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Momusayus u yenv: K HacTosAIEMy BpEMEHHU COOpaHa ocTaTouHasi HayyHas Oa3a aist
ompeneneHus ¢uwioreorpauu OAHOTO M3 CaMbIX MHOTOYHUCICHHBIX B JIETOIHMCU
OKaMEHEJIOCTeH MpencTaBuTeNieii MaMOHTOBOH (payHbl — BUJAA IIEPCTUCTHIA MaMOHT
(Mammuthus primigenius), HaurHas ¢ aHATU3a YaCTeH MUTOXOHIPHAIBHOTO reHOMa |
3aKaHYMBas W3YYCHHEM MOJHBIX sepHbIX reHoMoB [1-3]. V3ameHeHue kimmaTa OT
MO3IHETO JIEIHUKOBOTO MEPHOJa A0 TOJIONEHA NMPHUBEIO K YMEHBIICHUIO OTKPBITHIX
npocTpancTB B EBpa3uu, 4To MpHUBEJO K COKPAIICHUIO 00JacTH OOMTaH!UsI MAMOHTOB U
JIPYTUX CTEMHBIX )KUBOTHBIX. DTOT MPOLECC BKIIIOYA CIO0XKHbBIE U3MEHEHUS KJIMMaTa 1
pPacTUTENBHOCTH B INPOCTPAHCTBE M BPEMCEHH, BBDKMBAHHE BHUAOB B YKPBITHSX,
JOKAJIbHOE HMCYE3HOBEHHE M BPEMEHHOE paciiupeHue obnacrteid oburanus (Lister,
Stuart, 2008). OganM u3 3¢pPEeKTUBHBIX TIOXOI0B IS AETaTLHONW PEKOHCTPYKIIHA 3THUX
MIPOLIECCOB SBJISIETCS] MCCIENOBAHUE JIOKANBHBIX CEpUi 00pa3lioB MUTOXOHIPHATBHOM
JIHK MaMOHTOB, OTHOCSIIIMXCS K pa3IMYHBIM XpOHOJIOrMYECKUM nepuoaam. Hecmotpst
Ha OOJNIBIIYIO CTENEeHb W3YyYEeHHOCTH, BBIOOpKa 00pa3noB u3 Cubupu u JlanpHEro
Bocroka Obuta mpeacraBieHa B OCHOBHOM CEBEPHBIMH M BOCTOYHBIMH PETMOHAMH.
O06pas3ipl MaMOHTOBOH (hayHBI TAKUX Teorpa@uecK H30JIMPOBAHHBIX TEPPUTOPHI, KaK
MuHyCHHCKasi KOTJIOBUHa H OCTpoB KoTenbHBIN, He OBUIM HCCIENOBaHbI Ha
MOJIEKYJISIPHO-TEHETUYECKOM YPOBHE, XOTsI MOJY4YECHHBIE TaHHbIE MOTYT BBISIBUTH HE
0oOHapyKeHHOE paHee TeHETHYECKOe pa3HooOpa3ue BHIA, YHUKAJIBHBIC IMOIMYJISLIHH,
KOTOPBIE BOIIOIIMOHUPOBAIH 3/IECh HE3aBUCHMO OT BCEX OCTAIBHBIX.

