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INTRODUCTION 

 

The eukaryotic cell structure differs from prokaryotes by the apparition of cell compartments 

during evolution, including a nucleus separated from the rest of the cytoplasm by a double 

membrane. In the same scale of time appeared another eukaryote-specific organelle, the 

cilium, an extension of the cytoplasm supported by a cytoskeletal structure, the axoneme, 

itself anchored at the surface by a so-called basal body, structurally and functionally related to 

the centriole. Recent evidences showed a relationship between the evolutionary origin of 

nuclei and cilia in the first eukaryotes (Jekely & Arendt 2006), with similar signaling in 

import pathways still detectable today (Dishinger et al., 2010). When I started my thesis work 

on the Paramecium model, I wanted to look for functional links between cilia and nuclei, and 

I first looked at the protein kinase NM23 gene family, whose products have been detected in 

proteomics of cilia in several species including Paramecium and which are also known to be 

involved in carcinogenesis and to be translocated to the nucleus (Jarrett et al., 2012). However, 

my first functional studies of NM23 on Paramecium by protein depletion did not reveal any 

phenotype, so that I decided to rapidly move on a subject arising with IFT57, another ciliary 

protein having also nuclear functions in mammals (Banerjee et al., 2010) that I was using as a 

marker, and which displayed interesting dual localization in cilia and nuclei, within the scope 

of my initial project. The rest of my work presented here concerned essentially this protein. I 

will first introduce the cilia, their structure, their function and associated pathologies, their 

biogenesis with particular emphasis on the intra-flagellar transport (IFT), and then, I will 

present the cell model I used in my work, Paramecium tetraurelia. 

 

I.1. Eukaryotic cilia and flagella  

 

I.1.1 Structure of cilia 

 

Eukaryotic cilia, also called flagella in certain cell types, are membrane-bound cytoskeletal 

structures protruding from the cell surface, with a length of the range of a few micrometers, 

generally around 10 µm and a diameter around 0.5 µm. They are absent organelles present in 

the first eukaryotes and lost in some phyla such as land plants and some fungi. Although the 

length, the morphology and the number of cilia per cell show high diversity between different 

organisms, from protozoa to mammals (Fig. I-1), the basic protein composition and 

ultrastructure are conserved through evolution. Cilia are organized as a microtubular cylinder-

shaped backbone, the axoneme, surrounded by an extension of plasma membrane with 

differentiated protein and lipid composition, and elongate from a centriolar derivative, the 

basal body. The nine-fold symmetry of the basal body is transmitted to the axoneme, therefore 

composed of nine doublets of microtubules, either with a central pair of microtubules 

(configuration 9+2), or without this pair (configuration 9+0). 
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Figure I-1. Diversity of cilia number, length and disposition. Scanning electron 

micrographs of the epithelium lining the ventricles of a mouse brain (4 days old) (A), 

collecting tubules from mouse kidneys visualized after mechanical cryofracture (B), 

mucociliary epithelium of Xenopus epidermis including a ciliated cell, a small secretory cell 

(marked by an asterisk) and several large goblet cells (C), cultured inner medullary 

collecting duct cells (IMCD) (D), cultured Madin Darby canine kidney cells (MDCK) (E), 

Paramecium tetraurelia (F), Trypanosoma brucei procyclic form (G) and Leishmania 

donovani promastigote stage (H). Scale bar: 1 um, except for Paramecium, 10 µm. 

(Vincensini et al., 2011 ) 
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Although they all seem to display a sensory function, cilia can be classified in two types, 

motile and immotile cilia. Motile cilia are involved in cell locomotion and fluid movement. 

Generally they have a typical 9+2 configuration. Immotile cilia are restricted to sensory and 

signaling functions. Immotile cilia generally display the 9+0 configuration. However, the 

classification is simplistic and we can also find 9+0 motile cilia, like mammalian embryo 

nodal cilia, or 9+2 immotile cilia, like the kinocilium of auditory hair cells in mammals 

(McGrath et al., 2003).  

 

Cilia are anchored at the cell surface by a basal body through an intermediate zone called 

transition zone, which may represent a barrier for sorting cytoplasmic components destined to 

reach the cilium (Fig. I-2). 
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Figure I-2. The architecture of cilia. a Transmission electron micrograph of the primary 

cilium of retinal pigment epithelial (RPE1) cells. b Immunofluorescence image of primary 

cilia in inner medullary collecting duct (IMCD3)cells. The primary cilium (green) is 

produced once per cell and extends from the basal body (magenta). Cell–cell junctions are 

shown in red. c,d | Scanning electron micrographs of mouse nodal cilia (c) and mouse 

tracheal motile cilia (d). e | Schematic diagram of the primary cilium. f,g Cross-section 

diagrams of a typical motile cilium (which is identical to a flagellum) (f) and a non-motile 

primary cilium (g). (Ishikawa and Marshall, 2011) 
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I.1.1.1. Ciliary basal body 

The basal body is a centriolar anchored at the cell surface and is responsible for nucleation of 

ciliary biogenesis. It is composed of nine triplets of microtubules (A, B, C). The microtubule 

A is complete and composed of 13 protofilaments, connected to an incomplete microtubule B 

composed of 10 protofilaments, itself connected to 10-protofilament incomplete microtubule 

C. In addition to nucleating a cilium, the basal body can have a function of microtubule-

organized centre (MTOC), with γ-tubulin as a major actor in the formation of MTOC and 

microtubule nucleation.  

 

I.1.1.2. Ciliary gate: Transition fibers and transition zone 

Recent studies found more and more functional evidence for a ‘cilia gate’ like organelle 

between basal body and axoneme. It usually includes two parts, transition fibers (TF) and 

transition zone (TZ) (Reiter et al., 2012). The basal body can anchor to the plasma membrane 

and provides, through the TF, a docking site for intraflagellar transport (IFT) particles, which 

are involved in a bi-directional movement along the axoneme to control ciliogenesis (Deane 

et al., 2012; Williams et al., 2011). TZ terminates the distal region of basal bodies where the 

microtubules C end up. TZ is characterized by the presence of multiple rows of Y-shaped 

linkers projecting out from the outer doublets and attaching to special membrane zone called 

necklace (Reiter et al., 2012). The protein CEP290 is a major protein for the structure and 

function of TZ. It has been identified as an integral component of TZ in Chlamydomonas. The 

internal domain of CEP290 is associated with the Y-shaped linkers and mutations in CEP290 

cause the absence of Y-shaped linkers, which indicates that CEP290 is required to form 

microtubule-membrane linkers which tether the membrane to the microtubule in TZ (Craige 

et al., 2010). In addition, human CEP290 mutations induce a various cilia-relate disorders 

including blindness and perinatal lethality (Valente et al., 2006). A thorough study in 

C.elegans showed that some MKS (Meckel-Gruber syndrome) and NPHP (nephronophthisis) 

proteins localized in the TZ (Williams et al., 2011), which indicates a direct relationship 

between proteins in TZ and ciliopathies. In Paramecium, Centrins 2 and 3, as well as FOR20 

have also been shown to be important elements in basal body anchoring at the plasma 

membrane  (Aubusson-Fleury et al., 2012). 

TF and TZ represent a diffuse barrier situated at ciliary base to control proteins entry in or 

exit from the cilium compartment. Recent research proposes a relationship between the cilia 

gate and the nuclear pore complex (NPC) that is essential for protein entry into the nucleus 

(Obado & Rout, 2012) (Fig. I-3). Functional similarities have been found between ciliary 

gates and NPC: the small GTPase Ran was found in its RanGTP form in the cilia and in its 

RanGDP form in the cytoplasm as a requirement for ciliary import (Dishinger et al., 2010), as 

it was already known for nuclear import. Moreover, another study found that cilia localization 

signal sequences (CLS) resembled nuclear localization signal sequences (NLS) and could be 

recognized by one karyopherin-like present at ciliary gate, Importin β2 (Nachury et al., 2010). 

In addition, a NPC component, septin, was shown to localize at the ciliary base and 

participate in the regulation of the diffusion of ciliary membrane proteins in and out of cilia 

(Hu et al., 2010). In other work, we still can find some proteins have both ciliary and nuclear 

localization, like kinesin in sea urchin embryo (Morris et al., 2004), hippi/IFT57 in mammal 

(Houde et al., 2006; Banerjee et al., 2010), BUG22 in mammals (Ishikawa et al., 2012) in 

Paramecium (Laligné, Ph.D. thesis) and in Drosophila (Maia, Ph.D. thesis), OFD1 in 

mammal (Giorgio et al., 2007). These works together suggest that there should be an 

evolutionary functional link between ciliary and nuclear import.  
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Figure I-3. Structural and Transport Features of the Nuclear and Ciliary Pore Complexes. 

Highlights of the similarities between the nuclear pore complex (A) and the ciliary barrier (B) 

showing the hypothetical route of a cargo protein through each type of barrier. (Position of 

each shown in inset diagram of ciliated eukaryotic cell.) FG Nups (containing Phenylalanine-

Glycine repeats) provide docking sites for transport factors called karyopherins, which bind 

cargo containing nuclear or ciliary localization signals (NLSs and CLSs, respectively) and 

facilitate nuclear and ciliary transport. So-called transition zone proteins in cilia connect the 

plasma membrane and the region between the microtubules and the basal body. The ciliary 

pore complex is thought to be located in this zone (Obado and Rout, 2012). 
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In addition, ciliary proteins have been found to have a role in transcription, thus in the nuclear 

compartment, such as Spag16 in male germ cells (Nagarkatti-Gude et al., 2011). 

I.1.1.3. The ciliary cytoskeletal backbone: the axoneme 

The axoneme, with its nine outer doublets of microtubule surrounding or not a central pair of 

microtubules makes the structural part of the cilium. Using electronic microscopy observation, 

some appending structures are detected, such as outer dynein arms (ODA), inner dynein arms 

(IDA), radial spokes and nexin in motile cilia, all necessary for coordinated ciliary beating, 

while they are not found in immotile cilia. Cilia or flagella motility is based on the relative 

sliding of outer doublet microtubules associated with the accessory structure (Huitorel. 1988; 

Gadelha et al., 2007; Nicastro et al., 2006; Sui & Downing et al., 2006; Lin et al., 2012).  

 

Besides that, at the tip of cilia or flagella, there is a carrot-shaped plug named flagella cap 

complex. It connects to the central pair microtubule and membrane with special filaments 

(Dentler. 1980). Recent work reviewed by Fisch and Dupuis-Williams (2011) indicates that 

the tip complex may be involved in the regulation of microtubular growth and shortening. In 

vitro experiments showed that the central MT cap could block MT assembly (Dentler & 

Rosenbaum, 1977) and a MT-plus-end-binding protein named EB1 was found to localized at 

the flagellar tip of Chlamydomonas. (Pedersen et al., 2003; Sloboda & Howard, 2007).  

 

Ciliary proteins are substrate for various posttranslational modifications, including 

phosphorylation, acetylation, polyglycylation, polyglutamylation, and methylation. Among of 

them, acetylation, polyglycylation and polyglutamylation are specific for ciliary tubulin 

(Sloboda. 2009). Posttranslational modifications are not only participating in tubulin diversity 

but are also important for the function of motility. For example, phosphorylation was found to 

exist in many ciliary structures including α-tubulin, ODA, radial spokes and nexin (Sloboda, 

2009), and to be important for flagellar activity (Bloodgood, 1992). Depletion of three β-

tubulin polyglycylation sites in Tetrahymena caused the loss of central pair microtubules, 

which induce the motility defects (Xia et al., 2000). Tubulin polyglutamylation appears to be 

important in either axoneme assembly or stability (Gaertig & Wloga, 2008). 

 

I.1.1.4. The ciliary pocket, a membrane structure associated to cilia 

Ciliary pocket is a membrane structure that was found at the base of mammalian primary cilia 

(Molla-Herman et al., 2010) and of flagella in Trypanosoma. Electron microscopy studies 

made in Trypanosoma showed that the orientation and function of flagellar pocket required 

normal flagella elongation (Absalon et al., 2008; Field & Carrington, 2009). More recently, it 

has been shown that the ciliary pocket starts from the docking site of the basal body, at 

transition fibers, and that its membrane is almost perpendicular to the axoneme but rapidly 

folds and lies along the cilium to surround its proximal part (Benmerah, 2013). The ciliary 

pocket shows morphology diversity in different kinds of cells and it is not randomly 

positioned (Molla-Herman et al., 2010). Moreover, recent research about the hair follicle (a 

ciliary pocket-like structure) in mouse skin suggests that ciliary pockets play a role in the 

sensory function (Delmas al., 2011).   
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Figure I-4. A schematic model depicting the Hh signaling pathway in mammals. In the 

absence of Hh ligands (left panel), the Ptch receptor at the base of the primary cilium 

suppresses the function of Smo by preventing its entry into the cilium. Full-length Gli proteins 

(Gli, yellow), mainly Gli3, are converted to a C-terminally truncated repressor form (Gli-R, 

red). Formation of the Gli-R is promoted by sequential phosphorylation of full-length Gli by 

GSK3β, PKA, and CKI, which creates binding sites for the adapter protein β-TrCP. Then, the 

Gli/β-TrCP complex becomes subject to ubiquitination mediated by the Cul1-based E3 ligase, 

which results in partial Gli degradation by the 26S proteasome and formation of the Gli-R. 

The Gli-R mediates transcriptional repression of Hh target genes. Whether Gli, Sufu, and 

Kif7 exist in a complex that traffics the cilium in the absence of Hh signaling remains to be 

resolved. Instead of partial Gli degradation, full-length Gli may also be completely degraded 

by the 26S proteasome, in this case facilitated by Spop-mediated Cul3-based E3 ligase 

ubiquitination. In the presence of Hh ligands (right panel), binding inhibits Ptch's function, 

which results in the movement of Smo from intracellular vesicles to the primary cilium. Upon 

binding, the Hh/Ptch complex becomes internalized in endosomes and later degraded. Smo 

trafficking is promoted by GRK2 phosphorylation, thereby recruiting β-arrestin (Arrb2), 

which interacts with the anterograde IFT motor kinesin-II and this may facilitate the 

movement of Smo along the cilia microtubule. Smo becomes activated and promotes the 

activation of full-length Gli proteins (Gli, green), mainly Gli2, which enters the nucleus and 

promotes transcription of target genes. The cell surface protein Hhip competes with binding 

of the Hh ligands and limits their range of action while the Hh-binding GPI-linked Gas1 and 

the Ig/Fn repeat-containing Cdo and Boc cell surface proteins positively affect the Hh 

signaling outcome (Teglund and Toftgard, 2010). 

 

I.1.2. Sensory functions of cilia 
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In addition to the motility function found in many cilia, governed by the ATPase activity of 

dynein arms, all cilia, be they motile or immotile, have a sensory function, which concerns the 

perception of an extracellular signal (luminous, mechanical, chemical) and the transduction of 

the signal into an intracellular pathway that triggers particular cell function (regulation of 

ciliary activity, action potential, membrane traffic, gene transcription, cell division…). The 

diversity of the extracellular signals and cellular responses is carried out by different sorts of 

differentiated cells. The primary cilia that exist in almost every kind of mammalian cell can 

transduce signals through the hedgehog (Hh) od Wnt signaling pathways. Specialized sensory 

cilia reside in certain sensory organ, which have a special structure dedicated to sensory 

function. The most famous examples are found in rod and cone cells of the retina (light 

sensing) or in the olfactory epithelium (odorant sensing) (Vincensini et al., 2011). Here, I 

present two examples of signal transduction performed by primary cilia, hedgehog signaling 

and Wnt signaling. 

 

I.1.2.1. Hedgehog signaling. 

The hedgehog signaling (Hh) pathway plays a crucial role in mammal embryo development 

and adult stem cell function. Defect of this signaling can cause disorders at birth and cancer 

development. Important Hh pathway components are enriched in primary cilia, including two 

key member proteins, Patched (Ptch1), a Hh receptor, and smoothened (Smo), a downstream 

partner of Ptch1. In the absence of Hh ligand, Ptch1 is localized at the base of the cilium and 

inhibits the accumulation of Smo on the ciliary membrane. PKA and Kif7 promote proteolytic 

processing of the transcription factor Gli3 by the proteasome into a repressor form (GliR) that 

suppresses Hh target gene expression in the nucleus. Besides that, Sufu stabilizes the Gli 

proteins and inhibits the transcriptional activity of Gli2, while PKA prohibits the 

accumulation of full-length Gli2 (GliFL) in the cilium. The Hh pathway is silent without the 

ligand. After exposure to the ligand, Ptch1 binds to it and releases Smo into the cilium. Smo 

accumulates in the ciliary membrane through both lateral transport and the secretory pathways. 

Phosphorylation of Smo abrogates the inhibiton of PKA and promotes the movement of 

Sufu–Gli2/3 complexes and Kif7 to the ciliary tip and perhaps the dissociation of Gli2/3 from 

Sufu. In this process, the accumulation of Gli2/3 at the ciliary tip is associated with the 

production of Gli activators (GliA) that dissociated from the full-length Gli proteins. GliA 

translocates to the nucleus and activates several Hh target genes including Ptch1, Gli1 and 

Hhip1(Nozawa et al., 2013) (Fig. I-4). In addition, the transport of these proteins requires the 

intraflagellar transport system in the primary cilium (Huangfu et al., 2003). When the 

retrograde process from tip to the base is disrupted, Smo would be accumulated at the tip of 

cilium. Beside that, some basal body proteins like talpid3 in chicken is also essential for Hh 

signaling (Davey et al., 2007). 

 

 

I.1.2.2. Wnt signaling. 

The Wnt signaling pathway is carried out by a protein network that transduces different 

signals from receptors on the cell surface through control the linking between the cytoplasm 

and cell's nucleus. The activity of this signaling cascade leads to the expression of target 

genes. The Wnt genes were both found in vertebrate and invertebrate (Drosophila). Wnt 

signaling can be divided in two-antagonism mechanism, canonical Wnt (or β-catenin 

dependent) and non-canonical Wnt (or β-catenin independent). Recent research on Kif3a, 

IFT88 (ciliary proteins) and OFD1 (basal body protein) mutant mice shows that primary cilia 

and basal bodies regulate the Wnt signaling pathway (Corbit et al., 2008). This study also 

described that Inversin (Inv) and BBS4 are implicated in both β-catenin dependent and β-
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catenin independent Wnt signalling. β-catenin levels were increased in Kif3a or BBS4 

mutated cells. Kif3a prevents β-catenin dependent Wnt signalling by restricting the casein 

kinase I (CKI)-dependent phosphorylation of Dishevelled (Dvl) in a non-ciliary mechanism 

and through a separate ciliary mechanism (Corbit et al., 2008). In addition, another study in 

zebrafish shows that a duboraya (dub) mutant clone has a ciliogenesis defect and that dub 

phosphorylation requires Frizzled, a noncanical Wnt signaling component, which indicates 

that Wnt signaling also plays a role in ciliogenesis (Oishi et al., 2006) (Fig. I-5). 

 

 

 
 

Figure I-5. Ciliated and unciliated cells respond differently to Wnt stimulation. (a) Kif3a 

inhibits CKI phosphorylation of Dvl, providing a brake to the Wnt3a-induced stabilization of 

β-catenin. (b) In the absence of Kif3a, this brake is lost and CKI shifts Dvl to the 

phosphorylated form. An additional ciliary brake on Wnt signaling is also lost. Consequently, 

β-catenin is stabilized and, in the presence of Wnt3a, accumulates in the nucleus where it 

over activates the Wnt transcriptional program (Corbit et al., 2008). 

 

I.1.2.3. Light receptors in retina. 

Vertebrate retina uses photoreceptors to detect light. This kind of cells is composed an inner 

and an outer segment linked by a structure derived from a primary cilium called connecting 

cilium. Photopigments are synthesized in the inner cell body and then transported to the distal 

outer segment through the connecting cilium. Defect of this cilium leads to retina 

degeneration and induces blindness (Boldt et al., 2011). 

 

I.1.2.4. Olfactory sensory cilia. 

Another kind of sensory cilia are found in olfactory receptor neurons. Each neuron cell has an 

apical dendritic knob containing several basal bodies and cilia. Depletion of some cilia-

associated proteins would reduce the ciliary layer, which leads to complete or partial anosmia 

(McEwen et al., 2007; Kulaga et al., 2004).     
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I.1.3. Biogenesis of cilia. 

 

The biogenesis of cilia is performed in two steps, first the biogenesis and anchoring at the cell 

surface of the basal body, second the assembly of the cilium itself (Kim & Dynlacht, 2013). 

 

I.1.3.1. Basal body biogenesis 

Basal body generally maturates from a centriole that migrates towards the surface and anchor 

to the plasma membrane (Azimzadeh & Marshall, 2010). Several proteins have been 

demonstrated to be essential for their duplication and anchoring, SAS-4, SAS-6, BLD10 for 

early steps of duplication, with SAS-6 being a key element in the establishment of the nine-

fold symmetry (Nakazawa et al., 2007, van Breugel et al., 2011, Mizuno et al., 2012), γ-
tubulin and other divergent tubulins for microtubule nucleation and elongation (Guichard et 

al., 2010), and centrins and FOP-like proteins for anchoring at the membrane (Aubusson-

Fleury et al., 2012). As well dissected in the Paramecium model, basal body assembly can be 

divided in four successive steps: nucleation of microtubules, elongation, maturation of 

microtubular scaffold and docking at the cell surface (Aubusson-Fleury et al., 2012). (Fig. I-

6). 

 

 

 
 

Figure I.6. Model for basal body duplication in Paramecium. PtSas4, together with PtSas6 

and PtBld10, seems to be involved in the early steps of basal body duplication for the 

assembly and stabilization of the germinative disk and cartwheel. γ-Tubulin allows the 

nucleation of the first microtubular singlets. The addition of the other microtubules seems to 

require PtSas4, δ-tubulin (Garreau de Loubresse et al., 2001), η-tubulin (Ruiz et al., 2000), 

and ε-tubulin (Dupuis-Williams et al., 2002). PtCen2 and PtCen3 act at the last step of 

duplication, in the tilting and positioning of the newly assembled basal body (Ruiz et al., 

2005). Image from Gogendeau et al., 2011. 

 

I.1.3.1.1. Basal body nucleation 

Recent studies of PtSas4, PtSas6 and PtBld10 in Paramecium revealed that they are involved 

in the early step of the new basal body assembly (Gogendeau et al., 2011; Jerka-Dziadosz et 

al., 2010). Other work in man and Xenopus also showed that the nucleation process requires 

the coordination between Plk4/Zyg-1 and Asterless/Cep152 (Hatch et al., 2010). Sas-6 was 

also identified as the structural source of the nine-fold symmetry of the centriolar scaffold 
(Avidor-Reiss & Gopalakrishnan, 2013). 
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Ι.1.3.1.2. Microtubule elongation in basal body duplication 

γ-tubulin is an essential actor in microtubule nucleation involved in basal body duplication. γ-

tubulin has first been shown to recruit α-tubulin and β-tubulin for microtubule nucleation 

through the γTuRC  complex (Moritz et al., 1998; Oegema et al., 1999; Detraves et al., 1997), 

but this role was also found for centriole/basal body microtubule assembly. Depletion of γ-

tubulin in Paramecium caused the loss of new basal body assembly (Ruiz et al., 1999). Study 

in Tetrahymena revealed that γ-tubulin plays an important function in the initial process of 

basal body duplication by nucleotide binding domain (Shang et al., 2005). However, the role 

of γ-tubulin in basal body nucleation concerns only the A-tubule (Guichard et al., 2010). 

Other divergent members of the tubulin family, more or less conserved in other eukaryotes, 

were also found to be involved in basal body biogenesis. 

δ-tubulin was first identified in Chlamydomonas as a mutation in the UNI3 gene, which 

causes a defect in flagella number. The observation by electron microscopy of 

Chlamydomonas uni3 mutants and of Paramecium depleted for δ-tubulin showed that this 

protein is important for the formation and maintenance of C-tubule in triplet (Dutcher et al., 

1998; Garreau de Loubresse et al., 2001).  

 ε-tubulin was identified in human genome using a genetic approach and it localized at 

mammalian centrosomes (Shang et al., 2000). Studies in mammals and in Paramecium 

showed that complete loss of ε-tubulin was lethal and caused defects in centriole or basal 

body duplication (Dupuis-Williams et al., 2002; Shang et al., 2003). In addition, partial 

depletion of ε-tubulin was also found to causes the loss of B-tubule and C-tubule in 

Chlamydomonas and Paramecium, which indicate that B-tubule and C-tubule are needed for 

the formation and maintenance of new basal body (Dupuis-Williams et al., 2002; Dutcher et 

al., 2002).   

η-tubulin has only been found in four organisms (Trypanosoma, Chlamydomonas, Ciona and 

Xenopus) (Dutcher, 2003). Mutations of η-tubulin in Paramecium inhibit basal body 

duplication and causes delocalization of γ-tubulin (Ruiz et al., 2000). Another study also 

identified an interaction between η-tubulin and β-tubulin (Ruiz et al., 2004). These results 

together suggest that η-tubulin is important for binding other tubulins to the basal body that is 

required for correct basal body duplication. 

 

I.1.3.1.3. Basal body anchoring 

Centrin was first identified in Chlamydomonas and it is essential for calcium sensitive striate 

flagellar roots and for basal body assembly (Salisbury et al., 1984; Koblenz et al., 2003). A 

study of centrin homologs in mammal, Marsilea, Leishmania, Tetrahymena and Paramecium 

showed the conserved function of centrin in basal body or centriole formation (Middendorp et 

al., 2000; Salisbury et al., 2002; Klink et al., 2001; Selvapandiyan et al., 2004; Stemm-Wolf 

et al., 2005; Ruiz et al., 2005). Moreover, study in Paramecium found that centrin is 

responsible for basal body positioning at the surface rather than duplication (Ruiz et al., 2005), 

which is different from the observation in Tetrahymena (Stemm-Wolf et al., 2005). Another 

research on PtFor20 revealed that this protein is participates in the late step of basal body 

duplication, like PtCen2 and PtCen3, and is important for the transition zone maturation. The 

presence of PtCen2 is necessary to recruit PtFor20, itself necessary for PtCen3 recruitment. 

These proteins are needed for transition zone formation and for new basal body docking 

(Aubusson-Fleury et al., 2012). In mammalian cells, the centrosomal protein CEP164 was 

found to mediate the vesicular docking to the mother centriole during early steps of 

ciliogenesis, which is important for the initial establishment of ciliary membrane at distal end 

of centriole (Schmidt et al., 2012). Similar conclusions on a role in basal body anchoring 
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could be obtained by analysis of mutants for other genes such as talpid (Stephen et al., 2013) 

and OFD1 (Thauvin-Robinet et al., 2013). 

 

I.1.3.2. Assembly of the cilium 

Generally, the cilium is nucleated at the basal body and built from proteins synthesized in the 

cytoplasm that transit through the transition zone and are delivered to the distal part of the 

growing cilium by a so-called intraflagellar transport (IFT). This transport machinery was 

first observed in green alga Chlamydomonas, with two motile flagella, using differential 

interference contrast microscopy (Kozminski et al., 1993; Kozminski et al., 1995). The IFT 

ultrastructure was refined at the electronic microscopy level by identifying train-like particles 

moving along the axoneme microtubule in cilium (Pigino et al., 2013). Then, IFT was also 

identified in other organisms such as Caenorhabditis elegans (Cole et al., 1998), sea urchin 

(Morris, 2004), zebra fish (Tsujikawa M, et al., 2004) and mammals (Pazour et al., 2000), 

proving that the system is evolutionarily conserved in eukaryotes. Since then, the 

intraflagellar transport mechanism has been dissected at the molecular level. The IFT particle, 

carrying cargos along the axoneme, can be grouped in two sub-complexes with different 

motors during ciliogenesis, IFTA and IFTB. The IFTB sub-complex contains sixteen proteins 

connected to a kinesin-II motor responsible for the anterograde transport in ciliary building. 

The IFTA sub-complex contains six proteins connected to a dynein motor responsible for the 

retrograde transport form the ciliary tip to the base of the cilia during recycling processes 

(Table I-1; Fig. I-7). 
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Table I-1. Main components of IFT conserved in Chlamydomonas, C .elegans and      

human. The table presents the IFT proteins known in different organisms with specific names, 

as well as the motor proteins. The complex A corresponds to the retrograde transport IFT 

driven by cytoplasmic dynein and the complex B to the anterograde IFT driven by kinesin II 

(Pedersen & Rosenbaum, 2008). 
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Figure I-7. Intraflagellar Transport (IFT) in cilium. Ciliary assembly and maintenance is 

accomplished by intraflagellar transport (IFT), which relies on the microtubule motor 

proteins kinesin 2 and cytoplasmic dynein to transport IFT protein complexes and their 

associated cargo up and down the length of the cilium (depicted in A). Abbreviations: Eb1, 

end- binding protein 1; Pc1 and Pc2, polycystin 1 and polycystin 2. (Bisgrove & Yost, 2006) 

 

I will first give details about the motors that drive IFT particle motion, then about the IFT 

itself, the components of the IFTB and IFTA sub-complexes, and I will finish this part by 

showing some evidences about diversification of roles of IFT proteins in processes other than 

ciliary biogenesis. 

 

I.1.3.2.1. Motors. 

I.1.3.2.1.1.Kinesin‐II. 

The kinesin-II complexes, first discovered in sea urchin embryo (Morris et al., 1997), were 

found to exist in two forms and to play functions in anterograde transport of IFT particles 

along the axoneme: the first one is the heterotrimeric kinesin-II (also known as FLA-10-
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kinesin-II or KIF3A/KIF3B/KAP), which was found in most studied models from 

Chlamydomonas to mammals (Cole et al., 1998) and the second one the homodimeric 

kinesin-II (also named Osm-3-kinesin-II or KIF17) found in the sensory cilium of 

Caenorhabditis elegans (Khan et al., 2000; Snow et al., 2004; Pan et al., 2006).  

The heterotrimeric kinesin is composed of two distinct subunits named KIF3A and KIF3B, 

containing a 35-nm long coiled-coiled tail linking the kinase head to an accessory third 

partner named KAP (Khan et al., 2000). First evidence about the function of heterotrimeric 

kinesin-II in IFT came from temperature-sensitive mutant of FLA-10 in Chlamydomonas. The 

FLA-10 gene encodes one of the subunits of kinesin-II. Under restrictive temperature, fla-10 

mutant cannot form the flagella and IFT particles are no longer transport along the axoneme. 

In addition, when fla-10 mutants, which have full grown flagella at permissive temperature, 

were shifted to restrictive condition, the flagella would be lost by graduate shortening, which 

indicate that kinesin-II is essential not only for ciliogenesis but also for ciliary maintenance 

(Walther et al., 1994; Kozminski et al., 1995). Similar results based on mutant clone or RNAi 

experiments were found in other organisms, suggesting that the function of kinesin-II in IFT 

machinery is conserved (Cole et al., 1998; Krock et al., 2008; Sarpal et al., 2003; Yang et al., 

2001a; Yang et al., 2001b). 

The homodimeric kinesin-II contains two N-terminal domains linked to each other by a 26-

nm long coiled-coiled rod. Using GFP fusion in Caenorhabditis elegans sensory cilium, the 

moving speed of IFT particle along the axoneme could be detected. In wild-type animals, IFT 

particles in the middle segment of the amphid channel cilia are driven by both OSM-3-

kinesin-II and heterotrimeric kinesin-II at the velocity of 0.7 µm/s. After the IFT particles 

have reached the portion of the cilium where outer doublets stop and leave outer singlets of 

microtubules, the IFT is driven by the sole OSM-3-kinesin-II at the velocity of 1.2 µm/s. In a 

dyf-5 mutant, in which OSM-3-kinesin-II and heterotrimeric kinesin-II are no longer 

associated, IFT particles, driven by heterotrimeric kinesin-II alone in the middle segment, are 

moving at the velocity of 0.5 µm/s, and then driven by OSM-3-kinesin-II alone at the velocity 

of 0.6 µm/s, significantly lower than the normal 1.2 µm/s (Brust-Mascher et al., 2013).  

 

I.1.3.2.1.2. Cytoplasmic dynein. 

The motor for retrograde IFT movement is a dynein, which was first discovered in sea urchin 

embryos as one kind of cytoplasmic dynein (Gibbons et al., 1994). This dynein is composed 

of heavy chains (Porter et al., 1999), intermediate chains (Rompolas et al., 2007), light 

intermediate chains (Hou et al., 2004) and light chain (Pazour et al., 1998). Evidences about 

the role of dynein in IFT comes from mutations in genes encoding dynein heavy chains, CHE-

3 in Caenorhabditis elegans or DHC-1b in Chlamydomonas (Signor et al., 2007; Wicks et al., 

2000; Porter et al., 1999), light chain, LC8 in Chlamydomonas (Pazour et al., 1998) and light 

intermediate chains, D2LIC in Chlamydomonas (Perrone et al., 2003). These mutants, with 

normal anterograde IFT transport, often display short flagella or sensory cilium and their IFT 

particles accumulate at tip, an indication that the pathway of retrograde transport is blocked 

(Wicks et al., 2000; Porter et al., 1999; Yang et al., 2009; Perrone et al., 2003). However, 

another research on the IFT motors show that dynein-2 (IFT retrograde motor) regulates cilia 

length but is not necessary for cilia assembly (Rajagopalan et al., 2009). 

 

I.1.3.2.2. IFT particles 

By comparison of protein composition of the flagella of the fla-10 mutant of Chlamydomonas 

at restrictive temperature and permissive temperatures, most IFT particle proteins could be 

purified and identified. Firstly a 17S complex containing at least thirteen peptides was 

discovered. Soon after, another study using two-dimensional gel electrophoresis showed that 

a complex containing fifteen subunits dissociated in two sub-complexes. Functional studies 
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revealed that these two sub-complexes play different roles during IFT and were named IFTA 

and IFTB respectively. IFTB mutants often lead to the phenotype of loss or significant size 

reduction of cilia, whereas IFTA mutants mostly form cilia with a bulge contain IFT particle 

accumulation at the tip. Generally, IFT proteins are named by their molecular weight 

displayed in SDS-PAGE. Now, six IFTA proteins (IFT139, IFT144, IFT121, IFT122, IFT140 

and IFT43) and thirteen IFTB proteins (IFT172, IFT88, IFT81, IFT80, IFT72/74, IFT55/57, 

IFT46, IFT20, IFT27, IFT52, IFT70/Dyf-1, IFT25, IFT54/Elipsa/Dyf-11, IFT22/IFTA-

2/RabL5) are known. The homologs of Chlamydomonas IFT genes were successively 

identified in other organisms and they show similar functions, which indicate the highly 

conservation of IFT system in different species. 

In association with the IFT machinery, a cytoplasmic complex of proteins associated with the 

ciliary membrane called BBSome has been found to regulate IFT transport in the cilium. In C. 

elegans, BBS-7 and BBS-8 are required for the ciliary localization and motility of IFT 

proteins such as OSM-5 (IFT88) and CHE-11 (IFT144). The depletion of BBS7 or BBS8 

breaks down the IFT complex, which indicates that BBS proteins are essential for the 

assembly and function of IFT particles (Blacque et al., 2004). Further research revealed that 

BBSome associates with the small GTPase Rab8 at the ciliary base and then enters the cilium 

to promote ciliary membrane biogenesis in mammals (Nachury et al., 2007). Another study 

showed that the BBSome subunit BBIP10 regulates microtubule stability through its function 

in tubulin acetylation (Loktev et al., 2008). In addition, a more recent work illustrated the 

roles of BBSome in controlling the ITF assembly and turnaround. Mutations of BBS-1 and 

DYF-2 (IFT144) cause a defect of the retrograde transport while the anterograde transport is 

normal (Wei et al., 2012). 

 

I.1.3.2.3. IFTB components 

According to the resistance to dissociation in 300 mM NaCl concentration, IFTB can be 

divided into a “core” ITFB containing the IFT88, IFT81, IFT80, IFT72/74, IFT46, IFT52 and 

IFT70 proteins and a “peripheral” IFTB containing the IFT20, IFT54, IFT57 and IFT172 

proteins (Pederson and Rosenbaum, 2008).  

 

I.1.3.2.3.1. Core IFTB proteins. 

The core complex of IFTB is itself composed of different subcomplexes (Fig. I-18). 
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Figure I-8. Interaction map of the IFT-B core complex. IFT27/25 form a stable heterodimer 

that interacts directly with another subcomplex containing IFT81/74. IFT88/70/52/46 form a 

stable heterotetramer in which the central part of IFT52 (IFT52(281–381), IFT52M) binds to 

both IFT70 and IFT88, and the C-terminal part of IFT52 (IFT52(382–454), IFT52C) binds to 

IFT46. IFT52 also binds to the IFT81/74/27/25 tetramer thus providing a physical link 

between the IFT88/70/52/46 and IFT81/74/27/25 sub-complexes. Because the N-terminal 281 

residues of IFT52 do not bind IFT81/74/27/25, the C-terminal half (M plus C) of IFT52 is 

shown to bind IFT81/74 in the figure. Other known but still unmapped interactions within the 

IFT88/70/52/46 tetramer are shown with black arrows, and a potential interaction between 

IFT88 and IFT70 is shown with a gray, dashed arrow. No direct interaction was observed 

between the IFT88/70/52/46 and IFT27/25 sub-complexes. (Taschner et al., 2011 ). 

 

IFT88  

The homolog of IFT88 in mouse, Tg737 was first identified as a gene responsible for 

Polycystic Kidney Diseases: mutant mice have severe kidney defects and die within a few 

weeks after birth (Schrick et al., 1995). Later research in Chlamydomonas and mouse showed 

that IFT88 is required for assembly of cilia and flagella. Flagella were absent in mutant 

Chlamydomonas and mice mutants have short primary cilium in the kidney (Pazour et al., 

2000). Other studies also revealed that IFT88 is essential for vertebrate photoreceptor 

assembly and maintenance (Pazour et al., 2002). Studies in human HeLa cells showed that 

IFT88 is a centrosome protein and that it regulates the cell cycle G1-S transition in non-

ciliated cells (Robert et al., 2007). In addition, IFT88 has been identified as a regulator of 

Hedgehog signaling in primary cilium of chondrocytes (Huangfu et al., 2003).    

 

IFT70 

IFT70 was first identified in C. elegans as named DYF-1. It is an essential activator of the 

anterograde motor OSM-3 (Ou et al., 2005; Starich et al., 1995). The zebra fish fleer/IFT170 

mutant showed the importance of this protein for tubulin polyglutamylation and 

polyglycylation (Pathak et al., 2007). A work in Tetrahymena showed that IFT70 is required 

for either assembly or stability of the entire axoneme (Dave et al., 2009). Recent study in 

Chlamydomonas revealed that IFT70 is a core component of IFTB and that it interacts 

directly with IFT46, another IFTB protein (Fan et al., 2010). 

 

IFT46 
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IFT46 was first identified in C. elegans as DYF-6, then in Chlamydomonas (Bell et al., 2006; 

Hou et al., 2007). A study in Chlamydomonas showed that IFT46 is essential for the transport 

of the outer dynein arms into flagella, based on the fact that the mutant flagella lack the 

axonemal outer dynein arms and can not beat (Hou et al., 2007). Later, it was shown that the 

outer dynein arm adaptor ODA16 directly links to IFT46 (Ahmed et al., 2008). Moreover, 

using western blots immunological assays, it was found that the levels of some other IFTB 

proteins (including IFT52, IFT70 and IFT88) are significant reduced in IFT46 mutant 

compared to wide type. This indicates that IFT46 is important for the stability of the IFTB 

sub-complex and these researches also provide evidence of the direct interaction between 

IFT46, IFT52, IFT70 and IFT88 in IFTB core complex (Fan et al., 2010; Lucker et al., 2010; 

Taschner et al., 2011). 

 

IFT74 and IFT81 

A study in Chlamydomonas shows that IFT72/IFT74 (two proteins encoded by a single gene 

that differ by post-translational modifications) and IFT81 share a similar structural 

organization with a predicted coil-coil domain. Yeast-based two-hybrid experiments suggest 

that IFT72/IFT74 and IFT81 directly interact with each other to form a tetrameric complex 

(Lucker et al., 2005). Another study in C. elegans confirmed the conservation of this 

interaction. A more recent study using protein purification and a proteolysis method 

confirmed that two stable sub-complexes, respectively composed of IFT81/74/25/27 and 

IFT88/70/52/46, are present in IFTB (Taschner et al., 2011). 

 

IFT52 

As part of sub-complex IFT88/70/52/46, IFT52 was identified to play key roles in the 

assembly of cilia in C. elegans (OSM-6), Chlamydomonas, Trypanosoma, and mammals 

(NGD5) (Collet et al., 1998; Brazelton et al., 2001; Absalon et al., 2008, Wick et al., 1995). 

Furthermore, a research in Chlamydomonas showed that IFT52 localized at basal body 

transitional fibers and that it serves as the docking site for IFT particles (Deane et al., 2001). 

In addition, mouse Ngd5 mutants show abnormal Hedgehog signaling and defects in 

embryogenesis, which indicates the important function of IFT in signaling pathways of 

vertebrates (Liu et al., 2005).         

 

IFT25 and IFT27 

IFT25 and IFT27 constitute another interacting pair in the IFTB core complex, discovered in 

Chlamydomonas (Wang et al, 2009). IFT25 was not found in early study, but identified later 

in green alga and mouse by in silico database analysis (Lechtreck et al., 2009; Follit et al., 

2009). A study in Chlamydomonas revealed that IFT25 is a phosphoprotein localized in cilia, 

transition zone and basal body, that overlap with IFT27 (Wang et al., 2009). IFT27 is a Rab-

like small GTPase involved in membrane traffic regulation. The complete depletion of IFT27 

in Chlamydomonas reduces the level of both IFTA and IFTB proteins, leading to cell death. 

Furthermore, this study also showed that partial knockdown of IFT27 resulted in defects in 

cytokinesis and in the elongation of the cell cycle. This indicates that IFT27 may play more 

functions in the cell-cycle control (Qin et al., 2007). 

 

IFT22 

IFT22 is also a core IFTB protein that was not found in initial studies but was identified later 

in C. elegans as IFTA-2 and in Trypanosoma as RABL5 (Schafer et al., 2006; Adhiambo et 

al., 2009). Interestingly, the depletion of RABL5 in Trypanosoma induces a phenotype of 

short cilia with accumulation of IFT particle at tip that usually correspond to an IFTA defect, 

which indicates that IFT22 may participate to retrograde transport (Adhiambo et al., 2009). A 
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subsequent study in Chlamydomonas showed that the depletion of IFT22 causes a smaller 

pool of both complexes A and B leading to an increased amount of IFT particles in flagella. 

An over-expression of IFT22 leads to the accumulation of IFT particles in flagella. Both 

results indicate that IFT22 regulates the cellular levels of the complexes A and B, thus that it 

plays an important role in determining the cellular availability of IFT particles (Silva et al., 

2012). 

 

I.1.3.2.3.Peripheral IFTB proteins  

Peripheral IFTB proteins act as linkers between the kinesin motor and the core of IFTB (Fig. 

I-9). 

 

 
Figure I-9. Schematic view of the main IFTB peripheral proteins interacting with the 

molecular motor Kinesin-II. White balls schematizes a microtubule along which the kinesin 

motors walk, in direct connection with the peripheral IFT proteins IFT20 and IFT57.  

 

IFT172 

IFT172 is the largest IFT protein, which contains several putative domains, with predicted N-

terminal WD-40 repeats and C-terminal α-helical TPR motifs. IFT172 is encoded by FLA-11 

in Chlamydomonas and a study of the fla-11 mutant showed that IFT172 is required for the 

localization of the microtubule end-binding protein1 (CrEB1) to the flagellar tips (Pedersen et 

al., 2005). Another study showed that the fla-11 mutant produces a defect in IFT particles 

turnaround at flagellar tips (Iomini et al., 2001). In addition, a recent study revealed that 

IFT172 is required for the flagellar entry of the IFT-dynein complex that drives the retrograde 

transport (Williamson et al., 2012). A study in Tetrahymena also showed that partial 

truncation of the IFT172 RPD domain caused the accumulation of other IFT protein at the tip 

of cilia (Tsao et al., 2008b). These results together suggest that IFT172 mediates IFT complex 

disassembly/reassembly at cilia/flagella tips. In zebra fish, IFT172 is essential for the 

assembly of photoreceptor outer segment (Sukumaran et al., 2009). In mouse, IFT172 is 

needed for the primary cilium formation and normal Hedgehog signaling (Huangfu et al., 

2003). 

  

IFT80 

Pioneer study of the WD40 repeats-containing IFT80/CHE-2 protein in C. elegans showed 

that it is required for the assembly of sensory cilium in neuron (Fujiwara et al., 1999). 

Depletion of IFT80 in Tetrahymena produced shortened or absent cilia. In zebra fish, knock 

down of IFT80 resulted in cystic kidney and abnormal Hedgehog signaling. Moreover, this 

study also showed that IFT80 mutations underlie a subset of Jeune asphyxiating thoracic 

dystrophy (JATD) cases, which indicated that IFT80 play roles in the pathways of some 

human disease (Beales et al., 2007). 
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IFT54 

IFT54, named DYF-11 in C. elegans, is an orthologue of the mammalian MIP-T3 protein that 

contains a microtubule α- and β-tubulin-binding domain at its N-terminal region and a coiled-

coiled polypeptide at its C-terminal region, involved in binding to IFT20 (Kunitomo et al., 

2008; Omori et al., 2008). IFT54 is essential for sensory cilium formation in C. elegans. 

Study on Elipsa (IFT54 homolog in zebra fish) showed that this protein localized to cilia and 

interacted with Rabaptin5, a regulator of endocytosis through the binding to the small GTPase 

Rab8. Knock out of Elipsa causes cilia and kidney defect (Omori et al., 2008). This research 

suggests that IFT54 play a function of linking IFT particle to ciliary membrane proteins.    

  

IFT20 

IFT20 is the smallest IFT protein. A study in mouse revealed that IFT20 is associated with the 

Golgi complex, besides its localization in the cilium and the basal body, and is required for 

cilium formation (Follit et al., 2006). A subsequent study confirmed that the Golgi protein 

GMAP210/TRIP11 recruits IFT20 to the Golgi complex in mammals (Follit et al., 2008). 

Another research of mammal photoreceptor outer segments (a modified sensory cilium) 

showed that IFT20 links the anterograde motor kinesin II to the IFTB complex (Baker et al., 

2003) (Fig. I-10). In mouse retina, IFT20 is required for opsin trafficking and photoreceptor 

outer segment development (Keady et al., 2011). These works together indicate that IFT20 

play an important role in the IFT trafficking from cytoplasm to the cilium. IFT20, together 

with IFT57 and IFT88, was also found at a regulator of immune synapse assembly in T-

lymphocytes (Finetti et al., 2009).  

 

IFT57 

IFT57, also found as a 55kDa IFT55 protein because of post-translational modifications, is 

another peripheral IFTB protein first discovered in C. elegans as CHE-13, linking the IFT to 

the kinesin motor. It was found to be essential for cilia formation in cooperation with other 

IFT proteins (Haycraft et al., 2003; Houde et al., 2006; Krock et al., 2008; Sukumaran et al., 

2009) (Fig. I-10). Mutation in IFT57 in zebra fish cause morphological defects of 

photoreceptor outer segment. (Krock et al., 2008; Sukumaran et al., 2009). In mouse, IFT57 

also called HIPPI is essential for node cilia assembly and Sonic hedgehog signaling. Mutant 

mice show left–right asymmetry developmental defects, failure in establishing normal 

nervous system and embryonic lethality (Houde et al., 2006).  
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Figure I-10. IFT57 and IFT20 mediate the ATP-dependent dissociation of kinesin. (A) A 

model describing the nature of protein interactions within the IFT complex. IFT57 tethers 

IFT20 to the IFT particle, while kinesin binds to the IFT particle through an unknown entity. 

IFT20 physically interacts with KIF3B and mediates the ATP-dependent dissociation of 

kinesin. (B) In the absence of IFT57, IFT20 can no longer associate with the IFT particle. 

However, the interaction of kinesin with the IFT particle is stabilized by loss of IFT57 and 

IFT20 from the IFT particle. (Krock et al., 2008) 

 

Interestingly, another function of IFT57/HIPPI resides in the nucleus through its interaction 

with proteins involved in the human Huntington’s disease, a neurodegenerative genetic 

disorder that affects muscle coordination and leads to cognitive defects and psychiatric 

problems. Hippi acts as a partner of HIP-1 (Huntington protein interacting protein 1) binding 

to it through a C-terminal pDED domain in the cytoplasm, allowing the HIP-1-HIPPI 

heterodimer to enter the nucleus and to interact with the putative promoters of caspase-1, 

caspase-8 and caspase-10. This increases their expressions and induces apoptosis, which is 

important in the pathogenesis of Huntington’s disease (Gervais et al., 2002; Majumder et al., 

2007a; Majumder et al., 2007b). Some research provides direct evidence for the interaction 

between HIPPI and capase-1 and the amino acid R393 of HIPPI was found to be important for 

this interaction (Banerjee et al., 2010). An increased release of cytochrome C and  of the 

apoptosis inducing factor (AIF) from mitochondria and nuclear fragmentation were also 

observed in GFP-Hippi expressing HeLa and Neuro2A cells. The same research also showed 

that the overexpression of HIPPI induces an activation of caspase-3 and caspase-9/6, later 

than the activation of caspase-1 and caspase-8 (Majumder et al., 2006). In addition, a recent 

study using microarray data obtained from the brains of HD patients showed that HIPPI binds 

sites of some transcription factors like CREB, P300, SREBP1, SP1 and significantly over-

expresses genes altered in Huntington’s disease patients, which suggests that HIPPI is an 

important transcriptional regulator in Huntington’s disease (Datta et al., 2011a; Datta et al., 

2011b) (Fig. I-11). 
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Figure I-11. Possible mechanisms of regulation of transcription and apoptosis by HIPPI 

and HIP-1 in Huntington’s disease. A. Schematic diagram showing the organization of 

HIPPI and HIP-1. The pDED domain in HIPPI and HIP-1 is shown in yellow and labelled, 

while the other domains are in different colours (Manisha et al., 2006). B.Interaction of HIP-

1 with the wild-type Htt allele is stronger than that of the mutated Htt. In Huntington’s 

disease, one of the alleles of Htt is mutated and thus likely to release free HIP-1. Free HIP-1 

then interacts with HIPPI through its C-terminal pDED domain and recruits caspase-8, and 

activates caspase-8 and its downstream effector proteins, resulting in apoptosis. On the other 

hand, HIPPI–HIP-1 heterodimer may translocate to the nucleus, interact with the putative 

promoters of caspase-1, caspase-8 and caspase-10, and increase their expressions. In turn, 

increased pro-caspase-8 is recruited to HIPPI–HIP-1 (Bhattacharyya et al., 2008). 

 

 

I.1.3.2.4. IFTA components 

Until now, there is not much evidence to illustrate the detailed interactions of six IFTA 

proteins within the complex. Most IFTA proteins have a large molecular weight and 

complicated protein motifs. Four IFTA (IFT140, IFT144, IFT122, IFT121) are predicted to 

have WD-repeats in the N-terminal regions and WAA (degenerate TPR-like repeats) in the C- 

terminal regions. IFT139 does not contain the WD-repeats domain but has the TPR repeats 

motif in C-terminal. The last member, IFT43 does not contain any predicted protein domain 

already known. A recent study in Chlamydomonas revealed that all IFTA subunits are 
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associated in a 16S complex in both cell bodies and flagella, but that a faction of IFT43 is 

unassociated with the complex and found to sediment at 2S. The same study also identified a 

12S sub-complex constituted of IFT122, IFT140 and IFT144 and yeast two-hybrid results 

confirmed an interaction between IFT121 and IFT43 (Behal et al., 2012) (Fig. I-12). 

 

 
 

 Figure I-12. Interaction model within the Chlamydomonas IFTA complex. The model 

shown summarizes the IFTA subunit interactions that have been directly visualized, such as 

IFT121-IFT43, or implied, such as IFT139-IFT121. Based on biochemical analysis of the 

ift121 mutant, it is proposed that IFT122, IFT140, and IFT144 assemble to create a 

heterotrimeric stable core complex. The interactions of IFT121 with both IFT139 and IFT43 

are supported by the observation that loss of IFT121 completely removes IFT139 and IFT43 

from complex A. Last, IFT139 and IFT144 demonstrate a complex genetic interaction that 

suggests a functional association (Behal et al., 2012). 

 

IFT139 

IFT139 was first identified in Chlamydomonas as FLA17. The mutant produced flagella with 

characteristic bulge and significant defects in retrograde transport when they were transferred 

to the restrictive temperature (Piperno et al., 1998). Another study showed that IFT139 and 

IFT144 are essential for the exit of IFT-dynein from the flagellum, since the cellular amount 

of IFTA complex is significantly reduced in the mutant (Williamson et al., 2012). Aln, a 

mouse mutant devoid of THM1 /Ttc21b (homolog of IFT139), produces abnormal primary 

cilia, which have bulb-like structures at their tips and in which IFT proteins are sequestered. 

This mutant also shows the over-activation of sonic hedgehog signaling, which indicates that 

the IFTA play a role in signaling pathways (Tran et al., 2008; Stottmann et al., 2009).  

 

IFT121 and IFT122 

IFT121 and IFT122 display a similar protein organization, both of them having predicted β-

propellers at their N-terminus and low-confidence TPR repeats at their C-terminus. In 

Tetrahymena, IFT122 is not essential for ciliary assembly, but is important for IFT particle 

turnaround at tips (Tsao et al., 2008a). A study in mouse showed that IFT122 regulates Sonic 

Hedgehog signaling and controls the ciliary localization of components of the pathway (Qin 
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et al., 2011). Mutations in IFT121 or IFT122 in Chlamydomonas induce severe ciliogenesis 

defects (Behal et al., 2012). A C. elegans IFT121 (IFTA-1) mutant displays chemosensory 

abnormalities and shortened cilia with the accumulation of IFT particles (Blacque et al., 2006). 

In man, mutations in WDR35, the homolog of IFT121, cause the Sensenbrenner syndrome 

(Gilissen et al., 2010). 

 

IFT140 

IFT140/CHE-11 was shown to be involved in the IFT movement in C. elegans (Qin et al., 

1998). A study in zebra fish showed that the depletion of IFT140 did not induce ciliary defect 

similar to the ones produced by the depletion of IFTB proteins (Tsujikawa et al., 2004). In 

contrast, a more recent study in mouse showed that the deletion of the IFT140 gene causes 

cystic kidney (Jonassen et al., 2012). Moreover, resent research identified the Mainzer-

Saldino syndrome in human as a ciliopathy caused by IFT140 mutations, which establish a 

link between IFTA and human disease (Perrault et al., 2012). 

 

IFT144 

IFT144 is encoded by the FLA-15 gene in Chlamydomonas. The disruption of IFT144 

produces abnormal flagella with a bulge containing IFTB proteins (Iomini et al., 2009). 

Recent studies separately in mouse and human confirmed that mutations in IFT144 (WDR19) 

cause two ciliopathies (Sensenbrenner syndrome and Jeune syndrome) with skeletal 

anomalies and renal insufficiency phenotypes including short ribs and limps, polydactyly and 

craniofacial defects (Bredrup et al., 2011; Ashe et al., 2012). 

 

IFT43 

IFT43 is the smallest IFTA protein. It was not purified in initial studies and was then 

identified in Chlamydomonas mutant FLA-15 using two-dimensional electrophoresis of 35S-

labeled polypeptides (Piperno et al., 1998). A recent study revealed that one fraction of IFT43 

is apart from the 17S IFTA complex and interacts with IFT121 (Behal et al., 2012). Similarly 

to IFT121, mutations in human IFT43 cause Sensenbrenner syndrome with skeletal and 

kidney defects (Arts et al., 2011; Gilissen et al., 2010). 

 

 

 I.1.3.2.5. IFT accessory proteins   

Besides the individual IFT proteins I introduced above, recent work also revealed that some 

other proteins including CrFAP22/CeDyf-3/Ceqilin/HsCLUAP1 and CeDyf-13/TbBIFTC3 

participate in the IFT and are regarded as IFT accessory proteins (Murayama et al., 2005; Ou 

et al., 2005; Takahashi et al., 2004; Blacque et al., 2005; Franklin & Ullu.  2010).  

 

 I.1.3.2.6 IFT cargos 

The obvious function of the IFT in cilia is supposed to be the transport of cargos (precursors) 

essential for ciliary building and maintenance. First evidence about the composition of cargos 

came from a study in Chlamydomonas, which showed that the ciliary localization of inner 

dynein arm, a part of axonemal components, required the activity of kinesin (Piperno et al., 

1996). Other studies also showed that the IFT controls the tubulin balance in flagella 

(Marshall & Rosenbaum, 2001) and that the transport of outer dynein arms into flagella also 

needs IFT (Hou et al., 2007). In Chlamydomonas, some flagellar components can be 

preassembled in the cell body before entering the flagella. They can form a 12S complex 

transported by anterograde IFT from basal body to tip and then reassemble a 20S complex 

that turns around from tip to base by retrograde IFT (Qin et al., 2004; Behal et al., 2012). In 

addition, in mammalian retina, the photopigments, which are important for animal light 
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detection, are synthesized in the inner cell body and then transported to the distal outer 

segment by the IFT system through the connecting cilium (Insinna & Besharse, 2008).  

 

I.1.3.3. Diverse functions of IFT proteins beyond ciliary transport. 

As I presented above, the IFT plays a crucial role in cilium assembly through a conserved 

motile mechanism in various organisms. However, recent studies in ciliate and non-ciliate 

cells provide more and more evidence to reveal that some IFT proteins also perform functions 

in other cellular compartments than the cilium. This indicates that IFT proteins are more 

complicated than people firstly imagined. For example, IFT88 (IFTB) was shown to localize 

at centrosomes in actively proliferating cells and that it can regulate the G1-S transition in the 

cycle of non-ciliated cells (Robert et al., 2007). Research in human HeLa cells also showed 

that IFT88 is required for spindle orientation and chromosome segregation during mitosis 

(Delaval et al., 2011). As already mentioned, IFTB members such as IFT20, IFT57 and IFT88, 

were found to take part in immune synapse organization (Finetti et al., 2009). 

 

 

I.1.4. Ciliopathies: pathologies related to ciliary dysfunction. 

 

Due to the diverse roles of cilia during development and in various organs at the adult stage, 

ciliopathies can be very diverse in symptoms and very pleiotropic. They can be associated 

with a wide range of human disorders, including obesity, polydactyly, kidney and liver 

disease, brain and nervous system defect, retina degeneration, anosmia, etc. Each syndrome 

can be caused by a mutation in several genes, and each ciliopathy gene can cause different 

syndromes according to the nature of the mutation, which makes the study of ciliopathies very 

complex (Gerdes et al., 2009).  

 

I.1.4.1. Polycystic kidney disease (PKD). 

Kidney is the most commonly affected organ in ciliopathies. Pathological structure changes in 

kidney are displayed in several kinds of illness including PKD, Nephronophthisis (NPHP) and 

Bardet-Biedl syndrome (BBS). ADPKD (Autosomal Dominant Polycystic Kidney disease) 

and ARPKD (Autosomal Recessive Polycystic Kidney disease) represent the largest 

proportion of PKD. Mutation of PKD1 (encoding polycystin-1) and PKD2 (encoding 

polycystin-2) were identified in ADPKD patients and are believed to cause the disease. 

ARPKD are more common in childhood, while mutations of PKHD-1 (encoding 

fibrocystin/polyductin) are confirmed in ARPKD patients (Harris & Torres, 2009).   

 

I.1.4.2. Nephronophthisis (NPHP). 

Similar to PKD, NPHP is a recessive inherited renal cystic disease that more often happens in 

young adults. Eleven mutated genes (NPHP1- NPHP11) have been identified during patient 

genome scanning and they were gathered in one group whose coding products are named 

nephrocystins and they are also confirmed to play roles in the pathology of other ciliopathies 

including Bardet-Biedl syndrome (BBS), Meckel Gruber syndrome (MKS) and Joubert 

syndrome (JBTS) (Shiba & Yokoyama, 2012; Hurd & Hildebrandt, 2011). 

   

I.1.4.3. Bardet‐Biedl Syndrome (BBS) 

BBS represent one wide range of human multisystemic developmental disorders including 

obesity, retina defect, polydactyly and learning obstacle. Until now, 14 genes (BBS1-BBS14) 
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have been identified, which encode proteins localized to the primary cilium, basal body or 

centrosome. Recent studies showed that some BBS proteins (BBS1, BBS2, BBS4, BBS5, 

BBS7, BBS8, BBS9) form a complex named BBSome, which associates to RAB8, and 

regulate vesicle travel from cytoplasm to cilium, an important step for ciliogenesis and ciliary 

maintenance. In addition, the other three BBS proteins, BBS6, BBS10 and BBS12 form a 

second group that regulate the assembly of the BBSome. In addition, recent studies revealed 

that the BBSome is involved in intraflagellar transport (IFT) in the cilium, in Chlamydomonas. 

The BBSome has been found to control IFT assembly at cilia base and turnaround at flagella 

tip. A study in Caenorhabditis elegans also showed that two BBS proteins (BBS7 and BBS8) 

are required for the stabilization of IFT particles (Blacque et al., 2004).    

 

I.1.4.4. Meckel Gruber syndrome (MKS) 

Polydactyly, dysplastic kidney and occipital encephalocele constitute the characteristic clinic 

phenotype of MKS. The MKS causal genes known so far include MKS1, MKS2 (TMEM216), 

MKS3 (TMEM67), MKS4 (CEP290), MKS5 (RPGRIP1L), MKS6 (CC2D2A), MKS7 

(NPHP3), MKS8 (TCTN2), MKS9 (B9D1), MKS10 (B9D2), TMEM237, C5orf42, EVC2, 

EXOC4 and TMEM231. Mutations of MKS1 or MKS3 in human and rat are responsible for 

ciliary and centrosomal defects (Tammachote et al., 2009; Weatherbee et al., 2009). 

 

I.1.4.5. Joubert syndrome (JBTS) 

JBST is a recessive human disorder affecting brain. Patients often have abnormal eye 

movements, abnormal weakness, neonatal breathing difficulties, clumsiness, mirror 

movements, varying degrees of mental retardation, and often autistic-like behaviors. Now 

mutation of seven genes, NPHP1, AHI1, CEP290, RPGRIP1L, MKS3 (TMEM67), ARL13B, 

MKS2 and CC2D2A are confirmed to be the genetic cause for this syndrome (Paprocka and 

Jamroz, 2012). CEP290 is also an important component of cilia transition zone, which 

localizes at the ciliary base, and NPHP1 is also a gene responsible for another ciliopathy, 

Nephronophthisis. 

 

I.1.4.6. Other ciliopathies. 

Besides these common ciliopathies, since primary cilium in mammal is essential for several 

signaling that control the cell cycle, other research also try to detect putative relationships 

between cancer and cilium. For example, two cancer-promoting proteins, Aurora A and HEF1, 

were found to induce ciliary disassembly (Plotnikova et al., 2008). Cilium acted as a cellular 

watchtower, whose absence can be an initiating event in neoplastic growth (Mans et al., 2008). 

However, further research is still needed to understand the putative linking between cilia and 

cancer. 

 

I.1.5. Important models for ciliary studies. 

 

It is important to introduce here the various models that were irreplaceable for the progress in 

understanding the structure, biogenesis and function of cilia. These are unicellular organisms 

such as Chlamydomonas reinhardtii, Trypanosoma brucei, Paramecium tetraurelia and 

Tetrahymena thermophila, or multi cellular organisms such as Caenorhabditis elegans, Danio 

rerio and Mus musculus. 
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I.1.5.1. Chlamydomonas reinhardtii 

Chlamydomonas reinhardtii is a unicellular green alga of ∼10µm in length, with a chloroplast, 

a pyrenoid, a senses light ‘eyespot’ and two anterior flagella of 10∼12µm in length. During 

vegetative growth, the two flagella beat, which provokes cell swimming. Cell can direct their 

movements in response to various light stimuli. In the early stage of mating process, flagella 

are also required for gamete adhesion. During mitosis, the flagella are not essential and are 

disassembled, allowing the two centrioles (basal bodies) to migrate and organize the spindle 

pole to contribute to mitosis.  

Several advantages of Chlamydomonas make it a good model for research on flagella. First, it 

is possible to grow them synchronously in a medium and large amounts of flagella can be 

easily purified for biochemical analyses. Secondly, Chlamydomonas has a clear genetic 

background, all three genomes (nucleus, chloroplast, mitochondrion) are sequenced and there 

are standard biological protocols that can be applied for the genetic and cellular research. 

Further more, a large number of mutants have been screened and identified. 

Over 500 proteins have been detected by proteomics to be components of the flagella. Many 

of them have homologs in mammals, which make Chlamydomonas an interesting model for 

some human cilium-related disease. In addition, a conserved mechanism essential for 

ciliogenesis, intraflagellar transport (IFT), was first discovered in Chlamydomonas. Most IFT 

proteins were first purified in Chlamydomonas, and then found in other organisms. 

 

I.1.5.2. Trypanosoma brucei 

Trypanosoma brucei is a parasite with a flagellum. It causes sleeping sickness in human and 

nagana in animals. It is also an attractive model for flagellar research because of the unique 

biological flagellar feature, that it assembles a new flagellum while keeping the old one 

(Absalon, et al., 2008). Therefore, it is possible to study both flagellum construction and 

maintenance in one individual cell, using the gentical and molecular tools provided by this 

organism. In addition, the morphology of flagella is changed according to different life cycle 

and this differentiation can be reproduced in vitro, that provide us a wonderful model for 

researching the regulation mechanism of flagellar assembly. Recent works in Trypanosoma 

brucei provide some supplement evidence about IFT recycling process (Buisson, et al., 2013).  

 

I.1.5.3. Paramecium tetraurelia and Tetrahymena thermophila 

Ciliates such like Paramecium and Tetrahymena represent models harboring a huge number 

of cilia. In ∼50µm long Tetrahymena cell, there are ∼750 cilia and basal body while there are 

∼4000 cilia and basal body in ∼120µm long Paramecium cell. Specific cilia arrangement over 

the cell surface allowed for long morphogenetic studies at the cell level by following basal 

body duplication pattern. Using GFP-fusion and gene depletion method, localization and 

function of basal body and ciliary proteins can be easily detected. 

Ciliates are also excellent models for studying tubulin post-translational modifications, which 

are important processes for tubulin diversity and for ciliary function. Since almost all known 

tubulin members were found in Paramecium or Tetrahymena, it has been possible to approach 

the roles of the different post-translational modifications in cilia and other microtubule-based 

organelles. Elimination of β-tubulin polyglycylation in Paramecium or Tetrahymena induces 

various phenotypes including lethality, slow swimming, and division defects. Mutant clones 

produce non-motile cilia lacking the central pair or abnormally short cilia. Polyglycylation is 

also required for maintenance of length of already assembled cilia. Basal bodies in mutant 

cells show redundant number of microtubule (Thazhath et al., 2004). Another post-

translational modification, polyglutamylation, was also identified in Paramecium and found 
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to be important in the interactions of tubulin with microtubule-associated proteins and 

calcium, essential for microtubule dynamics (Edde et al., 1990). Tetrahymena is also a tool 

often used for IFT research in ciliogenesis (Beals et al., 2007; Dave et al., 2009).  

 

I.1.5.4. Caenorhabditis elegans    

Caenorhabditis elegans is a nematode that contains sensory immotile cilia at the tip of 

specialized neurons in the adult hermaphrodite. Caenorhabditis elegans need these neurons to 

detect changes of environment. Using different kinds of environmental stimuli including 

chemosensory (CHE) and osmosensory (OSM), a series of worm mutant clones with various 

ciliary defects have been obtained. Many important discoveries about cilium and IFT come 

from Caenorhabditis elegans. Sensory cilia are easy to observe in vivo because of their 

immotility, which allows the observation of the bi-directional IFT complex movements.  

The roles of several IFT proteins and cargos were also refined in Caenorhabditis elegans. For 

example, the homolog of human CLUAP1 protein qilin was identified as associating with the 

IFT complex (Ou et al., 2005). BBSome proteins were found to move in association with the 

IFT complex and to be important for the stability of IFT particles. TRP-type channels OSM-9 

and OCR-2 represent IFT cargos, which play important roles in chemosensory responses (de 

Bono et al., 2002). Mutations in TUB-1, a Caenorhabditis elegans homolog of the Tubby 

mammalian protein, which is also an IFT cargo, causes an extension of life span and an 

increased fat storage (Mukhopadhyay et al., 2005; Inglis et al., 2009). 

 

I.1.5.5. Danio rerio 

Danio rerio or zebra fish represents a vertebrate model in which immotile and motile cilia can 

be found. Several zebra fish mutants with cystic kidneys provided evidence for a link between 

the formation of renal cysts and ciliary dysfunction (Sun et al. 2004). Similarly to mammals, 

the depletion or inactivation of some ciliary proteins in zebra fish induces various organic 

defects including photoreceptor cell death, randomization of left–right asymmetry, and 

degradation of photoreceptors and hydrocephalus. All this makes this animal to be a excellent 

material to study human disease (Brand et al., 1996, Drummond et al., 1998, Sun et al., 2004; 

Zhao & Malicki, 2007). 

