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Schizophrenia is a brain disorder with high heritability. Recent studies have implicated genes involved in
the immune response pathway in the pathogenesis of schizophrenia. Interferon regulatory factor 3
(IRF3), a virus-immune-related gene, activates the transcription of several interferon-induced genes, and
functionally interacts with several schizophrenia susceptibility genes. To test whether IRF3 is a schizo-
phrenia susceptibility gene, we analyzed the associations of its SNPs with schizophrenia in independent
population samples as well as reported data from expression quantitative trait loci (eQTL) in healthy

é(sﬁ‘i/;g;f;enia individuals. We observed multiple independent SNPs in IRF3 showing nominally significant associations
Association with schizophrenia (P < 0.05); more intriguingly, a SNP (rs11880923), which is significantly correlated
eQTL with IRF3 expression in independent samples (P < 0.05), is also consistently associated with schizo-
IRF3 phrenia across different cohorts and in combined samples (odds ratio = 1.075, Ppetq = 2.08 x 107°),
Expression especially in Caucasians (odds ratio = 1.078, Pperq = 2.46 x 107). These results suggested that IRF3 is

likely a risk gene for schizophrenia, at least in Caucasians. Although the clinical associations of IRF3 with
diagnosis did not achieve genome-wide level of statistical significance, the observed odds ratio is
comparable with other susceptibility loci identified through large-scale genetic association studies on
schizophrenia, which could be regarded simply as small but detectable effects.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Schizophrenia is one of the most severe psychiatric disorders
with worldwide lifetime prevalence approaching 1%, and charac-
terized by psychotic features (delusions and hallucinations),
disorganization, dysfunction in normal affective responses, and
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altered cognitive functions (Andreasen, 1995). Previous studies
have implicated schizophrenia as an illness involved by interactions
of one or more environmental insults with predisposing genetic
susceptibility (Cannon et al., 2003; Caspi and Moffitt, 2006; Clarke
et al., 2009). Among these environmental hazards, viral infection is
one of the most widely accepted factors that could increase risk of
future development of schizophrenia.

Viral infections produce considerable gene expression changes
as they trigger immune defenses through type I interferons (IFNs)
and the mobilization of transcription factors of the signal trans-
ducer and activator of transcription (STAT) and interferon regula-
tory factor (IRF) families (de Veer et al., 2001; Stark et al., 1998).
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Altered expressions of IRF genes in brains have been implicated to
contribute to disrupted brain circuit development, maturation and
function and result in behavioral deficits that overlap with those
seen in schizophrenia and major depression (Hurlock, 2001;
Schaefer et al., 2002a, 2002b). However, sensitivity to environ-
mental stressors like viral infections shows substantial inter-
individual variation, and at least part of this variation may be
genetically determined and/or involved with gene—environment
interactions.

The interferon regulatory factor 3 gene (IRF3), located on chro-
mosome 19q13, a genomic region possibly harbors risk genes for
psychiatric disorders, i.e., APOE, a risk gene for schizophrenia and
Alzheimer's disease (Harold et al., 2009; Lambert et al., 2009; Liu
et al,, 2003; Seshadri et al., 2010). IRF3 plays an important role in
the innate immune system's response to viral infection (Collins
et al,, 2004), and the protein encoded by IRF3 is found in an inac-
tive cytoplasmic form that upon serine/threonine phosphorylation
forms a complex with CREBBP, which can translocate to the nucleus
and activate transcription of interferons alpha and beta, as well as
other interferon-induced genes (Juang et al., 1998; Lee et al., 2014;
Prinarakis et al., 2008).

Thus, IRF3 is likely a susceptibility gene for schizophrenia based
on these lines of epidemiologic and etiologic evidence. Interest-
ingly, a known and predicted protein—protein interactions data-
base (STRING, http://string-db.org/) showed that IRF3 interacts
with many other schizophrenia susceptibility genes (Franceschini
et al., 2013), such as AKT1, CREB1, ESR1, and TP53 (Fig. S1). This
observation encouraged our speculation because of recent evidence
about protein—protein interactions among schizophrenia risk
genes (Luo et al., 2014a; Yu et al., 2014).

