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Thelazioidea: Rhabdochonidae) in the
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ABSTRACT. Nucleotide sequences of the fragment of the cox1 gene in nematodes with the relative DNA
representativeness of 2.6% were identified for the first time by the method of high-throughput sequenc-
ing in the digestive tract of Godlewski’s sculpin Abyssocottus (Limnocottus) godlewskii. The phylogenetic
analysis performed allowed to state that the sequences obtained belong to a representative of the family
Rhabdochonidae (Spiruromorpha: Thelazioidea). Representatives of Rhabdochonidae have not been
found yet in the parasitic fauna of Lake Baikal sculpins. Possible ways of nematode DNA income into

the digestive tract of fish are discussed.
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1. Introduction

The use of modern technologies of high-through-
put sequencing (metabarcoding) allows a considerable
completion of the results obtained by traditional meth-
ods of parasitic fauna research (Villsen et al., 2022;
Denikina et al., 2023a; b; Dzyuba et al., 2024), which
is important for fish ecology. Despite some limitations
(Siddall et al., 2012; Kvist, 2013; Sakaguchi et al., 2017),
the benefits of the molecular-genetic approach lie in its
efficiency due to the high resolution and the possibility
of identifying a wide range of species (Harms-Tuohy et
al., 2016; Jakubaviciiteé et al., 2017; Yoon et al., 2017).
Molecular genetic barcoding methods are widely used
in studies of nematode systematics and taxonomy using
various (nuclear and mitochondrial) genetic markers,
including a gene of the small subunit of ribosomal RNA
(18S SSU rRNA), gene of the large subunit of ribo-
somal RNA (28S LSU rRNA), gene of the first subunit
of cytochrome oxidase I (cox1) and internal transcrip-
tion spacer (ITS) regions of a ribosomal RNA locus
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(Knot et al., 2020). The use of fragments of the cox1
gene for barcoding of nematode DNA is efficient for
species diversity studies with a likely genetic distance
threshold of 5% between conspecific and interspecies
sequences, but has some limitations due to significant
information gaps on the actual diversity and taxonomy
of a group as well as the lack of a sufficient database of
cox1 sequences (Armenteros et al., 2014). The assess-
ment of the efficiency of using the cox1 gene as a DNA
barcode for different nematode genera showed that it
is necessary to thoroughly determine the thresholds for
the lower taxonomic levels in order to explore their
diversity (Gongalves et al., 2021). Metabarcoding has
become a convenient tool for diversity identification
and assessment, but its use for nematode research is
only at developmental stage (Goncalves et al., 2021).
The endemic Baikal species Godlewski’s sculpin
Abyssocottus (Limnocottus) godlewskii (Dybowski, 1874)
inhabits the depths from 100 to 900 m (Bogdanov,
2023). The parasitic fauna of this species of lacustrine
sculpins has been poorly studied to date. The difficul-
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ties in studying deep-water fishes are due to the small
amount of fish samples resulting from the laborious
fishing process. As a result of researching the food spec-
trum of Godlewski’s sculpin using a new generation
sequencing method, we obtained sequences of parasitic
protozoa of the family Eimeriidae (Dzyuba et al., 2024)
and nematodes. The aim of the work was to analyze
the sequences of nematodes from the digestive tract of
Godlewski’s sculpin.

2. Materials and methods

The samples were collected from board of the
research vessel “G.Yu. Vereshchagin” in September
2019 in the opening area of Chivyrkuy Bay in Lake
Baikal (53°59.674’N, 109°09.086’E) at the depths
from 790 to 820 meters. The fish species were identi-
fied according to the latest revisions (Bogdanov, 2017;
2023). We used five specimens of Godlewski’s sculpin
weighing from 8.7 to 28.5 g for the analysis, the total
length ranged from 95 to 149 mm.

Under laboratory conditions, the contents of the
entire digestive tract (250-700 pL) from each specimen
were diluted with water of equal volume mQ, milled
and mixed thoroughly. Total DNA was extracted using
an extraction kit “AmpliSens DNA-sorb-AM” (Russia)
according to the manufacturer’s manual. A fragment
of the cox1 gene with a length of approximately 350
base pairs was amplified for each sample in 30 cycles
with decrease of annealing temperature by 0.3°C
from the initial 55°C with the primers MiSeq: COIintF
5°tcgtcggcagegtcagatgtgtataagagacagGGWACWGGWT-
GAACWGTWTAYCCYCC and dgHCO2198 5’gtctcgt-
gggcteggagatgtgtataagagacagTAIACYTCIGGRTGIC-
CRAARAAYCA (Leray et al., 2013). All amplicons were
pooled for the samples prepared for sequencing.

A library from the pool of rectified amplicons
was constructed using a Nextera XT kit (Illumina,
Hayward, California, USA), and nucleotide sequences
were determined using Illumina NextSeq. The resulting
data block was assigned a registration number in the
GenBank: PRINA1086215. Initial reads were trimmed
for quality using Trimmomatic V 0.39 software (Bolger
et al., 2014) with the following options: average read
quality 20, minimum read length 140. Initial read data
were collected in contigs containing full-size amplifica-
tion products using metaSPAdes software (Nurk et al.,
2017) with k-mer lengths of 21, 33, 55, 77, 99, and
121. The selected k-mer lengths allowed to aggregate
in merged contigs only reads, that were specific to the
initial fragments of cox1 of the DNA mixture of differ-
ent species of a metagenomic sample. A complete set
of sequences of the marker cox1 from the International
Barcode of Life Database (iBOL) (https://ibol.org/)
served as a reference database for the taxonomic anal-
ysis. The DNA sequences for the amplicon collection
were aligned with a reference database using the local
BLASTn application (Altschul et al., 1990). The results
of the BLAST analysis were converted into a table of the
representativeness of the taxa in the DNA of the diges-
tive tract contents of the fish. Primary editing of the
nucleotide sequences of the nematode representatives
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and the corresponding data, represented the the NCBI
international database (Table 1), was performed using
BioEdit software. The data were aligned using ClustalW
software. The nematode sequences were registered in
GenBank: ## PP567251 and PP567252.

We used a classification based on molecular data
(SSU rDNA) considering morphological, ontogenetic
and biological characteristics from the World Database
of Nematodes (Nemys, 2024) in this work.

The phylogenetic analysis, including the choice
of models for the reconstruction of evolutionary his-
tory and the determination of genetic diversity within
the groups, was performed using the software MEGA7
(Kumar et al., 2016). The estimation of average evolu-
tionary diversity within the genera Rhabdochona and
Spinitectus was performed using the Tamura-Nei model
(Tamura and Nei, 1993). The rate change between sites
was modeled with a gamma distribution. Phylogenetic
reconstruction of evolutionary history based on nucleo-
tide sequences was performed using the maximum like-
lihood method according to the Tamura-Nei model with
gamma correction of differences in replacement accu-
mulation rates at different sites (TN93+ G) (Tamura
and Nei, 1993; Kumar et al., 2016). Phylogenetic
reconstruction of evolutionary history based on amino
acid sequences was performed using the maximum
likelihood method according to the Le-Gascuel model
with gamma correction of differences in replacement
accumulation rates at different sites (LG + G protein
evolutionary model) (Nei and Kumar, 2000; Le and
Gascuel, 2008). The reliability of the topology of the
phylogenetic trees was tested with a non-parametric
booster (1000 replicates). The nucleotide sequences of
the cox1 gene of representatives of the Ascaridomorpha
(Contracaecum osculatum (Rudolphi, 1802) Baylis,
1920, Raphidascaris trichiuri and Ichtyobronema hamu-
latum (Moulton, 1931) Moravec, 1994) from the NCBI
were used as an outgroup for the analysis.

