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ABSTRACT. This study was aimed to carry out a comparative analysis and reconstruction of the
phylogenetic position of coccidia from the intestine of the belica Leucaspius delineatus (Heckel, 1843)
from the Irkutsk Reservoir. Determination and comparative analysis of the nucleotide sequences of
the cox1 gene fragment, obtained and available in genetic databases, demonstrated paraphilia of the
genera Eimeria and Goussia. The sequences in the phylogenetic tree formed a distinct cluster at the base
of the tree. Thus, the hypothesis that fish coccidia were ancestors of coccidia of other vertebrates was
indirectly confirmed. The need for additional research and revision of coccidia in fishes from the Angara

River and Lake Baikal is discussed.
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1. Introduction

The efforts of human economic activities aimed
at altering and regulating of natural watercourses,
recreational developing of the coastal zone and
aquaculture growth have increased significantly over
the past 100 years. The side effect of this process has
been the expansion outside of natural habitats and
introduction of various hydrobiont species (Bancila et
al., 2022; Bernery et al., 2022; Zhu et al., 2022; Truter
et al., 2023).

In addition to the obvious consequences of
interactions between native fauna and invasive
species  (competition and predation; genetic
influences, hybridization and introgression), there is
a threat of introducing associated parasites and other
pathogens (Ellender and Weyl, 2014; Truter et al.,
2023). Significant epizootics have been described in
populations of various fish species caused by viruses,
imported with aquacultural species, oomycetes, and
protozoa (Kaminskas, 2021). For example, a significant
damage to the ichthyofauna of Europe and America was
caused by Sphaerothecum destruens Arkush, Mendoza,
Adkison & Hedrick, 2003 - an intracellular parasite
of the stone moroco Pseudorasbora parva (Temminck
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& Schlegel, 1846) introduced from China (Andreou et
al., 2012). In this regard, molecular genetic studies are
particularly in demand when describing the distribution
of invasive fish species as well as their parasites (Ali
et al.,, 2022; Alyamkin et al., 2022; Dos Santos and
Avenant-Oldewage, 2022).

All representatives of the protists of Sporozoa
or Apicomplexa, belonging to the group Alveolata, are
unicellular obligate parasites of multicellular animals
and are also considered one of the most successful
parasites in the world (Morrison, 2009). More than
6000 species described are thought to represent
only 0.1% of their total diversity (Morrison, 2009).
Representatives of Apicomplexa, which belong to
the genera Cryptosporidium, Plasmodium, Toxoplasma,
and Babesia, are pathogens of humans and animals.
In addition, coccidia cause significant damage to
agricultural production (Conoidasida: Eimeriorina).
However, despite their widespread distribution and
economic importance, research on the evolutionary
relationships within this group is in its infancy (Arisue
and Hashimoto, 2015; Xavier et al., 2018). The
taxonomy of coccidia is in the developmental stage, and
many genera are paraphyletic that call into question the
value of strict morphological and ecological characters
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for parasite classification (Ogedengbe et al., 2018;
Xavier et al., 2018). Moreover, representatives of the
suborder Eimeriorina have been much less studied in
aquatic animals than in terrestrial animals. However,
even the poor data available for the small subunit
ribosomal RNA (SSU rRNA) sequences suggest that
these are the basic groups within the families (Jirka et
al., 2009; Xavier et al., 2018).

The belica Leucaspius delineatus (Heckel, 1843),
which historically was a representative of the Ponto-
Caspian ichthyofauna, has significantly expanded its
habitat through accidental introduction and further
self-distribution (Slynko and Tereschenko, 2014;
Reshetnikov et al., 2017). Molecular genetic studies
of the belica from the Irkutsk Reservoir confirmed
the information about accidental introduction of the
species from the European part of Russia (Kulakova et
al., 2022). Representatives of coccidia have been found
in the native habitat of the belica (Jastrzebski, 1984;
Belova and Krylov, 2006; Pugachev et al., 2012). There
are few data on parasite fauna of the belica from the
Irkutsk Reservoir (Denikina et al., 2023). Therefore, the
study was aimed to carry out a comparative analysis
and reconstruction of the phylogenetic position of
coccidia from the intestine of the belica.

2. Materials and methods

The capture site with coordinates 52°12’37” N,
104°25’28"” E was located in the Irkutsk Reservoir on
the Angara River. The fish were caught from a depth of
2-3 m with hooked gear in July and August 2019. Fish
were euthanized with an overdose of anesthetic (GOST
33219-2014, 2016) using a 2% lidocaine solution
(Lidocaine Bufus, Renewal, Russia). A total of 20 adults
were caught. Specimens were transported in ice and
stored at — 20°C. The weight and standard length of
fish studied (mean + SE) were 2.6 = 0.2 g and 5.8 =+
1.4 cm, respectively (Kulakova et al., 2022; Denikina
et al., 2023).

To isolate DNA from all individuals, the intestines
and their content were removed and combined into a
single sample. According to the manufacturer’s instruc-
tions, total DNA was isolated using an AmpliSense DNA-
sorb-AM extraction kit (Russia). A fragment of the cyto-
chrome c oxidase (cox1) subunit 1 gene was amplified
with MiSeq primers: COIintF 5’tcgtcggcagcgtcagatgtg-
tataagagacagGGWACWGGWTGAACWGTWTAYCCYCC
and dgHCO2198 5 gtctcgtgggetcggagatgtgtataagaga-
cagTAIACYTCIGGRTGICCRAARAAYCA (Leray et al.,
2013). A library from the purified amplicon pool was
constructed using the Nextera XT kit (Illumina, Hay-
ward, CA, USA), and nucleotide sequences were deter-
mined with Illumina NextSeq. After bioinformatic pro-
cessing, the resulting overlapping paired reads (contigs)
were filtered according to the quality of the reads and
their length. The data obtained were deposited into the
NCBI international database with the bioproject regis-
tration number PRIJINA648490 (Denikina et al., 2023).

Primary processing and translation of
the nucleotide sequences obtained and data on
representatives of the suborder Eimeriorina in the
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GenBank database (Table) were performed using
the BioEdit program and aligned with the ClustalW
software. Phylogenetic analysis was performed using
MEGA?7 software (Kumar et al., 2016).

The evolutionary history based on nucleotide
sequences was inferred with the Maximum Likelihood
Estimation (MLE) method using the Tamura-Nei model
(Tamura and Nei, 1993). The evolutionary history
based on amino-acid sequences was derived with the Le-
Gascuel method (Nei and Kumar, 2000; Le and Gascuel,
2008). In both cases, the discrete gamma distribution
was applied to model differences in evolutionary rates
among sites. Statistical support for branch nodes was
assessed using bootstrap analysis, 2000 replicates.

3. Results and discussion

Analysis of metagenomic DNA sequencing
data from the intestine of the belica resulted in the
determination of coccidia sequences. Eimeriorina
accounted for more than 6.4% of the total pool of
sequences obtained. Polymorphism of the parasite
population was detected: there were 9 genotypes, with
99% of the sequences belonged to four (76.14; 10.65;
7.95 and 4.3%). The genotypes differ from each other
by point mutations, only three sites resulted in amino
acid replacements with similar charge and radical (V to
). The results obtained do not allow a clear conclusion
about the abundance of Eimeriorina species in the
analyzed material and require further research.

