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ABS TRACT

Background: Alzheimer's disease (AD) is the most common cause of dementia in
the elderly, and its etiology is still not fully understood. The aim of this study was
to analyze the role of the genetic variants of two synaptic vesicle proteins
(VAMP2, synapsin III) and two presynaptic plasma membrane proteins (syntaxin
1A, SNAP-25) in AD patients. We analyzed the functional polymorphisms of
VAMP2, synapsin III, syntaxin 1A, and SNAP-25 genes. 

Method: Sixty-eight adult patients with Alzheimer disease and Seventy-eight
healthy adults were included in the study.  DNA was extracted from whole blood
by the salting out procedure. We used polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) technique. We determined alleles and
the genotypes of polymorphism of VAMP2, synapsin III, SNAP-25 and syntaxin 1A
genes. 

Results: We observed significant differences in the genotypic distribution of the
Synapsin III rs 133945 polymorphism for AD compared with that in controls. Also, we
found significant differences in the allelic distribution of the Synapsin III rs 133946
polymorphism for AD compared with controls. We have found that individuals  who
have G alleles are 1.5 times more at risk of developing AD than those with C alleles.
Exon 3 polymorphism of syntaxin 1A gene is associated with AD. Individuals who
have T alleles are 1.7 times more at risk of developing AD than those with C alleles.
In addition, result of logistic regression analysisSNAP-25 and Synapsin III is
significant in relevance with AD.  

Conclusion: The present results indicate the possible contribution of VAMP2, synapsin
III, syntaxin 1A and SNAP-25 gene polymorphisms to AD. (Arc hi ves of Neu ropsy chi atry
2012; 49: 294-299) 
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ÖZET 
Amaç: Alzheimer Hastalığı (AH) ileri yaşlarda kendini demansla gösteren
etyolojisi henüz net olarak tanımlanmamış nörolojik bir hastalıktır. Sinaptik
bölgede çok sayıda molekül salınmaktadır. Salınan bu moleküllerin AH hastalığı
üzerindeki etkisi net olarak tanımlanmamıştır. Çalışmamızın amacı; sinaptik
vezikül proteinleri (synaptobrevin (VAMP2), synapsin III) ile presinaptik plazma
membran (syntaxin 1A, SNAP-25) proteinleri genetik polimorfizmleri ile AH
arasındaki ilişkinin araştırılmasıdır. 
Yöntem: Araştırmamızda, VAMP2, synapsin III, syntaxin 1A ve SNAP-25 genleri
polimorfizmleri 68 AH ve 78 kontrol bireyde analiz edilmiştir. DNA izolasyonu için tuz
çöktürme yöntemi, genotipleme için ise, PCR-RFLP yöntemleri kullanılmıştır.
Çalışmamamızda, VAMP2, synapsin III, syntaxin 1A ve SNAP-25 genleri
polimorfizmleri genotiplendirilmiştir.   
Bulgular: Araştırmamızın sonucunda; Synapsin III geni rs 133945 polimorfizmi ile
Alzheimer hastalığı arasında anlamlı bir ilişki tespit edilmiştir. G/A genotipinin
Alzheimer hastalığı açısından koruyucu etkisi olduğu belirlenmiştir (p=0.008). Ayrıca,
Synapsin III geni rs 133946 polimorfizmi için; Allel sayıları ile gruplar arasında
istatistiksel olarak anlamlı ilişki vardır. G alleline sahip olan bireyler C alleline sahip
olan bireylere oranla 1,5 kat daha risk altında olduğu tespit edilmiştir. Syntaxin 1A
geni exon 3 polimorfizmi ile AH arasında belirgin bir ilişki tespit edilmiştir. Talleline
sahip olan bireylerin C alleline sahip olanlara oranla 1.7 oranında AH için risk altında
olduğu tespit edilmiştir. Synapsin III, SNAP-25 genleri polimorfizmleri arasında
linkage disequilibrium tespit edilmiş ve haplotip analizi yapılmıştır.
Sonuç: Araştırmamız sonucunda; VAMP2, synapsin III, syntaxin 1A ve 
SNAP-25 genleri polimorfizmlerinin AH üzerinde etkili olabileceği öne
sürülmektedir. (Nö rop si ki yat ri Ar fli vi 2012; 49: 294-299)
Anah tar ke li me ler: Alzheimer hastalığı, SNARE, synapsin III, polimorfizm
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Introduction

