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Momusayus u yenv: B HacTosIee BpeMs BELICISIIOT MHOKECTBO TUIIOB MHTEIJICKTA, HO
OIHUM U3 CaMbIX YCTOHYMBBIX C TOYKH 3pPEHHS HACICICTBEHHOCTH SIBISETCS
HeBepOanpHbIii wHTEIIEKT (HBU), KOTOpBIN Oasupyercss Ha YMEHHH 4YeJIOBEKa
BOCIIPHHUMATH | TiepeniaBaTh HH(opMaluio 0e3 cJIoB, UCHONb3Ys TOJIBKO BU3yalbHbIC
o0pasel. MccnenoBanust OMM3HELOB IMOKAa3alid, YTO HAcJeIyeMOCTh HEBEpOalbHOTO
uHTeeKTa coctasisier 64 % [1]. OgHako reHeTHyeckas CTPYKTypa HeBepOaJbHOIO
UHTEJUIEKTa CJIOXKHA, TETEPOreHHa M 3aBUCHUT OT MHOXecTBa (DaKTOpPOB. ITO
CYIIECTBEHHO YCIIOXKHSCT U3yYeHHE TAaHHOTO (PEHOTHIIA, M COBPEMEHHBIE TeHETHUECKHE
WCCIIE/IOBaHNsl HEeBepOAILHOTO HMHTEIJIEKTa HE MOTYT IOJHOCTHIO OOBSCHHUTH €ro
npupoay. OgHuUM U3 caMbIX 3PPEKTUBHBIX METOAOB U3YUEHUS CI0KHBIX KOTHUTUBHBIX
GyHKIMI, B TOM 4uclie U HEeBepOalIbHOTO WHTEIUIEKTA, SIBISETCS MOJTHOTCHOMHBIN
anamu3 accomuanuii  (GWAS), cyTh KOTOpPOro 3aKiII04aeTcsi B  TIOWCKE
OJIHOHYKJICOTUAHBIX noiauMop¢u3mMoB (SNP), koTopble dale BCcTpeyaroTes y JroAeH ¢
MHTEPECYIOIUM HCclieoBaTess 3aboyieBaHUEM WM Ipu3HakoM. Llenpio maHHOMN
pabotsl crano nposenaenne GWAS uccnenoBanus Bapuanyii B ypoBHE HEBEpOaIbHOTO
MHTEJUIEKTa B HONMYJSIIKAX u3 Bonro-Ypanbckoro pernona.

Memoowvr u aneopummur: BBIOOpKa HCHBITYEMBIX COCTOSUIA W3 CTYACHTOB BY30B
Poccuiickoit @enepanuu ¢ u3BecTHbIM ypoBHeM HBU, oneHeHHBIM npy MOMOIIM
uHTepHeT-Bepcun Tecta «lIporpeccuBHbie Marpuisl PaBena» (N = 1422, 80 % —
JKEHIIUHBL, Bo3pacT 18-25 ner). Bee yyacTHUKH SKCIIEpUMEHTA 3asBHITH, YTO Y HUX HET
MICUXUYECKUX 3a00JieBaHHU ¥ OHM He HAOIIONAIOTC y McUXuarpa. | eHOTHUIupoBaHue
OBLIO BBIMOJHEHO C HCIojb30BaHueM Habopa Infinium Global Screening Array v3.0
(Illumina, CIHA). CraTtucTuueckuii aHaNM3, a TaKXKe OIEHKY KadecTBa
TCHOTUIIUPOBAaHUS TMPOBOAWIM ¢ Tomoupio mporpamMm  Plink  Bepcunm  1.09
(https://www.cog-genomics.org/plink/) u R (http://www.r-project.org6), mauHbIi
aHaTU3 BKJIIOYAJ B ce0s KOPPEKLHI0O HA 3THHYECKYIO T€TEPOre€HHOCTh BBIOOPKH C
MOMOIIBIO BKIIIOYEHHS TTIaBHBIX KOMIIOHEHT B Ka4eCTBE KOBapuaT. AHAJIN3 acCOLMALNN
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MPOBOJMIICS C MPUMEHEHHUEM Pa3HOOOpa3HBIX MaTeMaTH4YeCKUX MOJEJel, TakuxX Kak
obmass nuneitnas monens (GLM), cmemannas nuHeiiHas mogens (MLM), a taxxke
Mozenb ¢ (pukcupoBaHHBIMH W ciydadHeIMH d¢dekrtamu (FarmCPU). IIpoBepka Ha
HOpPMaJIbHOCTh pachpenenenus nokazateiaeit HBU mpoBoauiack ¢ HMCMOIb30BaHUEM
kputepuss [anmupo—Yunka. [{ng moarBepkaeHUs HocToBepHOro BiusHusS SNP u
ompeneNcHUs 3HAYNMBIX PETHOHOB B reHOMe OblT mpuMeHeH TecT bordepponu (BFR)
¢ moporobiM 3HadeHneM P < 0.05 (p < 5x107). Uccnenosanue ObLIO 0100pEHO
sTHYecKuM KomuTeToM HcTuTyTa OMoxumun u redetuku Y OUL PAH.

