Limnology and Freshwater Biology 2024 (1): 1-13 DOI:10.31951/2658-3518-2024-A-1-1

Interstitial telomere sequences in
chromosomes of Baikal planarians
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ABSTRACT. The presence of internal telomeric sequences (ITSs) in chromosomes typically indicates
instances of genome reorganization. Changes in morphology and chromosome number can be sources
of intraspecific polymorphism and also lead to speciation. Both variants are found in flatworms, but
ITSs are rare in chromosomes, as is common in other invertebrate animals. Out of 23 flatworm species
ITSs has been identified in only three parasitic species. Using FISH with telomeric probes, we found
that ITSs are also present in the chromosomes of the endemic Baikal planarians Baikalobia Kenk, 1930
(Tricladida, Continenticola, Dendrocoelidae). This is the first time that ITSs has been identified in free-
living flatworms. Like Shistosoma Weinland, 1858, the appearance of ITSs in the Baikal planarians could
be associated with the process of speciation. There is no data yet on ITSs in other dendrocoelids, and
the question remains whether ITSs are a specific feature of Baikal planarians or a special feature of all

dendrocoelids.
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1. Introduction

Internal telomeric sequences (ITSs) are telomeric
DNA located anywhere on the chromosome except the
terminal regions (Meyne et al., 1990). They can arise for
several reasons, including as a result of chromosomal
rearrangements during genome evolution, repair of
double-strand DNA breaks, and the introduction of
extrachromosomal telomeric DNA into chromosomes
and its amplification (Bolzan and Bianchi, 2006; Ruiz-
Herrera et al., 2008; Bolzan, 2012). As a rule, ITSs are
not associated with telomere functions, unless one takes
into account their specific role in maintaining genome
plasticity, since they are known to induce mutations
and are localized at fragile sites where chromosome
breaks occur (Moore et al., 2018; Lin and Yan, 2008).

There are four groups of ITSs: short ITSs,
subtelomeric ITSs, fusion ITSs (resulting from the fusion
of chromosomes) and heterochromatic ITSs (Bolzén,
2017). They differ in size, location and nucleotide
environment, and also arise through different
mechanisms. Short ITSs have a size of 100-120 bp and
can be surrounded by both unique sequences and SINE,
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LINE, LTR retrotransposons. The length of subtelomeric
ITSs is measured in hundreds of nucleotides and may
include degenerate telomeric repeats. The ITSs fusions
have a head-to-head orientation and are flanked
by subtelomeric DNA, indicating instances of two
chromosomes joining at telomeric regions. Their sizes
can vary from several kilobases (kb) to several tens of
kb. Heterochromatic ITSs are the largest sequences,
up to several hundred kb in size. They are often found
in pericentromeric regions, but can also occur on
chromosome arms and also form microchromosomes
(Bolzan, 2017).

The sensitivity of conventional Fluorescence in
situ hybridization (FISH) allows the visualization of
sequences 1000 bp or longer (Poon et al., 1999), i.e. it is
difficult to detect short and subtelomeric ITSs using this
method. However, this method is capable of recording
the most significant chromosomal rearrangements in the
evolution of the karyotype, which can affect telomeric
regions. In the chromosomes of vertebrates, ITSs larger
than 1000 bp are quite common and are located mainly
near centromeres (Meyne et al., 1990; Bolzan et al.,
2017; Vicari et al., 2022). Usually, this is a consequence
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of Robertsonian translocations (Slijepcevic, 1998),
although such chromosomal mutations do not always
lead to the appearance of ITSs (Souza et al., 2016).
ITSs longer than 1000 bp are not so widespread among
invertebrates (Vitkova et al., 2005; Traut et al., 2007;
Vicari et al., 2022). For example, among mollusks, such
ITSs were found in only two of 23 species studied in
this regard (Nomoto et al., 2001; Godwin et al., 2012).
Among flatworms, FISH data with telomeric probes are
known for 23 species, most of them parasites (Table 1),
and ITSs were found only in the sex chromosomes of
two trematode species (Hirai, 2014) and one cestode
species (Spakulovi et al., 2019). ITSs have not yet been
identified in free-living flatworms.

We used FISH with telomeric TTAGGG probes
to identify the localization of telomeric repeats in the
chromosomes of two species of endemic planarians of
the genus Baikalobia, an autochthonous group of Baikal
Dendrocoelidae. ITSs were found in both worm species.
Also in this work, we analyzed the phylogenetic
relationships of flatworms taking into account ITSs in
their chromosomes.

2. Materials and methods

Planarians were manually collected in the
Listvyanichny Bay of Lake Baikal (51°52’02.4”N
104°49°55.2”E) in September 2011. The material
was collected on the outside of stones at the depth of
about 1 m. After that, worms were placed in a thermal
container with Baikal water and taken to the laboratory,
where they were kept until analysis. Tissues from
two Baikalobia species were used for FISH: B. guttata
Gerstfeldt, 1858 and B. variegata Korotneff, 1912 (3
individuals of each species). Species included in the
phylogenetic analysis are presented in Table 1.

2.1. Fluorescence in situ hybridization
(FISH)

Chromosome preparations were prepared from
homogenized worm tissues. Tissues were placed in
0.56% KCl, minced and left at 37°C for 15 min. Then
they were fixed with a mixture of methanol and acetic
acid (3:1), kept at +5°C for 15 minutes, centrifuged,
the supernatant was removed, and the procedure was
repeated three times. A cell suspension was dropped
onto glass slides cooled to -20°C over water vapor (70-
80°C) and dried for 10 minutes. Before hybridization,
the preparations were kept at room temperature for
several days.

The telomeric probe was generated by template-
free PCR (Ijdo et al., 1991) and labeled with Bio-11-
dUTP by PCR with primers for telomeric regions.
FISH of the telomere probe on the preparations was
carried out in accordance with the protocol (Joffe et
al.,, 1998) with some modifications. After washing in
1x PBS containing 50 mM Mg2+, the preparations
were treated with 0.12% trypsin for 20 s. Next, the
preparations were fixed in 0.5% formaldehyde and 1 x
PBS for 10 min, washed in 2 X SSC, and dehydrogenated

in ethanol. The hybridization mixture (20 pl) contained
50% formamide, 2xSSC and a telomeric probe. Before
hybridization, the mixture was denatured for 5 min
at 96°C, cooled in ice, and applied to the preparation.
Hybridization proceeded overnight at 42°C. Detection
of the biotinylated probe was carried out using
fluorescently labeled streptavidin (Streptavidin-Cy3,
Sigma, USA). The preparations were stained with
DAPI fluorochrome (4,6-diamino-2-phenylindole, 0.5
pug/ml) in Vectashield medium (Vector laboratories,
UK) and analyzed on an Olympus BX51 fluorescence
microscope. Chromosomes were photographed at 100x
magnification (DP70 camera, X-Cite 120Q light source).

