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Abstract 

Schizophrenia is a severely debilitating mental illness occurring worldwide. 

Although heritability of this disorder is high (up to 80%), no gene has been 

linked to schizophrenia so far with certainty. Multiple susceptibility genes 

with small effects are thought to play a role in the etiology of this disorder. 

In the present study, nine SNPs in five candidate genes previously indicated 

by genome-wide association studies (GWASs) and a genome-wide linkage 

study (GWLS) were investigated for association with schizophrenia. These 

candidate SNPs are located in the intronic regions of the zinc finger protein 

804A (ZNF804A), transcription factor 4 (TCF4), microRNA137 (MIR137), 

metabotropic glutamate receptor 7 (GRM7) and synapsin 2 (SYN2) genes. 

From studies of the functions of these five genes, it is biologically plausible 

they may be genetically associated with schizophrenia. The loci containing 

these SNPs have been investigated in previous studies, but with inconsistent 

results and most of these studies have used Caucasian samples. Except for 

analysis of SNPs in the genomic region of the GRM7 gene conducted by our 

research team, there are no other studies using samples from Indonesia. The 

present study aimed to confirm associations of the nine candidate SNPs with 

schizophrenia in samples from Indonesia and to investigate population 

specificity of these SNPs. 

 

The samples for genotyping these SNPs consisted of a case control sample 

(1067 cases and 1111 controls) and a family sample (145 families). A 

TaqMan SNP genotyping assay and PCR-RFLP assay were used for 

genotyping. Allele frequencies in cases and controls were compared using 

Chi2-statistics, and the transmission disequilibrium test (TDT) was used for 

assessing the family sample. The following findings were obtained in the 

present study: (1) An association between an intronic SNP (rs1344706) in 

the ZNF804A gene and schizophrenia was replicated in the case control 

sample (p = 0.0182 for allele frequency difference). (2) A nominal 

association between an intronic SNP (rs9960767) in the TCF4 gene and 

schizophrenia was observed in females of the case control sample (p = 

0.0477 for allele frequency difference). A TCF4 haplotype 

(rs9960767-rs2958182) was found to be nominally associated with 

decreased risk of developing schizophrenia in females of the case control 
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sample (p = 0.0481). (3) A nominal association between an intronic SNP 

(rs2660304) in the MIR137 gene and schizophrenia was observed in males 

of the case control sample (p = 0.0470 for allele frequency difference). (4) 

Three SYN2 haplotypes were found to be nominally associated with 

increased risk of developing schizophrenia in the family sample (p = 

0.004-0.033). The p-values reported in the present study, including p-values 

under (1) – (4), were unadjusted. Except for rs1344706 in the ZNF804A 

gene which is a true replication (same SNP same risk allele), none of the 

reported associations would survive Bonferroni correction. (5) Two intronic 

SNP (rs2958182 and rs2924336) in the TCF4 gene, an intronic SNP 

(rs17031835) in the GRM7 gene, and three intronic SNP (rs795009, 

rs310762 and rs308963) in the SYN2 gene were not shown to be associated 

with schizophrenia in the present sample. Of the six SNPs, rs2958182, 

rs17031835 and rs795009 had previously reported odds ratios (ORs). 

According to these ORs, the present study had enough power to detect an 

association. 

 

The association of rs1344706 in the ZNF804A gene with schizophrenia was 

confirmed in the Indonesian population, suggesting the association is not 

population specific. Suggestive associations of rs9960767 and rs2660304 

with schizophrenia were found in gender subgroups of the Indonesian 

population, indicating that these associations may be not population-specific 

but may be sex-specific. These findings are in agreement with results from 

the genome-wide associations from large GWAS and supported by the 

biological function of the genes containing these SNPs (ZNF804A, TCF4 

and MIR137) which may play a role in the pathophysiology of 

schizophrenia. Associations of intronic SNPs in the GRM7 and SYN2 genes 

with schizophrenia could not be replicated in the Indonesian population. 

Associated SYN2 haplotypes exhibited low frequency and weak association. 

These results suggest that the GRM7 and SYN2 genes may not confer 

susceptibility to schizophrenia in the Indonesian population. 
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1.1 Schizophrenia background 

1.1.1 History of conception 

Although a schizophrenia–like syndrome was first described in ancient 

Egypt (Okasha and Okasha 2000), the earliest accepted records of 

schizophrenia are from the mid-nineteenth century. In 1853, Bénédict 

Augustin Morel described a distinct syndrome he called ‘démence precoce’. 

This syndrome, now named schizophrenia, was characterized by cognitive 

impairments in young people (Morel 1860). Later, Kraepelin described this 

syndrome in detail and first identified it as a mental syndrome separate from 

manic depression (Kraepelin 1921). In 1893, Kraepelin chose the name 

'dementia praecox' (early dementia) for the syndrome as he believed it was 

primarily an illness of the brain involving the prefrontal and temporal 

regions, even though it lacked the related neuropathological signatures of 

dementia that occurs at a late age (Kraepelin, Barclay et al. 1919). Kraepelin 

also described two core features of dementia praecox: ‘weakening of 

emotional activities’ and ‘loss of inner unity’, (Kraepelin, Barclay et al. 

1919). In 1908, Bleuler argued that dementia praecox was not a form of 

dementia and that ‘fragmenting of thought’ was the most important 

characteristic. Thus, Bleuler changed the name from dementia praecox to 

what it is now widely known as schizophrenia (Bleuler 1950, Kuhn and 

Cahn 2004). Schizophrenia, fragmenting of the mind, is derived from the 

Greek words schizein (to split) and phren-(mind). While this name is now 

accepted worldwide, the conception of this disease continues to be refined. 

With a better understanding of the etiology of schizophrenia, a more precise 

conception of schizophrenia can be obtained. 

 

1.1.2 Epidemiology 

Schizophrenia is a common disease occurring worldwide. It occurs at a 

similar prevalence or incidence across populations (Jablensky, Sartorius et 

al. 1992, Hafner and an der Heiden 1997). However, the results from 

different studies of prevalence or incidence vary mainly due to differences 

in treatment, recovery, migration rates, neighborhood and economic status 

between populations (Saha, Chant et al. 2005, Kirkbride, Morgan et al. 

2007, McGrath, Saha et al. 2008). The lifetime prevalence of schizophrenia 
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is commonly given at 1% (Jablensky 1997). In 2005, a systematic review of 

188 studies of schizophrenia published from 1965 and 2002 from 46 

countries, found that the median point prevalence is 4.6 per 1000 persons 

and the median lifetime prevalence is 7.2 per 1000 (Saha, Chant et al. 2005). 

Furthermore, a systematic review of incidence data from 160 studies in 33 

countries, published from 1965 to 2001, showed that the median value and 

mean value of incidence are 0.15 and 0.24 per 1000 individuals, 

respectively (McGrath, Saha et al. 2004). 

 

It is widely reported that the incidence of schizophrenia is higher in males 

than in females (Lewine, Burbach et al. 1984, Castle, Wessely et al. 1993, 

Aleman, Kahn et al. 2003). According to a meta-analysis, the incidence 

ratios of males to females are 1.3-1.4:1 (Aleman, Kahn et al. 2003). The 

reported male-female ratios for the incidence are different, possibly due to 

inconsistent diagnostic criteria or study designs (Castle, Wessely et al. 1993). 

Another possible reason could be that schizophrenia represents different 

subgroups of this disease in males and females (Castle and Murray 1991). 

 

Schizophrenia is a severely debilitating mental disease and one of the most 

burdensome (Rossler, Salize et al. 2005). The peak periods of the onset of 

schizophrenia are early adulthood and late adolescence, which are important 

periods for young people’s education and social development. After initial 

onset, a substantial proportion of schizophrenic patients are seriously 

impaired for the remainder of their lives with continuing suffering from 

their devastating symptoms and the strong social stigma associated with 

schizophrenia (Lee, Lee et al. 2005, Karidi, Stefanis et al. 2010). There is an 

increased risk of suicide (Harris and Barraclough 1997) and compared to the 

general population, the relative mortality of schizophrenic patients is high, 

with a 4.7-fold increased risk in male patients and a 2.3-fold increased risk 

in female patients (Mortensen and Juel 1993). According to the World 

Health Report, schizophrenia reduces an affected persons’ life span by an 

average of 10 years and it is the eighth leading cause of disability-adjusted 

life years in the 15-44 age group (Organization 2001). Schizophrenia also 

ranks ninth in the global burden of illness (Murray 1996). 
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1.1.3 Clinical features 

The characteristic symptoms of schizophrenia fall into three main domains: 

positive symptoms, negative symptoms and cognitive deficits (Liddle 1987, 

Mueser, Curren et al. 1997). Positive symptoms include delusions, 

hallucinations, thought disorders and disorganized speech and behavior. 

These florid symptoms, especially delusions and hallucinations, are 

relatively easy to recognize, but their presence and severity can be episodic 

and fluctuate over the course of the illness (Silverstein and Harrow 1978, 

Carpenter and Buchanan 1994). While negative symptoms include 

anhedonia, blunted effect, apathy and alogia, cognitive deficits present as 

distractibility, impaired working memory, impaired executive function and 

impaired insight. Although negative and cognitive symptoms are not 

detected easily, the presence of these symptoms is relatively consistent over 

time (Mueser, Douglas et al. 1991). Negative symptoms and cognitive 

deficits are also the main reasons why schizophrenic patients are usually 

unable to live independently (Thomas and Hersen 2002). 

 

The presence and severity of symptoms vary among patients with 

schizophrenia. Patients usually present with some of the characteristic 

symptoms, rather than all of symptoms. The International Classification of 

Diseases (ICD-10, 1992) categorizes schizophrenia into several subtypes; 

paranoid (F20.0), hebephrenic (F20.1), catatonic (F20.2), undifferentiated 

(F20.3), post-schizophrenic depression (F20.4), residual (F20.5), and simple 

(F20.6) schizophrenia. In addition to the symptom heterogeneity in 

schizophrenia, symptoms of schizophrenia also overlap those of other 

psychoses, such as affective psychosis, depression, alcohol misuse and 

schizotypal personality disorder (Gelder 2009). 

 

1.1.4 Diagnosis 

As the etiology of schizophrenia remains largely unknown, there are 

currently no objective measures (e.g. bio-markers) to facilitate and confirm 

diagnosis. At present, the standardized methods used in diagnosing 

schizophrenia are to evaluate the symptoms of the patient and then to assess 

whether the symptoms meet the diagnostic criteria for schizophrenia. Today, 
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the most widely used standardized criteria for diagnosing schizophrenia are 

from the fourth version of the Diagnostic and Statistical Manual of Mental 

Disorders (DSM-IV, 1994) and the ICD-10 (Gelder 2009). The DSM-IV and 

ICD-10 criteria for schizophrenia are described in Table 1.1. As the 

understanding of schizophrenia’s etiology improves, objective measures 

may be used for a more accurate diagnosis. 

 

1.1.5 Treatment 

Currently, treatment for schizophrenia is symptom-oriented. Though 

psychological and psychosocial interventions are involved in the 

management of schizophrenia, medication is the primary treatment. Both 

typical antipsychotics (e.g. chlorpromazine, haloperidol) and atypical 

antipsychotics (e.g. clozapine, risperidone, and olanzapine) produce a 

significant improvement in alleviating the positive symptoms probably by 

antagonizing D2 receptors in the brain (Gelder 2009). Atypical 

antipsychotics have shown to be more effective in treating the negative 

symptoms (Moller, Muller et al. 1995, Loo, PoirierLittre et al. 1997, Leucht, 

Wahlbeck et al. 2003) and cognitive deficits (Keefe, Silva et al. 1999, 

Weickert, Goldberg et al. 2003) probably by antagonizing serotonin, 

acetylcholine, α-adrenergic and dopamine receptors (Gelder 2009). 

 

Although antipsychotic management of schizophrenia can produce a great 

improvement in clinical symptoms, there are still unresolved problems in 

the treatment for schizophrenia. Firstly, antipsychotic medication is not a 

causal treatment and the pharmacological mode of action in treating 

schizophrenic symptoms is still unknown. Secondly, patients must endure 

various side effects caused by the antipsychotic drugs. Common adverse 

effects include extrapyramidal symptoms (EPS), autonomic side effects, 

cardiovascular and metabolic problems. Neutropenia, agranulocytosis and 

neuroleptic malignant syndrome, though uncommon, are also serious side 

effects of these drugs. Although the presence and severity of these adverse 

effects are modified by each patient’s characteristics, once one or more 

adverse effects appear they can influence the patients’ quality of life. Thirdly, 

one third to one fifth of patients with schizophrenia respond poorly to 

medication. A proportion of these poor responders become refractory to 
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Table 1.1 DSM-IV and ICD-10 diagnostic criteria for schizophrenia (Taken from New Oxford Textbook of Psychiatry (2009), volume 1, page 535). 

 DSM-IV ICD-10 

Characteristic symptoms 

One or more for 1 month 

 

Bizarre delusions 

Commenting voice or voices conversing 

 

Thought echo/ withdrawal/broadcasting 

Delusions of control 

Hallucinatory voice 

Persistent delusions 

Or two or more Delusions 

Hallucinations 

Disorganized speech 

Grossly disorganized or catatonic behavior 

Negative symptoms 

Persistent hallucinations 

Thought block/disorder 

Catatonia 

Negative symptoms 

Significant personality change 

Time course 1 month (‘significant proportion’) for symptoms listed 

plus six months social/occupational disturbance 

One month (most of the time) 

Exclusions Schizoaffective disorder or brief mood disturbance 

Direct effect of drugs of abuse/medication or general 

medical condition 

Extensive depressive/manic symptoms of diagnosis of 

schizoaffective disorder 

Overt brain disease; Drug intoxication /withdrawal 
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multiple medication trials and become treatment resistant (Conley and Kelly 

2001). Finally, even if symptoms have decreased from the use of 

antipsychotics, patients with schizophrenia still need lifelong medication. 

The poor understanding of schizophrenia’s pathophysiology is the main 

reason for these shortcomings in antipsychotic treatments. Thus improved 

understanding of the etiology of this disease may help identify and refine 

pharmaceutical targets to improve the efficacy of medication. 

 

1.1.6 Etiology 

Although schizophrenia has been studied as a distinct and important disease 

for decades, its exact etiology remains obscure. However, progress has been 

made in identifying risk factors and today it is known that schizophrenia 

results from the cumulative effects of a number of environmental and 

genetic risk factors (Mueser and McGurk 2004). 

 

1.1.6.1 Environmental risk factors 

A number of environmental factors have been implicated in the etiology of 

schizophrenia (Table 1.2). These factors have both biological and 

psychosocial components (Maki, Veijola et al. 2005). While many studies 

have advanced the understanding of these environmental risk factors, there 

are a number of obstacles to their further exploration. Firstly, the 

preponderance of environmental factors is non-specific and could apply to 

the majority of the population. To date, no evidence exists to suggest any 

environmental factor as sufficient or necessary to cause schizophrenia on its 

own. Secondly, the exact mechanisms underlying these factors remain 

unknown and how environmental exposures affect the onset and course of 

schizophrenia is inadequately explained. Thirdly, for some environmental 

causes, the cause-effect relationship is questionable. For example, some 

researchers claim that cannabis use can induce or modify the expression of 

schizophrenia in vulnerable populations rather than increase the risk of this 

disorder in the general population (Barnes, Mutsatsa et al. 2006, Degenhardt 

and Hall 2006). Some influences (e.g. cognitive impairment, poor academic 

achievement, minor physical anomalies) might be a part of the early 

symptoms of schizophrenia rather than risk factors for developing the 
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disease and other factors (e.g. urbanicity, migration) might stand for some 

other specific risk exposures whose characteristics are still unclear. So far, 

no single environmental influence fully satisfies the nine epidemiological 

criteria for an exposure-disease cause–effect relationship as outlined by Hill 

(1965). Finally, it is not easy to separate genetic and environmental factors 

in the etiology of schizophrenia. Therefore, with respect to environmental 

risk factors, efforts in research are now concentrating on how genetic and 

environmental factors interact to cause this disease (Tandon, Keshavan et al. 

2008).  

 

Table 1.2 Environmental risk factors for schizophrenia 

Periods Risk factors References 

Antenatal-perinatal 

period 

Infection and malnutrition 

Obstetric and perinatal 

implications 

 

 

Old paternal age 

Winter birth 

Penner and Brown 2007 

Geddes and Lawrie 1995 

Cannon, Jones et al. 2002 

Byrne, Agerbo et al. 2007 

Wohl and Gorwood 2007 

Davies, Welham et al. 2003 

Childhood 

Childhood trauma 

Head injury 

Parental separation or death 

Migration 

Urbanicity 

Morgan and Fisher 2007 

David and Prince 2005 

Morgan, Kirkbride et al. 2007 

Cantor-Graae and Selten 2005 

Pedersen and Mortensen 2001 

Adolescence 
Cannabis use 

Social adversity and stressful life 

Semple, McIntosh et al. 2005 

Norman and Malla 1993 

 

1.1.6.2 Genetic risk factors for schizophrenia 

After schizophrenia was recognised as a distinct disease, familial clustering 

in schizophrenia was noted. Based on this familial clustering, genetic 

studies initially aimed to determine if there was a genetic component to 

schizophrenia and to quantify it. These early genetic studies involved family, 

twin and adoption studies. 

 

Family studies 

Family studies compare the risk rates in relatives of schizophrenic probands 

(the first affected family member) with those in the general population in 

order to identify genetic causes. A review by Gottesman, Shields et al. 

(1982) shows that schizophrenic patients’ siblings and offspring have a 
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10-20 fold increase in the lifetime risk of schizophrenia, compared to that of 

the general population. More recently, the methodology of family studies 

was improved by using ICD and DSM criteria to better identify cases and 

included relatives of unaffected individuals. These studies confirmed that 

relatives of schizophrenic patients are at increased risk of the disease 

(Kendler, Masterson et al. 1985, Gershon, Delisi et al. 1988, Kendler, 

Mcguire et al. 1993, Maier, Lichtermann et al. 1993). Many studies 

indicated that first-degree relatives of schizophrenic patients have a lifetime 

risk of about 10%, while the lifetime risk for the general population is 1%. 

For those with two schizophrenic parents, the lifetime risk for this disease is 

as high as 50% (Gottesman and Wolfgram 1991).  

 

In family studies, increased risk rates in the relatives of schizophrenic 

patients, as well as the lack of simple Mendelian ratios, were demonstrated 

in schizophrenia. The presence of familial aggregation only suggests, but 

does not confirm, genetic components in the etiology. Either shared 

environmental exposures or shared genes can cause the aggregation. 

Therefore, twin studies and adoption studies are required to untangle genetic 

factors from environmental exposures for schizophrenia. 

 

Twin studies 

Twin studies are based on the assumption that both monozygotic (MZ) twins 

and dizygotic (DZ) twins share their environment to the same extent, though 

only MZ twins are genetically identical. The existence of the two types of 

twins enables twin studies to differentiate genetic from environmental risk 

factors. A higher concordance rate for MZ twins than for DZ twins is 

indicative of a genetic effect (Everitt 2005). 

 

Given a group of twins where at least one member of each pair is affected, 

there are two types of the concordance rates, pairwise and probandwise. 

While the pairwise concordance rate is the proportion of twin pairs where 

both members of a twin pair are affected, the probandwise concordance rate 

is the proportion of individuals who are affected and have an affected 

co-twin as well (Mcgue 1992, Hallmayer, Cleveland et al. 2011). The 

pairwise concordance rate has been abandoned, because it was influenced 
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by methods of ascertainment of twins (Mcgue 1992). For example, if both 

members of a discordant twin pair were independently selected, the number 

of discordant pairs (each pair with only one affected twin) would increase 

(Galaburda 1993). Probandwise concordance rate accounts for 

ascertainment of twins and thus is still in use today (Mcgue 1992, Galaburda 

1993). 

 

Either pairwise or probandwise concordance rates for schizophrenia have 

been shown to be much higher in MZ twins than in DZ twins, suggesting a 

strong genetic component to schizophrenia. Gottesman, Shields et al. (1982) 

reviewed early twin studies and reported that MZ and DZ pairwise 

concordance rates were 65% and 12%. Using broadly defined schizophrenia, 

Gottesman and Wolfgram (1991) found the average probandwise 

concordance rate to be 46% in MZ twins and 14% in DZ twins. More recent 

studies also show that MZ and DZ probandwise concordance rates are 50% 

and 4% using DSM-III, and 42% and 4% using ICD-10, respectively 

(Cardno and Gottesman 2000).  

 

Studies of identical twins reared apart provide further evidence for a strong 

genetic component. In these studies, the MZ twins are required to meet two 

criteria: (1) The MZ twins have been separated at birth and reared in 

different families; (2) at least one member of each twin pair is affected 

(Bouchard, Lykken et al. 1990). Among these MZ twins, the concordance 

for a disease is most likely to be due to genetic factors, not environmental 

factors (Bouchard, Lykken et al. 1990). Gottesman, Shields et al. (1982) 

identified 14 MZ twins in which the two criteria were met and at least one 

member of each twin pair was diagnosed with schizophrenia, and they 

reported that nine pairs were concordant for schizophrenia. 

 

Adoption studies 

Adoption studies also enable genetic factors to be separated from 

environmental factors. Individuals adopted at birth inherit their genes from 

their biological parents but share the environment of their adoptive parents. 

Concordance in rates of schizophrenia between adoptees and their biological 

parents is indicative of a genetic factor in the etiology of the disease. 
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Adoptees have an increased morbidity risk for schizophrenia when they 

have biological parents with schizophrenia. An early study included 47 

adoptees with biological mothers diagnosed with schizophrenia and 50 

control adoptees with unaffected biological mothers (Heston 1966). This 

study reported the rate of schizophrenia to be 11% in adoptees with affected 

biological mothers and 0% in those with unaffected biological mothers. In 

addition, elevated rates were also reported of schizophrenia spectrum 

disorders among adoptees with biological parents with psychotic diagnoses 

(Rosenthal, Wender et al. 1971, Lowing, Mirsky et al. 1983). Furthermore, 

biological relatives of schizophrenic adoptees also have an increased 

morbidity risk for schizophrenia. Kety and colleagues compared the rate of 

schizophrenia spectrum disorder between biological and adoptive relatives 

of schizophrenic adoptees. They found the rate was 13% in biological 

relatives, but only 1% in adoptive relatives (Kety, Rosenthal et al. 1976, 

Kety, Wender et al. 1994). Kendler, Gruenberg et al. (1994) used DSM-III 

criteria to better estimate these samples and obtained similar rates (Kendler, 

Gruenberg et al. 1994).  

 

A “crossfostering” design can be used to further explore whether being 

reared by an adoptive parent with schizophrenia could increase the risk of 

developing this disease (Wender, Rosenthal et al. 1974). Wender, Rosenthal 

et al. (1974) reported that among 21 adoptees born to unaffected parents and 

adopted by one parent with schizophrenia, only one adoptee developed 

schizophrenia spectrum disorder. In adoption studies, increased concordance 

in rates of schizophrenia between adoptees and their biological parents 

suggests that affection status of schizophrenia is likely due to the shared 

genes with affected biological parents, not the environment they share with 

adoptive parents. 

 

Discussion of twin and adoption studies  

As twin and adoption studies are regarded as effective methods for 

separating genetic effects from environmental effects, there is strong 

evidence that genetic factors play a major role in schizophrenia. However, 

some researchers question the methodology of the twin and adoption studies, 
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and argue that the two types of studies cannot control for confounding 

environmental factors (Read, Mosher et al. 2004). The validity of twin 

design is based on the equal environment assumption which assumes that 

the environments of MZ and DZ twins are the same. However, this 

assumption is problematic because MZ twins can have more similar 

physical and social environments than DZ twins (Joseph 1998). Even in 

studies of identical twins reared apart, environmental confounds cannot be 

controlled for because MZ twins reared apart still shared the same 

environment in the womb before birth. As for adoption studies, a basic 

assumption of this method is the absence of selective placement. However, 

this assumption has been questioned because the adoptee’s biological 

background may influence the adoption placement in some social 

circumstances (Joseph 1999, Read, Mosher et al. 2004). It has been 

suggested that children with affected biological parents are placed into 

homes inferior to children with unaffected biological parents and thus 

experimental and control adoptees do not have comparable rearing 

environments (Joseph 1999). Therefore, placement should be a 

consideration in adoption studies. 

. 

Although the validity of twin and adoption studies is doubted by some 

researchers, mainstream accounts cite the two types of studies as 

justification for searching for schizophrenia’s genetic effects (Sullivan 2005). 

With further advances in molecular genetics, the role of genes in the 

etiology of schizophrenia may be more fully explored. 

 

Mode of transmission 

When it was determined from family, twin and adoption studies that genetic 

factors were important in the development of schizophrenia, the heritability 

of schizophrenia was estimated to quantify the genetic contribution to their 

etiology. Early studies used data from specific hospital registers to estimated 

heritability of schizophrenia and reported that the heritability of the liability 

to developing schizophrenia was 81% (Sullivan, Kendler et al. 2003). 

However, these early studies had limitations, such as small sample sizes 

(Guo 1998) and lack of representativeness (Kendler, Pedersen et al. 1995). 

Recently, two studies used national registries to overcome the previous 



30 / 200 

limitations and estimated the heritability of schizophrenia is around 67% 

(Lichtenstein, Yip et al. 2009, Wray and Gottesman 2012). 

 

As it has been shown that there is a high heritability of schizophrenia and 

the degree of risk for developing this disease is dependent on the degree of 

genetic relatedness, attempts were made to determine the mode of 

inheritance. Mendelian modes of inheritance have predictable relative risk 

ratios. For autosomal dominant diseases the risk ratios are 50% for the first 

degree relatives and 25% for the second degree relatives, while for 

autosomal recessive diseases the risk ratios are 25% for siblings and other 

relatives are rarely affected. These Mendelian segregation ratios were not 

observed in families with schizophrenia and thus schizophrenia does not fit 

simple Mendelian mode of inheritance, such as autosomal dominant or 

recessive. The lack of Mendelian segregation ratios suggests that 

schizophrenia is a complex disease which is most likely to involve both 

genetic and environmental factors. 

 

Prior to the huge advance in molecular genetics, many attempts were made 

to explore how genes interact to confer risk of schizophrenia (Rao, Morton 

et al. 1981, Baron 1986). These studies had limited success, but were able to 

provide three key findings. Firstly, a single locus contribution to 

schizophrenia was excluded (O'Rourke, Gottesman et al. 1982, Risch and 

Baron 1984, McGue, Gottesman et al. 1985). Secondly, many studies 

showed multiple loci involved in the genetic predisposition to this disease 

(McGue and Gottesman 1989, Risch 1990). Thirdly, among the multiple loci 

related to schizophrenia, it is unlikely that a single locus with a very large 

effect exists (Risch 1990, Vogler, Gottesman et al. 1990). This is not 

unexpected. Since schizophrenic patients tend to reproduce less frequently 

than the general population (Lewis 1958), a major single locus for 

schizophrenia is likely to have been selected out of the gene pool. It is now 

widely accepted that schizophrenia is a complex disorder caused by multiple 

genetic and environmental influences and that single genes contributing 

large effects are unlikely to exist. 
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1.2 Identifying susceptibility genes for schizophrenia 

Schizophrenia has high heritability, but the identification of susceptibility 

genes for schizophrenia has proven to be difficult. With the development of 

molecular genetic techniques, studies of schizophrenia susceptibility genes 

have evolved. Although no susceptibility gene for schizophrenia has been 

identified with certainty so far, a number of candidate genes have been 

identified with high confidence and these genes have also provided clues for 

the pathophysiology of schizophrenia. 

1.2.1 Linkage studies 

Linkage studies are undertaken to locate susceptibility genes at a specific 

site on a particular chromosome. Linkage studies do not depend on a 

hypothesis of pathophysiology, instead they are based on the principle that 

the closer two loci are, the lower the recombination rate between the two 

loci. If a marker, such as a restriction fragment length polymorphisms 

(RFLP), short tandem repeat polymorphism (STRP), or single nucleotide 

polymorphism (SNP), is close to a disease-predisposing locus, the alleles of 

the marker will be co-transmitted with the disease-predisposing locus in a 

family because of the decreased recombination rate. The logarithm (base 10) 

of odds (LOD) scores are used as an estimation of how closely two loci are 

linked and a LOD score of three or more is generally considered as evidence 

for linkage (Morton 1955, Ott 1999). LOD scores are calculated by a 

statistical test that compares the likelihood of obtaining the observed pattern 

of co-transmission if the marker and the unknown causal gene are truly 

linked, to the likelihood of obtaining these data by chance (Morton 1955). 

Linkage studies with sufficient power can detect a signal from multiple 

types of susceptibility variants, such as common or rare SNPs, STRP and 

inheritable strucure polymorphisms, in one or more loci of a chromosomal 

region (McMillan and Robertson 1974). 

 

Linkage studies require pedigrees with multiple affected family members 

across several generations and thus are likely to obtain samples with both 

enrichment of transmitted genetic factors and decreased etiology 

heterogeneity. However, it is not easy to collect such pedigrees specifically 
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for schizophrenia, as this devastating disease causes increased mortality (see 

section 1.1.2) and decreased fertility (Lewis 1958). Thus, only a few linkage 

studies have large enough pedigrees and sufficient power to identify genetic 

associations, such as studies by Lindholm, Ekholm et al. (2001), Teltsh, 

Kanyas et al. (2008), and Myles-Worsley, Tiobech et al. (2011). To 

overcome the lack of large pedigrees, many smaller pedigrees may be 

combined. This approach is suitable for simple Mendelian diseases, such as 

Huntington’s disease, because one dominant causal genetic locus is the same 

across families. With respect to schizophrenia, combining smaller pedigrees 

has its limitation. A number of susceptibility genes can confer the risk of 

developing this disease, thus linkage signals from specific families may be 

different from signals from the other families. In this case, observing a 

significant linkage signal is hampered, because real signals from specific 

families can be diluted by noise from other families. 

 

Early linkage studies of schizophrenia focused on specific chromosomal 

regions which harbor candidate genes, such as dopamine receptor genes. A 

number of regions have been declared as containing risk genes for 

schizophrenia. these regions include 5q11-13 (Sherrington, Brynjolfsson et 

al. 1988), 22q12-13 (Pulver, Karayiorgou et al. 1994), 8p22-21 (Pulver, 

Nestadt et al. 1994), 6p24-22 (Schwab, Albus et al. 1995, Straub, MacLean 

et al. 1995), 13q32 (Lin, Curtis et al. 1995, Lin, Sham et al. 1997), 1q21-22, 

6q21-22, 10p11-15, and 15q14 (Sklar 2002). However, these findings have 

not always been reproducible across studies (Crow 2007).  

 

Advances in molecular genetic techniques have improved the technical ease 

and cost-effecitveness of analysing the entire genome, which makes 

genome-wide linkage scans (GWLSs) for schzioprhenia feasible. To date, 

GWLSs have reported a number of candidate regions for schziophrenia, but 

only five reported linked regions have obtained supportive evidence from 

other studies (Lewis, Levinson et al. 2003, Mantripragada, Carroll et al. 

2010). The 6p24-22, 13q32 and 1q21-22 have been shown to be significant 

at the genome-wide level (Straub, MacLean et al. 1995, Blouin, Dombroski 

et al. 1998, Brzustowicz, Hodgkinson et al. 2000) and there is evidence to 

support linkage (Moises, Yang et al. 1995, Brzustowicz, Honer et al. 1999, 
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Schwab, Hallmayer et al. 2000, Gurling, Kalsi et al. 2001, Lindholm, 

Ekholm et al. 2001, Maziade, Roy et al. 2001). Additionally, 8p21-22 and 

6q21-22.3 have shown highly suggestive evidence from GWLSs (Cao, 

Martinez et al. 1997, Blouin, Dombroski et al. 1998) with support from 

subsequent studies (Martinez, Goldin et al. 1999, Brzustowicz, Hodgkinson 

et al. 2000, Levinson, Holmans et al. 2000, Gurling, Kalsi et al. 2001, 

Lindholm, Ekholm et al. 2001, Stefansson, Sigurdsson et al. 2002). 

However, none of these five regions have received strong supportive 

evidence from the majority of other GWLSs (Lewis, Levinson et al. 2003). 

 

In order to overcome the issue of inconsistent results in schizophrenia 

GWLS, meta-analyses are used to combine results from different studies 

and provide a combined estimation of schizophrenia risk (see section 

1.2.3.4). Recently, two genome scan meta-analyses (GSMA) were 

undertaken using 20 and 32 GWLSs datasets (Lewis, Levinson et al. 2003, 

Ng, Levinson et al. 2009). The GSMA by Lewis, Levinson et al. (2003) 

reported one significant signal on chromosome 2q. The other GSMA by Ng, 

Levinson et al. (2009) confirmed the association of chromosome 2q and 

identified a linked region on chromosome 5q. Furthermore, in this study, a 

suggestive linkage on chromosome 8p was shown in a European decent 

subsample. It is difficult to identify specific candidate genes from these 

GSMA-identified regions because these regions are very large (168 Mb-152 

Mb) and contain hundreds of genes. 

 

As some chromosome regions have received positive findings from multiple 

linkage studies, some candidate genes have been identified from these 

reported linkage regions. These candidate genes include neuregulin 1 

(NRG1; Stefansson, Sigurdsson et al. 2002), dystrobrevin binding protein 1 

(DTNBP1; Straub, Jiang et al. 2002), D-amino acid oxidase activator 

(DAOA; Chumakov, Blumenfeld et al. 2002), and 

phosphatidylinositol-4-phosphate 5-kinase type II alpha (PIP5K2A; 

Schwab, Knapp et al. 2006). Subsequent association studies have provided 

supportive evidence for a role for these genes in schizophrenia (Ross, 

Margolis et al. 2006). However, inconsistent results are still common across 

linkage studies for schizophrenia. Linkage signals have been observed on 
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most of the chromosomes with thousands of genes located in these regions. 

This hinders further identification of candidate genes from these linked 

regions (Jia, Sun et al. 2010, Girard, Xiong et al. 2011). 

 

1.2.2 Association studies 

While linkage studies provide information on the location of susceptibility 

genes, association studies focus on detection of specific susceptibility 

variants associated with a disease. Association studies compare the 

frequencies of alleles of a particular variant between cases and controls and 

then estimate whether this variant is associated with the investigated disease. 

An association of a candidate variant with a disease can be attributed to 

either a direct causation or an indirect association (an association of the 

candidate variant with the causal locus via linkage disequilibrium, LD). 

Furthermore, association studies are based on the hypothesis on the common 

disease common variant (CDCV) hypothesis, as rare variants do not provide 

enough difference in frequency between cases and controls to be detected by 

statistical methods. This hypothesis proposes that common diseases result 

from the interactive contribution of common variants and each variant has a 

small or moderate effect on the disease risk (Reich and Lander 2001, Wang, 

Barratt et al. 2005).  

 

With respect to schizophrenia, association studies have two main advantages 

over linkage studies. Firstly, while linkage studies require multiple affected 

families which are difficult to collect for schizophrenia, association studies 

normally use samples from unrelated individuals which are easier to collect. 

Secondly, association studies are suitable for a complex disease consistent 

with the CDCV hypothesis, because association studies often have sufficient 

power to detect common variants with a small effect using smaller sample 

sizes than those needed by linkage studies (Risch and Merikangas 1996, 

Bailey-Wilson and Wilson 2011). Presently, the predominant genetic view 

of schizophrenia is consistent with the CDCV hypothesis (Risch 1990, 

Lichtermann, Karbe et al. 2000). Therefore, association studies are a 

suitable method for identifying schizophrenia susceptibility variants. There 

are two main types of association studies for schizophrenia. One is 
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candidate gene association studies where hypotheses of pathophysiology are 

helpful. The other one is genome-wide association studies (GWASs) which 

do not require hypotheses. 

