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TEHO®OH/ TPEX BOCTOYHbBIX POJOB TYBUHIEB I10 JAHHBIM
IIOJINMOP®U3MA Y-XPOMOCOMBI

Matepuanbl u metoabl. Briepabie usydyeH 2eHOhOHO Mpex my8UHCKUX pOA08 KOJ, OIOH U XepTek 10
wupokoli naHernu SNP-mapkepog Y-xpoMocoMbl. Ha ocHoge yacmom eario2pyrn nposedeH MHO20MEPHbIL
cmamucmu4ecKull aHau3, MocmMpOoeHbl Kapmbl 2eHEeMUYECKUX paccmosiHull, 0mpasuswiue roioxKeHUe mpex
my8uUHCKUX podoe 8 2eoepaghuyeckom rpocmparHcmee Cubupu u LieHmparnbHol A3suu. Beibopku 6biniu cghop-
MUPOBaHbI U3 MYXYUH, HE C8513aHHbIX POOCMBEHHbIMU OMHOWEHUSIMU, 8ce rMpedKu KOmopbIX OMHOCUIUCh K
OaHHOMY poOy U npoxueasnu Ha GaHHOU MeppumopuU Ha MPOMSKEHUU HE MeHee mpex rokoneHud. Coop
06pa3yos (8eHo3Hasi Kpoeb) cornpogoxdasicsi 006pP08OIbHBIM MUCLMEHHbLIM UHGOOPMUPOBAaHHbIM COariacuem
nod KoHmposem Smuyeckol komuccuu OIBHY «Meduko-eeHemudecKuli HayYHbIU UEHMP».

Pe3ynbratbl. B 2eHohoHOEe cesepo-80cmoyH020 poda kon ripeobnadaom dse kpyrHbie semeu Q u N,
npudem Ha e2arnozpynny Q-M242 npuxodumcs 6onee ronosuHel, a N1a2-L666 — okorio 4emeepmu 2eHOGOH-
Oa. OcHogy eeHoghoHOa poda OoH cocmasuriu mpu 2annozpynnsl: R1a1a(xM458) — yymb MeHee noroeuHsl,
N1a2-L666 — okorno yemeepmu u R1b-M343 — meHee yemeepmu eeHogOHOa poda OtoH. [arnnoepynmbi
Q-M242 u N1a2-L666, mak xe, kak u y poda Kon, OMUHUpytom 8 2eHOo¢hoHOe poda XepTek, HO C pasHoU
yacmomoli, cocmaesisisi Kaxkdasi OKosio mpemu 2eHoghoHOa. Y poda xepTek obHapyxeH mom e eapuaHm
eannoepynnel Q, Ymo u y poda kon — Q-M242, a eemeb N ripedcmasrnerna 08ymsi eapuaHmamu N1a2-L666 u
N3a5-F4205. Takum obpa3om, 8 2eHemMuUYeCKUX rnopmpemax podoe Kon u XepTeK OCHOBHYK pOJib Uzpaem
«cesepoesgpa3sulickuli» KOMIOHeHm, npedcmasneHHbIl 2arnozpynnamu Q-M242, N1a2-L666 u N3a5-F4205,
a OCHOBHbIE YepMbl 2eHEMUYECKO20 rnopmpema poda OH co30arm «naHespasulickuey 2arnioepynribl.

3akntouveHue. [1onyyeHHble pe3yribmambl — «2eHemuYecKUe rnopmpemsl» mpex podos, Mampuubi eeHe-
muyeckux paccmosiHull, deHOpospaMma U Kapmozpaguyeckul aHanu3 — riokasarsu, 4mo KO 8ceMy Kpyay rno-
nynsayud Xakacuu u Animasi 2eHemudecku 6r1u30k pod OKOH, 8 MO 8peMsT Kak poda XepTeK U KON eeHemu4yecKu
boniee ceoeobpasHbl. M3 oKpyxxarowux rnonynsayul Haubonee seHemuyYecku GasileKUMU OKa3asluCb Cesepo-
80CMOYHbIE cOCEOU MYyBUHUES — BYpsimbl. MEXOY OBWUM KPy20M 2eHemuUYeCcKU CXO0HbIX romnynsauul Xaka-
cuu, Anmas, Tbiebl u 6ypsmamu npoxodum 2eHemuyecKkul pasroM. AHanu3 2eHoghoHOa MysUHUE8 Yepe3
npuamy podosoli cmpykmypbl OeMOHCMPUPYem C800 8bICOKYH 3¢hgheKmuUBHOCMb: Ha (hOHe KaxXyuelcs 20-
MO2eHHOCMU 2eHOOHO08 2eozpaghuyecKux nonyasauull mysuHuee UMEeHHO 2eHemu4yeckue ocobeHHocmu
MYyBUHCKUX po008 10360/ISI0M 8HECMU HOBbIU 8KI1ad 8 PEKOHCMPYKUUIO UX 3IMHO2EeHe3a.

KniouyeBble cnoBa: aTHOreHes; pogoBas CTPYKTypa; poa; reHodoHa; Y-xpomocoma; SNP-mapkepbl;
rannorpynna
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Beegenue

KomnnekcHoe nayyeHne reHodooHO0B Yyepes npu-
3My UX POJOBOW CTPYKTYpPbl CO34AET HOBbIE BO3MOX-
HOCTW NS PEKOHCTPYKLMM 3THOTEHE3a 1 reHeTUYECKON
ncTtopumn Hapogos. [103TOMy OHO MHTEHCMBHO pa3BoO-
pavmBaeTcs 4N MHOMMX HapogoB MMpa, COXPaHMBLUNX
pOOOBYHO CTPYKTYPY, B TOM uyucne Ans uenoro psga
HapogoB Ypana, Cnbupu, ansHero Boctoka n LieHT-
panbHon Asum [KOcynoe ¢ coaBt., 2017, 2018; XKa-
©aruH ¢ coasr., 2017, 2018; boryHoB ¢ coagr., 2017;
[Namba c coaBTt., 2018]. OCHOBHbIM MHCTPYMEHTOM
npuv 3TOM cry>aTt Mapkepbl Y-XpOMOCOMbI, Hacreay-
IOLLEeNCs Tak e, Kak U pogoBoe UMsi — NO OTLOBCKON
NIMHUN, N OTANYaKOLENCS BbICOKMM NOSIMMOPEU3MOM,
Mo3BONAS OTCNEXUBaTb MUTPALUOHHbIE MOTOKM. B
AaHHoW paboTe NPOAOIMKEHO N3yYeHne CBA3W reHo-
doHOa 1 poaoBOM CTPYKTYPbl OOAHOMO U3 HapoLoB
KOxxHoM Cnbupun — TyBMHUEB — NO Mapkepam Y-Xpo-
MOCOMBI.

