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ABSTRACT. DNA of Caryophyllaeus laticeps (Pallas, 1781) (Cestoda: Caryophyllidea) was first found in
the intestine of common sunbleak Leucaspius delineatus (Heckel, 1843) from the Irkutsk Reservoir. The
aim of the study was to carry out a comparative analysis and reconstruction of the phylogenetic posi-
tion of the parasite. Determination of the cox1 gene fragment and comparative analysis of the obtained
and available in genetic databases nucleotide sequences showed high nucleotide diversity of C. laticeps
both in the studied samples (0-6.4%) and in the reference sequences from the GenBank database
(0-6.8%). The sequences of C. laticeps in the phylogenetic tree formed three clades containing local
samples of sunbleak parasites in all of them. The most represented genotype (75%) is clustered with
parasite sequences of the bream Abramis brama (Linnaeus, 1758) from Switzerland, Slovakia, and the
European part of Russia. Another significant genotype (19%) is in the joint cluster with the C. laticeps
sequences of the common carp Cyprinus carpio Linnaeus, 1758 (Italy). The need for additional studies
on the biology and ecology of C. laticeps and revision of caryophyllid cestodes in fish in the Angara
River and Lake Baikal were under consideration.
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1. Introduction the Irkutsk Reservoir confirmed the accidental intro-

duction and the spread of the species from the European

_The relevance of invasive species research has part of Russia into the water areas of Siberia (Kulakova
now increased significantly worldwide (Tierney et al., et al., 2022).

2020; Doria et al.,‘ 2021; Przybylski et al., 2921; Zhu During the study of the contents of the intes-
et al., 2022). In this context, molecular genetic studies tine of the sunbleak from Irkutsk Reservoir the DNA
were particularly sought after in the development of sequences of Caryophyllaeus laticeps (Pallas, 1781)

standards for aquatic ecosystem monitoring, including (Cestoda: Caryophyllidea) were obtained using molec-
indicators that reveal the distribution and impact of ular genetic methods. This species is well known as an

invasive fish species and their parasites and predict the intestinal parasite of fishes belonging to the families
potential consequences (Le Roux and Wieczorek, 2009; Leuciscidae, Cyprinidae, Gobionidae, and Tincidae

Rusch et al., 2018; Ali et al., 2022; Alyamkin et al.,  (pronin and Sanzhieva, 2001; Rusinek, 2007; Jirsa et
2022). . . al., 2008; Bazsalovicsova et al., 2014; Hanzelova et
The common sunbleak Leucaspius delineatus al., 2015; Avdeeva et al., 2017; Czerniejewski et al.,

(Heckel, 1843) is a small-sized freshwater species in 2019). C. laticeps was found to have the widest range
the family Leuciscidae. As a result of accidental intro- of host fishes among all caryophyllid cestodes (Baréak
duction and subsequent self-propagation, it has spread et al., 2017). Doubtful or accidental hosts for C. laticeps
far beyond its natural range (Reshetnikov et al., 2017). are stellate sturgeon Acipenser stellatus Pallas, 1771,
Earlier molecular genetic studies of the sunbleak from spiny loach Cobitis taenia Linnaeus, 1758, whitefish
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Coregonus macrophthalmus Niisslin, 1882 and Coregonus
wartmanni (Bloch, 1784), pike Esox lucius Linnaeus,
1758, three-spined stickleback Gasterosteus aculeatus
Linnaeus, 1758, striped ruffe Gymnocephalus schraetser
(Linnaeus, 1758), common weatherfish Misgurnus
fossilis (Linnaeus, 1758), and perch Perca fluviatilis
Linnaeus, 1758 (Hanzelova et al., 2015).

In Lake Baikal, C. laticeps has been found only
in dace Leuciscus leuciscus baicalensis (Dybowski, 1869)
and roach Rutilus rutilus (Linnaeus, 1758) (Pronin and
Sanzhieva, 2001). In the lower streams of the Angara
River only Caryophyllaeides fennica from the family
Caryophyllidea (Schneider, 1902) Nybelin, 1922
(Pronin et al., 1999) has been found so far. It is known
that C. laticeps is a widespread highly polymorphic
species with several host morphotypes (Pronin and
Sanzhieva, 2001; Xi et al., 2016; Bazsalovicsova et al.,
2020).

Data on the presence of this parasite in the
sunbleak were not previously available. Thus, the
study objective was to carry out a comparative anal-
ysis and reconstruction of the phylogenetic position
of the cestode C. laticeps, a parasite of the common
sunbleak from the Irkutsk Reservoir.

2. Materials and methods

The catch location 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 in July and August 2019 using a hook gear.
Fish were euthanized with an overdose of anesthetic
(GOST 33219-2014, 2016) with a 2% lidocaine solu-
tion (Lidocaine Bufus, Renewal, Russia). A total of 20
mature individuals were caught. Specimens were trans-
ported in ice and stored at — 20°C. The weight and stan-
dard length of fish studied (mean *+ SE) were 2.6 + 0.2
g and 5.8 * 1.4 cm, respectively.