 

1.2.2.1 Candidate gene association studies 

The majority of association studies in schizophrenia in the past have been 

candidate gene association studies, because of technical and economical 

reasons. The selection of a candidate variant for a candidate gene 

association study is typically based on the functional role this variant 

possibly plays in the pathophysiology of schizophrenia (functional or 

hypothesis-driven candidate), or the physical location of this variant within 

a linked region identified by linkage studies or close to a genome-wide 

significant variant reported by GWASs (positional candidate). 

Comprehensive and regularly updated information on candidate gene 

association studies of schizophrenia is provided by SchizophreniaGene 

(SZGene) database (http://www.szgene.org/). To date, SZGene has listed 

more than 1500 candidate gene association studies and more than 1000 

variants from more than 900 genes. Of these candidate genes, functional 

candidate genes are mainly involved in four biological processes, namely 

synaptic transmission, regulation of synaptic transmission, neuronal 

development and morphogenesis (Collins, Kim et al. 2012). The most 

studied functional candidate genes include catechol-O-methyltransferase 

(COMT), 5-hydroxytryptamine (serotonin) receptor 2A (HTR2A), 

brain-derived neurotrophic factor (BDNF), dopamine receptor D3 and D2 

(DRD3, DRD2) (Collins, Kim et al. 2012). The most studied positional 

candidate genes include DTNBP1, neurogranin (NRGN), zinc finger protein 

804A (ZNF804A), and transcription factor 4 (TCF4), which have been 

identified by linkage studies or large GWASs.  

 

Currently, candidate gene association studies have identified some 

“promising” susceptibility genes (including those genes most studied as 

described above). These susceptibility candidate genes have received 

positive evidence for association from multiple studies and subsequent 

studies of their biological function are supportive of a possible role in the 

http://www.szgene.org/
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pathophysiology of the disease. However, no single candidate gene is 

associated with the risk for developing schizophrenia with certainty so far. 

Failure of replication and inconsistent results across studies are still 

common. 

 

Family-based association studies are an alternative design for candidate 

gene association studies. Although the most simple and widely used design 

for association studies is the population-based design using unrelated cases 

and controls, this population-based design is susceptible to population 

stratification (Cardon and Palmer 2003, Hattersley and McCarthy 2005). In 

contrast, the family-based design is robust for population stratification. 

Furthermore, the family-based design is also able to test hypotheses which 

are difficult to test using unrelated individuals (Ewens and Spielman 1995, 

Ott, Kamatani et al. 2011), such as testing of parent-of-origin effects. The 

basic family-based association design uses case-parent trios (one affected 

offspring and two parents). A transmission disequilibrium test (TDT) is 

conducted to compare the number of transmitted with nontransmitted alleles 

from heterozygous parents to the affected offspring. The over-transmission 

of an allele from heterozygous parents to affected offspring indicates an 

association between the allele and disease (Ewens and Spielman 1995). 

With the advances in statistical methods, it is currently feasible to analyze 

data from more family types, such as families with multiple siblings and 

families with only one parent (Zhao 2000). With respect to schizophrenia, 

case-control studies greatly outnumber family-based studies (Sun, Kuo et al. 

2008). The family-based association design has only been employed in a 

minority of studies for schizophrenia, because the collection of family 

samples is not easy for schizophrenia and population-based designs are 

more efficient than family-based designs in terms of time and cost (Morton 

and Collins 1998, Risch and Teng, 1998). 

 

1.2.2.2 Genome-wide association studies (GWASs) 

A series of significant advances in genetic technology have made GWASs 

feasible. Firstly, a large number of single nucleotide polymorphisms (SNPs) 

across the human genome have been systematically mapped by the HapMap 
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and the ongoing 1000 Genomes Project, providing a huge number of genetic 

markers for GWASs. The findings of these two large projects are included in 

the Single Nucleotide Polymorphism Database (dbSNP, 

http://www.ncbi.nlm.nih.gov/SNP). In addition to these two large projects, 

the dbSNP also contains SNP information from a variety of sources, such as 

individual research laboratories and other genome sequencing centers. In the 

build 137 (Jun 2012), the dbSNP has catalogued more than 53 million 

human reference SNP clusters spanning the genome.  

 

Secondly, the availability of high-throughput, low cost genotyping 

technology has made it feasible to assay a large number of SNPs across the 

genome of a large number of individuals. The high-throughput technology 

of GWASs is a parallel genotyping method which simultaneously tests a 

large number of SNPs for a sample using array-based platforms (Edenberg 

and Liu 2009). These arrays are commercially available and the number of 

SNPs has increased to more than 2.5 million per array. For example, the 

Affymetrix Genome Wide Human SNP Array 6.0 contains 906,600 SNPs 

and the Illumina Human1M-Duo Bead-Chip has over 1.1 million loci per 

sample. The genome-wide microarray assays have also become cheaper in 

the last few years.  

 

Thirdly, the determination of LD patterns on a genome-wide scale has 

helped to reduce the number of SNPs required to cover the whole genome. 

The international HapMap project has genotyped more than four million 

SNPs across the human genome in several representative populations 

(Frazer, Ballinger et al. 2007). The HapMap database has been developed 

from this project and provides the patterns of interSNP LD in these 

representative populations. In a genome region with high LD, a tag SNP can 

be selected to represent other SNPs in this region. Based on the 

genome-wide LD patterns provided by HapMap database, a relatively small 

number of tag SNPs can be selected to represent all SNPs spanning the 

genome (Gabriel, Schaffner et al. 2002). Thus, a GWAS does not need to 

genotype all SNPs spanning the genome. 

 

GWASs typically use a dense set of SNPs across the entire genome, which 

http://www.ncbi.nlm.nih.gov/SNP
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are genotyped to see if any SNP is associated with the disease. GWASs 

combine genome-wide genotyping with analysis of association and are a 

suitable method for identification of schizophrenia susceptibility SNPs. The 

SNPs tested in genome-wide genotyping are chosen without bias towards 

specific biological hypotheses, which is useful for diseases with unknown 

etiology, such as schizophrenia. Association study design is also useful for 

schizophrenia because the design is able to identify susceptibility SNPs with 

relatively small effects. As the p-values (level of significance) for GWASs 

are very low (1×10
-7

-10
-8

), GWASs typically require large sample sizes to 

achieve sufficient power in order to overcome the statistical penalty caused 

by testing so many SNPs. To improve the credibility of the findings from a 

genome-wide scan (primary stage), a primary stage of a GWAS is 

commonly followed by a replication analysis and then a meta- or 

mega-analysis (see section 1.2.3.4). The follow-up replication study uses 

additional independent samples to focus on a limited number of 

pre-specified SNPs. Then the primary and replication data are meta- or 

mega-analysed to produce an overall results (meta-and mega-analysis are 

described in 1.2.3.4). 

 

Table 1.3 shows published schizophrenia GWASs by February, 2013 and 

lists the loci with genome-wide significant results. 23 schizophrenia GWASs 

are included in Table 1.3. Of these 23 studies, 18 were from Caucasian 

populations, three from Chinese and two from Japanese. Early 

schizophrenia GWASs failed to identify any SNP with genome-wide 

significance. In 2008, O'Donovan, Craddock et al. (2008) combined 

schizophrenia with bipolar disorder, an intronic SNP (rs1344706) in the 

ZNF804A gene was first reported to show genome-wide significant 

association (detailed description in 3.1). Of the 23 studies, 11 have reported 

genome-wide significant results. 

 

In the last few years, large samples have been collected by international and 

multi-center collaborations to empower GWASs. Several large consortia 

have emerged to collect and combine samples from different regions 

(mainly European regions), such as the International Schizophrenia 

Consortium (ISC), the Schizophrenia Genetics (SGENE) consortium, the  
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Table 1.3 Genome-wide association studies in schizophrenia (adapted 

from Table 1 Bergen and Petryshen, 2012) 

  Primary sample Replication sample   

Ref Markers Cases Controls Cases Controls Gene/Region p-Value 

Mah, Nelson 

et al. (2006) 
25494 320 325 - - - - 

Lencz, 

Morgan et al. 

(2007) 

439511 178 144 - - - - 

Sullivan, Lin 

et al. (2008) 
492900 738 733 - - - - 

O'Donovan, 

Craddock et 

al. (2008) 

362532 479 2937 6666 9897 - - 

Shifman, 

Johannesson 

et al. (2008) 

510552 660 1100 - - - - 

Kirov, 

Zaharieva et 

al. (2009) 

433680 574 605 - - - - 

Need, Ge et 

al. (2009) 
312565 871 863 1460 12995 - - 

Shi, Levinson 

et al. (2009) 
≥696788 3967 3626 5329 16424 MHC region 9.5×10-9 

Stefansson, 

Ophoff et al. 

(2009) 

314868 2663 13498 4999 15555 MHC region 
1.1×10-9 

-1.4×10-12 

      NRGN 2.4×10-9 

      TCF4 4.1×10-9 

Purcell, Wray 

et al. (2009) 
739995 3322 3587 - - MHC region# 9.5×10-9 

Athanasiu, 

Mattingsdal et 

al. (2010) 

572888 201 305 2663 13780 - - 

Chen, Lee et 

al. (2011) 
≥446225 1658 1655 11380 14708 - - 

Williams, 

Norton et al. 

(2011)* 

176 479 2937 18945 38675 ZNF804A 2.5×10-11 

Ikeda, Aleksic 

et al. (2011) 
297645 575 564 1990 5389 - - 

Steinberg, de 

Jong et al. 

(2011)* 

39 7946 19036 10260 23500 VRK2# 1.9×10-8 

      MHC region >1.6×10-10 

      NRGN 2.8×10-9 

      TCF4 7.8×10-9 

      TCF4/CCDC68# 4.2×10-9 
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Table 1.3 (continued) Genome-wide association studies in schizophrenia 

(adapted from Table 1 Bergen and Petryshen, 2012) 

  Primary sample Replication sample   

Ref Markers Cases Controls Cases Controls Gene/Region p-Value 

Ripke, 

Sanders et al. 

(2011) 

1252901 9394 12462 8442 21397 MIR137# 1.6×10-11 

      PCGEM1# 4.7×10-8 

      MHC region 2.2×10-12 

      CSMD1# 4.1×10-8 

      MMP16# 2.8×10-8 

      CNNM2# 1.8×10-9 

      NT5C2# 1.1×10-8 

      CCDC68# 2.6×10-10 

      TCF4 2.4×10-8 

      STT3A# 2.9×10-8 

Yue, Wang et 

al. (2011) 
546561 746 1599 4027 5603 TSPAN18# 4.8×10-11 

      MHC region <5.2×10-10 

Shi, Li et al. 

(2011) 
493203 3750 6468 4383 4539 LSM1/WHSC1L1# 1.27×10-10 

    3830 14724 BRP44# 9.5×10-9 

Yamada, 

Iwayama et 

al. (2011) 

115770 
120 patient-parents 

trios 

506 

506 

293 trios 

- - 

Strange, Riley 

et al. (2012) 
6212339 1606 1794 13195 31021 MHC region 1.34×10-9 

Liou, Wang et 

al. (2012) 
694436 522a 806 

273a 

1982b 
2000 - - 

Bergen, 

O'Dushlaine 

et al. (2012) 

745006 1507 2093 2111 2535 MHC region 4.54×10-8 

Betcheva, 

Yosifova et al. 

(2013) 

554496 188 376 99 328 HHAT# 6.49×10-9 

* Focused replications of previous studies 
a
 Individuals with treatment-refractory schizophrenia 

b
 Schizophrenic patients whose responses to antipsychotic treatments were not determined 

# Brain protein 44 (BRP44); Coiled-coil domain containing 68 (CCDC68); Cyclin M2 

(CNNM2); CUB and Sushi multiple domains 1(CSMD1); Hedgehog acyltransferase 

(HHAT); U6 small nuclear ribonucleic acid associated (S. cerevisiae) (LSM1); Major 

histocompatibility complex (MHC); MicroRNA137 (MIR137); Matrix metallopeptidase 

16 (MMP16); 5'-nucleotidase, cytosolic II (NT5C2); Prostate-specific Transcript 

1(PCGEM1); Subunit of the oligosaccharyltransferase complex (catalytic) (STT3A); 

Tetraspanin 18 (TSPAN18); Vaccinia related kinase 2 (VRK2); Wolf-Hirschhorn 

syndrome candidate 1-like 1(WHSC1L1). 

 

Molecular Genetics of Schizophrenia (MGS) consortium,the Psychiatric 

GWAS Consortium (PGC) and The Irish schizophrenia genomics 

consortium (ISGC). These combined samples have achieved unprecedented 

large sample sizes (more than 3000 cases and 3000 controls for each of ISC, 

MGS and SGENE; around 10000 cases and more than 10000 controls for 

either of PGC and ISGC). In 2009, ISC, SGENE and MGS collaborated to 
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publish three large GWASs for schizophrenia (Purcell, Wray et al. 2009, 

Shi, Levinson et al. 2009, Stefansson, Ophoff et al. 2009). These three 

consortia-led GWASs identified significant genome-wide associations 

between schizophrenia and the SNPs in the major histocompatibility 

complex (MHC) region, NRGN and TCF4 genes. In 2011, PGC used the 

largest sample size of cases in a primary study so far and identified several 

new genome-wide significant loci (Table 1.3; Ripke, Sanders et al. 2011). 

The ISGC and the Welcome Trust case control consortium used the largest 

whole sample size so far (including primary and replication samples) and 

reported a genome-wide significant locus at the MHC region (Strange, Riley 

et al. 2012). All the five consortia collected samples mainly from Europe. 

 

Two schizophrenia GWASs using large samples from Chinese population 

were published in 2011, which are the first GWASs using non-western 

populations (Shi, Li et al. 2011, Yue, Wang et al. 2011). Yue, Wang et al. 

(2011) replicated an association in the MHC region and identified a novel 

significant locus of tetraspanin 18 (TSPAN18). Shi, Li et al. (2011) were 

unable to replicate any significant loci in European populations, but reported 

two new genome-wide significant loci in U6 small nuclear ribonucleic acid 

associated (S. cerevisiae)/Wolf-Hirschhorn syndrome candidate 1-like 1 

(LSM1/WHSC1L1) and Brain protein 44 (BRP44). Other Chinese or 

Japanese GWASs for schizophrenia have not been able to identify any 

genome-wide significant loci (Ikeda, Aleksic et al. 2011, Yamada, Iwayama 

et al. 2011, Liou, Wang et al. 2012). The results of these Asian GWASs 

suggest there may be population specificity in schizophrenia susceptibility 

genes. 

 

To date, schizophrenia GWASs have been able to identify several 

susceptibility genes or regions with strong statistical evidence, such as 

ZNF804A, TCF4, (microRNA137) MIR137, NRGN genes and MHC region. 

These genes have been replicated in other GWASs or large studies 

(O'Donovan, Craddock et al. 2008, Purcell, Wray et al. 2009, Shi, Levinson 

et al. 2009, Stefansson, Ophoff et al. 2009, Li, Li et al. 2010, Ripke, Sanders 

et al. 2011, Steinberg, de Jong et al. 2011, Steinberg, Mors et al. 2011, Yue, 

Wang et al. 2011, Strange, Riley et al. 2012). Large samples and the 



42 / 200 

stringent genome-wide significant threshold in GWASs provide a high 

statistical confidence for these GWAS-identified susceptibility genes, 

although these genes have shown only small increases in risk of developing 

of schizophrenia (odd ratios< 1.3).  

 

The identification of new susceptibility loci from GWASs may shed light on 

the etiology of schizophrenia. Before the emergence of GWASs, candidate 

gene association studies identified schizophrenia candidate genes mainly 

based on the dopamine hypothesis. For instance, DRD1-5 and COMT were 

selected as candidate genes because of their roles in dopaminergic 

neurotransmission (Allen, Bagade et al. 2008). However, none of these 

candidate genes have obtained consistent results across studies (Allen, 

Bagade et al. 2008, Shi, Gershon et al. 2008, Talkowski, Kirov et al. 2008). 

This ambiguity has hampered exploration of the role of the dopaminergic 

pathway in the pathophysiology of schizophrenia. Although functional 

studies of GWAS-identified susceptibility genes are still in their infancy, 

most of the GWAS-identified susceptibility genes have been shown to play a 

role in neurodevelopment and are likely to have no impact on the 

dopaminergic pathway. Furthermore, although GWAS-identified 

susceptibility genes usually show low odds ratios (ORs), the enrichment of 

association signals in a specific biological pathway can indicate a primary 

neurobiological process in schizophrenia etiology (Bray, Leweke et al. 

2010). For example, polymorphisms in genes involved in a neurobiological 

pathway regulating neuronal cell adhesion (O'Dushlaine, Kenny et al. 2011) 

and in a MIR137-mediated genetic network regulating neurodevelopment 

(Ripke, Sanders et al. 2011) have been found to be enriched in GWAS 

association signals, suggesting this pathway and network may be involved 

in the etiology of schizophrenia. 

 

1.2.3 Problems and probable solutions in searching for schizophrenia 

susceptibility genes 

1.2.3.1 Small effect sizes and insufficient sample sizes 

Small effect sizes of susceptibility variants have been observed in 

schizophrenia (ORs of 1.1-1.2, Purcell, Wray et al. 2009, Nieratschker, 
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Nothen et al. 2010, Tiwari, Zai et al. 2010). The small effect may be caused 

by two reasons. Firstly, the phenotype of schizophrenia, as a common 

disease, is determined by the interaction of multiple genetic and 

environment factors (Wang, Barratt et al. 2005). Thus, it is plausible that a 

single genetic variant only contributes to a relatively small effect in liability 

to this disease. Secondly, candidate susceptibility variants have traditionally 

been selected from common variants, and a common variant with a large 

effect on a common disease may not exist because of intense negative 

selection (Reich and Lander 2001). 

 

The small effect sizes of schizophrenia susceptibility variants necessitate 

large sample sizes to achieve sufficient statistical power to detect an 

association (Risch and Merikangas 1996). However insufficient sample 

sizes are common in both linkage and association studies for this disease. In 

linkage studies, collection of large numbers of families with multiple 

affected individuals is labor- and cost-intensive. Most family samples 

include from 20 to 100 families. Thus it is difficult to differentiate true 

positive from false positive results (Suarez BK 1994, Goring, Terwilliger et 

al. 2001). In association studies, given a risk allele with a frequency of 0.15 

and an OR of 1.25, case control and family-based designs require more than 

1000 cases and 1000 controls, and over 1000 families (case-parent trios) to 

achieve sufficient (more than 80%) statistical power to detect a association 

at a significance level of p = 0.05. These power calculations were performed 

using Genetic Power Calculator (GPC; 

http://pngu.mgh.harvard.edu/~purcell/gpc/). However, according to SzGene, 

most of the candidate gene association studies have relatively small sample 

size and thus are underpowered (Sun, Kuo et al. 2008, Collins, Kim et al. 

2012).  

 

Although GWASs commonly use large sample sizes, these studies still have 

to consider the issue of insufficient sample size mainly because of the 

stringent genome-wide significant threshold (1×10
-7

-10
-8

) which has to be 

applied. For instance, given a risk allele with a frequency of 0.15 and an OR 

of 1.25, a GWAS requires more than 5600 cases and 5600 controls to 

achieve sufficient power to detect an association with p-value of 5×10
-8 

http://pngu.mgh.harvard.edu/~purcell/gpc/
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(power calculated by GPC). However, the majority of schizophrenia 

GWASs has relatively small sample sizes in their discovery or primary 

studies (Table 1.3), specifically the sample sizes of cases. In addition, 

relatively small sample sizes may commonly exist in replication studies. 

The “Winners’ Curse” effect (Zollner and Pritchard 2007) assumes the effect 

size of the initial report is inflated. Thus, the effect size of subsequent 

replication studies is expected to be lower than that in the initial report. This 

decreases power of replication studies, leading to relatively small samples  

 

One approach to obtain large sample sizes is to combine samples collected 

from multiple locations. A large number of samples can be made available 

in a relatively short time. The approach is helpful in schizophrenia 

association studies, specifically in GWASs. Several large consortia have 

combined samples from multiple locations and identified several 

schizophrenia loci with high confidence (see 1.2.2.2). However, combined 

samples collected from different locations still have some potential 

shortcomings (detailed description in 3.4.1.1). Compared to schizophrenia 

association studies, combining samples collected from multiple locations 

may be less helpful in linkage studies for schizophrenia, because combining 

pedigrees has limitations (see section 1.2.1). 

 

An alternative approach to alleviate the issue of insufficient sample size is to 

reduce the number of tested markers. When a large number of markers is 

genotyped in a population, the significance level (p-value) has to be 

corrected using the multiple-testing correction. More markers decrease the 

significance level, which in turn leads to a requirement for larger sample 

sizes. Candidate gene association studies focus only on a few candidate 

genes or loci but may need more SNPs to cover the whole candidate gene 

regions for fine mapping. Tag SNPs can help to minimize the number of 

tested SNPs in these studies. For GWASs, in addition to the application of 

Tag SNPs, a two-stage approach can also be used to reduce the number of 

SNPs genotyped (Lowe, Cooper et al. 2004). In the initial stage, a relatively 

higher significance level (compared to genome-wide significance level) is 

set to scan “promising” markers which are likely to achieve a genome-wide 

significance level in the whole samples (including samples from stage one 
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and two) and to discard those which are unlikely to achieve significance. In 

the second stage, all “promising” markers are genotyped in an independent 

sample, which is usually larger than the initial one. As only a smaller 

number of markers are genotyped in the second stage, the power is 

relatively increased (Altshuler, Hirschhorn et al. 2000, van den Oord and 

Sullivan 2003, Lowe, Cooper et al. 2004). When identifying the significance 

thresholds in the two-stage approach, the most widely used strategies are 

permutation testing and Bonferroni correction (Hirschhorn and Daly 2005). 

The studies by O'Donovan, Craddock et al. (2008) have used the two stage 

approach for schizophrenia. At the initial stage, they genotyped nearly 3500 

individuals using 360000 SNPs. None of the SNPs achieved genome-wide 

significant threshold. However, when 12 promising loci were regenotyped in 

an additional 16726 individuals, a SNP in an intronic region of ZNF804A 

was found to be associated with schizophrenia. 

 

1.2.3.2 Heterogeneity in samples 

The efficiency of genetic studies of schizophrenia has been influenced by 

heterogeneities in genetic architecture, environmental exposure and the 

phenotype of samples (Hirschhorn and Daly 2005, Lewis and Knight 2012). 

Using combined samples from multiple sites increases the probability of 

heterogeneity in gene architecture and environmental exposure. Specifically, 

a systematic difference in allele frequencies among subpopulations 

(population stratification) mainly due to differences in ancestry can result in 

increased false positive rates in a population-based case-control design 

(Thomas and Witte 2002). As population stratification in samples could 

cause differences in allele frequencies between cases and controls, a positive 

association could be due to a population association, but not to a disease 

association. Furthermore, phenotypic heterogeneity may occur in 

individuals with schizophrenia because of the uncertainty of schizophrenia 

etiology and the lack of biological markers for objective case ascertainment 

(Allen, Griss et al. 2009). There is increasing evidence to suggest that there 

are overlapping disease-predisposing genes between schizophrenia and 

other mental illnesses, such as bipolar disorder (Craddock, O'Donovan et al. 

2006, Owen, Craddock et al. 2007, Tiwari, Zai et al. 2010). These 
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overlapping genes bring into question how schizophrenia is defined 

according to ICD-10 and DSM-IV. 

 

In order to reduce the problem of heterogeneity in environmental exposures, 

collecting samples from the same location and controlling for known 

environmental risk factors (Table 1.2) are often considered. However, 

samples that are more homogeneous with respect to environmental exposure 

may not be large enough. With respect to heterogeneity in genetic 

architecture, how to detect and correct population stratification has become 

a focus for genetic studies. Although a family-based association design can 

be used to avoid potential confounding effects of population stratification 

(see section 1.2.2.1), the ascertainment of family samples is labor- and 

cost-intensive, hindering the application of this design. Population-based 

association studies have been used most for genetic studies for 

schizophrenia. As population stratification is a main source of false positives 

in population-based association studies, the detection and correction of 

population stratification is needed. 

 

Possible approaches to avoid population stratification is to collect samples 

from the same ethnic background or collect data about ethnicity from each 

participant in the sample and then stratify the sample according to reported 

ethnicity. However, a culturally-defined ethnic population may not 

adequately reflect a genetically isolated group or a group with the same 

ethnic origin. In order to overcome the problem of hidden population 

stratification, the two most widely used approaches are genomic control 

(Devlin and Roeder 1999) and structured association (Pritchard, Stephens et 

al. 2000). Genomic control genotypes consist of a number of markers which 

are not associated with the investigated disease and produce an adjustment 

factor (λ) to correct for any inflation of the statistic caused by population 

stratification. An advantage of this approach is that assumptions about the 

number of subpopulations are not required. As genomic control uses a 

uniform and overall adjustment factor (λ) to correct for the inflated statistics 

at each marker and the variance of allele frequencies across populations may 

be different for different markers, uniform adjustment is likely to be 

insufficient for markers with large variations across different ancestral 
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populations and superfluous for markers with only a slight variation (Price, 

Patterson et al. 2006). Structured association uses population assignment 

methods (Falush, Stephens et al. 2003, Alexander, Novembre et al. 2009) to 

assign the sample to different subpopulation groups and then aggregates 

association evidence within each group. Currently the most commonly used 

structured association method is Eigenstrat which is able to detect and 

correct for population stratification on a genome-wide scale (Price, 

Patterson et al. 2006). Using Eigenstrat, adjustments are made that are 

specific to each genotyped marker’s variation across populations, leading to 

maximal the statistical power. 

 

The application of endophenotypes could be a possible solution to the 

problem of phenotypic heterogeneity. Endophenotypes are measurable, 

hidden components of a disease process. According to Gottesman and Gould 

(2003), endophenotypes need to meet five criteria: (1) associated with 

illness in the population; (2) heritable; (3) state independent; (4) 

co-segregate with the disease in families; (5) found in nonaffected members 

of affected families at a higher rate than in the general population. As an 

endophenotype is related to a specific neurobiological function, it may be 

closer to the relevant causal genes than the schizophrenia syndrome itself, 

which may alleviate phenotypic heterogeneity problems in schizophrenia. 

Furthermore, measurable and objective endophenotypes should also 

facilitate case ascertainment. 

 

To date, many endophenotypes in schizophrenia have been proposed. These 

endophenotypes involve structural and functional brain abnormalities, 

sensory processing and event-related potential measures, neuromotor 

abnormalities, neuropsychological measures and minor physical anomalies 

(Allen, Griss et al. 2009). The most widely used endophenotypes in 

schizophrenia are neurophysiological and neurocognitive endophenotypes, 

such as prepulse inhibition (PPI) of the startle response (Braff, Stone et al. 

1978, Braff, Geyer et al. 2001, Swerdlow, Sprock et al. 2007), P50 

event-related potential suppression (Freedman, Coon et al. 1997, Anokhin, 

Vedeniapin et al. 2007, Olincy, Braff et al. 2010), spatial memory and 



48 / 200 

processing (Gur, Ragland et al. 2001a, Gur, Ragland et al. 2001b), and 

emotion recognition (Gur, Ragland et al. 2001a, Gur, Ragland et al. 2001b). 

 

1.2.3.3 Divergence of hypothesis-driven and GWAS-identified 

candidate genes 

In schizophrenia, the most investigated hypothesis-driven candidate genes, 

including COMT, DRD3, DRD2, BDNF and HTR2A, were not supported 

by GWAS findings (O'Donovan, Craddock et al. 2008, Shi, Levinson et al. 

2009, Stefansson, Ophoff et al. 2009). GWAS-identified candidate genes, 

such as TCF4 and ZNF804A genes, have also not been identified by 

hypothesis-driven association studies (Collins, Kim et al. 2012). In ISC-led 

GWAS, there is over-representation of a smaller p-value in 

hypothesis-driven candidate genes. However, these values did not survive 

after multiple-testing corrections (Collins, Kim et al. 2012). 

 

There may be a number of reasons behind this incongruity. Firstly, the 

success of hypothesis-driven studies relies on appropriate biological 

hypotheses of schizophrenia. As the pathophysiology of this disease is not 

fully understood, the hypotheses on which studies have been based may 

have been not sound, leading to investigation of inappropriate candidate 

genes. Secondly, although around 7000 markers from over 700 genes have 

been tested by hypothesis-driven association studies according to SzGene 

database (Allen, Bagade et al. 2008), the coverage of common genetic 

markers is still poor in the context of the entire genome. The 700 candidate 

genes only represent 3.7% of the known autosomal genes (Pruitt, Tatusova 

et al. 2005). A large number of markers have not been tested in these 

hypothesis-driven studies (Collins, Kim et al. 2012). In contrast, GWAS 

chips do not test all markers of the genome. The chip markers are not 

distributed evenly across the genome and some important regions have 

inadequate markers (Consortium 2005). Thus, only a small portion of all 

markers truly associated with schizophrenia has been identified by GWASs. 

Finally, the probabilities of false positive or false negative results cannot be 

excluded in both hypothesis-driven studies and GWASs. This questions the 

validity of results from these studies. For instance, before the introduction of 
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GWASs, three studies tested the relationship between TCF4 and 

schizophrenia (Vincent, Petronis et al. 1999, Bowen, Guy et al. 2000, 

McInnis, Swift-Scanlanl et al. 2000). All of these studies failed to detect the 

association and excluded TCF4 from the list of schizophrenia candidate 

genes. In contrast, SNPs in the region of the TCF4 gene has shown 

genome-wide significant associations with schizophrenia in three GWASs 

(Stefansson, Ophoff et al. 2009, Ripke, Sanders et al. 2011, Steinberg, de 

Jong et al. 2011). It suggested that the previously reported no association of 

TCF4 with schizophrenia may have been false negative results. 

 

Two approaches may be used to investigate these inconsistencies. One 

possible approach is a more systematic genome-wide scan. With the 

advances in molecular genetic techniques, GWAS chips containing more 

markers may be available to achieve a better coverage across the genome, 

increasing the probability of identifying new loci. Another possible 

approach is more replication studies, which could be helpful to test the 

validity of previously reported results.  

 

1.2.3.4 Inconsistent results across studies 

The identification of schizophrenia susceptibility genes requires a 

confirmation step and inconsistent results across genetic studies for 

schizophrenia are commonly observed. In a survey of 27 linkage studies, 

Sullivan (2005) found that no genomic site was identified in more than four 

of the 27 studies. Even an observed linkage with a LOD score of 6.5 

(Brzustowicz, Hodgkinson et al. 2000) was not replicated in a large 

collaborative study (Levinson, Holmans et al. 2002). No GWAS-identified 

variants have been replicated in all of the large GWASs or subsequent 

replication studies. Currently, none of the schizophrenia candidate regions, 

genes, or markers has obtained consistent findings across replication studies. 

This supports the suggestion that the etiology of this disease involves 

multiple susceptibility loci with small effects.  

 

These inconsistent results could result from small effect size, insufficient 

statistical power, heterogeneity in samples, inappropriate biological 

hypotheses of schizophrenia and the limited coverage of schizophrenia 
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GWASs observed in genetic studies for schizophrenia (as described in 

1.2.3.1-1.2.3.3). All of these factors could influence the identification of an 

association, leading to different findings in different studies. As a complex 

disease, susceptibility variants of schizophrenia may also be present in 

unaffected individuals and a range of variables such as allele frequencies, 

LD patterns and population stratification may influence the identification of 

an association in different samples. In addition, susceptibility loci and risk 

alleles of susceptibility variants can be different across different ancestries 

or ethnicities due to population specificities. This may cause inconsistent 

results across studies with different ancestral or ethnic backgrounds. 

 

One possible approach to investigate the issue of the inconsistent results is 

to perform additional replication studies to provide more reliable 

information. Replication studies using large, homogeneous samples from 

different ancestral and ethnic backgrounds should be helpful to identify 

susceptibility variants for schizophrenia. Another possible approach is to 

combine results from multiple studies to obtain a conclusion about a body of 

evidence. The most widely used methods for this combination are 

meta-analysis and mega-analysis. They are quantitative methods to 

systematically combine the results of previous studies. Meta-analyses 

weight the effect size of each study according to the study size and 

calculates a weighted average of the effect sizes of previous studies, thus 

estimating whether a factor is a risk factor or not (Munafo and Flint 2004). 

Meta-analyses use summary statistics of each group for effect size 

estimation (Rosenthal and DiMatteo 2001). Thus raw genotype data are not 

necessary. In contrast, mega-analyses use data from the individual subjects, 

rather than from groups. They combine all the data from multiple studies 

into a single analysis to estimate whether a factor is a risk factor or not 

(Blettner, Sauerbrei et al. 1999). Meta-analysis and Mega-analysis are likely 

to provide essentially identical results (Lin and Zeng 2010, Ripke, Sanders 

et al. 2011). However, using raw data of individual subjects, mega-analysis 

allows more consistent quality control, estimation of the overlap of samples, 

conditional analyses and secondary analyses (Sullivan, Daly et al. 2013). 
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1.3 This work 

1.3.1 Objectives 

The first objective of this thesis was to confirm the association of nine 

candidate SNPs in five genes with schizophrenia in a large case control 

sample (2178 individuals) and a family sample (145 families) from 

Indonesia. In an attempt to replicate genome-wide associated SNPs as 

reported by O'Donovan, Craddock et al. (2008), Stefansson, Ophoff et al. 

(2009) and GPC (Ripke, Sanders et al. 2011), the SNPs reported in these 

studies have been focused on in the present study. In addition, candidate 

SNPs were chosen according to their genetic locations in a significantly 

linked region in an Indonesian family sample as described by Irmansyah, 

Schwab et al. (2008). To follow up the GWASs findings, due to the limited 

power of the family sample, the family sample was only incorporated in the 

analysis, when a positive finding in the larger case-control sample was 

shown. To follow up the candidate genes in the linked regions, the family 

sample was always investigated, since this sample was used for the 

establishment of the linkage finding (Irmansyah, Schwab et al. 2008). The 

second objective was to investigate whether the same alleles/loci were 

associated with schizophrenia in the Indonesian population as were 

previously reported in other populations (mostly Caucasian populations). 

Genotyping the candidate SNPs in carefully ascertained and large 

Indonesian samples achieved the objective.  

 

The nine candidate SNPs were divided into three groups for investigation 

according to the locations in the genomic region or the relativity of the 

functions of the candidate genes. The first group contained rs1344706 

located on chromosome 2, in order to replicate the initial finding by 

O'Donovan, Craddock et al. (2008). The second group contained rs2924336, 

rs9960767 and rs2958182 within the genomic region of the TCF4 gene and 

rs2660304 within the genomic region of the MIR137 gene. The four SNPs 

were chosen to confirm the initial findings by Stefansson, Ophoff et al. 

(2009) and by GPC (Ripke, Sanders et al. 2011). Although TCF4 and 

MIR137 are not located on the same chromosome, their functions are 

related (see section 4.1.1.2). The third group contained rs17031835, 
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rs308963, rs795009 and rs310762. These four SNPs are located on 

chromosome 3p25-26, the significantly linked region reported by Irmansyah, 

Schwab et al. Three specific aims were pursued in this thesis: 

Aim 1: To investigate the association of an intronic SNP (rs1344706) in 

the ZNF804A gene with schizophrenia in the case control sample as well 

as in the family sample from Indonesia. 

Aim2: To investigate the association of three intronic SNPs (rs9960767, 

rs2958182 and rs2924336) in the TCF4 gene and an intronic SNP 

(rs2660304) in the MIR137 gene with schizophrenia in the case control 

sample. 

