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ABSTRACT. Microbiota plays an important role in the aquatic ecosystem, maintaining balance through
its ability to utilize and synthesize various substances. Anthropogenic pollution affects the composition
of the aquatic microbiota, thereby disrupting the stability of the system. In this work, a comprehensive
analysis of the hydrochemical parameters of the rivers of Tatarstan was carried out together with the
microbiome. This has enabled the identification of bacteria that can be used as bioindicators of pol-
lution in aquatic ecosystems. It was found that the abundance of the cyanobacteria Synechococcaceae
was reduced in samples with high organic matter content, and the abundance of Microcystaceae was
increased with high levels of total phosphorus and phosphates. There is also evidence that members of
the Proteobacteria phylum can be bioindicators of high nitrate levels in water.
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1. Introduction

Microbiota plays a key role in maintaining the
balance of river ecosystems through its involvement
in various biochemical processes. Hydrochemical
indicators such as pH, hardness, phosphorus, nitrite,
nitrate and other elements characterize water quality
and may indicate the presence of anthropogenic pol-
lution. Hydrochemical parameters are also known to
affect organisms and biochemical processes in aquatic
environments (Lebedeva et al., 2021; Corniello et al.,
2022). River microbiome analysis can identify microor-
ganisms that are bioindicators of aquatic contamination
as well as active participants in self-cleaning processes.
Thus, the aim of the work was to identify the associa-
tion between the abundance of bacterial families in the
microbiota and hydrochemical parameters of rivers of
the Republic of Tatarstan.

2. Materials and methods

Water samples were collected in sterile tubes
from the surface of the mouths of the Volga, Kama, and
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Kazanka rivers in the territory of the Kuibyshev reser-
voir in the Republic of Tatarstan for three years (four
sampling points each in September 2017, 2018, and
2019). Water sample parameters evaluated included
pH, total hardness, total phosphorus, manganese,
ammonium, nitrate, nitrite, phosphate, bicarbonate,
biological and chemical oxygen demand (BOD5 and
COD), color, clarity, suspended solids and tempera-
ture. Water samples of 50 ml were centrifuged at
8000 rpm for 15 minutes to obtain a sediment from
which DNA was isolated using the “DNA-Express” kit
(Lytech, Russia). Next, amplicon libraries of the V3-V4
variable regions of the 16S rRNA gene were prepared
and sequenced on the MiSeq platform (Illumina, USA).
Bioinformatic data processing was performed using the
Qiime 1.9 program. Spearman correlations were calcu-
lated using the “psych” package in R.

3. Results and discussion

Correlation analysis revealed many statistically
significant associations between bacterial family abun-
dance and water parameters (Fig.). The largest number
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of significant correlations with microbiota was found
for water clarity and suspended solids. This confirms
the results found in artificial marine aquariums (Patin
et al., 2018). Most of the positive correlations with the
clarity were found for the bacterial families of the phyla
Proteobacteria and Chloroflexi, and negative ones — for
representatives of the phylum Bacteroidetes. It was also
found that with an increase in pH and BODS5 levels, as
well as a decrease in nitrate content in water samples,
the abundance of families of the phylum Proteobacteria
decreases. This decrease was previously identified both
in aquatic and soil ecosystems (Lindstrom et al., 2005;
Kim et al., 2016; Kim et al., 2021; Saneha et al., 2023).
Therefore, representatives of Proteobacteria (families
Pelagiobacteraceae, Methylophilaceae and an unidenti-
fied member of the order Burkholderiaceae) are bioin-
dicators of rivers with low content of organic matter,
which can be biochemically utilized, and high content
of nitrates. It was also found that the proportion of the
cyanobacterial family Synechococcaceae decreases with
increasing COD levels. Therefore, Synechococcaceae can
be used as bioindicator of water pollution by organic
substances that cannot be biochemically degraded (Kim
et al., 2016). The abundance of other cyanobacteria,
Microcystaceae, was positively correlated with increases

Spearman's correlation coefficient

- .

in total phosphorus and phosphate concentrations in
water samples. This was also found in the anthropogen-
ically polluted Taihu Lake in China (Qian et al., 2017).
Thus, Microcystaceae can be used as a bioindicator for
the pollution of water systems by wastewater.