3. Results and discussion

Analysis of the metagenomic sequencing data of
the digestive tract DNA of Godlewski’s sculpin resulted
in the detection of nematode sequences, whose number
of nucleotide reads amounted to 2.6% of the total num-
ber of reads. The sequences obtained were represented
by two haplotypes differing by five silent substitutions
and showing maximum homologies (83.2 and 80.8%)
with sequences of Rhabdochona kidderi Pearse, 1936
from the family Rhabdochonidae Skrjabin, 1946.

In the phylogenetic reconstruction of the evolu-
tionary history based on the nucleotide data (Fig. 1),
the sequences are clustered with representatives of
the genera Rhabdochona (Thelazioidea) and Spinitectus
(Habronematoidea). The genus Spinitectus formed a
monophyletic dense group with a low genetic diver-
sity index (0.004), while the genus Rhabdochona
showed significant genetic heterogeneity (0.019).
The nucleotide sequences of the species belonging
to the families Gongylonematidae, Habronematidae,
Pneumospiruridae, Spirocercidae, Spiruridae and
Thelaziidae (Table 1) formed a common cluster. It
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Table 1. Nucleotide sequence numbers of the cox1 gene of representatives of the suborder Spirurina Railliet & Henry, 1915,
used in the analysis (GenBank).

Infraorder Spiruromorpha De Ley & Blaxter, 2002

Hyperfamily Family Genus Species, sequence number
Thelazioidea Rhabdochonidae Skrjabin, 1946 Rhabdochona Rhabdochona acuminata, MK341636
Skrjabin, 1915 Railliet, 1916 Rhabdochona adentata, MN927199

Rhabdochona ahuehuellensis, MK353477
Rhabdochona canadensis, MH778489
Rhabdochona gendrei, OR088887
Rhabdochona ictaluri, MK353482
Rhabdochona guerreroensis, MN592669
Rhabdochona kidderi, MH778490
Rhabdochona lichtenfelsi, DQ990974
Rhabdochona mexicana, MH778491
Rhabdochona osorioi, MK341626
Rhabdochona salgadoi, MH778492
Rhabdochona xiphophori, MH778493

Thelaziidae Skrjabin, 1915 Thelazia Thelazia californiensis MW055239
Bosc, 1819 Thelazia callipaeda, AB538283
Thelazia gulosa AJ544881
Thelazia rhodesi, MT511659
Pneumospiruridae Metathelazia Metathelazia capsulata, ON995621
Wu & Hu, 1938 Skinker, 1931
Habronematoidea | Cystidicolidae Skrjabin, 1946 Spinitectus Spinitectus humbertoi, MH778494
Ivaschkin, 1961 Fourment, 1883 Spinitectus mexicanus, MK341638

Spinitectus mixtecoensis, MK024432
Spinitectus osorioi, MN592671
Spinitectus petterae, OP800448

Habronematidae Habronema Habronema majus, KX868084
Ivaschkin, 1961 Diesing, 1861 Habronema microstoma, FJ471581
Habronema muscae, KX868085
Parabronema Parabronema skrjabini, MT664738
Baylis, 1921
Spiruroidea Oerley, Gongylonematidae Gongylonema Gongylonema neoplasticum L.C331044
1885 Sobolev, 1949 Molin, 1857 Gongylonema nepalensis, LC388892
Gongylonema pulchrum, LC388897
Spirocercidae Mastophorus Mastophorus muris, MG821081
Chitwood & Wehr, 1932 Diesing, 1853
Cylicospirura Cylicospirura felineus, GQ342967
Vevers, 1922 Cylicospirura subaequalis, GQ342968
Cylicospirura petrowi, KF719952
Physocephalus Physocephalus lassancei, KT894799
Diesing, 1861
Spiruridae Oerley, 1885 Protospirura Protospirura numidica, KT894801
Seurat, 1914 Protospirura muricola, KP760207

Infraorder Ascaridomorpha De Ley & Blaxter, 2002

Ascaridoidea Baird, Anisakidae Contracaecum Railliet| Contracaecum osculatum, HQ268721
1853 Railliet & Henry, 1912 & Henry, 1912
Raphidascarididae Raphidascaris Railliet Raphidascaris trichiuri, FJ907318
Hartwich, 1954 & Henry, 1915
Seuratoidea Quimperiidae Gendre, 1928 Ichtyobronema Ichtyobronema hamulatum, KX3658991
Hall, 1916 Gnedina & Savina,
1930
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should be noted that the branching order in a phylo-
genetic reconstruction does not always correspond
to a taxonomic position, both at the species level
and at the level of the major taxa (Thelazioidea and
Habronematoidea). The nucleotide sequences of
the cox1 gene of representatives of Ascaridomorpha
(Contracaecum osculatum (Rudolphi, 1802) Baylis,
1920, Raphidascaris trichiuri (currently — Ichthyascaris
trichiuri (Yin & Zhang, 1983) Luo & Huang, 2001) and
Ichtyobronema hamulatum (Moulton, 1931) Moravec,
1994) from the GenBank were used as an outgroup in
the analysis (Fig. 1).

For comparison, a phylogenetic reconstruction
of the evolutionary history was carried out based on
amino acid sequences (Fig. 2). The translated amino
acid sequences from the intestines of Godlewski’s scul-
pin, like the nucleotide sequences, cluster with the rep-
resentatives of the genera Rhabdochona (Thelazioidea)
and Spinitectus (Habronematoidea). In this case, how-
ever, the Rhabdochonaidae form a unified group,
which is a sister branch related to the genus Spinitectus.
Furthermore, the Rhabdochonidae* sequences obtained
in this study occupy a basal position in relation to these
two genera, as shown in Figure 1 (Fig. 2).

Overall, despite a generally low level of sup-
port, we can suppose with sufficient probability that
the nematode sequences obtained from the digestive
tracts of fish belong to a representative of the genus
Rhabdochona.

