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Hucepraiiiina po60Ta MIPUCBSIYEHA BCTAHOBJIECHHIO 0COOJIMBOCTEN raMEeTOreHe3y
riopuaaux camiie Pelophylax esculentus complex 3 xapakTepHHUX TeMIKIOHATbHHUX
nonyJsiianx cucteM CiBepchko-J[OHEIBKOTO IIEHTPY PI3HOMAHITTS 3€JICHUX Kab. Y
X0/l poOOTH BH3HAYAIMCA OCOOJMBOCTI KaplOTHUINIB Ta BUIOBHM CKJIajJ T€HOMIB B
MITOTHYHMX Ta MEMOTHMYHMX KIITHHAX CIM STHUKIB JOPOCITUX AUIUIOIAHUX CaMIliB
Pelophylax esculentus i3 mocmimkenux reMmikinoHanbauX nomynsmidaux cucreM (I'TIC)
CiBepcbko-Jl0HEIBKOTO TIEHTPY PI3HOMAHITTS 3eneHux xabd: Hwkaboro 106 puiibkoro
craBy, KopsikoBa craBy, IchkoBa crtaBy (okomnuri c. 'adimapu), 3armmaBu p. Mok
(c. Tumuenku). Ha miacTaBli OTpUMaHMX JaHUX BCTAHOBIIOBAINCH  IUISXHU
raMeToreHe3y y IOCHIKEHUX TIOpHIHMX caMIliB Ta OyB OIIHEHMH iX BHECOK Y
HiATPUMAHHS CKJIaAy TeMIKIOHATbHUX MOMYJISIIIHHUX CHUCTEM.

Marepian 3a yuactio aBTopa po6otu 30upanu npotsarom 2016-2022 pokis. 36ip
BuOipok 3emenux xad Pelophylax esculentus complex BimOyBaBcsi 3 TpUpPOTHHUX
MmicreniepedyBanb. Beboro 0yinto npoananizoBano 762 3eneHux xadu poay Pelophylax.
BusHaueHHs TakCOHOMIYHOT TPUHAIEKHOCTI 3€JIeHUX kad mpoBoAWIOCS 3a
KoMIuiekcoM Mopdomoriaaux o3Hak (Berger, 1970, 1977; Plotner, 2005; 11laGaHoB,
2015). [Tonepenne BU3HAYEHHS TUIOIMHOCTI MPOBOJIUIOCS 32 JOTIOMOTOIO ITUTOMETPIl
epurpouutiB (bonmapesa u ap., 2012), a 3romom miaTBepaxkeHo Ag-, DAPI-
3a0apBlIEHHAM XpoMocoM Ha kapiosoriunux mnpenapatax (Howell, Black 1980;

Birstain, 1984; Ragghianti et al., 1995; Ogielska et al., 2004; Berepuna u ap., 2013;



biprok, 2016). JonaTkoBo, MPOBOJWIM IIMTOMETPII0 CIIEPMATO30iliB Ha 3pa3Kax,
OTpUMaHUX 3 YpHHaJIbHOI criepmu camuiB (CremaneHko 1 ap., 2017). BcranoBnenus
KaplOTUMIB COMAaTUYHMX TKAaHUH 1 CIM SHHUKIB TMPOBOJAMIM 32 JOMOMOTOIO
duryopecuentroi riopuausanii in situ (FISH) (Ragghianti et al., 1995; Pustovalova et
al., 2022, 2023; Choleva et al., 2023), 1 q1a aedkux OCOOHMH MIATBEPKYBaIU 3a
JOTIOMOTOI0 MOpPIBHsIbHOT TeHoMHOi riopunu3amii (CGH) (Zalesna et al., 2011;
Dolezalkova et al., 2016).