Fish coccidia are relatively understudied and
nucleotide data for them are extremely scarce (at
best, SSU rRNA genes have been identified). This fact
is due to the lack of taxon-specific conserved regions
in the SSU rRNA gene, which makes direct molecular
genetic diagnosis of Eimeriorina more difficult. The
cox] mtDNA gene sequences of fish coccidia are not
available in the GenBank database. Sequences of
Eimeriorina representatives of birds, rodents, primates,
marsupials, and reptiles were used in the analysis; the
cox] mtDNA gene sequence of Toxoplasma gondii was
presented as an out-group (Table, Fig. 1).

In the dendrogram, the nucleotide sequences
of coccidian of the belica formed a distinct cluster
Eimeriorina* located at the base of the tree (Fig. 1).
In this case, the tree is not resolved, and the support
of the major branches is extremely low (from 0%).
The phylogenetic reconstruction based on the analysis
of the corresponding amino acid sequences (Fig. 2) is
much more reliable: the Eimeriorina* cluster is formed
with a more significant support (85%). The branching
within the coccidia cluster from terrestrial vertebrates
is weakly and unreliably supported, as in the case of the
nucleotide sequences (Fig. 2).

On the one hand, this fact is evidence of a
significant gap in our knowledge of the mitochondrial
genomes of these parasites because the coxl mtDNA
gene sequences of fish coccidia are not available in the
GenBank database. Moreover, there is no correlation
of branching order with genus affiliation, and a very
relative affiliation with a host in the phylogenetic tree
constructed on the basis of SSU rRNA gene sequences
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Table. Characterization of the nucleotide sequences of the cox1 gene of the representatives of the suborder Eimeriorina from
the GenBank database.

Species Host Location of NoNe GenBank
sampling site
Caryospora bigenetica Sistrurus catenatus USA KF859856
Wacha and Christiensen, 1982 (Say, 1823)
Cyclospora cayetanensis Homo sapiens Linnaeus, 1758 USA MN260359;
Ortega, Gilman & Sterling, 1994 MN260361;
MN260362;
MN260363;
MN260364;
MN260366;
MN316534;
MN316535
Eimeria acervulina Tyzzer, 1929 Gallus gallus PRC EF158855
(Linnaeus, 1758)
Eimeria anseris (Kotlan, 1932) Anser albifrons PRC MH758793
(Scopoli, 1769)
Eimeria brunetti Levine, 1942 G. gallus Canada HM771675
Eimeria falciformis (Eimer, 1870) Mus musculus Linnaeus, 1758 Germany MH777557
Eimeria flavescens Oryctolagus cuniculus (Linnaeus, 1758) PRC KP025693
Marotel & Guilhon, 1941
Eimeria furonis Hoare, 1927 Mustela putorius Canada MF774035
Linnaeus, 1758
Eimeria gaimardi Barker, O’Callaghan, and | Bettongia gaimardi (Desmarest, 1822) Australia MK202809
Beveridge, 1988
Eimeria maxima Tyzzer, 1929 G. gallus USA FJ236459
Eimeria meleagrimitis Tyzzer 1929 Meleagris gallopavo Linnaeus, 1758 Canada KJ526131
Eimeria mephitidis Andrews 1928 Mephitis mephitis Canada KT203398
(Schreber, 1776)
Eimeria mitis Tyzzer, 1929 G. gallus Chech Republic FR796699
Eimeria mundayi Barker, O’Callaghan, and Potorous tridactylus Australia MK202808
Beveridge, 1988 (Kerr, 1792)
Eimeria necatrix Johnson, 1930 G. gallus Canada HM771680
Eimeria papillata Ernst, Chobotar, & M. musculus Canada KT184377
Hammond, 1971
Eimeria piriformis O. cuniculus Chech Republic JQ993698
Kotlan & Pospesch, 1934
Eimeria potoroi Barker, O’Callaghan, and P. tridactylus Australia MK202807
Beveridge, 1988
Eimeria praecox Johnson, 1930 G. gallus Canada JQ659301
Eimeria tenella (Railliet & Lucet, 1891) G. gallus Sudan MF497440
Fantham, 1909
Eimeria subspherica Bos taurus Linnaeus, 1758 Turkey KU351704
Christensen, 1941
Eimeria trichosuri Trichosurus caninus Australia JN192136
O’Callaghan & O’Donoghue, 2001 (Ogilby, 1835)
Eimeria vermiformis Ernst, Chobotar and Apodemus flavicollis (Melchior, 1834) Germany MK257110
Hammond, 1971
Eimeria woyliei Bettongia anhydra Australia MK202806
Northover et al., 2019 Finlayson , 1957
Eimeria zuernii B. taurus Canada, PRC, HM771687;
(Rivolta, 1878) Martin, 1909 Australia KX495130;
OL770312
Eimeria sp. Coturnix coturnix Egypt MF496271
(Linnaeus, 1758)
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Species

Host

Eimeria sp. 1

Isospora amphiboluri
Cannon, 1967

Isospora butcherae
Yang, Brice, Jian & Ryan, 2018

Isospora coerebae
Berto et al., 2011

Isospora coronoideae
Liu et al., 2019

Isospora greineri Hafeez et al. 2014

Isospora gryphoni Olson, Gissing, Barta &
Middleton, 1998

Isospora lacazei (Labbé, 1893)

Isospora manorinae
Yang, Brice, Jian & Ryan 2016

Isospora mayuri Patnaik, 1966

Isospora phylidonyrisae
Yang, Brice, Berto & Ryan, 2021

Isospora picoflavae Rejman, Hak-Kovacs &
Barta, 2021

Isospora serini (Aragao, 1933)

Isospora serinuse
Yang, Brice, Elliot & Ryan 2015

Isospora superbusi
Hafeez et al. 2014

Isospora svecica
Trefancova & Kvicerova, 2019

Isospora sp.

Isospora sp. 1
Isospora sp. 2
Isospora sp. 3
Isospora sp. 4

Lankesterella minima
(Chaussat, 1850) Noller, 1912

Toxoplasma gondii
(Nicolle & Manceaux, 1908)

Tiliqua rugosa subsp. rugosa Gray, 1825

Ctenophorus nuchalis
(De Vis, 1884)

Zosterops lateralis
(Latham, 1802)

Coereba flaveola
(Linnaeus, 1758)

Corvus coronoides
Vigors & Horsfield, 1827

Lamprotornis superbus Riippell, 1845

Carduelis tristis
(Linnaeus, 1758)

Pavo cristatus Linnaeus, 1758

Manorina flavigula subsp. wayensis
(Mathews, 1912)

D. cristatus

Phylidonyris novaehollandiae (Latham,
1790)

Colaptes auratus subsp. luteus Bangs, 1898

Serinus canaria
(Linnaeus, 1758)

S. canaria
Lamprotornis superbus Riippell, 1845

Luscinia svecica subsp. cyanecula (Wolf,
1810)

Sturnus vulgaris
Linnaeus, 1758

S. canaria

M. gallopavo

S. vulgaris

Carduelis carduelis (Linnaeus, 1758)

Lithobates clamitans (Latreille, 1801)

Location of NoNe GenBank
sampling site
Australia JX839284
Australia KR108297;
MW720599
Australia KY801687
Brazil 0OK194672
Australia MK867778
Canada KR108298
Canada KC346355
PRC MW?775672
Australia KT224377
PRC MW775673
Australia MW423631
Canada NC_065382
Brazil ON584773
Australia KX276860
Canada KT203396
Chech Republic MK573841
USA 0L999169
Canada KP658103
Canada KC346356
USA 0L999161
Great Britain 0L999140
Canada KT184381
Strain ME49, Center for tropical and emerging global MNO077082
diseases, University of Georgia, USA

(Molnér et al., 2012; Couso-Pérez et al., 2019; Liu et al.,
2021). On the other hand, it was previously hypothesized
that it was the fish coccidia that gave rise to all known
coccidia lineages in other vertebrates (Rosenthal et
al., 2016; Xavier et al., 2018). Perhaps, our results are
an indirect confirmation of this hypothesis, and the
Eimeriorina* cluster (Figs. 1, 2) will be replenished
when new nucleotide data on mitochondrial genomes
of fish coccidia appear.