2.2. Phylogenetic analysis

DNA extraction, PCR of the 18S rRNA gene and
sequencing were carried out as described in article by
Porfiriev and coauthors (Porfiriev et al., 2018). The
alignment of the resulting nucleotide sequences was
carried out in the ClustalW1.6 program (Thompson et
al., 1994). The execution of phylogenetic reconstruction
was done using MrBayes 3.2.7 (Huelsenbeck and
Ronquist, 2001) in accordance the GTR+G model.
The calculation of Markov chains (MCMC) involved
10 000 000 generations (4 chains in parallel) and the
recording of parameters every 1000 generations. The
likelihood method was stabilized by using the first 25%
of generations, while the rest was used to estimate the
posterior probability. The reliability criterion was a
posterior probability exceeding 95%. MEGA7 (Kumar et
al., 2016) was also used to reconstruct trees, which was
accomplished by using both Neighbor-Joining and K2P
models, which were tested in 1000 replications using a
bootstrap test. The implementation of graphic editing
of the tree was done in FigTree version 1.4.2 (http://
tree.bio.ed.ac.uk/software/figtree/) and MEGA?7.

3. Results
3.1. FISH

B. guttata and B. variegata, two species of Baikal
planarians, were the targets of this method’s using (Fig.
1). Their haploid set is the same and amounts to 15
chromosomes, that was shown by T. M. Umylina in the
70s (Umylina, 1973; 1976; 1977). Figure 1 shows that
TTAGGG repeats are present not only at the ends, but
also inner of chromosomes, which indicates the presence
of ITSs in the analyzed species. Moreover, in the species
B. guttata they are located on one chromosome (Fig. 1 c,
d), and in the species B. variegata ITSs they are probably
located on two different chromosomes (Fig. 1 h).

3.2. Phylogenetic analysis and ITSs

To carry out phylogenetic analysis, nucleotide
sequences of the 18S rRNA gene were obtained for
B. guttata and B. variegata; for other species of flatworms,
the sequences of this gene were taken from the GenBank
database (Table 1). The length of the analyzed regions
after the alignment was about 2000 bp. 655 informative
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Table 1. The analyzed species with/without ITSs and the sequenced 18S rRNA gene

Species 2n ITSs (FISH) Accession number
18S rRNA (GenBank)
TRICLADIDA
Baikalobia guttata Gerstfeldt, 1858 30 yes! KY848668.1
B. variegata Korotneff, 1912 30 yes? OR758633.1
Polycelis tenuis Ijima, 1884 14 no? 799949.1
Dugesia ryukyuensis Kawakatsu, 1976 14 no? AF050433.1 (type II)
MONOGENEA
Paradiplozoon homoion Bychowsky et Nagibina, 1959 14 no® KY640614.1
CESTODA
Caryophyllaeus laticeps Pallas, 1781 20 no* AJ287488.1
Caryophyllaeides fennica Schneider, 1902 20 no* KF990172.1
Nippotaenia mogurndae Yamaguti et Miyata, 1940 28 no* AJ287545.1
Atractolytocestus huronensis Anthony, 1958 24 (3n) yes® OM972659.1
TREMATODA
Schistosoma mansoni Sambo, 1907 16 yes® U65657.1
S. haematobium Bilharz, 1852 16 yes® 711976.1
S. japonicum Katsurada, 1904 16 no® 711590.1
S. sinensium Pao, 1959 16 no® AY157225.1
Clonorchis sinensis Looss, 1907 14 no® JF823988.1
Metorchis xanthosomus Creplin, 1846 14 noS OK384552.1
M. bilis (Braun, 1790) Odening, 1962 14 no® OK384551.1
M. orientalis Tanabe, 1920 - - JF314771.1
Opisthorchis viverrini (Poirier, 1886) Stiles & Hassal, 1896 14 no® JF823987.1
O. felineus Rivolta, 1884 Blanchard, 1895 14 no® MF077357.1
Bucephalus minimus (Stossich, 1887) Nicoll, 1914 14 no’ -
B. australis (Szidat, 1961) Yamaguti, 1971 14 no’ -
Monascus filiformis (Rudolphi, 1819) Looss, 1907 18 no’ -
Cercaria longicaudata Tang, 1990 16 no’ -
Bacciger bacciger (Rudolphi, 1819) Nicoll, 1914 12 no’ -
MACROSTOMORPHA
Macrostomum lignano Ladurner, Schirer, Salvenmoser, & 8 no® FJ715306.1
Rieger, 2005
ACOELOMORPHA
Hofstenia miamia Correa 1960 - - AM701817.1

Note: 1 - gene sequences and FISH results were gave by us; 2 - Joffe et al., 1996; 3 - Tasaka et al., 2013; 4 - Bombarova et
al., 2009; 5 - Hirai et al., 2000, Hirai, 2014; 6 - Zadesenets et al., 2012; 7 - Garcia-Souto and Pasantes, 2015; 8 - Zadesenets et
al., 2016; 9 - Spakulova et al., 2019. Dash means absent of complete information.

sites were identified. Both MrBayes 3.2.7 and MEGA7
programs produced trees of similar topology. Figure
2 shows the phylogenetic tree obtained in MrBayes.
In general, representatives of different orders cluster
into separate clades with high statistical support; the
representative of Macrostomorpha forms a separate
branch, along with the outgroup Hofstenia miamia.

4. Discussion and conclusions
4.1. ITSs in parasitic and free-living
flatworms

In the evolution of some groups of animals,
intra- or interchromosomal rearrangements, as well as
genomic mutations, played a decisive role (Trifonov
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et al., 2012; 2016; Dehal and Boore, 2005). In this
regard, tracking chromosomal mutation markers such
as ITSs makes it possible to assess the contribution of
chromosomal rearrangements to speciation.