To isolate DNA from all individuals, the intes-
tines and their content were removed and combined
into a single sample. According to the manufacturer’s
instructions, total DNA was isolated from the combined
sample with an AmpliSense DNA-sorb-AM extraction
kit (Russia). For amplification of the mitochondrial
DNA cox1 gene fragment, the following primers were
applied: COlintF_MiSeq: 5 tcgtcggcagcgtcagatgtgtataa-
gagacag GGWACWGGWTGAACWGTWTAYCCYCC and
dgHCO2198 MiSeq: 5’gtctcgtgggcetcggagatgtgtataaga
gacagTAIACYTCIGGRTGICCRAARAAYCA (Leray et
al., 2013). A library from the purified amplicon pool
was constructed with the Nextera XT kit (Illumina,
Hayward, CA, USA), and nucleotide sequences were
determined with Illumina NextSeq. The data obtained
were deposited into the NCBI international database
with the bioproject registration number PRINA648490.

After bioinformatic processing, the resulting
overlapping paired reads (contigs) were filtered
according to the quality of the reads and their length,
the presence of singletons, stop codons, and chimeras.
All substandard contigs, including pseudogenes, were
excluded from further analysis. Evolutionary analysis
of the obtained sequences and all data on the coxl

gene of C. laticeps presented in the GenBank database
was carried out with the MEGA11 software (Tamura et
al., 2021). The model of nucleotide substitutions was
selected using the jModeltest 2.1.7 software and the AIC
criterion (Darriba et al., 2012). The evolutionary history
was derived with the Maximum Likelihood Estimation
(MLE) method and the General Time Reversible (GTR)
model (Nei and Kumar, 2000). The discrete gamma
distribution was applied to model differences in evolu-
tionary rates among sites (Table, Fig.).

3. Results and discussion

The proportion of C. laticeps in the total pool of
sequences obtained was more than 4%. The nucleo-
tide sequences of C. laticeps in the phylogenetic tree
formed three clades (Fig.). The sequences obtained in
this study are located in all three clades. In general,
significant nucleotide diversity is specific for C. laticeps
and was detected in both the samples studied (0-6.4%)
and the reference sequences from the GenBank data-
base (0-6.8%).

A clear correlation between the branching order
and the geographical location and the host species was
not found. This fact was likely to be a lack of data and
was due to the genetic plasticity of C. laticeps.

It should be noted that the most represented
(75% of reads) genotype Node 366 is clustered with the
sequences from breams caught in Switzerland, Slovakia
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Table. Characterization of the nucleotide sequences of the cox1 gene of C. laticeps from the GenBank database used for the

analysis.

Host

Abramis brama (Linnaeus, 1758)

A. brama
A. brama

A. brama

A. sapa (=B. sapa)

Chondrostoma nasus (Linnaeus, 1758)
Cyprinus carpio Linnaeus, 1758
C. carpio
Vimba melanops (Heckel, 1837)

Abramis sapa (Pallas, 1814) (= Ballerus sapa (Pallas, 1814))

Sampling site Accession Ne GenBank
China: Irtysh River KT781573-KT781580
Russia KF051126, KF051127
Stovakia JQU34070, JQ034071,
Switzerland: Neuchatel Lake JQ268540
Russia KF051132
Slovakia KFOSi?? 2-41?1:70751 118
Austria KF051128-KF051130
Slovakia JQ034066-JQ034068
Italy KY617001-KY617009
Bulgaria KF051092-KF051108

and the European part of Russia. Another significant
genotype (19%) is Node 308 which got into a cluster
with sequences from carp (Italy). The remaining vari-
ants were present in minor quantities.

The spectrum of parasitic species of sunbleak in
a given water body depends on the host habitat condi-
tions and the composition of the parasitic fauna of the
dominant ichthyofauna species (Dorovskikh, 2019).
The Irkutsk Reservoir is located along the Angara
River basin from Lake Baikal to Irkutsk. Its total area
is 15 K hectares, and almost 25% of it are bays and
shallow waters (up to 12 m deep). Sunbleak prefers
shallow and well heated stretches of water with silty
and sandy bottoms, where it lives together with juve-
nile bream Abramis brama (Linnaeus, 1758) and roach.
The bream as a host of C. laticeps is often mentioned
in many studies (Dzika, 2002; Riickert et al., 2007,
Barc¢ak et al., 2017; Frolova et al.,, 2019). In Lake
Baikal, C. laticeps was found among parasites only in
dace and roach (Pronin and Sanzhieva, 2001). In the
lower stream of the Angara River among caryophyllids
only C. fennica was previously described in dace (exten-
sity 7.1%, abundance index 0.34 species) and in roach
(20.0%, 0.80 species, respectively), while C. laticeps
was not found. C. fennica was also found in the parasitic
fauna of sunbleak from the Northern Dvina watershed
(Dorovskikh, 2019).

Tapeworms of the genus Caryophyllaeus have a
two-host life cycle. Oligochaetes of the genera Tubifex
and Limnodrillus, dwelling in slow-flowing or stagnant
silty and/or sandy bottoms, are intermediate hosts for
cestodes (Protasova et al., 1990; Poddubnaya, 1995).
Representatives of these genera were previously found
in the composition of the zoobenthos from water bodies
of the Baikal area (Semernoy, 2001). Thus, the presence
of nucleotide sequences of the worm C. laticeps in the
intestine of fish could indicate feeding of the sunbleak
by infected oligochaetes. However, the question of
whether the oligochaetes of the Irkutsk Reservoir are
intermediate hosts of this parasite species remains
open. In addition, it is the subject of further study to

define the role and classify the sunbleak as a host.

