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BAPUABEJIBHOCTb 'EHOB PA3OBIIAIOIINUX BEJKOB UCPI U UCP3
B CBs3HU C KIIMMATOM B IIOIIYJIALUAX KOPEHHOI'O HACEJIEHUSA
CUBUPHU U JAJIBHEI'O BOCTOKA

BeeneHue. Padom uccriedoeaHull bbira rokasaHa cesidb pabombi 2eHO8, peaynupyrouux delcmeue pas-
obwarowjux 6eskos yenoeseka (UCP), ¢ knumamuyveckumu ¢hakmopamu. OOHaKo 8Hympu- U MEXMOMYIAUUOHHOE
pasHoobpasue pacripedernieHusi annernbHbIX Yacmom u eeHomurnog UCP1 u UCP3 Ha meppumopuu Poccuu
usy4eHo HedocmamoyHo. Llerib pabombl — Ha Mamepuarne HacesneHusi cegepo-80cmMoYHol meppumopuu Poc-
cuu uccrnedosamb 8HymMpU- U MEX3IMHUYECKYI0 8apuaberibHOCMb 2eHemu4Yeckux 0emepMuHaHm akmueHoCcmu
pasobuwarouux 6enkoe UCP1 u UCP3 u oueHUmMb c8513b pacripederieHusi 2eHHbIX Yacmom C KumMamu4eckumu
Xapakmepucmukamu siokanu3ayuu nonynsyud.

Matepuanbl U metoabl. [posedeHo eeHomurnuposaHue obpa3suos buomamepuanos 1698 uHdusudos,
npedcmasesisarowux 22 epynnel HaceneHusi Eeponetickol Poccuu, Cubupu u [ansHeeo Bocmoka P®. CobpaHa
UHGbopmMayusi 0 KOMIriekce eeospachuydeckux U Knumamudeckux (3a nepuod ¢ 1940 no 2023 200) xapakmepu-
cmuk mecm cbopa obpa3suoes.

Pe3ynbTaThbl U obcyxaeHne. PacripederieHue 8apuaHmos eeHemu4YecKux 0emepmMuHaHm akmueHocmu
pasobwarowux berikos UCP1, UCP3 niposernsgem c8s3b C Cypo8oCMbio MPUpPOOHbIX ycrosul. [locmpoeHs! mpu
PEe2PECCUOHHbIX MOOesU, 20e 3aBUCUMbIMU MEPEeMeHHbIMU S8MISANUCL Yacmomel asnnened, a npedukmopamu -
Krumamu4veckue xapakmepucmuku. Molesnu cmamucmudecku 3Haqumbl (p<0,05 80 ecex criydyasix) u 06bSCHSIHOM
39%, 36% u 64% usmeH4usocmu Yacmom anneneti UCP1 (rs6536991, rs1800592) u UCP3 (rs1800849) coom-
semcmeeHHOo. Omo nodmeepxdaem adanmusHocmb 2eHoe UCP 8 kopeHHOM HacesieHuu CesepHol Egpasuu.

3akntoyeHwue. [losydeHHbie OaHHbIE CO2/1acyromcs ¢ Mamepuanamu Hay4HbIX rybrukayul u CyuecmeeHHO
ux donornHsrom. Mbi ycmaHosusu, 4mo Yacmomai arnnesnel u eeHomurios UCP1 (rs6536991, rs1800592) u UCP3
(rs1800849) yka3bigarom Ha ces3b ¢ 2eogpaghudeckoll LWUpomoU, 8bicomoli Had ypos8HEM MOPST U CypO8OCMbIO MpU-
POOHBIX YCII08ULL: KOTUYECITIBOM OCa0K08, KOHMPAacmMHOCMbIO KiuMama, UHOEKCOM «Cyposocmu Kriumamay bodma-
Ha. [ns nydweao noHumMaHusi ghakmopos, enusowux Ha ¢hopmuposaHue sapuabersHocmu 2eHog UCP, Heobxodu-
MbI QarnbHelwiue uccriedosaHus ¢ ydacmuem 60sIbLue20 Yucra SMHUYECKUX U meppumopuaribHbIX 2pyrirl.

KnioyeBble cnoBa: kopeHHoe HaceneHnve Cubupu; cpegoBble BO3OENCTBUS; FeHeTUYeckas U3MeHY-
BOCTb; pa3obwatome 6enku; rs6536991 (UCP1); rs1800592 (UCP1); rs1800849 (UCP3)

DOI: 10.55959/MSU2074-8132-24-3-7

oo Becmmuux Mockosckoeo ynusepcumema. Cepus XXIII. o ee Lomonosov Journal of Anthropology (LJA)e
Aumpononozus © Ne 3/2024: 79-90 o e (Moscow University Anthropology Bulletin) e 2024, n0.3, pp. 79-90 o



BBepeHue

XapaktepHoe AOnsi MIIEKOMMTAoWMX U Yerno-
BEKa MOBbILUEHME TemnepaTtypbl Tena B OTBET Ha
HU3KMEe TemnepaTypbl cpeapl obuTaHus nnm cutya-
LUMOHHOE OXNaXkaeHue AOCTUraeTcsi pa3HbiMU NyTsi-
Mu. [lOMUMO COKpaTUTENLHOrO TepMoreHesa, TO
€CTb BbleneHust Tenna 3a CYET paboTbl MbILLL, B
psae cnydaeB OKa3blBAeTCsl 3a4eWCTBOBAHHBIM M
MEexXaHu3M HecoKpaTuTenbHoro TepmoreHe3a. OH
CBsi3aH C aKTMBauuen Gypoin M GeXeBOW XXMPOBOW
TKaHu, B agunounTax KOTOpPOW cofdepxatcsi Genku-
TpaHcnopTepb! (uncoupling proteins — UCPs). Onu
obecneynBaloT NEPEHOC MPOTOHOB Yepe3 BHYTPEH-
HIOK0 MeMBpaHy MUTOXOHAPWUIA, 3a CHET Yero dHeprus
MPOTOHHOrO rpaguneHTa paccenBaeTcd ¢ obpasosa-
HMeM gononHutenbHoro Tenna [Trayhurn, 2017].
SlBneHne HecoKpaTUTENbHOIrO TepMOreHe3a npuBere-
KaeT BCE Oorbluee BHUMaHWE CrneumanucToB, 3aHu-
MaloLMXCa aganTauMen yeroBeka K BO3OENCTBUIO
LLMPOKOro Kpyra abuoTUyecknx ¢akTopoB — Temne-
paType OoKpyxatLllen cpefnbl, PU3NYECKMM Harpys-
KaMm, xapaktepy nutaHusa n T.4. [COHbKMH C COaBT.,
2010; Kosanos c coasr., 2020; Koanos ¢ coasT., 2023;
Oliveira et al., 2016; Saito et al., 2020].

