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ABSTRACT. Study of viral diversity in aquatic ecosystems continues to be relevant, including the threat
of the emergence of new infectious diseases of animals and humans. The aim of this work was to study
the diversity of viral communities associated with the Baikal endemic mollusks Benedictia baicalensis
(Caenogastropoda, Benedictiidae) using metagenomic analysis. Our study revealed a high diversity of
viruses in mollusk samples, which indicates the important role of gastropods in the bioaccumulation and
circulation of bacteria and viruses in the ecosystem of Lake Baikal.
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1. Introduction

Mollusks are one of the richest groups of inverte-
brates in terms of the number of species and diversity
of forms. They are distributed throughout the Earth,
living in various marine and freshwater bodies, as well
as on land (Bouchet, 2015). Mollusks are believed to
have highly effective innate immunity and resistance to
infectious diseases (Green et al., 2015).

Viruses are the most abundant and diverse
inhabitants of aquatic ecosystems, where they play an
important ecological role and affect the vital function
of hydrobionts. Recently, interest in studying viruses
in mollusks as well as other invertebrates, has been
steadily growing (Shi et al., 2016; Zhang et al., 2022).
Mollusks are known to be able to bioaccumulate a vari-
ety of viruses from a wide range of organisms in their
bodies (Le Guyader et al., 2012). In general, the viruses
and viromes of mollusks, especially freshwater ones,
remain poorly understood.

About 180 species of mollusks live in the waters
of Lake Baikal, most of which are endemic. Gastropods
(Gastropoda) make up the largest part in terms of the
number of species and dominate in biomass among the
inhabitants of the benthos. The Baikal gastropods par-
ticipate in the self-purification of the lake and play a
significant role in the biological processes of the lake.

The aim of this study was to investigate the
diversity of viral communities associated with the
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mollusks Benedictia baicalensis (Caenogastropoda,
Benedictiidae), one of the largest, most widespread and
abundant endemics of Lake Baikal, using metagenomic
analysis (DNA sequencing). Previously, the first data
on the diversity of viruses (mainly RNA viruses) in B.
baicalensis samples were published based on metatran-
scriptomic analysis (Butina et al., 2023).

2. Materials and methods

Samples of the mollusks Benedictia baicalensis
were collected at two stations of South Baikal, in the
area of the Listvyanka settlement (in June and October
2022) and near the settlement Bolshie Koty (Varnachka
pad, June 2022), as well as at the station of North
Baikal, in the area of the Ushkany Islands (Butina et al.,
2023). Total DNA isolation and purification from sam-
ples of B. baicalensis were carried out using CTAB buffer
(Panova et al., 2016). The concentration and quality of
nucleic acids were assessed using electrophoresis and a
Qubit 4.0 fluorometer.

DNA libraries were obtained at the Institute of
Genome Analysis LLC (Moscow, Russia) and samples
were sequenced in paired-end reading mode using a
DNBSEQ-400 sequencer (MGI Tech, China).

To analyze the data sets, read quality control
and filtering of the primary fastq data were carried out
using the FastQC and Trimmomatic programs. Using
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the Kaiju v.1.9.0 program and the NCBI nr database, the
obtained reads were analyzed and sequences belonging
to viruses were identified.

3. Results and discussion

This work resulted in bioinformatic analysis
of metagenomic datasets obtained from B. baicalensis
mollusk samples. In direct analysis of the reads (using
the Kaiju program), 98.2-99.1% of the reads were
mollusk genome sequences, with the rest belonging to
bacteria, microeukaryotes, archaea, and viruses (0.7-
1.7%, 0.1-0.3%, 0.0003-0.0007% and 0.007-0.049%,
respectively).

