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ABSTRACT. Water bodies located in the north-east of Yakutia during the period of ice cover were studied.
High-throughput sequencing of 16S rRNA gene libraries revealed a high taxonomic diversity of micro-
bial communities in the studied ecotopes. The majority of the under-ice communities was represented
by Proteobacteria, Actinobacteriota, Cyanobacteria, Verrucomicrobiota, Bacteroidota, and Planctomycetota.
The difference in community diversity between deep-water lakes Labynkyr, Vodorazdelnoye, and Ulu,
the source of the Labynkyr River, and shallow-water lakes Myamichi and Mertvoye, the mouth of the

Labynkyr River, is shown.
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1. Introduction

The studies of seasonally ice-covered lakes reli-
ably show that winter trophic webs and physical pro-
cesses are active and complex (Salonen et al., 2009;
Hampton et al.,, 2017). Low temperatures, limited
nutrient inputs, and reduced light during the ice cover
period affect the metabolic characteristics of freshwa-
ter microorganisms, as well as microbial diversity and,
consequently, their role in trophic webs and global bio-
geochemical cycles throughout the year (Bertilsson et
al., 2013; Wilhelm et al., 2014). In the subarctic zone to
the northeast of Yakutia, in the area of extremely low
temperatures at the Cold Pole, there are several oligo-
trophic lakes that are covered with ice for more than
seven months of the year. Previously, we studied the
ecology and structure of microbial communities under
ice in Lakes Labynkyr and Vorota (Bashenkhaeva et al.,
2020; Zakharova et al., 2022).

The study aimed to identify the main taxa of
microbial communities and compare their diversity, as
well as reveal the influence of environmental factors
during the ice cover period in different water bodies of
the Cold Pole region.
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2. Materials and methods

Water samples were collected in April 2021-
2022 from water bodies in the area of 62-63°N in
the Oymyakonsky ulus in the north-eastern region of
Yakutia. We investigated five lakes in the Indigirka
River basin that are deep-water lakes: Labynkyr (max-
imum depth 60 m), Vodorazdelnoye (66 m), and the
shallow lakes: Myamichi (3 m), Mertvoye (6 m), and
Ulu (13 m), as well as the source and mouth of the
Labynkyr River. Sampling, measurement of phys-
ico-chemical parameters (temperature, conductiv-
ity, pH, concentrations of oxygen, phosphate, nitrite,
nitrate, ammonium, organic carbon), sample prepa-
ration, and DNA isolation were carried out by meth-
ods published previously (Zakharova et al.,, 2022;
Firsova et al.,, 2024). Amplicon library preparation
and sequencing were carried out at the CUC “Genomic
technologies, Proteomics and Cell biology” of FSBSI
ARRIAM, Saint-Petersburg. The variable region V3-V4
of the 16S rRNA gene was amplified with primer pairs
U341F (5’-CCTACGGGRSGCAGCAG-3’) and U785R
(5-GGACTACCVGGGTATCTAAKCC-3’).  Sequencing
data were analyzed in Usearch v.10. (Edgar, 2010) and
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Vsearch v.2.9.1 (Rognes et al., 2016). OTU sequences
were taxonomically classified using Silva v.138 in
Mothur v.1.43.0 (Schloss et al., 2009). Further statisti-
cal analyses were performed in R.

3. Results and discussion

The environmental parameters in the studied
water bodies were relatively similar (Firsova et al.
2024). All lakes were 100% covered with snow, rang-
ing in thickness from 31 to 51 cm and in ice thickness
from 85 to 120 cm. The lowest values of water tem-
perature were recorded in the Labynkyr River (0.5 °C)
and in Lakes Labynkyr and Vodorazdelnoye (1.3 °C),
and the highest values were recorded in Lake Myamichi
(4.6 °C). The pH varied within slightly alkaline values
(7.2-6.76), and conductivity values ranged from 47-68
uS/cm, except for samples from Lake Mertvoye (164
uS/cm). The nutrient content was consistently low in
all samples. Phosphate concentrations ranged from
0.004-0.024 mg/l, with a maximum in Vodorazdelnoye
Lake (0.168 mg/1). Also, the highest concentrations of
ammonium ions were in Lake Myamichi (0.263 mg/1)
and the Labynkyr River (0.123 mg/l), the maximum
of nitrates was in Lake Mertvoye (1.242 mg/1), and
nitrites did not exceed 0.025 mg/1. The value of organic
carbon in the River and Lake Labynkyr was 1.80-
2.81mg/1, with high values recorded in Lakes Ulu up
to 8.55 mg/1, Myamichi up to 10.35 mg/l, Mertvoye up
to 30.78 mg/l, and Vodorazdelnoye up to 187.5 mg/I
(Firsova et al. 2024).

