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Abstract—Oxytocin represents one of the key element regulating social activity and aggressive behavior via its
binding to oxytocin receptor (OXTR). Considering the multifactorial nature of developing aggression, the
present study aimed to assess the main effects of the OXTR (rs53576, rs237911, rs7632287, rs2254298,
rs2228485, rs13316193) gene polymorphisms together with haplotypic and G X E effects on individual dif-
ferences in aggression level in 623 mentally healthy individuals with sex and ethnicity as covariates. The asso-
ciation of rs2228485*G allele (Pppr = 0.046) and rs237911*G allele (Pppr = 0.046) and decreased aggression
level was observed in Tatars. Haplotypic analysis revealed an association of the OXTR G*G*G haplotype
(rs53576, rs2228485, and rs237911) and diminished aggression level (P,..,, = 0.020) in Tatars. As a result of
multiple regression analysis, we observed the modulating effect of smoﬁing and paternal overprotection sig-
nificantly affecting association of the OXTR rs2228485 and aggression level (P = 0.029 and P=0.014, respec-
tively) in the total sample.

Keywords: aggressive behavior, gene X environment interactions, oxytocin, association analysis, haplotype

DOI: 10.1134/51022795420090057

INTRODUCTION

The study of aggressive behavior (AB) in humans as
an integral part of mental health is becoming more rel-
evant nowadays, which is due to its serious destructive
consequences for society and a wide range of individ-
ual manifestations of aggression. AB is a complex trait,
which implies actions aimed at causing moral, physi-
cal, or other damage to another object or to oneself
(autoaggression) [1]. According to Rosstat, about
1.5 million individuals repeatedly were subjected to
various types of criminal attacks in 2018 in Russia
(including 40000 people subjected to serious harm to
their health, while 26000 individuals died) [2] and a
similar pattern is extrapolated to the majority of coun-
tries worldwide [3]. Together with the existence of
severe forms of AB, an excessive aggression varying
within the norm of reaction in population may repre-
sent aggressive attacks in everyday life.

A multifactorial nature of the etiology and patho-
genesis of AB suggests the involvement of both genetic
and environmental components. According to twin
studies, the coefficient of inheritance of aggression is
about 50% [4]. Together with the role of monoamin-
ergic system genes, the families of neurotrophic fac-
tors, and neuronal apoptosis [5], the regulation of AB

is caused by the hypothalamic-pituitary-adrenal axis
(HPA). An important role in the regulation of this sys-
tem belongs to oxytocin—sex hormone and neu-
rotransmitter synthesized in magnocellular neurons of
the paraventricular and supraoptic nuclei of the hypo-
thalamus and in multiple neurons of the central ner-
vous system (CNS). Oxytocin is involved in control of
various functions of the organism directed to species
maintenance, including prosocial behavior and stress
response [6, 7]. Impaired functioning of the oxytocin-
ergic system was demonstrated on model objects with
excessive aggressive behavior [7], while a reduced oxy-
tocin level in the CNS predicted aggressive behavior in
humans [6]. Moreover, a decrease in hyperaggressive
behavior in mice was detected as a response to injec-
tion of oxytocin and oxytocin receptor (OXTR) antag-
onist [8], which determines the level of oxytocin activ-
ity and primarily depends on its binding to corre-
sponding receptor encoded by the OXTR gene.

Association studies also indicated the relation
between antisocial and aggressive behavior and the
OXTR gene polymorphisms (3p25.3) [9, 10]. One of
the most examined loci in the OXTR gene is rs53576
located in intron 3, which was associated with various
forms of social behavior [11] and autism spectrum dis-
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orders (ASD) [11], which are characterized by a deficit
of social activity and aggressive behavior. Previously
the association of #s2254298 in intron 3 and rs 7632287
in the 3'-untranslated region with social behavior was
reported [11], while #s237911 in the promoter region
and 752228485 (p.Asn57) in exon 3 of the OXTR gene
were associated with antisocial behavior [9, 10]. Ear-
lier studies examining AB in men who conducted anti-
social actions included the association analysis of sev-
eral SNPs in the OXTR gene in severe forms of AB
[10]; however, evaluation of the OXTR gene variants in
the individual differences in aggression level in men-
tally healthy individuals considering social factors was
not conducted previously.