During the evolution of flatworms, numerous
karyotype transformations also occurred. As in the case
of nematodes and other types of invertebrate animals
(Stein et al., 2003; Ghedin et al., 2007; Dubinin et al.,
1936), a significant contribution of intrachromosomal
rearrangements was noted for flatworms (Swain
et al., 2011), which is probably due to the presence
of a large number of repeating sequences in their
genome, including LTR retroelements (Grohme et al.,
2018). ITSs data were obtained for a small number of
representatives of different orders/classes (Table 1).
Based on these data, we can conclude that ITSs are not
typical for the chromosomes of these animals, as for
other invertebrates. Previously, ITSs were found only
in parasitic flatworms (Hirai, 2014; Spakulova et al.,
2019). The detection of ITSs in the sex chromosomes of
parasites, in this case schistosomes, is associated with
several inversions and heterochromatization (Hirai et
al., 2012; Hirai, 2014). The appearance of ITSs was
associated with the spread of these parasites from Asia
to Africa and with subsequent speciation (Hirai, 2012).
It is worth noting that schistosomes have a unique sex
determinationsystem amonghermaphroditictrematodes
(ZZ male, ZW female), and the sex chromosomes
have undergone significant reorganization during the
evolution, as evidenced by ITSs. Baikal planarians,
like most flatworms, are hermaphrodites and do not
have separate gonosomes. Similarly, speciation in
Baikalobia worms may have been accompanied by the
emergence of ITSs (Fig. 1). Free-living flatworms often
have genomic mutations associated with changes in the
number of chromosomes. They can be random, as in the
case of the macrostomorph Macrostemum lignano, which
has a high percentage of aneuploids (Zadesenets et al.,
2016). In the case of planarians, the adaptive nature of
changes in the number of chromosomes was revealed:

B. guttata

Fig.1. Telomere signals (pink) in meiotic chromosomes
of Baikal planarians (chromosomes stained with DAPI,
blue): a, e — appearance of worms, the scale is 1 cm; b, f —
15 pairs of chromosomes; ¢, d, g h — FISH shows telomeric
repeats TTAGGG in B. guttata and B. variegata. Arrows point
at chromosomes with ITS. Yellow asterisks indicate ITS. A
number of chromosome sets is shown in figure d.
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Fig.2. 18S rRNA gene phylogenetic tree (MrBayes 3.2.7). Species with ITSs are highlighted in pink. On the right are the
flatworm order names. The nodes indicate the posterior probability values. The scale shows genetic distances.
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with increasing latitude, the number of chromosomes
also increased (Lorch et al., 2016). At the same time,
changes in the number of chromosomes during the
evolution of planarians accompanied speciation, for
example in the genus Bdellocephala, including among
the Baikal representatives (Umylina, 1971; Kuznedelov
et al., 2000; Novikova et al., 2006). Concurrently,
changes occurred in the morphology of chromosomes,
which indicates a significant reorganization of the
genome. The endemic planarians of Lake Baikal have,
as a rule, 30 chromosomes with a predominance of
metacentrics and submetacentrics in the karyotype
(Umylina, 1973, 1976, 1977). The stability of the
number of chromosomes and the rarity of telocentric
and acrocentric chromosomes in this morphologically
and ecologically very diverse group of triclads may
indicate the predominance of intrachromosomal
changes during the evolution of their genomes, as
in other flatworms. Unfortunately, we do not know
whether the common ancestor of all Baikal triclads had
ITSs in their chromosomes or whether they appeared
only during the evolution of a separate branch of
Baikalobia.

4.2. ITSs and flatworm phylogeny

Early in the evolution of flatworms, an important
event occurred involving the loss of centrosomes
(Azimzadeh et al.,, 2012). This accompanied the
emergence of several groups of flatworms, which are
now combined into a taxon Acentrosomata. It includes
four orders Tricladida, Fecampiida, Prolecithophora,
Bothrioplanida and three class of parasitic worms
Monogenea, Cestoda and Trematoda (Egger et al., 2015;
Collins, 2017). ITSs were identified in representatives of
Tricladida, Trematoda and Cestoda, but were absent in
the studied representatives of other Acentrosomata, as
well as in the rather distant clade Macrostomorpha (Fig.
2), indicating the independence of the pathways leading
to the appearance of ITSs in free-living and parasitic
flatworms. Within the order Tricladida, representatives
of the two families Planariidae and Dugesiidae lack
ITSs, but they appear in the family Dendrocoelidae
among Baikal endemics (Fig. 1). Representatives of
only this family are found in Lake Baikal.

Further study of ITSs in representatives of the
family Dendrocoelidae will help to understand at what
stage of evolution the genome reorganization occurred,
leading to the appearance of ITSs, and whether this
event was a feature of the Baikal endemics or all
dendrocoelids.
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NOCAEAOBaTEeAbHOCTH B XpOMOCcOoOMaXx LIMNOLOGY

6alKkanbCKMX NAAHAPUH FRESHWATER
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AHHOTAILMA. Hannuve BHYTPEHHUX TEJIOMEPHBIX IocjefoBaTesibHOCTel B xpoMmocoMax (ITS), kax
IIpaBUJIO, yKa3biBaeT Ha CJIyYyad peopraHu3anuy resoma. MsMmeHeHNs MOpP(OJIOTUH 1 YMCJia XPOMOCOM
MOTYT OBITh MICTOYHMKAMU BHYTPMBUAOBOIO OJIMMOpP(}HU3Ma, a TakxkKe IPUBOAUTH K BUA0OOPa30BaHUIO.
VY niockux 4YepBeidd oOHapyxeHbl oba BapuaHTa, IIpu 3ToM ITS B XpoMocomax BCTpedaroTCcs pefko,
YTO XapaKTepHO U AJiA APYrMX OeclO3BOHOYHBIX XMBOTHBIX. M3 23 mHcciiefOBaHHBIX BUAOB IIJIOCKHAX
yepsell ITS ObIM BBIABJIEHBI TOJIBKO y Tpex napasuTuieckux BuAoB. C noMompio FISH ¢ TesoMepHBIMUA
3oHAaMU MbI OOHapyxwuiau, uyTo ITS Takkxe NPUCYTCTBYIOT B XpOMOCOMax 3HAEMUYHBIX OalKaIbCKUX
mia"Hapuil Baikalobia Kenk, 1930 (Tricladida, Continenticola, Dendrocoelidae). 3To mepBbIii ciyuait
BbIsABJIeHUA ITS y cBOGOAHOXUBYMMX IJIOCKUX 4YepBeil. Kak y Shistosoma Weinland, 1858, noseyienue
ITS y 6alikajabCKUX IIJIaHAPUIA MOTJIO OBITH CBA3AHO C IIpoliecCcOM BUAOOOpa3oBaHus. [loka HEeT JaHHBIX
o ITS y apyrux JeHApOLeINA, 1 OCTaeTCs OTKPBITHIM BOIIPOC O TOM, ABJIAI0TCA au ITS cnenuduyeckoin
yepTOoH 6alikaJIbCKUX OOUTaTeJIer iU 3TO 0cobas yepTa Bcex npefcrasutesiedl Dendrocoelidae.