Pezynomamer: Ilocne mpoBeneHMs BCEX 3TANOB KOHTPOJSI KauecTBa YCTAHOBJIEHA
acconuanusi Bapuanuii B ypoBHe HBHW co cnemyromumu SNP: rs35647108
(p = 2.1x107%), rs7745906 (p = 4.8x107), rs6908994 (p = 5.0x10°°), rs9295957
(p = 6.8x107), rs28360058 (p = 7.3x107°), nokanuzoBannbie B 61130¢TH OT reHoB HLA-
B, HLA-C, rs7805604 (p = 6.2x107°), rs757911 (p = 3.1x107°) B rene GLI3, rs9323788
(p = 3.5%x10°°) u rs28381984 (B rene MFF, p = 3.5x107°). 'eHbI r1aBHOrO KOMILIEKCA
rucrocoBmectMocTd HLA (Human Leukocyte Antigen), m3BectHoro Taxke kak MHC
(Major Histocompatibility Complex), pacnionararorcst Ha XxpoMocoMe 6, a caM KOMIIIEKC
UIpaeT KIIUYEBYIO POjb B MOAICP)KaHUH 310POBbs OpPraHU3Ma, YyCTPaHss 1y>KEPOAHBIE
anTureHsl. MIHTEpecHo, uTo oosiacth HLA sBnsieTcs Hanbosee noauMoppHOH 00J1acThiO
YeJI0BeUeCKoro reHoMa. biiaronaps atomy pasnooOpasuto cucrema HLA oGecrnieunBaet
MaKCHUMaJbHYIO 3alUTy OpPraHM3Ma OT LIMPOKOTO CHEKTpa MAaTOI€HOB, KOTOpPHIE B
MIPOTUBHOM CJIy4yae MOTYT OKa3blBaThb HEraTHBHOE BIMSIHUE HA IEIOCTHOCTh HEPBHOU
cucreMsbl. [lpenpiaynue uccaeaoBanus MOKa3aid, yTo TeHbl komiuiekca HLA moryt
OKa3bIBaTh BIMSHHWE HAa BO3PACTHBIC U3MEHEHUs B CTPYKTYypEe MO3ra, ero (yHKUUAX U
KOTHUTHBHBIX CHOCOOHOCTAX y JtoJeH 0e3 JeMEeHLMH, B TOM YHCIE NPU HaIUYUH
puckoBoro amitens amonunonporenda E4 (rea APOE), xoTopblii acconmMupoBaH coO
CHIDKEHHEM KOTHUTHBHBIX (DYHKIUH M pa3BUTHEM JEMEHIMH. DTO YKa3bIBaeT Ha TO, YTO
komruiekc HLA sBisieTcs 3HAYUMBIM OHOIOTUYECKHM (DaKTOPOM, OMPEICIISIONTIM
3nopoBbe Mosra [2]. I'en GLI3, pacnonoxxenHslit Ha xpomocome 7 B peruone 7pl4.1,
UTpacT BXXHYIO pPOJIb B SMOPHOHAIEHOM pa3BUTHH. OH KOJUPYET TPAaHCKPUIIIMOHHBIN
(akTOp, KOTOpPBIH y4yacTBYeT B PeryisiUH SKcIpeccud reHoB. COrylacHO JaHHBIM
JUTEpaTypHbIX HccienoBaHni, TeH GLI3 npuHMMaer ydwactHe B peryssuuu
HeHporeHe3a Ha paHHUX 3Tamax pa3BUTUS opraHu3ma. Hampumep, oH ydacTByeT B
PasBUTHN MO30JIUCTOTO Teja — CTPYKTYpHI MEpPEeJHEro Mo3ra, KOTopas OTBEYaeT 3a
nepeaayy CEHCOPHOM, MOTOPHOW M KOTHUTUBHON MH(POPMALUN MEKAY MOTYLIAPHSIMU
Mo3ra. KpoMe Toro, M3B€CTHO, UTO MyTallMK B IaHHOM I'€HE MOTYT OKa3bIBaTh BIMSHUE