3a pesysabTaTaMu JOCTIIKEHb, KOXKEH 13 YOTHPHOX JIOKATITETIB HACEISIOThH
ocoounu P. ridibundus Ta P. esculentus (mu- ta Tpumioimui), a omxke, taki ['TIC
Hasiexxkatb 10 R—E—Ep—ITIC tumy. Jlnst Toro, mo6 3po3yMiTH, ik came Bi0yBa€eThCs
ycmimHe BiaTBopeHHs TiOpuaiB y ITIC, HeoOXimHO 3’sicyBaTH MEXaHI3MH, IO
3a0€3MeYyI0Th PO3MHOXKEHHS TOPUIHUX CaMIlIB, MPOAHAJI3yBaBIIIN CKJIaJ iX CTaTE€BUX
npoAyKTiB. ToMy, sl OLIHKK BKJIAAy TOPUIHUX CaMIliB Y BIATBOPEHHS IIUX CHCTEM,
pPaHJIOMHHUM YHHOM oOpaiu 52 nopocnux cammis P. esculentus (30 riOpuaaux camiiis
3 Hwxursoro JloOpunbkoro craBy, 7 camili 3 KopsikoBa craBy, 8 camuiB 3 piuku Mok,
7 camuiB 3 IcbkoBa cTaBy) 1 JOCHIIWIN iX TAMETOTEHE3 IISIXOM BCTAHOBJICHHS CKJIAIy
reHoMy B IX coepMaronmrax Ta chnepmatugax. 3 BuxkopuctanHsiMm FISH 13
BUAOCHCIUBIYHUMA 70 TEPHUIICHTPOMEPHUX JUISHOK XpoMocom P. lessonae ta
P. ridibundus 3ongamu Ples289 ta RrS1 BinnoBinHO, MOKa3aHo, 110 3 52 HOCHIIKEHUX
JTUIUTOINHUX TIOPUIHUX CaMIIIB IT’SATh OCOOMH Maju y CiM’STHUKax CHEPMAaTOIMTH Ta
criepMaTHIU BUKITIOYHO i3 TeHOMOM P. lessonae, a 13 0coOuH — BHKITIOYHO 3 TECHOMOM
P. ridibundus. 29 ocobun B OJHUX cHepMaTONMTaX Ta CIePMaTHIAX MaJld TCHOM
P. lessonae, a B immux — renoMm P. ridibundus; 3a 3anpomonoBaHO HaMu
TepMiHOJIOTI€rO, 111 ocoOuMHU € amdiramerHumu. [lle y 8 cammis 3 52, mo Oynu
JOCHI/IKEHI, Y CIM’ STHUKax 3apeecTpOBAHO JUIUIOINHI CIEPMATOIUTH Ta TMOOUHOKI
JTUTIIOIHI CTIEpMaTHIH.

[Tonpu nepeBaxxkHy nepenauy riopugamu B gociijkyBanux ['TIC renomis R, B

mux [TIC mopoky crnocrepiraeTbcsi BelIWKa YacTKa TIOpHIIB 1 HASBHICTH JIUIIE



OMMHUYHUX Jopociaux ocobun P. ridibundus. Bigburicte mnpoaHamizoBaHUX
crepMaronuTiB Ta cnepmatun (60%) manu renom R, ta nmumie 33% cnepmaronuTiB Ta
cnepMarua Maiau reHoM L. e He BinmoBizac HassBHUM HAYKOBHUM YSIBJICHHSIM, 3TiTHO 3
SIKAMHU TIOpUIU TPOAYKYIOTh NEPEBAXXHO raMeTH 13 TCHOMOM BUY, SIKM BIICYTHIHA B
I'TIC, ne BOHM BIATBOPIOIOTHCA, sAK 1€ BimOyBaeThcs B L—E-TTIC, nme ribpunm
nepenarTs BUKIOUHO reHoM R (Pruvost et al., 2013; Chmielewska et al., 2022).

