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Abstract—Schizophrenia, the most common severe mental illness, leads to a serious decrease in higher func-
tions, mainly to a change in cognitive functions and perception of reality. Both genetic and environmental
factors are involved in its pathogenesis; however, its genetic component still needs to be studied. The aim of
the study was to identify genetic markers of paranoid schizophrenia in Tatars from the Republic of Bashkor-
tostan. Genome-wide genotyping of DNA samples was carried out on the PsychChip biochip, which
included 610000 single nucleotide polymorphic variants (SNPs). The studied sample consisted of 357
patients with paranoid schizophrenia and 383 healthy individuals of Tatar ethnicity. As a result of the study,
the association of the SNP rs12376586 of the MAMDC?2 gene located in the region 9q21.13 with the develop-
ment of paranoid schizophrenia in Tatars living in the Republic of Bashkortostan was established for the first

time.
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Schizophrenia is a severe and chronic mental dis-
order with a lifetime prevalence of approximately 1%.
The disease is characterized by delusions, hallucina-
tions, lack of motivation, alogia, and cognitive impair-
ment [1]. Twin studies have shown that the heritability
rate for schizophrenia is approximately 79—81% [1].

Genome-wide association studies (GWAS) have
led to significant advances in identifying polymorphic
risk loci and analyzing the genetic architecture of
schizophrenia [1]. For example, the Psychiatric
Genomics Consortium (PGC) and other research
groups have conducted large-scale GWAS studies over
the past decade and identified many single nucleotide
polymorphic variants (SNPs) associated with schizo-
phrenia [2—5]. In addition, M. Lam et al. conducted a
meta-analysis involving 56418 patients with schizo-
phrenia and 78 818 healthy individuals, combining the
results of studies in European and East Asian popula-
tions, and identified 176 genetic risk markers for
schizophrenia [4].

In order to identify ethnospecific genetic risk fac-
tors for the development of paranoid schizophrenia,
we conducted a genome-wide association analysis in
Tatars from the Republic of Bashkortostan. The object
of the study is 357 patients (184 men, 173 women) of
Tatar ethnicity diagnosed with paranoid schizophre-

nia (PS) F20.xx according to the international classi-
fication of diseases, tenth revision (ICD-10), being
treated at the Republican Clinical Psychiatric Hospi-
tal No. 1 of the Ministry of Health of the Republic of
Bashkortostan. The average age of the patients was
24.9 *+ 8.9 years. The average age of onset of the dis-
ease was 22.4 + 7.3 years. Information on ethnicity up
to the third generation was obtained by interview. The
control group consisted of 383 healthy individuals of
the same age group who were not registered with a
psychiatrist or narcologist and denied a family history
of mental illness. The average age of healthy donors
was 32.4 + 12.4 years.

Whole-genome genotyping of DNA samples was
carried out on an Illumina Human 610-QuadPsych-
Chip biochip, which included 610000 SNPs. GWAS
analysis of these polymorphic variants was performed
using the PLINK 2.0 software package [6]. A detailed
description of the genome-wide association analysis
was published previously [7]. To reduce the error of
the first type, the FDR-BH correction (False Discov-
ery Rate Bengamini—Hochberg) was applied to the
number of multiple comparisons [8].

A genome-wide association analysis performed in
individuals of Tatar ethnicity revealed the most pro-
nounced differences between patients with PS and the
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Table 1. Single nucleotide polymorphic variants localized in the 9g21.12 region and associated with paranoid schizophrenia

in Tatars
Frequency | Frequency
Gene s No. SNP Allele 1 | ofallele 1, | ofallele 1, | Allele 2 p Ptdr OR
patients, % | control, %
- rs12376586 | g.72648582A>G G 0.359 0.496 A 1.89E-07 | 0.005 | 0.569
- rs11141100 |g.72591525A>G G 0.350 0.469 A 6.72E-06 | 0.158 | 0.6178
— rs4446788 |g.72637119C>A C 0.519 0.424 A 0.000238 | 0.909 | 1.482
- rs1565691 |g.72609532T>C T 0.461 0.368 C 3.75E-04 | 0.925 | 1.459
- rs7032845 |g.72562231G>A A 0.379 0.465 G 1.18E-03 | 0.925 | 0.711
MAMDC?2 |1s4744982 |2.72749590G>A G 0.221 0.157 A 1.56E-03 | 0.925 | 1.545
MAMDC?2 |rs10780851 | g.72766144C>T C 0.254 0.189 T 2.21E-03 | 0.925 | 1.489
- rs10868358 | g.72611680G>T G 0.251 0.187 T 2.79E-03 | 0.932 | 1.47
— rs10511975 | g.72530831T>G G 0.296 0.372 T 2.91E-03 | 0.932 | 0.722
- rs11141106 |g.72593325T>G G 0.311 0.243 T 3.75E-03 | 0.932 | 1.404
MAMDC?2 |rs1927103 |g.72722865G>A G 0.43 0.359 A 6.14E-03 | 0.932 | 1.336
MAMDC?2 |rs10511980 |g.72738339A>G A 0.406 0.338 G 7.17E-03 | 0.932 | 1.338
MAMDC?2 |1s4744977 |g.72728822G>A G 0.364 0.302 A 0.011 0.932 | 1.331
MAMDC?2 | rs10511981 |g.72739478C>T C 0.0854 0.0548 T 0.024 0.954 | 1.592

