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ObjectiveaaEven though the role of the DICS1 gene as a risk factor for schizophrenia is still unclear, there is substantial evidence from 
functional and cell biology studies that supports the connection of the gene with schizophrenia. The studies associating the DISC1 gene 
with schizophrenia in Asian populations are limited to East-Asian populations. Our study examined several DISC1 markers of schizo-
phrenia that were identified in the Caucasian and East-Asian populations in Malaysia and assessed the role of rs2509382, which is locat-
ed at 11q14.3, the mutual translocation region of the famous DISC1 translocation [t (1; 11) (p42.1; q14.3)].
MethodsaaWe genotyped eleven single-neucleotide polymorphism (SNPs) within or related to DISC1 (rs821597, rs821616, rs4658971, 
rs1538979, rs843979, rs2812385, rs1407599, rs4658890, and rs2509382) using the PCR-RFLP methods.
ResultsaaIn all, there were 575 participants (225 schizophrenic patients and 350 healthy controls) of either Malay or Chinese ethnicity. 
The case-control analyses found two SNPs that were associated with schizophrenia [rs4658971 (p=0.030; OR=1.43 (1.35–1.99) and 
rs1538979-(p=0.036; OR=1.35 (1.02–1.80)] and rs2509382-susceptibility among the males schizophrenics [p=0.0082; OR=2.16 (1.22–
3.81)]. This is similar to the meta-analysis findings for the Caucasian populations.
ConclusionaaThe study supports the notion that the DISC1 gene is a marker of schizophrenia susceptibility and that rs2509382 in the 
mutual DISC1 translocation region is a susceptibility marker for schizophrenia among males in Malaysia. However, the finding of the 
study is limited due to possible genetic stratification and the small sample size. Psychiatry Investig 2015;12(1):103-111
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INTRODUCTION

Schizophrenia is a complex set of disturbances in thinking, 
perception, affect, and social behaviour. The causes of this 
disorder are still largely unknown. Significant family, twin, 
and adoption studies have indicated that genetic factors play 
an important role in the etiology of schizophrenia. Since the 
discovery of the Disrupted-in-Schizophrenia-1 (DISC1) gene 
within a balance translocation (1; 11) (q42.1; q14.3) in a large 
Scottish family with psychiatric disorders1 more than 20 years 

ago, there have been many studies, especially in Caucasian 
populations, which have attempted to identify specific DISC1 
variants association with Schizophrenia.2,3 The evidence of the 
association of the DISC1 gene with schizophrenia in several 
Caucasian populations, especially in Europe,4,5 as well as the 
Caucasian populations that reside outside the European con-
tinent,6 is positively encouraging. However, the recent data 
from genome-wide scans mega meta-analysis studies have 
cast doubt on this association.7

In contrast to the inconclusive evidence for DISC1 as a ge-
netic risk factor for schizophrenia in Caucasian populations, 
functional and cell biology studies have consistently support-
ed the connection between the DISC1 gene and neuropatho-
logical theories of schizophrenia. DISC1gene is involved in a 
variety of neurocellular functions, such as intracellular signal-
ing, neurodevelopment, and neurosynapses.8-12 Functionally, 
DISC1gene mutations and various haplotypes are associated 
with impaired memory.13,14 Rats with DISC1 gene knockout 
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were found to exhibit stress-induced prefrontal cortex dys-
function,15 an important precondition for the development of 
schizophrenia.

Because genetic variations differ among populations, it is 
important to assess the variations of DISC1 gene role in 
schizophrenia in a local context before making a definitive 
decision regarding its role in schizophrenia. Regrettably, in 
Asia, there had been only few studies that have investigated 
the role of the DISC1 gene in Schizophrenia, and these stud-
ies were mainly performed on East-Asian populations.16-20 
There were conflicting findings on the association between 
schizophrenia and DISC1 in Chinese16,17 and Korean popula-
tions18,19 whilst a study on DISC1/TRAX locus found insignif-
icant linked of the locus in the Japanese.20 In addition to the 
DISC1 locus, the mutual translocated regions of the DISC1 
gene (1; 11) (q42.1; q14.3) are also areas of interest. A recent 
meta-analysis of several genome-wide studies that also in-
cluded publicly available data in the Genetic Association In-
formation Network (GAIN) (www.genome.org) identified 
rs2509382 as being associated with schizophrenia among 
males.21 This is an interesting finding because rs2509382 is lo-
cated at 11q14.3 and represents the mutual translocation re-
gion.

