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ABSTRACT. The Volga River is one of the largest rivers in Russia, which plays an important role in the
life of many plants, animals and humans. Annual research of the river microbiota is an integral part of
the work to preserve the river ecosystem and ensure its sustainable development. The work analysed the
composition of the microbiota using high-throughput sequencing methods, as well as physicochemical
indicators over a three-year period from 2017 to 2019. A stable microbiota community and changes in
chemical oxygen consumption and microbial diversity of the Volga River community were revealed.
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1. Introduction

The Volga River is one of the largest rivers in
Russia. The discharge of waste and chemical com-
pounds into the river is one of the largest sources of
environmental pollution due to inadequate treatment
of domestic and industrial wastewater (Kora et al.,
2017). River pollution can affect various economic sec-
tors such as agriculture, livestock, industrial produc-
tion and recreational activities (Paul, 2017). The micro-
bial community of aquatic ecosystems is extremely
important for the maintenance and sustainability of
these environments. The microbiota of the Volga River
is a unique ecosystem where microorganisms perform
a number of important functions. They are involved
in the processes of decomposition of organic matter,
water purification and providing optimal living condi-
tions for fish, plants and other organisms. In addition,
the composition of the microbiota can be an indicator
of the quality of the aquatic environment and the level
of pollution of the river with various substances. Aim of
the study: to characterise changes in the microbial com-
munity of the Volga River during the three-year period
from 2017 to 2019.

2. Materials and methods

For three years, water samples were taken in the
area of the Kuibyshev reservoir from the mouth of the
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Volga River, water samples were taken from the sur-
face into sterile test tubes (Table). 50 ml of water sam-
ples were centrifuged at 8000 rpm for 15 min to obtain
a cell pellet. DNA was then isolated from the result-
ing sediment using the DNA-Express kit (NPF Lytech,
Russia) according to the manufacturer’s recommen-
dations. Amplicon libraries were prepared using the
“Preparing 16S Ribosomal RNA Gene Amplicons for the
[llumina MiSeq System” protocol. Amplification of the
V3-V4 region of 16S rRNA was carried out using pro-
karyotic primers: forward-TCGTCGGCAGCGTCAGAT-
GTGTATAAGAGACAGCCTACGGGNGG-CWGCAG;
reverse-GTCTCGTGGGCTCGGAGATGTGTATAAGAG-
ACAGGACTACHVGG-GTATCTAATCC, followed by
amplicon indexing. Sequencing of 16S rRNA amplicons
was carried out on the MiSeq platform (Illumina, USA).
Bioinformatic data processing was performed using the
Qiime 1.9 program.

Table. Sample collection dates

2017 2018 2019

B-15 - 4 september

B-11 - 3 september

B-11 - 2 september

B-16 - 11 september

B-12 - 10 september

B-12 - 9 september

B-17 - 18 september

B-13 - 17 september

B-13 - 16 september

B-18 - 25 september

B-14 - 24 september

B-14 - 22 september
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3. Results and discussion

Temperature changes are known to be a pre-
requisite for influencing the composition of microbial
communities (Glasl et al., 2018). According to the anal-
ysis of physicochemical parameters of the Volga River,
the highest average water temperature was recorded in
2018 (18,2+0,8°C). In 2017 and 2019, the water tem-
perature was 2°C lower (16,6+1,1°C u 16,2+0,7°C,
respectively). In addition to environmental factors, the
composition of the microbiota is influenced by anthro-
pogenic factors. One of the parameters used to assess
the anthropogenic load and the level of river pollu-
tion is the level of chemical oxygen demand (COD)
(Cai et al., 2022). COD is an indicator of the organic
matter content of water. In 2017 and 2018, COD levels
were above the maximum allowable concentration (30
mgO/dm?) in all selected water samples. The highest
COD levels of the Volga River were recorded in 2017
(47,7 £1,6 mg0O/dm?3), which is more than double the
figure for 2019 (20,2 + 2,2 mgO/dm?).

