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@eooposa A. O. Po3mupeHHs MiJIX0/11B 10 BCTAHOBJIEHHS CKJIaly MPUPOTHUX
reMiKJIOHAIBHMX TMOMYyJIAMIHHUX cucTeM riopumorennoro Pelophylax esculentus
complex. — KpamigikariiiHa HaykoBa mpalls Ha paBax pPyKOIUCY.

Jucepraiiiss Ha 3700yTTS HAYKOBOTO CTYIEHS JokTopa (inocodii 3a
cnemianbHicTIO 091 — «bionoris». XapKiBCbKHIl HAIlIOHAILHUN YHIBEPCUTET 1MEHI
B. H. Kapasina, Xapkis, 2023.

JluceprariiitHa po6oTa mpucBsueHa po3poOIll HOBUX Ta aHAI3y €PEeKTUBHOCTI
BXKC ICHYIOUMX METOJMIB BHWBYCHHSA 3elieHuX xkab poxy Pelophylax, Ta ix
3aCTOCYBaHHS JIJIsl BU3HAYCHHS CKJIQJy Ta MEXaHI13MiB BIITBOPEHHS 3€JICHUX ka0 y
TeMIKJIOHATbHUX MOMYJISIIMHUX CUCTEMAX.

3emeni xabu Pelophylax esculentus complex ckmamaeTscss 3 TiOpuma
P. esculentus (Linnaeus, 1758) Tta aBox OartbkiBchbkMX BuAiB: P. lessonae
(Camerano, 1882), remotun LL, ta P. ridibundus (Pallas, 1771), resorun RR.
[i6puam P. esculentus BinTBOPIOIOTHCS riOpUIOTeHE30M (TEMIKIOHAIBHO), ICHYIOTh
sk B quruioigHii (LR), Tak 1 Tpurnoinsiii (LLR a6o LRR) popmax, Ta B THIIOBOMY
BUIAJIKY POKUBAIOTh B CUHTOIIII 3 OJHUM 200 000Ma 0aTbKIBCbKMMU BUIAMU B TaK
3BaHUX reMiKJIOHATBHUX nonysmiianx cucremax (I'TIC).

Pizni I'TIC MoOXyTh BIOPI3HATHCS 3a CBOIM CKJIQJIOM, HAsBHICTIO Ta
BIJICYTHICTIO TUX 4M 1HWMUX reHotuniB. Ha miarpumanns ckmany pizHux [TIC
BIJIMBA€ KOMIUIEKC (haKTOPIB: mepeaada pi3HUX OaThKIBCHKUX I'€HOMIB B TaMeTax
riOpuaiB Ta pi3Ha YacTKa PI3HUX T€HOMIB y BHUMAAKY aM@iramMeTHUX TiOpuIiB,
BHOIpKOBa CMEPTHICTh OJTHMX (DOPM B MOTOMCTBI Ta BH)KMBAHHS 1HIIINX, TOTO. JIJ1s
JOCIIJKEHHSI CKJIAQJHUX MEXaHI3MIB BIATBOPEHHS Ta TMIATPUMAHHS CKJIaay
pizHomaHiTHUX TUMiB ['TIC HEOOX1HO BU3HAYATH T€HOTUIIUM OCOOUH, SIKI BXOJSTh
no ckiany I'TIC, Tunm ramert ski BOHU TIepenaroTh, Tomlo. lle Bumarae HasBHOCTI
BEJIUKOT KUJIBKOCTI METO/IIB (B1J] KJIACHYHUX MOP(MOJOTIUHUX JOCITIKEHB 10 OUIbIII
cnenupIYHUX LUUTOTCHETUYHUX, MOJIEKYJIPHUX Ta €TOJOTIYHUX) Ta MOCTIHHOI

Moaudikarii 1 po3poOKH HOBHX.