 

I.1.5.6. Mus musculus 

Because of the high degree of homology with human, the mouse is often regarded as “the” 

mammalian model for medical research. Concerning ciliary research, the pioneer work on the 

mutant Tg737 with severe kidney defect linked the IFT protein IFT88 to a genetic disease 

(Schrick et al., 1995). Mouse is also a good model for primary cilium research, such as the 

study of signaling pathways (hedgehog) that follows the IFT route in primary cilium; mutants 

in IFT or other ciliary proteins cause a wide range of phenotype like blindness by retinal 

degeneration (Zhang et al., 2013); left-right asymmetry defects (Manning et al., 2013) and 

male infertility by abnormal spermatozoa flagellar axonemes (Zhang et al., 2012; Borg et al., 

2010).  
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I.2. The Paramecium model: a powerful material for research on cilia. 
 

The model that I used in my thesis project is Paramecium tetraurelia, a ciliate living freely in 

fresh water. This unicellular is covered with ~4000 cilia and possesses several specialized 

organelles making it a true differentiated organism. Paramecium has a full digestive track 

starting by the oral apparatus, a kind of funnel covered with hundreds of cilia whose 

coordinated beating drives food particle for phagocytosis in food vacuoles and ending at the 

cytoproct where undigested contents of the food vacuoles are rejected into the medium. It also 

possesses contractile vacuoles, which have a function close to the one of the kidney in 

regulation of osmotic pressure and elimination of liquid waste. Paramecium also possesses a 

regulated secretion pathway in the form of a thousand of trichocysts, which can be triggered 

by external stimulation. The change of conformation of trichocysts into thin needles when 

they are expelled into the medium make them easy to detect and make also easy to distinguish 

cells able from cells unable to release them, mutants or RNAi treated cells. 

 

I.2.1. Basal bodies and cilia of Paramecium 

The ciliate Paramecium tetraurelia has a highly organized cortical cytoskeleton in which the 

ciliary basal bodies are arranged in rows following a precise pattern (Fig I-13).  

 

 
 

Figure I-13. Presentation of cilia, basal body and nuclear in Paramecium tetraurelia. Left, 

Epifluorescence microscopic image of cilia and basal bodies of Paramecium respectively 

immunolabelled by an anti-paramecium cilia antibody directed against polyglycylated tubulin 

and the monoclonal antibody ID5 that recognizes basal bodies. Right, Illustration of the 

occurrence of two different kinds of nuclei in Paramecium, a macronucleus and two 

micronuclei stained with DAPI and superimposed on a ciliary labeling on the picture. Bar = 

10µm. 
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Basal bodies are duplicated during cell division similarly as the centriole duplicate by the 

organization and elongation of a new basal body perpendicularly to the mother one. The 

orientation of the site of duplication is always the same relatively to the cell axis: new basal 

bodies appear towards the anterior of the cell within its antero-posterior basal body row. The 

duplication process ends with the anchoring of the new basal body at the surface, after which 

ciliogenesis can start, although not all basal bodies are ciliated. The duplications of basal 

bodies are unequally represented at the cell surface in space and time and occur as waves 

(Iftode et al., 1989 and Fleury-Aubusson et al., 2003). The first wave of duplication of basal 

bodies starts at the division furrow, close the oral apparatus, and then extends toward the 

poles (Fig. I-14). 
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Figure I-14. Organization and duplication pattern of basal bodies in Paramecium 

tetraurelia. A-C: Epifluorescence microscopy fluorescence of basal bodies labeled by 

expression of centrin 2-GFP during the cell cycle (courtesy of F. Ruiz). A: interphase cell, B: 

early dividing cell, C: dell at mid division. D and E: scheme representing the different basal 

body fields found at the surface of Paramecium (Iftode et al., 1989). D: interphase cells in 

which 3 fields are found, a field in which all cortical units contain a pair of basal bodies (2-

bb units) at the anterior of the cell, a field in which all cortical units contain a single basal 

body (1-bb units) at the posterior of the cell, and a mixed field of 1- and 2-bb units in between. 

E. Different fields of dividing cells. 3 and 4: invariant fields in which 2-bb and 1-bb units 

remain as they are throughout division. 5: fields in which basal body duplicate at least one 

and where all basal body will generate a new cortical unit. 2: 2-bb unit zone in which basal 

bodies do not duplicate but separate from each other to give two units which will be 

completed later into 2-bb units by a second wave of duplication. 1: zone in which a second 

wave of duplication will generate a future 2-bb units anterior invariant field. F: Pattern of 

presumptive territories from a mother cell to its daughter through division (Jerka-Dziadosz 

and Beisson, 1990). 

 

I.2.2. Nuclear duality in Paramecium 

 

Paramecium, as a ciliate, is a unicellular eukaryote that contains two different kinds of nuclei, 

a somatic macronucleus highly polyploid (800n in Paramecium) and two diploid germinal 

micronuclei. The macronucleus is responsible for gene expression throughout the life cycle 

and is degraded during the sexual process (autogamy or conjugation), while the micronuclei 

are transcriptionally silent, but undergo meiosis and fecundation during sexual events and 

transmits the genome to new micro- and macronuclei to the next generation. Indeed, new 

macronuclei and micronuclei are derived from the mitotic copies of the zygotic nucleus (Fig. 

I-15). 
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Figure I-15. The sexual cycle of Paramecium. Top cartoon: (a) A vegetative Paramecium 

cell. (b) Meiosis of two micronuclei producing eight haploid nuclei. The macronucleus begins 

its fragmentation. (c) Seven out of eight haploid meiotic products degenerate; one (shown at 

top) divides mitotically, producing two identical gametic nuclei. During conjugation, one of 

the gametic nuclei is exchanged between partner cells and fuses with the resident one. In the 

case of autogamy (self-fertilization), the two identical gametic nuclei fuse together. (d) A cell 

that contains the zygotic nucleus. (e) The zygotic nucleus undergoes two subsequent mitotic 

divisions. (f) Two of the products differentiate into new macronuclei, two into micronuclei. (g) 

The first cell division produces two karyonidal cells, which contain each one new 

macronucleus, two micronuclei, and fragments of the old macronucleus. (Sperling et al., 

2011). Bottom micrographs: DAPI staining of cells undergoing autogamy. The white stars 

label the macronucleus under disruption at the early stages. Red arrowheads point to the 
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micronuclei or the meiotic products. The yellow arrowheads point to the nascent 

macronuclear anlagen. The yellow star in the caryonide stage labels the novel macronucleus 

deriving from one of the anlagen after the first cell division (courtesy of M. Bétermier).  

 

During the sexual processes, a series of events occur in the nuclei that lead to the 

development of new macronuclei. First, as soon as the macronuclear anlagen are determined, 

a few rounds of genomic DNA replication, then DNA rearrangements occur: chromosome 

fragmentation with subsequent telomere addition and precise elimination of Internal 

Eliminated Sequences (IES). Interestingly, the pattern of DNA rearrangements in the 

developing macronucleus was shown to be dependent of the resident organization in the 

fragmenting maternal macronucleus: microinjection of certain kind of IESs in the maternal 

macronucleus before autogamy specifically inhibits the excision of this IES in the developing 

macronucleus during autogamy, which suggests an epigenetic regulation process involved in a 

global comparison of germ line and somatic genomes (Meyer & Duharcourt, 1996). Then a 

RNA-Mediated mechanism was discovered (Garnier et al., 2004), that leaded to the scanning 

model through scnRNA. ScnRNA are 25-nucleotide RNA molecules produced by the 

micronuclei at meiosis and showed to provoke homologous IES sequence elimination if they 

reach the developing macronucleus. Indeed, there is a subtractive comparison of RNA 

produced by the old macronucleus and scnRNA that allows only scnRNA with no 

macronuclear counterpart to enter the developing macronucleus and trigger IES excision 

(Lepere et al., 2008) (Fig. I-16). 
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Fig I-16. The maternal scnRNA/macronuclear RNA scanning model. Top cartoon: (1) 

During vegetative growth, a background non-genic transcription of all or most of the 

macronuclear genome occurs on both strands. (2) Upon initiating meiosis, short double-

stranded scnRNAs from the micronuclear genome are produced by an RNAi-dependent 

pathway. (3) ScnRNAs scan the maternal macronuclear genome by base-pairing with non-

coding macronuclear transcripts either in the maternal macronucleus or in the cytoplasm, 

during meiosis or soon after. (4) ScnRNAs that pair with homologous macronuclear 

transcripts are sequestered or destroyed, while micronuclear-specific scnRNAs pair with 

homologous nascent transcripts in the zygotic macronucleus and target IES excision (Lepere 

et al., 2008). Bottom micrographs: Illustration of the transport from the old macronucleus 

towards the anlagen of proteins involved in RNA metabolism during autogamy: NOWA1-GFP 

(Nowacki et al, 2005), Ptiwi09-GFP (Bouhouche et al., 2011). 

 

The scnRNA are not acting alone but are dependent on proteins for transport and action. For 

example, Piwi01 and Piwi09, members of the Argonaute family, were shown to be essential 

for IESs excision, most likely through their action in scnRNA production during the genome 

rearrangements (Bouhouche et al., 2011). Nowa proteins, RNA-binding proteins, were shown 

to be involved in the genome rearrangement upon transport from the old fragmenting 

macronucleus to the new macronuclear anlagen. Nowa1p/Nowa2p depletion impairs the 

elimination of transposons and of the IESs that are controlled by maternal effects (Nowacki et 

al., 2005). Another study identified a domesticated PiggyBac transposase, PiggyMac, to be 

required for the excision of IESs and for the imprecise elimination of several regions 

containing transposons or cellular genes in regions of chromosome fragmentation (Baudry et 

al., 2009).  

 

 

I.2.3. Tools available for Paramecium studies. 

 

The genome sequencing of Paramecium tetraurelia was completed in 2006, which shows that 

this species contains nearly 40000 genes arising through at least three successive whole-

genome duplications (Aury et al., 2006). 

A database, ParameciumDB, was developed to access the genome sequence results, as well as 

all the other resources accumulating with time, such as genetic and RNAi data, transcriptome 

and proteome analysis, bibliography (Arnaiz et al., 2007; Arnaiz et al, 2010; Arnaiz and 

Sperling, 2011).  

The transformation of Paramecium to express exogenous DNA, for example GFP fusion 

genes, is easily performed by DNA microinjection into the macronucleus, in which the 

foreign DNA is replicated as a mini chromosome and is transcribed (Gilley et al., 1988). 

An efficient homology-dependent inactivation method by RNA interference (RNAi) was 

developed in Paramecium using a method in which cells are fed with bacteria expressing 

double-strand RNA homologous to the sequence to inactivate (Galvani & Sperling, 2002). 

 

 

I.3. Thesis project: IFT57 in cilia and nuclei in Paramecium. 

 

As I explained at the beginning, my thesis project rapidly focused on the protein IFT57, then 

on IFT in a more general context. My motivation was the dual localization of the protein, in 

basal bodies and cilia on the one hand and in the macronucleus in the other hand.  
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However, the diverse IFT57/HIPPI functions in the cilium and the nucleus are not clearly 

related in the literature. From my initial interest in relationships between cilia and nuclei, I 

therefore started my thesis about the localization and role of IFT57 in Paramecium.  
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CHAPTER 1 

 

IFT GENES USED IN THIS WORK 

 

To study IFT57 in Paramecium on which my subject principally focusses, I also used IFT46, 

IFT139, IFT172 (already presented by Laligné et al. (2010) and qilin (previously studied by 

Houssein Chalhoub in his Master 2 project). I first looked for these IFT genes in the genome 

by BLAST queries. In this chapter, I compiled the general properties of the genes in a table by 

extraction from ParameciumDB. Then, for each gene family, I present its status according to 

whole genome duplications, I look for the presence of protein domains, I present the 

evolutionary conservation of the Paramecium genes based on sequence alignments, and I give 

expression data and results of ciliary proteomics experiments. 

 

1.1. Paramecium IFT proteins used in this study.  

 

Using Chlamydomonas reinhardtii IFT protein sequences as probes, we found homologous 

genes in the Paramecium genome. I extracted their properties as well as those of the encoded 

proteins (Table 1-1). 

 

Locus Symbol Synonym Chromosome Start End 

AA 

length M W pI 

GSPATG00023787001 IFT57A scaffold_80 138414 139799 393 45634 4,83 

GSPATG00033566001 IFT57B scaffold_138 36086 37513 402 46740 4,96 

GSPATG00034629001 IFT57C scaffold_145 208434 209826 394 45921 4,90 

GSPATG00035574001 IFT57D scaffold_152 203494 204887 394 45949 4,84 

GSPATG00024708001 IFT46 scaffold_84 334502 335503 298 33869 4,37 

GSPATG00011236001 IFT139A scaffold_30 313147 316724 1157 133618 6,78 

GSPATG00011426001 IFT139B scaffold_31 121611 124911 1068 122927 6,05 

GSPATG00013914001 IFT172A scaffold_39 335500 340783 1723 197236 6,71 

GSPATG00033190001 IFT172B1 scaffold_135 111662 113204 504 57905 5,98 

GSPATG00033191001 IFT172B2 scaffold_135 113323 116950 1180 134762 6,98 

PTETG13500002001 IFT172B scaffold_135 111662 116950 1733 198328 6,89 

GSPATG00001872001 qilinA scaffold_4 474734 475898 352 41383 4,33 

GSPATG00017664001 qilinB scaffold_53 344814 346105 396 46679 4,39 

GSPATG00005213001 qilinC scaffold_12 278363 279651 396 46429 4,43 

GSPATG00009204001 qilinD scaffold_23 503042 504326 394 46747 4,38 

 

Table 1-1. Chromosome position of the IFT genes used in this study and molecular weight 

and isoelectric point of the encoded proteins. Data extracted from ParameciumDB. 

Concerning IFT172B, it appears that it has been split into 2 adjacent genes (in red in the 

Table) by the automatic annotation by Genoscope (Aury et al., 2006). Such errors of 

annotation are due to the occurrence of small indels of one or two bases along the 

chromosomes and can be manually corrected. The curated IFT172B gene can be retrieved as 

PTETG13500002001. 
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1.2. IFT57 (synonyms: HIPPI; CHE‐13) 
 

Four ohnologs, GSPATG00023787001, GSPATG00033566001, GSPATG00034629001, 

GSPATG00035574001, called respectively IFT57A to D derive from a common ancestor 

through the last two whole genome duplications, WGD1 and WGD2 (Fig. 1-1). 

 

 
Figure 1-1. Ohnolog tree of IFT57 genes in Paramecium. Adapted from a screenshot of 

ParameciumDB 

 

Sequence comparison at the amino acid level shows that the four proteins are highly similar 

(Fig. 1-2). 
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a 

 

 

b 

 

 

 

 

Figure 1-2. a: Amino acid alignment of the four IFT57 proteins of Paramecium, b: protein 

identity and nucleotide identity between four  IFT57  in Paramecium. Adapted from 

Paramecium DB 
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Scanning the different IFT57 genes using the InterproScan software indicated that the whole 

sequence represents a single domain by itself (Fig. 1-3).  

 

 

 
Figure 1-3. Interpro domain match obtained by scanning the IFT57 genes of Paramecium. 

 

Looking now for proteins presenting this domain, another family of three genes appeared, 

GSPATG00030463001, GSPATG00024566001, GSPATG00024451001, which we called 

IFT57-like1 to 3 respectively, containing this domain together with a kinase domain (Fig. 1-4). 

 

 
Figure 1-4. Interpro domain match obtained by scanning the IFT57-like genes of 

Paramecium. 

 

The three IFT57-like genes appear to be ohnologs from the recent and intermediate 

duplications WGD1 and WGD2 (Fig. 1-5). 
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Figure 1-5. a:Ohnolog tree of IFT57-like genes in Paramecium, b: protein identity and 

nucleotide identity between three  IFT57-like  in Paramecium. Adapted from 

ParameciumDB 

 

In contrast to IFT57, which is well represented among eukaryotes harboring cilia or flagella, 

we found IFT57-like proteins only in a few species, Tetrahymena thermophile, Albugo 

laibachii, Volvox carteri and Chlamydomonas reinhardtii. The IFT57 domains of these 

proteins are included in the sequence alignment below (Fig. 1-6), but they were not further 

studied in this work. It appears from this tree that IFT57 and IFT57-like proteins display a 

fairly well conserved domain through evolution. 
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Paramecium_tetraurelia_IFT57A     1 --------------------------------MSEQQVGQE------------------- 

Paramecium_tetraurelia_IFT57B     1 --------------------------------MSEQQVGQE------------------- 
Paramecium_tetraurelia_IFT57C     1 --------------------------------MSEQQSGQD------------------- 
Paramecium_tetraurelia_IFT57D     1 --------------------------------MSEQQSGQD------------------- 
Paramecium_tetraurelia_IFT57-l    1 -----------------------MIVVDPQKRLDASTVLQKSKEIHNTFL---------- 

Paramecium_tetraurelia_IFT57-l    1 -----------------------MIVVDPQKRLDASTVLQKSKEIHNTFL---------- 
Paramecium_tetraurelia_IFT57-l    1 -----------------------MIVVDPSKRLDANTILQKAKEMFSSHS---------- 
Tetrahymena_thermophila_IFT57-    1 -----------------------MIVVDPTKRIDTEVVLQRCEKKIN------------- 

Mus_musculus                      1 --------------------------------MAAAAAVIPPSGLDDGVSRARGEGAGEA 
Rattus_norvegicus                 1 --------------------------------MAAAAAVIPPSGLDDGVSRARGEGAGEA 
Homo_sapiens                      1 --------------------------------MTAALAVVTTSGLEDGVPRSRGEGTGEV 

Xenopus_tropicalis                1 --------------------------------MSEDSRRVEDD----------------- 
Danio_rerio                       1 --------------------------------MAEEE----------------------- 
Ciona_intestinalis                1 --------------------------------MTEDVRRSGAD----------------- 

Trichoplax_adhaerens              1 --------------------------------MGDQARNQQTEG---------------- 
Schmidtea_mediterranea            1 --------------------------------MAENVDGTN------------------- 
Caenorhabditis_elegans            1 --------------------------------MEEEHEEESHLSQSDTVG--------SA 

Batrachochytrium_dendrobatidis    1 -------------------MSNTNLSTISNTNSSSNVNIGPLSQYSGSTEGLASGLPLAS 
Physcomitrella_patens             1 ------------------------------------------------------------ 
Selaginella_moellendorffii        1 ---------------------------------------------------MIEALIGVF 

Chlamydomonas_reinhardtii         1 MSSKRGGRSSLAKAPEEAVNGEAFAPEASPPPPGDDGDAGGEDGGAPAPPPPPATKGGPV 
Micromonas_sp                     1 ---------------------------------------------------------MAD 
Chlamydomonas_reinhardtii_IFT5    1 MLQIDPAKRPELEEVWTITSGAVQSQARTRTDVHGAAAEVYDHVVLLSCEVTNRLRGKPP 

Volvox_carteri_IFT57-like         1 MLQIDPAKRPELEEVWNITSSAVQSQSRTRSDVHSTAAELYEQLVLLSSEVTARLRGKAP 
Drosophila_melanogaster           1 --------------------------------MQQDDEQEK------------------- 
Trypanosoma_brucei                1 --------------------------------MSEETQPQSTEP---------------- 

Naegleria_gruberi                 1 -----------------MSNEEDIMINGDDGDIQQDDSNSLPNSAGMLEN---------- 
Giardia_intestinalis              1 ------------------------------------------------------------ 
Tetrahymena_thermophila           1 ------------------------------------------------------------ 
Albugo_laibachii_IFT57-like       1 ------------------------------------------------------------ 

 
 
Paramecium_tetraurelia_IFT57A    10 --------QLDVTAMMEDLYEKLVLLNYEQSYVKQ--KGGKPLNRAYFVNQTN------- 

Paramecium_tetraurelia_IFT57B    10 --------QLDVTAMMEDLYEKLILLNYEQSYVKQ--KGGKPLNRAYFVNQTN------- 
Paramecium_tetraurelia_IFT57C    10 --------QLDVTAMMDELYDKLILLNYEQSYLKQ--KGGKPLNRAYFVNQTN------- 
Paramecium_tetraurelia_IFT57D    10 --------QLDVTAMMDELYDKLILLNYEQSYLKQ--KGGKPLNRAYFVNQTN------- 

Paramecium_tetraurelia_IFT57-l   28 --DSKKTPQIINVLMMEDIYEKLSLVQYHEYFCIP--LKKKPVSKYYFSLDEN------- 
Paramecium_tetraurelia_IFT57-l   28 --DTKKTPQIINVLMMEDIYEKLSLVQYHEYFCIP--LKKKPVSKYYFSLDEN------- 
Paramecium_tetraurelia_IFT57-l   28 --DTKRTPQIINVLVMEDIYEKLSLVQYHQNFCVP--LKKKPISKYFFSLDES------- 

Tetrahymena_thermophila_IFT57-   25 --QLKKNPKIDCILVNEDIYEKLTLLEYHNFFCKP--MHRDPVSKVFFSISDQT------ 
Mus_musculus                     29 VVERGPGAAYHMFVVMEDLVEKLKLLRYEEELLRK--SNLKPPSRHYFALP--------- 
Rattus_norvegicus                29 VVERGPGAAYHMFVVMEDLVEKLKLLRYEEELLRK--SNLKPPSRHYFALP--------- 

Homo_sapiens                     29 VLERGPGAAYHMFVVMEDLVEKLKLLRYEEEFLRK--SNLKAPSRHYFALP--------- 
Xenopus_tropicalis               12 --DRGPGAAYQAFLMMEDLLDKLKLLSYEDEVLRK--QNMKPLSRHYFALP--------- 
Danio_rerio                       6 --ERGPGSVYQMFVLMEDLLDKLKVLDYEQHVLDK--HNIKPLSRHYFVSSPHV------ 

Ciona_intestinalis               12 EEARGPGGIYNMFEVMLELSDKLKLLNYEEHFLRK--YNVKPLSRHYFALV--------- 
Trichoplax_adhaerens             13 -SEQVIHNAHHCFLVMEDLLDKLKLLDYENSFCKN--MGYKYISRHYFAMQ--------- 
Schmidtea_mediterranea           10 --EEGPGGAFKVFTNMEHVLENLKVMDYERNYCKP--FLMKPISRHYFALP--------- 

Caenorhabditis_elegans           21 IVEDGPGKEYEIYIKNEELVDKLKLLNYEDGFLKLG-VVYKPILKHYFVKS--------- 
Batrachochytrium_dendrobatidis   42 GRNSVSISGNTVVPNMDDILDKLNCLDYVKQFIRP--NNIIPFHRFYFTAP--------- 
Physcomitrella_patens             1 --------------MAELIVDKLKLLHYEQQFCSSRSPPWPRLHKFYFALPSL------- 

Selaginella_moellendorffii       10 LVFSLGQSDAKAIVINELLVDKLKLLKYDHIFCQTRTPPWERLHRFYFAVSSP------- 
Chlamydomonas_reinhardtii        61 AVGRSLEIQTTPDVCMEMLADKLKLLNYEADFCRKKKPYRKPLSRLYFAVPLA------- 
Micromonas_sp                     4 DGELTVELAVEPEVGMELCLEKLKMLRYERDFLTSRRPPWPPCTRTHFAVPTPG------ 

Chlamydomonas_reinhardtii_IFT5   61 PPSTPPNGKRRGDAAAAAAAAAAAAAVSNGSLAPPPTDTIRSLHPLYFSEPLVPQLRSDY 
Volvox_carteri_IFT57-like        61 P-TTPPNGRRASSSSAGGTSATGGPAATSGIMVPPPMDTIRSLHPLYFAEPLVPPLRSDA 
Drosophila_melanogaster          10 -------SQQLQNFQSDDLLEKLKLLNYEKHLLKE--FKLKPLSRFYFVKATN------- 
Trypanosoma_brucei               13 --KGSGSGVIIDDGTMDDLIDKLRILRYETEFCPRVKPPFKPLSKYYFSGPSTID----- 

Naegleria_gruberi                34 SKPSGRKESYSPYVYMEKIIDKLKLLNYERRKDLFPSHAYGGLPRYYFAHHDK------- 
Giardia_intestinalis              1 --MIEPRLSMPAIVNAQLLVAKLRQLNCEKNYCLP--NNLPGFTASAFYKESS------- 
Tetrahymena_thermophila           1 MNQLKVDGEEDATVYMEEVLEKLKLLNYERDFATQN--GLKLLNRAYFAVSLN------- 

Albugo_laibachii_IFT57-like       1 ELIMLRNPFKSEGLNLHGLFMKINKGEYESLSLMYSEKLRSLVSRMLSLDAAS------- 
 
 

Paramecium_tetraurelia_IFT57A    53 ---SSEQFSQFKTLAKWLFTQNDVQTTDFNKLDDPVTLS--------------------- 
Paramecium_tetraurelia_IFT57B    53 ---SSEQFGQFKTLVKWLFSQNDVQTADFNKLDDPVTLS--------------------- 
Paramecium_tetraurelia_IFT57C    53 ---SSEQFNQFKTLVKWLFQQNDVQTSDFNKLDDPVTLS--------------------- 

Paramecium_tetraurelia_IFT57D    53 ---SSEQFNQFKTLVKWLFQQNDVQTSDFNKLDDPVTLS--------------------- 
Paramecium_tetraurelia_IFT57-l   77 -VNQNQRFYYFVELCYWLMSLPKQ---KKSKMAQPIKLNY----H--------------- 
Paramecium_tetraurelia_IFT57-l   77 -VNQNQRFYYFVELCYWLMSLPKQ---KKNKMAQPIKLNY----H--------------- 

Paramecium_tetraurelia_IFT57-l   77 -VNSSYRFYYFVDLCYWLMNLPKQ---KKNKLAQPIKYS-----N--------------- 
Tetrahymena_thermophila_IFT57-   75 PAQNNKKFFYFAELCYWIMSIQKYD--KKNKIQAALKLKSLGNWE--------------- 
Mus_musculus                     78 -TNPGEQFYMFCTLAAWLINKTGRA------FEQPQEYDD-------------------- 

Rattus_norvegicus                78 -TNPGEQFYMFCTLAAWLINKTGRA------FEQPQEYDD-------------------- 
Homo_sapiens                     78 -TNPGEQFYMFCTLAAWLINKAGRP------FEQPQEYDD-------------------- 
Xenopus_tropicalis               59 -TNPGEQFYMFCTLAAWLISKAGHH------FDQPQEYDD-------------------- 

Danio_rerio                      56 LSNPGEQFYMFSVIAAWLITLCGRP------FDTPQEYDD-------------------- 
Ciona_intestinalis               61 -TNSGEQFYVFTALSAWLINVAGHQ------FDMPQEYDD-------------------- 
Trichoplax_adhaerens             61 -INSGEQFHIFTGLVAWLLGICG-----------VTDFEP-------------------- 

Schmidtea_mediterranea           57 -TNPGEQFNAFISLSAWLVRECGYE------MDQPQDYDD-------------------- 
Caenorhabditis_elegans           71 -KNVGEQFFLFTSLAAWLIKKSGDES-----YNMPQEFDD-------------------- 
Batrachochytrium_dendrobatidis   91 AVNSNEQFYRFVLLTSWLLKVSNHA------FEPAGQFDD-------------------- 
Physcomitrella_patens            40 --HRNEQFLYFSSLAAWLFGLLGCQ------FAPPSEIND-------------------- 

Selaginella_moellendorffii       63 --NRNDQFMYFASLVAWLYSLIGVP------FPAPSDNDD-------------------- 
Chlamydomonas_reinhardtii       114 --NSSEQFFYFTSLATWLLGLAGVE------LPAPKEFDD-------------------- 
Micromonas_sp                    58 -QNTNELFHHFTSLCAHLLTLCGRR------FRPPDQFDD-------------------- 

Chlamydomonas_reinhardtii_IFT5  121 DAFQKQQLGAFLAVLAWLLRLNGKPD-AAAAVEANLELVPTARAPTVRLAAASRANGAGG 
Volvox_carteri_IFT57-like       120 GAFQKQQLGAFLHVLAWLLRLNGKSD-AAGGVEAQLEFVPSARAP-----TAGRAGGTAA 
Drosophila_melanogaster          54 ---PGEQFYMFTLICWWLCKKLGKD------MERPQEYDD-------------------- 

Trypanosoma_brucei               66 --NPNAQFYYFTSLCSWLMGLSGRN------FEPPGQFDD-------------------- 
Naegleria_gruberi                87 -DHPHEQFHTFIAVTTWLISDVLKLD---DYERPDFQLDD-------------------- 
Giardia_intestinalis             50 --SPLDQLVQNARLCHWLLSQLDIS------VQGVSEFDD-------------------- 

Tetrahymena_thermophila          52 ---PNEQFNYFTRLAQWLFKLNNSN-------VEFNQFGD-------------------- 
Albugo_laibachii_IFT57-like      54 -RISIDDVWQCCQYASSTPDRISVKS-----IRKPYDVPA-------------------- 
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Paramecium_tetraurelia_IFT57A    89 -------------------QNILNEVKNIGIDVDFPP--LKLKQGFGEYVVYVLQQLASK 

Paramecium_tetraurelia_IFT57B    89 -------------------QNILNEVKNMGIEVDFPP--LKLKQGFGEYVVYVLQQLATK 
Paramecium_tetraurelia_IFT57C    89 -------------------QNIINELKNIGIEVDFPP--IKLKQGFGEYVVYVLLQLATK 
Paramecium_tetraurelia_IFT57D    89 -------------------QNIINELKNIGIEVDFPP--IKLKQGFGEYVVYVLLQLATK 
Paramecium_tetraurelia_IFT57-l  114 -------------NVEETARKLLIDIKAWGIKLPEQLGSPHISQGCGDMVCFILNDLLNR 

Paramecium_tetraurelia_IFT57-l  114 -------------NVEETARKLLIDIKAWGIKLPEQLGSPHISQGCGDMVCFILNDLLNR 
Paramecium_tetraurelia_IFT57-l  113 -------------NLEDTARKLLQDIKAWGIKLPEQLGSPHISSGFGDMVCFILNDLLNR 
Tetrahymena_thermophila_IFT57-  118 -------------SVDECAQQLLFDLKKWGLRLPDSLNVQHIRNGYGDTVCFILNDILNR 

Mus_musculus                    111 --------------PNATISNILSELRSFGRT-ADFPP-SKLKSGYGEQVCYVLDCLAEE 
Rattus_norvegicus               111 --------------PNATISNILSELRSFGRT-ADFPP-SKLKSGYGEHVCYVLDCLAEE 
Homo_sapiens                    111 --------------PNATISNILSELRSFGRT-ADFPP-SKLKSGYGEHVCYVLDCFAEE 

Xenopus_tropicalis               92 --------------PNATISNILSELRSFGYS-VDFPP-SRLKAGYGEQVCYVLDCFAEE 
Danio_rerio                      90 --------------PNATVSNILSELRTLGGQ-VDFPP-SKLKTGSGEHVCYVLDQLVEK 
Ciona_intestinalis               94 --------------PNATISNIIEELRKFGVG-TDFPP-SKLKTGSGEFVCFVLDRLADS 

Trichoplax_adhaerens             89 --------------PQESIQ-------------TDFPP-SKLKTGAGQQVCYVLDSLADV 
Schmidtea_mediterranea           90 --------------PNASISTILQAVRQISDN-ISISP-TKLKSGCGEYIVMVLKILSDF 
Caenorhabditis_elegans          105 --------------PNSTLANIMAAAKNKGIA-TDFTA-AKLKSGAGENVIFILNSLADA 

Batrachochytrium_dendrobatidis  125 --------------PNAVSANIAAELKKAGIQ-FDYPP-TKLKQGYGEAVLFSLQSLVDM 
Physcomitrella_patens            72 --------------PNMTCAKIMMELMNLGLAPPGWLP-ARLKQGYGDAVCSVLDTLCSL 
Selaginella_moellendorffii       95 --------------LNPICSNIVLQLREVGFAPPSWSP-SKLKQGHGDAVCSVLDSLVDL 

Chlamydomonas_reinhardtii       146 --------------PNLTCQNILGAVKKLGFAPPSYHP-TKLTVGNGKEVVGVLDGLVDF 
Micromonas_sp                    91 --------------PNATCAAIFAELKACGFATPSFAP-GKLRHGHGRECVGVLNGLCDL 
Chlamydomonas_reinhardtii_IFT5  180 GGGPAAGQLHLCTNLLKGAEAAKKGAQVLGLS-TEFAPVNAIALGHGRAVCGLLQDALAL 

Volvox_carteri_IFT57-like       174 ALAPASRQVALCINVLKGAEAAKRGAQVMGLN-TEFAPVSAIALGHGRAVCGLLQDALAL 
Drosophila_melanogaster          85 --------------PNTVAANIIKLLGEIDVP-VDFQP-NKLIRGAGPICLSVLEVLSTQ 
Trypanosoma_brucei               98 --------------PNATATNILMELRGMNITAPNLAP-NRLRQASGEAVLTVLSLLADH 

Naegleria_gruberi               123 --------------PNTTTQNLAFYLKKMGIP-MDFPP-TKLRQAWGEPVCYVIDQLLNR 
Giardia_intestinalis             82 --------------PIAISTDLLVACKDIVNV-ANIPP-HRIRMGYGDDLTALVLGVADA 
Tetrahymena_thermophila          82 --------------PISIANNIQFELKKIGLD-NDFQP-IKLRSGSGEIVCKILLDLANR 
Albugo_laibachii_IFT57-like      88 ---------------IKVQASSVASKSDSDQHSASLKENAQLADEETTIRQYKTAILMEA 

 
 
Paramecium_tetraurelia_IFT57A   128 ALQKK----KFQFKKVKIEQQSQTR--------QDEEPVQETGS-------------VSS 

Paramecium_tetraurelia_IFT57B   128 AIQKK----KFQFKKAKIEQQSQTR--------QDEEPVQETGS-------------VSS 
Paramecium_tetraurelia_IFT57C   128 ALQKK----KFQYKKAKIEQQSQTR--------QDDEPVQETGS-------------VSS 
Paramecium_tetraurelia_IFT57D   128 ALQKK----KFQYKKAKIEQQSQTR--------QDDEPVQETGS-------------VSS 

Paramecium_tetraurelia_IFT57-l  161 ELIRV----NFKFESPNFGKDMESSVIQVN--KIDDEDLVEIQE-------------EEN 
Paramecium_tetraurelia_IFT57-l  161 ELIRI----NFKFESPNFGKDLESSVIQVN--KIDNEDLVEIQE-------------EEN 
Paramecium_tetraurelia_IFT57-l  160 ELIRV----NFKFELPQFGGDLSNSQVPSHHIQYDEQDFPEELT-------------EED 

Tetrahymena_thermophila_IFT57-  165 ELIRL----NFKFEDPKH-TDVQNGQQETENGVLQDPDLNEYMI-------------EEE 
Mus_musculus                    155 ALKYI----GFTWKRPSYPVEELEEETVP--EDDAELTLSK----------------VDE 
Rattus_norvegicus               155 ALKYI----GFTWKRPSYPVEELEEETVP--EDDAELTLSK----------------VDE 

Homo_sapiens                    155 ALKYI----GFTWKRPIYPVEELEEESVA--EDDAELTLNK----------------VDE 
Xenopus_tropicalis              136 VLKHI----HFSWKRPTYPTEEQDEENVI--EDDAELTLNK----------------IED 
Danio_rerio                     134 ALKSK----GFAWNRPLYPSVEVEDECVQ--EDDAELTLSK----------------VEE 

Ciona_intestinalis              138 ALLST----EFTWDRPTYPQEEQEEDDVIMDEDEAELKLDK----------------VED 
Trichoplax_adhaerens            121 ALKSI----KFKWDKPIYPEEENEDDENFFDENLEVTTSKE----------------VED 
Schmidtea_mediterranea          134 ALKKR----GFIWSVPRFDNESEIENENIIDEDVNENSDNEEFG-------------FES 

Caenorhabditis_elegans          149 SLVHV----GFQWQKMIPPKEEDEDTAVD--EQDEDDDNDD--I-------------VEE 
Batrachochytrium_dendrobatidis  169 AMVST----KFVFQKPIHKIDDYPEEAEV--DVDAEVTTED----------------VED 
Physcomitrella_patens           117 VLDAI----KFEFP-PIAHSCQ----EELLVETGDD----ESAS-------------ELY 

Selaginella_moellendorffii      140 VLEIK----NFQFAVPMYTDLG----KAIVVDEIGS----EAAD-------------ELC 
Chlamydomonas_reinhardtii       191 VLERR----HHKYSRPAYGNDGQPE-EGVQLDDEAEAAAMEGAD-------------ELA 
Micromonas_sp                   136 AMARHY---QHGLSRPVYPRAGDAEGGDAVMSDLAASDPSSALE-------------EYA 

Chlamydomonas_reinhardtii_IFT5  239 TAGRVPLAVRPLGRAAEAAAEEVADEADGVLEGPAESVLTAAGTGGGAGGYGSDGD-DEA 
Volvox_carteri_IFT57-like       233 SVQRVPLAVRPMQRPPEPPAEEVPDEADGGLEGAAESVLTAGTPGTGPG-YDTDGDGEEA 
Drosophila_melanogaster         129 ACKVA----QVGYQKLHIAQEEEFLGDYLEDNAEIILEKLEDEQ--------------NA 
Trypanosoma_brucei              143 AILSK----GLSIRAIDYSNIEKFDELEGATDGDENYGIGD---------------EVED 

Naegleria_gruberi               167 ALKES----KVKLKAPEIPEEIKFRDDDEIPEESEDIEDNEDMQ-------------HDN 
Giardia_intestinalis            126 CLAKL----QPNIISWKSLGAEDANAGVERENDDDDAPILDDLI-------------VDD 
Tetrahymena_thermophila         126 ALKTK----NFAFKKPKMEQPSQNIKNYKVLMKKLEQKEMMKMQIWLR------IFLLQV 

Albugo_laibachii_IFT57-like     133 VMDKLG-LLGYKTQNGYSIPPDYFTPETNYGNRRSDARFNEMCHCS--------LWLLTK 
 
 

Paramecium_tetraurelia_IFT57A   163 DS--DPEVASD---EEPEDVFN-------------EQGFQKDEERMVIESNVNPQEWAKE 
Paramecium_tetraurelia_IFT57B   163 DS--DPEVASD---EEPEDVFN-------------EQGFQKDEERMVIESNVNPQEWAKE 
Paramecium_tetraurelia_IFT57C   163 DS--DPEVASE---EEPEDVFT-------------EQGFQKDEDKMVIESNVNPKEWAKE 

Paramecium_tetraurelia_IFT57D   163 DS--DPDVASE---EEPEDVFT-------------EQGFQKDEDKMVIESNVNPKEWAKE 
Paramecium_tetraurelia_IFT57-l  202 EN---EEVEQD---ELTQSIL---FYHKKYNNEQTDYNQVP-QDRQVIETKVAINEWTKE 
Paramecium_tetraurelia_IFT57-l  202 EN---EEVEQD---ELTQSIL---FYHKKYNNESTDYNQVP-QDRQVIETKVAMNEWTKE 

Paramecium_tetraurelia_IFT57-l  203 Q----DEVEND---EFTQSIL---FYQKKFKTEQPDFNQIP-QNRQIIQTKIALNEWTNE 
Tetrahymena_thermophila_IFT57-  207 DIQDEDSIVGE---EEQGDLLNGQYNKRQNGEEAYDYKKIIDEDREMIISNVDPLEWQKE 
Mus_musculus                    193 EFVEEETDNE---ENFIDLNVL-------KAQTYRLDTNESAKQEDILESTTDAAEWSLE 

Rattus_norvegicus               193 EFVEEETDNE---ENFIDLNVL-------KAQTYRLDTNESAKQEDILESTTDAAEWSLE 
Homo_sapiens                    193 EFVEEETDNE---ENFIDLNVL-------KAQTYHLDMNETAKQEDILESTTDAAEWSLE 
Xenopus_tropicalis              174 EIAEEDSDNDQ--EHFIDLNAL-------SAQTQKLNTKESSKPEEILESNTDAAEWILE 

Danio_rerio                     172 EMTQEDEEYEE--EDGLDLDAL-------KTRTN--GELSGSRPAVVLESDVDAAEWNLE 
Ciona_intestinalis              178 DVIAGEESDEEGAEPFLDLGLS-------SNKLE----SEGLKHSEIMLSKTNADEWKLE 
Trichoplax_adhaerens            161 EEIEDEKDVS--------------------------------KPEGVMESNTDVTEWRME 

Schmidtea_mediterranea          177 KFNNDDIDDDE-EENLLDLEALNRLNFSNSNNADAEKTAESVKPDGIIESTLNSAEWLLE 
Caenorhabditis_elegans          188 PMNFLDDDDD---DNVIEIDLK----------AQGLATESKNPLQSVLQSNTDAITWKQE 
Batrachochytrium_dendrobatidis  207 NTPEVEEDEEMYMGAMQSEKVS-----------------SDTKSLAPTSIKIDPSEWKLE 
Physcomitrella_patens           151 IADEANTEE----------------TYGDGDTPRIVHPQMLNDSNTILAANLNANKWKLD 

Selaginella_moellendorffii      175 VSKPSKPNE----------------AASS------VFPDLLTESTS--TSKIDPNHWKMD 
Chlamydomonas_reinhardtii       233 MPAQNQADDDE-----EEEGVYVDPGRGDAAGPGTGASAAMDAEKAVLVSKVDPTLWKIE 
Micromonas_sp                   180 VASALDRDAP----------------LDASLKKVLRKTEEEIEERRAIESAVDAREWRVE 

Chlamydomonas_reinhardtii_IFT5  298 EYSGSAADQQRANESLRPGAASTSGGGGGAGGGRGGGRGRGGNPAAVSMTQVDPIAWRQE 
Volvox_carteri_IFT57-like       292 EYMGATAATDRARDSLALGVASTSGGGVAGRSGERDQRRRG--VQAVQTTRVDPVAWRQE 
Drosophila_melanogaster         171 AALSDDSDMELEAHNFRQLNWLN-----RPQKKSNGDVNLDERNPELDARMSDHQEWHLE 

Trypanosoma_brucei              184 NVMIDSDDDDE------------------LYVRAVGGKSGKEDTGIPVESEINADEWNLE 
Naegleria_gruberi               210 DSENEDEMYYT------------------VGSKNDTGSKDQEKHLEMIEGYHNAQEWRLE 
Giardia_intestinalis            169 ALIGTMTAKKG----------------TFTTTAGMATGSLTNDSGCIAPGLISEADWEQE 

Tetrahymena_thermophila         176 KVMENMTIWENQVNKRRMLMKIKKLSNQKSMKKIGLLKQKESLQNLKFKQKMKLKNGDPI 
Albugo_laibachii_IFT57-like     184 IGVKFDFEDTG---------------------LLRKPRVRAVQTLLVLAEKANASVREVD 
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Paramecium_tetraurelia_IFT57A   205 VERAAQKIK---IVIKPN---AGEWRQHFDATKQYSSQIRTILPEAR-IKLERLTDELSE 

Paramecium_tetraurelia_IFT57B   205 VERAAQKIK---IVIKPN---AGEWRQHFDATKQYSSQIKTILPEAR-VKLERLTDELSE 
Paramecium_tetraurelia_IFT57C   205 VERAAQKIK---IVIKPD---AGEWRQHFDATKQYSNQIKTILPEAR-IKLERMGDELGE 
Paramecium_tetraurelia_IFT57D   205 VERAAQKIK---IVIKPD---AGEWRQHFDATKQYSNSIKTILPEAR-IKLERISDELGE 
Paramecium_tetraurelia_IFT57-l  252 FNRVEKEFSKFEANLKVNKLYLKDYERTIMSISKCSKQLSLLSEHLKSNEVQQIQQQWID 

Paramecium_tetraurelia_IFT57-l  252 FNRVEKEFSKFEANLKVNKQYLKDYERTIITISKCSKQLSILSEHLKSSEVQEIQQQWIN 
Paramecium_tetraurelia_IFT57-l  252 YNRVEKELNKFEINLKENKSYLNDYQRSMNLVKKCSKQLTIASQYFKSNEVQDIQQQWIN 
Tetrahymena_thermophila_IFT57-  264 CLRVTTELQNFDLKIKKNEITAQINENDYINNLNR-LQKFQRAQILQEPFVNKIITNWQN 

Mus_musculus                    243 VERVLPQLK------VTIRTDNKDWRIHVDQMHQHKSGIESALKETK-GFLDKLHNEISR 
Rattus_norvegicus               243 VERVLPQLK------VTIRTDNKDWRIHVDQMHQHKSGIESALKETK-GFLDKLHNEISR 
Homo_sapiens                    243 VERVLPQLK------VTIRTDNKDWRIHVDQMHQHRSGIESALKETK-GFLDKLHNEITR 

Xenopus_tropicalis              225 VERVLPQLK------VTIRTDNKDWRVHVDQMHQHRDGIDTSLKETK-GYLDKLHNEVAK 
Danio_rerio                     221 VERVLPQLK------VTIRTDNKDWRIHLDQMHQHQDGINTSLQDAK-GCLFKLREDISK 
Ciona_intestinalis              227 VERVTPSLK------VTVRTDNKDWRIHIDQMHQHKSGIEVSLHDAK-KQLDKLHDEIQR 

Trichoplax_adhaerens            189 VERVLPSL--------------KDWRSHLEQMHQYRDGIESTLTETR-GHLDKLHQEITK 
Schmidtea_mediterranea          236 VERVLPQLK------VTIRNESRDWRTHQDQMHQYQTDLKKCYDETR-PHLDRLFDELNK 
Caenorhabditis_elegans          235 VERVAPQLK------ITLKQDAKDWRLHLEQMNSMHKNVEQKVGNVG-PYLDNMSKDIAK 

Batrachochytrium_dendrobatidis  250 VERVTPMLK------VQIPNDNKDWRVHIEQINHHQKTIQTCMTDTH-VQLAKLHSEIEK 
Physcomitrella_patens           195 LERIAPHLR------VAVSSDGNDWRAHLDRAKKLYEETSSSFTRGK-TDLNRFEKNVTS 
Selaginella_moellendorffii      211 LERLAPQLS------LPLVPDGKEWRTHLEQAQQLHAGISKQLVSNN-AELERVEGNISS 

Chlamydomonas_reinhardtii       288 LERVAPKLR------ITIAADSKDWRSHLDEAHQHKEVISKAWPDSK-TSLERLRADLNG 
Micromonas_sp                   224 LERVAAKLKA-----VSKEADAKDWRSNLDACRKAHAAVCAKFPDVR-VALDRVGRECKE 
Chlamydomonas_reinhardtii_IFT5  358 LERLAPQLG---RIKISAEAAAGDWAQRWAQTKEQLSTLAGAAPDVR-ATLGKLGEGVSR 

Volvox_carteri_IFT57-like       350 LERLAPQLG---RIKISAAAAAGDWSQRWHQTKELLAALVAATPDTN-ASLGRLGAAVSR 
Drosophila_melanogaster         226 LERVLPQLK------VFVKADARDWRTHISQMETLKTNILENSDTAE-AQLKKLHSEFTF 
Trypanosoma_brucei              226 VERVGPLLH-------VKSEAIQDWRSRIENAAILLKAVEKMYPEVR-QMLQRMSDDLEK 

Naegleria_gruberi               252 TERLSSQLV------VRLNVDHKDWRTHVESMEEQNVSIRDLTPSST-SQLEKIAEDIEK 
Giardia_intestinalis            213 LMVVDGQLGG---KQLGVGYAGQDWRKDVASMSTLAKALSKETGSCA-QSINSLVTDFSK 
Tetrahymena_thermophila         236 LNKPKNITVMLKKHYLKHVKDQKNWLIIFLKFQIKFKREKNQLTLTQLILVENIEQSLKI 
Albugo_laibachii_IFT57-like     223 LHTLVAGSG------YSVCLFLNSLCDEAVRSHVFHRPIYKHDRSGDLDLVEQSDAVCAD 

 
 
Paramecium_tetraurelia_IFT57A   258 I-----------------LDRINKREYNINEN--MQDMGSEYKKKNEDVKKIELQCKNYT 

Paramecium_tetraurelia_IFT57B   258 I-----------------LDRISKREYNINEN--MHDMGSEYKKKNEEVKRIESQCKNYT 
Paramecium_tetraurelia_IFT57C   258 I-----------------LDRITKREYNINEN--MSEMSTEFKKKNEEYKKIELQYQNYT 
Paramecium_tetraurelia_IFT57D   258 I-----------------LDRITKREYNINEN--MSEMCLEFKKKNEEYKKIELQYQNYT 

Paramecium_tetraurelia_IFT57-l  312 Y-----------------LELIPKLETKVTES--IPEDIQITLKQNRNK---ISDLQLQI 
Paramecium_tetraurelia_IFT57-l  312 Y-----------------LELLPKLETNVTQQ--IPENVQITLKENRNT---ISNLQFQI 
Paramecium_tetraurelia_IFT57-l  312 Y-----------------LEIIPKLETQITNL--IQPELREILYNNRQT---ISQFEIKI 

Tetrahymena_thermophila_IFT57-  323 Q-----------------LDQIEKGEQRINQG--NIDSINVLKEKVQSKKKFLLDLEQKS 
Mus_musculus                    296 T-----------------LEKIGSREKYINNQ--LEHLVQEYRGAQAQLSEARERYQQGN 
Rattus_norvegicus               296 T-----------------LEKIGSREKYINNQ--LEHLVQEYRGAQAQLSEARERYQQGN 

Homo_sapiens                    296 T-----------------LEKISSREKYINNQ--LENLVQEYRAAQAQLSEAKERYQQGN 
Xenopus_tropicalis              278 A-----------------LEKVSSREKYINNQ--LEQLVQEYRSVQAQLSEAKERYQQAS 
Danio_rerio                     274 T-----------------LEKVSSREKYLNTQ--LEHLISEYRQAQSQLNKVKELYQQAS 

Ciona_intestinalis              280 T-----------------LEKILSREKYINNQ--LEHHVQEYRSAQDKLAHAKEKYKQGS 
Trichoplax_adhaerens            234 T-----------------LEKISSREKYVNNQ--LDNSLQEFRGRRDGLAEINEKYKQGS 
Schmidtea_mediterranea          289 S-----------------VEKIATREKYLNNQ--VEHRLSDYRLAQDNLVLVREKRKEAS 

Caenorhabditis_elegans          288 A-----------------LERIASREKSLNSQ--LASMMSKFRRATDTRAELREKYKAAS 
Batrachochytrium_dendrobatidis  303 T-----------------LEKIVSREKYINTQ--FESQIDQYRTLQDQSSDVRQKYNVLS 
Physcomitrella_patens           248 S-----------------LEKLETHENFINQQ--LESLILEYVAVQGQLSGVQQKQNQSG 

Selaginella_moellendorffii      264 T-----------------LEKLQSREKFINSQ--IEPLTTEYSAVKRRLSEAQQKYGNSL 
Chlamydomonas_reinhardtii       341 T-----------------LEKLQTREKFLNEQ--FESLMQQYRAARTTFTDVQETYNRKT 
Micromonas_sp                   278 V-----------------VDKIETRESYVNAR--MEPRSDEYKSTVVALESAQKEYDEGN 

Chlamydomonas_reinhardtii_IFT5  414 D-----------------LDRIQTSEQRLNDN--TREMLAEYAAIRRRFDALARERRTHD 
Volvox_carteri_IFT57-like       406 D-----------------LERIETTERRLNDS--TTGLMQQYAASRRRLADMQRARWQHD 
Drosophila_melanogaster         279 D-----------------LEKIESREKHLNNE--LKPLIQQFKELSIELSTIQYAQNQLQ 
Trypanosoma_brucei              278 S-----------------KDRIQKREQTLAQQ--FSDQVEDYRVKLRELNSSQDAANIAS 

Naegleria_gruberi               305 I-----------------NSRIQKREKMLSDDSSIGNLLANYSKNQQELDEITKKYKELE 
Giardia_intestinalis            269 Q-----------------LERISTREQHLNSQ--VGQYSAKLGDASRTHAAVTEELAELS 
Tetrahymena_thermophila         296 TKIWLPNITISRLLLRNKVNNIDNQKKNMIASSLSQKQKEKNKLIHLLLLKLRMPQKKQE 

Albugo_laibachii_IFT57-like     277 P---------------------DSDEATLSSP--------EFNGDCADLAEVNARADNRR 
 
Paramecium_tetraurelia_IFT57A   299 NAIKEMGDQYKQISDKYEAV------QTKLNEHGSISTDQSPVIRIKAALTKIRLEIKQM 

Paramecium_tetraurelia_IFT57B   299 NAIKEMGDQYKQISDKYEIV------QNKLNEHGSISTDQSPVIRIKASITKLRLEIKQM 
Paramecium_tetraurelia_IFT57C   299 NAKKEMTDQYKQIQEKFETV------QNKLNEHGSVSTNQSPVISIKAALTKLRLEIKQM 
Paramecium_tetraurelia_IFT57D   299 NAKKEMTDQYKQIQEKFETV------QNKLNEHGSVSTNQSPVISIKASLTKLRLEIKQM 

Paramecium_tetraurelia_IFT57-l  350 SQLNKGNSEKLEIDQQLNQQ------LLDVKERTPVLE--DNRSKQKQLINQLRNDIRDM 
Paramecium_tetraurelia_IFT57-l  350 SQLNKGNSEKQEIDQQLNQQ------LLDVKERTPVLA--DNRSKQKQLINQLRNDIRDM 
Paramecium_tetraurelia_IFT57-l  350 NTLSKSNSSKLELDQQLHQN------IVDIQSRIPTLN--DNRPKQRQIINQLKSDINDL 

Tetrahymena_thermophila_IFT57-  364 EQVKSQIQNFDSMNEQYEKV------KKEIVEREKLITGNDQTNKIKDAIQKIKTEIKSM 
Mus_musculus                    337 GGVTERTRLLSEVTEELEKV------KQEMEEKGSSMTDGTPLVKIKQSLTKLKQETVQM 
Rattus_norvegicus               337 GGVTERTRLLSEVTEELEKV------KQEMEEKGSSMTDGTPLVKIKQSLTKLKQETVQM 

Homo_sapiens                    337 GGVTERTRLLSEVMEELEKV------KQEMEEKGSSMTDGAPLVKIKQSLTKLKQETVEM 
Xenopus_tropicalis              319 GGVTERTRILAEITEELEKV------KQEMEEKGSSMTDGAPLVKIKQALTKLKHEIVQM 
Danio_rerio                     315 GGVTERTRILAEISEELDKV------KQEMEEKGSSMSDGAPVVKIRQSLTKLKQEIEQM 

Ciona_intestinalis              321 GGVTEHSRTLADLTDELEKV------KFEMEDRGSSMTDGAPLVKIKQTLNRLKTESVQM 
Trichoplax_adhaerens            275 VGVNNLTKTLSQITEELEVI------KSQMDERGTSMTDSGPLVKIKQALTRLKNDITQM 
Schmidtea_mediterranea          330 GGINQRAKILAELTEELDRI------KQQMEERGTNMSDGWPVARLRQAMQKLKMEMKQM 

Caenorhabditis_elegans          329 VGVSSRTETLDRISDDIEQL------KQQIEEQGAKSSDGAPLVKIKQAVSKLEEELQTM 
Batrachochytrium_dendrobatidis  344 SNVSELTNELSRISEELDSV------KSRMDDLGNGMTDSKPLVGIKQGLARLKTETKQM 
Physcomitrella_patens           289 ETLSRLTIEHAKLLESLEQI------KQKMVDKGNEISDLTPLLQIKSAMQRLKSELREM 
Selaginella_moellendorffii      305 DNVTELTNEIAHISEQIEQV------KFHVL----ELSTFSK------------------ 

Chlamydomonas_reinhardtii       382 EAVADRNQEMHRIGETLEEV------KAMMDEKGSNIADATPVARIKTAIKQLNKELHDM 
Micromonas_sp                   319 ERVSSLTNELARIGERLERA------KGEMASKGDEVSDATPLTKLRDVVDKMNEEMRTM 
Chlamydomonas_reinhardtii_IFT5  455 ELLEMGSAALHEINEKLEEV------QQGIQDKTDGLDGSRQVKLMHDAMRSMHKEMRKM 

Volvox_carteri_IFT57-like       447 ELLEIGHSALAQLSERIEEV------QQAIQDKTDGLDGSRQIKLIHDAMRTMRKEMRRM 
Drosophila_melanogaster         320 EDMEKQTAELNEVMMEQELK------KEEMERRGQAMSDGSSVQQIRKAIAKLKDDTAQL 
Trypanosoma_brucei              319 QSVQQLSAELNQVSGLLDQV------KRDIEEREAKLSDTSPLMQVKDAAVKVRAEIKQM 

Naegleria_gruberi               348 ETISVLSGDLGKINQDLSDI------KVNAEDLTKKMADTTPLREIKEALVKIRNDIKQM 
Giardia_intestinalis            310 QSISVLTGELSTINEKLRAL------KVELQIESARASDTSNIHVVKTAFSSLSGEIRQL 
Tetrahymena_thermophila         356 KKSAKWMLELEFLVKPFCNISLDKSNQVQLKKMKNILMSQKERMSKKMMLWISENDVKVL 

Albugo_laibachii_IFT57-like     308 DNLDDRDYIFPKVAKDVWED--------EVERVSHKLEALRSRLKATQNVYDCSWRVHLV 
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Paramecium_tetraurelia_IFT57A   353 DLR-IGVLSHTILQRTYHDSKAMQERDFHENGLILNDSNELTD----------------- 
Paramecium_tetraurelia_IFT57B   353 DLR-IGVLSHTILQRTYHDSKAMQERDFHENGLILNDSDELTD----------------- 
Paramecium_tetraurelia_IFT57C   353 DLR-IGVLSHTILQRTFHDAKAIQERDFHEHGLILNESDELTD----------------- 
Paramecium_tetraurelia_IFT57D   353 DLR-IGVLSHTILQRTFHDAKAIQERDYHENGLILNESDEFTD----------------- 

Paramecium_tetraurelia_IFT57-l  402 DIK-IGIMQT-----QISKSYFHTNDVLSDEE-F-------------------------- 
Paramecium_tetraurelia_IFT57-l  402 DIK-IGIMQT-----QISKQYFHTYDVLSDDE-F-------------------------- 
Paramecium_tetraurelia_IFT57-l  402 NVK-IGILQT-----QLTKSYSYSSGQLSDEEDF-------------------------- 

Tetrahymena_thermophila_IFT57-  418 TIK-IGVLQSNLLSKQLNIELNKFKNGSDDEDGIDDNYLNDLQQSKNNNKNSNTNGEINQ 
Mus_musculus                    391 DIR-IGVVEHTLLQSKLKEKCNMTRDMH--AAVTPESAIGFY------------------ 
Rattus_norvegicus               391 DIR-IGVVEHTLLQSKLKEKCNMTRDMH--AAVTPESAIGFY------------------ 

Homo_sapiens                    391 DIR-IGIVEHTLLQSKLKEKSNMTRNMH--ATVIPEPATGFY------------------ 
Xenopus_tropicalis              373 DIR-TGVVEHTLLQSTLKEKSNMTRDMH--ALNIPESSIGAY------------------ 
Danio_rerio                     369 DVR-MGVVEHTLLQAKLREKNNMTRDMH--ATHLLEPNAQAY------------------ 

Ciona_intestinalis              375 DIR-IGVIEHVLMQARIKDKTLMHKDMNKGSENTEEDSKKFISQLL-------------- 
Trichoplax_adhaerens            329 DLR-IGVVEHILMNARLKDKSNLRQDLDLATTGPQESYTNFHLY---------------- 
Schmidtea_mediterranea          384 LIR-SGLLEHLLLQETLKAKS---------DTRPTEYS---------------------- 

Caenorhabditis_elegans          383 NVQ-IGVFEQSILNTYLRDHFNFS-------ANLLNIM---------------------- 
Batrachochytrium_dendrobatidis  398 DLR-IGVIEHTLLHAKLKNKGPIGPDANSFSAQVLSFFNL-------------------- 
Physcomitrella_patens           343 EVQ-IGVLEHSLVRVSLR-----QAKGGLDGLKA-------------------------- 

Selaginella_moellendorffii          ------------------------------------------------------------ 
Chlamydomonas_reinhardtii       436 EVR-IGVVSHTLLQLSLRNKRLLQAQAALSDEEED------------------------- 
Micromonas_sp                   373 EVK-IAIARNALGHASMRRAASGGTGRAGAAAAAAAL----------------------- 

Chlamydomonas_reinhardtii_IFT5  509 DVR-MGVVRHQLWAKQVGRTLKLSAAAGRGSDNDDDDD---------------------- 
Volvox_carteri_IFT57-like       501 DIR-IGIVRNELWAKQARRDLRLGAGILEEGEDEDEVFR--------------------- 
Drosophila_melanogaster         374 NLE-VALLVHAHDQDIVVRQLQQNQTTDLANNP--------------------------- 

Trypanosoma_brucei              373 SLR-IGILQHTVLHYVMKQTKAKREGTANTSGGDEWEETDYM------------------ 
Naegleria_gruberi               402 DMR-AGVLQNQVLQAKMKTSRVLSAKGKKGGISLSHHMSSGFEFDPFMQYV--------- 
Giardia_intestinalis            364 DLR-ITLAQQRLFSIAPPEPNTVRI----------------------------------- 
Tetrahymena_thermophila         416 VEK-VLIIRQTHQQINKQTHKQLIIFIISHVLLLQFLITTIRQKLLRNKLVIINQICT-- 

Albugo_laibachii_IFT57-like     360 IHRRYGDVDTKLRLPTLQTLTSLTQAWIVVVLSTYMMK---------------------- 
 

 

Figure 1-6. Alignment of IFT57-domain-containing proteins. 

 

To see whether the IFT57 genes were related to ciliary function in Paramecium, we looked in 

ParameciumDB for the presence of peptides in the ciliary proteome and for expression 

changes during ciliary growth, at early stage (30 minutes after deciliation: EARLY-T0) and at 

late stage (120 minutes after deciliation (LATE-T0). As shown in the table below, one peptide 

was detected for IFT57A and B, and a weak increase of expression during ciliogenesis for 

IFT57C and D (Table 1-2). 

 

 

Locus Symbol Synonym 

Number of 

different 

peptides in 

cilia 

Fold 

Change 

(reciliation 

EARLY-

T0) 

False 

Discovery 

Rate 

(reciliation 

EARLY-

T0) 

Fold 

Change 

(reciliation 

LATE-T0) 

False 

Discovery 

Rate 

(reciliation 

LATE-T0) 

GSPATG00023787001 IFT57A 1 1,05 0,97 1,69 0,14 

GSPATG00033566001 IFT57B 1 1,30 0,75 1,75 0,19 

GSPATG00034629001 IFT57C 0 1,54 0,43 2,25 0,05 

GSPATG00035574001 IFT57D 0 3,16 0,01 3,85 0,01 

Table 1-2. Raw data concerning IFT57 genes in proteomics of cilia and messenger 

expression during reciliation. Data extracted from ParameciumDB. 

 

Although at the limit of significance, these observations suggest that IFT57 proteins are 

indeed involved in ciliary function in Paramecium. 

 

We also analyzed the expression of IFT57 genes during autogamy, data from microarray 

experiments (Arnaiz et al. 2010), as reported in ParameciumDB. No change appeared for any 

of the four genes during the course of autogamy. 

 

1.3. IFT46 (synonyms: DYF‐6; FAP32) 
 

A single IFT46 gene (GSPATG00024708001) is found in the Paramecium genome. InterPro 

scanning revealed that IFT46 is a single domain by itself (Fig. 1-7), and that this domain is 

found only in IFT46 proteins (in contrast to the situation we described for IFT57). 
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Figure 1-7. Interpro domain match obtained by scanning the IFT46 gene of Paramecium. 

 

The alignment of IFT46 proteins of various species shows that they are highly conserved 

through evolution, including in Paramecium (Fig. 1-8). 

