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DOUBLE-STRANDED DNA VIROME OF THE SMALL ARAL SEA

Abstract. The study of environmental biodiversity is the most important direction of research in biological
disciplines. Particularly relevant is the study of degrading ecosystems, because this may indicate the direction in
restoring the equilibrium in the ecosystem. The taxonomic diversity of double-stranded DNA (dsDNA) virome in the
Small Aral Sea is dealt with the article. The choice of the research object is primarily due to the fact that dsDNA
virome is the most numerous component of any ecosystem. Virome of the research sample was studied by multiple
parallel sequencing method. As a result of the sequencing data processing, 43009 viral sequences were obtained. A
comparative study of viral sequences showed that most viruses possess with dSDNA genome. It was found that
among dsDNA virome both autochthonous and allochthonous viruses are present. The most numerous were
autochthonous viruses that infect organisms of three evolutionary domains and belong to the Caudovirales order and
nucleocytoplasmic viruses of the Iridoviridae, Mimiviridae and Phycodnaviridae families. Despite the small number
(3%), among the allochthonous viruses, strains of 13 different families that can cause infections in humans and
animals were detected, which indicates an anthropogenic impact on the Aral Sea. Studies show a large genotypic
diversity of the Aral Sea viruses, and emphasize the need for more comprehensive analysis of those viruses that
occur in one of the world's largest saline water ecosystems.

Key words: the Aral Sea, virome, bacteriophages.

Introduction. For the first time, aquatic viruses were recognized as pathogens of fish diseases such
as pancreatic infection, necrosis and Oregon sockeye disease in the early 60s of the 20th century [1].
Since then, it has been proven that viruses affect absolutely all representatives of marine life from bacteria
to protozoa, mollusks, crustaceans, fish and mammals [2]. Since the early 1990s, aquatic viruses have
begun to be perceived not only as plant and animal pathogens, but also as one of the key factors in
regulating interspecific interactions in ecosystems and the circulation of nutrients.

Viruses have a significant impact on the species and numerical composition of the main producers
and decomposers of pyramid of numbers. Since Karl-Heinz Moebus’ pioneering work on bacteriophages
isolating from the waters of the North Atlantic [3, 4], research in marine viruses has developed into sig-
nificant and independent direction of marine biology. Increasing interest in aquatic viruses is caused by an
understanding of their key role in the balance and functioning of marine and freshwater ecosystems [5-7].
The invention of new methods and their technical improvement in detection and enumeration of marine
viruses contributed to more detailed studies of their numbers and diversity [8]. It was found that viruses
are the most abundant biological entities in the oceanic and marine environment [9]; reaching up to 10° vi-
ral particles in ml. Studies of aquatic viruses have become widespread, viruses of coral reefs [10], bottom
sediments [11, 12], deep-sea biosphere [13], freshwater bodies [14] and others have been identified and
studied. It has been proven that viruses are integrated inhabitants of all aquatic environments. Studies of
recent decades confirm the key role of viruses in the regulation bacterial and algal mortality, in direction
of their evolution, which in turn proves the indirect effect of viruses on both biogeocenosis and global
biochemical cycles of oceans. The use of modern tools of molecular biology and next generation
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sequencing in research of viruses and the genetic mechanisms of virus-host interaction has opened-up a
huge amount of metagenomic data that showed a significant variety of aquatic viruses. Virome of aquatic
ecosystems is considered the largest pool of unexplored genetic diversity on the globe, about 93% of the
sequences not represented in the public databases [15]. Recently conducted metagenomic studies of
43 ocean sites identified 5,500 populations of only double-stranded DNA viruses [16]. Studies have
shown that Flaviani et al found 254 unique viral phylotypes in a 250 ml sample of ocean water, even at
very small scale, viral diversity can be significantly high, which confirms the difference between viruses
in the world's oceans [17].

Of particular interest are studies of viral diversity in reservoirs with high salt content, one of which is
the Aral Sea. In such environments, the distribution of viruses occurs along the gradient of salinity, and
when the salinity level of the reservoir is above 20%, the level of the bacterial flora decreases rapidly. In
this case, the number of heterotrophic nanoflagellates and infusorians decreases by approximately 25%, as
a result the role of bacteriophages in the control of the number and species diversity of halophilic
microbial communities increases frequently [18].