4. Conclusion

Bacteria that can be used as bioindicators of pol-
lution in aquatic ecosystems were identified through a
comprehensive analysis of hydrochemical parameters
of rivers in Tatarstan together with the microbiome.
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Fig. Correlations between the hydrochemical parameters and the microbial families.
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AHHOTALIHMA. Mukpobuora wUrpaeT 3HAYMTEJIbHYI0 pOJIb B 3KOCHCTEME BOAOEMOB, IOAAEPXUBAs
0ajiaHC 3a CYeT CIOCOOHOCTU yTUJIU3UPOBATh M CUHTE3UPOBATh Pa3JjIMUHbIE BellecTBa. AHTPOIIOTEHHOE
3arps3HeHre OKAa3bIBAeT BJIMAHME Ha COCTaB MUKPOOWOTHI BOJIOEMOB, Hapyllas TeM CaMbIM yCTOWNYU-
BOCTh CHCTeMBI. B HacTosimmel paboTe ObLT MPOBEAEH KOMILIEKCHBIN aHAJIN3 TUAPOXUMUYECKUX [TOKa3a-
TeJiel pek TaTapcTaHa COBMECTHO C MUKPOOMOMOM, YTO MO3BOJIMJIO BRIABUTH OaKTEpPUM, KOTOPBIE MOTYT
OBITh KCIIOJIb30BAHBI B KadyecTBe OMOMHAWKATOPOB 3arpsA3HEHUA BOAHBIX 3KOCHUCTEM. Y CTaHOBJIEHO,
YTO JOJIA NMpeAcTaBUTeNIeN nuaHobakTepuil Synechococcaceae ObljIa CHIDKEHA B 00pasIjaXx C BBICOKUM
3arpsA3HeHNeM OpPraHWYeCKUMU BellecTBaMy, a foJisa Microcystaceae OBBIIIEHA IPU BEICOKOM COAepXKa-
HuM obiero docdopa u dpocdatoB. Takxke BbISABIEHO, YTO MpeAcTaBUTEN GUbl Proteobacteria MoryT
ABJIATHCA OMOWMHANMKATOPAMU BEICOKOTO COAEpXKaHMA HUTPATOB B BOJE.

Kitiouegsie cstoga: MukpobroM pek, reH16S pPHK, ruapoxuMudeckuie nokasaresu pek, Pecnybsuka TaTapcraH,
CeKBEHHPOBaHNe CJIeayIOL[ero NoKOoJIeHUA
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1. BBeapenue