In the present study, a case-control association analysis was 
performed to examine several DISC1 markers of schizophre-
nia that were identified in Caucasian and East-Asian popula-
tions in terms of their relevance to Malaysian patients. The 
study also assessed the role of rs2509382 among the patients.

METHODS

Ethics approval
The study was registered under the National Medical Re-

search Registry of Malaysia (NMRR-10-832-6366), and the 
protocol was approved by both the Medical Research and 
Ethics Committee, Ministry of Health, Malaysia, and the Kul-
liyyah of Medicine, International Islamic University, Malaysia 
(IIUM).

Study populations
The study consisted of 225 unrelated schizophrenia patients 

and 350 healthy controls. Schizophrenia cases were collected 
from the Psychiatry Clinic of Tengku Ampuan Afzan Hospi-
tal, Kuantan (HTAA). The patients who attended follow-up 
appointments at the clinic were either from Kuantan (the state 
capital of Pahang) or referred from other districts in Pahang 
or the town Kemaman (in Terengganu). The control subjects 
were from the district of Kuantan. All subjects were over 18 
years of age and were legitimately identified as being of Malay 
or Chinese ethnicity based on their personal identification 

card issued by the National Registry Department of Malaysia. 
These subjects also had grandfathers and grandmothers of 
similar ethnicities. The schizophrenic subjects had a consen-
sus best-estimate DSM-IV diagnosis of schizophrenia of at 
least six months duration, and the symptoms of psychosis 
were not deemed to be secondary to substance use or neuro-
logical disorders. Mentally retarded patients were not includ-
ed as subjects. In all, there were 225 (147 males and 78 fe-
males) schizophrenic patients and 350 controls (233 males 
and 117 females), with those of Chinese ethnicity represent-
ing only 43 and 10 of the cases and control subjects, respec-
tively. The sample size was calculated by using OpenEpi for 
the unmatched case-control study.22 Using data from Schum-
acher et al.2 for rs4658890 (MAF=0.485), a total sample size of 
994 (1:1 case-control ratio) was needed for a standard 95% 
two-sided confidence level and an 80% power of detection 

Figure 1. Lingkage disequilibrium between the SNPs selected in 
the DISC1 gene constructed using Haploview 4.2 of HCB Chr 1: 
229329..230397k database. The rs4658971, rs843979 and 
rs821616 were uncaptured. Values are equal to D’ multiplied by 100 
(Values are not shown for D’=1). SNP: single nucleotid polymor-
phism.
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(effect size 0.30). In our study, a total of 225 schizophrenia pa-
tients and 350 controls would give less than a 60% power of 
detection at a 95% confidence level.

Genotyping and selection of SNPs
Peripheral blood samples were collected from all 575 sub-

jects. Genomic DNA was extracted using a Gentra® Pure-
gene® (Qiagen, Germany) purification kit, following the 
manufacturer’s protocol. Four SNPs (rs821597, rs4658971, 
rs843979, and rs821616) that were located in the region be-
tween Intron 10 and Exon 11 of DISC1 were selected based 
on a previous study that was conducted on Han Chinese sub-
jects.17 Another six SNPs (rs1538979, rs2812385, rs4658890, 
rs1407599, rs16854957, and rs2038636) were selected based 
on the meta-analysis findings of DISC1 studies performed 
among Caucasians in Europe.2 The last SNP, rs2509382, 
which was located at 11q14.3, represented the mutual translo-
cation region of the famously translocated DISC1 (1q42.1) 
gene.21 The intermarker linkage disequilibrium patterns of the 

SNPs are shown in Figure 1.
SNPs were genotyped using PCR-RFLP methods. PCR was 

performed in a 15 µL reaction volume that included 0.25 µM 
of each primer, 200 µM of dNTPs, I U of One TaqTM Poly-
merase (New England Biolabs), 1X reaction buffer of various 
MgCl2 titrations, and 30 ng of DNA. The information regard-
ing the primers and restriction enzymes used in the assay is 
shown in Table 1. The PCR products were digested with their 
respective restriction enzymes, followed by electrophoretic 
separation on 3.2% agarose gel. Only clear and unequivocal 
genotypes were included in the data analysis. Thus, the PCR-
RFLP success rate of most of the SNPs studied ranged be-
tween 85% and 99%. Only one SNP (rs843979) had success 
rate of 73%. A minimum of 3 samples per SNP, each repre-
senting the ancestor, variant and mixed genotypes were ran-
domly chosen based on the RFLP result, for direct nucleotide 
sequencing. The concordance rate between RFLP and se-
quencing was 100%.

