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ABSTRACT. We analyzed the first research results from the literature concerning autochthonous bac-
teriophages, a new link of a microbial loop in the ecosystem of Lake Baikal. In a short time, the cut-
ting-edge study methods revealed a significant taxonomic diversity of phages in various biotopes of
the lake in all seasons of the year and at all depths. For the first time, we examined a size structure
and abundance of Baikal bacteriophages as well as the genetic diversity of T4-like phages in the sur-
face microlayer and biofilms from biogenic and abiogenic substrates of the lake. The whole genome of
the new Baikal bacteriophage, PaBG, was determined. The International Committee on Taxonomy of

Viruses (ICTV) ratified it as a novel genus Baikalvirus.
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1. Introduction

In recent decades, waters of seas and oceans have
demonstrated high numbers of viral particles-up to 108
particles/mL, which is much higher than the abundance
of all other aquatic ecosystem organisms (Bergh et al.,
1989; Proctor and Fuhrman, 1990; Wommack and
Colwell, 2000; Weinbauer, 2004). In 1990, M.E. Klut
and J.G. Stockner (1990) detected virus-like particles
of ~107 particles/mL water, varying in size (60-200
nm), in the ultra-oligotrophic Sproat Lake (Canada).
According to transmission electron microscopy (TEM),
the phages represented five- or six-sided heads with
a clearly visible appendage (tail). There were phage
particles both unattached to the cells and associated
with them, and their numbers were high in spring. The
phage to bacteria ratio was 3:1. This ratio is used to
compare virioplankton and bacterioplankton popula-
tions, and it was higher in freshwater than marine eco-
systems (Maranger and Bird, 1995).

Bacteriophages (phages) are among the most
powerful biological factors that control the diver-
sity and number of their hosts, as well as the aquatic
productivity, taking an active part in biogeochemical
cycles. The great diversity and ubiquity of viruses in
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aquatic ecosystems (both marine and freshwater), as
well as their various functions, indicate their ecolog-
ical importance in the life processes of water bodies.
Insufficient knowledge on virioplankton in freshwa-
ter ecosystems offers great opportunities for studying
these relatively new and the most numerous biological
objects. Bacterial and algal viruses are recognized as
active participants in the microbial loop, a section of
the trophic chain responsible for the circulation of solu-
ble organic matter, which is their most important prop-
erty in the functioning of aquatic ecosystems (Noble
and Fuhrman, 1999; Suttle, 2005; Weitz and Wilhelm,
2012). This new knowledge has changed the current
understanding of the structure and functioning of the
microbial loop in aquatic ecosystems. Such studies are
particularly relevant for poorly studied freshwater eco-
systems, and the problem of maintaining high water
quality is now of great importance for Lake Baikal.
Research on the structure and functioning of microbial
and viral population of the lake in the modern period
of global warming is essential to solving this pressing
global problem because these populations perform the
main function of self-purification from various types of
pollution.
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2. Materials and methods

Studies of coliphages in Lake Baikal and its
tributaries were initiated in 1998 (Drucker and
Maslennikov, 1998). Epifluorescence microscopy
(EFM) detected viral particles in the lake (Belykh and
Belikov, 2000). A conventional approach was used to
isolate phages from natural water samples and culti-
vate them. Subsequently, TEM was used to study them,
allowing for the most accurate and complete under-
standing of their morphology, abundance, and spatial
distribution (Drucker and Dutova, 2003; 2005; 2006).
For the search and study of autochthonous bacterio-
phages, water and neuston were collected in the littoral
and pelagic zones of Lake Baikal in the spring, summer,
autumn, and winter periods between 2002 and 2015.
To study bacteriophages in natural biofilms formed on
natural geological rocks (granite, marble, mica, quartz,
amphibolite, gabbro, and urtite) and on the steel plate,
divers took samples exposed to the conditions of a nat-
ural experiment that lasted for five years in the littoral
zone at a depth of 3 m. For electron microscopy, sterile
water samples were sedimented using Beckman L8-55
and Sorvall Discovery 96 SE ultracentrifuges. Two
grids were prepared from each sample, on which the
phage particles of different morphological groups were
counted in 100 fields of view; the number was counted
in two variations (Zheng et al., 1996). Phage prepara-
tions were examined in an LEO-906E transmission elec-
tron microscope (Karl Zeiss, Germany). Bacteriophages
were identified by morphological features, according
to the existing international classification (Ackermann,
2001). Statistical processing of the obtained results was
performed using Microsoft Excel 2010.

The molecular methods included sequencing of
the major capsid protein gene (g23) and portal protein
gene (g20) of T4-like bacteriophages through the Sanger
sequencing method and high-throughput sequencing
(Butina et al., 2010; Butina et al., 2012; Potapov et
al., 2013; 2018; 2020; 2022a; 2024a). Metagenomic
and metatranscriptomic sequencing of the viral com-
munity (fraction <0.2 um) were also performed, for
which 25 L water samples were taken in each of three

250 nm

basins of the lake and in the Maloye More Strait in
different seasons (Potapov et al., 2019; 2020; 2022b;
2024a). Bioinformatics analysis was performed with
such programs as SPAdes v.3.13.0, Virsorter v.1.0.3,
BWA v.0.7.17, SAMtools v.1.9, etc. and the RefSeq and
GenBank databases. The B-diversity of viral communi-
ties was also assessed: i) based on amino acid sequences
of g20 and g23 genes using the UniFrac metric and ii)
based on taxa of viral communities using hierarchical
clustering (Potapov et al., 2018; 2019).

3. Results and discussion

In 2001-2003, TEM first discovered autochtho-
nous bacteriophages in the oldest and deepest oligo-
trophic Lake Baikal throughout the entire water col-
umn up to the maximum depths. Among the families
of DNA and RNA phages known at that time (accord-
ing to the International Committee on Taxonomy of
Viruses, ICTV), the families Siphoviridae, Myoviridae,
Podoviridae, and Inoviridae were first identified and
studied in various biotopes of the lake (Drucker and
Dutova, 2003; 2005; 2006). Moreover, four morpholog-
ical types of phages with unknown systematic position,
possibly ‘endemic’, were detected. Thus, the great bio-
diversity typical of the Lake Baikal flora and fauna also
applies to bacteriophages.

Bacteriophages were detected in all seasons of
the year in the communities of various biotopes of Lake
Baikal: neuston, plankton, and benthos; therefore, they
can be considered autochthonous because long-term
studies constantly found them during all seasons of
the year at different depths—from the surface to 1200
m (maximum research depth) (Drucker and Dutova,
2009). For the first time, we determined a very clear
pattern for the deep oligotrophic ecosystem of Lake
Baikal: most of the detected phages (76%) belonged to
the order Caudovirales—tailed phages with icosahedral
heads, which unites three families, depending on the
sizes and contractility of tails (Siphoviridae, Podoviridae,
and Myoviridae). Among them, phages with long
non-contractile tails representing the family Siphoviridae
prevailed, 40-59% (Fig. 1, 2). These were phages with

100 nm
—

Fig.1. Transmission electron microscopy images of siphoviruses (previously classified as the family Siphoviridae).
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Fig.2. Transmission electron microscopy images of siphoviruses (previously classified as the family Siphoviridae).

different forms of capsid, whose size varied from 20 to
254 nm, and the tail length ranged from 45 to 780 nm.
The next most common bacteriophages belonged to
the family Podoviridae with a short non-contractile tail
without a baseplate (Fig. 3). The capsid size was 40-73
nm, and the length of tails-8-29 nm. Bacteriophages
of the family Myoviridae had a capsid size of 69-143
nm, the length of tails of 25-326 nm, and the length of
sheaths 15-121 nm; their proportion in the lake plank-
ton reached 6-25 % (Fig. 4, 5). They were distinguished
by a complex structural organization of the contractile
tail. The baseplate of these phages had various struc-
tures: tooth-shaped, felted appendages, and spherical
bodies at the ends of the tails. There was a small num-
ber of virus-like particles without tails, phages of the
family Inoviridae (filamentous), in virioplankton of Lake
Baikal (Fig. 6). Of special interest were the identified
morphotypes of bacteriophages, which are not included
in the ICTV classification and have not been described
by the authors for other aquatic ecosystems, possibly
being endemic to Lake Baikal (Fig. 7). For instance, in
the summer, virions with the top-shaped head were
detected. A morphological feature of other phages was

the presence of spiny processes about 7 nm long radi-
ally extending from the capsid. Furthermore, there were
phages with two clearly differentiated envelopes and
a thick tail. There were also ‘hammer’-shaped phages
having a head extended perpendicular to the tail. Most
tailed phages of the order Caudovirales (up to 96%)
were also found in seas and oceans (Ackermann, 2001),
with 67-87% belonging to the family Siphoviridae and
to a lesser extent-to the families Myoviridae (7-14%)
and Podoviridae (5-19%).

The number of free phage particles in the water
of Lake Baikal varied in different seasons from 0.58-10°
mL" on the surface to 0.01-10° at a depth of 1000 m.
Phages in the surface water layer showed the highest
number in the spring and summer-autumn periods. The
minimum number of bacteriophages was observed in
winter at a depth of 1000 m. Such a seasonal pattern
in the development of phage numbers, as well as their
vertical distribution, was consistent with the dynamics
of the total number of bacteria in the lake water. There
was a common pattern in the vertical distribution of
bacteriophages: a decrease in their number with depth.
However, at the lake’s bottom (1200 m), the number

Fig.3. Transmission electron microscopy images of podoviruses (previously classified as the family Podoviridae).
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Fig.5. .Transmission electron microscopy images of myoviruses (previously classified as the family Myoviridae).