The Irkutsk Reservoir is subjected to anthro-
pogenic impact: significant water level fluctuations
(Bychkov and Nikitin, 2015) and recreational pressure.
Previously, it was shown that environmental factors
(increased input of biogenic elements into the reser-
voir, lowering of water level, unfavorable temperature
conditions, etc.) result in the greatest distribution of
oligochaetes among other representatives of benthic
fauna, which contributes to an increase in the infec-
tion of fish with C. laticeps cestodes (Jirsa et al., 2008;
Novokhatskaya et al., 2008). For instance, the extent
of infection of the common podust Chondrostoma nasus
(Linnaeus, 1758) with the C. laticeps cestode correlates
with the degree of anthropogenic habitat alteration. In
rivers with a favorable ecological situation, C. laticeps
is either absent in fish or occurs at low levels in fish
(5.6-20%), while infection in reservoirs can be as high
as 78.2% (Jirsa et al., 2008).

Introduced species usually eventually acquire
local parasites from a new range (Tierney et al., 2020).
It has already been shown that such natural relation-
ships in the host-parasite system can be altered due to
differences in the biology of parasite and host popula-
tions (invasive and native). Although alien fish species
are infected by parasites of the native species, the para-
sites in these species do not always reach sexual matu-
rity. The alien fish species can reduce the intensity of
infection of native hosts by accepting but not transmit-
ting the invasive stages of the parasites (Tierney et al.,
2020).

Previous molecular genetic studies of the
sunbleak from the Irkutsk Reservoir confirmed the acci-
dental introduction and spread of the species from the
European part of Russia to the water areas of Siberia
(Kulakova et al., 2022). The results of our phylogenetic
analysis also recorded the dominance of genotypes
of C. laticeps from the European part of Russia. Other
presented variants of genotypes were minor. Ones
registered in fish from the Irtysh River (China segment)
probably indicate a different entry route of the parasite.
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The question of whether C. laticeps with the recorded
genotypes is a parasite introduced or acquired from
local fish species should also be further investigated.
In this regard, it is perspective not only to study the
biology and ecology of C. laticeps, but also to carry out
a revision of caryophyllid cestodes from the Angara
River and Lake Baikal.

4. Conclusions

The detection of C. laticeps DNA in the sunbleak
intestine opened many perspectives for further studies,
such as determination of the diversity of intermediate
hosts, classification of the sunbleak as a host, study of
the biology, ecology, and origin of the parasite, and
revision of caryophyllid cestodes in fish of the Angara
River and Lake Baikal. The relevance of further research
is beyond doubt, since there are practically no data on
the parasitic fauna of the sunbleak from the Eastern
Siberia.
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NepBoe obHapyxenune AHK
Caryophyllaeus laticeps (Pallas, 1781)
y BepxoBku Leucaspius delineatus
(Heckel, 1843)

Henukuna H.H.'*, Kynakosa H.B.?, Bykun 10.C.!, Xamnayesa T.P.3,
banganosa /I.P.3, borganoB b.2.!, JI3106a E.B.!

T JTumHostoeuyeckuti uHcmumym Cubupckozo omdesteHusa Poccutickotl akademuu Hayx, yii. YiaH-Bamopckas, 3, Hpkymck, 664033,
Poccua

2 Cubupckuii uHcmumym ¢u3suostoeuu u 6uoxumuu pacmenuti Cubupckozo omoesieHus Poccutickoil akademuu HAyK, Y.
Jlepmonmoaa, 132, Hpxymck, 664033, Poccus

3 HHcmumym obweli u sxcnepumeHmaibHol 6uostocuu Cubupckoeo omoesieHus Poccutickoti akademuu Hayk, y1. CaxvaHosol, 6,
Ynan-Y0ds, 670047, Poccus

AHHOTAILIUA. Brnepsoie ooHapyxeHa JJHK niectonbr Caryophyllaeus laticeps (Pallas, 1781) (Cestoda:
Caryophyllidea) B muieBapuTesIbHOM TpakTe OOBIKHOBEHHOU BepxoBKHU Leucaspius delineatus (Heckel,
1843) u3 MpkyTckoro BogoxpaHuanma. Lleapio JaHHOM paboThl ABUJIOCH IIpOBefileH e CPaBHUTEJIBHOIO
aHaay3a U PEeKOHCTPYKIMH (UIOreHeTHYecKoro IOJIoXKeHHA Napasura. OmnpefesieHue (parmMeHTa
reHa coxl ¥ CpaBHUTEJIbHBIN aHaIW3 IOJIyYEeHHBIX W HUMEIOIUXCA B reHeTHdeckux 0a3zax AaHHBIX
HyKJIEOTHAHBIX [IOCJIeJ0BaTeIbHOCTEN IIPOJAEMOHCTPUPOBAIN BHICOKOE HyKJIEOTMAHOE pa3HooOpasue
C. laticeps kak B uccyiefoBaHHBIX oOpasuax (0-6,4%), Tak U B pedepeHCHBIX MOCJIETOBATEIBHOCTIX
n3 6a3sl gaHHbIX GenBank (0-6,8%). ITocimemoBarenpHOCTH C. laticeps Ha GUIOreHETUYECKOM JpeBe
chopMupoBaau TpU KJIaAbl, [IpM 3TOM JIOKAJIbHbIE BEIOOPKM Iapa3sWTOB BEPXOBKU PAcCIOJIOXKEHBI BO
Bcex Tpex. Haubosiee mpencraBiieHHbIH (75%) reHOTUN KJlacTepusyeTcs C MOCJIe0BaTeIbHOCTAMU
nmapasuToB Jeia Abramis brama (Linnaeus, 1758) u3 IlBeinapuu, CioBakuu 1 EBpOmNelcKoil YacTu
Poccun. [pyroii 3HauMMBIl 110 NpefcTaBiaeHHOCTU (19%) reHoTun HaxoOWUTCA B oOmieM KjacTepe C
nocegoBartebHocTAMU C. laticeps 3 0GBIKHOBEHHOTO Kapma Cyprinus carpio Linnaeus, 1758 (Utanus).
O6cyxmaercss HEOOXOAUMOCTD TOIOJIHUTENIBHBIX McCcaeqoBaHui OGuosiorun u skosioruu C. laticeps u
MpOBeJieHNs PeBU3NU KapuoQUJLINAHBIX lecToh y pelO p. AHrapa u o3. baiikai.

