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ABSTRACT. For the first time, fragments of the cox1 gene of a representative of the family Eimeriidae
were obtained by high-throughput sequencing in the digestive tract of Godlewski’s sculpin Abyssocottus
(Limnocottus) godlewskii (Dybowski, 1874). The nucleotide sequences of the coccidia, which accounted
for less than 0.01% of the total data set, belonged to a single genotype and were significantly different
from all previously known. Phylogenetic reconstruction based on the translated amino acid sequences
reliably revealed the basal location of branches belonging to representatives of the family Eimeriidae
among fishes. The question of the genus of the detected organism remains unresolved due to the limited
nucleotide data for representatives of the genera Eimeria, Calyptospora, and Goussia from fish.
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1. Introduction

The analysis of fish parasites is an essential part
of studies on their ecology. The advantage of the molec-
ular genetic approach using high-throughput sequenc-
ing technologies is the ability to analyze and identify
relatively short fragments of foreign DNA from the con-
tents of the digestive tract, organs, and tissues of fish.
These methods are efficient due to their high resolution
and ability to identify a wide range of species (Harms-
et al., 2017). Despite a number of drawbacks, includ-
ing inaccurate species identification due to the limited
genetic data in publicly available databases (Siddall et
al., 2012; Kvist, 2013) and the detection of organisms
from the digestive tract of food using DNA (Sakaguchi
et al., 2017), metabarcoding can serve as a complemen-
tary approach to traditional methods for studying fish
parasite fauna (Ogedengbe et al., 2011; Villsen et al.,
2022; Denikina et al., 2023a; b).

All members of the protozoan type Sporozoa or
Apicomplexa of the Alveolata group are unicellular obli-
gate parasites of multicellular animals and are also con-
sidered to be among the most successful parasites in the
world (Morrison, 2009). It is estimated that more than
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6,000 described species represent only 0.1% of the total
diversity of the group (Morrison, 2009). Representatives
of the genera Cryptosporidium, Plasmodium, Toxoplasma,
and Babesia are causative agents of human and ani-
mal diseases. Coccidia cause significant damage to
agricultural production (Conoidasida: Eimeriidae).
Despite their widespread distribution and economic
importance, research on the evolutionary relation-
ships within this group is still in its infancy (Arisue and
Hashimoto, 2015; Xavier et al., 2018). The taxonomy
of coccidia is still evolving, with many genera being
paraphyletic. This raises questions about the value of
strict morphological and ecological traits for their clas-
sification (Ogedengbe et al., 2018; Xavier et al., 2018).
Representatives of the family Eimeriidae are less well
studied in aquatic animals than in terrestrial animals.
Nevertheless, even the limited sequence data available
for the small subunit ribosomal RNA (ssrRNA) enable to
suggest that these are the base groups within the fam-
ilies (Jirkt et al., 2009; Xavier et al., 2018; Denikina
et al., 2023b). The NCBI database currently contains
mtDNA cox1 gene sequences for the following fish spe-
cies: redlip blenny Ophioblennius macclurei (Silvester,
1915), white perch Morone americana (Gmelin, 1789),
and belica Leucaspius delineatus (Heckel, 1843).
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Godlewski’s sculpin Abyssocottus (Limnocottus)
godlewskii (Dybowski, 1874) is an endemic species of
lake sculpins that inhabits depths ranging from 100
to 900 m (Bogdanov, 2023). Difficulties in studying
of the ecology and parasite fauna of deepwater spe-
cies arise from the limited number of fish samples due
to the labor-intensive capture process. A study of the
food spectrum of Godlewski’s sculpin using next-gen-
eration sequencing techniques has resulted in coccidia
sequences. The aim of the work was to determine the
phylogenetic position of a representative of the fam-
ily Eimeriidae from the digestive tract of Godlewski’s
sculpin.

2. Materials and methods

The samples were collected in September 2019
from the R/V “G.Y. Vereshchagin” in the area around
the Chivyrkuisky Bay of Lake Baikal (53°59.674’N,
109°09.086’E) at depths of 790 to 820 m. The fish
species were identified according to the latest revi-
sions (Bogdanov, 2017; 2023). Five individuals of
Godlewski’s sculpin with weights ranging from 8.7 to
28.5 g and total lengths from 95 to 149 mm were used
for the analysis.

In vitro, the contents of the entire digestive tract
(250-700 pl) of each individual were diluted with an
equal volume of mQ water, ground and mixed thor-
oughly. Total DNA was extracted using the DNA-
sorb-AM kit (Russia) according to the manufacturer's
instructions. An approximately 350 bp fragment of the
cox1 gene was amplified for each sample in 30 cycles
with reducing the annealing temperature by 0.3°C
from the initial 55°C, using MiSeq primers: COIintF
5°tcgtcggcagegtcagatgtgtataagagacagGGWACWGGWT-
GAACWGTWTAYCCYCC and dgHCO2198 5’gtctcgt-
gggcteggagatgtgtataagagacagTAIACYTCIGGRTGIC-
CRAARAAYCA (Leray et al., 2013). All amplicons from
the digestive tract were pooled and used to prepare the
sample for sequencing.

A library was constructed from the purified ampl-
icon pool using the Nextera XT kit (Illumina, Hayward,
California, USA). The nucleotide sequences were deter-
mined using Illumina NextSeq. The registration number
of the data obtained in the international NCBI database
is PRINA1086215.

All original reads were trimmed for quality using
the program Trimmomatic V 0.39 (Bolger et al., 2014)
with options: average read quality 20, minimum read
length 140. The original reads were assembled into
contigs corresponding to the full-length amplification
products using the program metaSPAdes (Nurk et al.,
2017) with k-mer lengths of 21, 33, 55, 77, 99, and
121. The chosen k-mer lengths allowed the aggregation
to be brought into single contigs containing only reads
specific to the original cox1 fragments of the DNA mix-
ture of different metagenomic sample species.

The complete sequence set of the coxI marker
from the International Barcode of Life Database (iBOL)
(https://ibol.org/) was used as a reference database
for the taxonomic analysis. The DNA sequences of
the amplicon assembly were compared to a reference
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database using the local BLASTn application (Altschul
et al., 1990). The results of the BLAST analysis were
converted into a table of taxonomic representation in
the DNA of the host digestive tract contents. The pri-
mary processing of the obtained nucleotide sequences
of representatives of the family Eimeriidae and the cor-
responding data in the NCBI database (Table 1) was
performed with the editor BioEdit and aligned with the
program ClustalW. The sequence is registered in NCBI
under the number PP552829. Phylogenetic analysis,
including model selection for estimating evolutionary
divergence and reconstructing evolutionary history,
was performed using the program MEGA7 (Kumar et
al., 2016). The evolutionary divergence between the
sequence groups was estimated with the maximum
likelihood method using the Tamura-Nei model (TrN
DNA evolutionary model) (Tamura and Nei, 1993).

Phylogenetic reconstruction of evolutionary his-
tory based on amino acid sequences was performed with
the maximum likelihood method using the Le-Gascuel
model with gamma correction for differences in rates
of substitution accumulation at different sites (LG + G
protein evolutionary model) (Nei and Kumar, 2000; Le
and Gascuel, 2008). A non-parametric booster (1000
replicates) was used to test the validity of the phyloge-
netic tree topology.

3. Results and discussion

As a result of analyzing data from metagenomic
DNA sequencing of the Godlewski’s sculpin diges-
tive tract contents, sequences from representatives of
the family Eimeriidae with a relative representation
of <0.01% were detected. The sequences obtained
belonged to the only haplotype significantly different
from all known sequences of the cox1 gene of coccidia,
including G. bayae and Eimeriidae derived from the
belica, and showed the highest degree of homology
(86.71%) with the nucleotide sequences of Cyclospora
cayetanensis (Ortega, Gilman & Sterling, 1994).