Metagenomic sequencing identified between
657 and 1081 operational taxonomic units (OTU). The
highest number of OTU was found in water samples
from 2018 (1001 +40, p=0,02), compared to 2017
(782+58) and 2018 (809*67) (Fig.1). The most
diverse microbial community was in 2018 - Shannon
index 7,14 (%x0,05); least diverse in 2017 - 6,82
(*0,35); in 2019 - 6,88 (+0,14).

Volga River water samples were clustered accord-
ing to the year of sampling (Fig. 2). The stable micro-
bial community of the river for all three years included
46 OTUs, representing between 59,4% and 86,6% of
the total community share at different times.
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Fig.1. Diversity of the microbial community of the Volga
River in 2017-2019 (*-p<0,05).

4. Conclusions

Between 2017 and 2019, there was a decrease in
organic pollution in the Volga River, but this was not
associated with an increase in the microbial diversity of
the community. Thus, the diversity of the microbiota of
the Volga River is more influenced by temperature and,
probably, by other types of pollutants.
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AHHOTAILIUA. Peka Bosira ogHa u3 KpynHeHmux pek B Poccuuy, KoTopas urpaeT BaXXHYI0 pOJib B XU3HU
MHOTHX pacTeHUH, XXUBOTHBIX U 4YejioBeKa. ExxeromHoe ucciiefoBaHie MHUKPOOMOTHEI peKHU ABJIAETCA
HeoTheMJIEMON 4acTbhl0 pabOTHl IO COXPAaHEHUI0 3KOCHUCTEMEBl peKU U o0ecledyeHHI0 ee yCTONYUBOro
pasButuA. B paboTe mpoaHaJIU3upOBaH COCTaB MUKPOOUOTHI C NCIOJIb30BAHUEM METOAOB BBICOKOIIPO-
HM3BOAUTEJIBHOIO CeKBEHUPOBaHUs, a TakXke (U3UKO-XMMHUUecKre IToKa3aTesu 3a TPEXJIETHUN Nepuos
¢ 2017 mo 2019 ropa. BeisABIEHO cTabWIbHOE COOOIIECTBO MUKPOOMOTHI M U3MEHEHHUs B IOKa3aTeJsIsaAxX
XMMHYECKOT0 NOTpebsIeHus KUCI0poAa U MUKPOOHOM pa3HooOpasuu coodliecTBa peku Bosra.
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1. BBeaenue

Pexa Bosra sABiAeTcA OAHOM W3 KPYIHEHIINX
pek B Poccun. COpoc OTXOAOB U XUMUYECKUX COEIU-
HEHUH B PEKU SABJIAETCA OJTHUM M3 OCHOBHBIX MCTOYHU-
KOB 3arpsI3HEHUs] OKPYXaloIlel cpefsl, U3-3a HeHaJe-
JKalel OYMCTKUA OBITOBBIX U MPOMBIILJIEHHBIX CTOYHBIX
Bog (Kora et al., 2017). 3arpsAsHeHue peK CIOCOOHO
3aTPOHYThH Pa3JIMYHBIE IKOHOMUYECKHE CEKTOPHI, TaK1e
KaK CeJIbCKOe XO3SICTBO, KUBOTHOBOZCTBO, MPOMBIIII-
JIEHHOEe TIPOM3BOJICTBO M peKpealvMoHHas JesTeJib-
HocTh (Paul, 2017). Mukpo6HOe cOOOIeCTBO BOJHBIX
SKOCHUCTEM YPEe3BHIYANHO BAXXHO IS MOAAEPXaHUA U
YCTOMYMUBOCTU 3TUX cpeld. Mukpobuora pexku Bosra
npeAcTaBjiafeT co00M YHUKaJIbHYI0 JKOCHCTEMy, The
MHUKPOOPTaHNU3MBI BHIMIOJIHAIOT PSJ] BaXHBIX (QYHKIUM.
OHU y4YacTBYIOT B Ipoljeccax AEKOMITO3UI[UN OpraHU-
YeCKUX BEIeCTB, OYMCTKU BOJIbI, OOecrevynBas OMTH-
MaJIbHBIE YCJIOBUA OOMTaHMA [JiA PBIO, pacTeHUudl u
Apyrux opraHu3MoB. Kpome Toro, cocraB MUKpOOUOTHI
MOXeT OBITh MHAMKATOPOM KauyecTBa BOJIHOM CPeIbl U
YPOBHsI 3arpsA3HEHUs PEKU PA3JIMYHBIMU BeEIEeCTBAMU.
[{estb paboTHL: OXapaKTepU30BaTh N3MeEHEeHUs MUKPOO-
HOro coobmiecTBa peku Bojira B TpexJIETHUI MEPUO]] C
2017 o 2019 ropxa.
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2. MaTtepuanbl 1 MeTOAbI