Sequencing of 13 water samples yielded 225020
16S rRNA gene fragment sequences, clustered from 163
to3180TUs.Ingeneral, thenumber of OTUs, index values
of taxonomic abundance (ACE), and diversity (Shannon)
of bacterial communities in Lakes Mertvoye, Myamichi,
Vodorazdelnoye, and the Labynkyr River (mouth) were
lower than in the other samples. Higher values are
found in samples from Lake Labynkyr. All OTUs were
classified into 20 phyla, dominated by Proteobacteria
(34%) and Actinobacteriota (29%), with Cyanobacteria
(10%), Verrucomicrobiota (9%), Bacteroidota (8%),
and Planctomycetota (4%) as subdominants. Qur data
(Bashenkhaeva et al., 2020, Zakharova et al., 2022)
and other research (Tran et al., 2018) also indicated
the abundance of these taxa in ice-covered ecosystems.
The dominant phyla were represented in relatively
equal shares in all the studied water bodies, except for
the community from the mouth of the Labynkyr River,
in which Planctomycetota and Cyanobacteria were not
found. Representatives of the minor phyla Firmicutes
(2%), Chlorofiexi (1%), Deinococcota (0.8%) were most
abundant in lakes Vodorazdelnoye, Ulu, Mertvoye and
the Labynkyr River (source), Acidobacteriota (0.8%)
in Lake Myamichi. Diversity analysis revealed a dif-
ferent abundance of some OTUs in the communities
of the studied water bodies. For example, in Lake
Myamichi, OTUs Ilumatobacteraceae, Sporichthyaceae,
SAR11_clade, Methylobacter prevailed; in Lake
Vodorazdelnoye, Methylacidiphilaceae, Cyanobium_PCC-
6307, Paenisporosarcina; in Lake Ulu, Terrimicrobium,
SAR11_clade, Gemmataceae; in Lake Mertvoye,
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Polynucleobacter, Ilumatobacteraceae; in Lake and the
River (source) Labynkyr, Acinetobacter, Cyanobium_
PCC-6307, in the mouth of the River Labynkyr,
Methylobacter, Methylobacterium-Methylorubrum. The
comparison of beta diversity showed a division of the
communities into two groups: the first group included
the deep lakes Labynkyr, Vodorazdelnoye, Ulu and the
source of the Labynkyr River. The communities of the
shallow lakes Myamichi, Mertvoye, and the mouth of
the Labynkyr River were similar in the second group.
The correlation of bacterial community structure with
snow thickness and ammonium ion concentration was
shown.

4. Conclusions

In lakes covered by ice for long periods of time,
microbial communities actively develop and change
their species composition in response to environmental
conditions. Expanding our knowledge of ice-covered
water bodies in Yakutia, we characterized the diver-
sity of microbial communities, which is important for
understanding their ecological function, given that the
study area is free of anthropogenic influence. Despite
the severe environmental conditions, we found high
diversity and differences in the abundance of commu-
nity structure in the studied water bodies.
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AHHOTAIIAA. HcciegoBaHbl BOAOEMEI

Ha CE€BEpPO-BOCTOKE HKYTI/II/I B Iepuoa Jiegocrasa.

BBICOKOIIPOM3BOAUTEIIFHOE CEKBEHNPOBaHWe 61banoTek reHoB 16S pPHK BBIABMIIO BEICOKO€ TaKCOHO-
MHYeCKoe pa3HooOpasre MUKPOOHBIX COOOIIEeCTB B M3yYEHHBIX SKoTOonax. OCHOBHYIO YaCTh NOAJIEJHOIO
coobmiecTBa cocTaBysuIn Proteobacteria, Actinobacteriota, Cyanobacteria, Verrucomicrobiota, Bacteroidota
u Planctomycetota. [lokazaHO pa3yiyve B pa3HOOOpa3uu COOOIIECTB MeXTy IrJTyOOKOBOJHBIMU 03epaMU
JIa6eIHKEID, Bomopa3sgenpHoe, Yy, HCTOKOM peku JIaOBIHKBIP M MEJIKOBOAHBEIMM O3epamMu Msamuuy,

