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Etude des communautés microbiennes dans les neiges du Mt Blanc en relation avec la
poussiére saharienne

Résumé

L'objectif de cette étude est d'évaluer a I’aide des techniques de phylogénie moléculaire la
diversité bactérienne non cultivable dans le manteau neigeux du Mont Blanc (MtBI) contenant de la
poussiere saharienne déposée au cours de quatre événements pendant la période de 2006 a 2009. Le
but final est de découvrir les bactéries qui pourraient étre impliquées dans I'établissement du
microbiote neigeux.

La diversité bactérienne a été évaluée en utilisant deux méthodes : la digestion enzymatique
d'ADN et ultérieurement le séquencage partiel de la région V3-V5 du geéne et des séquences
complétes d’ARNr 16S. Dans un but de comparaison, nous avons également étudi¢ les échantillons
suivants : des échatillons dits “propres” constitués par la neige MtBl ne contenant aucune poussiere
saharienne; du sable du Sahara collecté¢ en Tunisie; de la poussiére saharienne collectée a Grenoble
(200 m d'altitude) et aussi de la neige récupérée au MtB1 (4250 m d'altitude). Pour vérifier l'activité
microbienne possible in situ, les deux types d’analyse, c¢’est a dire ADNr et ARNr, ont été faits pour
I'échantillon de neige dite “propre”. Pour évaluer les capacités de survie/colonisation de phylotypes
bactériens retrouvés dans les échantillons de neige associés a la poussiére saharienne, nous avons
analysé leur physiologie en examinant ce qui était connu des souches isolées de I'environnement en
utilisant un seuil de similarité¢ de séquence > 98%. Pour l'interprétation des résultats, nous avons
¢galement utilisé les données sur la composition élémentaire et la distribution granulométrique des
particules de poussicre.

Tout cela nous a permis de construire 8 bibliothéques de clones (dont une basée sur I'ARNr)
basés sur les séquences V3-V5 du geéne 16S ARNr pour 5 échantillons de neige (4 avec de la
poussiere saharienne et un “propre”), un échantillon de poussiére saharienne collectée a Grenoble et
I'échantillon de sable du Sahara. En outre, 4 bibliothéques de clone ont été générées en utilisant les
amplicons complets du gene 16S de I'ARNr obtenu a partir de 4 échantillons de la neige décrite ci-
dessus (trois avec la poussiére saharienne et un “propre”).

Le contenu en espéces et en phylotypes dominants et leur attribution aux grandes divisions
ont varié¢ considérablement dans la neige alpine sur le glacier du Mont-Blanc associée a quatre
dépots de poussiere saharienne sur 3 années. Les phylotypes dominants devoilés appartiennent aux
classes des Actinobacteria, Proteobacteria, Firmicutes, Deinococcus-Thermus, Bacteroidetes et les
Cyanobactéria. Cette variabilité a été détectée tant par séquencage partiel du géne 16S ARNr que
par séquencage pleine longueur et semble étre davantage causée par les conditions de transport de la
poussiere que par la charge bactérienne de la source de la poussiére d'origine. Aussi la durée de
conservation de la poussic¢re dans la neige pourrait affecter la composition en especes.

Treize phylotypes “neigeux” ont été reconnus comme candidats pour colonisation de la neige
et formation du microbiota dans la neige a partir de la poussiére saharienne et seulement deux dans
I'échantillon de neige “propre”. Deux phylotypes tant dominants que minoritaires de Cyanobacteria,
Proteobacteria, Actinobacteria et Firmicutes ont été révélés. Les données sur la physiologie des plus
proche voisins des phylotypes “neigeux” reconnus suggerent que les représentants des genres
Massilia (Betaproteobacteria), Tumebacillus (Firmicutes), Phormidium et Stigonema (tous les deux
Cyanobacteria) sont les candidats les plus pertinents pour la propagation dans la neige.

En analysant I'ARNr 16S de la neige dite “propre” (ne contenant aucune poussicre
saharienne) et comparant les données avec celles obtenues pour la bibliotheque de 16S ADNr, nous
avons montré que Stigonema était présent, et qu’il est connu que les cyanobacteries peuvent se
propager dans la neige a la température sous z€ro. Parmi tous les phylotypes identifi¢s, 10% ont été
classés comme HA-phylotypes basés sur leur con-spécificit¢ (similitude > 98%) avec les
représentants du microbiome humain (non-pathogenes) normaux. En outre, 11% de tous les
phylotypes ont montré moins de 90% de similarité avec les taxons connus.

Le séquencage partiel (V3-V5) et complet des genes codant ’ARNr 16S a permis de décrire
la diversité microbienne plus compléte et d’en obtenir une image plus détaillée.
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BakTepuanbHoe pasHooOpa3ue CHEKHOIO MOKPOBa JeqHuka MoHoJ1aH,
co/iep:Kallero NOYBeHHYI0 NbLIb NYcThIHU Caxapa, u poJib 0TAeIbHbIX GUIOTHIIOB B €ro
KOJIOHM3 AU}

Pe3ztome

Hens maHHOW pabOTHI — H3y4Y€HHE HEKYJIbTHBHPYEMOTO OaKTEpPHAJIBHOTO Pa3zHOOOpa3ms
CHEXHOTO TIOKpOBa JieAHWKa MOHOaH, cojepiKamero MOYBEHHYIO MbLIb IMycThiHM Caxapa, Ha
npuUMepe YeThIpeX COOBITHH MepeHoca Meliu Ha JeAHuK 3a nepuon 2006 — 2009 rr., ¢ moMOLIbIo
METOJI0B MOJICKYJISIPHO-(PHIOT€HETUYECKOTO aHaIN3a.

bakrepuanbHoe pasHooOpasue wuccienoBamu mytem [P  ammmuduxamm  V3-VS5
BapuabenpbHOW 00JacTH ¥ MOJIHOPAa3MEpHOW  mociemoBaTenbHOcTH TeHa 16S  pPHK.
[IpenBapuTeNbHBI CKPUHUHT OCYIIECTBIISIIIM METOJIOM puOOTHUNUpoBaHus. B cpaBHeHue ObLTH
TaKkKe B3SAThI 00pasipl: cHera MonOnana, He cojepyamero mnbulk Caxapbl; NECYaHOH MOYBBI
Caxapsl, cobpannoit B Tynuce; meimn Caxapbl, ocaxneHnHoit B I'peHo6ne (200 M Hag y.M.) U B
naneHelnieM coOpanHoi Ha nemHuke (4250 m Hag y.m.). ns oOpasma cHera 6e3 mbutu Caxapsl
JIOTIOJTHUTENBHO A0NoNHUTENRHO m3ydamu 16S pPHK TpanckpunTs! ¢ npaiimepamu Ha o6macts V3-
V5. Taxke OUEHHUBAIW BKJIAJ MHKpOOpPraHm3MoB mbui Caxapbsl B (OPMHUPOBAHHE ‘‘CHEXHON’
MHUKpPOOMOTBI ~ MyTeM  aHaiu3a  (U3MOJIOTUYECKUX  XAPAKTEePUCTHK M MECTOOOUTaHUS
ONMM3KOPOJCTBEHHBIX  Oaktepuit  (>98% cxonctB a). Ilpu wHTepmperanuu  pe3yjbTAaTOB
UCTIOJIb30BANIM JaHHBIE 00 3JIEMEHTHOM COCTABE NMBLIM M PACHpEIeNICeHIMH YacTH MbLIM TI0 pa3Mepam.

B pesynbrare mis nsiTi 00pa3IoB CHera ¢ MbUThIO M 00pasioB mouBbl U bt Caxaphl OBLIO
co34aHO 8 KJOHOBbIX Oubmmorek Tuma “V3-V5” (ogna Ha ocHoBe pPHK), a Takxe 4
“rmoytHOpa3MepHbIe” OUOIMOTEKH NI TpeX 00pasoB cHera ¢ IbUThI0 Caxapbl U oOpasima cHera, He
cozepxariero nbutb Caxapsl.

[lokazaHo, dYTO BHJOBOH COCTaB W JOMHHAHTHBIE TPYIIBl MHUKPOOPTaHH3MOB,
nepeHeceHHble ¢ nbulblo Caxapsl Ha JeaHuk MonOnan B 2006, 2008 u 2009 rr., CyliecTBEHHO
pazmuyarotcst.  JlaHHBIA  (akT TOATBEepKAAICA TyTeM aHanm3a Kak “V3-V5” Tak wm
“nosmHopa3mepHbIx”  Oubmmotek reHa 16S pPHK. BrisiBneHHbie [TOMHHAHTHBIE —()HUIOTHIIBI
NPUHAUIeKAT K IIECTH UIOTeHeTHIeCKHM pasnenam: Actinobacteria, Proteobactreia, Firmicutes,
Deinococcus-Thermus, Bacteroidetes, Cyanobacteria. Bo3MOXHON TPUUMHOW pa3IMIui Iyja
MHUKPOOPTaHU3MOB, TPUHOCUMBIX C TBUIbI0 M3 CeBepHOU AQpUKH, TO-BHIUMOMY, SIBISICTCS HE
CTOJIBKO MCTOYHHK NMPOUCXOXKACHUS TIBUIM, CKOJIBKO YCIOBUS MepeHoca MbUIH BeTpoM n3 CeBepHOi
A¢pukn. Bpems HaxoxJeHHS TIBUIM B CHEXXHOM TIIOKPOBE, XOTS W HE3HAYUTEIBHOE TI0
JUTMTETIHHOCTH, TaK)Ke MOTJIO MOBJIMATH HA PACTpeIeiCHUe OTIENIBHBIX IpyI OakTepuil B oOmeM
MUKPOOHOM IIyJI€.

JlomuHaHTHBIE W MUHOpHBIE Quiuotunel pasnenoB Cyanobacteria, Proteobacteria,
Actinobacteria v Firmicutes, oOHapy>X€HHbIE€ B CHere ¢ IbUibl0 U Oe3 mbumn Caxapbl, MOTYT
BBICTYIIaTh B Ka4eCTBE KaHAMIATOB Ha KOJOHHM3AIHMIO CHEXHOTO TOKPOBA AJBITMUCKHUX JICTHHUKOB.
N3 Hux 13 pumoTunos ObTH 0OHAPYIKEHBI B CHETe ¢ MbUTbio0 Caxapsl U JIMIIb 2 QUIIOTHTIA B CHETE,
He coaepxanmM melth Caxapsl. Micxons u3 Gu3nonoro-0MoXMMHUYECKHX XapaKTEPUCTUK OaKTepuii,
OJIM3KOPOJICTBEHHBIX  ““XOJIONOMIOOMBBIM”  (DUIOTUIIAM, TPEICTaBUTENH poaoB Massilia w3
Betaproteobacteria, Tumebacillus w3 Firmicutes, u umanodakreput Phormidium w Stigonema
paccMaTpHuBalOTCS Kak HanOoJee TOCTOBEPHBIE HAXOAKH OaKTEpHil, CIOCOOHBIX K Pa3MHOXKEHHIO B
CHere.

Anam3 16S pPHK, BeinenenHoit u3 cHera, He coaepxaiiero neutb Caxapsl, Ipeanosaraet
HaJIMYUEe  METa0OJIMUYeCKON AaKTHMBHOCTH TIPM  OTPHUIATENIBHOW  TemIeparype (uioTuma,
POJCTBEHHOTO IIMaHOOAaKTEepuu poja Stigonema.

Cpenu BbisiBieHHbIX (QuiuoTunioB 10% ObUIM pOJACTBEHHBI NPEICTaBUTENISIM HOPMAJIbHOU
MUKpoQuIOphl yenoBeka, U 11% oxazamich HOBBIMU TaKCOHaMH, NOKa3aB OTJAJIEHHOE CXOJCTBO
(£90%) ¢ U3BECTHBIMU TaKCOHAMH.

[Ipumenenue nByX npallMEpHBIX CUCTEM, aMILTU(DUIMPYIOUIMX MOJHOpa3MepHbId reH 16S
pPHK u ero V3-V5 06macth, mO3BOIMIO TIOJIHEE OXapaKTEPU30BaTh OaKTepHaIbHOE pPa3HOOOpasue
CHEXHOTO TIOKpOBa JieHHKa MOHOIaH.
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Microbial communities in Mont Blanc snowpack with Saharan dust deposition:
focus on snow microbiota

Abstract

The objective of this study is to assess the uncultured bacterial diversity in the snowpack of
the Mont Blanc (MtBI]) glacier containing Saharan dust deposited during four dust events during the
period 2006 — 2009 by means of molecular phylogenetics. The final goal is to discover the bacteria
that could be involved in the establishment of snow microbiota.

Bacterial diversity was evaluated using rybotyping and subsequent sequencing of partial (V3-
V5) and full-length 16S rRNA genes. For comparison purpose we also studied following samples:
“clean” MtBI snow containing no Saharan dust; Saharan sand collected in Tunisia; Saharan dust
collected in Grenoble (200 m a.s.l.) and recovered later on MtBI (4250 m a.s.l.). In order to verify
possible microbial activity in situ, both rDNA and rRNA approaches were implemented for the
“clean” snow sample. To evaluate the survival/colonization abilities of bacterial phylotypes
recovered in snow samples with Saharan dust, we analyzed their closest strain physiology as well as
sources of environmental clones using a threshold of >98% sequence similarity . For the result
interpretation, we also used data on dust elemental composition and dust particles size distribution.

As a result 8 clone libraries (including rRNA-based one) were constructed using V3-V5 16S
rRNA gene sequences for 5 snow samples (4 with Saharan dust and one “clean”), sample of
Saharan dust collected in Grenoble and Saharan sand sample. Furthermore, 4 clone libraries were
generated using full-length 16S rRNA gene amplicons obtained from 4 of the above snow samples
(three with Saharan dust and one ‘clean’).

Species content and dominant phylotypes and their assigning to major divisions varied
significantly in alpine snow on a Mont Blanc glacier associated with four depositions of Saharan
dust over a 3-year. Dominant phylotypes revealed are belonged to Actinobacteria, Proteobactreia,
Firmicutes, Deinococcus-Thermus, Bacteroidetes and Cyanobacteria. Such variability was detected
by both partial and full-length 16S rRNA gene sequencing and seems to be caused more by
conditions of dust transport than bacterial load from the original dust source. Also the preservation
period of dust in snowpack could affect the species composition.

Thirteen icy phylotypes as candidates into snow microbiota establishing were recognized in
snow containing Saharan dust and only two in “clean” snow sample. Of them, both dominant and
minor phylotypes of Cyanobacteria, Proteobacteria, Actinobacteria n Firmicutes were revealed.
Data on the closest strain physiology of recognized icy phylotypes suggests that representatives of
genera Massilia (Betaproteobacteria), Tumebacillus (Firmicutes), Phormidium and Stigonema
(both Cyanobacteria) are most relevant findings in terms of propagation in snow.

By analyzing 16S rRNA from the “clean” snow containing no Saharan dust and comparing
the data with those obtained for 16S rDNA library, it has been shown that Stigonema-like
cyanobacterium identified could be propagating in snow at subzero temperature.

Among all identified phylotypes, 10% were categorized as HA-phylotypes based on their con-
specificity (>98% similarity) with normal (non-pathogenic) human microbiome representatives.
Furthermore, 11% out of all phylotypes showed less than 90% similarity with known taxa, thus,
presenting novel taxa.

Sequencing of both partial (V3-V5) and full-length 16S rRNA genes permitted to describe
microbial diversity more fully and get more detailed picture.
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CITMCOK MCIIOJIb3YEMBIX COKPAILIEHWI U OITPEJEJIEHUN

JIITOC (Laboratoire de Glaciologie et Géophysique de 'Environnement) — Jlaboparopus

[IISIMOJIOTHH U TeohU3nKH OKpyskarotei cpeapl (Yuusepcurer k. @ypbe, Opanims)

ODM (Microbial Ecology) — Otnen skonoruu mukpoopranu3zmoB (Yausepcurer JInoH 1,

®panuus)
BCP (Station Biologique de Roscoff) — buonormueckas cranmms Pockodd (DPpaniius)

JIAC (Laboratoire Inter-universitaire des Systémes Atmosphériques) — Jlaboparopusi arMmocgepHbIX

cucteMm (Muactutyrt [1-C. Jlannaca, ®pannus)

SDm — Saharan dust on Mont Blanc (meiie Caxapsl Ha MoHOaHe)

Dm — Dust on Mont Blanc (mbuth “nokanbHOT0” IpOUCX0KaeHHS Ha MoHOIaHe)
[NAP® — nomaopmMu3M JUTMH PECTPUKTHBIX (PParMEeHTOB

JAI'TD — neHaTypupyOLUHid TpalueHTHBIN TeIb-3JIeKTpodopes
HK — nyksienHoBas kuciora

YO — ynpTpaduosIeTOBOE N3TyUCHUE

H®b — HekynpruBrpyemMbie (OpMbI OaKkTepHii
[IIIP — nosmMep3aHas 1enHas peakuus

H.II. — HyKJICOTH/IHBIX I1ap

BbK — 6ubnmoTeka KOHTAMUHAHTOB, COCTOSIIAS M3 HECKOJBKUX 0a3 IAaHHBIX KOHTAMHUHAHTOB
(xonoctas skctpakiusa renoMHoil JIHK, nerarusnas I1LIP u np.), co3nanHas B Xx0/1€ paHHUX
uccnenoBanuii [Bulat et al., 2004] u mocTosiHHO MOTIOHsIEMast (B TOM YHCIIE B HACTOSIIIIEM

HCCIICIOBAHHH )

HA-dunotuns! (ot “human associated’) — ¢punotursl, mokaspiBaromme >98% cxoacTsa mo
HYKJICOTHTHOH MOCIIeIOBATEIBHOCTH C MUKPOOPTaHU3MaMHU, BXOSIIIIUMH B COCTAB MUKPO(IIOPHI

YCJIOBCKaA

®uOTHUIT — TPyMIa KIOHOB, CXOJHBIX 0oJiee ueM Ha 98% 1o HYKJICOTUIHOM MOCIeI0BATEIILHOCTH
redoB 16S pPHK u noka3spiBaronux UIeHTHUHBIN CIMCOK HauOo0ee pOACTBEHHBIX

nocyenoBarenbHoCcTe n3 6a3el nanHbix GenBank ¢ nonb3oBanuem anroputma BLAST

JloMuHaHTHBIN (GUIOTHI — (GUIIOTHUI, IPEICTABJICHHBIM TpeMsl U OoJiee KIIoHaMU B OMOIHOTEKE

KJIOHOB
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[ToxpbITHE KIIOHOBOH OMOIMOTEKH — MMOKa3aTelb B %, pacCUUThIBAEMBIN cornacHo ¢opmye [y u

MOKA3bIBAIOIIUI YPOBEHD PENPE3CHTATUBHOCTHU JIAHHOW OUOIMOTEKU

HeunentudunmpoBanusie GUIOTHIB — GUIOTHUIIBL, TOKa3biBaromue 90% 1 MeHee cX01cTBa 10

HYKHGOTHHHOﬁ nocJICA0BaTCIbHOCTH C U3BCCTHBIMHU (OHy6JII/IKOBaHHbIMI/I) TaKCOHaMHu

Jlenank MoHOMaH — OJIMH U3 JIEAHUKOB, a uMeHHO, Kok 10 Jlom (Col du Dome, 4250m Hazg y.m.),

BXOJAILMI B CUCTEMY JIEAHUKOB FOpHOr0 MaccuBa MonOnaH, @paHiy3ckue AJbIibl

[lepenoc npun (WK MbLUTbHAsI/TIECYaHasi Oypsi) — MPOLIECC, B pe3ysbTaTe KOTOPOT0 MPOUCXOIUT
MNEPCeHOC YMCPCHHBIM U CUJIbHBIM BETPOM OOJIBIIIOr0 KOJIMYECTBA IIBLUIH HIIH MeCKa, COIMPOBOXKI-
aIOI_LII/If/'ICSI SHAYUTCIIBHBIM YXYAIICHUEM BUAUMOCTHU

OcaxxaeHue NbUIH — MPOLECC OCENAaHUs NBIJIEBBIX YaCTUILl HA KaKyl0-JIMOO MOBEPXHOCTH B XO/1€

MOKPOTO (C 0CaKaMH) UM CYXOTO OCaXICHUA (IIPSIMOE OCAKICHUE)

HaXO)KHCHI/IC IbUIN — MMPOUECC HAXOXKACHUS IIbIJIM B CHC)KHOM ITOKPOBEC OT MOMCHTA €€ OCCAaHMA Ha

MOBEPXHOCTH JICAHHUKA U 1O U3BJICHCHHUS B Ka4CCTBC 06pa3ua



INTRODUCTION

Nowadays, frontiers for microbial life are continued to extend as a result of numerous
molecular ecology studies of microbial communities and proceeding elaboration of techniques to
detect life. High mountain and polar glacier snow fields, originally seen as sterile and harsh
environments, have been recognized as highly diverse microbial community habitats (Sattler et al.,
2008). Biological activity associated with algal-bacterial associations growing on snow and ice
substantially lowers the albedo of the glacier surface (Thomas & Duval, 1995). Mountain snow
bacterial loads have been reported to range from 0.02 x 10° cells/ml (Zhang et al., 2010a) to c. 4 x
10° cells/ml (Alfreider et al., 1996; Sattler et al., 2001; Segawa et al., 2005). Nevertheless, few
studies have described the bacterial diversity in mountain glacial snowpack (Segawa et al., 2005;
Liu et al., 2009; Gonzalez-Toril et al., 2009; Hervas & Casamayor, 2009; Zhang et al., 2010b).
These studies demonstrated the correlation between the bacterial abundance, just as diversity, and
concentration of mineral particles in snow.

The Sahara is known to be the largest source of dust (Moulin et al., 1997), which can be
transported as far as the Caribbean (Griffin et al., 2001, 2003). Furthermore, the Saharan dust
deposition at Mont Blanc glacier (French Alps) was shown to dominate other dust sources (De
Angelis & Guidichet, 1991). Some of the airborne bacteria associated with Saharan dust are capable
to develop in cold alpine lakes and appear to be an important source of neustonic bacteria (Reche et
al., 2009; Hervas & Casamayor, 2009). Being deposited on a glacier surface, the dust may act as
both a transporting vehicle and a source of nutrients and energy for microorganisms. Therefore, the
snow microbiota of mountain glaciers is assumed to be formed mostly by microorganisms carried
by dust transport.

Alpine snow and the Saharan desert are both featured by extreme conditions. Studies dealing
with microbial diversity in such environments address the basic question of adaptation and
evolution of life in cold/hot terrestrial habitats. Also, motivations to document the biodiversity in
both alpine snow and desert are strong due to the potential application of extremophiles and their
products in a broad range of industrial, agricultural and medical processes.

The main goal of this thesis is to assess the uncultured bacterial diversity in the snowpack of
the Mont Blanc (MtBI) glacier containing Saharan dust deposited during four dust events over the
period 2006 — 2009, by means of molecular phylogenetics (PCR, rybotyping and bacterial 16S
rRNA gene sequencing). This goal was pursued via the following tasks:

1. A study of the bacterial diversity in MtBl snow samples containing Saharan dust differing

in dust deposition time and preservation period (by the example of 4 Saharan dust events).
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2. A study of the bacterial diversity in MtBl snow containing no Saharan dust, involving both
DNA and RNA approaches (a control vs. Saharan dust).

3. A comparative study of the bacterial diversity associated with the Saharan dust depositions
of the same dust event collected at low and high altitudes (a control vs. Saharan dust deposited on
the glacier).

4. An assessment of the bacterial communities inhabiting the Saharan sand collected in
Tunisia, as a proxy for the one of the probable regions of dust uplift (a control vs. dust transport
from the Sahara to Alps).

5. A comparative study of the bacterial diversity among the following samples: snow
containing Saharan dust, snow containing no Saharan dust, Saharan dust deposited in Grenoble and
Saharan sand.

6. An evaluation of the contribution of the airborne bacteria associated with Saharan dust to
the formation of snow microbiota under conditions of the MtBI1 glacier.

7. An evaluation of the efficiency of the two different PCR primers, used to generate V3-V5
partial against nearly full-length 16S rRNA gene sequences, to estimate the bacterial richness,
diversity and composition.

This manuscript presents a result obtained during my Ph.D. study in the frame of the Franco-
Russian program GDRE “Vostok™ as a “co-tutelle” project between Université Joseph Fourier
(UJF, Grenoble, France) and Petersburg Nuclear Physics Institute of Russian Academy of Sciences
(PNPI RAS, Gatchina, Russia). According to the agreement of “co-tutelle”, the abstract of this
thesis is written in Russian, French and English. The summary of each chapter including
Introduction, Conclusion and Acknowledgments are written in Russian and English.

Chapter 1 or the “General Introduction” outlines the scientific background of this research. It
presents the state-of-the-art of the knowledge on bacterial diversity in mountain and polar glacier
snowpacks, bacteria associated with Saharan dust and statistics applied in molecular microbial
ecology. Chapter 1 is aimed to explain why it is important to study such a subject as bacteria in
mountain Snow.

The main techniques and approaches used in this study are described in Chapter 2: “Materials
and Methods”. Briefly, it consist of the parts dedicated to the sampling, sample treatments,
molecular-biological means, bioinformatical means and identification of the dust origin based on
back-trajectory simulations.

Chapter 3 (“Results and Discussion”) presents the main results of my Ph.D. study and their
discussion. This chapter contains 4 parts. It begins with a data on possible origin of Saharan dust in
the MtBI snow (part 3.1). The second part (3.2) is divided in two sub-parts. First of them (3.2.1)

describes the data on bacterial diversity in snow containing Saharan dust and in “clean” snow that
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were obtained by V3-V5 and full-length 16S rRNA gene sequencing. In part 3.2.2, bacterial
diversity in the complementary studied samples (snow containing Saharan dust of the June 2008
event, Saharan dust collected in Grenoble and Saharan sand) is described based on data derived
from the V3-V5 clone libraries. It also includes the RNA data obtained for snow containing no
Saharan dust. The results of comparative analysis of bacterial diversity in snow samples containing
dust of different sources (Saharan vs. non Saharan), as data derived from the V3-V5 and full-length
clone libraries, are presented in the part 3.3.1. Part 3.3.2 further explores the bacterial diversity in
snow samples in comparison with the complementary studied samples. This based on data derived
only from the V3-V5 clone libraries. In part 3.3.3, we compared the DNA and RNA-based clone
libraries derived from the snow sample containing no Saharan dust. Finally, the last part of Chapter
3 (3.4) focuses on the survival/colonization abilities of bacterial phylotypes that have been
identified in the dusty snow samples. This issue was evaluated through comprehensive
consideration of the closest relatives of these phylotypes in GenBank based on two criteria: strain
physiology and closest relative source.

The general conclusion and perspectives of this thesis are presented at the end of the
manuscript following by the short list of the main conclusions, References, Annexes and

Acknowledgments.
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BBEJIEHUE

AKTyanbHOCTb MPOOIIEMBI

B Hactosiee Bpemst B pe3ysibTaTe MOJEKYIIPHO-IKOJIOTUYECKUX UCCIEeTOBAaHUNA MUKPOOHBIX
COOOIIECTB TPEACTABJICHUSI O TPaHUIAX KHM3HU IPOJOJDKAIOT paciuupatbes [HerpycoB u np.,
2004]. Panee cuuTaBIIMICS TNPAKTUUYECKH CTEPUJIBHBIM CHEXHBIA IOKPOB BBICOKOTOPHBIX H
HOJISIPHBIX JIEIHUKOB (B OCHOBHOM Ha OKpaMHAX) OKa3aJjCcs NPUTOIHBIM JJIsl KH3HM LIEJIOTO psiaa
Mukpoopranu3zMoB [Sattler et al., 2008]. PasButne coobmiecTB Bogopociieit u 6akTepuil B CHE)KHOM
MOKPOBE MOXET MNPUBOAMTH K CYIIECTBEHHOMY CHIKEHHIO alb0e0 IMOBEPXHOCTH JICIHUKOB
[manmpumep, Thomas & Duval, 1995; Takeuchi et al, 2001]. OOmass 4YHCIEHHOCTH
MHKDPOOPTaHH3MOB CHEKHOTO MOKPOBA BBICOKOropbs Bapbupyet oT 0,02 x 10° kn/mi [Zhang et al.,
2010a] mo 4 x 10° xn/mu [Alfreider et al., 1996; Sattler et al., 2001; Segawa et al., 2005]. Ognako
U3yYEHUIO MHUKPOOHOTO pa3HOOOpa3usi IMOBEPXHOCTHOTO CHEra BBICOKOTOPHBIX JICAHUKOB
MIOCBSIICHBI eIMHINYHBIC paboThl [Segawa et al., 2005; Liu et al., 2009a; Gonzalez-Toril et al., 2009;
Zhang et al., 20100]. B Hux moka3aHa KOppeismus, KaKk YUCICHHOCTH, TaK U Pa3sHOOOpasws
MPOKAPHUOT C KOHUEHTPALMEN MbUIN, OCAXKICHHOW Ha JIEAHHUK.

W3BecTHO, YTO KPYNHEHIIMM HMCTOYHHUKOM TIOYBEHHOH MBI B aTrMocdepe sBIETCS
nycteiHs Caxapa [Moulin et al., 1997]. TTogasTiue 60JBIIMX MacC MBUIA CIIOCOOCTBYET MEPEHOCY
MHUKpPOOMOTBI ~HAa  3HAUMUTENIbHBIE  PACCTOSHUS, TMPHUBOJAL TaKKe K  PacHpOCTPaHECHHIO
MHUKPOOPTaHU3MOB, TATOTEHHBIX 110 OTHOILEHUIO K PAaCTeHUsIM, KUBOTHBIM U yenoBeky [Kellogg &
Griffin, 2006]. IToka3aHno, 4TO /0JIs1 YCIOBHO-IATOTEHHBIX JJIS1 YeJIOBEKa MUKPOOPTAHH3MOB B ITHLIH
MokeT coctaBisiTh oT 10 mo 27% [Griffin et al, 2001; Kellogg et al.,, 2004]. MaccoBas Tubennb
KopaioB B Kapubckom Mope mo mpuYMHE acTeprwiié3a CBs3aHa ¢ MPHUCYTCTBHEM BO30yAHTEINs
Aspergillus sydowii B i, mepenocumoit n3 CeBeproit Adpuku [Weir-Brush et al., 2004]. Kpome
TOTO, C TBUIBIO TIEPEHOCUTHCS MBUIbIA PACTCHUH, SHAOTOKCHHBI, MUKOTOKCHHBI M TOKCHYHBIC
metauibl. BozneiictBue meiim Caxapbl Ha pas3iUyHBIE SKOCHCTEMBI MOYXKET PaCIpOCTPaHIETCS
BIUIOTH 70 CeBepHoii EBporer [Franzen et al., 1994], Amazonuu [Swap et al., 1992] u KapuGckoro
mops [Griffin et al., 2001, 2003].

Opranndeckne KOMIOHEHTHI TIBUIM, a Takke Xene3o Hu  (pochop, MOTYT CIYKHUTh
MUCTOYHUKAMH THUTATEJFHBIX BEIIECTB M YHEPTUHU JJII MUKPOOHBIX, B TOM YHCJE TE€TepOTPOHBIX,
coobmectB [Herut et al., 2005; Pulido-Villena et al., 2008a]. TpunuaTuneTHre aHATUTHYECKUE
WCCJIEIOBAHMS JeIHUKOBOro KepHa MoHOnana (@panily3ckue AJbIbI) MOKa3add, 4YTO
MIOBBIIICHHOE CO/IEPIKaHUE KAIbIUS BO JIBAY CBSI3aHO C PETYJSIPHBIM NMEPEHOCOM MOYBEHHOU MBUIH
n3 Cesepuoit Adpuxku [De Angelis & Gaudichet, 1991]. Hekoropsie Buubl OakTepui,

nepeHeceHHble ¢ MblIbl0 Caxapbl, CIIOCOOHBI Pa3BUBATHCS B YCJIOBMSIX XOJIOJHBIX OJUIOTPO(]PHBIX
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IBIUICKUX 03€p M MPUHUMATh yyacTHe B (popMHpOBaHMM MOIMyJsinuK O6akTeproHeiicToHa [Reche
et al., 2009; Hervas & Casamayor, 2009]. OcaxeHue nplJIN Ha TOPHBIE JISTHUKHA MOKET BHOCUTh
BKJaJI B (hopmHupoBaHHE MHUKPO(DIOPHI CHEKHOTO MOKPOBA 33 CUET €€ MEPEHECEHUs C MBUIBIO.
CHeXHBII TIOKPOB BBICOKOTOPHBIX JIGAHUKOB, Kak U MycThiHA Caxapa, ABISIOTCS dKCTPEeMaJIbHBIMU
JUISL )KU3HU SKOHUILIAMHU, MUKPOOHOE pa3HOOOpa3re KOTOPBIX NPEICTABISIET HHTEPEC, KAK C TOUKH
3peHus (yHAaMEHTaJbHBIX NPOOJIeM aganTaiyy (SBOIOUMU) MHUKPOQIOPH K XOJOIHBIM |
TOPSYKUM YCJIOBHUSIM CYIIECTBOBAHUS, TaK U JJISl MPAKTHYECKOTo npuMeHeHus. [loaTomy, B cBs3U ¢
BQXHOCTBIO POJIM MBUIM B HKOCHCTEME aJbIMHCKHUX BBICOKOTOPHBIX JIEIHUKOB, (hOpMHUpOBAHHE
MHUKPO(DIOPHl CHEKHOTO TOKPOBA BBICOKOTOPHBIX JIGAHWKOB IO/ BIMSHUEM TBUIM ITyCTHIHH

Caxapbl, OCTAaCTCAd MAJIOU3YUYCHHBIM U NIPCACTABIIACTCA BECbMa aKTyaJIbHBIM.

Ilens u 3agaun ucciaea0BaHUs

[lenbto nmaHHOW PabOTHI OBLTO, C TIOMOIIBIO METOIOB  MOJIEKYJIIPHO-(PHIOTEHETUIECKOTO
anamm3a (TP, pubGoTumupoBaHWEe ¥ CEKBEHHpOBaHUE OakTepuaidbHbBIX TreHOB 16S pPHK),
NPOBECTH H3YYEHHE MHKPOOHOTO pa3HOOOpa3us CHEXHOTO TIOKpoBa JienHuKa MoHOMaH,
COJIepIKalllero MOYBEHHYIO MbLIb IMyCcThIHU Caxapa, Ha pUMeEpe YeThIpeX COOBITHI IepeHoca MbLIH
Ha JICJTHUK.

Jl1s nocTrKeHUs MOCTABJICHHOM LENH pelIaIiCh CJIEAYOIIME 3aJauu:

1. M3ydenue OakTepHaIbHOTO pa3HOOOpasus B 00pas3lax CHEXHOTO IOKpOBa JICAHUKA
Moub6uaH, conepkamux MOYBeHHYIO MbUTh Caxapbl pa3HOTO BPEMEHH NMEPEHOCa W HAXOXKICHUS B
CHEKHOM TNOKpOBE (4 cOOBITUS NIEpEHOCA IBLIN).

2. U3ydeHnne OaKTepHaIbHOTO pa3zHOOOpa3usi B CHEXKHOM IOKPOBE JieaHWKAa MoHOIaH, He
cozepxariieM nbulb Caxapsl (AOTOJIHUTENBHO MeToJaMu BbieneHus u usyuenus pPHK) (konrposb
Ha TIOYBEHHYIO NHUTH Caxaphr).

3. CpaBHHTEIbHOE M3YUYCHHE OAKTEPHATHLHOTO pa3HoOoOpa3us B oOpa3iaXx MOYBEHHOW MBUIA
Caxapbl 1ociie OCaxIeHHs €€ Ha Pa3HBIX BBICOTaX (CHETr BHICOKOTOPHOTO JIETHWKA W OCAKICHHUE
BTN B TOPOJIE; OJTHO U TO K€ COOBITHE MEpEeHOCca MbUIH) (KOHTPOJIb Ha IOYBEHHYIO MbLIb Caxapsl,
3aHECEHHYIO Ha JIETHUK).

4. U3ydenne OaKTEpHUATBHOTO pPa3HOOOpa3uWsi B 00Opasle TMeCYaHOW MYCTHIHHON ITOYBBI
Caxapbl, 0TOOpaHHO B OJTHOM U3 BO3MOKHBIX PETHOHOB-UCTOYHUKOB MBUTH (KOHTPOJIb HA TIEPEHOC
nouBeHHO! nbun Caxapsl U3 MyCTHIHY Ha JIEAHUK B AJbax).

5. CpaBHeHHe OaKTepUATBLHOTO pa3zHOOOpaswsi 00pPa3loB: CHEXXHOTO TIOKPOBA JICAHHKA,
COJIepXKalllero M He cojepiKallero mnouyBeHHyro nbulb Caxapel; mbuin Caxapbl, coOpaHHOU B

['penoOie; necuanoit mouBel Caxapsl.
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6. Onenka BKJIaAa MHKPOQIOpPH, NEepeHecCeHHOM ¢ Tbulbl0 mycThlHM Caxapa, B
(dbopMupoBaHre MUKPOQIIOPHI CHEKHOT'O IOKPOBA B YCIOBHSIX JieAHUKAa MOHOIaH.
7. Ouenka >(QQEeKTUBHOCTH TpalMepHBIX cucteM, ammumduiupyonmx B I[P pasHsie

obnactu rena 16S pPHK (V3-V5 u nonHOpasMepHsIii TeH), B U3y4E€HUH MHUKPOOHOTO pa3HOOOpasus.

HayuHnas HOBH3HA

BriepBrie MeT0/10M cekBeHUpOBaHHA OakTepuanbHbiX reHoB 16S pPHK (momnopasmepHoro
reda u ero V3-V5 o6sacti) noka3aHo pa3ivMyue coOCTaBa MUKPOOPTaHU3MOB (KaK Ha ypOBHE BUJIOB,
TaK M pa3Jlie]oB) CHEXKHOTO TMOKPOBa JeaHrKa MoHOMaH, coneprxkaiero mputb Caxapsl OT COOBITHI
nepenoca B 2006, 2008 (2 coosiTus) u 2009 rr. Kak Mexay COOBITMAMM, TaK U B CPaBHEHHUU CO
CHETOM, HE cojiepskaiieM nbuib Caxapsl.

BriepBrie Ha OCHOBaHMHM CXOJCTBa IO HyKJIEOTUIHOW nocaenoBarenbHocTy reHos 16S pPHK
BBISIBJIGHHBIX B paboTe (WIOTUIIOB C M3BECTHBIMH OakTepHsAMH HUACHTU(DUIIPOBAHBI
“x0010m00UBBIE” OaKTepUH — KaHAUAATH B (POPMUPOBAHHUE MHUKPO(IOPHI CHEKHOTO MOKPOBA
TOPHBIX JIETHUKOB.

BriepBeie mytem anaimza cymmapHoi 16S pPHK, BblgeneHHOM M3 CHEXHOro NOKpOBa
nenHuka MonOnaH, He cojepskamiero el Caxapbl, IMOJy4eHbl KOCBEHHBIE CBUJETENIHCTBA
MeTa00JIMYECKOI aKTUBHOCTH IIPU OTPULATENBHOM TeMIiepaType HuaHoOakTepuu poaa Stigonema.

[lonyyenubie B pabote mnocnenoBarenbHocTh reHoB 16S pPHK  nemonupoBanbel B
MexayHapoaHyto 0asy nanHHbix NCBI mon nomepamum HM104591-HM104622, HQ396527-
HQ396619, HQ402563-HQ402566, JF832298-JF832350.

[IpakTHueckas 3Ha4UUMOCTh

Pe3ynbpraThl HacTOSIIIEr0 MCCIENOBaHUS BHOCAT BKJAJ B IpeEJCTaBiIeHHE O (pOpMUPOBaAHUU
MUKPOOHBIX COOOLIECTB B CHEXHOM IOKPOBE BBICOKOIOPHBIX JIEAHMKOB B IMPUCYTCTBUU IBLUIU
Caxapsl. [IpuBHOCUT 1M Kax1oe cOOBITHE MEPEHOCAa NbUIM OJHU U Te K€ (MOBTOPSIOIIMECH)
(GUIOTUTIBI WK BCAKUH pa3 HOBYIO MUKpoduopy? VHBIMU clIOBaMU, CYIIECTBYET JIH €IHHOE SAPO
U3 00muMX (PUITOTHIIOB B CHEXXKHOM TMOKPOBE, COIepKaIieM Nbutb mycThiHu Caxapa?

Kpome Toro, pesynbraTel CpaBHHUTEFHOTO aHAIM3a MHKPOOHOTO pa3HOOOpa3ws CHEKHOTO
MOKPOBa MPU HAJIMYUM UJIM OTCYTCTBUU NbLIM Caxapbl, BaKHbI /Il MOHUMAaHUS TOTO, HACKOJIBKO
uMeHHO TbUTb Caxapbl BAIMAET Ha (OPMHUPOBAHHE MHUKPOOHBIX COOOIIECTB CHEXHOIO IMOKPOBA
JIETHUKOB.

B ¢dyHnameHTanpHOM TUIaHE W3y4YE€HHE MHUKPOOHOTO pa3zHOOOpa3us CHEXHOTO TOKPOBa
BBICOKOTOPHBIX JIEJIHUKOB II03BOJIIET OYEPTUTH JIMMUTHPYIOLIUE >KU3Hb TPaHUIbl U (aKTOPBHI,

Cpelr KOTOPbIX — JOCTYHMHOCTh BOJBI NPU OTpHULaTeIbHON Temneparype. C NpakTUYECKON TOUYKH
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3pEHUsl JIAaHHOE WCCJICJIOBAHME II03BOJSIET BBISBUTH HOBBIC XOJIOAOMIOOWBBIC JKCTPEMOQUIIBI,
NPEJICTAaBISIIONINX UWHTepec s OworexHonorun. OOHapyXEHHbIE HEUACHTU(DUIIMPOBAHHBIE
MUKPOOPTaHU3MBI TIPEJICTABJISIIOT HOBBIE HEM3BECTHBIC BHJIBI MPOKApHOT (“microbiota incognita”),
pacmmpsisi Hallld TPEJACTaBICHUS O MHUKPOOHOM pazHooOpasuu. HakoHel, pe3ynbrarhl JaHHOU
paboThl  3aKJIAJBIBAIOT  OCHOBY ISl  TOCIEOYIONMX  CPAaBHUTENBHBIX  HCCIICIOBAHUN

MHKPOOPTaHU3MOB CHCIKHOT'O ITOKPOBA JICAHUKOB BEICOKOTI'OPbs, a@ TAKIKC IMOYBLI ITY CTBIHU Caxapa.

AmpoOarust paboThI

OcHOBHBIC Marepualibl paOdOThl OBLIM TPEICTABICHBI HA MEKAYHAPOIHBIX U POCCHUCKUX
KoHpepeHIusX u cumnosuymax: 13-oi u 14-oif IlymuHCKHX KOH(PEPEHIHAX MOJOIBIX YYEHBIX
“buonorus-nayka 21-ro Beka” (I[Tymmuno, 2009, 2010); SCAR/TASC IPY Open Science Conference
“Polar Research - Arctic and Antarctic Perspectives in the International Polar Year”(Cankr-
[Terepbypr, 2008); Interdisciplinary Congress “Interactions between the physico-chemical
processes and microbiological processes in the environment” (Aubiére, France, 2008); exeroaHoit
koH(pepeHuun Monoabix yueHsix OMPB IMUSA® um. B.II.KoncrantunoBa PAH (I'atumna, 2009,
2011); European Geosciences Union General Assembly (Vienna, Austria, 2009, 2010); Poccwuiicko-
(paHIly3cKOM ceMHHape MO TMpoOJieMaM W3y4YeHHs JICISHBIX KEPHOB, NaJeoKIMMaTa |
MOJITICTHUKOBOTO 03epa Boctok (Antapkruaa) (Grenoble, Brest, Lyon, France; Cankr-IletepOypr,
2008, 2009, 2010); I'nsuuonornyeckoM cummosuyme “JIEQ u cHer B KJIMMAaTHUECKOW cucteme’”
(Kazamp, 2010); VI Momonexnoii mKoie-KOHQEPEHIMH C MEXKIYHAPOIHBIM  yYacTHEM

“AKTyaJbHble aclIEKThl COBpeMEHHOM MuKpoOuosiorun” (Mocksa, 2010).

[TyGnukarmu

ITo matepuanam nuccepTanuu oy OIMKOBAaHO 2 CTaThU U 7 TE3UCOB.

Mecto npoBeneHus pabOThI U COTPYAHHUYECTBO

MonexysipHO-OHOTIOTHYECKast 4aCTh PaOOTHI BHIIOJIHEHA B JTA00OPATOPUH T€HETHKH DYKapHOT
[TerepOyprckoro nunctutyTa sinepHoit pusuku um. B.I1. Koncrantnnosa PAH, I'atuuna (3aB., 1.0.H.
B.I'. Kopoues), a Takke B 1adopaTopur aianTalydyd U TMaToreHe3a MUKpoopraHuzMoB (3aB. ML.F.
Cesbron Delauw, Yuausepcurer k. @ypre, Opannus) nox pykooactsoM k.0.H. C.A. bynara.
[Ipouieaypsl OATOTOBKK MTPoO00TOOpa M Mocheayomieil 00padboTku 00pa3ioB cHera (TUIaBIICHHE,
KOHIICHTPUPOBAHUE U TIpP.) MPOBOJWIN B CEPTHU(PHUIMPOBAHHBIX IO YHCTOTE MOMEMICHUAX (Ki1acca
10000 ¢ namunapom kiacca 100) JlabopaTopuu IISIHUOJIOTUN M Te0(U3UKH OKpPYKAIOIIEeH Cpeibl

(Yuusepcurer JIx. ®ypre, @panuus).
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OO0pasipl MOBEPXHOCTHOTO CHEra cOOpaHbl COTJIACHO MPEIOCTABICHHBIM HHCTPYKIMSAM CO
BCEMH NPEIOCTOPOKHOCTAMH TPOTUB BO3MOXHOM KOHTaMuHaumu cotpyanukamu JIITOC: M.
Debret, E. Le Meur, B. Jourdain, D. Six u C. Vincent. O0pa3er nmec4yaHol MyCTHIHHOW IMOYBBI
Caxapbl IpeIoCTaBIIeH COTPYAHUKOM YHUBepcutera JInoH 1, Otaena sKoiIorud MUKPOOPTaHU3MOB
(OOM, ®panums) P. Normand. O6pazen meutn myctsiHn Caxapa, ocakaeHHOW B T. I'peHoOIb,
cobpan u ipenoctasieH C.A. bBynatom u J.R. Petit (JITTOC, ®panius).

BakrepuanbHble  KJIETOYHBIE  KOHICHTpAIMM  ONPEICNCHbl ~ METOJOM  IPOTOYHOM
muroduryopumerpun D. Marie Ha Ouonormyeckoit cranunu B Pockodde, BCP, (Opanmmsa) kak
omucano panee [Alekhina et al., 2007].

KynbsruBupoBaHre MUKpOOPTaHU3MOB M3 00PA3IOB MOYBEHHON MbUTH Caxapbl, U3BJICYCHHOM
U3 CHE)XHOTO TIOKpPOBa, BeIMoyHeHO P. Fournier (OOM, ®panmws).

Omnpenenenne MUHEPAIOTUYECKOTO COCTaBa 00PA3IIOB MOYBEHHOM MBIIH M MIECYAHHOM MOYBBI
MYCTBIHM TPOBEICHO METOJOM PEHTTEHOBCKOHM (IyOpecleHIMd COTPYAHUKAMHU J1abopaTOpUH
atMocdepubix cucteM (JIAC, @panmms) P. Formenti u S. Chevaillier. [Toxcuer gacTuil meuta u
oTpesielieHHe MX 00BEMHOI0 paclpeselieHus o pa3MepaM B HCCIeNyeMBbIX oOpa3iax MpoBeIeHO
METOJIOM PETHCTpPAllH DJEKTPUYECKUX uMIyiabcoB Ha cuerdynke Coulter J.R. Petit (JITTOC,
Opanmust). MoaenupoBanue mpoiiecca mnepeHoca mbin Caxapbl BO3AYUIHBIMH MaccaMH C
MOMOTIBI0 METOJa OOpPaTHBIX TPAEKTOPHI BBIMOJHEHO aBTOpoM mpu cojaevictBun H. Galee u S.
Preunkert (JI'TOC, ®pannus).

Pabora BrimosHeHa npu puHaHCOBO# moaaepskke npoekra ANR-07-Blan-0223-Lac Vostok.
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SUMMARY OF THE CHAPTER 1: GENERAL INTRODUCTION

By definition the cryosphere is one of the Earth's spheres distinguished by the presence of
water in the solid or super-cooled state (Miteva, 2008). Life in such conditions always seemed to be
a paradox, but apparently frontiers for microbial life are extended with proceeding elaboration of
techniques to detect life (Sattler et al., 2008). A diverse range of microbes have been discovered in
cold environments and include representatives of the Bacteria, Eucarya and Archaea. In part 1.1,
cryosphere is presented as one of the habitable ecosystems of Earth’s biosphere — cryobiosphere.

Large areas in polar and alpine regions are seasonally or perennially covered in snow, and
may therefore appear abiotic at first glance (Stibal et al., 2006). The physical properties of the snow
that make it suitable for life are summarized in part 1.2.

Well-developed microbial assemblages have been found in various snow environments
around the world. In part 1.3, microbial diversity found in polar and mountain snowpacks is
presented in connection with dust and water availability. It is assumed that if liquid water and debris
are present on a glacier surface, active microbial metabolism can be expected (Stibal et al., 2006).
For example, in snow of inland East Antarctica (near Vostok station) where is only 15 ppb of
mineral dust observed and mean annual temperature is -55,4° C (hence, no water available), the
cells concentrations close to zero cell counts (0.02 cells/ml; Bulat et al., 2009). In comparison,
bacterial concentrations in mountain snow have been reported to range from 0.02 x 10° cells/ml
(Zhang et al., 2010a) to c. 4 x 10° cells/ml (Alfreider et al., 1996; Segawa et al., 2005). Cell
concentrations were shown to positively correlate with the density of mineral particles in snow
(Segawa et al., 2005). The link between aeolian dust deposition and microbial community structures
has been shown also in terrestrial glacier ice. Some authors suggested that the microbiological
records preserved in ice core are useful marker for reconstruction of past climatic and
environmental changes.

Part 1.4 discusses mainly the role of Saharan dust in global dispersion of bacteria. The Sahara
is the most important natural source of dust that can be transported across the Mediterranean
towards the Alpine region several times a year (Sodemann et al., 2006; Fig. 1). Identification of
source areas for specific long-range transport events can be made using back-trajectory analysis, the
mineral content of dust (See Annex 1 for the examples) or particle size distribution (Fig. 2). In
addition to serving as a source of nutrients for aquatic and terrestrial microorganisms and plant life,
dust storms can also deposit soil-associated pollutants (chemicals, metals, etc.) and microbes to
downwind ecosystems. The role of dust in ecosystem is summarized in Fig. 3. Many species of
bacteria associated with Saharan dust events are pathogenic to humans, animals and plants (See

Annex 2 for the examples). A few studies have been conducted on the effect of dust-borne bacteria
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inputs on autochthonous community structure and its ecological consequences (See Hervas &
Casamayor, 2009; Reche et al., 2009; Lekunberri et al., 2010; Perfumo & Marchant, 2010). Overall,
the dust events create an atmospheric bridge between distant geographical regions and therefore
have a role in expanding the biogeographical pattern of some organisms.

In order to elucidate the dynamics of dust-borne microorganisms, an understanding of the soil
microbial community structure and its geographical variability as well as its abundance in the dust
source region is essential (part 1.5). Bacterial diversity of the Saharan desert soil is still poorly
described in the literature.

Part 1.6 focuses on a key component of many current ecological studies that is the
documentation and comparison of biodiversity patterns in the environment. Ecologists studying the
diversity of macroorganisms have developed a range of diversity indices and statistics to document
and analyze environmental diversity patterns (Hughes & Bohannan, 2004). The most frequently
occurring indices in the scientific reports of microbial diversity are Chao 1 and Shannon-Weaver,
yet both have some limitations. Since the molecular cloning and sequencing are commonly used to
describe the diversity in natural microbial communities, it is important to know whether the
sampling effort was sufficient to estimate diversity. This can be address by the Good coverage
estimation and rarefaction analysis. To compare further the community composition among
different samples the LIBSHUFF analysis can be used. Intensive surveys of microbial diversity in
the past decade are strongly demanded researchers to include the ecological statistic calculations.

Based on above knowledge, we studied the bacterial diversity in the snowpack of the Mont
Blanc glacier containing Saharan dust deposited during four dust events over the period 2006 —
2009. In addition, our study included the following samples: the MtBl “clean” snowpack
containing no Saharan dust, Saharan dust collected in Grenoble (a city in vicinity of MtBI) and
Saharan sand collected in Tunisia. We also investigated the possible microbial activity in situ using

both rDNA and rRNA approaches for the “clean” MtBI snowpack.
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1 OB30P JIMTEPATYPbI

1.1 Mukpoopranusmsl B Kppoouocgepe — hakThl ¥ THIIOTE3bI

CornacHo ompeneieHyo, AaHHOMY B [ JsiimonormueckoM cioBape 1984, xpuocgepa
npesCTaBIsieT co0oi o0oyouky 3emuin HempaBWiIbHOW (OpMBI B 00JAcTH B3aMMOJCHCTBHS
atMocdepbl, THIpochepbl u aUTOChEphl, OTIUYAIIAACS OTPUIATESIBPHOW WM HYJIEBOM
TEMIIEPATypPOl W HAJIMUYKEM BOJBI B TBepIOH (pa3e wim MmepeoXIaKICHHOM COCTOSHHU. | paHuIlbI
KpUoCcQephl yXOIAT B TITyOb AHTAPKTUUECKOTO JISAOBOTO MUTA HA 3 — 4 KM U TIOJIHUMAIOTCS BBEPX
B atMocepy 1o BoicoThl 100 kM, TIe perysipHo oOpasyroTcsi cepebpuctbie obnaka [KoTiskos,
1994]. XapakTepHbIM NpuU3HAKOM Kpuocdephl sBiseTcs yen. JlensHbie oOpa3oBaHUS BKIIOYAIOT
CHCTEMY JICJSTHBIX OOJIaKOB, CHEXXHBIM IOKPOB, CE30HHOMEp3Jble MOYBHI U TOPHBIE MOPOJHI,
CE30HHBI U MHOTOJICTHUH JIEJSTHOW TIOKPOB BOJOEMOB, HaJleld, TOPHbIEC JICITHUKU U JICTHUKOBBIC
MOKPOBBI, Mmom3eMHbIe JbabI [KoTisikoB, 1994]. Tloxcuurano, 9T0 B COBPEMEHHYIO 30Xy OOIIHe
3aImachl JTHIOB Ha 3eMyie COCTAaBIOT Gotee 30 MIIH. KM, T.¢. OYTH JBE TPETH MPECHBIX BOJ Ha
wianere [Kotmsikos, 1986].

B03M0>KHOCTB JKM3HU B TAKHX YCJIOBHUSAX BCET/a Ka3ajdach MapaJoOKCaIbHOM, HO C TIOSBICHUEM
U YCOBEPIICHCTBOBAHHEM METOJ0B MOJIEKYJISIPHOW OMOJIOTHH, MPEICTABICHHUS O TPAHHUIAX KU3HU
3HaYuTEeNLHO pacumpwinck [Sattler et al, 2008; HerpycoB m ap., 2004]. Pa3znooOpasHbie
MHUKPOOPTaHU3MBI, MPEJICTABIISIONINE OCHOBHBIE JOMEHBI KW3HU: Bacteria, Eucarya n Archaea —
ObUTH OOHAPYIKEHBI B XOJIOJAHBIX MecTooOuTaHuaX [cM. 0630psl Cavicchioli et al., 2002; Priscu &
Christner, 2004; Tindall, 2004; Steven et al., 2006; Miteva, 2008]. BOJBIIMHCTBO U3 HUX OTHOCATCS
K TCUXpO(HIBHBEIM WM TICUXPOTOJCPAHTHBIM (MHA4Ye MCUXPOTpOodHBIM) opraHuzMaM. [lepseie
pactyt npu Ttemmneparypax Hmwke 20 °C (omtumym Hmke 15 °C), Torma Kak BTOpPBIE, TaKXKe
pactymue npu 0 °C, umerotr 6ojiee BbICOKHE 3HAUEHHs ONTUMAJIbHOM Temmeparypsl pocra (25 —
30 °C) [Hetpycos u ap., 2004]. KynsTuBupoBanue ncuxpo(uibHBIX MUKPOOPTaHM3MOB BEChMa
TpyIHas 3a/1a4ya, TaKk Kak OOJbIIas YacTh pa3BUBAETCs KpaitHe MemneHHo. Kpome Toro, kierka
MOJKET HAaXOJWUThCS B TIOBPEXKIEHHOM WM COCTOSHHM TIIOKOSl, WJIM TPOCTO HE pacTH Ha
ucnoJyibzyemoit cpene [Miteva, 2008]. OnHako Ha CETOAHSAITHUHN JE€Hb U3BECTHO JIOCTATOYHO MHOTO
YCHEIIHBIX TMPUMEPOB BBIJICICHUS B KYJBTYPHl MHUKPOOPTAaHM3MOB W3 PA3IMYHBIX XOJIOHBIX
MECTOOOWTAHWH, MPHUHAIICH)KAIIMX B OCHOBHOM K CIHOPOOOPA3yIONIMM M HECTIOPOOOpPa3yOLIM
TPaMIIOJIOKHUTEILHBIM OakTepusiM, Proteobacteria u Cytophaga—Flavobacterium—Bacteroides [cM.
nanpumep, Christner, 2002; Junge et al., 2002; Zhang et al., 2002; Miteva et al., 2004; Foght et al.,
2004; Xiang et al., 2005]. Kak npaBuiio, BblJIeTICHHBIE OAKTEPUU OTHOCATCS K posiam Arthrobacter,

Frigoribacterium,  Rhodococcus,  Exiguobacterium,  Sphingomonas,  Methylobacterium,
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Acinetobacter,  Janthinobacterium,  Chryseobacterium  [Miteva, 2008].  B03M0XHOCTh
KyJbTUBUPOBAHUS MHKPOOPTaHM3MOB II03BOJIWJIA B TMEPBYIO OYepedb HW3YyYUTh U TMOHATH
MEXaHU3MBbI UX aJlalTallid K >KU3HENEATENIHHOCTH NPU OTPHULATENFHBIX Temreparypax. [lokazaHo,
YTO MPHUCIOCOOJICHNUSI K MOHMKEHHOI TeMIlepaTrype y MHUKPOOPTaHW3MOB IPOSIBISIOTCS B BUJE:
YBEJIIMYEHUS JOJM HEHACBHIIIEHHBIX >KUPHBIX KHCIIOT B COCTaBE LUTOIUIA3MAaTHYECKUX MEMOpaH;
0ojee HU3KHX TEMIEPATypPHBIX ONTUMYMOB AaKTHBHOCTH (DEPMEHTOB; JKCIpPECCHUU OEIKOB
XOJIOJIOBOTO IIIOKA; HAKOIUIGHHUS AaHTU(PHU30BBIX OEJNKOB M KPHOIMPOTEKTOPOB, HAMpPUMED,
Tperajio3pl W  JK30MOJHMCAXapUIOB; CHUHTE3a  KApOTHHOWIOB; MYJBTHIUIMKAIIMM T'€HOB
OKCHIOpEeayKTa3HbIX (pepMeHToB [cM. 0030psl: Deming, 2002; Georlette et al., 2004; Morgan-Kiss
et al.,, 2006; D'Amico et al., 2006; Feller, 2007; Bakermans, 2008; Shivaji & Prakash, 2010].
JnmurenbHOE COXpaHEHUE MHUKPOOPTAaHM3MOB B COCTOSIHUM TOKOS (JOPMAaHTHOM COCTOSIHMM) OBLIO
OTKPBITO BO JIbY AHTapKTHIBI U B BeUHOU Mep3ioTe [AOk30B 1 ap., 1979; Soina & Vorobyova,
1996; Vorobyova et al., 1996]. Ilo maenuto [Price & Sowers, 2004] xorma kjeTka BXOJHT B
COCTOSIHHE TIOKOSI, €€ MEeTa0OoJM3M TOJHOCTBIO TEPEKIIOYaeTcs Ha MPOIECChl  penapanyu
MOJICKYJSIPDHBIX TIOBPEXKIEHUM r'eHOMa |, 10 CYyTH, OPTaHWU3M CTaHOBUTCS “OeccmepTHBIM™ [Price,
2009].

JlocTaTOYHO JaBHO M3BECTHO, UYTO KYJHTUBHPOBAHUIO TojjgaeTcss Tojibko okosio 0,1% (Ha
ceronusimianil geHp 1 — 2% [Gewin, 2006]) Bcero MUKpOOHOTO pa3HO0Opasusi U OOJIbIIAs YacTh
HAXOJHUTCS B COCTOSIHUM ‘‘HeKynbTHBHpyemol ¢opmbl Oaktepuit” (HOB) [Amann et al., 1995;
Colwell et al., 1985]. CnenoBarenbHO, COCTaB MUKPOOHBIX COOOIIECTB HE MOXKET OBIThH JIOCTOBEPHO
ornucad 0e3 MPUMEHEHUS] HE3aBUCHMBIX OT KYyJbTHBHPOBAHUS METOJIOB, TAKMX KaK COBPEMEHHBIC
metonbl pubocomHort JIHK ¢wunoreneruxu, FISH-texnonorun, JAHK rubpuguzanum c
¢yskumonaneueiMu - 30Hmamu, JHK-¢punrepnpuntunra, IILIP B peambHOM BpeMeHH W
METareHOMHKH. B N3y4eHNN MUKPOOPTaHN3MOB, HACEISIIOIINX Kpuochepy, MOJIEKYISIPHBIE METOIbI
BHECII, HECOMHEHHO, OTPOMHBIA BKJIaJ. Bo-mepBbix, Omaromapss MOJICKYJSPHBIM METOJaM, a
TOYHEE MOJIEKYJSIPHOMY KJIOHMPOBAHMIO, CTaja BO3MOXHOH pabora ¢  oOpasuamu,
XapakTepu3yIuMucs Major Omomaccoir. Tak, Hampumep, B 03€pHOM JIbJE MOJJICTHUKOBOTO
o3epa Bocrox B AnTapktume Ha riybumHe 3607 m Obuta obnapyxkena JIHK TepmodunbHOIM
Oakrepun Hydrogenophilus thermoluteolus, ipu 3TOM TOJICYUTAHO, YTO KOJUYECTBO KJIETOK BO
npay cocrtaBisier He Oonee 19 wi/mn [Bymat u ap., 2009]. Bo-BTOpbIX, U3yueHUE MUKPOOHOTO
pazHoOOpa3usi METOJaMH MOJICKYJISIDHOH (DMIIOTEHETHKH B pa3HBIX TeorpaduuecKux 30Hax
MOJTBEPIMIO M PACHIMPHIIO TIPEICTABJICHHS O KOCMOIIOJUTHOM PAaCHpPOCTPAHEHUH OTHCIBHBIX
¢unorenernueckux nunuii [HerpycoB u ap., 2004]. Hampumep, npeacraButenu pona Massilia
ObUTH OOHAPYKEHBI B 0CAJOYHBIX ITOPOIaX apKTUUECKUX JICITHUKOB, KPACHOM CHEeTre AHTApKTHIbI U

tponocdepHbix obdmakax [Reddy et al., 2009; Cheng & Foght, 2007; Amato et al., 2007a; Fujii et
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al., 2010]. 1, nHakoHel, pacmMpeHHEe NPEICTABICHUNA O MHUKPOOHOM pa3zHOOOpa3uH XOJOTHBIX
MECTOOOUTAaHMH TyTEM HCIOJIb30BAaHUS MOJIEKYJSIPHBIX METOJOB TakKXe BHOCHT BKIaJ B
NOHUMaHue (PYHKIIMOHUPOBAHUS ATHX SKOCHUCTeM. HenaBHO ¢ HCHONB30BAaHUEM TEXHOJIOTUH
NUPOCEKBEHUPOBAHUSI ~ Ha  TNpUMEpe  M3yYeHUs  (UIOTEHETHYECKOro  pa3HooOpasus
MHUKPOOPTaHU3MOB BO Jiby ropHoro jeanuka Cesepubiii Llnedepunep (I'epmanus) mokasaHo, 4yTo
METa0OJIMUECKUIl TMOTEHIMAaNl JAaHHOM HKOCHCTEMBI BKIIOYAeT aBTOTPOHIO, a’dpOOHBIA U
aHa’pOOHBIN CIOCOOBI AbIXaHUs U NCUXPOdUIbHBIA 00pa3 xu3Hu [Simon et al., 2009]. OgHaxo, He
CTOUT 3a0BIBaTh, YTO MOJIEKYJIPHO-OMOJIOTHYECKUE METObl HE JIMIICHbI W3BECTHBIX OTPaHUYCHUI
U TOJIbKO KOMIUJICKCHBIE HCCIICJIOBAHUS, COBMEIIAIONINE B ceOe TPaJUIMOHHBIA M COBPEMEHHBIH
NOJIXOABI, Hauboyiee TMOJHO M JOCTOBEPHO MOTYT OTOOpPa3uTh pa3HOOOpa3ue NPOKApHOT B
NPUPOTHBIX COOOIIECTBAX.

