
ISSN 1022-7954, Russian Journal of Genetics, 2023, Vol. 59, No. 9, pp. 940–948. © Pleiades Publishing, Inc., 2023.
Russian Text © The Author(s), 2023, published in Genetika, 2023, Vol. 59, No. 9, pp. 1059–1069.

HUMAN
GENETICS
A Replication Study of GWAS-Associated Variants in the TUFM, 
SH2B1, ZNF638, NEGR1, ATP2A1, EXOC4,

and CSE1L Genes and Cognitive Abilities
A. V. Kazantsevaa, *, Yu. D. Davydovaa, R. F. Enikeevaa, Z. R. Takhirovab, R. N. Mustafinc,

M. M. Lobaskovad, S. B. Malykhd, e, and E. K. Khusnutdinovaa, b, e

a Institute of Biochemistry and Genetics, Subdivision of the Ufa Federal Research Center, 
Russian Academy of Sciences, Ufa, 450054 Russia

b Laboratory of Neurocognitive Genetics, Department of Genetics and Fundamental Medicine,
Bashkir State University, Ufa, 450076 Russia

c Department of Medical Genetics and Fundamental Medicine, Bashkir State Medical University, Ufa, 450008 Russia
d Psychological Institute of Russian Academy of Education, Moscow, 125009 Russia

e Moscow State University, Moscow, 119991 Russia
*e-mail: Kazantsa@mail.ru

Received February 20, 2023; revised April 11, 2023; accepted April 12, 2023

Abstract—A large number of genome-wide association studies (GWASs) of cognitive abilities (i.e., intelli-
gence, educational level, executive functions, etc.) have been conducted in European populations. A replica-
tion analysis of GWAS-associated variants of the general factor of intelligence in the development of spatial
(3D) abilities in the individuals from Russia is relevant. In order to estimate the main effects of the most sig-
nificant GWAS loci on spatial abilities in the Russian cohort (N = 1011, 18–25 years old) a set of seven “top”
SNPs (p < 10–13) was formed: TUFM rs7187776, SH2B1 rs7198606, ZNF638 rs2287326, NEGR1 rs12128707,
ATP2A1 rs8055138, EXOC4 rs1362739, and CSE1L rs6063353. Statistically significant differences (р < 0.05)
in the genotype frequency distribution of ATP2A1 rs8055138, NEGR1 rs12128707, and ZNF638 rs2287326
between Russians, Tatars, and Udmurts have been observed. As a result of analysis of genotype-by-environ-
ment interactions we revealed the ethnicity-specific character of associations: in Russians maternal age at
delivery (βST = 0.84, p = 0.005) and in Tatars bilingual/unilingual rearing (βST = 0.44, р = 0.020) modulated
association of ZNF638 rs2287326 with spatial abilities. Moreover, urban/rural residency in childhood mod-
ulated the association of TUFM rs7187776 with 3D abilities (βST = 0.41, р = 0.009). The data we obtained
indicate the involvement of the ZNF638, TUFM, SH2B1, and EXOC4 genes, which are related to adipogen-
esis, in the manifestation of cognitive abilities, and, therefore, confirms the relationship between cognitive
and metabolic disorders. Nevertheless, the ethnicity-specific character of demonstrated associations and dif-
ferences in genotype frequencies of analyzed GWAS-SNPs point to the specific pattern of associated genetic
loci characteristic for the Russian cohort and to the complexity of replication of data reported for the com-
bined samples of Europeans.
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INTRODUCTION
The individual level of cognitive abilities deter-

mines both successful professional self-realization and
the quality of life at different stages of development.
The dynamic development of an IT society requires
the training of highly qualified individuals with effec-
tively developed mathematical abilities. Their success-
ful development to a certain extent is related to the for-
mation of mathematical f luency or the ability to
quickly and accurately perform elementary mathe-
matical operations [1], which correlates with the
development of spatial (3D) abilities and spatial mem-

ory [1, 2]. Spatial abilities are defined as the creation,
recoding, and operation of spatial images to solve
practical problems [1]. Moreover, spatial thinking
plays a significant role in achievements in both math-
ematical, humanities and natural sciences [3]. More-
over, a significant link exists between highly developed
spatial abilities and educational achievements, which
can be observed even within years of schooling [3].
The results of twin research show a moderate inheri-
tance (30–50%) of spatial abilities caused by the cumu-
lative effects of multiple genetic loci, which together are
940
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involved in both development of spatial intelligence and
other cognitive abilities (for review see [4]).

