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ABSTRACT. Objective: The genes encoding the γ-aminobutyric acid
A

(GABA
A
) receptor have been the focus of several recent studies inves-

tigating the genetic etiology of alcohol dependence. Analyses of multi-
plex families found a particular gene, GABRA2, to be highly associated
with alcohol dependence, using within-family association tests and other
methods. Results were confirmed in three case-control studies. The ob-
jective of this study was to investigate the GABRA2 gene in another col-
lection of multiplex families. Method: Analyses were based on
phenotypic and genotypic data available for 330 individuals from 65
bigenerational pedigrees with a total of 232 alcohol-dependent subjects.
A proband pair of same-sex siblings meeting Diagnostic and Statistical
Manual of Mental Disorders, Third Edition, criteria for alcohol depen-
dence was required for entry of a family into the study. One member of
the proband pair was identified while in treatment for alcohol depen-

dence. Linkage and association of GABRA2 and alcohol dependence
were evaluated using SIBPAL (a nonparametric linkage package) and
both the Pedigree Disequilibrium Test and the Family-Based Associa-
tion Test, respectively. Results: We find no evidence of a relationship
between GABRA2 and alcohol dependence. Linkage analyses exhibited
no linkage using affected/affected, affected/unaffected, and unaffected/
unaffected sib pairs (all p’s < .13). There was no evidence of a within-
family association (all p’s > .39). Conclusions: Comorbidity may ex-
plain why our results differ from those in the literature. The presence
of primary drug dependence and/or other psychiatric disorders is mini-
mal in our pedigrees, although several of the other previously published
multiplex family analyses exhibit a greater degree of comorbidity. (J.
Stud. Alcohol Drugs 68: 625-633, 2007)

THE NEUROTRANSMITTER γ-aminobutyric acid
(GABA) has been studied extensively because it is con-

sidered to be the major inhibitory neurotransmitter in the
human central nervous system (Barnard et al., 1998). Ge-
netic variation in GABA may be an important source of
risk for developing alcohol dependence based on evidence
from animal, human, and in vitro models. GABAA recep-
tors in the human brain are sensitive to ethanol, as shown
by altered expression of receptor subunit mRNAs in the
cerebral cortex following chronic ethanol administration
(Morrow et al., 1990). Positive emission tomographic stud-
ies of the metabolic response (2-deoxyglucose) to a benzo-
diazepine challenge in persons at risk for alcohol dependence
have revealed reduced benzodiazepine inhibition (Volkow
et al., 1997).

Animal studies of GABAA transmission have been shown
to influence alcohol preference (Nowak et al., 1998), toler-

ance (Hood and Buck, 2000), and withdrawal (Keir and
Morrow, 1994). Specifically, GABAA agonists increase etha-
nol intake whereas antagonists cause a decrease (Boyle et
al., 1993; Nowak et al., 1998; Tomkins and Fletcher, 1996),
and a decreased sensitivity of the GABAA receptor in dif-
ferent areas of the murine brain is associated with both
ethanol tolerance and dependence (Grobin et al., 1998). The
GABAA receptor is composed of at least 19 known sub-
units, with the majority containing three types: (1) α, (2) β,
and (3) γ (Barnard et al., 1998). Murine studies indicate
that the gene encoding the GABAA γ2 subunit, GABRG2,
is involved with the severity of ethanol withdrawal and the
motor and hypothermic effects of ethanol (Buck and Hood,
1998; Hood and Buck, 2000).

With the substantial evidence showing an association
between GABAA receptors and response to ethanol, a num-
ber of studies (three case control and four family) have
recently addressed genetic variation in these receptors and
risk for alcohol dependence. Edenberg et al. (2004) were
among the first to examine GABAA variation, finding ge-
netic association with alcohol dependence in families with
multiple affected members (i.e., multiplex families). This
finding was consistent with results from an earlier data set
showing a significant 38 cM linkage peak on Chromosome
4p, a region that is within 20 cM of the GABAA receptor
polymorphisms (Reich et al., 1998). In fact, there is a cluster
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of four GABAA receptor subunit-encoding genes in this
region of Chromosome 4: (1) GABRG1, (2) GABRA2, (3)
GABRA4, and (4) GABRB1.

