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AnHoTtaums. Paccenenue coBpemenHoro yenoseka okoio 100 000 net Hazan u3
MecTa OpOHCXOXKICHUs: B BocTouHo#t Adpuke 10 TEPPUTOPUE 3€MHOrO 1Iapa COMmpo-
BOXKIAJIOCh Pa3JIMYHBIMU IPOLIECCAMH T'€HETHYEeCKOH anantauuu. s Xapakrepu-
CTUKM aJalITUBHOW 3BOJIIOLMU B COBPEMEHHBIX MOMYJIALMAX YelIOBeKa HeoOXoxuMa
uH(bOpMALHS O JIOKYCaX 'eHOMa, KOTOPBIE ObLIN MOJ] JEHCTBUEM MOJIOKUTEIILHOTO OT-
6opa. DT JaHHbBIE SBISIOTCS LICHHBIM MaTepHajoM JUIS TIOHMMaHMS T'€HEeTHYeCKOM
CTPYKTYpBI HOIMYJISLUN YeJIOBEKa,  TAKKe U1 YCTAHOBJICHUS IIPUYMH I1O/IBEP)KEHHO-
CTH K psIly pacipoCTPaHeHHbIX OO0JNE3HEH U NX pacpeIeeHNIO B COBPEMEHHBIX IOITy-
nsuusx. B Hamell paGore BBINOJIHEH MOMCK CUTHAIOB €CTECTBEHHOrO 0TOOpa B JIOKY-
cax reHoMa, aCCOLMUPOBAHHBIX C 3a00JICBaHUAMH, IPUBOSALIMMH K HAPYLIEHUSM KO-
THATHBHBIX (QyHKIMiT yenoBeka, B 16 monymsumsax CesepHoit EBpaszun. st MyabTu-
IUIeKCHOro reHorunupoBanus 28 SNP-mapkepoB ucnons3zoBanu Texuonoruo MALDI-
TOF macc-cnekrpomerpun. [Ipu olieHKe CEIeKTUBHOM HEUTPAIBbHOCTH HCCIIEOBaH-
HBIX T€HETUYECKUX MapKepOB C MOMOILBIO TecTa DBeHca—BaTrepcoHa OTKIIOHEHHE OT
HeirpansHocTn obHapyxeno st 10 SNP. B monymsinusix CeBeproii EBpazumn neii-
CTBUE €CTECTBEHHOT0 0TOOpa BHOCHT BKIJIAJ B (JOPMHPOBAHUE FEHETHYECKOrO pa3Ho-
o0pasus 10 reHaM, aCCOLMUPOBAHHBIM C In30(peHneit u 6one3Hb0 AblreiiMepa.

