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Momusayusa u yens: ATpecCUBHOE TOBEIEHHE KaK KOJWYECTBEHHBIM MPU3HAK UMEET
OYEHBb CIOKHYIO CTPYKTYPY, W KOHTPOIb CO CTOPOHBI T€HETHYECKHX IETEPMHHAHT
MIPOUCXOANT Ha OHE OTPENEICHHON 3THUIECKON U KyIbTYpHOH cpensl [1]. st Gonee
00BEKTHBHOTO TEHETHYECKOTO aHaNW3a arpecCUBHOTO TOBENEHHS HE0O0XOIUMO
YYUATHIBATh H3MEHYUBOCTD, CBA3aHHYIO C STHHYECKUM MPOUCXOXKIECHHEM. ACCOIHAIINT
MEXIy MOIMUMOP(GU3MOM TE€HOB W TIOBEIACHUSCKUMH TMpH3HAKAMH OIICHWBAJIH C
WCTIOJIb30BaHUEM T'€HOB, CBS3aHHBIX C ()YHKIIMOHUPOBAHWEM HEPBHON CHCTEMBI, TAKHUX
Kak J0(aMHHOBAst U CEPOTOHHHOBASI CUCTEMBI, & TAK)KE TEHOB, CBS3aHHBIX C ITOJIOBBIMU
ropmoHamu. Hampumep, takue rensl, kak OXTR, HTR2A un AR, u3BecTHBI BakHOU
POJIBIO B PETYIISIIIUHU arpecCUBHOTO MoBeAeHus [2—6]. CBsi3b SNP-nokyca rs53576 rena
OXTR c arpeccueit MOKeT OBITH OOBSICHEHA BIUSHUEM Ha CKOPOCTh TPAHCIISLUK Oelka
[7], Torma xak SNP-nokyc rs6311 rena HTR2A mMosxeT BIusTh Ha 3KCIpeccuio rexa [8].
IMonmumopdueiii  Mukpocateuuthbiii Jokyc AR(CAG)n B rere AR Takke uMmeer
3HAYCHME, BIUSAS Ha KOH(OPMAIMIO M aKTUBHOCTH Ocyka [9]. OKCUTOLMH, BaXKHBIN
TOPMOH, PEryJupyeT ICUXHKY W sMoIuu y miekonurtanomux [10]. UccnenoBanus
MOKA3bIBAIOT €ro CBsA3b ¢ arpeccuedd [6], HO manHble 0 reHotunie GG W aMmaTun
npotuopeunBhl [11]. Jlokyc rs6311 paccMmarpuBaeTcss Kak MapKep arpecCHBHOIO
noBeneHus [12]. Menbiee komudecTBO CAG-IIOBTOPOB B MHUKPOCATEIUIUTHOM JIOKYCE
AR accomuupyercst ¢ arpecCUBHBIMU YepTamu [13].

BonpmmHCTBO MccnenoBaHnuii MPOBOAUIOCH HA TPATUIIMOHHBIX 3THUYECKUX TPYIIaX,
4YTO OTrPaHWYMBACT NMOHMMAaHUE BIMSHUS T'CHETHUECKMX (PAKTOpOB Ha TIOBEACHUE B
COBPEMEHHOW eBpOIeHCKOW KyibType. Haimre wuccienoBaHnne HampaBlIeHO Ha
MTOITBEPIK/ICHHE BIMSHUS TPEX MEPEUNCISHHBIX JIOKYCOB HA arpECCUBHOE ITOBE/ICHUE Ha
pUMepe MOHOATHUYHOM BBIOOPKH apMSHCKUX CTY/ICHTOB.

