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Momusayus u  yenb: MHUKPOOPraHM3MBI TIPEACTABISAIOT Cco0oOi  Hamboiee
MHOTOUYHMCIICHHYI0 (POpMY JKHM3HH, OJHAKO HAIIM 3HAaHWSA OO0 WX pa3sHOOOpa3uu |
OCYILIECTBIISIEMBIX MMH IIPOIeccaXx BeCbMa OTpaHUYEHbI, OCKOJILKY OOBIYHO He OoJee
1% MHKpOOPraHW3MOB U3 MPUPOAHBIX COOOIIECTB YyAaeTcsd KyJIbTHBHPOBAaTh H
0XapakTepu30BaTh TPAAULMOHHBIMU MeTonaMHu. O CyIIECTBOBAaHUHM OCTaIbHBIX 99 %
«HEKYJIBTHUBUPYEMBIX» CTaJl0 U3BECTHO JIMIIb C MOSIBICHHEM MOJIEKYJSPHBIX METOJI0B
aHanmu3a. Tak, eciii B «IOMOJIEKYIAPHBI» Mepros OblI0 onmucaHo Beero 12 ¢urymMoB
MPOKApUOT, TO B HACTOsAIIee BpeMs u3BecTHO yxke 175 QumymoB Oaktepwii u
19 punymoB apxeit (mo mocnemHein Bepcuu Genome taxonomy database), Goiee
MOJIOBUHBI, U3 KOTOPBIX HE UMEET KYJIbTUBUPYEMBIX MPEICTABUTEINCH.

XOTsI MUKPOOPTaHU3Mbl «HEKYJIbTHBUPYEMBIX)» TPYII IMIHPOKO PacIpOCTPaHEHBI B
pasNMYHBIX SKOCHCTEMax M MOTYT WIpaThb KJIIOUEBBIE PpOJIM B  BAXKHBIX
OMOTeOXMMUYECKUX TIPOLIeccaX, O HHUX MPaKTHUECKH HHUYero (MeTaboiu3M, poilb B
ouochepe u T. aA.) He u3BecTHO. OCHOBHBIM HWHCTPYMEHTOM  HM3Y4CHUS
HEKYJIbTHBUPYEMbIX ~ MHKPOOPTraHM3MOB  SIBJIIETCSI ~ METarcHOMHBIH  aHalwu3,
MO3BOJIAIONIMIA HE TOJIBKO OXapakTepU30BaTh UX HA TEHOMHOM YpPOBHE, HO U OIHUCATh
TeHETHYECKOe  pazHooOpa3me,  MeTabosm3M  MHKpoOHOro  cooOmiecTBa
OCYILIECTBIISIEeMble UM OMOT€OXUMHUYECKUE MTPOLIECCHI.

OpHUM U3 HauMeHee H3YyYEHHbIX MHUKPOOHBIX MECTOOOMTaHUM Ha 3emile SBISIOTCS
TITyOMHHBIE TIOZ3EMHBIE 3KOCHCTEMBI, KOTOPBIE MOTYT OCTAaBaThCs M30JIMPOBAHHBIMH OT
MOBEPXHOCTH HA NPOTSHKEHUH MWIUIHOHOB JieT. BOJBIIMHCTBO MHUKPOOPTraHU3MOB
rnyOMHON mon3eMHON Ouocdepbl MPUHAIIEKHUT K HEKYJIbTUBUPYEMBIM JIMHUSM,
MHOTHE M3 KOTOPBIX CHEUU(PHUYHBI IS MOA3eMHBIX MecTooOuTanuil. Llenbio nanHoi
paboTbl OblIa WIACHTUQUKALMS M XapaKTEPUCTHKA MHUKPOOPTAHM3MOB TMOJ3EMHOM
O6nocdepsl ¢ TOMOIIBIO METATCHOMHOTO aHAJIN3A.

Memoowt u anzopummer: OObEKTaMU UCCIIEAOBAHUS ObUIN TTTyOMHHBIE IO3€MHBIE BOJIBI
Tomckoii obnactu (2—3 kM), JUTHTENLHOE BpeMsl (MUJUIMOHBI JIET) H30JIMPOBAaHHbBIE OT
MOBEPXHOCTH W rps3eBble ByJkaHbl KepueHcko—TamaHckoro peruoHa. brita
ompereneHa Temneparypa Boasl, pH, Eh u ee xumunueckuii cocras, a Takxke cocras
pacTBOPEHHOr0 B HeW rasza. Takke ompenesniii U30TOMHBIM COCTaB METaHa C LEbI0
YTOYHEHHS €r0 OMOTEHHOTO HITH a0MOT€HHOTO IMTPOUCXOKICHUSI.

