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Value of Ancﬂlary Testing in the Diagnosis of
Pervasive Developmental Disorder in Adults

Toyosaku OTA”, Junzo Iipa?, Toshifumi KisHIMOTOY

1) Department of Psychiatry, Nara Medical University School of Medicine
2) Nara Medical University Faculty of Nursing

Recently, there has been increasing interest in adults with pervasive developmental
disorder (PDD) who seek general psychiatric services for various psychiatric problems. The
diagnosis of PDD requires the careful collection of information about the patient’s develop-
mental history. A structured diagnostic interview is useful and should be performed, but has
limitations now. The clinical value of the measurement of the Wechsler Adult Intelligence
Scale, the Autism-Spectrum Quotient Japanese Version, and the Pervasive Developmental
Disorders Autism Society Japan Rating Scale was demonstrated by a questionnaire survey
that the authors conducted in 2010. These additional tests are useful if interpreted with
caution. For example, a discrepancy between the performance intelligence quotient (IQ) and
the verbal IQ in the Wechsler Adult Intelligence Scale does not by itself diagnose PDD.

We examined whether the Japanese version of the National Adult Reading Test
(Japanese Adult Reading Test; JART), a valid scale for evaluating pre-morbid IQ in
patients with schizophrenia, and the Wechsler Adult Intelligence Scale-Revised (WAIS-R)
are useful for discriminating between PDD and schizophrenia. Sixteen patients with adult
PDD and 16 patients with schizophrenia matched for age, education and sex participated in
this study. In addition, the two groups were matched for JART and the Global Assessment
of Functioning scores. All subjects were scored on the JART and WAIS-R after giving
informed consent for the study. The result was that significant diagnosis-by-IQ examination
interactions were found (F [1, 30] =10.049, P=0.003). Also, the WAIS-R scores of the PDD
group were higher than those of the schizophrenia group (P=0.002) when the two groups
were matched for JART. In conclusion, the comparison of IQ in the PDD group and in the
schizophrenia group by JART and WAIS-R might be an easy and useful method for helping
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to discriminate between PDD and schizophrenia. In addition, the difference in 1Q scores
measured by JART and by WAIS-R may be helpful in diagnosing PDD.
The diagnosis of PDD in adults may be assisted by the use of these additional tests.
<Authors’ abstract>

<XKey words : pervasive developmental disorder, Wechsler Adult Intelligence Scale, Autism-
Spectrum Quotient Japanesé Version, Pervasive Developmental Disorders
Autism Society Japan Rating Scale, Japanese Adult Reading Test>
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Genome-Wide Association Study of Schizophreniain a
Japanese Population

Masashi lkeda, Branko Aleksic, Yoko Kinoshita, Tomo Okochi, Kunihiro Kawashima, Itaru Kushima,
Yoshihito Ito, Yukako Nakamura, Taro Kishi, Takenori Okumura, Yasuhisa Fukuo, Hywel J. Williams,
Marian L. Hamshere, Dobril Ivanov, Toshiya Inada, Michio Suzuki, Ryota Hashimoto, Hiroshi Ujike,
Masatoshi Takeda, Nick Craddock, Kozo Kaibuchi, Michael J. Owen, Norio Ozaki, Michael C. O’'Donovan,
and Nakao lwata

Background: Genome-wide association studies have detected a small number of weak but strongly supported schizophrenia risk alleles.
Moreover, a substantial polygenic component to the disorder consisting of a large number of such alleles has been reported by the
International Schizophrenia Consortium.

Method: We reporta Japanese genome-wide association study of schizophrenia comprising 575 cases and 564 controls. We attempted to
replicate 97 markers, representing a nonredundant panel of markers derived mainly from the top 150 findings, in up to three data sets
totaling 1990 cases and 5389 controls. We then attempted to replicate the observation of a polygenic component to the disorder in the
Japanese and to determine whether this overlaps that seen in UK populations.