Edenberg et al. (2004) used the multiplex families as-
certained by the Collaborative Study on the Genetics of
Alcoholism (COGA) through probands seeking treatment
for alcohol dependence. To be eligible for the genotyping
phases of their study, each proband was required to have at
least two first-degree relatives with alcohol dependence, as
diagnosed using the Diagnostic and Statistical Manual of
Mental Disorders, Third Edition, Revised (DSM-III-R;
American Psychiatric Association, 1987), or DSM-IV
(American Psychiatric Association, 1994) criteria. This
yielded 262 multiplex families containing 2,282 genotyped
individuals. A total of 69 single nucleotide polymorphisms
(SNPs) were evaluated: 6 in GABRG1, 50 in GABRA2, 6 in
GABRA4, 6 in GABRB1, and 1 between GABRA2 and
GABRA4. All of the evidence of an association was located
in GABRA2, thus the finer mapping in this gene. Within-
family association analyses found 30 SNPs to be signifi-
cantly associated (unadjusted for number of comparisons)
with alcohol dependence, with the most significant SNP
being rs279871. Haplotype analyses using a three SNP slid-

ing window revealed several highly significant associations,
even after a conservative adjustment for multiple testing
using a Bonferroni correction.

Two subsequent analyses of the COGA data have con-
firmed the rs279871 association (Table 1). First, Dick et al.
(2006a) used a regression-based technique to evaluate the
effect of the high-risk allele at GABRA2 on the odds of
being alcohol dependent. Generalized linear mixed models
were used to account for the correlation of individuals within
the same family. This analysis yielded a highly significant
increase in odds (p = .0003), with an odds ratio of 1.40.
The second set of COGA analyses also used a regression-
based technique but considered the age at onset of alcohol
dependence as the phenotype (Dick et al., 2006b). Having
the high-risk genotype for the GABRA2 gene significantly
increased the lifetime risk of alcohol dependence (p = .004).
These family-based analyses of the multiplex COGA data
provide compelling evidence of an association between al-
cohol dependence and the GABRA2 gene that encodes the
GABAA α2 subunit of the GABAA receptor.

Case-control analyses have sought to replicate the find-
ings of Edenberg et al. (2004) using three independent popu-
lations (see Table 1). Covault et al. (2004) found a

TABLE 1. Literature review of association between GABRA2 and alcohol dependence

Minimal
Study Statistical NCBI SNP Multiple comorbid

Study design n methods reference IDs Resultsa comparisonsb disordersc

Edenberg et al. Multiplex families 262d avg-PDT at allele 69 total SNPs; 52 √ √ √
(2004) (COGA) and haplotype levels within GABRA2

including rs279858

Covault et al. Case-control 446/334 χ2 analyses at allele rs567926, rs534459, √ NA √
 (2004) and haplotype levels rs529826, rs279869,

rs279858, rs279844,
rs279837, rs1372472

Lappalainen et al. Case-control 113/100 χ2 analyses at genotype, rs567926, rs534459, √/××××× NA √
(2005) allele, and haplotype rs529826, rs279869,

levels rs279858, rs279837

Fehr et al. (2006) Case-control 257/88 χ2 analyses at genotype, rs567926, rs279871, √ NA ×××××
allele, and haplotype rs279858, rs279845,
levels rs279836, rs137472

Dick et al. (2006a) Multiplex families 262d GLMM rs279871 √ NA ×××××
(COGA)

Dick et al. (2006b) Multiplex families 860e Log-rank test rs279871 √/××××× NA ×××××
(COGA)

Agrawal et al. (2006) Multiplex families 262d avg-PDT and PDTPhase 69 total SNPs; √ √ ×××××
(COGA) 52 within GABRA2

including rs279858

Drgon et al. (2006) Case-control 112/65 χ2 analyses at genotype, rs573400, rs505474, ××××× NA ×××××
(COGA) allele, and haplotype rs279871, rs279867,