Aim 3: To investigate the association of an intronic SNP (rs17031835) in 

the metabotropic glutamate receptor 7 (GRM7) gene and an intronic SNP 

(rs795009) in the synapsin 2 (SYN2) gene with schizophrenia in the case 

control sample from Indonesia. To confirm the association of three 

intronic SNPs (rs310762, rs795009 and rs308963) in the SYN2 gene with 

schizophrenia in the case control sample as well as in the family sample 

from Indonesia. 

 

Although the nine candidate SNPs have been detected in previous studies, 

these studies had inconsistent results and a limited number of replication 

studies, especially for Asian populations (see sections 3.1, 4.1 and 5.1). 

Therefore, replication is required in additional independent studies. 

Furthermore, replication studies using samples from other ethnic 

populations are needed to investigate the population specificity of these 

candidate SNPs. 

 

1.3.2 Significance 

To date, no single candidate variant is associated with the risk for 

developing schizophenia with certainty. This thesis contributes to 

investigation of the confirmation of nine schizophrenia susceptibility 

variants and to investigation of their population specificity. Currently, there 

is a predominance of Caucasian samples in genetic studies for schizophrenia. 

Only a few genetic studies have been conducted in Asian populations and 

almost none in the Indonesian population. Similarly, most replication studies 
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of ZNF804A, TCF4, MIR137, GRM7 and SYN2 have used samples from 

individuals with European ancestry. Asian replication studies have mostly 

used samples from Chinese, Japanese and Korean populations. There is no 

Asian study for MIR137. To the best of my knowledge, there are no 

replication studies using an Indonesian population to investigate the 

association of ZNF804A, TCF4, MIR137 and SYN2 with schizophrenia, 

except a study by our research team to investigate the association of GRM7 

with schizophrenia (Ganda, Schwab et al. 2009). Although sharing Asian 

ancestry, the Indonesian population has environmental exposures and 

genetic history different from other Asian populations (detailed description 

in 6.2). This thesis aims to confirm the previously reported associations in a 

different population in Asia, providing valuable information on 

schizophrenia susceptibility as well as population specificity of these 

candidate SNPs. 

 

As described in 1.1, the unknown etiology of schizophrenia results in 

symptom-oriented diagnosis and treatment. If a schizophrenia susceptibiltiy 

variant is confirmed, it may contribute to: 1) a better understanding of the 

etiology of this disease by finding the molecular cause for schizophrenia; 2) 

identification of markers to improve the diagnosis for this disease; 3) 

providing molecular targets for development of drugs leading to causal 

therapy and a refined use of antipsychotic medications. 

 

1.3.3 Thesis structure  

The thesis consists of six chapters. Chapter one “General Introduction” 

provides a review of the literature and the objectives and significance of the 

thesis. The second chapter contains general methods describing samples, 

genotyping, quality control and data analysis. Chapter three, four and five 

are three separate experimental chapters, each addressing an aim of the 

thesis. Chapter six “General Discussion” provides an overall statement and 

evaluation of findings and proposes new questions for future research. 
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Chapter Two: General Methods 
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2.1 Collection of samples 

Blood samples were obtained through collaboration with the University of 

Indonesia. Patients were recruited from the western part of Indonesia 

(including the greater Jakarta area), as the population in the western part of 

Indonesia has a similar ethnic background to populations from mainland 

Asia and a different ethnic background from populations from the eastern 

part of Indonesia (Oppenheimer 1998, Handoko, Lum et al. 2001). The 

study was approved by the Institutional Review Board of the University of 

Indonesia and by the Human Research Ethics Committees at the University 

of Indonesia as well as at the University of Western Australia. Before any 

activity related to sample collection was started, informed consent for 

interviews, blood withdrawal and genetic studies was obtained from all 

participants. 

 

All diagnostic instruments used in the interviews were available in 

translation to Bahasa Indonesian. Back translation had been performed to 

check for accuracy of translation. At least two independent clinical 

psychiatrists were involved in a consensus diagnosis. The collection of 

blood samples was organized by the team of Dr Agung. A.A.A 

Kusumuwardhani (Chairperson of the Department of Psychiatry, University 

of Indonesia, Indonesia) in collaboration with Prof. Dieter Wildenauer (the 

University of Western Australia, Australia). 

 

2.1.1 Family sample 

The method of data collection is described in detail in Irmansyah, Schwab et 

al. (2008). A short summary is provided here. When patients with 

schizophrenia were admitted to participating hospitals, they were asked 

whether siblings and parents were available for this study. If they were, the 

family members were invited to the hospital for interview. Clinical 

diagnosis and assessments were conducted by psychiatrists. The criteria for 

a diagnosis of schizophrenia were defined as a consensus diagnosis of 

schizophrenia or schizoaffective disorder according to DSM-III and ICD10 

following structured interviews. The criteria used to select families in this 

study were at least two schizophrenic offspring within a family and both 
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parents in the family available for deoxyribonucleic acid (DNA) sampling. 

If one parent was missing, one or more unaffected offspring were invited to 

participate, in order to reconstruct the missing parental genotype. 

 

The following diagnostic instruments were used for the interviews to assess 

schizophrenic patients and family members: Psychosis Screen (Bebbington 

and Nayani 1995), Personal and Psychiatric History Schedule (PPHS, WHO 

1996), Family Interview for Genetic Studies (FIGS, Maxwell 1992) and 

Diagnostic Interview for Psychosis (DIP, Jablensky, McGrath et al. 2000). 

The DIP is designed to provide a diagnosis, as well as an assessment of 

symptoms, disablement, social functioning and service utilization. The DIP 

is a comprehensive interview schedule including the Operational Criteria 

Checklist for Psychotic Illness (OPCRIT, Mcguffin, Farmer et al. 1991) and 

is used by interviewers with a clinical background (Jablensky, McGrath et 

al. 2000). Overall, blood samples were taken from 685 individuals from 152 

families. 

 

 

2.1.2 Case control sample 

Patients with schizophrenia were recruited from hospitals in the greater 

Jakarta area. When patients with schizophrenia were admitted to 

participating hospitals, they were informed of this study and invited to 

participate. After signing the informed consent document, the patients were 

invited to participate in the interviews. Clinical diagnosis and assessments 

were conducted by psychiatrists. The criterion for a diagnosis of 

schizophrenia was defined as a consensus DSM-IV diagnosis of 

schizophrenia following structured interviews. The instruments used in the 

interviews were DIP, OPCRIT, PPHS and FIGS (see section 2.1.1). 

 

Healthy controls were recruited from students and staff of the University of 

Indonesia, Jakarta and from staff of the participating hospitals. These 

healthy controls were also informed of the study. After signing the informed 

consent document, they were invited to participate in the interviews. The 

criteria for inclusion of healthy controls were no psychiatric illness and no 
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family history of psychiatric illness. The following instruments were used in 

the interviews for controls: a screening tool for Psychosis (Bebbington and 

Nayani 1995), Self Research Questionnaire (SRQ) (Harding, Climent et al. 

1983), a modified short version of FIGS, and a demographic data 

questionnaire. Overall, 1128 cases with schizophrenia and 1188 controls 

were found to meet the criteria and provided blood samples for DNA 

analysis. 

 

2.2 Extraction and storage of DNA 

Extraction and storage of the DNA from the family sample and the case 

control sample were conducted using the same method. Peripheral blood 

from every participant (5 to 10 ml) was drawn into 

ethylenediaminetetraacetic acid (EDTA) tubes, and stored at 4 °C at the 

Department of Psychiatry, University of Indonesia. Blood samples were 

kept at 4 °C and transferred to Perth where genomic DNA was extracted 

using the salt precipitation method (Miller, Dykes et al. 1988). Following 

extraction, the genomic DNA was dissolved in an appropriate volume of 

tris-ethylenediaminetetraacetic acid (TE) buffer and stored in labeled 2 ml 

microtubes at 4 °C. Most of the concentrations of the original DNA stock 

solutions were in the range of 100 ng/µl to 400 ng/µl. 

 

A part of DNA from each sample was taken from the 2 ml microtubes and 

further diluted to 50 ng/µl and 2.5 ng/µl for storage. The 50 ng/µl DNA 

samples were stored in stock Microtest plates (96 well, U bottom) and the 

2.5 ng/µl DNA samples were stored in working Microtest plates (96 well, U 

bottom). A Robotic Liquid Handling System-MultiPROBE II (Perkin Elmer, 

Australia) was used for high throughput sample processing. This equipment 

was set up to pipette, transfer, and dispense specific volumes of liquid. 

Using MultiPROBE II, the stock and working plates with different 

concentrations of DNA were prepared. Random samples were selected from 

each stock and working plate to confirm the DNA concentration of the plate 

samples using a Nanodrop ND1000 spectrophotometer (Thermo Scientific, 

USA). Both stock and working plates were sealed and stored in the 

refrigerator at 4 °C. 
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The preparation of DNA samples from the Indonesian family sample was 

performed in Jakarta. The extraction and storage of DNA samples from the 

Indonesian case control sample were performed in collaboration with Dr. 

Mutiara DB Wildenauer and Ms. Wenwen Qin at the Western Australian 

Institute for Medical Research (WAIMR), Perth. 

 

2.3 Quality control 

2.3.1 Family sample 

Quality control for the family sample included the assessment of Mendelian 

inheritance errors, duplicated individuals and DNA quality, described by 

Irmansyah, Schwab et al. (2008). Briefly, all samples were genotyped by the 

Marshfield screening set 16 (http://www.marshfield-clinic.org/research/ 

genetics/). This screening set includes 402 STRPs covering the entire 

genome. Using the genotyping results, Mendelian inheritance errors and 

hidden duplicated individuals could be assessed. The genotyping 

performance could be used to estimate DNA quality. If a sample had a 

dropout rate of ≥ 20% suggesting poor amplification, the sample was 

excluded. 

 

Based on the results from the study using the same family sample 

(Irmansyah, Schwab et al. 2008), 79 DNA samples had insufficient quantity 

for genotyping, Mendelian errors or duplicated samples. These 79 samples 

were excluded from the analyses of the present study. In the previous study 

by Irmansyah, Schwab et al. (2008) and Ganda, Schwab et al. (2009), 21 

families were excluded because these families had only one affected 

offspring after quality control, which did not meet the conditions for linkage 

analysis used by that study. However, these 21 families were included in the 

present study, as a family with one affected offspring can be used for the 

TDT method used in the present study. Thus, 606 individuals from 145 

families were included in the present study, compared to 124 families used 

by Irmansyah, Schwab et al. (2008) and Ganda, Schwab et al. (2009). The 

structure of the family sample is given in Table 2.1. The family sample 

includes 211 unaffected parents (87 males and 124 females) and 5 affected 

parents (1 male and 4 females). The family sample includes 108 unaffected 

http://www.marshfield-clinic.org/research/
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offspring (51 males and 57 females) and 282 affected offspring (171 males 

and 111 females). The distribution of sex in affected offspring reflects the 

higher incidence of schizophrenia in males (see section 1.1.2). Since TDT 

(see section 1.2.2.1) was applied for the family sample (see section 2.6.1), 

age, age at onset and other demographic/clinical characteristics of this 

sample were not relevant in the present study and thus are not shown here.  

 

Table 2.1 Structure of family sample 

Type of 

families
a
 

Type of families 
b
 Families Individuals Affected 

Individual individual 2 2 1 

Single 

both parents available 9 31 9 

one parent, no unaffected sibs 2 4 2 

one parent, one unaffected sib 2 6 2 

one parent, two unaffected sibs 5 20 5 

no parent, one unaffected sib 1 2 1 

Pairs 

both parents available 62 255 127 

one parent, no unaffected sibs 7 21 14 

one parent, one unaffected sib 9 36 18 

one parent, two unaffected sibs 30 150 61 

no parent, one unaffected sib 2 6 4 

no parent, two unaffected sib 2 8 4 

Triplet 

both parents available 4 20 12 

one parent, no unaffected sibs 2 8 6 

one parent, one unaffected sib 1 5 3 

one parent, two unaffected sibs 3 18 9 

Quadruplet both parent available 2 14 9 

Total  145 606 287 
a
  according to the number of affected offspring. 

b
  according to the number of parents and unaffected sibs. 

 

2.3.2 Case control sample 

Quality control for the case control sample included the assessment of DNA 

quantity and quality and identification of duplicated or related individuals, 

gender and ancestral background. Assessment of DNA quantity and quality 

was performed in collaboration with Dr. Mutiara DB Wildenauer and Ms. 
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Wenwen Qin. The Illumina DNA Test Panel was genotyped by Path West 

(Department of Molecular Genetics, Perth, Australia) and the results of the 

Illumina DNA Test Panel were analysed by Prof. Dieter Wildenauer. The 

Eigenstrat analysis was done by Prof. Dieter Wildenauer with the help of Dr. 

Beben Benyamin from the Queensland Brain Institute. 

 

2.3.2.1 Assessment of DNA quantity and quality 

Firstly, DNA quantity was assessed by the absorbance of ultraviolet (UV) 

light at wavelength of 260 nm. The absorption of an optical density (OD) of 

1 is equivalent to a concentration of 50 µg/ml for double-stranded DNA 

(Barbas, Burton et al. 2007). A NanoDrop ND1000 spectrophotometer 

(Thermo Scientific, USA) was used to measure the absorbance at 260 nm 

and estimate the concentration of DNA. 

 

Secondly, DNA quality was assessed from the ratio of UV light absorbance 

at 260 and 280nm wavelengths (260/280 ratio). This ratio is used to assess 

protein contamination, as proteins absorb light at 280nm. A 260/280 ratio 

within the range of 1.5 to 2.0 was used to indicated that the DNA sample 

was pure enough for genotyping. Samples with 260/280 ratios deviating 

from this range were excluded. A NanoDrop ND1000 spectrophotometer 

(Thermo Scientific, USA) was used to measure the DNA 260/280 ratio. 

 

Thirdly, DNA quality was also assessed by agarose gel electrophoresis, 

which shows the integrity of genomic DNA. If intact, it shows a high 

molecular weight band close to the origin. Degraded DNA shows a smear of 

low molecular weight bands from the origin to the front. In the present study, 

electrophoresis of samples as well as a marker with a known DNA 

concentration was performed in a 2.5% Metaphor agarose (Biozym, 

Germany) gel stained with ethidium bromide. After visualizing the gel using 

a transilluminator with UV-light (365 nm), the DNA concentrations of the 

samples could also be roughly estimated by comparison of the intensity of a 

marker of known DNA concentration. 

 

Finally, DNA quality was estimated by genotyping performance of an 

Illumina’s DNA test panel. This panel contains 374 SNPs outside of RefSeq 
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transcripts and evolutionarily conserved sequences. These SNPs are not 

likely to be associated with disease and consist of 341 autosomal markers, 

27 X-chromosomal markers and six Y-chromosomal markers. DNA samples 

were genotyped using the GoldenGate Assay with the multisample Sentrix 

Array Matrix and genotypes were discriminated by GenomeStudio 

Genotyping Module V1.0 software from Illumina. Low performing DNA 

samples with call rates below 60% for the panel SNPs were excluded from 

the study. 

 

The assessment of DNA quantity and quality was performed in all samples 

and 85 samples were excluded. 

 

2.3.2.2 Assessment of DNA samples for duplicated or related 

individuals and estimation of gender 

Illumina’s DNA test panel was used to detect duplicates and related 

individuals and assess the gender of the sample. Based on the genotyping 

results, identity-by-descent (IBD) analysis compares all pairs of individuals 

and identifies genetically identical or highly similar individuals in the 

samples using PLINK (http://pngu.mgh.harvard.edu/purcell/plink/; Purcell, 

Neale et al. 2007). As Illumina’s DNA test panel includes 27 

X-chromosomal and six Y-chromosomal SNPs, these SNPs on X and Y 

chromosomes could be used to confirm gender data. 

 

The assessment of duplicated or related individuals and gender was 

performed in all samples. Of the 2316 samples tested, 22 cases and 17 

controls were identified as duplicates which may be due to sampling errors 

or hidden related individuals. The 39 duplicates were removed from the 

sample. Two samples were ambiguous for gender data and were excluded 

from the sex-stratified analyses. 

 

2.3.2.3 Assessment of ancestral background 

Ancestral background was estimated by comparison of genetic relatedness 

between the Indonesian and other ethnic populations. To analyse the 

ancestral background in the Indonesian sample, genotypes for the 374 SNPs 

http://pngu.mgh.harvard.edu/purcell/plink/
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of the Illumina’s DNA test panel were compared to genotypes of these SNPs 

taken from the HapMap database for Han Chinese in Beijing, China (CHB), 

Yoruba in Ibadan, Nigeria (YRI) and Utah residents with ancestry from 

Northern and Western Europe (CEU). The analysis was performed using the 

Eigenstrat program (Price, Patterson et al. 2006). After Eigenstrat analysis, 

the Indonesian case control sample and CHB sample showed relatively 

close genetic relatedness, as the two Asian populations formed one cluster, 

and separated from the other two clusters (CEU and YRI). All samples were 

included in this analysis and 14 outliers were identified and excluded. 

 

2.3.2.4 Assessment of population stratification 

Illumina’s DNA test panel uses neutral loci from outside of RefSeq 

transcripts and evolutionarily conserved sequences, therefore the panel can 

also be used as a genomic control for estimating population stratification. 

After removing the 14 outliers identified in the Eigenstrat analysis, the 

remaining samples were checked for population stratification. Using PLINK, 

the genomic inflation factor was estimated to be 1, based on medium 

chi-squared analysis of the Illumina test panel marker (mean chi-squared 

statistic: 1.097). This suggests there is almost no population stratification in 

this case control sample. 

 

After quality control, the 1067 cases (791 males and 274 females) and 1111 

controls (572 males and 539 females) were included in the case control 

sample. Two cases were excluded from the sex-stratified analyses due to 

ambiguous gender data. The distribution of sex in affected offspring reflects 

the higher incidence of schizophrenia in males (see section 1.1.2). The male 

female ratio of this case control sample (74% male/26% female) is 

comparable with that of several other samples used for the nine candidate 

SNPs, such as samples used by O'Donovan, Craddock et al. (2008, 68% 

male/32% female), Riley, Thiselton et al. (2010, 68% male/32% female), 

Walters, Corvin et al. (2010, 71% male/29% female), Ripke, Sanders et al. 

(2011, 66% male/34% female), Shi, Li et al. (2011, 63% male/37% female). 

As the cases were not matched to the controls for the male female ratio, sex 

stratification analyses were conducted in the present study. The statistical 
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analyses of the present study did not include age, age at onset and other 

demographic and clinical characteristics as co-variables. Thus, these data 

are not shown here. 

 

2.4 Genotyping 

Nine SNPs were genotyped in the present study: rs1344706 in an intronic 

region of the ZNF804A gene; rs9960767, rs2924336 and rs2958182 in 

intronic regions of the TCF4 gene; rs2660304 in an intronic region of the 

MIR137 gene; rs17031835 in an intronic region of the GRM7 gene and 

rs310762, rs308963 and rs795009 in intronic regions of the SYN2 gene. 

These genotyped SNPs together with samples and methods for genotyping 

are summarized in Table 2.2. All genotyping assays used in the present 

study were performed by the author. 

 

2.4.1 TaqMan SNP Genotyping assays 

A TaqMan SNP genotyping assay (Applied Biosystems, USA) was 

performed to discriminate alleles. This assay is a high-throughput 

fluorescence–based assay and suitable for allelic discrimination in large 

samples. The 384 samples included in each microtiter plate were tested 

using the TaqMan assay from Applied Biosystems (USA) according to the 

Applied Biosystems protocol of TaqMan SNP genotyping assays. 

 

5 µl (2.5 ng/µl DNA) samples were pipetted from the working plates into 

corresponding wells of a 384-well microtiter plate by the Robotic Liquid 

Handing System-MultiPROBE II. Every 384-well microtiter plate included 

360 DNA samples, four no template DNA controls (NTCs, only the reaction 

mixture) and 20 blank controls (empty wells). After pipetting, the 384-well 

plates were centrifuged at 1600 rcf for 1 minute and put on the work bench 

to dry at room temperature. The reaction mixture was prepared according to 

the protocol of the supplier: a 5µl reaction mixture was added to each 

sample comprising 2.5 µl TaqMan Genotyping Master Mix (supplied by 

Applied Biosystems, USA and including AmpliTaq Gold® DNA 

Polymerase Ultra Pure, deoxyribonucleoside triphosphates (dNTPs), and 

optimized buffer components), 0.125 µl 40x SNP Genotyping Assay Mix 
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(supplied by Applied Biosystems, USA and including 2 unlabelled 

polymerase chain reaction (PCR) primers, 1 VIC dye and 1 

carboxyfluorescein (FAM) dye), and 2.375µl water. Using the Robotic 

Liquid Handling System-MultiPROBE II, the reaction mixture (5µl) was 

pipetted into the wells that contained samples and NTCs. The sealed 384 

well plates were put into a thermal cycler (C1000 Touch Thermal Cycler, 

Bio Rad, USA) for PCR. The PCR cycling parameters were 10 minutes at 

95 °C followed by 40 cycles. Each cycle included 15-second denaturation at 

92 °C, and 1-minute annealing and extension at 60 °C. If discrimination of 

alleles was not achieved after 40 cycles, 20 additional cycles were 

performed. 

 

Table 2.2 Summary of single nucleotide polymorphisms (SNPs), samples 

and methods for genotyping 

SNP Gene 

Type of 

samples for 

genotyping 

Numbers of 

samples for 

genotyping 

Methods for 

genotyping 

rs1344706 ZNF804A 

case control 

sample 

2295 
a
 

TaqMan SNP 

genotyping assay 

350 RFLP assay
b
 

family sample 
606 

TaqMan SNP 

genotyping assay 

606 RFLP assay
c
 

rs9960767 TCF4 
case control 

sample 
2295 

a
  

TaqMan SNP 

genotyping assay 

rs2924336 TCF4 
case control 

sample 
2295 

a
 

TaqMan SNP 

genotyping assay 

rs2958182 TCF4 
case control 

sample 
2295 

a
 

TaqMan SNP 

genotyping assay 

rs2660304 MIR137 
case control 

sample 
2295 

a
 

TaqMan SNP 

genotyping assay 

rs17031835 GRM7 
case control 

sample 

2295 
a
 

TaqMan SNP 

genotyping assay 

196 RFLP assay
b
 

rs308963 SYN2 
case control 

sample 
2295 

a
 

TaqMan SNP 

genotyping assay 

rs310762 SYN2 
case control 

sample 
2295 

a
 

TaqMan SNP 

genotyping assay 

rs795009 SYN2 

case control 

sample 
2295 

a
 

TaqMan SNP 

genotyping assay 
family sample 606 

a  2295 samples consist of 2178 case control samples and 117 duplicates (see 
2.5.3).  

b Restriction fragment length polymorphism (RFLP)assay was conducted to 
complete genotyping and to confirm genotypes. 

c  RFLP assay was conducted to for cross-validation of the genotypes. 
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After 40 cycles and 60 cycles of PCR, the end-point fluorescence was 

measured using a Wallac Envision 2101 MultiabelReader (Perkin Elmer, 

Australia). The fluorescence for the reporter dyes FAM and VIC was 

detected using 485 nm (excitation) and 520 nm (emission) filters for FAM 

and 530nm (excitation) and 572nm (emission) filters for VIC. The 

fluorescence data were analysed using the Easy SNP 2.0 software. Figure 

2.1 shows a representative output for genotype assignment. 

 

The genotypes were manually discriminated based on genotype clusters 

produced by the Easy SNP 2.0 software. For a given assay, samples fell into 

five groups (Figure 2.1): homozygote 1 cluster that is homozygotic for the 

VIC reported allele, homozygote 2 cluster that is homozygotic for the FAM 

reported allele, the heterozygote cluster that represents heterozygotes for 

alleles 1 and 2, blank controls without TaqMan Master Mix and template 

located around the origin and “undetermined” unassigned samples with 

weak or no amplification signal (including NTCs). After the genotype 

clusters were determined, the Easy SNP 2.0 software was used to 

automatically assign each sample according to its corresponding genotype. 

A completion rate of more than 95% for genotyping was required. To 

achieve this requirement, undetermined samples were regenotyped. If a 

sample remained undetermined once the genotyping completion rate had 

achieved more than 95%, it was labeled as “U” and excluded from the 

association analyses. 

 
Figure 2.1 A representative plot for genotype assignment by TaqMan 

assays. 
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2.4.2 Restriction fragment length polymorphism (RFLP) assays 

For rs1344706 in an intronic region of the ZNF804A gene and rs17031835 

in an intronic region of the GRM7 gene, RFLP assays were conducted to 

complete and confirm genotyping. PCR plates (hard shell 96-well PCR plate) 

containing the DNA samples (5µl, 2.5 ng/µl) were set up from working 

plates. The protocols and genotype callings for rs1344706 and rs17031835 

are described in sections 3.2.2 and 5.2.2, respectively. 

 

2.5 Error checking 

All error checking in the present study was performed by the author. 

 

2.5.1 Hardy-Weinberg equilibrium (HWE) 

The Hardy-Weinberg Equilibrium (HWE) states that genotype frequencies 

and allele frequencies remain constant from generation to generation. After 

equilibrium, for a biallelic marker, if p and q represent the frequencies of 

allele A and a, HWE is the stable distribution of frequencies of the 

genotypes AA, Aa, and aa in the proportions p
2
, 2pq, and q

2
, respectively. 

These proportions also satisfy HWE equation (p
2
 +

 
2pq + q

2
 = 1). However, 

HWE requires a set of conditions, such as random mating, and no 

unbalanced mutation, gene migration, selection or genetic drift. The 

genotype distributions of the polymorphisms investigated in the present 

study were checked to determine whether they deviated significantly from 

HWE. 

 

Although deviation from HWE can be caused by non-random mating, 

selection or migration (Ziegler, König et al. 2010), in most populations the 

influence of these on HWE will be small (Minelli, Thompson et al. 2008). In 

genetic association studies, deviation from HWE is mainly caused by 

population stratification and genotyping errors, and can result in false 

association. Firstly, population stratification can lead to a heterozygote 

deficiency and thus influence HWE. As a confounding factor, population 

stratification can also result in false positive association. Secondly, 

genotyping error data may cause deviation from HWE and result in a false 
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association (Moskvina, Craddock et al. 2006, Moskvina and Schmidt 2006). 

As population stratification can be controlled by an appropriate study design 

and quality control, genotyping errors are a main source of deviation from 

HWE. Therefore, compatibility with HWE should be checked in an 

association study as an indicator of genotyping quality (Yu, Di et al. 2009), 

although this error checking may be unable to detect all genotyping errors. 

 

If the population prevalence of a trait is low, a check for HWE is typically 

performed in controls only, because deviation from HWE in cases may be 

due to an association between a genotype and case-control status. HWE is 

commonly checked using an X
2
 goodness-of-fit test (1.d.f.). This test 

compares the observed genotype frequencies in a sample with those 

expected under HWE. If the p-value is more than 0.05, there is a greater 

than 95% chance that the difference between the observed and the expected 

frequencies is due to chance alone and the sample is considered to be 

compatible with HWE. Conversely, a p-value of less than 0.05 suggests a 

significant deviation from HWE in a sample. In the present study, genotype 

distributions of the parental dataset in the family sample, cases and controls 

in the case-control sample were checked for deviation from HWE. If the 

genotype distribution of a SNP significantly deviated from HWE, the SNP 

would be regenotyped. If the deviation remained after regenotyping, the 

SNP would be omitted from the following association analyses. 

 

2.5.2 Mendelian inheritance 

In a family sample, inconsistencies in Mendelian inheritance can be caused 

by either pedigree or genotyping errors (Broman 1999, Douglas, Skol et al. 

2002). Pedigree errors include issues such as non-paternity, unknown 

adoption, and sample mix-ups. A pedigree error may cause the genotypes of 

family members to be incompatible with Mendelian inheritance. Genotyping 

errors may cause the observed genotype to differ from the true genotype, 

and the erroneous genotypes can lead to a Mendelian inconsistency. In the 

Indonesian family sample, pedigrees with Mendelian errors had already 

been eliminated based on the results of a previous genome-wide linkage 

scan with 402 STRPs (Irmansyah, Schwab et al. 2008). Therefore, 

incompatibility with Mendelian inheritance was checked in the present 
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study to detect genotyping errors and assess genotyping quality. This error 

checking may be unable to detect all genotyping errors. 

 

In the present study, genotyping data of each SNP genotyped in the family 

sample were checked for Mendelian inheritance errors using PLINK before 

testing for association with schizophrenia. If a family was found to have a 

Mendelian inheritance error, all members of this family were regenotyped. 

Mendelian inheritance error checking was repeated in this family after 

regenotyping. If the inconsistency remained after regenotyping, the whole 

family was excluded from subsequent association analyses. 

 

2.5.3 Genotyping consistency in duplicates 

117 samples from the case control sample (5.4%) were included as 

duplicates and genotyped to assess the accuracy of genotyping. The 

consistency of genotyping in duplicates was checked for each SNP 

genotyped in the case control sample before testing for association with 

schizophrenia. Samples with non-matching genotypes were regenotyped. If 

the inconsistency remained after regenotyping, the samples were excluded 

from subsequent association analyses. If more than five samples’ genotypes 

were inconsistent with their duplicates, the whole case control sample was 

regenotyped. If the inconsistency remained after regenotyping, the SNP was 

omitted from subsequent association analyses. 

 

2.6 Data analysis 

All data analyses in the present study were performed by the author. 

 

2.6.1 Transmission disequilibrium test (TDT) for the family sample 

A family-based association design was used to identify genetic association 

with schizophrenia in an Indonesian family sample. This design offers 

protection against population stratification and thus reduces the possibility 

of type I error (see section 1.2.2.1). The TDT (see section 1.2.2.1) is a valid 

test for this family-based association design (Spielman, Mcginnis et al. 

1993) and can be applied when only one parent genotype is available 

(Weinberg 1999). 
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Four SNPs (rs1344706, rs310762, rs308963 and rs795009) were genotyped 

in the family sample and TDT was performed to detect the association of 

each of these SNPs and their haplotypes with schizophrenia in the family 

sample. If the “single marker analysis TDT” option was used, the FAMHAP 

19 program (Knapp and Becker 2003) was used to estimate the association 

of single SNP with schizophrenia (Spielman, McGinnis et al. 1993). This 

option calculated a p-value for a single SNP from the difference between 

transmitted and non-transmitted alleles. If the “haplotype frequency 

estimation with respect to affection status, dp” option was used, the 

FAMHAP 19 program was used to assess the frequencies of all possible 

haplotypes. This option calculated haplotype frequencies for transmitted 

haplotypes and non-transmitted haplotypes respectively. If the 

“haplotype-based TDT test” option was used, the PLINK program was used 

to assess the association of haplotypes with schizophrenia. This option 

estimated p-values for haplotypes from the differences between transmitted 

and non-transmitted haplotypes. In addition, the associations of single SNP 

and haplotypes with schizophrenia were also detected in male case and 

female case subgroups, respectively. In the male case subgroup, only male 

affected offspring were used for association testing. Female cases were not 

used, but female controls were included. The same design was applied to the 

female case subgroup. 

 

2.6.2 Chi square test for the case control sample 

A population-based association design was used to detect the association of 

a variant with schizophrenia in the Indonesian case control sample. A chi 

square test is commonly used in this design. For SNPs, a 2×2 contingency 

table is used to identify the association between alleles and schizophrenia, 

while a 3×2 contingency table is used to detect the association between 

genotypes and schizophrenia (Breslow and Day 1980). According to the null 

hypothesis where there is no association between alleles or genotypes and 

schizophrenia, expected allele or genotype frequencies are calculated. These 

are then checked for a difference between observed and expected 

frequencies. In the present study, a two-sided p-value less than 0.05 was 

used for rejecting the null hypothesis for a single test. 
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Seven SNPs (rs1344706, rs9960767, rs2924336, rs2958182, rs2660304, 

rs17031835 and rs795009) were genotyped in the Indonesian case control 

sample. A chi square test was performed to detect the association of single 

SNP and haplotypes with schizophrenia in the case control sample using the 

PLINK program. If the “plink.assoc” option was used, the PLINK program 

was used to estimate the association of alleles or genotypes with 

schizophrenia. This option also calculated the ORs and their 95% 

confidence intervals (95% CIs), which assess the risk associated with 

specific alleles and genotypes. If the “plink.assoc.hap” option was used, the 

PLINK program was used to assess the association of haplotypes with 

schizophrenia. This option estimated the frequencies of all possible 

haplotypes, constructed contingency tables and then calculated chi square 

statistics from these tables. In addition, the PLINK program estimated the 

associations of single SNP and haplotypes with schizophrenia in males and 

females. If a sex-specific association of a SNP with schizophrenia was 

found, the effect of SNP×sex interaction on the association with 

schizophrenia was further estimated using logistic regression. The logistic 

regression is implemented in the PLINK logistic option. 

 

2.6.3 Estimation of linkage disequilibrium (LD) 

When more than one SNP in a gene is genotyped, pair-wise LD between 

SNPs can be measured to construct haplotype blocks. The most used 

measures of LD are D’ and r
2 

(Hedrick 1987). D’ is the normalized LD 

between two SNPs and weighted by the product of allele frequency and 

ranges between -1 and +1 (Barnes 2007). When D’≠ 0, there is no-random 

association between two SNPs (in LD). When D’ = ±1, there is no 

recombination between two SNPs (complete LD). Notably, D’ is inflated 

when one allele is rare. The r
2
 is the pooled correlation between two SNPs 

based on allele frequencies and ranges between 0 and 1 (Barnes 2007). The 

r
2 

is determined by dividing D’ by the product of the four allele frequencies; 

and is more sensitive to allele frequencies than D’ (Barnes 2007). When r
2
 = 

1, there is no recombination and the allele frequencies of the two SNPs are 

the same (perfect LD). Two SNPs in perfect LD implies that they can 

provide the same information in an association study. The degree of LD can 
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be different between case and control groups due to an association in this 

region (Hayes, Roe et al. 2004). Comparing pair-wise LD matrices between 

cases and control is helpful in identifying an associated region (Abecasis 

and Cookson 2000, Hayes, Roe et al. 2004, Nielsen, Ehm et al. 2004). 

 

In the present study, three SNPs in intronic regions of the TCF4 gene and 

three SNPs in intronic regions of the SYN2 gene were genotyped in the case 

control and family samples. For the three SNPs in the TCF4 region, D’ and 

r
2 

of pair-wise LD were calculated in cases and controls using Haploview 

version 4.2 (Barrett, Fry et al. 2005). For the three SNPs in the SYN2 region, 

D’ and r
2 

were calculated in nontransmitted haplotypes (“pseudo-controls”) 

and transmitted haplotypes (“cases”) using the FAMHAP 19 program 

(Becker and Knapp 2004). 

 

2.6.4 Multiple-testing corrections 

If multiple SNPs are tested at the same time, the traditional significance 

threshold of 0.05 will inflate the rate of type I error. The threshold of 0.05 

means 5% chance of type I error. Assuming 100 tested SNPs, 5% or 5 SNPs 

may be called significant due to type I error. Thus, the traditional p-value of 

0.05 should be corrected using the multiple-testing correction to guarantee 

only 5% chance of type I error for each SNP. 

 

In the present study, multiple-testing corrections were used in the work 

reported in Chapter Four and Chapter Five where multiple SNPs are tested 

at the same time. Bonferroni correction was used for the multiple-testing 

correction in single marker analyses and haplotype analyses. The correction 

divides the significance threshold (0.05) by the number of tests to produce a 

significance threshold needed to keep experiment-wide type I error at 0.05. 