Memoovr u ancopummut: VicciemoBaHuE TPOBOAWIOCH Ha BBEIOOPKE CTYIICHTOB
EpeBanckoro rocynapcTtBeHHOro yHuBepcuteta B nepuon ¢ 2014 mo 2016 rr.
I'enotunupoBanue mpoBoAmiock Ha 231 yenmoBeke st JokycoB OXTR 1s53576 u
HTR2A rs6311, a mns nokyca AR(CAG), — Ttomsko Ha 229 muanBuayymax. OrieHKa
arpeccCUBHOTO TIOBEIEHUS MPOU3BOIMIIACEH C TIOMOIIBIO onpocHIKOB bacca—Ileppu u mo
peakTUBHOM-IpoakTUBHOM arpeccun [14, 15]. T['eHoTunupoBaHue NPOBOAUIOCH
metogamu [ILP-ITJIP® nmns SNP-10kycoB U (pparMEHTHBIM aHAJIM30M JUIsS JIOKycCa
AR(CAG),. Cratuctuueckasi o0pabOTKa JaHHBIX BBIMOJHEHA C HCIIOJH30BAHUEM
nporpamm GenAlEx v 6.51 [16], Statistica v.10 (StatSoft, Inc., CILIA), Structure v.2.3.4
[17], APSampler v. 3.61 [18]. Paznuuus cunranuch 3HaunMbIMU 1ipu P < 0.05, ¢ yueTom
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nonpaBku bemxamuan—Xox0epra Ha MHOXKecTBeHHbIe cpaBHeHUs [19]. Ilpu ananuze
BIHMAHUS JIOKyca AR Ha TNpH3HAaKM arpeccuu Habop ajuieneld ObUT MpenBapUTENBHO
pPamKHUPOBaH Ha «KOPOTKHE» U «UIMHHBIe», Xapakrepusyomuecs 12-21 moBropom
CAG u 22-29 noBTOpaM# COOTBETCTBEHHO.

Peszynomamer: B noxyce OXTR rs53576 npeotnanaer amiens G (0.72) ¢ rerotunom GG
y 52 % o6pasnos. BHTR2A rs6311 anmnenu A u G npeacrariens! mpuMepHo paBHo (0.48
1 0.52 cooTBeTcTBEHHO), ¢ reHOTUIIOM AG Y 46 % 00pasiioB. PacipenencHre reHOTUTIOB
COOTBETCTBYET PABHOBECHIO, MOIATBEPKIECHHOMY TecTOM y2. Bbisieno 17 amtenei
aokyca AR(CAG)n, npeobnanatot awienu ¢ 20, 21 u 23 noBropamu (cyMMapHasi 4acToTa
0.49). Kiactepnsnii ananu3 (Structure) mokazan OZHOPOIHOCTh BBIOOPKH — HATHYHC
OJTHOTO KJIacTepa.

Boutn  paccuuTaHbl cpenHHWE, CTaHIApTHBIE OTKJIOHEHMS, MAaKCHMalbHbIE U
MUHHMMAaJIbHBIE 3HAUCHMs NPU3HAKOB arpeccuy, OLEHEHHBIX OIpocHuKamu bacca—
Ileppu U peakTHBHOM-IPOAKTUBHOW arpeccuu. PacmpeieneHusi IIKal arpeccud B
OCHOBHOM HE OTJINYAIOTCSI OT HOPMAIILHOTO, 33 UCKIIIOYCHNEM (PU3MUYECKOH arpeccuu y
KCHIIMH U BepOaNbHOW W MPOAKTUBHOM arpeccuy B 0O0beAMHEHHOH BbIOOpKe. Tect
CTpIOZiCHTa TOKa3al 3HAYMMBIC Pa3Nu4Ms MEXAYy MYKYMHAMHM WU JKCHIIMHAMH I10
HECKOJILKMM IIIKajaM arpeccuu: ¢usmueckas arpeccus (p = 0.000000028), Bpaxaeo-
HocTh (P = 0.0327), mpoaktmBHas (P = 0.000000028) u peakTuBHAs arpeccus
(p =0.0151), xoropbie Bhiie y MyxuuH. 3HaucHUs anb(a KponOaxa /s Bcex IMIKam
coctapisitor 0.7892, nnst ompocHuka bacca—Ileppu — 0.7164, anga peakTUBHOI-
npoakTHBHOM arpeccun — 0.7329.