KioueBbie cioBa: CeBephas EBpasus, ecrecTBeHHbIH OTOOp, KOTHUTHBHBIE
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Summary. In recent years, the genetic component of many general common dis-
eases has been considered from the point of view of evolutionary context: asthma,
chronic obstructive pulmonary disease, cancer, obesity, diabetes- The genetic history of
populations leads to the accumulation of specific frequencies. Modern susceptibility to
common pathological phenotypes could have had a certain adaptive significance in the
past during the dispersal of humans across the globe. Of particular interest are diseases
with phenotypes associated with cognitive impairment, such as schizophrenia, Alzhei-
mer's disease, bipolar disorder, autism and others. Diseases associated with post-repro-
ductive age (various types of dementia), as well as various manifestations of psychotic
disorders, which were previously uncommon, are currently acquiring enormous socio-
economic significance throughout the world. Evolutionary hypotheses have also been
proposed for schizophrenia and Alzheimer's disease. The indigenous ethnic groups of
Northern Eurasia are of particular interest to the researcher. Until recently, populations
were isolated, isolated both by geography of residence and by linguistic and cultural
characteristics, which led to genetic isolation. In this regard, the gene pool of popula-
tions of Northern Eurasia is an important source of genetic information. In connection
with all of the above, the goal of the work was to search for signals of natural selection
in the loci of the genome associated with schizophrenia, Alzheimer's disease, in the
populations of Northern Eurasia. In our work, a search was performed for signals of
natural selection in the loci of the genome associated with diseases leading to cognitive
impairment in humans in 16 populations of Northern Eurasia: Russians, Udmurts,
Khanty, Khakasses, northern and southern Kyrgyz, Yakuts, Buryats, Nivkhs, Chukchi,
Kazakhs, Uzbeks, Altaians, Yakuts, Tuvins. MALDI-TOF mass spectrometry technol-
ogy (Matrix Assisted Laser Desorption/Ionization Time Of Flight Mass-Spectrometry)
was used for multiplex genotyping of 28 SNP markers. In our work, when analyzing
selective neutrality using the Ewens-Watterson neutrality test for 28 markers, deviation
from neutrality was found in 10 SNPs: rs10273775 of the CNTNAP?2 gene, rs1031381
of the NCAPD3 gene, 1s12922317 of the SNX29 gene, rs1466662 of the DCHS? gene,
rs1532278 of the CLU gene, rs16887244 of the LSM1 gene, 1s3826656 of the CD33
gene, 15433598 of the ACSM1 gene, rs561655 near the PICALM gene, rs6859 of the
NECTIN? gene. The maximum number of populations for markers that have a deviation
from selective neutrality was found for the genetic locus rs1031381 of the NCAPD3
gene - 10 populations (southern Kyrgyz, Altaians, Buryats, Koryaks, Tuvins, Khanty,
Kazakhs, Udmurts, Kets, Uzbeks), while the minimum number of populations was
identified for the marker rs16887244 of the LSM1 gene - one population (Nivkhs). In
the present study, signals of natural selection were detected in all 16 populations. Inter-
estingly, for the populations of northern Kyrgyz, Buryats, Koryaks, Khakasses and Ud-
murts, the effect of selection was only directional, and for the Russian population, the
effect of balancing selection was noted, in the remaining ten populations, the effect of
two types of selection was shown. For individual markers, only balancing selection was
observed (rs16887244 of the LSM1 gene), while exclusively directional selection was
detected for rs1466662 of the DCHS?2 gene and rs561655 near the PICALM gene. It
should be noted that of all 10 polymorphic variants of genes that showed deviation from
selective neutrality, six SNPs showed statistically significant associations with schizo-
phrenia or Alzheimer's disease in our previous studies in association analysis:
rs12922317 of the SNX29 gene, rs1466662 of the DCHS?2 gene, rs1532278 of the CLU
gene, 1516887244 of the LSM1 gene, rs561655 near the PICALM gene, rs6859 of the
NECTIN? gene.

The results of our work indicate a significant role of natural selection in the popu-
lations of Northern Eurasia in the formation of genetic diversity in the genes of diseases
associated with human cognitive impairment, such as schizophrenia and Alzheimer's
disease.

The article contains 1 Table, 10 References.
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BBenenne

B mocnexHme roIpl TeHeTHUECKas COCTABIMIONIAs MHOTUX IIMPOKO PacIpo-
CTpaHEHHBIX MHOTO()aKTOPHBIX 3a00JIEBAaHIN pacCMaTPHBACTCS C TOUKH 3PEHUS
SBONIOIMOHHOTO KOHTEKCTa [ 1—4]. CoBpeMeHHas TOABEP>KEHHOCTh K YaCTHIM Ta-
TOJIOTHYECKUM (PEHOTHUIIAM MOTJIa UMETh OIPECIICHHOE aIalTHBHOE 3HAUCHNE B
MIPOLIIOM TIPH PACCETICHUH YeJIOBEKa Mo 3eMHOMY mrapy. OcoObIii HHTepeC BbI-
3BIBAIOT 3200JIeBaHUS C PEHOTUIIAMH, CBS3aHHBIMA C HAPYIICHUSIMH KOTHATHB-
HBIX QyHKIWMIA, Takue Kak mmsodppenus (1113), 6oesnp AnbireiiMepa (BA), 6u-
MOJSIPHOE PACCTPOMCTBO, ayTH3M U Ip. 3a00NeBaHuUs, CBSI3aHHBIE C IIOCTPEPO-
JYKTUBHBIM BO3PacToM (pa3JInYHbIC BHIBI JIEMEHIINMN ), a TAaK)Ke pa3HOOOpa3HbIC
MIPOSIBIICHUS TICHXOTHYECKUX PACCTPOICTB, KOTOPEIE PaHbIIE BCTPEYAINCH Heda-
CTO, B HACTOSIIEEC BpeMs MPUOOPETAIOT OTPOMHOE COIHATBFHO-YKOHOMHUYIECKOE
3Ha4YEHHE BO BCEM MHpE.