As the present study was an explorative investigation, the Bonferroni 

correction should be done for reference, but is not mandatory. The p-values 

reported in the present study were uncorrected. The uncorrected p-values 

were also used for discussion in the following chapters. 
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2.6.5 Analysis of genetic models 

When an association of a SNP with a disease is observed in a study, a 

particular genetic model of inheritance for the risk allele can be 

subsequently investigated. There are mainly four types of genetic models, 

namely dominant, recessive, additive and multiplicative models (Lewis 

2002). If the increased risk of developing a disease is the same for 

heterozygotes as for homozygotes carrying two copies of the risk allele, the 

genetic model is dominant. If two copies of the risk allele are required for 

increased risk of developing a disease, the genetic model is recessive. Given 

that the risk of developing a disease increases by a factor r for each risk 

allele carried, the multiplicative genetic model shows risk r for 

heterozygotes and r
2 

for homozygotes carrying two copies of the risk allele. 

The additive genetic model shows risk r for heterozygotes and 2r
 
for 

homozygotes carrying two copies of the risk allele. Based on these 

definitions of the specific genetic models (Lewis 2002), comparing the 

allelic ORs to heterozygote and homozygote ORs provides evidence for the 

best fit genetic model (Lewis 2002, Lunetta 2008, Lewis and Knight 2012). 

In the present study, if a significant association between a SNP and 

schizophrenia was detected, the genetic model of inheritance of this 

associated SNP was further explored. 

 

2.6.6 Power analysis 

The aim of power analysis is to estimate whether a study has sufficient 

power to detect an association. Statistical power for a proposed study design 

is mainly used to estimate the probability of a false negative finding. The 

chance of false negative (a type II error) increases when statistical power 

decreases. When statistical power is more than 80% (equivalent to a type II 

error rate less than 20%) in a study, it is commonly considered that this 

study has sufficient power to detect an association. Statistical power is 

mainly determined by sample size, risk allele frequency and genotype 

relative risk (GRR). If an association is reported, the statistical power can be 

calculated at a specific value of GRR. It can be estimated whether a study 

has sufficient power to detect the reported association. If a negative finding 
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is reported, the statistical power can be calculated at varying GRR and a 

smallest detectable effect size for a study can also be estimated. 

 

In the present study, statistical power was estimated for all of tested SNPs in 

either family or case control samples using the GPC (Purcell, Cherny et al. 

2003). “TDT for discrete traits” and “case control for discrete traits” options 

were used to calculate the statistic power for family-based and 

population-based association studies, respectively. The sample size, risk 

allele frequency, GRR and several other parameters were required to be set 

up before calculation: (1) The sample size for the power calculation was 

assumed according to the number of actually obtained genotypes after data 

cleaning. For a family-based association study, GPC uses the number of 

case-parent trios to represent the sample size. However the Indonesian 

family sample included multiple types of families (Table 2.1). Therefore, for 

the Indonesian family sample, the sample size was calculated on the basis of 

the number of informative transmissions (from heterozygous parents to 

affected children) estimated by TDT. Let n be the number of informative 

transmissions and p be the parental heterozygosity. The sample size (the 

number of trios) of this Indonesian family sample for a specific single 

marker TDT was calculated as n/(2p). (2) The risk allele frequency for the 

power calculation was set according to allele frequencies in controls of the 

case control sample or the parental generation of the family sample. If a 

candidate SNP was not associated with schizophrenia, the frequencies for 

both alleles were used for the calculation. (3) The GRRs for both 

homozygotes and heterozygotes relative to the baseline genotypes are also 

required for the power calculation. If disease prevalence is low, the odds are 

nearly the same as risk and thus GRRs can be estimated using the ORs. 

Information of genetic models is also needed for assumption of these GRRs. 

In the present study, if a candidate SNP was not associated with 

schizophrenia, the ORs were assumed to range from 1.1 to higher and the 

genetic model was assumed to be a multiplicative model. (4) The disease 

prevalence was assumed to be 0.01 and complete LD (D’ = 1) between 

alleles was also assumed. The type I error rate was set at 0.05 and 80% was 

considered to be the sufficient power threshold. 
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The results of power analyses were displayed by power curves exhibiting 

power as a function of GRR. To produce power curves, the GRR values 

were assumed to range from 1.1 to specific values required for around 100% 

power of the whole sample. Power at varying GRR values is calculated by 

GPC. Based on the results from GPC, power curves were generated by 

Excel 2007. 

 



75 / 200 

 

 

 

 

 

 

 

 

Chapter Three: Population-based and 

family-based association studies of a ZNF804A 

locus with schizophrenia in samples from 

Indonesia 
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3.1 Introduction 

3.1.1 A GWAS-identified susceptibility SNP (rs1344706) in an 

intronic region of the ZNF804A gene 

An intronic SNP (rs1344706) in the ZNF804A gene was first reported to be 

associated with schizophrenia in a GWAS (O'Donovan, Craddock et al. 

2008). When the phenotype was combined with bipolar disorder, the 

association was further strengthened, reaching the widely accepted threshold 

for genome-wide significance (Dudbridge and Gusnanto 2008). The 

ZNF804A gene maps to chromosome 2q32.1 (Entrez Gene, National Center 

for Biotechnology Information (NCBI) build 137). The gene has four exons 

and a C2H2-type domain characteristic of zinc-finger proteins. The gene 

encodes a protein of 1210 amino acids and is expressed in the brain 

(Walters, Corvin et al. 2010). The true function of this protein is unknown. 

The rs1344706 polymorphism is located in intron 2 of ZNF804A, 47kb 

from the 3’ end of exon 2 and 20 kb from the 5’ end of exon 3 (Figure 3.1). 

 

Figure 3.1 Schematic representation of the ZNF804A gene showing the 

location of rs1344706. The bold vertical stripes on the ZNF804 gene 

represent exons. 

 

A GWAS-identified susceptibility SNP still requires replication to rule out 

the possibility of being a false positive result despite the p-value threshold 

for statistical significance being corrected for multiple tests (Pearson and 

Manolio 2008). Replication studies should be preferentially performed in 

populations sharing a similar ethnic background with the initial study and 

then in populations with different ethnic background (Huo and Olopade 

2010). Failure to replicate the associated SNP in ethnically different 

populations may indicate that the initial susceptibility SNP is neither a 

causal variant nor in LD with the causal variant in these replication 
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populations (Huo and Olopade 2010). In the case of rs1344706 and 

schizophrenia, the initial report by O'Donovan, Craddock et al. (2008) used 

a European ancestry (UK) sample. To date, 13 studies using mainly 

populations of European ancestry and 10 studies using populations of Asian 

ancestry have been conducted to investigate the association of rs1344706 

with schizophrenia (summarized in Table 3.1 and 3.2). Given the 

inconsistent results across these replication studies, further studies using 

independent and large samples across diverse populations, especially 

diverse populations with Asian ancestry, are still required to confirm the 

association between rs1344706 and schizophrenia. To date, this association 

has not been assessed in Indonesian samples. 

 

3.1.2 Aims 

The aim of this work is to investigate the association of rs1344706 with 

schizophrenia in an Indonesian case control sample and an Indonesian 

family sample. The Indonesian case control sample (1067 cases and 1111 

controls) has been newly ascertained and was not used in any collaborative 

studies for the association of rs1344706. Therefore, this sample does not 

overlap with any previous study and should provide independent evidence 

for the association of rs1344706. The association of rs1344706 with 

schizophrenia was further tested in an Indonesian family sample (145 

families). This family sample was intended to use to confirm the results of 

the Indonesian case control study and replicate the previous family-based 

association study (Zhang, Lu et al. 2011). 

 

3.2 Methods 

An overview of the methods used in this chapter is shown in Figure 3.2. 

 
Figure 3.2 Overview of methods 
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Table 3.1 Summary of mainly European ancestry studies of the association between rs1344706 and schizophrenia (extended Table 1 from 

Schwab, Kusumawardhani et al. 2013) 

Study Population Cases Controls 
Frequency of 

A(T) in cases 

Frequency of 

A(T) in controls 

p- value 

(<0.05 in boldface) 

Allelic 

OR 
Comments 

O'Donovan, Craddock et al. 

(2008) 

UK 642 2937 0.66 0.59 7.08×10-7 1.38 Primary study 

Combined1  

(5 EAs1, 2AAs2, 1Jewish )  
6666 9897 N.A. N.A. 9.25×10-5 1.09 Follow-up study 

Combined2 (UK + combined2) 7308 12834 N.A. N.A. 1.61×10-7 1.12 Meta-analysis 

Purcell, Wray et al. (2009) EAs 2519 2110 N.A. N.A. 0.029 one-tailed 1.08 GWAS 

Shi, Levinson et al. (2009) EAs+African American 3967 3624 N.A. N.A. 0.026 1.09 GWAS 

Walters, Corvin et al. (2010) 
Irish3 297 165 0.67 0.60 0.060 1.31  

German3 251 1472 0.59 0.59 0.989 1.00  

Riley, Thiselton et al. (2010) Irish 1021 626 0.65 0.61 0.011 one-tailed 1.20 
rs75975934 

rs175085954 

Steinberg, Mors et al. (2011) 

EAs 2280 16099 N.A. 0.58 0.037 1.09 Primary study 

EAs + Chinese5 2797 4407 N.A. 0.59 0.033 1.08 Follow-up study 

Combined 5077 20506 N.A. 0.59 2.90×10-3 1.08  

Williams, Norton et al. (2011) Combined (21EAs +2AA +1African American) 18309 38675 N.A. N.A. 2.5×10-11 1.1 Meta-analysis 

Donohoe, Rose et al. (2011) Italian 70 38 0.60 0.66 0.221 0.69  

Zhang, Chen et al. (2011) EAs + USA6 2343 2680 N.A. N.A. 4.30×10-3 N.A. rs75975937 

Schanze, Ekici et al. (2011) German 936 585 0.62 0.61 0.31 1.08  

Sazci, Ozel et al. (2012) Turkish 105 137 0.68 0.58 0.037 2.53  

Zaharie, Ergul et al. (2012) Romanian 231 222 0.64 0.65 0.693 0.79  

Zhang, Yan et al. (2012) EAs 12425 17813 N.A. N.A. <1×10-4 1.12 Meta-analysis 
1
 EA: European ancestry sample.  

2
 AA: Asian ancestry sample.  

3
 Overlap with O'Donovan, Craddock et al. (2008).  

4
 The associations of two SNPs (rs7597593, 

rs17508595) in a region of the ZNF804A gene were reported (p = 0.001 and p = 0.023 respectively).  
5
 The follow-up study tested samples mainly from European ancestry 

sample, as the Chinese sample only included 439 cases and 446 controls.  
6
 These samples include two European ancestry samples and two independent samples from USA. 

These samples overlap with Steinberg, Mors et al. (2011).  
7
 An association of rs759759 in a region of the ZNF804A gene was reported (p = 0.001) 
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Table 3.2 Summary of Asian ancestry studies of the association between rs1344706 and schizophrenia (extended Table 1 from Schwab, 
Kusumawardhani et al. 2013) 

Study Population Cases Controls 
Frequency of 

A(T) in cases 

Frequency of 

A(T) in controls 

p value 

(<0.05 in boldface) 
Allelic 

OR 
Comments 

O'Donovan, Craddock et al. 

(2008) 

Chinese (Shanghai) 996 1015 0.53 0.51 0.330 1.06 
Follow-up study 

Japanese 721 796 0.44 0.42 0.182 1.10 

Hashimoto, Ohi et al. (2010) Japanese 113 184 N.A. N.A. 0.163 0.79  

Steinberg, Mors et al. (2011) Chinese (Sichuan) 439 446 N.A. 0.55 0.62 0.95 Follow-up study 

Shi, Li et al. (2011) 

Chinese (Beijing, Shangdong) 1578 1592 N.A. 0.50 0.10 0.92 

GWAS Chinese (Shanghai, Anhui) 1238 2856 N.A. 0.50 0.25 1.06 

Chinese (Guangdong, Guangxi) 934 2020 N.A. 0.51 0.42 0.95 

Li, Luo et al. (2011) 

Chinese (Yu xi) 502 694 0.51 0.50 1.0 0.99 rs1021042 

rs3598953 Chinese (Kunming) 404 607 0.50 0.52 0.84 1.07 

Chinese (Yuxi+Kunming) 906 1301 0.50 0.51 0.97 1.02  

Zhang, Lu et al. (2011) 
Chinese (Xi’an) 566 574 0.53 0.46 8.30×10-4 1.32 Case-control 

Chinese (Xi’an) N.A.1 N.A.1 N.A. 0.52 0.0582 N.A. Family-based  

Xiao, Li et al. (2011) Chinese (Xinxiang) 496 448 0.60 0.54 0.005 1.30  

Wei, Kang et al. (2012) Chinese (Guangzhou) 69 80 0.57 0.48 0.093 1.48  

Zhang, Yan et al. (2012) Chinese4 3239 3449 N.A. N.A. 0.03 1.17 

Meta-analysis 

rs13668425 

rs3731834 5 

rs4667000 5 

Li, Shi et al. (2012) 
Chinese6 

Japanese7 
8857 12205 N.A 0.50 0.26. 1.03 

Meta-analysis 

rs3598598 
1.
 This family sample including 101 schizophrenia probands and their parents.  

2. 
The frequency was from the parental generation.  

3.
 The associations of two SNPs 

(rs1021042 and rs359895) in a region of the ZNF804A gene were reported.  
4.
 The Chinese samples of this Meta-analysis include 5 Chinese samples from the studies of Li, 

Luo et al. (2011), O'Donovan, Craddock et al. (2008), Wei, Kang et al. (2012), Xiao, Li et al. (2011), and Zhang, Lu et al. (2011).  
5. 

The associations of 3 SNPs (rs1366842, 

rs3731834 and rs4667000) in a region of the ZNF804A gene with schizophrenia was reported in one of Chinese sample in this meta-analysis ( 492 schizophrenia patients 

and 516 controls.).  
6.
 The Chinese samples of this meta-analysis include 9 published Chinese samples from the studies of O'Donovan, Craddock et al. (2008), Steinberg, 

Mors et al. (2011), Zhang, Lu et al. (2011), Xiao, Li et al. (2011), Li, Luo et al. (2011), Shi, Li et al. (2011) and an unpublished Chinese sample from Singapore.  
7. 

The 

Japanese samples of this Meta-analysis include 2 published Japanese samples from the studies of O'Donovan, Craddock et al. (2008) and Hashimoto, Ohi et al. (2010).  
8.
 

an associations of rs359895 in a region of the ZNF804A gene with schizophrenia was reported in Chinese populations. 
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3.2.1 Subjects 

To test the association between rs1344706 and schizophrenia, the SNP was 

genotyped in the described Indonesian case control sample as well as in the 

described Indonesian family sample. After quality control (see section 2.3), 

the case control sample includes 1067 cases (791 males and 274 females) 

and 1111 controls (572 males and 539 females). Two samples in the case 

group were ambiguous for gender data and were excluded from the 

sex-stratified analyses. After quality control (see section 2.3), the family 

sample consists of 606 individuals from 145 families. The ascertainment, 

DNA preparation, and quality control of the Indonesian case control and 

family samples are described in detail in Chapter Two (sections 2.1- 2.3). 

 

3.2.2 Genotyping 

The TaqMan SNP genotyping assay and the RFLP assay were used to 

genotype rs1344706. In the Indonesian case control sample, the genotyping 

completion rate for rs1344706 was 84% after the TaqMan SNP genotyping 

assay, therefore a RFLP assay was also used for this SNP to complete the 

genotyping. The RFLP assay was used in 350 samples. In the Indonesian 

family sample, each DNA sample was genotyped by both the TaqMan SNP 

genotyping and the RFLP assay for cross-validation of the genotypes. 

Protocol for the TaqMan SNP genotyping assay is described in Chapter Two 

(section 2.4.1). A representative TaqMan assay plot for rs1344706 is shown 

in Figure 3.3. 

 

In the RFLP analysis, the region with the polymorphism of rs1344706 in the 

ZNF804A gene was amplified by PCR using the forward primer 5'-AGT 

GAC CTT GGT GGA AAT GG-3' and the reverse primer 5'-GGA TTG 

GGA CGA GGA GAA A -3'. Both primers were designed using Primer 3 

software. The PCR reaction mixture was prepared in a 10 µl solution 

containing 10 ng genomic DNA, 0.4 µM of each primer (GeneWorks, 

Australia), 200 µM dNTPs (Applied Biosystems, USA), 1 µl of 10× PCR 

buffer (Qiagen, Germany), and 1.25 U Taq polymerase (Qiagen, Germany). 

The PCR cycling conditions for rs1344706 were 5-minute denaturation at 

95 °C followed by 35 cycles, each cycle consisting of 30-second 
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denaturation at 95 °C, 30-second annealing at 65 °C, and 1-minute 

extension at 72 °C. A 10-minute final extension at 72 °C was included after 

35 cycles. After PCR, a few samples were chosen from each plate at random 

to confirm the PCR product size (207 bp). Electrophoresis of the PCR 

product was performed on a 2% Metaphor agarose (Biozym, Germany) gel 

stained with ethidium bromide (Figure 3.4). 1× TBE 

(Tris-borate-ethylenediaminetetraacetic acid) was used as electrophoresis 

buffer. The gels were viewed using a transilluminator with UV light (365 

nm). Pictures were taken by a Kodak ID ver. 3.6 Image Analyzer (Kodak, 

USA). 

 

Figure 3.3 A representative TaqMan assay plot for rs1344706 genotype 

assignment. The spots outside circles represent samples with undetermined 

genotypes, which will be repeated. 

 

Figure 3.4 2% agarose gel electrophoresis of the PCR product (207 bp) of 

four randomly selected samples, stained with ethidium bromide and 

photographed under UV light (365 nm). Lane 1 contains a molecular weight 

marker; Lanes 2-5 contains PCR products. 
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The restriction enzyme used for rs1344706 was DpnII (New England 

Biolabs, Germany), which cuts in the presence of the C-allele. The total 

volume of restriction enzyme digestion mixture was 5 µl, containing 1.5 µl 

buffer (supplied by New England Biolabs, Germany) and 0.4 µl (4U) DpnII. 

5 µl of digestion mixture was added to 10 µl of PCR product and incubated 

at 37 °C for 3 hours. Electrophoresis of the digested product was performed 

on a 2.5% Metaphor agarose (Biozym, Germany) gel stained with ethidium 

bromide (Figure 3.5). 1× TBE was used as electrophoresis buffer. The gels 

were visualized using a transilluminator with UV light (365 nm) and the 

pictures were captured by a Kodak ID ver. 3.6 Image Analyzer (Kodak, 

USA). The PCR product including the C-allele of rs1344706 is cut into 

three DNA-fragments (82 bp, 62bp and 63 bp). The PCR product containing 

the A-allele of this polymorphism is cut into two DNA-fragments (144 bp 

and 63 bp). 

 
Figure 3.5 2.5% agarose gel electrophoresis of digested product of 14 

randomly selected samples and one NTC, stained with ethidium bromide 

and photographed under UV light (365 nm). Lane 1 contains a molecular 

weight marker. Lanes 2, 7, 12, 15 display fragments from homozygotes for 

C-allele (82+62+63 bp). Lanes 3, 8, 11, 14 display fragments from 

homozygotes for A-allele (144+63 bp). Lanes 4, 5, 6, 9, 10, 13 display 

fragments from heterozygotes. Lane 16 denotes a NTC. 

 

3.2.3 Error checking 

In the case control sample, rs1344706 was genotyped in 2178 samples and 

117 duplicates. After genotyping, genotyping consistency in duplicates and 

compliance with HWE in either cases or controls were checked to evaluate 

the accuracy of genotyping as described in Chapter Two (section 2.5). In the 

family sample, cross validation of genotypes was performed according to 

results from the TaqMan SNP genotyping and RFLP assays. HWE was 

checked in the parental generation (see section 2.5.1). Genotypes of the 
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whole family sample were also checked for errors in Mendelian inheritance 

(see section 2.5.2). 

 

3.2.4 Data analysis 

3.2.4.1 rs1344706 association in the Indonesian case control samples 

Chi square tests were applied to calculate associations between rs1344706 

and schizophrenia in the whole sample as well as in the gender subgroups 

(see section 2.6.2). When a statistically significant sex-specific association 

between rs1344706 and schizophrenia was found, the interaction of 

rs1344706 and sex was further estimated using the logistic option of PLINK 

(see section 2.6.2). When a statistically significant association between the 

SNP and schizophrenia was found, the genetic model of inheritance of the 

SNP was further explored (see section 2.6.5). Power analysis was performed 

to evaluate the power of the case control sample to detect the association of 

rs1344706 with schizophrenia under the present study design (see section 

2.6.6). Statistical power calculations were performed for the whole sample 

and the gender subgroups. 

 

3.2.4.2 rs1344706 association in the Indonesian family samples 

The TDT was applied to test the association of rs1344706 with 

schizophrenia in the whole family sample as well as in the male and female 

case subgroups (see section 2.6.1). Power analysis was conducted to 

evaluate the power of the Indonesian family sample to detect the association 

of rs1344706 with schizophrenia under the present study design (section 

2.6.6). Statistical power calculations were performed for the whole sample 

and the male and female case subgroups. 

 

3.3 Results 

3.3.1 Association of rs1344706 with schizophrenia in the Indonesian 

case control sample 

3.3.1.1 Genotyping and error checking  

2159 of 2178 case control samples were successfully genotyped for 

rs1344706. The genotyping completion rate was 99.13%. Genotype 
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distribution of this SNP did not deviate significantly from HWE (p > 0.05) 

in either cases or controls (Table 3.4). The genotypes of duplicate samples 

were 100% consistent. 

 

3.3.1.2 Association with rs1344706 

The allelic association analysis (Table 3.3) comparing allele frequencies 

between cases and controls showed a statistically significant difference in 

the whole sample (χ
2
 = 5.58, p = 0.0182). The A-allele frequency was higher 

in cases (52.55%) than in controls (48.95%). The allelic OR for the A-allele 

was 1.155 (95% confidence interval (CI): 1.0248-1.3012). When stratified 

by sex, cases still had a higher A-allele frequency than controls in either 

males or females. The difference of allele distribution between cases and 

controls was statistically significant in males (χ
2
 = 8.054, p = 0.0045), but 

not in females (χ
2
 = 0.2286, p = 0.6326). In males, the allelic OR for the 

A-allele was 1.248 (95% CI: 1.0709 - 1.4550).  

 

Genotype distribution (Table 3.4) was not significantly different between 

cases and controls (χ
2
 = 5.378, p = 0.0679). However, compared with 

controls, cases had a higher frequency of the AA genotype and a lower 

frequency of the CC genotype (28.52% vs 25% and 23.42% vs 27.09%, 

respectively). After stratified by sex, cases still had a higher frequency of 

the AA genotype and a lower frequency of the CC genotype compared with 

controls in either males or females. The difference of genotype distribution 

between cases and controls was statistically significant in males (χ
2
 = 7.947, 

p = 0.0188), but not in females (χ
2
 = 0.5055, p = 0.7767). In males, the 

heterozygote and homozygote ORs were 1.289 (95% CI: 0.9912 - 1.6765) 

and 1.537 (95% CI: 1.1359 - 2.0799) respectively. 

 

3.3.1.3 SNP×sex interaction 

Genotype and allele distributions between cases and controls were 

significantly different in males, but not in females. Thus, the interaction of 

rs1344706 and sex was further investigated. The interaction term of sex and 

rs1344706 was not significant (p = 0.1917), assuming this SNP under an 

additive model. It provided no evidence for differential association based on  
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Table 3.3 Association of the alleles of rs1344706 with schizophrenia 

phenotype sex N alleles 
A 

N(%) 

C 

N(%) 
χ

2
 p

a
 χ

2 
male p male

b
 χ

2
 female p female

c
 

Cases*  1059 2118 1113(52.55) 1005(47.45) 

5.58 0.0182 8.054 0.0045 0.2286 0.6326 

 male 783 1566  824(52.62)  742(47.38) 

 female 274 548  286(52.19)  262(47.81) 

Controls  1100 2200 1077(48.95) 1123(51.05) 

 male 565 1130  532(47.08)  598(52.92) 

 female 535 1070 545(50.93)  525(49.07) 
a
 Allelic odds ratio = 1.155, 95% confidence interval: 1.0248-1.3012. 

b
 Allelic odds ratio = 1.248, 95% confidence interval: 1.0709-1.4550. 

c
 Allelic odds ratio = 1.052, 95% confidence interval: 0.8557-1.2922. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 

 

Table 3. 4 Association of the genotypes of rs1344706 with schizophrenia 

phenotype sex N 
AA 

N(%) 

AC 

N(%) 

CC 

N(%) 

HWE 

p 
χ

2
 p

a
 χ

2 
male  p male

b
 χ

2
 female p female

c
 

Cases*  1059 302(28.52) 509(48.06) 248(23.42)  

5.378 0.0679 7.947 0.0188 0.5055 0.7767 

 male 783 221(28.22) 382(48.79) 180(22.99) 0.2419 

 female 274  80(29.20) 126(45.99)  68(24.82)  

Controls  1100 275(25.00) 527(47.91) 298(27.09)  

 male 565 131(23.19) 270(47.79) 164(29.03) 0.1659 

 female 535 144(26.92) 257(48.04) 134(25.05)  
a
 heterozygote odds ratio = 1.161, 95% confidence interval:0.9427-1.4288; homozygote odds ratios = 1.320, 95% confidence interval:1.0436-1.6686. 

b
 heterozygote odds ratio = 1.289, 95% confidence interval:0.9912-1.6765; homozygote odds ratios = 1.537, 95% confidence interval:1.1359-2.0799. 

c
 heterozygote odds ratio = 0.966, 95% confidence interval:0.6731-1.3867; homozygote odds ratios = 1.095, 95% confidence interval: 0.7340-1.6329. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 
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sex. A possible explanation is that the observed effect size of rs1344706 was 

small, which requires a larger sample size to detect the significant 

interaction. Two previous studies which found sex-dependent associations 

of ZNF804A SNPs with schizophrenia did not detect the significant 

sex×SNP interaction, probably also because of the limited sample sizes 

(Zhang, Chen et al. 2011, Zhang, Yan et al., 2012). 

 

3.3.1.4 Analysis of genetic model of inheritance 

The allelic OR (Table 3.3) indicated that the risk of developing 

schizophrenia increases by 1.155 for each A-allele carried. Heterozygote 

and homozygote ORs (Table 3.4) indicated that the risk of developing 

schizophrenia increases by 1.161 from CC to AC and by 1.320 from CC to 

AA. According to the definitions of the specific genetic models (see section 

2.6.5), these observed ORs were best fit to what would be expected under a 

multiplicative model. Under this genetic model, 1.155 times increased OR 

for each A-allele carried implies an 1.155 times increased OR for the 

genotype AC and an 1.155
2 

(1.334) times increased OR for the genotype AA, 

compared to the genotype CC. Therefore, a multiplicative model for 

rs1344706 was inferred in the case control sample. Similarly, based on 

observed ORs in males (Table 3.3 and 3.4), a multiplicative model for 

rs1344706 was also inferred in males. 

 

3.3.1.5 Power analysis 

To perform the power calculation, the values of the high risk allele 

frequency and GRR were obtained from the results of the genotyping and 

association analyses for rs1344706 in the case control sample (see section 

3.3.1.1 and 3.3.1.2). The sample size was also changed slightly to 

accommodate the actual obtained genotypes. The principles of assumption 

are provided in Chapter Two (section 2.6.6). The statistical power 

calculations for allelic and genotypic associations were performed 

separately. 

 

The risk allele is the A-allele and its frequency in controls was 48.95%, 

47.08% and 50.93% for the whole sample, males and females, respectively 
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(Table 3.3). The observed GRRs for the A-allele were 1.155 and 1.248 in the 

whole sample and males, respectively (Table 3.3). The GRR value was 

assumed to range from 1.1 to 1.4 to produce the power curves. The numbers 

of actually obtained genotypes (sample sizes) for the whole sample, male 

and female subgroups were 2159, 1348 and 809, respectively (Table 3.3). 

The power was estimated using a multiplicative model. 

 

The whole sample, male and female subgroups had sufficient (more than 

80%) power at GRRs of 1.19 and higher, 1.24 and higher, and 1.35 and 

higher, respectively for an allelic association (allelic 1-df test; Figure 3.6 a). 

The whole sample, male and female subgroups had sufficient (more than 

80%) power at GRRs of 1.21 and higher, 1.28 and higher, and 1.39 and 

higher, respectively for a genotypic association (general 2-df test; Figure 3.6 

b). At the observed GRR of 1.16 for the whole sample, the whole sample 

had 64% power to detect the allelic association and 53% power to detect the 

genotypic association. At the observed GRR of 1.25 for the male subgroup, 

the male subgroup had 81% power to detect the allelic association and 72% 

power to detect the genotypic association. 

 

3.3.2 Association to rs1344706 with schizophrenia in the Indonesian 

family sample 

3.3.2.1 Genotyping and error checking 

Of the 606 samples, 603 were successfully genotyped for rs1344706. The 

genotyping completion rate was 99.50%. No deviation from HWE was 

detected for this SNP in the parental generation (χ
2
 = 0.89, p = 0.345, data 

not shown). No Mendelian errors were identified in the family samples. 

Comparing the genotypes from the TaqMan SNP genotyping assay to those 

from the RFLP assay, one sample obtained different genotypes (consistence 

rate 99.83%) and was removed. Thus, 602 samples were included in 

association analyses. 

 

3.3.2.2 Association analysis 

The C-allele of rs1344706 was significantly overtransmitted from 

heterozygous parents to affected offspring (p = 3.37×10
-3

; Table 3.5). The  
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Figure 3.6 Estimated statistical power for association of rs1344706, taking power as a function of GRR for the Indonesian case control sample. (a) 

allelic association (1-df). (b) genotypic association (2-df). The vertical lines show the power at observed GRR values for the whole sample and the 

male subgroup..—— for the whole sample; − ∙ − for the male subgroup; ------ for the female subgroup. Other GPC parameters were prevalence = 0.01, 

D’ = 1, and type I error rate = 0.05. GRR were calculated using a multiplicative model. 
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OR was 1.58. After stratification by sex of cases, the C-allele still showed a 

statistically significant overtransmission from heterozygous parents to 

affected offspring in the male case subgroup (p = 2.23×10
-2

; Table 3.5) and 

the OR was 1.80. In the female case subgroup, the C-allele did not show a 

statistically significant overtransmission, but there was a trend for 

overtransmission from heterozygous parents to affected offspring (p = 

5.21×10
-2

; Table 3.5). 

 

Table 3.5 Allele frequencies, transmitted/non-transmitted ratios, and 

p-values for rs1344706 in the Indonesian family sample 

Samples Alleles 
Frequencies in 

parents 
T/NT

c
 pTDT OR 

Total 
A 0.53 65/103 

3.37×10
-3

 1.58 
C 0.47 103/65 

Male 

case
a
 

A __ 22/40 
2.23×10

-2
 1.80 

C  40/22 

Female 

case
b
 

A __ 43/63 
0.0521 1.47 

C  63/43 
a
 only male affected offspring are used for association testing, female cases are not 

used for association testing. Female controls are included. 
b
 only female affected offspring are used for association testing, male cases are not 

used for association testing. male controls are included. 
c
 Transmitted/non-transmitted alleles. 

 

3.3.2.3 Power analysis 

To perform the power calculation, the values of the high risk allele 

frequency and GRR were obtained from the results of the genotyping and 

association analyses for rs1344706 in the family sample (see section 3.3.2.1 

and 3.3.2.2). The sample size was calculated according to the observed 

number of informative transmissions. The principles of assumption are 

provided in Chapter Two (section 2.6.6). The risk allele was the C-allele and 

its frequency in the parental generation was 0.47 (Table 3.5). The observed 

GRRs for the C-allele were 1.58 and 1.80 in the whole sample and male 

case subgroup, respectively (Table 3.5). The GRR value was assumed to 

range from 1.1 to 1.8 to produce the power curves. Furthermore, the 

observed number of informative transmissions in the whole family sample 

was 168 (Table 3.5). Given that the parental heterozygosity is 0.5 

(2×0.53×0.47), the sample size (the number of case-parent trios) of the 

whole family sample was 168 (168/2×0.5, as described in Chapter Two, 

section 2.6.6). Similarly, the sample size of male and female case subgroups 



90 / 200 

were 62 and 106, respectively. The power was estimated using a 

multiplicative model.  

 

The whole family sample, the male case and female case subgroups had 

sufficient (more than 80%) power at a GRRs of 1.55 and higher, 2.1 and 

higher, and 1.75 and higher, respectively (Figure 3.7). At the observed GRR 

of 1.58 for the whole family sample, the whole family sample had 83% 

power to detect an association. At the observed GRR of 1.80 for the male 

case subgroup, the male case subgroup had 63% power to detect an 

association. Notably, at the observed GRR of 1.15 for the case control 

sample, the family sample has less than 20% power to detect the association 

of rs1344706 with schizophrenia. 

 

 

Figure 3.7 Estimated statistical power for association of rs1344706, taking 

power as a function of GRR for the Indonesian family sample. The vertical 

lines show the power at observed GRR values for the whole sample and the 

male case subgroup. —— for the whole sample, − ∙ − for the male case 

subgroup; ------ for the female case subgroup. The GPC parameters were 

prevalence = 0.01, D’ = 1, and type I error rate = 0.05. The risk allele 

frequency was 0.47. GRR were calculated using a multiplicative model. 
 

3.4 Discussion 

3.4.1 Previous replication studies of the association between 

rs1344706 and schizophrenia 

3.4.1.1 Replication studies using European samples 

Of published European replication studies investigating rs1344706, the 

majority have replicated the association of rs1344706 with schizophrenia 
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(Table 3.1). This association was confirmed by two large consortia-led 

GWASs using samples mainly with European ancestry (Purcell, Wray et al. 

2009, Shi, Levinson et al. 2009). Although not achieving a genome-wide 

significant threshold, statistically significant p-values less than 0.05 were 

shown in single SNP association analyses of these two GWASs (Table 3.1). 

Several subsequent studies replicated the association of rs1344706 with 

schizophrenia (Riley, Thiselton et al. 2010, Steinberg, Mors et al. 2011, 

Zhang, Chen et al. 2011, Sazci, Ozel et al. 2012). Three of these studies had 

large sample sizes (over 1000 cases with European ancestry), although there 

was some overlap in the samples used by Zhang, Chen et al. (2011) and 

Steinberg, Mors et al. (2011). Two recent meta-analyses have included 

almost all published European ancestry samples involving the association 

between rs1344706 and schizophrenia and have also confirmed the 

association (Williams, Norton et al. 2011, Zhang, Yan et al. 2012). Notably, 

in the studies which replicated the association of rs1344706, the 

minus-strand A-allele was consistently found to be the risk allele (Table 3.1). 

Some European studies have not been able to replicate the association of 

rs1344706 with schizophrenia (Walters, Corvin et al. 2010, Donohoe, Rose 

et al. 2011, Schanze, Ekici et al. 2011, Zaharie, Ergul et al. 2012). However, 

most of these studies had small sample sizes between 70 and 297 cases 

(Table 3.1), which could account for not detecting the association.  

 

In addition to rs1344706, other variants within the genomic region of the 

ZNF804A gene have also been reported to be associated with schizophrenia 

in the European populations. The rs7597593 and rs17508595 in the genomic 

region of the ZNF804A gene have been associated with schizophrenia in an 

Irish population (Riley, Thiselton et al. 2010). The association of rs7597593 

has also been replicated in European samples (Zhang, Chen et al. 2011). 

However, rs1344706 is still thought to be the strongest associated SNP 

within the region of the ZNF804A gene in European ancestry samples 

(Williams, Norton et al. 2011) 

 

One limitation of the large European studies investigating the association of 

rs1344706 with schizophrenia is the use of samples collected from multiple 

locations. Combining different groups of samples increases the power to 
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detect an association, however, it also has a number of potential drawbacks. 

