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Momusayus u yenv: B coBpeMeHHON MHUKPOOHOW SKOJIOTUH CHOPMHPOBAIUCH IBA
OCHOBHBIX TOJXO0JA AJSl M3Y4EHHUs] MHKPOOHMOMOB: METarcHOMHKa, OCHOBAaHHAs Ha
MOJTHOT€HOMHOM CEKBEHHUPOBAaHMM U MeTabapkoiupoBaHue. lIpuHATO cumrtarh, 4TO
BTOPOIl TOAXOJl, OCHOBAHHBIM Ha CEKBEHHWPOBAHMHU OTAEIBHBIX TAKCOHOMHUYECKHU
3HaYUMBIX MOCJIEOBAaTENIbHOCTE YCTYNMaeT B PEJIEBAHTHOCTH MOEIUPOBAHUS
METa0O0IMYECKOro MOTEHIMANa COOOIIECTBAa B CPABHEHUN C METar€éHOMHBIM aHAJIN30M
[1]. B 10 ke Bpemsi MeTabapKOAMHI SIBISIETCS Ooyiee AOCTYMHBIM C TOYKH 3PEHHS
(DMHAHCOBBIX W TPYJOBBIX 3aTpar, a MOSBJICHUE HOBBIX MHCTPYMEHTOB 3HAYUTEIHHO
pacimmpsieT ero BO3MOXXHOCTH. B cBsi3u ¢ 3THM, Hamu Oblia MOCTaBJIeHA 3ajada Io
CPaBHEHMIO pPE3YyJIbTAaTOB MCCIECJOBAaHUH C MCIIONb30BAaHHUEM JBYX IOJXOJOB Ha
npuMepe MHKpOOHBIX coobmiectB memiepbl Illymeran-Tam. OOBEKTOM HaIIKX
uccnenosanuit sBiserca nemepa Lllympran-Tamm, pacmnonoxkeHHas B HPEATrOpbIx
OxHoro VYpana. Ilemeprsl npeactaBisioT coO0OH ONMUrOTpodHBIE IKOCUCTEMBI, T
npeo01agaloT yMEPEHHO HHU3KUE TEeMIEpaTypbl M BBICOKAas BJIAXKHOCTH BO3/yXa, a
OTCYTCTBHE CBETA HAKJIAJBIBACT OTPAHUUYCHHSI Ha CIOCOO MONTydeHHs dHepruu. Takue
SKCTpEMaJibHble YCJIOBUS OOMTAaHUS MpEAroyiaraeT OrpaHUYEHHOE KOJINYECTBO
YYaCTHHUKOB COOOILECTBA, YTO JIENIAET UX yI0OHOH MOJIEIBbHON CHCTEMO.

Memoowt u aneopummor: JIJis CPaBHHUTEIBHBIX HCCIICIOBAHUNA OBUIM BBIOpAHBI
HacTeHHast OMOIUIEHKa «A3YypUT» W TMOTPYKEHHAs BOJIHAS OHMOIUICHKA M3 MEIIepHOTrO
03epa, KOTOpble 3HAYUTEIBHO OTJIMYAIMCH JApPYyr OT JApyra II0 COCTaBy U
METa0OIMUECKIM XapaKkTepruCcTHKaM. MeToa 1 pe3yiIbTaThl MeTa0apKOIMHIa HACTCHHOM
OuorieHKr ObUTH OmMyOJMKOBaHbI panee [2]. buomHpopmarnveckuii aHamM3 JaHHBIX
LIOTraH-CEKBEHUPOBAaHUsI ObUI  BBIIOJHEH [0 CIEAYIOIeH cxeme: yJaleHHe
MOCJIEI0BAaTEIFHOCTEH alanTepoB M (DUIBTpalusl PUIOB IO KadeCTBY C ITOMOILBIO
Trimmomatic, cbopka MeTareHomMa ¢ UCob30BaHueM metaspades, OMHUHT, TopaboTKa
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U MOBTOpHasi cOOpka OWHOB B makere metawrap. KayectBo Metagenome-assembled
genomes (MAGS) Ha Bcex »JTamax MpOBepsUId ¢ Hcmonb3oBanueM checkM.
Homnomautenpao MAGSs ¢huiasTpoBanmuchk nporpammoit refinem. Odmnme kaxmgoro MAG
B MeTareHoMe  BbICUMTHIBaM  mporpammoit  CoverM.  TakcoHOMHYECKOe
npoUIMpOBaHKE JACTAIN C HCIIOJIb30BaHueM 0a3bl nanHbeix GTDB 1214,