PaccmoTpenHass HaMH JTEpaTypa CBUACTEIBCTBYET O TOM, YTO KpHOcdepa — 3TO HE TOJIBKO
Ba)KHASI COCTABIIIONIA TJI00ANPHON KIMMATHYECKOW CHUCTEMBI, HO TaKXe OJIHA U3 O0OHMTaeMbIX
COCTaBIIIONINX OMocheprl 3emMild, KOTOPYIO BCE dalle Has3bIBAIOT “‘KproOuocdepoii”. M3yuenue
MHUKPOOHOTO pazHOOOpa3ust B YCIOBHSIX OTPHLATEIBHBIX TEMIIEPATyp BHOCHT BKJIAJ B IMOHUMaHHE
MEXaHU3MOB aJaNnTallii KIETKH K XOJOIy, BPEMEHHBIX TNPEICNOB COXPAaHEHUS JKU3HH U
oTIpe/ieIeHus] TpaHull ee (PYHKIIMOHMPOBAHWS, B TOM YHUCIE W Ha JPYrHX IUlaHeTax. JlensHeie
o0pa3oBaHMs 3eMHOW KpHOC(ephl CIy)KaT aHaJoraMH KPHOTEHHBIX CHCTeM Mapca M CIyTHHKa
KOnmrepa — EBporibl, KOTOpbIE paccMaTpUBAIOTCS Kak 00BEKTHI Haieii COJHEUHOW CUCTEMBI, TJIe
MOTJa, WM MOXeT cymiectBoBath Xu3Hb [Baker, 2001; Chyba & Phillips, 2002]. OtkpsiTue
npucyTcTBus BoAbl Ha Jlyne B 2009 r. [Lucey, 2009] nenaer Bce GoJiee OIU3KUMHU IO BPEMEHU
NEepPCIEKTUBBl HM3Y4YeHHs OO0pasloB JbJa BHE3EMHOTO NPOHUCXOXACHHUs. B Oosiee mpakTHYHOM
OTHOIIIEHHN TOJO0OHBIC HCCIIEIOBAHUS CHOCOOCTBYIOT IOWCKY HOBBIX OHMOJIOTHUECKH AKTHBHBIX
COCIMHEHHN JJIsi OMOTEXHOJIOTHH, CAMBIMH BOCTPEOOBAHHBIMU M3 KOTOPBIX SIBISIOTCS (PEPMEHTHI
aKTUBHBIC TIPH OTPHULATENBHBIX TeMreparypax [Deming, 2002]. Mcnonp3oBaHue Takux (epMEHTOB
B TIPOMBIIIICHHOCTH 3HAYMUTEIIFHO CHWXKAET CEOECTOMMOCTH MpOIECCOB, TPEOYIONMX B HOPME
JIOTIOJTHUTEIBHOTO  MojorpeBa (moapoOHee 00 00JacTIX MPUMEHEHHsS] XOJIOI0YCTOMYUBBIX
depmentoB cm. Cavicchioli et al., 2002). B ycnoBusx rio0anbHOTO U3MEHEHHS KIIMMATa Ha TUTAHETe
HEOOXO0/IMMO TIOHMMATh YKOJIOTHUECKUE TIOCIIECTBHS BIMSHHS ATOTO MpoIecca Ha pa3HooOpasue u
¢yHkMoHupoBanue MHUKpoOHbIX cooOmectB [Clarke et al, 2007]. Ilo muenuto Rogers c
coaBTopamu [2004] TasiHME JIEAHMKOB MOJKET NMPUBECTH K OCBOOOXKJIEHHIO JPEBHUX MAaTOICHHBIX

MHUKPOOPTaHU3MOB 1 OOMEHY UX T€HEeTHUYECKOW HHPOpMaIMell C COBpEMEHHBIMU BUJIAMHU.
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1.2 CHexHbIH IOKPOB: OJJHA U3 SIKCTPEMAIBHBIX HUIII MUKPOOHOU KU3HU

CHexHbINl TOKPOB — CaMblil paclpOCTPaHEHHbI BUJ HPHUPOJHOIO JIbJA, MOKPHIBAIOIINI
exxeroHo ot 100 10 126 M. kM TeppuTOpHH 3eMIIM, BKIOUAs CyITy X MOPCKOH e [KOTIKOB,
1986; I'mauunonoruueckuii cioBapb, 1984]. VICTOYHMKOM CHEKHOIO IOKpPOBa CIy’KaT TBEpAbIE
aTMoc(epHbIe OCAIKU B BUJIE JEIIHBIX KPUCTAJUIOB (CHEXWHOK), BBHIMIAJAIOIINX U3 MHOTHX BHJIOB
00JIaKOB M COXPaHSIOLIMECS HA 36MHOW MOBEPXHOCTH IPU OTPULATEIBHBIX TEMIIEpATypax BO3AyXa
[[siuonorndeckuii cioBapb, 1984]. @opmupoBaHHe CHEXHBIX OCATKOB B arMocdepe 3aBUCHUT
TJIABHBIM 00Pa30M OT TeMIIepaTyphl OKPY KAIOIIEH CPeIbl M HAMYHS TIEPEOXJIaXKICHHOW BOIbL. [Ipu
TeMrieparype okoJio -5 °C sapa KpucTauM3aum (a3po30JbHble yacTullbl pazmepom 0,1 — 1 Mkm),
NPHUCYTCTBYIOIME B arMocdepe, (GOpPMHUPYIOT B TpoOIEcce JbA000pa3oBaHUs MelbYyaiime
KpUCTAUTBI JibAa. Tako THUN KPHUCTAIJIM3AaIMM HA3bIBAlOT TE€TEPOreHHBIM, B OTIMYHE OT
TOMOTEHHOM WM CIIOHTAaHHOW KPUCTAJUIM3AaLMU, IpoucXoadilel npu temneparype Huwke -40 °C B
oTcyTcTBuM sifep kpucrawmmsanuu [CHer. CnpaBounuk, 1986]. B armocdepe mprooOpasoBanme
OOBIYHO TMPOWCXOJUT C ydacTheM siaep Kpucrammm3anuu (“ice nuclei”), HCTOYHHKAMU KOTOPBIX
MOTYT OBITh YacCTHIBl IOYB, MHUHEPAIBLHON NBUIM, IBUIbIA, CIIOPHl PACTEHHWH, BYJIKAHUYECKHUIl
Tneres, MUKpockommdeckue rpudsl 1 6akrepun [Kuhn, 2001; Morris et al., 2004]. OgauM U3 cambIx
M3BECTHBIX OPTaHW3MOB, OOJAaJarOMMX AaKTUBHOCTBIO SIACp KPUCTAJUIM3ALHHM,  SIBIISIETCS
¢duronarorennas 6akrepust Pseudomonas syringae [Morris et al., 2004]. HenaBuo B padore [Pratt et
al., 2009] ObUTH TIOJTyYEHBI HETIOCPEICTBEHHBIC JOKA3aTeIbCTBA YYACTHS YaCTHUI] OMOJIOTHIECKOTO
NPOUCXOXKJEHHUA B IIpoliecce JbJ000pa3oBaHUsl IMYTEM M3MEPEHHs s/1ep-KpUCTAIUIU3UPYIOIIeH
AKTUBHOCTH in Situ B PEaJbHOM BPEMEHM C NOMOIIBI0 MacC-CIIEKTPOMETPA, YCTAHOBJIEHHOIO Ha
O0opty Bo3aymHOro cynHa. Kpome Toro aBropamu MOKa3aHO, YTO BKJIAJ YacTHIl MHUHEpaIbHOMN
ObIIM B COCTaBe sjep Kpucrtaumsauuu mnpencrasisger 50%, a dactun OHMONIOTMYECKOTO
npoucxoxaeHus — 33% [Pratt et al., 2009].

[Ipouecc BbIMangeHHs CHera B JAJIbHEHIIEM COTPOBOXKIACTCS W3MEHEHUSIMH €ro CBOICTB
(TOJIIMHBI, TUIOTHOCTH, TEMIIEPATYPBI, TBEPJOCTH U T.JI.) B IPOCTPAHCTBE M BpeMeHH. B pesynbrare
CHE)KHBIA MOKPOB NMPUOOPETAET CIOUCTOE CTPOCHHUE, OCEIAET, YIUIOTHIETCS, U B HEM MPOUCXOMAAT
NPOLIECCHl CyOJMMAIIMOHHONW MEPEeKpUCTaIN3allud — MPEBPAIIeHUs] CHEXKMHOK B Oec(opMeHHbIE
3epHa pa3HoM BenmuuHbl [[nsmuonornyeckuii cioBapb, 1984]. [IpoBons aHanoruio ¢ MOYBOWH,
CHEXHBI TIOKPOB MOJKHO paccMaTpUBaTh KaK KapKac, COCTOAIIMA W3 TBEPIBIX YacTUI[ U
OKPY’KaloIMX IyCTOT WM MOP Pa3HOro pa3mMepa, KOTOPbIE MOTYT OBbITh 3aII0JHEHBI BO31YXOM WU
XKHUIKON BogoW. Ha MOBepXHOCTH TOPHBIX JIETHUKOB B YCIOBHSAX TOBBIIICHHOTO CHETOHAKOTICHHUS
U JUIUTEIBHOIO 3aJIeTaHMs CHEXHOTO TIOKPOBA, HAIMYUE B3aUMOJICUCTBYIOLIUX ITOP OTMEYAETCS 10

riryounsl 10 — 15 M, 10 rpanusl npespaienus cHera B ¢pupH [boropoackuii u I'aBpuiio, 1980].
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Beinazenne cHera crocoOCTBYeT yAaJCHUIO PA3IUYHOTO JUCTIEPTUPOBAHHOTO MaTepuaia u3
aTMoc(epbl, BKIOYas a’po30JId U HEOPTaHWYECKHE HMOHBI, BKIIOYAs MOJIEKYJbl Ta3oB pPa3HOTO
n3zoTonHoro cocrasa [CHer. CrpaBounuk, 1986]. KonueHnTpauus a’spo3osieil B CHEXXHOM IOKPOBE
BapbeupyerT ot 0,1 ma. o Becy B nenTpanbHoit AnTapkTtuie 10 0,037% 1o Becy B CHE)KHOM IIOKPOBE
TOPHBIX JIAHUKOB BCJIEJICTBHE NEPUOIUYECKOTO OCAKACHHUS OOJBIIOrO KOJMYECTBA IMOYBEHHOU
nei [Domine et al., 2008; Painter et al., 2007]. KonueHTpamnus npumeceil B CHere 3aBUCUT
[JIABHBIM  00pa3oM OT MHTCHCHUBHOCTH WX BBINAJCHUS, CKOPOCTH AaKKyMYJIAIIMH CHeTa,
KJIMMATHYECKUX YCJIOBUH, XUMHHM aTtMoc(epbl, MPOHUIAEMOCTH U CTPYKTYpBHl MOBEPXHOCTH
CHEXKHOTO TOKpoBa [l msmmonormueckuit cinoBapb, 1984; Domine et al., 2008]. Takum 00pazom,
CHEXKHBIN TOKPOB TPEJICTaBISET COOON HE TOJBKO BAXKHBINA THIPOJIOTHYSCKUN pe3epByap, HO U
pesepByap MHTAaTENBHBIX BellecTB (0cHOBHBIE U3 KoTOphix S04, NH,", NOs~, Ca®*, CI' u Na') B
BUJIC Ta30B, OPTaHMYECKUX BEIIECTB, MHUHEPAIBHOW IMBUIM, YAaCTHUI] MOPCKOW COJM W YaCTHII
omonorudeckoro mnpoucxoxaenus [Kuhn, 2001; Daly & Wania, 2004]. C Hagaiom
UHIYCTPUATIBHOM SMOXHU YEJIOBEYECTBA CHEXXHBIM MOKPOB TOPHBIX JIETHHKOB SIBISAETCS Ba)KHBIM
WHIUKATOPOM JKOJOTHYECKOTO COCTOsIHMS peruoHoB [Preunkert et al., 2001a]. Bmaromaps
JNEHCTBUIO pa3IMYHBIX (U3HMUECKUX (HaKTOPOB (CKOPOCTH BeTpa, MeTamMoppu3Ma CHEXHOTO
MOKPOBA, XapakTepa OCaXIEHHs) paclpeiesieHHe NUTATEIbHBIX BEIIECTB B TOJIIE CHEXHOTO
MOKPOBa OKa3bIiBaeTcss HeogHopoaHbIM [Hodson et al., 2008; Kuhn, 2001]. B ocHOBHOM CHEXHBII
MOKPOB 00oramiaercsi MpuMecsiMU B XOJIe MX BBIMBIBaHHS CHErom m3 atmochepsl. OgHako, 3TOT
IpOIECC MOXKET TaKKe MPOHMCXOIUTh B PE3yJbTaTe BBHIHOCA YACTUI[ CHETOM WM JIOXKIEM, HX
CTOJIKHOBEHHS C OOBEKTaMM, BO3BBIIIAIOIIMMHUCS HAJ TOBEPXHOCTHIO 3€MJIM WM B XOJE
ceMMeHTarmu (ToJIbko Tipu pasmepe dactur, 6omnee 10 — 20 mxm) [CrHer. CnpaBounuk, 1986].
XUMHUYECKUE TIPUMECH 00€CTIeunBaIOT CYIIECTBOBAHUE HA MOBEPXHOCTH KPUCTAIUIOB CHETa TUICHKU
KHUIKOTO paccoia, B KOTOPOM KOHLIEHTPUPYIOTCS HOHBI BEHIECTB, BHITAIKUBAEMEBIE Ty1a B TIPOIIECCE
3aMep3aHus BoJbl. TasHHe cHera HauWHAeTcsl yxe npu temneparype Hwke 0 °C B mpucyTCTBHH
HEOOJIBIIOTO ~ KOJMYECTBA  COJIGM W JOCTaTOYHOTO  yPOBHS  COJIHEYHOW  pajHaiif
[[siuonornaeckuii cinosapb, 1984; Kuhn, 1987]. CMeHa UKIIOB TastHHUS U 3aMEP3aHUS B CHEXKHOU
TOJIIIE TIPUBOJUT K TIEpEpaclpe/ieIeHHI0 BEIIECTB 10 BEPTUKATBHOMY MPO(MII0 — MPOUCXOIUT
oboraleHre HIKHUX CJI0EB CHEXKHOTO MoKpoBa [[msmmonorunyeckuii cinoBapsb, 1984; Kuhn, 2001].
Co BpeMeHeM 1o/100HbIe (PU3NUECKHE MPOLECCH], a TaAKXKEe (POTOXUMHUECKHUE peakiuu, TUPPy3us
ra3oB, THIPOJHM3, a TaKkKe OHWOJOTMYEecKass AaKTHBHOCTh  CIIOCOOCTBYIOT  XHMHYECKOH
TpaHcopMani cocTaBa CHera. VI3BECTHO, 4YTO CTENEHb YJIBTPAPHUOIECTOBOTO H3ITYUYECHHS
3HAYUTENILHO BO3PACTAET C MOJHATUEM HaJ ypoBHEeM Mopsi: Bbile 3000 M ypoBeHb Y@ uzirydyeHus
MoxeT ObiTh Ha 30% BbIIIE MO CcpaBHEHHIO C ypoBHeM Mops [Blumthaler et al., 1992].

[IponukHOBEHHE BUIUMOW U  YJIbTPadUOJIETOBOM YaCTH CIEKTPa, CIIOCOOHBIX BBI3BIBATH
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($oTOXMMUYECKHE PEAKLIMH B CHE)KHOM MOKPOBE OTMEUAETCs, KaK MPaBmIIo, 0 rTyouns! 20 cM 1
OOJIBIIMHCTBA KIIMMAaTHYECKHUX 30H U 710 8 cM B ropax [Domine et al., 2008; Simpson et al., 2000].
B pesynbrate mpeoOpazoBaHUs MPSIMOTO U3IYYECHUS B PACCESIHHOE B BEPXHHX CIIOSIX CHEKHOTO
MOKPOBA, YPOBEHb NMPOHUKAIOMICH paJdaliii OKa3bIBACTCS JOCTaTOYHO BBICOKMM, YTOOBI BBI3BAThH
Hapymenus JJHK u knetounsix memOpan, MHTHOMpoBaHHE (POTOCHHTE3a M 00pa30BaHUE aKTUBHBIX
dopm kucinopoxaa [Grannas et al., 2007; Gorton et al., 2001; Gorton & Vogelmann, 2003]. Oxgnaxo,
NPUCYTCTBUE TETEPOTEHHOTO0 MaTepHaia, a TaKKe BO3IYIIHBIX Iy3bIPHKOB Ha MOBEPXHOCTH U B
TOJIIIE CHEeTa, MOTYT 3HAYMTEIbHO CHWXATh ypoBeHb panuaruu [Cockell et al., 2003]. [TogoOHbIit
3¢(deKT B MIUPOKUX MAacIITadaXx MOXKET OBITh OOYCIOBIICH BBINAJCHUEM HAa CHEXHBIM TIOKPOB
TOPHBIX JICTHUKOB TMOYBEHHOM MBUIH, MEPEHOCUMON M3 apUAHBIX perdoHoB. Kak ObLIO 0TMEueHO
BBIIIE, 3TO TaKXE MPHUBOAUT K 3HAYUTEILHOMY YBEIWYCHUIO KOHIEHTpAIMH MpHUMeEceH, a,
CJIEZIOBATENIFHO, K 00OTAIICHNIO XUMHYECKOTO COCTaBa CHEra COOTBETCTBYIOIIUMHU IMUTATEIbHBIMH
BeniecTBaMu. B ropax Gmarogapsi MOBBIIIEHHOMY CHETOHAKOIUICHUIO U HE3HAYUTEIFHOMY TasHUIO B
TEUYEHHUE JIeTa, BBHIMABIIMI CHET JOBOJBHO OBICTPO MPOXOAMT CTaIHI0O MeTamopdu3ma B (UpH,
TakuM o0paszoM, Bcs MH(OpMAIUS HA MOMEHT €0 OCaXIICHUsT OKa3bIBACTCsS ‘‘3alMCaHHON B BHIE
MOCJIEZIOBATENBHOCTH CIIOEB, XOPOIIO Pa3IMYMMBIX B ()UPHOBOM WIIM JIEAHMKOBOM KEpHE [CM.
0030p Schwikowski & Eichler, 2010]. M3oTomnHbIi cocTaB Jibla U IpUMecel B HEM UCTIOJIB3YIOTCS
JUis  aOCOJIIOTHOTO JAaTHPOBAHMS CJOEB W BOCCTAHOBIICHHMS KJIMMATHYECKHUX YCJIOBHUH €ro
oOpaszoBanus [['msaumonornueckuit cioBapb, 1984]. Takum 00pa3om, TrOpHbIE JIEAHUKHM — 3TO
HATypaJbHbIE ApXWBBI XUMHYECKOTO COCTOSHHS OKpysKatomed cpeapl. Tak, pacmmdpoBka
xummudecko 3anvcu 70 M JeHUKOBOTo KepHa MonOmana (Ppaniry3ckue AJBIbI) 3a MMOCICIHUC
Tpuauate jaer (¢ 1955 mo 1985 rr.) BeIsIBUIA 3HAYUTENBHOE COJIEPKAHUE KaJblUs, KOTOpPOE
00yCIIOBIIEHO, 10 MHEHHIO aBTOPOB pabOTHI, CKOpee BCEro, PeryJiipHbBIM MEPEeHOCOM MOYBEHHOU
e 3 CeBepHoit Adpuku [De Angelis & Gaudichet, 1991]. B manpHeiiniem 3TH 1aHHBIE OBLTH
MOATBEPKACHBI aHamu3oM 126 M JeqHUKOBOro kKepHa MonOnaHa (matupoBka okoio 1919 —
1994 1T.), B X0Z1¢ KOTOPOTO OBLJIO YCTAaHOBJIEHO NPUCYTCTBHE 98 5eTHHX M 4-X 3MMHHX CJIOEB
COOTBETCTBYIONMX ocaxaeHuto meutn Caxapsl [Preunkert et al., 20016]. Tlepuoamueckue coObITUS
NepeHoca MBUTH TPUBOJIAT K MOSBICHUIO “TIETIOYHOTO” CHera B AJIbIax, a TaKXKe K IMOBBIIICHUIO
KOHIIEHTpalu cyib(aroB U B MEHbLIEH crerneHn HUTpatoB [Maupetit et al., 1995]. OcHoBHbIE
MCTOYHUKH TIBUTH COTJIACHO HMCCIIEIOBAHUSAM, TIPOBEICHHBIM Ha HECKOJIBKUX aJBIIMUCKUAX CTAHIHAX,
pacnonoxkensl B CeBepHoit Adpuke, a umeHHo, B Aspkupe, JluBum, Mapokko u Tynwuce
[Schwikowski et al., 1995; Collaud et al., 2004; Sodemann et al., 2006]. B cBs13u ¢ Tem, uT0 00BEM
nepeHocumoit u3 Caxapsl B EBpomy mbeum coctaBmsier okosio 80— 120 MiH. TOHH B ToA

[D’Almeida, 1986], momoOHbIE COOBITHS 3HAYMMO BJIMSIOT HAa COCTaB W KOHIICHTPAIUIO
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COJIepXKAIIUXCsl B CHE)XKHOM TIOKPOBE BEIIECTB, HO H, B IEJIOM, - Ha ()YHKIMOHHPOBAHUE
JIEIHUKOBOU SKOCUCTEMBI.

Cser, xuakasi BoJa (3aBHCHUT OT TEeMIEpaTypbl) U HAJIUYUC IHUTATEIBHBIX BEIIECTB, BO
MHOTOM, OTIPEEISIIOT XapaKTePUCTUKU CHEXKHOTO MMOKPOBA TOPHBIX JICTHUKOB KaK Cpejbl OOUTaHUS.
JKuBbie opraHM3MBl Y4YacCTBYIOT B OCHOBHBIX OHMOTC€OXMMHYECKUX IMKJIAX, UMEIOIIUX MECTO B
CHEX)KHOM TIOKpoBe. Ha cerogusimmHMiA J€Hh W3BECTHO, YTO Ui CHEXHOTO TOKpPOBA TOPHBIX
JICIHUKOB XapaKTepHBbl TAaKUE IPOIECChl, Kak (OTOCHHTE3 H TeTepoTpodus [cM. Hampumep
Kohshima, 1984; Takeuchi, 2001; Segawa et al., 2005; Uetake et al., 2006]. )KuzHenesaTenpHOCTh
BOJIOPOCIIEE M MHKPOOPTaHM3MOB, PAa3BHBAIOIIMXCS HA JICJHUKAX, MPHUBOJUT K W3MCHEHUIO
CTPYKTYpPBI CHE)XHOU TOJIIIHN, YIJTMHECHUIO CPOKA CYIIECTBOBAHHS KPUOKOHUTOB, JOTOJTHUTEILHOMY
MPOTaWBaHUIO CHETa 33 CYET MPOIIECCOB JIBIXaHUS M CHIDKCHUS alb0e0, YTO B IEJIOM OTpPaXKacTcs
Ha o01IeM Oayance Macchl JeaHukoB [ Thomas & Duval, 1995; Takeuchi et al., 2001; Hodson et al.,
2010]. Tocnennue wccieaOBaHUs TMOKa3alM ydacThe OakTepuil B OHOJErpajaliui COSIUHEHUN
PTYTH Ha TNpUMEpPE apKTUYECKOro cHexHoro mnokposa [Larose, 2010]. HemaBHo Amoroso ¢
coaBTopamu [2010] oOHapyxwnu smuccuio razoB NO, NO,, HONO u HEOOBIYHO BBICOKYIO
KOHIeHTpaIwio HOHOB NO; B CHEXHOM TOKPOBE APKTHUKH, PETHCTPUPYEMBIX Ha MPOTSIKCHUU
MOJIIPHOM HOYM ¢ (eBpalisi M0 MapT. ABTOPBI YTBEPKAAIOT, YTO JAHHOE SIBJICHUE, CKOPEE BCETO,
CBSI3aHO C JICATEIIFHOCTHIO HUTPUPUITUPYIOINX OAKTEPUI, HA YTO MOTYT YKa3bIBaTh TAKKE JTAHHBIE
W30TOIHOTO cocTaBa ra3oB [Amoroso et al., 2010]. CrnegoBarenbHO, CHEXKHBI MMOKPOB — 3TO HE
TOJIBKO aKTHBHBIN (DOTOXMMHUYECKUH, HO B OMOTCOXUMHUYECKHA PEAKTOP, HTPAOIINNA BAKHYIO POJIb

B Tipo1ieccax (h)yHKIMOHUPOBAHUS JIETHUKOBBIX 3KocucTeM [Amoroso et al., 2010; Larose, 2010].

1.3 MukpoOHoe pa3HOOOpa3nue CHEKHOTO NMOKPOBA JIEAHUKOB

1.3.1 ®usuko-xummuueckue (GakTopbl, KOHTPOJIUPYIOMIHE MHUKPOOHYIO XH3Hb B CHEXHOM

IMMOKPOBC JICAHUKOB

OrpoMHBIE TUIOMIAAN TOJISIPHBIX 00JacTeli M BBICOKOTOPHBIX PAOHOB, MOCTOSIHHO WM
CE30HHO TOKPHITHIE CHETOM, Ha MEPBBIN B3I KaXyTcs aOCOMOTHO Oe3ku3HeHHBIMU. OHAaKo,
HaXOJSATCS MUKPOOPTaHU3MBbI CIIOCOOHBIE PACTU U B ATHX IKCTpEMalIbHBIX ycloBusx [Stibal et al.,
2007].

Cuuraercs, 4T0 B YCJIOBHUSX JOCTyIa YKUIAKOW BOJBI U PA3IMYHOTO HAHOCHOTO MaTepuaja Ha
MOBEPXHOCTH JIETHUKA, MOKHO OXXHIAaTh aKTUBHOE pa3BuTHe MHUKpodiopsl [Stibal et al., 2006].
3Ha4yeHNs] aKTUBHOCTH BOJBI (ay), XapaKTepU3yIOUIHe €€ JOCTYIHOCTh, P KOTOPHIX BO3MOXKEH

pOCT MHUKPOOpPTraHu3MoB, cocTaBisaioT oT 0,99 no menee 0,7 [HerpycoB u ap., 2004]. Oxnako, Ha
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OCHOBaHHMU HaUMEHBIIIEH U3BECTHOM OLIEHKH ay, (0,62), HEOOXOAMMOM /ISl pOCTa MUKPOOPTaHU3MOB
[Harris, 1981], u ¢ yderoM JOTOJHUTEIHHOTO pe3epBa BO3MOXKHOCTEH MHKPOOPTaHHU3MOB,
MOPOroBOE 3HaueHHE a,, npupaBHeHO K 0,5 [MEPAG, 2006]. OnHoil U3 NpUYUH yMEHbIICHUS
AKTUBHOCTH BO/JIbI SIBJIIETCS IOHWKEHUE TeMIlepaTyphl 10 Touku 3aMmep3anus (0 °C), Ho, HecMOTps
Ha JTO, CYLIECTBYET MHOXECTBO (U3MUECKUX MEXAHM3MOB (HANpUMEp, JENpeccHs TOYKH
3aMep3aHus, OTCYTCTBHE saep KOHIeHcauuH, 3()(eKT ymopsaouyeHHOCTH, JABICHUE), a TAKKE
NPUCYTCTBUE XUMHUECKUX MpUMeceil (B OCHOBHOM COJIEH ), MO3BOIAIOIINX MOAJIEPKUBATE KHUIKYIO
¢da3y BOIBI B MOYBE, MOPCKOM U JICITHUKOBOM JIbjie Tipu TemrepaTypax ot -20 mo -56 °C [Price,
2000; Jakosky et al., 2003; Bock & Eicken, 2005]. Cuuraercsi, 94T0 OOJBIIMHCTBO XOJIOJHBIX
MECTOOOUTaHUI MMEIOT 3HAYEHUs] aKTUBHOCTH BOJBI BhIIIE U3BEeCTHOrO MuHUMyMa (0,62), HO mpu
9TOM HWXKHHUU TEMIIepaTypHBIN Tpenes pa3MHOKEHHUS MUKPOOPTAaHM3MOB HA CETONHSIIHUN JIeHb
HaxoauTcs Ha otMeTke Hiwke -20 °C [MEPAG, 2006].

OmHUM U3 JIMMUTHPYIOIIUX POCT MHKPOOPTaHW3MOB (DAaKTOPOB B CHEXHOM IOKPOBE W B
YCIIOBUSX JIEMHUKA sIBIIsieTCs Takke aeduuut pocdopa u opranmdeckoro yriaepoaa [Mindl et al.,
2007; Stibal et al., 20086]. IlepBUYHBIMU UCTOYHUKAMHU OOOUX DIIEMEHTOB CIyXaT a’dpPO30JIbHBIE
YaCTHIIBI, MOCTyMaromue u3 armocdepsl [Stibal et al., 2008a, 200806]. [lepBrHUHBIME PO XY IIEHTAMHE
Ha TIOBEPXHOCTH JIEIHUKOB SABISIOTCA (OTOTPO(HBIE MHUKPOOPTaHU3MBI (BOJAOPOCIA U
[IUAHOOAKTEPHH), KOTOPHIE MOTYT TOJJIEPKHUBATH POCT TeTepoTpodHBIX coobmecTB [Hoham &
Duval, 2001; Takeuchi & Kohshima, 2004; Takeuchi et al., 2006]. JlonmoIHUTEILHBIM HCTOYHUKOM
MOJKET CITy>KUTh HAHOCHOHM MaTepHuas U3 OKpY>Karollero JanamadTa JeTHHKa, HalpUMep, TOPHBIX
MOPOJI, MPEJICTHAKOBBIX U OEPEroBhIX 3a00JI0YEHHBIX Y4acTKOB M mMo4BhbI [Marshall & Chalmers
1997; Kastovska et al., 2007]. BaxHbIM UCTOYHUKOM KaK OPTaHHMYECKUX, TAK U HEOPTAaHUUECKHX
AIIEMEHTOB TAKKE SBIISICTCSI MUHEPAJIbHAS IbIIb M ACCOLIMMPOBAHHBIE C HEH OMOJIOTHYECKUI IETPHUT
u mukpoOHas 6uomacca [Takeuchi et al., 2001; Usher et al., 2003; Chadwick et al., 1999; Stibal et
al., 2008a; Pearce et al., 2009]. Takum o6pa3om, cyOcTpaT HEOOXOIUMBIH IS KUIHEACITSIHLHOCTH
U Pa3sMHOXCHUSI MUKPOOPTaHM3MOB B CHEXHOM IOKPOBE TOJISIPHBIX U BBHICOKOTOPHBIX JICTHUKOB
UMEeT JINTOTEHHOE W BTOPUYHO-OMoreHHoe mpowucxoxiaenue [Hodson et al., 2008, Stibal et al.,
2008a, 20086]. B pabote [Stibal et al., 20086] Ha mpumepe omHOTO W3 JIeAHUKOB CBanbOapa
(o. HImuuibepren) moka3aHo, YTO YPOBEHb MPOIYKIMH OPTaHMYECKOTO BEIIECTBA MHKPOOHBIMU
COO0IIeCTBAMH HAMHOTO HIDKE, YeM YPOBEHb OPTaHHYECKUX BemiecTB U ¢docdopa, mocTymaronmx
u3BHe. ClieloBaTeNIbHO, CHEXKHBIM TOKPOB B TIEPBYIO O4YEpeab SBISIETCS pe3epByapoM, a He
HMCTOYHHKOM OpraHudecKkoro Bemectsa [Stibal et al., 20086].

MukpoOHbIe KJIETKH MOTYT OBITH 3aHECEHBI Ha JISTHUK C MOTOKaMHU BO3JyXa W BOJBI, KaK U3
JIOKAJbHOTO OKPY’KEHHsI (OCKOJKH TOPHBIX IOPOJ], PACTHUTEIBHOCTh), TaK W 0O0Jee OTHaJCHHBIX

pPETHOHOB, MPUKPEIUICHHBIE K MUHEPAJBbHBIM WJIM opraHudeckuMm dactumam [Davey et al., 1991;
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Marshall & Chalmers, 1997]. [locneqnue uccienoBaHus MOKa3aid, YTO YaCTHIILI OMOJIOTUIECKOTO
NPOUCXOXKICHUS pazmepoM MeHee 10 MKM, BKJIIOYas KJIETKH OaKTepHid, COpBI TPUOOB U MBUIBILY
MOTYT cocTaBiATh 10 40% Macchl B3BEIIEHHOIO OPraHWYECKOTO YIJIEpOJa HaJ IMOBEPXHOCTHIO
CHEXHOTO MOoKpoBa B ropax [Wiedinmyer et al., 2009]. ITo muenuto Stibal c coaBTopamu [2006] Bce
Ha/IJIEIHUKOBBIE (CynparisilyalbHble) MECTOOOUTAHNUS IOABEPIKEHBI BO3JIEHCTBUIO OJHOTO U TOTO
XKe IyJia MUKpOOHBIX “propagules” (cemsiH), pa3BUTHE KOTOPBIX JUMHUTUPOBAHO BEPOSTHEE BCErO
(UBUKO-XMMUYECKUMH, a HE IPOCTPAHCTBEHHBIMU (haKTOpaMu cpeabl. Takum 00pa3om, pa3nuyus B
YCIIOBHUSIX ~HA/UICAHUKOBBIX MECTOOOWTAaHMH (HampuMep, MOpEH, Kap WIH KPUOKOHUTOB)
OTIPE/ICIISIOT pa3INdusl B COCTaBe MUKpOOHBIX coobmecTs [Stibal et al., 2006].

Tem He MeHee, TPOCTPAHCTBEHHBIE (PaKTOPHI TAKIKE MOTYT UrPaTh BaXKHYIO POJIb B IPOIIECCe
dopmupoBaHus MHUKPOGMIOPHI CHEKHOTO IMOKPOBAa MOJSIPHBIX M BBICOKOTOPHBIX JIEIHUKOB. Bo-
NIEPBBIX, KOJIMYECTBEHHBIN U KAYECTBEHHBIN COCTaB a3p030JI€i HE OJIMHAKOB B BO3JyLIHBIX MacCaXx,
NPUIICAINX U3 PA3IMYHBIX PETHOHOB 3€MHOTO Iapa, U o0yclioBiieH (pu3nKo-reorpaduuaecKumMu
YCIOBUSIMH ~ pallOHOB  (OPMHpOBAaHUS H TPOXOXKICHUS BO3AYIIHBIX Macc [ATMmocdepa.
CnpaBounuk, 1991; qukux, 2002]. Bo-BTOPBIX, yAaJIEGHHOCTh OT KOHTHHEHTA UTPAET BAXKHYIO POJIb
B pa3Mepe 4acTHll, KOTOpPbIE MOTYT BbINAJaTh HA CHEXKHBIN MMOKPOB JIETHUKOB — Ba)KHA HE CTOJIBKO
oOmass KOHLEHTpalmsi TOCTYMAalMuX B aTMochepy al’po3ojel, CKOJIBKO O YacTHI,
JOCTUTalOIIMX JIEJHUKOB, KOTOpas 3aBUCUT OT HUX BEca M BBICOTHI CJIOSI IEpEMELIUBaHUS
atMocgepsl. Y, HakoHell, B-TPEThUX, BAKHYIO POJIb MIpaeT aTMochepHas IUPKYJSAIHS B paidloHEe
JITHUKOB M JIPYTHE METEOPOJIOTHIECKHE MPOLECCH], KOTOPbIe 00JaJaroT KpOME TOTO BPEMEHHOM
n3MeHUYMBOCTHIO [[ukux, 2002].

B cBa3u ¢ 3THM, MO-BHAMMOMY, LENECOOOpa3HO pa3MyaTh ABa THIIA CHEKHOTO TOKPOBA
JEIHUKOB C TOYKM 3pEHUS BO3MOXHOCTM MMKPOOHOM  JKM3HM: CHEXHBIH IOKpPOB,
XapakTepU3yIOLuiics  MPAaKTUYECKH  OTCYTCTBHEM  JOCTYHNHOH  BOABI  (COOTBETCTBEHHO
HKCTpPEMAJIbHO OTPULIATENIbHBIMU TEMIIEpaTypaMH) U HAaHOCHOTO MaTepHaja U CHEXHbIN MOKpPOB,

XapaKTEePHU3YIOIIHIACS MPUCYTCTBHEM 000HX (aKTOPOB.

1.3.2 Mukpo6Hoe pazHooOpa3ue CHEXHOTO MOKPOBA MOJSIPHBIX JICTHUKOB

CHeXHOW TOKpOB TEpPBOTO THUMAa MOXET ObITh HaWIEH B IEHTPAIbHBIX 00JIACTAX

AHTAPKTUYCCKOTO KOHTUMHCHTA, @ MMCHHO Ha BOCTO‘IHO-AHTapKTI/ILIGCKOM JJIEAHUKOBOM HIUTE C
BbicoTamu 6osiee 2000 — 3000 m [ABepbsiHOBa,1990]. 31ech HauboJIee penpe3eHTaTUBHOM, C TOUKU
3peHusi reorpauuecKkoro MOJOKEHHsI M INeproja HAOMIOJEHUM, ABJISETCA POCCHUNCKas CTaHIUS
Bocrok, pacnionoskennas Ha BoeicoTe 3488 M Hax y.M. CBoiicTBa CHEXXHOTO TOKpoBa LleHTpanpHoi

AHTapKTHIBI (OPMHUPYIOTCS TOJ BO3AEHCTBUEM TakuxX (PAKTOpPOB, KaK COJHEYHas paaualus,
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TEMIIEpaTypHBII U BETPOBON PEKUM MPU3EMHOTO CIIOSI BO3JyXa, a TaKKe CKOPOCTh HAKOIICHHUS
CHEra, KOTOpbIE OTpPENEeIAI0T WHTEHCHBHOCTH IPOILIECCOB MeTaMOp(u3Ma CHEKHOW TOJIIH
[Exaiikun, 2003]. BenenctBue 0O0JBIIOrO KOJMMYECTBA SCHBIX JHEW W Onarogaps MOJSPHOMY JTHIO
NpUXOJAIIas COJIHEYHAsl paguanus B LEHTPAIbHON AHTapKTHAE OYEHb BEJIMKA W TPEBBIIIACT
TAaKOBYIO B JKBAaTOpHaibHON 30He 3emum. B uactHOcTH, B paiioHe craHuuu BocTtok ropoas
cymMMapHas paauanus cocrasisieT 4,6 ['Jx M2 [Exaiikus, 2003]. COrlracHO IaHHBIM MHOTOJIETHHX
HAOJIIOICHU, CpEeHsIsE MHOTOJIETHAS TemmepaTrypa Ha craHuud Boctok cocraBmsier -55,4 °C,
CpenHssl TeMineparypa 3uMbl paBHa -66,2 °C, a nera -32,6 °C [CnpaBouyHMK 1o kiumary, 1977].
['ogoBast cymMma ocaakoB B paiioHe craHuuu Boctok Haxomutcs B mpenenax ot 20 no 40 MM, a
CpeJIHSIsE MHOTOJICTHSIS CKOPOCTh HAKOIUICHHS CHEra B PaiOHe CTAHIMH COCTaBiseT 2,2 T CM > Toa
[bapkos, JIunenkos, 1996].

Pacnpenenenne yacTuil mbuty, BBINAJAIOLIENR B paiiOHE CTaHIMU BOCTOK, Xapakrepusyercs
cpenHuM auameTpom dacTuil ~2 MkMm [Petit et al, 1999], Torna kak i GoJbIIeH YaCTH KOHTHHEHTA
nocjeHee 3HaueHne coctapisieT ~5 MkM [Delmonte et al., 2004]. KoHrieHTpanuus nbuin u3BecTHas
JUTSE MEXJISTHUKOBOM 3TIOXHU cOCTaBisieT okoJio 50 Hr/r, B neauukoBbiid nepuoa — 1000 — 2000 ur/r
[Petit et al, 1999]. B mnHacrosimee BpeMss OCHOBHBIC HMCTOYHUKM TbUIH I LleHTpambHON
AHTapKTHIbI ¥ KOHTMHEHTa B LeJoM pacnoyioxkeHsl B Hosoit 3emangun, Cyxoit [lonune
(AHTapkTHaa), 10xxHoi yactu HOxHOW AMEpPUKM M HEKOTOPBIX aBCTPAJIMMCKUX peruoHax (03epo
Oiip) [Delmonte et al., 2004; Maher et al., 2010]. B paiione craniiuu BocTok NbLIb MPUHOCUTCS B
ocHoBHOM u3 lOxHoii Amepuku [Delmonte et al., 2004]. BcnenctBue BeTpOBOTO pexuUMa
AHTapKTH]IbI, TAaK HA3bIBAEMOT'O CTOKOBOTO WJIM KaTabaTUYECKOro BETpa, BECb HAHOCHOM MaTepual
BMECTE€ C XOJIOJHBIM BO3JYXOM CTEKAaeT IO CKJIOHY JIEHUKOBOTO TOKpoBa. Takum oOpazom,
YCIIOBHSI JUIi BO3MOXXHOCTH CYIIECTBOBAHUSI MHUKPOOHOW JKM3HM B O3TOM 4YacTH KOHTHHEHTA
NPEJICTaBISIIOTCS KpaliHe SKCTPEMaJIbHBIMU.

B 2000 roxy 6wima omybmmkoBaHa padota [Carpenter et al., 2000], B koTOpo# coo0manocs o
NPUCYTCTBUH 3HAYUTEIHHON YHCICHHOCTH OakTepuasibHbIX momyssinuid (ot 200 mo 5000 wm/mo
TaJION BOJBI) B CHEXKHOM TOKpOBE U (pupHe B paitoHe ctanuuu AmyHaceH-Ckott (FOxnbiii [Tomroc).
ABTOpBI coOOLIAIM O MPUCYTCTBUU OaKTEepuil, pOJACTBEHHBIX PaJIUOPE3UCTEHTHBIM Deinococcus,
HECMOTpPsl Ha TO, YTO CXOJACTBO MO mocienoBatenpbHocT reHa 16S pPHK cocrasmnsuio Bcero 86 —
87% [Carpenter et al., 2000]. Kpome TOrO, 3KCIEpUMEHTAJIBHBIM IIyTeM ObUIa TOKa3aHa
Bo3MOkHOCTh cuHTe3a JIHK u GenkoB GakTepusiMmu u3 cHexxHoro nokposa FOxuoro Ilomoca npu
temneparype -12 °u -17 °C, oTkyna O6bL1 ciejaH BbIBOJI O BO3MOKHOCTH MeTabou3ma Oakrepuil in
situ Ha Bcew teppuropun Autapktuasl [Carpenter et al., 2000]. Tem He MeHee, Tpu roaa CIycTs
BbIIIJIa KPUTHKA B aJJpeC OCHOBHBIX PE3yJIbTaTOB BhIIIEYNOMSHYTOM padoTel [Warren et al., 2003].

Kpurtuku otrmedarot, 4To OakTepuy, HECOMHEHHO, MPUCYTCTBYIOT B CHEKHOM MOKpoBe HOxHOTrO
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[Tomoca BchenCTBHE BO3MOXKHOTO IEpEeHOCAa C a’po30JsIMH, HO 3a TSATHAAUATH JIET OHHU
OKa3bIBAIOTCS MOTPeOCHHBIMHU O] CJIOEM CHeTa B 3 M, IJie CPEHEro0Bas TeMIieparypa Oim3Kka K -
50 °C. Jlaxe mpu BpeMEHHOM IpeObIBaHMM OaKTepHil Ha MOBEPXHOCTH, TJe JOCTyIHas BOJa
NpPaKTUYECKHA OTCYTCTBYET, BO3MOKHOCTh MeTabonm3Ma in sifu, mokazaHHas B padore [Carpenter et
al., 2000], xkareropuuecku otpuniaercs [Warren et al., 2003].

HenaBHo nokaszaHo, 4To MUKpOOHasi YUCICHHOCTh TIOBEPXHOCTHOTO CHETa B pallOHE CTaHIIMU
Boctox cocrapnsier ot 0 mo 0,02 kn/mu [bymar u gp., 2009]. B skcnepumeHTe 1O Ha3BaHUEM
MET'A-CHET aBropamu ObUT MakCHMMaJdbHO YUCTO COOpaH UM 00pabOTaH CHEr B KOJMYECTBE [0
10 xr ¢ rmy6unst 4 — 4,3 M u Bo3pacTtoM cBbime 50 JeT, T.€. 10 TMOSBICHUS B 3TOM MECTEe YeJIOBEKa.
Kpome Toro, METOJ MpPOTOUHOHN LUTO(GIyOPEMETPUN TAKKE IO3BOJMI OIPEICIUTh COACpPKAHUE
KJIETOK B KOHIEHTPHPOBAHHBIX 00pasliax BOJbI aTMOC(EpPHOro M 03epHOro JbJa Tumna 1 u 2 Hax
MO JIJICTHUKOBBIM 03epoM BocTok, koTopoe okasanochk B npenenax 0 — 24 xi/miu Boas! [bynat u ap.,
2009]. Ilomy4yeHHble aBTOpamMH JaHHbIE Ha 2 — 3 TOpsIKa HIWKE, YeM OIyOJMKOBaHHBIE paHee
[Priscu et al., 1999; Karl et al., 1999], u cBUIeTEeNbCTBYIOT O KpaliHe HU3KOW OMOMacce, Kak B
CHE)KHOM TIOKpOBE, Tak M BO Jbly LleHTpanmbHoli BocTounoit AHTapkTuabel. B cBsi3u ¢ »TuM
MOYEPKUBACTCS BAXXHOCTHh CTPOTOM JEKOHTAMHMHALIMK MPU OTOOpE M MocheAyroliei oOpadoTke
oOpasmos [Bulat et al., 2004; bynar u ap., 2009].

Wnast kapTMHA MMEET MECTO NPH PACCMOTPEHHH MHKPOOHOTO pa3HOOOpasusi CHEXKHOTO
MOKpPOBa NOOEPEkKbsi AHTAPKTH/BI U MPUIETAIOIINX TEPPUTOPHIA, KOTOPBIA MOKET OBITh OTHECEH K

CHCXKHOMY IMOKPOBY BTOPOI'O THIIA.

He cmotpst Ha TO, 4TO AHTapKTHAA — 3TO CaMblid OTJAJICHHBIA U M30JIMPOBAHHBIA KOHTUHEHT
[Pearce et al., 2009], ero oOkpauHbl M pACHOJIOKEHHbIE TaM IMOJIIPHbIE CTAHIMI MOJIy4aroT
JIOCTaTOYHO OOJBIIOE KOJMYECTBO OPTraHMYECKOTO0 M HEOPTaHMYECKOTO BEIIeCTBa OJyaromaps
pasHooOpasuto (GopM KHM3HH, HACEISIONIMX ITH padoHbI, BKIo4as denoBeka [Marshall, 1996;
Sattler et al, 2008]. Ilpu wm3ydyennu MuKpoduopsl aTMocdepbl HaA OHOIOTHYECKON CTAHIHU
0. Caitnn  (FOx. OpkHelickue ocTpoBa, AHTapKTHKa) 3aQUKCUPOBAH AaHOMAIbHBIM IO
KOHIIEHTPAIMH JJIS1 OTUX MECT TIEPEHOC YACTHI] OMOJIOTHYECKOTO MPOUCX 0K IEHHS (TTBLTBIIA, CIIOPHI)
u3 lOxnoit Amepuku [Marshall, 1996]. B nemnom, noBosibHO 00JBIIOE MHKPOOHOE pa3sHOOOpa3ue
0oOHapyXHMBaeTCsl B MPUOPEKHBIX paliOHaX KOHTHHEHTA, Kak B IOYBEHHOM [Hampumep, Saul et al.,
2005; Aislabie et al.,, 2006; Adams et al., 2006; Yergeau et al., 2007; Soo et al., 2009], Tak u B
cHesxxHoM okpoBe [Fujii et al., 2010]. MukpoOHas 6uomacca “KpacHOTO CHera”, BCTPEUArOIIErocs
BJOJIb MOOepexbss AHTApKTUIBl H3-3a pa3BUTUS cooOIecTBa BOJOpociel (Hampumep,
Chlamydomonas nivalis), cocraBisier ot 5,8 x 10 o 3,2 x 10° xiw/mn [Fujii et al., 2010]. Arams
reHoB 16S pPHK meromamu monexynsiproro kinonupoBanus u JI'TD mokazan momMuHHpoBaHHE

Oaktepun pona Hymenobacter (paznen Bacteroidetes), a ocCTaBmIasiCI 4YacTh COOOIIECTBA
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npejcTaBieHa pasnenamu Actinobacteria, Proteobacteria n Cyanobacteria [Fujii et al., 2010].
CymiecTByeT Takke IeNblil psii paboT, MOCBAIICHHBIA M3YyYEHHIO MUKPOOUOTHI aHTapKTHYECKHX
03€p, pACMOJIOKEHHBIX B Oa3ucax WM CyXUX JOJHMHAX, A€ JOMUHHUPYIOT, B OCHOBHOM,
uanoOakTepuanbHble coobmecTBa [Priscu et al., 1998; Psenner & Sattler; Taton et al., 2006;
Laybourn-Parry & Pearce, 2007].

Uro KacaeTcsi CHEXXHOTO IOKpOBa MOJIPHBIX JieNHUKOB CeBepHOro moiymapus (ApKTvka u
['pennannusi), To OH B CBoeil mpubpexHon wyactu (I'peHnaHmus) OTHOCUTCS TaKkKe KO BTOPOMY
TUly. Bo-nepBbIX, KOHTUHEHTHI, OKPY’KAIOIIKE JICAHUKOBBIEC IIUTHI, PACTIONOKEHBI 3HAYUTEIHHO
Ommwke, 4eM B AHTapKTHIE, a BIMSHAE MOPCKUX M KOHTHHEHTAJIBHBIX a’p030Jied CYIIECTBEHHO
Jaxke JUIs IeHTpanbHbIX obnactei [De Angelis et al., 1997]. Ilpunoc neutn B I'pernananio B 10 pa3
BBIIIE, YeM B AHTApKTHAE, U OCHOBHYIO (DpaKIHUIO COCTaBISIIOT KapOoHaTHele comm [Steffensen,
1997]. KoHueHTpamus mMbUTH B CHE)KHOM TIOKpOBE MOXkeT nocturath 150 Mxr/n Boasl (I'permanmus)
[Bory et al., 2002]. B-BTOpBIX, CPEIHSs CKOPOCTh HAKOIUIGHHS CHEra COCTABIAeT 23 T' M rox’
[kymon I'pernmananu; De Angelis et al., 1997]. Ho mpu »TOM cpenHmii Auamerp YacTHII IbIJIH,
JOCTUTAIONIMX CHEXHOTO TOKPOBAa MLEHTPAIbHOW dacTW ['peHnmaHauu (B HACTOAIIEE Bpems)
cpaBHuM ¢ HOXHBIM TONIOCOM, W BapbhHpyeT B mpenenax ot 2 — 3 mkMm [Steffensen, 1997].
HcToyHrKaMy KOHTHHEHTANBbHOU b B ['peHnannnu u ApKTUKE SBISIOTCS MycThIHU CeBepHOTO
noJIymiapuisi, HO OCHOBHOM BKIaJa BHOCAT mycThiHM Asum: Takna-Makan, Oppoc u Trurp
[Svensson et al., 2000; Bory et al., 2003].

Haunbosiee u3BecTHBIME 00pa30BaHUAMH, /i€ COCPEIOTOUEHA OCHOBHAS YacTh MHKpOOHOMa

CHCXHOTI'O IMMOKpOBa NOJIAPHBIX JICAHUKOB CGBCDHOFO noJrymapus, ABJIAKOTCA KPUOKOHUTOBBIC AMBI.

[To KPUOKOHUTOM TIOHUMAIOT MEJIPYANIIINN MBUICBATBIM MaTepHa, 00pa3yIONUiicsS B Pe3yJIbTaTe
BbIBETPUBAHMS MOPEHHBIX OTJIOXKEHUH M CKAaIUIMBAIOLIMNCS Ha MOBEPXHOCTH JIEIHUKOB U
CHEXXHUKOB [l anmonoruueckuii ciosapp, 1984]. N3-3a 0THOCHUTENILHO HU3KOTO aab0eq0 B MecTax
CKOIUICHUS] KpUOKOHMTA ITPOUCXOAUT NMPOTAUBAHUE CHETA JIEJHUKA U 00pa30BaHNE KPUOKOHUTOBBIX
am [Gajda, 1958]. B memom KpHOKOHHMTOBBIE SIMBI XapakKTEPHBI [JIsI BCEX JIGAHUKOB, TJIC
BCTpEYAETCs MMOBEPXHOCTHOE TasHUE, W OTPAaHMUYEHBI, KaK MPaBUIIO, JIETHUKOBBIM KpaeM 00JacTh
a6 [Hodson et al., 2008]. Paznmuaror Tpu THIa KPUOKOHUTOBBIX M, (DOPMHPYIOIIUXCS B
pe3yabTare U3MEHEHHs] TOBEPXHOCTHOIO TEIUIOBOTO OaslaHCca JIETHUKOB: OTKPBITHIE, IOIPYKEHHbIE
u 3akpeiThie [Fountain et al., 2004]. 3akpbIThIN THI, BCTpEUAOUIUICS B AHTapKTHJIE, MPEICTABIISET
0COOBIl MHTEpeC ¢ MO3UIMU Pa3BUTUS (HOTOABTOTPOPHBIX MPOLIECCOB B YCIOBUSAX OIPaHUYEHUS
razoBoro oomena (CO; u Nj) ¢ atmocdepoii B Teuenue jecsitu u 6osee ser [Tranter et al., 2004;
Fountain et al., 2004]. Paznoo6pasue hopM XKU3HM KPUOKOHUTOBBIX SIM HAMHOTO OOTa4e CHEKXHOTO
MOKPOBa U IMPEJACTaBICHO TJIaBHBIM 00pa3oM OakrepusiMu (IuaHoOakTepuu U (GUTOQIAreUIsITh),

MUKPOCKOTIMYECKUMU BOJAOPOCIsiIMU U rpudamu [cM. 0630p Hodson et al. 2008]. Kpome Toro 3aech
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BCTPEYAIOTCSA JUATOMEH, pa3uHble 0ECrO3BOHOYHBIC (KOJIOBPATKH, HEMATOIbI) U BUpPYCHI [Stibal
et al., 2006]. UncaeHHOCTh MHKPOOHBIX KIETOK gocTHraer 3,5 x 10° xi/Mr cyxoro Berectsa
KPUOKOHHTA, CPEIN KOTOPBIX JOMUHHUPYIOT KJIETKH LUaHOOakTepuil (B OCHOBHOM Leptolyngbya,
Phormidium n Nostoc) [Stibal et al,, 2006]. MonekynspHbIi aHaIM3 MHUKPOOHOTO COOOIIECTBA
KPUOKOHHUTOBBIX SIM AHTApKTUBI TaKKE BBIABHI YHCICHHOE MPEBOCXOJCTBO IMAHOOAKTEpHil, HO
Opy 3TOM TOKa3all MPHUCYTCTBUE APYTUX OakTepuil pazmenoB Acidobacterium, Actinobacteria,
Cytophagales, Gemmimonas, Planctomycetes, Proteobacteria n Verrucomicrobia [Christner et al.,
2003]. CormacHo JaHHBIM MHKPOCKOIIMYECKOTO aHalM3a CTPYKTypa IHMaHOOAKTEpHUAIbHBIX
COOOIIECTB paszmuyaeTcsi i KPUOKOHUTOBBIX SIM OTKPBITOTO W 3aKpheIToro THIOB [Mueller &
Pollard, 2004]. MaTepecHo TO, YTO YpOBEHb (HOTOCHMHTE3a B KPHOKOHHTOBBIX SIMAaX CpPaBHHM C
TAaKOBBIM JIJIsI TIOJIIPHBIX 03€p, TI€ TeMIeparypa JjieToM moseimaercs 1o 15 °C [Sawstrom et al.,
2002; Hodson et al. 2008; Laybourn-Parry, 2003]. bruonoruueckass akTHBHOCTh B KPUOKOHHUTOBBIX
sMax WrpaeT BaXHYIO POJIb B MX T€HE3HMce M MeTaMopQu3Me, BO3ACUCTBYs, TakKuM o0Opa3om, Ha
sHepreTHUecKkuil 6ananc aeqHuKoB. [locneqHue uccienoBaHus MOKa3aln, YTO OOMIFHOE pa3BHUTHE
[aHoO0aKTepUil BHYTPH KPHOKOHUTOBBIX SIM BIIMSET HA MOBEPXHOCTHOE Ib0EI0 JIGAHUKOB 32 CUET
[IEMEHTHPOBAHMsl MaTepHaia KpPUOKOHMTAa BHEKJIETOYHBIMU monumepamu [Hodson et al., 2010].
JlaHHBII TpoIiecc TakkKe CHOCOOCTBYET YBEIMYCHUIO CPOKA KH3HU KPHOKOHHTOBBIX 00pa30BaHMIA
Ha ieqauke [Hodson et al., 2010].

MuxkpoOHoe pa3HOoOoOpa3ue HENOCPEICTBEHHO CHEXHOIO MOKPOBAa MOJSPHBIX JIETHUKOB

CeBepHoro mnoJsymiapus uzydeHo Ha npumepe JyennukoB llmunodeprena. Ob6mas 6akTepuaabHas

YUCJIEHHOCTh, U3MEPEHHAsI B CHE)KHOM TIOKPOBE B IPUOPEKHOM palioHe U Ha JenHuke KoHrcBereH,
cocramma 6 x 10* wvmn u 2 x 10* kM, coorBercrBenro [Amato et al., 20076]. Axaus
KyJBTUBUPYEMOM YacTH MHKPOOHOTO COOOIIECTBA BBISBUJ JECSATh HM30JITOB, MPUHAIJICKAIIHX
Alphaproteobacteria (Brevundimonas sp., Chelatococcus sp., HemsBectHole Sphingomonadaceaes),
Betaproteobacteria (Hydrogenophaga sp.), Gammaproteobacteria (Moraxella sp.), Firmicutes
(Paenibacillus sp., Bacillus sp.) m Actinobacteria (Agromyces sp., Micromonospora sp.). Ha
OCHOBAaHHH CTIOCOOHOCTH BBIJICIICHHBIX OaKTepHil K yTHin3anun (popmMuara, mporruoHaTa 1 arerara,
00HapyKMBAaeMbIX B apKTUYCCKOM CHETE, aBTOPHI MPE/IIOJIAraloT Pa3BUTHE MOAO00OHBIX OPTaHU3MOB
in situ B mepuoja TasHus cHera [Amato et al., 20076]. CoriacHo nanubsM aHanu3a 16S pPHK B
MHUKPOOHBIX COOOIIECTBAX APKTHYECKOTO CHEXHOTO IMOKPOBAa B Hadalieé BECHBI JOMHHHUPYIOT
Betaproteobacteria, Alphaproteobacteria, Sphingobacteria n Bacilli, Torna xak OmMxe K JETY
COCTaB JOMHUHAHTHBIX TPy CMEIIAeTCss B CTOPOHY Betaproteobacteria, Cyanobacteria n
Flavobacteria [Larose et al, 2010]. HWccnenmoBaHusi HEKyJbTUBHUPYEMOI'O OaKTEepHAIBLHOIO
pazHoOOpasusi TBEpPIOTO CHEra apKTW4YecKoro JenHuka JKoH DBaHC TOKa3aldd €ro

MPUHOUIIMAJIBHOC OTJIIMYHUC OT 6aKT€pI/IaHBHOFO coctaBa 0a3aJILHOIO JbAa U MOJJICIHHUKOBBIX HUIII
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TOTO K€ JISHWKA, YTO TPEANOJaraeT BaKHOCTh JIOKAIBHBIX (H3MKO-XMMHUYECKUX (DAaKTOPOB Ha
NepBbIi B3I B OJTHOPOTHOM JIeTHUKOBOM cucteme [Bhatia et al., 2006].

1.3.3 MukpoOHOe pazHooOpa3ue CHEKHOTO TOKPOBA TOPHBIX JICTHUKOB

CHEXHBIH TTOKPOB BbBICOKOTOPHBIX JICAHUKOB IMOABCPIKCH 6OHLH_ICMy BIIMAHUIO KOHTHHCHTOB,

4eM TMOJIIPHBIE JICTHUKH, OJHAKO YHCICHHOCTh MUKPOOHBIX KJIETOK JIBYX THUIIOB JIGTHUKOB MOJKET
ObITh BIIOJIHE CpaBHUMA. Ha CerogHsAImHUN JeHb W3BECTHO, YTO OOMIas YHUCICHHOCTh
MHKDPOOPTaHH3MOB CHEKHOTO MOKPOBA BBICOKOropbs Baphupyet oT 0,02 x 10° kn/mu [Zhang et al.,
2010a] mo 4 x 10° /Mo [Alfreider et al., 1996; Sattler et al., 2001; Segawa et al., 2005]. Ha
npumepe cHexxHoro mokposa senHuka Codwmiickuii (3400 M Han y.m., LleHTpanbHeni AnTaif)
T0KA3aHO, YTO YHCICHHOCTh (OTOABTOTPODHEIX HHaHOOaKTEpHil MoXeT pocturath 1,7 x 10% wr/mn
[Uetake et al., 2006]. Beicokue 3HaueHUs] KJICTOYHBIX KOHLEHTpAIHMH, KaK MPaBHJIO, CBSI3aHBI C
OCaK/IEHMEM MUHEPAJIBbHBIX 4acTHIl (IbLIM) HA CHEXHBIN IMOKPOB WM MX KOHJIEHCALMHU B TIEPUO]
TasiHUsL cHera (Hampumep, 2,3 x 10° u 5,4 x 10° x/mn [Segawa et al., 2005 u Liu et al., 2009a],
COOTBETCTBEHHO). HanMmeHbIasi OIIEHKAa YHCIEHHOCTH KIETOK OblLla IMOJlyueHa IJIi CHEXHOTO
nokpoBa JieqHuka MonOsian Ha BeicoTe Oosiee 4000 M, cocraB Bcero 1,1 u 2,14 x 107 xki/mo
[Chuvochina et al., 2011], HecMOTpst Ha pUCyTCTBUE TToYBeHHOU b Caxapel. Oco00 oTMETHM,
YTO 3TH 3HAUYCHUs OBLIM IMOJYUYEHBI JJIs1 CHETa, COOPAHHOTO B OTHOCUTENIBHO MasioM o0beme (~300
MJI) MyTeM TMOTPYKEHHsT MPOOOOTOOPHHKOB HEMOCPEACTBEHHO B MecTa OCaxkiaeHus mnbumd. [Ipu
cbope xe cHera B 0osbieM o0beMe (0 6 - 8 JI) C IBLIBIO PACCESTHON MO CHEXKHOM MOBEPXHOCTHU
comepxanne Kiretok mamaet a0 0-2 xw/mi [Chuvochina et al., 2011]. Takum o0pa3om,
KOHIICHTPAIW MBI B CHE)KHOM TIOKPOBE CYIIECTBEHHO BJIMSAET HAa OaKTEPHATBHYIO YACICHHOCTb.

Haubonee wu3y4eHHbIM KOMIIOHEHTOM MHUKPOOHBIX COOOIIECTB CHEXHOIO IOKpOBa
BBICOKOTOPBS SIBITFOTCS Bojopocim [ Thomas & Duval, 1995; Painter et al., 2001; Takeuchi, 2001],
a uMeHHo pona Chlamydomonas n Chloromonas. KpacHblii cHer, el IIBET 00yCJIOBJIEH MaCCOBBIM
pazButueM Chlamidomonas nivalis, Ob11 omnmcaH eme B counHeHUs X Apuctotensa [Miteva, 2008].
PesynpraTel WCCeOBaHW CHEXHBIX BOJOPOCIEH TMMOKa3alM WX 3HAYMUMOCTh B KadecTBE
NEPBUYHBIX MPOJYLEHTOB, CIIOCOOHBIX TMOIIEPKUBATH T€TEPOTPOGHBIE COOOMIECTBA, B TOM YHCIIE
6akrepuanbabie [Hoham & Duval, 2001; Takeuchi and Kohshima, 2004; Takeuchi et al., 2006].
Taxke MokazaHo, UTO pa3BUTUE COOOIIECTB BOAOpOCIHEH U OaKTepUil B CHEKHOM MOKPOBE MOXKET
NPUBOJIUTh K CYILIECTBEHHOMY CHI)KEHHIO aipOeno moBepxHocTu JenHukoB [Thomas & Duval,
1995; Takeuchi et al., 2001].