Variation in LD patterns among populations may cause recombination 

which separates a causal locus from a tested SNP in some populations. Thus 

the association signals could be diluted in the whole sample. Furthermore, 

combining samples might result in a whole sample with population 

stratification (see section 1.2.3.2). Although some approaches have been 

developed to assess and control for population stratification, it is a major 

cause of false positive results (see section 1.2.3.2). Moreover, different 

criteria for ascertainment of cases or controls can affect power gains from 

multisample analyses. For example, Purcell, Wray et al. (2009) combined 

samples collected from eight European locations and replicated the 

association with rs1344706. The criteria of cases used in these locations 

were not identical, including DSM- IV, ICD-10 or hospital records. For 

criteria of controls, unrelated individuals from the general population were 

used by six recruitment centers and unrelated individuals without 

psychiatric history were used by other two centers. Some individuals may 

also have been included in more than one study. When combining samples 

from several consortia, overlapping samples could be present and this may 

inflate test statistics and lead to a spurious association (Newman, Abney et 

al. 2001, Lin and Sullivan 2009). For example, the positive association of 

rs1344706 with schizophrenia was expected in the study of Zhang, Chen et 

al. (2011), because most of samples in this study had been involved in 

previously positive association studies. Therefore, the probability of a 

spurious association cannot be excluded in the study by Zhang, Chen et al. 

(2011). IBD analysis can be used to identify duplicate or related samples 

(see section 2.3.2.2), but not all replication studies for rs11344706 

performed this analysis. Therefore, replication studies are best performed in 

independent studies using independent samples. 

 

3.4.1.2 Replication studies using Asian samples 

Eight replication studies of the association between rs1344706 and 

schizophrenia have been published using two Japanese and eleven Chinese 

independent samples (summarized in Table 3.2). Of these Asian replication 

studies, the supportive evidence for the association of rs1344706 with 

schizophrenia is not preponderant. The association was replicated in two 
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studies using moderate-sized Chinese samples (Xiao, Li et al. 2011, Zhang, 

Lu et al. 2011). A trend for the association was also shown in a 

moderate-sized family sample (Zhang, Lu et al. 2011) and a small-sized case 

control sample from the Chinese population (Wei, Kang et al. 2012). 

Notably, in the four Chinese samples, the risk allele for rs1344706 was the 

plus-strand A-allele, which was consistent with the risk allele in European 

ancestry populations. Remaining studies using seven Chinese and two 

Japanese samples have not been able to replicate the association of 

rs1344706 and schizophrenia (O'Donovan, Craddock et al. 2008, 

Hashimoto, Ohi et al. 2010, Li, Luo et al. 2011, Shi, Li et al. 2011, 

Steinberg, Mors et al. 2011). The studies showing negative findings 

included a GWAS using three large Chinese samples (Shi, Li et al. 2011). 

 

Two meta-analyses were performed for the association of rs1344706 with 

schizophrenia covering all Japanese and Chinese samples from previous 

studies plus an unpublished Chinese sample (Li, Shi et al. 2012, Zhang, Yan 

et al. 2012). These two meta-analyses yielded conflicting results. Zhang, 

Yan et al. (2012) combined five of the previously described Chinese studies 

and showed that rs1344706 was associated with schizophrenia. Li, Shi et al. 

(2012) performed a much bigger study which included all Chinese and 

Japanese samples tested so far, except for one small Chinese sample (Wei, 

Kang et al. 2012). They were not able to replicate the association (Table 

3.2). 

 

Several other SNPs in the genomic region of the ZNF804A gene were also 

reported to be associated with schizophrenia in the Chinese samples, 

suggesting that other schizophrenia susceptibility variants in the genomic 

region of the ZNF804A gene may exist in Asian populations (Table 3.2). 

These associated SNPs included rs1021042, rs359895, rs4667000, 

rs1366842 and rs3731834 (Li, Luo et al. 2011, Li, Shi et al. 2012, Zhang, 

Yan et al. 2012). These associated SNPs were different from those in 

European populations. It suggests that ZNF804A may be a schizophrenia 

susceptibility gene in both European and Asian populations but the risk 

SNPs of this gene may be population-specific. 
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In comparison to the extensive published replication studies with European 

ancestry populations, the Asian replication studies of the association of 

rs1344706 with schizophrenia have two limitations. The first limitation is 

that the replication studies used only Chinese and Japanese samples and no 

reports of other Asian ancestry populations. Second, these studies were of 

limited in sample size. Except for the large scale GWAS by Shi, Li et al. 

(2011) and two meta-analyses (Li, Shi et al. 2012, Zhang, Yan et al. 2012), 

the studies had sample sizes of less than 1000 cases, which suggests a 

higher probability of being a false negative result (type II error). 

 

3.4.2 Replication of the association between rs1344706 and 

schizophrenia in the Indonesian case control sample 

The present study replicated the association between rs1344706 and 

schizophrenia in the Indonesian case control sample as well as in the male 

subgroup. At the observed OR of 1.16, the case control sample had 64% 

power to detect the association, meaning a slightly increased probability of 

type I error (false positive). At the observed OR of 1.25, the male subgroup 

had sufficient power (81%) to detect the association. Furthermore, 

controlling for population stratification of the case control sample suggests 

that the observed association is unlikely to be an artifact due to population 

stratification. The case control sample was collected only in the greater 

Jakarta area to alleviate the mixture of genetically different population 

subgroups. After identifying and removing outliers using Genomic control, 

the genomic inflation factor was estimated at 1 (see section 2.3.2.4), 

implying no population stratification in the case control sample. 

 

When stratifying for sex, an association was not observed in the female 

subgroup. This suggests that the male subgroup contributed more to the 

positive allelic association in the whole sample. Several SNPs in the 

genomic region of the ZNF804A gene have previously shown sex-specific 

associations with schizophrenia (Zhang, Chen et al. 2011, Zhang, Yan et al. 

2012), suggesting that sex may modulate the association of ZNF804A 

susceptibility variants with the disease. However, the observed 

male-specific association in the present study should be interpreted 
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conservatively. Firstly, the possibility of a type II error (false negative) 

cannot be excluded in the female subgroup. According to the “Winners’ 

Curse” (Zollner and Pritchard 2007), the ORs in replication studies are 

expected to be lower than that in the initial report. An OR of 1.38 for the 

association of rs1344706 was observed in the initial report (O'Donovan, 

Craddock et al. 2008). When an OR is < 1.35, the female subgroup would 

not have had enough power to detect the association. Secondly, there has 

been only one report so far on a sex-specific association of rs1344706 with 

schizophrenia (Sazci, Ozel et al. 2012). Sazci, Ozel et al. (2012) reported the 

male-specific association of rs1344706 with schizophrenia in a Turkish 

sample. But this study used a relatively small sample (105 cases and 137 

controls), which had only limited statistical power. More replication studies 

are needed to investigate whether the association of rs1344706 with 

schizophrenia is sex-specific. 

 

In studies using European or Asian samples, the allele of rs1344706 

associated with increased risk for schizophrenia is the same (A-allele at the 

minus strand). However, this risk allele frequency has shown to be 

population-specific. From Table 3.1 and 3.2, A-allele frequencies were 

around 0.6, 0.5 and 0.4 in controls of European, Chinese and Japanese 

samples, respectively. These frequencies were in agreement with HapMap 

data (0.60, 0.52 and 0.38 for CEU, CHB, and Japanese in Tokyo, Japan 

(JPT), respectively).  

 

In the Indonesian case control sample, the risk A-allele frequency in 

controls was 0.49 (Table 3.3). This frequency was similar to the frequency 

of Chinese samples, but different from those of European and Japanese 

samples. The similarity of frequencies between the Indonesian and Chinese 

samples is supported by the relatively close ancestral background between 

the Indonesian case control sample and the Chinese sample used for 

HapMap CHB data (see section 2.3.2.3). Furthermore, Indonesian and 

Chinese populations have also shown a relatively close ancestral 

background in a study on human genetic diversity in Asia (Abdulla, Ahmed 

et al. 2009). Abdulla, Ahmed et al. (2009) suggested that Southeast Asia, 
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such as Indonesia, is a major geographic source contributing to East Asian 

populations, such as Chinese. 

 

The association of rs1344706 with schizophrenia may be explained by the 

role this SNP plays in the pathophysiology of schizophrenia. Although the 

biological function of ZNF804A gene is largely unknown, two studies have 

suggested that the gene may have an effect on the pathophysiology of 

schizophrenia by regulating the expression pattern of schizophrenia-related 

genes (Girgenti, LoTurco et al. 2012, Hill, Jeffries et al. 2012). Hill, Jeffries 

et al. (2012) reported that in human neural progenitor cells, knockdown of 

the ZNF804A gene changed the expression of genes involved in cell 

adhesion. According to the study, the most significant change was observed 

in the stathmin-Like 3 (TMN3) gene which is involved in neurite outgrowth 

and axonal and dendritic branching. These processes are commonly thought 

to be aberrant in schizophrenia. Girgenti, LoTurco et al. (2012) found that 

the ZNF804A gene changed the expression of several genes including 

DRD2 and COMT, two common candidate genes for schizophrenia. The 

polymorphism of rs1344706 may also affect function of the ZNF804A gene, 

thus playing a role in the pathophysiology of schizophrenia. As rs1344706 is 

located in an intronic region of the ZNF804A gene, the function of this SNP 

may contribute to altered gene expression or splice variation. The A-allele of 

rs1344706 has been associated with increased ZNF804A transcript levels in 

brain tissue (Riley, Thiselton et al. 2010) as well as in lymphoblasts 

(Williams, Norton et al. 2011). However, it is still controversial whether this 

SNP is a functional polymorphism and has a direct impact on ZNF804A 

expression (Hill and Bray 2011, Williams, Norton et al. 2011). The uncertain 

biological function of the ZNF804A gene hinders further investigation of 

the role of rs1344706 in schizophrenia pathophysiology.  

 

The involvement of rs1344706 in the pathophysiology of schizophrenia has 

been supported by neuroimaging studies of brain structure and function. 

According to studies of brain structure, the risk A-allele of this SNP is 

related to a higher white matter (WM) density (Wei, Kang et al. 2012) as 

well as to a larger WM volume (Lencz, Szeszko et al. 2010, Wassink, 

Epping et al. 2012). The main function of WM in the brain is to provide 



97 / 200 

connections between neurons or grey matter. According to the studies of 

brain function, the risk A-allele is related to an aberrant neural connectivity 

between cortical regions (Walter, Schnell et al. 2011) and increased neural 

connectivity between the cortex and hippocampus (Esslinger, Walter et al. 

2009, Esslinger, Kirsch et al. 2011, Rasetti, Sambataro et al. 2011, Paulus, 

Krach et al. 2013). These findings from neuroimaging studies are in line 

with the “dysconnectivity” hypothesis of schizophrenia (Friston 1998, 

Pettersson-Yeo, Allen et al. 2011). This hypothesis suggests that the core 

symptoms of schizophrenia are related to aberrant connectivity between 

different brain regions (Pettersson-Yeo, Allen et al. 2011). The aberrant 

connectivity can be displayed at both the neural level and WM pathological 

level (Sasamoto, Miyata et al. 2013). 

 

The impact of rs1344706 on the pathophysiology of schizophrenia has also 

been supported by studies of cognitive function. In schizophrenia patients, 

the risk A-allele carriers showed better cognitive performance (Walters, 

Corvin et al. 2010, Van Den Bossche, Docx et al. 2012). This enhancement 

in cognition may be related to affective symptoms in schizophrenia 

(Walters, Corvin et al. 2010, Van Den Bossche, Docx et al. 2012). For 

example, increased sensitivity to emotional stress can lead to susceptibility 

to psychosis (Myin-Germeys, Krabbendam et al. 2002, Morrens, 

Krabbendam et al. 2007) which is supported by a study of an association of 

rs1344706 with schizophrenic patients combined with bipolar patients 

(O'Donovan, Craddock et al. 2008). Notably, in healthy individuals, the risk 

A-allele of rs1344706 was moderately associated with poorer cognitive 

performance (Lencz, Szeszko et al. 2010, Voineskos, Lerch et al. 2011, 

Hargreaves, Morris et al. 2012). A possible explanation could be that the 

rs1344706 risk allele does not cause enhancement of cognition in healthy 

individuals, but increases cognition in schizophrenia patients (Van Den 

Bossche, Docx et al. 2012). 

 

3.4.3 Association of rs1344706 with schizophrenia in the Indonesian 

family sample 

When testing the association of rs1344706 with schizophrenia in the 

Indonesian family sample, the opposite allele of rs1344706 (C-allele) was 
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associated with schizophrenia. This phenomenon, known as “allele flip”, has 

been observed in other association studies and has been extensively 

discussed by Clarke and Cardon (2010). Even though a nominally 

significant p-value (3.37×10
-3

) was found, the finding from the family 

sample has to be interpreted with caution. The association of C-allele with 

increased risk of developing schizophrenia may be a false positive result 

(type I error), which could be one possible explanation for the “allele flip” 

in the present study. From previous replication studies of rs1344706, ORs 

for the association of this SNP were 1.1-1.38, except for a study using a 

small sample (Table 3.1 and 3.2). A high OR (1.58) was observed in our 

family sample, deviating from this range. Schizophrenia is a disorder with 

presumably multiple susceptibility genes with small effect sizes, the chance 

of the existence of a common variant with a large effect size is relatively 

low. Furthermore, to date, the A-allele for rs1344706 has been consistently 

found to be the risk allele in all published replication studies using either 

European or Asian samples. Although publication bias cannot be excluded 

where positive and consistent results are more likely to be published, a 

reversal of an allele with genetic effect is unlikely to occur between samples 

particularly in samples that have the same ethnicity. Additionally, at a GRR 

of 1.15 as observed in the case control sample, the family sample has less 

than 20% power to detect the association between A-allele for rs1344706 

and schizophrenia. This may contribute to the failure of detecting the true 

association between A-allele and schizophrenia in the family sample.  

 

Random statistical fluctuations and insufficient power may be the most 

likely reasons for the finding from the family sample. In order to reduce 

sampling variance and increase statistical power, future replication studies 

should use large samples preferentially recruited from the same areas where 

the families had been recruited. It might help in confirming the finding of 

the present family study and in finding out whether there is a genuine “allele 

flip” at the locus of rs1344706. The possibility of a genuine “allele flip” 

between the two samples may exist when rs1344706 is a noncausal marker 

locus and LD with the SNP is different between the two samples (Lin, Vance 

et al. 2007, Clarke and Cardon 2010). While the case control sample was 

recruited in the greater Jakarta area, the family sample was recruited in 
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different islands in the western part of Indonesia. Although the two samples 

shared an Indonesian background, region-specific ancestral backgrounds 

may exist, which could be explained by isolation occurring on remote 

islands. Therefore, it is possible that the two samples represent different 

Indonesian population subgroups with different LD patterns. The A-allele 

frequency was slightly different between the two samples (49% vs 53%), 

suggesting some genetic heterogeneity between the two samples. According 

to the study by Clarke and Cardon (2010), given different LD patterns with 

a tested marker in different samples, an “allele flip” may occur if LD 

between the tested and the causal markers is low and effect size and/or 

sample size is sufficient to guarantee detection despite the low LD. A 

comprehensive LD pattern in the region where rs1344706 is located was not 

further investigated in the two samples and it is unknown whether other 

requirements for an “allele flip” are fulfilled. Thus, a genuine “allele flip” 

between the two samples is still an open question. Future studies should 

genotype more SNPs close to rs1344706 in the case control and the family 

samples. This might help in determining whether variance in LD causes the 

observed risk allele reversal between the two samples. 

 

3.5 Conclusions 

This study replicated the association between the A-allele of rs1344706 and 

the risk of schizophrenia in an Indonesian sample (1067 cases and 1111 

controls). This is the first replication of this association in the Indonesian 

population (a Southeast Asian population). The result suggests that the 

association between A-allele of rs1344706 and schizophrenia may not be 

population specific. Results of the presented family-based association study 

should be interpreted cautiously, as the requirement for replication (same 

SNP, same allele) is not fulfilled for the risk allele (reversal from A-allele to 

C-allele). 
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Chapter Four: Study of association of 

three TCF4 and one MIR137 SNPs with 

schizophrenia in an Indonesian case 

control sample 
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4.1. Introduction 

As described in Chapter Three (section 3.1.1), GWAS-identified 

susceptibility variants for schizophrenia still require replication studies. In 

this chapter, GWAS-identified susceptibility SNPs in the genomic region of 

the TCF4 and MIR137 genes were chosen for investigation, because further 

replication studies using independent large samples across different ethnic 

populations, in particular studies in populations of Asian ancestry, can be 

useful to confirm the association of these candidate SNPs with 

schizophrenia. Furthermore, as the TCF4 and MIR137 genes are both 

involved in the neurodevelopment, there may be a valid biological 

explanation for the association of these two genes with schizophrenia. 

 

4.1.1. TCF4 and schizophrenia 

4.1.1.1. Association of SNPs close to the TCF4 gene with schizophrenia 

in genetic studies 

In 2009, an intronic SNP rs9960767 in the TCF4 gene was found to be 

associated with schizophrenia at the genome-wide significant level (p = 

4.1×10
-9

) (Stefansson, Ophoff et al. 2009). In 2010, a neighboring SNP 

rs2958182, 6kb upstream from rs9960767, was subsequently found to be 

associated with schizophrenia (p = 3.64×10
-6

) in a case control study using 

Chinese samples (Li, Li et al. 2010). In 2011, another intronic SNP in the 

TCF4 gene (rs17512836), 40kb downstream from rs9960767, was also 

found to be associated with schizophrenia in a GWAS, although the p-value 

(1.05×10
-6

) did not achieve genome-wide significance (Ripke, Sanders et al. 

2011). All three SNPs are located in intron 3 of the TCF4 gene, and 

rs2958182 and rs17512836 are in complete LD with rs9960767. 

 

Two more SNPs (rs4309482 and rs12966547) near the TCF4 gene have also 

been reported to be associated with schizophrenia at a genome-wide 

significant level (Ripke, Sanders et al. 2011, Steinberg, de Jong et al. 2011). 

These two SNPs are downstream of TCF4 and upstream of coiled-coil 

domain containing 68 (CCDC68). These two SNPs are 1.5 kb apart and in 

complete LD, but in weak LD (D’ = 0.02) with rs9960767, suggesting that 

the association signals of rs430982 and rs12966547 are independent of 

rs9960767 (Navarrete, Pedroso et al. 2013). 
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4.1.1.2. Role of TCF4 in the pathophysiology of schizophrenia 

The TCF4 gene maps to chromosome 18q21 (Entrez Gene ID 6925) and 

encodes a basic helix-turn-helix (bHLH) Ephrussi-box (E-box) protein 

transcription factor. This gene is expressed in many tissues at detectable 

levels, and highly expressed in the brain (de Pontual, Mathieu et al. 2009, 

Sepp, Kannike et al. 2011, Navarrete, Pedroso et al. 2013). The exact 

function of TCF4 in the brain is not yet fully understood. However, several 

studies suggest TCF4 may play a role in the pathophysiology of 

schizophrenia via regulating neurodevelopmental processes.  

 

TCF4 has been shown to play an important role in the development of the 

central nervous system (CNS). TCF4 is expressed throughout CNS 

development of both mice and humans (Uittenbogaard and Chiaramello 

2000, de Pontual, Mathieu et al. 2009, Brzozka, Radyushkin et al. 2010). In 

particular, TCF is highly expressed in the human neocortex and 

hippocampus specifically in the early stages of development (Navarrete, 

Pedroso et al. 2013). Both of these areas have been involved in 

schizophrenia (Casanova, Kreczmanski et al. 2008, Zierhut, Bogerts et al. 

2010). Moreover, TCF4 interacts with other bHLH transcription factor 

genes implicated in neurodevelopment, and is thus likely to have an impact 

on regulation of CNS development (Navarrete, Pedroso et al. 2013, Sweatt 

2013). These transcription factor genes include atonal homolog 1 (Flora, 

Garcia et al. 2007, Gohlke, Armant et al. 2008), human achaete-scute 

homolog-1 (Persson, Jogi et al. 2000), neurogenic differentiation 2 

(Ravanpay and Olson 2008), inhibitor of DNA binding 1 (Einarson and 

Chao 1995) and oligodendrocyte transcription factor (Fu, Cai et al. 2009). 

The dysfunction of TCF4 also causes abnormalities in neurodevelopment in 

mice and humans. In mice, knocking out the TCF4 gene results in brainstem 

abnormalities, severe disruption of pontine nuclei development and death 

within 24 h (Zhuang, Cheng et al. 1996, Flora, Garcia et al. 2007). In mice 

overexpressing TCF4 postnatally in the forebrain, cognitive impairments 

and deficits in pre-pulse inhibition have been observed (Brzozka, 

Radyushkin et al. 2010). In humans, haploinsufficiency of TCF4 contributes 

to Pitt-Hopkins syndrome, a severe neurodevelopmental disease 
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characterized by severe mental retardation, developmental delay: 

microcephaly, epilepsy, facial dysmorphisms and intermittent 

hyperventilation (Giurgea, Missirian et al. 2008, Blake, Forrest et al. 2010). 

 

The neurodevelopment in which TCF4 is implicated is also related to the 

hypothesized pathophysiology of schizophrenia. First formulated by Murray 

and Lewis (1987), the neurodevelopmental hypothesis for schizophrenia 

suggests that the disease is related to abnormalities of early brain 

development due to a combination of genetic and early environmental 

factors. This hypothesis is supported by the observation of early structural 

brain abnormalities in schizophrenic patients that cannot be attributed to 

neurodegeneration (van Os and Kapur 2009, Owen, O'Donovan et al. 2011). 

Increased obstetric complications and decreased premorbid function in 

children who later develop schizophrenia or schizophrenic symptoms have 

also been observed (Arnold, Talbot et al. 2005, Fatemi and Folsom 2009). 

Studies of primates have also shown that neonatal lesions can have delayed 

effects on behavior and can contribute to adult-onset disorders, such as 

schizophrenia (Marcotte, Pearson et al. 2001, Owen, O'Donovan et al. 

2011). 

 

In summary, based on the findings that TCF4 appears to impact on 

neurodevelopment and that neurodevelopment has been implicated in the 

pathophysiology of schizophrenia, TCF4 has been hypothesized to play a 

role in the pathophysiology of schizophrenia. The involvement of TCF4 in 

the pathophysiology of schizophrenia may add biological evidence for the 

genetic associations between the SNPs in the region of the TCF4 gene and 

schizophrenia. 

 

4.1.2. MIR137 and schizophrenia 

4.1.2.1. Association of a SNP in the genomic region of the MIR137 gene 

with schizophrenia 

An intronic SNP rs1625579 in the MIR137 gene was initially associated 

with schizophrenia in a GWAS reported by Ripke, Sanders et al. (2011). 

This study tested the largest sample in molecular-genetics investigation of 
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schizophrenia so far with 21856 European ancestry individuals tested in the 

discovery sample and further 29839 individuals mainly of European 

ancestry tested in the replication sample. The study identified seven loci 

with genome-wide significant associations with schizophrenia. Of these loci, 

the strongest association signal was from rs1625579 located in an intron of a 

putative primary transcript for MIR137. The association of rs1625579 with 

schizophrenia has recently been supported by findings of another large 

GWAS (Strange, Riley et al. 2012). This study tested 3400 Irish individuals 

with European ancestry in the discovery study and found rs1625579 

associated with schizophrenia although the p-value did not achieve 

genome-wide significance.  

 

4.1.2.2. Role of MIR137 in the pathophysiology of schizophrenia 

Function studies of MIR137 can provide biological evidence for this 

GWAS-identified association between the MIR137 SNP and schizophrenia. 

MIR137 maps to chromosome 1p21.3 (Entrez Gene ID 406928) and 

encodes a microRNA. MicroRNAs (miRNAs) are small non-coding RNAs 

that can affect translation efficiency or the stability of target mRNAs, thus 

regulate post-transcriptional gene expression (Lai 2002). Although the exact 

function of MIR137 is still unknown, it has been shown that MIR137 plays 

a role in pathophysiology of schizophrenia by regulating 

neurodevelopmental processes as well as other schizophrenia-associated 

susceptibility genes. 

 

There is increasing evidence that miRNAs, including MIR137, are involved 

in neurodevelopment. MiRNAs have shown to be implicated in many 

developmental processes, such as apoptosis, differentiation and 

morphogenesis (Ambros 2004). Disruption of post-transcriptional gene 

expression controlled by miRNAs can contribute to abnormalities in 

neurodevelopmental diseases (Sempere, Freemantle et al. 2004, Miller and 

Wahlestedt 2010). MIR137 expression is enriched in neurons, specifically in 

the dentate gyrus known to experience neurogenesis into adulthood 

(Sempere, Freemantle et al. 2004, Smrt, Szulwach et al. 2010). Normal 

levels of MIR137 expression are required for balanced neuronal 
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proliferation and differentiation (Shi, Zhao et al. 2010, Smrt, Szulwach et al. 

2010, Szulwach, Li et al. 2010, Sun, Ming et al. 2011). For example, in 

adult neural stem cells, overexpression of MIR137 has been shown to 

increase proliferation, while reduced expression increased differentiation 

(Szulwach, Li et al. 2010). In the dentate gyrus, overexpression of MIR137 

has been found to inhibit dendritic morphogenesis and maturation of 

neurons. Reduced expression of MIR137 has the opposite effect (Smrt, 

Szulwach et al. 2010). Additionally, MIR137 also impacts on 

neurodevelopment by interacting with several neurodevelopmental genes. 

These genes include Mind bomb one (Smrt, Szulwach et al. 2010), 

Enhancer of Zeste, Drosophila, Homologue 2 (Szulwach, Li et al. 2010, 

Willemsen, Valles et al. 2011), microphthalmia-associated transcription 

factor (Willemsen, Valles et al. 2011), Histone lysine-specific demethylase 1 

and nuclear receptor TLX (Sun, Ye et al. 2011). In line with evidence 

supporting the neurodevelopmental hypothesis for schizophrenia (see 

section 4.1.1.2), MIR137 has been hypothesized to be involved in the 

pathophysiology of schizophrenia via regulating neurodevelopmental 

processes. 

 

Other compelling evidence for the role of MIR137 in pathophysiology of 

schizophrenia is that MIR137 target genes have been found to be associated 

with schizophrenia. This suggests that MIR137-mediated dysregulation or 

dysfunction is a possible pathological pathway for schizophrenia. A recent 

study integrated brain imaging results with genetic data from GWASs and 

found that MIR137 targets were significantly enriched in schizophrenia 

(Potkin, Macciardi et al. 2010). More recently, there is evidence for 

biological validation of five MIR137 targets, namely ZNF804A, TCF4, 

CACNA1C (calcium channel, voltage-dependent, L-type, α 1C subunit), 

C10orf26 (WW domain binding protein 1-like) and CSMD1 (CUB and 

Sushi multiple domains 1) (Kim, Parker et al. 2012, Kwon, Wang et al. 

2013). All of these five genes have been reported to be associated with 

schizophrenia at a genome-wide significant level in large GWASs 

(O'Donovan, Craddock et al. 2008, Stefansson, Ophoff et al. 2009, Ripke, 

Sanders et al. 2011). Notably, of these five targets, ZNF804A and TCF4 

have been implicated in neurodevelopment (see section 3.4.2 and 4.1.1.2), 
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further supporting the involvement of MIR137 in pathophysiology of 

schizophrenia via regulating neurodevelopmental gene network. 

 

4.1.3. Aims 

While several SNPs in the TCF4 and MIR137 genes have been reported to 

be associated with schizophrenia together with some biological evidence for 

these associations, there are some limitations in these studies. First, the large 

GWASs used to identify these associations combined numerous samples to 

achieve large sample sizes. However, combining samples collected from 

different locations and/or with different ethnicity have some potential 

problems in genetic studies (see section 3.4.1.1). Second, most of the 

association studies used European ancestry samples. Only one study used a 

Chinese sample (Li, Li et al. 2010), and none of the studies used samples 

from other Asian populations. Thus, a large, independent and homogeneous 

sample from other Asian populations may be helpful to confirm the 

associations as well as to investigate population specificity. 

 

The aim of this work is to investigate the association of GWAS-identified 

susceptibility SNPs in the genomic regions of the TCF4 and MIR137 genes 

with schizophrenia in an Indonesian case control sample. This case control 

sample of 1067 cases and 1111 controls is newly ascertained and has not 

been used in any collaborative studies for the associations of TCF4 or 

MIR137. Thus the sample does not overlap with any previous studies and 

therefore may provide independent evidence for associations of TCF4 and 

MIR137 with schizophrenia. As low minor allele frequencies (MAFs) of the 

candidate SNPs involved in this Chapter according to dbSNP, the 

Indonesian family sample has limited power to detect the association of 

these SNPs with schizophrenia. The Indonesian family sample was thus not 

involved in the investigation reported in this Chapter. 

 

The Indonesian case control sample was genotyped using three intronic 

SNPs (rs9960767, rs2958182 and rs2924336) in the TCF4 gene. While 

rs17512836 in the intronic region of the TCF4 gene has also been associated 

with schizophrenia, the SNP is not polymorphic in Asians according to 
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HapMap data and was therefore not used in the present study. While MAF 

of rs9960767 was less than 0.05 in Asians according to HapMap data, 

rs2958182 and rs2924336 were also used as they were the closest SNPs to 

rs996076 with MAF of >0.05 and in high LD with rs9960767 in HapMap 

CHB database. The locations of rs9960767, rs2958182 and 2924336 are 

shown in Figure 4.1. Furthermore, The Indonesian case control sample was 

genotyped using rs2660304 in the intronic region of the MIR137 gene. As 

the TaqMan probe for rs1625579 was not available at the time of genotyping, 

rs2660304, close to (9kb) and in perfect LD (D’ = 1, r
2
 = 1) with rs1625579, 

was chosen for investigation instead. The location of rs2660304 is shown in 

Figure 4.2. 

 

Figure 4.1 Schematic representation of the TCF4 gene showing the 

locations of rs2924336, rs9960767 and rs2958182. The vertical stripes on 

the TCF4 gene represent exons. 

 

 

Figure 4.2 Schematic representation of the MIR137 gene showing the 

location of rs2660304. The vertical stripes on the MIR137 gene represent 

exons. 

 

4.2. Methods 

An overview of the methods used to complete work described in this 

chapter is shown in Figure 4.3. 
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Figure 4.3 Workflow 

 

4.2.1. Subjects 

Three TCF4 intronic SNPs and one MIR137 intronic SNP were genotyped 

in an Indonesian case control sample. This sample included 1067 cases (791 

males and 274 females) and 1111 controls (572 males and 539 females) after 

quality control. Two samples in the case group were ambiguous for gender 

data and were excluded from the sex-stratified analyses. The ascertainment, 

DNA preparation, and quality control of the Indonesian case control sample 

are described in detail in Chapter Two (sections 2.1-2.3).  

 

4.2.2. Genotyping and error checking 

The TaqMan SNP genotyping assay was used to genotype all four SNPs 

reported in this chapter. Protocols for the TaqMan SNP genotyping assay are 

described in Chapter Two (section 2.4.1). Representative TaqMan Assay 

plots for all four SNPs are shown in Figure 4.4. All four SNPs were 

genotyped in 2178 samples and 117 duplicates. After genotyping, 

genotyping consistency in duplicates and compliance with HWE in either 

cases or controls were checked to evaluate the accuracy of genotyping as 

described in Chapter Two (section 2.5). 
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Figure 4.4 Representative TaqMan Assay plots for all four SNPs investigated in this chapter. The spots outside circles represent samples with 

undetermined genotypes, which would be repeated. 

rs2924336 
 

 

rs2958182 

rs9960767 

rs2660304 
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4.2.2.1. Haplotype and LD analysis 

For the three TCF4 intronic SNPs, haplotype frequencies were estimated 

using PLINK program and haplotype associations were analyzed using chi 

square tests (see section 2.6.2). The pair-wise LD measures (D’ and r
2
) were 

also evaluated for these three TCF4 SNPs in cases and controls, respectively 

(see section 2.6.3). The haplotype and LD analyses were performed in the 

whole sample and the gender subgroups. Bonferroni correction was used for 

multiple-testing adjustments (see section 2.6.4). 

 

4.2.2.2. Power analysis 

Power analysis was performed to evaluate the power of the Indonesian case 

control sample to detect the association of each SNP with schizophrenia 

under the present study design. Details of power analysis are provided in 

Chapter Two (section 2.6.6). Statistical power calculations were performed 

for the whole sample and the gender subgroups.  

 

4.3. Results 

4.3.1. Association of three TCF4 intronic SNPs (rs9960767, rs2924336, 

rs2958182) with schizophrenia 

4.3.1.1. Genotyping and error checking 

Of the 2178 case control samples, 2170, 2140 and 2144 samples were 

successfully genotyped for rs9960767, rs2924336 and rs2958182, 

respectively. The genotyping completion rates of these three SNPs were 

99.6%, 98.3% and 98.4%, respectively. No deviation from HWE was 

detected for any of the three SNPs in either controls or cases (p > 0.05; 

Table 4.2, 4.4 and 4.6). For these three SNPs, the genotypes of duplicate 

samples were 100% consistent. 

 

4.3.1.2. Single marker analysis for rs9960767, rs2924336 and rs2958182  

Single marker analysis for rs9960767 

Allele frequencies of rs9960767 between cases and controls were not 

significantly different (χ
2
 = 0.4252, p = 0.5143; Table 4.1). When stratified 

by sex, the allele frequencies between cases and controls showed a 
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nominally significant difference in females (χ
2
 = 3.92, p = 0.0477; Table 

4.1), but were not significantly different in males (χ
2
 = 0.1392, p = 0.7091; 

Table 4.1). In females, cases had a higher A-allele frequency than controls 

and the allelic OR for the A-allele was 2.555. The female-specific allelic 

association did not survive Bonferroni correction (n = 4).  

 

Given that the MAF was low (2.16%, Table 4.1) for rs9960767, 

homozygous carriers of the A-allele (AA) were compared with carriers of 

the C-allele (AC+CC). Genotype distribution (AA vs AC+CC) was not 

significantly different between cases and controls (χ
2
 = 0.7943, p = 0.3728; 

Table 4.2). After stratification by sex, the difference in genotype distribution 

(AA vs AC+CC) between cases and controls was nominally significant in 

females (χ
2
 = 3.996, p = 0.04561; Table 4.2), but not in males (χ

2 
= 0.0228, p 

= 0.8799; Table 4.2). In females, cases had a higher genotype frequency of 

AA and the OR for the AA genotypes was 2.602. The female-specific 

genotypic association did not survive Bonferroni correction (n = 4). 

 

As rs9960767 was nominally associated with schizophrenia in females, the 

genetic model of inheritance for this SNP was investigated in females. Since 

the CC genotype was not found in females and the A-allele was the risk 

allele, a recessive genetic model for risk A-allele was inferred for rs9960767. 

As a nominal female-specific association was found, the interaction of sex 

and rs9960767 was then further investigated. The interaction term of sex 

and rs9960767 was not significant (p = 0.079) under a recessive model for 

the risk A-allele, providing no evidence for differential association based on 

sex.  