Kimioueavie citoga: Caryophyllaeus laticeps, Leucaspius delineatus, reH cox1, UpKkyTcKoe BOJOXpaHUJIUIIE,
barikanbckuil pernoH

1. Beepenne PEHHOM WHTPOAYKIUM U TOCJeAYIOUEro caMopac-

CeJIeHVs BepXOBKa IIMPOKO paclpocTpaHuiIach 3a
IpeJiesIibl CBOErO ecTecTBeHHOro apeasa (PemeTHHKOB
u ap., 2017). IIpoBegeHHble paHee MOJIEKYJIAPHO-Te-
HeTUYecKre MccjieJoBaHNs OOBIKHOBEHHOM BEPXOBKU
n3 HpkyTckoro BOAOXpaHWIMINA NOATBEPAUIIA
CBe[leHUA O CJIydYaliHOM 3aHOCe U paccejeHuu BUAa

AKTyaJIbBHOCTh ~ UCCIIEOBAaHUII  WHBA3MBHBIX
BUJIOB B HacCToOslee BpeMsA B MHpE CYIIeCTBEHHO
Bo3pociyia (Tierney et al., 2020; Doria et al.,, 2021;
Przybylski et al., 2021; Zhu et al., 2022). B cBsA3u ¢
3TUM, MOJIEKYJIAPHO-TEHETUYECKE  HCCJIeIOBaHUSA

ocobeHHO BOCTpeGOBaHBI MPU pa3paboTKe CTAaHAAPTOB
JIJI1 MOHUTOPHHTA BOJHBIX 3KOCUCTEM, BKJIIOYas IMOKa-
3aTeJiv, OMNUCHIBAWIINE pacIpoCTpaHEHUEe, BO3JEN-
CTBUE UM MPOTHO3WPOBaHHE IMOTEHIHWAJIbHBIX MOCJe[-
CTBUH BTOPXXEHU NHBa3WUBHBIX BUIOB PHIO, a TaKXe UX
napasuTtoB (Le Roux and Wieczorek, 2009; Rusch et al.,
2018; Ali et al., 2022; AnamMkuH u ap., 2022).
OObIKHOBeHHasA BepxoBka Leucaspius delineatus
(Heckel, 1843) — mesnkuii BUJ NMPeCHOBOAHBIX PHIO 13
cemerictBa Leuciscidae. B pesynbraTre HempeagHame-
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(Kulakova et al., 2022).

[Ipyu  ucciiefoBaHUM  MOJIEKYJIIPHO-TEHETH-
YecKHUMH MeTOJaMU COJepXXUMOro MUIleBapUTelb-
HOTO TpaKTa BepxOBKUM U3 HpPKyTCKOro BOJOXpaHU-
Jima HamMy OBUTA MOJIyYeHBl IOCJIe[OBaTeJIbHOCTU
OHK Caryophyllaeus laticeps (Pallas, 1781) (Cestoda:
Caryophyllidea). 3ToT BuA XOpolIO H3BeCTeH Kak
mapasdr KulleyHuWKa peid0 u3 cemelictB Leuciscidae,
Cyprinidae, Gobionidae u Tincidae (IIpoHuH u
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Camxwuena, 2001; Pycunek, 2007; Jirsa et al., 2008;
Bazsalovicsova et al., 2014; Hanzelova et al., 2015;
ABneeBa u gp., 2017; Czerniejewski et al., 2019).
OTMeueHO, YTO cpefu BceX KapUOPUIMAHBIX I[ECTOL
C. laticeps MeeT caMblil MUPOKUE CHEKTP PhIG-X035€B
(Barcdk et al., 2017). COMHUTEbHBIMU WUJIM CJIydaii-
HbIMU X03sieBaMmUu C. laticeps ABJIAIOTCSA ceBpiora Acipenser
stellatus Pallas, 1771, oGpikHOBeHHas munoBka Cobitis
taenia Linnaeus, 1758, curu Coregonus macrophthalmus
Niisslin, 1882 u Coregonus wartmanni (Bloch, 1784),
myka Esox lucius Linnaeus, 1758, Tpéxurjias KOJIIOIIKA
Gasterosteus aculeatus Linnaeus, 1758, mojocaTsiii €pii
Gymnocephalus schraetser (Linnaeus, 1758), 0GBIK-
HOBEHHBIII BbIOH Misgurnus fossilis (Linnaeus, 1758)
U peuyHON OKyHb Perca fluviatilis Linnaeus, 1758
(Hanzelova et al., 2015).