O6wasn YMcneHHoCTb TYBMHLEB — HEMHOIMM 60~
nee 270 Tbicsu yenoBek. M3 Hux B 2010 rogy 263 934
yerioBeka, Bkrtoyasa 1 858 TyBMHLEB-TOXKMHLEB, NPO-
xuBanu B Pecnybnuke TbiBa [Bcepoccuiickasa nepe-
nnck Hacenenwusi, 2010], 6onee 5 TbiCAY TYBUHLIEB —
Ha ceBepo-3anage MoHronuu [[Nepenucb HaceneHus
MoHronuu, 2010] n 6onee 4 Tbicay — B CMHbL3SH-
YWrypckom aBTOHOMHOM panoHe Kutas [TyBuHuUbl Ku-
Tas, 2000].

B TbiBe, pacnonoXeHHOW B BEPXHEM TeYEeHUU
EHuces, ropHble cuctembl 3aHnmaroT 6onee 80%
BCEW Tepputopun, a octanbHasd Hebonbliasg 4acTb
NPUXOOUTCH Ha MEXIOPHbIE KOTMOBWHbI: LEeHTpanb-
HYIO CYXOCTEnHY TYBMHCKYIO, FOXKHYIO MOMNYNyCTbIH-
Hyto Y6cy-Hypckyto, TaexHo-necHble TOMKMHCKYHO U
Tepe-XonbCKyto KOTNOBUHbI. LleHTp pecnybnuku
npencraenseT cobou rpynny MeXropHbIX KOTIIOBUH,
OKPY)XEHHYIO C 3anaja, ceBepa 1 BOCTOKa BbICOKMMMU
ropHbiMn xpebtammn BoctouHoro n 3anagHoro Casi-
Ha, a c tora — xpebTammu 3anagHoro n BoctovHoro
TaHHy-Ona. B nctopuko-kynsTypHOM OTHOLUEHWMU
TYBUHLbI OEMNSTCA Ha OBe rpynnbl, COBNagarowme ¢
npupoaHLIMU 30HamMu TeiBbl. Apean «3anagHow» rpyn-
Mbl TYBUHLIEB HAXOAUTCS NPEMMYLLECTBEHHO B FOPHO-
CTernHbIX panoHax 3anagHon TbiBbl, B CTENAX TyBUHC-
KOW KOTITOBMHbI N NONynycTbIHAX Y6cy-Hypckon koT-
NOBUHBI. Apean «BOCTOYHOW» rPynbl OXBaTbIBAET rop-
HO-TaeXHYIO 30HY: Ha CeBEepPO-BOCTOKE ThbiBbl TOOKNH-
CKYIO KOTMOBMHY, Ha Oro-BoCToke — Tepe-XOorbCKyto
KOTITOBVHY.

TyBUHLbI HEOOQHOKPATHO U3yYanucb aHTPOMOIIo-
raMym — B pasHblX pavoHax pecnybnvku nposegeHsbl
nccnegoBaHnsa No Knaccu4eckon pacoBeyeckon
nporpamMme, STHUYECKON OQOHTONOMN, 4ePMaTornm-
duke, TeMnam (pU3N4eCcKoro pasBuUTUS U CTapeHus,

TUNaMm TENOCMOXEHNS U CTENEHN MUHEpanu3aLnm cke-
neta, aganTyBHbIM K NPUPOAHON cpede uanonoru-
YeCKMM nokasaTensm, KpaHMonorum, YTo NO3BONuIIo
PEKOHCTPYMPOBATb aHTPOMONOrnyeckme npoLecchbl ¢
3MNOXMN 3HeOoNUTa-b6poH3bl 4O COBpeMeHHOCTU [AKca-
HoBa, 2009]. Takke M3y4yeH reHooHS TeppuUTopK-
anbHbIX rpynn TyBuHUEB no STR 1 SNP-mapkepam
Y-xpomocombl, MutoxoHapuanbHon JHK n no Heko-
TOPbIM ayTOCOMHbIM Mapkepam [[onyGeHKo ¢ coaBrT.,
1998, 2001; OdepeHko c coasT., 1999; CtenaHoB c
coagr., 2000a, 20006, 2001; XapbkoB ¢ coasT., 2013].

OpHako pogoBas CTPYKTypa TyBUHLIEB NOKa OC-
TaBanacb BHe NpUCTanbHOro BHUMaHUSA 3THorpadhos,
TNNHIBUCTOB, @HTPOMNOMOroB U reHeTUKOB. CNOXHOCTb
N3y4yeHns1 poaoBOW CTPYKTYpPbl TYBUHLEB BO MHOIOM
CBsi3aHa C CUCTEMOWN aAMUHUCTPATUBHO-TEPPUTOPU-
anbHOro yCTpomncTBa B nepuog rocnoactsaa LinHckon
nmnepun B ToiBe (1757-1912 rr.) [MaHHan-oon,
2007]. YcTaHOBMEHHbIE MaHbYXXypamMy BOEHHO-aaMu-
HUCTPATUBHbIE eANHWULIbI XOLLIYHOB 1 CYMOHOB 6bInu
obpasoBaHbl N0 TeppUTOPUANBEHOMY MPU3HaKY, B UX
CoCTaB BXOAWUNO MHOXeCTBO poaoB. OAHako 3TO He
NpuUBENO K MCYE3HOBEHUIO POAOBOW OpraHusauum
TyBuHues [[dynos, 1956]. [lo HegaBHero BpemeHu
TYBUHLbI HE UMENU HU pamMunun, H1M otyects. lMpu
BcTynneHun Tysbl B coctaB CCCP (1944 r.) ansa nac-
nopTu3aumm BBOAUNUCL hamunum, 1, 4Tobbl n3bexatb
OrPOMHOro Yncna ogHoamMubLeB, OTHOCALLUXCSA K
OfHOMY poay B cene, 6bIN0 pekoMeHAOoBaHo, Hanpo-
TMB, B KayecTBe haMumnmm UCNorb30BaTh UMs Yerno-
BeKa, a B Ka4eCcTBe MMEHU — ero poaonnemMeHHoe
Ha3BaHue. [MoCKOMnbKy 3HaunTENbHasa YacTb TYBUWH-
Ckux chamunuii 6eina obpasoBaHa OT MMEH, a He po-
0oB, To 0bbl4Hasa npoLenypa onpeaeneHns pogoBom
NPUHaANEXHOCTN Mo hamMunum Ans TyBUHLEB Marno
npurogHa. NMoatomy B criydae He3HaHWs obcnegyemMbiM
CBOEN poOOCMNOBHON OCHOBHYIO MOMOLLIb OKa3blBanu
WMH(POPMaHTLI, MOMHSILLME POAOBYIO MPUHAANEXHOCTb
ero cembMu.

