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ABSTRACT. An analysis of the taxonomic structure and diversity of sub-ice algal-bacterial communities
in the Maloye More Strait of Lake Baikal in two different ecotopes (the bottom surface of the ice and
the water column) was carried out. According to high-throughput sequencing of the 18S rRNA fragment
and microscopy, the dinoflagellates Gymnodinium baicalense and green algae Binuclearia lauterbornii pre-
dominated on the bottom surface of the ice, while the diatoms Ulnaria acus and Fragilaria radians and
green algae of the genus Monoraphidium and Koliela predominated in the water column. In the bacterial
communities, the most abundant phyla were Actinobacteria, Proteobacteria and Bacteroidetes.
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1. Introduction

Lake Baikal is the first among freshwater lakes in
the world in terms of depth and volume of water and
unique in the diversity of living organisms (Timoshkin,
2011). The Maloye More Strait is a region of Baikal
located between the western shore of the lake (in its
middle part) and Olkhon Island. In the southwest it
is connected to Baikal by the Olkhon Gate Strait. In
winter, due to the shallowness of the water, the strait
becomes covered with ice faster than other areas of
Lake Baikal (Rusinek et al., 2012). Due to the difference
in conditions, the ecosystem of the Maloye More Strait
differs from the ecosystem of Lake Baikal.

In this work, we present the results of a study
of algal-bacterial communities of the bottom surface of
ice and under-ice water from a depth of 10 m in the
Maloye More Strait.

2. Materials and methods

Samples were taken in March 2016 at three sta-
tions in the Maloye More Strait: at the entrance to the
Olkhon Gate Strait (St1), in the center (St2) and at the exit
near Cape Khoboy (St3). Samples from the lower surface
of the ice (SI) were taken by divers using syringes; from
a depth of 10 m (UW) samples were taken with a Niskin
bottle. On St3, hummocks formed under the ice, and
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samples were taken from their surface. Quantification
and identification of phytoplankton were carried out
as described previously (Bashenkhaeva et al., 2020).
To isolate DNA 1.5 L of sample was deposited onto a
0.22 pum polycarbonate filter, the sediment was washed
into TE buffer (10 mM Tris-HCI, pH 7.5, 1 mM EDTA)
and frozen. DNA extraction was carried out according
to a previously described method (Bukin et al., 2023).
High-throughput sequencing (HTS) of the V3-V4 region
of the 16S rRNA gene and the V8-V9 region of the 18S
rRNA gene was carried out on the basis of the Center
for Shared Use “Genome Technologies, Proteomics and
Cell Biology” of the Federal State Budgetary Institution
All-Russian Research Institute of Agricultural Medicine.
HTS data analysis was carried out using Usearch v.10
(Edgar, 2010).

3. Resulits

According to microscopy results, the SI com-
munities St1 and St2 were dominated by the dinofla-
gellates Gymnodinium baicalense, the UW communi-
ties St1 were dominated by green algae of the genus
Monoraphidium and Koliela, and in St2 - G. baicalense
and Monoraphidium. The SI microalgae community
St3 was dominated by the green algae Binuclearia lau-
terbornii, with a significant proportion of the diatoms
Ulnaria acus and Fragilaria radians, as well as small-
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celled nanoflagellates. The UW community St3 was
dominated by green algae of the genus Monoraphidium
and diatoms U. acus and F. radians.

According to the HTS data, dinoflagellates of the
genus Gymnodinium dominated in all ecotopes St1 and
St2. The SI community St3 was dominated by zOTUs
belonging to the family Chrysophyceae and the chrys-
ophytes of the genus Chrysosphaerella. In addition to
them, a significant proportion were zOTUs belonging to
the family Chlorophyceae and green algae of the genus
Chlamydomonas. In the St3_UW community, the most
abundant zOTUs classified as U. acus, Chrysosphaerella,
and Scrippsiella hangoei.

Bacterial communities SI and UW differed in
structure at stations Stl1 and St3 according to HTS
data (Fig.). In the St1_ UW community, the phylum
Actinobacteria made up the largest percentage, while in
the St1_SI community, Proteobacteria dominated. The
community structure of the two St2 ecotopes was sim-
ilar; a significant percentage was made up of represen-
tatives of Actinobacteria. In the SI community St3, the
predominant phylum was Bacteroidetes; in St3_UW, the
largest percentage was made up of bacteria from the
phylum Actinobacteria.

4. Conclusion

Thus, an analysis of the structure of algal-bacte-
rial communities on the bottom surface of the ice and
under-ice water of the Maloye More Strait showed that
the communities differ depending on the ecotope, as
well as on the geographical location.