The obvious paraphilia of the genera Eimeria
and Goussia, which was discussed many times and
proven previously (Jirki et al., 2009; Ogedengbe
et al., 2018; Xavier et al., 2018), is also reflected in
our dendrograms. Undoubtedly, a revision of the
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main phenotypic characteristics, which determine the
taxonomic affiliation of coccidia, is required.

Eimeria cyprinorum Stankovih, 1921 (Syn.:
Goussia carpelli (Léger et Stankovith, 1921), Goussia
carpelli (Léger et Stankovith, 1921) (Syn.: Eimeria
carpelli Léger et Stankovith, 1921; E. cyprini Plehn, 1924;
E. cyprinorum Stankovith, 1921; E. wierzejskii Hoer,
1904) and Eimeria sp. (Jastrzebski, 1984; Kirjusina and
Vismanis, 2007; Belova and Krylov, 2006; Pugachev et
al., 2012) were found in the belica in the native habitat
(water bodies and watercourses of the Ponto-Caspian
basin as well as the Baltic Sea basin).

Earlier, G. carpelli was found in several species
(Pugachev et al., 2012), including Lake Baikal hornbill
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al.,, 2008), for instance, with cestodes of the genus
Caryophyllaeus (Denikina etal., 2023). Thus, the presence
of the nucleotide sequences of the representatives of
Eimeriorina in the intestines of fish could indicate
feeding of the belica by infected oligochaetes. In this
regard, the need for revision of parasites in fish of the
Angara River and Lake Baikal and additional studies of
their biology and ecology is considered.

4. Conclusion

The results of comparative analysis and
reconstruction of the phylogenetic position of
coccidia from the intestine of the belica from the
Irkutsk Reservoir revealed a significant gap in the
knowledge of their mitochondrial genomes expressed
in the absence of the cox] mtDNA gene sequences of
Eimeriorina representatives from fish in the GenBank
database. Determination of the coxl gene fragment
and comparative analysis of the obtained nucleotide
sequences and those available in genetic databases
revealed paraphilia of the genera Eimeria and Goussia.
In the dendrograms, the sequences of the belica
coccidia formed a distinct cluster Eimeriorina*, located
at the base of the tree. Polymorphism of the parasite
population was detected, but the results obtained did
not allow a clear conclusion about the abundance
of Eimeriorina species in the analyzed material and
required further investigations. Thus, the hypothesis
that coccidia of fish were ancestors of coccidia of other
vertebrates was indirectly confirmed. In this regard, the
need for revision of parasites in fish of the Angara River
and Lake Baikal and additional studies of their biology
and ecology are considered.
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PEKOHCTPYKIMN (UIOreHeTHYeCcKoro IOJIOXKEHWA KOKIOUAUN U3

[MIIeBapUTEIbHOTO TpaKTa

OOBIKHOBEHHOU BepxOBKHU Leucaspius delineatus (Heckel, 1843) m3 HpKyTCKOro BOAOXPaHUJIMINA.
OmpefesieHre U CPaBHUTEJIBHBIE aHAIN3 MOJIyYeHHBIX M MMEIUXCS B TeHeTUYecKUx 6a3ax JaHHBIX
HYKJIEOTUOHBIX [TOCJIeI0BATEJIbHOCTEN (pparMeHTa reHa coxl mpoJeMOHCTPUPOBaIU napadrivio poaoB
Eimeria u Goussia. TlocjieqoBaTesbHOCTH Ha (UIOTEHETUYECKOM JpeBe CHOPMUPOBAJIN OTEIbHbIN
KJIaCTep B OCHOBaHUU ApeBa. TakuM 06pa3oM, KOCBEHHO [TOATBEPXK/IeHa TUIIOTE3a O TOM, YTO KOKITUAUU
PHIO ABJIAIOTCSA NpegKaMy KOKIUOWKA APYTHX MO3BOHOYHBIX XUBOTHHEIX. OOcyXmaeTcss HE0OXOAUMOCTh
JOTOJITHUTEJIbHBIX UCCJIeJOBAHUI U MPOBeeHNs PeBU3UM KOKIUANI Y peib p. AHrapa u o3. batikai.

Kimoueavie ciiosa: Eimeriorina, Leucaspius delineatus, ret cox1, UpkyTckoe BofgoxpaHuniie, balikaabCckuil pernoH

1. BBeaenue

AKTUBHOCTb  XO3SIMICTBEHHOII  JeATEJIbHOCTU
YyeJIoBeKa, HalpaBIeHHO! Ha U3MeHeHUEe U PETYJIALNI0
€CTEeCTBEHHBIX BOJIOTOKOB, peKpealjioOHHOe OCBOEHHE
OeperoBoil  30HB U  pa3BUTHE  AaKBaKyJIbTYDHI,
CyIleCTBeHHO BoO3pocjia 3a mnocjiegHue 100 Jer.
[To6ounbiM  3ddexToM 3TOro mpolmecca  CTajlo
pacrpocTpaHeHUe 3a MpeJesibl eCTECTBEHHBIX apeaioB
U UHTPOAYKIUSA Pa3IUYHBIX BUJOB T'HUIPOOHOHTOB
(Bancila et al., 2022; Bernery et al., 2022; Zhu et al.,
2022; Truter et al., 2023).

Hapsamy ¢  OYEeBUIHBIMM  MOCJEACTBUAMU
B3auMOZeNCTBUA MecTHONM <¢ayHbB C  BHIAMWU-
BCeJIEHI[aMU (KOHKypeHIIUs u XUIITHUYECTBO;
reHeTUYeCcKrue  BO3JENCTBUA, TUOpUAU3aAIUSa U
WHTPOTPECCUs), CYIeCTBYeT yrpo3a WHTPOAYKITUU
accOITMUPOBAHHBIX MapasvUTOB W APYTUX MMaTOTEHHBIX
arenToB (Ellender and Weyl, 2014; Truter et al., 2023).
OnwucaHbl 3HAYMTEJIbHbIE SMU300TUM B TOMyJIAINUAX
PAa3JIMYHBIX BUOB PbI0, BRI3BaHHbBIE 3aBe3€HHBIMU BMECTE
¢ o6beKTaMM aKBaKyJIbTYpPhl BUPYyCaMM, OOMMIIETAMU
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n npocredmumu (Kaminskas, 2021). Hampuwmep,
CyIleCcTBeHHBIN ypoH uxtuodayHe EBpors u AMepuku
HaHec Sphaerothecum destruens Arkush, Mendoza,
Adkison & Hedrick, 2003 — BHYyTpHUKJIETOYHBIH TAPA3UT
UHTpOAyLHpoBaHHOr0 u3 Kutasa amypckoro udebauka
Pseudorasbora parva (Temminck & Schlegel, 1846)
(Andreou et al., 2012). B cBs3U ¢ 3TUM, MOJIEKYJIAPHO-
reHeTHh4YecKre 1UccaeqoBaHus 0COOeHHO BOCTPeOOBaHbI
IpY ONMCAHUU PAaCIPOCTPAHEHUs MHBA3UBHBIX BUIOB
pBIO, a Takxke ux nmapa3utos (Ali et al., 2022; Alyamkin
et al., 2022; Dos Santos and Avenant-Oldewage, 2022).