Here, we attempt to characterize the genetic contributions of
common variants within IRF3 to schizophrenia susceptibility in
independent samples as well as to explore the potential effects on
gene expression. The discovery stage involved data from a large
screening schizophrenia case—control sample and two indepen-
dent cohorts containing expression quantitative trait loci (eQTL)
data; the replication step includes a variety of independent repli-
cations on both clinical and eQTL associations. Our results indicated
that IRF3 is likely a schizophrenia susceptibility gene.

2. Materials and methods
2.1. Case-control and family-based samples

We used the case—control subjects from the Schizophrenia
Psychiatric Genomics Consortium (PGC) as our screening sample
(Ripke et al., 2013). The schizophrenia PGC performed a large-scale
meta-analysis by combining GWAS data in 13,833 schizophrenia
cases and 18,310 controls (PGC1). All of the subjects were of Eu-
ropean ancestry. Detailed information about sample description,
including diagnostic assessments, genotyping, quality control and
statistical analysis can be found in the original publication (Ripke
et al.,, 2013).

For replication analysis, we recruited two independent schizo-
phrenia case—control samples and five family-based samples from
different populations. Detailed information on each sample,
including diagnostic assessment, genotyping, and quality control
has been reported previously (Aberg et al., 2013; Alkelai et al., 2011,
2012; Lencz et al.,, 2013; Zhang et al., 2014). In brief, the seven
replication samples are: (1) the Jewish case—control sample: this
sample contained 904 schizophrenia cases and 1640 controls
(Lencz et al,, 2013). (2) The Chinese case—control sample: this
sample consisted of 480 schizophrenia cases and 479 controls
(Zhang et al,, 2014). (3) The Jewish-Israeli sample: this sample
comprised 107 schizophrenia families with a total of 331

individuals (Alkelai et al., 2012). (4) The Arab-Israeli sample: this
sample contained 58 schizophrenia families with a total of 198
subjects (Alkelai et al., 2011). (5) The European sample: this sample
comprised 794 families with 2740 individuals (Aberg et al., 2013).
(6) The African sample: this sample consisted of 438 families with
1262 individuals (Aberg et al., 2013). (7) The Asian sample: this
sample contained 579 families with 2296 subjects (Aberg et al.,
2013). All replication samples showed no overlap with our
screening PGC1 samples. In total, 15,217 schizophrenia cases,
20,429 controls and 1976 schizophrenia families were included in
the analysis. All studies were conducted under the appropriate
ethical approvals, and written informed consent was obtained from
all subjects.

2.2. Healthy subjects for expression quantitative loci (eQTL)
analysis

To identify the potential eQTL single-nucleotide polymorphisms
(SNPs) for IRF3, we used two well-characterized gene expression
databases. The first expression database is BrainCloud (Colantuoni
et al, 2011) (http://braincloud.jhmi.edu/). The BrainCloud is
comprised of 261 postmortem dorsolateral prefrontal cortex
(DLPFC) of normal subjects, including 113 Caucasian subjects and
148 African American individuals across the lifespan. The raw ge-
notype data was extracted from BrainCloud, and the expression
data and demographic information such as RIN, race, sex, and age
were also obtained. The samples were initially divided into two
groups (prenatal and postnatal), and the postnatal samples were
further divided according to their ethnicities (Caucasian and Afri-
can American). The statistical analysis was conducted using linear
regression, with RIN, sex, and age as covariates, and race was also
included when analyzing prenatal samples.

The second database is from Genevar (Yang et al., 2010) (http://
www.sanger.ac.uk/resources/software/genevar/). Among Genevar
(there are several datasets in Genevar), we used the European data
set (CEU, Caucasians living in Utah USA, a total of 109 subjects) from
Stranger et al.'s study (2012), which correlated genome-wide gene
expression in lymphoblastoid cell lines with SNPs located in the
region cis to the genes. The mRNA quantification and correlation
between expression level and genotype can be found in the original
study (Stranger et al., 2012).