levels rs1442061, rs3756007

Notes: NCBI = National Center for Biotechnology Information; SNP = single nucleotide polymorphisms; COGA = Collaborative Study on the Genetics of
Alcoholism; PDT = Pedigree Disequilibrium Test; NA = not applicable; GLMM = generalized linear mixed models. a √: evidence of an association; ×××××: no
evidence of an association; b √: adjustment made for multiple comparisons; ×××××: no adjustment for multiple comparisons; c √: minimal comorbid psychiatric
disorders present including drug dependence; ×××××: comorbid psychiatric disorders are not minimal or were not discussed by the author; dCOGA studies
genotyped 2,282 individuals from these 262 families; enumber of genotyped children.
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statistically significant association between seven SNPs
within GABRA2 and alcohol dependence status, which was
diagnosed using DSM-III-R and DSM-IV criteria. This study
consisted of 446 cases and 334 controls. Two of the SNPs—
rs279858 and rs279837—that were significant in Edenberg
et al. (2004) were found to be significantly associated with
alcohol dependence at the allelic level (p = .009 and p =
.008, respectively). Exclusion of cases with comorbid drug
dependence or major depression increased the magnitude
of the association for all seven significant SNPs. Examin-
ing the same seven SNPs within GABRA2 studied by
Covault et al. (2004) and Lappalainen et al. (2005) found
only two SNPs that were significant at the allelic level,
rs279869 (p = .02) and rs279858 (p = .03), using 113 cases
and 100 controls. However, none of the SNPs were signifi-
cant at the genotypic level. Two of the SNPs (rs279858
and rs279837) were used in the original GABRA2 COGA
analysis. A third case-control study sought to replicate the
COGA result and the two previously described case-control
results. Investigating six SNPs within the GABRA2 poly-
morphism, Fehr et al. (2006) studied 257 cases with DSM-
IV alcohol dependence and 88 controls. The six selected SNPs
were designed to overlap with those studied by Edenberg
et al. (2004) and Covault et al. (2004). At the allelic level,
four SNPs were significantly associated with alcohol de-
pendence, including rs279871 (p = .02) and rs279858 (p =
.02). Only two SNPs exhibited a genotypic association, both
of which were significant in the Edenberg et al. (2004)
analysis: rs279845 (p = .02) and rs279836 (p = .04).

Family-based and case-control studies completed to date
provide evidence for a genetic association between the
GABRA2 gene and alcohol dependence. In view of these
results, it appeared useful to attempt to replicate these find-
ings using one of the few existing DNA resources of alco-
hol-dependent multiplex families.

Method

Ascertainment and assessment of probands and relatives

Multiplex families were selected on the basis of the pres-
ence of a same-sex sibling pair, each with a diagnosis of
alcohol dependence. Identification of the proband pair was
accomplished through recruitment of one of the probands
while in a treatment facility in the Pittsburgh area. The
majority of probands appeared in the inpatient programs at
the time of ascertainment. Two ongoing awards from the
NIAAA supported the identification of male (Cognitive and
Personality Factors in Relatives of Alcoholics Family Study
[CPFFS]) and female (Biological Risk Factors in Female
Alcoholics Family Study [BRFFS]) alcoholic pairs. Ascer-
tainment criteria in both studies were identical. All partici-
pants signed consent forms following a discussion of the
goals and requirements of the study.

The result of the ascertainment strategy is that the ma-
jority of probands have three or more siblings who have
contributed DNA, consented to a clinical interview, and
provided family histories. Our rationale for having initiated
the study through a double proband sampling scheme was
that restricting the study to multiplex families increases the
likelihood of finding biological markers (e.g., P300 charac-
teristics) related to the alcohol dependence phenotype by
sampling affected, unaffected, and discordant pairs (Hill et
al., 1988; Steinhauer et al., 1987). This ascertainment strat-
egy is also highly beneficial for gene finding as the likeli-
hood of finding a severe form of a disorder segregating in
families in which multiple cases are found is increased.

All proband pairs were personally interviewed in both
family studies. In the CPFFS initiative—in which a male
proband pair was used for selection of families—all adult
siblings and living parents were interviewed in person, with
each first-degree relative also providing family history on
every other member of the family, thus allowing for verifi-
cation of self-reported symptoms. The BRFFS initiative—
in which a pair of alcohol-dependent sisters was used to
select families—had performed in-person interviews for all
family members who provided a DNA sample. (Changes in
the institutional review board regulations precluded obtain-
ing family history for specific family members in the BRFFS
initiative. Also, fewer family members were interviewed
because of regulations requiring the proband to recruit fam-
ily members.)