A large number of published findings from studies
of the role of the genetic component in developing
cognitive abilities [5–10] and impairments [11, 12]
allow one to select certain genes/genetic variants and
gene ontology processes. In particular, the apolipo-
protein E (АРОЕ) gene [5] and a neighboring region
comprised of the TOMM40, APOC1, and NECTIN2
genes [11, 12] are the most examined ones toward the
specificity of cognitive functioning. Moreover, the
genes involved in neurogenesis and synaptic plasticity
regulation (NGF, NRXN1, KIBRA, NRG1, BDNF,
GRIN2B, SNAP25, SORL1, and CLSTN2) [5, 6, 8, 9]
and inflammatory system genes (CRP, IL1А, IL1B,
TNF/LTA, and P2RX7) [7] are being actively studied.
Nevertheless, the value and direction of the effect of
some genetic locus differs between the examined sam-
ples depending on age, the cognitive state of respon-
dents, ethnic background, and sex.

Multiple genome-wide association studies
(GWAS) of various cognitive traits (including intelli-
gence, educational level, and executive functions)
have been conducted on Europeans [13–16]. In addi-
tion to the existing GWAS findings, meta-analyses
aimed at systematizing the data on the effect of each
statistically significant single nucleotide polymor-
phism (SNP) and summarizing the findings obtained
from millions of individuals have been published [17].
Nevertheless, the unique specificity of the distribution
of genotype and allele frequencies in different popula-
tions requires the performance of replication studies
that assume an ethnicity-specific component. No
findings from published GWAS data reporting associ-
ations of genetic variants with cognitive abilities in
ethnical groups from Russia have been published.
Moreover, the data from twin and family research
show the presence of severe genetic correlations
between various cognitive domains [18], which points
to the involvement of the same genes in the develop-
ment of various cognitive parameters. In this regard,
the assessment of the effect of GWAS-detected SNPs
of general factors of intelligence (g) of individual vari-
ance of spatial abilities in the Russian cohort remains
highly relevant. Together with the role of the genetic
component, individual variance in spatial thinking is
attributed to the specificity of the micro- and macro-
environment during ontogenesis [5].

The present study aimed to determine the associa-
tion of GWAS-significant SNPs residing the TUFM,
SH2B1, ZNF638, NEGR1, ATP2A1, EXOC4, and
CSE1L genes with spatial abilities in individuals from
Russia considering the effect of genotype-by-environ-
ment interactions.
RUSSIAN JOURNAL OF GENETICS  Vol. 59  No. 9  
MATERIALS AND METHODS

The study was conducted using an existing DNA
collection of mentally healthy volunteers without a
family burden of mental illness, who were absent in
the Psychiatric and Narcological Registry (N = 1011,
80% women). The collection was described in detail in
our previous studies [5, 7]. The respondents were stu-
dents at the Universities in Russia (aged 18–25 years),
including Russians, 535; Tatars, 231; Udmurts, 160;
and individuals of mixed ethnicity, 85. Ethnicity was
determined by self-response questionnaires up to
three generations. Voluntary consent to participate in
the study was received from all the participants. This
study was approved by the Bioethical Committee at
the Institute of Biochemistry and Genetics of the Ufa
Federal Research Centre of the Russian Academy of
Sciences. The assessment of spatial (3D) abilities was
carried out using a test battery consisting of questions
on mental rotation of 3D figures (shape rotation), and
was assessed as the number of correct answers (on the
psychodiagnostic platform of the Russian Academy of
Education). Potential affecting environmental factors
included the child–parent relationship (parenting
style, rearing in a complete/incomplete family, and
episodes of abuse in childhood), family income, place
of residence, the number of children in the family (sib-
ship size) and birth order, maternal and paternal age at
childbirth, child weight at birth, bilingual rearing for
individuals of nonRussian ancestry, the presence of
chronic diseases, and smoking.