control group in polymorphic loci located in the
9g21.12 region (Fig. 1). The highest association of PS
is observed with SNP rs12376586 (p = 1.89E-07)
(Table 1).

According to the 1000 Genomes Project, the fre-
quency of allele rs12376586*G in populations of the
world varies from 6.8% in the Chinese (CHB) popula-
tions, 9% in the African (AFR) populations, and up to
55% in the populations of European origin (CEU)
(https://www.ensembl.org/Homo_sapiens/Variation/
Population?db=core;v=rs12376586;vdb=variation).

The closest gene, located at a distance of about 10 kb
from this polymorphic locus, is the gene MAMDC?2.
The chromosomal region 9q21.12, in which the gene
MAMDC?2 is located, is associated with a rare congen-
ital disease manifested by characteristic facial features
and mental retardation— Kabuki syndrome in the Jap-
anese [9]. Gene MAMDC?2 encodes the MAM protein
containing domain 2 (mephrin, A5 antigen, protein
tyrosine phosphatase mu). It is known that this protein
is involved in glycosaminoglycan metabolism. Gene
MAMDC?2 consists of 14 exons, covering about 183 kb
of genomic DNA; currently, 1182 SNPs have been
identified in this gene. Disorders of glycosaminogly-
can metabolism lead to the development of a whole
class of diseases—mucopolysaccharidosis. To date, at
least 11 disorders of mucopolysaccharide metabolism
with different primary biochemical defects are known,
i.e., deficiency of various enzymes. The entire group is
united by increased accumulation of acidic mucopoly-
saccharides in cells and increased excretion of these
substances in the urine. Most of these diseases are
characterized by changes in the skeleton and internal
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organs, expressed in different forms to varying
degrees, and are accompanied by severe disorders of
the nervous system leading to severe dementia [10].

In experimental animal models of Alzheimer’s dis-
ease, it was found that the gene MAMDC?2, highly
expressed in microglia, positively regulates the innate
antiviral response to neurotropic viral infection [11].
Additionally, exome sequencing revealed mutations de
novo in 32 genes, including MAMDC2, associated with
mental retardation [12]. Scientists from Turkey identi-
fied an association of the chromosomal region
9g21.12-21.31 with a neural tube defect, namely,
meningomyelocele [13].

In the sample of patients and controls of Tatar eth-
nicity that we studied, the highest level of association
of paranoid schizophrenia was found with SNP
rs12376586. Homozygous genotype rs12376586*G/G
in the patients with paranoid schizophrenia was rare,
in 13.17% of cases, and in the controls, it was detected
more often—in 24.54% of cases (p = 8.02E-05, OR =
0.47, CI95% 0.31—0.70). The frequency of genotype
rs12376586*A/A was significantly higher in patients
with PS than in the control group of individuals (41.46
and 25.33%, respectively) (p = 3.2E-06, OR = 2.09,
CI95% 1.51-2.89).

Correction for multiple comparisons FDR showed
no statistically significant differences
(rs12376586*G/ G pgy, = 0.999, rs12376586*G/A pgy, =
0.881, rs12376586*A/A pey. = 0.451) (Table 2).