2.3. SNP selection and genotyping

SNP selection was based on three criteria. First, tagging SNPs.
The whole SNPs within IRF3 genomic region (chr19: 50152826-
50179132) were downloaded from Caucasians in 1000-Human-
Genome and the Haploview program (version 4.1, Broad Institute of
MIT and Harvard, Cambridge, MA) was applied to test the linkage
disequilibrium (LD) between paired SNPs, to define the haplotype
blocks and to select the tagging SNPs using the ? confidence in-
terval (CI) algorithm (Barrett et al., 2005). Second, eQTL SNPs. By
utilizing mRNA expression data from BrainCloud, we screened
potential cis SNPs (a total of 11 SNPs in this region were available in
BrainCloud) within 50 kb to IRF3 and analyzed their associations
with IRF3 expression, and significant eQTL SNPs (P < 0.05) in both
Caucasians and African Americans samples were chosen
(Colantuoni et al., 2011). Third, potential functional SNPs. These
SNPs might affect protein structure, mRNA expression and alter-
native splicing of the gene, such as non-synonymous SNPs and 5’-
UTR SNPs. In total, eleven SNPs were selected for screening in the
PGC1 sample, and top significant SNPs were further analyzed in
additional samples. The LD map of the eleven SNPs in Caucasians is
shown in Fig. S2 and the SNP information is shown in Table 1. For
the genotyping in replication samples, we used the SNaPshot
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Table 1

Associations of IRF3 tagging, functional and eQTL SNPs with schizophrenia in the PGC1 GWAS data.
CHR SNP POS Allele 1 Frequency of allele 1 P-value OR 95% CI SNP Annotation
19 rs11880923 50122078 T 0.6162 0.00188 1.063 1.023-1.105 eQTL
19 157259683 50153332 T 0.6125 0.00242 1.065 1.023-1.109 eQTL
19 rs10415600 50158913 A 0.3710 0.00217 0.939 0.902-0.978 tagging
19 rs61743199 50161091 A 0.9703 0.924 1.004 0.923-1.093 tagging
19 1s35272206 50162221 T 0.0540 0.00342 1.092 1.030—1.158 tagging
19 rs7251 50162909 C 0.5549 0.00380 1.058 1.018-1.099 missense
19 rs10415576 50164390 T 0.4808 0.00457 1.055 1.017-1.095 tagging
19 rs2230666 50166463 A 0.0114 0.796 1.046 0.743-1.473 splicing
19 152304207 50167726 C 0.8884 0.0313 1.056 1.005—-1.110 tagging
19 rs3204440 50168940 A 0.9575 0.643 1.026 0.921-1.143 5-UTR
19 rs881785 50173291 C 0.7283 0.0531 1.059 1.000—1.122 tagging

CHR - chromosome; POS — position in genomic region; OR — odds ratio; 95% CI — 95% confidence interval.

method in our Han Chinese case—control sample, and in others
samples Illumina based assays were used.

2.4. Statistical analysis

Association p-values and allele-specific odds ratios (ORs) for
each individual sample were calculated by a logistic regression
model with an additive effect (cases-control samples) or family-
based analysis (family-based samples). Meta-analyses were then
conducted based on Z-scores by combining data from both case-
—control and family-based samples in the R package (Meta module)
using the Mantel-Haenszel method under the fixed effects model,
and the combined p-values and ORs were generated. Before pool-
ing, we performed Cochran's (Q) A% test of heterogeneity to ensure
that each group of studies was suitable for meta-analysis. We used
a forest plot to graphically present the individual ORs and their 95%
confidence intervals, i.e., each sample was represented by a square
in the forest plot. All protocols and methods used in this study were
approved by the institutional review board of Kunming Institute of
Zoology, Chinese Academy of Sciences and adhere to all relevant
national and international regulations.

3. Results
3.1. Identification of eQTL SNPs for IRF3

In BrainCloud of DLPFC samples, we screened the potential cis
SNPs within 50 kb to IRF3 and analyzed their associations with
mRNA expression. Among the 11 SNPs available in BrainCloud, we
identified two SNPs (rs11880923 and rs7259683) significantly
associated with IRF3 expression in both Caucasian and African
American postnatal samples (P < 0.05, Fig. 1), but they were not
significant in prenatal samples (P > 0.5, Fig. S3), which is not un-
expected given its small sample size (N = 36). No other cis SNPs
were associated with IRF3 expression in both populations
(P> 0.05). For replication analysis using the data of Stranger et al.'s
(2012) study from Genevar, the significant associations between
these two SNPs and IRF3 expression were successfully validated in
healthy Caucasians (P = 0.0177 for rs11880923 and p = 0.0093 for
1s7259683, Fig. S4), and the direction of effects was the same. We
also assessed the impacts of these two SNPs on other adjacent
genes expression in BrainCloud samples, but none of them showed
significance in both Caucasians and African Americans (Table S1).