B npeabigyLumx nccneqoBaHuax Ang BbiBIeHUS
crnefa MOHIofnbCKOW 3KCNaHcum B reHoooHAe TyBUH-
ueB 6GbinNy BNepBble M3yveHbl reHooHAbl ABYX ca-
MbIX MHOFOYUCIEHHBIX TYBUHCKUX POAOB (MOHaywW n
oopxkakK), AN KOTOPbIX MO AaHHBbIM FyMaHUTapPHbIX
HayK oxugancs Hambonblumi BKrag, LeHTpansHoasu-
aTCKOro KOMMOHEHTA, CBS3bIBAEMOIrO C MOHIOMbCKOM
akcnaHcuen. OgHako BCe NOSyYeHHble pesynbraThbl —
«reHeTn4eckme NopTpeTbly, MaTpuLa reHeTUYecKnx
paccTosHun, AeHaporpaMmmMa u rpadonk MHOroMepHo-
ro LKanMpoBaHus, oTpaxaloLlme reHeTmyeckme Casi-
31 TYBMHCKUX pogoB ¢ nonynsumammn FOxHon Cubunpu
n LleHTpanbHon A3uun, — ykasanu Ha 3HauYuTenbHoe
reHeTn4ecKoe CXOACTBO 3TUX TYBMHCKMX POAOB C No-
nynaumamm He MoHronum, a Xakacum n Anrtas, 4To no-
3BONWIO cAenaTthb BbIBOA O POPMUPOBAHUN TYBUHCKUX
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POAOB MOH2yW W OOPXKaK Ha OCHOBE aBTOXTOHHOIO
HaceneHuns (MpPegnonoXu1TeNbLHO — MECTHOTO CamMOauIA-
CKO-KETCKOro cybcTpaTa) 1 KOHCTaTUpOBaTh, YTO Ha UX
reHohOH, MOHTONbCKas 9KCMaHCUA He okasana 3Ha-
yumoro BnusHWA [Jamba ¢ coast., 2018a, 20186].

Apeanbl pofoB MOH2yW N 00p>KakK N3y4eHbl B 3a-
nagHon YacTtu TyBbl, MO3TOMY LiENb JAaHHOrO nuccneno-
BaHWS — U3y4YeHne reHopoHaa Tpex TYBUHCKMX POOOB,
OXBaTbIBAKOLLMX apearn BOCTOMHOW Yactu TyBbl OT ce-
Bepa [0 tora: poaoB Kos1 TOOKMHCKOro KoXyyHa (cese-
po-BOCTOK TyBbl), OFOH TaHObIHCKOrO KOXYyYHa (LEeHTp
TyBbl) 1 xepmek Tepe-XonbCcKoro KoxyyHa (1oro-Bo-
cTokK TyBbl).

B poooBoe o6beanHeHne Ko TyBUHLEB-TOOKWH-
LeB BXOAMIO MHOXECTBO HebOonbLUMX poaoB, 3THO-
HUMbI KOTOPbIX YKa3bIBalOT Ha y4acTne CaMOOUACKUX,
KETOA3bIYHbIX, MOHIOMOA3bIYHBLIX 1 THOPKOSA3bIYHBIX KOM-
noHeHToB [BanHwTenH, 1961]. B cepeanHe XX Beka
C./. BanHwTenH Bblgensn Tonbko 3 OCHOBHLIX pofa
TYBUHLEB-TOMKUHLEB: AK (Ak-Hoody), bapaaH (Kapa-
Hoody) n Kon, — npnuem BCce Tpu poda npeanonoxu-
TenbHO MPOUCXOAMNWN N3 OAHOMO «npapopa» Yoody
[BanHwTenH, 1961]. B Havyane XXI Beka B TogXuH-
CKOM palnoHe Obinn 3adnKCUpoBaHbl CEMb POLOBbIX
rpynn: Ak, banbikubl, bapaaH, Kon, CosiH, Ypam, XoU-
IOK, — HO OOMbLUMHCTBO TOMKMHLEB OTHOCUIIOCH K
pogam Ak n Kosn [Anbixbl, KoHry, 2013].

PogoBsoe o6beanHeHne 0roH ABNSETCS NOTOMKOM
Tak Ha3blBaeMbIX «JE€CHbIX NMeMeH», Ha3BaHUsA Ko-
TOpbIX 3achMKCUPOBaHbl CPEAHEBEKOBLIMU NMUCbMEH-
HbIMM UCTOYHUKaMK [TaTtapuHueB, 2009]. XoTs HblHE
OHW MPOXUBAKT B LIEHTParnbHbIX CTEMHbIX panoHax
TyBbl, HO paHee OHM obuTanu B NEeCHON MECTHOCTU
[Cepmobos, 1971].

Pon xepmek cnabo nayyeH aTHorpadamu u
nuHrenctamun [MotanuH, 1883; MoTanos, 1969]. OH
TakKe, KaK 1 popg Ko/, HacensaeT ropHO-TaexHble pawn-
OHbl TyBbl, HO B OTNIMYME OT poda KoJs1, pacnofioXeH
Ha toro-socToke TyBbl.