We searched for the most significant genetic vari-
ants (p < 10–13), which have been identified in one of
the recent meta-analyses of cognitive traits, and
formed the following set of seven top SNPs: TUFM
rs7187776, SH2B1 rs7198606, ZNF638 rs2287326,
NEGR1 rs12128707, ATP2A1 rs8055138, EXOC4
rs1362739, and CSE1L rs6063353. The criteria for the
inclusion of polymorphic loci were the following: the
lowest statistical significance level; residence in differ-
ent protein encoding genes; a minor allele frequency
(MAF) above 0.05 in European populations; a high
regulatory effect of SNP according to the CADD
(Combined Annotation Dependent Depletion,
https://cadd.gs.washington.edu) and RDB (Regu-
lome Database, https://regulomedb.org/regulome-
search) databases. The CADD database contains
information on the most destructive effects of SNPs
on protein translation (a higher CADD score indicates
more destructive effects). At the same time, the RDB
score reflects the possible regulatory effect of SNPs (a
lower score indicates a higher regulatory effect).
Genotyping of genetic loci was carried out using real-
time PCR with KASP kits (Maxim Medical LLC,
LGC Genomics, UK) and endpoint f luorescence
analysis was carried out on a CFX96 DNA Analyzer
(BioRad, United States).

The statistical analysis included the test for the
normality of distribution of quantitative values of spa-
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tial abilities (Shapiro–Wilk W-test, р > 0.05). A com-
parison of the genotype frequencies distribution was
based on calculation of the Pearson χ2 criterion
(adjusted for Yates continuity) and the significance
level. Linear regression analysis with inclusion of spa-
tial ability scores as a dependent factor and genotypes
of examined GWAS-related SNPs as independent
predictors was used to estimate the association of each
of the examined SNP in the total sample, controlling
for sex and ethnicity and in ethnically homogenous
subgroups. Social/lifestyle factors were also included
in the linear regression model as an independent vari-
ables, together with genotypes while conducting a
genotype-by-environment interaction analysis in each
of ethnic groups. Regression analysis was carried out
based on various statistical models (additive, domi-
nant, and recessive) in PLINK v1.09. For observed
statistically significant models of genotype-by-envi-
ronment interactions, we performed a regression anal-
ysis to determine statistically significant differences in
3D abilities between the groups stratified by the envi-
ronmental factor (SPSS 23.0). The level of statistical
significance was set at р < 0.05.

RESULTS
The analysis of genotypes distribution of the stud-

ied genetic loci in the TUFM, SH2B1, ZNF638,
NEGR1, ATP2A1, EXOC4, and CSE1L genes con-
ducted in various ethnic groups (Russians, Tatars, and
Udmurts) demonstrated statistically significant differ-
ences (р < 0.05) in genotype frequencies in the
ATP2A1 rs8055138, NEGR1 rs12128707, and ZNF638
rs2287326 (Table 1). A comparison of genotype fre-
quencies of the examined ethnic groups from the
Volga-Ural region with European populations
(according to the 1000 Genomes Project) revealed a
similar character of distribution between analyzed
groups and residents of Northern and Western Euro-
pean ancestry and Finns (representatives of the
Finno-Ugric group of peoples). The distribution of
allele and genotype frequencies of all examined SNPs
corresponded to the Hardy–Weinberg equilibrium
(р > 0.05) (Tables 1, 2).

In order to replicate the association of the TUFM,
SH2B1, ZNF638, NEGR1, ATP2A1, EXOC4, and
CSE1L gene SNPs with spatial abilities, we carried out
a linear regression analysis in the total sample con-
trolling for ethnicity and sex as covariates (for SNPs
that were characterized by similar genotype frequen-
cies between ethnic groups) and in ethnically homog-
enous groups (Table 2). As a result of the analysis we
failed to confirm an association of analyzed polymor-
phic loci with 3D abilities in both the total sample and
ethnically homogenous groups (р > 0.05) (Table 2).
Nevertheless, a trend to score higher on spatial ability
was observed for ZNF638 rs2287326*T/T genotype
carriers compared to those carrying the major G allele
(р = 0.057, βST = 0.01).
RUSSI
The conducted analysis of genotype-by-environ-
ment interactions, which considered the effect of all
possible social predictors together with genetic vari-
ants, revealed that in Russians the maternal age at
delivery modulated the association of ZNF638
rs2287326 with 3D abilities (βST = 0.84, p = 0.005)
(Fig. 1а). In Tatars we observed that bilingual rearing
had a modulating effect on association of rs2287326
with the analyzed cognitive trait (βST = 0.44, р =
0.020). A subsequent stratified analysis, which has
been performed in each group split by bilin-
gual/monolingual rearing, demonstrated a linear
dependence between a number of minor T alleles in
rs2287326 and greater spatial ability only in individu-
als with monolingual rearing (βST = 0.34, р = 0.023)
(Fig. 1b). Moreover, in Tatars urban/rural residency
modified the association of the TUFM rs7187776*G
allele with 3D abilities (βST = 0.41, р = 0.009). The
subsequent stratified analysis revealed that a statisti-
cally significant decline in mental rotation was associ-
ated with the rs7187776 minor G allele compared with
the A/A genotype in individuals who were reared in a
rural area (βST = –0.30, р = 0.007) (Fig. 1c). In
Udmurts no statistically significant genotype-by-envi-
ronment interactions related to individual differences
in spatial abilities were detected.