The interview format was a semistructured, well-known,
psychiatric diagnostic instrument (Diagnostic Interview
Schedule [DIS]) developed and tested for reliability and
validity in St. Louis, Missouri (Robins et al., 1981). Use of
this instrument makes it possible to make diagnoses of al-
cohol dependence, alcohol dependence by Feighner Criteria
(Feighner et al., 1972), and alcohol dependence and abuse
by DSM-III (American Psychiatric Association, 1980) and
DSM-III-R criteria. Because the majority of individuals were
assessed before the release of DSM-IV, no attempt was
made to rediagnose the sample to conform to currently pre-
vailing nomenclature. Nevertheless, the use of more than
one diagnostic system allows for comparison with other
studies using these criteria in major genome searches for
alcoholism susceptibility loci (e.g., COGA). A computer
algorithm developed by the authors allows for determining
if criteria for particular disorders by each nosological sys-
tem are present. However, to ensure the highest quality
data possible, the DIS interview data was supplemented by
a second interview, with a second clinician using a more
open-ended format designed to cover major areas of psy-
chopathology routinely covered by clinicians in screening
diagnostic interviews. Using the DIS information, the sec-
ond clinician’s information, and the family history report
of all other participating relatives, a “best-estimate” diag-
nosis was made using Feighner Criteria and DSM-III.
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It is estimated that more than 5,000 families have been
screened through an available proband pair to net the 65
cooperative families and 330 genotyped individuals on
whom the present report is based. The median sibship size
is four, with 80% of the families having three or more
siblings genotyped (Table 2). There are 232 alcohol-depen-
dent subjects, with 73% of the men and 47% of the women
being affected.

Because the selection criteria required the presence of a
same-sex proband pair and excluded families with particu-
lar psychiatric histories, only 1 family in 100 could be se-
lected and studied. Families were excluded if the proband
or any first-degree relative was considered to be “primary”
for drug dependence (drug dependence preceded alcohol-
ism onset by at least 1 year) and if the proband or first-
degree relative met the criteria for schizophrenia or a
recurrent major depressive disorder. Probands and relatives
with mental retardation or physical illness precluding par-
ticipation were excluded. The minimal comorbidity in the
genotyped sample is demonstrated in Table 3. Seven cases
in the data set met the criteria for primary drug depen-
dence. This is far lower than would have occurred had the
families not been selected for absence of primary drug de-
pendence. Nevertheless, an explanation for these seven cases
is needed. Some sibships are large, and additional siblings
were included in some pedigrees after the majority of sib-
lings had been screened and tested. Accordingly, some cases

were found to meet criteria for primary drug dependence.
These cases were included in the present study to improve
the informativeness of the pedigrees.

Samples and genotyping

Blood was drawn from the present set of 330 adult fam-
ily members, with one aliquot used to extract DNA from
whole blood and the second aliquot prepared for Epstein-
Barr virus transformation and cryopreservation. Polymerase
chain reaction (PCR) conditions were as described in Hill
et al. (2004). The following SNPs were genotyped (using
radiolabeled methods): rs483160, rs279867, and rs279858.
Two SNPs, rs279837 and rs279871, were analyzed using
the Biotage PSQ 96MA Pyrosequencer (Biotage AB,
Uppsala, Sweden; Table 4). All of these SNPs were stud-
ied by Edenberg et al. (2004), with rs279871 reported as
the most statistically significant (p = .0004, unadjusted for
multiple comparisons).

GABRA2–rs483160. This polymorphism was analyzed
by PCR amplification of a 151-base pair (bp) genomic frag-
ment using the forward primer 5'-TGTGTATATTGGA
GGGGGAAA-3' and the reverse primer 5'-TGCAATAA
TCCAATGATGCTG-3'. PCR products were digested with
TspRI (New England Biolabs, Ispwich, MA). The wild-
type allele was detected by the presence of an 87-bp DNA
digested fragment. The variant allele was identified by the
presence of the 151-bp DNA undigested product.

GABRA2–rs279867. This polymorphism was analyzed by
PCR amplification of a 150-bp genomic fragment using the
forward primer 5'-GCCAATAAGTCAGGAAGTTATGTC-3'
and the reverse primer 5'-AAATCCTTTTGAAATCAT
GCTCGT-3'. Reaction conditions included the addition of
dimethyl sulfoxide, formamide, and Triton X, each at a
final concentration of 1.4% of the total reaction volume.
PCR products were digested with DraI (New England

TABLE 2. Distribution of sibship size

Sibship size Frequency (%)

2 13 (20%)
3 15 (23%)
4 17 (26%)
5 12 (19%)
≥6 8 (12%)

TABLE 3. Lifetime prevalence of comorbid disorders percentage of cases in genotyped sample

Male (n = 168) Female (n = 162)

Alcohol Alcohol No Alcohol Alcohol No
dependence dependence alcohol dependence dependence alcohol

primary secondary dependence primary secondary dependence
Disorder (n = 118) (n = 3) (n = 47) (n = 67) (n = 13) (n = 82)

Major depression 0.0 0.0 2.1 4.5 38.5 16.3b

Antisocial personality 21.4 0.0 6.4 22.4 7.7 1.3
Drug dependence 23.9a 66.6 0.0 40.3a 76.9d 2.6c