The family Rhabdochonidae Travassos, Artigas
& Pereira, 1928 comprises 12 genera and 198 species
(Hodda, 2022). Representatives of the genus Beaninema
are found in freshwater fishes (Caspeta, Mandujano,
Moravec & Salgado Maldonado, 2001 u Rhabdochona
Railliet, 1916). The genus Beaninema includes a spe-
cies of nematodes that parasitize in the gall bladder of
Cichlasoma beani (Jordan, 1889) (Caspeta-Mandujano
et al., 2001). The cosmopolitan genus Rhabdochona
comprises 169 species that mainly inhabit the digestive
system of fish of the families Cyprinidae, Salmonidae,
Cottidae, etc. (Moravec, 1972; 2010; Mejia-Madrid
et al., 2007; Moravec and Muzzall, 2007; Moravec
and Nagasawa, 2018; 2021; Hodda, 2022). The most
important intermediate hosts of nematodes are larvae
and imago of mayflies of the order Ephemeroptera
(Moravec, 1994; Hirasawa and Urabe, 2003; Hirasawa
and Yuma, 2003; Hirasawa et al., 2004). Caddisflies of
the genus Hydropsyche and stoneflies as intermediate
hosts occur less frequently (Moravec, 1995; Saraiva et
al., 2002).

We hypothesize that the nematode (or its DNA)
could income into the digestive tract of Godlewski’s
sculpin in two ways: directly (eggs and/or environment
DNA) from the external environment and/or indirectly
from its food.

It is known that the eggs of many nematode spe-
cies are resistant to environmental factors (McSorley,
2003; Mkandawire et al., 2022), which enables their
detection in water and sediment samples (Rusch et al.,
2018; Trujillo-Gonzalez et al., 2019).

In the parasite fauna of the Lake Baikal scul-
pins, the nematode species found belonged to two
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Fig.1. Phylogenetic tree of the representatives of the
suborder Spirurina, constructed using the maximum likeli-
hood method on the basis of nucleotide sequences of frag-
ments of the cox1 gene. Rhabdochonidae* — a sequence from
Godlewski’s sculpin
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Fig.2. Phylogenetic tree of the representatives of the sub-
order Spirurina, constructed using the maximum likelihood
method based on the translated amino acid sequences of frag-
ments of the protein Cox1. Rhabdochonidae* — a sequence
from Godlewski’s sculpin

infraorders: Spiruromorpha (Comephoronema werests-
chagini Layman, 1933) u Ascaridomorpha (I. hamula-
tum, Contracaecum osculatum baicalensis Mosgovoi et
Ryjikov, 1950 and Raphidascaris (Raphidascaris) acus
(Bloch, 1779) Railliet & Henry, 1915). Nematodes of
the genus Rhabdochona were previously unknown for
the deep-water species of Lake Baikal, however, they
have been found in the intestines of Baikal graylings
and daces (Pugachev, 2004).

The nematodes are one of the least studied fish
parasites in the Baikal region (Rinchinov et al., 2017),
and information on intermediate hosts for nematodes
of the genus Rhabdochona is not available. It is known
that the most important intermediate hosts for nema-
todes of the genus Rhabdochona are larvae and imago
of mayflies Ephemeroptera (Moravec, 1994; Hirasawa
and Urabe, 2003; Hirasawa and Yuma, 2003; Hirasawa
et al., 2004), including the genera Heptagenia and
Ephemera, occurring among the fauna in Lake Baikal
tributaries (Klyuge, 2009). Representatives of the
genus Hydropsyche also occur as intermediate hosts for
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nematodes of the genus Rhabdochona (Moravec, 1995;
Moravec and Scholz, 1995; Saraiva et al., 2002) and are
part of caddisfly fauna in the Baikal region (Rozhkova
et al., 2020).

It has been shown that the peculiarities of fish
feeding can favor their contamination with nematodes
(Akramova et al., 2019; Nazhmiddinov et al., 2021),
whose life cycles are associated with a change of host.
The role of intermediate hosts belongs to amphibi-
otic insects, and of reservoir hosts belongs to fishes
(Akramova et al., 2019). For example, North American
species of the Cottidae family host Rhabdochona cotti
Gustafson, 1949 in their intestines (Moravec and
Muzzall, 2007). Among the food of these fishes there
are representatives of the order Ephemeroptera (Scott
and Crossman, 1973; Mason and Machidori, 1976).

The Baikal black grayling, Thymallus baicalensis
(Dybowski, 1874), is a typical representative of the lit-
toral ichthyofauna of Lake Baikal. The range of organ-
isms it consumes is very broad and includes both ben-
thic species and imago of insects of different species
(Tugarina and Kupchinskaya, 1977; Tugarina, 1981,
Knizhin et al., 2006). Stoneflies, mayflies and caddis-
flies, including the genus Hydropsyche, are represented
in the grayling’s food spectrum (Teslenko et al., 2011,
Kolesov, 2018).

The Siberian dace, Leuciscus baicalensis
(Dybowski, 1874) inhabits the near-shore zone of Lake
Baikal, its bay and shallow tributaries. Its main food is
benthic invertebrates, amphibiotic insect imago, algae
and detritus (Popov and Popov, 2015). Considering the
peculiarities of the ecology of these species, the pres-
ence of nematodes of the genus Rhabdochona in them
is quite explainable. The food spectrum of Lake Baikal
sculpins is dominated by amphipods, juvenile fish and
oligochaetes (Bazikalova et al., 1937; Taliev, 1955;
Sideleva and Mekhanikova, 1990). Known intermediate
hosts of nematodes of the genus Rhabdochona — may-
flies and caddisflies — are not on the diet of Lake Baikal
sculpins. Therefore, the nematode DNA we detected
may belong to both the parasites of Godlewski’s sculpin
and to the parasites of their food objects.

4. Conclusion

Nematodes of the genus Rhabdochona were pre-
viously unknown for deep-sea fish in Lake Baikal. The
results obtained indicate the presence of parasite spe-
cies that have not yet been described in the endemic
species of Baikal sculpins. This fact provides a perspec-
tive for the integrated parasitological and molecular
genetic research of the parasitic fauna as well as for the
revision of the previously described parasite species in
the fishes of Lake Baikal.
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1. BBeaenue

Hcnonb3oBaHe  COBPEMEHHBIX  TEXHOJIOTUH
BBICOKOITPOM3BOIUTEJIBHOTO CEKBEHUPOBaHUA (MeTa-
OapKoAUpPOBAaHNE) IO3BOJISIET CYIIECTBEHHO IOMOJI-
HUTHh pe3yJbTaThl, IOJIyYeHHble C TOMOIIBI0 TpPaaU-
LIMOHHBIX METOJIOB MccCJiefloBaHUA (ayHBl Iapa3uTOB
(Villsen et al., 2022; lenukuHa u ap., 2023a; b; [306a
u ap., 2024), xoropasd ABJisAeTCA 3HAUMMBIM Hampas-
JleHreM B 3KoJioruu peib. HecMoTps Ha pAn orpaHu-
yenuii (Siddall et al., 2012; Kvist, 2013; Sakaguchi et
al., 2017), mOCTOMHCTBA MOJIEKYJIAPHO-TeHETUYECKOTO
noaxofa obycJoBJieHbl ero 3¢ ¢eKTHUBHOCTHIO 32 CYET
BBICOKOT'O paspellleHns ¥ BO3MOXHOCTU HIAeHTU(PUKa-
quu mumpokoro cmekrpa BugoB (Harms-Tuohy et al.,
2016; Jakubavidiiite et al., 2017; Yoon et al., 2017).
B uccieqoBaHUAX, MOCBAINEHHBIX CHCTeMaTUukKe U TaK-
COHOMUM HeMaToJ[, MHNPOKO IPUMEHAITCA MOJIEKY-