Table 1. Information of the selected SNPs and the genotyping assays

SNP ID
Location
Chr:Kbp

Primer sequence (5’-3’) Allele
Restriction 

nuclease
(NEB®)

Amplified  
restricted  
products

PCR condition

MgCl2
(mM)

Annealing 
temperature

(°C)
rs821597* 1:238.26 F-CAGGGT TAT TGT TTCCAGAGG 

R-CAA GTG CTC AAG AGT TCG TG
A/G EcoR1 432→217+215 4 60

rs4658971* 1:243.81 F-AGAAGAGAATCACCAACAGG
R-AGCCACACAAATGAGCACAC

T/C BsrB1 357→208+149 5 65

rs843979* 1:266.61 F-GAGGAGGATATAGATACCAG
R-TCTTTCTTGTCTTGCCCTTCC

C/G Hinf1 470→383+87 5 65

rs821616* 1:280.60 F-GTATTGGGCTGCTGAGTCTG
R-GACCTCTTTCTGTTCACC TCC

A/T Bsr1 540→336+204 4 65

rs1538979 1:23.87 F-ACAGGAACCACAGACACCTAGACG
R-ATACAGGTCTCCATCGGCACCACCCCAGTC

C/T Msp1 249→257+32 2 64

rs16854957 1:48.89 F-AGCATATCAGCAGTCTCCAAGCTGC
R-AAATGCAAAGCTCTCCTCTTTCTCCAGATA

C/A Tsp5091 187→154+33 2 55

rs2812385 1:0 F-CACGCTGCATCCCTTTGGTG
R-GTGTGCTGTAAAAGGCAGTTAGG

G/T Ssp1 220→129+91 2 65

rs2038636 1:191.25 F-CAGGTCAAATGGGCGTAGCTGAG
R-AAGTTCCCTGACCGGGCCAGAAAGACATAA

G/A Tsp5091 108→75+33 2 55

rs4658890 1:160.08 F-GCAACTGCACGGCGTCTGGA
R-TGGCACCTCTCGTCTCCCTCC

G/T Hinf1 225→131+94 2 65

rs1407599 1:163.91 F-AGTCCCTGCTTGAAAGAGTCTCCTG
R-TCTTCCTGACACCCACGTCCTCCA

G/T Tsp5091 210→156+54 2 65

rs2509382 11:NA F-GCCCTTAGAATAAAAGCCAGA
R-AACAAATAAAATAATGAAAATCCACACTTC

G/C Taqα1 167→136+30 5 58

All variants are located within the intron regions except for rs821616 and rs2509328 which is located within the exon of DISC1 and intergenic 
region in Chr18 respectively. *primers designed by Qu et al. (2007). Chr: Chromosome, Kbp: Nearest kilo-base pair distance from rs2812385, 
NA: not applicable, SNP: single nucleotide polymorphism
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Statistical analyses
The analyses of the allelic and genotypic differences in 

DISC1 gene markers between schizophrenic and control sub-
jects were evaluated via Chi-square test, which was performed 
using the Shesis software program.23 The odds ratio (OR) for 
the alleles’ effect and the deviation of the genotype counts 
from the Hardy-Weinberg equilibrium were tested using the 
same software. A Bonferroni correction for multiple testing 
was carried out to exclude type I errors (corrected significant 
p of <0.005). Data from studies performed among the Chi-
nese16,17 and Japanese populations24 were used for meta-analy-
ses. The meta-analyses and heterogeneity tests were per-
formed using the Comprehensive Meta-analysis Version 2 
software program.25

RESULTS

Ten SNPs within the DISC1 gene and rs2509382 in the 
DISC1 mutual translocated region of 11q14.3 were genotyped 
in 225 schizophrenic patients and 350 healthy controls from 
Malay-Malaysian and Chinese-Malaysian populations. Geno-
type testing on two SNPs (rs2038636 and r16854957) found 
they were not polymorphic in the populations studied. None 
of the controls and cases showed heterozygous or homozy-
gous variants. The genotypic and allelic differences between 
schizophrenic patients and controls for the remaining nine 
SNPs are shown in Table 2. The distributions of all of the SNP 
genotypes conformed to Hardy-Weinberg equilibrium in the 
control samples. 