Several environmental factors may trigger the man-
ifestation of excessive aggression via mechanisms of
epigenetic regulation. Twin studies provide evidence
that the development of a phenotype related to
impaired types of behavior varied depending on the
place of residence (rural/urban), child—parental rela-
tionships, the presence of chronic disorders and
addiction, ethnicity, and sex, which might be caused
by differences in functioning of the nervous and endo-
crine systems together with transcription profiles
between men and women [12]. The data on the influ-
ence of maternal psychiatric disorder, deviant behav-
ior in close relatives [13], and addictive behavior
during prenatal development on an individual’s epi-
genetic state and, hence, on the expression of the
OXTR gene and manifestation of deviant behavior in
childhood and AB in adult life [14] are of interest. For
the complete coverage of the OXTR gene and consid-
ering a better prognostic strength of haplotypic analy-
sis, the present study was based on genotyping of six
SNPs in the OXTR gene. Accordingly, the present
study aimed to estimate the main effect of the OXTR
gene polymorphisms (1553576, rs237911, rs7632287,
152254298, rs2228485, rs1331619) together with a
haplotypic effect and gene X environment interactions
(G x E) in developing AB in healthy individuals aged
17—25 years considering sociodemographic parame-
ters.

MATERIALS AND METHODS

The study comprised 623 mentally healthy individ-
uals (81.11% women)—students at universities of the
Republic of Bashkortostan and Udmurt Republic
(mean age 19.53 £ 1.75 years) consisting of Russians
(N = 225), Udmurts (N = 218), Tatars (N = 141), and
individuals of mixed ethnicity (N = 39). All enrolled
individuals were not registered in the Psychiatric Reg-
istry and did not have familial history of mental illness.
The study participants underwent psychological test-
ing, and sociodemographic data on ethnic origin (up
to three generations) together with specificity of
child—parent relationships (parenting style, episodes
of childhood abuse, rearing in a full/incomplete fam-
ily), socioeconomic status, maternal and paternal age
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at birth, place of residence (urban/rural), sibship size
and birth order, chronic diseases, and smoking were
obtained.

The Russian version of the Buss-Perry Aggression
Questionnaire (BPAQ-29) consisting of 29 issues was
used for the assessment of aggressiveness. The mate-
rial for the study included DNA samples isolated from
the peripheral blood leukocytes via the standard phe-
nol-chloroform technique. The genotyping of the
OXTR gene SNPs (1553576, rs237911, rs7632287,
152254298, rs2228485, rs13316193) was conducted via
real-time PCR  with fluorescent detection
(FLASH/RTAS, State Research Institute of Genetics
and Selection of Industrial Microorganisms of the
National Research Center Kurchatov Institute, Mos-
cow) using a CFX96 PCR machine (BioRad, United
States) with the possibility of endpoint genotyping.

The resemblance of quantitative data to the normal
distribution (Gaussian distribution) was performed
using the Shapiro—Wilk W test (P > 0.05). Nonpara-
metric tests (Mann—Whitney test) were used to iden-
tify the relationship between environmental parame-
ters and the level of aggressiveness. The estimate of the
main effect of SNPs and haplotypes in individual vari-
ance in aggression was carried out with linear regres-
sion analysis using various statistical models (additive,
dominant, recessive) in PLINK v.1.07. The genotypes
and environmental factors served as independent fac-
tors in G X E analysis, while aggression level was the
dependent variable. Haplotypic blocks were con-
structed on the basis of the method of confidence
intervals. The assessment of linkage disequilibrium
was performed via Haploview 4.2 software. A detec-
tion of a statistically significant model of G X E inter-
action was followed by multiple regression analysis
including sex and ethnicity as covariates (STATA
11.0). The correction for multiple testing was con-
ducted by the FDR procedure (False Discovery Rate)
or permutation test (10000 permutations) during hap-
lotypic analysis (PLINK v.1.07).