 
ChlamydomonasIFT46       1 --------------------------------------------------------------------------------------EYKHLN--VGEDVRELFSYIGRYK 

ThalassiosiraIFT46       1 -------------------------------------------------------------------------------------MSWLQSMSMPNMAWQRKFRCHSIMM 

MonosigaIFT46           23 DEGDGLAGLRVEG--------------------------------------------------------------------AYDPKDYEGL--QVKPEVKELFQFVTNYT 

TrichoplaxIFT46          1 --------------------------------------------------------------------------------------LKEEKGITHILNVTNEIKTKHVLT 

NaegleriaIFT46          75 NNNAPKGAVLSNRYENRGGSGAGVRGNSASKPPSKPSSSQGKVVSNQHYDEVYIANDDEVHSIPSPEHTPRDRVQITKAEESEERRRRSKMN--ISNELKELFTYINRYK 

MicromonasIFT46         29 GVNAPPHNVSSSSSSSSTLYDP---------------------------------------------------------------ARFANLR--VSPDVKELFGYISRYA 

SelaginellaIFT46         1 ------------------------------------------------------------------------------------------L--QLSEEIEGLFQLIHCYK 

XenopusIFT46A           74 KKPGKLGHVRGARTQGLTDDEDTED------------------------------TEGDDDDDEDDDDDDDDEEGHGTSNEGYNPADYEHL--PVTAEIKELFQYITRYT 

BatrachochytriumIFT46   18 PLNSEATNIRKHGSTDLKHAHAHS---------------------------------------------TETDEDHDNEDDHHESFLFQGE--TLGNEIKQLLEYIERYS 

DanioIFT46              87 PPPGPRGANKNDEEEDEDDDDDD-----------------------------------DDDDSDDTESDEEEEEPGSAPEGAYDPADYEHL--PVTGEIKELFQYITRYT 

MusIFT46A               17 KKPSQLTPQQGFSEN--DDDDD------------------------------------DDSSETDSDDDDDDEEHGAPLEGAYDPADYEHL--PVSAEIKELFEYISRYT 

MusIFT46B               17 KKPSQLTPQQGFSEN--DDDDD------------------------------------DDSSETDSDDDDDDEEHGAPLEGAYDPADYEHL--PVSAEIKELFEYISRYT 

HomoIFT46B              69 KKTSQLTPQRGFSENEDDDDDD------------------------------------DDSSETDSDSDDDDEEHGAPLEGAYDPADYEHL--PVSAEIKELFQYISRYT 

HomoIFT46A              18 KKTSQLTPQRGFSENEDDDDDD------------------------------------DDSSETDSDSDDDDEEHGAPLEGAYDPADYEHL--PVSAEIKELFQYISRYT 

RattusIFT46             17 KKPSQLTPQQGFSEN--DDDDD------------------------------------DDSSETDSDDDDDDEEHGAPLEGAYDPADYEHL--PVSAEIKELFEYISRYT 

CaenorhabditisIFT46A   185 DEGPKTPPPRASAGSNMRQESMNEL------------------------------IMRKISDPLQNLIRRASRLEDDSSNDDDDDDDDEDD--DYTEDEIAILTYIDAYK 

CaenorhabditisIFT46B    34 DEGPKTPPPRASAGSNMRQESMNEL------------------------------IMRKISDPLQNLIRRASRLEDDSSNDDDDDDDDEDD--DYTEDEIAILTYIDAYK 

CaenorhabditisIFT46C    34 DEGPKTPPPRASAGSNMR----------------------------------------------------ASRLEDDSSNDDDDDDDDEDD--DYTEDEIAILTYIDAYK 

GiardiaIFT46            50 GNPGPMSLREIDDAGYNIPLPP--------------------------------------------------------EPDHVDPSIKKMKKGLAKMSEKELFNLFHAFQ 

ParameciumIFT46         50 ARGPQQAAQSAGFQDGKVPLPAG----------------------------------------------------------AYNPNDYSNLQ--VGAEVKQLFEYIARYK 

XenopusIFT46B           74 KKPGKLGHVRGARTQGLTDDEDTED------------------------------TEGDDDDDEDDDDDDDDEEGHGTSNEGYNPADYEHL--PVTAEIKELFQYITRYT 

TetrahymenaIFT46       100 RQNYNRTDEDEQDYEAKNTNIPG----------------------------------------------------------AYNPADYAHLD--VSNEIKELFRYVQRYQ 

TrypanosomaIFT46       166 GTITNTDDDDDPKSTEEEESVPIGR------------------------------TRGYCNPRPEAINLEAEVPETTAPNLGYKPQEYAMVNANASREVQELFKRILDYQ 

 

 

ChlamydomonasIFT46      23 PQTVELDTRIKPFIPDYIPAVGGIDEFIKVPRPDTKP---DYLGLKVLD-EPAAKQSDPTVLTLQLRQLS-------------------KEAPGAKADMVGR----LEHT 

ThalassiosiraIFT46      26 LQGAAREDADTGGKIFLPPDALEDLASRNVQYPMMFKLRNDSIGKETHAGVLEFTATPGHVYMPGWMMRN-------------------------LLLQEDEIITVQNLS 

MonosigaIFT46           63 PETTELDTKLRPFIPDYIPAVGDIDAFIKIPRPDGQP---TVLGLEVVD-EPCAAQSNSTVLDLHLRTIA------------------------KTTAAKAVKR--NTVA 

TrichoplaxIFT46         25 LKCRKISIDDSPNE-NLIAHIPDALEFLKQCLEEK--------GCVLVHCQAGISRSSSMVISFILD------------------------------------------- 

NaegleriaIFT46         183 PHEIELDTKLKPFIPDYMAAVGELDPFIKLKRPDLKEDELDDLGLKVID-EPNPSQSDPTVVTLDLTYQMKGD---------RTSSTAAESSNLSSGIVAAKKPETIIKS 

MicromonasIFT46         74 PIDVEPPTPLKPFVPDYVPAVGDVDEFIKVPRPDGLD---DGLGVRVLD-EPGPEQSDPASLSLKLRRAIGGG---------LGGDGGAGGAGGRASAVVGR----IERP 

SelaginellaIFT46        19 PKELELRTILKPFIPDFIPAVGGVDEFIKIPRPDGQP---DFLGLKVVLDERGPKQSDPAVINLQLR-AS------------------------S-MKSNLHPLQVASVE 

XenopusIFT46A          152 PQVVELDYKLKPFIPDFIPAVGDIDAYLKVPRPDGKP---DNLGLLTLD-EPSTRQSDPTVMALWLS-EN------------------------SKQHSVTQQIKVKTLE 

BatrachochytriumIFT46   81 VQEQDLDVELKSFIPDLIPAIGDIDAFIKIPRVDQKP---DILGFALLD-EPAAAQSDPSVLDLHLRAVS------------------------KSATVVPQVVRSLESS 

DanioIFT46             160 PQTIELDHKLKPFIPDFIPAVGDIDAFLKVPRPDGKP---DNLGLLVLD-EPCTKQSDPTVLSLWLS-EN------------------------SKQHNVT-EVKVKSIE 

MusIFT46A               87 PQLIDLDHKLKPFIPDFIPAVGDIDAFLKVPRPDGKP---DHLGLLVLD-EPSTKQSDPTVLSLWLT-EN------------------------SKQHNITQHMKVKSLE 

MusIFT46B               87 PQLIDLDHKLKPFIPDFIPAVGDIDAFLKVPRPDGKP---DHLGLLVLD-EPSTKQSDPTVLSLWLT-EN------------------------SKQHNITQHMKVKSLE 

HomoIFT46B             141 PQLIDLDHKLKPFIPDFIPAVGDIDAFLKVPRPDGKP---DNLGLLVLD-EPSTKQSDPTVLSLWLT-EN------------------------SKQHNITQHMKVKSLE 

HomoIFT46A              90 PQLIDLDHKLKPFIPDFIPAVGDIDAFLKVPRPDGKP---DNLGLLVLD-EPSTKQSDPTVLSLWLT-EN------------------------SKQHNITQHMKVKSLE 

RattusIFT46             87 PQLIDLDHKLKPFIPDFIPAVGDIDAFLKVPRPDGKP---DHLGLLVLD-EPSTKQSDPTVLSLWLT-EN------------------------SKQHNITQHMKVKSLE 

CaenorhabditisIFT46A   263 TQEVELRPQLRPFTIEYIPAMGDVDLFIKVPRPDEID---DNVGLTQID-EPPSNQSDATIVDMQIRNAT------------------------KDAAILDDDVPVKLLE 

CaenorhabditisIFT46B   112 TQEVELRPQLRPFTIEYIPAMGDVDLFIKVPRPDEID---DNVGLTQID-EPPSNQSDATIVDMQIRNAT------------------------KDAAILDDDVPVKLLE 

CaenorhabditisIFT46C    90 TQEVELRPQLRPFTIEYIPAMGDVDLFIKVPRPDEID---DNVGLTQID-EPPSNQSDATIVDMQIRNAT------------------------KDAAILDDDVPVKLLE 

GiardiaIFT46           104 PVELSLETIYVPFLPDYTPSIGDVDPFIKVPRPDNKV---EALGLVVLD-DPCINQSDPTVLGLQLKDTTKAVNLDLEVDLGASGGDTNNDLHVRKDVIKMVPSADDPVK 

ParameciumIFT46        100 APQMVLDAKLKPFIPDYVPAIGEVDAFIKMPRPDGQP---ETLGLVTLD-EPALNQSKKAKLDLLMREYV-------------------------KVANRGKNTTIHAIE 

XenopusIFT46B          152 PQVVELDYKLKPFIPDFIPAVGDIDAYLKVPRPDGKP---DNLGLLTLD-EPSTRQSDPTVMALWLS-EN------------------------SKQHSVTQQIKVKTLE 

TetrahymenaIFT46       150 PETKELDAKLKPFIPDYYPAIGEVDAYIKMPRPDKKD---EILGLQILD-EPCLNQSNKAVVTLKYGNSS-------------------------KQKIDGKLVAIDAIQ 

TrypanosomaIFT46       246 PQTPELPAKLRPFIPDYVPSIGDLDPFCKIPRPDGKP---DGLGIYVLD-EPSVAQSNPAVVLLELR-AT------------------------NIHSVGGLAEAVDSFE 

 

 

ChlamydomonasIFT46     106 DENK-AKKIQQWIASINDIHKAKP--AATVNYSKRMPEIEALMQEWPPEVETFLK-TMHMPSGDVELDIKTYARLVCTLLDIPVYD--------------DPVESLHVLF 

ThalassiosiraIFT46     111 MVTCTYAKFQPQSPDFLDISNPKAVLENTLRKFSCLTVNDIIAINYNNKVYEIEVLEVKPENSDQAVSIVECDMQLEFAAPIGYKEPE----------RVRPAASDAATH 

MonosigaIFT46          143 DAENNNKAIEDWIESIAQVHRDKQPQT--VHYTSRMPDIESLMQEWPEGVERVLD-NVQLPSADLNVDIKEYADIVCTMFDIPTQK--------------SRIQALHLLF 

TrichoplaxIFT46         83 ------------------------------HFRTNLKDTISYVKERRKAISPNYG-----------------------------------------------------FI 

NaegleriaIFT46         283 VESGNDKLILKWINDIRELHKKKP--PPTVTYSKVNVDFTQLIQAWPDAFEEELA-KTDLPGADLDVDLEEYVKIICSLLDIPVYDG-------------HLIESLHVLF 

MicromonasIFT46        167 ESKEGAAKLDAWIESVNALHEGDDKSGAQFAYSKNMPDIETVMREFDPEVEEALR-NSGFPDNLPDMDLKSTIKYMCAILDIPVYEG-------------HMNESLHLMF 

SelaginellaIFT46       100 NPEKNPKKLDSWINSIKELHRSKPPPS--VSYSKPMPSIDKLMQEWPVELEKILT-AVELPTEKLDLDIGTFSDVCCSILDIPVYK--------------SRIESLHVMF 

XenopusIFT46A          233 NAERNSKAIDAWIESISELHRSKPPAT--VHYTRSMPDIDTLMQEWPSEFEELLG-KISLPAADIDCDLPSYIDMICGILDIPVYK--------------SRIQSLHVLF 

BatrachochytriumIFT46  163 ALCKDPKLIDAWIKNIKDLHGKNPPPS--VNYSRRMPDIEDLMQVWPPALESAFE-STQLLHASIDLPLSQYAAVVALILDIPTHQPSPTDKPDAKRQQNSLIESLHVVF 

DanioIFT46             240 NPEKNPKAIDNWIESISELHRSKPPATSCIYFFRPMPDIDSLMQEWPSEFEELLG-KVNLPTADIDCDLAEYVDMICGILDIPVYK--------------NRIHSLHVLF 

MusIFT46A              168 DAEKNPKAIDTWIESISELHRSKPPAT--VHYTRPMPDIDTLMQEWSPEFEELLG-KVSLPTVEIDCSLAEYIDMICAILDIPFYK--------------SRIQSLHLLF 

MusIFT46B              168 DAEKNPKAIDTWIESISELHRSKPPAT--VHYTRPMPDIDTLMQEWSPEFEELLG-KVSLPTVEIDCSLAEYIDMICAILDIPFYK--------------SRIQSLHLLF 

HomoIFT46B             222 DAEKNPKAIDTWIESISELHRSKPPAT--VHYTRPMPDIDTLMQEWSPEFEELLG-KVSLPTAEIDCSLAEYIDMICAILDIPVYK--------------SRIQSLHLLF 

HomoIFT46A             171 DAEKNPKAIDTWIESISELHRSKPPAT--VHYTRPMPDIDTLMQEWSPEFEELLG-KVSLPTAEIDCSLAEYIDMICAILDIPVYK--------------SRIQSLHLLF 

RattusIFT46            168 DAEKNPKAIDTWIESISELHRSKPPAT--VHYTRPMPDIDTLMQEWSPEFEELLG-KVSLPTVEIDCSLAEYIDMICAILDIPFYK--------------SRIQSLHLLF 

CaenorhabditisIFT46A   345 RADENPDEIKKWISDIKEFHKSKPAQT--VHYRTQLPDVETLMQEWPQKLEEVLK-TTKIPSAELDVSLEKYVEICLNIVDIPVGK--------------SRIEALHLMF 

CaenorhabditisIFT46B   194 RADENPDEIKKWISDIKEFHKSKPAQT--VHYRTQLPDVETLMQEWPQKLEEVLK-TTKIPSAELDVSLEKYVEICLNIVDIPVGK--------------SRIEALHLMF 

CaenorhabditisIFT46C   172 RADENPDEIKKWISDIKEFHKSKPAQT--VHYRTQLPDVETLMQEWPQKLEEVLK-TTKIPSAELDVSLEKYVEICLNIVDIPVGK--------------SRIEALHLMF 

GiardiaIFT46           210 QVTNTKQNVNSWIQKIDELHDKIGHN---AEYAYSLPIPDTIMNLWEPQFIELLE-KVDLPTANIELSTEEYARLVCALLDIPVGES--------------LIESLHMLF 

ParameciumIFT46        181 NADKNPKEITAWINDVAEIHKKKQ--PPSVSYSKIMPDIEELMQVWPQEIEDLFQ-STQLPGDNIDMGLQEYCQFSCNLLDIPVHTIN---------NNRNIIESLHVLF 

XenopusIFT46B          233 NAERNSKAIDAWIESISELHRSKPPAT--VHYTRSMPDIDTLMQEWPSEFEELLG-KISLPAADIDCDLPSYIDMICGILDIPVYK--------------SRIQSLHVLF 

TetrahymenaIFT46       231 NAEKNPKQIQMWINNVAEIRKTKQ--PHSVSYTKPMPEIDELMQEWPQEIEEILQ-HLKIPSEELDFNLSDFCKLACAILDIPVHDQP---------NESNVIESLHVLF 

TrypanosomaIFT46       327 DAANRPEVIDRWINDVKKVHYKKPLPT--INYQKPMPEIDLLLQVWPQEFEEFLNSDVQFPPPQIDLDLDQYVRALCCILDIPTYT--------------SLIDSLHVMF 
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ChlamydomonasIFT46     198 TLYLEFKNNPIFRCGVGGNSGPTP----------------- 

ThalassiosiraIFT46     211 AATAQVSTAACSRRSSTFMLMLDVS---------------- 

MonosigaIFT46          236 TLFAEFRNSQHFANPEDEEAATASNDVGEDRLEL------- 

TrichoplaxIFT46        110 RHLIEFE---------------------------------- 

NaegleriaIFT46         377 TLYLDFKTNQHIQSQMNF----------------------- 

MicromonasIFT46        263 TAYLHLKNNPYLRAKATTPGKGKG----------------- 

SelaginellaIFT46       193 SLFLELKNSMPFPDEWASKR--------------------- 

XenopusIFT46A          326 SLYSAFKNSQHFKDLAEGKKDRSSSGNSIPPNGETDTMNLN 

BatrachochytriumIFT46  270 TLYLEFQNSVHFKAMERGRNSFTAAPLP------------- 

DanioIFT46             335 TLYSEFKNSQHFKSATDGQKSDTPPASRSATAEIERLTLD- 

MusIFT46A              261 SLYSEFKNSQHFKALAEGKKVFTPPPNSASQAGDAETLTFI 

MusIFT46B              261 SLYSEFKNSQHFKALAEGKKVFTPPPNSASQAGDAETLTFI 

HomoIFT46B             315 SLYSEFKNSQHFKALAEGKKAFTPSSNSTSQAGDMETLTFS 

HomoIFT46A             264 SLYSEFKNSQHFKALAEGKKAFTPSSNSTSQAGDMETLTFS 

RattusIFT46            261 SLYSEFKNSQHFKALAEGKKTFTPPSNSASQAGDAETLSFL 

CaenorhabditisIFT46A   438 SLLNEFNNSQHFRNLAQNNNLGGETGETMDRLEL------- 

CaenorhabditisIFT46B   287 SLLNEFNNSQHFRNLAQNNNLGGETGETMDRLEL------- 

CaenorhabditisIFT46C   265 SLLNEFNNSQHFRNLAQNNNLGGETGETMDRLEL------- 

GiardiaIFT46           302 INYLDVQDNLKLAQHGIL----------------------- 

ParameciumIFT46        279 TLFSEFKTNQHFRQNNDEIQ--------------------- 

XenopusIFT46B          326 SLYSAFKNSQHFKDLAEGKKDRSSSGNSIPPNGETDTMNLN 

TetrahymenaIFT46       329 TLYSEFKSNQHFQQNKNDGNYDQMQLQIN------------ 

TrypanosomaIFT46       421 TLYQEFRANQHFQHE-------------------------- 

 

Figure 1-8. Alignment of IFT46-domain-containing proteins. 
 

 

 

Post genomic analyses show only little evidence for a ciliary role, with a single peptide found 

in the ciliary proteomics. This probably means that IFT46 is not very abundant in cilia (Table 

1-3). 

 

Locus Symbol Synonym 

Number of 

different 

peptides in 

cilia 

Fold 

Change 

(reciliation 

EARLY-

T0) 

False 

Discovery 

Rate 

(reciliation 

EARLY-

T0) 

Fold 

Change 

(reciliation 

LATE-T0) 

False 

Discovery 

Rate 

(reciliation 

LATE-T0) 

GSPATG00024708001 IFT46 1 1,26 0,79 1,93 0,11 

Table 1-3. Raw data concerning the IFT46 gene in proteomics of cilia and messenger 

expression during reciliation. Data extracted from ParameciumDB. 

 

1.4. IFT139 (synonym: FAP60) 

 

IFT139 matches two ohnolog genes issued from the last genome duplication in Paramecium, 

GSPATG00011236001 and GSPATG00011426001 called IFT139A and B respectively (Fig. 

1-9). They are sharing 95.1% identity in nucleotide and 91.7% identity in aminoacid sequence. 
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Figure 1-9. Ohnolog tree of IFT139 genes in Paramecium. Adapted from a screenshot of 

ParameciumDB 

 

 

The InterproScan analysis revealed that the main domain of this IFT139 is a Tetratricopeptide 

domain, found in many proteins and supposed to be involved in protein-protein interactions 

(Fig. 1-10). 

 

 
Figure 1-10. Interpro domain match obtained by scanning the IFT139 genes of 

Paramecium. 
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Alignment of IFT139 proteins showing the sequence conservation through evolution (Fig. 1-

11): 

 
ChlamydomonasIFT139       1 ----------------------MADRVLALVHYYAREGYFRHVQTVCNEVLKKRPGDGVLTFWRAYGLLMEGNTADAMRDLSSIQGNSDLELAVAAAQLLGHESAKVP-D 

SelaginellaIFT139B        1 -------------------------------------------------------------------------------------------------------------- 

TetrahymenaIFT139         1 --------------MQNQQQKMQTILIAQSQVYYYIREGFWSTMQRFCQEQYKAFGDPFFIFWKAYGLYQEGLPNEAINELTSIQHKKEIQYATIVALITYHLSTNIVDR 

MonosigaIFT139            1 -----------------------------------------------------------------------------MRELERLKDSRDVSLAVTLAMIHAHKKAKDV-D 

NaegleriaIFT139           1 ------MQGNTTLSALKGSTITSVGELQGYINYNCRKKYFSSITEMCETFLTR-GEDPVIRLWHSYSHCMQGNLTEAIKGYNTIKERKEVQLAAYIGLIFAHEQSAHQD- 

TrichoplaxIFT139          1 -------------------MASGDTYTLALINFYCREKLYNHVCKVATDAMKKYGNDNILHFWHAFGLIMQNRVSEGMRELQEIEDDKNVVLCTILCLVYAHKKSKLV-D 

MicromonasIFT139          1 -----------------------MSDVQALVNYYARAGYGRHVQTVCGEALRSRPGDPTLSFWRAFGLILEGSYSEAIAQLESLMERREISLACVAASIHAHKMARIV-D 

PhyscomitrellaIFT139      1 ----------------------MGDEVHVTVNYYARVGYGHHIQSYCTHLLLKRPREPILLFWHAYGLILEGSYSEALLEMEPLQDHRELQVAVLAAMLYSHERSPSP-D 

SelaginellaIFT139A        1 -------------------------------------------------------------------------------------------------------------- 

XenopusIFT139B            1 -------------------MADTDHYITAGIIYYCQEKYHQHVQNLAREGLKKYSNDPVLQFFKIYGMLMEDRVQDAIRRLEPIKDDPTVVLCSTMALIYAHKRSERV-D 

BatrachochytriumIFT139    1 ------------------------------------------MSSLEEDQAVRRLSEPTLILWRAFSLIHIEKCAEALNELGQLQDKRDLTLAYPLAAIFAYESCKHI-D 

CionaIFT139B              1 -------------------------------------------------------------------------------------------------------------- 

CionaIFT139A              1 -------------------MASEDLETLATLNYYMLEHCFRHVQMAALDATRKFGSDPVLVFYKGLAMLAEGRVHESMAEVESIRDKPNLTLASSLLLSIAQSKLPNA-D 

DanioIFT139B              1 ---------------------YSHCALKPLIIYYMRERYYRHAINTAARSLKVYNNDPVLRFFKAFATLMEGHSQEALQELILLKDHPHLSLCSTVALIYAHKHCETVGD 

DanioIFT139A              1 ----------------MASVEDDENCALALILYYCQEKYSSHVVDVSSEAQRKFSPDPIFTFLHAYGLLMQDQVLDAIQELEMLKERRDVSLCALMALVYAHKKRPNP-D 

MusIFT139B                1 -------------------MSSDDSSLMASIIYYSQEKYFHHVLQAANVGLERYSSDPALQFFRAYGILGEDHIHDAISELEGIQSHPDTSLCAVIALLSAHKSCDTI-D 

MusIFT139A                1 ---------------------MDSQGLKTLINYYCQERYYHHVLLVASEGMKKYSSDPVFRFYHAYGTLMEGKAQEALREFEAIKNKQDVSLCSLMALMYVHKMSPNP-D 

HomoIFT139A               1 ---------------------MDSQELKTLINYYCQERYFHHVLLVASEGIKRYGSDPVFRFYHAYGTLMEGKTQEALREFEAIKNKQDVSLCSLLALIYAHKMSPNP-D 

HomoIFT139B               1 -------------------MSSNDSSLMAGIIYYSQEKYFHHVQQAAAVGLEKFSNDPVLKFFKAYGVLKEEHIQDAISDLESIRHHPDVSLCSTMALIYAHKRCEII-D 

HomoIFT139C               1 -------------------MSSNDSSLMAGIIYYSQEKYFHHVQQAAAVGLEKFSNDPVLKFFKAYGVLKEEHIQDAISDLESIRHHPDVSLCSTMALIYAHKRCEII-D 

HomoIFT139E               1 -------------------MSSNDSSLMAGIIYYSQEKYFHHVQQAAAVGLEKFSNDPVLKFFKAYGVLKEEHIQDAISDLESIRHHPDVSLCSTMALIYAHKRCEII-D 

HomoIFT139D               1 -------------------MSSNDSSLMAGIIYYSQEKYFHHVQQAAAVGLEKFSNDPVLKFFKAYGVLKEEHIQDAISDLESIRHHPDVSLCSTMALIYAHKRCEII-D 

RattusIFT139A             1 ---------------------MDSQGLKTLINYYCQERYYHHVLLVASEGMKKYSSDPVFRFYHAYGTLMEGKAQEALREFEAIKNKQDVSLCSLMALMYVHKMSPNP-D 

RattusIFT139B             1 -------------------MSSDDSSLMASIIYYCQEKYFHHVLQAANVGLERYSCDPVLQFFRAYGVLGEDRIHDAISELESLQSHPDTSLCAVIALLYAHKCCDTI-D 

ParameciumIFT139A         1 --------------------MSSDLLIQQSQVFYLLREGLWKSTQVLCHKFYQRTQDPFFQFWRAFCYFKSGSLNEAINELTLIRNKREFQFATSAALIYYSQQQRGVDR 

ParameciumIFT139B         1 --------------------MSSDLLIQQSQVFYLLREGLWKSTQVLCHKFYQRTQDPFFQFWRAFCYFKSGSLNEAINELTLIRNKREFQFATSAALIYYSQQQRGVDR 

XenopusIFT139A            1 -------------------MADTDHYITAGIIYYCQEKYHQHVQNLAREGLKKYSNDPVLQFFKIYGMLMEDRVQDAIRRLEPIKDDPTVVLCSTMALIYAHKRSERV-D 

XenopusIFT139C            1 -------------------MADTDHYITAGIIYYCQEKYHQHVQNLAREGLKKYSNDPVLQFFKIYGMLMEDRVQDAIRRLEPIKDDPTVVLCSTMALIYAHKRSERV-D 

TrypanosomaIFT139         1 ------------------------------MMFYAREKLWRHAELVCTDTIKS-TDSWLFRVWRALCYDKQGQPNEALREYKSAQQHRETVIPALMGIVLIYRRSKDTEG 

CaenorhabditisIFT139A     1 MDSESDDNPNDPEDRKKWGHKDVEHWRAVSNVHYYAREGYFGTAILVCDGRLATIKDPALAILKGVCLTLLGKIPDAIRHLETFVTDNDVALGALHALKWAHASAFNPDN 

CaenorhabditisIFT139B     1 MDSESDDNPNDPEDRKKWGHKDVEHWRAVSNVHYYAREGYFGTAILVCDGRLATIKDPALAILKGVCLTLLGKIPDAIRHLETFVTDNDVALGALHALKWAHASAFNPDN 

 

 

ChlamydomonasIFT139      88 HDAIIDLQAKLEIEE--------RTASDQPCLHLASFYLYTKSKE--RARGLVERVLRN----QP-DMVPAQVLLGWIIISQQQDDEYDMLFDESELDDALSHFEQAVEH 

SelaginellaIFT139B        1 -------------------------------------------------------------------------------------------------------------- 

TetrahymenaIFT139        97 ETVQNLKFEES---------TQRRLSSDKAICLAAFFYAFNKEHAKARDLIDEIHSDNFNIRIASAWCYLLEGGKFLEKSVQLFEELYNEQHEI---------------- 

MonosigaIFT139           33 RDAIKELETRVKALV--------KESGEVGLHQGALVMWHIGKHDKARDLADKLLKLKG----DSCDGLALRGWIDLTSGREAHAKKAGRYFEEALKPF----------- 

NaegleriaIFT139         103 -EQEIENLKTFVEMEK-------GSAQNSAKLQAAMLYLHMSEFDEARSLLEDEIELVD----------------------------CEQLFDACIKFD----------- 

TrichoplaxIFT139         91 RESVQQLDARLKTER--------QNCSDKALYFAAMYLWHMNRNDKAREYIDRMLKISN----GASEGLILRGWIDITSDKEQYVKKAQKYFEEALNRS----------- 

MicromonasIFT139         87 EESVDALEDRMHREE--------GDANERALLACANFYALAGGPDSWRARGMAERALRM----ARGDGFDAKTLLGTTENDRARTRKAKRWFDEVLDTEEG--------- 

PhyscomitrellaIFT139     88 TDTIHTLRRRLETVD--------QNASERALVLAATLYWHLGGSTHIRNSYDLVTRFSV----DDPKHLDFSIGIGQGRVLRVQPQYTQAQCLLGWLCLGDTHIRHRVES 

SelaginellaIFT139A        1 -------------------------------------------------------------------------------------------------------------- 

XenopusIFT139B           91 REAVADLENKLKETR--------KSAGPKALYYAGMFLWLMGRTDKAREYIDRMLKISN----RSREGLVLRGWLDLSSEKESTVNKSIRYFEEGI-------------- 

BatrachochytriumIFT139   68 HEAIQELQAKLTIASSS------ENITERAYILAGLLCMHTERPDMAKAYFKQASIKEG----PTTIGYVYLGWLELNGNTNESAGKANSWFDKALG------------- 

CionaIFT139B              1 -------------------------------------------------------------------------------------------------------------- 

CionaIFT139A             91 NDTVAQLNVKIKESK--------RNAAEFDFYLYVVVLWFLGSSKLLKDSAEKLIKNYP----EFKQGQVLKAWIDFTNDRGANLKKSLKSPDSGLA------------- 

DanioIFT139B             90 EDAVNELNSELKRSG--------STAGERALYYAALIYWILQMNLKAKTCIKKMLKISE----TSPEGLIMKGWIVLTSDLEENRPQAIQYFNSGVR------------- 

DanioIFT139A             94 REIIQDLDGRVKEER--------KTASPKALYYAGMLLWLLGRNDKAREYVDRMIKISS----GSKEGIVLKGWIDLRSNKDAYAKKSGKYFDEAL-------------- 

MusIFT139B               91 IEAVQELESSLKEIR--------RSASSTALYYASLFLWFMGHHDKAREYVDHMLKVSS----GSKEGYVLKGWVDLTSSKPHVVKKSIKYLEQGT-------------- 

MusIFT139A               89 REAILELDTKMKEQR--------KEAGRKALYHAGLFLWHIGRHDKAREYIDRMSKMPH----DSNEGPILKAWLDITRGKEPYAKKALRYFEEGL-------------- 

HomoIFT139A              89 REAILESDARVKEQR--------KGAGEKALYHAGLFLWHIGRHDKAREYIDRMIKISD----GSKQGHVLKAWLDITRGKEPYTKKALKYFEEGL-------------- 

HomoIFT139B              91 REAIQELEYSLKEIR--------KTVSGTALYYAGLFLWLIGRHDKAKEYIDRMLKISR----GFREAYVLRGWVDLTSDKPHTAKKAIEYLEQGI-------------- 

HomoIFT139C              91 REAIQELEYSLKEIR--------KTVSGTALYYAGLFLWLIGRHDKAKEYIDRMLKISR----GFREAYVLRGWVDLTSDKPHTAKKAIEYLEQGI-------------- 

HomoIFT139E              91 REAIQELEYSLKEIR--------KTVSGTALYYAGLFLWLIGRHDKAKEYIDRMLKISR----GFREAYVLRGWVDLTSDKPHTAKKAIEYLEQGI-------------- 

HomoIFT139D              91 REAIQELEYSLKEIR--------KTVSGTALYYAGLFLWLIGRHDKAKEYIDRMLKISR--------------------------------------------------- 

RattusIFT139A            89 REAILELDTKMKEQR--------KEAGRKALYHAGLFLWHIGRHDKAREYIDRMSKMPH----DSNEGPILKAWLDITRGKEPYAKKALRYFEEGL-------------- 

RattusIFT139B            91 AEAIQELDSSLKEIR--------RTASGMALYYASLFLWFMGHHDKAREYVDHMLKVSS----GSKEGYVLKGWVDLTSNKPHVVKKSIKYLEQGT-------------- 

ParameciumIFT139A        91 VQVRVQFYRKSLKLADRCRQKVERLRMIEHFRVPFISIYFVDEGRKAKEILELLSEGQPISQITLGWYKLLQKEEEISP-DKILDYFQSFGQFN---------------- 

ParameciumIFT139B        91 EIIETCRQMQ---------SEGRKTPNDRAFQSAIYFYLFVDEGRKAKEILELLSEGQPISQITLGWYRLLQKEEQFTP-DKILDYFQSIGQFN---------------- 

XenopusIFT139A           91 REAVADLENKLKETR--------KSAGPKALYYAGMFLWLMGRTDKAREYIDRMLKISN----RSREGLVLRGWLDLSSEKESTVNKSIRYFEEGI-------------- 

XenopusIFT139C           91 REAVADLENKLKETR--------KSAGPKALYYAGMFLWLMGRTDKAREYIDRMLKISN----RSREGLVLRGWLDLSSEKESTVNKSIRYFEEGI-------------- 

TrypanosomaIFT139        80 LASAERALAAYADGDT-------AANSIDGWVQAAALMWLSGDAAGARDILLRYEDVQETHRDECTNLATIRAWVDLSIGRGAFLEKCGSLFQKVMNMESQN-------- 

CaenorhabditisIFT139A   111 KSIVEIETEISTRARN-------EKTPYTSYATASEVLYFAGEYQKSKQMLDIARKRAT---EKHAKHYCLLGWIELALGKKQKSTQELFEKAGGQE------------- 

CaenorhabditisIFT139B   111 KSIVEIETEISTRARN-------EKTPYTSYATASEVLYFAGEYQKSKQMLDIARKRAT---EKHAKHYCLLGWIELALGKKQKSTQELFEKAGGQE------------- 

 

 

ChlamydomonasIFT139     183 DHN----------------------DLQALLGKAKIMELKKQLG----PCLDVLTEINVRFGWFVPALVEKTRMLMMLGDWEQVTETLQRVLAADQQNIMAQAWNCMISL 

SelaginellaIFT139B        1 -------------------------------------------------------------------------------------------------------------- 

TetrahymenaIFT139       182 -----------------------NKNLESLMGRSKANEMIKKFD----ISLNTINEINVLYPDFKGGLIEKAKLLMTVDDWEQLVDYCNKILYDDDKNIMALMLLTFYTF 

MonosigaIFT139          120 ---------------------QDDANKTHLEGLLGLCAFHQAISLDLSAALDVINKAVVLFPSFCPVHEVKTEILMGLGDWEGVNDAIRHCQSVDSNAVRALYHQCLYTL 

NaegleriaIFT139         166 -----------------------PKNVDALMGKVYNAEKQNKIQQ----AIDICSQVSLSFPNFVPALTEKCGLLMQIDDWNQCRDTALRIQKQDPSNVDAMYINLLFYF 

TrichoplaxIFT139        178 ---------------------ESSTEIDALLGKAKCFELKHNY----TNSVELINRTIAAYPKYTPALIEKARMQLALQEWDQAVDTSRRTLIQDSDNIAATNVLVLHSL 

MicromonasIFT139        176 -EG----------------------HLEALMGRVKVMERLGQVA----GALDALNRVAVIHPSFVPAVAEKAKMRMRAGDWDAALETAQGILERDPKNIDALRLRAFYLL 

PhyscomitrellaIFT139    186 DIPSVDWKTADKSLVHFAEVLSKGSNAEALMGRAFYHELKENYT----EALADLSQVTILHAWFLPAVLEKARMGLLLRDFDLAHETSQQILQKDPNNIDGLRMAIHLHL 

SelaginellaIFT139A        1 -------------------------------------------------------------------------------------------------------------- 

XenopusIFT139B          175 ---------------------QDNKDIFALIGKAQYFMAHQNY----SGALDVINQIIVNYPPFLPALTLKMRLFLAQQDWDQTLETAQRILLKDGANIDAFQILTIHSV 

BatrachochytriumIFT139  155 ---------------------RNPRDVEALFGRLTFLRKMRRQ---ISAAVDISTQLIVYHQSFLPAYIERMHMYLEMGVWDQAMEASQQVIAMSPDNIDGLCLVVLHEL 

CionaIFT139B              1 -------------------------------------------------------------------------------------------------------------- 

CionaIFT139A            176 ---------------------DNNQDPMCLLVKARFFAKLKKF----KLAMDSVNQAIISFPNFTPALLERARIYLAVQDWDQMMETIGRLLVINAHYPEALRMQILYLL 

DanioIFT139B            175 ----------------------DPGNLFGLMGKIEFFMLKQNE----SSALDIIHQILLIYPDFTPALLMKMKIFMALQDYEQTEDIAHRVLERDAQDLKALQMLTVIAV 

DanioIFT139A            178 ---------------------KEKSDIFALMGKVHYYEYRQNY----SGALDTINQVIVSYPSFLPALVKKMKLLLTLQDWEQTVDAAQRLLQREKNNLEALRMQALHAL 

MusIFT139B              175 ---------------------QDTKDVLGLMGKATYFMTQQNF----SGALEVANQVTLACSNFLPALVLKMKLFLARQDWDQTIETGQRILEKDENNIDAWQILAVHEL 

MusIFT139A              173 ---------------------QDGNDIFALLGKVLCLEIRQNY----SGALETVSQIIVNFPSFLPAFEKKMKLQLALQDWDQTVETAQRLLLQDNHNVEALRMLALYYL 

HomoIFT139A             173 ---------------------QDGNDTFALLGKAQCLEMRQNY----SGALETVNQIIVNFPSFLPAFVKKMKLQLALQDWDQTVETAQRLLLQDSQNVEALRMQALYYV 

HomoIFT139B             175 ---------------------QDTKDVLGLMGKAMYFMMQQNY----SEALEVVNQITVTSGSFLPALVLKMQLFLARQDWEQTVEMGHRILEKDESNIDACQILTVHEL 

HomoIFT139C             175 ---------------------QDTKDVLGLMGKAMYFMMQQNY----SEALEVVNQITVTSGSFLPALVLKMQLFLARQDWEQTVEMGHRILEKDESNIDACQILTVHEL 

HomoIFT139E             175 ---------------------QDTKDVLGLMGKAMYFMMQQNY----SEALEVVNQITVTSGSFLPALVLKMQLFLARQDWEQTVEMGHRILEKDESNIDACQILTVHEL 

HomoIFT139D             142 -----------------------------GFREAMYFMMQQNY----SEALEVVNQITVTSGSFLPALVLKMQLFLARQDWEQTVEMGHRILEKDESNIDACQILTVHEL 

RattusIFT139A           173 ---------------------QDGNDIFALLGKVLCLEMRQNY----SGALETVSQIIVNFPSFLPAFEKKMKLQLALQDWDQTVETAQRLLLQDGHNVEALRMLALYYL 

RattusIFT139B           175 ---------------------QDTKDVLGLMGKAKYFMTQQNF----SGALEVVNQVTLAYSNFLPALVLKMKLFLARQDWEQTIETGQRILEKDENNIDAWQILAVHEL 

ParameciumIFT139A       184 -----------------------QKPIEYLLGLAKASEINKKYP----ITLDALNELMIVWRDFPFTDVEKLRFCIFIQDWEQFQDLANKLLYDDPTNIFGLKAIAFYNL 

ParameciumIFT139B       175 -----------------------QKPIEYLLGLAKASEINKKYP----ITLDALNELMIVWRDFPYTDVEKLRFCIFIQDWEQFQDLANKLLYDDPTNIFGLKAIAFYNL 

XenopusIFT139A          175 ---------------------QDNKDIFALIGKAQYFMAHQNY----SGALDVINQIIVNYPPFLPALTLKMRLFLAQQDWDQTLETAQRILLKDGANIDAFQILTIHSV 

XenopusIFT139C          175 ---------------------QDNKDIFALIGKAQYFMAHQNY----SGALDVINQIIVNYPPFLPALTLKMRLFLAQQDWDQTLETAQRILLKDGANIDAFQILTIHSV 

TrypanosomaIFT139       175 ---------------------GEPMDIDSTMGRVAFFERKYQFFP----AQQLLNKLIVSHPSFTPALIVKARHLMKAEDWEQCTETTKRILGKDKTNLEALALNTLFLL 

CaenorhabditisIFT139A   198 -------------------------YPDGNIGRCKILEGHHSAP----EMKVAANELAISTIHFLPGHIEKAKASIMMKDWRGVMDCIMNADQPEGSNPYIEVLRTVHGI 

CaenorhabditisIFT139B   198 -------------------------YPDGNIGRCKILEGHHSAP----EMKVAANELAISTIHFLPGHIEKAKASIMMKDWRGVMDCIMNADQPEGSNPYIEVLRTVHGI 
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ChlamydomonasIFT139     267 TREGNNKQAAKQ--------LQDLFSSMNRQEPKNAELFFRVARPFGRLACS-DPTLLGITY----LMADRAAQLRPEMAAYVVEAAAQKLMMDETTNATERFTQALQLD 

SelaginellaIFT139B        1 -------------------------------------------------------------------------------------------------------------- 

TetrahymenaIFT139       265 AREGDIETGCER--------LQKLIQAVEFSESRNMQLMFKISQVFSRISGRNTQILKFTMK-----LVNQCKQLSPLNAQYFCELAQQLLMVNQFERAEQYFQEASAID 

MonosigaIFT139          209 AKQGRYDDAAG--------MLGQLIAQLDATEPNNHEAFFIMSQAPARLAGRHSLVLQQTRT-----MLDRAIKIAGETAKLLNEQALQVFRRDHIREAGKTYKKAMAND 

NaegleriaIFT139         249 VKGSQYEDLVNQFN--------ELFKSITKKESKNDKLCFTLAKTFYSLTEGREELLKRCLD-----LLNLAKKANPIEADYFILQGYIQLTMRDFINSETSFRKALELN 

TrichoplaxIFT139        263 CRIGDYTQAVDN--------LGELILRIDKNEPKNAELYYKCAVTFSRLCGRQLQVIHQTYT-----LTERAMTLAKNNSKYTTEVGNQLLLMGKTKEAMNYFSKALTLD 

MicromonasIFT139        259 GVEGNAAAGRAM--------IGQLTDALESLEGRNARLFVSCSRDLARVAGG-TSTTLSALG----RMLERARAIEPQDVDVLNEVAYQQQLAGNYAGAVGTYREAARVA 

PhyscomitrellaIFT139    292 CSDNNQSTAAGL--------LADLLRSIEQREPQNAYLCLEVVRSIARLAGRCRVLVLQKTM----AIIERARQLNPKESAFVVELADQLFLLEDYKTALATYKSTANMD 

SelaginellaIFT139A        1 -------------------------------------------------------------------------------------------------------------- 

XenopusIFT139B          260 TREGSTEKALN--------YLRELINALDAAEPRNPMLHLHKILPISSLCGRNQPILKQVSV-----VIGRIFQTAP-HAEVATALANNFILQGNVTEAAGWYATAMKLD 

BatrachochytriumIFT139  241 CQEGGARMASTY--------ISNIFDVLGRLEPKNANMYYSIARPFARLANRNIQILDQCQK------LVEKAISLKSTSEFHTELGYILFLQNQIPRARECYNTSALLD 

CionaIFT139B              1 -------------------------------------------------------------------------------------------------------------- 

CionaIFT139A            261 IHQGKYAEAVNR--------LGELIQVIDRFEPQNSELYYTSAKLFSTICGRNQSIIKQTYT-----LIERAVSLDSSNVDYANEMGFHLYLMGQRKDAIKCYRNAMNID 

DanioIFT139B            259 VKDGDTELVKQM--------LHSLLSLSFFFSPFFLSLFFFSFLLFKKLFRKQYIIVLFFFFSFVLCSFFLSSSFVKSVNKLWLIFFLSLCFWGQIFNKHDTFKKNKIQN 

DanioIFT139A            263 CRDGDIAESVNQ--------LSNLISNLDIQEPSNPELFYRMSLAFTRVCGRAEKILQHTHR-----MVERAFAQASSDSELATEMGYQLILMGRVKEAMKWYKTAMTLD 

MusIFT139B              260 VKEGNTDRAADR--------VRNLIKALETGEPHNPNLHLKKILVISRLCGRHQVVHRLVSG-----FLERIFMATPSCALVATELGYLFILHQQVKEACLWYKEAMKLE 

MusIFT139A              258 CREGDVEKAATK--------LENLGNALDVMEPQNAQLFYKITLAFSRTCGRNQLILQKVQS-----FLEKAFSLTPQQAEIATELGYQMILQGKVKEAWKWYRTAMTLN 

HomoIFT139A             258 CREGDIEKASTK--------LENLGNTLDAMEPQNAQLFYNITLAFSRTCGRSQLILQKIQT-----LLERAFSLNPQQSEFATELGYQMILQGRVKEALKWYKTAMTLD 

HomoIFT139B             260 AREGNMTTVSSLKTQKATNHVRNLIKALETREPENPSLHLKKIIVVSRLCGSHQVILGLVCS-----FIERTFMATPSYVHVATELGYLFILKNQVKEALLWYSEAMKLD 

HomoIFT139C             260 AREGNMTTVSSLKTQKATNHVRNLIKALETREPENPSLHLKKIIVVSRLCGSHQVILGLVCS-----FIERTFMATPSYVHVATELGYLFILKNQVKEALLWYSEAMKLD 

HomoIFT139E             260 AREGNMTTAT--------NHVRNLIKALETREPENPSLHLKKIIVVSRLCGSHQVILGLVCS-----FIERTFMATPSYVHVATELGYLFILKNQVKEALLWYSEAMKLD 

HomoIFT139D             219 AREGNMTTATN--------HVRNLIKALETREPENPSLHLKKIIVVSRLCGSHQVILGLVCS-----FIERTFMATPSYVHVATELGYLFILKNQVKEALLWYSEAMKLD 

RattusIFT139A           258 CREGDIEKAAAK--------LENLGNALDVMEPQNAQLFYKITIAFSRTCGRNQLILQKVQS-----FLEKAFSLTPQQAEIATELGYQMILQGKVKEAWKWYRTAMTLN 

RattusIFT139B           260 VKEGNTDRAADR--------VRNLIKALETGEPQNPNLHLKKILAVSRLCGRHQVVHRLVSG-----FLERTFMATPSCALVATELGYLFILQQQVKEASLWYKEAMKLE 

ParameciumIFT139A       267 ARKGDVRESLEK--------IEELFNAIQKQEEDNVSLILNCCQLLSRVSGRNQQILQLTMS-----QIQKTRKIAPLLGDLCLELAQETLMLEEYDKAYGFFQEAAALD 

ParameciumIFT139B       258 ARKGDVRESLEK--------IEELFNAIQKQEEDNVSLVLNCCQLLSRVSGRNQQILQLTMS-----QIQKTRKIAPLLGDLCLELAQETLMLEEYDKAYGFFQEAAALD 

XenopusIFT139A          260 TREGSTEKALN--------YLRELINALDAAEPRNPMLHLHKILPISSLCGRNQPILKQVSV-----VIGRIFQTAP-HAEVATALANNFILQGNVTEAAGWYATAMKLD 

XenopusIFT139C          260 TREGSTEKALN--------YLRELINALDAAEPRNPMLHLHKILPISSLCGRNQPILKQVSV-----VIGRIFQTAP-HAEVATALANNFILQGNVTEAAGWYATAMKLD 

TrypanosomaIFT139       260 VKDARYEAAAAQLP--------SLFEALQEKEPKNAALFFEYAQCFSRLSGSYPPLLGVTMQ-----FAEAAHRMAPQRGEYLTEVGFQQLLRGEYKTALATFKKASASA 

CaenorhabditisIFT139A   279 CYAGEVSMLKRT--------LQLLLKSLDENEATNHVLYARITKLLVSISGRDEKILRHARD-----FLTRALKISRKPDYVALSMRIAFGLGGAKEVSTLSQELVALDC 

CaenorhabditisIFT139B   279 CYAGEVSMLKRT--------LQLLLKSLDENEATNHVLYARITKLLVSISGRDEKILRHARD-----FLTRALKISRKPDYVALSMRIAFGLGGAKEVSTLSQELVALDC 

 

 

ChlamydomonasIFT139     364 ELN-----LEANAGALEAQIMAG-----ELEEAAGQIMFLEDMFTNAAAAGGGKRKGRGTGDMDDDPDMADPSLGTSSDNPTLLYLKG--LLAWKQGLGLLERSIAALFS 

SelaginellaIFT139B        1 -------------------------------------------------------------------------------------------------------------- 

TetrahymenaIFT139       362 VD-----NKECLMGLILSKIMQG-----QTEDAESQIDFINQTTNNG-------------------------ERTSEIAYLEALVSTKQ-ENVDPRVTIKLLEESLKLHI 

MonosigaIFT139          306 ET-----SVDGLTGLILCQILVG-----QLDDAEQQIDFLQEVQQTT-------------------------GRTAQLAYLRALLASK--RQQSPQSIVALLDEATQLHL 

NaegleriaIFT139         346 ES-----SIEANKGLYKCFILQN-----KKEIATQYKDFLGDIELME--------------DDEDEVQEDTTESRAELLFLGALYEQR--CNKNSENFTKSLNDVFSLHE 

TrichoplaxIFT139        360 GT-----SVPALIGIIKCQIAEN-----QFDEAKQQLELLQEVQQSI-------------------------GKVAEVPYLSAVMAHK--INSDIEKVTGMLNSAVDIHF 

MicromonasIFT139        356 EMDGTLDNLDSLYGTIHCQLLDG-----QLTEGGQQLEFLTDVAS---------------------------ERGIKLVFLTALHAAR--VKGDVATPLAELEGLLADHT 

PhyscomitrellaIFT139    390 EVN-----MEAMYGAVQCLVVLG-----DFDDAEQQLEFLAEVSVS--------------------------TGKSASLPYLMAQQCW--RKQRNGLRCRDLLDESMGIQ 

SelaginellaIFT139A        1 -------------------------------------------------------------------------------------------------------------- 

XenopusIFT139B          356 GN-----HLEGLTGVIQCQILQG-----QLEEAEQQLDFLHEIQESI-------------------------GGTKELCYIQALLASR--QGKEEQIITELLKKAVELHY 

BatrachochytriumIFT139  337 PH-----NISALEGIVRCQLFSG-----DLQGAKDQLDIFNEFHNSM-------------------------DHSAEIAYLNSLFVWK--QSMDVEKRIEYLKIAVRKQL 

CionaIFT139B              1 -------------------------------------------------------------------------------------------------------------- 

CionaIFT139A            358 ES-----SIAALLGILLCQLDENKTSGESYDDITEQLDFLIQLQDPN-------------------------NIDHEISYLKAVVSRM--TGLPQQKVLKHLSDAENVHT 

DanioIFT139B            361 ET-----NRITHTGIYALKYVKN-----KLLKYNYFIHFEKTFTQRI-------------------------IKCKKRIKVEALLYMP--SKNTILKFLNYFSFFVVKQR 

DanioIFT139A            360 ES-----SVSALIGIIRCQLIEG-----HIEDAEQQLEFLTEIQQSI-------------------------GKSGELLYLRALLAVK--KRRPPDEVTNLLNDTVDTHF 

MusIFT139B              357 EN-----RLAALAGSIWCQILQG-----QLEEAAHQLEFLKEVQQSL-------------------------GKSELLVFLQALVAAK--KQRLEQEATALLKEAVEVHF 

MusIFT139A              355 ES-----NISAVTGLIRCQLIEG-----QLQDADQQLEFFSEFQQSM-------------------------GKSAELMYLHAVLATK--KNNRQDEVINLLNDVVNTHF 

HomoIFT139A             355 ET-----SVSALVGFIQCQLIEG-----QLQDADQQLEFLNEIQQSI-------------------------GKSAELIYLHAVLAMK--KNKRQEEVINLLNDVLDTHF 

HomoIFT139B             365 KD-----GMAGLTGIILCHILEG-----HLEEAEYRLEFLKEVQKSL-------------------------GKSEVLIFLQALLMSR--KHKGEEETTALLKEAVELHF 

HomoIFT139C             365 KD-----GMAGLTGIILCHILEG-----HLEEAEYRLEFLKEVQKSL-------------------------GKSEVLIFLQALLMSR--KHKGEEETTALLKEAVELHF 

HomoIFT139E             357 KD-----GMAGLTGIILCHILEG-----HLEEAEYRLEFLKEVQKSL-------------------------GKSEVLIFLQALLMSR--KHKGEEETTALLKEAVELHF 

HomoIFT139D             316 KD-----GMAGLTGIILCHILEG-----HLEEAEYRLEFLKEVQKSL-------------------------GKSEVLIFLQALLMSR--KHKGEEETTALLKEAVELHF 

RattusIFT139A           355 ES-----NISAVTGLIRCQLIEG-----QLQDADQQLEFFSEFQQSM-------------------------GRSAELMYLHAVLATK--KNNRQEEVINLLNDVVNTHF 

RattusIFT139B           357 EN-----RLAALAGSIWCQILQG-----QLEEAAHQLEFLKEVQLSL-------------------------GKSEVLVFLQALVAAK--KQKLEQEATALLKEAVELHF 

ParameciumIFT139A       364 EG-----RMESLAGMIQCKILQG-----VIDDAEKQLEFVQEVQVSV-------------------------GRTTEIAFLQALLESKKSEGTDSPIAQQFIEETLKLHL 

ParameciumIFT139B       355 EG-----RMESLAGMIQCKILQG-----VIDDAEKQLEFVQEVQVSV-------------------------GRTTEIAFLQALLESKKSEGTDSPIAQQFIEETLKLHL 

XenopusIFT139A          356 GN-----HLEGLTGVIQCQILQG-----QLEEAEQQLDFLHEIQESI-------------------------GGTKELCYIQALLASR--QGKEEQIITELLKKAVELHY 

XenopusIFT139C          356 GN-----HLEGLTGVIQCQILQG-----QLEEAEQQLDFLHEIQESI-------------------------GGTKELCYIQALLASR--QGKEEQIITELLKKAVELHY 

TrypanosomaIFT139       357 DS-----SVLPLLGLIRCLIFTG-----NLDDAAKQIEFPNEIQASN-------------------------QRNPELSALNAILQWR--RHRNESKALHFLDQTAEAIR 

CaenorhabditisIFT139A   376 EDS-----YAVLSSVVSMLMISR------VSDARAQFDILPSAHPKL--------------------------LESPLYYLIASVLAKQSKDKSFENFRQHIENLVEMLR 

CaenorhabditisIFT139B   376 EDS-----YAVLSSVVSMLMISR------VSDARAQFDILPSAHPKL--------------------------LESPLYYLIASVLAKQSKDKSFENFRQHIENLVEMLR 

 

 

ChlamydomonasIFT139     462 AAADFHGPSLELYAALNPARITAVVRLLLQSIGGEPRAPTEA-PSPLISKVTRALDLLNKQAPALQESALLHARALYLNGNLDGALRKAG-EILRMNPEESSAHLLICSV 

SelaginellaIFT139B        1 -------------------MILGAGHLYLALLAKCTTR---N-GTISLTRQIAALELLLSAAPGFVNAHVMLARTHMELGDLEVSQESLQ-TAISLDSTCACAYILLAQI 

TetrahymenaIFT139       436 AQANRLYPSFDFYIVLNPDFLMSLSQAYFFQVGMKEMLAGKQPQNGVASKGTKLLDFIIKKIPGLIPAYLLQAKGKMSMGNTQEALKSVT-KVIEQDPKNEEAYILSAMI 

MonosigaIFT139          379 EALKGQAVGPEFYLQLDPEFVLDLVKLYLQYCPSEPPAQGDS-PTPVLAKASKLLEFLTKHVPGCVEGLYLLARAKYLSGLLTAAQSGAQ-YCLQLNKGYADAHLLMAQI 

NaegleriaIFT139         430 KEIRVKKKGLEYYAALNAQFILEVVNELMRLSPSEPLNPTDPPTEELVLASR-ILTFLTAEVSGLILPQLLLAKTKFVMRDFESSQRILS-RVLQFDNKSSQAHILLAQI 

TrichoplaxIFT139        433 SSLGRLPLGMEYYMKLNPDFIIQIAKMYLAIGPSEPDTFTQR-IPVSLRRCGSTLDPISKGLPGLRDGHYLLAKVKYYSGAFDAAQATLQ-ICLDNDQTFSEGHLLMAQI 

MicromonasIFT139        432 ASVQRKPFAYDYFVHMDPDLLLQCAELYLSQESGEPRGKGEP-MSPGMERATALLEAVCGKAPGLLSAQLLLMRTRYVAGAHDAAARTAE-SLLEMDQGCADAHLVLSRI 

PhyscomitrellaIFT139    462 TKRMRHQHDFTFYADLNPNRRLGIAHLYMTISRYECMGPHVE-ENYSLLRAADILEQLIGLVPGLMDAHLMLARVFFLLADWEAAQRSIQ-SAIALDLGCSSAHLLLAQI 

SelaginellaIFT139A        1 -------------------MILGAGHLYLALFAKCTTR---N-GTVSLTRQIAALELLLSAAPGFVNAHVMLARTHMELGDLEVSQESLQ-TALLLDSTCACAYILLAQI 

XenopusIFT139B          429 AAVRGLPLGVEYFEKLNPTFLINIVQEYLVLCPKQPKAPGEP-LSPLLKQALSILTPVVSVAPALTEPLYYTAQIKYLAGNLEGAQGSLQ-RCIEVDTACADFHLLMAQI 

BatrachochytriumIFT139  410 QVVNSTTLSLDYYVDANPDFLFEIVKDYMEHCTAEGDKEDIS-MQTVLQLVKELLEVICRIVPASTESQYCLAKTKLFLGDKMGAETILT-NSLKLDGSNSKVYLLMAEI 

CionaIFT139B              1 ---------------------------------------GEP-IPASLSKCKNMLDSITLYVPGLLDALYLSAKVKFLSGGADAAVSTLQ-QCLNQDSTYGDAYLLLAQI 

CionaIFT139A            436 STHQMLPS-VEFFTKFNPDFKLNLVREFLKISPSEPIRHGEP-IPASLSKCKNMLDSITLYVPGLLDALYLSAKVKFLSGGADAAVSTLQ-QCLNQDSTYGDAYLLLAQI 

DanioIFT139B            434 --LQALVSALELREPCNPSLHVEITAVISRLFTFISSRDKSG-PLKSFAISIIVLILYNPHLSRQISTLITKEKSNLDHLRIMYNQYYEQNLPLIFAVYLFKPLFYLLRL 

DanioIFT139A            433 SALQGLPLSVEYFEKLNPDFLLEIAKEYLALCPAKSPALSQP-SSPQLQHAASVLDTVMKVVPGLLQAVFLMARVRFQSGDIDAAQSSLQ-HCLDQNPAHADAHLLMAQI 

MusIFT139B              430 SSMQGLALSPEYFEKLDPLFLVCIAKEYLHFCPKQPRSPGQL-VSPLLKQVAMILSPVVKVAPAMMEPLYVTAQVKFLSGELENAQSTLQ-RCLELDPTFVDAHLLMSQI 

MusIFT139A              428 SHLEDLPLGIQYFEKLNPDFLLEVVTEYLNLCPIQPAGPGQP-LSPVLRRCSSVLETIIRSVPGLPQAVFLMAKVKYLSGDTEAAYNNLQ-HCLEHSPSYAEAHLLMAQV 

HomoIFT139A             428 SQLEGLPLGIQYFEKLNPDFLLEIVMEYLSFCPMQPASPGQP-LCPLLRRCISVLETVVRTVPGLLQTVFLIAKVKYLSGDIEAAFNNLQ-HCLEHNPSYADAHLLLAQV 

HomoIFT139B             438 SSMQGIPLGSEYFEKLDPYFLVCIAKEYLLFCPKQPRLPGQI-VSPLLKQVAVILNPVVKAAPALIDPLYLMAQVRYYSGELENAQSILQ-RCLELDPASVDAHLLMCQI 

HomoIFT139C             438 SSMQGIPLGSEYFEKLDPYFLVCIAKEYLLFCPKQPRLPGQI-VSPLLKQVAVILNPVVKAAPALIDPLYLMAQVRYYS-ELENAQSILQ-RCLELDPASVDAHLLMCQI 

HomoIFT139E             430 SSMQGIPLGSEYFEKLDPYFLVCIAKEYLLFCPKQPRLPGQI-VSPLLKQVAVILNPVVKAAPALIDPLYLMAQVRYYSGELENAQSILQ-RCLELDPASVDAHLLMCQI 

HomoIFT139D             389 SSMQGIPLGSEYFEKLDPYFLVCIAKEYLLFCPKQPRLPGQI-VSPLLKQVAVILNPVVKAAPALIDPLYLMAQVRYYSGELENAQSILQ-RCLELDPASVDAHLLMCQI 

RattusIFT139A           428 SHLEDLPLGIQYFEKLNPDFLLEVVNEYLNLCPIQPAGPGQP-LSPVLRRCSSVLETIIRSVPGLPQAVFLMAKVKYLSGDTEAAYNNLQ-HCLEHSPSYAEAHLLMAQV 

RattusIFT139B           430 SNMQGLALSPEYFEKLDPLFLVCIAKEYLHFCPKQPRSPGQL-VSPLLKQVAMILSPVVKVAPAMMEPLFVTAQVKFLSGELENAQSTLQ-RCLELDPTFVDAHLLMSQI 

ParameciumIFT139A       439 IQSKLLLPGYEFYIKFNPDFTFTIAQMYLRNLSTNLMLAGKELPTSGIGKGTKLLESIARQAPGLTNVQLLLSTGKMALGDPQEALKTIN-RVLELDPKNEDGYILHALI 

ParameciumIFT139B       430 TQSKQLLPGYEFYIKFNPDFTFTIAQMYLRNLSTNLMLAGKELPTSGIGKGTKLLESIARQAPGLTNVQLLLSTGKMALGDPQEALKTIN-RVLELDPKNEDGYILHALI 

XenopusIFT139A          429 AAVRGLPLGVEYFEKLNPTFLINIVQEYLVLCPKQPKAPGEP-LSPLLKQALSILTPVVSVAPALTEPLYYTAQIKYLAGNLEGAQGSLQ-RCIEVDTACADFHLLMAQI 

XenopusIFT139C          429 AAVRGLPLGVEYFEKLNPTFLINIVQEYLVLCPKQPKAPGEP-LSPLLKQALSILTPVVSVAPALTEPLYYTAQIKYLAGNLEGAQGSLQ-RCIEVDTACADFHLLMAQI 

TrypanosomaIFT139       430 QEVGSGSSGLELYIKLNPPLMLEVAKEYMHHCRTEPPDPTVSKADPIAEKCKRHLELLLRHVPGCLEGQLLLSKVYFVSGNLNKAQAMIT-TNIRHEHAIPDAFLLSAQI 

CaenorhabditisIFT139A   449 NQLQSFPFGLDYLSLFSSDLLYSAVEQCFDFYPLVPIKAPDD----CMKLTAKTLQMIYDVAPGLAHCTLQLARNSYLCSNTNAAEKWIEKVLDKDDSLADAHILRAELI 

CaenorhabditisIFT139B   449 NQLQSFPFGLDYLSLFSSDLLYSAVEQCFDFYPLVPIKAPDD----CMKLTAKTLQMIYDVAPGLAHCTLQLARNSYLCSNTNAAEKWIEKVLDKDDSLADAHILRAELI 
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ChlamydomonasIFT139     570 YVAQDKPELAVSALDQAVSSNFAIRETPLYHVVQAKVLVANNKLDDAKR-------------VLESAMNLPGVRTALTVQQRARLGRK----PTL-----HERATVYLLL 

SelaginellaIFT139B       87 ELERMNIDLSQSYLKQASTVDSSVRESLKFLALQANLHILTGEFGHALS-------------VLESAIILPCMNKDSEKLEYYSTQGKMLMDESS-----ANKVMLYFLL 

TetrahymenaIFT139       545 ASSSKNFSLAQNQLQQALSNNFMIRDNPLFMLVKGEVEYAQGSYQACLET-------------MKAAYEIPEVKDKANQSKVVSAMSVLQFSDKD-------RCSIFLLY 

MonosigaIFT139          487 QLQQNNLASANQSLQAGLSINFEVRDMPMYHVINARVLAAEGKHGEAIK-------------ALTTAMALPGVKRSYQTVQGAKKKVRKTITMSD-------RVTVFLSL 

NaegleriaIFT139         538 AHHQENYALATTELERAISYDFSVTKQCDYNLLKAKVLAAKGETKDAIQN-------------------LERILKTEITQRKISDD---------------ELVSIFLEL 

TrichoplaxIFT139        541 NAYQGKFNLANQALDMALSYNFEIRDSPSYHLIKARILKKNNEYEEALK-------------ILKTAMNVSGVRKSD-SAN--KKSKAPPISISD-------RASIFLEL 

MicromonasIFT139        540 HLSKGDHAAARAALDEAVASDFKVRESPMFSIISAQCKVSDGDLEGGLK-------------ELEAAMKLPGVRAPLTARQEEEARRKKTIPVSV-----QDRATVFIML 

PhyscomitrellaIFT139    570 YVNQGKFELAKQSLEQSLSADFVVRHTVVYHVLQAQIMMNSQQFDEALKARYRPSQLFPRFHVLRSARSLPEMEHIGKESSYYTSR--KHVETTD-----TDRVMVFLLL 

SelaginellaIFT139A       87 ELERMNIDLSQSYLEQASTVDSSVRESLKFLALQANLHILTGEFGHALS-------------VLESAIILPSMNRDSEKLEYYSTQGKMLMDESS-----ANKVMLYFLL 

XenopusIFT139B          537 HYAQGKFAECSVSLETGVSHNFKVRERPLYHLIRARVLRKTGELQEAIK-------------TLKMTMSLQEMKR---GAL--KKSTWGSLNSSD-------KVSIYLEL 

BatrachochytriumIFT139  518 HMSNGLYKPAISCLEMALSYDFEIRHLPLFHLLKAQALKLNGSYDEALT-------------ALKTAMNLPAVKDLAKHIG--TKTLSQSSTSSEKIPTLYLLASLHLEV 

CionaIFT139B             70 HQHKGNHTAASQCLDSALSYNFEVRQHPLYHLIKAVSLKHSGKVDESIQ-------------TLKMALAIPGVKHPSSAHK--QGQYCKVVESGD-------RVSIFLEL 

CionaIFT139A            543 HQHKGNHTAASQCLDSALSYNFEVRQHPLYHLIKAVSLKHSGKVDESIQ-------------TLKMALAIPGVKHPSSAHK--QGQYCKVVESGD-------RVSIFLEL 

DanioIFT139B            541 NNNNNNKKKSTWTISKSFVISFMIRDQFQFNLIKAQALLRSGDVKSAIQ-------------CLNLIMKMPGFQGPSEGPQ------SSIISSSE-------RLCVFLQL 

DanioIFT139A            541 HLIQGNYKLSSQSLELCLSHNFEIREHPLYHLIKAQAQRKMGQLQEAIQ-------------TLQMAMSLCAVKRTGSSAK--RQSKRVELSSAD-------CVSVFLEL 

MusIFT139B              538 YLAQGNFAMCSHCLELGVSHNFQVRDHPLYHFIKARALNKTGDYAEAIK-------------TLKMIIKVPTSKA---EEG--RKSQSPSVRPSE-------RASILLEL 

MusIFT139A              536 YLSQDKVKLCSQSLELCLSYNFNVREYPLYHLIKAQSQKKMGEVAEAIK-------------TLHMAMNLPGMRRSRASSK--SKHR-TEVDASH-------RLSIFLEL 

HomoIFT139A             536 YLSQEKVKLCSQSLELCLSYDFKVRDYPLYHLIKAQSQKKMGEIADAIK-------------TLHMAMSLPGMKRIGASTK--SKDRKTEVDTSH-------RLSIFLEL 

HomoIFT139B             546 YLAQGNFGMCFHCLELGVSHNFQVRDHPLYHLIKARALNKAGDYPEAIK-------------TLKMVIKLPALKK---EEG--RKFLRPSVQPSQ-------RASILLEL 

HomoIFT139C             545 YLAQGNFGMCFHCLELGVSHNFQVRDHPLYHLIKARALNKAGDYPEAIK-------------TLKMVIKLPALKK---EEG--RKFLRPSVQPSQ-------RASILLEL 

HomoIFT139E             538 YLAQGNFGMCFHCLELGVSHNFQVRDHPLYHLIKARALNKAGDYPEAIK-------------TLKMVIKLPALKK---EEG--RKFLRPSVQPSQ-------RASILLEL 

HomoIFT139D             497 YLAQGNFGMCFHCLELGVSHNFQVRDHPLYHLIKARALNKAGDYPEAIK-------------TLKMVIKLPALKK---EEG--RKFLRPSVQPSQ-------RASILLEL 

RattusIFT139A           536 YLSQDKVQLCSQSLELCLSYNFNVRDYPLYHLIKAQSQKKMGEVAEAIK-------------TLHMAMNLPGMRRSRASSK--SKHR-SEVDGSH-------RLSIFLEL 

RattusIFT139B           538 YLAQGNFAMCSHCLELGVSHNFQVRDHPLYHFIKARALNKTGDYAEAIK-------------TLKMIIKVPTSKA---EEG--RKSRGPSVRPSE-------RASILLEL 

ParameciumIFT139A       548 SIKTKQINLAANSLNQAISNNFAIRENPLFMLVKGEVEYRTEDYKNAQIT-------------LEAAYELVAGKYKN---KNKVKSKIVQFTEKD-------KCQVFVLL 

ParameciumIFT139B       539 SIKTKQINLAANSLNQAISNNFAIRENPLFMLVKGEVEYRTEDYKNAQIT-------------LEAAYELVAGKIQE---Q-----KQSQVKNCD-------KCQVFVLL 

XenopusIFT139A          537 HYAQGKFAECSVSLETGVSHNFKVRERPLYHLIRARVLRKTGELQEAIK-------------TLKMTMSLQEMKR---GAL--KKSTWGSLNSSD-------KVSIYLEL 

XenopusIFT139C          537 HYAQGKFAECSVSLETGVSHNFKVRERPLYHLIRARVLRKTGELQEAIK-------------TLKMTMSLQEMKR---GAL--KKSTWGSLNSSD-------KVSIYLEL 

TrypanosomaIFT139       539 CQYVGNVSLASQALEQALTLDFEVKDQPLYNLLYGSVLGMMNKHKEALEA-------------------LQEALKVVKDKSHVTAKGRLVQPLSV-----QDHVSLYLLI 

CaenorhabditisIFT139A   555 LDRGGKITDADDALVTGLNFNFKLRETSLYHLIKSKTFKKRNENDEAIKT-------------LKMALQIPRKEPSKNLFQ------PKESADTH-------KISVQLEL 

CaenorhabditisIFT139B   555 LDRGGKITDADDALVTGLNFNFKLRETSLYHLIKSKTFKKRNENDEAIKT-------------LKMALQIPRKEPSKNLFQ------PKESADTH-------KISVQLEL 

 

 

ChlamydomonasIFT139     658 ADVLARQSKIPDAPEAKKYIQDAIREFEGTSEEVRVTVADCELAIARG--DVEGALKKLRRIPKESPHYVKARMAMADIYLRHRKDKAAYIKCYMDLVDHTPDYDS-YCM 

SelaginellaIFT139B      179 AKVQI---KMQNFAEAEKTIDDASRLFSGLHEKALMEVARAVLFVAKG--KIDLGIEILHHIPCDSHCLIEARTAMAHIYLEHKGDKMRFLQCFSELAELFPSAKM-HLK 

TetrahymenaIFT139       635 AKALQ---QNNNSKEAKKIMTQAISQFTGTTEEVNVLIANSEIALQSG--DVKKAISILKGVPQESPYFLRARQILADVYLDQLRDRRNYAKCYADLIEIDPSFDN-YKM 

MonosigaIFT139          577 AEAYE---TTGNSDEAQKVIADAKSEFENTPEAVRITIAEADLAVKRH--EVDSALMSLRSITPDMPYFVQANEAMAQIYLHHRKDKRQYVACYKAMVDAAPTLHA-RML 

NaegleriaIFT139         614 SSIHS---RRNEYVEAAKYIEQALEKFQRTEQEGRIIIANARLSISRN--DFESAISILQSVPADSGYFMLAKSEIARIYLNRNDKR-AYAKCYEELVEKATKSASGYLC 

TrichoplaxIFT139        628 VEVHI---TLKQQPEAAKVMQDALHEFANTSEESRLNIANADLALGRG--DIDQALSILRSITPSHPFYVKARERMADIYLNYRKDKRLYASCYRELAEQEANPQT-YLL 

MicromonasIFT139        632 AEVLH---KLERAADADAQLKTATSEFAGTPEEVRVMIASCEMAMEKGGDGEEKALTLLSRVTRESPHYAKAKMALARIYLEKRKEEEKYIHCYQELAREINDTKS-WAA 

PhyscomitrellaIFT139    673 VEVHT---QFGRFPEAAKAVEDAMAGFSGTPEEMRVVLSNCDLALCRG--DVPAAIAMLSQT---------------------------------------------YML 

SelaginellaIFT139A      179 AKMQI---KMQNFAEAEKTIDDASRLFSGLHEKALVEVARAVLFVAKG--KIDLGIEILHHIPCDSHCLIEARTAMAHIYLEHKGDKMRFLQCFSELAELFPSAKM-HLK 

XenopusIFT139B          622 AELLR---LNGEQHEATKIIQDAINEFGGTPEEIRIVVANADMAVAKG--DVEMALNVLRDIAPNQPYYTEVKQKMAQIYLNNRKDKKLYIGCYRELCEQQPGPHT-SVL 