Population epidemiologic studies of dementia have revealed a
relentless rise in the incidence of dementia in late life and clinically
diagnosed Alzheimer’s disease (AD) is considered to be the major
subtype of dementia (1). AD is a progressive neurodegenerative
brain disorder leading to major debilitating cognitive deficits. The
alterations capable of causing brain circuitry dysfunctions are
believed to have a slow onset and it may take several years for the
full blown disease to develop (2). We have had knowledge about the
pathophysiology of the disease for many years. Histopathological
studies showed classical hallmarks including neurofibrillary
tangles, senile plaques and extensive neuronal loss in different
brain regions of the neocortex and hippocampus regions of the
neocortex and hippocampus (3). AD is thought to be a multifactorial
disease probably caused by complicated interactions between
genetic and environmental factors (4,5,6). 

Investigations showed that neurodegeneration first starts in
entorhinal cortex and hippocampal regions (7). The release of
neurotransmitters is fulfilled via complex Ca+2-dependent,
regulated exocytosis from specialized secretory organelles, called
small synaptic vesicles (SVs), located in presynaptic nerve
terminals. An intact cytoskeletal network, synaptic plasma
membrane proteins, and soluble proteins that are reversibly
associated with plasma membrane proteins are the main
requirements of this process. While it is known that many synaptic
proteins are involved in the complex process of neurotransmitter
release, the question of whether synaptic vesicle proteins and
synaptic membrane proteins are equally or differentially affected in
selective brain regions in AD has been adressed in few studies. In
addition, the temporal relationship between synaptic protein
alterations and the clinical onset of cognitive dysfunction of the
disease is ambigious (8,9).

Neuronal exocytosis is triggered by calcium and requires 3 N-
ethylmaleimide-sensitive factor attachment protein receptor
(SNARE) proteins: synaptobrevin (Vesicle-associated membrane
protein) on the synaptic vesicle, and syntaxin and synaptosomal-
associated protein of 25 kDa (SNAP-25) on the plasma membrane
(10). Vesicle-associated membrane protein 2 (VAMP2), which is
located on synaptic vesicle membranes, is a key component of the
regulated secretory pathway at nerve terminals (11). 

Synapsins are a group of neuronal-specific phosphoproteins
that are important regulators of synaptic vesicle trafficing in
presynaptic terminals (12). They are specifically associated with
the cytoplasmic surface of the synaptic vesicle membranes (13).
Subcellular localization suggested a possible role for synapsin III
in the regulation of neurotransmitter release and synaptogenesis
(14,15). 

Syntaxin 1A is a protein enriched in presynaptic terminals
together with SNAP-25 and VAMP, forming the soluble SNARE
complex, which is vital for chemical neurotransmission (16). SNAP-
25 is a presynaptic plasma membrane protein which is an integral
component of the vesicle docking and fusion machinery mediating

secretion of neurotransmitters (17,18). SNAP-25 is highly expressed
in the nerve cells of the adult brain and it is associated with regions
of high synaptic plasticity (19,20). Previously, these synaptic vesicle
polymorphisms were investigated in many other neurological
diseases (21,22,23).

In this study, we aimed to analyse the role of the genetic
variants of two synaptic vesicule proteins (VAMP2, synapsin III) and
two presynaptic plasma membrane proteins (syntaxin 1A, SNAP-25)
in AD patients.  

Method

Participants: This study was performed between 2006 and 2008
including a mutlidisciplinary project about Alzheimer genetics. The
protocol was approved by the regional ethics committee, and the
procedures were performed according to the principles of The
Helsinki Declaration. We evaluated 68 consequtive AD patients (30
women, 38 men; mean age: 73.5±10 years) from the database of
Mersin University Medical Faculty, Department of Neurology.
Seventy-eight (38 women, 40 men; mean age: 71.05±5 years)
unrelated, age- and sex-matched healthy controls (generally
healthy spouses, mini-mental state examination (MMSE) score>24)
were selected from the same geographic area. The patients with
AD were well-matched with controls in terms of age (p=0.57) and
gender (p=0.58). All subjects underwent detailed neurpsychological
examination [including MMSE, Blessed Dementia Scale– Activities
of Daily Living, Clock Drawing test, Boston Naming test,
Neuropsychiatric Inventory (NPI), Geriatric Depression Scale (GDS)
and Clinical Dementia Rating (CDR)], laboratory analyses (including
blood chemistry tests, B12, folat levels, thyroid function tests and
serological screening) and neuroimaging studies [including
magnetic resonance imaging (MRI) or computed tomography (CT)
and single-photon emission computed tomography (SPECT)]. After
the final evaluation, diagnosis of AD has been made depending on
the NINCDS-ADRDA Alzheimer’s criteria (24). The exclusion criteria
included presence of known inflammatory disorders, infectious, or
immune diseases which may cause cognitive disturbances.

