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Abstract
Background—GABRG1 and GABRA2, genes that encode the γ1 and α2 subunits, respectively,
of the GABA-A receptor, are located in a cluster on chromosome 4p. Association of alcohol
dependence (AD) with markers located at the 3′ region of GABRA2 has been replicated in several
studies, but recent studies suggested the possibility that the signal may be attributable to the
adjacent gene, GABRG1, located 90kb distant in the 3′ direction. Due to strong linkage
disequilibrium in European-Americans, the origin, or origins, of the association signal are very
difficult to discern, but our previous population-based study suggested that decreased LD across
the GABRG1- GABRA2 region in African-Americans (AAs) may be useful for fine mapping and
resolution of the association signal in that population.

Methods & Results—To examine these associations in greater detail, we genotyped 13 single
nucleotide polymorphisms (SNPs) spanning GABRG1 and GABRA2 in 380 AAs with AD and in
253 AA controls. Although there was no association between any individual SNP and AD, a
highly significant difference was shown between AD subjects and controls in the frequency of a 3-
SNP GABRA2 haplotype (global p=0.00029). A similar level of significance was obtained in 6-
SNP haplotypes that combined tagging SNPs from both genes (global p=0.00994). High statistical
significance was also shown with a 6-SNP haplotype (T-G-C-G-T-A), p=0.0033. The T-G-C-G-T-
A haplotype contains the most significant GABRA2 3-SNP haplotype (p= 0.00019), G-T-A.

Conclusions—These findings reflect the interrelationship of these two genes and the likelihood
that risk loci exist in each of them. Study of an AA population allowed evaluation of these
associations at higher genomic resolution than is possible in a European-American population,
owing to the much lower linkage disequilibrium across these loci in AAs.

*Correspondence: Joel Gelernter, MD, Yale University School of Medicine, VA Psychiatry 116A2, 950 Campbell Avenue, West
Haven, CT 06516, Tel: +1 203 932-5711 ext 3590, joel.gelernter@yale.edu.
*Equal contribution

NIH Public Access
Author Manuscript
Alcohol Clin Exp Res. Author manuscript; available in PMC 2013 April 1.

Published in final edited form as:
Alcohol Clin Exp Res. 2012 April ; 36(4): 588–593. doi:10.1111/j.1530-0277.2011.01637.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Alcohol dependence (AD) is a genetically complex disorder in which both genetic and
environmental factors play crucial roles. Heritability has been estimated to be at least 50%
for both men and women (Reich et al., 1998). Adaptation of GABAA receptors to ethanol
exposure may play a role in the pathophysiology of AD (Harris et al., 1995, 1997, 1998;
Iwata et al., 2000).

Nineteen heterogeneous subunits of the GABAA receptor (6 α, 3 β, 3 γ, 1 δ, 1 ε, 1 θ, 1 π and
3 ρ) have been identified (Belelli and Lambert, 2005), with 70% sequence homology within
classes and 30% homology between classes. Functional receptors are pentameric, with the
receptor usually comprised of 2 α subunits, 2 β subunits, and one γ subunit. Genetic
variation in genes coding receptor subunits, including, for example, variants affecting exon
splicing mechanisms (Barnard et al., 1998; Sieghart and Sperk, 2002; Simon et al., 2004),
may be responsible for differences in receptor composition and therefore differences in
multimeric receptor properties, including location in the neuron, change in sensitivity to
neurotransmitter, kinetics of the channel, other pharmacological and physiological
properties, and expression patterns (Belelli and Lambert, 2005).

