Limnology and Freshwater Biology 2025 (6): 1313-1328 DOI:10.31951/2658-3518-2025-A-6-1313

Genomic basis of Baikal sponge tissue
degradation caused by a free-living
Flavobacterium with host-glycan-targeting
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ABSTRACT. Here we present the complete genome sequence of the Flavobacterium sp. strain PLB03
isolated from the primmorphs cell culture of the Lubomirskia baikalensis sponge and compare it with
pathogenic free-living members of the genus Flavobacterium. Strain Flavobacterium sp. PLBO3 exhib-
its pronounced lytic activity towards sponge cells and causes death of symbiotic microalgae (the
Trebouxiophyceae). The Flavobacterium sp. PLBO3 genome has 5,925,828 bp and a GC content of 34.3%.
An average nucleotide identity (ANI) of 98.9% revealed that strain Flavobacterium sp. PLBO3 has the
highest similarity to Flavobacterium CSZ. Comparative genomic analysis of the strain and phylogeneti-
cally related Flavobacterium indicated that Flavobacterium sp. PLBO3 has a large genome size character-
istic of the environmental genus Flavobacterium, and the peptidase (PEP) to glycoside hydrolase (GH)
gene ratio is 1.8, suggesting that strain PLBO3 exhibits characteristics similar to nonpathogenic strains.
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1. Introduction

Lake Baikal is one of the oldest lakes in geologi-
cal history, containing nearly 20% of the world’s fresh-
water reserves. The lake is distinguished by its diver-
sity of endemic flora and fauna, and Baikal sponges are
most abundant organisms in the coastal zone, with a
biomass of over 700 g/m? (Kozhov, 1972; 2013; Pile et
al., 1997; Semiturkina et al., 2009).

A disease affecting freshwater sponges was
first discovered in 2011, when pink specimens were
found in the central basin of Lake Baikal (Bormotov,
2012). The death of the sponge primary symbiont, the
green alga Choricystis sp., and its replacement by the
Synechococcus sp. cyanobacterium caused discoloration
of the sponges (Denikina et al., 2016; Belikov et al.,
2019). In subsequent years, the external signs of the
disease changed, and from 2013 to the present, sponges
have shown various symptoms of damage, such as dis-
coloration, tissue necrosis, and the formation of brown
and dirty-purple bacterial biofilms. Sponge numbers
have declined significantly, and diseased sponges are

now found throughout Lake Baikal. Multiple changes
in the littoral ecosystem of Lake Baikal accompany
disease and death of sponges (Timoshkin et al., 2016;
Khanaev et al., 2018).

Previously, we demonstrated that sponge dis-
ease is associated with changes and dramatic shifts in
the composition of the microbial community of Baikal
sponges. We found that the observed imbalance in the
microbial communities of diseased sponges is caused
by various microorganisms that, acting in concert,
intensify their negative impact, leading to the death of
Baikal sponges (Belikov et al., 2019).

We conducted an experimental infection of the
cell culture of primmorphs with the bacterial suspen-
sion of the diseased sponge to identify microorgan-
isms pathogenic to sponges. A significant increase in
the relative content of bacteria of the Oxalobacteraceae
family, up to 25.65%, and the Flavobacteriaceae fam-
ily, up to 62.04%, was detected along with a simul-
taneous decrease in the number of other microor-
ganisms (Chernogor et al., 2020a; Chernogor et al.,
2020b). Based on the genome analysis of the isolated
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Janthinobacterium SLBO1 and Flavobacterium SLB02
strains, we hypothesized the possible cooperative inter-
action of these two bacteria in the development of
sponge disease (Petrushin et al., 2020; Belikov et al.,
2021).

The Flavobacterium is known to be ubiquitous.
For example, type strains of Flavobacterium spp. were
isolated from various sources, including freshwater,
the Antarctic Sea ice, the rhizosphere, and diseased
fish (Yi et al., 2005; Ali et al., 2009; Chen et al., 2012;
Ekwe et al., 2017). The number of officially described
Flavobacterium species is rapidly increasing and includes
448 species as of October 2025 (https://Ipsn.dsmz.de/
genus/Flavobacterium).

For the first time, the strain Flavobacterium sp.
PLB03 was isolated from cell culture of the prim-
morphs of diseased sponge L. baikalensis. The role of
these bacteria and their link with disease development
and mortality of sponges remain poorly understood.
In this study, we present the assembled and anno-
tated genome of the strain Flavobacterium sp. PLB0O3
and compare with the genomes of fish-pathogenic and
non-pathogenic Flavobacterium. The genome sequence
of the strain Flavobacterium sp. PLBO3 and its analy-
sis are expected to provide more comprehensive infor-
mation on disease-associated factors. Identifying these
genomic features will help understand the causes of the
disease distribution and mortality of Baikal sponges.

2. Materials and Methods
2.1. Genome sequencing, quality control,
and assembly

Raw Illumina sequencing reads were evaluated
using FastQC v0.11.9 (Andrews, 2010) to assess base
quality, GC content, and adapter contamination. Low-
quality bases and adapter sequences were trimmed
using Trimmomatic v0.39 (Bolger et al., 2014).
The genome was assembled with SPAdes v3.15.4
(Bankevich et al., 2012; Prjibelski et al., 2020) using
default k-mer iterations. Assembly quality and contam-
ination were assessed using FCS-GX (Astashyn et al.,
2024) to detect and remove putative foreign contigs.
Contigs shorter than 200 bp or flagged as contaminants
were discarded, yielding the final assembly used for
downstream analyses.

2.2. Genome annotation

The final assembly was annotated using the NCBI
Prokaryotic Genome Annotation Pipeline (PGAP) v6.9
(Tatusova et al., 2016), which integrates ab initio gene
prediction, HMM-based protein family classification,
and curated functional models from RefSeq. Annotation
included coding sequences, non-coding RNAs, tRNAs,
and rRNA fragments, and pseudogenes.

2.3. Genomes Included in the Analysis

To place Flavobacterium sp. PLBO3 into a phylog-
enomic and functional context, we selected 14 publicly
available genomes representing both free-living and
fish-pathogenic lineages of the genus Flavobacterium.
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Genomes were retrieved from NCBI GenBank between
March and May 2025. The final comparative dataset
included the following species: F. sp. CSZ, F. piscisymbi-
osum F-30, F. piscis CCUG 60099, F. bizetiae HJ-32-4, F.
bizetiae FlaQc-53, F. bizetiae CIP 105534, F. aquidurense
DSM 18293, F. johnsoniae FJOH, F. pectinovorum
ZE23VCelO01, F. soyae SCIVO07, F. collinsii FlaQc-26, F.
lipolyticum F-126, F. chilense DSM 24724, and F. psychro-
terrae CCM 8827, as well as the fish-pathogenic species
F. columnare 04017018, F. psychrophilum JIP02-86, F.
branchiophilum FL-15, and F. tructae ATCC BAA-2541.
Detailed assembly statistics and genome annotation
features for all strains are provided in Supplementary
Table S1.

2.4. Phylogeny and ANI analysis

An exploratory genome-based phylogenetic anal-
ysis was conducted using the TYGS platform (Meier-
Kolthoff and Goker, 2019; Meier-Kolthoff et al., 2022)
to identify the closest taxa and to select appropriate
reference genomes for downstream comparative anal-
yses. Because the genome assembly of Flavobacterium
sp. PLBO3 is highly fragmented, and all recovered 16S
rRNA gene sequences were incomplete, we used the
housekeeping gene gyrB for phylogenetic reconstruc-
tion. This approach follows previous recommendations
for Flavobacterium taxonomy, where gyrB provides
higher phylogenetic resolution and is preferred when
16S rRNA is unavailable or incomplete (Peeters and
Willems, 2011).

Whole-genome Average Nucleotide Identity
(ANI) was calculated using FastANI (Jain et al., 2018).
For this analysis, we included the following genomes
representing closely related members of the genus
Flavobacterium: F. sp. CSZ, F. piscisymbiosum strain F-30,
F. piscis CCUG 60099, F. bizetiae strain HJ-32-4, F. sp.
KBS0721, F. bizetiae strain FlaQc-53, and F. bizetiae
strain CIP 105534. These genomes were selected based
on TYGS clustering results and on their proximity to
Flavobacterium sp. PLB03 in preliminary analyses.

2.5. Detection of antimicrobial resistance
and virulence genes

Potential antimicrobial resistance (AMR) genes
and virulence factor candidates were screened using
ABRicate v1.0.1 (Seemann, 2016) against the CARD,
NCBI AMR, and VFDB (Chen et al., 2016; Liu et al.,
2022) databases using Galaxy platform 2024.

2.6. Identification of secretion systems

Type IX secretion system (T9SS) components
were identified with manual inspection of annotated
genes and BLASTp search.

2.7. Genomic island prediction

Genomic islands (GIs) were predicted using
IslandViewer 4 (Bertelli et al., 2017), which integrates
the SIGI-HMM and IslandPath-DIMOB methods. Genes
within GIs were annotated using PGAP. Functional cat-
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egories including mobile elements, secretion compo-
nents, CAZymes, TonB-dependent receptors and prote-
ases were recorded.

2.8. Protease annotation and MEROPS
comparative analysis

Proteases were annotated by BLASTp searches
against the MEROPS (Rawlings et al., 2014; 2018;
Rawlings and Bateman, 2021) database (E-value <
le-10). Family-level counts were summarized for
Flavobacterium sp. PLBO3 and compared with refer-
ence species, particularly Flavobacterium johnsoniae.
Proteases were classified by catalytic type (serine,
metalloprotease, cysteine, and aspartic) and by pre-
dicted subcellular localization.

2.9. Identification of CAZymes and
polysaccharide utilization loci (PULs) and
analysis across Flavobacterium species

Carbohydrate-active enzymes (CAZymes) were
annotated using dbCAN3 (Zheng et al., 2023). Only
enzymes supported by at least two methods were
retained. Polysaccharide utilization loci (PULs) were
predicted using the dbCAN CGC pipeline, which detects
co-localized CAZymes, SusC/D-like TonB-dependent
transporters and transcriptional regulators. PUL sub-
strates were inferred based on CAZy family composi-
tion, dbCAN substrate prediction, and literature on
known PUL architectures in Flavobacteria and other
Bacteroidetes.

To contextualize Flavobacterium sp. PLB03 within
the genus, we first compared CAZyme repertoires
across 15 Flavobacterium genomes, including environ-
mental representatives and fish-pathogenic species.
This broad-scale analysis revealed major patterns of
CAZyme diversity and showed that Flavobacterium sp.
PLBO03 possesses one of the most expanded CAZyme rep-
ertoires, particularly in host-glycan-associated families.

