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ABSTRACT. The diversity of eukaryotic communities associated with bryozoans was investigated using
DNA metabarcoding based on the 18S rRNA gene. The results obtained indicate that each bryozoan
species, coexisting in close proximity to one another, harbors a distinctive community of associated
eukaryotes, the composition of which likely depends on the form of the colonies. The community asso-
ciated with the “bushy” colony of Plumatella sp. was found to be more diverse and differed in spe-
cies composition from the community formed on the “creeping” colony of P. repens. In the “bushy”
bryozoans, diatoms (60%) and ciliates (22%) predominated, along with golden algae (4%), hydras
(3%), chytridiomycetes (1.6%), and rotifers (1%). In contrast, unicellular algae (32%), dinoflagellates
(27%), apicomplexans (10.6%), and other groups of protists (amoebas, euglenoids, and others) (4.6%)
were more frequently associated with the “creeping” bryozoan. Among invertebrates, annelid worms
(12.5%), tapeworms (4%), and mollusks (3%) predominated. Notably, the study revealed the presence
of protostome animals belonging to the phylum Entoprocta, marking the first documentation of this
taxon in the water bodies of the Baikal region.
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1. Introduction eton into which the polypide can retract. The mouth,
covered by an epistome, is situated within the tentacle
Bryozoans (phylum Bryozoa) are colonial ani- CrOWL.
mals that exhibit a sessile lifestyle, settling on any solid Within the Phylactolaemata, the most diverse
substrate including submerged wood, macrophytes, family is Plumatellidae Allman, 1856, comprising four
stones, plastic, polyethylene, and others. Some species genera and more than 20 valid species, most of which
are known to encrust the hulls of ships (Gontar, 2010). belong to the genus Plumatella Lamark, 1816. In Russian
The phylum Bryozoa comprises three classes: freshwater ecosystems, seven species of this genus have
Phylactolaemata (freshwater bryozoans), Stenolaemata been recorded (Gontar, 2010), with three species occur-
(exclusively marine bryozoans) m Gymnolaemata ring in the Baikal region (Vinogradov, 2008).
(mostly marine bryozoans). Phylactolaemata includes Phylactolaemates often dominate among aquatic
one order, seven families, and about 70 species that organisms. As active water filterers, they play a signif-
inhabit exclusively freshwater environments (Ryland, icant role in the self-purification of water bodies, par-
2005). Members of this class are globally distributed, ticularly during periods of abundant growth (Protasov,
except in polar regions, and occur in both lentic and 1994). The size of their colonies varies from a few
lotic ecosystems. Some species are considered cosmo- millimeters to several tens of centimeters, and their
politan (Wood, 2002). Colonies of phylactolaemates rapid growth can result in substantial benthic bio-
consist of zooids divided into two parts: the soft polyp- mass. Consequently, bryozoans also contribute to nutri-
ide with its crown of ciliated tentacles, and the gelati- ent cycling (Serensen et al., 1986). Phylactolaemates
nous or chitinous cystid, which functions as an exoskel- can form associations with other bryozoans, sponges,
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hydroids, and caddisfly larvae (Ricciardi and Reiswig,
1994). Their colonies provide habitat for various small
organisms, including rotifers, planarians, nematodes,
annelids, mollusks, gastrotrichs, copepods, tardigrades,
insect larvae, mites, and others (Raddum and Johnsen,
1983; Ricciardi and Reiswig, 1994).

Species of Plumatella differ in the morphology
and size of their colonies, suggesting that their associ-
ated communities may vary depending on the structure
of the colonies. To test this hypothesis, we employed
the DNA metabarcoding, a method that enables iden-
tification of the community taxonomic composition
through amplification and high-throughput sequenc-
ing of marker gene sequences. The metabarcoding of
organism-associated communities also facilitates the
identification of interaction mechanisms between dif-
ferent organismal groups and their potential ecological
roles within the community.

DNA metabarcoding using the COI gene frag-
ment has been successfully implemented to studies
invertebrate communities in Bolshie Koty Bay and
Listvennichny Bay of Lake Baikal (Kravtsova et al.,
2021; Kravtsova et al., 2023). Furthermore, this method
has proven to be effective for investigating the diver-
sity of algae-associated organisms using the 18S rRNA
gene fragment (Bukin et al., 2022) and for researching
the microeukaryotic planktonic communities in Lake
Baikal (Bukin et al., 2023).

This study aimed to investigate and compare the
composition of eukaryotic communities associated with
two sympatric bryozoan species exhibiting different
colony morphologies.

2. Materials and Methods

Bryozoan colonies were collected from sub-
merged wood at the mouth of the Tompuda River
(northern Lake Baikal, 55.12122° N, 109.753418° E) in
2022 (Fig. 1). The river mouth valley is characterized
by a swampy plain intersected by numerous macro-
phyte-dominated channels with abundant submerged
logs. Bryozoans were observed on the majority of
logs. Colonies were collected from a single submerged
log to eliminate habitat-associated influences on the
taxonomic composition of the bryozoan associated
organisms.

Living colony fragments were photographed
using an MSP-1 stereomicroscope (“LOMO” JSC)
equipped with a Levenhuk C800 digital camera (Fig. 1).

DNA was performed following the protocol
described by Doyle and Dickson (Doyle and Dickson,
1987). For Sanger sequencing, DNA samples were
obtained from small colony fragments that were care-
fully cleaned to prevent contamination from bryozo-
an-associated organisms. For metabarcoding analysis,
DNA was extracted from larger colony fragments (five
samples per species).

All DNA samples were amplified. Amplification
was carried out using the BioMaster HS-Taqg PCR Kit
(Biolabmix, Russia) according to the manufacturer’s
recommendations. Amplification conditions and primer
sequences are detailed in Table 1. For metabarcoding,
PCR products from each species were pooled into a sin-
gle tube.

Fig.1. A - photo of Tompuda River valley; B — map of Lake Baikal with collection point indicated; C, D — photos of living
colonies of bryozoans. C — Plumatella sp.; D — P. repens. Scale 1 mm.
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Table 1. Amplification conditions and primers used in this study.

Gene Amplification conditions, 30 cycles Primers References
CoI DNA denaturation at 95°C — 40 sec LCO1490 (f) 5-GGT CAA CAA ATC | Folmer et al.,
(5 minutes on the first cycle), primer ATA AAG ATATTG G -3’ 1994
annealing at 50°C — 60 sec, nucleotide | HCO2198 (r) 5-TAA ACT TCA GGG
chain elongation at 72°C - 60 sec (10 TGA CCA AAA AAT CA-3’
ITS1-5,85-ITS2 minutes on the last cycle) ITS1 () 5-TCC GTA GGT GAA CCT | White et al.,
GCG G-3’ 1990
ITS4 (r): 5-TCC TCC GCT TAT TGA
TAT GC-3’
18S DNA denaturation at 95°C — 60 sec EukA (f) 5’-ACC TGG TTG ATC CTG | Medlin et al.,
(5 minutes on the first cycle), primer CCA GT-3’ 1988
annealing at 55°C - 60 sec, nucleotide | EukB (r) 5-TGA TCC TTC TGC AGG
chain elongation at 72°C — 60 sec (10 TTC ACC TAC-3’
165 miniites on the last eycle) ZX-1-F 5-ACC CGC TGA ATT TAA |Van der Auwera

GCA TAT-3’ et al., 1994
LSUD-R 5-ACG GAA TGA ACT CAA | Littlewood et
ATC ATG TAA G-3’ al., 2000

PCR products were visualized through electro-
phoresis on 1% agarose gel. Enzymatic purification
of the products was performed using the ExoSAP-IT
express kit (Thermo Fisher Scientific, USA) according
to the manufacturer’s protocol.

The COI, 16S and the ITS1-5.8S-ITS2 markers
were sequenced using a NANOFOR 05 genetic analyzer
with the Brilliant Dye Terminator (v.3.1) Sequencing
kit (NimaGene, Holland). The nucleotide sequences
were edited and aligned using the BioEdit software
(Hall, 2011).

The taxonomic identification of bryozoans was
accomplished through DNA barcoding using COI,
16S mtDNA, and ITS1-5.8S-ITS2 rDNA markers.
Taxa delimatation was performed using the web ver-
sion of the ASAP program (available at: https://bio-
info.mnhn.fr/abi/public/asap/), employing pairwise
genetic distances (p-distances) as the genetic distance
metric. Additionally, nucleotide sequences of various
Plumatellidae species for COI, 16S and ITS1-5.8S-ITS2
markers were retrieved from GenBank (Table 2).