IIpoBeneH acconMaTHBHBIM aHANW3 Kak MO OOIIMM JaHHBIM, TaK M OTAEIBHO IO
MYXXYHHAM M XKCHIIUHAM. YeThlpex(aKTOPHBIH TUCTIEPCUOHHBIA aHAIN3 MOATBEPIUII
BJIMSIHUE TI0J1a HAa YPOBEHb (DU3NYECKOM, TPOAKTUBHOM M PEAKTHBHOM arpecchy, a TaKkKe
MoKa3all 00paTHyI0 3aBUCUMOCTD BPaXXI€OHOCTH MEXIy MYXKYHHAMH 1 KCHIHAMH.
TpexdakTopHbIil AUCHEPCUOHHBIM aHAJIN3 BBISIBUI BIMSHHE MOIUMOpdu3Ma JoKyca
AR(CAG), na ¢wusmueckyro arpeccuto y MyxuuH u Jiokyca OXTR rs53576 Ha
BepOAIbHYIO arpeccuio y >KeHIIWH. Takke oOHapy>KEHO BIHMSHHE B3aMMOJICHCTBUS
aokycoB OXTR 1553576 u AR(CAG)n Ha pa3iu4Hble MIKAJIbl arpecCHd Y JKEHIIUH W
acconmarus B3anmoaeicTBust OXTR rs53576 x HTR2A rs6311 ¢ peaktuBHOI arpeccueit
Y JKCHIIUH.

Amnanus B nporpamme APSampler BbIsiBUII coueTaHNsl TEHOTHIIOB, XapaKTepHbIE KaK JIs
Oosiee, TaKk W Ul MEHEE arpecCUBHOM 4YacTW BBIOOPKHM, KaK A BCeX, TaK M AN
OTJENBHBIX TPYNI MYXYMH M >KeHIIUH. [y OoJiee arpecCHBHBIX MPEACTABUTEICH:
OXTR rs53576 — AG + HTR2A rs6311 — A. JInst MeHee arpeCCUBHBIX TIPEJCTABUTEIICH:
OXTR rs53576 — GG + AR(CAG), — 24.

Buigoowi: ViccnenoBaHo BIMSHUE T€HETHYECKUX (PAaKTOPOB Ha arpecCUBHOE MOBEACHUE
y MY>XYHH M JKSHIIUH, TOATBEPKAEHbI TeHaepHble paszinnuus [20], a Taxke BIHAHUE
sokycoB OXTR rs53576 u AR(CAG), Ha THeB 1 arpeccuto. JlanbHeIne uecne10BaHus
HEOOXOIUMBI Uil TPOBEPKH BOCHPOM3BOAMMOCTH DE3YJIBTATOB W  YTOUHEHHS
MeXaHU3MOB BiusiHUS [21].

VY myxuun ooHapyxeH apdekrt renoruma tokyca AR(CAG)n Ha HU3NIECKYIO arpPeCcCHIo,
cornacytoumiicst ¢ [13]. Onnako aBTops! [22] moaBeprau 3TOT 3(P@eKT COMHEHHIO.
Baxnocte 3THHYeckoro (¢akrtopa mnoaTBepxkpaercs [5]. Y OKEHIIWH BBISBJICH
He3aBUcHMBI 3 ekt Jokyca OXTR 153576 Ha BepOasbHYIO arpeccuio,
npotuopevamiuid [11, 23], HO cornacyromuiics ¢ HAIUMU JaHHBIMU [5]. OMnarus u
OTBET Ha CTpecc CBsA3aHbI ¢ 3THM dpdextom [10, 11, 24].
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Paznnumst B pe3ynpTatax MOTYT OBITH 00YCIIOBJICHBI MOJOBOM CIEUU(PUKON IKCIIPECCHH
TCHOB Y MY)XUMH W KCHIIMH, YTO 3aTPyAHSET OOHApyKEHHE OTICIbHBIX d((PEKTOB
aokycoB OXTR rs53576 u AR(CAG), Ha arpeccuro. BzaumMoeiicTBrue 3THX JIOKYCOB
MOATBEPXKIACHO KaK y MY)XUYMH Ha BepOalbHYIO arpeccwio, TaKk W Yy JKCHIIMH Ha
BepOaIbHYI0, MPOAKTHBHYIO M PEAKTHUBHYIO arpeccuto. MexaHuW3M B3auMOJICHCTBUS
OCTaeTcsi HESCHBIM H3-32 Pa3Iuyuil B (PU3UOJOTHYECKHX CHUCTEMax, K KOTOPBIM
OTHOCSITCS TAHHBIE JIOKYCHI.