Results: Single-locus analysis did not reveal genome-wide support for any locus in the genome-wide association study sample (best p =
6.2 X 107°) or in the complete data set in which the best supported locus was SULT6BT (rs11895771: p = 3.7 X 10~% in the meta-analysis).
Of loci previously supported by genome-wide association studies, we obtained in the Japanese support for NOTCH4 (rs2071287: p,een =
5.1 X 107°). Using the approach reported by the International Schizophrenia Consortium, we replicated the observation of a polygenic
component to schizophrenia within the Japanese population (p = .005). Our trans Japan-UK analysis of schizophrenia also revealed a
significant correlation (best p = 7.0 X 107%) in the polygenic component across populations.

Conclusions: These results indicate a shared polygenic risk of schizophrenia between Japanese and Caucasian samples, although we did

not detect unequivocal evidence for a novel susceptibility gene for schizophrenia.

Key Words: Genome-wide association study, NOTCH4, polygenic
component, schizophrenia, SULT6B1

more than 80% of the population variance in susceptibility for

schizophrenia; however, as with virtually all other relatively
common disorders, it has historically proven difficult to identify the
specific genetic variants involved (1).

The application of genome-wide association technology to
large case-control samples of mainly European ancestry has re-
cently implicated a number of risk loci for which the evidence is
strong. These include loci defined by single nucleotide polymor-
phisms (SNPs) in which the effects are weak (odds ratios [ORs]
1.1-1.25) among which the strongest supported loci are zinc finger
protein 804 A (ZNF804A) (2-5), a broad region including the major
histocompatibility complex (MHC) on chromosome 6p21.3-22.1
(6-8), neurogranin (NRGN), and transcription factor 4 (TCF4) (8).

E pidemiologic studies show that genetic factors account for
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Although the robust support for a number of recently impli-
cated loci represents something of a break from the past inconsis-
tencies, little of the genetic variance of schizophrenia can be ex-
plained by the loci identified thus far. One explanation for this is
that much of the risk is conferred by common but weak genetic
effects that require larger samples. Another explanation is that
most of the risk cannot be readily detected by genome-wide asso-
ciation studies (GWAS), the missing genetic component being con-
ferred by mutations that exert substantial individual effects that are
rare or even unique to individual pedigrees.

Although the relative contributions of these classes of variant
awaits empiric resolution, the GWAS of the International Schizo-
phrenia Consortium (ISC) provided strong support for a substantial
polygenic contribution (at least 30%) to the population risk of
schizophrenia, much of which is conferred by common alleles with
small effect sizes (6,9,10). The basic principle of their analysis was
that in the presence of a substantial common polygenic compo-
nent, although most of the individual genetic effects will not be

Medicine, Osaka University, Osaka; Molecular Research Center for Chil-
dren’s Mental Development (RH, MT), United Graduate School of Child
Development, Osaka University, Kanazawa University, and Hamamatsu
University School of Medicine, Osaka; Department of Neurospychiatry
(HU), Okayama University, Graduate School of Medicine, Dentistry and
Pharmaceutical Science, Okayama; and Department of Cell Pharmacol-
ogy (KoK), Graduate School of Medicine, Nagoya University, Nagoya,
Japan.

Authors Ml and BA contributed equally to this work.

Address correspondence to Nakao Iwata, M.D., Ph.D., Department of Psychi-
atry, School of Medicine, Fujita Health University, Toyoake, Aichi, 470-
1192; Japan. E-mail: nakao@fujita-hu.ac.jp.

Received May 20, 2010; revised Jul 9, 2010; accepted Jul 9, 2010.

BIOL PSYCHIATRY 2011;69:472-478
© 2011 Society of Biological Psychiatry



M. Ikeda et al.

detectable in current sample sizes, the sum of many such effects
across multiple SNPs might differ between cases and controls. After
discounting the influence of various potential sources of bias, the
authors concluded that the findings were best explained by the
existence of an important polygenic component to the disorder
comprising a large number of common alleles, although some con-
tribution from low-frequency alleles was not excluded or deemed
unlikely (6).

