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Alcoholism Susceptibility Loci: Confirmation Studies in
a Replicate Sample and Further Mapping

Tatiana Foroud, Howard J. Edenberg, Alison Goate, John Rice, Leah Flury, Daniel L. Koller, Laura J. Bierut,
P. Michael Conneally, John I. Nurnberger, Kathleen K. Bucholz, Ting-Kai Li, Victor Hesselbrock, Raymond Crowe,

Marc Schuckit, Bernice Porjesz, Henri Begleiter, and Theodore Reich

Background: There is substantial evidence for a significant genetic component to the risk for alcoholism.
A previous study reported linkage to chromosomes 1, 2, and 7 in a large data set that consisted of 105
families, each with at least three alcoholic members.

Methods: Additional.genotyping in the 105 families has been completed in the chromosomal regions
identified in the initial analyses, and a replication sample of 157 alcoholic families ascertained under
identical criteria has been genotyped. Two hierarchical definitions of alcoholism were employed in the
linkage analyses: (1) Individuals who met both Feighner and DSM-III-R criteria for alcohol dependence
represented a broad definition of disease; and (2) individuals who met ICD-10 criteria for alcoholism were
considered affected under a more severe definition of disease.

Results: Genetic analyses of affected sibling pairs supported linkage to chromosome 1 (LOD = 1.6) in
the replication data set as well as in a combined analysis of the two samples (LOD = 2.6). Evidence of
linkage to chromosome 7 increased in the combined data (LOD = 2.9). The LOD score on chromosome
2 in the initial data set increased after genotyping of additional markers; however, combined analyses of the
two data sets resulted in overall lower LOD scores (LOD = 1.8) on chromosome 2. A new finding of linkage
to chromosome 3 was identified in the replication data set (LOD = 3.4).

Conclusions: Analyses of a second large sample of alcoholic families provided further evidence of
genetic susceptibility loci on chromosomes 1 and 7. Genetic analyses also have identified susceptibility loci

on chromosomes 2 and 3 that may act only in one of the two data sets.
Key Words: Alcoholism, Nonparametric Linkage Analysis, Sibling Pair, Susceptibility Genes.

LCOHOL DEPENDENCE IS a common, familial dis-
order that is a leading cause of morbidity and prema-

ture death (Caces et al., 1995; Campbell et al., 1996; De-
Bakery et al., 1995). Family studies have documented a 3-
to 5-fold increased risk for alcoholism among siblings and
other first-degree relatives of affected individuals (Cotton,
1979; Reich et al., 1998). The risk for alcoholism is in-
creased even if the offspring of an alcoholic is adopted
away from the home (Cloninger et al., 1981; Goodwin et al.,
1973). In addition, twin studies have identified a significant
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genetic component to alcoholism risk, with estimates of
heritability ranging from 50% to 60% (Heath et al., 1997).
Based on these findings, it is likely that alcoholism is a
complex genetic disorder that results from the action of
multiple, possibly interacting, genes as well as environmen-
tal influences.

Initial efforts to identify the genetic loci that underlie alco-
holism susceptibility in human subjects relied on the evalua-
tion of candidate genes. Studies of several candidate genes,
notably the dopamine D2 receptor (DRD2) gene on chromo-
some 11 (Amadeo et al., 1993; Arinami et al., 1993; Blum et
al., 1990, 1991; Bolos et al., 1991; Chen et al., 1996a; Comings
et al., 1991; Cook et al., 1992; Edenberg et al., 1998a; Gelert-
ner et al., 1991; Goldman et al., 1992, 1993, 1997; Lu et al.,
1996; Neiswanger et al., 1995; Noble et al., 1994; O’Hara et
al., 1993; Parsian et al., 1991; Sander et al., 1995; Schwab et al.,
1991; Suarez et al., 1994b; Turner et al., 1992) and the sero-
tonin transporter gene (HTT) on chromosome 17 (Edenberg
et al., 1998b; Sander et al., 1997) have resulted in inconsistent
findings, which suggests it is unlikely that either plays a major
role in alcoholism susceptibility. The only consistently repli-
cated findings are those that involve the protective effects of
certain functional polymorphisms of the alcohol metabolizing
enzymes alcohol dehydrogenase (ADH) and the mitochon-
drial aldehyde dehydrogenase (Chen et al., 1996b; Higuchi et
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al., 1994; Maezawa et al., 1995; Nakamura et al., 1996; Shen
et al., 1997; Tanaka et al., 1996; Thomasson et al., 1991).

