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Background: Both microarray and candidate molecule studies have demonstrated that protein and mRNA expression of syntaxin
and other genes involved in synaptic function are altered in the cerebral cortex of patients with schizophrenia.
Methods: Genetic association between polymorphic markers in the syntaxin 1A gene and schizophrenia was assessed in a matched
case-control sample of 192 pairs, and in an independent sample of 238 nuclear families.
Results: In the family-based sample, a significant genetic association was found between schizophrenia and one of the four single
nucleotide polymorphisms (SNPs) tested: an intron 7 SNP (transmission disequilibrium test [TDT] 2 ⫽ 5.898; df ⫽ 1; p ⫽ .015,
family-based association test [FBAT] z ⫽ 2.280, p ⫽ .023). When the results for the TDT and case-control analyses were combined, the
association was stronger (n ⫽ 430; zc ⫽ 2.859; p ⫽ .004). Haplotype analysis supported the association with several significant values
that appear to be driven by the intron 7 SNP.
Conclusions: The results should be treated with caution until replicated, but this is the first report of a genetic association between
syntaxin 1A and schizophrenia.
Key Words: Schizophrenia, genetics, syntaxin 1A, synaptic protein,
antipsychotics

S

yntaxin is a protein enriched in presynaptic terminals
(Bennett et al 1992), and together with synaptosomeassociated protein 25 kDa (SNAP-25) and vesicle-associated membrane protein (VAMP), forms the soluble N-ethylmaleimide-sensitive factor attachment protein receptor (SNARE)
complex, which is vital for chemical neurotransmission (Sollner
et al 1993). Within presynaptic terminals, syntaxin binds to a host
of other neurotransmitter-associated proteins, including the
gamma aminobutyric acid and norepinephrine (NET) transporters (Quick 2002; Sung et al 2003). Syntaxin-NET binding modulates both the intrinsic activity of the transporter and transporter
trafficking to the plasma membrane surface (Sung et al 2003). In
one of the few studies of physiologic function, syntaxin was
transiently downregulated in rat nucleus accumbens following
administration of lipopolysaccharide (Barr et al 2003).
Independent postmortem studies in schizophrenia provide
evidence of increased syntaxin immunoreactivity in the cingulate
cortex of schizophrenia brains when compared with controls
(Gabriel et al 1997; Honer et al 1997). Syntaxin immunoreactivity
was unchanged in schizophrenia in other brain regions including
frontal, temporal, and parietal cortices (Gabriel et al 1997), as
well as cerebellum (Mukaetova-Ladinska et al 2002). A study of
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the temporal cortex in schizophrenia patients showed higher
syntaxin mRNA levels in samples of younger patients when
compared with controls, and a negative correlation of mRNA
levels with age in patient samples but not in controls (Sokolov et
al 2000). These studies suggest a possible role for syntaxin in the
pathogenesis of schizophrenia through disruption of the SNARE
complex, or interference with neurotransmitter trafficking.
We hypothesized that one or more polymorphisms of the
syntaxin 1A gene (STX1A) would demonstrate a genetic association
with schizophrenia, and examined this hypothesis across four
polymorphisms in both case-control and family-based samples.