There were two additional striking findings in the ISC article (6).
The first was that those alleles selected as “risk” alleles for schizo-
phrenia were also enriched in people with bipolar disorder, sup-
porting the hypothesis of shared genetic susceptibility between
these disorders (11,12). The second was that sets of “risk” alleles
defined from white individuals of European origin were better at
predicting affected status in other white European subjects than
they were in African Americans, although an attenuated effect was
seen in an African American sample. This may be attributable to
differences in allele frequencies and linkage disequilibrium be-
tween Europeans and African Americans, although genetic hetero-
geneity remains a possibility. In this article describing a study that
sought novel susceptibility variants, we report the first GWAS for
schizophrenia in a Japanese sample. Although the Japanese popu-
lation is considered relatively homogeneous (13), GWAS studies in
other populations strongly suggest that our study of 575 cases and
564 controls is underpowered to detect any findings at genome-
wide levels of significance. Thus, we attempted to enhance power
by following up the top 150 of the most strongly supported SNPs
from the GWAS in an independent sample of 1511 cases and 1517
controls drawn from the Japanese population as well as 479 cases
and 2938 controls from the United Kingdom (2). We also sought to
examine whether the Japanese population shares with Europeans a
polygenic component for schizophrenia and bipolar disorder using
schizophrenia and bipolar case-control samples from the United
Kingdom that have been previously subjected to GWAS (2,14). Be-
cause it is unlikely that stratification effects would bias the allele
distributions en masse in samples ascertained in Japan in the same
direction as in a European sample, confirmation of a shared poly-
genic effect argues strongly against the idea that residual uncon-
trolled stratification is responsible for the effect. Moreover, because
rare alleles of large effect are expected to reflect an ongoing pro-
cess of new mutation (to compensate for their removal by selec-
tion), the existence of transcontinental effects also argue against
the idea that rare alleles alone can drive this effect, it being unlikely
that relatively new variants would be carried on the same ancestral
haplotypes in both populations.

Methods and Materials

Participants

We selected 575 patients with schizophrenia (43.5 = 14.8 years)
and 564 healthy controls (44.0 = 14.4 years) for genome-wide asso-
ciation analysis (our screening GWAS: [JPN_GWAS]). All subjects
were unrelated, living in the Tokai area of the mainland of Japan,
and self-identified as Japanese. The details of the sample and copy
number variation analysis of this GWAS data set have been reported
previously (15), and see also Supplement 1.

For follow-up studies, we used an independent Japanese sam-
ple comprising 1511 cases (aged 45.9 = 14.0 years) and 1517 con-
trols (aged 46.0 = 14.6 years) diagnosed and ascertained in the
same way as the GWAS data set. These samples were recruited from
three areas on the Japanese mainland, comprising the Kansai and
Chugoku areas in addition to the Tokai area. To enhance the sample
in the replication analysis, data were added from 934 Japanese
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controls genotyped by lllumina550 (Illumina, San Diego, California)
as part of the Japanese Single Nucleotide Polymorphisms (JSNP)
project (http://snp.ims.u-tokyo.ac.jp/index.html). If SNP data were
available in the JSNP sample, we merged the two sample sets to
form a final Japanese replication sample (we refer this as
“Rep_JPN") comprising 1511 cases and 2451 controls (SNPs geno-
typed in both samples can be seen in Table S1 in Supplement 2).

We additionally included data from a UK schizophrenia GWAS
data set of 479 cases and 2938 controls genotyped using the Af-
fymetrix 500K array (Santa Clara, California), details of which have
been reported before (2,14).

For the polygenic component analysis, we also included the
Wellcome Trust Case-Control Consortium (WTCCC) bipolar disorder
data set of 1868 cases and 2938 shared controls, details of which are
reported elsewhere (2,14).

After complete description of the study to the subjects, written
informed consent was obtained. This study was approved by the
ethics committees of each university participating in this project.

GWAS and Quality Control

Genotyping was performed using the Affymetrix Genome-Wide
Human SNP Array 5.0 according to the manufacturer’s protocol.
After applying several quality control (QC) criteria (e.g., call rate =
95%, autosomal chromosomes, Hardy-Weinberg equilibrium
(HWE) = .0001 and minor allele frequency [MAF] = 5%; Supplement
1), the final GWAS consisted of 1108 samples (560 cases and 548
controls) and 297,645 SNPs (MAF = 5%).