18S rRNA metabarcoding of bryozoan-associated
eukaryotes was performed using portable nanopore DNA
sequencer MinION (Oxford Nanopore Technologies).
The quality of reads was assessed using FastQC; reads
were filtered by quality using Trimmomatic-0.32
(Bolger et al., 2014). Sequences with an average quality
score exceeding 12 were selected for further analysis.
Sequence identification was conducted using the SILVA
database version 138.2 (Quast et al., 2012), containing
full-length 18S rRNA fragments. BLASTn (Altschul et
al.,, 1990) was employed with parameters “word_size
= 25, gapopen 2, gapextend = 1, reward = 1,
penalty = -1” to compare sequenced amplicon library
fragments with the SILVA database. These parameters
allowed for the identification of amplicon sequences
with low similarity to the reference database. An 18S
rRNA amplicon sequence was considered identified if
alignment parameters were E-value < 0.00001 and bit
score = 50, indicating non-random matches. All 18S
rRNA amplicon sequences mapping to the same SILVA
database sequence in BLASTn alignment results were
grouped into operational taxonomic units (OTUs). OTU
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abundance was quantified by the number of 18S rRNA
amplicon reads assigned to each unit.

The results were visualized as histogram where
OTUs were grouped into high-rank taxa.

The statistical convergence of the results of tax-
onomic diversity assessment was characterized using
rarefaction curves and the Chaol index (the expected
number of OTUs in samples). Community diversity
comparisons were conducted using the Shannon index,
as well as species abundance curves, where slower con-
vergence to zero indicates higher community diversity.
All statistical analyses and graphical visualizations
were performed using the “Vegan” package (Dixon,
2003) and “ggplot2” (Wickham, 2011) in the R pro-
gramming environment.

3. Resulits

The bryozoans studied were classified into two
species of the genus Plumatella, based on the external
morphology of zooids and colonies (Fig. 1). For each
species, two nucleotide sequences for the COI (629 bp),
16S (439-440 bp), and ITS1-5.8S-ITS2 (738-742 bp)
were obtained and submitted in the GenBank data-
base under accession numbers: PQ766342-PQ766343,
PQ771669-PQ771670 (COIL); PQ770921-PQ770922,
PQ772041-PQ772042 (ITS1-5.8S-ITS2); PQ774235-
PQ774238 (16S).

Species delimitation analysis using three molec-
ular genetic markers identified the bryozoan with a
“creeping” colony type as Plumatella repens (Linnaeus,
1758), while the bryozoan with a “bushy” colony type
(Plumatella sp.) could not be definitively identified
to species level due to limited nucleotide sequences
available in GenBank. 16S mtDNA fragment analysis
revealed that the sister species for this bryozoan is P.
emarginata Allman, 1844 (with a genetic distance of 2%
nucleotide substitutions), while ITS1-5.85-ITS2 anal-
ysis indicated close relation to P. vaihiriae (Hastings,
1929) (with a genetic distance of 0.4% substitutions).
Species delimitation based on the COI gene fragment
could not be performed due to the lack of nucleotide
sequences for P. emarginata and P. vaihiriae in GenBank.
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Table 2. List of taxa used for species delimitation analysis with GenBank accession numbers and references.

Species name COI GB# References |[ITS1-5,8S-ITS2 References 16S GB# References
GB#
Plumatella fungosa | KF805632 Dash and GU733426 Rubini et al., 2011 AB365624 [Hirose et al., 2011,
(Pallas, 1768) Vasemaégi 2014, unpublished
unpublished
MH286272 |Klass et al., 2018 - - - -
Plumatella repens FJ196105 Fuchs et al., GU733417 Rubini et al., 2011 AB365622 [Hirose et al., 2011,
(Linnaeus, 1758) 2009 unpublished
- - EU377576 |Taticchi et al., 2010, - -
unpublished
Plumatella vaihiriae - - EU377577 |Taticchi et al., 2010, AB365625 |Hirose et al., 2011,
(Hastings, 1929) unpublished unpublished
Plumatella casmiana | KJ024813 | Koletic, 2014 EU377579 |Taticchi et al., 2010,] GQ343297 | Briski et al., 2011
Oka, 1907 unpublished
- - - - AB365629 |Hirose et al., 2011,
unpublished
Plumatella rugosa - - GU733418 Rubini et al., 2011 AB365623 |Hirose et al., 2011,
Wood, Wood, Geimer unpublished
& Massard, 1998
Plumatella viganoi - - GU733422, Rubini et al., 2011 - -
Taticchi 2010 GU733421,
GU733420
Plumatella geimermas- - - GU733423 Rubini et al., 2011 - -
sardi Wood and - - EU377578  |Taticchi et al., 2010, - -
Okamura, 2004 .
unpublished
Plumatella emarginata - - GU733424 Rubini et al., 2011 JN681057 | Waeschenbach et
Allman, 1844 al., 2012
- - - - AB365623 |Hirose et al., 2011,
unpublished
- - - - GQ343296, | Briski et al., 2011
GQ343300,
GQ343301
Plumatella reticulata - - GU733425 Rubini et al., 2011 - -
Wood, 1988
Plumatella vorstmani - - - - AB365634 |Hirose et al., 2011,
Toriumi, 1952 unpublished
Plumatellidae sp. | KU720129| Jiang et al., - - - -
2017
KX620051 Dong et al., - - - -
2020
Hyalinella punctata | KJ024814 | Koletic, 2014 EU377580 |Taticchi et al., 2010,] AB365631 |[Hirose et al., 2011,
(Hancock, 1850) unpublished unpublished
- - GU733427, Rubini et al., 2011 DQ305342 Okuyama et al.,
GU733428 2006

The initial datasets after nanopore sequencing
of the 18S rRNA gene included 44,771 sequences for
Plumatella sp. and 51,057 for P. repens; after quality
filtering, the datasets contained 19,027 and 21,762
sequences, respectively, from which OTUs (Operational
Taxonomic Units) were formed. Single OTUs (repre-
senting fewer than 4 copies per sample) were excluded
from analyses. The final analysis identified 299 OTUs
for Plumatella sp., and 33 OTUs for P. repens.

Rarefaction curves and species abundance curves
are presented in Fig. 2. The saturation curves for both
species reached plateaus, confirming statistical signifi-
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cance of the results. The expected number of taxa, cal-
culated using the Chaol index, corresponded with the
actual number of identified OTUs.

The Shannon diversity index for the community
associated with the “bushy” bryozoan Plumatella sp was
4.1, while for the “creeping” P. repens it was 2.8.

The taxonomic composition (in percentage)
of both communities is illustrated in the histogram
(Fig. 3). A total of 21 high-rank taxa were identified
within the communities. The community associated
with the “bushy” bryozoan was dominated by diatoms
(60%) and ciliates (22%), with notable presence of
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Fig.2. A - rarefaction curves; B — species abundance curves.

golden algae (4%) and hydras (3%), as well as chyt-
ridiomycetes (1.6%), which are parasites of algae and
invertebrates. Rotifers were also observed (1%), likely
attracted by an abundance of ciliates, unicellular algae,
and bacteria.

The “creeping” bryozoan-associated community
exhibited lower diversity, dominated by unicellular
algae (32%) and dinoflagellates (27%). Significant pro-
portions of apicomplexans (10.6%), which are inverte-
brate parasites, and other protozoan classes (including
amoebas, euglena, etc.) (4.6%) were also observed.
Among the invertebrates, annelid worms (12.5%),
tapeworms (4%), and mollusks (3%) predominated.
Additionally, nucleotide sequences of protostome
animals belonging to the phylum Entoprocta were
identified.

4. Discussion

At the mouth of the River Tompuda, which
flows into Baikal, two genetically distant species of
the genus Plumatella (16% substitutions based on COI,
9% based on ITS1-5.85-ITS2, and 4% based on 16S)
were found living sympatrically. One of them, P. repens,
is widely distributed in temperate water bodies. The
other species, Plumatella sp. showed genetic similarity
to Plumatella vaihiriae (Hastings, 1929) based on the
ITS1-5.8S-ITS2 marker (0.4% divergence). P. vaihiriae
was initially described from a lake on Tahiti and has
been recorded in lakes in Hawaii, Argentina, Thailand,
and the USA (Taticchi et al., 2008). According to the
16S marker (2% divergence) Plumatella sp. is closely
related to P. emarginata, a species distributed in Eurasia,
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Fig.3. Histogram of OTU distribution across high-rank taxa for Plumatella sp. and P. repens.



