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Momusayus u yenp: HecMOTpsi Ha BaXHYIO POJIb arpeCCHBHOCTH B BBDKHBAaHHH H
aJlanTaliy 9eJoBeKa C DBOJIOIMOHHON TOYKH 3peHus, arpeccuBHoe moBeneHue (All)
IpeacTaBisieT co00il NecTpyKTHBHYIO (OpMYy KOMMYHHKALMU B CIy4ae CHIKECHHUS
MICUXO03MOITMOHATIBHOTO KOHTpOJsi Han HuM [1]. PaccmarpuBas manuecTammro
arpecCUBHOIO W aHTHCOLMANBHOTO IIOBENEHHS C IO3MLMHA  B3auMOIEHCTBHSA
OMOJIOTHYECKOTO (B TOM YHCJIE T€HETHYECKOr0) W COIMAILHOTO KOMIIOHEHTOB [2], K
HACTOSIILIEMY BpPEMEHH IIPOBEIEHBI HCCIICAOBAHMS, HAIpaBICHHbIE Ha HW3yuYcHHE
oTpeJieIeHHBIX TeHETHYECKNX BAPUAHTOB B KOHTEKCTE HX BO3MOKHOM CBSI3U C YPOBHEM
arpecCUBHOCTH KaK C HCIIOJIb30BAHMEM TE€HHO-KaHIUIATHOro moxaxoxa [3], Tak u ¢
MOMOIIBI0 MOJTHOreHOMHOro aHanu3a accouuanmii (GWAS) [4]. Hecmorps Ha
WACHTU(QHUIMPOBAHHbIE TEHETHUECKUE JIOKYChl B JaHHBIX paboTax, B CBOEM
OOJIBLLIMHCTBE HCCIIEAYeMbIM (PEHOTHUIIOM SBISAJIOCH HMMEHHO aHTHCOLMAIbHOE
MOBEJICHNE, NpEeACTaBisAoNiee coO0M ILEeNblii CHEeKTp pas3JIM4HBIX CHHIPOMOB U
TICUXOIIATOJIOTUI: CHHIPOM JIeUINTa BHUMAHUSI C TUIIEPAKTHBHOCTBIO, PACCTPONCTBA
AyTUCTUYECKOTO CIIEKTPa, 3aBUCHMOCTh OT IICMXOAaKTHUBHBIX BemlecTB [4]. OmHako
GWAS pabor, n3y4armux HemOCPeICTBEHHO YPOBEHb arpeCCUBHOCTH Y B3POCIIBIX, K
HACTOSIILIEMY BpeMEHH He oIyOonnkoBaHo. Kpome Toro, ocoOyro akTyadbHOCTb
MpeJCTaBiIsIeT BhISIBIICHHE TeHETUYECKUX JIOKYCOB ¢ Hcnoib3oBanueM GWAS ananmza
B POCCHHMCKHX KOroprax, HOCKOJBbKY Bc€ OoJblIee YHCIO padoT CBHIETEIBCTBYET 00
STHOCICIIM(PUYHOM XapakTepe accouuaiuii, BeisBisseMbix B GWAS. B 310l cBsi3u
LEJBIO Halllel paboThl SABIUIOCH POBEICHHE TIOJTHOTEHOMHOTO aHAJIN3a aCCOIMAINA ¢
YPOBHEM arpecCMBHOCTH B JOCTaToO4yHOW 1O oO0veMmy BblIOOpke sun u3 Bonro-
VYpansckoro pernona PO.