Because PUL architectures differ greatly between
distant species and lack locus-level homology across
the genus, detailed PUL comparison was restricted to
six representative genomes: Flavobacterium sp. PLBO3,
F. johnsoniae, F. piscisymbiosum, F. bizetiae, F. tructae,
and F. columnare.

Comparative analyses of CAZyme profiles, PUL
repertoires and MEROPS family distributions were per-
formed across 15 Flavobacterium genomes. Data matri-
ces were constructed from family-level counts and ana-
lyzed by hierarchical clustering using Ward’s method
and Euclidean distances in R.

3. Results
3.1. Genome assembly and annotation
results

The draft genome assembly comprised 334 con-
tigs with a total length of 6,003,505 base pairs (bp).
After removing short contigs (<200 bp) and contam-
inants, the final assembly contained 93 contigs span-
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ning a total of 5,925,828 bp, the N50 value of 542,557
bp, and a GC content of 34.3%. This genome assem-
bly was submitted to GenBank under accession num-
ber JBLIYNOOOOOOOOO and prepared for downstream
annotation and analysis with PGAP. Key assembly and
annotation metrics are summarized in Table 1.

The genome size is larger than that of fish-patho-
genic Flavobacterium species and comparable to envi-
ronmental strains with expanded metabolic repertoires
(Supplementary Table S1).

3.2. Phylogeny and ANI analysis

An exploratory analysis using the TYGS service
and an analysis of BLAST results in NCBI indicated that
the sequences of Flavobacterium sp. PLBO3 are most
closely related to the sequences of unspecified species
Flavobacterium sp. CSZ, Flavobacterium sp. KBS0721 and
F. bizetiae, F. piscisymbiosum, and F. piscis. ANI-based
genomic comparisons with these genomes revealed that
Flavobacterium sp. PLBO3 forms a tight species-level
cluster only with Flavobacterium sp. CSZ, with ANI of
98.96%, clearly above the 95% species threshold. All
other analyzed Flavobacterium genomes showed ANI val-
ues of 89.3-90.8% relative to Flavobacterium sp. PLB03,
demonstrating interspecies-level divergence. The clos-
est species outside the Flavobacterium sp. PLB03-CSZ
pair was F. piscisymbiosum F-30 (90.8% ANI), a known
fish-associated taxon, although still far below the spe-
cies boundary (Table S2 Supplementary). Together,
these results indicate that Flavobacterium sp. PLBO3 and
F. sp. CSZ form a distinct species-level lineage.

Phylogenetic  analysis of gyrB  placed
Flavobacterium sp. PLBO3 within an environmental lin-
eage of Flavobacterium, which was most closely related
to Flavobacterium sp. CSZ and at a significant distance
from F. psychrophilum, F. columnare, and F. branchiophi-
lum, being fish pathogens (Fig. 1).

Table 1. Raw reads and genomic features statistics of
Flavobacterium sp. PLB03

Property Flavobacterium sp. PLB03
Raw reads 7,220,904
Assembly length, bp 5,925,828
Number of contigs 93
Longest contig’s length, bp 940,434
N50, bp 542,557
N90, bp 198,207
GC content 34.3%
Total number of genes 5,104
Protein-coding sequences 4,975
tRNAs 64
Noncoding RNAs 3
Pseudogenes 32
GenBank accession number JBLIYNOOOO00000
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3.3. Detection of antimicrobial resistance
and virulence genes

At standard stringency thresholds (=75-90%
identity and coverage), no virulence factors were
detected by Abricate in the genome of Flavobacterium
sp. PLB03. When the thresholds were relaxed to 60%
identity and 60% coverage, Abricate reported four
hits showing partial similarity to virulence-associated
proteins described in other bacterial taxa: katA, htpB
(GroEL/Hsp60), neuCl (UDP-N-acetylglucosamine
2-epimerase), and one protein annotated in VFDB as
a Dot/Icm type IV secretion system effector (Ipg2370).

All matches displayed low amino acid identity
(66-68%) and incomplete alignment coverage (70—
90%), indicating distant homology rather than func-
tional equivalence. These genes encode core house-
keeping functions widely conserved in bacteria and
are not considered bona fide virulence determinants
in the genus Flavobacterium. Thus, Flavobacterium sp.
PLBO03 does not encode conventional virulence systems
described in fish pathogens such as F. psychrophilum
and F. columnare.

3.4. Genomic islands

IslandViewer predicted 23 genomic islands (GIs),
ranging from 4.1 to 74.9 kbp and totaling approximately
540 kbp (10-12% of the genome). GI-associated genes
included hypothetical proteins, mobile elements, TonB-
dependent receptors, and selected Type IX Secretion
System components. Genomic islands were dispersed
across the genome rather than forming large clusters
(Fig. 2). Most GIs were predicted by at least two inde-
pendent algorithms, indicating high confidence in their
boundaries.

The predicted genomic islands were enriched
in hypothetical proteins (32%, n = 129), along with
transposases and integrases (4%), membrane-asso-
ciated proteins (4%), and regulatory elements such
as helix-turn-helix (HTH) transcriptional regulators
(4%). Several islands also contained components typ-
ical of Flavobacterium, including Type IX secretion sys-
tem-associated genes, TonB-dependent receptors, and
SusC/RagA TonB-linked outer membrane proteins (n =
4), and IS6-family transposases (n = 4).

3.5. Carbohydrate-active enzymes
(CAZymes)

The Flavobacterium sp. PLBO3 genome encodes
392 CAZymes, including 185 glycoside hydrolases,
53 glycosyltransferases, 36 carbohydrate esterases, 14
polysaccharide lyases, 28 carbohydrate-binding mod-
ules, and 7 auxiliary activity enzymes. This places
Flavobacterium sp. PLB0O3 among the most CAZyme-rich
freshwater Flavobacterium species studied (Table 2).
The CAZyme repertoire not only covers a wide range of
plant and algal polysaccharides (xylan, pectin, xyloglu-
can, beta-glucan, mannan, alginate, and alpha-glucan)
but also includes families typically associated with host
glycans, such as GH29, GH33, GH92, GH95, GH105,
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F. sp. PLB03

F sp. CSzZ

F. bizetiae HJ-32-4
F. bizetiae CIP 105534
F. bizetiae FlaQc-53
F. piscis

F. sp. KBS0721

F. piscisymbiosum
F. psychroterrae

F. pectinovorum

F. chilense

F. johnsoniae

F. soyae

F. collinsii

F. lipolyticum

F. tructae

F. aquidurense

F. psychrophilum

F. branchiophilum
F. columnare

C. piscicola
Fig.1. Neighbor-Joining tree based on complete gyrB
sequences.
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6

Fig.2. Genomic island distribution across the genome of
the Flavobacterium sp. PLB03.

GH127, PL12, PL29, and CBM32. The latter are key
to degradation of mucins, glycosaminoglycans, and
eukaryotic glycoproteins.

3.6. Polysaccharide utilization loci

Using dbCAN3 and the CGC pipeline, we iden-
tified 32 polysaccharide utilization loci (PULSs) in the
Flavobacterium sp. PLB03 genome. Comparative analysis
with five species (F. johnsoniae, F. bizetiae, F. piscisym-
biosum, F. tructae, and F. columnare) revealed a total of
134 PULs (Supplementary Table S3). Flavobacterium sp.
PLBO3 is among the species with the highest number
of PULs, comparable only to F. piscisymbiosum and F.
bizetiae, whereas fish pathogens encode far fewer PULs
(1-1D).

Structure-based comparison of PUL architectures
revealed at least 11 PULs unique to Flavobacterium sp.
PLBO3 across all evaluated genomes. The most notable
and unique clusters target host-associated glycans, as
shown in Table 3.

None of these architectures were identified in the
other five species.

3.7. Protease analysis

MEROPS-based annotation of proteases and pro-
tease inhibitors revealed a broad enzymatic diversity
across the analyzed Flavobacterium genomes. After
normalization of MEROPS annotation to unified fam-
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Table 2. Comparative distribution of CAZy classes across 15 Flavobacterium strains.

Species CAZy-genes GH GT CE PL CBM AA
Flavobacterium sp. PLB03 392 185 53 36 14 28 7
E. soyae SCIV07 408 183 66 32 10 36 6
F. piscisymbiosum F-30 386 175 57 38 13 24 7
F. pectinovorum ZE23VCel01 392 172 60 33 11 34 3
F. johnsoniae FJOH 382 165 59 31 12 29 4
F. bizetiae HJ-32-4 363 153 58 33 9 25 3
F. aquidurense DSM 18293 343 149 39 42 14 18 5
F. chilense DSM 24724 348 134 54 34 15 28 4
F. psychroterrae CCM 8827 331 127 46 28 15 32 3
F. tructae ATCC BAA-2541 276 55 57 25 7 7 6
F. lipolyticum F-126 278 55 60 24 7 8 6
F. collinsii FlaQc-26 270 59 52 21 9 7 5
F. branchiophilum FL-15 (mat.) 180 29 51 14 2 7 2
F. columnare 04017018 (mat.) 154 18 44 12 3 1 1
F. psychrophilum JIP02-86 (naT.) 137 10 45 9 0 0 1

Note: GH - glycoside hydrolases; GT — glycosyltransferases; CE — carbohydrate esterases; PL — polysaccharide lyases; CBM —

carbohydrate-binding modules; AA - auxiliary activities.

ily codes, all species showed a conserved protease core
dominated by the 139, S33, M14, S12, and S9 families
(Supplementary Table S3). Among these, the inhibitor
family 139 was the most abundant across nearly every
genome. Despite this shared core, the species-by-fam-
ily protease matrix showed marked differences in the
degree of family expansion. Some species possessed
compact repertoires, while others exhibited substan-
tial enrichment of multiple S- and I-families. The
Flavobacterium sp. PLB03 encoded high counts in sev-
eral major protease families (Fig.3).

Further comparison of protease families within
Cluster 2 revealed four MEROPS families present exclu-
sively in the Flavobacterium sp. PLBO3 but absent in all
other members of its cluster: M10, S1, T2, and T3. All
four families are present in species from Clusters 1 and
3 but absent from the other cluster-2 genomes.

4. Discussion

The Flavobacterium sp. PLBO3 genome exhibits a
combination of traits typical of free-living members of
the genus together with modules commonly associated
with host interaction. Phylogenetic placement and high

ANI values clearly demonstrate that Flavobacterium sp.
PLB03 forms a distinct species-level lineage together
with Flavobacterium sp. CSZ, while remaining distant
from well-characterized fish pathogens such as F. psy-
chrophilum, F. columnare, and F. branchiophilum. This
positioning supports the view that Flavobacterium sp.
PLBO03 is primarily an environmental taxon rather than
a specialized pathogen.