Genotyping: Venous blood samples were collected into tubes
containing ethylenediaminetetra acidic acid (EDTA). DNA was
extracted from whole blood by the salting out procedure (25).  PCR
was performed in a 25-μL volume with 100 ng DNA, 100 μm dNTPs
(Fermentas R0242), 20 pmol of each primer, 1.5 mM MgCl2, 1 x PCR
buffer with (NH4)2SO4 (Fermentas, Vilnius, Lithuania), 10% DMSO
and 2 U Taq DNA polymerase (Fermentas EP 0402). Amplification
was performed on an automated Thermal Cycler (Techne Flexigene,
Cambridge,UK). The polymorphisms of these genes were
determined by fragment separation at 120 V for 40-50 minutes on a
3.5% Agarose gel containing 0.5 mg/mL ethidium bromide. A 100-bp
DNA Ladder (Fermentas SM 0241) was used as a size standard for
each gel lane. The gel was visualized under UV light using a gel
electrophoresis visualizing system (Vilber Lourmat). PCR-RFLP
conditions of polymorphisms of VAMP2, synapsin III, syntaxin 1A
and SNAP-25 genes are shown in Table 1.
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Statistical Analysis
Power estimations were performed using the Genetic Power

Calculator. Analysis of Hardy-Weinberg equilibrium was also
performed. The Hardy–Weinberg equilibrium was verified by using
the chi-square test and estimating the expected genotypic
frequencies based on the development of the square of the
binomial for these polymorphisms. Allelic and genotypic
distributions among the different groups were compared using the
likelihood-ratio chi-square test or Fisher’s exact test. Linkage
disequilibrium was tested and haplotype analysis was used to
evaluate the effect of the “linked” genes. The frequencies smaller
than 0.03, were ignored in the analysis (26). Platform and SPSS 11.5
for Windows were used to implement statistical analysis.   

Results

DNA samples from 68 Alzheimer’s patients and 78 healthy
controls were taken into consideration. We determined alleles and
genotypes of 26 bp Ins/Del polymorphism of VAMP2 gene, -196 G>A,
-631 C>G polymorphism of synapsin III gene,  intron 7 and exon 3
polymorphisms of syntaxin 1A gene, MnlI and DdeI polymorphisms
of SNAP-25 gene (Table 2, Table 3). 

We observed significant differences in the genotypic
distribution of the Synapsin III -196 G>A (rs 133945)
polymorphism in patients with AD compared with that in controls

(p<0.05). Our data showed that the G/A genotype in rs 133945
could be a protecting factor against AD (p<0.05). It has been
determined that the individuals who have G/A genotype are less
likely to have AD. In addition, result of our study showed
significant differences in the allelic distribution of the Synapsin
III -631 C>G (rs 133946) polymorphism for AD compared with
controls (p<0.05). Results of synapsin III -631 C>G (rs 133946)
polymorphism suggest that people who have G alleles were 1.5
times more at risk of developing AD than those with C alleles .
Exon 3 polymorphism of syntaxin 1A gene is associated with AD
(p<0.05). The result of Exon 3 polymorphism of syntaxin 1A
showed that people who have T alleles are 1.7 times more at risk
of developing AD than those with C alleles. We could not find
significant differences in the allelic distribution 26 bp Ins/Del
polymorphism of VAMP2 gene for AD compared with controls
(p>0.05). We have observed no association between intron 7
polymorphism of syntaxin 1A gene and AD (p>0.05).