Fig.6. Transmission electron microscopy images of filamentous virus-like particles.
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Fig.7. Unusual morphotypes of bacteriophages found in the Lake Baikal.

of phages increased to 0.03-10° mL?, which was likely
associated with a specific functioning of the microbio-
cenosis in the near-bottom zone of the lake.

The studies of the taxonomic composition of
phages in the neuston film at the water-air interface
yielded different results. Virus-like particles without
a tail were the main component of the virioneuston
(in the neuston microbiome)-65%. The proportion of
tailed phages was lower: the contribution of members
of the family Podoviridae reached 25%, while those of
the families Siphoviridae and Myoviridae amounted to
~10% each. The surface microlayer of the Lake Baikal
water column showed a significant number of filamen-
tous phages of the family Inoviridae distinguished by
long (up to 2000 nm) flexible and (or) rigid straight
and thin curved threads. There were also phages hav-
ing similar ultrastructural features with viruses of the
rare families Rudiviridae and Fuselloviridae that had not
been previously recorded in the lake. Small forms with
a capsid diameter of 30-60 nm predominated (44%) in
the size structure of phages in the neuston film at the
water-air interface. Phages sized =60-80 nm and =80
nm accounted for 28 and 23%, respectively. The occur-
rence frequency of phages sized =30 nm was insignif-
icant (5%). The number of bacteriophages in the neus-
ton film varied from 0.05:10°to 0.16-10°mL™.

According to current concepts, 95-99% of micro-
organisms hosting bacteriophages in aquatic ecosys-
tems exist in the form of specifically organized biofilms
attached to the substrate, being formed on the inter-
face. The development of biofilm communities is one
of the main strategies for the survival of bacteria not
only in the environment but also in infected organisms
(Ilyina et al., 2004). Phages with different specificity
enzymes capable of destroying the polysaccharide pro-
tection (matrix), as well as bacteria themselves, play
the main role in the lysis of biofilm microorganisms
(Sutherland, 2001). The activity of fouling bacterio-
phages leads to the formation of the biofilm structure—
the appearance of cavities, channels, and pores, result-
ing in a disruption of its integrity. Of great interest is
the search for new phages with high enzymatic activ-
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ity in the destruction of biofilms consisting of patho-
genic microorganisms. For the first time in oligotrophic
Lake Baikal, we studied the microbiological diver-
sity and size spectrum of bacteriophages in near-bot-
tom biofilms formed on the natural geological rocks
and artificial substrate (Dutova and Drucker, 2013;
Drucker et al., 2015; Drucker et al., 2019). The results
of the study of morphological composition of phages
in biofilms formed on rocky substrates under natural
conditions at the water-marble, water-granite, water
amphibolite, water-mica, water-quartz, water-gabbro,
water-urtite, and water-steel plate interfaces were dif-
ferent from those obtained for a neuston film. Phages
of the family Podoviridae predominated (45-50%) in
biofilms formed on geological rocks (marble, granite,
and amphibolite), except for biofilms at the water-mica
interface where they amounted to ~23%. These were
phages with a capsid diameter of 42-55 nm and a tail
length of 8-22 nm. Small tailless phage particles, hexag-
onal in shape, 30-52 nm in size on a plane, presumably
belonging to the family Microviridae, ranked second in
terms of occurrence (35-45%). We also identified bac-
teriophages of the families Myoviridae, Siphoviridae, and
Inoviridae, as well as enveloped phages, in small or even
single quantities.

Tailed forms of bacteriophages of the families
Siphoviridae (8%), Myoviridae (14%), and Podoviridae
(44%) mainly represented bacteriophages in the bio-
film collected from the metal plate. Morphologically
uniform particles with a diameter of 28-100 nm with-
out a tail comprised a significant part of the community
(30%), while tailless enveloped viral particles were less
significant (up to 4%) in the fouling on the metal plate,

Small viral particles with a capsid diameter
of 30-60 nm mostly represented (70-85%) the size
structure of bacteriophages in the fouling on rocks of
Lake Baikal. The size class = 60-80 nm accounted for
10-25%, while the occurrence frequency of particles
sized =80 nm was insignificant. Phages sized 30-60
nm (41%) and =60-80 nm (39%) were more common
on the steel plate. Large phages belonging to the size
classes =80-100 nm and =100 nm amounted to 9 and
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7%, respectively. The total number of bacteriophages in
different geological environments varied significantly:
0.03:10 %-0.1-10 ®cm?.

Thus, the first studies of autochthonous bacte-
riophages formed on stony substrates and a metal plate
under the natural conditions of Lake Baikal demon-
strated differences in morphology, size structure, and
number of phages compared to other biotopes of the
lake. This indicates the presence of various biological
virus-host systems and their interaction mechanisms
under different ecological conditions of the functioning
of virioneuston and viriobenthos biofilm communities
in Lake Baikal. Upon the acquisition of new knowledge
about autochthonous bacteriophages in aquatic eco-
systems, it becomes clear that they can significantly
change the balance of life processes, interrupting many
links of food chains, changing the structure of commu-
nities and, thereby, improve or worsen the self-purifica-
tion processes in them.

A comparison of bacteriophage sizes, such as
capsid diameter and tail length, in Lake Baikal and
other lakes, seas, and oceans revealed that the charac-
teristics of Baikal phages are significant sizes of their
capsids and tails (20-254 and 8-780 nm, respectively).
According to (Wommack et al., 1992; Auguet et al.,
2006), virioplankton relatively homogenous in sizes,
with a capsid size of 30-60 nm, predominates in seas
and oceans.

The diversity of T4-like bacteriophages in Lake
Baikal was first described using the capsid protein
gene markers (Butina et al., 2010). The genetic diver-
sity of T4-like bacteriophages in the surface micro-
layer and biofilms of biogenic and abiogenic substrates
from Lake Baikal was determined for the first time.
Bacteriophages from biofilms of rocks and sponges in
the coastal zone appeared to be phylogenetically close
to planktonic phages in the pelagic zone of the lake.
Neuston phages much differed from the communities
in the lake’s plankton and biofilms. Surface microlayer
bacteriophages from the Maloye More Strait differed
significantly from other ecotopes of Lake Baikal, group-
ing into one cluster with sequences from polar lakes
and forming a clade with Baikal cluster (Potapov et al.,
2020). In most cases, the g23 sequences had the clos-
est uncultivated relative; therefore, it is not possible to
answer the question of who hosted these viruses.

The lack of a universal genetic marker for the
search and identification of viruses extremely compli-
cates the study of viral communities, including aquatic
ecosystems. In recent years, high throughput sequenc-
ing has solved many methodological issues and sub-
stantially expanded the possibilities for studying the
structure, biodiversity, and functioning of viromes
(Watkins et al., 2016; Skvortsov et al., 2016). For the
first time, on the example of Lake Baikal, high through-
put sequencing determined the genetic diversity of
DNA viromes for ancient lakes on the Earth (Butina et
al., 2019; 2020; Potapov et al., 2019). Bacteriophage
communities from different biotopes of the lake had the
greatest similarity to each other, rather than to com-
munities from other aquatic ecosystems (Potapov et al.,
2019). The taxonomic annotation of viromes indicated
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the predominance of sequences belonging to bacterio-
phages of the families Myoviridae, Siphoviridae, and
Podoviridae (Potapov et al., 2019; Butina et al., 2019;
2020), which was consistent with direct microscopic
observation of free virus-like particles. It was also
reported that sequences of the family Myoviridae were
most frequently detected in the virome data (Potapov
et al., 2019; Butina et al., 2019). The overwhelming
majority among all bacteriophage sequences, both in
the coastal and pelagic samples, involved sequences
similar to cyanophages (Potapov et al., 2020; Butina
et al., 2019).

It should be taken into account that genomes of
phages of the family Myoviridae average 134 kbp, com-
pared to siphoviruses and podoviruses, whose genomes
average 50 kbp, and genomes of the families Inoviridae,
Microviridae, and Leviviridae of <10 kbp (Zrelovs et
al., 2020). A radical change in the current classifica-
tion of phages is the abolition of the morphology-based
families Myoviridae, Podoviridae, and Siphoviridae, as
well as the removal of the order Caudovirales that was
replaced by the class Caudoviricetes to group all tailed
bacterial and archaeal viruses with icosahedral capsids
and a double-stranded DNA genome. This change was
necessary, taking into account numerous independent
assessments that these morphology-based families are
polyphyletic and do not accurately reflect the common
evolutionary history. Twenty-two new families were
identified in the class Caudoviricetes (Turner et al.,
2023). Based on the taxonomic analysis of viromes at
the class level, bacteriophages of the class Caudoviricetes
dominated (80-94.6%) all samples from Lake Baikal,
according to the current classification. The second most
common class was Megaviricetes, eukaryotic viruses that
include giant DNA viruses (except for the sample col-
lected during the under-ice period when Maveriviricetes
were ranked second). Their proportion was 5.6-17.9%.
Maveriviricetes was the third most numerous class that
includes virophages capable of reproducing in eukary-
otic cells only in the presence of another virus (0.9-
2.7%) (Potapov and Belykh, 2023). According to the
new classification, phages from Lake Baikal, which pre-
viously belonged to the family Myoviridae, are currently
classified as members of the families Kianoviridae,
Straboviridae, Peduoviridae, and Herelleviridae, while
phages with podoviral morphology are represented
mainly by the family Autographiviridae and less rep-
resented by the families Suoliviridae and Pachyviridae.
Sequences of phages with siphoviral morphology were
minor in Baikal virome (Potapov and Belykh, 2023).