RESULTS

As a result of the present study, we conducted the
association analysis of the OXTR gene polymorphisms
(r$53576, rs237911, rs7632287, rs2254298, rs2228485,
rs13316193) and estimated their involvement in
aggression level in individuals without mental disor-
ders considering several sociodemographic parame-
ters together with sex and ethnicity. The results of the
distribution of allele and genotype frequencies of the
OXTR gene corresponded to the Hardy—Weinberg
equilibrium (P = 1.000 for 7553576, P = 0.559 for
1237911, P = 1.000 for rs7632287, P = 0.299 for
152254298, and P = 0.147 for rs2225485), except for
rs13316193 (P < 0.005). The aggression score in the
examined sample was congruent to the Gaussian nor-
mal distribution (P = 0.200). Owing to the absence of
statistically significant differences in the distribution
Vol. 56
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of allele and genotype frequencies of the studied loci
between men and women and individuals of different
ethnicities (P > 0.05), the association analysis was
conducted in the total sample, as well as in groups
stratified by sex and ethnicity.

The characteristics of the studied sample consider-
ing differences in aggression level depending on each
of the examined sociodemographic parameters are
shown in Table 1. As a result of analysis, we observed
statistically significant differences in the mean aggres-
sion score depending on ethnic origin (P < 0.001),
birth order (P = 0.029), sibship size (number of chil-
dren in a family) (P = 0.031), childhood maltreatment
(P=10.001), smoking (P = 0.022), maternal care (P =
0.001), and protection (P < 0.001). To estimate the
effect of individual age, weight at birth (1500—4950 g),
and maternal age at delivery (16—44 years) on differ-
ences in aggression level, a linear regression analysis
was carried out with inclusion of sociodemographic
factors as independent variables and aggression level
as a dependent variable. No statistically significant
models were detected as a result of this analysis con-
sidering age (19.45 + 1.48 years; B = —0.353; P =
0.462), weight at birth (3381 & 533 g; P=0.932), and
maternal age at delivery (25.61 £ 5.43 years; B =
—0.191; P=0.183).

As a result of linear regression analysis after FDR
correction, the association of minor alleles of
rs2228485 (B = —8.412; P=0.014; Prpgr = 0.046) and
rs237911 (B = —8.771; P = 0.015; Pgpg = 0.046) with
a decreased aggressiveness was observed in Tatars
under the dominant statistical model (G/G + G/A vs.
A/A) (Table 2). The analysis of additive (G/G vs. G/A
vs. A/A) and recessive (G/G vs. G/A + A/A) effects of
the minor r52225485*G allele demonstrated the asso-
ciation with a reduced aggression level in both the total
sample (B =—4.538; P=10.011; Pgpg = 0.065 and B =
—8.569; P = 0.015; Prpr = 0.091, respectively), and
women (B =—4.322; P=10.040; Prpgr =0.240 and B =
—8.228; P=0.049; Prpr = 0.243, respectively); how-
ever, these associations did not achieve the level of sta-
tistical significance after FDR correction (Pppr >
0.05).

Considering sexual dimorphism with respect to
oxytocin receptor level and the necessity to include sex
as a covariate together with examined independent
variables, we performed the analysis of G X E interac-
tions, which estimates both the main effect of the
OXTR gene polymorphisms and 21 sociodemographic
parameters. It was observed that smoking (3 = —10.38;
= 0.020; P = 0.029) and paternal protection (B =
7.985; > = 0.020; P = 0.014) modulated association of
rs2228485 with aggression level (Fig. 1). A subsequent
one-way ANOVA revealed that smoking carriers of
major rs2228485*A/A genotype were characterized by
higher aggression level compared to nonsmoking indi-
viduals (P = 0.021). Moreover, carriers of #52228485*G
allele, which reported paternal overprotection as the
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rearing style, demonstrated a statistically significant
increase in aggression level compared to those with
paternal low protection rearing style (P = 0.020) (Fig. 1).