B opraHuame wmnekonuTawowwmx pasobLiato-
Wwme Genku BCTpeYalTcsl B PasfUYHbIX TKaHAX W
opraHax. HassaHvne UCP1 nony4nnu 6enku, oTkpbl-
Tble npu wuccregoBaHuy Oypon >KUMPOBOW TKaHU
(mozxe nx obHapyxunu n B 6eXXeBoK XNPOBOKN TKa-
HM). benok UCP3 6bin Takke BblOENEH U3 MUTO-
XOHAPUIN BYPON XMPOBOW TKaHW, a 3aTEM M3 KNETOK
ckeneTHon Myckynatypbl. [eHbl, KogupyloLime
UCP1 1 UCP3, pacnonoxeHbl COOTBETCTBEHHO B 4
n 11 xpomocomax. CornacHo akcnepMmeHTam Ha
nabopaTopHbIX KUBOTHbIX, MPU HOKAyTe 3TUX reHOB
MbILLN Xy>X€ MEePEHOCAT YCIOBMS, OTKIOHSAOLMECS
OT TepMoOHenTpanbHbIX. BocctaHoBneHve u
OBEP3KCNPECCUST 3TUX FEHOB accouMmMpoBaHa C
ycuneHvem TennonpoayKLMn 1 OCHOBHOIO oOMeHa.

MpeononaraeTcs, YTO Ha YPOBEHb 3KCMNpec-
cumn reHa UCP1 moxeT BNUATbL 3aMeHa afeHnHa Ha
ryaHuH (A—G) B nokyce rs6536991, pacnonoxeH-
HOM B MHTPOHE 3 3TOro reHa, Ho Nny4lle u3yvyeH of-
HOHYKIEOTUAHbIA MONMMOPM3M B perynsaTtopHOM
yyactke B nosvumm  -3826A/G  (rs1800592)
[Esterbauer et al., 1998]. AHann3 eHoTUNNYECKNX
NPOsIBMIEHUIN MOKasasn, 4To HOCUTEeNW npeaKoBOro
annens A B nokyce rs1800592 reHa UCP1 (oH 06-
Hapy>XeH N Yy MapTbIlKkoobpasHbix 00e3bsH, 1 Yy ve-
fIOBEKa) XapaKTepu3ylTCs MOBbILWEHHOW 3addek-
TMBHOCTbIO HECOKPAaTUTENbHOrO TepMoreHesa Mo
CPaBHEHUID C HOCUTENSIMUM 3BOMKOLMOHHO Oornee
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NO34HEro, BCTPEYAOLLEroca TONbKO Y 4YenoBeEKa,
annena G [Oppert et al.,, 1994; Jia et al., 2010;
Brondani et al., 2012; Nishimura et al., 2017].

OyHkums 6enka UCP3, no-sumgnmomy, He
CBOAMUTCS K perynsauumn aHepretmdeckoro obmeHa. B
YaCTHOCTU, TPAHCIEHHblE MbIWW C HOKayTOM reHa
UCP3 nmeloT HopMarnbHyH CKOpPOCTb mMeTabonma-
Ma, a akcnpeccusa UCP3 (u konmnyectBo 6Genka
UCP3) nosblllaetca npu roriofaHuun, To ecTb Co-
CTOSIHUK, KOTOpOEe [AOMKHO ocnabnate pacxon
aHeprun [Schrauwen, Hesselink, 2002]. Kpome aTo-
ro, B YCrnoBUSX Xofioda yCTaHOBMeHa Koppenauums
MexXay ypoBHsIMK akcnpeccum reHoB UCP3 n UCP1,
4yTO yKasbiBaeT Ha yyactme UCP3 B TepmoreHese
npu Hanuuun UCP1 B Gypown XMpOBOW TKAHW Mbl-
wewn [Hilse et al., 2016].

MoxHo nonaraTtb, YTO pasobLiatolume 6enku
urpanu BaXKHyH ponb B npoueccax agantauum ve-
rfioBeKka K yCcrioBusiMm cpefpbl BHETPOMMYECKNX permo-
HOB. OTO MogTBepXgaeTcsi, B 4aCTHOCTW, cBuae-
TENbCTBAMM O TOM, YTO HOCUTENBLCTBO Pa3fMYHbIX
reHotunoB UCP1 n UCP3 B ApeBHUX U ONU3KMX K
COBPEMEHHOCTU NOoNynsauMsX HaXoAMnoCchb noa Aas-
neHvem otbopa, B pesynbTaTe 4ero reorpaduye-
Ckoe pacrnpeferneHne HeKoTOPbIX BapnaHTOB reHoB
pasobLaowmx 6enkoB nposBnseT accoumaumm c
KNMMaTUYECKUMN  XapaKTepUCTMKaMyn  pervoHa
[KosnoB c¢ coaBt., 2023; Hancock et al., 2011;
Raghavan et al., 2015; Nishimura et al., 2017; Bho-
pal, 2019; Sellayah, 2019; Nikanorova et al., 2021,
2022; Watanabe et al., 2021].

lMpn atom cnegyeTt nMpusHaTb, YTO BOMPOCHI
reHoreorpadu 1 3KOMNOrMYECKONn MPUYPOYEHHOCTH
pasobuwatowmnx 6enkoB yenoseka ckopee MocCTaB-
NeHbl, YeM peLleHbI.

Bonblias yacTb M3BECTHbLIX Ham nyGnukaummn
MOCTPOEHa Ha CpaBHEHMU pacnpefeneHun ansTtep-
HaTMBHbIX W MpegkoBbix annenen reHos UCP B
rpynnax, NpPOXMBalOLWMX B KITUMATUYECKM KOHTpacCT-
HbIX permoHax. BoisiBneHHble pasnuuus B Hanbonee
obwemM Buae MO3BOMSAT KOHCTATMPOBaTb CBSI3b
pacnpefeneHns annernbHbIX 4acToT M FEeHOTUMNOB
UCP1 n UCP3 ¢ knumaTtudeckummn chakropamm, HO
aKTyanbHOW 3adadert OCTaéTCcs HaKoMfeHue mnomny-
NSUMOHHBIX AaHHbIX, MO3BOMSIOMUX OLEHUTb BHYT-
py- N MEXNOonynsuMoHHoe pasHoobpasve pasnuy-
HbIX 9THO-TeppUTOpUarnbHbIX Fpynn HapogoHacene-
Hus Poccumn. HescHbl ypoBHM accoumMMpoOBaHHOCTU
YacToT paccmaTpuBaeMblX annernen n reHoTUNoB C
OTAEeNbHLIMW KNMMaTUYECKUMWN XapaKTepucTukammn —
He TONbKO TeMMNepaTypour, HO U BbICOTON Had YpOB-
HEM MOpsi, KONMYECTBOM OCaAKOB, MHTErpanbHbIMU
nokasaTensiMn «CypoBOCTU» Knumara.
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Mcxoas n3 atoro, Lenb Halwero uccrnenosa-
HWUSi: Ha maTepuane HaceneHusl KpyrnHoro reorpa-
doM4ecKoro permoHa — ceBepo-BOCTOMHON TeppuUTo-
pun Poccumn — nccnenoBatb BHYTPU- U MEXITHUYE-
CKyl0 BapuabenbHOCTb reHeTUYECKNX OETEPMUHAHT
akTMBHOCTM pasobwatowmx 6enkos UCP1 n UCP3
N OLEHUTb CBA3b pacnpenerieHns Nx reHHbIX 4acToT
C KIMMaTUYECKMMWN XapaKTepuCTUKaMu NoKanmsa-
U1K nonynsaumin.