MuUKpOOHOTa UIpaeT KJIIOYEBYI0 POJIb B HOIIED-
XKaHUM OajlaHca SKOCHCTEMH PEK, YYaCTBYs B pasJivy-
HBIX OHMOXHMMUYECKUX IIpoljeccaxX. ['MOpOoXuMUYecKHe
[MOKas3aTeJIy BObI, Takue Kak pH, )KeCTKOCTh, comepxka-
Hre ¢ocdopa, HUTPUTOB, HUTPATOB U APYTUX dJIEMEH-
TOB, XapaKTepU3YIOT KAayeCcTBO BOABI M MOTYT yKasbl-
BaTh HA HaJIMYME aHTPOIOTE€HHBIX 3arpssHenuil. Taxxke
M3BECTHO, YTO TUAPOXMMHUYECKHE apaMeTPhl OKa3bl-
BAaIOT BJIMSAHUE HA XUBBIE OPraHU3MBbI 1 GHOXUMUYECKIE
MIPOLECCHI, TpoucXo e B BoaHo cperne (Lebedeva
et al.,, 2021; Corniello et al., 2022). AHau3 MUKpPO-
OroMa peK MOXET MMO3BOJIUTh BRIABUTH KAK MUKPOOPTa-
HU3MBI-OMOMHOUKATOPEl 3arpsA3HEHNs BOJOEMA, TaK U
0GHAPYXUTh AKTHUBHBIX YYaCTHUKOB IPOIIECCOB CaMO-
ounineHus. TakvuM o0Opa3soM, IieJibl0 PabOTHl ABUJIOCH
BHISIBJIEHHE B3aMMOCBA3EH MEXIY MPENCTABIEHHOCThIO
OaKTepHaJIbHBIX CEMENCTB MUKPOGHOTHI U T'MIPOXUMU-
YecKHMU MapaMeTrpaMmu pek Pecny6iiiku TaTtapcerat.
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[TpoOb1 BOABI OTOMpAINCh B CTEPUJIbHBIE MPO-
OMpKM € IOBEPXHOCTU yCThs pek Bosra, Kama u
Kazanka Ha Ttepputopuu KyiiGbimeBckoro Boaoxpa-
Humma B Pecriybke TatapcTaH B TeueHHE Tpex JieT
(mo 4 Touku orbopa B ceHTsA0pe 2017, 2018 u 2019
rr.). OueHuBa/IMCh NTOKa3aTeIn 00pasl[oB BOJbI, TaKue
Kak pH, oOmas xecTkocTh, cogepxanue obmero ¢oc-
¢dopa, MapraHa, MOHOB aMMOHU:A, HUTpaTa, HUTPUTA,
docdara, runpokapboHaTa, a Takxke OHMOJOrUYECKoe U
xuMmndeckoe norpebsenue kuciopona (BIIK5 u XIIK),
I[BETHOCTb, IIPO3PAYHOCTh, B3BEIIEHHHLIE BEIIEeCTBA U
TeMmIeparypa Boabl. O0pasnpl BoAbl 00bEMOM 50 MII
neHTpudyruposanu B reuenue 15 muryT npu 8000 06/
MUH JUIA TOJIyYeHHs OCaJKa, U3 KOTOPOr'o BBIAEJIANIN
JAHK c¢ wucnone3oBannem Habopa «JIHK-3kcopecc»
(HII® «JIutex», Poccus). [lanee ocyiiecTBAId IOJ-
TOTOBKYy OHOJIMOTEK aMIUIMKOHOB BapuabesbHBIX
pernonos V3-V4 rena 16S pPHK c¢ mnociepyomum
cekBeHnpoBaHueM Ha Iiargopme MiSeq (Illumina,
CIIIA). DBuoundopmatuyeckas o6paboTka JaHHBIX
ocyllecTBJIAJIach C IOMOIIBI0 MporpaMMel Qiime 1.9.
Koppensauun CnupMeHa ObLJIM pacCUMTAHBI C UCIOJIb-
30BaHMEM naketa «psych» B cpeze R.

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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3. Pe3ynabTaTtbl M 06Ccy)xpeHue