Peretolchina T.E. et al. / Limnology and Freshwater Biology 2025 (3): 268-283

North America, and New Zealand. It should be noted
that the presence of P. emarginata in the Baikal region
has been previously reported (Vinogradov, 2008), but
the examined specimens likely represent a distinct spe-
cies (potentially new to science) based on their level of
genetic divergence. However, definitive species identi-
fication requires morphological analysis of statoblasts.

The sympatric occurrence of two bryozoan spe-
cies on the same substrate is not unique to the Baikal
region. For example, Taticchi et al. (2008) reported
the cohabitation of P. vaihiriae with P. fungosa (Pallas,
1768), and representatives of Victorellidae Hincks,
1880 in Italian lakes.

The studied bryozoans exhibit different colony
morphologies: P. repens forms creeping or sprawling
branching tubes that spread flat across the substrate,
while Plumatella sp. develops tubular branched zooids
that extend vertically from the substrate in a bush-like
formation. We observed that each coexisting bryozoan
species harbored a unique eukaryotic community, the
composition of which dependson the colony morphology.
The community associated with the “bushy” Plumatella
sp., was much more diverse (Shannon index 4.1)
compared to that of the “creeping” P. repens (Shannon
index = 2.8), considering both high-rank taxon com-
position and the number of dominant OTUs. This may
be related to the structure of the “bushy” colony, which
creates microhabitats within the spaces between zooids
that are favorable for diverse epibionts. Various dia-
toms easily attach to the bryozoan zooids, as evidenced
by the abundance of reads corresponding to these
organisms. Conversely, “creeping” colony exhibited
substantially lower biodiversity, hosting larger inver-
tebrates that potentially feed on the bryozoan itself,
along with protozoan Apicomplexa, which are parasites
of invertebrates.

An interesting finding was the discovery of the
phylum Entoprocta Nitsche, 1870 or Kamptozoa Cori,
1929, which have not previously been reported in the
water bodies of the Baikal region. These animals, resem-
bling hydroids and bryozoans, exhibit sessile lifestyles
either solitarily or colonially, with individual organisms
ranging from 1 to 5 mm in size. Entoprocts are often
commensals of invertebrates, including sessile anne-
lids, mollusk shells, and bryozoans (Brusca and Brusca,
2003; Emschermann, 1993; Kristensen, 1970; Wood,
2005). It is possible that the “creeping” colony of P. rep-
ens allows for the Entoprocta attachment, and the water
flow generated by the bryozoan’s lophophores poten-
tially facilitates their feeding. Due to limited studies
of this phylum, nucleotide sequence data for them are
nearly absent in databases, making it possible to iden-
tify them only to a high taxonomic level (Entoprocta:
Barentsiidae Emschermann, 1972). Currently, approx-
imately 200 species of Entoprocts are known, includ-
ing sessile solitary species (Loxosomatidae) and colo-
nial species (Loxokalypodidae, Pedicellinidae, and
Barentsiidae), most of which are marine. Only two
species inhabit freshwater: Loxosomatoides sirindhorne
Wood, 2005 (fam. Loxosomatidae) and Urnatella grac-
ilis Leidy, 1851 (fam. Barentsiidae). It should be noted
that area of L. sirindhorne is limited to Thailand (Wood,
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2005; Schwaha et al., 2010), while U. gracilis, originally
described as a North American species, is distributed
on all continents except Antarctica (Brusca and Brusca,
2003), and has been found in the Don River (Sklyarova,
1969) and the Volga River (Vinogradov, 1997). It is
possible that U. gracilis occurs in the water bodies of
the Baikal region, although this assumption requires
detailed morphological analysis.

DNA metabarcoding using the 18S rRNA gene
proved to be an effective method for investigating the
diversity of eukaryotic communities associated with
bryozoans, as indicated by the wide range of identi-
fied taxa. Saturation and abundance graphs, as well as
the expected species number indices (Chaol), confirm
the statistical significance of the results. Nevertheless,
it should be noted that nanopore sequencing may
introduce errors in the form of insertions and dele-
tions of nucleotides within the 18S rRNA sequences.
Analysis of the results from BLASTn alignments of
amplicon sequences with the SILVA database revealed
that in some cases, sequence similarity (ranging from
97% to 99%) was only determined by single-nucleo-
tide insertions and deletions rather than substitutions,
a phenomenon not typically observed in short-read
sequencing platforms, like Illumina. This limitation of
the MinION portable DNA sequencer (Oxford Nanopore
Technologies) should be considered in future software
development for amplicon analysis in metabarcoding
studies.

5. Conclusions

The results of DNA metabarcoding of the 18S
rRNA gene revealed the specificity of the composition
of eukaryotic communities associated with bryozoans.
It was shown that the colony morphology plays a cru-
cial role in shaping their species diversity. The commu-
nity associated with Plumatella sp., which has a “bushy”
colony form, is much more diverse and differs in spe-
cies composition from the community formed on the
“creeping” colony of P. repens.

The application of molecular-genetic methods
allowed for the identification of representatives of
protostome animals of the phylum Entoprocta among
organisms associated with P. repens, which is signifi-
cant for the study of aquatic biodiversity. New findings
of Entoprocta in the fauna of water bodies of the Baikal
region indicate that their distribution is broader than
previously assumed.
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OpuruHanbHan craTbf

JykapuoTnueckue coobuiecrsa [ IMNOLOGY
npecHoBOAHbIX MwaHokK (Phylactolaemata: | orrvaTrR

Plumatellidae) BaMkanbCKOro peruoHa BIOLOGY
P

[lepetonmuuna T.E.'*", lllep6akosa A.A.!, CHTHUKOBa T.A4.1°,
ApensmuH P.B.% Bykus [0.C.!

I TumHostoeuyeckuti uHcmumym Cubupckozo omdesteHus Poccutickoti akademuu Hayk, ys. YaaH-Bamopckas, 9. 3, Hpkymck,
664033, Poccusa
2 Hpxymckuii eocydapcmeeHHblil yHugepcumem, yi. Cyxa-Bamopa, 9. 5, Hpkymck, 664025, Poccua

AHHOTALIUA. Metogom AHK merabapkoauHra Ha ocHoBe 18S pPHK mccienoBaHo pasHooOpasue
€000IIeCTB OPTAaHU3MOB, ACCOMMPOBAHHAIX C MITaHKaMU. [1oJiydeHHbIe pe3yJIbTaThl CBU/IETEIbCTBYIOT
0 TOM, YTO JJI KaXJOro BH/Ia MIIAHOK, COCYIIECTBYIOMINX B HEMOCPEACTBEHHOU OJIM30CTU APYT OT
Apyra, CBOMCTBEHHO CBOe0Opa3HOe COOOIIECTBO aCCOIUMPOBAHHBIX C HUMU 3YKapUOT, COCTaB KOTOPOTO,
BEPOSITHO, 3aBUCUT OT (GOpMHI KoJioHHI. COOOIIEeCTBO, aCCONUMPOBAHHOE C «KyCTHUCTOW» KOJIOHUEN
Plumatella sp. oka3anoch 60jiee pa3HOOGPA3HbIM, 1 OTJINYAJIOCH IO BUAOBOMY COCTaBy OT COOOIIECTBA,
copmupoBaBIIerocsi Ha «CTeJIIONencsa» KoJaoHuu P. repens. Ha «KyCTUCTBIX» MIAHKAX Mpeobsagaiu
auaTroMoBble Bogopociau (60%) u undysopuu (22%), a Takke 30J0TUCTBIE Bogopocau (4%), TUAPHL
(3%), xutpuauomuriets (1,6%), kosioBpaTtku (1%). Ha «cTeJmomnielics» MITaHKe 0OHapYKeHbI OJHOKJIE-
TOYHbIe BogopocsH (32%), nuHodarenarsl (27%), anukomiuiekcs (10,6%), Apyrue KJIacChl IPOCTEN-
mux (ame6b1, 3BrJIeHH U Ap.) (4,6%), 13 6eCII03BOHOYHBIX XXKUBOTHHIX ITpeobsiaganu kobuyathie (12,5%)
U JIeHTOuHbIe (4%) 4epBu, MOJUTIOCKU (3%); oOHapyXeHbl IIpeCTaBUTE N IIEPBUYHOPOTHIX KUBOTHBIX
tuna Entoprocta, koTopeie paHee He OBLIM OTMeYeHBI B BofoeMax balikabCKOro peruoHa.

