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Abstract

SNAP25 occurs on chromosome 20p12.2, which has been linked to schizophrenia in some
samples, and recently linked to latent classes of psychatic illness in our sample. SNAP25 is crucial
to synaptic functioning, may be involved in axonal growth and dendritic sprouting, and its
expression may be decreased in schizophrenia. We genotyped 18 haplotype-tagging SNPs in
SNAP25 in a sample of 270 Irish high-density families. Single marker and haplotype analyses
were performed in FBAT and PDT. We adjusted for multiple testing by computing q values.
Association was followed up in an independent sample of 657 cases and 411 controls. We tested
for allelic effects on the clinical phenotype by using the method of sequential addition and 5
factor-derived scores of the OPCRIT. Nine of 18 SNPs had P values <0.05 in either FBAT or PDT
for one or more definitions of illness. Several two-marker haplotypes were also associated.
Subjects inheriting the risk alleles of the most significantly associated two-marker haplotype were
likely to have higher levels of hallucinations and delusions. The most significantly associated
marker, rs6039820, was observed to perturb 12 transcription-factor binding sites in in silico
analyses. An attempt to replicate association findings in the case—control sample resulted in no
SNPs being significantly associated. We observed robust association in both single marker and
haplotype-based analyses between SNAP25 and schizophrenia in an Irish family sample. Although
we failed to replicate this in an independent sample, this gene should be further tested in other
samples.
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Introduction

Schizophrenia is a debilitating neuropsychiatric condition, candidate susceptibility genes for
which have only been identified by positional cloning in the last 5 years [Harrison and
Weinberger, 2005; Riley and Kendler, 2006]. Since its first descriptions, writers have noted
that it is clinically heterogeneous [Berrios, 1995]. Affected persons can have myriad
combinations of positive symptoms such as hallucinations and delusions, as well as negative
and affective symptoms.

Of the current list of replicated susceptibility genes for schizophrenia, it has been suggested
that a common role is direct or indirect impact on synaptic functioning [Harrison and
Weinberger, 2005]. In recent years, close attention has been paid to expression levels of
presynaptic proteins. These have often been used as an index of synaptic density, which has
been demonstrated to be altered in schizophrenia [Knable et al., 2004; Sweet et al., 2007].
One of the most commonly studied proteins is Synaptosomal-Associated Protein of 25 kDa
(SNAP25). It is a component of the soluble N-ethylmaleimide-sensitive factor attachment
receptor (SNARE) complex, along with syntaxin-1A and vesicle-associated membrane
protein (VAMP). One of the most important roles of this complex is to mediate exocytosis
in neurons, neuroendocrine cells, and pancreatic B-cells [Graham et al., 2002]. Specifically,
the components of the SNARE complex form a four-helix bundle that allows vesicles to
dock and fuse with the presynaptic cell membrane, which is crucial for synaptic
transmission [Graham et al., 2002]. It is also involved in axonal growth [Osen-Sand et al.,
1993] and neurite sprouting [Kimura et al., 2003]. Dysfunction or underexpression of a
component of this mechanism would be consistent with the decreased release of both
dopamine [Hetey et al., 1991] and glutamate [Sherman et al., 1991] from presynaptic
terminals as has been described in schizophrenic brain. It could also contribute to
neurodevelopmental abnormalities thought to be involved in the etiology of schizophrenia
[Harrison and Weinberger, 2005]. Studies have reported reduced SNAP25 immunoreactivity
in hippocampus [Thompson et al., 1998, 2003a; Young et al., 1998; Fatemi et al., 2001],
prefrontal cortex [Thompson et al., 1998; Karson et al., 1999], temporal cortex [Thompson
et al., 1998], and cingulate cortex [Gabriel et al., 1997], as well as increased levels of CSF
SNAP25 [Thompson et al., 1998, 1999, 2003b] in schizophrenia.