Bce npefcTaBUTeN M THIA IPOCTEHIINX SPOrozoa
wi Apicomplexa wu3 rpymmbel Alveolata sBsTCA
OTHOKJIETOYHBIMU 06JIUTaTHEIMU napasuTaMu
MHOTOKJIETOYHBIX JKUBOTHBIX, a TaKXe CYUTAIOTCA
ONHUMHU U3 CaMbIX YCIENIHBIX Iapa3suTOB B MUpPE
(Morrison, 2009). Ilpennosiaraercsi, uro 6oJyiee 6000
OINMCAHHBIX BUAOB cocTaBJIAIT Bcero 0,1% ot oliero
ux pasHoobpasusa (Morrison, 2009). IIpeacraBurenu
Apicomplexa, mpuHagiexarmiye pogam Cryptosporidium,
Plasmodium, Toxoplasma w  Babesia sBJAIOTCA
BO30yuTEeSIsIMU 3a00JIeBaHUN YesioBeKa M XUBOTHBIX,

© Asrop(s1) 2023. DTa pabora pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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3HAYUTEJIbHBIHN ypOH
MIPOU3BOJACTBY HAHOCAT

CeJIbCKOXO3AHCTBEHHOMY
xoknuauu  (Conoidasida:
Eimeriorina). OpHako, HeCMOTps Ha MIMUPOKOE
pacmpocTpaHeHWe U XO3AHCTBEHHOE  3HAYeHUE,
HCCce/I0BaHUs SBOJTIOLIMOHHBIX OTHOIIIEHU
BHYTPU OTOW TpYyNmbl TOJILKO HauyuHaTcs (Arisue
and Hashimoto, 2015; Xavier et al.,, 2018).
TakcoOHOMUSI KOKIUAMNA K HACTOSIMIEMYy BpeMeHU
HaxXoUTCA B CTaAuu pa3paboTKA, MHOTHE POJIbI
SABJIAIOTCA Tapad@UIeTUYECKHUMM, YTO CTaBUT O[]
COMHEHUE II€HHOCTh CTPOTUX MOPGOJIOTHYECKUX
U DKOJIOTUYECKUX TPU3HAKOB [JiA KjacCU(pUKAIIUU
mapa3utoB (Ogedengbe et al., 2018; Xavier et al., 2018).
IIpu stom mnpepacrtaBuTenu noporpsAna Eimeriorina y
BOJIHBIX JXMBOTHBIX M3yYeHBI 3HAUYUTEJIBHO XyXe, YyeM
y HasemHbiX. OAHAKO, Oaxe WMEIOIMNECs CKygHbIe
JaHHbIe 0 TOCJIef0BAaTeJIbHOCTAX MaJIOU CyObeJUHUIIIBI
pubocomasibHoii PHK (MCE pPHK) mo3BOJIAIOT
MPEANOJIOKUTh, YTO MMEHHO OHU SIBJIAIOTCS 0A30BBHIMU
rpymnmnaMmu BHyTpu cemeiicts (Jirka et al., 2009; Xavier
et al., 2018).

OO6BIKHOBEHHAs BEPXOBKa Leucaspius
delineatus (Heckel, 1843), ucTopuuecku ABJISABIIAACA
npeacrtasuteneM [lonTto-Kacnuiickolli uxTHodayHsI,
3HAYUTEJIPHO paclIMpujia CBOM apeayjl B pe3yJibTaTe
HemnpeJHaMEePEHHOU WHTPOAYKUUN U IOCJIeAYIONEro
camopacceJieHUs1 (CptHBKO u TeperieHko,
2014; PemetHukoB u 1p., 2017). MoJeKyJisipHO-
reHeTUYeCKUe UCCJIeOBAaHNS OOBIKHOBEHHOIN BEPXOBKU
u3 HWpKyTCcKOrOo  BONOXpAHWIHINA  NOATBEPAUIIA
CBeJIEeHUs O CJTyYallHOM 3aHOoce Bujja u3 EBponeiickon
yactu Poccum (Kulakova et al., 2022). B HaTUBHOM
apeajie 'y OOBIKHOBEHHOU BEPXOBKU OTMEYEHBI
npeacTaBuTes i Koknuauii (Jastrzebski, 1984; Besosa
u KpsuioB, 2006; IlyraueB u ap., 2012). Cenmenus
0 (ayHe mnapa3uTOB OOBIKHOBEHHOU BEPXOBKU
u3 HpKyTCKOTO BOJOXPAHWIWIA MAaJIOYMCJIEHHBI
(denukuHa u ap., 2023). B cBsA3u ¢ 3TUM, IEJIBIO
WICCJIE/IOBAHUS ABJISAJIOCH TTPOBE/IEHNE CPABHUTEILHOTO
aHa/JM3a W PEKOHCTPYKIUU  (UIOTEeHETUYECKOTO
TOJIOXKEHUST KOKIUUIN M3 MUIIEeBapPUTEIbHOTO TPAKTa
OOBIKHOBEHHOU BEPXOBKU.

2. MaTepunanbl 1 MEeTOADI

Mecto oTJioBa pei® ¢ KoopauHaTamu 52°12’37”
cam., 104°25'28” B.Aa. pacnosioxeHo B HpKyTcKkom
BOJIOXpaHWIMIIe Ha peke AHrapa. Pri6 oTJjiaBiuBajiu
C TOMOIIBI0 KPIOYKOBOM CHAcTU ¢ IJIyOuH 2-3 M
B wutosie u asrycre 2019 roma. OBTaHasui psId
poBOAWJIM  Iepefo3upoBkoii aHecretuka (I'OCT
33219-2014, 2016) c ucnoss3oBaHueM 2% pacTBOpa
mupokanHa (Lidocaine Bufus, Renewal, Poccus).
Bcero Obuio oTsioBJIeHO 20 MOJIOBO3pEsBIX OCOOeli.
OG6pa3sipl TpaHCHIOPTUPOBAJIX BO JIBAY U XpaHWJIN IPpU
Temnepatype -20°C. Macca u craHgapTHas [JIMHa
nccye10BaHHbIX peIb (cpeausas *+ SE) cocraBuia 2,6 +
0,2r u 58 + 1,4 cMm coorBerctBenHo (Kulakova et al.,
2022; MenuxkuHa u gp., 2023).