Methods and Materials
Patient Recruitment and Sample Collection
Subjects for this study were recruited with fully informed
written consent, and in accordance with University of Toronto
and Medical Research Council of Canada guidelines for the
ethical treatment of human subjects. Study approval for the
recruitment of Portuguese subjects was given by the University of
Coimbra Internal Review Board (IRB), and in the United States by
the IRB of the State University of New York, Buffalo. A total of
238 nuclear families consisting of probands with schizophrenia
and at least one first-degree relative were collected from both
mainland Portugal (Coimbra) and the Azores islands (124 families), and from hospitals in Toronto, Ontario (114 families). In
addition, 192 case-control pairs were recruited from the Toronto
area. All patients had an independent clinical DSM-III-R/DSM-IV
diagnosis of schizophrenia from their referring psychiatrist
(American Psychiatric Association 1994). In patients from Portugal and the Azores, the diagnosis was confirmed with the
Diagnostic Interview for Genetic Studies (Nurnberger et al 1994).
A Structured Clinical Interview for Diagnosis was administered
by trained research assistants to each proband from the Toronto
region to confirm a DSM-III-R diagnosis of schizophrenia. In both
samples, a consensus-based procedure provided the ultimate
decision for the diagnostic classification of the patients. Controls
were screened using the Family Interview for Genetic Studies
(Maxwell 1992) and excluded if there was any personal or family
history of mental illness or alcohol/substance abuse. Patients and
control subjects were matched for age, gender, and self-reported
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ethnicity (Rosenberg et al 2002) to reduce the potential stratification that might result from ethnically heterogeneous case and
control groups. Venous blood was obtained from subjects using
standard venipuncture techniques. DNA was extracted using a
nonenzymatic high-salt procedure (Lahiri and Nurnberger 1991).
Genotyping
The syntaxin 1A gene (located at 7q11.2; Nakayama et al
1998) was initially genotyped at two restriction fragment length
polymorphisms (RFLPs); one each in exon 3 and intron 7
(Tsunoda et al 2001). After reviewing the preliminary data, we
genotyped two more markers in the family-based samples, a
single nucleotide polymorphism (SNP) in intron 3 (refSNP ID:
rs3793243; NCBI dbSNP# ss4979617) and another SNP in the
3⬘-untranslated region (3⬘UTR) (rs1569061; ss2413383).
The exon 3 polymorphism, a silent T/C substitution (D68D),
was amplified with the following polymerase chain reaction
(PCR) primers: 5⬘- CTACTCTGGGCCATCTCTG (forward) and 5⬘CAGAGGTCCCGTGAGGCCTC (reverse). The PCR cycling conditions were: 95°C ⫻ 5 min; followed by 35 cycles of 95°C ⫻
30sec, 62°C ⫻ 30sec, 72°C ⫻ 30sec. The exon 3 PCR product was
mixed with .5 l Hpy99I, 3 l Buffer 4, .3 L 100 ⫻ BSA (all from
NEB) 1.2 l H2O, and digested at 37°C⫻1 hour. Electrophoresis
on a 2.5% agarose gel at 100 V for 60 min allowed visualization
of a 263 base pair (bp) uncut band or 174 bp/89 bp cut bands.
The intron 7 RFLP is also a T/C substitution, 52 bp downstream
from the 3⬘ end of exon 7. The primer sequences were: 5⬘CAATGCTGCTGCTGAACTC (forward) and 5⬘- CGCTGACATTTATGTGACC (reverse) and the cycling conditions were: 95°C⫻5
min; followed by 35 cycles of 95°C⫻30sec, 60°C⫻30sec,
72°C⫻30sec. The intron 7 PCR product was mixed with .2l
HpyCH4IV, 3 l Buffer 1 (both from New England Biolabs, Inc.,
Beverly, Massachusetts), 1.8 l H2O, and digested at 37°C⫻1 hour.
Electrophoresis on a 2.5% agarose gel at 100V for 60 min allowed
visualization of a 312-bp uncut band or 186 bp/126 bp cut bands.
The 3⬘UTR SNP was genotyped with fluorescent TaqMan probes as
part of commercial Assays-on-Demand SNP Genotyping assays on
the ABI PRISM 7000 sequence detection system (assay #C 431715
10, Applied Biosystems Inc., Foster City, California). The intron 3
SNP was likewise genotyped with a Taqman assay developed under
Applied Biosystems’ Assays-by-Design service.
Genotypes were independently read by two authors (O.L. &
J.T.), who were blind to the identity of the individual and the
relationship of the individual to other samples. Any ambiguous
genotypes were repeated and ultimately discarded if they remained unclear. Mendelian errors were identified and families in
which false paternity was suspected were discarded.
Population Comparisons and Population Genetics
We compared the family-based sample groups for mean age,
age of onset of schizophrenia, and gender distribution using
chi-square and t-test procedures for categorical and continuous
variables respectively. The ethnic composition of the Toronto
families was: 75.9% European Caucasian, 4.5% East Indian
Caucasian, 3.6% Asian, .9% Hispanic, and 15.1% Mixed (includes
some combination of European, African, Native North American,
and West Indian). Because the Toronto and Portuguese samples
represent ethnically mixed and homogeneous populations respectively, it was necessary to determine if the populations can
be combined in a genetic analysis. Population level differences in
genetic diversity at the STX1A locus were assessed using multiple
tests to determine with reasonable certainty that the two populations did not have significant genetic differences at this locus.