The SNAP25 gene is located at chromosome 20p12.2. While this region has not been
implicated in many previous genome scans, 20p12.3-p11 was ranked #11 in the Genome
Scan Meta-Analysis of Schizophrenia [Lewis et al., 2003]. In a scan of several European and
one Taiwanese samples, this was the most highly linked region in the genome [Moises et al.,
1995]. A recent study in a Japanese sib-pair sample using a high-density SNP map reported
linkage to 20p11.2 [Arinami et al., 2005]. Although there was little evidence of linkage to
this chromosome in a previous genome scan of the family sample we report here [Straub et
al., 2002], we recently reported evidence of linkage to 20p using latent classes of psychotic
illness as the phenotypes of interest [Fanous et al., 2008]. One previous single-marker
association study of SNAP25 in schizophrenia has been negative [Tachikawa et al., 2001].
However, an association between SNAP25 and decreased prepulse inhibition, a
schizophrenia-related sensory gating defect, has recently been reported in mice [Jeans et al.,
2007]. Furthermore, overexpression of the schizophrenia susceptibility gene DTNBP1
[Harrison and Weinberger, 2005; Riley and Kendler, 2006] increases expression of SNAP25
in cultured primary cortical neurons [Numakawa et al., 2004]. Because of the convergence
of evidence from gene expression and animal model studies suggesting involvement of
SNAP25 in the etiology of schizophrenia, as well as its presence in a region of linkage in our
sample and others, we tested this gene for association using 18 haplotype-tagging SNPs
genotyped in two independent schizophrenia samples.
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Materials and Methods

Subjects

In this study, we use a family-based sample to test for association initially, then attempted to
confirm results in an independent case—control sample. The Irish Study of High-Density
Schizophrenia Families (ISHDSF) was jointly sponsored by the Medical College of
Virginia, the Health Research Board, Dublin and the Queen's University, Belfast. The field
work was completed between April 1987 and November 1992. Families were ascertained
through public psychiatric services in Ireland and Northern Ireland that together provided
over 90% of all in-patient psychiatric care in the island of Ireland. The main diagnostic
instruments utilized in the field work were the structured clinical interview for DSM-I11-R
[Spitzer et al., 1987].

We used eight diagnostic categories reflecting the probable genetic relationship of these
syndromes to classic schizophrenia, as influenced by previous twin, family and adoption
studies of schizophrenia, and especially by the results of the Roscommon Family Study
(RFS) [Kendler et al., 1993]. This hierarchy contains three definitions of affection: (i)
Narrow—categories D1 and D2, or *“core schizophrenia,” including schizophrenia, poor-
outcome schizoaffective disorder (PO-SAD) and simple schizophrenia; (ii) Intermediate—
categories D1 through D5, or a narrow definition of the schizophrenia spectrum, adding to
the narrow definition schizotypal personality disorder, schizophreniform disorder, delusional
disorder, atypical psychosis, and good-outcome SAD; (iii) Broad—categories D1-D8,
including all disorders which significantly aggregated in relatives of schizophrenic probands
in the RFS and adding to the intermediate definition mood incongruent and mood congruent
psychotic affective illness, and paranoid, avoidant and schizoid personality disorder.

Final diagnoses sometimes disagreed with field diagnoses, always in the more conservative
direction. Final inclusion criteria for pedigrees in the ISHDSF sample was, therefore, based
on final diagnoses and required two or more first, second or third degree relatives with a
diagnosis of D1-D5, one or more of whom had a D1-D2 diagnosis. This criterion excluded
two pedigrees from the sample. Inclusion criteria for families for the linkage subsample of
the ISHDSF required that DNA samples be available on two or more first, second, or third
degree relatives with a diagnosis of D1-D5, one or more of whom had a D1-D2 diagnosis.

The ISHDSF sample contains 270 pedigrees and 1,425 individuals with adequate clinical
information and DNA. The number of individuals defined as “affected” under our three
definitions were: narrow—577, intermediate—700, and broad—754. Of the 270 pedigrees in
the sample, using the narrow, intermediate, and broad definitions of illness, 68 (25.7%), 113
(42.6%), 133 (50.2%), respectively, contained three or more affected individuals. Using the
narrow, intermediate, and broad definitions of illness, the ISHDSF sample contains 389,
627, and 777 affected relative pairs of whom 285, 420, and 505, respectively, are affected
sibling pairs. Subjects with a history of probable psychotic illness were rated using the
Operational Criteria Checklist for Psychotic Iliness (OPCRIT) [McGuffin et al., 1991] by
KSK.

The Irish Case—Control Study of Schizophrenia (ICCSS) sample was collected in the same
geographic regions as that of the ISHDSF sample. In this study, we used 657 affected
subjects and 411 controls. The affected subjects were selected from in-patient and out-
patient psychiatric facilities in the Republic of Ireland and Northern Ireland. Subjects were
eligible for inclusion if they had a diagnosis of schizophrenia or PO-SAD by DSM-I1I-R
criteria. Controls, selected from several sources, including blood donation centers, were
included if they denied a lifetime history of schizophrenia. Both cases and controls were
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included only if they reported all four grandparents as being born in Ireland or the United
Kingdom.