3arajioM B aucepTaliiiHiii poOoTi OyJI0 BUKOPHUCTAHO Ta MPOaHai30BaHO
OinpIe 15 pi3HUX METOIIB Ha 3araibHii BUOIpIll y OutbIine Hixk 1200 npeacTaBHUKIB
poxny Pelophylax, ocHoBHa yacTHHa SKHMX INpeacTaBlieHa 0ATHbKIBCBKUMHU BHJIaMHU
P. ridibundus (rermotun RR), P. lessonae (rermotumn LL) ta ix Mi>KBUIOBUM riOpHI0M
P. esculentus (remorunu LR, LLR ta LRR). TakcoHOMi4HYy NpUHAIEKHICTH
aHaJI130BaHUX OCOOWH BH3HAYAJM 3 IONIOMOT0I0 KOMO1HAII1 METO/IIB B 3aJIEKHOCTI
B1JI BIKY 4H CTaJlli 0COOMH: aHalli3 MOPGOJIOTIYHUX 03HAK (TUIBKH JJI TOPOCIUX Ta
yacTUHU  MeTamop(diB), KapioaHamizy 3 TOMAJBIIOK  (PIyOpEeCIEeHTHOIO
riopuau3ariero in situ, anamizy mikpocateniTHux mapkepiB Ta SNP reny uqcrfsl.
BusnadyeHHs1 cTaTi MpOBOAMIMA 3a 30BHINIHIMU MOP(OJIOTIYHUMHU O3HAKAMH (JIJ1s1
nopociux) abo 3a Mop(oJori€er0 roHaj Micjas PO3TUHY (I IMYTOJIOBKIB Ta
MeramopdiB). [L0IHICT BU3HAYATU METOJAMU ITUTOMETPIi €PUTPOLIUTIB (TIIIBKU
JUISL TOpOCIUX kab), KaploaHaNi30M 3 MOJAIbIIMM CpIOJIEHHSIM KaplompernapaTiB
a00 ayopecieHTHOO Tidpuam3aIiiero in Situ, aHaai3oM MiKpocaTeIITHIX MapKepiB,
npotounoro JIHK-turomerpiero ta anamizom SNP reny uqcrfsl. BusHaueHHs
TEHOMIB, 1110 IEPEIAIOTHCS B OOIIUTAX CAMUIIb IPOBOAMUIIOCH 32 IOTIOMOTOI0 aHAITi3Y
anosumiB JIJII'-1. Jlng oTpumaHHS criepMH Ta IKpH BiA Kad I MOAAIBIIOTO
CXpellyBaHHS TPOBOJIWIM TOPMOHAJIBHY CTUMYJIAMit0. Kpuku BUBUIbHCHHS
CTUMYJIIOBAJIM LITYYHO B J1a0OpPaTOPHUX YMOBAX, pOOWIM ayAi03amucH, sIKi MOTIM
OUHIIYyBaJIM BiJl IIIyMy Ta aHaNI3yBajd YaCTOTHI 1 TEMIOPaJIbHI XapaKTEPUCTUKH
KOXXHOTO OKpeMOro KpukKy. HasBHICTh Ta BH3HAYCHHS THUIy aHOMAJiil PO3BUTKY
MIPOBOJIMIIN Bi3yasibHO, 3a KiacudikaiisiMu 3anpornonoBanumu Hekpacosoro O. /1.
(Hexpacoga, 2008), Meteyer C. (Meteyer, 2000) Ta Karpymenko C. (Katpymienko,
2020). B cratuctuyHOMy aHami3i OyJid BHUKOPUCTaHI OMNMCOBI CTaTHCTHKH,
nucniepciitHuit - aHamiz, kputepiii Kpackena-Bomica, kopemnsmiiinuii - aHanis,
JUCKPUMIHAHTHHUM aHalll3, aHaJll3 TOJIOBHUX KOMITOHEHT.

JlocmipKeHHsT MPOBOJUIIMCH HAa BUOIpKAaX 3€JIEHHX kab, Kl 371e01IbII10TO
CKJIaJaIics 13 BIACHUX 300piB, a00 300piB, 110 MPOBOJUIIUCS IIiJT YaC MOPIYHUX
MOHITOpUHTIB JekuibKkoX ['TIC pazoMm 3 KOJEKTUBOM JiabopaTopii MOMyJISLIAHOL

exosorii amdioii, kKadeapu 300710T11 Ta €KOJIOT1i TBAPUH, O10JI0TIYHOTO (PaKyIBTETY,



XapkiBChKOr0 HalioHajibHOTO yHiBepcutery imeHi B. H. Kapazina, B skii
JUCEPTAaHTKa TMPOBOJMIA OCHOBHY YACTHHY JHUCEPTAIIHHOTO JOCIHIJKEHHS.
YactuHa Marepiany, [0 BUKOPHUCTOBYBAaBCS Uil O10aKyCTHYHOTO aHami3y Ta
aHayi3y TeHOMIB B OOLIMTax CaMHUllb 3eJieHuX kab, Hamani Jlykacom Xonesoro,
Mapieto [lonexankoBoro-KamrankoBoo Ta Beponikoro JlaGaeBoro (InctutyT
¢izionorii Ta reHetuku TBapuH, Yecbka pecmyOmika) Ta Bacummnoio Ctpyc
(JIpBIBCHKMIT HaIlIOHATBLHUM YHIBEpCUTET IMeHI PpanHka, YkpaiHa).