Jna seigenenua JHK ot Bcex ocobeil Opasiu
MUIEBAPUTESIBHBI TPaKT BMeCTe C COLEPXKHMBIM.
CymMapnyto THK BrienAanu ¢ nomombo Habopa AjA
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skcrpakiuu  «AmrmmCenc JTHK-cop6-AM» (Poccus)
B COOTBETCTBUM C WHCTPYKLHEH IPOU3BOAUTEJIA.
@dparMeHT reHa NepBOH CyObeAUHULB LUTOXPOM-C-
okcupassl (cox1) ammmbunuposaay c NpaiMepaMu
MiSeq: COIintF 5tcgtcggcagcgtcagatgtgtataagagacagG
GWACWGGWTGAACWGTWTAYCCYCC u dgHCO2198
5°gtctegtgggetecggagatgtgtataagagacagTAIACYTCIGGR
TGICCRAARAAYCA (Leray et al., 2013). BuGiuoreky
M3 OYUI[eHHOro IyJia aMIUIMKOHOB CKOHCTPYUPOBAIU
¢ wucnosib3oBanreM Ha6opa Nextera XT (Illumina,

Xewisopn, Kamudopuus, CIIA), HyKJIe€OTUIHbIE
MOCJIEIOBAaTEIbHOCTU ~ OTpENessyIi € TTOMOIIBIO
IMlumina NextSeq. Ilociie GuouHPOPMAIMOHHOM

00paboTKM TOJIyuYeHHBIe IepeKphIBal[ecs MapHbe
npouteHusi (KOHTUTHU) OBUTM OTOUIBTPOBAHBI TIO
KayecTBY MPOYTEHUN W WX JJIMHE. PerucTparvoHHBIA
HOMEp TOJIyYeHHBIX JTAHHBIX B MEXAyHapoIHOU 6aze
NCBI: PRINA648490 ([lenukunHa u 1p., 2023).

[lepBuuHylo  006pabOTKy ¥  TPAHCJIAIUIO
MOJTyYeHHBIX HYKJIEOTHHBIX TOCJIE0BATEIBHOCTEN
U JAaHHBIX O TMpeJcTaBUTEeNsIX noAoTpsiga Eimeriorina,
mpejfcTaBjieHHBIx B 6Gase GenBank (Ta6smra),
mpoBOAWIM B penakTope BioEdit, BelpaBHHMBaIM C
noMortnbio nporpaMmmal ClustalW.

OUJIOreHeTUYECKU  aHAIM3 TPOBOAWIIM  C
rcnoJib3oBaHueM mporpammbl MEGA7 (Kumar et al.,
2016). DBOJIIOIMOHHYI0 HCTOPUI0, OCHOBAHHYIO Ha
HYKJIEOTUHBIX  IOCJIE/IOBATEIbHOCTAX, BBIBOAUWJIA
METOJO0M MaKCHUMaJIbHOT'O IIPaBAONO00UA ¢ IOMOIIBIO
mogenu Tamypoi-Hesa (Tamura and Nei, 1993). [{na
BHIBEJIEHUsI DBOJIIOIIOHHONW WCTOPUY, OCHOBAaHHOU
Ha aMHWHOKHUCJIOTHBIX IIOCJIE[JOBATEJIbHOCTAX, OBbLIa
BhiOpaHa wMojenb JIu-Tackyans (Nei and Kumar,
2000; Le and Gascuel, 2008). B oboux ciay4aax Ojs
MOJEJIMPOBAHUA PA3JIMYUNA B CKOPOCTH DBOJIIOI[UN
MeXAy calTaMyd WCIOJIb30BaJId JUCKPETHOE TramMma-
pacnpefesienre, CTaTHUCTUYECKYI0 MOAAEPXKY Y3JIOB
BeTBell OIleHHWBaJId C IMOMOIMIbI0 OyT-CTpen aHaIu3a,
2000 peruiMkarnuii.

3. Pe3ynbTaTthbl H 06Cy)KAEeHHE

B pesyspTare aHasu3a JAaHHBIX MeTareHOMHOTO
cekBeHupoBaHusa JIHK nuieBapuTesIbHBEIX TPakKTOB
OOBIKHOBEHHOM BEPXOBKU OBLIU orpeJieJiIeHbl
MocJIeJOBaTeJIbHOCTU KOKIUAu. IIpecTaBjieHHOCTH
nocsyenosaresbHocTell Eimeriorina B oOmeM myJie
coctaBuia Oosiee 6,4%. BriABieH mnoIUMOPPU3IM
MOMYJIAUM MApa3uTOB: NPUCYTCTBYIOT 9 TeHOTUIIOB,
npu 3ToM 99% mnociiefoBaTeJbHOCTEN IpUHAAJIEXAT
K uvetsipem (76,14; 10,65; 7,95 u 4,3%). I'eHOTUIIBI
OTJIMYAITCA MeXOy cO00O0I TOYeYHBIMH MYyTaluAMU,
TOJIBKO B TpeX caiiTax NPUBOAAIIUMM K 3aMeHam
aMUHOKUCJIOT Ha CXOIHBIE 10 3apsgay u paaukaiy (V
Ha ). [TosTy4eHHbIe pe3yJIbTaTHl He MO3BOJIAIOT CIEIaTh
OJTHO3HAYHBIM BBHIBOJ O KOJiMuecTBe BHA0B Eimeriorina
B NpoaHAJIM3UPOBAHHOM Marepuaje U TpeOyioT
JOTOJTHUTEIbHBIX HCCJIeJOBaHUII.

Kokmuauu peid CpaBHUTEJIBHO MaJIOM3y4eHHl U
HYKJIEOTHHbIE AaHHBIE UII HUX KpalHe CKyIOHHI (B
JayumieM ciydae onpefeiieHsl reHsl MCE pPHK). OtoT
daxT 00yCJI0BJIEH OTCYTCTBHEM TaKCOH-CIEITU(PUIHBIX
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Ta6smmna. XapakTepuCTHKA MpecTaBJeHHbX B 0aze maHHBIX GenBank HyKJIEOTHAHBIX MOCJe0BaTeIbHOCTEl reHa coxl
npeacrasuresieii Eimeriorina

Bup Xo03AuH MecTto oT6opa npo6 NoNe GenBank
Caryospora bigenetica Sistrurus catenatus CIIA KF859856
Wacha and Christiensen, 1982 (Say, 1823)

Cyclospora cayetanensis Homo sapiens Linnaeus, 1758 CIITA MN260359;

Ortega, Gilman & Sterling, 1994 MN260361;

MN260362;

MN260363;

MN260364;

MN260366;

MN316534;

MN316535

Eimeria acervulina Tyzzer, 1929 Gallus gallus KHP EF158855
(Linnaeus, 1758)

Eimeria anseris (Kotlan, 1932) Anser albifrons KHP MH758793
(Scopoli, 1769)

Eimeria brunetti Levine, 1942 G. gallus Kanama HM771675

Eimeria falciformis (Eimer, 1870) Mus musculus Linnaeus, 1758 T'epmaHus MH777557

Eimeria flavescens Oryctolagus cuniculus (Linnaeus, KHP KP025693

Marotel & Guilhon, 1941 1758)

Eimeria furonis Hoare, 1927 Mustela putorius Kanama MF774035
Linnaeus, 1758

Eimeria gaimardi Barker, O’Callaghan, and Bettongia gaimardi (Desmarest, Apcrpanus MK202809

Beveridge, 1988 1822)

Eimeria maxima Tyzzer, 1929 G. gallus CIIA FJ236459
Eimeria meleagrimitis Tyzzer 1929 Meleagris gallopavo Linnaeus, Kanana KJ526131
1758
Eimeria mephitidis Andrews 1928 Mephitis mephitis Kanapna KT203398
(Schreber, 1776)