Fish coccidia are relatively understudied, and
very little nucleotide data is available for them. In addi-
tion to the sequences of the coxI mtDNA gene from the
common sunbleak, which were previously obtained in
a similar experiment (Denikina et al., 2023b), only two
sequences of representatives of the family Eimeriidae
from fish are currently available in the NCBI database.
The sequences of G. bayae from the gall bladder of
the white perch (Matsche et al., 2019) and a sequence
from the blood of the redlip blenny were also obtained.
However, the latter, referred to as Coccidia sp. (NCBI:
OR822199.1), actually belongs to a clade of a new
widespread group of fish parasites of the Apicomplexa
type, sister to the order Corallicolida and called “ich-
thyocolids” by the authors (Bonacolta et al., 2024).
Based on the above, these data were not included in
the phylogenetic analysis. The phylogenetic tree was
constructed using data from representatives of the
family Eimeriidae of vertebrates; the sequence of the
Toxoplasma gondii mtDNA cox1 gene was represented
as an outgroup (Nicolle & Manceaux, 1908) (Table 1,
Fig. 1).
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Table 1. The coxI gene nucleotide sequence numbers from the NCBI database used in the analysis.

Host No.No. NCBI; Species

MN260359; MN260361; MN260362; MN260363; MN260364; MN316534; MN316535; Cyclospora
cayetanensis Ortega, Gilman & Sterling, 1994

KP025693; Eimeria flavescens Marotel & Guilhon, 1941
KT203398; Eimeria mephitidis Andrews 1928
JQ993698; Eimeria piriformis Kotlan & Pospesch, 1934
HM?771687; KX495130; OL770312; Eimeria zuernii (Rivolta, 1878) Martin, 1909
MNO077082; Toxoplasma gondii (Nicolle & Manceaux, 1908)
MK202809; Eimeria gaimardi Barker, O’Callaghan, and Beveridge, 1988
MK202808; Eimeria mundayi Barker, O’Callaghan, and Beveridge, 1988
MK202807; Eimeria potoroi Barker, O’Callaghan, and Beveridge, 1988
JN192136; Eimeria trichosuri O’Callaghan & O’Donoghue, 2001

Mammalia:
Placentalia

Mammalia:
Marsupialia

MK202806; Eimeria woyliei Northover et al., 2019

Reptilia

KF859856; Caryospora bigenetica Wacha and Christiensen, 1982
KR108297; MW720599; Isospora amphiboluri Cannon, 1967
MW?720599; Isospora lunulatae Yang, Brice, Berto & Zahedid, 2021

Aves

EF158855; Eimeria acervulina Tyzzer, 1929
MH758793; Eimeria anseris (Kotlan, 1932)
HM?771675; Eimeria brunetti Levine, 1942
JQ659301; KX094945; Eimeria praecox Johnson, 1930
MF497440; Eimeria tenella (Railliet & Lucet, 1891) Fantham, 1909
KC346355; Isospora gryphoni Olson, Gissing, Barta & Middleton, 1998
KT224377; Isospora manorinae Yang, Brice, Jian & Ryan 2016
NC_065382; Isospora picoflavae Rejman, Hak-Kovacs & Barta, 2021
ON584773; Isospora serini (Aragao, 1933)
KX276860; Isospora serinuse Yang, Brice, Elliot & Ryan 2015

Amphibia

KT184381; Lankesterella minima (Chaussat, 1850) Noller, 1912

Actinopteri

PP590353; PP590354; PP590355; PP590356; Eimeriidae
MH792860; Goussia bayae Matsche, Adams & Blazer, 2019

It is important to note that for all currently
available sequences of the family Eimeriidae from
fish, the closest homologs are those of parasites from
homeothermic animals and birds: G. bayae is homol-
ogous to Choleoeimeria taggarti (Amery-Gale et al.,
2018) Kruth, Michel, Amery-Gale & Barta, 2020
(79.33%, NCBL: MK813349) from the yellow-footed
antechinus Antechinus flavipes flavipes (Waterhouse,
1838). Representatives of the family Eimeriidae from
the belica are most closely related to Eimeria praecox
(Johnson, 1938) (82.95%, NCBI: KX094945) from the
red junglefowl Gallus gallus (Linnaeus, 1758); Isospora
serini (Aragao, 1933) (84.62%, NCBI: ON584773) and
Isospora serinuse (Yang, Brice, Elliot & Ryan, 2015)
(82.37%; NCBIL: KX276860) from the common canary
Serinus canaria (Linnaeus, 1758). A comparative analy-
sis of the nucleotide sequences revealed a high degree
of similarity between representatives of the family
Eimeriidae from Godlewski’s sculpin and parasites of
marsupials (Table 2).

Analysis of phylogenetic relationships based on
the cox1 mtDNA nucleotide sequences proved to be
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uninformative; the tree was unresolved with low sup-
port. However, representatives of the family Eimeriidae
of fish have formed basal branches. The phyloge-
netic reconstruction based on translated amino acid
sequences (Fig. 1) demonstrates that representatives of
the family Eimeriidae from fishes are reliably located
at the base of the tree. The hypothesis that fish coccidia
were the source of all known coccidia lineages in other
vertebrates (Rosenthal et al., 2016; Xavier et al., 2018;
Matsche et al., 2019; Denikina et al., 2023b) was indi-
rectly confirmed.

It has been previously suggested that the coxI
gene fragment has sufficient phylogenetic potential
to contribute to the resolution of the apparent para-
phyly within coccidia (Ogedengbe et al., 2011). The
results obtained do not allow us to definitely confirm
this hypothesis, as data on coxI mtDNA sequences of
representatives of the genera Eimeria, Calyptospora,
and Goussia from fish are currently insufficient. For
the above reasons, it is premature to determine to
which genus the detected representative of the family
Eimeriidae belongs.
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Metagenomic studies (metabarcoding) of eukary-
otes from marine and terrestrial ecosystems have shown
the high diversity and dominance of Apicomplexa rep-
resentatives (Mahé et al., 2017; Lentendu et al., 2018),
which are parasites of invertebrates and vertebrates,
and have complex life cycles that differ significantly
between groups (Votypka et al., 2016; Rueckert et al.,
2019). The family Eimeriidae is the most diverse taxon
of protozoa. The main characteristic of its representa-
tives is the formation of environmentally stable oocysts,
that are released with the host’s feces. The general mor-
phology of the oocysts, as well as the number of spo-
rocysts and sporozoites are commonly used to identify
individual genera. However, the results of recent phylo-
genetic studies correlate poorly with current taxonomy.
They have also shown that several diagnostic traits
thought to be unique and are also found in representa-
tives of several genetically distant genera (Votypka et
al., 2016). It is now known that members of the genera
Eimeria, Goussia and Calyptospora are most commonly
found in various species of marine and freshwater fish
(Xavier et al., 2018).

Previously, five species of coccidia were iden-
tified in fish from Lake Baikal (Shulman and Zaika,
1964; Zaika, 1965; Pronina, 1990), and only one was
observed in representatives of the Cottidae family:

1. Goussia carpelli (Leger et Stankovitch,
1921) (Syn.: Eimeria carpelli (Leger et Stankovitch,
1921); E. cyprini (Plehn, 1924); Goussia carpelli sensu
(Dykova et Lom, 1983). The parasite is localized in the
intestinal and gall bladder walls of the bighead sculpin
Batrachocottus baicalensis (Dybowski, 1874), the sandy
sculpin Leocottus kesslerii (Dybowski, 1874), the broad-
snout sculpin Abyssocottus (Cyphocottus) eurystomus
(Taliev, 1955), and the siberian river minnow Phoxinus
rivularis (Pallas, 1773).

