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ABSTRACT. The taxonomical structure of the microbial community of shallow coastal areas is closely
related to environmental conditions, and also changes rapidly in response to changes determined by water
level fluctuations. The taxonomic structure of microbial communities in the shallow coastal areas of the
Lake Baikal was studied during the period of high water level in summer months 2021-2022. At the phy-
lum level, Proteobacteria, Actinobacteriota, Bacteroidota, Firmicutes, Cyanobacteria, Verrucomicrobiota and
Deinococcota were dominant, accounting for 98.55 to 99.46% of the total microbial diversity in water
microbial community. A significant similarity was revealed in the taxonomic composition of microbial
communities in the shallow coastal areas of the Lake Baikal during certain summer months of 2021-
2022. Similar water microbial communities formed in June 2021/22; in July 2022 in the Enkhaluk and
Sukhaya sample sites, as well as at the Goryachinsk and Sukhaya sample sites in August 2022. Sediment
microbial communities were dominated by Gammaproteobacteria, Bacteroidota, Alphaproteobacteria,

Actinobacteriota and Verrucomicrobiota.
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1. Introduction

The impact of water level fluctuations on micro-
bial community is one of the poor explored aspects
in freshwater ecology. Environmental changes associ-
ated with hydrological fluctuations can have a strong
impact on the composition and functioning of water
and sediment microbial communities, and therefore
alter biogeochemical cycles and energy flows in the
ecosystem (Ren et al., 2019). Littoral zones are particu-
larly affected by increased water level fluctuations and
the ecological consequences of level changes are likely
to be greatest in shallow coastal zones (Evtimova and
Donohue, 2014). Some possible negative changes in
the of microbial community structure associated with
water level fluctuations were identified in Lake Baikal
(Borisova et al., 2022; Zaitseva et al., 2023). The aim of
this study was to determine the taxonomic diversity of
microbial communities in shallow water areas of Lake
Baikal during the high-water period.
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2. Material and methods

The studies were carried out in June, July and
August of 2021-2022, which were characterized as a
high-water period. Samples were collected from four
sample sites at the east coast with specific hydrological
and climatic features. First sample site Gremyachinsk is
a part of the coast located outside the bays in the mid-
dle basin of Lake Baikal, with conditions characteristic
of an extended part of the eastern coast of the lake.
Second site Goryachinsk can be considered a typical
bay area on the east coast. Sample sites Enkhaluk and
Sukhaya are typical for deltaic coastal terrace areas.
Triplicated water samples (1000 mL) were retrieved
from each sampling site at the 1 m from the water and
then filtered through membrane filters (pore diame-
ter 0.22 pm) until clogged. DNA isolation, creation of
DNA libraries for sequencing according to the recom-
mendations of the Illumina Sample Preparation Guide
and sequencing on the MiSeq platform (Illumina, USA)
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were carried out on the equipment of the Center for
Collective Use “Genomic Technologies, Proteomics and
Cell Biology” of the All-Russian Research Institute of
Agricultural Meteorology. The QIIME (version 1.9.1)
pipeline and SILVA programs were used to analyze the
sequencing data (Quast et al., 2013). Principal coordi-
nate analysis (PCoA) was carried out in MatLab11 with
samples clustered according to the first two principal
coordinates.

3. Results and discussion

Over the past five years, water level in Lake
Baikal was characterized by significant differences
(Bychkov and Nikitin, 2022). In 2021, a high-water
period began, the average annual inflow had a supply
of 3-4%, and in the third ten days of September the
lake level reached 457.23 m (Bychkov and Nikitin,
2022). At the same time, negative consequences were
noted both on the eastern coast of Lake Baikal, and in
the downstream of the Irkutsk hydroelectric station
(Plyusnin and Peryazeva, 2022). In 2022, the regula-
tion range according to Decree No. 234 (2001) (456-
457 m) was observed.