Memoovt u aneopummouli: B KadecTBE Marepuana JUIsi HCCICHOBAHUS OBLIN
ucnonb3oBanbl 00pasisl JIHK (N = 1422) crynenToB By3oB Peciybnviku bamkoproctan
u Y amyprckoit Peciybnuku (pycckue, TaTapbl, OAalIKUPBI, YAMYPTHI, JIHIa CMELIaHHON
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STHUYECKON NPWHAIUICKHOCTH; BO3pacT 18-25 ner), He WMEBIIMX TCUXUYECKUX
Hapymenuid. ['eHoTunupoBanue ~650 ThIC. 0THOHYKIJICOTHIHBIX T€HETUYECKUX JIOKYCOB
(SNP) B m3yueHHO#H BBIOOpKE MPOBOIMIOCH C HMCHONb30BaHHeM TexHomorun JIHK-
MHKPOYHIIOB M PEareHTOB IS ITOJTHOTCHOMHOTO TEeHOTHNHpOBaHUs oOpasioB JIHK
(Infinium Global Screening Array v3.0 Kit, Illumina). YpoBens arpeccuBHOCTH OBLT
OLIEHEH C IIOMOINBI0 ompocHuKa arpeccun bacc—TIleppu (Buss—Perry Aggression
Questionnaire, BPAQ-29). IloiHOTreHOMHBIM aHAINW3 ACCOIMAIMM HCCIIEI0BAHHBIX
MOJTMMOP(HBIX JIOKYCOB C YPOBHEM arpeCCHBHOCTHU OBLIT OCYIIECTBIICH C KOPPEKLIMeH Ha
STHUYECKYIO FeTePOreHHOCTh BEIOOPKH € TIOMOIIBIO BKIIIOUEHUSI TJIAaBHBIX KOMIIOHEHT B
KadecTBe KOBapHaT C HCIIOJIb30BaHMEM MporpamMMHoro obecmedenws Plink v.1.09
(https://www.cog-genomics.org/plink/), crarucrtuueckoit cpeast R (http://www.r-
project.org) u makera npukinaasbix nporpamm GAPIT v.3 (Genome Association and
Prediction Integrated Tool). Dror maker mporpaMM IO3BOJISET IPOBOIAWTH AHAJIM3
accoLMaluil C HCIOJIb30BAHMEM pa3IMYHbIX MAaTeMaTU4YeCKUX MoJelell, BKIoYas
o0mryro nmuHelHyto Moaens (GLM), cmemannyro nuHelHyto Moaens (MLM), moaens ¢
¢ukcupoBanHbIMU 1 ciaydaiiHbIME 3¢ dekramu (FarmCPU). Hapsay ¢ konTposiem
KayecTBa MaccruBa IaHHBIX Ha ()CHOTHIIMYECKOM M TE€HETHYECKOM YDPOBHIX Oblia
MpoBeleHa MaTeMaTuuecKkas TpaHchopManus MOoKazaTeled Ui MOCTHKEHHS COOT-
BeTCcTBUs ['ayccoBOMyY pacnpeaesieHHIo. Y POBEHb CTATUCTHYECKON 3HAYMMOCTH MIPUHH-
Masics paBHbIM p<5x%10~° cormacHo mpeapIIyIMM aHAIOTUYHBIM UCCIEN0BaHuM [5].
Pesynomamer: B pesynsrate GWAS ananmza ObUIH BRIOpAHBI TEHETUYECKHE JIOKYCHI,
MepeceKaImuecs BO BCEX TpeX MpoaHATU3UpOBaHHBIX Moaemsx (GLM, MLM,
FarmCPU). Nnaentudunuposano msa SNP, accoluupoBaHHBIX ¢ WHIMBUIYaTIbHBIMH
MOKa3aTelsIMd B YPOBHE arpecCMBHOCTH, BKirouas rs17124581 (p = 1.56x10°) u
rs114798927 (p = 3.97x107°), moaxoasimux mojx BHIOPAHHBIA YPOBEHL 3HAUYMMOCTH.
I'enernyeckuii mokyc rs17124581 nokanu3oBaH B MEKIEHHON 00JIaCTH, TpaHUYAIICH C
reramun KCNK10 u SPATA7, a mokyc rs114798927 — psmom ¢ reHamm TNKS u
PPP1R3B. Jlokyc rs17124581 HaxomuTcst B XpOMOCOMHOM peruone 14q31.3, 3Hauu-
MOCTh KOTOpOro Oblla IOKa3aHa /ajisi HOPMaJbHOrO HEHPOHAJIBHOTO pPAa3BHUTHUS, a
W3MEHEHUS HYKJIEOTHIHON OCIIEeJ0BATEIbHOCTH B JAHHOM PErHoHe ObUTH OOHAPYKEHBI
paHee y MalMEHTOB C KOTHUTUBHBIMU HapylieHusMH [6]. Panee oOHapyKeHHBIN HAMU
mokyc rs17124581 He ObUT CBSI3aH C Pa3BUTHEM arpeCCHBHOTO WU aHTHCOIUATIHLHOTO
MOBEJECHUS, XOTA Mo pe3yaprataM oaHoro u3 GWAS paHHBIA JOKyC Takxe
ACCOLIMMPOBAH CO CKOPOCTBIO 00pabOTKH MHpOpManyu [7]. YUUTBIBast, YTO OAHUM U3
BR)XHBIX CACPKUBAIOIIMX (AKTOPOB pAa3BUTHS arpeccu SBISETCS  3pelocTh
KOTHUTHBHOTO  (DYHKIIMOHMPOBAaHUS, OCOOCHHO TakMX OTIENOB MO3ra, Kak
npedpoHTaIbHAS KOPA, MOKHO MPEOI0XKNUTh, YTO IAHHBIH JIOKYC CBSI3aH C pa3BUTHEM
arpecCUBHOCTH MOCPEICTBOM PETYJSIIMM KOTHUTHUBHOTO (DYHKIMOHHMpOBaHHA. B
HETIOCPEACTBEHHOM OHM30cTH OT JIoKyca 1517124581 HaxoasTCs TeHbl, KOAUPYIOLIHe
Oenmok cemeiictBa kanueBbix kKananoB (KCNK10) u SPATAY. Ipenpimymue GWAS
paboTs! moaTBepxKAar0T BoBieueHHOCTh reHa KCNK10 B popmupoBaHre HUIKOTHHOBOH
3aBUCUMOCTH [8], KOTOpasi 3a4acTyr0 KOppelIupyeT ¢ MaHu(ecTanuell arpecCuBHOCTH.