MepTtBOe, ycTbeM peKr JIaObIHKBIP.
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1. BBeaenue

HcciieoBaHusA 03€p, CE30HHO MOKPHITHIX JIBAOM,
JIOCTOBEPHO MMOKA3bIBAIOT, YTO 3UMHHUE MUIIEBbIE CETU U
(dusnveckue Tporeccs ABJIAIOTCA aKTUBHBIMU U CJIOXK-
HbeiMu (Salonen et al.,, 2009; Hampton et al., 2017).
Huskue TtemmnepaTypsl, OrpaHHYEHHOE TMOCTYIJIEHHE
MUTATEJIbHBIX BENIECTB, MOHWXEHHBI YPOBEHb OCBE-
IIEHHOCTH BO BpeMs JIEASHOTO IMOKPOBA BJIMAIT Ha
0COOEHHOCTH MeTaboJIM3Ma MPECHOBOHBIX MHUKPOOP-
raHU3MOB, a TaKXe Ha MUKPOOHOe pasHooOpa3ue U KaK
CJIEJICTBUE HA WX POJIb B MUIEBON CETH U TJI00AJIBHBIX
OHOreoXMHUYECKUX IUKJIaX B TeueHue rofa (Bertilsson
et al., 2013; Wilhelm et al., 2014). B cy6apKTHU4eCcKOI
30He Ha CeBepO-BOCTOKe fKyTuM, B paliOHE 3KCTpe-
MaJIbHO HU3KUX TeMriiepartyp Ilojoca Xo10/1a pacioJio-
JK€HO HEeCKOJIBKO OJINTOTPO(QHEIX 03ep, KOTOpHIe Oosee
CEMU MeCAIEB B TOAY MOKPHITHI JIBAOM. DKOJIOTHA U
CTPYKTypa MUKPOOHBIX cOODIIEeCTB NOAO0 JIbAOM B 0O3e-
pax JlaGeiHKBIp U Bopora ObUIM Hcc/ieOBaHB HaMU
paHee (Bashenkhaeva et al., 2020; Zakharova et al.,
2022).
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L{esipio paGoOTHI GBLTO UAEHTUDUIUPOBATH OCHOB-
HbI€ TAaKCOHBI MHKPOOHBIX COOOLIECTB M CPaBHUTh UX
pa3HooOpa3ue, a TakXe BHIABUTH BiHAHUE (HAKTOPOB
OKpY>KaloIlel cpeibl BO BpEM JIEJOCTABA B Pa3IMYHBIX
BoJloeMax peruoHa [losroca xosioaa.

2. MaTtepuanbl 1 MeTOADBI

[Tpo6s BoAs! ObLIM OTOOPaHbI U3 BOJOEMOB, pac-
MOJIOXKEHHBIX B palioHe 62-63° c.ml. B OUMAKOHCKOM
yiyce CeBepo-BocTouHoro pernosna fkyTuu, B amnpeJie
2021-2022 rr. UccnegoBaHo nATh 03ep OacceiiHa peku
Wuaurupku: riyOookoBoAgHble JIaOBIHKEIPD (MaKcHUMallb-
Has riybouHa 60 M), BomopasnenpHoe (66 M) 1 MeJKO-
BojHble Mamvuuu (3 m), MeptBoe (6 M) u Yy (13 m),
a Takxe HUCTOK U ycThe peku JlaOGbriHKbIp. OTOOP Mpoo,
n3MepeHusa (QU3NKO-XUMUYECKUX IoKaszaTesiedl (TeM-
neparypa, 3JIEKTPONpOBOAHOCTh, PH, KOHIleHTpauuu
kucyaopoga ¢ocharoB, HUTPUTOB, HUTPATOB, aMMO-
HUf, OPraHUYecKOro yrjepoja), HPOGOIOArOTOBKY K
Boifesienve JIHK mpoBoawiau MeTofgamu, OIyOJIMKO-
BaHHBIMM paHee (Zakharova et al., 2022; Firsova et
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al., 2024). ITogroroBka OHUOJMOTEKH aMILJIMKOHOB U
CceKBeHNpOBaHUe ObLIN NMPOBEEHHI C UCIO0JIb30BaHUEM
obopynoBanus LIKII «['eHOMHBIE TeXHOJIOTMHU, IPOTe-
OMUKa M KJieTouHas OwuoJsiorus» ®I'BHY BHHUHUCXM,
Caukrt-IleTepOypr. AwmmiuduuupoBaHa Bapuabeb-
Has obisiacth V3-V4 rena 16S pPHK c napoii npatime-
poB U341F (5-CCTACGGGRSGCAGCAG-3’) u U785R
(5’-GGACTACCVGGGTATCTAAKCC-3’). AHanu3 naH-
HBIX CceKBeHMpoBaHus mnpoBomguwyu B Usearch v.10.
(Edgar, 2010), Vsearch v.2.9.1 (Rognes et al., 2016).
ITocnenoBatespHocTu OTU ObBLIM TaKCOHOMMNYECKU
KkJjaccupUIMPOBAHBI ¢ UCMOJb3oBaHUeM Silva v.138 B
Mothur v.1.43.0 (Schloss et al., 2009). JanbHeHIINiA
CTaTUCTUYECKUIN aHaIU3 MpoBOAUIN B R.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