Kiouegwie ciioga: IHK metabapkoaunr, 18S pPHK, ITS1-5.85-ITS2, COI, 16S pPHK

s nmutupoBanus: Ileperonunna T.E., Illep6akoBa A.A., CutHukoBa T.f., Agensumud P.B., Bykun 10.C. DykapuoTuueckue
coobmiecTBa nmpecHoBoAHBIX MmaHOK (Phylactolaemata: Plumatellidae) Baiikansckoro pervioHa // Limnology and Freshwater
Biology. 2025. - Ne 3. - C. 268-283. DOI: 10.31951/2658-3518-2025-A-3-268

1. Beepenne 13 3000UJI0B, B KOTOPHIX BHIJIEJIAIOT [[BA OT/iejia — MAT-

KU MOJIUMIK/]] C BEHYMKOM IIyTaJjieln] 1 XeJJaTUHU3UPO-
BaHHBIN (WM XUTWHU3WUPOBAHHBIN) IUCTUL, SBJIAIO-
IIUIACS DK30CKEJIETOM, B HEro BTATUBAETCSA MOJIMIUL.
BHYTpHU BeHUMKa IynaJiel] HaXOAUTCS POTOBOE OTBEP-
CTUe, IPUKPBHITOE SMMCTOMOM.

Cpenu dunakrosiemMaTr Haubosiee pasHOOOPA3HO
ceMm. Plumatellidae Allman, 1856, HacuMTHIBawIee
4 poma u Oosiee 20 BaJIMOHBIX BHUIOB, U3 KOTOPBIX
HauOoJiblllee YHMCJIO TNPUHAJIEXUT poay Plumatella
Lamark, 1816. [{nia mpecHsix Bog Poccun otmeueHO 7
ByuoB poja (I'ontapp, 2010), Tpu U3 HUX BCTPEYEHHI B
BarikaisckoMm permnone (Bunorpagos, 2008).

OduakTosIeMaThl HEPeOKO JOMUHUPYIOT Cpenu
ruapoOHOHTOB. B psAae ciydaes, Kak aKkTUBHbIE (DUIIb-
TPaTOPHI, IPU OOMJIBHOM Pa3BUTHU UTPAIOT OTPOMHYIO
poJsib B camoounineHuu Bogoema (IIportacos, 1994).
PazmMep KOJIOHUI BappUpPyeT OT HECKOJIBKUX MUJI-

Mmanku (tun Bryozoa) mpuHaiexar KOJIOHU-
aJIbHBIM KUBOTHBIM, BEeIYIIUM HPUKPEIIEHHBIN 06pa3
xu3HU. CesiATca Ha J10O0M TBepAOM cyOcTpaTe — 3aTO-
HyBIIlelN JpeBecrHe, MakpoduTax, KaMHAX, IJIACTUKE,
MOoJIMATUJIEHE U Jp. HekoTophie BHIb 00pacTaOT
nuuma kopabsen (F'oraTtaps, 2010).

B Tume BrIAEAIOT TpU Kiacca: Phylactolaemata
(TloxperTopoTthie), Stenolaemata (Y3kopoTele) u
Gymnolaemata (Tosopotsie). Phylactolaemata BxJtio-
YaeT OAWH OTPsAJ, CeMb CEMENCTB U 0KoJio 70 BHUAOB,
00OHTAINX UCKITIOYNTEJIFHO B ITpecHbIX Bogax (Ryland,
2005). TIpeacTaBuTe M 3TOTO KJIacca MIMPOKO PacIpo-
CTpaHEeHHI TI0 BCEMY MUPY, 32 UCKJIIOUEHNEM TOJIAPHBIX
obslacTell, U HaceJAKT JIEHTUYeCKHe U JIOTHYecKue
SKOCHUCTEMBI, HEKOTOPBIE BUIbI CYUTAIOTCS KOCMOIIOJIH-
tamu (Wood, 2002). KosioHuu ¢hpuaakTojemMaT COCTOAT

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: tanya@lin.irk.ru (T.E. [IlepeToyrHa)
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JIMMEeTPOB A0 JeCATKOB CaHTHMeTpoB. MX OBICTPHII
POCT MOXeT IIPUBeCTH K BBHICOKOM Omomacce OeHTOca.
Takum 00pa3oM, MIIaHKU TaKXe UrpaioT BaXXHYIO POJIb
B KpyroBOpoTe MNUTaTeJbHBIX BemlecTB (Sgrensen et
al., 1986). IIpecHOBOHbIE MIIAHKA MOTYT OOPa30BHI-
BaTh accolyalyy C APYIMMU MIIaHKaMy, IyOKamu,
rupouilaMi W JUYMHKaMu pyderiHUKoB (Ricciardi
and Reiswig 1994). Hx koJIoOHUU OGeCIeynBalT cpeny
obuTaHuA Ji pa3IMYHbIX MeJIKUX OpraHUu3MOB, TAaKUX
KakK KOJIOBpATKH{, IJIJaHapWHM, HeMaToAbl, aHHEJIWJBI,
MOJUIIOCKHM, TacTpOTPUXH, KONEeNOoAbl, TapAWrpajbl,
JMYUHKA HaceKoMbix, kjemyd u 1p. (Raddum and
Johnsen, 1983; Ricciardi and Reiswig, 1994).

Bugsl Plumatella imeroT pasHble 1o ¢dopme u
pasMepaM KOJIOHMM, YTO IIO3BOJIAET Ipeanojararb
CyIlleCTBOBaHME PasJMYHBEIX II0 COCTaBy COOOMIECTB,
acCcOLMMPOBAaHHBIX C TeJIOM KOJIOHMH. J[J1A mpoBepKu
9TOH I'MNOTe3bl Mbl HCIIOJIb30BaJI COBPEMEHHEIN MoJie-
KyJiapHO-TeHeTHnueckuii Mmeron — JIHK meTabapkoauHr,
KOTOpBIH MO3BOJIAET UAEHTU(PULINPOBATh TaKCOHOMHU-
YecKUM cocTaB cooblecTBa MyTeM aMIUIMUKaNuud U
BBICOKOIIPOM3BOAUTEJIBHOIO CEeKBEHUPOBAHUA IOCJe-
JloBaTeJIbHOCTeNl MapKepHBIX IeHOB. MeTabapKOOUHT
€o00I1IeCcTB, acCCOLMMPOBAHHAIX C ONpefesIeHHbIM Opra-
HU3MOM, N03BOJIAET TakXe IpeAnosiararb MeXxaHU3Mbl
Y TUMNBI B3aUMOAENCTBUI MeXJy pasHbIMHU Ipynnamu
OPraHu3MOB U UX BO3MOXHYIO 3KOJIOTHUYECKYIO POJIb B
COOOIIeCTBe.

JHK meTabapKoJUHT € HCIOJIb30BaHUeM ¢par-
MeHTa reda COI ycnemHo npyuMeHseTcs NpU Ucceqo-
BaHUU co0O1IecTB 6eCrI03BOHOYHEIX XUBOTHBIX B OyXTe
6ospmnie KoTsl 1 JIicTBeHUYHOM 3asuBe o3epa batikan

(KpaBuosa u ap., 2021; Kpasuosa u ap., 2023). Kpome
TOT0, 3TOT METO]] M0Ka3asl cBol0 3P GbeKTUBHOCTD NpU
rcceoBaHUM pa3sHOOOpasysi OpraHM3MOB, acCOLHU-
POBaHHBIX C 3eJIEHBIMU BOJOPOC/ISIMU Ha OCHOBe ¢par-
MeHTa reda 18S pPHK (Bykun u fp., 2022), a Takxe
IpUMeHsJICA IPU HCCIIeJOBAaHUN MUKPO3YKapHUOTHYe-
CKHUX IJIAHKTOHHBIX cooOijecTB Batikana (Bukin et al.,
2023).

Llespio paboThl OBUIO MCCIENOBAaTh U CPABHUTH
CcoCTaB COOOLIECTB JyKAapUOTHYECKUX OPraHU3MOB,
accOLMUPOBAHHBIX C ABYMs BUJaMU MIIAHOK, o6UTalo0-
[IMX CUMITATPUYECKU U pa3INdanmuxcs Mopdooruei
KOJIOHUM.

2. MaTtepuanbl U METOADI.

Kosionnu MmaHOK ObLIM cOOpaHBl C 3aTOILJIEH-
HOU ApeBecuHH B ycThe p. Tommyna (ceBep o3. batikan,
55,12122° N 109,753418° E) B 2022 rogy (Puc. 1).
B6su3u ycThA AOJMHA peKU MMeeT XapakTep 3a00JI0-
YeHHO! paBHUHBI, M3pe3aHHOI MHOI'OYHMCJIeHHBIMU
IIPOTOKaM¥, 3apOoCHIMMU Makpoduramu U ¢ OOJIBIMINUM
KOJIN4eCTBOM 3aTOIIEHHBIX OpeBeH. [1ouTu Ha Kaxa0M
M3 HUX BCTpeyanch MilaHku. KosioHum coGpaHBl ¢
OAHOT0 3aTOIJIEHHOI0 OpeBHa, YTOObI MCKJIIOYUTD BJIU-
sAHMe MeCTOOOMTaHHs Ha TaKCOHOMUYECKUI COCTaB
OpraHu3MoOB, aCCOLIMMPOBAaHHBIX C HUMHU.