Genomic coordination and linkage structure analyses showed
that rs7259683 and rs11880923 are located about 9.5 kb and
40.7 kb downstream of IRF3, respectively. These two SNPs were in
moderate LD in BrainCloud Caucasian samples (r? = 0.68) and
1000-Human-Genome Caucasians ( = 0.45), but the LD was quite
low in Africans (> = 0.05 in BrainCloud and r* = 0.00 in 1000-

Human-Genome) and in Han Chinese (* = 0.30, Fig. S5). Of note,
the allele frequencies of both SNPs are apparently different be-
tween Caucasians (CAUC) and African Americans (AA) (CAUC/AA:
0.294/0.647 for rs11880923 [C], and 0.252/0.714 for rs7259683 [C]).

Taken together, the eQTL analyses suggested that these two
SNPs may be associated with IRF3 expression, but whether they
have functional effects themselves or are because of shared LD with
causal variants need to be further investigated.

3.2. IRF3 SNPs are associated with schizophrenia in screening PGC1
sample

We screened the above eleven SNPs, including 2 eQTL, 6 tagging
and 3 functional SNPs (Table 1), in the PGC1 sample. Among these
SNPs, seven SNPs showed nominally significant associations and
one SNP had marginal significance. The LD analysis indicated that
most of these SNPs were in low to moderate LD in Caucasians
(Fig. S2), implying that they unlikely shared the same association
signal.

Notably, the eQTL SNP rs11880923 showed the strongest asso-
ciation with schizophrenia (P = 0.00188); another eQTL SNP
rs7259683 also showed significant association (P = 0.00242).
Additionally, a non-synonymous SNP rs7251 in IRF3, which was in
moderate LD with rs11880923 ( = 0.52) and rs7259683 (1° = 0.63)
in Caucasians (Fig. S2), was also associated with schizophrenia
(P = 0.00380). However, if we performed a stringent Bonferroni
correction according to the number of tested SNPs (N = 11), some
SNPs cannot remain significant after the correction for multiple
testing (P > 0.05/11). None of these SNPs showed genome-wide
significant associations, suggesting that they may show small but
detectable effects on schizophrenia.

3.3. Replication and meta-analysis of IRF3 SNPs with schizophrenia

To further confirm the associations, we chose SNPs rs11880923
and rs7259683, which showed associations with both IRF3
expression and schizophrenia, and conducted a series of replication
studies in independent case—control and family-based samples.

For rs11880923, although the association with schizophrenia did
not achieve significance level (P = 0.05) in any case—control
replication cohort, it did show a trend of association in both sam-
ples, and the effect size (shown as OR) in replication samples was
even higher than in our discovery sample (1.089 and 1.170 versus
1.063). We speculated that the non-significant result was likely due
to the limited statistical power caused by small sample size. In the
family-based samples, rs11880923 was significantly associated
with schizophrenia in the Caucasian sample (P = 0.0064) and
showed marginal significance in Jewish family-based sample
(P = 0.0544). Meta-analysis of all replication samples yielded a
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Fig. 1. The associations of rs11880923 and rs7259683 with IRF3 expression in adult brains of the BrainCloud dataset. A, rs11880923 in Caucasians (CAUC). B, rs11880923 in

African Americans (AA). C, rs7259683 in Caucasians. D, rs7259683 in African Americans.

significant association of rs11880923 with schizophrenia
(P = 0.0019, OR = 1.109, Table 2). When the discovery and repli-
cation samples were combined together, the associations were
further strengthened (P = 0.000021, OR = 1.075, Table 2), and even

Table 2
Associations of IRF3 rs11880923 [T] with schizophrenia in multiple samples.