To more efficiently identify genetic loci that contribute
to alcoholism susceptibility, recent studies have focused on
a genome-wide approach, which would allow novel genetic
loci to be identified. After extended pedigrees with multi-
ple members diagnosed with alcoholism are collected, ge-
netic analysis techniques can be employed to evaluate the
evidence for linkage throughout the genome. Such a strat-
egy was employed by the Collaborative Study of the Ge-
netics of Alcoholism (COGA), which ascertained, evalu-
ated, and genotyped 105 pedigrees as part of an initial
genome screen (Reich et al., 1998). The initial linkage
analyses of the COGA data set used only one definition of
alcoholism, with individuals defined as affected if they
fulfilled criteria for alcoholism based on DSM-III-R
(American Psychiatric Association, 1987) and Feighner et
al. (1972) criteria (termed COGA criteria). In a study of 382
affected sibling pairs, regions on chromosomes 1, 2, and 7
were identified as harboring genes that predispose an indi-
vidual to alcoholism (Reich et al., 1998). The most signif-
icant finding of the study was on chromosome 7, with a
LOD score of 3.5 near the marker D7S1793. On chromo-
some 1, a peak LOD score of 2.9 was found near the
marker D1S1588. A second locus on chromosome 1, about
60 cM from the initial linkage finding, had a LOD score of
1.6. A LOD score of 1.8 was found on chromosome 2, near
the marker D251790.

Additional analyses that used individuals without a diag-
nosis of alcoholism supported a protective locus on chro-
mosome 4 near the ADH genes (Reich et al., 1998). Link-
age to chromosome 4 was particularly interesting, because
the COGA sample has few Asian families but rather con-
sists primarily of non-Hispanic White and African Ameri-
can families. This linkage result on chromosome 4 suggests
that the protective effects of ADH are not limited to the
Asian population.

We report the results of additional genotyping per-
formed in the initial sample of 105 pedigrees to further
confirm and localize these initial linkage findings. In addi-
tion, linkage analyses have been completed in a replication
data set of 157 pedigrees ascertained and evaluated by
using criteria identical to those used in the initial sample.
These analyses further support the initial linkage finding on
chromosome 1 and provide additional evidence for the loci
on chromosomes 2 and 7. The replication sample also
identified additional chromosomal regions that may harbor
susceptibility loci underlying alcoholism.

METHODS

Sample and Assessment

COGA is a six-site study conducted at centers in Farmington, CT;
Brooklyn, NY; Indianapolis, IN; St. Louis, MO; Iowa City, IA; and San
Diego, CA. Individuals were systematically recruited from both inpatient
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and outpatient units if they met the following ascertainment criteria: (1)
fulfilled requirements for both lifetime DSM-III-R (American Psychiatric
Association, 1987) alcohol dependence and Feighner et al. (1972) definite
alcoholism; (2) had two first-degree relatives living within the catchment
area of one of the COGA centers; (3) were free of non-alcohol-related,
life-threatening ilinesses; and (4) neither injected illicit substances within
6 months of admission nor reported more than 30 injections in their
lifetime.

Adult lifetime psychiatric status was assessed by direct interview with
the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA)
(Bucholz et al., 1994, 1995; Hesselbrock et al., 1999), as described previ-
ously (Foroud et al., 1998; Reich et al, 1998). Symptoms that reflect
criteria from multiple diagnostic systems for alcohol dependence, includ-
ing DSM-III-R (American Psychiatric Association, 1987), Feighner et al.
(1972), DSM-IV (American Psychiatric Association, 1994), and ICD-10
(World Health Organization, 1993), are covered by the SSAGA.

Probands were considered affected if they met criteria for DSM-III-R
alcohol dependence and Feighner definite alcoholism (termed COGA
alcoholism) during their lifetime, based on the SSAGA interview. Families
were eligible for further intensive study, including biological and neuro-
physiological assessments, if two first-degree relatives, in addition to the
proband, met the criteria for COGA alcoholism. In cases where family
members were unavailable for interview, a reliable, structured Family
History Assessment Module (Rice et al., 1995) was used, which asked each
respondent about all other relatives both interviewed and noninterviewed
(Foroud et al., 1998; Reich et al., 1998). Individuals were considered to
have an “implicated diagnosis” of alcoholism by virtue of an informant
report of three DSM-III-R symptoms and three Feighner symptoms.
Three such implicated diagnoses were required to classify a study subject
as affected by family history report, which allowed noninterviewed indi-
viduals to be assigned a diagnosis. Present diagnoses were made by
algorithm for those relatives interviewed with SSAGA. COGA alcoholic
subjects were defined as previously described. ICD-10 alcoholic subjects
were defined by using a modified ICD-10 criteria, as noted by Reich et al.
(1998).