VY KEHIUH HaOIronaeTCs BIMsIHUE B3auMoaeicTBHs JIokycoB OXTR rs53576 u HTR2A
rs6311 Ha peakTHBHYIO arpeccuto. I'omo3urotrHeie HocuTenu Jokyca HTR2A rs6311 ¢
amnenem A nmokyca OXTR rs53576 mposBISIIOT TIOHVKEHHBIH YPOBEHb arpecCcHy, B TO
BpEeMsI KaK reTepO3UrOTHbIE HOCUTENH reHoTHNna AG UMEIOT MaKCUMalbHBIH YPOBEHb.
Coueranue reHoruna GG nokyca OXTR rs53576 ¢ mo0bsiM reHoTHIOM JIoKyca HTR2A
rs6311 xapakrepu3yercsi CpeTHIM YPOBHEM arpecCH.

HaOnronarorcst CIIOKHBIE B3aMMOCBS3M Mexay amiensmu jokyca HTR2A rs6311 wu
Mexnay Jokycamu reHoB HTR2A u OXTR. T'enotun GG nokyca HTRZ2A rs6311
aCCOIMUPYETCS C TIOBBIIIICHHBIM YPOBHEM CYHITUAAIBLHOTO TIOBEACHMS U arpeccuu [12].
Panee Opin mokazan 5(deKT B3aUMOIEHCTBHS 3THUYECKOHW MPHHAIICHKHOCTH U
reroruna gokyca HTR2A rs6311 Ha arpeccuto.

Ha BTOpoM 3Tarne, ¢ mpuMeHeHHeM HerlapaMeTpHUECKOTr0 aCCOIMaTUBHOTO aHATN3a, MBI
BEISIBIUIA KOMOWHAITMH TEHOTHUIIOB s NBYX dacTteit Beioopku: OXTR rs53576 — GG +
AR(CAG)n — 24 mist «menee arpeccuBHbix» 1 OXTR rs53576 — AG + HTR2A rs6311 —
A nns «Oonee arpeccHBHBIX», YTO COOTBETCTBYET pe3yJbTaTaM JHCIEPCHOHHOTO
aHanm3a. Mel noareepkaaeM Biausaue jokyca AR(CAG)n Ha ypoBeHb (pHU3HYECKOM
arpeccun y MyxuuH u jokyca OXTR rs53576 Ha ypoBeHBb BepOANbHOW arpeccuu y
JKSHILMH B HaIiel Beioopke. Bce oOHapykeHHBIC 3PP EKThI, 0COOEHHO B3aUMOICHCTBUS
JIOKYCOB, TpEOYIOT AajbHEHIIIEH TPOBEPKHU U BepH(UKAIMK Ha BEIOOPKAX M3 PA3TUIHBIX
KYJIBTYPHO-3THHYECKHX TPYIIT, BO3MOXHO, C MPUBJIICYCHHEM 00Jiee KPYITHBIX BEIOOPOK
Y IpUMeHeHueM 0oJiee MOIITHBIX METO/IOB aHAIIN3a, TAKUX Kak GWAS (oJTHOreHOMHBIN
TIOUCK aCCOITHAITHIN).