2. Goussia leucisci (Schulman et Zaika, 1964)
Lom, Desser, Dykova, 1989 (Syn.: Eimeria leucisci
(Schulman et Zaika, 1964); E. freemani (Molnar et
Fernando, 1974); Goussia freemani (Molnar et Fernando,
1974)). The parasite is localized in the kidneys and
in the walls of the gall bladder of the Siberian dace
Leuciscus baicalensis (Dybowski, 1874).

3. Eimeria esoci Schulman et Zaika, 1964. The
parasite is localized in the intestinal and gall bladder
walls of the northern pike Esox lucius (Linnaeus, 1758).

4. Eimeria percae (Riviere, 1914) (Syn.:
Coccidium percae Riviere, 1914; Eimeria percae

61 Eimeria brunetti O

m Mammalia: Placentalia Eimeria zuernii  ®
Eimeria mephitidis B
= T 30 Eimeriatenella O
® Mammalia: Marsupialia Eimeria prascox @
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O Reptilia Eimeria acervulina 0O
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Fig.1. A phylogenetic tree of representatives of the fam-
ily Eimeriidae constructed using the maximum likelihood
method based on translated amino acid sequences of the
mtDNA cox1 gene fragments. T. gondii as an outgroup

Reichenow, 1921; E. rivieri Yakimoff, 1929). The par-
asite is localized in the intestinal walls and kidneys of
the European perch Perca fluviatilis (Linnaeus, 1758).

5. Eimeria sp. The parasite is localized in the
intestinal walls of the Baikal omul Coregonus migratorius
(Georgi, 1775).

One species, G. carpelli, has previously been
recorded in representatives of the family Cottidae,
including coastal species of the bigheaded and sand
sculpins, as well as in the deep-water species, the broad-
snout sculpin. For the parasitic protozoa Apicomplexa,
which are transmitted and spread by oral-fecal means,
the resistance of the oocysts to environmental factors
is of great importance (Clopton et al., 2016). Due to
these properties, they can be detected in a variety of
environmental samples, including paleontological sam-
ples (Rueckert et al., 2011; C6té and Le Bailly, 2018; Le
Bailly et al., 2019; Singer et al., 2020; Beltrame et al.,

Table 2. The estimation of evolutionary divergence between sequence groups. The standard errors are given above the

diagonal
1 2 3 4 5 6 7

1. Eimeriidae (Abyssocottus godlewskii) 0.029 0.062 0.019 0.020 0.022 0.076
2. Eimeriidae (Leucaspius delineatus) 0.119 0.047 0.026 0.024 0.021 0.069
3. Goussia bayae 0.385 0.271 0.053 0.049 0.050 0.065
4. Mammalia: Marsupialia 0.061 0.105 0.315 0.010 0.012 0.077
5. Reptilia+ Amphibia 0.070 0.102 0.293 0.020 0.004 0.068
6. Mammalia: Placentalia + Aves 0.087 0.089 0.303 0.034 0.010 0.069
7. Toxoplasma gondii 0.486 0.450 0.423 0.487 0.433 0.443
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2022). Oocysts, including those of the genera Eimeria
and Goussia, may be present in the external environ-
ment, including bottom sediments (Sifiski and Behnke,
2004). In coccidia of aquatic animals, young oocysts
are usually released with the feces that are not spor-
ulated and are not infectious, as their development is
terminated only in the external environment, where
the formation of sporocysts with sporozoites occurs
(Votypka et al., 2016). Two modes of transmission are
observed in the life cycle of coccidia in fish: direct with
fecal contamination and indirect, which includes inver-
tebrates (Steinhagen and Korting, 1988; Davis and Ball,
1993). It can therefore be assumed that the DNA of a
representative of the family Eimeriidae could enter the
digestive tract of Godlewski’s sculpin with equal prob-
ability in two ways: directly from the external environ-
ment and/or indirectly via its food objects.

Sequences derived from representatives of the
family Eimeriidae accounted for <0.01% of all metag-
enomic DNA sequencing data from the contents of the
digestive tract of fish. However, we cannot currently
confirm whether the parasite we detected is specific to
the Godlewski’s sculpin. G. carpelli, which is found in
members of the family Cottidae, is considered a specific
parasite of the common carp Cyprinus carpio (Linnaeus,
1758) (Molnér et al., 2005). However, other fish spe-
cies on its host list have their own separate coccidia
species (Sokolov and Moshu, 2014). In this context, a
comprehensive morphological and molecular genetic
study of these parasites is required, with particular
attention to the widespread G. carpelli from different
systematic fish groups.

4. Conclusion

When analyzing the metagenomic DNA sequenc-
ing data of the Godlewski’s sculpin digestive tract
contents with a relative representation of <0.01%,
sequences from representatives of the family Eimeriidae
were detected for the first time. The sequences obtained
belonged to the only haplotype that was reliably differ-
ent from all previously known. In contrast to the anal-
ysis of the nucleotide sequences of the cox1 mtDNA,
the phylogenetic reconstruction based on translated
amino acid sequences reliably demonstrated the basal
location of the branches of representatives of the fam-
ily Eimeriidae in fish. The question of the genus of the
detected organism remains unresolved due to the lim-
ited nucleotide data for representatives of the genera
Eimeria, Calyptospora, and Goussia in fish. The results
obtained indicate the need for targeted and complex
studies, including molecular genetic studies, of the
fauna of parasitic protozoa in fish.
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AHHOTAILIUA. BnepBole B MNUIIEBAPUTEIHBHOM TpakTe IMMUPOKoJIoOKu TlopseBckoro Abyssocottus
(Limnocottus) godlewskii (Dybowski, 1874) MeT0oq0M BHICOKONIPOU3BOAUTEILHOTO CEKBEHUPOBAHUS TOJTY-
yeHbl parMeHTHl TeHa cox1 npecraBuTelis cemericTBa Eimeriidae. JleTekTrpoBaHHbIE HYKJIEOTH/IHBIE
MocJIeIoBaTeIbHOCTU KoKIuAuii coctaBmim <0,01% ot obijero MaccuBa JAaHHBIX W MPUHAAJIEXKATIU
eJMHCTBEHHOMY 'eHOTHUITy, JOCTOBEPHO OT/IMYaBIIeMyCs OT BCeX paHee U3BeCTHBIX. duiioreHeTnyeckas
PEKOHCTPYKLIMA Ha OCHOBAaHWM TPAHCJIMPOBAHHBIX aMHHOKUCJIOTHBIX IIOCJIEOBATEJIbBHOCTEN HOCTO-
BEPHO MPOAEMOHCTPHUPOBAJIa Ga3ajibHOE PACIOJIOKEHHE BETBel mpexacTtaBuresell cem. Eimeriidae u3
pBIO. Bonpoc 0 poaoBOi NMpHUHAAJIEKHOCTU AETEKTHPOBAHHOIO OpraHM3Ma OCTaeTCs OTKPBITBIM M3-3a
HEOCTAaTOYHOTO KOJIMYECTBA HYKJIEOTUIHBIX JAHHBIX MpejcTaBuTeieldl poaoB Eimeria, Calyptospora n

Goussia u3 pbIO.
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1. Beeaenue

