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ABSTRACT. The study of microbial communities is a useful tool for monitoring the degradation of
aquatic ecosystems. Using 16S rRNA gene sequencing, we analyzed the bacterial communities of the riv-
ers Volga and Kazanka which are the water resources of the city of Kazan. Despite the lack of significant
differences in the biodiversity of these river ecosystems, some microbial taxa indicate the degradation
status of the Kazanka River ecosystems compared to the Volga River.
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1. Introduction

Water ecosystems in urban areas are constantly
exposed to negative anthropogenic factors, which can
lead to alteration of the natural flow regime, water
pollution and a decrease in biodiversity. When moni-
toring river ecosystems in order to assess their status,
it is common to analyze water communities and iden-
tify indicator organisms, particularly microorganisms
that are more sensitive to moderate and chronic envi-
ronmental degradation (Yang et al., 2019). However,
freshwater microbial communities have mainly been
studied in lake ecosystems, while river ecosystems
have been studied to a lesser extent (Savio et al., 2015).
Therefore, this study presents a comparative analysis of
the microbial communities of the Volga and Kazanka
rivers.

2. Materials and methods

Water samples were taken from the surface of
the Volga River (n=12) and Kazanka River (n=13)
between 2017 and 2019. All collected samples were
centrifuged to concentrate biomass. DNA was extracted
using a DNA-express kit (Lytech, Russia). The V3-V4
region of the 16S rRNA gene was amplified and then
sequenced on MiSeq platform (Illumina, USA) using
300 bp paired-end read mode. The obtained data were
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analyzed using the QIIME v. 1.9.1. The paired reads
were merged and filtered for quality. The sequences
were grouped into operational taxonomic units (OTUs)
based on a 97% similarity threshold to the GreenGenes
v. 13.8 reference database. For diversity analysis of
the bacterial community, the Shannon index was cal-
culated. Student’s t-test was used to compare the bac-
terial community between the rivers (p-value < 0.05
considered significant).

3. Results and discussion

There were no significant differences in the
microbial diversity between the Volga and Kazanka
rivers (Shannon index was 6.95+0.42 and 6.52+0.68,
respectively). Both Volga and Kazanka communities
were equally represented by dominant bacterial taxa
(>1% of the community in average) such as the repre-
sentatives of the orders Actinomycetales, Acidimicrobiales,
Sphingobacteriales and Microbacteriaceae, the families
Comamonadaceae and Microbacteriaceae, and the genera
Flavobacterium and Sediminibacterium.

According to a comparative analysis of the
Volga and Kazanka microbial communities, there are
statistically significant differences in the abundance
of 102 bacterial taxa (p<0.05). Data on the abun-
dance of dominant bacterial taxa (>1% of the com-
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munity) that differed significantly between the Volga
and Kazanka Rivers are represented in Figure. It is
interesting that cyanobacteria of the genus Microcystis
made up the majority of the community in the Volga
River (12.61 +8.90%) and were almost absent in the
Kazanka River (0.15+0.36%). At the same time, the
Kazanka was dominated by cyanobacteria of the genus
Planktothrix (24.53+10.71%), which were rare in the
Volga (0.57+0.74%). Both genera of cyanobacteria
are capable of producing toxins and are the dominant
cause of freshwater blooms worldwide (Chen et al.,
2020; Wilhelm et al., 2020).

While bacteria of the family Pelagibacteraceae
(9.68+2.39%) and the genus Limnohabitans
(4.57+1.13%) were dominant in the Volga, the
Kazanka River contained significantly lower levels of
these bacteria (2.53+0.98% wu 2.69 +0.98%, respec-
tively). Bacteria of the family Pelagibacteraceae are
common in both freshwater and marine waters, and the
genus Limnohabitans is most often found in river and
lake ecosystems (Farkas et al., 2022). In the Volga River,
the abundance of class SL56 of the phylum Chloroflexi
(3.01+0.84%) and the families Methylophilaceae
(2.43+0.77%) and Xanthomonadaceae (1.28 +0.65%)
was significantly higher than in the Kazanka River
(0.34+0.16%, 0.91+0.36% and 0.35%0.32%,
respectively). Interestingly, bacteria of the family
Methylophilaceae are known denitrifiers, while both the
family Xanthomonadaceae and the genus Limnohabitans
are considered indicators of remediation in river eco-
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systems (Yang et al., 2019). The low abundance of
these taxa in the Kazanka may indicate a deteriora-
tion of the aquatic ecosystem. In addition, the Kazanka
River has a higher numbers of the genus Candidatus
Xiphinematobacter of the family Chthoniobacteraceae,
which has been shown to be associated with high levels
of arsenic in water (de Diego et al., 2022).