Qunarncuposanue. ViccienoBanne NoAepkKaHO B paMKax pasjiesia ToCyJIapCTBEHHOTO
samanust UBP PAH 2024 roga Ne 0088-2024-0011.
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Motivation and Aim: Aggressive behavior, as a quantitative trait, has a very complex
structure, and genetic control occurs against the background of specific ethnic and
cultural environments [1]. For a more objective genetic analysis of aggressive behavior,
it is necessary to consider variability associated with ethnic origin. Associations between
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gene polymorphisms and behavioral traits were assessed using genes related to the
functioning of the nervous system, such as the dopamine and serotonin systems, as well
as genes associated with sex hormones. Genes such as OXTR, HTR2A, and AR are known
to play an important role in regulating aggressive behavior [2-6]. The association of the
SNP locus rs53576 in the OXTR gene with aggression can be explained by its influence
on the rate of protein translation [7], while the SNP locus rs6311 in the HTR2A may
affect gene expression [8]. The polymorphic microsatellite locus AR(CAG). in the AR
gene also plays a significant role by influencing protein conformation and activity [9].
Oxytocin, an important hormone, regulates the psyche and emotions in mammals [10].
Research indicates its association with aggression [6], but data regarding the GG
genotype and empathy are contradictory [11]. The rs6311 locus is considered as a marker
for aggressive behavior [12]. A lower number of CAG repeats in the AR microsatellite
locus is associated with aggressive traits [13].

Most studies have been conducted on traditional ethnic groups, limiting the
understanding of the influence of genetic factors on behavior in modern European
culture. Our study aims to confirm the influence of the studied loci on aggressive
behavior using a mono-ethnic sample of Armenian students.

Methods and Algorithms: The study was conducted on a sample of students from
Yerevan State University from 2014 to 2016. Genotyping was performed on
231 individuals for the OXTR rs53576 and HTR2A rs6311 loci, and only on
229 individuals for the AR(CAG). locus. Assessment of aggressive behavior was carried
out using the Buss-Perry questionnaires and measures of reactive-proactive aggression
[14, 15]. Genotyping was conducted using PCR-RFLP methods for SNP loci and
fragment analysis for the AR(CAG), locus. Statistical analysis was performed using
GenAlEx v 6.51 [16], Statistica v.10 (StatSoft, Inc., USA), Structure v.2.3.4 [17], and
APSampler v. 3.61 [18]. Differences were considered significant at p < 0.05, with
adjustments made for multiple comparisons using the Benjamini—Hochberg correction
[19]. When analyzing the influence of the AR locus on aggression traits, the allele set
was pre-ranked into 'short' and 'long’ categories, characterized by 12-21 and 22-29 CAG
repeats, respectively.

Results: In the OXTR rs53576 locus, the G allele predominates (0.72), with the GG
genotype present in 52 % of the samples. In HTR2A rs6311, alleles A and G are
represented approximately equally (0.48 and 0.52, respectively), with the AG genotype
in 46 % of the samples. The distribution of genotypes conforms to equilibrium,
confirmed by the 2 test. Seventeen alleles of the AR(CAG), locus were identified, with
alleles containing 20, 21, and 23 repeats predominating (combined frequency of 0.49).
Cluster analysis (Structure) demonstrated sample homogeneity, indicating the presence
of a single cluster.