BatrachochytriumIFT139  613 IDVYT---KQKAMHDCNRAIQEALRIFSGTNQEPRITIANANVLLSNQ--NVENALNMLESIRSDQPYFLEAKTCMADIYLKYKNDRKNYARCYSEIVDRNPTIKS-CLL 

CionaIFT139B            158 AEVHL---ANNEQHEAAKVMQDALTAFRGTPEEMRVIVANADLSVHRG--DIEHAITMLRSITPDQPYHVQAKQKLAQIYLHDKKDKKLFISCYRELVQIDPSPSA-CLL 

CionaIFT139A            631 AEVHL---ANNEQHEAAKVMQDALTAFRGTPEEMRVIVANADLSVHRG--DIEHAITMLRSITPDQPYHVQAKQKLAQIYLHDKKDKKLFISCYRELVQIDPSPSA-CLL 

DanioIFT139B            625 SEALR---LNGDQHEAAKVLEDAVVFFRGTPEETQLTLAHVDLALTRD--DVDAAVLILQNILPTESSYIQAREKMAHIYLERRNDKKLFIACYKEITEQLPGAHT-SIL 

DanioIFT139A            629 AEALW---LNGEQHEAAKVMQDAINEFTGTPEELRVTIANADLALMRG--DTELALSMLRNITPEQPYYIQAKEKMADIYLNHRKEKRLYVSCYRELVDKMPNPHS-FLL 

MusIFT139B              623 VEALR---LNGELHEATKIMQDAINEFSGTPEEMRITVANVDLALSKG--NVDLALNMLRGITPKQPCYTEAKEKMASIYLHTRKDVRLYIGCYVELCEHLPGPHS-SLL 

MusIFT139A              623 VEVHR---LNGEQHEAAKVLQDAIHEFSGTCEELRVTIANADLALAQG--DTDRALSMLRNVTTEQPYFIEAKEKMADIYLKHRKEKMLYITCYREIAERMPSPRS-FLL 

HomoIFT139A             624 IDVHR---LNGEQHEATKVLQDAIHEFSGTSEEVRVTIANADLALAQG--DIERALSILQNVTAEQPYFIEAREKMADIYLKHRKDKMLYITCFREIAERMANPRS-FLL 

HomoIFT139B             631 VEALR---LNGELHEATKVMQDTINEFGGTPEENRITIANVDLVLSKG--NVDVALNMLRNILPKQSCYMEAREKMANIYLQTLRDRRLYIRCYRELCEHLPGPHT-SLL 

HomoIFT139C             630 VEALR---LNGELHEATKVMQDTINEFGGTPEENRITIANVDLVLSKG--NVDVALNMLRNILPKQSCYMEAREKMANIYLQTLRDRRLYIRCYRELCEHLPGPHT-SLL 

HomoIFT139E             623 VEALR---LNGELHEATKVMQDTINEFGGTPEENRITIANVDLVLSKG--NVDVALNMLRNILPKQSCYMEAREKMANIYLQTLRDRRLYIRCYRELCEHLPGPHT-SLL 

HomoIFT139D             582 VEALR---LNGELHEATKVMQDTINEFGGTPEENRITIANVDLVLSKG--NVDVALNMLRNILPKQSCYMEAREKMANIYLQTLRDRRLYIRCYRELCEHLPGPHT-SLL 

RattusIFT139A           623 VEVHR---LNGEQHEAAKVLQDAIHEFSGTCEELRVTIANADLALAQG--DTERALSMLRNVTTEQPYFIEAKEKMADIYLKHRKEKMLYITCYREIAERMPSPRS-FLL 

RattusIFT139B           623 VEALR---LNGELHEATKIMQDAINEFSGTPEEMRITVANVDLALSKG--NADLALNMLRGITPKQPCYTEAKEKMASIYLHTRKDVRLYIGCYMELCEHLPGPHS-SLL 

ParameciumIFT139A       635 AKVYA---INKKETEAKKIMQKAIQEYAGSPHESTIMMANSEIAIESG--DIKKAINILKAVQGGQPNFVNSRIILADVYLKYLKDRRNYTRCYAEIIEAEPTAEN-YKL 

ParameciumIFT139B       621 AKVYA---INKKETEAKKIMQKAIQEYAGSPHESTIMMANSEIAIESG--DIKKAINILKAVQSGQPNFVNSRIILADVYLKYLKDRRNYTRCYAEIIEAEPTAEN-YKL 

XenopusIFT139A          622 AELLR---LNGEQHEATKIIQDAINEFGGTPEEIRIVVANADMAVAKG--DVEMALNVLRDIAPNQPYYTEVKQKMAQIYLNNRKDKKLYIGCYRELCEQQPGPHT-SVL 

XenopusIFT139C          622 AELLR---LNGEQHEATKIIQDAINEFGGTPEEIRIVVANADMAVAKG--DVEMALNVLRDIAPNQPYYTEVKQKMAQIYLNNRKDKKLYIGCYRELCEQQPGPHT-SVL 

TrypanosomaIFT139       625 AQTHL---KLHDAEEARATVAEATALFKDTAQAGRVAIASAMIAAR-T--DVDRALEILRQVPPRSDFFIAAKTRMANIYLIHRQNRQMYAECFEQLVEEVATAQS-YIA 

CaenorhabditisIFT139A   639 IDTLQ---HMKRIQEAETTMTDALAEWAGQPEQDQLVIAQAQLYLTKG--HVERALGILKKIQPGQSNFHLSRIKMAEIYLEEKKDKRMFAACYRELLKVEATPGS-YSL 

CaenorhabditisIFT139B   639 IDTLQ---HMKRIQEAETTMTDALAEWAGQPEQDQLVIAQAQLYLTKG--HVERALGILKKIQPGQSNFHLSRIKMAEIYLEEKKDKRMFAACYRELLKVEATPGS-YSL 

 

 

ChlamydomonasIFT139     765 LGEAFMQIQEPEKAVRAFESALEFSPKDVDLITR-CARALVTSHDYQRAIDYYTKAIANARGGAQHALQLELGNLLVRLRQYPAATAAINKALERNRDGLP--ATENLQL 

SelaginellaIFT139B      283 LADAFNKVNDPIRAIKSLESALKNSPNDASIIKKFGNALITCHEYQRAKALYVKSLGRNLRDSCYRYVQYDLAELYFILKDFLKAEQLTRDAIAKMEHSPP--SK----- 

TetrahymenaIFT139       739 LGDALMKIREPEEASRAYEKAALIKPDDEQIIQLLGLSLCQTHDYNKALTYYENALRMN---PKRLDLIIDLGKLCIQIKNFNRAEEILKPDIFS-DEYQLPTYQNLKRN 

MonosigaIFT139          681 LGDAYMGIQEPEKAITVYEAALKEDPRNGILASKIGNALVRTHDFTKAINYYESAVR----GGGQAALRIDLARLYLKLKQVDKAQKVLDAALNREDKQPD--SLESMMQ 

NaegleriaIFT139         718 LGDAYMKIQEPEKAIEAYQEALSLDQKNLALRNKIAKSFVLVHNYDEAISCYKDAIEM---DPNNTDARYETAQLYLKLRKSRESEAVLMESIGVLDNKRLNH-ISGMAM 

TrichoplaxIFT139        732 LGDAYMSIQEPEKAIDAFEAALRKNPHDASLVSKIGQALFKTHQYIKAVNYYETAIK----SNNQTSLRMELAELYLKLKQYEKAVSTITAVVKQEKTSHD---INSLME 

MicromonasIFT139        738 LGEAFITICEPEYAINAYEHAATLDKTNDPAFKRNMAKAYVTCLFFKAAVEYMEKECR--KDPDAIDLQMDLSALYIRLKKFGEAEDWLAKLVNRLEN-AV--DTASLER 

PhyscomitrellaIFT139    733 LGEALMKVDEPEEAMRAFEVARKKSPLNATVSKKVGQALVASYEYRKAVEHYEDTLASNKESPDKLELLYDFGDLNFKLRNYKRSAEVLCELLANVDNGSM--ERSFKNG 

SelaginellaIFT139A      283 LADAFNKVNDPIRAMKSLESALKNSPNDASIIKKLGNALITCHEYQRAKALYVKSLGRNLRDSCYQYVQYDLAELYFILKDFLKAEQLTRDAIAKMEHSPP--SK----- 

XenopusIFT139B          726 LGDALMNIQEPEKALEVYNEALHKNPQDASLANRIGQALIKTHQYKKAVNYYEAAQK----ISGQDFLCCDLAELLIKLKQYSKAEAVLKQALAHEP-VSD---LTSMVT 

BatrachochytriumIFT139  717 LGDAYMNIQEPEQAVAVYQSALSSNPNQSILACKIGKALIKTHDYSRAIAYYESALENN--PDITFSLQFDIAELFMKLKRFEDAEKLITEALAHPVDNEP----GVLAM 

CionaIFT139B            262 LGDAYMSIQEPREAIEVYEQALKQNPSDAGLANKIGQALIKTHDFKKAIAYYETAMK----TGKQTNMKFELADLLIQLKHYNKAERVLLQVKD---DGGE---LESAMN 

CionaIFT139A            735 LGDAYMSIQEPREAIEVYEQALKQNPSDAGLANKIGQALIKTHDFKKAIAYYETAMK----TGKQTNMKFELADLLIQLKHYNKAERVLLQVKVSQDDGGE---LESAMN 

DanioIFT139B            729 LADAFMKIHQPEEAARIYQEVETIAP-KCTLTKKIGHALVKAHEYDKAVCYYETALKR---DSLDCVLSLELSELLLKLKRFNRAQQVLEQALDHQPTCAL----AAMMN 

DanioIFT139A            733 LGDAYMNIQEPELAIEVYEQALKKNPKDGALASKIGKALVKTHNYVKAINYYEAALK----SGQQNFLRYDLADLLMKLRQYERCEKVLQEALAHDPVIEL---PLLTED 

MusIFT139B              727 LGDAFMNIQEPEKALEVYDEAYRKNPHDASLVSRIGQAYVKTHQYAKAINYYEAAQK----ISGQDFLCCELAELLLKLKKYHKAEKVLKQALERDSGVKD---IPSMIN 

MusIFT139A              727 LGDAYMNIQEPEEAIVAYEQALNQNPKDGTLARKIGKALVKTHNYSKAITYYEAALK----SGQQNCLCYDLAELLLRLKLYEKAEKVLQHSLAHEPVSEL---SALMVD 

HomoIFT139A             728 LGDAYMNILEPEEAIVAYEQALNQNPKDGTLASKMGKALIKTHNYSMAITYYEAALK----TGQKNYLCYDLAELLLKLKWYDKAEKVLQHALAHEPVNEL---SALMED 

HomoIFT139B             735 LGDALMSILEPEKALEVYDEAYRQNPHDASLASRIGHAYVKAHQYTEAIEYYEAAQK----INGQDFLCCDLGKLLLKLKKVNKAEKVLKQALEHD-IVQD---IPSMMN 

HomoIFT139C             734 LGDALMSILEPEKALEVYDEAYRQNPHDASLASRIGHAYVKAHQYTEAIEYYEAAQK----INGQDFLCCDLGKLLLKLKKVNKAEKVLKQALEHD-IVQD---IPSMMN 

HomoIFT139E             727 LGDALMSILEPEKALEVYDEAYRQNPHDASLASRIGHAYVKAHQYTEAIEYYEAAQK----INGQDFLCCDLGKLLLKLKKVNKAEKVLKQALEHD-IVQD---IPSMMN 

HomoIFT139D             686 LGDALMSILEPEKALEVYDEAYRQNPHDASLASRIGHAYVKAHQYTEAIEYYEAAQK----INGQDFLCCDLGKLLLKLKKVNKAEKVLKQALEHD-IVQD---IPSMMN 

RattusIFT139A           727 LGDAYMNIQEPEEAIVAYEQALNQNPKDGTLARKIGKALVKTHNYSKAITYYEAALK----SGQQNCLCYDLAELLLRLKLYEKAEKVLQHSLAHDPVNEL---SALMVD 

RattusIFT139B           727 LGDAFMNIQEPEKALEVYDEAYRKNPHDASLVSRIGQAYVKTHQYAKAINYYEAAQK----ISGQDFLCCELAELLLKLKKYHKAEKVLKQALERDSGVKD---IPSLMD 

ParameciumIFT139A       739 IGEAFMKINEPQEAVLSYQKAAELNPEDEEITRIIGNALTMTYDYQKAVNYYEAALQKT---PGRQDLLVDLGRLYLRMNNIKKAEQVLVWEKFVSDDYAAPTLTTLRAN 

ParameciumIFT139B       725 IGEAFMKINEPQEAVLSYQKAAELNPEDEEITRIIGNALTMTYDYQKAVNYYEAALQKT---PGRQDLLVDLGRLYLRMNNIKKAEQVLVWEKFVSDDYAAPTLTTLRAN 

XenopusIFT139A          726 LGDALMNIQEPEKALEVYNEALHKNPQDASLANRIGQALIKTHQYKKAVNYYEAAQK----ISGQDFLCCDLAELLIKLKQYSKAEAVLKQALAHEP-VSD---LTSMVT 

XenopusIFT139C          726 LGDALMNIQEPEKALEVYNEALHKNPQDASLANRIGQALIKTHQYKKAVNYYEAAQK----ISGQDFLCCDLAELLIKLKQYSKAEAVLKQALAHEP-VSD---LTSMVT 

TrypanosomaIFT139       728 LGEAYTNIQEPEKSISAYEKAKAIDPDNSDLAVLIGRALVSTHDYQRAIRYYRDAVAS---DKSKFAVRADLATLFWHLGAVDHAIAVLKEAPAYQSEPDVGEGVDRAIE 

CaenorhabditisIFT139A   743 LGDAFMKVQEPEDAINFYEQALKMQSKDVQLAEKIGEAYVMAHLYSKAVNFYESSMN----IYKDKNMRLKLANLLLKLRNFEKCEKVLRAPFERDPEPVG---TETIQT 

CaenorhabditisIFT139B   743 LGDAFMKVQEPEDAINFYEQALKMQSKDVQLAEKIGEAYVMAHLYSKAVNFYESSMN----IYKDKNMRLKLANLLLKLRNFEKCEKVLRAPFERDPEPVG---TETIQT 
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ChlamydomonasIFT139     872 DVEAWSMLAKVHKGKL------------------------EMEGYSQAQSRALELQKQLLL-KLRGELPEAVALQRERTAAICFDLAE---------------------Q 

SelaginellaIFT139B      386 ----TLLMFLSLSMKI------------------------QSSQGRYSPASEADNHCQARK-LPGRLLFGVCKGDNTLCCKTCVKYG--------------------LQV 

TetrahymenaIFT139       845 QEGFYLIAKLN-------------------IKRTPPGVFTPIDMYRKALKKSIQIQIDVIE--KAKQEGEDVEKERKTLADMYIELAKYTNQY----------------- 

MonosigaIFT139          785 DVSFHQMQAQLHQTSG------------------------NGSAAATALRDGLSLQRRVLA-RVSTEQPESLKEQQQLAATICMALADHSM------------------- 

NaegleriaIFT139         824 YVKIYLLLSKVHSKMG------------------------DLKVAMTDLEQAKSMQVKILS-RLQNSQQDTLYSEKQITAKICYELGEYHLR------------------ 

TrichoplaxIFT139        835 EAKSVMLLAQIYERVN------------------------MPKQSLEALHKCIDAQEKILK-RVGVEQPEAREKQREIAAKICCDIANHLA------------------- 

MicromonasIFT139        843 GVECARMLAKVCEGIK------------------------DREGRIESLTRAHTMRKSLVL-RARADR-EEYKKQIGLMSELCVEIAG---------------------L 

PhyscomitrellaIFT139    841 KMLMLCLKASLLLSKV------------------------QNVQGQQNSSQGTPEAINNRS-KYLHHYKVMFKARDLFNNYLVELQGQHCDAIKEQKHVAADIYFQFAHG 

SelaginellaIFT139A      386 ----TLLMFLLLSMKI------------------------QSSQGRYSPASETDGHCQARK-LPGRLLFGVCKGDNTLCCKTCVKYG--------------------LQV 

XenopusIFT139B          828 DAKCLGLLGTTYQNY-------------------------KKEESADILNKALELQQRILK-RVPMEQPEMAPAQKQATSEICVQLAEHYV------------------- 

BatrachochytriumIFT139  821 YGKLHMLLAQIFKQTA------------------------KPDQAFSSYMSAQDIYSRLIS-QGVAVDAN---EAKCLLADVCYELAEISQ------------------- 

CionaIFT139B            362 ETRRLLLLASLHEQTG------------------------RHADQLDALTQARDTQARVLK-RIQVEQPDAVVDQKALAASICCKMAKHCQ------------------- 

CionaIFT139A            838 ETRRLLLLASLHEQTG------------------------RHADQLDALTQARDTQARVLK-RIQVEQPDAVVDQKALAASICCKMAKHCQ------------------- 

DanioIFT139B            831 DVKALRVLVKVLRAR--------------------------DESALDVIQKMHDLQLRVII-RASSEHQADLEEQKKLLSSICCDWAQEFH------------------- 

DanioIFT139A            836 CRYLVLLAKVQSKVI-------------------------KNDEALLSLQRARDVQAKVLK-RVQLEQPDSVPAQKQLAAEICAEIAKHCS------------------- 

MusIFT139B              830 EVKCLLLLAKVYKSH-------------------------KKEEVMETLNLALDLQSRILK-RVPLEQSEMIPFQNQLAASICIQIGEHHL------------------- 

MusIFT139A              830 GRSQVLLAKVYSKME-------------------------RPSDAIAALQQARELQARILK-RVQMEQPDAVPSQKHFAAEICAEIAKHSA------------------- 

HomoIFT139A             831 GRCQVLLAKVYSKME-------------------------KLGDAITALQQARELQARVLK-RVQMEQPDAVPAQKHLAAEICAEIAKHSV------------------- 

HomoIFT139B             837 DVKCLLLLAKVYKSH-------------------------KKEAVIETLNKALDLQSRILK-RVPLEQPEMIPSQKQLAASICIQFAEHYL------------------- 

HomoIFT139C             836 DVKCLLLLAKVYKSH-------------------------KKEAVIETLNKALDLQSRILK-RVPLEQPEMIPSQKQLAASICIQFAEHYL------------------- 

HomoIFT139E             829 DVKCLLLLAKVYKSH-------------------------KKEAVIETLNKALDLQSRILK-RVPLEQPEMIPSQKQLAASICIQFAEHYL------------------- 

HomoIFT139D             788 DVKCLLLLAKVYKSH-------------------------KKEAVIETLNKALDLQSRILK-RVPLEQPEMIPSQKQLAASICIQFAEHYL------------------- 

RattusIFT139A           830 GRSQVLLAKVYSKME-------------------------RPGDAIAALQQARELQARILK-RVQMEQPDAVPSQRHFAAEICAEIAKHSA------------------- 

RattusIFT139B           830 EVKCLLLLAKVYKSH-------------------------KKEDVMETLNQALDLQSRILK-RVPLEQPEMIPSQNQVAASICVQIGEHHL------------------- 

ParameciumIFT139A       846 AQGFLLIARMVTKLQQATFNQAQNAEKEKIQQQLMAESQKLIEKIRKAFEFAVQTQKDVIE--KSKQEAANVNKEKEQLGLIFLEQARYFFYN----------------- 

ParameciumIFT139B       832 AQGFLLIARMVTKLQQATFNQAQNAEKEKIQQQLMAESQKLIEKIRKAFELAVQTQKDVIE--KSKQEAANVNKEKEQLGLIFLEQARYFFYN----------------- 

XenopusIFT139A          828 DAKCLGLLGTTYQNY-------------------------KKEESADILNKALELQQRILK-RVPMEQPEMAPAQKQATSEICVQLAEHYV------------------- 

XenopusIFT139C          828 DAKCLGLLGTTYQNY-------------------------KKEESADILNKALELQQRILK-RVPMEQPEMAPAQKQATSEICVQLAEHYV------------------- 

TrypanosomaIFT139       835 RVNCALLMCKINRNTQ------------------------NADLAAEALLQARGFQEHVLRNMMRNETRETIYQQKVVAATISLELGRYYAS------------------ 

CaenorhabditisIFT139A   846 YIQFLLLLAECHEMMDN------------------------VPEAMNDFEKAKSLHSRIQDKTLTAALKKEGARICNLQAELLYR------------------------- 

CaenorhabditisIFT139B   846 YIQFLLLLAECHEMMDN------------------------VPEAMNDFEKAKSLHSRIQDKTLTAALKKEGARICNLQAELLYR------------------------- 

 

 

ChlamydomonasIFT139     936 SKRARQFDRAMELYMEALRHHDTH----------VPSMLAVAKLHLANGDTDACQAQCVTLLKHD-----PDNEEASIMLAELMFHKEHYDTAIYHFQQLLERSPNHYGA 

SelaginellaIFT139B      447 CQENNDLDSAILFLSETLNDCPAH----------TSALLLLSNIHLVRGELSECEVNCANLLKVD-----MTSSDGGKLLILVLLQREMYDAALSSMQQLLQRDPTCYIV 

TetrahymenaIFT139       917 ---EKNEKATLDILAEASKYTNNQDTMSKTVGNQEKILELEVQMYFKSNQKLECENKCNLLLKLN-----PNNDLACLTLAELLLQKDEYSQAIEQFKKILQDRPNNYGI 

MonosigaIFT139          851 -EQK-DTSAAIAAYKDALSYNESS----------GEAMLALAQVHKKQGDMEAAQFQLSTLLHSNSVVNEEAKTQAAIDMADIMFRKHEYETAVFHLQQLLERNPEQYRA 

NaegleriaIFT139         891 ---S-DTKKAMALFREGLQYDETH----------EKSMLALAELSLKDNDIESCHSYCTSLLRLN-----KAHEQATIMMADIMFRNNKFEDAIEHFQAFLQNKPNNYKA 

TrichoplaxIFT139        901 -NER-NTEDAISFYKKALSYCNDH----------MESRLSLAKLYLQRNEIDFCQKECTTMLQI----DDENV-EAAMMKADILFIKGDFETATFQFQKLLDRVPNQFSA 

MicromonasIFT139        906 HQARHDVKSALGFYEEALKNDRTN----------VPALLALSRMRLNSGEIDACQQSCSEVLRYD-----ADNEEASLMLAELMFQKENYETAIYHFSQLLEKNPCNYRA 

PhyscomitrellaIFT139    926 CEANNDADKAILLLNEALKCNPAH----------SAASVALAKILLARGDVGECEQRCAALLREN-----LFYDEAGDILVYLMIQRELYESAIMHYQQILERDPNHYSA 

SelaginellaIFT139A      447 CQENNDLDSAILFLSETLNDCPAH----------TSALLLLSNIHLVRGELSECEVNCANLLKVD-----MTSSDGGKLLILVLLQREMYDAALSSMQQLLQRDPTCYIV 

XenopusIFT139B          893 -DQR-NYEQAANYYKEAMVYS-QD----------SKVKLQLSRLYLMMGDLDSCENHCSALLEN----HSFKE-EAAMMMADVMFRKQDYTKSIELFDQILEENPDNFAV 

BatrachochytriumIFT139  884 -FNIKDSDRAISFYNEAIQHHTSH----------KKAAIALARLYIRKNDLTEAQRQLTTMMKN-----DIALDDATFMMSETMFLKGLYQQAIFHLRQLLDKNPLHFEA 

CionaIFT139B            428 -IHENDIQQAIKYHKEALIYDETD----------SKIMLDLAKLFISSGDLDACQQYCMQVLRT----SNNNEDQASMMMADVMFNKNQYNDAIYHYEQLLKARPDHYEA 

CionaIFT139A            904 -IHENDIQQAIKYHKEALIYDETD----------SKIMLDLAKLFISSGDLDACQQYCMQVLRT----SNNNEDQASMMMADVMFNKNQYNDAIYHYEQLLKARPDHYEA 

DanioIFT139B            895 -LRH-ELEKAKRHYTDALNHRPDD----------QQVLLHLAALYYEQQKLDYCEELCVKILQL-----QQEHTAAAMLLADTLYWKNQKEEAVKIYTSIMKRNPDNFHA 

DanioIFT139A            901 -SQR-GYERAVKFYKEALVYCEND----------SKVMLELAQLYLTLDDVEACQQQCSAILKN----DPVNE-SATLMMADLMFRKQDYEQAVFHFQQLLERKPDNYPT 

MusIFT139B              895 -AEK-DYDSALKSYKDALAYSPTD----------SKVVLELAHLYLLLGQLDLCEQRCAPLLEM----EQTHE-RAAVMLADLMFRRQNYETAINLYHQVLEKAPDNFLV 

MusIFT139A              895 -AQR-DYEKAITFYREALVHCETD----------SKIMLELAQLYLAQEDLDASLRHCALLLQR----DQDNE-PATMLMADLMFRKQDYEQAVYHLQQLLDRKPDNFMT 

HomoIFT139A             896 -AQR-DYEKAIKFYREALVHCETD----------NKIMLELARLYLAQDDPDSCLRQCALLLQS----DQDNE-AATMMMADLMFRKQDYEQAVFHLQQLLERKPDNYMT 

HomoIFT139B             902 -AEK-EYDKAVQSYKDVFSYLPTD----------NKVMLELAQLYLLQGHLDLCEQHCAILLQT----EQNHE-TASVLMADLMFRKQKHEAAINLYHQVLEKAPDNFLV 

HomoIFT139C             901 -AEK-EYDKAVQSYKDVFSYLPTD----------NKVMLELAQLYLLQGHLDLCEQHCAILLQT----EQNHE-TASVLMADLMFRKQKHEAAINLYHQVLEKAPDNFLV 

HomoIFT139E             894 -AEK-EYDKAVQSYKDVFSYLPTD----------NKVMLELAQLYLLQGHLDLCEQHCAILLQT----EQNHE-TASVLMADLMFRKQKHEAAINLYHQVLEKAPDNFLV 

HomoIFT139D             853 -AEK-EYDKAVQSYKDVFSYLPTD----------NKVMLELAQLYLLQGHLDLCEQHCAILLQT----EQNHE-TASVLMADLMFRKQKHEAAINLYHQVLEKAPDNFLV 

RattusIFT139A           895 -AQR-DYEKAITFYREALVHCETD----------SKIMLELAQLYLAQEDLDASLRHCALLLQR----DQDNE-PATMLMADLMFRKQDYEQAVFHLQQLLERKPDNFMT 

RattusIFT139B           895 -ADK-DYDSAMKSYKDALAYSPTD----------SKVVLELAQLYLLQGQLDLCEQHCAPLLEM----EQTHE-RAAVVLADLMFRKQNYETAINLYRQVLEKAPDNFLV 

ParameciumIFT139A       937 ---ERNYKATLDCIDDGVKFIPTN----------ESLIQLQAETFYQSGDKISCEQKLKILQKLN-----PKNDYASMMLSELVLQQDDSEKSIQQFVQTLQEKPNSFGT 

ParameciumIFT139B       923 ---ERNYKATLDCIDDGVKFIPTN----------ESLIQLQAETFYQSGDKISCEQKLKILQKLN-----PKNDYASMMLSELVLQQDDSEKSIQQFVQTLQEKPNSFGT 

XenopusIFT139A          893 -DQR-NYEQAANYYKEAMVYS-QD----------SKVKLQLSRLYLMMGDLDSCENHCSALLEN----HSFKE-EAAMMMADVMFRKQDYTKSIELFDQILEENPDNFAV 

XenopusIFT139C          893 -DQR-NYEQAANYYKEAMVYS-QD----------SKVKLQLSRLYLMMGDLDSCENHCSALLEN----HSFKE-EAAMMMADVMFRKQDYTKSIELFDQILEENPDNFAV 

TrypanosomaIFT139       903 ---VGEVERAKECYQESRMYDESS----------EAPILASARLLLQCGDENACEEQCNAVLRIN-----PACEEAVVILADLMVRRNCFDDAANHFSQLLEKTPNNYEA 

CaenorhabditisIFT139A   907 ---RREFSQAVDICKQALAYHETD----------LKANLLLSKIFKEENKWTLVLQPCQTVIQVD-----PHNDEANSILADFYYIRSEAAHASTSYTTLLNTNPQHWHA 

CaenorhabditisIFT139B   907 ---RREFSQAVDICKQALAYHETD----------LKANLLLSKIFKEENKWTLVLQPCQTVIQVD-----PHNDEANSILADFYYIRSEAAHASTSYTTLLNTNPQHWHA 

 

 

 

ChlamydomonasIFT139    1031 LAQLILLLRRAGRLEDVPRYFALAEAGSP--KAVMDPGYHYCKGIYNRYIN--------------------------------NPREALKELNLARKDTR---WGSQAIL 

SelaginellaIFT139B      542 LEQIIELLRRLGRVEDSSYYIVQAEKSS---KRDVDAGLYYCKGFYAQHMN--------------------------------EAMHAVELFNYARSDAK---WGKRALL 

TetrahymenaIFT139      1019 LAKLIDFFRRSFQINEAKTYIERAEKKAT--NTND-PGLCYCRGLYHKYNR--------------------------------SPKDALNEFSKAKKSSQ---YAEESLV 

MonosigaIFT139          949 LASMIDLLRRTGKLEACQKHLAAAERACD--RPESHPGLAYCKGLVERWQH--------------------------------RPNSALLHLNKARRDAE---WGVDALY 

NaegleriaIFT139         982 LVKLITLLRRAGRLEQAEQFLINAKNFSP-K-EEYDPGYNYCNGIYHLYRN--------------------------------NARESLVWFNRARKSGE---WGESATV 

TrichoplaxIFT139        994 LVRLTDLLRREGKLEDCLPYLEQAESACL--NSSIDPGYNYCRGLYERHMN--------------------------------NPSAAMKHFNLARKDSE---WGEKAVF 

MicromonasIFT139       1001 LAQLVHLLRRCGRLDEVGRFIKLAHSTSE--SPQYDCGLNYCKGLVSKFEN--------------------------------KPQDALRSFNLSRKDIQ---WGPNAVY 

PhyscomitrellaIFT139   1021 LSQLIRLFRRTGRLEEINQNLSNAEKATP--AATFHAGLNFCKGLVALHSNKPYEAIMVLHLSDLYGYKLLTRCSRFLKYRRVYVEDSNSLLNTARTDYD---WGKPALF 

SelaginellaIFT139A      542 LEQIIELLRRLGRVEESSYYIVQAEKSS---KRDVDAGLYYCKGFYAQHMN--------------------------------ESMQAVELFNYARSDAK---WGKRALL 

XenopusIFT139B          985 LSKLIDLLRRSGNLSKAPMFFEKALANSS--RTTLEPGYNYCKGLYCWYLG--------------------------------QPNDGLKYFNKARKDSE---WGQNAIS 

BatrachochytriumIFT139  978 LAQFIELSRRNASMDEIEGLLISAEHQSK--KTAISPGFHYCRGLYFRYKC--------------------------------NMNEALQEFTVCRRDTQ---WGERSLH 

CionaIFT139B            523 LARLIGLLHRRGQLRDTSRYLELAKVKVGEGKVDMDAGYQYCKGLYEWYCG--------------------------------KTRSAVEMFNMARCDSE---WNEKAVE 

CionaIFT139A            999 LARLIGLLHRRGQLRDTSRYLELAKVKVGEGKVDMDAGYQYCKGLYEWYCG--------------------------------KTRSAVEMFNMARCDSE---WNEKAVE 

DanioIFT139B            988 MAKFLQILRRMGKLEDAVSVFNACEKFNP--LTLREAGYQYCKGLYLWHSH--------------------------------QTSSSLTHLNKARGDAD---WGKLALE 

DanioIFT139A            994 LSRLIDLLRRAGKLEEVPRFLEMAEKHSS--RAKFEPGYNYCKGLYLWYTG--------------------------------EPNDGLRHFNKARKDND---WGQNAVY 

MusIFT139B              988 LNKLVDLLRRSGKLEEAPAFFELAKKVSS--RVPLEPGFNYCQGIYFWHIG--------------------------------QPNEALRFLNKARKDST---WGQLATC 

MusIFT139A              988 LSRLIDLLRRCGKLEDVPRFFLMAEKHNS--RTKLEPGFQYCKGLHFWYTG--------------------------------EPNDALRHFNKARKDSD---WGQNALY 

HomoIFT139A             989 LSRLIDLLRRCGKLEDVPRFFSMAEKRNS--RAKLEPGFQYCKGLYLWYTG--------------------------------EPNDALRHFNKARKDRD---WGQNALY 

HomoIFT139B             995 LHKLIDLLRRSGKLEDIPAFFELAKKVSS--RVPLEPGFNYCRGIYCWHIG--------------------------------QPNEALKFLNKARKDST---WGQSAIY 

HomoIFT139C             994 LHKLIDLLRRSGKLEDIPAFFELAKKVSS--RVPLEPGFNYCRGIYCWHIG--------------------------------QPNEALKFLNKARKDST---WGQSAIY 

HomoIFT139E             987 LHKLIDLLRRSGKLEDIPAFFELAKKVSS--RVPLEPGFNYCRGIYCWHIG--------------------------------QPNEALKFLNKARKDST---WGQSAIY 

HomoIFT139D             946 LHKLIDLLRRSGKLEDIPAFFELAKKVSS--RVPLEPGFNYCRGIYCWHIG--------------------------------QPNEALKFLNKARKDST---WGQSAIY 

RattusIFT139A           988 LSRLIDLLRRCGKLEEVPRFFLMAEKHNS--RTKLEPGFQYCKGLHFWYTG--------------------------------EPNDALRHFNKARKDSD---WGQNALY 

RattusIFT139B           988 LNKLIDLLRRSGKLEEAPAFFELAKKVSS--RVPLEPGFNYCQGIYCWHIG--------------------------------QPNEALRFLNKARKDST---WGQLATC 

ParameciumIFT139A      1029 LSKVIDWYRKQNRLDEVQTIIDNCAKATQ--NQNE-PGLCFCRGLYYKYKN--------------------------------LPKEALIQFNYAKKHQQ---YAEDSLT 

ParameciumIFT139B      1015 LSKVIDWYRKQNRLDEVLKPQLIIVLRLH--KTKMNQGYVFAEACIINIKI--------------------------------YPKRR---------------------- 

XenopusIFT139A          985 LSKLIDLLRRSGNLSKAPMFFEKALANSS--RTTLEPGYNYCKGLYCWYLG--------------------------------QPNDGLKYFNKARKDSE---WGQNAIS 

XenopusIFT139C          985 LSKLIDLLRRSGNLSKAPMFFEKALANSS--RTTLEPGYNYCKGLYCWYLG--------------------------------QPNDGLKYFNKARKDSE---WGQNAIS 

TrypanosomaIFT139       995 LVQYVQLLRHAGRLSDAKIVLERAESMLD-VGQRPDAALSFARGLYHRYCQ--------------------------------ESTEALRAFNAARLRSDDTQWSEKALV 

CaenorhabditisIFT139A   999 LSRVVELFCRNGEQNAAEKHLDRAKEVNP--RCVTESGYNVCRGRFEWYTG--------------------------------DQNEALRYYSRTKDSAAG--WREKALY 

CaenorhabditisIFT139B   999 LSRVVELFCRNGEQNAAEKHLDRAKEVNP--RCVTESGYNVCRGRFEWYTG--------------------------------DQNEALRYYSRTKDSAAG--WREKALY 
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ChlamydomonasIFT139    1104 HMVEIYLNPDNDAVWEEK-ENA----------DTP-ESRQAVATARSLLKQVRGAD-TTTQRYRVLESYAIMAGKD----KNEIEASLNVLLDLANQ------------- 

SelaginellaIFT139B      614 AMIEIYSHIDDELFYDEENLEF----------TVPYVKMEDVSKVQQLLSEFRQEH-G---TVVAWECFGLMYSGQ----KGDAEAALVKINKAAAR------------- 

TetrahymenaIFT139      1091 NMIDIYLNPDQDLYYSNVEEGP------------KVVDEVNLRACESLLREMQIRASYLRYIVMESYVFFLGGPRY----KGGLEQGLKNLNDILKTN------------ 

MonosigaIFT139         1022 AMIDVCLNPENDTVGGEAMTN--KPDQ--------EALEVGAQTASKLINELLAFNEGDTLRFKSRQNHILLMRRNN---KDDFERALQGFTQLANV------------- 

NaegleriaIFT139        1055 LMIETYLSPETTTESLDENAPK---------RLSSENRSESLAAAERLLEELTTVNTSTMKKKTLQGYLKIAKCKS----KEEIEKAIPAFGDILSVETD---------- 

TrichoplaxIFT139       1067 AMVEICLNPDNETLGGETLEA--VNEADGN------KQSSALKTANKLLKELKPKSAPSKKQLDLLENYALISTKQ----KQSVEKALSSFISMLSE------------- 

MicromonasIFT139       1074 SMVEIYLSPESTDLWDEE-AMM----------DGGGDDQARVAAAESLLAEVHPNR-REEPRHVILECYARMMSKS----QHGIAEALNILGDIIIQ------------- 

PhyscomitrellaIFT139   1126 VMVEIYLNIENNLGFEEGNLEG----------NT-SPNDEAIKVAQKLLSESRNLE-GNTVKQSVLECYASMATRH----KDDVENALVKLQELSSQDST---------- 

SelaginellaIFT139A      614 AMIEIYSHIDDELFHDEENLEF----------TVPYVKVEDVSKVQQLLSEFRQEY-G---TVVAWECFGLMYSGQ----KGDAEAALVKINKAAAR------------- 

XenopusIFT139B         1058 NMVQICLNPDNEIVGGEVFEA--PDEADGLLGEKRESEMLGVRTAEKLLKEFHPRTLNGRNQLALLQNHCLMATKD----KANVETALSAFTEMATS------------- 

BatrachochytriumIFT139 1051 HLIEIFLNPDNETIGGSAMDNGQDLNSSKADDTRQNTDSLSMMTVEKLVNELPQSDKS--LRTRVIECQLLMASKQ----KASIEKAIHIMMEILNI------------- 

CionaIFT139B            598 NMIRICLNPDKSTLGGEAFES--LQGSG-------ENDNNAISTAERLIKEFK---SSDSLKVQVLENLVLIATKN----KTNIERALSSFVNMGQT------------- 

CionaIFT139A           1074 NMIRICLNPDKSTLGGEAFES--LQGSG-------ENDNNAISTAERLIKEFK---SSDSLKVQVLENLVLIATKN----KTNIERALSSFVNMGQT------------- 

DanioIFT139B           1061 MMIHICLNPDKIIFGGEILDKGLSRLSPSPFIQDESENEMRMNTAHNLLKMFHPRCRSEQDKAALLLNECRIYSRKHTQVETAVLELADTLANNRVY------------- 

DanioIFT139A           1067 NMIEICLNPDNETIGGEVFEN--LDGDMGNSTEKQESEQLAVRTAEKLLKELKPQTPVGHVQLRILENYCCLATKQ----KANVERALNVFIEIANT------------- 

MusIFT139B             1061 YMVQICLNPDNEIVGGEAFES---LVGDSNSASRKESQQHGVRTAEKLLREFYPHSESGQTQLRLLQNLCLLATRE----KANVEVALGAFIEMAQA------------- 

MusIFT139A             1061 NMIEICLNPDNETIGGEVFEN--LNGDLGTSPEKQESVQLAVRTAEKLLKELKPQTVQGRLQLRIMENCCLMATKQ----KSSVEQALNTFTEIAAS------------- 

HomoIFT139A            1062 NMIEICLNPDNETVGGEVFEN--LDGDLGNSTEKQESVQLAVRTAEKLLKELKPQTVQGHVQLRIMENYCLMATKQ----KSNVEQALNTFTEIAAS------------- 

HomoIFT139B            1068 HMVQICLNPDNEVVGGEAFEN---QGAESNYMEKKELEQQGVSTAEKLLREFYPHSDSSQTQLRLLQGLCRLATRE----KANMEAALGSFIQIAQA------------- 

HomoIFT139C            1067 HMVQICLNPDNEVVGGEAFEN---QGAESNYMEKKELEQQGVSTAEKLLREFYPHSDSSQTQLRLLQGLCRLATRE----KANMEAALGSFIQIAQA------------- 

HomoIFT139E            1060 HMVQICLNPDNEVVGGEAFEN---QGAESNYMEKKELEQQGVSTAEKLLQGQRPCPAGLGTSLRVPEADPQGAYAV----EAPGQDPLGAE------------------- 

HomoIFT139D            1019 HMVQICLNPDNEVVGGEAFEN---QGAESNYMEKKELEQQGVSTAEKLLREFYPHSDSSQTQLRLLQGLCRLATRE----KANMEAALGSFIQIAQA------------- 

RattusIFT139A          1061 NMIEICLNPDNETIGGEVFEN--LNGDLGTSPEKQESVQLAVRTAEKLLKELKPQTVQGRLQLRIMENCCLMATKQ----KSSVEQALNTFTEIAAS------------- 

RattusIFT139B          1061 YMVQICLNPDNEIVGGEAFES---LVGDSNLPSRKESQQHGR-TAEKLLREFYPHSESGQTQLRLLQSLCLLATRE----KANIEVALGAFIEMAQA------------- 

ParameciumIFT139A      1101 YMIDLYLNPDQDLYYSITDEQP------------KPVAVENLKACDQLLKELQNRGSMSRYLVMYSKIY----------------------------------------- 

ParameciumIFT139B           -------------------------------------------------------------------------------------------------------------- 

XenopusIFT139A         1058 NMVQICLNPDNEIVGGEVFEA--PDEADGLLGEKRESEMLGVRTAEKLLKEFHPRTLNGRNQLALLQNHCLMATKD----KANVETALSAFTEMATS------------- 

XenopusIFT139C         1058 NMVQICLNPDNEIVGGEVFEA--PDEADGLLGEKRESEMLGVRTAEKLLKEFHPRTLNGRNQLALLQNHCLMATKD----KANVETALSAFTEMATS------------- 

TrypanosomaIFT139      1072 NMIEMYLVPTNEELWVDT-------------QMGDEDRNENVKVAERLLMQMAPG----ETRDILQGYCWVASKK-----RQLVERAIKEFTRICTAAERNAGQSEKANN 

CaenorhabditisIFT139A  1073 YMIDICLNPDNEIIIDENSVENPETTKIIYLVSELWKKLVNSKNLPNITSIYSENFQSTDRFLLAQNFIRMHTTDKSAIQAALDEFNRMAFNADRSQVTN---------- 

CaenorhabditisIFT139B  1073 YMIDICLNPDNEIIIDENSVENPETT------------------------------------------------------------------------------------ 

 

 

ChlamydomonasIFT139    1184 -----------------------------DPNNVPVLLAMATGFMMLKQTPKARNQLKRVQKIQYKPDEAEEFERSWLLLADIHIQGG-KYDLAQDLCQKCLKYNKSCAK 

SelaginellaIFT139B      693 -----------------------------EKDHVLLMLCRAVALMILKQTGKAKAELRSIDRLTYKWNEGINFERAWLMLAQTYLQQAGKLDVAEQLCRKCISYNRSSSK 

TetrahymenaIFT139      1173 ------------------------------NDYIPAMLALAVGKFIQKKSTDAKNLLKLLWKRQYTTEYGEDLERAWLLSADSFIAIQ-KYDSAEEILKKCLKYNQSCGK 

MonosigaIFT139         1106 -----------------------------YPDHVAPILGIARAHVLMRNAPKARQQLKRVAKMDWSHEEAEEYEGAWLLLADLHVSNG-KFDLAQELLKKVLQHNKSCSK 

NaegleriaIFT139        1142 --------------------------------YVPALVAISYAFERSKQTAKARQMLKRISKMEVKTGWEDDFERGWLLLAEINIASS-KTDVAQELIKKVLEINKSCSK 

TrichoplaxIFT139       1152 -----------------------------DQTNITALLGTATAYMFLKQVPKARNQLKKIAKLEWNSANAEDFERSWLLLADVYIQSG-KYDNATELLRHCLKHNKSCSK 

MicromonasIFT139       1155 -----------------------------EPNNVPAVLAVCTCHMLLRQVPKARNQLKRVEKMPYNASEADEFERSWLMMADIEVQGK-KYDHAIDLCHKCLKYNRSCAK 

PhyscomitrellaIFT139   1210 ---------------------------LREKERVCTMLAIATGLTLLRQTAKAKNQLRAIDRMPYKWDDGDDFERAWLMLAYIHLQAG-KQEASEELCKKCLKYNKECSK 

SelaginellaIFT139A      693 -----------------------------EKDHVLLMLCRAVALMILNQTGKAKAELRSIDRLTYKWNEGINFERAWLMLAQTYLQQAGKLDVAEQLCRKCISYNRSSSK 

XenopusIFT139B         1149 -----------------------------EKDNVCAILAVAQAYMILRQTPRARNQLKRLSKVPWSLADAEDLEKSWLLLADVYIKLG-KYDIATELLKRCLLYNKSCYK 

BatrachochytriumIFT139 1142 -----------------------------EREYIPAIYGTSVGFMLLKQPPRARNQLKRIAKMEWTIEYGDDLERCWLLLSDIYIQGG-KYDLATELLKKVITHNKSSGK 

CionaIFT139B            679 -----------------------------KKDYVPAIVGMAVAYVMLKQTPKARNQLKRVAKVYLVKNLRFESHV-----LLKTLKVI-KLSRANN--------LWSCCK 

CionaIFT139A           1155 -----------------------------KKDYVPAIVGMAVAYVMLKQTPKARNQLKRVAKVYVLWKSFHKTDS-----GNSRAIIG-YCKKFMTRMAHVTMIYSSCCK 

DanioIFT139B           1158 -----------------------------IVMLEECLLLMAEGFVQLKQIPRARNFLKRLTRMNWSDTNADYMEKGCLLLADMYIKMG-KYTEGRTLLHRCTQHNKSCSK 

DanioIFT139A           1158 -----------------------------EKDHVPSLLAMATAYMILKQTPRARNQLKRIAKMNWNIIDADEFEKSWLLLADIYIQSG-KYDMAGDLLKRCLRHNKSCCK 

MusIFT139B             1151 -----------------------------EKDSIPALLAMAQAYILLKQVPKARTQLKRLAKVPWTVDEAEDLEKSWLLLADIYCQGG-KFDLALELLRRCLQYNKSCCR 

MusIFT139A             1152 -----------------------------EKDHIPALLGMATAYMILKQTPKARNQLKRIAKMPWNPIEAEDLEKSWLLLADIYIQSA-KYDMAEELLKRCLCHNRSCCK 

HomoIFT139A            1153 -----------------------------EKEHIPALLGMATAYMILKQTPRARNQLKRIAKMNWNAIDAEEFEKSWLLLADIYIQSA-KYDMAEDLLKRCLRHNRSCCK 

HomoIFT139B            1158 -----------------------------EKDSVPALLALAQAYVFLKQIPKARMQLKRLAKTPWVLSEAEDLEKSWLLLADIYCQGS-KFDLALELLRRCVQYNKSCYK 

HomoIFT139C            1157 -----------------------------EKDSVPALLALAQAYVFLKQIPKARMQLKRLAKTPWVLSEAEDLEKSWLLLADIYCQGS-KFDLALELLRRCVQYNKSCYK 

HomoIFT139E                 -------------------------------------------------------------------------------------------------------------- 

HomoIFT139D            1109 -----------------------------EKDSVPALLALAQAYVFLKQIPKARMQLKRLAKTPWVLSEAEDLEKSWLLLADIYCQGS-KFDLALELLRRCVQYNKSCYK 

RattusIFT139A          1152 -----------------------------EKDHIPALLGMATAYMILKQTPKARNQLKRIAKMTWNPIEAEELEKSWLLLADIYIQSA-KYDMAEELLKRCLCHNRSCCK 

RattusIFT139B          1150 -----------------------------EKDNIPALLAMAQAYVLLKQVPKARTQLKRLAKVPWMLDEAEDLEKSWLLLADIYCQGG-KFDLALELLRRCLQYNKSCCR 

ParameciumIFT139A           -------------------------------------------------------------------------------------------------------------- 

ParameciumIFT139B           -------------------------------------------------------------------------------------------------------------- 

XenopusIFT139A         1149 -----------------------------EKDNVCAILAVAQAYMILRQTPRARNQLKRLSKVPWSLADAEDLEKSWLLLADVYIKLG-KYDIATELLKRCLLYNKSCYK 

XenopusIFT139C         1149 -----------------------------EKDNVCAILAVAQAYMILRQTPRARNQLKRLSKVPWSLADAEDLEKSWLLLADVYIKLG-KYDIATELLKRCLLYNKSCYK 

TrypanosomaIFT139      1160 KEPQKEADNAADDEDSKLLSDVNEPPAYTGRMNVHARVGLAIAYFISGLEKKATAELKPIVLLPFDPTTSDSVHRARLLSAHMSVQKK-DVKMAKMMLQKALELNKSCPR 

CaenorhabditisIFT139A  1173 ---------------------------------VGAVFGVARGHVLLKQVQKAKTVLKMVNGRVWNFDDSDYLEKCWLMLADIYINQN-KNDQAVTFLDLVFKYNCNCLK 

CaenorhabditisIFT139B       -------------------------------------------------------------------------------------------------------------- 

 

 

ChlamydomonasIFT139    1264 AWEIMGQIMEREQAYKDAADHYENAWKHENQASAQVG------------------------FKLAFNYLKARRYVEAVDVCHKVIKAFPDYPKIRKEILEKARMGLKP- 

SelaginellaIFT139B      774 AWEFLGVAMERGNAYTEAANFYQCAWKHQRGSSLTVG------------------------YKLARVYLKLKRYMDAIAICQAVMQLFPNSIKIRRDVLDKARKCIRF- 

TetrahymenaIFT139      1252 AEEYMGLIKEKEQSYVDAATHYEKAYKLTNEKSASIA------------------------FRLSFNYLKAKRYVDCINICKKILVLFPNYPKIEKDCLEKARQALK-- 

MonosigaIFT139         1186 AWDYMGYIMEKEQSYQNAAELYANAWEYSGRNDPSTG------------------------YKLAFNYLKAKRFVDAIDVCHRVLEVNPDMSKIRKDVLDKARAGLRM- 

NaegleriaIFT139        1219 AWELNGLIYEKEGQFQEAAASYDKAWLLSNESSPNVG------------------------YKLAFNLLKAKRNIEAIDICHKVLLKHPNYPKIKKDVLDKARQSIRP- 

TrichoplaxIFT139       1232 ACEYMGHIMEKEQAYKDASDYYEFAWKFTNQSNPAIG------------------------FKLAFNYLKAKRFVDAINICHKVLADNPEYPKIKKEILDKARNNLRT- 

MicromonasIFT139       1235 AWELIGQVCEWEQNYVEASENYERAWQFCGMSNPRVG------------------------FRLAWCHLKSKRMVDCIDVCKKVLSEHPDYPKIKRDILQKAQAGLRP- 

PhyscomitrellaIFT139   1292 AWELLGWIMEKNHSYPEAVGFYENAWKCLKESSPAVG------------------------YRLAYMYLKDKRHIEAIIVCQKVLQISPNYPKIKKDILEKARVCVRA- 

SelaginellaIFT139A      774 AWEFLGVAMERGNAYTEAANFYQCAWKHQRGSSLTVG------------------------YKLARVYLKLKRYMDAIAICQAVMQLFPNSIKIRRDVLDKARKCIRF- 

XenopusIFT139B         1229 AYEYLGFIMENEQSYKDAAANYRLAWDYSNQSNPAVG------------------------FRLAFNYLKDKKYVDAIDICHKVLKAHPTYPKIEREILAKAQTSLKP- 

BatrachochytriumIFT139 1222 AYEYLGYIMEKEASYKDAAEHYHQAWKLENETSAGIG------------------------FKLAFNYLKAKRYVDAIDVCHKVLKQVPDYPKIEKEILHKARSNLRYL 

CionaIFT139B            746 AYEYTGFIYEKQMSYKDAATHYEKAWEYSNQSDPVIGNILLLLFCFVTVLNQLYKPNHISGYKLAFNYLKAKRNADAIDIAHKVLATNPNYPRMKKEILDKARATIRV- 

CionaIFT139A           1230 AYEYTGFIYEKQMSYKDAATHYEKAWEYSNQSDPVIG------------------------YKLAFNYLKAKRNADAIDIAHKVLATNPNYPRMKKEILDKARATIRV- 

DanioIFT139B           1238 AYEYEGFMLENEQRYRDAALQYELAWRHSRQ--PAVG------------------------YRLALNYLKSQNYTLAVDVCRQVLQQHPDYPQINTEILTRARLSLRL- 

DanioIFT139A           1238 AYEYMGYIMEKEQSFRDAAMNYEMAWKYSNQTNPTIG------------------------YKLAFNYLKAKRHVDAIDVCHKVLDAHPNYPRIRKDILDKARSALRS- 

MusIFT139B             1231 AYEYMGFIMEKEQSYKDAATNYELAWKYSHQANPAIG------------------------FKLAFNYLKDKKFVDAIEVCHSVLTEHPKYPKIREEILEKAQGSLRP- 

MusIFT139A             1232 AYEYMGYIMEKEQAYTDAAFNYEMAWKHSNQTNPAVG------------------------YKLAFNYLKAKRYVDAIDVCHQVLEAHPTYPKIRKDILDKARASLRP- 

HomoIFT139A            1233 AYEYMGYIMEKEQAYTDAALNYEMAWKYSNRTNPAVG------------------------YKLAFNYLKAKRYVDSIDICHQVLEAHPTYPKIRKDILDKARASLRP- 

HomoIFT139B            1238 AYEYMGFIMEKEQSYKDAVTNYKLAWKYSHHANPAIG------------------------FKLAFNYLKDKKFVEAIEICNDVLREHPDYPKIREEILEKARRSLRP- 

HomoIFT139C            1237 AYEYMGFIMEKEQSYKDAVTNYKLAWKYSHHANPAIG------------------------FKLAFNYLKDKKFVEAIEICNDVLREHPDYPKIREEILEKARRSLRP- 

HomoIFT139E                 ------------------------------------------------------------------------------------------------------------- 

HomoIFT139D            1189 AYEYMGFIMEKEQSYKDAVTNYKLAWKYSHHANPAIG------------------------FKLAFNYLKDKKFVEAIEICNDVLREHPDYPKIREEILEKARRSLRP- 

RattusIFT139A          1232 AYEYMGYIMEKEQAYTDAAFNYEMAWKHSNQTNPAVG------------------------YKLAFNYLKAKRYVDAIDVCHQVLEAHPTYPKIRKDILDKARASLRP- 

RattusIFT139B          1230 AYEYMGFIMEKEQSYKDAATNYELAWKYSHQANPAIG------------------------FKLAFNYLKDKKFVDAIEVCHSVLTEYPNYPKIREEILEKAQGSLRP- 

ParameciumIFT139A           ------------------------------------------------------------------------------------------------------------- 

ParameciumIFT139B           ------------------------------------------------------------------------------------------------------------- 

XenopusIFT139A         1229 AYEYLGFIMENEQSYKDAAANYRLAWDYSNQSNPAVG------------------------FRLAFNYLKDKKYVDAIDICHKVLKAHPTYPKIEREILAKAQTSLKP- 

XenopusIFT139C         1229 AYEYLGFIMENEQSYKDAAANYRLAWDYSNQSNPAVG------------------------FRLAFNYLKDKKYVDAIDICHKVLKAHPTYPKIEREILAKAQTSLKP- 

TrypanosomaIFT139      1269 VCLLLGACHELEENHSEAANCYKDAWLLTKERDPSVG------------------------YKLAFHLMKSGKLLQAIEVCRKVLEAHPSYPKIS-DVVDVCHSLLRP- 

CaenorhabditisIFT139A  1249 AFELYGYMREKEQKYVEAYKMYEKAFMATKERNPGFG------------------------YKLAFTYLKAKRLFACIETCQKVLDLNPQYPKIKKEIMDKAKALIRT- 

CaenorhabditisIFT139B       ------------------------------------------------------------------------------------------------------------- 

 

Figure 1-11. Alignment of IFT139-domain-containing proteins. 
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Post genomic analyses show that 9 peptides of the IFT139 protein can be identified in the 

ciliary proteomics, an indication of a strong abundance in the cilia, and that a weak 

upregulation of the genes occurs at late stages after deciliation (Table 1-4).  

 

Locus Symbol Synonym 

Number of 

different 

peptides in 

cilia 

Fold 

Change 

(reciliation 

EARLY-

T0) 

False 

Discovery 

Rate 

(reciliation 

EARLY-

T0) 

Fold 

Change 

(reciliation 

LATE-T0) 

False 

Discovery 

Rate 

(reciliation 

LATE-T0) 

GSPATG00011236001 IFT139A 9 1,86 0,38 2,74 0,06 

GSPATG00011426001 IFT139B 9 1,74 0,52 2,42 0,13 

Table 1-4. Raw data concerning IFT139 genes in proteomics of cilia and messenger 

expression during reciliation. Data extracted from ParameciumDB. 

 

1.5. IFT172 (synonym: OSM‐1) 
 

Three Paramecium gene models are detected by BLAST for a IFT172 query. One of them 

(GSPATG00013914001) matches the full length of IFT172, and is called IFT172A. The two 

other ones are adjacent gene models (GSPATG00033190001 and GSPATG00033191001) 

matching each a different part of the molecule, indicating that the annotation split the gene 

into two. Manual re-annotation with correction of the assembly sequence permitted to build 

the actual IFT172B gene as PTETG13500002001, the true ohnolog of IFT172A (Fig. 1-12). 

Since the automatic downstream calculations use only the automatic annotation, the curated 

gene does not appear in the ohnolog tree nor in the post genomic analyses. They are sharing 

94.8% identity in nucleotide and 97.7% identity in aminoacid sequence 

 

 
Figure 1-12. Ohnolog tree of IFT172 genes in Paramecium. Adapted from a screenshot of 

ParameciumDB 
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The InterproScan analysis revealed that the main domain of this IFT172 is a WD40 repeat 

domain, found in many proteins and supposed to be involved in protein-protein interactions 

(Fig. 1-13). 

 

 
Figure 1-13. Interpro domain match obtained by scanning the IFT172 genes of Paramecium. 

 

Alignment of IFT172 proteins showing the sequence conservation through evolution (Fig. 1-

14). 
MicromonasIFT172          1 -------------------------------------MQLKYLKTILQADDGIKKVTAITWSPNSR---RMAAVTTDRVVQLFDENGERKDKFSTKPAQPD-GVKNFVVR 

SelaginellaIFT172A        1 -------------------------------------MQLRHGRSLMPGGTQIDKVTALAWSPNSR---RLAVATLSRIVNLFDENGELKDRFATKPGDPK-GSKHYAVT 

PhyscomitrellaIFT172      1 -------------------------------------MNLQYVQSLLPSCNTIAKVTALAWAPNSQ---KLAAVTLHRIVHLFDENGNLKDKFSTKPADPK-GSKVYIVT 

ChlamydomonasIFT172       1 -------------------------------------MQLRYFKSILPPADQYQKITSLTWAPNNS---RLAAVSTDKVVYLFDENGEKRDKFKTKAAEAN-NPNTYIIR 

TrichoplaxIFT172          1 -------------------------------------MQLKYLKSVLSTQDGAAKVLALAWSPNNA---KLAVVTTDRVVLLFDDTGEKRDKFSTKPADTKAGKKSYQVK 

NaegleriaIFT172           1 -------------------------------------------------------------------------------------------------------------- 

MonosigaIFT172            1 MSDGGVSGSGSGSGSGSGSGGGGRGSGSGLFLGWGCGSRGGHLSTLTDAADGAAKVTALAWSPNGV---KLAACTVDRVVMLFDEHGEKQDKFATKPAES-GGAKTYLVT 

TetrahymenaIFT172         1 -------------------------------------MKLAYFGNIIPPVDGMQKISSVAWSPNQHGPKKLAVCTAERVVHLFDEQGQRRDKFMTKPSDKG-Q-KSYVVR 

SelaginellaIFT172B        1 -------------------------------------MQLRHGRSLMPGGTQIDKVTALAWSPNSR---RLAVATLSRIVNLFDENGELKDRFATKPGDPK-GSKHYAVT 

XenopusIFT172             1 -------------------------------------MQLKYLKSLLAPQDGAARVTCMAWSPNNI---KFAVCTVDCVVILYDEQGERRDKFSTKPVDSKYGKKSYMVK 

BatrachochytriumIFT172    1 -------------------------------------MQIRHLKCISPSGDTTNRVTALAWSPNNQ---KLAVVTADRVVHLFDETGEKKDRFSTKPADQKTAR-SYYIC 

CionaIFT172A              1 -------------------------------------MQLKHMKTLLDPQIGASKICCLAWSPNNS---KLAVCTSDRVILLYDENGERRDKFSSKPIDSKYGKKSYSVK 

CionaIFT172B              1 ------------------------------------------------------KICCLAWSPNNS---KLAVCTSDRVILLYDENGERRDKFSSKPIDSKYGKKSYSVK 

CionaIFT172C              1 ------------------------------------------------------KICCLAWSPNNS---KLAVCTSDRVILLYDENGERRDKFSSKPIDSKYGKKSYSVK 

DanioIFT172               1 -------------------------------------MQLKYMKTLLTPQDGAAKVTCMAWAPNNA---KFAVCTIDRVVILYDEQGEKRDRFTTKPADPKYGKKTYVVK 

MusIFT172                 1 -------------------------------------MQLKHLRTLLSPQDGAAKVTCMAWSQNNA---KFAVCTVDRVVLLYDEHGERRDKFSTKPADMKYGRKSYMVK 

HomoIFT172A               1 -------------------------------------MHLKHLRTLLSPQDGAAKVTCMAWSQNNA---KFAVCTVDRVVLLYDEHGERRDKFSTKPADMKYGRKSYMVK 

HomoIFT172B               1 -------------------------------------MHLKHLRTLLSPQDGAAKVTCMAWSQNNA---KFAVCTVDRVVLLYDEHGERRDKFSTKPADMKYGRKSYMVK 

DrosophilaIFT172          1 -------------------------------------MQLKYLRTLLEGQEQIQRIAGLAWSPNQQ---RLAIATADRHILLYDDAGERRDKFSTKPANPANGKNSYVIR 

GiardiaIFT172             1 -------------------------------------MILSYSRNLYPQSTGEKIVMGIDWSPNSQ---KLGVLTADHSLYLFNDQGERQDKIGLRSTEVKSSNKDFIPL 

ParameciumIFT172A         1 -------------------------------------MQLKYSCNIMPALDGMQKVSGLAWSYNGQ---KLGVCTADRKILLFNDQLGKEDNFPTKPSDKT-QQKSYVVR 

ParameciumIFT172B         1 -------------------------------------MQLKYSSNIMPALDGMQKVSGLAWSYNGQ---KLGVCTADRKILLFNDQLGKEDNFPTKPSDKT-QQKSYVVR 

CaenorhabditisIFT172      1 -------------------------------------MKLKYLSTILPAQDGEAKISNISCSPNGS---RAAIACSDRSVALLDENGVQKDRFTCKPIDAKYGKKSFTVL 

TrypanosomaIFT172A        1 -------------------------------------MQVKHYKTLMACQQGIARTQAICWSPNNK---RLAVADNNRVVNLYDEHGERRDKFPTKAADGKNGKA-FVIE 

TrypanosomaIFT172B        1 -------------------------------------------------------------------------------------------------------------- 

 

 

MicromonasIFT172         70 GMAFSPDSAKLAIAQSDNIVFVYKLG----LEWG--DKKSICNKFLQSKPVTALTWPQRRHNEVVFA----------------TTEGKVKVG--------QLKTNKAATL 

SelaginellaIFT172A       70 SMVFSSDSTKLAIGQSDEIVFIYKLG----LDWG--EKKSICNKFQEASSVVSIIWPLSRQQEIFYG----------------LTEGKVKVCNT----IGQLRTNRSNTV 

PhyscomitrellaIFT172     70 AMVFSPDSTKLAVGQSDDIIFVYKLG----VEWG--DKKSICNKFQQTSQVVSIVWPNQHQNELVFG----------------LMDGKVKAG--------QLRTNRAIVV 

ChlamydomonasIFT172      70 AMAFSPDSTKLAIAQSDNIVFIYRLV----DPDTGAEKKSICNKFPQACAVTSLVWPKDRPNEVVFG----------------LADGKVRLG--------MLKNNKSYTC 

TrichoplaxIFT172         71 TLAFSPDSTKIAVGQSDSILFVYKIG----EDWG--DKKTICNKFLQQSAVTCSTWPVESHSIVYG-----------------LADGKVRLAN--------TKTNKSQTI 

NaegleriaIFT172           1 -------------------------------------------------------------------------------------------------------------- 

MonosigaIFT172          107 GMAWSPDSNKLAVAQSDNIVFVYKLGQGDATVWD--KKKSICNKFIQSSPVTCITWPHAHHHTIVLG----------------TVEGKVRVGN--------LRTNKSQSI 

TetrahymenaIFT172        72 AVAFSPDSEKVAVAQSDNIVFVYKIG----KEWG--EKKSICNKFPTSSSVTCLCWPHERAGEVIFG----------------LAEGKVKSG--------ILRSNKSQVM 

SelaginellaIFT172B       70 SMVFSSDSTKLAIGQSDEIVFIYKLG----LDWG--EKKSICNKFQEASSVVSIIWPLSRQQEIFYG----------------LTEGKVKVCNT----IGQLRTNRSHTV 

XenopusIFT172            71 GMAFSPDSTKIAIGQTDNIIFVYKIG----ENWG--DKKVICNKFIQTSAVTSLLWPAEQAIVFG------------------LAEGKVRLAN--------TRTNKSSTI 

BatrachochytriumIFT172   70 GLAFSPDSTRLAIAQSDCAVFVYKLG----LDWG--EKKSICNKFIQSAEITCLTWPKEQHNSLVFG----------------LADGKVRIGN--------LKSNKAATL 

CionaIFT172A             71 AIAFSPCSTKIALGQTDNIIYVYKIG----EEWG--DKKVICNKFVQTSAITCLIWPMENAIVFG------------------LAEGKVRLAN--------TRNNKSSTI 

CionaIFT172B             54 AIAFSPCSTKIALGQTDNIIYVYKIG----EEWG--DKKVICNKFVQTSAITCLIWPMENAIVFG------------------LAEGKVRLAN--------TRNNKSSTI 

CionaIFT172C             54 AIAFSPCSTKIALGQTDNIIYVYKIG----EEWG--DKKVICNKFVQTSAITCLIWPMENAIVFG------------------LAEGKVRLAN--------TRNNKSSTI 

DanioIFT172              71 SMAFSPDSTKIAVAQTDNIIFVYKIG----EEWG--DKKVICNKFIQTSAVTSLVWPSEHAIIFG------------------LAEGKVRQAN--------TKTSKSSTI 

MusIFT172                71 GMAFSPDSTKIAIGQTDNIIYVYKIG----EDWG--DKKVICNKFIQTSAVTCLQWPAEYVIVFG------------------LAEGKVRLAN--------TKTNKSSTI 

HomoIFT172A              71 GMAFSPDSTKIAIGQTDNIIYVYKIG----EDWG--DKKVICNKFIQTSAVTCLQWPAEYIIVFG------------------LAEGKVRLAN--------TKTNKSSTI 

HomoIFT172B              71 GMAFSPDSTKIAIGQTDNIIYVYKIG----EDWG--DKKVICNKFIQTSAVTCLQWPAEYIIVFG------------------LAEGKVRLAN--------TKTNKSSTI 

DrosophilaIFT172         71 GLAFSPDSTKLAVGQSDSIVYVYKLG----ESWN--DKKVICNKFPQASAVTALIWLTSGSIIAGKSPFPNEMNIFHQVFTTGLEDGKVRALH--------SKSNKSQSL 

GiardiaIFT172            71 CGTFSPCSTLFVVGQSDKVAYIFRLG----QLWT--DKKSIVARIPMDDAVTAVSWPLSEATSELSPIIFG------------TASGNLYLYSFQSKSIQAFVSSACFAS 

ParameciumIFT172A        70 AIEFSPDSTKIAVAQSDNIVYVYKIG----AKFK--EKKTICNKFPASSSITTLIWPAQRENDIIFG----------------LAEGKVKIG--------FLKNNKSQIA 

ParameciumIFT172B        70 AVEFSPDSTKIAVAQSDNIVYVYKIG----AKFK--EKKTICNKFPASSSITTLIWPAQRENDIIFG----------------LAEGKVKIG--------FLKNNKSQIA 

CaenorhabditisIFT172     71 CMTFSPDSSRIAIGQSDNVLFIYKVG----TSWN--EKKVIVNKFVQPSAVTCLSWPFDDKILVG------------------QLDGKVRIGL--------IKTNKCSSL 

TrypanosomaIFT172A       70 GMAFSPDSSKIAIGQSDGIVAIYRVG------IEWGEKKAICSKFPQNSPVTCLCWPETSQGVELVVFG--------------TLDGKVKVGI--------LKANKSQAL 

TrypanosomaIFT172B        1 -------------------------------------------------------------------------------------------------------------- 

 

 

MicromonasIFT172        150 YAHPDGA---------------YCVALASSPCGEKICSGHIDGTVWTFDFADG-----VN-RKLFAHSCAPYALSWGARNAVVAAGADRRVCFYDALGDEYAAGRPQTFD 

