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Momusayuss u yenv: OObikHOBeHHBIH Tiyxapb (Tetrao urogallus) sBasiercs
pacnpocTpaHeHHBIM BUJIOM Ha TeppuUTOpUH EBpomsl m Asum, B TOM 4HCiIe 3aHHMaeT
IIMPOKUM apean Ha Tteppuropuu Poccuu. I'myxaps BXOAUT B COCTaB OTpsAd
KypooOpasHbie, cemeiictBo (aszanossie (Galliformes, Phasianidae). Otpsix kypoobpas-
HbIC BXOIHUT B OasajbHYIO BETBb KiaJbl HOBOHeOHBIX (Neognathae), oxsarsiBaromieit
OOJBIIMHCTBO COBpPEeMEHHBbIX NTUIl. Hecmorps Ha nHammume Hi-C cOopku renoma
XPOMOCOMHOT'O YPOBHS, BBITOJHEHHON B pamkax mpoekra Darwin Tree of Life [1], B
JUTepaType OTCYTCTBYIOT JAHHBIE O KapHOTHIIE OOBIKHOBEHHOro Tiyxaps. Llembio
HACTOSILETO UCCIICIOBAHUS CTaJI0 BCECTOPOHHEE H3yUeHHEe XPOMOCOMHOI'0 Habopa Iry-
Xaps U CpaBHEHHUE €ro ¢ KapUOTHUIIOM THIIOTETUYECKOrO OOIIEro MmpeaKa HOBOHEOHBIX
(Neognathae). Jlyst mocTHXEHMS 3TOM 1M HEOOXOIUMO OIKMCATh KAPUOTHIT TIyXaps C
NPUMEHEHUEM PA3IMYHBIX METOHOB IU(P(EpEeHINAIFHOTO OKPAIIUBAHUS XPOMOCOM,
nokanu3oBaTh MetogoMm FISH yHukanbHble mocnemoBatenbHocTH Kypuisl (Gallus
gallus), kioHHpOBaHHBIE B MCKYCCTBEHHBIX OakTepuanbHbiXx Xxpomocomax (BAC), u
xpomocomocrerrduanbie 30161 aBaoTku (Burhinus oedicnemus), a Takxe npuBsi3ath
XPOMOCOMHEIE cKap OBl K XPOMOCOMAaM TITyXaps.