MaTepMan bl U MeTOAbI

PesynbTaTbl OCHOBaHbl Ha MaTepuanax ob6-
cnepoBaHu 1698 npepcrasutenen 19 aTHUYECKUX
N 9THOTEPPUTOPUANbHbLIX FPpynn Hacenexnus Cnbvpu
n OansHero Boctoka PO, a Takke TpéX nonynauuim
EBponenckonn Poccumn  (pycckue, KOMM-NEPMSIKA,
KOMU-KEMLbI), HEOOXOAUMbBIX ANs OUEHKM Mac-
wTaba oOLen U3MEHUYMBOCTH.

OcHoBHas yacTb mMaTepuana npegocTtasrne-
Ha BrnobaHkom CeBepHoi EBpasuun. Obpasubl co-
OpaHbl OT HEPOACTBEHHLIX MexXay cobon MHONBW-
OB, KOTOpble B Tpex MoKoneHusix (Bkrtodas bGa-
Oywek wn pgenoB) oTHocunmM cebs kK JaHHOM
3THMYECKOWN rpynne v NPoOUCXoadaT U3 O4HOM nony-
nauun. Cb6op OGuonornyecknx obpasyoB NpoBO-
OUnNcs Ha OcHOBe [J0OpPOBOMBHOIO y4acTus u
NMMCbMEHHOr0 UHAOPMUPOBAHHOIO cornacus noja
KOHTponem  3Tuyeckux  komuccunm  Mepguko-
reHeTM4YecKkoro Hay4dHoro ueHTpa (r. Mocksa) wu
WHcTuTyTa Gronormyeckux npobnem Cesepa [1BO
PAH (MBIMC OBO PAH) (r. MaragaH).

Bbigenenne [JHK 13 BeHO3HON KpoBW NpoBe-
OeHo MeToaoM eHOS-XNopoOpMHOMN SKCTpak-
UuKn ¢ ncnonb3oBaHveM npotenHasbl K. MeHoTUMNN-
poBaHue obpasuoB [OHK npoBegeHo ¢ mcnonbso-
BaHnem 6uoumna Infinium iSelect HD Custom
BeadChip (lllumina, CLUA) Ha nnatdopme iScan
(llumina, CLUA). Ucnonb3oBancst KACTOMHbIN Buo-
YN MHOVBWMAYANbHOrO [Ou3anHa, BKIHOYMBLLMNA
Mapkepbl reHoB UCP1 n UCP3. 3HayeHns vacTtoT
annenen rs6536991-A un rs1800592-A (UCP1T), a
Takke rs1800849-T (UCP3) paccumTaHbl AN Kax-
[O1 NonynauMM ¢ NOMOLLbI0 NporpaMmmHoro obec-
neveHnsa PLINK. N'eHoTunuposaHue obpasuos JHK
wopues, anTtanues, OypsT, 3anafgHbiX 3BEHKOB,
3BEHOB, YYyK4Yen 1 ackumocoB 13 konnekuum UBINC
OBO PAH nposoaunu, kak onucaHo paHee [Car-
dona et al., 2014], ¢ nomowpto Gmoumna lllumina
OmniExpress Bead Chips. ®unbTpaunsa gaHHbIX U
npoBepka nx kadectsa Obinu BbinonHeHbl B PLINK.
YacToTbl npvBefeHbl C AOBEpUTENbHLIM MHTEPBa-
nom (cokpawieHue B Tekcte — 1N).

81

M3 o6pasLoB GruomatepmnanoB U3 Konnekumm
HAWN n Myseqa antpononorun MY xaHTOB, MaHcw,
HeHueB n wopues JHK Bbiaenanu ¢ nomoLsto Habo-
poB Genelet Genomic DNA Purification Kit
(ThermoFisher, CLUA). KoHueHTpaumtio OHK npome-
psinu Ha cnekTpodotomeTpe NanoDrop 2000C, reHo-
TUNMPOBaHWE MPOBOAWMM MONUMEPa3HO-LIENHON pe-
akuven (MNUP) B pexume peanbHOro BpeMeHU Ha am-
nnudukatope MNLP Bio-Rad CFX96 Touch.

MpuBneyeHbl Takke AaHHble OMNyGrMKoBaH-
HbIX Pe3ynbTaTOB MONEKYNAPHO-FreHETUYECKUX UC-
cnefoBaHv  BbIDOPOK KOMU-MXEMLEB W KOMW-
nepmsikoB [Kosnoe c¢ coasT., 2020] u antanues
[PokknHa c coaBT., 2021].

MeToanuyeckme oOTNMUMSA MexXAy NPOBOAMB-
LWMMCS B pasnunyHbIx nabopatopusx aHanu3om o6-
pasLoB HecyLlecTBeHHbl, nockonbky u MNMUP B pe-
anbHOM BpEeMEHW, W reHOTUNMpPOoBaHWe Ha buoun-
nax sIBNATCA BbICOKO HAOEXHBbIMU TEXHOMOrMAMMN.
OTO noaTBepXOaeTcs M XOPOLUEN COrnacoBaHHO-
CTbI0 NOMNYYEHHbIX YacTOT annenem.

MockonbKky NpoBecTM TUMMPOBaHWE MO pac-
cMaTpuBaeMbiM B HacTosiwen nybnukauuun anne-
nAM yganocb He BO BCEX Chny4vasix, 06bEM BbIGOPOK
ONS KaXKOoro reHa-geTepMyvHaHTa MpuBOAMTCS B
COOTBETCTBYIOLLMX pasgenax paboThbl.

KnumaTtoreorpadmyeckne  xapakTepUCTUKM
PErMOHOB MNPOXWBAHWUS TPynn npeacTaBreHbl B
Tabnuue 1. OCHOBHOWM KpUTEPUIN NOPSIAKOBOroO pac-
MOMNoXeHnss U Hymepauum BblOOPOK B Tabnuue —
reorpadudeckasi gonrota LeHTpoB cbopa obpas-
uyoB. OpgHako, 4Tobbl OONEerynTb YnTaTesNto OpUEH-
Tauuo B rpachmyeckmx maTepuanax, B psige criyya-
eB «reorpadmyeckMin» MpUHUMN Hymepauun Obin
HapyLleH 1 6nuskme NopsigKkoBble HOMepa npucea-
MBanucb 3THUYECKN POACTBEHHLIM rpynnam.

JNlokanusauunss reHeTUYeCcKNX AaHHbIX Npoun3-
BOAMIAChb MO KoopAMHaTaM HacerneHHbIX MYHKTOB, B
KOTOpbIX Npon3Boanscsa coop o6pasuos.