Krouegbie cstoéa: BHyTpUXpOMOCOMHBIE TeJIOMEPHBIe nlocsefosaresnbHocTy, ITS, FISH, niockue yepsy,
wiaHapuu, barikan

1. Beepenue 2017). OHU OT/JMYAIOTCA pa3MepaMH, JIoKaju3aluein
U HYKJIEOTUAHBIM OKPYXEHUEM, a TaKXe BO3HUKAIOT
Onarojaps pasHbIM MexaHu3MaMm. Kopotkue ITS
Hoctu (ITS) — ato Tenomeprnas [AHK, nokanusoBaHHaA uMeroT pasmep 100-120 MH U MOTYT GBITh OKPYXEHSI
B JIOOOM y4YacTKe XpOMOCOM, KpOMe TepMUHAJIbHBIX KaK YHUKaJbHBIMU IIOCJIE[IOBATEJIbHOCTAMU, TaK U
peruonoB (Meyne et al., 1990). OHU MOTYT BO3HUKATb SINE, LINE, LTR peTpoTpaHcnosoHamu. JlIiHa cyoTe-
[0 HECKOJIbKMM MPUYMHAM, B TOM 9HUCJIE B PE3yJib- JioMepHbIX ITS u3MepseTcs COTHAMHU HYKJIEOTHIOB U
TaTe XpOMOCOMHBIX NEPECTPOCK B MPOLECCE IBOTIOLNI MOXET BKJIIOYaTh B ceOs1 BBHIPOXKIEHHBIE TeJIOMEpHbIE
TeHOMa, perapanuy JABYXLENOouedHbX paspeo JHK noBTOpHL. Crmthie ITS UMEIT OPUEHTALMIO IOJIOBA-K-TO-
Y BHeJpeHNUs 5KCTPaxpoMocoMHoi TesioMmepHou JJHK B 7oBe ¥ (IaHKNpOBaHB cyGTenomepHoit JHK, dro
XpoMOCOMBI U ee ammutndukaruu (Bolzdn and Bianchi, yKasbIBaeT Ha CJIydan OOBEJUHEHHs ABYX XPOMOCOM
2006; Ruiz-Herrera et al., 2008; Bolzan, 2012). Kak B TEJIOMEPHBIX 06J1acTsX. VX pasMepsl MOTYT BapbH-
npasuio, ITS He cBA3aHbI ¢ PyHKIUAMYU TeJIOMep, eCIu pOBaTh OT HECKOJIbKUX TIH JI0 HECKOJbKUX JIECATKOB
HE yYUTBIBATD MX OTPENCJICHHYIO POJIb B [IOANCPKAHNN TrH. TetepoxpoMaTuHOBbie ITS — 9TO cambie GoOJIbIIME
ITaCTHYHOCTH TEHOMA, T. K. M3BECTHO, 1ITO OHM MHAY- T0CJIe{0BaTEIbHOCTH Pa3MEPOM J[0 HECKOJIbKUX COTEH
[UPYIOT MyTalWX U JIOKAJIU3YIOTCA B XPYNKHUX CAlTAaXx, THH. OHM 4acTO OGHAPYKMBAIOTCA B MPHIEHTPO-
MO KOTOPHIM NPOMCXOZAT PasphiBhl xpomocom (Moore MepHBIX 06JIaCTAX, HO MOTYT BCTPEYaThCA U Ha IIeYax

et al,, 2018; Lin and Yan, 2008). XPOMOCOM, a TaKke 06pa30oBBIBATH MUKPOXPOMOCOMBI

BHyTpeHHHe  TesloOMepHBle  IOCJieAOBaTeJsib-

Boigenaior derhipe rpynnel ITS: KopoTkue, (Bolzan, 2017)

, .
cyGTesioMepHble, cIUThie (MOABUBIIMECA B pe3yJibTaTe UyscTBUTEBHOCT OGBIuHOE Fluorescence  in
CJISHUS XPOMOCOM) U reTepoxpomatuHosbie (Bolzan, situ hybridization (FISH) no3BoJifeT BU3yaJM3MpOBaTh
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nocJjiegoBaTeabHocTH JuHoM 1000 mH u 6osiee (Poon
et al., 1999), T.e. ¢ IIOMOIIBIO 3TOIO METOA CJIOXKHO
00HapyXUTh KOpOoTKHe U cyOTesioMmepHsble ITS. OgHako
HauboJiee 3HAUMMEIE B 3BOJIIOI[UM KAPUOTUIIA XPOMO-
COMHBIE TEePEeCTPOMKH, KOTOpble MOTYT 3aTparmBaTh
TeJIOMEepPHBIE PETrvOoHBI, 3TOT METOJ] CrocobeH 3aduK-
cupoBaTh. B XpomMocoMax TO3BOHOYHBIX XHUBOTHBIX
ITS pasmepowm 6osiee 1000 mH JOBOJIBHO YacTO BCTpe-
YalTCA W PacHoJIOKeHHl TJIaBHBIM 00pa3oM BOJIN3U
neHtpoMmep (Meyne et al., 1990; Bolzan et al., 2017;
Vicari et al., 2022). Kak mpaBuJio, 3TO ABJIAETCA CJIE-
cTBUEeM poOepTCOHOBCKUX TpaHcjokamnuii (Slijepcevic,
1998), x0T He Bcerga Takide XPOMOCOMHEIE MyTal[lU
MpUBOIAT K mosBieHuo ITS (Souza et al., 2016). U3
TOr0, YTO M3BECTHO O XPOMOCOMAax OeCIIO3BOHOYHBIX
KUBOTHBIX MOXHO cKasatb, 4TO ITS pasmepom Gosee
1000 mH B HMX HE TaK MIHMPOKO pacCHpOCTPaHEHHI
(Vitkova et al., 2005; Traut et al., 2007; Vicari et al.,
2022). Hanpumep, cpeau MoJutiockoB Takue ITS 6buin
oOHapyXeHBl TOJIBKO y JIBYX U3 23 MCCJIeJOBAaHHBIX B
aTOM oTHoImeHuu BugoB (Nomoto et al., 2001; Godwin
et al., 2012). Cpeiu IJIOCKUX YePBEI N3BECTHHI JJAHHBIE
FISH ¢ TestomMepHBIMU 30HAAMU 1A 23 BUAOB, IpUYeM
GOJIBIIMHCTBO M3 HUX — mapas3uthl (Tabmuma 1), u ITS
OOHapyXXeHBl TOJIBKO B IOJIOBBIX XPOMOCOMAX IBYX
Buz0B Tpemartoy (Hirai, 2014) u ogHOTO BUA LECTOM
(§pakulové etal., 2019). Y cBOGOJHOXUBYIIUX TIJIOCKUX
yepsell ITS elije He ObLJIN BBHIABJIEHEL.