[TapameTpsl OKpy>Kalollieil Cpefdbl B NCCIIeyeMBbIX
BoJoeMax ObLIM OTHOCUTesIbHO cxoaubMu (Firsova et
al., 2024). Bce o3epa 6bu11 Ha 100% MOKPHITH CHETOM
TOJIIMHA KOTOoporo BapbupoBasia ot 31 go 51 cm, a
ToJIIIMHA JibZla Ob1a oT 85 mo 120 cm. HaumeHbIive
3HayeHus TeMIlepaTypbl BoOAbl 3a(pUKCHUPOBaHb B
peke Jlab6eiHkblp (0.5 °C) u B o3epax JIaGbIHKBIp U
BopopasnesnsHoe (1.3 °C), a HauGopIIMEe 3HAUEHUS B
o3zepe Msamuuu (4.6 °C). pH BapbupoBan B Ipefeyax
caabolesiouHbix 3HaueHu (7.26-7.76), 3HaUYeHHS
3JIEKTPONPOBOAHOCTU ObLIM B Auana3oHe 47-68 uS/
cm, 3a UCKJIIoUeHreM 00pa31oB u3 o3epa Meptoe (164
uS/cm). ComepxaHue OMOTeHHBIX 3JIEMEHTOB BO BCEX
npobax 6bUI0 cTabuIbHO HU3Koe. KoHlleHTpauuu doc-
¢datos 66111 B npefesax 0,004 — 0,024 mr/j, ¢ Makcu-
MyMoM B o3epe BomopasgenbHoe (0.168 mr/i). Tak xe
HauOoJiblllie KOHIIeHTpallu MOHOB aMMOHMA ObLIA B
o3epe Mamuuu (0.263 mr/mn) u peke JlabsiHkbIp (0.123
MI/JI), MakCUMyM HUTpaTtoB Obul B o3epe MepTBoe
(1.242 wmr/mn), autputsl He mpeBbimanu 0.025 wmr/s.
KosmyecTBOo OopraHnuyeckoro yrjiepofia B peke u o3epe
JIabeiHKEIp cocTaBsiAso 1.80-2.81Mr/J1, Ipy 3TOM BHICO-
KUe 3HaueHus olpe/iesieHsl B o3epax Yy [0 8.55 Mr/ 1,
Msamnuu go 10.35 mr/a, Mepteoe go 30.78 mr/n u
BonopazgensHoe no 187.5 mr/i (Firsova et al., 2024).