) e AT
Puc. 1. bruomnenku nemepsr Hlyneran-Tam: HacTeHHOe oOpacTanue A3ypuT (&), MorpyKeHHas
BOJIHasi OMOIUIEHKA MemepHOro o3epa «/lanpueey (b)

Pezynomamer: Bruorienka « A3ypuT» 10 TaHHBIM MeTabapKoAWHTa OblIa MPe/CTaBICHA
¢unamu Actinomycetota (> 70 % coobmectBa) 1 Pseudomonadota (> 13 %), a Taxxe B
MeHbIIel creneHn Quiamu Acidobacteriota (~3 %), Planctomycetota (~2.5 %),
Chloroflexota (~1 %). Ha Goysee HU3KOM TaKCOHOMHUYECKOM YPOBHE TOMWHHPOBAIH
HeHAeHTH()UIIMPOBAHHBIA TIpencTaBUuTeNb cemeiicTBa Pseudonocardiaceae (~62 %),
HEKyJIbTHBUpYEeMbIi  mpenctasutesnb  poga (MAG) Palsa-1315  (cemeiicTBO
Nitrospiraceae), g. Pseudonocardia, HexynpTuBUpyemsiii pon (MAG) WHTCOI
(cemeiictBo Egibacteraceae), HenaeHTH(PUIUPOBAHHBIA TMPEACTABUTENh Kiacca
Gammaproteobacteria, a Takke mnpeacraButen poaa Miltoncostaea, panee
0OHAapyCHHBIH B MOPCKMX MECTOOOUTAHHUSX.

B Bognol Onorenke npeodiaganu npeacrasurenu Pseudomonadota, Acidobacteriota,
Planctomycetota, Methylomirabilota, Chloroflexota, u Nitrospirota, a TaKKke
Actinomycetota, mpudeM 0151 TOCJIEAHNUX COCTaBIslIa HeMHOTUM Ooitee 5 %. Hanbonee
Mpe/CcTaBlIeHHbIE TAaKCOHBI Ha YPOBHE poja KiaccH(UIMPOBAINCH Kak paHee
cobpannbie MAG, a umenHo Palsa-1315 (cemetictBo Nitrospiraceae), DSQQO1 (kmacc
Anaerolineae), AR19  (mopsmok  Rokubacteriales),  CSP1-1  (cemeiicTBo
Nitrosopumilaceae), 40CM-68-15 (mopsimok  Rokubacteriales), GMQP-bins7
(cemeiictBo Gaiellaceae), QEVDO1, Gp6-AA45 (mopsgok Vicinamibacterales),
VGXFO01 (cemeiicTo Nitrospiraceae).
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Puc. 2. Hauboiee npencraBieHHbIe pofa OakTepuii B 00pa3max «A3ypHuT» U BOTHON
OuoIIJIeHKE, BBISBICHHBIX ¢ MOMOIIBI0 16S MeTabapkoauura (criesa) u shotgun-
CCKBEHHPOBAHUs MeTareHomMa (crpasa). Pasmep kpyra oTpaxkaeT OTHOCHTEIBHYIO YUCICHHOCTb
aMIuTuKoHOB (ASV 11715 TaHHBIX METa0apKOIUHTa), THO0 MOKPBITHE PUIOB (/151 00pa3IoB