A large number of reads identified as viral were
similar to unclassified viruses (17.4-21.6%). The most
abundant DNA viruses (virotypes) in metagenomic data
sets were representatives of the realms Duplodnaviria
(1.3-13.9%), Varidnaviria (1.0-7.5%) and the family
Polydnaviridae (modern name: Polydnaviriformidae)
(0,6-2.5%). The dominant DNA bacteriophages
(Duplodnaviria) in the list of virotypes were “unclassi-
fied Siphoviridae sp.” (taxon ID: 2170413) and “uncul-
tured Caudovirales phage” (taxon ID: 2100421), each
averaged more than 2% of reads per sample. The anal-
ysis also revealed an abundance of viruses close to
insect viruses Cotesia vestalis bracovirus (Polydnaviridae;
on average, more than 1.5% of reads) and Bloomfield
virus (unclassified virus; more than 17%) (Chen et al.,
2011; Webster et al., 2015). A large number of viral
reads were assigned to RNA viruses (realm Riboviria;
56.7-75.3% of reads). Among all RNA virotypes, a
virus close to Drosophila C virus of the Dicistroviridae
family predominated (on average, more than 25% of
reads per sample) (Huszar and Imler, 2008). In general,
the diversity of viruses in B. baicalensis samples, accord-
ing to the Chaol and ACE indices, varied from 67 to
124 and from 61 to 114 species, respectively. The list of
identified virotypes included a wide variety of viruses
from a wide range of hosts.

As noted previously (Butina et al., 2023), the
involvement of viruses in horizontal gene transfer
leads to the presence of fragments in the host genomes
that are similar to viral sequences, and when analyz-
ing short reads, these fragments can be identified as
viruses. Therefore, for a more accurate analysis, assem-
bly of primary reads and subsequent analysis of the
identified viral scaffolds/contigs are required.

4. Conclusions

Metagenomic analysis of B. baicalensis samples
allowed us to supplement previously obtained data
(Butina et al., 2023) on the composition of viral com-
munities associated with Baikal gastropods. Mollusks B.
baicalensis are known to be omnivorous, living on dif-
ferent substrates (stones, pebbles, and sand) in a wide
range of depths (from 1.5 to 100 m) (Roepstorf et al.,
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2003; Sitnikova and Roepstorf, 2004). Therefore, our
data indicate the important role of gastropods in the
bioaccumulation and circulation of viruses in the eco-
system of Lake Baikal.
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AHHOTALIUA. HccremoBanus pa3HOOOpa3usa BUPYCOB B BOAHBIX 3KOCHCTeMax He TepsiT CBOeH
aKTyaJIbBHOCTH, B TOM YIKCJIe B CBSI3U C YIPO30i BO3HUKHOBEHHsA HOBBIX MHQEKIMOHHBIX 3a00JIeBa-
HUI XMUBOTHBIX U 4eJioBeKa. llesipi0 JaHHOUI pabOTHl CTajio HCcjaefoBaHKUE pa3HO0Opasus BUPYCHBIX
COOOIIIECTB, ACCOIMUPOBAHHBIX C 0alKaJIbCKUMM SHIEMUYHBIMU MOJUTIOCKaMu Benedictia baicalensis
(Caenogastropoda, Benedictiidae), c momMoIpi0 MeTareHOMHOTO aHajM3a. B pe3yspTare UccIeJOBaHUSA
BBISIBJIEHO BHICOKOE Pa3HOOOpasue BUPYCOB B 00pasljax MOJLUIIOCKOB, YTO CBHUAETEBCTBYET O BaXXHOM
PO GPIOXOHOTUX MOJLUTIOCKOB B OMOAKKYMYJIALUK U MUPKYJIALUY BUPYCOB B 3KOCUCTEME 03. Baikai.