Memoowvr u aneopummer: Jljis MONy4YeHUs TPENapaToB XpPOMOCOM OOBIKHOBEHHOTO
TIIyXaps IMOJy4YeHbl NEepBUYHBIE KIETOYHBIE KYJIbTYpbl (PMOpOOIACTOB M CYCIICH3MU
(uKcHUpoBaHHBIX MeTaa3HBIX KIETOK MO paHee paspaboraHHON mertoamke [2]. s
OTMCaHMs KApUOTHUIA C MCIOIb30BaHUEM KpacHuTeNs [ MM3a moydeHsl pyTHHHO OKpa-
IICHHBIE XPOMOCOMBI U IPUMEHEHBI Pa3TMYHbIe METO 16! U (HEePEeHIINATBHOTO OKPAIITH-
Barusi (GTG-, CBG-, CDAG-) [3-5]. /Iy BbISBICHHS TOMOJIOTHYHBIX PallOHOB B
KapuOTHUINaX OOBIKHOBEHHOTO TiIyXapsi W aBIOTKH METOJOM (PIyOpecHeHTHOM in Situ
ruOpuauzanun (FISH) [6] Obuiv MCHONB30BaHBI XPOMOCOMOCHEHU(DUYHBIE 30HIbI,
pa3paboTtaHHbIe 11t aBIOTKH [7]. JIi1st cpaBHEHMS KapUOTHIIOB TITyXaps U KypHIIbI ObLIH
ucnonb3oBaHbel BAC-KIIOHBI, cojiepKalllie YHUKAIbHBIE TTOCIeI0BATENLHOCTH KYPHUIIBI
(CHORI-261) [8]. dnst noKaIU3amyy TeIOMEPHBIX | SIPBINIKOOOPA3yOINX PaflOHOB B
KapHOTHIIE TITyXapsl ObUIM MCIOJIB30BaHBI MIPOOBI, COIEpIKaIIUe TeIOMEPHBIE TOBTOPHI
[9] u 30uab1 kK reHam 18S 1 28S pPHK [10]. Bce 30HabI ObIIM CHHTE3UPOBAHBI C BKIIIO-
YEHHEM MEYEHBIX HYKIEOTHJIOB W JIOKAJM30BaHbl Ha XpOMOcOMax. BrIpaBHUBaHHE
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cOOpPOK TEHOMOB XPOMOCOMHOTO ypOBHsI KypHIibl [ 11] 1 00bikHOBeHHOTO Tityxaps [1] u
BU3yaJIU3allUsl CHHTEHHBIX TPYIIT OBLTH OCYIIECTBIICHBI B Iporpamme Geneious.
Peszynomamer: BrepBble onucaH KapuoTUI OOBIKHOBEHHOI'O INIyXaps C IOMOLIBIO
pyTHHHOTO oOKpammBaHusi u MetonoB GTG-, CBG-, CDAG-6snamura. Hamm
pe3yNbTaThl MO TOJACYETY AWIUIOWIHOTO YUCIa XPOMOCOM Y 3Toro Buma (2n = 78)
COBNAAaOT ¢ Oojiee PaHHMMHU OLIEHKAaMH U B IIEJIOM COIVIACYIOTCSI C KOJIMYECTBOM
ckadGonIoB, MONyYeHHBIX npu cOopke reHoma. Ha ocHoBanum manHbix FISH ¢
npobamu xpomocoMm aBAOoTKM W BAC-KIOHOB KypuIBl, & TaKkKe C TEJIOMEPHBIMU
MOBTOpAaMH W PUOOCOMHBIMH T'€HaMH OBUIM BBISABICHBI OPTOJIOTHYHBIE paiOHBI Ha
29 ayrocomax M Z-XpoMocoMe OOBIKHOBEHHOTO Tiryxapsi. Ha oCHOBaHNM 3THX JaHHBIX
CTal0 BO3MOXXHBIM COOTHECTH XPOMOCOMHBIE cKadoiabl ¢ XpoMOCOMaMu
OOBIKHOBEHHOT0 Triyxapia. Hamu Obiii  OOHapy)KeHbI HECOOTBETCTBHS MEXKIY
(hHU3UIEeCKUM pa3MeEpPOM XpOMOCOM U OTHOCHUTEIIBHBIM pazMepoM ckaddhomos.
Iloka3aHo cormacoBaHHE€ MOJEKYISIPHO-IUTOICHETHUECKUX M CPaBHHUTEIBHO-
OnonH(pOpMATHIECKUX JaHHBIX, KOTOPHIE BBISIBUIIM CIUSTHHE XPOMOCOM 6 U 8 U pa3phiB
XPOMOCOMEI 2, OpPTOJIOTHYHOM XpOMOCOMaM KypHIIbl, B KapHoTHIle riryxaps. OpTomnor
XPOMOCOMBI 4 KypHUIIbl COXPaHSET CTPYKTYpPY OOIIEero npeika HOBOHEOHBIX, IPECTaB-
JICHHYIO XpOMOCOMOH 4 ¥ MHKpPOXpPOMOCOMOii. BripaBHuBaHue reHomoB B Geneious
MOKa3ajo, YTO MAaKpPOXPOMOCOMBI TIyXapsli COXPAHSIOT MOPSAOK KOHCEPBAaTHBHBIX
CETMEHTOB, XapakTepHbli ansi Kypuusl. Jlokammsaumss BAC-kmoHOB Kypuisl Ha
XpoMocomax riryxaps ¢ nomomisio FISH moarBepamna nanHble cpaBHEHHS T€HOMOB,
nojydeHHsle npu aHanuse In Silico. B MukpoxpomocoMax He OBbLIO BBISBICHO
TpaHcIoKauid Kak OmomH(popMaTHdecku, Tak u ¢ momomsio FISH. MHBepcun Ha
xpomocomax riayxaps 6, 10, 17, 23 u 28 BBISBICHBI C IOMOIIBI0 OHONH()OPMATHIECKOTO
aHasu3a, HO HE MOJTBEPAMINCH MOJICKYIJIIPHO-IUTOT €HETHIECKUMH JTAHHBIMH.
Bui6oowi: BriepBbie TOyueHO MOJIHOE ONMKMCAaHUE KapUOTHUTIAa OOBIKHOBEHHOTO TITyXaps
(Tetrao urogallus, 2n = 78) ¢ KUCMOIB30BaHHEM METOOB KIaCCHYECKOH, auddepeH-
UATFHON U MOJIEKYJISIPHON LIMTOTeHETHKH. B pesynbTrare nHTEerpaniuu OnonHpopMaTH-
9YeCKOro M IIUTOTEHETUYECKOTO0 TMOJXOJOB YCTAHOBJIEHO COOTBETCTBHE MEXKIY
XPOMOCOMHBIMH cKapdoaiaMu U XPOMOCOMaMHU OOBIKHOBEHHOTo riryxaps. CormacHo
MOJTyYEeHHBIM JaHHBIM, KapUOTHI IIyXaps BHICOKOKOHCEPBATHBEH M NPAKTHUECKH HE
oTIMYaeTcss OT Kapuortuma ooOmiero mnpeaka HoBoHeOHbIX (Neognathae) [12].
Xpomocomsl 6, 10, 17, 23 u 28 0OBIKHOBEHHOTO TIyXaps XapaKTepU3yITCsS HaTHIUEM
WHBEPCH B CPABHEHUH C OPTOJIOTHYHBIMU XPOMOCOMaMH KypHIIbl. Bbi1o mokasaHno, 4to
KapuoOTHIT OOBIKHOBEHHOTO TJIyXaps OTIHYAeTCS OT KAapUOTHIA KYpHUIBl JBYMS
CIUSIHUAMHU (OPTOJIOTHYHBIME XpomocoMaM 6 u 8, 31 u 35 Kypwuibl) U pa3pbIBOM
3JIEMEHTA, OPTOJIOTMYHOTO XPOMOCOME 2 KypHIIbI.