Anxiety disorder 1.7 0.0 0.0 3.0 7.7 3.9
Any comorbidity 36.7 66.6 8.5 56.7 100.0 20.0

aSecondary drug dependence; all probands were selected to be primary for alcohol dependence; primary designation was based on
the age of onset of each disorder; a disorder had to precede another disorder by at least 1 year to be considered primary; beach of
the major depressive disorders found in these relatives was the primary disorder; as noted, none were alcohol dependent and none
were drug dependent; cthis percentage is based on two individuals who met criteria for primary drug dependence and were relatives
of the proband pair (none were probands); dthis percentage is based on 10 cases who either met criteria for primary drug depen-
dence (4 cases) or met criteria for secondary drug dependence (6 cases); none were probands.
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Biolabs, Ispwich, MA). The wild-type allele was detected
by the presence of a 123-bp DNA digested fragment. The
variant allele was identified by the presence of the 150-bp
DNA undigested product.

GABRA2–rs279858. This polymorphism was analyzed by
PCR amplification of a 188-bp genomic fragment using the
forward primer 5'-TCGACAAAAATGGAAAGATGAA-3'
and the reverse primer 5'-ACAGCAGAGTCCCATCATCC-
3'. PCR products were digested with MboII (New England
Biolabs, Ispwich, MA). The wild-type allele was detected
by the presence of the 188-bp DNA undigested product.
The variant allele was identified by the presence of a 127-
bp DNA digested fragment.

GABRA2–rs279837. This polymorphism was analyzed
by PCR amplification using the biotinylated forward primer
5'-ATGGTCCTGAGCATCCTCTAATC-3' and the unmodi-
fied reverse primer 5'-GCCTTTCTTTACAACCTCATTCC-
3'. The Biotage PSQ 96MA Pyrosequencer and accompanying
workstation were then used to isolate the biotinylated single
strand from double-stranded PCR products. Subsequently,
the isolated product was sequenced using the complimen-
tary sequencing primer 5'-TGCCTTCGGATATTTACT-3'.
The wild-type allele was detected by the presence of a T
nucleotide at the polymorphic site, whereas the variant al-
lele was detected by the presence of a C nucleotide.

GABRA2–rs279871. This polymorphism was analyzed
by PCR amplification using the unmodified forward primer
5'-AATCCAAACCCTGAAACACTTCT-3' and the biotiny-
lated reverse primer 5'-AGAAGGGATCAGAGGTAGAA
CAAA-3'. The Biotage PSQ 96MA Pyrosequencer and ac-
companying workstation were then used to isolate the

biotinylated single strand from double-stranded PCR prod-
ucts. Subsequently, the isolated product was sequenced using
the complimentary sequencing primer 5'-TGACATGTATGT
GATATATT-3'. The wild-type allele was detected by the
presence of an A nucleotide at the polymorphic site, whereas
the variant allele was detected by the presence of a G
nucleotide.

Statistical analysis

Data were first checked for Mendelian inconsistencies
using PedCheck (O’Connell and Weeks, 1998). Two in-
consistencies were found and recoded as missing. Allele
frequencies in this sample were estimated using the soft-
ware package FBAT (Laird et al., 2000; Rabinowitz and
Laird, 2000) that considers the 130 founders. The E-M al-
gorithm (Dempster et al., 1977) is used to incorporate par-
ents with missing genotype data in the estimation procedure.
Deviation from Hardy-Weinberg equilibrium was evaluated
using Haploview version 3.31 (Barrett et al., 2005).

Before performing linkage analysis, the linkage disequi-
librium (LD) between all five SNPs was evaluated using
the Haploview package. This software estimates D' and r2

for all pairs of SNPs. D' and r2 take on values of 0 through
1, with perfect LD corresponding to D' and r2 = 1.