4. Conclusion

Thus, a-diversity in the river ecosystems of
Kazan, represented by the Volga and the Kazanka riv-
ers, does not differ significantly. However, the abun-
dance of some bacterial taxa is significantly lower in
the Kazanka, which indicates water pollution and deg-
radation of the river ecosystem.

Acknowledgements

The work was carried out at the Interdisciplinary
Center of Shared Use of Kazan Federal University and
was supported by the subsidy allocated to Kazan Federal
University for the state assignment in the sphere of sci-
entific activities (project #FZSM-2023-0013).

Conflict of interest

The authors declare no conflict of interest.

I the Volga River
the Kazanka River

20
%

30 40

Fig. Abundance of dominant bacterial taxa (> 1% of the community) that differ significantly between the Volga and Kazanka

Rivers (p<0.05)

1096



Siniagina M.N. et al. / Limnology and Freshwater Biology 2024 (4): 1095-1100

SI: «The VI-th International Baikal
Symposium on Microbiology»

References

Chen X., Bai D., Song C. et al. 2020. Microcystis bloom in
an urban lake after river water diversion—a case study. Water
12(6): 1811. DOI: 10.3390/w12061811

de Diego G.A., Penas-Steinhardt A., Ferro J.P. et al.
2022. Impact of exposure to arsenic on the bacterial
microbiota associated with river biofilms in the Pampas
region. Aquatic Toxicology 252: 106319. DOIL: 10.1016/j.
aquatox.2022.106319

Farkas M., Szoboszlay S., Voros L. et al. 2022. Bacterial
community dynamics along a river-wetland-lake system.
Water 14(21): 3519. DOI: 10.3390/w14213519

Savio D., Sinclair L., Ijaz U.Z. et al. 2015. Bacterial diver-
sity along a 2600 km river continuum. Environmental micro-
biology 17(12): 4994-5007. DOI: 10.1111/1462-2920.12886

Wilhelm S.W., Bullerjahn G.S., McKay R.M. 2020. The
complicated and confusing ecology of Microcystis blooms.
MBio 11(3): 10-128. DOI: / DOI: 10.1128/mbio.00529-20

Yang Y., Li S., Gao Y. et al. 2019. Environment-driven
geographical distribution of bacterial communities and iden-
tification of indicator taxa in Songhua River. Ecological
Indicators 101: 62-70. DOI: 10.1016/j.ecolind.2018.12.047

1097


https://www.doi.org/10.3390/w12061811
https://www.doi.org/10.1016/j.aquatox.2022.106319
https://www.doi.org/10.1016/j.aquatox.2022.106319
https://www.doi.org/10.3390/w14213519
https://www.doi.org/10.1111/1462-2920.12886
https://www.doi.org/10.1128/mbio.00529-20
https://www.doi.org/10.1016/j.ecolind.2018.12.047

Limnology and Freshwater Biology 2024 (4): 1095-1100 DOI:10.31951/2658-3518-2024-A-4-1095

Cnevy. sbinyck: « VI Mex0yHapoOHbili
Balikanbckuli Mukpobuonoaudeckuli Cumnosuym»

CpaBHMTEeAbHAA XapaKTepHuCTHKaA
MMKPOOHBbIX COO0LLEeCTB BOAHbIX pecypcoB

ropoaa KazaHmu

KpaTtkoe coobuienune

LIMNOLOGY
FRESHWATER
BIOLOGY

M

Cunsaruna M.H., Xycaytaunosa [.P., Mapkenosa M.U., Cenuna A.M.,
XanunyinuHa JLIO., Xanuysuue U.U., I'puropsesa T.B.

Kazanckuii (IIpusostacckutl) ¢edepatvHuiii yHudepcumem, Kpemesckaa 18, Kasanv, 420008, Poccua

AHHOTAILHA. MccnegoBaHre MUKPOOHBIX COOOIIECTB ABJIAETCA MOJIE3HBIM UHCTPYMEHTOM AJIA MOHU-
TOpHUHIra JAerpajanyuy BOAHBIX skocucTeM. C mOMOIbI0 ceKBeHrMpoBaHus reHa 16S pPHK Mmbl nposen
aHaim3 6akTepHUaJIbHBIX COOOIIECTB BOAHBIX pecypcoB ropona Kasaus — pex Bosira u Kazanka. Hecmotps
Ha OTCYTCTBHE OTJINYMU B O0MOpa3HOOOpa3uy AaHHBIX PEYHBIX SKOCHCTEM, BBIABJIEHB HEKOTOPhIE TaK-
COHBI MUKPOOPraHMW3MOB, KOTOphIE YKa3blBalOT Ha yXyAIIEHHWE COCTOSHUA dKocucTeMbl p. Kazanka no

