TA

TC
CA

G
TT

3
0.

00
0.

00
0.

00
0.

56
25

77
65

-1
.0

1
11

42
34

-0
.8

5

G
AG

CT
CT

CG
AT

TC
CG

TG
G

G
AT

G
-

TA
R1

0.
00

8.
18

8.
18

2.
06

28
.9

9
14

.0
8

Bn
aC

08
g4

61
50

D
TA

R1
14

55
G

A
G

CT
CT

CG
A

TT
CC

G
TG

G
G

A
TG

    
||

||
||

||
||

||
||

||
||

||
||

    
G

A
A

CC
TC

G
A

G
A

G
CT

A
A

G
G

CA
CC

CT
A

CC
G

A
G

TT
TT

3
0.

00
0.

00
0.

00
0.

05
14

39
79

-1
.1

4
60

51
0

-0
.8

0

TG
CG

CG
CT

AA
CC

TA
G

AA
CC

CA
+

TA
R1

18
.5

1
19

.5
1

1.
05

53
.8

0
39

.4
1

0.
73

Bn
aA

05
g1

80
20

D
Tr

an
sc

rip
tio

n 
fa

ct
or

 M
YC

2
50

8
TG

CG
CG

CT
A

A
CC

TA
G

A
A

CC
-C

A
    

|o
| 

||
|o

||
||

o|
||

||
| 

||
    

CG
G

A
A

TG
G

G
CG

G
TT

G
G

G
TC

TT
G

G
CG

TT
CG

CT
T

TT
3

0.
00

0.
00

0.
00

0.
14

20
21

-0
.4

1
45

17
-0

.8
2

TT
TA

G
TG

G
AC

TT
CT

CG
CG

AC
T

-
TA

R1
29

.0
2

57
.9

0
2.

00
73

.9
0

60
.3

7
0.

82
Bn

aA
nn

g2
21

60
D

TA
R1

66
4

TT
TA

G
TG

G
A

CT
TC

TC
G

CG
A

CT
    

||
||

||
||

||
||

||
||

||
||

    
TT

CC
A

A
A

TC
A

CC
TG

A
A

G
A

G
CG

CT
G

CA
G

CG
TC

T
TT

3
0.

00
0.

00
0.

00
0.

14
25

77
65

-1
.0

1
11

42
34

-0
.8

5

CC
G

G
TT

CC
G

G
AA

TT
TT

AA
CC

G
-

TA
R1

19
.5

0
23

.2
9

1.
19

53
.5

5
45

.9
5

0.
86

Bn
aC

02
g2

62
90

D
un

kn
ow

n
51

3
CC

G
G

TT
CC

G
G

A
A

TT
TT

A
A

CC
G

    
| 

| 
|o

||
||

||
||

|o
||

||
| 

   
A

G
G

TG
TC

G
A

G
G

G
CC

TT
A

A
A

G
TT

G
G

CC
A

A
A

G
A

G
TT

3
0.

00
0.

00
0.

00
1.

25
13

36
0.

02
48

3
2.

03

TC
AG

CG
CC

AT
CC

AT
TT

TC
G

G
G

G
-

TA
R1

4.
45

5.
39

1.
21

8.
20

41
.2

4
5.

03
Bn

aA
09

g0
44

20
D

TA
R1

16
68

TC
A

G
CG

CC
A

TC
CA

TT
TT

CG
G

G
G

    
||

||
||

||
||

||
||

||
||

||
||

    
G

CG
A

A
G

TC
G

CG
G

TA
G

G
TA

A
A

A
G

CC
CC

G
A

TC
A

A
TT

3
0.

00
0.

00
0.

00
0.

19
23

94
30

-1
.0

0
10

14
42

-0
.7

8

AA
TA

G
G

TC
G

AG
G

AC
AT

TG
CG

T
-

TA
R1

5.
34

15
.6

7
2.

93
24

.5
5

40
.9

8
1.

67
Bn

aC
02

g3
44

30
D

un
kn

ow
n

22
30

A
A

TA
G

G
TC

G
A

G
G

A
CA

TT
G

CG
T 

   |
||

 |
o|

|o
||

||
 |

||
o|

||
    

G
G

CG
TT

A
-C

TA
G

TT
CC

TC
TA

A
TG

CA
A

CA
TG

TG
TT

3
0.

00
0.

00
0.

00
0.

14
69

1
0.

39
79

5
0.

62

AA
CC

CG
AC

TC
G

TA
G

AC
AG

CG
CC

-
TA

R1
3.

50
5.

68
1.

62
11

.5
3

41
.1

8
3.

57
Bn

aA
nn

g2
21

60
D

TA
R1

16
13

A
A

CC
CG

A
CT

CG
TA

G
A

CA
G

CG
CC

    
||

||
||

||
||

||
||

||
||

||
||

    
TT

TG
TT

G
G

G
CT

G
A

G
CA

TC
TG

TC
G

CG
G

A
G

CA
CC

TT
3

0.
00

0.
00

0.
00

0.
93

25
77

65
-1

.0
1

11
42

34
-0

.8
5

TT
AA

G
G

TG
G

TG
AC

CT
AA

G
CC

CG
+

TA
R1

13
.3

2
13

.4
5

1.
01

31
.2

1
35

.3
1

1.
13

Bn
aA

nn
g2

17
60

D
TA

R1
18

08
TT

A
A

G
G

TG
G

TG
A

CC
TA

A
G

CC
CG

    
||

||
||

||
||

||
||

||
||

||
||

    
G

CC
TA

A
TT

CC
A

CC
A

CT
G

G
A

TT
CG

G
G

CC
CG

A
A

A
TT

3
0.

00
0.

00
0.

00
0.

23
47

01
2

-1
.0

1
20

91
2

-0
.7

9

AA
AC

AA
CC

CG
AC

TC
G

TA
G

AC
A

-
TA

R1
3.

50
10

.5
8

3.
02

30
.5

3
25

.1
6

0.
82

Bn
aA

09
g0

44
20

D
TA

R1
61

7
A

A
A

CA
A

CC
CG

A
CT

CG
TA

G
A

CA
    

||
||

||
||

||
||

||
||

||
||

| 
   

A
G

G
G

TT
TG

TT
G

G
G

CT
G

A
G

CA
TC

TG
TC

G
CG

G
A

G
TT

3
0.

00
0.

00
0.

00
2.

45
23

94
30

-1
.0

0
10

14
42

-0
.7

8

TG
CT

CC
G

TT
CC

G
CA

TT
CG

AC
C

-
TA

R1
#N

/A
#N

/A
#N

/A
44

.0
7

58
.6

6
1.

33
Bn

aC
06

g0
02

60
D

Cy
st

ei
ne

 p
ro

te
in

as
e 

RD
21

a
16

84
TG

CT
CC

G
TT

CC
G

CA
TT

CG
A

CC
    

| 
||

| 
||

||
||

 |
|o

||
||

| 
   

CG
G

TA
A

G
A

G
A

CA
A

G
G

CA
TA

G
G

CT
G

G
CG

G
TG

TT
TT

3
0.

00
0.

00
0.

00
0.

23
18

56
0

1.
24

37
10

8
1.

39

CT
TA

G
G

AT
CG

AC
TA

AC
CC

AT
G

-
TA

R1
8.

71
37

.0
9

4.
26

34
.0

6
52

.7
9

1.
55

Bn
aC

02
g3

61
10

D
un

kn
ow

n
48

1
CT

TA
G

G
A

TC
G

A
CT

A
A

CC
CA

TG
    

||
||

||
||

||
||

||
||

||
||

| 
   

CT
G

A
G

A
A

TC
CT

A
G

CT
G

A
TT

G
G

G
TA

CA
CG

TT
CA

TT
3

0.
00

0.
00

0.
00

0.
23

25
73

7
-1

.1
2

12
54

7
-0

.8
0

TC
TA

AT
CA

TT
G

G
CT

TT
AC

CC
G

-
TA

R1
8.

80
9.

99
1.

13
6.

36
23

.5
1

3.
70

Bn
aC

08
g4

61
50

D
TA

R1
13

58
TC

TA
A

TC
A

TT
G

G
CT

TT
A

CC
CG

    
||

||
||

||
||

||
||

||
||

||
| 

   
A

CG
G

A
G

A
TT

A
G

TA
A

CC
G

A
A

A
TG

G
G

CT
A

TC
TT

G
TT

3
0.

00
0.

00
0.

00
0.

28
14

39
79

-1
.1

4
60

51
0

-0
.8

0

TT
AA

TC
G

AC
CA

AC
AC

CC
TT

TG
-

TA
R1

3.
55

10
.6

1
2.

98
4.

08
20

.1
8

4.
95

Bn
aA

nn
g2

21
60

D
TA

R1
31

26
TT

A
A

TC
G

A
CC

A
A

CA
CC

CT
TT

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

A
CA

G
A

A
TT

A
G

CT
G

G
TT

G
TG

G
G

A
A

A
CA

CC
CA

A
G

TT
3

0.
00

0.
00

0.
00

0.
14

25
77

65
-1

.0
1

11
42

34
-0

.8
5

CG
AC

G
TC

G
CA

G
AC

G
G

CG
AA

CC
-

TA
R1

32
.3

0
84

9.
78

26
.3

1
61

.4
4

27
65

.4
9

45
.0

1
Bn

aC
03

g2
59

30
D

AD
P-

rib
os

yl
at

io
n 

fa
ct

or
 2

28
9

CG
A

CG
TC

G
CA

G
A

CG
G

CG
A

A
CC

    
||

||
o|

| 
||

||
||

| 
o|

| 
| 

   
G

G
G

G
G

CT
G

TA
G

G
G

TC
TG

CC
A

TT
TC

G
A

TT
A

CA
A

TT
3

0.
00

0.
00

0.
00

0.
56

50
95

-0
.1

7
40

45
0.

12

CT
TA

G
G

AT
CG

AC
TA

AC
CC

AT
G

-
TA

R1
8.

71
37

.0
9

4.
26

34
.0

6
52

.7
9

1.
55

Bn
aC

08
g4

61
50

D
TA

R1
18

82
CT

TA
G

G
A

TC
G

A
CT

A
A

CC
CA

TG
    

||
||

||
||

||
||

||
||

||
||

| 
   

CT
G

A
G

A
A

TC
CT

A
G

CT
G

A
TT

G
G

G
TA

CA
CG

TT
CA

TT
3

0.
00

0.
00

0.
00

0.
23

14
39

79
-1

.1
4

60
51

0
-0

.8
0

AC
CC

G
AC

TC
G

TA
G

AC
AG

CG
CC

T
-

TA
R1

9.
58

4.
27

0.
45

28
.9

3
29

.6
4

1.
02

Bn
aA

09
g0

44
20

D
TA

R1
61

2
A

CC
CG

A
CT

CG
TA

G
A

CA
G

CG
CC

T 
   |

||
||

||
||

||
||

||
||

||
||

| 
   

TT
G

TT
G

G
G

CT
G

A
G

CA
TC

TG
TC

G
CG

G
A

G
CA

CC
A

TT
3

0.
00

0.
00

0.
00

12
.5

9
23

94
30

-1
.0

0
10

14
42

-0
.7

8

AC
TC

AT
CG

AG
G

CC
TG

G
CT

CT
T

-
TA

R1
4.

40
20

.1
7

4.
58

13
.7

3
31

.6
0

2.
30

Bn
aA

nn
g2

21
60

D
TA

R1
32

73
A

CT
CA

TC
G

A
G

G
CC

TG
G

CT
CT

T 
   |

||
||

||
||

||
||

||
||

||
||

    
A

G
G

A
TG

A
G

TA
G

CT
CC

G
G

A
CC

G
A

G
A

A
CG

G
G

G
CT

TT
3

0.
00

0.
00

0.
00

0.
51

25
77

65
-1

.0
1

11
42

34
-0

.8
5

TC
AG

CG
CC

AT
CC

AT
TT

TC
G

G
G

-
TA

R1
15

.9
2

31
.7

3
1.

99
50

.0
7

48
.3

8
0.

97
Bn

aC
02

g3
61

10
D

un
kn

ow
n

26
5

TC
A

G
CG

CC
A

TC
CA

TT
TT

CG
G

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

G
CG

A
A

G
TC

G
CG

G
TA

G
G

TA
A

A
A

G
CC

CC
G

A
TC

A
A

TT
3

0.
00

0.
00

0.
00

0.
19

25
73

7
-1

.1
2

12
54

7
-0

.8
0

G
TG

TG
AA

CT
CG

TT
G

AA
TA

CA
TC

-
TA

R1
0.

00
30

.3
5

30
.3

5
16

.4
2

87
.1

9
5.

31
Bn

aA
nn

g2
21

60
D

TA
R1

42
5

G
TG

TG
A

A
CT

CG
TT

G
A

A
TA

CA
TC

    
||

||
||

||
||

||
||

||
||

||
||

    
G

TT
CC

A
CA

CT
TG

A
G

CA
A

CT
TA

TG
TA

G
TC

A
CA

T
TT

3
0.

00
0.

00
0.

00
0.

09
25

77
65

-1
.0

1
11

42
34

-0
.8

5



  

 

A
G

T
T

C
T

A
T

C
G

G
G

T
A

A
A

G
C

C
A

A
+

T
A

R
1

9
.9

5
1

5
.4

7
1

.5
5

4
4

.6
7

3
0

.0
0

0
.6

7
B

n
a

A
0

2
g

2
2

4
0

0
D

V
A

N
3

-b
in

d
in

g
 p

ro
te

in
1

9
3

1
A

G
TT

C
TA

TC
G

G
G

TA
A

A
G

C
C

A
A

   
 |

o
||

||
|o

||
 o

||
| 

||
| 

| 
   

G
TC

G
TT

A
A

G
A

TG
G

C
A

TA
TT

-C
G

G
G

TA
G

G
A

A
A

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
9

2
5

3
6

-1
.0

3
1

5
5

3
-1

.3
5

T
G

T
C

G
G

C
C

A
A

G
G

T
G

T
G

A
A

C
T

C
G

-
T

A
R

1
3

0
.4

1
3

7
.0

7
1

.2
2

1
3

3
.7

9
1

0
8

.0
0

0
.8

1
B

n
a

C
0

4
g

5
5

9
6

0
D

A
sp

a
rt

ic
 p

ro
te

in
a

se
 P

C
S

1
9

3
4

TG
TC

G
G

C
C

A
A

G
-G

TG
TG

A
A

C
TC

G
   

 o
||

||
o

||
||

| 
||

||
||

| 
||

| 
   

C
G

G
TG

C
A

G
C

TG
G

TT
C

A
C

A
C

A
C

TT
A

A
G

C
C

TT
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.4
6

7
5

2
4

-0
.7

2
8

1
9

7
-0

.9
4

G
A

T
G

G
C

G
C

T
G

A
A

G
C

G
C

G
C

G
A

C
+

T
A

R
1

1
7

.6
2

3
9

.4
4

2
.2

4
4

9
.4

6
7

4
.3

2
1

.5
0

B
n

a
A

0
9

g
3

3
1

2
0

D
u

n
k

n
o

w
n

5
5

5
G

A
TG

G
C

G
C

TG
A

A
G

C
G

C
G

C
G

A
C

   
 o

||
||

| 
||

||
||

  |
||

||
   

 

A
C

TT
TT

A
C

C
G

A
G

A
C

TT
C

C
A

G
C

G
C

TT
TT

TG
G

G
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
3

0
0

1
.0

4
5

8
6

-0
.1

5

C
G

C
G

A
A

C
T

T
C

G
A

A
A

G
G

G
G

A
T

C
C

+
T

A
R

1
1

3
0

.6
2

1
8

5
.4

1
1

.4
2

2
8

4
.4

6
5

8
7

.2
8

2
.0

6
B

n
a

C
0

2
g

4
0

2
6

0
D

E
lo

n
g

a
ti

o
n

 f
a

ct
o

r 
2

 
2

6
6

3
C

G
C

G
A

A
C

TT
C

G
A

A
A

G
G

G
G

A
TC

C
   

 |
||

o
||

|o
||

 |
||

| 
o

||
||

| 
   

TG
C

A
G

C
G

TT
TG

G
A

G
-T

TT
C

G
TC

TA
G

G
G

A
G

A
G

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

2
5

9
3

1
.1

5
5

7
1

9
0

.2
8

T
G

G
C

C
G

T
T

T
A

G
G

C
C

A
A

G
G

A
A

G
+

T
A

R
1

3
1

.5
6

1
5

7
.3

6
4

.9
9

1
2

8
.6

0
4

5
0

.8
5

3
.5

1
B

n
a

C
0

3
g

0
4

5
4

0
D

T
ra

n
sm

e
m

b
ra

n
e

 9
 s

u
p

e
rf

a
m

il
y

 m
e

m
b

e
r 

8
 

2
0

8
4

TG
G

C
C

G
TT

TA
G

G
C

C
A

A
G

G
A

A
G

   
 o

| 
||

||
||

||
 |

||
o

||
||

   
 

TA
C

TC
TC

-G
C

A
A

A
TC

C
TG

TT
TC

TT
C

TA
C

C
TC

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

1
1

3
1

0
.4

7
1

6
3

1
0

.0
4

A
G

C
T

C
G

G
A

T
T

T
T

G
G

C
C

A
A

C
C

G
-

T
A

R
1

5
2

.8
0

1
4

8
.6

7
2

.8
2

3
7

8
.8

1
6

3
.6

3
0

.1
7

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
2

3
9

A
G

C
TC

G
G

A
TT

TT
G

G
C

C
A

A
C

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

G
G

A
A

TC
G

A
G

C
C

TA
A

A
A

C
C

G
G

TT
G

G
C

G
C

A
C

G
C

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4

A
C

C
C

G
A

T
A

G
A

A
C

T
C

G
T

T
T

C
C

G
-

T
A

R
1

1
.8

0
1

5
.7

0
8

.7
5

2
4

.8
5

2
2

.9
8

0
.9

2
B

n
a

C
0

2
g

2
8

7
7

0
D

D
ih

y
d

ro
fl

a
v

o
n

o
l-

4
-r

e
d

u
ct

a
se

1
2

1
2

A
C

C
C

G
A

TA
G

A
A

C
TC

G
TT

TC
C

G
   

 |
||

||
||

|o
||

|o
||

  o
| 

| 
   

G
G

C
TT

G
G

G
C

TA
TT

TT
G

G
G

C
TT

G
G

C
C

A
G

G
G

C
TT

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
4

2
-0

.3
2

1
7

-0
.4

5

T
T

G
G

T
C

C
G

T
G

T
T

A
C

A
A

G
A

C
A

-
T

A
R

1
3

.4
2

5
.4

2
1

.5
9

1
3

.0
6

3
0

.9
6

2
.3

7
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

1
0

0
5

TT
G

G
TC

C
G

TG
TT

A
C

A
A

G
A

C
A

   
  |

||
||

||
||

||
| 

||
||

||
| 

   

G
A

G
G

A
A

C
C

A
G

G
C

A
C

A
A

A
G

TT
C

TG
TC

C
A

G
C

TT
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.7

9
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

G
A

C
T

C
T

T
A

G
G

A
T

C
G

A
C

T
A

A
C

C
-

T
A

R
1

0
.8

5
3

0
.2

3
3

5
.4

0
6

.1
4

4
2

.3
7

6
.9

0
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

1
8

8
6

G
A

C
TC

TT
A

G
G

A
TC

G
A

C
TA

A
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

G
G

G
G

C
TG

A
G

A
A

TC
C

TA
G

C
TG

A
TT

G
G

G
TA

C
A

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

C
C

T
A

C
T

C
A

T
C

G
A

G
G

C
C

T
G

G
C

T
C

-
T

A
R

1
6

.2
0

1
0

.1
8

1
.6

4
2

0
.5

0
2

8
.7

6
1

.4
0

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

7
2

2
C

C
TA

C
TC

A
TC

G
A

G
G

C
C

TG
G

C
TC

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

G
G

G
A

G
G

A
TG

A
G

TA
G

C
TC

C
G

G
A

C
C

G
A

G
A

A
C

G
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.7
4

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

T
G

T
T

G
A

G
C

C
A

T
C

C
C

A
C

G
G

A
A

T
C

+
T

A
R

1
1

9
.1

7
2

0
.1

4
1

.0
5

2
7

.4
5

3
6

.8
2

1
.3

4
B

n
a

A
0

1
g

2
2

5
7

0
D

P
e

n
ta

tr
ic

o
p

e
p

ti
d

e
 r

e
p

e
a

t-
co

n
ta

in
in

g
 

p
ro

te
in

 A
t1

g
6

0
7

7
0

7
2

1
TG

TT
G

A
G

C
C

A
TC

C
C

A
C

G
G

A
A

TC
   

 |
 |

||
|o

||
||

||
| 

||
||

|o
| 

   

G
TA

A
A

G
A

A
C

TT
G

G
TA

G
G

G
-G

C
C

TT
G

G
G

A
G

A
G

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
9

1
4

-0
.1

4
1

6
-0

.1
6

T
A

G
G

T
T

A
G

C
G

C
G

C
A

G
T

T
G

G
G

C
A

-
T

A
R

1
0

.9
0

4
.7

2
5

.2
6

1
.4

2
2

3
.8

0
1

6
.7

3
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

1
5

4
0

TA
G

G
TT

A
G

C
G

C
G

C
A

G
TT

G
G

G
C

A
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

C
A

A
G

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

C
C

C
G

TG
G

C
A

TT
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

1
4

3
9

7
9

-1
.1

4
6

0
5

1
0

-0
.8

0

C
G

A
C

G
T

C
G

C
A

G
A

C
G

G
C

G
A

A
C

C
-

T
A

R
1

3
2

.3
0

8
4

9
.7

8
2

6
.3

1
6

1
.4

4
2

7
6

5
.4

9
4

5
.0

1
B

n
a

C
0

3
g

4
5

5
3

0
D

P
ro

b
a

b
le

 p
la

st
id

-l
ip

id
-a

ss
o

ci
a

te
d

 p
ro

te
in

 

1
1

2
1

7
0

C
G

A
C

G
TC

G
C

A
G

A
C

G
G

C
G

A
A

C
C

   
 |

 |
||

| 
||

||
||

o
||

||
| 

| 
   

C
A

G
A

G
G

TG
C

A
C

C
G

TC
TG

TC
G

C
TT

A
G

A
G

G
A

C
A

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

2
7

7
0

.2
7

3
0

0
-0

.0
6

A
T

C
G

A
T

C
G

G
C

G
G

A
C

C
G

G
A

T
T

G
-

T
A

R
1

1
4

.1
6

1
5

.2
8

1
.0

8
4

3
.1

4
3

2
.8

2
0

.7
6

B
n

a
C

0
7

g
5

0
8

5
0

D
C

y
to

k
in

in
 d

e
h

y
d

ro
g

e
n

a
se

 4
2

5
4

8
A

TC
-G

A
TC

G
G

C
G

G
A

C
C

G
G

A
TT

G
   

 |
o

| 
||

||
|o

||
||

 |
|o

||
o

o
   

 

A
A

A
TG

G
C

C
TA

G
C

TG
C

C
TA

G
C

TT
A

G
TC

TA
TA

G
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
0

N
A

1
0

.0
2

T
A

G
A

C
A

G
C

G
C

C
T

C
G

T
G

G
T

G
C

G
A

-
T

A
R

1
0

.8
5

2
.6

4
3

.0
9

3
.7

0
1

4
.0

8
3

.8
0

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
5

9
8

TA
G

A
C

A
G

C
G

C
C

TC
G

TG
G

TG
C

G
A

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

G
A

G
C

A
TC

TG
TC

G
C

G
G

A
G

C
A

C
C

A
C

G
C

TG
TC

C
C

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
2

.5
5

1
4

3
9

7
9

-1
.1

4
6

0
5

1
0

-0
.8

0

C
C

T
A

C
T

C
A

T
C

G
A

G
G

C
C

T
G

G
C

T
C

-
T

A
R

1
6

.2
0

1
0

.1
8

1
.6

4
2

0
.5

0
2

8
.7

6
1

.4
0

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
3

2
7

6
C

C
TA

C
TC

A
TC

G
A

G
G

C
C

TG
G

C
TC

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

G
G

G
A

G
G

A
TG

A
G

TA
G

C
TC

C
G

G
A

C
C

G
A

G
A

A
C

G
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.7
4

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

A
A

A
C

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
-

T
A

R
1

3
.5

0
1

0
.5

8
3

.0
2

3
0

.5
3

2
5

.1
6

0
.8

2
B

n
a

A
n

n
g

3
6

7
3

0
D

P
u

ta
ti

v
e

 u
n

ch
a

ra
ct

e
ri

ze
d

 p
ro

te
in

 A
R

T
3

6
1

7
A

A
A

C
A

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

A
G

G
G

TT
TG

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
2

.4
5

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4

T
A

G
G

T
T

A
G

C
G

C
G

C
A

G
T

T
G

G
G

C
-

T
A

R
1

0
.0

0
7

.4
1

7
.4

1
4

.2
7

2
1

.5
2

5
.0

4
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

3
0

9
8

TA
G

G
TT

A
G

C
G

C
G

C
A

G
TT

G
G

G
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

C
A

A
G

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

C
C

C
G

TG
G

C
A

TT
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

A
C

C
A

C
C

A
A

G
A

T
C

T
G

C
A

C
C

G
A

C
G

-
T

A
R

1
0

.0
0

1
5

.0
7

1
5

.0
7

0
.0

0
7

1
.2

2
7

1
.2

2
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

1
7

9
1

A
C

C
A

C
C

A
A

G
A

TC
TG

C
A

C
C

G
A

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

A
TG

A
TG

G
TG

G
TT

C
TA

G
A

C
G

TG
G

C
TG

C
C

G
G

C
G

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.5
1

1
4

3
9

7
9

-1
.1

4
6

0
5

1
0

-0
.8

0

A
T

T
C

C
G

T
G

G
G

A
T

G
G

C
T

C
A

A
C

A
A

-
T

A
R

1
0

.0
0

4
.7

0
4

.7
0

2
.4

7
3

3
.5

2
1

3
.5

9
B

n
a

C
0

9
g

0
5

8
9

0
D

R
O

O
T

 P
R

IM
O

R
D

IU
M

 D
E

F
E

C
T

IV
E

 1
6

6
5

A
TT

C
C

G
TG

G
G

A
TG

G
C

TC
A

A
C

A
A

   
 |

||
||

|o
||

||
| 

||
| 

||
| 

   

A
C

G
A

G
A

A
G

G
C

A
TC

C
TA

C
A

G
A

G
G

TG
TC

A
G

A
A

C
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
7

0
-0

.0
7

8
9

-0
.7

1

G
T

C
G

A
G

G
A

C
A

T
T

G
C

G
T

C
C

C
C

G
A

-
T

A
R

1
0

.0
0

2
.4

6
2

.4
6

1
.4

2
2

1
.2

5
1

4
.9

4
B

n
a

C
0

2
g

1
6

0
5

0
D

N
U

C
LE

A
R

 F
U

S
IO

N
 D

E
F

E
C

T
IV

E
 4

 
1

1
6

G
TC

G
A

G
G

A
C

A
TT

G
C

G
TC

C
C

C
G

A
   

 |
o

||
 |

||
||

||
| 

|o
| 

||
||

   
 

C
TA

G
C

G
G

C
C

C
C

TG
TA

A
C

TC
G

G
TG

G
C

TT
A

TT
TA

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
1

3
5

1
0

.5
7

1
5

5
0

0
.2

3

C
C

C
C

A
T

C
C

T
C

T
C

G
A

G
G

A
T

A
T

G
+

T
A

R
1

1
.4

1
1

0
5

.0
0

7
4

.5
3

6
.2

2
1

3
2

.8
5

2
1

.3
7

B
n

a
A

n
n

g
2

1
7

6
0

D
T

A
R

1
2

4
9

3
C

C
C

C
A

TC
C

TC
TC

G
A

G
G

A
TA

TG
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

C
A

G
G

G
G

G
G

TA
G

G
A

G
A

G
C

TC
C

TA
TA

C
C

C
TG

C
C

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

4
7

0
1

2
-1

.0
1

2
0

9
1

2
-0

.7
9

G
A

A
G

A
T

C
A

A
G

G
T

C
G

G
T

C
G

G
C

T
G

-
T

A
R

1
0

.0
0

9
.3

8
9

.3
8

0
.0

0
2

8
.6

1
2

8
.6

1
B

n
a

C
n

n
g

6
2

2
8

0
D

R
a

b
3

 G
T

P
a

se
-a

ct
iv

a
ti

n
g

 p
ro

te
in

 c
a

ta
ly

ti
c 

su
b

u
n

it
3

7
1

3
G

A
A

G
A

TC
A

A
G

G
TC

G
G

TC
G

G
C

TG
   

 |
||

||
| 

||
| 

||
o

|o
||

 |
||

   
 

G
C

G
C

C
TT

C
TA

C
TT

C
G

A
G

TC
G

G
C

G
G

A
C

TT
G

G
C

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
9

3
5

5
0

.4
6

5
1

8
-0

.1
0

T
T

T
G

T
G

G
G

T
T

C
T

A
G

G
T

T
A

G
C

G
-

T
A

R
1

6
.2

5
1

6
.2

3
2

.6
0

5
.3

5
1

9
.6

4
3

.6
7

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
3

1
0

9
TT

TG
TG

G
G

TT
C

TA
G

G
TT

A
G

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

TG
G

G
A

A
A

C
A

C
C

C
A

A
G

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

C
G

T
A

G
A

C
A

G
C

G
C

C
T

C
G

T
G

G
T

G
C

-
T

A
R

1
8

.6
3

2
.3

3
0

.2
7

1
4

.7
4

2
9

.3
1

1
.9

9
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

6
0

0
C

G
TA

G
A

C
A

G
C

G
C

C
TC

G
TG

G
TG

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
C

C
A

C
G

C
TG

TC
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

T
T

T
G

T
G

G
G

T
T

C
T

A
G

G
T

T
A

G
C

G
-

T
A

R
1

6
.2

5
1

6
.2

3
2

.6
0

5
.3

5
1

9
.6

4
3

.6
7

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
1

5
5

1
TT

TG
TG

G
G

TT
C

TA
G

G
TT

A
G

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

TG
G

G
A

A
A

C
A

C
C

C
A

A
G

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

A
A

C
T

T
C

C
T

T
G

G
C

C
T

A
A

A
C

G
G

C
C

-
T

A
R

1
1

.7
1

2
5

.6
1

1
5

.0
0

2
.6

6
1

6
2

.6
1

6
1

.2
1

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
3

4
4

A
A

C
TT

C
C

TT
G

G
C

C
TA

A
A

C
G

G
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

G
A

G
TT

TG
A

A
G

G
A

A
C

C
G

G
A

TT
TG

C
C

G
G

TA
TC

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

T
C

A
A

G
A

C
G

C
T

C
C

T
G

A
C

G
T

C
C

T
-

T
A

R
1

0
.0

0
0

.1
5

0
.1

5
2

0
.8

8
2

3
.5

6
1

.1
3

B
n

a
C

0
4

g
0

3
7

8
0

D
B

e
ta

-g
lu

co
si

d
a

se
 2

6
, 

p
e

ro
x

is
o

m
a

l
2

0
0

1
TC

A
A

G
A

C
G

C
TC

C
TG

A
C

G
TC

C
T 

   
||

||
o

||
| 

| 
||

||
 |

||
||

   
 

A
TG

A
A

G
TT

TT
G

C
A

A
A

G
A

C
T-

C
A

G
G

A
C

A
A

C
C

TA
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

5
9

2
2

0
.2

1
2

4
9

2
-0

.8
5

T
A

A
A

G
C

C
A

A
T

G
A

T
T

A
G

A
G

G
C

A
+

T
A

R
1

2
8

.4
9

2
3

.4
1

0
.8

2
3

0
.1

6
4

1
.5

7
1

.3
8

B
n

a
C

n
n

g
6

7
3

7
0

D
u

n
k

n
o

w
n

3
6

3
TA

A
A

G
C

C
A

A
TG

A
TT

A
G

A
G

G
C

A
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

G
C

C
C

A
TT

TC
G

G
TT

A
C

TA
A

TC
TC

C
G

TA
G

C
C

C
C

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

3
3

4
2

-1
.0

3
1

4
1

6
-1

.0
0

A
C

T
T

C
G

A
A

A
G

G
G

G
A

T
C

C
G

G
T

T
+

T
A

R
1

2
6

.9
7

2
8

.3
1

1
.0

5
7

8
.8

2
6

5
.7

3
0

.8
3

B
n

a
C

0
6

g
3

9
3

2
0

D
u

n
k

n
o

w
n

2
4

6
A

C
TT

C
G

A
A

A
G

G
G

G
A

TC
C

G
G

TT
   

 |
| 

||
||

||
o

||
||

||
|o

||
   

 

TC
G

A
A

G
A

C
G

C
TT

TC
TC

C
TA

G
G

C
TA

A
C

G
C

TG
A

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
9

9
3

6
-0

.1
0

8
0

1
0

.2
0

T
A

G
G

T
T

A
G

C
G

C
G

C
A

G
T

T
G

G
G

C
-

T
A

R
1

0
.0

0
7

.4
1

7
.4

1
4

.2
7

2
1

.5
2

5
.0

4
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
5

4
4

TA
G

G
TT

A
G

C
G

C
G

C
A

G
TT

G
G

G
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

C
A

A
G

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

C
C

C
G

TG
G

C
A

TT
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

A
C

T
C

T
T

A
G

G
A

T
C

G
A

C
T

A
A

C
C

C
-

T
A

R
1

6
.0

7
1

6
.2

9
2

.6
9

2
6

.0
1

2
0

.4
5

0
.7

9
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
8

8
9

A
C

TC
TT

A
G

G
A

TC
G

A
C

TA
A

C
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

G
G

G
C

TG
A

G
A

A
TC

C
TA

G
C

TG
A

TT
G

G
G

TA
C

A
C

G
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

C
G

A
G

C
T

A
A

G
G

A
C

G
T

C
A

G
G

A
G

C
G

+
T

A
R

1
#

N
/A

#
N

/A
#

N
/A

2
8

.6
1

6
3

.9
4

2
.2

4
B

n
a

A
0

9
g

5
2

7
0

0
D

R
e

ce
p

to
r-

li
k

e
 p

ro
te

in
 k

in
a

se
 2

8
9

C
G

A
G

C
TA

A
G

-G
A

C
G

TC
A

G
G

A
G

C
G

   
 |

||
||

||
||

 |
||

 |
| 

|o
||

||
   

 

C
TC

G
C

TC
G

A
TT

C
A

C
TG

A
A

G
C

C
TT

C
G

C
TG

G
G

C
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

2
5

4
2

-0
.1

4
4

3
1

-0
.3

6

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
C

G
-

T
A

R
1

0
.8

5
1

6
.1

0
1

8
.8

5
1

.2
3

3
0

.1
1

2
4

.4
0

B
n

a
C

0
2

g
3

6
1

1
0

D
u

n
k

n
o

w
n

3
8

5
C

A
A

G
A

TC
TG

C
A

C
C

G
A

C
G

G
C

C
G

   
 |

||
||

||
||

||
||

||
|o

||
|o

   
 

G
G

TG
G

TT
C

TA
G

A
C

G
TG

G
C

TG
TC

G
G

TG
A

G
G

G
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
2

2
5

7
3

7
-1

.1
2

1
2

5
4

7
-0

.8
0

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
G

C
G

C
C

-
T

A
R

1
3

.5
0

5
.6

8
1

.6
2

1
1

.5
3

4
1

.1
8

3
.5

7
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

6
0

9
A

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

G
C

G
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

TT
TG

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
C

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.9
3

1
4

3
9

7
9

-1
.1

4
6

0
5

1
0

-0
.8

0



  

 

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
C

G
C

T
C

C
-

T
A

R
1

4
.3

6
7

.2
2

1
.6

6
0

.0
0

1
8

.5
5

1
8

.5
5

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
1

7
8

2
A

TC
TG

C
A

C
C

G
A

C
G

G
C

C
G

C
TC

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

G
TT

C
TA

G
A

C
G

TG
G

C
TG

C
C

G
G

C
G

A
G

G
C

G
G

G
C

C
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

C
T

T
A

T
G

C
G

C
G

A
A

C
T

T
C

G
A

A
A

G
G

+
T

A
R

1
2

9
.1

0
3

1
.3

7
1

.0
8

7
7

.8
9

1
2

8
.6

9
1

.6
5

B
n

a
A

0
8

g
0

8
9

6
0

D
P

ro
b

a
b

le
 s

e
ri

n
e

/t
h

re
o

n
in

e
-p

ro
te

in
 k

in
a

se
 

d
rk

B
2

6
4

8
C

TT
A

TG
C

G
C

G
A

A
C

TT
C

-G
A

A
A

G
G

   
 |

||
 |

||
 |

||
||

||
| 

||
||

| 
   

A
A

A
A

G
A

A
C

A
C

G
A

G
C

TT
G

A
A

G
A

C
TT

TC
G

TA
C

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
1

1
0

.8
4

1
4

1
.0

0

C
A

A
T

G
T

C
C

T
C

G
A

C
C

T
A

T
T

C
T

C
+

T
A

R
1

7
6

.0
6

1
2

8
.3

4
1

.6
9

1
3

4
.2

4
2

5
0

.3
3

1
.8

6
B

n
a

C
0

6
g

0
4

3
1

0
D

P
ro

b
a

b
le

 p
la

st
id

-l
ip

id
-a

ss
o

ci
a

te
d

 p
ro

te
in

 

1
2

, 
ch

lo
ro

p
la

st
ic

2
0

8
8

C
A

A
TG

TC
C

TC
G

A
C

C
TA

TT
C

TC
   

 |
||

 |
 |

||
||

||
 |

||
||

||
   

 

A
A

TA
G

TT
TC

-G
G

A
G

C
TG

A
A

TA
A

G
A

G
TA

G
A

A
G

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

1
0

8
8

6
-0

.2
7

1
2

3
3

3
-0

.0
7

G
T

C
G

A
G

G
A

C
A

T
T

G
C

G
T

C
C

C
C

G
A

-
T

A
R

1
0

.0
0

2
.4

6
2

.4
6

1
.4

2
2

1
.2

5
1

4
.9

4
B

n
a

A
0

2
g

1
1

6
1

0
D

Le
u

ci
n

e
-r

ic
h

 r
e

p
e

a
t 

re
ce

p
to

r-
li

k
e

 

se
ri

n
e

/t
h

re
o

n
in

e
-p

ro
te

in
 k

in
a

se
 B

A
M

2
1

4
3

G
TC

G
A

G
G

A
C

A
TT

G
C

G
TC

C
C

C
G

A
   

 |
o

||
 |

||
||

||
| 

|o
| 

||
||

   
 

C
TA

G
C

G
G

C
C

C
C

TG
TA

A
C

TC
G

G
TG

G
C

TT
A

TT
TA

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
1

0
4

0
.1

0
6

7
5

0
.9

5

G
A

A
C

G
A

C
C

T
G

A
G

A
A

C
G

A
T

G
A

A
+

T
A

R
1

1
4

.3
0

1
3

2
.6

0
9

.2
7

1
1

3
.1

9
2

4
1

.2
1

2
.1

3
B

n
a

A
0

8
g

2
6

3
8

0
D

P
u

ta
ti

v
e

 d
is

e
a

se
 r

e
si

st
a

n
ce

 p
ro

te
in

 

A
t4

g
1

0
7

8
0

1
7

3
0

G
A

A
C

G
A

C
C

TG
A

G
A

A
C

G
A

TG
A

A
   

 |
||

||
||

||
||

||
| 

o
 o

o
||

   
 

A
A

C
TC

TT
G

C
TG

G
A

C
TC

TT
A

TA
G

TT
TC

G
TA

C
TA

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
9

3
0

-0
.1

2
1

2
9

5
-0

.3
6

A
T

T
A

G
A

G
G

C
A

T
C

G
G

G
G

A
C

G
C

A
A

+
T

A
R

1
2

9
.9

9
1

9
.3

3
0

.6
4

3
6

.0
2

5
9

.4
5

1
.6

5
B

n
a

C
0

6
g

4
1

8
3

0
D

u
n

k
n

o
w

n
3

8
3

A
TT

A
G

A
G

G
C

-A
TC

G
G

G
G

A
C

G
C

A
A

   
 |

|o
||

|o
||

 |
 |

 |
o

||
||

||
| 

   

C
TA

TA
G

TC
TT

C
G

C
TC

G
G

C
TC

TG
C

G
TT

A
G

C
G

A
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
4

8
9

5
-0

.0
9

4
0

4
1

-0
.7

5

T
G

T
C

G
G

C
C

A
A

G
G

T
G

T
G

A
A

C
T

C
G

-
T

A
R

1
3

0
.4

1
3

7
.0

7
1

.2
2

1
3

3
.7

9
1

0
8

.0
0

0
.8

1
B

n
a

C
0

8
g

2
6

5
7

0
D

R
e

tr
o

v
ir

u
s-

re
la

te
d

 P
o

l 
p

o
ly

p
ro

te
in

 f
ro

m
 

tr
a

n
sp

o
so

n
 T

N
T

 1
-9

4
3

4
3

5
TG

TC
G

G
C

C
A

A
G

G
TG

TG
A

A
C

TC
G

   
 |

||
 |

||
||

||
|o

 o
||

||
o

||
   

 

G
G

C
A

A
C

A
-C

C
G

G
TT

C
C

G
A

G
C

TT
G

G
G

C
C

C
A

C
C

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

3
3

3
6

-0
.0

3
3

9
0

4
0

.5
3

G
C

G
G

A
C

C
G

G
A

T
T

G
C

T
C

C
G

T
T

C
-

T
A

R
1

1
3

4
.3

0
8

8
.0

2
0

.6
6

6
4

.0
8

1
7

3
.6

9
2

.7
1

B
n

a
C

0
7

g
1

7
1

7
0

D

P
u

ta
ti

v
e

 S
W

I/
S

N
F

-r
e

la
te

d
 m

a
tr

ix
-

a
ss

o
ci

a
te

d
 a

ct
in

-d
e

p
e

n
d

e
n

t 
re

g
u

la
to

r 
o

f 

ch
ro

m
a

ti
n

 s
u

b
fa

m
il

y
 A

 m
e

m
b

e
r 

3
-l

ik
e

 3

4
8

5
1

G
C

G
G

A
C

C
G

G
A

TT
G

C
TC

C
G

TT
C

   
 |

| 
||

||
||

|o
| 

||
 |

||
 |

   
 

A
G

A
C

C
G

G
C

TG
G

C
C

TG
A

A
G

A
A

G
C

A
-G

TC
A

G
TT

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
1

.1
6

0
0

.2
4

3
2

5
0

.1
2

A
G

C
T

G
A

T
C

T
C

C
C

G
T

G
T

G
T

T
A

C
C

+
T

A
R

1
3

1
.3

3
2

3
8

.6
2

7
.6

2
4

9
.8

7
1

2
6

.2
2

2
.5

3
B

n
a

C
0

7
g

2
7

4
4

0
D

B
a

si
c 

le
u

ci
n

e
 z

ip
p

e
r 

6
3

1
6

9
4

A
G

C
TG

A
TC

TC
C

C
G

TG
T-

G
TT

A
C

C
   

 |
||

||
||

||
||

 |
||

| 
||

o
||

   
 

G
A

A
C

TC
G

A
C

TA
G

A
G

G
C

C
A

C
A

TC
A

G
TG

A
A

C
C

C
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
7

1
0

3
0

.6
1

1
1

8
4

0
-0

.0
2

T
G

T
C

G
G

C
C

A
A

G
G

T
G

T
G

A
A

C
T

C
G

-
T

A
R

1
3

0
.4

1
3

7
.0

7
1

.2
2

1
3

3
.7

9
1

0
8

.0
0

0
.8

1
B

n
a

A
0

2
g

3
0

2
7

0
D

T
ra

n
sc

ri
p

ti
o

n
 f

a
ct

o
r 

b
H

LH
7

8
8

4
7

TG
TC

G
G

C
C

A
A

G
G

TG
TG

A
A

C
TC

G
   

 |
||

 |
||

||
||

o
o

 o
||

||
o

||
   

 

G
G

C
A

A
C

A
-C

C
G

G
TT

C
TG

A
G

C
TT

G
G

G
C

C
C

A
C

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
2

4
0

.2
7

1
2

-0
.3

4

T
T

G
G

T
C

C
G

T
G

T
T

A
C

A
A

G
A

C
A

-
T

A
R

1
3

.4
2

5
.4

2
1

.5
9

1
3

.0
6

3
0

.9
6

2
.3

7
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
0

0
9

TT
G

G
TC

C
G

TG
TT

A
C

A
A

G
A

C
A

   
  |

||
||

||
||

||
| 

||
||

||
   

 

G
A

G
G

A
A

C
C

A
G

G
C

A
C

A
A

A
G

TT
C

TG
C

C
C

A
G

C
TT

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.7
9

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

A
G

C
T

G
A

T
C

T
C

C
C

G
T

G
T

G
T

T
A

C
+

T
A

R
1

1
8

.4
4

1
5

4
.0

3
8

.3
5

5
0

.8
1

1
0

9
.2

8
2

.1
5

B
n

a
C

0
7

g
2

7
4

4
0

D
B

a
si

c 
le

u
ci

n
e

 z
ip

p
e

r 
6

3
1

6
9

4
A

G
C

TG
A

TC
TC

C
C

G
TG

T-
G

TT
A

C
   

 |
||

||
||

||
||

 |
||

| 
||

o
||

   
 