As a result of analysis, we observed a linkage dis-
equilibrium between rs53576, rs2228485, and
rs237911 in all examined groups (D' > 0.720), which
constructed a single haplotype block (Fig. 2). Haplo-
type frequencies are reported in Fig. 2. As a result of
linear regression analysis of haplotypes, we detected
the association of *G*G*G haplotype (based on
1853576, rs2228485, rs237911, respectively) with a
decreased aggressiveness in Tatars (B = —9.761; P =
0.003; Pyery = 0.020). Moreover, a trend for enhanced
aggression in men bearing the *G*A4*A haplotype was
demonstrated (B = 4.964; P=0.027; P, = 0.160).

DISCUSSION

The present study revealed an ethnicity-specific
pattern of association of 52228485 and rs237911 in
the OXTR gene with aggression level in mentally
healthy individuals. The functional studies of the
OXTR gene in knockout mice indicate their increased
aggression [15]. Molecular genetic studies devoted to
the analysis of the OXTR gene in humans also point to
its involvement in the regulation of neurobiological
processes underlying AB. The rs2228485 (c.171C>T,
p.AsnS57) and rs237911 (c.-135C>T) examined in the
present study do not cause amino acid substitution,
and their functional significance remains unclear. To
date only one study based on the analysis of these loci
in manifestation of AB was published. Namely,
152228485*%G/G genotype was associated with a reduced
risk, while rs237911*A allele was associated with an
enhanced risk for developing AB in men with mental
illness of Tatar ethnic origin [10]. These findings are
congruent with the detected character of association
between minor rs2228485*G and rs237911*G alleles
demonstrated in the present study with a reduced
aggression level in healthy individuals of Tatar ethnic-
ity and in the total group and women at a trend level
(P <0.05; Prpgr > 0.05). On the basis of these findings,
it may be suggested that rs2228485*G and rs237911*G
alleles appear to be markers of lower risk of manifest-
ing aggression independent of the presence of psychi-
atric illness; however, several sociodemographic
parameters are known to modulate the association of
genetic main effect and aggression level. They com-
prise smoking and the level of paternal protection,
which modified the aggression level. In the first case,
interindividual differences in aggressiveness depend-
ing on the presence of smoking were observed only
among carriers of rs2228485%A/A genotype, which
were characterized by an increased aggression level
compared to carriers of other genotypes. Therefore, it
can be assumed that genetically determined high
aggression level (in individuals with rs2228485%A/A
genotype) will be significantly higher in smokers com-
pared to nonsmoking individuals. According to pub-
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Table 1. Characteristics of the studied sample depending on sociodemographic factors, mean aggression level, and the
Mann—Whitney test between groups