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: jsap@mail.ru (F0.I1. CanoxH1KOBa)

INocmynuwna: 25 ceutsabps 2024; Ilpunama: 24 oxtabpsa 2024;

Ony6tukoaana online: 25 nexa6ps 2024

1373

JIIpDHO-TeHeTHYecKre MeTOABl ITPUX-KOAUPOBAHUA C
HCIIOJIb30BaHNEeM pa3HOOOpa3HBIX (AepHBIX U MUTO-
XOH/IpUAJIbHBIX) TeHeTUYeCKUX MapKepoB, BKJIIOYasd
reH Majoin cyopemuHuisl pubocomanbHoii PHK (18S
SSU rRNA), reH 6oJibmioil cyobeJUHUIBI pUOOCOMaIIb-
Houi PHK (28S LSU rRNA), reH nepBoii cyObeJUHUILIBI
IIUTOXpOM OKcuassl I (cox1) u BHyTpeHHUE TPaHCKpU-
oupyemble creticepable obsactu (ITS) sokyca pubo-
comasbHoii PHK (Knot et al., 2020). Hcmosib30oBaHie
dparmeHTOB reHa coxl ajs mrpux-koauposanusa JJHK
HeMatof 3Q(QEeKTUBHO JiA H3y4YeHHsA pa3HOooOpas3uA
BUJIOB C BO3MOXHBIM [IOPOI'OM T'€HETHUYECKOI'O PacCTo-
AHUA B 5% MexAy KoHcnenuduiecKuMU U MeXBUAO-
BBIMU I10CJIEJOBaTeIbHOCTAMU, OJJHAKO UMeeT HEKOTO-
pble orpaHuueHUs, OOyCJIOBJIEHHbIE CYIIeCTBEHHBEIMU
npobenamy B MHGOpMAIM O peaJbHOM pa3HooOpa-
3UM U TaKCOHOMHHU TIDYIINH, a TaKXe OTCYTCTBUEM
JocTaToyHOl 06a3bl OaHHBIX IIOCJIEOBATEJIbHOCTEN
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Commons Attribution-NonCommercial 4.0.
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coxl (Armenteros et al., 2014). Ouenka 3¢bdeKTUB-
HOCTU WCIIOJIb30BAaHUsA TeHa cox] B KayecTBe IITPUX-
koma JHK mjia pa3HbeIX poAOB HEMATO]| MOKa3asia, 4To
Uil M3yYeHUsA WX pasHooOpa3us HeoOXOAUMO TIa-
TeJIbHOE OllpeJieJieHre MOPOroB AjA 0oJjiee HU3KUX
TaKCOHOMHUYECKUX ypoBHeH (Goncalves et al., 2021).
MeTtabapKOOUHT CTaj yAOOHBIM WHCTPYMEHTOM MJiA
naeHTU(PUKAIMY U OL[eHKN pa3HOoOoOpasus, HO ero mpu-
MeHeHVe TIPU U3yYeHUY HEMATO/ HAaXOUTCS Ha dTare
cra”osyieHus (Gongalves et al., 2021).

OHIOeMUuHbIM Buj o03. balikan mupokosobka
TonneBckoro Abyssocottus (Limnocottus) godlewskii
(Dybowski, 1874) o6urtaer Ha riaybwHax ot 100 mo
900 M (BorpmanoB, 2023). dayHa napasuTOB 3TOTO
BHUa O3EPHBIX MIUPOKOJIOO0K A0 HACTOAIIETO BpeMEHU
ocTaeTcsd Majou3y4yeHHOH. CJIOXKHOCTH B HCCJIEIOBA-
HUAX TJIyOOKOBOJHBIX PBHIO BBI3BAHBI MAJIBIM KOJIAYE-
CTBOM BBIOOPOK PBIO B CBA3U C TPYAOEMKHUM IPOI[ECCOM
oTJIOBa. B pe3yJsibTaTe MCCJIEOBAHUA MUIIEBOTO CIIEK-
Tpa MMPOKOJIOOKN T['OAJIEBCKOTO C HCIOJIb30BAHUEM
METO/IOB CEKBEHHUPOBAHUA HOBOT'O IOKOJEHUS OBLIA
MOJTyY€eHHI ITOCJIETOBATETbHOCTH MAPA3UTUIYECKUX TPO-
creiimux ceM. Eimeriidae ([3106a u ap., 2024) u HeMa-
Tof. Llesibl0 paboTHI SABJIAJIOCH MPOBEAEHUE aHAJM3a
MOCJIeJOBAaTeIbHOCTEH HEeMaTol W3 MUIEBAPUTETh-
HOT'O TPAKTa IHUPOKOJIO6KHU ['0/1J1IeBCKOTO.

2. MaTepuanbl U MeTOADI

COop npo6 ocyuiecTByAaN ¢ 60pTa HayyHO-HC-
cyiefoBaTenbckoro cyaHa «I.10. Bepemarus» B ceHTs-
6pe 2019 r. B palioHe cTBOpa YMBBIPKYICKOrO 3aJI1Ba
o3epa batikasn (53°59.674’N, 109°09.086’E) c riry6uH ot
790 no 820 M. BugoByio nprHaJIeXXHOCTb PHIO UAEHTU-
dunupoBanyu B COOTBETCTBUM C NOCJIEAHMMM pEBU3U-
svu (bormanos, 2017; 2023). 14 aHajM3a UCIOJIb30-
BaJIU IATH 0cobell M1PoKoJIoOKY ['oAIeBCKOro Maccoii
ot 8,7 mo 28,5 r, obmel AauHON oT 95 1m0 149 MMm.

B snabopaTOpHBIX YCJIOBUAX COAEPXHMOE BCEro
nuiieBapuTesibHOro Tpakra (250-700 MKJI) OT KaXJI0ro
OTAEJIBHO B3ATOrO 3K3eMIUIApa pa3BOAWIM PaBHEIM
o0beMOM BoApl MQ, U3Mesbyaau U TIIATeJBHO Iepe-
MemunBand. CymmapHyio JHK BelIessAan ¢ MOMOIIbIO
Habopa 1A skerpakiuu «AMmiinCerc JHK-cop6-AM»
(Poccuist) B COOTBETCTBUU C MHCTPYKI[HEHN NMPOU3BON-
TesisA. dparmMeHT resa coxl AJIMHON NMPUOINU3UTEIBHO
350 map ocHoBaHMI1 aMIUTUMUIIMPOBATIUA Ui KaXJON
npoOs1 30 [UKJIIOB € NOHWXXEHUEeM TeMIlepaTyphl OTXKUra
Ha 0,3°C ot HauanbHbIX 55°C c mpatimepamu MiSeq:
COIintF 5°tcgtcggcagegtcagatgtgtataagagacagGGWAC
WGGWTGAACWGTWTAYCCYCC u dgHCO2198 5 gtct
cgtgggctcggagatgtgtataagagacagTAIACYTCIGGRTGICC
RAARAAYCA (Leray et al., 2013). Bce aMIJIMKOHbI 00B-
eJUHANN [JIA IOATOTOBKU NPOOHI K CeKBEHNPOBAaHUIO.