Kpome Toro, cymecTByroT AaHHbBIE, MOATBEPKIAIONIME MOTEHIMAIBHYIO CBS3b I'eHa
SPATAY ¢ pa3BuTreM aHTHCOIMAIHLHOTO TTOBEIEHHS, BKIIFOUas mu3odpernto [9].
Jpyroii nokyc, acCOUMMpPOBAHHBIM C arpecCUBHOCTHIO B HallleM MCCIIEI0BaHUH,
rs114798927, noxanu3oBan B peruoHe 8p23.1, CTpyKTypHBIE H3MEHEHHS B KOTOPOM B
JUTEpaType CBA3BIBAIOT ¢ MaHU(ecTanneil puckoBoro noseaenus [10].
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Buisoowi: Bnepseie B pamkax GWAS, npoBeieHHOTO Ha POCCUICKOM Koropte juil 18—
25 ner u3 Bonro-Ypaiabckoro permoHa, ObUTH BBISBJICHBI T€HETHYECKHE JIOKYCHI
rs17124581 wu rs114798927, accouMUpOBaHHBIE C YPOBHEM arpecCHBHOCTH.
[TomygeHHBII pe3yNbTaT CBUIETEIBCTBYET B ITOJIH3Y BO3MOXKHON BOBJICUCHHOCTH T€HOB
kanueBbix kaHanoB (KCNK10) u rankupassl (TNKS) B hopmupoBanue arpeccuBHOCTH
KaK ITOCPEJCTBOM y4acTHs B SIUTECHETHYECKOH PEryisilHuu JPYTHX MOJIEKYJISPHBIX
KOMITOHEHTOB, TaK M C IIOMOIIBIO PEryJISIIUU KOTHUTUBHOTO KOHTpoJst. HecMoTpst Ha
JOCTaTOYHBIA 1O pa3Mepy OObEM HCIBITYEeMBIX M BBEICHHE OCHOBHBIX TJIaBHBIX
KOMITOHEHT JUIsl KOPPEKIMH Ha 3THUYECKYIO MPUHAUICKHOCTh B Ka4eCTBE KOBapHar B
MaTeMaTHYeCKHEe MOJICIIH, B HACTOSIIECH paboTe He ObUTH yITEHBI Pa3iIMYHbIe CPEJOBBIC
(aKTOpbI, MOTEHIIMATBHO BIHSIONINE HA MaHU(ECTANIO arpeccuBHOCTH. JlanbpHelne
WCCIIEIOBaHUSl B 3TOM 00J7acTH JOJDKHBI BKJIIOYATH MPOBEACHUE PEITMKATHBHOTO
aHajgm3a TOro ke (DeHOTHNA C TMeNbl0 BepubUKANNH HACHTH(DHUIINPOBAHHBIX
TeHETHYECKHUX JIOKYCOB KaK B BBIOOPKE JIMI] U3 TOTO K€ PErHoHa, TaK M U3 JPYTHX
peruoHoB Poccuu.

Qunancupoganue: ViccnenoBaHue BBINOIHEHO B PaMKax TOCYJapCTBEHHOIO 3aJaHUS
MunncrepcTBa Haykd W Bbicmiero oOpasoBanus Poccuiickoit  ®Deneparuu
(Ne 122041400169-2). O6pasisr JJHK B3sater u3 HKIT «Komnekius OHOIOTHUSCKUX
MatepuanoB ueioBeka» WBIT YOUL][ PAH, noanep:xxanHoro Ilporpammoit
ouopecypcubix Komiekimii ®AHO Poccuu (Ne 007-030164/2).