Mser  wucnosb3oBasu  FISH ¢ TesnoMepHBIMU
30HIAMU [JIA BBISABJIEHUs JIOKAJM3AIUM TEJIOMEPHBIX
MOBTOPOB B XPOMOCOMAaX MABYX BHJOB SHIAEMHYHBIX
mwiaHapuii poxa Baikalobia, aBTOXTOHHOI TI'DYMIIBI
6arikanbekux Dendrocoelidae. ITS 65111 0GHAPYXEHHL Y
oboux BUIOB uepBeli. Takxke B 3TOl paboTe MBI IpoaHa-
JIM3UPOBAJIA QUIIOTEHETUYECKUE OTHOIIEHUS TJIOCKUX
yepBell ¢ yueroM ITS B nx xpomocomax.

2. MaTepuanbl 1 MeTOAbI

[Mnanapuu 6bIM coOpaHbl B ceHTAOpe 2011 r B
3anuBe JIncTBAHMYHBIN o3epa Bailikan (51°52’02.4»N
104°49°55.2»E). CO0p  OCyIIecTBJISUICS  BPYYHYIO
KHCTOYKOM ¢ ryiyOuHB 1 M c kaMHeil. Ocobu ObLIN
[oMelleHbl B TePMOKOHTeliHep ¢ 6ailkabCKON BOAOM
U JloCTaBjleHbl B JlabopaTopuio, IAe COoAepKajuch A0
a”anu3a. J[i4a FISH ucnosib3o0Baanch TKaHU ABYX BUIOB
3HAEMUYHOro 6aikaibckoro poaa Baikalobia: B. guttata
Gerstfeldt, 1858 u B. variegata Korotneff, 1912 (no mpu
ocobu kadxn00zo suda). Buibl, BKIIIOUeHHbBIE B (pUIOTeHe-
TUYECKUI aHaJIN3, NpeicTaBjeHs B Tabmume 1.

2.1. dayopecueHTHan rubpuansaumus in
situ (FISH)

XpoMocoMHEIe IpernapaThl TOTOBMJIM U3 I'OMO-
reHU3UpPOBAaHHBIX TKaHel uepBell. TkaHu MoMemnianu
0.56% KCl, usmenpuanu u ocraesum npu 37°C Ha
15 muH. 3ateM GUKCHPOBaJIM CMECBI0 MeTaHoJa U
yKCycHOU KuciyoTs (3:1), BeigepxuBanu npu +5°C 15
MHH, IeHTpudyruposany, yoOupanu HagOCaJO4YHYIO
JKUJKOCTb ¥ CHOBA IIOBTOPSIU IIpolleAypy Tpu pasa. Ha
oxJiaxaeHHble 10 -20°C mpeAMeTHBIE CTEKJIa Karaju

CyCIIeH3UI0 KJIeTOK HaJ BoAsHbeMU napamu (70-80°C)
n BeicymuBanu B TedeHue 10 mun. Ilepeny rubpuau-
3aluell IpenapaThl BbAEPXUBAJIN IPU KOMHATHOM
TeMIlepaType HeCKOJIbKO CyTOK.

TesiomepHy0 Mpoby mnosydanu Oe3MaTpUYHON
IIP (Ijdo et al., 1991) u metwnm ee Bio-11-dUTP
nocpenctsoMm IIIP ¢ npaliMepamMu Ha TeJlOMepHBIE
pationnl. FISH TesoMepHO!l mpoOb Ha Ipenaparax
MIPOBOJIUJIN B COOTBETCTBUH ¢ poTokojioM (Joffe et al.,
1998) ¢ HekOTOpPHIMU H3MeHeHUsAMU. [locijie OTMBIBKU
B 1-kpatHOM PBS, comepxamem 50 MM Mg2 +, npena-
patel obpabateiBau 0.12% tpuncunom B TedyeHue 20
c¢. [lanee npenapatel Gukcuposaau B 0.5% dopmanbie-
rupe u 1-kpatHoM PBS 10 MuH, npoMBIBaiu B 2-KpaTHOM
SSC u gernapupoBanu B 3TaHoJie. [nbpuansanrioHHasn
cMech (20 mxi1) comepxasa 50% dopmamup, 2xSSC u
TeJoMepHbIN 30H/. [lepe s rubpuau3anuen cMech JeHa-
TypUpOBaJIy B TeueHue 5 MUH npu 96°C, oxJiaxkgaiu Bo
JIby 1 HAaHOCHUJIU Ha Ipenapart. ['ubpuauzanus mia B
TeueHHe HouM npu 42°C. JleTekuus OHOTUHUINPOBAH-
HOT'0 30H/1a IPOBOAWJIACH C TOMOIIBI0 (GJIyOPECIIEHTHO
MeueHOro crpentaBuguHa (Streptavidin-Cy3, Sigma,
CIIIA). Ilpenapathl okpamBaiu ¢iyopoxpomom DAPI
(4,6-mnamuHo-2-pennuagoN, 0.5 MKr/mir) B cpefe
Vectashield (Vector laboratories, BenukoGpuTaHUs)
1 aHaJIu3upoBajld Ha (JIyopeclleHTHOM MHKPOCKOIIe
Olympus BX51. Xpomocomsl ¢oTtorpadupoBanu npu
yBenuueHun 100x (kamepa DP70, HMCTOYHUK cCBeTa
X-Cite 120Q).