B xoz1 po6oTtu Mu po3poOuiu 1 BIPOBAIUIN HOBHI TPOTOKOI MPHKUTTEBOTO
OTPUMaHHS XPOMOCOMHUX IpenapariB BiJl MYT0JIOBKIB 32 PaXyHOK BUKOPUCTAHHS
iX 3aTHOCTI JI0 IIBHJKOI pereHepanii Ha paHHIX €Tanax pPO3BUTKY; a TaKOX
nepeBIpwiIn €(PEeKTUBHICTh BUKOPUCTAHHA HACTYIMHUX METOMAIB: 010aKyCTUYHUUI
aHaJ3 KPUKIB BUBUJIbHEHHS, aHAII3 aHOMAIl pPO3BUTKY, IIATOMETPIsS €PUTPOLIUTIB,
ATOMETPIS CIEPMATO301/IiB.

bioakyctuuHuMii aHali3 KPUKiB BUBLIBHEHHS 11’ATH BUiB poay Pelophylax ta
TPHOX MIXKBHJIOBHX TIOpPHAIB IOKa3aB, IO KPUKU BUBUIBHEHHS CaMIIiB YiTKO
po3nusitoThess Ha rpynu ridibundus Ta lessonae, a kpuku BHBUIbHEHHS TiOpHIIB
HOCSTh TMPOMIKHUN xapaktep. BcepenuHi JiHIA TaKoX CIHOCTEPITAETHCS
BIJIMIHHICTh MK KPUKaMH BUBUJIbHEHHSI TPEICTABHUKIB PI3HUX BUAIB. B TOi1 e yac
JUISL caMUI[b TI0/1I0HA KapTHUHA HE € XapaKTEePHOI: KPUKHU BUBLIBHEHHS O1IbIIOCTI
MIPOAHAJII30BAaHUX CAMUIlh 3MINITYIOTHCSA B OJHY Tpymny. TakoX KpUKH BUBLIHLHEHHS
TPUIUIOITHUX TIOpHUJIIB HE BIAPI3HAIOTHCSA BIJ KPHUKIB BUBUIBHEHHS JUILIOIIHHX
riopuai. TakumM 4YMHOM, NaHWUi O10aKyCTUYHUM aHaji3 KPUKIB BUBUIBHEHHS HE
MOX€ BHKOPHUCTOBYBATHCS B SKOCTI HAaJIMHOTO METOAy iaeHTUdikarii
TaKCOHOMIYHOT IPUHAIEKHOCTI 200 MJIOTTHOCTI 3€JIEHUX Kao.

3a pe3ynbTaToM OIIHKM aHOMAaJIiil PO3BUTKY HE OyJI0 3HAWIEHO PI3HUII B
4yacToTi TparisiHHsS aHomainid y P. ridibundus Ta P. esculentus. Takox He
CIIOCTEPITAIOCS PI3HULI MIX JUIUIOIAHUMHU Ta TPUIUIOITHUMU TiOpUIaMH, MiX
camIlsIMH 1 camulsiMu. OJHaK, 3HauyIIa pi3HUIS B YaCTOTI aHOMaii KiHIIIBOK OyJia
3HalileHa MDK MOJIOAMMH OCOOMHAMHU, IO TUIBKM NpoHmuIM Meramopdo3 Ta

BUOIPKOIO TOPOCTUX OCOOUH.



BcTranoBneHo, 1m0 BUMIpIOBaHHS PO3MIpIB €PUTPOLIMTIB ab0 iX saep He €
HAJIAHUM METOJIOM BHM3HAYEHHS IUIOIAHOCTI KOHKPETHUX OCOOWH, OCKUIbKH B
nesikux ['TIC 3ycTpidaroThesl TPUIUIOIAN, YUl KIITHHHU Ta sipa MarOTh PO3MIp B
Jllana3oHi XapakTepHOMY IS TUIUIOTIHUX KIITHH Ta anep. OaHak, JTaHU METoJ €
eeKTHBHUM JTsI 3aralibHO1 AeTeKIlli HasBHOCTI Tputuioinis B ['TIC.

AHai3 po3MIpHOTO PO3MOITY CIIEPMATO301M1B JUIUIOTTHUX Ta TPHUILTOTTHIX
riopumie  P. esculentus mokasaB, 110 pPO3MIp CIEPMATO30idiB MIKBHIOBHX
TeMIKJIOHAJIbHUX TIOpUAIB BIAPI3HAETHCS B KOXKHOI OKpeMoi OcoOMHU 1
BUMIPIOBAHHS PO3MIPIB CIIEPMATO30iiB HE MOXKE OyTH HAJIHHUM METOAOM JIJIs
11eHTU(IKAIlT cCaMIliB, IO MOTEHIIHHO MPOAYKYIOTh AUILIOIIHI TAMETH.

