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Abstract

To determine whether mitochondrial DNA (mtDNA) variations are associated with schizo-
phrenia, 313 patients with schizophrenia and 326 unaffected participants of the northern
Chinese Han population were included in a prospective study. Single-nucleotide polymor-
phisms (SNPs) including C5178A, A10398G, G13708A, and C13928G were analyzed by
polymerase chain reaction—restriction fragment length polymorphism (PCR-RFLP). Hyper-
variable regions | and Il (HVSI and HVSII) were analyzed by sequencing. The results
showed that the 4 SNPs and 11 haplotypes, composed of the 4 SNPs, did not differ signifi-
cantly between patient and control groups. No significant association between haplogroups
and the risk of schizophrenia was ascertained after Bonferroni correction. Drawing a conclu-
sion, there was no evidence of an association between mtDNA (the 4 SNPs and the control
region) and schizophrenia in the northern Chinese Han population.

Introduction

Schizophrenia is a chronic, severe metal dysfunction. Clinical manifestations of schizophrenia
vary tremendously, and the pathogenesis of this disease is unclear. Results of studies in which
twins or adopted children were associated with occurrence of schizophrenia indicated that
genetics and environmental factors together can produce this disease [1]. It was reported that
the rate of mental illness among offspring was higher for those with a maternal history of men-
tal illness than for those with a paternal history [2]. Patients with mitochondrial disease also
were more likely to exhibit symptoms of mental illness [3]. Therefore, the risk of schizophrenia
might be related to mitochondrial dysfunction.

The coding region of mtDNA encodes 13 proteins, 22 tRNAs, and 2 rRNAs. The control
region regulates replication and expression of the mitochondrial genes and harbors a replica-
tion initiation site and 2 major transcription initiation sites [4]. Mitochondria dysfunction can
severely affect neuronal activity, including synaptic connection, axon formation, and neuronal
plasticity [5]. Other investigators determined that variations in mtDNA altered the construc-
tion and expression levels of relevant proteins [6]. These variations can yield defects in respira-
tion, enhance glycolysis, and induce overproduction of reactive oxygen species (ROS) [7]. ROS

PLOS ONE | https://doi.org/10.1371/journal.pone.0182769  August 28, 2017

1/11


https://doi.org/10.1371/journal.pone.0182769
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0182769&domain=pdf&date_stamp=2017-08-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0182769&domain=pdf&date_stamp=2017-08-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0182769&domain=pdf&date_stamp=2017-08-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0182769&domain=pdf&date_stamp=2017-08-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0182769&domain=pdf&date_stamp=2017-08-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0182769&domain=pdf&date_stamp=2017-08-28
https://doi.org/10.1371/journal.pone.0182769
https://doi.org/10.1371/journal.pone.0182769
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

@° PLOS | ONE

Mitochondrial DNA variations and schizophrenia

Competing interests: The authors have declared
that no competing interests exist.

overproduction eventually leaded to neuronal damage [8]. Activity of the oxidative respiratory
chain complex I might be an indicator of schizophrenia [9]. To further assess this possibility,
the 4 SNPs involved in encoding complex [—C5178A, A10398G, G13708A, and C13928G—
were examined in this study.

The variation 5178 C — A in the MT-ND2 gene results in substitution of leucine-237 with
methionine in mitochondrial membrane nicotinamide adenine dinucleotide (MT-NADH)
dehydrogenase subunit 2 (ND2-Leu237Met) [10]. The alteration of the base at site 5178 might
affect the structure and function of the MT-NADH dehydrogenase subunit 2, which in turn
can affect oxidative phosphorylation, oxidative stress, and glucose metabolism [11]. Authors
have found previously that 5178C — A base substitution could protect mitochondria from oxi-
dative damage [12]. Associations were made between C5178A and longevity [13], Parkinson’s
syndrome [14], and bipolar disorder [15].

The mutation 10398A — G in the MT-ND3 gene leads to substitution of threonine-114
with alanine in MT-NADH dehydrogenase subunit 3 (MT-ND3-Thr114Ala). Investigators
associated G10398A with a variety of diseases, including bipolar disorder [15], type 2 diabetes
[16], and breast cancer [17]. However, results of 1 study did not find an association between
G10398A of mtDNA and breast cancer in the Chinese Han population [18]. Moreover, no
relationship was found between the G10398A polymorphism and Alzheimer’s disease, Parkin-
sonism, or migraine [19].