The taxonomic diversity of microbial communi-
ties in water and sediment of coastal shallow areas var-
ied significantly in summer months (Fig. 1). At the phy-
lum level, Proteobacteria, Actinobacteriota, Bacteroidota,
Firmicutes, Cyanobacteria, Verrucomicrobiota and
Deinococcota dominated in water, accounting for
98.55 to 99.46% of the total microbial diversity.
Comamonadaceae were the numerous in June, 2021.
In addition to them, the microbial communities were
dominated by gamma-proteobacteria of g. Acinetobacter
(4-38%), Pseudomonas (up to 17.5%), Polynucleobacter
(up to 1.9%). In July, 2021, a significant amount of
unclassified Enterobacteriaceae was noted in water (up
to 3.75%) indicating intense anthropogenic influence
on the coastal ecosystem. Sphingomonas was present in
almost all samples accounted for up to 9% of microbial
diversity in June, 2021. Brevundimonas accounted for
10.9% of the microbial community at the Sukhaya site
in July, 2022 and 4.7% at the Goryachinsk site at the
end of August, 2022. Actinobacteriota was mainly repre-
sented by unclassified Micrococcaceae (2-22%) and the
hgcl clade (0.5-5.5%) in 2022. Among Bacteroidota, the
dominant genera were: Flavobacterium, Pseudarcicella,
Sediminibacterium and Algoriphagus, but their relative
abundance varied significantly. In summer 2022, the
relative abundance of Cyanobacteria varied from 1.8 in
June to 6.9% in August, reaching maximum diversity
and abundance in water sample Goryachinsk. Toxic cya-
nobacteria Aphanizomenon NIES81 and Dolichospermum
NIES41, which are capable of forming abundant cyano-
bacterial blooms, were noted. Dolichospermum NIES41
bloom in littoral areas in the southern part of Lake
Baikal in July-August 2019 was previously reported
(Belykh et al., 2020).

Shannon index ranged from 3.63 to 3.86 in sum-
mer 2021 and from 3.12 to 4.1 in summer 2022 water
samples. High microbial diversity was revealed in sed-
iment samples. Shannon index varied 3.89-4.18. To
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Fig.1. Relative microbial abundance (%) in water and
sediment (*) samples in summer months 2021 and 2022.
Sampling sites: Gre — Gremyachinsk, Gor — Goryachinsk, Enkh
— Enkhaluk, Sukh - Sukhaya.
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assess the beta diversity of microbial communities at
the genus level, principal coordinate analysis (PCoA)
was performed, clustering samples along the first two
principal coordinates. The analysis included data from
43 bacterial genera that represented >1% of total
microbial diversity in at least one sample (Fig. 2).

Based on the results of the analysis, it can be con-
cluded that similar microbial communities were formed
in coastal shallow areas in certain summer months:
June 2021/June 2022; in July 2022 in the Enkhaluk
and Sukhaya sampling sites; in August 2022 at the
Goryachinsk and Sukhaya sites; samples ‘Gremyachinsk
July 2021’ and ‘Goryachinsk2 August 2022’ formed a
separate cluster on the principal coordinates graph
(Fig. 2). A similar composition of microbial communi-
ties was detected in June coastal water samples in 2021
and 2022. High abundance of the potentially toxic cya-
nobacteria Aphanizomenon NIES81, and the dominance
of Stenotrophomonas, some representatives of which
are capable of degrading cyanobacterial microcystins
was identified in the ‘Gorl” and ‘Gor2’ samples 2022.
In 2014-2017 during low-water period, increasing of
phytoplankton biomass was detected in shallow coastal
areas (Borisova et al., 2022). Cyanobacteria distribu-
tion and abundance in microbial communities of Lake
Baikal coastal water can serve as an indicator of unfa-
vorable changes when the level changes.

4. Conclusions

1. Features of the taxonomic composition of bacterial
communities in shallow coastal areas of Lake Baikal
during the high-water period were identified.

Comamonadaceae, occupying up to 27% of the
total microbial diversity, was an important factor
in water microbial communities during high water
period.

In the summer, 2022, the relative abundance of
cyanobacteria varied from 1.8 to 6.9%, reaching
maximum diversity and abundance in ‘Gor 1’ water
sample, where toxic cyanobacteria Aphanizomenon
NIES81 and Dolichospermum NIES41 were
identified.
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Fig.2. Principal coordinate analysis (PCoA) with samples clustered along the first two principal coordinates.