SelaginellaIFT172A      154 YAHGSGS---------------AVVSLASSTDGFSCLAGHLDGSIYKFMLDNSTPGVSS--MKMISHGTVPLVIAWG--KAIAVAGPDCKVTLYDSNGVVSQN-----FE 

PhyscomitrellaIFT172    150 YSHGGGTGGGTTTATGGGGSAAAVVSLACSPDGSTCIAAHLDVDAMLSGASAMKICQYGNGPLQAERGGVPSVLVWG--ESIVVSGSDCKVEFHDGNGGILQQ-----FD 

ChlamydomonasIFT172     152 YAHPENS---------------YVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS-SQLVVHSCVPYSLGWGS--CIAAAGNDNRVVFYDLNGREIRS-----FD 

TrichoplaxIFT172        150 YGTDS-----------------CVISLCPNISGKGILSGHADGSIVRYFFDDD--GSGGAQGQIIKHSVPPYCLTWAA-SIIVAG-CDRRIYMYGNDGKVQQQ-----FD 

NaegleriaIFT172           1 -------------------------------------------------------------------SCVPYCLSWGS--NIVVSGADKRVSFYSIDGSMLQN-----FD 

MonosigaIFT172          191 YPTGS-----------------MCVALATSPDGDGIVSAHMDGSIYRYQLSEG--GRHG----LVAKHSCPAYALSWA-ESILAAGADKRLVVYGLDGRIQQQ-----FD 

TetrahymenaIFT172       152 YSTDS-----------------YVVSLAACKDGENFVSGHLDGTIYAFG------------KKIVVHHSIPYALGWG--EHVVAAGNDGKVSFYDAYGNHIQR-----FD 

SelaginellaIFT172B      154 YAHGSGS---------------AVVSLASSTDGFSCLAGHLDGSIYKFMLDNSTPGVSS--MKMISHGTVPLVIAWG--KAIAVAGPDCKVTLYDSNGVVSQN-----FE 

XenopusIFT172           149 YGTDS-----------------CVISLTTNVSGQGILSGHADGTIVRYFLDDD--GSGESQGKLVTHPCPPYALAWAA-NSIVVGGCDMKLVAYGREGQVIQT-----FD 

BatrachochytriumIFT172  150 YQTDS-----------------LVVSATSSIDGNSIMTGHMDGSMYRFYFDDG--LSGASQGKFATHHCSPMILLWG--ESIVAVGPDNVVVFYDNEGRIIQQ-----ND 

CionaIFT172A            149 YGTES-----------------YVVSLTNNQSGKGIISGHADGTLVRYFFDDE--GIFK---------------LYFV-SSIVVAGCDRRVVVYNKESRPIQN-----FD 

CionaIFT172B            132 YGTES-----------------YVVSLTNNQSGKGIISGHADGTLVRYFFDDE-----------------------------GIAGCDRRVVVYNKESRPIQN-----FD 

CionaIFT172C            132 YGTES-----------------YVVSLTNNQSGKGIISGHADGTLVRYFFDDE-----------------------------GIAGCDRRVVVYNKESRPIQN-----FD 

DanioIFT172             149 YGTDS-----------------YVVSLTSNVSGKGILSGHADGTVVRYFIDDE--GSGESQGKLLTHACPPYALAWGT-NSIIVAGCDKKIVAYGKEGNVIQT-----FD 

MusIFT172               149 YGTES-----------------YVVALTTNCSGKGILSGHADGTIVRYFFDDE--GSGESQGKLVNHPCPPYALAWAT-NSIVAAGCDRRIVAYGKEGHVLQT-----FD 

HomoIFT172A             149 YGTES-----------------YVVSLTTNCSGKGILSGHADGTIVRYFFDDE--GSGESQGKLVNHPCPPYALAWAT-NSIVAAGCDRKIVAYGKEGHMLQT-----FD 

HomoIFT172B             149 YGTES-----------------YVVSLTTNCSGKGILSGHADGTIVRYFFDDE--GSGESQGKLVNHPCPPYALAWAT-NSIVAAGCDRKIVAYGKEGHMLQT-----FD 

DrosophilaIFT172        167 YGGDS-----------------ICISLAANTKGTGFLSGHNDGTIIRYFMTDE--ATEP-LGRVVQHPVPPFALAWPQ-GGFCAGGCDQRIVFYDSMGRQLRT-----FD 

GiardiaIFT172           163 LASSKTTTADNQATPLSPMSSPIIKILPIPSMPQCFVAVAESGLAVYVDIKTQQLRAAARHSKAVTTACMIAQKTSHGRHYLVLADVMCKVTVYAVETSAALC-----VC 

ParameciumIFT172A       150 FTTES-----------------YVVSMATNRDGDVVVSGHLDGSVYSYNLDT------QQSQKLVVHHSIPYALAYG--QHVAAAGNDQKVSFYDNYGNLVQR-----FD 

ParameciumIFT172B       150 FTTES-----------------YVVSMATNRDGDVVVSGHLDGSVYSYNLDT------QQSQKLVVHHSIPYALAYG--QHVAAAGNDQKVSFYDNYGNLVQR-----FD 

CaenorhabditisIFT172    149 YKTDE-----------------TVVSIQTHPKRTSFVSAHQDGSIILYNFSSR--TQS----KICTLQVPPYNLVFTN-HGLVVATSDRRVLSYTENGVVQQQ-----FD 

TrypanosomaIFT172A      152 YAHEH-----------------AVVSIASSPDGNKVISGHLDGAVYQYTFESEDAGGGSGSKKLFNHGHPPYVLLWGE--NICAAGQNSFVTFYDRSGQKVQS------F 

TrypanosomaIFT172B        1 -------------------------------------------------------------------------------------------------------------- 
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MicromonasIFT172        239 YSDDENAREFASACFSPAGESVAVGSFDRFQLFAYSQQR----------GGWVEAGTKHVANLYTVSALGWKPDGSRLATGALCGTVDIYDACVKRQMYADKFEFTYVSG 

SelaginellaIFT172A      240 YS-GKVSHEFCSGSFHPSGDTLALGHFGGFKIFSWD-QS----------GRWNLILDNVVENLYTVSALTWNPDGSQLAVGTLCGKLDVFDLCMRRQRYLGKFELRYITK 

PhyscomitrellaIFT172    253 YSTLPMVQEFSTACFNPSGDTVVLGSFNGFHVFSLTNQQ----------GFWEDVGRIQVDNPYSISALAWKPDGSQLAVGGLCGNVDVFDACVRKERYKGTFEFTYVTK 

ChlamydomonasIFT172     239 YSNNDEVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQR----------NDWEEAGHKQIDNFYAVSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSK 

TrichoplaxIFT172        234 YSKDDTEKEFTVSASSPSGQTVVVGSFDRLRVYNWSPRR----------ATWDESKAKNITNLYTITALSWKKDGSRLVAGTLCGGVELFDCCLRRSVYKNKFEMTYVGP 

NaegleriaIFT172          37 FADRE-EKEFSSIACNPSGQCCVVGSWNRLRVFNFNIHR----------NMWEEGDHIEVPNMYAVTSACWKPDGSRLVIGNMTGQVDWFDACIKRYRYKGEFEFTFVSS 

MonosigaIFT172          272 HSNEPGEREPAVALASPSGQSVLVGSYSRLRVYTYNVRR----------TTWEAAAPKDVPNLYTVTALAWRPDGSRVHVGTLCGAIEGFDCAFRRTRYKDKFEFVYVGP 

TetrahymenaIFT172       226 YTNDDKIREFTIAAFNPSGDTVVLGNFNRFYIYHYNSRR----------SLWEEIGVKQIENYYTVTALAWKNDGSKLVTGSLCGSVDWYNASFKMINYKGKFELNYVSP 

SelaginellaIFT172B      240 YS-GKVSHEFCSGSFHPSGDTLALGHFGGFKIFSWD-QS----------GRWNLILDNVVENLYTVSALTWNPDGSQLAVGTLCGKLDVFDSCMRRQRYLGKFELTYITK 

XenopusIFT172           234 YSRDSSEKEFTVAASSPSGQSVVVGSYDRLRVLNWSSRR----------GLWEEGKPKDIPNLYTITAKAWKRDGSKLCVGTLCGGVELFDCCLRRLNYKNKFEMTYVGP 

BatrachochytriumIFT172  234 FSKDDQVNEMTVAEISPSGQSIAIGSFNRFQLFNYVTGK----------GGWEEAPAKIIDNFYTITALAWKPDGSRLVAGNMCGAVELFDCCLRRSRYKGKFEFNYVSP 

CionaIFT172A            219 YSRDETEKEFMVATVNPGGQSVVIGSYDRLRLFNYSPRR----------GSWDEAKKKEIKNLYTITALSWKRDGSRLCAGTLCGAVELFDCCLRRSIYKNKFEMTYVGL 

CionaIFT172B            191 YSRDETEKEFMVATVNPGGQSVVIGSYDRLRLFNYSPRR----------GSWDEAKKKEIKNLYTITALSWKRDGSRLCAGTLCGAVELFDCCLRRSIYKNKFEMTYVGL 

CionaIFT172C            191 YSRDETEKEFMVATVNPGGQSVVIGSYDRLRLFNYSPRR----------GSWDEAKKKEIKNLYTITALSWKRDGSRLCAGTLCGAVELFDCCLRRSIYKNKFEMTYVGL 

DanioIFT172             234 YSRDRAEKEFTVAASSPSGQSIVVGSFDRLRVFNWSPRK----------GTWDESSPKEIPNLYTITALSWKKDGSRLSVGTLCGGVEMFDCCLRRSIYKNKFEMTYVGL 

MusIFT172               234 YSRDPQEREFTTAAASPGGQSVVLGSYDRLRVFNWSPRR----------SIWEEAKPKEIANLYTVTALAWKRDGSRLCAGTLCGGVEQFDCCLRRSIYKNKFELTYVGP 

HomoIFT172A             234 YSRDPQEREFTTAVSSPGGQSVVLGSYDRLRVFNWIPRR----------SIWEEAKPKEITNLYTITALAWKRDGSRLCVGTLCGGVEQFDCCLRRSIYKNKFELTYVGP 

HomoIFT172B             234 YSRDPQEREFTTAVSSPGGQSVVLGSYDRLRVFNWIPRR----------SIWEEAKPKEITNLYTITALAWKRDGSRLCVGTLCGGVEQFDCCLRRSIYKNKFELTYVGP 

DrosophilaIFT172        251 HSRTEGEREFTVAACSPNGQAVAFGSFDRIRIFAWSPRQ----------GAWSESATKEVACLYTLSSLLWRRDGARLALGSVSGAVLLFESVLRRTVWQDKFELIFVAP 

GiardiaIFT172           268 NIKTPQNIPFTASTASPSGGGCIVANASGLHFLTLVNSQPVTVSYEASSSAVTVYQDSGKGFLPQITSIAWRPDVSVLTVGTSLGSVDNFTPTIGSYRYCGAEVVNSAPN 

ParameciumIFT172A       230 YTQDERCKDFSVGACSPNGDIIVLGNFNRFYLYTYNQKR----------SQWEEIGVKHIENYYTITALCWKNDSSKLITGSLCGSVDAWDISMKKIRFKGKYDLNYIGP 

ParameciumIFT172B       230 YTQDERCKDFSVGACSPNGDIIVLGNFNRFYLYTYNQKR----------SQWEEIGVKHIENYYTITALCWKNDSSKLITGSLCGSVDAWDISMKKIRFKGKYDLNYIGP 

CaenorhabditisIFT172    230 YN-DQSEKEFSSISCDPTAQNVVVASYDRLRLFSWSARR----------GAWDEGAPLEIQNAYTIGALGWKMDGSTIYAGTVCGGVFSVDCCLRRGMLKSRFETTYVAP 

TrypanosomaIFT172A      237 DYKAEDEGEFTVGSFNPSGHAIVLASREQLRLFDFNLRS----------RKWEEGAVIRVPNSCSFSAISWKYDGSRFVTGSLAGAVDMFDVCLKRYRLRGAFEFTYVSH 

TrypanosomaIFT172B        1 -------------------------------------------------------------------------------------------------------------- 

 

 

MicromonasIFT172        339 SAVVVKRLVDG-SKVSVSAGNGQDLQGLNVY----------------------KERFLVAHTTDSLIVGDLEAEKIAEVPWG-WTGSEKFDFDTERVCVVHSRG-EVSVV 

SelaginellaIFT172A      338 SQVLITRLSVG-IKTVIGSQFGLEITKINIYNE-------------------QFLQYLVAHTSGTIILGNFETGKISEISWH-TSGNEKFLLEHPFACIMYDAG-EVVVI 

PhyscomitrellaIFT172    353 SQVIVKHLSSG-TRIVIRSQYGWEILRINVY----------------------HVQYLIAHTSESLLIGNLETFKLSEVGSF-SVN-------------YYDLN-EFVVL 

ChlamydomonasIFT172     339 SAVIVKTLKTG-MRIVLKSVYGYEIEKINIY----------------------HDRYLIARTTYTLLMGDLDTCKLSEIPWD-SDGSEKFHFENERVCMVHYAG-ELHIV 

TrichoplaxIFT172        334 SQVIVKNLISG-ARVVLKSHYGYEIDKVRIMG---------------------KDRYLVGHTTDTLLLGDLNTNKLSEVPWQGTGGNEKFFFENENVCMIFNAG-ELSLV 

NaegleriaIFT172         136 SQVIVKRLSTN-VRIVLKSLFEEEILKVNVAR----------------------DQYIIARTPRTLLLGDLESCKLSEIAWNSDETNEKFYFDNPKVCMVYKAG-EFSII 

MonosigaIFT172          372 SQVIVTKLSDN-MRIVLRSHYNYEIEKVHVLG---------------------DDQYIVGYTSDTLLLGDLVSCQLSEVAWQPTG-SERFYFENPACCLIFNAG-ELAVV 

TetrahymenaIFT172       326 SQIVVKTLSSG-RKSVVRSAQGAEITKINIF----------------------QDRFAVGNTYDTIIVADLEVDKCSEIPWR-NDGKEKYDFSNPGVCMVFSSG-ELTLI 

SelaginellaIFT172B      338 SQVLITKLAVG-IKTVIGSQFGLEITKINIYNE-------------------QFLQYLVAHTSGTIILGNFETGKISEISWH-TSGNEKFLLEHPFACIMYDAG-EVVVI 

XenopusIFT172           334 SQVIVKNLSTG-TRVVLKSHYGYEVDEVKILG---------------------KERYLVAHTSDTLLLGDLGTNRLSEVAWQGSGGNEKFFFENENVCMIFNAG-ELTLA 

BatrachochytriumIFT172  334 SQVIVKRLSTG-SRIVLKSHYGYEIQKVNIFQ----------------------DQFLIATTPETLLMGDLASCKLSEIPWIGS-GNERFYFESPLACMVFNSG-ELSLV 

CionaIFT172A            319 SQVIVKNLSTG-TRVVLKSHYGYEIDEVKILG---------------------GDRYLVGHTSDTLLLGDLLTNRLSEVTWQGSGGNEKFFFENENVCMIFNAGCELSLV 

CionaIFT172B            291 SQVIVKNLSTG-TRVVLKSHYGYEIDEVKILG---------------------GDRYLVGHTSDTLLLGDLLTNRLSEVTWQGSGGNEKFFFENENVCMIFNAGCELSLV 

CionaIFT172C            291 SQVIVKNLSTG-TRVVLKSHYGYEIDEVKILG---------------------GDRYLVGHTSDTLLLGDLLTNRLSEVTWQGSGGNEKFFFENENVCMIFNAGCELSLV 

DanioIFT172             334 SQVIVRNLSTG-TRVVLKSQYGYEIDEVKVMG---------------------KDQYLVAHTSDTLLLGDLVSNKLSEVAWQGSGGNEKFFFENETVCMIFNAG-ELALV 

MusIFT172               334 SQVIVKNLSSG-TRVVLKSHYGYEVEEVKILG---------------------KERYLVAHTSDTLLLGDLNTNRLSEIAWQGSGGNEKYFFENENVCMIFNAG-ELTLV 

HomoIFT172A             334 SQVIVKNLSSG-TRVVLKSHYGYEVEEVKILG---------------------KERYLVAHTSETLLLGDLNTNRLSEIAWQGSGGNEKYFFENENVCMIFNAG-ELTLV 

HomoIFT172B             334 SQVIVKNLSSG-TRVVLKSHYGYEVEEVKILG---------------------KERYLVAHTSETLLLGDLNTNRLSEIAWQGSGGNEKYFFENENVCMIFNAG-ELTLV 

DrosophilaIFT172        351 SQLLVRSLTEPSQALTIESQLGLEIDDVRIMG---------------------RDNYLVARTEESLILCDLTRNLSSEVPWTASGHHERFYFENPTVCLIFNVG-ELSLV 

GiardiaIFT172           378 RATINIPRFNGSKRFAAGSIDLHASMSSELRTVKAFPKHDFTSFVQNPSGYKSTNIYLLGIGDSSIVIYSLNDDTINEFRYNASLTDKFFFDVGACRTMVISNTLGEFTV 

ParameciumIFT172A       330 SQIVIQVLSTN-QQAVIRSSQ-AEISKIDIK----------------------KERFVVAKTHETLIVGDLATGKTSEVSWR-GSGNEKFDFTNENICMVFNAG-ELTLI 

ParameciumIFT172B       330 SQIVIQVLSTN-QQAVIRSSQ-AEISKIDIK----------------------KERFVVAKTHETLIVGDLATGKTSEVSWR-GSGNEKFDFTNENICMVFNAG-ELTLI 

CaenorhabditisIFT172    329 SHVILRDVTNDTRTNVIS-NKGLAIDELKIMG---------------------KDRYVIGYTSSSIIIADTESQRFSELEWQS-GGHEKFYFDFNNCCLIINAG-EVTVV 

TrypanosomaIFT172A      337 NQVIVKRLATG-TRIVLRSSLGYEVQCVNVHQ----------------------DRYLVAHTSTTLLVGDLISCKLSEVPWQ-LSGREKFVFDNPQVCMVFAAG-ELCLI 

TrypanosomaIFT172B        1 -------------------------------------------------------------------------------------------------------------- 

 

 

MicromonasIFT172        424 EYGVN-----------RVLGTCRTTHTKQHLLSVRVQESRRG-----RTRVGKKIAYLIDAQTVRVTDLSAENELTGA----RDVATVSHESKIDWLELNARG-THVLFR 

SelaginellaIFT172A      426 EYGFN-----------EVLGTCRTEHFDPSLISLSITGSTIT-----GKDEIKRIAYLIDIQTIRVLDLLSG----------LTVGTANHTCKIEWLALNPQS-TYLLFR 

PhyscomitrellaIFT172    425 FLPAG-----------NPSVRASGIDPREFNLWPQVSWRGSG-----NEKFLVDNPSVCMIHNAGELSLVEY----------GCN------------------------- 

ChlamydomonasIFT172     424 EYGRN-----------DVLGTCRTEHMNPYLISAVVQEAR-G-----IASESKKLAYLIDLQTVRIQDLMAP----VG----STLATVNHDTKVDWLELNQRG-THLLFR 

TrichoplaxIFT172        421 EYGEN-----------EILGMVRTEFMNPHLISVRINER-----KLRNINDNKKLAYLIDLKTISIVDLVMG----------FTLATVNHDSKIDWLEMNET-CRKLLFR 

NaegleriaIFT172         222 EYGIN-----------DIIGSFRTEHVSTFLISARIADKETPNNEIDLSGGNKKVAYLIDSHTICILDLVSS----------FTIAKINHDYKIDWLELNNRA-TKLLFR 

MonosigaIFT172          458 QYGVN-----------EVLGSVRTEYMSPHLLSVCVQPRSKRLAEDDTVENLKKLAYLVDLKTISVIALGSG----------VELVHLEHDAKVDWLELNENG-GKLLFR 

TetrahymenaIFT172       411 EYGNN-----------EPLGNCRTEHMKTNLISARLNYHSV--------KQTKMIAYLLDLQTIYIQDLMSN----------SNIGQILHDSKIDFLELNTHA-NKLLFR 

SelaginellaIFT172B      426 EYGFN-----------EVLGTCRTEDFDPSLISLSITGSTIT-----GKDEIKRIAYLIDIQTIRVLDLLSG----------LTVGTANHTCKIEWLALNPQS-TYLLFR 

XenopusIFT172           421 EYGSN-----------EILGTVRTEFMNPHLISVRLNER-----KQKGAEDNKKLAYLIDRKTIAIVDLVAG----------HNMGTIAHDTKIDWLELNETG-HKLLFR 

BatrachochytriumIFT172  419 EYGVN-----------EILGSCRTEHMNPHLLSVQLNEHGN-------ENDIKRVAYLVDLQTIHVLDLLSS----------LNVAVISHDTKIDWLKLS-INAKKLLFR 

CionaIFT172A            407 EYGSN-----------EVLGSVRTEMMNPHLISVRLNERQH---SHKVFENNKKMAYLIDAQTISIREFFK-------------------HWQLDWLELNETGTGKLVFR 

CionaIFT172B            379 EYGSN-----------EVLGSVRTEMMNPHLISVRLNERQH---SHKVFENNKKMAYLIDAQTISIREFFK-------------------HWQLDWLELNETAG-KLVFR 

CionaIFT172C            379 EYGSN-----------EVLGSVRTEMMNPHLISVRLNERQH---SHKVFENNKKMAYLIDAQTISIRDDLT--------------------LALDWLELNETGTGKLVFR 

DanioIFT172             421 EYGSN-----------DILGSVRTEFMNPHLISVRLNER-----RQRGVEDNKKLAYLIDIKTIAIVDLVGG----------YNLGTISHDSKIDWLELNETG-RKLLFR 

MusIFT172               421 EYGSN-----------DSLGSVRTEFMNPHLISVRINER-----CQRGMEDNKKLAYLVDIKTIAIVDLIGG----------YNIGTISHESRVDWLELNETG-HKLLFR 

HomoIFT172A             421 EYGNN-----------DTLGSVRTEFMNPHLISVRINER-----CQRGTEDNKKLAYLIDIKTIAIVDLIGG----------YNIGTVSHESRVDWLELNETG-HKLLFR 

HomoIFT172B             421 EYGNN-----------DTLGSVRTEFMNPHLISVRINER-----CQRGTEDNKKLAYLIDIKTIAIVDLIGG----------YNIGTVSHESRVDWLELNETG-HKLLFR 

DrosophilaIFT172        439 EYGEN-----------SILGSVRTEFVNPHVISVRLN--ER-----GNAKENKKLAFLLDAKTICVVDLISR----------MTSGQISHETKIDWLELSETA-HKLLFR 

GiardiaIFT172           488 CYLTTQSDPGCTFYKVDIYATMRGCVAPHASVISCYPIYEDAAGSLNRISKIRTVCLGEERTDVLVTDLMPPDMCDDFSDPIVVLFRTKTSRAVDWLFFGPSG-NAVLLR 

ParameciumIFT172A       414 EYGSD-----------RILGTCRTEHMKNSLISAKVSYTGQ--------NKTKVIAFLLDLQTLQIQDLTTK----------SIIATIAHDTKIDFLELNSHA-NRLIFR 

ParameciumIFT172B       414 EYGSD-----------RILGTCRTEHMKNSLISAKVSYTGQ--------NKTKVIAFLLDLQTLQIQDLTTK----------SIIATIAHDTKIDFLELNSHA-NRLIFR 

CaenorhabditisIFT172    415 EYGVD-----------GSLGWVRTELTSPHLLSVQVSGPDV-----EEHKKVKKLAYLVDPTTISIINLING----------QQESFINHTGAVDWIELNERA-SKLLYR 

TrypanosomaIFT172A      422 EYGKN-----------EILGTCRTEERNAHRISVRVHDPSIT-SEGEGQQGRKFIAYLIDRQTAQIDDLSSG----------TAVARLSHQCRIDWLELNYRA-NKLLFR 

TrypanosomaIFT172B        1 -------------------------------------------------------------------------------------------------------------- 

 

 

MicromonasIFT172        513 DKKRQLHLYDIKNQARYTLLN--YCSYVQWVPGSDVVVAQNMGNLCVWYSVDSPDRVTTVPIKGEVEDIERG------------------------KGKTEVIVEEGGVQ 

SelaginellaIFT172A      509 DAKRQLHLFNISSEERTMLLN--LCTFVQWVPGSDVIVAQNQNNLYVWYTIKNPEQATIFQIKGEVTGIERG------------------------QERTEVIVSEGINT 

PhyscomitrellaIFT172    484 -------------EERITLLC--FCSYVQWVPDSDVVVAQNRGNLYVWYSIKNPEQATIFPIKGEVEGIERA------------------------EGRTEVLVDEGSSA 

ChlamydomonasIFT172     508 DKKRHLHLFSLSGQERTTLLN--YCQYVQWVPGSDVIVAQSRNNLCVWYSVNKPDNVTMFPIKGEVVDIERH------------------------NHRTEVIVDEGINT 

TrichoplaxIFT172        504 DKKLRLNLYDIASQNRATILN--YCTYVQWVPLSDVVVAQNRNNLCVWYNIDAHERVTMFPMKGDIVDLERN------------------------NGKTDVMVSEGVST 

NaegleriaIFT172         310 DKQRHLHVFDLKTQKTTTLLT--YCSYVQWVPDSDVVVAQNRSDLCVWYNIDSPDRVTIVQIKGEVVDIIRS------------------------DGCTAVLVDEGPGT 

MonosigaIFT172          546 DKRRRLVLYDIATESKTTLLT--YCSYVQWVPSSDVIVAQNRNNLCVWYSVDHLDRMTTFQIKGDVEDIERT------------------------NGATEVLVDEGVNM 

TetrahymenaIFT172       491 DKRRQLYLYNIKTQTKNTLLS--YCSYAQWVPESDVVVAQNRQNLCVWYSIENPDKVTIYNIKGEVESIERN------------------------GGKTDVMVNEGNNV 

SelaginellaIFT172B      509 DAKRQLHLFNISSEERTMLLN--LCTFVQWVPGSDVIVAQNQNNLYVWYTIKNPEQATIFQMKGEVTGIERG------------------------QERTEVIVSEGINT 

XenopusIFT172           504 DKHLQLNLYDIESSKKTAILD--YCSYVQWVPGSDVAVAQNRNNLCVWYTIDSPETVTMFPLKGDIVDLERK------------------------EGKTEVIVTEGVNT 

BatrachochytriumIFT172  500 DVHCQLHLYDIRTQVRTTLLS--FS-----------------------QLCPNPERVTMFPIKGEVEDIERA------------------------NGKTEVIVDEGVNT 

CionaIFT172A            484 DKRLRLHLYDLEREAKTTLLN--YCSFVQWVPQSDVLVAQNRESLCVWYNVDAPERVTMFPVKGEVLEVERT------------------------EGKTEVLVQEGVNT 

CionaIFT172B            455 DKRLRLHLYDLEREAKTTLLN--YCSFVQWVPQSDVLVAQNRESLCVWYNVDAPERVTMFPVKGEVLEVERT------------------------EGKTEVGFQEGVNT 

CionaIFT172C            455 DKRLRLHLYDLEREAKTTLLN--YCSFVQWVPQSDVLVAQNRESLCVWYNVDAPERVTMFPVKGEVLEVERT------------------------EGKTEVLVQEGVNT 

DanioIFT172             504 DKKLRLHLYDIESSVKSTMLS--FCPYVQWVPGSDVVVAQNRGNLCVWYTIDSPERVTMFPLKGDIVDLERS------------------------NGKTEVIVNEGVNS 

MusIFT172               504 DRKLRLHLYDIESCSKTMILN--FCSYVQWVPGSDVLVAQNRNSLCVWYNIEAPERVTMSSIRGDVVGLERG------------------------GGKTEVMVTEGVTT 

HomoIFT172A             504 DRKLRLHLYDIESCSKTMILN--FCSYMQWVPGSDVLVAQNRNSLCVWYNIEAPERVTMFTIRGDVIGLERG------------------------GGKTEVMVMEGVTT 

HomoIFT172B             504 DRKLRLHLYDIESCSKTMILN--FCSYMQWVPGSDVLVAQNRNSLCVWYNIEAPERVTMFTIRGDVIGLERG------------------------GGKTEVMVMEGVTT 

DrosophilaIFT172        520 DKKLRLILVDNYTGKKQTLLS--NISFVQWVPQSDVVVAQSNSNLAIWYNIDLPEHVTMQSVRGEAIEVLRE------------------------NGRTVVRSQDGPSE 

GiardiaIFT172           597 DISGGVSILNITDYSITQLSTSVGNGVVQWADPFDVIVGQESPDAPLYVWYNPTDIEDAPEILQPPVPVDNESWSFSYVKSNPNNFSKITAGHVKNISVQAIMTTPSGRQ 

ParameciumIFT172A       494 DKRRQLYLYSIKNAFKHTLLS--FCNYAQWVPESEVIVAQNRNNLCVWYSIENPDKVTLYTIKGDVEEIERIPSTP------------------TQAGSTSVIVSEGQNK 

ParameciumIFT172B       494 DKRRQLYLYSIKNAFKHTLLS--FCNYAQWVPESEVIVAQNRNNLCVWYSIENPDKVTLYTIKGDVEEIERISSTP------------------TQAGSTSVIVSEGQNK 

CaenorhabditisIFT172    498 DKRSKVTLVDISSDQRSVLLS--FCTYVQWVPMSDVIVAQSGDNLSIWYNPDLPEQVTNMKIKGEVEAVLRD------------------------ADRTEVIVQEPTAK 

TrypanosomaIFT172A      509 DKQHQLFLYDLEEQNRTTLLN--YCTYVQWVPGSDVVVAQNRVELCVWYSINSPDRVAVVPIKGEVEGIERG------------------------NGKTEVIVDEGVNT 

TrypanosomaIFT172B        1 ----------------------------------------------------------------------------------------------------EVIVDEGVNT 
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MicromonasIFT172        597 KAYPLDEHLIEFNSLVEEGDYDAAVEVLEALP---GGTPETEAMWLELRNAAITDRRLLVAQRCSAALGDVAKAQYLGAIIADAKRASAMEGG--GDGLNNYAVKARLAM 

SelaginellaIFT172A      593 VTYVLDEALIEFGVALECLDYGRAVSILESLE---FTAEIEAMWKQLAEKSFEN-MELAFAERCYAALGDVSKARYLHKVNKLIEASPPDQ----AAGADNYLVKAKLAV 

PhyscomitrellaIFT172    555 VGYVLDEALIEFGMALEALAYDRAIAILEPLK---LAPETEAMWKQVLAEAALYHKELAVAERCYAALGDVSKARYVHKVSQAKDEVVQEVG---IDGLDHYIVRAKLAL 

ChlamydomonasIFT172     592 VSYALDEALIYFGAALEDQDYERAVQTLEPLE---L-TPETEAQWMQLAEQALATNQLVIAERCYAALGDIAKSRFLHKVVKKAQQAAKEFGG---DGTDAWSVRAMMAQ 

TrichoplaxIFT172        588 VAYTLDEGLIEFATALDDGDYTRAVAYLETLE---MSTESEAMWKQLSTVALSA-RELLIAERCFTALGDVSKARYLRSVNELSDRLKEEVG---GDGTDHSLVKAKLAV 

NaegleriaIFT172         394 VNYDLNEGLINFGNAMEDKKYEHAASILERLS---LTPETEAMWKKLSEVVMDD-QRYDIAERCYASLGDVSKSRFLRKLNQESKRLRENEEDAMVEPLDHWRIRAEIAI 

MonosigaIFT172          630 VTYTLDESLIEFGTAVEDEDYARAVNFLEAQI---DAPETQAMWSTLAQLAMEA-EDLPVAARCYSALGNISKARYLQQMIRDQANGDESAR-------------AKMAA 

TetrahymenaIFT172       575 VPYSLDESLINFGFAIESGDLEKAATILDPLE---MNADTEANWKTLSKLALEE-QNIIVAEHCYASLGDICKASYLRKISKLARE------S--EEGINYYKAQAKLAI 

SelaginellaIFT172B      593 VTYVLDEALIEFGVALECLDYGRAVSILESLE---FTAEIEAMWKQLAEKSFEN-MELAFAERCYAALGDVSKARYLHKVNKLIEASPPDQ----AVGADNYLVKAKLAV 

XenopusIFT172           588 ISYTLDEGMIEFGTAIDDGDYYRAVAFLETLE---MSRETEAMWRRLAKLALEG-RYLLIADRSYAALGNMARAKFLRETSRIAEEAAKEYG---GDGTDYYLVRARLAV 

BatrachochytriumIFT172  561 VSYTLDEGLIEFGSALEDRSYDRAISLLETLE---MTPETEAMWKSLSSVALAD-QKLVIAERCFAALGDVSKARYLATVNEISDSMGFEKI---DMEHGYYAVCAKLAI 

CionaIFT172A            568 IGYTLDEGLIEFGTAIDDGDFNRATSFLETLE---MSPETEAMWKTLSKLSLAG-RQLIIAERCFAALGDVSKARFLKELNKMAEQYASETS---EDGVEYYKVQARLAI 

CionaIFT172B            539 IGYTLDEGLIEFGTAIDDGDFNRATSFLETLE---MSPETEAMWKTLSKLSLAG-RQLIIAERCFAALGDVSKARFLKELNKMAEQYASETS---EDGVEYYKVQARLAI 

CionaIFT172C            539 IGYTLDEGLIEFGTAIDDGDFNRATSFLETLE---MSPETEAMWKTLSKLSLAG-RQLIIAERCFAALGDVSKARFLKELNKMAEQYASETV---N-GVEYYKVQARLAI 

DanioIFT172             588 ISYTLDEGLIEFGTAIDDGDYYRATAFLETLE---MSAETEAMWKTLSKLSLEA-QQLHIAERCFAALGDVSKARFLNETNKIADAVAKEYD---GDGTDHYQVKARLAM 

MusIFT172               588 VAYTLDEGLIEFGTAIDDGNYTRATAFLETLE---MTPETEAMWKTLSKLALEA-RQLHTAERCFSALGHVAKARFLHETNEIADQVSREYG---GEGTDFYQVRARLAM 

HomoIFT172A             588 VAYTLDEGLIEFGTAIDDGNYIRATAFLETLE---MTPETEAMWKTLSKLALEA-RQLHIAERCFSALGQVAKARFLHETNEIADQVSREYG---GEGTDFYQVRARLAM 

HomoIFT172B             588 VAYTLDEGLIEFGTAIDDGNYIRATAFLETLE---MTPETEAMWKTLSKLALEA-RQLHIAERCFSALGQVAKARFLHETNEIADQVSREYG---GEGTDFYQVRARLAM 

DrosophilaIFT172        604 HNYQLDEGLVEFGTAVNDSDFGRAVHFLESLG---DKPAAKAMWHNLALIALED-GNLRVAQRCYAALGNVSKAYYLAGMIQQADEFEESSG---SPGILCPEVRAKLAL 

GiardiaIFT172           707 TSVSLDTNLLLFNLLLDKHDILGACQLLSALQDNNARVTNRNLWQKLCSVALDS-FNFIVASRCYAALGDLPLSITAREIHERVQNAKDGEAG-MTHDRMNLYCQAQIAL 

ParameciumIFT172A       584 VAYKLDQALIEFGFAIEGRDLEKAASILDKLE---LTSDTEANWKVLAQLSLEE-QNLSVSEHCYAALGDVARASYLRGINRLISKYYEETGK--KDGISYYKVQSKLAI 

ParameciumIFT172B       584 VAYKLDQALIEFGFAIEGRDLEKAASILDKLE---LTSDTEANWKVLAQLSLEE-QNLSVSEHCYAALGDVARASYLRGINRLISKYYEETGK--KDGISYYKVQSKLAI 

CaenorhabditisIFT172    582 VAYELDNTQIEFGAALEKRDFDRAVAFLESNT---SGTDAYSMWIRVAEMALEH-GNLFVAQRCYAAINDVAKVRKLHDILEIADEASISIG---GDGTHFYKVRAMLAI 

TrypanosomaIFT172A      593 VAYGLDEALIEFGTAMEDHDYIKACDLLDQIA---LTPETEAMWANLASLALQE-LKLPIAQRCYAALGDMAKVNSLNQINELAVSEARSSGG-ATDGYDHYAVRAELSM 

TrypanosomaIFT172B       11 VAYGLDEALIEFGTAMEDHDYIKACDLLDQIA---LTPETEAMWANLASLALQE-LKLPIAQRCYAALGDMAKVNSLNQINELAVSEARSSGG-ATDGYDHYAVRAELSM 

 

 

MicromonasIFT172        702 LDKQWKVAEGLLLENGQTDAAIQMYRDMHRLDRAVEVATSKSHPNAENLRREHLDWLKQTGQEEAAGAVKEREGDHLGAIRFYLRGGLPGRAAAVVIANHARSTDFDRS- 

SelaginellaIFT172A      695 LQHQWKIAEGILLDHGSIAESIQMYTECHRWKEAIAVAKSQTYAGCEELQDRYFKWLLQTNQDEEAGKVKETEGDVLGAIDLFLDGGLPGCAAECVQLS-KLFRQSD--- 

PhyscomitrellaIFT172    659 LQHEWKVAETLLLEHGQVGKAIQMYTECHRWEEAISVAESQNHPDYASLKQGHYEWLLQTAQEEEAGKLKEVDGDVIGAITLFLKGGLPGHAADCVSNHTLYTFPDD--- 

ChlamydomonasIFT172     695 LNKQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQYLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHN--VNWDPA- 

TrichoplaxIFT172        691 LEKDFKLAETFYLEQGLVDEAIDMYQELHKWEDSIAVAEMKNHTETDNLRRSYYQWLIDTNQEEKAAEVKEQEGNYIAAVNMFMKSGLPAKAAHVAISHSELSSQSD--- 

NaegleriaIFT172         500 LGKDFKSAEQIYLEQAKVDEAIKMYEQLHKFEESIFLAIDKGINNAQEKKQKYIEWLIQSKQEDKAAKIYEKEGQYIKSINLYLQGGFPASAANVVSKYNVVFDNSASEK 

MonosigaIFT172          723 LNKHFKLAETIYLEQGQVDAAINMYQSLHKWDEAIAVAAARNHPELDAMRSKYTAWLLESGQEEKAGELREQEGDLQGALNFYMKAGLPGRAAHLVMAQPDLYGRTD--- 

TetrahymenaIFT172       673 LDKQFHRAEAILLDHEEVEEAMEMYQELHKWDESIKIAEKKNHPQVRELKENYYTWLLKTKQEAKAAEVKENERDFNKAVQLYLQGNLPAKAANVVFTYDHSFPQD---- 

SelaginellaIFT172B      695 LQHQWKIAEGILLDHGSIAESIQMYTECHRWKEAIAVAKSQTYAGCEELQDRYFKWLLQTNQDEEAGKVKETEGDVLGAIDLFLDGGLPGCAAECVQRHSTYQFQSD--- 

XenopusIFT172           691 LEENFKLAEMIYLEQNDVLEAMKMYHELHWWEEFIAVPGAKEHPEFENLRRSHLQYLTDTHQEERAGEVFEQEGDSITALNLYLRAGLPTKAARLCTSHDRLLSDSE--- 

BatrachochytriumIFT172  664 LDKQFKMAETIYLEQGRVDEAMNMYQEIHKWDLSIRVAEAKCHPELDTLKRNYFQWLIESNQEEKAGALKEEEGDFISAINLFLKAGLPARSAAVLLN-NNLTSNFE--- 

CionaIFT172A            671 LEKQFKKAEQIYLENGELNECIQFYQEMHMWDEAIALAETKNHPELASLRNSYYQWLIDTNQDESAGLLKEQQGDWHGAIALYMKAGLPARAAKLSLSRSDLMSNRN--- 

CionaIFT172B            642 LEKQFKKAEQIYLENGELNECIQFYQEMHMWDEAIALAETKNHPELASLRNSYYQWLIDTNQDESAGLLKEQQGDWHGAIALYMKAGLPARAAKLSLSRSDLMSNRN--- 

CionaIFT172C            641 LEKQFKKAEQIYLENGELNECIQFYQEMHMWDEAIALAETKNHPELASLRNSYYQWLIDTNQDESAGLLKEQQGDWHGAIALYMKAGLPARAAKLSLSRSDLMSNRN--- 

DanioIFT172             691 LDKNFKLAEMYYMEQNAVDEVMEMYQELHMWDECIAVAEGKGHPELDNLRRSYYSYLMETNQNEKAAEVKENEGDFTGAVNLYLKAGLPAKAAWLAMSKDELLSSQD--- 

MusIFT172               691 LEKNYKLAEMIFLEQNAVEEAMDMYQELHRWEECIAVAEAKGHPALEKLRRDYYQWLMDTQQEERAGELQESQGDGLAAISLYLKAGLPAKAARLVLTREELLANTE--- 

HomoIFT172A             691 LEKNYKLAEMIFLEQNAVEEAMGMYQELHRWDECIAVAEAKGHPALEKLRRSYYQWLMDTQQEERAGELQESQGDGLAAISLYLKAGLPAKAARLVLTREELLANTE--- 

HomoIFT172B             691 LEKNYKLAEMIFLEQNAVEEAMGMYQELHRWDECIAVAEAKGHPALEKLRRSYYQWLMDTQQEERAGELQESQGDGLAAISLYLKAGLPAKAARLVLTREELLANTE--- 

DrosophilaIFT172        707 LGSDLRTAERIYLEQGDIESALKMYQQLGMWDEAVALAERRGYNRIAELKQQHMDYLLSSEQQEKAGQVLEEQGDLQQAMSLYMKANKPARAARLALKTPHILQDEQ--- 

GiardiaIFT172           815 LNSDLDKYDGLMMSCGRIDEVLTLYKELNLYSRAEKICPES---MINTLRTEAIQWLINSGQMTTAGMLLAQRGDVRGALDLLIQDRSYLSAFELAKRAMTSSADPSLAP 

ParameciumIFT172A       688 LDKQFTKAEELLLNHNEVNEAMGMYQDLHKWDEAIKIAEKRGHEQVKVLKENYYQWLIETGQESKAAELKENEGDFINAINLYLQGGLPAKAANIVFNCNMSFPQD---- 

ParameciumIFT172B       688 LDKQFTKAEELLLNHNEVNEAMGMYQDLHKWDEAIKIAEKRGHEQVKVLKDNYYQWLIETGQESKAAELKENEGDFINAINLYLQGGLPAKAANIVFNCNMSFPQD---- 

CaenorhabditisIFT172    685 MGRKFKEAERIFLEQNDTESAIGMYTSLHKWDEALELAKVLNYPEYEQLKTSYLRALSDTGQDSKAAELKVSDGDTLSAIQLYIKSNKPLSALSAANNDSVLSQDEN--- 

TrypanosomaIFT172A      698 LNKDYKQAEQLYLENAKIEDAMAMWEELNRFDESISIAEARGWPDLANKRTRYYNWLVETGQFEKAGEQKEREGKHNDAINLYLRGGTPARAANVISANNMKPES----Q 

TrypanosomaIFT172B      116 LNKDYKQAEQLYLENAKIEDAMAMWEELNRFDESISIAEARGWPDLANKRTRYYNWLVETGQFEKAGEQKEREGKHNDAINLYLRGGTPARAANVISANNMKPES----Q 

 

 

MicromonasIFT172        811 LVEEIAAALKRGDMYERAGELYDAFD--RPEEAKEAFIRGHSYRRALELCRRGGSSAEEVRSLEEKWGDHLVDMKQQDAAINHFIEAGCGIKAIEAAVECKNWKKALEII 

SelaginellaIFT172A      801 TLERIAEALVRANMFEEAGKFLELLH--QFSRAKDAYVKGHSYSCAIDLARR--HFPSEAARLEEEWGDWLVSKRQESRSISHFIEAGCGRKAIESALSASQWQRAVYIV 

PhyscomitrellaIFT172    766 IMESIANALMRANKFEKAGDFLEMLG--KYERAKEAYKRGRAYRRAIDLTRR--VFPGEVAALEEEWGGWLVSQNQVDAAINHFIEAGCIEKAIESAMASRQWTKAVQIV 

ChlamydomonasIFT172     802 LLDSILASLAKAGLYERAGELYEHMS--RSSEAMQSYRRGHAYRKAIDLARR--EFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAIDCRQFAKAAGII 

TrichoplaxIFT172        798 IMDRIASALLSDGLFEKAGELYEKTR--QNQRALEAYRKGRAYRRAVELTRI--SFPAEVTKLEEEWGDYLVSQKQLDAAINHYIEAGCAVKAIEAAIHSRQWNKVVQIV 

NaegleriaIFT172         610 LLDTIAEALSKNGLFEKAGEFFEKRG--LYDKAIEAYRKGRSYRFAVELSRT--SFPELVVKLEEEWGDYLVQQKQVESAIHHFIESNNYVKAIEAAINSRQWTKAVQIL 

MonosigaIFT172          830 VVERVASALMQASIYDRAGELLERAQ--MPQRALEAYKKGHAYARAVELCRQ--SFPNEVIVLEEAWGDHLVRQKQMDAAIPHFIEAGRSEKAIEAAIAARQWAKAAQVV 

TetrahymenaIFT172       779 ILENIAVALKNAGMYERAGEFYEQME--QYPKALQMYREGNSYKKAIDLAKR--VQPNLVRELEERCGDWLVSQKQTESAVNHYIEAGSFQKAIEASINSRQWSKAIQLL 

SelaginellaIFT172B      802 TLERIAEALVRANMFEEAGKFLELLH--QFSRAKDAYVKGHSYSCAIDLARR--HFPSEAARLEEEWGDCVVLQQVD-AAISHFIEAGCGRKAIESALSASQWQRAVYIV 

XenopusIFT172           798 LMGRVTSALIKGEFYERAGDLFEKIN--NPRRALECYCKDSVFQKAIELARV--TFPGEVVKLEESWGDYLVQQKQQDAAINHYIEAGCSVKAIEAALGARQWKKALHIV 

BatrachochytriumIFT172  770 LTERISSSLYKSGIYEKAGELYEKLG--SNERALDAYRRGKAFRAAIELCRV--VYPMEVVKLEEQWGDHLVSLKQMDGAINHYIEAGNSFKAIEAAITAKQWKKAVAIV 

CionaIFT172A            778 LMEQIASGLLKYDLNEQAGELFEKTG--NFQHALDCYRRDKAFRRAVDLARS--SFPSEVVRLEFEWAEYLASQKQLDAAINHYIEAGATEKAVESAIAARQFKKAILIL 

CionaIFT172B            749 LMEQIASGLLKYDLNEQAGELFEKTG--NFQHALDCYRRDKAFRRAVDLARS--SFPSEVVRLEFEWAEYLASQKQLDAAINHYIEAGATEKAVESAIAARQFKKAILIL 

CionaIFT172C            748 LMEQIASGLLKYDLNEQAGELFEKTG--NFQHALDCYRRDKAFRRAVDLARS--SFPSEVVRLEFEWAEYLASQKQLDAAINHYIEAGATEKAVESAIAARQFKKAILIL 

DanioIFT172             798 IVSRITAALIKGEFYERAGDLFERTR--NNQRALECYRKGNAFKKAVDLARV--AFPAEVVKLEEVWGDYLVQQKQMDAAINHYIEAGRSIKAIEAAIAARQWKKALHIL 

MusIFT172               798 LVEHITTALIKGELYERAGDLFEKIR--NPQRALECYCKGNAFMKAVELARL--AFPVEVVRLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALGARQWKKAIYIL 

HomoIFT172A             798 LVEHITAALIKGELYERAGDLFEKIH--NPQKALECYRKGNAFMKAVELARL--AFPVEVVKLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALGARQWKKAIYIL 

HomoIFT172B             798 LVEHITAALIKGELYERAGDLFEKIH--NPQKALECYRKGNAFMKAVELARL--AFPVEVVKLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALGARQWKKAIYIL 

DrosophilaIFT172        814 VMLQVTEGLVRSELYELAGDIAHRLS--RPEAALALYRKGGAYARALEIGRV--VAPQEVTALEEEWGDWLVSRKQLDASINHYIEAGATQKALEAAVGAKQWRKAVQIA 

GiardiaIFT172           922 IIELLIGKLEDSHHYSQAAVLCTLGSGRNHERALALFRKSHAFDEALELARQ--HLPHECLPIEREWAEWLFQTGQYDKATQHYLECMNQEMAVESAFRANNFKLVESLL 

ParameciumIFT172A       794 LLEKIASSLAQSGMYEKGGEFYEQME--DDQQALNCYIKGNVFKKAVELAKR--KDPKLVKQLEESWANYLVENKETESAINHYVEAGKFQKAIEAAVYSRSWTKAIQLL 

ParameciumIFT172B       794 LLEKIASSLAQSGMYEKGGEFYEQME--DDQQALNCYIKGNVFKKAVELAKR--KDPKLVKQLEESWANYLVENKETESAINHYVEAGKFQKAIEAAVYSRSWTKAIQLL 

CaenorhabditisIFT172    792 ILRQIADSLVKSQLYDKAGDVYEKLK--DFDKAVEYFKKGDAYGKAIQLARF--AFPEKVVTLEQEWGLHLEYIGQYDAAVNHFVEANDLKKAVEAAIRAKEWPKALSIV 

TrypanosomaIFT172A      804 LLEAIAASLFKAQVFEKAGDFFEKLK--MNDRAIQAYKKGHVYSRAVEFAKR--AVPDRVVALEEEWGDYLVSQKHVDQAINHYIEAKKYDKAVKAAIDSRQWSKAAHIL 

TrypanosomaIFT172B      222 LLEAIAASLFKAQVFEKAGDFFEKLK--MNDRAIQAYKKGHVYSRAVEFAKR--AVPDRVVALEEEWGDYLVSQKHVDQAINHYIEAKKYDKAVKAAIDSRQWSKAAHIL 

 

 

MicromonasIFT172        919 EREPKRGRDDDKFKGFYKRIGRHYEQARDYEQAERCFLRAGEPGEAVEMYCRADKWENAHKIAVGYMTDSDANELYVKRGKELEASARYKEAEKMYLTVK--EHDLAIEM 

SelaginellaIFT172A      907 ETQDPK-----VSFPFYQRLAEHFESTKQFAEAEKFFIQAKLSQRAIEMYLRCGRLQEANKVSSKYLSSTEASALYLEWAGRLEAAGELKEAENLYVHAS--EYDMAINI 

PhyscomitrellaIFT172    872 DAQDIK-----ITIPFCERIARHFEAAKQYAEAEIFFVRAKLASEAVEMYIRANKWDAAHKVAAHHLSEPDAAALYLQRARQLEAVTHYTDAEKLYIEAQ--EPDLAIDM 

ChlamydomonasIFT172     908 EVLDPR-----EAMPYFRRIAQHYETTGALEEAERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEFEAAHKLKEAEKAYLAAGGDDVDKAIAM 

TrichoplaxIFT172        904 DLQD-Q----SIAKKYYKQIATHFANKKDYKMAEEYYIRGENYREAIDMYSRANLWKQSHELARKYMKGKEAANFYISQADELKTQGKFKEAEKLYITIN--EQDLAISM 

NaegleriaIFT172         716 EGMDVQ-----IAKRYYGRIARHYEDIQNLQQAKKLYLKANEYREAMEMFERYNKWEEVQSIAETYMNQAEMKQFYTELATKLEKKQRFKEAEKLFIKAD--ETDLAINM 

MonosigaIFT172          936 DMQD-D----ALARPYFIQLARHYASVRDFRNAEKYFIKGQAPRGAVDMYVAAGQWDKAHKISSRFMSQDEVSQSYLVKAEELETQHKYAEAEKLYVTVN--EPDLAINM 

TetrahymenaIFT172       885 QHQSPE-----MARPFYRQIAKHYADVRQYDFGEKYYLKAGLAVEAFEMYAKASKWEHALRVARENLPETEIVQLYVKQAIKFQEQNLYKEAEKLYCQVD--EYDRAIDM 

SelaginellaIFT172B      907 ETQDPK-----VSFPFYQRLAEHFESTKQFAEAEKFFIQAKLPQRAIEMYLRCGRLQEANKVSSKYLSSTEASALYLEWAGRLEAAGELKEAENLYVHAS--EYDMAINM 

XenopusIFT172           904 ELQA-P----DTARSYYLKIAQHYASLKDYEVAEQLYIKAGRSKDAIEMYTQAGHWEQAHSLAVKCMEHEDVSVMYITQARELEKQGKYKEAERLYITVD--EADLAITM 

BatrachochytriumIFT172  876 DSLQSI----DVGKPYFLSLARHFSSVQEYSLAEKYFVQAGCSKDAVDMYTNANMWEQAHALATSYMSPEDVAILYISQAKEMEAKLKFHEAEKLYLTVD--EPDLAINM 

CionaIFT172A            884 EAQD-P----AMSRKYYHQIGEHYSQTNDQEMAARLYMKAGSRNEAVKLLLASEQWMEAHTLAQTCMEPEEITSMYVNTAQEQEAKGKYREAERLYLTVE--EPDLAITM 

CionaIFT172B            855 EAQD-P----AMSRKYYHQIGEHYSQTNDQEMAARLYMKAGSRNEAVKLLLASEQWMEAHTLAQTCMEPEEITSMYVNTAQEQEAKGKYREAERLYLTVE--EPDLAITM 

CionaIFT172C            854 EAQD-P----AMSRKYYHQIGEHYSQTNDQEMAARLYMKAGSRNEAVKLLLASEQWMEAHTLAQTCMEPEEITSMYVNTAQEQEAKGKYREAERLYLTVE--EPDLAITM 

DanioIFT172             904 ELQE-D----RTAAKYYLKIAQYYASVQEFEVAERLFVKGDHIKDAIDMYTQAGRWEQAHKLAVKCMTQEDVSVLYVSRAQELEKEGKYKEAERLFTTVD--EPDLAITM 

MusIFT172               904 DLQD-R----NTASKYYPRVAQHYASLQEYEIAEELYTKGDRTKDAIDMYTQAGRWEQAHKLAMKCMRPEDVSVLYITQAQEMEKQGKYREAERLYVTVE--EPDLAITM 

HomoIFT172A             904 DLQD-R----NTASKYYPLVAQHYASLQEYEIAEELYTKGDRTKDAIDMYTQAGRWEQAHKLAMKCMRPEDVSVLYITQAQEMEKQGKYREAERLYVTVQ--EPDLAITM 

HomoIFT172B             904 DLQD-R----NTASKYYPLVAQHYASLQEYEIAEELYTKGDRTKDAIDMYTQAGRWEQAHKLAMKCMRPEDVSVLYITQAQEMEKQGKYREAERLYVTVQ--EPDLAITM 

DrosophilaIFT172        920 KVLDEP----ELIQRYAVDLAKHLAFAGDLDGAEDMLVRANLHKDAIELLNRHGKWERAYLIGEKHLKAEQVRELFVQLAGTLEEQGKFRDAEKVLIAVN--EPDLAIAM 

GiardiaIFT172          1030 MDIPAA----ETNAHLCFRLAEMKYISGDAAGAATWLLKADQPLLGLSAFICAGKFDEAIQFIRSNLPRQSYRELLVHEAKRIISLGSAPSNNPVQEKTKTLTSSGVFAS 

ParameciumIFT172A       900 QNQSAE-----VSRPYYRQVAKHYEDVRQYDFAEKYYIKANSPIEAFEMYVKASKWDKALSIAREYLPE-EIVQLYLNQGKKFEQAGKYKEAEKLYLTVQ--EYDTAILM 

ParameciumIFT172B       900 QNQSAE-----VSRPYYRQVAKHYEDVRQYDFAEKYYIKANSPIEAFEMYVKASKWDKALSIAREYLPE-EIVQLYLNQGKKFEQAGKYKEAEKLYLTVQ--EYDTAILM 

CaenorhabditisIFT172    898 ENIQDQ----KVRTGYYGEIADHYSNKGDFERAERLFVEAGLFNDAIMMYGKNNKWIDAFRLSEEFHGREATISSYLAKAEDLDEHGRFAEAEQLYITIG--MPHKAIQM 

TrypanosomaIFT172A      910 ESQTVGSDNDETVKGFYKNIARHYEELHQYGEAEKFYIKANAINEAVDMYSRAGMADHMYRVAQRHLSQQQLVALFVDQAKRLETKGDYAGAERIYVKVN--EPDQAIVM 

TrypanosomaIFT172B      328 ESQTVGSDNDETVKGFYKNIARHYEELHQYGEAEKFYIKANAINEAVDMYSRAGMADHMYRVAQRHLSQQQLVALFVDQAKRLETKGDYAGAERIYVKVN--EPDQAIVM 
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MicromonasIFT172       1027 YKRNRQFDQMIRLVGLYR-----------------KDLLGETHIHLARQLEADG-NYREAERRYLEGKDWKGAVQMYKQAEMWEDAVRVAKQNGGANASKRVAYEWGLHL 

SelaginellaIFT172A     1010 YKKARLFDDMLLLVSTYR-----------------KDSLNETHLYLAEQLEKEG-SYLEAERHYLEAQDWKTCVKMFSQHGMWEDAMRVAKQFGGMQGAKQVAYAWAVSL 

PhyscomitrellaIFT172    975 YNKARKFDHVIQLVSKYRQLLKLMP--------VFQDALAETHLRIAQQLEREG-CLRGAEMHYQGAQDWRSSVKMYTSNGLWEDALRVAKLFGGVPGSKQVAYAWAVSL 

ChlamydomonasIFT172    1013 YKRNKMYDQMIRLVTQYR-----------------KEKVPEAHTLIAQQLEVEG-NLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAKVYGGVNASKQVAYAWALTL 

TrichoplaxIFT172       1007 YKEQHQYDDMVRLVEIYH-----------------PDLLHETHIHLAKELINGN-QFRQAEHHFLEANDWKSAVNMYRSKDMWEDAYRVAKQYGSQNAYKQVAYLWAKSM 

NaegleriaIFT172         819 YAKNHMFDDMVRLVSKYN-----------------PIHLKQAQLKIAEQLESEG-HLRQAEHYYIEASDWKNAVNMYRNNDKWNDAIRVAKAHGGLTAWKKVALEWAKQY 

MonosigaIFT172         1039 YKKIKQYEDMLRLVKTYH-----------------PDLMEQTHIHLAQELEDES-SHTQAEQHYISGNDWKSAVNMYRARDMWEDAYRVAKTHGGLPASQQVGYLWARSL 

TetrahymenaIFT172       988 YQRSEQYESMLRLVAKYR-----------------PKQLRDTHLQIGQRLQRAG-NLKQAEHHYIEAGAWHAAVDMYQSNGNWEDAVRCCKLYGSDKETCELAKQWAETL 

SelaginellaIFT172B     1010 YKKARLFDDMLLLVSTYR-----------------KDSLNETHLYLAEQLEKEG-SYLEAERHYLEAQDWKTCVKMFSQHGMWEDAMRVAKQFGGMQGAKQVAYAWAVSL 

XenopusIFT172          1007 YKKHKMYEDMIRLVQKCH-----------------PDLLTDTHLHLGKELESEG-RHQEAEYHYLEGNDWKAAVNMYRGADMWEDAHRVAKSHGAANAHKKVAYLWAKSL 

BatrachochytriumIFT172  980 YKNHKQYDQMIRLVTVYH-----------------KDLLSETHVYLGKTLETEG-AYRQAEHHYIEGKEWKAAINMYCANNAYEDAYRVGNTYGGANSAKQVAYLWARSL 

CionaIFT172A            987 HKNLRRYDDMLRLVRDYH-----------------PDLINDTHLHLAKELENEG-LLQQAEKHFIEPGEWKNAVNMYRQRDMWEDAYRVAKAHG-GAAHKQVAYLWARSL 

CionaIFT172B            958 HKNLRRYDDMLRLVRDYH-----------------PDLINDTHLHLAKELENEG-LLQQAEKHFIEPGEWKNAVNMYRQRDMWEDAYRVAKAHG-GAAHKQVAYLWARSL 

CionaIFT172C            957 HKNLRRYDDMLRLVRDYH-----------------PDLINDTHLHLAKELENEG-LLQQAEKHFIEPGEWKNAVNMYRQRDMWEDAYRVAKAHG-GAAHKQVAYLWARSL 

DanioIFT172            1007 YKKNKMYDDMIRLVAVHH-----------------KDLLQETHIHLAKELEAES-RFQEAEYHYLEGQDWKAAVNMYRVNDMWEEAYRIAKTHGGANAHKQVAYLWAKSL 

MusIFT172              1007 FKKHKLYDDMIRLVGKHH-----------------PDLLSDTHLHLGKELEAEG-RLQEAEYHYLEAQEWKATVNMYRSSGLWEEAYRVAKAHGGANAHKHVAYLWAKSL 

HomoIFT172A            1007 YKKHKLYDDMIRLVGKHH-----------------PDLLSDTHLHLGKELEAEG-RLQEAEYHYLEAQEWKATVNMYRASGLWEEAYRVARTQGGANAHKHVAYLWAKSL 

HomoIFT172B            1007 YKKHKLYDDMIRLVGKHH-----------------PDLLSDTHLHLGKELEAEG-RLQEAEYHYLEAQEWKATVNMYRASGLWEEAYRVARTQGGANAHKHVAYLWAKSL 

DrosophilaIFT172       1024 YKRRELYDSMIRLVERYH-----------------KDLLDSTHLHLARQLESRG-KLKNAEMHFVASGDWKSAVHMYCSSGRWEDGYRVAKLKGTEGASQQVAYMWAKSM 

GiardiaIFT172          1136 SSGESSEKQNVQSFLNRMESLSHIRGVYSAIELLKLAGLYEDVADILQGNSMWDELYSFAKEHAASFSNYPDILRMVADAKRVKGDKKSCATILEELCMELYGLSGSSSG 

ParameciumIFT172A      1002 YQNLSQYESVIRIASKFT-----------------PQKLKDIHLGIAKKLERENNYLKELNNTTIEAGSWHLAMQMYKTHNQWEEAIRCCKMYGSEKETCQQAKLWAESL 

ParameciumIFT172B      1002 YQNLSQYESVIRIASKFT-----------------PQKLKDIHLGIAKKLEREN-VLKRAEQHYIEAGSWHLAMQMYKTHNQWEEAIRCCKMYGSEKETCQQAKLWAESL 

CaenorhabditisIFT172   1002 YDRVGRDDDVLRLVERYH-----------------GEHMHETRKRFATQYEERG-DLKAAEEQFLKAGDFRSAVNMYKDSEMWSDAYRIAKTEGGENMEKQVLFMWAKSI 

TrypanosomaIFT172A     1018 YKKARDYTNMIRLVQAYR-----------------PDFLSKTHLSLAAQFEKES-NYKMAETHYVAGKDWGRAVNMYRDHEMWEDAVRVAKVHGGANAAKQVVLSRAMVV 

TrypanosomaIFT172B      436 YKKARDYTNMIRLVQAYR-----------------PDFLSKTHLSLAAQFEKES-NYKMAETHYVAGKDWGRAVNMYRDHEMWEDAVRVAKVHGGANAAKQVVLSRAMVV 

 

 

MicromonasIFT172       1119 GG-DAGASLLRKFNLLEEAIDYACESGEFDNAFELARAG---AGNKVRDVHLK--------------------------------------------------------- 

SelaginellaIFT172A     1102 GG-EAGANLLSKLGLVEQALDYALDSCAFDHAFDLCRSS---IKSKLPEVHLR--------------------------------------------------------- 

PhyscomitrellaIFT172   1076 GG-DTGAQLLVKLGLVEQAIEYAMEAGAFEHAFDLCCVS---LNHKLPEVQCPRRIFFLALKPSHVNRVIERLAALCLESMPPLPLFRPYISTPSQSINLKPFSHEHTIS 

ChlamydomonasIFT172    1105 GG-DDGAQLLKKMGLLDHAIEYAVESGAFAQAFEMTRAG---AKHKLPEVHLK--------------------------------------------------------- 

TrichoplaxIFT172       1099 GG-DSAVKLLSKFGLLEAAIDFATESSAFSFAFDLAKTA---MTNKLPDIYFK--------------------------------------------------------- 

NaegleriaIFT172         911 TGGEAGVKLLSKLGLVEDAIDYAMDGEFWELAFEMARSSSNNMTQKLPQIHMK--------------------------------------------------------- 

MonosigaIFT172         1131 GG-DSAIKLLQKLGIVDVAVDFACEQNMFDFAFEIARAA---ATHRTKDIHLK--------------------------------------------------------- 

TetrahymenaIFT172      1080 GP-DAGMKILLKYNLIDAVIEYLCDRKEFDEAFRMA-QK---AIHKKPDVHLK--------------------------------------------------------- 

SelaginellaIFT172B     1102 GG-EAGANLLAKLGLVEQALDYALDSCAFDHAFDLCRSS---IKSKLPEVHLR--------------------------------------------------------- 

XenopusIFT172          1099 GG-EAAVKLLSKFSLIEMAIDYAAENGTFDFAFELARLA---MKNKLPEIHLK--------------------------------------------------------- 

BatrachochytriumIFT172 1072 GG-ESAVKLLRKFGLLDAAIDFATENGAFDFAFELSRFV---DKHKLADVHYK--------------------------------------------------------- 

CionaIFT172A           1078 GG-DSAVKLLTKFGLLETAIDYAADNCAFDFAFELVRAG---MQGKAPDLHLK--------------------------------------------------------- 

CionaIFT172B           1049 GG-DSAVKLLTKFGLLETAIDYAADNCAFDFAFELVRAG---MQGKAPDLHLK--------------------------------------------------------- 

CionaIFT172C           1048 GG-DSAVKLLTKFGLLETAIDYAADNCAFDFAFELVRAG---MQGKAPDLHLK--------------------------------------------------------- 

DanioIFT172            1099 GG-EAAVKLLNKFGLLETAIDFAADNYTFDFAFELARLS---MKQKIPDIHLK--------------------------------------------------------- 

MusIFT172              1099 GG-EAAVRLLNKLGLLEATIDHAADNCSFEFAFELSRLA---FKHKAPEIHLK--------------------------------------------------------- 

HomoIFT172A            1099 GG-EAAVRLLNKLGLLEAAVDHAADNCSFEFAFELSRLA---LKHKTPEVHLK--------------------------------------------------------- 

HomoIFT172B            1099 GG-EAAVRLLNKLGLLEAAVDHAADNCSFEFAFELSRLA---LKHKTPEVHLK--------------------------------------------------------- 

DrosophilaIFT172       1116 PT-EGAVRLLSKLGLLDTAVGFACDSGQFEFAMELCKFA---GKP-TDEVHLK--------------------------------------------------------- 

GiardiaIFT172          1246 SSGGMGAATDGYTRLRTQASHLIQARRDVLLEASSMYCDLFMYLEAIRLCKRCG-------------------------------------------------------- 

ParameciumIFT172A      1095 GP-DAGLKMLQRLNLVDALIEYQSDRHEFEEAFKLANLH---AKHKLQDVHFK--------------------------------------------------------- 

ParameciumIFT172B      1094 GP-DAGLKMLQRLNLVDALIEYQSDRHEFEEAFKLANLH---AKHKLQDVHFK--------------------------------------------------------- 

CaenorhabditisIFT172   1094 GG-DAAVKLLNKHGMLMEGIDFACETGAFDLAFDLARIG---AKDRMGTVHVR--------------------------------------------------------- 

TrypanosomaIFT172A     1110 EA-EDGVRLLMKFSFINPGIEAALEAQKFDLALQWAQLAQP---AKLPYVYLK--------------------------------------------------------- 

TrypanosomaIFT172B      528 EA-EDGVRLLMKFSFINPGIEAALEAQKFDLALQWAQLAQP---AKLPYVYLK--------------------------------------------------------- 

 

 

MicromonasIFT172       1168 ------------------------------HAMYLEDEGRFDEAEAEFIKADAPKEAIEMHVHNKDWDAATRVAEQHAPEQVTDVLVSRATSLKEEKEYSKAEATFVKAK 

SelaginellaIFT172A     1151 ------------------------------FAMSLEDEGRFGEAEDQFIKAGRPREAIDMYLHQQDWQAALRVADLCVPAAISDVRVAQAEHLLSKDETSKAETLFLKAK 

PhyscomitrellaIFT172   1182 HTKSSELSYFTAAQKRMELFNDNSAQVQLKYAMFLEDEGRFRDAEDAFIKVGKPREAIDMYMHQQDWTAALRVADLCDPATISDVLVAQAQDMMKKEELQKAEALLIRAK 

ChlamydomonasIFT172    1154 ------------------------------YAMFLEDEGRFAEAEAEFISAGKPKEACDMYMHNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAK 

TrichoplaxIFT172       1148 ------------------------------RAMHLEDEGKFAEAEAEFIKANKAKEAVLMYVHNQDWDSAQRVAEQHDPDSLSDVMIGQARVAFERKEFQRAETFLLRAQ 

NaegleriaIFT172         964 ------------------------------YAISLEEAGNLKEAETEYINANSPKEAIDMYVHHTDWDNAMRVAETHDSTLINFIIEFQAELAFTAREFEKAEKLYLEAR 