Kopennsie stHOCH CeBepHOl EBpasum mpencTaBiissioT 0COOCHHBIN HHTEPEC
11 uccaenoBatens. CBs3aHO ATO C TEM, UTO 10 CHX ITOp STH HOMYIBIUH cIado
uzydensl. Eme ogHa mpuamHa mHTEpeca K KOPEHHBIM 3THOCAM CBs3aHa C YHH-
KaJbHOCTBIO UX TeHO(OHIOB, KOTOPHIE pa3BUBANNCH H30IHpoBaHHO. Ete coBceM
HEIAaBHO TIOMYIISINH ObLTH 000COOJICHHBIMHA, N30JHMPOBAHHBEIMA KaK IO Teorpa-
(buH IPOKUBAHUS, TaK U IO S3BIKOBBIM M KYJIBTYPHBIM OCOOCHHOCTSIM, UTO IIPH-
BEJIO K TCHETHYCCKOW M30MAIUH. B ¢Bs3u ¢ 3TiM reHodorx nomyssuuid Ceep-
HOii EBpasuu sIBJISeTCS Ba)XHBIM HCTOYHHKOM T'CHETHYESCKOH HWH(OpPMAIUH.
B cBs131 co BceM BBIMIEN3I0KEHHBIM LIENBI0 Pa0OTHI OBLIO IIPOBECTH MOUCK CHT-
HAJIOB €CTECTBEHHOT0 0TOOpA B JIOKYCax TeHOMa, aCCOIIMUPOBAHHBIX C MH30(pe-
HUeH, Oone3Hbio AnbireliMepa, B monysinusx CerepHoid EBpaszun.

MarepuaJibl 1 METOABI

UccnenoBanbl BRIOOPKH 16 MOMYIISIIANA, TPEACTABISAIONIAE Pa3HbIE 3THO-TEP-
puTopuanbsHbeie Tpymbel Hacenenust CeBepHoit EBpasum: pycckwe, yAMypTHI,
XaHTHI, XaKachl, KUPTU3bl CEBEPHBIC U IOKHBIE, SKYTHI, OypsATHI, HUBXH, YyKYH,
Ka3axu, y30€KH, alTalIlbl, IKYThI, TYBUHILI U3 Onokomuiekinun HUM menummH-
ckoit renetukn Tomckoro HUMII PAH «buoGank Hacenenus CeBepHoii EBpa-
3um». CyMMapHBId 00beM BRIOOPKH cocTaBui 1 508 HEpOACTBEHHBIX HHIVBHJIOB
C OTCYTCTBHEM METHCALIH OoJiee YeM B TPEX MOKOICHISIX. DTHIUIECKAsl TIPHHA-
JISKHOCTB M POIOCIIOBHAS KaYKIOT'0 HHANBHA OBLIH YCTAHOBJICHBI HA OCHOBaHUH
WHANBUYaITBHOTO aHKETUPOBAHMS.
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lenernueckue Mapkepsl ObLUTH BHIOPaHBI HA OCHOBAHUH YETKUX KPHTCPHUEB:
BBICOKOZIOCTOBEPHASI aCCOIMANUs ¢ (PEHOTUTIOM, TIOTyYeHHAs 0 JaHHBIM OITy0-
JINKOBAHHBIX ITOJJHOICHOMHBIX AacCCOIMAaTHUBHBIX wHccaegoBanuii, — GWAS
(p < 5x1077); THIT MapKepa — OHOHYKICOTHAHEIH monuMopdusM (SNP); actora
penkoro amens Oomnbie 5% xots 061 B ogHOM momyisiiu HapMap. 3atem 0601
pa3paboTaH MPOTOKOJI MYJIbTHILIEKCHOrO reHoTunupoBanus 28 SNP-Mapkepos ¢
nomornisio TexHomornn MALDI-TOF macc-cnekTpoMeTpur Ha T€HETHYECKOM
aHaym3atope MassARRAY Analyzer 4 ¢pupmer «Agena Bioscience» (CIIIA).