From metagenomic data on Lake Baikal water,
73 bacteriophage genomes with a length ranging from
13.8 to 163.7 kb were reconstructed. Two of them pre-
sumably belonged to cyanophages. The rest, according
to the current classification, were new taxa because
they did not have a significant similarity with known
phages at the genomic level. Analysis of amino acid
sequences identified in the reconstructed bacterio-
phage genomes using the PHROG (Phage Orthologous
Groups) database revealed that 27.5% of them had an
unknown function, while most sequences similar to the
known ones (23.7%) belonged to the “DNA, RNA and
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nucleotide metabolism” category. The reconstructed
genomes also contained auxiliary metabolism genes
(AMGs) that accelerate host metabolism during phage
infection (nadM, cysC, cobS, galE, cobT, etc.) (Potapov
et al., 2024b).

The whole genome of a new Baikal phage, PaBG,
infecting the Pseudomonas aeruginosa PAO1 strain was
determined (Sykilinda et al., 2014). Bioinformatics
analysis of this genome did not reveal sufficient homol-
ogy with known phage genomes. Bacteriophage PaBG
consists of a head with a diameter of 136 nm and a
tail with a length of 220 nm, which allows it to be
classified as a giant phage. It has a double-stranded
DNA with a length of 258139 bp; the number of open
reading frames (ORF) is 308. The PaBG genes encode
their own phage RNA and DNA polymerases. This giant
Baikal phage is phylogenetically distant from other
pseudomonad phages and represents a novel genus of
viruses, Baikalvirus, of the class Caudoviricetes, accord-
ing to the modern taxonomic classification of ICTV
(https://ictv.global/taxonomy/taxondetails?taxnode_
id =202407911&taxon_name = Baikalvirus). Molecular
genetic and biological characteristics of Baikal phages
infecting Pseudomonas aeruginosa, an opportunistic
pathogen, were shown in (Sykilinda et al., 2011; Evseev
et al., 2020; Evseev et al., 2021). The efficacy of the
combined effect of bacteriophage and antibiotic on the
biofilm containing Pseudomonas aeruginosa was reported
in (Gorshkova et al., 2020). The conducted research
allowed us to deposit two Baikal bacteriophage strains
in the Bioresource Center “All-Russian Collection of
Industrial Microorganisms” of the National Research
Center “Kurchatov Institute”. Moreover, Limnological
Institute SB RAS received a patent No2831 173, 2024
for the invention “Pseudomonas phage Kal bacterio-
phage strain for the treatment and/or prevention of
infectious diseases caused by Pseudomonas aeruginosa”.

4. Conclusion

Comprehensive microbiological, virological, and
molecular genetic studies of autochthonous bacterio-
phages in various biotopes of oligotrophic Lake Baikal,
which were conducted by different authors, revealed
that bacteriophages occupy an important place in the
lake’s ecosystem, interacting with other links in the tro-
phic chain. V.V. Drucker, S.A. Potapov, A.S. Gorshkova,
and O.I. Belykh (2020) proposed a modern microbial
loop scheme, a previously unknown viral link that sig-
nificantly complements the understanding of the struc-
tural and functional organization of the ecosystem of
Lake Baikal, the world’s deepest and oldest freshwater
body. The results of the comprehensive studies can be
used to control the water quality of Lake Baikal as well
as to detect opportunistic and pathogenic viruses and
microorganisms. Baikal bacteriophages can be also used
to obtain effective prophylactic and therapeutic anti-
bacterial agents. Nevertheless, the ecology of viruses
in aquatic ecosystems around the world is still poorly
understood, and many issues remain unclear to date.
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AHHOTAILINSL. IIpoBeneH aHaIM3 pe3yJIbTaTOB UCCJIeNOBAHUI U3 JIMTEPATyPHBIX UCTOYHNKOB BIIEPBHIE
HU3y4YeHHOI'0 HOBOTO 3BeHAa «MUKPOOHON MeTJIn» SKOCHCTEeMBI o3epa baiikasl — aBTOXTOHHBIX OaKTepu-
odaroB. 3a KOPOTKUM NepHUOJ BpeMEeHU C KUCIOJIb30BaHUEM CaMbIX COBPEMEHHBIX MeTOHOB UCCJIeHAO-
BaHNUA yCTAaHOBJIEHO 3HAuMTeJIbHOE TaKCOHOMHUYECKOe pasHooOpasue (aroB B pasjIMYHBIX OHMOTONAx
o3epa BO BCe Ce30HBI rofja U Ha BceX IVIyOMHax. BrepBble NpoBefeHO H3y4yeHUe pa3MepHOU CTPYK-
TYphl U YUCJIEHHOCTU Oaiikajibckux OakTeprodaros, BllepBble BHIAICHEHO T'eHEeTUYecKOoe pa3HooOpa3ue
T4-mogo6HBIX (ParoB MOBEPXHOCTHOTO MUKPOCJIOA U OMOIJIEHOK OMOTeHHBIX U abMOreHHBIX CyOcCTpa-
TOB 03epa. OmnpefiejieH MOJIHBIN FeHOM HOBOTO TMT'AaHTCKOro Oarikanabckoro 6akrepuodara PaBG. On
OB paTUGUIMPOBAH MeXAYHAPOAHBIM KOMUTETOM IO TakcoHoMmuu BupycoB (ICTV) xak HOBBIA poA

Baikalvirus.
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1. BBeapenue

B mocnemHue aecATHJIETUA B BOJaX MOpen U
OKeaHOB yCTaHOBJIEHA BhICOKas YMCJIEHHOCTb BHUPYC-
HBIX YacTul[ — 00 10° wacTuiy/mi, KOTOpas 3Hauu-
TeJIbHO IIpeBHIIAeT YMCJIEHHOCTh BCeX APYTMX opra-
HU3MOB BOJIHBIX 3KocucTeM (Bergh et al., 1989; Proctor
and Fuhrman, 1990; Wommack and Colwell, 2000;
Weinbauer, 2004). B 1990 r. M.E. Klut, J.G. Stockner
(1990) B ynpTpaosmrorpodHom ozepe Crpoat (KaHazga)
00HapPYXUJIU BUPYCOIOJO0HBIE YaCTUIIBI B KOJIMUYECTBE
okoyio 107 yacTHI/MJI BOABI, Pa3jMYHOIO pasMepa
— 60-200 M. [lo JaHHBIM TPaHCMHCCUOHHON 3JI€K-
TpoHHOUM MukKpockonuu (TOM), ¢aru mnpencTaBIAIU
o001 MATU-, IMECTUCTOPOHHUE T'OJIOBKUA C OTUYETJIUBO
BUAUMBIM TNPUAATKOM (XBOCTOM). BbLIM 0OHapyXKeHBI
(aroBble YacTUIlBl, KaK He IPUKpeNJIeHHbIe K KJIeTKaM,
Tak U acCOI[UMpPOBaHHbIE C HUMH, YCTaHOBJIeHa 00Jib-
11as UX YUCJIEHHOCTD B BeceHHee BpeM:A. KoadpduirieHT
yrcjeHHocTH (aroB k OakTepusaMm cocTabaaa 3:1.
CooTHolleHue dar/0aKkTepusa UCIOJIb3yeTcA IJiA CpaB-
HeHMA MeXOy MONyJIAUAMU BUPUOIJIAaHKTOHA U Gak-
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TEPUOIUIAHKTOHA, M KaK BBIACHEHO, B MPECHOBOAHBIX
HKOCHCTEeMaX OHO BHIIe, YeM B Mopckux (Maranger and
Bird, 1995).