[IprxusHenHsle  ¢ortorpaduu  pparmMeHTOB
xostoHu#l (Puc. 1) chenaHbl moj CTepeocKONMUYecKrUM
mukpockoriom MCII-1 (OAO «JIoMo»), OCHaleHHBIM
nudpoBoii poTokamepoit Levenhuk C800.

p.Tomnyga

Puc.1. A — doro ycrba p. Tomnyaa; Kapra o3. Batikan ¢ ykaszaHHoi# Toukoil c6opa; C, D — mprxuzHeHHOe HOTO KOJIOHUIT

mimaHok. C — Plumatella sp.; D — P. repens. Macmrta6 — 1 MM.
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JHK skcTrparupoBaHa IO NPOTOKOJY, ONMCAH-
HoMy Jo#iiom u dukcoH (Doyle and Dickson, 1987).
[Ipenapatsl JHK 1A nocieyoiiero ceKBeHUpOBaHUA
no CsHrepy moJjiydyeHbl K3 HeOoJIbIINX (parMeHTOB
KOJIOHUH, KOTOpble IIpeABapUTesIbHO TIIATeJIbHO OYM-
mjany, yToObl n30exaTh KOHTaMUHAIMY OpraHu3Mamu,
obuTtaromumu Ha MmaHkax. IHK aia metabapkoauHra
SKCTparupoBaji u3 60JbHMX (PparMeHTOB KOJIOHUH
(o mATH qJIA KaXIoro BHAA).

Bce nostyuenHsle npenapatsl JJHK 6b011 amMIuim-
¢punupoBaHbel. Ammndukanus OpoBeJeHa C IIOMO-
mpio Habopa peaktuBoB BioMaster HS-Taq PCR Kit
(Biolabmix, Poccus), corjlacHo peKoMeHAalusaM Ipo-
U3BOAUTENA. YCJIoBUA aMIUIMGUKaAlUU U CTPYKTypa
npaiiMepoB MpuBefieHsbl B Tabiuie 1.

[IpoayKTHl peakliiy NpOaHaIU3UPOBAHEI 3JIEK-
Tpodoperndecku B 1%-HoM arapo3Hom rese. B ciyudae
MeTabapkoauHra, [1IP-npoaykTsl 06beAUHAIN B OAHY
MpOOHPKY [JIA KaXXJ0ro BUAA.

depMmeHTaTHUBHAasA OYMCTKA NPOAYKTOB IpOBe-
JeHa ¢ moMoupl0 KoMMepueckoro Habopa ExoSAP-IT
express (Thermo Fisher Scientific, CIITIA) coryiacHo mpo-
TOKOJIy, PEKOMEeHOBaHHOMY IIPOU3BOAUTEJIEM.

CexBeHupoBaHue Mapkepos COI n 16S mt/JHK
n ITS1-5.8S-ITS2 a/THK nmpoBeeHO Ha reHETUYECKOM
anammzatope «<HAHO®OP 05» ¢ nomomipio Habopa pea-
reHnToB Brilliant Dye Terminator (v.3.1) Sequencing kit
(NimaGene, Tosutanpus). HyxkiieotugHble nocjefo-
BaTeJIbHOCTH OTPeJaKTUPOBAaHBl M BBIPOBHEHH B IIPO-
rpamme BioEdit (Hall, 2011).

TakcoHOMHYECKyI0 IIPUHAAJIEXXHOCTh UCCieaye-
MBIX MIIaHOK omnpenesanu Merogom JJHK 6apkoaguHra
¢ nomounipio Mapkepos COI, 16S mt/IHK u ITS1-5.85-
ITS2 adHK. [enuMmutanus TakCOHOB IIpoBefeHa C
noMolIIpio Be6-Bepcun nporpamMMbl ASAP, mocTymHOI
mo cceuike: https://bioinfo.mnhn.fr/abi/public/asap/.
B xauecTBe Mepbl FeHeTHYeCKUX pacCTOSAHUIN HUCII0JIb30-
BaJy p-AWCTaHIMU. JIONOJIHUTEIbHO U3 6a3bl JaHHBIX
GenBank npuBJieyeHB HYKJIEOTUIHbIE TTOCTIEA0BATEb-
HOCTHU pa3HbIX BUJOB ceM. Plumatellidae mo mapkepam
COlI, 16S u ITS1-5.8S-ITS2 (Tabaura 2).

JHK meTabapKoAUHT acCOLUNPOBAHHBIX C MIIIaH-
KO 3ykapuoT nposefieH 1o reHy 18S pPHK c momorisio
HaHOIIOPOBOTO CEKBEHHWPOBaHUA C MCIOJIb30BaHUEM
nopratuBHoro J[HK-cekBeHatopa MinION (Oxford
Nanopore Technologies). KauecTBo moJIyuyeHHBIX IPO-
YTeHUl IIpoBepeHO ¢ mnoMombio nporpamMmsl FastQC.
[TocsiemoBaTesIbHOCTH OTCOPTUPOBAHBEI IO KAaueCTBY B
Trimmomatic-0.32 (Bolger et al., 2014), ana aHanu3a
BBIOpaHBHI IT0CJIeJ0BATEJIBHOCTH CO CPeJHUM KauyeCcTBOM
npoureHus 6osiee 12 6asuioB. UaeHTuduKanus nocie-
JloBaTeJIbHOCTel mpoBoAusachk no 6ase JaHHbIX SILVA
(Quast et al., 2012). B aHaysM3e HUCIOJIB30BaHA BEpCUs
6a3pl 138.2, 13 KOTOpPOH ObLIM M3BJIEUeHBl MOJHOpPAa3-
mepHble ¢dparmeHTHl 18S pPHK. CpaBHeHue pacmud-
pOBaHHBIX (parMeHTOB AaMILUIMKOHHON OHOJINOTEKU
¢ 6azoii SILVA mpoBogujach ¢ IMOMOIIbIO aJirOPUTMa
BLASTn (Altschul et al., 1990) ¢ napameTpamu word_
size = 25, gapopen = 2, gapextend = 1, reward =
1, penalty=-1. BrelOpaHHBI Juana3oH IapaMeTpOB
[I03BOJIAET WAeHTU(PUIMPOBATh MOCJIEJOBATEIbHOCTU
aMIIMKOHOB C HU3KOM CTelleHbIo POJICTBAa CO CpaBHUBA-
eMoli 6a3oi naHHbIX. [TocinenoBaTensHoCcTh 18S pPHK
aMIUIMKOHAa cuuTajach WAeHTUUIMPOBAaHHON IIpU
mapameTpax BelpaBHuBaHUI E-value < 0,00001 u bit
score = 50, 4To XapakTepusyeT HecJlydaliHoe coBIaje-
Hue. Bee nocnenosaresnsHocTu 18S pPHK amninkoHa,
KapTupywiuecs no pesysjabrataM BLASTn BeipaBHUBa-
HUI Ha OHY U TyXe IOocJieloBaTeJIbHOCTh 6a3bl SILVA
6b11u crpynnuposaHsl B OTE (onepanroHHasA TaKCOHO-
muueckas equnuia). [IpencrasienHocts OTE B mpobe
XapaKTepu3oBajlach KOJIMYeCTBOM NPUXOAUBIINXCA Ha
Hero npouteHuii 18S pPHK ammukoHa.

PesyibpTaThl BHU3yalu3upoOBaHbl B BHJle TUCTO-
rpaMMmbl, Ha kotopoli OTE oObeAuHeHBI B TaKCOHBI
BBICOKOI'O paHra.

CraTtucTuyeckasgd  CXOOUMOCTb  Pe3yJIbTaTOB
OIleHKM TaKCOHOMUYECKOro pasHooOpas3us oxapakre-
pH30BaHa C IOMOIIBI0 KPUBBIX HACHIIEHUA U MHAEKCA
Chaol (unpmekc oxumaemoro umcia OTE B mpo6ax).
I'paduueckoe cpaBHeHHe pa3HOOOpasys COOOIECTB
IIPOBOJIUJIOCH C IOMOIIBbI0 KPUBBIX TaKCOHOMUYECKOTO

Ta6sauna 1. Ycaosusa aMmindukanui U CTPyKTypa npaiiMepoB.

