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(The Intenational HapMap Consortium, 2005). We re-
genotyped 46 of these samples along with the case
control sample to provide a measure of genotyping
accuracy. All genotypes were called blind to sample
identity and affected status.

2.4. Statistical analysis

Tests of genotypic and allelic association were
performed using contingency tables. Haplotype analy-
ses were performed using the EM algorithm and a
permutation test as implemented in program EH plus
(Zhao et al., 2000) for global significance. Association
of specific haplotypes was estimated with Cocaphase
{Dudbridge, 2003). LD values were calculated using the
ldmax program within the GOLD software (Abecasis
and Cookson, 2000).

3. Results

Genotype data for SNP2, rs2494738, rs3803304 and
SNPA from our assays in the same 90 CEPH DNA
samples used in the International HapMap Project were
100% concordant with HapMap data. 100% concor-
dance was also achieved between genotype data of 46
CEPH DNA samples typed in our initial assay
optimisation stage and the same samples contained
within our case control sample set for all 10 SNPs.

Genotype data were in Hardy Weinberg equilibrium
for both cases and controls for all SNPs. No significant
differences between cases and controls were observed
for any single markers by allele (Table 1) or genotype
(data not shown).

We specifically tested those marker combinations
reported to yield the most significantly associated
haplotypes by Emamian et al. (2004) including the core
haplotype, (SNP2/SNP3, TC), those of Schwab et al.
(2005), (SNP1/SNP2a/SNP3, GTC) and Ikeda et al.
(2004), (SNP3/SNP4/SNP5, CGG and CGA as well as
seven other overlapping haplotypes also significantly
associated in the Japanese sample). Table 2 summarizes
the most significant haplotypes with the ancestral alleles
marked as *. Marker combination SNP2/SNP3/SNP4
which gave the most significant results in the Emamian
study, gave a global p-value of 0.08 in our sample.
However, the TCG haplotype for this marker combination
which gave nominal significance in the initial Emamian
study (p=0.0006) and also in that of Schwab et al. (2005),
{(p=0.02) was not significantly associated in our sample,
p=0.37, although a non significant trend was observed
in the previously reported direction (Table 2). Our case
and control frequencies for this haplotype were 0.19 and
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0.17 respectively, compared to 0.17 and 0.10 in the
German sample (Schwab et al., 2005) and 0.15 in the US
sample of European origin of Emamian et al. (2004).

Global haplotype analysis of markers (SNP2/SNP3)
forming the core two-marker haplotype of Emamian
et al. (2004) revealed no significant evidence for assoc-
iation (global p=0.09) nor did specific analysis of the
TC phased core haplotype (p=0.41). However, a spe-
cific phased 4 marker haplotype (SNP2/SNP3/SNP4/
SNPS, TCGG, Table 2) which was also significant in the
Emamian study, p=0.004, was associated in our sample,
p=0.04 (case freq=0.13, control freq=0.10). The same
haplotype was not significantly associated in either the
German (Schwab et al., 2005) or in the Japanese (Ikeda
et al., 2004) samples, (p=0.11 and 0.18 respectively),
(personal communications).

The most significant haplotype of (SNP1/SNP2a/
SNP3 GTC, Table 2) reported by Schwab et al. (2005)
was not associated in our sample, (p=0.51), although
the trend with frequencies of 0.18 and 0.16 in our cases
and controls respectively, compared to 0.17 and 0.09 in
the German sample was in the same direction.

Global haplotype analysis of SNP3/SNP4/SNP5
which was the most significant haplotype in the Jap-
anese study of Ikeda et al. (2004) was significantly
associated (uncorrected p=0.04) in our sample. The
largest difference in haplotype frequency for this
combination was 5% for the haplotype CGG (Table 2,
p=0.016). The same haplotype was also significantly
associated in the same direction in the Japanese sample
(Tkeda et al., 2004), p=0.014, although frequencies in
the samples are different (CGG=0.27 in Japanese con-
trols vs. 0.17 in Cardiff controls). The most significant
haplotype associated in the Japanese sample was SNP3/
SNP4/SNP5 CGA, (p=0.0001), (Ikeda et al., 2004).
This was not significantly associated in our sample. The
haplotype frequencies in our sample and in that of Tkeda
et al. (2004) are substantially different (Table 2). Ikeda
et al. (2004) also reported 7 overlapping haplotypes with
individual p-values less than 0.05. None of these was
significantly associated in our sample.

Although we selected the markers predicated on single
locus (i.e. pairwise tagging), in order to try to capture the
effect of unknown variants that are not represented in
HapMap, we undertook 2 and 3 marker haplotype analysis
across all the markers including those additional SNPs
recommended by our tagging procedure. We obtained
evidence for association for haplotypes of SNP1/SNP3/
SNP4, global p=0.04, which overlaps physically with the
most significant haplotypes reported by Schwab et al.
(2005) and Emamian et al. (2004). On closer inspection,
the effect came from two haplotypes with frequencies of
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less than 5%, (GTG case=0.009, control=0.018, p=0.06
and ACG, case=0.043, control= 0.023, p=0.006). Allele
C of SNP3 is common to our significant haplotype (SNP1/
SNP3/SNP4, ACG) and the most significant haplotypes of
Emamian et al. (2004) and Schwab et al. (2005), whilst
allele G of SNP4 is common to our SNP1/SNP3/SNP4,
ACG haplotype and the SNP2/SNP3/SNP4, TCG haplo-
type of Emamian et al. (2004) and Schwab et al. (2005).