BrisicHeHO, uTO 6akTepuodaru (paru) OTHOCATCA
K 4Yucjly Haubojlee MOIIHBIX OmHojornyeckux (HaxTo-
POB, KOHTPOJIMPYIOLIMX pa3HooOpa3re U YHCJIeHHOCTb
CBOUX X035I€B, a TAKXKe IPOAYKTUBHOCTb BOJHBIX 9KOCHU-
cTeM, IpUHUMAas aKTUBHOE ydyacTue B GHOreoxumude-
cKuXx 1uKax. Bospioe pasHooGpasue 1 oBceMecTHasA
pacrnpocTpaHeHHOCTb BUPYCOB B BOAHBIX 3KOCHCTEMax
(xak B MOPCKUX, TaK U B IPECHOBOJHEIX), a TaKXe UX
pas3JyinyHble QYHKI[UY, CBUAETEJIbCTBYIOT 00 MX 3KOJIO-
rMYecKOl BaXXHOCTU B XM3HEHHBIX IIpolieccax Bojoe-
MoB. HepocTraTouHas M3y4eHHOCTb BUPHOILJIAHKTOHA
B IIPDECHOBOJHBIX 3KOCHCTeMax OTKphIBaeT OoJibliIne
BO3MOXHOCTH I MCCJIeJOBAHNA 3TUX CPaBHUTEJIBHO
HOBBIX, TIPUYEM — CaMBIX MHOTOYKCJIEHHBIX GHOJIOTH-
yecKuxX OOBeKTOB. Bupychl GakTepmili U BOAOpPOCJEN
SIBJIAIOTCS OOIIENPU3HAHHBIMU AKTUBHBIMU YYaCTHU-
KaMU «MHKPOOGHOM MEeTJIU» - ydyacTKa Tpoduueckoit
I[ell1, OTBETCTBEHHOTr'0 3a LIUPKYJIALNI0 PacCTBOPUMOTO
OpraHuvecKkoro BelllecTBa, U 3TO HauboJjiee 3HAUMMOE
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CBOHMCTBO WX B (PYHKIIMOHWPOBAHWM BOJHBIX 3KOCU-
creMm (Noble and Fuhrman, 1999; Suttle, 2005; Weitz
and Wilhelm, 2012). DTy HOBBIE 3HAHUA U3MEHUJIU
CJIOXUBIIMECA TPEACTABJIEHUA O CTPYKType U (YHK-
UOHUPOBAHUU «MHUKPOOHOU TETJIN» BOIHBIX 3KOCH-
creM. [TogoOHbIe Kcc/IeOBaHUSA OCOOEHHO aKTyasIbHBI
JIJI1 MAJIOU3YYEeHHBIX MIPECHOBOIHBIX IKOCUCTEM, a IJIA
o3epa Balikaym B HacTosilee BpeMs OOJIBIIOE 3HaAYe-
HUe UMeeT MpobJieMa COXpAaHEHUs BRICOKOTO KayecTBa
BoAbl. M B pelleHMU 3TON aKTyasbHOU TIJ1006aJIbHOM
3a7layMl CYIIECTBEHHYIO POJIb WUTPAlT HCCIENOBAHUA
CTPYKTYpPHl ¥ GYHKIUOHUPOBAHUA MHUKPOOHOTO U
BUPYCHOT'O HaceJIeHUsA 03epa B COBPEMEHHBIN MePUO.
rJ106aIbHOTO MOTEIIEHNSA, TOCKOJIBKY OHU BBIITOJTHAIOT
OCHOBHYI0 (YHKIIMIO CAMOOYMIIEHUA OT Pa3JIMYHBIX
BHUJIOB 3arps3HEHMUS.

2. MaTepuanbl U MeTOADI

HccnenoBanua konudaroB osepa bailikan u
ero MpUTOKOB ObLIM Hauathl B 1998 roay ([prokkep
u MacsieHHUKOB, 1998). MeTtogom snudayopecueHT-
HOU wmukpockonuu (O®M) B o3epe ObUIM OGHApY-
’keHbl BUpYycHble dactunbl (Besnbix u Benmkos, 2000).
Jia msonanuu daros uM3 NpUpoAHBIX 00pas3I[0B BOJBI
Y KyJbTHUBUPOBaHUA HX OBLJI KCIOJIb30BaH OOLIenpu-
HATBHIN IOJXO[, a B AaJjibHeHIleM, AJiA UX U3y4YeHus -
TOM, uyTO NO3BOJIWJIO MOJIy4YUTh Haubojiee TOYHOE U
[IOJIHOE IIpe/icTaBJjieHre 0 MOp(OJIOruH, YMCIeHHOCTU
U TPOCTPaHCTBEHHOM pacnpefeieHnnd ux (Jprokkep
u JyrtoBa, 2003; 2005; 2006). [na moucka u usyue-
HMs aBTOXTOHHBIX OakTeprodaros oT6op npod BOAB U
HelCTOHa IpOBeJieH B JIMTOpasy U Iejlarhaau o3epa
Batikan B BeceHHUH, JIETHUL, OCEHHUI U 3UMHUH Nepu-
onsl 2002-2015 rr. [ uccienoaHus 6akrepuodaros
NIPUPOAHBIX OMOIJIEHOK, 00pa30BaHHBIX HA €CTeCTBEH-
HBIX Fe0JIOTMYeCcKUX [Topojax (rpaHuT, MpaMop, CJII0Aa,
kBap1, ambubonut, rabbpo, ypTUT) U Ha CTaJIbHOU
IJIACTHHE BOJ0JIa3aMH OBLIIA B3ATH 00pasI(bl, 3KCIIO-
HUPOBaHHbIE B YCJIOBUAX IPHPOJHOrO 3KCIEPHUMEHTa,
IpojoJKaBuierocsa 5 JieT B JIMTOpaJIM Ha IyIyOuHe 3
M. [[Jia 3J1eKTPOHHO-MHKPOCKOIHNYECKOro W3y4eHuA
B3ATHlE CTEPUJIBHO MPOOBI BOABL OCAX AU C IIOMOIIbIO
yabsTpateHTpudyr Beckman L8-55 u Sorvall Discovery
96 SE. U3 kaxaoil mpoObl TOTOBUJIMCH IO ABE CETKU,
Ha KOTOPHIX YYMTBEIBAIU (aroBble YaCTHULbl Pa3IMYHBIX
Mmopdosiorndeckux rpynn B 100 mosAx 3peHusd, nog-
CYeT YMCJIEHHOCTH MPOBOAWJIU B ABYX NPOBOPHOCTAX
(Zheng et al., 1996). [IpenapaThi (Haros MccieOBAICH
B TPaHCMUCCHOHHOM 3JIEKTPOHHOM MHKpockomne LEO-
906E (Karl Zeiss, Tepmanus). UneHTudukamumo Oak-
TeprodaroB MpoBOAWIN IO MOP(OJIOTMYEeCKUM IIpH-
3HaKaM COIJIaCHO CyIleCTBOBaBIIel MeXIyHapOoOHOM
kinaccudukanuu (Ackermann, 2001). CraTuctuyeckas
00paboTKa IOJIy4YeHHBIX pPe3yJIbTaTOB BBIIOJIHEHa C
noMmotbio Microsoft Excel 2010.

MosekyJIApHBIE METOMbl MCCJIeNOBaHUA 3aKJIIO-
YyaJich B CEeKBEHWPOBAHMM IeHa OCHOBHOI'O KaIlCH-
Horo Oenka g23 u reHa mnoprajgbHoro 6Oenka g20
T4-momo6HbIX GakTepuodaros no Meroay CeHrepa U c
IIOMOIIIbI0 BBICOKOIIPOM3BOAUTEJIBHOIO CEKBEHHPOBa-
HusA (Butina et al., 2010; Bytuna u Ap., 2012; IToranos
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u 1p., 2013; 2018; Potapov et al., 2020; 2022a; 2024a).
Taxke GBLJIO BHIITOJIHEHO MeTareHOMHOe M MeTaTpaHC-
KPUIITOMHOE CeKBEHHpPOBaHHE BUPYCHOI'O COOOI[eCTBa
(bpakuusa menee 0,2 MKM), AJiA 4ero 6bUJIM OTOOpPAHBI
po6bI BoAsl 06beMoM 10 25 J1 B 3 KOTJIOBUHAX 03epa U
nposiuBe Majioe Mope B pa3sinuHble ce30HH (Potapov et
al., 2019; 2020; 2022b; 2024a). BuonHpopMaTUIECKUI
aHaJIM3 BHIITOJIHEH C TOMOIIBI0 psAfa nporpamm SPAdes
v.3.13.0, Virsorter v.1.0.3, BWA v.0.7.17, SAMtools
v.1.9 et al. u 6a3 manueix RefSeq u GenBank. Takxke
IIpoBeJleHa oOlleHKa [-pa3Hoo0pasus BUPYCHHIX CO00-
mecTB: 1) Ha OCHOBe aMUHOKHCJIOTHBIX I10CTIEOBATEIb-
HocTell reHa g20, g23, npuMenss MeTpuky UniFrac; 2)
Ha OCHOBE TAKCOHOB BHPYCHBIX COOOILIECTB C IpUMeHe-
HUeM HepapxuyecKoro KjacrepHoro aHanusa (Potapov
et al., 2018; 2019).

3. Pe3yAabTathbl M 06Ccy)xpeHue

BniepBble B camoM JpeBHeM U TJIyOOKOBOJHOM
onurorpodHoM o3epe batikan B 2001-2003 rr. MmeTo-
noM TOM Bo Bcell BOAHOI TOJIIIle A0 MaKCUMaJIbHBIX
rJiyouH ObLTM OOHapy’XeHbl aBTOXTOHHBIE OaKTepHo-
(aru. 13 uzBectHsIX B TO Bpems ceMelicts JJHK- u PHK-
cogepxamux (Qarop (o AaHHEIM MeXayHapOgHOTO
KOMUTETA 1O TakcoHoMuu Bupycos, ICTV) B pasnuy-
HBIX OMOTONax o3epa BliepBhle HalleHO, NAeHTUDUIIN-
PpOBaHO U U3y4eHHbl ceMelicTBa: Siphoviridae, Myoviridae,
Podoviridae, Inoviridae ([dprokkep u HyrtoBa, 2003;
2005; 2006). Kpome Toro, 6s1711 0OOHaApY>KEHHBI YeThIpe
Mop@oJsiorndyeckux Tumna (aroB HeHM3BEeCTHOI'O CHUCTe-
MaTHYeCKOro IOJIOXKEHHs, BO3MOXXHO «3HIAEMUYHEIEe».
Takum ob6pasom, GoJiblioe Ovopa3HOOOpasue, xapak-
TepHoe 1A (Jiopsl U dayHH 03. balikaj, oTHOCUTCA U
K Oaktepruodaram.