Several association studies have implicated genes encoding GABA-A subunits in the risk for
AD. GABRA2, which encodes the α2 subunit, has been the most widely studied, with the
majority of studies (Covalt et al., 2004; Drgon et al., 2006; Edenberg et al., 2004;
Lappalainen et al., 2005, Enoch et al., 2006; Fehr et al., 2006; Matthews et al., 2007; Soyka
et al., 2008), providing evidence that markers located at the 3′ region of the gene are
associated to the risk for AD. GABRA2 maps to the GABA gene cluster on human
chromosome 4 (4p12-p13), which also includes GABRG1, GABRB1 and GABRB4, genes
that encode the γ1, β1 and β4 subunits of GABA-A, respectively (Buckle et al., 1989;
Kirkness et al., 1991; McLean et al., 1995; Wilcox et al., 1992). No functional variant has
yet been found in the GABRA2 gene that could account for the association. The previously
reported associations between GABRA2 and AD could be attributable in part to the adjacent
gene, GABRG1, which is located 90kb distant in the 3′ direction, and is in strong LD with
GABRA2 in many populations (Ittiwut et al 2008). This explanation was first suggested by
Covault et al., (2008) in a study of European Americans and was replicated and extended in
a study of Plains Indians and Finns (Enoch et al., 2009). The aim of the present study was to
investigate these two candidate genes in AAs, where linkage disequilibrium is lower than
that in other populations (Ittiwut et al., 2008), possibly permitting the source of an
association signal (or signals) to be resolved.

Materials and Methods
Populations

Three hundred eighty subjects diagnosed with AD (cases) and 253 healthy control subjects
(screened to exclude major psychiatric illness) were recruited at three centers, including the
University of Connecticut Health Center (Farmington) [224 cases (93 females (mean age
38.1 ± 11.3 yr) / 131 males (mean age 40.3 ± 11.29 yr) and 110 controls (77 females (mean
age 39.9 ± 9.98 yr) / 33 males (mean age 38.9 ± 9.52 yr)], Yale University School of
Medicine (New Haven, CT) [133 cases (52 females (mean age 38.6 ± 10.8 yr) / 81 males
(mean age 38.0 ± 11.4 yr) and 52 controls (35 females (mean age 34.2 ± 10.2 yr) / 17 males
(mean age 33.7 ± 11.4 yr)], and the Medical University of South Carolina (Charleston) [23
cases (6 females (mean age 39.2 ± 14.1 yr) / 17 males (mean age 35.0 ± 11.0 yr) and 91
controls (77 females (mean age 35.1 ± 11.4 yr) / 14 males (mean age 42.5 ± 12.3 yr)]. All
subjects were of substantial African descent and all provided written informed consent as
approved by the institutional review board at each institution. The race of all subjects was
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defined according to self-identification and confirmed by Bayesian model-based clustering
using genetic marker information (Gelernter et al., 2005). Psychiatric diagnosis was based
on responses obtained using the Semi-Structured Assessment for Drug Dependence and
Alcoholism (SSADDA) (Pierucci-Lagha et al., 2005) or the Structured Clinical Interview for
DSM-IV disorders (SCID) (Spitzer et al., 1992; Williams et al., 1992).

DNA samples were obtained from blood, saliva, or immortalized cell lines. There is no
overlap in subjects between the present study and the report by Covault et al., (2008).

Single nucleotide polymorphism (SNP) selection and genotyping
Our earlier work (Ittiwut et al., 2008) identified four regions of strong LD defined by D'>0.8
based on data from a set of 13 SNP markers in 48 AA subjects (Figure 1). We used the
htSNP approach in HAPLOVIEW software version 3.32 (available at
http://www.broad.mit.edu/mpg/haploview) (Barrett et al., 2005) to identify 6 haplotype
tagging (ht) SNPs spanning a 312.6 kb region including GABRG1 and GABRA2. These
SNPs, all of which were intronic, had a minor allele frequency (MAF) ≥15%, and included
rs1497571, rs10938426, rs10033451, rs567926, rs279869, and rs279837. We will refer to
these SNPs as A, D, F, G, J and L after the nomenclature used in our prior report (Ittiwut et
al., 2008). SNPs A, D, and F map to GABRG1 and G, J, and L map to GABRA2. Of these,
rs279837 (in intron 3 of GABRA2) tagged the 2-SNP LD block composed of that SNP and
another synonymous SNP, rs279858, in exon 5 of the same gene. Genotyping was
performed using a Taqman genotyping method as described previously (Ittiwut et al., 2008).
All genotyping was performed in duplicate; genotyped plates with fewer than 3 mismatched
samples (of 384; i.e., an error rate of <0.78%) were employed in the analysis; discordant
genotypes were discarded. PCR amplification was carried out under the following
conditions: 95° C for 10 min, followed by 15 s at 92° C, and then 60 s at 60° C for 40
cycles. Signals were analyzed with an ABI Prism 7900HT sequence detector using software
version 2.1 from Applied Biosystems (Foster City, CA).