XapaKkTepUCTHKY cocTraBa cooOmiecTB MIPOBOAMIIN c MTOMOIIIBIO
BBICOKOIIPOU3BOIUTENbHOTO cekBeHupoBanus [1L[P ¢parmentoB renoB 16S pPHK,
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ammnunupoBaHHbix u3 MmerareHoMHoM JIHK ¢ «yHHBepcalbHBIMMY) mpaliMepaMu
341F u 806R. CexBenupoBanue npooawid Ha lllumina MiSeq (2x 300 ur). Ananu3
cocTaBa COOOIIECTB IO IOcaeaoBaTeabHOCTIM reHoB 16S pPHK mpoeogmmu ¢
HCIOJb30BaHueM makera nporpamm QIIME.

Jnst MeTareHOMHOTO aHaJi3a MCIOJIb30BAIM TEXHOJIOrMH cekBeHupoBanus Illumina u
Oxford Nanopore. JI71st moty4eHus OCHOBHOT'O MacCHBa JaHHbBIX Hcmob3oBanu lllumina
(HiSeg2500). COopky MOITydeHHBIX MOCIIEAOBATEILHOCTEH B KOHTHIH MPOBOJWIH C
momonisio MetaSPAdes w/unmn MEGAHIT. Yrtenns MinlON BHauanme cobupaiu B
koHTHrH de NOVOo ¢ ucnonb3oBanueM Flye v. 2.7. 3atem nociienoBaTenbHOCTH KOHTHTOB
KOpPpPEKTHPOBaH ¢ momoribio Pilon v.1.2.2 B pe3ynbTate KapTHPOBAHUS HA HUX YTCHUN
lllumina ¢ ucmons3oBanuem Bowtie 2. BropsiM BaprianToM OblTa COBMECTHas cOOpKa
grenuit [llumina u MinlON B xouTturu ¢ momoreio MetaSPAdes hybrid assembler.
Haxonern, cobpannsie Toapko u3 urenmii lllumina xonrurn ompemenennoro MAG
(metagenome-assembled genome) o6wseauusINCE B 60JIee MPOTSHKEHHBIE MIIH JaXKe B
ITOJIHBINM KOJIBLIEBOM F€HOM C MCIIONb30BaHueM IIMHHBIX yrenuii MinlON. s storo
greaust MIinlON kaptupoBanu ma Bxomamue B MAG konturu ¢ momorisio BWA
v.0.7.15. 3arem ¢ momomipto mporpammer Npscarf v.1.0 dopmupoBamu ckaddosisr,
npoOenbl MEXKIy KOHTUTaMH 3alloJIHSUTM C HCIHOJIB30BAHHEM I10CIIEeI0BATEIbHOCTEH
lllumina u3 rpada c6opkum metaSPAdes. Bribop KOHKPETHOrO BapHaHTa COOPKH
METareHOMa OMNpPENENsICS €ro  CIOKHOCTBIO, COCTAaBOM, OOBEMOM TONYYEHHBIX
rocaeaoBaTeAbHOCTe M T. A. Jmg OWHHMHTa MeTarcHOMHEIX KOoHTHTOB B MAG
ucnonp3oBayu  nporpammel - MetaBAT w/wmu  CONCOCT. CoOpannbie MAG
TAKCOHOMHYECKH KITacCH(UIIMPOBAJIH ¢ HCTob30BanreM Genome Taxonomy Database
Toolkit (GTDB-TK). Jloau OTAENbHBIX MUKPOOPIaHU3MOB B COOOIIIECTBE OMPEACIISIIN
mo jgojie npoureHuii MetareHomuoit JIHK, Bomeamux B coorBercTBytomuiit MAG.
ITouck renoB u annortaro MAG nposoauwiu ¢ ucnonb3oBanuem NCBI Prokaryotic
Genome Annotation Pipeline w/wmun RAST server. Jlist GpuioreHeTHIECKOro aHain3a ¢
nomotipsio GTDB-Tk v.0.3.2 B MAG 0Obu1H HaiiIeHbl OHOKOIMIHBIE MAPKEPHBIC TEHBI
M TOCTPOCHO  MHOXKECTBEHHOTO  BBIPaBHHBaHHsS HMX  KOHKAaTCHHPOBAHHBIX
nocienoBatenbHocTeld M3 ganHoro MAG u Bcex BuumoB m3 (Genome Taxonomy
Database. BeiOpaHHyI0 9acTh MHOKECTBEHHOTO BhIPaBHUBaHUsI, co3aanHoro 8 GTDB-
Tk, ucronb3oBaiiu [uisi MOCTPOCHHs (HUIIOTEHETHYECKOro JiepeBa ¢ nomoinsio PhyML
v.3.3.