Ot60p npo06 BOABI NPOBOAUJIICA B T€UEHUE TPEX
JieT Ha TeppuTopum KyiObIeBcKOro BOAOXpaHMUININA
13 yCThA p. Bosiru ¢ moBepxHOCTU BOJBI B CTepUJIbHBIE
npobupku (Tabnuna). O6pasusl Bogsl 06beMoM 50 M
neHrpudyruposanu 15 munyt npu 8000 06/MuH AjA
[OJIy4eHHs KJIeTOYHOro ocajka. 3aTeM U3 IOJIyueH-
HOro ocajka nposoaunu BeiaeneHue JIHK ¢ ucnoss-
3oBaHueM Habopa «JIHK-Dxcmpecc» (HII® «JluTex»,
Poccus), corjlacHO pekoMeHJaUUAM IIPOU3BOAUTEJIA.
[TogroToBKy MeTareHOMHBIX OuUOJIHMOTeK OCyIecT-
BJIAUTH COTJIACHO MpOTOKOJIy «Preparing 16S Ribosomal
RNA Gene Amplicons for the Illumina MiSeq System».

Ta6suna. J{atel or6opa 06pasroB

2017 2018 2019

B-15 - 4 cenTaA0psa | B-11 - 3 centaAbpa | B-11 - 2 ceHTAGpA

B-16 - 11 centa0psa |B-12 - 10 cenTabpsa| B-12 - 9 ceHTAOPA

B-17 - 18 ceHta6ps|B-13 - 17 cenTsabpsa|B-13 - 16 ceHTAOpsa

B-18 - 25 ceHTa0ps |B-14 - 24 cenTsa6ps |B-14 - 22 ceHTAOpsa

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Avnmndukanuro V3-V4 perrvona 16S pPHK nposoguin
C WCIOJIb30BaHMEM MPOKApPHUOTHUYECKUX IpaliMepoB:
npaMmoil -TCGTCGGCAGCGTCAGATGTGTATAAGAG-
ACAGCCTACGGGNGGCWGCAG; obpart-
HBIN - GTCTCGTGGGCTCGGAGATGTGTATAA
GAGACAGGACTACHVGGGTATCTAATCC, c nocueny-
Iollell MHAeKcaluudel amIUIMKOHOB. CekBeHUpOBaHUe
amMIuiMKoHOB 16S pPHK npoBoaunu Ha miatdopMe
MiSeq (Illumina, CIIIA). BuouHdpopmMaTUueckyo obpa-
O0TKYy AaHHBIX OCYIIECTBJIAIN C IOMOIIBI0 IPOrpaMMBI
Qiime 1.9.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