Despite the absence of classical virulence deter-
minants, even with relaxed detection thresholds, the
Flavobacterium sp. PLB03 genome has several functional
features that may contribute to its ability to degrade
sponge tissues. The genome is larger than the genomes
of fish-pathogenic species and encodes an expanded
metabolic repertoire. For instance, 392 CAZyme genes
place Flavobacterium sp. PLBO3 among the richest car-
bohydrate-degrading freshwater Flavobacterium spe-
cies analyzed previously. Noteworthy is the presence
of CAZy families typically linked to the degradation of
eukaryotic glycoconjugates, including GH29, GH33,
GH92, GH95, GH105, GH127, PL12, PL29, and CBM32.
These enzymes enable the breakdown of mucins, gly-
cosaminoglycans, and complex animal glycoproteins—
key structural polysaccharides in sponge tissues.

Table 3. Host-glycan and algal polysaccharide-targeting PUL identified in Flavobacterium sp. PLBO3

PUL type

Key CAZy families

Notes

Mucin-degrading PUL
Glycosaminoglycan (GAG) PUL ( X 2)

Host glycan / animal glycoprotein
PUL

Arabinogalactan / AGP-type PUL
Alginate-specific PUL

GH105, GHS88, PL12/PL8, CBM32
GH154, GH159, GH128, PL12/PL8
GH29, GH33, GH92, GH130

GH105, GH128, GH154, PL42
PL6, PL17, CE20

Canonical mucin-targeting architecture
Two separate GAG-specific loci

Large locus enriched in fucosidases, sialidases
and a-mannosidases

Targets arabinogalactan and AGP-like substrates

Unique alginate-degrading locus absent from
other species
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Fig.3. Hierarchical clustering of Flavobacterium species based on MEROPS protease family profiles.

This metabolic potential is reflected in the archi-
tecture of the 32 identified PULs. Among them, there
are at least five large Flavobacterium sp. PLBO3 specific
clusters targeting host-associated glycans: a canonical
mucin-degrading PUL, two independent glycosami-
noglycan (GAG) loci, a large host-glycan/animal gly-
coprotein PUL enriched in fucosidases, sialidases and
o-mannosidases, an AGP-type arabinogalactan PUL,
and a unique alginate-degrading locus absent from all
comparative genomes. Such a diversified PUL reper-
toire suggests a broad substrate range and is character-
istic of “opportunistic” Flavobacteria capable of exploit-
ing both environmental polysaccharides and those of
eukaryotic origin.

The presence of 23 genomic islands, com-
prising 10-12% of the genome, provides additional
evidence for adaptive versatility. These islands are
enriched in hypothetical proteins, mobile elements,
TonB-dependent receptors, components of the Type
IX secretion system, and SusC/RagA-like transporters,
indicating active genome modularity and potential hor-
izontal gene acquisition. The dispersed distribution of
Gl-associated TonB-SusC modules aligns with the typi-
cal organization of PULs in Flavobacterium, further sup-
porting the idea of substrate-driven genome plasticity.

Protease analysis revealed a broadened MEROPS
repertoire in Flavobacterium sp. PLB03, including four
families (M10, S1, T2, and T3) absent from other mem-
bers of its cluster but present in more metabolically
flexible species. These proteases may contribute to the
degradation of proteinaceous components of sponge
tissues. In Flavobacterium, proteases frequently act syn-
ergistically with CAZymes during the breakdown of
complex organic matrices, suggesting a complementary
role in substrate acquisition.

Taken together, the genomic features of
Flavobacterium sp. PLB03 indicate that it is not a clas-
sical pathogen but rather an environmentally adapted
bacterium with an expanded capacity for the degrada-
tion of complex organic substrates, including those of
eukaryotic origin. The combination of a rich CAZyme
and PUL repertoire, unique host glycan-targeting loci,
diverse proteases, and modular genomic islands pro-
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vides a mechanistic basis for the observed ability of
Flavobacterium sp. PLBO3 to degrade sponge tissues and
green microalgae. These findings support the specula-
tion that Flavobacterium sp. PLBO3 represents an eco-
logically versatile organism capable of opportunistic
interactions with host organisms.

5. Conclusions

The analyzed strain Flavobacterium sp. PLBO3
is a new species belonging to a group of free-living
(environmental) Flavobacterium with a large genome.
ANI calculations with values of 89.4-90.8% that are
significantly below the thresholds used to distinguish
members of closely related species confirm that the
Flavobacterium sp. PLBO3 is a unique species. The strain
Flavobacterium sp. PLBO3 lacks typical virulence factors
but possesses extensive metabolic capabilities for inva-
sion and destruction of host tissue. Flavobacterium sp.
PLBO3 is a likely symbiont of sponges, as it has a unique
set of specific enzymes that degrade host glucans, which
is unusual for the genus Flavobacterium. An analysis of
its ability to degrade polysaccharides revealed that the
strain Flavobacterium sp. PLBO3 has significant poten-
tial in this field. However, further research is needed
to identify the specific polysaccharides that this strain
degrades, which will contribute to our understanding
of the ecological role and biotechnological applications
of the Flavobacterium strains.
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OpuruHanbHan craTbf

reHOMPbIGVOCHOBbI Aerpasaumm I IMNOLOGY
TKaHeH 6ankKanbCckux rybok 3a cuer FRESETWATER.
cB060AHO XXuUBYIUUX PpraBobaKTepHH c BIOLOGY
AOKYyCaMH YTUAH3aLUHU NOAMCaXapUAOB, - —
OPHEHTHPOBAHHBIMH HA FAMKaHbl X03fiIMHA

[TanoBa 10.A.'2, BenukoB C.1.'*", YepHorop JI.I.!

T TumHosoeuyeckuti uHcmumym CO PAH, ys. Yrau-Bamopckas, 3, Hpkymck, 664033, Poccus
2 Cubupckuti pedepartvHetii yHugepcumem, np. Co60dHwill, 79, KpacHospck, 660041, Poccusa

AHHOTAILIUS. B naHHOU paboTe MBI MpeACTaBiisieM MOJHYIO MOCJIe0BaTeIbHOCTh TeHOMA MITaMMa
Flavobacterium sp. PLB0O3, BbIIeJIEHHOTO U3 KYJIbTYPHI KJIETOK mpuMMop® ryoku Lubomirskia baikalensis,
Y CpaBHMBAaeM €ro C IMaTOreHHBIMU U CBOOOIHO XKUBYIIMMM IpeiacTaBuTensMu pofa Flavobacterium.
IItamMm Flavobacterium sp. PLBO3 nposBJIsAET BRIPAXEHHY0 JINTHYECKYI0 aKTUBHOCTh B OTHOILIEHUH KJTe-
TOK TYOKH, a TaKXe BBI3bIBAET rHOeIb CUMOMOTHYECKUX MUKpoBoAopociel (Trebouxiophyceae). TeHoM
Flavobacterium sp. PLB0O3 umeetr miuHy 5 925 828 n.H. u conepxanue I'L] 34,3%. CpenHsaa ugeHTHUY-
HOCTh HykJieoTuZoB (ANI) 98,9% mnokasaia, uyrto mramm Flavobacterium sp. PLBO3 umeer Hau0o0JIb-
mee cxoAcTBO ¢ Flavobacterium CSZ. CpaBHUTEIbHBIN T€HOMHBIN aHAJIU3 MITaMMa U PUITOTeHETUIECKU
poacTBeHHOoro poxda Flavobacterium mokasas, 4To u3oaupoBaHHBIN mTamM Flavobacterium sp. PLBO3
rMeeT OOJIBIION pa3Mep reHOMa, XapaKTepHHBIH A1 sKoJiorudeckoro poda Flavobacterium, a cooTHoOIIe-
HMe TeHOB IeNTHAa3 1 IIMKO3UAruApoJias cocTasiAer 1.8, 4To Mo3BoJisAeT IPeAnoI0XKUTh, YTO MTaMM
Flavobacterium sp. PLB0O3 o6J1afaeT XxapaKTepUCTUKaMU, CXOAHBIMU C HEMATOT€HHBIMU IITAMMAMHU.

Kiioueavie citoga: Flavobacterium sp. PLB0O3, npecHoBoiHbIe IyOKY, CAZymes, JIOKYChl yTHIU3ALIHI
nojancaxapuaos, CMCTEMa CEKpenrmn IX THUIIa, TEHOMHBIE OCTPOBA, YCJIOBHAA IIaTOT€HHOCTDH

Jlna qutuposanus: [TaHosa 10.A., Benmkos C.U., YepHorop JI.W. ['eHOMHBIE OCHOBBHI ierpajlaliii TKaHel 0alKaJabCKUX ryOoK 3a
cueT cBOOOHO XUBYIUX (h/tagobakmeputi ¢ JIOKyCaMU yTUIN3ALUN NOJIMCAaXapUA0B, OPUEHTUPOBAHHBIMY Ha IJIMKAHBI X035 MHA
// Limnology and Freshwater Biology. 2025. - Ne 6. - C. 1313-1328. DOI: 10.31951/2658-3518-2025-A-6-1313

1. Beepenne Jyloliyie roAbl BHEITHYE TPU3HaKK 3a00sieBaHusA rybok

OBICTPO MeHsIUCh, 3aTeM ¢ 2013 rosia u o Hacrosilee
BpeMs HaOJII0JaJiCh pasjiMyHble CUMIITOMBI IOpaxe-
HUA TKaHel Ir'y0oK, TaKue Kak U3MeHeHUe I1BeTa, HEKpOo3
TKaHell U oOpa3oBaHNEe KOPUYHEBBIX U TPA3HO-PUO-
JIETOBBIX OGaKTepuasibHbIX OHOIJIEHOK. YKCJIEHHOCTh
ry0OK 3HauuTeJbHO COKpaTWJjiach, W B HacTosllee
BpeMs GoOJibHBIE T'YOKU BCTPEUYalOTCA 1O BCEMY O03epY
bBatikan. Kpome Toro, ormeueHo, utro 3aboJjieBaHUE U
rubesib OaiikaJIbCKUX T'yOOK CONPOBOXIAETCS MHOTIO-

3abosieBanye, nopaxaloliee NPECHOBOAHbIE YHCJIEHHBIMM M3MEHEHUAMHU B 3KOCHCTeMe JIMTOpasu
ry0Oku, 66110 BriepBbie 0OOHapyxeHo B 2011 rofgy, xorga osepa Baiikan (Timoshkin et al., 2016; Khanaev et al.,
B LIEHTPAJIbHOU KOTJIOBUHe o3epa batikan 6puin 06Ha- 2018)

Py’keHbl po30Bble ocobu (Bormotov, 2012). ismeHeHue
nBera rybok OBLJIO BBI3BAHO TMOEJIbI0 UX OCHOBHOIO
CUMOMOHTA, 3eJ1€HOI Bogopociu Choricystis sp. v 1aJib-
HelIel 3aMeHO! Ha nuaHob6akTepun Synechococcus sp.
(Denikina et al., 2016; Belikov et al., 2019). B nocJie-

Osepo bBaiikanm — OJHO U3 ApeBHENIINX O03€p
B TeoJIOTMYecKoll HcTopuy, cojepxailee noutu 20%
MMPOBBIX 3allacoB IpecHOil Bojbl. O3epo oTInyaercs
pa3HooOpa3ueM >HJeMUYHOU ¢Jiophl U ¢payHbl, a 6ai-
KanbCcKue ryOKU ABJIAIOTCA Haub\oJjiee MHOTOYHCJIeH-
HBIMM OpPTraHU3MaMu B IPUOPEXHON 30He ¢ HroMaccoi
6osee 700 r/m? (Koxos, 1972; 2013; Pile et al., 1997;
Semiturkina et al., 2009).