JlonaTkoBo, 3a pe3ynbTraramu FISH, y ’stu cammiB 3 52, 1m0 0yiau JOCTIKEHI,
B MEMOTHYHUX XPOMOCOMHHUX IUIACTMHKAaX 3apEeCTPOBAHO KOH IOTaIlll0  MIX
xpoMocomamu pizaux BuaiB (P. lessonae ta P. ridibundus) y 6iBanentu. [Tpu yomy, y
TPHOX TAaKMX OCOOWH cIiOCTepirajiucsi criepMaruiau sk 3 reHomom P. lessonae, Tax i 3
remomoM P. ridibundus, To6To Taki camii Oynu amdiramerni. OauH i3 camIliB, I
SKOTO OYJIO 3apeecTpOBaHE SIBUINE HE3BUYANHOI KOH FOTAIlil, MaB CIIEPMATOIUTH Ta
ciepMatuau i3 reHomom P. ridibundus ta HeBenwKy KUTHKICTH CIEPMATONMUTIB i3
reioMoM RR. [lns mepeBipku Ta MOSCHEHHS IILOTO SIBHINA, OyJia 3acTOCOBaHA
meronuka CGH 13 renomammu o000x OaTbkiBcbkux BuaiB. {006 yHUKHYTH
METOJIOJIOTIYHUX TOMMIIOK, Y SKOCTI KOHTPOJIO, BUKOPUCTAIM JBOX CaMIiB, SKI
NpOAYyKyBaldu Jiviie oawH Tum rameT. 3a pesynbratd CGH 3adapOyBanns, Oyio
HiATBEPXKEHO, 11O Il caMIll A1MCHO MPOAYKYBaJIH JIUIIIE OJUH TUI TaMeT, a XPOMOCOMH
13 IX COMaTHYHUX TKaHWUH PIBHOMIPHO 3a¢apOOBYBaIUCS Y KOJILOPH, IO BiMIOBIIAI0Th
0aTbKIBCbKMM T€HOMaM, TaKMM YWHOM MiATBEP/KYIOUM TIOpUAHY NPUPOIY TaKUX
0COOUH.

Jleski XpOMOCOMH ABOX OCOOMH, IJis SKHX OYJIO 3apeecTpoBaHE SBHIIEC
HE3BMYAHOT KOH IOTallli XpOMOCOM pI3HMX BHIIB, micis nposeaeHoro CGH i3
reHoMamu 000X 0aThbKIBCHKHUX BHJIIB IEMOHCTpYBaiu 3ahapOoBYBaHHS PI3HUX TUISHOK
y KOJbOpH, IIO € XapakTepHUMHU mjisi 000X OarbKiBChkuxX BHIIB. lle moxke OyTtu
CBITYEHHSIM BJaJIOi pekoMOIHAIIT MK XpoMocoMaMHu pi3HuxX BuAiB. Kpim Toro, y 2
camuiB Ha npenapatax micngs CGH mokHa criocrepirati HasiBHICTb XpPOMOCOM, 1110 HE

Hasiexxath aHi P. lessonae, awi P. ridibundus, 3adapooByrouncek nume DAPI. Ockinbku



BIPOT1JIHICTh METOJO0JIOTIYHMX TMOMUIOK OYJIO HIBETbOBAHO 3a JOTIOMOTOIO0 HAassBHOCTI
KOHTPOJIBHUX OCOOWH, BHUCYBA€THCS MPUMYIIEHHA, IO Il XPOMOCOMH HaIEXaThb
SKOMYCh IHIIOMY BHJy 3€J€HMX >Ka0, TeHeTUYHHUI MaTepian sSKoro Oepe ydacThb y
riopuamsamnii P. lessonae ta P. ridibundus, ockinbku HEoaHOPa30BO OYJI0 MOKa3aHE
SIBUIIE IHTpOTpecii cropimHeHux reHomis y renomu P. ridibundus (Lymberakis at al.,
2007; Akin et al., 2010).