Pedigrees were extended through either affected first-degree relatives
or by extension over an unaffected relative into a secondary branch of the
pedigree if at least two of the relatives in the new branch were affected by
family history report, as described previously. All available members of the
secondarily ascertained nuclear families were sought for study. Bilineal
branches where both parents were defined as alcohol dependent by either
interview or family history report were not included. Families in which
recruitment of all eligible members was completed and blood samples
were obtained were reviewed by a committee composed of the principal
investigators and other key investigators from all six sites. The genetically
most informative families, which typically included multiple affected sib-
ling pairs, were selected for genotyping.

The initial sample, which was reported previously (Reich et al., 1998),
includes 105 families that consist of 987 individuals with genotypic data.
On average, 9.5 individuals were genotyped per family. A replication
sample was collected by using the same ascertainment and genotyping
criteria and consisted of 157 families with genotypic data for 1295 indi-
viduals. An average of 8.3 individuals were genotyped in each replication
family. In the initial sample 395 and 243 individuals met COGA and
ICD-10 criteria for alcoholism, respectively, whereas in the replication
data set 500 and 335 individuals met COGA and ICD-10 criteria, respec-
tively. The number of affected sibling pairs included in each analysis is
shown in Table 1.

Genotyping and Error Detection

An initial genome screen was reported previously (Reich et al., 1998)
that uses 292 markers with an average intermarker distance of 13.8 ¢cM.
Regions with linkage findings as well as intermarker gaps of greater than
20 cM have been genotyped more extensively. Data in this report are
based on a total of 351 markers. Most markers were tri- or tetranucleotide
repeat polymorphisms.
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Table 1. Analysis Sample: Number of Affected Sibling Pairs (n—1)

Diagnosis Initial sample Replication sample Combined sample
COGA
All 225 266 491
Both parents 137 122 259
genotyped
ICD-10
All 101 143 244
Both parents 59 60 119
genotyped

Note: COGA criteria were DSM-III-R alcohol dependence and Feighner defi-
nite alcoholism. '

Genotyping was completed in two laboratories (H.J.E. and A.G.) by
using radioactive and fluorescence-based detection systems, as described
previously (Foroud et al., 1998; Reich et al., 1998). The vast majority of
markers were genotyped in both the initial data set and the replication
data set. Genotypic data for the initial and replication data sets were
stored separately by using the GeneMaster database management system.
Each data set was checked separately for Mendelian inheritance of marker
alleles with the program CRIMAP (Green et al., 1990) and the USERM13
option of the MENDEL suite of linkage programs (Boehnke, 1991).
Maximum likelihood estimates of marker allele frequencies were obtained
for each data set separately by using the USERM13 program. Marker
order and distance were estimated independently from the two data sets
by using CRIMAP. By comparing the maps developed from each data set
independently, it was possible to identify the small number of markers
whose map position was poorly estimated and to eliminate these markers
from the chromosomal maps and further genetic analyses. Subsequently,
data from the two data sets were combined, and marker allele frequencies,
marker order, and distance were reestimated to obtain the most accurate
maps and data for the linkage analyses. These maps represent a significant
improvement over the marker maps developed in the initial data set
(Reich et al., 1998) and are used in all figures and analyses presented
herein.

Linkage Analysis

We used linkage analysis to identity loci that underlie susceptibility to
alcoholism. Two models of alcoholism were used in the analyses. In the
broader definition, termed COGA alcoholism, individuals were consid-
ered affected if they met criteria for both lifetime DSM-III-R alcohol
dependence and Feighner definite alcoholism. A narrower model of al-
coholism was also used, in which only individuals who met ICD-10 criteria
for alcohol dependence were considered affected. Linkage analyses were
performed separately in the initial and replication samples. The two data
sets were also combined for a joint analysis to detect genes of smaller
effect size that might not be identified in the analysis of the individual data
sets.

We employed nonparametric methods of linkage analysis, which do not
rely on the specification of a model of inheritance of susceptibility for the
alcoholism diagnosis. Rather, the linkage tests are based on the sharing of
marker alleles identical by descent among affected relative pairs. A
marker allele is considered to be identical by descent (IBD) if both
affected individuals have inherited the allele from a common ancestor. If
the marker being tested is in close physical proximity to a gene that
influences alcohol dependence, then alcoholic relatives would be more
likely to share the chromosomal region near the susceptibility locus than
to share a random chromosomal region.