4. Discussion

Following the initial report (Emamian et al., 2004)
and mixed replication evidence (Ohtsuki et al., 2004;
Tkeda et al., 2004; Ide et al., 2006; Schwab et al., 2005;
Liu et al., 2006; Bajestan et al., 2006) we sought to
provide further evidence for association between schi-
zophrenia and polymorphisms in AKT]. The question
of when the evidence for association between disease
and gene is convincing is a vexing one for several
reasons. Ideally, such evidence would come from re-
peated demonstration of a directional association (even
if not significant) between a disorder and a specified
allele such that pooled or meta-analyses demonstrates a
clear highly significant directional effect. However,
when based upon indirect association, replication of
specified alleles may not be easily obtained due to a
mixture of population differences in allelic heterogene-
ity at the locus, pattens of LD, allele frequencies,
phenotypic variation relevant to the associated allele, or
exposure to environmental variables with which a risk
allele interacts (O’Donovan and Owen, 1999). More-
over, mathematical analyses show that where the true
effect size of a susceptibility allele is weak, opposite
alleles may be genuinely associated with disease even
in populations with similar LD measures, allele
frequencies, and identical effect sizes at the functional
locus (Moskvina and O’Donovan, in press). Given the
above, while association to the same allele across
studies should at least be sought, it cannot be a pre-
requisite for considering a study as supportive of as-
sociation between disease and a gene. Instead, we
believe it is legitimate to view association to any allele
or haplotype that both survives honest appropriate cor-
rection for multiple testing and is based on a well-
designed quality-controlled study as significant evi-
dence for replication at the gene-level. When multiple
studies meet this criterion, as we consider to be the case
for example for dysbindin (Williams et al., 2005b), then
in our view, the evidence can be considered convincing.

Our single marker data for AKT! provide no evi-
dence for association with schizophrenia, but haplotype
analysis showed some trends similar to the existing data,

albeit, none that remain significantly associated in the
context of multiple testing. When associated haplotypes

- from all of these studies are aligned (Table 2), it is

apparent that the most significant risk haplotypes across
studies overlap, making the correction for multiple
testing over conservative. (Of the p-values reported in
Table 2, the most significant haplotype of Schwab et al.
(2005) is already corrected for multiple testing by simu-
lation (Becker and Knapp, 2004). The most significant
haplotype in the Emamian study (p=0.006) is uncor-
rected, but remains significant after adjustment for the
comparisons made in the study, (p<0.04).

In Table 2 where we show the most significant
haplotype reported from each study and compare these
specific haplotypes across the published data and with
our own data, the SNP3/4, alleles CG combination
occurs in 6/7 of the significant haplotypes. This trend
also extends to the Japanese sample (Ikeda et al., 2004),
but not in the Iranian sample (Bajestan et al., 2006)
where the only significant haplotype contains the A
allele at SNP 4. Also, when all ethnicities are considered
together, a trend for a longer overlap is observed with
SNPs 3/4/5, CGG in the significant risk haplotypes of
both this, the initial positive and the Japanese study, (4/
10 significant haplotypes). However, given that alleles
C and G are respectively the major alleles at SNP3 and
SNP4, and are present on numerically more haplotypes
than SNP3 allele T, this may simply be chance rather
than a reflection of a genuine pattern in the data.
Nevertheless, similar directions of effect were observed
in our sample for the haplotypes most significantly over-
represented in samples of European origin. Further con-
fidence could be achieved if the four marker haplotype
(SNP2/SNP3/SNP4/SNP5, TCGG) which was associ-
ated in the original positive study and in our own data
was also significant in the German study and Japanese
samples, particularly since (SNP3/SNP4/SNP5, CGG)
was also significant in the Japanese sample. However,
the TCGG haplotype was not significantly associated in
the German sample, p=0.11 (personal communication)
although the trend was in the same direction, and the
same haplotype was of low frequency in the Japanese
sample of Tkeda et al. (2004), (personal communication)
and was not significant in the Japanese sample of
Ohtsuki et al. (2004), (personal communication).

Our haplotype frequencies were broadly similar to
those other samples of European, origin (Emamian
et al., 2004; Schwab et al., 2005), although when com-
pared to the German sample (Schwab et al., 2005), both
our case and control frequencies were more similar to
the German cases than to the German controls (Table 2).
Comparison of LD patterns across studies showed D’
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values for our sample to be very similar to those of
Emamian et al. (2004) and also to those of Schwab et al.
(2005) and the CEPH sample (Table 3). Schwab et al.
(2005) also suggested increased recombination in the
region between SNP2a and SNP3 based on a decrease in
D' in this region compared to neighbouring regions. By
genotyping all markers in the same CEPH individuals
used in the international HapMap project, our data agree
with this finding (data not shown).

4.1. Conclusions

In a bid to replicate association of AKTI with
schizophrenia, we genotyped those polymorphisms that
provided evidence for association in samples of both
European and Japanese origin and also undertook a
pairwise analysis across the locus in a large UK based
case control sample. None of our findings survive
correction for even modest degrees of multiple testing,
and therefore we must conclude that our study does not
provide robust support for the hypothesis. However, in
our sample, we find (uncorrected) support for a phased
4 marker haplotype that was significantly associated in
the original positive association study (Emamian et al.,
2004) and which also shows non-significant trends in
the same direction in the only other sample of white
European origin (Schwab et al., 2005), (p=0.11, 2-
tailed) and, notwithstanding a very low frequency, in
the positive Japanese study (Ikeda et al., 2004), (p=
0.18). This phased haplotype also shares 3 alleles with a
significant phased 3 marker haplotype in a Japanese
sample (Ikeda et al., 2004). Thus, while our study does
not provide strong support, the current evidence for
association between AKT! across different studies re-
mains intriguing, and worthy of further investigation.
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