Q-Q plots were generated on the basis of allele-wise analysis of
SNPs that passed QC (Supplement 1), and our observed value of X is
consistent with those generally reported in well-matched samples
(A = 1.065 and A ;g0 = 1.117).

Follow-Up Genotyping

Follow-up genotyping in our independent Japanese case—con-
trol sample was performed by Sequenom (San Diego, California)
using the Sequenom iPLEX Gold System. Markers that could not be
assayed on this platform were genotyped using a TagMan assay
(Applied Biosystems, Foster City, California).

Candidate SNPs were selected for replication as follows. First,
the top 200 SNPs were identified (corresponding top ~ < 5 X
10™). Highly correlated markers based on r* > .9 to a more signif-
icant marker within 100 kb (r* was based on HapMap information
[release Number 24, October 2008] and our own GWAS from con-
trols) were then removed. From this list, we included the following:
1) SNPs with p < 5 X 107° (n = 15 after 11 redundant SNPs
removed. Total number = 26. Of these, two SNPs failed for primer
design. 2) Under the premise that in GWAS analysis, power favors
more common alleles and that the enrichment for true associations
is greater in this category of alleles (6), SNPs with MAF = 10%
surpassing a more relaxed threshold (P < ~ 3.5 X 107*%) were
selected, corresponding to the top 150 SNPs (n = 76 after 12 low
MAF SNPs and 36 redundant SNPs removed. This resulted in a total
of 124. Of these, 5 SNPs failed primer design. We additionally in-
cluded 13 SNPs that ranked from 151st to 200th on the grounds that
they could be included in the Sequenom panels of markers without
compromising the design of the higher-priority SNPs. Conse-
quently, 97 SNPs were genotyped in the replication sample, of
which 5 did not pass QC on the basis of genotype call rate (> .95)
and HWE (p > .001). All genotype calls were confirmed by visual
inspection of cluster plots.

SNP-Based Association Analysis
Consistent with most other GWAS, our study is based upon
allele-wise association analysis which assumes an additive model.
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Genomic control adjusted p values were also calculated based
upon median chi-square statistics. This was performed using PLINK
v1.07 (16).

Combined analysis across data sets (Meta_JPN: JPN_GWAS +
Rep_JPN, Meta_ALL: JPN_GWAS + Rep_JPN + UK schizophrenia)
were conducted using the Cochran-Mantel Haenszel (CMH) ap-
proach conditioned by sample as implemented in PLINK v. 1.07.

Polygenic Component Analysis

Discovery (for selecting “score alleles” based on association sta-
tistics) and targeting (for calculation of polygenic score) samples
are summarized in Table S2 in Supplement 1. Briefly, we examined
five discovery and target pairs:

1. Japanese:Asetof 280 cases and 274 controls were selected
for discovery, and the results were tested in an additional
set of 280 cases and 274 controls. The discovery/target
samples were selected at random (on the basis of random
number generation) from the Japanese GWAS data set.
This procedure was repeated 1000 times to ensure the
results of this analysis were representative of random divi-
sions of the data set.

Each of the UK schizophrenia (479 schizophrenia and 2938
controls) (2) and bipolar (1868 cases and 2938 controls)
(14) samples were used separately as a discovery data set
to generate lists of “risk” alleles that were tested in the full
Japanese GWAS sample.

The full Japanese GWAS sample was used as a discovery
data set to generate lists of "risk” alleles that were tested in
the UK schizophrenia and bipolar data sets.

2,3.

4,5.

For the UK data sets, we used the QC criteria applied in the
primary manuscripts (2,14) in which SNPs that deviated from HWE
(p <1 X 107%in cases or.001 in control) and had a low call rate (<
97%) were excluded. Note that the criteria for HWE exclusion in the
UK data setis slightly different from thatin the Japanese GWAS. The
precise choice of HWE filter is arbitrary, but we note that both data
sets criteria are on the more stringent side of customary practice.