VY xoni BUKOHaHHS POOOTH, 3apEECTPOBAHO WIICTh HUISXIB TaMETOreHE3y, Kl
XapakTepHi Juis riopuaHux camiis P. esculentus:

1) mpoaykyBaHHS TaiuioigHUX ramet i3 reHomom P. lessonae (L);

2) mpoIyKyBaHHS ramioigaux ramet i3 reaomoM P. ridibundus (R);

3) mpoayKyBaHHS CyMIillli TAIDIOIIHUX TaMET, JACSAKi 3 IKMX HECyTh I'eHoM L, a
1HII1 HeCyTh reHOM R (penomen riOpuHoi amdiraMeTHOCTI);

4) npoayKyBaHHS JUILIOIAHMX rameT 3i ckiagoMm remomiB RR, LL, LR;

5) mpoaykyBaHHS aHEYIUTOiTHUX (KUIBKICTH XpOMOCOM He KpaTHa 13) ramer (K
13 reHoMOM L, Tak 1 i3 reHomoMm R);

6) mpoayKyBaHHS TaMeT i3 CyMIIIII0 JBOX ab0 TPhOX T€HOMIB OJHOYACHO
BHACITIJIOK B3aeMHOT pekomoOiHarii reHomiB P. lessonae, P. ridibundus Ta, iimoBipHo,
IHTpOTpECii YaCTMHM T€HETUYHOTO MaTepiany Ie OJTHOTO BHUY 3€ICHUX Kao.

3riIHO 3 pe3yJibTaTaMu, OTPUMAHUMU B X011 pOOOTH, MOXKHA 3pOOUTH BUCHOBOK,
110 HasiBHICTh 14% aHEyMIOiAHUX KIITUH Cepe]] MPOaHali30BaHUX CIHEPMATOLUTIB Ta
criepMaTtujl CBIAYUTH MPO HEAOCKOHATICTh PEryJIsiiii eliMiHalll Ta eHIoperuTikauii y
KJIITUHAX 3apPOJAKOBO1 JIiHIT MI>XKBUOBUX TOPUIIB, SIK OYJIO 3alIPONOHOBAHO Y Cy4YacHHUX
JTOCHIIKEHHAX eiMiHallli TeHoMy Y riopuniB 3enenux »xad (Chmielewska et al., 2018).
AHEYIUIOIHICTh € HACHIKOM TOPYIIeHHsS BUOIPKOBOI MPEeMEUOTHYHOI enmiMiHailii
onnoro i3 remomiB (Ogielska et al., 2014; Chmielewska et al., 2018; Dedukh et al.,
2020; Dedukh, Krasikova, 2022). MexaHi3mu, sKi 3a0€3MeUyIOTh €IIMIHAIII0 TEHOMY
y 3€JIeHHX a0 BHUBYEHI HEAOCTAaTHhO. ba3ylouuch Ha AaHMX, OTPUMAaHHMX IiJ] 4ac

JTOCIKEHb MeXaHI3MIB eliMinHamii y riopugaux pocnuH (Fukagawa, Earnshaw, 2014,



Ishii et al., 2016; Musacchio, Desai, 2017; Bloom, Costanzo, 2017), moxHa
NPUITYCTUTH, 1O BIAMIHHOCTI B KUJIBKOCT1 KOTIM LIEGHTPOMEPHOTO MOBTOPY B T'€HOMAaxX
pI3HUX OAaTbKIBCHKUX BHUAIB MOXYTh CIPUYMHUTH HEMPABUIbHE PO3TAIIYyBAHHA Ta
BijicTaBaHHsg xpoMocom P. lessonae mig yac po3MHOKeHHs ToHOIMTIB. Hacmigkom
bOT0 Mae OyTH Te, 110 Yy riopuaHux ocobuH xpomocomu P. ridibundus e Oiabrm
3MaTHUMHU TPUKPITUTIOBATUCA O KIHETOXOPIB MiJl 4Yac MOAUTY TOHOIUTIB, 1 ILI€ €
OPUYMHOIO iX OUIbII YCHIIIHOI KJIOHAIBHOI mepenayi y rametru (Sanei et al., 2011;
Marimuthu et al., 2021).

