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XPOMOCOMHAsT H3MEHYUBOCTD

Momusayus u yenv: Zootoca vivipara (Sepuiia )KUBOPOIAIIAsA) SBIACTCA HIHPOKO
pacmpocTpaHeHHBIM BuioM ceMeiictBa Lacertidae (Reptilia). OToT Bua oburaer nmoyru
Ha Bcell Tepputopun CesepHoii, LlenTpansuoit 1 Boctounoit EBponbl, a Takxke Ha
ceBepe Asuu. JlaHHBIN BUJ SIIEPUL HHTEPECEH CBOEH XPOMOCOMHON M3MEHUYUBOCTHIO.
Ha ocHoBanWM HCCIIEIOBaHUI KapHOTUIIOB OBLIO MOKa3zaHo, 4to BuA Z. Vivipara
BKJIOUaeT MOP(oJIOTHIEeCKH €1abo AuddepeHIMpOBaHHbBIC MOIBU/IBI 1 XPOMOCOMHEIC
(hopMBI ¢ HeoTpeeIeHHBIM TaKCOHOMUYecKnM ctaTycoM [1]. K Hacrosmemy BpemeHn
B IIpe/ieax JAHHOTO BUIa OOHAPYKEHO 7 XpOoMOCOMHBIX (popm [2]. O6BEKTOM HaIIero
WCCIIEIOBAHMUS CTana BOCTOYHAs (pycckas) (opMa KHBOPOISUICH SIEpUIlbl, 00uTar0-
masi B BOCTOYHOM vactu EBpomnbl. Ee kapuoTUn xapakTepu3yeTcs pa3HbIM YHCIOM
XpoMocoM y camiioB (2n = 36) u y camok (2n = 35). B XxpoMocOoMHEIII HaA0Op BXOIAT
32 ayTOCOMBI M pa3INYHOE KOJHYECTBO ITOJIOBBIX XPOMOCOM: 2 Mapbl Z-XpOMOCOM Y
camMioB (Z1Z17>75) n Z1Z>W 'y camok [3]. KapuoTun odeHb CIIOKEH C IUTOICHETH-
YEeCKOH TOUKH 3pEHHS: BCE XPOMOCOMBI PyCCKOH (hOPMBI, BKIIIOUAs IOJIOBBIE, SABISIFOTCS
AKPOLICHTPUKAMH, YTO 3HAUYUTEIHHO YyCIOXHseT ux uneHtudukamuio. C nomomsio C-
O9H/IMHTa BO3MOXKHO OTJIUYUTH TOIBKO W-XpOMOCOMY OT ayTOCOM, IOCKOJbKY OHa
o0agaeT 3aMETHBIMHU LIEHTPOMEPHBIM, TEJIOMEPHBIM U MHTEPCTHULHMAIBHBIM O3HIaMH
[4]. IloMUMO MHUTOTHYECKHX XPOMOCOM, B JIMUTEPAType MPHUCYTCTBYIOT AAHHBIE U O
XpOMOCOMaX, TOJyYEHHBIX U3 CIIEPMATOIMTOB Ha CTAANHU JHaKuHe3a mpodassl | Meiiosa
(n = 18) [5]. Ha ceromusimHuii aeHs B OOIIEIOCTYITHON 0a3e MeHETHUECKUX TaHHBIX
HammonaneHoro nenrpa ouortexnomorndeckoit mapopmanuu CIHIA (NCBI) nmeercs
TpH cOOPKH pacIiIn(ppOBAHHOTO T€HOMA JKUBOPOISILEH SIIEPHIIBL, BE U3 HUX COOpaHbI
JI0 XPOMOCOMHOTO YPOBHs [6]. DTH JaHHBIE MOT'YT OBITh MCIOJIB30BaHbBI JJIs IMOMCKA
MHOTOKOIIMHHBIX I1OCJIEI0BATENLHOCTEH, CIEUU(UYHBIX Ul OTACIBHBIX XPOMOCOM U
MPUTOAHBIX AJISl pa3paOOTKU MOJIEKYJISPHBIX 30HIO0B. OnHCcCaHHbIE paHee PacCesiHHbIE
noBTopel  SINE-Zv 700, SINE-Zv 300 [7], Zv516 u Zv817 [8] nokaiu3yroTcs
MPAaKTUYECKH Ha BCEX XPOMOCOMaX U HE MOTYT OBITh HCIIOJIb30BAHBI B KAUECTBE TAKUX
MapkepoB. Llenp Hameil pabOTBl — MOUCK XPOMOCOM-CIIELU(DUUYHBIX MapKepoB U
pa3paboTKka 30HI0B, MPUTOAHBIX s HACHTH(UKANKMK B KapuoTHiie Zootoca vivipara
OTJENBHBIX XPOMOCOM, B TOM YHCJIE TOJOBBIX, METOJOM (IyopecleHTHON
rubpuau3anuu in situ (FISH).

