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Momusayus u yenw: [lemepHble THEHBI, HacesBIIKE Oomnbinne obaactu EBpasuiickoro
KOHTHHEHTa BIUIOTH JI0 MO3JHETO IUICHCTOIIeHA, B CHJIY 3HAYUMBIX T'€HETHYECKHUX U
MOP(}OIOTHYECKUX PA3NUYHMI B JUTEpAType YacTo NESATCS Ha JBa BHA: «EBPOIICH-
ckuit» (Crocuta spelaea) u «asuarckuii» (C. ultima) [1]. IIpu 3TOM B3aMMOOTHOIIICHHE
MEXIYy BHJaMH poja Crocuta ocraercs CIHOPHBIM M HE A0 KOHIIA H3y4YCHHBIM. B
YaCTHOCTH, OTCYTCTBYIOT B JIOCTATOYHOM KOJIMYECTBE TEHETUIECKHE TaHHBIE /IS TIOTTY-
JSAUH, HACeNsBIINX IeHTpalnbHyl0 YacTh CeBepHoit EBpasun. B Hactosmieir padore
OBLIH UCCIIECA0BaHBI TIOJHBIC TEHOMBI ABYX 0co0Oeit poma Crocuta (MDOPuX 3220/2242 u
NOPuXK 3220/2243), natinennsix B nemepe Uueiickas (PecryOnuka Xakacus).
Memoowt u anecopummsi: Bee pabotsl ¢ apesreit JJHK mpoBoawmmuces B cnenuamsHOM
«YHCTOM» MOMEIICHNN Ha 0a3e TeHOMHOro neHTpa «brorexnomoruueckuii Kamyc» B
COOTBETCTBHM CO CTaHIApTHBIMU IpoTokojamu. Beinenenue npesnerr JJHK Obuto
OCYIIECTBICHO B COOTBeTCTBHHU ¢ mpotokosiom Rohland et al., 2018 [2]. ns obenx
oco0eii ObUTH TOJIyUYeHbI TAPHOKOHIIEBBIC MPOYTCHHUS JUTMHHOM 75 bp Ha mmardopme
DNBSEQ-T7. buounndopmarnvecknii aHamu3 MTPOBOAMIM C  HCIOJIB30BAHUEM
nporpamm “FastP”, “bwa”, “angsd”. Ayrenrudukanus apesreii JJHK 1o crerm-
(MYecKkrM MaTTepHaM MOBPEXKICHUN OCYIIECTBIsLIAach npH nomontn “MapDamage2”.
s umoreHeTHUECKOTO aHanm3a Oblla WCIONb30BaHa mporpamma “iqtree”. Jlms
BU3yaJM3allii PE3yJIbTATOB HCIONB30Baiu Taker seaborn (python) u itol. Cpemnee
MOKPBITHE siepHOro reHoma coctaBmio 2.19X u 0.81X mms 3220/2242 u 3220/2243
COOTBETCTBEHHO.

Pesynomamei: ®unoreHeTnueckuii anamu3 wMutoxoHapuansbHor JIHK mo3Bommn
OJIHO3HAYHO OTHeCTH 00e 0co0M K ApeBHel BeTBH ramtorpymmsl A (puc. 1). Dtor
pe3ynbTaT KOCBEHHO IOATBEPXKIAET IIMPOKOE PACIPOCTPAHEHWE Taruiorpynmnsl A B
ueHtpe EBpaszum, paHee MoKa3aHHOE Ha NpUMEpPE MEelEepHON rueHbl u3 [leHncoBoii
nierieps! [3]. Ha ocHOBe HOBBIX U paHee OIMyOJIMKOBaHHBIX [4] JTaHHBIX MIOJTHOT€HOMHOTO
CEKBEHHPOBAHUS MPOBEIEH aHAJIM3 IJIaBHBIX KOMIIOHEHT, MTO3BOJISIFOIIUI OTHECTH 00€
ocobu u3 memepsl Mueiickas k Bumy C. ultima (puc. 2). IonyueHHslil pe3ynbTar
COOTHOCHTCS ¢ HaOII0JaeMbIMUA MOP(]OIIOTUIECKUMH OTIHYHSIMU [5].
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Puc. 1. dunoreHerndeckoe nepeBo mpeacraBuresncit poga Crocuta, mocTpoeHHOE Ha OCHOBE
MHUTOXOHJIPHAIIBHBIX TEHOMOB. B kauecTBe ayrrpymmbl B3sTel Parahyaena brunnea, Hyaena
hyaena, Proteles cristatusa. Cuaumu kpyramMu 0603Ha4€HbI Oy TCTPEIIbI, ONPEICISIOINE CTATH-
CTHYECKYIO0 TOCTOBEPHOCTH JaepeBa. L[BeTamu kianm 0003HAaYCHBI paHee OMpeIeICHHbBIC TaIlio-
rpymst A, B, C, D [4, 6]. TekcT BbIIeNIeH B COOTBETCTBHH C JIOKAIHEH HCCIEA0BAHHOTO 00pasia.
Jlns uckomaeMbIX 00pa3IoB B CKOOKax yka3aHa fara. J(epeBo MOCTPOCHO METOIOM MaKCHUMAalIh-
HOTO TpaBIONoa00us, Moenb 3aMeH — T PM2u+F+1+G4
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Puc. 2. Ananus TJIaBHBIX KOMIIOHEHT Ha OCHOBC AACPHBIX OAHOHYKJICOTUAHBIX