Parameter N (%)? Mean age + SDP Mann—Whitney test (P)°
Sex
men 117 (18.89) 75.91 £ 16.64 0.923
women 504 (81.11) 75.76 £ 17.86
Ethnicity
Russians 225 (36.11) 77.37 £ 18.01 0.086
Tatars 141 (22.63) 71.72 £ 18.67 0.001
Udmurts 218 (35.00) 76.22 £ 15.42 0.412
Mixed ethnicity 39 (6.26) 78.03 +21.39 0.703
Place of residence
urban 329 (52.81) 74.29 + 17.55 0.642
rural 294 (47.19) 75.11 £ 17.51
Birth order
first 367 (58.91) 74.93 + 17.69 0.905
second 195 (31.30) 76.39 £ 17.25 0.127
>3 61 (9.79) 69.23 + 17.38 0.029
Sibship size
1 130 (20.87) 77.33 £ 18.45 0.087
2 302 (48.47) 73.82 + 16.47 0.553
>3 191 (30.66) 69.88 + 18.56 0.031
Income level
below average 78 (12.52) 76.74 £ 17.41 0.416
average 503 (80.74) 74.44 £ 17.89 0.277
above average 42 (6.74) 76.20 £ 14.65 0.525
Family content
full family 510 (81.86) 74.7 £17.33 0.709
incomplete family 113 (18.14) 75.16 £ 18.72
Childhood maltreatment
yes 81 (13.00) 81.39 + 15.06 0.001
no 542 (87.00) 72.99 + 17.92
Bilingual rearing
yes 326 (52.33) 72.40 = 17.95 0.193
no 297 (47.67) 74.78 = 16.95
Chronic disorders
yes 172 (27.61) 76.52 £ 16.99 0.058
no 451 (72.39) 73.36 = 17.97
Smoking
yes 42 (6.74) 74.48 = 17.37 0.133
previously 58 (9.31) 78.92 + 16.84 0.113
never 523 (83.95) 73.98 + 17.38 0.022
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Parameter N (%)? Mean age + SDP Mann—Whitney test (P)°
Maternal care
high 452 (72.55) 72.90 £ 17.83 0.001
low 171 (27.45) 79.32 £ 17.40
Maternal protection
high 361 (57.95) 77.50 = 17.50 <0.001
low 262 (42.05) 70.76 £ 17.81
Paternal care
high 331 (53.13) 75.09 + 17.84 0.641
low 292 (46.87) 74.16 = 17.99
Paternal protection
high 282 (45.27) 75.46 + 18.41 0.854
low 341 (54.73) 74.03 £ 17.47

4 Number of examined individuals. ® Mean score of aggressiveness t standard deviation. © Mann—Whitney test (P-value) to detect dif-
ferences in the mean values of aggressiveness between the groups. If more than two groups of categorical variables were present, a set of

dummy variables was constructed.

lished findings, smoking caused individual changes
such as increased aggression even in the case of passive
smoking [16], in particular, owing to the effect of nic-
otine on the epigenetic profile of individuals [17]. In
the second case, we detected differences in aggression
level only among carriers of minor rs2228485*G allele,
and a higher aggression score was observed in individ-
uals reporting paternal overprotection in childhood
compared to paternally low-protected responders.
According to the published data, the level of paternal
protection also positively correlated with social
aggression [18], which is congruent to our findings.

Although no studies reported the functional signif-
icance of rs2228485 (c.171C>T, p.Asn57), its location
in one of the CpG islands (according to Methyl
Primer Express Software v. 1.0, Applied Biosystems)
in the promoter gene region may point to its potential
involvement in a precise regulation of gene expression
via allele-specific differential methylation. Moreover,
multiple genes overlap with other genes and noncod-
ing RNAs, which are oppositely transcribed. In partic-
ular, previously we examined 7Taq 1A (rs1800497) poly-
morphism located in the dopamine D2 receptor gene
(DRD2), which actually resides in the ANKKI gene
overlapping it, and demonstrated the involvement of
this SNP in the development of individual differences
in emotional instability [19]. The rs22258485 in the
OXTR gene examined in the present study is simulta-
neously located in the CAV3 gene encoding caveolin-3
and noncoding RNA (ncRNA) and involved in the
transport of another sex hormone (estrogen, ER) to
the cellular membrane [20]. Caveolin-3 belongs to
auxiliary proteins regulating the functioning of polar-
ization-activated cyclic nucleotide ion channels. The
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latter are responsible for the fine tuning of neuronal
excitation, while its impaired functioning may be
related to mental illness [21].