Four populations were defined according to generation and
study group. Because human populations contain overlapping
generations, the F1 generation in a given family was defined by
the proband and included all siblings. The parental generation,
including aunts and uncles, was defined as the F0 generation. F2
and subsequent generations were not included in the analysis as
these individuals were rare. Hence, four populations were
described: Toronto F0 (TSF0), Toronto F1 (TSF1), Portuguese F0
(PSF0), and Portuguese F1 (PSF1). We assessed for significant
differences in allele frequencies across the two populations by
generation using a chi-square test of the null hypothesis that
there is no difference between the frequencies in the two
populations. In addition, we used the haplotypes generated from
all four polymorphisms to assess for genetic structure. Haplotype
frequencies were estimated in Arlequin v.2.0 using the expectation-maximization (EM) algorithm (Schneider et al 2000). Only
individuals with complete haplotypes were used in the tests for
genetic structure. Genetic structure was tested on three levels.
The fixation index, FST, was measured from pairwise distances
calculated among the four populations. In addition, a locus-bylocus analysis of molecular variance (AMOVA) was computed to
assess for differences on a polymorphism level. Finally, an exact
test of population differentiation was calculated using haplotypes. All population-level comparisons were performed using
Arlequin v.2.0 (Schneider et al 2000). A likelihood ratio test of
linkage disequilibrium (LD) between the four polymorphisms for
genotype data with gametic phase unknown (Slatkin and Excoffier 1996) and tests of concordance with Hardy-Weinberg
equilibrium (HWE) were also performed in Arlequin v.2.0.
Because gametic phase of the haplotypes was unknown, it was
not possible to calculate LD for haplotypes.
Genetic Statistical Analysis
The association between schizophrenia and the STX1A polymorphisms was assessed with the transmission disequilibrium
test (TDT; Spielman et al 1993), using the TDT-sTDT Program
v1.1 (Spielman and Ewens 1998). The family-based association
test (FBAT) was also used to include additional families in the
analysis that had one parent and unaffected sibs or other family
constellations (Laird et al 2000). Haplotypes were analyzed with
the TRANSMIT software, which generalizes the transmission
disequilibrium test to the analysis of adjacent loci (Clayton and
Jones 1999). The case-control samples were assessed for association between schizophrenia and the two RFLPs in exon 3 and
intron 7, using the basic chi-square test with both genotypes and
individual alleles. To examine the overall effect of the syntaxin
1A exon 3 and intron 7 polymorphisms in the two independent
samples of case controls and nuclear families, we converted the
two chi-square values to corresponding z scores using the
formula (2⫺n)/公(2n), where n is the degrees of freedom for
the 2 value. We then obtained the combined overall z score
using the inverse normal method by adding the two z scores and
dividing the sum by the square root of 2 (Hedges et al 1985).

Results
Population Comparisons
The mean age of the Toronto and Portuguese subjects was
34.3 and 33.6 years respectively, and mean age of onset (when
available) was 19.6 and 22.1 years respectively. For the combined
sample, the mean age was 33.9 years and the mean age of onset
www.elsevier.com/locate/biopsych
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Table 1. Allele and Genotype Frequencies
Allele Frequencies
Exon 3
A1
PSF0
TSF0
F0

PSF1
TSF1
F1

A2

.424 .576
.535 .465
2 ⫽ 3.587,
1 df
p ⫽ .058
.469 .531
.522 .478
chi2 ⫽ .929,
1 df
p ⫽ .335

Intron 3
A1

A2

.946 .054
.911 .089
2 ⫽ 1.838,
1 df
p ⫽ .175
.941 .059
.888 .112
2 ⫽ 5.095,
1 df
p ⫽ .024

Genotype Frequencies

Intron 7
A1

3⬘ UTR

A2

A1

.409 .591
.417 .583
2 ⫽ .009, 1
df
p ⫽ .924
.413 .587
.354 .646
2 ⫽ 1.836,
1 df
p ⫽ .175