Following the ISC (6), we reduced the set of SNPs by removing
SNPs that are in linkage disequilibrium (LD) using the same criteria
applied by the ISC (r* threshold at .25, window size 200 SNPs). In the
tests of the split Japanese data set, we used LD-pruned SNPs se-
lected on the basis of the metrics in the full set of Japanese controls.
For all comparisons between Japanese and European data sets, we
pruned SNPs sequentially first on the basis of the LD metrics in the
discovery data set and second on those in the target data set.
Polygenic score was calculated by weighting scores for “risk” alleles
by the logOR observed in the discovery data set according to the
method used by the ISC (6).

Nominally associated alleles were selected on the basis of the
genomic-control adjusted p value in the allele-wise association
analysis from the discovery samples at the following liberal signifi-
cance thresholds (P;) (P; < .5,P; < 4, Py < 3,Pr < 2and P; <.1).
The polygenic score was calculated using PLINK v. 1.07. Nagael-
kerke’s pseudo R? (a measure of variance explained by a particular
factor) was calculated by logistic regression analysis using R (http://
www.r-project.org) with covariation for “nonmissing SNPs” accord-
ing to the ISC study (6).

Results

Single Marker Association Analysis
A summary plot of the GWAS (MAF = 5%) is presented in Figure
S1inSupplement 1. We did not observe any associations at a widely
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used approximate benchmark for genome-wide significance (p =
7.2 X 107%) (17). The strongest associations were observed at
rs12218361, which maps to chromosome 10 at 126.06 Mb and is 3’
of ornithine aminotransferase (OAT, P yje1e = 6.2 X 1075, two-tailed),
and rs11895771, which maps to chromosome 2 at 37.27 Mb within
sulfotransferase family, cytosolic, 6 B, member1 (SULT6BI1, pajee =
8.0 X 107, two-tailed). The most significant 200 markers are given
in Table S1 in Supplement 2.

We genotyped 97 LD-pruned SNPs mainly from the top 150
GWAS findings in an independent Japanese replication sample
(1511 cases and 1517 controls). For 22 of these, it was possible to
expand the control sample size using data from the Japanese pop-
ulation based on the public database (JSNP). Data for 81 SNPs were
also available in the UK data set (Affymetrix 500 K chip) and were
included in the association analysis. On the basis of the replication
sample from Japanese (Rep_JPN) alone, rs9880957 showed the
most significant association (p = 2.8 X 1073, two-tailed, OR = 1.2),
but the associated allele was not the same as in the GWAS. Addi-
tionally, we undertook set-based analysis (using PLINK) to investi-
gate whether there was an excess of association signals for these
top GWAS findings in the replication data set that surpassed nomi-
nal p thresholds (e.g., p < .1, .05, .01, .001) in the Rep_JPN and UK
data sets (10,000 permutation without lambda correction for all
SNPs that passed the p threshold). However, no significant enrich-
ment was observed (data not shown). That finding is compatible
with the polygenic analysis we describe subsequently and with the
now widely accepted hypothesis that common alleles that might
be detectable in principle by GWAS exert effects that are too weak
to be substantially enriched for associations that surpassed the
threshold we specified for follow-up.

In the CMH analysis of the complete Japanese sample (Meta_JPN:
JPN_GWAS + Rep_JPN), the best p was found at rs1011131 in
LOC392288 (p = 1.2 X 10™%, two-tailed), which is weaker than in the
initial GWAS (p = 2.5 X 1072, two-tailed). Further expanding the
sample size by including UK samples (Meta-ALL: JPN_GWAS + Rep-
JPN + UK schizophrenia) did not provide convincing support for
any locus (Table S1 in Supplement 2). The strongest association
signal in Meta_ALL was rs11895771 (p = 3.7 X 1075, two-tailed) in
SULT6B1, which had been ranked second in the screening GWAS
(Table 1).