MOMMMOP(HU3MOB: CIleBa — TOJBKO I MCKOMAeMBIX OOpa3IoB, CIpaBa — BKJIFOYAs ITIOJHBIC
TCHOMBI COBPEMEHHBIX ISITHUCTHIX THeH. Oco0b 3220/2242 BrieneHa 3Be3noukoii. [[Ber Touek
COOTBETCTBYET paHee OMpEeIeTICHHBIM MUTOXOHPHUAIbHBIM Tariorpymnmnam. [[BeT 3akpaiieHHbIX
obnacTeil oTpakaeT NPUHAMIEKHOCTh K CIEAYIONAM BHJAM: JKENThIH — COBPEMEHHBIE
C. crocuta, kpacusriii — C. ultima, senensrit — C. spelaea

Bo1600b1: Pe3ynbraThl MOTHOTCHOMHOTO CEKBEHHPOBAHHS BIICPBBIC TMOITBEPIKIAIOT
bostee mmpokoe pacrnpoctpanenue Buma C. ultima B menrpe Cesepnoii EBpasum B
Mo3HeM rieiictorieHe. HecooTBeTCTBHE pe3ybTaTOB SIEPHOTO U MUTOXOHIPHUATEHOTO
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(UIIOTeHETUYECKOTO aHaIn3a MOKET JEMOHCTPUPOBATh 0ojiee TECHBIE KOHTAKTHI
C. ultima u C. spelaea, a Takxe BO3MOXHOCTb MPOJOJDKHTEIBHOTO CYIIECTBOBAHUS
THOPUIHBIX (DOPM B 30HE KOHTAKTa UX apeajioB.

Qunancuposanue: Uccnenopanne nogaepxano OO0 «bHOTEXHOTOTHIECKAN KaMITyC)
u rocyaapctBeHHbIM 3a1anneM UI'M CO PAH (Ne 122041400243-9).
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Motivation and Aim: Cave hyenas, which inhabited large areas of the Eurasian continent
until the late Pleistocene, are often divided into two species, European (Crocuta spelaea)
and Asian (C. ultima), due to significant genetic and morphological differences [1]. The
relationship between these species remains controversial and not fully understood. In
particular, sufficient genetic data are lacking for populations that inhabited the central
part of Northern Eurasia. In this work, the whole genomes of two animals of the genus
Crocuta (IPAE 3220/2242 and IPAE 3220/2243) found in the Ineyskaya cave (Republic
of Khakassia) were investigated.

Methods and Algorithms: All work with ancient DNA was carried out in a clean room
facility at the Biotech Campus genomic center in accordance with standard protocols.
The isolation of ancient DNA was performed according to the protocol of Rohland et al.,
2018 [2]. For both samples, DNA libraries were prepared according to MGI protocol,
and 75 bp paired-end reads were obtained on the DNBSEQ-T7 platform. Bioinformatics
analysis was performed using the software tools “FastP”, “bwa”, and ‘“angsd”.
Authentication of ancient DNA by specific damage patterns was carried out using the
“MapDamage2” package. The "igtree" tool was used for phylogenetic analysis. The
package “seaborn” (python) and “itol” were applied for the results visualization. The
nuclear genome mean coverage was 2.19X and 0.81X for 3220/2242 and 3220/2243
respectively.

Results: Phylogenetic analysis of mitochondrial DNA allowed unambiguously assign
both individuals to the ancient branch of haplogroup A (Fig. 1). The same haplogroup
was observed for a cave hyena from Denisova Cave [3]. Thus, haplogroup A was widely
distributed the center of Eurasia. On the basis of new and previously published whole-
genome sequencing data [4], we performed a principal component analysis, which
allowed both animals from the Ineyskaya Cave to be classified as C. ultima (Fig. 2),
which correlates with observed morphological data [5].
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Fig. 1. Phylogenetic tree of representatives of the genus Crocuta based on mitochondrial
genomes. Parahyaena brunnea, Hyaena hyaena, Proteles cristatusa are taken as outgroups. Blue
circles indicate bootstraps defining the statistical confidence of the tree. Clade colors indicate
previously defined haplogroups: A, B, C, D [4, 6]. Text is highlighted according to the location
of the studied sample. For fossil specimens, the date is indicated in parentheses. The tree was

constructed by the maximum likelihood method, the substitution model is TPM2u+F+I1+G4
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Fig. 2. Principal component analysis based on nuclear single nucleotide polymorphisms. The
figure on the left is for fossil specimens only, the figure on the right includes the complete
genomes of modern spotted hyenas. Individual 3220/2242 is marked as a star symbol. The color
of the dots corresponds to previously defined mitochondrial haplogroups. The color of the shaded
areas reflects the following species: Yellow — modern C. crocuta, Red — C. ultima, Green — C.
spelaea

Conclusion: The results of whole-genome sequencing show wide distribution of
C. ultima species in the center of Northern Eurasia during the Late Pleistocene. The
discrepancy between the results of nuclear and mitochondrial phylogenetic analysis may
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indicate closer contacts between C. ultima and C. spelaea, as well as a possibility of
prolonged existence of hybrid forms in the contact zone of their ranges.

Funding: The study was supported by Biotech Campus LLC and the state assignment of
IGM SB RAS (No. 122041400243-9).
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