Ananuz ¢ayHsl napasuToB peIO ABJsIETCSA HeoO-
XOUMOH 4acThI0 KCCJIeJOBAaHNUI, TIOCBAIIEHHBIX BOIIPO-
caM UX 3KoJIoruM. IIpeuMyIiecTBO MOJIeKyJIApHO-TeHe-
TUYECKOr0 IOJX0/Aa C HCIOJIb30BAaHNEM COBPEeMEHHBIX
TEXHOJIOTUII BEICOKOIIPOU3BOAUTEIBHOT'O CEKBEHPOBA-
HUA 3aKJII0YaeTcsi B BOBMOXHOCTH aHaln3a U UIeHTU-
dbukanuu OTHOCUTEIBHO KOPOTKUX (PparMeHTOB yyxe-
poxmHoti JTHK u3 comepXuMOro mHIeBapUTEIbHOIO
TpakTa, OpTaHOB U TKaHeil pei0. OTU MeToAb 3ddek-
THUBHEI 32 CUeT BHICOKOT'O pa3pelleHls 1 BO3MOXHOCTHU
naeHTUGUKANUKM IIHpokoro crekrpa uaos (Harms-
Tuohy et al., 2016; Jakubaviciiité et al., 2017; Yoon et
al., 2017). HecMoTps Ha psAQ HEOOCTAaTKOB, TAKUX KaK
HeTOYHasA uJeHTUGUKAIUA BUAOB M3-32 OTCYTCTBUA
UX TeHeTHYeCcKUX [aHHBIX B OOIIeJOCTYNHBIX 6a3zax
(Siddall et al., 2012; Kvist, 2013) u gerexkuusa JHK
OpraHM3MOB U3 MMUIIeBapUTEIbHBIX TPAKTOB KOPMOBBIX
obpekToB (Sakaguchi et al., 2017), meTabapkoaupoBa-
HUe MOXeT JOIOJIHATh TPaAUINOHHbIE MeTOMIb HCCIle-
JoBaHuA ¢ayHel mapasuTtoB pei6 (Ogedengbe et al.,
2011; Villsen et al., 2022; denukuHa u gp., 2023a; b).
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Bce npeacraBuTesu TUMA MIPOCTEUIINX SPOTOZoa
wm Apicomplexa u3 rpynnsl Alveolata saBisoTCA
OMHOKJIETOYHBIMU OOJIUTAaTHBIMU TMapa3suTaMB MHOTO-
KJIETOYHBIX XMBOTHBIX, a TaKXe CUMTAIOTCSI OJHUMHU
U3 CcaMbIX VCIIENIHBIX IMapa3uToB B mupe (Morrison,
2009). IIpenmnosnaraercs, uro 6ojiee 6000 onmrcaHHBIX
BHJIOB cocTaBJisAloT Bcero 0,1% oT oOmiero mx pasHo-
o6pasua (Morrison, 2009). IIpeacraBuTesd PpoOAOB
Cryptosporidium, Plasmodium, Toxoplasma wu Babesia
ABJIAIOTCA BO30yAuTesIAMH 3a0oJieBaHMI 4YesloBeKa U
xuBoTHBIX. Kokiuauu (Conoidasida: Eimeriidae) HaHo-
CAT 3HAUUTEJIBHBIA YPOH CEJTbCKOXO03SHCTBEHHOMY IPO-
MU3BOJICTBY. HecMOTps Ha HMIMPOKOE paclpocTpaHeHue
1 XO3AHMCTBEHHOe 3HauyeHHUe, MCCJIeJOBaHMs SBOJIIOIU-
OHHBIX OTHOIIIEHU BHYTPHU 3TOU I'PYIIIBHI TOJIBKO HAUM-
Hatotcsa (Arisue and Hashimoto, 2015; Xavier et al.,
2018). TakcoHOMUA KOKIIUANUH K HACTOAIIEMY BpeMeH!
HaXOJMTCs B CTAQOUU pa3pabOTKU, MHOTHE POABI ABJIA-
0TCs mapad@uIeTUYEeCKUMHU, YTO CTABUT IO COMHEHUE
I[EHHOCTh CTPOTUX MOP(OJOTHMYECKUX W 3KOJIOTHYe-
CKUX TMPU3HAKOB A ux kiaccudukanuu (Ogedengbe
et al., 2018; Xavier et al., 2018). Ilpu 3TOM NpeaCTaBU-
Tesiu cemelicTBa Eimeriidae y BOOHBIX )XUBOTHBIX U3Y-
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YeHBl 3HAYMTEJIPHO XyXe, YeM y HaszeMHbIX. OfHaKo,
Jaxxe MMelolyecs CKy/IHble JaHHBIE O [TOCJIeIoBaTesIb-
HOCTSIX MaJioi cy6beAuHMIBI pubocomanbHoit PHK
(MCE pPHK) no3BoJifi0T MpeanoJioXuTb, YTO UMEHHO
OHU ABJIAIOTCA 0Aa30BEIMU I'PYNIIaMU BHYTPH CEMeEHCTB
(Jirka et al., 2009; Xavier et al., 2018; JleHHMKUHA U
ap., 2023b). B HacTosiee Bpemsa B 6aze NCBI 3aperu-
CTPUPOBAHHI I0CJIeIoBaTeJIbHOCTU reHa cox1 MTIHK
Eimeriidae u3 cieaymomux BUIOOB phIO: KpacHOryoOas
Mopckasa cobauka Ophioblennius macclurei (Silvester,
1915), 6ebiii amepuKaHCcKuii JJaBpak Morone americana
(Gmelin, 1789) 1 oOGBIKHOBeHHas BepXOBKa Leucaspius
delineatus (Heckel, 1843).

[Iupokosiobka T'ogrieBckoro Abyssocottus
(Limnocottus) godlewskii (Dybowski, 1874) — sugemuy-
HBIN BUJ 03€PHBIX ITUPOKOJI000K, OOUTAIOIUI Ha TJIy-
6unax ot 100 mo 900 m (Bormanos, 2023). CJI0XKHOCTU
B MICCJIeTOBAHUAX KOJIOTUU U (payHbI TapasuToB Ii1y6o-
KOBOIHBIX BU/IOB BBI3BAaHBI MaJIbIM KOJIMYECTBOM BBIOO-
POK pBIO B CBSI3U C TPYJIOEMKUM IIpOLiecCcOM OTJIOBa. B
pe3yJbTaTe HCCJIeJOBAHUS MUIIEBOr0 CHEKTpa IMIUPO-
KoJIOOKM T'OfJIEeBCKOr0 C UCIOJIb30BAaHUEM METOJIOB
CEKBEHUPOBAHUsI HOBOI'O IOKOJIEHUS OBUIN IOJIy4YeHBI
[I0CJIeTOBaTEJIBHOCTY KOKIUAUH. Llespio paboTH ABJISA-
JIoch olpefeseHne (GUIOreHeTHYeCKOro IIOJIOXKEHUs
npeacraButesia ceM. Eimeriidae w3 mnumeBaputeisb-
HOT'O TpaKTa II1POK0JI06ky I'o/iyieBCcKoro.

2. MaTepuanbl U MeTOADI

COop npob6 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 mo 820 M. BugoByio nprHaJIeXXHOCTb PHIO UAEHTH-
dunupoBanyu B COOTBETCTBUU C NOCJIEAHMMM pEBU3U-
svu (bormanos, 2017; 2023). 14 aHa/M3a UCIOJIb30-
BaJIU IATHh 0cobell M1poKoJIoOKY ['oAIeBCKOro Maccoii
ot 8,7 mo 28,5 r, obmiel AauHOM oT 95 1m0 149 MMm.