Mu  BUKOpUCTanM  KOMOIHAIil0  MOPQOJIOTIYHHUX,  MOJIEKYJSPHUX,
[IUTOTEHETUYHUX Ta T1OPUI0JIOTIYHOTO METOJTY /I KOMIUIEKCHOTO aHai3y CKIaay
Ta xapaktepy BiarBopenHs B R-E-Ep-I'TIC Ta R-Epf-I'TIC.

B nBox pizaux R-E-Ep-TTIC (I'TIC IckkoBa Ta Huxuboro {o06puiiboxoro
CTaBy, XapKiBChbKa 00JacTh), sIKI CKJIQJAIOThCSA 3 TMPEJCTABHUKIB 0aThKIBCHKOTO
Buny P. ridibundus Tta murmmoimHmx 1 Tpumoimaux TiOpumumiB P. esculentus,
aHATI3yI0YM MIKPOCATEIITHI JIOKYCH, MU BH3HA4Yall MYJbTUIOKYCHI TE€HOTHIH
(MJIT', HaOip iIEHTHYHUX aJIeiB B MIKPOCATENIITHUX JIOKYcax) /Ui iAeHTU(IKAIIT
KIoHanbHUX JiHIA L Ta R renomiB ridpuaiB. Mu 3adikcyBamu mw’ste MIIT
xapaktepHux g 4-21 ocobunu cepen L renomiB (oTpumani Bijg 0aThKIBCHKOTO
Buay P.lessonae), mo cBigumiio mMpo BUCOKHI PIBEHb KIOHAJIBHOCTI L reHOMIB y
ribpuais. B Toit wac six maiike Bci MJII' R renomiB (oTpuMaHi Biji 6aThbKIBCHKOTO
Buay P.ridibundus) Oynu yuikanehi. Jlume ogua MJIT cepen R renomiB OyB
XapaKTePHUM SIS IBOX OCOOMH OJTHOYACHO. AJieJbHE pi3HOMaHITTS R reHoMiB OyJ1o
B I1’SITh Pa3iB BUINUM 32 ayiesibHe piHOMaHITTs L reromi. Takox B 060x ['TIC 6ymo
3ahIKCOBAHO CYTTEBY YaCTKY MYTOJIOBKIB a00 MeTaMop(iB 3 reHotunoMm RR, B Toii
yac gk yactka RR cepen nopocnux Oyiia 3Ha4HO HUKYO0I0. MOXKHA IPUITYCTUTH, 1110
i Moozl ocobuHn RR € pe3ynbraToMm cxpelryBaHHS MK TiOpuiamu, 3aBAsKU
JOMY BOHU OTPHUMYIOTH JIBa KJIOHAJIILHUX R T€HOMH, 10 MPU3BOIUTH JI0 X paHHBOT

CMEpPTHOCTI JI0 TOrO, SIK BOHHM JOCSATHYTh cTaTeBoi 3puiocTi. OJHaK BHUCOKE



p13HOMaHITTS R reHOMIB BKa3ye Ha Te, 110 SKICh 1HIII MPUYUHA MAIOTh BIIUBATH HA
cMepTHICTh 0coOMH RR. MoXnIMBO, 3HAaYHUN BIJIUB MAalOTh €KOJIOTIYHI YMOBH,
gacTe MepecymeHHs BOJOWM, [0 Ma€ 3HAYHUH HeraTUBHUM BB Ha P. ridibundus,
K1 3UMYIOTh il BOJAOO 1 3arajiloM MarOTh TEHJICHIIIIO MPOBOJIUTH OlIbIIIE Yacy Y
BOJII B ropiBHsAHHI 3 P. esculentus.

Hocnimkenns BiarBopeHas B R-Epf-I'TIC (3amaBHe 03epo B OKOJUIIX C.
bpyciBka, JloHenpbka 00jacTh) IMOKa3ajgo, IO TPUILIOiIAHI TIOPUIHI caMUIll 3
reHotunioM LLR mepenarore B cBoix ramerax reHoMm L i mpu cxpenryBaHHI 3
camismu P. ridibundus B iX mOTOMCTBI YyTBOPIOIOTHCS JUILIOIAHI Ta TPUILIOIAHI
cammi 1 camumi 3 reHotunmamu LR Ta LLR. Tpu 3 dotuprox ¢opm He
CIIOCTEPIratoThCsl cepejl BUOIPOK AOPOCIUX OCOOUH, TOMY MU POOMMO BHCHOBOK,
10 BOHU TMHYTbH HE JJOCSTA04M CTATE€BOI 3PIJIOCTI.