G
A

A
C

TC
G

A
C

TA
G

A
G

G
C

C
A

C
A

TC
A

G
TG

A
A

C
C

C
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
7

1
0

3
0

.6
1

1
1

8
4

0
-0

.0
2

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
C

G
-

T
A

R
1

0
.8

5
1

6
.1

0
1

8
.8

5
1

.2
3

3
0

.1
1

2
4

.4
0

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
1

7
8

6
C

A
A

G
A

TC
TG

C
A

C
C

G
A

C
G

G
C

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

G
G

TG
G

TT
C

TA
G

A
C

G
TG

G
C

TG
C

C
G

G
C

G
A

G
G

C
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
2

1
4

3
9

7
9

-1
.1

4
6

0
5

1
0

-0
.8

0

T
C

A
A

G
A

C
G

C
T

C
C

T
G

A
C

G
T

C
C

T
-

T
A

R
1

0
.0

0
0

.1
5

0
.1

5
2

0
.8

8
2

3
.5

6
1

.1
3

B
n

a
A

0
5

g
0

4
0

6
0

D
B

e
ta

-g
lu

co
si

d
a

se
 2

6
, 

p
e

ro
x

is
o

m
a

l
5

0
3

0
TC

A
A

G
A

C
G

C
TC

C
TG

A
C

G
TC

C
T 

   
||

||
o

||
| 

| 
||

||
 |

||
||

   
 

A
TG

A
A

G
TT

TT
G

C
A

A
A

G
A

C
T-

C
A

G
G

A
C

A
A

C
C

TA
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

1
3

3
1

2
0

.0
4

8
5

4
2

-0
.7

7

C
T

G
A

A
G

C
G

C
G

C
G

A
C

C
T

A
T

A
C

C
+

T
A

R
1

1
5

1
.2

9
3

1
8

.1
4

2
.1

0
4

0
5

.0
4

5
5

5
.5

5
1

.3
7

B
n

a
A

0
9

g
1

2
7

2
0

D
u

n
k

n
o

w
n

1
6

4
3

C
TG

A
A

G
C

G
C

G
C

G
A

C
C

TA
TA

C
C

   
 |

||
||

||
o

||
| 

||
||

 o
 |

| 
   

TC
TT

G
A

C
TT

C
G

TG
C

G
-T

G
G

A
A

G
A

G
G

TA
C

A
TT

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

1
2

2
7

-2
.0

9
4

4
0

9
-0

.4
2

C
G

T
A

G
A

C
A

G
C

G
C

C
T

C
G

T
G

G
T

G
C

-
T

A
R

1
8

.6
3

2
.3

3
0

.2
7

1
4

.7
4

2
9

.3
1

1
.9

9
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

6
0

4
C

G
TA

G
A

C
A

G
C

G
C

C
TC

G
TG

G
TG

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
C

C
A

C
G

C
TG

TC
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

A
C

T
T

C
C

T
T

G
G

C
C

T
A

A
A

C
G

G
C

C
-

T
A

R
1

4
.2

7
1

2
0

.4
2

2
8

.2
0

7
7

.8
6

2
3

7
.7

7
3

.0
5

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
3

4
3

A
C

TT
C

C
TT

G
G

C
C

TA
A

A
C

G
G

C
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

A
G

TT
TG

A
A

G
G

A
A

C
C

G
G

A
TT

TG
C

C
G

G
TA

TC
A

G
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

2
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

T
G

T
G

T
T

A
C

C
G

C
A

C
G

C
G

G
T

T
G

G
C

C
+

T
A

R
1

1
0

.7
8

1
2

0
.2

9
1

1
.1

5
7

.6
5

1
1

2
.7

9
1

4
.7

5
B

n
a

A
n

n
g

2
1

7
6

0
D

T
A

R
1

2
4

5
2

TG
TG

TT
A

C
C

G
C

A
C

G
C

G
G

TT
G

G
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
||

   
 

G
G

G
C

A
C

A
C

A
A

TG
G

C
G

TG
C

G
C

C
A

A
C

C
G

G
TT

TT
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
4

7
0

1
2

-1
.0

1
2

0
9

1
2

-0
.7

9

C
G

T
G

G
G

T
G

G
T

T
C

G
C

C
G

T
C

T
G

C
+

T
A

R
1

9
5

5
.4

7
2

5
3

0
.0

7
2

.6
5

3
1

4
4

.5
2

3
5

1
6

.7
7

1
.1

2
B

n
a

C
0

4
g

5
5

7
6

0
D

P
ro

b
a

b
le

 p
e

ct
a

te
 l

y
a

se
 1

5
1

3
7

0
C

G
TG

G
G

TG
G

TT
C

G
C

C
G

TC
TG

C
   

 o
||

||
|o

||
||

||
| 

||
o

||
   

 

TG
TC

TT
A

C
C

C
A

TC
A

A
G

C
G

G
-A

G
G

C
G

A
A

C
C

G
C

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

6
9

5
-0

.8
8

1
1

5
6

-1
.2

5

T
A

G
A

C
A

G
C

G
C

C
T

C
G

T
G

G
T

G
C

G
A

-
T

A
R

1
0

.8
5

2
.6

4
3

.0
9

3
.7

0
1

4
.0

8
3

.8
0

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
1

6
0

2
TA

G
A

C
A

G
C

G
C

C
TC

G
TG

G
TG

C
G

A
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

G
A

G
C

A
TC

TG
TC

G
C

G
G

A
G

C
A

C
C

A
C

G
C

TG
TC

C
C

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
2

.5
5

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

A
C

T
T

C
G

G
A

G
G

G
A

A
C

C
A

G
C

T
A

C
T

-
T

A
R

1
0

.9
0

1
1

.2
6

1
2

.5
4

6
.1

8
2

4
.5

1
3

.9
7

B
n

a
C

0
4

g
0

8
1

0
0

D
A

q
u

a
p

o
ri

n
 P

IP
2

-7
1

2
5

9
A

C
TT

C
G

G
A

G
G

G
A

A
C

C
-A

G
C

TA
C

T 
   

||
||

| 
||

o
||

||
||

 |
| 

 |
||

   
 

G
G

C
G

TG
A

A
G

A
C

TT
C

C
TT

G
G

C
TC

C
C

TG
A

A
C

C
TT

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
5

9
2

5
1

-0
.8

7
3

3
9

9
-1

.7
5

C
A

G
C

G
C

C
A

T
C

C
A

T
T

T
T

C
G

G
G

G
C

-
T

A
R

1
3

.4
6

4
.6

9
1

.3
6

1
2

.5
0

2
4

.5
2

1
.9

6
B

n
a

C
0

2
g

3
6

1
1

0
D

u
n

k
n

o
w

n
2

6
4

C
A

G
C

G
C

C
A

TC
C

A
TT

TT
C

G
G

G
G

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

C
G

A
A

G
TC

G
C

G
G

TA
G

G
TA

A
A

A
G

C
C

C
C

G
A

TC
A

A
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
2

5
7

3
7

-1
.1

2
1

2
5

4
7

-0
.8

0

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
C

-
T

A
R

1
1

.7
5

2
1

.2
4

1
2

.1
3

2
.6

6
7

1
.7

3
2

7
.0

0
B

n
a

C
0

2
g

3
6

1
1

0
D

u
n

k
n

o
w

n
3

8
7

A
C

C
A

A
G

A
TC

TG
C

A
C

C
G

A
C

G
G

C
C

   
 |

||
||

||
||

||
||

||
||

|o
||

| 
   

A
TG

G
TG

G
TT

C
TA

G
A

C
G

TG
G

C
TG

TC
G

G
TG

A
G

G
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
2

5
7

3
7

-1
.1

2
1

2
5

4
7

-0
.8

0

T
G

T
T

G
A

G
C

C
A

T
C

C
C

A
C

G
G

A
A

T
C

+
T

A
R

1
1

9
.1

7
2

0
.1

4
1

.0
5

2
7

.4
5

3
6

.8
2

1
.3

4
B

n
a

C
n

n
g

7
5

4
9

0
D

N
it

ri
la

se
 2

1
9

5
TG

TT
G

A
G

C
C

A
TC

C
C

A
C

G
G

A
A

TC
   

 |
||

||
 |

||
||

||
 |

|o
||

o
| 

   

C
C

TA
C

C
A

A
C

TA
G

G
TA

G
G

G
-G

C
TT

TG
G

G
G

TC
TA

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
6

5
4

-0
.2

9
6

7
0

7
-0

.0
6

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
-

T
A

R
1

1
7

.5
8

1
2

3
.6

9
7

.0
4

3
8

.0
9

2
0

9
.0

0
5

.4
9

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

7
9

2
A

C
C

A
A

G
A

TC
TG

C
A

C
C

G
A

C
G

G
C

   
 |

||
||

||
||

||
| 

||
||

||
||

   
 

A
TG

G
TG

G
TT

C
TA

G
A

C
G

G
G

G
C

TG
C

C
G

G
C

G
A

G
G

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
C

G
-

T
A

R
1

0
.8

5
1

6
.1

0
1

8
.8

5
1

.2
3

3
0

.1
1

2
4

.4
0

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

7
9

0
C

A
A

G
A

TC
TG

C
A

C
C

G
A

C
G

G
C

C
G

   
 |

||
||

||
||

| 
||

||
||

||
||

   
 

G
G

TG
G

TT
C

TA
G

A
C

G
G

G
G

C
TG

C
C

G
G

C
G

A
G

G
C

G
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

C
G

T
A

G
A

C
A

G
C

G
C

C
T

C
G

T
G

G
T

G
C

-
T

A
R

1
8

.6
3

2
.3

3
0

.2
7

1
4

.7
4

2
9

.3
1

1
.9

9
B

n
a

A
n

n
g

3
6

7
3

0
D

P
u

ta
ti

v
e

 u
n

ch
a

ra
ct

e
ri

ze
d

 p
ro

te
in

 A
R

T
3

6
0

4
C

G
TA

G
A

C
A

G
C

G
C

C
TC

G
TG

G
TG

C
   

 |
||

||
||

||
||

||
| 

||
||

||
| 

   

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

A
C

A
C

C
A

C
G

C
TG

TC
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

T
G

C
G

G
A

A
G

G
A

T
C

A
T

T
G

T
C

G
T

A
+

T
A

R
1

2
8

9
.9

4
4

9
7

.1
1

1
.7

1
1

9
5

3
.4

1
3

8
4

.3
4

0
.2

0
B

n
a

C
0

5
g

5
0

0
9

0
D

u
n

k
n

o
w

n
3

1
8

8
TG

C
G

G
A

A
G

G
A

TC
A

TT
G

TC
-G

TA
   

 |
| 

||
||

||
||

| 
|o

o
||

 |
o

| 
   

TC
G

TA
C

A
C

C
TT

C
C

TA
G

C
A

G
TA

G
TC

G
TA

G
A

A
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

1
0

.4
8

0
-0

.1
4

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
G

C
G

C
-

T
A

R
1

1
4

.2
3

7
8

.9
3

5
.5

5
1

0
2

.1
2

1
0

5
.5

9
1

.0
3

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
6

1
3

A
A

C
C

C
G

A
C

TC
G

TA
G

A
C

A
G

C
G

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

TT
TG

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
C

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.9
3

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

T
T

A
G

C
G

C
G

C
A

G
T

T
G

G
G

C
A

C
C

G
-

T
A

R
1

5
.3

5
5

8
.2

6
1

0
.8

9
1

1
.8

7
1

3
5

.4
8

1
1

.4
2

B
n

a
A

0
4

g
2

6
9

5
0

D
S

W
R

1
-c

o
m

p
le

x
 p

ro
te

in
 4

1
1

7
6

TT
A

G
C

G
C

G
C

A
G

TT
G

G
G

C
A

C
C

G
   

 o
||

||
o

||
||

|o
 |

||
| 

||
| 

   

TC
G

A
G

A
TC

G
TG

C
G

TC
G

TC
C

C
G

-G
G

C
TC

A
G

TG
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
3

5
2

-0
.1

0
5

3
2

0
.0

0

G
A

C
T

C
T

T
A

G
G

A
T

C
G

A
C

T
A

A
C

C
-

T
A

R
1

0
.8

5
3

0
.2

3
3

5
.4

0
6

.1
4

4
2

.3
7

6
.9

0
B

n
a

A
n

n
g

1
6

7
0

0
D

u
n

k
n

o
w

n
9

5
5

G
A

C
TC

TT
A

G
G

A
TC

G
A

C
TA

A
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

G
G

G
G

C
TG

A
G

A
A

TC
C

TA
G

C
TG

A
TT

G
G

G
TA

C
A

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
0

0
.1

7
2

0
.4

4

C
C

G
T

G
G

G
A

T
G

G
C

T
C

A
A

C
A

A
A

G
C

-
T

A
R

1
0

.9
0

1
9

.6
0

2
1

.8
3

1
4

.7
8

5
3

.6
6

3
.6

3
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

3
0

0
1

C
C

G
TG

G
G

A
TG

G
C

TC
A

A
C

A
A

A
G

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

C
TA

A
G

G
C

A
C

C
C

TA
C

C
G

A
G

TT
G

TT
TC

G
TC

G
G

TG
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
7

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

T
A

T
T

C
A

A
C

G
A

G
T

T
C

A
C

A
C

C
T

T
G

+
T

A
R

1
9

6
.3

0
1

6
0

.7
3

1
.6

7
5

9
8

.6
8

5
3

8
.6

1
0

.9
0

B
n

a
C

0
2

g
0

4
3

4
0

D
D

D
T

 d
o

m
a

in
-c

o
n

ta
in

in
g

 p
ro

te
in

 P
T

M
 

6
3

9
7

TA
TT

C
A

A
C

G
A

G
TT

C
A

C
A

C
C

TT
G

   
 o

||
||

 |
|o

|o
||

||
||

 |
||

o
   

 

G
TC

G
G

TA
A

G
-T

G
TT

TA
A

G
TG

TC
G

A
A

TC
C

TA
C

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

1
3

2
0

.5
1

3
0

8
0

.2
0

T
C

A
G

C
G

C
C

A
T

C
C

A
T

T
T

T
C

G
G

G
G

-
T

A
R

1
4

.4
5

5
.3

9
1

.2
1

8
.2

0
4

1
.2

4
5

.0
3

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
3

2
2

2
TC

A
G

C
G

C
C

A
TC

C
A

TT
TT

C
G

G
G

G
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

G
C

G
A

A
G

TC
G

C
G

G
TA

G
G

TA
A

A
A

G
C

C
C

C
G

A
TC

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

C
G

A
T

A
G

A
A

C
T

C
G

T
T

T
C

C
G

A
G

C
-

T
A

R
1

7
1

.5
5

1
3

6
.4

7
1

.9
1

4
4

.7
5

2
3

8
.0

6
5

.3
2

B
n

a
C

0
4

g
0

7
6

0
0

D
N

R
T

1
/ 

P
T

R
 F

A
M

IL
Y

 5
.6

9
5

7
C

G
A

TA
G

A
A

C
TC

G
TT

TC
C

G
A

G
C

   
 |

||
||

||
| 

| 
||

||
||

  o
| 

   

C
A

TT
G

C
TA

TC
TT

-A
C

C
A

A
A

G
G

G
A

TG
C

TC
C

TT
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
6

-0
.0

9
3

1
-0

.9
7



  

 

C
C

G
T

G
G

G
A

T
G

G
C

T
C

A
A

C
A

A
A

G
C

-
T

A
R

1
0

.9
0

1
9

.6
0

2
1

.8
3

1
4

.7
8

5
3

.6
6

3
.6

3
B

n
a

C
0

2
g

3
6

1
1

0
D

u
n

k
n

o
w

n
4

4
C

C
G

TG
G

G
A

TG
G

C
TC

A
A

C
A

A
A

G
C

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

C
TA

A
G

G
C

A
C

C
C

TA
C

C
G

A
G

TT
G

TT
TC

G
TC

G
G

TG
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
7

2
5

7
3

7
-1

.1
2

1
2

5
4

7
-0

.8
0

T
G

C
G

C
G

C
T

A
A

C
C

T
A

G
A

A
C

C
C

A
+

T
A

R
1

1
8

.5
1

1
9

.5
1

1
.0

5
5

3
.8

0
3

9
.4

1
0

.7
3

B
n

a
C

0
5

g
2

8
4

5
0

D
T

ra
n

sc
ri

p
ti

o
n

 f
a

ct
o

r 
M

Y
C

2
5

0
8

TG
C

G
C

G
C

TA
A

C
C

TA
G

A
A

C
C

-C
A

   
 |

o
| 

||
|o

||
||

o
||

||
||

 |
| 

   

C
G

G
A

A
TG

G
G

C
G

G
TT

G
G

G
TC

TT
G

G
C

G
TT

C
G

C
TT

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
1

2
6

1
0

.0
5

3
0

7
1

-0
.8

7

A
C

T
C

A
T

C
G

A
G

G
C

C
T

G
G

C
T

C
T

T
G

-
T

A
R

1
0

.8
5

1
7

.8
9

2
0

.9
5

2
.6

6
5

3
.3

5
2

0
.0

8
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
7

1
9

A
C

TC
A

TC
G

A
G

G
C

C
TG

G
C

TC
TT

G
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

A
G

G
A

TG
A

G
TA

G
C

TC
C

G
G

A
C

C
G

A
G

A
A

C
G

G
G

G
C

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.5
1

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

T
T

G
G

C
T

T
T

A
C

C
C

G
A

T
A

G
A

A
C

T
C

-
T

A
R

1
4

.3
1

6
6

.3
6

1
5

.3
9

9
.2

4
2

1
7

.0
9

2
3

.4
9

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
2

9
0

8
TT

G
G

C
TT

TA
C

C
C

G
A

TA
G

A
A

C
TC

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

TA
G

TA
A

C
C

G
A

A
A

TG
G

G
C

TA
TC

TT
G

A
G

C
A

A
A

G
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
C

-
T

A
R

1
1

.7
5

2
1

.2
4

1
2

.1
3

2
.6

6
7

1
.7

3
2

7
.0

0
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

1
7

8
8

A
C

C
A

A
G

A
TC

TG
C

A
C

C
G

A
C

G
G

C
C

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

A
TG

G
TG

G
TT

C
TA

G
A

C
G

TG
G

C
TG

C
C

G
G

C
G

A
G

G
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

A
A

A
A

T
G

G
C

C
C

A
C

T
T

G
G

A
G

C
T

C
T

-
T

A
R

1
4

.4
5

6
.5

3
1

.4
7

0
.0

0
2

5
.4

1
2

5
.4

1
B

n
a

C
0

2
g

3
6

1
1

0
D

u
n

k
n

o
w

n
7

1
A

A
A

A
TG

G
C

C
C

A
C

TT
G

G
A

G
C

TC
T 

   
||

||
||

||
||

||
||

||
||

||
||

   
 

TG
G

TT
TT

TA
C

C
G

G
G

TG
A

A
C

C
TC

G
A

G
A

G
C

TA
A

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

2
5

7
3

7
-1

.1
2

1
2

5
4

7
-0

.8
0

T
A

G
A

C
A

G
C

G
C

C
T

C
G

T
G

G
T

G
C

G
A

-
T

A
R

1
0

.8
5

2
.6

4
3

.0
9

3
.7

0
1

4
.0

8
3

.8
0

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
6

0
2

TA
G

A
C

A
G

C
G

C
C

TC
G

TG
G

TG
C

G
A

   
 |

||
||

||
||

||
| 

||
||

||
||

| 
   

G
A

G
C

A
TC

TG
TC

G
C

G
G

A
A

C
A

C
C

A
C

G
C

TG
TC

C
C

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
2

.5
5

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4

C
C

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

-
T

A
R

1
3

4
.1

0
2

3
.7

2
0

.7
0

8
2

.5
9

1
0

3
.9

7
1

.2
6

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

7
9

4
C

C
A

C
C

A
A

G
A

TC
TG

C
A

C
C

G
A

C
G

G
   

 |
||

||
||

||
||

||
| 

||
||

||
| 

   

TG
A

TG
G

TG
G

TT
C

TA
G

A
C

G
G

G
G

C
TG

C
C

G
G

C
G

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

C
A

A
C

G
C

G
A

G
C

T
G

A
T

G
A

C
T

C
G

A
-

T
A

R
1

0
.9

0
1

2
.1

0
1

3
.4

8
1

2
.7

2
2

6
.6

9
2

.1
0

B
n

a
A

0
7

g
0

2
2

5
0

D
V

a
cu

o
la

r-
so

rt
in

g
 r

e
ce

p
to

r 
2

5
7

9
4

C
A

A
C

G
C

G
A

G
C

TG
A

TG
A

C
TC

G
A

   
 |

||
||

||
||

||
||

||
||

||
| 

   

A
TC

A
G

TT
G

C
G

C
TC

G
A

C
TA

C
TG

A
G

C
G

C
G

A
A

TG
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

6
2

9
-0

.8
7

4
2

-0
.8

6

T
G

T
C

G
G

C
C

A
A

G
G

T
G

T
G

A
A

C
T

C
G

-
T

A
R

1
3

0
.4

1
3

7
.0

7
1

.2
2

1
3

3
.7

9
1

0
8

.0
0

0
.8

1
B

n
a

A
0

2
g

1
0

0
1

0
D

P
R

A
1

 f
a

m
il

y
 p

ro
te

in
 H

9
1

7
TG

TC
G

G
C

C
A

A
G

G
TG

TG
A

A
C

TC
G

   
 |

||
 |

||
||

||
o

o
 o

||
||

o
||

   
 

G
G

C
A

A
C

A
-C

C
G

G
TT

C
TG

A
G

C
TT

G
G

G
C

C
C

A
C

TA
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

0
N

A
0

-0
.1

8

A
C

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
G

C
G

-
T

A
R

1
0

.0
0

1
4

.2
4

1
4

.2
4

3
3

.4
2

9
7

.8
9

2
.9

3
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

6
1

1
A

C
A

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

G
C

G
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

G
G

TT
TG

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
1

.4
3

1
4

3
9

7
9

-1
.1

4
6

0
5

1
0

-0
.8

0

G
A

G
C

T
C

T
C

G
A

T
T

C
C

G
T

G
G

G
A

T
G

-
T

A
R

1
0

.0
0

8
.1

8
8

.1
8

2
.0

6
2

8
.9

9
1

4
.0

8
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
4

5
9

G
A

G
C

TC
TC

G
A

TT
C

C
G

TG
G

G
A

TG
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

G
A

A
C

C
TC

G
A

G
A

G
C

TA
A

G
G

C
A

C
C

C
TA

C
C

G
A

G
TT

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

C
C

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

-
T

A
R

1
3

4
.1

0
2

3
.7

2
0

.7
0

8
2

.5
9

1
0

3
.9

7
1

.2
6

B
n

a
C

0
6

g
0

3
6

1
0

D
H

e
li

ca
se

-l
ik

e
 t

ra
n

sc
ri

p
ti

o
n

 f
a

ct
o

r 
C

H
R

2
7

 
4

2
1

7
C

C
A

C
C

A
A

G
A

TC
TG

C
A

C
C

G
A

C
G

G
   

 |
||

||
| 

| 
||

| 
||

||
o

| 
||

   
 

C
G

G
A

G
G

TG
G

TA
C

C
A

G
A

A
G

TG
G

TT
TC

C
G

TC
TA

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
7

2
9

3
0

.4
3

5
4

5
0

.1
4

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
G

C
G

C
C

-
T

A
R

1
3

.5
0

5
.6

8
1

.6
2

1
1

.5
3

4
1

.1
8

3
.5

7
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

6
1

3
A

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

G
C

G
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

TT
TG

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
C

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.9
3

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

C
T

G
G

A
G

C
T

C
G

G
A

A
A

C
G

A
G

T
T

C
+

T
A

R
1

4
0

.2
6

8
1

.0
4

2
.0

1
9

2
.7

3
1

0
1

.5
4

1
.0

9
B

n
a

C
n

n
g

6
7

3
7

0
D

u
n

k
n

o
w

n
3

9
1

C
TG

G
A

G
C

TC
G

G
A

A
A

C
G

A
G

TT
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

TA
TC

G
A

C
C

TC
G

A
G

C
C

TT
TG

C
TC

A
A

G
A

TA
G

C
C

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
7

3
3

4
2

-1
.0

3
1

4
1

6
-1

.0
0

G
C

G
G

A
C

C
G

G
A

T
T

G
C

T
C

C
G

T
T

C
-

T
A

R
1

1
3

4
.3

0
8

8
.0

2
0

.6
6

6
4

.0
8

1
7

3
.6

9
2

.7
1

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
8

1
8

G
C

G
G

A
C

C
G

G
A

TT
G

C
TC

C
G

TT
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

TA
G

C
C

G
C

C
TG

G
C

C
TA

A
C

G
A

G
G

C
A

A
G

G
C

G
TA

G
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

A
A

G
A

T
C

T
G

C
A

C
C

G
A

C
G

G
C

C
G

C
T

-
T

A
R

1
0

.9
0

1
4

.8
6

1
6

.5
6

1
.2

3
4

4
.9

7
3

6
.4

5
B

n
a

C
0

9
g

3
7

2
2

0
D

C
o

p
p

e
r 

tr
a

n
sp

o
rt

e
r 

5
3

2
1

A
A

G
A

TC
TG

C
A

C
C

G
A

C
G

G
C

C
G

C
T 

   
||

o
| 

| 
||

||
||

||
| 

| 
||

| 
   

C
G

G
C

TT
TT

C
G

TC
G

TG
G

C
TG

C
-G

TC
G

A
A

A
C

C
G

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

2
0

4
0

0
.1

1
1

5
4

2
0

.5
1

T
G

T
C

G
G

C
C

A
A

G
G

T
G

T
G

A
A

C
T

C
G

-
T

A
R

1
3

0
.4

1
3

7
.0

7
1

.2
2

1
3

3
.7

9
1

0
8

.0
0

0
.8

1
B

n
a

C
0

9
g

1
7

8
3

0
D

G
lu

ta
th

io
n

e
 g

a
m

m
a

-

g
lu

ta
m

y
lc

y
st

e
in

y
lt

ra
n

sf
e

ra
se

 1
1

1
3

6
TG

TC
G

G
C

C
A

A
G

G
TG

TG
A

A
C

TC
G

   
 |

||
 |

||
||

||
|o

 o
||

||
o

||
   

 

G
G

C
A

A
C

A
-C

C
G

G
TT

C
C

G
A

G
C

TT
G

G
G

C
C

C
A

C
C

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

1
-0

.4
7

1
0

.3
2

C
G

G
C

T
T

C
T

T
A

G
A

G
G

G
A

C
T

A
T

G
+

T
A

R
1

3
8

.2
9

1
1

2
.0

7
2

.9
3

6
1

.0
4

1
9

5
.3

5
3

.2
0

B
n

a
A

0
9

g
1

2
5

9
0

D
u

n
k

n
o

w
n

1
6

6
9

C
G

G
C

TT
C

TT
A

G
A

G
G

G
A

C
T-

A
TG

   
 |

 |
||

||
||

||
||

  |
||

 |
||

   
 

A
G

A
A

G
G

C
G

A
A

G
A

A
TC

TC
G

G
TG

A
C

TA
C

A
A

G
A

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
9

7
-0

.5
5

1
3

2
-0

.1
3

G
C

C
C

T
A

G
G

T
T

T
T

G
C

A
G

C
G

A
C

C
-

T
A

R
1

2
.6

1
9

.9
2

3
.8

1
2

.6
6

2
4

.1
8

9
.1

0
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
7

5
3

G
C

C
C

TA
G

G
TT

TT
G

C
A

G
C

G
A

C
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

A
G

C
G

C
G

G
G

A
TC

C
A

A
A

A
C

G
TC

G
C

TG
G

C
G

G
C

G
C

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

C
G

C
G

A
A

C
T

T
C

G
A

A
A

G
G

G
G

A
T

C
+

T
A

R
1

1
0

7
.1

9
8

6
3

.0
3

8
.0

5
2

5
9

.0
7

2
0

3
6

.7
4

7
.8

6
B

n
a

A
0

2
g

3
1

5
8

0
D

E
lo

n
g

a
ti

o
n

 f
a

ct
o

r 
2

 
1

5
8

5
C

G
C

G
A

A
C

TT
C

G
A

A
A

G
G

G
G

A
TC

   
 |

||
o

||
|o

||
||

| 
| 

o
||

||
   

 

TG
C

A
G

C
G

TT
TG

G
A

G
C

TT
-C

G
TC

TA
G

G
G

A
G

A
G

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

2
9

0
6

0
.7

5
5

4
8

0
0

.2
7

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
C

C
T

-
T

A
R

1
9

.5
8

4
.2

7
0

.4
5

2
8

.9
3

2
9

.6
4

1
.0

2
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

1
6

1
2

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

G
C

G
C

C
T 

   
||

||
||

||
||

||
||

||
||

||
||

   
 

TT
G

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
C

C
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

1
2

.5
9

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

A
A

C
A

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
-

T
A

R
1

2
0

.2
8

1
2

.5
9

0
.6

2
3

3
.0

0
3

5
.3

7
1

.0
7

B
n

a
C

0
2

g
1

6
0

8
0

D
F

-b
o

x
 p

ro
te

in
 A

t5
g

5
0

4
5

0
8

2
2

A
A

C
A

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

G
   

 |
||

||
||

||
||

o
||

 |
o

 |
|o

   
 

G
G

TT
TT

G
TT

G
G

G
C

TG
G

G
C

-T
TA

G
TT

TG
G

TT
A

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

7
7

2
7

0
.9

1
8

7
0

7
0

.4
6

G
A

C
T

T
C

T
C

G
C

G
A

C
G

T
C

G
C

A
G

A
C

-
T

A
R

1
4

.2
7

6
3

.1
6

1
4

.7
9

1
3

.7
4

1
0

9
.6

2
7

.9
8

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
6

5
7

G
A

C
TT

C
TC

G
C

G
A

C
G

TC
G

C
A

G
A

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

TC
A

C
C

TG
A

A
G

A
G

C
G

C
TG

C
A

G
C

G
TC

TG
C

C
G

C
TT

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

T
A

A
A

G
T

T
T

G
A

G
A

A
T

A
G

G
T

C
G

A
-

T
A

R
1

1
1

.3
2

3
4

.8
7

3
.0

8
1

8
.6

3
3

8
.8

0
2

.0
8

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
2

9
5

8
TA

A
A

G
TT

TG
A

G
A

A
TA

G
G

TC
G

A
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

A
TA

A
A

TT
TC

A
A

A
C

TC
TT

A
TC

C
A

G
C

TC
C

TG
TA

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

T
G

T
C

G
G

C
C

A
A

G
G

T
G

T
G

A
A

C
T

C
-

T
A

R
1

3
2

.2
9

1
4

9
.9

3
4

.6
4

1
4

8
.9

6
2

9
0

.4
3

1
.9

5
B

n
a

C
0

8
g

2
6

5
7

0
D

R
e

tr
o

v
ir

u
s-

re
la

te
d

 P
o

l 
p

o
ly

p
ro

te
in

 f
ro

m
 

tr
a

n
sp

o
so

n
 T

N
T

 1
-9

4
3

4
3

5
TG

TC
G

G
C

C
A

A
G

G
TG

TG
A

A
C

TC
   

 |
||

 |
||

||
||

|o
 o

||
||

o
| 

   

G
G

C
A

A
C

A
-C

C
G

G
TT

C
C

G
A

G
C

TT
G

G
G

C
C

C
A

C
C

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

3
3

3
6

-0
.0

3
3

9
0

4
0

.5
3

A
A

G
A

G
T

C
G

G
G

G
G

A
A

A
C

C
C

G
T

C
+

T
A

R
1

1
1

5
.4

3
1

1
0

.6
8

0
.9

6
2

3
2

.0
8

2
4

6
.6

7
1

.0
6

B
n

a
C

0
7

g
2

6
2

6
0

D
u

n
k

n
o

w
n

2
6

8
A

A
G

A
-G

TC
G

G
G

G
G

A
A

A
C

C
C

G
TC

   
 |

||
| 

||
||

o
|o

||
||

| 
 o

||
   

 

G
C

C
TT

C
TG

C
A

G
C

TC
TC

TT
TG

A
TT

A
G

C
A

A
G

G
A

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.6
9

5
7

1
.1

9
1

1
9

0
.8

9

A
A

G
G

T
T

C
C

A
T

G
T

G
A

A
C

G
G

C
A

C
+

T
A

R
1

4
4

.5
4

1
0

4
.6

8
2

.3
5

1
1

9
.7

9
2

2
0

.0
4

1
.8

4
B

n
a

C
0

5
g

3
3

1
7

0
D

Z
in

c 
fi

n
g

e
r 

p
ro

te
in

 A
Z

F
2

1
0

3
A

A
G

G
TT

C
C

A
TG

TG
A

A
C

G
G

C
A

C
   

 |
||

|o
||

||
||

 o
||

||
||

   
 

TC
G

G
TT

C
C

G
A

G
G

TA
C

TT
TT

G
C

C
G

C
A

G
C

A
A

G
C

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

3
7

6
7

-0
.6

8
1

8
2

1
0

.5
5

G
C

G
G

A
C

C
G

G
A

T
T

G
C

T
C

C
G

T
T

C
-

T
A

R
1

1
3

4
.3

0
8

8
.0

2
0

.6
6

6
4

.0
8

1
7

3
.6

9
2

.7
1

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
8

1
8

G
C

G
G

A
C

C
G

G
A

TT
G

C
TC

C
G

TT
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

TA
G

C
C

G
C

C
TG

G
C

C
TA

A
C

G
A

G
G

C
A

A
G

G
C

G
TA

G
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

A
A

T
G

A
G

A
A

C
T

T
T

G
A

A
G

G
C

C
G

A
A

T
+

T
A

R
1

1
0

3
.7

6
1

0
6

.6
1

1
.0

3
1

5
7

.4
3

8
1

.4
5

0
.5

2
B

n
a

A
0

8
g

1
4

1
0

0
D

S
te

m
-s

p
e

ci
fi

c 
p

ro
te

in
 T

S
JT

1
2

2
A

A
TG

A
G

-A
A

C
TT

TG
A

A
G

G
C

C
G

A
A

T 
   

||
|o

||
 |

||
||

||
||

||
  o

||
| 

   

A
TA

TT
A

TT
C

TT
TG

A
A

A
C

TT
C

C
TT

TT
TA

C
G

TC
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
5

6
8

8
1

1
.4

2
6

7
6

0
7

0
.1

6

T
T

T
G

A
G

A
A

T
A

G
G

T
C

G
A

G
G

A
C

A
-

T
A

R
1

2
0

3
.2

7
1

3
6

3
.5

1
6

.7
1

5
3

8
.5

2
2

8
6

0
.4

1
5

.3
1

B
n

a
A

1
0

g
1

8
6

7
0

D
N

ip
p

e
d

-B
-l

ik
e

 p
ro

te
in

 A
9

0
7

4
TT

TG
A

G
A

A
TA

G
G

TC
-G

A
G

G
A

C
A

   
 |

| 
||

||
||

||
|o

| 
||

|o
||

| 
   

A
G

G
C

A
A

C
C

TC
TT

A
TC

C
G

G
A

C
TC

TT
G

TG
TT

A
G

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
9

2
2

2
0

.3
2

4
7

7
0

.0
5

C
T

G
A

T
C

T
C

C
C

G
T

G
T

G
T

T
A

C
C

G
+

T
A

R
1

1
2

0
.8

4
3

0
1

.3
3

2
.4

9
1

5
2

.2
5

2
5

2
.4

6
1

.6
6

B
n

a
C

0
1

g
1

9
6

3
0

D
P

ro
to

ch
lo

ro
p

h
y

ll
id

e
 r

e
d

u
ct

a
se

 B
, 

ch
lo

ro
p

la
st

ic
1

6
0

8
C

TG
A

TC
TC

C
C

G
TG

TG
TT

A
C

C
G

   
 |

||
||

||
||

|o
o

o
o

 |
||

| 
| 

   

G
A

G
TG

A
C

TA
G

A
G

G
G

TG
TG

A
A

A
TG

-C
TC

G
G

A
A

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
9

6
8

6
9

0
.5

6
7

2
4

0
0

.4
6

G
T

C
C

T
G

C
T

G
T

C
T

T
A

A
T

C
G

A
C

C
-

T
A

R
1

0
.0

0
3

1
.0

4
3

1
.0

4
1

5
.7

5
5

0
.9

8
3

.2
4

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

5
8

3
G

TC
C

TG
C

TG
TC

TT
A

A
TC

G
A

C
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

G
TG

G
C

A
G

G
A

C
G

A
C

A
G

A
A

TT
A

G
C

TG
G

TT
G

TG
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
9

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

A
C

T
T

C
G

A
A

A
G

G
G

G
A

T
C

C
G

G
T

T
+

T
A

R
1

2
6

.9
7

2
8

.3
1

1
.0

5
7

8
.8

2
6

5
.7

3
0

.8
3

B
n

a
C

0
3

g
5

9
8

9
0

D
D

is
e

a
se

 r
e

si
st

a
n

ce
 p

ro
te

in
 R

P
S

6
 

1
7

9
5

A
C

TT
C

G
A

A
A

G
G

G
G

A
TC

C
G

G
TT

   
 |

||
o

| 
| 

||
||

o
|o

||
|o

o
| 

   

C
C

TG
TG

A
G

G
-T

C
TC

C
C

TT
G

G
G

C
TG

A
TT

G
C

G
G

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

0
N

A
9

0
.7

4

A
A

G
A

T
C

T
G

C
A

C
C

G
A

C
G

G
C

C
G

C
T

-
T

A
R

1
0

.9
0

1
4

.8
6

1
6

.5
6

1
.2

3
4

4
.9

7
3

6
.4

5
B

n
a

A
0

9
g

4
9

8
7

0
D

4
-h

y
d

ro
x

y
p

h
e

n
y

lp
y

ru
v

a
te

 d
io

x
y

g
e

n
a

se
1

6
1

6
A

A
G

A
TC

TG
C

A
C

C
G

A
C

G
G

C
C

G
C

T 
   

||
||

||
||

 |
 |

o
||

| 
||

 |
| 

   

A
C

A
TT

TC
TA

G
A

C
TT

C
G

TT
G

C
A

G
G

G
G

A
C

TA
G

TA
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

2
3

3
6

2
0

.7
2

3
1

8
4

4
0

.3
2



  

 

A
G

A
T

A
A

C
T

C
T

T
T

C
C

G
G

A
A

T
T

C
-

T
A

R
1

1
.8

0
7

.2
7

4
.0

5
1

6
.7

6
1

6
.8

8
1

.0
1

B
n

a
A

0
6

g
2

3
3

8
0

D
P

ro
te

in
 E

X
O

R
D

IU
M

-l
ik

e
 2

1
0

9
6

A
G

A
TA

A
C

TC
TT

TC
C

G
G

A
A

TT
C

   
 |

o
| 

||
||

||
 |

||
o

||
||

o
| 

   

TT
C

G
TT

TC
TT

G
A

G
A

TA
G

G
TC

TT
A

G
G

TT
TG

G
G

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
9

1
4

5
9

-0
.5

6
1

5
0

9
-0

.7
7

A
C

T
T

C
G

A
A

A
G

G
G

G
A

T
C

C
G

G
T

T
+

T
A

R
1

2
6

.9
7

2
8

.3
1

1
.0

5
7

8
.8

2
6

5
.7

3
0

.8
3

B
n

a
A

0
7

g
3

4
4

8
0

D
u

n
k

n
o

w
n

1
8

1
A

C
TT

C
G

A
A

A
G

G
G

G
A

TC
C

G
G

TT
   

 |
| 

||
||

||
o

||
||

||
|o

||
   

 

TC
G

A
A

G
A

C
G

C
TT

TC
TC

C
TA

G
G

C
TA

A
C

G
C

TG
A

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
9

4
7

0
-0

.8
0

9
6

5
0

.0
2

T
T

G
G

C
T

T
T

A
C

C
C

G
A

T
A

G
A

A
C

T
C

-
T

A
R

1
4

.3
1

6
6

.3
6

1
5

.3
9

9
.2

4
2

1
7

.0
9

2
3

.4
9

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
1

3
5

0
TT

G
G

C
TT

TA
C

C
C

G
A

TA
G

A
A

C
TC

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

TA
G

TA
A

C
C

G
A

A
A

TG
G

G
C

TA
TC

TT
G

A
G

C
A

A
A

G
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

T
T

T
A

A
A

G
T

T
T

G
A

G
A

A
T

A
G

G
T

C
-

T
A

R
1

1
6

.7
7

7
2

.0
2

4
.2

9
2

7
.2

9
1

2
4

.8
8

4
.5

8
B

n
a

C
0

3
g

6
3

2
8

0
D

D
is

e
a

se
 r

e
si

st
a

n
ce

 p
ro

te
in

 R
R

S
1

3
1

6
9

TT
TA

A
A

G
TT

TG
A

G
A

A
TA

G
G

TC
   

 o
||

 |
||

o
||

||
 |

||
||

o
| 

   

TG
TC

G
A

A
-T

TC
G

A
A

C
TG

TT
A

TC
TA

A
A

G
TT

C
A

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
2

1
2

8
0

.6
6

2
7

7
-0

.0
1

T
A

C
C

C
G

A
T

A
G

A
A

C
T

C
G

T
T

T
C

C
-

T
A

R
1

4
6

.9
2

6
2

.9
2

1
.3

4
4

9
.0

9
1

0
2

.5
8

2
.0

9
B

n
a

C
0

4
g

3
8

5
2

0
D

A
B

C
 t

ra
n

sp
o

rt
e

r 
G

 f
a

m
il

y
 m

e
m

b
e

r 
3

2
6

2
4

2
TA

C
C

C
G

A
TA

G
A

A
C

TC
G

TT
TC

C
   

 |
 |

||
o

||
||

 |
| 

|o
|o

||
| 

   

C
C

A
A

A
C

G
G

G
TT

A
TC

A
TG

-G
TA

G
A

G
G

TG
G

TA
TT

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

2
4

1
7

0
.3

3
4

0
6

-0
.6

7

T
C

T
A

A
T

C
A

T
T

G
G

C
T

T
T

A
C

C
C

G
-

T
A

R
1

8
.8

0
9

.9
9

1
.1

3
6

.3
6

2
3

.5
1

3
.7

0
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
3

6
2

TC
TA

A
TC

A
TT

G
G

C
TT

TA
C

C
C

G
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

A
C

G
G

A
G

A
TT

A
G

TA
A

C
C

G
A

A
A

TG
G

G
C

TA
TC

TT
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

C
T

C
A

A
A

C
T

T
C

C
T

T
G

G
C

C
T

A
A

A
-

T
A

R
1

1
8

.4
2

2
9

.6
6

1
.6

1
2

6
.6

0
4

9
.8

3
1

.8
7

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
3

4
8

C
TC

A
A

A
C

TT
C

C
TT

G
G

C
C

TA
A

A
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

A
A

C
G

G
A

G
TT

TG
A

A
G

G
A

A
C

C
G

G
A

TT
TG

C
C

G
G

TA
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

C
A

G
T

T
G

G
G

C
A

C
C

G
T

A
A

C
C

C
G

G
-

T
A

R
1

3
4

.1
3

5
0

.7
7

1
.4

9
4

8
.6

4
1

0
3

.1
1

2
.1

2
B

n
a

A
0

3
g

0
4

7
3

0
D

N
U

C
LE

A
R

 F
U

S
IO

N
 D

E
F

E
C

T
IV

E
 4

}
2

4
8

7
C

A
G

TT
G

G
G

C
A

C
C

G
TA

A
C

C
C

G
G

   
 |

||
 |

|o
||

||
||

||
 |

| 
o

| 
   

TC
G

G
G

TC
-A

C
TC

G
TG

G
C

A
TG

G
G

C
TC

A
G

G
A

TA
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
2

0
5

3
.5

6
9

4
7

3
-1

.0
7

A
G

C
T

C
G

G
A

T
T

T
T

G
G

C
C

A
A

C
C

G
C

-
T

A
R

1
4

6
.6

0
7

5
.2

7
1

.6
2

3
7

9
.9

6
3

9
.8

4
0

.1
0

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
2

3
9

A
G

C
TC

G
G

A
TT

TT
G

G
C

C
A

A
C

C
G

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

G
G

A
A

TC
G

A
G

C
C

TA
A

A
A

C
C

G
G

TT
G

G
C

G
C

A
C

G
C

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4

C
A

A
T

G
T

C
C

T
C

G
A

C
C

T
A

T
T

C
T

C
A

+
T

A
R

1
3

9
.4

1
2

8
.0

6
0

.7
1

8
4

.2
2

8
8

.5
0

1
.0

5
B

n
a

C
0

6
g

0
4

3
1

0
D

P
ro

b
a

b
le

 p
la

st
id

-l
ip

id
-a

ss
o

ci
a

te
d

 p
ro

te
in

 