The aim of our research is to study the biodiversity of bacteriophages in the ecologically adverse
region of the Aral Sea, which is the extreme salinity as soil and water. In our work, a metagenomic study
of viral communities from the Bolshoi Saryshyganak Bay of the Small Aral Sea was conducted. The
choice of location was due to a sharp increase the salinity of the region, which led to decrease the lake
biodiversity. Critical morphological changes and progressive salinization have led to a profound change in
the biological system of the sea. There has been a replacement of freshwater and brackish-water biological
communities by broadly euryhaline species of marine and freshwater origin [19]. This makes it necessary
to expand the research of the virome of the Small Aral Sea water basin, which is of interest from a
theoretical and practical view.

Materials and methods. Virus containing water samples collecting. Water samples (10 liters) were
collected into sterile containers. Samples were collected from surface of the Small Aral Sea at 1 week
interval during the June 2018. The coordinates of the sampling point are 46 © 37'22.6 "N 61 © 2825.6" E

(figure 1).

Figure 1 — Place of the sampling point

Concentration of virus-containing samples. The seawater samples (300 L) were immediately filtered
using a 300mm diameter cellulose membrane with a 3um pore size and then filtered through a 0.22pm
membrane, to remove the large organisms, such as zooplankton, phytoplankton, and bacteria. Next, the
filtrate was concentrated to a volume of 500 ml using a tangential flow filtration (Vivaflow 200, Sartorius,
with a total surface area 200 cm® of polyethersulfone membrane). To precipitate the virus particles,
the concentrate was centrifuged using Beckman Coulter ultracentrifuge, Avanti J30I, at a speed of
29,000 rpm.

— 18 ——
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Isolation of nucleic acids. Nucleic acid was isolated from the obtained samples using the
PureLinkViral DNA / RNA Mini extraction kit (“Invitrogen”, USA) according to the manufacturer’s pro-
tocol. A fluorescent dye specifically binding to a specific type of nucleic acid (double-stranded DNA,
single-stranded DNA, RNA) was used to measure the concentration of nucleic acids. Quantitative measu-
rements were performed using a Qubit dsDNA HS kit (High Sensitivity, Invitrogen, USA) according to
the instructions for a Qubit 3.0 fluorimeter.

Virome libraries construction and sequencing. DNA libraries were designed using the Nextera XT
DNA Sample Preparation Kit (Ilumina, USA) according to the manufacturer's protocol, which included
the following steps: enzymatic DNA fragmentation, ligation of sequence adapters, pre-amplification of
the library, selection of fractions of the desired length, clonal amplification of the selected library.

The amplified libraries were purifed with AMPure XP beads, the library’s insert size was verified by
Agilent 2100 Bioanalyzer and quantified using real-time PCR. Sequencing was performed on the MiSeq
"Illumina" using the Kit v3 kit (300bp, paired-end read).

Metagenomic analyses. Sequencing data was analyzed using the Kaiju software, which allows for
sensitive taxonomic classification of high-throughput sequencing of metagenomic or metatranscriptome
samples [20].

Results and discussion. The multiple parallel sequencing of the genomic library isolated from the
sample allowed to obtain a database of paired-end reads, each of which contained about 300 nucleotides.
After bioinformatic processing of sequencing data, a database consisting of 658378 sequences belonging
to three cellular domains and viruses was obtained. So, 75% of the sequences belonged to bacteria, 16%
belonged to eukaryotes, and only 1% belonged to archaea. Viral sequences in investigated sample were
identified in the amount of 7% (43009) (figure 2).

Unassigned; 0,94%

Viruses; 6,53% Archaea; 1,23%

Eukaryota; 15,94%__— “

Figure 2 — The ratio of the number of sequences of the main domains

Bacteria; 75,35%

Of the 43009 viral sequences, viruses with different types of nucleic acid were identified, of which
65% were non-cultured phages and 26% were viruses with dsDNA genome (figure 3).

A comparative study of viral sequences and their belonging to host organisms showed that the
dsDNA virome contains viruses of three large evolutionary domains: archaea, bacteria and eukaryotes,
and consist of 3 orders, 19 families and a group of unclassified viruses (figure 4).