N3yyeHne reHodoHaa Tpex TyBUHCKUX POAOB,
OXBaTblBaOLLMX apean BOCTOYHOM YacTu TyBbl OT ce-
Bepa 0o tora no wupokon naHenu SNP-mapkepos
Y-XpOMOCOMbI NO3BOSAET OLIEHWUTb CTEMNEHb CXOACTBA
nX reHohoHO0B, CPaBHUTL C reHooHAaMM HapoaoB
FOxHon Cubnpu n LieHTpanbHoM A3nm B KOHTEKCTE
3THOreHe3a TYBUHLEB U OLEHUTb pOflb NMPUPOLHbLIX
¢hakTopoB B (hOpMMPOBaHMM UX reHOooHAA.

MaTtepHaasl 1 METOIBI

Matepunanom ansi uccnegoBaHusl NOCNyXxuna re-
HomHas [HK, BblaeneHHas u3 obpa3uoB BEHO3HOWM

KpOBU METOOO0M (PEHON-XITOPOOPMHON SKCTPaKLUM.
CymmapHbIn 06bem Bbibopkn N=80: obpasupbl npea-
cTaBuTenen poga Kosi cobpaHbl B TOOKMHCKOM KO-
XyyHe (N=25), poga orwH B TaHObIHCKOM KOXYYyHe
(N=26) n pona xepmek B Tepe-X0OrnbCKOM KOXYyyHe
(N=29) Pecnybnukn TeiBa. B BbIOOPKY BKINHOYEHbI
TONBbKO HEPOACTBEHHbIE MEXAy COOOM TYBUHLIbI, BCE
npeakn KOTopbiX OTHOCUAMCE K AaHHOMY pogy Y nNpo-
XMBanu Ha AaHHOW TEPPUTOPUN Ha NPOTSHKEHUN HE
MeHee Tpex nokoneHun. Coop obpasuoB CONPoOBOX-
Jancsa nNMCbMeHHbIM MHAPOPMUPOBAHHBLIM CornacnemM
obcnegyembix nog KOHTporieM OTUYECKON KOMUCCUM
MeguKo-reHeTu4ecKoro Hay4Horo LeHTpa (r. Mocksa).

leHoTNMpoBaHne SNP-mapkepoB NpoBefeHO
metogom lMLP B peansHOM BpemeHu Ha npubopax
StepOnePlus 1 7900HT (Applied Biosystems, CLLA)
C ucnonb3oBaHMemMm TexHonorum Tagman (Applied
Biosystems) no 59 SNP-mapkepam: M130, M217,
F2613, F2386, F1788, F3918, F3830, M86, F5485,
SK1066, F3791, F11899, F5481, F11791, F14768,
F3960, P53.1, CTS4021, M407, Z12266, M174, M69,
M170, M253, M223, P37, M304, M267, M172, M47,
M67, M92, M12, M9, M20, M231, LLY22g, M178,
L708, L666, B211, M2118, VL29, Z236, F4205, P31,
M122, M242, M120, M378, M207, M198, M458,
M343, M73, M269, M124, M70, chrY:15310670 T>C.
HomeHknaTypa rannorpynn gaHa cornacHo gepesy
Y-xpomocombl ISOGG 2018 [URL: https://isogg.org/
tree/ISOGGYDNATreeTrunk.html (aata obparieHms —
20.12.2018)], Ha3BaHWs HEAABHO OTKPbITbIX MapKEPOB,
nogpasgenstowmnx rannorpynny N3 Ha cybseTBu
N3a1, N3a2, N3a3, N3a4, N3a5, gaHbl cornacHo
pabote lumie [llumie et al., 2016].

Mo yacTtoTam rannorpynn B NONynsuusax paccym-
TaHbl reHeTnyeckme pacctosHusa Hes [Nei, 1975] no
nporpamme DJgenetic [URL: www.genofond.ru (gata
obpawyenns — 20.12.2018)]. MHoromepHble MeToabI
aHanusa npoBefeHbl B nporpamme Statistica 7.0
(StatSoft. Inc., 2004) ¢ npumeHeHnem meToga Yopaa
(Ward’s method). KapTbl reHeTU4Yecknx pacctosaHui
OT Tpex TYBMHCKUX POAOB MOCTPOEHbI Ha OCHOBE
YacToT ranforpynn METOAOM UHTEPNONALMM CPeLHe-
B3BELLEHHbIX 3Ha4yeHun B nporpamme GeneGeo [Ko-
wernb, 2012; Balanovsky et al., 2011]. [ina cpaBHe-
HUSA MCNOMb30BaHbl HEOMYONUKOBAHHbIE AAHHbIE O
yacToTax rannorpynn Y-XpOMOCOMbI B NOMNyNAUnAX
Cubwmpu n LieHTpanbHoi A3um 13 6a3bl AaHHbIX Y-base,
paspaboTtaHHon nog pykosogcteom O.I1. BanaHos-
ckoro [URL: www.genofond.ru (gata obpawieHusa —
20.12.2018)].

Becmuux Mocxosckoeo ynusepcumema. Cepus XXIII
Moscow University Anthropology Bulletin

AHTPOITIOJIOTUA  Ne 1/2019: 74-85
Anthropology, 2019, no. 1, pp. 74-85



[eHO(OHJ TPEX BOCTOUHBIX POIOB TYBUHIEB IO JAHHBIM ITOMMMOP(PU3Ma Y-XPOMOCOMBI 77

KpacHospcKui1 kpait

Xakacua

Mosronua C2b1a3

n

_:>TaHAbmcKuﬁ KOWYYH

czc1\ )

WUpkyTckaa obnactb

0/ XepTeK

:>Tepe Xonbcguii

PucyHok 1. CnekTp rannorpynn Y-XpOMOCOMbI B reHOOHAaxX TYBUHCKMUX POAOB KOJ1, OFOH N XepMmex.
CekTopbl Ha Avarpammax oTpaxaroT AOM rannorpynn B reHooHAe
Figure 1. Y-chromosome haplogroup spectrum in the gene pools of the Tuvan clans kol, oyun and khertek.
Diagram sectors reflect the haplogroup proportion of the gene pool

Pe3yapTaThl H 00CY:K/IEHHE

denemuyeckue nopmpemvl» MYBUHCKUX POO08
KOJL, O10H U Xepmex

XOoTs B reHopoHEe CEBEPO-BOCTOYHOIO PoAa KOsl
BbISIBNIEHO 7 ranmorpynmn, HO pe3ko npeobnagawT
Tonbko ABe kpynHele BeTBM: Q 1 N, coctaensia 88%
reHocpoHaa (puc. 1). Fannorpynna Q-M242 cocrasu-
na 6onee nonoBuHbl reHodoHaa, a N1a2-L666 —
okoro 4eTtBepTu reHodpoHaa. OcTanbHble NSATbL ran-
norpynn (N3a3-VL29, N3a5-F4205, R1a1a(xM458),
R1b-M343, 02-M122) BcTpeyeHbl Y €AUHNYHbIX
npencraBuTenen poaa Kosl.