Pezynomamer: Mbl M3y4HIM MHKPOOHBIE COOOIIECTBA TNIYOWHHBIX TEPMATbHBIX
BOJIOHOCHBIX TOPH30HTOB B ME3030MCKUX OCAJ0YHBIX Mopoaax 3arnaaHo-CHOUpCKOro
pEerroHa ¢ MOMOIIBI0 METareHOMHOTO TOX0/a. bbuth mccienoBansl reorpaduyecku
yJaJICHHBIC BOJOHOCHBIC TOPU3OHTHI, JOCTYN K KOTOPBIM OCYIICCTBIISIICS Yepes
HE(PTEIONCKOBBIE CKBXUHBI MIyOWHONH 2—3 kM. BBISBICHO Tpu THIA MHKPOOHBIX
coobmiectB. Coobrriectsa mepBoro trma (ckBaxuHbl 3P 1 Vi-1) cocTosiin B OCHOBHOM
U3 XeMOJIMTOABTOTPO(OB, — MeTaHOreHHbIX apxeit (Methanothermobacter) u cynbdar-
penyrupyromux Bacillota u/unm Desulfobacterota. Bropoii T coo0miects (CKBaKHHA
1-R) coxepxan cynsdar-penyuupytomue Bacillota u Desulfobacterota, a Taxxke
pasnuuHble HeKyiabTHBHpYyemble JsmHMM (uinymoB Chlorofexota, Ignavibacteria,
Aminicenantia u Riflebacteria, apxeu orcyrcTBoBanu. Ananu3 renomos Chlorofexota,
Ignavibacteria, Riflebacteria u Aminicenantia mokasan, 4To0 OHH MOTYT COpPa)KHBATh
VIJIEBOJBI, a HEKOTOpPhIE CHOCOOHBI K adpoOHOMY W/WIIM aHadpPOOHOMY JBIXaHHIO.
BeposTHO, 3aX0OpOHEHHOE OPraHMYECKOE BEIECTBO ME3030MCKUX OTIIOKECHUH SBIISETCS
cyOcTpaToM JUIS MX POcTa, a 00pasyeMble BOJOPOJ U alleTaT MCHONIB3YIOTCS Cylb(ar-
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penykTopamu. MukpoOHOe cooOmIecTBO TpeThero Tuma (CKkBakuHa SP) Briovano
MPUMEPHO paBHBIE AONK OaKTEepUil 1 METaHOTEHHBIX apxed. Cpenn OakTepuil HallIeHbI
opranorpodusle  mpencrasurean  Bacillota,  Chloroflexota,  Ignavibacteria,
Armatimonadota, Pseudomonadota, Bacteroidetota u Spirochaetota. Cysbdart-
PEIYKTOPBI COCTABIISUIN HEOOJIBIIYIO A0JT0 U ObUTH NipencTaBieHbl ‘Ca. Kapabacteria® u
Thermodesulfovibrio. Ananmu3 merareHOMOB MO3BOJHJI TIOJYYHTh HECKOJIBKO COT
TCHOMOB MHUKPOOPTaHH3MOB, B TOM YHCIIC MPEICTABUTEICH «HEKYJIHTUBHPYEMBIX)
kiaccoB/puaymoB Aminicenantia, Bipolaricaulota, Patescibacteria, Atribacteriota,
Armatimonadota, Riflebacteria, WOR-3 u BRCL1.