Kitioueawie ciiosa: BUPYCBI, MOJIJIFOCKU, MeTareHOMHBIN aHaJin3, 03. Batikai

Jlna mutupoBanusa: Bytuna T.B., MoxaeBa M.A., T'opeB B.A., Bykun 10.C. Bupycsl B 6aiikajbCKUX MOJUTIOCKaxX Benedictia
baicalensis // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 829-833. DOI: 10.31951/2658-3518-2024-A-4-829

1. BBeapenue

MoJutiocku — ojaHa u3 Haubojiee OoraThIx IIO
4ylhcJly BUJOB M paszHoobpasui ¢opm rpymnma 6ecro-
3BOHOYHBIX; OHM PacCIpoOCTPaHEHHI [0 BCEMY 3eMHOMY
mapy, oOMTalT B Pa3/IMYHBIX MOPCKHX U IPEeCHOBO-
OHBIX BoJloeMax, a Takxe Ha cyme (Bouchet, 2015).
CunrTaercsa, 4YTO MOJUIIOCKM 00JiafaloT BBICOKOI(hdeEK-
TUBHBIM BPOXIE€HHBIM HMMYHUTETOM U YCTONYHBO-
CThI0 K WHMeKIMOHHBM 3abosieBanusaM (Green et al.,
2015).

Bupycsh! aBiiA0TCA Hanboiee MHOTOUMCIIEHHBIMU
¥ pa3HOOOpa3HbIMM OOMTATEAMM BOJHBIX SKOCUCTEM,
e OHU BHINOJIHAIT BAXHYI0 S3KOJIOTMYECKYI0 POJIb
U BJIMAIOT Ha XW3HEAEeATEJbHOCTh T'MAPOOHOHTOB. B
rnocjeHee BpeMs UHTEPeC K U3y4YeHUI0 BUPYCOB B MOJI-
JIFOCKaX, KaK U APYrux 0ecrno3BOHOYHBIX, HEYKJIOHHO
pacrert (Shi et al., 2016; Zhang et al., 2022). 3BecTHO,
YTO MOJUIIOCKM CIIOCOOHBI OHMOaKKyMyJHMpOBaTh B
CBOEM OpraHu3Me pa3HOOOpa3HBlE BHUPYCHI LMIMPOKOTO
kpyra opranu3MoB (Le Guyader et al., 2012). B esiom
BUPYCHl I BUPOMEBI MOJLTIOCKOB (0COOEHHO IpecHOBO-
JTHBIX) OCTAIOTCA MaJION3y4YeHHBIMU.

B Bogax o3zepa Batikain obutaeT okoJio 180 BuoB
MOJUTIOCKOB, OOJIBIIMHCTBO M3 KOTOPBIX SHAEMHUYHEL
BproxoHorue wmosutiocku (Gastropoda) cocTaBJiAlOT
HaMOOJIBIIYIO YACTh 10 YMCJTy BUAOB U JOMUHHUPYIOT IO
6uomacce cpeau obuTtartesieli OeHToca. Balikanabckue
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OpIOXOHOTHIE YYaCTBYIOT B CaMOOYHUIINEHHHM O3epa U
WUTPAIOT 3HAYUTEJIBHYIO POJIb B GHOJIOTUYECKUX TPOIIEC-
cax osepa.

Llenplo HacTosmell pabOTBl CTAJI0 KCCJIENO-
BaHMe pa3HoOOpa3us BUPYCHBIX COOOIIECTB, acco-
IIUMPOBAHHBIX C MoJutiockamu Benedictia baicalensis
(Caenogastropoda, Benedictiidae) — ogHUX U3 caMbIX
KPYIHBIX, PAaCIpOCTPAHEHHHIX ¥ MHOTOYNCJIEHHBIX
DHAEMUKOB 03. BaiikajJl — ¢ IOMOIIbI0 MeTareHOM-
Horo aHanm3a ([JHK-cexBenupoBaHus). Panee ObLIn
Omy0JINKOBAHB TIepBble CBeJEHUS O pa3HOOOGpa3uu
BUpycoB (riaBHEIM o6pa3oMm PHK-BupycoB) B oGpas-
11ax B. baicalensis, mosyueHHble Ha OCHOBE MeTaTpaHC-
KpUIITOMHOTO aHasu3a (Butina et al., 2023).