PaHee HaMu 6bUIO MMOKAa3aHO, 4TO 3a0oJieBaHUE
ry0OK CBSI3aHO C U3MEHEHUSMU U Pe3KUMH CABUTaMU
B COCTaBe MMKPOOHBIX cO00IIecTB OalikasibCKUX I'yOOK.
Hamu ycraHoBsieHo, 4yTo HalbJofaeMsblil AucOaiaHC B
MUKPOOHBIX cooOIiecTBax O0JIbHBIX I'y6OK 00yCJI0BJIEH

*ABTOp [J1A nepenucku. Anpec e-mail: sergeibelikov47 @gmail.com (C.H. Besukos)

INocmynwna: 20 HosA6ps 2025; © Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
Ipunama nocste dopabomku: 09 nexabpsa 2025; eTcs o MexIyHapoJHo! jiutieH3uel Creative BY NG
Ony6tukoadana online: 25 nexa6ps 2025 Commons Attribution-NonCommercial 4.0.
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Pa3JIMYHBIMU MUKPOOpraHW3MaMu, KOTOpEle, AeliCTBYA
COTJIACOBaHHO, YCWJIMBAIOT CBOe HeraTHBHOE BO3Jeil-
CTBUe, TpuBOAsAllee K rubenn 6alikaJabCKUX TI'yOOK
(Belikov et al., 2019).

Jl714 BBIABJIEHUA NATOTeHHBIX U1 I'yOOK MUKpPO-
OpraHu3MoB HaMU ObLJIO MPOBEIEHO 3KCIIepUMeHTaJIb-
HOe 3apakeHHe KJIeTOYHOH KyJIbTyphl IpuMMopd Oak-
TepHuaJIbHOU cycnieH3uel OT 60JIbHBIX I'yOOK. BeIsABIIEHO
3HauYMTeJIbHOe YBeJjMYeHHe OTHOCUTEJIBHOIO COAep-
xxaHusi Oaktepuil ceMmerictBa Oxalobacteraceae — 1o
25,65% u cemerictBa Flavobacteriaceae — no 62,04%
IIp¥ OAHOBPEMEHHOM CHIDKEHUM YHCJIEHHOCTH ApY-
rux wMukpoopranmamoB (Chernogor et al.,, 2020a;
Chernogor et al., 2020b). Ha ocHoBaHUM aHAJIN3a T'€HO-
MOB BBbIf[eJIEHHBIX IITaMMOB Janthinobacterium SLBO1
u Flavobacterium SLB0O2 Obljia BBIABUHYTa TUAINOTE3A O
BO3MOXXHOM COBMECTHOM B3aHMOJEMCTBUU 3TUX JBYX
Gaktepuil B pazpuTuu 60s1e3HU ryook (Petrushin et al.,
2020; Belikov et al., 2021).

HM3BecTHO, yTO GakTepuu IpeACcTaBUTEINd poAa
Flavobacterium mupoxko pacrnpocTpaHeHsl. Hampuwmep,
TUINOBHIEe mTaMMbI Flavobacterium spp. GbLJIN BEIZIEJIEHEL
Y3 pa3jIMYHBIX HCTOYHUKOB, BKJII0YasA IIPECHYI0 BOAY,
MOpCKOH Jiefjl AHTapKTHKHU, pusochepy u OOJIBHBIX
poi6 (Yi et al., 2005, Ali et al., 2009, Chen et al., 2012,
Ekwe et al.,, 2017). Yucio odpuUMUaIbHO OMHMCAHHBIX
BuzioB Flavobacterium 6bICTPO pacTeT U IO COCTOSHUIO
Ha okTA6ps 2025 roma Briovyaet 448 Bumos (https://
Ipsn.dsmz.de/genus/Flavobacterium).

IMItamMm Flavobacterium sp. PLBO3 6bL1 BIiepBbIe
BbI/leJIeH U3 KJIETOYHBIX KyJIbTYp IpUMMOpPd G0JIbHOM
ry6ku L. baikalensis. PoJyib 3TuX 6aKTepuil U UX CBA3b C
pasBuTueM 3aboJieBaHUI U rubesibio TybOK OCTaloTCs
HeI0CTaTOYHO M3y4YeHHbIMU. B JaHHOM HcciieJoBaHUU
MBI IpeJcTaBjisAeM COOpaHHBINI M aHHOTHPOBAHHBIN
reHoM Flavobacterium sp. PLBO3, u cpaBHMBaeM ero
C reHOMaM{ MNATOTeHHBIX AJiA P06 U HemaTOreHHBIX
Flavobacterium. Oxupaercs, 4TO IOCJIeI0OBATEIBHOCTb
reHoma Flavobacterium sp. PLBO3 u mpoBeqeHHbIH aHa-
JIU3 IpefocTaBAT OoJiee MOJIHYI0 MHGoOpMaIUo o dak-
TOpax, CBA3aHHEBIX ¢ 3a00JIeBaHUAMU. BriABIeHUEe 5TUX
FeHOMHBIX OCOOEHHOCTEH NOMOXKeT NMOHATh MPUYHHEL
CTOJIb IIHPOKOIO paclpocTpaHeHUsA 3aboJieBaHUU U
rubesin 6aliKkaIbCKUX ryook.

2. MaTepuanbl U MeTOADI
2.1. CexBeHMpOBaHHE reHOMa, KOHTPOADb
KauecTBa u cbopka

HeobpaboTanHble NpouYTeHUs CeKBEHUPOBa-
Hus Illumina orenuBanu ¢ nomoiso FastQC v0.11.9
(Andrews, 2010) g OILleHKM KadyecTBa OCHOBa-
Huli, conepxanusa GC u 3arpsA3HeHUs aJanTepaMu.
HuskokauecTBeHHbIE OCHOBAaHUA M IOCJIeq0BaTEIbHO-
CTU ajanTepoB oOpe3aju c momompblo Trimmomatic
v0.39 (Bolger et al., 2014). 'eHoM cobupaj ¢ MOMO-
uipio SPAdes v3.15.4 (Bankevich et al., 2012; Prjibelski
et al., 2020) ¢ ucmosb30BaHUEM CTAHAAPTHBIX UTEpa-
nuii k-mepoB. KauecTBO c60pKU U 3arps3HEHUE OLIEHU-
Basu ¢ nmomoinbio FCS-GX (Astashyn et al., 2024) gia
obHapyXeHUs U yJajleHus NpeanojaraeMbiX 4yXepom-
HBIX KOHTUrOB. KoHTUru kopoue 200 m.H. uiu nome-
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YeHHBIE, KaK 3arpA3HAILIE 0TOpachlBaIl, YTO 1aBaJIo
OKOHYATeJIbHYI0 COOPKY, HUCIOJIb3YEMYIO AJIs HOCIeny-
IOIUX aHAJIN30B.

2.2. AHHOTaAUMA reHoma

OduHasbHag cOopka ObUla aHHOTHpOBAHA C
nomorteio uHCTpyMeHTa NCBI Prokaryotic Genome
Annotation Pipeline (PGAP) Bepcuu 6.9 (Tatusova et
al., 2016), xotopsii o0beAuHAET ab initio mpeAcKa3aHue
reHOoB, Kjlaccu(uKaluo ceMelicTB 06eJIKOB Ha OCHOBe
HMM wu mnopgoGpaHHBe (QYHKIMOHAJIBHBEE MO
RefSeq. AHHOTAaIUA BKJIIOYAIa KOUPYIOIIKe IOCIeo-
BaTesibHOCTU, Hekoaupytomue PHK, TPHK, ¢parmeHTH
pPHK u nceBOoreHsl.

2.3. FeHOMbI, BKAIOYEHHbIE B aHaAU3

Jnsa usydeHusa QuiaoreHoMHoro u GQyHKIHO-
HaJIbHOTO KoHTeKcTa Flavobacterium sp. PLBO3 MbI oTO-
6pasu 14 o611e10CTYIHBIX T€HOMOB, [IPeICTABJIAIONINX,
Kak CBOOOOHOXUBYIIME, TaK U MaToreHHble A PHIO
JsuHuM pona Flavobacterium. TeHOMBI OBUIM TOJTyYeHEBI
u3 NCBI GenBank B mepuoj1 ¢ mapTa no mai 2025 ropa.
UTOroBEIll CpaBHUTEJIBHBIE HabOp [NAaHHBIX BKJIIOYAT
cienyromrue Bunbl: F. sp. CSZ, F. piscisymbiosum F-30, F.
piscis CCUG 60099, F. bizetiae HJ-32-4, F. bizetiae FlaQc-
53, F. bizetiae CIP 105534, F. aquidurense DSM 18293, F.
johnsoniae FJOH, F. pectinovorum ZE23VCelO1, F. soyae
SCIVO07, F. collinsii FlaQc-26, F. lipolyticum F-126, F.
chilense DSM 24724, F. psychroterrae CCM 8827, as well
as the fish-pathogenic species F. columnare 04017018,
F. psychrophilum JIP02-86, F. branchiophilum FL-15, and
F. tructae ATCC BAA-2541. IloapoGHasA cTaTuCTUKA
cOOpPKM U XapaKTepUCTUKU aHHOTAUUU TeHOMa MJIsg
BceX IMTaMMOB npuBe/ieHsl B Ta6ure S1 IIpuiioxeHus.