B o3epe Baiikan C. laticeps OTMeuYeH JIUIIb Yy
eseria Leuciscus leuciscus baicalensis (Dybowski, 1869)
u mwiotBbl Rutilus rutilus (Linnaeus, 1758) (IIpoHuH u
Camxuena, 2001). B HuxHeM TedueHUM p. AHrapa us
npexacrasuTesieil ceMerictBa Caryophyllidea panee 6511
oTMeueH ToJibko Caryophyllaeides fennica (Schneider,
1902) Nybelin, 1922 (IIponus u ap., 1999). U3BecTHO,
yto C. laticeps sIBJIAETCA IIHUPOKO PACIPOCTPAHEHHBIM
BIJICOKOHOJ'II/IMOpq)HbIM B OM C HECKOJIBKMMHU I'OCTAaJIb-
HbeiMu Mopdotunamu (IIponun u Camxuena, 2001; Xi
et al., 2016; Bazsalovicsova et al., 2020).

CBeleHMSI O HaXOXIEHWM OTOr0 Iapasura y
BEPXOBKH O HACTOALIEro BpEMEHN OTCYTCTBOBAJIU. B
CBSI3U C DTUM, I1€JIbI0 MCCIIEJOBAHUSA SBJIAJIOCH TIPOBeE-
JC€HWE CPaBHUTEJIbHOTO aHa/ilM3a W PEKOHCTPYKIMUN
duoreHeTnyeckoro mosioxeHus necronabl C. laticeps
— mapasuTa OOBIKHOBEHHOI BEPXOBKHM U3 MIPKyTCKOIO
BOOOXpaHUJINIIIA.

2. MaTepuanbl M MEeTOAbDI

Mecto otJioBa pei® ¢ KoopauHaTamu 52°12’37”
ca., 104°25’28” B.A. pacnosioxeHo B HpKyTckom
BOJIOXpaHMWJINIIE Ha peKe AHrapa. PrI0 oTiaBiuBamu c
[IOMOILIBI0 KPIOUKOBOI CHACTH € IJTyOuH 2-3 M B HioJie U
asrycte 2019 roga. 3BTaHa3uio peI0 TPOBOAWIIN Hepe-
no3upoBkoit a”Hecreruka ('OCT 33219-2014, 2016) ¢
HcrnoJsib3oBaHueM 2% pacTBopa JinjokanHa (JInIoKauH
Bydyc, Renewal, Poccusa). Bcero 6bUIO OTJIOBJIEHO
20 moJsioBo3pesibix ocobeirl. O6pasilbl TPAHCHIOPTHUPO-
BaJId BO JIBAY W XpaHWIU npu TeMmiepatype -20°C.
Macca u craHpapTHas [AJIMHA HCCJIEJOBAaHHBIX PEIO
(cpemusis = SE) cocraBuna 2,6 = 0,2ru5,8 + 1,4 cm
COOTBETCTBEHHO.

Juis Beimenienuss [JHK oT Bcex ocobeir Gpasu
MUIEeBAPUTESIbHBI TPakT BMeCTe C COLEPXHMBIM.
CymMmapnyto THK Brienanu ¢ noMmombo Habopa AjA
skcrpakiuu «AMmmnnCerc JIHK-cop6-AM» (Poccust) B
COOTBETCTBUU C WHCTPyKIHel mnpousBoauTesid. [ia
ammnbukauu ¢parMeHTa resa coxl MHUTOXOHAPU-
anpHOU JJHK ncnonbs3oBaiu npatimepsl COlintF_MiSeq:
5’tcgtcggcagegtcagatgtgtataagagacagggwacwggwtgaa
cwgtwtayccyce u dgHCO2198 MiSeq: 5°gtctcgtgggete
ggagatgtgtataagagacagtaaacttcagggtgaccaaaraayca3’
(Leray et al., 2013). Bu6noTeKy U3 OYUIIEHHOTO MyJia
aMIUIMKOHOB CKOHCTPYMPOBaJId C UCIIOJIb30BaHUEM

Habopa Nextera XT (Illumina, XetiBopa, KamudopHus,
CIIIA), HyKJIEOTHJHBIE TIOCJIEe/IOBATEIBHOCTUA OIpe-
nessun ¢ nomoigeio Illumina NextSeq. IMosryueHHBIE
JlaHHBlE [EeMOHUPOBAaHBl B MeEXAYHApOAHYyI0 0a3sy
maHHbIX NCBI ¢ perucTpanyoHHBIM HOMepOM OMonpo-
exta PRINA648490.