B reHodoHAE poaa 0roH, HaxXoAsILErocs B LIEHT-
pe TyBbl, Takke BbISBNEHO 7 ranfiorpynr, HO COBCEM
WHOTO cneKTpa 1 ypoBHsi pasHoobpasus (puc. 1). Oc-
HoBy reHodpoHaa (81%) cocTaBnsAlT He ABe, a Tpu
rannorpynnel: R1a, N1 1 R1b. MaxopHas rannorpyn-
na R1a1a(xM458) nocturaet 42%, N1a2-L666 — oko-
no 4yetTBepTn reHodoHaa (kak u y poga kosn), R1b-
M343 — 15%. OcTtanbHble rannorpynmnbl BCTPEYEHbI
y ofHoOro-gByx Hocutenen (J2-M172, Q-M242,
C2b1a3-F3791, 02-M122).

B reHoboHAE 10ro-BOCTOMHOMO poa Xepmex Bbl-
sBneHo 9 rannorpynn. NMpruyem OCHOBY ero reHogoH-

Aa (62%) coctaBunu Te Xe rannorpynmebl, YT0 1 ANg
ceBepo-BOCTOMHOro poaa kos1i— Q u N (puc. 1), Ho y
XepmeK OHW pacnpoCTpaHeHbl C paBHbIMK YacToTa-
Mu 31%. BapuaHT rannorpynnbl Q y xepmek obHa-
PYXXEH TOT Xe, 4YTo U y Kon (Q-M242), a Bot rannor-
pynna N npegcraBneHa y xepmek AByMsl BapuaHTa-
n (N1a2-L666, N3a5-F4205). [1na rannorpynnbl
R1a1a(xM458) n O1a-M119 obGHapyxeHo no gea
HocuTens, a anga rannorpynn C2b1a3-F3791, C2c¢1-
M407, 02-M122, J2-M172 — no ogHOMY HOCUTENHO.
Takum 0Opa3om, B reHETUYECKUX NOPTPETax po-
OB KOJ1 I XepmeK OCHOBHYHO pPOfib UPAET «CEBEPO-
€Bpa3sniCKMN» KOMMNOHEHT, NpeacTaBneHHbIn rannor-
pynnamm Q-M242, N1a2-L666, N3a5-F4205, a oc-
HOBHbIE YepTbl FEHETMYECKOrO NOPTPETa poAa OFH
co3faloT «naH-eBpasnmnckue» rannorpynnel. Pac-
CMOTPUM NogpobHee apearbl OCHOBHbIX rannorpynnm,
BCTPEYEHHbIX Y TPEX KBOCTOYHbIX» TYBUHCKUX POOOB.
Fannorpynna Q. OcHOBHOM apearn pacnpocT-
paHeHus rannorpynnel Q — 3anagHas u KOxHas Cu-
O6upb. MakcMmanbeHbIX YacToT rannorpynna Q goc-
Turaet [www.genofond.ru] B reHodhoHae keToB (84%),
cenbkynoB (66%), ceBepHbix anTanues (bonee no-
NOBUHbI reHooHAA YenkaHueB), Konbanoe n Kbl-
3binbueB Xakacuu (44%) [banaraHckas ¢ coasrT.,
2011]. NMoaTtomy Hanu4yme rannorpynnsl Q B reHohoH-
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e TYBVMHCKMX POOOB MOXET OTpaXaTb reHeTu4eckum
BKNag CaMOAWMCKUX M Naneocnbupcknx nrnemeH.
OpHako cocTtaBnsas OCHOBY reHohoHAa POLOB KOJT U
Xxepmex, rannorpynna Q BcTpedeHa nulb Yy O4HOro
HOCUTENS N3 poaa OOH.

Fannorpynna N, pacnpoctpaHeHHas No BCEMY
ceBepy EBpasun ot CkaHgmHasum o JanbHero Bo-
ctoka [Rootsi et al., 2007], B paboTe no nonHomy cek-
BEHUPOBaHMIO Y-XPOMOCOMbI C ydacTMeM Hallero
konnektuea [llumie et al., 2016] nogpasgeneHa Ha
psa BeTBen co cBoMMWM apeanamu. B reHodoHaax
N3y4YeHHbIX HaMW1 pOAOB TYBMHLEB OHa NpeacTaBneHa
Tpems BeTBaAMM — N1a2, N3a3, N3a5. Ho y TyBuHLeB
pes3ko npeobnagaet nuwb ogHa BeTBb — N1a2, koTo-
pas MakcMMarbHOW YacToTbl 4OCTUrAET B MONYnNsAL M-
sax 3anagHon Cnbupu (92 % y HraHacaH) u KOxHon
Cubupu (34% y xakacos, 25% y Tochanapos)
[www.genofond.ru]. B reHodoHaax Bcex Tpex poaos
rannorpynna N1a2 pacnpocTtpaHeHa npumMepHoO ¢
paBHON YacTOTOM — OT YeTBepTH reHopoHaa Ao ns-
Ton ero vactu. Npegnonaraetcs, 4to rannorpynna N1a2
MOXET oTpaxkaTb BKMag CaMOOUNCKOrO KOMMOHEHTa B
reHohoHA TYBMHCKMX poaoB [XapbkoB ¢ coaBrT., 2013].