BubnnoTeky U3 OYHUIEHHOTIO IIyJla aMIIJINKOHOB
KOHCTPYHMPOBAJIM C HCIOJb30BaHHeM Habopa Nextera
XT (Illumina, Xe#iBopa, Kamudopuus, CIIA), Hyke-
OTUHbIe IOCJefOBaTeJIbHOCTU OIpedesiyii C IOMO-
mpio Illumina NextSeq. IToslydeHHOMY MacCHUBY [aH-
HBIX TIPUCBOEH perucTpanuoHHsil Homep GenBank:
PRINA1086215. HcxoqHble JaHHBIe TPUMMUPOBAJIU 110
KavecTBy B porpammMe Trimmomatic V 0.39 (Bolger et
al., 2014) ¢ onmuAMY: cpeqHee KayecTBO mpouTteHus 20,
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MUHHMaJbHasa AjrHa npouTteHusa 140. C60pKy ucxof-
HBIX IPOYTEHU B KOHTUTH, COOTBETCTBYIOIINE ITOJIHO-
pa3MepHBIM IIpoAyKTaM amIIi@uKauy, IpoBOAWIIN B
nporpamme metaSPAdes (Nurk et al., 2017) anuHamu
k-mer 21, 33, 55, 77, 99 u 121. BuiGpaHHbIe AJIUHBI
k-mer mo3BoJiIM IPUBECTH arperamuio B eJUHbE KOH-
THUTU TOJIBKO IIPOYTEHUH, crelu(pUUYHbIX IepBOHaYaIb-
HBIM ¢parmeHTam coxl cmecu JHK passinyHbIX BUAOB
MeTareHoMHoro ob6pasua. PedepeHcHoil 6a3oii maH-
HBIX JiJI TAKCOHOMMYECKOro aHaju3a MOCJIYXKHUJI MO0JI-
HBIIT Habop mocJjiefoBaTesbHOCTENl MapKepa coxl u3
International Barcode of Life Database (iBOL) (https://
ibol.org/). TlocnemoBarenpHOCTH JHK cOOpKHM aMILIH-
KOHOB COTIOCTaBJIA/IN ¢ pedepeHCHOU 6a30l JaHHBIX C
nomoIesio mpuitoxenus local BLASTn (Altschul et al.,
1990). PesynpraTel BLAST aHanuza npeoGpa3oBhIBaIN
B TabymIly npefcTaBjieHHOCTH TakcoHOB B JIHK comep-
XMMOTO NIHIIeBapUTebHBIX TPaKTOB phIO. [lepBHUUHYIO
06paboTKy  HYKJIEOTUAHBIX THOcJefoBaTesIbHOCTeN
IpeAcTaBUTesIell HeMaTo[4 M COOTBETCTBYIOUIMX JaH-
HBIX, IIpe[iICTaBJeHHBIX B MeXAyHapoaHoi Oase
NCBI (Ta6suua 1), npoBoguyu B penaktope BioEdit,
BBIpaBHUBAJIM C [oOMoIIpi0 mporpaMmel ClustalW.
[TocnemoBaTesIbHOCTHM HeMaTo[ 3apericTpUpoOBaHBl B
GenBank: NoNoe PP567251 u PP567252.

B pabore mnpumeHsAnn kjaccuduKanuio Ha
OCHOBe MOJIeKyJIApHBIX faHHbIX (SSU rDNA), ¢ yueToM
MOp(]OJIOTUYecKUX, OHTOreHeTHYeCKuX U OuoJIoru-
yeckux mpusHakoB u3 World Database of Nematodes
(Nemys, 2024).

OusoreHeTUYeCKNUil aHaaW3, BKJII0Yas BHIOOP
MoJiesiell PeKOHCTPYKLHM 3BOJIIOLMOHHON HCTOPUM U
ompejejieHHe TeHeTU4YecKoro pasHooOpasus BHYTPHU
IpyII, NPOBOAWJIM C WCIOJIb30BaHMEM IPOTPaMMBI
MEGA7 (Kumar et al., 2016). O1ieHKy cpeqHero 3BOJII0-
I[MOHHOTO pa3HooOpa3usa BHyTpu pomoB Rhabdochona
u Spinitectus NPOBOAWINA C KCHOJIb30BaHMEM MOMeJU
Tamypsl-Hesa (Tamura and Nei, 1993). H3meHeHue
CKOpPOCTH MeXAy calTaM{d MOJeJMpoBajd C IIOMO-
mpl0 raMma-pacnpepesneHus. ®duioreHeTH4ecKyio
PEKOHCTPYKLIMIO 3BOJIIOI[MOHHOM WCTOPHUM, OCHOBAaH-
HOM Ha HYKJIEOTHAHBIX IOCJIef0BaTeJbHOCTAX, IMpO-
BOOWJIA METOAOM MaKCHUMAaJbHOIO IIpaBAonoaotus
no mopenu Tamypbl-Hesa ¢ ramMma KoppekuueHn pas-
JINYUH B CKOPOCTAX HAaKOIUJIEHUS 3aMeH B Pa3jIM4HBIX
caritax (TN93+G) (Tamura and Nei, 1993; Kumar
et al, 2016). ®uUIOreHETUYECKYI0 PEKOHCTPYKIIUIO
SBOJIIOLIMOHHOM MCTOPUM, OCHOBAaHHOM Ha aMMHO-
KHCJIOTHBIX IIOCJIeJOBATeJIbHOCTAX, MPOBOAUJIUA MeTO-
JIOM MAaKCHUMaJIbHOTO IpaBAoNoAo0Hs IO Momesu
JIu-Tackyasa ¢ raMMa KoppeKnuel pa3jinunil B CKOpo-
CTAX HAKOIUIEHWA 3aMeH B pasjnuHbX caitax (LG +
G protein evolutionary model) (Nei and Kumar, 2000;
Le and Gascuel, 2008). TecTupoBaHue AOCTOBEPHOCTU
TONOJIOTMU (UIOreHeTU4YeCKUX JepeBbeB IIPOBOJU-
Jloch HemapaMmerpuuyeckuMm 6ycrepom (1000 periuk).
HyxieoTuHble nmocjaeqoBaTeIbHOCTUA reHa cox1 npen-
crasutesiedi Ascaridomorpha (Contracaecum osculatum
(Rudolphi, 1802) Baylis, 1920, Raphidascaris trichiuri
u Ichtyobronema hamulatum (Moulton, 1931) Moravec,
1994) u3 NCBI, ucnoyib30Baji B aHA/JINU3e B KauecTBe
ayT-rpyIIIbL.


https://ibol.org/
https://ibol.org/
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Ta6smna 1. Homepa HyKJIEOTHUHBIX MOCJIEIOBATEJIbHOCTEN reHa cox] mpeicraBuTesieil momoTpsaa Spirurina Railliet &
Henry, 1915, ucnosis3oBaHHbIX B aHaiuse (GenBank).