To date, rs53576 is the most examined SNP in the
OXTR gene despite its intronic location (Fig. 2). Nev-
ertheless, rs53576*G allele is related to the increased
transcription of the OXTR gene and, hence, to
enhanced receptor sensitivity to oxytocin [22]. Previ-
ously it was studied in several psychopathologies
(schizophrenia, bipolar disorder, depression, and sui-
cidal behavior) and specific social behavior [11, 22].
Considering a negative correlation between oxytocin
level in cerebrospinal fluid and a history of suicidal
attempts and AB in patients reported in one study [23],
an increased expression of the OXTR gene associated
with 7s53576*G allele may represent a marker of
decreased risk of developing AB owing to compensa-
tion of a low oxytocin level [22]. Although we failed to
detect association of rs53576 with individual differ-
ences in aggressiveness, this locus comprising a spe-
cific haplotype (*G*G*G haplotype based on rs53576,
rs2228485, rs237911) was associated with a reduced
aggression in Tatars, which is at odds with previous
studies to some extent [10, 22, 23]. One of the possible
mechanisms regulating expression of the OXTR gene
may be attributed to allele-dependent methylation of
the OXTR gene, whose differential levels are related to
rs53576 variants. In particular, it was detected that
homozygous rs53576*G/G genotype was character-
ized by a significant decrease in the methylation level
at the second exon of the OXTR gene compared to car-
riers of 7553576*A allele [24], which corresponds to a
negative correlation between methylation level and
gene expression.
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Fig. 1. Multiple linear regression analysis demonstrating the modulating effect of G X E interactions—rs2228485* “smoking” (a),
r$2228485* “paternal protection” (b)—on individual differences in aggression level including sex and ethnicity as covariates. The

«

signs

and “+” stand for the absence (—) or presence (+) of smoking (a), low (—) or high (+) level of paternal protection (b).

The mean values of aggression score depending on the OXTR rs2558485 genotype and standard deviations of the means are
shown. The arcs mark the comparison groups in one-way ANOVA. The variables included in the regression model are reported.
B—regression coefficient; P—Ilevel of significance (P-value). * P < 0.05.

It is suggested that 57632287 examined in the pres-
ent study is functional, since it is located within bind-
ing sites of transcription factors COUP-TF (related to
the presence of rs7632287*A allele) and N-MYC,
ARNT, and USF (related to the presence of r57632287*G
allele); however, the question on the mechanism of
action on the OXTR gene expression remains unclear
[25]. Despite previous findings on the association of
the rs7632287*A allele with AB in adolescent boys [9]
and men independent of the presence of mental illness
[10], the present study failed to detect association of
this locus with variance in aggression level. Similar
results were reported by Johansson et al. [26], who also
did not observe association of s 7632287 with develop-
ing aggression in men.

The data published to date indicate the involve-
ment of rs2254298 located in intron 3 in the regulation
of processes related to social behavior [9, 11]. Previ-
ously it was demonstrated that rs2254298*A allele was
associated with severe social deficit in ASD and less
severe social impairments in ADHD [11], while carri-

RUSSIAN JOURNAL OF GENETICS
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ers of rs2254298*G allele with psychopathologies were
characterized by higher risk of developing AB [10]. In
the present study, we failed to detect association of
rs2254298 with aggression level, which may be caused
by the differences between the examined samples,
since our sample did not comprise clinical forms of
aggression.

As aresult of the present study, for the first time, we
established an ethnicity-specific role of the OXTR
gene (based on 1553576, rs2228485, rs237911) in indi-
vidual differences in aggression level in mentally
healthy individuals, which is congruent to previously
published ethnicity-specific association of candidate
genes with individual personality traits [27]. More-
over, a modulating effect of smoking and paternal pro-
tection on the association of 752228485 in the OXTR
gene with examined personality construct was
reported.

Although the present study has several advantages
(sample homogeneity by age and education level,
analysis of several SNPs in the same gene, the analysis

2020



1136

DAVYDOVA et al.