The two polymorphism of synapsin III and SNAP-25 were in
linkage disequilibrium (LD) and haplotype was associated with
AD. Synapsin III rs 133945 and rs 133946 polymorphisms were in
LD (control p=0.000, patients p=0.000). SNAP-25 MnlI and DdeI
polymorphisms were in LD (control p=0.000, patients p=0.725).
We calculated the frequencies of haplotypes (Table 4). The
results suggest that, C and G alleles which were together in
Synapsin III gene could be protecting factors against AD
(OR=0.58). The individuals who carry C and G alleles together are

Table 1. PCR-RFLP conditions of polymorphisms of VAMP2, synapsin III, syntaxin 1A and SNAP-25 genes

Gene Polymorphism Primers Temperature of Annealing Restriction Endonuclease PCR products

VAMP2 26 bp Ins/Del P1 57 0C - Ins allele:116 bp

polymorphism P2 - Del allele:90 bp

Synapsin III -196 G>A P3 58 0C Alw26I A allele:116 bp

(rs133945) P4        (Fermentas ER003) Gallele: 100, 16 bp

-631 C>G (rs133946) P5 BseNI C allele:105 bp

P6 (Fermentas ER0881) G allele:84, 21 bp

Syntaxin 1A Exon 3 ( rs3793243) P7 63 0C Hpy99I T allele:263 bp

P8 (New England Biolab R0615L) C allele:174,89 bp

Intron 7 (rs1569061) P9 57 0C TaiI T allele:312 bp

P10 (Fermentas ER1142) C allele:186,126bp

SNAP-25 MnlI (rs3746544) P11 58 0C MnlI T allele:256, 5 bp

P12 (Fermentas ER1072) G allele:210, 46, 5 bp

DdeI (rs1051312) P13 DdeI T allele:261 bp

P14 (Promega R-6295) C allele:228, 33 bp

Note:
P1:F5’ACAAAGTGCGCCTTATACGC3’ P2:  R5’ GGGATTTTCCTTGACGACACTC 3’
P3: F5’TCCTTTCCAGAAGGATGTCC 3, P4: R5’AAGCCAACAAATACATAAGTGGAGA 3
P5: F5’ AGGCATGTACTTGCGTTACC 3’ P6: R5’ACCAAATGACTACAAAGATGTACCA 3’
P7: F5’CTACTCTGGGCCATCTCTG 3’ P8:R5’CAGAGGTCCCGTGAGGCCTC 3’
P9: F5’ CAATGCTGCTGCTGAACT C 3     P10: R5’CGCTGACATTTATGTGACC 3’
P11: F5’ TTCTCCTCCAAATGCTGTCG 3’  P12:R5’ CCACCGAGGAGAGAAAATG 3’
P13: R5’ CCACCGAGGAGAGAAAATG 3’ P14: F5’ TTCTCCTCCAAATGCTGTCG 3’ 
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less likely to have AD. Besides, G and G alleles which were
together in synapsin III gene could increase susceptibility to AD
(OR=6.60). Haplotype analysis MnlI, DdeI polymorphisms G and C
alleles were together in SNAP-25 gene could increase
susceptibility to AD (OR=10.76). In the event of that, T and C
alleles in a 0.485-fold decreased risk of the disease when
combined (OR=0.485). 

Discussion 

Many molecules coexist in the synaptic region and little is
known about whether synaptic vesicle and synaptic membrane
proteins are equally or differentially affected in AD (21).  Previously,
it was suggested that synapse-associated amyloid-ß is prominent in
regions relatively unaffected by AD lesions and amyloid
accumulation in surviving terminals is accompanied by gliosis and
alteration in the postsynaptic structure (27). The soluble N-
ethylmaleimide-sensitive factor attachment protein receptor
(SNARE) complex, which consists of Syntaxin1A, VAMP2 and
SNAP25, plays an important role in the neurotransmitter system and
therefore, it is an attractive place to search for candidate genes for
AD. Loss of synaptic terminals in AD brains demonstrate a higher
correlation with decreased cognitive function than cell death or
plaque development, which has led to the hypothesis that
disappearance of synapses is a key event in early cognitive decline
(28). In this study, we investigated genetic variants of synaptic
vesicle and presynaptic plasma membrane proteins in AD.  

The synaptobrevins (VAMPs) are approximately 18-kDa
membrane proteins having their carboxyl terminus oriented

towards the cytoplasm and their amino-terminal domain spanning
the membrane facing the vesicle lumen (29). VAMP-2 gene in
knockout mice, despite electrically stimulated neurotransmitter
release, is completely abrogated (30). Saito et al. (31) investigated
whether the VAMP2 gene was associated with clinical responses
to a specific antidepressant, fluvoxamine and, as a result, it was
suggested that the VAMP2 gene is unlikely to play a major role in the
efficacy of fluvoxamine. In another recent study, Kawashima et al.
(32) investigated whether genetic polymorphisms within
Syntaxin1A, VAMP2 and SNAP25 were associated with
schizophrenia in Japanese population. They suggested that SNARE
complex-related genes do not play a major role in susceptibility to
schizophrenia. According to our study, 26 bp Ins/Del polymorphism
of VAMP2 gene is not associated with AD.