1
2

, 
ch

lo
ro

p
la

st
ic

2
0

8
8

C
A

A
TG

TC
C

TC
G

A
C

C
TA

TT
C

TC
A

   
 |

||
 |

 |
||

||
||

 |
||

||
||

| 
   

A
A

TA
G

TT
TC

-G
G

A
G

C
TG

A
A

TA
A

G
A

G
TA

G
A

A
G

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

1
0

8
8

6
-0

.2
7

1
2

3
3

3
-0

.0
7

T
G

A
A

C
T

C
G

T
T

G
A

A
T

A
C

A
T

C
A

G
-

T
A

R
1

7
7

.1
3

1
7

1
.2

2
2

.2
2

2
2

9
.3

4
4

1
1

.1
6

1
.7

9
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

4
2

2
TG

A
A

C
TC

G
TT

G
A

A
TA

C
A

TC
A

G
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

C
C

A
C

A
C

TT
G

A
G

C
A

A
C

TT
A

TG
TA

G
TC

A
C

A
TC

G
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

T
C

T
A

A
T

C
A

T
T

G
G

C
T

T
T

A
C

C
C

G
-

T
A

R
1

8
.8

0
9

.9
9

1
.1

3
6

.3
6

2
3

.5
1

3
.7

0
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

2
9

1
6

TC
TA

A
TC

A
TT

G
G

C
TT

TA
C

C
C

G
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

A
C

G
G

A
G

A
TT

A
G

TA
A

C
C

G
A

A
A

TG
G

G
C

TA
TC

TT
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

T
T

A
G

C
G

C
G

C
A

G
T

T
G

G
G

C
A

C
C

G
-

T
A

R
1

5
.3

5
5

8
.2

6
1

0
.8

9
1

1
.8

7
1

3
5

.4
8

1
1

.4
2

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
3

0
9

4
TT

A
G

C
G

C
G

C
A

G
TT

G
G

G
C

A
C

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

C
C

C
G

TG
G

C
A

TT
G

G
G

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

T
C

T
A

A
T

C
A

T
T

G
G

C
T

T
T

A
C

C
C

G
A

-
T

A
R

1
2

.6
1

3
.7

3
1

.4
3

1
4

.7
7

3
2

.2
5

2
.1

8
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

2
9

1
6

TC
TA

A
TC

A
TT

G
G

C
TT

TA
C

C
C

G
A

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

A
C

G
G

A
G

A
TT

A
G

TA
A

C
C

G
A

A
A

TG
G

G
C

TA
TC

TT
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

T
C

C
T

A
C

T
C

A
T

C
G

A
G

G
C

C
T

G
G

C
-

T
A

R
1

6
.2

0
1

2
.8

3
2

.0
7

9
.0

1
2

9
.8

2
3

.3
1

B
n

a
A

0
4

g
2

6
7

7
0

D
T

ra
n

sc
ri

p
ti

o
n

 f
a

ct
o

r 
b

H
LH

7
0

9
0

1
TC

C
TA

C
TC

A
TC

G
A

G
G

C
C

TG
G

C
   

 |
||

||
||

 |
| 

||
 |

||
||

| 
   

G
A

G
G

A
G

G
A

TG
A

-T
A

A
C

TG
C

G
G

A
C

C
A

G
A

G
G

G
A

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
9

6
0

.7
7

2
0

.4
5

G
C

C
C

T
A

G
G

T
T

T
T

G
C

A
G

C
G

A
C

C
-

T
A

R
1

2
.6

1
9

.9
2

3
.8

1
2

.6
6

2
4

.1
8

9
.1

0
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

3
3

0
7

G
C

C
C

TA
G

G
TT

TT
G

C
A

G
C

G
A

C
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

A
G

C
G

C
G

G
G

A
TC

C
A

A
A

A
C

G
TC

G
C

TG
G

C
G

G
C

G
C

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

G
A

A
G

A
T

C
A

A
G

G
T

C
G

G
T

C
G

G
C

T
G

-
T

A
R

1
0

.0
0

9
.3

8
9

.3
8

0
.0

0
2

8
.6

1
2

8
.6

1
B

n
a

A
1

0
g

0
9

3
3

0
D

R
a

b
3

 G
T

P
a

se
-a

ct
iv

a
ti

n
g

 p
ro

te
in

 c
a

ta
ly

ti
c 

su
b

u
n

it
4

2
7

8
G

A
A

G
A

TC
A

A
G

G
TC

G
G

TC
G

G
C

TG
   

 |
||

||
| 

||
| 

||
o

|o
||

 |
||

   
 

G
C

G
C

C
TT

C
TA

C
TT

C
G

A
G

TC
G

G
C

G
G

A
C

TT
G

G
C

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
9

5
4

9
0

.2
6

7
9

0
-0

.1
0

T
T

A
G

C
G

C
G

C
A

G
T

T
G

G
G

C
A

C
C

G
-

T
A

R
1

5
.3

5
5

8
.2

6
1

0
.8

9
1

1
.8

7
1

3
5

.4
8

1
1

.4
2

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
1

5
4

0
TT

A
G

C
G

C
G

C
A

G
TT

G
G

G
C

A
C

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

C
C

C
G

TG
G

C
A

TT
G

G
G

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4

T
C

G
C

G
C

C
C

T
A

G
G

T
T

T
T

G
C

A
G

C
G

-
T

A
R

1
0

.9
0

2
.3

5
2

.6
1

1
.2

3
1

5
.5

3
1

2
.5

9
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

1
7

5
3

TC
G

C
G

C
C

C
TA

G
G

TT
TT

G
C

A
G

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

C
C

C
G

A
G

C
G

C
G

G
G

A
TC

C
A

A
A

A
C

G
TC

G
C

TG
G

C
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
2

1
4

3
9

7
9

-1
.1

4
6

0
5

1
0

-0
.8

0

C
T

T
A

G
C

T
C

G
G

A
T

T
T

T
G

G
C

C
A

A
C

-
T

A
R

1
1

5
.7

7
1

8
.6

3
1

.1
8

1
2

0
.8

7
2

6
.9

8
0

.2
2

B
n

a
C

0
1

g
2

8
8

4
0

D
S

p
li

ci
n

g
 f

a
ct

o
r 

U
2

a
f 

la
rg

e
 s

u
b

u
n

it
 B

7
6

6
C

TT
A

-G
C

TC
G

G
A

TT
TT

G
G

C
C

A
A

C
   

 |
o

||
 |

||
||

||
|o

||
|o

||
 |

| 
   

TG
C

G
G

A
TA

C
G

A
G

C
C

TA
G

A
A

C
TG

G
A

TG
C

A
A

G
TC

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

2
8

1
5

0
.1

6
1

3
7

8
0

.0
3

T
C

G
C

G
C

C
C

T
A

G
G

T
T

T
T

G
C

A
G

C
G

-
T

A
R

1
0

.9
0

2
.3

5
2

.6
1

1
.2

3
1

5
.5

3
1

2
.5

9
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
7

5
7

TC
G

C
G

C
C

C
TA

G
G

TT
TT

G
C

A
G

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

C
C

C
G

A
G

C
G

C
G

G
G

A
TC

C
A

A
A

A
C

G
TC

G
C

TG
G

C
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
2

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

C
A

A
C

G
C

G
A

G
C

T
G

A
T

G
A

C
T

C
G

A
-

T
A

R
1

0
.9

0
1

2
.1

0
1

3
.4

8
1

2
.7

2
2

6
.6

9
2

.1
0

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
5

4
0

C
A

A
C

G
C

G
A

G
C

TG
A

TG
A

C
TC

G
A

   
 |

||
||

||
||

||
||

||
||

||
| 

   

A
TC

A
G

TT
G

C
G

C
TC

G
A

C
TA

C
TG

A
G

C
G

C
G

A
A

TG
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.5

1
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

G
A

C
T

C
T

T
A

G
G

A
T

C
G

A
C

T
A

A
C

C
-

T
A

R
1

0
.8

5
3

0
.2

3
3

5
.4

0
6

.1
4

4
2

.3
7

6
.9

0
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
8

9
0

G
A

C
TC

TT
A

G
G

A
TC

G
A

C
TA

A
C

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

G
G

G
G

C
TG

A
G

A
A

TC
C

TA
G

C
TG

A
TT

G
G

G
TA

C
A

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

T
G

T
G

T
T

A
C

C
G

C
A

C
G

C
G

G
T

T
G

G
C

+
T

A
R

1
9

.3
5

2
9

7
.8

9
3

1
.8

5
3

2
.4

6
5

6
3

.5
6

1
7

.3
6

B
n

a
A

n
n

g
2

1
7

6
0

D
T

A
R

1
2

4
5

2
TG

TG
TT

A
C

C
G

C
A

C
G

C
G

G
TT

G
G

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

G
G

G
C

A
C

A
C

A
A

TG
G

C
G

TG
C

G
C

C
A

A
C

C
G

G
TT

TT
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
4

7
0

1
2

-1
.0

1
2

0
9

1
2

-0
.7

9

G
T

C
T

G
C

G
A

C
G

T
C

G
C

G
A

G
A

A
G

T
+

T
A

R
1

1
0

1
.3

0
1

1
2

8
.7

7
1

1
.1

4
1

8
1

.6
6

1
8

8
9

.1
9

1
0

.4
0

B
n

a
A

0
6

g
2

3
5

6
0

D
B

e
ta

-D
-x

y
lo

si
d

a
se

 4
3

0
6

8
G

TC
TG

C
G

A
C

G
TC

G
C

G
A

G
A

A
G

T 
   

|o
||

||
||

||
||

||
  |

||
o

o
   

 

A
A

A
G

C
G

G
A

C
G

C
TG

C
A

G
C

G
G

C
C

TT
TG

G
G

TA
G

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

2
7

6
3

0
.9

3
5

5
5

0
.7

3

G
C

T
G

A
A

G
C

G
C

G
C

G
A

C
C

T
A

T
A

C
C

+
T

A
R

1
4

2
.5

0
4

4
.1

9
1

.0
4

1
4

7
.4

3
1

4
1

.6
1

0
.9

6
B

n
a

C
0

6
g

0
0

2
6

0
D

C
y

st
e

in
e

 p
ro

te
in

a
se

 R
D

2
1

a
1

5
2

0
G

C
TG

A
A

G
C

G
C

G
C

G
A

C
C

TA
TA

C
C

   
 |

||
| 

|o
||

|o
||

||
| 

 o
||

| 
   

A
TC

TC
G

A
C

C
TT

G
C

G
TG

C
TG

G
TG

G
TG

G
G

A
G

TT
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
1

8
5

6
0

1
.2

4
3

7
1

0
8

1
.3

9

C
T

T
A

G
C

T
C

G
G

A
T

T
T

T
G

G
C

C
A

A
C

-
T

A
R

1
1

5
.7

7
1

8
.6

3
1

.1
8

1
2

0
.8

7
2

6
.9

8
0

.2
2

B
n

a
A

0
1

g
2

3
1

0
0

D
S

p
li

ci
n

g
 f

a
ct

o
r 

U
2

a
f 

la
rg

e
 s

u
b

u
n

it
 B

6
8

4
C

TT
A

-G
C

TC
G

G
A

TT
TT

G
G

C
C

A
A

C
   

 |
o

||
 |

||
||

||
|o

||
|o

||
 |

| 
   

TG
C

G
G

A
TA

C
G

A
G

C
C

TA
G

A
A

C
TG

G
A

TG
C

A
A

G
TC

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
4

4
2

0
.1

2
5

9
9

-0
.0

6

G
A

C
T

C
T

T
A

G
G

A
T

C
G

A
C

T
A

A
C

C
-

T
A

R
1

0
.8

5
3

0
.2

3
3

5
.4

0
6

.1
4

4
2

.3
7

6
.9

0
B

n
a

C
0

4
g

0
9

7
1

0
D

R
ib

o
se

-p
h

o
sp

h
a

te
 p

y
ro

p
h

o
sp

h
o

k
in

a
se

 1
, 

ch
lo

ro
p

la
st

ic
2

6
4

0
G

A
C

TC
TT

A
G

G
A

TC
G

A
C

TA
A

C
C

   
 |

||
||

||
| 

||
o

||
||

||
||

   
 

TG
G

TC
TG

A
G

A
A

T-
C

TG
G

C
TG

A
TT

G
TT

TT
C

G
TT

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
1

1
4

6
-0

.0
7

1
0

9
6

-0
.3

3

T
T

A
G

C
G

C
G

C
A

G
T

T
G

G
G

C
A

C
C

G
-

T
A

R
1

5
.3

5
5

8
.2

6
1

0
.8

9
1

1
.8

7
1

3
5

.4
8

1
1

.4
2

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
1

5
3

6
TT

A
G

C
G

C
G

C
A

G
TT

G
G

G
C

A
C

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

C
C

C
G

TG
G

C
A

TT
G

G
G

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

1
4

3
9

7
9

-1
.1

4
6

0
5

1
0

-0
.8

0

A
G

C
A

C
G

C
A

G
A

T
G

C
C

G
A

G
G

C
A

C
-

T
A

R
1

0
.0

0
6

.5
1

6
.5

1
4

.0
8

1
4

.0
9

3
.4

5
B

n
a

A
0

7
g

0
3

5
2

0
D

P
u

ta
ti

v
e

 p
o

ly
o

l 
tr

a
n

sp
o

rt
e

r 
1

8
4

9
A

G
C

A
C

G
C

A
G

A
TG

C
C

G
A

G
G

C
A

C
   

 |
o

||
| 

| 
||

||
 |

 |
||

||
| 

   

A
C

G
G

TT
G

TG
A

G
G

C
TA

C
C

G
A

TC
C

G
TG

TG
A

C
TC

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
7

0
N

A
8

8
0

.6
8

T
A

G
C

T
C

G
G

A
T

T
T

T
G

G
C

C
A

A
C

C
G

-
T

A
R

1
4

.4
1

1
9

.9
7

4
.5

3
3

3
.0

1
2

0
.3

7
0

.6
2

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
2

4
0

TA
G

C
TC

G
G

A
TT

TT
G

G
C

C
A

A
C

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

A
G

G
A

A
TC

G
A

G
C

C
TA

A
A

A
C

C
G

G
TT

G
G

C
G

C
A

C
G

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4

C
T

G
A

T
C

T
C

C
C

G
T

G
T

G
T

T
A

C
C

G
+

T
A

R
1

1
2

0
.8

4
3

0
1

.3
3

2
.4

9
1

5
2

.2
5

2
5

2
.4

6
1

.6
6

B
n

a
A

0
1

g
1

6
4

4
0

D
P

ro
to

ch
lo

ro
p

h
y

ll
id

e
 r

e
d

u
ct

a
se

 B
, 

ch
lo

ro
p

la
st

ic
1

7
0

1
C

TG
A

TC
TC

C
C

G
TG

TG
TT

A
C

C
G

   
 |

||
||

||
||

|o
o

o
o

 |
||

| 
| 

   

G
A

G
TG

A
C

TA
G

A
G

G
G

TG
TG

A
A

A
TG

-C
TC

G
G

A
A

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
9

2
1

6
7

1
.0

5
3

1
2

0
0

.8
0

G
C

T
A

A
G

G
A

C
G

T
C

A
G

G
A

G
C

G
T

C
+

T
A

R
1

0
.0

0
0

.3
1

0
.3

1
3

6
.1

0
4

9
7

.0
5

1
3

.7
7

B
n

a
C

0
8

g
0

3
5

3
0

D
P

ro
b

a
b

le
 s

e
ri

n
e

/t
h

re
o

n
in

e
 p

ro
te

in
 k

in
a

se
 

IR
E

3
 

4
0

8
2

G
C

TA
A

G
G

A
C

G
TC

A
G

G
A

G
C

G
TC

   
 |

|o
||

| 
| 

||
||

||
||

 |
o

| 
   

G
C

C
G

C
G

G
TT

C
A

T-
C

A
G

TC
C

TC
A

C
G

G
G

TG
A

C
G

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

3
8

2
1

.1
2

7
5

7
0

.5
5

T
A

G
G

T
T

A
G

C
G

C
G

C
A

G
T

T
G

G
G

C
A

-
T

A
R

1
0

.9
0

4
.7

2
5

.2
6

1
.4

2
2

3
.8

0
1

6
.7

3
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

3
0

9
8

TA
G

G
TT

A
G

C
G

C
G

C
A

G
TT

G
G

G
C

A
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

C
A

A
G

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

C
C

C
G

TG
G

C
A

TT
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
8

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
C

C
T

-
T

A
R

1
9

.5
8

4
.2

7
0

.4
5

2
8

.9
3

2
9

.6
4

1
.0

2
B

n
a

A
n

n
g

3
6

7
3

0
D

P
u

ta
ti

v
e

 u
n

ch
a

ra
ct

e
ri

ze
d

 p
ro

te
in

 A
R

T
3

6
1

2
A

C
C

C
G

A
C

TC
G

TA
G

A
C

A
G

C
G

C
C

T 
   

||
||

||
||

||
||

||
||

||
||

||
   

 

TT
G

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

A
C

A
C

C
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

1
2

.5
9

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4



  

 

T
C

A
G

C
G

C
C

A
T

C
C

A
T

T
T

T
C

G
G

G
-

T
A

R
1

1
5

.9
2

3
1

.7
3

1
.9

9
5

0
.0

7
4

8
.3

8
0

.9
7

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
1

6
6

4
TC

A
G

C
G

C
C

A
TC

C
A

TT
TT

C
G

G
G

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

G
C

G
A

A
G

TC
G

C
G

G
TA

G
G

TA
A

A
A

G
C

C
C

C
G

A
TC

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

T
C

G
A

T
T

A
A

G
A

C
A

G
C

A
G

G
A

C
G

G
+

T
A

R
1

8
2

.2
6

8
8

.0
1

1
.0

7
1

5
5

.4
1

1
7

9
.3

0
1

.1
5

B
n

a
C

0
1

g
3

7
4

9
0

D
P

R
A

1
 f

a
m

il
y

 p
ro

te
in

 F
4

4
8

8
TC

G
A

TT
A

A
G

-A
C

A
G

C
A

G
G

A
C

G
G

   
 |

||
 |

o
||

| 
||

||
||

|o
||

|o
   

 

TG
C

A
G

C
C

A
G

TT
C

TT
G

TC
G

TC
TT

G
C

TA
C

C
A

A
TA

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
1

0
8

4
-0

.1
9

1
4

-0
.6

5

A
C

C
C

G
A

T
A

G
A

A
C

T
C

G
T

T
T

C
C

G
-

T
A

R
1

1
.8

0
1

5
.7

0
8

.7
5

2
4

.8
5

2
2

.9
8

0
.9

2
B

n
a

C
0

1
g

0
4

8
4

0
D

P
ro

te
in

 T
IC

 2
2

, 
ch

lo
ro

p
la

st
ic

3
0

4
A

C
C

C
G

A
TA

G
A

A
C

TC
G

TT
TC

C
G

   
 |

 |
||

||
||

| 
||

 |
|o

||
||

   
 

TC
G

TT
TG

G
C

TA
TC

T-
G

A
A

C
A

G
A

G
G

C
C

A
TC

C
TA

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
6

1
2

-0
.5

4
5

9
6

-0
.0

8

G
T

C
C

T
G

C
T

G
T

C
T

T
A

A
T

C
G

A
C

C
-

T
A

R
1

0
.0

0
3

1
.0

4
3

1
.0

4
1

5
.7

5
5

0
.9

8
3

.2
4

B
n

a
C

n
n

g
5

1
4

8
0

D
C

y
to

ch
ro

m
e

 P
4

5
0

 8
9

A
2

1
2

7
1

G
TC

C
TG

C
TG

TC
TT

A
A

TC
G

A
C

C
   

 |
||

|o
||

|o
||

||
  |

||
 |

| 
   

A
G

G
G

C
A

G
G

G
C

G
A

TA
G

A
A

G
C

A
G

C
-G

G
TT

G
C

C
G

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
2

4
-0

.2
1

1
2

1
.1

8

C
C

T
C

T
A

A
T

C
A

T
T

G
G

C
T

T
T

A
C

C
-

T
A

R
1

1
.8

0
2

0
.0

5
1

1
.1

7
1

.2
3

3
6

.2
6

2
9

.3
9

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

3
6

4
C

C
TC

TA
A

TC
A

TT
G

G
C

TT
TA

C
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

C
TA

C
G

G
A

G
A

TT
A

G
TA

A
C

C
G

A
A

A
TG

G
G

C
TA

TC
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

C
C

T
C

T
A

A
T

C
A

T
T

G
G

C
T

T
T

A
C

C
-

T
A

R
1

1
.8

0
2

0
.0

5
1

1
.1

7
1

.2
3

3
6

.2
6

2
9

.3
9

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
2

9
1

8
C

C
TC

TA
A

TC
A

TT
G

G
C

TT
TA

C
C

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

C
TA

C
G

G
A

G
A

TT
A

G
TA

A
C

C
G

A
A

A
TG

G
G

C
TA

TC
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

A
T

G
G

C
C

G
T

T
T

A
G

G
C

C
A

A
G

G
A

A
G

+
T

A
R

1
3

8
.8

3
7

2
.5

5
1

.8
7

1
0

4
.5

1
1

8
2

.0
4

1
.7

4
B

n
a

C
0

3
g

4
4

1
1

0
D

C
h

lo
ro

p
h

y
ll

 a
-b

 b
in

d
in

g
 p

ro
te

in
 1

5
1

, 

ch
lo

ro
p

la
st

ic
9

8
A

TG
G

C
C

G
TT

TA
G

G
C

C
A

A
G

G
A

A
G

   
 |

 |
||

||
||

| 
||

||
| 

 |
||

| 
   

G
A

A
C

TC
C

C
G

G
C

A
A

A
-C

C
G

G
TC

G
C

TT
C

C
TC

C
TA

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
2

9
1

2
2

4
-0

.2
2

1
9

5
4

0
1

0
.0

8

A
C

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
G

C
G

-
T

A
R

1
0

.0
0

1
4

.2
4

1
4

.2
4

3
3

.4
2

9
7

.8
9

2
.9

3
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

1
6

1
5

A
C

A
A

C
C

C
G

A
C

TC
G

TA
G

A
C

A
G

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

G
G

TT
TG

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

G
C

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
1

.4
3

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
G

C
G

C
-

T
A

R
1

1
4

.2
3

7
8

.9
3

5
.5

5
1

0
2

.1
2

1
0

5
.5

9
1

.0
3

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
6

1
3

A
A

C
C

C
G

A
C

TC
G

TA
G

A
C

A
G

C
G

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

TT
TG

TT
G

G
G

C
TG

A
G

C
A

TC
TG

TC
G

C
G

G
A

A
C

A
C

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.9
3

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4

T
G

G
C

C
G

T
T

T
A

G
G

C
C

A
A

G
G

A
A

G
+

T
A

R
1

3
1

.5
6

1
5

7
.3

6
4

.9
9

1
2

8
.6

0
4

5
0

.8
5

3
.5

1
B

n
a

C
0

2
g

0
2

6
5

0
D

u
n

k
n

o
w

n
1

8
1

5
TG

G
C

C
G

TT
TA

G
G

C
C

A
A

G
G

A
A

G
   

 |
| 

| 
||

||
||

| 
||

|o
||

||
   

 

G
G

TC
A

C
G

G
TC

A
A

A
TC

C
A

G
TT

TC
TT

C
A

TC
A

TT
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
1

5
0

6
0

.9
6

3
5

5
0

-0
.5

7

A
C

C
A

C
C

A
A

G
A

T
C

T
G

C
A

C
C

G
A

C
G

-
T

A
R

1
0

.0
0

1
5

.0
7

1
5

.0
7

0
.0

0
7

1
.2

2
7

1
.2

2
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
7

9
5

A
C

C
A

C
C

A
A

G
A

TC
TG

C
A

C
C

G
A

C
G

   
 |

||
||

||
||

||
||

||
 |

||
||

| 
   

A
TG

A
TG

G
TG

G
TT

C
TA

G
A

C
G

G
G

G
C

TG
C

C
G

G
C

G
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.5

1
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

T
T

A
A

T
C

G
A

C
C

A
A

C
A

C
C

C
T

T
T

G
-

T
A

R
1

3
.5

5
1

0
.6

1
2

.9
8

4
.0

8
2

0
.1

8
4

.9
5

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
1

5
6

8
TT

A
A

TC
G

A
C

C
A

A
C

A
C

C
C

TT
TG

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

A
C

A
G

A
A

TT
A

G
C

TG
G

TT
G

TG
G

G
A

A
A

C
A

C
C

C
A

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

T
C

A
G

C
G

C
C

A
T

C
C

A
T

T
T

T
C

G
G

G
G

-
T

A
R

1
4

.4
5

5
.3

9
1

.2
1

8
.2

0
4

1
.2

4
5

.0
3

B
n

a
A

0
9

g
0

5
8

4
0

D
A

u
x

in
 r

e
sp

o
n

se
 f

a
ct

o
r 

2
3

7
4

6
TC

A
G

C
G

C
C

A
TC

C
A

TT
TT

C
G

G
G

G
   

 |
||

||
 |

 |
||

| 
|o

||
||

|o
| 

   

TG
A

TA
G

TC
G

-G
TT

A
G

G
A

A
G

A
A

G
C

C
TC

G
G

TA
G

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
9

1
5

6
9

0
.8

2
4

6
1

8
-0

.3
9

C
A

T
C

C
T

C
T

C
G

A
G

G
A

T
A

T
G

G
G

A
C

+
T

A
R

1
1

.4
1

6
5

.8
2

4
6

.7
1

6
.9

6
2

6
1

.6
1

3
7

.6
0

B
n

a
A

n
n

g
2

1
7

6
0

D
T

A
R

1
2

4
9

0
C

A
TC

C
TC

TC
G

A
G

G
A

TA
TG

G
G

A
C

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

G
G

G
G

G
TA

G
G

A
G

A
G

C
TC

C
TA

TA
C

C
C

TG
C

C
TT

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
4

7
0

1
2

-1
.0

1
2

0
9

1
2

-0
.7

9

G
A

A
T

A
G

G
T

C
G

A
G

G
A

C
A

T
T

G
C

G
-

T
A

R
1

0
.8

5
5

5
.6

6
6

5
.1

8
3

.4
8

1
0

5
.7

7
3

0
.3

8
B

n
a

A
0

3
g

1
2

9
9

0
D

u
n

k
n

o
w

n
2

0
0

5
G

A
A

TA
G

G
TC

G
A

G
G

A
C

A
TT

G
C

G
   

 |
||

 |
o

||
||

||
| 

||
||

  |
   

 

TC
TT

C
TT

C
TT

C
A

G
C

TC
C

-G
TA

A
A

A
C

C
TC

G
C

C
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
2

2
5

0
.7

1
3

8
2

0
.3

1

T
T

G
G

T
C

G
A

T
T

A
A

G
A

C
A

G
C

A
G

G
+

T
A

R
1

6
7

.8
0

1
2

2
.6

2
1

.8
1

1
6

3
.6

5
2

2
1

.1
3

1
.3

5
B

n
a

C
0

8
g

1
7

0
8

0
D

A
C

T
 d

o
m

a
in

-c
o

n
ta

in
in

g
 p

ro
te

in
 A

C
R

1
1

 
6

2
6

TT
G

G
TC

G
A

TT
A

A
G

A
C

A
G

C
A

G
G

   
 |

||
||

||
||

||
 |

||
 o

| 
||

   
 

TT
A

G
A

A
C

C
A

G
C

TA
A

TA
C

TG
G

TG
A

C
C

A
C

A
G

C
C

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
9

4
3

6
7

5
-0

.9
6

3
4

3
2

5
-0

.4
9

T
A

A
T

C
G

A
C

C
A

A
C

A
C

C
C

T
T

T
G

T
-

T
A

R
1

1
.8

0
1

1
.3

4
6

.3
1

6
.1

4
1

7
.6

8
2

.8
8

B
n

a
C

0
6

g
3

1
7

6
0

D
Z

in
c 

fi
n

g
e

r 
p

ro
te

in
 V

A
R

3
, 

ch
lo

ro
p

la
st

ic
1

7
9

9
TA

A
TC

G
A

C
C

A
A

C
A

C
C

C
TT

TG
T 

   
| 

||
| 

||
||

||
||

 |
||

o
| 

   

C
A

C
TA

G
TA

G
-T

G
G

TT
G

TG
A

G
A

A
G

C
TT

A
G

G
C

C
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
2

2
-0

.2
8

2
1

-0
.3

2

C
A

T
G

T
G

A
A

C
G

G
C

A
C

T
T

G
C

A
C

A
+

T
A

R
1

8
3

0
.3

0
1

9
5

9
.9

8
2

.3
6

2
0

7
7

.7
4

3
3

1
8

.7
6

1
.6

0
B

n
a

C
0

8
g

2
4

6
6

0
D

S
o

lu
b

le
 i

n
o

rg
a

n
ic

 p
y

ro
p

h
o

sp
h

a
ta

se
 4

2
5

7
9

C
A

TG
TG

A
A

C
G

-G
C

A
C

TT
G

C
A

C
A

   
 |

||
||

||
 |

 |
||

 |
||

||
||

   
 

TG
TG

TT
A

C
A

C
TT

TC
A

C
G

TC
A

A
C

G
TG

TG
C

A
A

G
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
5

4
8

0
.3

3
1

0
3

2
0

.5
7

C
T

G
G

A
G

C
T

C
G

G
A

A
A

C
G

A
G

T
T

C
+

T
A

R
1

4
0

.2
6

8
1

.0
4

2
.0

1
9

2
.7

3
1

0
1

.5
4

1
.0

9
B

n
a

A
n

n
g

2
1

7
6

0
D

T
A

R
1

1
3

4
1

C
TG

G
A

G
C

TC
G

G
A

A
A

C
G

A
G

TT
C

   
 |

||
||

||
||

||
||

||
||

o
||

| 
   

TA
TC

G
A

C
C

TC
G

A
G

C
C

TT
TG

C
TT

A
A

G
A

TA
G

C
C

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
7

4
7

0
1

2
-1

.0
1

2
0

9
1

2
-0

.7
9

T
T

T
G

T
G

G
G

T
T

C
T

A
G

G
T

T
A

G
C

G
-

T
A

R
1

6
.2

5
1

6
.2

3
2

.6
0

5
.3

5
1

9
.6

4
3

.6
7

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

5
5

5
TT

TG
TG

G
G

TT
C

TA
G

G
TT

A
G

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

TG
G

G
A

A
A

C
A

C
C

C
A

A
G

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

T
C

G
A

T
C

G
G

C
G

G
A

C
C

G
G

A
T

T
G

C
-

T
A

R
1

1
3

.2
2

1
5

.3
2

1
.1

6
9

.0
1

2
3

.5
6

2
.6

1
B

n
a

C
0

1
g

1
9

9
7

0
D

u
n

k
n

o
w

n
1

7
9

8
TC

G
A

TC
G

G
C

G
G

A
C

C
G

G
A

TT
G

C
   

 |
| 

| 
||

||
||

| 
||

||
o

 |
| 

   

TT
G

TA
G

A
T-

G
C

C
G

C
C

TA
G

C
C

TG
TC

G
TC

A
TT

G
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

2
1

1
5

5
-0

.0
8

1
9

6
4

-0
.2

1

T
T

T
G

A
G

A
A

T
A

G
G

T
C

G
A

G
G

A
C

A
T

-
T

A
R

1
4

.4
1

5
.8

1
1

.3
2

2
.6

6
2

7
.4

0
1

0
.3

2
B

n
a

A
1

0
g

1
8

6
7

0
D

N
ip

p
e

d
-B

-l
ik

e
 p

ro
te

in
 A

9
0

7
4

TT
TG

A
G

A
A

TA
G

G
TC

-G
A

G
G

A
C

A
T 

   
||

 |
||

||
||

||
o

| 
||

|o
||

|o
   

 

A
G

G
C

A
A

C
C

TC
TT

A
TC

C
G

G
A

C
TC

TT
G

TG
TT

A
G

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
9

2
2

2
0

.3
2

4
7

7
0

.0
5

A
A

C
C

C
A

C
A

A
A

G
G

G
T

G
T

T
G

G
T

C
+

T
A

R
1

8
1

3
.3

7
7

3
9

.7
6

0
.9

1
1

8
8

6
.7

4
1

9
6

3
.5

5
1

.0
4

B
n

a
C

0
8

g
4

7
0

4
0

D
u

n
k

n
o

w
n

5
9

7
A

A
C

C
C

A
C

A
A

A
G

G
G

TG
TT

G
G

TC
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

G
A

TC
TT

G
G

G
TG

TT
TC

C
C

A
C

A
A

C
C

A
G

C
TA

A
TT

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

1
2

7
-1

.1
0

3
4

-1
.0

9

C
A

G
T

T
G

G
G

C
A

C
C

G
T

A
A

C
C

C
G

G
-

T
A

R
1

3
4

.1
3

5
0

.7
7

1
.4

9
4

8
.6

4
1

0
3

.1
1

2
.1

2
B

n
a

C
0

3
g

0
6

2
7

0
D

P
ro

te
in

 N
U

C
LE

A
R

 F
U

S
IO

N
 D

E
F

E
C

T
IV

E
 4

 
2

4
6

2
C

A
G

TT
G

G
G

C
A

C
C

G
TA

A
C

C
C

G
G

   
 |

||
 |

|o
||

||
||

||
 |

| 
o

| 
   

TC
G

G
G

TC
-A

C
TC

G
TG

G
C

A
TG

G
G

C
TC

A
G

G
A

TA
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
5

9
8

4
1

.1
8

5
6

4
-1

.8
0

T
A

A
C

G
T

T
G

C
C

G
T

C
A

A
C

C
G

C
C

A
-

T
A

R
1

0
.0

0
1

1
.4

6
1

1
.4

6
1

2
.0

9
2

6
.5

2
2

.1
9

B
n

a
A

0
3

g
0

0
3

8
0

D
P

y
ri

d
o

x
a

l 
5

'-
p

h
o

sp
h

a
te

 s
y

n
th

a
se

 s
u

b
u

n
it

 

P
D

X
1

.3
1

4
2

TA
A

C
G

TT
G

C
C

G
TC

A
A

C
C

G
C

C
A

   
 o

| 
||

||
o

||
||

 |
||

||
||

| 
   

TA
G

C
G

TG
G

C
A

A
TG

G
C

A
TT

TG
G

C
G

G
TG

C
TG

C
G

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
9

2
9

7
3

5
-1

.2
2

1
9

9
6

2
-0

.3
8

T
C

G
C

G
C

C
C

T
A

G
G

T
T

T
T

G
C

A
G

C
G

-
T

A
R

1
0

.9
0

2
.3

5
2

.6
1

1
.2

3
1

5
.5

3
1

2
.5

9
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

3
3

1
1

TC
G

C
G

C
C

C
TA

G
G

TT
TT

G
C

A
G

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

C
C

C
G

A
G

C
G

C
G

G
G

A
TC

C
A

A
A

A
C

G
TC

G
C

TG
G

C
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
2

2
5

7
7

6
5

-1
.0

1
1

1
4

2
3

4
-0

.8
5

T
T

T
G

T
G

G
G

T
T

C
T

A
G

G
T

T
A

G
C

G
-

T
A

R
1

6
.2

5
1

6
.2

3
2

.6
0

5
.3

5
1

9
.6

4
3

.6
7

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
1

5
5

5
TT

TG
TG

G
G

TT
C

TA
G

G
TT

A
G

C
G

   
 |

||
||

||
||

||
||

||
||

||
||

   
 

TG
G

G
A

A
A

C
A

C
C

C
A

A
G

A
TC

C
A

A
TC

G
C

G
C

G
TC

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

C
A

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

A
-

T
A

R
1

7
.9

0
9

.5
4

1
.2

1
5

6
.2

8
2

0
.8

0
0

.3
7

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
ch

a
ra

ct
e

ri
ze

d
 p

ro
te

in
 A

R
T

3
6

1
4

C
A

A
C

C
C

G
A

C
TC

G
TA

G
A

C
A

G
C

A
   

 |
||

||
||

||
||

||
||

||
||

| 
   

G
TT

TG
TT

G
G

G
C

TG
A

G
C

A
TC

TG
TC

G
C

G
G

A
A

C
A

C
T

T
3

0
.0

0
0

.0
0

0
.0

0
1

.2
0

3
2

5
8

4
-0

.1
7

1
7

9
9

6
-0

.7
4

T
A

G
A

C
A

G
C

G
C

C
T

C
G

T
G

G
T

G
C

G
A

-
T

A
R

1
0

.8
5

2
.6

4
3

.0
9

3
.7

0
1

4
.0

8
3

.8
0

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
6

0
2

TA
G

A
C

A
G

C
G

C
C

TC
G

TG
G

TG
C

G
A

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

G
A

G
C

A
TC

TG
TC

G
C

G
G

A
G

C
A

C
C

A
C

G
C

TG
TC

C
C

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
2

.5
5

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

C
C

G
T

G
G

G
A

T
G

G
C

T
C

A
A

C
A

A
A

G
C

-
T

A
R

1
0

.9
0

1
9

.6
0

2
1

.8
3

1
4

.7
8

5
3

.6
6

3
.6

3
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
4

4
7

C
C

G
TG

G
G

A
TG

G
C

TC
A

A
C

A
A

A
G

C
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   

C
TA

A
G

G
C

A
C

C
C

TA
C

C
G

A
G

TT
G

TT
TC

G
TC

G
G

TG
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.3
7

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

G
T

T
G

A
G

C
C

A
T

C
C

C
A

C
G

G
A

A
T

C
+

T
A

R
1

1
0

.0
9

1
4

.6
9

1
.4

6
3

1
.5

6
2

6
.9

9
0

.8
6

B
n

a
C

n
n

g
7

5
4

9
0

D
N

it
ri

la
se

 2
1

9
4

G
TT

G
A

G
C

C
A

TC
C

C
A

C
G

G
A

A
TC

   
 |

||
||

 |
||

||
||

 |
|o

||
o

| 
   

C
TA

C
C

A
A

C
TA

G
G

TA
G

G
G

-G
C

TT
TG

G
G

G
TC

TA
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
6

5
4

-0
.2

9
6

7
0

7
-0

.0
6

C
T

T
A

G
G

A
T

C
G

A
C

T
A

A
C

C
C

A
T

G
-

T
A

R
1

8
.7

1
3

7
.0

9
4

.2
6

3
4

.0
6

5
2

.7
9

1
.5

5
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
8

8
6

C
TT

A
G

G
A

TC
G

A
C

TA
A

C
C

C
A

TG
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

C
TG

A
G

A
A

TC
C

TA
G

C
TG

A
TT

G
G

G
TA

C
A

C
G

TT
C

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.2
3

2
3

9
4

3
0

-1
.0

0
1

0
1

4
4

2
-0

.7
8

G
C

G
G

A
C

C
G

G
A

T
T

G
C

T
C

C
G

T
T

C
-

T
A

R
1

1
3

4
.3

0
8

8
.0

2
0

.6
6

6
4

.0
8

1
7

3
.6

9
2

.7
1

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
1

8
1

8
G

C
G

G
A

C
C

G
G

A
TT

G
C

TC
C

G
TT

C
   

 |
||

||
||

||
||

||
||

||
||

||
   

 

TA
G

C
C

G
C

C
TG

G
C

C
TA

A
C

G
A

G
G

C
A

A
G

G
C

G
TA

G
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

3
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

G
T

C
C

C
T

C
T

A
A

G
A

A
G

C
C

G
G

C
C

G
-

T
A

R
1

6
.2

0
4

0
.2

5
6

.5
0

1
3

.0
9

1
0

5
.0

7
8

.0
2

B
n

a
A

0
4

g
1

3
6

6
0

D
E

x
tr

a
-l

a
rg

e
 g

u
a

n
in

e
 n

u
cl

e
o

ti
d

e
-b

in
d

in
g

 

p
ro

te
in

 1
2

0
6

4
G

TC
C

C
TC

TA
A

G
A

A
G

C
C

G
G

C
C

G
   

 |
||

||
||

 |
||

||
||

  o
||

| 
   

A
G

TG
C

A
G

G
G

A
G

-T
TC

TT
C

G
TA

TG
G

C
TC

TA
TT

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

9
9

6
0

.4
0

2
0

5
9

0
.6

3

T
C

A
A

G
G

T
C

G
G

T
C

G
G

C
T

G
T

G
C

A
-

T
A

R
1

3
.4

6
1

3
.0

7
3

.7
8

1
2

.0
9

2
8

.3
6

2
.3

5
B

n
a

C
n

n
g

4
0

8
1

0
D

P
ro

b
a

b
le

 a
cy

l-
a

ct
iv

a
ti

n
g

 e
n

zy
m

e
 1

7
, 

p
e

ro
x

is
o

m
a

l
2

5
6

2
TC

A
A

G
G

TC
G

G
TC

G
G

C
TG

TG
C

A
   

 o
||

||
||

 |
||

||
||

o
o

 |
||

   
 

G
G

TG
G

G
TT

C
C

A
A

C
C

A
G

C
C

G
G

TT
C

G
TT

G
TT

G
TA

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
5

0
1

4
0

.8
4

8
5

0
5

0
.7

3



  

 

A
A

C
C

C
A

C
A

A
A

G
G

G
T

G
T

T
G

G
T

C
+

T
A

R
1

8
1

3
.3

7
7

3
9

.7
6

0
.9

1
1

8
8

6
.7

4
1

9
6

3
.5

5
1

.0
4

B
n

a
A

n
n

g
2

1
7

6
0

D
T

A
R

1
1

1
1

3
A

A
C

C
C

A
C

A
A

A
G

G
G

T
G

T
T

G
G

T
C

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

G
A

T
C

T
T

G
G

G
T

G
T

T
T

C
C

C
A

C
A

A
C

C
A

G
T

T
A

A
A

T
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
4

7
0

1
2

-1
.0

1
2

0
9

1
2

-0
.7

9

T
T

A
G

C
T

C
G

G
A

T
T

T
T

G
G

C
C

A
A

C
C

-
T

A
R

1
1

7
5

.3
0

2
0

2
.6

4
1

.1
6

3
6

6
.7

8
1

7
3

.1
0

0
.4

7
B

n
a

A
n

n
g

3
6

7
3

0
D

P
u

ta
ti

v
e

 u
n

c
h

a
ra

c
te

ri
z
e

d
 p

ro
te

in
 A

R
T

3
2

4
1

T
T

A
G

C
T

C
G

G
A

T
T

T
T

G
G

C
C

A
A

C
C

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

C
A

G
G

A
A

T
C

G
A

G
C

C
T

A
A

A
A

C
C

G
G

T
T

G
G

C
G

C
A

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

A
G

A
A

G
C

C
G

G
C

C
G

T
G

A
A

G
G

G
A

T
G

-
T

A
R

1
1

.8
0

3
0

.0
6

1
6

.7
4

2
7

.2
8

5
3

.9
7

1
.9

8
B

n
a

A
1

0
g

0
7

4
3

0
D

D
E

T
O

X
IF

IC
A

T
IO

N
 1

6
 

3
0

6
9

A
G

A
A

G
C

C
G

G
C

C
G

T
G

A
A

G
G

G
A

T
G

   
 |

|
|

|
|

|
 |

|
|

|
|

|
|

|
 |

 |
|

|
|

   
 

T
C

T
C

T
C

T
T

C
G

A
C

C
G

G
C

A
C

T
-C

A
C

T
A

C
T

T
T

G
C

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
5

3
6

0
2

-0
.2

5
3

5
4

2
-0

.2
8

T
T

A
A

A
T

A
G

G
T

A
G

G
A

C
G

G
G

G
T

G
G

+
T

A
R

1
1

4
.1

9
1

9
.9

0
1

.4
0

5
0

.7
0

4
5

.2
9

0
.8

9
B

n
a

A
0

6
g

1
5

3
5

0
D

N
A

D
 k

in
a

s
e

 2
, 

c
h

lo
ro

p
la

s
ti

c
2

8
7

9
T

T
A

A
A

T
A

G
G

T
A

G
G

A
C

G
G

G
G

T
G

G
   

 |
|

|
|

|
|

 |
o

|
|

 o
|

|
|

|
|

o
 |

|
   

 

G
T

C
C

A
A

T
T

T
A

-C
T

A
T

G
T

T
G

C
C

C
T

C
C

C
T

G
T

C
G

A
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.0
9

2
9

2
0

0
.2

6
6

0
2

3
-0

.0
2

G
A

G
A

A
T

A
G

G
T

C
G

A
G

G
A

C
A

T
T

G
C

-
T

A
R

1
6

.2
0

6
8

.6
2

1
1

.0
6

1
1

.0
4

3
5

8
.7

2
3

2
.4

9
B

n
a

A
0

9
g

1
9

1
5

0
D

IQ
-D

O
M

A
IN

 3
1

2
5

3
2

G
A

G
A

A
T

A
G

G
T

C
G

A
G

G
A

C
A

T
T

G
C

   
 |

|
|

|
|

o
|

 |
|

|
o

|
o

|
|

|
 |

o
o

|
   

 