2.2. dPunroreHeTHUECKUN aHaANU3

Beigenenue JTHK, IILIP rena 18S pPHK u cekse-
HUPOBaHUE TMPOBOJWINCh, KaK OMHCAaHO B pabore
IMopdupneBa ¢ coaBropamu (Porfiriev et al., 2018).
BblpaBHUBaHUE MOJyYeHHBIX HYKJIEOTUOHBIX IOCJIe-
JIOBaTeJIbHOCTEH  OCYIIECTBJISJIOCH B MOpOrpamMMme
ClustalW1.6 (Thompson et al., 1994). ®uioreHeTu-
yecKas PEKOHCTPYKIUS TMPOBOAWJIACh B IporpaMme
MrBayes (3.2.7) (Huelsenbeck and Ronquist, 2001)
npu ucnosb3oBanuu Mmofean GTR + G. Ilenu Mapkosa
(MCMC) paccuurtsiBasiuch B TeueHre 10000000 moxo-
JeHu# (4 1enu napajuiesbHO) C YaCTOTOM 3alKCH Imapa-
MeTpoB KaxAaylo 1000 renepanuii. [lepBreie 25% rene-
panuil MCIOJIb30BAJIMCh [AJIA CTAOMJIM3alUM MeTO/a
nmpaBaonoAo0us, a OCTaJbHble — AJIA OI€HKU arocTe-
pUOpHOU BeposATHOCTU. KpuTepweM [OOCTOBEPHOCTU
CJIyKUJIA allOCTEPUOPHASA BEPOSITHOCTD, MMPEBHIIIAIOIIAS
95%. Takke peKOHCTPYKLMA AepeBbeB MPOBOAUIIACH
B makeTe mporpamm MEGA7 (Kumar et al., 2016),
rfle WCIOJIb30BAaJINCh MeTOJ OIKalIINX cocemen
(Neighbor-Joining) u aBymapaMmerpudeckas MOMEJb
Kumypst (K2P) ¢ 6yTcTpen TectoM (1000 perukanuii).
I'paduueckas pefakius JepeBa OCYIIECTBJIAIACH B
nporpammax FigTree v1.4.2 (http://tree.bio.ed.ac.uk
software/figtree/) u MEGA?7.

3. Pe3yAabTarthbl
3.1. FISH

FISH 6p171a mpoBeieHa 1A ABYX BUAOB OaliKaIb-
CKUX IIaHapuil B. guttata u B. variegata (Puc. 1).
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Ta6suia 1. Buasl, npoaHanusupoBaHHble Ha Hasnuue ITS, u ux rexsl 18S pPHK

Buapl 2n ITS (FISH) Homep B GenBank
18S rRNA
TRICLADIDA
Baikalobia guttata Gerstfeldt, 1858 30 ecTp! KY848668.1
B. variegata Korotneff, 1912 30 ecTp! OR758633.1
Polycelis tenuis Ijima, 1884 14 HeT> 799949.1
Dugesia ryukyuensis Kawakatsu, 1976 14 HeT? AF050433.1 (type II)
MONOGENEA
Paradiplozoon homoion Bychowsky et Nagibina, 1959 14 Het® KY640614.1
CESTODA
Caryophyllaeus laticeps Pallas, 1781 20 Het* AJ287488.1
Caryophyllaeides fennica Schneider, 1902 20 Het* KF990172.1
Nippotaenia mogurndae Yamaguti et Miyata, 1940 28 Her* AJ287545.1
Atractolytocestus huronensis Anthony, 1958 24 (3n) ecTp’ 0OM972659.1
TREMATODA
Schistosoma mansoni Sambo, 1907 16 €cTh® U65657.1
S. haematobium Bilharz, 1852 16 ecTh® 711976.1
S. japonicum Katsurada, 1904 16 HeT® 711590.1
S. sinensium Pao, 1959 16 HeT® AY157225.1
Clonorchis sinensis Looss, 1907 14 HeT® JF823988.1
Metorchis xanthosomus Creplin, 1846 14 HetS OK384552.1
M. bilis (Braun, 1790) Odening, 1962 14 Het® OK384551.1
M. orientalis Tanabe, 1920 - - JF314771.1
Opisthorchis viverrini (Poirier, 1886) Stiles & Hassal, 1896 14 Het® JF823987.1
O. felineus Rivolta, 1884 Blanchard, 1895 14 HeT® MF077357.1
Bucephalus minimus (Stossich, 1887) Nicoll, 1914 14 Het’ -
B. australis (Szidat, 1961) Yamaguti, 1971 14 Het’ -
Monascus filiformis (Rudolphi, 1819) Looss, 1907 18 Het’ -
Cercaria longicaudata Tang, 1990 16 Het’ -
Bacciger bacciger (Rudolphi, 1819) Nicoll, 1914 12 Het’ -
MACROSTOMORPHA
Macrostomum lignano Ladurner, Schirer, Salvenmoser, & 8 Her® FJ715306.1
Rieger, 2005
ACOELOMORPHA (BHemnHss rpymna)
Hofstenia miamia Correa 1960 - - AM701817.1

IIpumeuanwue: 1 — nosyuensl Hamy; 2 - Joffe et al., 1996; 3 - Tasaka et al., 2013; 4 - Bombarova et al., 2009; 5 - Hirai et al.,
2000, Hirai, 2014; 6 - Zadesenets et al., 2012; 7 - Garcia-Souto and Pasantes, 2015; 8 - Zadesenets et al., 2016; 9 - Spakulové et

al., 2019. Tupe 03HAYAIOT OTCYTCTBHE NHGOPMALUUL.

lanmonHbII Habop y HUX OAMHAKOB U COCTaBJAeT
15 xpoMocoMm, uTo ObuIO mokasaHo T. M. YMBUIMHOMI
B 70-p1x romax (YmbuimHa, 1973; 1976; 1977). U3
pucyka 1 BuaHo, uro nosTopel TTAGGG mnpucyr-
CTBYIOT He TOJIBKO Ha KOHIIax, HO U BHYTPU XpOMOCOM,
4yTO roBOpUT 0 Hasmnuuu ITS y aHanusupyeMbIx BUAOB.
IIpu stom y Bupga B. guttata oHU pacnosiararTcs B
oaHou xpomocome (Puc. 1 ¢, d), a y Buga B. variegata
ITS, BepoOATHO, OHU pacCIIOJAralTCsA Ha ABYX Pa3HBIX
xpomMocomax (Puc. 1 h).