2.4. ®uUNOreHHA U aHaANU3 cpepHen
HAEHTUYHOCTH HYKAE€OTHAOB

beu1  mpoBemeH (GuioreHeTUYeCKH aHaIu3
reHoma c ucnosbszoBaHueM miaaTdopmel TYGS (Meier-
Kolthoff and Goker, 2019; Meier-Kolthoff et al., 2022)
JULA BBIABJIeHUA HanOoJiee OJIM3KUX TAKCOHOB U BEIOOpa
NOAXOAAMNX pedepeHTHBIX T'eHOMOB, IJIA MOCJeny-
I0Ilero CpaBHUTEJIbHOr0O aHaausa. [1ockosibKy TeHOM
Flavobacterium sp. PLBO3 cuipHO (parMeHTUPOBaH,
a BCe BOCCTaHOBJIEHHBIE IOCJIeOBATEJIbHOCTU I'eHOB
16S pPHK ObUsi HENOJHBIMU, Ui (UIOreHeThYe-
CKOM peKOHCTPYKLIMH MBI KCIIOJIb30BaJId I'eH AoMall-
Hero XxossiicTtBa gyrB. DTOT moAxXod COOTBETCTBYeT
IpeAbIAyIIMM peKOMeHAaluAM II0 TakcoHoMuu ¢Jia-
BoOakTepuil, rie gyrB obecneunBaer 6oJiee BBICOKOE
(dusoreneTruyeckoe paspelleHre U IpeAloYTUTeNIeH B
ciayvasx, korga 16S pPHK HenmocTynHa wiv HemoJjiHa
(Peeters and Willems, 2011). CpenHsas UAeHTUYHOCTH
HykJleoTuZioB (ANI) mo BceMy reHomy ObLia paccuu-
TaHa c¢ moMoirsio FastANI (Jain et al., 2018). s
3TOr0 aHajanW3a MBI BKJIIOUWIIM CJIeAyIolliie I'e€HOMHI,
[IpeACTaBJIAINe OJIM3KOPOACTBEHHBIX IIpe/icTaBUTe-
Jiert pona Flavobacterium: F. sp. CSZ, F. piscisymbiosum
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mramm F-30, F. piscis CCUG 60099, F. bizetiae mramm
HJ-32-4, F. sp. KBS0721, F. bizetiae mramMm FlaQc-53 u
F. bizetiae mtamM CIP 105534. DTy reHOMBI ObLIIA OTO-
OpaHbI Ha OCHOBe pe3yJIbTaToB kjactepusauuu TYGS u
ux 6ymsoctu K Flavobacterium sp. PLBO3 B mpenBapu-
TeJIbHBIX aHaJIU3aX.

2.5. BbifABA€HHE reHOB YCTOMUYMBOCTH K
NPOTUBOMMKPOOHLIM NpenapaTramMm U reHOB
BUPYACHTHOCTH

[ToTennuasnbHble TeHBl yCTOMYMBOCTU K NPOTHU-
BOMMKpDOOHBEIM IIpenapataM U (akTopbl BHUPYJIEHT-
HoCTU ObLTU IpoBepeHHI ¢ noMmolrsio ABRicate v1.0.1
(Seemann, 2016) no 6azam ganHsix CARD, NCBI AMR
u VFDB (Chen et al., 2016; Liu et al., 2022) ¢ ucroJib-
3oBaHueM 1iatdopmsl Galaxy 2024.

2.6. UpenTMPuKaumua cucTem cexpeuum

KommoHeHTH cucteMsl cekperiuu IX tuma (T9SS)
ObLIM MAEHTU(GULIUPOBAHLL C IIOMOIIbI0 PYYHOI'O IIPO-
CMOTpa aHHOTHUPOBaHHBIX I'eHOB U noucka BLASTp.

2.7. NMporHo3MpoBaHue reHOMHbIX
OCTPOBOB

I'enomHuble ocTpoBa (I'O) ObIM IpeAcKas3aHHI C
nowmoInpio IslandViewer 4 (Bertelli et al., 2017), xoTo-
peiii o0beAuHAeT Metomsl SIGI-HMM wu IslandPath-
DIMOB. I'ennl B npefeniax I'O ObIM aHHOTHPOBAHHI C
nomoipio PGAP. Beuin 3apeructprpoBaHbl GyHKINO-
HaJIbHbIE KaTeropuy, BKJI0Yasd MOOUJIbHBIE 3JIEMEHTHI,
KOMITOHEHTHI CEKpeLuH, YIileBOA-aKTUBHbIE (PepMEHTHI
(CAZymes), TonB-3aBucrMbie pellenTOPH U IPOTea3kl.

2.8. AHHOTaUMA NPOTea3 U CPAaBHUTEAbHbIN
aHanu3 no 6aze MEROPS

[Iporea3pl ObBLIM AQHHOTHPOBAHBE C IIOMOIIBIO
moucka BLASTp B 6a3e ganasix MEROPS (Rawlings et
al., 2014; 2018; Rawlings and Bateman, 2021) (E-value
< 1le-10). KonmuuecTBo nporea3 Ha ypoBHe ceMelNCTB
6pUI0 cymMMUpoBaHO i mramma Flavobacterium sp.
PLBO03 u cpaBHeHO ¢ pedepeHTHBIMY BUAaMU, B 4aCTHO-
cty, Flavobacterium johnsoniae. TIpoTea3s! OBLIIA KJIACCH-
dunypoBaHsl 10 KaTaJuTUUYeCKOMY TUIY (CEepUHOBHIE,
MeTaJIONpoTeassl, LIICTEeHHOBbIe, aclaparvHoBble) U
10 IIpeArnoJiaraeMoi cyOKJIeTOYHO! JIOKaIU3aluH.

2.9. Upentudpuxkauua CAZymes v AOKycoB
yTuAu3auum nonucaxapuaos (IMYA) m ananus
no eupam Flavobacterium

YrneBon-aktuBHble pepMeHTH (CAZymes) ObLIU
aHHoTupoBaHbl ¢ momolnblo dbCAN3 (Zheng et al.,
2023). beutu oTo6paHbl TOJIBKO (pepMeHThI, TOATBEPXK-
JeHHble KaK MHUHUMyM JByMs MeToAaMu. JIOKycCHI
ytunm3auuu noaucaxapunon (IIYVJI) 6eutu npefcka-
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3aHbl ¢ momoInbkio koHBeliepa dbCAN CGC, KOTOpBIH
oOHapyXuBaeT cO-JoKain3oBaHHbe CAZy-pellenTOpH,
SusC/D-nono6Hele TonB-3aBrcHMBIE TpaHCIOPTEPH U
peryasaropel TpaHckpunuuu. CyOctpathl ITYJI Gbpuin
oIpefiejieHBl Ha OCHOBe cocTaBa cemelictBa CAZymes,
nporHo3upoBaHus cyoctpaToB dbCAN 1 JaHHBIX JIUTE-
partypsl 06 uzBectHoM apxutektype I1YJ1 y Flavobacteria
u Ipyrux Bacteroidetes.

YTo6Hl onpenenuts KoHTeKcT Flavobacterium sp.
PLBO3 B mpefesnax poga, Mbl CPaBHWUJIU pernepTyapsl
CAZymes B 15 renomax ¢yiaBobakTepuii, BKJII0OUas npem-
CTaBUTeJIell OKpy>Xalollell cpelbl U BU/bI, IaTOreHHbIE
JUIA peIO. DTOT HMMPOKOMAaCHITaOHBIN aHAIU3 BBIABUJI
OCHOBHBIE 3aKOHOMEPHOCTH pasHooOpasusa CAZymes u
mokasaJt, uyto Flavobacterium sp. PLB03 o61afjaeT ofHUM
13 caMbIX paclIMpeHHbIX penepTryapoB CAZymes, 0co-
OeHHO B ceMelCTBaX, aCCOLMMPOBAHHBIX C IJIMKaHAMU
xo3aunHa. [lockosbky apxurekrypa IIYJI 3HauuTEIbHO
pasjmnyaercs y pasHbIX BUJOB U OTCYTCTBYeT I'OMOJIO-
rds Ha ypoBHe JIOKYCOB B IIpefleslaX poja, JeTaJlbHoe
cpaBHeHue [1YJI GpUIO OrpaHHUYeHO IIECThIO pernpe3eH-
TaTUBHBIMU TeHoMmawmu: Flavobacterium sp. PLBO3, F.
johnsoniae, F. piscisymbiosum, F. bizetiae, F. tructae u F.
columnare.

CpaBHUTesBbHBIN aHanmu3 npoduseit CAZymes,
peneptyapoB IIYJI u pacnpepnesnieHuili ceMeiicTs 6a3bl
MEROPS 65111 ipoBefieH 1o 15 reHomam ¢iiaBob6akTe-
puil. MaTpuibl AaHHBIX OBLIM IIOCTPOEHBI HAa OCHOBE
IIO/ICUETOB Ha yPOBHE CeMEMCTB U IIpoaHaJIN31POBaHbI
MeTOJIOM Mepapxuieckol KjacTepru3ally C UCIOJIb30-
BaHNEM MeToja YopJa U eBKJINAOBLIX paccTOAHUM B R.

3. Pe3ynbTarthbl
3.1. Pe3synbTrartbl COOPKH U aHHOTALMM
reHoma

YepHOBUK cOOpKM reHoMa BiJIOYana 334 KOH-
Tura obmeii amHo 6 003 505 map ocHoBaHuii (I.H.).
[Tocne ypaneHuss KOpoTkux KOHTUroB (<200 m.H.) u
KOHTaMMHAHTOB, OKOHYaTeJibHasA cOoOpKa cojepxaa
93 koHTHra obmeil gauHONH 5 925 828 m.H., 3Haue-
Hue N50 cocrasinano 542 557 n.H., a cogepxanue GC
— 34,3%. Orta cbopka reHoma Oblja IpefcTaBjieHa B
GenBank moz HoMepom foctyma JBLIYNOOOOOOOOO u
IOATOTOBJIEHA [JIA IOCJeAylollell aHHOTallUU U aHa-
Jau3a c noMoiubio PGAP. OcHOBHBIE ITOKa3aTean cO0pKU
1 aHHOTalLUU NpefcTasiieHsl B Tabsaune 1.

Pa3Mep reHoma 6oJiblile, 4eM y MaTOre€HHBIX AJIA
pe6 BuAoB Flavobacterium, 1 CONOCTaBUM C IPUPOX-
HBIMH HITaMMaMM C paclIMpeHHBIM MeTaboJI4ecKUM
peneptyapoM (Tabmune S1 Ilpunoxenus).