3a pe3yJabTaTOM BUKOPUCTAaHHS KOMOIHALIl METO/IIB [l BU3HAUCHHS CKIIAIy
TpboX pi3HUX ['TIC Oyn0 npoBeAeHO NOPIBHAHHS Ta OLIHKY €()EKTUBHOCTI KOKHOTO
METO/MY, BHKOPHUCTAHOTO B JUCEPTAIITHOMY JOCHIJKEHHI. Bukopucranus
MOPGOIOTIYHOTO aHATI3Y JJIsi BU3HAYCHHS TAKCOHOMIYHOT MPUHAJICIKHOCTI 3€JICHUX
*ab € ePeKTUBHUM JI TOPOCIUX OCOOMH 1 MIATBEPIKYETHCS MOJEKYISIPHUMH Ta
UTOT€HETUYHUMHU MeToaamMu. OHak, MOp(OJIOTIUHMI aHaIi3 HaBITh B KOMOIHAIIIT
3 HIUTOMETPIEIO0 EPUTPOLIUTIB HE TO3BOJISIE TOUHO BU3HAYUTH YACTKU JUILIOIMIB Ta
tpurioigie B ['TIC, Tomy mnorpebye komOiHaiii 3 MOJEKYJISIpHUMH abo
UTOreHETUYHUMHU MeTodamu. Ha mpukiami aBox pocinimkyBanux R-E-Ep-I'TIC
(I'TIC IchroBa Ta Huwxuboro JoOpuiibkoro craBy, XapKiBCchbka 0071acTh) MOKA3aHO,
10 YaCTKH Pi3HUX (HOpM kal BIAPI3HAIOTHCSH MK PI3HUMH BIKOBUMHU Tpynamu. [[is
KOMILJIEKCHOT'O PO3YMIHHS CKJIaay 1 Xapakrepy BiarBopeHHs ['TIC, B Tomy umcmi
TOTO, 5IKi POPMU YTBOPIOIOTKCS, SIKI THHYTh, a K1 JOKUBAIOTH JI0 CTATEBOT 3p110CTI
1 B TOJANILIIOMY MPUIIMAIOTh y4acTh PO3MHOXEHHI 1 Iepeiaul TeHOMIB IOTOMCTRBY,
HEOOX1THO aHaI3yBaTH CKJaJ HE TIJIbKH JOPOCIMX OCOOWH, a M MyTOJIOBKIB Ta
IOBCHUTBHUX OCOOWMH Ha pi3HUX cramisx po3BuTky. Ha mpukmami R-Epf-TI'TIC
(3araBHE 03epo B okoUILIX ¢. bpyciBka, JloHelbka 0071acTh) MU IMOKa3aJiu, 110 JJIs

aHalli3y TOro, SIKHH BKJaJ B TMOIMYJALIAHY CHUCTEMY BHOCSITH OKpPEMi OCOOMHH,



e(DeKTUBHUM € TIPOBEJICHHS J1abOpaTOpPHUX CXpellyBaHb 1 aHali3 CKIaay
OTPUMAHOTO TOTOMCTBA.

HaykoBa HOBHW3Ha po0OOTHM TMOJSATa€E B CTBOPEHHI HOBHX MMAXOMIB IO
nociimkenns Pelophylax esculentus complex Tta mepeBipiii €(peKTHBHOCTI BiKe
BU3HAHUX METOAMK. A came, OyJ0 po3po0JIeHO HOBHU MPOTOKOJ MPHKUTTEBOTO
BU3HAYCHHS TJIOIMHOCTI IMyTOJIOBKIB, KU TO3BOJISIE 3QIAINATH TBAPWUH >KHUBUMHU.
Takox 0yJ10 o11iHeHO e€(eKTUBHICTh BUKOPUCTAHHS 010aKyCTUYHOT'O aHaJI13y KPHKIB
BUBUIbHEHHS, ITUTOMETpPii EpUTPOLMUTIB Ta IUTOMETPil CHEpMaTo30idiB s
BU3HAYECHHS TAKCOHOMIYHOT MPUHAIEKHOCTI Ta/a00 MI0ITHOCTI OCOOMH Ta iX raMer.
Kom6GiHariist MOpdhoIOTTYHUX, ITUTOMETPUYHUX, MOJICKYJISPHUX, [IUTOTCHETUYHUX
Ta TIOPUAOJOTIYHOIO METOMIB OyJia YCHIIIHO BUKOPUCTAHA IJIs JOCHIIKCHHS
0COOJIMBOCTEM raMeTOTreHe3y, BIITBOPEHHSI Ta CMEPTHOCTI 3€JICHUX 3Ka0 3 ACKIITBKOX
tumiB ['TIC. Otpumani pe3ynabTaTH NOKa3aid €()EKTUBHICTh BUKOPUCTAHHS
KOMOIHAIlli pI3HUX METOMIB I IUTICHOT OIIHKM MEXaHi3MiB, 3aBISKH SKUM
pizHomaniTHi ['TIC miaTpuMyI0Th CBOIO CTaOLIBHICTb.

