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Table 1 Loci selected for follow-up analysis

Combined UK samples Replication 1 Replication 1+2 Meta S2
Cases n = 642 Cases n = 1,664 Cases n = 6,666 Cases n = 7,308
Controls n = 2,937 Controls n = 3,541 Controls n = 9,897 Controls n= 12,834
Risk -

Chr./Mb SNP  allele SZ CON  ATT(P) AditP)  OR CMH(PY OR  CMHIP) OR  CMHIP)  MetaAd) OR  Locus
2/1855 rs1344706 T 0.66 0.59 7.08 x 107 183 x 10 1.38 0026 109 9.25x 10°% 1.09 1.61 » 1077 1.95 x 107 1.12 ZNFBO4A
11/29.1 51602565 € 015 011 7.81 = 10°® 1.70 x 10°° 1.49 0,005 1.19 322 x 10* 1.12 2.99 x 106 3.02 x 106 1.16 Intergenic
16/130 157192086 T 030 0.24 3.32 x 10% 6.52 x 10°® 1.33  0.018 111 510 % 10* 109 6.08 x 10% 1.34 x 10° 1.12 Intergenic
11/132.1 153016384 C 0.56 0.49 582 x 10°% 1.10 x 10* 1.29 0012 1.10 0.016 105 563 x 10* 111 x 104 1.08 OFCML
16/52.2 9922368 A 005 0.03 805« 107 205« 108 206 0015 131 0029 1.14 454 «x 107 501 = 10® 1.24 RPGRIPIL
12/116.2 156490121 G 040 034 433 » 10® 982 = 10 133 0.044 1.08 0992 1.00 0.109 551 = 107 1.04  NOSI
2/1443 2850738 A 041 033 496 x 107 1.83 « 10® 144 0249 1.03 - - - - = Intergenic
1345 7624858 A 044 037 115 x 10 207 « 10% 1.27 0113 1,06 - - - - TMEM108
61385 rs17131938 A 007 0.04 294 « 10* 494 x 10* 1.64 0091 081 - - - - SiLl
10/56 rs4750519 T 048 041 1.07 x 104 193 x 10* 1.27 0612 0.98 - - - - - Intergenic
15/94.0 rsB031294 T 051 042 229~ 10% 462 > 10% 1.30 0311 1.02 - - - - - Intergenic
1890 31893146 A 0.16 0.11 540 » 1077 1,42 » 10® 1.55 0.102 0.89 - - - Intergenic

S2 and CON; allele frequency in schizophrenia and controts. ATT(F), trend test £ value; Adj(F), genomic control adjusted P value: CMHUF), Cochran-Mantel-Haenazel P valus;

Meta-Ad|, genomic control adjusted meta-analysis P value.

The full replication dataset (replication samples 1 + 2; Table 1)
provided strong independent support for schizophrenia suscep-
tibility variants at 2q32.1 in ZNF804A (P = 9.25 x 1077) and at
intergenic regions on llpl4.l at 29.1 Mb (P = 322 = 107°%)
and 16pl3.12 at ~13 Mb (P = 510 x 107%). Two additional
loci, one within the RPGRIPIL locus on 16q12.2 at 52.2 Mb
and one within OPCML at 11925 (132.1 Mb), remained nomi-
nally significant.

The distribution of replication P values is highly unlikely (P =
9 x 107%) 1o have occurred by chance, indicating that the GWA
threshold P < 1075 enriched for true associations. However, that
analysis does not allow any single locus to be assessed in the context of
a potential genome-wide study of all samples, nor does it allow for
future follow up of lower-order signals. Thus, we combined the data
across all samples (Table 1), and found that the ZNFS04A locus
(P = 161 % 1077) surpassed the P < 5 x 10~7 benchmark
corresponding to strong evidence for association, whereas the regions
on chromosomes 11 (29.1 Mb) and 16 (13.0 Mb) showed moderately
strong evidence (Table 1),

There is evidence that schizophrenia and bipolar disorder have
some risk factors in commen’. Thus, as a secondary analysis, we
added genotypes from the bipolar cases (n = 1,865) from the WTCCC

Table 2 Combined schizophrenia and bipolar analysis

study to the UK schizophrenia cases to create a large UK psychosis
sample for inclusion in the meta-analysis. (See Table 2; note that the
controls for the schizophrenia and bipolar cases are shared, so
the individual associations are not independent. In the meta-analysis,
the controls were used only once.) We did not find any evidence
for shared risk for most of the loci, but for ZNF804A, the evidence
was substantially stronger (P = 9.96 x 1077, suggesting that allcles
in the vicinity of ZNFSM4A influence risk to a broader psychosis
phenotype. When we combined the data from the WTCCC phenotypes
other than bipolar disorder in the meta-analysis with the UK schizo-
phrenia sample, the evidence for association did not strengthen,
suggesting that the effect observed from addition of bipolar samples
was not simply a consequence of comparing a larger sample with the
WTCCC controls.