CcpaBHeHMIO ¢ p. Bosra.
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1. BBeaenue

BonHble 5KOCHCTEMBI, pacIoOJIOKeHHBle BOJIN3U
rOpoOJIOB, MOCTOSTHHO IOJIBEPralTCs aHTPOIOI€HHOMY
BO3JENCTBUIO, YTO MOXET IPHUBOAUTH K HeraTHBHBIM
MOCJIEICTBUAM, TaKyUM KaK H3MeHeHHe eCTeCTBeHHBIX
BOJIHBIX IIOTOKOB, 3arpsi3HeHre BOJbl U CHIXXeHle O1o-
paszHooOpasus. {711 MOHUTOPHHIAa COCTOAHMS PEYHBIX
9KOCHCTEeM U OIIeHKU CTelleHW UX HapylleHUs MPOBO-
AT aHajiin3 BOAHBIX COOOIIeCTB M BBIABJIAIT MHIWUKA-
TOpDHBle OpPTraHU3MBlL, B TOM YHCJIe MUKPOOPTaHU3MBL,
KOTOpBIE 00Jiee YyBCTBUTEJIBHBL K YMEPEHHOU U Xpo-
HUYeCcKOU Aerpajanuu okpyxaromeil cpensl (Yang et
al., 2019). OgHako MpecHOBOHbIE MUKPOOHBIE CO00-
IecTBa MCCIIeAyITCs MPerMYyIIeCTBEHHO B O3€PHBIX
dKOCHCTeMaX, B TO BpeMs KaK peuHble 3KOCHCTEeMBI
ocTaiTcs MeHee u3ydeHHBIMU (Savio et al., 2015). B
3TOH BA3W, B JAHHOH paboTe MBI Npe/ACTaBjsAeM CpaB-
HUTEJIPHYI0 XapaKTepHUCTUKY MHUKPOOHBIX COOOIecTB
pek Boura u Kaszanka.

2. MaTtepunanbl 1 MeTOAbI

OT6op mpoO MPOBOAUJICA C MOBEPXHOCTU BOABI
pek Bosru (n=12) u Kazanku (n=13) B mepuop c
2017 no 2019 roa. CobpanHble 00pasibl KOHIIEHTPU-
poBasii NeHTPpUGYTUPOBAHNEM U [ajiee TPOBOIUIIA
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BeifesieHre JJHK ¢ momompio koMMepueckoro Habopa
«JHK-3kcnpece» (Jlutex, Poccusa). AHanu3 MHKpPOO-
HOT'0 coobIiecTBa NPOBOAUIICS METOAOM CEKBEHUPOBa-
HUA BapuabesibHOro permoHa V3-V4 rena 16S pPHK Ha
mwiatdopme MiSeq (Illumina, CIITA) B pexuMe HapHBIX
npouteHuii no 300 n.H. IlosyueHHble NaHHBle OBLIU
[IpOaHaJIM3UPOBAHLI ¢ MOMOIIbI0 porpaMmel QIIME v.
1.9.1. INapHble puabl 66T 00BbEOVHEHBI, OTPUIBTPO-
BaHHI 10 KauecTBy. [IpouTeHuA GbLIM CTPYNIUPOBAHBI
B OmnepanroHHble TakcoHoMuueckue eauHuIlsl (OTU)
Ha ocHOBe 97%-HOro mopora cxofcTBa ¢ 0a30i maH-
HbIX GreenGenes v. 13.8. {714 xapakTepuCTUKN Pa3HO-
o6pa3uaA 6akTepruasibHOr0 coo0mecTBa ObLI pacCUUTaH
nHaekc llenHoHa. {71 BEIABJIEHUA CTATUCTUYECKH 3HA-
YUMBIX Pa3J/IMuUii IPU CPaBHUTEJIbHOM aHajn3e 6akre-
pUaJIbHOTO coo0llecTBa peK INpuMeHAINn T-Kpurepuit
CThl0ZIeHTA.

3. Pe3ynbTaTthbl H 06Cy)kAeHHue

Muxkpo6Hoe pazHooOpasue pek Bosra n Kazanka
JIOCTOBEpHO He paszaudaerca (uHgekc IlleHHOHa
6,95+0,42 u 6,52+0,68, cOOTBEeTCTBEHHO). B 000ux
peuHBIX coofllecTBax cpedy AOMUHUPYIOMUX TaKCo-
HOB (>1% coobmiecTBa B CpelHEM) B PAaBHOU [0Jie
mpeJcTaBjeHbl OakTepuyu NOPSAOKOB Actinomycetales,
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Acidimicrobiales, Sphingobacteriales u Microbacteriaceae,
cemerictB  Comamonadaceae u Microbacteriaceae, a
Takxe ponoB Flavobacterium u Sediminibacterium.