100%

0%

80%

70%

60%

50%

Acknowledgements

The authors express their gratitude to V.L
Chernykh, I.A. Nebesnykh and L.A. Titova for their
assistance in sampling. The work was supported by
the Ministry of Science and Higher Education of the
Russian Federation (project number 121032300186-
9). Microscopic analysis was carried out at the Center
for Collective Use “Electron Microscopy” (http://
www.lin.irk.ru/copp) of the Center for Collective Use
“Ultramicroanalysis”.

Conflict of interest

The authors declare no conflict of interest.

References

Bashenkhaeva M.V., Galachyants Y.P., Khanaev L.V. et al.
2020. Comparative analysis of free-living and particle-associ-
ated bacterial communities of Lake Baikal during the ice-cov-
ered period. Journal of Great Lakes Research 46: 508-518.

Bukin Y.S., Mikhailov LS., Petrova D.P. et al. 2023. The
effect of metabarcoding 18S rRNA region choice on diversity
of microeukaryotes including phytoplankton. World Journal
of Microbiology and Biotechnology 39: 229.

Edgar R.C. 2010. Search and clustering orders of magni-
tude faster than BLAST. Bioinformatics 26: 2460-2461. DOI:
10.1093/bioinformatics/btq461

Rusinek O.T., Tahteev V.V., Gladkochub D.P. et al. 2012.
Baykalovedenie 2(1). Novosibirsk: Nauka (in Russian).

Timoshkin O.A. 2011. Main tendencies in research of
ancient lake biodiversity; most interesting recent discover-
ies in biodiversity of Lake Baikal. In: Timoshkin O.A.. (Ed.),
Index of animal species inhabiting Lake Baikal and its catch-
ment area. Vol. II. Novosibirsk: Nauka, pp. 1423-1428 (in
Russian)

A0%
30%
20%

0%

St1_SI St1_Uw 5t2_Sl St2_Uw St3_Sl St3_Uw
u Actinobacteria Bacteroidetes Cyanobacteria
m Fimicutes = Proteobacteria m\/errucomicrobia
=m Thaumarchaeota Unclassified u Others

Fig. Taxonomic composition of bacterial communities in the Maloye More Strait in March 2016 according to high-through-

put sequencing of 16S rRNA gene fragments.
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AHHOTAILIUS. IIpoBefeH aHain3 TaKCOHOMUYECKOW CTPYKTYphl U pa3HOOOpasus MOJJIeqHbIX
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Gymnodinium baicalense n 3eneHsle Bogopocau Binuclearia lauterbornii, B BOGHOUM TOJIIE — QUATOMEN
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1. BBeaenue

Osepo balikan sABAeTcA NepBbHIM cpeau Ipec-
HOBOJHBIX O3ep MHpa Io IJIyOrHe U 00beMy BOJBl U
YHUKaJIbHBIM II0 PasHOOOpa3uio XKMBBIX OpPraHW3MOB
(Timoshkin, 2011). IponuB Mayioe Mope - paiioH
Batikaia, pacmosio)KeHHBIH MexXAy 3amajHbeiM Oepe-
rom o3epa (B ero cpefHeli yactu) 1 ocTpoBoM OJIBXOH.
Ha roro-zanazne oHo cBs3aHo ¢ baiikajiom mpoJiiBoM
OnbxoHckue Bopora. B 3uMHuUI nepuop u3-3a MeJIKo-
BOJHOCTH IIPOJIVB ITOKPHIBaeTCs JIbJOM ObICTpee APYruX
paiioHos Baiikana (Pycunek u fip., 2012). Oxocucrema
Masioro Mops u3-3a pasHULbl B YCIIOBUAX OTJINYAETCA
OT 3KOcHucTeMbl balikaa.

B panHOIT paboTe MBI NPUBOAUM pe3yJIbTaThl
HUCCJIeJOBAHNA ajbro-0aKkTepruabHbIX COOOIIEeCTB HIUX-
Hel MOBEPXHOCTH JIbJ]a Y MO/JIeTHOU BOJIbI C TJIyOUHBI
10 m nposimBa Masioe Mops.

2. MaTepuanbl M MeTOAbI

[TpoGs1 6bl7i 0TOOpaHsl B MapTe 2016 roaa Ha
Tpex CTaHUuAX B mnpoJsimBe Majsioe Mope: Ha Bxoje B
nposiuBe OyibxoHcKue BopoTa (Stl), B uentpe (St2) u
Ha BBIXOJle B palioHe Mbica Xo6oi (St3). O6pa3sifsl

*ABTOp IJI IIEPENUCKU.