A
T

T
T

C
T

C
T

T
G

T
A

C
A

G
T

T
T

C
T

G
-A

G
T

G
G

T
G

T
G

G
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.1
4

1
4

0
.4

1
8

0
.0

3

A
C

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
G

C
-

T
A

R
1

2
9

.3
4

6
0

.3
4

2
.0

6
1

5
1

.2
1

1
3

5
.5

1
0

.9
0

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
c
h

a
ra

c
te

ri
z
e

d
 p

ro
te

in
 A

R
T

3
6

1
5

A
C

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
G

C
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

G
G

T
T

T
G

T
T

G
G

G
C

T
G

A
G

C
A

T
C

T
G

T
C

G
C

G
G

A
A

C
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

1
.4

3
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

T
A

G
G

T
T

A
G

C
G

C
G

C
A

G
T

T
G

G
G

C
A

-
T

A
R

1
0

.9
0

4
.7

2
5

.2
6

1
.4

2
2

3
.8

0
1

6
.7

3
B

n
a

A
n

n
g

3
6

7
3

0
D

P
u

ta
ti

v
e

 u
n

c
h

a
ra

c
te

ri
z
e

d
 p

ro
te

in
 A

R
T

3
1

5
4

4
T

A
G

G
T

T
A

G
C

G
C

G
C

A
G

T
T

G
G

G
C

A
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

C
A

A
G

A
T

C
C

A
A

T
C

G
C

G
C

G
T

C
A

A
C

C
C

G
T

G
G

C
A

T
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

G
T

A
A

C
A

C
A

C
G

G
G

A
G

A
T

C
A

G
C

T
-

T
A

R
1

3
.5

0
4

7
.2

8
1

3
.5

0
8

.7
9

3
5

.7
2

4
.0

6
B

n
a

C
0

5
g

2
0

5
7

0
D

M
e

d
ia

to
r 

o
f 

R
N

A
 p

o
ly

m
e

ra
s
e

 I
I 

tr
a

n
s
c
ri

p
ti

o
n

 s
u

b
u

n
it

 2
5

3
8

8
0

G
T

A
A

C
A

C
A

C
G

G
G

A
G

A
T

C
A

G
C

T
   

 |
 |

|
|

|
|

|
 |

|
o

|
|

 |
|

|
|

|
|

   
 

C
G

G
G

C
T

T
T

G
T

G
T

T
C

C
T

T
C

-A
G

T
C

G
A

A
A

C
G

G
T

T
T

T
3

0
.0

0
0

.0
0

0
.0

0
0

.4
2

6
5

4
1

.0
9

1
5

6
9

0
.4

0

T
C

A
G

C
G

C
C

A
T

C
C

A
T

T
T

T
C

G
G

G
G

-
T

A
R

1
4

.4
5

5
.3

9
1

.2
1

8
.2

0
4

1
.2

4
5

.0
3

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
1

6
6

4
T

C
A

G
C

G
C

C
A

T
C

C
A

T
T

T
T

C
G

G
G

G
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

G
C

G
A

A
G

T
C

G
C

G
G

T
A

G
G

T
A

A
A

A
G

C
C

C
C

G
A

T
C

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
C

-
T

A
R

1
1

.7
5

2
1

.2
4

1
2

.1
3

2
.6

6
7

1
.7

3
2

7
.0

0
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
7

9
2

A
C

C
A

A
G

A
T

C
T

G
C

A
C

C
G

A
C

G
G

C
C

   
 |

|
|

|
|

|
|

|
|

|
|

|
 |

|
|

|
|

|
|

|
|

   
 

A
T

G
G

T
G

G
T

T
C

T
A

G
A

C
G

G
G

G
C

T
G

C
C

G
G

C
G

A
G

G
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

T
T

A
A

G
G

T
G

G
T

G
A

C
C

T
A

A
G

C
C

C
G

+
T

A
R

1
1

3
.3

2
1

3
.4

5
1

.0
1

3
1

.2
1

3
5

.3
1

1
.1

3
B

n
a

C
0

5
g

3
7

6
8

0
D

M
o

n
o

th
io

l 
g

lu
ta

re
d

o
x

in
-S

1
5

, 

m
it

o
c
h

o
n

d
ri

a
l

6
8

8
T

T
A

A
G

G
-T

G
G

T
G

A
C

C
T

A
A

G
C

C
C

G
   

 |
|

|
 |

|
 |

o
|

|
|

|
 |

|
|

|
o

|
|

|
o

   
 

G
A

G
A

A
T

G
C

C
G

A
T

C
A

C
T

C
G

A
T

T
T

G
G

G
T

G
T

G
A

C
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
7

7
-0

.1
5

1
0

0
-0

.1
8

G
C

C
C

T
A

G
G

T
T

T
T

G
C

A
G

C
G

A
C

C
-

T
A

R
1

2
.6

1
9

.9
2

3
.8

1
2

.6
6

2
4

.1
8

9
.1

0
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

1
7

4
9

G
C

C
C

T
A

G
G

T
T

T
T

G
C

A
G

C
G

A
C

C
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

A
G

C
G

C
G

G
G

A
T

C
C

A
A

A
A

C
G

T
C

G
C

T
G

G
C

G
G

C
G

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

C
T

T
A

G
C

T
C

G
G

A
T

T
T

T
G

G
C

C
A

A
C

-
T

A
R

1
1

5
.7

7
1

8
.6

3
1

.1
8

1
2

0
.8

7
2

6
.9

8
0

.2
2

B
n

a
A

n
n

g
3

6
7

3
0

D
P

u
ta

ti
v

e
 u

n
c
h

a
ra

c
te

ri
z
e

d
 p

ro
te

in
 A

R
T

3
2

4
2

C
T

T
A

G
C

T
C

G
G

A
T

T
T

T
G

G
C

C
A

A
C

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

G
C

A
G

G
A

A
T

C
G

A
G

C
C

T
A

A
A

A
C

C
G

G
T

T
G

G
C

G
C

A
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.6

5
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

A
A

A
C

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
-

T
A

R
1

3
.5

0
1

0
.5

8
3

.0
2

3
0

.5
3

2
5

.1
6

0
.8

2
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

1
6

1
7

A
A

A
C

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

A
G

G
G

T
T

T
G

T
T

G
G

G
C

T
G

A
G

C
A

T
C

T
G

T
C

G
C

G
G

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

2
.4

5
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

T
T

A
A

T
C

G
A

C
C

A
A

C
A

C
C

C
T

T
T

G
-

T
A

R
1

3
.5

5
1

0
.6

1
2

.9
8

4
.0

8
2

0
.1

8
4

.9
5

B
n

a
C

0
2

g
3

6
1

1
0

D
u

n
k

n
o

w
n

1
6

9
T

T
A

A
T

C
G

A
C

C
A

A
C

A
C

C
C

T
T

T
G

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

A
C

A
G

A
A

T
T

A
G

C
T

G
G

T
T

G
T

G
G

G
A

A
A

C
A

C
C

C
A

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
2

5
7

3
7

-1
.1

2
1

2
5

4
7

-0
.8

0

C
A

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

A
-

T
A

R
1

7
.9

0
9

.5
4

1
.2

1
5

6
.2

8
2

0
.8

0
0

.3
7

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
6

1
4

C
A

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

A
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

G
T

T
T

G
T

T
G

G
G

C
T

G
A

G
C

A
T

C
T

G
T

C
G

C
G

G
A

G
C

A
C

T
T

3
0

.0
0

0
.0

0
0

.0
0

1
.2

0
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

A
T

T
T

T
C

A
A

G
G

G
C

C
G

C
C

G
G

G
A

A
-

T
A

R
1

1
6

.6
8

1
9

.4
8

1
.1

7
4

7
.6

0
2

4
.6

5
0

.5
2

B
n

a
C

n
n

g
6

0
1

7
0

D
P

u
ta

ti
v

e
 c

y
to

c
h

ro
m

e
 c

 o
x

id
a

s
e

 s
u

b
u

n
it

 5
b

-

li
k

e
2

9
A

T
T

T
T

C
A

A
G

G
G

C
C

G
C

C
G

G
G

A
A

   
 |

|
|

o
|

|
|

|
 |

|
|

 o
 |

|
|

|
|

|
   

 

C
G

G
C

T
A

A
G

A
G

T
T

A
C

C
G

T
T

T
G

C
C

C
T

T
T

C
T

C
C

T
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
1

6
5

-0
.5

1
1

5
8

-0
.2

9

A
T

C
G

A
G

G
C

C
T

G
G

C
T

C
T

T
G

C
C

C
-

T
A

R
1

5
7

.0
1

7
9

.2
1

1
.3

9
2

1
4

.2
9

1
6

1
.1

2
0

.7
5

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

7
1

5
A

T
C

G
A

G
G

C
C

T
G

G
C

T
C

T
T

G
C

C
C

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

T
G

A
G

T
A

G
C

T
C

C
G

G
A

C
C

G
A

G
A

A
C

G
G

G
G

C
T

G
C

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

G
T

C
G

C
A

G
A

C
G

G
C

G
A

A
C

C
A

C
C

C
A

-
T

A
R

1
2

8
.5

7
1

1
8

.7
0

4
.1

5
4

7
.6

3
2

0
5

.2
1

4
.3

1
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

6
4

4
G

T
C

G
C

A
G

A
C

G
G

C
G

A
A

C
C

A
C

C
C

A
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

G
C

T
G

C
A

G
C

G
T

C
T

G
C

C
G

C
T

T
G

G
T

G
G

G
T

G
C

A
G

C
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.4

6
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

T
C

A
A

G
G

T
C

G
G

T
C

G
G

C
T

G
T

G
C

A
-

T
A

R
1

3
.4

6
1

3
.0

7
3

.7
8

1
2

.0
9

2
8

.3
6

2
.3

5
B

n
a

A
0

3
g

3
9

6
6

0
D

P
ro

b
a

b
le

 a
c
y

l-
a

c
ti

v
a

ti
n

g
 e

n
z
y

m
e

 1
7

, 

p
e

ro
x

is
o

m
a

l
2

2
7

8
T

C
A

A
G

G
T

C
G

G
T

C
G

G
C

T
G

T
G

C
A

   
 o

|
|

|
|

|
|

 |
|

|
|

|
|

|
o

o
 |

|
|

   
 

G
G

T
G

G
G

T
T

C
C

A
A

C
C

A
G

C
C

G
G

T
T

C
G

T
T

G
T

T
G

T
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

9
1

8
8

5
1

.1
8

2
9

4
6

0
.0

3

T
C

T
A

A
T

C
A

T
T

G
G

C
T

T
T

A
C

C
C

G
A

-
T

A
R

1
2

.6
1

3
.7

3
1

.4
3

1
4

.7
7

3
2

.2
5

2
.1

8
B

n
a

A
n

n
g

3
6

7
3

0
D

P
u

ta
ti

v
e

 u
n

c
h

a
ra

c
te

ri
z
e

d
 p

ro
te

in
 A

R
T

3
1

3
6

2
T

C
T

A
A

T
C

A
T

T
G

G
C

T
T

T
A

C
C

C
G

A
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

A
C

G
G

A
G

A
T

T
A

G
T

A
A

C
C

G
A

A
A

T
G

G
G

C
T

A
T

C
T

T
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

A
A

A
A

T
G

G
C

C
C

A
C

T
T

G
G

A
G

C
T

C
T

-
T

A
R

1
4

.4
5

6
.5

3
1

.4
7

0
.0

0
2

5
.4

1
2

5
.4

1
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
4

7
4

A
A

A
A

T
G

G
C

C
C

A
C

T
T

G
G

A
G

C
T

C
T

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

T
G

G
T

T
T

T
T

A
C

C
G

G
G

T
G

A
A

C
C

T
C

G
A

G
A

G
C

T
A

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

A
C

T
C

T
T

A
G

G
A

T
C

G
A

C
T

A
A

C
C

C
-

T
A

R
1

6
.0

7
1

6
.2

9
2

.6
9

2
6

.0
1

2
0

.4
5

0
.7

9
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

1
8

8
5

A
C

T
C

T
T

A
G

G
A

T
C

G
A

C
T

A
A

C
C

C
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

G
G

G
C

T
G

A
G

A
A

T
C

C
T

A
G

C
T

G
A

T
T

G
G

G
T

A
C

A
C

G
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.3

2
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

A
C

T
C

A
T

C
G

A
G

G
C

C
T

G
G

C
T

C
T

T
G

-
T

A
R

1
0

.8
5

1
7

.8
9

2
0

.9
5

2
.6

6
5

3
.3

5
2

0
.0

8
B

n
a

A
n

n
g

2
2

1
6

0
D

T
A

R
1

3
2

7
3

A
C

T
C

A
T

C
G

A
G

G
C

C
T

G
G

C
T

C
T

T
G

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

A
G

G
A

T
G

A
G

T
A

G
C

T
C

C
G

G
A

C
C

G
A

G
A

A
C

G
G

G
G

C
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.5

1
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

A
C

T
C

A
T

C
G

A
G

G
C

C
T

G
G

C
T

C
T

T
-

T
A

R
1

4
.4

0
2

0
.1

7
4

.5
8

1
3

.7
3

3
1

.6
0

2
.3

0
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

1
7

1
9

A
C

T
C

A
T

C
G

A
G

G
C

C
T

G
G

C
T

C
T

T
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

A
G

G
A

T
G

A
G

T
A

G
C

T
C

C
G

G
A

C
C

G
A

G
A

A
C

G
G

G
G

C
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.5

1
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

A
C

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
G

C
-

T
A

R
1

2
9

.3
4

6
0

.3
4

2
.0

6
1

5
1

.2
1

1
3

5
.5

1
0

.9
0

B
n

a
A

n
n

g
2

2
1

6
0

D
T

A
R

1
1

6
1

5
A

C
A

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

G
G

T
T

T
G

T
T

G
G

G
C

T
G

A
G

C
A

T
C

T
G

T
C

G
C

G
G

A
G

C
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

1
.4

3
2

5
7

7
6

5
-1

.0
1

1
1

4
2

3
4

-0
.8

5

A
A

T
G

G
A

T
G

G
C

G
C

T
G

A
A

G
C

G
C

G
+

T
A

R
1

1
1

4
.7

8
1

8
0

.5
2

1
.5

7
3

7
3

.4
1

4
7

9
.4

1
1

.2
8

B
n

a
C

0
3

g
2

6
0

8
0

D
6

0
S

 r
ib

o
s
o

m
a

l 
p

ro
te

in
 L

7
a

-1
2

4
3

A
A

T
G

G
A

T
G

G
C

G
C

T
G

A
A

G
-C

G
C

G
   

 |
|

o
|

|
|

o
|

|
|

|
|

|
|

|
|

|
 |

|
 o

   
 

A
C

G
T

T
T

G
C

C
T

G
C

C
G

C
G

A
C

T
T

C
A

G
C

T
T

T
T

T
A

C
T

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
4

7
8

0
.5

5
7

7
1

0
.1

0

A
A

G
G

T
T

C
C

A
T

G
T

G
A

A
C

G
G

C
A

C
+

T
A

R
1

4
4

.5
4

1
0

4
.6

8
2

.3
5

1
1

9
.7

9
2

2
0

.0
4

1
.8

4
B

n
a

C
0

1
g

3
3

2
7

0
D

Z
in

c
 f

in
g

e
r 

p
ro

te
in

 A
Z

F
2

9
4

A
A

G
G

T
T

C
C

A
T

G
T

G
A

A
C

G
G

C
A

C
   

 |
|

|
|

o
|

|
|

|
|

|
 o

|
|

|
|

|
|

   
 

T
C

G
G

T
T

C
C

G
A

G
G

T
A

C
T

T
T

T
G

C
C

G
C

A
G

C
A

A
G

T
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
2

9
6

8
-0

.9
7

2
3

2
5

0
.0

3

A
C

A
A

C
C

C
G

A
C

T
C

G
T

A
G

A
C

A
G

C
G

-
T

A
R

1
0

.0
0

1
4

.2
4

1
4

.2
4

3
3

.4
2

9
7

.8
9

2
.9

3
B

n
a

A
0

9
g

0
4

4
2

0
D

T
A

R
1

6
1

5
A

C
A

A
C

C
C

G
A

C
T

C
G

T
A

G
A

C
A

G
C

G
   

 |
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

G
G

T
T

T
G

T
T

G
G

G
C

T
G

A
G

C
A

T
C

T
G

T
C

G
C

G
G

A
G

C
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

1
.4

3
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

T
C

T
A

A
T

C
A

T
T

G
G

C
T

T
T

A
C

C
C

G
-

T
A

R
1

8
.8

0
9

.9
9

1
.1

3
6

.3
6

2
3

.5
1

3
.7

0
B

n
a

A
n

n
g

3
6

7
3

0
D

P
u

ta
ti

v
e

 u
n

c
h

a
ra

c
te

ri
z
e

d
 p

ro
te

in
 A

R
T

3
1

3
6

2
T

C
T

A
A

T
C

A
T

T
G

G
C

T
T

T
A

C
C

C
G

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

A
C

G
G

A
G

A
T

T
A

G
T

A
A

C
C

G
A

A
A

T
G

G
G

C
T

A
T

C
T

T
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
3

2
5

8
4

-0
.1

7
1

7
9

9
6

-0
.7

4

C
G

C
A

T
G

T
C

A
A

G
A

C
G

C
T

C
C

T
-

T
A

R
1

6
.0

2
1

0
.9

0
1

.8
1

6
2

2
.2

3
2

2
.7

9
0

.0
4

B
n

a
C

0
7

g
4

4
6

3
0

D
u

n
k

n
o

w
n

1
2

2
1

C
G

C
A

T
G

T
C

A
A

G
A

C
G

C
T

C
C

T
   

   
|

|
|

|
|

|
|

|
|

|
o

 |
  |

|
|

|
   

 

T
A

A
A

G
C

G
T

A
C

A
G

T
T

T
C

G
A

A
A

G
G

A
A

A
C

T
A

G
A

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
1

8
5

-0
.2

7
2

0
0

0
.2

7

G
T

C
C

T
G

C
T

G
T

C
T

T
A

A
T

C
G

A
C

C
-

T
A

R
1

0
.0

0
3

1
.0

4
3

1
.0

4
1

5
.7

5
5

0
.9

8
3

.2
4

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
1

5
7

9
G

T
C

C
T

G
C

T
G

T
C

T
T

A
A

T
C

G
A

C
C

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

G
T

G
G

C
A

G
G

A
C

G
A

C
A

G
A

A
T

T
A

G
C

T
G

G
T

T
G

T
G

G
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

9
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

T
T

A
A

T
C

G
A

C
C

A
A

C
A

C
C

C
T

T
T

G
-

T
A

R
1

3
.5

5
1

0
.6

1
2

.9
8

4
.0

8
2

0
.1

8
4

.9
5

B
n

a
A

0
9

g
0

4
4

2
0

D
T

A
R

1
1

5
7

2
T

T
A

A
T

C
G

A
C

C
A

A
C

A
C

C
C

T
T

T
G

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

A
C

A
G

A
A

T
T

A
G

C
T

G
G

T
T

G
T

G
G

G
A

A
A

C
A

C
C

C
A

A
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.1

4
2

3
9

4
3

0
-1

.0
0

1
0

1
4

4
2

-0
.7

8

T
C

T
A

A
T

C
A

T
T

G
G

C
T

T
T

A
C

C
C

G
A

-
T

A
R

1
2

.6
1

3
.7

3
1

.4
3

1
4

.7
7

3
2

.2
5

2
.1

8
B

n
a

C
0

8
g

4
6

1
5

0
D

T
A

R
1

1
3

5
8

T
C

T
A

A
T

C
A

T
T

G
G

C
T

T
T

A
C

C
C

G
A

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
   

 

A
C

G
G

A
G

A
T

T
A

G
T

A
A

C
C

G
A

A
A

T
G

G
G

C
T

A
T

C
T

T
G

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.2

8
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0

T
A

A
A

G
T

T
T

G
A

G
A

A
T

A
G

G
T

C
G

A
-

T
A

R
1

1
1

.3
2

3
4

.8
7

3
.0

8
1

8
.6

3
3

8
.8

0
2

.0
8

B
n

a
C

0
8

g
4

6
1

5
0

D
T

A
R

1
1

4
0

0
T

A
A

A
G

T
T

T
G

A
G

A
A

T
A

G
G

T
C

G
A

   
 |

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

   
 

A
T

A
A

A
T

T
T

C
A

A
A

C
T

C
T

T
A

T
C

C
A

G
C

T
C

C
T

G
T

A
A

T
T

3
0

.0
0

0
.0

0
0

.0
0

0
.0

5
1

4
3

9
7

9
-1

.1
4

6
0

5
1

0
-0

.8
0



  

 

TG
AT

TG
GC

TG
GA

TC
CC

TC
AC

G
+

TA
R1

19
.8

6
38

.7
9

1.
95

41
.5

8
12

9.
90

3.
12

Bn
aC

03
g4

98
30

D
Pe

pt
id

yl
-p

ro
ly

l c
is-

tra
ns

 is
om

er
as

e 
FK

BP
12

10
68

TG
AT

TG
GC

TG
GA

TC
CC

TC
AC

G 
   |

 ||
||

||
||

||
 ||

o|
||

|  
  

TG
GC

TC
AA

AC
CG

AC
CT

AA
GG

GG
TG

CG
GC

CT
TT

TT
3

0.
00

0.
00

0.
00

0.
69

12
41

0
-0

.6
8

21
34

2
-0

.0
6

CG
TC

CC
AT

AT
CC

TC
GA

GA
GG

A
-

TA
R1

17
2.

94
32

6.
00

1.
89

31
1.

97
17

0.
30

0.
55

Bn
aA

05
g0

11
80

D
GA

TA
 tr

an
sc

rip
tio

n 
fa

ct
or

 2
5

41
1

CG
TC

CC
AT

AT
CC

TC
GA

GA
GG

A 
   |

||
 ||

||
||

| |
||

 o
||

||
    

TA
TA

GC
A-

GG
TA

TA
GC

AG
CA

TT
CC

TT
AC

AC
TG

TT
3

0.
00

0.
00

0.
00

0.
19

0
0.

19
42

0.
21

TG
TC

GG
CC

AA
GG

TG
TG

AA
CT

CG
-

TA
R1

30
.4

1
37

.0
7

1.
22

13
3.

79
10

8.
00

0.
81

Bn
aA

05
g3

57
90

D
Pr

ot
ei

n 
NR

T1
/ P

TR
 F

AM
ILY

 7
.3

26
49

TG
TC

GG
CC

AA
GG

TG
TG

AA
CT

CG
    

||
| |

||
||

||
oo

 o
||

||
o|

|  
  

GG
CA

AC
A-

CC
GG

TT
CT

GA
GC

TT
GG

GC
CC

AC
CG

TT
3

0.
00

0.
00

0.
00

0.
05

20
6

-1
.0

5
33

1
-1

.4
2

CT
AC

CT
AT

TT
AA

AG
TT

TG
AG

A
-

TA
R1

8.
85

23
.0

8
2.

61
11

.0
4

36
.7

0
3.

32
Bn

aC
08

g4
61

50
D

TA
R1

14
09

CT
AC

CT
AT

TT
AA

AG
TT

TG
AG

A 
   |

||
||

||
||

||
||

||
||

||
||

    
GC

AG
GA

TG
GA

TA
AA

TT
TC

AA
AC

TC
TT

AT
CC

AG
TT

3
0.

00
0.

00
0.

00
0.

56
14

39
79

-1
.1

4
60

51
0

-0
.8

0

CA
AC

CC
GA

CT
CG

TA
GA

CA
GC

A
-

TA
R1

7.
90

9.
54

1.
21

56
.2

8
20

.8
0

0.
37

Bn
aA

nn
g2

21
60

D
TA

R1
16

14
CA

AC
CC

GA
CT

CG
TA

GA
CA

GC
A 

   |
||

||
||

||
||

||
||

||
||

|  
  

GT
TT

GT
TG

GG
CT

GA
GC

AT
CT

GT
CG

CG
GA

GC
AC

TT
3

0.
00

0.
00

0.
00

1.
20

25
77

65
-1

.0
1

11
42

34
-0

.8
5

TA
GC

TC
GG

AT
TT

TG
GC

CA
AC

C
-

TA
R1

13
.9

3
25

5.
39

18
.3

3
76

.0
0

16
3.

78
2.

16
Bn

aA
nn

g3
67

30
D

Pu
ta

tiv
e 

un
ch

ar
ac

te
riz

ed
 p

ro
te

in
 A

RT
3

24
0

TA
GC

TC
GG

AT
TT

TG
GC

CA
AC

C 
   |

||
||

||
||

||
||

||
||

||
||

    
AG

GA
AT

CG
AG

CC
TA

AA
AC

CG
GT

TG
GC

GC
AC

GC
TT

3
0.

00
0.

00
0.

00
0.

14
32

58
4

-0
.1

7
17

99
6

-0
.7

4

CG
TA

GA
CA

GC
GC

CT
CG

TG
GT

GC
-

TA
R1

8.
63

2.
33

0.
27

14
.7

4
29

.3
1

1.
99

Bn
aA

nn
g2

21
60

D
TA

R1
16

04
CG

TA
GA

CA
GC

GC
CT

CG
TG

GT
GC

    
||

||
||

||
||

||
||

||
||

||
||

    
CT

GA
GC

AT
CT

GT
CG

CG
GA

GC
AC

CA
CG

CT
GT

CC
TT

3
0.

00
0.

00
0.

00
0.

23
25

77
65

-1
.0

1
11

42
34

-0
.8

5

AC
AA

CC
CG

AC
TC

GT
AG

AC
AG

CG
-

TA
R1

0.
00

14
.2

4
14

.2
4

33
.4

2
97

.8
9

2.
93

Bn
aA

nn
g3

67
30

D
Pu

ta
tiv

e 
un

ch
ar

ac
te

riz
ed

 p
ro

te
in

 A
RT

3
61

5
AC

AA
CC

CG
AC

TC
GT

AG
AC

AG
CG

    
||

||
||

||
||

||
||

||
||

||
||

    
GG

TT
TG

TT
GG

GC
TG

AG
CA

TC
TG

TC
GC

GG
AA

CA
TT

3
0.

00
0.

00
0.

00
1.

43
32

58
4

-0
.1

7
17

99
6

-0
.7

4

CC
CG

GG
CT

TA
GG

TC
AC

CA
CC

T
-

TA
R1

58
.2

9
25

.1
6

0.
43

43
.7

8
49

.4
1

1.
13

Bn
aA

09
g0

91
10

D
Th

io
re

do
xi

n 
re

du
ct

as
e 

2
82

8
CC

CG
GG

CT
TA

GG
TC

AC
CA

CC
T  

  |
|o

||
||

||
| |

||
||

||
 | 

   
AT

CA
TG

GT
CC

GA
AT

C-
AG

TG
GT

GT
AT

TG
GT

AG
TT

3
0.

00
0.

00
0.

00
0.

19
10

05
0.

48
10

74
0.

05

AC
CA

AG
AT

CT
GC

AC
CG

AC
GG

C
-

TA
R1

17
.5

8
12

3.
69

7.
04

38
.0

9
20

9.
00

5.
49

Bn
aC

08
g4

61
50

D
TA

R1
17

88
AC

CA
AG

AT
CT

GC
AC

CG
AC

GG
C 

   |
||

||
||

||
||

||
||

||
||

||
    

AT
GG

TG
GT

TC
TA

GA
CG

TG
GC

TG
CC

GG
CG

AG
GC

TT
3

0.
00

0.
00

0.
00

0.
14

14
39

79
-1

.1
4

60
51

0
-0

.8
0

TA
GG

TT
AG

CG
CG

CA
GT

TG
GG

C
-

TA
R1

0.
00

7.
41

7.
41

4.
27

21
.5

2
5.

04
Bn

aA
nn

g3
67

30
D

Pu
ta

tiv
e 

un
ch

ar
ac

te
riz

ed
 p

ro
te

in
 A

RT
3

15
44

TA
GG

TT
AG

CG
CG

CA
GT

TG
GG

C 
   |

||
||

||
||

||
||

||
||

||
||

    
CA

AG
AT

CC
AA

TC
GC

GC
GT

CA
AC

CC
GT

GG
CA

TT
TT

3
0.

00
0.

00
0.

00
0.

28
32

58
4

-0
.1

7
17

99
6

-0
.7

4

AC
CC

GA
CT

CG
TA

GA
CA

GC
GC

CT
-

TA
R1

9.
58

4.
27

0.
45

28
.9

3
29

.6
4

1.
02

Bn
aC

08
g4

61
50

D
TA

R1
60

8
AC

CC
GA

CT
CG

TA
GA

CA
GC

GC
CT

    
||

||
||

||
||

||
||

||
||

||
||

    
TT

GT
TG

GG
CT

GA
GC

AT
CT

GT
CG

CG
GA

GC
AC

CA
TT

3
0.

00
0.

00
0.

00
12

.5
9

14
39

79
-1

.1
4

60
51

0
-0

.8
0

CA
GC

GC
CA

TC
CA

TT
TT

CG
GG

GC
-

TA
R1

3.
46

4.
69

1.
36

12
.5

0
24

.5
2

1.
96

Bn
aA

09
g0

44
20

D
TA

R1
16

67
CA

GC
GC

CA
TC

CA
TT

TT
CG

GG
GC

    
||

||
||

||
||

||
||

||
||

||
||

    
CG

AA
GT

CG
CG

GT
AG

GT
AA

AA
GC

CC
CG

AT
CA

AC
TT

3
0.

00
0.

00
0.

00
0.

14
23

94
30

-1
.0

0
10

14
42

-0
.7

8

AC
GC

CC
CG

AA
TC

GA
TC

GG
CG

GA
-

TA
R1

6.
16

10
.0

9
1.

64
3.

70
48

.2
1

13
.0

3
Bn

aC
nn

g6
50

30
D

un
kn

ow
n

11
01

AC
GC

CC
CG

AA
TC

GA
TC

GG
CG

GA
    

| |
||

||
||

||
 ||

 |o
||

| |
    

CG
AG

TA
CG

GG
GC

TT
A-

CT
TG

TC
GC

AT
GT

CG
AA

TT
3

0.
00

0.
00

0.
00

0.
05

13
6

0.
89

14
3

1.
16

TC
AG

CG
CC

AT
CC

AT
TT

TC
GG

GG
-

TA
R1

4.
45

5.
39

1.
21

8.
20

41
.2

4
5.

03
Bn

aC
02

g3
61

10
D

un
kn

ow
n

26
5

TC
AG

CG
CC

AT
CC

AT
TT

TC
GG

GG
    

||
||

||
||

||
||

||
||

||
||

||
    

GC
GA

AG
TC

GC
GG

TA
GG

TA
AA

AG
CC

CC
GA

TC
AA

TT
3

0.
00

0.
00

0.
00

0.
19

25
73

7
-1

.1
2

12
54

7
-0

.8
0

AC
CA

CC
AA

GA
TC

TG
CA

CC
GA

CG
-

TA
R1

0.
00

15
.0

7
15

.0
7

0.
00

71
.2

2
71

.2
2

Bn
aC

02
g3

61
10

D
un

kn
ow

n
39

0
AC

CA
CC

AA
GA

TC
TG

CA
CC

GA
CG

    
||

||
||

||
||

||
||

||
||

||
|o

    
AT

GA
TG

GT
GG

TT
CT

AG
AC

GT
GG

CT
GT

CG
GT

GA
TT

3
0.

00
0.

00
0.

00
0.

51
25

73
7

-1
.1

2
12

54
7

-0
.8

0

CG
TC

CT
TA

GC
TC

GG
AT

TT
TG

GC
-

TA
R1

#N
/A

#N
/A

#N
/A

12
1.

64
18

8.
13

1.
55

Bn
aA

01
g2

41
60

D
un

kn
ow

n
17

28
CG

TC
CT

TA
GC

TC
GG

AT
TT

TG
GC

    
||

o|
||

||
o|

o|
o|

| |
||

o|
|  

  
CT

AT
GC

GG
GA

AT
TG

GG
TC

TC
AA

AT
CG

AA
AA

AC
TT

3
0.

00
0.

00
0.

00
0.

46
45

47
1.

24
67

10
-0

.2
3

AC
AA

CC
CG

AC
TC

GT
AG

AC
AG

C
-

TA
R1

29
.3

4
60

.3
4

2.
06

15
1.

21
13

5.
51

0.
90

Bn
aC

08
g4

61
50

D
TA

R1
61

1
AC

AA
CC

CG
AC

TC
GT

AG
AC

AG
C 

   |
||

||
||

||
||

||
||

||
||

||
    

GG
TT

TG
TT

GG
GC

TG
AG

CA
TC

TG
TC

GC
GG

AG
CA

TT
3

0.
00

0.
00

0.
00

1.
43

14
39

79
-1

.1
4

60
51

0
-0

.8
0

AA
CC

CG
AC

TC
GT

AG
AC

AG
CG

CC
-

TA
R1

3.
50

5.
68

1.
62

11
.5

3
41

.1
8

3.
57

Bn
aA

nn
g3

67
30

D
Pu

ta
tiv

e 
un

ch
ar

ac
te

riz
ed

 p
ro

te
in

 A
RT

3
61

3
AA

CC
CG

AC
TC

GT
AG

AC
AG

CG
CC

    
||

||
||

||
||

||
||

||
||

||
||

    
TT

TG
TT

GG
GC

TG
AG

CA
TC

TG
TC

GC
GG

AA
CA

CC
TT

3
0.

00
0.

00
0.

00
0.

93
32

58
4

-0
.1

7
17

99
6

-0
.7

4

TT
GG

TC
CG

TG
TT

AC
AA

GA
CA

-
TA

R1
3.

42
5.

42
1.

59
13

.0
6

30
.9

6
2.

37
Bn

aA
nn

g3
67

30
D

Pu
ta

tiv
e 

un
ch

ar
ac

te
riz

ed
 p

ro
te

in
 A

RT
3

10
09

TT
GG

TC
CG

TG
TT

AC
AA

GA
CA

    
 ||

||
||

||
||

||
 ||

||
||

    
GA

GG
AA

CC
AG

GC
AC

AA
AG

TT
CT

GC
CC

AG
CT

TA
TT

3
0.

00
0.

00
0.

00
0.

79
32

58
4

-0
.1

7
17

99
6

-0
.7

4

AC
CC

GA
TA

GA
AC

TC
GT

TT
CC

G
-

TA
R1

1.
80

15
.7

0
8.

75
24

.8
5

22
.9

8
0.

92
Bn

aA
02

g1
87

40
D

Tr
eh

al
os

e-
ph

os
ph

at
e 

ph
os

ph
at

as
e 

B
14

92
AC

CC
GA

TA
GA

AC
TC

GT
TT

CC
G 

   |
||

||
||

||
||

|o
||

  o
| |

    
GG

CT
TG

GG
CT

AT
CT

TG
GG

CT
TG

GC
CA

GG
GC

TT
TT

3
0.

00
0.

00
0.

00
0.

14
95

-0
.9

7
46

-1
.4

2

TG
CG

GG
AT

GA
AC

CG
GA

AG
CC

G
+

TA
R1

25
3.

07
29

6.
40

1.
17

61
3.

72
49

8.
18

0.
81

Bn
aA

03
g3

85
30

D
un

kn
ow

n
11

08
TG

CG
GG

AT
GA

AC
CG

GA
AG

CC
G 

   |
||

 ||
||

||
||

| |
||

o|
 o

    
GA

AA
AC

GA
CC

TA
CT

TG
GA

CT
TT

GT
TT

TT
GT

TT
TT

3
0.

00
0.

00
0.

00
0.

05
10

83
-0

.4
5

89
7

-0
.3

3

CT
AC

CT
AT

TT
AA

AG
TT

TG
AG

A
-

TA
R1

8.
85

23
.0

8
2.

61
11

.0
4

36
.7

0
3.

32
Bn

aA
09

g0
44

20
D

TA
R1

14
13

CT
AC

CT
AT

TT
AA

AG
TT

TG
AG

A 
   |

||
||

||
||

||
||

||
||

||
||

    
GC

AG
GA

TG
GA

TA
AA

TT
TC

AA
AC

TC
TT

AT
CC

AG
TT

3
0.

00
0.

00
0.

00
0.

56
23

94
30

-1
.0

0
10

14
42

-0
.7

8

TA
GT

CC
CT

CT
AA

GA
AG

CC
GG

CC
-

TA
R1

1.
75

29
.8

0
17

.0
1

10
.0

3
11

9.
14

11
.8

8
Bn

aA
nn

g2
21

60
D

TA
R1

32
1

TA
GT

CC
CT

CT
AA

GA
AG

CC
GG

CC
    

||
||

||
||

||
||

||
||

||
||

||
    

CG
GT

AT
CA

GG
GA

GA
TT

CT
TC

GG
CC

GG
CA

CT
TC

TT
3

0.
00

0.
00

0.
00

0.
09

25
77

65
-1

.0
1

11
42

34
-0

.8
5

CG
TC

CT
TA

GC
TC

GG
AT

TT
TG

GC
-

TA
R1

#N
/A

#N
/A

#N
/A

12
1.

64
18

8.
13

1.
55

Bn
aA

08
g1

26
20

D
Se

rin
e/

th
re

on
in

e-
pr

ot
ei

n 
ki

na
se

 H
T1

20
37

CG
TC

CT
TA

GC
TC

GG
AT

TT
TG

GC
    

||
||

 ||
| |

||
||

 ||
|o

o|
|  

  
GT

CA
GC

AG
TA

AT
GG

AG
CC

-A
AA

GT
CG

AG
GG

AG
TT

3
0.

00
0.

00
0.

00
0.

05
98

0
0.

53
13

95
0.

20

GA
TC

TC
CC

GT
GT

GT
TA

CC
GC

A
+

TA
R1

28
.7

1
18

6.
86

6.
51

44
.0

9
11

9.
75

2.
72

Bn
aA

03
g1

89
10

D
Zi

nc
 fi

ng
er

 C
CC

H 
do

m
ai

n-
co

nt
ai

ni
ng

 
pr

ot
ei

n 
29

20
GA

TC
TC

CC
GT

GT
GT

TA
CC

GC
A 

   |
||

||
| |

||
 o

o|
o|

||
||

|  
  

AC
TC

CT
AG

AG
CG

CA
AG

TA
GT

GG
CG

TC
GA

CG
GT

TT
3

0.
00

0.
00

0.
00

0.
23

49
9

-0
.5

3
48

9
0.

09

CG
GT

TC
CG

GA
AT

TT
TA

AC
CG

GA
-

TA
R1

0.
85

7.
22

8.
46

0.
00

25
.4

6
25

.4
6

Bn
aC

02
g2

62
90

D
un

kn
ow

n
51

2
CG

G-
TT

CC
GG

AA
TT

TT
AA

CC
GG

A 
   |

o|
 |o

||
||

||
||

|o
||

||
||

    
GG

TG
TC

GA
GG

GC
CT

TA
AA

GT
TG

GC
CA

AA
GA

GG
TT

3
0.

00
0.

00
0.

00
0.

79
13

36
0.

02
48

3
2.

03

AA
AA

TG
GC

CC
AC

TT
GG

AG
CT

CT
-

TA
R1

4.
45

6.
53

1.
47

0.
00

25
.4

1
25

.4
1

Bn
aA

nn
g2

21
60

D
TA

R1
30

28
AA

AA
TG

GC
CC

AC
TT

GG
AG

CT
CT

    
||

||
||

||
||

||
||

||
||

||
||

    
TG

GT
TT

TT
AC

CG
GG

TG
AA

CC
TC

GA
GA

GC
TA

AG
TT

3
0.

00
0.

00
0.

00
0.

14
25

77
65

-1
.0

1
11

42
34

-0
.8

5

TA
GG

TT
AG

CG
CG

CA
GT

TG
GG

C
-

TA
R1

0.
00

7.
41

7.
41

4.
27

21
.5

2
5.

04
Bn

aC
02

g3
61

10
D

un
kn

ow
n

14
1

TA
GG

TT
AG

CG
CG

CA
GT

TG
GG

C 
   |

||
||

||
||

||
||

||
||

||
||

    
CA

AG
AT

CC
AA

TC
GC

GC
GT

CA
AC

CC
GT

GG
CA

TT
TT

3
0.

00
0.

00
0.

00
0.

28
25

73
7

-1
.1

2
12

54
7

-0
.8

0

CT
GG

AG
CT

CG
GA

AA
CG

AG
TT

C
+

TA
R1

40
.2

6
81

.0
4

2.
01

92
.7

3
10

1.
54

1.
09

Bn
aC

nn
g7

20
40

D
Pu

rp
le

 a
cid

 p
ho

sp
ha

ta
se

 1
0

83
4

CT
GG

AG
CT

CG
GA

AA
CG

AG
TT

C 
   |

||
o|

||
||

||
 ||

 ||
||

 | 
   

GA
CG

GA
CT

TC
GA

GC
CA

TT
CC

TC
AT

GC
CA

TG
GA

TT
3

0.
00

0.
00

0.
00

0.
09

17
6

0.
29

95
-0

.9
5

TA
GG

TT
AG

CG
CG

CA
GT

TG
GG

CA
-

TA
R1

0.
90

4.
72

5.
26

1.
42

23
.8

0
16

.7
3

Bn
aC

02
g3

61
10

D
un

kn
ow

n
14

1
TA

GG
TT

AG
CG

CG
CA

GT
TG

GG
CA

    
||

||
||

||
||

||
||

||
||

||
||

    
CA

AG
AT

CC
AA

TC
GC

GC
GT

CA
AC

CC
GT

GG
CA

TT
TT

3
0.

00
0.

00
0.

00
0.

28
25

73
7

-1
.1

2
12

54
7

-0
.8

0

CG
TC

TG
CG

AC
GT

CG
CG

AG
AA

G
+

TA
R1

10
9.

87
31

9.
01

2.
90

21
6.

40
44

7.
47

2.
07

Bn
aC

08
g2

68
20

D
un

kn
ow

n
13

9
CG

TC
TG

CG
AC

GT
CG

CG
AG

AA
G 

   |
||

||
||

||
||

 ||
 | 

||
||

    
TA

CC
GC

AG
AC

GC
TG

CC
GC

TC
-C

TT
CT

AT
CC

TC
TT

3
0.

00
0.

00
0.

00
0.

05
18

57
-0

.7
8

20
02

-0
.0

5

CC
GT

GG
GA

TG
GC

TC
AA

CA
AA

GC
-

TA
R1

0.
90

19
.6

0
21

.8
3

14
.7

8
53

.6
6

3.
63

Bn
aC

08
g4

61
50

D
TA

R1
14

43
CC

GT
GG

GA
TG

GC
TC

AA
CA

AA
GC

    
||

||
||

||
||

||
||

||
||

||
||

    
CT

AA
GG

CA
CC

CT
AC

CG
AG

TT
GT

TT
CG

TC
GG

TG
TT

3
0.

00
0.

00
0.

00
0.

37
14

39
79

-1
.1

4
60

51
0

-0
.8

0

CT
CA

AA
CT

TC
CT

TG
GC

CT
AA

A
-

TA
R1

18
.4

2
29

.6
6

1.
61

26
.6

0
49

.8
3

1.
87

Bn
aC

07
g1

50
20

D
Na

sc
en

t p
ol

yp
ep

tid
e-

as
so

cia
te

d 
co

m
pl

ex
 

su
bu

ni
t a

lp
ha

-li
ke

 p
ro

te
in

 4
95

9
CT

CA
AA

CT
TC

CT
TG

GC
CT

AA
A 

   |
||

 ||
| |

||
||

||
| |

 ||
    

GC
TC

GA
G-

TT
GT

AG
GA

AC
CG

AA
GT

TG
TG

GC
CA

TT
3

0.
00

0.
00

0.
00

0.
05

40
80

-0
.2

6
25

78
-0

.4
0

AT
TC

CG
TG

GG
AT

GG
CT

CA
AC

A
-

TA
R1

43
.2

0
44

.3
7

1.
03

17
1.

08
62

.9
6

0.
37

Bn
aC

09
g0

58
90

D
RO

OT
 P

RI
M

OR
DI

UM
 D

EF
EC

TI
VE

 1
66

5
AT

TC
CG

TG
GG

AT
GG

CT
CA

AC
A 

   |
||

||
|o

||
||

| |
||

 ||
|  

  
AC

GA
GA

AG
GC

AT
CC

TA
CA

GA
GG

TG
TC

AG
AA

CT
TT

3
0.

00
0.

00
0.

00
0.

19
70

-0
.0

7
89

-0
.7

1



  

 

TA
G

G
TT

A
G

CG
CG

CA
G

TT
G

G
G

C
-

TA
R

1
0.

00
7.

41
7.

41
4.

27
21

.5
2

5.
04

B
na

C0
8g

46
15

0D
TA

R
1

15
40

TA
G

G
TT

A
G

CG
CG

CA
G

TT
G

G
G

C 
   |

||
||

||
||

||
||

||
||

||
||

    
CA

A
G

A
TC

CA
A

TC
G

CG
CG

TC
A

A
CC

CG
TG

G
CA

TT
TT

3
0.

00
0.

00
0.

00
0.

28
14

39
79

-1
.1

4
60

51
0

-0
.8

0

G
CG

G
A

CC
G

G
A

TT
G

CT
CC

G
TT

C
-

TA
R

1
13

4.
30

88
.0

2
0.

66
64

.0
8

17
3.

69
2.

71
B

na
C0

8g
46

15
0D

TA
R

1
81

4
G

CG
G

A
CC

G
G

A
TT

G
CT

CC
G

TT
C 

   |
||

||
||

||
||

||
||

| 
||

||
    

TA
G

CC
G

CC
TG

G
CC

TA
A

CG
A

G
A

CA
A

G
G

CG
TA

G
A

TT
3

0.
00

0.
00

0.
00

0.
23

14
39

79
-1

.1
4

60
51

0
-0

.8
0

CG
A

CT
CT

TA
G

G
A

TC
G

A
CT

A
A

CC
-

TA
R

1
9.

70
10

6.
91

11
.0

2
27

.2
4

23
2.

10
8.