Both G13708A and C13928G polymorphisms are in the MT-ND5 gene. The 13708G — A
replacement results in substitution of alanine-458 with threonine in MT-NADH dehydroge-
nase subunit 5 on the mitochondrial membrane (MT-ND5-Ala458Thr). It was found that the
13708G — A polymorphism was probably not related to Alzheimer’s disease [20], Parkinson’s
disease, or migraine [19]. Substitution of 13928C — G results in replacement of threonine-531
with serine in the MT-NADH dehydrogenase subunit 5 on the mitochondrial membrane
(MT-ND5-Thr531Ser).

Mutations in these genes can alter the amino acid sequence and affect protein structures
and functions [10]. Presently, there are few studies of the relationship between schizophrenia
and SNPs (C5178A, A10398G, G13708A, and C13928G) in the northern Han Chinese popula-
tion or of the relationship between hypervariable regions of mtDNA and schizophrenia.

Materials and methods
Samples

This study included venous blood specimens from 326 unrelated healthy individuals (control
group) and 313 patients with schizophrenia (patient group) of the northern Han Chinese pop-
ulation (Table 1). Samples were provided by China Medical University. In the control group,
individuals (mean age + standard deviation [SD], 43.7 + 7.4 years; range, 25-65 years; 162
men, 164 women) were confirmed to be unaffected by mental illness through at least 3 genera-
tions. Unaffected control participants also were screened with the Scaled Global Health

Table 1. Characteristics of the study participants.

Variables Control Group (N = 326) Patient Group (N = 313)
Age (mean + SD) 43.7+7.4 41,1417 .1

Male (%) 49.7 50.2

Female (%) 50.3 49.8

Male age (mean + SD) 47.1+7.9 42.5+6.9
Female age (mean + SD) 40.5+6.9 39.7+7.2

https://doi.org/10.1371/journal.pone.0182769.t001
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Questionnaire (GHQ) [21], and individuals with potential psychiatric disease were excluded.
Only unrelated participants with no personal history of psychiatric disease and a GHQ score
<7 were considered for inclusion in the study [22]. The control group and patient group were
matched for ethnicity, age, gender, and geographical region. Patients with schizophrenia
(mean age + SD, 41.1 + 7.1 years; range, 21-65 years; 157 men, 156 women) had been hospital-
ized for <1 month and met DSM-IV criteria for the diagnosis of schizophrenia. Patients were
evaluated by at least 2 psychiatrists who reached consensus on diagnosis. Participants were
recruited from 2005 to 2010. All patients and participants provided written informed consent
prior to inclusion in this study. Specimens were obtained and analyzed with approval from the
Ethics Committee of China Medical University.

Methods

DNA extraction, amplification, and sequencing. DNA was extracted from sample blood
using the Chelex-100 method. The mtDNA fragment (15869-740) was amplified using prim-
ers for polymerase chain reaction (PCR): L15869F and H719R [23] (Table 2). The 20 ul PCR
reactions contained 2.0 pl 5xbuffer, 1.6 pl 2.5 mM dNTP mix, 0.8 pl each of reverse (R) and
forward (F) PCR primers (8 pM each), 0.2 ul of KOD Enzyme (1.0 U/pl), and 20 ng of template
DNA. PCR was performed under the following cycle conditions: initial denaturation of 94°C
for 5 minutes; followed by 35 cycles of 94°C denaturation for 30 seconds, 55°C annealing for
30 seconds, and 72°C elongation for 40 seconds; followed by a final extension at 72°C for 10
minutes. The production fragment was sequenced with the following primers: L15869F and
80R for HVSI, 16539F and H719R for HVSIL. The purified PCR products were sequenced by
ABI 377 DNA automatic sequencer. We deposited the laboratory protocols in protocols.io (dx.
doi.org/10.17504/protocols.io.ipccdiw).

PCR amplification and restriction fragment length polymorphism analysis of the
mtDNA coding region. The four SNPs (C5178A, A10398G, G13708A, and C13928G) in the
mtDNA coding region were detected using PCR-RFLP analysis. The primers listed in able 2
were used to amplify target fragments. The mismatch method was applied to generate an
HpyCHA4lll artificial restriction endonuclease site in the amplified fragment that included the
C13928G SNP. The 20 pl PCR reactions contained 2.0 pl 10xbuffer, 2 pl 2.5 mM dNTP mix,

Table 2. Primers used for the analysis of mtDNA polymorphisms in the hypervariable region and the coding region.