Fannorpynna R1a1a. B npegenax naH-eBpa3sui-
ckon rannorpynnel R1al1a BblaensoT ABe KpynHble
cybrannorpynnbl: «eBponenckyto» (mapkep M458) un
«aanatckyto» (mapkep Z93), ¢ HanbonblLUen YacToTown
BCTpevatoLytocst B KOxHon Cnbupn n B ceBepHOM
WHpocTaHe [banaHoBckun, 2015]. B Antae-CasHckom
pernoHe «asmnartckasi» BeTBb R1a1a ¢ BbICOkMMUK Yac-
TOTaMu BCTPEYaEeTCH Y MHOMMX HApOAHOCTEN: LLIOPLIEB,
TybanapoB, anTan-kuxu, TENEeHrnToB, caramues, Kbl-
3bInbLes, konbanos, TeneyTtos [URL: www.genofond.ru
(oata obpaweHuna — 20.12.2018); XapbkoB C CoaBT.,
2009]. EcTb npegnonoxeHue, 4YToO rannorpynna
R1a1a mapkupyeTt naneoeBponeongHbIi KOMMOHEHT
B reHodhoHaax Hapogos HOxHon Cubupu [banaHos-
ckas ¢ coasT., 2014]. MakcnmanbHOM 4acToTbl B reHO-
doHOax U3yyeHHbIX TPEX POAOB TYBUHLIEB rannorpynna
R1a1a pocturaet B reHocoHae pona oroH — 42%, B
reHocpoHae poaa xepmek coctasnset nuwb 14%, ay
poa KOs BCTPEYEH ML OOWUH HOCUTENb 3TOW ranso-
rpynnbl.

LleHTpanbHOa3naTckue ransnorpynnbl npea-
CTaBneHbl B reHohoHAEe TPeX TYBUHCKMX POAOB ranso-
rpynnamun C2b1a3-F3791, C2¢1-M407, O1a-M119 un
02-M122. Ho gaxe y camoro oro-BoCTOMHOro poga
Xxepmek, Onst KOTOPOro MOXHo 6bino 6bl oxuaaTb
MOLLHOe BnusiHWMe cocepen ns LleHTpanbHon Asun,
CyMMapHasi yactoTa 3TUX YeTbipex rannorpynn co-
craenset Tonbko 19%. B apyrnx aByx pogax BCTpe-
YeHbl NULb €AVHWUYHbBIE HOCUTENW LeHTpanbHoasu-
atckux rannorpynn: 02-M122 y poga ko, C2b1a3-
F3791 n 02-M122 y poaa oroH.

Honoxcerue mysUHCKUX POO08 6 2eHemuyeckom
npocmpancmee FOxcroti Cubupu
u Llenmpanvnoii Asuu

CTeneHb reHeTUYECKOro CxoncTBa TYBUHCKUX
POAOB N UX BNVXKHMX U AanbHUX coceeln oTpaxeHa
B AeHAaporpamme (puc. 2a), NOCTPOEHHON Ha OCHOBE
MaTpULbl FEHETUYECKUX PACCTOSHUI (puc. 26) oT re-
HOOHAOB Tpex TYBMHCKUX pPOoAOB A0 MONyNnsumn
KOxHo Cnbupu n LleHTpanbHon Asuu.

JeHgporpaMmma ogHO3HAYHO yKasblBaeT Ha re-
HETUYeCKyto 6rIM30CTb K TYBUHCKMM pofam GonbLUnH-
CTBa HapoaoB Xakacuu (korbanbl, caramubl, KadumH-
ubl) n AnTas (YernkaHupbl, antTan-kuwxu, Tydanapsl, Te-
neHruTbl). BypaTel 3abankanbs, Bypsituun, MipkyTckon
obnactu n ueHTpanbHoasuaTckue nonynsumm MoH-
rornoe, Ka3axoB, KMPrn3os, o6bLeaNHMBLLMXCS B OT-
OenbHBIN KNnacTep, okasanucb reHeTUYeckn ganeku
OT TYBWMHCKUX POAOB.

MockonbKy AeHaporpaMmMa — fuilb OguH U3 MHO-
MX BapMaHTOB BM3yanm3aumm MaTpuLbl FeHETUYECKNX
pacctosiHui (puc. 26), paccMOTpuUM ee anst yTodHe-
HUS1 CTEMEHN FeHETUYECKOro CXOACTBa MOMynsLUiA.
Bo-nepBbix, ©3 BCEX NATU U3YHEHHbLIX HAMU TYBUHC-
KMX podoB Hanboree reHeTMYeckn CXOAHbIMI OKa3a-
ncb OBa BOCTOYHBIX poga kon u xepmek (d=0,1), a
Hanbonee pasnuyarWMMUCA — Kol u oH (d=1,1).
Bo-BTOpbIX, NpU 3TOM PO, Or0H BNM30K K reHohoHaam
OCHOBHOTrO MaccuBa HXHOCMOUPCKMX MONynsunm
(d Bapbupyet ot 0,2 go 0,9 npu dcpeﬂHee=O,4) n pas-
rpaHnymBaeT Hapogbl tOxHon Cubnpun ot Hapoaos
LleHTpanbHom Asnn. B-TpeTbux, BGypsATbl, KOTOpbIE
reorpadudeckn oTHocaTca Kk Hapogam HOxHoin Cu-
Oumpwn, reHeTnYeckn pesko oTrmyarTcsa oT Hux. Ewe
Donee BNe4aTnsalOT He TOMbKO 3HAYUTENbHLIE OTNK-
YNt TYBUHCKMX POAOB OT BCeX rpynn BypsaT, HO 1 TO,
YTO MakCMMarnbHble pasnuyinsg obHapyxeHbl oT Oy-
PAT UMEHHO VIpKyTcKom obnacTu, SBRSIOLUXCS He-
nocpeacTBEHHbIMU reorpacn4eckummn coceasimm Ty-
BMHLEB (reHETNYECKOE PacCTOSIHME OT poaa OFOH LO-
cturaet d=5,3). 5T0 roBopuT O TOM, YTO Ha rpaHuLe
CasHCKMX rop NPOXOAMT MOLLHbIN reHeTudeckui 6a-
pbep, oTaenawowmn nonynaumm Tyebl, Antas n Xa-
Kacum oT BypsT, B reHOoHAEe KOTOpbIX npeobnaga-
€T UeHTpanbHOa3naTCKMiM KOMMNOHEHT [XapbKoB,
2014].