BMmecte ¢ Tem, OakTepuasbHOE pa3HOOOpa3she IOBEPXHOCTHOTO CHETa BBICOKOTOPHBIX

JIETHUKOB M3YY€HO JIMILIb B HECKOJIbKUX padoTtax. [lepBbie cBuAETENbCTBA OAKTEPUAIBHOTO POCTA B
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CE30H TasHUS CHEXHOro nokpona (2450 — 2700 m Hax y.Mm., ropHelii MaccuB TarasiMa, SnoHus)
Obun mosyueHsl MetonoMm IILIP B peansHOM BpeMeHHM Ha mpuUMepe MCUXPO(WILHON OakTepuu
Cryobacterium psychrophilum wu nByx mncuxpotrpodHsix Oakrtepuit Variovorax paradoxus wu
Janthinobacterium lividum [Segawa et al, 2005]. IloMmumo 3TOro HCCleIOBaHWE MUKPOOHOTO
pazHooOpa3usi METOJIOM  MOJISKYJISIPHOTO  KJIOHWpoBaHWs TeHoB 16S pPHK  BeisiBHIO
JOMUHUPOBAHHE MUKPOOPTaHU3MOB, NIPUHAUIeKAIIUX pa3aeny Betaproteobacteria, 3a KOTOPBIMH
cienoBanm  Actinobacteria, Firmicutes w Bacteroidetes [Segawa et al, 2005]. B nmannom
UCCIICIOBAHUM BIEpBbIe OblJIa TMOKa3aHa MO3UTHUBHAS KOPPEIAIMS MEXIY KOHICHTpaIlue
MUHEPaJIbHBIX YaCTHUI, TPUBHECCHHBIX U3 aTMOC(EPHI, U YBEIMUCHUEM OaKTepuaIbHON OMOMacChI
B TIOBEPXHOCTHOM cJioe cHera [Segawa et al., 2005].

[MomoOHas cBsi3p Takke OblTa OOHapy)XeHa MPH W3YyUYEHHUH CHEXHOTO MOKPOBA JICIHUKOB
THOETCKOro BbICOKOTOphs (Bbimie 5000 M Hajx y.M.), pacloJIOKEHHBIX B Pa3HbIX KIMMAaTHYECKHX
3oHax [Liu et al., 2009a]. ABropamu TOKa3aHO, YTO B CIy4ae CEBEPHBIX JEAHUKOB [yoky u
XKanmanr, rme oTMeyanoch BIHMSHHE IE€PEHOCA IMOYBEHHOW MBUIM W3 OJIM3JIEKAIIMX apUIHBIX
peruoHoB, OaKTepuabHas YHCICHHOCTh U pa3HOOOpa3ne ObUTH BHIIIE, YEM B CIIy4ae JIByX FOXKHBIX
neqHukoB. OHAKO MpsiMasi KOPPEALUS C YaCTUIIAMU MUK ObliIa BBISIBJICHA TOJBKO IS JISJHUKA
I'yoxy [Liu et al.,, 2009a]. B cocraBe MHKpOOHBIX cooOmiecTB neaHuKOB ['yoky m JKamanr
JOMUHUpOBaNM TpeActaButenu Proteobacteria (Alpha-, Beta- w Gamma-), Bacteroidetes wn
Actinobacteria ¢ pacnpezneneHreM OoOJbllIed 4YacTU KJIOHOB MO pojaaMm Sphingomonas u
Hymenobacter. Kpome TOro cpaBHEHHE MHUKPOOHOTO Pa3HOOOpa3us YETHIPEX JICTHUKOB BBISBUIIO
MPHUCYTCTBUEC MATHAANATHA OOIINX POJOB, OOJbINAS YaCTh KOTOPKIX: Bradyrhizobium, Sphingomonas,
Polaromonas, Acinetobacter, Pseudomonas, Arthrobacter, Hymenobacter, Rhodoferax u Kocuria —
ObLIa cXoHa ¢ OaKTepUsIMHU U3 MOJSIPHBIX JieaHukoB [Liu et al., 2009a]. HexaBHo B pabote [Zhang
et al., 20106] 6bUTO HCCIETOBaHO MUKPOOHOE pa3HOOOpa3ue CHE)KHOTO MOKPOBA APYTHX JICAHUKOB
THOETCKOTO BBICOKOTOPHS, W TMOKA3aHO, YTO BO BCEX HM3YYEHHBIX 00Opaslax cocTaB MHUKPOOHBIX
coolmiecTB OBUT TpENCTaBIeH OXHUMH M TeMH XKe pasaenamu: Proteobacteria, Firmicutes
Actinobacteria w  Bacteroidetes, kak TpaBWiO, C JIOMHHHUPOBaHMEM IpEACTaBUTEIEH
Betaproteobacteria.

MuxkpoOHoe pa3zHoOOpa3ue CHEXHOIO IMOKpOBa JIEIHUKOB EBpombl HM3y4eHO Ha IpuUMepe

Opaniy3ckux Anbn u Llentpanbhbix [TupeneeB, KoTopble €KEroqHO MOJBEPratoTCsl BO3AEHCTBHIO
nepeHoca meu 13 Caxapel. B Xo/1e aHanm3a KyJIbTUBUPYEMOT0 Pa3HOOOpa3usi CHEXKHOTO TTOKPOBa
nenankoB MonoOnana (Komb mr0 Jlom u Koab g0 Munn) ¢ neiieto Caxapsl OT COOBITHSI TIEpeHOCa
2000 T. 6BUIO BBIZIETICHO AECITh OAKTEPUAILHBIX H30JIATOB, OTHOCIIIUXCS K Agrobacterium, Afipia,
Bradyrhizobium, Hydrogenophaga, Limnobacter, Pseudomonas, Aquiflexus, Sinella w Dietzia

[Gonzalez-Toril et al., 2009]. ABTOpBI OTMEUarOT, YTO KOJIOHUM Oaktepuit Dietzia n Aquiflexum
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NpOAYLUPOBAIN TUTMEHTHI, KOTOPbIE, BEPOSATHO, CHOCOOCTBYIOT 3aIUTE KJIETKU OT JIeHCTBHUS Y D
U3JTyYCHUS.

B Lentpanbubix [Tupenesx ObLTH MCCIeJOBaHbBI MUKPOOHBIE COOOIIECTBA CHEXKHOTO TIOKPOBA
o3epa PenoH, pacnonoxkenHoro Ha BbeicoTe 2240 wm Han y.m. [Hervas & Casamayor, 2009].
ABTOpaMHu TOKa3aHO, 4TO MepeHoc nmouBeHHOW mbu Caxapsl (coObitrie 2004 T.) Ha CHEXHBIN
MIOKPOB 03€pa, UTPAET BAKHYIO poJib B (HOPMUPOBAHUN MUKPO(DIOPHI 03€pPHOTO OaKTEepUOHEHCTOHA.
Ananmu3 MHUKpOOHOTO pa3HOOOpa3us MeToJ0oM cekBeHupoBaHus TeHoB 16S pPHK mokasan
TOMUHHpOBaHUE  Betaproteobacteria u  Actinobacteria, 3a KOTOPBIMU ciaen0BalIn
Gammaproteobacteria, Alphaproteobacteria n Firmicutes [Hervas & Casamayor, 2009].

Kak 06b110 OTMEYEHO BbIIIE, KpHOKOHUTOBBIE 00pa30BaHMs XapaKTEPHBI Il BCEX JICHUKOB,
I7Ie BCTpEYAETCs NOBEPXHOCTHOE TasHue. OueBUAHO, YTO O0OBEM TMEPBUYHOW MPOTYKIHH
KPUOKOHHUTOBBIX SIM JIOJDKEH 0€3 TpyJAa MOJAepKUBaTh BTOPUYHYIO OaKTEpHAIbHYIO MPOIYKIHIO
(Hodson et al., 2008). ITpucyTcTBUE reTepOTPOPHBIX COOOIIECTB MOKA3aHO HA PUMEpE M3YyUCHUS
KPUOKOHHUTOBBIX sIM B Tuponbckux Aunbrax Ha BeicoTe Oosiee 3000 M Hax y.m.) [Margesin et al.,
2002]. IloxazaHo, 4yTo OoJbIIAsi YacTb MHKPOOHOTO pa3zHOOOpa3usi AIbNMHCKUX KPHOKOHHTOB
npeJcTaBieHa ponamu Pseudomonas n Sphingomonas [Margesin et al., 2002]. Kpome Toro u3 Tex
e caMbIX 00pas3IoB OMUCaH HOBBIN BHJ (haKyJIbTaTHBHO NCUXpodmibHON Oaktepun Pedobacter
cryoconitis [Margesin et al., 2003].

AHanM3 JaHHBIX JIUTEPATYPHl CBUIETEIBCTBYET O TOM, YTO CBSI3b MEXIY YAaCTUIIAMH TIBLJIH,
KOTOPBIE KPOME TOTO CIYXKaT apXHWBOM KIMMATUYECKUX HM3MEHEHUH, U CTPYKTYPOH MHUKPOOHBIX
CO00IIeCTB 0OHAPYKUBACTCS HE TOJIBKO B CHE)KHOM TIOKPOBE, HO U B €TO MOCIIEAYIONIEM COCTOSTHIN
— mpae [Liu et al., 2009a; Takeuchi & Kohshima, 2004]. Tak, pa3Hbie OakTepHaIbHBIC H30JSATHI
OBLIM BBISBJICHBI B pa3HbIX TOPU30HTAxX KepHa JenHuKkoB Mystar-Ata (6350 m Hax y.M.) Ha [Tamupe
u ieqHuka Bocrounsiii PourOyk B 'mmanasx (6518 m Han y.m.) [Zhang et al., 2007, 2008a, 20080;
Xiang et al., 2005]. [To MHEHHIO aBTOPOB, MIPUUUHOM 3TOr0 MOTJIM CIIyKHUTh Pa3IMYHbIE HICTOUHUKH
OaKTepuii, 3aHECEHHBIX Ha JICJJHHUK, a TAK)KE CMEHA KIIMMAaTHYECKUX COOBITHI B MPOILIOM JICTHUKA.
K npumepy, noss KyJbTUBHPYEMBIX OaKTepHil, OCaKJEeHHBIX Ha JeaHuke Bocrounbiii PoHroyk B
NPEIMYCCOHHBINA TIEPUOJI, COBMAMAIOIINIA C IMU30INIECKAM TPAHCTIOPTOM MATEPUKOBOW IMBLIH H3
Cesepo-3anagnoro Kurasi, Obl71a 3HaYUTENHHO BBIIIE B CPABHEHUU C TIEPHOIaMU BO BPEMsI U MOCIIE
MyccoHa [Zhang et al., 2007]. B pe3ynsTaTe ObUT ClieNlaH BBIBOJ O BO3MOXXHOCTH HCIIOJIH30BaHUS
“MHKPOOHOJIOTHYECKON 3anmucu’ B JICIHUKOBOM KEpHE IS M3y4YEHHUs M3MEHEHUW aTMocQepHOM
IUPKYJSIIUM, a 3HAuuT, U Kiaumarta, B npouuioMm [Zhang et al, 2007]. B nanpHelimem Obuio
YTOYHEHO, YTO CKOpee pa3HooOpasue, 4YeM YHCICHHOCTh MHUKPOOPTaHM3MOB MO3UTHUBHO

KOppeIupyeT ¢ KOHUEeHTpanuei armocdepHoii meliu [Zhang et al., 20086].



35

Kaxk YXKC 6]:1.]10 OTMCYCHO BbIIIC, MHUHCPAJIBHBIC U OPTraHUYCCKUC TBIJICBBIC YaCTHUIHI,
3aHECEHHBIC HA CHEXXHBIH MOKPOB JISIHUKOB, CIIy’KaT KaK CPEICTBOM PAacCIpOCTPAHCHUs, TaK U
UCTOYHUKOM NHTATEeNbHBIX BEIIECTB M JHEPTUM Ui MHUKpoopraHm3moB. [lo-muenuio Xiang c
coaBTopamu [2009], ocaxxaeHne HAHOCHOTO MaTepHajia Ha JIEIHUK ONPENENseT U3HAYalIbHbIN MMy
MHKpOOHOW OHMOMAacchl M €€ BHJIOBOC pa3HOOOpa3ue, TOTJa KaK JaJbHEHIINE MEXaHU3MbI
“rnocToca)xieHns” IPUBOAT K U3MEHEHUIO 3TUX XapaKTEPUCTUK B CBSI3U C PAa3BUTHEM OTJEIBHBIX
BUJIOB TPU HAJIMYMK THTATEJIbHBIX BEUIECTB M JAOCTYMHOU Boxbl [cM. Takke Thomas & Broady,
1997; Stibal et al, 2007]. 3aBUCHMOCTb CTPYKTYpPhl MHKPOOHBIX COOOIIECTB OT XapakTepa H
pPasMEpOB OCAXKIACHHLIX YaCTHUI] IMOKAa3aHAa Ha MNPUMCPEC MOUYBCHHBLIX YaCTUI] U KPHOKOHUTOBOI'O
BemiecTBa [Battin et al., 2001; Sawstrom et al., 2002; Certini et al., 2004; Kastovska et al., 2005,
2007; Rehakova et al, 2010]. Iloka3ano, uto OoJblIas YacTh Pa3HOOOpa3usi LUAHOOAKTEPHIA
KPHOKOHUTOBOTO BEIECTBA IMPEJCTABICHA HUTYATHIMU (hOpMaMH TaKUX POAOB Kak Phormidium,
Nostoc u Leptolyngbya [Sawstrom et al., 2002; Stibal et al., 2006; Kastovska et al., 2005, 2007].
OunaMeHTsl IMaHOOAKTEPHA CIOCOOCTBYIOT MX MPUKPETUICHUIO K YaCTHIAM, YTO UTPAET BAXKHYIO
pOJIb B TIPOIECCEe UX PACTIPOCTPAHEHHS W KOJOHHW3AIMM HOBBIX 3KoJioTHmdeckux Hum [Stibal et al.,
2008a; Rehakova et al., 2010]. PacmpocTpaHeHne MHKpPOOPTaHM3MOB TIO BO3AyXy (Iporecc
aBpOJ’IH?;aHHH) ABJAICTCA, TO-BUAMMOMY, OIHHMM H3 KIKOYCBBIX, HO3BOJI$IIOHII/II>1 OoCBauBaTh U
3aHUMATb HOBBIC 3KOJIOTUYCCKUC HHIIW, 4aCTO YJAAJCHHBIC HAa COTHH KHJIOMCTPOB OT HMCXOJHOIO
MecTooOuTaHus. Bompoc koJioHM3alMM MOJSIPHBIX M TOPHBIX JIEAHUKOB MHUKPOOpPraHU3MaMH,
IEPCHECCHHBIMU C IIOTOKaMH BO31YyXa, 6YI[y‘-II/I ACCOMMMPOBAHHBIMH HJIM HNPUKPCIIJICHHBIMU K
a’pO30JIbHBIM YaCTUIIAM, HWHTEPECYeT HCCIIeA0BaTeICH, MPEXKIe BCEro, € TOYKH 3pPCHHUSL
aJaNTallMOHHBIX ~ MEXaHW3MOB K  XoJloAy,  Ouoreorpauueckoro  pacrupocTpaHEHUs
MHUKPOOPTAHU3MOB, UX MCTOYHHKOB, BIUSHUS YEJIOBEKa HAa MUKPOOHOE pa3HooOpasue u mpodiiemMm

NOJIICPKAHUS ¥ XpPAaHEHUS J)KU3HU B YCIIOBHSIX HU3KUX TemrepaTyp [Pearce et al., 2009, 2010].

1.4 Ponp mouBeHHOH 1bIIH Caxaphl B III00ALHOM PACIPOCTPAHEHUN MUKPOOPTAaHU3MOB

1.4.1 Ie1bHBIE OypH: MOHUTOPHHT U HACHTH()UKALINS 320K ICHHS

OCHOBHBIM a3p030JIbHBIM KOMITOHECHTOM HIKHEH aTMOCQEpHI psijia peTHOHOB 3eMHOTO IIapa
SIBJIAFOTCSL YACTHIIBI IMOYBSHHOTO TPOUCXOXKJICHUS, CaMble OOJIbIIME KOHIICHTPAIMH KOTOPBIX
3aUKCUPOBaHbl HAJ[ APUIHBIMH 30HAMH, TOKPHIBAIOIIUMH 0O0Jie€ TPETH TOBEPXHOCTH CYIIH
[ATmMocepa. CmpaBounuk, 1991]. IlocTymneHne MuUHEpPaJTBbHOW WM TOYBEHHOW THUIM B
aTMocdepy TPOUCXOJINT, TIaBHBIM 00pa30M, BO BpPeMs MBUIBHBIX Oyph — IEpEHOCA YMEPECHHBIM H

CUIIbHBIM BETPOM 0OJIBIIIOTO KOJIMYECTBA IILUIM H IECKa, COMNPOBOKAAKOIICTOCA 3HAYUTCIbHBIM
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yxyamenueMm Buaumoctu [Atmocdepa. CrnpaBounuk, 1991]. Bxiag CeBepHoro nosymapus 3eMiun
10 KOJIMYECTBY BBIHOCHMOW B aTmocdepy mbuM cocTaBisier npubmmsureiasHo 90%, rae oHa B
ocHoBHOM M ocaxkaaetcs [Usher et al., 2003].

KpynHeimmM MCTOYHMKOM TMOYBEHHOM NBUIM B atMocdepe siBisieTcss mycthiHs Caxapa, a
TaKxke npuieraromue Kk Heil reppuropun CesepHoit Adpuxu u Caxens [Moulin et al., 1997; Goudie
& Middleton, 2001]. Toxuunas mpoaykuws meumd u3 mycrsian Caxapa cocrapmser 400 — 700 x 10°
TOHH, OOJIbILIASI YacCTh KOTOPOW MEpPEHOCUTCs Oyaroaaps Tak HasbiBaeMoMy C(CaxapCKoMmy CIIOO
BO3/yXa B 3amMaJHOM M IOKHOM HampaBiieHusiX (0K0Jo 60%) U MO0 HUMKHUM BO3AYIIHBIM CJIOSIM
naccatHeiMu BeTpamu [Schiitz et al., 1981; D’ Almeida, 1987; Swap et al., 1996; Chiapello et al.,
1997; Afeti & Resch, 2000]. BpigenstoT Tpu OCHOBHBIX HAalpaBJICHUS MEpPEeMEUICHHs TbUIA U3
peruoHoB CeBepHoit Adpuku: 1) 3anagHoe Hanpasiienne Hax CeBepHO-ATIAHTHYECKUM OKEaHOM K
CesepHoii u FOxHoM AMepuke; 2) ceBepHOE HanpaieHue B CTOpoHy Cpen3eMHOMOPBS K F0KHOM
EBporne u nnorna nocruraromiee CkaHaMHABUM, 3) BOCTOUHOE HANPABJIEHHE B CTOPOHY BOCTOYHOTO
Cpenuzemuomopbst Ha Cpennmii Bocrok [Goudie & Middleton, 2001]. HegaBuue wuccnemnoBaHus
NOKa3aJiy, 4YTo rmouBeHHast mbutb U3 CeBepHoit Adpuxu u Cpennero Boctoka MOKET epeHOCUTHCS

TPAHCKOHTMHEHTAJIbHO B HalpaBieHue BocTOuHON A3UM U SBIATHCSA NPUYHUHOMW TMBUIBHOW MIJIbI B

SAnonuu [Tanaka et al., 2005].

CornmacHO JaHHBIM CIIEKTPOMETpa Ui CIUIOIIHOTO KapTUPOBAHHS O30HOBOTO  CJIOS
OCHOBHBIMH HMCTOYHHKAMH 3apO’KIACHUS MbUIBHBIX Oyph B Caxape siBisioTCsa BhaauHa bojene B
paiione o3epa Yan u 00acTH, MOKPBHIBAIOIIME TPAHMIBI 3aMagHOro Maid, I0KHOTO AJDKHpa U
BocTtouHOW Masputannu [Goudie & Middleton, 2001; Middleton & Goudie, 2001]. Oanako, B
CBSI3M C WCIIOJIb30BAHMEM PA3JIMYHBIX METOIMYECKUX MOJIXO0J0B K KapTHPOBAHUIO HCTOYHHUKOB
3apoxIeHUsT MBUTBHBIX Oyph B Caxape, CtyyT u nap. [Stuut et al.,, 2009] Ha oCHOBaHHHM JTaHHBIX
marepatypsl [d’Almeida et al., 1986; Middleton & Goudie, 2001; Blanco et al., 2003; Engelstaedter
et al., 2007] mpeasoxXuiu BEIICIUTH YETHIPE PETHOHA C 3amaia Ha BOCTOK: 1) Mapokko u ceBepHas

Magpuranusi, 2) 10xHbIH Anxup, 3) woxHast Jlusus u Yax, 4) Eruner u ceBepuniit Cynan (puc. 1).

[IputbHBle Oypu A3sum, Ha3biBaeMmble Xyanrca (Huangsha) B Kurae, “asuarckas mbuiap” uim
Banrca (Whangsa) B Kopee u “xentoiit necox” mwnu Kosa (Kosa) B Simonnu [Echigo et al., 2005],
yamie BCEro MPOUCXOJAT BecHOW ¢ ¢eBpans mo mait [Nishimura et al., 2010]. Ucrounuku
3apOKJCHUSI TIBUTBHBIX Oypb pacmloioXeHbl B TMyCTHIHSAX ceBepHOoro Kwuras (Takma-Makan),
JleccoBoro mnaro, ceBepHOil yactu THOETCKOTO HAarophbs u 10kHOW yactu Monrommu [Shao et al.,
2006; Yoshino, M. 2002]. HecmoTps Ha CE30HHOCTh a3MAaTCKUX Oypb, OHU MEPEHOCAT
3HAYHUTEIILHOE KOJIMYECTBO MOYBEHHOTO MaTepualia, KOTOPBIA MOXKET pachpeelsiThCs MOBCIOY B

Cesepnom nosrymapuu [Griffin et al., 2007a]. Tak, mocneacTBusi nepeHoca a3uaTCKOW MBIJIH OT
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MapTa 1990 1. OBUIM 3apErHCTPUPOBAHBI METOJOM HM30TOMHOTO aHAM3a OCAXKIACHHBIX TBEPJIBIX
yactul] B Tuxom okeane, CeBepHOl AMepuke, ATIAaHTHYECKOM OKEaHE U TO3JHEe B CHEKHOM
nokpose Dpaniy3ckux Anen [Grousset et al., 2003]. HexaBHO moka3aHO, YTO IbUIb, TOJHATAS B
KuTaiickoil mycteine Takna-MakaH, Onarojaps moabeMy B BICOKHE ciion atMocdeps! (8 — 10 km),
criocoOHa 000THYTh 3eMHOH 1ap npubian3uTenbHo 3a 13 aueit [Uno et al., 2009].
. -

. J

/" d'Almeida 1986

/. Middleton & Goudie 2001

Pucynox 1. OCHOBHBIE HCTOYHHMKH 3apO3KCHUS MBUILHBIX Oyph B ImycThiHe Caxape 1o

JUTEPATyPHBIM JaHHBIM, 00001IeHHBIM Stuut ¢ coaBropamu [2009]

CymiecTByeT 1Bl psiA  METOJOB, TO3BOJSIIONIMX NPOBOJUTH MOHUTOPHHT U
UICHTH()UIMPOBATh MCTOYHUKHU 3apOKIEHHS NBUIBHBIX Oyph. Ha cerogusimnuii geHp 3TO, B
OCHOBHOM, JOCTHTA€TCs C IOMOIIBIO TAKUX METO/IOB KaK aHAJIM3 HAOIOICHUI MOBEPXHOCTH TBLIH,
JUCTAaHUMOHHOTO 30HAUpoBaHus (Harpumep, “TOMS” — ciekrpomeTpus 0TOOpakeHUsI TOTAIBHOTO
o30Ha, “AVHRR” — pacummpeHHblli paguoMeTp C OYe€Hb BBICOKMM paspemenueMm, “IDDI”
CIIyTHHKOBBIE W3MEpEHUs] MHIEKca WH(paKpacHOW pasHMIBI IMBUIH), OOpPATHBIX TPACKTOPUH U
UCTIOJIL30BaHMs MHUHEpalnbHbIX wuHAMKaTopoB [Middleton & Goudie, 2001]. Iloka3aHo, d4TO
00BbeIMHEHNE NIBYX TIOCJIEHUX METOJIOB TO3BOJISAET AOCTATOYHO TOYHO PACIO3HABATH PETHOHBI-
WUCTOYHUKH PA3JIMIHBIX MBUIeBBIX ocaxaenui [Chester et al.,, 1984; Bergametti et al., 1989; De

Angelis & Gaudichet, 1991; Chiapello et al., 1997; Caquineau et al., 2002].
1.4.2 Meto oOpaTHBIX TpaeKTOpHUil
AHamm3 0OpaTHBIX TPACKTOPUH TEepeHOCa BO3AYIIHBIX MACC WJIM BO3AYIIHOW YaCTHIIBI

HIMPOKO HCIOJIB3YETCs MPU M3YYCHUH MyTH NepeHoca MuHepaibsHoU mbum [Schwikowski et al.,

1995; Collaud et al., 2004; Sodemann et al., 2006; Goudie & Middleton, 2006]. CormacHo 3TOMY
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METOJy CTPOSITCA OOpaTHbIE TPACKTOPHU MEpPEHOCa BO3AYIIHBIX Macc (YacTHIbl) HAa Pa3IUYHBIX
YPOBHSX B aTtMoc(epe Ui onpeaesieHHbIX nepruoioB Habmoaenus. [loa TpaekTopueil moHUMAIOT
Ha0Op TMOCIEN0BATENbHBIX IOJOXKEHUNH BO3AYIIHOM YacTUIBl (CHHONTUYECKOTO OOBEKTa) 3a
HEKOTOpBIi nHTepBan Bpemenu [/lamiko, 2005].

[MocTpoenne 0OpaTHBIX TPACKTOPUN BO3IYIIHBIX YaCTHIl TMO3BOJSIET OMPEAEIHTH, OTKyAa
npunuia (IpUAET) 4acTULA B JAaHHBIN padoH. JlJI1 3TOro TpaeKTopUs OTKIAAbIBAETCS OT 3aJlaHHOU
TOYKK (IyHKTa MPOTHO3a) MPOTHB BO3AYIIHOTO MOTOKa (cmocod oOpatHoro mepeHoca). Ilpwu
pacuérax Ha cpok OoJjee 12 4acoB UCIIONIB3YIOTCS KaK (PaKTHYECKHE, TaK M MPOTHOCTUYECKHE KapThl
MOTO/IbI, MIOCTPOCHHBIE HA MOMEHT MporHo3a [[amko, 2005].

C MomeHTa co3aHus TpaduecKoil TEXHUKH pacueTa Tpaekropuii [lerrepcceHom (Petterssen)
B 1940 r. MeTon OBLI 3HAYMTENHLHO YCOBEPIIEHCTBOBAH M MOBBIIIEHA TOYHOCTH pacueToB [Stohl,
1998]. Cpennsast ommbka mpu pacuere TpacKTOpuil mpexamonaraetcss okoysio 20% wucxoms u3
TPAEeKTOPHIA, MOCTPOCHHBIX HAa OCHOBAaHMM aHalm3a BeTpoBbIX moiieil [Stohl, 1998]. Ilpu sTom
HanOoJjiee TOYHOM M WH(POPMATHBHOM CUMTAETCS TEXHUKA pacdyeTra TPEXMEPHBIX TPACKTOPUI
HepeHoca BO3AYILIHbIX Macc.

JlaHHBIN METOJ HAaXOIUT CBOE NMPUMEHEHHE HE TOJBKO B METEOPOJIOTUH U OTCIICKUBAHHU
IBIJIEBOTO IEPEHOCA, HO M IPU HU3YUYEHUM IMEPEMENIEHHs BO3AYIIHBIX MacC BEIEeCTBaMH,
3arpsA3HSAIONIMMU  aTMOC(epy, TMO3BOJISII  ONPENENIUTh JTUCIOKAIMI0 OCHOBHBIX HCTOYHHKOB
sarpsisHeHust [Stohl, 1996]. bmaromaps ananm3y oOpaTHOTO IEepeHOCa BO3AYUIHBIX Macc H
KOHUEHTpauuu nbuiblibl Cannabis sativa L. B oKpyXkarolieM BO31yX€e Yal10Ch ONPEAEIUTh pailOHbI

HeJIeTa IbHOTO KYJBTUBUPOBaHUs Mapuxyanbl B Mapokko [Cabezudo et al., 1997].

1.4.3 Munepaioru4eckuii COCTaB MOYBEHHOM MBUTH

TunuyHbli  a3p030b MyCcThIHb Ha 75% COCTOUT M3 TJIMHUCTBIX MuHepasoB (35%
MOHTMOpWLIOHUTA ¥ 110 20% kaosmauTa U wumrta), 10% cocTaBisIIOT KadbluT, 1 110 5% - KBapil,
HUTpAT KaJlug W COCJAMHEHMs >Keje3a JIMMOHHUT, TeMaTUT M MarHeTUT C MPUMECHI0 HEKOTOPBIX
oprannyeckux BemectB [MounuH, 1982]. M3BecTHO, 4TO MUHEPAIBbHBIA COCTAB MOYBEHHBIN TBLIH,
MOCTYTAIOMIEH OT XapaKTEPHBIX MCTOYHHKOB, OTIMYAETCS JOCTATOYHBIM MOCTOSTHCTBOM [Brust &
Waniek, 2010]. K HnHacrosmeMy BpeMEHM HAKOIMMUJIHUCh JOCTATOYHO OOIIMPHBIC CBEIECHUA O
MUHEpaJIOTHUYEeCKOM cocTaBe mbUIM Caxapbl, COOpaHHOW B TIEPHO/I MOBBLIIIICHHONW 3aIbUICHHOCTH
OTIPEICTIEHHOTO PETHOHA U B PA3JIMYHBIX MECTaX OCAXACHHS MbUTH (CM. mpwioxkeHue 1). B menom
CUUTaeTCs, 4TO TbUIb, mHpoucxoisamas u3 CeBepHoit Caxapwl, OOHapy>KHWBaeT IOBBIIIEHHOE
CoJIep’)KaHrEe WIUINTA, XJOpUTa, KapOOHATOB, MAaJBITOPCKUTA ¥ MOHTMOPWUIOHHWTA, TOTJAa Kak B

nbin FOsxHoM Caxapsl 1 Caxenb copepxurcs Ooubline kaonuHuta u cMekruta [Usher et al., 2003 ].
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MuHepanbHbIil COCTaB MBUIM JaeT Ooraryro HHpOpMamuio 00 ee UCTOYHHKE M XapakTepe
pexxuma BbiBeTpuBaHHA [ATMocdepa. CnpaBounuk, 1991]. B Toxe Bpems H3BeCT€H psia
OTPaHUYEHUM METOJ1a PEHTTEHOCTPYKTYPHOTO aHaJIM3a, KAKMM IOJIy4YaloT IaHHbIE 10 MHHEPAJIOTUH
NOYBEHHON mbUIM. Bo-mepBbix, 00beM HCClienyeMbIX MpoO oOueHb Mall. Bo-BTOpBIX, Tak Kak
a’p030JIbHOE BEIIECTBO MPEACTaBIAeT cOO0W HanboJiee CHUIBHO BBIBETPHUBAEMYIO YacTh MOYBHI,
MHTEpIIPETALUs PE3YJIBTATOB PEHTICHOCTPYKTYPHOIO aHaJM3a CTAHOBUTCS MEHEE OOBEKTHBHOMN
[ATMocdepa. CrnpaBounuk, 1991]. Kpome TOro, moMuMo HpHUpPOILI U PETHOHA MUCTOYHHKA THUIA
Ba)XHOE 3HAYCHHE ISl ONPEICNICHUS XapaKTepa IIIMHUCTHIX MHUHEPAJIOB, IPUCYTCTBYIOLINX B IBLIH,
UMEIOT IpaBUTaMOHHBIE 3(dexTs ocaxaeHus npu ee neperoce [Goudie & Middleton, 2006].
[ToaTOMYy BBIBOJIBI PEHTI€HOCTPYKTYPHOIO aHalM3a CJIEIyEeT AOINOJHATH pe3yjbTaTaMu APYTUX

AaHaJIM30B.

Tak, aHanM3 3JEMEHTHOTO COCTaBa OOPA3IOB MOYBEHHOHW MBUTM METOJIOM PEHTI€HOBCKON
duyopecueHiun  He OOHApPYXWJI CYLIECTBEHHBIX pa3nuuuidi Mexnay oOpaszuamu mbsumn Caxapsl,
ocaxkneHHo Ha nemanuke MouOman [Chuvochina et al., 2011]. EQuHCTBEHHO BO3MOXKHBIM
JTUCKpUMHUHUpYOMUM (pakropoMm ObUT0 BbIsIiBIeHO oTHOIeHHE KorO/(SiO; + ALO3) k Si02/AlLOs,
CBUJIETENILCTBYIONIEE O coaepxkanun Al u Si B amromMocwimkaTax, TJIaBHBIM 00pa3oM TIIMHE H
noneBoM mmate. OtHomenne Si0,/AlLO3 Gonpie 2-xX mpeAnonaraeT NpUCYTCTBUE TIIMHBI B BUJIE
WUIATA WM CMEKTHTA, MIPH 3TOM WUIHT XapakTepu3yercs: 0ojee BHICOKUM 3HAYECHHEM OTHOIICHUS
K,0/(SiO; + Al,03), uem cMmekTut. B pe3ynbraTe Bee B3sIThIC B pab0OTy 00pa3ibl MOYBEHHON MTBLTH
OBUTH pa3ZeNieHbl Ha JIBE TPYMIbI: COAEpIKAIlie B OCHOBHOM MIUIAT M COZIEpIKAIlie B OCHOBHOM
cmekTHt [Chuvochina et al., 2011]. Ograxo, Tak Kak JaHHBIE MUHEPAJIbl HIMPOKO PACTIPOCTPAHEHBI
B nouBax CesepHoil n 3amagHoit Caxapbl, 0COOEHHO B MyCThIHHbIX oOsacTsx Tynuca u JluBum

[Pye, 1987], TpyaHO cnenaTh OAHO3HAYHBIEC BEIBOJIBI 00 UCTOYHUKE MTPOUCXOMKICHHUH TTBLIIH.

1.4.4 Pacnipenenenye 4acTul IbUIH 10 pa3Mepam

OnHOM U3 BaKHBIX XapaKTEPUCTHK IbLIH, MO3BOJISIONIEH TaKKe MPOCIeKUBATh UCTOUYHUK €€
MIPOUCXOXKJICHHS, SIBIISICTCS paclpeAesiCHHH 9acTHI] bUTH 1o pazmepam. Cormacao Bagnold [1941]
IbUIb IpEACTaBIsieT coOO0W yacTHlbl AuamMeTpoM MeHee 80 MKM, XOTS OOJIBLIIMHCTBO JPYTHUX
aBTOPOB MPEANOYUTAET MPOBOJUTH TPaHUIy B COOTBETCTBUM C TpaHHUIEH pa3mepoB
ajeBpoJsmT/mecok, T.e. MeHee 62,5 mxM [Goudie & Middleton, 2006]. Hmxe 53TOi TpaHUIbI
MEJIKOJIMCIIEpCHBIE (hpaKLUU MOJPa3eiIioT Ha KaTerOpuH pa3Mepa ajieBpOIUTOBBIX U MIIMHUCTBIX
yactull ¢ fuamerpom 4,0 — 62,5 mxm u <4,0 MM cooTBeTcTBeHHO [ Wentworth, 1922].

Cpennue 3HaueHus yacTull nbut Caxapsl [0 pa3Mepy HaxoaaTcs B auamna3oHe S - 30 MkM B

MaMeTpe, XOTs HEKOTOpble YacTUIM MOTYT jgocTurath 72 — 74 MM B nuamerpe [Goudie &
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Middleton, 2001]. B o6pa3uax nmeum Caxapsi, ocaxaenHoir B CIIIA, na bepmynax, bapbamoce u
['aHe, cpenHuii pa3Mep YacTHUIl MOXKET OBITh MeHee 5 MKM. M3BECTHO Takke 4TO, MbUIbHBIE Oypu
MOTYT TEPEHOCUTh 3HAYUTENFHOE KOJIMYECTBO MaTepualia, XapaKTepH3YIOLIErocs pa3sMepamu
TJIMHUCTBIX YacTull, T.e. mMeHee 4 MkMm [Stuut et al, 2009]. Bonbmas 4acTe MENKOW MBI,
Npou3BOAMMON B AdQpuke, NMpeacTaBisieT coOoi OpeBHUE O3€pHbIE OTIOXKEHMS (HAampumep, W3
o3epa Yan), BEIHOCHMBIE KaK MEJIKHE arperaTsl TmuHucToro marepuana [McTainsh, 1985]. Kpynnas
neuib (16 — 62 mm), Beimanaromas B EBpore myTem Cyxoro OcCakIeHHUsl IMpeACTaBisieT coOoi
MaTepwua, BerHeceHHbI 3 Caxapel u Caxenb uepe3 CpennzemHoMopsbe [Stuut et al., 2009].

B 3aBucuMoCTH OT (U3MKO-XMMHUYECKMX CBOMCTB IOYBBI, BBICOTBHI MOJABEMa YaCTHIBI H
METEOPOJIOTUIECKUX (AKTOPOB MOMKET MPOUCXOIUTH pPACTpPEACICHHE YacTUIl MO0 pa3Mepam
[AT™Mocdepa. CipaBounuk, 1991]. Ananu3 nuTepaTypHBIX JaHHBIX CBUAETENBCTBYET O TOM, YTO B
TIOIABJISTFOIIIEM OOJBITMHCTBE CITydaeB MOCe JainbHero neperoca uepe3 Cpenuzemuomopne (1000 —
2000 kM OT UCTOYHHMKA) MOJIa YaCTHLl CAXapCKOM MbUIM CMEIIAETCsl B CTOPOHY yacTull <20 MKM B
muamerpe [Schutz & Sebert, 1987; Molinaroli et al., 1993; Ridame & Guieu, 2002]. [To MHEHUIO
Israelevich ¢ coaBTopamu [2003], M3MeHEHMS B pacHpeAe]CHUH YacTHIl MMOYBEHHOW IBLIH W3
Caxapbl, CBA3aHHBIE HEMOCPEICTBEHHO C (U3WYECKMMHU W ONTHYECKHMMH CBOWCTBAMHM IIBLIH,
NPEIoIaraloT pa3jituns B XUMHUECKOM COCTaBe IbLIH, YTO, B CBOIO OY€pE/ib, CBUICTEILCTBYET O
€€ pa3IMYHbIX UCTOYHUKAX U MYTAX MEepeHoca.

HenaBHO MeTOOM perucTpanyy JIeKTPHIECKIX UMITYJIHLCOB Ha cueTdnke Coulter mosrydeHs
JTAaHHBIC 110 PacHpeeNICHUIO YacTHUI] UK 10 pa3MepaM B oOpasuax meuti Caxapbl, 0OHapyKEHHOU
Ha Jsiegauke MonOnan [Chuvochina et al, 2011]. Cpeanee 3HaueHHEe MOJBI YAaCTHI] ITBUIH,
OCaXXICHHOM Ha JNEIHUKE COCTABMIJIO ~5,5 MKM; OCHOBHAS 9acTh YAaCTHII, OCAKJICHHBIX Ha JICIHUK B
utone 2006 r. m umtone 2008 r., mmena Onuskue 3HaYeHUss Moabl (~6-6,5 Mxm) (puc. 2).
Pacnpenenenne yactun nisi coObiThsi nepeHoca meuin B Mae 2009 r. ObUTO CIBUHYTO B 00JIACTh
MEHbIINX AuameTpoB (Mona ~4 mkMm). Kpome Toro, nmokasaHo, 4To B Cilyd4ae OJHOTO M TOTO e
cooOwITHs TIepeHoca B Mae 2008 r. pa3Mep yacTuIl MbUTH, OCaXaAeHHOW Ha BeicoTe 200 M Hajg y.M.
COCTaBWII ~9 MKM, U CMEIIAJICSA B CTOPOHY YaCTHIl MEHBIIETO pa3Mepa IMpHU OCAKICHUN HA JICTHUKE
(~6 MkM). JIOTIOTHUTENILHO TaKke OblIa OIICHEHA MOJA YACTHI] MMBIJIU JIOKAJTBFHOTO MPOUCXOXKICHUS

B CHC’)KHOM IIOKPOBE JICJHUKA, KOTOpasAa COCTaBUJIa ~3 MKM.
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Pucynox 2. KpuBsie pacrpe/iesieHiue 9acTuIl MbUTH 1I0 pa3MepaM B CHere JieqHuka MoHOIaH ¢
neiTbE0 Caxapsl oT coObITHI Ieperoca B uroHe 2006 1. (SDmM06/2006), mae 2008 r. (SDmM05/2008),
utone 2008 r. (SDm06/2008), mae 2009 r. (SDm05/2009), B cuere 6e3 meimr Caxapsr (Dm08/2009),
a taxoke et Caxapsl, ocaxkaeHaoi B ['peno6:e (SD05/2008) [Chuvochina et al., 2011]. ITo ocu
OopAvHAT MPUBCACHBI YCJIOBHBIC CIUMHUIIBLI o0nema JacTull IbIJIX € TEJIBIO MOKA3aTh KPUBLIC paclpce-
JICTICHUS YacTHIl 0€3 MX HAJIOKEHHS JAPYT ¢ ApyromM. Jlisi cpaBHEHUSI IPUBEACHO paclpe/ieicHue
YaCTUI] MBUTH, BHIMAIAI0NIECH B KOHTUHEHTAIbHOM YacTh AHTapKTUbI (cTaHuu BocTok), rae Mmoa

yacTull focturacT ~2 MkM [Petit et al., 1999]
1.4.5 Posb OBIIH B 9KOCUCTEME

[lepeHoc mMOYBEHHOM NBLIM BCIEACTBHE NBUIBHBIX Oyph B Caxape HMMeeT LeJblid psl
SKOHOMHUYECKUX M IJKOJOTHYCCKUX HOCJ'IGI[CTBI/If/'I, a TaKKC MOXET MNPHUBOAWUTH K YXYAINICHUIO
3I0pOBbsl YeloBeka. Ha pucyHke 3 CXEMAaTHYeCKH IMPEJICTABICHBI OCHOBHBIC ITOCIICICTBUS
NepeHoca U OCAKACHUS MIOYBEHHOW IbLIIM B MaciTade rmiaaHeTbl. OJIHOM U3 MepBONPUYNH U3YyUEHUS
IIbIJIBHBIX 6ypb B Caxape SBIAETCA BIWSHUE MBIIM Ha KiuMar 3emian. IIeuieBbie JacCTHUIIbI,
TIOTJIONIAs] M PACCeMBAasi COJIHEUHYIO PaA/IMAIMIO, CIOCOOHBI U3MEHITh TEMIIEPATYPy OKpPY KaIOIIETO
Bo3ayxa [Haywood et al, 2003]. B cBorw ouepenp Takue HW3MEHEHHS U YBEJIMYCHHUE

MNOTCHUHAJIBHBEIX AJCP KOHACHCAIUU B aTMOC(l)epe MOXKCT IPUBOAUTH K OC&HKOO6p330BaHI/II-O, BJINAA
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Ha KJIMMAaT OTAENbHBIX pernoHoB [Goudie & Middleton, 2006; DeMott et al., 2003]. CormnacHo
naHHbIM - Steltzer ¢ coaBtopamu [2009] yBenuyeHWE CKOPOCTH TasiHUS CHETa, BBI3BAaHHOTO
OCaXJECHUEM IIOYBEHHOM NBLIM HAa IOBEPXHOCTb TOPHBIX JIEAHMKOB, MPHUBOJUT K 3aMEIJICHUIO
IIMKJIOB PA3BUTHs albIIMICKUX PACTEHUH, YTO MOXKET NMPUBECTH K KOPEHHOH CMeHe JiaHamadra
[Steltzer et al., 2009]. Kpome Toro, moOBEpXHOCTh MBUIEBBIX YaCTHII MIPEACTaBIsIET co00i cybcTpaT
JUISL IPOTEKAHUS Pa3IMYHBIX XUMUYEeCKUX peakuuii B Tporocdepe [Usher et al., 2003] u Biusier Ha

KOHIICHTpAIMIO TuoKkcuaa yrieponaa [Adams et al., 2005].

Knumat

MM W3MEHAET OMTMYECKME CEOMCTES
ATMOCHIEPLI, NPMEOARA K
NOBBILUEHWH] CREAHER TEMNEPETYE
BO3AYxA. CIyKWT ALDAMM
KOHAEHCALMKM B NpOUECCE
0CaAko0Bpa30EaHMA.

BEuoreoxumuyeckme UMKNEeI XUMHUYECKWIA cOCTaB

aTMocctepbl

MM cnocoBHE M3MEHATE XMM .COCTABR
ATMOCERLI YEES NOBEXHOCTHYH
anCcopbLMD WMy HaCcTHE B

HAM [IEAKL A,

OcakgeHHA NN B MUPOEDM OKESHE
ABENAKITCA

CYLUECTEEHHEIM 3NEMEHTOE
OCaAK00APEI0EAHMA 1M MCTOMHMKOM
HEDPraHMYECKIMD KENE3S.

O4YBEHHAA NkINkE

3ﬂDpDBbE Yenoeeka

MenkogucnepcHaa M NPUECRMT
K YEENMIEHMH QUCKS
PECAMPATORHEX 326072BaHMIA K
ABNAETCA NEPEHOCHMKOM YCNOEHO-
NaTOMEHHOA MUKpOgNOpaL .

Pucynoxk 3. 3HaueHne NOYBEHHOM MbUIM B 9KOCUCTEME

OcaxxaeHusi TMOYBEHHOW THUTM BHOCAT BKIAJA B (OpMUpOBAaHUE IMOYBCHHOTO IOKPOBa B
yAaJIeHHbIX OT IyCThIHU MPOBUHIMAX, K IPUMEPY, B 00pa3oBaHue “terra rossa” (pO30BOM 3eMJIN) B
HOxnoit EBpomne: JleBante m HMcnmanmu [Goudie & Middleton, 2001; Delgado et al., 2003].
Cornmacao Guerzoni ¢ coaBropamu [1999] Bkiag meum Caxapel B (OpMHUpOBaHHE OCaTOYHBIX
oTioxeHnit Ha qHe CpeauzeMHoro Mopsi coctaBisieT oT S0 1o 80%.

[Monamast B okeaH, mouBeHHas MbLUTHL Caxapbl CIIYKHUT UCTOYHUKOM IMUTATEIBHBIX BEIIECTB U
TaKOTO BaXKHOTO JIEMEHTa, Kak kene3o [Psenner, 1999; Guerzoni et al., 1999; Ozsoy et al., 2001;
Ridame & Guieu, 2002; Mills et al., 2004; Okin et al., 2004; Usher et al., 2003], uto Hepeako
COTIPOBOKJIAETCSI PE3KUM YBEIMUYCHHEM TEPBUYHOMN OKeaHWMueckoi mpoaykiuu [Guerzoni et al.,
1999; Guieu et al., 2002; Bonnet et al., 2005; Duarte et al., 2006; Moore et al., 2006].
Uccnenoanust Mladenov ¢ coaBropamm [2008] mokazamu, uto ocaxknenue mbumn Caxapsl B
BBICOKOTOPHBIX 03epax VICmaHWu aKTUBUPYET IKHU3HEACSITCILHOCTh OaKTepuil, MNPUBOIS K

HAKOIUICHUIO  PacTBOPEHHOTO  opraHuueckoro  BemectBa [Mladenov et al, 2008].
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DKcnepyMeHTabHbIE TI0Ka3aTeNbCTBa MoTpedieHus Gocdopa, BXoaiimero B coctas nbpum Caxapsl,
rerepoTpoHBIMU OaKTepUsIMH BIIepBbIe MosryueHsl B padote [Pulido-Villena et al., 2008a]. Kpome
MO3UTUBHON KOPPEJALMH, HAOII01aeMoil Mex 1y OakTepualbHON YUCICHHOCTHIO U KOHIIGHTpAIUeH
NBUIM B OJIMTOTpoHOM 03epe Kanbiepa, aBTOpbI TakKe OTMETWIIM 3HAYHMTEIHHOE YBEIMYCHUS
Oouomaccel (purortaHKTOHHOU Bogopociu Chromulina nevadensis nipu no6asnenun s [Pulido-
Villena et al., 2008a]. B pab6orax Herut ¢ coaBropamu [2005] u Pulido-Villena ¢ coaBropamu
[20086], Kak B MOJIEBBIX, TAK U B TAOOPATOPHBIX yCIOBUAX, OBLIO POJIEMOHCTPUPOBAHO YCKOPEHHUE
pocTa rerepoTpo(dHBIX OaKTepUATBLHBIX COOOIIECTB pH BHECEHUH MbUTH Caxapbl B OJUTOTPO(HBIC
Boabel Cpenusemuoro mopsi [Herut et al., 2005; Pulido-Villena et al., 20086]. Tem He MmeHee, B
uccnenoBanusix [Reche et al, 2009] ne nHabmomamu, 4ToOBl OaKTEpUAIBHBIN POCT, BBI3BAHHBIN
OCaXKJICHUEM IIbLIM, COMPOBOXKAAJICS YBEIMUCHUEM Pa3HOOOpa3usl WM JPYTHMMH M3MCHCHUSIMH B
CTPYKType co0OIIecTBa. YpoBeHb MeTabOIM3Ma in Sifu TMPU BMEIIATEILCTBE MOYBEHHOW BN B
tponmdyeckue Boasl CeBepo-BocrowuHoil ATiaHTHMKM ObUT  W3MepeH Uil JBYX TPy
OaKTepHWOIUTAaHKTOHA:  IMaHoOakrepwit poma  Prochlorococcus w  xmama SARI1 w3
Alphaproteobacteria [Hill et al, 2010]. Ilokazano, 4Tto poOaBieHue (QuUIBTpaTa MBI
COTIPOBOXKJIAETCSA CMEIIEHHEM B COCTaBE COOOIIECTBa B CTOPOHY NOMHHMpoBaHUs Kiama SARI1I
[Hill et al., 2010].

Cpemu mpodero, BKJIaJ TBUIM B PAaclpOCTPAHCHHUE MHUKPOOPTaHM3MOB U HETATUBHBIC
NOCJIEJCTBHS TBUIBHBIX Oypb, CBSI3aHHBIE CO 3JOPOBBEM YENIOBEKa M COCTOSHHEM JKOCHUCTEMBI,

OymyT 00CYyKIaThCs HIKE.

1.4.6 BunoBoii cocTaB MUKpOOPTaHU3MOB, IEPEHOCUMBIX IbLIbI0 Caxapbl

BMmemaTenbCcTBO TOYBEHHOH THUIM B Pa3iIMYHBIE YKOCHCTEMBI HE OTPAHUYMBACTCS TOJBKO
NOCTYIUICHHEM JOTIOJIHUTEIBHBIX MHUTATeNbHBIX BemecTB. [IbuTb, momHsATass B aTtMocdepy
BCJICZICTBHE TBUIBHBIX  Oypb, CIOCOOHa TEPEHOCHTh HA  3HAYUTENBHBIE  PACCTOSHHA
HETIOCPEACTBEHHO caMy mouBeHHYI0 Mukpoouoty [Kellogg & Griffin, 2006; Griffin et al., 20076].
MHoOTrIMH UCCIeIOBAHUSIMU OTMEUEHO, UYTO B MEPHUO/I MPOXOKACHUS TBUTLHOHN OypH, KOHIIGHTPAIUS
MHUKPOOPTaHU3MOB B OKPY>KaloIlleM BO3/1yXe Bo3pacTaeT oT 2 10 14 pa3 Beiuie HopMel [Griffin et al.,
2001, 2003, 2006; Kellogg et al., 2004; Prospero et al., 2005; Kellogg & Griffin, 2006]. OT0 He
YAMBUTEIHHO, IPUHUMAsI BO BHUMaHHE TOT (DakT, 4TO 1 rpaMM IMOYBEHHOTO IMOKPOBA COACPKHT OT
107 (;recHast moactnika) g0 10° (apumHble 1 ApyTHe THIIBI MOYB) KIETOK npokapuoT [Whitman et al.,
1998]. Hecmotpss Ha oOwiue JeTaldbHBIX U CTPECCOBBIX (DaKTOPOB (BBICYLIMBAHUE, HU3KHUE
TEMIIepaTyphl, )kecTkoe Y D-u3inydeHue u T.1.), MEPEeKUBACMBIX MUKPOOPTaHIU3MaMH IPH MIEPEHOCE

B aTMOC(l)epe, HEKOTOPBIC K3 HHUX CIIOCOOHEBI COXpPAaHATh JKUBHCACATCIBHOCTL 3a CYUHCT psdaa
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ananTamuii. K TakoBBIM OTHOCATCS, HanpuMep, NMOKosecss (GopMbl (Manxo BOJBI U 3aMEJICHHBIN
MeTa00JIM3M), TMUIMEHTAIMs (MOTJIONEHHEe CBOOOIHBIX PAJUKAJIOB), YCTOMYMBOCTh K paJHaIlU
(BeicOkast ckopocTh mporeccoB JIHK pemapanuun). Kpome Toro, camu 4acTuilbl MbUTH OKa3bIBAIOT
SKpaHUPYIOMUX JeiicTBue, Hampumep, 1 Y@ mnyuenus [Griffin et al, 20076]. [Tocnenuue
UCCIIEIOBAHUS TIOATBEPIUIIN, YTO MPHUKPEIUICHNE OaKTepHid K YacTULAM TBUIM TO3BOJISIET KIJIETKaM
Jdy4lle MepeXHUBaTh CTPECCOBbIE YycioBMs (nedcTBus Y@, 030Ha) U BOCCTAHABIMBATH CBOIO
KHU3HECSTEIHLHOCTh MOCTIEe BO3JIEHCTBUS CTpEcca HAMHOTO OBICTpEe B CPAaBHEHUH CO CBOOOHBIMU
kiaerkamu [Tang et al, 2011]. Ha cerogusmuuii AeHb CYLIECTBYeT LENBIA psAg padoT,
NOCBAIICHHBIX HW3YyYEHUIO KaK KyJIbTUBHPYEMOH, TaK M HEKYJIbTUBHPYEMOW MHUKPOOHOTHI,
nepeHocumoii ¢ meuthto Caxapsl [cM., Hanpumep, Griffin et al., 2001, 2003, 2004, 2006, 2007a,0;
Prospero et al., 2005; Kellog et al., 2004; Polymenakou et al., 2008] u qpyrux apuIHbIX perHOHOB
[cm., Hampumep, De Deckker et al., 2008; Nishimura et al., 2010; Yeo & Kim, 2002; Hua et al.,
2007]. Kpome npeacraButeneil noMeHa Bacteria, ¢ IBUIBIO TAK)KE MEPEHOCATCS MUKPOCKOTTMYECKUE
rpuObI, BUPYCHI U MBUTbIA PACTEHUH.

Kakx mnpaBwmio, OOJBIIMHCTBO OaKTEPHATBHBIX U30JATOB (KIOHOB) U3 mbutd Caxapsl
XapaKTEePHU3YIOTCS CIOCOOHOCTHIO K CIIOPOOOPA30BAHUIO U HAJIMYHMIO TTMTMEHTHPOBAHHBIX KOJOHH,
¥ YacTO TPEJICTaBJICHBI TakKUMH pojamu kak: Bacillus [Kellog et al., 2004; Prospero et al., 2005;
Polymenakou et al., 2008; Griffin et al., 2001, 2003, 2006], Sphingomonas [Griffin et al., 2001,
2003], Streptomyces [Griffin et al., 2001, 2003, 20076], Kocuria [Griffin et al., 20076; Kellogg et
al., 2004], Microbacterium [Griffin et al., 2001, 2003], Gordonia u Staphylococcus [Griffin et al.,
2006]. AHanu3 JaHHBIX JTUTEPATYPbl CBUIETEIBCTBYET O TOM, YTO B IMOJABJISIONIEM OOJIBITUHCTBE
ciydaeB Oaktepuu, oOHapyx)eHHbIe B bUM Caxapbl, TIOKa3bIBAIOT BBICOKOE POJCTBO C TEMH, YTO
ObUTM HAWIEHB B PA3IMYHBIX THIAX MOYB, MOPCKHUX MECTOOOWTAHMI M TOBEPXHOCTH KOXHU
yenoBeka. Ha mnpumepe wusydeHus mnocnenctBuil mnbulbHOW Oypu Caxapsl B BOCTOYHOM
Cpean3eMHOMOpPbhE TOKa3aHO, YTO COCTAaB MUKPOOHBIX COOOIIECTB BapbHPYET B 3aBUCHMOCTH OT
pasmepoB yactuil meuH [Polymenakou et al, 2008]. Tak, wampumep, cropooOpasyromnme
Firmicutes TOMUHHPYIOT TIPU pasMepe 4acTull MU Ooinee 3,3 MKM, TOT/Ia KaKk IpeICTaBUTEIN
Actinobacteria n Bacteroidetes — nipu pazmepe dactui] meree 3,3 mxm [Polymenakou et al., 2008].

Bcectoponnsisi ouenka addexra ocaxxaenus nbuim Caxapbl Ha MUKpPOOHOE COOOIIECTBO B
Cepuu SKCIEPUMEHTOB TI0Ka3aja, YTO IOMHMO YBEIMYEHHUS OaKTepHaTbHOW YWCIEHHOCTH W
npoaykiuu 6uomaccsl B 1,8 U 5 pa3 (B CpaBHEHHU C KOHTPOJIEM), COOTBETCTBEHHO, IPOUCXOIUT
CTUMYJISIIIUS IBIXaHUSI U CMEHa crnocoba nuranus coobmecta [Lekunberri et al., 2010]. Tak, mpu
BHECEHMM HU3KOW KoHueHTpauuu nbiin (0,05 r/m) nHabmonaercs mnepekiiroueHue meradoiau3ma
c00011IecTBa B CTOPOHY reTepoTpoduu, ToT1a Kak MNPy BHECEHUHU BhICOKOM KoHIeHTpauun (0,5 /1)

— B ctopony aBToTpoduu [Lekunberri et al., 2010].
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HemaBno Perfumo wu Marchant [2010] mosydyeHsl fgaHHBIE, KOTOpbIE  MOTYT
CBHUJIETEJILCTBOBATh O TMPOHMCXOXKIACHUH TepMO(WIbHBIX OakTepuilt pona Geobacillus B mouBax
Cesepnoit Mpnanauu u3 mycteinu Caxapa. bakrepun, oOHapykKeHHbIE B TOYBEHHOH bl Caxapsl,
nokasam 99% cxojacrea no nocnenosatensHoctu 16S p/IHK ¢ Temu, uTo HacemnsitoT XOJ0HBIE
nouBbl Upnanguu [Perfumo & Marchant, 2010]. Ograko, BOTIPOC 0 BO3MOXHOCTH KOJIOHU3AIUU
HOBBIX JKOHHII OaKTEpUsIMH, NEPEHOCUMBIMU C MbUIbI0 Caxapbl, a, Takke, 00 MX BIMSAHUU Ha
pe3uieHTHBIe coobIiecTBa, TpeOyer moscHenus. Tak, Lekunberri ¢ coaBropamu [2010] mokasaHo,
4yTO BHeceHue nbutk Caxapbl B MOPCKYIO BOJY B BBICOKHMX KoHueHTparwsax (0,5 r/i1) mpuBOAMT K
3HAYUTEIbHBIM OTIMYHAM B CTPYKType MHUKPOOHBIX COOOIIECTB MO CPaBHEHHIO C KOHTPOJEM
[Lekunberri et al., 2010]. B pabore [Reche et al, 2009] momydeHsl >KCIEepUMEHTAJbHBIC
JIOKa3aTeNbCTBA pOCTa mpencraBureneii Gammaproteobacteria, BHeCEHHBIX ¢ MbUIbI0 Caxapbl B
pe3epByap, HMMUTHUPYIOIIMHA OJUTOTPOQHBIE YCIOBHS albIIUHCKUX o03ep. M3BecTHO, 4YTO B
€CTECTBEHHBIX YCIIOBHAX BOJIOEMOB JaHHas rpymnma Oaktepuil BcTpeudaercs penko [Reche et al.,
2009]. B npyrom skcrniepuMeHTe Ipu BHECEHUHU IbLITH Caxapbl HEMOCPEACTBEHHO B BONY, B3ATYIO U3
BBICOKOTOPHBIX 03ep Mcmanum, ObUIO TMOKa3aHO pasBUTHE Sphingomonas-moJOOHBIX, a TaKXKe
Acinetobacter- w Arthrobacter-nonoOHbIX OaKkTepuil, KOTOpBIE SBISUIMCH “UMMHIPAHTaMu~ B
o3epHoii akocucteMe [Hervas et al., 2009]. CpaBHeHHEe MUKPOOHBIX COOOIIECTB OAaKTEPHUOHEHUCTOHA,
obuTarolero B IMOBEPXHOCTHOW mieHke o3epa Pemon (2240 m, llentpansubie [lupeneu), u
OaxTepuii, 0OHapyKEHHBIX B CHE)XHOM IOKPOBE ¢ MbUIbI0 Caxapsl TOTO K€ 03epa, MOKa3alio, YTO
NOCJCIHUE MOTYT CIY’KUTh B&KHBIM HCTOYHHKOM B ()OPMHPOBAHMM MHUKPODIOPHEI CKOpee
OakTepruoHEHCTOHA, yeM OakTepuoriankToHa o3epa [Hervas & Casamayor, 2009]. B To xe Bpewms,
aBTOpaMH paboTHl HE OBUIO 3a()MKCHPOBAHO HE CBOWCTBEHHBIX HEHCTOHY OaKTepUAIbHBIX TPYIIL, U

B 000MX YHOMSIHYTBIX COOOILIECTBAX IOMUHUPOBAIU Betaproteobacteria n Actinobacteria.

1.4.7 BunoBoil cocTaB MHUKPOOPTaHU3MOB, NEPEHOCUMBIX IMBUIBI0 M3 APYTUX AapUAHBIX

pETHOHOB 3eMin

B A3zuun, MUKpOOpPTaHU3MBbI IEPEHOCATCS € TaK HA3bIBAEMOW ““XKENTOU MbUIbIO” W3 BTOPOM 1O
pasMepy apuIHOUN 00JIacTH 3eMIIH, PacIioIOKEHHOH B IMycThIHAX Kutas m Monrommu [Choi et al.,
1997; Hua et al., 2007]. YncieHHOCTh MUKPOOPTAHU3MOB JiJIsl 1 T a3UaTCKOM MbUTH, COOpaHHOU HaJl
TTeKMHOM BO BPEMsI IPOXOX/ICHIS THUIBHOM 6ypH, coctaBmsima ot 1,6 x 10° 10 3,5 x 10° [Nishimura
et al., 2010]. Echigo c coaBropamu [2005] mnpenmonarairoT, 4TO MNPUCYTCTBHE OOJBIIOTO
pa3HooOpa3us TaJIOTOJICPAHTHBIX OAKTEpUH B MOYBE U MPUOPEKHOM TECKe OKpecTHocTer Toxumo
SIBIISIETCSI CIICCTBHEM IIEpEHOCA JKENTOM MBLIM, KOTOpas MOIJIAa MPOHUCXOJIUTh, K TpPUMEpY, U3

cosieHbix o3ep Monrosmu [Echigo et al., 2005]. CpaBHeHue pe3yibTaToB KyJIbTHUBHPOBAHUS
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00pa3noB asmarckod mhUIH, ocaxkaeHHou B 2005 — 2006 r. B Xwuracuxupocuma (Anonus), u
oOpasna mMOYBHl MMyCTHIHM [00M, MOATBEPAWIIO TMEPEHOC JIOMHUHAHTHOM 4YacTH TMOMYJISIHY,
npencraBieHHoil Bacillus subtilis v B. licheniformis [Hua et al., 2007]. CxoaHble BBIBOJBI ObLIN
MOJIyYEeHbI TIPY CPaBHEHUH MUKPOOHOTO pa3HOo0Opa3us mbuiH, coopanHoii B [leknHe B mepuona Tpex
coObITHII TIepeHoca, W oOpa3ioB mouBsl JleccoBoro mmmaro, mycteiHed ['o6um u Takma-Makan
[Nishimura et al., 2010]. Jannasie [IJJP® (momumopdus3m IIHH PECTPUKTHBIX (PparMEeHTOB) aHAJM3a
MOKa3aJll CXOKUe MPO(UIM JOMHHAHTHBIX (pParMeHTOB, OOHAPYXKEHHBIX B 00pa3lax MbUId H
MOYBBI, KOTOPBIE OBUIH TIOATBEPkKACHBI MaHHBIMU JITTD 1 uaeHTUPUIMPOBAHBI KaK MPEICTABUTEIN
ponos Serratia u Ralstonia [Nishimura et al., 2010]. B nannoit pabote aBTOpaMu OTMEUEHO TaKXKe,
YTO CXOJCTBO CTPYKTYPBhl MUKPOOHBIX COOOIIECTB MBIIM OT Pa3HBIX COOBITHH MEpEeHOCa BapbHPYET
B 3aBUCHMOCTH OT KOHIIEHTPAIIMH IOYBEHHBIX a3pP030JIeH.