BGRS/SB-2024 1201



Memoowvr u aneopummer: JInsg momydeHuss mpenapaToB XPOMOCOM JKHBOPOJSIICH
AMIEPHULIBI OBLIN MOTYyYEHBI CyCIIEH3UH (PUKCHPOBAHHBIX KJIETOK U3 KPACHOTO KOCTHOTO
Mosra. Slmepunpl OBITH TTOWMAaHBl B TUKOW MPUPOC HA TEPpPUTOPUHU JICHHMHTpaICKOM
obmacty (mocenok Beipuma). [{uToreHeTndeckoe KapTHPOBAHUE XPOMOCOM TTPOBOIAIH
npu nomomn FISH ¢ 30Hmamm Kk TaHIEeMHBIM TOBTOpaM, BKJIOYasi TEJIOMEPHEIE,
OoronH()OpMATHYECKH pacCUMTaHHBIE MOBTOPHI ZViIVB4A, Zviv84B wu TaHmeMHbie
HOBTOPEI, coxepxkamme MotuB CenpB. [lnsg maeHTHOUKAnMM DaHHBIX IIOBTOPOB B
TeHOME SILIEPHILIBI MCIOIB30BANIN CHEeNUaNbHbI ckpunT Python u cneumansueiii C++
ckpunr [9]. K nanHbIM nOBTOpaM ObLIH pa3paboTaHbl IPSIMOMEUYCHHbIC 30H/1bI ZViv84A
Cy3 (5’-CAYACAGGGGAGAAACCMTWTMARTGYWTGGARTGTGGAAAG) n
Zviv84B FAM (5’-SCRMAGRTCGGCGGGCGCTGTTTGCCGGGCTTGTCAAGC
CMRSMWMYV). [lnst moucka nocnenoBarensHocteit 5S pudocomuoit JHK (pAHK) u
TCHOB SIPHIIIKOBOIO OpraHu3aTropa B COOpPKE I'€HOMa XHBOPOISLICH SIIEPUIIbI
WCIONB30BAINA IIOCJIENOBATENBHOCTH COOTBETCTBYIOIMX TeHoB pPHK nomamnein
kypuibl (GenBank X01309.1, KT445934.2). TTorck ocyniecTBIISUIN C TIOMOIIBIO ajIro-
purma NCBI BLAST (https://blast.ncbi.nlm.nih.gov/). Ananu3 nocnenoBatenbHOCTEH
pJAHK ocymectrisiin B mporpamme Geneious Prime 2023.0.1 (Biomatters Ltd.). B
kadecTBe 30H70B ais reHoB pPHK ucnonb3oBanu onuronykineotun k reny 5S pPHK
(5’-ACAGCACCCGGTATTCCCAGGCGGTCTCCCAT CCAAGTACTAACCGGG)
U masMuny, coaepxamnryro ¢parment rera 18S pPHK smonckoro nepemnena, va 99 %
TOMOJIOTHYHYIO ITOCIIEI0BATEIIEHOCTH 3TOT0 K€ TeHA Y )KUBOPOISIIEH SIIEPHULIBL.
Pezynomamur: [lpu kapTUpOBaHUM 30HA0B HA MUTOTHYECKHX XPOMOCOMAaX SIICPHIIBI
HamMu oOHapykeHo, uro O1oku TenomepHoro moBTopa (TTAGGG)n HaxomaTcs TOTBEKO
Ha KOHIIaX XpPOMOCOM, HHTEPCTHUIMAIBHBIX CAaliTOB HE BbLBIEHO. CXoqHOE pacrpene-
JieHne HaOJII0IAI0Ch W TIPH KapTHPOBAHUHM HAa XPOMOCOMaxX-JIAMIIOBBIX IneTkax. [lomy-
YEHHBIH pe3yNbTaT COBMAJACT C UMCIOIIUMHUCS JINTEPATypHBIMH JaHHBIMH O TOM, YTO
MHTEPCTULMAIbHbBIC TEIOMEPHBIE CAlThl TOBOJIBHO PEAKO BCTPEUAIOTCS B KaPHOTHIIAX
yemyiuaTeix pentwini [10]. Zviv84A B reHOMHOM cOOpKE CKOHIICHTPUPOBaH Ha 2, 5,
9, 10 u 13 xpomocomax. Zviv84B paccesn no xpomocomam. [Ipu rubpuanzamuu c
Zviv84A oOHapyKeHHI sIpKHe MTPUTEIOMEPHBIE CUTHAIIBI TOJIBKO Ha XpOMOcoMax 2 u 5.
I'mbpuanzanus ¢ Zviv84B naet paccesiHHBIE CUTHAIBI HA XPOMOCOMaXx, MO3TOMY 3TOT
MOBTOpP HE MOXKET OBITh MUCIIOJIL30BaH B Ka4eCTBE XPOMOCOMHOT0 Mapkepa. Kiacrepst
reHoB 5S u 18S pPHK pacnonararorcst B reHOMe Ha XpoMocoMax 5 1 17 COOTBETCTBEHHO.
Bu1600vi: 30Hb1 K TaHIEMHOMY TOBTOPY ZViv84A n knactepam reHos 5S u 18S pPHK
MOTYT OBITh HCIIOJIb30BaHbI ISl WAeHTH(UKau XpoMocoM 2, 5 u 17 B KapuoTHIie
Zootoca vivipara.