A2

.510 .490
.580 .420
2 ⫽ 1.970,
1 df
p ⫽ .161
.525 .475
.525 .475
2 ⫽ .000, 1
df
p ⫽ .999

Exon 3

Intron 3

Intron 7

3⬘ UTR

11

12

22

11

12

22

11

12

22

11

12

22

.203
.220
.215

.441
.630
.570

.356
.150
.215

.893
.829
.857

.107
.164
.139

.00
.007
.004

.174
.181
.177

.471
.472
.472

.355
.346
.351

.277
.333
.309

.465
.492
.481

.257
.174
.210

.160
.225
.201

.617
.594
.613

.222
.181
.196

.882
.782
.835

.118
.211
.161

.00
.007
.003

.145
.143
.144

.536
.421
.478

.319
.436
.378

.285
.290
.287

.481
.471
.476

.234
.239
.236

F0, parental generation (includes aunts and uncles); F1, proband (includes all siblings); PSF0, Portugese Subjects, generation F0; PSF1, Portugese subjects,
generation F1; TSF0, Toronto subjects, generation F0; TSF1, Toronto subjects, generation F1; UTR, untranslated region.

was 21.1 years. In the Toronto sample, the male:female ratio was
2.3:1, and in the Portuguese sample this ratio was 1.8:1. In the
combined sample, the male:female ratio was 1.9:1. None of these
differences were statistically significant. Allele and genotype
frequencies are reported in Table 1. In the F0 generation, allele
frequencies were not significantly different between the Toronto
and Portuguese samples at any polymorphism (Table 1). In the
F1 generation, only the intron 3 polymorphism showed a significant difference (intron 3: 2 ⫽ 5.095, df ⫽ 1, p ⫽ .024; Table 1).
Results from tests of genetic structure are reported in Table 2.
The exact tests of population differentiation performed in Arlequin are analogous to a Fisher’s Exact Test based on haplotype
frequencies (Raymond and Rousset 1995). No significant differentiation between populations was indicated. Gene diversity and
genetic structure of the four populations defined above were
examined through the 16 possible haplotypes generated from the
four polymorphisms. Estimated haplotype frequencies and genetic diversity are presented in Table 3. Genetic structure was
examined by calculating molecular variances from pairwise
differences between haplotypes, within and among populations.
A fixation index (FST) was then calculated as a ratio of variance
components and describes whether the majority of genetic
variance is within populations or between them (see Excoffier et
al [1992] or Excoffier [2001] for details of the procedure). Pairwise
FST values for the four populations and global FST values for
individual polymorphisms are shown in Table 2. None of the
tests indicated a significant difference in genetic structure be-

tween populations. Based on these population level comparisons, the samples were combined in the overall analysis.
Genetic Association Analysis
We found a statistically significant genetic association between the STX1A intron 7 polymorphism and schizophrenia with
the TDT in the nuclear families (2 ⫽ 5.898; df ⫽ 1; p ⫽ .015;
Table 4), indicating that the C allele was transmitted more
frequently to schizophrenia probands than was the T allele.
FBAT analysis confirmed this association under an additive,
biallelic model (z ⫽ 2.280; p ⫽ .023; Table 4). There was no
significant genetic association with schizophrenia for any of the
other markers under either a TDT analysis or an FBAT analysis
(Table 4). In the case-control sample, the intron 7 polymorphism
did not show a significant association with schizophrenia (2 ⫽
1.82, df ⫽ 1, p ⫽ .177); however, when combined with the TDT
score, the results are stronger than the TDT alone (zc ⫽ 2.859, p
⫽ .004; Table 4). This result would still be significant after
Bonferroni correction over the four markers studied (p ⫽ .016).
Haplotype analysis of all four STX1A polymorphisms in the
family-based sample generated a significant result for the haplotype 1-1-1-1 (2 ⫽ 3.893, df ⫽ 1, p ⫽ .048); however, the global
chi-square for the analysis was not significant (global 2 ⫽ 8.128,
df ⫽ 8, p ⫽ .421; Table 5). Several haplotype combinations
consisting of two or three of the markers also revealed significant
associations, though global chi-squares never achieved significance in any of the analyses (Table 5).