DISCUSSION

Within the framework of the present replication
study we confirmed the effects of the GWAS-related
SNPs rs2287326 (in the ZNF638 gene) and rs7187776
(in the TUFM gene) on the development of spatial
abilities in Russians and Tatars from Russia, while
controlling for environmental factors. According to
the meta-analysis [17], the ZNF638 minor T allele was
associated with lower general intelligence (β = –0.02,
р = 2.4 × 10–13) in a combined sample of Europeans.
In contrast, the results obtained from the FinnGen
database (https://r8.finngen.fi), which contains the
data from genome-wide association analyses of vari-
ous traits and multifactorial diseases performed on
500000 participants from Finland, indicated a
reduced risk of dementia in carriers of the rs2287326
minor T allele (β = –0.30, р = 4.1 × 10–2). Other
GWASs also support the association of different SNPs
in the ZNF638 gene with education attainment and
intelligence [14–16]. The present study demonstrated
a differential association of rs2287326 genotypes with
spatial abilities caused by differences in maternal age
at delivery (in Russians) and childhood rearing in a
bilingual family (in Tatars). In particular, in Russians
a tendency to develop higher spatial skills in
rs2287326*T/T genotype carriers was observed in
individuals with older mothers (above 25–30 years),
which can be partially explained by conscious mother-
hood. The published findings indicate a positive cor-
relation between maternal age at child delivery and the
AN JOURNAL OF GENETICS  Vol. 59  No. 9  2023
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Table 1. The genotype frequencies of examined SNPs and the differences in their distribution between Russians, Tatars,
and Udmurts

The data from several European populations are shown (1000 Genomes Project): CEU, Utah residents with Northern and Western
European ancestry, FIN, Finns. Statistically significant differences are shown in bold.

SNP Genotype Russians
(N = 535)

Tatars
(N = 231)

Udmurts
(N = 160) CEU FIN

TUFM
rs7187776

G/G 0.20 0.21 0.21 0.16 0.11
A/G 0.47 0.49 0.48 0.41 0.55
A/A 0.34 0.30 0.31 0.42 0.34

χ2 (р) 0.9 (0.64) (Russians vs. Tatars)
0.5 (0.76) (Russians vs. Udmurts)

0.1 (0.98) (Tatars vs. Udmurts)

SH2B1
rs7198606

G/G 0.23 0.23 0.17 0.15 0.08
G/T 0.53 0.51 0.54 0.42 0.57
T/T 0.25 0.26 0.29 0.42 0.35

χ2 (р) 0.2 (0.92) (Russians vs. Tatars)
2.6 (0.27) (Russians vs. Udmurts)

2.5 (0.29) (Tatars vs. Udmurts)

ATP2A1
rs8055138

T/T 0.13 0.22 0.23 0.15 0.08
T/C 0.49 0.49 0.39 0.42 0.57
C/C 0.38 0.29 0.38 0.42 0.35

χ2 (р) 12.4 (0.002) (Russians vs. Tatars)
9.8 (0.007) (Russians vs. Udmurts)

4.8 (0.09) (Tatars vs. Udmurts)

NEGR1
rs12128707

G/G 0.09 0.07 0.09 0.05 0.06
A/G 0.40 0.37 0.51 0.49 0.39
A/A 0.52 0.56 0.40 0.46 0.55

χ2 (р) 1.2 (0.52) (Russians vs. Tatars)
7.4 (0.02) (Russians vs. Udmurts)
9.5 (0.008) (Tatars vs. Udmurts)