Eimeria mitis Tyzzer, 1929 G. gallus Yemickas Pecry6iiika FR796699
Eimeria mundayi Barker, O’Callaghan, and Potorous tridactylus ABcTpanus MK202808
Beveridge, 1988 (Kerr, 1792)
Eimeria necatrix Johnson, 1930 G. gallus Kanama HM771680
Eimeria papillata Ernst, Chobotar, & M. musculus Kanama KT184377
Hammond, 1971
Eimeria piriformis O. cuniculus Yeuickas Pecrybyinka JQ993698
Kotlan & Pospesch, 1934
Eimeria potoroi Barker, O’Callaghan, and P. tridactylus ABctpanus MK202807
Beveridge, 1988
Eimeria praecox Johnson, 1930 G. gallus Kanapga JQ659301
Eimeria tenella (Railliet & Lucet, 1891) G. gallus CynaH MF497440
Fantham, 1909
Eimeria subspherica Bos taurus Linnaeus, 1758 Typrus KU351704
Christensen, 1941
Eimeria trichosuri Trichosurus caninus ABcrpanus JN192136
O’Callaghan & O’Donoghue, 2001 (Ogilby, 1835)
Eimeria vermiformis Ernst, Chobotar and Apodemus flavicollis (Melchior, T'epmaHuA MK257110
Hammond, 1971 1834)
Eimeria woyliei Bettongia anhydra Apcrpanus MK202806
Northover et al., 2019 Finlayson , 1957
Eimeria zuernii B. taurus Kanagna, KHP, HM771687;
(Rivolta, 1878) Martin, 1909 AscTpanus KX495130;
OL770312
Eimeria sp. Coturnix coturnix Erumnet MF496271
(Linnaeus, 1758)
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Bup Xo3AuH MecTto oT60pa npob NoNo GenBank
Eimeria sp. 1 Tiliqua rugosa subsp. rugosa Gray, ABctpanusa JX839284
1825
Isospora amphiboluri Ctenophorus nuchalis Apctpanus KR108297;
Cannon, 1967 (De Vis, 1884) MW720599
Isospora butcherae Zosterops lateralis Apctpanus KY801687
Yang, Brice, Jian & Ryan, 2018 (Latham, 1802)
Isospora coerebae Coereba flaveola Bpasunus 0OK194672
Berto et al., 2011 (Linnaeus, 1758)
Isospora coronoideae Corvus coronoides AscTpanus MK867778
Liu et al., 2019 Vigors & Horsfield, 1827
Isospora greineri Hafeez et al. 2014 Lamprotornis superbus Riippell, Kanapna KR108298
1845
Isospora gryphoni Olson, Gissing, Barta & Carduelis tristis Kanapna KC346355
Middleton, 1998 (Linnaeus, 1758)
Isospora lacazei (Labbé, 1893) Pavo cristatus Linnaeus, 1758 KHP MW775672
Isospora manorinae Manorina flavigula subsp. wayensis ABctpanus KT224377
Yang, Brice, Jian & Ryan 2016 (Mathews, 1912)
Isospora mayuri Patnaik, 1966 P. cristatus KHP MW?775673
Isospora phylidonyrisae Phylidonyris novaehollandiae ABctpanus MW423631
Yang, Brice, Berto & Ryan, 2021 (Latham, 1790)
Isospora picoflavae Rejman, Hak-Kovacs & Colaptes auratus subsp. luteus Kanapga NC_065382
Barta, 2021 Bangs, 1898
Isospora serini (Aragao, 1933) Serinus canaria Bpasunus ON584773
(Linnaeus, 1758)
Isospora serinuse S. canaria AgcTpanus KX276860
Yang, Brice, Elliot & Ryan 2015
Isospora superbusi Lamprotornis superbus Riippell, Kanapna KT203396
Hafeez et al. 2014 1845
Isospora svecica Luscinia svecica subsp. cyanecula | Yemickas Pecry6yinka MK573841
Trefancova & Kvicerova, 2019 (Wolf, 1810)
Isospora sp. Sturnus vulgaris CIIA 0OL999169
Linnaeus, 1758
Isospora sp. 1 S. canaria Kananma KP658103
Isospora sp. 2 M. gallopavo Kanapna KC346356
Isospora sp. 3 S. vulgaris CIITA 0L999161
Isospora sp. 4 Carduelis carduelis (Linnaeus, BenukoGpuranus 0L999140
1758)
Lankesterella minima Lithobates clamitans (Latreille, Kanama KT184381
(Chaussat, 1850) Noller, 1912 1801)
Toxoplasma gondii MItamm ME49, LleHTp TpONMYeCKUX M HOBBHIX IJ100aJIbHBIX MNO077082
(Nicolle & Manceaux, 1908) 3abosieBanuil, YauBepcuteT Jxopmkuu, CIIA
KOHCcepBaTHUBHBEIX paiioHoB B reHe MCE pPHK, uTto KpPYyIIHBIX  BeTBell  kpaitiHe Husku (ot  0%).
3aTpydHseT I[pAMYH  MOJIEKYJIAPHO-T€HEeTUUYECKYI0 dusioreHeTUYeCKass  PEKOHCTPYKLYsA, OCHOBaHHasd

nuarHoctuky Eimeriorina. IlociieqoBaresibHOCTH reHa
cox1mvtJHKkokunauiipei6B6aze GenBankoTcyTCTBYIOT.
B anasimze ObUIM MCIOJIB30BAHBI II0CJIEOBATEJIBHOCTH
npencraButeneln  Eimeriorina  nTum,  TPHI3YHOB,
[IPYMAaTOB, CyMYaThIX 1 IPECMBIKAIOLINXCS; B KayecTBe
ayT-rpyIIbl IpejcTaBjieHa I0c/ieJoBaTeIbHOCTh IeHa
cox1 mtIHK Toxoplasma gondii (Ta6suia, Puc. 1).

Ha JleHAporpamMme HYKJICOTHHEIE
[IoCeJOBaTeJIbHOCTY  KOKIUAWI 13  BEepXOBKU
copmupoBann  otaesnbHbI  Kiactep Eimeriorina*,
pacmoJIoOKeHHBII B OcHoBaHmu pApeBa (Puc. 1).
I[Ipu >TOM [JpeBO HepaspelleHHOe, IOJJEepPXKU
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Ha aHajJu3e COOTBETCTBYIOUIMX aMHHOKUCJIOTHBIX
nocJiegoBatebHOCTeN (Puc. 2), ropa3o JoCTOBEpHee:
kiactep Eimeriorina* cdopmupoBaH ¢ 60j1ee 3HaYNMOUN
noaaepxkoi (85%). Ilpu sTOM BeTBjeHHE BHYTpHU
KJlacTepa KOKIUAWI M3 Ha3eMHBIX [T03BOHOYHBIX, KaK
U B Cjydyae HYKJICOTHMAHBIX II0CJIe[JOBaTeIbHOCTEH,
nojiepxkaHo cj1abo u MaJiofjoctoBepHo (Puc. 2).

C opHON CTOpOHB, 3TOT akT sABJAeTCA
CBU/IETEeJIbCTBOM 3HAYUTEJIbHOIO INpobesia B 3HAHUAX
O MHTOXOHJIpUAJIbHBIX TeHOMax OTHX Iapa3uToB,
MIOCKOJIBKY MOcjaenoBaTesibHOCTH reHa coxl wmtJJHK
koknuauii u3 pei6 B 6aze GenBank oTcyTCTBYIOT.
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Isospora mayuri O
Isospora superbusi O

KpOMe TOro, Ha (I)I/I.TIOI"eHeTI/I‘IeCKOM

JpeBe, MOCTPOEHHOM Ha OCHOBAHUU 13 Eimeria subspherica m
. Isospora coronoideae 0O
nocsiegosaresapbHocTer reHoB MCE pPHK, Isospora butcherae O

HET KOoppejiAu1 IIoOpAAKa BETBJIEHUA 42 Eggggg gfﬂfgfg rgae i

Isospora sp. O
C MPHHAJIEXHOCTBIO POAY, M BechbMa e i
OTHOCUTEJIbHASA C IMPUHAAJIEXHOCTHIO Isospora serini O
xo3auHy (Molnér et al., 2012; Couso- Emea s i n
Pérez et al.,, 2019; Liu et al.,, 2021).