MUHYT Ha IIEPBOM I[HKJIE),
oTxur npatimepoB — 50°C - 60c, 3J10HTa-
U HyKJileoTUAHOU 1enu — 72°C — 60c
(10 MuHyT Ha IOCIeHeM IUKJIe)

ITS1-5,85-1TS2

I'en YcaoBusa ammiudpukanuu, 30 CTpyKTypa npaiiMepoB CepLiku
IMKJIOB
COI nenarypanua JIHK: 95°C — 40c (5 LCO01490 (f) 5-GGT CAA CAA ATC | Folmer et al.,

ATA AAG ATATTG G -3’ 1994
HCO2198 (r) 5-TAA ACT TCA GGG
TGA CCA AAA AAT CA-3

ITS1 (f) 5-TCC GTA GGT GAA CCT White et al.,

oTxur npaiiMepos: 55°C - 60c, 3JI0HTa-
U HyKJIeoTuHOoH nenu: 72°C — 60c
16S (10 MuHYT Ha IocaeHeM IUKJIe)

GCG G-3’ 1990
ITS4 (r): 5’-TCC TCC GCT TAT TGA
TAT GC-3’
18S nenarypanua JHK: 95°C — 60c (5 EukA (f) 5’-ACC TGG TTG ATC CTG | Medlin et al.,
MHHYT Ha IIEPBOM I[HKJIE), CCA GT-3’ 1988

EukB (r) 5-TGA TCC TTC TGC AGG
TTC ACC TAC-3’

ZX-1-F 5’-ACC CGC TGA ATT TAA |Van der Auwera

GCA TAT-3’ et al., 1994
LSUD-R 5-ACG GAA TGA ACT CAA | Littlewood et
ATC ATG TAA G-3’ al., 2000
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Ta6smmna 2. CiicoK TaKCOHOB, MCIOJIb30BAHHBIX JJIA AEJIMMUTALIMYI TAKCOHOB ¢ HOMepaMH Jjoctyna B GenBank u cchuikamu.

HaszBaHue BHUAA COI GB# CchLIKHA ITS1-5,8S-ITS2 CchLIKHU 16S GB# CchLIKU
GB#
Plumatella fungosa KF805632 Dash and GU733426 Rubini et al., 2011 | AB365624 |Hirose et al., 2011,
(Pallas, 1768) Vasemagi, 2014, HeoIy6JINKOBAaHO
HeOoMyOJIMKOBAaHO
MH286272 |Klass et al., 2018 - - - -
Plumatella repens FJ196105 Fuchs et al., GU733417 Rubini et al., 2011 | AB365622 |Hirose et al., 2011,
(Linnaeus, 1758) 2009 HeonyOJIMKOBaHO
- - EU377576 |Taticchi et al., 2010, - -
Heony0JIMKOBaHO
Plumatella vaihiriae - - EU377577 |Taticchi et al., 2010, AB365625 |Hirose et al., 2011,
(Hastings, 1929) Heony0JIMKOBaHO Heony0JIMKOBAaHO
Plumatella casmiana | KJ024813 Koletic, 2014 EU377579 |Taticchi et al., 2010, GQ343297 | Briski et al., 2011
Oka, 1907 Heony0JIMKOBaHO
- - - - AB365629 | Hirose et al., 2011,
HEeOIyDJIMKOBAHO
Plumatella rugosa - - GU733418 Rubini et al., 2011 | AB365623 |Hirose et al., 2011,
Wood, Wood, Geimer Heomy6JIMKOBaHO
& Massard, 1998
Plumatella viganoi - - GU733422, Rubini et al., 2011 - -
Taticchi 2010 GU733421,
GU733420
Plumatella - - GU733423 Rubini et al., 2011 - -
geimermassardi Wood - - EU377578  |Taticchi et al., 2010, - -
and Okamura, 2004
HEeOIy0OJIMKOBAaHO
Plumatella emarginata - - GU733424 Rubini et al., 2011 | JN681057 | Waeschenbach et
Allman, 1844 al., 2012
- - - - AB365623 | Hirose et al., 2011,
HeomnyOJIMKOBAaHO
- - - - GQ343296, | Briski et al., 2011
GQ343300,
GQ343301
Plumatella reticulata - - GU733425 Rubini et al., 2011 - -
Wood, 1988
Plumatella vorstmani - - - - AB365634 |Hirose et al., 2011,
Toriumi, 1952 HeoITy6JINKOBAaHO
Plumatellidae sp. KU720129 Jiang et al., - - - -
2017
KX620051 [Dong et al., 2020 - - - -
Hyalinella punctata KJ024814 Koletic, 2014 EU377580 |Taticchi et al., 2010, AB365631 |Hirose et al., 2011,
(Hancock, 1850) Heony0JIMKOBaHO HeonyOJIMKOBAHO
- - GU733427, Rubini et al., 2011 | DQ305342 Okuyama et al.,
GU733428 2006

obunsa ¢ y4eToM TOro, 4YTo 4eM MeJJIeHHee KpHuBas
CTPEMUTCA K HYJII0, TeM pa3HooOpa3Hee COOOIIeCTBO.
PasHooOpasue wucciaefyeMblx COOOIIECTB OlleHHBaJIN
¢ nomMomnipio nHAekca IllemHoHa. Bce cTatucThueckue
pacueTnl M rpaduveckas BU3yaJu3alUsa Pe3yJibTaToB
MpOBe/IEHH C MCII0JIb30BaHUeM nakeTa «Vegan» (Dixon,
2003) u «ggplot2» (Wickham, 2011) mgya cpeznsl mpo-
rpammupoBaHus R.

3. Pe3ynbTaTthbl

[To BHemHEMy CTPOEHMIO 300UJOB U KOJIOHUMH,
vccjefyeMble MIIAHKK OTHECEHH K JIBYM BHJaM pojia
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Plumatella (Puc. 1). JnsA KaXAgoro BUAA MOJIyYeHO IO
JIBe HYKJIEOTHHBIE TOCJIEAOBATEILHOCTU AJIA MapKe-
poB COI (629 m.H.), 16S (439-440 n.H.), ITS1-5.8S-
ITS2 (738-742 1n.H.) U NENOHUPOBAHO B 6a3y AaHHBIX
GenBank ¢ Homepamu fgoctymna: PQ766342-PQ766343,
PQ771669-PQ771670 (COI); PQ770921-PQ770922,
PQ772041-PQ772042 (ITS1-5.8S-ITS2); PQ774235-
PQ774238 (168S).

Ilo pe3sysbTaTaM MAEJIUMHUTALUM TAaKCOHOB C
HCIIOJIb30BAaHUEM TpeX MOJIEKYIAPHO-TEHETUYECKUX
MapKepoB MINAHKY CO «CTEJIIOI[UMCS» TUIIOM KOJIO-
HuM oTHecau K Plumatella repens (Linnaeus, 1758), B
TO BpeMsA KaK MIIAHKY C «KyCTHCTBIM» THUIIOM KOJIO-
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Humn (Plumatella sp.) He yAajioch TOYHO OMNpPEAETUTDH
[0 BHUJA, U3-3a OTCYyTCTBUsA JOCTATOYHOTO KOJIMYecTBa
HYKJIEOTHIHBIX MOcJiefoBaTebHOoCcTel B GenBank. ITo
¢parmenTy 16S mTIHK cecTpuHCKUM BUAOM JJIs1 3TON
MIIAHKU sBJsieTcsA P. emarginata Allman, 1844 (rene-
TUYeckas AUCTaHIUA cocTaBuiia 2% HYKJIEOTUAHBIX
3ameH), a no ITS1-5.8S-ITS2 ona okasayiach OJiM3Ka
K P. vaihiriae (Hastings, 1929) (reHeTnyeckas JUCTaH-
uus 0,4% 3amen). ITo dparmenty rena COI genumura-
LIUI0 TAKCOHOB IIPOBECTU He yaJIOCh U3-3a OTCYTCTBUSA
HYKJIEOTUIHBIX IOCJIe[loBaTe/IbHOCTel P. emarginata u
P. vaihiriae B GenBank.

HcxomHble HAOOPHI JaHHBIX MIOCJIe HAHOIIOPOBOTO
cekBeHUpoBaHua reHa 18S pPHK Brximouanu 44771
nocjegoBaresibHOCcTel 1A Plumatella sp. u 51057 —
nns P. repens, nociie GuiabTpanyy no KauecTsy Habopsl
Bxmouyanu 19027 u 21762 mnociiefoBaTeIbHOCTEMH,
COOTBETCTBEHHO, U3 KOTOPBHIX OBLIM CHOPMHPOBAHBL
OTE. OnuHounsle OTE (mpeacTaBieHHOCTh MeHbllle 4
Konuii Ha npoOy) He MpUHUMAJIUCh B pacueT. B urore,
nis Plumatella sp. naentuduiuposado 299 OTE, miA
P. repens — 33 OTE.