Ha pa3BUTHE MO3Ta, BHI3BIBAasi aHOMAJIHU B €ro cTpykrype u pynkumsx [3]. Tperbum
WACHTU(QHULIMPOBAHHEIM B paMKax TaHHOro HccienoBaHusi reHom sisisercss MFF,
KOTOPBIM KOIUpYeT OENIOK, MIPaoLIMi KIIOYEBYIO POJIb B JEJICHUM MUTOXOHAPHM,
crocoOCTBYsl GOPMUPOBAHHIO HOBBIX MUTOXOHJpUH. Hapymenue paGoThl 3TOTO reHa
MOJKET MPUBECTH K PA3TUYHBIM 3a00JIEBAaHUSIM, CBSI3aHHBIM C SHEPreTHYECKUM OOMEHOM
KJIETOK. McciienoBaHus MOKa3bIBAIOT, YTO CHIDKEHHME 3Kcrpeccur reHa MFF moxer
MPUBOJUTH K HapYIICHHIO MEpefaydl CUTHAJIOB B CHHAICAaX M MPEIMSATCTBOBATH POCTY
aKCOHOB B IIPOIIECCE Pa3BUTHS TOJIOBHOTO Mo3ra [4].

Buvisoowi: Takum 00pa3oMm, MOXKHO CAeNaTh BBIBOJ, 4TO pasnuums B ypoBHe HBU
(OpMHPYIOTCS TIPH yYaCTUH MHOXKECTBA OMOJIOTHYECKUX CUCTEM, BKIIFOUYAst UMMYHHYFO
CHUCTEMY, CHCTEMY JHEPIeTHYEeCKOro oOMeHa KIJIETKH W Helporeneza. Tem He MeHee
TpeOyIOTCS NaJIbHEHIIIIE UCCTIeIOBAHUS, LIEJIbI0 KOTOPBIX OyIeT MOATBEP)KICHUE CBSI3H
ykazaHHbIX SNP ¢ ypoBHeM HBU B aTHHUECKH cX0xkel rpymrie.
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Motivation and Aim: Currently, there are many types of intelligence, but one of the most
stable from the point of view of heredity is non-verbal intelligence (NV1), which is based
on a person's ability to perceive and transmit information without words, using only
visual images. Twin studies have shown that the heritability of nonverbal intelligence is
64 % [1]. However, the genetic structure of nonverbal intelligence is complex,
heterogeneous and depends on many factors. This significantly complicates the study of
this phenotype, and modern genetic studies of nonverbal intelligence cannot fully
explain its nature. One of the most effective methods for studying complex cognitive
functions, including nonverbal intelligence, is genome-wide association study (GWAS),
the essence of which is to search for single nucleotide polymorphisms (SNP), which are
more common in people with a disease or trait of interest to the researcher. The purpose
of this study was to conduct a GWAS study of variations in the level of non-verbal
intelligence in populations from the VVolga-Ural region.