[To pesynbraTam anammsza reHoB 16S pPHK mukpoopranu3zMoB B oOpa3iiax mbutd, COOpaHHOU
B OKpecTHOCTAX JlyHbXyaH, pAaclOJIOKEHHOTO Ha TpaHule ¢ MmycTteiHed Takina-Makas,
OakTepuanbHOE pa3sHOOoOpa3ue Ha BeicoTe 800 M OBLIO MPEACTaBICHO MOCIECI0BATEIHHOCTSIMH,
npuHAIeKAIMMU Brevibacillus, Staphylococcus sp., Rhodococcus sp., Delftia sp., Pseudomonas
sp. u Agrobacterium tumefaciens, Torna kak Ha Beicote 10 M - Arthrobacter sp. Ornithinimicrobium
sp., Rubellimicrobium thermophilum, Friedmanniella capsulala, Geodermatophilus sp.,
Cellulomonas sp., Promicromonospora sp., u Cryocola antiquus [Kakikawa et al, 2008].
[IpumeuarenbHo, 4TO KyjibTUBHpOBaHHEe oO0Opa3zuoB mbui ¢ 10 m 800 M BBIABWIO CXOXHE
JIOMUHAHTHBIC OakTepuu ponoB Bacillus n Staphylococcus [Maki et al., 2008].

Pacnpenenenne MUKpOOPraHU3MOB M YaCTHII MBLIM MO pa3MepaM B T€YEHHUE OJHOTO roja B
okpectHOCTsIX Tamxon (FOxnas Kopes) moka3asno, 4To 4acTUIlbl OAKTEPUATBHOTO MPOUCX 0K ICHUS
UMECIOT, B OCHOBHOM, nuametp Oomnee 4,7 MM (69,8% oT oOmiel (pakiuu 4acTHIl), TOTAA Kak
“mukouactunbl’”’ — menee 4,7 MM [Choi et al.,, 1997]. Ilpunumas Bo BHUMaHUE CpPEAHHN pa3Mep
OaKTepuambHOM KJIETKH, aBTOPHI TPEANONIOKWIN, 4TO Apeidyromme OaKTepuH, CKOpee BCEero,
NPUKPETUIIIOTCS K YaCTUIAM TIBUIM M CTAHOBSITCS €IMHBIM arjioMepaToM, YeM IEepEeMEmaroTCs B
Bujie cBOOOaHBIX Ki1eTOK [Choi et al., 1997]. Taixe Choi ¢ coaBTopamMu 00HApY>KUJIH, YTO BO BpEeMs
sBreHns, Ha3piBaemoro “@enomen XKenroro Ilecka” (Yellow Sand Phenomena), xoHneHTpanms
OakTepua bHBIX KJIETOK 3HAYMTEIHHO BO3pacTayna s dacTui auamerpom ot 0,6 1o 4,7 MKM.
Takum oOpa3om, OBIT CHETaH BBIBOJ, YTO IEPEHOC OakTepWil Ha 3HAYUTENBHBIC PACCTOSTHUS
SIBJISIETCSL CJIEJICTBUEM MX TpHKperuieHus kK yactuiam neiiu [Choi et al., 1997]. Panee, runotesa o
NPUKPETJICHNA MUKPOOPTaHM3MOB K YacTHI[aM IbUTH Obuta Bhicka3ana Lighthart ¢ coaBropamm
[1993], ucxoms W3 pachpeiesieHuss MO0 pa3MepaM YacTHll OMOJIOTHYECKOTO TMPOUCXOKICHUS,

YJIETAIOUINX ¢ IOBEPXHOCTH PACTEHUM B OKPYIKAIOIINNA BO3YX.
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JlaHHbBIE, CBHIETENBCTBYIOIINE B TOJb3Y THIOTE3Bl O MPUKPEIUICHMH MHUKPOOPTaHM3MOB K
YacTHUIaM TIbUTH TIOJTy4eHBI Takke B paboTtax Maki ¢ coaBropamu [2008] u Iwasaka ¢ coaBTopamu
[2009]. C momombio 3MHUGIyOPECHEHTHOH MHUKPOCKONHMM M OKpAIIMBaHMUS KJIETOK KpacHTEIeM
DAPI, 610 NPOIEMOHCTPHPOBAHO HAIMYME SPKO-TONYOBIX (HIyOopecMpyIOMUX KOKKOHMIHO-
NnoJ0OHBIX YaCTHIl IHAMETPOM MeHee | MKM Ha MOBepXHOCTH dactull mbeumm [Maki et al., 2008;
Iwasaka et al., 2009]. Opnnako, ¢puU3HOJIOTHUECKUN CTATYC OOHAPY KEHHBIX YAaCTHUI] YCTAaHOBJICH HE
obu1. Ilokasano, 4TO J0JI YacTHUIl MBUIM C aJCOPOMPOBAHHBIMH Ha HUX KOKKOWJIHO-IIO0JI00HBIMH
yacturiamu coctanisiia 10% ot obmiero uncna yactuil [Maki et al., 2008; Iwasaka et al., 2009]. ITo
MHeHuto Iwasaka c coaBTOpamMH TpUKpEIUICHHE MHUKPOOPTAaHW3MOB K YacCTHLAM IBUIH — 3TO
BOXHBIA (PAKTOP, KOHTPOJIHMPYIOMIMI BpeMs JKU3HU Apeidyromeil MUKpOOHOThI, TaK KaK B TaKOM
CUTyallud MHUKPOOPTAaHU3MBbI 3AIUIIEHbl YaCTUIIAMHU TBUTH OT CTPECCOBBIX (PAKTOPOB BO BpeMms
nepenoca B armocdepe [Iwasaka et al., 2009].

Mukpobuonornieckass XapakTepUCTUKA TMBUIBHBIX  Oypb  ABCTpalIMM  NPaKTUYECKU
OTCYTCTBYET, HECMOTPSI Ha TO, YTO OHM MPOUCXOJAT JOBOJBHO PETYJSIPHO M Macca MepeHOCHMOM
BT MOXKET cocTaBisATh 4,85 Mt [McTainsh et al., 2004]. Ha ceromusiuiHuii 1eHs HAM H3BECTHA
Tonbko oaHa pabora [De Deckker et al, 2008], B koTOpol m3ydeHa CTPyKTypa MHUKPOOHOTO
co00IIIecTBa Ha MPUMEpE MEPEHOCA MBLIN U3 CEMUAPUAHON 00JIaCTH B OKPECTHOCTAX peku JlapiuHr
B KanOeppy. AHanu3 HEKyJIbTHBHPYEMOTO MUKPOOHOTO COOOIIECTBA MOKa3all, YTO OOJIbIIAS YacTh
KJIOHOB mpuHamiiexana Proteobacteria (25%), Bacteriodetes (23%), u Firmicutes (23%) [De

Deckker et al., 2008].

1.4.8 MukpoOHasi KOJIOHU3AIHS

[leproanyeckuii MEpeHOC MOYBEHHOW TBIIH MPEICTABISAET OO0 BaXKHBIH MyTh B OCBOCHHHU
MHUKPOOpPTaHU3MaMH OTAAJCHHBIX MecTooOWTaHWid. MHOTHE aBTOPBI MPEIOJaraloT, YTO
MHUKPOOPTaHU3MBI, HACEISIONINE apUIHbIE 00JIACTH SIBISIIOTCS 00Jiee YCTOMYMBBIME K Pa3THIHBIM
IKCTPEMAIBHBIM  (DU3UKO-XUMHUECKUM (aKTopam |, CJEJOBATEIbHO, 00JIafaloT OOJIBIIUM
NPEUMYIIECTBOM ISl PACCEICHHS M OKKYTAllUH HOBBIX ‘‘DKCTPEMANIBHBIX JKOJOTHYECKHX HUII
[cm., Hanmpumep, Flechtner, 1999; Gonzalez-Toril et al., 2009]. Takum oOpaszom, BpOXKICHHAS
CHOCOOHOCTh MHUKPOOPTAaHW3MOB K BBDKHUBAHHMIO B HEOJIATONPHUSTHBIX YCIOBHAX OMNPEIENseT UX
3aXBaTHUYECKHI MOTEHLIMAJ PpY UHTPOAYKIMH B HOBoe MecTooouTanue [Isard et al., 2005]. Kpome
TOTO, B Pa3JIMYHBIX y4aCTKaX MPOCTPAHCTBA MOYKET CO3/aBATHCS CXOIHAs COBOKYITHOCThH YCJIOBUH,
MOATOMY OJ[HH M T€ ’K€ BU/IBI MOTYT CYIIECTBOBATh B Pa3JIMUHBIX MecTooOuTanusx [Herpycos u ap.,
2004]. O6beauHEHNE CIIOCOOHOCTEN K PACCENCHUIO M pa3Mep MOIMYJISAIMA TaKCOHA OMPEICISIOT

CKOPOCTb KOJIOHM3allMK MM HOBBIX W OTHAAJICHHBIX MmecrooOuTtanuii. B to BpCMA KaK OJIHU BUABI
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0o0JafaloT coveTaHHeM YepT, IMO3BOJIOIIMX UM KOJOHH3HPOBaTh HOBBIE TEPPUTOPHU B
rnoOanbHOM Maciitabe (TeHepalHCThl, Hampumep, Buabl poja Bacillus), apyrue Moryr
pacmpoCTpaHATHCS TOJBKO Ha KOPOTKHE AMCTAHIMUM M HMMEIOT Y3KYI0 SKOJIOTMYECKYIO HHIITY
(y3Kocnenuanau3upoBaHHbIe BUbI, Harpumep, Sulfolobus) [Martiny et al., 2006; Herpycos u ap.,
2004].

CoryiacHO  BBHIIICTIPUBEJICHHBIM ~ JIUTEPATYPHBIM  JTaHHBIM  CJICJICTBUEM “‘MHTPOJYKIMU
MHUKPOOPTaHU3MOB ¢ MbUIbI0 Caxapbl MOTYT OBITh M3MEHEHHS B CTPYKTYpE PE3UACHTHOTO WU
ABTOXTOHHOTO cooOmecTBa. Hampumep, ciopooOpa3syromiye BUIbI, Takue Kak Bacillus sp. iMer0T
0oJblIIe IIAHCOB, YEM APYTrHe IpaMOTpHLATENbHbIe 0AKTepHU, BBDKUTh B YCIOBUSAX UIUTEIHHOTO
nepeHoca B atMocepe u, Kak CIeICTBUE, Yallle BCero, 00HapyKHBAIOTCsA B 00pa3ax OCaKICHHOU
nousenno meutn [Kellog et al., 2004; Prospero et al., 2005; Polymenakou et al., 2008; Griffin et al.,
2001, 2003, 2006]. Takum oOpa3oM, CIIOCOOHOCTh K KOJOHHM3AIMU WJIM 3aXBaTy HOBBIX
MecTooOuTaHui OyIeT BapbUpOBaTh OT BUJA K BUILY, €CIIM 1aXKe He oT mramma K mrammy [Kellogg,
& Griffin, 2006]. Cuuraercs, 4TO MHKPOOPTAHH3MBI SIBISIOTCS KOCMOIIOJUTAMHU TIO SKOJOTO-
reorpaUuecKOMy  paclpeeNieHHI0  BCIEACTBME  OOMIMPHOTO  pasMepa  MOIYJISIIHA,
MHUKPOCKOIIMYECKHX pa3MepoB, pa3zHooOpas3usi M THOKOCTH MeTadoiM3Ma U yCTOHYHMBOCTH K
HeOmaronpuaTHeM  ¢akropam cpensl  [[lureBmu, 2007]. OnpHako, TOT WM WHOW BHJ
MHUKPOOpPTaHU3Ma, JKUBYIIMH B JaHHOM MECTOOOWTaHWH, SBISETCS (YHKIHEH H30MpaTeNbHBIX
CBOWCTB Cpe/Ibl, BKJIIOYasi 0COOCHHOCTH IIE€JIOBOTO MUKPOOHOTO COOOIIECTBA, KOTOPast, KOHEUHO Ke,
MMEET UCTOPHIO U caMa 10 ce0e U3MEHUMBA B OOJIBLIEH WM MEHBILEH Mepe.

Ha ¢one BbImmeckazaHHOTO (HOPMYIHUPYIOTCS HEHTPAJIbHBIE BOMPOCH OHOTEOTpadUIeCcKOM
MOJIeTH, KOTOpBIE TaKKe MOTYT OBITh NPUMEHEHBI K PACHpPOCTPAHEHHIO MHUKPOOPTaHU3MOB C
MIOMOIIIBIO TIBUTEHBIX OYypb:

- SBIISIIOTCSL I MHUKPOOHBIE BHIBI TeOTpadUuecKd OrpaHMYCHHBIMHU W, €CIH J1a, TO KaKUM
00pazom;

- Kakue (aKTOpbl KOHTPOIHMPYIOT PACTIPOCTPaHEHHE MUKPOOPTaHU3MOB;

- TJIe HAXOUTCS TPaHMIIA aIATHBHBIX BO3MOKHOCTEH MUKPOOPTaHU3MOB;

- YYHUTBIBAsE HCTOPUUYECKYIO JUTUTEIFHOCTH MPOIIEcca MEePeHOCca NMBIIH B OT/IAJICHHBIC PETHOHBI,
MOJKHO JIM pa3JIMYUTh aBTOXTOHHBIEC U aJUIOXTOHHBIE COOOIIECTBA;

- Kakue MeToAbl (TeHeTHYEeCKHe, MOJICKYJSIPHbIE WM OWOXHWMHYECKHE) Jyd4Ile BCEeTO
UCTIONIB30BaTh  JUISL  ONpEACNeHWs  OWoreorpauyecKux  pas3induid,  0OYCJIOBJICHHBIX
pacmnpocTpaHEeHHEM MHKPOOPTaHU3MOB C TOMOIIBI0 MOYBEHHOW mhuIM [Martiny et al., 2006;
Kellogg, & Griffin, 2006]?

[To muennto Ramette u Tiedje [2007] myumiee pemieHne MOXET OBITh HAWACHO C MOMOIIBIO

METOJ0B MOHGKynﬂpHOﬁ (i)I/IJ'IOFCHeTI/IKI/I, HHTCTPUPOBAHHBIX CO CTAaTUCTUYCCKUMHU MOJCTIAMHA
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NpOCTPaHCTBEHHOTO pacnpenenenus BunoB [Liebhold & Gurevitch, 2002]. I[IpenBapurenbHbIii
0030p MOKa3bIBaeT, YTO NPUMEHEHUE MPOCTPAHCTBEHHOTO MacmiTaba B MHKPOOHOW 3KOJIOTHUU
MOeET OBITh HaWJACHO B IIEJIOM psae padOT M, YacTo, UMEET IMEePBOCTEIEHHOE 3HAYCHUE B

dbopMHpOBaHUK BUAOBOTO pa3HOOOpasms MHKpOOHBIX cooOmiecTB [Prosser et al, 2007; Horner-

Devine et al., 2004; Reche et al., 2005].

1.4.9 HeraTtuBHbIe MOCIEICTBUS MEPEHOCA MBLUIX IJIsI 3J0POBbs YEJIOBEKA U SKOCUCTEMBI

[IebHBIE OypM HMMEIOT MHOXECTBO OTPHUIATENBHBIX IOCIEACTBUN sl YeloBeKa H
skocucteMbl. Camu 1o cede, 4acTULbl NbUIM MpHU pazMepe <10 MKM MOTYT IPOHHUKATh B JIETKHE, a
npu pasMepe <2,5 MKM — B TJyOOKHE TKAaHM JIETKHX M CyOd’IHTENHaIbHOE MPOCTPAHCTBO
neixatenbHeIx myTei [Griffin, 2007a). B uenom psige paboT, HCClieIOBAaBUIMX POJIb MBUTBHBIX OYPb,
MOKA3aHO HAJIIMYHME ACCOIMHUPOBAHHBIX C TMBUIBIO 3a00JIEBAaHUM, TAKUX KaK acTMa, ajuleprUuecKue
peakuuu u eroyHslid (pudpo3 [cM., Hanpumep, Chang et al., 2006; Kwon et al., 2002; Norboo et al.,
1991; Park et al., 2005]. U3BecTHO, uTO pernoHsl bmmmkHero Bocroka m KapuOckux ocTpoBOB,
MOJIBEPKEHHBIE PETYJSPHBIM TBUIBHBIM OypsiM, UMEIOT OJMH M3 HauOoJiee BBICOKHX HHIEKCOB
peructpanmu actMbl Ha ra”ete [Griffin, 2007a; Griffin & Kellogg, 2004]. B pa6ote [Gyan et al.,
2005] moka3aHa cBA3b MEXIY NepeHocoM Mbuti Caxapbl M yBEIUYEHUEM CIIy4yaeB JETCKOW acTMbI
Ha 0. Tpuaunan B Kapubckom mMope.

K anneprenam, yacto accolMUpOBaHHBIM C NbUIBHBIMU OypsIMH, OTHOCSTCSI CIIOpbI I'pHOOB,
IBUTBIA PACTEHHH, aHTPOIIOTEHHBIE BRIOPOCHI M opranndeckuii nerput [Kwaasi, 2003; Ichinose et
al., 2006; Ezeamuzie et al., 2000]. Holmes u Miller [2004] noxcuurtanu, yto ~20% OTI0KCHHIA
aTMOC(EPHOTO MbIIIbsIKA B 10ro-BocTouHbIX mTarax CIIA umeroT appukaHCKOe MPOUCXO0XKICHUE.
B meutn Caxapsbl, ocaxaeHHOW B pe3yJsibTare, TaK Ha3bIBAEMOTO, “KpacHOro moxas” B I'penuu B
ampesie 2000 1., 6pUTM OOHAPYKEHBI PAAHMOAKTUBHBIC YACTHUIBI YEPHOOBUIBLCKOTO MPOUCXOKIACHUS
Takue Kak 1e3uid-137 [Papastefanou et al, 2001]. Kpome mpucyTCcTBHS TOKCHUHBIX METAJJIOB,
NIePEHOC MBUTH MOKET CTUMYJIMPOBATh Pa3BUTHE TOKCUYHBIX BOJOPOCIEH B IPUOPEKHBIX 00TACTSX,
NPUBOJS K SBJICHHIO “KpacHbIX mpmwimBoB” [Walsh et al., 2001].

Obnaka THUIM MOTYT COJEpKAaTh BBICOKHE KOHICHTPAIMM OPTaHWYECKHUX BEIIECTB
PACTUTENBHOIO MPOUCXOXKIECHUSI U COOMpPATh JOMOJIHUTEIbHBIA “OMOJIOTHYECKUI Tpy3” MO XOdy
CBOETro NepeMeleHrs. Y CUICHHE OTPHULaTeIbHOro 3P peKTa Ha yeIoBeKa MOXKET MIPOUCXOIUTH IpU
NepeHOCce Pa3IMIHBIX MUKPOOPTAaHU3MOB M MX CIIOpP, BBICTYTAIONINX B POJIM YCIOBHBIX MATOTEHOB.
Kpome Toro, mnpou3BomHble MeTa0OJM3Ma MHKPOOPTAHM3MOB, TaKHEe KaK JHIOTOKCHHBI
(Jrnononucaxapubl KJIETOYHOM CTEHKU I'paMOTPHULIATENIbHBIX OaKTepHil) © MUKOTOKCHHBI TpUOOB

MOTYT BBI3BIBATh JibIXaTelbHble cria3Mbl [ Braun-Fahrlander et al., 2002].
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N3BecTHO, 4TO BCIBIIIKM MEHHHTOKOKKOBOH HH(peKImu (Bo30yautens Neisseria meningitidis),
BCTpEYAIOIINECS B TMpejesiaX ‘‘MEHHMHIOKOKKOBOTO mosica” CeBepHoll Adpuku, KOppenupyer c
4acTOTON TBUIBHBIX Oyph ¢ deBpans mo maii [Griffin, 2007a]. AHanu3 DaHHBIX JTUTEPATYPHI
CBHUJICTEJILCTBYET O TOM, YTO B TMOJABIISAIONIEM OOJBIIMHCTBE PabOT, B KOTOPBIX HCCIEAOBAIOCH
MHUKpOOHOe pa3HooOpaszue mbutd Caxapbl, OOHApYKMBAJIUCh KaK YCIOBHO-TIATOTCHHBIC BHJIBI
OakTepwii, TAK U HETIOCPEICTBEHHBIC BO30YIUTEIN PA3IMIHBIX 3a00JeBaHUN (CM. MPUIOKEHHUE 2).
[TokazaHo, 4yTO cpeau Bcex OOHapyKEeHHBIX BHIOB, oT 10 10 27% MOIyT COCTaBIATH YCJIOBHO-
natoreHHbie Mukpoopraamsmsl [Griffin et al., 2001; Kellogg et al., 2004]. Kpome Toro, wacto cpeau
OaxTepuii, 0OHapy>keHHbIX B MbUM Caxapsl, HISHTUUIMPYIOT BO30yauTeIel O0Ie3HeN )KUBOTHBIX
u pacrenwuii [Griffin, 2007a].

BosgeiictBue mpumm Caxapbsl Ha HKOCHCTEMY pAcCIpOCTPAHSETCs TaK JalieKo, KakK JIajeKo
MOJKeT OBITh TepeneceHa mplib: 10 CeBepHoit EBpormsl [Franzen et al. 1994], Amazonun [Swap et al.
1992] u Kapubckoro mopst [cMm., Hanpumep, Griffin et al., 2001, 2003]. IlaryOHOe BO3mEHCTBUE
nepeHoca MUKPOOPTAaHU3MOB ¢ MbUIbI0 Caxaphl HAa HIKOCHCTEMY MOKa3aHO Ha MPUMEpe KOPaJIOBBIX
pucdoB. IlosBienue 3abonieBaHusi W THOeIM KopauioB B KapuOckoM Mope M0 TpHYUHE
acrepruwui€3a CBsA3aHO C MPUCYTCTBUEM BO30yauTes Aspergillus sydowii B IbUIH, IEPEHOCUMON 13
Cesepaoit Adppuku [Shinn et al., 2000; Garrison et al., 2003; Weir-Brush et al., 2004]. Crour
TaKKe OTMETHTh, YTO, B CBSI3M C POCTOM HCIOJB30BaHUs TeHHOMOIUHUIMpoBaHHbIX (I'M)
pacTeHui, YyBEJIMYMBACTCS PUCK pacnpocTpaneHuss ['M-mbuUibllbl ¢ OOJakaMu TMBUIM  HA
3HauuTeNbHbIe paccrosiHus [McTainsh et al., 2007]. [TocieacTBUsl TaKOTO MEPEHOCA TIOKA TPYIHO
npejcKa3aTh, HO, OYEBHIHO, YTO, Onarofapsi JaTepajbHOMY IEPEHOCY T€HOB, B OyAyIleM, OHH

MOTYT BHECTH H3MEHEHUS B IPUPOIHBINA JaHAIA(T.

1.5 Mukpo6Hoe pa3HOOOpa3re NOUYBEHHOTO OKpoBa MmycThiHU Caxapa

Jlis Oonee TMOJIHOM MHTEpPHpPETALUU JIaHHBIX, IOJYYEHHBIX IPU aHAJIW3€ MHKPOOHOTO
pa3HooOpa3uss NOYBEHHOW MbUIM IYCTbIHb, OCAXKIEHHOM TJe-IM00 BHE CBOErO0 HCTOYHUKA,
HE00X0MMO, B TIEPBYIO OYepellb, 3HATh COCTaB MUKPOQIIOPHI caMOl MOUBBI, OTKYa MPOUCXOIUT
nblIb. [Ipuposa crpeccoBbX (akTOpoB aTMOC(Epbl U MyCTHIHU BO MHOTOM CXO’Ka U BKJIIOYAeT B
ce0st Takue BUBI CTpecca Kak BhICYIIMBAaHUE, pe3kue KojeOaHus temneparypsl, YD uziayueHue u
HU3KOE coJiepkaHne opranndeckoro yriepoaa [Griffin, 2007a].

[TycThiHM XapakTepU3yOTCS MPAKTUIECKU MOJTHBIM OTCYTCTBHEM CBOOOTHOM BOABI (X250 MM
OCQJIKOB B T'OJ1) U MOTYT OBITh KaK dKCTPEMAJILHO JKApKUMU, TaK U X0JoHbIMH [ Torsvik & vreas,
2008]. K nanboisiee 3KCTpeMalbHBIM IyCTBIHAM OTHOCSTCA mycThiHU Pocca n Cyxue JlonuHbl B

AntapkTune, Atakama B Ywmmm w  neHtpanbHas Caxapa [Torsvik & @vreds, 2008].
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KusHenesTenbHOCTh MUKPOOPTaHU3MOB apHUJIHBIX TI0YB, TJaBHBIM 00pa3oM, 3aBHCUT OT TaKUX
(GakTOpOB Kak BIAXKHOCTb, TEMIIEpaTypa, M JOCTYHNHOCTb OpPraHMYecKoro yriepoaa. M3 Hux
JOCTYIIHOCTb BOJBI  SIBIISIETCSI OCHOBHBIM JIMMUTHPYIOIIMX (PAKTOPOM, KOHTPOIUPYIOIIUM
MUKpPOOHOE pa3sHooOpasue, CTPYKTypy COOOIIECTBa M MeTabOIMYeCKy0 akTUBHOCTH [Bhatnagar &
Bhatnagar, 2005]. YucneHHOCTh a3pOoOHBIX OakTepuil B MOYBaxX MycThIHb BapbupyeT oT <10 (0 — B
BEPXHHUX CJIOSIX MOYBBI OT/IENIBHBIX pailonoB Atakambl) [Maier et al., 2004; Navarro-Gonzalez et al.,
2003] mo 1,6 x 10" xw/r [Skujing, 1984]. JlanHble 0 uncIeHHOCTH GakTepmii B mouBe Caxapsl
OTCYTCTBYIOT, OJIHAKO, B Ipecaxapckux necuanblx groHax TatymHa (FOxwueiii TyHuc) ona
cocrapmser 10° i/t noussl [Chanal et al., 2006]. B paGote [Benzerara et al., 2006] 4ncieHHOCT
OaKkTepuii, HACEIAIOMNX METEOPUT, MPOJICKABIINN OoJiee CeMUIECATH JIET B MyCThiHE TaryuHa,
cocrasma 2 x 10° k1/T ouBEI.

OCHOBHOI CTpaTerneil BBDKMBAHMS B YCIOBHAX IMYCTBIHU CITy)KUT 0Opa3oBaHHE Pa3IMYHBIX
(GopM Mepe)UBAIOIUX KIETOK (CHOp, KOHUAMHA, IHCT). VIMEHHO MOATOMY TpaMIIOJIOKUTEIbHBIC
crnopooOpasyromue OaKTepuH, Kak TMpaBWIO, SBISIOTCS JOMHHUPYIOUIMM KOMITOHEHTOM
MUKpPOOHOTO coobmiecTBa apuanHbix mous [Torsvik & Ovreds, 2008; Barak et al., 2005]. Kpome
TOTO, TpeAcTaBuTeNU Actinomycetales MoryT coctaBisaTh 10 50% oT oOmieit OakTepuaibHOM
NOMYJISIUK TIOYBBI MycThIHb [Bhatnagar & Bhatnagar, 2005]. 13 mouBsl TyHuca ObIITH BBIACTICHBI
KYJIBTYPBl CHMOMOTHYECKUX OakTepuit ponoB Ensifer, Rhizobium w Phyllobacterium [Romdhane et
al., 2006; Mahdhi et al., 2007]. C nenpt0 W3y4eHUS HOBBIX AHTUMUKPOOHBIX M aHTHUTPUOKOBBIX
BEIIECTB M3 TOYBH AJpkupckod Caxapsl ObUIM  BBIJEIEHBI MPEICTABUTEIHM  IMOPSAKA
Actinomycetales: mitamm Nonomuraea sp. NM94 [Badji et al., 2007], murammbr Streptosporangium
Sg 10 u Sg3 [Boudjella et al., 2006, 2007] u wtamm Saccharothrix algeriensis SA 233T [Zitouni et
al., 2004]. Kpome Toro, B pabote [Zitouni et al., 2005] u3 nBagumaTk TATH OOPA3IOB TOYB
Amxupckoit Caxapbl B KyJbTypbl ObUIO BBIJIEJIEHO BOCEMBJECST LIECTh MPEACTABUTEIEH pOJOB
Nocardiopsis w Saccharothrix.

OnHMM U3 UCTOYHHUKOB 3ap0’KJI€HUs MBLUIBHBIX Oyphb B Caxape sIBJIsI€TCS pailoH COJIEBBIX 03€p
Oxnoro Tynwuca, Ha3piBaeMblii MecTHBIME xutessiMu LlloTre [Stivaletta & Barbieri, 2009; Jilbert
et al., 2010]. bakrepuasibHOE pazHOOOpa3me 3TOr0 PETHOHA, M3YYEHHOE Ha TpUMEpe o3epa DIib-
l'onea [Hacene et al, 2004], mpencraBieHo B OCHOBHOM poaamu Vibrio, Pseudomonas,
Staphylococcus, Pasteurella, a Ttaxxe Streptococcus W OaKTepHsIMU €3  CEMEICTBa
Enterobacteriaceae (pona Salmonella, Shigella v Escherichia). Kpome TOTO B KyJBTYpbI BBIJICICHO
ISTHAECST JiBa TaJIOTOJIEPAHTHBIX NPEACTaBUTENS JOMeHa Archaea w3 cemeiictBa Halobacteriaceae
[Hacene et al., 2004].

YCTOWYMBOCTh K BBICYIIMBAHHIO y MHKPOOPTaHU3MOB, HACEIIONIUX ITyCTHIHH, YacToO

KOppelIupyeT ¢ aganTaisMH K JIPYTHM BHJAaM CTPECca: MOBBIIMICHHOW COJICHOCTH, HH3KOM
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KOHIICHTpAIMU THUTaTeNbHBIX BemecTB u Y@ wm3nyuennto [Torsvik & Ovreds, 2008]. Tak, aBa
YCTOWYUBBIX K paguarmu mramma, Deinococcus deserti VCD115T u VCD117, 6putn BeIIETICHBI B
KyJBTYpY nociie raMMa-o0urydenust B 15 I'p cmecu o6pasioB noussl Caxapsl u3 Mapokko u Tynuca
[De Groot et al., 2005]. M3 nouBsl nmycteinu Tataynna (FOxueiit Tynuc) Beigenenst 31 mramw,
oTHOcsimuecst K Actinobacteria, Proteobacteria, Firmicutes wn tpynne Cytophaga-Flexibacter-
Bacteroides (CFB) [Chanal et al., 2006]. Ananu3 HEKyJIbTUBHPYEMOTO pPa3sHOOOpasusi IyTeM
kioHupoBanus reHoB 16S pPHK mokazan npucyrctBue 11 GakTepuaibHBIX pa3esioB, U3 KOTOPHIX
JOMHUHUPOBANIU TpeacTaButenu Proteobacteria, Actinobacteria w Acidobacteria, a Takxe
HeTrepMo(mibHOM Tpymmbl apxeit — Crenarcheota. Tlocne obGmyudenust oOpasmoB mouBsl 15 I'p
raMMma-u3IydeHus: HaOMomamy TONBKO OakTepui, poOACTBEHHBIX Firmicutes (Bacillus),
Deinococcus-Thermus n Alphaproteobacteria [Chanal et al., 2006].

AHanm3 MHKpOOHOTO COOOIIECTBa METEOpHTa W3 IMYCTHIHM TaTyMHa TIO JaHHBIM
cexBeHnpoBanus reroB 16S pPHK nokasai, 4to G0JIBIIMHCTBO MUKPOOPTAaHU3MOB OBLITH CXOJIHBI C
obHapyxeHHbIMH paHee B mouBe mycteiHM [Chanal et al, 2006], mpu 3TOM IOMUHHPOBAIH

npencrasutes CFB, Cyanobacteria n Alphaproteobacteria [Benzerara et al., 2006].

1.6 CraTucTHdaeckue METOIbI aHAIM3a B OTICHKE OMOPa3HOOOpa3uss MUKPOOHBIX COOOIIECTB

Buonorunueckoe paznooOpasue i OMopa3HOOOpazue — 3TO COBOKYIHOCTH Pa3HBIX BHIIOB
OpraHnu3MOB, MPUCYTCBYIOLINX B BUE COOOINECTBA B JIAaHHOM OOpasile WM 3aCEIIONNX TaHHYIO
skoHMIIy. KimoueBbIM BOIPOCOM  OOJIBIIMHCTBA JKOJOTHYECKUX HCCICAOBAHUM  SIBISETCS
JOKYMEHTHPOBAaHHE M CpaBHCHHE pPAa3HOKAYECTBEHHOCTH, pa3HOOOpasust cooOmiecTs B
okpyxatomeit cpene [Hughes & Bohannan, 2004; Tepemenko u ap., 1994]. OcnHoBHbIe
XapaKTEPUCTUKU TOHITHS “OMOpasHO00pa3us’™: gudosoe 60camcmeo W 6blpAGHEHHOCHb OOWMIUS
Bu0B. Ilog mepBeIM moHMMaeTcs aMOO0 00Iee YMCIO BHUIOB, JTMOO OTHOIICHHE YHCIa BHIOB K
obmeMy uwmciy ocoOei, tiom@aan (B Ha3eMHBIX SKOCHCTeMax) WM oObema (B BOJHBIX
skocucrteMax) [3amemyxuH, 2003]. BbIpaBHEHHOCTBIO K€ Ha3bIBAIOT PaBHOMEPHOCTh
pacnpeieneHus BUIOB 10 X 0Omnio B coobmiectse [I'eorpadust © MOHUTOPHHT OHOpa3HOOOpasus,
2002]. Ha »Tux mokasarensx, 4dalle BCEro, OCHOBaH pPaccyeT pPa3IUYHbIX HHIEKCOB,
XapaKTepU3YIOLUX CTPYKTYpy COOOILECTB M IMO3BOJISIOUIMX, TaKUM 00pa3oM, Haubosiee IOJHO
CpaBHUTH UX MEXIy coboi [Tepemenko u ap., 1994].

Hecmotpss Ha TO, 4TO Teopus OLICHKH OWOpa3sHOOOpasus ObUTAa OCHOBaHA Ha TPHUMEpE
MaKpOOPTaHW3MOB, JUII KOTOPBIX CYIIECTBYET ONPEACICHHOE TNOHSATHE BHJA, OHA, TaKXKe,
MO3BOJIIET TPOBOJIUTH OILIGHKY BHIOBOTO OorarcBa cooOmiecTB MukpoopranusMoB [Hughes &

Bohannan, 2004]. Tak, B ciiydae MUKpOOHOTO pa3HOOOpa3us MOJIB3YIOTCS MOHATUAME ““prmoTuna’
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(korza BUJ OMpEeNseTcsl MO CXOJCTBY 3BOJIIOIMOHHO-KOHCEPBATUBHBIX I'€HOB, K mpumepy, 16S
pPHK — >97% cxonctBa [Stackebrandt & Goebel, 1994]) unu “oneparMOHHBIX TAKCOHOMHYECKHUX
equaUI]’ (operational taxonomic units — OTUs).

JIyist o1ieHKM MHKPOOHOTO pa3zHo00pa3usi UCTIONB3YIOT TPH MOAXoa: 1) paccyer HHACKCOB; 2)
MOCTPOCHHUE KPUBBIX OTHOCUTEIILHOTO OOWIIHS WJIM JOMHUHUPOBAHUS-pa3HO00pasus; 3) mocTpoeHHe
MOJIeNICH pacpeesieHus] BUIOBOTO o0mmms. B paboTax, MOCBSIIEHHBIX H3MEPESHUIO Pa3HOOOpasus
MHUKPOOHBIX COOOIIECTB, HCIOJIB3YIOTCS MHOTOYHUCICHHBIE MHAEKCHI, W3 KOTOPBIX CaMbIM
nonynsipHeIM  sBisiercs: unaekc lllennona-Yusepa [Hill et al.,, 2003]. JdaunHblii uHAEKC OBLI
3aMMCTBOBAH U3 TEOPHH WH(POPMAIIMKA M OTHOCUTCS K TPYIIIIEe MHAEKCOB HEOTHOPOJAHOCTH, TaK KaK
OH YYHUTBHIBaeT, OJHOBPEMEHHO, M BBIPAaBHEHHOCTh M BHAOBoe OorarctBo [[eorpadus u
MOHHUTOPUHT OuopazHooOpasusi, 2002]. Uuaekc lllenHoHa-YuBepa paccuuThiBaeTcs mo Gopmyie:

N

H'=-) pilnpi,

i=l

i€ pi — 0JIs1 KJIOHOB i—TOTO (PUJIOTHIA; § — O0IIee YnUCIIo (PUIOTUIIOB B OMOIMOTEKE KIIOHOB.

Paccuersr unnexca llleHHoHa-YwuBepa mnpeamnosiaraioT, 4To ocoOu (KJIOHBI) TMOMNAJaloT B
BBIOOPKY CIyyallHO U3 ‘‘HEonpeAeNeHHO OOJblIoi~ TIeHepalbHOM COBOKYNHOCTH, HpHYEM B
BHIOOpKE TpEACTaBJICHBl BCE BUJABI T'€HEPAJIbHOW COBOKymHOCTH [['eorpadus ¥ MOHHUTOPUHT
6uopasznoobpaszus, 2002]. MHaekc NOJOKUTEIbHO KOPPEIUPYET C YHUCIOM U BBIPAaBHEHHOCTHIO
BUJIOB B MOMYJIIIIMY, TaK YTO KKl HOBBIA (DMIIOTUII MOBHIIIAET 3HaYeHne nHaekca [Hughes &
Bohannan, 2004]. [IpuunHbl 01IMOOK U TPYAHOCTH CBSI3aHHBIE C UCIIOJIB30BAaHUEM 3TOTO MHJEKCA
3aKIIIOYAIOTCS B TOM, YTO HEBO3MOJKHO BKJIIOUUTH B BHIOOPKY BCE BHJBI PEAJBHOTO COOOIIECTBA
(T.e. MOKPBITH BCE pazHOOOpa3ue cooduiecTBa OUOINOTEKON KIIOHOB) U CJIOKHO MHTEPIIPETUPOBATH
3HAYECHUS] MHJEKCA ISl pa3HbIX cooOmecTB. UToObI n30eXaTh 3aBUCUMOCTH OICHKH HHIEKCA OT
Yycia BUJOB, MPUOETAIOT K HCIIOJG30BAHHUIO TIOKA3aTeNsl BHIPABHEHHOCTH, PAaCCYUTHIBAEMOTO Ha
ocHoBe mHzaekca lllenHona-Yusepa. Kpome Toro mMeHee 4yBCTBUTEIBHBIMU K pa3Mepy BBIOOpPKH
CUMTAIOTCS WHACKCH JoMuHupoBanusi Cumncona u beprepa-lIlapkepa [Hill et al, 2003].
[Tocnennee Bpems, HapaBHE ¢ uHAeKcoM llleHHOHa-YuBepa, B oLeHKe pa3HOOOpa3usi MUKPOOHBIX
COOOIIECTB YaCcTO HCHOJB3YIOT MHIEKC BUaoBoTO OorarctBa Yao 1 [Chao, 1984]. Munekc Yao 1
NpeJrnoiaraeT, YTo pelKkue BUABI HECYT OCHOBHYIO HH()OPMAIMIO O YHUCIE “OTCYyTCTBYIOMIHX
BUJIOB, TIOTOMY IIPH PAacCYeTe HCIOJB3YIOTCS TOJBKO €IUHUYHBIC WM JBAXKIBI BCTPEUYCHHBIC

BB Pacuer nmpoBoauTes cornacHo Gopmye:
2
n,
Schaot = Sobs + —— 5
n,

rac Sobs — YHCJIO Ha6ﬂ}0)1aeme BHUIOB, N1 — YHUCJIO €AWMHUYHBIX BUJIOB U Ny - YHUCJIO BUAOB

BcTpeueHHbIX nBaxnbl [Chao, 1984]. Muaexkc Yao 1 ocoOeHHO ycmemHO NpUMEHHM B Clydae
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COOOILECTB CO CMEIIEHHEM B CTOPOHY KJIACCOB HHU3KOTO OOWJIMSA, YTO YaCTO AaKTyalbHO JJIs
MHUKpOOHBIX cooOmiecTB. OnHako, Npu MaloM o0O0beMe BBIOOPKH, HHAEKC 3HAYUTEIbHO
HEIOOIICHUBAET pealibHOoe BUI0BOe OorarcTBo coobmiectBa [Colwell & Coddington, 1994; Hughes
etal., 2001].

Ha ceronusininuii 1eHp, B CBS3U C MIMPOKUM MIPUMEHEHHEM MOJIEKYJIIPHOTO KIIOHUPOBAHUS U
CEKBEHMPOBAHMUS K M3YUYCHUIO MHUKPOOHBIX COOOILECTB, OCHOBHOM MpoOIeMOi sABisieTcs mpobdiiema
penpe3eHTaTUBHOCTH BBIOOpKH. HecMOTpst Ha TO, UTO OLIEHKA peabHOrO pa3HOO0pasus MPOKAPHOT
B mpupojie ocraerca npenmerom nonemuku [Hughes et al., 2001; Curtis et al., 2002; Schloss &
Handelsman, 2004; Kemp & Aller, 2004], cymecTByeT psiJ MOAXOA0B, MO3BOJSIONINX TOTYYUTh
HEKOTOPBIE MPEJCTABICHUS O JTOCTATOYHOCTHU BBHIOOPKM JUI OLIEHKH PA3HOOOpPa3ust KOHKPETHOTO
coobmectBa. C 3TOW LENBI0O MHOTHE aBTOPHI HCIOJIB3YIOT KpUBBIE cOOpa WM, WHA4Ye, KPUBBIC
3aBHCUMOCTH MAaTeMaTHYE€CKOTO OXKMJAaHUS KOJIMYecTBAa (DMIIOTHIIOB B CIIydyailHOH BBIOOpKE U3
OubroTekn OT pasmepa IToW BbIOOpKHW [cM. Hampumep, Stach et al., 2003; Curtis et al., 2006;
Yergeau et al., 2007; Soo et al., 2009]. Cuuraercs, 4TO BBIXOJ KpPHUBOW Ha IUIATO SIBISETCS
UHIUKATOPOM JIOCTaTOYHOCTH BBIOOpKH. O/THAKO, B CBS3H CO 3HAUHMTEJIHHBIM PA3JIMUYUEM BHUIOBOTO
OorarcTBa MPHUPOJHBIX COOOIIECTB, OMPENCIUTh HCXOJHBIA pa3Mep BBIOOPKH TMPAKTHYECKH
HEBO3MOXHO. Tak, B Cllydyae MOYBHI JOKICBBIX JIECOB AMAa30HKH, HCCIEIOBATEISIMH OBLIO
oToOpaHo 98 HykJIeoTHIHBIX mocieaoBarenbHocTedl reHoB 16S pPHK, u3 xoTopsix TONBKO N1BE
napbl MOCJIEIOBATEILHOCTEM OKa3aJIMCh CXOXHU Mexay coboil. I[lpeamonaraercs, 4To, B cpeaHeM,
JUIs OLEHKU BUAOBOro OorarctBa HoyB HeoOxoaumMo otodparh okosno 10000 HyKI€OTHIHBIX
nocienosarensHocTeil [Schloss & Handelsman, 2004]. HecMoTps Ha 3TO, MpUMEHEHHE KPUBBIX
cObopa TO3BOJSET TONYYUTHh TOJE3HYI0 HH(POPMAIMIO O CTEIEHH pPa3HOOOpasus MNpPUPOTHBIX
cooOLIeCTB M JaeT BO3MOXKHOCTb HX CpaBHEHUs MexIy co0oil. Pa3Buthe TexHoJIOTHI
CEKBEHHPOBAHUS U METAar€HOMHBIN TOAXOJ, MMO-BUAMMOMY, MO3BOJIT PEIIAThH MPOoOJIeMy pa3mepa
BBIOOpKH B Orpkaiimem Oy ryiiem Juist OOJIBIIMHCTBA HKOJIOTUYECKUX HUILI [HampuMmep, Venter et al.,
2004; Simon et al., 2009]. [To-muenuto amepukanckoro uccienonarens H. [Iqiica, ayis onenku u
JOKYMEHTHPOBaHUS ~ OMOpa3HOOOpasusi  MHUKPOOHBIX  COOOMIECTB  KaXIOW  BO3MOXKHOM
HKOJIOTUYECKOW HUIU HEOOXOAUMO M3Y4YHTh, MO KpahHed mepe, 1000 kIoHOB Ha COOOIIECTBO
[Pace, 1997].

[TomuMo cpaBHEHHST MHUKPOOHBIX COOOINECTB C HCIOJB30BAHUEM BBIIICH3IIOKEHHBIX
MOJIXO/I0B, OCHOBAHHBIX HAa TEOPUH OIICHKH OMOPa3HO0Opasws, CyIECTBYIOT TAKKE CTATHCTUUCCKUE
METO/IbI, MTO3BOJIIIONINE OICHHUTh, HACKOJIBKO CYIIECTBEHHBIMH SIBISFOTCS PAa3JIMuMs B CTPYKType
IByx uian Oojnee coobmectB. K oguuM M3 mepBbIX W HanboJiee 4acTO HCHOJIB3yEMBIX METOJIOB
otHocuThest LIBSHUFF anamu3 (ot “LIBrary SHUFFling” — neperacoBka O0ubmmorek) [Singleton

etal., 2001]. lanHbIit aHaIM3 OCHOBAH Ha pacueTe MOKPBITHI 6ubaroTek nmo hopmyie Good:
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C=(1-n/N)x 100,

IJIe N — 3TO YMCJIO CIMHUYHBIX KIOHOB, M N - 0o0IIee 4uciio KIoHOB B Oubianoreke [Good,
1953]. [okpeiTHE KaXXAOW OTAETHHONH OMOIMOTEKM HA3BIBAIOT ‘‘TOMOJIOTMYHBIM’, TOTAA Kak JJIst
CpaBHEHHs OMOJIMOTEK PACUMTHIBAIOT “‘TETEPOJIOTUYHOE”, T.€. MOKPHITHE OAHOHN OmbmoTexku (X)
oTHOCcUTENBHO apyroil (Y):

Cxy= (1 - nxy/N) X 100,

IZie Nxy — 3TO YHCJIO KJIOHOB B OnbimoTteke X, KOTOphIe HE TpeACTaBiIeHbl B OnOiInoTeke Y
[Singleton et al., 2004]. Kpome Toro, BO BHUMaHUe MPUHUMACTCS JBOJIONUOHHAs aucTanius (D),
COTJIACHO KOTOPOM OMpPEACSIOT POJCTBO HYKJICOTHUIHBIX MOCIEIOBATEIBHOCTEH MEXIy CcOoO0oM
BHYTPH KaXXKI0H OMOIMOTEKH U MEK Iy co00i. [[OMOTIOTHUHOE ¥ TeTepOTOTUIHOE TIOKPHITHE, TAKUM
00pa3oM, OyayT BapbHpOBaTh B 3aBUCHMOCTH OT 33JaHHON 3BOJIFOLIMOHHOM JUCTAHIIMU, YTO MOXKHO
BBIPA3UTh B BHUJIE COOTBETCTBYIOMMNX KPUBBIX Cx/y 0T D u CxyoT D. CX0ACTBO TOMOJIOTHUHBIX U
TeTePOJMIMYHBIX KPUBBIX OTPAKAET CXOJCTBO OMOIMOTEK MEXIy co00il. B cBOIO ouepenp cTreneHp
pazmuuust 1ByX Oubmmorex (ACxy) MEXIy cOO0OM ONpenessitoT COTJacHO CTaTUCTUYECKOMY TECTY
Kpamepa-Bon Muza [Pettitt, 1982]. Eciin nBe OuOiMMoTEeKH CXOMHBI MEXTy c000, TO 3HaueHne Cx
(D) 6mmko k Cxy (D) Ha Bcex »JBOJIONMOHHBIX JAHCTAHIMIX TOCIE TEPETACOBKU
MIOCJICIOBATEIBHOCTEH B CIIydyallHOM TOPSJIKE, MOposkaas Hebobmoe pasmuane st ACxy [Schloss
et al., 2004]. HackoabKo CYIIECTBEHHBIM SIBIISICTCS pa3lIMdne, IOMOTAeT pacyeT 3HaueHus P:

P=r/(N+1),

e r — 3TO paHr smrupudeckux 3HaueHuil ACxy. Cuwuraercs, 4To JaBE OHOIMOTEKH
CYIIECTBEHHO pa3JIM4aloTCs, KOrJa HauMEHbIIee M3 JIBYX 3HaueHWi P, paccuuTaHHbIX mpH
MOTIAPHOM CpaBHEHHHM OMOIMOTEK, MeHbIe wiu paBHo 0,025 ¢ goctoBepHOCTBHIO 95% (P = 0,05),
YTO Ha3bIBalOT TomnpaBkoil boudepponn [Singleton et al., 2004]. Ilpu yBenudeHWH dYuCIa
CpaBHUBAEMbBIX OMOJMOTEK KpUTHUYECKOE 3HaueHHe P H3MEHseTcss C y4eToM JIaHHOW MOMpaBKU
(Harpumep, i 4eTbipex OubimoTek kputnueckoe 3HadeHue P<0,0043). Ognako uHTEpHpeTaIus
JaHHBIX, NoJTydeHHbIX ¢ noMouibto LIBSHUFF ananusa, 1ommkHa yYUTBIBATH METOJIMKY CO3/IaHHUS
KJIOHOBBIX OMOIMOTEK, mpaimepsl ucnonsdyembie B I[P u mpoTokon mociemHed, METOIUKY
Beieniennss JIHK wm nmpyrme mpounemypbl, KOTOpble MOTYT BapbUpOBaTh JJISI Pa3HBIX 00pasloB
[Singleton et al., 2004].

Ha ceronnsamuuii JeHb B CBSI3M C aKTUBHBIM TPUMEHEHHUEM METOJOB SKOJOTHYECKOU
CTaTHCTUKU IPH OLEHKE MHUKPOOHBIX COOOILECTB, B MHPOBOM JHMTEpaType MOXHO CYIIECTBYET
JIOCTaTOYHO OOJIbIIONW BBIOOpP AaHAIM30B, IO3BOJIIOIIMX CPaBHUTh CTPYKTYPY MHKPOOHBIX
coobmectB [cM. Hanpumep Lozupone et al., 2005; Schloss & Handelsman, 2006]. IloaBoas urorwy,
CJIelyeT OTMETHUTh, YTO BHIOOP TOTO WM MHOTO aHaJlIM3a B OIL[EHKE MUKPOOHOTO pa3HOoOOpa3us Bce

CIIC OCTACTCA Ha paCCMOTPCHUEC UCCIICA0BATCIIA.
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SUMMARY OF THE CHAPTER 2: MATERIALS AND METHODS

Four snow samples with Saharan dust layers dating to 2006, 2008 and 2009 deposition and
one sample of clean snow (with no visible sign of Saharan dust) were collected at Col du Dome,
located at 4250 m a.s.l. close to the MtBI summit (French Alps), during several field trips (Table 1,
Fig. 4). A sample of Saharan dust was collected during a short rain deposition at ~200 m a.s.l. in
the vicinity of the city of Grenoble, France in May 2008. Dust deposited at the same time also
contaminated one of the snow samples described above. Finally, surface soil was collected in March
2008 in the vicinity of oasis Ksar Ghilane, in the Saharan desert, Tunisia, 2000 km away from MtBI
(part 2.1). Samples described above served as the objects of this study (part 2.2).

Due to the expected low biomass in snow samples, all precautions were taken to exclude
possible contaminations. The snow samples were melted at room temperature within the class 10
000 (ISO 7) dust-free room facilities inside a class 100 (ISO 5) laminar flow hood of LGGE
(Grenoble, France) and obtained meltwater was concentrated several thousands times (part 2.3).

Part 2.4 combines all molecular-biological means which was used in this study. The genomic
DNA (gDNA) was extracted using the PowerSoil DNA Isolation Kit according to the
manufacturer’s instructions (MoBio Laboratories) in the class 10 000 (ISO 7) dust-free room
facility (LGGE). The V3-V5 variable region of bacterial 16S rRNA genes was amplified with
bacterial primers 338Fb and Com2-905Rm (a bit modified version of primer com2) as described
previously (Bulat et al., 2004; Lavire et al., 2006). The full-length sequence of bacterial 16S rRNA
genes was amplified with bacterial primers 1492R and w001 using the same cycling protocol as for
the partial gene amplification. Total RNA was extracted using a PowerWater RNA Isolation Kit
(MoBio Laboratories). The RT-PCR reaction was carried out using SuperScript III One-Step RT-
PCR System with Platinum Taq DNA Polymerase (Invitrogen) according to the manufacturer’s
instructions. The RT step involved the same V3-V5 rRNA gene specific primers described above
and was performed at 55 °C for 30 min followed by PCR for 43 cycles at a 53 °C primer annealing
temperature under the same conditions as with gDNA. For both DNA and RNA samples, sham
nucleic acid (NA) extractions and NA-free PCR/RT-PCR were always run in parallel as
contamination controls.

The amplicons were cloned into the TOPO TA cloning vector using chemically competent
TOP10 cells (both Invitrogen). The presence and size of inserts were assessed by PCR using a
vector pCR-4 sequence-based primers flanking insert.

All clones were analyzed by amplified rDNA restriction analysis (ARDRA) using Alul, Hpall

and Haelll restrictases (NEB). The restriction fragments were separated by electrophoresis in 4.5%
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agarose gel and visualized after ethidium bromide staining. Similar restriction band profiles were
combined into a single ribotype.

As a preliminary estimate of library diversity, Good’s coverage (Good, 1953) was computed,
and additional clones were analyzed, if needed, in order to improve coverage and to reach the >50%
threshold. One to three clones representing a ribogroup were amplified with pCR-4-based primers,
the amplicons were purified with QIAquick PCR purification kit (Qiagen) and sequenced by LGC
Genomics GmbH (Germany).

Part 2.5 presents the bioinformatical means which we used to analyse the sequence data.
Sequences were edited using Chromas Lite 2.01 (http://www.technelysium.com.au) and checked for
chimera formation using Chimera Check 2.7 (http://wdcm.nig.ac.jp/RDP/docs/chimera_doc.html).
Sequences were grouped into phylotypes using a threshold of >98% sequence similarity. The same
value was used for phylotype identification amongst BLAST-found closest relatives in GenBank.
Since only representative clones of unique ARDRA ribotype were sequenced, the clones within the
group were assigned to the same phylotype.

Phylotypes were compared with the Contaminant Library (CL) (the sequences revealed in
different control reactions; Bulat et al, 2004), and only those absent in the CL were further
identified using the GenBank database with the BLAST software in a binary mode: closest
environmental clone and closest taxon. Phylotypes showing <90% sequence similarity with known
taxa were assigned to UNCLASSIFIED while those showing con-specificity with normal human
microbiome members (Grice et al., 2009; Turnbaugh et al., 2009) - Human-Associated (HA)
phylotypes. Phylotypes demonstrating con-specificity with Genbank clones/isolates recovered from
cold environments were assigned as ‘icy’ phylotypes.

The nucleotide sequence data determined in this study were deposited in the GenBank
database under the accession numbers: HM104591-HM104622, HQ396527-HQ396619,
HQ402563-HQ402566, and JF832298-JF832350.

Sequences were aligned using CLUSTALW (Higgins et al., 1994). The phylogenetic trees
were generated using the Maximum parsimony algorithm with the MEGA4 (Kumar et al., 2008).
The branch support was calculated for 500 bootstrap replicates of the data. The percent coverage of
the clone libraries was calculated using Good's formula (1953). Shannon—Weaver index and Chaol
richness estimate were generated through the DOTUR 1.53 (Schloss and Handelsman, 2005).
Rarefaction  curves were computed using the aRarefact Win 1.3  (available
thttp://www.uga.edu/strata/software/anRareReadme.html). The 16S rRNA clone libraries were
compared using the LIBSHUFF option n Mothur v. 1.15.0
(http://www.mothur.org/wiki/Main_Page).
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In order to identify the potential source of the dust transported to Col du Dome, the back-
trajectories were reconstructed based on approximate dating of the dust events using a HYSPLIT
model with GDAS (global data assimilation system) meteorological data (National Oceanic and
Atmospheric Administration (NOAA), Air Resources Laboratory (ARL),
http://ready.arl.noaa.gov/index.php) (part 2.6).
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2 MATEPUAIJIBI 1 METO/bI

2.1 Ot6op npob

CO6op 00pa3ioB CHEXHOTO TMOKPOBA MPOBOJIWIM B X0j¢ dKcneaunuii corpyaaukos JITTOC
2006, 2008 u 2009 rr. Ha negHuk MonOnaH, @paHiy3ckue Anbnbl, Ha BeicoTe 4250 M Haxm y.M.
(puc. 4; tabn. 1). CpemHeromoBas TemiiepaTypa BO3dyXa Ha JenHuke cocrasisier -11°C, a
CE30HHAsI aKKYMYJISIIIUSI CHEXKHOTO TOKpoBa Bapbupyet ot 0,5 10 2,4 M BOJHOTO SKBUBAJICHTA/TOI.
B nerHuit mepuoa temmeparypa Ha JaHHOW BbicoTe MOXkeT aocturatb 0 °C, 4yTo NpUBOAUT K
00pa3oBaHUIO0 O0YAroB TOBEPXHOCTHOTO TasHus cHera [Vincent et al, 2007]. Kak mpaswmio, B
BECEHHE-JICTHUI TEPHUOJ OTMEUYaeTCs BBICOKAash YacToTa MbUIBHBIX Oypb B CeBepHoil Adpuke,
MOCIICICTBHSI KOTOPHIX MOKHO HAOJIIO/IaTh B BHJIE TUCKPETHBIX CIIOCB IMBUIH B TOJIIE CHEXKHOTO

MOKpOBA Ha JieHuKe MoHOaH.

SWITZERLAND

-
FRANCE

I ]
Om 100 m 200m 300 m 400 m

Pucynox 4. Mecto or6opa npo0 CHEXHOTO MOKpoBa Ha ieaanke MonoOman (4250 M Hax y.M.).
W3orumcel moBepXHOCTH JieHUKA TpoBeneHb! coryacHo Vincent et al. [2007]. Touku otdopa mpod
u o6pasusl: P1 - SDmM06/2006; P2 - SDm05/2008; P3 - SDm06/2008 (P2 u P3 — nBa pa3HsIx ropu-
30HTa OJJHOTO CHEXXHOTO mypda), P4 - SDm05/2009 u P5 - Dm08/2009. B BepxHeM JieBOM yTITy

KapThl MOKa3aHO reorpapuueckoe nojoxeHue geanuka MonOIaH

B pesynwrate cotpynaukamu JII'TOC Obuti 0ToOpansl 00pasiibl CHETa Co CJIOSMH MOYBEHHON

IIBLJIN, OC&H(]IGHHOﬁ Ha IOBCPXHOCTH JICAJHHMKA BCJICACTBUC IICPCHOCA IIBIIIA U3 C&X&pbl B HIOHEC

2006 r. (SDmO06/2006), mae 2008 r. (SDm05/2008), urone 2008 r. (SDm06/2008), u mae 2009 r.
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(SDm05/2009). Bpemsi Haxok[IeHHs MOYBEHHOW TMBUIM B CHEXHOM IOKpPOBE BapbHpPOBAJO OT
Henenu 10 3-x mecsueB (Tadut. 1). Obpasern cHera, He coaepskammuii meiTs Caxapsl, OblT 0TOOpaH Ha
nenuuke B aBrycre 2009 r. (Dm08/2009). Tpu obpasma chera ¢ mputbto Caxapsl (SDm06/2006,
SDmO05/2008 1 SDm06/2008) 6put 0TOOpaHBI MyTEM MOTPYXKEHUSI KOHTEHHEpa B HECKOJIBKUX
ciry4aiHbIX Toukax (0T 2 mo 8 Touek ¢ mHTepBaioM 10— 15 cM) B cTeHKY cHeroBoro mrypda (Ha
ryoune ot 4 no 140 cm), coaepskamiero ciao ocaxaeHHoW mbean. OOpasen cHera C MbUIbIO
Caxapsr ot mas 2009 r. (SDm05/2009) u obpazen cuera 6e3 mbimu Caxapsl (Dm08/2009) 6wutu
coOpaHbl B IUIACTUKOBBEIE SMIMKK IyTeM 3abopa cioeB cHera (1o 15 cm riayOuHOI) ¢ ydacTka
pasmepoM 50 Ha 100 cM ¢ MOMOIIIBIO AEKOHTAMUHUPOBAHHOTO COBKA. B CBsI3M ¢ 0okMgaeMon Manoi
O6romaccoii B oOpa3iax CHEKHOTO MOKpPOBa, B 0COOCHHOCTH B oOpasiie cHera 0e3 meuin Caxapsl,
ObUTM TPEINPUHATHl BCE BO3MOXHBIE MEpBhl MPEJOCTOPONKHOCTH C MENIbI0 OTPaHUYCHUS
COIyTCTBYIOIIEH KOHTaMUHAIWU. [loBepXHOCTHBIE cliou cHera (BepxHue 2 - 5 cM), HaxoAsIuecs B
KOHTaKTE C OKPY’KAIOIIMM BO3IYXOM, IMPEIBAPUTENbHO YAAISUIM C MOMOIIBI0O YUCTHIX COBKOB.
UccnenoBatenu HajeBanu OJHOpPa3oBble KoMOMHE30HBI “Tyvek” W BHHMIOBBIE TEepyaTKU |
cobuparmn oOpasmbl B OJHOPA30BbIC/IEKOHTAMHUHUPOBAHHBIE TUIACTUKOBBIC KOHTEHHEPHI.
KoHTeiiHepbl ¥ TIACTHKOBBIE SIIUKH C OOpa3laMd IMOMEIIajd B METaJUIMYECKHe SIIUKUA U
noctaisian B JITTOC (®pannus). o nHauana o0paboTku 0Opasisl XpaHWIM B XOJOHOM KOMHATE
npu -15 °C.

B cpaBHUTENIBHBINM aHAIN3 OBUIN TaKXKE B3SATHI CICIYIONINE 00Pa3IbL:

1. OOpa3zen NOYBEHHOM NBLIH, OCaX/AeHHOH B I'. I'peH00b (PpaHLus) BeaeacTBUE IIEpEHOCca
mei Caxapel B mMae 2008 r. (SD05/2008), 661 orob6pan C.A. bymarom u J.R. Petit (JITTOC,
Opannmst). OOpazel] NbLUTH, COOTBETCTBYIONIMN 3TOMY COOBITHIO TIEpeHOCa, ObUI MO3aHEe 0TOOpaH
corpynaukamu JI'TOC B cHexxHOM MOKpoBe Jieaanka Mou6man (SDm05/2008);

2. OGpazen mecuanoil myctbiHHOW mouBbl (SS03/2008), otoOpanublii B Mapte 2008 1. B
okpectHoCTsX (10 - 15 kM) oasuca Kcap ['unan, Tynuc, CeBepnast Adpuka, Ob11 npegocTasieH P.
Normand (O9M, ®pannus). Oazuc Kcap ['mnan onuH U3 TPyAHOIOCTYMHBIX U CaMBIX FOMXKHBIX
oasncoB Tynuca, pacrosoxkeH B 140 xm B riyOmne Tynmckoir Caxapsl. OOpaszer; oToOpaHHOM

MOYBBI NPEJCTABIIS COOOM KPyTHO3EPHUCTBIN KUPITUYHO-OXPUCTHIHN MECOK.
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2.2 OOBEKTHI UCCIIEA0BAHUN

OObekTaMH JTaHHOTO HCCIEIOBaHMS CIYyXWJIM 00pas3ipl: 1) CHEXHOTO MOKpPOBA JIEIHHUKA
Moub6u1aH, coaeprKalero nouBeHHy0 eIk Caxapsl BCIEACTBHE YETHIPEX COOBITHH MepeHoca by,
2) CHeXHOro TIOKpoBa IenHuka MoHOman, He coaepxkamero meu Caxapsl.  Taxoke
JIOTIOJIHUTENbHBIME  O0BEKTaMU HcClieloBaHuA Obutn  oOpas3isl mouBeHHOW mblIM  Caxapsl,
ocaxaeHHOW B T. ['penoOns (Ppanmums) BcienctBue coObITHS mepeHoca meiim B mae 2008 r.,
3a(pUKCUPOBAHHOTO TO3/IHEE HA JICJHUKE; MECYaHHOH IMyCTHIHHOM mouBbl Caxapbl, COOpaHHOH B

okpectHOCTsiX oazuca Kcap ['mnan (Tynuc).