52
B

na
C0

4g
09

71
0D

R
ib

os
e-

ph
os

ph
at

e 
py

ro
ph

os
ph

ok
in

as
e 

1,
 

ch
lo

ro
pl

as
ti

c
26

40
CG

A
CT

CT
TA

G
G

A
TC

G
A

CT
A

A
CC

    
||

||
||

||
| 

|o
||

||
||

||
    

TT
G

G
TC

TG
A

G
A

A
TC

-T
G

G
CT

G
A

TT
G

TT
TT

CG
T

TT
3

0.
00

0.
00

0.
00

0.
32

11
46

-0
.0

7
10

96
-0

.3
3

A
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

C
-

TA
R

1
17

.5
8

12
3.

69
7.

04
38

.0
9

20
9.

00
5.

49
B

na
C0

2g
36

11
0D

un
kn

ow
n

38
7

A
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
G

C 
   |

||
||

||
||

||
||

||
||

|o
||

    
A

TG
G

TG
G

TT
CT

A
G

A
CG

TG
G

CT
G

TC
G

G
TG

A
G

G
G

TT
3

0.
00

0.
00

0.
00

0.
14

25
73

7
-1

.1
2

12
54

7
-0

.8
0

TT
A

G
CG

CG
CA

G
TT

G
G

G
CA

CC
G

-
TA

R
1

5.
35

58
.2

6
10

.8
9

11
.8

7
13

5.
48

11
.4

2
B

na
C0

2g
36

11
0D

un
kn

ow
n

13
7

TT
A

G
CG

CG
CA

G
TT

G
G

G
CA

CC
G

    
||

||
||

||
||

||
||

||
||

||
| 

   
A

TC
CA

A
TC

G
CG

CG
TC

A
A

CC
CG

TG
G

CA
TT

G
G

G
C

TT
3

0.
00

0.
00

0.
00

0.
28

25
73

7
-1

.1
2

12
54

7
-0

.8
0

TC
TA

A
TC

A
TT

G
G

CT
TT

A
CC

CG
A

-
TA

R
1

2.
61

3.
73

1.
43

14
.7

7
32

.2
5

2.
18

B
na

A
09

g0
44

20
D

TA
R

1
13

62
TC

TA
A

TC
A

TT
G

G
CT

TT
A

CC
CG

A
    

||
||

||
||

||
||

||
||

||
||

||
    

A
CG

G
A

G
A

TT
A

G
TA

A
CC

G
A

A
A

TG
G

G
CT

A
TC

TT
G

TT
3

0.
00

0.
00

0.
00

0.
28

23
94

30
-1

.0
0

10
14

42
-0

.7
8

G
A

CT
CT

TA
G

G
A

TC
G

A
CT

A
A

CC
-

TA
R

1
0.

85
30

.2
3

35
.4

0
6.

14
42

.3
7

6.
90

B
na

C0
2g

36
11

0D
un

kn
ow

n
48

5
G

A
CT

CT
TA

G
G

A
TC

G
A

CT
A

A
CC

    
||

||
||

||
||

||
||

||
||

||
| 

   
G

G
G

G
CT

G
A

G
A

A
TC

CT
A

G
CT

G
A

TT
G

G
G

TA
CA

CG
TT

3
0.

00
0.

00
0.

00
0.

23
25

73
7

-1
.1

2
12

54
7

-0
.8

0

G
A

TC
TC

CC
G

TG
TG

TT
A

CC
G

CA
+

TA
R

1
28

.7
1

18
6.

86
6.

51
44

.0
9

11
9.

75
2.

72
B

na
C0

3g
22

46
0D

Zi
nc

 f
in

ge
r 

CC
CH

 d
om

ai
n-

co
nt

ai
ni

ng
 

pr
ot

ei
n 

29
15

54
G

A
TC

TC
CC

G
TG

TG
TT

A
CC

G
CA

    
||

||
||

 |
||

 o
o|

o|
||

||
| 

   
A

CT
CC

TA
G

A
G

CG
CA

A
G

TA
G

TG
G

CG
TC

G
A

CG
G

T
TT

3
0.

00
0.

00
0.

00
0.

23
18

62
-0

.7
9

15
91

-0
.2

3

TT
CC

A
TG

TG
A

A
CG

G
CA

CT
TG

C
+

TA
R

1
73

.0
1

77
.9

9
1.

07
16

3.
72

12
4.

07
0.

76
B

na
C0

9g
11

20
0D

Pr
ob

ab
le

 L
R

R
 r

ec
ep

to
r-

lik
e 

se
ri

ne
/t

hr
eo

ni
ne

-p
ro

te
in

 k
in

as
e 

A
t1

g6
34

30
26

37
TT

CC
A

TG
TG

A
A

CG
G

CA
CT

TG
C 

   |
||

||
|o

||
||

 |
| 

||
||

| 
   

G
TT

CA
A

G
G

TA
TA

CT
T-

CC
A

TG
A

A
CT

CT
G

G
TG

C
TT

3
0.

00
0.

00
0.

00
0.

05
41

9
0.

11
47

9
-0

.0
7

A
G

A
TC

TG
CA

CC
G

A
CG

G
CC

G
CT

-
TA

R
1

0.
85

15
.2

2
17

.8
2

3.
48

33
.5

6
9.

64
B

na
A

09
g0

33
60

D
Ca

lm
od

ul
in

-4
27

0
A

G
A

TC
TG

CA
CC

G
A

CG
-G

CC
G

CT
    

||
||

||
||

||
| 

||
| 

| 
||

|o
    

G
TG

G
TC

TA
G

A
CG

TG
G

G
TG

CG
CC

G
CG

G
CG

A
A

G
C

TT
3

0.
00

0.
00

0.
00

0.
14

12
15

-1
.2

7
64

1
-0

.3
0

TG
CG

G
A

A
G

G
A

TC
A

TT
G

TC
G

TA
+

TA
R

1
28

9.
94

49
7.

11
1.

71
19

53
.4

1
38

4.
34

0.
20

B
na

A
05

g0
19

00
D

un
kn

ow
n

29
32

TG
CG

G
A

A
G

G
A

TC
A

TT
G

TC
-G

TA
    

||
 |

||
||

||
||

 |
oo

||
 |

o|
    

TC
G

TA
CA

CC
TT

CC
TA

G
CA

G
TA

G
TC

G
TA

G
A

A
G

G
TT

3
0.

00
0.

00
0.

00
0.

14
0

0.
26

0
-0

.2
5

A
CC

CG
A

TA
G

A
A

CT
CG

TT
TC

CG
-

TA
R

1
1.

80
15

.7
0

8.
75

24
.8

5
22

.9
8

0.
92

B
na

A
02

g0
74

20
D

Su
bt

ili
si

n-
lik

e 
pr

ot
ea

se
 S

B
T4

.9
37

00
A

CC
CG

A
TA

G
A

A
CT

CG
TT

TC
CG

    
||

||
||

||
||

||
o|

| 
 o

| 
| 

   
G

G
CT

TG
G

G
CT

A
TC

TT
G

G
G

CT
TG

G
CC

A
G

G
G

CT
T

TT
3

0.
00

0.
00

0.
00

0.
14

2
-0

.5
4

1
0.

09

A
A

A
CA

A
CC

CG
A

CT
CG

TA
G

A
CA

-
TA

R
1

3.
50

10
.5

8
3.

02
30

.5
3

25
.1

6
0.

82
B

na
C0

2g
16

08
0D

F-
bo

x 
pr

ot
ei

n 
A

t5
g5

04
50

82
3

A
A

A
CA

A
CC

CG
A

CT
CG

TA
G

A
CA

    
||

||
||

||
||

||
o|

| 
|o

 |
| 

   
CG

G
TT

TT
G

TT
G

G
G

CT
G

G
G

C-
TT

A
G

TT
TG

G
TT

A
TT

3
0.

00
0.

00
0.

00
0.

19
77

27
0.

91
87

07
0.

46

CC
A

CC
A

A
G

A
TC

TG
CA

CC
G

A
CG

-
TA

R
1

4.
36

79
.1

9
18

.1
7

5.
35

11
5.

18
21

.5
2

B
na

C0
6g

03
61

0D
H

el
ic

as
e-

lik
e 

tr
an

sc
ri

pt
io

n 
fa

ct
or

 C
H

R
27

 
42

17
CC

A
CC

A
A

G
A

TC
TG

CA
CC

G
A

CG
    

||
||

||
 |

 |
||

 |
||

|o
| 

| 
   

CG
G

A
G

G
TG

G
TA

CC
A

G
A

A
G

TG
G

TT
TC

CG
TC

TA
C

TT
3

0.
00

0.
00

0.
00

0.
37

29
3

0.
43

54
5

0.
14

A
A

A
A

TG
G

CC
CA

CT
TG

G
A

G
CT

CT
-

TA
R

1
4.

45
6.

53
1.

47
0.

00
25

.4
1

25
.4

1
B

na
C0

8g
46

15
0D

TA
R

1
14

70
A

A
A

A
TG

G
CC

CA
CT

TG
G

A
G

CT
CT

    
||

||
||

||
||

||
||

||
||

||
||

    
TG

G
TT

TT
TA

CC
G

G
G

TG
A

A
CC

TC
G

A
G

A
G

CT
A

A
G

TT
3

0.
00

0.
00

0.
00

0.
14

14
39

79
-1

.1
4

60
51

0
-0

.8
0

A
A

CT
TC

CT
TG

G
CC

TA
A

A
CG

G
CC

-
TA

R
1

1.
71

25
.6

1
15

.0
0

2.
66

16
2.

61
61

.2
1

B
na

A
06

g4
00

90
D

H
om

eo
bo

x-
le

uc
in

e 
zi

pp
er

 p
ro

te
in

 H
A

T1
83

5
A

A
CT

TC
CT

TG
G

CC
TA

A
A

CG
G

CC
    

||
||

| 
||

||
||

| 
||

 |
|o

 |
    

CA
A

G
TT

G
A

A
-G

A
A

CC
G

G
TT

TC
G

CT
CG

A
A

G
A

CA
TT

3
0.

00
0.

00
0.

00
0.

09
21

37
0.

10
34

90
-0

.7
6

G
TC

G
G

CC
A

A
G

G
TG

TG
A

A
CT

CG
-

TA
R

1
6.

92
52

.4
7

7.
58

4.
08

91
.3

2
22

.3
9

B
na

A
nn

g2
21

60
D

TA
R

1
43

5
G

TC
G

G
CC

A
A

G
G

TG
TG

A
A

CT
CG

    
||

||
||

||
||

||
||

||
||

||
| 

   
CG

G
A

CA
G

CC
G

G
TT

CC
A

CA
CT

TG
A

G
CA

A
CT

TA
T

TT
3

0.
00

0.
00

0.
00

0.
23

25
77

65
-1

.0
1

11
42

34
-0

.8
5

A
G

TT
CA

CA
CC

TT
G

G
CC

G
A

CA
G

+
TA

R
1

12
.6

9
45

.0
0

3.
55

12
2.

06
75

.3
3

0.
62

B
na

A
10

g3
05

30
D

A
nk

yr
in

 r
ep

ea
t-

co
nt

ai
ni

ng
 p

ro
te

in
 

A
t5

g0
26

20
65

1
A

G
TT

CA
CA

CC
TT

G
G

-C
CG

A
CA

G
    

||
|o

||
||

||
||

 |
 |

|o
||

||
    

CG
A

TT
CA

G
G

TG
TG

G
A

A
A

CA
G

G
TT

G
TC

CT
TT

G
T

TT
3

0.
00

0.
00

0.
00

0.
09

57
7

1.
97

20
83

0.
61

TT
G

G
CT

TT
A

CC
CG

A
TA

G
A

A
CT

C
-

TA
R

1
4.

31
66

.3
6

15
.3

9
9.

24
21

7.
09

23
.4

9
B

na
A

09
g0

44
20

D
TA

R
1

13
54

TT
G

G
CT

TT
A

CC
CG

A
TA

G
A

A
CT

C 
   |

||
||

||
||

||
||

||
||

||
||

| 
   

TA
G

TA
A

CC
G

A
A

A
TG

G
G

CT
A

TC
TT

G
A

G
CA

A
A

G
G

TT
3

0.
00

0.
00

0.
00

0.
09

23
94

30
-1

.0
0

10
14

42
-0

.7
8

A
TC

G
A

G
G

CC
TG

G
CT

CT
TG

CC
C

-
TA

R
1

57
.0

1
79

.2
1

1.
39

21
4.

29
16

1.
12

0.
75

B
na

A
nn

g2
21

60
D

TA
R

1
32

69
A

TC
G

A
G

G
CC

TG
G

CT
CT

TG
CC

C 
   |

||
||

||
||

||
||

||
||

||
||

    
TG

A
G

TA
G

CT
CC

G
G

A
CC

G
A

G
A

A
CG

G
G

G
CT

G
CC

G
TT

3
0.

00
0.

00
0.

00
0.

14
25

77
65

-1
.0

1
11

42
34

-0
.8

5

A
CG

CC
CC

G
A

A
TC

G
A

TC
G

G
CG

G
A

-
TA

R
1

6.
16

10
.0

9
1.

64
3.

70
48

.2
1

13
.0

3
B

na
C0

8g
31

01
0D

un
kn

ow
n

11
34

A
CG

CC
CC

G
A

A
TC

G
A

TC
G

G
CG

G
A

    
| 

||
||

||
||

| 
||

 |
o|

||
 |

    
CG

A
G

TA
CG

G
G

G
CT

TA
-C

TT
G

TC
G

CA
TG

TA
G

A
A

TT
3

0.
00

0.
00

0.
00

0.
05

43
0

0.
80

71
0

0.
16

G
A

G
CT

CT
CG

A
TT

CC
G

TG
G

G
A

TG
-

TA
R

1
0.

00
8.

18
8.

18
2.

06
28

.9
9

14
.0

8
B

na
A

nn
g2

21
60

D
TA

R
1

30
13

G
A

G
CT

CT
CG

A
TT

CC
G

TG
G

G
A

TG
    

||
||

||
||

||
||

||
||

||
||

||
    

G
A

A
CC

TC
G

A
G

A
G

CT
A

A
G

G
CA

CC
CT

A
CC

G
A

G
TT

TT
3

0.
00

0.
00

0.
00

0.
05

25
77

65
-1

.0
1

11
42

34
-0

.8
5

CC
G

TC
TG

CG
A

CG
TC

G
CG

A
G

A
A

+
TA

R
1

46
4.

02
59

7.
62

1.
29

17
11

.4
2

90
0.

63
0.

53
B

na
C0

2g
16

08
0D

F-
bo

x 
pr

ot
ei

n 
A

t5
g5

04
50

65
0

CC
G

TC
TG

CG
A

CG
TC

G
CG

A
G

A
A

    
||

 |
| 

||
||

||
||

||
||

| 
| 

   
TG

CT
G

G
A

A
G

CC
G

CT
G

CA
G

CG
CT

CC
TT

G
CG

G
CA

TT
3

0.
00

0.
00

0.
00

0.
23

77
27

0.
91

87
07

0.
46

A
A

CC
CG

A
CT

CG
TA

G
A

CA
G

CG
C

-
TA

R
1

14
.2

3
78

.9
3

5.
55

10
2.

12
10

5.
59

1.
03

B
na

A
nn

g2
21

60
D

TA
R

1
16

13
A

A
CC

CG
A

CT
CG

TA
G

A
CA

G
CG

C 
   |

||
||

||
||

||
||

||
||

||
||

    
TT

TG
TT

G
G

G
CT

G
A

G
CA

TC
TG

TC
G

CG
G

A
G

CA
CC

TT
3

0.
00

0.
00

0.
00

0.
93

25
77

65
-1

.0
1

11
42

34
-0

.8
5

TC
CT

A
A

G
A

G
TC

G
G

G
G

G
A

A
A

CC
+

TA
R

1
29

7.
22

29
1.

49
0.

98
40

6.
86

52
8.

42
1.

30
B

na
C0

4g
38

97
0D

Tr
an

sc
ri

pt
io

n 
fa

ct
or

 L
H

W
38

03
TC

CT
A

A
G

A
G

-T
CG

G
G

G
G

A
A

A
CC

    
||

|o
||

||
| 

||
||

||
o|

||
    

TT
CA

G
G

G
TT

CT
CT

A
G

CC
CC

TT
TT

TT
TC

G
TT

TA
TT

3
0.

00
0.

00
0.

00
0.

05
86

9
-0

.6
4

77
5

-0
.3

0

A
G

TT
CT

A
TC

G
G

G
TA

A
A

G
CC

A
A

+
TA

R
1

9.
95

15
.4

7
1.

55
44

.6
7

30
.0

0
0.

67
B

na
Cn

ng
67

37
0D

un
kn

ow
n

37
5

A
G

TT
CT

A
TC

G
G

G
TA

A
A

G
CC

A
A

    
||

||
||

||
||

||
||

||
||

||
| 

   
TT

G
CT

CA
A

G
A

TA
G

CC
CA

TT
TC

G
G

TT
A

CT
A

A
TC

TT
3

0.
00

0.
00

0.
00

0.
09

33
42

-1
.0

3
14

16
-1

.0
0

A
CG

G
A

A
TC

G
A

G
A

G
CT

CC
A

A
G

T
+

TA
R

1
12

36
.1

3
13

39
.3

7
1.

08
27

08
.6

5
22

49
.4

8
0.

83
B

na
C0

3g
64

12
0D

V
ac

uo
la

r 
pr

ot
ei

n 
so

rt
in

g-
as

so
ci

at
ed

 
pr

ot
ei

n 
28

 h
om

ol
og

 1
89

9
A

CG
G

A
A

TC
G

A
G

A
G

CT
CC

A
A

G
T 

   |
||

||
| 

| 
||

||
||

| 
||

||
    

TT
G

TT
G

CC
TT

CG
-T

CT
CG

A
G

CT
TC

A
TC

TC
CG

G
TT

3
0.

00
0.

00
0.

00
0.

05
22

49
-0

.1
2

24
17

0.
72

TA
TG

G
G

A
CG

G
A

A
G

CT
G

A
TC

TC
C

+
TA

R
1

37
.8

0
37

7.
74

9.
99

93
.0

6
41

5.
63

4.
47

B
na

C0
4g

12
31

0D
M

em
br

an
e 

m
et

al
lo

pr
ot

ea
se

 A
R

A
SP

, 
ch

lo
ro

pl
as

ti
c 

28
7

TA
TG

G
G

A
CG

G
A

A
G

CT
G

A
TC

TC
C 

   |
 |

|o
||

||
||

 |
|o

| 
||

||
| 

   
A

A
CC

A
G

A
CT

CT
G

CC
T-

CG
G

CA
A

G
A

G
G

TA
CG

CC
TT

3
0.

00
0.

00
0.

00
0.

09
62

63
-0

.6
5

42
46

-0
.1

2

A
A

A
CA

A
CC

CG
A

CT
CG

TA
G

A
CA

-
TA

R
1

3.
50

10
.5

8
3.

02
30

.5
3

25
.1

6
0.

82
B

na
C0

8g
46

15
0D

TA
R

1
61

3
A

A
A

CA
A

CC
CG

A
CT

CG
TA

G
A

CA
    

||
||

||
||

||
||

||
||

||
||

| 
   

A
G

G
G

TT
TG

TT
G

G
G

CT
G

A
G

CA
TC

TG
TC

G
CG

G
A

G
TT

3
0.

00
0.

00
0.

00
2.

45
14

39
79

-1
.1

4
60

51
0

-0
.8

0

TT
G

CC
TC

A
A

A
CT

TC
CT

TG
G

CC
T

-
TA

R
1

14
.8

7
20

.2
8

1.
36

75
.6

9
83

.4
8

1.
10

B
na

A
nn

g2
21

60
D

TA
R

1
35

2
TT

G
CC

TC
A

A
A

CT
TC

CT
TG

G
CC

T 
   |

||
||

||
||

||
||

||
||

||
||

| 
   

CA
A

TA
A

CG
G

A
G

TT
TG

A
A

G
G

A
A

CC
G

G
A

TT
TG

CC
TT

3
0.

00
0.

00
0.

00
0.

32
25

77
65

-1
.0

1
11

42
34

-0
.8

5

TT
A

A
TC

G
A

CC
A

A
CA

CC
CT

TT
G

-
TA

R
1

3.
55

10
.6

1
2.

98
4.

08
20

.1
8

4.
95

B
na

A
nn

g3
67

30
D

Pu
ta

ti
ve

 u
nc

ha
ra

ct
er

iz
ed

 p
ro

te
in

 A
R

T3
15

72
TT

A
A

TC
G

A
CC

A
A

CA
CC

CT
TT

G
    

||
||

||
||

||
||

||
||

||
||

| 
   

A
CA

G
A

A
TT

A
G

CT
G

G
TT

G
TG

G
G

A
A

A
CA

CC
CA

A
G

TT
3

0.
00

0.
00

0.
00

0.
14

32
58

4
-0

.1
7

17
99

6
-0

.7
4

G
TC

CT
G

CT
G

TC
TT

A
A

TC
G

A
CC

-
TA

R
1

0.
00

31
.0

4
31

.0
4

15
.7

5
50

.9
8

3.
24

B
na

A
nn

g3
67

30
D

Pu
ta

ti
ve

 u
nc

ha
ra

ct
er

iz
ed

 p
ro

te
in

 A
R

T3
15

83
G

TC
CT

G
CT

G
TC

TT
A

A
TC

G
A

CC
    

||
||

||
||

||
||

||
||

||
||

| 
   

G
TG

G
CA

G
G

A
CG

A
CA

G
A

A
TT

A
G

CT
G

G
TT

G
TG

G
G

TT
3

0.
00

0.
00

0.
00

0.
19

32
58

4
-0

.1
7

17
99

6
-0

.7
4

CA
A

A
TG

A
G

A
A

CT
TT

G
A

A
G

G
CA

+
TA

R
1

23
.0

1
34

.9
8

1.
52

59
.6

9
41

.1
8

0.
69

B
na

C0
8g

47
04

0D
un

kn
ow

n
38

9
CA

A
A

TG
A

G
A

A
CT

TT
G

A
A

G
G

CA
    

||
||

||
||

||
||

||
||

||
||

    
A

TA
A

G
TT

TA
CT

CT
TG

A
A

A
CT

TC
CG

G
CT

TC
TC

C
TT

3
0.

00
0.

00
0.

00
0.

14
12

7
-1

.1
0

34
-1

.0
9

CC
A

CC
A

A
G

A
TC

TG
CA

CC
G

A
CG

G
-

TA
R

1
34

.1
0

23
.7

2
0.

70
82

.5
9

10
3.

97
1.

26
B

na
C0

2g
36

11
0D

un
kn

ow
n

38
9

CC
A

CC
A

A
G

A
TC

TG
CA

CC
G

A
CG

G
    

||
||

||
||

||
||

||
||

||
||

o|
    

TG
A

TG
G

TG
G

TT
CT

A
G

A
CG

TG
G

CT
G

TC
G

G
TG

A
G

TT
3

0.
00

0.
00

0.
00

0.
09

25
73

7
-1

.1
2

12
54

7
-0

.8
0

TG
TC

G
G

CC
A

A
G

G
TG

TG
A

A
CT

C
-

TA
R

1
32

.2
9

14
9.

93
4.

64
14

8.
96

29
0.

43
1.

95
B

na
C0

9g
17

83
0D

G
lu

ta
th

io
ne

 g
am

m
a-

gl
ut

am
yl

cy
st

ei
ny

lt
ra

ns
fe

ra
se

 1
11

36
TG

TC
G

G
CC

A
A

G
G

TG
TG

A
A

CT
C 

   |
||

 |
||

||
||

|o
 o

||
||

o|
    

G
G

CA
A

CA
-C

CG
G

TT
CC

G
A

G
CT

TG
G

G
CC

CA
CC

G
TT

3
0.

00
0.

00
0.

00
0.

05
1

-0
.4

7
1

0.
32



  

 

         CG
TC

TG
CG

A
CG

TC
G

CG
A

G
A

A
G

+
TA

R
1

10
9.

87
31

9.
01

2.
90

21
6.

40
44

7.
47

2.
07

B
na

A
09

g3
54

50
D

un
kn

ow
n

21
1

CG
TC

TG
CG

A
CG

TC
G

CG
A

G
A

A
G

    
||

||
||

||
||

| 
||

 |
 |

||
| 

   
TA

CC
G

CA
G

A
CG

CT
G

CC
G

CT
C-

CT
TC

TA
TC

CT
C

TT
3

0.
00

0.
00

0.
00

0.
05

29
47

-0
.4

4
25

33
0.

07

TT
G

G
TC

CG
TG

TT
A

CA
A

G
A

CA
-

TA
R

1
3.

42
5.

42
1.

59
13

.0
6

30
.9

6
2.

37
B

na
A

nn
g2

21
60

D
TA

R
1

20
09

TT
G

G
TC

CG
TG

TT
A

CA
A

G
A

CA
    

 |
||

||
||

||
||

| 
||

||
||

    
G

A
G

G
A

A
CC

A
G

G
CA

CA
A

A
G

TT
CT

G
CC

CA
G

CT
TA

TT
3

0.
00

0.
00

0.
00

0.
79

25
77

65
-1

.0
1

11
42

34
-0

.8
5

TA
G

G
CC

A
A

G
G

A
A

G
TT

TG
A

G
G

CA
+

TA
R

1
13

0.
02

25
9.

46
2.

00
40

7.
50

56
6.

27
1.

39
B

na
A

08
g0

24
50

D
un

kn
ow

n
12

77
TA

G
G

CC
A

A
G

G
A

A
G

TT
TG

A
G

G
CA

    
||

||
| 

||
||

||
||

 |
| 

||
| 

   
TT

A
CC

TC
CG

G
CT

CC
TT

CA
A

-C
TA

CG
TC

TT
CG

T
TT

3
0.

00
0.

00
0.

00
0.

09
11

9
1.

03
75

0
-0

.0
6

TA
G

CT
CG

G
A

TT
TT

G
G

CC
A

A
CC

G
C

-
TA

R
1

20
.4

2
26

.8
6

1.
32

83
.9

1
39

.7
4

0.
47

B
na

A
nn

g3
67

30
D

Pu
ta

ti
ve

 u
nc

ha
ra

ct
er

iz
ed

 p
ro

te
in

 A
R

T3
24

0
TA

G
CT

CG
G

A
TT

TT
G

G
CC

A
A

CC
G

C 
   |

||
||

||
||

||
||

||
||

||
||

||
    

A
G

G
A

A
TC

G
A

G
CC

TA
A

A
A

CC
G

G
TT

G
G

CG
CA

CG
C

TT
3

0.
00

0.
00

0.
00

0.
14

32
58

4
-0

.1
7

17
99

6
-0

.7
4

G
TC

TG
CG

A
CG

TC
G

CG
A

G
A

A
G

TC
+

TA
R

1
17

7.
74

27
94

.5
5

15
.7

2
30

1.
43

71
06

.1
7

23
.5

7
B

na
A

06
g2

35
60

D
B

et
a-

D
-x

yl
os

id
as

e 
4

30
68

G
TC

TG
CG

A
CG

TC
G

CG
A

G
A

A
G

TC
    

|o
||

||
||

||
||

||
  |

||
oo

| 
   

A
A

A
G

CG
G

A
CG

CT
G

CA
G

CG
G

CC
TT

TG
G

G
TA

G
A

G
TT

3
0.

00
0.

00
0.

00
0.

42
76

3
0.

93
55

5
0.

73

CG
CG

A
A

CT
TC

G
A

A
A

G
G

G
G

A
TC

+
TA

R
1

10
7.

19
86

3.
03

8.
05

25
9.

07
20

36
.7

4
7.

86
B

na
C0

2g
40

26
0D

El
on

ga
ti

on
 f

ac
to

r 
2 

26
63

CG
CG

A
A

CT
TC

G
A

A
A

G
G

G
G

A
TC

    
||

|o
||

|o
||

 |
||

| 
o|

||
| 

   
TG

CA
G

CG
TT

TG
G

A
G

-T
TT

CG
TC

TA
G

G
G

A
G

A
G

T
TT

3
0.

00
0.

00
0.

00
0.

14
25

93
1.

15
57

19
0.

28

TA
TG

G
G

A
CG

G
A

A
G

CT
G

A
TC

TC
+

TA
R

1
11

9.
99

56
3.

81
4.

70
18

2.
12

36
8.

24
2.

02
B

na
C0

4g
12

31
0D

M
em

br
an

e 
m

et
al

lo
pr

ot
ea

se
 A

R
A

SP
, 

ch
lo

ro
pl

as
ti

c 
28

7
TA

TG
G

G
A

CG
G

A
A

G
CT

G
A

TC
TC

    
| 

||
o|

||
||

| 
||

o|
 |

||
| 

   
A

A
CC

A
G

A
CT

CT
G

CC
T-

CG
G

CA
A

G
A

G
G

TA
CG

CC
TT

3
0.

00
0.

00
0.

00
0.

09
62

63
-0

.6
5

42
46

-0
.1

2

G
G

TA
TA

G
G

TC
G

CG
CG

CT
TC

A
G

C
-

TA
R

1
0.

85
18

.7
8

22
.0

0
3.

48
37

.6
8

10
.8

2
B

na
A

07
g3

25
60

D
Sm

al
l n

uc
le

ar
 r

ib
on

uc
le

op
ro

te
in

 S
m

D
3a

 
17

5
G

G
TA

TA
G

G
TC

G
C-

G
CG

CT
TC

A
G

C 
   |

||
o|

| 
||

||
 |

| 
||

||
||

| 
   

G
G

A
G

A
CA

TG
TC

G
A

G
CG

G
CG

A
G

A
A

G
TC

G
A

G
G

TG
TT

3
0.

00
0.

00
0.

00
0.

09
52

6
-0

.2
5

61
0

-0
.0

5

A
CT

CT
TA

G
G

A
TC

G
A

CT
A

A
CC

C
-

TA
R

1
6.

07
16

.2
9

2.
69

26
.0

1
20

.4
5

0.
79

B
na

A
nn

g1
67

00
D

un
kn

ow
n

95
4

A
CT

CT
TA

G
G

A
TC

G
A

CT
A

A
CC

C 
   |

||
||

||
||

||
||

||
||

||
||

    
G

G
G

CT
G

A
G

A
A

TC
CT

A
G

CT
G

A
TT

G
G

G
TA

CA
CG

T
TT

3
0.

00
0.

00
0.

00
0.

32
0

0.
17

2
0.

44

A
A

CA
A

CC
CG

A
CT

CG
TA

G
A

CA
G

-
TA

R
1

20
.2

8
12

.5
9

0.
62

33
.0

0
35

.3
7

1.
07

B
na

A
08

g2
17

60
D

4-
co

um
ar

at
e-

-C
oA

 li
ga

se
-l

ik
e 

5
12

92
A

A
CA

A
CC

CG
A

CT
CG

TA
G

A
CA

G
    

||
 |

||
||

||
|o

||
| 

||
| 

| 
   

CA
G

G
TT

CT
TG

G
G

CT
G

G
G

CA
-C

TG
G

CC
TA

G
G

TG
TT

3
0.

00
0.

00
0.

00
0.

05
82

52
-1

.1
5

26
7

-2
.1

0

A
A

CC
CG

A
CT

CG
TA

G
A

CA
G

CG
C

-
TA

R
1

14
.2

3
78

.9
3

5.
55

10
2.

12
10

5.
59

1.
03

B
na

C0
8g

46
15

0D
TA

R
1

60
9

A
A

CC
CG

A
CT

CG
TA

G
A

CA
G

CG
C 

   |
||

||
||

||
||

||
||

||
||

||
    

TT
TG

TT
G

G
G

CT
G

A
G

CA
TC

TG
TC

G
CG

G
A

G
CA

CC
TT

3
0.

00
0.

00
0.

00
0.

93
14

39
79

-1
.1

4
60

51
0

-0
.8

0

CG
TC

TG
CG

A
CG

TC
G

CG
A

G
A

A
G

+
TA

R
1

10
9.

87
31

9.
01

2.
90

21
6.

40
44

7.
47

2.
07

B
na

C0
2g

16
08

0D
F-

bo
x 

pr
ot

ei
n 

A
t5

g5
04

50
64

9
CG

TC
TG

CG
A

CG
TC

G
CG

A
G

A
A

G
    

| 
||

 |
||

||
||

||
||

||
 |

o 
   

G
CT

G
G

A
A

G
CC

G
CT

G
CA

G
CG

CT
CC

TT
G

CG
G

CA
T

TT
3

0.
00

0.
00

0.
00

0.
05

77
27

0.
91

87
07

0.
46

1  s
R

N
A

 s
eq

 /
 D

Es
eq

 d
at

a
2  P

A
R

Es
eq

 /
 P

A
R

Es
ni

p 
da

ta
3  R

N
A

se
q 

/ 
D

es
eq

 d
at

a
4  "

TA
R

1"
 s

ta
nd

s 
fo

r 
a 

sm
al

l g
en

e 
fa

m
ily

 p
re

di
ct

ed
 t

o 
en

co
de

 a
 h

om
ol

og
 o

f 
th

e 
ye

as
t 

Pr
ot

ei
n 

TA
R

1 
ge

ne
 (

B
na

A
nn

g2
21

60
D

, B
na

A
09

g0
44

20
D

, B
na

C0
8g

46
15

0D
, B

na
A

nn
g2

17
60

D
)



  Ta
bl

e 
S2

8:
 T

uM
V 

vs
iR

N
As

 a
ss

oc
ia

te
d 

w
ith

 v
RN

A 
cl

ea
va

ge
 in

 D
ra

kk
ar

 

 

   

vs
iR

NA
(-)

 st
ra

nd
vs

iR
NA

 m
ea

n 
re

ad
s

vs
iR

NA
 m

ea
n 

re
ad

s (
rp

m
)

Cl
ea

va
ge

 P
os

iti
on

vs
iR

NA
:v

RN
A 

ta
rg

et
 p

ai
r (

5'
- 3

' :
 3

'-5
')

Fr
ag

m
en

t s
ig

na
tu

re
s

Fr
ag

m
en

t s
ig

na
tu

re
s (

rp
m

)
TT

TC
AT

CT
GG

AT
GT

GT
GC

CT
C

y
19

94
18

6
10

23
1

TT
TC

AT
CT

GG
AT

GT
GT

GC
CT

C 
   

||
||

||
||

||
||

||
||

||
||

| 
   

GA
CG

AA
AG

TA
GA

CC
TA

CA
CA

CG
GA

GA
GA

GC
GT

12
23

8
20

3.
96

AT
CA

GC
CA

TT
AC

AC
CT

TC
AA

A
y

16
20

15
1

98
68

AT
CA

GC
CA

TT
AC

AC
CT

TC
AA

A 
   

||
||

||
||

||
||

||
||

||
||

| 
   

GC
AT

TA
GT

CG
GT

AA
TG

TG
GA

AG
TT

TG
GT

AC
AC

35
08

58
.4

6
CT

TG
AG

CT
GG

TT
CC

TT
AT

CA
A

y
43

9
41

94
31

CT
TG

AG
CT

GG
TT

CC
TT

AT
CA

A 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AG
GA

GA
AC

TC
GA

CC
AA

GG
AA

TA
GT

TC
CA

TC
TC

86
1

14
.3

5
TT

TT
GC

CT
CT

CT
CG

TT
CC

TT
T

y
21

08
19

7
96

06
TT

TT
GC

CT
CT

CT
CG

TT
CC

TT
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
GA

CG
AA

AA
CG

GA
GA

GA
GC

AA
GG

AA
AA

GA
CG

GA
57

3
9.

55
TT

TT
GC

CT
CT

CT
CG

TT
CC

TT
TT

y
16

6
16

96
06

TT
TT

GC
CT

CT
CT

CG
TT

CC
TT

TT
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   
GA

CG
AA

AA
CG

GA
GA

GA
GC

AA
GG

AA
AA

GA
CG

GA
57

3
9.

55
TT

TG
CC

TC
TC

TC
GT

TC
CT

TT
T

y
17

16
16

0
96

05
TT

TG
CC

TC
TC

TC
GT

TC
CT

TT
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
AC

GA
AA

AC
GG

AG
AG

AG
CA

AG
GA

AA
AG

AC
GG

AA
54

1
9.

02
TT

TG
CC

TC
TC

TC
GT

TC
CT

TT
TC

y
32

4
30

96
05

TT
TG

CC
TC

TC
TC

GT
TC

CT
TT

TC
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   
AC

GA
AA

AC
GG

AG
AG

AG
CA

AG
GA

AA
AG

AC
GG

AA
54

1
9.

02
CA

TC
TT

CA
TA

AT
CC

TC
AA

AG
A

y
35

25
32

9
94

79
CA

TC
TT

CA
TA

AT
CC

TC
AA

AG
A 

   
||

||
||

||
||

||
||

||
||

||
| 

   
CG

TG
GT

AG
AA

GT
AT

TA
GG

AG
TT

TC
TA

AC
GA

AC
49

4
8.

23
TC

GG
TT

CT
GT

TC
TT

CA
GG

TA
T

y
68

9
64

24
75

TC
GG

TT
CT

GT
TC

TT
CA

GG
TA

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

CA
AG

AG
CC

AA
GA

CA
AG

AA
GT

CC
AT

AG
CA

CG
AT

24
0

4.
00

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C
y

16
26

15
2

95
70

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AG
AG

AG
GA

AG
AA

GA
GG

AA
GA

GA
CG

GA
CG

AA
AA

22
5

3.
75

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

CT
y

16
5

15
95

70
TC

CT
TC

TT
CT

CC
TT

CT
CT

GC
CT

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

AG
AG

AG
GA

AG
AA

GA
GG

AA
GA

GA
CG

GA
CG

AA
AA

22
5

3.
75

TC
TC

CT
TC

TT
CT

CC
TT

CT
CT

G
y

46
6

44
95

72
TC

TC
CT

TC
TT

CT
CC

TT
CT

CT
G 

   
||

||
||

||
||

||
||

||
||

||
| 

   
AG

AG
AG

AG
GA

AG
AA

GA
GG

AA
GA

GA
CG

GA
CG

AA
20

6
3.

43
CT

CC
TT

CT
CT

GC
CT

GC
TT

TT
G

y
54

4
51

95
62

CT
CC

TT
CT

CT
GC

CT
GC

TT
TT

G 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AG
AA

GA
GG

AA
GA

GA
CG

GA
CG

AA
AA

CG
AG

CA
GA

18
0

3.
00

TC
TT

CT
CC

TT
CT

CT
GC

CT
GC

T
y

20
16

18
8

95
96

TC
TT

CT
CC

TT
CT

CT
GC

CT
GC

T 
   

||
 |

 |
||

||
 |

||
||

||
 |

| 
   

AG
AG

AG
CA

-A
GG

AA
AA

GA
CG

GA
AG

AG
AG

AG
AG

11
3

1.
88

AG
CT

TC
CT

CA
GC

GC
TG

TT
TC

C
y

41
9

39
94

05
AG

CT
TC

CT
CA

GC
GC

TG
TT

TC
C 

   
||

||
||

||
||

||
||

||
||

||
| 

   
CA

TC
TC

GA
AG

GA
GT

CG
CG

AC
AA

AG
GC

GA
TA

CA
10

2
1.

70
TT

TT
GC

CT
CT

CT
CG

TT
CC

TT
T

y
21

08
19

7
95

85
TT

TT
GC

C-
TC

TC
TC

GT
TC

CT
TT

   
 |

|o
||

||
 |

||
||

| 
o|

||
||

o 
   

GA
AA

AG
AC

GG
AA

GA
GA

GA
GA

GG
AA

GA
AG

AG
GA

60
1.

00
TT

TT
GC

CT
CT

CT
CG

TT
CC

TT
TT

y
16

6
16

95
85

TT
TT

GC
C-

TC
TC

TC
GT

TC
CT

TT
T 

   
||

o|
||

| 
||

||
||

 o
||

||
|o

| 
   

GA
AA

AG
AC

GG
AA

GA
GA

GA
GA

GG
AA

GA
AG

AG
GA

60
1.

00
AG

TA
AT

CC
TT

CT
TC

TT
TC

CT
T

y
39

8
37

83
72

AG
TA

AT
CC

TT
CT

TC
TT

TC
CT

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

CG
CT

TC
AT

TA
GG

AA
GA

AG
AA

AG
GA

AA
TA

TG
TT

54
0.

90
CA

GA
TT

CC
CT

CT
CT

TT
TG

TG
C

y
18

80
17

6
91

71
CA

GA
TT

CC
CT

CT
CT

TT
TG

TG
C 

   
||

||
||

||
||

||
||

||
||

||
| 

   
TT

AG
GT

CT
AA

GG
GA

GA
GA

AA
AC

AC
GG

GG
AC

CA
47

0.
78

TT
TG

CC
TC

TC
TC

GT
TC

CT
TT

T
y

17
16

16
0

95
84

TT
TG

CC
-T

CT
CT

CG
TT

CC
TT

TT
   

 |
o|

||
| 

||
||

||
 o

||
||

|o
| 

   
AA

AA
GA

CG
GA

AG
AG

AG
AG

AG
GA

AG
AA

GA
GG

AA
46

0.
77

TT
TG

CC
TC

TC
TC

GT
TC

CT
TT

TC
y

32
4

30
95

84
TT

TG
CC

-T
CT

CT
CG

TT
CC

TT
TT

C 
   

|o
||

||
 |

||
||

| 
o|

||
||

o|
   

 A
AA

AG
AC

GG
AA

GA
GA

GA
GA

GG
AA

GA
AG

AG
GA

A
46

0.
77

CA
AC

TT
TG

TT
TC

AG
TA

TT
TC

T
y

34
9

33
84

21
CA

AC
TT

TG
TT

TC
AG

TA
TT

TC
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
AA

GT
GT

TG
AA

AC
AA

AG
TC

AT
AA

AG
AA

GA
AA

GT
41

0.
68

CA
AC

TT
TG

TT
TC

AG
TA

TT
TC

TT
y

27
1

25
84

21
CA

AC
TT

TG
TT

TC
AG

TA
TT

TC
TT

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

AA
GT

GT
TG

AA
AC

AA
AG

TC
AT

AA
AG

AA
GA

AA
GT

41
0.

68
CA

TT
GC

GA
AA

TT
TT

AG
TT

TC
T

y
18

1
17

66
92

CA
TT

GC
GA

AA
TT

TT
AG

TT
TC

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

GC
CC

GT
AA

CG
CT

TT
AA

AA
TC

AA
AG

AC
GG

AA
AC

37
0.

62
CA

TT
CG

AT
CT

AG
GT

TT
CG

CA
y

21
1

20
42

5
CA

TT
CG

AT
CT

AG
GT

TT
CG

CA
   

  |
||

||
||

||
||

||
||

||
||

| 
   

TG
CC

GT
AA

GC
TA

GA
TC

CA
AA

GC
GT

TG
GA

GG
TC

35
0.

58
TC

TT
CT

CC
TT

CT
CT

GC
CT

GC
T

y
20

16
18

8
95

66
TC

TT
CT

CC
TT

CT
CT

GC
CT

GC
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
AG

GA
AG

AA
GA

GG
AA

GA
GA

CG
GA

CG
AA

AA
CG

AG
32

0.
53

CA
CT

TC
TC

TA
CC

CA
TT

TT
GT

T
y

41
5

39
67

21
CA

CT
TC

TC
TA

CC
CA

TT
TT

GT
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
GC

AT
GT

GA
AG

AG
AT

GG
GT

AA
AA

CA
AC

AG
AG

CC
29

0.
48

CA
CT

TC
TC

TA
CC

CA
TT

TT
GT

TG
y

10
2

10
67

21
CA

CT
TC

TC
TA

CC
CA

TT
TT

GT
TG

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

GC
AT

GT
GA

AG
AG

AT
GG

GT
AA

AA
CA

AC
AG

AG
CC

29
0.

48
AT

TC
TC

AT
CA

GT
GA

CA
TA

AT
T

y
16

8
16

83
02

AT
TC

TC
AT

CA
GT

GA
CA

TA
AT

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AC
AG

TA
AG

AG
TA

GT
CA

CT
GT

AT
TA

AC
GT

AC
AA

23
0.

38
TG

AC
TT

TG
AA

GT
CT

CT
TT

CA
A

y
41

8
39

53
87

TG
AC

TT
TG

AA
GT

CT
CT

TT
CA

A 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AA
GC

AC
TG

AA
AC

TT
CA

GA
GA

AA
GT

TA
AT

CT
TC

22
0.

37
CT

TC
TG

CT
TC

GT
TT

CT
GG

G
y

10
4

10
10

07
3

CT
TC

TG
CT

TC
GT

TT
CT

GG
G 

   
  |

||
| 

||
| 

||
|o

 |
||

oo
   

 A
TG

CG
AA

GT
CG

AT
GC

AG
TG

AC
TT

TA
CC

CG
GT

A
19

0.
32

CC
TT

CT
TC

TC
CT

TC
TC

TG
CC

T
y

15
73

14
7

95
69

CC
TT

CT
TC

TC
CT

TC
TC

TG
CC

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

GA
GA

GG
AA

GA
AG

AG
GA

AG
AG

AC
GG

AC
GA

AA
AC

18
0.

30
TG

AC
TT

TG
AA

GT
CT

CT
TT

CA
A

y
41

8
39

59
13

TG
AC

TT
TG

AA
GT

CT
CT

TT
CA

A 
   

||
| 

||
||

 |
o|

||
||

||
 |

   
 A

GA
GA

CT
CA

AA
C-

TT
AG

AG
AA

AT
TC

TC
AC

GC
A

16
0.