[IpakTiyHa HIHHICTH pOOOTH MOJISITAE B TOMY, 1110 BOHA JIa€ HOBI MiACTaBU JIs
BHOOPY KOMIUIEKCY METOIB JUIi BHBYCHHS NPAKTHUYHO Ta TECOPETHYHO ITIKABOi
Ipylu TBapuH. 3€JIeH1 )Ka0u € BaXKJIMBUM KOMIIOHEHTOM 010T€01LE€HO031B, PETYIIIOI0Th
YUCENbHICTh 0aratbox Ipymn 0€3XxpeOeTHUX Ta CAYTYIOTh XapuOBUM PECYpPCOM st
HU3KK BUIB XpeOeTHUX Ta (0coOnuBO myrosioBku) Oe3xpedetnux (Illabanos,
2014). Ha BinTBOpEeHHS 3€JICHUX Ka0 CYTTEBUH BILIMB MAaOTh T€HETHYHI MPOIIECH,
o BimOyBaroThes y ixHIX ['TIC Ta moB’s3aHi 3 TiOpuAM3aIi€r0, TeMiKJIOHATBHUM
CHaJIKyBaHHSAM Ta HEXKUTTE3/IATHICTIO MOTOMCTBA 3 HU3KOI0 TeHOMHHUX KOMITO3HITIH.
KepyBaHHsi CTiHKiCTIO 010T€OI€HO3IB MOTpedye PO3YMIHHS MPOLECIB, 110
BinOyBatoThes B [ TIC 3enenux xab, 1, TakuM 4nHOM, BU3HaYeHHs ckiany rux ['TIC.

HoBuii MeTom TPWKATTEBOIO OTPUMAaHHS XPOMOCOMHHMX IIperapariB
MyTOJIOBKIB MOXe OyTH aJlallTOBaHUN JO BUKOPUCTAHHS 1] YaC BUBYEHHSI 1HILIHUX
riOpHIOreHHUX Ta JUILIOITHO-TIOIIIIIOTTHUX KOMILICKCIB aM(iOii.

BuByeHHs MeXaH13My reMIKJIOHAJIBHOTO CIAKyBaHHS y T10pUIHUX 3€JICHUX

#a0 BaXKJIMBE ISl PO3YMIHHS MOXKJIMBOCTEM KepyBaHHS IMepeaaueio CraJkoBOIrO



Matepially 3 MOKOJIIHHS Y TOKOJIIHHS Ta BUOIPKOBOT'O BHJIAJICHHS] OKPEMHUX YaCTHH
reHomy. Jlmst nmocmimkeHb I1Oro (EHOMEHY BaKIWMBE BHU3HAUCHHS CKIATY
npupouux ['TIC, sike BMOCKOHATIOETHCS Y Hallliid pOOOTI.

KmrouoBi cnoBa: amdibii, 3emeHi »xabu, OloaKkycTHKa, aHOMAJIIi,
mutoreHetnka, Pelophylax, Pelophylax ridibundus, Pelophylax lessonae,
Pelophylax esculentus, riopua, TpUIUIOin, AUILIONN, TeMIKJIOHAIbHA MOMYJISIiHA

CHCTCMaA.



ANNOTATION

Fedorova A. O. Expansion of approaches to establishing the composition of
natural hemiclonal population systems of hybridogenic Pelophylax esculentus
complex. — Qualifying scientific work as a manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 091 — "Biology". V. N. Karazin Kharkiv National University, Kharkiv,
2023.

The dissertation is devoted to developing new methods and analyzing the
effectiveness of already existing methods for studying water frogs of the genus
Pelophylax, and using these methods to determine the composition and mechanisms
of reproduction of water frogs in hemiclonal population systems.