4. Significant similarity in the taxonomic composition
of microbial communities in the shallow coastal
areas of Lake Baikal was revealed during summer
months of 2021-2022.
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AHHOTAILIUS. CTpykTypa MUKPOOHBIX COOOIECTB MEJIKOBOAHBIX IIPUOPEXHBIX yYaCTKOB TECHO B3au-
MOCBfI3aHa C 3KOJIOTMYEeCKHMMHU YCJIOBUAMU U OBICTPO MEHsSeTCA B OTBeT Ha M3MeHeHHsA yPOBHA BOMBL.
HcciieqoBaHa TakCOHOMUYECKas CTPYKTypa MUKPOOHBIX COOOIIECTB BOABI U 0CaAKOB NPUOPEeXHbIX MeJl-
KOBO/IHBIX yYaCTKOB 03. Bakikasi B mepro/ MOBHIIIEHHOM BOAHOCTU. B BoAe qomuHupoBanu Proteobacteria,
Actinobacteriota, Bacteroidota, Firmicutes, Cyanobacteria, Verrucomicrobiota u Deinococcota, cCOCTaBJIsAs OT
98,55 no 99,46% ob611ero MUKpOOHOTO pasHOoOpa3us. BrIABIIEHO 3HAUYUTEJIBHOE CXOACTBO TaKCOHO-
MHYECKOT0 COCTaBa MUKPOOHBIX COOOIIECTB BOJIbI MPUOPEXHBIX MEJIKOBOAHBIX YYacTKOB 03. batikan
B ompejesieHHble JieTHUe MecAnsl 2021-2022 rr. CxoagHble MUKPOOHBIE coobiiecTBa GopMUPOBAJIUCH
B utoHe 2021/22 r.; B uosge 2022 r. Ha ydacTkax JHxanykK u Cyxas; B aBrycre 2022 r. Ha y4act-
kax T'opsaumHck 1 Cyxas. B MUKpOOHBIX COOOIIECTBaX OCAAKOB JOMUHHMpOBasu Gammaproteobacteria,
Bacteroidota, Alphaproteobacteria, Actinobacteriota u Verrucomicrobiota.

Kiouegeie citoda: MUKpoOHas 3K0JI0THA, 03epo baiika, kosme6aHuA YPOBHSA BOJIbI
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1. BBeaenue

Bnusaxue kosiebaHU YpPOBHA BOABI HA MUKPOO-
HOe COO0IIecTBO ABJIAETCA OJHUM K3 MaJIOU3y4eHHBIX
acleKTOB 3KOJIOTUM IpecHBIX Bof. M3MeHeHUA OKpy-
xaromel cpefpl, CBA3aHHBE C THUOPOJOTHYECKUMU
KosiebaHUAMM, MOTYT OKa3blBaThb CHJIBHOE BJIMAHLE
Ha cocTaB U (yHKLIUOHUPOBAHWE MUKPOOHBIX COO00-
IIecTB BOJBI M JOHHBIX OTJIOKEHUI U, cjefoBaTeJIbHO,
U3MeHATh OHOoreoXMMHuYeckre HUKJIB 1 IOTOKU 3Hep-
ruu B dKocucteMe (Ren et al., 2019). IIpubpexHsie
30HBI 0COOEHHO CTPAJAI0T OT MOBBIIIEHHBIX KOoJIeOaHU!
YPOBHSA BOJIBI, 1 9KOJIOTHYeCKUe [TOCJaeCTBHUA N3MeHe-
HUI YPOBHs, BepOATHO, OyAyT HauOOJIbIIMMU UMEHHO
B MEJIKOBOJHBIX MpuOpexxHbix 3oHax (Evtimova and
Donohue, 2014). B o3epe Baiikas BBIABJIEHB BO3MOX-
Hble HeraTHBHBIE 3MeHeHUs B CTPYKType MUKPOOHOI0
cool1iecTBa, CBA3aHHbIEe ¢ K0JleOaHUAMMN YPOBHSA BOIBI
(Bopucosa u ap., 2022; 3atineBa u ap., 2023). Llesnbio
paboTHI OBLIO OllpefiesieHre TAKCOHOMUYECKOI0 pa3Ho-
06pa3uss MUKPOOHBIX COOOIIECTB MEJIKOBOJHBIX y4acT-
KOB 03. Baiikasli B MHOTOBOJIHBII MepUo/.
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2. MaTrepuan ¥ meToAbI