B saGopaTOpHBEIX YCJIOBUAX COAEpPXHMOE BCEro
nuinieBapuTesibHOro Tpakra (250-700 MKJI) OT KaXJI0ro
OTAEJIPHO B3ATOrO 3K3eMIUlApa pa3BOAWIN PaBHEIM
o0beMOM BoApl mMQ, U3Mesb4yaau U THIATeJBHO Iepe-
MemunBand. CymmapHyio JHK BblessAan ¢ MOMOIIbIO
Habopa 1A skcerpaknuu «AMmimnCerc JHK-cop6-AM»
(Poccust) B COOTBETCTBUU C MHCTPYKI[HEH MPOU3BON-
TesisA. dparmMeHT resa coxl AJIMHON NMPUOINU3UTEIBHO
350 map ocHoBaHMIl aMIUTUMUIIMPOBATIUA Ui KaXJON
npoOs1 30 [UKJIIOB € NOHWXXEHUEeM TeMIlepaTyphl OTXXKUra
Ha 0.3°C ot HauanmbHbIX 55°C c mpatimMepamu MiSeq:
COIintF 5°tcgtcggcagegtcagatgtgtataagagacagGGWAC
WGGWTGAACWGTWTAYCCYCC u dgHCO2198 5°gtc
tegtgggeteggagatgtgtataagagacagTAIACYTCIGGRTGIC
CRAARAAYCA (Leray et al., 2013). Bce aMIUTMKOHBI U3
NHIIeBAPUTEJIbBHOTO TpaKTa OObeIUHAIU U HCIO0JIb30-
BaJIy I IIOATOTOBKHU NMPOOHI K CeKBEHUPOBAHUIO.

BubnuoTeky u3 OUMINEHHOTO IIyJa aMILIMKO-
HOB CKOHCTPYMpOBaJ{d C HCIOJIb30BaHHeM Habopa
Nextera XT (Illumina, XefiBopa, Kamudopuus, CIIA),
HyKJICOTHAHBIE II0CJIEJOBATEJIbHOCTU OIpefesisuli C
nomoIneio Illumina NextSeq. PeructpanrioHHBIE HOMep
MOJIYYEHHBIX JAaHHBIX B MeXIOyHapojHoii 6aze NCBI:
PRIJNA1086215.
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Bce ucxonHble JaHHBIE TPUMMUPOBAJIN II0 Kayde-
cTBYy B mporpamme Trimmomatic V 0.39 (Bolger et al.,
2014) c omiusaMu: cpefjHee kauecTBo npouteHus 20,
MUHHMaJibHasa AjrHa npouTteHusa 140. C60pKy mcxof-
HBIX IPOYTEHU B KOHTUTH, COOTBETCTBYIOIIME ITOJIHO-
pa3MepHBIM IIpoAyKTaM amIIi@uKauy, IpoBOAUIIN B
nporpamme metaSPAdes (Nurk et al., 2017) pnauHamu
k-mer 21, 33, 55, 77, 99 u 121. BuiGpaHHbIE AJIUHBI
k-mer mo3BoJsnIM IPUBECTH arperamuio B eUHbIE KOH-
THUTU TOJIBKO IIPOYTEHUH, crelu(UYHbIX IepBOHaYaIb-
HBIM ¢parmeHTam cox1 cmecu JHK passinyHbIX BUAOB
MeTareHoOMHOro obpasua.

B xauectBe pedepeHCHOI 0a3bl AaHHBIX AJIA
TaKCOHOMMYECKOI0 aHa/iu3a MUCHOJIb30BaJd  IOJI-
HBIIT Habop mocJjiefoBaTesbHOCTEN MapKepa coxl u3
International Barcode of Life Database (iBOL) (https://
ibol.org/). TlocnemoBarenpHOCTH JHK cOOpKM aMILIU-
KOHOB COIIOCTaBJIANIU ¢ pedepeHCHOU 06a30i JaHHBIX
¢ nomoimpio npuiioxeHus local BLASTn (Altschul et
al., 1990). PesynptaThl BLAST aHaim3a npeoOGpa3oBbI-
BaJIM B TaOJWIly NpefcTaBjIeHHOCTHA TakcoHOB B JIHK
COAEepKMMOI'0 NHUIIEeBOro TpakTa xo3AuHa. [lepBu4HYyI0
00paboTKy IOJIyYeHHbIX HYKJIEOTHMAHBIX IIOCJIeIOBa-
TeJIbHOCTeH mpefcTraBuresell cemelictBa Eimeriidae u
COOTBETCTBYIOIINX [NaHHBIX, MpeJcTaBjIeHHBIX B Oase
NCBI (Ta6suna 1), npoBoguyin B penaktope BioEdit,
BBIpaBHMUBAJIM C MoOMoIIpi0 mporpaMmel ClustalW.
[TocnegoBaTenbHOCTh  3aperucrpupoBaHa B NCBI
No PP552829. ®duimoreHeTHU4ecKUil aHaIM3, BKJIOYAsA
BHIOOp MoJesiell AJis OLeEHKU 3BOJIIOLLOHHON IUBEp-
TreHIU1 U PeKOHCTPYKLUM 3BOJIIONMOHHON HCTOPHH,
MpOBOAWJIM € HCHOJIb30BaHMeM IporpamMmel MEGA7
(Kumar et al., 2016). DBOJIOIMOHHYK JUBEpPreH-
I[MI0 MeXJy TpynmnaMy IocjefoBaTeIbHOCTel OlleHU-
BaJIi METOJOM MaKCHMAaJIbHOIO IpaBAoNoAo0Hs IO
monenn Tamypoli-Hesa (TN DNA evolutionary model)
(Tamura and Nei, 1993). ®uUIOreHETUYECKYI0 PEKOH-
CTPYKIMIO 5BOJIIOIMOHHOM KCTOpPHUY, OCHOBAHHOH Ha
aMHHOKMCJIOTHBIX II0CJIeJOBaTeJIbHOCTAX, IPOBOAWIN
MeTOAOM MaKCHMaJIbHOr'O IIpaBonoAo0usA o Moaesn
JIu-Tackyasa ¢ raMMa KoppeKnuel pa3jindnil B CKOpo-
CTAX HAKOIUIEHWA 3aMeH B pasjnuHbX caiitax (LG +
G protein evolutionary model) (Nei and Kumar, 2000;
Le and Gascuel, 2008). TecTupoBaHue AOCTOBEPHOCTU
TOIOJIOrMU GUIOreHeTU4eCKUX AepeBbeB IIPOBOJNUIOCH
HenapaMeTtpudeckuM 6yctepoM (1000 periuk).

3. Pe3yAabTathbl M 06Ccy)xpeHue

B pesysbTaTe aHann3a JaHHBIX MeTareHOMHOI'O
cexkBeHrnpoBanua JIHK copepxxumMoro mnuiieBapUTeb-
HBIX TPAKTOB MMPOKOJIOOKU I'ofjieBckoro O6bUIN JeTek-
THPOBAaHHI [TOCIe0BaTeJIbHOCTY IIpeACTaBUTes el CeM.
Eimeriidae ¢ OTHOCHTEJIBHOU TNpeACTaBIEHHOCTHIO
<0,01%. [Tony4yeHHbIe NOCIEAOBATEJIbHOCTU IPHUHAM-
Jiexxasiyi e AMHCTBeHHOMY rallJIOTUITy, JOCTOBEPHO OTJIH-
qaloueMycsa OT BCceX U3BECTHBIX N10CJIeJ0BaTeIbHOCTeN
reHa coxl xoxkuuaui, Bkmovasa G. bayae u Eimeriidae
13 OOBIKHOBEHHOI BEpPXOBKH, W NMPOAEMOHCTPHUPOBAB-
meMy HauOoJIBIIVIO cTelleHb romoJioruu (86,71%) c
HYKJIEOTUOHBIMU TocJlefjoBaTenbHocTAMU  Cyclospora
cayetanensis Ortega, Gilman & Sterling, 1994.