27
AA

CT
TT

GT
TT

CA
GT

AT
TT

CT
T

y
65

4
61

84
20

AA
CT

TT
GT

TT
CA

GT
AT

TT
CT

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AG
TG

TT
GA

AA
CA

AA
GT

CA
TA

AA
GA

AG
AA

AG
TA

13
0.

22
TG

CA
GA

GA
AA

TC
TT

CA
GG

AT
C

y
58

40
54

6
68

65
TG

CA
GA

GA
AA

TC
TT

CA
GG

AT
C 

   
||

||
||

||
||

||
||

||
||

||
| 

   
CT

TG
AC

GT
CT

CT
TT

AG
AA

GT
CC

TA
GT

TT
GG

GT
13

0.
22

CT
TT

AA
TC

GT
TT

TG
TG

TA
TG

T
y

80
5

75
35

CT
TT

AA
TC

GT
TT

TG
TG

TA
TG

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AA
AC

GA
AA

TT
AG

CA
AA

AC
AC

AT
AC

AA
TA

CA
AC

1
0.

02

Dr
ak

ka
r-s

pe
cif

ic



  Ta
bl

e 
S2

9:
 T

uM
V 

vs
iR

N
As

 a
ss

oc
ia

te
d 

w
ith

 v
RN

A 
cl

ea
va

ge
 in

 T
an

to
 

 

vs
iR

NA
(-)

 st
ra

nd
vs

iR
NA

 m
ea

n 
re

ad
s

vs
iR

NA
 m

ea
n 

re
ad

s (
rp

m
)

Cl
ea

va
ge

 P
os

iti
on

vs
iR

NA
:v

RN
A 

ta
rg

et
 p

ai
r (

5'
-3

' :
  3

'-5
')

Fr
ag

m
en

t s
ig

na
tu

re
s

Fr
ag

m
en

t s
ig

na
tu

re
s (

rp
m

)
TT

TC
AT

CT
GG

AT
GT

GT
GC

CT
C

y
16

19
15

0
10

23
1

TT
TC

AT
CT

GG
AT

GT
GT

GC
CT

C 
   

||
||

||
||

||
||

||
||

||
||

| 
   

GA
CG

AA
AG

TA
GA

CC
TA

CA
CA

CG
GA

GA
GA

GC
GT

76
82

12
3.

22
CT

CC
TT

CT
CT

GC
CT

GC
TT

TT
G

y
47

6
44

95
62

CT
CC

TT
CT

CT
GC

CT
GC

TT
TT

G 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AG
AA

GA
GG

AA
GA

GA
CG

GA
CG

AA
AA

CG
AG

CA
GA

60
06

96
.3

4
AT

CA
GC

CA
TT

AC
AC

CT
TC

AA
A

y
13

96
13

0
98

68
AT

CA
GC

CA
TT

AC
AC

CT
TC

AA
A 

   
||

||
||

||
||

||
||

||
||

||
| 

   
GC

AT
TA

GT
CG

GT
AA

TG
TG

GA
AG

TT
TG

GT
AC

AC
41

11
65

.9
4

CA
GT

GC
TG

CT
GC

TT
TC

AT
CT

G
y

41
3

38
10

24
3

CA
GT

GC
TG

CT
GC

TT
TC

AT
CT

G 
   

||
||

||
||

||
||

||
||

||
||

| 
   

GT
GC

GT
CA

CG
AC

GA
CG

AA
AG

TA
GA

CC
TA

CA
CA

14
94

23
.9

6
TT

TG
CC

TC
TC

TC
GT

TC
CT

TT
T

y
12

40
11

5
96

05
TT

TG
CC

TC
TC

TC
GT

TC
CT

TT
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
AC

GA
AA

AC
GG

AG
AG

AG
CA

AG
GA

AA
AG

AC
GG

AA
11

44
18

.3
5

TT
TG

CC
TC

TC
TC

GT
TC

CT
TT

TC
y

44
2

41
96

05
TT

TG
CC

TC
TC

TC
GT

TC
CT

TT
TC

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

AC
GA

AA
AC

GG
AG

AG
AG

CA
AG

GA
AA

AG
AC

GG
AA

11
44

18
.3

5
CA

TC
TT

CA
TA

AT
CC

TC
AA

AG
A

y
27

67
25

7
94

79
CA

TC
TT

CA
TA

AT
CC

TC
AA

AG
A 

   
||

||
||

||
||

||
||

||
||

||
| 

   
CG

TG
GT

AG
AA

GT
AT

TA
GG

AG
TT

TC
TA

AC
GA

AC
88

9
14

.2
6

CT
TG

AG
CT

GG
TT

CC
TT

AT
CA

A
y

24
8

23
94

31
CT

TG
AG

CT
GG

TT
CC

TT
AT

CA
A 

   
||

||
||

||
||

||
||

||
||

||
| 

   
AG

GA
GA

AC
TC

GA
CC

AA
GG

AA
TA

GT
TC

CA
TC

TC
43

5
6.

98
TT

TT
GC

CT
CT

CT
CG

TT
CC

TT
T

y
14

71
13

7
96

06
TT

TT
GC

CT
CT

CT
CG

TT
CC

TT
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
GA

CG
AA

AA
CG

GA
GA

GA
GC

AA
GG

AA
AA

GA
CG

GA
42

6
6.

83
TT

TT
GC

CT
CT

CT
CG

TT
CC

TT
TT

y
19

5
18

96
06

TT
TT

GC
CT

CT
CT

CG
TT

CC
TT

TT
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   
GA

CG
AA

AA
CG

GA
GA

GA
GC

AA
GG

AA
AA

GA
CG

GA
42

6
6.

83
TC

TC
CT

TC
TT

CT
CC

TT
CT

CT
G

y
35

0
33

95
72

TC
TC

CT
TC

TT
CT

CC
TT

CT
CT

G 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AG
AG

AG
AG

GA
AG

AA
GA

GG
AA

GA
GA

CG
GA

CG
AA

17
6

2.
82

TC
TC

CT
TC

TT
CT

CC
TT

CT
CT

GC
y

11
3

10
95

72
TC

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

AG
AG

AG
AG

GA
AG

AA
GA

GG
AA

GA
GA

CG
GA

CG
AA

17
6

2.
82

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C
y

12
08

11
2

95
70

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

C 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AG
AG

AG
GA

AG
AA

GA
GG

AA
GA

GA
CG

GA
CG

AA
AA

14
4

2.
31

TC
CT

TC
TT

CT
CC

TT
CT

CT
GC

CT
y

24
6

23
95

70
TC

CT
TC

TT
CT

CC
TT

CT
CT

GC
CT

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

AG
AG

AG
GA

AG
AA

GA
GG

AA
GA

GA
CG

GA
CG

AA
AA

14
4

2.
31

TC
GG

TT
CT

GT
TC

TT
CA

GG
TA

T
y

41
1

38
24

75
TC

GG
TT

CT
GT

TC
TT

CA
GG

TA
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
CA

AG
AG

CC
AA

GA
CA

AG
AA

GT
CC

AT
AG

CA
CG

AT
14

4
2.

31
GT

CC
TC

GT
GA

CT
TT

GA
TC

CT
y

67
3

63
11

82
GT

CC
TC

GT
GA

CT
TT

GA
TC

CT
   

  |
||

||
||

||
||

||
||

||
||

| 
   

GT
AA

CA
GG

AG
CA

CT
GA

AA
CT

AG
GA

CC
GT

AG
CA

12
5

2.
01

TC
TT

CT
CC

TT
CT

CT
GC

CT
GC

T
y

13
77

12
8

95
66

TC
TT

CT
CC

TT
CT

CT
GC

CT
GC

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AG
GA

AG
AA

GA
GG

AA
GA

GA
CG

GA
CG

AA
AA

CG
AG

10
0

1.
60

CC
TT

CT
TC

TC
CT

TC
TC

TG
CC

T
y

10
72

10
0

95
69

CC
TT

CT
TC

TC
CT

TC
TC

TG
CC

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

GA
GA

GG
AA

GA
AG

AG
GA

AG
AG

AC
GG

AC
GA

AA
AC

89
1.

43
TG

TT
GA

GT
TT

TT
AT

AT
TT

T
y

46
0

43
12

TG
TT

GA
GT

TT
TT

AT
AT

TT
T 

   
  |

||
||

||
||

||
||

||
||

||
   

 C
AA

TA
CA

AC
TC

AA
AA

AT
AT

AA
AA

AA
   

   
 

89
1.

43
TG

TT
GA

GT
TT

TT
AT

AT
TT

TT
y

43
1

40
12

TG
TT

GA
GT

TT
TT

AT
AT

TT
TT

   
  |

||
||

||
||

||
||

||
||

||
| 

   
CA

AT
AC

AA
CT

CA
AA

AA
TA

TA
AA

AA
A 

   
   

89
1.

43
TT

AT
GT

TG
AG

TT
TT

TA
TA

T
y

20
9

19
15

TT
AT

GT
TG

AG
TT

TT
TA

TA
T 

   
  |

||
||

||
||

||
||

||
||

||
   

 A
TA

CA
AT

AC
AA

CT
CA

AA
AA

TA
TA

AA
AA

A 
   

79
1.

27
TT

AT
GT

TG
AG

TT
TT

TA
TA

TT
y

42
84

39
8

15
TT

AT
GT

TG
AG

TT
TT

TA
TA

TT
   

  |
||

||
||

||
||

||
||

||
||

| 
   

AT
AC

AA
TA

CA
AC

TC
AA

AA
AT

AT
AA

AA
AA

   
 

79
1.

27
CA

AC
TT

TG
TT

TC
AG

TA
TT

TC
T

y
19

0
18

84
21

CA
AC

TT
TG

TT
TC

AG
TA

TT
TC

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AA
GT

GT
TG

AA
AC

AA
AG

TC
AT

AA
AG

AA
GA

AA
GT

52
0.

83
CA

AC
TT

TG
TT

TC
AG

TA
TT

TC
TT

y
18

6
17

84
21

CA
AC

TT
TG

TT
TC

AG
TA

TT
TC

TT
   

 |
||

||
||

||
||

||
||

||
||

||
| 

   
AA

GT
GT

TG
AA

AC
AA

AG
TC

AT
AA

AG
AA

GA
AA

GT
52

0.
83

AA
CT

TT
GT

TT
CA

GT
AT

TT
CT

T
y

30
8

29
84

20
AA

CT
TT

GT
TT

CA
GT

AT
TT

CT
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
AG

TG
TT

GA
AA

CA
AA

GT
CA

TA
AA

GA
AG

AA
AG

TA
48

0.
77

AG
CT

TC
CT

CA
GC

GC
TG

TT
TC

C
y

27
3

25
94

05
AG

CT
TC

CT
CA

GC
GC

TG
TT

TC
C 

   
||

||
||

||
||

||
||

||
||

||
| 

   
CA

TC
TC

GA
AG

GA
GT

CG
CG

AC
AA

AG
GC

GA
TA

CA
44

0.
71

TT
TG

CC
TC

TC
TC

GT
TC

CT
TT

T
y

12
40

11
5

95
84

TT
TG

CC
-T

CT
CT

CG
TT

CC
TT

TT
   

 |
o|

||
| 

||
||

||
 o

||
||

|o
| 

   
AA

AA
GA

CG
GA

AG
AG

AG
AG

AG
GA

AG
AA

GA
GG

AA
22

0.
35

CA
GA

TT
CC

CT
CT

CT
TT

TG
TG

C
y

14
83

13
8

91
71

CA
GA

TT
CC

CT
CT

CT
TT

TG
TG

C 
   

||
||

||
||

||
||

||
||

||
||

| 
   

TT
AG

GT
CT

AA
GG

GA
GA

GA
AA

AC
AC

GG
GG

AC
CA

20
0.

32
AG

TA
AT

CC
TT

CT
TC

TT
TC

CT
T

y
28

8
27

83
72

AG
TA

AT
CC

TT
CT

TC
TT

TC
CT

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

CG
CT

TC
AT

TA
GG

AA
GA

AG
AA

AG
GA

AA
TA

TG
TT

18
0.

29
TT

TT
GC

CT
CT

CT
CG

TT
CC

TT
T

y
14

71
13

7
95

85
TT

TT
GC

C-
TC

TC
TC

GT
TC

CT
TT

   
 |

|o
||

||
 |

||
||

| 
o|

||
||

o 
   

GA
AA

AG
AC

GG
AA

GA
GA

GA
GA

GG
AA

GA
AG

AG
GA

17
0.

27
TT

TT
GC

CT
CT

CT
CG

TT
CC

TT
TT

y
19

5
18

95
85

TT
TT

GC
C-

TC
TC

TC
GT

TC
CT

TT
T 

   
||

o|
||

| 
||

||
||

 o
||

||
|o

| 
   

GA
AA

AG
AC

GG
AA

GA
GA

GA
GA

GG
AA

GA
AG

AG
GA

17
0.

27
TA

TG
TT

GA
GT

TT
TT

AT
AT

T
y

17
2

16
14

TA
TG

TT
GA

GT
TT

TT
AT

AT
T 

   
  |

||
||

||
||

||
||

||
||

||
   

 T
AC

AA
TA

CA
AC

TC
AA

AA
AT

AT
AA

AA
AA

   
  

16
0.

26
AG

GA
GC

TT
TC

CC
TT

CT
TG

TG
C

y
43

1
40

93
76

AG
GA

GC
TT

TC
CC

TT
CT

TG
TG

C 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AC
AT

TC
CT

CG
AA

AG
GG

AA
GA

AC
AC

GA
TC

CC
TC

12
0.

19
AT

GT
TG

AG
TT

TT
TA

TA
TT

TT
y

34
6

32
13

AT
GT

TG
AG

TT
TT

TA
TA

TT
TT

   
  |

||
||

||
||

||
||

||
||

||
| 

   
AC

AA
TA

CA
AC

TC
AA

AA
AT

AT
AA

AA
AA

   
   

12
0.

19
AT

TC
TC

AT
CA

GT
GA

CA
TA

AT
T

y
12

9
12

83
02

AT
TC

TC
AT

CA
GT

GA
CA

TA
AT

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AC
AG

TA
AG

AG
TA

GT
CA

CT
GT

AT
TA

AC
GT

AC
AA

9
0.

14
TT

TT
CC

TT
TA

AC
TG

TG
TG

CT
T

y
27

42
25

5
80

56
TT

TT
CC

TT
TA

AC
TG

TG
TG

CT
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
CT

GT
AA

AA
GG

AA
AT

TG
AC

AC
AC

GA
AA

CA
GT

GT
8

0.
13

CA
TT

CG
AT

CT
AG

GT
TT

CG
CA

y
14

8
14

42
5

CA
TT

CG
AT

CT
AG

GT
TT

CG
CA

   
  |

||
||

||
||

||
||

||
||

||
| 

   
TG

CC
GT

AA
GC

TA
GA

TC
CA

AA
GC

GT
TG

GA
GG

TC
8

0.
13

AA
GA

AT
CT

GA
TG

AT
GC

TG
T

y
20

5
19

89
97

AA
GA

AT
CT

GA
TG

AT
GC

TG
T 

   
  |

||
||

||
||

||
||

||
||

||
   

 C
TG

CT
TC

TT
AG

AC
TA

CT
AC

GA
CA

GC
GC

GT
TG

A
7

0.
11

TT
TG

AA
AT

CA
CA

TC
AC

AA
TT

G
y

10
69

7
99

3
82

29
TT

TG
AA

AT
CA

CA
TC

AC
AA

TT
G 

   
||

| 
||

| 
||

 |
||

||
| 

|o
| 

   
CA

GA
AA

AG
TT

T-
GT

CT
AG

TG
TC

AG
CT

AC
AA

AG
6

0.
10

AG
AA

TT
GT

GT
AT

CC
AC

CA
TC

C
y

32
6

30
37

98
AG

AA
TT

GT
GT

AT
CC

AC
CA

TC
C 

   
||

||
||

||
||

||
||

||
||

||
| 

   
GG

AG
TC

TT
AA

CA
CA

TA
GG

TG
GT

AG
GC

GT
TC

GA
6

0.
10

AG
AA

TT
GT

GT
AT

CC
AC

CA
TC

CG
y

74
4

69
37

98
AG

AA
TT

GT
GT

AT
CC

AC
CA

TC
CG

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

GG
AG

TC
TT

AA
CA

CA
TA

GG
TG

GT
AG

GC
GT

TC
GA

6
0.

10
CA

CT
TC

TC
TA

CC
CA

TT
TT

GT
T

y
25

1
23

67
21

CA
CT

TC
TC

TA
CC

CA
TT

TT
GT

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

GC
AT

GT
GA

AG
AG

AT
GG

GT
AA

AA
CA

AC
AG

AG
CC

5
0.

08
GG

GA
TC

TT
TC

GA
AA

GG
GC

A
y

16
0

15
18

49
GG

GA
TC

TT
TC

GA
AA

GG
GC

A 
   

  |
||

||
||

||
||

||
||

||
||

   
 G

CA
AC

CC
TA

GA
AA

GC
TT

TC
CC

GT
CT

AA
CA

CA
C

5
0.

08
CT

TA
TG

CT
CT

GG
AT

TT
CT

GC
G

y
19

66
18

3
23

31
CT

TA
TG

CT
CT

GG
AT

TT
CT

GC
G 

   
||

||
||

||
||

||
||

||
||

||
| 

   
TA

GC
GA

AT
AC

GA
GA

CC
TA

AA
GA

CG
CT

TT
AG

AA
4

0.
06

CT
TA

TG
CT

CT
GG

AT
TT

CT
GC

GA
y

18
8

17
23

31
CT

TA
TG

CT
CT

GG
AT

TT
CT

GC
GA

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

TA
GC

GA
AT

AC
GA

GA
CC

TA
AA

GA
CG

CT
TT

AG
AA

4
0.

06
TG

AC
GA

AG
AA

TC
TG

AT
GA

TG
y

16
1

15
90

02
TG

AC
GA

AG
AA

TC
TG

AT
GA

TG
   

  |
||

||
||

||
||

||
||

||
||

| 
   

GG
CA

AC
TG

CT
TC

TT
AG

AC
TA

CT
AC

GA
CA

GC
GC

3
0.

05
TT

TT
CC

TT
TA

AC
TG

TG
TG

CT
T

y
27

42
25

5
80

55
TT

TT
CC

TT
TA

AC
TG

TG
TG

CT
T 

   
||

|o
| 

||
 |

 |
||

||
||

||
| 

   
TG

TA
AA

AG
GA

AA
TT

-G
AC

AC
AC

GA
AA

CA
GT

GT
3

0.
05

TG
AC

TT
TG

AA
GT

CT
CT

TT
CA

A
y

33
0

31
59

12
TG

AC
TT

TG
AA

GT
CT

CT
TT

CA
A 

   
||

| 
||

||
||

 |
||

||
||

 |
   

 A
GA

GA
CT

CA
AA

CT
T-

AG
AG

AA
AT

TC
TC

AC
GC

A
3

0.
05

CC
AG

AT
TC

CC
TC

TC
TT

TT
GT

G
y

11
7

11
91

72
CC

AG
AT

TC
CC

TC
TC

TT
TT

GT
G 

   
||

||
||

||
||

||
||

||
||

||
| 

   
CT

TA
GG

TC
TA

AG
GG

AG
AG

AA
AA

CA
CG

GG
GA

CC
2

0.
03

TG
TT

CT
CG

CA
CG

TG
TG

AT
CT

T
y

10
70

99
63

50
TG

TT
CT

CG
CA

CG
TG

TG
AT

CT
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
CT

AT
AC

AA
GA

GC
GT

GC
AC

AC
TA

GA
AA

GT
AG

TA
2

0.
03

TT
TG

AA
AT

CA
CA

TC
AC

AA
TT

G
y

10
69

7
99

3
53

01
TT

TG
AA

AT
CA

CA
TC

AC
AA

TT
G 

   
||

||
||

||
||

||
||

||
||

||
| 

   
AG

GA
AA

AC
TT

TA
GT

GT
AG

TG
TT

AA
CG

AA
GG

TG
2

0.
03

AG
AG

AT
TT

CA
AA

AC
GA

CC
AA

C
y

33
62

31
2

35
97

AG
AG

AT
TT

CA
AA

AC
GA

CC
AA

C 
   

||
||

||
||

||
||

||
||

||
||

| 
   

GC
GA

TC
TC

TA
AA

GT
TT

TG
CT

GG
TT

GT
TT

TG
CC

2
0.

03
GT

TT
TC

CA
GT

AG
TG

CA
AA

TA
A

y
13

3
12

13
73

GT
TT

TC
CA

GT
AG

TG
CA

AA
TA

A 
   

||
||

||
||

||
||

||
||

||
||

| 
   

CC
AT

CA
AA

AG
GT

CA
TC

AC
GT

TT
AT

TT
AA

AT
TC

2
0.

03
CT

TT
AA

TC
GT

TT
TG

TG
TA

TG
T

y
11

54
10

7
35

CT
TT

AA
TC

GT
TT

TG
TG

TA
TG

T 
   

||
||

||
||

||
||

||
||

||
||

| 
   

AA
AC

GA
AA

TT
AG

CA
AA

AC
AC

AT
AC

AA
TA

CA
AC

2
0.

03
TG

AC
TT

TG
AA

GT
CT

CT
TT

CA
A

y
33

0
31

59
13

TG
AC

TT
TG

AA
GT

CT
CT

TT
CA

A 
   

||
| 

||
||

 |
o|

||
||

||
 |

   
 A

GA
GA

CT
CA

AA
C-

TT
AG

AG
AA

AT
TC

TC
AC

GC
A

1
0.

02
TG

AG
AA

TC
TT

TG
TG

AC
AC

AG
y

17
5

16
45

08
TG

AG
AA

TC
TT

TG
TG

AC
AC

AG
   

  |
||

||
||

||
||

||
||

||
||

| 
   

AA
CA

AC
TC

TT
AG

AA
AC

AC
TG

TG
TC

AG
CG

AA
GC

1
0.

02
TG

CT
CG

GA
TT

GT
CT

CT
TC

GC
T

y
42

06
39

1
44

22
TG

CT
CG

GA
TT

GT
CT

CT
TC

GC
T 

   
||

||
||

||
||

||
||

||
||

||
| 

   
AA

GA
AC

GA
GC

CT
AA

CA
GA

GA
AG

CG
AA

CT
AC

TT
1

0.
02

TG
CT

CG
GA

TT
GT

CT
CT

TC
GC

TT
y

29
5

27
44

22
TG

CT
CG

GA
TT

GT
CT

CT
TC

GC
TT

   
 |

||
||

||
||

||
||

||
||

||
||

| 
   

AA
GA

AC
GA

GC
CT

AA
CA

GA
GA

AG
CG

AA
CT

AC
TT

1
0.

02



  Ta
bl

e 
S3

0:
 v

RN
A 

cl
ea

va
ge

 b
y 

ho
st

-d
er

iv
ed

 sR
N

As
 in

 D
ra

kk
ar

 

 

 

re
ad

s
rp

m
re

ad
s

rp
m

TG
A

TC
TT

G
TG

TT
G

TG
A

TG
A

B
na

C0
9g

51
80

0D
D

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
TA

O
1

14
4

2.
40

98
23

TG
A

TC
TT

G
TG

TT
G

TG
A

TG
A

   
 |

||
 |

 |
||

||
||

 |
||

o 
   

CG
CA

A
CT

TG
CA

CA
CA

A
C-

CT
A

TC
TA

G
G

CA
G

A
C

14
08

7
23

4.
78

TG
CT

CT
CC

CG
TA

A
CT

A
CG

CT
T

B
na

A
03

g0
70

40
D

D
is

ea
se

 r
es

is
ta

nc
e 

pr
ot

ei
n 

TA
O

1
14

9
2.

48
89

84
TG

CT
CT

CC
CG

TA
A

CT
A

CG
CT

T 
   

||
||

 |
| 

||
o|

||
| 

|o
||

| 
   

TA
CT

A
CG

A
CA

G
CG

CG
TT

G
A

-G
TG

A
A

CC
TT

A
A

G
51

12
85

.2
0

TC
CA

G
A

TC
CT

TA
A

A
G

CA
A

TT
G

B
na

C0
2g

38
69

0D
D

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
R

PP
5

11
3

1.
88

99
23

TC
CA

G
A

TC
CT

TA
A

A
G

CA
A

TT
G

   
 |

||
||

o|
 |

||
||

 |
| 

||
| 

   
TA

CG
TG

G
TC

TG
G

TA
A

TT
TG

G
T-

A
A

CT
CT

TA
CT

10
10

16
.8

3
G

A
TC

G
A

TT
CC

A
TG

TG
TT

G
G

A
T

B
na

C0
6g

28
49

0D
60

S 
ri

bo
so

m
al

 p
ro

te
in

 L
17

-2
33

6
5.

60
92

25
G

A
TC

G
A

TT
CC

A
TG

TG
TT

G
G

A
T 

   
||

o|
||

|o
||

||
 |

 |
 |

o|
| 

   
A

A
A

G
CT

G
G

CT
A

G
G

G
TA

-A
G

A
TC

TT
A

G
CT

A
TG

A
66

1
11

.0
2

A
G

A
A

A
TC

A
G

TT
CA

TA
A

A
G

CT
C

B
na

C0
8g

23
70

0D
U

nk
no

w
n

23
9

3.
98

10
18

9
A

G
A

A
A

TC
A

G
TT

CA
TA

A
A

G
CT

C 
   

||
||

 |
||

 |
||

||
| 

|o
 |

| 
   

A
G

G
A

TC
TT

CA
G

TA
A

A
G

TA
TC

TT
TA

G
TT

TA
CG

C
54

8
9.

13
A

G
TT

A
TG

CT
TG

TG
TT

G
A

CT
G

A
B

na
C0

4g
51

89
0D

U
nk

no
w

n
28

1
4.

68
10

34
9

A
G

TT
A

TG
CT

TG
TG

TT
G

A
CT

G
A

   
 |

||
||

||
| 

||
| 

oo
||

 |
o|

   
 T

CA
TT

CA
A

TA
CG

TA
CA

A
G

G
CT

A
A

TT
G

CA
G

G
A

G
40

0
6.

67
CT

TA
G

CA
TC

A
A

TC
A

TT
TC

A
CA

B
na

C0
5g

43
76

0D
N

on
-s

pe
ci

fi
c 

lip
id

-t
ra

ns
fe

r 
pr

ot
ei

n 
6

15
4

2.
57

95
29

CT
TA

G
CA

TC
A

A
TC

A
TT

TC
A

CA
   

 |
o|

 |
||

||
||

 |
 |

||
||

| 
   

G
TT

TG
G

A
-C

G
TA

G
TT

CG
CA

A
A

G
TG

G
A

CG
G

A
CC

23
5

3.
92

A
G

CT
G

CA
TC

A
CG

A
G

CT
TC

A
CT

B
na

C0
9g

53
15

0D
R

et
ro

vi
ru

s-
re

la
te

d 
Po

l p
ol

yp
ro

te
in

 f
ro

m
 t

ra
ns

po
so

n 
TN

T 
1-

94
21

9
3.

65
95

29
A

G
CT

G
CA

TC
A

CG
A

G
CT

TC
A

CT
   

 |
 |

||
||

||
| 

| 
| 

||
||

|o
   

 A
G

TT
TG

G
A

CG
TA

G
TT

CG
CA

A
A

G
TG

G
A

CG
G

A
CC

23
5

3.
92

TG
CG

CA
G

A
G

TC
TT

TT
TA

A
G

TC
B

na
A

nn
g1

00
90

D
Pu

ta
ti

ve
 U

D
P-

ar
ab

in
os

e 
4-

ep
im

er
as

e 
4

13
4

2.
23

92
62

TG
CG

CA
G

A
G

TC
TT

TT
TA

A
G

TC
   

 |
||

||
||

| 
| 

oo
|o

||
 |

||
   

 A
G

CG
A

CG
CG

TC
TA

A
CG

G
A

G
A

T-
CA

G
CT

A
CC

G
T

16
6

2.
77

TG
CG

CA
G

A
G

TC
TT

TC
TA

A
G

TC
B

na
C0

7g
18

01
0D

Pu
ta

ti
ve

 U
D

P-
ar

ab
in

os
e 

4-
ep

im
er

as
e 

4
53

9
8.

98
92

62
TG

CG
CA

G
A

G
TC

TT
TC

TA
A

G
TC

   
 |

||
||

||
| 

| 
oo

||
||

 |
||

   
 A

G
CG

A
CG

CG
TC

TA
A

CG
G

A
G

A
T-

CA
G

CT
A

CC
G

T
16

6
2.

77
TC

TT
G

G
TC

G
TC

CA
TA

TC
A

G
CC

B
na

A
nn

g2
38

90
D

U
nk

no
w

n
22

1
3.

68
99

84
TC

TT
G

G
TC

G
TC

CA
T-

A
TC

A
G

CC
   

 |
| 

| 
|o

||
||

||
| 

||
||

 |
| 

   
G

A
CT

A
G

CA
G

CG
G

CA
G

G
TA

G
TA

G
TG

G
G

TG
TA

A
G

15
1

2.
52

CG
A

G
CT

CT
TG

A
G

TG
TA

TG
A

G
A

B
na

C0
4g

39
78

0D
R

et
ro

vi
ru

s-
re

la
te

d 
Po

l p
ol

yp
ro

te
in

 f
ro

m
 t

ra
ns

po
so

n 
TN

T 
1-

94
12

3
2.

05
79

39
CG

A
G

CT
CT

TG
A

G
TG

TA
TG

A
G

A
   

 |
| 

||
| 

|o
||

| 
||

 |
||

||
   

 G
A

CG
G

CA
CG

A
CA

G
CT

C-
CA

G
A

CT
CT

A
A

TC
G

A
A

14
3

2.
38

A
A

TG
G

CT
A

A
G

A
TG

CT
CT

G
A

G
C

B
na

A
05

g0
94

00
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

, c
hl

or
op

la
st

ic
24

2
4.

03
94

46
A

A
TG

G
CT

A
A

G
A

TG
CT

CT
-G

A
G

C 
   

||
||

| 
| 

||
||

 |
||

| 
||

||
   

 T
TT

A
TT

A
CC

CA
CT

CT
A

G
G

A
G

A
A

CT
CG

A
CC

A
A

G
14

2
2.

37
TT

A
TG

TT
G

TG
G

G
G

A
TT

TC
G

TT
B

na
C0

4g
22

89
0D

SU
PP

R
ES

SO
R

 O
F 

G
EN

E 
SI

LE
N

CI
N

G
 3

15
0

2.
50

99
52

5'
   

 T
TA

TG
TT

-G
TG

G
G

G
A

TT
TC

G
TT

   
 |

||
||

||
 |

 |
|o

| 
||

o|
||

| 
   

G
CA

A
A

TA
CA

A
G

CC
CC

TC
CA

A
G

G
CA

A
G

A
G

TT
A

C
13

6
2.

27
G

TC
A

A
CA

A
CA

A
CG

CA
TG

G
G

CC
B

na
A

03
g1

58
30

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

14
4

2.
40

10
49

0
G

TC
A

A
CA

A
CA

A
CG

CA
TG

G
G

CC
   

 |
| 

||
||

||
||

|o
||

oo
 |

 |
   

 C
TT

TC
A

-T
TG

TT
G

TT
G

TG
TG

TA
CT

G
TT

TC
A

G
T

12
7

2.
12

G
A

TG
A

TT
G

G
G

A
TT

TG
G

G
G

TC
C

B
na

A
04

g1
11

50
D

D
is

ea
se

 r
es

is
ta

nc
e 

pr
ot

ei
n 

R
M

L1
B

11
1

1.
85

97
76

G
A

TG
A

TT
G

G
G

A
TT

TG
G

G
G

TC
C 

   
||

||
||

o|
o|

 |
||

o|
o|

 |
| 

   
TA

A
TC

TA
CT

A
G

CT
CC

A
A

A
TC

TC
-G

G
TG

A
G

A
A

A
12

7
2.

12
CG

A
A

G
A

G
G

TC
G

TT
G

TC
A

TC
A

A
B

na
A

01
g1

40
50

D
Pr

ot
ei

n 
N

B
R

1 
ho

m
ol

og
15

8
2.

63
83

12
CG

A
A

G
A

G
G

TC
G

TT
G

TC
A

TC
A

A
   

 |
||

| 
| 

||
|o

||
 |

||
||

| 
   

CG
A

A
G

CT
TA

TA
CA

G
TA

A
G

A
G

TA
G

TC
A

CT
G

TA
T

83
1.

38
TG

CG
A

G
A

G
TA

TT
CT

TT
G

A
G

CC
B

na
A

04
g0

97
30

D
G

en
om

e 
po

ly
pr

ot
ei

n
46

0
7.

67
91

03
TG

CG
A

G
A

G
TA

TT
CT

TT
G

A
G

CC
   

 |
 |

||
o|

||
||

 |
||

oo
 |

||
   

 A
CT

CA
-G

CT
TT

CA
TA

TG
A

A
G

TC
CG

G
G

TC
A

A
G

T
82

1.
37

CC
A

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
43

6
7.

27
87

00
CC

A
TT

A
G

CT
TT

G
A

A
A

G
G

CA
CC

   
 |

||
|o

||
| 

|o
| 

||
 o

||
||

   
 A

CT
CG

G
TA

G
TC

G
TA

G
CG

TT
A

TG
TG

G
G

TT
G

G
TA

81
1.

35
CC

A
TT

A
G

CT
TT

G
A

A
A

G
G

CA
CC

C
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
 

10
6

1.
77

87
00

CC
A

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
C 

   
||

||
o|

||
 |

o|
 |

| 
o|

||
||

   
 A

CT
CG

G
TA

G
TC

G
TA

G
CG

TT
A

TG
TG

G
G

TT
G

G
TA

81
1.

35
A

G
TG

G
A

TC
CA

TC
TG

A
TG

TG
A

A
B

na
A

03
g0

38
30

D
Pr

ob
ab

le
 d

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
R

PP
1

21
20

35
.3

3
88

57
A

G
TG

G
A

TC
CA

TC
TG

A
TG

TG
A

A
   

 |
||

| 
| 

||
||

||
| 

||
|o

 |
   

 C
TG

CT
CA

CA
T-

G
G

TA
G

A
CC

A
CA

TC
TT

TA
TC

CC
80

1.
33

TC
A

A
CG

A
TT

G
TG

TG
A

A
A

TG
A

T
B

na
C0

5g
43

76
0D

N
on

-s
pe

ci
fi

c 
lip

id
-t

ra
ns

fe
r 

pr
ot

ei
n 

6
43

2
7.

20
94

65
TC

A
A

CG
A

TT
G

TG
TG

-A
A

A
TG

A
T 

   
||

||
 |

||
||

o 
||

 |
||

|o
||

   
 T

A
G

G
A

G
TT

TC
TA

A
CG

A
A

CG
TT

TA
TT

A
CC

CA
CT

78
1.

30
CT

CG
G

A
TT

TT
G

G
CC

A
A

CC
G

B
na

A
09

g0
44

20
D

TA
R

1
10

1
1.

68
97

48
CT

CG
G

A
TT

TT
G

G
CC

A
A

CC
G

   
 |

||
| 

||
o|

||
||

 |
  |

| 
   

A
A

A
A

G
A

G
CA

TA
G

A
A

CC
G

-T
G

CG
CG

TA
G

A
A

CG
A

73
1.

22
TA

TG
CT

TT
CA

CA
TG

A
TG

G
A

TG
B

na
C0

6g
04

85
0D

D
ef

en
si

n-
lik

e 
pr

ot
ei

n 
19

19
5

3.
25

94
59

TA
TG

CT
TT

CA
CA

TG
A

TG
G

A
TG

   
 |

 |
||

||
 |

| 
||

o|
||

| 
||

   
 T

TC
TA

-A
CG

A
A

CG
TT

TA
TT

A
CC

CA
CT

CT
A

G
G

A
61

1.
02

A
G

G
TT

G
TT

G
G

TG
A

G
CC

TC
G

A
A

B
na

A
03

g2
97

10
D

Pe
ro

xi
so

m
al

 f
at

ty
 a

ci
d 

be
ta

-o
xi

da
ti

on
 m

ul
ti

fu
nc

ti
on

al
 p

ro
te

in
15

3
2.

55
57

63
A

G
G

TT
G

TT
G

G
TG

A
G

C-
CT

CG
A

A
   

 |
 |

||
||

||
||

||
 |

 |
| 

||
| 

   
G

CT
CT

G
CA

A
CA

A
CC

A
CT

A
G

TG
A

CC
TT

CG
G

G
TA

59
0.

98
A

TC
TT

CT
CC

G
CG

G
A

A
G

CT
C

B
na

A
nn

g1
00

90
D

Pu
ta

ti
ve

 U
D

P-
ar

ab
in

os
e 

4-
ep

im
er

as
e 

4
52

5
8.

75
69

79
A

TC
TT

CT
CC

G
CG

G
A

A
G

CT
C 

   
||

|o
||

o|
||

 |
 |

||
 |

| 
   

CG
A

G
TA

G
G

A
G

G
G

G
CT

CA
TT

C-
A

G
G

TA
A

G
A

A
TA

49
0.

82
A

G
G

TC
G

TT
CT

G
TT

TC
CA

G
G

G
T

B
na

A
nn

g2
21

60
D

TA
R

1
10

3
1.

72
91

30
A

G
G

TC
G

TT
CT

G
TT

TC
CA

G
G

G
T 

   
||

||
| 

|o
||

 |
||

||
  |

||
   

 G
G

TC
TC

CA
G

-A
G

G
A

A
A

A
A

G
G

G
A

CC
A

A
G

A
A

CT
C

39
0.

65
G

CA
CT

TG
CA

CA
TG

G
G

TT
A

G
TC

B
na

C0
2g

36
11

0D
U

nk
no

w
n

31
3

5.
22

69
41

G
CA

CT
TG

CA
CA

TG
G

G
TT

A
-G

TC
   

 |
| 

||
||

||
||

 |
||

| 
| 

||
| 

   
TT

CA
CG

A
G

A
A

CG
TG

TT
CC

CA
CT

A
CA

G
A

CA
CT

C
37

0.
62

A
G

G
A

A
G

TT
CG

A
A

G
G

A
TA

G
A

CT
B

na
C0

9g
53

15
0D

R
et

ro
vi

ru
s-

re
la

te
d 

Po
l p

ol
yp

ro
te

in
 f

ro
m

 t
ra

ns
po

so
n 

TN
T 

1-
94

15
1

2.
52

62
88

A
G

G
A

A
G

TT
CG

A
A

G
G

A
TA

G
A

CT
   

 |
 |

||
||

||
||

||
o|

 |
||

| 
   

TC
A

CT
-C

TT
CA

A
G

CT
TC

TT
CT

CT
G

TG
TC

A
A

CC
37

0.
62

G
TG

G
A

TC
CA

TC
TG

A
TG

TG
A

A
A

B
na

C0
3g

05
38

0D
D

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
TA

O
1

10
7

1.
78

88
56

G
TG

G
A

TC
CA

TC
TG

A
TG

TG
A

A
A

   
 |

||
 |

 |
||

||
||

 |
||

o 
||

   
 T

G
CT

CA
CA

T-
G

G
TA

G
A

CC
A

CA
TC

TT
TA

TC
CC

C
27

0.
45

TG
CT

CC
G

TT
CC

G
CA

TC
CG

A
CC

B
na

A
nn

g2
21

60
D

TA
R

1
23

9
3.

98
44

87
TG

CT
CC

G
TT

CC
G

CA
TC

CG
A

CC
   

 o
||

| 
||

||
| 

||
||

| 
||

 |
   

 G
TC

A
G

CG
A

A
G

CA
A

G
A

CG
TA

G
-C

TT
G

TA
G

TA
CT

26
0.

43
CC

A
A

G
A

TG
A

G
TG

CT
CT

CC
T

B
na

C0
9g

16
48

0D
U

nk
no

w
n

39
33

6
65

5.
58

47
6

CC
A

A
G

A
TG

A
G

TG
CT

CT
CC

T 
   

||
||

o|
 |

||
||

||
||

| 
| 

   
G

TC
A

G
G

TT
TT

TC
TC

A
CG

A
G

A
G

-A
G

G
A

A
CA

A
A

C
25

0.
42

TT
G

A
G

CC
TG

TT
G

TT
CC

TA
A

CA
B

na
C0

7g
39

07
0D

N
B

R
1 

ho
m

ol
og

18
6

3.
10

89
19

TT
G

A
G

CC
TG

TT
G

TT
CC

TA
A

CA
   

 |
||

||
 |

||
||

|o
| 

o|
||

| 
   

CT
G

G
TA

CT
CG

CA
CA

A
CA

G
G

TG
TT

G
TC

A
G

CT
A

C
23

0.
38

G
A

G
CC

TG
TT

G
TT

CC
TA

A
CA

CT
B

na
C0

1g
16

55
0D

N
B

R
1 

ho
m

ol
og

15
3

2.
55

89
17

G
A

G
CC

TG
TT

G
TT

CC
TA

A
CA

CT
   

 |
||

| 
||

||
||

o|
 o

||
||

 |
   

 G
G

TA
CT

CG
CA

CA
A

CA
G

G
TG

TT
G

TC
A

G
CT

A
CC

G
22

0.
37

TC
G

G
CG

G
G

A
A

TT
CC

G
G

A
A

A
G

B
na

A
09

g0
44

20
D

TA
R

1
11

4
1.

90
10

50
8

TC
G

G
CG

G
G

A
A

TT
CC

G
G

A
A

A
G

   
  |

||
||

 |
o|

| 
| 

|o
||

||
| 

   
TA

CA
A

G
CC

G
-C

TT
TT

A
TG

TC
TT

TC
A

TT
G

TT
G

T
19

0.
32

TC
G

A
A

G
A

G
G

TC
G

TT
G

TC
A

TC
A

A
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
10

2
1.

70
83

13
TC

G
A

A
G

A
G

G
TC

G
TT

G
TC

A
TC

A
A

   
 |

||
||

 |
 |

||
o|

| 
||

||
||

   
 T

CG
A

A
G

CT
TA

TA
CA

G
TA

A
G

A
G

TA
G

TC
A

CT
G

TA
19

0.
32

G
TC

CT
TG

TG
A

CG
TA

G
TT

CT
CT

B
na

C0
2g

37
45

0D
Cy

to
ch

ro
m

e 
P4

50
 8

1D
11

19
9

3.
32

11
82

G
TC

CT
TG

TG
A

CG
TA

G
TT

CT
CT

   
 |

||
||

o|
||

||
 |

 |
 |

| 
||

   
 G

TA
A

CA
G

G
A

G
CA

CT
G

A
A

A
CT

A
G

-G
A

CC
G

TA
G

C
19

0.
32

A
TA

TA
G

A
A

A
TT

G
TG

G
G

TA
TA

CG
B

na
Cn

ng
34

03
0D

Co
pi

a 
pr

ot
ei

n
12

1
2.

02
88

43
A

TA
TA

G
A

A
A

TT
G

TG
G

G
TA

TA
CG

   
 |

 |
||

||
||

 |
 |

||
||

||
|o

   
 A

G
A

CC
A

CA
TC

TT
TA

TC
-C

CC
A

TA
TG

TG
CT

A
A

A
17

0.
28

A
TT

CT
G

TA
G

TG
TC

A
G

A
G

CG
G

C
B

na
A

08
g2

29
00

D
Pu

ta
ti

ve
 F

-b
ox

/k
el

ch
-r

ep
ea

t 
pr

ot
ei

n 
A

t3
g2

46
10

25
2

4.
20

28
58

A
TT

CT
G

TA
G

TG
TC

A
G

A
G

CG
G

C 
   

||
||

||
| 

||
| 

||
 |

o|
oo

| 
   

G
G

A
CT

A
A

G
A

CA
A

CA
CT

G
TG

TT
G

TT
G

TA
CG

TA
C

15
0.

25
G

TA
G

A
TT

TT
TC

CA
CT

CA
TC

G
A

G
B

na
Cn

ng
34

03
0D

Co
pi

a 
pr

ot
ei

n
32

0
5.

33
85

63
G

TA
G

A
TT

TT
TC

CA
CT

CA
TC

G
A

G
   

 |
o|

o|
o|

||
||

||
|o

||
 |

 |
| 

   
G

G
TG

CG
TT

TG
A

A
A

A
G

G
TG

G
G

TT
G

-T
CA

CA
CA

G
11

0.
18

CA
TA

A
CT

CT
TG

CT
CT

TC
TT

CT
B

na
C0

4g
51

89
0D

U
nk

no
w

n
10

7
1.