MHdopmaLms o BbiCOTE Haf YPOBHEM MOpPSI U
CpefHerooBoM BNaXHOCTU MOMy4yeHa U3 maccusa
AanHbix WorldClim 2.1 [Fick, Hijmans, 2017], 3Ha-
YeHNss CpedHeMeCsAYHbIX TemnepaTyp Ha BbICOTE
2 M 1 ckopocTb BeTpa Ha BbicoTe 10 M 3a nepuog ¢
1940 no 2023 rog — no maTtepuanam peaHanmsa
ERAS5 [Hersbach et al., 2023]. lNepBu4yHble MaTepu-
anbl obpabaTbiBanMcb B NporpamMmMHOM obecrnede-
Hun ArcGIS Pro. Ha nepBom atane oHu TpaHcdop-
MupoBsanuce B grid-coopmaTt pacTpoBbIX AaHHbIX, a
3aTeM 3HayeHusd TemnepaTypbl U CKOPOCTM BeTpa
npucBaMBanucb COOTBETCTBYIOLUMM TOYKam C Mo-
MoOLbO UWHCTpyMeHTa Extract Values to Points
(Spatial Analyst).
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Ta6bnuua 1. Knumarto-reorpacdmyeckme xapakTepucTUKM permoHOB NPOXUBaHUSA rpynn
Table 1. Climatological and geographical characteristics for sample collection localities

DTHHUYECKAs ggg;z?g?;cme E:;I[COTa Ocanku, :gsl\i[l;ifT‘?]Cpa Hnnexe boavana

rpymmna °BJI ocryp | YPOBHEM mm/ron | Cpenue- | Tertoro | Xomomoro | Cpens- 3 XonogHoro
N MOps, M rogoBas |MeECsiala | Mecsa €roaoBou | MecsLa
1| Pycckue 3459 [5722(201 |641 |425 |18,06 |-1949 |[1,77 329
2 | Komu-mepwsxu | 54,85 | 59,60 | 138 | 565 | 1,37 | 18,57 | -25,12 | 1,85 | 3,40
3 | Komm-mwxemust | 54,00 | 65,00 | 38 570 | -1,51 | 15,53 | -2840 |2,00 |[3,92
4 | Mancn 63,00 | 63,00 | 44 519 | -2,17 1733 |-32,57 |2.08 |3,77
5 | Xanrn 65,00 | 64,00 | 31 527 | 331 | 16,19 | 3447 |2,51 432
6 | Henmpt necrere | 66,00 | 65,00 | 2 497 | -438 | 14,18 | -3541 [337 |486
; E;:;f’ém 70,75 | 67,00 | 5 397 |-7,05 | 1138 |-3229 |434 |556
g | Auraiiust 84,75 | 51,00 | 1045 | 571 | 046 |14,.87 |-2090 |1,83 |299

Ilopupt 87,50 | 53,50 | 480 | 689 | 1,71 2001 |-2291 |1,65 |3,03
10 ifa‘;‘;ile 100,21 | 6428 | 168 | 369 | -933 | 13,54 |-39,84 |222 |3,66
" ?a‘g;;“mcw 118,20 | 56,90 | 713|372 | -7,33 | 13,08 | -32,09 |206 |3,67
. gggggmm 13530 | 57,40 | 472 | 469 | -7,73 | 1557 | -32,71 | 2,14 |3,79
13 | Bypstst 109,75 | 52,00 | 663 | 326 |-2,19 [ 1691 |-29,72 |[1,86 |3.28
14 | Momromst 102,04 | 47,91 | 1100 | 313 | -037 | 1534 |-2221 | 187 |3,18
15 | Sxytst 125,00 | 63,00 | 222|277 |-1033 | 1598 | -36,12 | 235 |[4727
16 | Hamaiiust 136,63 | 50,08 | 36 600 |-1,02 |19,50 |-2124 |[1.85 |333
17 | Yosau 139,00 | 49,00 | 889 | 872 | 2,63 | 15,87 | 2438 | 1,96 | 3,17
18 | Husxu 14025 | 52,85 | 111|582 | -2,14 | 1587 | 2075 | 191 |3.37
19 | DBemer 151,17 | 62,30 | 437 [ 356 | 9,77 | 12,87 |-32,95 |22 |3,15
20 | Kopskn 166,87 | 61,97 | 69 412 [ -733 [ 1049 | -2673 |251 |3,81
21 | Dexnmoct 173,00 | 64,50 | 72 651 |-551 |850 |-24,14 |2,65 |3,78
20 | Uykau 176,76 | 65,18 | 9 339 | -827 |569 |-2896 |[299 |484
ﬂﬂﬂ OLEHKHN CypOBOCTH KInMaTn4yeCcKmnx

yCJ'IOBI/IIZ angd camMmoro XxoJiogHoro mecdua roga wu Pe3y.l1bTaTb|
roga B Lenom (cpegHerogoBoM) paccyUTbiBanuUCh UacToTsl anneneil w  reotunos UCP1

3Ha4veHus nhgekca bogmara no dopmyne:

S=(1-0,04T)* (1 +0,272v),

roe S — cTeneHb CypOBOCTM Mnorogbl B 6an-
nax, T — nokasartenb Temnepatypbl B °C Ha BbicOTE
2 M, a v — CKOpPOCTb BeTpa B MeTpax 3a COOTBET-
cTByloWwmnn nepuog [Tynos ¢ coasT., 2023].

PacueT u nocnegytowas obpaboTka pesynb-
TaTOB OCYLLIECTBMSNNCE NPY MOMOLLM MpPOrpaMmbi
Statistica 8.0. 3aknoyeHne 0 AOCTOBEPHOCTU pas-
M4 npuHMUManoCcb Ha YypoBHE 3HAYMMOCTU
p<0,05. [Ina MexXrpynnoBblX CpaBHEHMI YacTOT arn-
neneii U reHoTUMNOB MUCMOSbL30BAarncsa MeTo X2 C Mno-
NnpaBKOM Ha MakcumarnbHoe npasaonogobue.

(rs6536991, rs1800592) n UCP3 (rs1800849) npw-
BedeHbl B Tabnuue 2. B 6onbliMHCTBE crny4yaes
pasnuuns B YacTtoTax annenem unm reHoTunoB
MexXgy INoKanbHbIMW TpynnaMu npeactaBuTenen
OAHOWN 3THUYECKOM rpynnbl OKasanuncb cTaTUcTuye-
Ckn HepocToBepHbiMu (p>0,05), 4TO No3BOMMIO
06beanHUTL AaHHble u cchopmupoBaTth bonee 06b-
éMHble BblbopkK. WcknioveHnem cTanu rpynnbl
AIManbCKMX M NECHbIX HeHLEeB, BbIBOPKM KOTOPbIX
poctoBepHo (p=0,074) pasnuyatoTcs no pacnpege-
neHmo 4actot reHotunoB UCP1 (rs1800592), a
TakKe aTHoapearbHble Tpynnbl 3BEHKOB. Bbibopka
3anagHbIX 3BEHKOB OTNNYaeTCsl OT 3abankanbCKmx
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Ta6nuua 3. KoadcpuumeHTtsl koppensuum CnupmeHa (Rsp) yactort annenen A*UCP1 u T*UCP3 n
KnumMaTo-reorpamyeckux xapakTepucTuk

