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Abstract—It is now known that schizophrenia is a multifactorial disease in which both genetic and environ-
mental factors play a role. In recent years, mainly through the use of genome-wide association studies
(GWAS), many molecular genetic processes that increase susceptibility to schizophrenia have been identi-
fied. The objective of this study was to examine genetic factors associated with the risk of developing schizo-
phrenia by conducting a genome-wide association study (GWAS) in Bashkirs from the Republic of Bashkor-
tostan. The studied sample consisted of 139 patients with paranoid schizophrenia and 204 healthy individu-
als. Genome-wide genotyping of DNA samples was carried using a PsychChip biochip, which included
610000 single nucleotide polymorphisms (SNPs).
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Schizophrenia is a severe mental disorder. Pooled
lifetime prevalence of schizophrenia is approximately
1%. High morbidity and mortality make schizophre-
nia a major public health problem [1]. The heritability
estimate of schizophrenia is 81%, which points to the
important role of the genetic component in the patho-
genesis of this disease [1]. Genome-wide association
studies (GWAS) have improved our understanding of
the contribution of specific genetic factors to the risk
of schizophrenia. GWAS have provided compelling
evidence for the important role of common genetic
variants in determining individual background suscep-
tibility to schizophrenia [2]. To date, several large-
scale GWAS have been conducted in different popula-
tions around the world, and hundreds of polymorphic
risk loci for schizophrenia have been identified [3–6].
The largest GWAS to date identified 287 independent
polymorphic risk loci for schizophrenia [6].

To identify ethnospecific genetic risk factors for
developing paranoid schizophrenia, in the present
study, a genome-wide association study was con-
ducted in Bashkirs from the Republic of Bashkortos-
tan (Fig. 1). The study involved 139 patients (70 males,
69 females) of Bashkir ethnicity with the diagnosis of
paranoid schizophrenia (PSz), code F20.0, according
to the International Classification of Diseases 10th
Revision (ICD-10), being treated at the Republican
Clinical Psychiatric Hospital No. 1 of the Ministry of

Health of the Republic of Bashkortostan. The mean
age of the patients was 24.9 ± 8.9 years. The mean age
of onset of the disease was 22.4 ± 7.3 years. Informa-
tion on ethnicity up to the third generation was
obtained by interview. The control group consisted of
204 healthy individuals (108 males, 96 females) of the
same age group, who were not under regular check-up
by either psychiatrist or narcologist and denied a fam-
ily history of mental illness. The mean age of healthy
donors was 32.4 ± 12.4 years.

Genome-wide genotyping of DNA samples was
conducted with the Illumina Human 610-QuadPsych-
Chip biochip, which included 610000 single nucleo-
tide polymorphisms (SNPs). Genome-wide associa-
tion study assessing the SNP associations was per-
formed using the PLINK 2.0 software package [7].
A detailed description of the genome-wide association
study was reported previously [8]. To reduce the type I
error, the FDR-BH (False Discovery Rate Ben-
gamini-Hochberg) correction for multiple compari-
sons was applied [9].

GWAS performed in individuals of Bashkir ethnic-
ity revealed the most pronounced differences between
patients with PS and the control group at polymorphic
loci located in the 1p36.13 chromosomal region,
which, according to the results from a number of
genome-wide studies, is associated with the risk of
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Table 1. Single nucleotide polymorphisms located in the 1p36.13 region and associated with paranoid schizophrenia in
Bashkirs

