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Kirouesbie ciioBa: Camelus dromedarius; Bos taurus; cpaBHHTeIbHBIH XPOMOCOMHBIH TIDWHTHHT; OaKTe-
pUabHBIE HCKYCCTBEHHBIE XpOoMOCOMBI (BAC); KOHCTUTYTHBHBIH Te€TEpOXPOMATHH; PHOO-
COMHBIE TEHBI; TEIOMEpa

Momusayus u yenv: Xoxnateiii onenb (Elaphodus cephalophus) Bxoaut B cocras
cemeiictBa oneHeBbix (Cervidae) u sBiseTcs eAMHCTBEHHBIM IPEICTAaBHTENICM POja
Elaphodus. ®wunorenernueckoe MojoKeHHE BHIA 1O CHX IMOP OCTAETCS MPEAMETOM
JIMCKYCCHIA, OJIHAKO, COTJIACHO MOCJICAHUM HccienoBanusaM, pon Elaphodus sensercs
CECTPUHCKUM pojioM st Muntiacus u OTHOCHTCS K OZIHOW MOHO(MIETHYECKOM TpyIIne
¢ myamkakamu (Muntiacini) [1]. Tpuba Muntiacini — ojHa U3 HHTEPECHEHIIMX C TOYKH
3pEHUs IIUTOT€HETUKH 32 CUYET MHOTOYHCIICHHBIX CIHMSHUH XpPOMOCOM B KapHOTHIIAX
9TUX BUIOB. HecMOTpsi Ha mpHCTajIbHOE BHUMAaHHE HCCIEJOBATENCii K MyHT)KakaMm,
HaJIMyke OOJIBIIOrO KOJMYECTBA LUTOTCHETHYSCKUX W TECHOMHBIX HCCIICIOBaHHH,
XOXJIATBIH OJICHb — BUJI, TIPH3HAHHBIA HAXOJISIIMMCS 110]] YTPO30i NCUE3HOBEHUS, MaJIO
W3y4YeH OTHOCUTEILHO JIPYTUX MpeJICTaBUTeNel cBoel TpuObI. IJ1sl XOXIaToro oJjieHs He
MOJTy4eHa KadyecTBeHHass cOOpKa TeHoMa, HEeT MOJpOOHONW XPOMOCOMHOHM KapThl, Ha
OCHOBE KOTOPOW MOKHO OBUIO OBl OIIEHHTh BHYTPUXPOMOCOMHBIE IE€PECTPOHKH H
NPOBECTH CpaBHEHHE C JAPYTMMH BHIAaMHU OJieHed. TakuM oOpazoM, Lenbio Hamiei
paboThl cTalo TMOJYy4YeHHWE KaK MOXKHO Ooiiee TONHBIX JAaHHBIX 00 OpraHu3aluu
KapUOTHIIA XOXJIATOTO OJICHS.

Memoowvr u ancopummer: Kietounsle KynbTypsl (UOpOOIAcCTOB Ui IMOIYYEHHS
cycrieH3uii MeTtadasHbIX XpoMmocoM [2] ObUIM mpemocTaBiieHbl KeMmOpHImKCKUM
pecypcHbIM HeHTpoM. OnmcaHhe KapuoTuna OBUIO OCYHIECTBICHO C MPUMEHEHUEM
PYTHHHOM OKpacKH XpoMOcoM [ 'MM30# M pa3IMYHBIX METOJO0B O9HIMHT IIUTOTCHETHKH
(GTG, CBG, CDAG) [3-5]. Mns cpaBHEHHS KapHOTHIIA XOXJIATOTO OJICHS C
KapuOTHUIAMH JPYTUX BHUJIOB XBAYHBIX OBUIM JIOKAQIW30BaHBI 30HJIbI, COJEpPIKAIINE
BAC-kmonsr kopoBsl (Bos taurus) (CHORI-240) [6] u copTupOBaHHbBIE XPOMOCOMBI
BepOmona (Camelus dromedarius) [7], meromom duyopecueHTHoi In  Situ
rubpunuzanuu (FISH) [8].