HaykoBa HOBHM3HAa OTpUMaHUX pE3YJbTATIB TMOJSATAE B OTPUMAaHHI JaHHUX
(byHIaMEHTAIBLHOTO ~ XapakTepy, sKi TMOB'A3aHi 3 PO3KPUTTSIM OCOOIMBOCTEH
raMeToreHe3dy  CaMIliB  3€JIeHMX ka0, BKJIIOYAIOYM  IMTOJIOTIYHI  aCIleKTHU
aM@iraMeTHOCTI Ta MPOsIBIB pekoMOiHaIlil. Pe3ynbTatu 10CiKeHb poOasaTh BHECOK Y
BUSIBJICHHSI MEXaHI3MIB, 110 3a0€3Meuyl0Th TMOJ0JaHHA PENpOAYKTUBHUX Oap'epiB y
MDKBHJIOBHX TIOpUAIB TBapWH. PO3yMIHHS LIUTOJOTIYHUX OCOOJIMBOCTEH BIATBOPECHHS
MDKBUJOBUX TIOpHUIIB BaXJIMBE 3 TMPaKTUUYHOI TOYKH 30pYy Il 30epeskeHHs
OIOpI3HOMAHITTS  IHIIMX TIOPUIHUX KOMIUIEKCIB Ta TMPOBEACHHA MalOyTHIX
MOHITOPUHTOBUX Ta O101HIMKAIWHUX TOCTIKeHb. MaTtepiann poOOTH MOXYTh Oy TH
BUKOPUCTAHI /1 YaC BUKJIQJAaHHS TaKUX HABYAIBHUX KYPCIB SIK «300J0TisI XpeOeTHUX
TBapuH», «l{uTomoris Ta kimiTHHAA 610JI0TIsA», «BaTpaxoa0Tis Ta TepreToJIOrisy, TOIIO.
3adikcoBanuii matepial, 310paHuil aBTOPKOIO, 30epiraeThcs B KoJiekiii JlaGopaTtopii
nomyJIsLiiHOT exosorii amdi61ii XapKiBChKOTO HAIIOHATBHOTO YHIBEPCUTETY iMeHi B.
H. Kapaszina, a Takox y My3ei npupoau XapKiBCbKOT0 HAIllOHAJIbHOTO YHIBEPCUTETY
imeni B. H. Kapaszina.

VY 3B’s3Ky 3 MOBHOMACIITAOHMM BTOPTHEHHSM POOOTY HaJ AUCEpTalicro O0yJjio
npoIOBXeHO Ha 0a3i [HcTutyTty (iziosorii Ta reneTuku TBapuH, M. JIibexoB (Yecbka
Pecny6nika) mig xepiBHuuTBoM A-pa Jlykaca Xonesu Ta a-pa Imurpa [inyxa; rpant
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The dissertation work focuses on establishing the features of gametogenesis in
hybrid males of Pelophylax esculentus complex from hemiclonal population systems
of the Siverskyi-Donets Center of Water Frog Diversity. In the course of the work, the
characteristics of karyotypes and the species composition of genomes were determined
in mitotic and meiotic testis cells of adult diploid males of Pelophylax esculentus from
the investigated hemiclonal population systems (HPS) of the Siverskyi-Donets Center
of Water Frog Diversity: Lower Dobrytskyi pond, Koriakiv pond, Iskiv pond (vicinity
of Haidary village), floodplains of the Mozh River (vicinity of Tymchenky village).
Based on the obtained data, gametogenic pathways were established in the studied
hybrid males, and their contribution to maintaining the composition of hemiclonal
population systems was assessed.

The author collected the material over the years 2016-2022, actively participating
in the collection of samples from natural habitats of water frogs belonging to
Pelophylax esculentus complex. A total of 762 water frogs, classified under the genus
Pelophylax, underwent analysis. Taxonomic classification relied on a set of
morphological features (Berger, 1970, 1977; Plotner, 2005; I1labanos, 2015).