Table 3. Spearman correlation coefficients (Rsp) between A*UCP1 and T*UCP3 allele frequencies
and climate-geographical characteristics

Yacrora ameneil B BRIOOpPKax
AHanusupyemblit
TOKA3aTeNh UCPI 1s6536991-A UCPI 1s1800592-A | UCP3 rs1800849-T
n Rsp p n Rsp p n Rsp p
I'eorpaduueckast
mmpota (°CLL) 18 0,34 | 0,168 | 20 | 0,68 | 0,001 | 20 | 0,70 | 0,001
BeicoTa Haj ypoBHEM
Mops, M 18 | -0,65 | 0,004 | 20 | -0,44 | 0,053 | 20 | -0,38 | 0,098
CpenneromoBoe
KOIHYCCTBO OCAZKOB, MM 18 | 0,20 0,423 | 20 | -0,05 | 0,835 | 20 | -0,66 | 0,002
CpenneronoBas
Temneparypa,°C 18 | -0,05 | 0,836 | 20 | 0,09 | 0,715 | 20 | -0,70 | 0,001
Temneparypa caMoro
XOJTOIHOT0 Mecsa,°C 18 | 0,08 0,742 | 20 | -0,43 | 0,058 | 20 | -0,61 | 0,004
Temneparypa caMoro
Terioro mecsima,’C 18 | -0,31 | 0,213 | 20 | 0,03 | 0,890 | 20 | -0,64 | 0,002
Pa3nuua remneparyp
TEIJIBIX W XOJIOJTHBIX 18 | -0,36 | 0,147 | 20 | 0,48 | 0,034 | 20 | 0,30 | 0,198
MECSLIEB
Wun. bonmana
CPe/IHEroI0Boit 18 | 0,44 0,066 | 20 | 0,28 | 0,238 | 20 | 0,74 | 0,001
Wup. bogmana camoro
XOJIOHOIO MecAIa 18 | 0,36 0,145 | 20 | 0,45 | 0,049 | 20 | 0,74 | 0,001

Mpumeyanus. Beicokve ypoBHM 3HAa4YMMOCTM BbigeneHbl: p<0,05; p<0,01
Notes. The high levels of significance are highlighted: p<0.05; p<0.01

M OanbHEBOCTOYHbIX Oonee BbICOKOW OOMNEen HOCU-
Tenen annens rs6536991-A rena UCP1 v pacnpe-
aeneHvem reHotunos (p<0,05).

B Tabnuue 3 npedcraBneHbl NapHble paHroBble
koppensiuum  CrnmpmeHa (Rsp) dactoT annenen
rs6536991-A n rs1800592-A reHa UCP1 wn annens
rs1800849-T reHa UCP3 ¢ knumaro-reorpadmyeckumm
XapaKTepuCTMKaMM PEMMOHOB NPOXKUBAHWS FPyM.

B Tabnuue 4 npuBeaeHbl 3HaYEHUS PaHroBbIX
koppensumi CnupmeHa (Rsp) nonynsiuMoHHbIX
(BbIOOPOYHbIX) YacTOT FOMO- W TreTepo3nroT no
npegkoBbiM annensam rs6536991-A n rs1800592-A
reHa UCP1 n no muHopHomy annento rs1800849-T
reHa UCP3 ¢ knumaTto-reorpadpyyeckMmm xapakre-
pUCTUKaMN PETMOHOB.

O6cyxneHune

Haww paHHble (Tabn. 2) cornacykTtcda ¢ mMa-
TepuanaMmym HayudHbiX NyOnukauum, yTOYHAS KX U
pacnpocTpaHasa Ha reHodoH4 KOPEHHOro Hacerne-
Hua Cubupu n JanbHero BocTtoka Poccun.

B ogHom n3 paHHMX paboT, MOCBALWEHHBLIX
npobrneme co4yeTaHHOCTW 4YacTOT annenen reHos

UCP c knumato-reorpaduyecknmmn xapakrepucTtu-
Kamu cpegpl obutaHusi, OTMeYanocb HapacTaHue
yacTtoT npegkosoro annens UCP1 -3826A c 25-
30% B adpwukaHckmx nonynauusax o 85% B cesep-
HbIX rpynnax [Hancock et al., 2011].

B Hawwmx BbIOOpKax cpegHsis yactoTa HOCU-
TenbctBa annenen A reHa UCP1 Bbicoka: aons Ba-
puaHTa rs6536991-A oHa coctasuna 0,79 (95% AU
0,78-0,81), ana annensa rs1800592-A — 0,65 (95%
ION 0,63-0,67). BknoyéHHble B Halle WCCrenoBa-
HWEe 3THUYECKME TPyMMbl OTHOCATCA K HaceneHuio
ceBepHbIX permoHoB EBpasuu: TeppuTopusa mnx pac-
ceneHus c tora Ha cesep npocTupaeTcsa oT 48 fo
67°CLU (tabn. 1), oxBaTbiBasg pernoHbl YMEpPEHHOMN,
KOHTUHEHTaNbHOM M apKTUYEeCKOM KrMMaTUdecKux
30H. Takum 06pa3om, HalWn AaHHble NOATBEPXKAAOT
W CYLLECTBEHHO OOMOMHSAIT 3aKMoyeHus, caenaH-
Hble Ha OCHOBE MCCNedoBaHWsA BCEro TpéX BblOO-
pok: xayca (KamepyH), kuTanLeB-xaHb U UTamnbsH-
ues [Hancock et al., 2011].

To ke oTHoCUTCA M K 4YacToTam annens
rs1800849-T reHa UCP3. B Hawwux Bblibopkax Wx
cpegHue 3HadveHus pasHbl 0,39 (95% AW 0,37-
0,40). 310 6nK3KO K ONYBNNMKOBAHHBIM OLlEHKaM A11s
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Ta6nuua 4. KoaddumumeHTtbl Koppensuum CnupmeHa (Rsp) 4acToT reHoTMnoB
AA+AG (UCP1) u TT+TC (UCP3) n knumaTto-reorpacnyeckmx xapakTepmcTuk
Table 4. Spearman correlation coefficients (Rsp) between genotype AA+AG (UCP1) and TT+TC
(UCP3) frequencies, and climatogeographical characteristics