CSE1L
rs6063353

A/A 0.21 0.19 0.14 0.16 0.25
A/G 0.50 0.48 0.59 0.45 0.45
G/G 0.29 0.33 0.27 0.39 0.30

χ2 (р) 1.4 (0.50) (Russians vs. Tatars)
5.1 (0.08) (Russians vs. Udmurts)

5.1 (0.08) (Tatars vs. Udmurts)

EXOC4
rs1362739

A/A 0.18 0.21 0.21 0.28 0.23
A/C 0.49 0.50 0.49 0.46 0.51
C/C 0.33 0.28 0.30 0.26 0.26

χ2 (р) 1.9 (0.38) (Russians vs. Tatars)
0.8 (0.67) (Russians vs. Udmurts)

0.2 (0.91) (Tatars vs. Udmurts)

ZNF638
rs2287326

T/T 0.17 0.26 0.24 0.16 0.21
T/G 0.46 0.52 0.53 0.48 0.58
G/G 0.36 0.23 0.23 0.36 0.21

χ2 (р) 16.2 (<0.001) (Russians vs. Tatars)
10.7 (0.005) (Russians vs. Udmurts)

0.1 (0.96) (Tatars vs. Udmurts)
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Fig. 1. The mean values of spatial ability scores in carriers of different genotypes of ZNF638 rs2287326 in Russians with respect
to maternal age at delivery (a), in Tatars with respect to bilingual/monolingual rearing (b), TUFM rs7187776 in Tatars with respect
to place of residence (c). * Statistically significant differences among the groups are marked (р < 0.05).
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cognitive characteristics of their children in the longi-
tudinal perspective including short-term memory and
executive functions [19]. At the same time, Russian
G/G genotype carriers who were reared by mothers
older than 25–30 showed a decline in 3D abilities.
Therefore, maternal age represents a factor that mod-
ulates differences in spatial abilities related to the pres-
ence of certain genotype in the ZNF638 gene; this
relationship was more pronounced for rearing by older
mothers. A similar association pattern (higher 3D
abilities in rs2287326*T/T genotype carriers) was
observed in Tatars who reported monolingual rearing,
whereas such an association in bilingual Tatars (freely
speaking native Tatar language) was not observed.
Data exist on the stressor effect of bilingual rearing,
which affects cognitive development negatively [20].
In this regard, association of the ZNF638 gene variants
with cognitive ability in Russians and Tatars is
observed only under favorable rearing conditions (in
our study, a positive effect of rearing by older mothers
without bilingual rearing as a stressor).

The ZNF638 gene encodes zinc finger protein 638,
which is highly expressed in the brain. Functional and
association studies show the role of the ZNF638 gene
in human height [21] and differentiation of adipocytes
RUSSIAN JOURNAL OF GENETICS  Vol. 59  No. 9  
[22]. Recently, it has been reported that enhanced
expression of the ZNF638 gene is characteristic for
adipocytes that overexpress the FoxP4 (Forkhead box
protein) protein, which belongs to the family of tran-
scription factors [23]. Despite the absence of pub-
lished functional studies pointing to a direct effect of
ZNF638 on cognitive abilities or their decline, its role
may be attributed to an indirect effect of interaction
with FoxP family proteins, which has been repeatedly
studied for a relationship with cognitive phenotypes.
Nucleotide substitutions in heterozygotes in the
FoxP1, FoxP2, and FoxP4 genes are related to impaired
language abilities [24], autism spectrum disorders and
cognitive abnormalities [25, 26], and apraxia of speech
[27]. It should be noted that these genes are highly
expressed in different brain regions including the pre-
frontal cortex, hippocampus, amygdala, basal ganglia,
thalamus, and cerebellum, and regulate molecular
processes related to brain development and function-
ing [28]. Manipulations with the expression of FoxP
family genes in model animals also indicate their asso-
ciation with developing spatial perception. In particu-
lar, FoxP1 knockout mice demonstrated that impaired
striatum functioning caused a decrease in the number
2023
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of correct spatial tests and a decline in object recogni-
tion [25, 29].