Excluding ZNF804A (the Japanese data for which were included
in the paper by O'Donovan et al.) (2), we additionally tested regions
containing schizophrenia candidate loci supported by genome-
wide significant associations in previous GWAS data sets (6-8).
Specifically, we focused on three regions: the MHC region (Chr6
25 ~ 33 Mb), NRGN, and TCF4. In this analysis, we first imputed
ungenotyped SNPs in these regions (boundaries = 1 Mb) for fine
mapping (the imputation method is presented in Supplement 1).
None of the specific SNPs at these loci that have been reported by
others (6-8) as genome-wide significant were imputable in our
Japanese GWAS sample (Figures S2-S4 in Supplement 1). However,
interestingly, we did observe a strong, fairly well circumscribed
association signal on chromosome 6 in the region of NOTCH4 (Fig-
ure S2 in Supplement 1). Furthermore, genetic association within
NOTCH4 has been reported (18) in another Japanese study (non-
overlapping with the present sample) at rs2071287 (Figure S2 in
Supplement 1), which is in complete LD (D’ = 1, r* = .56) with
rs2071286, the best SNP tested in our GWAS data. Because that
previously supported SNP (rs2071287) is also associated in our
GWAS (p = 2.1 X 1073, we then followed up this SNP in the
Rep_JPN sample; rs2071287 was again significantly associated
(Pajele = 018, two-tailed, Figure S5 in Supplement 1; note: we could
not impute this SNP with high confidence in the UK schizophrenia
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between the test allele significance threshold (P;) and either the
statistical support or the pseudo-R? (Figure 3 and Table S3 in Sup-
plement 1).

Discussion

Inthis study, we did not detect unequivocal evidence for a novel
susceptibility gene for schizophrenia, although our results do pro-
vide weak support for association between SULT6B1 and schizo-
phrenia, and our analyses of previously implicated regions and
candidate genes provide support for the hypothesis that previous
findings at the MHC region of chromosome 6 may point to NOTCH4.
The absence of association at genome-wide levels of significance is
not surprising given the relatively small size of our GWAS. Recent
large-scale GWAS of schizophrenia suggest that the effect sizes of
common risk alleles are small (ORs < 1.25). Power analysis suggests
that our GWAS has only .18% power under an additive model to
detect at a = 7.2 X 1075, a susceptibility variant with an allele
frequency of .3 conferring an OR of 1.25. Clearly, with power like
this, it would be extremely unlikely that any one locus would be
detected at strong levels of support; however, in the presence of a
thousand or more loci as has been suggested (6), the power to
detect at least one of these would be considerably greater, albeit
the subsequent power to replicate that specific locus would once
again be low.

Despite the obvious power limitations, two findings are worthy
of comment. The most strongly associated individual SNP was
rs11895771 at SULT6BT (Meta-ALL p = 3.7 X 107°). SULT6BT is a
member of one of the subfamilies of cytosolic sulfotransferases
(SULT) that catalyze the sulfonation of xenobiotics, hormones, and

0.01

Figure 3. Polygenic component analysis for the pairs of
the screening genome-wide association studies (GWAS)/
Wellcome Trust Case-Control Consortium (WTCCC) data
sets. (A) Screening GWAS/UK schizophrenia discovery/
target pair. (B) Screening GWAS/ WTCCC bipolar discov-
ery/target pair. py = p threshold. Bold numbers represent
significant p values (< .05).

Pseudo R2

0.005
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Figure 2. Polygenic component analysis for the pairs of
Wellcome Trust Case-Control Consortium (WTCCC)
data sets/screening genome-wide association studies
(GWAS). (A) UK schizophrenia/screening GWAS discov-
ery/target pair. (B) WTCCC bipolar/screening GWAS
discovery/target pair. p; = p threshold. Bold numbers
represent significant p values (< .05).

neurotransmitters, including 17B-estradiol and corticosterone (19),
functions that are at least plausibly related to schizophrenia (20 -
22), and brain function (23-25) more widely.