3.2. dunoreHeTuUecKUM aHanu3 BUAOB u ITS

Jia npoBeneHusa GUIOreHETUYECKOrO aHaIn3a
OBLJIM NOJTyYeHBl HyKJIEOTUAHBIE ITOCIeJOBATEIbHOCTU
reHa 18S pPHK nuia B. guttata v B. variegata, njiA Apyrux
BUJIOB IUIOCKUX 4YepBell IocjiefjoBaTeJIbHOCTU 3TOrO
resa ObUIM B3ATH 13 6asbl qaHHbx GenBank (Tabsumra
1). JinHa aHaJU3UpyeMbIX PErlOHOB IIOCJIe BHIpaB-
HUBaHUA cocTaBmwia okoso 2000 mH. 655 mHpoOpMa-
THUBHBIX caliTa ObUIO BBIABJIEHO. B o0eux mporpammax
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MrBayes 3.2.7 u MEGA7 OblIM MOJIy4eHbl A€PEBbs B. guttata

cxoxell TomoJsiornu. Ha pucyHke 2 mnpeAcTaBIeHO
(dunoreHeTrnyeckoe epeso, nojydeHHoe B MrBayes. B
11eJIOM TpeACTaBUTEJM Pa3HBIX OTPAMOB KJIaCTepUsy-
I0TCA B OTZEJIbHBIE KJIaABl C BBICOKON CTaTUCTUYECKOU
MOAJEPXKKOM, MmpeacTaBuTes b Macrostomorpha o6Gpa-
3yeT OTJieJIbHyl0 BEeTBb, HapsAy C BHeEIIHeN IpyIIon
Hofstenia miamia.

4. 06cy>xpeHue U BbIBOADI
4.1. ITS y napasuTMuyecKux u
CBO60AHOXXHMBYLUMX NAOCKHUX YepBeH

B 53BOIONMM HEKOTOPHIX TPYIN XKUBOTHBIX
BHYTpU- WJIM MEXXPOMOCOMHBIE [E€PECTPOMKU, a
TakXe TeHOMHbBIE MyTaI[U¥ ChHITPAJIM PEMIAIIy0 POJib
(Trifonov et al., 2012; 2016; Dehal and Boore, 2005). B
CBSI3U C 3TUM, OTCJIEXUBaHUE TaKUX MapKepOB XPOMO-
COMHBIX MyTanuil kak ITS 1o3BoJifAeT OIleHUTh BKJIA
XPOMOCOMHBIX TIEPECTPOEK B BUA00Opa3oBaHUe.

B 5BOJIIOIUM TIJIOCKUX YepBel TaKXke MpPOUCXO-
UM MHOTOYMCJIEHHBIE Mpeobpa3soBaHusA KapHOTHUIIA.
Takxe Kak B cjIyuyae HEMAaToJl U JPYTUX TUIIOB Gecrio-
3BOHOYHBIX XMBOTHEBIX (Stein et al., 2003; Ghedin et
al., 2007; Dubinin et al., 1936), A/ IJTOCKUX YepBert
OTMeueH 3HAYUTEIbHBIA BKJaJ] BHYTPUXPOMOCOMHBIX
mepectpoek (Swain et al.,, 2011), u4TO, BepoOATHO,
CBSI3aHO C TIPUCYTCTBUEM B UX TeHOMe GOJIBIIIOTO KOJIU-
YecTBa MOBTOPSAIUXCA MOC/Ie0BaTEIbHOCTE, B TOM
yucyie LTR perpoasiementoB (Grohme et al.,, 2018).
Jannpie no ITS mosydeHsl [jia HeOOJIBIIOTO YHCJIA
IpeJicTaBUTeJIell pa3HbBIX OTpAAoB/KJaccoB (Tabmuia

B. variegata

Puc.1. TenomepHble curHayibl (PO30BbIE) B MeHOTHYe-
CKMX XpoMocoMax OalKaJbCKUX IUIaHApUH (XPOMOCOMEBI
okpateHsl DAPI, cuHuil): a, e — BHEIIHUH BU/T YepBe, IIKajia
1 em; b, f — 15 map xpomocowm; ¢, d, g h — FISH nokasbiBaeT

1). Wcxonas U3 3THUX JAHHBIX, MOXHO CJZIeJIaTh BBIBOI O
TOM, YTO [JIsI XPOMOCOM 3THX XUBOTHHIX ITS He xapak-
TEPHBI, KaK U I APYrux Oecro3BOHOYHBIX. PaHee

tesioMepHble 0BTOpHl TTAGGG y B. guttata u B. variegata.
Crpesiku yKa3plBalOT Ha xpoMocoMsl ¢ ITS. XKenteimu 3Be3-
Joukamu otMmedeHHl ITS. HeckobkO XpOMOCOMHEIX HAOOpOB

TOJIBKO y IMapasuTUYEeCKUX IJIOCKUX dYepBell ObLInu TIOKa3aHO HA PUCYHKe d.

obHapyxensl ITS (Hirai, 2014; Spakulové et al., 2019).
O6napyxenue ITS B IOJIOBBIX XPOMOCOMAaXx MapasuToB,
B IaHHOM CJIy4Yae IIKCTOCOM, CBA3aHO C HECKOJIbKUMU

Hofstenia miamia

Macrostomum lignano

lBaikalobia variegata . .
’_@ Baikalobia guttata Tricladida
1 Polycelis tenuis

Dugesia ryukyuensis
Paradiplozoon hemiculteri
Caryophyllaeides fennica
Caryophyllaeus laticeps
Atractolytocestus huronensis
Nippotaenia mogurndae
0.99 — Schistosoma haematobium
Schistosoma mansoni
Schistosoma japonicum
Schistosoma sinensium
1 Clonorchis sinensis
Metorchis orientalis
1| Metorchis xanthosomus
Metorchis bilis
Opisthorchis viverrini
Opisthorchis felineus