Synapsins are a group of neuronal-specific phosphoproteins
that are important regulators of synaptic vesicle trafficking in
presynaptic terminals (12). They are specifically associated with the
cytoplasmic surface of the synaptic vesicle membranes (13, 33). The
generation of a synapsin III knock-out mice provided the evidence
of a unique function of this gene when compared to synapsin I and
II, indicating a role in early axon development and the regulation of
neurotransmitter release in mature synapses with evidence for
decreased basal transmission at inhibitory synapses but not at
excitatory synapses (34). Synapsins play a very important role in
synaptogenesis and regulation of neurotransmitters release (15).
Ohmori et al. (35) investigated the genetic polymorphism of synapsin
III in schizophrenia. They have found no association between
polymorphism and schizophrenia. In a similar study, Tsai M et al.
(36) found no relation between genetic polymorphism of synapsin III

Table 2. Genotypes of VAMP2, SNAP-25, Synapsin III, Syntaxin 1A genes. (n= Number of individuals)

Gene Genotypes     n (%)
VAMP2 Ins/Ins Ins/Del Del/Del
Patients (n=68) 53 (77.9 %) 13 (19.2 %) 2 (2.9 %)
Control (n=78) 48 (61.5 %) 28 (35.9 %) 2 (2.6 %)
SNAP-25  MnlI T/T T/G G/G
Patients (n=68) 31 (45.6 %) 23 (33.8 %) 14 ( 20.6 %)
Control (n=78) 36 ( 46.2 %) 35 (44.9 %) 7 (9 %)
SNAP-25  DdeI T/T T/C C/C
Patients (n=68) 41 (60.3 %) 24 (35.3 %) 3 (4.4 %)
Control (n=78) 45 (57.7 %) 28 (35.9 %) 5 (6.4 %)
Synapsin III -196 G>A A/A G/A G/G
Patients (n=68) 21 (30.9 %) 24 (35.3 %) 23 (33.8 %)
Control (n=78) 17 (21.8 %) 42 (53.8%) 19 (24.4 %)
Synapsin III -631C>G G/G C/G C/C
Patients (n=68) 21 (30.9 %) 34 (50.0 %) 13 (19.1 %)
Control (n=78) 15 (19.2 %) 39 (50.0 %) 24 (30.8 %)
Syntaxin 1A Exon 3 T/T T/C C/C
Patients (n=68) 36 (52.9 %) 21 (30.9 %) 11 (16.2%)
Control (n=78) 34 (43.6 %) 35 (44.9 %) 9 (11.5 %)
Syntaxin 1A Intron 7 T/T T/C C/C
Patients (n = 68) 14 (21.2 %) 35 (57.7 %) 7 (10.6 %)
Control (n=78) 13 (16.7 %) 35 (57.7 %) 9 (25.6 %)
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and schizophrenia. In another study (22), an inverse association
was found between Multiple Sclerosis and the -631 C>G
polymorphism . We have tested the -196 G>A (rs133945) and -631
C>G (rs133946) polymorphisms in the 5’- upstream region of
synapsin III gene in AD. We observed an association between -196
G>A (rs 133945) polymorphism of Synapsin III and AD. Our results
showed that polymorphisms (rs133945, rs133946) of synapsin III
gene could be associated with AD. 

Syntaxin 1A was originally characterized as a component of the
machinery that was involved in transmitter release (19) and is a key
component in the SNARE hypothesis of vesicle trafficking and
fusion (37). More recently, syntaxin 1A has been shown to directly

regulate Ca+2 channels within presynaptic terminals; syntaxin
binds to a host of other neurotransmitter-associated proteins,
including the gamma aminobutyric acid and norepinephrine (NET)
transporters (38). In a recent study, Wong et al. (23) showed that
there was a genetic association between syntaxin 1A and
schizophrenia. In another study Tsunoda et al. (39) indicated that
SNP in syntaxin 1A gene correlated with type II diabetic patients.
Lemos et al. (40) found that rs941298 and rs6951030 of syntaxin 1A
gene were risk factors for migraines. We have studied T/C
substitution in exon 3 (rs3793243) and also T/C (rs1569061)
substitution in intron 7 (52 bp downstream from the 3’ end of exon 7)
of syntaxin 1A. Our study suggests that there is an association
between exon 3 polymorphism of syntaxin 1A gene and AD (p<0.05).
To our knowledge, this association has not been reported yet.