Initial analyses reported by Reich and colleagues (1998) used affected
sibling pairs. We have confirmed and expanded that initial report by
performing linkage analyses that used affected sibling pairs in the initial
and replication data sets as well as the combined data set, which includes
both groups of families. Multipoint affected sibling pair analyses were
performed by using the program ASPEX (Hinds and Risch, 1999). The
subroutine SibIBD was used in the initial analyses presented herein,
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because this is the most conservative analytic technique and uses only
those sibling pairs with genotyped parents. As a result, inferences regard-
ing allele sharing based on population-derived allele frequencies are not
necessary. Complementary analyses were performed with the ASPEX
subroutine SibPhase by using all affected sibling pairs, regardless of the
status of parental genotyping. When sibships with more than two affected
individuals are encountered, the test statistic may be biased by the forma-
tion of large numbers of sibling pairs from some families. Therefore,
analyses were performed by using the more conservative analytic tech-
nique that employed independent (n—1; » = number of siblings in a
nuclear family) sibling pairs.

RESULTS

Initial Sample

Based on the linkage findings reported by Reich et al.
(1998), 10 additional markers were genotyped on chromo-
some 1. Multipoint sibling pair linkage analysis resulted in
a LOD score of 2.5 near the marker D1S51588, which cor-
responded to 63.5% allele sharing among affected sibling
pairs both of whom had alcoholism based on the COGA
criteria (Table 2, Fig. 1a). When all COGA affected sibling
pairs were used, regardless of parental genotyping (Sib-
Phase), the maximum LOD score was 1.9 near the markers
D1S2614 and D1S1588 with 59.8% allele sharing. Consis-
tent with the previous report by Reich et al. (1998), there
was a second linkage finding with a maximum LOD score of
1.7 near the markers D1S224 and D151665.

The evidence for linkage to chromosome 2 increased
with the genotyping of eight additional markers. Initial
linkage analyses (SibIBD) that used the smaller set of
COGA affected sibling pairs who had both parents geno-
typed resulted in a LOD score of 3.0 with 64.5% allele
sharing near the marker D2S379 (Table 2, Fig. 2a). Ex-
panding the sibling pair analyses to include all COGA
affected sibling pairs, regardless of parental genotyping,
also supported linkage to this same region with a maximum
LOD score of 2.2, which corresponded to lower allele
sharing (60.3%) among affected sibling pairs.

Genotyping was performed on an additional 10 markers
on chromosome 7. Multipoint sibling pair linkage analyses
resulted in a LOD score of 2.0 near the marker D751793
for sibling pairs with both parents genotyped. Marker allele
sharing among these sibling pairs affected with alcoholism
based on the COGA criteria was 58.4%. Nearly 40 ctM
distal to this region is a second chromosomal region with a
LOD score of 1.6 and 58.3% allele sharing among COGA
affected sibling pairs with both parents genotyped. This
finding is near the markers D7S821 and D7S1796 (Table 2,
Fig. 3a).

Analysis of the ICD-10 affected sibling pairs identified
two chromosomal regions with LOD scores greater than 1.5
in the initial sample. On chromosome 8, near the marker
GA12B06, a maximum LOD score of 1.6 with 61.4% allele
sharing was detected when the reduced data set of sibling
pairs with genotyped parents was analyzed (Table 2). On
chromosome 16, a maximum LOD score of 2.7 was identi-
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Table 2. Summary of Multipoint Sibling Pair Analysis Using COGA and ICD-10 Alcoholism Criteria
Initial sample Replication sample Combined sample
%

Chromosome Diagnosis Lod score % 1BD cM L.od score % 1BD cM Lod score iBD cM
1 COGA 25 63.5 145.7 0.7 55.2 [127.4] 2.6 59.2 143.8
1 ICD-10 1.0 63.2 [145.7] 1.6 61.2 127.4 19 60.1 139.0
2 COGA 3.0 64.5 98.8 0.0 50.0 [98.8] 1.8 56.6 120.6
3 COGA 0.11 54.0 [97.7] 3.4 72,5 97.7 2.4 64.0 100.5
3 ICD-10 0.0 50.0 [97.7) 1.6 716 97.7 0.8 621 [100.5]
7 COGA 20 58.4 91.4 0.2 53.0 {91.4] 2.4 58.1 105.2
COGA 1.6 58.3 128.0 1.3 57.5 [129.1] 2.9 57.9 128.5
8 ICD-10 1.6 61.4 88.2 0.4 55.7 [88.2] 1.8 58.5 88.2
22 ICD-10 0.0 50.0 [58.3] 1.9 64.4 58.3 1.1 58.1 [68.3]