Baktepuodaru HaliieHB BO BCe CE30HHI roga B
coo0IiecTBax pa3/IMYHBIX OUOTONOB 03. Baiikas: Heli-
CTOHe, IIJIAHKTOHe, O€HTOoCe U MO3TOMY MX MOXHO CUU-
TaTh aBTOXTOHHBIMY, TaK KaK UX 00HapyXHUBaJIM IOCTO-
SAHHO B MHOT'0JIETHHUX MCCJIeJOBaHUAX B TEUEHUU BCEX
Ce30HOB rofla Ha pas3jIMYHbIX [TTyOMHAX — OT IIOBEPXHO-
ctu go 1200 M (MakcumaibHasA IIyOuHaA KccieoBa-
Huit) ([prokkep u ytosa, 2009). A riiybOKOBOJHOM
osuroTpodHOM sKocucTeMsl 03. Baiikas Oblia BliepBbIe
yCTaHOBJIEHA BIIOJIHE 4YeTKas 3aKOHOMEPHOCTh: 0O0JIb-
IMIMHCTBO HalifleHHBIX (daroB (76 %) mpuHaIexaId
otpsany Caudovirales — xBocTaThIX (paroB ¢ UKOCA3APU-
4ecKHMHU I'0JIOBKaMU, 00beIUHAIOIIEMY B 3aBUCMOCTH
OT pasMepoB U COKPaTHMOCTHU XBOCTOBBIX OTPOCTKOB
Tpu cemelictBa: Siphoviridae, Podoviridae, Myoviridae.
Cpenu Hux npeo6iaganu — 40-59 % daru ¢ ATUHHBIMUA
HEeCOKPaTHMBIMU XBOCTOBEIMU OTPOCTKaMH, Ipe/iCcTaB-
JomuMu  cemelictBo  Siphoviridae (Puc. 1, 2). 910
daru c paznuuHoi PpopMoii Kancuaa, pasmep KOTOporo
BapbupoBa ot 20 Ao 254 HM, UIMHA OTPOCTKA COCTaB-
nana 45-780 uM. CredymolmyM IO BCTpPE4aeMOCTU —
11-32 %, 6putn GakTepuodaru cemerictBa Podoviridae
C KOPOTKHM HEeCOKpPaTUMBIM XBOCTOBBIM OTPOCTKOM
6e3 GaszanpHol miactuHku (Puc. 3). Pasmep kancupga
coctaBisan 40-73 HM, IJIMHA XBOCTOBBIX OTPOCTKOB
8-29 HMm. BakTepuodaru cemerictBa Myoviridae nmenu
pasMmep karncuga 69-143 HM, AJIMHY XBOCTOBBIX OTPOCT-
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Puc.1. TpaHcMUCCHOHHAS 2JIEKTPOHHAS MUKPOCKOIHA CbOBUPYCOB (paHee KiacCUPUIMPOBAHHBIX KaK CEMENCTBO
Siphoviridae).

Puc.2. TpaHCMHCCHOHHAA 3JIEKTPOHHAs MUKpOcKomnusa crudoBUPYcoB (paHee KilaccuPUIMPOBAHHBIX KaK CEMEHCTBO
Siphoviridae).

Puc.3. TpaHCMUCCHOHHASA 3JIEKTPOHHAS MUKPOCKOIUS MOJOBUPYCOB (paHee KacCU(UIIMPOBAHHBIX KaK CEMECTBO
Podoviridae).
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Puc.4. TpaHCMUCCHOHHAS 3JIEKTPOHHAS MUKPOCKOITHA MUOBUPYCOB (paHee KilacCUPUIIMPOBAHHKBIX KakK ceMelicTBo Myoviridae).

KOB 25-326 HM, OjuHy 4exjoB 15-121 HM, ux Aojid B
IUTAaHKTOHE o3epa gocTturana 6-25 % (Puc. 4, 5). OHu
OTJIMYAJINCh CJIO)KHOM CTPYKTYPHOM OpraHu3amnuen
COKpPaTUMOr0 XBOCTOBOI'O OTpoOcTKa. bazajpHasd IJia-
CTHHKA 3TUX ¢aroB cHabXxeHa pa3HOro pofa CTPYKTY-
pamu: 3y0rieo6pa3HBIMU, BOMJIOYHBIME MPUAATKAMU U
apOBUAHBIMU TeJIaMU Ha KOHIIaX OTPOCTKOB. B BUpH-
OIUIaHKTOHe 03. DBaiikaim B HeOOJIBIIOM KOJIMYecTBe
BCTpevYaJICh BHPYCONOAOOHBIE YacTHUIBl 6e3 XBOCTO-
BOT'O OTpOCTKa, dharu ceMericTBa Inoviridae (HUTYaThIE)
(Puc. 6). Oco0blil MHTepeC MPeACTaBIAIT 00HAPYKeH-
Hele MopdoTunel 6akTeprodaroB, KOTophle He Ipej-
CTaBJIEHHI B KJjaccudukanum MexayHapogHOr0 KOMMU-
Tera 1o TakcoHoMuu BupycoB (ICTV) u He onucaHbI
aBTOpaMU AJiA JPYTUX BOOHBIX SKOCHUCTEM (BO3MOXHO,
SHIAeMHuYHBIe Ij1d Batikana)- Puc. 7. Tak, B JIETHUH
IepyuoJ] HaiifleHbl BUPHOHB C TOJIOBKOI B ¢dopMme
«10Jibl». OcobeHHOCTBI0 Mopdosiorun paroB ABJAETCA
HaJIN4¥ie MTUIOBUAHBIX BEIPOCTOB JJIMHOM OKOJIO 7 HM,

paauaJibHO OTXOJAMMX OT Kamncuja. Kpome toro, Haii-
aeHbl ¢aru ¢ ABymMsa 4yeTko auddepeHIpOBaHHBIMU
000JI0YKaMM U TOJICTBIM XBOCTOBBIM OTPOCTKOM. Takxe
HalifieHH ¢aru B popmMe «MOJIOTKA» C T'OJIOBKOH, BHITS-
HYTOHN IepHeHJUKYJIIDHO XBOCTY. BOJIBIIMHCTBO XBO-
cratbix daroe orpsaga Caudovirales — no 96 %, Takxe
0OHapyXMBaIT B MOPAX U oKeaHax (Ackermann, 2001),
npuueM 67-87 % mpuHazgiexar ceMercTBy Siphoviridae,
Y B MeHbIIIEM KoJIn4YecTBe ceMelicTBy Myoviridae — 7-14
% u Podoviridae — 5-19 %.

YucsieHHOCTh CBOOOAHBIX (DaroBbIX YacCTUI] B
BoZle 03. Bailikay B pa3jiiyHble Ce30HHBI rofa M3MeHs-
sack ot 0.5810° mur! Ha mosepxnoctu 10 0.01-10° Ha
rinyouHe 1000 M. Hawnbosbliasg umcyieHHOCTb (haros
oTMeuaJjiach B BeCEHHUN U JIeTHe-OCEeHHUIl IepHOIbI
B IIOBEPXHOCTHOM cJioe BoJbl. MUHMMAJIbHOE KOJihye-
cTBO GakTeprodaros HabJIIOIAJIOCh B 3UMHUM MEPUO/T
Ha riyouHe 1000 m. I[TomoOHasa ce30HHasA 3aKOHOMED-
HOCTb B Pa3BUTUM YHMCJIEHHOCTU (aros, Kak U BepTU-

Puc.5. TpaHCMUCCHOHHAs 3JIEKTPOHHAS MUKPOCKOITHS MUOBUPYCOB (paHee Ki1accuUIIPOBAHHBIX KaK ceMelicTBo Myoviridae).
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Puc.6. TpaHcMUCCHOHHAA 3JIEKTPOHHAA MUKPOCKOIIHA HUTYATHBIX BUPYCONOAOOHBIX YaCTHII.