shotgun) B oOpasiax, IBETOM Kpyra 0603Hau€eHbI (pUibl GakTepuit

K

Pe3ynpTaThl METAreHOMHOTO aHAIIN3a OUOTIJICHOK OBIITM CXO/HBI C pe3yIbTaTaMHi MeTa-
OapkonuHra. B HacTeHHOM OHOTUICHKE Mpeodaaaan MUKPOOpranu3mMbl u3 bl Acti-
nomycetota (6osee 70 % coobmiectra), najiee unsr Pseudomonadota (~16 %) u Nitro-
spirota (~1 %). JlomuHaHTOM, KaK ¥ B MeTabapKOMHIe, OKa3ajJach HEKYIbTHBUPYEMast
Oaktepus cemeiictBa Pseudonocardiaceae. [lamee cieqoBany MPeACTABUTEIH POIOB
Streptomyces, Pseudonocardia, Mycobacterium, Amycolatopsis. MAG Palsa-1315 (ce-
meiictBo Nitrospiraceae) cocrasisin 6omee 1 % coobuiecTBa. B BoHO# OHOIIICHKE 110
pe3yibTaTaM IMOTraH-CEeKBEHUPOBAHUS Tpeo0iafaiy Te e (UIIbl, 4TO U 10 pe3yJibTa-
TaM MeTadapKOAMHTa, HO IOJIH (DM HE3HAYUTEIHHO OTIMYAJIHNCH, @ aKTHHOOAKTEPUH CO-
crasisuim ~14 % coobmectsa. MAG Palsa-1315 sBusics JOMUHAHTOM.

Buigoowvi: Meton MeTtabapkonuHra Juisi OBICTPOTO W HEJOPOTO CKPUHHMHTA 00pa3ioB
SBJISJICS PENICBAHTHBIM JUIsl OMOIUICHOK ONUroTpo(HBIX MecTooOHuTaHuil. CpaBHEHHE
JAHHBIX METa0apPKOANHTA U METar€HOMHKH JIEMOHCTPUPOBAIIN CXOJHbBIEC PE3YIIbTaThl Ha
YpPOBHE JOMUHAHT, HO OTIIMYAIINCH 110 OOMITUIO MUHOPHBIX MPEICTaBUTENEH ONOIIIEHOK.
3HaynTeNbHAsS YacTh MUKPOOHOTO cooOlIecTBa He WACHTH(HIUpOBAIach J0 YPOBHS
poma obomMM MeToaaMH. MeTareHOMHBIN aHalH3 SBISUICS MPEANOYTUTEIBHBIM JUIS
XapaKTepUCTUKU MeTaboIM3Ma MUKPOOHOT'O COOOIIIECTBA.

Qunancuposanue: Hccnenoanue nonaepxkano I[IporpaMMoil  cTpaTerndyeckoro
akazemuyeckoro nunepersa Kasanckoro ¢enepansHoro ynusepcutera (IIPUOPUTET-
2030). Pabora momnep:kana rpanrom PHO 22-14-00317.
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Motivation and Aim: In modern microbial ecology, two main approaches for studying
microbiomes have emerged: metagenomics, based on whole-genome sequencing, and
metabarcoding. It is generally believed that metabarcoding, which involves sequencing
individual taxonomically significant sequences, is inferior to metagenomic analysis in
modeling a community's metabolic potential. However, metabarcoding is more
accessible in terms of financial and labor costs, and the emergence of new tools
significantly expands its capabilities. In this context, we aimed to compare the results of
studies using these two approaches by examining the microbial communities of Shulgan-
Tash Cave, located in the foothills of the Southern Urals. Caves are oligotrophic
ecosystems characterized by moderately low temperatures, high humidity, and the
absence of light, which imposes restrictions on energy production. These extreme habitat
conditions result in a limited number of community members, making caves a
convenient model system.