3.2. ®OunoreHus U aHaAU3 CpeAHEMN
HAEHTUYHOCTH HYKAE€OTHAOB

Ananus wucciiefoBaHus, C IPUMEHEHUEM cep-
Buca TYGS u amanus pesynbratoB BLAST B NCBI
[oKasajam, 4YTo IocjieioBaresibHOCTH Flavobacterium
sp. PLB03 Haubojiee TecHO CBs3aHBI C IIOCJIE/IOBa-
TeJIPHOCTAMHU HeyCTaHOBJIeHHoro Buma Flavobacterium
sp. CSZ, u Flavobacterium sp. KBS0721 u F. bizetiae, F.
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piscisymbiosum u F. piscis. TeHOMHOe CpaBHEHUE 3TUX
IITaMMOB Ha OCHOBe CpeAHell WJAeHTUYHOCTHU HYyKJIeo-
TUAOB TMOKa3asio, uto Flavobacterium sp. PLBO3 o6pa-
3yeT TecHBINI KjacTep Ha BHIOBOM YPOBHE TOJIBKO
¢ Flavobacterium sp. CSZ ¢ ANI 98,96%, 4TO 3HAYU-
TeJIbHO IIpeBhImaeT 95% mopor BUAOBON IIPUHAJIEXK-
HocTU. Bce ocTasibHBIE TPOAHAJIN3UPOBAHHbBIE [€HOMBI
Flavobacterium mokazanu 3Ha4yeHUsA CpelHel UJieH-
TUYHOCTU HyKJIeoTuaoB 89,3-90,8% OTHOCHUTEIBHO
Flavobacterium sp. PLB0O3, 4TO yka3biBaeT Ha MeXBU-
JIOBYI0 AWBepreHIyio. brkalmuM BHUOM BHe Iaphl
Flavobacterium sp. PLBO3 - CSZ 6w11 F. piscisymbiosum
F-30 (90,8% ANI), u3BeCTHBII TaKCOH, CBSI3aHHBIN
¢ peibaMy, XOTA M 3HAUMTEJIbHO HIKe BHIOBOM Ipa-
HuIel (Tabauna S2 Ilpunoxenus). B cOBOKynmHOCTH 3TU
pe3yJibTaThl MOKa3kBaKT, uTO Flavobacterium sp. PLBO3
u F. sp. CSZ 06pa3yoT oT[ie/IbHYI0 BUIOBYIO JIMHUIO.
dusoreHeTyecKuil aHaiau3 gyrB nomecTtun
Flavobacterium sp. PLBO3 B 3KOJIOTMYECKYI0 JIMHUIO
dbnaBobakTepuii, HanboJiee 6M3Ky0 K Flavobacterium
sp. CSZ n HaxoAAIlyI0CA Ha 3HAUYUTEJIbHOM PacCTOAHUN
ot F. psychrophilum, F. columnare u F. branchiophilum,
KOTOPpBIe ABJIAIOTCA maTtoreHamu puid (Puc. 1).

3.3. BbiABA€HHE reHOB YCTOMUYMBOCTH K
NPOTUBOMMKPOOHLIM NpenapaTramMm U reHOB
BUPYACHTHOCTH

[Ipy craHOapTHBHIX IIOPOTOBBIX 3HAYE€HMAX
cTporoctu (MOEHTUYHOCTh U TOKPHITHE 75-90%),
Abricate He o06Hapyxui1 GakTOpOB BUPYJIEHTHOCTU
B reHome Flavobacterium sp. PLB03. IIpu cHUXeHUU
MOpOroBeIX 3HaueHUU o0 60% upeHTudyHoctu U 60%
MOKpEITHA, Abricate cooGuI 0 4eTHIPEX COBNAIEHUSX,
JEeMOHCTPHUPYIOIINX YacTUYHOEe CXOACTBO ¢ Oesikamu,
accoUMMpOBaHHBIMU C BUPYJIEHTHOCTBIO, OIMCaH-
HBIMU B JIpyrux 6aKkTepuasbHBIX TakcoHax: katA, htpB
(GroEL/Hsp60), neuCl (UDP-N-aieTuirjitoKo3aMuH-
2-3nmMepasa) U OAHUM OeJIKOM, aHHOTUPOBAaHHBIM B
VFDB kak addekTop cucteMmsl cekperuu Dot/Icm Trna
IV (Ipg2370).

Bce coBmageHus nokasaJau HU3KYI0 aMHHO-
KUCJIOTHYI0 MJEeHTUYHOCTh (66-68%) u HemoJsiHoe
MoKpeITUEe BbpaBHMBaHUA (70-90%), 4TO yKa3blBaeT
Ha OTAAJIEHHYI0 TOMOJIOTMIO, a He Ha (QyHKIKMOHAJIb-
HyI0 5KBHUBAJICHTHOCTb. JTHU T'eHbl KOAUPYIOT OCHOB-
Hble (QYHKIUU «JOMAallHero Xo3fAICTBa», IIMPOKO
pacrpocTpaHeHHble y OakTepuii, 1 He CUUTAIOTCA I0JI-
HOIleHHBIMU JeTepMHUHaHTaM{ BUPYJIEHTHOCTH poJa
Flavobacterium. Takum o6pa3omM, mramm Flavobacterium
sp. PLBO3 He xoqupyeT TpaaULIMOHHEIE CUCTEMBI BUPY-
JIEHTHOCTH, OIKCAaHHbIEe Y MaTOTeHHBIX JJIA PO mTaM-
MOB, TakuXx Kak F. psychrophilum u F. columnare.

>

3.4. FNeHoOMHBIE OCTPOBA

IslandViewer mpenckazan 23 reHOMHBIX OCTPOBa
pasmepoM ot 4,1 o 74,9 T.n.H. U o0LM pa3MepoM
okoJio 540 T.m.H. (10-12% rexnoma). I'eHBI, accoIuu-
pOBaHHBIE C FT€HOMHBIMY OCTPOBaMH, BKJIIOYAJIM TUIO-
TeTnudeckue OeJIKM, MOOWJIbHBEIE 3JIEMEHTHI, pellel-
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TOPHI, 3aBUCUMBIe OT TonB, U OTHe/IbHbIE KOMIIOHEHTH
cuctemsl cexkperuu IX tumna. 'eHoMHEIe ocTpoBa ObLIN
paccpeoTOYeHBI II0 BCeEMY I'eHOMY 1 He 00pa3oBbIBAJIA
KpyIHble kaacTephl (Puc. 2). BosbmUHCTBO reHOMHBIX
OCTPOBOB OBbLIM IIpefCKa3aHbl Kak MUHUMYM JBYMs
He3aBUCHUMBIMU aJITOPUTMaMH, 4TO CBUETEJILCTBYET O
BBICOKOI JOCTOBEPHOCTH UX I'PaHULL.

Ta6smna 1. CraTtuctrka Heo6pabOTaHHBIX IIPOUYTEHUH U
reHOMHBIX pu3HakoB Flavobacterium sp. PLB03

CBOIiCTBO Flavobacterium sp. PLB03
HeoGpaboTaHHble IPOYTEHUA 7 220 904
JnmiHa c60pKy, II.H. 5925 828
KonmyecTBO KOHTUTOB 93
JlimiHa caMoro AJIMHHOTO 940 434
KOHTHUTA, II.H.
N50, n.H. 542 557
NO9O, n.H. 198 207
Copepxanue GC 34,3%
OO011ee KOJIMYECTBO reHOB 5104
Benok-koaupyromue 4975
HOCJIEIOBATEIBHOCTU
TPHK 64
Hexopupyrome PHK 3
IIceBmoreHnt 32
Howmep noctymna B GenBank JBLIYNOOOO00000

F. sp. PLB03

F. sp. CSZ

F. bizetiae HJ-32-4

F. bizetiae CIP 105534

F. bizetiae FlaQc-53

F. piscis

F. sp. KBS0721

F. piscisymbiosum

F. psychroterrae

F. pectinovorum

F. chilense

F. johnsoniae

F. soyae

F. collinsii

F. lipolyticum

F. tructae

F. aquidurense

F. psychrophilum

F. branchiophilum

F. columnare

C. piscicola
Puc.1. JlepeBo o6benuHeHUs cocelleii, OCHOBaHHOe Ha

TOJIHBIX ITOCJIeAOBaTeIbHOCTAX gyrB.

Genome position (Mbp)

Puc.2. PacnpefeseHre IeHOMHBIX OCTPOBOB B I'eHOME
Flavobacterium sp. PLB03.
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[Tpencka3aHHble reHOMHBIE OCTPOBa OBLIU 00O-
raiieHsl runoTeTuyeckumu 6eskamu (32%, n = 129), a
Takxe TpaHCIo3a3aMU U uHTerpaszamu (4%), membpaH-
HO-accoIMMpoBaHHbIMU OesikaMmu (4%) U peryiaarop-
HBIMU 3JIeMeHTaMU, TaKMMH, KaK TPaHCKPUIII[LIOHHbIE
PeryJiATOph TUNA «CIHUPaJib-MIOBOPOT-ciupaib» (4%).
HexoToprie ocTpoBa coAepkald KOMIIOHEHTHI, THUIINY-
Hble Ui $haBoOaKTepuil, BKJIIOYAsi T€HbI, aCCOLMUPO-
BaHHBIE C CHCTeMOH cekpenuu tuna IX, peljentopsi,
3aBucumMele oT TonB, u 6enku HapyXHOI MeMOpaHBI,
cBsazaHHble ¢ SusC/RagA TonB (n = 4), a Takxe TpaHc-
no3a3bsl ceMmericTBa IS6 (n = 4).

3.5. YraneBop-akTUBHbIEe pepMeHTbI
(CAZymes)

T'enom Flavobacterium sp. PLBO3 koaupyet 392
CAZymes, Bxiaouyas 185 rimkosup rugposas, 53 riu-
ko3ua tpaHcdepassl, 36 yrieBon a3crepas, 14 nosu-
caxapuj Juas, 28 yrjeBojd CBA3BIBAIOIUX MOAYJIEH
1 7 GepMeHTOB BCIOMOTraTeJbHON aKTHUBHOCTU. JTO
nenaet Flavobacterium sp. PLBO3 omguuM u3 HauboJiee
OoraThlx yIJIeBOO-aKTUBHBIMU (GepMeHTaMH MUKpPO-
OpraHu3MOB Cpey H3Y4YeHHBIX NPEeCHOBOIHBIX BUIOB
¢raBobakrepuit (Tabaura 2). Penepryap CAZymes
OXBaTHIBaeT IMMPOKUII CIIEKTp MOJIKMcaXxapuioB pacre-
HUI U Bojopocieill (KCWJiaH, NeKTHUH, KCUJIOTJIIOKaH,
OeTa-rjiloKaH, MaHHaH, ajbI'MHAT, ajibda-rJaoKaH), a
TakXxe ceMelcTBa, 0OBIYHO acCOLMMPOBaHHbBIE C IJIMKa-
HaMU X035AMHa, Takue kak GH29, GH33, GH92, GH95,
GH105, GH127, PL12, PL29 u CBM32. IlocnegHue
WUrpaloT KJII0YEeBYI0 poJjib B Jlerpajaliy MyLHOB, IJIH-
KO3aMHHOIJIMKAHOB Y IJIMKONPOTEHUHOB.