Memoowr u ancopummsr: B pamkax naHHOW paOOTHI ObUIM MONTyY€HBI MUTOTCHOMHBIE
OuOIMOTEKN NBEHAAUATH IIEPCTHCTHIX MaMOHTOB MHUHYCHMHCKOM KOTJIOBHMHBI IOTa
Bocrounoii Cubupu 1 AecsiTi IIEPCTHCTHIX MaMOHTOB ocTpoBa KoTenbHbIN ceBepa
Bocrounort Cubupu. [lns maHHBIX OHMONMOTEK OBUIO TMPOBEICHO JBYXpayHIHOE
oborareHre TeHOMHBIX OMOJIMOTEK C MCIIOJIb30BaHUEM THOPUAM3AINH ¢ OMOTHHUIIN-
pOBaHHBIMH (pparMeHTamMu coBpeMeHHoW MutoxoHapuansHoit JJHK Elephas maximus,
Ha OCHOBE paHee OmyOJIMKOBaHHOTO MeToza [4] ¢ MoaubuKanusMu, ONMUCAaHHBIMU B
cratbe BopoObeBoii u coaBTopoB [5]. Taxke ObUIO MPOBEAECHO BBICOKOIIPOM3BOAUTEb-
HOE CEKBEHUPOBAHUE AJISl UCCIIeIOBaHHBIX 00pa3oB. [1o pe3ynbTaTamMm CeKBEHUPOBAHHS
OBLIO BBINTOJHEHO MHOKECTBEHHOE BBIPABHHUBAHHE ITOCIIEIOBATEIIBHOCTEH MUTOTrEHO-
MOB TIO3JTHEIUIEHCTOIEHOBBIX MIEPCTUCTHIX MAMOHTOB HW30JHPOBAHHBIX TEPPUTOPHIA
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Bocrounoii Cubupu u paHee OmyOJHMKOBaHHBIX MMOCIIEIOBATEILHOCTEH MHUTOICHOMOB
HIEPCTUCTHIX MaMOHTOB, IPOBECHA (UIOTeHETHUECKas! PEKOHCTPYKLIHUS U TOCTPOCHO
(dumoreHeTHYeCKOe NpeBO 0OaiiecOBCKMM MeTomoM. Jlias o0pasmoB IMIEPCTHCTHIX
MaMOHTOB ¢ MUHYCHHCKOH KOTJIOBHHBI OBIJIO MOCTPOEHO (PHIIOTEHETHYECKOE IPEBO
MpY MOMOIIY nporpamMmHoii atdopmel BEAST ¢ BHyTpeHHEH KanmuOpOBKOi BpeMeHH
pacxXoKJIeHUs] BETBEH HA OCHOBE PaJHOYTIIEPOIHBIX MATHPOBOK OOpAa3IoOB UIA BCEX
MUTOXOHIPHUAJIBHBIX ITOCIEIOBATEIBHOCTEN MIEPCTUCTHIX MAMOHTOB, IIMPHUHA TTIOKPHI-
THSI TCHOMOB KOTOPBIX NpeBbimana 68 %.

Pezynomamur: Cpenusis TyOMHA MOKPHITHS MHUTOTEHOMOB IIEPCTHCTHIX MAMOHTOB M3
MunycHHCKOH KOTIOBHHBI Bapeupyer oT 0.5 mo 15.5 pasza, a mmpuHa MTOKPBITHS
cocrasisieT oT 38 10 99.5 % oT nnuHBI pedepeHCHOro MUTOTeHOMa. [IJI1 MUTOTEHOMOB
HIEPCTUCTHIX MAMOHTOB ¢ ocTpoBa KoTenpHBIN MIMpHHA TOKPBITUS COCTABIIAET OT 16 10
97.1 % ot miuHBI pedepeHCHOro MHUTOreHoMma. McXoJs W3 MONyYeHHBIX 3HAYCHUH
JaCTOTHI JI3aMIUHUPOBAHUS OCHOBAHUH B cpemHero pazmepa pparmenros JIHK, MoxHO
3aKJIIOYUTh, YTO KOCTHBIE 00pa3libl MAMOHTOB UMEIOT BBICOKYIO CTETIEHb COXPaHHOCTH
JHK, 4uTo cBA3aHO ¢ OTHOCHTEIHHO XOpomuMu s coxpaHHocTH JHK ycnoBusmu
OKpY>Karolllel Cpenbl.