Another interesting finding obtained by our group
is the association between the 3D mental rotation level
and rs7187776, which is located in the promoter region
of the TUFM gene, in Tatars, which was statistically
significant only in individuals who were the residents
of a rural area in childhood. The data reported by our
group are congruent with meta-analysis results, which
demonstrated the association of the TUFM rs7187776*А
allele with higher cognitive domains in a combined
sample of Europeans [17]. Functional studies also
show the correlation between a reduced expression of
the TUFM gene and cognitive decline and accumula-
tion of amyloid β and β-secretase [30]. Other GWASs
linked the major rs7187776*А allele with a reduced hip
circumference corrected by the body mass index
(BMI), especially in women [31]. The pleiotropic
effect of the rs7187776 on cognitive abilities, hip cir-
cumference, and BMI is not surprising, since a nega-
tive genetic correlation was reported between intelli-
gence level, BMI (rg = –0.11), and waist/hip circum-
ference (rg = –0.10) [17]. In turn, a two-times TUFM
decrease in obese mice and an enhanced protein level
in mice with higher physical activity compared to the
control group [32] coincide with a hypothesis linking
metabolic impairments to developing Alzheimer’s dis-
ease. Contradictory findings have been revealed for
the effect of TUFM rs7187776 in children from rural
Chinese regions [33]. Namely, the frequency of the
rs7187776 G allele was statistically significantly higher
in individuals characterized by a higher IQ level com-
pared to children with lower IQs, which seems to be
contrary to our results. Such an opposite effect may be
attributed to the differences in genotype frequencies
between individuals of Tatar and Chinese ethnicity
(0.21 for the G/G genotype in Tatars and 0.11 in Han
Chinese), and by cultural specificity of rearing.

The TUFM gene encodes the mitochondrial trans-
lation elongation factor Tu, whose reduced level
causes an impaired mitochondrial respiratory chain
and enhanced level of reactive oxygen species in vari-
ous cell lines [34]. Our findings show that the associa-
tion between allelic variants of the TUFM gene and 3D
abilities in Tatars is only observed under favorable
rearing conditions (i.e., rural residency in childhood).
A positive effect of “green” territory in surrounding
neighborhood on improved cognitive parameters was
reported previously in children even within 1 year [35],
while a prolonged residence in green location cor-
related with memory improvement due to increase in
the gray matter in the prefrontal cortex [36]. In con-
trast, a negative effect of residency in an urban area
accompanied by the effect of fine dispersed particles
leading to a reduced efficiency of mitochondria exists
[37]. Although there are no published findings on the
link between the rs7187776 polymorphism and differ-
ential expression of the TUFM gene, our data demon-
strate a differential character of association of the
RUSSI
rs7187776 genotypes with 3D abilities, which is
observed under the conditions of reduced allostatic
load (in particular, rearing in a rural area [38]).

The present replication study of GWAS genetic
loci, which has been initially associated with general
intelligence factor in Europeans, confirmed the asso-
ciation of the ZNF638 and TUFM genes in developing
spatial abilities within a genotype-by-environment
interaction framework in young adults from Russia of
Russian and Tatar ethnicity. Interestingly, such an
association was detected only under favorable rearing
conditions, including rearing by older mothers, the
absence of a bilingual childhood, and rural residency.
Nevertheless, we could not completely replicate the
association of the studied SNPs in the TUFM, SH2B1,
ZNF638, NEGR1, ATP2A1, EXOC4, and CSE1L genes
with 3D mental rotation ability in ethnic groups of
Tatars, Russians, and Udmurts from the Volga-Ural
region of Russia. The necessity to perform a statistical
analysis in each ethnic group separately is attributed to
the differences in genotype frequencies distribution in
the ATP2A1 rs8055138, NEGR1 rs12128707, and
ZNF638 rs2287326 gene polymorphisms between
examined ethnic groups. Accordingly, negative find-
ings to a certain extent may be caused by differences in
allele and genotype frequency distributions in these
SNPs between examined ethnic groups and a com-
bined sample of Europeans, which was used in a
GWAS meta-analysis, by moderate sample size, and
by differences in the analyzed cognitive domains used
as phenotypes. Nevertheless, the data we obtained
show the role of genes involved in adipogenesis in the
development of cognitive abilities, which coincides
with a hypothesized link between cognitive and meta-
bolic impairments. The number of GWASs devoted to
the examination of neuropsychological and cognitive
phenotypes in the Russian cohort is low. However,
they also point to the pattern of associated genetic
variants, which is specific to the Russian cohort, and
to the complexity of result replication in other ethnic
groups [39]. Future research in the field of genetics of
cognitive abilities using the GWAS approach is needed
to unravel related genetic variants specific for individ-
uals from Russia.
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