B pesysbTaTe cekBeHupoBaHusa u3s 13 obGpasuos
BOJBI ObUIO TMoJTyueHO 225020 mocieoBaTesIbHOCTEl
¢parmenTa reHa 16S pPHK crpynnupoBaHHBIX OT 163
o 318 OTUs. B nenowm, xkoaudyectBo OTUs, 3HaueHUA
UHJIeKCOB TakcoHoMmuueckoro 6oratcrsa (ACE) u pas-
HoobOpa3us (Shannon) 6GakTepuasbHBIX COOOIIECTB B
osepax MeptBoe, Mamuuu. BomopaszesibHOe U peke
JIabbIHKBIp (yCThe) OBLITN HUXKE YeM B OCTaJIbHBIX 06pas-
nax. bosiee BBICOKMe 3HaueHU:A MOKa3aHbl B o0Opaslax
o3zepa JlabeiHkbIp. Bce OTUs Obiiun OTHeceHH k 20
dunmymam, cpeay KOTOPHIX NOMUHHPOBAJIU IpefcTa-
Butesiu Proteobacteria (34%) u Actinobacteriota (29%),
Ipu 3TOM cy6JoMHHaHTaMu ABJsIMCh Cyanobacteria
(10%), Verrucomicrobiota (9%), Bacteroidota (8%) u
Planctomycetota (4%). Hammwm manubie (Bashenkhaeva
et al., 2020, Zakharova et al., 20220 u gpyrue ucciie-
noeanua (Tran et al.,, 2018) Takxke yKa3slBajau Ha
o0myme 3TUX TaKCOHOB B 3KOCHCTEMaX, NOKPBITHIX
JpAoM. JloMuHupylomye (Guiymel ObUIM IIpeACTaB-
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JIeHbl OTHOCHUTEJIBHO B PaBHBIX JIOJISIX BO BCEX HCCIe-
JlyeMBIX BOJOeMax, 3a HCKJII0UeHHeM cooOIiecTBa U3
ycThs peku JIaOBIHKBIP, B KOTOPOM He OOHapy>XeHEBI
Planctomycetota u Cyanobacteria. Ilpu >TOoM mnpen-
CTaBUTEJIM MUHOPHBIX GuiaymMoB Firmicutes (2%),
Chlorofilexi (1%), Deinococcota (0.8%) 6sutn Haubosee
obusibHBL B 03epax BopopaspesnbHoe, Yiy, MepTBoe
u peke JIabbHKBIp (McTOK), Acidobacteriota (0.8%) B
o3epe Mamuuy. AHanu3 pasHooOpasusA BBIABUI pas-
Hoe obwine Hekorophix OTUs B coobuiecTBax Hcciie-
yeMbIX BogoeMoB. Hanpumep, B o3epe MsaMmuuu Ipe-
obmagamu OTUs Ilumatobacteraceae, Sporichthyaceae,
SAR11_clade, Methylobacter; B o3epe BomopaszgesibHoe
Methylacidiphilaceae, Cyanobium_PCC-6307,
Paenisporosarcina; B o3epe Yiy - Terrimicrobium,
SAR11_clade, Gemmataceae; B o03epe MepTBoe
Polynucleobacter, Ilumatobacteraceae; B 03epe W peKe
(uctok) Jlab6eiHKBIp — Acinetobacter, Cyanobium_PCC-
6307, B ycthe peku JlabwiHKBIp — Methylobacter,
Methylobacterium-Methylorubrum.  CpaBHeHWe GeTa
pasHoobOpasus IMoKa3ajio pasjesieHue coobIlecTB Ha
JiBe TPYIIIBL: B [IEPBYIO I'PYIITy BOILIU IJIy0OKHe o3epa
JlabwiHkbIp, BomopazpmenpHoe, Yiy, a Takxe MCTOK
peku JIaGBIHKBIp. Bo BTOpOH rpymme OBLIM CXOIHEBI
coobmiecTBa MeJIKOBOAHBIX 03ep Msamuuu, MepTBoe u
ycTbs peku JIaObIHKBIP. [loka3aHa KOppeJIAnUs CTpoe-
HUA 6aKTepUasIbHBIX COOOILIECTBA € TOJIIMHON CHera u
KOHI[eHTpalyell NIOHOB aMMOHUSL.

4. BoiBOADI

B o3epax, OIUTEIBPHO HOKPHITHIX JIBAOM IIPOMC-
XOIOUT aKTHUBHOE pa3BUTHE MUKPOOHBIX COOOIIECTB U
M3MeHeHle UX BUJOBOI'O COCTaBa B 3aBUCHMOCTU OT
yCJIOBUI OKpyXalomell cpefsl. Pacmupss 3HaHUA O
HOKPBITHIX JIBJIOM BoJjoeMax SIKyTuy, Mbl OXapaKTepu-
30BaJIN pa3HoOOpasre MUKPOOHBIX COOOIECTB, BaXKHOE
IUIA TIOHMMAaHHA WX 3KOJIOTMYecKoN (GYyHKUUM, y4u-
TBIBAsi, YTO MCCJIeyeMBblil palioH cBOOOJeH OH aHTpO-
HOreHHOro BJIUAHUA. HecMOTpsi Ha CypOBBIE YCJIOBUS
OKpYXKarolleli cpefbl, MbI 0OHAPYXUJIN BBICOKOE pa3Ho-
obpazue 1 pazanuus 6oraTcTBa CTPYKTYPhI COOOIIECTB
B HCCJIeyeMbIX BOJJOEMAX.
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