KaJIbHOE pacrpeesieHre X, COTJIaCyeTCsA C AUHAMUKOU
ob11eli yncyieHHOCTU 6akTepuii B BoJie o3epa. B BepTu-
KaJIbHOM pacnpefiejieHnn OakTeprodaros OTMedeHa
00111asa 3aKOHOMEPHOCTh — CHMXKEHUE UX KOJIMYeCTBa C
riryouHoi. OqHaKo y AHA o3epa Ha 1200 M mpoucxoquT
yBeJinueHune unciaeHHoctu daros go 0.03-10°mit?, uTo,
0YEBUIHO, CONPSIKEHO C 0COOEHHOCThIO (PYHKIIMOHUPO-
BaHWA MUKPOOMOIIEHO3a B IIPUIOHHOM 30HE 03epa.
[IpoBeieHHbIE UCCIIeIOBAHNS TAKCOHOMUYECKOTO
cocTtaBa (paroB HEMICTOHHOU IIJIEHKH, HaXOAAIIENCS Ha
rpaHuile ¢a3 BOAA-BO3AYX, AaJil WHBIE Pe3yJIbTaThL
OCHOBHBIM KOMITOHEHTOM BHPHOHEHCTOHA (B cOCTaBe
MHUKpPOOMOMA HEHNCTOHA) SBJISJINCH BHPYCOIOI00HBIE
yacTUIlbl 6e3 XBOCTOBOTO OTpOCTKa — 65%. oA XBo-
craTeix ¢aroB B HEHCTOHe OKa3ajlach HUXe: BKJIaJ
npejicTaBuTesieil cemeiictBa Podoviridae mocturan 25
%, a cemelicTBa Siphoviridae u Myoviridae cocTaBsn
okoyi0 10 % Kax/piii. B MOBEpXHOCTHOM MHKPOCJIOE
BOOHOM TOJIIM Balikaja B 3HAUMTEJIbHOM KOJIMYECTBE
HalijleHbl HUT4YaThle (aru cemeiicTBa Inoviridae, oTu-
yaronrecsa JIUHHBIMU (o 2000 HM) rubkuMu 1 (11m)
JKE€CTKHMMMU NPAMBIMUA 1 TOHKMMHA M30THY TBIMU HUTAMMU.
Hatigensl Takxke (aru, obsagamiire CXOOHBIMU VJib-
TPaACTPYKTYPHBIMU IIPU3HAKaAMH C BUpycaMU pPeOKux
cemeticTB Rudiviridae u Fuselloviridae, KoTOpble paHee B

o3epe He perucTpupoBajivch. B pa3MepHOil CTPyKType
(aroB HeIMCTOHHOI IJIEHKU Ha TpaHHIle BOJa-BO3AYyX
npeobsaganu Mejkve GOpMBI C AUAMETPOM Kamlcuaa
30-60 uM (44 %). ®aru pazmepom = 60-80 HM u = 80
HM cocTaBysau 28 u 23 % cooTBeTcTBeHHO. YacToTa
BcTpeyaeMocTu ¢aros pasmepoM < 30 HM oka3zajach
He3HauuTteJbHOH (5 %). YnucjeHHOCTh 6akTeprodaros
B HENCTOHHOHN IUIeHKe BapshupoBasa oT 0.05-10° mo
0.16:10 M.

[To coBpemMeHHBIM mpefcTaBiieHUAM, 95-99 %
MHKPOOPraHN3MOB-X03s1eB 0akTeprodaroB B BOAHBIX
dKOCHCTeMax CyL[eCcTBYIOT B BU/ie creluduiecku opra-
HU30BaHHBIX, NPUKpeIUIeHHBIX K cybcTpary Ouorie-
HOK, GOpPMUpPYIOIINXCA Ha MMOBEPXHOCTU paszfiesa ¢das.
PazBuTie GHONJIEHOYHBIX COOOIIECTB — OHA U3 OCHOB-
HBIX CTpaTeruil BbDKMBaHUA OakTepuil He TOJIBKO B
OKpy’Xalollleil cpefie, HO U B MHPUIMPyEeMBIX OpraHu3-
max (MipmHa u np., 2004). OCHOBHYIO POJIb B JIU3KCE
OMOIJIEHOYHBIX MHUKPOOPTaHM3MOB BHIIOJIHAIT (aruy,
obnamaromue pepMeHTaMM Pa3HOM CIEeNU(PUIHOCTU,
CHocOOHBIe pa3pymliaTh MOJIMCAXapUAHYI 3allUuTy
(matpukc), u camu OGakTepuu (Sutherland, 2001).
AxTuBHOCTH GakTeprodaros obpacTaHUN MPUBOAUT K
(popMHpOBaHUI0 CTPYKTYPhl OMOIJIEHKU — MOSBJIEHUIO
[0JIOCTeN, KaHaJIoB, IIOP, U BCJIEACTBHE 3TOTO MPOUC-

Puc.7. HeoGrruasle MopdoTunsl 6akTepodaros, HaiileHHbIe B 03epe Batikai.
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XOJIUT HapyllleHue ee 1[eJIOCTHOCTU. boJibiioil nHTepec
BBI3bIBaeT IIOKUCK HOBBIX (aros, 00JIaJaioOLIMX BEICOKOM
(depMeHTaTUBHOM aKTUBHOCTbIO B pa3pylleHuu OHo-
IJIGHOK MaTOreHHBIX MUKPOOPraHMW3MOB. BliepBbie B
onurorpodHoM o3epe baiikai ncciegoBaHo MopdoI0-
ruyeckoe pasHooOpasue U pa3MepHBIIl clieKTp OakTe-
puodaros NpUAOHHBIX OMOIJIEHOK, 00pa30BaHHBIX Ha
€CTeCTBeHHBIX I'e0JIOrMYecKUX NMOpoAax M MCKyCCTBeH-
HoM cyOcTtpate (yroBa u [lpiokkep, 2013; JIpiokkep
u 1p., 2015; 2019). [IpoBeneHHOe HccieqOBaHNE MOP-
¢osornueckoro cocrasa ¢aros OUOIIIEHOK, GOPMUPY-
IOIIMXCA Ha KaMEeHUCTHIX cyOcTpaTax B eCTeCTBEHHBIX
yCJI0BHAX Ha rpaHurie ¢as: BoJga-Mpamop, Boa-rpaHuT,
BoJa-aM(GuOoINT, BoAa-CcJI0[a, Boga-Kpapll, Bofa-raod-
6po, BoJa-ypTUT, a Takxe BoJa-CTajbHasd IJIACTHHA,
Jajio pe3ysbTaThl, OTJIMYHBIE OT IIOJIy4YeHHBIX C HeH-
CTOHHOMU IUJTeHKOU. B 6uonsieHkax, o6pa3oBaHHBIX Ha
reoJIornyeckux nopogax (Mpamope, rpaHute U ampu-
6osute), noMuHUpoBau — 45-50 % ¢aru cemelicTBa
Podoviridae, 3a uckitoueHreM OHOIUIEHOK Ha I'paHMUIle
BOJa-CJ0[a, I'Jle OHU COCTaBJIAIM OKojio 23 %. OTo
¢aru ¢ quamerpom kancuga 42-55 HM U JJIMHOU XBO-
CTOBOTO OTpocTKa 8-22 HM. Ha BTOpoM MecTe 1o BCTpe-
yaeMoCTHU ObLIIN MeJIKHe 6ecxXBOoCThle (paroBble YacTULIbI
— 35-45 %, rekcaroHajyibHOH (opmbl pazmepom 30-52
HM Ha IUIOCKOCTH, NPEeAIOJIOKUTEJIbHO OTHOCAIIMec
K ceMelcTBY Microviridae. OGHapyXeHbI Takxe GakTe-
puodaru cemerictB Myoviridae, Siphoviridae, Inoviridae
1 0060JI04eyHble B HeOOJIBIIOM M Jaxe eJUHUYHOM
KOJIN4ecTBe.

OcHoBHasA uacTh OakTepuodaroB OUOILIEHKHU,
B3ATOM € MeTaJUIM4YecKOHN IUIaCTHHEI, IpefcTaBjeHa
XBOCTaTBIMHU (popMamMu ceMeHcTB Siphoviridae - 8 %,
Myoviridae - 14 %, Podoviridae - 44 %. 3HaUUTEILHYIO
yacTh coobmectBa — 30 % cocraBisanu Mopgosioruye-
CKY OOHOTUIIHBIE YacTulbl auamerpoM 28 — 100 HM
6e3 XBOCTOBOTO OTPOCTKA, MeHee 3HauuMbl — 10 4 %
B o0OpacTaHuAX Ha MeTaJJINYeCKOH IIacThHe ObLIn
6ecxBocTble 0060JI09eUHble BUPYCHEBIE YaCTHIIBL.

Pasmepnas cTpykrypa 6akTepuodaros obpacra-
HUII Ha FOpHBIX nopofax o3. batikan B Gosbllel cre-
NeHu 70-85 % mpeacTaBjeHa MeEJIKUMHU BUPYC-
HBIMU YacTUllaMy c¢ auameTrpoM Kancupga 30-60 HM.
Pa3smepnsniii kiace = 60-80 uM cocrtaBus 10-25 %, a
yacToTa BCTpeyaeMOCTH dacTull pasMepoM = 80 HM
OKasajlach He3HauuTesbHOH. Ha crasbHOI IjlacTuHe
6osiee yacto BcTpeuanuchk daru pasmepom 30-60 HM
- 41 % u = 60-80 uM — 39 %. KpynHrule ¢paru, oTHOCH-
myecs K pasMepHbeiM kiaccam = 80-100 um 1 = 100
HM cocTaByisuid 9 u 7 % cooTrBeTcTBeHHO. OOIaA urc-
JIEHHOCTb OakTeprodaroB Ha pas3jIM4YHBIX IeoJioruye-
CKUX cpeJlaX M3MeHslach B 3HAaUMTEJIbHBIX Npejesiax:
0.03:10 - 0.1-10 S cm?.