SNP Selection and Genotyping

In order to minimize genotyping load while maximizing association information,
implementation of haplotypes-tagging SNPs (tSNPs) selection is now common. For this
study, tSNPs were identified using HAPLOVIEW 3.2 [Barrett et al., 2005] using the method
of Gabriel et al. [2002] SNPs were obtained from Hapmap CEU data, phase I. Multiple
methods for SNP genotyping are in current use in our lab. Some were genotyped by
template-directed dye-terminator incorporation with fluorescence polarization detection (FP-
TDI) using the relevant AcycloPrime FP SNP detection kit (PerkinEImer Life Sciences,
Boston, MA) according to the manufacturer's instructions, and an automated allele scoring
platform [Van Den Oord et al., 2003]. Multiplex genotyping of additional SNPs was
conducted on the GenomeLab SNPstream (Beckman Coulter, Fullerton, CA) following
manufacturer's protocols, in panels SNPs matched for their extension type. SNP sequences
were screened for repeats and homology with other genomic sequences prior to using the
proprietary Beckman Coulter primer design program, Autoprimer, for constructing the
multiplex panels. In cases where SNP sequences were repeat-rich or matching extension
types were necessary for successful SNPstream multiplex paneling, proxy SNPs with
matching r2 > 0.8 and and MAF > 0.1 were substituted. tSNPs failing on the SNPstream
platform and those which could not be paneled were genotyped as monoplex reactions using
Tagman Assays-on-Demand (Applied Biosystems, Foster City, CA).

Statistical Analysis

Prior to analysis, SNP data in the family sample were tested for Mendelian inconsistencies
using the program PEDCHECK [O'Connell and Weeks, 1998], and for unlikely genotypes
using Merlin [Abecasis et al., 2002]. A genotyping error rate of 0.1% was observed, and all
erroneous genotypes were removed. We used two family-based methods to test for
association between SNAP25 SNPs and schizophrenia: the family-based association test,
operationalized in FBAT [Laird et al., 2000], and the pedigree disequilibrium test (PDT)
[Martin et al., 2000], operationalized in PDT. Individual marker genotypes were tested for
Hardy—Weinberg equilibrium, and analyzed for linkage disequilibrium relationships, in
Haploview [Barrett et al., 2005]. We tested for association using two programs as a means
of confirming results, in an attempt to reduce the probability of false positives.

We first tested for excessive transmission of alleles at each marker separately, and then for
excessive transmission of multiple-marker haplotypes. Haplotypes were reconstructed using
the HBAT command in FBAT for FBAT analyses, which utilizes the EM algorithm. In these
analyses, we used the empirical variance estimator option (—e) as our primary hypothesis
was of association in the presence of linkage. Haplotypes were constructed for PDT analyses
using PDTPHASE, part of the UNPHASED [Dudbridge, 2003] software suite v.2.404, also
using the EM algorithm. For all PDT analyses, we used the “sum PDT” statistic, which
assigns weights to pedigrees on the basis of size. We tested for association in the ISTS using
the CoCaPhase module of UNPHASED package v. 2.4.04. The P values obtained were 2
distributions.

To control the risk of false discoveries, we calculated for each P-value a so-called g-value
[Storey, 2003; Storey and Tibshirani, 2003]. A g-value is an estimate of the proportion of
false discoveries among all significant markers (i.e., q values are false discovery rates or
FDRs) when the corresponding P-value is used as the threshold for declaring significance.
As argued previously [Van den Oord and Sullivan, 2003b] we preferred this FDR-based
approach because it (a) provides a good balance between the competing goals of finding true
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effects versus controlling false discoveries, (b) allows the use of more similar standards in
terms of the proportion of false discoveries produced across studies because it is much less
affected by number of tests, which is an arbitrary factor, (c) is relatively robust against
having correlated tests [Benjamini and Hochberg, 1995; Brown and Russell, 1997; Sabatti et
al., 2003; Storey, 2003; Tsai et al., 2003; Van den Oord and Sullivan, 2003a; Fernando et
al., 2004; Korn et al., 2004; VVan den Oord, 2005], and (d) rather than an all-or-nothing
conclusion about whether a study produces significant results, gives a more subtle picture of
the possible role of the tested markers.