In total, more than 14 different methods were used to analyze more than 1,200
frogs of the genus Pelophylax. Most of frogs were parental species P. ridibundus
(genotype RR), P. lessonae (genotype LL), and their interspecies hybrid P.
esculentus (genotypes LR, LLR and LRR). The taxonomy of the analyzed
individuals was determined using a combination of methods depending on the age
or stage of the individuals: analysis of morphological features (only for adults and
some froglets), karyoanalysis followed by fluorescent in situ hybridization, analysis
of microsatellite markers and SNPs of the ugcrfsl gene. Sex was determined by
external morphological features (for adults) or by the gonadal morphology after
dissection (for tadpoles and froglets). Ploidy was determined by erythrocyte
cytometry (only for adult frogs), karyoanalysis followed by Ag-staining of or
fluorescent in situ hybridization, analysis of microsatellite markers, DNA flow
cytometry, and SNP analysis of the uqcrfsl gene. Genomes transmitted in oocytes
of females were determined using LDH-1 allozyme analysis. Hormonal stimulation
was performed to obtain sperm and eggs from frogs for further crossing. Release
calls were stimulated artificially in laboratory conditions and recorded; audio
recordings were then cleaned of noise and the frequency and temporal parameters of
each individual call were analyzed. The presence and identification of

developmental anomalies was carried out visually, according to the classifications



proposed by Nekrasova O.D. (Nekrasova, 2008), Meteyer S. (Meteyer, 2000) and
Katrushenko S. (Katrushenko, 2020). In statistical analysis we used descriptive
statistics, variance analysis, Kruskel-Wallis test, correlation analysis, discriminant
analysis, and principal component analysis.

The research was conducted on the samples of water frogs, which mostly
consist of own collections, or collections made during annual monitoring of several
HPS together with the colleagues from the Laboratory of Amphibian Population
Ecology, Department of Zoology and Animal Ecology, Faculty of Biology, V. N.
Karazin Kharkiv National University, in which the PhD student conducted the main
part of the dissertation research. Part of the material used for bioacoustic analysis
and analysis of genome in oocytes of female water frogs was provided by Lukas
Choleva, Maria Dolezalkova-Kastankova and Veronika Labajova (Institute of
Animal Physiology and Genetics, Czech Republic) and Vasylyna Strus (Ivan Franko
National University, Ukraine).

In this work, we developed and implemented a new protocol for obtaining
mitotic chromosomes from tadpoles by using their ability to rapidly regenerate in
the early stages of development; and also analyzed the effectiveness of the following
methods: bioacoustic analysis of release calls, analysis of developmental anomalies,
erythrocyte cytometry, sperm cytometry.

Bioacoustic analysis of release calls of five Pelophylax species and three
interspecies hybrids showed that male release calls are divided into “ridibundus”
and “lessonae ” lineages, while hybrids’ calls have intermediate features. Within the
lineages release calls of different species are also distinguished. However, the same
pattern was not found for females: most of female release calls are mixed in one
group. Also, release calls of triploid hybrids did not differ from diploid. Therefore,
release calls cannot be used as a reliable method for species or ploidy identification
of water frogs.

As a result of the analysis of developmental anomalies, no difference was
found in the frequency of anomalies between P. ridibundus and P. esculentus. Also,

no difference was observed between diploid and triploid hybrids. However, a



significant difference in the frequency of limb malformations was found between
the newly metamorphosed juveniles and the adult individuals.

It has been established that measuring the size of erythrocytes or their nuclei
Is not a reliable method for determining the ploidy of specific individuals, since
triploids with cells and nuclei size in the range typical of diploid cells and nuclei are
found in some HPS. However, this method is effective for the general detection of
the presence of triploids in HPS.

Analysis of sperm size distribution of diploid and triploid P. esculentus
hybrids showed that spermatogenesis of interspecies hemiclonal hybrids has many
degrees of freedom and measurement of sperm size cannot be a reliable method for
identification of males potentially producing diploid gametes.

We used a combination of morphological, molecular, cytogenetic and
hybridological methods to comprehensively analyze the composition and pattern of
reproduction in R-E-Ep-HPS and R-Epf-HPS.