HccrenoBaHus MPOBOAWINCh B UIOHe, HIOJIe
u asrycte 2021-2022 rr. [TpoGwl 6bL1M OTOOpaHBI Ha
YyeThlpeX y4acTKaX BOCTOYHOIO I0OepeXbs CO Cllely-
puyeckMu TUAPOJIOTO-KJIMMATAYECKUMU OCOOEHHO-
CTAMU. Y4YacCTOK NepBOro npooOnl I'peMAYMHCK mpen-
cTaBJisieT cOOOM 4acTh Mobepexhbsa, PacloJIoKeHHYIO 3a
npeJieJlaMy 3aJIMBOB CpeJHel KOTJIOBUHHI 03. batikai,
C YCJIOBUAMU, XapaKTePHBIMU JIJIA1 IPOTsKEHHON 4acTu
BOCTOYHOTO Io6epexbsi 03. Bropoii yuactok I'opsaunHck
MOXHO CUMTATh TUITUYHOU OyXTOI Ha BOCTOYHOM mobe-
pexbe. YyacTku JHxauyk 1 Cyxas TUNWYHBL AJ1A AeJlb-
TOBBIX IPUOPeXHEIX Teppac. [TpoOsl BOAKI B TPEX 3K3eM-
wisapax (1000 mu1) 66UTM OTOOPAHBI M3 KAXIOTO MeCTa
oTbopa npob Ha paccTossHUU 1 M OT BOABI U 3aTEM IPO-
¢unpTpoBaHBl yepe3 MeMOpaHHbIe PUIBTPHI (AUaMeTP
nop 0,22 MKM) [0 Tex IOp, IIOKa OHU He 3acOpATCH.
Brimenenue THK, co3manue 6ubauorek [JHK u cexse-
HupoBaHue Ha mwiargopme MiSeq (Illumina, CIIIA)
nposoauanchk Ha obopyaosanuu LKII «['eHOMHBIE TeX-
HOJIOTUH, IPOTeOMUKA U KJleToyHas Ouosiorus» dene-
PaJIBHOTO TOCYapCTBEHHOIO OI0[KETHOTO Yupexze-

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Hua «Bcepoccutickuii HUW cenbcKoX03s1CTBEHHOM
METEeOpPOJIOTUM». JJIA aHaJin3a JaHHBIX CEKBEHHPOBa-
HUA HucIoJib3oBanuch koHBeliep QIIME (Bepcus 1.9.1)
u mporpammbl SILVA (Quast et al., 2013). Ananus
riaBHbIX koopauHaT (PCoA) mpoBoawsica B MatLabl1
¢ obpasnamMy, KjJacTepH30BaHHBIMU IO MEpPBBIM ABYM
IJIaBHBIM KOOpAWHATaM.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

3a nociegHue NATh JieT YPOBEHb BOABI B O3epe
Batikan xapaxTepusoBajicsi 3HaYMTEJIbHBIMU Iiepena-
namu (BerukoB n Hukutus, 2022). B 2021 r. Havyajca
MHOTOBOJHBII NEPUOJ], CPeJHEr0JOBOI NMPUTOK KMeJl
3anac 3-4%, a B TpeTbel [ekaje CeHTsAOps ypoBeHb
ozepa goctur 457,23 m (berukoB u Huxkwurtun, 2022).
[Ipr 3TOM HeraTUBHBIE MOCJIE[CTBUSA OTMeUYeHBl Kak
Ha BOCTOYHOM Io6epexbe o3epa batika, Tak U B HUX-
HeM TeueHuu Hpkytckoii I'DC (I[IntocHuH u Ilepszesa,
2022). B 2022 rogy [uama3oH peryJjJupoBaHUA
corsiacHo IToctraHoBjsieHuo Ne 234 (2001 r.) coOJtio-
nascsa (456-457 m).