Analysis of the allele frequency distribution of this
polymorphic locus showed that the frequency of allele
rs12376586*G in the patients with PS was lower
(35.85%) than in the controls (49.61%). Allele
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Fig. 1. Graphic representation of the results of a genome-wide analysis of the association of 395832 SNPs with paranoid schizophrenia in Tatars (Manhattan plot). The x axis

shows the chromosomal localization of SNPs; the y axis shows the values of the negative decimal logarithm of the p-value significance level.
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Table 2. Distribution of frequencies of genotypes and alleles of the rs12376586 polymorphic variant in samples of patients

with paranoid schizophrenia and in control groups in Tatars

Patients Control
Gen]?tlype, p Didr OR (CI195%)
allele n pitS,CL % n; pitS,CL %
rs12376586
G/G 47 13.17 £ 1.79 94 24.54+2.2 8.2E-05 0.999 0.47 (0.31-0.70)
9.84—17.12 20.31-29.17
G/A 162 45.38 £ 2.63 192 50.13 £ 2.55 0.196 0.881 —
40.13—50.7 45.01-55.25
A/A 148 41.46 £ 2.61 97 25.33 £2.22 3.2E-06 0.451 2.09 (1.51-2.89)
36.3—46.76 21.05—29.99
G 256 35.85+1.79 380 49.61 + 1.81 1.89E-07 0.05 0.57 (0.46—0.7)
32.33—-39.49 46.01-53.21
A 458 64.15 £ 1.79 386 50.39 £ 1.81 1.89E-07 0.05 1.76 (1.43-2.17)
60.51—-67.67 46.79—53.99
rs11141100
G/G 45 12.61 £ 1.76 87 22.72+2.14 3.3E-04 0.999 0.49 (0.32—0.74)
9.34—16.5 18.61-27.24
G/A 160 44.82+2.63 185 48.3 +£2.55 0.342 0.936 —
39.58—-50.14 43.2—-53.43
A/A 152 42.58 £2.62 111 28.98 £2.32 1.1E-04 0.999 1.82 (1.32—-2.49)
37.39—47.89 24.49-33.81
G 250 35.01 £ 1.79 359 46.87 £ 1.8 6.72E-06 0.632 0.61 (0.49-0.75)
31.51-38.64 43.29-50.47
A 464 64.99 + 1.79 407 53.13 £ 1.8 6.72E-06 0.632 1.64 (1.33—2.02)
61.36—68.49 49.53-56.71

rs12376586*A in the patients with PS was determined
in 64.15 of cases, and in the healthy people, it was in
50.39%. The odds ratio for allele rs12376586*G was
0.57 (CI95% 0.46—0.7) (p = 1.89E-07), for allele
rs12376586%A, it was 1.76 (CI195% 1.43—2.17). When
introducing the FDR correction, the significance level
remained statistically significant (rs12376586*G pg. =
0.05, rs12376586*A pgy, = 0.05) (Table 2).

The polymorphic single-nucleotide variant
rs11141100 in the sample of patients and controls of
Tatar ethnicity that we studied showed a high level of
association with PS (p = 6.72E-06) (Table 1).

In patients with paranoid schizophrenia, the fre-
quency of the homozygous genotype rs11141100*G/G
(12.61%) was significantly lower than that in the con-
trol group (22.72%) (p = 3.3E-04, OR = 0.49, CI95%
0.32—0.74). Genotype rsi11141100¥*A/A was more
common in patients with PS (42.58%) than in the
control group of individuals (28.98%) (p = 1.1E-04,
OR =1.82, CI95% 1.32—2.49). The frequency of allele
rs11141100*G in the group of healthy individuals was
significantly higher (46.87%) than in the patients with
PS (35.01%) (p = 6.72E-05, OR = 0.61, C195% 0.49—
Vol. 60
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0.75). The frequency of allele rs11141100*%A in the
patients with PS (64.99%) exceeded its frequency in
the control group, where it was 53.13% (OR = 1.64,
CI95% 1.33—2.02). However, after introducing the
FDR correction, the significance level turned out to
be statistically insignificant (rs11141100%*G/G pgy, =
0.999, rs11141100%G/A pey. = 0.936, rs11141100%A/A
Dear = 0.999, rs11141100%G pgy. = 0.632, rs11141100%A
Prar = 0.632) (Table 2).

Thus, in our genome-wide study, the association of
the single nucleotide polymorphic variant rs12376586
of the gene MAMDC?2 was established for the first
time, located in the region 9q21.13, with the develop-
ment of paranoid schizophrenia in Tatars. The genetic
marker of the risk of developing paranoid schizophre-
nia in individuals of Tatar ethnicity is the allele
rs12376586*A. The genetic marker of a reduced risk of
developing PS in individuals of Tatar ethnicity is the
allele rs12376586*G.

Previously, according to the literature, the associa-
tion of paranoid schizophrenia with this region and
gene MAMDC?2 was not detected in any population.
The results of studies on its expression and polymor-
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phic variants are very limited. However, given the data
on the participation of the protein encoded by the gene
MAMDC?2 in the metabolism of glycosaminoglycans,
it can be assumed that polymorphic variants of this
gene can play an important role in the formation of the
structure of hereditary predisposition to paranoid
schizophrenia in Tatars.
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