https://ibol.org/
https://ibol.org/
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Kokuuauu pbei6 CpaBHUTEJIBHO MaJIOU3ydeHbl
U HYKJIEOTHHble NaHHble 1JI1 HUX KpaliHe CKYIHBHI.
Kpome mnocienoBaTtenpHocTeil reHa coxl mtJHK u3
OOBIKHOBEHHOI BEPXOBKHU, IOJIyUeHHBIX HaMU paHee
B aHaJIOTUYHOM »JKcnepuMeHTe ([leHukuHa u Ap.,
2023Db), B 6a3e NCBI mpeacTaBjeHB TOJIBKO ABE MOCJIe-
JIOBaTeJIbHOCTU TpefcTtaButeneil cem. Eimeriidae
u3 peib: G. bayae u3 xea4HOro mMy3eipA M. americana
(Matsche et al.,, 2019) u mocJieoBaTEeJILHOCTh U3
kpoBu O. macclurei. OgHako ToCJeH:AsA, 3asgBJIEHHAA
kak Coccidia sp. (NCBI: OR822199.1), B AeHCTBUTETb-
HOCTH MpUHAMJIEXUT MpefCcTaBUTEsI0 KJIaJbl HOBOI
IIMPOKO PacHpoOCTpPaHEHHOU TpPYINIbl MMapa3svuToOB PbIO
tuna Apicomplexa, cectpurckoi oTpsaxgy Corallicolida
U Ha3BaHHas aBTopamu «ichthyocolids» (Bonacolta et
al., 2024). Ucxoaa U3 BHIIIECKA3aHHOI0, 3TU JAaHHEIE B
¢usioreHeTHYeCKOM aHaJi3e He paccMarpuBaiu. [Ipu
nocTpoeHnu GUIOreHeTUYeCKOro JpeBa UCI0JIb30BaHbI
JaHHble TpefcTaBuTesiel ceM. Eimeriidae mo3BoHOY-
HBIX )KUBOTHBIX, B KauecTBe ayT-I'PYIIIHI MIpe/icTaBJeHa
nocjegoBaTesibHOCTh TeHa cox]l mtIHK Toxoplasma
gondii (Nicolle & Manceaux, 1908) (Ta6suua 1, Puc. 1).

Crnenyer OTMETUTh, YTO IS BCEX HMEIOIIUXCA
B HACTOsIlee BpeMsA IMOCJENOBATEJIbBHOCTEH CeM.
Eimeriidae u3 pp16, 6JMXalIIMMU TOMOJIOTAMU SIBJIS-
I0TCA TOCJIeJOBAaTEJIbHOCTH Tapa3suTOB U3 TeIUIO-
KPOBHBIX KMBOTHBIX M NOTHI: G. bayae romosorayHa
Choleoeimeria taggarti (Amery-Gale et al., 2018) Kruth,
Michel, Amery-Gale & Barta, 2020 (79,33%, NCBI:
MK813349) u3 ’KeJITOHOTOM CyMYaTOU MBIIH Antechinus
flavipes flavipes Waterhouse, 1838. IlpencraBuTesn
ceM. Eimeriidae 3 0ObIKHOBEHHOI BepXOBKHM Haubosiee
O6nu3ku Kk Eimeria praecox (Johnson, 1938) (82,95%,
NCBI: KX094945) 13 6aHKUBCKOH JXKYHIJIEBOM KypHULIbI
Gallus gallus (Linnaeus, 1758); Isospora serini (Aragao,
1933) (84,62%, NCBI: ON584773) u Isospora serinuse
(Yang, Brice, Elliot & Ryan 2015) (82,37%; NCBI:
KX276860) u3 kaHapCcKOro KaHapeeyHOro BbIOpKa
Serinus canaria (Linnaeus, 1758). AHau3 3BOJIIOLIOH-
HOU AWBEpPreHIMU MeXOy TI'pynnaMy HyKJIEOTUIHBIX
MOCJIeJOBAaTEJIBHOCTEN BBIABUJI OJIM30CTh MpPEACTaBU-
teseli Eimeriidae mu3 mumpokosiobku T'oyieBCKOTO K
napasuTaM CyMuaThIX XXUBOTHbIX (Tabmuna 2).

Ta6suna 1. Homepa HyKJIEOTUAHBIX ITOCTIe/loBaTeIbHOCTElN reHa cox] u3 6a3sl gaHnubex NCBI, vcnosib30BaHHBIE B aHAJIU3e.

Xo03suH

NoNe NCBI; Bup

Mammalia:
Placentalia

MN260359; MN260361; MN260362; MN260363; MN260364; MN316534; MN316535; Cyclospora
cayetanensis Ortega, Gilman & Sterling, 1994

KP025693; Eimeria flavescens Marotel & Guilhon, 1941
KT203398; Eimeria mephitidis Andrews 1928
JQ993698; Eimeria piriformis Kotlan & Pospesch, 1934
HM771687; KX495130; OL770312; Eimeria zuernii (Rivolta, 1878) Martin, 1909
MNO077082; Toxoplasma gondii (Nicolle & Manceaux, 1908)

Mammalia:
Marsupialia

MK202809; Eimeria gaimardi Barker, O’Callaghan, and Beveridge, 1988
MK202808; Eimeria mundayi Barker, O’Callaghan, and Beveridge, 1988
MK202807; Eimeria potoroi Barker, O’Callaghan, and Beveridge, 1988
JN192136; Eimeria trichosuri O’Callaghan & O’Donoghue, 2001
MK202806; Eimeria woyliei Northover et al., 2019

Reptilia

KF859856; Caryospora bigenetica Wacha and Christiensen, 1982
KR108297; MW720599; Isospora amphiboluri Cannon, 1967
MW?720599; Isospora lunulatae Yang, Brice, Berto & Zahedid, 2021

Aves

EF158855; Eimeria acervulina Tyzzer, 1929
MH?758793; Eimeria anseris (Kotlan, 1932)
HM771675; Eimeria brunetti Levine, 1942
JQ659301; KX094945; Eimeria praecox Johnson, 1930
MF497440; Eimeria tenella (Railliet & Lucet, 1891) Fantham, 1909
KC346355; Isospora gryphoni Olson, Gissing, Barta & Middleton, 1998
KT224377; Isospora manorinae Yang, Brice, Jian & Ryan 2016
NC_065382; Isospora picoflavae Rejman, Hak-Kovacs & Barta, 2021
ON584773; Isospora serini (Aragao, 1933)
KX276860; Isospora serinuse Yang, Brice, Elliot & Ryan 2015

Amphibia

KT184381; Lankesterella minima (Chaussat, 1850) Noller, 1912

Actinopteri

PP590353; PP590354; PP590355; PP590356; Eimeriidae
MH792860; Goussia bayae Matsche, Adams & Blazer, 2019
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ITpoBenenHbIll aHaIN3 QUIIOreHeTHYeCKUX OTHO-
IIeHN Ha OCHOBaHUU HYKJICOTUAHBIX I10CJIeJOBATeJIb-
Hoctel cox1 mT/[HK okazasics MasouH(pOpMaTHUBHBIM:
JpeBO OKa3aJIoCh Hepa3pelleHHBIM C HU3KUMHU IOJ-
nepxkamu. OiHaKo npeacraButesu ceM. Eimeriidae u3
pbi6 copmupoBanu 6azasbHblEe BeTBU. B mosyueHHON
dusoreHeTN4YeCKONl PEKOHCTPYKIMHW Ha OCHOBaHUU
TPaHCJIMPOBAaHHBIX aMMHOKHCJIOTHBIX I10CJIeJOBaTesIb-
Hocrerl (Puc. 1) mpencraButenu ceM. Eimeriidae w3
PBIO JOCTOBEPHO pacloJjiaraloTcs B OCHOBaHUU ApeBa.
Takum oOpas3omM, paHee cOpMyJIMPOBaHHAA TUNOTE3a
0 TOM, YTO UMEHHO KOKLIMAWMU phI0 Aajiyd Havyajio BceM
W3BECTHBIM JINHUAM KOKIUAUN y APYTUX I03BOHOYHBIX
xuBoTHHIX (Rosenthal et al., 2016; Xavier et al., 2018;
Matsche et al., 2019; denukuHa u ap., 2023b), Hamwa
CBOE KOCBEHHOe MOATBepXAeHe.