Locus Annealing Temperature ('C) Primer Sequences (5" — 3°)

Hypervariable
Regions

5178

10398

13708

13928

2 Mismatched base.

https://doi.org/10.1371/journal.pone.0182769.t002

L15869F 5' AAAATACTCAAATGGGCCTGTC 3"

H719R5' CGTGGTGATTTAGAGGGTGAAC 3"
16539 F 5' ACACGTTCCCCTTAARATAAGAC 3"
80R5' AGCGTCTCGCAATGCTATCG 3"

61°C 5178 F5' ATCTCTCCCTCACTARACGTAAGCCTT 3'
5178 R5' TTAGTATAAAAGGGGAGATAGGTAGGAGTAGC 3"
64°C 10398 F 5' GCCCTCCTTTTACCCCTACCA 3"
10398 R 5' GGGAGGATATGAGGTGTGAGCGAT 3'
65°C 13708 F 5' TCATCGCTACCTCCCTGACAAG 3"
13708 R 5" ATGCTAGGGTAGAATCCGAGTATGTT 3'
61°C 13928 F 5' TATTCGCAGGATTTCTCATTACTAACAACATTTC 3"

13928 R 5' AAAATATATAAGGATTGTGCGGTGTGTGACG 3" @
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2 ul each of R and F PCR primers (10 pM each), 0.2 ul of rTaq Enzyme (5 U/pl), and 20 ng of
template DNA. PCR was performed under the following cycle conditions: initial denaturation
of 94°C for 5 minutes; followed by 30 cycles of 94°C denaturation for 30 seconds, annealing at
61-65°C (Table 2) for 30 seconds, and elongation at 72°C for 30 seconds; followed by a final
extension at 72°C for 5 minutes. PCR products were digested with restriction enzymes (S1
Table), and fragments were detected on 6% polyacrylamide gel.

Data analysis. The purified PCR products were sequenced by ABI 377 DNA automatic
sequencer. Sample sequences were validated twice with Sequencher 4.1.4 software (Gene
Codes Corp, Ann Arbor, MI, USA) to ensure accuracy of the data set. The sequences then
were aligned and compared with rCRS [24]. The mtDNA haplogroups were classified accord-
ing to the mtDNA Build16 (19 February 2014) using MitoTool [25]. Differences between the
control and patient groups were ascertained using SPSS PASW Statistics v. 18.0 (IBM, Chi-
cago, IL). The significance threshold for the haplogroup tests was 0.0020 (0.05/25); 0.0022
(0.05/22) for females and 0.0021 (0.05/24) for males [26]. Power analysis was conducted by PS
program [27] statistical software.

Access to data. Sequences derived in this study have been deposited into the NCBI data-
base under the following accession numbers: KY212209-KY212525, KY432960-KY432968,
and KY432969-KY433281 (https://www.ncbi.nlm.nih.gov/genbank/). Accession numbers of
control-group sequences are KY212209-KY212525 and KY432960-KY432968; accession num-
bers of patient-group are KY432969-KY433281.

Results

No association between the 4 SNPs in the coding region and
schizophrenia

Based on sequences of the hypervariable regions and PCR-RFLP fragments in the coding
region, the 326 samples in the control group were divided into 312 haplotypes; the 313 samples
in the patient group were divided into 301 haplotypes (S1 and S2 Tables). Allelic distributions
of the 4 SNPs in the patient and control groups were summarized in Table 3. In the northern
Chinese Han population, the minor frequencies of C5178A, A10398G, G13708A, and
C13928G were 0.255, 0.472, 0.058, and 0.123, respectively. These substitutions have been
reported in approximately 2700 mtDNA sequences at rates of 0.111, 0.541, 0.064, and 0.033,
respectively [28]. There were no significant between-group differences in allele frequencies of
the 4 SNPs (Table 4). Genotype frequencies of the 4 SNPs also were not significantly different
between the control and patient groups (Table 5).

Table 3. Allelic distributions of each SNP in patient and control groups.