HIDKHel moBepxHOCTU Jibja (SI) oTbupanu Bojos1a3bl
C TIOMOIIBI0 HIMPUIOB, ¢ riiyouHsl 10 M (UW) npoOs
oTobpaHsl 6aTomerpoMm Huckuua. Ha St3 momo spaom
¢popmupoBanuck TOpOChl, MPOOB! ObLINM OTOOPAHBL C UX
noBepxHOCTU. KojnuecTBeHHYI0 OIeHKY U HIEHTU-
duxanuio GUTONIAHKTOHA MPOBOAWJIM, KaK ONHCAHO
paHee (Bashenkhaeva et al., 2020). {7 BbigesieHUA
JHK mpo6sl obovemom 1,5 i1 kaxpas ocaxjanyd Ha
0,22 MkM mosUKapOOHATHHIN (UIBTP, OCAOK CMBI-
Basu B TE-6ydep (10 mM Tris—HCI, pH 7.5, 1 mM
EDTA) u 3amopaxuBanu. Beigenenue JHK nposoauiu
Mo omvicaHHOMYy paHee Metony (Bukin et al., 2023).
BricokompounsBoguTesibHOe cekBeHupoBaHue (BIIC)
V3-V4 o6nactu rena 16S pPHK u V8-V9 o6sactu reHa
18S pPHK nposoaunu Ha 6a3e LKII «['eHOMHEBIE TeXHO-
Jioruu, MPOTEOMUKA U KJleTouHas Ouosiorus» OI'BHY
BHUNCXM». Ananu3s aa"Hbix BIIC npoBogusiu ¢ moMo-
mpto Usearch v.10 (Edgar, 2010).

3. Pe3ynbTarthbl

[Io pesyapTaTaM MUKpOCKONMU B cocTaBe SI
coobiects St1 u St2 foMuHMpOBaTU JUHOGIATeJIIATH
Gymnodinium baicalense, 8 UW coobimectBax Stl mpe-
obJrafjayiu 3eJieHble BOZOpPOC/IU pojia Monoraphidium
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u Koliela, Ha St2 — G. baicalense u Monoraphidium. B
cocraBe SI coobijecTBa MUKpoBojiopocieil St3 mqoMu-
HUPOBAJIU 3eJieHble Bojjopocsiu Binuclearia lauterbornii,
3HAYUTEJIBHYI0 MOJII0 cocTaBuu auatoMen Ulnaria
acus u Fragilaria radians, a TakXke MeJKOKJIETOUHBIE
HaHoJiaresuiATE. B UW coobmiectBe St3 nmpeobiaganu
3eJIeHBle Bofopocsu poja Monoraphidium u guatomeun
U. acus u F. radians.

ITo manubsiMm BIIC Bo Bcex skoromax Stl m St2
JOMHUHUPOBAIM AMHOGIare/uATH pofga Gymnodinium.
B SI coobmectBe St3 nmpeobnananu zOTU, oTHOCAIIN-
eca K cemelictBy Chrysophyceae 1 K Xpu30dUTOBHIM
pona Chrysosphaerella. TloMuMO HUX 3HAYUTEJIBHYIO
pomo coctaBisum zOTU, oTHocAmueca K cemel-
ctBy Chlorophyceae v 3ejieHBIM BOJOpPOCJIAM poAa
Chlamydomonas. B coobmectBe St3_UW k Haubosee
MHOrouvcjeHHbBIM oTHocuiauchk zOTU, kiaccubunu-
poBaHHble Kak U. acus, Chrysosphaerella v Scrippsiella
hangoei.

BakrepuanpHble coobmectBa SI u UW pasmnu-
Yaauch MO CTPYKType Ha cTaHiuax Stl u St3 mo gas-
HbeM BIIC (Puc.). B coobmectBe St1_UW Haubosbiryio
JIoJTI0 cocTaBsa uyM Actinobacteria, a B coobiecTBe
St1_SI nomuHupoBam Proteobacteria. CTpykTypa coo6-
IIecTB JBYX dKOTOIOB St2 ObljIa CXOJHOM, 3HAUUTeJIb-
HYI0 JIOJII0 COCTAaBJIsLIM NpeJcTaButenu Actinobacteria.
B SI cooGecTBe St3 npeobGiagawnuM GUIyMOM ObLI
Bacteroidetes, B St3_UW HaubOJIBIIYI0 [OJII0 COCTaB-
nsm 6aktepuu dustyma Actinobacteria.

4. BoiBOADI

TakyM 00pa3oM, aHaIU3 CTPYKTYPhl ajibro-6ak-
TepUAJIbHBIX COOOIIECTB HIKHEN MOBEPXHOCTH JIbJ]a U
Mo/IJIeTHOIT BOIbI TposiBa Majtoe Mope mokasas, 4To
coo00IIecTBa Pa3IMYaOTCsA B 3aBUCMMOCTU OT 9KOTOIIA,
a Takxe OT reorpaduyecKoro moJIoKeHu.
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