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Motivation and Aim: Despite the important role of aggression in human survival and
adaptation from an evolutionary perspective, aggressive behavior (AB) is a destructive
form of communication developed under reduced emotional control [1]. Considering the
manifestation of aggressive and antisocial behavior as a result of interaction of biological
(including genetic) and social components [2], the studies conducted to date were
directed to the search of certain genetic variants related to aggression using both a
candidate gene approach [3] and genome-wide association studies (GWAS) [4]. Genetic
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loci, which were identified in these studies, were precisely related to the development of
antisocial behavior, which included a whole range of different syndromes and
psychopathologies such as attention deficit hyperactivity disorder, autism spectrum
disorders, and addiction [4]. However, to date no GWAS related to the aggression level
itself rather than antisocial behavior have been published. In addition, identification of
SNPs via GWAS in Russian cohorts is of particular relevance since an increasing number
of studies indicate an ethnicity specific nature of associations identified in GWAS. In
this regard, the present study aimed to perform GWAS of aggression level in a moderate
sample of young adults from the VVolga-Ural region of the Russian Federation.

Methods and Algorithms: DNA samples (N = 1422) obtained from University students
of the Republic of Bashkortostan and the Udmurt Republic (Russians, Tatars, Bashkirs,
Udmurts, persons of mixed ethnicity; aged 18-25 years), who were absent of any mental
disorder, were used as a material for the study. Genotyping of ~ 650k SNPs in the studied
sample was carried out using DNA microarray technology and reagents (Infinium Global
Screening Array v3.0 Kit, Illumina). Aggression level was assessed using the Buss-Perry
Aggression Questionnaire (BPAQ-29). GWAS of aggression level was carried out with
correction for ethnic heterogeneity of the sample by including the main components as
covariates using Plink v.1.09 (https://www.cog-genomics.org/plink /), R (http://www.r-
project.org) and GAPIT v.3 package (Genome Association and Prediction Integrated
Tool). This software enables to analyze associations using various mathematical models,
including the general linear model (GLM), the mixed linear model (MLM), the fixed and
random effects model (FarmCPU). Along with the quality control of phenotype and
genotypes, a mathematical transformation of aggression level was carried out to achieve
compliance with the Gaussian distribution. The level of statistical significance was
assumed at p<5x10-® according to previous study [5].

Results: As a result of the GWAS analysis we have selected SNPs intersected in all three
examined models (GLM, MLM and FarmCPU) as significant ones. Two SNPs
associated with individual aggression level were detected, including rs17124581 (p =
1.56x107) and rs114798927 (p = 3.97x10°). The rs17124581 is located in the intergenic
region neighboring the KCNK10 and SPATA7 genes, and rs114798927 is located near
the TNKS and PPP1R3B genes. The rs17124581 resides 14g31.3 region, which was
shown to be important for normal neuronal development, and nucleotide substitutions in
this region were previously reported in patients with cognitive impairment [6]. The
rs17124581 has not been previously associated with aggressive or antisocial behavior;
however, based on the data from previous GWAS, this SNP was also associated with
information processing speed [7]. Considering that cognitive emotional control is one of
the important restraining factors for developing aggression, including especially
prefrontal cortex, it can be assumed that identified SNP is associated with aggression
through the regulation of cognitive functioning. The genes encoding the potassium
channel family protein (KCNK10) and SPATA7Y are located in a close proximity to
rs17124581. Previous GWAS confirm the involvement of the KCNK10 gene in nicotine
dependence [8], which often correlates with the aggression level. In addition, there is
evidence confirming the potential association of the SPATA7 gene with antisocial
behavior, including schizophrenia [9].

Another SNP associated with aggression in our study, rs114798927, is located in 8p23.1
region, structural changes in which were associated with risky behavior [10].
Conclusion: For the first time, we identified rs17124581 and rs114798927 as associated
with aggression level in mentally healthy young adults from Russia aged 18-25 years,
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which implicated GWAS framework. The obtained results indicate the possible
involvement of potassium channel genes (KCNK10) and tankyrase (TNKS) in the
development of human aggression via both epigenetic regulation of other molecular
components and regulation of cognitive control. Despite the sufficient sample size and
control for the principal components to correct for ethnicity in mathematical models,
various environmental factors potentially affecting manifestation of aggression were
non-considered in the present study. Further research in this field should represent a
replication analysis in order to verify the association of identified SNPs with the same
phenotype, which has to be carried out in individuals from the same region and from
other regions of Russia.

Funding: The study is supported by the State Contract of the Ministry of Science and
Higher Education of RF (No. 122041400169-2). The samples were obtained from the
CCU “Collection of human biological materials” of IBG UFRC RAS supported by the
Program of Bioresources collections of FASO of RF (No. 007-030164/2).
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