SNP Locus
5178A
5178C
10398A
10398G
13708A
13708G
13928C
13928G

https://doi.org/10.1371/journal.pone.0182769.t003

Total Number (%) Female Number (%) Male Number (%)

Patients Controls Patients Controls Patients Controls
90 (28.75) 83 (25.46) 48 (30.77) 37 (22.56) 42(26.75) 46 (28.40)
223 (71.25) 243 (74.54) 108 (69.23) 127 (77.44) 115 (73.25) 116 (71.60)
135 (43.13) 154 (47.24) 67 (42.95) 82 (50.00) 68 (43.31) 72 (44.44)
178 (56.87) 172 (52.76) 89 (57.05) 82 (50.00) 89 (56.69) 90 (55.56)

16 (5.11) 19 (5.83) 6 (3.85) 9 (5.49) 10 (6.37) 10 (6.17)
297 (94.89) 307 (94.17) 150 (96.15) 155 (94.51) 147 (93.63) 152 (93.83)
44 (14.06) 40 (12.27) 22 (14.10) 21 (12.80) 22 (14.01) 19 (11.73)
269 (85.94) 286 (87.73) 134 (85.90) 143 (87.20) 135 (85.99) 143 (88.27)
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Table 4. Associations of the 4 SNPs with schizophrenia in the northern Chinese Han population (significance level = 0.05).

Total

Female

Male

Associated Allele
P
OR
95% ClI
Power
P
OR
95% Cl
Power
P
OR
95% Cl
Power

https://doi.org/10.1371/journal.pone.0182769.t004

5178A
0.349
1.182
0.833-1.676
0.155
0.097
1.526
0.926-2.514
0.383
0.743
0.921
0.563-1.505
0.062

10398A
0.297
0.847
0.620-1.157
0.181
0.206
0.753
0.485-1.170
0.243
0.839
0.955
0.614-1.486
0.055

13708A
0.691
0.870
0.439-1.725
0.068
0.487
0.689
0.239-1.983
0.105
0.942
1.034
0.418-2.557
0.051

13928C
0.504
1.170
0.739-1.852
0.103
0.734
1.118
0.588-2.126
0.063
0.542
1.227
0.636—-2.367
0.094

No association of haplogroups with schizophrenia

As shown in Table 6, the frequency of haplogroup M8a significantly differed between groups
(P=0.019, OR = 0.315 [0.114-0.869]). Among females, a statistically significant difference was
detected in the frequency of haplogroup A between the 2 groups (P = 0.043, OR = 0.465
[0.219-0.989]) (Table 7). As depicted in Table 8, the frequencies of haplogroups M7 and N9
were significantly different between male patients with schizophrenia and unaffected male par-
ticipants (P = 0.028, OR = 3.074 [1.080-8.749]; P = 0.040, OR = 0.348 [0.122-0.990], respec-
tively). However, the significance could not survive the Bonferroni correction. Therefore, we
did not establish an association between haplogroups and schizophrenia in the northern Chi-
nese Han population.

Discussion

Herein, no associations were detected between 4 SNPs and schizophrenia in the northern Chi-
nese Han population. Investigators have shown previously that the C5178A polymorphism
was associated with bipolar disorder in the Japanese population [29], and that the 5178C-
10389A haplotype was a risk factor for bipolar disorder [15]. It was reported that patients with
schizophrenia or bipolar disorder had the same risk-associated genetic variations [30]. Our
findings of a lack of an association might be attributable to the different genetic background of

Table 5. Relationship between haplotypes comprising the 4 SNPs and schizophrenia (significance level = 0.05).

C5178A
A

o000 o0 >» >» >

(@)

https://doi.org/10.1371/journal.pone.0182769.t005

A10398G G13708A C13928G Patients Controls P Power
A A G 0 3 0.262 0.159
A G G 24 21 0.545 0.093
G A G 0 1 1.000 0.086
G G G 66 58 0.292 0.184
A A C 12 11 0.755 0.062
A A G 3 2 0.964 0.079
A G C 30 27 0.564 0.089
A G G 66 90 0.055 0.482
G A G 1 1 1.000 0.050
G G C 2 2 1.000 0.050
G G G 109 110 0.773 0.059
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Table 6. Relationship between haplogroups and schizophrenia (significance level = 0.05/25).