Although the focus of our analysis was within-family
association, a linkage analysis was planned to provide po-
tential converging evidence in support of either negative or
positive evidence of association. To examine linkage, we
used the nonparametric linkage package SIBPAL imple-
mented by Statistical Analysis for Genetic Epidemiology

TABLE 4. GABRA2 SNPs selected for genotyping

NCBI Edenberg
reference Study dbSNP et al. (2004)
ID Location, bp Alleles frequencies frequencies pg

rs483160 45981832 A/C .439/.561 .509/.491a .150
rs279871 46000490 A/G .561/.439 .600/.400b

.571/.429c .0004
rs279867 46003060 G/T .439/.561 .435/.565d

.490/.551e .240
rs279858 46009350 A/G .561/.439 .483/.517a

.542/.458d .009
rs279837 46034080 T/C .550/.450 Unavailablef

A/G .542/.458d

.660/.340e .035

Notes: SNPs = single nucleotide polymorphisms; NCBI = National Center for Biotechnology
Information; bp = base pair; dbSNP = SNP database. aHapmap-CEU (30 mother/father/child trios
from Centre d’Etude du Polymorphism Human [CEPH] collection [Utah residents with Northern
and Western European ancestry]); bTSC Caucasian sample of 12 DNAs from Coriell Cell Reposi-
tories from CEPH/UTAH library; cTSC panel consisting of 42 Caucasian individuals; dAFD Eur
Panel (24 samples from Coriell Cell Repository primarily of European American descent. Prima-
rily CEPH unrelated parents); eCEPH (Genomic DNA samples were obtained for a panel of 92
unrelated individuals chosen from CEPH; the pooled sample was comprised of 93% Utah, 4%
French, and 3% Venezuelan samples); freverse primers were used resulting in T/C product; gsingle
SNP association results; unadjusted p.
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(S.A.G.E.; Case Western Reserve University, Cleveland,
OH) Version 5.0 (S.A.G.E., 2004). This method compares
the mean allele sharing obtained from GENIBD (within
S.A.G.E.) with that expected under the null hypothesis. The
statistics are computed separately using the following types
of sib pairs: concordantly affected, discordant, and concor-
dantly unaffected.

The association between alcohol dependence and
GABRA2 was evaluated using two family-based approaches:
the Pedigree Disequilibrium Test (PDT; Martin et al., 2000,
2001, 2003) and the Family-Based Association Test (FBAT;
Rabinowitz and Laird, 2000). The former test extends the
Transmission Disequilibrium Test (TDT; Spielman et al.,
1993) by considering triads (i.e., two parents and one af-
fected child), as well as discordant sib pairs, and adjusts
for the fact that multiple triads and sib pairs arise from the
same family. Three PDT statistics were calculated: (1) the
sum-PDT, (2) avg-PDT, and (3) geno-PDT. Like the TDT,
the sum-PDT and avg-PDT are allele-based tests of asso-
ciation. The geno-PDT is an extension of the PDT that
considers genotypes instead of alleles. Under dominant or
recessive genetic models, the geno-PDT is more powerful
than the two allele-based statistics. The FBAT approach is
also an extension of the TDT that compares transmission
within an entire pedigree with that expected under the null
hypothesis of no association. FBAT was implemented as-
suming an additive model because this approach is most
robust to misspecification of the underlying genetic model.

Because of potential population heterogeneity, all of the
previously described analyses were repeated using only the
63 Caucasian families (i.e., 2 African American families
were excluded).

Results

The frequencies observed in our data set are in the range
reported in dbSNP (an online database; National Center for
Biotechnology Information, 2006) (see Table 4). Evalua-
tion of LD among the five selected SNPs yielded perfect
LD, with D' and r2 = 1 for four of the SNPs: (1) rs483160,
(2) rs279871, (3) rs279867, and (4) rs279858. Accordingly,
subsequent linkage analyses were restricted to the rs279871
and rs279837 SNPs. Haploview indicated no deviation

from Hardy-Weinberg equilibrium (p = .09 and p = .19,
respectively).

The nonparametric linkage results from SIBPAL are
given in Table 5. No evidence was found for a significant
deviation in the mean proportion of alleles shared identi-
cal-by-descent from that expected under the null hypoth-
esis for the sib pair groups: affected/affected (n = 201),
affected/unaffected (n = 173), and unaffected/unaffected (n
= 45). Because of the multiplex for the alcohol dependence
ascertainment scheme, only a modest number of concor-
dantly unaffected sib pairs were available for analysis.

Results of the within-family association analyses may
be seen in Table 6 for the two SNPs providing unique in-
formation: (1) rs279871 and (2) rs279837. Association be-
tween GABRA2 and alcohol dependence was tested using
both the PDT and the FBAT. None of the results were
statistically significant for the five SNPs chosen for analy-
sis. For the PDT analysis of rs279871, 48% of the parental
A alleles were transmitted to the affected child, whereas
53% of the parental G alleles were transmitted to the af-
fected child. The frequency of the A allele in the affected
member of a discordant sib pair was 53% and 51%, in the
unaffected member, respectively. For the rs279837, PDT
analysis showed that the parental T allele was transmitted
to affected offspring 48% of the time, whereas the parental
C allele was transmitted to affected offspring in 52% of
cases. Frequencies of the T allele in the affected and unaf-
fected members of the discordant sib pairs were compa-
rable (53% and 50%, respectively). Linkage and association
analyses yielded the same results when repeated using only
Caucasian families.