2.3 TloaroroBka mpoo

OO0pasiupl cHera ObUIM pacIjIaBiIeHBl MPU KOMHATHOW TeMIepaType B “UMCTOW’ KOMHATe
knacca arctoThl 10000 B mamuHapHoMm kabunere knacca 100 JITTOC (I'peHo6ns, @pannus). s
KOHIIEHTPUPOBAaHUsI OMOMAcChl IMyTeM LEHTPU(PYTHpPOBaHUS UCIOJB30BAIM  (PUIBTPYIOIIUE
konoHoku Centriprep YM3 wumu  Centricon Plus-70 (“Millipore”, CIIA) ¢ wmemOpaHHBIMH
¢mipTpamu 3000 u 5000 {a, cootBercTBeHHO (Tabds. 1). KoHueHTpupoBaHMsS NpPOXOAWIO B JBa
JTama: Ha NmepBoM 3tane oopasen neHTpudyruposamm npu 2500 g B Teuenne 15 — 20 mun npu 4 °C;
Ha BTOPOM 3Tare 0CaI0K dII0NpoBain ¢ GuibTpoB neHTpudyruposanuem npu 1000 g B Teuenue 2
muH 1ipu 4 °C. JIis JOTOTHUTEIBHBIX aHAIM30B W apXWBa MPOO M3 Kaxaoro odpasma oToupaiu
aymmkBOTHI TI0 10 M1 u xpanwm nipu -20 °C. C 11enpi0 co0III0IeHUS] MAKCUMATBHO YUCTBIX YCIIOBHM,
npu 00paboTke MpoO HaAeBAIM XHPYPTHUECKUE MEPUYATKH, MACKH U CTEPHIbHBIE KOMOWHE30HBI.
Kpome TOTO, BCE HMHCTPpYMEHTHI, O00OpyJOBaHHE U paboune MOBEPXHOCTH 00padaThBaIN
pacTBopaMu Ui JAEKOHTaMUHaluu, Hanpumep, Proline Biocontrol (Biohit). Ilpouenypsr

JIEKOHTaMHMHALIMK TTOAPOOHO omnmcanbl paHee [bynat u Anexuna, 2008].

2.4 MonekysipHO-(DMITOTEeHETHYECKIE METO bl aHAJIH3a

2.4.1 Dkcrpakuus renomuoi JJHK

Boinenenue npenaparoB renomHoi JJHK 13 00pas3noB CKOHUEHTpUPOBAHHON BOJbI TaJIOTO
cHera ¢ mbUIblo M 0e3 mbuiM Caxapsl, mouBeHHOM mblin Caxapbl U necyaHHOW nouBbl Caxapsl
npoBoawIn ¢ nomouibio Habopa PowerSoil DNA Isolation Kit cormacHo mpoTtokosy ¢GupMbI-
m3roroButens (“MO BIO Laboratories”, CIIIA). Mcnons3yemslii Habop Omnarogapsi TEXHOJIOTHH

Inhibitor Removal Technology no3BossieT nmosrydyats BICOKHI YypoBeHb YUCTOTHI mpenapaTta JJHK,
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4yTO crocobcTByeT mnposeneHuto Oosee ycnemHow [TLP. Ilpoueaypy BBINONHAIM B “UUCTON”
koMHaTe kiacca uuctoTel 10000 B mamunapHoMm kabunere kmacca 100 JITTOC (I'peno6us,
®panuus).
Jlnis IpoBEpKM YUCTOTHI MCIOJB3YEMOTO Habopa peakTHBOB HA MPHUCYTCTBHE MOCTOPOHHEH
JIHK oqHOBpEMEHHO C OTIBITHOM MPOBOIMIA KOHTPOJIBHYIO PEAKIMI0 IKCTPAKIUKU 0e3 JT00aBICHUS

UCCIIelyeMOoTro 00pasiia.

2.4.2 Dkcrpakuus renomHoit PHK

Beinenenue mpenaparoB renomHoii PHK u3 o0pasna CKOHIEHTPHPOBAHHOW BOJBI TaJOrO
cHera, He cojepkamiero meUth Caxapsl, MPOBOAWIM C TOMoOIpi0 Habopa PowerWater RNA
Isolation Kit cormacuo mnportoxony ¢upmsl-msroroButens (“MO BIO Laboratories”, CILA).
[Iponenypy BbINOMHSUIM B “yucTOi” KOMHaTe kiacca 4uctoTel 10000 B naMuHapHOM KaOWHETE
knacca 100 JITTOC (I'peno6b, @panius).

[IpucyrcrBue uyxepoanoit IHK ornenuBamu mo pesynpraraM KOHTPOJIBHOM dKCTpaKkuuu 0e3

no6aBneHust oOpasiia.

2.4.3 Ammumpukanus reaoB 16S pPHK

2.4.3.1 I1LIP ¢ ucnonp3oBaHueM yHUBEPCAJIbHBIX MpaiiMepoB (00macts V3-V5)

Amvmumduxarnmo reroB 16S pPHK ocymiecTBisinm ¢ MCoib30BaHUEM Taphl BBIPOKACHHBIX
npaiimepoB 338Fb (0,08 mmons/mMkia) 1 com2mod (0,72 mvons/mMki) Ha V3-V5 BapuabenbHyIO
o0macTh reHa kak omucano panee [Bulat et al., 2004; Lavire et al., 2006]. Peakiust ammudukamam
BKIIOUasna 43 muknia ¢ ucrosk3oBanueM 2 ex. FastStart JIHK mommmvepasst (“Roche”, ®panmus) B
20 mxut TTHP cmecu u Temmnepatype otxkura mpaitmepoB 53 °C. Peakiuio npoBoawiu Ha prudopax
TProfessional thermocycler (“Biometra”, I'epmanust).

OMHOBPEMEHHO C OIBITHOW TPOBOJWIM KOHTPOJIGHYIO pEaKIHio aMIuMpuKamm 0e3
no6asnenust JIHK matpurst — neratuBHast [1LP. Pe3ynbTaTsl ONBITHON M KOHTPOJIBHOM peakinid, a
taxke kKoHTposbHOM JIHK skcTpakimil onieHuBanu BU3yajabHO ¢ TIOMOIIBIO dJiekTpodopesa B 1,6%
araposzHom rene B 0,5x TBE-Oydepe (89 MM tpuc-HCI, 89 MM GopHoit kucnotel, 2 MM DJITA,
pH 8,0) u nocnenyromeit okpackoit SYBR Gold (“Invitrogen”, CILIA).
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2.4.3.2 IILIP ¢ ucnonap30BaHUEM YHUBEPCAJIBHBIX IIPaiMEPOB (IIOJHOPA3MEPHBIN I'eH)

Jlis  momyueHust NOJHOpasMeEpHOM — mocienoBarenbHocTH reHa  16S pPHK  Obumn
UCTIOJIb30BaHbl yHUBepcanbHble mpaiiMepsl: 1492R [Eden et al., 1991; Weisburg et al., 1991] u
cierka moauduuupoBanHbii npaiiMmep w001 [Godon et al,, 1997]: 5° - AAG AGT TTG ATC MTG
GCTC - 3", tne M = A : C. AMmmdukanuio npoBoawin B Tedenue 40 nukiioB B 20 Mk TTI[P
CMECH TOTO )K€ COCTaBa, uTo U Npu amrumdpukanun V3-V5 BapuabenspHoit obnactu rera 16S pPHK
C coOMoICHHEM TeX K€ TEeMIepaTypHO-BPEMEHHBIX MapaMeTpoB (cM. moapasaen 2.4.3.1), 3a
UCKJTFOUYCHHEM KOHIICHTPAIlUU NpaiiMepoB, koTopas cocTtassuia 0,075 mMoJIb/MKIL.

[IpoBenenne KOHTPOJIBHBIX peakiwid U aHamu3 [1LP npoaykToB mocne aMIiupuKaIu CM.

BbllIE (Toapasaen 2.4.3.1).

2.4.3.3 OT-IILIP c ucnosib3oBaHWEM yHUBEPCAIBHBIX NpaiiMepoB (001acts V3-V5)

Jis mposenenuss [P ¢ oOparnoit tpanckpummeit (OT-IILP) wucnonp3oBamu HaboOp
SuperScript III One-Step RT-PCR System u nmommmepa3zy Platinum Taq DNA (“Invitrogen”, CILIA)
U cienoBaiu pekoMeHaanusaM npousBoautens. [lomyuyenune kIHK ocymecTBisinm myTtem cuHTE3a
Ha matpurie MPHK mpu 55 °C B teuenue 30 mun. Jlanee nonyuennyro kJIHK ucnonb3zoBamm B
kauectBe Marpurpbl 1 [P ¢ temu xe yHuBepcanbubiMu mpaiiMepamu (338Fb/com2mod), uto
UCTIoNIb30BaNM i amiunpukanun V3-V5 obnactu rena 16S pPHK npu ucnonszoBanuu JJHK B
KadecTBe MaTpuipl (cM. moapaszzaen 2.4.3.1). TemneparypHo-BpemenHo# npodwis [P peaxmii
TaK)Xe€ COOTBETCTBOBAJ peakiusiM ¢ ucrnoyibzoBanuem /IHK B xadecTBe maTpuipl (CM. moapasaen
24.3.1).

Kontpons Ha mnpucyrcrBue mnocroponHet JIHK npoBoaunu aHanorndyHo KOHTPOJbHBIM
peakmmsim ¢ JIHK. Anamu3 mpoayKToB aMInmM(UKAIMKA ONBITHOW W KOHTPOJIGHBIX PEAKIUH CM.

BhIIIIE (CM. mozpazaen 2.4.3.1).

24.3.4 TP c wucnonp3oBaHHEM BEKTOP-CIEUU(UYHBIX MpaiiMepoB ISl ONpeAeseHUs

UHTEerparmu KiouupoBaHHbix [1L[P-pparmenToB B BeKTOp

Jns mpoBepku wuHTerpauuu kioHupyembix [II[P-dpparmentoB oxkumaemoro pasmepa B
TUTa3MUIHBIA BeKTOp mcnosib3oBayi metoa [P ¢ BekTop-cnenuduunsiMu npaiimepamu. Pazmep
0H1aeMOoi BCTaBKH - okoyio 1731 m 811 map HykJIeoTHAOB (I.H.) Ui TIOJHOPA3MEPHOTO TEHA
16SpPHK wu ero V3-V5 o0nacTu, COOTBETCTBEHHO - CYMMHPOBAJIM HCXOJIs W3 pa3Mepa

nominakepa Bekropa pCR 4 TOPO (221 m.H. moc 1510 u 590 m.H., cooTBeTcTBEeHHO). OTOOD
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MaTepuaia KOJIOHUH, IIPEAIOJIOKHUTEIHHO COJIepKALIIX BCTaBKY, IPOU3BOININ
MHUKPOOHOJIOTHIECKIMHU UIJIAMH € TapaJlJielbHBIM BBHICEBOM Ha YalllKW JUJISI COXPAHEHUs KJIOHOB.
ITocnie cOonpuKOCHOBEHMsI C KOJOHHUEH WIJIa HENMOCPEACTBEHHO NoMmelanack B npobupky c I[P
CMECBIO.

[LIP Bkmrouana 24 nukina ¢ mapoit npaitmepos Bull u Bul2 (30 cex — 93 °C, 60 cex — 55 °C,
60 cex — 72°C, mepBas peakuus AeHaTypammud matpuibl 3 MuH — 94 °C, mocnenHsisi peaxkius
anorranmu JIHK 3 mun— 72 °C). IlpoaykTsl aMIum@uKanuyd aHaTHU3HPOBAIM NPHU HOMOIIU
anekrpodopesa B 1,6% araposnom rene B 0,5x TBE-Oydepe c¢ mocnemyromieit okpackoi
OpomucteiM 3tuaueM (1,5 MKI/Mi) ¥ OKyMEHTHUPOBAIM C TOMOIIBIO (DOTOCHEMKH KaMepou
Olympus C-4000 ZOOM.

C uenmpto ouwctku [IIIP mpoaykToB OT Kpacurtenss W TpHUMECed HCIOJB30Bad HAOOP
MinElute Purification Kit (“Qiagen”, I'epmaHHs) COTTacHO PEKOMEHIAIMSM TPOU3BOJIHUTEIS.
VBemumuenue Beixoaa ouumieHHoi JIHK mobuBanmces aBoiinHoi ¢unamsHO# smonmeit (10 Mxa u
10 mx1) TE-6ydepom (10 MM tpuc-HCI, 1 MM DITA, pH 8,0). Koneunsrit 00beM 0JTHOTO dJr0aTa
coctaBisia 19 mxin. KonnuectBenHas onenka ounnieHHoit JIHK mpoBoaunack Bu3yanbHO METOA0OM
anekrpodopesa B 1,6% araposnom rene B 0,5x TBE-Oydepe B conocraBnennu ¢ mapkepom 100 m.H.
DNA Ladder (“New England Biolabs Inc.”, CIIA). ®parmentsr mmHoit B 500 u 1000 1.H.
ciaykwin pedepeHTHIMU Toukamu cooTBercTBytomumu 97 u 95 ur JIHK (u3 pacuera 0,5 mkr

Mapkepa Ha JIyHKY). [lomyuennsiit ouniensslil [ILP npoaykT cekBeHHpOBaIH.

2.4.4 MonexkyapHO€ KIIOHUPOBAHHE

[LIP npoxyKThl, HapaOOTaHHBIE TOCIE TIEPBUYHON aMIUTH(HUKAINN, KIOHUPOBAINA B BEKTOP
pCR-4 ¢ wucnons3oBannem nHabopa TOPO TA Cloning Kit for Sequencing m xumudecku
KoMITeTeHTHBIX KJIeTOK One Shot TOP10 B COOTBETCTBHMU C PEKOMEHAALMUSMHU TPOU3BOIUATEIIS
(“Invitrogen”, CIIA). O6beM nurazHoil cMecu IJisl KIOHMPOBAHUS OJHOTO 00paslia COCTaBIIsI
6 Mk (1 —4 mxin — [P npoaykra,l MK — coneBoro pactsopa, 1 MK — MOJEKyJbl BekTopa, 0 —
3 MKk — crepwibHOW BoAabl). OO0veM kionupyemoro I[P mpomykra ompenensiics ucxons u3
KOJIMYECTBA MaTepHana Tocie NepBUYHON amrumpukanuu. Jns moBeimeHUs 3()(HEKTUBHOCTH
murupoBanus JJHK Bpemst peakiuun yBennuuBanu g0 30 MUH IpU KOMHAaTHOM Temmeparype (22 —
23°C). Ilocne nobGapneHus 2 MKJ JUra3HOM CMECH K KOMIETEHTHBIM KJIETKaM MHKYyOMpOBalIM Ha
aby B TedeHue 30 muH. Jlanee Bce ATambl OCYIIECTBISUIM COIVIACHO MPOTOKOJY HMPOU3BOIUTEIS.
AmukBoty TpanchopmupoBaHHbIX KiaeTok (50, 30 u 10 mxim) BbiceBanu Ha ydamku Iletpu ¢ LB-

arapom ¢ amnuuiuinHoM (100 mkr/mn LB-arapa) u nuakyOuposaiu B Teuenue 24 4 npu 37 °C.
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OT100p pEKOMOMHAHTHBIX KJIOHOB OCYIIECTBISIIM IyTeM MNpsAMOM  aMIumuKanuu
KJIOHHUPOBAaHHBIX (PAarMEHTOB C MHCHOJb30BAHUEM BEKTOP-CIEHUPUUHBIX MpaiMepoB (cM.
nonpasnen 2.4.3.4).
O¢ddexkTuBHOCT, mTpOBeneHHs TpaHCHOPMALUM OIECHUBAIW IyTeM JOTOJHUTEIBHON
TpaHchopManuu KIETOK ¢ HWHTaKTHOM Tmasmunoid pUCI19, umeromeid TeH yCTOWYUBOCTH K
ammuuUiney, u3 Habopa peaktuBoB TOPO TA Cloning Kit for Sequencing mo metonuke,

onucanHoi npousBoaureneM (“Invitrogen”, CLLA).

2.4.5 TlpuroToBieHue TpyOBIX KICTOYHBIX JIN3ATOB U3 OTICIBHBIX KJIOHOB

OtoOpaHHBIE KOJIOHHH, CO BCTaBKOW 0XHIaeMOTO pa3Mepa, BbIpammBanu Ha cpene LB ¢
ammuuoiiHOM (100 Mir/mi) B Tedenume Houm mpu 37 °C. Marepuan BBIPOCIIMX KOJIOHHI
uHKyOupoBaym (nmu3uposanu) 10 mun npu 100°C B pactBope, comepxkamem TE-Oydep (10:0,1),
150 MM NaCl u 0,1% Triton X-100. dast 3TOro BHAAUMOE KOJMYECTBO KIETOYHOTO MaTepuala
noMeniaa 0akTepHoJIOTHIECKOH meTiiel B mpoOupky 1,5 Mk ¢ nusupyronmmM O0ydepom oobeMoM
200 mxi. O6paboTaHHBIE KIETKH OCAXKAAIM HEHTPUPYTHPOBAHMEM, W TOTOBBIE JIM3AThl XPaHWIN

npu Temneparype 4 °C.

2.4.6 Pecrpukumonnslii anamm3 [1LIP-pparmenTos

[IpenBaputenbHyl0  OIEHKY  MHUKPOOHOTO  pa3HOOOpa3usi  MPOBOAMIM  METOAOM
PECTPUKIIMOHHOTO aHaJIN3a OTOOPAHHBIX PEKOMOMHAHTHBIX KJIOHOB C TIOMOIIBIO TPEX SHAOHYKIIEa3
pectpukimu Alul (10 ex./mki), Hpall (20 en./mxmn) u Haelll (10 ex./mxin) (“Fermentas”, Jlutpa).
Ucxons u3 obmero oovema cmecu 10 MK (CMech TOTOBUJIM Ha CTEpUIIbHOM Boje), Opamu 2,5 —
3 MK aMIIMUIIMPOBAHHOTO 00pa3ia U MUHKyOupoBanu B TeueHue 2 4 npu 37 °C ¢ pecTpukTazoi
(2-2,5 en./obpazen) B 1x Buffer Tango (“Fermentas”, JluTBa). [Ji1 OCTAaHOBKH pEaKIUU CMEChH
WHKyOupoBanu Ha BoJsgHOM Oane mnpu 65°C. I[IpoAayKThl pacuUIeTUICHUS aHAJIU3UPOBAIIN
anextpodope3om B 4,5% araposnom rene B 0,5x TBE-Oydepe n oxpammBamm GpOMUCTBIM 3THAHEM
B TeueHue 10 - 15 mun. B xauecTBe Mapkepa MOJEKYISIPHOM MJIMHBI HcTiosib3oBasid Mapkep 100 bp
DNA Ladder (“New England Biolabs Inc.”, CIIIA). AMIUIMKOHBI, CXOXHE IO KapTHUHE
paciueryieHus, 00bETUHAIN B OJMH PUOOTHUIT M OT OJHOTO JIO TPEX MPEACTaBUTENCH OT KaXIOTO

CCKBCHHPOBAJIH.
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2.4.7 Cexsenuponanue [11[P-pparmenron

Jns onpezneneHus: HyKJICOTHIHOM MOCIe0BATEIbHOCTH PEIIPE3CHTAaTUBHBIX KJIOHOB 00pa3Iibl
ounmieHHbix [P mpoaykroB ¢ konnentpanueit JJHK B pactBope He menee 200 HI/MKJI OTCBLIAIH
Ha aBTOMAaTHYECKUil CeKBEeHATOp B KoMMepueckyto opranmsanuio LGC Genomics GmbH (bepium,

['epmanus).

2.5 buonH(bopMaIMOHHBIN aHATU3 JaHHBIX

2.5.1 AHanu3 HyKJI€OTHIHBIX MIOCJIEA0BATEIBHOCTEN

PenakTupoBaHue TOJyYEHHBIX HYKICOTHIHBIX IIOCIEIOBATENHLHOCTEH MPOBOAMIN C
nomotpio mporpamMmbl Chromas Lite 2.01 [http://www.technelysium.com.au] 1 BCM Search
Launcher: Sequence Utilities [http://searchlauncher.bcm.tmc.edu/seq-util/seq-util.html]. TIpoBepky
HYKJICOTU/IHBIX IOCIIEIOBATEIbHOCTE Ha HAJWYMe XHUMEPHBIX CTPYKTYp OCYIIECTBISUIA C
MOMOIIBIO MIPOTpaMMBbl CHIMERA CHECK version 2.7
[http://wdem.nig.ac.jp/RDP/docs/chimera_doc.html]. BripaBHuBaHuE, CpaBHCHUE u
UICHTH()UKAINIO HYKICOTHIHBIX TOCIEIOBATENFHOCTEH TMPOBOJIWIM, HCIIOJIB3YSI MpPOrpaMmy
CLUSTALW2 [http://www.ebi.ac.uk/Tools/clustalw2/index.html] u amropurm BLAST 6a3b
nmaaaeix - GenBank  [http:/blast.ncbi.nlm.nih.gov/Blast.cgi]. IlociemoBaTeMbHOCTH  KJIOHOB,
nokaspiBarome Oonee 98% cxomctBa W OAMHAKOBBIM  IMEPEUYEHb  OJM3KOPOJICTBEHHBIX
nocienoBarenbHocTedl B 0a3e nmanHHbix GenBank, oOwenuusum B oamu ¢uuotun. I[lomydueHnsie
(GWIOTUITBI CPAaBHUBAIM C COOCTBEHHON OMOIMOTEKONW KOHTAMHUHAHTOB, CO3JaHHOW HA OCHOBAaHUHU
HYKJICOTHIHBIX MOCIICI0BATEIHLHOCTEH, BRISIBIICHHBIX B KOHTPOJBHBIX peakiusax [Bulat et al., 2004].
Hyxneotuansie MOCJIEI0BaTEILHOCTH, IMOKa3bIBAIOIIIE 0oJee 98% CXOJICTBA C
MOCJIEI0BATENBHOCTAMU U3 OnbmmoTekn koHTamuHaHToB (BK), B nanpHelineM He paccMaTpuBalIu.
Cpemu ocTaBIIMXCS “UCTHHHBIX® (DHUIOTHIIOB Te, 4TO MoKa3sBamu 90% W MeHee CXOJCTBa IO
HYKJICOTHTHOH TMOCIIeIOBATEILHOCTH C M3BECTHBIMH (OITyOJIMKOBAHHBIMU) TAKCOHAMH OTHOCHJIH K
HeHJICHTU QUITUPOBAHHBIM (roTHIIAaM. B cBOI0 odYepenr HEeWACHTH(HUIMPOBAHHBIC (DIIIOTHUIIEI,
KOTOpbI€ HEBO3MOXKHO OBUIO OTHECTH XOTSI OBl K OJHOMY M3 (DPHIIOTEHETHUECKHX pa3/esioB IO
pesynbTaraM (PUIOTEHETHYECKOTO aHalli3a, OTHOCHIN K HeknaccuumupyembiM Qrotunam. K
JIOMHHAHTHBIM (PHJIOTUTIAM OTHOCWIHM (PUIIOTHTIBI, MPEICTaBICHHBIE TpeMs M 0Oojiee KJIOHAMH B
o6ubaroTexe.

®dunoTturiel, mokassiBaromue 6omuee 98% cxoacTBa O HYKJICOTHIHON TOCIEA0BATEIHHOCTH C

MHUKpPOOpPTaHU3MaMH, BXOJSAIIMMHA B COCTaB HOPMAaJbHOM MUKPO(DIOpPHI YeloBeKa [Hampumep, C
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NpeICTaBUTEISIME MUKpoOHroma Koxu denoBeka B GenBank — Grice et al., 2009, 2008; Turnbaugh
et al., 2009; Ley et al., 2008], 6pu1r MapkupoBanbl kak HA (Human Associated — “cBsizannbIe” ¢
4yenoBekoM). JlaHHbIe (UIOTHIBI MPUHUMAJIMCH BO BHUMAaHHME Ha BCEX IOCIEAYIOUIUX CTaJUAX
aHamm3a. HykieoTwaHble TOCIEA0BAaTEILHOCTH  (MIIOWIOB, poAcTBeHHble 98% w  BbIIIe
MHUKPOOpPTaHU3MaM M3 Pa3IMYHBIX XOJIOJHBIX MECTOOOMTAHUH OTHOCHIM K ‘“XOJOJ0IIOOUBHIM”
¢unotunam.

[MocTpoenue GpuIOreHeTHUECKUX IEHAPOTPaMM MPOBOIMIM METOAOM “‘maximum parsimony”
¢ momomelo nporpammHoro makera MEGA4 [Kumar et al, 2008]. Cratucrudeckyro
JIOCTOBEPHOCTh TOTIOJIOTUH BBIOPAHHOTO JepeBa OICHUBAIM METOJ0M “bootstrap” myTem aHanmmsa
500 anbTepHATUBHBIX IEPEBHEB B TOM )K€ MIPOTrpamMMme.

[TomyuenHble HYKJICOTHAHBIE TIOCIeA0BaTeNbHOCTH TeHoB 16S pPHK Opun nenoHmupoBaHs! B
MexayHapoaHyto 6a3y manHeix NCBI mox Homepamu: HM104591 - HM104622, HQ396527 -
HQ396619, HQ402563 - HQ402566 u JF832298 — JF832350.

2.5.2 CraTucTHYECKUN aHAJIN3 JaHHBIX

2.5.2.1 CraTtuctuueckas OI[eHKa I0CTaTOYHOCTH pa3Mepa OMOJIMOTEKH KJIIOHOB

Penpe3eHTaTHBHOCTD TOJYYEHHBIX KJIOHOBBIX OHOJIMOTEK, T.€. JOCTATOYHOCTH pa3Mepa
BBIOOPKH KJIOHOB IS TOCTOBEPHOTO aHajM3a CTPYKTYPBI COOOIIECTBA, OLECHUBAIM C TOMOIIBIO
pacuera nokpbitusa 6ubmmotek mo 'y (Good) u mocTpoeHns: KpUBBIX 3aBUCHMOCTH KOJMYECTBA
¢uioTUnoB B 6MOIMOTEKE OT pa3Mepa BIOOPKH B KJIOHAX (KpuBble cOopa). [l pacyeTa MOKpBITUS
oubmorek no 'y ucnonp3oBam Gopmyiy:

(1-n/N)x 100,

IJie N — 3TO YKCIO CAMHMYHBIX KJIOHOB, N - oOImee 4ucio KIoHOB B OmbOamoreke [Good,
1953].

Pacuer kpuBbIX cOopa mpoBoaWiaM C Momolupio mporpammbl aRarefactWin Bepcus 1.3
[http://www.uga.edu/strata/software/anRareReadme.html], ocHoBaHHOW Ha  aHATUTHIECKOM

anroputMme npudmokerns ['ymsoepra [Hurlbert et al., 1971].

2.5.2.2 PacueTr HHAEKCOB pa3HOOOpa3us

AHanm3 pa3zHooOpasusi ¥ BUJOBOTO 0OraTcTBa MUKPOOPTAHM3MOB B MCCIIEAYEMBIX 00pa3iax

MPOBOAMIM C TIOMOIIBIO pacdeTa WHAEKCOB paszHooOpasus Illennona-Yusepa [[‘eorpadus u

MOHHUTOPUHT OuopazHooOpaszusi, 2002] u umuaekca BupoBoro OorarctBa Yao 1 [Chao, 1984]
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ucnons3yst nporpammy DOTUR 1.53 [Schloss & Handelsman, 2005]. BxonHbsle maHHBIE s
nporpaMmbl  moArotaBiMBaid ¢ nomomibio nporpamm  CLUSTALW?2 wu  Phylip dnadist
[http://mobyle.pasteur.fr/cgi-bin/portal.py?form=dnadist]. B cBs3u ¢ Tem, 4TO CEKBEHHUPOBAIUCH
TOJIKO PETPEe3eHTAaTHBHbIE KJIOHBI OT KaXIOTO0 PHUOOTHIA, JOMYyCKalHd, YTO HECEKBEHHUPOBAHBIC
KJIOHBI, BXOJSIIME B OJUH PUOOTHII, CXOJHBI MO0 HYKJICOTHIHON mocienoBarenbHoctd Ha 100%

MEXTy COOOM.

2.5.2.3 LIBSHUFF ananu3: cpaBHEHUE KJIOHOBBIX OMOIMOTEK

CreneHp pa3iuyuii KJIOHOBBIX OMONMOTEK OLICHMBAJIU C TOMOMIBIO pacdera 3HaueHus P,
ucnoss3yst pynkuuio LIBSHUFF anamusa [Singleton et al., 2001] B mporpamme Mothur v. 1.15.0
[http://www.mothur.org/wiki/Main_Page]. Bxonnble maHHBIE 7SI TIPOrpaMMBbl MOATOTABIUBAIHN C
nomompto  mporpamm  CLUSTALW2 wu  Phylip dnadist [http://mobyle.pasteur.fr/cgi-
bin/portal.py?form=dnadist].

2.6 UnenTudukaius MCTOYHUKOB 3apOKICHHS MBUTLHBIX Oyph B Caxape

WneHTudukammio BO3MOXKHBIX HCTOYHHKOB 3apOoXIEHHs MbUTBHBIX Oypb B Caxape s
YCTaHOBJICHHSI TPUPOABI MBUIH (OJHOTO WM PAa3HBIX HCTOYHHKOB), OOHApPY)KEHHOH Ha JICTHUKE
MonO61aH, BBITIOJHSUIA C TIOMOIIBIO TOCTPOEHUS OOpPATHBIX TPACKTOPUN MEPEHOCa BO3MYLIHBIX
Macc ¢ HCHojp30oBaHMeM Meteoposormueckoir mozemn HYSPLIT (NOAA ARL Website
[www.arl.noaa.gov/ready.php], GDAS meteorological data). BxomHple gaHHBIE COACPKAIA
uHbOpPMAIUIO 0 TPUOIMU3UTENBHON JaTe NMbLIbHOM Oypu B mycThiHe Caxapa B 2006, 2008 u 2009 rr.
U KOOPAMHATHl KOHEYHOM TOUYKM mepeHoca mbuid — 45 ° 50 c.ur. u 6 ° 90" B.a. (MecTo cbopa Ha

negauke MonOman).
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SUMMARY OF THE CHAPTER 3: RESULTS AND DISCUSSION

Dust of Saharan origin seasonally affects high-elevation Alpine sites by disturbing the
chemical composition of snow deposits (Preunkert et al., 2000). In order to determine the potential
sources (mobilisation areas) of Saharan dust observed in snow samples collected at MtBIl, we
reconstructed the back-trajectories of air masses transported to MtBl. Also we used data on the dust
elemental composition (kindly provided by S. Chevaillier and P. Formenti). Combined results
indicated the North African origin of the dust with the most probable sources located in the
Tunisian, Algerian and Libyan deserts (Fig. 5). These results are presented in part 3.1.

In part 3.2.1, bacterial diversity was assessed by constructing 16S rRNA gene clone libraries
using partial (V3-V5) and full-length (FL) sequences obtained from the three snow samples
containing Saharan dust (June 2006, May 2008 and May 2009 events) and “clean” snow sample
containing no Saharan dust (Table 2). The number of the “true” phylotypes having passed our
contamination control was 62 and 53 for V3-V5 and FL clone libraries, respectively (Table 3).
Estimations of Good coverage, rarefaction curves and diversity indices showed similar results for
V3-V5 and FL libraries of each sample except for snow containing Saharan dust of the May 2009
event (Fig. 6). The most complete match in terms of coverage and diversity was observed between
V3-V5 and FL libraries for the snow containing Saharan dust of the June 2006 event. Libraries
derived from the snow containing Saharan dust demonstrated higher diversity than those derived
from the “clean” snow. Identification of partial and full-length sequences yielded 10 unidentified
phylotypes, 7 of them were further assigned based on phylogenetic reconstruction as
Gammaproteobacteria, Bacteroidetes, Actinobacteria and Deinococcus-Thermus. Moreover 3
phylotypes were re-classified as Alphaproteobacteria. 12 HA-phylotypes have proved to be con-
specific to clones or taxa of normal human microflora and grouped with Alphaproteobacteria,
Betaproteobacteria, Firmicutes, Actinobacteria and Bacteroidetes. The detail description of V3-V5
and FL libraries for each sample is given in parts 3.2.1.1 - 3.2.1.4 (Fig. 7 - 10). Briefly, dominant
phylotypes recovered in our samples were assigned to different bacterial divisions: Deinococcus-
Thermus, Alphaproteobacteria, Bacteroidetes, Cyanobacteria with one phylotype remaining
unclassified for snow containing Saharan dust of the June 2006 event; Actinobacteria,
Alphaproteobacteria and Firmicutes for snow containing Saharan dust of May 2008 event;
Firmicutes and Actinobacteria for snow containing Saharan dust of May 2009 event; Actinobacteria
and Alphaproteobacteria for snow containing no Saharan dust. The highest similarity between V3-
V5 and FL libraries in terms of dominant phylotypes was observed for snow containing Saharan

dust of the June 2006 event. This observation is probably related to 3.5 months of dust preservation
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period in snow (Table 4). Thus, construction of partial and full-length 16S rRNA clone libraries
allowed us to achieve more complete assessment of bacterial diversity in studied samples.

In part 3.2.2, in order to explore the differences in bacterial diversity among snow samples
containing Saharan dust, we constructed 3 complementary 16S rRNA gene clone libraries using V 3-
V5 sequences derived from the snow sample containing Saharan dust of June 2008 event, Saharan
dust collected in Grenoble and Saharan sand collected in Tunisia (Table 2). Also a V3-V5 clone
library based on RNA transcript was constructed for the snow sample containing no Saharan dust. A
total of 67 “true” phylotypes were recognized in above samples, and 6 of them were categorized as
HA-phylotypes. Out of 10 unidentified phylotypes, 4 were further assigned to Actinobacteria,
Bacteroidetes and chloroplast DNA. The clone libraries corresponding to the Saharan dust collected
in Grenoble and Saharan sand were the most diverse and also the most under-described libraries, as
measured by indices and supported by rarefaction analysis and coverage estimates (Table 5, Fig.
11). Parts 3.2.2.1 — 3.2.2.4 present the description of each of complementary clone libraries (Fig. 12
- 15). Briefly, dominant phylotypes were represented by 4 bacterial divisions: Actinobacteria in
snow containing Saharan dust of June 2008 event; Cyanobacteria in snow containing no Saharan
dust studied by RNA approach; Cyanobacteria and Alphaproteobacteria in Saharan dust collected
in Grenoble; Bacteroidetes in Saharan sand collected in Tunisia. These results were used mostly for
comparison purpose.

Comparison of bacterial diversity data, obtained through V3-V5 and FL clone libraries
constructions, showed significant differences in phylogenetic composition of microbial assemblages
among snow samples containing Saharan dust as well as between samples containing Saharan dust
and non-containing one. These results are reported in part 3.3.1 (Fig. 16 - 18) and further explored
in part 3.3.2 together with complementary data. Note that results presented in part 3.3.2 (Fig. 19 -
23) are based on data from V3-V5 clone libraries. Additional data such as clay type of dust and dust
particle size distribution were also taken into account (kindly provided by S. Chevaillier and J.R.
Petit, respectively). Comparison of phylotype content amongst gene libraries showed that bacterial
assemblages in alpine snow associated with four Saharan dust depositions over the period 2006 —
2009 are distinct in their phylogenetic composition. The Saharan dust samples of the same May
2008 event collected at low altitudes (as dust Grenoble) and high altitudes (as snowpack with dust
on MtBI) also demonstrated different taxa occurrence and distributions. We hypothesize that the
variability in bacterial species affiliation and distribution associated with Saharan dust results
probably more from the conditions of dust transport and the preservation period in snow, than from
dust sources. Together, these factors may also partly explain the differences in bacterial fingerprints

observed between the Saharan dust containing samples and the Saharan sand sample. It is worth
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noting that representatives of family Geodermatophilaceae were recognized almost in all Saharan-
associated samples (Fig. 21).

Although the bacterial diversity of snow containing no Saharan dust was assessed using the
same technique, the rDNA and rRNA clone libraries revealed a markedly different taxonomic
pattern (part 3.3.3). Detailed analysis of the rRNA-based library resulted in the identification of a
dominant cyanobacterial phylotype 97% related to Stigonema ocellatum. We suggest that this
photoautotrophic bacterium may have slowly propagated at sub-zero temperature.

Air-borne microorganisms raised up during dust storms survive long-range transport in the
atmosphere and by this can colonize high-altitude snow packs. Fourteen phylotypes (hereafter
called icy phylotypes) recognized in the snow samples containing Saharan dust and in a sample of
“clean” snow presumably possess survival/colonization abilities in a snowpack. This assumption
was inferred from their closest strain physiology and/or closest relative sources (different cold
habitats). The majority of these icy phylotypes were grouped with Cyanobacteria while the
remaining ones were assigned to Proteobacteria, Actinobacteria and Firmicutes (Fig. 24, Table 7).
Based on the closest strain physiology of icy phylotypes recognized, representatives of Massilia,
Phormidium, Tumebacillus and Clostridium are related (within species range) to psychrophilic and
psychrotrophic bacteria. Also bacteria recognized in MtBl1 snow are expected to live by autotrophic
(photosynthesis, sulfur oxidation) and heterotrophic processes in MtBl snow. Snow samples
containing Saharan dust appear to have more icy phylotypes than snow sample containing no
Saharan dust (12 vs. 2 phylotypes, respectively). These results are presented in part 3.4 and based
on the combined data from V3-V5 and FL clone libraries.

Discussion of the obtained results is integrated in each part of this chapter.
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3 PE3VJIBTATBHI 1 OBCYXIEHUE

3.1 IlpoucxoxaeHre MOYBEHHOM MbUTH

OmnpeneneHue BO3MOXKHBIX HCTOYHUKOB IIPOMCXOXAECHUS IIBLIM OBUIO OCYIIECTBIEHO
METOJIOM pacuera OoOpaTHBIX TPACKTOPHUI MepeHoca BO3AYLIHBIX Macc W3 mycTbiHM Caxapbl Ha
neHHK MOHO/IAH C y4eTOM JaHHBIX 3JEMEHTHOTO COCTaBa MbUTH .

OOpaTHble TPACKTOPUU M3YUYEHHBIX IMBUICBBIX COOBITHI YKa3bIBAIOT MPAKTHYECKH OHU U TE
xe obnactu npoucxoxaeHus neu B CeBepHoil Adpuke (puc. 5). OTMeTHM, YTO MyTh MEpEHOCa
IBUTHA TIPU OTCIICKUBAHUU OOPATHBIX TPACKTOPHUI BO3AYIIHBIX MACC CO CMEIIEHUEM + OJMH-BA JTHS,
OTIIMYAJICS MEXIY YETHIPbMsI COOBITUSIMHU TEPEHOCA TBUIH, YTO TOBOPHT B IMOJIB3Y MX PA3JIUUUs B
OTHOUIEHWH MCTOYHMKA NbLIM. TOUKM COMMIKEHMs TPAEeKTOPHM NEpeHoca BO3AYILIHOIO MOTOKA U
JUHUU penbeda TOBOPAT O BO3MOKHOCTH 3aXBaTa TMOYBEHHOW MBUIM Kak W3 IMycThiHM Caxapa B

MOMCHT 6ypI/I, TaK U IO XO4Yy ABHXXCHHS BO3AYHIHBIX MACC. 9T0 O3Ha4YacT, 4YTO IBLJIb MOXKET OBITH

CMCHIAHHOT'O THIIA, XOTAd OCHOBHAA €€ Macca, O4CBUAHO, TPOUCXOAUT U3 1Ty CTBIHH Caxapa.

AmnHan3 o0paTHBIX TPAEKTOPUH, paCCUUTAHHBIX JJIsl COOBITHI nepeHoca msuty B urone 2006 1.
u 2008 r., mokaszai, 4To OHH, MO-BHIMMOMY, MPOUCXOIAT U3 ABYX perrnoHoB CeBepHOU Adpuku:
Amxup u Tynuc. B To Bpemsi kak oOpaTHbIe TpaeKTOpuu coObITHii IepeHoca nbu B Mae 2008 1. u
2009 r. Oombiie cmemeHsl B ctopoHy Tynuca u JluBuu. OnHako, B CBA3U C OOJBIION
norpemHocTeio MeTona [~20%; Stohl, 1998] Gonee TouHas WHTEpHpeTalUs HEBO3MOXKHA Oe€3

JOTMOJIHUTCIIbHBIX AaHHBIX, TAKHUX, HAIIPUMECP, KaK MI/IHepaJ'IBHI)II\/JI COCTaB IIbLJIN.

Col du Doma, A K,
Mont Blure

200747 A 0017 00181 T B TR 41 ST 1 TR
O34 0833 083 OAGY OGO  GANd  Gens  oan?

A b B r

Pucynox 5. O6paTHbie TpaeKTOPHH IIEpEHOCa BO3IYIIHBIX MacC, JOCTUTIIMX MecTa cOopa 00pasioB
(A — SDm05/2008, b — SDm06/2008, B — SDm06/2006, I" - SDm05/2009) na nexanke Monbman
(0603HaueHO YepHOI 3Be37101). [ padviku HIXKE pUCYHKA MOKA3BIBAIOT MPOIIECC MEPEMEIIICHUS

BO3JIyIIHBIX Macc (KpacHasi KpUBasi) OTHOCUTENILHO pesbeda (depHas KpuBasi)

()P Formenti u S. Chevaillier JIAC, ®panrst) [Chuvochina et al., 2011]
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Ha ocHOBaHMM JaHHBIX 3JEMEHTHOTO COCTaBa OOpa3lOB IOYBEHHOH NBUIM METOJIOM
PEHTT€HOBCKOM (iryopecueHnny Bce o0pasiibl, coaepkaiue mbutb Caxapbl ObUTH pa3/ielieHbl Ha
JIBE TPYMIBL: cojepkamme B ocHOBHOM mumT (SDmO05/2008, SDm06/2008 u SD05/2008) u
cmekTuT (SDm06/2006, SDmM05/2009). O6a yka3aHHBIX MHHEpajia IIUPOKO PaclpOCTPaHEHBI B
nouyBax Cesepnoii u 3amaanoit Caxapbl, 0COOEHHO B IMyCTHIHHBIX oOsacTsax Tynuca u Jlusuu [Pye,
1987]. B cBsizu ¢ 3TUM, KOPPEISIIMM MEXIY THIIOM MHHEpala U COOTBETCTBYIOUIEH 0OpaTHOM
TpPaeKTOpHEH TMepeHoca THUIM IS NPOAaHAJM3UPOBAHHBIX O00pa3LOB BBISBICHO HE OBLIO
[Chuvochina et al., 2011]. Kpome Toro, ciemnyeT OTMETHTh, YTO B 00pas3Iie CHera, He COoIepIKaIieM
neutb Caxaphl, MpH IUIABJICHUHM OBLUIO OOHApPY)KEHO HE3HAYUTENIHLHOE KOJHMYECTBO IBUICBOTO
MaTtepuaia, KOTOPBIA, IMO-BHIUMOMY, OBLIT TEPEHECEH Ha JIETHHUK W3 OKPYXAIOIUX IOJHH

BCJIICACTBHUHU MMOCTOSIHHOM KOHBCKIIMH BO3AYIIHBIX CJIOCB.

Takum oOpa3oMm, HAMH TOKa3aHO, YTO WCTOYHMKOM IOYBEHHOW NBUIH, OOHApY>KEHHOH B
YeThIpexX o00pa3lax CHEXHOTOo TOKpoBa JenHuka MonOnaH, sBisercs CesepHas Adpuka.
KOHKpeTHBIIi pEerruoH 3apoKIeHHs MBUIBHBIX Oypb OCTaJICS HEOIpPEIEeNeHHBIM B CBSI3U C
METO/I0JIOTHIECKUMH OCOOCHHOCTSIMU OTOOpa M XpaHEHHs MpoO M 3po3ueil MBUIM Kak BO BpeMs

nepeHoca B arMocdepe, Tak 1 HaX0KJICHUS B CHEXKHOM TIOKPOBE.

3.2 MonekynsapHO-(QUIOTEHETUIECKHI aHAJIN3 MUKPOOHOTO pa3HOOOpa3us

Jns MONeKyIsIpHO-(PHIOT€HETUYECKOTO aHaJM3a MHKPOOPTaHM3MOB CHEXHOTO TIOKpOBA
nennuka MonOnaH wucnosib3oBayi mnpenaparsl  cymmapnoit JIHK, BbeigenenHodt u3 cHera,
NPEBAPUTENILHO PACIUIABJIEHHOTO M CKOHLIEHTPUPOBaHHOTO. Heo6X0uMOCTh KOHLIEHTPHUPOBAHUS
O6uomarepuana u3 tanod Boasl nepen JAHK skcTpakuueil m MpUMEHEHHE CHENUAIbHBIX YUCTBIX
ycaoBui 1151 coopa u 00paboTKu Matepuasa Obuid 00yCIOBICHBI MAJION KIETOYHOM OMOMAaccoil B
obpaznax (cMm. Tabm. 1). [lo cpaBHeHHIO C JaHHBIMU JINTEPATyphl Ha CETOJHAIIHUN JICHb,
YHUCIICHHOCTh KJIETOK, N3MEPEHHAs! B CHEXKHOM TIOKPOBE JIeAHNKAa MOHOIaH, IpeCTaBIsIeT OHY U3
HanMeHbIUX (Tocne [Zhang et al., 2010a]) U3BECTHBIX OIICHOK JJISI CHEKHOTO IMOKPOBA TOPHBIX
nenuukoB [Chuvochina et al., 2011].

Uccnenosanmne 0akTepuaibHOTO pazHO00pa3us MPOBOJWIN HE3aBUCUMO C HUCIIOJIb30BAHUEM B
[TIP nByx mpaiiMepHbIX cucteM: mapsl npaimepos 338Fb u com2mod Ha V3-V5 BapualenpHyto
obmacte tena 16S pPHK wu mapsr mpaiimepoB 1492R u wOOImCFm pns momydenHus
MOJIHOPA3MEPHOI MOCIIEN0BATEIBHOCTH ITOr0 ke reHa (Tadi. 2). B cBs3u ¢ Tem, 4To mpaiiMepsl

OB BBIPOXKJIEHBI IMO-pPa3sHOMY, OXBaT MMM OaKTepUaNbHBIX TAaKCOHOB U3 pa3HbIX pa3leioB
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paznuuaicd. B mepBom ciyyae pazMep aMIUIMKOHOB COCTaBisul okoso 590 m.H., Torga Kak BO-
BTOPOM — 0KoJio 1510 m.H.
Tabmmma 2 — KinoHoBbIe OMOIMOTEKH, CO3JaHHBIE JITIST UCCIIEAY MBIX 00pa3IoB C MUCIIOIb30BaHHEM

JIBYX MpaiiMepHBIX cucTeM Ha 6akrepuanbHblil red 16S pPHK

Bubnmoreka KIOHOB
Obpa3zen Tun HK Ob6nacte V3-V5 | [lonHopa3MepHbIit
reda 16S pPHK reH 16S pPHK
Wmwmr*
SDm05/2008 pAHK MB-SD f2SD
SD05/2008 pAHK SD -
SDm06/2008 pAHK MB-SD2 -
CMeKTHuT
SDm06/2006 pAHK MB5 5f
SDm05/2009 pAHK MS5 MS5sf, MS5f
H.I.
Dm08/2009 pAHK MS7 MS7f
pPHK MS7r -
SS03/2008 pAHK SS -
ITpumeuanust

1 H.1. — HET JaHHBIX.
2 HK — HyknenHOBas KUCIOTA.
* Tun MuHepana, Mpeo0JIalarolInii B COCTaBe MBbUIM HCCIIEAYeMbIX 00pa3IoB.

Takum o6pazom, cymmapso i obmacta V3-V5 6buto co3nano 8 OMOIMOTEK KIOHOB (j1aree
V3-V5 Oubnuorekn), a Ui TOJHOPAa3MEPHOTO TeHa — 4 OHONMOTEeKH KIJIOHOB (Jasiee
noJiHoOpa3MepHbie OuOimoTeku). IlpeaBapuTenbHYI0 OIICHKY pPa3HOOOpasus B HCCIEILyEMBIX
o0pa3lax ¥ CTENeHb TOKPHITUS OWOIMOTEK TIPOBOJWIM METOJOM PHUOOTUIIMPOBAHUS C

UCIIOJIb30BaHUEM Tpex pectpukTas: Alul, Hpall u Haelll.

3.2.1 W3ydyenne MUKpOOHOTO pa3HOOOpa3us CHera ¢ MbUIbI0 W 0e3 mbum Caxapbl ImyTeM

aHaJM3a JIByX TUIOB KJIOHOBBIX OuMOmoTek (V3-V5 u nmomHopa3zMepHOit)

Jlyis aHanmm3a MUKpOOHOTO pa3sHOOOpa3usi CHEXKHOTO MOKPOBa ¢ MbLIbI0 Caxapbl OT COOBITHIA
nepeHoca B uroHe 2006 r., mae 2008 r. u mae 2009 r., a TakxKe CHera, He COJAEPKAIIETrO IbUIb
Caxappl, ObUIM CO3JaHBl KIOHOBBIE OHMOJMOTEKHM JBYX THIIOB: Ha OCHOBE IIOJHOPa3MEPHBIX
amruikoHoOB TeHa 16S pPHK u ammmukonoB ero V3-V5 BapuabenbHoit o6mactu (cMm. Tadmn. 2). B
HeJoM, ISl Kakaoro ooOpasia Obulo MpoaHAM3HpOBaHO OKoO 40 KJIOHOB Ha OMOIMOTEKY
(MckJIIOYeHHUE cocTaBuiIa OMOIMOTEKa KJIOHOB JJisi 00paslia CHEXHOI'O MOKpOoBa ¢ NbUIbio Caxapsl
ot mast 2009 r., rae Obuto B3sITO OKOJO 60 KJIOHOB Kaxaoro tuma). IlpenBapurenpHas ouneHKa
MHUKpPOOHOTO pa3zHooOpa3us ObUIa NMPOBEACHA METOJOM PECTPUKIMOHHOTO aHamm3a 178 um 179

KJIOHOB, TOJYy4Y€HHbIX B pe3yibraTe co3nanus V3-V5 u  nojgHopasMepHbIX OMOIHOTEK,
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cOOTBeTCTBeHHO (Tabia. 3). B mepBoM ciydae pempe3eHTaTUBHBIE KJIOHBI Ka)KJOTO pUOOTHUIA,
UMEIOIEro cnenuuieckuii mpoQuiab pecTPUIIMPOBAHHBIX (ParMeHTOB, OBUIM CEKBEHHPOBAHBI U
CTPYNIIUPOBAHBI B 68 (UIOTUIIOB HA OCHOBAHMH CXOJICTBA HYKJIEOTHIHBIX TOCIIEA0BATEILHOCTEH
(>98%), a Bo BTOpOoM — B 57 pmnotunoB. OTMETHM, YTO MOCIEI0BATEILHOCTH, KOH-CICIIH(DHIHBIC
¢unoTunaM KOHTAaMUHAHTOB, ObUTH OOHAPYKEHBI BO BCeX OMOMmoTekax, kpome V3-V5 6ubnnorexku
oOpasna cHe)xHOro mokpoBa ¢ mbUIbl0 Caxapel oT Mas 2008 r., m ObUIM TPEICTABICHBI, KaK
NpaBWIoO, OJHUM-IBYMs ¢uinotunaMu Ha Oubnuoreky. Ilocie wux ynaneHus M3 aHaIM3a,
OKOHUYAaTeJbHAsT BBIOOpPKAa cocraBuina 62 wu 53 yHuKaneHBIX Quiaotuna a1 V3-VS u
MOJIHOPAa3MEpPHBIX OMOIMOTEK, COOTBETCTBEHHO. VHTEpecHO, YTO, COOTHOLICHHWE KOJINYECTBA
(GUIOTUTIOB K YKCITy aHAJIU3UPYEMBIX KJIOHOB OBLIO MPAKTUYECKH OJMHAKOBBIM IJIsi OMOIHOTEK
000uX THUIOB, 32 UCKIIIOYEHHEM O0pasla CHEXKHOTO MOKpoBa ¢ mbuibio Caxapel ot mMas 2009 r. B
NOCJIEHEM CiTydae KoaumdecTBo (GunoTurioB B V3-V5 6uOIMOTEKE B IBa pasa MpeBOCXOAMIO YUCIIO
(GUI0TUTIOB, BHISBICHHBIX B MIOJTHOpa3MepHOU OnbimmoTeke (Tad. 3).

Kak nmpasuio, unenrudukanus ¢unorunos mo resam 16S pPHK Tem TouHee, uem Oosblie
pasmep ¢parmenra rena, xotss GenBank B 0CHOBHOM COEpKHT HETIOJIHBIE MOCIE0BATENbHOCTH. B
HallleM CJlydyae HEe3aBUCUMO OT o0pa3la WM TUMa KIOHOBOM OMONIMOTEKH, CymMMapHas J0Jis
(UIOTUIIOB, CXOJHBIX C U3BECTHBIMHU TAKCOHAMU IO HYKJIEOTUAHOMN MOCIEI0BATENbHOCTU Ha 95% 1
BhbIllle, cocTaBuia Oonee 74% (cm. mpuiioxenue 3 u 4). Bmecte ¢ TeM, B cilydyae HEKOTOPBIX
OMOIMOTEK 3Ta 10 OKa3anach JOBOJBHO Mala, CBUACTEIBCTBYS B MOJIB3Y OOJBIIOTO KOJIMYECTBA
HOBBIX HEM3BECTHBIX (PrutoTHIOB. Tak, Il CHEKHOTO TIOKPOBa ¢ mblabi0 Caxapsl oT utonas 2006 r.
JUIs JIBYX THUIOB OMOJIMOTEK, 00€ M3 KOTOPBIX OBUIM PENpPE3EHTATUBHBI M CXOXH [0 COCTaBY
(UIOTHIIOB M WX PACIPENCICHUIO, 01 (PUIOTUIIOB, POJCTBEHHBIX >95% M3BECTHBIM OAKTEPHSIM,
coctaBuna 27,3 u 36,4% nuia nonHopasMepHbXx U V3-V5 OubimmoTek, COOTBETCTBEHHO. B To ke
BpeMsi HeWJICHTUPUIIMpOBaHHbIe (GmioTUIEl (MeHee 90% CXOICTBA C HM3BECTHBIMH TAKCOHAMH)
OB OOHApPYKEHBI BO BCEX YETHIpEX oOpasiax cHera: 6 ¢miotuno B V3-V5 Oubnmorekax u 4
¢uoTHNa B OJIHOPA3MEPHBIX OUOINOTEKAX.

N3BecTHO, 9yTO OakTepuy, UMEIOIINE OTHOUICHHE K campoguTraM, yCIOBHBIM IMaTOTEHAM WJIH
naToreHaM 4eyioBeKa, 4acTo oOHapykuBatoTcs B bt Caxapsl. M3 maToreHoB caMbIM M3BECTHBIM
SBJISIETCSl BO30YIUTENIb MEHUHIOKOKKOBOYM nH(pekunu — Neisseria meningitidis [Griffin, 2007a]. B
JTAHHOM HCCIIeIOBAaHMH HAMU He ObLTO 0OHAPYIKEHO MaTOTEHHBIX MHUKPOOPTaHu3MOB. BMecTe ¢ TeMm,
Ooput0  oOHapyxeHo 12 HA-punoturnoB B o000ux Tumax OMOIMOTEK, KOTOPHIE HMMEIOT
HETMOCPEICTBEHHOE OTHOIICHHE K HOpMajbHOM MuKpodope yenoBeka [Grice et al., 2009, 2008;

Turnbaugh et al., 2009; Ley et al., 2008].
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Kputnueckoit  3amadeit  moOOro  MOJEKYJISIPHOTO  METOJa  OIEHKM  MHUKPOOHOTO
OuropasHoOOpa3ust ABISETCS MOJHOTA MPEeACTaBICHUs aMIITMKOHOB reHoB 16S pPHK (wmm npyrux
TeHETHYECKIX MapKepOB) B KOHKPETHOW BBIOOpKE KIOHOBOW OMOIMoTekn. Kpusbie, onuchIBaromiye
JIOCTaTOYHOCTH BBIOOPKH I TOCTOBEPHOTO aHAIM3a BHOBOTO COCTAaBa HCCIEIyEMBIX 00pasloB,
OKa3aJIMCh CXOXM JJIS TOJHOpasMepHbIX M V3-V5 OubnuoTek, 3a HCKIIOYEHHEM oOpasna
CHEXHOTO MoKpoBa ¢ nbutbio Caxapsl oT Mas 2009 r. (puc. 6). Haubonee penpe3eHTaTHBHBIMU,
CyJisl IO BBIXOJIy aHAJIMTUYECKUX KPUBBIX HA IUIATO, OKa3aiuch Oubnmoreku S u MBS, co3nannsie
JU1s1 00paslia CHeXHOTo MoKpoBa ¢ mbulbio Caxapsl oT utoHs 2006 r. Hayano BbIXOJa KpHUBBIX Ha
wiato Habmogamu B ciydae 6ubmmorek f2SD u MB-SD, a taxke MS7f u MS7, 94T0 TOBOpPHUT O
HOKPBITUU OOJIBILIEH YacTH BO3MOXKHBIX (DHJIOTHUIIOB B ITyJie MUKPOOPTAaHU3MOB CHEKHOTO TIOKPOBA
¢ neutbto Caxapsel ot mast 2008 r. u B cHere Oe3 mbutn Caxapel. B cimydae oOpasma CHEXHOTO
nokposa ¢ neutbio Caxapsl oT Masg 2009 r., monHopa3zmepHas 6ubimoreka (MS5f) okazanace Gornee
pernpe3eHTaTuBHOM, YeM V3-V5 OuOnmoTeka, 4TO HEMOCPEICTBEHHO CBs3aHO ¢ Oojiee OOTaThiM

pa3zHooOpasuem, BBISIBICHHBIM B rocienHei (Tabm. 3).
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Pucynoxk 6. Kpusble 3aBucumocty KojruecTBa GUIOTUIOB B OMOJIMOTEKE OT pa3Mepa BEIOOPKH B
kJoHax. Ha rpadukax npuBeneHo 1o /1Be KPUBBIX, COOTBETCTBYIONUX OnbOmrorekam V3-V5 u

MOJIHOpa3MEpHOTO THMa (cM. Tad. 3)

3HaueHust IMOKPBITHUA KJIOHOBBIX ounbIMoTEK ABYX THUIIOB IIO FYI[ TAaKXXE€ COOTBETCTBOBAJIH

MeX1y cOOOM M COTIIACOBBIBAIMCH C JIaHHBIMU aHau3a KpuBbIX. CpeqHee 3HaUEHHE TOKPBITUS 110
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I'ya nnst V3-V5 6ubnmorek cocraBmiio 72%, a A MOTHOpa3MepHbIX OubmoTek — 84% (tadmn. 3).
CpaBuenue nnaekcos lllenHoHa-YuBepa mMoOKa3ano, 4TO BBIOOPKH KJIOHOB JJisi OMOIMOTEK JBYX
TUMOB (DAaKTUUECKHU COBMAJAIOT AJII JBYX M3 4YeThlpex oOpas3noB. IlouTn momHoe coBmaaeHue
ungekcoB lllenHona-Yusepa u Yao 1 mexay OuOnImMoTekaMu ABYX THIIOB HAOMIONAIMA TOJBKO IS
CHEXHOTO NOKpoBa ¢ nbutblo Caxapel oT uroHs 2006 1. (Tabn. 3). Haubonsmum pasHooOpazuem,
cyns no nokasaremo lllenHona-YuBepa, XxapakTepu3oBaJicsi 00pa3er] CHEXKHOTO TOKPOBA C IBLIBIO
Caxapwl ot Mas 2008 r. (bubmmorexku MB-SD u f2SD). Haumenbmum ke pasHooOpa3ueMm 1o
JTAHHOMY MHJEKCY XapaKTepPHU30BaIHUCh 00pa3Ibl CHE)KHOTO TOKPOBa ¢ mbuibio Caxapsl oT Mas 2009
r. (bubmioreka MS5 u MS5f) u cuer, He copepxamuii eiIs Caxapsl (MS7 u MS7f). Kpome Toro,
3a UCKJIIFOYCHHEM 00pasIia CHEXKHOTO MOKpoBa ¢ mbeuibio Caxapsl ot mas 2009 r., 3Hauenus Yao 1,
Oyay4yd pasHBIMH JJis1 Pa3M4HbIX OO0pas3loB, MPENNojaraloT OOJbIIEe YUCIO OKUIAEMBIX
(GUIOTUTIOB B OTHOpa3MEPHBIX OUOIMOTEKax B cpaBHeHHU ¢ V3-V5 (cum. Tada. 3).

Cyns 1o 3Ha4YeHUsIM MHIeKca pazHooOpasus [lleHHoHa-YuBepa ais IBYX THIIOB OMOIHOTEK,
CHEXHBII TIOKPOB XapaKTepHu30Bajcs 0osiee BBICOKUM MUKPOOHBIM pa3sHOOOpa3HueM MpH HATHYUH B
HeMm meu Caxapel. CXOIHBIN pe3ynbTarT ObLT MoJy4deH paHee B pabore Liu et al. [2009a] mpu
U3yYEeHUH MHUKPOOHBIX COOOIIECTB CHEXHOTO TIOKPOBAa JIEJHUKOB THOETCKOTO BBICOKOTOPBS.
ABTOpaMH TOKa3aHO, YTO B CiIy4ae JIETHHKOB, IMOJBEP)KEHHBIX MEPHOIMUECKOMY OCAKICHUIO
IBUTH, 3HAYEHUSI HHICKCOB Pa3sHO00pa3nsi MUKPOOHBIX cOOOIIeCTB ObUTH BBIIIE, YeM JUIS TeX, Y9TO
TaKOMY BIHSHHIO He mojasepramuch [Liu et al., 2009a]. MoxHO caenaTh BBIBOJ, YTO MHKPOOHOE
pa3zHooOpasue CHeXHOTO MOKPOBA JISAHUKOB MIPH MEPUOANIECKOM OCAXKIEHHH MOYBEHHON TBUIN U3
apuIHBIX 00JacTel, Kak MpaBHJIO, BBIIIE IO HHAEKCaM W Oorade 1o BUAOBOMY COCTaBy B
CPaBHEHHH CO CHEKHBIM TIOKPOBOM, HETIOIBEPKEHHBIM TOJ00HOMY BIHSHUIO.

Takum o00pa3oM, TMpPUMEHEHHWE CTAaTHCTUYECKOTO aHaJM3a B OICHKE MHUKPOOHOTO
pazHo00pasusi CHEXKHOTO MOKPOBA JIOCTOBEPHO TOJATBEPAMIO COOTBETCTBUE JAHHBIX, MOJTyYEHHBIX
Ha OCHOBaHWH aMIUTU(UKauy nojiHopasmepHoro reHa 16S pPHK u ero V3-V5 o6macty, B 1ByX U3

YCTBIPCX CIIy4acB.

3.2.1.1 Ananu3 MUKpOOHOTO pa3HOOOpa3usi oOpasiia CHEXKHOTO TIOKPOBa ¢ MBUTEI0 Caxaphl OT

nroHsa 2006 .

st ananmza MUKpOOHOTO pazHOOOpa3usi CHEXHOTO MOKPOBA ¢ MbUTbi0 Caxapbl, 0CaXICHHON
B utoHe 2006 r. (SDm06/2006), 661111 co3nansl 1Be 6ubaroTexku kioHoB: MBS (V3-V5 Gubnmoteka)
u 5f (nonmHopasmepHas 6ubnmoreka). be3 ydyera QuioTUnoB-kOHTaMHUHAHTOB (IO 1 MUHOpHOMY

GUWIOTUITY-KOHTAMUHAHTY B KaXJI0H OHMONIMOTEKE), BBIABICHHBIX IyTeM cpaBHeHUs ¢ bBK,
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OKOHYAaTeJbHas BbIOOpKa /1 6ubmoteku MBS coctaBuia 39 xiioHoB 1 11 GuiioTunos (MOKpHITHE
92%), a nns 6ubnmoreku St — 38 kinoHoB u 11 ¢punotunos (mokpeitue 87%), (cMm. Tadm. 3).