Methods and Algorithms: For our comparative studies, we selected two biofilms: an
azurite wall biofilm and a submerged aquatic biofilm from a cave lake, which differed
significantly in composition and metabolic characteristics. Previous research has
published the metabarcoding results of the wall biofilm [1]. For metagenomic analysis,
we used a comprehensive bioinformatics pipeline: removal of adapter sequences and
quality filtering with Trimmomatic, metagenome assembly with metaSPAdes, binning,
refining, and re-assembly of bins using the MetaWRAP package. The quality of
metagenome-assembled genomes (MAGSs) was checked using CheckM, and MAGs were
further refined with RefineM. The abundance of each MAG in the metagenome was
calculated with CoverM, and taxonomic profiling was conducted using the GTDB r214
database.

Results: Metabarcoding data indicated that the azurite biofilm was predominantly
composed of Actinomycetota (> 70 % of the community) and Pseudomonadota (> 13 %),
with smaller contributions from Acidobacteriota (~3 %), Planctomycetota (~2.5 %), and
Chloroflexota (~1 %). The dominant taxa included an unidentified representative of the
family Pseudonocardiaceae (~62 %), the uncultivated genus Palsa-1315 (family
Nitrospiraceae), Pseudonocardia, WHTCO1 (family Egibacteraceae), an unidentified
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member of the class Gammaproteobacteria, and members of the genus Miltoncostaea,
previously found in marine habitats.

The aquatic biofilm was dominated by Pseudomonadota, Acidobacteriota,
Planctomycetota, Methylomirabilota, Chloroflexota, and Nitrospirota, with
Actinomycetota accounting for just over 5 % of the total. The most represented genera
included Palsa-1315 (family Nitrospiraceae), DSQQO01 (class Anaerolineae), AR19
(order Rokubacteriales), CSP1-1 (family Nitrosopumilaceae), 40CM-68-15 (order
Rokubacteriales), GMQP-bins7 (family Gaiellaceae), QEVDO01, and Gp6-AA45 (order
Vicinamibacterales).

Fig. 1. Biofilms of Shulgan-Tash cave: azurite wall biofilm (a), submerged aquatic biofilm
from a cave lake (b)
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Fig. 2. The most represented bacterial genera in azurite and aquatic biofilm samples identified

by 16S metabarcoding (left) and shotgun sequencing (right). The size of the circle reflects the

relative abundance of amplicons (ASV for metabarcoding data) or reed coverage (for shotgun
samples) in the samples; the color of the circle indicates bacterial phyla
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The results of metagenomic analysis were consistent with those of metabarcoding. The
wall biofilm was dominated by Actinomycetota (> 70 % of the community), followed
by Pseudomonadota (~16 %) and Nitrospirota (~1 %). The dominant bacterium was an
uncultivated member of the family Pseudonocardiaceae, followed by representatives of
the genera Streptomyces, Pseudonocardia, Mycobacterium, and Amycolatopsis. The
MAG Palsa-1315 (family Nitrospiraceae) accounted for more than 1 % of the
community. The aquatic biofilm also showed similar dominant phyla as the
metabarcoding results, with slight differences in proportions and Actinobacteria
comprising ~14 % of the community. MAG Palsa-1315 was the dominant species.
Conclusion: The metabarcoding method for rapid and inexpensive screening of samples
was relevant for biofilms in oligotrophic habitats. Comparison of metabarcoding and
metagenomics data showed similar results at the level of dominant taxa but differed in
the abundance of minor representatives of biofilms. The correspondence between
metabarcoding and metagenome data depended on the database used. A significant
portion of the microbial community was not identified to the genus level by either
method. Metagenomic analysis has been preferred for characterizing microbial
community metabolism.

Funding: The study is supported by Kazan Federal University (PRIORITY-2030) and
by RSF project ID: 22-14-00317.
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