Discussion

The literature contains a plethora of evidence from mu-
rine studies that the GABA neurotransmitter and GABAA

TABLE 5. Results of nonparametric linkage analysis

No. of Mean proportion
Type pairs of alleles IBD p

rs279871
Concordantly affected 201 .504 .385
Discordant 173 .481 .102
Concordantly unaffected 45 .453 .935

rs279837
Concordantly affected 201 .504 .385
Discordant 173 .484 .136
Concordantly unaffected 45 .504 .935

TABLE 6. Results of family-based association tests

No. of
informative

Tests families p

rs279871
PDT

Sum-PDT 47 .429
Avg-PDT 47 .760
Geno-PDT 47 .728

FBAT 33 .415
rs279837

PDT
Sum-PDT 47 .733
Avg-PDT 47 .868
Geno-PDT 47 .761

FBAT 34 .841

Notes: PDT = Pedigree Disequilibrium Test; FBAT = Family-Based As-
sociation Test.
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receptor are involved in the physiological responses to etha-
nol (e.g., motor incoordination and sedation) as well as
ethanol reinforcement, tolerance, and withdrawal severity
(Buck and Hood, 1998; Grobin et al., 1998; Hodge et al.,
1996; Hood and Buck, 2000; Korpi et al., 1998). These
results spurred the COGA researchers to examine the within-
family association of four of the genes encoding subunits
of the GABAA receptor. These genes were GABRG1,
GABRA2, GABRA4, and GABRB1 corresponding to the
GABAAγ1, GABAAα2, GABAAα4, and GABAAβ1 subunits,
respectively. The original analysis of these data (Edenberg
et al., 2004) indicated a significant association between 30
SNPs within GABRA2 and alcohol dependence. This result
was replicated in three independent populations using a case-
control approach (Covault et al., 2004; Fehr et al., 2006;
Lapplainen et al., 2005). The present study was an attempt
to replicate the findings of Edenberg et al. (2004) using
another data set consisting of multiplex alcohol-dependent
families. No evidence of an association or linkage to the
alcohol dependence phenotype and GABRA2 could be found
in this sample.

The present failure to replicate the findings of Edenberg
et al. (2004) may have occurred for a number of reasons.
First, the power to detect within-family association may
have been less than that available in those studies specifi-
cally using family-based association analyses (Agrawal et
al., 2006; Edenberg et al., 2004). The present study may be
underpowered because only 63 pedigrees were analyzed.
However, post hoc evaluation of power for the FBAT or
PDT are infeasible. The complexity of the alcohol depen-
dence phenotype precludes a simple specification of the
underlying genetic model that is required for any power
evaluation. Also, it is recognized that the COGA data set
has a larger number of multiplex pedigrees for analysis
than the present data set. However, placing the available
power of the present sample in the context of the power of
these COGA studies is difficult, because the number of
informative families on which these positive COGA results
were based was not reported and because power estimates
were not available from those analyses.

Although there might have been a lack of power to com-
pletely test our hypothesis that these SNPs in the GABRA2
would be associated with disease status within the multi-
plex families, the absence of a difference in the transmis-
sion probabilities from parents to affected offspring and in
the frequencies within the discordant pairs suggests that it
is unlikely that our results would have been statistically
significant.

It might be argued that performing haplotype analysis
on this data set—as Edenberg et al. (2004) did with the
COGA data set—might have revealed a significant asso-
ciation. Because of complete LD between four of the SNPs
chosen for analysis, a haplotype analysis on the two re-
maining SNPs was not performed. At any rate, such an

analysis would only have increased the number of degrees
of freedom resulting in loss of statistical power.

PDT and FBAT results do not show any evidence for an
association using one SNP. This result is consistent with a
previous genome-wide analysis in which no linkage find-
ings of note could be seen on Chromosome 4 (Hill et al.,
2004). Following up on an earlier suggestive linkage find-
ing between the MNS blood group (4q28-31) and alcohol
dependence (Hill et al., 1988), Neiswanger et al. (1995)
used the same sample to perform linkage analyses of the
4q21-31 region. No evidence for linkage was found. In fact,
all of the lod scores were zero or negative.