There were significant differences in genotypes and allele 

Table 2. Association of genotypes and alleles distribution of nine DISC1 related SNPs with schizophrenia

Marker N Genotype
p-value
(2df)

HWE Allele
p-value
(1df)

OR (95% CI)

rs821597 AA AG GG A G
Patients 196 38 (0.20)   84 (0.43)   72 (0.37) 0.978 0.138 160 (0.41) 228 (0.59) 0.980 1.003 (0.77–1.31)
Controls 294 56 (0.19) 130 (0.44) 108 (0.37) 0.135 242 (0.41) 346 (0.59)

rs821616 TT AT AA T A
Patients 218   2 (0.01)   51 (0.23) 165 (0.76) 0.886 0.367   55 (0.13) 381 (0.87) 0.744 1.06 (0.73–1.54)
Controls 293   4 (0.01)   70 (0.24) 219 (0.75) 0.546   78 (0.13) 508 (0.87)

rs4658971 TT TC CC T C
Patients 199 20 (0.10)   43 (0.22) 136 (0.68) 0.00067* <0.0001   83 (0.21) 315 (0.79) 0.030* 1.44 (1.05–2.00)
Controls 303   7 (0.02)   80 (0.26) 216 (0.71) 0.899   94 (0.15) 512 (0.84)

rs1538979 TT CT CC T C
Patients 210 12 (0.06)   94 (0.45) 104 (0.50) 0.0198* 0.118 118 (0.28) 302 (0.72) 0.036* 1.35 (1.02–1.80)
Controls 325 19 (0.06) 107 (0.33) 199 (0.61) 0.365 146 (0.22) 505 (0.78)

rs843979 CC CG GG C G
Patients 190 27 (0.14)   93 (0.49)   70 (0.37) 0.312 0.661 147 (0.39) 233 (0.61) 0.434 0.90 (0.68–1.18)
Controls 258 50 (0.19) 113 (0.44)   95 (0.37) 0.121 213 (0.41) 303 (0.59)

rs2812385 GG GT TT G T
Patients 216 44 (0.20) 101 (0.47)   71 (0.33) 0.250 0.463 189 (0.44) 243 (0.56) 0.100 1.23 (0.96–1.58)
Controls 320 49 (0.15) 150 (0.47) 121 (0.38) 0.780 247 (0.39) 391 (0.61)

rs1407599 TT GT GG T G
Patients 222   4 (0.02)   52 (0.23) 166 (0.75) 0.763 0.975   60 (0.13) 384 (0.86) 0.587 1.10 (0.77–1.57)
Controls 346   4 (0.01)   77 (0.22) 265 (0.77) 0.542   86 (0.12) 607 (0.88)

rs4658890 TT GT GG T G
Patients 216 41 (0.19) 122 (0.56)   53 (0.24) 0.64 0.0504 204 (0.47) 228 (0.53) 0.675 0.95 (0.75–1.21)
Controls 336 74 (0.22) 178 (0.53)   84 (0.25) 0.268 326 (0.48) 346 (0.51)

rs2509382 CC GC GG C G
Patients 209     3 (0.014)     34 (0.163)   172 (0.823) 0.213 0.385     40 (0.096)   378 (0.904) 0.075 1.50 (0.96–2.35)
Controls 337     3 (0.010)     38 (0.114)   296 (0.880) 0.168     44 (0.066)   624 (0.934)

χ2-test, statistical significant at *p<0.05. All genotypes distribution in controls conformed to Hardy Weinberg Equilibrium (HWE). SNP: single 
nucleotide polymorphism
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frequencies between patients and controls for two SNPs, 
rs4658971 and rs1538971. Those having the T minor allele 
instead of the C major allele for rs4658971 [p=0.0303, OR= 
1.44 (1.03–2.00)] and rs1538971 [p=0.036, OR=1.35 (1.02–
1.80)] are more susceptible to schizophrenia. Except for sig-
nificant genotypic differences for rs4658971 (χ2=14.66, 
p=0.00067), the genotypic and allelic differences were re-
versed after a Bonferonni correction for multiple testing. The 
nine SNPs were further tested for a relationship with disease 
based on the gender. The results of the genotype and allele 
frequencies for males and females are shown in Table 3 and 4, 
respectively. There were significant differences in genotype 
(p=0.0304) and allele frequencies in male participants for 
SNP rs2509382 [p=0.0082, OR=2.16 (01.22–3.81); corrected 
p=0.090].