The dominant group of dsDNA virome were autochthonous prokaryotic viruses of the Caudovirales
order (76%), as well as families of large nucleocytoplasmic DNA viruses, such as Phycodnaviridae
(4.79%) and Mimiviridae (1.17%). Despite the apparently small number of viruses among the allochtho-
nous viruses, 13 different families that can cause human and animal infections were detected, 2.5% of
them were represented by the Herpesvirales order, Iridoviridae sequences were identified in the amount
of 1%. Also there were sequences of unclassified dsDNA viruses in the amount of 11% in investigated
sample (figure 4A) The remaining families capable of causing infections of humans, animals and plants
were present in the water sample in an amount less than 1% (figure 4B).
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Figure 3 — The number of viral sequences with different types of nucleic acid
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Figure 4 — Taxonomic composition of dSDNA virome
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Among dsDNA viruses, tailed bacteriophages of the Caudovirales order, which contains the
Mpyoviridae, Siphoviridae and Podoviridae families, were the dominant group (76%) in the surface waters
of the Aral Sea. This result is similar to the findings of other marine viral metagenomic studies, such as
Monterey Bay (65%), the Indian Ocean (95.3%), the Baltic Sea and the Antarctic Peninsula region of the
Southern Ocean (~80%) in which these phages were numerically the dominant group [21-24]. Caudo-
virales were reported to infect a wide range of microbial hosts, including Proteobacteria and Bacte-
roidetes, which are dominant bacterial phyla in marine environments and therefore bacterial viruses (Cau-
dovirales bacteriophages) are the most numerous in dsDNA virome in surface sample of the Small Aral
Sea.

The percentage distribution of Caudovirales viruses in the studied sample was as follows: the Podo-
viridae family around 32.41%, Siphoviridae family around 25.38%, Myoviridae family 33.75% (figure 5).
9% were viruses not classified to the dsDNA family.

unclassified
Caudovirales; 8,46 %

Myoviridae; 33,75 %

Siphoviridae; 25,38 % __

Podoviridae; 32,41 %

Figure 5 — Correlation of viral families of the Caudovirales order

Nucleocytoplasmic DNA viruses were represented by Phycodnaviridae and Mimiviridae families.

Representatives of the Phycodnaviridae family that infect eukaryotic algae include the following
virus genera: Chlorovirus, Coccolithovirus, Phaeovirus, Prasinovirus, Prymnesiovirus, and Raphidovirus
[25]. Phylogenetic relationships between these genera are difficult to establish due to the lack of genetic
data and a small number of characterized viruses in the family, which are less than three for each genus,
except for Chloroviruses.

As a result of bioinformatic processing of sequencing data, the number of the Phycodnaviridae
family representatives was about 5% of the total number of detected dsDNA viruses. In our sample, the
sequences of all 6 genera of this family were identified, the most numerous were Chlorovirus genus
(36.67%), Prasinovirus (32.70%), and representatives of unclassified Phycodnaviridae (25.71%). The
remaining genera of this family were present in an amount of less than 1%: Prymnesiovirus (0.19%),
Phaeovirus (0.57%), Coccolithovirus (3.59), Raphidovirus (0.57%) (figure 6).

In addition, sequences of viruses infecting protozoa and belonging to the Mimiviridae family were
identified. Recently, it was proposed to cluster mimiviruses into two genera: (1) Mimivirus: sub-divided
into three non-taxonomical groups based on polB sequences: Group A (APMV and Mamavirus), Group B
(Moumouvirus), Group C (Megavirus chilensis); and (2) Cafeteriavirus, which is a distant relation of the
family Mimiviridae [26, 27]. In our sample, the Mimiviridae family was represented by Cafeteriavirus
viruses (11.63%), Mimivirus (13.95%) and unclassified Mimiviridae (74.42%) (figure 7).

Unclassified viruses of the Mimiviridae family included representatives such as Megavirus chiliensis,
Moumouvirus, Niemeyer virus and Yellowstone lake mimivirus in our sample.
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Coccolithovirus Phaeovirus

3,59% 0,57% .
! Prymnesiovirus
( 0,19%
Chlorovirus
37%

Raphidovirus
0,57%

unclassified
Phycodnaviridae
26%

Prasinovirus
33%

Note. Data are given in% of the Phycodnaviridae family.

Figure 6 — Diversity of the Phycodnaviridae Family

Cafeteriavirus;
11,63%

Mimivirus;
13,95%

unclassified
Mimiviridae;
74,42%

Note. Data are given in% of the Mimiviridae family.

Figure 7 — Diversity of the Mimiviridae family

In the studied reservoir, allochthonous viruses were represented by 10 families, the most numerous

belonged to the Herpesvirales order and the Iridoviridae family.

Herpesvirales is the order of DNA-containing viruses that cause a variety of diseases not only in
humans and other mammals, but also in birds, reptiles, amphibians, fish. In the studied samples, this order
was included two subfamilies Herpesviridae (93%) and Alloherpesviridae (7%) (figure 8).

Also, as a result of bioinformatics processing of metagenomic data, sequences of Iridoviridae viruses
were identified, representing large icosahedral double-stranded DNA viruses that infect a wide range of

both vertebrates and invertebrates (figure 9).
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Alloherpesviridae;
6,64%

Herpesviridae;
92,62%

Note. Data are given in % of the Herpesvirales order.