Pe3ynomamur: Ananus KapuoTHIIa X0XJIaToro oyieHs (2n = 48) BbISIBHI HaJIHMYUe Heo-X
u Heo-Y xpomocoM. Takoil BapuaHT KapuoTumna yxke Obll panee omucad [9]. boum
nokanu3oBanbl 75 BAC-KII0OHOB, cOOTBETCTBYONMX 29 ayTocoMaMm KOopoBsl U 29 BAC-
KIOHOB ¢ X-XpOMOCOMBI KOPOBBI Ha XpOMOCOMAax XOXJIaToro olieHs. B panee
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onyOsukoBaHHOU padote [10] ObUTO BBISABICHO HAJIWYKME FOPSYMX TOYCK IBOJIOIUU B
KaproTHIle yepHOro MyHTxaka (Muntiacus crinifrons) Ha xpoMocoMax, TOMOJOTHYHBIX
3,22, 10, 33, 24, 30 xpomocomam BepOmroma: 3/22/3/22, 33/10, 24/30. Jlns npoBepku
HaJIMYUS MIEPECTPOEK B ITHUX TOPAYMX TOUYKAX Y XOXJIATOTO OJIEHS BHIOOPOYHO OBLITH
JIOKAaJTM30BaHbl  30HIBI, COJIEpXKAaIlUEe  BBINICTIEPEUUCICHHbIE  COPTHPOBAHHBIC
xpomMocombl BepOmoaa. Hanmnume nByx u3 Tpex uaBepceunit (3/22/3/22/3/22 w 24/30/24)
B KapHOTHUIIE XOXJIATOTO OJIEHS IMOATBEPAMIOCH KaK C TMOMOIIBI0 IMIHHTHUHT-TIPOO
BepOmoga, Tak W naHHbIMU Jokanm3anun BAC-knmonoB. CDAG  okpammBaHue
XPOMOCOM XOXJIATOTO OJICHS BBISIBUJIO HAKOIUIEHHE TETepOXpOMaTHHA C 00pa3oBaHUEM
KpPYIHBIX 0JI0KOB Ha X- U Y-XpoMOcOMax.

CoriacHo MOMYYEeHHBIM JAHHBIM, KapHOTHII XOXJIATOrO OJieHS 00pa3oBaJicsl 3a CyeT
TaHJCMHBIX CJIIMSIHUN, ayTOCOMHBIX TPAHCIOKAIMH Ha MOJIOBBIC XPOMOCOMBI, UHBEPCUI
W dKcnaHcuu rerepoxpomaruna. Jlokammzanus BAC-kioHOB ¢ X-XpOMOCOMBI KOPOBBI
MoKazana, d4YTo X-XpoMOcOMa XOXJIATOTO OJIeHA O0JIaJaeT CXOXKHUM IOPSIKOM
KOHCEPBATHUBHBIX OJIOKOB C IPYTHMH IPEICTaBUTEIISIMH HacTosIuX oneneit (Cervinae),
y o0miero mnpeaka KOTOPHIX MPOW3OLUIM OJHA WHBEPCHS M WU3MEHEHHUE TOJIOKEHUS
neHTpoMepsl. Kak u y npyrux mpeacraButeneid TpuObl MyHTKakoB [11], y xoxmaroro
OJICHSI TPOM30ILILIa TPAHCIOKANNS X-XpPOMOCOMBI Ha ayTOCOMY € 00pa3oBaHUEM HeO-X-
XPOMOCOMBI.

Buisoowi: B pesynbrare paboTHI ObLTA MOTyYeHA MEPBasi CPABHUTENbHAS XPOMOCOMHAS
kapTta xoxnaroro oneHs ¢ BAC-kimonamu xopoBsl. [Topsmox BAC-k10HOB mokasan, 94to
KapHOTHIT XOXJIATOI'O OJIeHs 00pa3oBaJIiCs 32 CYET TaHAEMHBIX CIUSHHN. C MOMOIIBIO
FISH Obu1 mokazaH pa3pbiB MPEAKOBOTO AIIEMEHTA, COOTBETCTBYIOIIETO XPOMOCcoMeE 7
KOPOBBI, W CIHMSIHAE C P-TUIEYOM XPOMOCOMBI 7 XOxXJsaToro oyieHs. Taxke moka3aHa
WHBEpCHsI Ha XpOMOCOME 3 XOXJIaTOro OJIeHS (QparMeHTa, COOTBETCTBYIOLIETO
xpomocome 24 kopoBbl. B xome sBomomuu X-XpOMOCOMBI Y XOXJIATOTO OJICHS
MPOU3ONIIN AyTOCOMHAs TPAHCIOKAlMs W HAKOIUIGHHWE KPYIHOTO OJI0OKa TeTepo-
XpOMaTHHa, OJJHAKO X-XpOMOCOMa COXPaHsET MOPSJOK KOHCEPBATHBHBIX CETMEHTOB,
XapaKkTepHBIH JJIs1 HACTOSIINX OJICHEH.