Table 2. Summary of Population Genetic Structure Measures
Population Pairwise FST
(p value)

PSF0
TSF1
PSF1

TSF0

PSF0

.035 (.07868)
⫺.003 (.72628)
⫺.0091 (.72132)

.0486 (.05719)
⫺.0033 (.31273)

Exact Test of Population Differentiation
(p value)

Global FST for Individual
Polymorphisms
TSF1

⫺.0037 (.44793)

TSF0

FST (p value)
Exon 3
Intron 3
Intron 7
3⬘ UTR

⫺.0029 (.32551)
⫺.0071 (.95894)
.0037 (.15347)
⫺.0004 (.40567)

PSF0
TSF1
PSF1

p ⫽ .465
p ⫽ .916
p ⫽ .346

PSF0
p ⫽ .394
p ⫽ .995

TSF1

p ⫽ .098

F0, parental generation (includes aunts and uncles); F1, proband (includes all siblings); FST, fixation index; PSFO, Portugese subjects, generation F0; PSF1,
Portugese subjects, generation F1; TSFO, Toronto subjects, generation F0; TSF1, Toronto subjects, generation F1; UTR, untranslated region.
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Table 3. Haplotype Frequencies and Genetic Diversity

Haplotypea
1.1.1.1
1.1.1.2
1.1.2.1
1.1.2.2
1.2.1.1
1.2.1.2
1.2.2.1
1.2.2.2
2.1.1.1
2.1.1.2
2.1.2.1
2.1.2.2
2.2.1.1
2.2.1.2
2.2.2.1
2.2.2.2
Genetic Diversityb

TSF0

TSF1

PSF0

PSF1

All Subjects

.06031
.01858
.05520
.36162
⬍1.000e-05
⬍1.000e-05
.00788
.02045
.30561
.00493
.08972
.01750
⬍1.000e-05
⬍1.000e-05
.05820
⬍1.000e-05
.8450 (⫹/⫺ .0107)

.03872
.01722
.05697
.35801
⬍1.000e-05
.00876
⬍1.000e-05
.03396
.27867
.01572
.10926
.02998
⬍1.000e-05
⬍1.000e-05
.05274
⬍1.000e-05
.8646 (⫹/⫺ .0074)

⬍1.000e-05
⬍1.000e-05
.05556
.22222
⬍1.000e-05
⬍1.000e-05
⬍1.000e-05
.05556
.61111
⬍1.000e-05
.05556
⬍1.000e-05
⬍1.000e-05
⬍1.000e-05
⬍1.000e-05
⬍1.000e-05
.8039 (⫹/⫺ .0691)

.02477
⬍1.000e-05
.09026
.31818
⬍1.000e-05
⬍1.000e-05
⬍1.000e-05
.04406
.42978
⬍1.000e-05
.04610
⬍1.000e-05
⬍1.000e-05
⬍1.000e-05
.02273
.02412
.8457 (⫹/⫺ .0256)

.04127
.01613
.06280
.34809
⬍1.000e-05
.00390
.00403
.03195
.31952
.00899
.09065
.02277
⬍1.000e-05
⬍1.000e-05
.04909
.00083
.8529 (⫹/⫺ .0056)

F0, parental generation (includes aunts and uncles); F1, proband (includes all siblings); PSF0, Portugese subjects, generation F0; PSF1, Portugese subjects,
generation F1; TSF0, Toronto subjects, generation F0; TSF1, Toronto subjects, generation F1.
a
Haplotype frequencies are estimated using the expectation-maximization algorithm with maximum 5000 iterations and a threshold (epsilon value) of
1.0e7.
b
Genetic diversity is defined as the probability that two haplotypes chosen at random from the population are different.