The second locus of interest was NOTCH4. NOTCH4 has been
reported to be associated with schizophrenia in a small UK sample
(26) (not overlapping with the present sample), but replication data
from candidate gene studies have not been strongly supportive.
However, a recent synthesis of GWASs as well as a large number of
additional subjects reported a genome-wide significant association
at rs3131296 (8), which is located within NOTCH4 (Figure S2 in
Supplement 1), although the extensive LD across the MHC region
makes pinpointing the source of that signal to a specific gene
impossible. It is therefore of interest in our evaluation of the MHC
region that the signal clearly maximized to the NOTCH4 region
(Figure S2 in Supplement 1), lending support to the hypothesis that
this may be the relevant susceptibility gene in the region. We are
unable to evaluate the specific SNP (rs3131296) reported in the
SGENE study for the Japanese population because of the failure of
imputation. In the Japanese population, the MAF of rs3131296
differs considerably from that in Europeans (MAF = 10% and 2.3%
for CEU and JPT populations, respectively, in HapMap Phase 3 data,
13% reported in SGENE), which means the ability of this marker to
tag a common functional variant is likely to differ significantly be-
tween populations. Given the evidence for association observed in
our study and the prior genetic evidence for NOTCH4, this locus
warrants further detailed analysis in larger and more ethnically
diverse samples.

This study provides the first independent (of the samples used
by the ISC) replication of the polygenic score analysis reported by
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the ISC (6). Although our sample is low powered (power is .6 for our
full sample and .56 for half of the sample to detect at an alpha level
of .5, a weak genetic effect [OR 1.1] conferred by an allele with a
frequency of .3), the set of “risk” alleles (in quotation marks to
emphasize that most are not likely to be true risk alleles) derived
from half of the Japanese sample was significantly correlated with
affection status in the other half of the samples. One possible im-
portant confounding factor to consider is an effect of population
stratification. To check for this as a possible effect, we used 1)
principal components analysis—adjusted (the first 10 principal com-
ponents) discovery statistics for the selection of SNPs and 2) the first
10 principal component vectors as covariates in calculating the
polygenic score in the target sample. However, the application of
either or both of these did not lead to a material difference in the
results (Table S4 in Supplement 1), indicating that stratification is
not likely to explain our replication of the ISC findings.

Our Japan-UK analyses also suggests this effect is unlikely to be
due to stratification (this was also convincingly argued in the I1SC
study) because the Japanese and UK schizophrenia samples are
ascertained directionally for the same stratification biases and be-
cause the UK schizophrenia sample, but not the UK bipolar sample,
would be unlikely to be stratified in that manner. Instead, those
data pointto a shared genetic component to schizophrenia suscep-
tibility across major ethnic groups, as predicted by an effect driven
by common “risk” alleles rather than rare alleles, although not ex-
cluding an effect of rare alleles, which are much more likely to reside
on different haplotype backgrounds in different populations. How-
ever, there is also evidence for population differences in risk. Thus,
the analyses restricted to the Japanese population showed much
higher maximal estimates for R? (.021) compared with the analyses
of schizophrenia between populations (R? = .005 ~ .008) and was
more similar to the estimates of R? when the analyses were per-
formed within European populations (6). The ISC also undertook
one cross-population analysis, between Caucasian and African
Americans. As in our study, R* was much lower between the ethnic
groups (.004) than within the European populations. These results
suggest that although at least some “risk” alleles are shared across
populations, there are also differences in those “risk” alleles or at
least in the extent to which they are tagged by markers at the
density currently provided by the arrays we have studied. At a
practical level, this means that failures to replicate findings across
ethnic groups, even with respect to common alleles, should be
treated with considerable caution.

Oneintriguing finding was our failure to find evidence that “risk”
alleles for bipolar disorder in the European sample predict risk of
schizophrenia in the Japanese sample (or vice versa). One likely
explanation is that there is only a partial overlap between “risk”
alleles for schizophrenia and bipolar disorder and that this, to-
gether with the additionally reduced R* because of ethnic differ-
ences, has affected our ability to demonstrate an effect. This inter-
pretation is at least partially consistent with the ISC study in which
the measures of R that were observed in bipolar data sets were less
than those observed in the schizophrenia data sets. A more inter-
esting but speculative interpretation is that the Japanese sample
represents a phenotypically purer form of schizophrenia than the
European samples. These hypotheses require further evaluation in
larger Japanese samples, exploration of aspects of the schizophre-
nia phenotype in the European samples, and transdiagnostic poly-
genic score analyses within Japanese samples.
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