Results from initial linkage analyses performed using only those sibling pairs with both parents genotyped (SiblBD). Analyses were performed in the initial,
replication, and combined samples using the same marker map. Linkage results with lod scores greater than 1.5 are shown in bold, with the location of the maximum
lod score indicated under the column marked cM (centimorgans). For comparison purposes, results are also shown in the other data sets at the same marker position
{cM), although those results which are not greater than 1.5 are denoted by brackets around the map position.

fied when all sibling pairs regardless of parental genotyping
were analyzed. This LOD score corresponded to 64.5%
allele sharing and was between the markers D16S475 and
D16S509. Analyses of the COGA affected sibling pairs
identified a region on chromosome 15 near the marker
D15S217 with a LOD of 1.6 and 57.5% allele sharing.

Replication Sample

In the replication sample, there was evidence of linkage
to chromosome 1 when ICD-10 alcoholism criteria were
used. Near the marker D1S224, the maximum multipoint
LOD score was 1.6, with 61.2% IBD marker allele sharing
among affected sibling pairs with both parents genotyped
(Table 2; Fig. 1b). Linkage to chromosome 3, not identified
in the initial sample, was also observed. The region near the
marker D381766 gave the highest LOD score in the repli-
cation sample, a LOD score of 3.4 with 72.5% allele sharing
among COGA diagnosed sibling pairs with genotyped par-
ents (Table 2, Fig. 4a). Evidence of linkage to this region
with a LOD score of 1.6 and 71.6% allele sharing also was
observed among sibling pairs who met the more stringent
ICD-10 diagnostic criteria for alcoholism and had both
parents genotyped (Table 2, Fig. 4b). On chromosome 22,
near markers D22S684 and D2251267, there was evidence
of linkage with a LOD score of 1.9 and 64.4% allele sharing
when ICD-10 affected sibling pairs with both parents geno-
typed were analyzed (Table 2). This region also was sup-
ported (LOD = 2.0, allele sharing 61.7%) by the larger
data set that consisted of all ICD-10 affected sibling pairs
regardless of parental genotyping.

Combined Sample

To begin fine mapping the chromosomal regions identi-
fied in the initial and replication samples, we performed a
combined analysis of both the initial and replication data
sets. On chromosome 1, the combined data set of 257
pedigrees produced a LOD score of 2.6 near the markers
D1S2614 and D1S1588 for the COGA diagnosis when sib-
ling pairs with both parents genotyped were analyzed. This

corresponds to 59.2% allele sharing among affected sibling
pairs (Table 2, Fig. 1la). When only sibling pairs with
ICD-10 defined alcoholism who had genotyped parents
were analyzed, linkage also was observed to the same chro-
mosomal region with a LOD score of 1.9 and 60.1% allele
sharing (Table 2, Fig. 1b). Linkage also was observed in the
enlarged data set of all ICD-10 affected sibling pairs re-
gardless of parental genotyping. In this full sample, the
LOD score was 1.5, with 57% allele sharing with the max-
imum LOD score near the same markers.

On chromosome 2, analyses of COGA diagnosed af-
fected sibling pairs produced a LOD score of 1.8 with
56.6% allele sharing among affected siblings with both
parents genotyped. The peak LOD score occurred near the
markers D2S438 and D2S§1790 (Table 2, Fig. 2a). Evidence
of linkage to chromosome 3 remained in the combined
analysis, with a maximum LOD score of 2.4 between the
markers D3S1766 and GATA128. This linkage corresponds
to 64.0% allele sharing among sibling pairs diagnosed with
COGA-defined alcoholism that had genotyped parents
(Table 2; Fig. 4a).

Two regions on chromosome 7 had evidence of linkage in
the combined sample of COGA affected sibling pairs. The
highest LOD score (LOD = 2.9) was near the marker
D7S5821 with 57.9% allele sharing among COGA diagnosed
affected sibling pairs with genotyped parents (Table 2, Fig.
3a). A second region, more proximally located at about 105
cM, also provided evidence of linkage, near the markers
D751830 and D7S1797. In this region, the maximum LOD
score was 2.1 with 58.1% allele sharing among COGA
affected sibling pairs with genotyped parents. On chromo-
some 8, ICD-10 affected sibling pairs with both parents
genotyped produced a LOD score of 1.8 with 58.5% allele
sharing at the marker GA12B06.