Brissneno, uro mocnenoBarensHoctd MTIHK mepctucteix MaMOHTOB MUHYCHHCKOM
KOTJIOBHHBI M ocTpoBa KoTenbHBIN He QOpPMUPYIOT OTACTBHYIO KIIaAy Ha JepeBe, a
paccpeoToUeHBI B pa3HBIX KIIACcTepax KiIaabl [, 9To OTIMYaeT uX OT HEKOTOPBIX IPYTHUX
WCCIIEIOBAHHBIX JIOKATHHBIX TPYII MaMOHTOB, TaKMX KaK MaMOHTBI C OCTpOBa
Bpanrensi, HaxOJUBIIUXCSI B CTaJWU CHIDKEHHOTO TE€HETUYECKOro pazHOOOpa3Hs.
Qdunoreorpaduyueckue peKOHCTPYKIIMA Ha OCHOBE TOCIENOBATEIHLHOCTEH MHUTOXOH/I-
puansHoit JJHK mepctucteix MaMOHTOB U3 MUHYCUHCKON KOTJIOBHHBI MOATBEPIUIN
BpeMsi pacxoxaeHust | u |l MUTOXOHIpUANBHBIX KaJ MaMOHTOB, Kak 2—1 MulH JieT,
BBISIBUJIM TCHETHYECKYIO ONM30CTh MHUTOXOHAPHAIBHBIX JIMHUNA TO3JHEIIeHCTOoIe-
HOBBIX MaMOHTOB MUHYCHHCKOW KOTJIIOBUHBI U JAPYTHX, B TOM YHCJIE CONPEIEIbHBIX,
peruonoB Boctounoit CuOupu M MX AMBEPreHIUIO BO BPEMEHHOM IMPOMEKYTKE OT
150 no 100 ThIC. JNEeT Ha3aa, YTO CBUJACTEIBCTBYET 00 AaKTHBHBIX MUTPAIMSIX
MIEPCTUCTBIX MaMOHTOB Ha OOMIMPHBIX TeppuTopusax Bocrounoit Cubupm (octpoBa
Bpanrens, LlenrpansHoro, 3anamHoro u BocToOYHOro permoHOB) B KOHIIE CPETHETO
IJIEHCTOLIEHa—HaYaJIe ITO3JHETO TUIEUCTOLEHA.

Buvigoowi:  JlaHHOE  WCClIeZIOBaHWE  TIO3BOJISIET  OLIEHUTh  MHUTOXOHJIIPHAIBLHOE
TeHeTUYECKOe Pa3HOOOpa3ue MIEPCTHCTEIX MaMOHTOB Ha TePPUTOPUU MUHYCHHCKOMH
KOTJIOBUHBI U ocTpoBa KotenbHbINA. PacmonoxeHne MHUTOTHUIIOB B pa3HBIX KJaaax
BHYTpPHU KJIaJbl | MOKET yKa3bIBaTh Ha JIOCTATOYHO BBICOKOE pa3HOOOpa3ue reHopoHaa
WCCIIEIOBAHHBIX MIEPCTUCTBIX MaMOHTOB. [lo mpoBemeHHBIM (uioreorpadguyecKkum
PEKOHCTPYKIIMSIM MOXKHO TOBOPHUTH 00 aKTUBHBIX MHUTPANUAX MIEPCTUCTHIX MaMOHTOB
Ha OOWMPHBIX TeppUTOpusXx BocrouHoit Cubupu B KOHIE CPEAHErO TUIeHCTOIeHA—
HayvaJe MOo3JHeTO0 IIeHCTOIeHA.