The meta-analyses results for rs821616, rs821597, rs843979, 

and rs4658971 are shown in Figure 2. There was a significant 
association between rs821597 and schizophrenia in the com-
bined data [p=0.031, OR=1.14 (1.01–1.28); heterogeneity test 
(I2=62.6, p=0.069)]. In contrast, the meta-analysis of rs4658971 
found no significant association of this SNP with schizophrenia. 

DISCUSSION

There are conflicting findings regarding the association of 
the DISC1 gene with schizophrenia. This inconsistency could 
be due to the limited selection of polymorphic markers that 
were tested or the inadequacy of the sample’s representation. 
Based on the summary of all published association studies of 
the DISC1 gene and schizophrenia that were accessed in the 
Schizophrenia Research Forum (www.szgene.org),26 there 
were more than 25 studies performed on Caucasian popula-

Table 3. Association of genotypes and alleles distribution of nine DISC1 related SNPs with schizophrenia in males

Marker Genotype
p-value 
(2df)

HWE Allele p-value (1df) OR (95% CI)

rs821597 AA AG GG A G
Patients 24 (0.20)   55 (0.45)   43 (0.35) 0.891 0.401 103 (0.42) 141 (0.58) 0.711 1.06 (0.77–1.47)
Controls 34 (0.18)   90 (0.46)   70 (0.36) 0.586 158 (0.41) 230 (0.59)

rs821616 TT AT AA T A
Patients   2 (0.01)   32 (0.23) 107 (0.76) 0.867 0.822   36 (0.13) 246 (0.87) 0.613 0.89 (0.57–1.40)
Controls   4 (0.02)   49 (0.24) 149 (0.74) 0.990   57 (0.14) 347 (0.86)

rs4658971 TT TC CC T C
Patients 14 (0.11)   26 (0.20)   91 (0.69) 0.0014* <0.0001   54 (0.21) 208 (0.79) 0.103 1.40 (0.93–2.08)
Controls   4 (0.02)   56 (0.27) 144 (0.71) 0.589   64 (0.16) 344 (0.84)

rs1538979 TT CT CC T C
Patients   6 (0.04)   63 (0.46)   67 (0.50) 0.109 0.062   75 (0.28) 197 (0.72) 0.226 1.24 (0.88–1.75)
Controls 13 (0.06)   77 (0.35) 130 (0.59) 0.738 103 (0.23) 335 (0.77)

rs843979 CC CG GG C G
Patients 17 (0.14)   62 (0.52)   41 (0.34) 0.746 0.403   96 (0.40) 144 (0.60) 0.738 0.94 (0.68–1.32)
Controls 30 (0.17)   84 (0.48)   60 (0.34) 0.948 144 (0.41) 204 (0.59)

rs2812385 GG GT TT G T
Patients 30 (0.21)   69 (0.48)   44 (0.31) 0.271 0.760 129 (0.45) 157 (0.55) 0.103 1.29 (0.95–1.74)
Controls 34 (0.16) 102 (0.47)   82 (0.38) 0.807 170 (0.40) 266 (0.61)

rs1407599 TT GT GG T G
Patients     2 (0.014)   32 (0.22) 112 (0.77) 0.959 0.867   36 (0.12) 256 (0.88) 0.826 0.95 (0.61–1.48)
Controls     3 (0.013)   54 (0.23) 176 (0.75) 0.614   60 (0.13) 406 (0.87)

rs4658890 TT GT GG T G
Patients 26 (0.18)   83 (0.58)   33 (0.23) 0.543 0.040 135 (0.47) 149 (0.52) 0.553 0.91 (0.68–1.23)
Controls 52 (0.23) 122 (0.54)   53 (0.23) 0.260 226 (0.50) 228 (0.50)

rs2509382 CC GC GG G C
Patients     2 (0.015)   25 (0.18) 110 (0.80) 0.0304* 0.674   29 (0.11) 245 (0.89) 0.0082* 2.16 (1.22–3.81)
Controls     1 (0.005)   21 (0.09) 202 (0.90) 0.583   23 (0.05) 419 (0.95)

χ2-test, statistical significant at *p<0.05. SNP: single nucleotide polymorphism
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tions, as compared to less than eight performed on Asian pop-
ulations. 