YacToTsl reHOTUIIOB
AHannsupyemslii AA+AG AA+AG TT+TC
1IOKA3aTelb UCP1 156536991 UCP1 1s1800592 UCP3 151800849

n Rsp P n Rsp p n Rsp p
Ieorpaduueckas
mmpora (°CILI) 18 | 0,44 | 0,068 | 20 | 0,61 | 0,004 | 20 | 0,75 | 0,001
Bricota Hag ypoBHEM
MOpS, M 18 | -0,53 | 0,023 | 20 | -0,43 | 0,061 | 20 | -0,41 | 0,076
CpenneronoBoe
KOTHUECTBO OCAIKOB, MM 18 | -0,09 | 0,720 | 20 | -0,04 | 0,853 | 20 | -0,68 | 0,001
Cpenneroaosas
Temneparypa,’C 18 | -0,21 | 0,413 | 20 | 0,18 | 0,454 | 20 | -0,75 | 0,001
Temneparypa camoro
XOJOHOTO Mecsa,°C 18 | -0,04 | 0,879 | 20 | -0,41 | 0,071 | 20 | -0,64 | 0,002
Temneparypa camoro
TerIoro Mecana,’C 18 | -0,23 | 0,367 | 20 | 0,15 | 0,525 | 20 | -0,66 | 0,001
Pas3nuua remneparyp
TEIJIBIX U XOJOJIHBIX 18 | -0,22 | 0,385 | 20 | 0,51 | 0,021 | 20 | 0,31 | 0,179
MECAILICB
Mna. boxvaria 18 | 0,40 | 0,105 |20 | 020 | 0,396 | 20 1
CpEeHEroJ0BOM > ’ > > 0.75 | 0,001
Wun. bonmana camoro
XONOHOTO MECATA 18 | 0,41 | 0,089 | 20 | 0,37 | 0,107 | 20 | 0,69 | 0,001

MpumeyaHus. Beicokne ypoBHM 3Ha4YMMOCTH BblgeneHsl: p<0,05; p<0,01
Notes. The high levels of significance are highlighted: p<0.05; p<0.01

nonynsauun Cesepo-BoctouHon Cubupmn 0,45 (95%
ON 0,42-0,48) n npeBbilaeT 4YacToThbl, Xapakrep-
Hble 0N HaceneHusi BOCTOYHO-a3uMaTCKUX perno-
HOB, NOKaNM30BaHHbLIX KXXHee Tepputopun MoHro-
nmn: 0,28 (95% AN 0,24-0,32) [Stepanov et al,
2017; Nikanorova et al., 2022]. OTmeTum, 4TO pac-
npegeneHne annenem B nokycax rs1800592
(UCP1) n rs1800849 (UCP3) B Hawewn BblbOpke
SIKYTOB MpakTudeckn coBnagaet (p>0,05) c pesynb-
TaTamu, nonyyYeHHsIMu npu obcnenosaHnm Gonee
0O6BbEMHON BbIOOPKN NpeacTaBUTENEN 3TON 3THUYE-
ckom rpynnbl [Nikanorova et al., 2021].

Kak cnenyet 13 Tabnuy, 3, 4, YactoTbl anne-
newn n reHotunoB UCP1T (rs6536991 n rs1800592) n
UCP3 (rs1800849) nposiBnsoT cBA3b C reorpadwm-
YECKMMU W KNUMaTUYECKUMWU XapaKTepucTUKamu
PErMOHOB NPOXMBaHUSA 06CNef0BaHHbIX rpynm.

Yactotel annenen wu reHotunos UCP1
(rs6536991, rs1800592) B Hawmx BbibOpKax koppe-
NMPYIOT C reorpacon4eckon LUIMPOTON, BbICOTON Hapg
YPOBHEM MOPS, CPEAHErOO0BbIM KONMYECTBOM OCad-

KOB, KOHTPaCTHOCTbIO KnMMaTa U 3Ha4eHMsIMK BETPO-
XornopoBoro uhgekca bogmana. B uenowm, reorpa-
dmyeckas N3MEHYMBOCTb AETEPMUHAHT aKTUBHOCTM
pasobwatowmx 6enkoB UCP1 nposiBnsieT cBs3b C
nokasaTtensiMm CypOBOCTW MPUPOAHbIX  YCMOBUWN
[Hancock et al., 2011; Nishimura et al., 2017].

Koppensuum 4actoT HocuTenbCTBa annesnb-
HbIx BapnaHToB UCP3 (rs1800849) ¢ nokasaTtensamu
reorpadoMyeckon LWNPOTLI U TemnepaTypHOro pe-
XvMma obnactu nokanusauun rpynn B HaliuxX Bbl-
Oopkax (Tabn. 3) oTBevyalOT NpUBOAMMbLIM B Ny6nu-
kaumm [Hancock et al., 2011]. NMpn 3TOM Ha Hawem
MaTepuarne nposiBuracb AOCTOBEpPHas CBsA3b 4a-
ctot annensa rs1800849-T reHa UCP3 n Bknio4vato-
LWMX ero reHoTUrNoB CO CpeaHerofoBbIM Koruue-
CTBOM OCafKOB, TO €CTb BII@XHOCTHbIM PEXUMOM
(Tabn. 3, 4), uTo He nokasanu gaHHble A.X3HKOK C
coaBTopamu [Hancock et al., 2011].

Ons oueHKM CBS3AHHOCTU KIMMMaTU4eCKUX
nokasatenen ¢ yactoton annenen reHos UCPT u
UCP3 B aTHOTeppuTOpMarnbHbIX rpynnax nposegeH
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perpeccuoHHbln aHanus. NyTeM aHanuaa napHbiX
Koppensauuin NpuU3HakoB OblfM MOCTPOEHbI TPU pe-
rPECCUOHHBIX YPaBHEHUS, rae 3aBUCUMbIMU (Moae-
NMpyembiMK)  NEePeMEHHbIMU  ABMANUCL  YacToThbI
annener, a npegukTopamy - KNUMaTUYecKue Xa-
PaKTEPUCTMKN.

Mogenu ans Kaxgoro u3 paccmaTpuBaeMbiX
annenen UMeroT cnegyowmnn Bua:
F1=0,803041 + 0,089590 * IBY - 0,004735*Dt (1)
F2 =-0,037902 + 0,009276 * Dt-0,071175* IBC (2)
F3=0,501428 + 0,000469 * BAP - 0,047418 * IBY (3),
roe
F1 — yactoTa annens rs6536991-A reHa UCPT,
F2 —yactota annens rs1800592-A reHa UCPT,
F3 — yactotbl annens rs1800849-T reHa UCPS3;
IBY — 3Ha4yeHus nHgekca bogmaHa cpeaHerogoBble;
IBC — 3HauyeHusa nHpgekca bogmana onsa camoro xo-
nogHoro mecsua;
Dt — pasHuua cpegHux TemnepaTyp camblxX TEMNSIOro
N XONOAHOro MecsiLEB;
BAP — cpegHerogoBoe KonmyecTBO OCaaKoB.

Mopgenu npenctaBnsalT coOOOM  NUHENHbIE
ypaBHEHUS perpeccun, MNOCTPOEHHble MEeToO40M
HaMMeHbLUUX KBagpaToB. JINHENHOCTb CBA3W nepe-
MEHHbIX NPEeAMKTOPOB C YacToTaMu annenen boina
BM3yanbHO MNoATBEPXAEHa AuarpaMmmamu pacces-
Hua. OcTaTkM Modenen pacnpeaeneHsl HopMarnbHO,
cornacHo Tecty lannpo-Bunka. PesynbTaThl Tecta
Bpeywa-laraHa ykasbiBalOT Ha romockegacTuy-
HOCTb Mogenen. 3HayeHue cTtatuctukm [dybnuHa-
BaTcoHa oTpaxaeT OTCyTCTBME 3HAYMMOWN aBTOKOpP-
pensuun octatkoB B mogenax (1) u (3), HO He B
mMogenu (2), kotopas MOXeT ObiTb ynydlleHa npu
HaKOMEHUN [aHHbIX MO OOonblIEMYy KONUYEeCTBY
rpynn.