Discussion
We initially genotyped two STX1A polymorphisms in a group
of nuclear families based on evidence of abnormal synaptic
protein and mRNA levels in schizophrenia. After finding a
significant association with the intron 7 marker, we subsequently
genotyped 2 additional, flanking markers in the nuclear families.
We also genotyped the original two markers in an independent
case-control sample. In both the family-based and the casecontrol sample, the C allele (allele 2⬘) of the intron 7 polymorphism is transmitted significantly more to schizophrenia probands, and the combined results (p ⫽ .004) are stronger than for
the nuclear families alone. Haplotype analyses were performed
first using the two original polymorphisms, and subsequently
with all four. With the first two polymorphisms, there was a
nonsignificant overtransmission of allele 2⬘ to schizophrenia
probands. When haplotype analyses were extended to include
all combinations of 2, 3, or 4 of the polymorphisms, a pattern

emerged in which significant haplotypes all contained the 1⬘
allele of each polymorphism. Specific to the intron 7 polymorphism, each significant haplotype showed a decreased transmission of allele 1⬘ compared to what was expected. Furthermore,
most haplotypes in which the intron 7 C allele (allele 2⬘) was
present with allele 1⬘ of the other polymorphisms, showed an
increased transmission over what was expected, although these
measures did not achieve significance (data not shown). To
interpret the pattern of these findings, it would be useful to know
the age and origin of each polymorphism; however, we were
limited by the available data to measures of LD.
Tests of concordance with Hardy-Weinberg Equilibrium
(HWE) consistently showed a significant departure from HWE for
the exon 3 polymorphism. This was found for the F1 (proband)
generation in tests using the Toronto and Portuguese samples by
themselves, and in the combined sample set, (p ⫽ .036, p ⫽ .043,
and p ⫽ .002 respectively). The TSF0 population also showed a
significant departure from HWE for the exon 3 polymorphism (p

Table 4. Uncorrected Chi-Squared Values for Association Tests
Case-Control
2

Exon 3
Intron 3
Intron 7
3⬘ UTR

TDT
a

FBAT
2

 1 df
(p value)

Combined
zc (p value)

Transmissions
(no.) (b/c)b


(1df)

p

Informative
Families (no.)

zScore

p

1.553 (.213)
–
1.82 (.177)
–

.920 (.358)
–
2.859 (.004)
–

10/18
10/13
16/33
32/29

2.286
.391
5.898
.148

.131
.532
.015
.700

36
23
60
68

.636
.090
2.280
.387

.525
.929
.023
.699

FBAT, family-based association test; TDT, transmission disequilibrium test; UTR, untranslated region.
a
Chi-square values for case-control and TDT analyses were converted to z scores, and combined using the inverse
normal method.
b
Indicates the number of times allele one is transmitted (b) and not transmitted (c) to affected offspring in
informative families.
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Table 5. Significant Associations Revealed from Haplotype Analysesa
Markersb

Haplotype

Observed/Expected
Values

2 (1 df)

p

Global Chi-Squarec
(df)

p

I; II
II; III
I; II; III
I; II; IV
I; II; III; IV

1.1
1.1
1.1.1
1.1.1
1.1.1.1

23.141 / 29.149
215.56 / 226.01
27.691 / 34.563
21.497 / 25.998
21.722 / 25.997

5.9834
3.1909
8.0068
4.3335
3.8932

.014
.074
.005
.037
.048

7.5725,(3)
4.0719,(3)
10.42,(6)
6.9615,(6)
8.1288,(8)

.056
.254
.108
.324
.421

a

Marker order: exon 3. intron 3. intron 7. 3⬘ untranslated region (UTR).
Polymorphisms: I. exon 3; II. intron 3; III. intron 7; IV. 3⬘ UTR.
c
Global chi-square is calculated from all haplotypes with frequency ⬎3% in the analysis from which the reported
association is taken.
b