TakcoHoMUUYeckoe pa3HooOpaszue MUKPOOHBIX
CoOOIIecTB B BOJie M JIOHHBIX OTJIOXKEHUAX MpUOpex-
HBIX MeJIKOBOAMII CYIeCTBEHHO pa3Jjiniajioch B JIETHHE
Mecsnsl (Puc. 1). Ha ypoBHe ¢uiymoB B Boje IOMU-
HupoBasu Proteobacteria, Actinobacteriota, Bacteroidota,
Firmicutes, Cyanobacteria, Verrucomicrobiota u
Deinococcota, coctaBissa ot 98,55 mo 99,46% obiero
MUKpOOHOro pasHoobpasus. Haubosiee MHOrouucieH-
HbeIMH B uioHe 2021 r. 6611 Comamonadaceae. TToMyuMo
HUX B MUKPOOHBIX coo0blljecTBax JOMHWHUPOBAJIN ram-
Ma-npoTeobakTepun pojaoB Acinetobacter (4-38%),
Pseudomonas (mo 17,5%), Polynucleobacter (mo 1,9%).
B urosie 2021 r. B BoZle 0OTMedeHO 3HaunTeJIbHOe KOJIU-
YecTBO HekJIaccuUIUpoBaHHBIX Enterobacteriaceae
(mo 3,75%), uTOo cBUAETENbCTBYeT 00 HMHTEHCHUBHOM
AHTPONOTeHHOM BO3/]eMICTBUM Ha NPUOPEXHYI0 3KOCU-
cteMy. Sphingomonas TpPUCYTCTBOBAaJId MPAKTUYECKU
BO Bcex npobax u B utoHe 2021 r. cocrasisiu Ao 9%
MHUKpPOOHOro pasHoobpa3us. Brevundimonas cocTaBist
10,9% mukpo6HOro coobijectsa Ha ydactke Cyxas B
ntosie 2022 r. u 4,7% Ha yvyactke ['OpAYMHCK B KOHI[E
aprycta B 2022. B 2022 roay Actinobacteriota B OCHOB-
HOM ObLa MpejcTaBjeHa HeKJacCUPUIMPOBAHHBIMU
Micrococcaceae (2-22%) wu wnamgout hgel (0,5-5,5%).
Cpenun Bacteroidota AOMWHAHTHBIMM poAaMH OBLIH:
Flavobacterium, Pseudarcicella, Sediminibacterium u
Algoriphagus, HO X OTHOCHUTEJIbHAS YUCJIEHHOCTh 3HA-
yuTeJbHO BapbupoBasa. Jlerom 2022 roga oOTHOCU-
TeJbHAsA YHCJIEHHOCTb I[MaHOoOakTepuil KoJiebasach
ot 1,8 B utoHe o 6,9% B aBrycre, JOCTUrasg MakCU-
MaJIbHOTO pa3HOo0Opa3us U YUCJIEHHOCTU B IPoOe BOJIbI
lopsiumHcka. OTMeYeHbl TOKCHUYHBIE ITMAaHOOAKTEpUU
Aphanizomenon NIES81 wu Dolichospermum NIES41,
criocobHble 06pa3oBBIBATh OOUJIBHOE LMaHOOAKTepu-
aspHOEe IBeTeHUe. PaHee cooOIaoCch O I[BETEHUU
Dolichospermum NIES41 Ha JuTOpajiy 10KHOHN YacTH 03.
Batikan B utone-asrycte 2019 r. (Bensix u fp., 2020).

Nnunexkc IllenHoHa kojebayica oT 3,63 1o
3,86 nerom 2021 r. u ot 3,12 o 4,1 B mpobax BOZHI
nerom 2022 r. B mpobax JOHHBIX OTJIOXKEHUI BHIAB-
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Puc.1. TakcoHoMmueckoe pasHoobpasue (%) MUKpOO-
HBIX COOOIIECTB BOABI M JOHHBIX OTJIOXeHUH (*) mpubpex-
HBIX y4acTKOB. MecTta otbopa npo6: I'pe — I'pemsunHck, I'op
— I'opsAunHCK, JHX — JHXaJyK, Cyx — Cyxas.

JIeHO BBICOKOe MHUKpOOHOe pa3HooOpasue. HHpaekc
[lennoHa BappupoBan B mpepenax 3,89-4,18. [na
oIleHKH OeTa-pasHoOOpa3usA MUKPOOHBIX COOOIIeCTB Ha
ypOBHe pofa ObL1 poBeJileH aHajIn3 IJIaBHBIX KOOPAU-
HaT (PCoA), rpynnupyouyii o6pasifsl o epBbIM JBYM
IJIaBHBIM KoopJWHaTaMm. B aHanu3 ObIM BKJIIOYEHBH
JaHHble 43 poAoB OakTepuii, KOTOpble COCTaBJIANIU
>1% oT o011ero MUKpOOHOT'0 pa3HOOOpa3UsA XOTs ObI B
omHoM obpasue (Puc. 2).