remained significant after Bonferroni correction according to the
number (N = 11) of tested SNPs (corrected P = 0.00023). We used
the fixed effect model for meta-analysis because there was no
significant heterogeneity among either replication samples

Sample Sample size P-value OR 95% CI Data source
(case/control)

Discovery sample

PGC1 13,833/18,310 0.00188 1.063 1.023—-1.105 (Ripke et al., 2013)

Case-Control replication samples

Jewish 01 904/1640 0.125 1.089 0.977—-1.214 (Lencz et al., 2013)

Chinese 480/479 0.166 1.170 0.936—1.462 this study

Family-based replication samples®

Jewish 02 107 0.0544 1.515 0.979-2.344 (Alkelai et al., 2012)

Arab 58 0.232 1.600 0.920—2.783 (Alkelai et al., 2011)

Caucasians 794 0.0064 1.212 1.056—1.392 (Aberg et al., 2013)

Asian 579 0.842 0.985 0.852—1.139 (Aberg et al., 2013)

African 438 0.761 1.035 0.829—-1.292 (Aberg et al., 2013)

All replication samples / 0.0019 1.109 1.039-1.184 /

All samples / 0.000021 1.075 1.040-1.111 /

¢ The sample size for family-based replication samples were shown as number of nuclear families.
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(P = 0.20) or all combined samples (P = 0.21), as shown by the
forest plot of this meta-analysis (Fig. 2). Further, we also conducted
the analysis by dividing the samples according to ethnicities
(Caucasians, Asians, and Africans). In Caucasians, rs11880923 was
significantly associated with schizophrenia with similar effect size
compared to the total samples (P = 0.0000246, OR = 1.078,
Table S2). However, in Asians and Africans, the association between
rs11880923 and schizophrenia was not significant (P > 0.5,
Table S2), although the direction of effect was consistent with that
in Caucasians. Therefore, we conclude rs11880923 is a risk SNP for
schizophrenia in Caucasians, while in Asians and African Ameri-
cans, it may not be associated with schizophrenia in the present
sample and need more validation in a larger sample.

For rs7259683, the replication analysis showed marginal sig-
nificance in a Jewish case—control sample (P = 0.07), but it did not
show any evidence of association/trend in other replication sam-
ples, and the results in all replication samples were also not sig-
nificant (P = 0.09, Table S3). Therefore, we were unable to validate
that rs7059683 is a risk SNP for schizophrenia.

4. Discussions

Growing evidence has suggested that the interactions between
immune and nervous systems may play important roles in the
pathogenesis of schizophrenia (Potvin et al., 2008). Dysregulation
of immune system on downstream cellular and molecular path-
ways have been reported in the pathogenesis of schizophrenia
(Drexhage et al., 2010; Potvin et al., 2008; Sainz et al., 2013), and
recent GWA studies have also confirmed the involvement of im-
mune related genes, such as major histocompatibility complex
(MHC) region in schizophrenia across independent samples
(International Schizophrenia Consortium et al, 2009; Irish
Schizophrenia Genomics Consortium and the Wellcome Trust
Case Control Consortium 2, 2012; Jia et al., 2012; Shi et al., 2009;
Stefansson et al., 2009). By taking full advantage of the available
large-scale data and an aggregate/comprehensive data-mining
analysis as well as replication study in newly recruited samples,
we showed that SNPs of IRF3 were associated with schizophrenia.
Our data further support the conclusion of “immune hypothesis” of
schizophrenia, as IRF3 is a member of interferon regulatory factor
families, which have diverse roles in immune system via the target
“interferon”. Additionally, interferon is released by host cells in
response to the presence of pathogens such as viruses, bacteria or
parasites, therefore our study further confirmed the likelihood
between viral infection and schizophrenia (Kneeland and Fatemi,
2013).

Sample OR 95%ClI P-Val Weigh
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Fig. 2. Forest plot of odds ratio with 95% confidence interval for all schizophrenia
samples included in the meta-analysis of rs11880923. The T allele is overrepresented
in all the tested cohorts except for the Asian family based samples. The data source was
listed in Table 2.