Bce Tpu mogenu B UENOM CTaTUCTUYECKU
3HAYUMbI

(1) F(2,15) = 4,8717, p<0,02343;

(2) F(2,17) = 4,8578, p<0,0214;

(3) F(2,17) = 15,092, p<0,00017,

n obbacHAT 39%, 36% n 64% nameH4YnBO-
CTW 4acToT anrnenen cCooTBETCTBEHHO.

3acnyxuBarT BHUMaHUS CBSI3M MeXay HOCK-
TenbCTBOM BapuaHToB reHa UCP71 n BbICOTOW 5O-
Kanusauum rpynnbl Hag YpoBHEM mops (Tabn. 3, 4).
Koppenauun abcomnoTHOM BbICOTHI C 4YacToTamu
annens rs6536991-A n reHotunoe AA+AG cTatu-
CTUYECKN 3HA4YUMBbI (COOTBETCTBEHHO, Rsp=-0,647,
p=0,004 un Rsp=-0,531, p=0,023). Ona annens
rs1800592-A n romosurot AA reHa UCP1 koppens-
umm ¢ abComnMTHOM BbICOTOW OCTalOTCA Ha rpaHu

86

95-NpoLeHTHON OOCTOBEPHOCTU OTAMYUN OT Hyns
(3HaveHuns cooTBeTCcTBEHHO Rsp=-0,439, p=0,053 n
Rsp=-0,426, p=0,061). K atum pesynbtatam cnegy-
€T OTHOCUTBCA C OCTOPOXKHOCTbIO: MOCKOSbKY FEeHO-
mn rs1800592-GG reHa UCP1 cpaBHUTENBHO pe-
OOK, BbIYMCMIEHHbIE KOppensumM 4acTtoT rOMO- U
reTeposurotHoctTn no annento rs1800592-A reHa
UCP1 c nokasatensamu abCcoNOTHOM BbICOTHI (Kak
obpaTHble GG) MOryT ObITb CKOPPEKTMPOBaHbI MpK
yBenuyeHun obbveéma Bblbopok. K Tomy xe Bce 06-
cnefoBaHHble HaMU NOMNYNALUU NPOXMBAKOT B pe-
r'MOHax C HM3nHHBIM (0o 500 meTpoB) unu cpegHe-
ropHbiM penbedom (500-1100 m Hag yp.M. — Tabn. 1),
roe gusmonornyeckasl peakums opraHmamMa Ha Bhv-
AHWE MapumnanbHOro AaBfieHMs KMcnopoda npakTu-
YeCKUN He NposIBNAETCS.

Tem He MeHee, Ha npuBedéHHble AaHHblE
cnegyet obpaTuTb BHMMaHWe, Tak Kak B m3unono-
rMMYEecKoOM 3JKCMepuMeHTe, MyCTb Ha matepuanax
HebornbLIoN BbIGOPKM (N=47), Nony4YeHbl OaHHblE O
pasnuunsix B notpedneHun kucnopoga (VO2) Hocu-
Tenamu pasnuyHbix rannotunos UCP17 [Nishimura
etal., 2017].

B uenom, Haww pesynbTaTbl OTBEYAlOT CO-
BPEMEHHbBIM B3rfsi4aM, COrflacHO KOTOpbIM Hapac-
TaHWe aKTUBHOCTU Oypon XMPOBOW TKaHU Obino
afjanTyMBHLIM MPU3HaAKoM Ansd obutaTenen peruno-
HOB C XOnoAHbIM knumaTtom [Sellayah, 2019].

Mpu atom cnegyeT obpaTuTb BHUMaHWE Ha
@HTPOMOSOrMYECKYD N 3KONMOrMYECKYIO Crneundmky
BKIMOYEHHBIX B Halle uccregoBaHue nonynsumn.
BOMNbLWMHCTBO N3 HMX OTHOCATCHA K KOPEHHBLIM Hapo-
aam Cesepa u [anbHero BocTtoka, 4o HegaBHero
BPEMEHN MpPaKTMKOBaBWMM Onnskne no ypoBHIO
U3N4ECKMX Harpy3oK U xapakTepy NuUTaHusa Bapu-
aHTbl NPUPOAONONbL30BaHMS, OCHOBAHHbIE Ha OXO-
Te, pbIbONOBCTBE M ONEHEBOACTBE B BbICOKOLLM-
POTHBbIX pervoHax. Takon obpa3 >xu3Hm Tpebosan
afjantauuun He TOSNbKO K CypOBOMY KnMMaTy (Ha 4To
YKa3blBalOT OMWCaHHbIE BbILWE KOPPENSALNOHHbIE
CBSA3K), HO M K COCTaBy MuWKN U €€ [OCTYMNHOCTU
[Krupnik, 1993; Kozlov et al., 2007].

MNocnegHuin MOMEHT ocobeHHO BaXeH, Mno-
CKONbKY psig uccrnegoBaTtenen ykasbiBaeT Ha BO3-
MOXHYIO CBSI3b MNPOSIBNIEHUN HECOKPaATUTESBbHOMO
TepmoreHesa ¢ coctaBoM nuwm [Luan et al., 2001;
Brondani et al., 2014, Saito et al., 2020].