Takum o6pa3oM, BIepBble NIpOBefeHHbIe Hccle-
JIOBaHUsA aBTOXTOHHBIX OakTepuodaros, ¢Gopmupyo-
muxcsd Ha KaMeHUCTHIX cyOcTparax M Ha MeTaslindye-
CKOH IUIacTHHe B NPUPOJHBIX ycJIOoBUAX 03. balikai,
YCTAHOBWJIM pasjnuusa B MopdoJorny, pasMepHOH
CTPYKTYpe 1 YMCJIeHHOCTU (aros M0 CpaBHEHUIO C JIpy-
ruMu OuoTonaMu o3epa. JTO yKas3blBaeT Ha Hajnuuue
Pa3JINYHBIX OMOJIOTMYECKUX CHCTEM BHPYC-XO3AWH U
MeXaHu3MOB WX B3auUMOZENCTBUA B OTJIMYAIOMNXCA
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SKOJIOTMYECKUX YCJIOBUAX (QYHKIMOHMPOBaHUA OHO-
IIJICHOYHBIX COOOIIeCTB BHPHUOHENCTOHA W BUPHOO-
eHToca 03. batikan. C mosTlyueHreM HOBBIX 3HaHUU 00
aBTOXTOHHBIX OakTepuodarax B BOAHBIX 3KOCHCTeMax
CTAHOBUTCA IOHATHBIM, YTO OHU MOTIYT CYIIECTBEHHO
MeHATh OajlaHC XU3HEHHBIX IIPOIleccoB, IIpephiBasd
MHOTHe 3BeHbs NUIIEBHIX Lienel], U3MeHAsS CTPYKTYpY
coo0111ecTB, U BCJIEACTBHE 3TOrO yJIydyllaTh WA YXyAd-
IaTh IPOUCXOAAIIME NIPOIeCCH CaMOOYUIeHUs B HUX.

CpaBHeHHe pa3MepoB Oakrepuodaros — Aua-
MeTp Kancuja M IJIMHA XBOCTOBOI'O OTPOCTKA, B 03.
bBaiikan 1 B Apyrux M3ydeHHBIX 03epax, MOPSX U OKe-
aHax IoKasajlo, 4TO OCOOeHHOCTAMU OaliKaJIbCKUX
(aros ABJIAIOTCA 3HAUUTEJIbHBIE pa3Mephl UX KallCHI0B
Y XBOCTOBBIX OTPOCTKOB: 20-254 u 8-780 HM cooTBeT-
ctBeHHo. [To manuaeiM (Wommack et al., 1992; Auguet
et al., 2006), B MOpsIX 1 OKeaHaX JOMUHUPYET OTHOCH-
TeJIbHO TOMOT'eHHBIH 110 pa3MepaM BUPUOILIAHKTOH C
BesinunHON KarcugoB 30-60 HM.

PazHooOpasue T4-momobHBIX OGakTepuodaros
B 03. Baiikayj BIepBble ONMCAHO C KCHOJIb30BaHUEM
MapKepoB K reHy KamcuaHoro Gesyika (Butina et al.,
2010). BnepBble yCTaHOBJIEHO I'eHETHYeCKOe pa3HOoo-
6pasue T4-mogo6HbEIX 6aKkTeprodaroB NOBEPXHOCTHOTO
MHKPOCJI0£1, 6M0IJIeHOK OMOTeHHBIX 11 aOHOreHHBIX Cy0-
cTpartoB U3 03. batikan. Okasasoch, uTo 6akTepuodaru
61OIJIEeHOK KaMHel 1 I'yOOoK B MpuOpexHoii 30He huio-
reHeTnyecku GJIM3KU C IIJIAHKTOHHBIMU (paramu Iejia-
ruanu o3epa. HelictoHHble paru B 6oJibllleil cTeneHu
OTJINYAlOTCA OT COOOIIeCTB IIJIAHKTOHA M OHONJIEHOK
o3epa. bakteprodaru n1oBepxHOCTHOrO MUKPOCJIOA U3
nposBa Majsoe Mope MMeIOT 3aMeTHOe OTJIM4Yue OT
JpyTUX 5KOTONOB 03. bBalikaji, OHM IpynnupyloTcs B
OAMH KJIacTep C NOCJIe0BaTeIbHOCTAMU U3 MOJIAPHBIX
o3ep, o0pa3ys COBMECTHYI0 KJIady C «0aiKaJbCKHUM»
kiactrepom (Potapov et al.,, 2020). B 6GoJibImHCTBE
cilydaeB IocjlefoBaTeJIbHOCTH g23 wumenu Omxail-
1ero HeKyJIbTUBUPOBAHHOIO POACTBEHHHKA, [I03TOMY
HeJsIb3sl OTBETUTb Ha BOIPOC, KTO ABJIAJICA XO3AMHOM
3THX BUPYCOB.

OTcyTCcTBHE YHHBEpPCAJIbHOTO TI'€HeTHYeCKOro
Mapkepa [AJid IOMCKA U HAeHTUGUKALUU BHUPYCOB
Ype3BbIYaiHO 3aTPYyAHAET HU3yuyeHHe BUPYCHBIX CO00-
IecTB, BKJIIOYasA BOAHBIE 3KOCHUCTEMHl. B mociennue
roAsl INpHMeHeHHe MeTOo[a BbICOKOIIPOU3BOAUTEJIb-
HOI'O CEKBEHHPOBAaHUA II03BOJIMJIO PeLlIUTb MHOTHe
MeToAuYecKre BOIIPOCH U 3HAUYUTEJIBHO PacCIIWpUIO
BO3MOKHOCTU H3y4YeHUs CTPYKTyphl, Onopa3HooOpa-
3usa U QyHKUMOHHUpoBaHUA BupoMoB (Watkins et al.,
2016; Skvortsov et al., 2016). BriepBble i JpeBHUX
o3ep 3eMJId C IOMOIIbI0 BBICOKOIIPOM3BOAUTEJIEHOTO
CeKBeHHPOBaHUA Ha NpruMepe 03. balikas ycTaHOBJIEHO
reHetuyeckoe pasHoo6bpasue JJHK-comepxamux BUpO-
MoB (Butina et al, 2019, 2020, Potapov et al., 2019).
CoobmecTBo 6akTeprodaroB U3 pasIMUHBIX OMOTOIOB
o3epa uUMeIT HauboJibllee CXOACTBO APYT C APYroM,
a He ¢ cooflecTBaM{ K3 APYIHMX BOIAHBIX 3KOCHCTEM
(Potapov et al., 2019). TakcoHOMHUYeCKass aHHOTALU
BUPOMOB IIOKa3ajla IpeobsagaHue MOcCIefoBaTeslb-
HOCTel, MpuHajajexamux 6akrepuodaraM cemericTBa
Myoviridae, Siphoviridae u Podoviridae (Potapov et al.,
2019; Butina et al., 2019; 2020), 4To corjacyeTcs C
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NpAMBIM MHKPOCKOIIMYEeCKUM HaOJofeHreM CBOOO-
HBIX BHpPYCONOJOOHBIX dacTul. Takxe cooOmaercs,
YTO HOCJIeJOBaTEJIbHOCTU ceMelicTBa Myoviridae vatie
JApYTUX BBIABJIAIOTCA B BUPOMHBIX AaHHBIX (Potapov et
al., 2019, Butina et al., 2019). IlocjeoBaTeIbHOCTU
CXOAHBIe ¢ IMaHodaraMy, COCTaBJIAIN IOAABJIAIOIIEe
OOJIBIINMHCTBO Cpefy BCeX IOCJieloBaTeIbHOCTel Oak-
TepuodaroB kak B IpubpexHOM obpaslie, Tak U B [leJia-
rudyeckux (Potapov et al., 2020, Butina et al., 2019).

CrnenyeT yuyuThiBaTh TOT (baKT, YTO TE€HOMEI
(daroB cemeiictBa Myoviridae B cpeqHEM COCTABJIAIOT
134 ThIC. Iap OCHOBaHWM, MO CpaBHeHUIO ¢ cUOBU-
pycaMu M IOAOBUpPYyCaMH, FeHOM KOTOPHIX B CpeAHeM
rMeeT 50 ThHIC. Tap OCHOBAaHMI, a T€HOMBI CeMeMCTB
Inoviridae, Microviridae Leviviridae meHee -10 TbIC. map
ocHoBauui (Zrelovs et al., 2020). PaguxkaabHBIM U3Me-
HeHUeM B COBpeMeHHOH kJiaccubukanuu ¢aros ABJIA-
eTcsd OTMeHa OCHOBAHHBIX Ha MoOp(oJioruu ceMelcTB
Myoviridae, Podoviridae wn Siphoviridae w ynaneHue
nopsnka Caudovirales, KOTOpHI!I 3aMeHeH KJIaCCOM
Caudoviricetes [Jisi TPYIIHUPOBKUA BCEX XBOCTATHIX Oak-
TepuajibHBIX M apXeNHbIX BHUPYCOB C HKOcCadJpuye-
CKMMH KancuaaMu u apyxuenodeuyHsiM JJTHK-reHomom.
JTO MU3MeHeHHe ObUI0 HeoOXOAUMO, YUYUTHIBAsA MHO-
rourcJjieHHble He3aBHUCHMBIEe OIeHKHM TOro, 4YTO 3THU
OCHOBaHHBIe Ha MOpPQOJIOTUM CeMelCTBa ABJIAITCA
noaru@uieTu4eckKuMy U HETOYHO OTpaxalT OOIIyio
3BOJIIOLMOHHYIO MCTOpUIO. J[BaAliaTh ABa HOBBIX ceMeil-
cTBa OBLIM BbIZeJIeHbl B kJjacce Caudoviricetes (Turner
et al., 2023). CorjilacHO TaKCOHOMUYECKOMY aHAIU3Y
BUPDOMOB Ha YpOBHe KJIacCOB, BO Bcex oOpasljax u3s
o3epa bBaiikan mo Tekymeill kjaccudUKalUU. OOMU-
HupoBasu Gaktepuodaru kyacca Caudoviricetes (80-
94,6%). BTOoppIM IO pacIpoOCTPaHEHHOCTU KJIACCOM
okasaimch Megaviricetes — BUPyCBl 3yKapuoOT, K KOTO-
poMy oTHocATca ruranTckue JJHK-Bupych (3a UCKJIIO-
yeHreM oOpasija, 0TOOpaHHOro B MOAJIENHBIN MTepuos,
rfje BTOpoe MecTo 3aHsnu Maveriviricetes). Ux noss
coctaBuia 5,6-17,9%. TpeTbuM MO YMCIEHHOCTU KJ1ac-
coM crtanu Maveriviricetes, BKJIIOYamwlie Bupodary,
KOTOpble MOTYT pa3MHOXaTbCA B 3YKapHOTHYECKUX
KJIeTKaxX TOJIbKO B IIPUCYTCTBUU Jpyroro Bupyca (0,9-
2,7%). (Potapov and Belykh, 2023). [To HOBoI1 KJ1accu-
dukanuu ¢paru us osepa baiikas, paHee oTHoOcAIIMecA K
ceMercTBY Myoviridae, Ha JaHHBI MOMEHT KJIacCUbU-
LUPYIOTCA KaK MpejcTaBuTe M ceMeictB Kianoviridae,
Straboviridae, Peduoviridae, Herelleviridae, dparu ¢ mopo-
BUPYCHON MOpP(QOJIOTHel NpefcTaBjieHbl B OCHOBHOM
ceMercTBOM Autographiviridae n MeHee ceMeHCTBaMU
Suoliviridae, Pachyviridae. TlociieqoBaTesibHOCTA (paros
¢ cudoBupycHoil MopdoJsiorueli He3HaYuTeJIbHO
mpezicTaBleHH B GalikajbckoMm BupoMe (Potapov and
Belykh, 2023).