'paduky ¢ KpUBBIMU HACHIIIEHUS U TaKCOHO-
MHYecKoro obusus mpejicraByieHs Ha Puc. 2. Kpusbie
HachIIeHs OJi9 000UX BUIOB BBIXOJIAT Ha ILJIATO, YTO
MOATBEPXK/aeT pe3yJbTaT, KaK CTAaTHUCTUYECKU JI0CTO-
BepHBIH. OX1/JaeMoe Y1CJIO TAKCOHOB, PACCUUTAHHOE C
nomoInbio uHaekca Chaol, coBmagaer ¢ GpakTUyecKuM
pe3yJybTaToM BhifeseHHBIX OTE.

Hnpexc 6uopazHooOpasus IlleHHoOHa il cO06-
IIECTBA, ACCOIMUPOBAHHOIO C «KYCTHUCTON» MIIAHKOM
Plumatella sp., cocraBun 4,1, a co «cresmomencsa» P.
repens — 2,8.

TakcoHOMMYECKU cocTaB (B MPOLIEHTHOM COOT-
HOIlIleHNH) 00OouX cOoOOIIecTB, IpejcTaBjieH Ha Jua-
rpamMe (Puc. 3). B cocraBe coobmiecTB oTmeueH 21
TAaKCOH BBICOKOr0 paHra. Ha «KyCTHUCTBIX» MIIaHKaX
npeobJiaganu guaTtoMoBsle Bogopociu (60%), nady-
3opuu (22%), a Takxe 30JI0THCTBIE Bogopociu (4%) u
ruaps (3%). Kpome Toro, B 3T0I npobe oOHapy>XeHbI
xutpuauomuiiets (1,6%), sABaAOmMecs Mapa3uTaMu
BoJiopocsieil 1 6ecrno3BOHOYHBIX XXUBOTHBIX. Takxke
cpely OpPraHU3MOB, aCCOLIMMPOBAHHBIX C «KYCTHCTOU»
MIIaHKOM, ObLIM KoJioBpaTku (1%), BO3MOXHO, IpU-

BJIEKaeMble GOJIBIINM KOJIMYEeCTBOM UHGY30PUA, OTHO-
KJIETOYHBIX BOAOPOCJEN U GaKTepuil, KOTOPHIMU OHU
MMUTAIOTCA.

Ha «cTemomielicsa» MilaHke Omopa3HooOpasue
MeHbIe. [Ipeobiagasu OSHOKJIETOYHBIE BOAOPOCIHU
(32%) u guHodmaremsATe (27%), BCTpeUyaJCh amu-
komiuiekch (10,6%), ABJsoLMecs MapasuTaMu 6ecrio-
3BOHOYHBIX XUBOTHBIX U JIPYyTU€ KJIACCHl MPOCTEUIINX
(ame6n1, sBryieHsl u 1p.) (4,6%). Cpeau 6Gecrio3Bo-
HOYHBIX XUBOTHBIX Mpeobsagaii KOJIbYaThle YepBU
(12,5%), nmenTounsle uepBu (4%) u mosumocku (3%).
OOGHapyXeHbl TaKXKe HYKJIEOTUAHBIE TOCIIEI0BATETBHO-
CTU MEPBUYHOPOTHIX XKUBOTHBIX THMa Entoprocta.

4. 06cyxpenue

B yctee pexku Tommnyza, Bnafamwoiieil B Baiikar,
BBIABJIEHO CUMIATpHiecKoe o0MTaHUe IBYX reHeTude-
cku ganekux (16% sameH nmo COI, 9% mo ITS1-5.8S-
ITS2, 4% mno 16S) BumoB poaa Plumatella. Oqun u3 HUX
— P. repens, mMpOKO paclpoCTpaHeH B BOJOEMAax yMe-
peHHoM 30HBL [pyroii Bug — Plumatella sp. — mo map-
kepy ITS1-5.8S-ITS2 oka3zasicsa reHeTU4YeCKH CXOAHBIM
(0,4% 3amen) c Plumatella vaihiriae (Hastings, 1929),
KOTOPBI OBLT OMKCaH U3 o3epa Ha 0. Tautu u obHapy-
xkeH B o3epax l'aBaiieB, ApreHTuHnl, Taiinanpga, CIIA
(Taticchi et al., 2008). ITo mapkepy 16S (2% 3ameH)
Plumatella sp. siBJisieTcsA CeCTPUHCKUM K P. emarginata,
pacnpocrpaHeHHOMY B EBpasun, CeBepHoOil AMepuKe U
HoBoii 3eranauu. CiiefyetT OTMETUTD, UTO IIPUCYTCTBUE
P. emarginata otrMeuasiocb paHee u B DbalikasbckoM
peruoHe (Bunorpaznos, 2008), oqHako ob6HapykeHHbIe
HaMHM MIIAaHKU [0 YPOBHIO TeHeTHYeCKUX OTJINYUH,
CKOpee BCero, MpeJ/ICTaBJIAIT COO0I caMOCTOATEIbHBIN
BUJ (BO3MOXHO, HOBBIU AJIA HAyKU), OAJIs TOUHOU Tak-
COHOMUYECKOH MJeHTH(PUKALNYI KOTOPOTo HEOOXOAUM
Mopdosornueckuil aHaIu3 cTaTobJ1acToB.

CoBMecTHOe ofuTaHue 2 BHIOB MIIAHOK Ha
omHOM cyOcTpaTe, He SBJIAETCA YHUKIBHBIM JIS
Baiikaseckoro pervoHa, Hampumep Taticchi et al.
(2008) mokaszanu coBMecTHOe oburtauue P. vaihiriae ¢
P. fungosa (Pallas, 1768), a TakXe NpeJCTaBUTEJIAMU
Victorellidae Hincks, 1880 B o3epax Utammmu.

Plumatella sp.

- P. repens
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HccetoBaHHbBIE MIITAHKY UMEIOT Pa3HBIE (POPMBI
KOJIOHUM: P. repens, B COOTBETCTBUM C Ha3BAHUEM, —
MOJI3yYas WA CTeJImasca — oOpa3yeT BETBUCTHIE
TpyOKH, IIJIOCKO CTeJoIuecs mo cyoerpary, Plumatella
Sp. UMeeT TpyOuaThie pa3BeTBJIEHHbBIE 300U Ibl, BHICOKO
MoHUMAIOIIKeEeCs HaJ cyOcTparoM (IO TUIy KycCTa).
Msb1 oOHapyXWiM, 4YTO MJIA KaXAoro Buia CcocCylle-
CTBYIOLIMX MIIAHOK CBONCTBEHHO CBOeoOpa3Hoe co00-
IIECTBO ACCOIMUPOBAHHBIX C HUMM 3YKAapHOT, COCTaB
KOTOPOT'O, BEpPOATHO, 3aBUCUT OT (POPMBI KOJIOHUM.
Coo0111eCTBO OPraHU3MOB, aCCOLIMUPOBAHHOE C «KYCTHU-
ctoii» Plumatella sp., okazajioch HAMHOTO pa3sHOOOpas-
Hee (uHpekc IlleHHOHAa 4,1) coobmecTBa, acco-
[UMPOBAHHOTO C KOJIOHUEW «CTeJIomencs» P. repens
(uapekc IllenHoHa = 2,8) KaK MO COCTaBy TaKCOHOB
BBICOKOI'O paHra, Tak ¥ 1o unciy noMmuHupyoumumx OTE.
OTO MOXeT OBITh CBA3aHO C TEM, YTO CTPYKTYPaA «KYCTH-
CTOI» KOJIOHUM (POPMUPYET MPOCTPAHCTBA MEXAY 300-
UAaMu ¢ MUKPOCPEJION, OJarompusaTHOU Uil obuTa-
HHUA pa3HOOOpa3HbIX 3NMOMOHTOB. K 300uaM MIIaHOK
JIETKO KPEMATCSA Pa3JINYHbIe TMAaTOMOBBIE BOJIOPOCIIU, O
yeM CBUETEbCTBYET MPUXOSAIIeecs HAa HUX OOJIbIIoe
KOJIMYeCTBO mpouTeHuil. Ha cresomelicss KOJIOHUU,
OuopasHooOpa3ue 3HAUYUTEJbHO HUXe. BceTpeuarrtca
KpYIHBIE 6€CITIO3BOHOYHBIE, KOTOPBIE, BO3MOXHO, MTUTa-
I0TCsI CaMO¥ MIIIAHKOI, mpocTelimue Tuna Apicomplexa,
SIBJIAIOIINECS Mapa3uTaMy 0eClIO3BOHOYHBIX.