To determine the preliminary ploidy, erythrocyte cytometry was initially
employed (boumapesa u ap., 2012). Subsequently, confirmation was obtained through
Ag- and DAPI-staining of chromosomes in karyological preparations (Howell, Black
1980; Birstain, 1984; Ragghianti et al., 1995; Ogielska et al., 2004; Berepuna u np.,



2013; Biprok, 2016). Additionally, sperm cytometry was performed using samples
obtained from male urinary sperm (Crenanenko Ta iH., 2017).

The karyotyping of somatic tissues and testes was carried out using fluorescence
in situ hybridization (FISH) (Ragghianti et al., 1995; Pustovalova et al., 2022, 2023;
Choleva et al., 2023), and in some cases, confirmation was obtained through
comparative genomic hybridization (CGH) (Zalesna et al., 2011; Dolezalkova et al.,
2016).

Based on the research results, each of the four localities is inhabited by
individuals of P. ridibundus and P. esculentus (di- and triploid). Consequently, these
HPSs fall into the R—-E-Ep—HPS type. To comprehensively understand the mechanisms
underlying successful hybrid reproduction in the water frog population systems, it is
Imperative to investigate the processes governing the reproduction of hybrid males.
Therefore, to assess the contribution of hybrid males to the reproductive success of
these systems, 52 adult males of P. esculentus were randomly selected (30 hybrid males
from Lower Dobrytskyi Pond, 7 males from Koriakiv Pond, 8 males from the Mozh
River, 7 males from Iskiv Pond.

Their gametogenesis was examined by determining the genome composition in
their spermatocytes and spermatids. Using Fluorescence in situ hybridization (FISH)
with Ples289 and RrS1 probes specific to the pericentromeric regions of P. lessonae
and P. ridibundus chromosomes, respectively, it was revealed that out of the 52 diploid
hybrid males examined, five individuals exclusively had spermatocytes and spermatids
with the P. lessonae genome in their testes, while 13 individuals exclusively had the
genome of P. ridibundus. For 29 individuals, the P. lessonae genome was observed in
some spermatocytes and spermatids, while the P. ridibundus genome was present in
others; following our proposed terminology, these individuals are classified as
amphigametic. Additionally, diploid spermatocytes and single diploid spermatids were

recorded in the testicles of another 8 out of the 52 males examined.



Despite the prevalent transmission of R genomes by hybrids in the investigated
HPS, a substantial number of hybrids and the presence of only single adults of P.
ridibundus are observed in these HPS every year. The majority of analyzed
spermatocytes and spermatids (60%) exhibited the R genome, while only 33% showed
the L genome. This contradicts the current scientific understanding that hybrids
predominantly produce gametes with the genome of a species absent from the host
where they reproduce. This pattern is typically observed in L-E-HPS, where hybrids
exclusively transmit the R genome (Pruvost et al., 2013; Chmielewska et al., 2022).

Additionally, based on the FISH results, pairing between chromosomes of
different species (P. lessonae and P. ridibundus) in bivalents was observed in meiotic
metaphases in five out of the 52 examined males. Furthermore, three of these
individuals exhibited spermatids with both P. lessonae and P. ridibundus genomes,
classifying them as amphigametic. One of the males, for whom the unusual pairing
phenomenon was reported, displayed spermatocytes and spermatids with the P.
ridibundus genome and a small number of spermatocytes with the RR genome.

To verify and explain this phenomenon, the Comparative Genomic Hybridization
(CGH) technique was applied using the genomes of both parental species. To minimize
methodological errors, two males that produced only one type of gametes were used as
controls. The results of the CGH staining confirmed that these control males indeed
produced only one type of gamete. The chromosomes from their somatic tissues
uniformly stained in colors corresponding to the parental genomes, thus confirming the
hybrid nature of such individuals.

After performing CGH with the genomes of both parental species on two
individuals, for which the unusual pairing of chromosomes from different species was
observed, certain chromosomes displayed staining in different areas with colors
characteristic of both parental species. This observation suggests potential evidence of

successful recombination between chromosomes of different species.