MonosigaIFT172         1180 ------------------------------KAMFLEDEGRSKEAEEHFVLADKPKEAVLMYVHAQDWDAAQRVAEAHDPESISDVLVGQARVAFQNKDYARAEALLLRAN 

TetrahymenaIFT172      1128 ------------------------------YAFELEDNKRYKEAEEHFIKAGKPEEAINMYEHLSDFQAALQVAKVHQKQSISMILMNQARTFIEKREYKKAENCFIQAK 

SelaginellaIFT172B     1151 ------------------------------FAMSLEDEGRFGEAEDQFIKAGRPREAIDMYLHQQDWQAALRVADLCEPAAISDVRVAQAEHLLSKDEISKAETLFLKAK 

XenopusIFT172          1148 ------------------------------YAILLEDEGKFAEAETEFVKAEKPKEAVLMYVHNQDWDSAQRVAELYDTKKKKK-------------------------- 

BatrachochytriumIFT172 1121 ------------------------------HAMYLEDEGRFKDAEAAFILAGKPREAILMHIHNECWEDALSVAEMYVPESVAEVLIGQAKVTFERGENAKAESLVLRAQ 

CionaIFT172A           1127 ------------------------------HAMFLEDEGKFPEAEQEFIKAGKPKEAVLMYVHNQDWEGAQRVAEQYEPDSVNDVLIGQARIAFEQKEFQQAEAYLLRAQ 

CionaIFT172B           1098 ------------------------------HAMFLEDEGKFPEAEQEFIKAGKPKEAVLMYVHNQDWEGAQRVAEQYEPDSVNDVLIGQARIAFEQKEFQQAEAYLLRAQ 

CionaIFT172C           1097 ------------------------------HAMFLEDEGKFPEAEQEFIKAGKPKEAVLMYVHNQDWEGAQRVAEQYEPDSVNDVLIGQARIAFEQKEFQQAEAYLLRAQ 

DanioIFT172            1148 ------------------------------NAMFLEDQGKFNEAEIEFIKAGKPKEAVLMHVHNKDWSNAQRVAEAHDPESVADILVSQAKFCFDQKEFQKAEAFLLRAQ 

MusIFT172              1148 ------------------------------YAMYLEDEGKFEEAEAEFIRAGKPKEAVLMFVHNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQ 

HomoIFT172A            1148 ------------------------------YAMFLEDEGKFEEAEAEFIRAGKPKEAVLMFVHNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQ 

HomoIFT172B            1148 ------------------------------YAMFLEDEGKFEEAEAEFIRAGKPKEAVLMFVHNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQ 

DrosophilaIFT172       1164 ------------------------------IAMSLEDEGKFEAAEAEFLKANKPREAILMYQHAGDWQAALNVAENHLPDAVGEVLIGQASAALETSNYKDYEALLLRAH 

GiardiaIFT172          1300 --------------------DMDALTDVCLLWVSSNANRSLLIQQLKQLNIIEPTLTKAADRGMWDVCTELSEYCPDPEAVRCDLFWRRGRKLEIEGRLKEAEEFYAKAG 

ParameciumIFT172A      1144 ------------------------------YACHLEDERRYKEAEENFIKAGKASEAINMYEHLGDYTSALQVARQYEPQSVTQILISQAKFYIEKKDLQKAEQAFIQGK 

ParameciumIFT172B      1143 ------------------------------YACHLEDERRYKEAEENFIKAGKASEAINMYEHLGDYTSALQIARQYEPQSVTQILISQAKFYIEKKDLQKAEQAYIQGK 

CaenorhabditisIFT172   1143 ------------------------------LATQLEEEGRLEDASKHYVEGNKPELAVEMFIRDNDWADAERVAKDHCESLLPDVYTGQARRAIEEGDHLRAETFLLRAN 

TrypanosomaIFT172A     1159 ------------------------------YAMYYEDQGDFRMAEEAFLKSGKPREAIDMYLHQHEFENAMRVAEGYDQTAIPSILQAQGRACFQKSNYREAESFFIRAN 

TrypanosomaIFT172B      577 ------------------------------YAMYYEDQGDFRMAEEAFLKSGKPREAIDMYLHQHEFENAMRVAEGYDQTAIPSILQAQGRACFQKSNYREAESFFIRAN 

 

 

MicromonasIFT172       1248 KPEAAIKMYSDEGLWDDALRVAADYLPGKVREIHLEMQSRAGEPSKTSARDLG----------------EAQHECVTRARRLEREGNYSGAVDAYLELTSRVTKDQRALE 

SelaginellaIFT172A     1231 KPERAINMYKDKMRWEDAIRVAQAHLPIAVSDIHHEMAAYLHNHSESLEAILM----------------RAKTMENN--------RNYSEAIDFYLQVDRRHVTDFPELQ 

PhyscomitrellaIFT172   1292 RPDVAIIMYRDKMQWDDALRVAEYFLPSKVAEIHSDLAEYMQSVIDSWPNFRG----------------HLETCEEVKCDLKPLSQNHSEAIDVYLQLDSSLLADFDKLQ 

ChlamydomonasIFT172    1234 RPEAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQG----AGGGSGG----------------ASADAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLE 

TrichoplaxIFT172       1228 RPELAIKYYKDAGMWNDALRVAKEYIPSKLQALQDEYDRDVLSNSDR-----------------------GITAIVNQAKEWEMSGEYSRAIDCYLKIKADQDVDTKSLE 

NaegleriaIFT172        1044 NPEKLIDKYKSIHRFQDAKRIADNHLSTDYQRQLTSEWAEYLVDNQKDQSLSN----------------------NTPARMFAQSGQYGKAVDAFIGFPWKG-VDTDYLE 

MonosigaIFT172         1260 RPELAVRYYREAQMWDDCLRLAGEYLPHMLPGLRRDYELATGNSVPDGKGPAGASMSPNGNEPPSHGGRATSEALLVQARQYASAGQHGKAVELYLRLQP-GDMNAAQLQ 

TetrahymenaIFT172      1208 KPELAVKMYKDIQNWQEAFRVAKKEAPHLVSELTSQHQQVGRGGAMTGEDYIQ----------------NARVSEDS--------RDYNKAIDSYLNVTPENCDEN-TVV 

SelaginellaIFT172B     1231 KPERAINMYKDRMRWEDAIRVAQAHLPIAVSDIHHEMAAYLHNHSESLEAILM----------------RAKTMENN--------RHYSEAIDFYLQVDRRHVTDFPELQ 

XenopusIFT172               -------------------------------------------------------------------------------------------------------------- 

BatrachochytriumIFT172 1201 RPELAIKFYKDANNWLEAIRFAKAYLPNKLALVHAEYDQYLTGQSEG-----------------------GKDHILSAAKSFEQQKEFSKAIDLYFKLSTSHTNDLEFLE 

CionaIFT172A           1207 RPDLTVKYYRDAGLWNEALRTAREYLPSKFDALQREYEREMTRKGP-----------------------SGVEGMVKQAQEWESQGDYNQAISCYCKVTSDMTNDNRILE 

CionaIFT172B           1178 RPDLTVKYYRDAGLWNEALRTAREYLPSKFDALQREYEREMTRKGPRFVGFT----------------LNGVEGMVKQAQEWESQGDYNQAISCYCKVTSDMTNDNRILE 

CionaIFT172C           1177 RPDLTVKYYRDAGLWNEALRTAREYLPSKFDALQREYEREMTRKGPR------------------------FVGMVKQAQEWESQGDYNQAISCYCKVTSDMTNDNRILE 

DanioIFT172            1228 RPELAIKYYKDAGMWTDAMRICKDYLPSKLSVLQKEYE----SEGNW-----------------------GVEGMIEQAQEWEQTGEYSRAVDCYLKVKDSSNLD--LLL 

MusIFT172              1228 RPGLALNYYKEAGLWSDALRICKDYVPGQLEALQEEYEREATKKGGR-----------------------GVEGLVEQARQWEQAGEYSRAVDCYLKVRDSGSSG--LME 

HomoIFT172A            1228 RPGLALNYYKEAGLWSDALRICKDYVPSQLEALQEEYEREATKKGAR-----------------------GVEGFVEQARHWEQAGEYSRAVDCYLKVRDSGNSG--LAE 

HomoIFT172B            1228 RPGLALNYYKEAGLWSDALRICKDYVPSQLEALQEEYEREATKKGAR-----------------------GVEGFVEQARHWEQAGEYSRAVDCYLKVRDSGNSG--LAE 

DrosophilaIFT172       1244 RPDLIIEHYKQESLYEDALRIAEEHYPSALNDLRRLQAQLQRGQAQAQAGEDAAS---------------ISRSYLQKAAEFAKKEQFRKAAECLMQIDSSNAEDASTLE 

GiardiaIFT172          1390 KHQEIVGMYLDTGKFEDAQQAAMEMTSNFERERAMRSIRESKARVLASEGKWR----------------EAEAEFIELGLVEDIISIYRSNQMWQDALRVAKEHGDSVLV 

ParameciumIFT172A      1224 RPELAIKMYVES-----------SHAPHMVAELNNKYGNVANTYNMTGEDLYQ----------------SAQTWEEQ--------RDYLKAIEIYLEVTPQNTQSEDVMT 

ParameciumIFT172B      1223 RPELAIKMYVDQGNYPLALKIAKSHAPHMVAELNNKYGNVANTYNMTGEDLYQ----------------SAQTWEEQ--------RDYLKAIEIYLEVTPQNTQSEDVMT 

CaenorhabditisIFT172   1223 KPDIILRYFIENEMWPDALRIAQNYLP--------HQAALIQEEYEKSELRNGAR---------------GVDSFVAQAKEWEQQGDWRKAVSALLKINRDSTDNDALIK 

TrypanosomaIFT172A     1239 APEPLLKLYMENRMYTDAQRVAKEYYPDMLGEIAKRIALQSSDPQKAG-------------------------------AVLEEHGEYQMAVETYLGATAEQVQNPNVLA 

TrypanosomaIFT172B      657 APEPLLKLYMENRMYTDAQRVAKEYYPDMLGEIAKRIALQSSDPQKAG-------------------------------AVLEEHGEYQMAVETYLGATAEQVQNPNVLA 
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MicromonasIFT172       1342 NAWDAAVRVAVGNV-PGKARTVVQEVAARLRGIGRDDRAEELLG-----SAGVDARSGGAPAYQAGARKPAR-----PGSAQPKRDIVG--FNDAAK--ESRDAKENGDA 

SelaginellaIFT172A     1317 KIWEKAVTLAQASV-QTRLPEVVGTIAHKMTSMGKYEEAVKLYEDIDFHREAVDMCITFGLWDQARKVAESD------PRLQQFVDEQYKEHLMKKG--EAEQLAEIGNV 

PhyscomitrellaIFT172   1386 QVWSLAISLSKENV-PERLLEVVSTVAGRLIEAELYEVAGELYEDINATKEATNMYIEAGLWEKARAIGASS-----GAPLQQHVDDLYKEHLIEKG--DAAELVKLGHV 

ChlamydomonasIFT172    1324 HCWGQAAQLAINYQ-RHRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLWDKARTLAGTN-----PTFSRYIEDQYNNYLLQNQQ--ADELASRGGQH 

TrichoplaxIFT172       1315 KCWQRAVEISIKFVP-DRTVDVASIVCRRLAEIECYLSAADIYTIVDMFKEAIEMYIKSSAWDKAKQVAADMAP-----KYKPYVDKMYSEYLKKQG--KAIEMLN-VDV 

NaegleriaIFT172        1131 NEYVSAVKLTIN-HLQPRVSDVVNILSKRLIEIKKYQAAVEVYCMAKQFRDAVDVFVKQKMFGEALELAKQRSP-----------DLIDYIKDQHKR--SLKPVEGPIDL 

MonosigaIFT172         1369 EAYEQAAELAAKFLPS-QAAEITTQLCQRLVQMNRHSVAADFFAGLDMFTEACIVCVQGRDFEQAQRFAEAAADP----ELVQKVKQAYVAHLEQQN--DGSGLAG-VDA 

TetrahymenaIFT172      1293 AVWNKAIQIAQTYV-KERLQEVVLIVAKGLQNLNKADQAADIYENFGFYQEASQLYLELRNYAKAKQCAQQVNNPSMIARIQQLQMTEQQ----NTG--DTRGMIEGGHV 

SelaginellaIFT172B     1317 KIWEKAVTLAQASV-QTRLPEVVGTIAHKMTSMGKYEEAVKLYEDIDFHREAVDMCITFGLWDQARKVAESD------PRLQQFVDEQYKEHLMKKG--EAEQLAEIGNV 

XenopusIFT172               -------------------------------------------------------------------------------------------------------------- 

BatrachochytriumIFT172 1288 ERWGYAVNLAIKFVPDR-VQDVVVQACSQLTKIKKFETARDLYLSIELYKEAIDVCITGELWDKAKEILAYAP------KYTDYFEAAYVAHLKTVG--NADKLID-VDV 

CionaIFT172A           1294 KCWGKATDLALKFLTLQKSTAVIELIAPKFIRLQRHAKAAELYVQVDMIQEAADAFMEGGEFQKAKGVCRDYAP-----ELENYVDAKYKEHLKHHG--DTKTMAS-VDV 

CionaIFT172B           1272 KCWGKATDLALKFLTLQKSTAVIELIAPKFIRLQRHAKAAELYVQVDMIQEAADAFMEGGEFQKAKGVCRDYAP-----ELENYVDAKYKEHLKHHG--DTKTMAS-VDV 

CionaIFT172C           1263 KCWGKATDLALKFLTLQKSTAVIELIAPKFIRLQRHAKAAELYVQVDMIQEAADAFMEGGEFQKAKGVCRDYAP-----ELENYVDAKYKEHLKHHG--DTKTMAS-VDV 

DanioIFT172            1309 KCWMKAAELAIKFLSHDKAVDVSQIVGPRLIQLRKYNEAAELYLNLDLIKNAIDAFIEGEEWNKAKRVAKELDP-----RLEEYVDKRYKEHLKNQG--KVDSLVG-VDV 

MusIFT172              1313 KCWMKAAELSIKFLPPQRSLEVVRVVGPQLIGIGKHSAAAELYLNLDLVKEAIDAFIEGEEWNKAKRVAKELDP-----RYEDYVDQHYKEFLKNQG--KVDSLVG-VDV 

HomoIFT172A            1313 KCWMKAAELSIKFLPPQRNMEVVLAVGPQLIGIGKHSAAAELYLNLDLVKEAIDAFIEGEEWNKAKRVAKELDP-----RYEDYVDQHYKEFLKNQG--KVDSLVG-VDV 

HomoIFT172B            1313 KCWMKAAELSIKFLPPQRNMEVVLAVGPQLIGIGKHSAAAELYLNLDLVKEAIDAFIEGEEWNKAKRVAKELDP-----RYEDYVDQHYKEFLKNQG--KVDSLVG-VDV 

DrosophilaIFT172       1339 RALLRAAEICNQFLEGQDAQELAQSLGPRLLAIKQIGPAAQLYLAADMPKQAVDVFIKTEQWSKARRLAKEIDPDL---QLLAYVEQQQKASLKHEG--NIEQLAD-IDI 

GiardiaIFT172          1484 ENLSESYVKHDKLRSGLGTSASAFEPGAKADLGDGSGLAGRTKQHGSDVQTARSILEAGSSAGLRKMLMSAARSGSDVLFEVVLHRCAELASMVLNNDIQDSSIVEDIAI 

ParameciumIFT172A      1299 RAWERAIQIAANYD-KDKYPRIVQIVCKRLIEIKKLETAAYLYEQVGQYQEAVTTYVQGREFEKAKQVAQLINNKELNTKLMDYITKEQRKYGASTG--QANVMIETGDV 

ParameciumIFT172B      1309 RAWERAIQIAANYD-KDKYPRIVQIVCKRLIEIKKLETAAFLYEQVGQYQEAVTTYVQGREFEKAKQVAQMINNKELNTKLMDYITKEQRKYGASTG--QANVMIETGDV 

CaenorhabditisIFT172   1310 HSTEKAADLVMKFLMGD--EEYIGAALGALDEANCNEKAAELLLLFGQSRQAINALCRAKQWAKAKQVAQEYLP-----EMVPEIEKIYKESLKSEG--RLGELID-VDV 

TrypanosomaIFT172A     1318 NLWVRAVKVAQKHD-RNMLKNVLRVATGKLKEAQRYVEAGKCLEDCEDYKGAINMYVEGKKFDLAEYLAKHISP-----ELEDYVKRAIVQNSIEGGGMKDAKMVEEIDP 

TrypanosomaIFT172B      736 NLWVRAVKVAQKHD-RNMLKNVLRVATGKLKEAQRYVEAGKCLEDCEDYKGAINMYVEGKKFDLAEYLAKHISP-----ELEDYVKRAIVQNSIEGGGMKDAKMVEEIDP 

 

 

MicromonasIFT172       1437 SPAAAEEAARRGD---------WDVAHELARALGP-DVAASYSIKHATMELRG-GNPEAAADILAERGAPADPRYFALYKEIAGEVLGGAQDG------VGEEGLKKFLT 

SelaginellaIFT172A     1418 SEAVELYIQQSNWQKKSISADTPLKVHELSSLLGP-DSERESSFRHAKQFLAQ-------------YGVPMTIDAYEFCCSLAYQVLGSNEGLVEVDLLSFKMRDILFQL 

PhyscomitrellaIFT172   1488 SGAVEIYVQLGDWP----------KVHEVAALLGT-DEEKNYSLRHAKECLQN-GKCGEAIDVLSQHGVPLNCPAFELCSFAACKIISAVDSIPQIQFTMQKLREILFQI 

ChlamydomonasIFT172    1426 AQQAIEMYVARDE---------WAKVHELAAQQGP-EVASNYALKHAERRFKQ-GDYAQAAQVFAQHGITAQPQYFELYKSIAQGVLHASQGDRNPVAEKSLRDMMYRLV 

TrichoplaxIFT172       1416 IAGLDMLAQRGEWE----------KCIENAKQQGP-DVLSKYIARFAASLIKE-GNTERAMELFVKYGAPANKANFNIYRRICSDLFSRNDLLDASSYRIWADLRSMLQN 

NaegleriaIFT172        1227 ADQIERLAESGEWT----------KCLELCQKHDNHDILSRHTASFINILVNERHDYNQALTILEKYGVPLEKQLLNTYKELVTRIVWMSVHQENANSSDLKRCRDMLNS 

MonosigaIFT172         1471 MAALDLYVRNEQWQ----------ECMREAAQHGG-QVLNKYAALYAARLLQQ-GDPVAALGVFREHGAPPTPANHNIYRRLLHDMLAERGQ--AQEYKTWAALRDVLAS 

TetrahymenaIFT172      1396 DQAIEMMIQKGDWR----------QALDTAQNQGA-EILAKIMRRYVKFTMES-GKFGETIEAYAHYGMQLIPENFKHYINLCLEIFVECDPKEINSLRTALYNFYKLLQ 

SelaginellaIFT172B     1418 SEAVELYIQQSNWQKKSISADTSLKVHELSSLLGP-DSERESSFRHAKQCLED-------------MKK---------------------------------MRDILFQL 

XenopusIFT172               -------------------------------------------------------------------------------------------------------------- 

BatrachochytriumIFT172 1388 DAGLEIYAQRGDWK----------KCLEKTFNQNK-EVFNKYLLAYITSLLRD-NKNETAAACVIKYGVPQNVENFQVYTHLARSLLKEQTTTG------IAILRDFLFK 

CionaIFT172A           1396 IAALDMYVEKGQWE----------KCIETAEKQSH-AVLHKYVALYAAQLLKE-DKALPVLELYAQHGAPANPQNFNIYKRISNDIMSSPNMN---NYKVWAMLRDMLHG 

CionaIFT172B           1374 IAALDMYVEKGQWE----------KCIETAEKQSH-AVLHKYVALYAAQLLKE-DKALPVLELYAQHGAPANPQNFNIYKRISNDIMSSPNMN---NYKVWAMLRDMLHG 

CionaIFT172C           1365 IAALDMYVEKGQWE----------KCIETAEKQSH-AVLHKYVALYAAQLLKE-DKALPVLELYAQHGAPANPQNFNIYKRISNDIMSSPNMN---NYKVWAMLRDMLHG 

DanioIFT172            1411 VAALDMYAERGQWE----------KCIDTASKQNF-KVLHKYIALYATHLIKE-GEVEKVLSLYIQHGVPAYSQNFNIYKRMFQELVNLRDRDCAEAFRMWSDLRDVLLL 

MusIFT172              1415 VAALDLYVEQGQWD----------KCIETATKQNY-KILHKYVALYATHLIRE-GGYAQALALYVQHGAPANPQNFNIYKRIFTDMVSSPGTNNAEAYHSWADLRDVLFN 

HomoIFT172A            1415 IAALDLYVEQGQWD----------KCIETATKQNY-KILHKYVALYATHLIRE-GSSAQALALYVQHGAPANPQNFNIYKRIFTDMVSSPGTNCAEAYHSWADLRDVLFN 

HomoIFT172B            1415 IAALDLYVEQGQWD----------KCIETATKQNY-KILHKYVALYATHLIRE-GSSAQALALYVQHGAPANPQNFNIYKRIFTDMVSSPGTNCAEAYHSWADLRDVLFN 

DrosophilaIFT172       1443 VSALDLLAEHGEWQ----------RCLEKAKGLNP-ALLQKYVAVYAAQLIRE-GNCTTALGLYLSYGAPPIEAHFNIYTRIALDCLALREEQTERGTTWRQLRDFLFRL 

GiardiaIFT172          1594 ISPSIHNFEEIGSPHERVMSLAVAYLSKGVPLSVTTGTESKGTISLIISDVCNREQLLLVCRGVLSLAFVESEYVNRITKQETHGDGIFCRLRSILLSYRNMLLNTVRGT 

ParameciumIFT172A      1406 AAAMEMLAQKNDWG----------QCLQLADKHGV-EYLNKYLMRYVKITMQQ-GRFSETIQSLATYGMPIIQQNYPIYENLAIEIFVECDPKELKLLRQALYGFIQGLE 

ParameciumIFT172B      1416 AAAMEMLAQKNDWG----------QCLQLADKHGV-EYLNKYLMRYVKITMQQ-GRFSETIQSLATYGMPIIQQNYPIYENLAIEIFVECDPKELKLLRQALFGFIQGLE 

CaenorhabditisIFT172   1410 ITAIDMMIENDQWD----------KALDTAKSQNYRPLLDKYVAQYAAILVHR-NDLSRVLAVLERYGASANPANFSIYKLLMEETLAKPR---FDYTEIARVRNVHLDV 

TrypanosomaIFT172A     1422 EAAFKAYIANNDWEN----------ALRMAKQRPP--EEMKYVAGLKMKYHANKGELGAALGVVEELPLDPGDFRFYETWLEMADRILAQLPLRPDSDLKLERFHTCFSD 

TrypanosomaIFT172B      840 EAAFKAYIANNDWEN----------ALRMAKQRPP--EEMKYVAGLKMKYHANKGELGAALGVVEELPLDPGDFRFYETWLEMADRILAQLPLRPDSDLKLERFHTCFSD 

 

 

MicromonasIFT172       1530 SLVDTMSATPEIN-----------------AEHLADLRRCLEATNLAVVRAKCKDADMPVLSAKAATSLLRFCGLVPADRAFFEAGMACREAK----------------- 

SelaginellaIFT172A     1514 FSNISQTMTATVCP------------------ILMEIEKLLYITNYLALRQTAETQDLPEITAKLSVSLLRYIDVISADEAFYQAGIACKKVG----------------- 

PhyscomitrellaIFT172   1586 VSSLTLNR--ALCP-----------------EVLTELKRLLIIVNFVTLRYISVAQELQEMQAKLSISLLRYIGTIPADRAFYEAGMACKQLG----------------- 

ChlamydomonasIFT172    1525 NVLRSGGGAGKYK-----------------VDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVGPTIPADRAFYEAGLAWYEAG----------------- 

TrichoplaxIFT172       1514 LIHNMLKVAKEDNP-----------------VVKEFQILLQIAHYYSMRAACLTQKSLATIVAKTSISLLRHSDIIPADKAFYEAGTYAKAVG----------------- 

NaegleriaIFT172        1327 LIEGFSNSGIVVPIS--------------------LVKMRQVCHIYHVKDICKKVTELQELYTKNCVSLCRYTDEIPPDSVFYEAGKACEKMK----------------- 

MonosigaIFT172         1567 VRSGVAVQQPQSEP--------------------EFERMTTIAHYMALSAATRGIEDLKDLHSKLCIALLRYTDIVPVDRAFYEAGIACRANG----------------- 

TetrahymenaIFT172      1494 GSKVDQS------------------------QEGRQFQRYLTIAHLANLKNVYEKKNMSALYARTSISMLRYGDLIRMDKLFYDAGVACKKQN----------------- 

SelaginellaIFT172B     1481 FSNISQTMTATVCPSKWKLRAFLNSDLRFVFSVLMEIEKLLYITNYLALRQAAEAQDLPEITAKLSVSLLRYIDVISADEAFYQAGIACKKVG----------------- 

XenopusIFT172               -------------------------------------------------------------------------------------------------------------- 

BatrachochytriumIFT172 1480 LIYG--TLFKPQPA-----------------ISEQFGSLLLISHFMALKNYCFKRRDLHYFAVKQAISLLRYTCDIQVDQAFLDAGQAAKDAG----------------- 

CionaIFT172A           1491 LTQNLEQTNQTNQP-----------------SYNEFMTLMFISHYYAVRCACGEQSGMGEIIYKISTSLLRYTSHVPADKAFYEAGLYCKAND----------------- 

CionaIFT172B           1469 LTQNLEQTNQTNQP-----------------SYNEFMTLMFISHYYAVRCACGEQSGMGEIIYKISTSLLRYTSHVPADKAFYEAGLYCKAND----------------- 

CionaIFT172C           1460 LTQNLEQTNQTNQP-----------------SYNEFMTLMFISHYYAVRCACGEQSGMGEIIYKISTSLLRYTSHVPADKAFYEAGLYCKAND----------------- 

DanioIFT172            1509 LCENLTKSSEANSP-----------------AHEEFEQMLLVAHYYATRSAAKGIDQLSSVAAKLSISLLRHTELIPADKAFYEAGLAAKAVG----------------- 

MusIFT172              1513 LCENLVKSSEANSA-----------------AHEEFEMMLLISHYYATRSAAQSIKQLETVAARLSVSLLRHTQLLPADKAFYEAGTAAKEVG----------------- 

HomoIFT172A            1513 LCENLVKSSEANSP-----------------AHEEFKTMLLIAHYYATRSAAQSVKQLETVAARLSVSLLRHTQLLPVDKAFYEAGIAAKAVG----------------- 

HomoIFT172B            1513 LAVLSPSSSVKTW------------------------------------------------------------------------------------------------- 

DrosophilaIFT172       1541 LQSLKATPAQSQTK-----------------FAASMEQFLLIAHYYATRAACKEVQALQPVALRLSLALLRHTDLLPVDKGFYEAGMDLRQAG----------------- 

GiardiaIFT172          1704 KAAETDKVNFIPGDQ----------------ELSRCFEATHLIIQLAKLFIGAKTISSMRDIVLVSSSLVRYCDLLPVDRCFVVAGESCKQFVEISNGNSNAKVMEARTQ 

ParameciumIFT172A      1504 AAHEIKS------------------------ETGKKFLKFGIVAHLLNLRNQYAQDGIVKLHAQTCISLLRYCDLVRIDQLYLDAGRVAKKIN----------------- 

ParameciumIFT172B      1514 AAHEIKS------------------------ETGKKFLKFGIVAHLLNLRNQYAQDGIVKLHAQTCISLLRYCDLVRIDQLYLDAGRVAKKIN----------------- 

CaenorhabditisIFT172   1506 YNALQKESSEHFEE-----------------FSRALWALHLIAMRTALEEIGDSVPEVQKLCLKQSLSLLRYTDILVADRIFYEAGAAAKDYGSE--------------- 

TrypanosomaIFT172A     1520 VVESMSRSGQKQED-------------------VAKANAFAHIIHIYYMSARMRELSLDDYALKLMLGLPRWIPHIAPEKAFYDAGMAARNSG----------------- 

TrypanosomaIFT172B      938 VVESMSRSGQKQED-------------------VAKANAFAHIIHIYYMSARMRELSLDDYALKLMLGLPRWIPHIAPEKAFYDAGMAARNSG----------------- 

 

 

MicromonasIFT172       1606 ELSLAFVFLNRYLDITELMDE-GGDASEL--------------DNVDFEDTDIPNNFPLPTQ---HFVEEATREEVRDWVLALSMDQQVEQTLPTRTCGK---CNGQTYV 

SelaginellaIFT172A     1589 WQNMAFVYLNHYLDIAESIEL-QTGECAF--------------DTSGLDTSDIPRSFPVPQK---HYLEENQREQVRDWLIQLSMDQQVEPVLPTRSCDR---CSGEIYE 

PhyscomitrellaIFT172   1660 WQNMAFVFLNRYLDIVEAIDG-ED-TSTI--------------DNVNFEISDIPQDFPIPER---HFLEDKQREEVRDWVIQLSMDQQIERALPTRSCED---CGSSIYV 

ChlamydomonasIFT172    1601 RKNMAFVMLNRFLDLSDAMDEPDSSAAVI--------------ENADFSDTDIPYDFTIPER---AYCTESQREDVRNLVLEISMDRSSDQSLALKACEH---CGKPTYE 

TrichoplaxIFT172       1590 WSSLAFVFLNRYLDLTEAIEE--GSADAL--------------DASEFAGTDIPVEVPLPEQQHLS---EAKREEIKEWVLSVSLDQRVEQELTTD--------SRGVYE 

NaegleriaIFT172        1400 WENMMFVFYNRFLDIGDAIEEIELKEEYQNQDPPILIKGTAELENSDFQGTDVPYKVPIPVS---QLIDDDFKDDITNVVLQKSMNASFNNSLSKCSCPS---CKQQIYI 

MonosigaIFT172         1640 AESMAFVFLNRYLDLSEAIDD--GSLDSL--------------DNTDFLNAGIPLEVPLPDRQFVE---EDEHKEAKQWVLAISMDHDVDLQLETD--------ERGLFV 

TetrahymenaIFT172      1563 WLTYAFVILNRYLDIFEVIEDP-NSADTG--------------DNQVFLNTDIPSPYQVELIPEKNLVDSNQIEGIRNWILEVSCNSKIEKDLPIRSCES---CRTQIYE 

SelaginellaIFT172B     1574 WQNMAFVYLNDYLDIAESIEL-QTGECTF--------------DTSGLDTSDIPRSFPVPQK---HYLEENQREQVRDWLIQLSMDQQVEPVLPTRSCDR---CSGEIYE 

XenopusIFT172               -------------------------------------------------------------------------------------------------------------- 

BatrachochytriumIFT172 1554 RNNMAFVFWNRFLDLSEAIEE--GNVSAM--------------ENTDFFNTDVPFDIQLPTKMVDD----AKREEVRDWVLQVSLDQSVNQELDKRDCDK---CGTSIYE 

CionaIFT172A           1567 QLNMAFVFWNRYLDLSEAIEE--GSLDLI--------------DNSDFQETDIPFEVPLPDKQYLNVRKIKKVEEVREWVLAVSMDNKVEQELPLD--------ERDTFE 

CionaIFT172B           1545 QLNMAFVFWNRYLDLSEAIEE--GSLDLI--------------DNSDFQETDIPFEVPLPDKQYLNVRKIKKVEEVREWVLAVSMDNKVEQELPLD--------ERDTFE 

CionaIFT172C           1536 QLNMAFVFWNRYLDLSEAIEE--GSLDLI--------------DNSDFQETDIPFEVPLPDKQYLNVRKIKKVEEVREWVLAVSMDNKVEQELPLD--------ERDTFE 

DanioIFT172            1585 WENMAFIFLNRFLDLADGIDE--GTLDAL--------------DHTDFQDTDIPFEVPVPSRLHV---TVEKREEIREWVLTVSMDQRVEQVLPKD--------ERGTYE 

MusIFT172              1589 WENMAFIFLNRFLDLTDAIEE--GTLDAL--------------DHSDFQDTDIPFEVPLPAKQHV---PEAQREEVRDWVLTVSMDQRLEQVLPRD--------ERGVYE 

HomoIFT172A            1589 WDNMAFIFLNRFLDLTDAIEE--GTLDGL--------------DHSDFQDTDIPFEVPLPAKQHV---PEAEREEVRDWVLTVSMDQRLEQVLPRD--------ERGAYE 

HomoIFT172B                 -------------------------------------------------------------------------------------------------------------- 

DrosophilaIFT172       1617 REAEAFVMLNHYLDVCEAIEE--GSGQLV--------------DHSDLASTDFPSSVPLPEDIHLK-NDPSLHEEVREWVLAVSMDQQVDQQLPTD--------DRGLYE 

GiardiaIFT172          1798 YLNQCCVFLNKFIDLHEEISNHSRNLERI--------------DISDLTGSGIPWTAQVPVN---LYLSKSRADEVRAFILELTMDESTTTTQELPREPCPFGCGKPIWI 

ParameciumIFT172A      1573 QLGLAFVLLNRYLDIYEVIEDPDNNNGLG--------------DGAEFQNSDLPSPYDVPMP-EKNLINDKEKEEIRDWLLQLSVNQNQEPVLPTRQCD----CGYQIYD 

ParameciumIFT172B      1583 QLGLAFVLLNRYLDIYEVIEDPDNNNGLG--------------DGAEFQNSDLPSPYDVPMP-EKNLINDKEKEEIRDWLLQLSVNQNQDPVLPTRQCD----CGYQIYD 

CaenorhabditisIFT172   1584 YESLGFLLLNHYLDLVDAIEE--GNGELV--------------DYSPFENSDIPTEVSLPTRQWLE-S--AKHEEMKEWVLASSVDDAHAKELVYD--------KRGVFE 

TrypanosomaIFT172A     1594 QDAIAFLYLNRFLDISEKIEDGAVDSSAID--------------NGDFDCTDFPKKYPMPKS---SSVEKTSEEEVNRWVLAISIDNSLDPHLPTVTDPQ---GQVEMFE 

TrypanosomaIFT172B     1012 QDAIAFLYLNRFLDISEKIEDGAVDSSAID--------------NGDFDCTDFPKKYPMPKS---SSVEKTSEEEVNRWVLAISIDNSLDPHLPTVTDPQ---GQVEMFE 
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MicromonasIFT172       1695 AGLTCCRCKAK-----------------------------------------SEACVVSGYPVPTGQRVLHEG----R----SASRGDWNEWTMKFGTDPWSGKSAQPKY 

SelaginellaIFT172A     1678 ASLTCFYCKVS-----------------------------------------CKPCCVTGYPVLQHS-QSCKY----CEMP--ANRSDWNNYIQRFKTCPWCREKQHT-- 

PhyscomitrellaIFT172   1748 ASLVCFVCKARKNKLLLYVGSQTQIYFHLLCSRSTRLHTVGIALIRLWVQMESDMCCVTGYPVASEDRVTCKA----CKMP--ANKHNWNVYIHRTLLRHPHDYAQILAS 

ChlamydomonasIFT172    1691 ANLTCHFCKKK-----------------------------------------YDPCVVTGYPIQSYDRVVFKN----NGPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY 

TrichoplaxIFT172       1673 ATLIDPNTEEV-----------------------------------------YLPCVITGYPVLQN-KIDFKK----PGKA--ANKDDWNKFVTSAKLPYNTECQNVRQF 

NaegleriaIFT172        1504 ANSNCSKCKTQ-----------------------------------------FEICSVTGYPVFPDQKVQCTN----CRRP--ANRNDWNLFILKHKRCPHCDDLQLTL- 

MonosigaIFT172         1723 GSLQMPSGGQE-----------------------------------------YPACVACGLAVFEE-AVNFGR-----GKA--ARKGEWSQFLMAMKTTKSPQLEDVMRF 

TetrahymenaIFT172      1655 GCQTCPKCKTE-----------------------------------------AEVCILTGQPLLKGTFVNCRS----CGKG--GLKEYWSMYLQNFANCPWCNNPPN--- 

SelaginellaIFT172B     1663 ASLTCFYCKVS-----------------------------------------CKPCCVTGYPVLQHS-QSCKY----CEMP--ANRSDWNNYIQRFKTCPWCREKQHT-- 

XenopusIFT172               -------------------------------------------------------------------------------------------------------------- 

BatrachochytriumIFT172 1641 ASLECYSCKFK-----------------------------------------SDACIITGKLNLVN-F------------------------------------------ 

CionaIFT172A           1653 GNLLAHNTGLR-----------------------------------------AVPCIVTGYPVLRN-KVDFKL----DAHA--ANRDDWQKLGMVAKMTSSWSLQDVLRF 

CionaIFT172B           1631 GNLLAHNTGLR-----------------------------------------AVPCIVTGYPVLRN-KVDFKL----DAHA--ANRDDWQKLGMVAKMTSSWSLQDVLRF 

CionaIFT172C           1622 GNLLAHNTGLR-----------------------------------------AVPCIVTGYPVLRN-KVDFKL----DAHA--ANRDDWQKLGMVAKMTSSWSLQDVLRF 

DanioIFT172            1668 ASLVAASTGIR-----------------------------------------SLPCVITGYPVLRN-KIEFKR----PGMA--ANKDDWNKFLMATKTTHSPECQDVLKF 

MusIFT172              1672 ASLVAASTGVR-----------------------------------------ALPCLITGYPILRN-KIEFKR----PGKA--ANKDNWNKFLMAIKTSHSPVCQDVLKF 

HomoIFT172A            1672 ASLVAASTGVR-----------------------------------------ALPCLITGYPILRN-KIEFKR----PGKA--ANKDNWNKFLMAIKTSHSPVCQDVLKF 

HomoIFT172B                 -------------------------------------------------------------------------------------------------------------- 

DrosophilaIFT172       1702 SSLGPND----------------------------------------------LPCMLSGFPVRGRQPVTFQG----SSNQ--VNRDVWSKFSVALKMSPGSGIADIISF 

GiardiaIFT172          1891 GACSCINCRQVS-----------------------------------------PICAVTGCHVINPNTHMLPSSRACQICGCYARPAPWNSLITKSKNCPVCEEVGFPIG 

ParameciumIFT172A      1664 ASLRCFKCKQT-----------------------------------------WEPCIITGMPLLKNQTVNCQS----CGKG--ALKDAWNTYLQAYPTCPWCNKHAK--- 

ParameciumIFT172B      1674 ASLRCFKCKQT-----------------------------------------WEPCIITGMPLLKNQTINCQS----CGKG--ALKDAWNTYLQAYPTCPWCNKHAK--- 

CaenorhabditisIFT172   1667 ASLKDKRG--T-----------------------------------------AEPCLVTGYPVIES---TVRI----GSMV--AEKDNLNKFLVVIKSNQTENLLNVQNF 

TrypanosomaIFT172A     1684 GSLQSPAGVTYP------------------------------------------ECAVTGYPIVGGGVVKCRN----CQRP--ANQDDWTRYITLAKACPWCGAADSPVF 

TrypanosomaIFT172B     1102 GSLQSPAGVTYP------------------------------------------ECAVTGYPIVGGGVVKCRN----CQRP--ANQDDWTRYITLAKACPWCGAADSPVF 

 

 

Figure 1-14. Alignment of IFT172-domain-containing proteins. 

 

Post genomic analyses show that at least 2 peptides of the IFT172A and B proteins can be 

identified in the ciliary proteomics, an indication of a its presence in cilia, and that a weak 

upregulation of the genes occurs at late stages after deciliation (Table 1-5).  

 

Locus Symbol Synonym 

Number of 

different 

peptides in 

cilia 

Fold 

Change 

(reciliation 

EARLY-

T0) 

False 

Discovery 

Rate 

(reciliation 

EARLY-

T0) 

Fold 

Change 

(reciliation 

LATE-T0) 

False 

Discovery 

Rate 

(reciliation 

LATE-T0) 

GSPATG00013914001 IFT172A 2 1,44 0,72 2,50 0,08 

GSPATG00033190001 IFT172B1 2 1,58 0,54 2,54 0,06 

GSPATG00033191001 IFT172B2 1 1,23 0,93 1,88 0,47 

Table 1-5. Raw data concerning IFT172 genes in proteomics of cilia and messenger 

expression during reciliation. Data extracted from ParameciumDB. 

 

1.6. Qilin (synonyms: CLUAP1; DYF‐3; FAP22) 
 

Four ohnologs, GSPATG00001872001, GSPATG00017664001, GSPATG00005213001 and 

GSPATG00009204001, called respectively qilinA to D, were identified in the Paramecium 

genome (Fig. 1-15). 
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Figure 1-15.a: Ohnolog tree of qilin genes of paramecium, b: protein and nucleotide 

identity between four qilin in Paramecium. Adapted from ParameciumDB 
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InterPro scanning revealed that qilin is a single domain by itself, and that this domain is found 

only in qilins (Fig. 1-16). 

 

 
Figure 1-16. Interpro domain match obtained by scanning the qilin genes of Paramecium. 

 

 

Evolutionary tree of qilins (Fig. 1-17): 

 
CaenorhabditisQilinA     1 -------------------------------------------------------------------------------------------------------------- 

CaenorhabditisQilinC     1 ------------MTRSLRYP-RLMSIENFRT----PNFQLVAELLEWIVKK--------------------------------FEPESNLDAHEVQTEADRVAFIKNAVL 

CaenorhabditisQilinB     1 -MSYRELRNLCEMTRSLRYP-RLMSIENFRT----PNFQLVAELLEWIVKK--------------------------------FEPESNLDAHEVQTEADRVAFIKNAVL 

NaegleriaQilin           1 ------------------------------------------MQLMLTNYR---------------------------------YDPNVDIVEGTDTVEERLTFLKSICE 

TrypanosomaQilin         1 -MSFRELRSFAETMRLLGYP-NLISMESFRN----PNVELVADCLFWLIKR---------------------------------YEPSAEIVYEIEREADRVFFFKQVCE 

ChlamydomonasQilin       1 -MSFRELRSFTEVMKALGYP-RLISMENFRV----PNFELVADCLYWLVHR---------------------------------YYPGVEIADDISTESDRVKFLQSVAQ 

MicromonasQilin          1 -MSYREIRNFTECMRSLGYP-RIISVENFRN----PNFELVADCLDWLVQR---------------------------------FDESADIDDDISTETDRVTFLKNVSK 

DanioQilinA              1 -MSFRDLRNFTEMMRALGYP-RLISMENFRS----PNFPLVAEILIWLVK---------------------------------RYEPQMEIPSDVDTESDRVFFIKAVAQ 

DanioQilinB              1 -MSFRDLRNFTEMMRALGYP-RLISMENFRS----PNFPLVAEILIWLVK---------------------------------RYEPQMEIPSDVDTESDRVFFIKAVAQ 

RattusQilinA             1 -MSFRDLRNFTEMMRALGYP-RHISMENFRT----PNFGLVSEVLLWLVK---------------------------------RYEPQTDIPSDTETEQDRVFFIKAIAQ 

RattusQilinB             1 ------------MMRALGYP-RHISMENFRT----PNFGLVSEVLLWLVK---------------------------------RYEPQTDIPSDTETEQDRVFFIKAIAQ 

MusQilin                 1 -MSFRDLRNFTEMMRALGYP-RHISMENFRT----PNFGLVSEVLLWLVK---------------------------------RYEPQTDIPSDIETEQDRVFFIKAIAQ 

HomoQilinA               1 -MSFRDLRNFTEMMRALGYP-RHISMENFRT----PNFGLVSEVLLWLVK---------------------------------RYEPQTDIPPDVDTEQDRVFFIKAIAQ 

HomoQilinB               1 -------------------------------------------------------------------------------------------------------------- 

TrichoplaxQilin          1 -MSYRDLRNFTEMMRSLGYP-RLISMENFRQ----PNFPLVAEILLWLIK---------------------------------SYDPNLDLPSDIDTEQDRIFFIRSTAQ 

CionaQilinA              1 -MSYRDLRNFTEMMRGLGYP-RLISVENFRQ----PNFELVAEILLWLIQ---------------------------------RYEPDAHIPKDIDTEQDRVIFIKSSAQ 

CionaQilinB              1 -MSYRDLRNFTEMMRGLGYP-RLISVENFRQ----PNFELVAEILLWLIQ---------------------------------RYEPDAHIPKDIDTEQDRVIFIKSSAQ 

CionaQilinC              1 -MSYRDLRNFTEMMRGLGYP-RLISVENFRQ----PNFELVAEILLWLIQSDFSFVCFILLVIHSKHGTTISNLLIFDPNFPPRYEPDAHIPKDIDTEQDRVIFIKSSAQ 

CionaQilinD              1 -MSYRDLRNFTEMMRGLGYP-RLISVENFRQ----PNFELVAEILLWLIQSDFSFVCFILLVIHSKHGTTISNLLIFDPNFPPRYEPDAHIPKDIDTEQDRVIFIKSSAQ 

SchmidteaQilin           1 -MTYREMRNFTEMMRSLGYS-RLISMENFRT----PNFQLTAEILQWLVFR---------------------------------YDQNADVSQNIDTEQDRVIFIKLVAH 

BatrachochytriumQilin    1 -------------MRGLGYP-KRISMESFRT----PNFDLVSDILYWLVKN---------------------------------YDPSIDISNDISSEQDRVIFVKSIAL 

SelaginellaQilinB        1 ---------FIESMKSLGYPGDGLSMESFRT----PHFDTVASCIRWLLP---------------------------------RYDPEVQLHGDVSTEEGRIAFLKSAGR 

SelaginellaQilinA        1 ---------FIESMKSLGYPGDGLSMESFRT----PHFDTVASCMRWLLP---------------------------------RYDPEVQLHGDVSTEEGRIAFLKSAGR 

ParameciumQilinA         1 -MSYRELRNFCEQMRALGYH-RIISMENFRR----PNFELVADILYWLVLK---------------------------------YQPDADISDNIDEERHRVEFIKQITT 

ParameciumQilinB         1 -MSYRELRNFCEQMRALGYH-RIISMENFRR----PNFELVADILYWLALK---------------------------------YDPNTDISDNIDEERHRVEFIKQITT 

ParameciumQilinC         1 -MSYRELRNFCEQMRALGYH-RIISMENFRR----PNFELVADILFWLAQK---------------------------------YDPNSDISDNIDEERHRVEFIKQITT 

ParameciumQilinD         1 -MSYRELRNFCEQMRALGYH-RIISMENFRR----PNFELVADILFWLAQK---------------------------------YDPNSDISDNIDEERNRVEFIKQITT 

TetrahymenaQilin         1 -MSYRELRNFCEMMRALGYS-RLISMENFRK----PNFELVADILYWLATR---------------------------------VDPQADIPEQIDEERHRVEFIKAIAT 

ToxoplasmaQilinC         1 MASIYHIRHLNGLLMALGFTGSPLSFGLFSSG---PRFLSVADVLRWLALQ--------------------------------CTGVKELPKRPLENADDRVAFVEQISE 

ToxoplasmaQilinA         1 MASIYHIRHLNGLLMALGFTGSPLSFGLFSSG---PRFLSVADVLRWLALQ--------------------------------CTGVKELPKRPLENADDRVAFVEQISE 

ToxoplasmaQilinB         1 MASIYHIRHLNGLLMALGFTGSPLSFGLFSSG---PRFLSVADVLRWLALQ--------------------------------CTGVKELPKRPLENADDRVAFVEQISE 

DrosophilaQilin          1 -MSFKDVRDLGEHLKLLGFPRVFPLQSLANQHGSLASFHIVAELLQWLAG---------------------------------LIEPGATLPGGVESEEQRVLLVRSATE 

GiardiaQilin             1 -MSYHELQHFTLLMTQIGFP-RPISIDTFRK----PDFFLVAEILHYITTV---------------------------------VAPSNAIAMDIATQEDRVYFITTVVN 

 

 

CaenorhabditisQilinA     1 -MLQNSRIKMNPKKLYQADG------------------------------------------HAVQELLPAMKILYQAKAED---PNTDNSPKWTQVKNKL--------- 

CaenorhabditisQilinC    62 LMLQNSRIKMNPKKLYQADG------------------------------------------HAVQELLPAMKILYQAKAED---PNTDNSPKWTQVKNKL--------- 

CaenorhabditisQilinB    73 LMLQNSRIKMNPKKLYQADG------------------------------------------HAVQELLPAMKILYQAKAED---PNTDNSPKWTQVKNKL--------- 

NaegleriaQilin          36 VVYYKARVKLNIKRLYQADG------------------------------------------YAVKELLKLAKLLNDATILAKSVEESDDYETASLQQLNS--------- 

TrypanosomaQilin        72 VALAKGRVKLNIKKLYQSDG------------------------------------------NAVQEMLILANVLKKAMNTTG----LEEIDHATLQQVIA--------- 

ChlamydomonasQilin      72 VMLTKARMKLNIKRLYAADG------------------------------------------NAVKELLKLASLLYKATSKAGDMDDDAAEAIDVANSLKG--------- 

MicromonasQilin         72 VFMSRARLKLNIKRLYAADGYARPRRPPSSNPPPTLATHFQITERHTGHPRSPRRPSRPSHRLAVKELLKIANLLYQATKNADEDDATDPEAATDAFELDA--------- 

DanioQilinA             72 FMATKAHVKLNLKRLYQADG------------------------------------------YAVKEMLKITSILYNAMKTKENAGGDQNNDENSKFKFDL--------- 

DanioQilinB             72 FMATKAHVKLNLKRLYQADG------------------------------------------YAVKEMLKITSILYNAMKTKENAGGDQNNDENSKFKFDL--------- 

RattusQilinA            72 FMATKAHIKLNTKKLYQADG------------------------------------------YAVKELLKITSVLYNAMKTKGMEGSNVGEEDISKFKFDL--------- 

RattusQilinB            61 FMATKAHIKLNTKKLYQADG------------------------------------------YAVKELLKITSVLYNAMKTKGMEGSNVGEEDISKFKFDL--------- 

MusQilin                72 FMATKAHIKLNTKKLYQADG------------------------------------------YAVKELLKITSVLYNAMKTKGMEGSNVGEEDISKFKFDL--------- 

HomoQilinA              72 FMATKAHIKLNTKKLYQADG------------------------------------------YAVKELLKITSVLYNAMKTKGMEGSEIVEEDVNKFKFDL--------- 

HomoQilinB               1 -------------------------------------------------------------------------------------------------------------- 

TrichoplaxQilin         72 LMATKAHIKLNTKKLYGADG------------------------------------------YAVKEILKITTILYNAMKANKQNEEN-NSSENAKAKFDI--------- 

CionaQilinA             72 FIATKIHIKLNTKRLYMADG------------------------------------------YSVKELLKVASVLHSAMKAIDHSSAGDSQSSHSLTTFDI--------- 

CionaQilinB             72 FIATKIHIKLNTKRLYMADG------------------------------------------YSVKELLKVASVLHSAMKAIDHSSAGDSQSSHSLTTFDI--------- 

CionaQilinC            105 FIATKIHIKLNTKRLYMADG------------------------------------------YSVKELLKVASVLHSAMKAIDHSSAGDSQSSHSLTTFDI--------- 

CionaQilinD            105 FIATKIHIKLNTKRLYMADG------------------------------------------YSVKELLKVASVLHSAMKAIDHSSAGDSQSSHSLTTFDI--------- 

SchmidteaQilin          72 FMMTKAHIKLNTKRLYQADG------------------------------------------YAVRELLKVTTLLYNSMKQNRMKS---DSNELNVHDLLD--------- 

BatrachochytriumQilin   60 FMAPKAHIQLNTRKLYTADG------------------------------------------YAVKELLKIVNILYEAHTMR----LDHNSNQSTIQPLDI--------- 

SelaginellaQilinB       65 VMFLKTRMKLNLRSLYMADS------------------------------------------NATAELLQVSTLLQQAIAS--ASSEKVCENFVFLFLTTL--------- 

SelaginellaQilinA       65 FMFLKTRMKLNLRSLYMADS------------------------------------------NATAELLQVSTLLEQAIAS--ASSEKVCENFVFLFLTTL--------- 

ParameciumQilinA        72 LFVSKARLKINAKRLYMADV------------------------------------------YAVQEIFKISTYLYKAQI-------SQPAEEDEVHEFSL--------- 

ParameciumQilinB        72 LFVSKARLKINPKRLYMADV------------------------------------------YAVQEILKISTFLYKAQV-------SSPAEEDEVHDFSL--------- 

ParameciumQilinC        72 LFVSKARLKINPKRLYMADV------------------------------------------YAVQEILKISTFLYKAQV-------SPPADEEEIHDFSL--------- 

ParameciumQilinD        72 LFVSKARLKINPKRLYMADV------------------------------------------YAVQEILKISTLLYQSYV-------CPPADEDEIHDFSL--------- 

TetrahymenaQilin        72 LFASKIRIKLNTRKLYQADG------------------------------------------HAVQEIIKVATVLYKAYN-------SSPGDEEENAGFTL--------- 

ToxoplasmaQilinC        76 LLARHASFCLDVETIYAAEG------------------------------------------AAVKELIRLARTLLNAVQSAINRPALPATLEKQLQTISTSTAVELMPV 

ToxoplasmaQilinA        76 LLARHASFCLDVETIYAAEG------------------------------------------AAVKELIRLARTLLNAVQSAINRPALPATLEKQLQTISTSTAVELMPV 

ToxoplasmaQilinB        76 LLARHASFCLDVETIYAAEG------------------------------------------AAVKELIRLARTLLNAVQSAINRPALPATLEKQLQTISTSTAVELMPV 

DrosophilaQilin         77 FFVTKAAIRINPRKLYAAAA------------------------------------------VTAAELQKVTRLLTSPGQNEADNDEEDQRDQYRSLNPVDIG------- 

GiardiaQilin            72 VLQTTLHLKLDSKKIYAAGP------------------------------------------EAVRELRKIVQEVATYIGAAATSTDKGTSSAASVDLTLHS-------- 
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CaenorhabditisQilinA    56 ------------------------SSKMQEVRITRQLSSQLPETGALLSELLSRQEFISQQHERAASRAVPLA----------EAEKVLQATVQNIAQETEQLSNKLNNV 

CaenorhabditisQilinC   118 ------------------------SSKMQEVRITRQLSSQLPETGALLSELLSRQEFISQQHERAASRAVPLA----------EAEKVLQATVQNIAQETEQLSNKLNNV 

CaenorhabditisQilinB   129 ------------------------SSKMQEVRITRQLSSQLPETGALLSELLSRQEFISQQHERAASRAVPLA----------EAEKVLQATVQNIAQETEQLSNKLNNV 

NaegleriaQilin          95 ------------------------SKFQLNVKQIRSIATELTELGAELHELLGKELELKQERLEAISFPHNIE----------TIKEHIEKKNIEAIDMISELQKSINDL 

TrypanosomaQilin       127 ------------------------QRNVQDAKRVQQLCSDLTNDGSSLFFLIEEETGQRGERQRVLSRATEVG----------EFERRLREVLKDVTTQVEQLQASIANL 

ChlamydomonasQilin     131 ----------------------------FNPKEIKGLAAEIIKAGAGLYDALGQEPELREHRARAVAGHVDTD----------FVERSIREAIAQVEDNIRSLENQMEDL 

MicromonasQilin        173 ------------------------G--AFDVKLVRRLASEITQRGAAIYDALGDEKRLRGERARAVGRDVDLD----------EIEAQVQEQIASVRDNVQGLERMLGDL 

DanioQilinA            131 ------------------------GSKIADLKLARQLGSEITAKGAALFDLLGQEEDLRESRTAAIARPLEIT----------ETERAIRAAVKDVTESIQMTKDLLNNV 

DanioQilinB            131 ------------------------GSKIADLKLARQLGSEITAKGAALFDLLGQEEDLRESRTAAIARPLEIT----------ETERAIRAAVKDVTESIQMTKDLLNNV 

RattusQilinA           131 ------------------------GSKIADLKAARQLASEITAKGASLYDLLGKEVELRELRTEAIARPLEIN----------ETEKVMRIAIKDILAQVQKTKDLLNNV 

RattusQilinB           120 ------------------------GSKIADLKAARQLASEITAKGASLYDLLGKEVELRELRTEAIARPLEIN----------ETEKVMRIAIKDILAQVQKTKDLLNNV 

MusQilin               131 ------------------------GSKIADLKAARQLASEITAKGASLYDLLGKEVELRELRTEAIARPLEIN----------ETEKVMRIAIKDLLAQVQKTKDLLNNV 

HomoQilinA             131 ------------------------GSKIADLKAARQLASEITSKGASLYDLLGMEVELREMRTEAIARPLEIN----------ETEKVMRIAIKEILTQVQKTKDLLNNV 

HomoQilinB               1 ------------------------------------------------------------MRTEAIARPLEIN----------ETEKVMRIAIKEILTQVQKTKDLLNNV 

TrichoplaxQilin        130 ------------------------SNKITDLKQSRHLASDITTRGASVYDLLGEEPDLRDQRTTALARPLELD----------DLEDRVSKSVSSVEEQHQHTERMLNNI 

CionaQilinA            131 ------------------------ASKINELKAVRQLASEVTQRGATLYHLLSQEPELRDARMSALAHPLDIN----------TIEKGLRSSIMKVEQNTKSTLQKLDNV 

CionaQilinB            131 ------------------------ASKINELKAVRQLASEVTQRGATLYHLLSQEPELRDARMSALAHPLDIN----------TIEKGLRSSIMKVEQNTKSTLQKLDNV 

CionaQilinC            164 ------------------------ASKINELKAVRQLASEVTQRGATLYHLLSQEPELRDARMSALAHPLDIN----------TIEKGLRSSIMKVEQNTKSTLQKLDNV 

CionaQilinD            164 ------------------------ASKINELKAVRQLASEVTQRGATLYHLLSQEPELRDARMSALAHPLDIN----------TIEKGLRSSIMKVEQNTKSTLQKLDNV 

SchmidteaQilin         128 ------------------------ANKLKEIKETRQLASSIISKGATLADLLKREVDLREARSIALSNQLEIA----------EVERAIQNAIENVETEKEKQQVALNNI 

BatrachochytriumQilin  115 ------------------------SNRIGKLKASRTLASEIIEKGAELYDLLGQEISLRDRRTDVISRPFELA----------EMEQAVTAAVNTLRDQMTVTRTGMDNL 

SelaginellaQilinB      122 ------------------------FKRAFDVKAARSLVLEIIKAGATLYDDLATEMQLQGERNMAASTNTDIE----------QIENLVREGTFSLLQTVSSVEQQQHSC 

SelaginellaQilinA      122 ------------------------FKRAFDVKAARSLVLEIIKAGATLYDDLATEMQLQGERNMAASTNTDIE----------QIENLVREGTDSLLQTVSSVEQQQHSC 

ParameciumQilinA       124 ------------------------PSKLCNIKSHKVLAQEITDLATRLYDQLGKEDEVRVAREKALQFLQNVSRGGDSQSEQSQIKMCIEQILKQQDSNIQDMSKYVSGL 

ParameciumQilinB       124 ------------------------PSKLSNIKSHKALAQEITDLATRLYDQLGKEDEVRVAREKALQFLQNVSRGGNSQSEQSYIKTCIDSILKQQEKNIQNMSMYVSGL 

ParameciumQilinC       124 ------------------------PSKLSNIKSHKLLAQEITDLATRLYDQLGKEDEVKVAREKALQFLSNVSRGGNSQSEQSQIQKCIQTILKQQDSNIQEMSKYVGGL 

ParameciumQilinD       124 ------------------------PSKLSNIKSHKILAQEITDLATRLYDQLGKEDEVKIAREKALQFLSNVSRGGNSQSEQSQIQICIQTILKQQEQNNQEMLKYVGNL 

TetrahymenaQilin       124 ------------------------PSKLSNIKAHRAIANDITEIAQKLFDSLNKENDLQQHRDKALQFLDNISRNLESNSEQAYIEQCVREIIKQQDQGIIDMQNYVSNL 

ToxoplasmaQilinC       144 SRGDCVGHSAGRPDGACCIDQLAMAAKLQQLNLSRSAASQLVDTAASLLQAFERHSRPERVILRRRVRDFLLRLG------LHLDSGADQELEHIQLQLAEQLRRAKADL 

ToxoplasmaQilinA       144 SRGDCVGHSAGRPDGACCIDQLAMAAKLQQLNLSRSAASQLVDTAASLLQAFERHSRPERVILRRRVRDFLLRLG------LHLDSGADQELEHIQLQLAEQLRRAKADL 

ToxoplasmaQilinB       144 SRGDCVGHSAGRPDGACCIDQLAMAAKLQQLNLSRSAASQLVDTAASLLQAFERHSRPERVILRRRVRDFLLRLG------LHLDSGADQELEHIQLQLAEQLRRAKADL 

DrosophilaQilin        138 -------------------------DKIEELRKARELATDLTQRGTTICEMLSKELLHKESLMSQAQRPLELLS----------VERTLKSAIQANQVRLQSSRAQLEAA 

GiardiaQilin           132 -------------------------------NALCVASSKIVEASTKLLTQLRLHVDDLYQRMQQAMSSQPDAAS---------LSAAVQQRIKNLAAECNTLQEEVTTN 

 

 

CaenorhabditisQilinA   132 ASDEAELDEKIERKKREYEQLQKRFAKLQSFRPQYMDEYERFEERLKKLYEVYVLNFRNLSYLRKVHDDLAR-----SERQRQEELEKAMRMAVEKMRLEQEKKDAIG-- 

CaenorhabditisQilinC   194 ASDEAELDEKIERKKREYEQLQKRFAKLQSFRPQYMDEYERFEERLKKLYEVYVLNFRNLSYLRKVHDDLAR-----SERQRQEELEKAMRMAVEKMRLEQEKKDAIG-- 

CaenorhabditisQilinB   205 ASDEAELDEKIERKKREYEQLQKRFAKLQSFRPQYMDEYERFEERLKKLYEVYVLNFRNLSYLRKVHDDLAR-----SERQRQEELEKAMRMAVEKMRLEQEKKDAIG-- 

NaegleriaQilin         171 KKDEDSLKDKKKRKETELERAKKRLSRVSNFRPAFMDEYEQKETDLQELYRKYVEKYRNIEYLEHELEKHR-----KAEAEIIEENKRRLKLLRKKLRADEIKYLSGENQ 

TrypanosomaQilin       203 SADETTLEQKIESKKTQLERTQKRLKSLNAVRPAFMEEYEKHEGDMHSQFVIYLEQYRNLEYLEHELAKFN-----AAEDALLEEHETKLRVMRERLRREELNALRGEAG 

ChlamydomonasQilin     203 ERNEKTLDNKIEKKKQELERQEKRLSTLQSVRPAYMDEYERLQGELNGLYQSYLDRFRNLEFLENELEAYY-----QAEQEKMEAQERRLKKMQKRLKEEELRILRG--- 

MicromonasQilin        247 RRDEESLESKIEKRRAELERAEKRLSALRQVRPAYMDEYDQLEAGMDEMYEAYVEKVRNLDYLEWQLREMS-----ADEDAAREEKERELRDMQRRMRNEEMKILRG--- 

DanioQilinA            207 SSDEASLEAKIEKKKQDLERNQKRLQTLQSVRPAFMDEYEKIEEDLEKQYQTYVEKYRNLSFLEQQLDDYH-----RVEQERFEEAEMAMKMRQNKLKEEEKRLMRS--- 

DanioQilinB            207 SSDEASLEAKIEKKKQDLERNQKRLQTLQSVRPAFMDEYEKIEEDLEKQYQTYVEKYRNLSFLEQQLDDYH-----RVEQERFEEAEMAMKMRQNKLKEEEKRLMRS--- 

RattusQilinA           207 ASDEANLEAKIEKRKLELERNRKRLQTLQSVRPAFMDEYEKVEEELQKQYDVYLEKFRNLAYLEQQLEDHH-----RMEQERFEEAENTLRLMQNKLKEEEKRLLKS--- 

RattusQilinB           196 ASDEANLEAKIEKRKLELERNRKRLQTLQSVRPAFMDEYEKVEEELQKQYDVYLEKFRNLAYLEQQLEDHH-----RMEQERFEEAENTLRLMQNKLKEEEKRLLKS--- 

MusQilin               207 ASDEANLEAKIEKRKLELERNRKRLQTLQSVRPAFMDEYEKVEEDLQKQYDVYLEKFRNLAYLEQQLEDHH-----RMEQERFEEAENTLRLMQNKLKEEEKRLLKS--- 

HomoQilinA             207 ASDEANLEAKIEKRKLELERNRKRLETLQSVRPCFMDEYEKTEEELQKQYDTYLEKFQNLTYLEQQLEDHH-----RMEQERFEEAKNTLCLIQNKLKEEEKRLLKS--- 

HomoQilinB              41 ASDEANLEAKIEKRKLELERNRKRLETLQSVRPCFMDEYEKTEEELQKQYDTYLEKFQNLTYLEQQLEDHH-----RMEQERFEEAKNTLCLIQNKLKEEEKRLLKS--- 

TrichoplaxQilin        206 ASDEANLEAKIQKKKQELERNQKRLKSLQAVRPAFMDEFEKLEAELQKLYTGYFEKYRNLVYLEQQLEENN-----KIEQEKFEVHFWQA-------------------- 

CionaQilinA            207 AADEANLEAKIEKRKSELDRSKKRLSTLQSVRPAFMDEFERLEEELKLQYASYLIKFRNMTYLEHQMEDHN-----RQEQARMNENELSLRRIQTRLREEEKKVILN--- 

CionaQilinB            207 AADEANLEAKIEKRKSELDRSKKRLSTLQSVRPAFMDEFERLEEELKLQYASYLIKFRNMTYLEHQMEDHN-----RQEQARMNENELSLKRIQTRLREEEKKVTLN--- 

CionaQilinC            240 AADEANLEAKIEKRKSELDRSKKRLSTLQSVRPAFMDEFERLEEELKLQYASYLIKFRNMTYLEHQMEDHNR---LAQEQARMNENELSLRRIQTRLREEEKKVILN--- 

CionaQilinD            240 AADEANLEAKIEKRKSELDRSKKRLSTLQSVRPAFMDEFERLEEELKLQYASYLIKFRNMTYLEHQMEDHNR---LAQEQARMNENELSLKRIQTRLREEEKKVTLN--- 

SchmidteaQilin         204 ASDETNLDLKVEKKRSELERNQKRLSTLQSVRPAYMDEYEQLEEELTHLYSAYLTSFRNQAFLESQYEDIV-----KQQLDRSDDKEMTLKKMADQLRKAENVVTGQ--- 

BatrachochytriumQilin  191 HSDEINLLAKIEKKKVERDRAEKRLKSLQGVRPAYMDEYEKIEVELSRLYETYMEKFRNLAFLEQQLDEYN-----REEQNKSEETESSMKRMQNRLREEELRLLRG--- 

SelaginellaQilinB      198 EKDEKSLSITHEKRKVELERCKKRLSVLENVRPAYLDEYEVLQSELQRLFGVYLEKFHNLRWLESQLETHN-----QEEQEKLQESFAMMKRLQQQLQDE---------- 

SelaginellaQilinA      198 EKDEKSLSITHEKRKVELERCKKRLSVLENVRPAYLDEYEVLQSELQRLFGVYLEKFHNLRWLESQLETHN-----QEEQEKLQESFAMMKRLQQQLQDEVISVKVS--- 

ParameciumQilinA       210 ESDQKQIDEKIKRKAKELEQAEKRLKGMTSVKPVYQEEYDIQEYELDKLYQIYMEKYRNLVYLDNVLDAQN-----KQAEIELKKWNQFIQGHQCGGCTIFHTDEDG--- 

ParameciumQilinB       210 ERDQKQIDEKIKRKTKELEQAEKRLKGMTSVKPAYQEEYDRQEYELEKLYQIYVEKFRNLVYLEHVLDAQN-----EQAEIEQRKKKQQLEGFQIEIQKQQEDEIKG--- 

ParameciumQilinC       210 ERDQKQLEEKIKRKTKELEQAEKRLKGMTSVKPAYQEEYDRQEYELEKLYQIYVEKFRNLVYLEHVLDAQN-----RQAELEQRRKDDQLKGVRVQIQNAQGKELRG--- 

ParameciumQilinD       210 ERDQKQLDEKIKRKTKELEQAEKRLKGMKSVKPSYQEEYDRQEYELEKLYQIYVEKLRNLVYLEHVLDEQI-----RQEELEQKRKDEQLEKIQRGIKDQEYIEIMG--- 

TetrahymenaQilin       210 EKEQKNIEDKTKKLTIELQKQQTLLYNLKVMKPAYMEEYIRLEYELEKLYQIYIEKFRNLDYLENELDQYN-----LIEKKKQDEKNRRLEINKAKSTAAYTKKLIG--- 

ToxoplasmaQilinC       248 LDTQHACLDLENELTQDSDRAQKRLQSLQNLKPAFLEDHKKLMAELQETYDMYVACVRNERFLEMEAEKRQ-----AKARAGLLEQQKVLQNIQQKMKDEAANLLACR-- 

ToxoplasmaQilinA       248 LDTQHACLDLENELTQDSDRAQKRLQSLQNLKPAFLEDHKKLMAELQETYDMYVACVRNERFLEMEAEKRQ-----AKARAGLLEQQKVLQNIQQKMKDEAANLLACR-- 

ToxoplasmaQilinB       248 LDTQHACLDLENELTQDSDRAQKRLQSLQNLKPAFLEDHKKLMAELQETYDMYVACVRNERFLEMEAEKRQ-----AKARAGLLEQQKVLQNIQQKMKDEAANLLACR-- 

DrosophilaQilin        213 KVELNALGSKLQRRRAELERTRQRLEALHRIRPAHMAEFEDCEKELQELFQRYFLRLHVRDALKSQLDLRTKRATPISSPILQKPAENSMPFIPEGLIEDDDDDDDEDDL 

GiardiaQilin           202 KREKAKLEEQITQKKQSITHTMDRLDAIRSTKPPFLAELEALEADLSKLHLEYARKFRSLLFLEGQLRANDVR-----EQQRVIEREKNLRALQENALKEELNNMYGG-- 

 

Figure 1-17. Alignment of qilin-domain-containing proteins. 