We employed a strategy to achieve a higher coverage of the IRF3
gene. For the SNP selection criterion, we not only employed the
commonly used “tagging SNP” method, but also considered the cis
eQTL SNPs of IRF3, even they are not located within this gene re-
gion, as emerging evidence has suggested that schizophrenia sus-
ceptibility alleles are enriched for eQTL in human brain, and vice
versa (Bacanu et al, 2014; Richards et al., 2012). Intriguingly,
through this approach, we identified an IRF3 eQTL SNP rs11880923
showed a significant association with schizophrenia, although it
did not achieve the genome-wide level of statistical significance.
Previous aggregated analyses have indicated that there may be true
findings among those markers passing nominal significance
(International Schizophrenia Consortium et al., 2009), and the
herein observed OR for rs11880923 is 1.075, which is comparable
with those observed ORs in other large-scale association studies
(Chen et al., 2011; Li et al., 2014; Luo et al., 2014b).

More importantly, the risk SNP rs11880923 is associated with
schizophrenia not only in PGC1 case—control sample, but also
showed strong and marginal significant associations in two family-
based samples (Caucasians and Jewish 02), respectively. It is well
known that family-based samples could reduce population strati-
fication and reflect the unbiased authentic signal more easily, thus
we were confident with the association of this SNP. In addition,
although with no nominal significance, the SNP effect sizes in
populations outside European, e.g. Chinese and Arab, are even
higher than that of PGC1 data (1.170 for Chinese and 1.600 for Arab
compared with 1.063 for PGC1 sample). We speculate that the non-
significant results are likely due to the limited power of small
sample size. It should be mentioned that in the latest large-scale
PGC2 GWAS, rs11880923 is also significantly associated with
schizophrenia (P = 0.000044483) (Schizophrenia Working Group
of the Psychiatric Genomics Consortium, 2014). This observation
further supported our results.

There are, however, limitations to the interpretation of our
results. First, although we identified a risk eQTL SNP, we cannot
rule out the possibility that it is co-inherited with other functional
variants in IRF3. It should also be noted that there is the possibility
of underlying rare variants that may create synthetic associations
(Dickson et al., 2010) because rare missense mutations and copy
number variations could increase risk for schizophrenia (Girard
et al.,, 2011; Kirov, 2010; St Clair, 2009; Xu et al., 2011). There-
fore, we could not identify the causative risk variant in this region
unless further fine-grained analyses and functional assays are
warranted. Second, given the fact that most of the significant SNPs
in IRF3 (Table 1) seem to be in moderate LD with rs11880923 in
Caucasians, we cannot rule out the possibility that these risk as-
sociations represents one association within a haplotype block
that may harbor one or more causal variants, and thus further fine
scale mapping in future studies are needed. Third, although we
identified an association of risk SNP rs11880923 with IRF3
expression, the exact regulative mechanism is still unclear, given
the long genomic distance between rs11880923 and the IRF3 gene,
we cannot exclude the possibility that rs11880923 is located
within a long non-coding RNA (IncRNA) near IRF3, since previous
studies have also shown the effects of in cis IncRNAs on adjacent
genes' expression level (Bao et al., 2013). Finally, we have identi-
fied the risk genotype showing association with IRF3 expression,
but recent genome-wide expression analyses did not find evi-
dence for the alterations of this gene in schizophrenia patients
(Hakak et al., 2001; Kuzman et al., 2009; Mistry et al., 2013), thus
we are cautious to interpret that expression change of IRF3 is a risk
factor for schizophrenia. But this is not unexpected given the fact
that IRF3 is vulnerable by virus infection, a major environmental
risk factor causing schizophrenia. To the best of our knowledge,
virus infection has not been well considered as a major covariate
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in expression analyses of schizophrenia patients, which may be
achievable in future studies.