Monogenea

Cestoda

Trematoda

|
01

Puc.2. OusoreHeTuyeckoe JepeBO, PEKOHCTPYHPOBaHHOe IO MocjefoBarenbHOCcTAM reHa 18S pPHK (MrBayes 3.2.7).
Po3zoBriM 11BeTOM BhiflesieHs! BUbI ¢ ITS. CnpaBa npuBefieHbl Ha3BaHUA OTPANOB. B y3yiax ykasaHsl 3HaueHUs allOCTEPUOPHON
BeposATHOCTH. IlIkana 1eMOHCTpUpPYeT reHeTH4ecKre pacCTOAHUS.
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WHBEpCUsAMH U TeTepoxpoMarusanueii (Hirai et al.,
2012; Hirai, 2014). Ilossnenue ITS y HuxX 661710 acco-
OUMPOBAHO C PacCIpOCTPAaHEHWEM 3THX I[apa3vuTOB
u3 Asun B Abpuky u ¢ mocjeAyoiluM BHA000pa3o-
Banuem (Hirai, 2012). CTOUT OTMETUTh, UYTO IIHCTO-
COMBI MMEIT YHUKAJIbHYI0 cpeau repMadpoauTHBIX
TpeMaTo[ CUCTeMYy ormpeneseHus nona (ZZ cawmern,
ZW caMKa), 1 UMEHHO I0JIOBBIE XPOMOCOMBI TIOJIBED-
TJINCh 3HAUYMTEJBHOM pEeopraHu3alii B IpoIlecce
ABOJIIOIUM 3TOTO poja, O 4YeM CBUAETEJIbCTBYIOT ITS.
Batikajpckue TJlaHapuM, TakkXe KakK U OOJIBIIMHCTBO
IUIOCKUX 4YepBeH, SBJIAIOTCA repMapoauTaMu U He
UMET OTAEJIbHBIX ToHOcOM. OJHAKO NOsIBJIEHUE Y
npejcTaBuTesieii pojga Baikalobia ITS (Puc. 1) Taxkxke
MOTJIO CONPOBOX/aTh BuAooOpa3oBaHue. Y cB0OO/I-
HOXUBYIIMX IUIOCKUX YepBEl 4YacTO BCTPEYAITCs
reHOMHbIe MyTalll1, CBSI3aHHBIE C U3MEHEHUEM YHCJIa
xpomocoM. OHM MOTYT HOCUTh CJIYYaMHBIA XapakTep,
Kak B ciyyae MakpoctoMopdsl Macrostemum lignano,
Yy KOTOPOM OBLT OTMEYEH BBICOKUI MPOLIEHT aHEYILIO-
unoB (Zadesenets et al., 2016). B ciyuae miaHapuit
OB BBIABJIEH aJanTUBHBIN XapakTep W3MeHEHUs
YHcJia XpOMOCOM: C YBEJMYEHHEM IIMPOTHI OOUTAHUSA
YHCJI0 XPOMOCOM Takxke yBeauumBasioch (Lorch et al.,
2016). B To ke Bpewms, M3MeHEHUE YHCJIA XPOMOCOM
B IIpoIlecce DBOJIIOIMU I[UIAHAPUN  COIPOBOXIAJIO
BUA00OpasoBaHue, Hampumep B pope Bdellocephala,
B TOM uncJie cpefu OalikaJbCKHUX NOpefCcTaBUTeJIeN
(YmbutuHa, 1971; Kysuegesios u Ap., 2000; Novikova
et al.,, 2006). [Tpu 3TOM IPOUCXOAWIN U U3MEHEHUS
B MOpP()OJIOTUM XPOMOCOM, YTO yYKa3bIBAET HA 3HAYU-
TEJIbHYI0 PEOPraHu3anuio reHoma. balikaibckue sH/e-
MUYHEIE [UITAaHApUX UMERT, KaK Npasusio, 30 XxpoMocoM
¢ mpeobJialaHMeM B KapUOTHUIIE METAleHTPUKOB U
cybmerarnienTpukoB (YwmeutmHa, 1973, 1976, 1977).
CTabuIbHOCTD YHCJIa XPOMOCOM UM PEJIKOCTh TeJIOLEeH-
TPUYECKUX U AKPOI[EHTPUYECKHUX XPOMOCOM Y 3TOU
OYeHb pa3HO0Opa3HoOll B MOP(HOJIOTUUECKOM U 3KOJIO-
TAYECKOM IJIaHe T'PYIIbBI TPUKJIAJ] MOXET YKa3bIBaTh
Ha npeobJiaflaHre B MPOIECCE SBOJIIONUN WX T€HOMOB
BHYTPUXPOMOCOMHBIX W3MEHEHUM, KaKk U y APYrux
IUIOCKUX 4YepBel. K coxajieHuio, Mbl He 3HaeM, MMeJI
Ju oOIuil mpedoK Bcex Gavikanbckux Tpukjan ITS B
XPOMOCOMAX WJIM OHU MOSBUJIMCH TOJIBKO B IpoIiecce
SBOJIIOI[MM OT/ieJIbHOI BeTBU Baikalobia.

4.2. ITS n puroreHnUna NAOCKUX uepBen

B camoMm Hauasie 3BOJIIOIMHU ILJIOCKHX YepBei
MPOU30LLIO0 BaXHOe COOBITHE, CBSI3aHHOE C TOTepel
meHTpocoM (Azimzadehetal., 2012). 3To conyTCTBOBAIO
BO3HUKHOBEHUI0 HECKOJIBKUX TPYHI IJIOCKUX YepBel,
KOTOPpHIE ceriuac 00beJUHAIT B TAKCOH Acentrosomata.
O BkJII0OUaeT deThipe oTpsAga Tricladida, Fecampiida,
Prolecithophora, Bothrioplanida u Tpu kiacca mapas-
utnyeckux uepseil Monogenea, Cestoda u Trematoda
(Egger et al., 2015; Collins, 2017). ITS GbLiIM BBIABJIEHbL
y npencraBureieil Tricladida, Trematoda u Cestoda,
HO OTCYTCTBOBAJIA Y MCCJIEOBAHHBIX MpeACTaBUTENIEH
apyrux Acentrosomata, a TakXe y JOBOJIBHO JJaJIeKO
kiaagpl Macrostomorpha (Puc. 2), uTo ykasbiBaeT Ha
HEe3aBUCUMOCTb NyTeH, NpuBeAlInX K nossjeHuio ITS
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y CBOGOOHOXUBYIIMX U MapasUTUUYECKUX ILIOCKUX
uyepBeii. BuyTpu otpsga Tricladida y npencraButeneit
IByx cemeiictB Planariidae u Dugesiidae ITS otcyT-
CTBYIOT, HO MOSIBJIAIOTCA B ceMelictBe Dendrocoelidae
cpenu Gavikajabckux sHAeMukoB (Puc.1). B Baiikase
BCTpEYaloTCA IpeACTaBUTEN TOJIBKO dTOTO CEMECTRA.

HansHeiimee ucciepgosanue ITS y nmpexncrasu-
tesieit cemerictBa Dendrocoelidae momoxer moHATH, Ha
KakoM 3Talle 3BOJIIOIMK IPOM30IIIa peopraHu3alius
reHomMma, mnpuBefmasa K mnosAssieHuto ITS, u ObuTo Jin
9TO 0COOEeHHOCThIO HaliKaIbCKUX SHAEMUKOB MJIM BCEX

JeHOpOoLeIUI.
BbAaaropapHOCTH

PaGora Oblsla BHIIOJHEHa MpU HOAAEPXKKe
O10)KeTHBIX NIPOEKTOB 0279-2021-0007
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