PaccmoTpeTb reHeTM4eckoe CXOACTBO M3YyYeH-
HbIX TYBUHCKUX POAOB C CaMbIM LUMPOKUM KPYroM no-
NynsuMn No BCEMY CMEKTPY ranmnorpynn no3sonstoT
KapTbl FreHETMYECKNX PpaCCTOSAHUIN OT reHOhoHAa Kax-
[0ro 13 poaos.

KapTta reHeTU4eCcKnx pacctoiHui oT TYBUHCKO-
ro poga kos1 (puc. 3a) obHapyX1BaeT reHeTn4YecKoe
CXOACTBO C MonynsunsMu KeToB U cenbkynoB Cpega-
Hen n 3anagHon Cnbupu, obycnoBrneHHOe BbICOKOW
yactoTon (52%) y poga kosn rannorpynnsl Q-M242,
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PucyHok 2. [leHaporpamMmMa reHeTU4ecKoro B3auMOOTHOLLEHUS (a) U MaTpuLua reHeTUYECKUX paccTosiHuiA (6) OT Tpex
TYBWHCKNX POOOB KOJI, OIOH U Xepmek Ao nonynsiunin Cnubupm u LieHTpansHoi Asum
Figure 2. The genetic relation dendrogram (a) and the genetic distances matrix (b) from the three Tuvan clans kol,
oyun and khertek to the populations of Siberia and Central Asia

MapkupytoLen naneocnbunpckun cnea. Lnend 6nms-
Knx reHooHao0B TaHeTcs no HOxHon Cubupn ¢ nu-
KOM BbICOKOW 4YacTOTbl ¥ CEBEPHbIX anTanues-vern-
KaHueB. KapTa yka3blBaeT, YTo naneocnbupckmii kom-
NMOHEHT, NpeAcTaBneHHbIn rannorpynnon Q-M242,
coxpaHuncs B reHodoHaax nonynsaumn CpeaHen,
3anagHon n KOxHon Cnbunpw.

KapTa reHeTU4eCKUX paccTosiHUA OT TYBUHC-
Koro poaa xepmek (puc. 36) B OCHOBHbIX YepTax
bnu3ska k npegplayen kapte. OgHako reHeTu4eckoe
CXOACTBO Xepmek ¢ KeTamu u cenbkynamu CpegHen n
B3anagHon Crnbupw BeipaxeHo cnabee, 4eM y poaa Kor,
3a cyet bonee HU3Kon vactoTbl y xepmek (31%) ran-
norpynnbl Q-M242. Kak v pog kors1, poa xepmek obHa-
PY>XMBaET reHeTn4yeckoe CXOACTBO C MOMynAuMsaMu
KOxHon Cnbupu (ceBepHbIMM anTanLaMmm-yernkaHua-
MU, Xxakacamu-konbanamu). Ho apean nonynsuum c
YMEpPEHHbIM reHETUYECKUM CXOACTBOM (KenTble u
OpaHXeBble TOHA) Y xepmek 6onee obLUMPEH, YeM Y
poda Kosi — Ha 3anaj OH NPOCTUpaeTCst BNMOTb A0
CpegHero Nprobbs u oxsaTbiBaeT cesep Cnbupu oo
Tanmblpa. Takke reHocoH poaa xepmek 6onee
Bnun3ok Kk reHohoHAAaM ApPYrnxX TYBMHCKUX POAOB, YEM
reHodoHa poaa kosi. OT4acTn Takon reHeTUYECKUN
naHgwadT 3agaertcs v rannorpynnoi N1a2-L666, co-
cTaBngLLen ocHoBy reHodpoHaa 6onbLUMHCTBA ca-

MOOMMNCKMX HapodoB (y HeHueB 57%, y HraHacaH
92%, y t0XHbIX cenbkynos 38%), 3aHMMaloLLmX Teppu-
Topuio ot benoro mopsi Ao Tanmeipa Ha CeBepe, a Tak-
e CpenHee n HuxHee MNMprnobbe [Bonkos, 2013; 2015].
Y BCex Tpex TYBMHCKMX POLOB 3Ta rannorpynna coctas-
NsieT NPUMEPHO MATYH0 YacTb UX reHocpoHoB (0T 20
0o 24 %).

KapTa reHeTU4eCKUX pacCTOAHUM OT TyBUHC-
KOro pofa oroH (puc. 3B) OTpakaeT MHOW reHeTnyec-
kmin nanawadt. OHa BbISBNSET MHOMO BorbLLee reHeTu-
YecKoe CXOACTBO poaa OKH C NonynAuMaMM Xakacum
AnTasi, 4Yem C TYBUHCKUMUW podamu Ko/ U Xepmek. JTo
CXO[CTBO BO3HMKAET 3a CYET BbICOKOM YacToThbl (42%) y
pofa orH naH-eBpasuinckon rannorpynnsl R1ala,
MapKUpYLLEN, Kak MOXHO npegnonaratb, «naneo-
€BpOoneonaHbIi» KOMMNOHEHT B reHooHAax HapoaoB
FOxHon Cunbupu. MIMeHHO B 3TOM pervoHe nokanu-
30BaHbl NONyNAUUN C HAMBOMNbLUNM FreHETUYECKUM
CXOACTBOM C POOOM OFOH: anTam-Kuxu, LIopLbl, Xa-
Kacbl-kaymHLUbl. 30Ha YMEPEHHOro reHeTUYecKoro
cxoacTBa (opaHxeBble TOHa) obHapyxunBaeTcsa B
CpeaHen Cunbupu (Tanmblp), 3anagHon Cubupn,
Ypane v ceBepe EBponbl. Ha tore apean nonynsummn
C YMEPEHHbIM reHeTUYECKUM CXOACTBOM TSIHETCS OT
FOxHon Cnbupun Yepes cesepo-3anagHbin Kutam o
Kupruauu.
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PucyHok 3a. KapTa reHeTnyecknx pacctosiHUm Ans TYBUHCKOrO poAa Kosl. 3Be3fo4Kkon 0603HayYeH TYBUHCKUA pog
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BbleneH 3eneHbiM LBETOM
Figure 3a. Genetic distance map for the Tuvan clan kol. The asterisk indicates the Tuva clan kol , black dots represent
populations compare. The populations that are genetically close to the Tuvan clans are highlighted in green
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PucyHok 36. KapTa reHeTu4eckmMx paccTosiHuii Ans TYBMHCKOTO pofa xepmek. 3Be3004Kon 0603HayYeH TYBUHCKUIA pop,
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Figure 3b. Genetic distance map for the Tuvan clan khertek. The asterisk indicates the Tuva clan khertek, black dots
represent populations compare. The populations that are genetically close to the Tuvan clans are highlighted in green
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Figure 3c. Genetic distance map for the Tuvan clan oyun. The asterisk indicates the Tuva clan oyun, black dots represent
populations compare. The populations that are genetically close to the Tuvan clans are highlighted in green