Means, standard deviations, maximum, and minimum values of aggression traits
assessed by the Buss—Perry questionnaire and reactive-proactive aggression were
calculated. The distributions of aggression scales mostly did not deviate from normal,
except for physical aggression in women and verbal and proactive aggression in the
combined sample. The Student's t-test revealed significant differences between men and
women across several aggression scales: physical aggression (p = 0.000000028),
hostility (p = 0.0327), proactive (p = 0.000000028), and reactive aggression (p = 0.0151),
all of which were higher in men. The Cronbach's alpha values for all scales are 0.7892,
for the Buss—Perry questionnaire — 0.7164, and for reactive-proactive aggression —
0.7329.
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Associative analysis was conducted using separate aggression scales from both
questionnaires. An associative analysis was performed using both overall data and
separately for men and women. A four-way analysis of variance confirmed the influence
of gender on the level of physical, proactive, and reactive aggression, and also showed
a reverse relationship of hostility between men and women.

Three-way analysis of variance revealed the influence of polymorphism of the
AR(CAG)s locus on physical aggression in men and the OXTR rs53576 locus on verbal
aggression in women. Additionally, the interaction between the OXTR rs53576 and
AR(CAG)n loci was found to influence various aggression scales in women, along with
an association of the interaction OXTR rs53576 x HTR2A rs6311 with reactive
aggression in women.

The analysis in the APSampler software revealed combinations of genotypes
characteristic of both more and less aggressive segments of the sample, both overall and
within individual groups of men and women. For more aggressive individuals: OXTR
rsb3576 — AG + HTR2A rs6311 — A. For less aggressive individuals: OXTR rs53576 —
GG + AR(CAG), — 24.

Conclusion: The influence of genetic factors on aggressive behavior in men and women
has been investigated, confirming gender differences [20], as well as the influence of
OXTR rs53576 and AR(CAG). loci on anger and aggression. Further research is
necessary to confirm the reproducibility of the results and to clarify the mechanisms of
influence [21].

An effect of the AR(CAG). locus on physical aggression in men has been found,
consistent with [13]. However, [22] have cast doubt on this effect. The importance of
ethnic factors is confirmed by [5]. An independent effect of the OXTR rs53576 locus on
verbal aggression in women was identified, contradicting [11, 23] but consistent with
our data [5]. Empathy and stress response are associated with this effect [10, 11, 24].
Differences in results may be due to gender-specific gene expression in men and women,
complicating the detection of individual effects of OXTR rs53576 and AR(CAG)x loci on
aggression. The interaction of these loci has been confirmed both in men for verbal
aggression and in women for verbal, proactive, and reactive aggression. The mechanism
of interaction remains unclear due to differences in physiological systems to which these
loci belong.

In women, the interaction between OXTR rs53576 and HTR2A rs6311 loci has been
observed to influence reactive aggression. Homozygous carriers of the HTR2A rs6311
locus with the A allele of the OXTR rs53576 locus exhibit lower levels of aggression,
while heterozygous carriers of the AG genotype have the highest level. The combination
of the GG genotype of the OXTR rs53576 locus with any genotype of the HTR2A rs6311
locus is characterized by an intermediate level of aggression.

Complex relationships are observed between alleles of the HTR2A rs6311 locus and
between loci of the HTR2A and OXTR genes. The GG genotype of the HTR2A rs6311
locus is associated with increased levels of suicidal behavior and aggression [12].
Previously, an interaction effect of ethnic origin and genotype of the HTR2A rs6311
locus on aggression has been demonstrated.

In the second stage, using non-parametric associative analysis, we identified genotype
combinations for two segments of the sample: OXTR rs53576 — GG + AR(CAG), — 24
for “less aggressive” and OXTR rs53576 — AG + HTR2A rs6311 — A for “more
aggressive”, consistent with the results of the analysis of variance.
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We confirm the influence of the AR(CAG)s locus on the level of physical aggression in
men and the OXTR rs53576 locus on the level of verbal aggression in women in our
sample. All detected effects, especially the interactions of loci, require further
verification and validation in samples from different cultural-ethnic groups, possibly
involving larger samples and the use of more powerful analysis methods, such as GWAS
(genome-wide association study).

Funding: The study is supported by Government program of basic research in Koltzov
Institute of Developmental Biology of the Russian Academy of Sciences in 2024
No. 0088-2024-0011.
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