2. MaTepuanbl U MeTOAbI

[Ipo6er MosutiockoB Benedictia baicalensis Gvun
oTobpaHbl Ha ABYyX craHnusax HOxHoro Baiikamga — B
parione moc. JluctBsHka (B uioHe U OKTsA0pe 2022 1.)
U Hejasieko ot moc. bospmwme Kotel (mags BapHauka,
nroHb 2022 1.), a TakXke Ha craHuu CeBepHoro Baiikasa
— B paiioHe YikaHbUX oCcTpoBOB (Butina et al., 2023).
Boimenenne n ounctky cymMmapHoi IHK u3 ob6pas-
OB MOJLJTIOCKOB B. baicalensis mpoBOguIv C MIOMOIIIbIO
CTAB 6ydepa (Panova et al., 2016). KoHreHTpaIuio
U KauyeCTBO HYKJIEMTHOBBIX KHCJIOT OI[EHUBAJIU C TIOMO-
mibio aJtekTpodopesa u dhayopumerpa Qubit 4.0
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B OO0 «HHctutyT l'eHOoMHOro AnHamnmsa» (T.
Mocksa) 6putu moJsydensl JJHK-6mGivoTreku U mpo-
BeIeHO CeKBeHHMpoBaHMHe O00Opasl[0B B peXuMe Iap-
HOKOHIIEBOI'O YTeHWA C MCIO0Jb30BaHueM Ipubopa
DNBSEQ-400 (MGI Tech, China).

Jna aHanusa HaOOpPOB [JaHHBIX IIPOBOJNJICA
KOHTPOJIb KayecTBa MPOYTeHWN KU (uibTpanusa Iep-
BUYHBIX fastq JaHHBIX ¢ moMolpio mporpamm FastQC
u Trimmomatic. C nomomipio nporpammsl Kaiju v.1.9.0
n 6a3pl gaHHbIXx NCBI nr ObLT NpoBeJieH aHaIU3 MOJIy-
YeHHBIX IPOYTEHMH U BBIABJIEHHl I0C/IeJ0BaTeJIbHOCTH,
IpUHaAJjIexaliyie BUpycaMm.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

B pesysibTaTe paboTel npoBefeH OronHGOpMa-
TUYECKU!l aHau3 MeTareHOMHBIX HaOOpOB JaHHBIX,
MIOJIy4eHHBIX 13 00pa3lnoB MOJUTIOCKOB B. baicalensis.
IIpu nmpsAMoOM aHasM3e IPOoYTeHUi (C IOMOIIbI0 MPO-
rpamMmbl  Kaiju) 98,2-99,1% pumo mpefcTaBJIssIu
co0Oll TOcCJIefOoBAaTeJIbHOCTU TeHOMa MOJLIIOCKOB,
ocTaJIbHble IPUHAJIexXaan 6akTepusaM, MUKPOIyKapu-
oTtam, apxesam u supycam (0.7-1.7%, 0.1-0.3%, 0.0003-
0.0007% 1 0.007-0.049%, COOTBETCTBEHHO).