Qunancuposanue: Viccnenosanue moauepxano rpantom PH® (Ne 23-74-01016).

Description of the karyotype and comparative analysis
of the western capercaillie (Tetrao urogallus) genome

Ivanova E.» 2* Beklemisheva V.1, Galkina S.2, O’Connor R.*, Griffin D.K.4,

Graphodatsky A.%, Proskuryakova A.!

Institute of Molecular and Cellular Biology, SB RAS, Novosibirsk, Russia
2 Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

3 Saint Petershurg State University, St. Petersburg, Russia

4 University of Kent, Canterbury, UK

1206 BGRS/SB-2024



* ekaterlna.ivanova@live.ru

Key words: Gallus gallus; Burhinus oedicnemus; comparative chromosome painting; bacterial artificial
chromosomes (BAC); constitutive heterochromatin; ribosomal genes; telomere

Motivation and Aim: Western capercaillie (Tetrao urogallus) is a common species in
Europe and Asia, including the territory of Russia. The capercaillie is a part of order
Galliformes, family Phasianidae. Galliformes belong to the basal branch of Neognathae,
which includes the most modern birds. Despite the presence of a chromosome level
genome assembly of capercaillie based on Hi-C technologies, which was obtained as
part of the Darwin Tree of Life project [1], there is no published data on the karyotype
of western capercaillie. The purpose of this study was to conduct a comprehensive
analysis of the chromosomal set of western capercaillie and to compare it with the
karyotype of the hypothetical common ancestor of neopalates (Neognathae). To achieve
this goal, it was necessary to characterize the karyotype of western capercaillie using
various methods of differential chromosome staining, localize the set of chicken (Gallus
gallus) sequences cloned in bacterial artificial chromosomes (BAC) and chromosome-
specific probes of Eurasian stone-curlew (Burhinus oedicnemus) using FISH, and link
chromosome scaffolds the chromosomes.