Qunarncuposanue. ViccnemoBanuwe mnomuepkano rpantoMm PH® (19-14-00034) wu
TPaHTOM TpOTpaMMbl (PYHIAMEHTANBHBIX Hay4HBIX wuccinenoBanuii FWGZ-2021-
0015 (122011800125-7).
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Motivation and Aim: Tufted deer (Elaphodus cephalophus) is a part of the deer family
(Cervidae) and is the only member of genus Elaphodus. The phylogenetic position of the
species is still a matter of debate, however, according to recent studies, the genus
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Elaphodus is considered to be a sister genus to Muntiacus, and belongs to the same
monophyletic group with muntjacs (Muntiacini) [1]. The tribe Muntiacini is one of the
most interesting for cytogenetics due to numerous chromosome fusions in the karyotypes
of these species. Despite the close attention of researchers to muntjacs and a large
number of cytogenetic and genomic studies, the tufted deer, a species recognized as
endangered, has been studied relatively superficially to other representatives of its tribe.
A high-quality genome assembly has not been obtained for the tufted deer; there is no
detailed chromosomal map on the basis of which intrachromosomal rearrangements
could be assessed and comparisons made with other deer species. Thus, the goal of our
work was to obtain the most complete data possible on the organization of tufted deer
karyotype.

Methods and Algorithms: Fibroblast cell cultures to obtain suspensions of metaphase
chromosomes [2] were provided by the Cambridge Resource Centre. Karyotype
description was carried out using routine chromosome staining and various banding
cytogenetics methods (GTG, CBG, CDAG) [3-5]. To compare the karyotype of the
tufted deer with the karyotypes of other ruminant species, probes containing cattle BAC
clones of (Bos taurus) (CHORI-240) [6] and sorted chromosomes of dromedary
(Camelus dromedarius) [7] were localized using fluorescent in situ hybridization method
(FISH) [8].

Results: Analysis of the karyotype of a tufted deer (2n = 48) revealed the presence of
neo-X and neo-Y chromosomes. This variant of karyotype has already been described
previously [9]. 75 BAC clones corresponding to 29 cattle autosomes and 29 BAC clones
from the cattle X chromosome were localized on the tufted deer chromosomes.
Previously published work [10] revealed the presence of evolutionary breakpoint regions
in the black muntjac (Muntiacus crinifrons) karyotype on chromosomes homologous to
dromedary chromosomes 3, 22, 10, 33, 24, 30: 3/22/3/22, 33/10, 24/30. To test for the
presence of the rearrangements at these hotspots in tufted deer, probes containing the
sorted camel chromosomes were selectively localized. The presence of two of three
inversions (3/22/3/22/3/22 and 24/30/24) in the tufted deer karyotype was confirmed
both by chromosome painting and by BAC clones localization. CDAG staining of tufted
deer chromosomes revealed accumulation of heterochromatin with the formation of
large blocks on the X and Y chromosomes.

According to obtained data, the karyotype of the tufted deer was formed due to tandem
fusions, autosomal translocations to sex chromosomes, inversions and expansion of
heterochromatin. Localization of cattle X chromosomal BAC clones showed that the
X chromosome of the tufted deer has a similar order of conserved blocks with other
representatives of Cervinae, in whose common ancestor there was one inversion and the
centromere reposition. Like other representatives of the muntjac tribe [11], the tufted
deer underwent a translocation of the X chromosome onto an autosome with the
formation of a neo-X chromosome.

Conclusions: As a result, the first comparative chromosome map of a tufted deer with
cattle BAC clones was obtained. The order of the cattle BAC clones showed that the
tufted deer karyotype was formed by tandem fusions. FISH showed a break in the
ancestral element corresponding to cattle chromosome 7 and a fusion with the p-arm of
tufted deer chromosome 7. An inversion was also shown on the chromosome 3 of tufted
deer of a fragment corresponding to the cattle chromosome 24. During the evolution of
the X chromosome in tufted deer, an autosomal translocation and accumulation of a large
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block of heterochromatin occurred, but the X chromosome retains the order of
conservative segments characteristic of Cervinae subfamily.

Funding: The study was supported by the research grant No. 19-14-00034 from
the Russian Science Foundation, the research grant FWGZ-2021-0015 (122011800125-
7) from the Ministry of Science and Higher Education (Russia) via the Institute of
Molecular and Cellular Biology.
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