3.6. AOKyCbl YTUAU3ALMU NOAMCAXAPUAOB

C momompio dbCAN3 wu konBeiiepa CGC B
renome Flavobacterium sp. PLBO3 6buto umeHTHU(DU-
UpOBaHO 32 JIOKyca YTUJIM3AlMKM MOJINCAXapUAOB

(ITYJI). CpaBHUTeJNIbHBIN aHaAU3 C NATbI0 Bugamu (F.
johnsoniae, F. bizetiae, F. piscisymbiosum, F. tructae, F.
columnare) BeIABUII B 00I11e1 cimoxHocTy 134 ITYJI (M.
HomnonuutensHyo Tabauiy S3). Flavobacterium sp.
PLBO3 BXOOUT B UKMCJIO BUJOB C HAanOOJIBIIUM KOJIHUe-
ctBoM ITYJI, comocTaBUMBIX TOJIBKO € F. piscisymbiosum
u F. bizetiae, TOor[ja, Kak MaTOreHHBIE IS PHIO IITAMMBI
KOOUPYIOT ropasio MeHbllee konnuectBo ITYJI (ot 1
o 11).

CpaBHeHue apxutekTyp [IYJI Ha ocHOBe CTpPyK-
TYP BBIABUJIO 1O MeHbieil Mepe 11 ITYJI, yHUKaJIbHBIX
s mwramMa Flavobacterium sp. PLBO3, cpenu Bcex
rcciieloBaHHBIX reHoMoB. Haubosiee 3aMeTHBIE YHU-
KaJIbHble KJlacTephbl HallesJleHbl Ha IJIMKaHBI, acCOLUU-
poBaHHEbIe ¢ xo3sauHoM (Tabaura 3).

Hu ogHa u3 aTux CTpyKTyp He Obljia BHIABJIEHA Y
OCTaJIbHBIX IIATU BUJOB (p1aBoOaKTepUll.

3.7. AHanu3 nporea3s

AHHOTanusA mpoTeas W HHIMOUTOPOB IpoTeas
¢ nomomipio 6a3si MEROPS BrisiBuia mupokoe ¢ep-
MeHTaTuBHOe pa3HooOpasue B IIpoaHaJIM3UPOBaH-
HBIX reHoMax (p1aBobakTepuil. [locjie HopMaIM3anuu
an”Hotauuu MEROPS mno yHuuUUMpPOBaHHBIM KoAam
CeMEeNCTB, Bce BHABl KUMeJIM KOHCepBAaTHBHOE AApPO
poreas, B KOTOPOM JOMHHHpOBaiu ceMericTBa 139,
S$33, M14, S12 u S9 ([onosHuTtesbHas Tabiauma S4).
Cpenmu HUX ceMelcTBO MHruoutopos 139 6p10 Haubo-
Jiee pacIpoCTpaHEHHBIM NPAaKTUYeCKU BO BceX I'eHO-
Mmax. HecmoTpsa Ha obuiee Aapo, MaTpula mmporeas Io
BUAaM U ceMeMCTBaM IoKasajla CylleCTBeHHBbIe pas-
JINYWA B CTeleHU paclmpeHus ceMmelicTts. HekoTopeie
BUABl 00jlafjajii KOMIAKTHBIMM penepTryapaMu, B TO
BpeMs Kak Jpyrue JeMOHCTpPUpPOBajY 3HA4YUTeJIbHOe
oboraiieHre HeCKoJIbKUMHU S- U I-cemelicTBamu. ['eHoM
mramma Flavobacterium sp. PLBO3 koaupoBaJt 60J1bInoe
KOJINYEeCTBO T€HOB HECKOJIbKUX OCHOBHBIX CEMEMCTB
npoteas (Puc. 3).

Ta6suna 2. CpaBHUTeJIbHOE pacnpefesieHne kiaccoB CAZy cpenu 15 mramMmoB

Buppsl CAZy-reHn1 GH GT CE PL CBM AA
Flavobacterium sp. PLB03 392 185 53 36 14 28 7
F. soyae SCIV07 408 183 66 32 10 36 6
F. piscisymbiosum F-30 386 175 57 38 13 24 7
F. pectinovorum ZE23VCel01 392 172 60 33 11 34 3
F. johnsoniae FJOH 382 165 59 31 12 29 4
F. bizetiae HJ-32-4 363 153 58 33 9 25 3
F. aquidurense DSM 18293 343 149 39 42 14 18 5
F. chilense DSM 24724 348 134 54 34 15 28 4
F. psychroterrae CCM 8827 331 127 46 28 15 32 3
F. tructae ATCC BAA-2541 276 55 57 25 7 7 6
F. lipolyticum F-126 278 55 60 24 7 8 6
F. collinsii FlaQc-26 270 59 52 21 9 7 5
F. branchiophilum FL-15 (mat.) 180 29 51 14 2 7 2
F. columnare 04017018 (mart.) 154 18 44 12 3 1 1
F. psychrophilum JIP02-86 (mar.) 137 10 45 9 0 0 1

IIpumeuanue: GH - rimkosupa rugposassl; GT — rimkosun TpaHcdepassl; CE — yrieson acrepassl; PL — mosmcaxapup
smasbl; CBM - yryieBo cBA3bIBaIve MOayJid; AA — BClioMoraTesbHble aKkTUBHOCTH.
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Ta6suna 3. I'mukaHbel X035 iMHA U BOJIOPOCJIEBBIE MOJIMICaXapu/bl, HalleJleHHble Ha JIOKYCHl yTWJIM3alUU IOJIMCaXapuoB,

BbIsiBJIEHHBIE B Flavobacterium sp. PLB03

Ty JIYII
CAZymes

KimoueBbie ceMelicTBa

I[Ipumeuanusn

MyuuH-gerpagupyromue JIVII

I'muko3zamuHorarkas (GAG)

JIVII PL12/PL8

I'nukaH x03sA1Ha/TJINKONPOTENH
’KMBOTHOI'O NIPOMCXOXAEHU
JIVII

GH130

Apabunoranaktad/AGP-tun
PL42

Asprunar-crienuguunsie JIYII

GH105, GHS88, PL12/
PL8, CBM32
GH154, GH159, GH128,

GH29, GH33, GH92,

GH105, GH128, GH154,

PL6, PL17, CE20

KaHoHMYecKast apXUTEKTypa, HalleJIeHHas Ha
MYLUH

JBa otaenpHBIX GAG-crieninUYHBIX JIOKyCa

BoJibmmioit 1oKyc, oboramieHHbIH Qyko3nga-
3aMH, cHaJIMa3aMu U O-MaHHO3U1a3aMu

Hanenen Ha apabuHoranakrad u AGP-
mogoOHbIe CyOCTpaTh

YHukaneHb JIoKyc, pa3pymamni ajabru-
HAT, OTCYTCTBYeT Y JPYTHUX BUJIOB

JlanpHelmiee cpaBHEHHE CeMENCTB IIpoTeas B
KJIacTepe 2 BBIABIIIO YeTeIpe ceMerictBa MEROPS: M10,
S1, T2, T3, KOTOpBIE IPUCYTCTBYIOT NCKJIIOUUTEJILHO B
reHoMme mramma Flavobacterium sp. PLB03, HO oTCyT-
CTBYIOT ¥ OCTaJIbHBIX IIpe/icTaBUTesIell 3TOro KjiacTepa.
Bce ueThlpe cemelicTBa IPUCYTCTBYIOT Y OTJEJIbHBIX
BUIOB U3 Kj1acTepoB 1 1 3, HO OTCYTCTBYIOT B reHOMax
Apyrux npefcTraBUTesier kiaacrepa 4.

4. 06cy)xpenue

T'ernom uzosmpoBaHHoro mramma Flavobacterium
sp. PLBO3 nemoHCTpupyeT couyeTaHHE IIPHU3HAKOB,
TUMAYHBIX Ui CBOOOJHOXUBYIIUX IpeACTaBUTESIEN
pona Flavobacterium, c Moy JisAMU, OOBIYHO CBA3aHHBIMU
C B3aMMO/IENICTBHEM, C XO3AMHOM. DUIoreHeTuYeCcKoe
PacCIIOJIOKEHE W BBICOKME 3HAYEHHsA CpeqHed WIeH-
TUYHOCTA HYKJIEOTHIOB SCHO JEMOHCTPUPYIOT, YTO
Flavobacterium sp. PLBO3 o6pa3yeT OTAeJbHYI0 BUIO-
Byi0 juHUi0 BMecte ¢ Flavobacterium sp. CSZ, ocra-
BasCh MPH 3TOM HAJIEKMM OT XOPOIIO OXapaKTepHU30-
BaHHBIX MMATOTEHHBIX AJIS PHIO MITAMMOB, TaKUX Kak F.
psychrophilum, F. columnare u F. branchiophilum. Taxoe
pacIoJIOKEHNE TOATBEPXKOAAET MHEHHE O TOM, 9YTO
mramMm Flavobacterium sp. PLBO3 sBiisieTcs, mpexie
BCEro, 9KOJIOrMYECKUM TaKCOHOM, a He CIIeNUaIu3npO-
BaHHBIM [IATOTE€HOM.