In Asia, there have been studies that showed an encourag-
ing association between the DISC1 gene and schizophrenia 
among the Han Chinese.16,17 A study among the Japanese20 
and Korean populations,18 however, showed that DISC1 gene 
variants had a negative role in schizophrenia. Nevertheless, a 
study of the Korean population also indicated that DISC1 
variation is associated with the poor-concentration pheno-
type of schizophrenia.19 The two SNPs (rs821616 and 
rs821597) that were reportedly associated with schizophre-
nia17 showed no such association in our cohort of patients. 
However, this study found two SNPs (rs4658971 and 
rs1538979) to be significantly associated with schizophrenia 
in terms of both genotypes and allelic distribution. The effect 
of these variations in DISC1 gene expression are unknown 

because both variations are located within introns of the 
DISC1 gene. There is no evidence suggesting the effects of 
these two SNP on gene splicing. Interestingly, a meta-analysis 
of more than five case-control association studies performed 
in Europe found that rs1538979 was a susceptibility marker 
for schizophrenia.2 However, an upgrade meta-analysis stud-
ies3 has refuted the association of the common variants of 
DISC1 with schizophrenia.

A recent meta-analysis of several genome-wide studies, in-
cluding the publicly available data of the Genetic Association 
Information Network (GAIN) (www.genome.org), identified 
rs2509382 as having an association with schizophrenia among 
males.21 Our study found that rs2509382 caused a similarly 
significant risk of schizophrenia among the males [p=0.0082, 
OR=2.16 (01.22–3.81)]. This finding supported the possibility 
of a sex-specific genetic predisposition toward the develop-

Table 4. Association of genotypes and alleles distribution of nine DISC1 related SNPs with schizophrenia in females

Marker Genotype
p-value
(2df)

HWE Allele
p-value
(1df)

OR (95% CI)

rs821597 AA AG GG A G
Patients 14 (0.19) 29 (0.40) 29 (0.40) 0.951 0.180   57 (0.40)   87 (0.60) 0.753 0.93 (0.60–1.44)
Controls 22 (0.21) 41 (0.40) 40 (0.39) 0.07   85 (0.41) 121 (0.59)

rs821616 TT AT AA T A
Patients 0 19 (0.25) 58 (0.75) 0.720 0.217   19 (0.12) 135 (0.88) 0.738 1.12 (0.58–2.17)
Controls 0 21 (0.22) 73 (0.78) 0.222   21 (0.11) 167 (0.89)

rs4658971 TT TC CC T C
Patients   6 (0.09) 17 (0.25) 45 (0.67) 0.250 0.036   29 (0.21) 107 (0.79) 0.148 1.52 (0.86–2.67)
Controls   3 (0.03) 24 (0.24) 72 (0.73) 0.570   30 (0.15) 168 (0.85)

rs1538979 TT CT CC T C
Patients   6 (0.08) 31 (0.42) 37 (0.50) 0.100 0.890   43 (0.29) 105 (0.71) 0.053 1.62 (0.99–2.64)
Controls   6 (0.06) 30 (0.28) 70 (0.66) 0.260   43 (0.20) 170 (0.80)

rs843979 GG GT TT G T
Patients 10 (0.14) 31 (0.44) 29 (0.41) 0.258 0.714   51 (0.36)   89 (0.64) 0.406 0.82 (0.52–1.30)
Controls 20 (0.24) 29 (0.34) 35 (0.42) 0.008   69 (0.41)   99 (0.59)

rs2812385 GG GT TT G T
Patients 14 (0.19) 32 (0.44) 27 (0.37) 0.701 0.419   60 (0.41)   86 (0.59) 0.495 1.16 (0.75–1.80)
Controls 15 (0.14) 48 (0.46) 41 (0.40) 0.7875   78 (0.37) 130 (0.62)

rs1407599 TT GT GG T G
Patients   2 (0.03) 20 (0.26) 54 (0.71) 0.389 0.928   24 (0.16) 128 (0.84) 0.194 1.49 (0.82–2.70)
Controls   1 (0.01) 24 (0.21) 91 (0.78) 0.670   26 (0.11) 206 (0.89)

rs4658890 TT GT GG T G
Patients 15 (0.20) 39 (0.53) 20 (0.27) 0.992 0.612   69 (0.47)   79 (0.53) 0.971 1.01 (0.66–1.53)
Controls 23 (0.20) 58 (0.52) 31 (0.28) 0.664 104 (0.46) 120 (0.54)

rs2509382 CC GC GG C G
Patients     1 (0.014)   9 (0.12) 62 (0.86) 0.866 0.333   11 (0.08) 133 (0.92) 0.582 0.81 (0.38–1.73)
Controls     2 (0.018) 17 (0.15) 94 (0.83) 0.253   21 (0.09) 205 (0.91)