Figure 8 — Representatives of the Herpesvirales order

unclassified
Iridoviridae; 6,78%

Iridovirus; 30,51%

Ranavirus; 39,83%_

Lymphocystivirus;
15,25%

Megalocytivirus;
5,93%

Note. Data are given in % of the Iridoviridae family.

Figure 8 — Representatives of the [ridoviridae family

It was found that in the investigated samples identified [ridoviridae family consist of Ranavirus
(40%), affecting amphibians; Iridovirus (30%), infecting mainly insects; Lymphocystivirus (15%) and
Megalocytivirus (6%), whose host cells are fish, Chloriridovirus (2%), causing diseases of dipterous
insects. In addition, Scale drop disease virus and Anopheles minimus irodovirus sequences related to
unclassified viruses (7%) were present in the sample.

Conclusion. As a result of the research, the diversity of viral communities in the coastal waters of the
Small Aral Sea was studied. It was shown that the double-stranded DNA virome of the sample contains
viruses of three large evolutionary domains: archaea, bacteria, eukaryotes, and combines 3 orders, 19
families and a group of unclassified DNA viruses. It was also established that the dominant group of
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dsDNA virome were autochthonous prokaryotic viruses of the Caudovirales order (76%), and families of
large nucleocytoplasmic DNA of viruses, such as Phycodnaviridae (4.79%) and Mimiviridae (1.17%).
Among the allochthonous viruses, 13 different viral families were detected, which accounted for
approximately 4% of the total number of dSDNA sequences.

Thus, it was shown that autochthonous bacterial viruses represent the main virome of the sample,
which indicates a rather diverse and developed population of prokaryotes in the Bolshoi Saryshyganak
Bay of the Small Aral Sea. Such a population that has adapted to habitat conditions with a high salt
content is the basis for the stable functioning of the local ecosystem.
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«MuKpOoOHOIOTHS KOHE BUPYCOJIOTHS FRUIBIME OHIIpicTiK opTansirsn JKIIC,
Anmarsl, Kazakcran

KIIII APAJI TEHI3IHIH EKI TI3BEKTI JTHK BUPOMbI

Annotanusi. Kopiiaran opraHblH OHOQTyaHTYPIUIriH 3€pTTey OWOJOTHSUIBIK IISHAEPICTi 3epTTeylepaiH
MaHBI3/1bl OAFBITHI OOJIBIN TA0BUIAABL. Ocipece, TO3FaH IKOXKYHeIepi 3epTTey ©3eKTi O0JIbIN TaOblIa bl, OUTKEHI OyII
9KOKYHEHIH Tere-TeH/ITiH KalIbIHA KeNTipy KOHIH/IEeTi icC-KIMBIT OaFbITBIH KopceTe ananbl. Makanama Apai TeHi-
sirgeri exi Ti36ekti JHK (auIHK) BUpOMHBIH TaKCOHOMISUTBIK, SPTYPIIIITI KapacThIPBIIaNbl. 3epTTey OOBEKTiCiH
tagnay e angeiMer An/IHK BupoMmBI Ke3 KenreH 3KOXYHEHIH eH Kem Kypammac Oeiiri 0onbin TaObuiamel. 3epT-
TENTeH YIATiAETi BUPOM KeTIllle Mapajliesb CeKBEHUpIIEY diciMeH 3epTTenai. CeKBeHHpIIey IepeKTepiH oHAey HOTH-
xeciage 43009 BupycTHI Ti30eKTep anbIHABL. BUPYCTHI Ti30€KTepi CaIbICTRIPMAIIB 3epTTeY KONTEreH BUPYCTAPAbIH
nu/IHK — renoms! 6ap exenin kepcerti. Bupom nu/[HK apaceiana aBTOXTOHABIK KOHE alJIOXTOHMABIK BUpYyCTap 6ap
ekeHi anbIkTanAbl. Ex ken 6onbin Caudovirales sxoue Iridoviridae, Mimivridae xoue Phycodnaviridae Tykpimaacta-
PBIHBIH HYKJIEOLUTOIUIa3MaJIbIK BUPYCTAPbIHA XKAaTaThIH YII ABOJIOLMSIIBIK JTOMEHIEPAiH aF3ajapblH 3aKbIMIalThIH
aBTOXTOHJIbI BUpycTap 0oapl. CaHBIHBIH a3/bIFbIHA KapamacTaH (3%) a/iIoXTOH BHPYCTApBIHBIH apachlHIa ajaM
MEH jKaHyapJiapJIblH HHQEKIUACHH TyIbIpyFa KabuterTi 13 Typii TYKpIMIacTapblH IITaAMMIAPBl JHATHOCTHKA-
JaHmpl, OyJ1 Apaj TeHi3iHe aHTPOIOTEH IIK aCep €TeTiHIH KepceTei. 3epTTeyiep Apajl TeHi3l BUPYCTAphIHBIH YIKEH
TEHOTHIITIK OPTYPJILIIriH KepCceTei,0y1 alleM/Ieri eH KOHE TY3/bl Cy IKOKYHeIepiHiH OipiHae eMip CypeTiH BUPYC-
Tap.Ibl KaH-)KaKThl TAIJay KKETTUTITiHe OKeleTi.
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JIBYHEIMOYEYHBIN THK BUPOM MAJIOTO APAJIBCKOI'O MOPS