ITocre 6ronHMOPMaMOHHON o6paboTku
MOJTyYeHHbIE TIEPEKPHIBAIOIIECS TMAPHBIE MPOYTEHUA
(koHTHUrH) OBUIM OTOUIBTPOBAHB II0 KayecTBY
MPOYTEHUN U UX JUTMHE, HAJIMYUIO0 CUHTJIETOHOB, CTOI-
KOZOHOB M XuMmep. Bce HEKOHAWIMOHHBIE KOHTUTU,
BKJTIOYAs TICEB/IOTEHBI, U3 JTaJIbHENIIEro aHaaIn3a O661Tn
WCKJTIOUEHBI. JBOJIIOIMOHHBIN aHAJM3 TOJIyYEHHBIX
ITOCJIeIOBAaTEJIbHOCTEN M BCeX MaHHBIX O reHe coxl C.
laticeps, mpencTaByieHHBIX B 6a3e GenBank, mpoBoauiu ¢
HcroJsb3oBaHueM nakera nporpamMMm MEGA11 (Tamura
et al., 2021). Mogesb HYKJIEOTUHBIX 3aM€eH BEIOMPAIN
¢ noMombio nporpaMmMsl jModeltest 2.1.7 u kputepus
AIC (Darriba et al., 2012). DBoJIIOIIMOHHAsA HCTOPUs
ObUTa BBIBEJlEHA C HCIIOJIb30BAaHUEM METOAa MAaKCH-
MaJibHOTO mpaBomnozobus u moaenun GTR (General
Time Reversible) (Nei, Kumar, 2000). [yia mMonaeu-
POBaHUSA pA3JMYUIA B CKOPOCTHU DIBOJIOIAN MEXIY
calTaMU WCIIOJIb30BAJIA JUCKPETHOE raMMa-pacipeje-
nenue (Tabmwuna, Puc.).

3. Pe3synbTaTtbl M 06Cy)KAEHHE

lIpencrasiieHHocth C. laticeps B oOIemM myJie
MOJTyYeHHBIX TOCJIe/IOBAaTEIHBHOCTEN cocTaBusia Ooiee
4%. HyksteoTuiHbIe TTOCaeoBaTeibHOCTU C. laticeps Ha
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Puc. ®usoreHernyeckoe apeBo Caryophyllaeus laticeps
IIOCTPOEHHOE METOJI0OM MAaKCHMAaJIBHOTO IIPaBJONOA00OHA.
L{udpsl mocyie Ha3BaHME — KOJIMYECTBO OC/IeNOBATETBHOCTEN.
— [OCJIEJOBATEJIBHOCTH U3 BEPXOBKU.
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dusoreneTyeckoM ApeBe cHOpMUPOBAIN TPU KJIaIbl
(Puc.). IIpu 3TOM mOCJI€/IOBATEJIBHOCTH, IOJIyIYEHHEBIE
B JAHHOM HCCJIe[JOBaHNH, PACIOJIOXeHbl BO BCEX TpeX.
B niesiom 3HaumTesIbHOEe HYKJIEOTHHOEe pasHooOpasue
xapakTepHo 11 C. laticeps 1 06HAPYXEHO KaK B UCCIe-
JoBaHHBIX obpasnax (0-6,4%), Tak u B pedepeHCHBIX
[oCJIeIOBATEeJIBHOCTAX M3 0Oasel  maHHBIX GenBank
(0-6,8%).

YeTkoll KOppesisAlluM IOpsAAKa BETBJIEHUA C
reorpaduyeckuM M0JIO)KeHHEM U BUAOBOI IIPHHAIJIEXK-
HOCTBIO X03s1Ha He oOHapyxeHo. Ilo-BuauMoMy, STOT
daxt sABsAeTCA caefCTBHEM HeJOCTaTOYHOTO KoJInde-
CTBa JaHHBIX U 00yCJIOBJIEH reHeTUYeCKO IJIaCTUYHO-
cthio C. laticeps.

Ciengyer OTMeTWUTb, YTO HauboJiee IpeicCTaB-
snenHsidi (75% npourenuii) renotun Node 366 kiacre-
pu3yeTcs C [ocjaefoBaTeIbHOCTAMU U3 Jielleli, OTJIOB-
senHbIx B [IIBefinapuy, CiioBakuu 1 EBponelickoii yactu
Poccun. [lpyruMm 3HAYUMBIM [0 [PEeACTaBJIEHHOCTU
(19%) renorunom ssisercss Node 308, momaBmwuii B
oOmuil KjacTep € IocJieJoBaTeJIbHOCTAMHM M3 Kapma
(Uranusa). OctasibHble BapHUaHTHl IPUCYTCTBYIOT B
CJIeTOBBIX KOJINYECTBaX.

CrmekTp BHJOB [Iapa3uTOB  BEPXOBKU B
KOHKpPETHOM BOJOeMe 3aBUCUT OT yCJIOBUI OOMTaHUA
X035AMHAa U cocTaBa mapasuTodayHbl JOMUHUPYIOMIIX
BunoB uxtuodaynsl (Joposckux, 2019). HpkyTrckoe
BOJIOXpaHWJINIIE PACIIOJIOKeHO Ha yJacTKe p. AHrapa ot
Batikana nmo r. Upkyrtcka. O61mas ero miomaib COCTaB-
JseT 15 TeIC. Ta U NOYTH 4YeTBepTh ee NMPUXOJUTCA Ha
3aJIMBBI U MeJIKOBOAbA (rJ1yonHoi 1o 12 M). BepxoBka
[IpeJIoYnTaeT MeJIKOBOJAHBIE 1 XOPOIIO IIporpeBaeMsble
Y4aCTK{ aKBaTOPUU C WJINCTHIM U [TleCYaHbIM I'PYHTOM,
rage oburaer COBMECTHO C MOJIOAbIO Jiemia Abramis
brama (Linnaeus, 1758) u mioTBel. Jlen| B KauecTBe
xo3smHa C. laticeps ynmoMuHaeTCsi BO MHOTHX HCCJe-
noeanusax (Dzika, 2002; Riickert et al., 2007; Barc¢ak
et al., 2017; Frolova et al., 2019). B o3epe Batikan C.
laticeps GbL1 OTMeUeH cpequ Mapa3UTOB TOJIBKO Y eJIbIla
u mwiotBel ([IpornH n CamxwueBa, 2001). B HmxHEM
TeueHUM p. AHrapa u3 kapuoduuinaenl ObUl paHee
omucaH Toabko C. fennica y esbra (3KCTEHCHBHOCTH