To test for possible heterogeneity between the family-based and case—control samples, we
generated combined odds ratios using the information included in the primary analysis
approaches and standard meta-analytic techniques. The PDT statistic compares the number
of times a given parental allele (“risk™ allele) is transmitted versus non-transmitted and
examines allele sharing between affected and unaffected sibling pairs while standard case—
control approaches examine allele frequencies in cases versus controls. The parental
transmission odds ratio is constructed as (a/c)/(b/d), where a = transmissions of the high-risk
allele, ¢ = non -transmissions of the high-risk allele, b = transmissions of all other alleles,
and d = non-transmissions of all other alleles. In the sibling pair sample and the population-
based samples, which compare case to control allele frequencies, we construct an odds ratio
as (a/c)/(b/d) where a is the number of major alleles present in cases, ¢ is the number of
minor alleles present in cases, b is the number of major alleles in controls, and d is the
number of minor alleles present in controls. We used formal meta-analytic techniques to
combine odds ratios across study types. We performed a fixed-effects (Mantel-Haenszel)
approach to meta-analysis, and calculated a P value for heterogeneity.

We tested an associated haplotoype for effects on the clinical phenotype using UNPHASED.
To determine whether a subset of the subjects was driving the observed association between
SNAP25 and schizophrenia, all cases were rank ordered according to each of five symptom
factors previously extracted from the OPCRIT in this sample: negative symptoms,
depressive symptoms, manic symptoms, delusions, and hallucinations [Fanous et al., 2005].
The sequential addition method [Macgregor et al., 2006] was used, as follows: first, a Chi-
square test was performed for all cases and controls. Next, for each factor, cases with the
highest scale scores were compared with all control subjects using a Chi-square test. Cases
with incrementally lower scores were progressively included until the Chi-square value met
or exceeded that of the full case sample. To assess the probability of a factor-haplotype
association under the null hypothesis, permutations were carried out in which the same
proportion of cases achieving a significant association was randomly sampled from the total
case population using SAS 9.1.3 [SAS Institute, 1999] and compared to all controls using
UNPHASED. Empirical P values were determined from these permutations by the formula
P =d+ 1/n+ 1, where d is the number of Chi-square statistics observed in n = 5000
permutations that exceeded the Chi-square observed in the full sample.

SNPs demonstrating significant association with multiple diagnostic categories and/or in
both association packages, were explored for putative functionality via bioinformatic
approaches to detect allele-specific sequence motifs. Surrounding sequences were examined
for evidence of evolutionary conservation. In order to identify gain or loss of physical
transcription-factor binding sites generated by the nucleotide exchange corresponding to
alternative SNP alleles, 50 bp of sequence surrounding each SNP was analyzed using
Matlnspector v 7.6.2 and SNPinspector v 2.2 [Cartharius et al., 2005]
(http://www.genomatrix.de). MatInspector identifies physical transcription-factor binding
sites whilst SNPInspector pinpoints those binding sites that are affected by SNPs, which
hence have putative regulatory activity. In both cases the vertebrate transcription factor

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2011 March 5.


http://www.genomatrix.de

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Fanous et al.

Results

Page 6

matrices and optimized matrix threshold were used to reduce the incidence of false positives
[Cartharius et al., 2005].

VISTA was used to define conserved regions in the genomic sequence of SNAP25
surrounding specific SNPs [Couronne et al., 2003] and visualized as added tracks on the
University of California Santa Cruz genome browser (http://genome.ucsc.edu/). Forty
basepairs of DNA sequence including each SNP allele was analyzed for putative splice sites
using the predictor from the Berkeley Drosophila genome project
(http:/lwww.fruitfly.org/seq_tools/splice.html. Database similarity searches, and protein
open-reading frame identification were performed using BLAST and ORF-finder via the
National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov). Hairpin
structures indicative of miRNA precursors were sought using the software ProMiR-11 [Nam
et al., 2006] and MiRPred [Brameier and Wiuf, 2007].

Eighteen single nucleotide polymorphisms in the SNAP25 gene were genotyped. There was
significant linkage disequilibrium between them, as exhibited in Figure 1. These formed five
haplotype blocks. Haplotype block structure was very similar across samples.