Inferred ancestry proportions
We ran the program STRUCTURE (Falush et al., 2003) to infer the individual ancestry
proportions based on the genotype data for 37 ancestry informative markers (AIMs) (Yang
et al., 2005a, 2005b; Stein et al., 2004). Four hundred seventeen of the 636 AA subjects had
AIMs; an additional 105 European American (EA) subjects were included in the
STRUCTURE run to set EA ancestral allele frequencies (to increase the accuracy when
inferring admixture). The Monte Carlo simulation parameters were set to 50,000 burn-ins
followed by 50,000 iterations, and K was set to 2. The inferred ancestry proportions were
used as a covariate in the subsequent logistic regression.

Statistical analysis
Genotype and allele frequencies for each SNP were determined in the case and control
groups. The chi-square test, with significance defined as p<0.05 for any single SNP
comparison, was employed to determine goodness of fit between observed and expected
genotype or allele frequencies comparing AD subjects with controls. Single marker
association analysis was also carried out in a logistic regression with additive genetic model,
and ancestry proportion and subject recruitment site as covariates. Analysis of haplotypic
association was performed using the chi-square test to compare frequencies of haplotypes
composed of all 6 tagging SNPs, spanning both loci. Bonferroni correction was employed to
control for multiple testing. Frequencies for the commonly observed haplotypes were
estimated using the computer program PHASE (Stephens and Donnelly, 2003) (version 2.1.1
available at fttp://www.stat.washington.edu/stephens/phase.html). We also computed global
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tests of significance for single SNP and the 6-SNP haplotypic associations between AD and
controls subjects.

Results
The chi-square tests show that genotype and allele frequencies of all selected SNPs did not
differ between the AD and control groups (Table 1). In the single marker association
analysis, in the subset of the sample with AIM information, when the covariates of ancestry
proportion and subject recruitment site were included as covariates, there was no significant
single SNP association signal. A site effect for MUSC (p-value <0.0001) is likely due to the
fact that the smallest proportion of AD subjects (6.1%) and the largest proportion of control
subjects (36%) were recruited at that site. To gauge the contribution of each gene to AD
risk, we tested differences in estimated haplotype frequency based on 3-SNP haplotypes
spanning either GABRG1 or GABRA2. We designated GABRG1 haplotypes “G---” and
GABRA2 haplotypes, “A---” (Tables 2 and 3). Notable significant differences were observed
in 3-SNP haplotypes mapped to the GABRA2 gene, where significant differences were
shown in 2 of 5 haplotypes, including the G-T-A and A-G-G (A2-4, and A2-5) haplotypes,
which accounted for 10.6% and 3.2% in the case and control groups, respectively (Table 3).
This corresponds to a global p-value of 0.00029 (df=4, χ2=18.87). Both haplotypes remained
significant (p= 0.00019 and p= 0.00042) using a Bonferroni-corrected threshold of 0.01
(0.05/5).

Haplotypes were inferred from all six tagging SNPs for both GABRG1 and GABRA2 (Table
4) to evaluate an interactive effect of these genes on risk of AD. The combination of all
tagging SNPs yielded 8 haplotypes; each represented ≥2% of observations and together they
accounted for 72.2% of the chromosomes among AD subjects and 80.8% among controls.
Global analysis showed a nominally significant difference in haplotype frequency between
AD and control groups, p=0.00994 (df=7, χ2=18.49). This compares with a Bonferroni-
corrected p=0.00625. Specific associations of each common haplotype compared to others
were also analyzed. Among these common haplotypes, which spanned 280 kb, the most
significant difference was observed in the T-G-C-G-T-A (H8) haplotype (p=0.0033,
OR=2.63, 95%CI=1.32-5.54) and accounts for 6.4% of haplotypes in the AD group but only
2.6% in controls. No other haplotype was even nominally significant different between AD
subjects vs. controls. Considering the rarity of observations in affecteds and lack of this
haplotype in controls, this finding based on estimated haplotype frequencies must be
regarded as tentative.