In summary, using a hypothesis-driven method combining with
large-scale data and expression quantitative techniques, we were
able to identify genetic evidence of associations between IRF3 and
schizophrenia, further supporting the role of immune system in
such illness.
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Figure S1. Protein-protein interactions network involved IRF3 in STRING (http://string-
db.org/) (Franceschini et al., 2013). The reported schizophrenia risk genes and the IRF3
gene are marked in red circle.
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Figure S2. Linkage disequilibrium map of the 11 SNPs in Caucasians from 1000-Human-
Genome. The LD mapped was constructed using Haploview 4.1 (Barrett et al., 2005), the
numeral under each SNP nhame was their number among all IRF3 SNPs, as we extracted
all SNPs from this region to perform the LD analysis.
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Figure S3. Associations of SNPs with IRF3 expression in the BrainCloud fetal samples
(Colantuoni et al., 2011).
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Figure S4. Associations of SNPs with IRF3 expression in Caucasian samples reported in
Stranger et al.’s study (Stranger et al., 2012).
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Figure S5. Linkage disequilibrium between IRF3 eQTL SNPs in the Caucasian (CAUC) and African American (AA) samples from the
BrainCloud data set (Colantuoni et al., 2011) and 1000-Human-Genome dataset (www.1000genomes.org).



Table S1

. Association of rs11880923 and rs7259683 with nearby gene expression in BrainCloud.

Gene rs11880923 rs7259683
Caucasians African American Caucasians African American

Beta SE P-value Beta SE P-value Beta SE P-value Beta SE P-value
CPT1C -.038 .040 0.346 -.0048 .038 0.899 -.053 .041 0.196 -.028 .036 0.432
FCGRT -.114 .054 0.037 -.0086 .052 0.868 -.055 .056 0.322 -.028 .049 0.564
NOSIP -.031 .038 0.425 .0096 .029 0.741 -.0009 .039 0.981 -.021 .028 0.457
PRMT1 .011 .025 0.670 -.049 .032 0.130 .0043 .025 0.864 -.061 .030 0.046
PRR12 -.018 .080 0.823 .039 .068 0.571 .0097 .081 0.905 .0094 .065 0.885
PRRG2 -.076 .045 0.094 -.0031 .040 0.938 -.084 .046 0.069 .021 .038 0.581
RCN3 -.040 .035 0.255 .048 .032 0.142 -.030 .036 0.402 .083 .030 0.007
RRAS -.050 .057 0.379 .018 .050 0.727 .017 .058 0.770 -.0032 .048 0.946
SCAF1 -.069 .056 0.221 .016 .043 0.713 -.017 .057 0.767 -.012 .041 0.771




Table S2. Associations of IRF3 rs11880923 [T] with schizophrenia in different populations

Sample Sample size P-value OR 95%Cl Data Source
Caucasian samples 0.0000246 1.078 1.041-1.117

PGC1 13,833/18,310 0.00188 1.063 1.023-1.105 (Ripke et al., 2013)
Jewish_01 904/1,640 0.125 1.089 0.977-1.214 (Lencz et al., 2013)
Jewish_02 107 0.0544 1.515 0.979-2.344 (Alkelai et al., 2012)
Arab 58 0.232 1.600 0.920-2.783 (Alkelai et al., 2011)
Caucasians 794 0.0064 1.212 1.056-1.392 (Aberg et al., 2013)
Asian samples 0.545 1.039 0.918-1.175

Asian 579 0.842 0.985 0.852-1.139 (Aberg et al., 2013)
Chinese 480/479 0.166 1.170 0.936-1.462 this study
African American samples 0.761 1.035 0.829-1.292

African 438 0.761 1.035 0.829-1.292 (Aberg et al., 2013)




Table S3. Associations of IRF3 rs7259683 [T] with schizophrenia in multiple samples.

Sample Sample size P-value OR 95%ClI Data Source
Discovery sample

PGC1 13,833/18,310 0.00242 1.065 1.023-1.109 (Ripke et al., 2013)
Case-Control replication samples

Jewish_01 904/1,640 0.070 1.126 0.990-1.280 (Lencz et al., 2013)
Chinese 480/479 0.656 1.048 0.854-1.285 this study
Family-based replication samples

Jewish_02 107 0.116 1.400 0.907-2.160  (Alkelai et al., 2012)
Arab 58 0.734 0.967 0.580-1.610 (Alkelai et al., 2011)
All replication samples / 0.091 1.083 0.986-1.188 /

All samples / 0.0005 1.068 1.029-1.109 /
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