(a)
*
5 e 2l
Q Slel 8 Sl=
3 Ql@al @ Q&S
> A= ﬂ A
$— = = — | =
3'-UTR I] |!H:|—|:| 5'-UTR
10.8 kb 0.5] L6 kb 5.3kb 0.3
(b)
1 2 3 Freq P(Pperm) 1 2 3 Freq P(Pperm) 1 2 3 Freq P( erm)
(I)A A A 0438 04 13 (I)A A A 0439 141 (I)A A A 0431
(2)G A A 0.348 0.461 2)G A A 0.359 0.831 2)G A A 0.302 0.027(0.16)
3)G GG 0.130 0.109 3)G GG 0.126 0.257 3)G GG 0.152 0.154
4)G G A 0.044 0.371 4)G G A 0.044 0.459 4)G G A 0.042 0.786
(5)G A G 0.017 0.430 (5)G A G 0.017 0.701 (5)G A G 0.016 0.347
(6)A AG 0.011 0.282 6)AAG — - (6)A A G 0.024 0.243
(MHMAGG - (MHMAGG — - (YA G G 0.025 0.291
1 2 1 2 1 7
74 64
19 15 33
Total sample Women Men
1 2 3 Freq P( erm) 1 2 3 Freq P(Pyer) 12 3 Freq P(Pperm)
(I)A A A 0.370 (HH)A A A 0493 0.819 (HH)A A A 0447 0.222
2)G A A 0.399 0.829 2)G A A 0.309 0.866 2)G A A 0.354 0.484
3)G GG 0.134 0.629 3)G GG 0.131 0.697 3)G GG 0.118 0.003 (0.02)
4)G G A 0.056 0.059 4)G G A 0.032 0.569 4)G G A 0.042 0.377
(5)G A G 0.022 0.805 B)GAG - — (5)G AG 0.015 0.529
(6)A A G 0.015 0.352 (6)A AG 0.012 0.921 6)AAG -— —
(MHMAGG — - (7Y)A G G 0.010 0.569 (MHMAGG - —
OC!
1 2 4 1 2 1 2
57 27 53
7 21 34
10 53
10
Russians Udmurts Tatars

Fig. 2. Positions of the studied SNPs in the OXTR gene, haplotype frequencies constructed on the basis of 7553576, rs2228485,
rs237911, and results of linear regression analysis of haplotypes in the examined groups. (a) Schematic structure of the OXTR
gene, location of the studied SNPs, and distance between them (kb). (*) Excluded SNP due to its deviation from the Hardy—
Weinberg equilibrium. UTR—untranslated region. (b) Haplotype frequencies in each of the studied groups (in total sample,
among women, men, individuals of Russian, Tatar, Udmurt ethnic origin). (1) rs53576, (2) rs2228485, (3) rs237911. Freq—hap-
lotype frequency. P (Pperm)—P—value before and after permutation test (P-value for haplotypes associated with aggression level
is shown). Dashes indicate the haplotype frequencies under 0.01. Statistically significant differences (before and after 10000 per-
mutation test) are marked in bold. (1)—(7) are haplotype numbers. Constructed haplotype blocks (marked in triangles) in the

examined groups based on Lewontin’s statistics (D') were calculated in Haploview v.4.2.
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of a significant number of sociodemographic parame-
ters which may directly or indirectly affect regulation
of gene expression, correction for multiple compari-
son), we did not include other significant components
of the HPA axis (in particular, oxytocin gene (OXT),
arginine-vasopressin  (4VP), and corresponding
receptors (AVPRIA, AVPRIB)) responsible for the
regulation of hormonal and neurotransmitter func-
tioning as a whole. Therefore, future research in this
field has to consider interactions of the hypothalamic-
pituitary-adrenal axis and other systems and include
large-scale samples, which will make it possible to
overcome limitations existing in the present study
(average sample size and the absence of replication
sample).
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