HUndpaotpsaz Spiruromorpha De Ley & Blaxter, 2002

HancemeiicTBO

CeMelCTBO

Pon

By, HOMep IOCJIe[OBATEIbHOCTH

Thelazioidea
Skrjabin, 1915

Rhabdochonidae Skrjabin, 1946

Rhabdochona
Railliet, 1916

Rhabdochona acuminata, MK341636
Rhabdochona adentata, MN927199
Rhabdochona ahuehuellensis, MK353477
Rhabdochona canadensis, MH778489
Rhabdochona gendrei, OR088887
Rhabdochona ictaluri, MK353482
Rhabdochona guerreroensis, MN592669
Rhabdochona kidderi, MH778490
Rhabdochona lichtenfelsi, DQ990974
Rhabdochona mexicana, MH778491
Rhabdochona osorioi, MK341626
Rhabdochona salgadoi, MH778492
Rhabdochona xiphophori, MH778493

Thelaziidae Skrjabin, 1915 Thelazia Thelazia californiensis MW055239
Bosc, 1819 Thelazia callipaeda, AB538283
Thelazia gulosa AJ544881
Thelagia rhodesi, MT511659
Pneumospiruridae Metathelazia Metathelazia capsulata, ON995621
Wu & Hu, 1938 Skinker, 1931
Habronematoidea Cystidicolidae Skrjabin, 1946 Spinitectus Spinitectus humbertoi, MH778494

Ivaschkin, 1961

Fourment, 1883

Spinitectus mexicanus, MK341638
Spinitectus mixtecoensis, MK024432
Spinitectus osorioi, MN592671
Spinitectus petterae, OP800448

Habronematidae
Ivaschkin, 1961

Habronema
Diesing, 1861

Habronema majus, KX868084
Habronema microstoma, FJ471581
Habronema muscae, KX868085

Parabronema
Baylis, 1921

Parabronema skrjabini, MT664738

Spiruroidea Oerley,
1885

Gongylonematidae

Gongylonema

Gongylonema neoplasticum L.C331044

Vevers, 1922

Sobolev, 1949 Molin, 1857 Gongylonema nepalensis, LC388892
Gongylonema pulchrum, L.C388897
Spirocercidae Mastophorus Mastophorus muris, MG821081
Chitwood & Wehr, 1932 Diesing, 1853
Cylicospirura Cylicospirura felineus, GQ342967

Cylicospirura subaequalis, GQ342968
Cylicospirura petrowi, KF719952

Physocephalus
Diesing, 1861

Physocephalus lassancei, KT894799

Spiruridae Oerley, 1885

Protospirura
Seurat, 1914

Protospirura numidica, KT894801
Protospirura muricola, KP760207

Hnadpaorpan Ascaridomorpha De Ley & Blaxter, 2002

Ascaridoidea Baird, Anisakidae Contracaecum Contracaecum osculatum, HQ268721
1853 Railliet & Henry, 1912 Railliet & Henry,
1912
Raphidascarididae Raphidascaris Raphidascaris trichiuri, FJ907318
Hartwich, 1954 Railliet & Henry,
1915
Seuratoidea Quimperiidae Gendre, 1928 Ichtyobronema Ichtyobronema hamulatum, KX3658991
Hall, 1916 Gnedina & Savina,
1930
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3. Pe3yAabTaTtbl M 06Ccy)xpeHue

B pe3ynbTaTe aHayiM3a JAHHBIX METAareHOMHOT'O
cekBeHrpoBaHua JHK comepxumoro nuieBapuTesib-
HBIX TPAaKTOB IIMPOKOJIOOKU ['0[JIeBCKOTO [1eTeKTH-
POBaHHI IIOCJIENOBATEIBHOCTH HEMAaTOH, KOJIMYEeCTBO
HYKJICOTUAHBIX [IPOYTEHUIN KOTOPHIX cocTaBuio 2,6%
oT obmiero KojmyecTBa puzioB. [losiydyeHHbIe mOCJIe-
JIOBaTeJIbHOCTH ObUIM TNpeNCTaBJIEHBl IBYMs TIaIlIo-
TUNAMY, OTJIMYAIIMMIUCS MeXJOy Co0Oi IATHIO
MOJTYAIUMU 3aMeHaMU U HMEIIMMU MaKCUMaJlb-
Hbele ToMoJsioruu (83,2 u 80,8%) c¢ mociegoBaTeIbHO-
ctamu Rhabdochona kidderi Pearse, 1936 cemelicTBa
Rhabdochonidae Skrjabin, 1946.

B ¢duioreHeTHYeCcKO PEKOHCTPYKITUHU DBOJIIOIH-
OHHOU HCTOPUM, OCHOBAaHHOUM Ha HYKJIEOTUAHBIX IaH-
HbIX (Puc. 1), mocjieoBaTeIbHOCTU KJIACTEPUIYIOTCA C
npejacTaButesiaMu poaoB Rhabdochona (Thelazioidea)
u Spinitectus (Habronematoidea). Ilpu 3TOoM pof
Spinitectus copmupoBasl MOHOQUIINTUYHYIO IIJIOTHYIO
IPYHIly ¢ HU3KUM II0Ka3aTesieM MeHETHYeCKOro pa3Ho-
o6paszus (0,004), a pog Rhabdochona npomemoHcTpu-
pOBaJI 3HAUUTEJIBHYI0O T'€HEeTUYECKYI0 IeTepPOreHHOCTh
(0,019). HykieoTugHble MocjefOBaTEJIbBHOCTU BUIOB,
mpuHajjiexamux ceMmeiictBaM  Gongylonematidae,
Habronematidae, Pneumospiruridae, Spirocercidae,
Spiruridae u Thelaziidae (Tabmuua 1), cdopmupo-
Bajy obmui kiacrtep. CieyeT OoTMeTUTb, YTO IOPH-
JIOK BETBJIEHUA B QUJIOTEeHEeTHUYECKON PEKOHCTPYKIUU
He Bcerga COOTBETCTBYEeT TAaKCOHOMHYECKOMY IIOJIO-
KEeHHI0 KaK Ha ypPOBHE BH[OB, TaK U Ha YPOBHE KpPYII-
Heix TakcoHOB (Thelazioidea n Habronematoidea).
HykeoruHble ocjieqOBaTENBHOCTH reHa cox] mpen-
craBuresieii Ascaridomorpha (Contracaecum osculatum
(Rudolphi, 1802) Baylis, 1920, Raphidascaris trichiuri (8
HacTosiee BpeMms — Ichthyascaris trichiuri (Yin & Zhang,
1983) Luo & Huang, 2001) u Ichtyobronema hamulatum
(Moulton, 1931) Moravec, 1994) uz NCBI, ucIoJjib30-
BaJIU B aHa/IM3e B KauecTBe ayT-rpynmsl (Puc. 1).