W3BecTHO, 4YTO M3MeHeHUe TeMIlepaTyphl ABJIA-
eTcd BaXHBIM (AKTOPOM BJIUAKIIMM Ha COCTaB
MUKpPOOHBIX coobiectB (Glasl et al., 2018). CorsyiacHo
aHanu3y (U3MKO-XMMMYeCKUX MokasaTesell p.Bosra
HauboJiee BBICOKAas CpelH:AA TeMIepaTypbl BOJbl ObLIa
3apuxcuposaHa B 2018 roay (18,2+0,8°C). B 2017
u 2019 rogy temmepaTypa BOJbl Obljla Ha 2 rpaayca
Huxe (16,6+1,1°C u 16,2+0,7°C, cOOTBETCTBEHHO).
INomuMo skosoruyeckux GpakTopoB, Ha COCTaB MHUKPO-
OMOTH OKa3blBAIOT BJIMAHNE AHTPOIOTreHHBle (ak-
TOpel. OJHUM U3 IapaMeTpOB OLleHKH aHTPOIOreHHOMH
Harpysku W CTelleHM 3arpsA3HeHUs peK ABJIAeTCA ypo-
BEHb XHMHYecKkoro mnoTtpebsieHus kucijopoaa (XIIK)
(Cai et al.,, 2022). XIIK - moka3aTesib COJepXaHHUs
opraHnyeckux Bemects B Boge. B 2017 u 2018 roay Bo
BcexX 0TOOpaHHBIX Mpobax BoAsl nokazaTeau XIIK 6s11u
BhIIIIe yPOBHA IIpefesIbHO-A0IyCTUMOMN KOHILIEHTpaIun
— 30 mrO/am3. Cameie Boicokue 3HaueHusA XIIK p.Bosra
6stu 3adukcupoBansl B 2017 rony (47,7 =1,6 mrO/
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Puc.1. PazHoo6pa3ue Mukpo6Horo coobmecrsa p. Bosira
¢ 2017-2019 rr (*-p<0,05).

aM3), uTo GoJiee YeM B ABa pa3a BhIIIE [0 CPABHEHUIO
mokasaTtesAmu 3a 2019 rog (20,2 + 2,2 MrO/mm3).

B pesysibpTaTe MeTareHOMHOTO CEeKBEHUPOBaHUA
6bUI0 NeHTUPUIMPOBAHO OT 657 no 1081 onepanuos-
HbIX TakcoHoMuueckux equuul (OTE) (Puc. 1). B o6pas-
11ax BoAbl 3a 2018 rop 6pLI0 OOHapyXeHO HauboJibliee
xosuyectBo OTE (1001 +40, p=0,02), no cpaBHEHUIO
¢ 2017 (782+58) u 2018 (809 = 67) rogom. HauboJsiee
pa3HooOpa3Hoe MUKpo6HOe cooliiecTBo ObI0 B 2018
rony - unpekc lllennona 7,14 (+0,05); HaumeHee pas-
HooOpasHoe B 2017 rogy - 6,82 (+0,35); B 2019 roay
- 6,88 (+0,14).

O6paznsl Boabl p.Bosra ckiactepusoBasiuch B
COOTBETCTBUM € roqom orbopa npob (Puc. 2).
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CrabusibHOe MHKpPOOHOe COO0ILIeCTBO peKu 3a
Bce Tpu roga srioyano 46 OTE, koTopble 3aHUMaIn
oT 59.4% no 86,6% ot Bcero coobmiecTBa B pa3HBIN
MOMEHT BpeMeHU.

4. BoiBOADI

3a nmepuop ¢ 2017 no 2019 roa mpoucxoausio
CHIXXeHUe OpraHWYecKuX 3arpsA3HeHull B peke Bojra,
O[HAKO CBA3U C yBeJIMYeHHeM MUKPOOHOI'O pa3HOoo-
6pa3us coobliecTBa He BblsABJIeHO. TakuMm o6pa3oMm, Ha
pa3HooOpasre MUKPOOMOTH peku Bosira 6oJibliiee BIN-
fAHMe OKasblBaeT TeMIlepaTyphl U, BepOATHO, Apyrue
TUMNBI 3arpA3HAINIINX BeleCTB.

bAaaropapHoCTH

Pa6ora BEIIOJIHEHA B paMKax [IporpaMmsl cTpa-
TEern4ecKoro akajieMHYeckoro Jiyjaepcrsa KasaHckoro
denepanpHoro ynusepcurera (IIPUOPUTET-2030).
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