Additionally, in two males, chromosomes that did not belong to either
P. lessonae or P. ridibundus were identified in preparations after CGH, showing
staining only with DAPI. Given the presence of control individuals to minimize the
probability of methodological errors, it is proposed that these chromosomes belong to
some other species of water frogs. It is speculated that the genetic material of this
unidentified species is involved in the hybridization of P. lessonae and P. ridibundus,
as the phenomenon of introgression of related genomes into P. ridibundus genomes has
been previously demonstrated (Lymberakis et al., 2007; Akin et al., 2010).

During the course of the study, six distinct modes of gametogenesis were
identified, characteristic of hybrid males of P. esculentus:

1. Production of haploid gametes with the genome of P. lessonae (L).

2. Production of haploid gametes with the genome of P. ridibundus (R).

3. Production of a mixture of haploid gametes, where some carry the L genome,
and others carry the R genome (referred to as the phenomenon of hybrid
amphigameticity).

4. Production of diploid gametes with RR, LL, and LR genome compositions.

5. Production of aneuploid gametes (with the number of chromosomes not being
a multiple of 13), both with the L genome and the R genome.

6. Production of gametes with a mixture of two or three genomes simultaneously,
resulting from the mutual recombination of the genomes of P. lessonae, P. ridibundus,
and potentially the introgression of genetic material fromanother species of water frogs.

Based on the results obtained during this study, it can be concluded that the
presence of 14% aneuploid cells among the analyzed spermatocytes and spermatids
indicates imperfections in the regulation of elimination and endoreplication in the germ
cells of interspecies hybrids. This aligns with contemporary studies on the elimination
of genomes in water frog hybrids (Chmielewska et al., 2018). Aneuploidy is considered
a consequence of selective premeiotic elimination of one of the genomes (Ogielska et
al., 2014; Chmielewska et al., 2018; Dedukh et al., 2020; Dedukh, Krasikova, 2022).



The mechanisms governing genome elimination in water frogs have not been
extensively studied. Drawing insights from the study of elimination mechanisms in
hybrid plants (Fukagawa, Earnshaw, 2014; Ishii et al., 2016; Musacchio, Desai, 2017;
Bloom, Costanzo, 2017), it can be hypothesized that differences in the number of
centromeric repeat copies in the genomes of different parental species may lead to
misalignment and lagging of P. lessonae chromosomes during gonocyte multiplication.
Consequently, in hybrid individuals, P. ridibundus chromosomes may have a higher
propensity to attach to kinetochores during gonocyte division, contributing to their
more successful clonal transfer to gametes (Sanei et al., 2011; Marimuthu et al., 2021).

The scientific novelty of the obtained results lies in the acquisition of
fundamental data pertaining to the elucidation of male water frog gametogenesis,
encompassing cytological aspects of amphigameticity and manifestations of
recombination. The research outcomes contribute significantly to understanding the
mechanisms that facilitate the overcoming of reproductive barriers in interspecies
hybrid animals. This comprehension of cytological features in the reproduction of
interspecies hybrids holds practical importance for preserving biodiversity within other
hybrid complexes and for conducting future monitoring and bioindicative studies.

The materials from this study can be utilized in the teaching of educational
courses such as “Zoology of Vertebrate Animals”, “Cytology and Cell Biology”,
“Batrachology and Herpetology” etc. The recorded material, collected by the author, is
stored in the collection of the Laboratory of Amphibian Population Ecology at V. N.
Karazin Kharkiv National University, as well as in the Nature Museum of V. N. Karazin
Kharkiv National University.

Due to the full-scale invasion, work on the dissertation continued at the Institute
of Animal Physiology and Genetics in Libechov, Czech Republic. The work was
performed under the supervision of Dr. Lukas Choleva and Dr. Dmytro Didukh,
supported by grant No. RRFU-22-21 (05/01/2022 - 12/31/2023) as part of the



Researchers at Risk Fellowship — UKRAINE, provided by the Czech Academy of
Sciences (CAS).
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