 

  



70 

Post genomic analyses show that 2 peptides of the qilinC protein can be identified in the 

ciliary proteomics and that a weak up-regulation of the qilinA occurs at early stages after 

deciliation. This indicates a likely presence of qilin in cilia (Table 1-5). 

 

Locus Symbol Synonym 

Number of 

different 

peptides in 

cilia 

Fold 

Change 

(reciliation 

EARLY-

T0) 

False 

Discovery 

Rate 

(reciliation 

EARLY-

T0) 

Fold 

Change 

(reciliation 

LATE-T0) 

False 

Discovery 

Rate 

(reciliation 

LATE-T0) 

GSPATG00001872001 qilinA 0 1,96 0,04 1,55 0,16 

GSPATG00017664001 qilinB 0 0,99 1,00 1,07 0,89 

GSPATG00005213001 qilinC 2 1,45 0,40 1,83 0,07 

GSPATG00009204001 qilinD 0 1,71 0,54 2,80 0,08 

Table 1-5. Raw data concerning qilin genes in proteomics of cilia and messenger 

expression during reciliation. Data extracted from ParameciumDB. 

 

A weak increase in qilinA expression was also observed during autogamy compared to 

vegetative cells. 

 

Conclusion 
 

My main subject on the localization and function of IFT57 will use some molecular tools in 

the form of other IFT proteins. From overall analyses, these IFT genes appear to be highly 

conserved in Paramecium so that we can attempt to extrapolate biological data obtained in 

this organism to other systems. 
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CHAPTER 2 

 

IFT57 IN CILIOGENESIS 

 

 

PART 2.1. LOCALIZATION STUDY OF IFT57 

 

To study the cellular localization of IFT57 proteins in Paramecium, I analyzed the 

fluorescence in transformed cells expressing IFT57-GFP fusion proteins under control of their 

endogenous regulator 5’ and 3’ intergenic regions. Among the four genes arising from 

genome duplications, I focused on IFT57A and IFT57C as representatives of each gene 

subfamily. I observed the same labeling whatever the regulator used, so that I present here 

only results with the endogenous regulators (5’ promoter and 3’ terminator).  

 

2.1.1. Localization of IFT57A‐GFP and IFT57C‐GFP proteins in vegetative cells 

 

With both IFT57 fusion proteins and during the interphase of the vegetative cycle, the 

labeling appears as regular dot alignments likely corresponding to basal bodies and as short 

segments evoking a subset of cilia In addition, a macronuclear labeling was observed for 

IFT57A-GFP, but not for IFT57C-GFP (Fig. 2-1) I will focus here on the ciliary aspects of the 

labeling, the phenomenon about the nucleus will be developed in the next chapter. 
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Figure 2-1. Epifluorescence microscopy labeling observed in cells transformed by IFT57A-

GFP (left) and IFT57C-GFP (right) after paraformaldehyde fixation. GFP labeling (top) 

and DAPI labeling (bottom). Note that the basal bodies are labeled with both fusion proteins 

and that some short cilia (Ci) can be seen. With IFT57A-GFP, the macronucleus (Ma) 

appears strongly fluorescent, which is not the case with IFT57C-GFP-labeled cells, in which 

the macronucleus appears contrasted as dark in the cytoplasm. The stronger fluorescent 

region seen with both labeling is the oral apparatus (OA), a region dense in basal bodies and 

cilia. Bar: 10µm. 

 

In order to confirm the cortical localization of IFT57, I performed immunolabeling on 

IFT57A-GFP cells with either an antibody directed against Paramecium cilia that recognizes 

polyglycylated tubulin or the anti basal body ID5 monoclonal antibody that recognizes 

polyglutamylated tubulin). The permeabilization method generally used for 

immunocytochemistry involve a Triton X100 treatment, but this is too drastic in the case of 

cells expressing IFT57-GFP and the fluorescent molecules rapidly leak out. To avoid this 

phenomenon and let the antibody enter the cytoplasm, I used a weak saponin permeabilization, 

which globally preserves the basal body and ciliary labeling, but however does not prevent 

some decrease in macronuclear fluorescence (Fig. 2-2). 
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Figure 2-2. Co-localization studies of IFT57A and basal bodies and cilia using ID5 and 

anti-polyglycylated tubulin antibodies respectively as markers under epifluorescence 

microscopy. Top: Short segments of GFP labeling correspond to short, likely growing, cilia, 

whereas long cilia are not labeled. Bottom: GFP-labeled dots arranged in regular rows 

correspond to some of the basal bodies. Note that due to permeabilization, the macronucleus 

(Ma) is only faintly visible in the top cell and not in the bottom one. Bar: 10µm. 

 

The IFT57-GFP labeling was very visible only on a fraction of cilia, the short ones, likely 

under growth. The IFT machinery is supposed to have two functions, ciliary biogenesis and 

ciliary maintenance. Is the absence of labeling in mature cilia an indicator of an active 

ciliogenesis? In that case, this would mean that IFT57 is involved in ciliogenesis but not in 

ciliary maintenance. To ascertain the differential localization of IFT57 in steady state and 

growing cilia, we examined the IFT57-GFP labeling by confocal microscopy (Fig. 2-3) 

 



74 

 
 



75 

Figure 2-3. Confocal microscopy optical section of an interphase cell expressing IFT57A-

GFP. Cilia are labeled with the anti monoglycylated tubulin monoclonal antibody TPA952 

(Callen et al., 1994). Top and bottom are enlarged portions of the middle figure. Arrows point 

GFP basal body labeling at a distal position, close to the ciliary transition zone. Arrowheads 

show intra ciliary GFP labeling in short cilia. Bar: 10µm. Photo Anne Aubusson. 

 

As described in the Introduction (Fig. I-14 and its legend), basal bodies are not 

homogeneously distributed over the cell surface. Basal bodies can be in pairs (2-bb) or alone 

(1-bb) in cortical units, and there is a gradient of distribution of 2-bb units versus 1-bb units 

from the anterior towards the posterior part of the cell. In addition, the two extreme 2-bb unit 

and 1-bb unit fields at the anterior and the posterior parts of the cells are called invariant 

fields since their basal body composition do not change over division. 

In addition to their non-homogeneity in localization over the cell surface, the basal body can 

be ciliated or not ciliated (Aubusson-Fleury et al., 2012). Although a thorough study of 

ciliation during the cell cycle is still to be done, it appears that almost all basal bodies in 1-bb 

units are ciliated and only one of the two basal bodies in 2-bb units are ciliated, except in the 

anterior invariant fields where both basal bodies are ciliated. When only one basal body is 

ciliated, it is always the posterior one, which is the parental basal body. 

In IFT57A-GFP expressing cells, the fluorescence exists in some cilia and at the distal part of 

all basal bodies that are ciliated, be they from 1-bb or 2-bb units. 

 

2.1.2. Localization of IFT57A‐GFP in growing cilia 

 

2.1.2.1. Ciliary growth during division 

Short cilia labeled all over their length by IFT57-GFP in interphase cells (Fig. 2-2) are likely 

to correspond to growing cilia. However, we have no direct mean to prove, in interphase, that 

these short cilia are indeed growing. We therefore checked the IFT57-GFP labeling in two 

conditions in which we know that cilia are growing: dividing cells (Fig. 2-4, 2-5) and cells 

recovering cilia after deciliation (Fig. 2-6).  
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Figure 2-4. Epifluorescence microscopy labeling of dividing cells transformed by IFT57A-

GFP after paraformaldehyde fixation. Top: an early stage in division; bottom: later stages. 

Highly fluorescent short cilia are clearly seen in regions of active basal body duplication 

(arrows), as a belt posterior to the fission furrow and in the anterior left field. OA indicates 

the oral apparatus region, which appears as strongly labeled. Bar: 10µm. 
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In dividing cells a zone of active ciliary growth is present at the level of the fission furrow, a 

zone in which basal bodies actively proliferate (REF). As it can be seen (Fig. 2-4), the 

fluorescence observed in IFT57A-GFP expressing cells, and identical in IFT57C-GFP (not 

shown), is in short cilia, predominantly in this zone of active ciliary growth. This is an 

indication of strong recruitment of IFT57 in growing cilia, as also seen on confocal optical 

sections of a dividing cell (Fig. 2-5).  

 

 
Figure 2-5. Confocal microscopy optical section of a dividing cell expressing IFT57A-GFP 

and immunolabelled with TAP952 as in Fig. 2-3. Top: enlargement of a portion of the cell in 

the region of the fission furrow. Arrows show the intraciliary localization of IFT57-GFP, 

particularly abundant in a small growing cilium on the left. Bar: 10µm. Photo Anne 

Aubusson. 
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When the detail of the IFT57A-GFP labeling is observed at the confocal microscope level, the 

fluorescence appears as dots on cilia at various places, including the tip where IFT57 may 

play a particular role for the shift from IFTB anterograde transport to IFTA retrograde 

transport, as found in zebra fish in which IFT57 regulates the dissociation between kinesinⅡ 

and IFT particles at ciliary tips (Krock & Perkins, 2008). Only cilia in the region of active 

basal body proliferation and ciliary growth are labeled. 

 

2.1.2.2. Ciliary growth after deciliation. 

To study ciliary growth under reciliation conditions, IFT57A-GFP expressing cells were first 

deciliated and three batches were recovered 5, 20 and 40 minutes after deciliation and labeled 

with ID5, an anti basal body antibody (Fig. 2-6) and with an anti-cilia antibody against 

polyglycylated tubulin to follow ciliary growth and see the localization of IFT57 (Fig. 2-7). 

 

 
 

Figure 2-6. IFT57A-GFP localization during ciliary growth after deciliation of 

Paramecium cells viewed in epifluorescence microscopy. Cells were labeled with an anti-

basal body antibody (in red) to evaluate co-localization with GFP. 
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Figure 2-7. Epifluorescence microscopy IFT57A-GFP localization during ciliary growth 

after deciliation of Paramecium cells. Cells were labeled with an anti-cilia antibody against 

polyglycylated tubulin (in red) to evaluate co-localization with GFP. Note that deciliation is 

not perfect in all cells, as shown here for the 5 min. time point in which old cilia without GFP 

labeling remain (white arrow). Bars: 10µm. 

 

Five minutes after deciliation, IFT57A-GFP strongly accumulates at the level of some basal 

bodies, the ones normally ciliated in interphase, in the ones of 1-bb units, the posterior ones in 

2-bb units and both in 2-bb units in the anterior invariant field (Fig. 2-6). Some rare cilia can 

be present, if they escaped the deciliation process, but remain unlabeled (Fig 2-7), an 

argument in favor of a role of IFT57 in ciliary growing but not maintenance. At 20 and 40 

minutes, IFT57A-GFP is clearly visible in all short cilia (Fig. 2-7), showing that they are 

indeed growing cilia that are labeled by IFT57A-GFP. When cilia reach a certain length, the 

labeling is visible in more details and appears as discrete dots (Fig. 2-7). In all cases, the GFP 

labeling is comprised within the red labeling given by the anti-Paramecium cilia. Since the 

antibody is directed against tubulin polyglycylation, and since this phenomenon occurs 

secondarily in cilia after axonemal elongation (Iftode et al., 2000), IFT57 must be recruited 

lately in ciliary growth and not as an initial event. 

In reciliating cells, IFT57A-GFP (also true for IFT57C-GFP, not shown) is localized in all 

short growing cilia, a situation different from the one of vegetative cells in which only a 

minority of cilia is labeled, likely because only a few cilia are growing in steady state. 

 

As we just saw, the IFT57-GFP labeling of growing cilia is not homogeneous along the cilia, 

as if the fluorescence represented trains of IFT migrating along the cilia. In order to ascertain 

that interpretation and in order to detect putative movements, as has been shown in 

Chlamydomonas (Diener 2009), I followed living cells during reciliation and I could observe 

fluorescence train movements along cilia in living cells (Fig. 2-8). 

 

 
 

Figure 2-8. Sequential pictures from a movie of ciliary regeneration at 40 minutes post-

deciliation in a cell expressing IFT57A-GFP viewed by epifluorescence microscopy. A train 

of fluorescent material (yellow arrowhead) is moving from the basal body (white arrow) to 

the tip of a cilium. Bar: 10µm. 

 

The non-uniform localization of IFT57 along cilia represents dots under motion, which likely 

correspond to IFT trains. We tried to detect this labeling at the level of electron microscopy in 

experiments performed by Michel Lemullois (Fig. 2-9). 
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Figure 2-9. Electron micrograph of cilia and basal bodies of cells expressing IFT57A-GFP 

and labeled with an anti-GFP antibody on ultrathin sections. The black dots (arrowheads) 

correspond to gold particles coupled to the secondary antibody and mark the presence of 

IFT57 accumulation. A: Two cilia showing a labeling. B: A likely IFT train faintly labeled 

(one gold particle). C-E: Examples of basal bodies harboring a labeling, although most basal 

bodies of the preparation appear unlabeled. Photo Michel Lemullois.  

 

The dotty labeling of IFT57A-GFP along cilia confirms its dotty fluorescnece localization and 

gives one example of a labeled IFT trains (Fig. 2-9B). The basal body labeling viewed in 

epifluorescence microscopy is much harder to ascertain in electron microscopy, since ca. 80% 

of the basal bodies seen in the sections are unlabeled. However, when gold particles are 

visible, they are in majority close to the distal tip of the basal body. 

 

2.1.3. Conclusion of Part 2.1 

 

I examined the localization of IFT57A and IFT57C proteins using GFP fusions using 

fluorescence microscopy. Except a strong macronuclear labeling obtained with IFT57A-GFP 
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and not IFT57C-GFP, as described in the next chapter, a recurrent localization of IFT57 was 

in basal bodies and cilia. IFT57 was easily detected in cilia under growth, in dividing cells 

and after experimental deciliation. The fact that some short cilia in interphase cells are labeled 

indicates that a residual activity of ciliary growth exists during interphase. This is a likely 

indication of ciliary loss and renewal during interphase, or of gradual ciliation after division, 

some basal bodies being ciliated before others. This point has to be separately addressed and 

awaits a more thorough study. 

Another conclusion is that IFT57 seems to be dispensable in mature cilia, since no 

fluorescence is seen any more when they have their final length. In contrast to what has been 

found in Chlamydomonas (Dentler et al., 2005; Pan et al., 2005; Wilson et al., 2008; Engel et 

al., 2009) and in Trypanosoma (Absalon et al., 2008; Buisson et al., 2013), do the cilia stay at 

the surface without maintenance? A possible approach to this phenomenon could be to follow 

the phenotypes given by gene inactivation, as described in the next part. 

I also found that not all basal bodies are labeled with IFT57-GFP. This is in good correlation 

with the observation that not all basal bodies are ciliated (Aubusson-Fleury et al., 2012) and 

that only ciliated basal bodies are labeled with IFT57-GFP. This adds a new level in the study 

of cortical morphogenesis, that is the pattern of ciliary growth in addition to the pattern of 

basal body proliferation. 

 

 

PART 2.2. EFFECTS OF INACTIVATION OF IFT57 GENES 

 

To study the function of IFT57 proteins in Paramecium, I used the feeding RNAi technique 

(see Materials and Methods) to inactivate the corresponding genes found in the genome 

sequence. 

 

2.2.1. Possibilities of co‐inactivation within the Paramecium IFT57 gene family 

 

There are four IFT 57 genes in Paramecium arising from the two last successive whole 

genome duplications (see Introduction). The result of the last duplication WGD1 gives pairs 

of genes very similar in sequences, whereas sequences issued form the intermediate WGD2 

duplication are more divergent. To make functional analyses, we use an RNAi technique 

dependent on sequence homology. The presence of common stretches of 23 identical 

nucleotides, the size of siRNA in Paramecium or more can be determined using the “RNAi 

off-target” tool of ParameciumDB and this shows that an IFT57A sequence can co-silence 

IFT57B and that IFT57C can co-silence IFT57D (Fig. 2-10). The sequence similarity between 

WGD2 duplicates is not high enough to have a co-silencing using only one of the four 

sequences, so that two RNAi sequences, IFT57A and IFT57C for example, are needed to 

inactivate the complete gene family. 
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Figure 2-10. Evaluation of co-inactivation of IFT57 genes by RNAi. The IFT57A and 

IFT57C sequences used as inserts in the feeding vector was tested using the RNAi off-target 

tool of ParameciumDB. As shown in screenshots of the results, in addition to the genes 

corresponding to the input sequences, the ohnolog genes (IFT57B for IFT57A and IFT57D 

for IFT57C) appeared to be potential targets in RNAi experiments, since they contain long 

stretches of identical nucleotide sequences. IFT57A RNAi should thus co-inactivate IFT57A 

and IFT57B, and IFT57C RNAi co-inactivate IFT57C and IFT57D. 
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2.2.2. Effect on IFT57 RNAi on Paramecium growth rate 

 

Paramecium wild type cells were submitted to RNAi by feeding with bacteria expressing 

double-strand RNA corresponding to the sequences ND7 (a control that does not affect 

growth nor swimming but trichocyst discharge), IFT57A or IFT57C. A mixture of bacteria 

expressing double strand RNA homologous to IFT57A and IFT57C was also used to silence 

the four IFT genes simultaneously (Table 2-1). 

 

 Growth rate 

(fissions per day)  
Day 1 Day 2 Day 3 

ND7 (control) 3-4 4 4 

IFT57A 2 2-3 2-3 

IFT57C 2 2-3 2-3 

IFT57A+C 1-2 1-2 dead 

 

Table 2-1. Fission rate of wild type cells under IFT7 RNAi. 

 

Separate RNAi experiments using IFT57A or IFT45C have little effect on growth rate, 

whereas RNAi using both genes has a more dramatic effect, leading to cell death after 3 days. 

The growth defect is correlated with the decrease of the swimming speed (IFT57A or IFT57C 

RNAi) and to immobilization after 2 days in the IFT57A+C RNAi mixture (data not shown). I 

also investigated a possible other phenotype on trichocyst exocytosis, which would be an 

indicator of an alteration of membrane traffic, but this was normal, as in the wild type 

untreated control, in contrast to the ND7 RNAi control. 

 

2.2.3. Effect on IFT57 RNAi on Paramecium cilia 

 

To see whether the defects in swimming behavior and growth rate observed in RNAi effects 

were correlated with loss of cilia, I labeled silenced cells with the anti-Paramecium cilia 

antibody (Fig. 2-11). 
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Figure 2-11. Labeling with the anti- Paramecium cilia antibody of cells after 24 or 48 

hours of RNAi treatment, viewed in epifluorescence microscopy. ND7 RNAi as a control, 

IFT51A and IFT57C separately and co-inactivation using the IFT57A and IFT57C RNAi. The 

number of cilia is a little affected in separate IFT57A or IFT57C RNAi, but progressively 

decreases in double RNAi till 48 hours. Note that in double RNAi at 24 hours, cilia are either 

full length or extremely short (white arrows), with no continuous distribution of intermediate 

lengths. At 48 hours, the cilia completely disappeared, except a few remaining very short cilia 

(white arrows). Bar: 10µm. 

 

After 24 hours of RNAi, only weak ciliary depletion is observed on cells under single IFT57A 

or IFT57C RNAi, whereas double RNAi is much more efficient. In this case, long cilia are 

still present but “diluted” at the surface, and otherwise, only very short cilia are detected 

without any cilia of intermediate size. After 48 hours of RNAi, cilia are less numerous but 

still present in single RNAi and completely lost in double RNAi. These observations are well 

correlated with the swimming phenotypes. Concerning the growth rate phenotype, it must be 

directly dependent on cilia, since the cells need swimming to reach and ciliary beating in the 

oral apparatus to catch their food. The fact that the depletion of IFT57A and IFT57C 

separately gives only a weak phenotype, whereas the combination of both depletions is drastic, 

suggests that during vegetative growth each gene product can somehow compensate the 

depletion of the other. 

 

To investigate the ciliary disappearance under IFT57A+C RNAi, we looked at silenced cells 

in electron microscopy experiments performed by Michel Lemullois (Fig. 2-13) by comparing 

the structure of cilia and basal bodies to wild-type ones (Fig. 2-12). 
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Figure 2-12. Ultrastructure of a Paramecium cilium in electron microscopy. A. view of the 

proximal part of a cilium and its basal body anchored at the cell surface, close to coated pit, 

the parasomal sac, supposed to be involved in membrane traffic from and towards the cilium. 

B. Longitudinal section of a cilium showing lateral dense protrusions evoking IFT particles 

(arrows). Photos Michel Lemullois. 
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Figure 2-13. Electron micrographs of cells under IFT57A+C RNAi during 24 hours (A-E) 

and 48 hours (F, G). During the process of ciliary loss, many cilia display blebs on their side 

or tip as if material was extruded from them (A-C, arrows). In addition, short cilia seem to 

contain an axoneme ill structured with disorganization of microtubules (white star). After 48 

hours of RNAi (F, G), no cilia or only very small buds of cilia are visible on top of basal 

bodies. Bar: 200 nm. Photos Michel Lemullois. 

 

Electron micrographs of sections of cilia after 24 hours of RNAi show frequent blebs 

containing electron dense material (Fig. 2-13 A-C), which could be assimilated to the material 

seen along the axoneme (Fig. 2-12 B) that evoke IFT trains. Short cilia are also seen with ill-

organized microtubules (Fig. 2-13 D, E), likely corresponding to those detected in 

fluorescence (Fig 2-11) after 24 hours of double RNAi IFT57A+C. An interesting idea is that 

IFT57 depletion disturbs normal progression of the IFT particle along cilia so that cilia cannot 

grow. For example, IFT trains would be secreted in budding vesicles instead of staying along 

the axoneme for transport. Alternatively, this budding in the absence of IFT57 could reveal 

that the ciliary membrane has an abnormal membrane composition/rigidity due to lack of 

normal membrane biogenesis. Whatever the exact mechanisms, such secretory machinery is 

likely to exist in the cilium in the form of exosome or ectosome secretion, as described in 

Chlamydomonas (Wood et al., 2013) or from mammalian cilia, in the retina or the urinary 

lumen (reviewed by Avasthi and Marshall, 2013) for instance. Cilia already grown are not 

affected, as if maintenance was not disturbed by IFT57 depletion. After 48 hours of 

IFT57A+C RNAi, a few short cilia remain and are extremely abortive and disorganized (Fig. 

2-13 F, G). 

 

2.2.4. Effect on IFT57 RNAi on Paramecium expressing IFT57A‐GFP 

 

To know the significance of single versus double IFT57 A and C RNAi, as well as their 

specificity, I applied RNAi to cells expressing IFT57A-GFP (Fig. 2-14) and IFT57C-GFP 

(not shown). 
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Figure 2-14. Different IFT57 RNAi on vegetative cells expressing IFT57A-GFP viewed by 

epifluorescence microscopy. Each line represents a RNAi condition, the first column shows 

the cortical labeling, the medium column the interior of the cell with the macronucleus on 

focus ant the third column the DAPI staining of the same cell. The first line is the control ND7 

RNAi in which, as in wild type conditions (Fig. 2-1), the fluorescence is localized in a few 

cilia and in the macronucleus. With IFT57A RNAi, the ciliary fluorescence remains the same, 

but the macronuclear one disappears. IFT57c RNAi does not prevent ciliary nor nuclear 

localization of IFT57A, with nevertheless an apparently stronger cytoplasmic fluorescence. 

The IFT57A+C RNAi was able to abolish the macronuclear labeling of IFT57A-GFP, as did 

the single IFT57A RNAi, but give systematic stronger ciliary fluorescence, and in more cilia 

than under control RNAi. 

 

The first observation of the effect of IFT57A, IFT57C or IFT57A+C RNAi was a less marked 

alteration of swimming speed and cell growth on IFT57A-GFP or IFT57C-GFP expressing 

cells than on wild type cells. This is an indication that in the case of (over)expression of the 

protein fusion, there is a less efficient silencing effect. Concerning the GFP fluorescence 
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labeling, the ciliary and basal body GFP labeling does not disappear, whatever the RNAi 

combination. The simplest interpretation is that the IFT57-GFP expression in the cell was too 

high to be fully antagonized by the RNAi. Nevertheless, the IFT57A RNAi (with or without 

co RNAi of IFT57C) was able to abolish the IFT57A-GFP fluorescence of the macronucleus, 

in contrast to IFT57C RNAi alone, which was not. The absence of ciliary labeling decrease, 

and even possible apparent increase in double RNAi conditions (also true for IFT57C-GFP, 

not shown) could have another meaning than just moderate effect of RNAi. We can imagine 

that, since IFT complexes are very stable (Taschner et al., 2011), IFT57-GFP remains trapped 

and cycles in growing cilia without turnover with the cytoplasmic form, so that cilia can still 

fluoresce under RNAi conditions.  

 

2.2.5. Conclusion of Part 2.2 

 

The depletion of IFT57A and IFT57C, likely to also provoke the depletion of their respective 

ohnologs IFT57B and IFT57D, is lethal for Paramecium. It progressively decreases the 

number of cilia on the cortex and presumably also in the oral apparatus, although this is more 

difficult to document. The way of ciliary disappearance occurs through prevention of ciliary 

growth and progressive elimination of mature cilia by dilution with cell divisions, and 

possibly mechanic loss. The absence of intermediate sizes of cilia during the decrease in 

ciliary numbers pleads against a role in ciliary maintenance, because any deficiency in this 

mechanism would have lead to ciliary progressive shortening. However, the sequestration of 

IFT57-GFP fluorescence in cilia under double IFT57 A+C RNAi may reveal a certain 

insulation of this protein in the cilium, permitting permanent maintenance without new import 

from the cytoplasm. This aspect will be discussed again later in view of the behavior of other 

IFT proteins presented in part 2.3. 

 

 

PART 2.3. IFT57 WITHIN THE INTRAFLAGELLAR TRANSPORT  

 

The IFT57 protein, together with IFT20, is known to be peripheral to the core IFT complex 

and represents a linker with the kinesin motor (Krock and Perkins, 2008). I tried to have 

insight into some other IFT proteins to see which of the properties found for IFT57 are 

specific for this proteins and which one are common to other IFTs. 

I first localized some GFP fusion IFT proteins, IFT46, a core IFT protein, and qilin, a protein 

more loosely associated with the IFT. I studied the effect of silencing some proteins 

components of the IFTB (anterograde) and IFTA (retrograde) particles on the general 

phenotype of the cell and on the localization of IFT-GFP fusion proteins. 

 

2.3.1. Localization of IFT46 and qilin GFP fusions. 

 

To study the localization of IFT proteins, I constructed a IFT46-GFP fusion gene and used 

qilinA-GFP and qilinC-GFP fusion genes (Houssein Chalhoub unpublished data. I observed 

the fluorescence localization in vegetative growth, in interphase and division, as well as 

during ciliary growth after deciliation (Fig. 2-15). 
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Figure 2-15: Localization of IFT46-GFP, qilinA-GFP, qilinC-GFP in vegetative paramecia 

viewed in epifluorescence microscopy. Interphase (first column) under division (second 

column) and under ciliary growth after deciliation (third column) are illustrated. Note that, 

like in the localization of IFT57 described in Chapter 2, the ciliary localization of IFT 

proteins is weak in interphase, strongly enhanced in the zones of active ciliary growth under 

division and in all growing cilia after deciliation. None of the IFT46 and qilin proteins gave a 

macronuclear labeling. Bar: 10µm. 

 

As shown in the figure, the characteristic labeling of rare short cilia in interphase, a belt of 

growing cilia at the fission furrow of dividing cells, and growing cilia during reciliation, 

already see with IFT57-GFP, is also found for IFT46-GFP and qilin A and C-GFP. The only 

difference may reside in fluorescence intensity, as far as different transfection experiments 

can be compared. A slightly more intense labeling is found with IFT46-GFP and less intense 

with qilinA-GFP, compared to IFT57-GFP. 

 

In addition, a marked difference was observed with IFT46-GFP during reciliation: strongly 

fluorescent dots appear in the cytoplasm while new cilia are growing (Fig. 2-16). 

 

 
 

Figure 2-16. Apparition of intracytoplasmic fluorescent dots in cells expressing IFT46-

GFP under reciliation, as viewed by epifluorescence microscopy. Two cells are shown in 

this figure. White arrows point some of the fluorescent dots. Bar = 10 µm. 

 

The signification of these dots is not known, but they may represent points of IFT particle 

assembly in the cytoplasm. IFT20, for instance has a role in membrane traffic at the level of 
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the Golgi apparatus. IFT57 interacts with IFT20 in the IFT particles. May be an early 

interaction between these molecules and IFT46 occurs in the cytoplasm. 

 

2.3.2. Effect of the depletion of different IFT proteins. 

 

2.3.2.1. Phenotypes of cells depleted for IFT proteins 

To compare the effect of RNAi depletion of IFT57 to other IFT members, I studied the 

function of four genes, IFT46, IFT172, qilin (components of the IFTB complex) and IFT139 

(component of the IFTA complex). The phenotypic results of inactivation by feeding are 

given in Table 2-2. 

 

 Growth rate 

(fissions per day)  
Day 1 Day 2 Day 3 

ND7 (control) 3-4 4 4 

IFT46 1-2 dead  

IFT172 2-3 1 dead 

qilin (A+C) 2-3 1 dead 

IFT139 2-3 1 dead 

 

Table 2-2. Effect of IFT protein depletion on cell growth. In all cases, the RNAi provoked 

reduction of cell division rate and death in two or three days. This growth arrest was always 

accompanied by a swimming speed decrease and eventual immobilization. 

 

As was the case for IFT57 depletion, the depletion of other IFT proteins, be they components 

of the IFTB or IFTA particles, are rapidly lethal through progressive decrease of division rate 

and swimming speed. I therefore analyzed the fate of cilia (Fig. 2-17). 

 



95 

 
 

Figure 2-17: Anti-cilia labeling of cells depleted for the control ND7 protein and different 

IFT proteins IFT46, IFT172, qilinA, qilinC and IFT139 for 24h et 48h RNAi viewed in 

epifluorescence microscopy. A progressive ciliary disappearance is observed, correlated 

with the loss of swimming capacity. IFT172 RNAi provokes a decrease of ciliary number but 

not length, except very short cilia). IFT46 and qilin RNAi provokes the appearance of short 

cilia of all sizes. Bar: 10µm. 

 

The general effect of IFT RNAi is the progressive loss of cilia at the surface. However, the 

way of ciliary loss is not the same in all cases. For example, there is a progressive dilution of 

full-length cilia along cell divisions under IFT172 RNAi, like under IFT57 RNAi, but 

heterogeneous ciliary sizes in IFT46 RNAi and qilin. A comparison of these defects is shown 

in Fig. 2-18.  
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Figure 2-18. Comparison of the mode of ciliary loss under IFT57A+C and IFT46 RNAi. 

While cilia appear homogeneous in size when IFT57A+C are depleted, cilia are very 

heterogeneous under IFT46 RNAi. Bar; 10µm. 
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The different ways of loosing cilia under IFT RNAi in Paramecium suggests different roles of 

individual IFT molecules, although they act in the same complexes, or different recycling 

processes: IFT46 could be necessarily imported from the cytoplasm to be active in ciliary 

maintenance whereas IFT57 could recycle several time in the cilium and keep its activity even 

when the cell is deprived of de novo synthesis, as it is the case for IFT52 in Trypanosoma 

(Buisson et al., 2013).  

 

2.3.2.2. Effect of IFT46 depletion on IFT46‐GFP expressing cells. 

Since IFT46 RNAi and IFT57 RNAi have different effects on cells, I wondered whether the 

effect of IFT46 RNAi on IFT46-GFP expressing cells could be different from the one of 

IFT57 RNAi on IFT57-GFP expressing cells (Fig. 2-19). 
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Figure 2-19. Epifluorescence microscopy observation of the effect of IFT46 RNAi on 

IFT46-GFP. Cells expressing IFT46-GFP were submitted to ND7 (control) RNAi, upper half 

of the figure, or IFT46 RNAi, lower half of the figure for 24 hours. Left column: interphase 

cells; right column: cells 30 minutes after deciliation. In each case, a cortical view and an 

internal view are shown. In ND7 control conditions, a labeling similar to the one described 

without treatment for interphase cells (Fig 2-14) or reciliating cells (Fig 2-15) was observed, 

in particular with internal fluorescent dots during reciliation (arrows) The big fluorescent 

inclusions (white arrowheads) occur for unknown reasons in some cultures, but are not 

relevant with the GFP fusion protein expressed. Under IFT46 RNAi, the fluorescent signal 

accumulates preferentially at the tips of cilia. The dots seen under reciliation seem much less 

numerous. Bar = 10µm. 

 

When IFT46 RNAi is applied to cells expressing IFT46-GFP, an enhanced labeling was first 

observed at the tips of cilia at 24 hours of RNAi (Fig 2-19) for unknown reason. The over-

expression of IFT46-GFP makes the cells more resistant to IFT46 RNAi than wild type cells 

they survive another couple of days, but with abnormal divisions that were not seen in RNAi 

on wild type cells, but that prevent further growth. Interestingly, although we cannot ascertain 

that in Paramecium, IFT46 has been shown to accumulate at the cleavage furrow in 

Chlamydomonas (Wood et al., 2012). A conserved role in cell division could occur. During 

the time of RNAi, the IFT46-GFP labeling of cilia progressively disappears (not shown). The 

cytoplasmic dots observed during reciliation also appear to be sensitive to the exposure to 

IFT46 RNAi for 24 hours. This would lean that the production of cytoplasmic IFT46-GFP 

induced by deciliation is sensitive to the RNAi, even though the fluorescence is still present in 

the cell. 

 

 

2.3.2.3. Cross RNAi depletions of IFT proteins on interphase cells expressing different IFT‐

GFP. 

I applied IFTB protein RNAi (IFT46, IFT57, ITF172 and qilin) and IFTA protein RNAi 

(IFT139) on cells expressing IFT46-GFP, IFT57A-GFP, IFT57C-GFP, qilinA-GFP and 

qilinC-GFP. Examples of the effects are presented for interphase cells as inset enlargement of 

double labeling, GFP and cilia (Fig 2-20). 
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Figure 2-20. Effect of Different IFT RNAi for 24 hours on IFT-GFP expressing cells 

during interphase viewed by epifluorescence microscopy. Each panel represents an enlarged 

inset of a cell labeled with GFP (in green) and with an anti-polyglycylated tubulin (in red). 

Each column corresponds to an IFT-GFP expression, respectively IFT46, IFT57A, IFT57C, 

qilinA-GFP, qilinC-GFP. Each row corresponds to an IFT RNAi, respectively IFT46, 

IFT57A+C, IFT139, IFT172 and the ND7 control. Bar = 10µm. 

 

When IFTB proteins (IFT46, IFT57, IFT172 and qilin) were depleted by RNAi for 24 hours, a 

time not sufficient to completely deplete cilia from the surface, all the IFT-GFP labeling 

disappeared from cilia. In contrast, when the IFTA IFT139 protein was depleted, a strong 

accumulation of the fluorescence at ciliary tips was observed, confirming that IFT139 has a 

role in retrograde movement in Paramecium. In Fig. 2-20, the basal bodies are less 

consistently labeled from one cell type to another, but this could be a consequence of the level 

of expression of each IFT-GFP fusion protein, which has not been controlled. 

However, a particular phenomenon was observed at first cell division of cells expressing 

IFT57A-GFP (or IFT57C-GFP) under IFT46 RNAi (Fig. 2-21). 

 

 
Figure 2-21. Fate of IFT57A-GFP under IFT46 RNAi viewed in epifluorescence 

microscopy. Left: cell undergoing its first division since the beginning of RNAi co-labeled 

with the ID5 antibody against basal bodies. Middle: cortical view of a vegetative cell after 

24h of RNAi co-labeled with ID5. Right: internal view the same cell 24h after RNAi. Small 

arrows: cortical dots; large arrows: internal dots. Bars = 10 µm. 

 

The depletion of IFT46 in IFT57A-GFP first provokes the apparition of fluorescent GFP dots 

visible in the cortex between ciliary rows in cells undergoing their first division after RNAi. 

Later on, while the cilia disappear, the dots are at the level of basal bodies, while small and 

big dots accumulate within the cytoplasm. This particular sequence of events induced by 

IFT46 depletion could reveal a pathway for IFT recruitment or recycling otherwise not visible 

because too rapid. The nature and significance of the fluorescent particles between rows still 

remain to be elucidated. 

 

2.3.2.4. Cross RNAi depletions of IFT proteins on IFT‐GFP localization during reciliation. 

Since the ciliary labeling by IFT-GFP fusion proteins is much marked in cells under 

reciliation, I performed ciliary labeling in IFT-GFP expressing cells during reciliation under 

different IFT RNAi (Fig. 2-22). 
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Figure 2-22. Fate of IFT57A-GFP and qilinA-GFP under different IFT RNAi during 

reciliation viewed in epifluorescence microscopy. Cells expressing different IFT-GFP fusion 

proteins were submitted to different IFT RNAi for 24 hours and deciliated. After 30 min of 

recovery, they were labeled with the anti polyglycylated tubulin that recognizes cilia. Insets 

show enlargements of nascent cilia with their GFP fluorescence. Note the fluorescence of the 

macronucleus on the first row (IFT57A-GFP labeling) and a strong labeling of the oral 

apparatus in all cases. Bar = 10 µm. 

 

The first observation is that cilia can display residual growth even under IFT RNAi, at least 

during the first 30 minutes following deciliation, either because the RNAi depletion is not 

complete, or because even under complete depletion, residual protein already synthesized 

could work. However, silencing an IFTB partner, IFT172 for example, totally prevents IFT-

GFP entry into the nascent cilium (left column of Fig. 2-22). Silencing an IFTA partner, 

IFT139, does not prevent IFT-GFP entry, but provokes accumulation of the protein at the tip 

of the growing cilium, as well as at the basis of the cilium, at least for IFT46-GFP (middle 

column of Fig. 2-22). In the control ND7 RNAi, short growing cilia have an IFT-GFP 

labeling all over their length (right column of Fig. 2-22). The longer labeling by the green IFT 

than by the red anti-cilium antibody reflects the fact that the anti-cilium recognizes 

polyglycylation, a post-translational modification that is delayed compared to ciliary growth. 

 

Concerning IFT46-GFP, since I observed the apparition of cytoplasmic fluorescent dots 

during reciliation (Fig. 2-19), I analyzed the effect of various IFT RNAi on these fluorescent 

dots (Fig. 2-23). 
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Figure 2-23. Internal views of IFT46-GFP under different IFT RNAi during reciliation 

viewed in epifluorescence microscopy. Intra-cytoplasmic IFT46-GFP fluorescent dots 

induced during reciliation are clearly visible in the ND7 RNAi control, but mainly absent in 

cells under IFT RNAi. Bar = 10 µm. 

 

The dots, which appear in IFT46-GFP expressing cells under reciliation, are sensitive to 

IFT57, IFT172 and IFT139 RNAi. This would mean that either IFT46 expression, or IFT46 

accumulation is dependent on other IFT proteins. In the latter case, pre-IFT complexes 

containing several subunits would assemble in the cytoplasm, or IFT proteins would assemble 

IFT46 particles trough a catalytic action. 

 

2.3.4. Conclusion of Part 2.3. 

 

The study of other IFT proteins than IFT57 generalizes the observation that the IFT is 

essential for ciliary biogenesis and cell survival. All IFT-GFP fusion proteins tested localize 

to the cilia and their depletion yields bald cells in a maximum of two days and subsequent 

lethality. However, careful examination of ciliary loss suggests that the IFT proteins have not 

the same role so that their depletion has not the same impact. IFT57 depletion does not induce 

ciliary regression, in contrast to IFT46 depletion with which shortening cilia are seen. In 

addition, IFT57-GFP ciliary labeling seems more stable in cilia under IFT57 RNAi than 

IFT46-GFP, which, under IFT46 RNAi, first accumulates weakly at the ciliary tip, then 

decreases in intensity. 

IFT46 belongs to the core IFTB protein, necessary for its stability (Richey & Qin, 2012), and 

is in contact with the cargo, whereas IFT57 is a peripheral IFTB protein, linking the core 

IFTB complex to the motor. The observations made in Paramecium would mean that IFT57 

could recycle as long as cilia are growing, without renewal, whereas IFT46 would be 

continuously imported from the cytoplasm. Both IFT proteins could therefore be equally 

involved in growth and recycling, but one can stay in the cilium while the other one needs to 

be imported. 

 

Another important observation of this work is the presence of IFT46-GFP dots under certain 

conditions. When the ciliogenesis is stimulated by deciliation, IFT46-GFP accumulates in 

growing cilia, but also as cytoplasmic dots in a manner sensitive to the depletion of other IFT 

proteins. Are the cytoplasmic dots IFT particle precursors? How do they assemble? How do 

they migrate to reach the basal bodies and the cilium? All these questions are new fields of 

exploration.  

When IFT57-GFP expressing cells are submitted to IFT46 RNAi, cytoplasmic fluorescent 

dots also appear, first as cortical dots between basal body rows, then at basal bodies and as 

intra-cytoplasmic dots. There is a clear relationship between IFT46 and IFT57 in the 
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apparition of these cytoplasmic inclusions. IFT46 RNAi provokes IFT57 dots, whereas IFT57 

and other IFT proteins RNAi prevent IFT46 dots induced by reciliation. 
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CHAPTER 3 

POTENTIAL NUCLEAR ROLE OF IFT57 

 

 

PART 3.1. NUCLEAR TARGETING OF IFT57A 

 

3.1.1. Localization of IFT57A‐GFP and IFT57C‐GFP proteins in vegetative cells 

 

As already mentioned in Chapter 2, Fig. 2-1, a macronuclear labeling was observed for 

IFT57A-GFP, but not for IFT57C-GFP. Before addressing the specific differences between 

these two proteins, we noticed that this labeling was dependent on ciliary stimuli: a strongly 

enhanced IFT57A-GFP fluorescence of the macronucleus was observed during reciliation 

(Fig 3-1).  

 
 

Figure 3-1. IFT57A-GFP accumulation in the macronucleus during reciliation viewed in 

epifluorescence microscopy. At 5 and 40 minutes after deciliation, cells were directly fixed in 

paraformaldehyde without further permeabilization and observed under the fluorescence 

microscope. OA: oral apparatus, ma: macronucleus. Bar: 10µm. 
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A strong macronuclear IFT57A accumulation is visible at 40 minutes post deciliation. This is 

obvious in this figure and not in previous figures in which the GFP visualization was 

combined with immunolocalization, because the macronuclear IFT57A-GFP tends to diffuse 

away under permeabilization. The macronuclear IFT57A accumulation should be due to 

relocalization from cytoplasm rather than to gene over expression, since microarray data show 

weak expression stimulation by deciliation only for IFT57C, not IFT57A (see Chapter 1, 

Table 1-2).  

 

3.1.2. Localization of IFT57A‐GFP during autogamy 

 

Since IFT57A-GFP has a macronuclear localization during the vegetative stage, we examined 

the fate of this labeling during autogamy, a process in which the macronucleus degenerates 

and new macronuclear anlagen are built from derivatives of the zygotic nucleus (Fig. 3-2). 
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Figure 3-2. IFT57A-GFP localization during autogamy viewed in epifluorescence 

microscopy. First column (Ve): vegetative cell. Other columns (A1 to A5): successive stages 

of Autogamy in which the disorganization and fragmentation of the macronucleus (Ma) 

occurs and new macronuclear anlagen (arrows) develop. First line: cortical views. Second 

line: same cells with focus on the interior of the cell. Third line: DAPI staining of the same 

cells to visualize the nuclei. Note the disappearance of the nuclear GFP labeling from the 

macronuclear fragments between stages A1 and A2 ant the localization in anlagen at stages 

A4 and A5 (arrows), with visible foci of accumulation in the stage A5 (see also Fig 3-3). The 

highly fluorescent object in the middle of the cell is the oral apparatus (OA) undergoing 

restructuration. Bar = 10 µm. 

 

It appears that the IFT57-GFP labeling seen in the macronucleus in vegetative cells 

progressively disappears from the macronuclear fragments to a level where the cytoplasm is 

more labeled that the fragments, with the oral apparatus reaching a peak of fluorescence (see 

stages A2 and A3 in figure 3-2), may be at the stage at which the haploid product from the 

meiosis that will be preserved for caryogamy reaches the paroral cone, close to the oral 

apparatus. In the mean time, an IFT57-GFP fluorescence concentrates into the macronuclear 

anlagen that develop. Interestingly, a strong cortical labeling appears in basal bodies and cilia 

of the anterior left field during the stages of early anlagen development (A4 in Fig. 3-2). 

Observation of the development of anlagen shows that the labeling increases with anlagen 

growth in size and concentrate into foci bigger and bigger Fig. 3-3).  
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Figure 3-3, IFT57 labeling in the macronuclear anlagen and in the cortex during late 

stages of autogamy corresponding to panels A4 and A5 of Fig. 3-2 viewed in 

epifluorescence microscopy. As anlagen develop (white arrows), the IFT57A-GFP 

fluorescence accumulates in small foci, which become bigger and bigger (white arrowheads 

in the insets) while the strong cortical labeling of basal bodies and cilia in the anterior left 

field of the cortex progressively diminishes. Bars = 10 µm. 
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This increase of fluorescence in anlagen is paralleled by a progressive fluorescence decrease 

first in cilia, and then in basal bodies of the left anterior field. This may reflect either a ciliary 

reorganization during these stages or a traffic between basal bodies/cilia and nuclei, both 

phenomena not well documented, but which might be important for signaling during the 

autogamy processes.  

 

3.1.3. Looking for the signal that targets IFT57A to the macronucleus, compared to IFT57C. 

 

To try to uncover which part of the IFT57A sequence is responsible for its nuclear targeting, 

compared to IFT57C, I first looked for specific nuclear signals on dedicated servers 

(http://nls-mapper.iab.keio.ac.jp/cgi-bin/NLS_Mapper_form.cgi for nuclear import signals 

and http://www.cbs.dtu.dk/services/NetNES/ for nuclear export signal). No striking 

differences were found between IFT57A and IFT57 sequences, so that I decided to determine 

the relevant sequence experimentally. I constructed different vectors allowing the expression 

of chimeric proteins resulting from the fusion of different part of IFT57A and IFT57C (Fig. 3-

4).  
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Figure 3-4. Macronuclear localization of chimeric IFT57A and C proteins tagged with 

GFP viewed in epifluorescence microscopy. For each construct, the GFP fluorescence is 

presented in green and the DAPI labeling of the macronucleus in blue (in some cells like the 

one presented on the middle left, some food vacuoles take the blue dye). First line, reminder 

of the macronuclear labeling (Ma) given by IFT57A and the macronuclear exclusion (arrow) 

given by IFT57C. In the second line, the reciprocal chimaeras with N-ter half of one IFT57 

and the C-ter half of the other one shows that the N-ter half of IFT57A contains the 

macronuclear targeting signal. In the third line, the signal is shown to be more precisely 

carried by the second N-terminal quarter, the L129-N219 segment, of the molecule. OA: oral 

apparatus, bar: 10µm. 

 

First, I fused the N-ter half part of the IFT57A gene encoding amino acid 1 to N219  to the C-

ter Half of IFT57C gene encoding amino acid (D219 to stop) and reciprocally. After 

transformation, I analyzed the localization of the GFP signal. The presence of fluorescence in 

the nucleus of cells expressing the fusion proteins containing the N-ter half of IFT57A 

indicates that the signal is present in this part of the protein.. Then, I further manipulated this 

N-terminus in two pieces and found that the portion of the IFT57A coding L129 to N219 

embedded in an IFT57C gene context was sufficient to target the GFP fusion protein to the 

macronucleus. Reciprocally, the equivalent portion of IFT57C, between L129 and D219 in an 

IFT57A context was sufficient to exclude the GFP fusion protein from the macronucleus (Fig. 

3-4, last line). The macronuclear targeting sequence seems thus to reside between L120-N219 

portion of IFT57A, with the precaution that the labeling is neither as strong nor as stable in 

time as the native IFT57A protein. Indeed, after a few cell divisions, the macronuclear 

labeling of the chimeric protein disappears. 

 

I wondered whether the L129-N219 macronuclear localization signal was also able to ensure 

the change of nuclear localization during autogamy. Thus I transformed cells with the 

chimeric construct at the stage where they are competent for autogamy, to follow the 

phenomenon right away before the signal vanishes. The resulting transformed cells were then 

induced for autogamy by starvation and observed (Fig. 3-5). 
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Figure 3-5. Two examples of IFT57-GFP targeting to the developing macronuclear 

anlagen during autogamy with the shortest IFT57A signal in a chimeric IFT57A+C 

molecule viewed in epifluorescence microscopy. Left: GFP labeling, right: DAPI staining. 

Note that the anlagen are weakly labeled by GFP (arrows), with even a few foci in the 

anlagen of the bottom cell, whereas the fragments of the old macronucleus (blue in DAPI) are 

not. Bar: 10µm. 

 

The IFT57A and IFT57C proteins of Paramecium derive from a common ancestor before the 

occurrence of two successive genome duplications. Their sequences are very similar all over 

their length, including the L129-N219 region containing a signal experimentally determined 

for specific macronuclear localization of IFT57A. I summarized all the information about 

these two sequences in Figure 3-6. 
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Figure 3-6. Alignment of IFT57A and IFT57C sequences. Nuclear localization signal 

sequences (NLS) are highlighted in yellow. Differences appear between the two proteins, but, 

except the NLS in common which has a medium score (5 on a 1-10 scale), they have a low 

score around 3. Nuclear export signal sequences (NES) are boxes in black. The NES of 

IFT57C appears with a higher score than the one of IFT57A, although they have the same 

sequence. It is likely that amino acid environment influences the prediction algorithm. The 

L129-N219 sequence determined in this work to target IFT57A to the macronucleus is boxed 

in blue, and the substitutions pointed by arrowheads. 

 

Both IFT57A and IFT57C proteins possess a predicted bipartite NLS predicted at positions 

109-137 with a score of 5.3 indicative of proteins with dual localizations, in the nucleus and 

in the cytoplasm. IFT57A possesses other NLSs, one at positions 37-66 with a score of 3.1 

and another one at positions 312-339 with a score of 3, both being of low probability. Both 

proteins also possess the same NES at positions 346-355, but with a probability just above 

threshold for IFT57A and of twice the threshold for IFT57C. Altogether, this suggests a 

higher facility for IFT57A than for IFT57C to be nuclear. However, these features do not 

correspond to the region that I functionally determined by the use of chimeric molecules. This 

remains mysterious, but will need to examine the substitution between the sequences of the 

critical region. Apparently, most of the substitutions are conservative. Only V139A, Q199K 

and N219D (bold arrowheads on Fig. 3-6) could be candidates to be the relevant positions if 

site-directed mutagenesis is undertaken.  

 

Recently, the laboratory of M. Lynch in Bloomington provided access to the genome 

sequence of a number of Paramecium species they study. These species are Paramecium 

caudatum, Paramecium multimicronucleatum, Paramecium primaurelia, Paramecium 
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biaurelia and Paramecium sexaurelia, which added to the known genome of Paramecium 

tetraurelia make six whole genome sequences for the genus Paramecium. I extracted the 

sequences of IFT57 genes from these genome sequences and performed alignments to see 

whether inter-species comparison could give clues about the macronuclear targeting (Fig. 3-7). 

 
PtetraureliaIFT57A                1 MSE-QQVGQEQLDVTAMMEDLYEKLVLLNYEQSYVKQKGGKPLNRAYFVNQTNSSEQFSQ 
PtetraureliaIFT57Bco              1 MSE-QQVGQEQLDVTAMMEDLYEKLILLNYEQSYVKQKGGKPLNRAYFVNQTNSSEQFGQ 
PtetraureliaIFT57C                1 MSE-QQSGQDQLDVTAMMDELYDKLILLNYEQSYLKQKGGKPLNRAYFVNQTNSSEQFNQ 
PtetraureliaIFT57D                1 MSE-QQSGQDQLDVTAMMDELYDKLILLNYEQSYLKQKGGKPLNRAYFVNQTNSSEQFNQ 
PcaudatumPCAUDP16883IFT57         1 MSEQQQVGQDSMDITSMMEELYDRLVLLNYESSYLKLKGGKPLNRAYFVNQTNTSEQFTQ 

PmultimicronucleatumPMMNP12384    1 MSE-TQVSQDQMDVTAMMEELYEKLIILNYEQSYLKQKGGKPLNRAYFTNQTNSSEQFTQ 
PbiaureliaPBIGNP33153IFT57        1 MSE-QQVGQEQLDVTAMMEDLYEKLILLNYEQSYVKQKGGKPLNRAYFVNQTNSSEQFSQ 
PbiaureliaPBIGNP27716IFT57        1 MSE-QQVGQELLDVTAMMEDLYEKLILLNYEQSYVKQKGGKPLNRAYFVNQTNSSEQFSQ 
PbiaureliaPBIGNP19009IFT57        1 MSE-QQAGQDQLDVTAMMDELYDKLLLLNYEQSYLKQKGGKPLNRAYFVNQTNSSEQFTQ 
PbiaureliaPBIGNP35884IFT57        1 MSE-QQAGQDQLDVTAMMDELYDKLILLNYEQSYLKQKGGKPLNRAYFVNQTNSSEQFTQ 

PprimaureliaPPRIMP29893IFT57      1 MSE-QQVGQEQLDVTAMMEDLYEKLILLNYEQSYIKQKGGKPLNRAYFVNQTNSSEQFSQ 
PprimaureliaPPRIMP32406IFT57co    1 MSE-QQAGQDQLDVTAMMDELYDKLILLNYESTYLKQKGGKPLNRAYFVNQTNSSEQFTQ 
PprimaureliaPPRIMP30128IFT57co    1 MSE-QQVGQEQLDVTAMMEDLYEKLILLNYEQSYVKQKGGKPLNRAYFVNQTNSSEQFSQ 
PprimaureliaPPRIMP33941IFT57co    1 MSE-QQAGQDQLDVTAMMDELYDKLILLNYESTYLKQKGGKPLNRAYFVNQTNSSEQFTQ 
PsexaureliaPSEXPNG29593IFT57      1 MSE-QQAGQEQLDVTAMMDELYDKLLLLNYEQSYLKQKGGKPLNRAYFVNQTNSSEQFTQ 

PsexaureliaPSEXPNG33660IFT57      1 MSE-QQAGQEQLDVTSMMDELYDKLLLLNYEQSYLKQKGGKPLNRAYFVNQTNSSEQFTQ 
 
 
 
PtetraureliaIFT57A               60 FKTLAKWLFTQNDVQTTDFNKLDDPVTLSQNILNEVKNIGIDVDFPPLKLKQGFGEYVVY 

PtetraureliaIFT57Bco             60 FKTLVKWLFSQNDVQTADFNKLDDPVTLSQNILNEVKNMGIEVDFPPLKLKQGFGEYVVY 
PtetraureliaIFT57C               60 FKTLVKWLFQQNDVQTSDFNKLDDPVTLSQNIINELKNIGIEVDFPPIKLKQGFGEYVVY 
PtetraureliaIFT57D               60 FKTLVKWLFQQNDVQTSDFNKLDDPVTLSQNIINELKNIGIEVDFPPIKLKQGFGEYVVY 
PcaudatumPCAUDP16883IFT57        61 FKTLVKWLFQQNDVQTSDFSKLDDPVTLSQNIINELKNIGIEVDFPPLKLKQGYGEYVVY 
PmultimicronucleatumPMMNP12384   60 FKTLVKWLFTQNDVQTSDFNKLDDPVTLSQNIINELKNIGVETDFPPLKLKQGYGEYVVY 

PbiaureliaPBIGNP33153IFT57       60 FKTLVKWLFSQNDVQTTDFNKLDDPVTLSQNILNEVKNIGIEVDFPPLKLKQGFGEYVVY 
PbiaureliaPBIGNP27716IFT57       60 FRTLAKWLFSQNDVQTSDFNKLDDPVTLSQNILNEVKNIGIDVDFPPLKLKQGYGEYVVY 
PbiaureliaPBIGNP19009IFT57       60 FKTLVKWLFQQNDVQTSDFNKLDDPVTLSQNIINELKNIGIEVDFPPLKLKSGFGEYVVY 
PbiaureliaPBIGNP35884IFT57       60 FKTLVKWLFQQNDVQTSDFNKLDDPVTLSQNIINELKNIGIEVDFPPLKLKSGFGEYVVY 
PprimaureliaPPRIMP29893IFT57     60 FKTLAKWLFSQNDVQTTDFNKLDDPVTLSQNILNEVKNIGIDVDFPPLKLKQGFGEYVVY 

PprimaureliaPPRIMP32406IFT57co   60 FKTLVKWLFQQNDVQTSDFNKLDDPVTLSQNIINELKNIGIDVDFPPLKLKQGFGEYVVY 
PprimaureliaPPRIMP30128IFT57co   60 FKTLVKWLFSQNDVQTTDFNKLDDPVTLSQNILNEVKNIGIDVDFPPLKLKQGFGEYVVY 
PprimaureliaPPRIMP33941IFT57co   60 FKTLVKWLFQQNDVQTSDFNKLDDPVTLSQNIINELKNIGIEVDFPPLKLKQGFGEYVVY 
PsexaureliaPSEXPNG29593IFT57     60 FKTLVKWLFQQNDVQTSDFNKLDDPVTLSQNIINELKNIGIEVDFPPLKLKQGFGEYVVY 
PsexaureliaPSEXPNG33660IFT57     60 FKTLVKWLFQQNDVQTSDFNKLDDPVTLSQNIINELKNIGIEVDFPPLKLKQGFGEYVVY 

 
 
                                             --------------------------------------------------- 
PtetraureliaIFT57A              120 VLQQLASKALQKKKFQFKKVKIEQQSQT-QDEEPVQETGSVSSDSDPEVASDEEPEDVFN 
PtetraureliaIFT57Bco            120 VLQQLATKAIQKKKFQFKKAKIEQQSQTRQDEEPVQETGSVSSDSDPEVASDEEPEDVFN 

PtetraureliaIFT57C              120 VLLQLATKALQKKKFQYKKAKIEQQSQTRQDDEPVQETGSVSSDSDPEVASEEEPEDVFT 
PtetraureliaIFT57D              120 VLLQLATKALQKKKFQYKKAKIEQQSQTRQDDEPVQETGSVSSDSDPDVASEEEPEDVFT 
PcaudatumPCAUDP16883IFT57       121 VLLQLATKALQKKKFAFKKAKIEQQSQT-QEEEPVQETGSVSSDSDPEVASDEEPEDVVA 
PmultimicronucleatumPMMNP12384  120 VLLQLATKAIQKKKIKFNKPKIEQQSQTRQEEEPVQETGSVSSDSDPEVASDEEPEDVVA 
PbiaureliaPBIGNP33153IFT57      120 VLQQLASKALLKKKFQFKKAKIEQQSQTRQDEEPVQETGSVSSDSDPEVASEEEPEDVFN 

PbiaureliaPBIGNP27716IFT57      120 VLQQLASKALLKKKFQFKKVKIEQQSQT-QEEEHYQETGSVSSDSDPEVASEEEPEDVFN 
PbiaureliaPBIGNP19009IFT57      120 VLLQLATKALQKKKFQYKKAKIEQQSQTRQDDEPVQETGSVSSDSDPEVASDEEPEDVFT 
PbiaureliaPBIGNP35884IFT57      120 ILLQLATKALQKKKFQYKKAKIEQQSQTRQDDEPVQETGSVSSDSDPEVASDEEPEDVFT 
PprimaureliaPPRIMP29893IFT57    120 VLQQLASKALQKKKFQFKKVRIEQQSQT-QEEEPVQETGSVSSDSDPEVASDEEPEDVFN 
PprimaureliaPPRIMP32406IFT57co  120 VLLQLATKALQKKKFQYKKAKIEQQSQTRQDEEPVQETGSVSSDSDPEVASDEEPEDVFT 

PprimaureliaPPRIMP30128IFT57co  120 VLQQLASKALQKKKFQFKKAKIEQQSQTKQEEEPVQETGSVSSDSDPEVASDEEPEDVFN 
PprimaureliaPPRIMP33941IFT57co  120 VLLQLATKALQKKKFQYKKAKIEQQSQTRQDEEPVQETGSVSSDSDPEVASDEEPEDVFN 
PsexaureliaPSEXPNG29593IFT57    120 VLLQLAAKALQKKKFQFKKAKIEQQSQTRQDDEPVQETGSVSSDSDPEVASDEEPEDVFT 
PsexaureliaPSEXPNG33660IFT57    120 VLLQLATKALQKKKFQYKKAKIEQQSQTRQDDEPVQETGSVSSDSDPEVASDEEPEDVFT 
 

 
                                    ---------------------------------------- 
PtetraureliaIFT57A              179 EQGFQKDEERMVIESNVNPQEWAKEVERAAQKIKIVIKPNAGEWRQHFDATKQYSSQIRT 
PtetraureliaIFT57Bco            180 EQGFQKDEERMVIESNVNPQEWAKEVERAAQKIKIVIKPNAGEWRQHFDATKQYSSQIKT 
PtetraureliaIFT57C              180 EQGFQKDEDKMVIESNVNPKEWAKEVERAAQKIKIVIKPDAGEWRQHFDATKQYSNQIKT 

PtetraureliaIFT57D              180 EQGFQKDEDKMVIESNVNPKEWAKEVERAAQKIKIVIKPDAGEWRQHFDATKQYSNSIKT 
PcaudatumPCAUDP16883IFT57       180 EQGFQKDEDKMVIESNINPKEWQKEVERAAQKIKIVIKPDAGEWRQHFDATKQYSTQIKT 
PmultimicronucleatumPMMNP12384  180 EQGF-KDEDKMVIESNVNPKEWNKEVERAAQKIKIVIKPDAGEWRQHFDATKQYSTQVKQ 
PbiaureliaPBIGNP33153IFT57      180 EQGFQKDEERMVIESNVNPQEWAKEVERAAQKIKIVIKPNAGEWRQHFDATKQYSSQIKT 
PbiaureliaPBIGNP27716IFT57      179 EQGYQKDEERMVIESNVNPQEWAKEVERAAQKIKIIIKPNAGEWRQHFDATKQYSSQIKT 

PbiaureliaPBIGNP19009IFT57      180 EQGFQKDEDKMVIESNVNPKEWAKEVERAAQKIKIVIKPDAGEWRQHFDATKQYSNQIKT 
PbiaureliaPBIGNP35884IFT57      180 EQGFQKDEDKMVIESNVNPKEWAKEVERAAQKIKIIIKPDAGEWRQHFDATKQYSNQIKT 
PprimaureliaPPRIMP29893IFT57    179 EQGFQKDEERMVIESNVNPQEWAKEVERASQKMKIVIKPNAGEWRQHFDATKQYSSQVKA 
PprimaureliaPPRIMP32406IFT57co  180 EQGFQKDEDKMVIESNVNPKEWAKEVERAAQKIKIVIKPDAGEWRQHFDATKQYSNQIKT 
PprimaureliaPPRIMP30128IFT57co  180 EQGFQKDEERMVIESNVNPQEWAKEVERASQKMKIVIKPNAGEWRQHFDATKQYSSQIKA 

PprimaureliaPPRIMP33941IFT57co  180 EQGFQKEEDKMVIESNVNPKEWAKEVERAAQKIKIVIKPDAGEWRQHFDATKQYSNQIKT 
PsexaureliaPSEXPNG29593IFT57    180 EQGFQKDEDKMVIESNVNPKEWAKEVERAAAKIKIVIKPDAGEWRQHFDATKQYSNQIKT 
PsexaureliaPSEXPNG33660IFT57    180 EQGFQKDEDKMVIESNVNPKEWAKEVERAAAKIKIVIKPDAGEWRQHFDATKQYSTQIKT 
 
 

 
PtetraureliaIFT57A              239 ILPEARIKLERLTDELSEILDRINKREYNINENMQDMGSEYKKKNEDVKKIELQCKNYTN 
PtetraureliaIFT57Bco            240 ILPEARVKLERLTDELSEILDRISKREYNINENMHDMGSEYKKKNEEVKRIESQCKNYTN 
PtetraureliaIFT57C              240 ILPEARIKLERMGDELGEILDRITKREYNINENMSEMSTEFKKKNEEYKKIELQYQNYTN 
PtetraureliaIFT57D              240 ILPEARIKLERISDELGEILDRITKREYNINENMSEMCLEFKKKNEEYKKIELQYQNYTN 

PcaudatumPCAUDP16883IFT57       240 ILPEARLKLERMSDELSEVLDRINKREYNINENMMDMGSEYKKKNEEYKKIEVQLKNYTN 
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PmultimicronucleatumPMMNP12384  239 ILPEARIKMERLSDELSEVLDRITKREYNINENMMDMGSEYKKKNEEYKKIETQYKNYTN 
PbiaureliaPBIGNP33153IFT57      240 ILPEARVKLERLTDELSEILDRITKREYNINENMHDMGSEYKKKNEEVKKIELQCKNYTN 

PbiaureliaPBIGNP27716IFT57      239 ILPEARVKLERLTDELSEILDRITKREYNINENMLDMGSEYKKKNEEVKKLELQCKNYTN 
PbiaureliaPBIGNP19009IFT57      240 ILPEARIKLERVSDELGEILDRITKREYNINENMSEMCNEFKKKNEEYKKIELQYQNYTN 
PbiaureliaPBIGNP35884IFT57      240 ILPEARIKLERVSDELGEILDRITKREYNINENMSEMCNEFKKKNEEYKKIELQYQNYTN 
PprimaureliaPPRIMP29893IFT57    239 ILPEARIKLERLTDELSEILDRISKREYNINENMHDMGSEYKKKNEEVKRIELQCKNYTN 
PprimaureliaPPRIMP32406IFT57co  240 ILPEARIKLERMSDELGEILDRITKREYNINENMSDMCNEFKKKNEEYKKIELQYQNYTN 

PprimaureliaPPRIMP30128IFT57co  240 ILPEARIKLERLTDELSEILDRISKREYNINENMHDMGNEYKKKNEEVKRIELQCKNYTN 
PprimaureliaPPRIMP33941IFT57co  240 ILPEARIKLERMSDELGEILDRITKREYNINENMSEMCNEFKKKNEEYKKIELQYQNYTN 
PsexaureliaPSEXPNG29593IFT57    240 ILPEARIKLERMSDELGEILDRINKREYNINENMSEMCNEFKKKNEEYKKIELQYQNYTN 
PsexaureliaPSEXPNG33660IFT57    240 ILPEARIKLERMSDELGEILDRITKREYNINENMSEMCNEFKKKNEEYKKIELQYQNYTN 
 

 
 
PtetraureliaIFT57A              299 AIKEMGDQYKQISDKYEAVQTKLNEHGSISTDQSPVIRIKAALTKIRLEIKQMDLRIGVL 
PtetraureliaIFT57Bco            300 AIKEMGDQYKQISDKYEIVQNKLNEHGSISTDQSPVIRIKASITKLRLEIKQMDLRIGVL 
PtetraureliaIFT57C              300 AKKEMTDQYKQIQEKFETVQNKLNEHGSVSTNQSPVISIKAALTKLRLEIKQMDLRIGVL 

PtetraureliaIFT57D              300 AKKEMTDQYKQIQEKFETVQNKLNEHGSVSTNQSPVISIKASLTKLRLEIKQMDLRIGVL 
PcaudatumPCAUDP16883IFT57       300 AIKEMTDQYKLIAEKYETVQTKLNEHGSVSTDQSPVIRIKAALTKLRLEIKQMDLRIGVL 
PmultimicronucleatumPMMNP12384  299 AIKEMTDQYKQIAEKYDTVQNKLNEHGSVSTDQSPVIRIKAALTKLRLEIKQMDLRIGVL 
PbiaureliaPBIGNP33153IFT57      300 AIKEMGDQYKQISEKYETVQNKLNEHGSISTDQSPVIRIKASLTKLRLEIKQMDLRIGVM 
PbiaureliaPBIGNP27716IFT57      299 SIKEMGDQYKQISEKYDTVQTKLNEHGSISTDQSPVIRIKAGLTKLRLEIKQMDLRIGVL 

PbiaureliaPBIGNP19009IFT57      300 AKKEMNDQYKQISEKFETVQNKLNEHGSVSTDQSPVIRIKAGLTKLRLEIKQMDLRIGVL 
PbiaureliaPBIGNP35884IFT57      300 AKKEMNDQYKQIQEKFETVQNKLNEHGSVSTDQSPVIRIKAGLTKLRLEIKQMDLRIGVL 
PprimaureliaPPRIMP29893IFT57    299 AIKEMGDQYKQISEKYETVQNKLNEHGNISTDQSPVIRIKAALTKIRLEIKQMDLRIGVL 
PprimaureliaPPRIMP32406IFT57co  300 AKKEMNDQYKQIQEKFETVQNKLNEHGSVSTDQSPVIRIKASLTKLRLEIKQMDLRIGVL 
PprimaureliaPPRIMP30128IFT57co  300 AIKEMGDQYKQISEKYENVQNKLNEHGSISTDQSPVIRIKASLTKLRLEIKQMDLRIGVL 

PprimaureliaPPRIMP33941IFT57co  300 AKKEMNDQYKQIQEKFETVQNKLNEHGSVSTDQSPVIRIKASLTKLRLEIKQMDLRIGVL 
PsexaureliaPSEXPNG29593IFT57    300 AKKEMNDQYKQIQEKFETVQNKLNEHGSVSTDQSPVIRIKASLTKLRLEIKQMDLRIGVL 
PsexaureliaPSEXPNG33660IFT57    300 AKKEMNDQYKQIQEKFETVQNKLNEHGSVSTDQSPVIRIKASLTKLRLEIKQMDLRIGVL 
 
 

 
PtetraureliaIFT57A              359 SHTILQRTYHDSKAMQERDFHENGLILNDSNELTD 
PtetraureliaIFT57Bco            360 SHTILQRTYHDSKAMQERDFHENGLILNDSDELTD 
PtetraureliaIFT57C              360 SHTILQRTFHDAKAIQERDFHEHGLILNESDELTD 
PtetraureliaIFT57D              360 SHTILQRTFHDAKAIQERDYHENGLILNESDEFTD 

PcaudatumPCAUDP16883IFT57       360 SHTILQRTFHDAKAIQERDYNENGLILHDSDELTD 
PmultimicronucleatumPMMNP12384  359 SHTILQRTFHDSKALQERDYHENGLILNDSDELTD 
PbiaureliaPBIGNP33153IFT57      360 SHNILQRTFHESKAMQERDFHENGLILNDSDELTD 
PbiaureliaPBIGNP27716IFT57      359 SHNILQRTYHESKAMQEGDFHENGLLLNDSDELTD 
PbiaureliaPBIGNP19009IFT57      360 SHTILQRTFHDAKAIQERDYHENGLILNESDELTD 

PbiaureliaPBIGNP35884IFT57      360 SHTILQRTFHYAKAIQERDYHENGLILNESDELTD 
PprimaureliaPPRIMP29893IFT57    359 SHNILQRTYNESKAMQERDFNENGLILNDSDELTD 
PprimaureliaPPRIMP32406IFT57co  360 SHTILQRTFHDAKAVQERDYHENGLILNESDELTD 
PprimaureliaPPRIMP30128IFT57co  360 SHTILQRTFHDAKAIQERDYHENGLILNESDELTD 
PprimaureliaPPRIMP33941IFT57co  360 SHTILQRTFHDAKAIQERDYHENGLILNESDELTD 

PsexaureliaPSEXPNG29593IFT57    360 SHTILQRTFHDAKAIQERDYHENGLILNESDELTD 
PsexaureliaPSEXPNG33660IFT57    360 SHTILQRTFHDAKAIQERDYHENGLILNESDELTD 
 

 

Figure 3-7. Alignment of IFT57 genes from 6 Paramecium species. In addition to the 4 

genes from P. tetraurelia, I found 4 genes in P. primaurelia, 4 genes in P. biaurelia, 2 genes 

in P. sexaurelia and only a single gene in P. caudatum and in P. multimicronucleatum. These 

genes come from automatic annotation and I had to manually examine the sequences to 

correct the gene models (gene name followed by “co” in the alignment). I examined the 

region corresponding to L129-N219 of tetraurelia in all species. In particular, since P. 

caudatum and P. multimicronucleatum have only a single IFT57 gene, I compared IFT57A 

and IFT57C of tetraurelia to these species. In red are positions in P. caudatum and P. 

multimicronucleatum sequences that correspond to IFT57A-specific substitutions and in blue 

to IFT57C-specific substitutions. 