brazooaprocms: ABTops! BeipaxaroT OnaromapHocts PLI LIKIT «Xpomac» HayuHoro
napka CankT-IlerepOyprckoro rocyjapcTBEHHOIO YHUBEPCHUTETA.
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Motivation and Aim: Zootoca vivipara (the common lizard) is a widespread species of
the family Lacertidae (Reptilia). This species is native to much of northern Eurasia,
including northern, central and eastern Europe, as well as northern Asia. This reptile is
interesting for its chromosomal variability. Based on karyotype studies, it was shown
that the species Z. vivipara includes morphologically poorly differentiated subspecies
and chromosomal forms with uncertain taxonomic status [1]. To date, 7 chromosomal
forms have been found within this species [2]. The object of our study was the eastern
(Russian) form of the viviparous lizard inhabiting the eastern part of Europe. Its
karyotype is characterized by a different number of chromosomes in males (2n = 36) and
females (2n = 35). The chromosome set includes 32 autosomes and a varying number of
sex chromosomes: two pairs of Z chromosomes in males (Z1Z1Z:Z;) and Z1Z>;W in
females [3]. The cytogenetic description of the karyotype is challenging because all
chromosomes of the Russian form, including the sex chromosomes, are acrocentric. This
morphology significantly complicates chromosome identification. Using C-banding,
only the W chromosome ca be distinguished from autosomes due to its prominent
centromeric, telomeric, and interstitial bands [4]. In addition to mitotic chromosomes,
data on meiotic chromosomes from spermatocytes at the diakinesis stage (n = 18) are
also available [5]. To date, the publicly available genetic database of the US National
Centre for Biotechnology Information (NCBI) contains threeassemblies of the decoded
genome of the viviparous lizard, two of which are assembled to the chromosomal level
[6]. These data can be used to search for multicopy sequences specific to individual
chromosomes, suitable for developing molecular probes. The previously described
interspersed repeats SINE-Zv 700, SINE-Zv 300 [7], Zv516 and Zv817 [8] are localized
on almost all chromosomes and are therefore unsuitable as such markers. The aim of our
work is to search for chromosome-specific markers and develop probes suitable for the
identification of individual chromosomes, including sex chromosomes, in the karyotype
of Zootoca vivipara by fluorescence in situ hybridization (FISH).