Methods and Algorithms: The sample of subjects consisted of university students of the
Russian Federation with a known level of NVI, assessed using the Internet version of
the Raven Progressive Matrices test (N = 1422, 80 % were women; age 18-25 years).
All participants in the experiment stated that they do not have mental ilinesses, and they
are not being monitored by a psychiatrist. Genotyping was performed using the Infinium
Global Screening Array v3.0 kit (lllumina, USA). Statistical analysis, as well as an
assessment of the quality of genotyping, was carried out using Plink software
version 1.09 (https://www.cog-genomics.org/plink/) and R (http://www.r-project.org6),
this analysis included correction for the ethnic heterogeneity of the sample by including
the main components as covariates. The association analysis was carried out using a
variety of mathematical models, such as the general linear model (GLM), the mixed
linear model (MLM), as well as the fixed and random effects model (FarmCPU).
Verification of the normality of the distribution of NV indicators was carried out using
the Shapiro—Wilk criterion. To confirm the reliable effect of SNP and identify significant
regions in the genome, the Bonferroni test (BFR) with a threshold value of P < 0.05
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(p < 5x1075) was used. The study was approved by the Ethics Committee of the Institute
of Biochemistry and Genetics of the UFRC RAS.

Results: After carrying out all stages of quality control, an association of variations in
the NVI level with the SNPs was established: rs35647108 (p = 2.1x107%), rs7745906
(p = 4.8x107%), rs6908994 (p = 5.0x107%), rs9295957 (p = 6.8x107°), rs28360058
(p = 7.3x10°°), localized in proximity to the genes HLA-B, HLA-C, rs7805604
(p=6.2x107), rs757911 (p = 3.1x107®) in the GLI3 gene, rs9323788 (p = 3.5x10°°) and
rs28381984 (in the MFF gene, p = 3.5x107°). The genes of the main histocompatibility
complex HLA (Human Leukocyte Antigen), also known as MHC (Major
Histocompatibility Complex) are located on the 6th chromosome, and the complex itself
plays a key role in maintaining the health of the body by eliminating foreign antigens.
Interestingly, the HLA region is the most polymorphic region of the human genome, due
to this diversity, the HLA system provides maximum protection to the body from a wide
range of pathogens that may otherwise have a negative impact on the integrity of the
nervous system. Previous studies have shown that HLA complex genes can influence
age-related changes in the structure of the brain, its functions, and cognitive abilities in
people without dementia, including in the presence of the risky apolipoprotein E4 allele
(APOE), which is associated with cognitive decline and the development of dementia.
This indicates that the HLA complex is a significant biological factor determining brain
health [2]. The GLI3 gene, located on chromosome 7 in the 7p14.1 region, plays an
important role in embryonic development. It encodes a transcription factor that is
involved in the regulation of gene expression. According to the data of literary studies,
the GLI3 gene participates in the regulation of neurogenesis at the early stages of the
body's development. For example, it is involved in the development of the corpus
callosum, a forebrain structure that is responsible for the transmission of sensory, motor,
and cognitive information between the hemispheres of the brain. In addition, it is known
that mutations in this gene can affect the development of the brain, causing abnormalities
in its structure and functions [3]. The third gene identified in this study is MFF, which
encodes a protein that plays a key role in mitochondrial division, contributing to the
formation of new mitochondria. Disruption of this gene can lead to various diseases
related to the energy metabolism of cells. Studies show that a decrease in the expression
of the MFF gene can lead to impaired signal transmission in synapses and interfere with
the growth of axons during brain development [4].

Conclusion: Thus, it can be concluded that differences in the level of HVI are formed
with the participation of many biological systems, including the immune system, the
system of energy metabolism of the cell and neurogenesis. However, further research is
required to confirm the association of these SNPs with the level of HVI in an ethnically
similar group.
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