Jlna cpaBHeHusa ObUla IpoBefeHa (uiioreHe-
TUYECKass PEKOHCTPYKIMA SBOJIOIMOHHON WCTOPUH,
OCHOBAaHHAsl Ha aMHUHOKHCJIOTHHIX IOCJIeJOBATEJIBHO-
ctax (Puc. 2). TpaHciuMpoBaHHbIE aMHHOKHCJIOTHBIE
[IOCJIETOBATEJIBHOCTY W3 KHIIEYHHKA IHPOKOJIOOKU
TofyieBCKOro, TaK Xe, Kak U HyKJIEOTHAHBIE, KiacTe-
pU3yITCs ¢ mpencraBuTresisiMu ponoB Rhabdochona
(Thelazioidea) wu  Spinitectus (Habronematoidea).
OpHako paGAOXOHH B 3TOM ciydae GOpMUPYIOT €u-
HYI0 IpyHIy, fABJIIOMIYIOCA CECTPUHCKOHM BETBBIO II0
OTHOULIEHUIO K poAy Spinitectus. IIpn 3TOM mocyeno-
BatenpHOCcTH Rhabdochonidae*, mony4ennsie B man-
HOM HCCJIeJOBaHUY, KaKk U Ha Pucynke 1, 3aHMMAaoOT
fazajpHOE MOJIOXKEHUE [0 OTHOIIEHUI0 K 3THUM [IByM
ponam (Puc. 2).

B nenom, HecMOTpsA Ha OOLIUI HU3KUU YPO-
BEHb MOJJEPXKEK, C JOCTATOYHON J0JIeil BEPOATHOCTU
MOXHO IPeJIOJIOKUTh MPUHAJJIEXKHOCTh IOJIyYEeHHBIX
13 MUIIeBapUTEIBHOIO TPAKTA PHIO MTOCJIeJOBATEJIBHO-
CTell HeMaTo/I MpeJICTaBUTEN0 poaa Rhabdochona.

CemerictBo Rhabdochonidae Travassos, Artigas
& Pereira, 1928 Bruouaer B ce6sa 12 poaoB u 198
BuoB (Hodda, 2022). Y mpecHOBOAHBIX PHIO OTMEUEHbI
mpeAcCTaBUTEN POLoB Beaninema Caspeta, Mandujano,
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Spinitectus
Rhabdochona
Rhabdochona gendrei

Rhabdochona mexicana

Rhabdochonidae*

Metathelazia capsulata

Thelazia
Protospirura muricola
Physocephalus lassancei
Mastophorus muris
Prorospirura numidica
Gongylonema
Cylicospirura
Habronematida

Conrracaecum osculatum

Ascaridomorpha—

Raphidascaris trichiuri }
Ichtyobronema hamulatum

=8

[
0.50

Puc.1. ®uioreHeTuyeckoe [peBO IpeJCTaBUTeJIeH
nofoTpsAfga Spirurina, MOCTpOEHHOe MeTOAOM MaKCHMaJlb-
HOTO NIpaBAONO00KA HA OCHOBAaHUHU HYKJIEOTHAHBIX IIOCJIe-
JoBareJsibHOCTeH (parmeHTOB reHa coxl. Rhabdochonidae*
— 110CJIeJIOBATEJIBHOCTY 13 HINPOKOJIOOKU I'of1IeBCKOro

Spinitectus
Rhabdochona
Metathelazia eapsulata
Thelazia

Protospirura muricola

Spiruromorpha

Physocephalus lassancei

Cylicospirura

99
Gongylonema

27

Mastophorus muris

40| 98L Protospirura numidica
5 Habronematidae

| Contracaecum osculation
Raphidascaris trichiuri

99

Ascaridom l‘pha 53 Ichtyobronema hamulatum

0.10
Puc.2. ®@wioreHeTUYecKkoe [peBO MpeJCTaBUTEJIeN
nomoTpsifa Spirurina, MOCTPOEHHOE METOAOM MAaKCHMAaJib-
HOTO IpaBAonofobuss Ha OCHOBAaHWU TPAHCJIUPOBAHHBIX
aMUHOKHCJIOTHBIX TI0CJIEIOBATEJIbHOCTEN ¢pparMeHTOB Heska
Cox1. Rhabdochonidae* — mocsieqoBaTeIBHOCTH U3 LIMPO-
K0J100KM I'0/1/1IEBCKOTO

Moravec & Salgado Maldonado, 2001 u Rhabdochona
Railliet, 1916. Pox Beaninema BKJIIoYaeT B ce0sA OOUH
BUJI HEMATO/, MAPa3sUTHUPYIOUINN B XEJTYHOM ITy3bIpe
nuxjasoMmel 6enHa Cichlasoma beani (Jordan, 1889)
(Caspeta-Mandujano et al., 2001). KocMOMOJIUTHBIHN
pon Rhabdochona copmepxut 169 BUAOB, OOUTAMOIINX
MPEUMYIIECTBEHHO B IMHUIIEBAPUTEJBHON CHUCTEME
pbi6 u3 cemerict: Cyprinidae, Salmonidae, Cottidae u
np. (Moravec, 1972; 2010; Mejia-Madrid et al., 2007;
Moravec and Muzzall, 2007; Moravec and Nagasawa,
2018; 2021; Hodda, 2022). OCHOBHBIMH HPOMEXYTOY-
HBIMU X03sieBaMU HeMaTO/I IBJIAIOTCS JIMUUMHKYU 1 IMaro
mofeHoK oTpsama Ephemeroptera (Moravec, 1994,
Hirasawa and Urabe, 2003; Hirasawa and Yuma, 2003;
Hirasawa et al., 2004). Pyueiinuku poaa Hydropsyche u
BECHSHKH B KayecTBe MPOMEXYTOYHBIX X035€B OTMeYa-
1oTcsA pexe (Moravec, 1995; Saraiva et al., 2002).

Mp=I nnpeanosiaraeM, uto HemaTtona (nau eé JTHK)
MOTJIa MTOCTYIUTh B MUIIEBAPUTEIBHBINA TPAKT IIUPOKO-
JIOOKU T'0f[JTIEBCKOT0 ABYMsA MyTAMU: NPAMBIM (SHLA 1/
nnu JJHK oxpyxarorieii cpefibl) U3 BHeIIHeN cpefbl 1/
TN HETIPSAMBIM U3 €€ KOPMOBBIX OObEKTOB.
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W3BecTHO, YTO siilla MHOTUX BUIOB HEMAaTO[]
06J1a1al10T YCTOMYMBOCTHIO K JIeHCTBUIO HaKTOPOB OKPY-
xatomeii cpenpl (McSorley, 2003; Mkandawire et al.,
2022), 4TO MO3BOJIAET AeTEeKTUPOBaTh UX B oOpasnax
Bojbl U ocaAkax (Rusch et al., 2018; Trujillo-Gonzélez
et al., 2019).