In the family sample, nine of these SNPs were significantly associated at the 0.05
significance level, for at least one of the four diagnostic definitions used, as displayed in
Table I. We calculated q values that can be viewed as estimates of the proportion of false
discoveries among all significant markers (i.e., q values are false discovery rates or FDRS)
when the corresponding P-value is used as the threshold for declaring significance. Q values
were calculated conservatively assuming that the proportion of markers without effect, P,
equals one. Because SNAP25 is a positional candidate; that is, a gene with considerable a
priori biological evidence of association in a linked region, we also calculated g values using
the lowest slope estimator [Benjamini and Hochberg, 2000] that resulted Py = 0.68. We have
previously suggested that a g-value of 0.1 could be a good threshold for declaring
significance in genetic studies [Van den Oord and Sullivan, 2003b]. This threshold
corresponded with a P-value of 0.0185, resulting in g values of 0.122 with Py = 1 and 0.084
with Py = 0.68, in the present study. SNPs with P < 0.0185 included SNPs 2, 3, 8, 15, 16,
and 18. Haplotype block 5, comprising SNPs 15 and 16, was significant in all diagnostic
definitions, and in both FBAT and PDTPHASE. Using the intermediate definition,
haplotype blocks 2 (SNPs 8 and 9), 3 (SNPs 9 and 10), and 4 (SNPs 11 and 12) were
significant, but were not more significant than the trend level using the other diagnostic
definitions. Results of haplotype analyses are presented in Table Il.

Analysis of clinical covariates using sequential addition yielded non-significant results for
the negative, manic, and depressive factors of the OPCRIT. However, for the delusions
factor, inclusion of 58% of the cases with the highest symptom levels resulted in a Chi-
square value exceeding that of the full sample (7.40 compared to 5.46, empirical P = 0.01).
Including 59% of the cases with the highest hallucination scores resulted in a Chi-square
value of 8.21 (compared to 5.46 in the full sample, empirical P = 0.006). All analyses of
clinical covariates tested only one haplotype block, block 5, as it was the only one that was
significant across diagnostic groups and in both analysis packages.

Based on the low g values of several SNPs, as well as the significance of block 5 across
diagnostic categories and statistical packages, we attempted a gene-based replication of
SNAP25 in the case—control sample. We performed meta-analyses of these SNPs across the
two samples to test for heterogeneity (results presented in Table I11). Only one SNP had P <
0.05 for heterogeneity, which could very likely arise due to chance. None of the haplotype
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blocks in the case—control sample had significant haplotype frequency differences between
cases and controls (results available on request).

Matlnspector and SNPinspector analysis showed that rs6077693, rs362562, rs362988, and
rs6039820 (SNPs 3, 11, 15, and 16) all perturbed transcription-factor binding sites (Table
IV). Of note is the large number of sites influenced by rs6039820 (SNP 16), the most
significantly associated SNP in the family sample (Table I). Although functionality for these
binding sites is currently putative, it is possible that these SNPs could influence the
regulation of SNAP25 gene expression. There was no evidence of cryptic splice site creation
for any of the associated SNPs.

BLASTN sequence similarity search against the database of expressed sequence tags
(dbEST) revealed that rs6039820 (SNP 16) also lies within a 99% full-length match to a
human intronless and same strand EST representing the 5’ sequence of amygdala cDNA
clone DKFZp761D1514 (Genbank accession AL133826). No overlapping ESTs were
detected by further database sequence searching, but incorporation of selected VISTA tracks
onto the UCSC genome browser showed this genomic region to be conserved in mammals,
for example, mouse and dog (Fig. 2). Although no encoded open-reading frame was strongly
suggestive of a functional protein, and we detected no features currently ascribed to miRNA
precursors, we cannot rule out the possibility that rs6039820 is a biologically meaningful
SNP.

Discussion

In this study, we tested the positional candidate gene SNAP25 for association with
schizophrenia in an Irish sample of 270 high-density families. This was followed up with an
attempt at replication using an independent sample of 657 cases and 411 controls, also from
Ireland. As we hypothesized, our family-based association tests yielded considerable
evidence for association in several markers that were not in significant LD with each other.
This was supported by the fact that several SNPs had q values lower than 0.1 (i.e., a
threshold for declaring significance leading, on average, to less than 10% false positive
findings) as well as analysis of two marker haplotypes.