AnHoTanus. V3ydeHne 6MOpa3HOOOpas3ns OKPYKAFOMIEH Cpepl ABISCTCS BaXKHEHITUM HalpaBICHUEM HCCIIe-
JTIOBaHWH OMONOTHYECKUX AUCIUILTHH. OCOOCHHO aKTyallbHBIM SIBIISIETCS H3YUCHUE NETPaAuPYIOMINX SKOCHCTEM, TaK
KaK 3TO MOXET yKa3aTh HaIpaBJICHHE ICWCTBUI IO BOCCTAHOBJICHHWIO PAaBHOBECHS SKOCHCTEMBI. B crartbe pac-
CMaTpUBaeTcs TaKCOHOMHYecKoe paszHoobOpasme aBynenodeunoro JHK (aun/IHK) Bupoma B Apaibsckom Mope.
Bribop o0bekra mccnenoBaHuii o0ycioBieH B mepByro odepenb Tem, uro An/IHK BupoM mo60H 3KOCHCTEMBI
SIBIIICTCSI CAMON MHOTOUYHMCIICHHON COCTaBIISIOIIEH dKOocHcTeMbl. BrupoM ucciaemyeMoro odpasiia u3ydaid METOI0M
MHOKECTBEHHOI'O IMapauIe]IbHOTO CEKBEHHPOBaHUsA. B pesynbraTe OOpaOOTKH IaHHBIX CEKBEHHUPOBAHHUS OBLIO
nosydaeno 43 009 BupycHbIX nocienoBarenbHocTeld. CpaBHUTEIBHOE U3YYEHHUE BUPYCHBIX MOCIEI0BATENILHOCTEH
MoKa3alio, 4yTo 0ONBIUHCTBO BUpPYycoB obmanaetr mi/JIHK — remomom. Beuto ycranosneno, uto cpequ au/IHK Bu-
pOMa MPUCYTCTBYIOT KaK aBTOXTOHHBIC, TAK U AJULIOXTOHHBIC BUPYChl. CaMBIMH MHOTOYHCICHHBIMHA OBUTH aBTOXTOH-
HBIC BHPYCHI, TIOPAXKAIOIINE OPTaHU3MBI TPEX 3BOJIOIMOHHEBIX JIOMEHOB W MpHHAIeKame K otpsany Caudovirales
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U HYKJICOIUTOIUTA3MAaTHIECCKAM BUpycaM ceMeHcTB [ridoviridae, Mimiviridae n Phycodnaviridae. HecmoTps Ha
Ka)XXyIIYIOCS MaJIOYHCIEHHOCTh, (3%), cpenyu angoXTOHHBIX BHPYCOB IHATHOCTUPOBAHBI IITAMMBI 13 pasiMuHBIX
CEMEHCTB, CIIOCOOHBIX BBHI3BIBATh MH(EKLMH YEJIOBEKA M )KUBOTHBIX, YTO TOBOPHUT 00 aHTPOIIOTCHHOM BIIMSHHH Ha
Apansckoe Mope. MccnenoBaHus MOKa3bIBAlOT OOJBIIOE TEHOTHIIMYECKOE pPa3sHOOOpasue BHPYCOB ApAJILCKOTO
MOp$I, YTO MOJYEPKMBACT HEOOXOAUMOCTh BCECTOPOHHETO aHAJM3a TeX BHUPYCOB, KOTOpbIe OOMTAlOT B OJHOH U3
JPEBHEHIINX B MUPE COJICHBIX BOAHBIX 3KOCHUCTEM.

KiroueBble ci10Ba: Apaibckoe MOpe, BUPOM, OakTeprodaru.
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