Gene rs no. SNP Allele 1
Frequency
of allele 1 

patients, %

Frequency 
of allele 1 
control, %

p OR pfdr

PADI2 rs2076617 g.17409017G>A A 0.2662 0.4338 1.53E-05 0.472 0.768
PADI2 rs2016693 g.17397704A>C A 0.2806 0.4485 1.95E-05 0.484 0.768
PADI2 rs2057096 g.17405809G>A G 0.3309 0.4902 6.86E-05 0.522 0.806
PADI2 rs2057094 g.17405949C>T C 0.3309 0.4902 6.86E-05 0.522 0.806
PADI1 rs3003406 g.17557133A>C C 0.4209 0.2966 5.59E-04 1.833 0.814
PADI2 rs2076598 g.17395521G>A G 0.3345 0.4681 7.73E-04 0.582 0.814
PADI1 rs11203339 g.17560972C>T T 0.3669 0.25 1.06E-03 1.774 0.817
PADI1 rs4268393 g.17559196T>C C 0.2842 0.1814 1.74E-03 1.809 0.824
PADI2 rs2076614 g.17413459G>A A 0.2482 0.3529 3.69E-03 0.597 0.824
SDHB rs4920653 g.17366871T>C C 0.2806 0.3922 3.74E-03 0.618 0.824
PADI1 rs114209578 g.17541929C>A A 0.2518 0.07108 0.011 0.336 0.849
developing schizophrenia (Fig. 1, Table 1) [10, 11]. In
a number of previous studies, an association of the
1p36.13 chromosomal region with the development of
schizophrenia was revealed [10, 11]. For instance,
linkage analysis with twelve endophenotypes during a
large-scale GWAS revealed an association of the
1p36.13 chromosomal region (PAX7, UBR4,
ALDH4A1, NBL1, HTR6, EPHA8, EPHB2) with
emotion recognition test that reached a genome-wide
level of statistical significance with a LOD score of 3.5
(1p36) in 1004 patients with schizophrenia [12, 13].

The strongest association with PS was found for the
rs2076617 polymorphism, located in the PADI2 gene
(p = 1.53E-05) (Table 1). The PADI2 gene encodes
peptidyl arginine deiminase type II enzyme, which is
the member of the family of enzymes called peptidyl
arginine deiminases, and consists of 16 exons, encom-
passing about 53 kb of genomic DNA, the length of its
mRNA is 4363 bp [14]. The cleavage of arginine to
citrulline is a process catalyzed by the peptidyl argi-
nine deiminase enzyme (PAD), which converts the
amino acid arginine to citrulline. During the modifi-
cation process, the positively charged NH2 group is
removed with the addition of oxygen. Cyclic citrulli-
nated proteins are present in the synovial tissue of
patients with rheumatoid arthritis. The PADI2 gene is
widely expressed in the central nervous system,
including neurons, glial cells, astrocytes, microglia,
and oligodendrocytes. The deregulated expression of
PADI2 causes aberrant citrullination of glial fibrillary
acidic protein (GFAP), eventually leading to the
occurrence of neurological diseases [14].

In recent years, abnormal activation of PAD family
proteins was found to be associated with the accumu-
lation of large amounts of citrullinated proteins in
patients with different neurodegenerative diseases,
such as Alzheimer’s disease, Parkinson’s disease, mul-
RUSSIAN JOURNAL OF GENETICS  Vol. 60  No. 2  
tiple sclerosis, and Huntington’s disease, suggesting
that excessive citrullination of proteins led to the
development of these [15] and other neuropsychiatric
diseases with neurodegeneration [16]. Citrullination,
that is the deamination of peptidyl arginine residues to
peptidyl citrulline, was shown to be implicated in the
etiology of a number of diseases. In multiple sclerosis,
citrullination is thought to be the leading factor in the
disease pathogenesis through hypercitrullination and
destabilization of myelin. As such, inhibition of citrul-
lination was suggested as a therapeutic strategy for
multiple sclerosis [17]. On the contrary, A.M. Falcao
et al. showed that citrullination by peptidylarginine
deiminase 2 (PADI2) promoted normal oligodendro-
cyte differentiation, myelination, and motor function.
This research group identified several targets for
PADI2, including myelin and chromatin-related pro-
teins, implicating PADI2 in epigenomic regulation.
They also found that PADI2 inhibition and knock-
down affected chromatin accessibility and prevented
the upregulation of oligodendrocyte differentiation
genes. Moreover, mice lacking PADI2 displayed motor
dysfunction and a decreased number of myelinated
axons in the corpus callosum. The data of A.M. Falcao
et al. indicate that citrullination contributes to proper
oligodendrocyte lineage progression and myelination
[17]. Based on these findings, it can be suggested that
the PADI2 gene may be a candidate gene for schizo-
phrenia, since oligodendrocyte and myelin dysfunc-
tion is known to lead to changes in synaptic formation
and function, which can lead to cognitive dysfunction,
a core symptom of schizophrenia [6].