 

In the alignment, both P. caudatum and P. multimicronucleatum IFT57 unique sequences are 

identical between them at the positions corresponding to IFT57A versus IFT57C in the 

critical region. Three positions noted in red in the P. caudatum and the P. micronucleatum 

sequences correspond to the IFT57A sequence and four positions, noted in blue, to the 

IFT57C sequence. If we consider that all of these sequences arise from a common ancestor 

and that the P. tetraurelia duplicate paralogs appeared later, it would be worth knowing 

whether the ancestral protein had macronuclear localization or not. If it is macronuclear, this 

would mean that IFT57A has the full function and that IFT57C lost the nuclear function after 

the duplication that separated the IFT57A from the IFT57C lineages. In such a case, the 

amino acids highlighted in red would be critical for the nuclear localization. In contrast, if the 
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ancestral protein is not macronuclear, the macronuclear localization of IFT57A in P. 

tetraurelia would be a gain of function and the positions highlighted in blue, which diverged 

in IFT57A, would then be critical. I therefore cloned the P. caudatum IFT57 sequence in 

fusion with the GFP gene under its own 5’ and 3’ regulators and transformed P. caudatum 

cells with this construction (Fig. 3-8).  

 

 
Figure 3-8. Paramecium caudatum expressing endogenous IFT57 fused to GFP. The green 

fluorescence is clearly excluded from the macronucleus.  Bar = 10 µm. 

 

The result of this experiment in P. caudatum is that IFT57-GFP localizes, as it does in P. 

Aurelia, in the basal bodies and in growing cilia (not shown), but is excluded from the 

macronucleus. This would mean that at least one of the four positions noted in blue in the 

alignment of Figure 3-7 are determinant for localization in or out of the macronucleus. The 

ancestral sequence DK-x(9)-K-x(19)-D between positions 188 and 219 has been kept in 

IFT57C after the intermediate whole genome duplication, whereas a shift toward ER-x(9)-Q-

x(19)-N occurred in IFT57A that allowed macronuclear localization. The examination of the 

four mutated positions shows that two of them are conservative D->E, K->R. The two others, 

K->Q and D->N are therefore more prone to represent the effective positions critical for 

macronuclear localization/exclusion. This aspect could be addressed by a site-directed 

mutagenesis approach. 

 

3.1.3. Conclusion of Part 3.1. 

IFT57, also known as HIPPI in man, has a nuclear localization in mammalian cells in which it 

has a role, by interaction with HIP1, in transcription of some caspases. In Paramecium 

tetraurelia, no homologs of HIP1 or of caspases can be found in the genome, but at least one 

form of the IFT57 molecule can go to the macronucleus and, during autogamy, shift to the 

developing macronuclear anlagen in which it accumulates in foci. The role of this nuclear 

localization will be addressed in the next part of this chapter, but I found interestingly that, 

among the different IFT57 proteins harbored by Paramecium, IFT57A could go to the 

macronucleus whereas IFT57C was excluded from it. Both proteins are very close in amino 

acid sequences and both display putative NLS. By analyses of chimaeras, I determined the 

segment L129-N219 as determinant for macronuclear localization or exclusion and, by 

comparison with the behavior and the sequence of IFT57 in Paramecium caudatum, I found 

that two amino acids might be essential for this localization. However, this region does not 

overlap with any of the putative NLS of the molecule. The nuclear import should therefore 

take place through the interaction with another protein travelling to the nucleus. In addition, 

the particular region containing the two critical amino acids is not conserved in evolution and 

outside of the regions that can be aligned with the human IFT57/HIPPI amino acid sequence. 

It should be another region in the human protein that drives its nuclear localization. 
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Another interesting phenomenon was the changes in localization of IFT57-GFP during the 

autogamy process, suggesting a strong traffic between cortical elements such as cilia and 

basal bodies and the nuclei, old macronucleus and developing anlagen. 

 

PART 3.2. LOOKING FOR THE ROLE OF IFT57A IN THE MACRONUCLEUS 

 

The opposite behavior of IFT57A and IFT57C proteins toward nuclear localization asks the 

question of the role of IFT57A in the macronucleus. Its particular behavior during autogamy, 

mimicking the behavior of proteins involved in small RNA metabolism responsible for 

genome rearrangements during macronuclear development (Lepere et al., 2008) leads me to 

look the effects of its depletion, compared to IFT57C, during sexual events. Indeed, IFT57 

has a role of linker between motors and cargo in ciliary transport. An interesting idea to test 

would be a similar role for cargo transport between old and new macronucleus during sexual 

events. 

 

3.2.1. Attempts to induce RNAi during autogamy by expression of a hairpin RNA under the 

NOWA1 promoter. 

 

The lethal effect of IFT57A+C RNAi within two days during vegetative growth prevented the 

use of the routine feeding protocol carried out to study genes involved in autogamy (Galvani 

and Sperling 2002). Indeed this protocol requires exponential growth in the silencing bacteria 

before induction of autogamy as cells reach starvation. I thought that it would be worth to find 

a way to induce RNAi specifically at autogamy without impairing cell growth. A strategy of 

expression of hairpin (or sh) RNA under desired promoters is widely used in mammalian cells 

and has been successfully tried in another ciliate, Tetrahymena (Howard-Till & Yao, 2006). 

Since we know promoters in Paramecium that drive gene expression at autogamy (NOWA1, 

PTIWI09), I decided to develop new tools for inducible hairpin silencing in Paramecium. 

 

3.2.1.1. Working out hairpin RNAi in Paramecium. 

 

I started a series of vector constructions to test first the hairpin RNAi principle and second the 

possibility to have specific induction during autogamy (see Materials and Methods). I used 

the CAM (calmodulin) promoter for constitutive expression and the NOWA1 promoter for 

expression as soon as early autogamy. In addition to IFT57A and C, a gene tested was NSF 

(N-ethylmaleimide sensitive factor) gene is essential in the regulation of the intracellular 

membrane traffic, especially between the endoplasmic reticulum and the Golgi apparatus 

(Kissmehl et al., 2002). The turnover of this protein is such as the RNAi by feeding provokes 

cell lysis within less than 24 hours (Galvani & Sperling, 2002). For this particular gene, I tried 

two kinds of constructs, a short one of 290 base pairs and a long one of 792 base pairs of the 

NSF1 sequence, to manipulate possible different lethality effects.  

 

3.2.1.1.1. Efficient hairpin silencing with the NSF gene 

The first experiment consisted in transformation of vegetative cells with a hairpin containing 

792 base pairs of the NSF gene under the control of the CAM promoter. After injection of the 

construct into the macronucleus of wild type cells, all the microinjected cells died by lysis (a 

phenotype characteristic of NSF silencing) between 20 and 24 hours post microinjection. This 

result indicated that sh RNAi was possible in Paramecium. 
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A second experiment was to co-transform wild type cells with the NSF hairpin vector under 

control of the NOWA1 promoter and with a vector in which the NOWA1 gene fused to GFP 

under the control of its own regulators to have a reporter gene for the autogamy process in the 

transformed cells (Fig. 3-9). 

 
 

Figure 3-9. Hairpin silencing using NSF as a test gene. Top- scheme of the constructs used 

in this experiment: the NSF hairpins were cloned between the CAM regulators (in yellow) or 

the NOWA1 regulators (in red). Bottom- NSF-hairpin expression during autogamy. Cells 

were co-microinjected with a NOWA1-GFP fusion under its own regulators and with the NSF 

hairpin under the same NOWA1 regulators. The NOWA1-GFP was an indicator of the entry 

into autogamy (right panel) viewed in epifluorescence microscopy. Shortly after autogamy 

induction, the cells lyzed and died, a process already engaged in the cell of this figure (left 

panel). 

 

After co-transformation the non-fluorescent transformants grew perfectly well during the 

vegetative phase. This growth ability confirms that the under the NOWA promoter, the NSF 

hairpin in not expressed during vegetative phase. After 25 divisions in log phase after 

microinjection I induced autogamy in the cells by starvation. As soon as they reached the 



119 

plateau, a strong macronuclear fluorescence appeared in the cells, confirming that they were 

able to enter the autogamy process. A few hours later, they died by lysis indicating that the 

NSF hairpin is also induced and thus that the RNAi induction specific for autogamy is 

effective.  

 

3.2.1.1.2. Cycle of Ptiwi09‐GFP during autogamy 

To avoid any conflicts between the promoters controlling the expression of the hairpin and the 

reporter gene, I used Ptiwi09 GFP rather GFP Nowa as reporter gene.  As Nowa1, Ptiwi09 

(Bouhouche et al., 2011) is induced during autogamy. In addition, as does IFT57A, its shift 

from old to new macronucleus during the autogamy and its presence allowed to test if the 

IFT57A RNAi has an effect on protein transport from old macronucleus to new anlagen (Fig 

3-10).  

 

 
 

Figure 3-10. Cycle of Ptiwi09-GFP during autogamy viewed in epifluorescence microscopy. 

Cells transformed by an expression vector of Ptiwi09-GFP under its own regulators were 

obtained by DNA microinjection into the macronucleus. After transformation, vegetative cells 

(V) do not show any GFP fluorescence. When autogamy occurs (stages A1-A7), GFP 

fluorescence appears. A1: cytoplasmic (and cortical around basal bodies, not shown) 

fluorescence; A2: strong macronuclear fluorescence; A3-A5: decrease of nuclear 

fluorescence of the old macronucleus; A6, A7: high fluorescence of the growing anlagen. Bar: 

10µm. 

 

As already described by Bouhouche et al. (2011), I found that Ptiwi09-GFP was specifically 

expressed during autogamy, first in the cytoplasm and in the cortex in association with basal 

bodies (not shown), next in the macronucleus, with a final shift to the growing anlagen.  
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3.2.1.2. Effect of IFT57 RNAi by hairpin expression during sexual events. 

To test the effect of IFT57 during autogamy, I undertook the cloning of the hairpin versions 

of IFT57A and IFT57C under the NOWA1 regulators. If the cloning of the IFT57A hairpin 

was not problematic, for unknown reasons, the cloning of the IFT57C hairpin did not work 

despite many attempts.  

 

3.2.1.2.1. Autogamy 

I performed the co-transformation of wild type cells with the vectors allowing the expression 

Ptiwi09-GFP under its own regulators and the IFT57A hairpin under the NOWA1 regulators. 

(Fig. 3-11). I used the short segment of NSF under the NOWA1 promoter as a non-specific 

hairpin control. (Fig. 3-12). 

 

 
 

Figure 3-11. Effect of IFT57 hairpin expression during autogamy viewed in 

epifluorescence microscopy. Cells co-microinjected with Ptiwi09-GFP and IFT57 hairpin 

under the NOWA1 promoter (V) become fluorescent first in the cortex (1a, 1b) and then in the 

macronucleus (1c) under starvation when cells are competent for autogamy. However, 

autogamy does not proceed further and the macronuclear fluorescence disappears (1d). If 

cells are put back in growth medium, the fluorescence totally disappears, but reappears as 

soon as the cells starve, without any incompetence period. The novel “pseudoautogamy” 

cycle (2a -2d) follows the same scheme as the first one. This has been reproduced for five 

successive cycles. Bar: 10 µm. 

 

When autogamy was induced by starvation of the transformed cells, we observed the Ptiwi09-

GFP fluorescence deployment in the cortex and in the macronucleus indicating that the early 

event of autogamy occurred (figure3-11, 1a, 1c), although a small proportion of cells 

immobilize and die. However, in the bulk of surviving cells, autogamy does not proceed 

further: the macronuclear fluorescence disappears (1d) but the macronuclear fragmentation 

does not occurred. If cells are put back in fresh growing medium, they resume a normal 

growth and could be starved again. At this time fluorescence reappeared indicating they the 

cells could be competent again for autogamy. But as previously the autogamy did not proceed 

further. This “pseudoautogamy” process has been reproduced for five successive cycles 

afterwards the cells were committed to senescence. These observations show that the IFT57A 

hairpin silencing under the NOWA1 promoter blocks autogamy at a very early stage: (1) 

autogamy is triggered since Ptiwi09-GFP is up-regulated and localizes to basal bodies and 

macronucleus; (2) autogamy is blocked at very early stages since no meiotic figures could be 

detected and the macronucleus never fragments; (3) no sign of hidden autogamy is visible 
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since, after re-growth in fresh medium, cells display the same early autogamy signs upon 

starvation, without any immaturity period as should occur if they had completed an autogamy; 

(4) after a series of growth and starvation period, the clones are committed to senescence, 

indicating that they never underwent autogamy since the transformation by the hairpin vector. 

 

 
 

Figure 3-12. Effects on NSF hairpin expression on autogamy viewed in epifluorescence 

microscopy. DAPI (top row) and GFP (bottom row) staining of cells expressing both NSF 

hairpin RNA under the NOWA1 promoter and Ptiwi09-GFP. On the left are presented two 

cells: one cell noted “v” in vegetative stage (without GFP fluorescence and the other one “1” 

in early autogamy (both macronuclei are pointed by arrows and the fluorescent macronucleus 

by a star). Two other cells, “2” and “3” also present a fluorescent macronucleus. Bar: 10µm. 

 

Using the control induction of NSF short hairpin RNA during autogamy (under the NOWA1 

promoter), no lethality was observed, but the same phenotype as the one obtained by IFT57A 

hairpin induction occurred, i.e. early appearance of Ptiwi09-GFP in the cytoplasm and in the 

macronucleus, then block of nuclear processes at this stage. The fluorescence diminished with 

time but the same events can be reproduced after re-growth and starvation. 

This last result indicates that the autogamy blockage is a general hairpin effect and not 

specific to IFT57A silencing. Although very new and interesting, this aspect was not pursued 

in my thesis because I tried to unravel the nuclear role of IFT57A. 

 

3.2.1.2.2. Conjugation 

To try to obtain an information about the transport between the old and new macronuclei I 

wondered whether this question could be approached during conjugation, because mating 

with a normal cell could have a compensatory effect and “dilute” the blocking given by the 

hairpin RNA. Are the hairpin expressing cells able to mate with a wild type partner? Yes they 

are. I therefore analyzed the course of conjugation between a transformed cell expressing 

IFT57A hairpin under the NOWA1 promoter and Ptiwi09-GFP and a wild type cell (Fig. 3-

13). 
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Figure 3-13. Conjugation of cells expressing IFT57A hairpin RNA under the NOWA1 

promoter and Ptiwi09-GFP with control cells viewed in epifluorescence microscopy. From 

left to right: 1) mating pair after 2 hours of conjugation in which the Ptiwi09-GFP expressing 

partner is clearly visible; 2) mating pair after 6 hours of conjugation in which a strong 

asynchrony is seen between the two conjugants, the one expressing Ptiwi09-GFP being 

delayed in macronuclear fragmentation compared to its mate; 3) and 4) two ex-conjugants 

from the same pair 16 hours after the end of conjugation. Arrows: anlagen. Arrowhead: 

putative small anlagen. Ma: macronucleus. Bar: 10µm. 

 

During conjugation, the first observation is that, as it could be expected, one cell of each pair 

expresses Ptiwi09-GFP and the other not. Then, the partners expressing Ptiwi09-GFP are 

delayed in nuclear disorganization compared to the wild type partner. After separation of ex-

conjugants and overnight recovery in growth medium, both cells from the pairs are 

fluorescent, a big cell with fluorescent anlagen and a smaller cell with ill defined weakly 

fluorescent anlagen. The ex-conjugants from 8 pairs were inoculated in fresh medium, and, 

for each pair, a cell died and the other gave a growing clone. Although it has not been 

experimentally followed, it is likely that the small ex-conjugant cells that are also the cells 

dying at inoculation correspond to Ptiwi09-GFP and IFT57A hairpin expressing parental cells. 

If yes, this shows that the hairpin RNA does not diffuse to the mating cell in a pair, in contrast 

to Ptiwi09-GFP, which accumulates in anlagen of both cells. 

Whatever the true interpretation, this experiment does not provide evidence that IFT57 RNAi 

prevents accumulation of Ptiwi09-GFP in anlagen. Although many questions remain unsolved 

about inducible hairpin RNAi, this was not the way to answer my question of what does 

IFT57A in the nuclei during autogamy. Therefore, I stopped this part of my research to focus 

on other means to silence IFT57. 

 

3.2.2. “Regular” IFT57 RNAi during sexual events 

 

The block of autogamy obtained under IFT57A and NSF hairpin silencing does not give any 

clue to the role of IFT57A in nuclear transport. I therefore decided to go back to regular 

“feeding” techniques for RNAi during sexual events by ensuring a tight control about the 

duration and timing of RNAi to avoid vegetative lethality. 
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3.2.2.1. Effect of IFT57 RNAi during conjugation. 

The effects during the first day after conjugation (analysis of DNA rearrangements) and after 

inoculation into fresh medium (survival) were analyzed (Figure 3-14). 
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Figure 3-14. Effect of IFT57A+C RNAi on conjugating cells. Top panel: presence of 

anlagen (white arrows) in cells issued from conjugation with or without IFT57 RNAi 

treatment. Bar: 10µm. Middle panel: comparison of clone survival when cells submitted to 

RNAi are transferred to normal Klebsiella medium (conjugation versus vegetative; 

IFT57A+C RNAi treatment versus control Klebsiella medium). Bottom panel: evaluation of 

IES excision by PCR on ~50 cells at the end of the RNAi treatment when anlagen were 

detectable. K1 and K2: Klebsiella control, S1 and S2: silenced cells using RNAi medium, mi: 

micronuclear DNA control, ma: macronuclear DNA control, 0: no template DNA. The PCR 

products in S1 and S2 have the size of the macronuclear versions, i.e. without IES. 

 

Cells of both mating types were grown and induced to reactivity by starvation in normal 

Klebsiella medium. Reactive cells were mixed and tight pairs were isolated and transferred to 

IFT57A+C RNAi medium for 16 hours. In parallel, vegetative cells were inoculated in the 

RNAi medium and left for 16 hours. Conjugating pairs generally separate after 4 to 6 hours, 

depending on the experiment. Since pairs do not feed, the time of exposure of the cells to the 

RNAi medium really starts after separation of the conjugants and approximately corresponds 

to 10 hours. After RNAi treatment, cells are still swimming, however a little slower likely 

because they start to have a decreased number of cilia. I first checked by DAPI staining the 

behavior of the nuclei in the ex-conjugants and observed normal macronuclear fragmentation 

and anlagen development Fig 3-14, top panel). 

To test the ability of the inactivated cells to survive I transferred the ex-conjugants and 

vegetative inactivated cells back to Klebsiella medium and I compared their ability to give 

rise to growing clones. Only 4 over 24 clones were growing among inoculated ex-conjugants 

after 10 hours of effective IFT57A+C RNAi treatment, compared to the 17 over 24 growing 

clones from vegetative cells treated for 16 hours (Fig. 3-14, middle panel). Since new anlagen 

were observed after conjugation, the lethality could be accounted for a defect in a step of the 

development of the new macronucleus different from DNA amplification. 

During the macronuclear development numerous rearrangement of the DNA occurs including 

transposon and IES elimination. In order to determine if the lethality observed after IFT57A 

+C RNAi silencing could be correlated with defects in these rearrangements. I tested whether 

the retention of two IESs of the A gene, encoding the A surface antigen, during macronuclear 

development were normal or not. PCR performed in the regions of these IESs revealed that 

the excision was normal (Fig. 3-14, bottom panel). The post-conjugation can neither be 

explained by drastic effect on IES excision. 

 

In conclusion, the lethality observed on ex-conjugants treated by IFT57 suggests a role of 

IFT57 during the sexual events. However we have no indication on the origin of the post-

conjugation lethality.  

 

3.2.2.2. Effect of IFT57 RNAi during autogamy. 

 

To get access to silencing during autogamy, without the equivalent of the RNAi “insulation” 

period in conjugation in which conjugants do not feed, I worked out another protocol to get 

efficient silencing by feeding during autogamy. Since the phenotype given by the inactivation 

IFT57 is clearly visible only after 24 hours in feeding bacteria, I tried another protocol in 

which the RNAi treatment lasts only 16 hours before introduction into a starvation medium to 

induce autogamy. Since IFT57A or IFT57C depletions alone do not give strong phenotype, I 

performed also the double IFT57A + IFT57C RNAi to check whether the particular protocol 
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used was efficient enough. The answer is yes: cells submitted to the double RNAi become 

bald after 24 hours of starvation post RNAi. Therefore, the experiment consisted in a first 

inoculation of log-phase cells competent for autogamy (25 generations from last autogamy = 

“old” cells) for 16 hours into IFT57A, IFT57C and control ND7 RNAi feeding media at a 

density of 50 cells/ml to induce inactivation, then in a transfer at a density of 200 cells/ml for 

24 hours in exhausted medium in which they cannot divide and are triggered to undergo 

autogamy. The same protocol was used on control young cells which is this context were not 

supposed to undergo autogamy after transfer in exhausted medium.  

 

3.2.2.2.1. Effect of IFT57 RNAi on cilia and nuclei during autogamy 

Autogamy is supposed to start in old cells as soon as they are in the exhausted medium, but 

the process lasts a long time and the evolution of anlagen development and genome 

rearrangements can be followed during several days. In all cases of the experiment, the RNAi 

treated populations survived, except that a variable proportion (10-20%) of cells depleted for 

IFT57A were found immobile in the culture and devoid of cilia, about to die. Therefore, for 

the rest of the experiment, I used samples of well-swimming cells in each culture (the three 

RNAi conditions on old and young cells). Every day during four days, I fixed and DAPI-

stained cells and I extracted genomic DNA. In addition, the first and the fourth day, I 

immuno-stained the samples with the anti-Paramecium cilia and ID5 antibodies, in the 

presence of DAPI stain, to see any effects of the RNAi on cilia and basal bodies (Fig. 3-15).  
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Figure 3-15. Effect of IFT57 RNAi on cilia during autogamy viewed in epifluorescence 

microscopy. IFT57A, IFT57C and ND7 were inactivated separately during 16 hours in old 

and young populations after what cells were transferred in exhausted medium. At days 1 and 

4, samples of each conditions were immunolabelled to examine their physiological state, 

autogamous or not, and the presence of cilia at the surface. At Day 1, old cells have started 

the autogamy process, as illustrated by the presence of macronuclear fragments (Fragm.). At 

Day 4, old cells are in late stage of autogamy, in which big anlagen are present (white 

arrowheads). On both days, young cells have a normal macronucleus (ma), representative of 

a vegetative stage. Bar: 10µm. 

 

The DAPI staining confirms that during the treatment the old cells underwent the autogamy 

process while young cells did not. Concerning the IFT57A and IFT57C silencing, the 

conclusion is less clear from these pictures, but if we know that in vegetative cells these 

RNAi treatment are also poorly visible (Fig. 2-11) and that the preliminary experiment of 

double RNAi under the new protocol was effective, we can conclude that RNAi occurred.  
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3.2.2.2.2. Effect of IFT57 RNAi on IES excision and clone survival 

To test if the IFT57 depletion could give a phenotype linked to a defect in nuclear function 

during the complex reorganizations that occur during autogamy, I tested the post-autogamous 

survival by inoculation of 24 individual cells from each sample every day into fresh 

Klebsiella growth medium. The growth capacity of the derived clones is monitored the next 

day. Only the results for sample inoculated at Day 1 and Day 4 are presented (Fig. 3-16). In 

parallel, to detect potential defect in IES excision, IES retention at Day 4 was examined by 

PCR on extracted genomic DNA using primers specific for the region flanking two known 

IESs (Fig. 3-16). 

 

 
 

Figure 3-16. Effects of IFT57 RNAi during autogamy. Top row: summary of clonal survival 

after the RNAi and starvation medium treatment. Results of Day 1 and Day 4 are presented, 

in which only old cells, having undergone autogamy, give lethality in IFT57 RNAi media, with 

a stronger effect in IFT57A RNAi. Number of clones in each sample = 24. Bottom row: Gel of 

PCR samples produced by amplification of the regions flanking IES 4404 and IES 1835 of the 

A gene (surface antigen gene) on DNA extracted at Day 4. A: IFT57A RNAi, C: IFT57C RNAi, 

N: ND7 RNAi, mi: micronuclear DNA control, ma: macronuclear DNA control.  RNAi.  

 

Separate IFT57A and IFT57C RNAi treatment prior to induction of autogamy produce post 

autogamous lethality. This is specific for autogamy, since young cells that underwent the 

same treatment did not undergo autogamy and did not produce post-treatment lethality. A 

simple idea would be that post autogamous lethality comes from anomalies in the new 

macronuclei that developed in cells loaded with IFT57 siRNA. I therefore checked a simple 

potential defect, IES excision, but found no retention at Day 4, meaning that the excision 

process was not altered, as I already found in conjugation with a different RNAi kinetics.  

The question is now what gives post autogamous and post-conjugation clonal lethality, if this 

is not genome rearrangement. A possibility is that this is not a general effect on IES excision 

but an effect limited to only a few rearrangements that were not examined. Another 

possibility could be linked to the fact that the cells reorganize their oral apparatus during 
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sexual events. The lethality effect could be due to inefficient oral apparatus in cells deriving 

from IFT57 RNAi during the sexual events. This hypothesis would need to carefully follow 

the oral apparatus reorganization during the treatment. 

 

3.2.2.2.3. Effect of IFT57 RNAi on Ptiwi09‐GFP nuclear localization. 

Despite the lack of effect of IFT57 RNAi during autogamy on IES excision, I wondered 

whether an effect could be detected on the transport of some molecules between nuclei. 

Indeed, IFT57 is known to be associated to transport, at least in the IFT, and itself moves 

from the old fragmenting macronucleus to new anlagen during autogamy. I applied IFT57A, 

IFT57C and L4440 (empty vector) RNAi on Ptiwi09-GFP transformed cells competent for 

autogamy and followed the fluorescence (Fig. 3-17). 
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Figure 3-17. Effect of IFT57 RNAi on anlagen localization of Ptiwi09-GFP during 

autogamy viewed in epifluorescence microscopy. A clone expressing Ptiwi09-GFP was 

submitted to IFT57 RNAi before induction of autogamy and the GFP fluorescence was 

examined at the end of the process. Two cells are presented for each condition: IFT57A RNAi 

on the left, IFT57C RNAi in the middle, L4440 empty vector on the right. Bar: 10µm. 

 

As clearly visible after DAPI staining (Fig. 3-17) in all RNAi experiments the cells were able 

to undergo autogamy and the Ptiwi09-GFP fluorescence concentrated in the new 

macronuclear anlagen showing that IFT57A or IFT57C proteins were not separately essential 

for the Ptiwi09-GFP transport. However we sometimes observed anomalies in the number of 

anlagen developing in post autogamous cells. It is known that the relative number of 

anlagen/micronuclei after the second post-zygotic division is driven by the position of the 

nuclei at both poles of the cells (Grandchamp & Beisson, 1981). Indeed, at the second post-

zygotic nuclear division, the separation spindle, orient longitudinally so that two daughter 

nuclei are transiently positioned at the anterior pole of the cell – and are committed to become 
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micronuclei, while the two other daughter nuclei are positioned at the posterior pole – and are 

commited to become macronuclei. Possibly, this may mean that IFT57 participates in some 

way in this positioning. 

 

 

3.2.3. Conclusion of Part 3.2. 

 

The macronuclear localization of IFT57A and its successive localizations in old and new 

macronuclei during autogamy address the question of its nuclear function. I tried to deplete 

the protein during sexual events, conjugation or autogamy, by regular feeding methods or by 

developing a new way of inducible RNAi by hairpin RNA expression. If some post-sexual 

events lethality could be observed after IFT57 RNAi treatment, I could not a defect in genome 

rearrangement, even though I tested only two IESs. Beyond the cause of the post sexual 

events lethality, which could have a non-nuclear origin and reside in oral apparatus 

reorganization for instance, the question remains of the role of IFT57 in the nucleus, if there is 

one. It has to be kept in mind that functional studies during sexual events is a challenge when 

genes essential for vegetative life are silenced, and a balance has to be found between not too 

strong exposure to avoid lethality and not too weak to get a phenotype. It is not excluded that 

the RNAi I applied during sexual events was not strong enough to reach potential functions in 

the nuclear exchanges. 

Another interesting outcome of this work, although it did not help in understanding the 

nuclear function of IFT57A during autogamy, is the irreversible blocking effect of autogamy 

by early and massive expression of hairpin RNA under the NOWA1 promoter. Such 

phenomenon can be exploited in experiments where autogamy has to be avoided. 
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DISCUSSION 

 

 

In this work, I approached the ciliary and nuclear role of the IFT57 proteins in Paramecium 

using combinations of GFP-fusion localization and RNAi methods. The ciliary role of IFT57 

proteins is obvious since it is essential for correct ciliogenesis. However, the nuclear function 

is more difficult to decipher: although the nuclear localization of one of the proteins, IFT57A, 

is striking in vegetative cells as well as during sexual events, no obvious phenotype that could 

be imputed to nuclear defects has been observed under IFT57 depletion. 

 

The new elements provided by this work and that I will discuss in this chapter concern on the 

one hand the functional links with other IFT proteins in ciliogenesis and on the other hand the 

localization changes between the cortex and the various kinds of nuclei during sexual events. 

I will conclude by the examination of possible functional relationships between cilia and 

nuclei. 

 

 

D.1. IFT57 in the IFT system for ciliogenesis. 

 

The first observation made from this work is that the IFT57 proteins, as well as the other IFT 

proteins that I studied, whose function was extrapolated from sequence homology through 

evolution, are indeed involved in ciliary transport: the GFP fusions of these proteins localize 

to basal bodies and growing cilia, the depletion of these proteins give rise to ciliary loss. 

Moreover, the depletion of one protein of the IFTA complex, IFT139, provokes the 

accumulation of IFTB components, such as IFT57, IFT46 and qilin, and the depletion of 

IFTB components, such as IFT57, IFT172, IFT46 or qilin prevent the entry of other IFTB 

components into the cilium, either at steady state or during ciliary growth. 

 

However, some of the results do not give straightforward interpretation and need more 

examination. 

 

D.1.1. Ciliary growth and maintenance in relation to IFT recycling. 

Cells depleted in IFT57 proteins, as well as the one depleted for IFT172 (both proteins 

belonging to the peripheral set of IFTB components) display a smaller cilia number over time 

but without ciliary shortening. In normal conditions, when cells divide, basal bodies are 

duplicated in an uneven way over the surface, some regions being not duplicating at all and 

others undergoing one or several rounds of duplications. After division, each cell inherits of a 

set of old and a set of new basal bodies. Old ciliated basal bodies remain ciliated, whereas 

some of the new basal bodies nucleate new cilia. Under IFT57 or IFT172 RNAi, cells after 

division keep the old cilia with normal length and new basal bodies do not grow any cilia or 

only abortive ones, making the sell surface less dense in cilia. After two or three rounds of 

divisions, only rare long cilia are detected, unevenly represented on the clonal offspring. The 

simplest interpretation is that these peripheral IFTB proteins, necessary for ciliary growth, are 

not involved in ciliary maintenance: once the cilium is made, it is stable and never disappear 

except by breakage into the medium. However, this is not true when the core IFTB IFT46 

protein is depleted and cells with short cilia of any sizes are produced. This would mean that 
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IFT46 is necessary for ciliary maintenance as well as for ciliary growth. How could we 

explain this apparent contradiction? Two hypotheses can be imagined: 

Firstly, the two IFT proteins do not have the same role in the machinery. IFT46, as a protein 

necessary for the IFTB complex stability, would also be involved in ciliary maintenance, 

whereas IFT57, a linker between the kinesin motor and the IFTB core would be dispensable 

for this maintenance. 

Secondly, may be the core and peripheral IFT proteins have not the same fate in the cilium. 

An argument for this hypothesis is that when IFT57-GFP expression is antagonized by IFT57 

RNAi (a condition that may not remove the totality of the IFT over expressed in the cell), cilia 

remain fluorescent, may be more fluorescent than without RNAi. In contrast, IFT46-GFP 

expressing cells submitted to IFT46 RNAi do not show the same phenomenon since the 

fluorescence rather tends to decrease over time. An idea would be that IFT57, at least in 

IFT57 RNAi conditions, would be trapped in the cilia by exit inhibition and recycle, even in 

the absence of neo synthesis and import of new protein from the cytoplasm. The intraflagellar 

recycling of an IFT protein has been recently reported in Trypanosoma using the expression 

of IFT52-GFP and photobleaching and recovery experiments on the flagellum (Boileau et al., 

2013), indicating that such phenomenon is conceivable. IFT57 could thus have a role in 

ciliary maintenance, so that the expression decrease gives no ciliary shortening phenotype. In 

such a hypothesis, IFT46 could not be trapped under IFT46 RNAi so that its function in 

maintenance can be revealed by ciliary shortening when it is depleted. 

IFT proteins are mobilized during ciliary growth, a phenomenon easily visible after 

experimental deciliation, which, in addition, offers a way to synchronize the observations. 

When IFTA (IFT139) or IFTB (IFT46, IFT57, IFT172, and qilin) components have been 

already depleted for 24 hours at the time of the reciliation experiments, residual ciliary growth 

occurs. This could be accounted for the fact that the RNAi depletion is not total and trace 

amount of the depleted IFT remain in the cytoplasm to carry out residual ciliary growth. 

However, when the depletion concerns an IFTB protein (IFT46, IFT57, IFT172, qilin), no 

GFP-tagged IFT protein (IFT46, IFT57, qilin) enters the short cilia, as if the residual growth 

was independent of the IFT, at least of two IFT proteins in each case, the one which is 

depleted and the one which is tagged with GFP. In the case of IFT139 depletion, the short 

cilia accumulate GFP-tagged IFT at their tip, in agreement with the observations on 

vegetative cells. A careful examination of Figure 2-22, middle panel, green enlarged insets, 

may suggest that, in addition to the ciliary tip labeling, there is a more obvious basal body and 

ciliary GFP labeling in IFT46-GFP expressing cells than in IFT57-GFP or qilin-GFP 

expressing cells. If such tiny difference in fluorescence is significant, this could be related to 

the easier trapping of IFT57 into cilia than IFT46. 

 

D.1.2. Cytoplasmic complexes of IFT proteins 

The IFT particles are large complexes of more that 20 subunits. The way of the assembly of 

these subunits, which has been addressed in Chlamydomonas (Richey and Qin, 2012), is 

stepwise and involves progressive addition of proteins or of pre-complexes. It is admitted that 

the assembly occurs at the basal body before interaction with the transition zone (Deane et al., 

2001; Follit et al., 2006), which enable the entry of the complex into the cilium. Evidences 

exist that at least some IFT proteins can have a function outside of the cilia (Gervais et al., 

2002; Delaval et al., 2011;Finetti et al., 2009), and that IFT proteins can interact together 

outside of the basal bodies (Finetti et al., 2009). Some experiments of my work are in favor of 

such extra-basal body interactions.  

First, I detected some cytoplasmic foci of IFT46-GFP induced after deciliation. The 

appearance of these foci is sensitive to the depletion of other IFT proteins (IFT172, 1FT57). 
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However, such foci do not occur with IFT57-GFP or Qilin-GFP in cells under reciliation. One 

hypothesis is that some IFT proteins interact with IFT46-GFP to help in generating the foci, 

but do not accumulate into them. Another hypothesis is that there is a control of gene 

expression making an IFT46 down-regulation upon IFT57 or IFT172 RNAi. 

Second, I detected IFT57-GFP foci in cells under IFT46 RNAi, but only in this condition. The 

origin of these foci is not clear, since they appear very early in cortical rows between the basal 

bodies, before accumulating as big inclusions in the cytoplasm. The appearance of IFT57-

GFP foci under IFT46 RNAi means that, in untreated cells, IFT46 is necessary for good 

targeting of IFT57-GFP. Does the IFT46 depletion just slow down a physiological 

phenomenon normally too fast to be detected (foci between ciliary rows) or does it induce 

anomalous localization, or both? This remains open, but this is another indication of 

cytoplasmic interaction between IFT46 and IFT57. 

 

D.2. The presence of IFT57A in the macronucleus, a still unsolved mystery 
 

When tagged with GFP, IFT57A enters the macronucleus while IFT57C is excluded from it. I 

first tried to understand which part of the molecules make the difference, and then to try to 

find a role to this macronuclear localization, as discussed below. 

 

D.2.1. Nuclear targeting of IFT57A‐GFP 

After constructing chimeras between IFT57A and IFT57C fused to GFP, I determined a 

region (L129-N219) representing ~25% of the sequence in which reside the differences 

among which should be the signal that targets IFT57A to the macronucleus and excludes 

IFT57C from it. I took advantage of the recent sequencing of the genomes of other 

Paramecium species, to which I had access before release, to analyze other IFT57 genes in 

the genus. The P. aurelia syngen underwent two whole genome duplications that did not 

occur in other species such as P. caudatum and P. multimicronucleatum, so that these species 

have a single IFT57 gene instead of four in P. tetraurelia. The rationale was that the unique 

IFT57 gene in P. caudatum and P. multimicronucleatum would behave as the ancestral IFT57 

gene in the P. aurelia syngen, before the two last whole genome duplications. It was worth to 

test whether the P. caudatum IFT57-GFP fusion could go into the macronucleus or not. The 

answer is no, meaning that most probably, the nuclear localization of IFT57A in P. tetraurelia 

represents a gain of function after genome duplication. By sequence comparison, this allows 

to have a more precise idea about the amino acid difference responsible for the different 

localizations of IFT57A and IFT57C. However, although this is difficult to imagine, it 

appears that there is no need for nuclear function of IFT57 in P. caudatum. To date, I did not 

demonstrate a function of IFT57A in the nucleus of P. tetraurelia. May be the fact that it is 

dispensable in other Paramecium species means that the macronuclear in P. tetraurelia 

localization is fortuitous? However, the homologous molecule in mammals has a nuclear 

function, what would stimulate further research to identify the actual role of IFT57A in the 

macronucleus of P. tetraurelia. 

 

D.2.2. Possible nuclear roles of IFT57A deduced from its localization. 

IFT57A-GFP strikingly localizes in the macronucleus of vegetative cells and, during 

autogamy, the labeling disappears from the fragmenting macronucleus just before the 

appearance of new anlagen, which load with fluorescence as they grow in size. In the same 

time fluorescent foci appear in their nucleoplasm and become more and more intense. 

Interestingly, similar foci appear at the same stage with at least another protein, piggymac, 
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which is involved with double strand DNA breaks associated with IES excision (Baudry et al., 

2009). It would be interesting to know whether these foci co-localize with the IFT57A foci. 

Such a co-localization would lead us to search for possible direct or indirect interactions 

between the two proteins, and in particular to see whether IFT57A drives in any way the entry 

of piggymac into the anlagen. Seeing functional protein foci into the nucleus is not unique. 

The protein Spag16, also harboring a ciliary and nuclear localization in mammals, according 

to its splice variant forms, accumulates as foci called speckles in the nucleus, in which it 

regulates its own expression (Nagarkatti-Gude et al., 2011). Since IFT57/HIPPI has been 

shown to participate to the regulation of some caspases in mammalian cells, it may be 

possible that IFT57A has some role in gene expression in the developing anlagen, however 

not concerning genome rearrangements. Concerning a possible nuclear role of IFT57A during 

vegetative life, I wondered whether it could serve in accompanying the nuclear import of 

some proteins. The rationale would be that their transport could concern ciliary proteins that 

also have a nuclear function, such as BUG22 (Laligné et al, 2010) or BBS7 (Gascue et al., 

2012), already described in Paramecium with a ciliary role (Valentine et al., 2012). I showed 

that IFT57A+C RNAi had no impact on the nuclear localization of BUG22-GFP, and I could 

not address this question for BBS7-GFP since this construct gave no fluorescence. If the 

putative function at autogamy is the sole nuclear role, with a neutral nuclear localization in 

vegetative cells, this could be an explanation why no nuclear function was selected in P. 

caudatum, since this species does not perform autogamy (provided that no special role 

concerns conjugation, since P. caudatum undergoes conjugation). 

 

D.3. IFT57A as a possible revelator of a cross talk between cilia/basal bodies and 

nuclei at autogamy 
The localization of IFT57 proteins, in Paramecium as well as in other organisms, is markedly 

in basal bodies and along cilia. In Paramecium tetraurelia, the IFT57A isoform also localizes 

to the macronucleus. At autogamy, striking IFT57A reorganizations occur, not only between 

old and new macronuclei, but also in the cortex, in particular in basal bodies and cilia of the 

anterior left field. Similar dual localizations, in basal bodies and nuclei at autogamy have been 

already described for other proteins, involved in RNA metabolism, Dicel-like5 (Lepere et al. 

2005) and Ptiwi09 (Bouhouche et al., 2011). We do not know the basal body role of such 

proteins involved in RNA metabolism, but it is striking that, in vertebrates, ciliogenesis is 

under the control of a micro RNA, miR-449 (Marcet et al., 2011). 

The first event seen in autogamy is an increase of IFT57A-GFP cortical fluorescence 

concomitant with the appearance of Ptiwi09-GFP fluorescence at basal bodies. The IFT57A-

GFP fluorescence becomes stronger in the cytoplasm and at the oral apparatus when the 

fragmenting macronucleus starts to loose its IFT57A-GFP fluorescence (likely with the same 

timing as for Ptiwi09-GFP loss of fluorescence). The cortex will stay highly fluorescent with 

both markers until the new anlagen develop, and then its fluorescence will progressively 

decrease. If we keep in mind that IFT57 can be linked to kinesin motors, its movements can 

be related to transport of some cargo in the cell, between basal bodies and nuclei, and between 

nuclei. Since autogamy nuclear processes are accompanied by important short RNA 

metabolism and that corresponding enzymes seem to co-localize with IFT57 in two different 

locations (basal body and nuclei), it may be possible that a signal transduction from cilia and 

a cross-talk involving small RNA specific for autogamy and the associated proteins exist 

between basal bodies and nuclei, in association with a transporter linked to IFT57 and other 

transport molecules. 
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MATERIALS AND METHODS 

 

This work has been conducted on Paramecium. Most of the protocols for Paramecium are 

available online at http://paramecium.cgm.cnrs-gif.fr/parawiki/Protocols and in a publication 

(Beisson et al., 2010). I will detail here the methods specific of y work concerning 

Paramecium culture, transformation and RNA interference, as well as the molecular biology 

vectors and tools used in this study. 

 

M.1. Strains and culture conditions 

 

Stock d4-2 of Paramecium tetraurelia, a derivative of Stock 51, is the wild type strain used 

for RNAi experiments. The mutant nd7-1, which carries a recessive monogenic mutation 

preventing trichocyst discharge, a dispensable function under laboratory conditions, was used 

as a control for transformations. Cells were grown at 27°C in wheat grass infusion, BHB 

(L’arbre de vie, Luçay Le Mâle, France), inoculated with Klebsiella pneumoniae and 

supplemented with 0.8 µg/ml β-sitosterol according to standard procedures (Sonneborn 1970). 

The Paramecium caudatum strain used for genomic DNA preparation and microinjection was 

Stock MY43C3a, the one whose genome has been sequenced. Culture conditions and 

manipulations were the same as the one used for Paramecium tetraurelia. 

 

M.2. Physiological manipulations of Paramecium 

 

M.2.1. Deciliation 

 

In order to remove cilia from Paramecium cells to follow ciliary growth during reciliation, a 

few hundreds of cells were first collected in a small volume and transferred to a 1.5 ml micro-

tube containing 1ml of 5µL Ethanol and 1mM CaCl2. After 30s of vortex and 15s of 

centrifugation, cells were put back into fresh medium at 27℃ and collected at various times 

thereafter. 

 

M.2.2. Trichocyst discharge 

 

To monitor the trichocyst exocytosis ability, a few cells are deposited in a small drop of the 

fixative picric acid and observed under low magnification (10x objective) dark field 

microscopy. This test was used to evaluate the efficiency of transformation, since the wild 

type ND7 gene is co-microinjected with any of the constructs into the macronucleus of the 

nd7-1 mutant, and to monitor the efficiency of control ND7 RNAi. 

 

M.2.3. India ink labeling of food vacuoles 

 

In order to use the same conditions between control and RNAi-treated cells in 

immunolabeling experiments, cells of the control group were fed with India ink for 10 

minutes prior to mixing and processing of the two samples together. This permit to 

distinguish control from treated cells directly on the slide during observation at the 

microscope.  
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M.3. Molecular biology methods 

 

Molecular biology was performed according to standard methods. Paramecium genomic 

DNA was extracted using Nucleospin Tissue XS kit (MACHEREY-NAGEL GmbH& 

Co.KG). DNA digestion and ligation were performed using New England BioLabs enzymes. 

PCR products for cloning were amplified using High-Fidelity DNA Polymerase (Phusion, 

FINNZYMES). Bacterial transformations were performed by electroporation. 

 

M.4. Vectors used 

 

Two kinds of vector have been used or constructed. A series of vector serve for gene 

expression, and another one for gene silencing by feeding. 

 

M.4.1. GFP‐fusion expression vectors  

 

M.4.1.1. pZZ‐GFP02 

 

Classically, the expression of GFP fusion in Paramecium is carried out in the laboratory by 

cloning the desired sequence into pPXV-GFP (REF), a plasmid in which the GFP gene is 

under the promoter and terminator of the CAM1 calmodulin gene and which possesses 

endogenous telomeric repeat sequences, which can be freed by enzymatic digestion (SfiI). The 

qilinA-GFP and qilinC-GFP fusion genes were cloned into pPXV-GFP by Houssein 

Chalhoub before I started my work (unpublished). 

To be able to clone genes under their own regulators, I used the pZZ-GFP02 plasmid designed 

for this purpose. The vector pZZ-GFP02 is a derivative of pPXV-GFP (Hauser et al., 2000) in 

which the promoter and terminator regions have been replaced by specific restriction enzyme 

polylinkers (Fig. M-1). 
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Figure M-1. Graphic map of the pZZ-GFP02 plasmid used for GFP fusion gene cloning 

and transformation of Paramecium. This plasmid allows the introduction of GFP at any 

place within the protein. The 5’ polylinker can be used for just promoter cloning (in this case 

the gene + terminator will be cloned in 3’), clone the promoter +the gene (the terminator will 

be cloned in the 3’ polylinker), or the promoter + a part of the protein (the other part + the 

terminator being cloned in 3’. 

 

In addition, the ATG of the GFP is preceded by a sequence of three glycines (necessary for 

better independent folding of the cloned protein and the GFP) and another ATG encompassed 

by a SphI site, allowing the junction with any sequence upstream of it, a promoter for instance, 

without altering the endogenous context (Fig. M-2). 

 
 

Figure M-2. Polylinker in 5’ of GFP in the pZZ-GFP02 plasmid. 

 

M.4.1.2 Construction of IFT57‐GFP and IFT46‐GFP fusion vectors 

 

The IFT57A gene was amplified from Paramecium DNA by PCR using primers 5’-

ttattGGATCCaaaaggattaaatatatatctatatgtatttg-3’ and 5’- 

GATTCAAATGAGTTAACAGATgcatgcAACC-3’ and cloned between BamHI and SphI 

sites of pZZ-GFP02. The terminator of IFT57A was obtained by annealing the primers 5’-

CtgatatatatatatttatatataattaatacaccatttaaattaattaatacacttgtcaC-3’ and 5’-

GTACCtgatatatatatatttatatataattaatacaccatttaaattaattaatacacttgtcaCCCGG-3’ and cloning the 

resulting fragment between  KpnI and SmaI sites of pZZ-GFP02. 

The IFT57C gene was amplified by PCR using primers 5’-

ttattGGATCCtgagagaacattaatatatatatatatt-3’ and 5’-

CCTAAATGAGTCTGATGAATTAACAGATgcatgcAACC-3’ and cloned between the 

BamHI and SphI sites of pPZZ-GFP02. The terminator of IFT57C was amplified from 

Paramecium DNA by PCR using primers 5’-ttattGGTACCtgaaatatatatattaatacgccagtc-3’ and 

5’-gtagttaaaacaaaattaatacaaaaCCCGGGaacc-3’ and cloned between KpnI and SmaI sites of 

pZZ-GFP02 

 

The IFT46 gene was amplified by PCR using primers 5’- 

atacttggatccTATTTAATATAATTAAATAAATACTGTTATTC -3’ and 5’- 

GACAAAACAATGATGAAATTTAAggcatgcaagtat -3’ and cloned between the BamHI and 

SphI sites of pPZZ-GFP02. The terminator of IFT46 was amplified from Paramecium DNA 

by PCR using primers 5’- atacttggtacctgaATATTCAATAATATAACATTATTTTC-3’ and 

5’- GGAATATTTATTATAATTATTAA-3’ and cloned between KpnI and SmaI sites of 

pZZ-GFP02 

 

 

M.4.1.3. Construction of Paramecium caudatum IFT57‐GFP fusion vectors  

 

The IFT57 gene was amplified from Paramecium caudatum DNA by PCR using primers 5’- 

atacttggatccATGAGTATGTTAAGGAACAAAATATTC -3’ and 5’- 
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GCATGACTCCGATGAACTCACAGATggcatgcaagtat -3’ and cloned between the BamHI 

and SphI sites of pPZZ-GFP02. The terminator Paramecium caudatum IFT57 was amplified 

by PCR using primers 5’- atacttggtacctgaTATAAATTTAATTATATACAC -3’ and 5’- 

CATTTTATTAATTAAATTTTTTACCAA -3’ and cloned between  KpnI and SmaI sites of 

pZZ-GFP02 

 

M.4.1.4. Construction of chimeric GFP‐expression vectors. 

 

Chimeric IFT57A-C-GFP and IFT57C-A-GFP expression vectors were constructed by 

reciprocal exchanges of restriction fragments from both IFT57A and IFT57C genes. The 

IFT57A-GFP expression vector and IFT57C-GFP expression vector were digested by BamHI 

and BslI. The N-terminal region of the IFT57A gene, from positions -61 to 826, was replaced 

by the positions from positions -61 to 826 of the IFT57C gene and reciprocally. 

Chimeric IFT57C-A-C-GFP and IFT57A-C-A-GFP expression vectors were constructed by 

cloning of PCR fragments between restriction sites. The N-terminal region of IFT57C gene 

from positions -61 to 480 was amplified by PCR using primers 5’-

ttattGGATCCtgagagaacattaatatatatatatatt-3’ and 5’-

GTTTATGTGTTGCTGTAATTGGCAAGCAaagcttAACC-3’ and inserted between the 

BamHI and HindIII sites of the plasmid IFT57A-C-GFP to produce the IFT57C-A-C-GFP 

chimera. Reciprocally, the C-terminal region of IFT57A, from the position 813 to the C-

terminus was amplified by PCR with primers 5’- 

TTATTaagcttAAACCAAAGCATTGCAAAAAAAG-3’ and 5’- 

GATTCAAATGAGTTAACAGATAgcatgcAACC-3’ using the vector Nter-IFT57C-A-GFP-

Cter as a template and inserted between the SphI and HindIII sites of the plasmid of IFT57A-

GFP to produce the IFT57A-C-A-GFP chimera. 

 

M.4.2. RNAi vectors. 

 

M.4.2.1. “Feeding” constructs. 

 

The feeding vectors I used in this study were targeted against IFT57A, IFT57C, IFT46, 

IFT139, IFT172 qilinA and qilinC. The Ift172 vector comes from the work of Chloé Laligné 

(Laligné et al., 2010), the qilin vector from the work of Houssein Chalhoub (unpublished) and 

the IFT139 vector from a previous study of France Koll (unpublished).  

Part of the IFT57A sequence was amplified from positions 568 to 1168 with the primers 5’- 

ttattactagtGAAACTGGGAGTGTGTCATC -3’ and 5’- 

CAGATAAGTATGAAGCTGTGCctcgagaacc -3’ and cloned into the SpeI and XhoI sites of 

L4440 (Kamath et al. 2000).  

Part of the IFT57C sequence was amplified from positions 1 to 688 with the primers 5’-

ttattaagcttTAGTAATCAGGTTAAgtaatc-3’ and 5’-

GTATTTACTGAATAGGGATTCctcgagaacc-3’ and cloned into the SpeI and XhoI sites of 

L4440,  

Part of the IFT46 sequence was amplified from positions 199 to 793 with the primers 5’-

ttattactagtGCTGGAGCTAGAGGACCCCAATAAGC-3’ and 5’- 

GGTGTGGCCACAAGAGATTGAAGctcgagaacc-3’ and was cloned into the SpeI and XhoI 

sites of L4440. 
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M.4.2.2. Vectors for “hairpin” silencing. 

The idea for hairpin silencing was to introduce double strand RNA within Paramecium by 

expression of complementary sequences into its macronucleus after transformation. The 

preparation of such a vector is a two-step procedure. First, a Paramecium sequence has to be 

cloned in both orientations into the forward and reverse HP cloning sites of the pZHP vector 

(Fig. M-3). 

 

 
 

Figure M-3. Grafic map of the pZHP vector designed for cloning hairpin constructs. pZHP 

is a derivative of pZZ-GFP02 in which the NcoI-BstZ17I internal fragment of the GFP gene 

has been replaced by a “loop” sequence flanked by polylinkers for forward and reverse 

cloning of the hairpin fragments. The loop is needed because direct hairpins are very 

unstable in E. coli. The loop has been chosen as the TA-indel 4356, because as a TA-indel 

(micronuclear sequence found in the macronucleus with a lox frequency) it is likely not 

coding, but is accommodated in the macronucleus without damage. It could then be used for 

expression of the hairpin. 

 

The cloning into the hairpin vector consisted in PCR amplification of a sequence with two 

different pairs of oligonucleotides: the 5’ part of the fragment was amplified with either of the 

forward (F) or reverse (R) oligonucleotides, F incorporating a ApaI restriction site and R a 

MluI restriction site. In both PCR, the 3’ median (M) oligonucleotides had no restriction site 

to allow blunt end cloning. The PCR fragments were respectively cloned into the ApaI and 

PmeI restriction sites of the Forward HP cloning site and into the NruI and MluI restriction 

sites of the reverse HP cloning site. 

 

The sequences to be cloned as hairpin in pZHP were: 

NSF1 long (792bp) : covering the amino acid region 125-381 of NSF1. 

F: gaaatggGCCCCATTCTTGAAAAGAG 

M:CAATTAAGTCTTTTCTATTAG 

R: gaaatacgcgtGCCCCATTCTTGAAAAGAG 
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NSF1 short (290 bp) : covering the amino acid region 125-214 of NSF1. 

F and R: same as for NSF1 long. 

M: GTCCTCTCTAAATATACTAGC 

 

IFT57A (580 bp) : covering the amino acid region 149-325 of IFT57A . 

F: gaaatgggcccGATGAAGAACCTGTTTAGG 

M: ACCATGTTCATTTAATTTGG 

R: gaaatacgcgtGATGAAGAACCTGTTTAGG  

 

IFT57C (686 bp) : covering the amino acid region 1-185 of IFT57C. 

F: gaaatgggcccATGTCTGAATAGTAATCAGG 

M: TTTTTGGAATCCCTATTCAG 

R: gaaatcgcgtATGTCTGAATAGTAATCAGG  

 

 

Second, a portion of the pZHP vector containing the full hairpin is transferred to another 

plasmid containing the desired 5’ and 3’ expression regulators, for example CAM1 for 

constitutive expression or NOWA1 for expression early in autogamy. Such vectors have been 

previously constructed as the pZX family, derivatives of the pZZ-GFP02 in which the desired 

promoters are cloned directly at the ATG using the SphI site and the terminator at the 3’ KpnI 

site of the GFP. 

 

 

Three of these four cloning succeeded: NSF1 short, NSF1 long and IFT57A. However, 

surprisingly, the reverse gene portion was not the same as the forward one, NSF2 was 

apposed to NSF1 and IFT57B to IFT57A. The first step of the hairpin cloning of IFT57C 

succeeded, but, as a true hairpin, could never be transferred to the pZX plasmid containing the 

NOWA1 promoter. It is possible that such long hairpins are very unstable in E. coli so that 

only hairpins with a few mismatches could be maintained. Anyway, the sequence identity of 

these ohnologs is important enough to produce sufficient amount of double strand RNA and 

siRNA. 

 

M.5. Transformation of Paramecium. 
 

DNA (5µg/ml) containing a mixture at a ratio of 10:1 of the plasmids of interest (GFP fusion 

genes, hairpin silencing vector) and a plasmid directing the expression of the ND7 gene was 

microinjected into the macronucleus of nd7-1 cells. Microinjection was performed under a 

Nikon phase-contrast inverted microscope, using a Narishige micromanipulation device and 

an Eppendorf air pressure microinjector. Successfully transformed cells were screened for 

their ability to discharge trichocysts on picric acid stimulation and were further analyzed. 

 

M.6. Immunofluorescence microscopy. 

 

Immunostaining of cells was carried out using the polyclonal anti-Paramecium ciliary tubulin 

antibody raised in the laboratory (Cohen et al., 1982) at a 1:400 dilution, the monoclonal 

TAP952 antibody again monoglycylated tubulin (Callen et al., 1994) at the 1:10 dilution and 

the monoclonal ID5 antibody against polyglutamylated tubulin at the 1:50 dilution. 

Appropriate anti rabbit IgG or anti mouse IgG fluorescent secondary antibodies were applied 
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at 1:500 dilutions and nuclei were stained with Hoechst-33258. As the fluorescence of GFP-

fusion protein is not very stable when cells are permeabilized by Triton-X100, different 

treatments were used according to the antibody: with the polyclonal anti-Paramecium ciliary 

tubulin antibody, GFP-fusion cells were firstly fixed by paraformaldehyde for 30s, and then 

treated by Triton-X100 0.5% for 30 minutes; when the TAP952 or ID5 monoclonal antibodies 

were used, GFP-fusion cells were treated by saponins for 2 minutess first till they become 

transparent, and then fixed by paraformaldehyde for 10 minutes. Slides were mounted in 

Citifluor (London). Preparations were observed under a Zeiss Axioskop 2-plus fluorescence 

microscope equipped with a Roper Coolsnap-CF intensifying camera with GFP filters. Images 

were processed with Metamorph software (Universal Imaging). Alternatively, they were 

observed with the help of Anne Aubusson in the laboratory, under a Confocal Nikon eclipse 

TE 2000-U microscope equipped with argon and Helium-Neon lasers using the EZ-C1 3.30 

software for acquisitions. 

 

M.7. Electron microscopy. 

 

Electron microscopy was performed by Michel Lemullois in the laboratory. For 

morphological observations, cell pellets were fixed in 1% (v/v) glutaraldehyde and 1% OsO4 

(v/v) in 0.05M cacodylate buffer for 30 min. After rising and dehydration in ethanol and 

propylene oxide series, they embedded in Epon resin. For post embedding 

immunolocalization, cell pellets were fixed in 3% paraformaldehyde and 0.15% 

glutaraldehyde in 0.05M cacodylate buffer for 60 min. After washes and dehydration in 

ethanol they embedded in LR White (London Resin). Thin sections were collected on nickel 

grids and treated with double-distilled water then 0.1 M NH4Cl in 0.1 M PBS and then 

saturated and processed with 3% BSA and 0.1M glycine in PBS. Sections were incubated 

with anti-GFP polyclonal antibodies anti-GFP diluted 1:500 for 45 min. After several washes 

in PBS, a gold-labeled anti-rabbit IgG (GAR G10, aurio) diluted 1:25 for 30 min. The grid 

were rinsed in PBS and distilled water. All ultrathin sections were contrasted with uranyl 

acetate and lead citrate. The sections were examined with a Jeol 1400 (120 kV) transmission 

electron microscope.  

 

M.8. RNAi by the “feeding” method. 

 

M.8.1. RNAi by feeding during vegetative growth. 

 

RNAi gene knockdown was performed according to the method of Galvani and Sperling 

(2002). HT115, an RNase III-deficient strain of Escherichia coli with an isopropyl-β-D-

thiogalactopyranoside (IPTG)-inducible T7 polymerase, was transformed by the desired 

constructs into L4440 plasmids. Wild-type paramecia were incubated in these transformed 

bacteria expressing double-stranded-RNA (dsRNA) and were transferred daily into fresh 

feeding medium. Control cells were fed with bacteria expressing double strand RNA 

corresponding to the complete coding region of the ND7 gene. 

 

M.8.2. RNAi by feeding during autogamy 

 

RNAi was performed following the feeding method used for vegetative cells. Old cells that 

already fulfill more than 20 divisions (competent for autogamy) and young cells as a control, 
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were separately fed with feeding bacteria overnight at the concentration 50 cells/mL and then 

transferred to exhausted medium for 24 hours at the concentration 500 cells/mL to induce 

autogamy. Autogamy occurrence was checked by DAPI staining of the cells and observation 

at the fluorescence microscope. 

 

M.8.3. RNAi by feeding during conjugation 

 

For conjugation, mating-reactive Paramecium cells were mixed at a density of >2,000 

cells/ml and incubated at 27°C. After 1h30-2h, individual mating-pairs were transferred into 

fresh feeding medium and left there overnight. 
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Mon travail de thèse a porté sur l’étude chez la paramécie d’une protéine à localisation à 

la fois ciliaire et nucléaire. Les cils sont des organites conservés chez la plupart des 

eucaryotes qui pointent à la surface cellulaire vers le milieu extérieur. Leur squelette 

microtubulaire est nucléé par la structure centriolaire sous jacente, le corps basal, qui transmet 

sa structure à symétrie 9. Une parenté évolutive lointaine existe entre le compartiment cil, 

isolé du cytoplasme par un filtre moléculaire appelé zone de transition, et les noyaux dont les 

contacts avec le cytoplasme sont réduits aux pores nucléaires. Cette homologie fonctionnelle 

est soutenue par l’existence de mécanismes et de partenaires apparentés dans la 

communication avec le cytoplasme. Les dysfonctionnements des cils conduisent à des 

maladies graves appelées ciliopathies. 

La croissance des cils est réalisée au moyen de complexes protéiques appelés IFT 

(intraflagellar transport) qui incluent au moins 17 protéines regroupés en deux sous 

complexes, IFTB, lié au moteur kinésine pour le mouvement antérograde vers la pointe du cil 

et IFTA lié au moteur dynéine pour le mouvement rétrograde vers la base du cil. 

L’objet principal de ma thèse, dans le cadre de l’étude de l’IFT chez la paramécie, a porté 

sur la protéine IFT57, aussi connue sous le nom de HIPPI chez l’homme, où elle assure, en 

plus de sa fonction ciliaire, une fonction d’activateur transcriptionnel associé à l’apoptose 

dans la maladie de Huntington. Chez la paramécie, il y a quatre gènes codant IFT57 

provenant de duplications globales de génome, IFT57A et B d’une part et IFT57C et D 

d’autre part, suffisamment proches deux à deux pour que l’inactivation d’un gène puis 

éteindre également l’autre. 

Dans un premier temps, j’ai étudié la fonction ciliaire d’IFT57 et j’ai montré qu’il était 

nécessaire à la croissance ciliaire, mais apparemment pas à sa maintenance, contrairement à 

d’autres protéines de l’IFT telles qu’IFT46. L’action croisée d’inactivation d’une IFT sur la 

localisation d’une autre IFT fusionnée à la GFP on permis de suggérer des interactions entre 

IFT 46 et IFT57 dans le cytoplasme, en amont de leur site habituel d’interaction que 

représente le corps basal. 

Je me suis ensuite intéressé à la localisation nucléaire d’IFT57. La protéine IFT57A-GFP 

entre dans le macronoyau, en plus de sa localisation ciliaire, alors que IFT57C-GFP en est 

exclue. J’ai essayé de déterminer la différence de séquence qui permet de distinguer ces deux 

molécules proches pour en envoyer une dans le noyau et pas l’autre. L’aspect le plus 

marquant de la localisation nucléaire d’IFT57A est le changement de localisation au cours des 

événements sexuels, où le marquage quitte l’ancien macronoyau pour rejoindre les nouveaux 

macronoyaux en formation. Cette relocalisation évoque celle observée avec des protéines 

impliquées dans le métabolisme de petits ARN importants pendant les événements sexuels. 

Une idée est que IFT57A, protéine associée au transport, puisse gouverner ces 

mouvements internucléaires et j’ai entrepris d’analyser l’effet de l’inactivation de cette 

protéine sur les événements sexuels. La difficulté qui est apparue est que l’extinction 

d’IFT57A est rapidement létale. J’ai réalisé plusieurs approches méthodologiques pour 

contourner ce problème, dont la mise au point d’une nouvelle méthode d’inactivation par 

ARN en épingle à cheveux, mais sans pouvoir répondre à la question. 

En utilisant des constructions chimères entre les deux protéines, puis en comparant les 

séquences au sein du genre Paramecium, j’ai déterminé une région de 90 acides aminés, 

L129-N219, avec deux positions critiques pour distinguer fonctionnellement ces deux 

protéines. 

 

Mots-clés: Paramecium, IFT, IFT57/hippi, cil, noyau 

 