[To pesynpTaTaM CpaBHUTEJBHOTO aHaJIM3a
MUKPOOHBIX coobijecTB pek Kazanka u Bosra Owuin
BBIABJIEHBl CTAaTUCTUYECKU 3HA4YMMBle pas3jInuus B
npeactaBiaeHHocTu 102 TakcoHoB (p<0,05). JanHbie
0 YHMCJIEHHOCTU JOMHHAHTHHIX GaKTepHasIbHBIX TaKCO-
HOB, JOCTOBEPHO DPa3JIMYaBIINXCSA MeXAy p. Bosra u
p. Kazanka, mpepncraBiieHBl Ha pUCYyHKe. MIHTepecHO,
YTO cocTapJsionie GobLIyI0 A0J0 B p. Bosra nua-
HoOakTepuu popa Microcystis (12,61 +8,90%) mpak-
TUYEeCKU OTCyTCTBYIOT B p. Kazanka (0,15+0,36%). B
TO Xe BpeMms, B p. Kazanka NOMUHUPYIOT IaHOOAK-
Tepun popma Planktothrix (24,53+10,71%), koTOpbie
MPaKTUYECKU OTCYTCTBYIOT B p. Boara (0,57 =0,74%).
IpencraButesn o6OUX POXOB HMAHOOAKTEpPUil CIIO-
COGHBI TPOIyIIPOBATh TOKCUHBI U SIBJIAIOTCA TOMUHU-
PYIOIIMMU MCTOYHUKAMMU I[BeTE€HHs B IPECHBIX BOJIAX 110
Bcemy mupy (Chen et al., 2020; Wilhelm et al., 2020).

Josna goMuHUpylomux B p. Boisre 6Gaktepuii
cemerictBa Pelagibacteraceae (9,68+2,39%) u popa
Limnohabitans (4,57 +1,13%), Oblyla 3HAYMMO HIIKE
B p. Kazanka (2,53+0,98% u 2,69 +0,98%, cooTBeT-
cTBeHHO). [IpencraBurenu ceMetictBa Pelagibacteraceae
pacnpocTpaHeHBl KaK B IPECHBIX, TaK U MOPCKHX
BOJIaX, a mpeicTaBuUTesau poga Limnohabitans Han6o-
Jlee 4acTO BCTPEYAOTCA B peKaxX U BOJHO-GOJIOTHBIX
cucremax (Farkas et al.,2022). B p. Bosira goctoBepHO
BHIIIle TIpefCTaBJIEHHOCTh OakTepuili kiacca SL56
duer Chloroflexi (3,01 £0,84%), a Takxke ceMeHCTB
Methylophilaceae (2,43 +0,77%) u Xanthomonadaceae
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(1,28 +0,65%) no cpaBHeHMIO ¢ UxX AoJjel B p. KazaHka
(0,34+0,16%, 0,91+0,36% u 0,35+0,32%, cooTt-
BeTCTBEHHO). IHTepecHO, YTO IpeJICTaBUTEIN ceMeli-
ctBa Methylophilaceae ABNAIOTCA PpacIpoOCTpaHEH-
HBIMU AeHUTpudukKaTopaMu, a GakTepuil cemelicTBa
Xanthomonadaceae i poma Limnohabitans cuuTtaroTcs
MHJIUKAaTOPAaMM BOCCTAHOBJIEHUsA DPEYHBIX SKOCHCTEM
(Yang et al., 2019). Huskas npe/icTaBJIeHHOCTb JaHHbBIX
TaKCOHOB B p. KazaHka MoOXeT yKa3plBaTh Ha yXy/lle-
HIe COCTOSIHUS BOJIHO 3KocucTeMEI peku. Kpome Toro,
B p. KazaHka goctroBepHO BhIle oA poja Candidatus
Xiphinematobacter ~ cemerictBa  Chthoniobacteraceae,
JI0J11 KOTOPOTO IOBHIIIAETCS IPU BBICOKOM COAepXka-
HUM MBIbska B Bojie (de Diego et al., 2022).

4. 3aKknloueHue

TakuMm obpasoM, a-pasHooOpasue peyHBIX KO-
cucteM ropoaa Kaszanu — pek Bosira m Kaszanka — He
orinyaercsa. OgHako B OaKTepHaslbHOM COOOILIECTBE
p- Kazanka pgocTroBepHO HIKe IIpeCTaBIeHHOCTh
pAla TaKCOHOB, KOTOpble YyKa3bBAOT Ha Hajuuyue
BOJIHBIX 3arpsA3HeHUil U HapylleHue JaHHOU peyHOMn
9KOCHUCTEMBI.
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