According to the data from the 1000 Genomes Proj-
ect, the frequency of the rs2076617*A allele in world
populations varies, constituting 26.3% in Europeans
(CEU); 39.5%, in Africans (AFR); and 57.3%, in Chi-
nese (CHB) (https//www.ensembl.org/Homo_sapi-
2024
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Table 2. Allele and genotype frequency distributions of polymorphisms located in the 1p36.13 chromosomal region in the
samples of patients with paranoid schizophrenia and control group of Bashkirs

Genotype/
Allele

Patients Control
p pfdr OR (CI95%)

n p ± spCI (%) n p ± sp CI (%)

rs2076617
A/A 11 7.91 ± 2.29

4.02–13.72
37 18.14 ± 2.7

13.1–24.12
7.4E-03 0.841 0.39 (0.19–0.79)

A/G 52 37.41 ± 4.1
29.36–46.01

103 50.49 ± 3.5
43.42–57.54

0.017 0.862 0.59 (0.38–0.92)

G/G 76 54.68 ± 4.22
46.02–63.13

64 31.37 ± 3.25
25.07–38.22

1.6E-05 0.752 2.64 (1.69–4.12)

A 74 26.62 ± 2.65
21.52–32.23

177 43.38 ± 2.45
38.51–48.35

1.53E-05 0.864 0.47 (0.34–0.65)

G 204 73.38 ± 2.65
67.77–78.48

231 56.62 ± 2.45
51.65–61.49

1.53E-05 0.864 2.11 (1.52–2.94)

rs2016693
A/A 11 7.91 ± 2.29

4.02–13.72
42 20.59 ± 2.83

15.26–26.79
1.4E-05 0.988 0.33 (0.16–0.67)

A/C 56 40.29 ± 4.16
32.06–48.94

99 48.53 ± 3.5
41.49–55.61

0.132 0.931

C/C 72 51.8 ± 4.24
43.17–60.35

63 30.88 ± 3.23
24.62–37.71

9.9E-05 0.822 2.41 (1.54–3.76)

A 78 28.06 ± 2.69
22.86–33.73

183 44.85 ± 2.46
39.96–49.82

1.95E-05 0.689 0.48 (0.35–0.67)

C 200 71.94 ± 2.69
66.27–77.14

225 55.15 ± 2.46
50.18–60.04

1.95E-05 0.689 2.09 (1.51–2.9)

rs2057096
G/G 16 11.51 ± 2.71

6.72–18.02
50 24.51 ± 3.01

18.77–31
2.7E-03 0.838 0.4 (0.22–0.74)

G/A 60 43.17 ± 4.2
34.8–51.83

100 49.02 ± 3.5
41.97–56.1

0.286 0.969

A/A 63 45.32 ± 4.22
36.87–53.98

54 26.47 ± 3.09
20.55–33.08

3.0E-04 0.803 2.3 (1.46–3.63)

G 92 33.09 ± 2.82
27.59–38.96

200 49.02 ± 2.47
44.07–53.98

6.86E-05 0.744 0.51 (0.37–0.7)

A 186 66.91 ± 2.82
61.04 –72.41

208 50.98 ± 2.47
46.02–55.93

6.86E-05 0.744 1.94 (1.41–2.66)

rs2057094
C/C 16 11.51 ± 2.71

6.72–18.02
50 24.51 ± 3.01

18.77–31
2.7E-03 0.837 0.4 (0.22–0.74)

C/T 60 43.17 ± 4.2
34.8–51.83

100 49.02 ± 3.5
41.97–56.1

0.286 0.969

T/T 63 45.32 ± 4.22
36.87–53.98

54 26.47 ± 3.09
20.55–33.08

3.0E-04 0.822 2.3 (1.46–3.63)

C 92 33.09 ± 2.82
27.59–38.96

200 49.02 ± 2.47
44.07–53.98

6.86E-05 0.717 0.51 (0.37–0.7)

T 186 66.91 ± 2.82
61.04–72.41

208 50.98 ± 2.47
46.02–55.93

6.86E-05 0.717 1.94 (1.41–2.66)
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ens/Variation/Population?db=core;r=1:170820221-7-
083022;v=rs2076617;vdb=variation;vf=1478939).