 

Single marker analysis for rs2924336 and rs2958182 

Allele frequencies of either rs2924336 or rs2958182 between cases and 

controls were not significantly different (χ
2
 = 0.2826, p = 0.5951, Table 4.3; 

χ
2 

= 2.11, p = 0.1464, Table 4.5). Genotype distributions of these two SNPs 

were also not significantly different for cases and controls (χ
2 

= 0.2868, p = 

0.8664, Table 4.4; χ
2
 = 2.075, p = 0.3544, Table 4.6). When stratified by sex, 

no significant difference was observed in either allele or genotype 

frequencies between cases and controls for these two SNPs (Table 4.3 - 4.6). 
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Table 4.1 Association of the alleles of rs9960767 with schizophrenia 

phenotype sex N alleles 
A 

N(%) 

C 

N(%) 
χ

2
 p

a
 χ

2 
male p male

b
 χ

2 
female p female

c
 

Cases*  1061 2122 2082(98.11) 40(1.89) 

0.4252 0.5143 0.1392 0.7091 3.92 0.0477 

 male 787 1574 1539(97.78) 35(2.22) 

 female 272 544 539(99.08) 5(0.92) 

Controls  1109 2218 2170(97.84) 48(2.16) 

 male 571 1142 1119(97.99) 23(2.01) 

 female 538 1076 1051(97.68) 25(2.32) 
a
 Allelic odds ratio = 1.150, 95% confidence interval: 0.7535-1.7591. 

b
 Allelic odds ratio = 0.904, 95% confidence interval: 0.5311-1.5381. 

c
 Allelic odds ratio = 2.555, 95% confidence interval: 0.9725-6.7103. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 

 

Table 4. 2 Association of the genotypes of rs9960767 with schizophrenia 

phenotype sex N 
AA 

N(%) 
AC+CC

Δ
 

N(%) 

HWE 

p
#
 

χ
2
 p

a
 χ

2 
male p male

b
 χ

2
 female p female

c
 

Cases*  1061 1023(96.42) 38(3.58) 0.05 

0.7943 0.3728 0.0228 0.8799 3.996 0.04561 

 male 787 754(95.81) 33(4.19)  

 female 272 267(98.16) 5(1.84)  

Controls  1109 1061(95.67) 48(4.33) 1.00 

 male 571 548(95.97) 23(4.03)  

 female 538 513(95.35) 25(4.65)  
a
 Odds ratio = 1.218, 95% confidence interval: 0.7890-1.8801. 

b
 Odds ratio = 0.960, 95% confidence interval: 0.5568-1.6516. 

c
 Odds ratio = 2.602, 95% confidence interval: 0.9850-6.8753. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 
Δ
 Give that the frequency of CC was very low, homozygous carriers of A-allele (AA) were compared with carriers of C-allele (AC+CC). 

#
 HWE was estimated according to three genotypes (AA, AC, CC). 
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Table 4.3 Association of the alleles of rs2924336 with schizophrenia 

phenotype sex N alleles 
G 

N(%) 

A 

N(%) 
χ

2
 p

a
 χ

2 
male p male

b
 χ

2 
female p female

c
 

Cases*  1053 2106 1164(55.27) 942(44.73) 

0.2826 0.5951 1.586 0.2079 0.1438 0.7046 

 male 782 1564  867(55.43) 697(44.57) 

 female 269 538  296(55.02) 242(44.98) 

Controls  1087 2174 1184(54.46) 990(45.54) 

 male 555 1110  588(52.97) 522(47.03) 

 female 532 1064  596(56.02) 468(43.98) 
a
 Allelic odds ratio = 1.032, 95% confidence interval: 0.9160-1.1654. 

b
 Allelic odds ratio = 1.104, 95% confidence interval: 0.9463-1.2880. 

c
 Allelic odds ratio = 0.961, 95% confidence interval: 0.7796-1.1832. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 

 

Table 4.4 Association of the genotypes of rs2924336 with schizophrenia 

phenotype sex N 
GG 

N(%) 

GA 

N(%) 

AA 

N(%) 

HWE 

p 
χ

2
 p

a
 χ

2 
male p male

b
 χ

2
 female p female

c
 

Cases*  1053 322(30.58) 520(49.38) 211(20.04) 1.000 

0.2868 0.8664 1.571 0.4558 0.1539 0.9259 

 male 782 242(30.95) 383(48.98) 157(20.08)  

 female 269 80(29.74) 136(50.56) 53(19.70)  

Controls  1087 322(29.62) 540(49.68) 225(20.70) 1.000 

 male 555 157(28.29) 274(49.37) 124(22.34)  

 female 532 165(31.02) 266(50.00) 101(18.98)  
a
 Heterozygote odds ratio = 1.027, 95% confidence interval:0.8215-1.2835; homozygote odds ratios = 1.066, 95% confidence interval: 0.8361-1.3599. 

b
 Heterozygote odds ratio = 1.104, 95% confidence interval:0.8328-1.4636; homozygote odds ratios = 1.217, 95% confidence interval: 0.8934-1.6590. 

c
 Heterozygote odds ratio = 0.974, 95% confidence interval:0.6587-1.4411; homozygote odds ratios = 0.924, 95% confidence interval: 0.6032-1.4153. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 
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Table 4.5 Association of the alleles of rs2958182 with schizophrenia 

phenotype sex N alleles 
T 

N(%) 

A 

N(%) 
χ

2
 p

a
 χ

2 
male p male

b
 χ

2 
female p female

c
 

Cases*  1056 2112 1716(81.25) 396(18.75) 

2.11 0.1464 2.005 0.1568 0.3488 0.5548 

 male 785 1570 1274(81.15) 296(18.85) 

 female 269 538 438(81.41) 100(18.59) 

Controls  1088 2176 1805(82.95) 371(17.05) 

 male 559 1118 931(83.27) 187(16.73) 

 female 529 1058 874(82.61) 184(17.39) 
a
 Allelic odds ratio = 1.123, 95% confidence interval: 0.9603-1.3127. 

b
 Allelic odds ratio = 1.157, 95% confidence interval: 0.9455-1.4152. 

c
 Allelic odds ratio = 1.084, 95% confidence interval: 0.8285-1.4195. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 

 

Table 4. 6 Association of the genotypes of rs2958182 with schizophrenia 

phenotype sex N 
TT 

N(%) 

TA 

N(%) 

AA 

N(%) 

HWE 

p 
χ

2
 p

a
 χ 

2 
male p male

b
 χ

2 
female p female

c
 

Cases*  1056 700(66.29) 316(29.92) 40(3.79) 0.5452 

2.075 0.3544 3.254 0.1965 1.397 0.4973 

 male 785 519(66.11) 236(30.06) 30(3.82)  

 female 269 179(66.54) 80(29.74) 10(3.72)  

Controls  1088 751(69.03) 303(27.85) 34(3.13) 0.5926 

 male 559 394(70.48) 143(25.58) 22(3.94)  

 female 529 357(67.49) 160(30.25) 12(2.27)  
a
 heterozygote odds ratio = 1.119, 95% confidence interval: 0.9269-1.3507; homozygote odds ratios= 1.262, 95% confidence interval: 0.7899-2.0168. 

b
 heterozygote odds ratio = 1.253, 95% confidence interval: 0.9801-1.6016; homozygote odds ratios= 1.035, 95% confidence interval: 0.5881-1.8224. 

c
 heterozygote odds ratio = 0.997, 95% confidence interval: 0.7220-1.3772; homozygote odds ratios= 1.662, 95% confidence interval: 0.7046-3.9206. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 
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4.3.1.3. Linkage disequilibrium (LD) and haplotype analysis 

The LD between each pair of the three SNPs is presented in Table 4.7. In 

controls, rs2958182 was in complete LD with rs9960767 and rs2924336, 

respectively. However rs9960767 and rs2924336 were in moderate LD. In 

cases, all three SNPs were in complete LD. The haplotype frequencies in 

cases and controls and the p-values for associations with schizophrenia for 

all possible two- and three-marker haplotype combinations were calculated 

(Table 4.8). In females, the C-T (rs9960767-rs2958182) haplotype 

(haplotype No 33 in Table 4.8) was more frequent in controls (2.363%) than 

in cases (0.936%) and the difference was statistically significant (χ
2
 = 3.906, 

p = 0.0481). However, the association did not survive Bonferroni correction 

(n = 13). All other haplotypes did not show significantly different 

frequencies between cases and controls in either the whole sample or the 

gender subgroups (Table 4.8). Notably, although the differences were not 

statistically significant, all of haplotypes including the minor allele (A) of 

rs2958182 were more frequent in cases than in controls in either the whole 

case control sample or the gender subgroups (haplotype No:5, 8, 12, 18, 21, 

25, 31,34, 38 in Table 4.8). 

 

Table 4.7 Linkage disequilibrium (LD) between the three TCF4 intronic 

SNPs 

  rs2924336 rs9960767 rs2958182 

Whole 

case control 

sample 

rs2924336  0.739 (0.015) 1.0 (0.174) 

rs9960767 1.0 (0.024)  1.0 (0.005) 

rs2958182 0.991(0.183) 1.0 (0.005)  

Male 

case control 

sample 

rs2924336  0.869 (0.018) 1.0 (0.181) 

rs9960767 1.0 (0.029)  1.0 (0.004) 

rs2958182 0.998 (0.182) 1.0 (0.005)  

Female 

case control 

sample 

rs2924336  0.61 (0.012) 1.0 (0.187) 

rs9960767 1.0 (0.012)  1.0 (0.002) 

rs2958182 1.0 (0.187) 1.0 (0.002)  

Note: Above diagonal are D’ (r
2
) values for controls, below diagonal are D’ 

(r
2
) values for controls. 
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Table 4.8 Frequencies and association significances of two and three-marker haplotypes 

Haplotype 

No. 
Sample rs2924336

a
 rs9960767

a
 rs2958182

a
 

Frequency 

In cases 

Frequency 

In controls 
χ

2
 P

b
 

1 

Whole case 

control 

sample 

A(2) C(2) 
 

0.01867 0.01969 0.05879 0.8084 

2 A(2) A(1)  0.4276 0.4363 0.3295 0.566 

3 G(1) A(1)  0.5538 0.544 0.4074 0.5233 

4 A(2)  T(1) 0.448 0.456 0.2747 0.6002 

5 G(1)  A(2) 0.1866 0.1723 1.463 0.2264 

6 G(1)  T(1) 0.3655 0.3717 0.1774 0.6736 

7  C(2) T(1) 0.01905 0.02208 0.4868 0.4854 

8  A(1) A(2) 0.1886 0.1702 2.453 0.1173 

9  A(1) T(1) 0.7924 0.8077 1.573 0.2097 

10 A(2) C(2) T(1) 0.01855 0.01933 0.03562 0.8503 

11 A(2) A(1) T(1) 0.4283 0.4375 0.3737 0.541 

12 G(1) A(1) A(2) 0.1874 0.1714 1.894 0.1687 

13 G(1) A(1) T(1) 0.3658 0.3718 0.1706 0.6796 

         

14 

Male 

subgroup 

of case 

control 

sample 

A(2) C(2)  0.02225 0.01969 0.2052 0.6505 

15 A(2) A(1)  0.4233 0.451 2.021 0.1551 

16 G(1) A(1)  0.5544 0.5293 1.649 0.1991 

17 A(2)  T(1) 0.4462 0.4716 1.656 0.1982 

18 G(1)  A(2) 0.1874 0.1688 1.498 0.2209 

19 G(1)  T(1) 0.3664 0.3596 0.1263 0.7223 

20  C(2) T(1) 0.02235 0.02061 0.09331 0.76 

21  A(1) A(2) 0.189 0.1667 2.208 0.1373 

22  A(1) T(1) 0.7886 0.8127 2.352 0.1251 
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Table 4.8 (continued) Frequencies and association significances of two and three-marker haplotypes 

Haplotype 

No. 
Sample rs2924336

a
 rs9960767

a
 rs2958182

a
 

Frequency 

In cases 

Frequency 

In controls 
χ

2
 pb 

23 Male 

subgroup 

of case 

control 

sample 

A(2) C(2) T(1) 0.02203 0.01929 0.2437 0.6216 

24 A(2) A(1) T(1) 0.4238 0.4518 2.12 0.1454 

25 G(1) A(1) A(2) 0.1876 0.167 1.921 0.1658 

26 G(1) A(1) T(1) 0.3666 0.3619 0.06225 0.803 

        

27 

Female 

subgroup 

of case 

control 

sample 

A(2) C(2) 
 

0.008845 0.01896 2.369 0.1238 

28 A(2) A(1)  0.439 0.4219 0.422 0.5159 

29 G(1) A(1)  0.5522 0.5591 0.06938 0.7922 

30 A(2)  T(1) 0.4508 0.4398 0.1716 0.6787 

31 G(1)  A(2) 0.1856 0.1759 0.2244 0.6357 

32 G(1)  T(1) 0.3636 0.3843 0.6389 0.4241 

33  C(2) T(1) 0.009363 0.02363 3.906 0.0481 

34  A(1) A(2) 0.1873 0.1739 0.4317 0.5112 

35  A(1) T(1) 0.8034 0.8025 0.00187 0.9655 

36 A(2) C(2) T(1) 0.008633 0.019 2.552 0.1102 

37 A(2) A(1) T(1) 0.4411 0.4228 0.4942 0.4821 

38 G(1) A(1) A(2) 0.1861 0.1751 0.3011 0.5832 

39 G(1) A(1) T(1) 0.3642 0.3831 0.5549 0.4563 

         
a
 In parentheses is 1 for major allele and 2 for minor allele  

b
 <0.05 in boldface 
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4.3.1.4. Power analysis 

To perform the power calculation, the values of the high risk allele 

frequency and GRR were obtained from the results of genotyping and 

association analyses for each SNP (see section 4.3.1.1 and 4.3.1.2). The 

sample size was also changed slightly to accommodate the actual obtained 

genotypes. The principles of assumption are provided in Chapter Two 

(section 2.6.6). The statistical power calculations for allelic and genotypic 

associations were performed separately. 

 

The results of power analyses for rs9960767 are shown in Figure 4.5. From 

the association analyses, the A-allele of rs9960767 was the risk allele and its 

frequency in controls was 97.84%, 97.99% and 97.68% for the whole case 

control sample, male and female subgroups, respectively (Table 4.1). The 

observed GRR for the A-allele was 2.555 in the females (Table 4.1). The 

GRR value was assumed to range from 1.1 to 3.2 to produce the power 

curves. The numbers of actually obtained genotypes (sample sizes) for the 

whole case control sample, male and female subgroups were 2170, 1358 and 

810, respectively (Table 4.1). The power was estimated using a recessive 

model. The whole sample, male and female subgroups had sufficient (more 

than 80%) power at GRRs of 2.02 and higher, 2.61 and higher, and 5.5 and 

higher respectively for an allelic association (allelic 1-df test; Figure 4.5 a). 

The whole sample, male and female subgroups had sufficient (more than 

80%) power at GRRs of 2.02 and higher, 2.60 and higher, and 5.4 and 

higher respectively for a genotypic association (recessive1-df test; Figure 

4.5 b). At the observed GRR of 2.6 for the female subgroup, this female 

subgroup had 51% power to detect an allelic association and 52% power to 

detect a genotypic association. 

 

As rs2924336 was not associated with schizophrenia, frequencies for both 

alleles were used for the power calculation (Figure 4.6). The G-allele 

frequency in the controls was 54.46% for the whole sample and 52.97% and 

56.02% for the male and female subgroups, respectively (Table 4.3). The 

A-allele frequency in controls was 45.54% for the whole sample and 

47.03% and 43.98% for the male and female subgroups, respectively (Table 

4.3). The GRR value was assumed to range from 1.1 to 1.4 to produce the 
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power curves. The numbers of actually obtained genotypes (sample sizes) 

for the whole sample, male and female subgroups were 2140, 1337 and 801, 

respectively (Table 4.3). Additionally, the power was estimated using a 

multiplicative model. The power curves were similar assuming either the 

G-allele or the A-allele to be the risk allele. The whole sample, male and 

female subgroups had sufficient (more than 80%) power at GRRs of 1.19 

and higher, 1.25 and higher, and 1.35 and higher respectively for an allelic 

association (allelic 1-df test, Figure 4.6 a, c). The whole sample, male and 

female subgroups had sufficient power at GRRs of 1.21 and higher, 1.28 and 

higher, and 1.4 and higher respectively for a genotypic association (general 

2-df test, Figure 4.6 b, d). 

 

As rs2958182 was not associated with schizophrenia, frequencies for both 

alleles were used for the calculation (Figure 4.7). The T-allele frequency in 

controls was 82.95% for the whole sample and 83.27% and 82.61% for the 

male and female subgroups, respectively (Table 4.5). The A-allele frequency 

in controls was 17.05% for the whole sample and 16.73% and 17.39% for 

the male and female subgroups, respectively (Table 4.5). The GRR value 

was assumed to range from 1.1 to 1.6 to produce the power curves. The 

numbers of actually obtained genotypes (sample sizes) for the whole sample, 

male and female subgroups were 2144, 1344 and 798, respectively (Table 

4.5). The power was estimated using a multiplicative model. When the 

T-allele was assumed to be the risk allele, the whole sample, male and 

female subgroups had sufficient (more than 80%) power at GRRs of 1.27 

and higher, 1.36 and higher, and 1.54 and higher respectively for an allelic 

association (allelic 1-df test, Figure 4.7 a) and sufficient (more than 80%) 

power at GRRs of 1.3 and higher, 1.41 and higher, and 1.62 and higher 

respectively for a genotypic association (general 2-df test, Figure 4.7 b). 

When the A-allele was assumed to be the risk allele, the whole sample, male 

and female subgroups had sufficient (more than 80%) power at GRRs of 

1.25 and higher, 1.33 and higher, and 1.44 and higher respectively for an 

allelic association (allelic 1-df test, Figure 4.7 c) and sufficient (more than 

80%) power at GRRs of 1.28 and higher, 1.37 and higher, and 1.49 and 

higher respectively for a genotypic association (general 2-df test, Figure 4.7 

d). 
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Figure 4.5 Estimated statistical power for association of rs9960767, taking power as a function of GRR for the Indonesian case control sample. (a) 

allelic association (1-df). (b) genetic association (1-df test, AA vs AC+CC). The vertical lines show the power at the observed GRR value for the 

female subgroup. —— for the whole sample, − ∙ − for the male subgroup, ------- for the female subgroup. Other GPC parameters were prevalence = 

0.01, D’ = 1, and type I error rate = 0.05. GRR were calculated using a recessive model. 
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Figure 4.6 Estimated statistical power for association of rs2924336, taking power as a function of GRR for the Indonesian case control sample. (a) allelic association 

(1-df) G risk allele. (b) genotypic association (2-df) G risk allele. (c) allelic association (1-df) A risk allele. (d) genotypic association (2-df) A risk allele. The vertical 

lines show the GRR values required to achieve 80% power for the whole sample. ——— for the whole sample, − ∙ − for the male subgroup, ------- for the female 

subgroup. Other GPC parameters were prevalence = 0.01, D’ = 1 and type I error rate = 0.05. GRR was calculated using a multiplicative model. 
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Figure 4.7 Estimated statistical power for association of rs2958182, taking power as a function of GRR for the Indonesian case control sample. (a) allelic association 

(1-df) T risk allele. (b) genotypic association (2-df) T risk allele. (c) allelic association (1-df) A risk allele. (d) genotypic association (2-df) A risk allele. The vertical 

lines show the GRR values required to achieve 80% power for the whole sample. ——— for the whole sample, − ∙ − for the male subgroup, ------- for the female 

subgroup. Other GPC parameters were prevalence = 0.01, D’ = 1 and type I error rate = 0.05. GRR was calculated using a multiplicative model. 
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4.3.2. Association of one MIR137 intronic SNP (rs2660304) with 

schizophrenia 

4.3.2.1. Genotyping and error checking 

Of the 2178 case control samples, 2164 were successfully genotyped for 

rs2660304. The genotyping completion rate was 99.36%. Genotype 

frequencies of this SNP did not deviate significantly from HWE (p > 0.05) 

in either cases or controls (Table 4.10). Only one sample had an inconsistent 

genotyping result between the sample and its duplicate (consistence rate 

99.1%). This sample was excluded from all subsequent analyses. Thus, 2163 

samples were included in association analyses. 

 

4.3.2.2. Single marker analysis for rs2660304 

The allelic association analyses (Table 4.9) comparing allele frequencies 

between cases and controls did not show a statistically significant difference 

in the whole sample (χ
2
 = 2.014, p = 0.1559). When stratified by sex, the 

difference of allele frequencies between cases and controls was nominally 

significant in males (χ
2
 = 3.947, p = 0.04696) but not in females (χ

2
 = 

0.1834, p = 0.6685). In males, cases had a higher T-allele frequency than 

controls and the allelic OR for the T-allele was 1.374. The association in 

males did not survive Bonferroni correction (n = 4). 

 

Given that the G-allele frequency of rs2660304 was low (6.78%; Table 4.9) 

and thus a low frequency of the GG genotype was expected, homozygous 

carriers of the T-allele (TT) were compared with carriers of the G-allele 

(TG+GG). The genotype distribution (TT vs TG+GG; Table 4.10) was not 

significantly different between the cases and controls (χ
2
 = 2.047, p = 

0.1525). After stratification by sex, the cases had a higher TT genotype 

frequency than controls in males, but the difference was not statistically 

significant (χ
2
 = 3.787, p = 0.051). The genotype distribution between cases 

and controls was not significantly different in females (χ
2
 = 0.09054, p = 

0.7635) 

 

As rs2660304 was nominally associated with schizophrenia in males, 

genetic model of inheritance was investigated in males and the interaction of  
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Table 4.9 Association of the alleles of rs2660304 with schizophrenia 

phenotype sex N alleles 
T 

N(%) 

G 

N(%) 
χ

2
 p

a
 χ

2 
male p male

b
 χ

2 
female p female

c
 

Cases*  1056 2112 1991(94.27) 121(5.73) 

2.014 0.1559 3.947 0.04696 0.1834 0.6685 

 male 785 1570 1486(94.65)  84(5.35) 

 female 269 538  501(93.12)  37(6.88) 

Controls  1107 2214 2064(93.22) 150(6.78) 

 male 569 1138 1056(92.79)  82(7.21) 

 female 538 1076 1008(93.68)  68(6.32) 
a
 Allelic odds ratio = 1.196, 95% confidence interval: 0.9338-1.5313. 

b
 Allelic odds ratio = 1.374, 95% confidence interval: 1.0032-1.8811. 

c
 Allelic odds ratio = 0.913, 95% 

confidence interval: 0.6035-1.3826. * Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 

 

Table 4.10 Association of the genotypes of rs2660304 with schizophrenia 

phenotype sex N 
TT 

N(%) 

TG+GG
Δ
 

N(%) 

HWE 

p
#
 

χ
2
 p

a
 χ

2
 male p male

b
 χ

2
 female p female

c
 

Cases*  1056 938(88.83) 118(11.17) 1.000 

2.047 0.1525 3.787 0.051 0.09054 0.7635 

 male 785 702(89.43) 83(10.57)  

 female 269 234(86.99) 35(13.01)  

Controls  1107 961(86.81) 146(13.19) 0.812 

 male 569 489(85.94) 80(14.06)  

 female 538 472(87.73) 66(12.27)  
a
 Odds ratio = 1.208, 95% confidence interval: 0.9323-1.5643. 

b
 Odds ratio = 1.384, 95% confidence interval: 0.997-1.9210. 

c
 Odds ratio = 0.93, 95% confidence interval: 

0.6028-1.4498. * Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 
Δ
 Give that the frequency of GG was 

very low, homozygous carriers of T-allele (TT) were compared with carriers of C-allele (TG+GG). 
#
 HWE was estimated according to three genotypes (TT, TG, GG). 
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this SNP and sex was further investigated. Due to the low frequency for the 

genotype GG observed in males (0.35%, data not shown), a recessive 

genetic model for the risk T allele was inferred for rs2660304. The 

interaction term of rs2660304 and sex was not significant (p = 0.1607) 

under a recessive model for the risk T-allele, providing no evidence for 

differential association based on sex. 

 

4.3.2.3. Power analysis 

To perform the power calculation, the values of the high risk allele 

frequency and GRR were obtained from the results of genotyping and 

association analyses for rs2660304 (see section 4.3.2.1 and 4.3.2.2). The 

sample size was also changed slightly to accommodate the actual obtained 

genotypes. The principles of assumption are provided in Chapter Two 

(section 2.6.6). The statistical power calculations for allelic and genotypic 

associations were performed separately. 

 

From the association analyses, the T-allele of rs2660304 was the risk allele 

and its frequency in controls was 93.22%, 92.79% and 93.68% for the 

whole case control sample, male and female subgroups, respectively (Table 

4.9). The observed GRR for the T-allele were 1.374 in the males (Table 4.9). 

The GRR value was assumed to range from 1.1 to 1.8 to produce the power 

curves. The numbers of actually obtained genotypes (sample sizes) for the 

whole case control sample, male and female subgroups were 2163, 1354 and 

807, respectively (Table 4.10). The power was estimated using a recessive 

model. The whole case control sample, male and female subgroups had 

sufficient (more than 80%) power at GRRs of 1.47 and higher, 1.62 and 

higher, and 2.21 and higher respectively for an allelic association (allelic 

1-df test; Figure 4.8 a). The whole case control sample, male and female 

subgroups had sufficient (more than 80%) power at GRRs of 1.47 and 

higher, 1.61 and higher, and 2.19 and higher respectively for a genotypic 

association (recessive1-df test; Figure 4.8 b). At the observed GRR of 1.37 

for the male subgroup, the male subgroup had 48% power to detect an 

allelic association (allelic 1-df test) and 49% power to detect a genotypic 

association (recessive1-df test). 
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Figure 4.8 Estimated statistical power for association of rs2660304, taking power as a function of GRR for the Indonesian case control sample. (a) 

allelic association (1-df). (b) genetic association (1-df, TT vs TG+GG). The vertical lines show the power at the observed GRR value for the male 

subgroup. —— for the whole sample, − ∙ − for the male subgroup, ------ for the female subgroup. Other GPC parameters were prevalence = 0.01, D’ = 

1, and type I error rate = 0.05. GRR were calculated using a recessive model. 
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4.4. Discussion 

4.4.1. Study of Association of rs9960767, rs2958182 and rs2924336 in 

the genomic region of the TCF4 gene with schizophrenia. 

4.4.1.1. No association of rs9960767, rs2958182 and rs2924336 with 

schizophrenia in the whole Indonesian case control sample. 

Type II error (false negative) caused by insufficient power may be a possible 

explanation for the lack of associations of rs9960767, rs2958182 and 

rs2924336 with schizophrenia. Based on the reported OR of 1.23 for the 

association of rs9960767 (Stefansson, Ophoff et al. 2009), the case control 

sample did not have enough power to replicate the association of rs9960767. 

Based on the reported OR of 1.28 for the association of rs2958182 with 

schizophrenia (Li, Li et al. 2010), the case control sample did have enough 

power to replicate the association of rs2958182. However, according to the 

“Winners’ Curse” (Zollner and Pritchard 2007), the ORs in the replication 

are expected to be lower than that of the initial report. When an OR is <1.25, 

the case control sample would also not have enough power to detect the 

association of rs2958182, and may produce a false negative. Additionally, 

although there is no report on the association of rs2924336 with 

schizophrenia, the ORs for other schizophrenia susceptibility variants are 

commonly reported in the range of 1.1-1.5. When an OR is <1.2, the case 

control sample would not have the power to detect the association of 

rs2924336 with schizophrenia, which makes a false negative likely for this 

SNP. 

 

Another possible explanation for no associations of the three SNPs with 

schizophrenia in the whole case control sample may be population 

specificity. rs9960767 and rs2958182 have previously been associated with 

schizophrenia in European (Stefansson, Ophoff et al. 2009) and Chinese (Li, 

Li et al. 2010) samples. The Indonesian sample used in the present study has 

a different ethnic background from the European samples and a slightly 

different ethnic background from Chinese samples, possibly leading to 

different LD patterns in the region containing the three TCF4 

polymorphisms among these samples. Therefore, in the TCF4 region, 

susceptibility SNPs or the SNPs in LD with susceptibility SNPs may be 

population specific. This population specificity is supported by the 
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comparison of allele frequencies of the three SNPs between the Indonesian 

sample and the other two samples. The MAF of rs9960767 (2%) in the 

present study was different from that in the European sample (6%) reported 

by Stefansson, Ophoff et al. (2009) and in the Chinese sample (not 

polymorphic) reported by Li, Li et al. (2010). The MAF of rs2958198 (17%) 

in the present study was also different from that in the Chinese sample (10%) 

reported by Li, Li et al. (2010). Furthermore, in the Indonesian sample, 

rs9960767 was in complete LD with rs2958182 and in moderate LD with 

rs2924336. However, these three SNPs are in complete LD according to 

HapMap CEU and CHB data. This also suggests that variance in LD 

patterns may exist between the Indonesian sample and the other two 

samples. 

 

4.4.1.2. Nominal association of rs9960767 with schizophrenia in the 

female subgroup. 

After stratification by sex, rs2958182 and rs2924336 were not associated 

with schizophrenia in the gender subgroups. In the female subgroup, 

rs9960767 was observed to be nominally associated with schizophrenia. 

However, the risk allele, the A-allele, is different from the risk allele 

reported by Stefansson, Ophoff et al. (2009). This association did not 

survive Bonferroni correction. The observed association before 

multiple-testing corrections may be caused by type I error (false positive), 

because the observed OR of 2.6 may be too high compared to the OR of 

1.23 reported by Stefansson, Ophoff et al. (2009). In addition, rs2958182, in 

complete LD with rs9960767, was not associated with schizophrenia in 

females. 

 

Alternatively, the nominal association of rs9960767 with schizophrenia in 

the female subgroup, before multiple-testing correction, may be genuine. A 

possible explanation for the high observed OR in the present study may be 

that some schizophrenia features related to both rs9960767 and being 

female are more common in patients in the Indonesian population (such as 

decreased PPI and reduction in P50, described below). A possible 

explanation for the negative result for rs2958182 in females may be that 
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rs9960767 and rs2958182 have different allele frequencies and the 

rs9960767 minor allele is rare (2%). Because of the difference in allele 

frequencies, the r
2
 between rs2958182 and the rs9960767 was very low (less 

than 0.01), although they are in complete LD (D’ = 1). This means that 

when the minor allele C of rs9960767 is present, the C-allele should be 

consistently inherited with the T-allele of rs2958182. But as the rs9960767 

C-allele is rare, most of the time the rs2958182 T-allele was inherited with 

the rs9960767 major A-allele. Thus, although rs2958182 was not associated 

with schizophrenia in females, a two-marker (rs9960767-rs2958182) C-T 

haplotype was shown to be protective for schizophrenia in females. As the 

association of this haplotype with schizophrenia did not survive Bonferroni 

correction and the frequency of this haplotype was very low in the female 

subgroup (0.9% in cases and 2.4% in controls), future studies with larger 

sample size may clarify if this haplotype is protective. 

 

If the nominal association of rs9960767 with schizophrenia in females is 

genuine, it suggests that this SNP appears to be involved in schizophrenia 

susceptibility across populations and population specificity of the 

association may also exist. Compared to the finding using the European 

sample (Stefansson, Ophoff et al. 2009), this association is possible 

female-specific and the risk allele is different in the Indonesian sample. A 

possible reason for these features is a population-specific pattern of LD, as 

described above. 

 

The biological plausibility for a female-specific association for rs9960767 is 

supported by studies on the electrophysiology of schizophrenia. The 

female-specific association may be explained by the role that gender and 

rs9960767 play in the electrophysiology of schizophrenia. A decreased PPI 

and a reduction in P50 suppression are two established electrophysiological 

endophenotypes of schizophrenia, as they are consistently observed in 

schizophrenic patients and are heritable (Gottesman and Gould 2003). 

 

Lower PPI levels have been associated both with being female and the 

rs9960767 risk allele. Firstly, lower PPI levels have been observed in 

healthy women and female rats and mice (Swerdlow, Auerbach et al. 1993, 
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Abel, Waikar et al. 1998, Koch 1998, Faraday, O'Donoghue et al. 1999, 

Swerdlow, Geyer et al. 1999, Kumari, Gray et al. 2003, Kumari, Aasen et al. 

2004, Aasen, Kolli et al. 2005, Ison and Allen 2007, Kumari, Aasen et al. 

2008). Hormonal effects are thought to explain this sex difference, as there 

is evidence that PPI varies throughout the menstrual cycle and negatively 

correlates with estrogen levels (Swerdlow, Hartman et al. 1997, Jovanovic, 

Szilagyi et al. 2004, Kask, Backstrom et al. 2008, Bannbers, Kask et al. 

2010). Secondly, lower PPI levels have also been associated with the 

rs9960767 risk allele in schizophrenic patients (Quednow, Ettinger et al. 

2011). 

 

Reduced P50 suppression has also been reported to be associated both with 

being female and the rs9960767 risk allele. Although studies of sex 

differences in P50 suppression have produced inconsistent results, in some 

studies, healthy females have been observed to have a reduced P50 

suppression (Hetrick, Sandman et al. 1996, White, Kanazawa et al. 2005). 

Possible reasons for these sex differences are that women show greater 

arousability, are more easily distracted (Halley 1975, Giambra 1980, 

Hetrick, Erickson et al. 2012) and have less tolerance for loud tones than 

men (Mcguinne 1974). Furthermore, reduced P50 suppression has also been 

associated with the rs9960767 risk allele in healthy subjects (Quednow, 

Brinkmeyer et al. 2012). 

 

In summary, lower PPI levels and reduced P50 suppression have been 

associated with both being female and the rs9960767 risk allele. It can be 

hypothesized that female carriers of the rs9960767 risk allele may have even 

lower PPI and even greater P50 suppression than females not carrying the 

rs9960767 risk allele, resulting in an increased risk of developing 

schizophrenia. 

 

4.4.2. Study of Association of rs2660304 in the genomic region of the 

MIR137 gene with schizophrenia. 

4.4.2.1. No association of rs2660304 with schizophrenia in the whole 

Indonesian case control sample. 
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Previous studies have shown that an intronic SNP (rs1625579) in the 

MIR137 gene is associated with schizophrenia in European ancestry 

populations (Ripke, Sanders et al. 2011, Strange, Riley et al. 2012). 

rs2660304 and rs1625579 are 9kb apart and in perfect LD in both HapMap 

CEU and CHB data. However, rs2660304 was not associated with 

schizophrenia in the whole Indonesian case control sample. This negative 

finding may be caused by insufficient power of the Indonesian sample. The 

reported OR for rs1625579 was 1.12 (Ripke, Sanders et al. 2011, Strange, 

Riley et al. 2012). Based on the OR of 1.12, this Indonesian sample had less 

than 20% power to detect the association. Moreover, the different ancestral 

background between the Indonesian sample and the two European samples 

used by Ripke, Sanders et al. (2011) and Strange, Riley et al. (2012) may 

result in different findings among these samples. Different ancestral 

background may lead to variation in LD pattern in the region containing 

rs2660304 and rs1625579. This may cause susceptibility SNPs or the SNPs 

in LD with susceptibility SNPs to be population specific. The MAF of 

rs2660304 in the Indonesian sample (7%) was different from that in 

HapMap CEU data (17%) and the MAF of rs1625579 in the two European 

samples (18%-20%) was also different from that in HapMap CHB and JPT 

data (6%). These differences suggest some genetic heterogeneity between 

the Indonesian sample and European samples at the region containing the 

two SNPs. 

 

4.4.2.2. Nominal association of rs2660304 with schizophrenia in the 

male subgroup 

In the male subgroup of the Indonesian case control sample, the T-allele of 

rs2660304 was nominally associated with increased risk of developing 

schizophrenia. The risk allele is consistent with the findings by Ripke, 

Sanders et al. (2011) and Strange, Riley et al. (2012). However, this 

association did not survive Bonferroni correction. Although the possibility 

of a genuine male-specific association before multiple test corrections 

cannot be excluded, this nominal male-specific association is more likely to 

be a false positive. Firstly, the observed OR in the present study was 1.37, 

much higher than the reported OR of 1.12 for rs1625579. Furthermore, at 

the observed OR, the whole case control sample as well as the sex 
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subgroups had low statistical power (Figure 4.8.). Finally, there has not been 

enough evidence for biological plausibility for a male-specific association 

for rs2660304. In future studies, larger samples are required to further 

investigate the association between rs2660304 and schizophrenia given the 

low MAF of this SNP. 

 

4.5. Conclusions 

The present study suggests that the association of rs9960767 with 

schizophrenia may be not population-specific but may be sex-specific. 