3axkioueHHne

BnepBble n3yyeHHble No o6LWmMpHOW naHenu 59
SNP-mapkepoB Y-XpOMOCOMbI reHOGOHAbI TPEX BOC-
TOYHBIX TYBMHCKMX POAOB (KOJ1, OKOH, Xepmek) oKasa-
NNCb CXOOHBIMK C reHoboHAaMN HapoaoB Xakacum 1
AnTas.

B ycnosusax reorpacu4eckon U3onsaumm ropHo-
TaeXHbIX parioHoB TyBbl B reHOOHAaX POAOB KO/ 1
Xepmek B Bonbluen CTeneHn COXpaHuncs ApeBHUN
ceBepoeBpasnncKnin KoMNoHeHT. MeHodoHA poaa
OKOH U3 LEeHTpanbHOro cTenHoro panoHa TyBbl, pes-
KO OTNMYyaeTcs OT HWUX 3a cyeT npeobnagaHuns «na-
HeBpasunckmx» rannorpynn. OgHako Ko Bcemy Kpyry
nonynauun Xakacum n Antaa reHeTudeckm Brm3sok
WMEHHO POf OtOH (dcpenHee=0.4), B TO BpeMs Kak poaa
xepmek (dcpemee=0.7) n kosn (d =1.2) reHeTn4eckm
bonee cBoeobpasHbI.

Mpeanonaraemoe No AaHHbIM FyMaHUTaPHbIX
Hayk cxoAcTBO ¢ nonynaunsamu LieHTpansHon Asun
No AaHHbIM reHeTUKN He npocnexunBaeTtcs. OHo npak-
TUYECKN OTCYTCTBYET Y POAOB KO/T U OOH, U NULLb Y
CaMoro Kro-BOCTOMHOrO poga xepmek gocturaet
19%, yKkasbiBas, YTO MOHIOMbCKas AKCMaHcMs Morna
oKasaTb He3HayuTernbHOe BMWSHWE TOMNbKO Ha Hau-
Bonee toXHbIe rpynnbl TYBUHLEB.

cpenHee

Haunbonee reHeTnyeckn ganekummu okasanucb
CeBepOo-BOCTOMHbIE cocean TyBUHLEB — BypsAThl, 06-
HapyXuB reHeTUYecKUn pasnom mexgy bypsatamu u
OBLLMM KPYroM reHETUYECKU CXOAHbIX MONynsaumn Xa-
kacuun, Antas n TbiBbl.

AHanun3 reHodboHAa TYBUHLEB Yepes npusmMy po-
[OOBOW CTPYKTYPbl AEMOHCTPUPYET CBOIO BbICOKYIO 3d)-
(PEKTUBHOCTL: Ha (POHE FOMOreHHOCTU reHooHA0B
reorpacdmyeckmx nonynsunMin TYBUHLEB MMEHHO reHe-
TUYeckue 0COBEHHOCTU POAOB TYBUMHLEB MO3BONSIOT
BbISIBUTb HOBbIE aCnekTbl B PEKOHCTPYKLMM UX 3THOre-
Hesa. JTO BHOBb YKa3bIBa€ET, YTO CIOXHble npobnembl
B M3Y4EHUN POOOBOMN CTPYKTYPbl MOXHO aPEKTUBHO
pelaTb B paMKax KOMMMEKCHbIX UCCNeaoBaHUA UCTO-
PVKOB, 3THOrpacoB, NINHIBUCTOB U FEHETMKOB.
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GENE POOL OF THREE EASTERN TUVAN CLANS ACCORDING TO
Y-CHROMOSOME POLYMORPHISM

Materials and methods. For the first time the gene pool of three Tuvan clans kol, oyun and khertek was
studied on the wide SNP panel of Y-chromosome markers. The multidimensional statistical analysis was
carried out based on haplogroup frequencies. The maps of genetic distances reflecting the position of three
Tuvan clans in the geographical space of Siberia and Central Asia were constructed. The samples were
formed from unrelated men, all the ancestors of whose belonged to a specific clan and lived within this
territory for at least three generations. The collection of samples (venous blood) was accompanied by a
voluntary written informed consent.

Results. In the gene pool of the northeastern clan kol two large Q and N haplogroups dominate, moreover
the Q-M242 branch constitutes more than one half, and N1a2-L666 about a quarter of the gene pool. The
basis of the oyun clan gene pool is comprised by three haplogroups: R1a1a (xM458) — under one half, N1a2-
L666-about a quarter and R1b-M343-less than a quarter of the oyun clan gene pool. Haplogroups Q-M242
and N1A2-L666, similarly to the kol clan, dominate in the gene pool of the khertek clan; they are found with
equal frequency and make up about one third of the gene pool. Q-M242 haplogroup — as encountered in the
kol clan variant of the haplogroup Q — was also found in the khertek; the N haplogroup was represented by
two variants N1a2-L666 and N3a5-F4205. Thus, the “North Eurasian” component represented by the
haplogroups Q-M242, N1a2-L666, N3a5-F4205 plays the main role in the formation of the genetic portraits
of the kol and khertek clans, while the “pan-Eurasian” haplogroups form the main features of the genetic
portrait of the oyun clan.

Conclusion. The results produced the “genetic portraits” of three clans. It was shown that the oyun clan
is genetically close to the populations of Khakassia and Altai, while the khertek and kol clans are more
genetically peculiar. The analysis of the Tuvan gene pool through the clan structure shows high efficiency.
Due to the apparent homogeneity of the geographic populations of the Tuvans, the genetic characteristics of
the Tuvan clans become instrumental to make reconstruction of their ethnogenesis a possibility.

Keywords: ethnogenesis; clan structure; clan; genepool; Y-chromosome; SNP-markers; haplogroup
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