Haplogroups Patients (313) Controls (326) P OR 95% CI Power
A 26 38 0.159 0.687 0.406-1.161 0.290
B 39 47 0.469 0.845 0.535-1.333 0.111
B4 28 34 0.526 0.844 0.499-1.428 0.096
B5 11 13 0.753 0.877 0.387-1.988 0.127
M8 28 40 0.173 0.702 0.422-1.170 0.276
M8a 5 16 0.019 0.315 0.114-0.869 0.651
C 11 16 0.381 0.706 0.322-1.545 0.140
z 11 8 0.430 1.448 0.575-3.648 0.126
Ccz 1 0 0.490 0.997 0.991-1.003 —
D 67 66 0.718 1.073 0.732-1.572 0.065
R9 46 36 0.167 1.388 0.870-2.213 0.281
F 46 34 0.103 1.480 0.922-2.375 0.370
G 15 12 0.485 1.317 0.607-2.860 0.108
L3* 3 8 0.146 0.385 0.101-1.463 0.304
L3b 3 8 0.146 0.385 0.101-1.463 0.304
M* 16 13 0.495 1.297 0.613-2.743 0.105
M7 22 14 0.134 1.685 0.846-3.355 0.323
M9 27 19 0.171 1.525 0.830-2.803 0.276
N9 15 25 0.133 0.606 0.313-1.172 0.322
N9a 10 19 0.110 0.533 0.244-1.166 0.357
Y 5 6 0.813 0.866 0.262-2.866 0.056
JT 1 0.587 3.145 0.325-30.398 0.180
R* 1 2 1.000 0.519 0.047-5.755 0.082
RO 3 3 1.000 1.042 0.209-5.202 0.050
others 2 2 1.000 1.042 0.146-7.442 0.050

* Name of the haplogroup.

https://doi.org/10.1371/journal.pone.0182769.t006

population and the small sample size. In the current study, no association was found between
the A10398G polymorphism and schizophrenia, which was in agreement with the findings of
Zhang et al. [31]. In a study involving a small sample size, it was determined that the G13708A
polymorphism was related to schizophrenia; but this relationship was not detected in large
sample replicates [32]. In addition, the substitutions of the 3 SNPs (A10398G, G13708A, and
C13928G) were predicted to be benign using PolyPhen-2 [33], and these predictions were con-
sistent with our findings. In the northern Han population, the frequencies of 11 haplotypes
comprising the 4 SNPs did not significantly differ between the control and patient groups.

It was reported that the total frequency of the 3 haplogroups (M, B, and D) was 0.630 in
11,240 Asian mtDNA sequences [34]; we observed a total frequency of 0.606 in the northern
Han Chinese population. In this study, there was no evidence of an association between hap-
logroups and schizophrenia in the northern Chinese Han population. In Europe, similar
results were found [35, 36]. Ueno et al. [37] did not observe an association between hap-
logroups and schizophrenia among the Japanese population. In a study of the Israeli popula-
tion, Amar et al. [38] found that the frequency of haplogroup HV (including H and HV *) in a
group of patients with schizophrenia was significantly higher than in the control group. How-
ever, these authors did not conduct multiple testings or include a suitable control group. Roll-
ins et al. [39] reported that haplogroup HV might be a risk factor for schizophrenia and
bipolar disorder, but these authors evaluated a small sample.
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Table 7. Relationship between haplogroups and schizophrenia among females (significance level = 0.05/22).

Haplogroups Female Patients (156) Female Controls (164) P OR 95% CI Power
A 11 23 0.043 0.465 0.219-0.989 0.818
B 20 23 0.752 0.902 0.474-1.716 0.073
M8 12 23 0.070 0.511 0.245-1.066 0.728

M8a 3 9 0.093 0.338 0.090-1.271 0.663
C 5 11 0.151 0.461 0.156-1.357 0.527
z 4 3 0.947 1.412 0.311-6.414 0.097
D 36 31 0.359 1.287 0.750-2.209 0.254
R9 22 20 0.613 1.182 0.617-2.264 0.110
F 22 18 0.398 1.332 0.684—2.591 0.223
G 8 3 0.105 2.901 0.755-11.140 0.626
L3* 3 5 0.774 0.624 0.146-2.654 0.146
L3b 3 5 0.774 0.624 0.146-2.654 0.146
M* 8 5 0.346 1.179 0.550-5.372 0.066
M7 8 9 0.886 0.931 0.350-2.477 0.055
M9 12 8 0.299 1.625 0.646-4.089 0.313
N9 10 11 0.915 0.953 0.393-2.310 0.052
N9a 6 9 0.487 0.689 0.239-1.983 0.165
Y 4 2 0.635 2.132 0.385-11.806 0.238
JT 3 1 0.580 3.196 0.329-31.057 0.317
T 2 1 0.965 2117 0.190-23.582 0.142
RO 2 2 1.000 1.052 0.146-7.561 0.051
U 1 0 0.487 0.994 0.981-1.006 -