Although the possibility of type I error cannot be excluded, this result is in 

agreement with the genome-wide associations from large GWASs, the 

biological role of the TCF4 gene in the pathophysiology of schizophrenia, 

and the biological plausibility of sex-specific impacts on brain function. The 

present study suggests that rs2660304 in the genomic region of the MIR137 

gene may be not associated with schizophrenia in the Indonesian population. 
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Chapter Five: Study of association of 

schizophrenia susceptibility loci on 

chromosome 3p in samples from Indonesia 
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5.1 Introduction 

5.1.1 Genome-wide linkage to chromosome 3p26.2-25.3 

GWLSs combine genome-wide genotyping with linkage analyses. 

Genome-wide genotyping is a non-hypothesis-driven approach and 

therefore able to eliminate prior hypothesis bias. Linkage analyses can be 

used to identify genes with small effect, as the signals from different alleles 

within the same gene or from multiple susceptibility genes in the same 

region can be summed. Linkage analyses using family samples can also 

reduce the impact of confounding factors caused by population stratification 

or environmental influences. Early linkage studies for schizophrenia have 

shown some gene regions linked to this disease and candidate genes for 

schizophrenia have been identified in these linked regions (see section 

1.2.1). 

 

In 2008, our research group published a GWLS of 124 Indonesian sib-pair 

families with schizophrenia (Irmansyah, Schwab et al. 2008). A significant 

genome-wide linkage to chromosome 3p26.2 -25.3 was found with a 

maximum likelihood score (MLS) of 3.76 and a peak spanning of 60 cM 

(Irmansyah, Schwab et al. 2008). This linked region is supported by a 

schizophrenia linkage study of 57 pedigrees, which gave a LOD score of 

2.34 on 3p26-24 (Pulver, Lasseter et al. 1995) and a meta-analysis of 20 

schizophrenia genome scans (Lewis, Levinson et al. 2003). Based on these 

findings, the present study aimed to identify susceptibility loci within this 

linkage region. 

 

5.1.2 Candidate genes on chromosome 3p26.2-25.3  

The 3p26.2-25.3 region contains several candidate genes for schizophrenia, 

including GRM7, SYN2, close homolog of L1 (CHL1) and SLIT-ROBO 

Rho GTPase-activating protein 3 (SRGAP3). Of these genes, GRM7 and 

SYN2 were chosen for investigation in the present study, as their locations 

are closest to the peak of the linked region (Irmansyah, Schwab et al. 2008). 

They may play a role in the pathophysiology of schizophrenia and positive 

associations of these two genes with schizophrenia have been reported in 

previous studies, as described below. 
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5.1.2.1  Metabotropic glutamate receptor 7 (GRM7) 

Closest to the peak (5 - 9 Mb) of the linked region is GRM7 (mGluR7), 

located at 7.3Mb (3p26.1-25.1). The GRM7 gene codes for metabotropic 

glutamate receptor 7. Glutamate is the neurotransmitter for the majority of 

excitatory synapses in the brain and glutamatergic synapses are widely 

distributed in CNS. The effects of glutamate in the brain are modulated by 

ionotropic glutamate receptors (iGluRs) and metabotropic glutamate 

receptors (mGluRs). When glutamate binds to iGluRs, these receptors form 

the ion channel pore which allows the direct passage of ions. In contrast, 

mGluRs indirectly activate ion channels through G protein when glutamate 

binds to mGluRs (Schoepp 2001). Thus, mGluRs, which include the 

mGluRs coded by GRM7, can mediate synaptic transmission by regulating 

ion channels (Pin and Duvoisin 1995, Schoepp 2001). Eight subtypes of 

mGluRs have been identified by molecular cloning and fall into three 

groups according to their sequence homology, pharmacology and 

mechanisms of signal transduction (Pin and Duvoisin 1995). Group I 

includes mGluR1 and mGluR5. Group II includes mGluR2 and mGluR3. 

Group III includes mGluR4, mGluR6, mGluR7 and mGluR8. GRM7 is the 

most widely distributed of the presynaptic mGluR subtypes and is expressed 

in many regions of the human brain, particularly in the cerebral cortex, 

hippocampus, and cerebellum (Makoff, Pilling et al. 1996). Located in the 

presynaptic zone of the synaptic cleft of glutamatergic synapses (Kinoshita, 

Shigemoto et al. 1998, Kosinski, Bradley et al. 1999), GRM7 acts as a 

traditional autoreceptor to regulate the feedback inhibition of glutamate 

release. GRM7 has also been thought to be an important regulator to shape 

synaptic responses at glutamatergic synapses as well as to mediate 

inhibitory GABAergic transmission (Kinoshita, Shigemoto et al. 1998, 

Kosinski, Bradley et al. 1999). 

 

Glutamatergic dysfunction has been considered to be a possible cause for 

schizophrenia (Yin, Chen et al. 2012). Firstly, decreased glutamate 

concentrations have been observed in the cerebrospinal fluid and brain 

tissues of schizophrenic patients (Kim, Kornhuber et al. 1980, Tsai, Passani 

et al. 1995). Secondly, abnormalities in glutamate receptor binding and 
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alterations in mRNA expression levels of glutamate receptor subunits have 

been reported in the post-mortem brains of patients with schizophrenia 

(Deakin, Slater et al. 1989, Kornhuber, Mack-Burkhardt et al. 1989, Kerwin, 

Patel et al. 1990, Harrison, McLaughlin et al. 1991). Thirdly, 

N-methyl-D-aspartate (NMDA) receptors are a major subtype of glutamate 

receptors. The use of phencyclidine (PCP) and ketamine, non-competitive 

NMDA receptor antagonists, have been shown to induce psychotomimetic 

effects in healthy subjects (Javitt and Zukin 1991, Krystal, Karper et al. 

1994, Adler, Malhotra et al. 1999, Lahti, Weiler et al. 2001) and to 

precipitate psychotic episodes in schizophrenic patients (Itil, Keskiner et al. 

1967, Javitt and Zukin 1991, Lahti, Holcomb et al. 1995, Malhotra, Pinals et 

al. 1997). Finally, other genes with reported associations with schizophrenia, 

such as NRG1, DTNBP1 and D-amino acid oxidase (DAO), have also been 

implicated in glutamatergic transmission (Chumakov, Blumenfeld et al. 

2002, Stefansson, Sigurdsson et al. 2002, Straub, Jiang et al. 2002, 

Greenwood, Light et al. 2012). 

 

As glutamatergic dysfunction may contribute to schizophrenia, GRM7 may 

play a role in pathophysiology of schizophrenia because of its function in 

the glutamatergic pathway. This is supported by two lines of evidence. 

Firstly, GRM7 ablation results in increased hippocampal BDNF protein 

levels (Mitsukawa, Yamamoto et al. 2005). Dysregulation of BDNF 

production or release has been observed in a range of neuropsychiatric 

disorders, including schizophrenia (Harrison and Weinberger 2005). 

Secondly, studies of GRM7-deficient mice suggest that GRM7 may also 

play a role in spatial working memory (Holscher, Schmid et al. 2004, 

Callaerts-Vegh, Beckers et al. 2006), anxiety and emotional responses 

(Cryan, Kelly et al. 2003, Callaerts-Vegh, Beckers et al. 2006, Mitsukawa, 

Mombereau et al. 2006). Working memory is a measure of cognitive 

function (Cowan, Elliott et al. 2005, Fukuda, Vogel et al. 2010) and 

cognitive dysfunction is a main symptom of schizophrenia (see section 

1.1.3). Anxiety is also a common affective symptom present in 

schizophrenic patients (Lysaker and Salyers 2007). 
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In addition to biological evidence, two genetic studies have also supported 

an association between GRM7 and schizophrenia (Ohtsuki, Koga et al. 

2008, Ganda, Schwab et al. 2009). Variants in the region of the GRM7 gene 

have been associated with schizophrenia in a large Japanese sample 

(Ohtsuki, Koga et al. 2008) and in a moderate-sized Indonesian sample 

(Ganda, Schwab et al. 2009). A GRM7 haplotype has also been associated 

with schizophrenia in a moderate-sized Japanese sample (Shibata, Tani et al. 

2009). However, the association between GRM7 and schizophrenia was not 

replicated in two small European studies (272 and 363 individuals 

respectively)(Bray, Williams et al. 2000, Bolonna, Kerwin et al. 2001).  

 

5.1.2.2 Synapsin 2 (SYN2) 

SYN2 is located at 12.2 Mb (3p25), about 3 Mb to the linkage peak. This 

gene is a member of the synapsin family of phosphoproteins which are 

associated with the cytoplasmic surface of the membrane of synaptic 

vesicles (De Camilli, Harris et al. 1983, Huttner, Schiebler et al. 1983). 

There are three human synapsin genes (SYN1, 2, and 3). SYN2 encodes a 

neuron-specific phosphoprotein which selectively binds to small synaptic 

vesicles in the presynaptic nerve terminals (Karlin, Chen et al. 2002). 

Synapsins have been implicated in the modulation of neurotransmission, 

neuronal plasticity and synaptogenesis (Kao, Porton et al. 1998, Hilfiker, 

Pieribone et al. 1999). SYN2 regulates neurotransmitter release from mature 

nerve terminals and the formation of new nerve terminals (Greengard, 

Valtorta et al. 1993). 

 

Synaptic dysfunction has been regarded as a possible cause for 

schizophrenia (Frankle, Lerma et al. 2003). Schizophrenia is characterized 

by microanatomical brain changes related to synaptic deficits. These 

changes include altered neuronal density and reduced neuron size in limbic, 

temporal and frontal areas, altered dendritic spine densities in the cortex and 

altered cortical cytoarchitecture (Harrison 1999, Glantz and Lewis 2000, 

Harrison and Weinberger 2005, Iritani 2007, Hof and Schmitz 2009). 

Decreased expression of presynaptic transcripts/proteins has also been 

observed in schizophrenic patients (reviewed by Faludi and Mirnics 2011). 
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Additionally, some candidate genes in association with schizophrenia have 

been involved in synaptic function, for instance, COMT, NRG1, 

disrupted-in-schizophrenia 1 (DISC1), D-amino acid oxidase activator (G72) 

and DAO (Harrison and Weinberger 2005). 

 

SYN2 is also thought to play a role in the pathophysiology of schizophrenia 

because of its synaptic function. Both transcript and protein levels of SYN2 

have been reported to be significantly decreased in the brains of 

schizophrenic subjects (Mirnics, Middleton et al. 2000, Vawter, Thatcher et 

al. 2002) and transcript levels of SYN2 were found to be significantly 

up-regulated in rats following chronic haloperidol therapy (Chong, Young et 

al. 2002). More recently, sensorimotor gating and behavioural deficits have 

been observed in SYN2 knockout mice, similar to the effects observed in 

other phencyclidine-induced preclinical animal models of schizophrenia 

(Dyck, Skoblenick et al. 2007). 

 

In addition to biological evidence, multiple genetic studies have also linked 

SYN2 to schizophrenia. Six SNPs (rs795009, rs2307981, rs2308169, 

rs308963, rs310762 and rs2307973) in the genomic region of the SYN2 

gene have shown association with schizophrenia in two moderate-sized 

Chinese samples (Chen, He et al. 2004 a, Chen, He et al. 2004 b). 

Furthermore, two SYN2 haplotypes were observed to be associated with 

schizophrenia in a small Korean sample (Lee, Song et al. 2005) and in a 

small European sample (Saviouk, Moreau et al. 2007). One of these 

associated haplotypes included rs308963, rs310762, rs2623873, rs2308169 

and rs308961 (Lee, Song et al. 2005). The other one included SNPs from 

introns 5 and 6 of the SYN2 gene (Saviouk, Moreau et al. 2007). Reports on 

the association between SYN2 and schizophrenia, however, are inconsistent. 

A recent study failed to detect associations of SYN2 variants with 

schizophrenia in a small European sample (Betcheva, Mushiroda et al. 

2009).  

 

5.1.3 Aims of this work  

So far, genetic studies investigating the associations of GRM7 and SYN2 

with schizophrenia have used small or moderate-sized samples, have 
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involved mostly European or East Asian samples and have shown 

inconsistent results. Therefore, these associations need to be confirmed 

using large samples and other ethnicities. To date, the relationship between 

SYN2 and schizophrenia has not been assessed in the Indonesian 

population. 

 

The aim of this work was to confirm the associations of GRM7 and SYN2 

with schizophrenia using Indonesian samples (Southeast Asian). A large 

case control (1067 cases and 1111 controls) sample was used to investigate 

the association of GRM7 with schizophrenia. A SNP (rs17031835) located 

in intron 1 of the GRM7 gene was genotyped, as a significant transmission 

distortion of rs17031835 was found in a previous Indonesian family-based 

study by our research group (Ganda, Schwab et al. 2009). The location of 

this SNP is shown in Figure 5.1. 

 

The case control sample and a moderate-sized family (145 families) samples 

were used to investigate the association of SYN2 with schizophrenia. Three 

intronic SNPs (rs308963, rs795009 and rs310762) in the SYN2 gene were 

genotyped, as these three SNPs have previously been shown to be 

associated with schizophrenia in the East Asian populations (Chen, He et al. 

2004 a, Chen, He et al. 2004 b, Lee, Song et al. 2005). The LD between the 

three SNPs is high according to HapMap database. However, the three SNPs 

were different in allele frequencies (HapMap database) and all of them were 

located in the reported linkage peak (3p26.2-25.3). The allele frequency 

would influence the statistical power to identify an association (see section 

2.6.6) and it is unpredictable what allele frequency would be most suitable 

for identifying an association. Thus, all of the three SNPs with different 

allele frequencies were chosen for investigation. As all of the three SNPs are 

centered around the linkage peak, the close vicinity leads to a high LD. The 

SYN2 gene spans over 190kb and consists of 14 exons, rs308963, rs795009 

and rs310762 are located in intron 2, 8, 11 respectively (Figure 5.2). 

5.2 Methods 

An overview of the methods used to complete work described in this 

chapter is given in Figure 5.3 
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Figure 5.1 Schematic representation of the GRM7 gene showing the 

location of rs17031835. The bold vertical stripes on the GRM7 gene 

represent exons. 
 
 

 

 

Figure 5.2 Schematic representation of the SYN2 gene showing the 

locations of rs308963, rs795009 and rs310762. The bold vertical stripes on 

the SYN2 gene represent exons. 
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Figure 5.3 The methods workflow of Chapter Five. 
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5.2.1 Subjects 

The GRM7 SNP (rs17031835) was genotyped in the described Indonesian 

case control sample, as this SNP was previously genotyped in the described 

Indonesian family sample (Ganda, Schwab et al. 2009). Three SYN2 SNPs 

(rs308963, rs795009 and rs310762) were genotyped initially in the 

Indonesian family sample and then in the Indonesian case control sample, 

since the family sample had been used to identify the linkage region 

(Irmansyah, Schwab et al. 2008). The case control sample included 1067 

cases (791 males and 274 females) and 1111 controls (572 males and 539 

females) after quality control. Two samples in the case group were 

ambiguous for gender data and were excluded from the sex-stratified 

analyses. The family sample consisted of 606 individuals from 145 

familiesafter quality control. The ascertainment, DNA preparation, and 

quality control of the case control and family samples are described in detail 

in Chapter two (section 2.1 to 2.3). 

 

The case control sample is the second largest among studies of the 

association of GRM7 with schizophrenia and the largest among studies of 

the association of SYN2 with schizophrenia. The sample size of the family 

sample is the second largest among family studies of the association of 

SYN2 with schizophrenia. 

 

5.2.2 Genotyping 

The TaqMan SNP genotyping assay was used to genotype all four SNPs 

reported in this chapter. The protocol for the TaqMan SNP genotyping assay 

is described in Chapter Two (section2.4.1). Representative TaqMan Assay 

plots for all four SNPs are shown in Figure 5.4. In case control samples, the 

genotyping completion rate for rs17031835 was 91% after TaqMan SNP 

genotyping assay, therefore a RFLP assay was also used for this SNP to 

complete the genotyping. The RFLP assay was conducted in 196 samples. 

The protocol and genotype callings for the RFLP assay for rs17031835 are 

described below. 
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Figure 5.4 Representative TaqMan assay plots for all four SNPs investigated in this chapter. The spots outside circles represent samples with 

undetermined genotypes, which would be repeated. 
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In the RFLP analysis, the region with the polymorphism of rs17031835 in 

the GRM7 gene was amplified by PCR using the forward primer 5'-TAA 

AAG GGG ATG TGG AGC AA -3' and the reverse primer 5'-CCC TCA 

TTC CCT GCT ATC AA -3'. Both primers were designed using Primer 3 

software. The PCR reaction mixture was prepared in a 10 µl solution 

containing 12.5 ng genomic DNA, 0.5 µM of each primer (GeneWorks, 

Australia), 200 µM dNTPs (Applied Biosystems, USA), 1 µl of 10X PCR 

buffer (Qiagen, Germany), 2 µl of 5X Q solution (Qiagen, Germany), and 

1.25 U of Taq polymerase (Qiagen, Germany). The PCR cycling conditions 

were 5- minute denaturation at 95 °C followed by 35 cycles, each cycle 

consisting of 30-second denaturation at 95 °C, 30-second annealing at 60 °C, 

and 45-second extension at 72 °C. A 10-minute final extension at 72 °C was 

included after 35 cycles. After PCR, a few samples were selected from each 

plate at random to confirm the PCR product size (151 bp). Electrophoresis 

of the PCR product was performed on a 2.5% Metaphor agarose (Biozym, 

Germany) gel stained with ethidium bromide (Figure 5.5). 1× TBE was used 

as electrophoresis buffer. The gels were viewed using a transilluminator 

with UV light (365 nm). Pictures were taken by a Kodak ID ver. 3.6 Image 

Analyzer (Kodak, USA). 

 

 

Figure 5.5 2.5% agarose gel electrophoresis of the PCR product (151 bp) of 

six randomly selected samples, stained with ethidium bromide and 

photographed under UV light (365 nm). Lane1 contains a molecular weight 

marker; Lanes 2-7 contain PCR products. 
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Figure 5.6 2.5% agarose gel electrophoresis of digested product of six 

randomly selected samples, stained with ethidium bromide and 

photographed under UV light (365 nm). Lane 1 contains a molecular weight 

marker. Lanes 2, 3, 5 display fragments from homozygotes for C-allele 

(71+80bp). Lanes 4, 7 display fragments from homozygotes for T-allele 

(151bp). Lane 6 displays fragments from heterozygote. 
 

The restriction enzyme used for rs17031835 was AluI (New England 

Biolabs, Germany). The total volume of restriction enzyme digestion 

mixture was 5 µl, containing 1.5 µl buffer (supplied by New England 

Biolabs, Germany ) and 0.4 µl (4U) AluI. 5 µl of digestion mixture was 

added to 10 µl of PCR product and incubated at 37 °C for 3 hours. 

Electrophoresis of the digested product was performed on a 2.5% Metaphor 

agarose (Biozym, Germany) gel stained with ethidium bromide (Figure 5.6). 

1× TBE was used as electrophoresis buffer. The gels were visualized using a 

transilluminator with UV light (365 nm). Pictures were taken with a Kodak 

ID ver. 3.6 Image Analyzer (Kodak, USA). AluI cuts in the presence of the 

C allele and yields fragment sizes of 71 bp and 80 bp. When the T allele is 

present, the PCR product is uncut resulting in a DNA fragment of 151 bp. 

 

5.2.3 Genotyping error checking 

In the case control sample, SNPs were genotyped in 2178 samples and 117 

duplicates. After genotyping, genotyping consistency in duplicates and 

compliance with HWE in either cases or controls were checked to evaluate 

the accuracy of genotyping as described in Chapter Two (section 2.5). In the 

family sample, HWE was checked in the parental generation (see section 

2.5.1). Genotypes of the whole family sample were also checked for errors 

in Mendelian inheritance (see section 2.5.2). 
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5.2.4 Data analysis 

5.2.4.1 rs17031835 genotyping of the Indonesian case control sample 

Chi square tests were applied to calculate associations of rs17031835 with 

schizophrenia in the whole sample as well as in the gender subgroup (see 

section 2.6.2). When a statistically significant association was found, the 

genetic model of inheritance of this SNP was further explored (see section 

2.6.5). When a statistically significant sex-specific association was found, 

the interaction of sex and rs17031835 was further estimated using logistic 

option of PLINK (see section 2.6.2). Bonferroni correction was applied to a 

statistically significant result for the multiple-testing adjustment (see section 

2.6.4). Power analysis was performed to evaluate the power of the 

Indonesian case control sample to detect the association of rs17031835 with 

schizophrenia under the present study design (see section 2.6.6). Statistical 

power calculations were performed for the whole sample and the gender 

subgroups. 

 

5.2.4.2 rs308963, rs795009 and rs310762 genotyping of the Indonesian 

family sample 

The TDT was applied to test the associations of rs308963, rs795009 and 

rs310762 with schizophrenia in the whole family sample as well as in the 

male and female case subgroups (see section 2.6.1). For these three SYN2 

SNPs, haplotype frequencies were estimated using FAMHAP program (see 

section 2.6.1) and haplotype associations were analyzed using TDT (see 

section 2.6.1). Haplotype frequencies and haplotype associations were 

calculated in the whole family sample as well as in the male and female case 

subgroups. Bonferroni correction was applied to a statistically significant 

result for the multiple-testing adjustment (see section 2.6.4). The pair-wise 

LD measures (D’ and r
2
) were also evaluated for these SNPs in 

untransmitted haplotypes (“pseudo-control”) and in transmitted haplotypes 

(“case”) separately (see section 2.6.3). Power analysis was conducted to 

evaluate the power of this family sample to detect the association of each 

SNP with schizophrenia under the present study design (see section 2.6.6). 

Statistical power calculations were performed for the whole sample and the 

male and female case subgroups. 
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5.2.4.3 rs795009 genotyping of the Indonesian case control sample  

After analysis of the three SYN2 SNPs in the Indonesian family sample, 

rs795009 was selected for further genotyping in the Indonesian case control 

sample (reasons described in 5.3.3). The data analysis methods for rs795009 

genotyping of the Indonesian case control sample were the same as those for 

rs17031835 (described in detail in 5.2.4.1). 

 

5.3 Results 

5.3.1 Assessing the association of rs17031835 in the intronic region of 

the GRM7 gene with schizophrenia in the Indonesian case control 

sample 

5.3.1.1 Genotyping and error checking 

Of the 2178 case control samples, 2152 were successfully genotyped for 

rs17031835. The genotyping completion rate of this SNP was 98.81%. 

Genotype frequencies of rs17031835 did not deviate significantly from 

HWE (p > 0.05) in either cases or controls (Table 5.2). The genotypes of 

duplicate samples were 100% consistent. 

 

5.3.1.2 Association analysis for rs17031835 

Allele frequencies of rs17031835 between cases and controls were not 

significantly different (χ
2
 = 0.05252, p = 0.8187; Table 5.1). Genotype 

distribution of this SNP was also not significantly different between cases 

and controls (χ
2
 = 2.772, p = 0.2501; Table 5.2). When stratified by sex, no 

significant difference was observed in either allele or genotype frequencies 

between cases and controls for this SNP (Table 5.1 and 5.2). 

 

Given that TT genotype frequency was very low for rs17031835, 

homozygous carriers of the C-allele (CC) were compared with carriers of 

the T-allele (CT+TT). Genotype distribution (CC vs CT+TT) was not 

significantly different between cases and controls (χ
2
 = 0.2976, p = 0.5854, 

data not shown). After stratification by sex, no difference in genotype 

distribution (CC vs CT+TT) between cases and controls was observed in 

either males (χ
2
 = 1.0117, p = 0.3145, data not shown) or females (χ

2
 = 

0.2708, p = 0.6028, data not shown).  
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Table 5.1 Association of the alleles of rs17031835 with schizophrenia 

phenotype sex N alleles 
C 

N(%) 

T 

N(%) 
χ

2
 p

a
 χ

2 
male p  male

b
 χ

2 
female p female

c
 

Cases*  1055 2110 1962(92.99) 148(7.01) 

0.05252 0.8187 0.9432 0.3315 0.8273 0.363 

 male 784 1568 1453(92.67) 115(7.33) 

 female 270 540  507(93.89) 33(6.11) 

Controls  1097 2194 2044(93.16) 150(6.84) 

 male 565 1130 1058(93.63) 72(6.37) 

 female 532 1064 986(92.67) 78(7.33) 
a
 Allelic odds ratio =1.028, 95% confidence interval: 0.8123 -1.301. 

b
 Allelic odds ratio =1.163, 95% confidence interval: 0.8573 -1.578. 

c
 Allelic odds ratio = 0.823, 95% confidence interval: 0.5401 -1.253. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 

 

Table 5.2 Association of the genotypes of rs17031835 with schizophrenia 

phenotype sex N 
CC 

N(%) 

CT 

N(%) 

TT 

N(%) 

HWE 

p 
χ

2
 p

a
 χ

2
 male p male

b
  χ

2 
female p female

c
 

Cases*  1055 910(86.26) 142(13.46) 3(0.28) 0.3011 

2.772 0.2501 1.017 0.6015 3.085 0.2138 

 male 784 672(85.71) 109(13.90) 3(0.39)  

 female 270 237(87.78) 33(12.22) 0(0.00)  

Controls  1097 955(87.06) 134(12.22) 8(0.73) 0.1733 

 male 565 495(87.61) 68(12.04) 2(0.35)  

 female 532 460(86.47) 66(12.41) 6(1.12)  
a
 heterozygote odds ratio = 2.826, 95% confidence interval: 0.7342-10.8762; homozygote odds ratios = 2.541, 95% confidence interval: 0.6720-9.6080. 

b
 heterozygote odds ratio = 1.069, 95% confidence interval: 0.1741-6.5604; homozygote odds ratios = 0.905, 95% confidence interval: 0.1507-5.4370. 

c
 heterozygote odds ratio = 6.549, 95% confidence interval: 0.3581-119.7740; homozygote odds ratios = 6.7047, 95% confidence interval: 0.3761-119.5287. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 
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5.3.1.3 Power analysis 

To perform the power calculation, the values of the high risk allele 

frequency and GRR were obtained from the results of genotyping and 

association analyses for rs17031835 (see section 5.3.1.1 and 5.3.1.2). The 

sample size was also changed slightly to accommodate the actual obtained 

genotypes. The principles of assumption are provided in Chapter Two 

(section 2.6.6). The statistical power calculations for allelic and genotypic 

associations were performed separately. 

 

As rs17031835 was not associated with schizophrenia, frequencies for both 

alleles were used for the calculation. The C-allele frequency in controls was 

93.16% for the whole sample and 93.63% and 92.67% for male and female 

subgroups, respectively (Table 5.1). The T-allele frequency in controls was 

6.84% for the whole sample and 6.37% and 7.33% for male and female 

subgroups, respectively (Table 5.1). The GRR value was assumed to range 

from 1.1 to 1.7 to produce power curves. The numbers of actually obtained 

genotypes (sample sizes) for the whole sample, male and female subgroups 

were 2152, 1349 and 802, respectively. The power was estimated using a 

multiplicative model. 

 

When the T-allele was assumed to be the risk allele, the whole sample, male 

and female subgroups had sufficient (more than 80%) power at GRRs of 

1.37 and higher, 1.49 and higher, and 1.65 and higher respectively for an 

allelic association (allelic 1-df test, Figure 5.7 a) and sufficient (more than 

80%) power at GRRs of 1.41 and higher, 1.55 and higher, and 1.74 and 

higher respectively for a genotypic association (general 2-df test, Figure 5.7 

b). When the C-allele was assumed to be the risk allele, the whole sample, 

male and female subgroups had sufficient (more than 80%) power at GRRs 

of 1.44 and higher, 1.6 and higher, and 2.1 and higher respectively for an 

allelic association (allelic 1-df test, Figure 5.7 c) and sufficient (more than 

80%) power at GRRs of 1.5 and higher, 1.68 and higher, and 2.3 and higher 

respectively for a genotypic association (general 2-df test, Figure 5.7 d). 
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Figure 5.7 Estimated statistical power for association of rs17031835, taking power as a function of GRR for the Indonesian case control sample. (a) allelic 

association (1-df) T risk allele. (b) genotypic association (2-df) T risk allele. (c) allelic association (1-df) C risk allele. (d) genotypic association (2-df) C risk allele. 

The vertical lines show the GRR values required to achieve 80% power for the whole sample. ——— for the whole sample, − ∙ − for the male subgroup ------ for the 

female subgroup. Other GRC parameters were prevalence = 0.01, D’ = 1, and type I error rate = 0.05. GRR was calculated using a multiplicative model. 
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5.3.2 Assessing associations of rs308963, rs795009 and rs310762 in 

the intronic region of the SYN2 gene with schizophrenia in the 

Indonesian family sample 

5.3.2.1 Genotyping and error checking 

Of the 606 individuals, 602, 604 and 597 were successfully genotyped for 

rs308963, rs795009, and rs310762, respectively. The genotyping completion 

rates of these three SNPs were 99.34%, 99.67%, and 98.51%, respectively. 

No deviation from HWE was detected for any of the three SNPs in the 

parental generation (p > 0.05, data not shown). In addition, no Mendelian 

errors were identified for any of the three SNPs in the family samples. 

 

5.3.2.2 Association analysis, linkage disequilibrium (LD) and 

haplotypes 

The TDT of each SYN2 SNP did not show a significant overtransmission of 

any allele from heterozygous parents to affected offspring (p > 0.05, Table 

5.3). After stratification by sex of cases, no significant overtransmission of 

any allele was observed for any of the three SNPs in either male case or 

female case subgroups (p > 0.05, Table 5.3). 

 

All possible two- and three-marker haplotype combinations were tested for 

association with schizophrenia. Haplotype frequencies, 

transmitted/non-transmitted ratios, and p-values for associations with 

schizophrenia for all haplotypes with frequencies greater than 1% were 

calculated (Table 5.4). The C-C (rs308963-rs310762), G-C 

(rs795009-rs310762) and C-G-C (rs308963-rs795009-rs310762) haplotypes 

were nominally significant in the whole sample (Table 5.4 a). In male case 

subgroup, no haplotype was significantly associated (Table 5.4 b). In female 

case subgroup, the C-C (rs308963-rs310762) and G-C (rs795009-rs310762) 

haplotypes were nominally significant (Table 5.4 c). All of the associated 

haplotypes included the major allele (C) of rs310762 and the minor alleles 

of rs308963(C) or/and rs795009 (G). Notably, all of the associated 

haplotypes had low frequencies. None of these associations remained 

significant after Bonferroni correction (number of haplotypes, n = 14). 
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Table 5.3 Characteristics, allele frequencies, transmitted/non-transmitted ratios, and p-values for rs308963, rs795009 and rs310762 

dbSNP ID
 a

 
Position 

(bp) 
Alleles

b
 Frequencies in parents

C
 Sex

d
 T/NT

e
 pTDT 

rs308963 12156751 G/C 0.249  50/64 0.19 

     Male case 32/39 0.406 

     Female case 18/25 0.286 

rs795009 12183671 T/G 0.248  48/64 0.131 

     Male case 30/39 0.279 

     Female case 18/25 0.286 

rs310762 12199151 C/T 0.270  53/57 0.703 

     Male case 32/35 0.714 

     Female case 21/22 0.879 
a
 From the Single Nucleotide Polymorphism Database (dbSNP). 

b
 Major/minor allele. Note that alleles of rs308963 and rs310762 are described in relation to the forward strand, alleles of rs795009 are described in 

relation to the reverse strand. 
C
 Minor allele frequency. 

d
 Only male (female) affected offspring are kept for association testing, female (male) cases are not used for association testing. Female (male) controls 

are kept. 
e
 Transmitted/non-transmitted alleles, corresponding to major alleles. 
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Table 5.4 Frequencies, transmitted/non-transmitted ratios, and p-values of two and three-marker haplotypes 

(a) Results for the whole family sample 

Haplotype 

No. 
rs308963

a
 rs795009

a
 rs310762

a
 

Frequency 

Affected 

Frequency 

Unaffected 
T/NT 

p  
(<0.05 in boldface) 

1 G (1) T (1) 
 

0.753 0.788 50/64 0.190 

2 C (2) G (2)  0.247 0.205 64/48 0.131 

3 G (1)  C (1) 0.714 0.743 54/66 0.273 

4 G (1)  T (2) 0.039 0.045 8/12 0.371 

5 C (2)  T (2) 0.221 0.199 53/45 0.419 

6 C (2)  C (1) 0.026 0.013 11/3 0.033 

7  T (1) C (1) 0.714 0.750 52/66 0.198 

8  T (1) T (2) 0.039 0.045 8/12 0.371 

9  G (2) T (2) 0.221 0.199 53/45 0.419 

10  G (2) C (1) 0.026 0.006 11/1 0.004 

11 G (1) T (1) C (1) 0.714 0.743 58/68 0.385 

12 G (1) T (1) T (2) 0.039 0.045 8/12 0.347 

13 C (2) G (2) T (2) 0.221 0.199 55/47 0.426 

14 C (2) G (2) C (1) 0.026 0.006 11/3 0.034 
a
 In parentheses is 1 for major allele and 2 for minor allele. 
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(b) Results for the male case group 

Haplotype 

No. 
rs308963

a
 rs795009

a
 rs310762

a
 

Frequency 

Affected 

Frequency 

Unaffected 
T/NT 

p  
(<0.05 in boldface) 

1 G (1) T (1) 
 

0.754 0.772 32/39 0.406 

2 C (2) G (2)  0.246 0.221 39/30 0.279 

3 G (1)  C (1) 0.715 0.727 33/39 0.480 

4 G (1)  T (2) 0.038 0.044 5/8 0.405 

5 C (2)  T (2) 0.215 0.205 34/28 0.446 

6 C (2)  C (1) 0.031 0.023 6/3 0.317 

7  T (1) C (1) 0.715 0.735 31/39 0.339 

8  T (1) T (2) 0.038 0.044 5/8 0.405 

9  G (2) T (2) 0.215 0.205 34/28 0.446 

10  G (2) C (1) 0.031 0.015 6/1 0.059 

11 G (1) T (1) C (1) 0.715 0.728 36/40 0.667 

12 G (1) T (1) T (2) 0.038 0.044 5/8 0.373 

13 C (2) G (2) T (2) 0.215 0.205 35/30 0.527 

14 C (2) G (2) C (1) 0.031 0.015 6/2 0.171 
a
 In parentheses is 1 for major allele and 2 for minor allele. 
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(c) Results for the female case subgroup 

Haplotype 

No. 
rs308963

a
 rs795009

a
 rs310762

a
 

Frequency 

Affected 

Frequency 

Unaffected 
T/NT 

p  
(<0.05 in boldface) 

1 G (1) T (1) 
 

0.772 0.810 18/25 0.286 

2 C (2) G (2)  0.228 0.190 25/18 0.286 

3 G (1)  C (1) 0.739 0.765 21/27 0.387 

4 G (1)  T (2) 0.033 0.041 3/4 0.706 

5 C (2)  T (2) 0.196 0.184 19/17 0.739 

6 C (2)  C (1) 0.033 0.011 5/0 0.025 

7  T (1) C (1) 0.739 0.765 21/27 0.387 

8  T (1) T (2) 0.033 0.041 3/4 0.710 

9  G (2) T (2) 0.196 0.184 19/17 0.739 

10  G (2) C (1) 0.033 0.011 5/0 0.025 

11 G (1) T (1) C (1) 0.739 0.765 22/28 0.396 

12 G (1) T (1) T (2) 0.033 0.041 3/4 0.707 

13 C (2) G (2) T (2) 0.196 0.184 20/17 0.629 

14 C (2) G (2) C (1) 0.033 0.010 5/1 0.097 
a
 In parentheses is 1 for major allele and 2 for minor allele. 
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In order to investigate the haplotype structure, pairwise LD was estimated in 

the untransmitted haplotypes (the “pseudo-controls”) and in the transmitted 

haplotypes (the “cases”) (Figure 5.5). In the untransmitted haplotypes, the 

three SYN2 SNPs exhibited high D’ values and formed a block. While 

rs308963 and rs795009 were in complete LD (D’ = 1), there was a slight 

decrease in D’ between rs795009 and rs310762. The pattern for the 

transmitted haplotypes (Table 5.5 above diagonal) was similar. 