HccnenoBano Tpu rps3eBbIX ByinkaHa KepueHCKHIl MOIyoCTpOB — comlka AHApycoBa
(KV1), conka Tumienko (KV2) u Bysnkan «npuni Onbaenoyprekuii» (KV3). Bynkansr
NpeACTaBsIIoT co00M HebomplMe (J0 HECKONBKHX METPOB) KOHYCOOOpa3HBIC
CTPYKTYPBI, U3 KOTOPBIX HA MOBEPXHOCTh MOCTOSHHO MOCTYMAIOT T'PSI3EBBIE MACChl U
ra3sl (B OCHOBHOM MeTaH). MUKpOOHBIE cooOmIecTBa 00pasnoB ¢urronaa, 0TOOpaHHbBIX
U3 TPA3EBHIX BYJIKAHOB, B LEJIOM OBIIM CXOJHBI MEXIY cOOOM, XOTSI HMEIUCh BaKHBIC
OTIIMYMS, KaK MEXIy ByJIKaHAMH, TaK U MEXIy 00paslaMH, OTOOpaHHBIMU Ha pa3zHON
riyOuHe. Apxeu cocTaBisuIn OT 9 1o 55 % (mosnst Bo3pacTaer ¢ riyOMHOI) 1 B OCHOBHOM
ObUIM TIpENCTAaBIICHBl OPraHW3MaMH LHUKJIa MeTaHa, XOTs B BEPXHHX TOPH30HTAX
BynkaHoB KV1 wu KV2 rtakke B 3HAYUTENbHBIX KOJHYECTBAX BCTPEYAJHCh
Bathyarchaeia. BonbiimHCTBO apxeil OTHOCHIACH K JIMHHSAM, OCYHIECTBIISFOIIMM
araspooHoe okuciaenne merana (ANME). Apxeu rpymst ANME-1 6b111 0OHApYKEHBI
B IBYX BepxHUX ropu3oHTax (20 u 70 cM) obpasznoB KV1 u KV2, npuuem B KV1 Obiin
Haiinens ANME-1a (1-3 %), a B KV2 — ANME-1b (okomo 2 %). I'pynnma ANME-2a-
2b 6buna Haiiena Tonpko B KV2, rae ee monst Bo3pacTana ¢ riryouHoit ¢ 2 mo 14%.
HaubGonee muorouncnennoit rpynnod ANME B oOpasumax KV1 u KV2 Obuia
Methanoperedenaceae  (OCYIIECTBIAIOT OKHUCIEHHE METaHa, COMNPSHKEHHOE C
BOCCTaHOBJICHUEM HHUTpPATA WK MapraHiia), IpU4eM UX JI0JIsl BO3pacTaja ¢ IITyOuHOU 10
51 % B KV1 u no 14 % B KV2. B Bynkane KV3 cpean MeTaH-OKHCIISIONIMX apXel Ha
Bcex rryonHax nomuHupoBana rpymmna ANME-3, Ha kotopyro npuxonunocs 32-47 %
Bcero coobrectBa. ANME-3 taxske ObutH HaiiieHbI B T1yOouHHBIX citosx B KV1 (1.2 %)
u KV2 (7.4 %). Jlonst MeTaHOTeHHBIX apxell Obuta Hamuoro Hiwke, yeM ANME, B
3HAYUTENLHBIX KOJHMYECTBaX METAHOTCHBI MPUCYTCTBOBAIH TONBKO B KV3, B KoTOpOoM
Methanocalculus cocrasmsit 3-6 % coobGmectBa. Cpenu Gakrtepuii Hambosee
MHoOToumciIeHHbIMUH Obuti  umymbl  Desulfobacterota, Pseudomonadota, Bacillota,
Bacteroidota u Campylobacterota. Desulfobacterota B oCHOBHOM OTHOCHIHCH K
cynbbat-peayuupyromnmm auausm (Desulfuromonadales u mp.), npuuem ux mons Obuia
MaKCUMaJbHOHM B BepxHMX ropusoHrax KV1 (28 %). Cynbsdar-penykrops!l ¢puiaymos
Bacillota (Desulfotomaculia) u Nitrospirota (Thermodesulfovibrionia) taxxe
MPUCYTCTBOBANIM, HO B MEHBIMX KonmuecTBax. Cpemu mpoTeobakTepuil HA0OOPOT,
npeobiagany cepo-OKUCIIAIOIINE JIMHUH, B 4aCTHOCTH, poaa Thiomicrospira (mo 8 %),
Thioprofundum,  Thioalkalivibrio wu  ap. Takke cpead  MOTEHIMAIBHBIX
cepookuciuTenei Obutn Haiimens: Campylobacterota (2-9 % coobimecTB), poaoB
Sulfurimonas, Sulfurospirillum, Sulfuricurvum u Sulfurovum. B 1ienom, BBISABIEHHBII
HaMH COCTaB MHKPOOHBIX COOOIIECTB IPS3E€BBIX BYJIKAHOB TOKa3al MpeolsagaHue
XEMOIIUTOABTOTPGHBIX MHKPOOPTaHU3MOB — YYaCTHHKOB IUKJIOB Cepbl M METaHa,
nprdeM cpean nocneanux npeodmaganmn ANME apxen.