[To pesyJsibTaTaM aHa/IM3a MOXHO CAeJIaTh BEIBO/,
YTO TAKCOHOMUYECKM CXOAHBle MUKPOOHEBIE cooOIie-
cTBa opMUpPOBaIMCh Ha MPUOPEXHBIX MEJIKOBOAbAX B
oT[eJIbHbIe JIleTHHe Mecsalbl: uioHb 2021 r./uioHp 2022
r.; B utosie 2022 r. Ha yvyactkax JOHxanyk u Cyxas; B
aBrycre 2022 r. Ha yvactkax ['opsaumnHck u Cyxas;
npobsl «['pemsaunHck uoab 2021» u «l'opAYUHCK2
aBryct 2022» obpa3oBaju OTHEJIbHBI KJacTep Ha
rpaduke rjaBHbIX koopauHat (Puc. 1). AHaJIOTUYHBIN
CcOCTaB MHMKpPOOHBIX coobuiecTB ObI OOHapyXeH B
HUIOHBCKUX NIpobax mpubpexHbix Bod B 2021 u 2022
rogax. B 2022 r. B npob6ax «['opl» u «['op2» BbIsiBJIeHA
BBICOKAasA UMCJIEHHOCTh IIOTEHIIMAJbHO TOKCHUYHBIX
uaHobakrtepuii Aphanizomenon NIES81 u gomMuHU-
poBaHue Stenotropomonas, HEKOTOphIe IIpefCTaBUTesIN
KOTOPBIX CIIOCOOHBI pasjlaraTb MMKPOLMCTHHBI LHa-
HoOakTepuil. B masnoBogubeili nepuon 2014-2017 rr.
OTMeueHO yBeJjilueHHe O6uomacchl (pUTONIAaHKTOHA Ha
MeJIKOBOJHBIX TpUOpexHbIX yuyacTkax (bopucosa u ap.,
2022). PacnpepesieHre 1 YHCJIEHHOCTb IMaHObGaKTe-
puil B MUKpPOOHBIX coofIIecTBax MpUOPeXHBIX BOJ 03.
Baiikasg MOryT CIyXUTh MHANKATOPOM HeOJIaronpusaT-
HBIX U3MeHeHU! pYU U3MeHeHU! YPOBHA.

4. 3aKknioueHue

1. BolssBJIeHBI OCOOEHHOCTH TaKCOHOMUYECKOI'O
coctaBa OakTepHUaJIbHBIX COOOIIECTB MEeJIKOBOHBIX
MpUOpexXHBIX y4acTKOB 03. balikajl B MHOTOBOJHBIN
nepuos.

2. BaxnHbIM (HaKTOPOM CTPYKTYPHBIX H3MeHe-
HUII BOJHBIX MUKPOOHBIX COOOIIECTB B MHOT'OBOJHBIN
nepuop 6t Comamonadaceae, 3aHuMaBmue 10 27%
ob111ero MUKpoOHOI0 pasHO06pasus.
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3. Jletrom 2022 roma OTHOCUTEJIbHAA YMCJIEH-
HOCTh HuaHobakTepuii kojebanack ot 1,8 mo 6,9%,
JocTturas MaKCHMMAaJIbHOTO pa3Hoo0pa3us U YUCJIeH-
HocTu B npobe Bofwl «['op 1», rae ObuIM NAeHTUDUIU-
pOBaHHBl TOKCHYHBIE IMaHobakTepuu Aphanizomenon
NIES81 u Dolichospermum NIES41.

4. 3HaunTeJbHOE CXOACTBO TAaKCOHOMHUYECKOI'O
CcOCTaBa MUKPOOHBIX COOOIECTB MEJIKOBOIHBIX IPU-
OpeXHBIX y4acTKOB 03. Baiikajl BBIIBJIEHO B JIeTHHE
Mmecsnbl 2021-2022 rr.
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