* Name of the haplogroup.

https://doi.org/10.1371/journal.pone.0182769.t007

Discordant results have been obtained regarding an association of haplogroups with schizo-
phrenia in the Han population. It was found that haplogroup N9a was probably a protective
factor for schizophrenia in the Han population [40]. In the Hunan Han population, hap-
logroup B5a was reported to be a risk factor for schizophrenia [31]. In the study, no proof was
found for an association of haplogroups with schizophrenia. In the Han population, discrepan-
cies in observed associations among haplogroups and schizophrenia may be attributable to
geographical differences.

Associations between mtDNA polymorphisms and schizophrenia were inconsistent among
studies. Several factors may explain these discrepancies. First, the sample sizes of many of
these studies were relatively small, so results may be not representative of true relationships
between mtDNA and schizophrenia. Second, immigration, environment, intermarriage, and
genetic factors affected polymorphisms of mtDNA. Specifically, mtDNA polymorphisms were
known to differ among ethnic groups [41-43] and geographic regions [44]. Third, many of
these studies lacked multiple testing [35].

In summary, we found on evidence of between-group differences in 4 SNPs (C5178A,
A10398G, G13708A, and C13928G) thoughts to be associated with schizophrenia. Moreover,
there were no significant differences between control and patient groups in the 11 haplotypes
comprising of the 4 SNPs. No evidence was observed for an association of any haplogroup
with schizophrenia. The control and coding regions of mtDNA should be both analyzed to
detect the relationship between mitochondrial DNA and schizophrenia. Except for the poly-
morphisms of 4 SNPs (C5178A, A10398G, G13708A, and C13928G) and the control region,
the Characteristics of other mtDNA regions and rare variants were not examined. Associations
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Table 8. Relationship between haplogroups and schizophrenia among males (significance level = 0.05/24).

Haplogroups Male Patients (157) Male Controls (162) P OR 95% CI Power
A 15 15 0.928 1.035 0.488-2.196 0.052
B 19 24 0.478 0.792 0.415-1.511 0.170
M8 16 17 0.929 0.968 0.471-1.990 0.052
M8a 2 7 0.192 0.286 0.058-1.397 0.609
C 6 5 0.719 1.248 0.373-4.174 0.080
Z 7 5 0.520 1.465 0.455-4.718 1.470
(074 1 0 0.492 0.994 0.981-1.006 -
D 31 35 0.682 0.893 0.519-1.536 0.089
R9 24 16 0.145 1.647 0.839-3.233 0.543
F 24 16 0.145 1.647 0.839-3.233 0.543
G 7 9 0.654 0.793 0.288-2.185 0.097
L3* 0 3 0.257 1.019 0.998-1.041 0.050
L3b 0 3 0.257 1.019 0.998-1.041 0.050
M* 8 8 0.949 1.034 0.378-2.825 0.051
M7 14 5 0.028 3.074 1.080-8.749 0.867
M9 15 11 0.367 1.450 0.644-3.263 0.248
N9 5 14 0.040 0.348 0.122-0.990 0.830
N9a 4 10 0.114 0.397 0.122-1.295 0.598
Y 1 4 0.386 0.253 0.028-2.291 0.459
RO 1 1 1.000 1.032 0.064—-16.645 0.050
R11 1 2 1.000 0.513 0.046-5.713 0.118
N1 1 0 0.492 0.994 0.981-1.006 -
N* 0 1 1.000 1.006 0.994-1.018 0.050
N2 0 1 1.000 1.006 0.994-1.018 0.050

* Name of the haplogroup.

https://doi.org/10.1371/journal.pone.0182769.t008

between other variations in coding region and schizophrenia were not detected in this study.
The relationship between mtDNA and schizophrenia requires further study.
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