Table 5.5 Linkage disequilibrium (LD) between rs310762, rs795009 and 

rs308963 

rs310762 0.859 (0.713) 0.859 (0.713)  

rs795009 1.000 (1.000)  0.958 (0.710) 

rs308963  1.000 (0.961) 0.918 (0.678) 

 rs308963 rs795009 rs310762 

Note: Above diagonal are D’ (r
2
) for transmitted haplotypes, below diagonal are D’ (r

2
) 

for untransmitted haplotypes. 

 

5.3.2.3 Statistical power 

To perform the power calculation, the values of the high risk allele 

frequency and GRR were obtained from the results of genotyping and 

association analysis for the three SNPs (see section 5.3.2.1 and 5.3.2.2). The 

sample size was calculated according to the observed number of informative 

transmissions. The principles of assumption are provided in Chapter Two 

(section 2.6.6). As no SNP was associated with schizophrenia, frequencies 

for both alleles of each SNP were used for the power calculation. MAFs of 

rs308963, rs795009 and rs310762 in the parental generation were 0.249, 

0.248 and 0.270, respectively (Table 5.3). The GRR value was assumed to 

range from 1.1 to 2.0 to produce the power curves. Furthermore, the 

observed numbers of informative transmissions in the whole family sample 

were 114, 112 and 110 for rs308963, rs795009 and rs310762, respectively 

(Table 5.3). Given the parental heterozygosity for the three SNPs is 0.375 

(2×0.25×0.75), 0.375 and 0.394, respectively, the sample size (the number 

of case-parent trios) of this family sample was 152 (168/(2×0.375), as 

described in Chapter Two, section 2.6.5), 149 and 140 for the three SNPs 

respectively. Similarly, the sample sizes of male/female case subgroups 

were 95/57, 92/57 and 85/55, respectively. The power was estimated using a 

multiplicative model. 
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The power curves for rs308963, rs795009 and rs310762 were similar 

(Figure 5.8). When assuming the minor allele to be the risk allele, the whole 

family sample, male and female case subgroups had sufficient (more than 

80%) power at GRRs of around 1.65 and higher, 1.9 and higher, and 2.3 (not 

shown in Figure 5.8) and higher, respectively. When assuming the major 

allele to be the risk allele, the whole family sample, male and female case 

subgroups had sufficient (more than 80%) power at GRRs of around 1.8 and 

higher, 2.2 (not shown in Figure 5.8) and higher, and 2.8 (not shown in 

Figure 5.8) and higher, respectively. 

 
Figure 5.8 Estimated statistical power for association of rs308963, 

rs795009 and rs310762, taking power as a function of GRR for the 

Indonesian family sample. (a) rs308963, C risk allele. (b) rs308963, G risk 

allele. (c) rs795009, G risk allele. (d) rs795009, T risk allele. (e) rs310762, T 

risk allele. (f) rs310762, C risk allele. The vertical lines show the GRR 

values required to achieve 80% power for the whole sample. ——— for the 



158 / 200 

whole sample; − ∙ − for the male case subgroup, ------ for the female case 

subgroup. Other GPC parameters were prevalence = 0.01, D’ = 1, and type I 

error rate = 0.05. GRR was calculated using a multiplicative model. 
 

5.3.3 Assessing association of rs795009 in the intronic region of the 

SYN2 gene with schizophrenia in the Indonesian case control sample 

As the family sample had limited power to detect associations for the three 

SYN2 SNPs, the association of SYN2 with schizophrenia was further tested 

in the large Indonesian case control sample. Of the three SNPs, only 

rs795009 was chosen to test the association with schizophrenia in the case 

control sample. The reasons were: (1) the three SNPs were in high LD, 

therefore one SNP could be considered representative of all three SNPs; (2) 

rs795009 has previously been shown to be associated with schizophrenia in 

two Chinese studies (Chen, He et al. 2004 a, Chen, He et al. 2004 b). 

 

5.3.3.1 Genotyping and error checking 

Of the 2178 case control samples, 2157 were successfully genotyped for 

rs795009. The genotyping completion rate of this SNP was 99.04%. 

Genotype frequencies of rs795009 did not deviate significantly from HWE 

(p > 0.05) in either cases or controls (Table 5.7). Only one sample had an 

inconsistent genotyping result between the sample and its duplicate 

(consistence rate 99.1%). This sample was excluded from all further 

analyses. Thus, 2156 individuals were included in association analyses. 

 

5.3.3.2 Association analysis for rs795009 

The allelic association results (Table 5.6) comparing allele frequencies 

between cases and controls did not identify statistically significant 

differences in the whole sample (χ
2
 = 0.1115, p = 0.7385) or the male (χ

2
 = 

0.2102, p = 0.6466) and female subgroups (χ
2
 = 1.143, p = 0.285). The 

genotype frequencies (Table 5.7) between case and controls were not 

significantly different in the whole sample (χ
2
 = 2.248, p = 0.3250) or the 

male (χ
2
 = 0.4227, p = 0.8095) and female subgroups (χ

2
 = 4.857, p = 

0.0882). The comparison of TT versus the combined TG/GG (dominant 

model) or the comparison of GG versus the combined TG/TT (recessive 

model) did not show any significant differences in the whole sample or the 

gender subgroups (p > 0.05, data not shown). 
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Table 5.6 Association of the alleles of rs795009 with schizophrenia 

phenotype sex N alleles 
T 

N(%) 

G 

N(%) 
χ

2
 p

a
 χ

2
 male p male

b
 χ

2
 female p female

c
 

Cases*  1053 2106 1556(73.88) 550(26.12) 

0.1115 0.7385 0.2102 0.6466 1.143 0.285 

 male 783 1566 1138(72.67) 428(27.33) 

 female 269 538 417(77.51) 121(22.49) 

Controls  1103 2206 1620(73.44) 586(26.56) 

 male 567 1134 815(71.87) 319(28.13) 

 female 536 1072 805(75.09) 267(23.97) 
a
 Allelic odds ratio = 0.9772, 95% confidence interval: 0.8533 -1.119. 

b
 Allelic odds ratio = 0.9609, 95% confidence interval: 0.8102-1.140. 

c
 Allelic odds ratio = 0.8749, 95% confidence interval: 0.6846-1.118. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 

 

Table 5.7 Association of the genotypes of rs795009 with schizophrenia 

phenotype sex N 
TT 

N(%) 

TG 

N(%) 

GG 

N(%) 

HWE 

p 
χ

2
 p

a
 χ

2
 male p male

b
 χ

2
 female p female

c
 

Cases*  1053 586(55.65) 384(36.47) 83(7.88) 0.0788 

2.248 0.3250 0.4227 0.8095 4.857 0.0882 

 male 783 419(53.51) 300(38.31) 64(8.17)  

 female 269 167(62.08) 83(30.86) 19(7.06)  

Controls  1103 593(53.76) 434(39.35) 76(6.89) 0.8171 

 male 567 294(51.85) 227(40.04) 46(8.11)  

 female 536 299(55.78) 207(38.62) 30(5.60)  
a
 heterozygote odds ratio = 0.895, 95% confidence interval: 0.7489-1.0704; homozygote odds ratios= 1.105, 95% confidence interval: 0.7934-1.5395. 

b
 heterozygote odds ratio = 0.927, 95% confidence interval: 0.7383-1.1647; homozygote odds ratios = 0.976, 95% confidence interval: 0.6497-1.4668. 

c
 heterozygote odds ratio = 0.718, 95% confidence interval: 0.5227-0.9860; homozygote odds ratios = 1.134, 95% confidence interval: 0.6192-2.0766. 

* Two samples in the case group were ambiguous for gender data and were excluded from the sex-stratified analyses. 
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5.3.3.3 Power analysis 

To perform the power calculation, the values of the high risk allele 

frequency and GRR were obtained from the results of genotyping and 

association analyses for rs795009 in the case control sample (see section 

5.3.3.1 and 5.3.3.2). The sample size was also changed slightly to 

accommodate the actual obtained genotypes. The principles of assumption 

are provided in Chapter Two (section 2.6.6). The statistical power 

calculations for allelic and genotypic associations were performed 

separately. 

 

As rs795009 was not associated with schizophrenia, frequencies for both 

alleles were used for the calculation. The G-allele frequency in controls was 

26.56% for the whole sample and 28.13% and 23.97% for the male and 

female subgroups, respectively (Table 5.6). The T-allele frequency in 

controls was 73.44% for the whole sample and 71.87% and 75.09% for the 

male and female subgroups, respectively (Table 5.6). The GRR value was 

assumed to range from 1.1 to 1.4 to produce the power curves. The numbers 

of actually obtained genotypes (sample sizes) for the whole sample, male 

and female subgroups were 2156, 1350 and 805, respectively. The power 

was estimated using a multiplicative model.  

 

When the G-allele was assumed to be the risk allele, the whole sample, male 

and female subgroups had sufficient (more than 80%) power at GRRs of 

1.21 and higher, 1.27 and higher, and 1.38 and higher respectively for an 

allelic association (allelic 1-df test, Figure 5.9 a) and sufficient (more than 

80%) power at GRRs of 1.24 and higher, 1.31 and higher, and 1.43 and 

higher respectively for a genotypic association (general 2-df test, Figure 5.9 

b). When the T-allele was assumed to be the risk allele, the whole sample, 

male and female subgroups had sufficient (more than 80%) power at GRRs 

of 1.22 and higher, 1.29 and higher, and 1.43 and higher respectively for an 

allelic association (allelic 1-df test, Figure 5.9 c) and sufficient (more than 

80%) power at GRRs of 1.25 and higher, 1.33 and higher, and 1.49 and 

higher respectively for a genotypic association (general 2-df test, Figure 5.9 

d). 
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Figure 5.9 Estimated statistical power for association of rs795009, taking 

power as a function of GRR for the Indonesian case control sample. (a) 

allelic association (1-df) G risk allele. (b) genotypic association (2-df) G 

risk allele. (c) allelic association (1-df) T risk allele. (d) genotypic 

association (2-df) T risk allele. The vertical lines show the GRR values 

required to achieve 80% power for the whole sample. ——— for the whole 

sample; − ∙ − for the male subgroup; ------- for the female subgroup. Other 

GPC parameters were prevalence = 0.01, D’ = 1, and type I error rate = 0.05. 

GRR was calculated using a multiplicative model. 

 

5.4 Discussion 

5.4.1 Study of association of rs17031835 in the GRM7 region with 

schizophrenia 

The intronic SNP rs17031835 in the GRM7 gene has previously been shown 

to be associated with schizophrenia in the Indonesian family sample (Ganda, 

Schwab et al. 2009). Based on the OR (> 2.0) reported for this association 

by Ganda, Schwab et al. (2009), the case control sample and gender 

subgroups used in the present study had sufficient power to replicate the 

association of this SNP. Although the present study had sufficient power to 

detect the association and also used samples from the Indonesian population, 

the association of rs17031835 with schizophrenia was not replicated in the 
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present study. This may be due to a possible genetic heterogeneity between 

the Indonesian samples used in the two studies (see also section 3.4.3). 

Although the two samples come from the same ethnic background, they 

were collected at different locations. While the case control sample used in 

the present study was collected from the greater Jakarta area, the family 

sample used by Ganda, Schwab et al. (2009) was collected from different 

islands in the western part of Indonesia. Thus, it is possible that the two 

Indonesian samples may represent different Indonesian population 

subgroups with different genetic architectures. The MAFs for rs17031835 of 

the two samples were slightly different (6.86% vs 10.1% in controls), 

suggesting some genetic heterogeneity between the two samples.  

 

It is also possible that the present study did not replicate the association of 

rs17031835 because of a type II error (false negative). According to the 

“Winners’ Curse” (Zollner and Pritchard 2007), the ORs in replication 

studies are expected to be lower than that in the initial report, reducing the 

power of replication studies. In the present study, when an OR is <1.4, the 

Indonesian case control sample would not have the power to detect an 

association. Therefore, the possibility of a false negative result cannot be 

excluded. A false negative result may also have been obtained because of 

possible pathophysiological heterogeneities in the sample. Since cases in the 

present study were identified according to symptom-oriented criteria of 

ICD-10 and DSM IV, they could not be classified into homogeneous 

subgroups according to a specific aspect of schizophrenia pathophysiology. 

This eventually resulted in pathophysiological heterogeneity. As 

pathophysiology of schizophrenia may be different between subgroups, 

glutamatergic dysfunction may not be the major underlying mechanism of 

schizophrenia for all schizophrenic patients. Along this line is the 

observation that not all schizophrenic patients have favorable responses to 

glutamatergic antipsychotic drugs (Stone 2011). The association of 

rs17031835 with schizophrenia may only be found in a subgroup of cases 

with glutamatergic dysfunction. 

 

Another possibility for the lack of replication of the Ganda, Schwab et al. 

(2009) study is that the reported association was a false positive result. The 
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estimated OR for rs17031835 by Ganda, Schwab et al. (2009) may be 

considered to be too high for schizophrenia susceptibility SNPs, which 

commonly have ORs in the range of 1.1-1.5. Furthermore, in the same study, 

two SNPs (rs465152 and rs339804) in complete LD with rs17031835, did 

not show any association with schizophrenia. Therefore, the possibility that 

this previously reported association of rs17031835 was a false-positive 

result cannot be excluded either. 

 

Further replication studies are needed to more fully investigate the 

association of GRM7 variants with schizophrenia. Future studies might 

benefit from a larger sample, which can enable detection of associations at 

lower ORs and reduce the probability of false negative results. Future 

studies could also benefit from samples with more homogenous 

pathophysiology. Blockade of NMDA receptors by ketamine has been 

observed to be closely related to the inducement of negative, but not 

positive symptoms (Stone, Erlandsson et al. 2008). Thus, schizophrenic 

patients with prominent negative symptoms may be more prone to 

glutamate receptors dysfunction, compared to those with prominent positive 

symptoms. Schizophrenic patients with favorable responses to glutamatergic 

antipsychotic drugs, such as lamotrigine, may also have glutamatergic 

dysfunction. A case cohort ascertained according to the presence of 

prominent negative symptoms or/and favorable response to glutamatergic 

antipsychotic drugs, might be helpful to clarify the association between 

GRM7 SNPs and schizophrenia. 

 

5.4.2 Study of association of rs308963, rs795009 and rs310762 in the 

SYN2 region with schizophrenia 

The previous studies focusing on the association of the three SYN2 SNPs 

with schizophrenia are summarized in Table 5.8. Three SNPs (rs308963, 

rs795009 and rs310762) in the SYN2 region have previously been found to 

be associated with schizophrenia in two Chinese samples (Chen, He et al. 

2004 a, Chen, He et al. 2004 b). However, in the present study, the 

associations of these SNPs with schizophrenia were not replicated in the 

Indonesian family sample nor in the male or female case subgroups. Three  
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Table 5.8 Summary of research focusing on the association of rs308963, rs795009, rs310762 with schizophrenia 

Study 

First author 
Reference Sample size 

Study 

population 
SNP 

Frequency of  

minor allele in 

cases 

Frequency of  

minor allele in 

controls 

p- value
a
 

 
OR 

Chen (1) 

Families : 366 

affected: 366 

unaffected: 732 

Asian 

Han-Chinese 

rs308963 C: 0.33 N.A. 0.002 N.A. 

rs795009 G: 0.36 N.A. 0.020 N.A. 

rs310762 N.A. N.A. 0.050 N.A. 

Chen (2) 
Cases : 654 

Controls : 628 

Asian 

Han-Chinese 

rs308963 C : 0.32 C : 0.31 0.844 N.A. 

rs795009 G : 0.45 T : 0.47 0.000018 1.405 

Lee (3) 
Cases: 113 

Controls : 114 

Asian 

Korean 

rs308963 C : 0.37 C : 0.39 0.612
b
 N.A. 

rs310762 T : 0.42 T : 0.39 0.576
b
 N.A. 

Saviouk (4) 

Families : 37 

affected: 89 

unaffected: 153 

Caucasian 

USA 
rs795009 G

c
: N.A. G

c
: N.A. 0.78 N.A. 

Betcheva (5) 
cases: 185 

controls: 184 

Caucasian 

Bulgarian 

rs 308963 C : 0.22 C : 0.20 0.47 N.A. 

rs795009 G: 0.22 G: 0.20 0.59 N.A. 

(1)(Chen, He et al. 2004 a); (2) (Chen, He et al. 2004 b); (3) (Lee, Song et al. 2005); (4) (Saviouk, Moreau et al. 2007); (5) (Betcheva, Mushiroda et al. 2009). 
a
 In case control sample, p-value is for 2X2 allele-based analysis and before correction for multiple-testing corrections; In family sample, p-value is for TDT. 

b
 Although no significant difference in single marker analysis, three two -way haplotypes involving in rs308963 or rs795009 showed associations with schizophrenia in 

Lee’s study. 
c
 allele G was the minor allele in Saviouk’s sample. 
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haplotypes in the family sample and two haplotypes in the female case 

subgroup showed associations with schizophrenia, but none of these 

associations survived Bonferroni correction. A Korean and two Caucasian 

studies have also failed to replicate the association of these SNPs with 

schizophrenia (Lee, Song et al. 2005, Saviouk, Moreau et al. 2007, 

Betcheva, Mushiroda et al. 2009). However, these studies had small sample 

sizes (Table 5.8), which may have reduced the power to detect association. 

 

As the power of the Indonesian family sample was limited and the three 

SYN2 SNPs were in high LD, rs795009 was chosen to represent the SNPs 

was further investigated in the Indonesian case control sample. In previous 

studies, the OR of rs795009 for schizophrenia was found to be 1.405 (Chen, 

He et al. 2004 b). At this OR, the Indonesian case control sample as well as 

the gender subgroups had sufficient power to replicate an association of 

rs795009 with schizophrenia. However, despite enough power, rs795009 

was not associated with schizophrenia in the Indonesian case control sample 

or in gender subgroups of this sample. 

 

A possible reason for the failure to replicate the previously reported 

associations may be minor differences in the genetic background between 

the Indonesian and the Chinese populations. Although sharing Asian 

ancestry, the two populations may have a different LD patterns in the region 

containing these SYN2 polymorphisms. Thus, susceptibility SNPs or the 

SNPs in LD with susceptibility SNPs may be population specific. In the 

present study, the allele frequencies of the three SNPs were different 

compared to the Chinese samples used by Chen, He et al. (2004 a) and 

Chen, He et al. (2004 b) and LD between rs308963 and the other two SNPs 

was higher. These differences suggest some genetic heterogeneity between 

samples from these two ethnicities. More replication studies using large 

samples from different ethnicities are required to further investigate whether 

the associations of SYN2 are population-specific. 

 

It is also possible that the present study did not replicate the previously 

reported associations because of a type II error (false negative). Firstly, the 

possibility of insufficient statistical power cannot be excluded in the present 
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study. The Indonesian family sample required relatively high GRRs to 

guarantee sufficient power to detect the association of the SYN2 SNPs. 

According to the “Winners’ Curse”, the ORs in replication studies are 

expected to be lower, which reduces the power of replication studies. In the 

present study, when OR is < 1.2, the Indonesian case control sample also 

had not enough power to detect associations. Secondly, a false negative 

result may also have been obtained because of possible pathophysiological 

heterogeneity in the samples. The synaptic dysfunction in which SYN2 is 

involved may not be the main underlying mechanism in all of schizophrenic 

patients tested in the present study. Based on literature review, Gabor and 

Karoly (2011) suggested that at the molecular level, schizophrenia can be 

divided into synaptic (Mirnics, Middleton et al. 2001), oligodendroglial 

(Hakak, Walker et al. 2001), metabolic (Middleton, Mirnics et al. 2002) or 

inflammatory (Arion, Unger et al. 2007) subgroups. The associations of 

SYN2 SNPs with schizophrenia may only be found in a subgroup of cases 

with synaptic dysfunction. However, this study could not subgroup patients 

with synaptic dysfunction from the others.  

 

Since haplotypes of closely located markers increase the power to identify 

an association with disease (Collins and Morton 1998), haplotypes 

comprising the three SYN2 SNPs were analysed. C-C (rs308963-rs310762), 

G-C (rs795009-rs310762) and C-G-C (rs308963-rs795009-rs310762) were 

associated with schizophrenia as risk haplotypes before multiple-testing 

adjustments. The two two-marker haplotypes were also associated with 

schizophrenia in the female case subgroup. The C-allele of rs310762 was 

included in all risk haplotypes, which is in line with a Chinese study (Chen, 

He et al. 2004 a). In this Chinese study, the C-allele of rs310762 showed a 

trend-level association with increased risk of schizophrenia (p = 0.050) and 

was also included in a six-marker risk haplotype for schizophrenia (p = 

5.1×10
-6

). However, the C-allele of rs308963 and the G-allele of rs795009 

included in the risk haplotypes in the present study were different from 

previously reported risk alleles of these two SNPs (Chen, He et al. 2004 a, 

Chen, He et al. 2004 b, Lee, Song et al. 2005). In the present study, all of 

these risk haplotypes had low frequencies (less than 3%). Therefore, the 

explanation for these risk haplotypes should be conservative and replication 
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using large samples is required. 

 

5.5 Conclusions 

The results of the present study suggest that an intronic SNP in the GRM7 

gene (rs17031835) and three intronic SNPs in the SYN2 gene (rs308963, 

rs795009 and rs310762) may not confer susceptibility to schizophrenia in 

the Indonesian samples. More studies using larger and well defined samples 

are needed to draw a final conclusion on the involvement of GRM7 and 

SYN2 in development of schizophrenia. 
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Chapter Six: General Discussion 
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The present study was based on the hypothesis-free approach 

(GWAS-identified susceptibility SNPs and the linked region from a GWLS) 

and considered the function of the candidate genes to select nine candidate 

SNPs (within the genomic region showing genome-wide association or 

linkage and within the hypothesis-driven candidate genes) for investigation. 

These nine candidate SNPs were genotyped and analyzed for association in 

samples from Indonesia to confirm the previously reported association of 

these candidate SNPs with schizophrenia. 

 

Association between an intronic SNP (rs1344706) in the ZNF804A gene and 

schizophrenia was replicated in the case control sample. A nominal 

female-specific association of an intronic SNP (rs9960767) in the TCF4 

gene with schizophrenia and a nominal male-specific association of an 

intronic SNP (rs2660304) in the MIR137 gene with schizophrenia were 

observed in the case control sample. A TCF4 haplotype 

(rs9960767-rs2958182) was also observed to be nominally associated with 

decreased risk of developing schizophrenia in females in the case control 

sample. Three SYN2 haplotypes were found to be nominally associated with 

increased risk of developing schizophrenia in the family sample. Except for 

the association of rs1344706 with schizophrenia, none of reported 

association in the present study survived Bonferroni correction. From the 

findings reported in this PhD study, several conclusions can be drawn； 

  

6.1. SNPs achieving genome-wide significance threshold in 

schizophrenia GWASs can be confirmed in smaller samples with 

different ancestral background.  

Of the nine candidate SNPs tested in the present study, only rs1344706, 

rs9960767 and rs2660304 were nominally associated with schizophrenia. 

Two of the three associated SNPs (rs1344706 and rs9960767) had surpassed 

the genome-wide significance threshold in previous GWASs using samples 

mainly of European ancestry. The rs2660304 is physically close to (9kb), 

and in perfect LD with, an SNP (rs1659925) that achieved genome-wide 

significance.  
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As described in Chapter Four (section 4.1.1), the possibility of 

false-positives in GWASs cannot be excluded and replication studies are 

also required using samples with similar ancestry to the initial study and 

later using samples with different ancestry. If a GWAS-identified SNP has 

more replication results or evidence of biological validation, the SNP should 

be more likely to be truly associated with schizophrenia and can be further 

evaluated as candidates for conforming involvement in schizophrenia 

specifically in a different ancestry population. So far, of all SNPs surpassing 

the genome-wide significant threshold, rs1344706 in an intronic region of 

the ZNF804A gene has most frequently been associated with schizophrenia 

in replication studies. While the biological function of all SNPs surpassing 

the genome-wide significant threshold is still poorly understood, ZNF804A, 

TCF4 and MIR137 (which harbors rs1344706, rs9960767 and rs2660304, 

respectively) have some biological validation for a possible role in 

schizophrenia. These three genes have been shown to play roles in 

neurodevelopment and neurodevelopment abnormalities have been linked to 

schizophrenia. The ZNF804A and TCF4 genes have also been shown to be 

biological targets of MIR137 (Kim, Parker et al. 2012, Kwon, Wang et al. 

2013). As the pathophysiology of schizophrenia is likely to involve an 

interactional network between multiple genes (Lee, Woon et al. 2012), 

enrichment of multiple GWAS-identified genes in a biological pathway may 

be evidence for a possible functional impact of these genes. The results of 

the present study support the suggestion that among GWAS-identified SNPs, 

those with more replication results and evidence of functional impact are 

more likely to involve schizophrenia susceptibility and to be confirmed in 

smaller samples with different ancestry background. 

 

6.2. Population specificity of the associated or nominally associated 

SNPs in the present study 

Replication studies test candidate SNPs using genetically independent and 

ethnically different populations, and thus contribute to confirmation of a 

susceptibility SNP and investigation of population specificity of this SNP. 

Association or nominal associations of three SNPs (rs1344706, rs9960767 

and rs2660304) with schizophrenia were detected in the Indonesian case 
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control sample. The genomic regions containing these three SNPs were 

previously found to be associated with schizophrenia in samples from the 

European or East Asian populations. Using samples from the Indonesian 

population (a Southeast Asian population), the findings of the present study 

suggest that association or nominal associations of the three SNPs with 

schizophrenia are not population specific. However, compared to previous 

studies, different risk allele frequencies were observed in the Indonesian 

population. Specifically, the risk allele of rs9960767 observed in the 

Indonesian sample was different from the risk allele reported in the 

European population. These results suggest that the three associated SNPs 

may have the population specificity. In addition, T-allele of rs2958182 

included in TCF4 nominally protective haplotype (rs9960767-rs2958182), 

and C-allele of rs308963 and G-allele of rs795009 included in the nominally 

associated SYN2 haplotypes in the Indonesian samples were different from 

other studies using the East Asian populations. This supports the suggestion 

that population-specific risk alleles may exist. 

 

The population specificity of the three associated SNPs in the Indonesian 

population can be explained by the unique genetic architecture of 

Indonesians. Diversity in the genetic architecture of populations from 

different geographic locations could be caused by mating isolation resulting 

in different gene pools (Barbujani, Jacquez et al. 1990). Culture differences 

and language barriers can also contribute to this isolation (Barbujani, 

Jacquez et al. 1990). In addition, natural selection can also influence the 

diversity (Cummings 2011). Different climate, pathogens and diet act as 

selective pressures to influence this natural selection (Sabeti, Schaffner et al. 

2006). With respect to the Indonesian population, separation from the 

mainland of Asia may have had the main impact on its gene architecture. 

Between 14000 and 6000 years ago, Indonesian islands were linked to the 

mainland of Asia, allowing extensive migration and gene flow to the regions 

that are now the main islands of Indonesia (Oppenheimer 1998, Handoko, 

Lum et al. 2001). After the Indonesian islands disconnected from the 

mainland of Asia, the geographic isolation increased the mating isolation 

which already existed to same degree due to cultural and language barriers. 

This substantial change in geography that occurred at this time may also 
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have been accompanied by changes in climate, pathogens or diet, leading to 

increased natural selection and further mating isolation.  

 

While association or nominal associations of the three SNPs (rs1344706, 

rs9906767 and rs2660304) with schizophrenia were observed in the case 

control sample, population specificity of the three SNPs in the Indonesian 

population has been discussed based on findings from the case control 

sample recruited from the greater Jakarta area. As described in section 3.4.2 

and 5.4.1, the case control and family samples used in the present study may 

represent genetically different subgroups in the Indonesian population. 

Therefore, it is possible that specificity of the three associated or nominally 

associated SNPs shown in the present study is limited to the Indonesian 

population living in the greater Jakarta area. Future studies of genetic 

heterogeneity within the Indonesian population may determine whether 

genetically different subgroups exist in Indonesia. 

 

6.3. Sex-specific association and nominal associations reported in the 

present study 

Sex-specific association and nominal associations were observed in the 

present study. Of the three associated SNPs, rs9960767 was nominally 

associated with schizophrenia in females, rs2660304 was nominally 

associated with schizophrenia in males and rs1344706 was associated with 

schizophrenia in both males and the whole sample. Furthermore, a 

protective TCF4 haplotype was found in females. Although these 

sex-specific association may be caused by type I error (false positive), there 

is some biological evidence that suggests these associations are plausible. 

 

Sex specificity for schizophrenia susceptibility variants is not novel. 

Sex-specific associations of variants in the reelin gene have been reported in 

schizophrenia studies (Shifman, Johannesson et al. 2008). Some family and 

twin studies also suggest there are sex differences in genetic susceptibility to 

schizophrenia. Different familial risk and concordance rates for 

schizophrenia were reported in schizophrenic males and females (Rosenthal 
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1962, Bellodi, Bussoleni et al. 1986, Goldstein, Tsuang et al. 1989, 

Goldstein, Faraone et al. 1990, Goldstein, Santangelo et al. 1990). 

 

The sex-specific associations found in the present study have not been 

reported previously, except for a male-specific association of rs1344706 

with schizophrenia in a small Turkish sample (Sazci, Ozel et al. 2012). A 

possible explanation is that the discovery GWAS studies of these three SNPs 

did not include sex stratification analyses despite their large sample sizes. 

Furthermore, most replication studies for these SNPs had relatively small 

sample sizes and did not have enough statistical power to detect a 

sex-specific association, particularly after sex stratification. With the 

exception of rs1344706, there have been few replication studies of the other 

two SNPs. When more replication studies have been undertaken for these 

SNPs, more sex-specific associations may be observed. 

 

In the present study, the application of sex stratification analyses may have 

reduced the phenotypic heterogeneity of samples. Schizophrenic males and 

females have shown differences in a range of clinical features, such as 

prevalence, age at onset, course, presence of symptoms and response to 

neuroleptic drugs (reviewed by Leung and Chue 2000, Canuso and Pandina 

2007, Abel, Drake et al. 2010). Thus it is possible that schizophrenia in 

males and females represent different subgroups of schizophrenia (Castle 

and Murray 1991). As sex stratification is technically easier to perform than 

other analyses of factors influencing phenotypic heterogeneity, this form of 

stratification may be a useful and convenient approach to alleviate 

phenotypic heterogeneity of samples.  

 

6.4. Negative findings reported in the present study 

Two TCF4 intronic SNPs (rs2924336 and rs2958182), a GRM7 intronic 

SNP (rs17031835) and three SYN2 intronic SNPs (rs795009, rs310762 and 

rs308963) were not associated with schizophrenia in this Indonesian 

population. Except for rs2924336, the other SNPs have previously been 

reported to be associated with schizophrenia in European or East Asian 

samples. The negative findings in the present study may provide further 
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support for the suggestion that the previously reported associations are 

population specific. Different genetic background between samples from 

different ethnicities may results in different findings. The present study was 

based on the indirect method of testing an associated SNP that is not causal 

but in LD with a causal locus. If the LD pattern of a region containing a 

causal SNP is different between the Indonesian population and other 

populations, the SNPs in LD with the causal locus could be different 

between samples. Therefore, even though SNPs in LD with the causal 

schizophrenia loci have been reported previously, these results may not be 

replicated in an Indonesian population. In terms of schizophrenia, results of 

GWASs using European and Chinese samples may be an example for the 

impact of ethnically different samples on association studies. Three large 

European GWASs indentified three schizophrenia susceptibility loci in the 

regions of NRGN, TCF4 genes and MHC region. The associations of these 

three loci were replicated in several European GWASs and large studies. 

However, except for the MHC region, the other two loci were not replicated 

in two large Chinese GWASs (see section 1.2.2.2).  

 

Another possible explanation for the negative findings in the present study 

is insufficient power to detect an association. Using previously reported 

ORs for rs2958182, rs17031835 and rs795009, the present study had 

enough power to detect associations of these three SNPs. However, 

according to the “Winners’ Curse”, ORs in replication studies are expected 

to be lower than those in initial reports. As the power of a study decreases as 

ORs get lower, the possibility of a false negative result due to insufficient 

power cannot be excluded in the present study. There are no reported ORs 

for rs2924336, rs310762 and rs308963. In the present study, the smallest 

detectable ORs for rs310762 and rs308963 were relatively high (more than 

1.6) and the smallest detectable OR for rs2924336 was also not low enough 

(1.2). For these SNPs, the present study may have insufficient power to 

detect an association with schizophrenia. 

 

Although negative findings were observed for the six SNPs, the findings 

still advance our understanding of the genetic factors underlying 

schiozphrenia. Using a large, independent sample from Asia, the data from 
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the present study can be used in the future as part of a meta-analysis or 

mega-analysis to investigate the exact relationship between these candidate 

SNPs and schizophrenia. 

 

6.5. Limitations and Future directions 

One limitation of the present study is the limited statistical power which 

may cause false negative findings. Seven SNPs were genotyped in the case 

control sample and six of them (except rs1344706) showed negative results 

in the whole case control sample. Given the low MAFs of rs9960767, 

rs2660304 and rs17031835, the whole case control sample had less than 

30% power to detect the associations at GRRs of 1.2 and less than 20% 

power at GRRs of 1.1. Although the MAFs of rs2924336, rs2958182 and 

rs795009 are higher and the whole case control sample had higher power at 

GRRs of 1.2, the power was reduced to less than 40% at GRRs of 1.1. In 

addition, four SNPs were genotyped in the family sample and three of them 

(except rs1344706) showed negative results in the whole family sample. For 

all of the three SNPs (rs308963, rs795009 and rs310762), the whole family 

sample had less than 20% at GRRs of 1.1-1.2. Low GRRs (1.1-1.2) of 

schizophrenia susceptibility variants have been widely observed (see section 

1.2.3.1). Thus, the possibility of false negative findings due to the limited 

statistical power may not be excluded in the present study.  

 

After stratification by sex, the statistical power of the male or female 

subgroup was further decreased. This may cause false negative findings in 

sex subgroups and impede the identification of sex-specific associations. 

The interaction between sex and SNP was not significant for rs1344706, 

rs9960767 and rs2660304 in the preset study. A possible explanation is that 

the MAFs of these SNPs are low and a larger sample size is required to 

detect a significant interaction. Furthermore, the decreased power of sex 

subgroups may limit the interpretation of the reported sex-specific 

associations in the present study. For example, rs1344706 was associated 

with schizophrenia in the whole case control sample as well as the male 

subgroup. The male-specific association may be due to a false negative 

finding in the female subgroup. Therefore, the association and sex-specific 
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associations of investigated SNPs in the present study are required to be 

confirmed in larger samples. Further studies of the function of these SNPs 

will also be helpful in testing the biological evidence for these associations. 

 

Another limitation is that only nine intronic SNPs were investigated for the 

five candidate genes. Like most association studies for risk variants, the 

present study is most likely to detect genetic variants in LD with causal 

variants, instead of detecting the causal variants themselves. Although the 

candidate SNPs in the present study have been previously associated with 

schizophrenia, samples from different populations may have different LD 

structure. Thus, these candidate SNPs in the present study may not be in LD 

with the causal variants in Indonesian population. Future work could focus 

on genotyping additional SNPs from different LD blocks within these 

candidate genes. In this way, an overall view of LD structure and 

schizophrenia association signals within these genes could be obtained. This 

may facilitate the detection of susceptibility loci within the candidate genes 

and can aid the investigation of the population specificity. 
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