χ2-test, statistical significant at p<0.05. SNP: single nucleotide polymorphism
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ment of schizophrenia. Interestingly, rs2509382 is located at 
11q14.3 near the non-coding and brain expressed DISC1Fu-
sion Partner 1 (DISC1FP1) gene27 that represents the partner 
of translocation region of the famously described DISC1 
(1q42.1) translocation. The DISCIFP1 region association with 
schizophrenia is not well explored although a third party anal-
ysis on the Psychiatric Genetics Consortium Genome-Wide 
Association Study (GWAS) data has reported a weak associa-
tion.28 The exploration of the association of other variants 
within the 11q14.3 location with schizophrenia may provide 
further information regarding the relationship between this 
genetic location and schizophrenia.

Our study analyzed both Malay and Chinese subjects as 
one cohort of participants. This was based on the assumption 
that the genetic variations among the Malay and Chinese 
populations were relatively similar, as suggested by the Singa-
pore Genome Variation Project,29 which was performed in a 
neighbouring country, Singapore. Additionally, evidence 
from a study on the genetic structure of populations found 
that all sub-ethnic groups of the Peninsular Malay are clus-
tered together with the Chinese population and that these 

clusters are quite separated from the Yoruba, Indians, and 
Malaysian Indigenious Negritos.30

A meta-analysis was performed to improve the statistical 
power of this project by combining data from several studies 
performed on the Chinese population. Combining allele fre-
quency results from three studies, we found that there was no 
significant evidence of an association between SNPs rs821616, 
rs843979, and rs4658971 and schizophrenia. However, the 
combined data showed that rs821597 carries the risk of sus-
ceptibility to schizophrenia. The current genetic evidence fur-
ther supports the important role of the DISC1 gene in the de-
velopment of schizophrenia, and the association seems to 
affect both Caucasian and Asian populations.

Several functional and cell biology studies have supported 
the role of DISC1 in schizophrenia. DISC1 product interacts 
with other proteins implicated in the central nervous system 
development.10,31 In-vitro, DISC1 has been shown to have a 
multifunctional protein whose truncation may lead to the 
disruption of intracellular transport, neurite growth, and neu-
ronal migration.28 In addition to neurodevelopment, other 
studies also revealed the functional roles of DISC1 in tran-

Figure 2. Meta-analysis findings of 
rs821597 (A), rs821616 (B), rs4658971 
(C) and rs843979 (D).
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scription and cAMP signalling32 and in the presynaptic activi-
ty of glutamate release.33 The positive findings regarding ge-
netic predisposition found in the current study, combined 
with the implicated proteomic pathways and functional roles 
of DISC1 that were reported by various studies, give addi-
tional support to the importance of DISC1 in the pathology of 
schizophrenia. 

Our study has several limitations. The case-control ap-
proach used in this study is prone to false positive and false 
negative associations, especially due to undeclared population 
stratifications. The Malay ethnic group is loosely defined based 
on Article 160 of the Constitution of Malaysia. Therefore, a 
Malay is defined as a Malaysian citizen born to a Malaysian 
citizen who professes to be a Muslim, habitually speaks the 
Malay language, and adheres to Malay customs. To reduce 
this bias, the Malay participants were identified based on the 
ethnic identification of the previous two generations. Because 
schizophrenia is a disease with complex clinical presentations, 
a general association based on either having or not having the 
disease, as was used by the current study, may be too simplis-
tic to unravel the complex nature of the disease with regard to 
genetic predisposition. 

In conclusion, the current study found two SNPs within the 
DISC1 gene that predispose individuals to schizophrenia 
within the Malaysian population. Additionally, we found an 
association of rs2509382 with schizophrenia among male par-
ticipants, thus reinforcing previous genome-wide meta-analy-
sis findings regarding this SNP in a male Caucasian popula-
tion.21 Additional studies that investigate the interaction 
between genetic predisposition and the clinical and social fea-
tures of schizophrenia could elucidate the role of this gene in 
the clinical pathology of schizophrenia. 
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