78
67

94
CA

TA
A

CT
CT

TG
CT

CT
TC

TT
CT

   
 |

 |
 |

|o
||

||
||

||
||

oo
 |

   
 C

A
CA

G
G

A
-T

G
G

G
A

A
CG

A
G

A
A

G
G

G
A

A
A

G
A

A
A

CA
11

0.
18

TC
G

TA
G

A
TT

TT
TC

CA
CT

CA
TC

B
na

Cn
ng

34
03

0D
Co

pi
a 

pr
ot

ei
n

16
3

2.
72

85
65

TC
G

TA
G

A
TT

TT
TC

CA
CT

CA
TC

   
 |

|o
|o

|o
||

||
||

||
o|

| 
| 

   
TA

G
G

TG
CG

TT
TG

A
A

A
A

G
G

TG
G

G
TT

G
TC

A
CA

CA
7

0.
12

G
G

G
A

TT
A

G
TC

CT
TT

G
G

G
CC

T
B

na
C0

5g
33

18
0D

F-
bo

x 
pr

ot
ei

n 
A

t3
g4

95
10

28
7

4.
78

45
30

G
G

G
A

TT
A

G
TC

CT
TT

G
G

G
CC

T 
   

 |
 |

|o
||

||
||

o|
|o

o|
| 

| 
   

TC
A

CC
G

CT
G

A
TC

A
G

G
G

A
A

TT
CG

A
A

CA
A

CT
CT

T
5

0.
08

CA
G

A
TT

A
G

TC
CC

TT
G

G
G

CC
TG

B
na

C0
9g

19
01

0D
In

ac
ti

ve
 d

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
R

PS
4

20
5

3.
42

45
30

CA
G

A
TT

A
G

TC
CC

TT
G

G
G

CC
TG

   
 |

 |
|o

||
||

||
||

|o
o|

| 
||

   
 C

A
CC

G
-C

TG
A

TC
A

G
G

G
A

A
TT

CG
A

A
CA

A
CT

CT
T

5
0.

08
TG

A
G

CC
TG

TT
G

TT
CC

TA
A

CA
CT

B
na

A
03

g4
68

80
D

N
B

R
1 

ho
m

ol
og

16
7

2.
78

89
18

TG
A

G
CC

TG
TT

G
TT

CC
TA

A
CA

CT
   

 |
||

||
 |

||
||

|o
| 

o|
||

| 
| 

   
TG

G
TA

CT
CG

CA
CA

A
CA

G
G

TG
TT

G
TC

A
G

CT
A

CC
2

0.
03

D
ra

kk
ar

-s
pe

ci
fi

c

hs
RN

A:
vR

NA
 ta

rg
et

 p
ai

r (
5'

-3
' :

  3
'-5

')
Fr

ag
m

en
t s

ig
na

tu
re

s
hs

RN
A

Or
ig

in
 o

f: 
Tr

an
sc

rip
t I

D
Or

ig
in

 o
f: 

Pr
ed

ict
ed

 g
en

e 
fu

nc
tio

n
hs

RN
A 

re
ad

s
Cl

ea
va

ge
 p

os
iti

on
 

in
 v

RN
A



  Ta
bl

e 
S3

1:
 v

RN
A 

cl
ea

va
ge

 b
y 

ho
st

-d
er

iv
ed

 sR
N

As
 in

 T
an

to
 

 

re
ad

s
rp

m
re

ad
s

rp
m

TG
A

TC
TT

G
TG

TT
G

TG
A

TG
A

B
na

C0
8g

11
51

0D
D

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
TA

O
1 

 
12

0
2

98
23

TG
A

TC
TT

G
TG

TT
G

TG
A

TG
A

   
 |

||
 |

 |
||

||
||

 |
||

o 
   

CG
CA

A
CT

TG
CA

CA
CA

A
C-

CT
A

TC
TA

G
G

CA
G

A
C

98
11

15
7.

38
CT

TC
A

TG
TG

CT
G

CA
TC

A
TT

G
T

B
na

C0
2g

15
91

0D
R

N
A

 p
se

ud
ou

ri
di

ne
 s

yn
th

as
e 

7
12

0
2

96
47

CT
TC

A
TG

TG
CT

G
CA

TC
A

TT
G

T 
   

||
||

 |
||

||
 o

||
||

 |
||

o 
   

G
G

G
A

G
A

A
G

A
A

CA
CG

TT
G

TA
G

G
A

A
CG

G
A

A
A

G
A

A
36

8
5.

90
TT

A
CC

A
G

TA
A

G
TC

G
TC

TC
TG

G
B

na
C0

9g
33

12
0D

un
kn

ow
n

13
6

2
90

23
TT

A
CC

A
G

TA
A

G
TC

G
TC

TC
TG

G
   

 |
||

 |
||

||
|o

||
o|

||
|o

| 
   

TG
CG

A
A

TC
G

TC
A

TT
TA

G
TA

G
A

G
G

CA
A

CT
G

CT
T

28
7

4.
60

CC
A

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
  

71
9

12
87

00
CC

A
TT

A
G

CT
TT

G
A

A
A

G
G

CA
CC

   
 |

||
|o

||
| 

|o
| 

||
 o

||
||

   
 A

CT
CG

G
TA

G
TC

G
TA

G
CG

TT
A

TG
TG

G
G

TT
G

G
TA

13
8

2.
21

CC
A

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
C

B
na

A
01

g1
40

50
D

N
B

R
1 

ho
m

ol
og

  
39

1
6

87
00

CC
A

TT
A

G
CT

TT
G

A
A

A
G

G
CA

CC
C 

   
||

||
o|

||
 |

o|
 |

| 
o|

||
||

   
 A

CT
CG

G
TA

G
TC

G
TA

G
CG

TT
A

TG
TG

G
G

TT
G

G
TA

13
8

2.
21

G
TC

CT
TG

TG
A

CG
TA

G
TT

CT
CT

B
na

C0
2g

37
45

0D
Cy

to
ch

ro
m

e 
P4

50
 8

1D
11

28
5

5
11

82
G

TC
CT

TG
TG

A
CG

TA
G

TT
CT

CT
   

 |
||

||
o|

||
||

 |
 |

 |
| 

||
   

 G
TA

A
CA

G
G

A
G

CA
CT

G
A

A
A

CT
A

G
-G

A
CC

G
TA

G
C

12
5

2.
01

TC
A

A
CG

A
TT

G
TG

TG
A

A
A

TG
A

T
B

na
C0

5g
43

76
0D

N
on

-s
pe

ci
fi

c 
lip

id
-t

ra
ns

fe
r 

pr
ot

ei
n 

6
12

4
2

94
65

TC
A

A
CG

A
TT

G
TG

TG
-A

A
A

TG
A

T 
   

||
||

 |
||

||
o 

||
 |

||
|o

||
   

 T
A

G
G

A
G

TT
TC

TA
A

CG
A

A
CG

TT
TA

TT
A

CC
CA

CT
12

3
1.

97
A

G
TG

G
A

TC
CA

TC
TG

A
TG

TG
A

A
B

na
A

03
g5

61
80

D
D

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
TA

O
1 

 
96

4
15

88
57

A
G

TG
G

A
TC

CA
TC

TG
A

TG
TG

A
A

   
 |

||
| 

| 
||

||
||

| 
||

|o
 |

   
 C

TG
CT

CA
CA

T-
G

G
TA

G
A

CC
A

CA
TC

TT
TA

TC
CC

60
0.

96
G

TC
A

A
CA

A
CA

A
CG

CA
TG

G
G

CC
B

na
C0

4g
10

77
0D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

, c
hl

or
op

la
st

ic
12

3
2

10
49

0
G

TC
A

A
CA

A
CA

A
CG

CA
TG

G
G

CC
   

 |
| 

||
||

||
||

|o
||

oo
 |

 |
   

 C
TT

TC
A

-T
TG

TT
G

TT
G

TG
TG

TA
CT

G
TT

TC
A

G
T

56
0.

90
TC

TT
G

G
TC

G
TC

CA
TA

TC
A

G
CC

B
na

A
nn

g2
38

90
D

un
kn

ow
n

21
2

3
99

84
TC

TT
G

G
TC

G
TC

CA
T-

A
TC

A
G

CC
   

 |
| 

| 
|o

||
||

||
| 

||
||

 |
| 

   
G

A
CT

A
G

CA
G

CG
G

CA
G

G
TA

G
TA

G
TG

G
G

TG
TA

A
G

56
0.

90
CG

A
A

CT
TC

G
A

A
A

G
G

G
G

A
TC

B
na

C0
8g

46
15

0D
 T

A
R

1
10

3
2

86
66

CG
A

A
CT

TC
G

A
A

A
G

G
G

G
A

TC
   

 |
| 

||
|o

|o
| 

|o
| 

||
||

   
 C

G
TT

G
C-

TG
A

G
G

TT
G

TT
CG

CT
A

G
G

G
TT

G
G

TG
T

38
0.

61
A

A
TG

G
CT

A
A

G
A

TG
CT

CT
G

A
G

C
B

na
A

05
g0

94
10

D
Ch

lo
ro

ph
yl

l a
-b

 b
in

di
ng

 p
ro

te
in

 1
, c

hl
or

op
la

st
ic

25
9

4
94

46
A

A
TG

G
CT

A
A

G
A

TG
CT

CT
-G

A
G

C 
   

||
||

| 
| 

||
||

 |
||

| 
||

||
   

 T
TT

A
TT

A
CC

CA
CT

CT
A

G
G

A
G

A
A

CT
CG

A
CC

A
A

G
33

0.
53

TT
G

A
G

CC
TG

TT
G

TT
CC

TA
A

CA
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
  

23
9

4
89

19
TT

G
A

G
CC

TG
TT

G
TT

CC
TA

A
CA

   
 |

||
||

 |
||

||
|o

| 
o|

||
| 

   
CT

G
G

TA
CT

CG
CA

CA
A

CA
G

G
TG

TT
G

TC
A

G
CT

A
C

29
0.

47
G

A
G

CC
TG

TT
G

TT
CC

TA
A

CA
CT

B
na

A
03

g4
68

80
D

N
B

R
1 

ho
m

ol
og

  
17

3
3

89
17

G
A

G
CC

TG
TT

G
TT

CC
TA

A
CA

CT
   

 |
||

| 
||

||
||

o|
 o

||
||

 |
   

 G
G

TA
CT

CG
CA

CA
A

CA
G

G
TG

TT
G

TC
A

G
CT

A
CC

G
28

0.
45

TG
A

G
CC

TG
TT

G
TT

CC
TA

A
CA

CT
B

na
A

03
g4

68
80

D
N

B
R

1 
ho

m
ol

og
  

35
3

6
89

18
TG

A
G

CC
TG

TT
G

TT
CC

TA
A

CA
CT

   
 |

||
||

 |
||

||
|o

| 
o|

||
| 

| 
   

TG
G

TA
CT

CG
CA

CA
A

CA
G

G
TG

TT
G

TC
A

G
CT

A
CC

28
0.

45
CC

G
A

G
G

A
G

G
TT

G
TT

G
TC

CT
TG

B
na

Cn
ng

03
47

0D
Pr

ob
ab

le
 m

ed
ia

to
r 

of
 R

N
A

 p
ol

ym
er

as
e 

II 
tr

an
sc

ri
pt

io
n 

su
bu

ni
t 

37
e

12
9

2
16

29
CC

G
A

G
G

A
G

G
TT

G
TT

G
TC

CT
TG

   
 |

||
||

||
 |

||
 o

o|
||

||
o 

   
CA

CC
G

G
CT

CC
TA

CA
A

A
G

G
CA

G
G

A
G

G
A

A
CT

TT
A

27
0.

43
TT

A
A

TA
A

TA
TA

CT
CG

TT
A

CG
TT

B
na

A
06

g1
47

80
D

un
kn

ow
n

11
7

2
90

54
TT

A
A

TA
A

TA
TA

CT
CG

TT
A

CG
TT

   
 |

o|
| 

||
||

||
||

|o
| 

||
 o

| 
   

TC
A

CA
G

TT
CT

TA
TA

TG
A

G
TA

-T
G

A
G

A
CC

CA
CA

26
0.

42
TA

A
G

G
A

TA
TA

TA
CA

TA
TA

CT
C

B
na

C0
5g

43
76

0D
N

on
-s

pe
ci

fi
c 

lip
id

-t
ra

ns
fe

r 
pr

ot
ei

n 
6

11
7

2
90

55
TA

A
G

G
A

TA
TA

TA
CA

TA
TA

CT
C 

   
| 

|o
||

 |
||

||
| 

o|
||

||
| 

   
TC

A
CA

G
TT

CT
-T

A
TA

TG
A

G
TA

TG
A

G
A

CC
CA

CA
24

0.
38

A
G

G
TC

G
TT

CT
G

TT
TC

CA
G

G
G

T
B

na
A

nn
g2

21
60

D
TA

R
1

14
3

2
91

30
A

G
G

TC
G

TT
CT

G
TT

TC
CA

G
G

G
T 

   
||

||
| 

|o
||

 |
||

||
  |

||
   

 G
G

TC
TC

CA
G

-A
G

G
A

A
A

A
A

G
G

G
A

CC
A

A
G

A
A

CT
C

20
0.

32
CG

A
A

G
A

G
G

TC
G

TT
G

TC
A

TC
A

A
B

na
A

01
g1

40
50

D
N

B
R

1 
ho

m
ol

og
  

23
7

4
83

12
CG

A
A

G
A

G
G

TC
G

TT
G

TC
A

TC
A

A
   

 |
||

| 
| 

||
|o

||
 |

||
||

| 
   

CG
A

A
G

CT
TA

TA
CA

G
TA

A
G

A
G

TA
G

TC
A

CT
G

TA
T

19
0.

30
TG

CG
CA

G
A

G
TC

TT
TT

TA
A

G
TC

B
na

A
nn

g1
00

90
D

Pu
ta

ti
ve

 U
D

P-
ar

ab
in

os
e 

4-
ep

im
er

as
e 

4
12

8
2

92
62

TG
CG

CA
G

A
G

TC
TT

TT
TA

A
G

TC
   

 |
||

||
||

| 
| 

oo
|o

||
 |

||
   

 A
G

CG
A

CG
CG

TC
TA

A
CG

G
A

G
A

T-
CA

G
CT

A
CC

G
T

18
0.

29
TG

CG
CA

G
A

G
TC

TT
TC

TA
A

G
TC

B
na

C0
7g

18
01

0D
Pu

ta
ti

ve
 U

D
P-

ar
ab

in
os

e 
4-

ep
im

er
as

e 
4

40
3

6
92

62
TG

CG
CA

G
A

G
TC

TT
TC

TA
A

G
TC

   
 |

||
||

||
| 

| 
oo

||
||

 |
||

   
 A

G
CG

A
CG

CG
TC

TA
A

CG
G

A
G

A
T-

CA
G

CT
A

CC
G

T
18

0.
29

TG
CT

CT
CC

CG
TA

A
CT

A
CG

CT
T

B
na

A
02

g0
40

80
D

D
is

ea
se

 r
es

is
ta

nc
e 

pr
ot

ei
n 

TA
O

1 
 

40
2

6
89

84
TG

CT
CT

CC
CG

TA
A

CT
A

CG
CT

T 
   

||
||

 |
| 

||
o|

||
| 

|o
||

| 
   

TA
CT

A
CG

A
CA

G
CG

CG
TT

G
A

-G
TG

A
A

CC
TT

A
A

G
17

0.
27

TC
TT

G
TC

G
G

A
G

TT
TA

TG
A

TC
B

na
A

01
g2

36
50

D
A

de
ny

la
te

 is
op

en
te

ny
lt

ra
ns

fe
ra

se
 7

, m
it

oc
ho

nd
ri

al
13

24
21

88
65

TC
TT

G
TC

G
G

A
G

TT
TA

TG
A

TC
   

  |
||

||
 |

 |
||

| 
||

o 
||

| 
   

TT
G

A
A

G
A

A
CT

G
-C

TC
A

CA
TG

G
TA

G
A

CC
A

CA
TC

15
0.

24
TC

TT
G

TC
G

G
A

G
TT

TA
TG

A
TC

T
B

na
C0

2g
08

45
0D

A
de

ny
la

te
 is

op
en

te
ny

lt
ra

ns
fe

ra
se

 5
, c

hl
or

op
la

st
ic

27
77

1
44

5
88

65
TC

TT
G

TC
G

G
A

G
TT

TA
TG

A
TC

T 
   

||
||

| 
| 

||
||

 |
|o

 |
||

| 
   

TT
G

A
A

G
A

A
CT

G
-C

TC
A

CA
TG

G
TA

G
A

CC
A

CA
TC

15
0.

24
CC

CA
A

CT
A

TC
TC

G
A

A
CG

G
CC

C
B

na
A

nn
g2

38
90

D
un

kn
ow

n
10

1
2

86
81

CC
CA

A
CT

A
TC

TC
G

-A
A

CG
G

CC
C 

   
||

||
||

o|
||

| 
| 

||
||

o|
 |

   
 A

TG
TG

G
G

TT
G

G
TA

G
A

CC
G

TT
G

CT
G

A
G

G
TT

G
TT

15
0.

24
TT

CT
TT

CT
TT

CG
TG

TT
G

G
A

TG
B

na
C0

1g
16

55
0D

N
B

R
1 

ho
m

ol
og

  
10

3
2

84
05

TT
CT

TT
CT

TT
CG

TG
TT

G
G

A
TG

   
 |

||
 |

||
||

||
o|

 |
o|

| 
||

   
 C

A
TA

A
A

G
-A

A
G

A
A

A
G

TA
G

A
G

CC
CA

CA
CT

TG
A

G
15

0.
24

G
G

G
A

TT
A

G
TC

CT
TT

G
G

G
CC

T
B

na
A

05
g3

26
30

D
D

EL
LA

 p
ro

te
in

 G
A

I
10

0
2

45
30

G
G

G
A

TT
A

G
TC

CT
TT

G
G

G
CC

T 
   

 |
 |

|o
||

||
||

o|
|o

o|
| 

| 
   

TC
A

CC
G

CT
G

A
TC

A
G

G
G

A
A

TT
CG

A
A

CA
A

CT
CT

T
13

0.
21

CC
G

TG
A

TA
TT

TC
TG

A
G

A
A

G
A

C
B

na
Cn

ng
34

03
0D

Co
pi

a 
pr

ot
ei

n
11

7
2

57
92

CC
G

TG
A

TA
TT

TC
TG

A
G

A
A

G
A

C 
   

||
||

 |
o|

||
 |

oo
||

||
 |

| 
   

A
A

A
TG

G
CA

A
TG

TA
A

TG
G

TT
CT

TA
TG

A
A

CA
G

CT
10

0.
16

G
CT

TG
TG

G
TT

CG
G

A
CA

CT
C

B
na

A
08

g0
27

20
D

un
kn

ow
n

27
8

4
34

32
G

CT
TG

TG
G

TT
CG

G
A

CA
CT

C 
   

||
||

 |
||

||
 |

 |
 |

||
| 

   
TC

A
A

CG
A

A
-A

CC
A

A
A

CA
TC

TG
A

G
G

A
A

A
A

TA
CT

10
0.

16
G

CT
TG

TG
G

TT
CG

G
A

CA
CT

CT
B

na
A

08
g0

27
20

D
un

kn
ow

n
54

1
9

34
32

G
CT

TG
TG

G
TT

CG
G

A
CA

CT
CT

   
  |

||
| 

||
||

| 
| 

| 
||

||
o 

   
TC

A
A

CG
A

A
-A

CC
A

A
A

CA
TC

TG
A

G
G

A
A

A
A

TA
CT

10
0.

16
G

CT
TG

TG
G

TT
CG

A
A

CA
CT

C
B

na
A

08
g0

24
50

D
un

kn
ow

n
15

7
3

34
32

G
CT

TG
TG

G
TT

CG
A

A
CA

CT
C 

   
||

||
 |

||
||

 |
 |

 |
||

| 
   

TC
A

A
CG

A
A

-A
CC

A
A

A
CA

TC
TG

A
G

G
A

A
A

A
TA

CT
10

0.
16

G
CT

TG
TG

G
TT

CG
A

A
CA

CT
CT

B
na

A
08

g0
24

50
D

un
kn

ow
n

23
9

4
34

32
G

CT
TG

TG
G

TT
CG

A
A

CA
CT

CT
   

  |
||

| 
||

||
| 

| 
| 

||
||

o 
   

TC
A

A
CG

A
A

-A
CC

A
A

A
CA

TC
TG

A
G

G
A

A
A

A
TA

CT
10

0.
16

A
TT

CT
CA

TC
A

TC
G

TC
A

TC
A

TT
B

na
A

09
g1

49
80

D
D

is
ea

se
 r

es
is

ta
nc

e 
pr

ot
ei

n 
TA

O
1 

 
15

2
2

83
02

A
TT

CT
CA

TC
A

TC
G

TC
A

TC
A

TT
   

 |
||

||
||

||
| 

 |
 |

||
 |

||
   

 A
CA

G
TA

A
G

A
G

TA
G

TC
A

CT
G

TA
TT

A
A

CG
TA

CA
A

9
0.

14
A

TT
CT

G
TA

G
TG

TC
A

G
A

G
CG

G
C

B
na

A
08

g2
29

00
D

Pu
ta

ti
ve

 F
-b

ox
/k

el
ch

-r
ep

ea
t 

pr
ot

ei
n 

A
t3

g2
46

10
16

3
3

28
58

A
TT

CT
G

TA
G

TG
TC

A
G

A
G

CG
G

C 
   

||
||

||
| 

||
| 

||
 |

o|
oo

| 
   

G
G

A
CT

A
A

G
A

CA
A

CA
CT

G
TG

TT
G

TT
G

TA
CG

TA
C

9
0.

14
TC

G
A

A
G

A
G

G
TC

G
TT

G
TC

A
TC

A
A

B
na

A
01

g1
40

50
D

N
B

R
1 

ho
m

ol
og

  
58

3
9

83
13

TC
G

A
A

G
A

G
G

TC
G

TT
G

TC
A

TC
A

A
   

 |
||

||
 |

 |
||

o|
| 

||
||

||
   

 T
CG

A
A

G
CT

TA
TA

CA
G

TA
A

G
A

G
TA

G
TC

A
CT

G
TA

8
0.

13
G

G
A

A
TC

TT
G

A
TG

A
TG

CT
G

CA
T

B
na

C0
2g

09
94

0D
un

kn
ow

n
45

6
7

89
97

G
G

A
A

TC
TT

G
A

TG
A

TG
CT

G
CA

T 
   

o|
||

||
 |

||
||

||
||

||
   

 T
G

CT
TC

TT
A

G
-A

CT
A

CT
A

CG
A

CA
G

CG
CG

TT
G

A
7

0.
11

CC
A

A
G

A
TT

G
TC

A
TC

G
TA

G
A

A
TC

B
na

A
02

g0
50

40
D

un
kn

ow
n

16
6

3
86

04
CC

A
A

G
A

TT
G

TC
A

TC
G

TA
G

A
A

TC
   

 |
 |

||
 |

||
| 

||
|o

||
||

| 
| 

   
TC

G
A

G
A

TT
CC

A
A

CA
CT

A
G

TA
TC

TT
-G

A
CC

A
A

C
7

0.
11

G
TT

CC
A

A
A

G
A

CC
TC

TG
A

G
G

CT
B

na
C0

3g
18

98
0D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

, c
hl

or
op

la
st

ic
13

6
2

86
17

G
TT

CC
A

A
A

G
A

CC
TC

TG
A

G
G

CT
   

 |
o|

||
||

 |
| 

||
||

o|
||

 |
   

 G
TT

G
CG

A
G

G
TT

CC
TC

G
A

G
A

TT
CC

A
A

CA
CT

A
G

T
5

0.
08

TT
TC

A
TC

G
TT

CT
CA

G
G

TC
G

TT
B

na
A

nn
g2

21
60

D
TA

R
1

20
9

3
75

47
TT

TC
A

TC
G

TT
CT

CA
G

G
TC

G
TT

   
 |

||
|o

| 
||

||
||

||
| 

|o
o 

   
TA

A
G

CA
A

G
TG

G
A

A
A

G
A

G
TC

CA
A

CG
G

A
CT

TT
G

G
5

0.
08

G
CT

TG
A

A
A

A
TC

G
G

A
CG

TC
T

B
na

A
09

g0
44

20
D

TA
R

1
14

3
2

71
07

G
CT

TG
A

A
A

A
TC

G
G

A
CG

TC
T 

   
||

 |
||

| 
||

|o
 |

|o
o|

| 
   

CC
A

A
CG

CA
CT

TC
TA

G
TG

TG
TG

G
A

A
CT

CT
CC

A
T

5
0.

08
TT

CA
TG

A
CT

TC
CT

TC
TT

CT
T

B
na

C0
7g

18
01

0D
Pu

ta
ti

ve
 U

D
P-

ar
ab

in
os

e 
4-

ep
im

er
as

e 
4

30
4

5
62

42
TT

CA
TG

A
CT

TC
CT

TC
TT

CT
T 

   
 |

||
 |

| 
||

||
||

||
|o

 o
o 

   
TC

A
TA

A
G

G
A

C-
G

A
A

G
G

A
A

G
A

G
A

G
G

A
G

TC
G

CT
A

5
0.

08
TT

CA
TG

A
CT

TC
CT

TC
TT

CT
TT

B
na

C0
7g

18
01

0D
Pu

ta
ti

ve
 U

D
P-

ar
ab

in
os

e 
4-

ep
im

er
as

e 
4

24
8

4
62

42
TT

CA
TG

A
CT

TC
CT

TC
TT

CT
TT

   
 |

||
 |

| 
||

||
||

||
|o

 o
o|

   
 T

CA
TA

A
G

G
A

C-
G

A
A

G
G

A
A

G
A

G
A

G
G

A
G

TC
G

CT
A

5
0.

08
A

A
CG

A
CG

TC
A

A
A

TA
TT

TC
TG

T
B

na
A

09
g1

75
30

D
V

es
ic

le
-a

ss
oc

ia
te

d 
pr

ot
ei

n 
1-

4
12

0
2

32
20

A
A

CG
A

CG
TC

A
A

A
TA

TT
TC

TG
T 

   
||

||
||

o|
 |

| 
||

|o
| 

||
| 

   
TT

A
G

TT
G

CT
G

TA
CT

TA
A

TA
G

A
A

A
CA

G
A

A
TA

CC
5

0.
08

G
TA

G
A

TT
TT

TC
CA

CT
CA

TC
G

A
G

B
na

Cn
ng

34
03

0D
Co

pi
a 

pr
ot

ei
n

41
6

7
85

63
G

TA
G

A
TT

TT
TC

CA
CT

CA
TC

G
A

G
   

 |
o|

o|
o|

||
||

||
|o

||
 |

 |
| 

   
G

G
TG

CG
TT

TG
A

A
A

A
G

G
TG

G
G

TT
G

-T
CA

CA
CA

G
4

0.
06

TC
TT

CT
CA

G
A

A
A

TA
TC

A
CG

G
TC

B
na

C0
3g

45
03

0D
12

-o
xo

ph
yt

od
ie

no
at

e 
re

du
ct

as
e 

3
20

2
3

82
31

TC
TT

CT
CA

G
A

A
A

TA
TC

A
CG

G
TC

   
 |

||
| 

||
|o

| 
| 

||
||

|o
||

| 
   

TG
A

CA
G

A
A

A
A

G
TT

TG
TC

TA
G

TG
TC

A
G

CT
A

CA
A

4
0.

06
TG

TT
G

G
TT

TG
G

G
TC

TT
G

G
A

A
C

B
na

C0
7g

51
22

0D
N

ic
ot

in
at

e 
ph

os
ph

or
ib

os
yl

tr
an

sf
er

as
e 

1 
25

90
42

75
83

TG
TT

G
G

TT
TG

G
G

TC
TT

G
G

A
A

C 
   

| 
||

||
||

||
|o

  |
||

||
 |

   
 T

A
CG

A
G

A
A

CC
A

A
A

CC
TT

TA
A

CC
TG

G
G

G
TG

G
TA

4
0.

06
G

CA
CT

TG
CA

CA
TG

G
G

TT
A

G
TC

B
na

C0
2g

36
11

0D
un

kn
ow

n
65

3
10

69
41

G
CA

CT
TG

CA
CA

TG
G

G
TT

A
-G

TC
   

 |
| 

||
||

||
||

 |
||

| 
| 

||
| 

   
TT

CA
CG

A
G

A
A

CG
TG

TT
CC

CA
CT

A
CA

G
A

CA
CT

C
4

0.
06

G
TG

A
CA

TA
CA

CG
A

CG
G

G
CA

TG
B

na
C0

1g
16

55
0D

N
B

R
1 

ho
m

ol
og

17
1

3
28

51
G

TG
A

CA
TA

CA
CG

A
CG

G
G

CA
TG

   
 |

||
||

|o
| 

||
o|

|o
 |

||
||

   
 A

CA
A

CA
CT

G
TG

T-
TG

TT
G

TA
CG

TA
CC

TG
CT

TC
4

0.
06

TT
TT

A
A

CC
G

G
A

TC
CC

CT
TT

CG
B

na
A

09
g0

44
20

D
TA

R
1

19
7

3
27

80
TT

TT
A

A
CC

G
G

A
TC

CC
CT

TT
CG

   
 |

|o
| 

||
||

| 
||

 |
||

||
|o

   
 T

A
CC

A
A

G
A

-T
G

G
CC

A
A

G
CG

G
A

A
A

G
TA

G
A

CA
A

G
4

0.
06

TC
G

G
CG

G
G

A
A

TT
CC

G
G

A
A

A
G

B
na

A
09

g0
44

20
D

TA
R

1
13

4
2

10
50

8
TC

G
G

CG
G

G
A

A
TT

CC
G

G
A

A
A

G
   

  |
||

||
 |

o|
| 

| 
|o

||
||

| 
   

TA
CA

A
G

CC
G

-C
TT

TT
A

TG
TC

TT
TC

A
TT

G
TT

G
T

3
0.

05
CA

CC
G

TC
CT

G
CT

G
TC

TT
A

A
TC

B
na

A
nn

g3
67

30
D

TA
R

1
19

4
3

55
72

CA
CC

G
TC

CT
G

CT
G

TC
TT

A
A

TC
   

 |
| 

|o
| 

||
||

||
||

| 
 |

||
   

 A
CG

A
G

TC
G

TA
A

G
A

CG
A

CA
G

A
CA

TA
G

TT
CT

A
TA

3
0.

05
TT

G
CT

A
TA

G
A

TG
G

TT
TC

TG
CT

B
na

A
03

g1
63

00
D

TI
M

14
-1

25
2

4
36

81
TT

G
CT

A
TA

G
A

TG
G

TT
TC

TG
CT

   
 |

||
||

 |
 |

||
|o

 |
||

||
 |

   
 C

G
G

A
A

A
CG

A
-A

G
CT

A
CT

CA
A

G
A

CC
A

TC
TG

A
A

G
3

0.
05

TT
CC

G
TG

G
G

A
TG

G
CT

CA
A

CA
A

B
na

A
nn

g2
21

60
D

TA
R

1
32

0
5

21
65

TT
CC

G
TG

G
G

A
TG

G
CT

CA
A

CA
A

   
 |

||
 |

||
||

|o
||

||
| 

| 
| 

   
CG

A
A

CA
G

G
A

A
CC

CT
A

TC
G

A
G

T-
G

A
TA

G
A

CA
A

T
3

0.
05

Fr
ag

m
en

t s
ig

na
tu

re
s

hs
RN

A
Or

ig
in

 o
f: 

Tr
an

sc
rip

t I
D

Or
ig

in
 o

f: 
Pr

ed
ict

ed
 g

en
e 

fu
nc

tio
n

hs
RN

A 
re

ad
s

Cl
ea

va
ge

 p
os

iti
on

 
in

 v
RN

A
hs

RN
A:

vR
NA

 ta
rg

et
 p

ai
r (

5'
-3

' :
 3

'-5
')



  

 

 Ta
bl

e 
S3

2:
 O

lig
on

uc
le

ot
id

e 
pr

im
er

s u
se

d 
fo

r R
T-

qP
CR

 a
na

ly
si

s  

 

   TT
G

TC
TC

TC
CT

TG
TA

AT
TG

CT
Bn

aC
nn

g3
40

30
D

Co
pi

a 
pr

ot
ei

n
12

3
2

16
18

TT
G

TC
TC

TC
CT

TG
TA

AT
TG

CT
   

 o
o|

||
 |

||
||

||
 |

||
o|

 |
   

 C
AA

AG
G

CA
G

-G
AG

G
AA

CT
TT

AG
CT

AA
G

G
G

AA
T

3
0.

05
AT

TG
TT

AT
G

CC
TA

G
G

CT
CA

G
A

Bn
aA

09
g1

66
80

D
Di

se
as

e 
re

si
st

an
ce

 p
ro

te
in

 T
AO

1
21

2
3

76
20

AT
TG

TT
AT

G
CC

TA
G

G
CT

CA
G

A 
   

||
|o

||
 |

o|
 |

||
 |

||
||

| 
   

AC
CG

TA
AT

AA
CA

TG
-A

TC
AG

AG
TC

TC
TG

AT
AT

2
0.

03
AT

TC
CA

G
AT

G
TC

G
AG

AT
CA

G
A

Bn
aC

05
g1

09
80

D
RN

A-
de

pe
nd

en
t R

N
A 

po
ly

m
er

as
e 

1
10

9
2

60
85

AT
TC

CA
G

AT
G

TC
G

AG
AT

CA
G

A 
   

||
o|

||
 |

||
||

 |
||

| 
| 

| 
   

AG
TG

TA
G

G
G

TG
TA

CA
G

AT
CT

AC
T-

TC
AA

AA
AG

2
0.

03
AT

CA
CA

TA
TG

TC
TA

G
TG

G
AC

T
Bn

aC
09

g0
24

00
D

G
lu

ta
m

at
e 

re
ce

pt
or

 1
.2

37
0

6
60

85
AT

CA
CA

TA
TG

TC
TA

G
-T

G
G

AC
T 

   
||

| 
||

o|
||

||
||

| 
||

o|
 |

   
 A

G
TG

TA
G

G
G

TG
TA

CA
G

AT
CT

AC
TT

CA
AA

AA
G

A
2

0.
03

AG
AG

AT
TG

AT
CT

G
AA

CA
AG

G
A

Bn
aC

01
g1

65
50

D
N

BR
1 

ho
m

ol
og

43
72

70
30

08
AG

AG
AT

TG
AT

CT
G

AA
CA

AG
G

A 
   

||
| 

||
||

||
 |

 |
||

||
 o

| 
   

TC
CT

TC
TA

TA
AC

TA
CA

-T
TG

TT
AT

TG
G

AA
G

AA
2

0.
03

TC
AT

TG
AA

AC
CC

TT
CT

G
G

AT
C

Bn
aA

01
g1

40
50

D
N

BR
1 

ho
m

ol
og

10
6

2
24

99
TC

AT
TG

AA
AC

CC
TT

CT
G

G
AT

C 
   

||
| 

||
 |

||
||

||
||

 o
||

   
 C

TG
AA

G
TC

AC
-T

TG
G

G
AA

G
AG

TT
AC

AA
G

AG
CC

2
0.

03
CG

TT
TT

CC
CT

G
AG

CT
CT

TG
G

C
Bn

aA
nn

g2
29

20
D

Ch
lo

ro
ph

yl
l a

-b
 b

in
di

ng
 p

ro
te

in
 1

, c
hl

or
op

la
st

ic
12

8
2

91
22

CG
TT

TT
CC

CT
G

AG
CT

CT
TG

G
C 

   
| 

||
||

||
||

| 
| 

||
||

|o
   

 A
G

AG
G

AA
AA

AG
G

G
AC

-C
AA

G
AA

CT
CA

G
CT

TT
C

1
0.

02
TA

CT
AA

TT
CA

TG
AT

CT
G

G
C

Bn
aC

09
g2

92
90

D
30

S 
rib

os
om

al
 p

ro
te

in
 S

7,
 c

hl
or

op
la

st
ic

14
0

2
64

62
TA

CT
AA

TT
CA

TG
AT

CT
G

G
C 

   
||

||
 |

o|
||

||
| 

 |
| 

| 
   

AG
G

TA
TG

AG
TG

AG
TA

CT
TT

AC
G

G
CT

CT
AT

AA
G

1
0.

02
TC

G
CT

CC
TA

CA
AG

CA
CG

TG
AC

Bn
aA

09
g1

49
80

D
Di

se
as

e 
re

si
st

an
ce

 p
ro

te
in

 T
AO

1
25

6
4

63
71

TC
G

CT
CC

TA
CA

AG
CA

CG
TG

AC
   

 |
||

||
||

| 
||

||
||

| 
||

| 
   

CT
G

AA
G

CG
AG

G
AA

G
TT

CG
TG

-A
CT

AT
AC

AA
G

A
1

0.
02

AG
G

AT
TC

CC
TT

AG
TA

AC
G

G
Bn

aC
08

g4
61

50
D

TA
R1

10
1

2
10

86
AG

G
AT

TC
CC

TT
AG

TA
AC

G
G

   
 |

|o
||

||
| 

||
  o

||
||

o 
   

CC
AA

TC
TT

AA
G

G
TA

AA
G

G
TT

G
CT

G
AT

AC
G

G
TG

1
0.

02

Ta
nt

o-
sp

ec
ifi

c

Ge
ne

 ty
pe

Ge
ne

 ID
Fo

w
ar

d 
pr

im
er

 (5
' -

 3
')

Re
ve

rs
e 

pr
im

er
 (5

' -
 3

')
Ge

ne
 a

nn
ot

at
io

n
Re

f. 
Ho

us
ek

ee
pi

ng
 g

en
es

Bn
aA

08
g1

17
90

D
AG

CC
TG

AG
G

AG
AT

AT
TA

G
CA

G
G

AA
AT

CT
CA

CT
G

CA
G

CT
CC

AC
CA

T
Bn

aU
P1

 - 
U

nk
no

w
n 

an
no

ta
tio

n
Zh

an
g 

et
 a

l.
, 2

01
4

Br
a0

11
51

6
TG

AA
G

AG
CA

G
AT

TG
AT

TT
G

G
CT

AC
AC

TC
CA

TT
G

TC
AG

CC
AG

TT
TI

P4
1-

lik
e 

Pr
ot

ei
n

W
an

g 
et

 a
l.,

 2
01

4
Di

ffe
re

nt
ia

lly
 e

xp
re

ss
ed

 g
en

es
Bn

aA
07

g1
68

50
D

CA
AA

TT
CC

CA
AG

AA
G

TT
AC

TT
TA

G
G

TT
CC

G
AT

G
TA

TG
TG

AT
G

CT
G

Pr
ob

ab
le

 W
RK

Y 
tr

an
sc

rip
tio

n 
fa

ct
or

 7
0

Bn
aA

01
g2

26
80

D
TA

TA
CG

CT
CT

AG
TT

AC
TC

AG
AT

G
G

G
CT

AC
TG

CT
AC

TC
TC

TC
G

M
LO

-li
ke

 p
ro

te
in

 6
Bn

aA
03

g5
45

90
D

TC
AG

TC
TG

CT
G

CT
CA

AT
G

TT
TG

TA
G

CG
AT

AT
G

TA
TG

TT
AC

AT
G

AA
G

TG
TG

AT
G

G
T

Li
pi

d 
tr

an
sf

er
 p

ro
te

in
 E

AR
LI

 1
Bn

aA
01

g3
04

90
D

CA
AT

CA
TT

G
CG

AG
AA

TG
TA

CC
AA

G
G

G
G

TA
G

G
AA

CA
TC

AT
CA

TC
CA

TG
CC

Pr
ob

ab
le

 m
ed

ia
to

r o
f R

N
A 

po
ly

m
er

as
e 

II 
tr

an
sc

rip
tio

n 
su

bu
ni

t 3
7c

Bn
aA

01
g1

04
20

D
CC

G
AT

CA
AG

AT
AT

TT
G

TA
TA

G
AG

AG
AA

AT
G

AT
TT

G
TA

G
AA

TA
G

AT
AA

CC
AG

CT
AA

AC
CC

Va
cu

ol
ar

-s
or

tin
g 

re
ce

pt
or

 7
Bn

aA
01

g0
85

10
D

AT
G

AC
AC

TC
CC

AT
AT

CT
CA

G
G

G
AT

AT
TA

C
TT

CA
TG

TG
G

CA
AT

CT
CA

TC
G

AC
C

Ca
lc

in
eu

rin
 B

-li
ke

 p
ro

te
in

 1
Bn

aA
01

g0
15

70
D

TA
AC

CC
AA

G
TG

TG
AA

G
AG

TG
CA

AA
G

AC
G

CG
G

TA
G

AT
AG

AG
TT

G
G

C
Th

au
m

at
in

-li
ke

 p
ro

te
in

 1
Bn

aA
07

g1
95

20
D

TG
CA

G
G

AA
TC

TG
AA

AG
AG

C
G

G
AA

G
TG

TA
TG

TA
TC

AG
G

G
AA

AT
G

TR
AN

SP
O

RT
 IN

HI
BI

TO
R 

RE
SP

O
N

SE
 1

Bn
aA

08
g3

08
30

D
AG

TT
TG

TG
G

TA
TT

G
AA

TA
CG

TT
TG

TA
TC

T
AC

G
G

AC
CT

AT
AT

AT
AA

G
TA

AC
CG

TA
AA

TG
C

Pa
th

og
en

es
is

-r
el

at
ed

 p
ro

te
in

 P
R-

1
Bn

aA
01

g0
35

80
D

G
G

AA
AG

AA
CT

G
G

G
AA

AT
G

G
AT

G
A

CA
AC

AG
AA

CC
TC

TG
CC

TT
AG

Pr
ob

ab
le

 d
is

ea
se

 re
si

st
an

ce
 p

ro
te

in
 A

t4
g3

33
00

Bn
aA

nn
g1

00
90

D
G

CA
AT

TA
AA

G
G

TG
AA

AG
G

AA
CA

G
AC

TA
C

TT
TA

CG
TG

AG
CA

TC
CA

CG
AG

G
Pu

ta
tiv

e 
U

DP
-a

ra
bi

no
se

 4
-e

pi
m

er
as

e 
4

Bn
aA

09
g1

49
80

D
G

CG
G

G
G

G
TA

AA
CA

G
AA

TG
G

AC
CT

CA
TA

TC
G

AG
TT

G
G

TA
TA

TG
AT

G
G

AG
C

Di
se

as
e 

re
si

st
an

ce
 p

ro
te

in
 T

AO
1

Bn
aA

04
g1

98
40

D
TA

G
CA

G
G

TT
TC

AC
G

AG
CT

AA
G

T
TC

AT
TG

TG
TC

CA
G

CT
AA

G
CG

TC
Sq

ua
m

os
a 

pr
om

ot
er

-b
in

di
ng

-li
ke

 p
ro

te
in

 3
Bn

aA
01

g0
05

20
D

G
G

CT
AA

TG
AT

G
G

CC
AT

G
AT

G
C

TC
AA

CA
CG

TC
AG

G
G

TG
TC

TA
AG

Cy
to

ch
ro

m
e 

P4
50

 8
1F

1
Bn

aC
05

g4
79

10
D

TC
CC

AA
AG

G
TT

CT
TG

G
AG

AT
TT

G
AT

AG
CT

AC
TT

CC
TT

G
TC

G
TA

AC
CC

G
AG

DC
L 

2
Bn

aA
06

g1
28

10
D

CA
AG

TG
CA

AG
TG

G
TA

G
TG

G
G

G
G

G
TC

TT
G

TG
TT

AG
TT

G
TC

G
TA

G
G

PL
AS

M
O

DE
SM

AT
A 

CA
LL

O
SE

-B
IN

DI
N

G
 P

RO
TE

IN
 3

Bn
aA

05
g1

47
60

D
AT

G
CT

AT
TA

TA
TT

G
AT

TA
TC

G
TA

AC
AG

CC
C

AC
AA

AG
AG

AA
AC

AC
AC

TA
CA

AT
AA

AC
CC

AG
O

2



  Ta
bl

e 
S3

3:
 O

lig
on

uc
le

ot
id

e 
ad

ap
te

rs
 a

nd
 p

rim
er

s u
se

d 
fo

r 5
'R

AC
E 

an
al

ys
is

  

 
      

Na
m

e
Nu

cle
ic 

ac
id

 se
qu

en
ce

s (
5'

 - 
3'

)
Ge

ne
 a

nn
ot

at
io

ns
5'

 R
AC

E 
ad

ap
te

r
5'

RA
CE

 A
da

pt
er

G
CU

G
AU

G
G

CG
AU

G
AA

U
G

AA
CA

CU
G

CG
U

U
U

G
CU

G
G

CU
U

U
G

AU
G

AA
A

-
5'

 R
AC

E 
ad

ap
te

r p
rim

er
s 

5'
RA

CE
 o

ut
er

 p
rim

er
G

CT
G

AT
G

G
CG

AT
G

AA
TG

AA
CA

CT
G

5'
RA

CE
 in

ne
r p

rim
er

CG
CG

G
AT

CC
G

AA
CA

CT
G

CG
TT

TG
CT

G
G

CT
TT

G
AT

G
G

en
e-

sp
ec

ifi
c 

pr
im

er
s

Bn
aA

07
g1

38
30

D-
1

TT
TC

TC
CT

CC
TT

CT
CC

G
C

Bn
aA

07
g1

38
30

D-
2

CT
TT

CT
CC

TC
CT

TC
TC

CG
CC

TC
 

Bn
aA

nn
g1

85
40

D-
1

G
G

G
AG

AA
G

CG
AA

G
AC

AG
T

Bn
aA

nn
g1

85
40

D-
2

G
TC

G
G

G
AG

AA
G

CG
AA

G
AC

AG
TG

Bn
aC

nn
g6

83
20

D-
1

CA
CC

AT
AA

G
TA

G
TC

TC
CG

CT
C

AG
O

2
Bn

aA
05

g1
47

60
D-

1
CC

AT
TA

CA
TA

AT
G

CA
G

TC
TC

TG
CT

CC
AG

O
2

Bn
aA

09
g1

49
80

D-
1

G
AC

CA
AC

CT
CT

TC
CC

TG
Bn

aA
09

g1
49

80
D-

2
CA

CA
CA

G
G

TT
TC

AT
CA

AA
G

G
Bn

aC
nn

g4
47

80
D-

1
G

TT
TG

G
TT

CA
G

AC
AC

AA
TG

AA
AC

G
Bn

aC
nn

g4
47

80
D-

2
CG

AT
G

TT
G

AT
G

AT
G

AC
G

AC
AC

TC
AG

Bn
aA

01
g3

47
30

D-
1

CA
TG

AG
AG

AA
G

G
TT

G
G

AA
G

C
AP

ET
AL

A 
2

TA
O

1

AR
F1

0

SC
L6

BL
O

S2-



 

APPENDIX 2: SUPPLEMENTARY FIGURES AND TABLES OF PUBLICATION: 
“CROSSTALK BETWEEN PTGS AND TGS PATHWAYS IN NATURAL ANTIVIRAL 
IMMUNITY AND DISEASE RECOVERY” KØRNER ET AL. 2018 



Letters
https://doi.org/10.1038/s41477-018-0117-x

© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Crosstalk between PTGS and TGS pathways in 
natural antiviral immunity and disease recovery
Camilla Julie Kørner1, Nicolas Pitzalis2, Eduardo José Peña2,3, Mathieu Erhardt2, Franck Vazquez1,4  
and Manfred Heinlein   1,2*

1Zurich-Basel Plant Science Center, Department of Environmental Sciences, University of Basel, Basel, Switzerland. 2Université de Strasbourg, CNRS, IBMP 
UPR 2357, Strasbourg, France. Present address: 3Instituto de Biotecnología y Biología Molecular, Facultad de Ciencias Exactas, UNLP-CONICET, La Plata, 
Buenos Aires, Argentina. 4MDPI, Basel, Switzerland. *e-mail: manfred.heinlein@ibmp-cnrs.unistra.fr

SUPPLEMENTARY INFORMATION

In the format provided by the authors and unedited.