In two different R-E-Ep-HPS (HPS of Iskiv pond and Lower Dobrytskyi pond,
Kharkiv region), consisting of parental species P. ridibundus and diploid and triploid
hybrids P. esculentus, by analyzing microsatellite loci, we determined multilocus
genotypes (MLG, a set of identical alleles at microsatellite loci) to identify clonal
lines of L and R genomes of the hybrids. We identified five MLGs among the L
genomes (derived from the parental species P. lessonae) shared within 4-21
individuals, which indicated a high level of clonality of L genomes in hybrids. While
almost all MLG of R genomes (genomes of the parental species P. ridibundus) were
unique. Only one MLG of R genomes was shared between two individuals. The
allelic diversity of R genomes was five times higher than the allelic diversity of L
genomes. A substantial proportion of tadpoles or froglets with the RR genotype was
also recorded, while the proportion of RR among adults was much lower. It can be
hypothesized that these RR juveniles are the result of a cross between hybrids,
whereby they receive two clonal R genomes, leading to their early mortality before
they reach sexual maturity. However, the high diversity of R genomes indicates that

some other cause must be influencing the mortality of RR individuals.



Environmental conditions may have a significant influence, such as frequent drying
of water bodies that has a significant negative effect on P. ridibundus, which
overwinter underwater and generally tend to spend more time in water compared to
P. esculentus.

The study of reproduction in R-Epf-HPS (floodplain lake in the vicinity of
village Brusivka, Donetsk region) showed that triploid hybrid females with the LLR
genotype transmit the L gene in their gametes, and when crossed with P. ridibundus
males, diploid and triploid males and females with LR and LLR genotypes are
formed in their offspring. Three of the four forms are not observed among samples
of adults, so we conclude that they die before reaching sexual maturity.

Based on the results of using a combination of methods to determine the
composition of three different HPS, we compared and evaluated of the effectiveness
of each method used. Using morphological analysis to determine the taxonomy of
water frogs is effective for adults and is confirmed by molecular and cytogenetic
methods. However, morphological analysis, even in combination with cytometry of
erythrocytes, does not allow accurate determination of the proportion of diploids and
triploids in HPS, therefore, it requires to be combined with molecular or cytogenetic
methods. On the example of two analyzed R-E-Ep-HPS (HPS of Iskiv pond and
Lower Dobrytskyi pond, Kharkiv region) it is shown that the proportions of different
forms of frogs differ between different age groups. For a comprehensive
understanding of the composition and nature of the reproduction within HPS,
including which forms are formed, which die, and which survive to sexual maturity
and subsequently take part in reproduction and the transmission of genomes to
offspring, it is necessary to analyze the composition of not only adults, but also
tadpoles and juveniles at different stages of development. Using the example of R-
Epf-HPS (a floodplain lake in the vicinity of the village Brusivka, Donetsk region),
we showed that to analyze the contribution of individual frogs to the population
system, it is effective to carry out laboratory crossings and analyze the composition
of the obtained offspring.



The scientific novelty of this work consists in creating new approaches for
studying Pelophylax esculentus complex and evaluating the effectiveness of already
recognized methods. A new protocol for intravital determination of tadpole ploidy
was developed, which allows to kept animals alive and intact. The efficiency of
using the bioacoustic criterion, erythrocyte cytometry and sperm cytometry to
determine the taxonomic affiliation and/or ploidy of individuals and their gametes
was also evaluated. The above-mentioned methods in combination with classical
molecular and cytogenetic methods have been successfully used to study the features
of gametogenesis, reproduction and mortality of water frogs from several types of
HPS. The obtained results showed the effectiveness of using a combination of
different methods for a holistic assessment of the mechanisms by which various
HPSs maintain their stability.

The practical value of the work is that it provides new opportunities for
studying a practically and theoretically interesting group of animals. Water frogs are
an important component of biogeocenoses, regulate the abundance of many groups
of invertebrates and serve as a resource for a number of species of vertebrates and
(especially tadpoles) invertebrates. The reproduction of water frogs is significantly
influenced by the genetic processes that occur in their HPS and are associated with
hybridization, hemiclonal inheritance, and non-viability of offspring with a number
of genomic compositions. Managing the stability of biogeocenoses requires
understanding the processes occurring in the water frogs' HPS and, thus, determining
the composition of these HPS.

The new method of intravital obtaining mitotic of tadpoles can be adapted for
use in the study of other hybridogenic and diploid-polyploid complexes of
amphibians.

Studying the mechanism of hemiclonal inheritance in hybrid water frogs is
important for understanding the possibilities of controlling the transfer of genetic
material from generation to generation and selective deletion of individual parts of
the genome. For studies of this phenomenon, the definition of the composition of

natural HPS, which is being improved in our work, is important.



Keywords: amphibians, water frogs, bioacoustics, anomalies, cytogenetics,
Pelophylax, Pelophylax ridibundus, Pelophylax lessonae, Pelophylax esculentus,

hybrid, triploid, diploid, hemiclonal population system.