Bosnbmoe kosnuecTBO IPOYTEHUH, WAEHTHUGU-
LPOBAHHBIX KaK BUPYCHBIE, OBLJIO CXOAHO C HEKJIACCH-
¢unupoBannsiMu Bupycamu (17,4-21,6%). HaubGonee
MHorouucaeHHeIME  [IHK-Bupycamu (BupoTuUnamu)
B MeTareHOMHBIX Habopax OaHHBIX OKa3aJUCh Ipef-
craputesiu  peasimoB  Duplodnaviria  (1,3-13,9%),
Varidnaviria (1,0-7,5%) u cemetictBa Polydnaviridae
(coBpemenHoe HasBaHme: Polydnaviriformidae) (0,6-
2,5%). JHomuuwupywomumu  JHK-6akrepuodaramu
(Duplodnaviria) B CIIHCKe BUPOTUIIOB OBLIIU:
“unclassified Siphoviridae sp.” (taxon ID: 2170413) u
“uncultured Caudovirales phage”(taxon ID: 2100421),
KaX bl B cpeJHEM COCTaBJIsATT Gosiee 2% mpouTeHUil
Ha oOpasen. Ilpu aHanu3e Takke BBIABJIEHO obwuine
BUPYCOB, OJIN3KMX BUpycaM HacekoMbix: Cotesia vestalis
bracovirus (Polydnaviridae; B cpegaem 6oJiee 1,5% mpo-
yreHuii) u Bloomfield virus (HeknaccuduUIUPOBAHHBIN
Bupyc; 6osee 17%) (Chen et al., 2011; Webster et al.,
2015). DBosplioe KOJIWYECTBO BUPYCHBIX NPOUYTEHUN
661710 oTHeceHO K PHK-Bupycam (peasM Riboviria; 56,7-
75,3% npoutenuti). Cpenu Bcex PHK-BupoTunos npe-
obJtagan Bupyc, 6;m3kuil Drosophila C virus cemericTBa
Dicistroviridae (B cpenHem GoJiee 25% mpouTeHUN Ha
obpazer) (Huszar and Imler, 2008). B neyiom, BUIO-
Boe pasHooOpa3ue BUpPYyCOB B mpobGax B. baicalensis,
corjtacHo nHAekcam Chaol u ACE, BappupoBasio oT 67
o 124 u ot 61 go 114 BugoB, coorBeTcTBeHHO. CIIMCOK
BBIAABJICHHBIX BHPOTUIIOB BKJIIOYaJl OOJIBIIOE Pa3HOO-
Opasue BUPYyCOB IIMPOKOT0 CIeKTpa X035€eB.

Kak otrmeuasnoch panee (Butina et al., 2023),
ydacThe BHPYCOB B IOPU30HTAJIbHOM IlepeHOce I'eHOB
MIPMBOJUT K HAJIMYMIO B FeHOMaXx X035lHa pparMeHTOB,
CXOIHBIX C BUPYCHBIMU I10CJIEJOBATEJIbHOCTAMU U IIPU
aHajy3e KOPOTKUX IPOYTeHUN 3TU pparMeHTH MOTYT
ObITh MAeHTUGUIUPOBAHBl Kak BUpPYcHble. [losToMy
JU1s GoJiee TOYHOrO aHaIu3a TpeldyeTcsa cOopka KOpOT-
KHUX IIPOYTEHUH U MOCeAyIOMUI aHaIu3 BbIABJIEHHBIX
BUPYCHBIX ckadG0J1J0B/KOHTUTOB.
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4. BoiBOADI

MeTareHOMHBIF aHaIN3 00pAa3IOB MOJLIIOCKOB
B. baicalensis mO3BOJIMJI HaM IOMOJHUTD MOJIyYEHHBIE
paHee nmanssele (Butina et al., 2023) o cocraBe Bupyc-
HBIX COOOIIECTB, aCCOIMMPOBAHHBIX C GaNKaJIbCKUMU
ractponojamu. Kak usBecTHoO, B. baicalensis BCesiHBI,
obuTalT Ha pa3HBIX cyOcTpaTrax (KaMHAX, Tajibke U
mecke) B MIMPOKOM Auana3oHe riybuH (ot 1,5 go 100
M) (Roepstorf et al., 2003; Sitnikova and Roepstorf,
2004). IloaTomMy Hamwu pe3yJibTaThl CBUAETEJIbCTBYeT
0 BaXXHON poJI OPIOXOHOTMX MOJUTIOCKOB B GHOAKKY-
MyJIALUNA ¥ OUPKYJIAIUNA BUPYCOB B DKOCHCTEME O03.
Barikan.
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