7,1%, nnngexc obommsa 0,34 5k3.) u y mwiotss (20,0%,
0,80 3k3.), mpu 3ToMm C. laticeps He oOHapyxeH. B napas-
urodayHe BepxoBku U3 OacceliHa CeBepHOH J[BUHEI
takxe orMeueH C. fennica (JopoBckux, 2019).

JlenTounsle yepBu poma Caryophyllaeus nmMeroT
KU3HEHHBIN I[UKJI C ABYyMA Xo3sieBamu. Obwuraromiue
B MeIJIEHHOTEKYIIUX WU CTOSYMX BOAOEMAax C
WJINCTBIMU U/WJIM TeCYaHBIMU TPYHTAMU OJIUTOXETHI
ponoB Tubifex n Limnodrillus ABIAIOTCA TPOMEXYTOY-
HeIMM x03sieBamu 1iectof, (IIporacoBa u gp., 1990;
Moaaybuas, 1995). IlpeacTaBuTes M 3TUX POJIOB
ObUTM OTMeEYeHHl paHee B COCTaBe 3000eHTOCa BOZO-
eMoB GacceliHa o3. Batikan (Cemepnoii, 2001). Takum
obpa3oM, HalnuuWe B MUINEBAPUTEHBHOM TpakTe phIO
HYKJIEOTHHBIX TTOCIeoBaTeIbHOCTeH uepBs C. laticeps
MOXeT CBUETEJbCTBOBATh O MUTAHUU BEPXOBKU 3apa-
XeHHBIMU oJiuroxeramu. OJHAKO BOIPOC O TOM, SBJIS-
I0TCS JIN OJINTOXETH MPKYyTCKOTO BOAOXPAHIUIMINA
IPOMEXYTOYHBIMU XO35I€EBAMM 3TOTO BHAA IapasuTa
oCTaeTcsi OTKPHITEIM. Kpome 3TOro, mpeqMeToM Jasib-
HEHINX HCCJIEOBAHUI SBJIETCA ONpedeseHue POoJIv
1 kiaccuduKaIysa BEPXOBKY, KaK X03sMHa.

VpkyTcKkoe  BOOXPAHWIMIIE  MOJBEpPXKEHO
aHTPONIOTeHHOMY BO3J€HCTBUIO: 3HAYUTEJIBHBIM KOJIe-
6aHuAM ypoBHA Boawl (BrerukoB m Hukutuz, 2015) u
peKpeanuoHHON Harpy3ke. PaHee GbUIO MOKA3aHO, YTO
daxTopsl cpeapl (yBeIMYeHHOE NOCTYILIEHNE B BOJOEM
OUOTeHHBIX 2JJIEMEHTOB, CHIDKEHHE YPOBHS BOJHI,
He6JIarONpUsATHEIE TeMIIepaTypHble YCJIOBUA U Ap.)
OPUBOAT K HAWOOJIBIIEMY PAacIpOCTPaHEHUIO Cpeau
JIPYTUX MpeAcTaBUTeJIel JOHHOHN GayHbI OJIUTOXET, YTO
CIOCOGCTBYET BO3PACTAHUIO 3aPAXKEHHOCTU PHIO L[eCTO-
nmamu C. laticeps (HoBoxarikas u Ap., 2008; Jirsa et al.,
2008). Hanpumep, ypoBeHb 3apa’k€HHOCTH OOBIKHO-
BeHHOTO0 noxycra Chondrostoma nasus (Linnaeus, 1758)
1iectozoi C. laticeps KOPpeIUPYET CO CTEMEHBI0 aHTPO-
MOTeHHBIX M3MEHEeHHWH cpedbl oOuTaHus. B pekax c
G1aronpUATHOM 3KoJIoTnYeckoil cutyarueit C. laticeps
y pbl0 1100 OTCYTCTBYeT, JIM0OO BCTpevyaeTcs ¢ HU3KOU
SKCTEHCUBHOCTHIO UHBA3uM (5,6-20%), B TO BpeMs KakK
B BOJOXPAHIJIMIAX 3aPaXX€HHOCTh MOXET COCTaBJIATh
o 78,2% (Jirsa et al., 2008).