SNAP-25 has been implicated in the pathogenesis of
neuropsychiatric disorders including attention deficit hyperactivity
disorder (ADHD), schizophrenia, and AD. Results from behavioral
genetic and molecular genetic studies have suggested that SNAP-
25 contributes to ADHD (20,41,42,43). Golimbet et al. (44)
investigated SNAP-25 gene polymorphism and verbal memory and
attention in patients with endogenous psychoses and in healthy
subjects. Söderqvist. et al. (45) suggested that rs363039 at SNAP25
gene was associated with working memory capacity. Our results
were parallel to the other studies. SNAP-25 gene could be a novel
gene about understanding of AD.

Conclusions of this study are; 
− SV proteins and presynaptic plasma membrane could be

affected in AD. 
− SNARE complex genes’ polymorphisms could play a major

role in susceptibility for AD. 
− Genetic polymorphisms of SV proteins (synaptobrevin,

synapsin III) and two presynaptic plasma membrane (VAMP2,
Syntaxin 1A) proteins could be associated with AD.  

Future directions: Further studies, and family-based studies, are
needed to confirm this association. Data from the present study,
however, provide a basis for future studies of the role genetic
polymorphisms of SV and presynaptic plasma membrane proteins
which play in the etiology of AD.

Table 3. Alleles of VAMP2, SNAP-25, Synapsin III, Syntaxin 1A genes.
(n= Number of individuals)

Gene Alleles n (%)
VAMP2 Ins Del
Patients (n=68) 119 (87.5 %) 17 (46.6 %)
Control (n=78) 124 (79.5 %) 32 (53.4 %)
SNAP-25  MnlI T G
Patients (n=68) 85 (62.5 %) 51(37.5 %)
Control (n=78) 107 (68.6 %) 49 (31.4 %)
SNAP-25  DdeI T C
Patients (n=68) 106 (77.9 %) 30 (22.1 %)
Control (n=78) 118 (75.6 %) 38 (24.4 %)
Synapsin III -196 G>A A G
Patients (n=68) 66 (48.5 %) 70 (51.5 %)
Control (n=78) 76 (48.7 %) 80 (51.3 %)
Synapsin III -631C>G G C
Patients (n=68) 76 (55.9 %) 60 (44.1 %)
Control (n=78) 69 (44.1 %) 87 (55.9 %)
Syntaxin 1A Exon 3 T C
Patients (n=68) 93 (68.4 %) 43 (31.6 %)
Control (n=78) 103 (55.4 %) 83 (44.6 %)
Syntaxin 1A Intron 7 T C
Patients (n=68) 73 (55.3 %) 59  (44.7 %)
Control (n=78) 71 (45.5 %) 85 (54.5 %)

Table 4. Haplotypes distributions of the rs133945 and 133945 polymorphisms in the Synapsin III gene and MnlI, DdeI polymorphisms in SNAP-25 gene in
controls and AD (n= Number of individuals)

Haplotypes Controls Patients Fisher's p Odds Ratio [95%CI]
(Synapsin III gene) n (%) n (%)

CA 11.35 (0.073) 11.67 (0.086) 0.679759 1.19[0.510~2.803]
CG 75.65 (0.485) 48.33 (0.355) 0.025501 0.586[0.366~0.938]
GA 64.65 (0.414) 54.33 (0.399) 0.795545 0.940 [0.589~1.501]
GG 4.35 (0.028) 21.67 (0.159) 8.47e-005 6.608 [2.294~19.033]
Haplotypes Controls Patients Fisher's p Odds Ratio [95%CI]
(SNAP-25 gene) n (%) n (%)
G C 1.44 (0.009) 12.42 (0.091) 0.001009 10.766 [1.889~61.351]
G T 47.56 (0.305) 38.58 (0.284) 0.692470 0.903 [0.545~1.497]
T C 36.56 (0.234) 17.58 (0.129) 0.021227 0.485 [0.260~0.905]
T T 70.44 (0.452) 67.42 (0.496) 0.450828 1.194 [0.753~1.893]
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