Wnentudukarms GuiIoTUNOB, BXOAAIMX B cocTaB 0ubmorek MBS u 5f, npeacrasiena B
npuwioxenusx 3 u 4. CoriacHoO aHaiau3y NepBOoi M3 OMOIMOTEK B MHUKPOOHOM ITyJie CHEXHOTO
nokpoBa ¢ nbuiblo Caxapsl ot uroHs 2006 r. nomuaupoBamn 6 ¢unotunos: Deinococcus-Thermus
(2 dumrotnma — 43% ot oOmero uwuciaa KIOHOB), Bacteroidetes (1 ¢unotun - 8%),
Alphaproteobacteria (1 dumorun - 13%), Cyanobacteria (1 dunorun - 8%) u oauH
Hexnaccupurmmpyemsii  punorun  (10%) (puc. 7A). M3 Hux, Oonblie TOJOBUHBI OBLIH
npencrasnensl B GenBank (97% w  Oomee cxoxcTtBa 1O MOCHENOBATENBHOCTH  C
HEKYJbTUBUPYEMBIMH MUKPOOPTaHM3MaMH) M TOJBKO JBa MMOKA3ajH POJCTBO Ha ypoBHE 94,5 u
87% cxoactBa. HykineoTuHbIe IOCIEA0BATENFHOCTH peacTaBuTeneil punorunos MB5-1 u MBS5-
19 mnoxazamu 94% cxoxactBa ¢ Deinococcus xinjiangensis (FJ608132), obHapykeHHOTO B
MUKpO(dIIOpe TMUNHKN MaIspuitHoro kKomapa [Rani et al., 2009], u pagnaimoHHO-4yBCTBUTEIBHOM
ncuxpoduisHOi Oakrepuen D. claudionis (EF635406) w3 anprmiickoit mouBbl (5002 M Ham y.M.)
[Callegan et al., 2008], coorBercTBeHHO. Dunotun MB5-4, 00HapyX w1 HauOOJBIIEE CXOICTBO
(95,2%) ¢ armmopuIIBHON TTCUXPOTOIepaHTHON Oaktepueit Acidisoma sibiricum nu3 6onotT Cubupu
(AM947654) [Belova et al., 2009]. ®wrotm MB5-20 mokazan 93,3% cxoxactBa ¢ Anabaena
cylindrica (AJ630414), BeineneHHON U3 0caqovHbIX Mopoja banruiickoro mopst [Rajaniemi et al.,
2005]. HdBa ocraBmmxcs JOMHHAHTHBIX Qriotunma MB5-5 u MBS5-18 mokaszanu otnaneHHOE
cxonctBo (83 um 85,2%), ¢ TakCOHOMHYECKH OIMCAaHHBIMM IpeAcTaBUTENIMU Anaerobacter
polyendosporus (AJ222546) u Marinoscillum pacificum (DQ660388), COOTBETCTBEHHO H, TEM
CaMbIM, OCTAINCh HeWIEHTHU(PHUIMpPOBaHHBIMU. OJIHAKO, EPBBII U3 HHUX TOKa3aa 0ojiee BBHICOKOE
cx0J1cTBO (97%) ¢ mocnen0BaTeNbHOCTHIO KJIOHOB U3 CHEKHOTO MOKPOBA THOETCKOI'O BHICOKOTOPbS
[Liu et al., 2009a].

AHamm3 moyiHOpa3MepHo Oubmmoreku (5f) mokasan, uro w3 11 BEISBICHHBIX (DUIOTHIIOB
JOMHUHUPYIOT TSITh, IpuHaAmexkamme Deinococcus-Thermus (2 unotuna — 43% ot oOmiero yucna
KIOHOB), Bacteroidetes (1 ¢unorun — 18%), Alphaproteobacteria (1 dunotun — 13%) m
Cyanobacteria (1 ¢unorun — 8%) (puc. 7b). IlpuMeyaTesbHO, YTO Camble 4acTO BCTpEYACMBIS
¢unotunsel - 5f-3 u 5f-6 oxazamuch HeMAEHTHUPUIMPOBAHHBIMHU, TaK KaK MOKa3add TOJIbKO 89 H
84% ponctBa ¢ Deinococcus radiophilus (NR _026402) u Flexibacter flexilis (AB078054),
COOTBETCTBEHHO. Bropoit ¢unotun u3 pasnena Deinococcus-Thermus (5f-16) oonapyxuBan 94%
CXOJICTBA C pPaIMallMOHHO-9yBCTBUTEIHHOU nicuxpodunbHo# OakTepueit D. radiomollis (EF635405)
u3 anpnuiickoil mouBsl ¢ 5002 M Ham y.m. [Callegan et al., 2008]. ®unorun 5f-1 u3

Alphaproteobacteria, mokazan otaaieHHoe ponactBo (92%) c¢ Gluconacetobacter sacchari
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(AF127412). Hakonen, punorun 5f-12 mokazan Hanbobinee cxoactBo (97%) ¢ muanobakrepueit

U3 XOJIOJIHBIX 03€p AHTapKTUKU Phormidium pristleyi (AY493580) [Taton et al., 2006].
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Pucynox 7. loMuHaHTHBIE OaKTepHabHBIE (PUIOTUIIBI, BBISIBJICHHBIE B CHEKHOM TIOKPOBE C TBUIBIO
Caxapsl ot utons 2006 r. B pesyabrare ananuza V3-VS5 (A) u nonHopaszmepHoii (b) 6ubnuoTek.
3Be3104K0i 0003HAYEHBI HEUECHTU(UITPOBAHHBIE (DUIIOTHITHI. 3aII0JIHEHHE KPACHBIM LIBETOM —

HEeHJCHTU YUITUPOBAHHBIN U HEKJIAaCCU()UIIUPOBAHHBIN (PUITOTUTIBI

[Ipu mpoBenennn wuaeHTUGUKAUK (GUIOTUIIOB, B 00enx OMOMMOTEKaxX OBLTH BBISBICHBI
HeuJIeHTU GUITUpOoBaHHbIe GuioTunbl. Tak, B Oubmmoreke MBS 3To OBUIM JBa JOMHHAHTHBIX
¢wrornma MB5-5 u MB5-18, a B Oubimorexke S5f nBa gommuanTHeIX (5f-3 w 5f-6) u omun
MUHOpPHBIH (unotunsl (5fr-8, 88,2% cxoxcTtBa ¢ m3BecTHBRIM BHIOM). Ha OCHOBaHMM BBICOKOTO
cxoncrBa (98%) ¢ KIoHAMH MHKpOOMOMa KOKHM YelioBeKa 1Ba ¢miuotuna u3 oubmmorexku MBS
(MB5-4 u MB5-7) u ogun u3 6ubimmoreku 5t (5f-1) 6puin otHecens! k rpynme HA -punotunos.

Takum 00pazom, Ipu OLIEHKE Pa3HOOOpa3nsi MUKPOOPTAaHU3MOB B CHEre ¢ mbuIbio Caxapsl OT
cobpiTus meperoca 2006 r., AOMW JOMUHAHTHBIX (UIIOTHUIIOB, TpUHAICKAIHe Deinococcus-
Thermus, Alphaproteobacteria n Cyanobacteria oka3anuch MPaKTUUECKH OJUHAKOBBIMU i V 3-
V5 u nonHOopasmepHoii Oubmmorekn. Kpome Ttoro mpencraBurenu Bacteroidetes cocTaBnsiim
3HAYUTENIbHYI0 YacTh B OUOMMoTekax 060ux TUIOB. PUIOTEeHETUUECKOE CPABHEHUE MTOKA3aJI0, YTO
OoJbIIast 9acTh JOMUHAHTHBIX (DMIOTHUIIOB COBIaja MeXay OnOIrmoTekamu 060mx TUNOB (Tadm. 4).
Cpenu HUX OKa3aJMCh PWIOTHIIBI, OTHOCSAIIHECS K ponam Deinococcus (punotunsl MBS-1 u 5£-3,
MB5-19 u 5t-16), Flexibacter (MB5-18 u 5f-6) u Gluconacetobacter (MB5-4 u 5f-1). U3
MUHOPHBIX TOJbKO 0uH ¢unotun (MB5r-2 u 5f-13) otnanenHo poactBennsiit Hymenobacter soli,
Ob11 00HapyxkeH B 6ubsmoTekax 06oux TuroB. [1oj00HO€ COOTBETCTBUE B pacnpeieIeHUH OAHUX U
TEX K€ JOMHUHAHTHBIX (PUIOTHUIIOB JJI KJIOHOBBIX OMOJMOTEK JABYX THIIOB OOYCIIOBJIEHO, CKOpEe
BCET0, KaK JOCTATOYHO BBICOKOM CTETICHBIO MOKPBITH 00enx 6ubauotek (cMm. Tabm. 3, puc. 6), Tak
U BEPOATHBIM pa3MHOXKEHHEM (CeJNeKIMel) MTaHHBIX JOMHHAHTHBIX (UJIOTHUIIOB B TEUCHHE

TPEXMECAYHOI'O NMEPUOJa HAXOXKICHUA NI B CHET'C.
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3.2.1.2 Ananu3 MUKpOOHOTO pa3HOOOpa3ms oOpasiia CHE)KHOTO TMOKPOBa ¢ MblIbio Caxapsl OT

mast 2008 1.

Mukpo6HOe pazHo0Opa3ne CHEKHOTO MOKPOBa € MbUTbI0 Caxapbl OT COOBITHA MEpeHoca B Mae
2008 r. (SDmO05/2008) Obuto u3yueHO myTeMm co3nanus Oubmmoreku MB-SD mo V3-V5
BapuabenbHOit oOmactu rena 16S pPHK wu Oubmmoreku f2SD mno mnosiHOpa3mepHOU
MOCIIEIOBATEIPHOCTH TOTO ke T'eHa. B mepBoM cirydae pa3mep BhIOOpKH coCTaBmI 38 KIOHOB U 19
(GUIOTUNOB, W3 KOTOPBIX HH OJMH HE ObUI MACHTHYEH MociienoBaTenbHOCTSIM BK, U mokpeiTue
oubmoreku MB-SD cocraBmiio 74%. B cBoro ouepenb, 3a BBYETOM OJHOTO MHHOPHOTO
¢unotuna-koHTaMuHaHTa, aHamu3 47 kiIoHOB Oubmmoreku f2SD BeisiBua 22 unotuna (IOKpHITHE
cocraBisiio 75%) (cm. Tabm. 3).

Anamm3 V3-V5 O0ubnamoTeky mokaszai, 4To OoJbIas 4acTh KJIOHOB ObLIa pacrpeielsicHa Io
YyeThipeM (QIIOTHIAM, TpUHagIexkamumM Actinobacteria (2 ¢unotuna - 29% ot oOmiero umcna
KIOHOB) U Alphaproteobacteria (2 ¢unotuna — 19%) (cMm. mpunoxenue 3; puc. 8A). Bce onm
00Hapy>KMBaJIM BbICOKUI ypoBeHb cxoncTBa (97,5% U BbIlIE) KaK C HEKYJIbTUBUPYEMbBIMH, TaK U C
TaKCOHOMMUYECKH OIMCAHHBIMU MuUKpoopranumsmamu. Tak, ¢unotunsl 2SD-21 u 2SD-12
obHapyxuBamu 99% cxojicTBa C MpeacTaBUTEsIMU ceMelcTBa Frankia: Blastococcus saxobsidens
(AJ316574), Beinenennoro ¢ nmoepxHocTH m3BectHsika [Urzi et al., 2004], u Geodermatophilus
obscurus, BBIZICIICHHOTO ¢ MOBEPXHOCTH JOJOMUTOBOTO Mpamopa (X92359) [Eppard et al., 1996],
cootBeTcTBeHHO. [locnmenoBatenpHoCcTH KIOHOB (mmotuna 2SD-10 mposBiuim  HauOosbiee
cxonctBo (97,7%) ¢ Rubellimicrobium mesophilum (EF547368), a ¢unotuna 2SD-40 — ¢
Sphingomonas kaistensis (AY769084) (97,5% cxoactsa). O6a mraMmma ObUTH BBIZICJICHBI paHee U3
nouBsl B Kopee [Dastager et al., 2008; Kim et al., 2007].

CornacHo mpoBeneHHON waeHTH(UKanmuu (cM. mpuioxkeHue 4), oauH u3 22 (QUIOTHIOB,
00Hapy>XEHHBIX B IIOJHOpa3MEpHON OuOIMOTEKE, uMeNl HeOaKTepuajabHOE IMPOUCXOXKICHUE
(xmoporumactaast pIHK). 3mece u nmamee yder momoOHBIX (DHIIOTHIIOB OIyCKalW TIPU aHAJIH3E
MHUKpOOHOTO pa3zHooOpasus. Takum o0pa3oM, OCHOBHYIO YacThb MOJHOPAa3MEPHON OMOIHMOTEKH
COCTaBIISLIM YIIOTHUIIBI pa3nena Firmicutes (58% oT obmero yucna kioHoB) (puc. 8b). Cpenn Hux
yeTblpe GUIoTUIIA OOHAPYKUBAIU CXOJCTBO CO CIOpooOpasyromumMu 0akrepusmu ponaa Bacillus:
¢uwnotun f2SD-104 mokazan 96% c¢ B. aminovorans (X62178), dunotun f2SD-11 — 97% ¢ B.
macroides (AF501367), dunotun f2SD-33 — 98% ¢ B. simplex (AJ628745) n dpunotun f2SD-b14 —
97% ¢ B. benzoevorans (Y14693). lIea npyrux ¢unorumna toro xe pazgena, f2SD-87 u f2SD-a7,
MOKa3ajau BbICOKOE cXOACTBO (98-99%) c obnuratHeM okcanaToTpodoM U3 pusochepsl LiaBens
Ammoniphilus oxalaticus (Y14579) u ncuxpodwmibHoii 6akrepuu Tumebacillus permanentifrigoris

(DQ444975) u3 BeuHOM MEpP30THI, COOTBETCTBEHHO [Zaitsev et al., 1998; Steven et al., 2008]. Bce
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¢unoTUNbI, KaKk MUHOPHBIE, TAaK M JOMHMHAHTHbIe ObUIM mpenactaBieHsl B GenBank u mokaszamm

poacTBo Ha ypoBHE 95% U BbIIlIE€ C TAKCOHOMUYECKH OMTUCAHHBIMU BUJAMU.

£25D-104
2sD-21 10%
f2SD-87
7%

f2sD-33

2sD-12 APYrue 0% Alphaproteobacteria

130& 420&
Apyrue [ Actinobacteria
52%
SD-11 Firmicutes
//2SD-10 12% [l Apyrue (MuHOpHBIe
" $nroTHNBY)
f2SD-a7
8% 25D 14 7o

12%
A b
Pucynox 8. JloMuHaHTHBIE OaKTepHabHBIE (PUIIOTUTIB, BEISIBICHHBIE B CHEKHOM MOKPOBE C MBUIBIO

Caxapsi ot Mmas 2008 r. B pe3ynbrate aHamm3a V3-V5 (A) u nomHopasmepHoii (b) oubmmoTex

EnuHCTBEHHBINH HEeMAEHTHU()UIIMPOBAHHBIN (DUIOTHII, IPEICTABICHHBIA ABYMs KJIOHAMH, ObLI
obnapyxeH B O0ubmioreke MB-SD (2SD-1), Torma xak moclieToBaTeIbHOCTH BCeX (DHUIIOTHUIIOB
oubmorekn f2SD  Obum  maeHTuduIMpoBaHbl. Kpome TOro, COTJacHO  MPOBEIACHHOM
unentudukannm, HA-punorums 66utr 0OHapyKeHsl TOJIBKO B Onbmmotexke MB-SD (2SD-10, 2SD-
40, 2SD-32). ExunacTBeHHbIN QuiioTun HeOakTepuanbHOro npoucxoxaenus (f2SD-a23) 6bu1 KOH-
cnerduuen ¢ xnoporutactHor p/IHK Pinus merkusii (F1899579).

Takum oOpa3om, HECMOTpsT Ha TO, 4YTO TIOKPHITHE OWMOIMOTEK, CO3JAHHBIX IIyTeM
KJIOHHPOBaHMs MOJHOpa3MepHbIX aMIuiMkoHoB reHa 16S pPHK u ero V3-V5 o6nactu, Obuio
NPaKTUYECKA WACHTUYHBIM, U CTAaTUCTUYECKHH aHAJIHM3 B O0OMX Ciydasx IOKa3al, YTO OXBau€HO
OOJbIIEe TTOJIOBUHBI BO3MOXHBIX (WIOTHNOB (pHc. 6, Tabn. 3), pacmpenereHHe TOMHHAHTHBIX
¢unoTHNIOB B cocTaBe OMONMOTEK M WX TaKCOHOMHUYECKas TMPUHAUICKHOCTh 3HAYUTEIHHO
OTIIMYAINCH. B 11eIOM 10 TaHHBIM JBYX OMOJIMOTEK B CHEXXHOM TMOKPOBE C MbUIbI0 Caxapbl OT Mast
2008 r. nmoMuHHpOBaIM mpenacTaButesd Actinobacteria (Blastococcus, Geodermatophilus),
Alphaproteobacteria (Rubellimicrobium w Sphingomonas) w Firmicutes (Bacillus, Tumebacillus n
Ammoniphilus). Tak, ammmdukamus V3-V5 obmactu rena 16S pPHK mnokazana qomuHMpOBaHme
npeacraButenen Actinobacteria (29% ot oOmiero uucna kJIOHOB) U Alphaproteobacteria (19%),
TOTJa Kak TpH aMIUM(QHUKAIMKA TIOJHOPA3MEPHOTO TeHa OCHOBHYIO 4YacTh MHKpPOOHOTO
pasHooOpazus coctaBisimu ¢unotursl Firmicutes (58%). CxonctBo OMOMMOTEK BYX THIIOB Ha
ypoBHE (DrIOTHUIIA MOKHO OTMETHTH TOJIBKO IJIi MHUHOPHBIX ¢GuiotunoB — 2SD-29 u f2SD-4,

poactBeHHbIX Bacillus niabensis (cMm. Tab. 4).
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3.2.1.3 Ananu3 MUKpOOHOTO pazHooOpa3ust oOpasiia CHEIKHOTO TIOKPOBa ¢ MbUTbI0 Caxapsl OT

mast 2009 r.

MukpobHOe pa3HOOOpazue CHEXHOTO MOKpoBa ¢ MbUIbi0 Caxapbl, OCaXICHHOW B HIOHE
2006 r. (SDm05/2009), 6puI0 MPOAHATU3UPOBAHO C MOMOIIBIO JABYX OMOIHOTEK KIOHOB: MS5 m
MS5f (V3-V5 wu mnonHopa3MepHas OuOIMOTEKa, COOTBETCTBEHHO). Ilocie cpaBHEHUsS C
nocnenoBarenpHOCTIMU BK, nBa (umoTnma-koHTaMuHanTa ObuUTM yaaieHbl U3 BBIOOpPKH V3-V5
OuOIMOTEKH U OJMH — U3 BBIOOPKHU TMOJHOpa3MepHoW OmbnroTexu. B urore meppas O6ubnmoreka
Obuta peacrasiena 57 kiaonamu U 18 ¢punotunamu ¢ nokpeituem no ['yn paBabiM 74%, a BTopas -
55 KJIOHAMH | AE€BATHIO (PUIOTHIIAMU € TTOKPBITHEM 10 'y 11 paBHBIM 93%.

Unentudukamms 18 ¢unotunoB V3-VS O6ubOanoTexu BhIsiBHIIA 2 (DUIOTHUNA TUIACTHIHOTO
NPOUCXOXKIeHUS (cM. TpuiiokeHue 3, puc. 9A). B myne OakTepuanbHBIX (QUIOTHUIOB IO YHUCITY
KJIOHOB (24%) momuuupoBan ¢rmirotun MS5s-3, oOHapyxuBaroumii BeICOKOe ¢xoacTBo (99%) ¢
OakTepwuel, BeIICTICHHON paHee u3 mouBkl Caxapsl, Saccharothrix algeriensis (NR025658) [Zitouni

etal., 2004].

MS5s-3
24%

MS5sf2
33%

[ Actinobacteria

B Firmicutes

I Spyrue (MuoHOpHBIE
$punoruns)

apyrue
67%

A b
Pucynox 9. JloMuHaHTHBIE OaKTepHaIbHBIC (PHIIOTUTIB, BEISIBIICHHBIE B CHE)KHOM MOKPOBE C TIBUIBIO

Caxapsl ot Mas 2009 r. B pe3ynbrate aHanuza V3-V5 (A) u nonHopasMepHoii (b) Oubnmorex

B cBo10 0Uepenp B MoHOpa3MepHOH OMOIMOTEKE TPH U3 JIEBATH OOHAPYKEHHBIX (PHIIOTUIIOB
OTHOCWIUCH K TIocyieioBaTeabHOCTIM XyoportactHo p/IHK (cm. mpunoxxenue 4). [lonasnsitoriee
K€ OOJIBIITMHCTBO KJIOHOB OakTepuaibHOTO npoucxoxaenus (33% ot obiiero uncia KIOHOB — PUC.
Ob) mpunamiexamu dunotunmy  MS5sf-2,  oOHapyxmuBaromemMy — cxoiactBo  (99%) co
criopoobOpasytomieit 6akrepuent Bacillus niacini (NR_024695) u mocnenoBaTebHOCTSIMU KJIOHOB,
00Hapy>KEHHBIX B TOPOACKUX adpo3oisix [Brodie et al., 2007].

CornacHo npoBeJIeHHOM UIEHTU(UKAIMKY B KaXKJOM TUIE OMOIMOTEK ObLJI0O 0OHAPYKEHO IO
OJTHOMY HEWACHTH(QUIMPOBAHHOMY (GWIOTHITY, MNPEICTABICHBIX MHHOPHBIM YHCIOM KIIOHOB.

[Tomumo »storo, k rpynne HA-QUIOTHNOB OBUIO OTHECEHO INSITh MHHOPHBIX (DUIOTHUIIOB W3
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oubmotreku MS5 (MS5s-12, MS5s-16, MS5s-15, MS5s-7, MS5s-6) 1 o1vH MUHODPHBIH (UIOTHIT
(MS5sf-18) — u3 6mbmmorexkn MSS5f. Uto kacaercs (PUIOTUMNOB IUIACTHIHOTO MPOUCXOXKICHHS
(MS5-3, MS5£-31, MS5f-3 u MS5sf-3), To 6omnbinas ux 4yacTh ObliIa MPEACTABIICHA 3HAYUTETHHBIM
qrciaoM KIOHOB. [IpoBenennas uneHTu(UKanus MoKas3aia X NpUHAMISKHOCTD (99% cxoacTBa) K
xnoporutactHoit pIHK Picea sitchensis (EU998739), Pinus merkusii (F1899579), u Quercus nigra
(GQ998717) (cm. mpunoxkenue 4). OTMETHM TaKXe, 4TO (PMIOTHUIIBI, POJICTBEHHBIE XJIOPOIUIACTHON
pAHK P. sitchensis (MS5-3 u MS5f-3) u Q. nigra (MS5s-20 u MS5sf-3), Obir 00HAPYKEHBI B
OubroTexkax 000uX TUMIOB PparMeHTOB (CM. TalII. 4).

Cyns mo CTaTUCTHYECKHM pacueraM, 00beM BBIOOPKH OKa3ajics pEenpe3eHTAaTUBHBIM B CITy4yae
MOJTHOPa3MEepHOH OMOIMOTEKH, TOT/Ia Kak B ciiydae V3-V5 OHOIHOTeKH — B JIydIlleM ciydae ObLIo
MPEJICTABICHO OOJIBIIE MMOJOBUHBI BO3ZMOXKHBIX (PHIOTHIIOB (CM. puc. 6, Tabm. 3). OTMeTHM, 4TO
uHJEKC pasHooOpasus llleHHoHa-YuBepa u MHAEKC BUI0BOTO OorarctBa Yao | ObIIM 3HAYUTEIHHO
BhIIIe 11 V3-V5 OUOIHOTEKH, 4eM ISl TTOJTHOPa3MEPHOH OUOIMOTEKH.

Takum 00pazom, MUKPOOHBII COCTaB CHEXXHOTO MOKpoBa ¢ mbutbto Caxapsl oT Mast 2009 r.,
cormacHo aHanu3zy V3-V5 u momHOpa3MepHOW OWOMMOTEK, OBLT TPEICTaBICH B OCHOBHOM
Firmicutes (Bacillus) u Actinobacteria (Saccharothrix). [lpu 3ToM miepBbIe OBLIH BBISBICHBI B V3-
V5 oubnmorteke, a BTOpbIE - B TOJHOPa3MEpPHOW OUOIMOTEKE, COOTBETCTBEHHO. 3HAUMTEIHHOE
OTIIMYUE B PENPE3CHTATHBHOCTH OWOJIMOTEK JBYX THUIIOB, IO-BHIUMOMY, SIBISACTCS OJHON W3
NPWYUH PA3JIMIHMiA B cOCTaBe (DIJIOTHUIIOB U UX KOJMYSCTBEHHOM COOTHOIICHHH. OTMETHM TaKKe,
YTO Ha YpOBHE (QHWIOTHUIA CXOJICTBO OMONMOTEK ABYX THIIOB (ParMeHTOB BBIPAKAIOCH B

MPUCYTCTBUE TOMUHAHTHBIX (prtoTunoB xyoporuiactHoit p/IHK Picea sitchensis v Quercus nigra.

3.2.1.4 Ananu3 MUKPOOHOTO pa3HOOOpa3us 00pasia CHEXKHOTO MOKPOBA, HE COACPIKAIICTO

nbUIb Caxapsl

Jnst ananm3a MUKpOOHOTO pa3HOOOpa3msi CHEXKHOTO TTOKPOBA, HE coieprkamniero nputb Caxapbl
(Dm08/2009), Obutm cozmanel aBe Oubmmotekwm: MS7  (V3-V5 oOubmmoreka) m  MSTE
(moHOpa3mMepHass OubOimoTeka). B mepBoMm cioydae mocie ymaleHHs TpeX (UIOTHIIOB-
KOHTaMHHAHTOB, OKOHYaTeJIbHasi BbIOOpKa cocTaBmiia 36 KIOHOB U 14 QUIOTUIIOB ¢ MOKPBITUEM
o6ubmoreku 75%. Bo BTOpOoM ciydae ObLT BBISBIEH OJUH (MIOTHI-KOHTAMHUHAHT, U BbIOOpKa
coctaBuia 33 kj0HOB u 11 GunoTUNOB ¢ MOKpBITHEM OUOIHOTEKH 79%.

OunoTunel, TNPUHAMISKANME MOCICTOBATEIBHOCTSIM  IDIACTHIHOTO  MPOUCXOXKICHHSA,
COCTAaBJSUIM 3HAYUTEIBHYIO JOJIIO [0 YHCIy KIOHOB B coctaBe V3-V5 Oubnmoreku (cwm.
npwioxenne 3). bakrepuanpHoe >xe pasHooOpazme ObUIO TpeicTaBieHo 12 dumoTtunamu, w3

KOoTOpbIX aomuHupoBail (19% ot oOmero uwucia OakTepHabHBIX KIOHOB) IHPEICTaBUTENb
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Actinobacteria - dunotun MS7-40 (puc. 10A). Dtor dumotun mposiisin 95,6% cxoacta co
mrammoM Conexibacter woesei (CP001854), BeinenennbiM u3 mousbl [Pukall et al., 2010] 1 99% ¢
JPYTMMH HEKYJIbTUBHPYEMBIMH TOYBEHHBIMU OakTepusimMu. CiemayeT OTMETHTh, YTO JaHHAs
O6ubnmoTeka ObUIa €MHCTBEHHON, B KOTOPO# ObLT 3aduKcHpoBaH ciydail ammndukanuu mt/IHK
(bunmotunm MS7-29).

Ananu3 (GUIOTHIIOB B TOJHOpa3MepHOil OubimoTeke mokasam, 4to 5 u3 13 ¢unorunos
UMEIOT TUIACTUHOE TMpoucxoxjeHue (cm. npunoxkenue 4, puc. 10b). Cpeau 8§ OGakrepuasbHBIX
(GUIOTUNIOB K JOMHHAHTHBIM ObUT oTHeceH ¢umnoTun MS7{-15 (44% ot obmiero 4uciaa KJIOHOB),
KOTOpPBI COTJIACHO TIPOBEJECHHOW WICHTUPUKALMU ¢ TocienoBaTensHocTsMu B GenBank
otHocwics kK MTIHK mxa Physcomitrella patens (AB251495), a mo ¢uioreHeTHIeCKOMY aHaI3y
OBLT OTHECEH K KJaccy Alphaproteobacteria.

K nennenrudunupoBaHHbM (GHUIOTUIIAM OBUIM OTHECEHBI TOJIBKO JBa MUHOPHBIX (DHIIOTHIIA
(MS7-14 u -15) u3 6ubmoreku MS7. Yto kacaercs (UIOTHUNOB IUIACTHIHOTO MPOUCXOKICHUS,
oOHapyXeHHBIX B OMONMOTEKaxX ABYX THIOB, TO OHH mMmokasamu oT 99 mo 100% cxoncTea ¢
xnoportactHoit JIHK mxoB Bartramia pomiformis (DQ629559) Syntrichia ruralis (FJ546412),
Marchantia polymorpha (X04465) u nanopotuuka Thelypteris navarrensis (DQ629491) (cm.
npusioxkenue 3 u 4).

M -0
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o,

\ METi-16
| % ] Alphaprotechbacteria
I,.' - Actinobactara

- APYTe dMITHODHbRE
GLTOTITIRL)

= 3 [

A b
Pucynoxk 10. JloMrHaHTHBIE OaKTepUabHble (PUIOTHIIBI, BBISIBICHHBIE B CHEKHOM ITOKPOBE, HE

cozepxareM nbulb Caxapsl, B pe3yibrare aHaim3a V3-V5 (A) u nonHopaszmepHoii (b) 6ubimorex

AHanu3 pazmepa OMOIMOTEK M 3HAYUTENbHOE MPEBBILIEHUE YHCIIA 0)KUIAEMBIX (DUIIOTUIIOB B
CpaBHEHHMH C HaO0JII0/IaeéMbIMH, YKa3blBalOT Ha HEJOOLEHKY pa3HoOoOpa3usi mo oO0OMM THIIaM
6ubmoTek (cM. puc. 6, Tabn. 3). B Toxxe BpeMsi moKpbeITHE OMOIUOTEK U pacUYUTAHHBIEC 3HAUCHUS
[llennona-YuBepa m Yao 1 Obumm Takxke goctaTouyHo Onu3ku g V3-V5 u momHopazMepHOU
OMOIMOTEK.

B nemom no nanapiM ananuza V3-V5 u nosHOpa3MepHO OMOIMOTEK B CHEXKHOM TIOKPOBE, HE

coaepkameM mbUTe Caxapbl, TOMHUHHpOBaNM mpencraBurenu Actinobacteria (Conexibacter) m
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Alphaproteobacteria (pon HeusBecteH). Actinobacteria nomuaupoBanu B V3-V5 O6ubnmoreke, a B
noJIHOpa3MepHoit oubnmoreke — Alphaproteobacteria. Kpome TOoro B OuOIMoTeKaX 000MX THIIOB
NPUCYTCTBOBAJIM MHHOPHBIC POJICTBEHHBIC IPYT APYTY GWIOTHITBI, Hanpumep, Gunotuns (MS7{-9
u MS7-37) pona Bacillus. Takxe B coctaBe 00enx OMOMMOTEK 3HAUUTEIbHAS JOJISI KIOHOB ObLIa
npejcTaBieHa nocienoBaTenbHoCcTaMH xyoporuactHoit p/IHK wmxoB Bartramia, Syntrichia n

Marchantia v maniopotuuka Thelypteris.

3.2.2 V3yueHue JOMOJHUTEIBHBIX 00pa3ioB myTeM aHamm3a V3-V5 KIOHOBBIX OHOIHOTEK

Jlns BBISIBNICHUS TIPUUUH Pa3iIMYUil B BUAOBOM COCTAaBE BBIIICOMUCAHHBIX O00pa3IOB MyTeM
aHam3a V3-V5 OubmmoTtex ObUIO M3yUeHO 3 JTOTIOJIHUTENBHBIX 00pasma: cHera ¢ mbliabto Caxapsl
ot utons 2008 r.; meut Caxapsl, coOpanHoil B ['peHoOIe; mecyanoil mycThiHHOM mouBbl Caxaphbl.
Kpowme Toro, ucnomns3ys npoaykrsl OT-IILP, 6su1a co3gana PHK-6ubamnoTeka KIOHOB 171 CHera,
He cojepskaiiero nbeUib Caxapbl. PeCTpUKIIMOHHBIN aHAIM3 M MOCJIEAYIOMUNA CEKBEHUPOBAHUE
NOJy4YeHHBIX 155 ki10HOB BhIssBUIM 74 ¢dunortuma, u3 KoTopsix 7 ¢unotumnos (4,5% ot odmero
Yyucia KJIOHOB) oka3anuch B BK u ObUTH yJaneHpl W3 COOTBETCTBYIOIIMX OuOMoTek (Tadm. 5).
Unentudukamums octaBmmxcst 67 punoturnos (125 KI0HOB) Mmokasana, 4To 0oJiee MOJIOBUHBI U3 HUX
(67%) moxazamn >95% cXOACTBa TO HYKJICOTHIHON TIOCICIOBATEIEHOCTH C W3BECTHBIMH
takcoHamH (cM. npuioxenue 4). Kpome toro, oOHapyskeHbl 6 Apyrux (10 CpaBHEHHUIO C 4-Ms

OCHOBHEIMU 00pa3iamu) HA- ¢punotumos (7,2% oT 001Iero 9rciia KJIOHOB).

Tabmuma 5 — XapakTepucTHKa JOMOJHUTEIBHBIX KIOHOBBIX OnOoTeK V3-V5 tnumna

Tun munepana WJUIUT H.J.
Ob6paszen SDm06/2008 SD05/2008 Dm08/2009 SS03/2008
bubnuorteka MB-SD2 SD MS7r SS
Hciio 15/38 24/39 13/38 22/40
KJIOHOB/ (PYIIOTHIIOB
UYucno BK ¢unorumnon 2 0 5 0
Huexo HCTHHHELX 13/29 24/39 8/17 22/40
KJIOHOB/(YJIOTHITOB
Nunexc lI>nnona- 2,18 2,88 1,8 2.8
Yusepa (1,81-2,55) (2,59-3,17) (1,39-2,22) (2,52-3,08)
HNunexc Yao 1 20 68,33 13 (gg’jg-
! (14,45-46,8) (36,08-180,03) (8,78-40,14) 56 ’91)
[Toxpwitue I'yn, % 72 54 71 65
Yucno HA-punotunos 2 1 3 0

[Tpumeuanus
1 H.J. — HET TaHHBIX.

2 Pacuer uHIEKCOB pa3HOOOpa3usl M NOKPBITUS 1o ['y1 MPOBOIMIIM TOJBKO AN “UCTHHHBIX (HIOTHIOB, T.€.

6e3 yuera bK ¢unorumos.
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[IpoBeneHHass cTaTUCTHYECKas OIIGHKA pENPEe3eHTaTUBHOCTU TOJYYEHHBIX OMOIHOTEK
noKaszajia TOKpBITHE OOJbIIeH YacTH BO3MOXHBIX (HIOTHIOB B ciiydae Oubmmorek MB-SD2 u
PHK-6u6mmotexku MS7r, CO3MaHHBIX Ui OLEHKH Pa3HOOOpa3Wsi CHEXKHOTO IMOKPOBA C IBUILIO
Caxapsl ot utons 2008 r. u cHera, He cojepskauiero nbutn Caxapsl (puc. 11). B To xe Bpems
BbIOOpKHU OnOsmotek SD u SS oka3ainch HENOCTATOUHBIMU Ui 0XBaTa BO3MOKHOTO MUKPOOHOTO
pazHooOpaszust e Caxapsel, coOpannoit B I'peHoOne, u mouBel Caxapsl. [lonmydeHHbIE naHHBIC
COTJIACOBAJIMCH C pAacCUMTaHHBIM 1O ['ya mokpwiTHEeM OMOIMOTEK, KOTOpoe ObUIO HAUMEHBIIUM B
cinyyae 6ubmmorek SD u SS (54 u 65%, coorBercTBeHHO). IlocieaHue xapakTepu30BaIUCh
HanOOJBIINM pa3HOOOpa3HeM, CyAs 10 3HAYCHUAM UHJEKCOB BUIOBOTO OOraTcTBa M pa3sHOOOpa3Hs.
Haumensmmm pasHooOpasuem, cyns mo wuHuaekcam IllenHona-Yusepa (1,8) m Yao 1 (13),

xapakrepuzoBaiack PHK-0ubnnoTeka cHexHOTO MOKPOBa, HE cojieprkaiiero mbutb Caxapsr (MS7r).
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Pucynox 11. KpuBbsle 3aBUCHIMOCTH KOJMYECTBA (DHIOTUIIOB B OMOIMOTEKE OT pa3mMepa BHIOOPKH.

[TpuBenens! rpaduku 1 0603Ha4eHUs 171t OndIHoTeK V3-VS5 Trna

Takum 006pa3oM, B pe3yJibTaTe MPOBEICHHON CTATUCTUYECKON OIICHKU KJIOHOBBIX OMOJIMOTEK
JOTOJHUTENbHBIX 00pa3noB u PHK-6uOmnorexku cHera, He copaepxaiuero mnbuib Caxapsl, ObLIO
MOKAa3aHO, 4TO 00BbEM BBIOOPOK OMOIMOTEK B IIEJIOM OKA3aJICsl PENpe3eHTaTHMBHBIM, OJIHAKO, IS
o0Opasnia nouBeHHou nblT Caxapsl, coOpanHoit B ['peHoOie, u obpasna necuanoit moussl Caxapbl

00BEMBI BRIOOPOK OKA3aJIMCh HEJOCTATOYHBIMHU.
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3.2.2.1 Ananu3 MUKpOOHOTO pazHooOpa3ust oOpasiia CHEIKHOTO TIOKPOBa ¢ MbUTbI0 Caxapsl OT

nroHsa 2008 T.

CocraB 6ubmorexku kioHoB MB-SD2 o0pasua cHeXHOTro mokpoBa ¢ mbeuibio Caxapbl OT
uioHst 2008 r. (SDmO06/2008) Ha MOMEHT wuccienoBaHHs ObLT HpeACTaBleH 38 KIIOHAMH,
crpynmupoBaHHeiMU B 20 puboTumoB. Ilokazarens ['yn cocraBunm mpu stom 67%. OnHako, B
pe3yibTare CEKBEHHPOBAHUS PHOOTHIIOB OBLIO BBISBICHO 15 (QUIOTHUNOB, W3 KOTOPHIX JBa
OKa3aJIMCh pOICTBEHHBIMH NocaenoBarenbHocTsaM BK. Takum o6pa3om, Bcero B aHaiamu3 ObLIO B3SITO
29 KJIOHOB, OTHECEHHBIX K 13 ¢unoTunam, 11 KOTOphIX Moka3zaresb [y Obu1 paBeH 72%.

AHanmM3 TOMy4YeHHBIX (HUIOTUIOB IMOKAa3al, YTO OHHM MPUHAMICKAT K TpEeM paszuenam (CM.
npunoxenne 3): Actinobacteria (7 ¢unotunos), Alphaproteobacteria (5 dunoTumnos) wu
Verrucomicrobia (1 ¢punotum). 3 Hux qomuaMpoBaiM 2 GutoTumna neporo pazaena: MB-SD2-11
u MB-SD2-35 (28 u 24% ot o0miero 4ucia KJIOHOB, COOTBETCTBEHHO; puc. 12). Oba dunotuna
00HapyKMBaJM BBICOKHI YPOBEHb CXOJICTBA C M3BECTHBIMH BUAaMH. Tak, ¢umorun MB-SD2-11
okazancst ommkuM (99% cxoncrea) Geodermatophilus obscurus w3 mycteian Amaprosa B CIIIA
(CP001867) [Ivanova et al., 2010], a ¢wrotum MB-SD2-35 — mnennrono3onepepadaThIBarOIICH
oakrepuu Cellulomonas cellasea (X83804) [Rainey et al., 1995]. UnenTudukanms MUHOPHBIX
(GUIOTUTIOB 1MO3BOJIMIIA OTHECTH J1Ba U3 HUX K rpynne HA-punorunos (MB-SD2-39, MB-SD2-32).
W3 MUHOPHBIX QUIOTUIIOB HeHAEHTUGUIIMpoBaHHBIM ocTtancs ¢urotun MB-SD2-18 mo npuunne

HU3KOTO CXOJICTBA C U3BECTHBIM BUAOM (88,7% cxoncTBa).

MB-SD2-11
28%

Apyrve
48%

- Actinobacteria
[ ]

apyrue (MIHHOpHbIe

¢mnoTiNLI)
MB-SD2-3

24%
Pucynox 12. JlomuHaHTHBIE OaKTepUaIbHBIC (PUIIOTHITHI, BBISIBICHHBIE B CHE)KHOM IIOKPOBE C

neuTbio Caxapsl oT uroHs 2008 1. B pe3ynbrare aHanuza V3-V5 6ubamoreku

WNnpexc Yao 1 nns manHoil BbIGOpkM coctaBun 20 ¢unotunoB. CraTUcTUYecKas OIEHKA
pa3mepa OubIMOTEKH MOKa3aa, 4To pa3HooOpa3re OMOIUOTEKH 0XBAYEHO HE MOJIHOCTHIO (CM. pHC.
11).

B nemom, B cHexxHoM mokpoBe ¢ mbulbi0 Caxapel oT umions 2008 r. (SDmO06/2008 -

oubmorteka MB-SD) nomumaupoBamm mnpencraButrenu Actinobacteria (Geodermatophilus n
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Cellulomonas). OnquH MUHOPHBIN (QUIOTHIT OCTaJCs HEUACHTU(DUIIMPOBAHHBIM U JIBA MUHOPHBIX
¢unotuna okazamuch oTHeceHsl K rpymre HA-punotunos. CTaTucTUuecKuil aHamm3 OMOIMOTEKH

IIoKa3aJl, YTO OXBa4€HO OOJIBIIIC ITOJIOBUHEI BO3MOYKHEIX (bI/IJIOTI/IHOB.

3.2.2.2 Ananu3z MUKPOOHOTO pa3HOOOpa3us 00pasia CHEKHOTO MOKPOBA, HE COJIEPIKAIIETO

nbLI1b Caxapsl

C uncnonb30BaHUEM TEX K€ YHUBEPCAJIbHBIX NpaiiMepoB, yTo U aiusa co3ganus pJIHK-
oubmorek, Obuio monydeHo 38 wimoHOB miusi pPHK-0mbmmoreku (MS7r) oOpasma CHEXHOTO
MOKpOBa, He cojepskamiero meuth Caxapbl (DmO08/2009). Dtu kinoHBI OBLTM pasieneHsl Ha 16
pUOOTHUIIOB, TaK YTO TOKPHITHE OMOMMOTEKH cocTaBisio 66%. Jlamee B pe3yibrare CHKBEHC-
aHaym3a ObLIO MOIy4YeHO 19 QrIOTHIIOB, MATH U3 KOTOPHIX OBLIN BRIUTEHBI H3 COCTaBa OMOIMOTEKH
N0 TMPHYUHE CXOJCTBAa C mociepoBarensbHOCTIMU BK. OTmeruMm, 4TO OoAMH U3 (PUIOTHIOB-
KOHTaMHHAHTOB OBLT IPEICTaBJICH CEMHAIAThIO KJIOHaMU. B utore, co3nannas pPHK-0ubmoreka,
KoTopast OblIa oKpbhITa HA 71%, cocTosiya Bcero u3 17 KJIOHOB U § QWIOTHIIOB (CM. TIPHUIIOKEHUE
3). lMocnemuue npuHaAIekKATH K TipeacTaBurensMm Firmicutes (3 ¢unotuna), Alphaproteobacteria
(2 ¢unortumna), Cyanobacteria (1 ¢dunoTnm), a TaKXKe TIOCIEIOBATEIFHOCTAM IUIACTUIHOTO
npoucxoxaeHus (2 gmrotuma). Cpenu O0akTepUATBLHBIX (PHIIOTUIIOB K YHCITYy JOMHUHAHTHBIX OBLI
OTHECEH (WIOTHI, cocTaBysronmii 45% ot obmiero uncna kioHoB: MS7r-17 (Cyanobacteria) (puc.
13). Ot1oT Qunotun obHapyxkuBan 97% cxonacTBa ¢ uuMaHoOakrepueil Stigonema ocellatum,
BBIICNICHHON U3 TopdsiHoro Goisora (AJ544082) [Gugger et al., 2004]. B mesom, Bce (QUIOTHITHI
Obl1n npeacTanieHsl B GenBank u nmokazamm poactBo Ha ypoBHEe 95,8% U BbIlIE€ C U3BECTHBIMU

BUOaMMU.

MS7r17
45%
Aapyrue

42% W2 cyanobacteria
B Aryrue (MHHOpHBIE

¢puroTHNBI)

Pucynok 13. JlomuHaHTHbIE OakTepualibHbIE (DUIIOTUIIBI, BHISBICHHBIE B CHEKHOM MTOKPOBE, HE

cozaepskaieM bt Caxapsl, B pe3yJibTaTe anaimsa V3-V5 oubnuorexku

JeranbHas uneHTU@uKanus GUIOTHUIOB 1M03BoJWIA 00Hapy)uTh Tpu HA-punotuna (MS7r-

11, -22, -23). Owiotunsl HebakTepuaibHOTO mpoucxoxaeHuss (MS7r-10 u  MS7r-38)
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npuHamiexam xjoporuactHod p/IHK wmxa Bryum argenteum (DQ629556) u nanopoTHHKA
Thelypteris navarrensis (DQ629491).

B cBs3u ¢ OoybIIMM YHCIOM TOCTENOBAaTEIbHOCTEH, mpeacraBieHHbIX B BK, pasmep
W3HAYaIbHOM BBIOOPKHM OBLT COKpameH 10 17 KIOHOB, 4YTO SIBISETCS KPUTUYHBIM IS
CTaTUCTUYECKOW OIIGHKH pENpe3eHTaTUBHOCTH BbIOOpKU. CremoBarenbHO, pazHoOOpasme
OnOIMOTEeKH OBLIO TPEICTABICHO HE MOJHOCTHIO (cM. puc. 11).

B wurore, no nannbiM anamu3za 16S pPHK B cHexHOM MOKpOBE, HE COJEpIKAIIEM IbLUIb
Caxapsl (Dm08/2009 - 6ubmmorexka MS7r), TOMUHHPOBAI (PUIIOTHUII, POJICTBEHHBIN IMAaHOOAKTEPUH
Stigonema. Bce GpunoTuiel, kKak MUHOPHBIC, TaK U JIOMUHAHTHBIC ObUTH mpezcTaBiieHbl B GenBank.
Kpome Toro, Beisineno tpu HA-punotuna. Cratuctuueckuil aHaian3 OMOTMOTEKH IMOKasaj, YTo

OXBadyc€Ha JIMIIb 94aCTh BO3MOXKHBIX (1)I/IJIOTI/IHOB.

3.2.2.3 Araim3 MEKpOOHOTO pazHooOpa3us oopasima meimn Caxapsl, coopanHoii B ['peHoOmne

Coznmanne 6udmmotexu SD st o6pasua meutk Caxapsel, coOpanHoii B 'peHo6e B mae 2008 T.
(SD05/2008), 66110 BBITIOJIHEHO B JIBa dTana. M3HadyampHBIA 00heM BEIOOPKH cOCTABIISLI 20 KIIOHOB,
KOTOpBIe ObUTH pa3ouTsl Ha 14 puboTunos. B utore, 66110 mokpeiTo 50% 6ubGMMoTeKu. Ha BTopom
aTare OBUIO B3SITO JOIMOJHHUTENBHBIX 19 KIOHOB, CrpynmupoBaHHBIX B 13 puOOTHIOB.
CekBeHHMpOBaHUE PUOOTHUIIOB JIBYX CyO-BBIOOPOK IO3BOJIMIIO CTPYINITMPOBATh MX B 24 (uiIoTHIIA.
Tak kak B JaHHOM OMOIMOTEKE HE OBUIO BBISBICHO IOCIEIOBATEILHOCTEN ONM3KUX C
npencrasutensiMu BK, okoHuarenbHast BBIOOpKa cocTaBwia 39 kimoHoB u 24 ¢uioTHma c
HOKpbITUEM OnbIMoTekH 54%.

OUIOreHeTHYECKUI aHAJIN3 TTOJTyYEeHHBIX (PHJIOTUIIOB TIO3BOJIMII UX OTHECTH K Bacteroidetes
(4 dunoruma), Firmicutes (3 ¢unoruna), Alphaproteobacteria (4 dwunoruna), Deinococcus-
Thermus (1 ¢dunotun), Dictyoglomi (1 ¢unotun), Planctomycetes (1 dunorun), Cyanobacteria (5
(UIOTHUIIOB), @ TAKXKE K MOCIECAOBATEIILHOCTAM IIACTUAHOTO IPOUCXOKACHUS (5 GHIOTUIOB) (CM.
npwioxenne 3). M3 OakrepuansHoro mysia AoMuHUpoBanmM mnpenctaBurenn Cyanobacteria (2
¢unotuna — 32% ot oOirero uncna 6akTepuaibHBIX KJIOHOB) U Alphaproteobacteria (1 dpumotun —
10%) (puc. 14). Kpome c¢wmmotuna SDS5, Bce ykazaHHble (HIOTHINBI OBUIM TIPEJCTABIICHBI B
GenBank, HO mpu 3TOM Bce OHM MMEJIH CXOJICTBO C TAKCOHMMHYECKH OIMCAHHBIMH BHIAMH Ha
ypoBHe 93-96%.

Homunantaeii  knactep Cyanobacteria 6vin mpexacraBien ¢wiotunamu SDS5 u SD2,
00HApPYKUBAOIIUMH CXOJCTBO ¢ Anabaena planctonica (AJ293108) u Calothrix sp. (AM230682)

(93 1 96%, cootBercTBeHHO). Punotun SD25 nposBiusi Haubobiee cxoacTBO (95%) ¢ 6Gakrepueit
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reorepManbHeIXx TIOuB HoBoit 3emanmmu — Acidicaldus sp. (AM749786) [Stott et al., 2008].

[Tocnenuuii ObT oTHECEH K ynciay HA-punotunos.

[ ] Alphaproteobacteria
7/ Cyanobacteria

B Apyrue (MIIHOpHBIE
$punoTHnbI)

apyrue
56%

Pucynox 14. JlomuHaHTHBIE OaKTepUabHbIe (PUIIOTHITHI, BBISIBICHHBIEC B LT Caxapsl, COOpaHHON

B I'peno0One, B pesynbrare aHanmza V3-V5 6ubmmorexn

Cemp MuHOpHBIX QunoturioB (SD27, SD18, SD24, SD29, SD8, SD11 u SD26) ocranuch
HEUJICHTU (GUITUPOBAHHBIMY TI0 TIPUYIUHE OTIAJCHHOTO cxoAcTBa (<90%) ¢ m3BecTHRIMU BUaaMu. B
OTHOIIIEHUM  TIOCIIEIOBATENHHOCTEH  IUIACTHIHOTO  IMPOUCXOXAEHHS OTMETHM, YTO OHH
npuHaanexam (96-99% cxoncrea) xnoporuactoit pJIHK 3enenbix Bomopocneit Stichococcus
bacillaris (AF278751) w Chlorella saccharophila (D11348), a Takxe TpeaCTaBUTEIIO
rojoceMeHHbIX - Pinus thunbergii (F1899562). JIa nennentudunmpoBanueix ¢uiotuna (SD27,
SD18) cornmacHo GpuIoTreHETHUECKOMY aHAN3y TaK:Ke UMEJU TUIACTUIHOE IPOUCX OXKICHHE.

JlocTtaTtogHo BeICOKOE pa3zHooOpasue OubmmoTekn SD 0Tpa3wiaock Kak Ha HU3KOM YPOBHE
nokpeiTus (54%), Tak W Ha BbiIcOKOM 3HaueHue Yao 1 (68,3). AHanu3 pernpe3eHTaTUBHOCTH
BBIOOPKH TIOKAa3al, 4TO, B JIy4IIeM CiIydae, JIMIIb ITOJIOBMHA BO3MOXHBIX (DMIIOTHIIOB OXBadeHA
co3gaHHoM OubnmoTexoit (cm. puc. 11).

B nenom B meutn Caxapsl, coOpannoii B mae 2008 1. B I'peno6ie (SD05/2008 - 6ubmmoTeka
SD) momuuupoBamu (moutu 42% KiIOHOB) Tpu Quiotumna, npuHamiekamue Cyanobacteria
(Anabaena, Calothrix) w Alphaproteobacteria (Acidicaldus). Cemb MUHOPHBIX (DUIOTHUIIOB
OCTAJIMCh TAaKCOHOMHYECKH HEUICHTU(PHUIMPOBAHHBIMU. BBIsIBIeH OOUH JOMHHAaHTHBIH HA-
¢unotun. CTaTUCTUYECKUI aHAIN3 OMOIMOTEKU MOKAa3ajl, YTO B JIUIlIEM CIIyd4ae OXBay€HO JIMIIb

IIOJIOBHHA BO3MOXHBIX (1)I/IJ'IOTI/IHOB.
3.2.2.4 Anaim3 MUKpOOHOTO pazHooOpa3us 00pasia necuanoi nouBsl mycThiHu Caxapa
Jns  aHanm3a (UIOTEHETHYECKOTO pa3HooOpasusi MouyBeHHOro oOpasma u3  Caxapsl

(SS03/2008) co3zmanme O6uOMMOTEKH SS OBUIO MPOBEACHO B JBa 3Tama, Ui KOTOPBIX 00BEeM

BbIOOpKU cocTanisii 1o 20 kioHoB. Ha nepBom sTane 0b110 BbIsiBiIeHO 11 pubOTUIIOB, TOTIa KaK Ha
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BTOpoM — 14. Ha ocHOBaHMM HaHHBIX PUOOTUIHMPOBAHUS TMOKPHITHE OMOIMOTEKH COCTaBWIIO: B
nepBoM ciydae — 60%, Bo BropoM — 55%. Ilocneayromiee CEeKBEHUPOBAHHUE W COMOCTABIICHUE
MOCIIeI0BATEIBHOCTEH Mano 22 ¢uiotuna ¢ MoKpeiTHeM OubOmmoTeku 65% (KOHTAMHHAHTOB HE
obHapyxeHo). Takum 00pa3omM, OKOHYATeIbHAs BRIOOpKaA cocTosuia u3 40 KJIOHOB 22 (DUITOTHUIIOB
(cMm. mpunosxenue 3). [Mocnennue npunaiexkamu Bacteroidetes (10 punotunos), Actinobacteria (6
dunotunos), Gammaproteobacteria (2 punoruna), Firmicutes (1 ¢unorun), Alphaproteobacteria
(1 ¢unorun), Betaproteobacteria (1 dunorun) u Deinococcus-Thermus (1 ¢unotun). OmHAKO
JIOMUHAHTHYIO 9acTh COOOIIECTBA COCTaBISUIM MpeAcTaBuTenu Bacteroidetes (3 dumotuna - 41%
oT ofmero uucna KIOHOB; puc. 15). ITlocinenoBarenbHOCTH JAaHHBIX  (HIIOTHIIOB OBUIN
npencrasiensl B GenBank, HO ypoBeHb CXOJCTBa C TAaKCOHOMHYECKH OIMCAHHBIMH BHIAMH
cocraBisn 95 - 98%. UMnrepecHo, uro ¢unotunsl SS28 u SS11 okazainuch pOACTBEHHBIMU JIPYT
Ipyry ¥ oOHapykuBamu cxoncTBO (95%) ¢ Oakrepueit Flavisolibacter ginsengisoli (AB267477),
BBIICNICHHOW U3 1ouBHI [Yoon et al., 2007]. @unotun SS22 npossisut 98% cxoncrBa ¢ Oakrepueit
Adhaeribacter aquaticus (AJ626894), BeineneHHON 3 OMOTUIEHKH MUTHEBOM BOJbI [Rickard et al.,
2005]. HA-¢unotumoB B maHHOW OubnmoTexke He oOHapykeHo. HewpeHTH]UIMpPOBaHHBIMU
ocTaNch 1Ba MHHOPHBIX (rnotuna (SS38 u SS10) mo mpudmHe Mx oTAaNeHHOro cxoacTsa (83% B

000MX CTyuasix) C U3BECTHHIMU BUIAMHU.

55-28

$s-11
13%
Apyrue Bacteroidetes
59%
$5-22
10%

ApyTHe (MITHOPHBIe
(PpHIOTHIIBI)

Pucynox 15. JlomuHaHTHBIE OaKTepUaIbHBIC (PUIIOTHITHI, BBISIBIICHHBIC B IIECYaHHON TIOYBE

nyctbiHi Caxapa B pe3yibrare aHanuza V3-V5 oubnuorexu

Bonbioe 4Wmcino QUIOTHIIOB, OOHAPYKEHHBIX B COCTaBe OWOJMOTEKHW, BBIPA3WIOCH B
OTHOCUTENLHO BbIcOKOM 3HadeHne Yao 1l (30,4) npu panHom uucne ¢unotunoB (22) u
CPaBHUTEIbHO HU3KOM MOKPHITHH (64%). AHalu3 penpe3eHTaTUBHOCTU BBIOOPKU MOKa3aj, 4TO, B
JTy4lleM ciaydae, JIULIb 0JIOBUHA OCHOBHBIX (PMIOTUIIOB OblIa 0XBayeHa Oubimotexoit (puc. 11).

Takum oOpazom, B MUKpOOHOM coo00IecTBe 0oOpasiia MnmecyaHoi myCThIHHOM mouBbl Caxapbl
(SS03/2008 — 6ubnmoreka SS) gomunupoBaiu (41% KJIOHOB) Tpu QUIOTHNA, TPUHAJIEKALIUE

Bacteroidetes (pona Flavisolibacter (nBa ¢unotuna) u Adhaeribacter). JIBa MUHOPHBIX (hUIOTHIIA
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ocTalnuch HeuaeHTUuIpoBaHHEIMU. HA-dunotunsl BeisgBieHbl He ObUTH. CTaTUCTHYECKUMA
aHamM3 OWMOIMOTEKM MOKas3aj, YTO B JIydllleM clydae OXBAau€HO JIHMIIb IOJIOBUHA BO3MOXHBIX

(GUIOTUTOB.

3.3 CpaBHHTENBHBIN aHATN3 MUKPOOHOTO pa3HOO0pa3Hs UCCIelyeMbIX 00pa3oB

3.3.1 CpaBHeHue 00pa3IoB CHera C MbUIbI0 U 0e3 ThiTu Caxapsl Mo 00beTUHECHHBIM JTaHHBIM

JIBYX THITOB KJIOHOBBIX OHOIMOTEK

MoutekyasipHO-PUIOTEHETHYECKHI aHAIM3 MHKPOOHOTO pasHooOpa3usi 00Opa3IoB CHEXHOTO
nokpoBa Jenauka Mon6nan ¢ meutbio Caxapsl u oOpasia, He cogepxkamiero nsutb Caxapsl, myTeM
co3nanus V3-V5 u nmosHOpa3MepHBIX OMOIMOTEK IMOKAa3all, 9YTO COCTaB OAKTEPHATBHBIX BUIOB H UX
pacnpezeneHue no GUIOTeHEeTHIECKUM pa3ziesiaM CYIIECTBEHHO BapbUPYIOT OT oOpasia K o0pasiry.
Ot1o Obuto Takke moarBepxkacHo LIBSHUFF ananmm3om ist KIOHOBBIX OMOIMOTEK 0OOUX THIIOB
(mpunmoxkenne 6 Tabnm. 1). Jlake B cioydae OJHOTO W TOTO JK€ pasuena (Hampumep,
Alphaproteobacteria) BuaoBo# coctaB 00pa3noB omimyaics. Takum oOpa3om, HaMu He OBLIO
BBISIBJICHO HE TOJIBKO €AMHOTO Habopa (HIOTHUIIOB, HO U OOIIUX Pa3/ieloB MEXIY TpeMs oOpa3lamu
cHera ¢ mpUTbEO Caxapbl, a TaKXkKe MPU UX CPABHEHHH CO CHETOM, HE COJep KalIiM MbuTh Caxapsl.
BMmecrte ¢ Tem, oTIeIbHO B3SITBIC 00pa3Ibl MOKA3aJIM CXOJCTBO B NMPHUHAIICKHOCTH JTOMHUHAHTBIX
GwIoTHIIOB (HE WIECHTUYHBIX JAPYT NPYTry) K OJHAM U TeM XK€ (HUIOTCHETHYSCKAM pas3jeiiaM, a

TaKXKe MPUCYTCTBUE HECKOJIBKUX 00X (GUIoTunoB (Tadi. 4 u 6).

Tabmuma 6. [lomuHaHTHBIC OakTepranbHble GUIoTUTIBI (% OT 00IIIero Yrcia KJIOHOB B OMOIMOTE-
K€), BBISIBJIEHHBIE B 00pa3liax CHEXKHOTO MOKpoBa ¢ mblibio Caxapsl (SDm) u 6e3 nbuiu Caxapbl

(Dm) nyTtem co3nanus V3-V5 u nonmHopasmepusix (I1I') 6ubnnorex rena 16S pPHK

Tun munepana nsu Caxapsl
dunoreHeTHYECKUi WIUTAT CMEKTHT | H.JI.
pasznen SDm05/2008 SDm06/2006 | SDmO05/2009 | Dm08/2009
V3-vs* | III' | V3-V5 | OI' | V3-V5 | IIT" | V3-V5 | I
Deinococcus-Thermus 0 0 43 43 0 0 0 0
Alphaproteobacteria 19 0 13 13 0 0 0 44
Firmicutes 0 58 0 0 0 33 0 0
Bacteroidetes 0 0 8 18 0 0 0 0
Actinobacteria 29 0 0 0 24 0 19 0
Cyanobacteria 0 0 8 8 0 0 0 0
Hexnaccuduuupyemsie 0 0 10 0 0 0 0 0
[pyrue (MUHOpHbBIE 52 42 18 18 76 67 81 56
(UIOTHIIBI)

[Tpumeuanue — * O003HaueHHs1 ONOIHOTEK cM. TalI. 3.
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[To 06benMHEHHBIM TAHHBIM JIBYX TUIIOB KJIOHOBBIX OMOIMOTEK, 00pa3Ilbl CHEXKHOTO MOKPOBA
¢ neutbto Caxapel ot uions 2006 r. (SDm06/2006 — Oubmmorexku MBS, 5f) u mas 2009r.
(SDmO05/2009 - 6ubmmotexku MSS5, MS5f), oTHeceHHBIE IO MHUHEPAILHONW KOMIIOHEHTE IBUIA K
OJIHOMY THITY (CMEKTHT), HO C pa3HHUIIEH BO BpEMEHH B TPH T'0Ja, COJCPKAIM pa3Hble JOMUHAHTHbIC
¢unotuns! (cMm. npunoxkenue 3 u 4, Tabn. 6). B nmepBoM 00pasne OCHOBHasE 4acTh pa3HOOOpa3us
Obuta mpenctaBieHa ¢unotunamu u3 Deinococcus-Thermus, Toraa Kak Bo BTOpoM Deinococcus-
Thermus He OBUIH BBISBICHBI BOOOIIE W JOMHHUPOBAIM TpEACTaBUTENU Actinobacteria w
Firmicutes. IHTepecHO OTMETUTbH, YTO npenactaBurenn Deinococcus-Thermus Obl1r 0OHAPYKEHBI
paHee B CHEXKHOM MOKPOBE THOETCKOTO BEICOKOTOPHKS [Liu et al., 2009a], rie oHM COCTABIISIIN JIHIITH
MHUHOPHYI0 (hpakimio MUKpoOHOTO coobmiecTBa. bakrepuu cemeiictBa Deinococcaceae SIBIAIOTCS
OJIHUIMH W3 CaMbIX YCTOWYMBBIX K PaJHalliM W BBICYIIMBAHUIO OPTaHW3MOB 3a CYET BBICOKOM
s dexruBHOoCcTH TpomeccoB JIHK pemapamm [Makarova et al., 2001]. V3BecTHBI BHIBI,
W30JIMPOBAHHBIE KaK B MycThIHAX [Rainey et al., 2005; Rainey et al., 2007; Yuan et al., 2009], B Tom
guciie Caxape [De Groot et al., 2005; Chanal et al., 2006], Tak ¥ B XOJOJHBIX MECTOOOHUTAHUIX
(Hirsch et al., 2004), B Tom yuciie Beicokoropbe [> 3500 m Hag y.Mm. - Callegan et al., 2008].
HenaBuo Obuim ommcansl HOBble BUABI Deinococcus, BBIIEIEHHbIE B KYyJIbTypbl W3 TPoO0
okpyxatomero Bo3ayxa [Weon et al, 2007; Yoo et al., 2010], a Ttakke u3 00pa3loOB IbLIH,
cobpanHoii B crpatochepe Han Anonwmeit [ Yang et al., 2009, 2010]. CnemoBaTesbHO, IPUCYTCTBUE
JaHHbIX OakTepuil B CHEXHOM HOKpoBe ¢ nbUIbto Caxapwl (utoHb 2006 r.) He sBiseTCs
HEOXKMIAHHOW Haxonkoi. DakT HoMUHUpOBaHHS OOHApYKeHHBIX (uuoturioB (43% oT obIIero
yyclla KJIOHOB B o0eux OuONIMOTEKaX) B CHEXHOM IIOKpPOBE, a TaKkKe aMIUIM(pUKanus
3HAQUUTENLHOTO YHCIA TMOJHOpa3sMepHbIX mocienoBatenbHocTedt 16S  pPHK  renoB stmx
OpraHnu3MOB, MOTYT OBITh CBSI3aHBI C pPa3MHOXXEHHEM TpexactaButeneii Deinococcus-Thermus B
Toymme cHera ¢ meUIbi0 Caxapbl, Haxomsmelcss Tam Ooiiee Tpex MecsueB. llepuon paszButust u
NPOJOJDKUTEIBHOCTD CYIIECTBOBAHUS MHKPOOHOTO COOOINECTBA B YCIIOBHSIX CHEKHOTO IOKPOBA
TOPHOTO JICAHUKA, TI0-BHIUMOMY, OTPAaHUYCHBI JICHCTBUEM TaKHX (PAaKTOPOB, KAK BEICOKAs CKOPOCTh
CHETOHAKOIUICHHsT M TOCIeNyIONIie Mpolecchl MmeramopduszMa cHera. B cBsizm ¢ 3TuM, TO-
BUAMMOMY, MOKHO TOBOPHUTH O ()OPMHUPOBAHHN MHUKPOOHOTO COOOIIECTBA B TIOJIHOM CMBICIIE 3TOTO
TEpMUHA PUMEHHUTEIBHO K JJAHHOMY THITy MECTOOOMTAHUS Jla)kKe Ha TAKOM KOPOTKOM BPEMEHHOM
NPOMEXYTKE, Kak TpHU Mecsila B ciayyae odpasua SDm06/2006. /JonoaHuTeIsHOE HCCIIET0BAHNUE,
npoBesieHHoe B JabopaTtopun OOM, ¢ 1enbpio BbIAENEHUS B KyJbTypbl 00HapyxkeHHbIXx no JIHK
MOCJIEZI0BATENBHOCTH QIIIOTHIIOB Deinococcaceae, K COXAICHUIO, HE Jal0 TOJOXHTEIBHOTO
pesyabrara [YyBounna u ap., 2011].