OGHapyXeHO, 4TO nocrne npuéma >XUPHOM
nAWKM  CTUMYyNMpyemMasi oxnaxgeHnem Tennonpo-
OyKuMs y romMo3uroTHelx no annento rs1800592-G
reHa UCP1 300poBbIX OeTen Bo3pacTaeT MeHbLue,
yem y HocuTenewn reHotnnoe GA n AA [Nagai et al.,
2003, 2007]. JanbHenWwmnin NOUCK nokasars, YTo 3KC-
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npeccust reHoB UCP BnusieT Ha cybcTpaTt okucne-
HWUs, perynupysi, B 4ucrnie npo4ero, mMetabonuam
CBOOOAHLIX XNPHbIX kucnoT [Brondani et al., 2014;
Oliveira et al., 2016]. BbisiBrneHa accoumauus reHo-
TMna, BkNovawwero annens rs1800849-T reHa
UCP3, ¢ copepxaHuem oOLlero xonecrtepvHa u
nMnonpoTengoB HU3KOM NoTHocTK [Salopuro et al.,
2009], cHmKkeHneM prcka N30bITOYHOrO HaKOMJEHWS
TpurnuuepuaoB [Musa et al., 2012]. MNpn atowm, co-
rmacHo pesynbTaTtam, MnofyYeHHbIM B Uccrnegosa-
HUSIX Ha nabopaTopHbIX XMBOTHbIX, 6enok UCP3
3a4encTBOBaH B ajanTtauum opraHmsaMa K Henpo-
OOIKMTENbHBIM ronogoBkam [Bezaire et al., 2001],
a ypoBeHb akcnpeccun UCP3 mMeHsieTcst B OTBET Ha
KONMYecTBO MOTPEBIIEHHbIX Kanopun, CHWXasa pe-
aKuMl Ha UW3MeHeHUs TemnepaTypHbIX YCIOBUN
[Boss et al.,, 1998]. 3OkcnepumeHTbl Ha [obpo-
BOMbLIAX BbISIBMAM 00LLME MexaHu3Mbl perynsumm
ajanTMBHOIMO TepMmoreHesa, ObyCrnoBreHHble Kak
YMEpPEHHOW XONOAOBOW Harpyskow, Tak U u3bbl-
TOYHbIM nocTynneHuem nuwm [Wijers et al., 2007].
YepenoBaHue rMnoKanopuiHbIX CTPECCOB C
nepvogamMmn OOUNBHOrO MOCTYNMEHUST MPOLYKTOB
XXUBOTHOMO MPOUCXOXOEHUS B COMETaHUN C MOHMU-
)XEHHbIM YPOBHEM O0LLEro xonecTtepuHa n Tpurnm-
LEepMaoB B CbIBOPOTKE KPOBW XapakTepHO Ans
OXOTHMKOB, pbI6ONOBOB, ONEHEBOAOB UM CKOTOBO-
OOB KIMMMaTWUYecKn cypoBbix pernoHoB CeBepHoM
Asun [Krupnik, 1993; Shephard, Rode, 1996; Ko-
zlov et al., 2007]. CornacHo npeactaBneHHbIM B
HacTOSALWEM MCCNeaoBaHUN OAaHHbIM, 3TU MOMyns-
UMM XapakTepuaylTca Takke cneunduyeckum B
MMPOBOM MacwTabe pacnpegeneHnem annenen u
reHoTunoB reHoB UCP1 n UCP3. Kak nokasaHo B
psge nybnvkauunm, 3TW reHsl NoaBepranvcb AaB-
neHnto otbopa, HO cenekTUBHblE hakTopbl OCTa-
toTcs cnabo mayyeHHsiMu [Ko3nos ¢ coasT., 2023].
B0o3MOXHO, YTO MoAenn NUTaHUS HaceneHusl 3Ko-
NOMMYECKN pPasfIMYHbIX PErMOHOB MOINM BHECTMU
BKIMag B MEXrpynnoBoe pasHoobpasue reHeTunde-
CKMUX OeTepMunHaHT pasobuwatowmnx 6enkos UCP.

3aknro4yeHune

Yactotel annene w reHotunos UCP1
(rs6536991, rs1800592) n UCP3 (rs1800849) B no-
nynaumax lMpepypanbs, Cubupn v JansHero Bo-
CTOKa NPOSABMAKT CBA3b Kak C reorpacuyeckumm
Xapaktepuctukammu (reorpaduyeckas LIMpoTa, Bbl-
cOTa Haj ypoBHEM MOpSl), TaK U C CypOBOCTbIO Npu-
pPOAHbIX YCMOBUW pervoHa (cpegHerogoBoe Komu-
4YeCTBO OCafKOB, KOHTPACTHOCTb Knumara, 3Hade-
HUSA BETPO-XONoA0BOro nHaekca bogmana).
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lMyTem aHanusa napHbIX Koppensuuvi npu-
3HaKOB OblNMM MOCTPOEHbI TPW PErPECCUMOHHBIX
ypaBHEHUSA (MOZenu), rae 3aBUCUMBbIMU MEpPEMEH-
HbIMW ABMSINMCL YacToThbl annenen, a npeaukTopa-
MM - KNUMaTU4eCcKne xapaktepuctuku. Bce Tpmn mo-
aenun cratuctmyeckn 3Hadmmbl (p<0,05 BO Bcex
cny4asx) n obwacHsaT 39%, 36% n 64% nameHun-
BOCTM vactoT annenen UCP1 (rs6536991,
rs1800592) n UCP3 (rs1800849) cooTBETCTBEHHO.
BbisiBNeHHast 3aBUCMMOCTb 4acToT annenen ¢ Knu-
MaTU4YeCKMMM MpeaukTopamMy NOATBEPXAAeT ajar-
TMBHOCTbL reHoB UCP B kopeHHOM HaceneHun Ce-
BepHon EBpasuu.

HanbHelilee BbIICHEHWE MPUYMH MEXITHU-
YECKUX U BHYTPUITHMYECKMX (STHOApearnbHbIX) pas-
nMYun B pacnpepernenHny anmnenen u reHoTunos
UCP TpebyeT He TONbKO yBENUYEHUS YMcna u pas-
Mepa BbIBOPOK, HO 1 pacLUMPEHNUSI UX STHUHECKOIO U
reorpacumyeckoro pasHoobpasusi.
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VARIABILITY OF UCPI AND UCP3 UNCOUPLING PROTEIN GENES
IN RELATION TO CLIMATE IN INDIGENOUS POPULATIONS
OF SIBERIA AND THE FAR EAST

Introduction. Several studies have demonstrated a correlation between variations in genes regu-
lating human uncoupling proteins (UCP) and environmental factors. However, information on the intra-
and interpopulation diversity of allele and genotype frequencies of UCP1 and UCP3 within the territory of
Russia remains insufficient. This study aims to investigate the intra- and inter-ethnic variability of genetic
determinants of activity of uncoupling proteins UCP1 and UCP3, and to evaluate genotype-environment
associations in the populations residing in the northeastern region of Russia.

Materials and methods. Genotyping was conducted on a total of 1,698 biological specimens col-
lected from individuals representing 22 population groups of European Russia, Siberia, and the Russian
Far East. Geographical and climatic data spanning from 1940 to 2023 were gathered for each sample
collection locality.

Results and discussion. The spatial distribution of genetic determinants affecting the activity of
UCP1 and UCP3 uncoupling proteins demonstrates a correlation with the severity of natural conditions.
Three regression models of allele frequencies were constructed using climatic characteristics as predic-
tors. All models are statistically significant (p<0.05 in all cases) and explain 39%, 36%, and 64% of the
variability in UCP1 (rs6536991, rs1800592) and UCP3 (rs1800849) allele frequencies, respectively.
These correlations revealed by the models confirm the adaptability of UCP genes in the indigenous pop-
ulation groups of Northern Eurasia.
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Conclusion. The results of this study are consistent with the assumptions reported in scientific litera-
ture and significantly enhance existing knowledge. We observed correlations between allele and genotype
frequencies of UCP1 (rs6536991, rs1800592) and UCP3 (rs1800849) genes and geographic latitude, eleva-
tion above sea level, as well as climatic indicators such as annual average rainfall, range of surface air tem-
peratures, and the Bodman “weather severity” index. Further investigation involving a larger number of ethnic
and territorial groups is necessary to better understand the factors influencing UCP gene variability formation.

Keywords: indigenous population of Siberia; environmental influences; genetic diversity; uncoupling
protein genes; rs6536991 (UCP1); rs1800592 (UCP1); rs1800849 (UCP3)
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