DISCUSSION

One of the key elements of the design used in this study
was the two-stage approach to the genetic search for alco-
holism susceptibility loci. This allowed us to use the initial
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ICD-10 diagnostic criteria for alcoholism. Linkage analyses were performed by using only those affected sibling pairs with genotyped parents (SiblBD).



938

Fig. 2. Multipoint linkage analysis on chromosome 2 which used {a) sibling pairs that met COGA diagnostic criteria for aicoholism and (b) sibling pairs that met
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Fig. 3. Multipoint linkage analysis on chromosome 7 which used (a) sibling pairs that met COGA diagnastic criteria for alcoholism and (b) sibling pairs that met

ICD-10 diagnostic criteria for alcoholism. Linkage analyses were performed by using only those affected sibling pairs with genotyped parents (SibiBD).
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ICD-10 diagnostic criteria for alcoholism. Linkage analyses were performed by using only those affected sibling pairs with genotyped parents (SibIBD).
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sample to identify candidate regions, whereas the larger
replication sample was used to confirm the initial linkage
findings as well as to identify other loci (Holmans and
Craddock, 1997; Suarez et al, 1994a). In addition, the
independent development of two samples allowed us to
create marker maps independently and confirm marker
order and distances between the two data sets, as well as to
use the combined data set to estimate the most accurate
maps and marker distances for the genetic analyses.

There are inherent differences in the two data sets that
likely will arise in such a split sample design when the
families are ascertained over an extended period of 10
years. As proposed by Suarez et al. (1994a), these differ-
ences could account for some of the likely variability in the
frequency of the alcoholism susceptibility genes and thus
result in some of the unique loci that have been identified
in each sample. For example, the number of individuals
genotyped per family in the initial sample was greater than
that in the replication sample (9.5 vs. 8.3). This is due in
part to the greater density of alcoholic individuals in the
initial sample as compared with the replication sample. An
average of 4.2 COGA affected individuals per pedigree
were in the initial sample compared with 3.8 per pedigree
in the replication sample. The number of ICD-10 alcoholics
per pedigree was relatively constant between the two data
sets (2.7 vs. 2.6). Thus, the density of COGA affected
individuals per pedigree was greater in the initial sample
compared with the replication sample and may result in the
identification of unique susceptibility loci in each data set.

Another factor that may influence the linkage results
from each sample is the pedigree structure. In the initial
sample, 61% of COGA affected sibling pairs had both
parents genotyped and another 29% had one parent geno-
typed. In the replication sample, 46% of the COGA af-
fected sibling pairs had both parents genotyped and 34%
had one parent genotyped. Thus, despite the larger number
of sibling pairs in the replication sample, when analyses are
limited to those sibpairs with both parents genotyped
(SibIBD), the effective sample size is nearly identical in the
two samples.

Despite the differences between the initial and replica-
tion sample, consistent evidence of linkage to chromosome
1 was identified in both data sets separately, as well as when
the two data sets were combined. Reported initially by
Reich et al. (1998), linkage to chromosome 1 was pursued
further by the genotyping of additional markers in the
critical region. The finding in the initial sample, which used
sibling pairs that met COGA diagnostic criteria, remained
robust with a LOD score of 2.5 and 64% allele sharing near
the markers D1S2614 and D1S1588. In this same marker
interval in the initial sample, sibling pairs affected by the
more stringent ICD-10 criteria have their maximum allele
sharing (63%). Multipoint analysis of the replication data
set also supported linkage to chromosome 1 with a LOD
score of 1.6 and 61% allele sharing among sibling pairs who
met the ICD-10 criteria for alcoholism. The maximum
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LOD score in this sample is slightly more proximal, near
the markers D1S550 and D1S1648, but it is less than 20 cM
from the maximum observed in the initial sample.

Not surprisingly, analysis of the combined sample pro-
vided evidence for linkage to chromosome 1 when both the
ICD-10 and COGA criteria for alcoholism were used. In
both analyses, the maximum LOD score is between the
markers D182614 and D1S1588, the same interval in which
the initial sample had its maximum. However, the 1-LOD
support interval in the combined data set is substantially
larger (40 cM) than that for either of the individual data
sets (22-25 cM). The increase in the 1-LOD confidence
interval in the combined data set may reflect the presence
of more than one locus that influences alcoholism suscep-
tibility in this chromosomal region, or it may be related to
the mapping difficulties inherent in the analysis of traits
dichotomized by using a diagnostic threshold.