Methods and Algorithms: Chromosome preparations were obtained from fixed red bone
marrow. Lizards were caught in the wild on the territory of the Leningrad region (in
Vyritsa village). We performed FISH with probes to tandem repeats, including
telomeric, bioinformatically calculated repeats Zviv84A, Zviv84B and repeats
containing the CenpB motif. A special Python script and a special C++ script were used
to identify these repeats in the lizard genome [9]. Directly labelled probes Zviv84A Cy3
(5’-CAYACAGGGGAGAAACCMTWTMARTGYWTGGARTGTGGAAAG) u
Zviv84B FAM (5’-SCRMAGRTCGGCGGGCGCTGTTTGCCGGGCTTGT
CAAGCCMRSMWMV) were designed. A domestic chicken rRNA sequence (GenBank
X01309.1) was used to search for 5S ribosomal DNA (rDNA) sequences and core
organizer genes in the live-bearing lizard genome assembly. Searches were performed
using the NCBI BLAST algorithm (https://blast.ncbi.nlm.nih.gov/). The rDNA
sequences were analyzed using Geneious Prime 2023.0.1 software (Biomatters Ltd.).
repeats containing the CenpB motive. A custom Python script and a custom C++ script
were used to identify these repeats in the lizard genome [9]. Directly labelled probes
Zviv84A Cy3 (5’-CAYACAGGGGAGAAACCMTWTMARTGYWTGGARTGTGG
AAAGQG) u Zviv84B FAM (5’-SCRMAGRTCGGCGGGCGCTGTTTGCCGGGCTTGT
CAAGCCMRSMWMYV) were designed for these repeats. To search for 5S ribosomal
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DNA (rDNA) sequences and nucleolar organizer genes in the lizard genome assembly,
we used the corresponding domestic chicken rRNA genes sequences (GenBank
X01309.1, KT445934.2). Searches were performed using the NCBI BLAST algorithm
(https://blast.ncbi.nlm.nih.gov/). The rDNA sequences were analyzed using Geneious
Prime 2023.0.1 software (Biomatters Ltd.).

Results: We found that telomeric repeat (TTAGGG)n blocks are only located at
chromosome ends, no specific signals in interstitial sites were observed on mitotic
chromosomes after FISH. A similar distribution was observed when high resolution
mapping on chromosomes at the lampbrush stage. This result coincides with data reported
in the literature that interstitial telomeric sites are rather rare in karyotypes of Squamata
[10]. Zviv84A in the genomic assembly is concentrated on chromosomes 2, 5, 9, 10
and 13. Zviv84B is dispersed on chromosomes. FISH with the Zviv84A probe revealed
bright peritelomeric signals on chromosomes 2 and 5. FISH with the Zviv84B probe
gives interspersed signals, so this repeat is unsuitable as a chromosomal marker. The 5S
and 18S rRNA gene clusters are located in the genome on chromosomes 5 and 17
respectively.

Conclusion: Probes specific to the tandem repeat Zviv84A and the 5S and 18S rRNA
gene clusters can be used to identify chromosomes 2, 5 and 17 in the karyotype of
Zootoca vivipara.
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