Ta6smmna. XapakTepuCcTHKa HYKJIEOTUAHBIX MOCJieJoBaTeibHOCTel reHa cox1 C. laticeps, mpeAcTaBJIeHHBIX B 0a3e JaHHbBIX

GenBank, 1CII0/Ib30BaHHBIX B aHAJIN3€

Xo03sauH Mecro or60pa npo6 Homep B GenBank
Abramis brama (Linnaeus, 1758) Kuraii: p. UpThim KT781573-KT781580
A. brama Poccus KF051126, KF051127
A. brama CrioBaKus JQ034070, JQ034071, KF051131
A. brama [IBeiinapus: JQ268540
HeBmiaTesbckoe 03epo
(Neuchatel Lake)
Abramis sapa (Pallas, 1814) (= Ballerus sapa (Pallas, Poccusa KF051132
1814))
A. sapa (=B. sapa) CioBaKus JQ034077,
KF051114-KF051118
Chondrostoma nasus (Linnaeus, 1758) ABcTpus KF051128-KF051130
Cyprinus carpio Linnaeus, 1758 CrnoBakus JQ034066-JQ034068
C. carpio Hranua KY617001-KY617009
Vimba melanops (Heckel, 1837) Bosrapus KF051092-KF051108
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BcenuBmuecs BuAbl, Kak [IpaBujo, CO BpeMeHeM
pruobpeTalnT MeCTHBIX [Iapa3WTOB U3 HOBOT'O apeaa
(Tierney et al., 2020). PaHee GBUIO MMOKA3aHO, YTO B
3TUX CJIy4asAx ecTeCcTBEHHEHIE CBA3U B CHCTEMe «XO03f-
WH-Iapa3uT» MOTyT OBITh H3MEHEHBl B pe3yJibTaTe
pas3nyuii B 6M0JI0TUY MONYJIANMI Iapa3snuToB U X035eB
(MHBa3UBHBIX U MECTHHIX). HecMOTps Ha TO, YTO UyXe-
poAHBIe BUABI PhIO 3apaxaroTcs napasuTaMu MeCTHBIX
BUJIOB, ITapa3uTH B HUX He Bcerjja JOCTUTaIOT II0JIOBOM
3pesioctu. [IpuHKMas, HO He nepefaBas MHBA3UOHHEBIE
CTaJuy Mapa3suToB, WHBa3WBHble BUJBI MOTYT OCJIa-
O71ATh MHTEHCHUBHOCTb 3apaXeHHOCTU abOpPUTr€HHBIX
xo3seB (Tierney et al., 2020).

Panee MoJieKyJIApHO-TeHeTHUYeCKHe Iccyiefo-
BaHUsA OOBIKHOBEHHOI BepXOBKU U3 MpKyTCKOro BoJo-
XpaHWINIA TOATBEpAWIN CBelleHUA O CcJIy4aliHOM
3aHOoce U paccejieHuMu Bupa u3 Ebpormelickoil vacTtu
Poccuu B Bomoembl Cubupu (Kulakova et al., 2022).
[losiyueHHBle HaMM pe3yJIbTaThl (PUIIOreHeTHYeCcKOoro
aHajy3a Takxe [I0Ka3aju JOMUHHPOBaHUE ¥ BEPXOBKHU
reHoturnoB C. laticeps u3 pei6 BofoeMoB EBpomericKoii
yactu Poccumu. OcrajbHble BapuUaHTH TeHOTHUIIOB,
[IPUCYTCTBYIOIINE B CJIEOBBIX KOJIMYECTBAaX U 3aperu-
cTpupoBaHHble y pbib 13 p. Upthin (Kurail) BeposTHO
MOT'YT CBUIETEJIbCTBOBATh O APYTOM Iy THU [IOCTYILJIEHNUA
nmapasuta. Bonpoc o Tom siBiisiercs s C. laticeps npus-
HeCeHHBIM WJIM NIpUOOpeTeHHHIM 13 HOBOTO apeasla, B
TOM 4HCJIe U OT MEeCTHBIX BUJIOB PBIO Mapa3uToM TaKxke
OCTaeTcsA NpeaMeTOM JaJbHEHIINX WCCJIeJOBaHUMN.
B cBA3M ¢ 3TUM IepCIeKTUBHBIM ABJIAETCA HE TOJIBKO
rccsiefjloBaHre Guosioruu U skojoruu C. laticeps, HO u
NpoBeJieHNe PeBU3NN KapUOPUIUIMAHBIX LIEeCTOA Y PhIO
p. AHrapa u o3. Baiika.

4. 3aknloueHue

O6napyxenue JIHK C. laticeps B muimneBapu-
TeJIbHOM TpaKTe BepXOBKHU OTKPHIBaeT MHOXECTBO
[IepCHIeKTUBHBIX HalpaBJieHu! [JaJbHEeHIINX uccie-
JIOBaHUli, TaKWX KakK oIpejesieHHe CcIeKTpa IpoMe-
KYTOUHBIX X03seB, Kjaccudukalus BepXOBKH, Kak
X0351Ha, uccjleoBaHKe OMOI0TUY, SKOJIOTUH U IPOKC-
XOXJeHUs Iapa3uTa, a Takxe IpoBefleHHe peBU3UU
KapuoGWINAHBIX IfecTo y pbi0 p. AHrapa u 03.
Batikas. AKTyaJIbHOCTh AaJjIbHEHIINX HCCJIeJOBaHUMN
He BBI3BIBA€T COMHEHMUI, IOCKOJIbKY JaHHBIE O Iapas-
urodpayHe OOBIKHOBEHHOI BEPXOBKU U3 BOJI0EMOB
Bocrounoii Cubrpy NpakTU4ecKu OTCYTCTBYIOT.
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