Discussion
We genotyped 6 tagging SNPs spanning GABRA2 and GABRG1 from among 13 previously
identified SNPs in a sample of 380 AA subjects with AD and 253 AA control subjects.
Although we did not find significant evidence for single SNP association with AD,
haplotype-based analysis of GABRG1-GABRA2 showed promising results in both global and
specific comparisons. There was evidence for haplotypic association with both genes, but
the evidence for association with GABRA2 was much stronger than that for GABRG1. To
investigate the interactions of multiple SNPs both within each gene and spanning both
genes, haplotypes were reconstructed combining three SNPs for each gene separately and all
six tagging SNPs together. Three-SNP haplotypes were reconstructed from SNPs A, D, and
F to investigate the role of GABRG1. Three-SNP haplotypes containing SNPs G, J, and L
were reconstructed for the GABRA2 analysis. A nominally significant difference was
observed in the G1-4 haplotype (C-G-T in Table 2), which reflects the potential for a small
role of GABRG1 in AD risk in AAs, but the difference in GABRA2 haplotype frequencies
was much more statistically significant (Table 3). The most significantly-associated risk
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haplotype (p=0.00019, OR=2.83, 95%CI=1.57-5.41) was A2-4 (G-T-A), which was
estimated to be present on 65 chromosomes (8.6%) in AD subjects compared to only 16
chromosomes (3.2%) in the control group. Another haplotype that was less significant in the
AD group than the control group, A2-5 (A-G-G with p=0.00042), was completely absent in
the control group (such that the OR could not be calculated).

The p-value for the GABRA2 A2-4 (G-T-A) haplotype (p=0.00019) can be compared to that
for the 6-SNP H8 haplotype: T-G-C-G-T-A (Table 4), which includes rs1497571,
rs10938426, rs10033451, rs567926, rs279869, and rs279837, and yielded a p-value of
0.0033) (OR=2.63; 95%CI=1.32-5.54). It should be noted that the 6-SNP H8 haplotype was
the only 6-SNP haplotype carrying the A2-4 (GTA) GABRA2 haplotype associated to AD.
The GABRG1 component (G1-1, TGC) of this 6-SNP haplotype did not show any
association to AD alone (Table 2). In conclusion, the findings reported here in an AA
sample are globally consistent with the findings obtained previously by Covault et al.,
(2008) in EAs. Specifically, it appears that GABRG1 and GABRA2 genes are interrelated or
that independent risk loci for AD exist in each of them. Previous studies have suggested an
association of AD with either GABRA2 (Covault et al., 2004; Edenberg et al., 2004;
Lappalainen et al., 2005) or GABRG1 (Covault et al., 2008; Enoch et al., 2009) markers. In
our study, GABRA2 haplotypes accounted for most of the association signal and joint effects
of the two loci. Inspection of the LD patterns in EA and AA populations (Ittiwut et al.,
2008) suggests that the effects of these two loci are very difficult to disentangle, by study of
EA samples alone. Because there is much less LD in AAs, we sought to distinguish effects
of the two loci by studying association with AD in this population group. We found
evidence for association with markers in both genes, but the evidence for GABRA2 was
much stronger. This demonstrates the utility of using a low-LD population to resolve an
issue of fine-scale LD mapping.
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Figure 1.
LD structure and location of 6 htSNPs over the GABRG1/GABRA2 region on chromosome
4p13-12 in African Americans (controls, AD subjects, and combined sample). Map shows
placement of the present SNPs with respect to the larger set in our earlier report (Ittiwut et al
2008)
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