Our samples included individuals from China and Japan as well as
zi Jews and outbred Europeans; therefore, the meta-analysis
may have been influenced by heterogeneity. In the full replication
sample, five of the six loci tested yielded no evidence for heterogeneity
(Breslow-Day Py = 0.10), and removal of any individual replication
sample did not markedly alter the effect size (Supplementary Table 3
online). The exception was rs9922369, which was monomorphic
in Japan and China and had a significantly higher (P = 8 x 10-'°

UK 52 UK BP Meta SZ + BP
Allele freq, Cases n = 642, Controls n = 2,937 Cases n = 1,865, Controls n = 2,937 Cases n = 9,173, Controls n = 12,834
Risk -
Chr.Mb SNP  allele SZ BP CON ATT(R) OR ATTLP) OR CMH(P) OR
2/1B55 ml344706 T 066 0.62 0.59 7.08 = 1077 1.38 4.07 = 104 1.16 9.96 x 1079 1.12
11/29.1 151602565 C 015 0.12 0.11 7.81 x 1078 1.49 0.055 1.14 4.26 x 10°% 115
12/116.2 16490121 G 0.40 0.35 0.34 433 « 10% 1,33 0.168 1.06 0124 1.03
16/52.2 159922369 A 005 0.03 0.03 8.05 = 107 2.06 0.261 115 0,002 1.20
16130 7192086 T 030 0.25 0,24 3.32 x 105 1.33 0.206 1.06 256 x 10°% 1.10
117132.1 rs3016384 C 056 0.5] 0.49 5.82 x 10 1,29 0,057 1.08 443 x 10 107

SZ, schizophrenia; BP, bipolar; CON, control; ATT(S), trend test Pvalue; meta SZ+BP, meta-analysis for all schizophrenia and bipolar samples reporied in this study;

CMH(A, Coctwan-Mantel-Haensze! P value,
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-6 x 107%) minor allele frequency in Ashkenazi controls than in any
of the European controls. Within the outbred European group alone
(discovery plus replication), there was no evidence for heterogeneity at
rs9922369 (Breslow-Day P = 0.75) and support for association was
stronger (OR 139, P = 4.7 x 107%) than in the unrestricted meta-
analysis. The resulfs of association analyses for each individual sample
are given in Supplementary Table 3.

We also applied an imputation approach'® using a frequentist
additive model. The imputed and array data for the loci for which
we have nominally significant independent support in the follow up
samples are given in Supplementary Figure 3a—¢ online. Imputation
did not provide clearly superior additional evidence for association. We
observed a secondary region of high statistical significance with the
imputed data near ZNFS804A (Supplementary Fig. 3a), but this was
not supported by array SNPs or by haplotype analysis based on array
SNPs (P = 0.01); provisionally, we assume this to be a false positive.

Genome-wide imputation revealed two additional loci where one or
more SNP showed association at P < 107 chromosome 10 at
17.0 Mb (rs11594134, P = 2.76 = 107®%) and chromosome 15 at
60.4 Mb (rs464356, P = 4.77 = 107°) (Supplementary Fig. 3fg).

ZNF804A maps to chromosome 2 at 185.1-185.5 Mb (Supplemen-
tary Fig. 3a). The array association signal was restricted to ZNFS(4A,
suggesting that this is the most likely schizophrenia susceptibility gene
in the region. The encoded protein is uncharacterized and has no
known function, but it contains predicted zinc ion and DNA binding
domains, suggesting that it may have a possible role as a regulator
of gene expression. Further discussion of the other loci with strong
independent support in the replication samples (P < 0.0005) is
provided in the Supplementary Note, but we note that none impli-
cate clear functional candidates on the basis of current under-
standing of pathophysiology. The identification of risk alleles and
genetic mechanisms should therefore provide new insights into
schizophrenia pathogenesis.

Our study demonstrates that despite the lack of biological validating
criteria for diagnosis, schizophrenia is amenable to the same genetic
approaches as other common disorders, and like most other disorders,
the effect sizes are small (Table 1). Assuming that our UK case-control
sample has no unique characteristics that enhance our ability to detect
risk loci, our findings strongly suggest that further GWA analyses of
larger samples will identify many additional specific genetic risk
factors with the potential to shed light into the pathophysiology of
one of the most enigmatic major causes of human morbidity.
Collection and analysis of large enough samples to provide convincing
association signals should now be a priority.
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