BoccraHoByieHo 73 reHoma GakTepuodaros U3
MeTareHOMHBIX JaHHBIX U3 BOAB 03. balikan AMHON
ot 13,8 TeIC. fO 163,7 THIC HK. JIBAa M3 HUX NpPUHAJ-
Jlexar IpeAnoJoXuTesbHO nuaHodaram. OcrajbHbIE
[I0 COBpeMeHHOH Kkjaccu@uKaluy ABJIAIOTCSA HOBHIMU
TaKCOHaMH, TaK KaKk Ha 'eHOMHOM ypOBHe He HMMeT
3HAYMTEJIBHOIO CXOJACTBA C W3BeCTHHIMHU (daramu.
ABanu3 aMHHOKUCJIOTHBIX IIOCJIe[JOBaTeJIbHOCTel,
UeHTUUIMPOBAaHHBIX B COOpPaHHBIX reHOMax Oakre-
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puodaros c ucnosb3oBaHueM 6a3bl gaHHeIx PHROG
(Phage Orthologous Groups), mokasas, uto 27,5% u3
HUX MMeIOT HeM3BeCcTHYI0 (PYHKIIHIO, B TO BpeMs Kak
OOJIBIIMHCTBO IIOCJIeJoBaTeJIbHOCTEN MMelolie CXOM-
CTBO C U3BeCTHBIMU (23,7%) OTHOCATCA K KaTeropuu
«Metabonmam [HK, PHK u Hykieotumos». Takxke B
coOpaHHBIX reHoOMax OBl OOHApy>XeHbI TeHbl BCIIOMO-
rareJjibHOro Metabosusma (AMGS), KOTOphIe YCKOPSIOT
MeTaboIM3M X03sMHA B Xoje uHbekuuu (nadM, cysC,
cobS, galE, cobT et al) (Potapov et al., 2024b).
OnpefieleH TOJIHBIA TeHOM HOBOro 0Oaii-
Kanpckoro (ara PaBG, wuHOUUUpylOIMEro mTamMm
Pseudomonas aeruginosa PAO1 (Sykilinda et al., 2014).
BuonndopManoHHBIN aHaAJINM3 3TOr0 reHoMa He BbIA-
BUJI CyL[eCTBEHHOM I'OMOJIOTMH C WU3BECTHBIMU I'€HO-
Mamu ¢aros. bakteprodar PaBG cocTouT U3 rojioBKu
auaMmerpoM 136 HM u xBocTa JIMHOU 220 HM, YTO
[I03BOJIAET OTHECTH ero K rura’nTckum ¢aram. OH
umeet aByxuenoudeuHnyio JHK pnunHoit 258139 mn.H.,
KOJINYEeCTBO OTKPHITBIX paMok cuuTbiBaHUsA (ORF)
cocrapyisieT 308. I'ennl PaBG koaupyioT cob6CTBEHHBIE
¢aroseie PHK- un JIHK-nomumepasbl. OTOT T'MraHT-
ckuii Oatikambckuil dar @QuioreHeTMYecku OTHa-
JieH oT Jpyrux ¢aroB ICeBAOMOHAJ U INpefCcTaBjAeT
HOBBIA pop BupycoB Baikalvirus kiacca Caudoviricetes
COTJIACHO COBPEMEHHOM TaKCOHOMUYECKOU KJiac-
cupukaruu  ICTV  (https://ictv.global/taxonomy/
taxondetails?taxnode_id =202407911&taxon_
name = Baikalvirus). MoJekyJiApHO-TeHETUYECKHUE U
OuoJsiornueckye xapakTepucTUKu Oalikaabckux ¢aros,
MHOULIUPYIOIMUX  ONIOPTYHUCTUYECKOr0 IaToreHa
Pseudomonas aeruginosa mansl B paborax (Sykilinda
et al., 2011; Evseev et al., 2020; Evseev et al., 2021).
ObdeKTUBHOCTh COBMECTHOr'O BoO3JelicTBue 6akTe-
puodara u aHTUOMOTHKA Ha OGuoIIeHKy Pseudomonas
aeruginosa nokazaHa B pabote (l'opmkoBa u ap., 2020).
[IpoBeenHble HCCAeNOBAaHUA IO3BOJWJIM JAENOHU-
poBath ABa OalikajbCKUX WITaMMa OakTepuodaros B
BuopecypcHom IlenTpe Bcepoccuiickoil KoJIeKIUu
IIPOMBIIIJIEHHBIX MUKpOOpraHusMoB HanuoHasibpHOTO
Hccnenopatesnbekoro IleHTpa «KypyaTOBCKHII MHCTU-
TyT». Taxxke JlumHosormdyeckuit uHcturyt CO PAH
nostyunsi mateHT No2831 173, 2024 Ha uzobpeTeHue
«[Itamm Gaktepuodara Pseudomonas phage Kal pna
JieueHUA U/WIM NPoOUIAaKTUKU MH(PEeKINOHHBIX 3a60-
JieBaHUI, BEI3bIBaeMbIX Pseudomonas aeruginosa».

4. 3aKknioueHue

[TpoBesieHHble pa3JIMYHBIMM aBTOPAaMU KOM-
IJIEKCHBIE MUKpPOOHOJIOrnyeckue, BUpYycoJiornyeckue
U MOJIeKyJIIpHO-TeHeTUUecKue HCCJIeJOBaHUs aBTOX-
TOHHBIX 6akTeprodaroB B pa3IMYHBIX OHMOTOIAX OJIU-
rorpodHoro o3. balikan Nmo3BoJMJIN YCTaHOBUTH, YTO
6akTeprodaryu 3aHUMAIT Ba)XKHOe MeCTO B 3KOCHCTeMe
o3epa, B3aUMOJAENUCTBYs C APYTMMU 3BEHbAMU TpPodu-
yeckoil nenu. B.B. [Ipiokkep, C.A. IloramoBbeiM, A.C.
TFopmikoBoit u O.U. Bensix (2020) Gpl1a mpeioxkeHa
COBpeMeHHas cxXemMa «MHKPOOHOI NeTJii», paHee He
U3BECTHOE BUPYCHOE 3BEHO, KOTOpOe CyI[eCTBEHHO
JIOTIOJIHSIeT TpeJCTaBJIeHUsI O CTPYKTypHO — (QyHK-
I[MOHAJIbHOM oOpraHu3alnuu 3KocucTeMbl 03. Batikan,
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caMoro rjryboKoro M caMoro ApeBHero IpecHoro BOo-
eMa Ha 3emute. [Tony4yeHHBIE pe3yIbTaThl KOMILIEKCHBIX
HccIeJOBaHUN MOTYT OBITh MCIIOJIB30BaHBI JJIA KOH-
TPOJIsI KauecTBa BOJHL 03. Baiikas, BBIAIBJIEHUS YCJIOB-
HO-TIATOTe€HHBIX U MAaTOTeHHHBIX BUPYCOB M MUKpPOOpra-
Hu3MoB. [lokazaHo, uTo Oaiikajsibckue OakTepuodaru
MOT'YT HCIOJIB30BaThCA U JJIA HoJiydyeHUs 3dpdexTus-
HBIX JIeue0HBIX U NpOGMIIAKTUYECKUX aHTHOaKTepU-
aJIbHBIX IpenaparoB. TeM He MeHee, SKOJIOTUsA BUPY-
COB BOJHBEIX OKOCHCTEM MHpa Bce ellle Majo U3y4yeHa,
¥ MHOTHE BOIIPOCHI OCTAIOTCS IO HACTOSAILIEro BpeMeH!
HeBbISICHEHHBIMU.
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