Mammalia: Placentalia
Mammalia: Marsupialia 40

A Isospora lacazei O
ves 17 Isospora serinuse O

Isospora manorinae O

H B B O @ @&

C fpyroil CTOpOHH, paHee ObLIa Reptilia 99\ - Eimeria falciformis m
o 0—[ - Eimeria vermiformis m
chopMyIMpOBaHa TMIOTE3a O TOM, 4YTO Amphibia oI\ Isospora picoflavae o
. H Isospora amphiboluri m
MMEHHO KOKIIMMY PO Aajiv Ha4ajio BCeM Actinopteri b Caryospora bigenetica =
MN3BECTHBIM JIMHUAM KOKIIUOUN TUX Lankesterella minima m
3BeC 1 A OKLHMA Y APY Eimeria woyliei m
[MO3BOHOYHBIX XMUBOTHEIX (Rosenthal et ol Eimeria mundayi m
: Eimeria trichosuri m
al., 2016; Xavier et al., 2018). Bo3moxHO, o E-""”e'?a gar,-ma,_d,- .
3 98' Limeria potorol
Halllkd pe3yJIbTaThl SABJIAITCA KOCBEHHBIM 3 Sl el
MoATBepXXAeHWeM JTOM TUIIOTe3bl, U 32l _r Eimeria flavescens m
ATBEPXK > 90! Eimeria piriformis m
MpU TMOABJEHUU HOBBIX HYKJIEOTHIHBIX 80— Eimeria mephitidis ®
JAHHBIX O MUTOXOHPHUAJIbHBIX T€HOMAaX agl, TR .
4 EE.tmena papiflata =

Eimerfa zuernii m

39 Eimeria brunetti 0O
L Eimeria maxima O
Eimeria mitis 0O

Eimeria praecox O
% Cyclospora cayetanensis m

koknuauii pei6 kiactep Eimeriorina*
(Puc. 1, 2) 6ymeT NOMOJIHATHCS.
OueBypHasa mnapaduwinsa PpoLoB
Eimeria u  Goussia, HEOAHOKPATHO
obcyxfeHHasd W JoKa3aHHasd paHee
(Jirka et al., 2009; Ogedengbe et al., — Ei :
2018; Xavier et al., 2018), Hamuia o ETROT Hecetix N
OTpaXxeHUe W Ha HalllUX JeHJporpaMmax. %Eime?.g;ig:,:fma A
HecomHeHnHo, Tpe0yeTcsi  IepecMOTp
OCHOBHBIX (DEeHOTUNNYEeCKUX IPU3HAKOB,
onpeesAINX TaKCOHOMUYECKYIO

Eimeria sp. O

5| Eimeria anseris O

g4 Eimeria acervulina o
Eimeria meleagrimitis O

1
Puc.1. OuoreHeTUYeCcKoe [pPEBO IMpeACTABUTENIEH TOA0TPsAOA
., Eimeriorina, mocTpoeHHOe MeTOAOM MAaKCHMAaJIbHOTO MpaBAONOA0o0ms
IPpUHAQJIEXKHOCTh KOKIMOUU. .,
Ha OCHOBAaHUM HYKJIEOTUAHBIX IMOCJIeOBAaTeJbHOCTEH (parMeHTOB reHa

B narnsHoM apeaie (BoiloeMH cox1 muroxonapuansHoit JHK. Eimeriorina* — mocjienoBaTeJIbHOCTH U3
78 BOJOTOKU ITonro-Kacnuiickoro OGBIKHOBEHHO! BEPXOBKIL.

bacceiiHa), a Takxe B 0OacceliHe
Bantuiickoro Mopss y OOBIKHOBEHHOU

53 99, Eimeria zuernii m
0] ' Eimeria brunetti 0

BEPXOBKM OTMeueHBl Eimeria cyprinorum [ Ehmert %@ﬁﬁ{#fﬁ:%:
. : . Eimeria miti
Stankovih, 1921 (Syn.: Goussia carpelli i i,

(Léger et Stankovith, 1921), Goussia . . P el il
carpelli (Léger et Stankovith, 1921) (Syn.: £ Mannalia: Plicsnalis g g
Eimeria carpelli Léger et Stankovith, 1921; = Mammalia: Marsupialia " Ef,’,';’_ﬁ;"s;?"é”" .
E. cyprini Plehn, 1924; E. cyprinorum . Aves. _ gnfﬁé%erifm?ﬁu'f?ﬁfangmf’m &
Stankovith, 1921; E. wierzejskii Hoer, = Reptilia E:Je%fs".’f‘ff Gt
1904) u Eimeria sp. (Jastrzebski, 1984; = Amphibia 3| | Eimania pirsormia =
KirjuSina and Vismanis, 2007; Benosa u s Actinopteri :;gxgggggf’ir%us' :
Kpsutos, 2006; ITyraues u zp., 2012). Eﬁ%ﬁ;&iﬂ ;-'f';'?’n";?;g'.
Panee G. carpelli 6bl1a OTMEUeHa y i Isospora sp. 1 o
pasubix BugoB (IIyraueB u gp., 2012), B ggggg gg;fguge ¥
TOM 4YMCJIe U y POTaTKOBUIHBIX pPHIO 03. 11 gg’ggg i LSO
bBatikas: 6OJIBIIETOJIOBON IMMPOKOJIOOKU nggggg gﬂfg}gﬁgﬂé o
Batrachocottus  baicalensis  (Dybowski, e e a
1874), necuaHoi mmpoko06ku Leocottus ot syl o N
kesslerii (Dybowski, 1874) 1 mIpOKOPBLION 55 o e
mupokosio6ku  Cyphocottus — eurystomus i3 i facazel 0
(Taliev, 1955) (Illyssman u 3avka, 1964; a@ Eﬂﬁﬁ:ﬁ%’ﬁ;’?”ﬁ“" &
3auka, 1965). CrekTp BHIOB Iapa3uTOB = ,Eférgfigfvgﬁ?e?;-'.
BEPXOBKM B  KOHKDETHOM  BOJIOEMeE A e e &
3aBUCHUT OT YCJIOBUI OOUTAHMs XO3AMHA U iyl el
cocTaBa mapasuTodayHs JOMUHUPYIOIAX “Bperiadmr Toxoplasma gondii ®
BUJIOB phIOHOTO HacesieHus ([JOpOBCKUX, 070
2019). UpkyTckoe  BOAOXpaHUJIMIIE Puc.2. ®uioreHeTHYecKoe MAPEBO TPeCTaBUTeNIel MOAO0TpAAa
pacIoJioxkeHo Ha ydacTke p. AHrapa ot Eimeriorina, mocTpoeHHOE METOOOM MaKCHMMAaJIbHOTO MPaBIONOA00MUA Ha
Batikana go r. Hpkyrtcka. Obmasa ero OCHOBaHUM aMHHOKMCJIOTHBIX IOCJIefloBaTeJIbHOCTell (pparMeHTOB Oejka
IUIOIIAAb COCTABJIAET 15 THIC. TA U MOYTU Cox1. Eimeriorina* — nocjiefoBaTeJIbHOCTU U3 OOBIKHOBEHHOU BEPXOBKU.
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YeTBepTh ee MPUXOJUTCA Ha 3aJUBBl U MEJIKOBOIBA.
BospierosioBas MUPOKOJIOOKA B BEPXHEM U CpedHEM
cTBopax MpKyTCKOro BOJOXpaHWIMINA BCTpedaeTcs
Ha KaMeHHUCTO-UJIMCTHIX rpyHTax. [Mecuanas
IIMpOKoJIO0Ka pacnpocTpaHeHa B peke AHrapa
OT WCTOKa [0 VYCThA, HauOOJbIIEN YNCJIEHHOCTU
Jgocturaer B IpUOpPeXHON 30He BOAOXPaHWJIMINA
C TIecYaHBIMM, WINCTO-IIeCYaHbBIMM U KaMeHMCTO-
necyaHbiMu rpyHTamu (Bormanos, 2015). BepxoBka
MpeJIoYnTaeT MeJIKOBOJAHBIE U XOPOLIO [IporpeBaeMeble
Y4aCTK{ aKBaTOPUU C WJIUCTHIM U [TeCYaHbIM I'PYHTOM.
B HacTosIee BpeMs OPUHATO CUMTaTh, 4To G. carpelli
ABJIAeTcA crequdUYHBIM IapasuToM Kapma Cyprinus
carpio Linnaeus, 1758 (Molnar et al., 2005), a y
MHOTHUX PbIO M3 IPEXHEero CIKcKa ee X03sAeB UMeTCsA
CBOM OT[ieJibHBIEe BUAB Kokiuauii (CokoJioB u Moy,
2014). B cBgA3u C 2TUM, HEOOXOAMMO KOMIIJIEKCHOE
Mop@oJioruueckoe U MOJIEKYJIApDHO-TeHeThYecKoe
n3yyeHre OSTHUX [apa3uToB, OCOOEHHO IINPOKO
pacrIpocTpaHeHHOU y pa3jInYHBIX CHCTeMaTUYeCcKuX
rpynn pei6 G. carpelli.