HHTepecHOI HaXOAKOU cTajio OOHapyXeHuUe mnep-
BUYHOPOTHIX XXMBOTHBIX THHa Entoprocta Nitsche, 1870
wiu Kamptozoa Cori, 1929 (BHyTpunopomuieBsie Uin
Crubaromuecs), KOTOpble paHee He OBbLIM OTMEYEHBI
B BojoeMax BalKaJbCKOTO pPErrmoHa. JTU XUBOTHHIE
BHEITHE HANIOMUHAKT THUAPOUJIHBIX U MIIAHOK, BEOYT
MpUKpeIJIEeHHBI! 00pa3 XW3HH, XMUBYT IOOAMHOYKE
WA B KOJIOHUAX, pa3Mep OJHOTO OpraHusma 1-5 mm.
BHyTpUIIOpOIIUIIEBEIE Yallle BCETO SBJIAIOTCSI KOMMEH-
cajlaMu Ha 6eCITO3BOHOYHBIX, TAKUX KaK ryOKu, HEMO/-
BUXKHBIE KOJIbYAThIE YEPBU, PAKOBHHBI MOJLITIOCKOB
n MmaHky (Brusca and Brusca, 2003; Emschermann,
1993; Kristensen, 1970; Wood, 2005). Bo3aM0XxHO, «CTe-

mQOstracoda

HCryptomycota

B Labyrinthulomycetes

mEntoprocta
Rotifera
Cryptophyta
Chlorophyta

B Ascomycota

M Porifera
Chytridiomycota

® Mollusca

H Hydrozoa
Nemertea
Ochrophyta

M Protozoa
Apicomplexa

M Annelida
Ciliophora

M Dinoflagellata
Unicellular Chlorophyta

W Diatoms

P. repens
Puc.3. I'ucrorpamma pacmpefesierns OTE o TakcoHaMm Bbicokoro paHra ajist Plumatella sp. u P. repens.
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Jonasaca» ¢GopMa KOJIOHUM P. repens mo3BoJiseT IpU-
KpemiAThesA NpefcTaBuTesiaM Entoprocta, a TOK BOJEL,
co3fiaBaeMbiil jododopaMu MIIAHKH, oOJierdaeT ux
nutaHue. [TockosbKy IpefcTaBUTENd AAHHOIO THIA
KpaliHe MaJio M3y4eHbl, B 6a3ax JaHHBIX [IPaKTUYECKU
HeT nHbopManuy 06 UX HyKJIEOTUAHBIX II0CIeJoBaTeIb-
HOCTAX, I03TOMY HJeHTHU(DUKAIMIO YaJI0Ch IPOBECTU
TOJIPKO Ha YPOBHe TaKCOHa BhIcOKoro paHra (Entoprocta:
Barentsiidae Emschermann, 1972). B HacTosiIlee BpeMs
n3zBectHo okojsio 200 BumoB Entoprocta BkIIIOUar-
IMUX CUOAYMX, OAUHOYHBIX (ceMm. Loxosomatidae) win
koJioHnasbHbIX (ceM. Loxokalypodidae, Pedicellinidae
u Barentsiidae), B OCHOBHOM MOPCKHX OpPTaHH3MOB.
M3BecTHO Bcero ABa BHJA, KOTOphle OOUTAIOT B IIpec-
HBIX Bojax: Loxosomatoides sirindhorne Wood, 2005
(cem. Loxosomatidae) u Urnatella gracilis Leidy, 1851
(cem. Barentsiidae). ITpuuem apeau L. sirindhorne orpa-
anueH Taimangom (Wood, 2005; Schwaha et al., 2010),
B TO BpeMs Kak U. gracilis, n3HaYaJIbHO OMMCAHHBIN KaK
CeBepoaMepUKaHCKUI BUJ, paclIpocTpaHeH Ha BceX
KOHTHUHEHTaX, KpoMe AHTapkTuzsl (Brusca and Brusca,
2003), obnapyxeH B pekax [on (CxysipoBa, 1969) u
Bosira (Bunorpamos, 1997). Bo3aM0XXHO, UMEHHO 3TOT
By Entoprocta BcTpedaeTcs B BogoeMax batikaabckoro
pervoHa, XoTs 3TO IpeAIoJIokKeHne TpebyeT mposese-
HUA JleTaJIbHOT0 MOpP()OJIOruieckoro aHasmsa.

JAHK meTabapKOOAWHI C HCIOJIb30BaHMEM TIeHa
18S pPHK okasanca >¢p@PeKTUBHBIM METOAOM [JiA
HccjieloBaHuA pasHooOpas3us acCOLMUPOBAHHBIX C
MILIAaHKaMU 3yKapUOTUYeCKUX cO0DIIecTB, 0 YeM CBH/e-
TeJIbCTBYeT HIMPOKUI CIeKTP BBIABJIEHHBIX TaKCOHOB.
I'paduky HacelmeHUA U OOWJINSA, a TaKKe UHAEKC OXU-
JlaeMOT0 YrcJia BUJOB B pobax Chaol moATBepKaaOT
CTaTUCTUYECKYI0 JOCTOBEPHOCTh pe3ysibTara. Tem He
MeHee, cjleflyeT oOpaTUTh BHMMaHHe, YTO IIPU HaHO-
IIOPOBOM CEKBEHUPOBAHUU He HCKJII0YeHBl OMMOKHU B
BUJle BCTABOK U JieJielllii HyKJIEOTHIOB B IOCJIeIoBa-
tespHOCTAX 18S pPHK. Ananus pesynbratoB BLASTn
BBHIPAaBHMBAHUH IOCJIEJOBATEIbHOCTEN aMILJIMKOHOB C
6a3on maHHbX SILVA mokasasi, 4TO B HEKOTOPHIX CJIy-
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yasAx cTelleHb CXOACTBa MeXy [Tocjae0BaTeIbHOCTAMU
18S pPHK, Baprupymwoias B npefenax ot 99% mgo 97%,
omnpefesAiach TOJIBKO HajauyueM OJHOOYKBEHHBIX
BCTaBOK U Jejielnii, a He HyKJIeOTUJHbIMHU 3aMeHaMu,
YTO MCKJIIOYEHO IIPU CeKBEHHPOBAHUU KOPOTKUX ¢par-
MeHTOB Ha matdopmax tuna Ilumina. JanHywo oco-
6eHHocth mnopratuBHoro JIHK-cexkBeHaTopa MinION
(Oxford Nanopore Technologies) ciienyeT yuuThBaTh B
JasibHelleM pa3paboTdyukaM MpOrpaMMHOro obecrie-
4yeHUs JIA aHajIu3a aMILIMKOHOB IIpU MeTabapKOANH-
TOBBIX HCCJIE[JOBAaHUAX.

5. BoiBOABI

PesynbpraTe JJTHK metabapkoaunra no rety 18S
pPHK BpIABUIN cnenPUYHOCTh COCTaBa acCCOLUUPO-
BaHHBIX C MIIAHKaMH JyKapUOTHYeCKUX COOOILIecTs.
ITokazaHo, 4yTO opmMa KOJIOHHI HMeeT KPUTHYeCKoe
3HavyeHue 1 GOpMHUPOBaHUA UX BUAOBOro Oorarcraa.
CoobmecTBOo, accouurpoBaHHoe ¢ Plumatella sp., nme-
I0IIero «KyCTHUCTYI0» (opMy KOJIOHWM, ropasfo pas-
HooOpasHee, U OTJIMYAETCA IO BUAOBOMY COCTaBy OT
coobiecTBa, copMHpOBaBIIErocsa Ha «CTeJIIoLelicsa»
KoJioHuU P. repens.

[IpuMeHeHMe MOJIEKYJIAPHO-TeHeTHYeCKUX MeTO-
JI0B TIO3BOJIMJIO BBIABUTH Cpei OPraHu3MOB, acCOLMU-
POBaHHBIX C P. repens npejcraBuTesiell IepBUYHOPOTHIX
kUBOTHBIX Entoprocta, 4yTo mpencTaByisieT MHTepecC C
TOYKHU 3peHus n3ydeHusa 6uopasHooOpas3us BOJOEMOB.
Hosrle Haxonku nepBUYHOPOTHIX Entoprocta B coctase
dayns! BomoeMoB balikasibCckoro pernoHa CBUAETeb-
CTBYIOT O TOM, YTO MX apeaJs LMpe, 4eM IpeAroJiara-
Jloch paHee.
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