NaTurE PlaNTS | www.nature.com/natureplants

https://doi.org/10.1038/s41477-018-0117-x
http://orcid.org/0000-0001-7322-1654
mailto:manfred.heinlein@ibmp-cnrs.unistra.fr
http://www.nature.com/natureplants


 

Supplementary Figure S1. Symptoms and symptom recovery during ORMV infection in Arabidopsis. 
Non-infected control plants and ORMV-infected plants at 14, 21, and 28 dpi. Whole plants and enlarged 
central parts (within the area delimited by white rectangle) are shown. As has been reproduced in several 
recovery experiments, leaves emerging of infected plants at 21 dpi show strong symptoms, whereas leaves 
emerging at 28 dpi and onwards are recovered and are free of symptoms. Examples of symptomatic and 
recovered leaves are labeled with one yellow and two white asterisks, respectively.  
 



 
Supplementary Figure S2. Analysis of STs in L8z2 plants. Accumulation of GFP mRNA (a) and viral RNA 
(b) in leaves of the different STs, measured by RT-qPCR; n= 3 ± SE, Student’s t-test * p<0.05. The level 
of GFP mRNA (a) in ST3a tissue was similar as in the other fluorescent symptom types (ST1 and ST2) 
and clearly higher than in mock-inoculated tissues. In contrast, GFP mRNA levels were similar to mock 
in the recovered, non-fluorescent tissues of ST3b and ST4. The amount of viral RNA (b) was similar in 
all infected tissues. (c), Northern blot showing the levels of GFP-derived siRNAs (GFP) and vsiRNAs 
(ORMV) as well as of miR173 and miR398*, in leaves of the different STs. Similar vsiRNA levels occur 
also in the different STs of infected wild type Col-0 plants (not shown). Stained total RNA is shown as 
loading control. M, mock. 
 



 
Supplementary Figure S3. Symptoms, recovery, and correlation with viral silencing suppression in 
ORMV-infected Arabidopsis Suc:Sul plants. (a), Non-infected and ORMV-infected Suc:Sul plants. (b) 
Examples of individual leaf STs of an infected Suc:Sul plant at 28 dpi. The virus suppresses vein 
bleaching (silencing of the SULFUR gene) in ST2 leaves, and partly also in ST3 leaves, whereas there is 
no suppression of SULFUR silencing in recovered ST4 leaves. These observations have been reproduced 
in several recovery experiments.  
 



 
Supplementary Figure S4. Suppression of recovery in VSR-expressing transgenic plants. Examples of 
non- infected and ORMV-infected plants expressing either closterovirus P21-VSR or the tombusvirus 
P19-VSR. Plant areas within the dashed rectangles are shown enlarged. Neither P21 nor P19 plants 
allow disease recovery.  
 



 
Supplementary Figure S5. Recovery phenotypes of Arabidopsis mutants. Non-infected and ORMV-infected 
plants at 28 dpi. The central parts of the infected plants are shown enlarged. Infected plants are usually 
stunted and are thus smaller than non-infected plants of the same age. For size comparison between 
infected and non-infected plants the pot size can serve as a reference. In the enlarged images, examples of 
symptomatic and recovered leaves are labelled with one (*) and two (**) asterisks, respectively.  
ago1-27 and hen1-5 mutants (left) impaired in components shared by several endogenous sRNA pathways 
do not show recovery. Mutants impaired in the biogenesis of miRNAs (right) recover normally. noR, no 
recovery. 
 



 
Supplementary Figure S6. Recovery phenotypes of Arabidopsis mutants impaired in the biogenesis of 
various classes of siRNAs. Non-infected and ORMV-infected plants at 28 dpi. The central parts of the infected 
plants are shown enlarged. Infected plants are usually stunted and are thus smaller than non-infected plants 
of the same age. For size comparison between infected and non-infected plants the pot size can serve as a 
reference. In the enlarged images, examples of symptomatic and recovered leaves are labelled with one (*) 
and two (**) asterisks, respectively.  
 
 



 
Supplementary Figure S7. Recovery phenotypes of Arabidopsis mutants impaired in the biogenesis of 
various classes of siRNAs. Non-infected and ORMV-infected plants at 28 dpi. The central parts of the infected 
plants are shown enlarged. Infected plants are usually stunted and are thus smaller than non-infected plants 
of the same age. For size comparison between infected and non-infected plants the pot size can serve as a 
reference. In the enlarged images, examples of symptomatic and recovered leaves are labelled with one (*) 
and two (**) asterisks, respectively.  
Mutants affected in general factors needed for the production and amplification of various classes of siRNAs 
do not recover (rdr6-15 and sgs3-13) or recover weakly (dcl4-2). noR; no recovery; weR, weak (delayed) 
recovery. 
 



 
Supplementary Figure S8. Recovery phenotypes of Arabidopsis mutants affecting the steady state level of 
siRNAs. Non-infected and ORMV-infected plants at 28 dpi. The central parts of the infected plants are shown 
enlarged. Infected plants are usually stunted and are thus smaller than non-infected plants of the same age. 
For size comparison between infected and non-infected plants the pot size can serve as a reference. In the 
enlarged images, examples of symptomatic and recovered leaves are labelled with one (*) and two (**) 
asterisks, respectively.  
ein5 and xrn4-3 mutants show enhanced (early) recovery (eR). This effect is RDR6-dependent as shown by 
normal recovery of the ein5 rdr6-15 double mutant. dcl3-1 single and dcl2 dcl3 double mutants also show 
enhanced (early) recovery. This effect is DCL4-dependent, since the dcl3 dcl4 double mutant recovers 
normally.  
 



 
Supplementary Figure S9. Recovery phenotypes of Arabidopsis mutants affected in ethylene, salicylic acid 
(SA), jasmonic acid (JA) and auxin synthesis and signaling recover normally. Non-infected and ORMV-
infected plants at 28 dpi. The central parts of the infected plants are shown enlarged. Infected plants are 
usually stunted and are thus smaller than non-infected plants of the same age. For size comparison between 
infected and non-infected plants the pot size can serve as a reference. In the enlarged images, examples of 
symptomatic and recovered leaves are labelled with one (*) and two (**) asterisks, respectively.  
 
 



 
Supplementary Figures S10 and S11.  Recovery phenotypes of Arabidopsis TGS mutants acting up- or 
downstream of DCL3. Non-infected and ORMV-infected plants at 28 dpi. The central parts of the 
infected plants are shown enlarged. Infected plants are usually stunted and are thus smaller than non-
infected plants of the same age. For size comparison between infected and non-infected plants the pot 
size can serve as a reference. In the enlarged images, examples of symptomatic and recovered leaves 
are labelled with one (*) and two (**) asterisks, respectively.  
Mutants more directly involved in chromatin remodeling and DNA methylation (e.g. rdm1, drd3, 
classy1, drm2, dms3, rts1, ago4, ago6, ros1) recover normally. However, rdr2-2 and several Pol IV-
subunit mutants (nrpd1-3, nrpd/e2-1, drd2-4) do not recover. drd1 shows enhanced (early) recovery. 
The DRD1 gene encodes a subunit of the chromatin-remodeling complex that mediates the recruitment 
of Pol IV and Pol V to chromatin. Enhanced recovery in the drd1 mutant may indicate that the 
recruitment of Pol IV to chromatin competes with the role of Pol IV in recovery. eR, enhanced (early) 
recovery; noR, no recovery. 
 

 
Supplementary Figure S10 (legend above) 

 



 
 Supplementary Figure S11 (legend above 
 
 



 
Supplementary Figure S12. sRNA analysis of ORMV-infected Col-0 wild type plants and silencing 
pathway mutants. sRNA species in recovered ST4 (Col-0, dcl3, ein5, ein5 rdr6) and corresponding non-
recovered leaves of mutants (rdr6, rdr2, dcl2 dcl4), in which recovery is absent, were analyzed. The 
analysis was performed with the same RNA samples also used for viral RNA analysis (Fig. 1d). The 
mutants affected the accumulation of specific sRNA species as expected and shown previously 9. None 
of the mutants affected the accumulation of miR160. The accumulation of 5S rDNA repeat-derived ra-
siR1003 was affected in dcl3 and rdr2 mutants but not in rdr6 mutants, whereas the production of 
tasiR255 was affected in rdr6, ein5 rdr6, and dcl2 dcl4 mutants but not in rdr2 or dcl3 mutants. As is 
also expected, production of vsiRNAs was abolished in dcl2 dcl4, as is consistent with the lack of 
recovery in this double mutant. Relative to Col-0 wild type, the vsiRNA levels were higher in mutants 
showing enhanced recovery (ein5, dcl3) and reduced in rdr6, which interferes with the formation of 
secondary siRNAs and does not support recovery.  
 



 
Supplementary Figure S13. VSR expression in recovered leaves of ORMV-infected Col-0 wild type 
plants and silencing pathway mutants. The 125k-VSR is expressed in infected tissues irrespective of 
recovery. The amount of the VSR in recovered leaves is lower in mutants undergoing early recovery 
(ein5, dcl3) and higher in the upper leaves of rdr6 mutants in which recovery is inhibited. L8z2 plants, 
which contain a continuously active silencing system, produce relatively high levels of the VSR whereas 
dcl2 dcl4 plants, in which siRNA synthesis is inhibited, contain relatively low levels of the VSR. The 
Western blot analysis was replicated two times. UGPase, UDP-glucose pyrophosphorylase. 
 



 
Supplementary Figure S14. Recovery in sink tissues. (a), AtSUC:GFP plant infected with ORMV (28 dpi). The 
part of the plant within the rectangle is shown in (b). *, recovered ST4 leaves; +, partially symptomatic ST3/ST4 
transition leaves; #, strongly symptomatic ST3 leaf. (b), GFP fluorescence of the plant parts highlighted by the 
rectangle in (a). Recovered leaves are sinks as shown by the diffusion of GFP throughout the leaf tissue; in 
ST3/ST4 transition leaves, GFP starts to remain within the phloem, thus indicating that these leaves undergo 
the sink-source transition. *, recovered ST4 leaves; +, partially symptomatic ST3/ST4 transition leaves. (c), 
Recovered leaf showing diffused GFP. (d) ST3/ST4 transition leaf showing diffused GFP in the leaf base (sink) 
and GFP remaining in the veins (source), thus indicating the sink-to-source transition. (e), Flattened ST2 leaf 
showing the typical source pattern with GFP retained in the veins.   
 



Supplementary Table S1: Occurrence and timing of recovery in hormone pathway mutants  
 

Timing ATG number Mutant # plants1 Gene function 
Early AT1G54490 ein5-1 14/14 

Ethylene signalling / RNA decay 
    xrn4-3 21/22 
  AT5G03280 ein2-1 4/4   
  AT3G20770 ein3-1 4/4 Ethylene signaling 
  AT3G51770 eto1-1 4/4   
  AT3G52430 pad4-1 4/4   
  AT1G64280 npr1-1 5/7 SA-defense signaling 
Normal - NahG 3/8   
  AT4G33430 bak1-4 4/4 Innate immunity / brassinosteroid signaling 
  AT1G30330 arf6-1 4/4   

Auxin signaling 
  

  

  AT5G37020 arf8-2 4/4 
  AT1G05180 axr1-3 4/4 
  AT3G62980 tir1-10 4/4 

1 number of plants showing specific recovery phenotype / number of plants infected. 
 
 
Supplementary Table S2: Table of nucleic acid qPCR primers and Northern blot hybridization 
probes  

 
  Name ATG number Forward primer or probe Reverse primer 
qPCR GAPDH At1g13440 TTGGTGACAACAGGTCAAGCA AAACTTGTCGCTCAATGCAATC 
 EXP At4g26410 GAGCTGAAGTGGCTTCCATGAC GGTCCGACATACCCATGATCC 
  18S At3g41768 CGTCCCTGCCCTTTGTACAC CGAACACTTCACCGGATCATT 
  ORMV CP  - CAAGCGGCAAGAGATACTGTTAGAC GCTGGTTCGGTGTCACAATCG 
  GFP 5  - GCCCGACAACCACTACCTGAG GGCGGCGGTCACGAACTC 
Probe ORMV_siRNA  - AATTGGTGCTCGTTGATGGTGTTC TCTACCGTCCTCACATTGTCCTTG 
Fig S2c  GFP_siRNA  - CACATGAAGCAGCACGACTT TGCTCAGGTAGTGGTTGTCG 
  miRNA398*  - TGTTCACATGCCACTCCTTTG   
  miRNA173  - GTGATTTCTCTCTGCAAGCGAA   
Probe ORMV_subgen_as_1 - TCTCCGGTCTATATCTATACTTATTACTATTTACATCCCT  
Fig 1d ORMV_subgen_as_2 - TTTTCTTCTTTATATTGTAACGAATCAGGACCGGCGTATC  
 ORMV_subgen_as_3 - AAATACTGGTACTGATTCGAGCTCGTGATGTTGTAAACCA  
 ORMV_subgen_as_4 - CTGGTTAAGCATCGCTGTGGGCTCTGCCCACATCGCTGCG  
 ORMV_subgen_as_5 - CCGCTTGAGTTTGGTACGACTGCGACAACGCAGACACGCA  
 ORMV_subgen_as_6 - CTCAGAAGGTTAGAGAACTGCTGTCTAACAGTATCTCTTG  
Probe siR1003 - ATGCCAAGTTTGGCCTCACGGTCT  
Fig S12 ta-siR255 - TACGCTATGTTGGACTTAGAA  
 miR160 - TGGCATACAGGGAGCCAGGCA  
 ORMV_1 s - GCACGCTCGAGACGCCCTAAGGTCCAT  
 ORMV_2 s - AGGCCGTACACTCCCTAGCGGGTGGTC  
 ORMV_3 s - CGCTGCGCACCTTTTCAAGGGACGCGA  
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L'objectif principal de cette thèse était d'acquérir de nouvelles connaissances sur les 
interactions plantes-virus en étudiant le rôle des petits ARN dérivés de virus et de l'hôte dans 
la régulation de l'expression génique lors de la propagation locale de l'infection virale dans les 
feuilles malades et guéries. Dans le cadre de ma thèse, j'ai également contribué à un article 
de synthèse sur les modèles actuels du mouvement des virus à travers les plasmodesmes (PD) 
(Pitzalis and Heinlein 2017). 
 
Le rôle des petits ARN dérivés du virus et de l'hôte dans les interactions plantes-virus 
Les événements cellulaires impliqués dans la réplication virale locale et le mouvement de 
cellule à cellule ont été intensément étudiés ces dernières années. Cependant, nous en savons 
encore très peu sur les interactions entre les plantes et les virus, qui jouent un rôle dans 
l'orchestration de ces processus au niveau de l'expression des gènes. Ainsi, comme décrit dans 
le chapitre II de cette thèse, différentes approches de séquençage profond (RNAseq, sRNAseq, 
PAREseq) ont été utilisées pour étudier les modifications induites par le virus dans le 
transcriptome de l'hôte, la régulation des gènes et du virus par de petits ARN (sRNA) codés 
par le virus et l’hôte. En utilisant une analyse bioinformatique des données de séquençage, 
l'accent a été mis sur l'identification des sRNA dérivés de l'hôte ou du virus qui ciblent les 
transcrits de l'ARN messager (mRNA) hôte ou l'ARN viral par clivage du complexe RISC (RNA-
Induced Silencing Complex). Les travaux ont été appliqués chez le colza (B. napus) infecté par 
le TuMV, qui représente un pathosystème économique important. Pour obtenir des 
informations sur le processus de réplication et de propagation du virus en cours, nous avons 
utilisé une version du virus étiquetée GFP, ce qui nous a permis d’isoler des échantillons d’ARN 
des sites de propagation de l’infection dans les feuilles inoculées. Des données fiables et des 
conclusions ont été obtenues grâce à l'analyse d'échantillons provenant de trois expériences 
biologiques indépendantes. De plus, l’utilisation d’échantillons de deux cultivars différents 



 II 

nous a permis d’interpréter les résultats en fonction de la sensibilité spécifique du cultivar 
face au virus. Fait important, les différentes approches NGS (RNAseq, sRNAseq, PAREseq) ont 
toujours été appliquées aux mêmes échantillons d'ARN individuels, de sorte que les différents 
niveaux d'analyse et les résultats respectifs pour un échantillon donné pouvaient être 
combinés, mutuellement corrélés et interprétés. 
 
L'analyse du RNAseq à l'échelle du génome a révélé de nombreux gènes montrant des 
différences dans l'accumulation de leurs transcrits entre les échantillons contrôles traités par 
simulation et ceux traités par le virus. Parmi ceux-ci, de nombreux gènes induits par le virus 
étaient significativement positivement ou négativement régulés, soit chez les deux cultivars, 
soit de manière spécifique à un cultivar. Certains des transcrits différentiellement exprimés 
ont été prédit pour coder des protéines connues pour jouer des rôles importants dans la 
défense des agents pathogènes. Un exemple est la CALMODULIN-BINDING PROTEIN 60G 
(CB60G), induite chez les deux cultivars et connue pour agir en tant que régulateur 
immunitaire favorisant l’expression des gènes clés impliqués dans la biosynthèse de l’acide 
salicylique et régulant les méchanismes de “pathogen-associated molecular pattern (PAMP)-
triggered immunity (PTI)”, “effector-triggered immunity (ETI) et la “résistance systémique 
acquise” (SAR) (Sun et al. 2015). La susceptibilité virale chez le cultivar Drakkar a été corrélée, 
entre autres, à une forte induction de l'expression de la sous-unité alpha-2 du complexe 
coatomer COP I (Ahn et al. 2015), qui pourrait jouer un rôle dans la formation de vésicules de 
réplication et dans leur mouvement (Wei and Wang 2008) (voir chapitre I). Par ailleurs, le 
phénotype plus résistant du cultivar Tanto pourrait être corrélé, à l'induction spécifique de 
transcrits codant pour TARGET OF AVRB OPERATION1 (TAO1), une protéine similaire au 
récepteur TIR-NB-LRR (Eitas et al. 2008), cible activée lors d’une attaque pathogène. La validité 
générale de nos données mRNAseq a été confirmée en testant l'expression de plusieurs gènes 
par analyse RT-qPCR. L'ARN original analysé par NGS-mRNAseq a été comparé avec ceux de 
nouveaux échantillons provenant de quatre autres expériences d'infection indépendantes. 
Cette partie du travail a fourni des listes de gènes classés selon le degré d’induction ou de 
répression de la transcription dans les sites d'infection locale de TuMV-GFP. Deux cultivars 
différents présentant des susceptibilités virales différentes ont été analysés. 
 
Pour révéler les mRNA qui pourraient être ciblés par les sRNAs dérivé de l'hôte ou du virus et 
induit par le virus, de petits fragments d’ARN (appelés “reads”) ont d'abord été comptés et 
alignés sur le transcriptome du génome viral et celui de Tanto et Drakkar avant de réaliser les 
annotations. Comme découvert par des études antérieures (par exemple Tagami et al. 2007; 
Vogler et al. 2007, Hu et al. 2011), l'infection virale a provoqué des changements radicaux 
dans le profil de taille des sRNAs. Alors que les sRNAs des échantillons de Tanto et de Drakkar 
présentaient des profils identiques et typiques de sRNAs de 21 nt à 24 nt de long, les profils 
étaient fortement dominés par les ARN interférent (siRNA) de 21 nt et 22 nt dérivés du virus 
lors de l’infection (vsiRNA). Ces profils, ainsi que les profils de vsiRNAs alignés sur le génome 
du TuMV, étaient presque identiques entre les deux cultivars de B. napus, ce qui indique que 
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les différences de sensibilité au virus ne peuvent être expliquées par des différences évidentes 
dans le traitement (processing) des sRNAs. En mappant les sRNA dérivés de l'hôte sur les micro 
ARN (miRNA) des Brassicacea dans la base de données miRbase (Kozomara and Griffiths-Jones 
2014), plusieurs petits fragments de sRNAs correspondaient à des miRNAs connus. De plus, 
en utilisant le logiciel Shortstack (Axtell, 2013), de nombreux miRNAs inconnus auparavant 
ont été identifiés. 
Les données sur les sRNAs et les mRNAs ont finalement été combinées aux résultats de 
l’analyse PAREseq pour révéler les sRNAs alignés sur les extrémités 5’ clivées des mRNAs et 
sont compatibles avec les conditions de jumelage RISC d’après le logiciel PAREsnip (Folkes et 
al. 2012). L'analyse a révélé des paires miRNAs:mRNA cibles déjà connues, telles que les 
miRNAs ciblant les mRNAs codant pour des protéines spécifiques de liaison au promoteur 
Squamosa (SPL), des facteurs de réponse aux auxines (ARF), des protéines Scarecrow-like 
(SCL), des facteurs de transcription sensibles à l'éthylène (ERF-RAP2-7, AP2), les protéines F-
box de signalisation auxines (AFB2, AFB3) et les protéines Superoxyde dismutases (Llave et al. 
2002; Rhoades et al. 2002; Allen et al. 2005; Wang et al. 2005a; Wang et al. 2005b, Kim et al. 
2006; Gandikota et al. 2007; Vidal et al. 2010; Si Ammour et al. 2011; Yu et al. 2012; Lu et al. 
2013; Ma et al. 2014; Jung et al. 2014; Xu et al. 2016), confirmant ainsi l'analyse PARE. De plus, 
ce travail a permis d’identifier de nouveaux candidats pour les paires de miRNA:mRNA, tels 
que miR1885b:BLOS2 ou miRC23a:COX19. L'activité de clivage de certaines paires 
miRNA:mRNA cibles, connues et prédites, a été confirmée par des tests 5’RACE (Rapid 
Amplification of cDNA Ends) spécifiques. Basé sur les résultats obtenus par le logiciel 
PAREsnip, ces expériences ont permis, en utilisant des échantillons biologiques indépendants, 
de confirmer certains sites de clivages, au sein de cibles mRNAs prédits.  
L'un des objectifs importants était de déterminer si le virus infectieux pouvait utiliser, les 
siRNAs produits à partir de son génome, en tant qu'effecteurs d'ARN pour le ciblage par le 
complexe RISC des gènes de l'hôte. L'analyse a en effet révélé la présence de vsiRNAs dans les 
paires cibles vsiRNA:mRNA qui n'apparaissaient qu'après infection. Un vsiRNA prédominant a 
été trouvé dans les paires cibles vsiRNA:mRNA et implique des transcrits de gènes ERF 
également ciblés par miR172. Ce vsiRNA a été trouvé similaire à la séquence miR172 et de 
plus, est prédit être responsable du clivage exactement sur le même locus dans le transcrit 
cible. Cela suggère que les virus peuvent coder pour des vsiRNAs évolués pour imiter l'activité 
des miRNAs hôtes et, par conséquent, pour contrôler les gènes cibles spécifiques des miRNAs 
pendant l'infection. 
La cartographie des sRNAs sur deux transcriptomes de cultivars différents et l'analyse de 
l'alignement avec le programme ShortStack (Axtell, 2013) ont conduit à l'identification de 
nombreux loci phasés (PHAS) qui produisent de petits ARN interférents secondaires 
(phasiRNA) en phase. Les phasiRNAs sont produits par la conversion d'un transcrit en ARN 
double brin (ARNdb) par des ARN polymérases dépendant de l'ARN (RDR6 ou RDR1). Ils sont 
traités ensuite de l'ARNdb en siRNAs phasés par DCL4 (Fei et al. 2013). Ceci est en faveur de 
l’hypothèse où la production de phasiRNAs représente un mécanisme permettant de réguler 
à la baisse le transcrit spécifique dont ces siRNAs sont issus et de produire des siRNAs capables 
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de cibler des séquences homologues en trans (Fei et al. 2013). Ainsi, à la différence des gènes 
TAS non-codants d'Arabidopsis, connus parmi les premiers loci permettant la production de 
siRNAs agissant en trans (tasiRNAs) (Vazquez et al. 2004), les loci PHAS se réfèrent à des gènes 
codants, dont font parties les gènes de la famille des LRR impliqués dans la défense contre des 
agents pathogènes, ainsi que les gènes des familles PPR et MYB, comme illustré chez 
Arabidopsis thaliana, Medicago truncatula et Prunus persica (Fei et al. 2013; Zhai et al. 2011). 
L’analyse des loci PHAS chez des plants de B. napus contrôles ou infectés par TuMV, a révélé 
que certains loci PHAS produisent des siRNAs phasiques seulement après l’infection. La 
production de siRNAs secondaires associés au virus (vasiRNA) à partir de gènes codants lors 
d'une infection virale, a été découverte chez Arabidopsis et nécessite RDR1 pour leurs 
synthèse et Argonaute (AGO) 2 pour le clivage de transcrits cibles (Cao et al. 2014). Ainsi, les 
loci induisant la production de siRNAs phasiques identifiés dans notre analyse, peuvent 
représenter des loci produisant des vasiRNAs. Cependant, comme la voie de synthèse des 
phasiRNAs dans B. napus n’est pas connu, il est préférable de les distinguer en tant que va-
phasiRNAs et non vasiRNAs. Notre étude indique que l'infection virale chez le colza stimule la 
production de phasiRNAs sur de nombreux gènes codants qui sont liés à la défense (par 
exemple, homologue TAO1, AGO2, NBR1). Parmi ces gènes, nous avons trouvé des membres 
de trois petites familles de gènes (codant pour la protéine Chlorophyll a-b binding protein 1, 
NBR1 homolog, et TAR1) qui produisent des va-phasiRNAs associés au clivage de leurs propres 
transcrits ou de transcrits de gènes homologues. Cela suggère que le processus de production 
de va-phasiRNA pourrait représenter un mécanisme pour atténuer les effets de l'infection sur 
l'homéostasie transcriptionnelle. Il est intéressant de noter que les membres de la famille 
NBR1 et TAR1 produisent également des va-phasiRNAs avec le potentiel de cibler les transcrits 
d'autres gènes. Les données suggèrent que particulièrement NBR1 peut organiser des centres 
inductibles (“hub”) par le virus pour la synthèse de siRNAs et le ciblage induit du virus par tout 
un réseau d'autres gènes. 
 
Les résultats de l'analyse PAREsnip indiquent que le génome viral peut également être clivé 
par des siRNAs dérivés du virus et de l’hôte (vsiRNA, hsRNA). La grande majorité des 
événements de clivage était associée à des hsRNAs uniques, dérivés de gènes annotés comme 
étant des gènes de résistance aux maladies (TAO1 et RPP5), tous deux codant pour des 
protéines de type récepteur TIR-NB-LRR. Le clivage de l'ARN viral (vRNA) par le biais des 
vsiRNAs ou hsRNAs peut contribuer à la sensibilité spécifique du cultivar pour le virus, car 
certains sites de clivage sont prédits de manière spécifique à un cultivar. Il est intéressant de 
noter que certaines des paires cibles d'hsRNA:vRNA incluent des va-phasiRNAs actifs en trans 
et sont dérivés des gènes NBR1 et TAR1. Ce résultat pourrait corroborer l'hypothèse de 
l'évolution des gènes NBR1 en tant qu’hub induit par le virus induisant la production de siRNAs 
secondaires. Celui-ci pourrait avoir évolué, à condition, que les va-phasiRNAs dérivés du 
même hub soient capables de contrôler à leur tour le virus. Il est également intéressant de 
noter que les gènes NBR1 de B. napus sont hautement homologues du gène codant pour la 
protéine AT4G24690/NBR1 de l’autophagie chez Arabidopsis (identité de 81 à 84%), impliquée 
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dans les défenses antivirales impliquant la dégradation des protéines et des particules virales 
par autophagie (Hafren et al. 2017; Hafren and Hofius 2017). Il a été montré que cette protéine 
supprime l'infection du TuMV chez Arabidopsis en ciblant le VSR du virus (HcPro) (Hafren et 
al. 2018). Ainsi, en induisant la conversion de transcrit NBR1 en siRNAs secondaires, le virus 
peut avoir eu la possibilité d’obtenir un contrôle généralisé de l'expression du gène hôte, en 
supprimant les taux de transcrit NBR1 et en contrôlant les fonctions antivirales de la protéine 
NBR1. 
 
En conclusion, cette étude a impliqué une analyse NGS et des expériences in vivo réalisées sur 
B. napus, la culture d'oléagineux la plus largement produite dans l'Union Européenne. Les 
résultats mettent en évidence des gènes exprimés différentiellement et des sRNAs dérivés du 
virus ou de l’hôte en corrélation avec les extrémités 5’ des mRNAs clivés, indiquant leur rôle 
dans le clivage par RISC. Collectivement, les données suggèrent que B. napus utilise des siRNAs 
endogènes dérivés de gènes de résistance, pour cibler le virus, alors que le virus, à son tour, 
utilise ses propres siRNAs pour cibler l'hôte. De plus, en induisant la production de siRNAs 
secondaires à partir de gènes codants, le virus semble avoir la possibilité de cibler d'autres 
gènes. Les gènes sensibles au virus, et en particulier les gènes prédits comme cibles des siRNAs 
ou des va-phasiRNAs, peuvent avoir un rôle important dans l'infection virale chez B. napus et 
pourraient représenter d'importants nouveaux loci, candidats pour l'amélioration des 
cultures. Cependant, il est important de noter que les paires cibles de sRNA:RNA identifiées 
sont prédites et que des expériences supplémentaires sont nécessaires pour démontrer si ces 
paires de cibles sont effectivement fonctionnelles dans le clivage de l'ARN par RISC. Une 
approche pour obtenir des preuves à l'appui de cette hypothèse pourrait être d'utiliser 
l'immunoprécipitation de la protéine AGO pour déterminer si des sRNAs candidats, sont 
effectivement présents dans les complexes AGO-RISC. Le clivage par RISC d'une cible de mRNA 
est généralement éprouvé par l'utilisation d'une construction test et d’une construction 
témoin d’une séquence cible mutée dans laquelle la séquence mRNA cible de siRNA, est 
fusionnée à un rapporteur, par exemple le transcrit GFP. La fluorescence, réduite s’il y a clivage 
de l'ARN rapporteur, sera comparée entre les tissus infectés et les tissus témoins. Cependant, 
cette approche peut nécessiter la production de plantes transgéniques, étant donné que B. 
napus ne convient pas aux tests d'expression transitoire basés sur l'agroinfiltration. Comme 
les génomes d'ADN de Drakkar et Tanto ont été séquencés dans le cadre de ce projet, il 
pourrait être possible d'identifier des polymorphismes nucléotidiques (Single Nucleotide 
Polymorphisms, SNPs) spécifiques à des cultivars, qui correspondent aux paires cibles 
sRNA:mRNA, eux même présent dans un seul cultivar, et utiliser ces SNPs dans des 
croisements génétiques afin de corréler les SNPs spécifiques au clivage de transcrit par des 
expériences 5'RACE d'un gène. Le rôle des gènes au cours de l'infection virale doit être testé 
à l'aide de mutants spécifiques de ces gènes. Cependant, étant donné que B. napus est une 
espèce allotétraploïde avec un génome fortement amplifié (Chalhoub et al. 2014), il est 
presque impossible de créer des mutants récessifs dans lesquels une fonction donnée est 
abolie. L'analyse fonctionnelle des gènes dépend plutôt d'approches dominantes telles que 
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l'ARN interférence (RNAi) ou le CRISPR/CAS9, qui peuvent affecter l'expression de tous les 
membres d'une famille de gènes donnée. 
Néanmoins, les résultats obtenus dans cette étude ont révélé un réseau complexe 
d'interactions potentielles médiées par les sRNAs entre B. napus et le virus et ont permis 
d'identifier de nouvelles cibles génétiques importantes pour l'amélioration des cultures. 
 
Processus conduisant à la guérison des symptômes viraux et favorisant la santé des plantes 
Les virus sont des parasites intracellulaires obligatoires et la plupart des études sur les virus 
se sont concentrés sur la symptomatologie des maladies virales. Cependant, l'infection virale 
ne déclenche pas toujours des maladies. Bien que des études sur la diversité virale aient 
démontré la présence de virus dans des milliers de plantes, souvent aucun symptôme de 
maladie pouvant être corrélé à la présence du virus n'a été observé, même si les plantes 
contenaient des virus liés à d'importants agents pathogènes (Roossinck 2012; Roossinck and 
Bazán 2017). Roossinck and García-Arenal 2015). Ainsi, la plupart des plantes à l'état sauvage, 
semblent tolérer les virus et la pathologie de l'infection virale peut être considérée comme 
une exception plutôt que comme une règle. Étant donné que les virus produisent des maladies 
et des pertes de rendement importantes dans les cultures, il est nécessaire de comprendre 
les processus par lesquels les plantes peuvent promouvoir leur santé en présence de virus. 
Pour obtenir une telle information, le phénomène d’“auto-guérison des symptômes”, donc la 
capacité des plantes à se remettre de la maladie, a été étudié. En utilisant l'infection par ORMV 
chez Arabidopsis comme modèle, il a été constaté que la guérison se produisait en présence 
de virus répliquant, indiquant ainsi que les feuilles guéries avaient acquis un état de tolérance. 
Par une analyse plus poussée, nous avons montré que les symptômes de la maladie étaient 
corrélés à l'activité du suppresseur de silencing (VSR) et que la plante était capable de 
maîtriser cette activité. En examinant les mutants d'Arabidopsis affectés dans diverses voies 
liées à la défense et aux hormones, nous avons constaté que le mécanisme sous-jacent 
impliquait des gènes de voie de RNA silencing post-transcriptionnel (PTGS) nécessaires à la 
synthèse de siRNAs primaires et secondaires ainsi que des gènes de signalisation du RNA 
silencing. De plus, les mutants de gènes requis pour la production de siRNAs primaires et 
secondaires ont également montré une guérison plus rapide. Avec la découverte 
supplémentaire que la guérison était limitée aux tissus de destination (tissus “puits”, les 
parties des feuilles importatrices de sucres), cela nous a conduit au modèle selon lequel la 
guérison se produit lors du transport des siRNAs dérivés du virus (vsiRNA) depuis leur source 
de production jusqu’à leurs tissus puits, et que les vsiRNAs qui s'accumulent dans ces tissus 
son responsables de la saturation et de l’inactivation du VSR responsable de la maladie. 
Globalement, cette étude démontre que les plantes peuvent utiliser le RNA silencing couplé à 
une communication intercellulaire et à la régulation systémique pour prendre le contrôle de 
l'activité VSR dans les jeunes tissus éloignés du site d’infection pour contrôler (surmonter) la 
maladie établie. Cette conclusion implique que la santé des plantes peut être favorisée par la 
force d’importation des tissus puits et par le contrôle de l'activité des gènes qui agissent 
contre la production efficace de vsiRNAs (par exemple EIN5/XRN4). Les résultats sont 
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cohérents avec les rapports précédents indiquant l’importance du RNA silencing et d’un VSR 
“faible” dans la guérison des symptômes. Cependant, contrairement à ces rapports antérieurs, 
nos résultats plaident contre une exigence d'inhibition ou de suppression virale comme 
condition préalable à la guérison ; nous montrons plutôt que le virus lui-même n'est pas 
affecté pendant ce processus. Ainsi, l’auto-guérison des symptômes ne dépend pas de la 
“destruction” de l'agent pathogène mais plutôt de la capacité des plantes infectées à “gérer” 
correctement le virus. Cette capacité des plantes à rester en bonne santé malgré 
l’omniprésence du virus dans l'environnement, devrait en effet être attendue de par une 
coévolution virus-hôtes. Pour soutenir la propagation, un virus ne devrait pas tuer son hôte 
mais plutôt promouvoir son développement (sa santé). L'apparition de maladies virales graves 
chez les plantes cultivées peut être le résultat d'une surexploitation des croisements qui peut 
avoir entraîné la perte d'importants mécanismes mis en place au cours de la coévolution. 
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Plant-virus interactions: role of virus- and host-derived small non-coding RNAs during infection and disease 

Abstract: Virus infection in plants depends on the ability of viruses to replicate and spread their genomes between cells through plasmodesmata, 
and to overcome host antiviral defense responses, such as RNA silencing. RNA silencing relies on 21-24 nt long small RNAs (sRNAs) that are 
processed from double-stranded RNA (dsRNA) precursor molecules by Dicer-like (DCL) enzymes and guide Argonaute (AGO)-containing RNA-induced 
Silencing complexes (RISC) to homologous RNA targets (viral RNA or host RNA) for sequence-specific cleavage or translational repression. Antiviral 
RNA silencing is triggered by viral dsRNA produced during replication of the viral genome. The viral dsRNA is processed by DCL4 and DCL2 into virus-
derived siRNAs (vsiRNAs). However, the functions of vsiRNAs and of the Virus-encoded Suppressor of RNA silencing (VSR) in plant-virus interactions is 
not well understood. In this thesis, I investigated the role of host- and virus-derived sRNAs during infection of Rapeseed (Brassica napus, Canola) by 
the UK1 strain of Turnip mosaic virus (TuMV-UK1). By using a TuMV derivative tagged with a gene encoding green fluorescent protein (TuMV-GFP), 
two rapeseed cultivars (‘Drakkar’ and ‘Tanto’) that differ in susceptibility to this virus were identified. Transcriptional profiling of local infection foci 
in Drakkar and Tanto leaves by next generation sequencing (NGS) revealed numerous differentially expressed genes. The same RNA samples from 
mock- and virus- treated Drakkar and Tanto leaves were also used for the global NGS profiling of sRNAs (sRNAseq) and their potential RNA targets 
(PAREseq). The bioinformatic analysis and their in vivo validation led to the identification of transcript cleavage events involving known and yet 
unknown miRNAs. Importantly, the results indicate that TuMV hijacks the host RNA silencing pathway with siRNAs derived from its own genome 
(vsiRNAs) to target host genes. The virus also triggers the widespread targeting of host messenger RNAs (mRNAs) through activation of phased, 
secondary siRNA production from PHAS loci. In turn, both vsiRNAs and host-derived siRNAs (hsRNAs) target and cleave the viral RNA by the RISC-
mediated pathway. These observations illuminate the role of host and virus-derived sRNAs in the coordination of virus infection.  
Another chapter of this thesis is dedicated to the analysis of virus-induced diseases by using Arabidopsis plants infected with the Oilseed rape mosaic 
tobamovirus (ORMV) as a model. Initially, the infected plants develop leaves with strong disease symptoms. However, at a later stage, disease-free, 
“recovered” leaves start to appear. Analysis of symptoms recovery led to the identification of a mechanism in which the VSR and virus derived-
siRNAs play a central role. I used Arabidopsis mutants impaired in transcriptional and post-transcriptional silencing pathways (TGS and PTGS 
respectively) and a plant line carrying a promoter-driven GFP transgene silenced by PTGS (Arabidopsis line 8z2). Using various techniques able to 
monitor virus infection, small and long viral RNA molecules, VSR activity, as well as phloem-mediated transport with in these lines, this study led to 
the identification of genes required for disease symptoms and disease symptom recovery. Moreover, the observations allowed to propose a model 
in which symptoms recovery occurs upon robust delivery of antiviral secondary vsiRNAs from source to sink tissues, and establishment of a vsiRNA 
dosage able to block the VSR activity involved in the formation of disease symptoms. 
 
Résumé : L'infection virale chez les plantes dépend de la capacité des virus à se répliquer, à diffuser leur génome à travers les cellules par le biais de 
plasmodesmes et à surmonter les réponses de défense antivirale de l'hôte, telles que le RNA silencing. Le RNA silencing repose sur des petits ARN 
(sRNA) de 21-24 nt créés à partir de molécules précurseurs d'ARN double brin (ARNdb) par des enzymes de type Dicer (DCL). En s'associant aux 
protéines Argonautes (AGO), faisant partie des complexes induisant le RNA silencing (RISC), ils sont guidés vers des cibles à ARN homologues (ARN 
viral ou hôte) pour induire soit leur clivage de manière séquence-spécifique, soit leur répression traductionnelle. Le RNA silencing antiviral est 
déclenché par les ARNdb viraux produits lors de la réplication du génome viral. L’ARNdb viral est traité par DCL4 et DCL2 en sRNA interférent (siRNA) 
dérivés du virus (vsiRNA). Cependant, les fonctions des vsiRNAs et du suppresseur de RNA silencing (VSR) codé par le virus, dans un contexte 
d’interactions plantes-virus, ne sont pas bien comprises. Dans cette thèse, j'ai étudié le rôle des sRNAs dérivés de l'hôte et du virus lors de l'infection 
du colza (Brassica napus, Canola) par la souche UK1 du virus de la mosaïque du navet (TuMV-UK1). En utilisant un dérivé de TuMV fusionné avec un 
gène codant pour la protéine fluorescente verte (TuMV-GFP), deux cultivars de colza (‘Drakkar’ et ‘Tanto’) qui diffèrent par leur susceptibilité à ce 
virus ont été identifiés. Le profil transcriptionnel des foyers d'infection locale, dans les feuilles de Drakkar et de Tanto, par séquençage nouvelle 
génération (NGS) a révélé de nombreux gènes exprimés de manière différentielle. Les mêmes échantillons d'ARN provenant de feuilles de Drakkar et 
de Tanto, traitées par des virus ou utilisées en contrôle, ont également servi à établir le profil NGS des sRNAs (sRNAseq) et de leurs cibles 
potentielles d'ARN (PAREseq). Les analyses bioinformatiques et leur validation in vivo, ont permis d’identifier les événements de clivage de transcrits 
impliquant des micro ARN (miRNA) connus et encore inconnus. Fait important, les résultats indiquent que TuMV détourne la voie du RNA silencing 
de l’hôte avec des siRNAs issus de son propre génome (vsiRNA) pour cibler les gènes de l’hôtes. Le virus déclenche également le ciblage à grande 
échelle des ARN messagers (ARNm) de l’hôte par l’activation de la production de siRNAs secondaires en phase, à partir de locus PHAS. À leur tour, les 
vsiRNAs et les siRNAs dérivés de l'hôte (hsRNAs) ciblent et clivent l'ARN viral par le complexe RISC. Ces observations éclairent le rôle des siRNAs 
dérivés de l'hôte et du virus dans la coordination de l'infection virale.  
Un autre chapitre de cette thèse est consacré à l'analyse des maladies induites par des virus en utilisant comme modèle de plante Arabidopsis, 
infectée par un tobamovirus, le virus de la mosaïque du colza (ORMV). Initialement, les plantes infectées développent des feuilles présentant de forts 
symptômes de maladie. Cependant, à un stade ultérieur, des feuilles “guéries” et saines, commencent à apparaître. L'analyse de cette guérison des 
symptômes a permis d'identifier un mécanisme dans lequel, le VSR et les vsiRNAs, jouent un rôle central. J’ai utilisé des mutants d'Arabidopsis 
altérés dans les voies de silencing transcriptionnelle (TGS) et post-transcriptionnelle (PTGS) et une lignée végétale exprimant un transgène GFP sous 
contrôle d’un promoteur affaibli par PTGS (lignée Arabidopsis 8z2). Par diverses techniques d’analyse de l'infection virale, des petites et longues 
molécules d’ARN viral, de l’activité VSR, ainsi que du transport phloémien dans ces lignées, j’ai pu identifier des gènes nécessaires à l’apparition des 
symptômes de la maladie et du phénotype de guérison des symptômes. De plus, ces observations ont permis de proposer un modèle dans lequel 
cette guérison dépend d’un adressage important de vsiRNAs secondaires antiviraux depuis leur source de production jusqu’à leurs tissus de 
destination, et l'établissement d'un apport en vsiRNAs capable de bloquer l'activité VSR impliquée dans la formation des feuilles symptomatiques. 