Kpome »sTOro, paHee B 3KCllepUMeEHTaIbHBIX
yCaoBUAX OBUJIO [OKAa3aHO, YTO NHTaHue pbIo
onuroxeramu pomoB Tubifex u Limnodrilus, comepxa-
IUMU cIIopo30uTHI G. carpelli, cmocoGCTByeT 3apakeHUI0
pei6 (Molnar and Ostoros, 2007). IIpeicTaBUTEIN 3TUX
pOJOB, obUTaIe B MeIJIeHHOTEKYIINX UJIN CTOSINX
BOJI0EMAX C WJIMCTBIMM H/WJIN TeCYaHBIMU I'PyHTaMU
OB OTMeuYeHH B cocTaBe 3000eHTOca BOLOEMOB
OacceiiHa 03. bBatikan (Cemepnoii, 2001). UpkyTckoe
BOJIOXpaHUJINIIE oABepKeHO aHTPOIIOTeHHOMY
BO3AENCTBUIO: 3HAYUTEJIBHBIM KOJieOaHHAM YPOBHA
Boabl (BerukoB u HukutyH, 2015) u pekpeanmioHHON
Harpy3ke. PaHee ObUTO 1OKa3aHO, 4YTO (aKTOPHI
cpensl  (yBeJlMueHHOe IOCTyIUIEHHWE B BOLOEM
OUOTeHHBIX JJIEMEHTOB, CHIXKeHHe YPOBHA BOLH,
HeOJIaronpuATHEIE TeMIepaTypHble YCJIOBUA U Ap.)
MIPUBOJAT K HaAuOOJIBLIIEMY PpaclpOCTPaHEHUIO cpefu
Apyrux IpefcTaBUTesiell NOHHOH ¢ayHBl OJINTOXeT,
YTO CHOCOOCTBYeT BO3pACTaHUIO0 3apaXeHHOCTU PEHIO
napasutamu (HoBoxarkass u ap., 2008; Jirsa et al.,
2008), nampumep, necromamu pona Caryophyllaeus
(denukuHa u ap., 2023). Takum obpa3oM, HaJIT4uuve
B [HUINEBAPUTEJIBHOM TpakTe pbl0 HyKJIEOTUAHBIX
nocjefoBareyibHOCTell mnpefcraBuresiell Eimeriorina
MOXeT CBUAETEeJIbCTBOBAaTh O IHUTAaHUU BEepPXOBKU
3apakeHHBIMM OJIMTOXeTaMu. B c¢BA3u ¢ 3TuM
[epCHEeKTUBHBIM SABJIAETCA He TOJIbKO IIpOBe/ieHue
peBu3nU apasuToB y peib p. AHrapa u o3. batikan, HO
U uccjefoBaHUe X OHOJIOTUM U SKOJIOTU.

4. 3aknioueHue

PesysipTaThl  CPaBHUTEJIPHOTO  aHa/M3a U
PEeKOHCTPYKIUA  (PUJIOTeHEeTUYeCKOro  IO0JIOXKeHU:A
KOKIMAUI U3 UIEeBAPUTEIbHOTO TPAKTa 0OBIKHOBEHHOM
BEpPXOBKU u3 WpkyTtckoro BOZOXPaHWJIHIIA
BBIABIJIM 3HAUMTEJIbHBIM Ipo0esl B 3HaHUAX 00 ux
MUTOXOHAPHUAJIBHEIX T'€HOMAaX, BBIpaXammuiici B
OTCYTCTBMH IOCJIefoBaTeJbHOCTeN reHa coxl mtIHK
npeacrasutesieil Eimeriorina u3 pri6 B 6aze GenBank.
OnpepesieHue pparMeHTa reHa coxl v CpaBHUTEJIbHBIN
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aHA/IM3 TOJIYYEHHBIX U UMEIOUIUXCA B T€HETUYECKUX
0azax AaHHBIX HYKJIEOTUOHBIX TOCJIEN0BATEJIBHOCTEN
poJieMOHCTpUpoBanu napadpuianio ponos Eimeria u
Goussia. ITocsieqoBaTeJIbHOCTU KOKIUAWN U3 BEPXOBKU

Ha JeHAporpaMmax c(opMHUpOBaaIu  OTAEJIbHBIN
KJIacTep, pacloJIOKeHHBII B OCHOBaHMHU JpeBa.
BoiaBneH mnosuMopduU3M —IHONYJIALWM  [apasuToB,

OQHAKO TMOJIyYeHHbIE pe3yJabTaTbl He I03BOJIAIT
cAesaTh OJHO3HAUHBIM BBIBOJ O KOJIMYECTBE BHJIOB
Eimeriorina B IpoaHaIM3UPOBAaHHOM MaTepuajle u
TpeOyl0T [JOMOJIHUTEJBHBIX HCClefoBaHuN. Takum
obpa3omM, ObLJIa KOCBEHHO NOATBEpXAeHa TIHIIOoTe3a
O TOM, YTO KOKIUAWN PpHIO ABJAITCA IpeaKamu
KOKIMAWY APYTUX MMO3BOHOYHBIX XHUBOTHBIX. B CBA3M C
3TUM NEePCIEeKTUBHBIM fABJISETCA He TOJIBKO IPOBeieHNe
peBU3UU 3TUX BUAOB Mapa3svuToB y PeIO p. AHrapa u o3.
Batikaji, HO U rccjeqoBaHUe X OUOJIOTUU U 3KOJIOTHH.
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