Qunancuposanue: Jlanuas paboTa Obula BBINOJHEHA NPU TOAAep:kke Poccuiickoro
HayuHoro ¢onna Ne 22-14-00178.
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Motivation and Aim: Microorganisms are the most abundant form of life, however, our
knowledge of their diversity and the processes they carry out is very limited, since
usually no more than 1 % of microorganisms from natural communities can be cultivated
and characterized by traditional methods. The existence of the remaining 99 %
“uncultivable” became known only with the advent of molecular methods of analysis.
Thus, if in the “pre-molecular” period only 12 phyla of prokaryotes were described, then
at present 175 phyla of bacteria and 19 phyla of archaea are known (according to the
latest version of the Genome taxonomy database), more than half of which have no
cultivated representatives.

Although microorganisms of “uncultivated” groups are widespread in various
ecosystems and can play key roles in important biogeochemical processes, practically
nothing is known about them (metabolism, role in the biosphere, etc.). The main tool for
studying uncultivated microorganisms is metagenomic analysis, which allows not only
to characterize them at the genomic level, but also to describe genetic diversity, the
metabolism of the microbial community and the biogeochemical processes carried out
by it.

One of the least studied microbial habitats on Earth are deep subsurface ecosystems,
which can remain isolated from the surface for millions of years. Most microorganisms
deep in the underground biosphere belong to uncultivated lineages, many of which are
specific to underground habitats. The goal of this work was to identify and characterize
microorganisms in the subsurface biosphere using metagenomic analysis.

Methods and Algorithms: The objects of study were deep underground waters of the
Tomsk region (2-3 km), isolated from the surface for a long time (millions of years),
and mud volcanoes of the Kerch-Taman region. The water temperature, pH, Eh and its
chemical composition, as well as the composition of the gas dissolved were determined.
The isotopic composition of methane was also determined in order to clarify its biogenic
or abiogenic origin.

Characterization of the community composition was carried out using high-throughput
sequencing of 16S rRNA gene fragments amplified from metagenomic DNA with
“universal” primers 341F and 806R. Sequencing was performed on Illumina MiSeq
(2x300 nt). Analysis of community composition based on 16S rRNA gene sequences
was carried out using the QIIME software package.

lllumina and Oxford Nanopore sequencing technologies were used for metagenomic
analysis. lllumina (HiSeq2500) was used to obtain the main dataset. The obtained
sequences were assembled into contigs using metaSPAdes and/or MEGAHIT. MinlON
reads were first assembled into contigs de novo using Flye v. 2.7. The contig sequences
were then corrected using Pilon v.1.2.2 as a result of mapping lllumina reads to them
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using Bowtie 2. The second option was to jointly assemble Illumina and MinlON reads
into contigs using the metaSPAdes hybrid assembler. Finally, contigs of a specific MAG
(metagenome-assembled genome) assembled only from Illumina reads were assembled
into longer ones or even into a complete circular genome using MinlON long reads. For
this purpose, MinlON reads were mapped to MAG contigs using BWA v.0.7.15.
Scaffolds were then formed using the Npscarf v.1.0 program, and the gaps between
contigs were filled using lllumina sequences from the metaSPAdes assembly graph. The
choice of a specific metagenome assembly option was determined by its complexity,
composition, volume of obtained sequences, etc. MetaBAT and/or CONCOCT programs
were used for binning metagenomic contigs into MAGs. The assembled MAGs were
taxonomically classified using the Genome Taxonomy Database Toolkit (GTDB-TK).
The relative abundancies of individual strains in the community were determined by the
proportion of metagenomic DNA reads included in the corresponding MAG. Gene
searching and MAG annotation were performed using the NCBI Prokaryotic Genome
Annotation Pipeline and/or RAST server. For phylogenetic analysis using GTDB-Tk
v.0.3.2, single-copy marker genes were found in MAGs and a multiple alignment of their
concatenated sequences from these MAGs and all species from the Genome Taxonomy
Database was constructed. A selected portion of the multiple alignment generated in
GTDB-Tk was used to construct a phylogenetic tree using PhyML v.3.3.