⫽ .005), although this was not the case for the PSF0 nor for the
combined F0 populations. Tests for concordance with HWE for
the other polymorphisms were consistently nonsignificant in any
population studied. The shift from concordance to nonconcordance with HWE in the Portuguese F1 generation is an indicator
that this subpopulation does not represent a population that has
resulted from random mating in the previous generation.
Whether such a development is an indicator of selection among
subjects that are susceptible to mental illness, a consequence of
subsampling families from a larger population based on a
specific criteria (a child who has developed schizophrenia), or a
consequence of overlapping generations or reflects some other
factor in the population’s history is not yet clear. In any case, the
finding is not supported by association tests, and for now is best
treated as a condition on LD measures.
The exon 3 polymorphism is in LD with the intron 7 and
3⬘UTR polymorphisms, but not with the intron 3 polymorphism
(Table 6). These results are not consistent with the HWE tests,
and so the previous finding will be considered an artifact of the
sampling process and not an indicator of a relationship with the
schizophrenia phenotype. Likewise, the intron 3 and 3⬘UTR
polymorphisms are not in LD with each other (Table 6). The
intron 7 polymorphism is in LD with all other polymorphisms in
the Toronto and combined populations; however, in the Portuguese population, in both the F0 and F1 generations, intron 7 is
not in LD with intron 3 (Table 6). With reference to the haplotype
analysis, the strong LD between intron 7 and the other polymorphisms supports the idea that the associations are being driven
by the intron 7 polymorphism. Indeed, the haplotype generated
from intron 7 and intron 3 (which are not in LD with each other)
shows a trend, but is not significant at the 95% level.
The syntaxin 1A gene has been mapped to chromosome

region 7q11.2 (Nakayama et al 1997), which has not been
previously linked to schizophrenia in whole genome scans (Riley
and McGuffin 2000). The chromosome 7q21.1-q21.3 (Blouin et al
1998) and 7q21.3-q22 (Faraone et al 1998) regions have been
linked to schizophrenia but are quite far from the STX1A gene;
however, there is evidence that STX1A may affect behavior in
disorders such as Williams syndrome (WS). WS is a neurodevelopmental, chromosomal-deletion disorder that may involve the
STX1A gene region (Botta et al 1999b; Nakayama et al 1998),
although recent evidence suggests that the STX1A gene is not
always deleted (Botta et al 1999a; Tassabehji et al 1999; Wu et al
2002). Clinical features of the syndrome include: dysmorphic
facies, mental retardation or learning difficulties, elastin arteriopathy, a unique cognitive profile of relative strength in auditory
rote memory and language and extreme weakness in visuospatial constructive cognition, and a typical personality that includes
overfriendliness, anxiety, and attention problems (Morris and
Mervis 2000). Considering the phenotype of WS, it is possible
that mutation or altered expression of the STX1A gene, rather
than deletion, may contribute to the cognitive or psychological
impairments seen in schizophrenia or that abnormal synaptic
function may contribute to altered dopamine release and thus
result in psychotic symptoms.
We have presented data that suggest an association between
an intron 7 polymorphism and schizophrenia in probands collected from the Toronto area and from Portugal in two independent samples: case-control and nuclear families; however, replication of these findings and further studies into the functional
impact of this STX1A polymorphism are required. The most
compelling evidence of STX1A involvement would be the demonstration of a pathophysiologic mechanism in addition to an
association between the gene and the illness.

Table 6. Linkage Disequilibruim Values for Pairs of Polymorphisms
Pair
Exon 3-Intron 3
Exon 3-Intron 7
Exon 3-3⬘ UTR
Intron 3-Intron 7
Intron 3-3⬘ UTR
Intron 7-3⬘ UTR

F0

F1

TSF0

PSF0

TSF1

PSF1

p ⫽ .591
p ⬍ .001
p ⬍ .001
p ⬍ .001
p ⫽ .762
p ⬍ .001

p ⫽ .544
p ⬍ .001
p ⬍ .001
p ⫽ .008
p ⫽ .167
p ⬍ .001

p ⫽ .463
p ⬍ .001
p ⬍ .001
p ⬍ .001
p ⫽ .637
p ⬍ .001

p ⫽ .549
p ⫽ .004
p ⫽ .004
p ⫽ .677
p ⫽ .161
p ⫽ .016

p ⫽ .353
p ⬍ .001
p ⬍ .001
p ⫽ .013
p ⫽ .231
p ⬍ .001

p ⫽ .455
p ⬍ .001
p ⬍ .001
p ⫽ .654
p ⫽ .633
p ⬍ .001

F0, parental generation (includes aunts and uncles); F1, proband (includes all siblings); PSF0, Portugese subjects,
generation F0; PSF1, Portugese subjects, generation F1; TSF0, Toronto subjects, generation F0; TSF1, Toronto subjects,
generation F1; UTR, untranslated region.
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