Panee ObUIO BBICKa3aHO INPeAINOJIOXEHUe, YTO
¢pparmeHT reHa coxl vMeeT AOCTATOYHBIN (puyioreHe-
TUYeCKU! MOTeHNHasl, 4yToObl NOMOYb B pa3pelleHuun
OYeBHUAHBIX Napaduiuii BHyTpu Kokuuaui (Ogedengbe
et al., 2011). ITosy4yeHHBIE Pe3yJIbTATH HE MO3BOJIAIOT
OAHO3HAYHO MOATBEPAUTH 3Ty THUIIOTE3Y, MOCKOJIBKY
IoKa AaHHBIX O IocjiefoBaTesibHOCTAX cox]l MTJHK
npecraButesieil pogos Eimeria, Calyptospora u Goussia
U3 peI0 ABHO HedocTaroyHo. [Io TOH e IpUYHHe
IpexJaeBpeMeHHO yTBepXJaTh, K KaKOMy pOAY OTHO-
cATCA JeTeKTUPOBAaHHBII HaMM IpeJCTaBUTEJIb CEM.
Eimeriidae.

MerareHoMHBle uccaefoBaHuA (MeTabapKo-
JAUpOBaHUe) 3yYKapuOT MOPCKUX M Ha3eMHBIX 5KOCHU-
cTeM NPOAEeMOHCTPHPOBAIN BBICOKOE pa3HooOpasue u
JOMHWHHpOBaHMe mpefcTaBuTesieil Apicomplexa (Mahé
et al., 2017; Lentendu et al., 2018), KoTOpbIe ABJIAOTCA
napasuraMy 0eclO3BOHOYHBIX 1 ITO3BOHOYHBIX XHBOT-
HBIX, U HMMEIOT CJIOXHble XKM3HEeHHble LUKJIBI, 3Ha4u-
TeJIbHO pasJjinyaromyecs Mexay rpynnamu (Votypka et
al., 2016; Rueckert et al., 2019). CemeiicTBo Eimeriidae
— HauboJsiee pa3sHOOOpa3HBIII TaKCOH MPOCTENIINX,
OCHOBHOHM O0OCOOEHHOCTBIO IIpe/icTaBUTeJiell KOTOPOTo
ABJIAeTcs oOpa3oBaHHEe SKOJIOTMYECKH YCTONYMBBIX
OOLIMCT, KOTOPBIE BBIAEJIAITCA ¢ (peKaauAMU X03AUHa.
Obmasa mop@dosiorusa OOLMCT, a TakKXe KOJIMYeCTBO
CIOPOIIMCT U CIIOPO30MTOB IMHMPOKO HCIOJIb3YIOTCA
JU1s onpefiesieHHs OTAeJIbHBIX poAoB. OHaKoO, pe3yJib-
TaTel NOCJeAHUX (QuUJIOreHeTHYeCKUX HCCIleJOBaHUN
IJIOXO KOPPEeJIMPYIOT C TeKyllell TakcoHomueil. OHU
TakXke IIOKasajy, 4TO HECKOJIbKO UarHOCTUYeCKHUX
MIPM3HAKOB, CYMTABIIMXCA 10 CUX [OP YHUKAaJIbHBIMU,
Ha caMOM J[iejie MNpPHUCYTCTBYIOT y IIpeAcTaBUTesel

61 Eimeria brunetti O
Eimeria zuernii
Eimeria mephitidis
Eimeria tenella
Eimeria praecox
32| | Eimeria anseris
Eimeria acervulina 0O
Cyciospora cayetanensis
Eimeria flavescens | ]
Eimeria piriformis ]
Isospora picoflavae O
Isospora serinuse O
Isospora serini O
Isospora manorinae
Isospora gryphoni
Isospora amphiboluri
isospora lunujatae O
Lankestereila minima B
Caryospora bigenetica O
— Eimeria mundayi 1B
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{ Eimeria potoroi B
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Eimeria woyliei B

Eimeriidae (Abyssocoftus godlewskii) B
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Toxoplasma gondif

Mammalia: Placentalia

30 o

]
]
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Reptilia
=]

Aves

52
Amphibia

61 o

]
O

Actinopteri
7

47

70

97

0.10
Puc.1. ®uioreHeTuyeckoe [ApeBO IpefcTaBUTeJIeH
cemerictBa Eimeriidae, mocTpoeHHOe MeTOOOM MaKCHUMaJib-
HOro NpapAonofo6usa Ha OCHOBaHUM TPaHCJINPOBAaHHbBIX aMU-
HOKHCJIOTHBIX [TOCIefoBaTeIbHOCTElN pparMeHTOB reHa cox]
mt/IHK. B kauectBe ayT-rpynmnsl — T. gondii

HECKOJIbKUX TeHeTHdYecku aajekux poaoB (Votypka et
al., 2016). B HacTosIlee BpeMs M3BECTHO, YTO y pas-
JINYHBIX BHUIOB MOPCKHUX U TPECHOBOJHBIX PHIO HAnbo-
Jiee pacIpoCTpaHeHHbl MpeAcTaBUTENN ponoB Eimeria,
Goussia u Calyptospora (Xavier et al., 2018).

PaHee y pbi6 13 03. Baiikay GBLJTO0 OTMEYEHO AT
BunoB koknuaui (Ulyneman u 3auka, 1964; 3auka,
1965; Ilponuna, 1990), U3 KOTOPHIX TOJIBKO OOUH Y
npeacTaBuTesieil cemerictBa Cottidae:

1. Goussia carpelli (Leger et Stankovitch, 1921)
(Syn.: Eimeria carpelli (Leger et Stankovitch, 1921); E.
cyprini (Plehn, 1924); Goussia carpelli sensu (Dykova et
Lom, 1983). [Tapa3uT j10KaJM30BaH B CTeHKaX KUIIey-
HUKA U XEeJTYHOTO My3bIpsA OOJIBLIETOJIOBON IIHPOKO-
JIoOku Batrachocottus baicalensis (Dybowski, 1874),
MmecYaHoU IUPOKOJIOOKU Leocottus kesslerii (Dybowski,
1874), mMPOKOPHUION MMUPOKOJIOOKM Abyssocottus
(Cyphocottus) eurystomus (Taliev, 1955) u cubupckoro
peuHoro roJyibsgHa Phoxinus rivularis (Pallas, 1773).

Ta6suna 2. OneHka BOJIIONMOHHON JUBEPreHINA MeXIy TPYIInaMu moceqoBarebHocTel. CTaHgapTHBIE MOrPEIHOCTH

IIOKa3aHbl HaJA AaroHaJibo

1 2 3 4 5 6 7

1. Eimeriidae (Abyssocottus godlewskii) 0,029 0,062 0,019 0,020 0,022 0,076
2. Eimeriidae (Leucaspius delineatus) 0,119 0,047 0,026 0,024 0,021 0,069
3. Goussia bayae 0,385 0,271 0,053 0,049 0,050 0,065
4. Mammalia: Marsupialia 0,061 0,105 0,315 0,010 0,012 0,077
5. Reptilia+ Amphibia 0,070 0,102 0,293 0,020 0,004 0,068
6. Mammalia: Placentalia + Aves 0,087 0,089 0,303 0,034 0,010 0,069
7. Toxoplasma gondii 0,486 0,450 0,423 0,487 0,433 0,443

1215



[3rba E.B. u dp. / Limnology and Freshwater Biology 2024 (5): 1206-1218

2. Goussia leucisci (Schulman et Zaika, 1964)
Lom, Desser, Dykova, 1989 (Syn.: Eimeria leucisci
(Schulman et Zaika, 1964); E. freemani (Molnar
et Fernando, 1974); Goussia freemani (Molnar et
Fernando, 1974)). ITapa3uT JIOKaJIM30BaH B MOYKAX U B
CTEHKaX XeJIYHOTo Iy3bIps cubupckoro enblia Leuciscus
baicalensis (Dybowski, 1874).