HecmoTps, Ha OTCyTCTBHE KJIACCUYECKUX JleTep-
MHHAHT BUPYJIEHTHOCTH — JjaXke IPU CMAYeHHBIX
noporax oOHapyxeHuss — reHoM Flavobacterium sp.
PLBO3 conmepxut psax GyHKIMOHAIBHBIX 0COO€HHOCTEN,
KOTOpBIE MOTYT yCHJIMBAaThb €ro CIIOCOOHOCTU paspy-
maTh TKaHU I'yOOK U 3eJIEHBIX CUMOMOTUYEeCKUX MUKPO-
BozjopocJieil. OTMeueHo, uTo TeHoM Flavobacterium sp.
PLBO3 6ospie, yeM y naTOreHHBIX JJIA PBHIO MITaMMOB
U KOAUpyeT pacIIMpeHHBI MeTaboJMYecKuil penep-
Tyap. Tak, 392 rena CAZymes fesainT reHOM IITaMMa
Flavobacterium sp. PLB03 oagHuM U3 HanboJiee 60raThix
YIJ1€BOJI-YTUJIN3UPYIOIYX BUJOB CPeAU TPeCHOBOAHBIX
Flavobacterium, usyueHHbIX paHee. Ocoboe BHUMaHUe
npuBJeKaeT Hainuue ceMelicTB CAZymes, 0OBIYHO CBA-
3aHHBIX C Jlerpajanrei 5yKapuoTUYeCKUX TJIMKOKOHbB-
oraTtoB, Bkyouas GH29, GH33, GH92, GH95, GH105,
GH127, PL12, PL29 u CBM32. Otu depmeHTH obecIie-
YMBAIOT pacliellyieHne MyLIMHOB, IJTNKO3aMUHO-TJINKa-
HOB U CJIOKHBIX XKWBOTHBIX TJIMKONPOTEHMHOB — KJIIO-
YeBBIX CTPYKTYPHBIX I10JINCAaXapUI0B B TKaHAX I'yOOK.

OTOT MeTaboJIMYecKUll MOTeHI[hasl OTpaXeH B
apxutekType 32 nAeHTUDUIMPOBAHHBIX JIOKYCOB YTU-
Jmzanuu nosucaxapusoB (ITYJI). Cpeau HUX eCTh Kak
MHHUMYM [ATb KPYIHBIX KJIACTEPOB, CHENU(UYHBIX
Juts Flavobacterium sp. PLB03, HalleJIeHHBIX Ha acCoOIfu-
HMPpOBaHHbBIE C XO3ANHOM IJIMKaHbl: KaHOHNUYecKui [TV I,
JlerpaJUpymoInil MyI[UH, [1Ba He3aBHUCUMBIX JIOKyca

-

[

Cluster 2

T

Cluster 1

F. columnare

F. branchiophilum
F. psychrophilum

F. aquidurense

F. bizetiae

F. piscisymbiosum
F. sp. PLBO3

F. collinsii

Cluster 3 Cluster 4

F. tructae

F. chilense

F. lipolyticum

F. psychroterrae
F. soyae

F. johnsoniae

F. pectinovorum

Puc.3. Uepapxudeckas kjacTepusanus BugoB Flavobacterium Ha ocHoBe npoduJieii ceMeiicTBa npoteas mo MEROPS.
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rjMko3aMuHorjaukaHoB (GAG), 6osbimori ITYJI, cBA3aH-
HBIM € IJIMKaHaMU XO3AMHa/XUBOTHBIM IJIMKOIIPOTEH-
HOM, oforaiieHHBI! (yKo3ujasaMu, cuaauaazamMu U
a-mMaHHo3ugasamu, I1YJ1, cBA3aHHbIN ¢ apabrUHOranak-
TaHoM Tuna AGP, U yHUKaJbHBIN JIOKYC, Aerpaaupy-
IOIIMH aJIbI’MHAT, OTCYTCTBYIOIIMI BO BCEX CpaBHUBae-
MBIX TeHoMax. Takoil pa3HooOpa3Hbiii pernepryap I1YJI
npejmoJaraeT MUPOKUH CHEKTp cyOCTpaTOB U Xapak-
TepeH MJiA «ONIMOPTYHUCTUYECKUX» (pJiaBoOaKTepuil,
CIIOCOOHBIX MCIOJIb30BaTh KakK MOoJIMcaxapuabl OKpyxa-
IoIlell cpefibl, TaK U NoJMcaxapyuabl 5yKapruoTHYeCKOro
(KMBOTHOIrO) TNPOUCXOXJeHHA. JIONOJHUTEJIbHBIM
JloKa3aTeJIbCTBOM aJalNTUBHON yHHUBEPCAJIbHOCTHU CJIy-
KUT Hajnuye 23 TeHOMHBIX OCTPOBOB, COCTaBJIAIONMINX
10-12% reHoma. 3TU oCTpoBa oOoraiieHbsl ranoTeTu-
yeckUMHU OesikaMy, MOOWJIBHBIMM 3jeMeHTaMy, TonB-
3aBHCUMBIMM pelleNTopaMH, KOMIIOHEHTaM{ CHUCTEeMBI
cekperuu IX tuma u SusC/RagA-mogo6HBIMHM TpaHC-
opTepaMy, 4YTO yKa3blBaeT Ha aKTUBHYI0 MOAYJIbHOCTb
reHoMa U [IoTeHI[haJIbHOe FTOpHU30HTaIbHOE IprobpeTe-
HUe reHoB. PacnipesiesieHHOe paclipefiesieHrie MoJyJiei
TonB-SusC, acconuupoBaHHBIX C F€HOMHBIMU OCTPO-
BaMM, COTJiaCcyeTcs ¢ TUMMYHOM opraHuzanuei IIYJI y
dnaBobakTepuii, 4TO AOMOJIHUTEJIbHO MOATBEpXAaeT
upaern o cyocTpaT-3aBUCUMOM IJIaCTUYHOCTU FeHoMa.

Ananus nporeas BBIABUJI paclIMpeHHBIN penep-
tyap MEROPS y Flavobacterium sp. PLB03, BkrOUaro-
mmil dyetsipe cemetictBa (M10, S1, T2, T3), koTopsie
OTCYTCTBYIOT y APYIMX IIpe/iCTaBHUTejiell 3TOro KJia-
cTepa, HO MNPUCYTCTBYWT y Oojlee MeTaboJIM4eCKHU
rMOKUX BUJOB. OTU NpOTeasbl MOI'YT CIOCOOCTBOBATH
Jerpafgaunu 6eJIKOBBIX KOMIIOHEHTOB TKaHel rybok. ¥
¢1aBobakTepuil MpoTeassl YacTO JEHCTBYIOT CUHEpre-
Tudecku ¢ CAZymes npy paspylleHUU CJIOXKHBIX Opra-
HMYECKUX MAaTpull, 4TO yKasblBaeT Ha HX B3anUMOJO-
MIOJIHAIONIYIO POJIb B YCBOEHMU cyOcTpara.

B coBokymHOCTHM, TeHOMHEIE OCOOEHHOCTHU
mramma Flavobacterium sp. PLBO3 yka3plBalOT Ha TO,
YTO 3TO He KJIaCCUYeCKUH IaToreH, a CKopee 3KOJIO-
rM4YecKyd aJanTHpoBaHHBE OAKTepUM C pacUIMpeHHOH
CIIOCOOHOCTBIO K Jerpajanyi CJI0XKHBIX OpraHUYecKux
cyOCcTpaToB, B TOM YHCJIe )XMBOTHOTO M paCTUTEJIbBHOTO
npoucxoxjeHusa. CoueTaHue Ooratoro pemnepryapa
CAZymes u I1YJI, yHUKaJIbHBIX JIOKYCOB, OPUEHTUPO-
BaHHBIX Ha IJIMKaHbl XO03AMHA, pa3sHOOOpa3HBIX IpO-
Tea3 ¥ MOAYJIbHBIX TeHOMHBIX OCTPOBOB O0ecrieurBaeT
MeXaHUCTUYeCKyl0 OCHOBY HabJiogaeMoil CIocoOHO-
ctu Flavobacterium sp. PLBO3 pgerpaaupoBaTh TKaHU
ry0OK U 3eJIeHBIX MUKPOBOAOPOCJIel. OTU AaHHbIE NOA-
TBEPXKAAIOT HMHTepIpeTaluio TOro, YTO H30JIMPOBaH-
Hbll mTamMm Flavobacterium sp. PLBO3 mpefcraBiser
c06011 3K0JIOrMYeckr YHUBEpPCaIbHbIN OpPraHU3M, CIIO-
COOHBIN K ONMOPTYHUCTUYECKUM B3aUMOOEUCTBUAM C
OpraHu3MaMM-X03sAeBaMU.

5. BoiBOABI

HccremoBaHHBII  HaMHM  [eHOM  IITaMma
Flavobacterium sp. PLBO3 sBJyisieTcA HOBBIM BUAOM U
OTHOCHUTCA K Ipylne CBOOOJHOXUBYIIMX (9KOJIOrHYe-
CKM paclpocTpaHeHHBIX) diaBobakTepuii, ¢ 6OJIBIINM
reHoMoM. PacueTsl cpeHell NAEHTUYHOCTU HYKJIEOTH-
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noB co 3HaueHusAMu 89,4-90,8%, 3HAUUTEJIBHO HUXeE
[IOPOTOBBIX 3HAYeHUH, UCIOJIb3YEeMBIX JJI1 pa3InueHNus
npeacTaBuTesiel 0JIM3KOPOACTBEHHBIX BUAOB, IOATBED-
XOaroT, uTo mramMm Flavobacterium sp. PLBO3 sBysieTcA
yHUKaJIbHBIM BuAoM. IlItamm Flavobacterium sp. PLBO3
He o6Js1afjaeT TUINYHBIMU (aKTOpaMy BHPYJIEHTHOCTH,
HO o0JlafjaeT MKWPOKUMU MeTabO0JINYeCKUMH BO3MOX-
HOCTAMM [JIA WHBa3WU U paspylleHusA TKaHel X03f-
nHa. Kpome toro, Flavobacterium sp. PLB03, BeposiTHO,
ABJIAETCA CUMOMOHTOM TIyOOK, TOCKOJIBKY o6Jjanaer
YHUKaJIbHEIM HabopoM crnenududeckux (pepMeHTOB,
pacIienIAlIINX IJIMKaHbl X03A1HA, YTO HeOObIYHO IJIA
pona Flavobacterium. AHanu3upysi ero CrnocoGHOCTb
pacienyiATh IMoJHucaxapyuibl, Mbl yCTaHOBWJIM, YTO
mrramM Flavobacterium sp. PLBO3 o61afjaeT 3HaYUTE -
HBIM [IOTEHI[HaJIOM B 3TOH obyiactu. OgHAKO HeoOXo-
JUMBl JajibHeNIINe HCCIeJOBaHuA [JIA ollpeliesieHusd
KOHKpPeTHBIX I[10JIMCaxXapuJoB, KOTOpble pacllenisieT
3TOT WITaMM, 4YTO OyJeT crmocoO6CTBOBaTh HallleMy
[IOHMMAaHUIO 3KOJIOTMYECKON poJid U OMOTeXHOJIornde-
CKUX IPUMeEHeHU TaMMOB (JiaBobaKTepHUii.
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