Several notable candidate genes are within the chromo-
some 1 region linked to the COGA and ICD-10 pheno-
types. These include several genes that encode channels
such as the calcium-activated chloride channel and the
voltage-gated potassium channel. Other candidate genes in
the chromosome 1 region include adenosine 3':5'-cyclic
monophosphate-specific, phosphodiesterase 4B, gamma-5
guanine nucleotide-binding protein, and protein kinase
C-like 2.

Genotyping of additional markers on chromosome 2 in
the initial sample increased the evidence of linkage to this
chromosomal region. Among COGA affected sibling pairs,
allele sharing was nearly 65% and the LOD score was 3.0.
Similar evidence of linkage to this region was not observed
in the replication sample and, as a result, analysis of the
combined sample of COGA affected sibling pairs had allele
sharing of 57% in the same chromosomal region. These
findings suggest that the locus on chromosome 2 has
greater effect on disease susceptibility or is present at
higher frequency in the initial sample as compared with the
replication sample. The increase in allele sharing, which
was observed in the initial sample after the genotyping of
additional markers, suggests that this is not a spurious
linkage finding in the initial sample. The candidate region
is still relatively large based on a 1-LOD support interval
(25 cM) and includes the genes for protein kinase C epsilon
and acyl-CoA binding protein.

Linkage to chromosome 3 was not observed in the initial
sample and thus is a novel finding identified in the repli-
cation data set. In fact, linkage to chromosome 3 in the
replication data set was the most significant finding in that
sample, with a LOD score of 3.4 and allele sharing among
COGA affected sibling pairs that reached 72.5%. Allele
sharing of nearly 72% also was observed in the same chro-
mosomal region among ICD-10 affected sibling in the rep-
lication sample. Due to the lack of linkage in the initial
sample, analysis of the combined sample resulted in de-
creased, although still elevated, allele sharing among
COGA affected sibling pairs (64%). These results suggest
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that linkage to chromosome 3 is a unique finding in the
replication sample. Genotyping of additional markers in
this chromosomal region will be essential to assess the
robustness of this linkage finding as well as to further limit
the critical region.

The third region reported by Reich et al. (1998) with
evidence of linkage in the initial data set was chromosome
7. Genotyping of additional markers in this chromosomal
region decreased the LOD score and allele sharing in this
chromosomal region to 2.0 and 58%, respectively. A second
region, about 40 cM distal to the initial linkage finding, also
provided evidence of linkage with a LOD score of 1.6 and
58% allele sharing. Analyses in the replication data set
provide some evidence of linkage to the more distal region
(at 128 cM), with allele sharing among COGA affected
sibling pairs that exceedes 57%. As a result, analysis of the
combined data set increased the LOD score in this region
to 2.9 with corresponding allele sharing of 58%. The region
identified in the initial sample continued to provide evi-
dence of linkage with a maximum LOD score of 2.1 and
58% allele sharing. Review of these findings suggests that
more than one locus may influence alcoholism susceptibil-
ity on chromosome 7. Genotyping of additional markers on
chromosome 7 has broadened the chromosomal region
linked to the COGA phenotype; however, the 1-LOD sup-
port interval is only 17 ¢cM around the primary linkage
finding at 128.5 cM. Further marker genotyping will be
necessary to dissect this linkage result and determine
whether there are indeed multiple susceptibility loci in this
chromosomal region.

Linkage has been reported in the alcohol-preferring and
nonpreferring rats to chromosome 4, which is syntenic to
this region of human chromosome 7 (Carr et al., 1998). The
coding regions of the candidate gene neuropeptide Y have
been sequenced without finding a mutation (Bice et al,,
1998); nevertheless, this gene remains an excellent candi-
date gene, and variation in upstream regulatory regions
may account for differences in alcohol preference. Other
candidate genes in this region of chromosome 7 include
adenylate cyclase 1, syntaxin 1A, as well as several recep-
tors such as a glutamate (GRM3) and a cholinergic
(CHRM?2) receptor.