Another possible explanation for disparities between our
results and those of COGA, as well as subsequent positive
associations based on three case-control studies, may be
the result of differing methods of sample selection. Using
the disorder that occurs first in the participant’s life as the
primary diagnosis, and those occurring at least 1 year or
later as the secondary diagnosis, the study was designed so
that families were not included if the proband pair or their
first-degree relatives had primary diagnoses other than al-
cohol dependence. Accordingly, the present data set was
selected so that minimal primary comorbidity for drug de-
pendence and other psychiatric disorders was introduced.
In contrast, more than half (51%) of the genotyped, alco-
hol-dependent COGA subjects had a comorbid diagnosis
of illicit drug dependence that appeared to be a primary
diagnosis. In the present sample, alcohol-dependent rela-
tives of probands were less frequently drug dependent (30%)
than in the COGA sample (see Table 3). In addition to
error variance that may occur by inclusion of drug depen-
dent cases, other comorbidity may cloud interpretation of
findings. Comorbid depression, anxiety, and antisocial per-
sonality disorder (ASPD) are common conditions (Helzer
et al., 1991) that may influence results. For example, Dick
et al. (2006b) have demonstrated a relationship between
GABRA2 and conduct disorder. Because COGA did not
exclude any family as a result of comorbid conditions,
whereas the present study did limit comorbidity, it may be
assumed that depressive and anxiety disorders, as well as
ASPD, were less frequent in the present sample.

Taking all of the studies of GABAA and alcohol depen-
dence together, one might conclude that removing condi-
tions comorbid with alcohol dependence is necessary to
find a relationship (Covault et al., 2004). When depression
and drug dependence were removed from the Covault et al.
(2004) sample, the GABRA2 association proved to be even
stronger. However, the obverse appears to be the case as
well. Some studies find that the presence of comorbid
conditions is the only situation in which significant results
do occur (Agrawal et al., 2006; Drgon et al., 2006; Fehr et
al., 2006). Drgon et al. (2006) analyzed data for 415
polysubstance abusers and 239 controls, finding a signifi-
cant relationship with one of six SNPs in the GABRA2
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gene (rs279871). However, this relationship was consid-
ered to be only modest because no particular allele was
found to be associated with polysubstance abuse. The im-
portance of substance abuse other than alcohol is apparent
in the work of Agrawal et al. (2006). Using the COGA
multiplex families, these investigators found no associa-
tion of any GABAA SNP with the alcohol dependence phe-
notype alone (cases with drug dependence removed).
Similarly, analysis of alcohol-dependent individuals (n =
65) and unrelated controls (n = 112) from the COGA data
set found no significant differences for six selected
GABRA2 SNPs, including the rs279871 SNP (Drgon et al.,
2006).

The presence of other psychiatric diagnoses also appears
related to whether significant differences between cases and
controls are seen. ASPD may be a factor in determining
the strength of the gene/dependence relationship. Signifi-
cant differences between alcohol-dependent cases and con-
trols were seen in individuals with comorbid ASPD, but
removal of the comorbid ASPD cases resulted in no sig-
nificant difference between the groups (Fehr et al., 2006).
These considerations suggest that improving the separation
between cases and controls may provide the opportunity
for uncovering genetic variation if it exists. Similarly, where
no genetic association may be present, removing the
comorbidity from cases and controls may uncover true nega-
tive findings. Moreover, if several psychiatric disorders have
a unique relationship to GABRA2 variation, studies need to
be designed to assess the independent effects of each of
these disorders. To date, study of the relationship between
disorders other than alcohol dependence and GABRA2 has
been based on comorbid cases.

Another possibility is that a yet-undiscovered endophe-
notype that is highly correlated with alcohol dependence
may, in fact, be what is contributing to previously reported
positive findings. These possible endophenotypes might in-
clude lower level of response to alcohol reported for an-
other GABAAα6 receptor (Schuckit et al., 1999) or
predisposition to anxiety disorders. One endophenotype that
has been found to be associated with GABRA2 is the EEG
β phenotype (Edenberg et al., 2004). Additionally, patients
with panic disorder have shown a deficit in GABAA re-
ceptors, resulting in enhanced anxiety for threat cues
(Crestani et al., 1999). It is noteworthy that through selec-
tion criteria used in the present sample, anxiety disorders
were exceptionally low. At any rate, the present analyses
did not find evidence favoring a relationship between
GABAA and alcohol dependence in this sample of multi-
plex families.
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