O6pasubl cHera AByx mnocieanux Jer coopa (2008 —2009 rr.) oka3zaiuch CXOMHBI MEXITY

co0oil: coaepxany JOMUHAHTHbIE (WIOTHUNBI pasnenoB Actinobacteria, Firmicutes u
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Alphaproteobacteria (Tabn. 6). D10 HabmOIEHHE, TO-BHIUMOMY, CBA3aHO HE CTOJIBKO C MPHUPOIOM
neud B cHere (Caxapa WM TbLJIb, MOCTOSHHO OcelJaeMas Ha JIeIHUK M3 OKPY’KAIOUIMX JIOJIMH),
CKOJIBKO C TeM, 4To Oaktepuu pasnenoB Proteobacteria m Actinobacteria JOMUHHPYIOT, Kak
NpaBUIO, TMOBCEMECTHO B IMOYBaX, a MpeACTaBUTENH Firmicutes — OIHU M3 CaMBIX YacToO
oOHapyxuBaeMbix B mbutn Caxapsl. Ha ypoBHe ¢umiotuna ObLIM CXOJIHBI 00pasibl CHEXHOTO
nokpoBa ¢ meuibt0 Caxapsl oT Mast 2008 r. u mas 2009 r., rae ObuIM OOHApYX EHBI JBa OOIIUX
OaxkTepuanbHBIX (hUIOTHUNA, IpUHAANIEKAINE Blastococcus saxobsidens u Bacillus benzoevorans, a
TaKXke OJuH (PUIoTUN HEOAKTEPUAIBLHOTO MPOUCX0XkIeHus - xnopormactHas JAHK Pinus merkusii
(cM. Tabn. 4, mpuitoxeHue 3).

Kpome Toro, Bo Bcex oOpasmax cHera, 3a uckioueHuem cbopa 2006 r., HaGmROmaIN
MPUCYTCTBUE 3HAYUTEIHLHOTO KOJIMYECTBA KJIOHOB IUIACTUAHOTO TMPOUCXOXKJEHUs1 (puc. 16).
Onnako, B CHE:)KHOM TIOKpOBeE, cojepskaiieM mbuth Caxapsl, xjoporutactHas p/IHK npunaanexana
TOJIO- U TOKPBITOCEMEHHBIM JepeBbsiM Pinus merkusii, Picea sitchensis u Quercus nigra, a B CHeTe,
He cojepxameM TbuTh Caxapel - MxaMm Bartramia pomiformis, Syntrichia ruralis, Marchantia
polymorpha w nanopotuuky Thelypteris navarrensis (cm. moapaznenst 3.2.1.3 u 3.2.1.4). ITlo-
BUJIUIMOMY, BHJAOBas NpHUHAUICKHOCTh IutactuaHod pJIHK wmoxer sBimATbcs oaHuUM M3

HHAWKATOPOB HYTef/'I 1 UICTOYHHKOB IICPCHOCA NBIJICBOTO MaTCpHalia Ha JICAHUK.

V3-V5 V3-V5

I‘.ﬂ1 00% -
% 90% -

80% -
5 70% -
Iy
S 60% -
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§ 40% 1 W Apyrue
T 30% -
8 20% - B xnoponnacTHas
'5 10% - AHK
R 0%

SDm05/2008 SDmO05/2009 Dm08/2009
unnaum cmekmum

Pucynox 16. Pactipenenenue KIOHOB, MPUHAJISKAMNX (DUITOTHIIAM TUIACTUAHOTO TIPOHCXO0-
JJEHUS, [0 OTHOILIEHUIO K 001IeMy YuCIy KJIOHOB B 6nbanorekax V3-VS5 u nonnopaszmepnoro (I1IN)
THUIIA 111 00Pa3lloB CHEXKHOTO TIOKPOBA, cosepxaiiero (SDm) u He coaepixaiero mbiib Caxapbl

(Dm). Ipyrue — Bce ocTalbHbIE KIIOHBI

Crnenyer OTMETHUTD, UTO NMPAKTUUYECKH BO BCeX oOpaslax cHera (B OoJiblIel Mepe ¢ MbUIbIO
Caxapsl), kpoMe oOpaslia CHEXHOro nokpoBa c mblibto Caxapsl ot utona 2006 r., B V3-V5
OubysmoTexkax  ObUTM  BBISBIGHBI  QuioTurnel  cemenictBa  Geodermatophilaceae  (pona

Geodermatophilus, Blastococcus n Modestobacter), Toraa Kak B MOJHOpa3MepHbIX OMOIHOTEKAaxX —
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npencraBuTenu cemeiictsa Bacillaceae (Bacillus) (puc. 17). [IpeacraBurenu mnepBoro ceMencTna
paHee OBUIM BBIJETCHBI W3 PA3IMYHBIX apUIHBIX PETHOHOB, TAaKUX Kak YWIUIOBCKHE ['opbl B
Kamudopuun [Kuhlman et al., 2005], mycteiap Hexes, Moxas u Hamubuu [Eppard et al., 1996],
nycteiHu Amapro3a [Gordon, 1964] u oaun mpeacraButens — B mouBe Tarayun [Chanal et al,
2006]. HemaBHo Oaxtepuu ponoB Geodermatophilus, Blastococcus m Modestobacter Ovun
BBIJICJTICHBI B KYJBTYPHI C TIOBEPXHOCTU KamHel 1 MoHyMeHTOB B Caxape (Tynuc) [Essoussi et al.,
2010]. B cBoto ouepenp, BBISIBICHHE 3HAYUTEIBHOTO YUCIa POACTBEHHBIX Bacillaceae dpunoTumnos
COTJIaCyeTCsl C pe3yJIbTaMHU MOJydYeHHbIMH paHee npu nzyuenun npum Caxapel [Kellog et al., 2004;
Prospero et al., 2005; Polymenakou et al., 2008; Griffin et al., 2001, 2003, 2006]. JloMmuHUpOBaHuE
M30JIITOB pona Bacillus Taxke Habmomamun B oOpaslax a3uaTcKod IbUTH, OCAXKICHHOW B
OKPECTHOCTSIX TopoaoB Xwuracuxupocuma u Jlynexyan [Hua et al, 2007, Maki et al., 2008].
W3BecTHO, YTO OCHOBHOW CTpaTerHMel BBDKMBAHUS B YCJIOBUSX IMYCTBIHM CIYyXXHT 0Opa3oBaHHUE
paznM4YHBIX (GOpM MOKOSAMMXCS KieTok. Kak crmeactBue crnopooOpasyromiue BHIBI, TaKue Kak
Bacillus spp. damie Bcero oOHapy>KMBAIOTCS B 00pa3lax MOYBEHHOW NBUIM M HUMEIOT OOJIbIle
IIaHCOB, YeM Jpyrue Oakrepuu (Hampumep, TpaMOTPHLATEIbHbIE), BBDKUTH B  YCIOBHAX
mmTenbHOTO TiepeHoca B atmocdepe [Kellogg & Griffin, 2006]. Kpome Toro, aBa ¢unoruna u3
Bacillaceae 6pun BCTpedeHsl B o0Opasie, He coaepikameM bl Caxapwl (puc. 18B). pyrue
criopooOpasyronue O0akTepuH, MPUCYTCTBOBABIIKE B BHINICYKa3aHHBIX 00pa3iax, OTHOCHUIIUCH K
cemeiictBam Paenibacillaceae, Clostridiaceae n Planococcaceae (cM. npuioxkenue 3). Takum
o0pa3oM, MpeACTaBUTENM OOOMX CEMEHCTB HMEIOT IMpeuMylLIecTBa B  NEPEKUBAHUU
HEOaronpusATHBIX YCJIOBUH M 4YacTo OOHApY)XKMBAIOTCS B AapUAHBIX MOYBAaX. ODTO MOXKET
CBHUJICTEJILCTBOBATH B I0JIB3Y 00JI€E IMOJHOTO MPEICTABICHHS JaHHBIMU 00pa3aMu mouBsl Caxaphl.
MOHO O0XHAaTh, YTO TMOJOOHBIE MHKPOOPTaHU3MBI 0oOJiee MPHUCIOCOOJIEHbI K YCIEIIHOMY
PACCENICHUIO M KOJIOHHM3AIMU SKCTPEMAJbHBIX JKOJOTHYECKHMX HHII IOCPEACTBOM TEpeHoca C
TBUTEIO.

OTtmeTnM Takke, 4To OakTtepuu, NpuHAICKamue pony Geodermatophilus, TPOSBISIOT
YCTOWYMBOCTh K BBICOKMM Ji03aM oOmydeHus Hapsiny ¢ Deinococcus [Rainey et al., 2005].
OOHapy>XeHHbIE B HallleM HCCJEIOBaHUU TpeactaBurenu Hymenobacter w Methylobacterium
TaK)Ke U3BECTHBI MPOSIBJICHHEM TOI00HBIX cBOMCTB. Panee Ha mpumepe D. radiodurans moxasaso,
YTO paJHaIlliOHHAsT YCTOWIMBOCTD Y MPOKAPUOT KOPPEIUPYET C 3aCyX0YCTOWIMBOCTHIO [Mattimore
& Battista, 1996]. Takum 00pa3zoM, MHUKpPOOPTaHU3MBI, 00JIAAIONINE YCTOWYUBOCTBIO K 000UM
TUIaM CTPECCOB, MMEIOT OYEBUIHOE IMPEHMYINECTBO B MPOIIECCE PACCEICHHUsS IyTeM IepeHoca
neUTM B aTMocepe M TOCIEAYIONeM €€ OCaXICHHEM Ha MOBEPXHOCTH CHEXHOTO IOKPOBa

JIETHUKOB.
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X SDm05/2008  SDm05/2009 DmO08/2009 SDm05/2008 SDmO05/2009 Dm08/2009
unnum cMexkmum unnum cmekmum

[ Geodermatophilaceae [ Bacillaceae W apyrue
A b
Pucynok 17. Pacnipenenenue KJI0HOB, IpUHAAJIEKAITUX ceMecTBY Geodermatophilaceae u
Bacillaceae o oTHOTIEHHUIO K 00IIIEMY YUCITy KIOHOB B OnOimoTeke (0e3 yuera HebaKTeprua bHbBIX
KJIOHOB), BBISIBIICHHBIX B OuOmuorekax V3-VS5 (A) u nonmHopasmepHoro (b) Tuma, CooTBETCTBEHHO.
OO0pa31pl CHEXKHOTO MMOKPOBA, coAeprkaiue mbuth Caxapsl — SDm, oOpaserlt, He coaepKauii MbLUTh

Caxapsl - Dm. [Ipyrue — Bce ocTanbHbIe OaKTepHaIbHbIC KIOHBI

OtmeTHM, 9TO MUKPOOHOE pa3HOOOpa3ue MCCIeI0BAaHHBIX 00pa3IoOB CHera C MbuTblo Caxapsl
u o0pasia cHera, He cojeprKaiero nplab Caxapbl, XapaKTepH30BaJIoCh, KaK MPaBUIIO, U3BECTHBIMH
opranm3Mamu. OJHAKO, IJIsI HEKOTOPHIX (DMIIOTHIIOB HEBO3MOXKHO OBUIO TOYHO ONPEICIHUTH
TAaKCOHOMHYECKYI0 TPHUHAJICKHOCTh TOJNBKO 1o 0a3e nmanHeix Genbank. C 31Ol menbio ObLT
NpOBelIeH (PUIOTeHETHUECKU aHaJn3, KOTOPBIN Mmokasal, uto 7 u3 10 HenaeHTU(PUIMPOBAHHBIX
GUIOTUIIOB MOXHO OBUIO TpUMNHCATh K CleAyomuMm pasnenam: Gammaproteobacteria
(pumotunt MS7-15), Bacteroidetes (MB5-18, 5f-6, 5fr-8 u MS5sf-18), Actinobacteria (2SD-1),
Deinococcus-Thermus (5f-3) (cM. npunoxxenue 5). Takum 0Opa3om, HEUIEHTHOUIUPOBAHHBIMH U
HEKJIACCU(PUIIMPOBAHHBIMU OCTAIHCh TOJNBKO 3 ¢dunotuna. DUIOTCHETHYECKOE TIOJO0KECHUE
¢wrotumoB MS7-34, MS7-19 u MS7{-15, ykazamnoe B GenBank, Obuto wucmpaBieHO Ha
Alphaproteobacteria.

Ha ocHOBaHWMM  BBICOKOTO pOJACTBA C  OaKTepUANBHBIMH  KJIOHAMH/H30JSITAMHU,
OOHapyXeHHBIMH B XOJI€ WCCIIEIOBAaHMHA HOPMAaJbHOW MHUKPO(DIOpPHl 4YeNOoBeKa, B HAIIeM
uccienoBannd Obl10 00HapykeHo 12 HA-dunotunos, otHocsamuxcsi K Alphaproteobacteria,
Betaproteobacteria, Firmicutes, Actinobacteria u Bacteroidetes B cHere ¢ mpuibto Caxapbl, 1 HU
oaHoro mojoOHoro ¢unotuna B cHere 0e3 meiam Caxapbl (cM. mpuiioxkenue 3 u 4). ITo, T0-
BUAMMOMY, CBSI3aHO C OOJIBIIMM BIMSTHAUEM AaHTPOIOTEHHOTO (PaKTOpa B IMyCTHIHE B OTJIMYHE OT

BBICOKOT'OpPHOTO JICAHHWKA.
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Uro kacaeTcs CpaBHEHHS MUKPOOHOTO pazHO0Opas3usi, BBIABICHHOTO MyTeM co3fgaHus V3-V5
U TIOJTHOpa3MEpHBIX OMOMMOTEK M KaXIOT0 W3 M3YUYEHHbIX O00pas3loB, MOKa3aHO, YTO
pacrpeienieHie OCHOBHBIX (PMIOTHUIIOB U UX TaKCOHOMMYECKAsl MPHUHAAJIECKHOCTh B OMOIMOTEKaxX
NepBOTO U BTOPOTO TUMA, ObUIM HanboJee CXOXH IS CHEKHOTO MOKpOBa ¢ Mbuibio Caxapbl OT
utoHs 2006 r. Bo Bcex OCTaJIbHBIX TpeX CiIydasx MMEJIO MECTO 3HAUMTEIbHOE HECOBIAJCHHUE, 3a
uckmoyeHneM ¢unotunoB xjopormtactHoi pPHK. Ilomumo »3TOoro, xapakTepHOil d4epToii
MUKPOOHOTO pa3HooOpasusi HCCIeIyeMbIX OO0pas3IoB, MpPEICTaBICHHBIX V3-V5 OubianoTexamu,
obu10 TprcyTcTBUE DunotunoB Geodermatophilaceae, a B ciiydae MOJTHOPa3MEpPHBIX OHOIMOTEK —
¢unorunos Bacillaceae (cM. BbILIE).

Takum 00pazom, pe3ysbTaThl, MOJYYEHHbIE C HWCIOJB30BAHHWEM JIBYX THIIOB KJIOHOBBIX
oubmiorek reHa 16S pPHK, momomHuwnm npyr Apyra W MO3BOJWIM TOJNYYHTh OoOJiee MOJHYIO
KapTUHY MHKPOOHOTO pa3sHOOOpasusi MCCIEAyEeMbIX 00pa3iioB. Paznmuus, 0OHApYKEHHBIE MEXIY
V3-V5 u nonHOpazMepHbIME OUOIHOTEKaMH, MOTYT OBITH 00YCIIOBJIEHBI, IO-KpaiiHe# Mepe, TByMs
npuyuHaMH. Bo-TiepBbIX, CTENEHBIO BBIPOKICHHOCTH MpaiiMepOB U, KaK CJIEACTBHUE, POSIBICHUEM
n30upaTenbHOil  ammumdukanuu. Bo-BTOpBIX, BO BpeMs BO3IYIIHOTO TPAHCIOPTa KIETOK
HAKOIUIGHWeM ToBpexaeHnid B wux reHoMmHoi JIHK, mpemsrcTByromumx ammmdukanumn
nosHOpasMepHeix korumit pPHK reHoB u, kak crnenctBue, 00OTrameHUeM BBIOOPKH KOPOTKUMH
¢parmeHTamMM TreHa. B OTHOLIEHMM BTOPOM NPUYMHBI W3BECTHO, YTO B YCJIOBMSX TOJIOJaHUS U
HU3KUX TEeMIepaTyp OOJBIIMHCTBO OAKTEPHUil MEPEXOANUT B COCTOSTHHE ““HEKYJIBTUBHPYEMOU (OPMBI
6akrepuii” (HOB), B kotopom crenens coxpanHoctu mojiekyn JJHK u PHK mosxer pasnuuarbcs
JUIS pa3HbIX BUAOB. Tak, Mpu MHKYyOAalMU B TEUEHHUE IIATH MECSLEB KIETOK MAaTOTEHHOW OaKkTepun
Vibrio vulnificus, nepemequmx B H®B, mpu Temmeparype 5 °C mokazano, uto JJHK u PHK
coxpanschk MmeHee 4yeM B 0,05% monymsiiuu knetok [Weichart et al., 1997]. B Toxxe Bpemst apyras
natoreHHass oaxrepus Campylobacter jejuni B cocrossnun H®b npu mHKyOammm okoyio yeThlpex
MecsaieB npu temmneparype 4 °C Obuta cocoOHa coxpaHsaTh xpomocoMuyto JIHK 6e3 Buamumoii
nerpaganmm [Lazaro et al.,, 1999]. V cnopooOpasyrommx Oaktepuii, Takux Kak Bacillus wn
Clostridium, JHK mMoxeT coXpaHsThCSl B T€YEHHUE OUYECHb JUTUTEILHOTO BPEMEHH T10]] BO3/ICHCTBHEM
pasmuuHBIX BHIOB cTpecca [Setlow, 1995]. MmeroTcst Takke AaHHBIE O COXPAHCHWH WHTAKTHON
JJHK y HecrnopooOpasyromux OakTepuu MpU OTpPULATEIbHBIX TEMIepaTypax BIUIOTh [0
HECKOJIbKMX Thicsid JieT [Johnson et al, 2007]. Kpome TOro, HeKOTOpble MHKPOOPTaHU3MBI
CIOCOOHBI TPOJIOJIKATH KU3HEACITEIHLHOCTh MpH TeMIiepaType 3HauntenbHo Hmke 0 °C [Lewis et
al., 2008]. CoxpaHHOCTh HYKJIEMHOBBIX KHCJOT BHE KJIETKH XOpPOIIO HM3y4y€Ha B MOYBE U BOJE
[Nielsen et al., 2007], HO B TOXe BpeMs HaM HE H3BECTHbI MOJOOHBIE pPabOTHI IS

HECIOPOOOpa3yOUIMX BUIOB B YCIOBUAX aTMOC(EPBI WM CHEXXHOTO MOKPOBA.
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3.3.2 CpaBHeHHUE BcexX B3ATHIX B aHaIN3 00pa3oB Ha npuMepe V3-V 5 KIOHOBBIX OMOIHMOTEK

Tak kak M3yueHHE JOIMOJHHUTENIBHBIX 00pa3IoB: cHera ¢ MmbUIbl0 Caxaphl, OCakIEeHHON Ha
nequuk B mroHe 2008 r.; meumm Caxapsl, ocaxaenHord B mae 2008 r. B I'penoGrne (Ppanums);
NEeCYaHHOM MyCTHIHHOM mouBbl Caxapbl, cOOpaHHON B OJHOM M3 BO3MOXHBIX PErHMOHOB
3apOXKICHUS TMBUIBHBIX Oypb, a Takke PHK-OubmmoTexku cHera, He cojepikamiero meiib Caxapsl,
npoBoawIM Ha mnpuMepe V3-V5 OuOIMoTek, TO A KOPPEKTHOTO CPaBHEHHE C YETHIPbMS
o0pasiamMu CHera M3y4eHbIMU paHee OBLIM B3STHI JIMIIh OMOJMOTEKH aHAJOTMYHOTO THMa (CM.
pazmen 3.2.2). OuioreHeTHYEcKWe B3aMMOOTHOWICHMS 123-X YHUKaNbHBIX OaKTepHaIbHBIX
GuoTHIOB, OOHAPYKEHHBIX MpHW aHamm3e V3-V5 OuOInoTeKk, BKIOYAs TaKxke (DUIOTHIIHI,

npuHajuiexamue xjaoporutactHo p/IHK, npusenens! Ha pucynke 18.
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Pucynok 18. @unorenerudeckoe aepeBo it 123 pumotumos (6e3 yuera punotuna MS7-29 -
MT/IHK), BEISIBIIEHHBIX B X0/1€ HACTOSIIIETO UCCIeA0BaHuUs MyTeM amiumdukannu V3-VS5 obnactu
reda 16S pPHK (meron Maximum Parsimony ans 494 H.11., u3 kotopsix 303 H.1. puioreneTnyec-
K1 HHQOopMaTuBHBI). KpacHbIMU 3a1I0JIHEHHBIMU KpyTraMu 0003Ha4eHbl (PUIIOTUIIBI, BCTPEUECHHBIE
OoJiee yeM B 0JIHOM OMOJIMOTEKE, @ YEPHBIMHU 3aMI0JIHEHHBIMU KPYTaMU — HEUAEHTU(PUIIMPOBAHHbBIE

(UITOTUTIBI
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Kak um mo oObenMHEHHBIM MJaHHBIM OHMONMOTEK JBYX THUIIOB MHKpPOOHBI cocTaB u
JOMHUHAHTHBIE (UIOTHUIBI 3HAYMTEJBHO pa3ndaluch A 00pasnoB cHera ¢ mbeuibio Caxapsl
0C30THOCUTENIFHO MHUHEPAbHOTO THIA CMEKTHT Win woiuT (puc. 19). OmHako, eciim 00pasIfbl
CHEXHOTO NOKpoBa ¢ mbuibto Caxapbl Tuna cMekTut (SDm06/2006 1 SDm05/2009) paznmuuanuch
MOJHOCTBIO TIO0 BUOBOMY COCTaBY OOHApy>KEHHBIX MHKPOOPTaHU3MOB, TO JJisi 00pPa3LOB C MBUIBIO
Caxapsl tuna wut (SDm05/2008 u1 SDm06/2008), oroOpaHHBIX ¢ UHTEPBAIOM B 1 Mecsll, ObLIO
BBISIBJICHO HEKOTOpoe cxojacTBO. Tak, B o0omx oOpa3lax NPUCYTCTBOBAIH JIOMHHAHTHBIC
¢unotunel pasnena Actinobacteria, a Takxke mpencraBurened ponoB Rubellimicrobium wu
Geodermatophilus (cM. npunoxxkenue 3). Ilomumo 3TOTO, 3HAYUTENbHAS YacTh KIOHOB V3-V5
OMOIMOTEK ABYX BHINICYKAa3aHHBIX 00pa3lloB MpUHAIIeKAIH pa3neny Alphaproteobacteria. Taxxke
B 00pasiie CHe)KHOTO TOKpoBa ¢ mbuibt0 Caxapsl oT Mast u utoHsa 2008 1. ObLT 0OHApYKeH 00IInit

MUHOPHBIN (pustoTur, poacTBeHHbIH (96,4% cxonctBa) 6aktepun Sphingomonas kaistensis.

MB-SD MB-SD2 SD SS MB5 MS5 MS7 MS7r

100% W apyrue

B Heknaccundpuumpos
aHHble

O Deinococcus-
Thermus

Bacteroidetes

Cyanobacteria

1 Alphaproteobacteria

% oT o0Lero yncna KNnoHoB

[ Actinobacteria

o pOHK  pPHK
N
S DmO08/2009

cMeKmum

Pucynok 19. CooTHo1eHME JOMUHAHTHBIX OaKTepUaIbHBIX (PUIIOTUIIOB, BBISBIICHHBIX ITyTEM
co3ganus V3-V5 oubnuoTtek s o0pa3LoB cHera, coaepxaiux (SDm) u He cofiepKalux Iblib
Caxapsl (Dm), a Taxoke oOpa3uoB nbUiy, Beinasuei B ['penodse (SD) u necuaHHON MOYBBI

nycteiHu Caxapa (SS). [Ipyrue — MUHOpHBIE OaKTepUaTbHBIC (DHUITOTHIIHI

HecmoTpsi Ha BBIpaXEHHOE pa3M4KMe BUAOBOTO COCTaBa YETHIPEX OOpa3lOB CHEXHOTO
MOKpoBa ¢ IbLIbI0 Caxapbl Mexay co00H, Tpu oOpasia cHera ¢ TbUIbi0 Caxaphl, OCaXICHHON B Mae
2008 r., mrone 2008 r. u mae 2009 r. (SDm05/2008, SDm06/2008 u SDm05/2009), o6HapyxuBaIu
HEKOTOPOE CXOJICTBO Ha YPOBHE (DPMIIOTEHETHYECKOTO pa3zena u ¢puinoTuna. Bo Bcex Tpex oOpasmax
MPUCYTCTBOBAJIM JTOMHHAHTHBIE (GUIIOTUTIBI pazzaena Actinobacteria. Kpome Toro, 1aHHbie 00pa3ibl

cojepkainy oOmue (UIOTHIIBI: JOMUHAHTHBIN (DUIIOTUT, POACTBEHHBIN Blastococcus saxobsidens
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(99% cxoncTBa) ObUT OOHAPYKEH B CHEXHOM IMOKpOBe ¢ mbUIbi0 Caxapbl oT Mast 2008 1. u oT Mas
2009 r.; MEHOPHBINH (GUIOTUT, POACTBEHHBIN Rubellimicrobium mesophilum (98% cxonactpa), ObLI
HailJIeH B CHE’)KHOM NIOKpoBe ¢ buibio Caxapsel oT uroHs 2008 1. u mas 2009 r.

Kax Obu10 OoTMEUEHO paHee, B cHere, He conepxkamieM meitb Caxapsl (DmO08/2009), Takxe
JOMUHHUPOBAIIU TIPEJICTaBUTENN Actinobacteria, a, KpoMe TOTO, 3HAYUTEIHHOE KOJINYECTBO KIOHOB
IUIACTUIHOTO TPOUCXOXKIEHHUS ObLIO OO0HapyxkeHo B oOpasmax Dm08/2009, SDmO05/2009 u
SD05/2008 (puc. 20, cm. moapazaen 3.3.1). OgHako, cocTaB (HUIOTUNIOB 3HAYUTEIHHO OTIMYAIICS
MEXy CHETOM C TBUIBIO U 0e3 mbuti Caxapbl U 00IKX (HIOTUIOB MEXy STUMH 00pa3liaMi HaMH

BBISIBJICHO HE OBLIO.

100% -
80% -
60% -
40% A
200/0 | .ﬂp)’rlﬂe
xnoponnactHaa JHK
00/0 T T T

SD05/2008 SDm05/2009 PAHK PPHK
Dm08/2009

% oT obwero Yncna KNoOHoB

uwnnurt CMEKTUT

Pucynox 20. Pactipenienenue KIOHOB, MPUHAJICKAINX (DUIOTHIIAM TUIACTUAHOTO TPOHUCXO-
JKIICHUS, IO OTHOIIICHHUIO K 0011IeMy YuCiTy KJIOHOB B V3-V 5 Oubnuorexax oOpas3IoB: MU
Caxappsl, coOpanHoii B ['peHo6ue (SD), cHera ¢ meuibio (SDm) u 6e3 meimm Caxaper (Dm). [pyrue

— BCC OCTAJIBHBIC KJIOHBI

O6pasus! e Caxapbl OT OAHOTO U TOTO e coObIThs nepeHoca B mae 2008 r., coOpaHHbIe
Ha BeicoTe ~200 M (r. I'peno6nb) u 4250 m (MoHnOaH) Haj y.M., MOKA3aJIM JIMIIb HE3HAYUTEIIHHOE
CXOJICTBO, KOTOpOE€ TMpOSBISUIOCH B TPUHAIICKHOCTH JIOMHHAHTHBIX (HIIOTHIIOB K pa3leiny
Alphaproteobacteria v TpuHANIEKHOCTH JBYX MUHOPHBIX HEMJEHTHUUYHBIX APYT APYry (UIOTHIIOB
K poxy Novosphingobium (cm. npunoxernue 3). Tak, B meutm Caxapsl, ocaxaeHHoi B ['peHoOe
(SD05/2008), momuHupyroIIee Monoxenne 3aHuMmanu Alphaproteobacteria, Cyanobacteria w,
KpOME TOTO, OOHApYXHMBaJOCh 3HAYUTEILHOE KOJIMYECTBO (WIOTUIIOB HEOAKTEPHATHHOTO
npoucxoxaeHus (puc. 20). B cBoro ouepenp, B mpuin Caxapbl, OCaXJIE€HHOW Ha JIEJHUKE
(SDm05/2008), ObutH BBISIBIICHBI JOMUHAHTHBIE GUIOTUIIBI Actinobacteria n Alphaproteobacteria.
OO0mux (QUIOTUIIOB MEXAYy JaHHBIMU oOpa3liaMu HaMM He BbIsBIEHO. [lo-Buaumomy, paszinuus
BUJIOBOTO COCTaBa (WJIOTHUIIOB MEXIY BBHIIIEPACCMOTPEHHBIMH OOpasllaMH yKa3bIBalOT, Kak Ha

BO3MOXHYIO acCouanrio ONPCACJICHHBIX BHUAOB MHUKPOOPTaHM3MOB C YaCTULIAMU IIBLJIM PasHOIO
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pa3Mmepa, Tak W BKJIQJ YCIOBHH MEpeHOCa MBbLIM: OCAXIEHHE OJHUX M 3aXBaT JIPYTUX BUJ/IOB
MHUKPOOPTaHU3MOB.

MuxkpoOnsiii coctaB mouBbl Caxapsr (SS03/2008) okazajncs YHHKAJIEH IO PaclpeIelCHUI0
OaxkTepuaNbHBIX (DUIIOTHUIIOB, TJE JTOMHHUPYIOIIEE MOJIOKEeHUE 3aHuManu Bacteroidetes (puc. 20).
OnHako, HECMOTpPS Ha 3HAYMTENBHBIC OTIIMYUS C JAPYTUMH OOpaslamu, COAEPIKALIMMHU IbLIb
Caxapsl, nipeacraButenu ponoB Truepera, Geodermatophilus, Blastococcus, Solirubrobacter n
Segetibacter, BbIsiBIeHHBIE B 00pa3ie nmouBsl Caxapbl, ObUTH BCTPEUYEHBI TaKKe B HEKOTOPBIX M3
o0pasnoB cHera ¢ nbUIb0 Caxapel U B oOpasme mbumi Caxapsl, ocaxaeHHou B ['peHoOne (cm.
npunoxxkenue 3). Kpome toro, ¢punorunsl, poacteennsie Geodermatophilus, Blastococcus, a Takxe
Modestobacter O6bun oOHapy>keHbI TOMHMO TOYBBl Caxapbl NMpakTHYECKH BO BCeX oOpasmax,
cojmepxamux meUIh Caxapsl, KpoMe oOpasia cHera ¢ mbUIbl0 OT HioHS 2006 T. 1 oOpa3ia e
Caxapsl, cobpannoit B I'peHo6ie (SDmO06/2006 u SD05/2008, cooTBercTBeHHO) (puc. 21). Kak
OBUTIO OTMEUYEHO paHee, MPEACTABUTENHN ITUX TPEX POJOB HEAABHO OBUIM BBIJIEICHBI C TOBEPXHOCTH
KaMHEW 1 MOHYMEHTOB B TyHHCE M NPOSBIIAIOT yCTOMYMBOCTh K TAKMM BUAM CTpecca, Kak 3acyXxa
U noHmupytomas paguamms (cm. moapasnen 3.3.1). TlepekpecTHoe cpaBHEHHE BCeX (PHIIOTHIIOB,
BBISIBJICHHBIX B TOYBEHHOM 00pasiie U 00pasnax, coaepx ammx nbiiabs Caxapsl, BEISIBUJIO JUIIb OUH
obmuit punotun (98% cxoncrea ¢ Rubellimicrobium mesophilum), KOTOPBIA IOMUMO TTIOYBEHHOTO

o0pa3iia ObLT HalfIeH B 0Opa3iax cHera ¢ nbUibio Caxapsl oT utons 2008 r. u mast 2009 r.
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Pucynok 21. Pacnipenenenue kKJI0HOB, IpUHAIEKAIUX ceMecTBy Geodermatophilaceae no
OTHOULIEHHUIO K 00111eMy YHCITy KJIOHOB B OuOIMoTeke (0e3 yuera HeOakTepuaabHbIX KIOHOB),
BBISIBJICHHBIX B V3-V5 OubnmoTexax o0pa3ios: cHera ¢ nbliabio (SDm) u 6e3 meim Caxapsl (Dm),

U necyaHHoM nouBsl mycThIHU Caxapa (SS). [lpyrue — Bce ocTajibHble 0aKTepHaIbHbIE KIOHBI

Craructnueckuit anamu3z LIBSHUFF, ocHoBaHHbIM Ha NOMAapHOM CpPaBHEHHM KJIOHOBBIX
OuOIMOTEK MEXIy COOOM, MOATBEPAWJI Pa3U4YMsl BHUIOBOTO COCTaBa HCCIEAYyEMBIX 00pa3loB

CHEXHOTO TIOKpOBa ¢ mbutht0 Caxapbsl MexAy coOOi, a TakKe B CPaBHEHUHU C JIOTOJHHUTEIHHO
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U3y4eHHBIMU 00pa3liamMu, BKJIIOUasi CHET, He cojepikanumii nbuib Caxapsbl. Tak Kak 1MoJrydeHHbIe IPH
TOM HauWMEHbIIME 3Ha4eHus P ams Kaxmoil W3 cpaBHUBAEMBIX Map OMONMOTEK ObUTM MEHbIIE
U3BECTHOTO KpuTmueckoro 3HadeHws P (0,0025), cymiecTBeHHass CTENEHb pasnuuuii ObLIa
00Hapy>KeHa MKy BCEMH CPAaBHUBACMBIMU OHOTHOTEKAMHU.

HecoBnazenne BUAOBOTO COCTaBa MUKPOOPTaHU3MOB, OOHAPYKEHHBIX B YETHIpEX 00pasiax
CHEXHOTO TOKpoBa ¢ mbUIblo Caxapel, a Takke NPU HX CpaBHEHUH C oOpasuamu cHera, He
coznepxaiero mneuib Caxapbl, necyaHHod nouBsl Caxapsl KM el Caxapbl, OCaXIE€HHOW B
['penobne, MO-BHIMMOMY, MOKHO OOBSICHUTH C TOYKH 3peHHs (U3HUECKUX (PaKTOPOB,
3aJeficCTBOBaHHBIX B mpoliecce nepenoca meiin u3 Caxapsl. [Ipyannamu BapuabenbHOCTH cOocTaBa
MHUKPOOPTaHU3MOB, IEPEHOCUMBIX C TBUTBIO Caxaphl, MO-BUJUMOMY, B OOJIBIICH CTETIEHH SBIISIOTCS
OCOOCHOCTH TIEPEHOCA TMBUIM BETPOM M BO3MOXHBIM 3aXBaTOM MHKPOQIIOPE M3 APYTUX
HUCTOYHHUKOB, Y€M HCTOYHHUK MPOHMCXOXKACHUS NbUIM. JlaHHOE TIpEeAroIoKeHne OCHOBBIBACTCA HA
ToM (pakre, yTO 00pa3mbl cHera ¢ MbuIbl0 Caxapbl, MPUHAIIISKANEH K OJHOMY MHHEPaIbHOMY
THUITY, XapaKTePU30BAIUCH PA3IMYHBIM paclpeesieHneM 4acTull e 1o pasmepam [Chuvochina
et al., 2011]. Kpome Toro, pazmep wactuil b Caxapsl, ocaxaeHHo# B ['peroose (~9 MKkM), OBbLT
0o0JIbIIIE YACTHI] MBLJIA TOTO YK€ CAaMOTO COOBITHSI TIEPEHOCA, OCAXKICHHBIX Ha JienqHuke MonOmaH (~6
MkM) [Chuvochina et al.,, 2011]. Panee Obul0 TOKa3aHO, YTO W3MEHYUBOCTH B paclpeiciiCHUN
YacTHUI] MBUIM TI0 pa3MepaM CBs3aHa C pa3IMYHBIMHU MyTsSMH TepeHoca nbumi [Israelevich et al,
2003]. Kpome Toro, nbuib, nepeHoCHMas 3a KOPOTKUI MIPOMEKYTOK BPEMEHH, TAKKE KaK U IbLIIb,
OCaX/IeHHass BOJM3M CBOETO HMCTOYHMKA, XapaKTepu3yeTcs OOJBIIMM pa3MepoM 4YacTHIl B
CpPaBHEHHH C TBUIBIO, TIEPEHOCHMOM 3a 0oJiee JIMTEIbHBIN BpeMeHHOH mpoMexyTok [Goudie &
Middleton, 2001]. B cBsi3u ¢ Tem, 9TO HEKOTOPBIE OAKTEPUH MOTYT OBITh MPUKPEIUICHBI K YaCTHULIAM
IBUTHA, UX pa3Mep MOXKET UrpaTh BaXHYIO POJIb B MPOIECCE PACIPOCTPAHEHUSI MUKPOOPTAaHU3MOB
[Choi et al., 1997]. llpukperieHme K 4YacTHUIAM TBUIM TaKXKe CIIOCOOCTBYET 3alluTe
MHUKPOOPTaHU3MOB OT TaKHX BHIIOB CTpecca, kak jaeiictBue Y® u o3ona [Tang et al, 2011].
HenaBHo moxa3aHo, YTO pa3jWYHbIC TAKCOHOMHYECKHE TPYIIBI OaKTepUil MEPEHOCATCS Pa3HBIMHU
no pa3mepy yacturiamu el Caxapsl [Polymenakou et al., 2008].

Takum oOpa3om, Takwe (aKTOpbl KaKk BPEMEHHON HMHTEpBaJl M YCIOBHS IEPEHOCA IBLIH
BIMSIOT HAa pa3Mep MEPEHOCHMBIX YACTHII, YTO B CBOIO OUYEpENlb MOXKET UIpaTh BAXKHYIO POJb B
peryJmpoBaHUM COCTaBa MEPEHOCHMOTO MHKPOOHOTO MyJa. Pa3zmiuuus B myTsSX mepeHoca MbLUId B
aTMocgepe, Mo-BUIMMOMY, TaKKe 3HAYUTEIBHO BIUSAIOT HA MUKPOOHBIH COCTaB O0ceaaeMoil MbUIH,
TaK KaK 10 XOJYy JABIDKCHHS BO3JIYIIHBIX MAacC MHKPOOHBIC KJIETKHM MOTYT OBITh 3aXBau€HBI W3
JIPYTHX HWCTOYHHKOB: TIOBEPXHOCTh PACTCHHH WM BOJHAs IUieHKa (Hampumep, Cpean3eMHOro
Mmopsi). Kpome TOrOo, IOMONHHUTENBHBIMH (DaKTOpaMu, ONPEACITSIONIMMH Pa3IuIusi MEXITY

06p33HaMI/I CHCKHOT'O IMOKpPOBa C NbLUILIO ABJIAKOTCA CE30H U BpeMeHHOI\/'I HHTCPBAJI HAXOXICHUA
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BT B CHET€ C MOMEHTA €€ OCaXKACHUs Ha JiegHuK (cM. monpasnen 3.3.1). Bce atu dakrops
BMECTE B3AThbI€, MO-BUAMMOMY, MOTYT OOBSICHUTH PazIH4YUsi MUKPOOHOTO pa3zHOOOpasusi MExXIy
oOpasmamu cHera ¢ meUTbi0 Caxapsl 1 00pa3IloM CHera, He cojepakaiero meiib Caxapel. Bmecte ¢
TEM OTMETHM, YTO Pa3HOOOpa3ue MUKPOOPTAaHW3MOB CHEKHOTO MOKpoBa 0e3 mbimn Caxapbl ObLIO
U3yYEHO Ha MPUMEpE OIHOTO €IWHCTBEHHOro 00paslia, 4TO He MO3BOJIIET CHIENaTh JOCTOBEPHBIX
BBIBOJIOB O CXOJCTBE/pa3jiM4My CHETra C MbUIBI0 pa3Hoil mpuponbl. YTo Kacaercss oOpasna
MECYaHHOW MyCTHIHHOM T0uBbI Caxapbl, TO CTOUT TaKXKe OTMETHTb, YTO ISl IOCTOBEPHOU OIICHKH
pazHooOpa3usi TOYBEHHON MHUKPOGMIOPHI, TpeOyeTcs 3HAYUTEIHHO OOJBIINKA pa3Mep BBIOOPKH
KJIOHOBO¥ OMOJIMOTEKH B CPABHEHUH C BEIOOPKOI, MPOAHANTN3NPOBAHHON B TAHHOM HCCJIEIOBAHUH.

B menowm, mosryuyeHHbIE JaHHBIE COTJIACYIOTCS C JAHHBIMHU JIUTEPATypPHI UL TIOYB ITYCTBIHb.
Tak, npeacrasurenu Bacteroidetes, Cyanobacteria u Alphaproteobacteria 6bUTH TOMUHUPYIOIIAM
KOMIIOHEHTOM MHKPOOHOTO COOOIIECTBA MOBEPXHOCTH METEOPHTA, MPOJIEKABIIETo Oojee
cemuzecaTu JieT B mouBe mycteiHU Tarayud (100 kM ot rpanumsl ¢ Caxapoil) [Benzerara et al.,
2006]. HexynpTuBHpyeMO€E pa3HOOOpa3we HEMOCPEICTBEHHO IMyCTHIHHOW MouBbl TaTaynH OBLIO
MPEACTaBICHO B OCHOBHOM Tpems paszzenamu Proteobacteria, Actinobacteria w Acidobacteria, Ho
TaKkkKe OTMEYEHBbl TmpencTtaButrenu Bacteroidetes, Deinococcus-Thermus, Planctomycetes,
Verrucomicrobia n Firmicutes [Chanal et al., 2006]. KynpTrBHpOBaHME 1370 U30JATH (PaKTHIECKH
TeX ke pazuenoB (Actinobacteria, Proteobacteria, Firmicutes m Bacteroidetes) [Chanal et al.,
2006].

Kpome Toro, B Xoze wuccienoBaHus KyJIbTHBHPYEMOTO Pa3HOOOpasusi CHEXHOTO IMOKPOBa
nenauka Mon6maH ¢ meutkio Caxapel ot coObitus nieperoca 2000 r. [Gonzalez-Toril et al., 2009]
ObUTM OOHApPY’KEHBI MPEJICTABUTENU TeX ke pa3nenoB (Alphaproteobacteria, Betaproteobacteria,
Bacteroidetes n Actinobacteria) ¢ npeoOiananueM u30JATOB Alphaproteobacteria. B MmukpoOHOM
cooO11ecTBe CHEXHOro nMokpoBa o3epa Penon (2240 m, Llentpanbuble [lupenen) ¢ npuibto Caxapsl
(coOnrTHe nepenoca 2004 r.) Takxe TOMUHUPOBAIH Betaproteobacteria n Actinobacteria [Hervas &
Casamayor, 2009]. HccrnemoBanus MHUKPOOHOTO pa3sHOOOpa3usi CHEKHOTO IOKPOBA TOPHOTO
maccuBa Tatdsima B SnoHWM moOKaszanM TOMHHMpPOBaHWE OaKTepHid, TakXe NpUHAJICKAIINX
pazneny Betaproteobacteria, 3a KOTOPBIMU ciiefioBanu Actinobacteria, Firmicutes u Bacteroidetes
[Segawa et al, 2005]. Kpome Toro mpencraBurenu Betaproteobacteria B 3HAYUTEIHHOM
KOJIMYECTBE TPHUCYTCTBOBAIM B apKTUYECKOM cHere apxwumnenara llmmindepren, rae Takxke
noMuHupoBanu Bacteroidetes, Acidobacteria u Alphaproteobacteria [Larose et al., 2010].

HanpoTuB, B HameMm wuccienoBaHuu pasznen Betaproteobacteria ObIN TIPENCTAaBICH TpeMs
MUHOpPHBIMH QuiioTuniamu B oOpasuax ¢ nbuibio Caxapsel oT utoHs 2006 1. u mag 2009 r. Otmerum,
yT0 OAuH u3 9Tux (QuiotunoB (Massilia) ObT OAM3KOPOACTBEHEH OaKTepUHM W3 CHEra B

anTapkthyeckux oasucax [Fujii et al.,, 2010]. OcnHoBHOEe pa3HoOOpaswe cooOIIecTBa
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AQHTAPKTHYECKOTO CHEXKHOTO TOKpoBa OBIO  MPEACTABICHO pasfenamu  Actinobacteria,
Proteobacteria, n Cyanobacteria ¢ 3HauuTeNbHBIM TIpeoOnananuem Bacteroidetes, B OCHOBHOM
pona Hymenobacter. bakrepun pona Hymenobacter TOMUHHUPOBAIN TAaKXKE B CHE)KHOM IOKPOBE
THOETCKOTO BBICOKOTOPBS JeAHUKOB ['yoky m JKamaHr, rae oTMedaloch BJIMSHHE IEpEeHOCca
NOYBEHHOM TbUIM ©3 apuaHbix peruoHoB Kwuras [Liu et al, 2009a]. Ham ygmamock
UICHTH()UIMPOBATH TOJBKO JBA OTJAICHHO POJCTBEHHBIX Hymenobacter-nogoOHBIX (UIOTHUIA B
CHEXHOM TOKpoBe ¢ mbuibto Caxapbl ot umions 2006r. Kpome TOro, ocHoBHOE MHKpOOHOE
pasHooOpasue nennukoB I'yoky u Xamanr 6su10 npencraBneHo pasaenamu Proteobacteria (Alpha-,
Beta- n Gamma-) u Actinobacteria, 3 KOTOPBIX TpU (PUIOTHIIA OKA3AIUCH OJIU3KOPOICTBEHHBIMH
¢unotunaM, oOHapYKEHHBIM HAaMH B COOOIIECTBAX CHEXHOTO TMOKPOBa ¢ MbUIbi0 Caxapsl OT Mast
2008 r., wronst 2008 1. m mas 2009 r. MHTepecHO, 4TO JBa M3 JAHHBIX TpeX (GUIOTHIIOB
NpUHAUIeKAIN poay Sphingomonas, KOTOPBIA BXOJWI B YHCIIO OOLIMX POJOB MHUKPOOPTaHU3MOB,
BBISIBJICHHBIX Ha YETBHIPEX JIGTHUKAX THOETCKOTO BBICOKOTOPhs [Liu et al., 2009a]. Takxe U30JATHI
Oymskue Sphingomonas OBUIM TOMYyYEHBI NMPU HUCCIEIOBAHWM KYJIBTHBUPYEMOTO pa3zHOOOpasus
CHEe)XHOTO TOKpoBa jenHukoB [llmmmbeprena [Amato et al., 20076], kKOTOpbIi cpeau MpoUYEro
HacesuIM OakTepuu NpuHamiexaiiue Betaproteobacteria, Gammaproteobacteria, Firmicutes u
Actinobacteria.

Takum obOpazom, Oaktepun pasnenoB Proteobacteria, Actinobacteria n Bacteroidetes, xak
NpaBUIIO, BCTPEUAIOTCS dalle APYrHX B OOOMX THIAX dKocHcTeM: moue Caxapbl M CHEXHOM
MOKPOBE JIEAHUKOB (KaK TOpPHBIX, Tak W MNoJsipHbIX). Kpome Ttoro, Alphaproteobacteria,
Betaproteobacteria v Gammaproteobacteria 0OHapy)uUBatOTCA B 0OJIBIIIOM KOJIUYECTBE B TAKOBOM
Ipie ApPKTHKM W AHTAPKTHKH KaK TPAJAWIHOHHBIMA METOJaMHU KyJIbTUBHPOBAHUS, TaK U
MoJsiekyJsipabiMu  [Brinkmeyer et al, 2003; Groudieva et al, 2004]. JlomuHHpoBaHUuE
npeacraButenen Betaproteobacteria u Actinobacteria 0TME4€HO BO MHOTHX QJILITUMCKUX PETHOHAX
(Alfreider et al., 1996; Glockner et al., 2000; Zwart et al., 2002). [Tocineqaue B CBOIO o4epenb
MOTYT COCTaBIIATh 10 50% OT o0miel OakTepuaabHOW MOMYJISIMU MOYBHI IMyCThIHb [Bhatnagar &
Bhatnagar, 2005]. JlumutupyomumMu MHUKpOOHOE pa3HooOpasue QakTopaMu, OOIIUMH IS
apuIHBIX OOJacTell W BBICOKOTOPHBIX JIEAHUKOB, SIBIISIOTCS 3acyXa, )kecTkoe Y® u3myueHue u
neiicTBue KpaiiHux Temnepatyp. OTcrona, mo-BuAIMOMY, HE CIIy4aiiHO HaOJII01aeMoe COBIaICHHE,
TaKk Kak OaKTepWy BBHIIEYNIOMSIHYTBIX pa3JelioB MOTYT o00JajgaTh psAIOM XapaKTEPUCTHK,
MO3BOJITIONINX MM BBDKHBATH B OIPENEICHHOW CTETEeHW CXOMHBIX AKCTPEMAIBHBIX YCIOBHSIX
CpeIbl.

OTtmeTuM, YTO TNpU aHaIMW3€ MAONOJHUTENbHbIX oOpasuoB u pPHK-6ubmmoreku Obu1o0
BbIsiBJICHO 10 HeWACHTUPUIMPOBAHHBIX (QWIOTUIIOB, 4 U3 KOTOPBIX YJAAJOCh NPUIIUCATDH

omnpeneneHHpIM pasnenam (cm. npuioxkenue 3, puc. 19). Tak pumorun MB-SD2-18 oka3zancs B
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OJIHOM Kkiactepe ¢ Actinobacteria, unorun SD24 - B Bacteroidetes, a nBa npyrux (SD27 u SD18)
— B kiacrepe xusoporactHoi JIHK. @unorenernueckoe nosnoxenue 6 HeUACHTU(UIMPOBAHHBIX
¢unotunos, a Taxke Gunoruna SD15, oOnapyxwusatomiero 91% cxoicTBa ¢ U3BECTHBIM TaKCOHOM,
YCTaHOBHTH HE YIAJIOCh.

B otnomenune HA-¢punotunos, 6 apyrux HA-punotunos (o cpaBHEHUIO C BBISBICHHBIMU
paHee B 4-X OCHOBHBIX OOpa3lax cHera) ObLIM HaijieHBI B 00Opasiie cHera ¢ meuUibio Caxapsl OT
utonss 2008 1. (Actinobacteria, Verrucomicrobiota), oOpa3ne cHera 0e3 meutn Caxapsl
(Alphaproteobacteria, Firmicutes — 2 ¢unotuna) u odpasue neum Caxapsl, coOpanHoii B [')peHoOe
(Alphaproteobacteria).

[loxBoast WTOTM [NaHHOTO pasfena, OTMETUM, YTO BKJIIOUYEHHE B aHAIU3 Tpex
JOTIOJTHATEIBHBIX 00pa3IloB, 8 UMEHHO CHeTa ¢ ThLIbI0 Caxapsl oT coOBITHS TIepeHoca B utone 2008
r., me Caxapsl, coOpanHoii B ['peHoOe, u mecuyanHoi mouBsl Caxaphl, a TaKKe CPaBHEHHE CO
CHETOM, He cojepxaunmM MbUib Caxapbl, MMO3BOJIMIIO ClieNaTh 0ojiee JOCTOBEPHBIE BHIBOJBI B
OTHOILIIEHUU TIPUYUH, JIEKAIIUX B OCHOBE Pa3IUYMil MUKPOOHOTO cocTaBa 0OpasloOB CHEXHOTO
nokpoBa ¢ mbutblo Caxapsl. [lokazaHo, uTO mepeHoc mouBeHHOW mbhuM Caxaphsl Ha JEJHUK C
MHTEPBAJIOM COOBITHI B Mpeieiax rofa u OJJHOTO MUHEPAJIbHOTO THTIA, MOXET MPUHOCUTH ¢ COOOH
MHUKPO(DIOPY, XapaKTepU3yIOUIYIOCS pa3iIMYHBIM COCTaBOM KaK Ha BHJIOBOM YypOBHE, TaK M Ha
ypoBHe paznena. Jlaxxe B ciydae OJHOTO M TOrO K€ COOBITUS TEpeHOca IIbLIN,
3apErUCTPUPOBAHHOTO HA PA3IMYHBIX BBICOTAX, BUJOBOM COCTaB M pa3jeibl MUKPOOPTAaHU3MOB
OTIIMYAJIUCH, YTO, TIO-BUIUMOMY, YKa3bIBa€T HA ACCOLHMALIMIO PAa3IMYHBIX OaKTEepHH C YaCTHLAMH
IBUTA Pa3HOTO pa3Mmepa. BapnaGenbHOCTh cocTaBa MHKpPOOPTaHH3MOB, TIEPEHOCHMBIX C TBUIBIO 13
Caxapbl, 1MO-BHIUMOMY, CBfi3aHA HE CTOJBKO C HCTOYHHKOM IPOUCXOXKICHHUS IBUIH, CKOJBKO C
0COOBIMH YCIIOBUSIMH BO BpeMs TIepeHOCa MBUTH B aTMOc(epe, BKIF0Yas pa3IMuHbIe IyTH NepeHoca

¥ BO3MOXHBIH 3aXBaT MUKPO(IIOPHI U3 APYTHX UCTOUYHUKOB 10 1My TH 13 CeBepHOU AppUKH.

3.3.3 CpaBHUTEIBHBI M aHAINM3 OaKTEpHATbHOIO pa3HOOOpa3usl CHera Iy TeM KIIOHUPOBAHUS

pJHK n pPHK

Jns oOpasma CHEXHOTO IMOKpoBa, HE cozaepskamero meute Caxapsl (Dm08/2009) Opumm
CO37aHbl J[B€ KJIOHOBbIE OMOIMOTEKN — 0O/1HA, ocHoBaHHast Ha p/IHK (MS7), a npyras — na pPHK
tpaHckpunrtax (MS7r) (cm. Tabda. 2). HecMoTps Ha To, yTO OakTepualibHOE pa3HOOOpa3ue CHEXHOTO
MOKPOBa, HE cojeprkamiero meuib Caxapsl, ObUIO U3y4YEHO MPAKTHMYECKH WICHTHUYHBIM CIOCOOOM
(ITILIP, mpaiimMepshl U T.J1.) TAKCOHOMUYECKHH COCTaB BBISABICHHBIX (PUIOTUIIOB OKa3ajiCsi pa3jivyeH,
3a uckiIoueHueM rpymmnsl xjgoporiactioit JAHK w3 Viridiplantae. O0uwmii ¢punotun, poicTBEHHBIN

xnopomuactHoit JIHK mamopotauka Thelypteris navarrensis (100% cxonctsa), 0611 0OHAPYKEH B
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obeunx 6ubmorekax. M3 6akrepuanbHblXx punotunos B Oubimoreke MS7 1OMUHUPOBAN (PUIIOTUIT
Conexibacter, Torma kak B Oubmmoreke MS7r — yHHKaIbHBIA (QUIOTHI, POJCTBEHHBIN
mano6axrepuu (97%) Stigonema ocellatum (monapazaenst 3.2.1.4 u 3.2.2.2). lluanoGakrepun ObLIN
paHee 0OHapyXEeHbI BO MHOTUX 9KCTPEMAJIBHBIX XOJIOJIHBIX MECTOOOUTAHUAX KaK MOJISIPHBIX, TaK U
TOPHBIX JICHUKOB, OJarofapsi HAIMYUIO PA3IMYHbIX aJalTallMOHHBIX MPUCTIOCOOICHUI K XOJI0Iy
[Vincent, 2007]. Haxonka nmano6aktepuu pojaa Stigonema MOXKET CBUIETEIILCTBOBATh B TIOJIB3Y HE
TOJIbKO METa0O0JIMUeCKON aKTUBHOCTH, HO W Pa3MHOXEHHUS [aHHOW OakTepuu B CHEre IpHu
OTpHIATENILHON TeMiiepaType. OTMETUM, YTO pa3inune TaKCOHOMUYECKOro coctaBa Mexay pJHK
u pPHK 6ubmmoTrexkaMu ObUIO MOATBEPHKICHO CTATUCTUYIECKAM aHAJIU30M (CM. MPHIIOKEHHE 6 TabII.
2). [IpuuuHbl HEecOBMAACHUS OOJBIICH YaCTH JOMUHAHTHBIX TPYMI U (UIIOTUIIOB, BHISBJICHHBIX B
pAHK u pPHK 6ubmmoTekax, MOTYT OBITh CBSI3aHBI Kak ¢ Aerpamanueit pPHK, nzbuparensHoit auist
YacTW JIOMHUHAHTHBIX (DMIIOTHUIIOB B TPOIECCE MECSYHOTO XPAHEHUS CHEra MpPU OTPUIATEIIBHOMN
TEMIIepaType MO0 NPUYHHE HX HECIMOCOOHOCTH K PAa3MHOKEHHMI0O B CHETe, TaK W HaINpOTHB,
Pa3MHOKEHHEM OTAEIBHBIX “TPUCTIOCOOUBIIMXCS ™ (DUIIOTUIIOB.

Takum 00pa3om, aHAIIM3 CHEXHOTO MOKPOBA JieJHHKa MOHOIAH MyTeM CO3/TaHUsl KJIOHOBBIX
oubmorek Ha ocHoBe pJHK u pPHK, mno3Bommn oOHapyXWuTh TOMHHAHTHBIA (HIIOTHII,
OTHOCSIIMICA K IHaHoOakTepun poxaa Stigonema, TO-BUIUMOMY, CIIOCOOHBIH K Pa3MHOKEHHIO

(axTMBHOMY MeTa00JIM3MY) MPU OTPULATEIbHOU TEMIIEpaTypeE.

3.4 BreisiBieHUE (MIOTHIIOB — HOTEHIIMATBHBIX KOJIOHU3aTOPOB CHEKHOTO TIOKPOBA JICTHUKA

MonOnas 1o pe3yibraTaM U3y4eHus 00pas3loB CHera

Ha cerognsiminuii 1eHp Moka3aHo, YTO MEPEHOC MOYBEHHOW mbutk Caxapbl Ha OTAAJICHHBIC
pacCTOSHMS WUIPAET BAXHYIO POJIb HE TOJBKO B OMOrCOXMMHYECKHX ITMKJIAX 3a CUYET BHECEHMUS
JOTIOJTHATETBHBIX MATATEJIbHBIX BEIIECTB U YBEIWICHHS, TAKHM 00pa30M, ICPBUYHOM MTPOTYKIIUH B
Pa3IMYHBIX YKOCUCTEMAX, HO U CTIOCOOCTBYET MEPEHOCY MUKPOOPTAHW3MOB, HACEISIONINX TMOYBBI
nycThiHU. HecMOTpsi Ha MPUCYTCTBUE Pa3IMUHBIX CTPECCOBBIX (PaKTOPOB (BHICYIIMBAHHUE, HU3KOE
COJIep’KaHHE THTATEJIbHBIX BEIIECTB, XKecTkoe Y® u3iydeHue W T.JA.), MHOTHE MHUKPOOPTaHU3MBbI
CHOCOOHBI COXpaHATh CBOIO JKMU3HENESATENHFHOCTh MOCTE JIMTENIHHOTO TepeHoca B aTMmocdepe
[Griffin et al., 20076]. Bausinue mouBeHHOUW MUKpoOHOTH Caxapbl HA PE3UJEHTHBIE COOOIIECTBA
JpYTUX SKOCHUCTEM IOKa elme ManouszydeHo. OaHako, HEAaBHO OOHapy>KEHO, 4YTO OaKTepuH,
nepeHocuMble ¢ ThUTbI0 Caxapbl, MOTYT NPUHUMATh y4yacThe B (HOPMHUPOBAHUUA MHUKPOQIOPHI
OakTepuoHEHCTOHAa BBICOKOTOPHBIX 03ep [Hervas & Casamayor, 2009]. Kpome TOro, mosydeHsl
HKCIIEpUMEHTANIbHbIE JOKA3aTeIbCTBA pOCTa MpeacTaButeneit Gammaproteobacteria, BHECEHHBIX C

nbUIbto Caxapsl B pe3epByap, UMUTHPYIOLIUHA oauroTpodHbie yciaoBus ansnuiickux ozep [Reche et
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al., 2009]. Mcxoas u3 BBIMIEU3IOKEHHOTO, MBI MPEAMOIOKUIN, YTO OCAKICHUE TTOYBEHHOW IMBLTH
Caxapbl Ha CHEXHBIM MOKPOB QJIBIMUMCKHX JIEJHUKOB MOJKET CIIOCOOCTBOBATH (HPOPMHUPOBAHMIO
MHUKPO(DIOpPHl CHEXKHOTO TOKpOBa, 4YTO TMOJIpa3yMeBaeT pas3BUTHE OakTepuil B cocCTaBe
ompeneneHHoro Habopa BuaoB [UyBouuna u ap., 2011]. JlanHHOE NpennonoKeHne 0CHOBBIBAETCS HA
crenyroumx (akrax. Bo-mepssix, nepenoc meum Caxapbl MPOUCXOIUT, KaK MPaBHIO, B JIETHE-
BECCHHHUH MEPHUO/I, KOTJa TeMIepaTypa Bo3ayxa B paiioHe nuzydaemoro jeanuka 6mmska k 0 °C. Bo-
BTOPBIX, MUKPOOPTaHU3MbI, Pa3BUBAIOIIMECS B TOYBAX IyCThIHb, UMEIOT PAJ aJaNTalui Kak K
TEMIEPATYPHBIM KOJICOaHUSIM, TaK M K JIeicTBUIo 3acyxu U YD uznyuenus [Gonzalez-Toril et al.,
2009] u mo3ToMy, BEpOSTHO, MOTYT BBDKMBaTb B cHere. lIpucyTcTBHE B CHEXHOM IIOKPOBE
OaKkTepuii, TPOUCXOMANINX U3 APUIHBIX IOYB, OBUIO OTMEUEHO paHee MpPU U3yUYEeHHUH MUKPOOHOTO
pa3Hoo0Opa3us TOpHBIX U MOJIPHBIX JeqHuKoB [Gonzalez-Toril et al., 2009; Larose et al., 2010; Liu
etal., 2009a].

Jlnist mpoBepKHU BBIIBUHYTOM THIIOTE3BI, BCe (HUIOTHUIBI (32 UcKIoueHneM HA-punoTuron),
00Hapy>KeHHBIC B OMOIMOTEKaX JABYX THIIOB 4-X 00pa3loB CHETa, COJEPIKaIIero U He COAepIKaIIero
nelTh Caxapel, 1 V3-V5 OubimoTeke JOTMOTHUTEIHHOTO 00pa3ia cHera ¢ mbuthio Caxapsl, ObUTH
PacCMOTPEHBl Ha TPEAMET BO3MOXKHOW KOJIOHM3AIMHM CHEXHOTO IOKPOBAa IyTEM JETabHOTO
aHaJM3a ONHMCaHMs HamboJiee ONM3KOPOJCTBEHHBIX IMOcienoBaTeabHoCTel (=98%, B mpenemnax
¢unoruna) B GenBank. B pesymprare momoOnHoro anammsza B V3-V5 Oubimorekax 00pasnoB
CHEXHOTO TOKpOBa JieaHnka MonOman ¢ meuibto Caxapsl u 6e3 mbutn Caxapsl ObUIO BBISBICHO 9
(GUIOTUIIOB, @ B TMOJHOPa3MEPHBIX OMOIMOTEKAaX — 5 (HUIOTUIOB, KOHCTIEIU(UIHBIE KIOHAM WIIH
¢unotunam, KoTopeie ObUTH 0OHAPYKEHBI B PA3IMYHBIX XOJIOAHBIX MecTooOuTanusx (tadiu. 7). [lo
YUCITy KJIIOHOB OOJIbIIIasl YacTh JAHHBIX (QUIOTHIIOB mpuHamiexkana Cyanobacteria, 3a KOTOPBIMH
cienoBanu mpenacraBurenu Proteobacteria, Actinobacteria w Firmicutes. Ilocnennue ObLTH
BBISIBJICHBl TOJIBKO B TIOJHOpPa3MEpHBIX OuOmmorekax. DuioreHeTHdecKkre B3aUMOOTHOIICHHS
“X0J10/10J1F00MBBIX” (PUIOTUIOB JIJIs1 OMONIMOTEK IBYX THIIOB MTOKA3aHbl HA PUCYHKE 22.