Qunancuposanue: ViccnenoBanue noaaepsxkano rpaarom PHO (Ne 23-74-10060).
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Motivation and Aim: To date, a sufficient scientific basis has been assembled to
determine the phylogeography one of the most numerous representatives of the
mammoth fauna, the woolly mammoth (Mammuthus primigenius) species, in the fossil
record, from the analysis of parts of the mitochondrial genome to the study of complete
nuclear genomes [1-3]. Climate change from the LGP to the Holocene led to a decrease
in open spaces in Eurasia, resulting in a shrinking habitat for mammoths and other steppe
animals. This process involved complex changes in climate and vegetation in space and
time, survival of species in shelter, localized extinction, and temporary expansion of
habitat areas (Lister, Stuart, 2008). One effective approach for detailed reconstruction of
these processes is the study of localized series of mammoth mitochondrial DNA samples
from different chronological periods. Despite the large degree of study, the sampling of
samples from Siberia and the Far East was represented mainly by the northern and
Eastern regions. Samples of the mammoth fauna of such geographically isolated areas
as the Minusinsk Depression and Kotelny Island have not been studied at the molecular
genetic level, although the data obtained may reveal a previously undiscovered genetic
diversity of the species, unique populations that evolved here independently of all others.
Methods and Algorithms: Mitogenomic libraries for twelve woolly mammoths from the
Minusinsk Depression in southern Eastern Siberia and ten woolly mammoths from
Kotelny Island in northern Eastern Siberia were generated in this study. For these
libraries, based on a previously published method [4] with modifications described in
Vorobieva et al. [5], two-round enrichment of genomic libraries was performed by
hybridisation with biotinylated fragments of modern mitochondrial DNA from Elephas
maximus. The investigated samples were also subjected to high-throughput sequencing.
Based on the sequencing results, multiple alignment of mitogenome sequences of Late
Pleistocene woolly mammoths from isolated areas of Eastern Siberia and previously
published mitogenome sequences of woolly mammoths was performed, phylogenetic
reconstruction was performed, and a phylogenetic tree was constructed using the
Bayesian method. For woolly mammoth samples from the Minusinsk Depression, a
phylogenetic tree was constructed using the BEAST software platform with internal
calibration of branch divergence time based on radiocarbon dating of samples. The tree
was constructed for all woolly mammoth mitochondrial sequences with genome
coverage greater than 68 %.
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Results: The average depth of coverage of the mitogenomes of woolly mammaoths from
the Minusinsk Depression varies from 0.5 to 15.5 times, and the width of coverage
ranges from 38 to 99.5 % of the reference mitogenome length. The coverage width
ranges from 16 to 97.1 % of the reference mitogenome length for woolly mammoths
from Kotelny Island. Based on the obtained values of base deamination frequency and
average size of DNA fragments, it can be concluded that mammoth bone samples have
a high degree of DNA preservation. This is associated with relatively good
environmental conditions for DNA preservation.

The mtDNA sequences of woolly mammoths from the Minusinsk Depression and
Kotelny Island, unlike some other local groups of mammoths studied, such as mammoths
from Wrangel Island, which were in a stage of reduced genetic diversity, were found not
to form a separate clade on the tree but to be distributed in different clusters of clade 1.
Phylogeographic reconstructions based on mitochondrial DNA sequences of woolly
mammoths from the Minusinsk Depression confirmed the time of divergence of the
I and 11 mammoth mitochondrial clades as 2—1 million years ago, revealed the genetic
proximity of mitochondrial lineages of Late Pleistocene mammoths from the Minusinsk
Depression and other, including adjacent, regions of Eastern Siberia, and their
divergence in the time interval from 150 to 100 thousand years ago, which points
to active migrations of woolly mammoths in the vast territories of Eastern Siberia
(the Wrangel Islands, the central, western and Eastern regions) in the late Middle
Pleistocene — early Late Pleistocene.

Conclusion: This study allows an assessment of the mitochondrial genetic diversity of
woolly mammoths in the Minusinsk Depression and Kotelny Island. The location of
mitotypes in different clades within clade | may indicate a rather high diversity of the
gene pool of the studied woolly mammoths. According to phytogeographic
reconstructions, woolly mammoths were actively migrating across the vast territories of
Eastern Siberia at the end of the Middle Pleistocene — beginning of the Late Pleistocene.
Funding: The study is supported by Russian Science Foundation (No. 23-74-10060).
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