B cocraBe (ayHB NMApa3suTOB O3€pPHBIX MIMPO-
KOJIOOOK OOHApyXeHHble BHIbl HeMaToHd MNpUHA-
Jexann K JOByM wubpaoTtpamam: Spiruromorpha
(Comephoronema werestschagini Layman, 1933) wu
Ascaridomorpha (I. hamulatum, Contracaecum osculatum
baicalensis Mosgovoi et Ryjikov, 1950 u Raphidascaris
(Raphidascaris) acus (Bloch, 1779) Railliet & Henry,
1915). Hemartozmsl poma Rhabdochona panee He GbLTIN
W3BECTHBI IS TJTyOOKOBOAHBIX PhIO Baiikama, ogHAKO
OHU OBLIM HalifleHsl B KUIIeUHHKax 0alikasIbCKUX Xapu-
ycoB u esblia (Ilyraues, 2004).

HeMmaTonpl ABIAIOTCA OJHOUW U3 HauMeHee U3Y-
YEHHBIX FPYIIN Hapa3uToB PeI6 B BalikaJbCKOM pervoHe
(PunuuHOB U fip., 2017), a cBeZjleHNs 0 TPOMEeXYTOYHBIX
xX03seBaXx HeMaTod pojaa Rhabdochona oTcyTCTBYIOT.
W3BeCTHO, YTO OCHOBHBIMU HPOMEXYTOUYHBIMHM XO3sie-
BamMu Hemaro[i poaa Rhabdochona ABnA0TCA JIMYUHKA
u uMmaro nomgeHok Ephemeroptera (Moravec, 1994;
Hirasawa and Urabe, 2003; Hirasawa and Yuma, 2003;
Hirasawa et al., 2004), B ToM uncje ponoB Heptagenia
u Ephemera, BcTpeuaromuecsi B coctaBe (GayHbl IpH-
TokoB Baiikana (Kiore, 2009). [IpencraButenu poja
Hydropsyche Taxxe oTMeYalOTCs B Ka4eCTBE MPOMEXY-
TOYHBIX X035ieB HeMaTo poaa Rhabdochona (Moravec,
1995; Moravec and Scholz, 1995; Saraiva et al., 2002)
U BXOZAT B cocTaB ¢ayHbl pyuYeHUKOB BalikajibCKoro
peruona (Poxxkosa u ap., 2020).

[TokazaHo, YTO OCOOEHHOCTH THMTAaHUA PBHIO
MOTYT CIOCOOCTBOBATh WX 3apaXkeHUI0 HeMAaToJaMu
(Axpamosa u fp., 2019; HaxmugauHoB u fp., 2021),
JKU3HEHHbIE ITUKJIBl KOTOPBIX MPOTEKAIT CO CMEHOU
X0351€B. POJIb MPOMEXYTOYHBIX XO35IEB UIPAOT amMdu-
OMOTHYECKHe HACEKOMbIe, a pe3epByapHBIX — PBIOBI
(Axpamosa u np., 2019). Hanpumep, y ceBepoamepu-
KaHCKHUX BUIIOB ceM. Cottidae B KuIlIeYHUKe MAPA3UTH-
pyet Rhabdochona cotti Gustafson, 1949 (Moravec and
Muzzall, 2007). B cocTtaBe MUIIM 3TUX PbI0 OTMEUYEHHI
npefcraButesin oTpsaga Ephemeroptera (Scott and
Crossman, 1973; Mason and Machidori, 1976).

YepHsiii Oalikasbckuil  xapuyc, Thymallus
baicalensis Dybowski, 1874 TUNUYHBIN NpeICTABUTEIID
nxtuodayHsl jutopaiu Baiikaia, crnekTp noTtpebJis-
€MBIX UM OpraHU3MOB OYE€Hb IIMPOK M BKJIIOYAET B
ce0s1 KaK XUBOTHBIX 6EHTOCA, TAaK ¥ UMaro pa3jIMYHbIX
BuZ0B HacekoMbix (Tyrapmua u Kymnuunckas, 1977;
Tyrapuna, 1981; KuuxuH u fp., 2006). BecHsAHKU,
MOAEHKU U pPYYeHHUKH, B TOM umciie poja Hydropsyche,
yKa3aHbl B MUIIEBBIX clieKTpax xapuycoB (TecjieHKO u
ap-, 2011; Konecos, 2018). Cubupckuii enen, Leuciscus
baicalensis (Dybowski, 1874) obutaeT B mpuOpeXHOI
30He 03. BalikaJji, ero 3ajiuBax M MPUTOKaX C HeOOJIb-
muMu rryoruHaMu. OCHOBY €ro HMUTAHHA COCTABJIAIOT
0ecro3BOHOYHBIE OEHTOCa, MMaro HaceKOMBIX, BOJO-
pociiu u nerput (IlomoB u Ilomos, 2015). YuuTbeiBas
0COOEHHOCTH JKOJIOTMM 3THUX BUAOB HAaXOXIEHUE
HUX Hematon poja Rhabdochona mpencrapisercs
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BIIOJIHE OOBACHUMBIM. B NuIlleBOM cIeKTpe O03epHBIX
MIMPOKOJIOOOK JOMUHHUPYIOT aMGUIOAB, MOJIOAb PhIO
u onuroxethl (basukanosa u ap., 1937; Tanues, 1955;
CupneneBa u MexaHukoBa, 1990). I3BecTHbIe IPOMEXY-
TOYHEIE X035ieBa HeMaTo[ poaa Rhabdochona — nogeHku
U py4yelHUKHU He yKa3aHbl B MUTaHUU O3€pHBIX HIMPO-
koso6ok. TakuMm o6pa3oM, HdeTeKTHpPOBaHHas HaMU
JHK HemaTobl MOXeT NpUHAaAjexXaTh Kak MapasuTy
co6CTBEHHO MIMPOKOJI00KHU ['oJiyieBckoro, Tak U napas-
HUTaM ero KOpMOBBIX OOBEKTOB.

4. 3aKknloueHue

Hematonbet poma Rhabdochona panee He
OBLIM U3BECTHHI Ui TJIyOOKOBOAHBIX phIO Baiikama.
[TosryyeHHBIe Pe3yJIbTATHI [TO3BOJIAIT NPEATOJIOXKUThH
HaJIM4Me Y SHJeMUYHBIX BUAOB OalfiKaJIbCKUX MIIPOKO-
JI060K He ONMCAHHBIX PaHee BUIOB [Iapa3uToB. B cBs3u
C 3TUM IepCHeKTUBHBIMU SBJIAITCS KaK KOMIIEKCHBIE
[apasuToJIOTUYECKe U MOJIEKYJISIPHO-TeHeTHYecKe
ncciaenoBanusa GayHB apasvToB, TaK U NpOBeeHUe
peBU3MY OIMCAaHHBIX PaHee BUJIOB Y prIO o3epa Barikai.
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