Amvmmdukanus V3-V5 obnactu rera 16S pPHK st o6pasiia CHE:)XHOTO TTOKPOBA C TBUTBIO
Caxapel ot wutons 2006 r. mokaszajga NPUCYTCTBUE OJHOTO ‘‘XOJOJOIOOMBOTO” (QmiIoTHUNA —
npencTraButens pona Anabaena, poACTBEHHOTO OakTepwsiM M3 aHTApKTHYECKOW mouBbl Cyxux
Homma. B cBoro ouepenp aMIum@uKanue — TOJHOPAa3MEPHOTO TIeHa OOHapykuwnma 3
“xononomoOuBbIX” (unotuma, Takke oTHocsmmxcs Kk Cyanobacteria. 3 Hux nBa QumoTumna,
oTHeceHHble K Phormidium u Chamaesiphon, Obl1M pOJCTBEHHbI O0aKTEpUSIM M3 XOJIOJAHBIX 03€p
AHTapkTHKH (Tabi. 7), Toraa kak Tpetuil, Anabaena-noaoOHbI GuiaoTurl, 0OHapyKUBaAJI CXOACTBO
C IMAaHOOAKTEPHUSIMH M3 XOJIOJIHBIX IMOYB AHTApPKTHKH B AJsickd. CTOUT OTMETHUTB, YTO (DUIOTHUIIBI
MB5-20 u 5fr-19, BcTpedenHble B OMOTMOTEKAX ABYX THUIIOB, OKA3JINCh POJICTBEHHBI MEXIY CO00

1 00a 0OHapY’KMBAJIU CXOJACTBO C LIMAHOOAKTEPUSIMHU U3 XOJIOJHBIX MOYB AHTApKTHKH (Tadn. 7).
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73 — Anabaena augstumalis SCMIDKE JAHNKE/4a (AJ630458)
Stigonema ocellatum SAG48.90 (AJ544082)

O +5 clone MS7r-17

Petalonema sp ANT.GENTNER2.8 (AY493624) (Lake, Antarctic)
Anabaena cylindrica XP6B (AJ630414)

@ clone 5fr-19*

O +3 clone MB5-20 identical FJ490285,F J490320 (Soil, Antarctic)
Uncult bacterium AK4AB1_05A (GQ396895)(deglaciated soil)

@ clone 517

Uncult Ant bacterium LB3-47 (AF076163)(Lake, Antarctic)

Uncult bacterium EpiUMB29 (FJ849281)

Chamaesiphon subglobosus PCC7430 (AY170472)

Phormidium pristleyi ANT.GENTNER2.4 (AY493580)(Lake, Antarctic)

—100& @ +3 clone 512
74 - Uncult Ant bacterium LB3-53 (AF076159)(Lake, Antarctic)

Massilia brevitalea byr23-80 (EF546777)
100 Massilia sp Asd M1A2 (FM955855)(Sediments, Arctic)
%O clone MS5s-4
68" Uncult bacterium BF0001B010 (AM696984)
98 [ O clone 2SD-34 identical identical AF445680
Devosia limi R-21940 (AJ786801) identical AY315165 (Subglacial sediments)
Sphingomonas dokdonensis KSC tot3a (DQ870682)
5O clone 2SD-2
99| L Uncult bacterium G2-12 (EU152998)(Snow, Tibet)
— Sphingomonas echinoides GP50 (DQ118270)
O +2 clone MB-SD2-1
62 - Uncult alphaproteobacterium 20C11(DQ366009)(Soil, Antarctic)
@ clone MS7f-18 identical identical AJ506120, DQ521488 (Lake, Antarctic) (GQ397026) (deglaciated soil)
r @ +3 clone f25D-a7
100 - Tumebacillus permanentifrigoris Eur1_9.5 (DQ444975)(permafrost, Canada)

99 — O clone 2SD-17 identical EU931102,EU931049 (Soil, Antarctic)
ﬂE Crossiella cryophila NRRL B-16238 (NR_024964)

100

76

50

94

O +2 clone MS5-34 identical EF016798
99 ' Uncult bacterium zd1-46 (EU527133) (Snow, Tibet)

100

[O clone MS5s-2
100 ' Pseudoclavibacter helvolus H187 (EF204391) identical EU375384 (lake, Tibet)

Pucynok 22. ®uoreHeTHIeCKOe AEPEBO “XO0JI0I0IOOUBBIX” (UIOTHITOB, IIOCTPOCHHOE HA
OCHOBAHHH CPAaBHUTEJIBHOTO aHAJIN3a HYKJICOTUAHBIX MOCIEA0BATENbHOCTEH IOJTHOPA3MEPHOTO
rena 16S pPHK (uepusie kpyru) u ero V3-V5 obnactu (mpo3paunbie kKpyru) (Meroq Maximum
Parsimony asnst 485 H.11., 13 KoTopbIX 191 H.I. PunoreneTnueckn HHPOpMaTUBHBI). Takxke
NPUBEACHBI OJIM3KOPOICTBEHHBIC TIOCIIE0BATEIEHOCTH KIIOHOB U3 XOJIOHBIX MECTOOOUTAHMIA 1
W3BECTHBIX MTaMMOB. [[udpamu nokazana craructTuueckas moaaepxka serpieHus (50% u Beiie),
ompeieNieHHas ¢ MOMOIIbI0 bootstrap-ananmza 500 anprepHaTUBHBIX AepeBbeB. LlIkana moka3piBaet
MUHHAMAJIBHOE KOJIMYECTBO (HIIOTEHETHIECKA HH(POPMATUBHBIX HyKICOTHIHBIX 3aMEH,

H€O6XOI[I/IMI)IX AJIA TIOJTy4YCHUA I[aHHOﬁ TOIIOJIOTHMHA ACPECBA

B cuexnom mokpoBe ¢ meuibto Caxapel ot mas 2008 r., cormacHo ananm3y V3-V5
OubIMOTEKH, OBLIIO BBISBIIEHO TPH ‘“X0JIONO0MIOOMBBIX” (uioTumna u3 pasnenoB Actinobacteria n
Alphaproteobacteria, poiCTBEHHBIX OaKTEPUSIM U3 XOJIOJIHBIX IOYB U CHEKHOTO TOKpoBa (Tadi. 7).
Taxk, dunotun, poncreeHnsiit 6akrepun Crossiella cryophila, oxa3zancs OJU30K MUKPOOpPTaHU3MAaM,
HACEJAIOIIMM  XOJIOJIHBIE TOYBBI  AHTAPKTHYECKUX IYyCTBIHb W  AJBIUHCKON  TYHIPBI

brnu3kopoicTBEHHBIE MOCIEI0BATEILHOCTH (QUIIOTHIIA, CXOTHOTO ¢ OakTepueit Devosia limi, Obun
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oOHapy»XeHbl B 00pasliax MOYBbl HA MecTe TasHus JeaHuka JJamma B IlIBeiiiiapun 1 B OTIOXKEHUSAX
noxa neanuka @pann Jxo3edp B Homoit 3emanguu. PuioTun, OTHOCAUIMHCI K pOXY
Sphingomonas, oka3aics poJICTBEHEH OaKTEPHUsIM U3 CHEXHOTO IMOKPOBA THOETCKOTO BEICOKOTOPBSI.
Hpyroit “xononoso0uBbIii” GUIOTHI, POIACTBEHHBIH Sphingomonas, OblI BBISBICH B 00pasie
CHEXKHOTO TIOKpOBa ¢ mbUTbt0 Caxapsl oT utoHs 2008 T. U Takke OKa3alics CXOJICH ¢ OaKTepUsiMH U3
CHEXHOTO MOKPOBA THOETCKOTO BRICOKOTOPBs. bakrepuu pona Sphingomonas 4acTo BCTpEUalOTCs B
XOJIOJTHBIX MOYBaX AHTAapPKTHKH M W3BECTHBI CBOEH CHOCOOHOCTBIO META0OJM3HPOBATH IIUPOKUIA
CHEKTp OPTaHMYECKUX CyOCTpaTOB, a TAKXKE PACcTU U BEDKHMBATH B OJMTOTPOQHBIX ycrnoBuax [Saul et
al., 2005; Liu et al., 2009a]. B momHopa3MepHOii OMOIMOTEKE BHINICYKAa3aHHOTO oOpasiia ObLI
oOHapyXeH OJMH JOMHHAHTHBIA ‘‘XOJIOJOJIOOMBBIA”  (UIOTHI, POACTBEHHBIH OaKTepUH
Tumebacillus permanentifrigoris 3 BEYHOMEP3TOTHBIX MOYBHI KaHabl.

B cuexxHoM nokpose ¢ nbuibto Caxapsl ot Mast 2009 r. cornmacHo ananuzy V3-V5 6ubmmoreku
OBUTH BBISIBJICHBI TPU ‘“XO0JIONOMIOOMBBIX™ (UIOTHUIA, TPUHAJIEkKamue ponam Pseudoclavibacter,
Modestobacter n Massilia. x Omwkaiiiie poaCcTBeHHbIE O0aKTEpUU TMPOUCXOMIN U3 CHEKHOTO
MOKPOBA U 03€p THOETCKOTO BBICOKOTOPHS, APKTUYECKUX OTJIOKEHUH M aHTapKTHYECKOTO CHETa.
Bmecte ¢ Tem, nmanHble W 00bIe ApyTrHE “XOJOAOMIOOMBBIE” (UIOTHUIBI OTCYTCTBOBAIMA B
MOJIHOpa3MEepHOU OMOIMOTEKE paccMaTpUBAEMOT0 00pasia.

[IpumeuarenbHO, 4YTO B CHEXKHOM IIOKpPOBE, He cojepxkameMm mnbuib Caxapbl, ObLIO
00HApPY’KEHO MO0 OJHOMY ‘‘XO0JI0JI0II00MBOMY” (QWIOTHUITY JIJISl KaXXKAOTO THMa OubianoTek (Ttadm. 7).
[Tpu 5TOM PUIOTHII, pOACTBEHHBIN IHAHOOAKTEPUH U3 03€p AHTAPKTHKH, OBUT BBISIBICH TOJBKO B
V3-V5 oubmmoreke, ocuoBannoii Ha pPHK (MS7r). B mnonHopasmepHoii OubmmoTteke
€MHCTBEHHBIA “‘X0JIOAOMIOOMBBINA” (uytoTrm w3 pasmgena Firmicutes oOKa3aics pPOJICTBEHEH
OaKTepHsIM aHTAPKTUYECKHUX 03€p U TIOYBBI, 0CBOOOKICHHOU OT JICTHUKA.

Taxum o0pa3omM, “Xx0J1010/1t001BbIE” (DUIOTHUIIBI, BBISBIEHHbIE B CHEXHOM IIOKPOBE C MbUIBIO
Caxapsl 110 ABYM TUIIaM OMOJIMOTEK, OKa3aJMCh B OCHOBHOM POJICTBEHHBI OAKTEPHUSAM U3 XOJIOAHBIX
NOYB 1 03ep (Hanpumep, AHTapKTUKU U ApkTuku). OgHako, yeteipe Gumotuna (2SD-2, MB-SD2-
1, MS5s-4 u MS5-34) Obu1u O651M3KH OaKTEpUSM U3 CHEXKHOIO MOKPOBA FOPHBIX U OKPAaUHHBIX (B
oasucax) noJisipHbIX JeqHukoB [Liu et al., 2009a; Fujii et al.,, 2010]. MoHO mpeanosoxuTh, 4TO
JaHHblE (WIOTHUIIBI BCTPEYAIOTCS TIOBCEMECTHO B CHEXXHOM TMOKpoBe. B cBowo ouepens
“xononomo0uBbie” (DUIOTHIBI, OOHAPY>KEHHBIE B CHEXXHOM TIOKPOBE, HE COJIEpIKaIIeM IbUIb
Caxappl, Mo JaHHBIM OHOJIMOTEK ABYX THIIOB, ObUIM OJMM3KU OaKTepUsM U3 XOJOJIHBIX O3€p
AHTapKTHIBI.

CornacHo aHamu3y OJM3KOPOJCTBEHHBIX IITaMMOB (=98% cxoncTtBa) K  HCTHUHHO
NCUXPOQWIbHBIM ~ WJIM  NCUXPOTOJIEPAHTHBIM  OakTepusiM  ObUIM  OTHECEHbl  (UIIOTHIIBI,

npeacTaBieHHble ponamu Massilia, Phormidium, Tumebacillus w Clostridium, BbIsIBIECHHBIC B



115

CHEXXHOM TIOKpoBe ¢ mbUIbl0 M 0e3 mbutn Caxapbl. @uuotun, poactBeHHbIH (98,7%)
XeMOOpraHoTpoHoO#l ncuxpoTonepanTHoil O6akrepun Massilia brevitalea (EF546777) [Zul et al.,
2008], Obwt BbIABIEH B V3-V5 Oubmuoreke. Tpu npyrux ocraBmIMXCs (QUIOTHUNA ObUIH
oOHapy>XeHbl B IMoJIHOpa3MepHbIXx Oubimorekax reHa 16S pPHK. CormacHo xapakrepy
MeTtaboyim3Ma OMmKalMX [ITaMMOB, IHaHOOaKkTepust Phormidium MOXeT TpeACTaBIATbH
dotomuroTpodHEIA criocod nutanus, a 6akrepuu pona Clostridium n Tumebacillus — oGmuTraTHBIN
U (paKyIbTaTUBHBIH XEMOOPTaHOTPO(HBIN CIIOCOOBI NMHUTAaHMS, COOTBETCTBEHHO. [IpumeuaTensHo,
YTO XEMOJHMTOABTOTPOGUS MOocieqHel OaKTepuu MPOSBISETCS B OKUCICHUM THOCYJIb(ATOB U
cynshuToB B cyibdhatel [Steven et al., 2008]. M3BecTHO, 4TO Cysb(haThl HE TOJBKO COJAEPKATCS B
cocraBe MouyBeHHOW mbum Caxapbl (B BHIE TMIICAa), HO MOTYT TakXe 0Opa3oBbIBaTbCA Ha €€
MOBEPXHOCTH B XOZIe OKHCIHTENbHBIX peakiuii B atmocdepe [Preunkert et al., 2001a; Ullerstam et
al., 2002]. Kpome Toro, cpemnsisi KOHIEHTpalus cyiabdaroB (0e3 yuera mbutn Caxapsl), COTJIACHO
aHanuzy JiegqaukoBoro kepHa Kousb aro Jlom 3a nepuog ¢ 1982 mo 1991 rr., MOXET COCTaBIATh OT
200 ppb 3umoii 1o 740 ppb nerom [Preunkert et al., 2000]. OTmMeTuM, 4TO PUIOTHUI, POICTBEHHBIN
aHadpoOHOU  mcuxpodwibHOW  Oakrepum  poma  Clostridium, cmocoOHbBI  Omaromaps
CHOpo0Opa30BAHUIO BBIKHBATH B CHEKHOM TOKPOBE, IMO-BHIUMOMY, HE CIOCOOEH K Pa3BHUTHIO B
CHETe W3-32 MPUCYTCTBUS OOJBIIOTO KOJMYECTBA KUCIOPOJA U SIBHOTO OTCYTCTBHS aHadpOOHBIX
MUKpoHum. Takum oOpa3oM, TpU U3 UYETHIpEX BBHIMICYKA3aHHBIX (UIOTHIIOB, MOTYT
paccMaTpuBaThCsl Kak HauOoJjiee BEpOSTHBIE KaHIWAATHI Ha (OPMUPOBAHUE MHUKPOQIOPHI
CHEXHOTO TIOKpOBa JeqHrKa MoHOIaH, 3aHeCeHHBIE ¢ MBUIbI0 Caxapbl WU JOKAJIBHOTO OKPY KEHUS
JIeTHHKA.

UTto KacaeTcst OCTALHBIX JECATH “XO0JI010TI00MBHIX” (PUIOTHUIIOB, TO TIO TUITY METaboM3Ma 1
OTHOIIIGHHIO K TEeMIIepaType OHU OBUIM TPEACTaBICHBI B OCHOBHOM XEMOOPTaHOTPO(PHBIMH U
($OoTOMMTOTPOYHBIMH MHUKPOOPTaHU3MaMH, CIOCOOHBIMH Pa3BUBATHCS KaK OOBIYHBIE ME30(HIbHBIC
WIN TICUXpPOTOJepaHTHhIe BUABI. OJHAKO, B HEKOTOPBIX CIIydasX (CXOJCTBO MO HYKJICOTHIHOM
MOCJIEI0BATENBHOCTH C ONmkaimmMm mTamMmMoM MeHee 98%) Henb3st ObUIO caenarh Kakux-1M0o
NPEIOJIOKEHUIT O BO3MOXHOM XapakTepe >KM3HEIEesATENbHOCTH OakTepuil. B naHHOM ciyuae
OTHECEHHWE MX K MHUKPOOPTaHWU3MaM, UMEIOIIMM TOTEHIHAI K Pa3BUTHIO B YCIOBHUSIX CHEXHOTO
MOKpOBa JieJlHUKa MOHOIaH, OCHOBAaHO OOJIBIIEH YacThIO HA POJICTBE C MUKPOOPTAaHW3MAaMHU H3
XOJIOJTHBIX MecTooOuTaHni. OJHaKO, U3BECTHO, UYTO aIaNTalysl K POCTY MPHU HU3KHUX TeMIIepaTypax
NPOSIBISIETCS Y PAa3HBIX TPy MUKPOOPTAaHU3MOB HE3aBUCHMO OT MX (DMIOTEHETHYECKOTO POJICTBA.
[ToaToMy, B npesienax 0AHOro poja MOTYT OOHapY KUBAThCsl OAKTEPUU KaK ¢ NCUXPO(UIbHBIM, TaK
1 Me30(WIBbHBIM TUTIAMU pocTa. OTMETUM TaKXke, YTO Me30(uiIbl, 0OHApy>KEHHBbIE B 00pasmax ¢
neutbl0  Caxapsbl, JOJDKHBI 00J1aaTh JOCTATOYHO IMUPOKON HOPMOW BBIPaKEHHOCTH TPU3HAKA

(peHoTHIA) B OTHOILIEHUHU TEMIIEPATyphbl KaK MPEACTaBUTEIN MUKPOQIIOPHI MyCThIHb, TaK KaK UM
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NPUXOIUTCSA CYLIECTBOBATh B YCIOBUSAX OOJBIIONW pa3HHUIBI Kak ce30HHbIX Temmeparyp (50 °C
neroM u Hwke 0 °C 3umoi) Tak u aHeBHBIX TemrepaTyp (ot -0,5°C mo 37,5 °C) [Cloudsley-
Thompson, 1984]. IlosToMy “mycThIHHBIE” ME30(HIIBI MOTYT OKa3aThCs IMPHUCIOCOOICHHBIMU
nepeXUBaTh OTPUIIATEIIBHBIC TEMIIEPATYPhl CHEKHOTO TIOKPOBA.

Bo BpeMsi HaxOX/IeHHS B CHETe MOYBEHHAS IbUIb IMOJIBEPTaeTCsl 3PO3UH, YTO MPUBOJAUT K
000TalIeHNI0 XUMHYECKOTO COCTaBa CHera OPraHMYECKUMH M HEOPTaHMYECKHMMHU KOMIIOHEHTaMH
[Maupetit et al, 1995], xotopble B CBOIO ouepenb MOTYT O0eCle4YnBaTh MHKPOOPTaHU3MBI
UCTOYHHMKAaMHU yriepona u sHeprud. Kpome toro, mepenoc meum Caxapbl crnocoOCTByeT
MOSIBJICHUIO IIEJIOYHOTO CHEra B AJbIIaX M CO3[aHMIO, TaKuM oOpa3om, OmarompusitHoro pH ams
pa3BUTHA TaKUX aIKaTHU()UIBHBIX MHKPOOPTaHM3MOB, KakK OOJBIIMHCTBO I[MAHOOAKTEPHIA.
[{uanoOakrepuu Onaromapss GOTOIUTOTPOGHOMY CHOCOOY TOJIYUEHHS YHEPTUH HUTPAIOT BAKHYIO
pOJIb KaKk TEPBUYHBIC MPOIYLEHTH BO MHOTHX JKCTPEMAJbHBIX OJUTOTPO(HBIX, B TOM YHCIE
XOJIOMHBIX Mectooburanusx [Vincent, 2007], u Obuim OOHApY>XEHBI B CHEXHOM TIOKPOBE
THOETCKOTO BBICOKOTOPBS U B AHTapkTmdeckux oasucax [Liu et al., 2009a; Fujii et al., 2010].
[Ipencrasurenu Cyanobacteria cOCTaBISAIOT TaKXkKe 3HAYUTEIBHYIO 9aCTh MEKPOOHOTO COOOIIECTBa
QIBIUICKUX TOYB M cKalubHBIX mopox B IlIBeimapckux Anpmax [Sigler et al., 2003]. B namem
MCCIIEIOBAaHUU B CHE’)KHOM TTOKPOBE ¢ MbUIbi0 Caxapsl u 6e3 mputi Caxapsl 10 aHAJM3Y JIBYX THUIIOB
Ooubmmotek oOHapyxeHo 1ATh GQuiotumoB (MB5-20, MS7r-17, 5f-12, 5f-17 u 5fr-19),
NPUHATISKAIINX [IMAaHOOAKTEepUsIM poaoB Stigonema, Anabaena, Phormidium v Chamaesiphon. 13
HUX €IWHCTBEHHBI ¢wiotun - MS7r-17, KOTOpBIH, MO-BUIMMOMY, MOXET HMETh MpPSIMOE
OTHOIIIEHHE K KOJIOHM3AI[UH CHEXHOTO MOKpOBa JieAHnKka MoHOMaH, ObUT 0OHApYKEH B CHEKHOM
MOKpOBe, He coepskameM mbiib Caxapsl, no anamumsy pPHK (V3-V5 6ubmmotexa - MS7r). Bee 5
KJIOHOB 3TOTO (unotuna mnokazamun 96,6% cxoactBa ¢ nuanoOakrepuent Stigonema ocellatum,
BBIJICJICHHON paHee B KyJbTYyPY B XOJ€ MCCIIEAOBaHUS aHTapkTHueckux o3ep [Taton et al., 2006].
[Tockosbky naHHbIN QuinoTun He Obl1 oOHapysxeH B p/IHK-ocHoBanHO# 6ubmmoreke (MS7) Toro
e caMoro oOpasla C WCIOJIB30BAHUEM TEX K€ CaMbIX MPalMEpOB, TO €ro JOMHUHHPOBAHHE B
o6ubmoteke MS7r MOKET OBITH CBSI3aHO C Pa3MHOXKEHHEM JaHHOW OAaKTEpHH B CHEKHOM ITOKPOBE
NpU MHHYCOBOHW TeMmriepatype ((aKkTHUECKH HAKOMUTEIbHAs KyJIbTypa). Bo3MOXKHOCTH pa3BUTHS
YETHIPEX JAPYTHX [MMAaHOOAKTEPUATBHBIX (DMIIOTHIIOB B CHE)KHOM ITOKPOBE JIeAHNKa MOHOIaH MOKET
ObITH ~ apryMEHTHpOBaHa: 1) HaJM4YueM  OJU3KOPOJCTBEHHBIX  OakTEepWil B  XOJIOJHBIX
MecTooOouTanwuif; 2) GoToaBTOTpOPHBIM criocoboM murtanus; 3) B ciydae ¢punoturnoB MB5-20 u 5f-
12 — ux DOMHHHMpPOBAaHHMEM B cocTaBe ‘‘coobmiecTB”; 4)B ciydyae QumorunoB 5f-17 u 5fr-19 —
HernoBpexaeHHocThio JIHK (BO3MOXKHOCTh aMImM@uKauy HOJHOPAa3MEPHBIX KOmud reHa 16S
pPHK). C yuderom Bcero BBIIIEHU3JI0KEHHOTO, BBISBICHHbIE LUAHOOAKTEPUAJIbHBIE (DUIIOTHIIBI

UMEIOT MOTEHLIMaJd K Pa3BUTHIO B CHEKHOM IOKpoBe JjenHuka MonOnan. M3 Hux Haubosee
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BEPOSITHBIM KaHAWAATOM B KOJOHHM3aTOPHI CHEXHOTO IOKpPOBAa JIEAHHWKA, OOHAPYKEHHBIM IO
anamsy 16S pPHK, saBnsieTcs npeacraButens poaa Stigonema.

[lonBoast wTOTrH, CcieQyeT OTMETHTh, YTO B pe3yJbTaTe NPOBEIEHHOIO MOJEKYJISPHO-
(UIOTreHeTHYECKOTO aHaJIM3a MUKPOOHOTO pa3HOO0pa3Hs CHEXXHOTO MOKPOBa JieAHUKa MOHOMaH ¢
nbUTBI0 M 0e3 mbutn Caxapel mMyTeM aMIuMQHUKamu noxHopasmeproro resa 16S pPHK u ero V3-
V5 obnactu ynaiaoch BBISIBUTH HEKOTOpPBIE OakTepHaibHble (PUIOTHIIBI, MMEIOIINE MOTEHIHAN K
Pa3BUTHIO B YCIOBHSX CHEXHOTO IOKpoBa JeaHuka MonOnaH. JlaHHbIE (UIOTHIBI MOKa3aiu
POJICTBO C KYJBbTUBHUPYEMBIMH M HEKYJIBTUBHPYEMBIMH OaKTEPHAMH W3 PA3IMYHBIX XOJIOJIHBIX
MECTOOOUTAHUH, B TOM YHUCIIE U3 CHEXHOTO IMOKPOBA MOJSIPHBIX M BBICOKOTOPHBIX JIETHUKOB, YTO
MOJKET TOBOPUTH 00 HX KOCMOIIOJIMTHOM PAacCIpOCTPAHEHHH B CXOJHBIX MO SKCTPEMAIbHBIM
YCIIOBHSIM JKOJIOTHYECKHX HUmax. OIHAKO, CTOUT OTMETHTh, YTO HEKOTOpbhIe M3 (UIOTHUIOB,
oOHapy»XEeHHBIE B CHEXHOM IOKpPOBE C MbUIbI0 Caxapbl, MOTIHM OBITH TAaKXKE 3aXBAY€HBI 10 XOJIY
nepeHoca IelTi B atMocdepe.

Kak mpaBuio, 5KOCHCTEMBI TNPUPOAHBIX OSKCTPEMAJBHBIX MECTOOOUTAHHHA C HIMPOKO
BapbUPYIOIUMH (DaKTOpaMu CpeAbl 3aceNsIOTCS HE CTOJBKO BBICOKOCTICIHAIN3UPOBAHHBIMU
(dopMaMH, CKOJIBKO OPraHU3MaMHU C UIMPOKON HOPMOM BbIpa’k€HHOCTH Npu3Haka [Herpycos u np.,
2004]. B naHHOM HCClIeIOBaHUM TOKA3aHO, YTO “XOJIOJOJIIOOMBBIE” (HIOTHUIBI, OOHAPYKEHHBIC B
oOpasnax cHera MonOnana ¢ mbutbl0 Caxapbl, POJICTBEHHBI OAaKTEPHsSM C PA3JIUYHBIM THUIIOM
meTabomm3ma  (PoTomuToTpoPel W XEeMOOPraHOTPO(MBI, M3 KOTOPHIX OJHH CIOCOOEH K
XEMOJIMTOABTOTPO(GUH) ¥ OTHOLIICHUEM K TeMmepaType (Me30(IbHbIe U ICUXPOTOJIepanTHbie). 13
HUX HETIOCPEICTBEHHO K TCHUXPOQHIBHBIM/TICUXPOTOJNCPAHTHBIM OaKTepHsM, OBUIM OTHECECHBI
¢dbunoturnsl, poacreernsie (98% u Beiie) Massilia, Phormidium v Tumebacillus. B cBoto ouepens B
oOpaslie cHera, He cojaepkameM mbuTh Caxapbl, HaMH ObBUIO OOHApPYXEHO TOJIBKO JBa
“X0J10/10J100UBBIX” (PUIOTUIIA, POJCTBEHHBIX OaKTEpHsIM, CIEUAIM3UPOBAHHBIM K >KM3HHU IPHU
OTpHUIATENFHON Temreparype (ncuxpodun W mcuxporpod) W paHee HAWICHHBIM B XOJOIHBIX
o3epax. JlaHHblii akT, OCHOBaHHBIN, PaB/a, HA OJTHOM JIMIIE 00pa3Iiie, MOKET CBUICTEIILCTBOBATh
B T0JIb3Y JIOKAJIFHOTO MPOUCXOXKICHHUS dTUX OaKTEpUi, KOTOPHIE BEPOSTHO KHUBYT B QJIBITUACKHIX
o3epax. Kpome ToOro, TpyaHO cHenaTh Kakue-TMOO BBIBOABI O COOTHOIIEHHH KOJHUYECTBA
“X0J10/10J1F00UBBIX” (DUIIOTHUIIOB, BBISIBJICHHBIX B CHEre C IbUIbi0 U 0e3 mbutk Caxapbl, B CBS3U C
aHaJIM30M TOJBKO OJHOTO 00pasiia CHera, He coaepkaniero mbuth Caxapbl. [IOTBITKH CEeKTHBHOTO
BbIICNICHUS “‘XO0JIOJ0II00MBBIX” PaJAUOPE3UCTEHTHBIX (UIOTUIIOB B KYJBTYPY C LIEJNbIO U3YUYEHUS
MOp(})o(U3NOTOTHIECKOTO OTBETa HAa BO3ACHCTBHE IKCTPEMAIBHBIX (PAKTOPOB CPEAbl B YCIOBHUSX
nenarka MonOmana 3akonumnuck Heyaadeit [Chuvochina et al., 2011].

Ha cerognamuHuii eHb POJIb MHUKPOOPTAHM3MOB, Pa3BUBAIOIIMXCS B CHEXHOM IOKPOBE

JIETHUKOB, B INI0OOAJBHBIX LUKJIAaX 3JIEMEHTOB (yryiepoja, a3oTa, cephl, (hochopa) NpakTUUECKH He
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m3yueHa. CormacHo XapakTepy Meraboiam3ma Ommkammx mrTamMmoB (>98% cxoncTsa)
“X0J1010T00UBBIX” (DMIJIOTHUIIOB, BBISBICHHBIX B HAIIeM HCCIEIOBAaHUU, MOXHO MPEAINOJIOKUTD
ydacTue OaKTepHuil CHe)XHOTO MOKpoBa MOHOJAH B IUKJIAX TAaKUX AJIEMEHTOB KakK YIJIEpOJ U cepa.
Pa3zButue (GOTOCHHTE3MPYIONMX IMAHOOAKTEpUHl B CHEre JenaeT BO3MOXHBIM IOCIEAYIOIIee
dopMupoBaHHE TMOMYJSAIMHA XEMOOPTaHOTPO(HBIX MHKPOOPTaHM3MOB. B  cBow  ouepens
npucytcTBue mpii Caxapbl CIIOCOOCTBYeT OOOTAIIEHHIO XMMHYECKOTO COCTaBa CHEra MOHAMH
NH;", NOy, SO4* u Ca**, a Ttakke coenpHEHHSMH yriepoxa, cepbl, (ochopa ¥ aMMOHHS
[Preunkert et al., 2000].

Nuaukanueil BO3MOKHON aKTUBHOUM KU3HEIEATEIBHOCTH ‘‘XOJIOJIOMIOOUBBIX” (PUIOTUTIOB B
cllydae TOJHOPAa3MEpPHBIX OHMONMOTEK SBISETCS NPUHAUICKHOCTD BBISBICHHBIX (QHIOTHIOB K
MICUXPOTOJICPAHTHBIM M TCUXPO(WIBHBIM opraHudMaM. B cimywae V3-V5 Oubnmorexk craryc
“aKTUBHOW IKM3HEICSITENHLHOCTH TPEACTABISAECTCS HauOoyiee BEPOSTHBIM U JIOMUHAHTHBIX
buoTHIOB M (PUIOTHIA, POJACTBEHHOTO IMaHOOaKTepuu Stigonema ocellatum M BBISIBICHHOTO B
pPHK-ocHoBanHO#1 6ubmmoreke. Kpome TOrO, cOoriacHo aHaiam3y OMONMOTEK ABYX THIIOB, Kak
JIOMHUHAHTHBIE, TAK 1 MUHOPHBIE (DUIIOTUIIBI, 0OHAPYKEHHBIE B 00pa3lax cHera ¢ mbuiblo Caxapsl U
B CaMOM CHEXHOM TIOKpOBE JeHMKa MOHONAH ¥ OTHOCAIIMECS K YeTBIpEM pasjeiaM
(Actinobacteria, Proteobacteria, Firmicutes w Cyanobacteria), MOTYT HMMETb OTHOIIEHHE K
KOJIOHM3allUl CHEXXHOIO IOKpoBa. B y000oM cilydyae TOJIBKO NpsSMble METOJIbl OOHapyX eHHs
METa0O0JIMUeCKON AaKTUBHOCTH i Situ W KOJMYECTBEHHBIH YUYeT NMPHUPOCTa OMOMACCHI IMO3BOJIT

caenatb 0oJiee ONpe/IeJICHHBIE BHIBOIBI.
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CONCLUSIONS AND PERSPECTIVES

The main goal of this thesis was to gain insight into uncultured bacterial diversity in the
snowpack of the Mont Blanc (MtBI) glacier containing Saharan dust of different deposition time
and preservation period in snow. To this end, we studied bacterial diversity: 1) in the MtBl snow
samples containing Saharan dust of four dust events over the period 2006 — 2009, 2) in MtBl snow
samples containing no Saharan dust using both DNA and RNA approaches, 3) in the Saharan dust
depositions of the same dust event collected at low and high altitudes, 4) in the Saharan sand
collected in Tunisia. Furthermore, we compared the data obtained on bacterial diversity among all
above samples and evaluated the contribution of the airborne bacteria associated with Saharan dust
to the formation of snow microbiota under conditions of the MtBI glacier. In addition, we evaluated
the efficiency of two different PCR primers, generating partial (V3-V5) and nearly full-length 16S
rRNA gene sequences, for estimation of bacterial richness, diversity and composition. As a result,

these investigations have led to the following conclusions:

1. Bacterial diversity in alpine snow on a Mont Blanc glacier was described using 16S rRNA
gene sequencing (V3-V5 and full-length gene sizes) by the example of snow containing Saharan
dust depositions over the period 2006 - 2009. For the first time, it has been shown that species
content and dominant phylotypes and their assigning to major divisions varied significantly in snow
containing dust depositions over a 3-year. This is probably defined more by conditions of dust
transport than bacterial load from the original dust source. Out of 90 phylotypes revealed, dominant
phylotypes are belonged to Actinobacteria, Proteobactreia, Firmicutes, Deinococcus-Thermus,
Bacteroidetes and Cyanobacteria.

2. Dominant as well as minor bacterial phylotypes recognized in snow samples can be viewed
as potential colonizers of Alpine glaciers. For snow containing Saharan dust, these icy phylotypes
were found belonging to Crossiella, Pseudoclavibacter, Modestobacter, Devosia, Sphingomonas,
Massilia, Clostridium, Tumebacillus, Phormidium, Chamaesiphon and Anabaena. Icy phylotypes in
snow containing no Saharan dust belonged to Clostridium and Stigonema. Data on the closest strain
physiology of recognized icy phylotypes suggests that representatives of genera Massilia,
Tumebacillus, Phormidium and Stigonema are most relevant findings in terms of propagation in
SNOW.

3. The Stigonema-like cyanobacterium is suggested to be active in snow at subzero
temperature, reasoning from the analysis of 16S rRNA derived from the “clean” snow containing no

Saharan dust.
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4. Out of all identified phylotypes, 10% were categorized as HA-phylotypes based on their
con-specificity (>98% similarity) with normal (non-pathogenic) human microbiome representatives.
Furthermore, 11% out of all phylotypes showed less than 90% similarity with known taxa, thus,
presenting novel taxa.
5. Sequencing of both partial (V3-V5) and full-length 16S rRNA genes permitted to describe
microbial diversity more fully and get more detailed picture due to different primer degeneracy and

structure.

In summary, the results of this study contribute to the conception of microbiota formation and
function in alpine snow. Dust transport from arid areas such as the Saharan desert appears to play an
important role in alpine snow ecosystem by serving not only as a source of nutrients but also a
vehicle for diverse bacteria, which could thrive on or within snow. The differences in bacterial
diversity among four Saharan dust depositions in alpine snow over the period 2006 — 2009 indicate
that dust events of the same clay types and in rather short time periods, can bring to the Alpine
glaciers completely different taxa. Results from the comparative study of bacterial diversity
between snow samples containing dust and “clean” snow could help to understand the importance
of the dust source in microbiota formation in snow.

Still, it remains problematic whether the conditions of dust transport or the dust sources play
the main role in regulating the bacterial diversity in alpine snow. Thus, further investigation could
be useful in order to retrieve sufficient information to make ecological inferences. This should
include the larger number of snow samples containing Saharan dust from known sources, soil
samples representing these sources and snow samples containing no Saharan dust. The data on
meteorological conditions experienced during the dust transport, as well as a description of
pathways will also be required for each of the events.

Other interesting perspectives could further increase the knowledge presented in this thesis:
1) Study of bacterial diversity in alpine snow in presence and absence of Saharan dust using high-
throughput sequencing and metagenomics, 2) Study of cultured bacterial diversity in alpine snow in
presence and absence of Saharan dust (at least by three samples for each case), 3) Study of spatial
and temporal bacterial diversity in snow associated with Saharan dust depositions of long
preservation period, 4) Deeper analysis of active bacteria in snow using direct RNA extraction from
the fresh snow samples, metatranscriptomic or isotope probing, 5) Analysis of microbiological

records in MtBI ice core containing Saharan dust depositions.
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3AKJITOUEHUE

Bo3MOKHOCTH CyleCTBOBaHHMS MUKPOOPTaHM3MOB B YCJIOBUSIX CHEXHOTO IOKpPOBA FOPHBIX
JIETHUKOB OTIPE/IETSIETCS TTIaBHBIM 00pa3oM, TpeMst (paKToOpaMu: TEMIIEPATY PO U CBSI3aHHBIM C HEIO
HaJIMYMEM JOCTYITHOW BOJIbI, IPUCYTCTBUEM OCHOBHBIX HEOPIaHUYECKUX MOHOB U (PAaCTBOPUMOTO)
OpraHuM4eckoro yriepona. B ycmoBusix nennuka MonOman Ha Bbicote 4250 M Hagy.M., TOe
CpeAHeroJoBasi TeMIeparypa OKpyKarolero Bo3ayxa cocTaBisieT okojo -11 °C, B yneTHuil ce30H
oTMmevaercss nofHsTHe Temmnepatypsl a0 0°C u Habmogaercs MOBEPXHOCTHOE TasHHE CHera
[Vincent et al., 2007]. U3BectHo, urto mpu Temneparype -10°C u naBnenun | atm., IJeHKa
KBa3WKHUIKOTO CJIOSI BOABI BOKPYT CHEXHBIX 3epeH gocturaet 1| HMm [Anderson, 1967], u TommuHa
€€ 3aBUCHT OT XUMHUYECKOT0 cocTaBa cHera. CriocoOCTBOBATh MOSIBJICHUIO HE TOJIBKO YKUAKOW BOIIBI
U MHUTATEIBHBIX BEIIECTB, HO M MHUKPOOHBIX KJIETOK B cHere MoHOJIaHa MOTYT TEpPHOIMYECKUE
coObITHUs niepeHoca bl u3 Caxapsl, a TAK’K€ BOZMOYKHO U3 JIOKAJIbHOTO OKPYKEHUS.

Onenky MUKpOOHOTO pa3HOOOpa3usi CHEXKHOTO MOKPOBa JieAHrKa MoHOIaH ¢ meiibio Caxapsl
NPOBOJIMIIM MOJIEKYJIIPHO-OMOJIOTUYECKUM METOJO0M, OCHOBAHHOM Ha CEKBEHHPOBAHHMU PA3HBIX
obmacreii renma 16S pPHK: BapumaGenpnHo#t oOmactu V3-V5 u TOJIHOpa3MEpHOTO TeEHa.
[TpenBapuTENbHBIN CKPUHUHT OMOPa3HOOOPa3Hsl OCYIIECTBISUIA PECTPUKITMOHHBIM aHam3oM [11]P-
aAMIUIMKOHOB.

B pesynbraTe uccienoBaHUs IOKa3aHO, YTO BUJOBOM COCTaB M JOMMHAHTHBIE TIPYIIIbI
(pa3zmeibl) MUKPOOPTaHU3MOB, OOHAPYKEHHBIE B CHEXKHOM IOKPOBE JieJHUKa MOHOJIaH C MBUIBIO
Caxapsl, CyIIECTBCHHO Pa3IMYarOTCs I pa3HOBPEMEHHBIX cOOBITHH meperoca mbu (2006, 2008
u 2009 rr.). BapuabenbHOCTh B cOCTaBe OaKTepUANbHBIX BUAOB, NMEPEHOCUMBIX C MbUIBIO U3
CeBepHoil A¢puky, no-BUAUMOMY, CBA3aHA HE CTOJIBKO C MCTOYHHKAMH NPOUCXOXKJIECHUS IbUIY,
CKOJIBKO € 0COOBIMH yCIIOBHSIMH TIPH TIEPEHOCE MBUTH B aTMOc(hepe.

CornmacHo MOJEKYJSIPHO-(PHIOTEHETUIECKOMY aHAJIM3y KIJIOHOBBIX OHMOJMOTEK JBYX THUIIOB
(V3-V5 u nonHopa3sMepHbIX) JOMHHAHTHbIE (DUIOTHUIIBI, OOHAPYKEHHbIE B CHEXXHOM IOKPOBE C
neuUTbi0 Caxapbl BCIEACTBUE TpeX coObITHI nepeHoca mbut B 2006, 2008 1 2009 rT., OTHOCATCS K
¢duoreHeTHYeCKUM pasaenam: Actinobacteria, Proteobacteria, Firmicutes, Deinococcus-Thermus,
Bacteroidetes n Cyanobacteria. Haubospiiee cX0ACTBO MO COCTaBYy JOMHWHAHTHBIX (DUIIOTHIIOB B
OubIMOTEKAaX JIBYX TUIIOB OOHAPYKEHO ISl CHEXKHOTO TOKpOBa ¢ Mbuiblo Caxapbl OT COOBITHS
nepenoca 2006 r. DTo MOXKET ABIATHCA CIEICTBUEM KaK XOpOUIEH penpe3eHTaTUBHOCTH 00eux
KJIOHOBBIX OHOJIMOTEK, TaK U CEJEKTUBHBIM pa3MHOXEHHEM (BBISIBJICHHbIE JOMHUHAHTHbBIC
(GWIOTHUIIBI) MUKPOOPTAaHU3MOB B CHEre B T€UEHHE TPEX MECAILIEB C MOMEHTAa OCa)/IEHHUS IbLIM.
XapakTepHoll 4epTod MHKPOOHOro pa3HooOpasusi, BBIABIEHHOIO IyTeM co3jaanus V3-V5

O0uOnroTex, OBUIO  MPAKTUUYECKHM IOBCEMECTHOE MPUCYTCTBHE  (UIIOTUIIOB  ceMeicTBa
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Geodermatophilaceae, a B cnydae moOJIHOpa3MepHbIX Oubnmmorek — Bacillaceae. TlomoOHbIiA
pe3yJIbTaT MOXET OBITh CBSI3aH KaK C M30MpaTeNbHON aMIUM(pUKaIuel TaHHBIX TaKCOHOB TOW WX
WHOW mpaiiMepHON KOMOMHAIMEW, Tak W CTENEeHbI cenekTuBHOM aerpamaumu JIHK
MOJTHOPAa3MEpPHOTO TeHa BO BpeMs MEpeHoca MblIM B atMocdepe. M3BEeCTHO, YTO MpEeACTaBUTEIH
Bacillaceae BwIOEnAoOTCS W3 TPOYUX OJarogaps CropooOpa3oOBaHHIO M CBSI3aHHOW C 3TUM
crabmipHOCTBIO TeHOMHOW JIHK 1o oOTHOmIEHMIO K pa3iu4yHbIM SKCTPEMalIbHBIM (haKTOpam
[Setlow, 1995]. He3aBucumas omeHKa MHKPOOHOTO pa3zHOOOpasusi ¢ MCHOJIB30BAaHHEM KJIOHOBBIX
OMOIMOTEK ABYX THUIIOB MO3BOJIMJIA TOJHEE 0XapaKTepU30BaTh UCCIIEIyEMble PUPOIHBIE 00pa3Ibl
U TOATBEPAUTH MPUHLUIIMAIBHOE pAa3IMYUe€ COCTaBa MMKPOOPTaHM3MOB CHEXXHOTO IOKpOBa
neqHrka MoHOnaH, cogepxaniero nbib Caxapsl OT TpeX COOBITHH MepeHoca Nbud. Brirouenue B
aHaJM3 JOIOJHHUTEIBHOTO YeTBEPTOro oOpasia cHera ¢ mplibio Caxapbl OT COOBITHS MEepeHoca B
utone 2008 r., mokazano, 4To pazHoOOpa3re MUKPOOPTAHU3MOB B CHETe ¢ MbUThi0 Caxapbl OJJHOTO
MHUHEPaJILHOTO THUIA MPU €€ TIEPEeHOCE Ha JISTHUK C MHTEPBAJIOM COOBITHH JJaXe B Mpejiesiax Mecsa
3HAYUTENILHO OTJIMYAETCS KaK Ha BUIOBOM YPOBHE, TaK U Ha YPOBHE Pa3/I€ioB.

Ha nmpumepe cpaBHeHHS MUKpOOHOTO pa3HooOpas3us mbumi Caxapsl, OCaXICHHOW Ha pa3HbBIX
BbicoTax (4250m u 200 M Hajg y.M.), MOKa3ajo MPUHIMIHAIBHOE Pa3IMuhe TaKCOHOMUYECKOTO
cocTaBa TIEPEHOCHMBIX MHUKPOOPTAaHM3MOB. JlaHHBIM (aKT TNPEAroNIoKUTENIFHO 00YCIOBJICH
M30MpaTeNbHON acconuanyeil GakTepuil ¢ YaCTHIIaMU MBUTH Pa3HOTO pa3Mepa U BKIAIOM YCIOBHIM
NepeHOca MbUIN: OCAKICHUE OJHUX U 3aXBaT APYTUX BUJOB MUKPOOPTaHU3MOB.

CpaBHenne MHKpPOOHOTO pa3zHoOOpa3us Bcex oO0pasloB, cojepxammx meue Caxapsel, ¢
oOpa3nioM mnecyaHHOW ImycThiHHOW mouBbl Caxapsl, coOpanHoii B TyHuce, mnoka3aio
HE3HAUYMTEIbHOE CXOJICTBO Ha ypOBHE (puaoTunos. JlaHHoe HabI0aeHHE, O-BUJUMOMY, CBA3aHO
KaK C HEIOOIIEHKOW MOYBEHHOTO Pa3HOOOpasus (HEMOJHOE MOKPHITHE OMOJIMOTEKH) ITyCTHIHHOM
nouBbl Caxapbl, TaK U ¢ TEM, UTO BaXEH HE CTOJIbKO MCTOYHHUK IBUIM, CKOJBKO YCIOBUS IyTH U
BpeMs ee repeHoca B aTMocdepe.

CxomHBIM 00pa30oM MpoaHATM3UPOBAN Pa3HOOOpa3re MUKPOOPTAHU3MOB CHEIKHOTO MTOKPOBA
nennrka MonOnaH, He coaepskaiero neuth Caxapsl. [Ipu aToM momonHUTENBHO HccaenoBaiu 16S
pPHK Ttpanckpunts mytem npoBenenus [P ¢ oOpaTHOii TpaHCcKpunmen ¢ TeMU e npaiiMepamu,
yto wucnosus3oBamu s JIHK-OunGmumorexk. B pesynprare pazHooOpasue  BbBISBIICHHBIX
MHUKPOOPTaHU3MOB O0Ka3ajoCh MHBIM IO COCTaBy (PUIOTUNOB (JOMHUHHUPOBAIN (UIOTHUIIBI
Actinobacteria n Proteobacteria) N 3HaUUTEJILHO HUKE B CPABHEHHUHU CO CHETOM, COJEpKalliM
neuTe Caxaphl.

OCHOBBIBasICh Ha CXOJICTBE HYKJIEOTHIHBIX THocienoBarenbHocTei reHos 16S pPHK
BBISIBJICHHBIX (DMJIOTUIIOB C M3BECTHBIMU TaKCOHaMU (B mpenaenax Buma — 98% u BeImie) B paboTe

Obla clenaHa IMOMNbITKA BBIBUTH (DPUIOTHIBI, KOTOpPbIE MOTYT Y4acTBOBaTh B (POPMHUPOBAHUU
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MHUKPO(DIOPHI CHEXKHOTO MOKPOBa JieHnKka MoHOaH. [Toka3zaHo, YTO B CHEIKHOM MOKPOBE C IBUIBIO
Caxappl B CpaBHEHHMH CO CHETOM, HE cojepxamuM Iblib Caxapbl, IPUCYTCTBYET 3HAYUTEIBHO
Ooupiiie “xosonomobuBex”’ Gunotunos. B mepBom citydae 3to pona Crossiella, Pseudoclavibacter,
Modestobacter, Devosia, Sphingomonas, Massilia, Clostridium, Tumebacillus, Phormidium,
Chamaesiphon u Anabaena, a Bo BTopoM — Clostridium w Stigonema, XOTS BO BTOPOM Ciydae
UCCIIe/IOBaH OBLI JIMIIL OJUH oOpasern cHera. OTMETHM, YTO BCE BBISIBICHHBIC ‘XOJIOJ0IIOOUBBIC”
(GUIOTHITEI  O0Ka3alUCh POJCTBCHHBI OaKTEpHsM, KaK BBIJCICHHBIM B KYyJIBTypbl, TaK H
HEKYJbTUBHPYEMBIM KJIOHAM U3 PA3IMYHBIX XOJIOJHBIX MECTOOOUTAHHM, B TOM YHUCIIE U3 CHE)KHOTO
NOKpOBAa TOPHBIX M TOJSIPHBIX JIGAHUKOB. JloMMHHpOBaHME (WIOTHIA, POICTBEHHOTO
manoOakTepun ponaa Stigonema B PHK-0ubmmoteke KJIOHOB, OMyYeHHOW U3 00pasia cHera, He
conepikamero mputh Caxapbl, BOBMOXKHO, CBHJIETEIHCTBYET O METa0OIMYECKON aKTHBHOCTH H
Pa3MHOXEHHUHY TAaHHOW O0aKTepuu MPU OTPUIIATEIIHLHOM TEMIIepaType.

B cBa3u c u3BECTHOM paJuKadbHOM HEIOOLEHKONW KYyJIbTUBUPYEMOTO pa3zHOO0Opa3us
NPOKAPUOT ©  OTPAHWYCHHOCTH 0a3bl JIAHHBIX  HEKYJGTUBUPYEMBIX  MHKPOOPTAHHU3MOB
(mocnenoBarensHocTedt TeHoB 16S pPHK) B Hamem wuccrnegoBaHuM OBLTHM  BBISIBICHBI Tak
Ha3blBaeMble HEeHWJICHTH(UIMpOBaHHbIE QMIOTHIBI, TMoKa3aBmme wMeHee 90% cxoncTBa C
U3BECTHBIMH TakcoHaMu B Genbank. ®uioreHeTndeckuii aHainu3 MO3BOJIMI MPUITUCATH OOJBIIYIO
YacTh JTAHHBIX (IJIOTHIIOB K M3BECTHBIM (DMIIOTEHETHUYECKUM pa3/ielaM HIIM MEPEeonpeesuTh X
TaKCOHOMMYECKYIO ITPUHAJIEKHOCTb.

N3BecTHO, 4TO TIpW aHaNIM3e MUKPOOHOTro cocTtaBa Mbut Caxapbl 4acTO OOHAPYKUBAIOTCS
YCJIOBHO-IIATOT€HHbIE MHUKPOOpraHW3Mbl. B Hamem wuccienoBaHuu ObUIM HaNAEHbI (PUIIOTHIIBI
(HA), poncTBeHHbIE UL MUKPOOPTaHU3MaM HOpMajIbHOM MUKPOQIIOpHI yenoBeka. Tak, coryiacHo
anammzy V3-V5 u nonHopasmepusix Oubimotexk reHa 16S pPHK, 15 HA-dunotunos Obuto
uaeHTuguuupoBaHo B oOpasuax c¢ meuibto Caxapsl u 3 HA-punotuna B oOpasie cHera, He
cozepaxariero nbuib Caxapsl.

Takum 00pa3om, pe3yibTaThl JAHHOTO MWCCIIEJOBaHUSI, BHOCAT BKJIaJ B IOHHUMAaHUE
dbopmMupoBaHus MUKPOQIIOPHI CHEKHOTO MOKPOBA BBICOKOTOPHBIX JICTHHUKOB M BXHOCTH Y4acTHs B
ATOM TIPOIIECCE TAKHMX SBICHUH, KaK BO3IYIIHBIHA MEPEHOC MBUIM W3 apUAHBIX 00JacTei, caMbIM
KPYIHBIM HCTOYHHKOM KOTOPBIX siBNsieTcs mycThiHs Caxapa. JlJii TOATBEpIKIACHUS BHIBOJOB,
C/IeNTaHHbIX Ha OCHOBE aHAJIW3a JIOMOJHUTENBHBIX 00pa3I0B CHEra, He0OX0AMMO MPOBeEIeHUE OoJiee
JIeTAJIbHOTO MCCIIEIOBAaHUS C YBEJIMUEHUEM YHCiIa IPo0 U BEIOOPOK KIOHOBBIX OMOIMOTEK. B ruane
JNaTbHEUIINX HWCCIEAOBAHUN OCOOBIM HMHTEpPEC MPEACTABISIET HW3YYEHHE MPOCTPAHCTBEHHOTO
pacnpeielieHusl U aKkTUBHOCTH in Situ KaK OTAEJbHbIX OaKTepUanbHbIX (UIOTUIOB (KaHAMIATOB Ha
KOJIOHHM3AIIMIO CHEXXHOTO IMOKPOBa), TaK U, B IIEJIOM, MHUKPOOHBIX COOOIIECTB BJOJH CPEIOBOTO

IPaJMEeHTa, B JaHHOM CJIy4ae ¢ IITyOMHOI CHEXHOT'O IIOKPOBaA.
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BbIBO/IbI

1. MeTtogoM MOJNEKYIsIpHO-(DUITOTCHETUYIECKOTO aHaIM3a IyTEM CEKBEHUPOBAaHMS TeHOB 16S
pPHK omucano OakTepuanbHOE pa3HOOOpa3sWe CHEXHOTO TOKPOBA BBICOKOTOPHOTO JICJAHUKA
Moub6unan, conepxamiero sl Caxapsl, Ha npuMepe 4-x coObiTuii nepenoca nsum (2006, 2008 u
2009 rr.). BriepBele moka3zaHo, 4TO BUAOBOM COCTaB U JOMHHAHTHBIE IPYIIIBI MUKPOOPTAaHU3MOB
CYLIECTBEHHO Pa3IMYaOTCs MEXAy oOpasuamu cHera. [IpuumMHON 3TOTO MOXET SBIATHCS HE
CTOJIBKO MCTOYHHUK TPOMCXOKACHUS IBbLIM, CKOJBKO YCJIOBHUS ee mepeHoca BeTpoM m3 CeBepHOU
Adpuxkn. U3 90 BbIABIECHHBIX (UIOTHIOB TNpeoOiagamy MpencTaBUTENd (UIOTEHETHIECKUX
pasznenoB Actinobacteria, Proteobacteria, Firmicutes, Deinococcus-Thermus, Bacteroidetes,
Cyanobacteria.

2. Cpemd JOMUHAHTHBIX M MHHOPHBIX (WIOTHUIIOB PA3IMYHONM TaKCOHOMHYECKON
NPUHAUIEKHOCTH BBISBJICHBl KaHIWUIAThl HA KOJIOHM3AIMIO CHEXXHOTO IOKPOBAa BBICOKOTOPHBIX
nenHuKOB. “XoomomoouBbie” QUIOTHIIEI B 00pa3iax cHera ¢ mbutbio Caxapbl BKIIOYAIN POJia
Crossiella, Pseudoclavibacter, Modestobacter, Devosia, Sphingomonas, Massilia, Clostridium,
Tumebacillus, Phormidium, Chamaesiphon n Anabaena. B cHeXHOM TOKpPOBE, HE COJEpXKalleM
meith Caxapbl, K “XO0JOHO0MIOOMBBIM™ OBUTH OTHECEHBI mpejactaBurenu ponoB Clostridium wu
Stigonema. Hanbonee BepOsITHBIMH MHKPOOPTaHU3MaMH, CIIOCOOHBIMU K Pa3MHOKEHHIO B CHETE,

CJelyeT CUMTaTh MpeAcTaBuTeneit poaoB Massilia, Tumebacillus, Phormidium wu Stigonema.

3. Arammsom 16S pPHK Obuta oOHapyskeHa nmuanoOakTepus poxaa Stigonema, s KOTOPOH
npernoiaraeTcsi Meraboandeckast akTUBHOCTh TIPH OTPHULATEIIBHOM TeMIIepaType.

4. VYcranoBneHo, 4yto 10% OT Bcex BBIABIEHHBIX (QWIOTUIOB OBUIM POJCTBEHHbI
NpPEJCTaBUTENISIM HOPMaJbHONH MHUKpOQIOpsl denoBeka, u 11% oxa3zanuch HOBBIMH TaKCOHAMH,
nokasaB OTAaJIeHHOE cX0CTBO (<90%) ¢ M3BECTHBIMU TAaKCOHAMH.

5. IlpumeHeHne ABYX NpalMepHBIX cucTeM, amiumpunupyonmx B [P nomHOpasmepHsIi
red 16S pPHK wu ero V3-V5 o006nacte, MO3BOJSIET TOJHEE OXapaKTePU30BaTh MHUKPOOHOE

pa3HooOpa3ue 3a CUeT pa3Induil B CTPYKTYpE U BBIPOKICHHOCTH IIpailMepoB.
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[Tpunosxenue 6

Tabmmna 1 — 3nauenus P, nomyyeHHbIe IPU CPAaBHEHUH KJIIOHOBBIX OuOmmoTtek V3-V5 u

nosiHopasmepHoro (I1I') Tuna ¢ nomousto LIBSHUFF ananusa

3Hauenue P
BubimoTeka KIOHOB
V3-V5 nr
- MBS5 MB-SD MS5 MS7 - 5f f2SD MS5f MS7f

MBS5 - <0,0001 | <0,0001 | <0,0001 5t - <0,0001 <0,0001 | <0,0001
MB-SD | <0,0001 - <0,0001 | <0,0001 | f2SD | <0,0001 - <0,0001 | <0,0001

MS5 <0,0001 <0,0001 - <0,0001 | MS5f | <0,0001 0,0024 - <0,0001

MS7 <0,0001 <0,0001 | <0,0001 MS7f | <0,0001 | <0,0001 <0,0001 -

[Mpumeuanne — Tak kak cpaBHEHHE NPOBOAWIN OJHOBPEMEHHO JUISl YETHIpEX OMOJIMOTEK MO KaKIOMY THUILY
COOTBETCTBEHHO, TO YUUTHIBAIN NonpaBKy bondepponu amst yetbipex Oubdmmorek (kpurudeckoe 3HaueHue P = 0,0043).
Ecnm HanMenbIee n3 1ByX 3HaueHUd P i1 mapbl OnbaroTek OBIJIO MEHBINE WIM PaBHO KPUTHYECKOTO 3HAYEHUS, TO
Ha0Jo1aeMast CTeleHb pa3Iudnil MeX/y CpaBHHUBaeMbIMU OMOJIMOTEKAMU CTATHCTHYECKHU CYILIECTBEHA.

Tabmmma 2 — 3nadenus P, noimyuyeHHbIe IPU CPaBHEHUH KJIIOHOBBIX OnOmoTek V3-V5 tuma ¢

nomo1neio LIBSHUFF ananuza

3Hauyenue P
Bpbms- MBS MB-SD MB-SD2 MS5 MS7 MS7r SD sS
OTCKa
MBS5 - <0,0001 <0,0001 | <0,0001 | <0,0001 | <0,0001 | <0,0001 | <0,0001
MB-SD | <0,0001 - 0,0002 <0,0001 | <0,0001 | <0,0001 | <0,0001 | <0,0001
MB-SD2 | <0,0001 0,0001 - <0,0001 | <0,0001 | <0,0001 | <0,0001 | <0,0001
MS5 <0,0001 | <0,0001 <0,0001 - 0,0001 0,0003 | 0,0004 | <0,0001
MS7 <0,0001 | <0,0001 <0,0001 | <0,0001 - 0,0352 - -
MS7r <0,0001 | <0,0001 <0,0001 | <0,0001 0,0004 - - -
SD <0,0001 | <0,0001 <0,0001 | <0,0001 - - <0,0001
SS <0,0001 | <0,0001 <0,0001 | <0,0001 - <0,0001 -
[Mpumeuanne — CpaBHEHHME NPOBOAWIM JUIl KaKIOH mnapbl OMONMOTEK OTHEIBHO C YYETOM MOIPaBKH

Boudepponu mis aByx oudimorek (kpuruueckoe 3HaueHue P = 0,0025). Ecnu HamMeHbiiee U3 ABYX 3HaYeHUH P s
napsl OMOJMOTEK OBUIO MEHBIIE WIH PAaBHO KPUTHYCCKOTO 3HAUYCHHS, TO HAOJIOJacMas CTCICHb pPa3IMuuid MEXITY
CpaBHMBAaEeMbIMU OHOJIMOTEKAMH CTATHCTUUCCKHU CYIIECTBCHA.
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CBSI3U THIPOJIOTHH M OKpYyKaromiei cpensl Jean Martins (I'penoOnn, @paHiius) 3a mpe10CTaBICHUS
pabouero mecTa B JaOOpaTOPUHU U BO3MOKHOCTh UCIIOJIB30BAaHUS 000PYI0BAHUS.

Ota pabota moiyumia OOJBIION BKJIA] OT coTpyaaudectsa ¢ Dominique Marie (BCP), kto
BBITIOJIHWJI TIOICYET KJIETOK METOJIOM MpOTOYHOU mutodiayopemutpun, Pascale Fournier (OOM),
KTO OCYHIECTBHJI TOTBITKY KYJHTHBHPOBAHUS PAJAMANMOHHO YCTOWYHMBBIX MHKPOOPTAHH3MOB W3
cHera jeqHuka Mobnan, Paola Formenti u Servanne Chevaillier (JIAC), BBINOTHUBIINX aHAIH3
AJIEMEHTHOTO COCTaBa IMbUIH U3 CHera JieqHnKa MoHOaH.

ABTOop mnpusHareneH BceM coTpyanukam OMPB 1IMSI® PAH Bo rmaBe ¢ AUMpEeKTOpoM
otnena KoponeBbiMm Brmagumupom ['enaabeBuuemM, u B ocobeHHoctu BepbOenko Banepuro
Hukonaesuuy, CapanneBoit Cernane Bnagumuposue, Hune Annpeesne ['yakosoii, [llectakoBoit
JIroboBu  AnekcangpoBHe. OrtaenbHOoe crmacubo AnexuHoi MpuHe AJexcaHIpoBHE 3a
BCECTOPOHHIOIO IMOMOIIh B TEOPETUIECKON M MPAKTUIECKON TOJATOTOBKE K BHITIOJTHEHHIO PAabOTHI U
MOPAJBHYIO TTOIJIEPKKY .

Bripakato nckpeHHI0I0 OJarofapHoCTh cOTpyAHUKY MHcTuTyTa MukpooOuonoruu um. C.H.
Bunorpanckoro PAH Jlexpim Cgernane HukonaeBHe 3a IIGHHBIE COBETHI 10 HANHCAHUIO U
NPECTAaBICHUIO  JHMCCEepPTAllMd, MpenoaaBatemo  kadeapsl MukpooOuonormn KybaHckoro
I'ocynapctBennoro YuuBepcurera Bomuenko Hukure HukomaeBuuy 3a moMoms npu HaMCAHUK U

odopmieHHH PabOTHI.



177
Hckpennee cnacubo 3aBenyromiemy kadeapoit Ouoxumuu u  puszmonorun XaOioky
Bukropy BukropoBrdy 3a peKOMEHIAIHIO K MPOXO0KACHUIO aCITUPAHTY P, TOMOIL B 0(OPMIICHHN
paboThI, a TAKIKE MOPAJIBHYIO MOJIEPAKKY B TEUEHHE BCETO Nepuoa 00yueHusl.
Beipaxaro HCKPEHHIO U ITyOOKYIO MPU3HATEIFHOCTh CBOCH CEMbE M MY)KY 32 TOHUMAaHUE,

HOJACPKKY U JTFOOOBb.