OneHka celeKTUBHOM HENTpaIbHOCTH MCCIEI0BAaHHbBIX T€HETUYECKUX MapKe-
OB, aCCOITMMPOBAHHEIX C 3a00IEBaHUSIMH, BeAyIMHA K HapymennsMm K® werno-
Beka, 1o 16 nonynsmusam CesepHoii EBpasun Obla MpoBeeHa ¢ TTOMOIIbIO TeCTa
OBeHca—Batrepcona (mporpamma «Arlequin 3.1»). O HanpaBIEeHHOCTH OTKJIOHE-
HUSL OT CEJIEKTUBHON HEHTPaIbHOCTH MOXKHO CHIENaTh BHIBOJ II0 HEPABEHCTBY
HaOmomaeMoit (Fo) n oxxugaeMoi (Fe) TOMOBHUTOTHOCTH. Tak, eClii MOoKa3aHo
CTaTUCTUIECKH 3HAYMMOE YMCHBIICHNE 3HAUEHIS HAOII0qaeMOoi TOMO3UTOTHO-
CTH TI0 OTHOIICHHIO K OkHIaeMoit (Fo < Fe), 3T0o TOBOPUT O JACHCTBUU OaaHCH-
pyromero oréopa Ha 3TOT JIOKyc. Ecnu ke HaOIoqaeTcst CTaTHCTHYECKA 3HAYH-
MO€ yBEIMICHHE HAOII0aeMoif TOMO3UTOTHOCTH TI0 OTHOIICHHIO K OXKHIaeMOM
(Fo > Fe), MbI MOJKEM CJIeTIaTh BBIBOJI O JACHCTBUHN HAIPABICHHOI'O OTOOPA.

[Iporenenne wuccnemoBanus omoOpeHo KoMuUTETOM MO OMOMETUITHHCKON
stuke HUU memuumackoit renernkn Tomckoro HUMII. MccnemoBanwms mpose-
neHbl Ha 0a3e LleHTpa KOIIeKTHBHOTO IOIB30BaHHS HAYTHO-HCCIIE0BATETIHCKAM
000pYZOBaHHEM H SKCHEPHMEHTAIBHBIM OMOJIOTMYECKUM MaTepuanoM «Memu-
nuHCKas reHoMuka» HUW menunmaCKO#M reretukn Tomckoro HVIMII.

Pe3yabTarhl ncciiefoBanns U 00Cy:KIeHUE

C TouKM 3peHHsI HBONIONMOHHOTO KOHTEKCTa OBUIO MPOaHaIM3UPOBAHO 3HA-
YUTEIhHOE KOJMYECTBO OOJNE3HEH YemoBeka (acTMa, XpOHHYECKas OOCTPYKTHB-
Has OOJIC3HB JIETKUX, PaK, OKUPEHHUE, caxapHbld auabet) [1, 2]. B oTHOmEeHMMN
113 1 BA Taxxe ObUIH MTPEUIOKEHBI 3BOJIIOIIMOHHBIE THTIOTE3bI [3—4]. B Hamei
paboTe IpH aHAU3¢e CENIEKTUBHONW HEHTPAIBHOCTH 28 MapKepOB OTKIOHEHHE OT
HelTpanbHOCTH 00Hapyx)eHo y 10 SNP (Ttabmuia).

Jliis renernyeckoro nokyca rs1031381 rena NCAPD3 61110 1TOKa3aHO OTKIIO-
HEHHE OT CEIEKTUBHON HEHTPAIFHOCTH B MaKCHMAIIEHOM KOJNHYECTBE ITOITYJIS-
i (10): FOOKHBIE KUPTH3BI, AITARITBI, OYPATHI, KOPSKH, TYBUHIIBI, XaHTBI, Ka3aXH,
YAMYPTBI, KeTHI, y30eku. B To BpeMs kak jis Mapkepa rs16887244 rena LSM1
OBLTO NACHTH(PUIIIPOBAHO OTKIOHEHUE OT CENEKTUBHON HEUTPATEHOCTH TOIBKO
B OJTHOM TIOIYJISAIIUHU (HUBXH).

B HacTosmem mccieoBaHNH CUTHAIBI €CTECTBEHHOTO O0TOOpa BBISBIICHEI BO
Bcex 16 momysinusix. IHTEepecHo, 9To JUTs MONYJISAIHN CeBEPHBIX KUPTH30B, OY-
PSITOB, KOPSIKOB, XaKacoB M yAMYPTOB IEHCTBHE OTOOpa MMEJIO TOIHKO HaIpaB-
JICHHBIN XapakTep, a JUIA PYCCKOM MOMYJISIIHK ObLIIO OTMEUECHO JICHCTBHE OanaH-
cupyroniero otdéopa, B OCTaJbHBIX JECATH MOMYJBIIASX TOKA3aHO IEHCTBIE IBYX
THTIOB OTOOPOB (CM. TabmuIly). Iyl OTAENBHBIX MapKepOB HAOIIOIAJICS TOJIBKO
Oanmancupyronuii oroop (rs16887244 rena LSMI), B TO BpeMs KaK WCKITFOYH-
TEJNBHO HaIpaBJICHHOE JICHCTBHE 0TOOpa BhIABIICHO I 151466662 rena DCHS?2
u 1s561655 BOm3u rera PICALM.
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