In the present study, the rs2076617*A/A homozy-
gous genotype of the PADI2 gene in patients with par-
anoid schizophrenia was found to be rare (7.91% of
cases), while in controls it was detected more often
(18.14% of cases) (p = 7.4E-03; OR = 0.39; CI95%
0.19–0.79). The rs2076617*A/G heterozygous geno-
type was also less common in patients (37.41%) than in
healthy controls (50.49%) (p = 0.017; OR = 0.59;
CI95% 0.38–0.92). The frequency of the
rs2076617*G/G genotype of the PADI2 gene was sig-
nificantly higher in patients with PSz than in the con-
trol group (54.68 and 31.37%, respectively) (p = 1.6E-05;
OR = 2.64; CI95% 1.69–4.12). Analysis of the allele
frequency distribution of this polymorphic locus
showed that the frequency of the rs2076617*A allele in
patients with PSz was lower (26.62%) than in controls
(43.38%). The rs2076617*G allele was detected in
73.38% of cases in patients with PSz, and in 56.62% of
cases in healthy controls. Odds ratio for the
rs2076617*A allele was 0.47 (CI95% 0.34–0.65), p =
1.53E–0.5; for the rs2076617*G allele, 2.11 (CI95%
0.34–0.65). However, after the introduction of the
FDR-BH correction for multiple comparisons, these
differences were appeared to be not statistically signifi-
cant (rs2076617*A/A pfdr = 0.841, rs2076617*A/G pfdr =
0.862, rs2076617*G/G pfdr = 0.752, rs2076617*A pfdr =
0.864, rs2076617*G pfdr = 0.864), Table 2.

In the sample of Bashkir patients and controls
examined, the rs2016693 single nucleotide polymor-
phism showed strong association with PSz (Table 2).
In patients, the frequency of the rs2016693*A/A
homozygous genotype (7.91%) was significantly lower
than that in the control group (20.59%) (P = 1.4E-05;
OR = 0.33; CI95% 0.16–0.67). The rs2016693*C/C
genotype was more frequent in patients (51.8%) than
in controls (30.88%) (p = 9.9E-05; OR = 2.41; CI95%
1.54–3.76). The frequency of the rs2016693*A allele
in the group of healthy controls was significantly
higher (44.85%) than in patients (28.06%) (p = 1.95E-05;
OR = 0.48; CI95% 0.35–0.67). The frequency of the
rs2016693*C allele in patients (71.94%) exceeded its
frequency in the control group, where it was 55.15%
(OR = 2.09; CI95% 1.51–2.9). However, after the
introduction of the FDR-BH correction, the differ-
ences in the genotype and allele frequency distribu-
tions at this polymorphic locus (rs2016693) turned out
to be not statistically significant (Table 2).

Analysis of genotype and allele frequency distribu-
tions of the rs2057096 and rs2057094 SNPs showed
identical frequency values for these polymorphic loci,
and therefore, the results from the association study of
only the rs2057096 SNP will be presented in detail
below (Table 2). In the studied sample of patients and
controls of Bashkir ethnicity, the rs2057096 SNP
showed strong association with PSz (Table 1). In
patients with paranoid schizophrenia, the frequency of

the rs2057096*G/G homozygous genotype (11.51%)
was significantly lower than that in the control group
(24.51%) (p = 2.7E-03; OR = 0.41; CI95% 0.22–
0.74). The rs2057096*A/A genotype was more fre-
quent in patients with PS (45.32%) than in the control
group (26.47%) (p = 3.0E-04; OR = 2.3; CI95% 1.46–
3.63). The frequency of the rs2057096*G allele in the
group of healthy controls was significantly higher
(49.02%) than in patients with PSz (33.09%) (p =
6.86E-05; OR = 0.51; CI95% 0.37–0.7). The fre-
quency of the rs2057096*A allele in patients with PSz
(66.91%) exceeded its frequency in the control group,
where it was 50.98% (OR = 1.94; CI95% 1.41–2.66).
However, after the introduction of the FDR-BH cor-
rection, the differences in the genotype and allele fre-
quency distributions at the rs2057096 polymorphic
locus turned out to be not statistically significant
(Table 2).

Thus, genome-wide association study showed the
absence of association of paranoid schizophrenia in
individuals of Bashkir ethnicity with the rs2076617
SNP of the PADI2 gene, located in the 1p36.13 region,
despite the available literature data demonstrating the
association of the 1p36.13 chromosomal region [10–
13] and the PADI2 gene [16] with the development of
schizophrenia in different populations. These differ-
ences may be associated both with an insufficient sam-
ple size for this type of research and indicate inter-
population differences in the formation of hereditary
predisposition to paranoid schizophrenia.
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