Methods and Algorithms: To obtain metaphase plates of western capercaillie, cell
cultures of fibroblasts and suspensions of fixed metaphase cells were obtained according
to a previously developed method [2]. The karyotype was described using Giemsa
staining, routine staining and various differential staining methods (GTG-, CBG-,
CDAG-) [3-5]. To identify homologous regions in the karyotypes of western capercaillie
and Eurasian stone-curlew with fluorescent in situ hybridization (FISH) [6],
chromosome-specific probes developed for Eurasian stone-curlew were used [7]. To
compare the karyotypes of capercaillie and chicken, BAC clones containing unique
chicken sequences (CHORI-261) were used [8]. To localize telomeric and nucleolus
organizer regions in western capercaillie karyotype, samples containing telomeric
repeats [9] and probes for the 18S and 28S rRNA genes [10] were used. All probes were
synthesized with labeled nucleotides and localized on chromosomes. Alignment of
chromosome level genome assemblies of chicken [11] and capercaillie [1] and
visualization of syntenic groups was carried out in Geneious.

Results: For the first time, the karyotype of the western capercaillie was described using
routine staining and GTG-, CBG-, and CDAG-banding methods. Our results of counting
the diploid number of chromosomes in this species (2n = 78) coincide with earlier
estimates and are generally consistent with the number of scaffolds obtained during
genome assembly. Based on FISH data with samples of Eurasian stone-curlew
chromosomes and chicken BAC-clones, as well as with telomeric repeats and ribosomal
genes, orthologous regions were identified on 29 autosomes and the Z-chromosome of
western capercaillie. Based on these data, it became possible to correlate chromosome
scaffolds with chromosomes of western capercaillie. We found discrepancies between
the physical size of chromosomes and the relative size of scaffolds.

The agreement between molecular cytogenetic and comparative bioinformatics data is
shown, which revealed the fusion of chromosomes 6 and 8 and the fission of
chromosome 2 orthologous to chicken chromosomes, in the karyotype of capercaillie.
The ortholog of chicken chromosome 4 in capercaillie retains structure of the common
ancestor of neopalates being presented by chromosome 4 and microchromosome.
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Genome alignment in Geneious showed that the capercaillie macrochromosomes retain
the order of conserved segments of the chicken. Localization of chicken BAC clones on
western capercaillie chromosomes using FISH confirmed the genome comparison data
obtained from in-silico analysis. No translocations were detected in microchromosomes
either bioinformatically or using FISH. Inversions on the 6, 10, 17, 23 and 28
chromosomes of the capercaillie were identified using bioinformatics analysis, but were
not supported by molecular cytogenetic data.

Conclusions: For the first time, a complete description of the karyotype of western
capercaillie (Tetrao urogallus, 2n = 78) has been obtained using the methods of classical,
differential and molecular cytogenetics. As a result of bioinformatic and cytogenetic
approaches, correspondences were established between the scaffolds and chromosomes
of western capercaillie. According to the data obtained, the karyotype of capercaillie is
highly conservative and highly similar with the karyotype of the common ancestor of
neopalates (Neognathae) [12]. Chromosomes 6, 10, 17, 23 and 28 of western capercaillie
differ from the orthologous chromosomes of the chicken by inversions. It was shown
that the karyotype of the common capercaillie differs from the chicken karyotype by two
fusions (orthologous to chicken chromosomes 6 and 8, 31 and 35) and a fission of an
element orthologous to chicken chromosome 2.

Funding: The study is supported by the research grant No. 23-74-01016 from the
Russian Science Foundation.
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