KoppensanuoHHbI aHaJu3 IO3BOJIMJI BBLIBUTH
MHOXeCTBO CTaTUCTUYeCKU 3HAUYUMBIX B3alMOCBS-
3elfl IpefiCcTaBJIeHHOCTH OaKTepHasIbHBIX CEMEMCTB U
uccaefyeMbix nmapameTpoB BofAsl (Puc.). Haubosbiiee
KOJINYECTBO JOCTOBEPHBIX KOPpeJIALMI ¢ MHKpPOOUO-
TOU ObUIO OOHapyXeHO IJiA MoKasaTesisi MpOo3payvHo-
CTH BOOB U COAEpXaHUs B3BelIEHHBIX BeIleCcTB, YTO
MIOATBEpX/1aeT Pe3yJIbTAThl, BBHIABJIEHHbIE IJI HCKYyC-
CTBEHHBIX MOPCKMX akBapuyMoB (Patin et al., 2018).
IMpuueM OGoJibiass 4acTh IOJIOKUTENBHBIX KOppeJis-
Ui ¢ IPO3PAYHOCTHIO BBIABJIEHA IJIs1 GaKTepUaJIbHBIX
ceMericTB ¢us Proteobacteria u Chloroflexi, a orpuna-
TeJIbHble — JJ1 IpejcraButeneil ¢usl Bacteroidetes.
Taxke OBLIO BBIABJIEHO, YTO IPY YBEJIMYEHUU YPOBHA
pH u BIIKS5, a Takxe CHUXEHUU cOAepXaHUs HUTpa-
TOB B o6pasuax BOAB! CHIDKAETCS O psfla ceMelCTB
dunsl  Proteobacteria, uyTo paHee OBUIO BBIABJIEHO
Kak B BOJl0OeMax, TaK MU B IOYBEHHBIX 3KOCHCTeMax
(Lindstrom et al., 2005; Kim et al., 2016; Kim et al.,
2021; Saneha et al., 2023). CieoBaTebHO, MpeEJCTA-
Butenu Proteobacteria (cemetictBa Pelagiobacteraceae,
Methylophilaceae v HeompeJeJIeHHBII TpPeACTaBUTEh
nopsimka Burkholderiaceae) sBJAITCA OHMOWMHIUKATO-

KoahpuuneHT Koppensuum CnnpmeHa

paMu BOAOEMOB C HHU3KHUM COJepXXaHHWeM OpraHuue-
CKOr'O Bell[eCTBa, KOTOpoe MOXeT OBbITh YTUIN3UPOBAaHO
OMOXMMMYECKH, U BBICOKMM COAepXaHueM HUTPaTOB.
Kpome ToOro, 6bUI0 yCTaHOBJIEHO, YTO IIpPU yBejude-
Hun XIIK cHuxaeTcsa qossA ceMelicTBa IMaHOOaKTepUil
Synechococcaceae. Takum o6pa3oM, IpeICTaBUTEIN
Synechococcaceae MOTYT OBITH HCITOJIb30BAHEI B KAUeCTBe
6uomapkepa 3arpsA3HeHHs BOLOEMOB OPraHMYecKUMU
BellleCTBaMU, KOTOpble He MOI'YT OBITh JAerpaJilpOBaHbl
ouoxummvecku (Kim et al., 2016). Josa apyroro npef-
cTaBUTeJsiA I[uaHobakTepuii — Microcystaceae — TOJIO-
XUTEeJIbHO KOppesrpoBaJla ¢ yBeJndeHrneM KOHIleHTpa-
uu obmiero pocdopa u docdato B o6pasiax BOJBbI,
YTO TaKXe XapaKTepHO [Jig aHTPOIIOTeHHO 3arpsA3HeH-
Horo o3epa Taiixy B Kurae (Qian et al., 2017). Takum
obpas3oM, Microcystaceae MOTYT ABJIATbCA OMOMHAMKA-
TOPOM 3arps3HeHus BOJ0eMOB CTOYHBIMU BOAAMU.

4. BoiBOADI

KoMrsiekcHBIN aHaIHU3 TNAPOXMHNYECKHUX IOKa-
3arejie peK TaTapCTaHa COBMECTHO C MI/IKp06I/IOMOM
IO3BOJINJI BBIAABUTDH 6aKTepI/II/I, KOTOpBIE MOTI'YT OBITH
HICIIOJIb30BaHbI B Ka4eCTBE 61/IOI/IH,I[I/IK3TOPOB 3arpAsHe-
HHA BOAHBIX 3KOCHCTEM.
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Puc. KoppesAnuu ruApoXUMHAYecKIX [OKa3aTesieil 00pasioB BOJBL U MPeCTaBUTENIEH MUKPOGHOTH Ha YPOBHE CEMENCTB.

* - p-value <0.05.
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