3. Eimeria esoci Schulman et Zaika, 1964.
ITapa3uT JIOKaJN30BaH B CTEHKAX KUIIEYHUKA U XKeJTd-
HOTO0 IIy3bIps1 0OBIKHOBEHHOI ITyKu Esox lucius Linnaeus,
1758.

4. Eimeria percae (Riviere, 1914) (Syn.:
Coccidium percae Riviere, 1914; Eimeria percae
Reichenow, 1921; E. rivieri Yakimoff, 1929). ITapa3ur
JIOKQJIM30BaH B CTEHKAX KUIIEYHUKA U II0YKaX OOBIKHO-
BeHHOTO0 OKyH:A Perca fluviatilis (Linnaeus, 1758).

5. Eimeria sp. [1apa3uT JIOKaJIM30BaH B CTEHKAX
KHUIlleyHrKa Gaiikasibckoro oMy Coregonus migratorius
(Georgi, 1775).

Y npencraButeneil cemeiictBa Cottidae: mpu-
OpeXHBIX BUIOB OOJIBIIET0JIOBOI MIMPOKOJIOOKU U Tec-
YaHOU MINPOKOJIOOKHU, a TaKXe y rJIyDOKOBOLHOIO BUa
— IIMPOKOPBUION MIMPOKOJIOOKW paHee ObLUT OTMeYeH
oauH Buf — G. carpelli.

Jlns mapasuTHueckux npocTedmux Apicomplexa,
HCITIOJIb3YIOMHX OpaJibHO-GbeKaIbHbIH IyTh Iepeadu U
pacnpocTpaHeHus, 6oJiblIoe 3HAaYeHHE HMeeT YCTOH-
YUBOCTb OOIMCT K JeHCTBUI0 (PAKTOPOB OKpYXalo-
mei cpennl (Clopton et al., 2016). 3Tu ocoGeHHOCTU
[TO3BOJIAIOT JIeTeKTHPOBATh UX B Pa3jIMYHBIX oOpasnax
OKpYyXamllell cpefpl, BKJIIOYas I[aJ€OHTOJIOrHMYecKUe
(Rueckert et al., 2011; C6té and Le Bailly, 2018; Le
Bailly et al., 2019; Singer et al., 2020; Beltrame et al.,
2022). OomnucTsl, B TOM YMCJIE U [Ipe/iCTaBUTeIeN POJIOB
Eimeria u Goussia, MOTyT IPUCyTCTBOBaTh BO BHEIIHEM
cpenie, B TOM 4MCJie U B JIOHHBIX ocagkax (Sinski and
Behnke, 2004). ¥ KOKI[MANE BOIHBIX XHUBOTHBIX MOJIO-
Jible OOIMCTHI OOBIYHO BBIAEJIAIOTCS ¢ deKaauaMU Hec-
[IOPYJIMPOBAHHEIMU U HeNMHGEKINOHHBIMU, TaK Kak
UX pa3BUTHe IpeKpallaeTcs JIUIIb BO BHENIHEN cpefe,
rAe MPOUCXOOUT 0Opa3oBaHUe CIIOPOIUCT CO CIOPO-
soutamu (Votypka et al., 2016). B XU3HEHHOM IHKJIE
KOKIMAUH PO 3aperucTprupoBaHo ABa TUIIA [lepeIayu:
mpsAMOHN ¢ (deKaJbHBIM 3arpsi3HEHHEM U HeNpsMOH,
KOTOPBIH BKJII0UaeT B cebs 6eClI03BOHOYHBIX )XMBOTHBIX
(Steinhagen and Korting, 1988; Davis and Ball, 1993).
COOTBETCTBEHHO, MOXHO HpPeAnojoxuts, uro JJHK
npeacrasutesia ceM. Eimeriidae ¢ paBHO# moJieit Bepo-
SITHOCTU MOIJIa IOCTYNUTD B NMUIIeBAPUTEIIBHBIN TPaKT
MIUPOKOJIOOKU ['0/1JIeBCKOTO ByMSA HYTAMH: IPAMBIM
13 BHENIHeH cpeJibl 1/WIN HEIPSIMBIM U3 ee KOPMOBBIX
0OBEKTOB.

ITocnenoBaTeIbHOCTH Ipe/icTaBUTesIeH
Eimeriidae cocraBmamu <0,01% oT Bcex AgaHHBIX
MeTareHOMHOro cekBeHupoBaHusa J[HK conmepxxumoro
MUIIeBapUTesIbHBIX TPaKTOB peI6. OJHAKO, B HACTOS-
Illee BpeMs MBI He MOXeM yTBEpXAaTh, SBJIAETCA JIU
JIeTeKTUPOBAHHBI HaMU MapasyuT creuuGUYHbIM I
mpokoo6ku I'ogmeBckoro. G. carpelli, 3aperucTpupo-
BaHHas y npefctaBurtesel cemelictBa Cottidae, cuura-
ercA cnenuUUHBIM apasuToM kKapna Cyprinus carpio
Linnaeus, 1758 (Molnar et al., 2005), a y Apyrux BUioB
pBEIO M3 chucKa ee X03seB UMEKTCA CBOU OT[eJIbHBIe
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BuAsl kokuuauii (CoxosoB u Momty, 2014). B cBsa3u ¢
3THUM, HEOOXOIUMO KOMILIEKCHOE MOP()OJIOrYecKoe 1
MOJIEKYJIIPHO-TEHETUYECKOE M3YYEHHE ITHUX Mapasu-
TOB, OCOOEHHO HIMPOKO pachpocTpaHeHHOU G. carpelli
13 Pa3JINYHBIX CUCTEMATHYECKUX TPYTI PHIO.

4. 3aKknloueHue

BriepBrle B pe3ysibTaTe aHaau3a AaHHBIX MeTare-
HOMHOro cekBeHupoBaHusa JJHK copepxkumoro mnuiie-
BapUTeJIbHBIX TPaKTOB IIMPOKOJIOOKU I'0fijieBCKOro
OBUIM JeTeKTHPOBaHbI [10CJIe0BaTeJIbHOCTY IpefcTa-
BuTtesieil ceM. Eimeriidae ¢ oTHOCHTEJIBHOI MpeCTaB-
JeHHOCcTbI0 < 0,01%. I[lonyuyeHHBIe mMOCIEeAOBaTE/Ib-
HOCTH I[pUHAAJIeXaJX eAVWHCTBEHHOMY TIaIlIOTHIY,
JIOCTOBEPHO OTJIMYalolleMycsd OT BCeX paHee H3BecCT-
HBIX. B oTiiMume oT aHanu3a HyKJIEOTHAHBIX IOCJe-
noBatenbHocTell coxl wMTAHK, ¢uioreHeruueckas
PEKOHCTPYKIIMA Ha OCHOBAaHUM TPaHCJIMPOBAaHHBIX
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HOI'0 KOJINYeCTBAa HYKJICOTUAHBIX AAHHBIX NpeJCTaBU-
tesiell pomoB Eimeria, Calyptospora u Goussia 13 phi0.
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