Results: We studied microbial communities of deep thermal aquifers in Mesozoic
sedimentary rocks of the West Siberian region using a metagenomic approach.
Geographically distant aquifers, accessed through 2—3 km deep oil exploration wells,
were explored. Three types of microbial communities were identified. Communities of
the first type (wells 3P and Vi-1) consisted mainly of chemolithoautotrophs,
methanogenic archaea (Methanothermobacter) and sulfate-reducing Bacillota and/or
Desulfobacterota. The second type of community (well 1-R) contained sulfate-reducing
Bacillota and Desulfobacterota, as well as various uncultivated lineages of the
Chlorofexota, Ignavibacteria, Aminicenantia and Riflebacteria; archaea were absent.
Analysis of the genomes of Chlorofexota, Ignavibacteria, Riflebacteria and
Aminicenantia showed that they can ferment carbohydrates, and some are capable of
aerobic and/or anaerobic respiration. It is likely that the buried organic matter of
Mesozoic sediments is a substrate for their growth, and the hydrogen and acetate
produced are used by sulfate reducers. The microbial community of the third type (well
5P) included approximately equal proportions of bacteria and methanogenic archaea.
Among the bacteria, organotrophic members of Bacillota, Chloroflexota, Ignavibacteria,
Armatimonadota, Pseudomonadota, Bacteroidetota and Spirochaetota were found.
Sulfate reducers accounted for a small proportion and were represented by ‘Ca.
Kapabacteria’ and Thermodesulfovibrio. Analysis of metagenomes made it possible to
obtain several hundred genomes of microorganisms, including representatives of the
“uncultured”  classes/phyla  Aminicenantia, Bipolaricaulota,  Patescibacteria,
Atribacteriota, Armatimonadota, Riflebacteria, WOR-3 and BRCL1.

Three mud volcanoes of the Kerch Peninsula were studied — Andrusov Hill (KV1),
Tishchenko Hill (KV2) and Prince of Oldenburg Volcano (KV3). Volcanoes are small
(up to several meters) cone-shaped structures, from which mud masses and gases (mainly
methane) constantly flow to the surface. The microbial communities of fluid samples
collected from mud volcanoes were generally similar to each other, although there were
important differences both between volcanoes and between samples collected at
different depths. Archaea constituted from 9 to 55 % (the proportion increases with
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depth) and were mainly represented by organisms of the methane cycle, although
Bathyarchaeia were also found in significant quantities in the upper horizons of
volcanoes KV1 and KV2. Most archaea belonged to lineages performing anaerobic
methane oxidation (ANME). Archaea of the ANME-1 group were found in the upper
two horizons (20 and 70 cm) of samples KV1 and KV2, with ANME-1a (1-3 %) found
in KV1 and ANME-1b (about 2 %) in KVV2. The ANME-2a-2b group was found only in
KV2, where its proportion increased with depth from 2 to 14 %. The most numerous
ANME group in samples KV1 and KV2 were Methanoperedenaceae (carry out methane
oxidation coupled with the reduction of nitrate or manganese), and their share increased
with depth to 51 % in KV1 and up to 14 % in KV2. In the KV3 volcano, the ANME-3
group dominated the methane-oxidizing archaea at all depths, accounting for 32-47 %
of the total community. ANME-3 was also found in deep layers in KV1 (1.2 %) and
KV2 (7.4 %). The proportion of methanogenic archaea was much lower than ANME,
with methanogens present in significant quantities only in KV3, in which
Methanocalculus comprised 3-6 % of the community. Among the bacteria, the most
abundant phyla were Desulfobacterota, Pseudomonadota, Bacillota, Bacteroidota and
Campylobacterota. Desulfobacterota mainly belonged to sulfate-reducing lineages
(Desulfuromonadales and others), and their proportion was maximum in the upper
horizons of KV1 (28 %). Sulfate reducers of the phyla Bacillota (Desulfotomaculia) and
Nitrospirota (Thermodesulfovibrionia) were also present, but in smaller quantities.
Among the Pseudomonadota, on the contrary, sulfur-oxidizing lineages predominated,
in particular, the genus Thiomicrospira (up to 8 %), Thioprofundum, Thioalkalivibrio,
etc. Also among potential sulfur-oxidizers were found Campylobacterota (2-9 % of
communities), the genera Sulfurimonas, Sulfurospirillum, Sulfuricurvum and
Sulfurovum. In general, the composition of the microbial communities of mud volcanoes
that we identified showed the predominance of chemolithoautotrophic microorganisms
— participants in the sulfur and methane cycles, and ANME archaea predominated among
the latter.

Funding: The work was supported by the Russian Science Foundation
(No. 22-14-00178).
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