Although there have been no positive reports of association between SNAP25 and
schizophrenia, several association studies of ADHD have been positive [Brophy et al., 2002;
Mill et al., 2004; Feng et al., 2005; Mill et al., 2005; Kim et al., 2007; Renner et al., 2008].
There is modest evidence of a familial relationship between schizophrenia and symptoms of
ADHD in relatives [Keshavan et al., 2003, 2008]. It is nevertheless intriguing to speculate
about such potential shared factors. Some evidence lending modest face validity to such a
supposition includes the presence of inattention as a cardinal feature of ADHD and as a
negative symptom of schizophrenia, as well as the response of both ADHD and negative
symptoms to psychostimulants [Angrist et al., 1980]. Both negative symptoms [Wolkin et
al., 1992; Goto et al., 2007] and ADHD are thought to be etiologically related to
abnormalities in dopaminergic tone [Ludolph et al., 2008]. Although speculative now, it will
be possible to begin to address the question of genetic overlap between schizophrenia and
ADHD in the near future in the Psychiatric GWAS Consortium (PGC) cross-disorder
analyses (AJP, submitted).

We found that the most significantly associated haplotoype of SNAP25 was preferentially
overtransmitted to subjects in the upper ~60% of the hallucinations and delusions factors.
These factors, as previously described, are correlated in this sample, as would be expected
due to their frequent co-occurrence as “positive symptoms.” If the marker-disease
associations observed in this sample are true, this would suggest that SNAP25 is what we
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have termed a susceptibility-modifier gene. This class of genes is one that predisposes to
more or less specific clinical subtypes of illness, and may affect the distribution of clinical
features in a population [Fanous and Kendler, 2005, 2008]. This genotype—phenotype
correlation will of course need to be confirmed in an independent sample, especially given
the inflation of the false positive rate due to our testing of multiple, albeit somewhat
correlated, symptom factors. Again, this is likely to be possible in the PGC analyses. We did
attempt to relate these results to the linkage results of the latent class phenotypes we
previously published [Fanous et al., 2008]. Although the manic, schizomanic, and deficit
syndrome classes were suggestively linked to chromosome 20p, no latent class was
associated with SNAP25 SNPs (results available on request). However, we would consider
such an approach underpowered for association, since the latent classes each comprised only
18-25% of the sample.

We attempted to replicate the marker-disease association we observed in the family sample
in an independent sample of cases and controls from the same country. We observed no
significant markers or haplotypes in this replication sample. Therefore, we are currently
unable to confirm association between SNAP25 and schizophrenia. It has been noted,
however, that none of the most replicated susceptibility genes for schizophrenia, such as
DTNBP1 and NRG1, have been uniformly supported in all studies [Harrison and
Weinberger, 2005; Riley and Kendler, 2006]. This would suggest that SNAP25 should be
studied in several additional independent samples before a judgment is made. Our formal
tests for heterogeneity indicated that the non-replication was not likely to be due to
heterogeneity, and that it may still be possible to replicate the association observed in our
family sample in a larger case—control sample. It is possible that genetic heterogeneity may
account for the non-replication, and that a clinical subtype of illness may be associated with
SNAP25 in this sample. However, we do not have OPCRIT ratings in this sample currently
and would not be able to relate the OPCRIT-based analyses in the family sample with
comparable ones in this sample.

Despite the current lack of replication, functional studies of associated variants observed in
this study may be informative, given the weight of previous expression studies (please see
Introduction Section for review). It is therefore of interest that the most significant SNP in
the family sample was observed to occur in 12 transcription-factor binding sites in our in
silico analyses. In vitro studies of this SNP may further elucidate its effect on gene
expression, and possibly, on its role in schizophrenia susceptibility.
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FIG. 1.

Intermarker linkage disequilibrium and haplotype blocks in SNAP25. Marker to marker LD,
as well as haplotype blocks, in the SNAP25 gene as determined using haplotypes-tagging
SNPs obtained from HapMap. Bright red represents D' = 1 and LOD = 2, blue represents D'
=1and LOD < 2, pink represents D' < 1 (figure displayed), and LOD > 2, and white
represents D'< 1 and LOD < 2.
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FIG. 2.

SNAP25 in the UCSC human genome browser. Schematic showing UCSC genome browser
window of chr20:10,227,500-10,235,500 spanning exon 7 to the 3'-UTR of the SNAP25
gene. VISTA tracks are at the top, showing evolutionarily conserved regions of intron 7
(pink), coding sequence (purple) plus 3'-UTR (blue). EST AL133826 is depicted by the first
gray box on the human EST track with evidence shown for mammalian conservation and
directly above SNP rs6039820.
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