To estimate the effect of the putative loci on chromo-
somes 1, 2, 3, and 7, we compared the estimated proportion
of allele sharing among affected sibling pairs to that ex-
pected under the null hypothesis by using a formula pro-
posed by Risch (1990). Assuming no recombination be-
tween the marker with the maximum LOD score and the
disease locus, the risk ratio due to the loci was estimated in
those data sets that demonstrated evidence of linkage. In
the combined sample, the chromosome 1 locus had an
estimated risk ratio for the COGA diagnosis of alcoholism
of 1.5, although in the initial sample the risk ratio was
estimated to be 1.9. When the data for ICD-10 affection
was used, the initial sample had a risk ratio of 1.7, the
replication sample a risk ratio of 1.6, and the combined
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data set a risk ratio of 1.5. The locus on chromosome 2 in
the initial sample had an estimated risk ratio of 1.9. The
chromosome 3 linkage had an estimated risk ratio of 3.1 for
both the COGA and ICD-10 alcoholism diagnoses in the
replication sample. The locus on chromosome 7 provided
consistent evidence of a risk ratio between 1.4 and 1.5
regardless of the sample in which it was estimated and by
using both the COGA and ICD-10 diagnosis of alcoholism.
These results are consistent with those estimated by Reich
et al. (1998) and represent only a portion of the total sibling
risk ratio for alcohol dependence, which has been esti-
mated to be between 3 and 8 in the COGA sample (Reich
et al., 1998).

The remaining linkage findings with LOD scores greater
than 1.5 were on chromosomes 8 and 22, occurred in only
the initial or replication data set, and did not continue to
demonstrate increased allele sharing in the combined anal-
ysis. The likelihood that these linkage findings are spurious
is certainly greater than that for linkages previously de-
scribed that remained interesting (LOD > 1.5) in the com-
bined data set. Some additional markers will be genotyped
in these chromosomal regions; however, the focus of our
genotyping efforts will remain on chromosomes 1, 2, 3, and 7.

One of the difficulties in a genetic study of a complex
disorder is determining what constitutes replication of a
linkage finding. The first issue to address is whether the
linkage findings in the two data sets represent the same
gene, even if the maximum LOD score is not at the same
chromosomal position. Roberts et al. (1999), in a simula-
tion study that addressed the accuracy of gene localization
based on the maximum LOD score, found that the preci-
sion of localization was directly influenced by sample size.
In samples that consist of 200 families, a slightly larger
sample than either of the two COGA data sets, there is
great variation in the most likely placement of the suscep-
tibility gene based on the maximum LOD score, which
suggests that in modest sample sizes, the same gene may be
identified even if the maximum LOD score in each data set
is 20 or even 30 cM apart.

A second issue to consider is the significance threshold to
determine replication of a linkage result. According to the
criteria proposed by Lander and Kruglyak (1995), our ini-
tial results do not constitute significant linkage findings.
Therefore, it could be argued that we do not have linkage
results to replicate. However, our initial linkage results did
warrant further evaluation because they were the results of
the largest study designed to identify alcoholism suscepti-
bility loci and they were the most significant linkage find-
ings reported to date; thus, we were forced to develop our
own criteria for replication of our initial results. We con-
sidered a linkage finding to be replicated if, in the second
data set, a LOD score greater than 1.5 was obtained. This
is a more stringent replication criteria than that proposed
by Lander and Kruglyak (1995) for replication of linkage
and thus decreases the likelihood of a false positive result.

By using this criterion, we have replicated our initial
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linkage finding on chromosome 1. Another means to eval-
uate the evidence of linkage is to determine whether the
analysis of the combined data sets increases the evidence of
linkage. By using this criterion, the linkage finding on
chromosome 7 appears to be more robust with the inclu-
sion of families from both data sets. The linkage results on
chromosomes 2 and 3 are the most difficult to interpret
because each is observed in only one of the two data sets,
and the combined analysis does not improve the linkage
finding. Two conclusions are possible: The susceptibility
locus has its effect primarily in one data set and therefore
is not detectable by currently available linkage methods in
the second data set, or the linkage finding is spurious. Only
further testing of markers in these chromosomal regions
can clarify these results.

The regions reported by the COGA study do not corre-
spond with those identified in another genome-wide study
of alcoholism performed in a sample of alcoholics from a
Southwestern Native American population (Long et al.,
1998), who were likely to be genetically more homogeneous
than the sample of U.S. White families collected by COGA.
Linkage to chromosomes 4 and 11 were reported in the
Southwestern Native American population. Further analy-
ses of the chromosome 11 candidate gene, tyrosine hydrox-
ylase, supported linkage of this locus in a sample of Finnish
offenders with alcoholism and comorbid antisocial person-
ality (Nielsen et al., 1998).

To identify the genetic loci that influence susceptibility
for alcoholism, we and others have used a genome-wide
approach to identify linked chromosomal regions. Al-
though genotyping of additional markers may narrow the
critical chromosomal interval, it is likely that only through
the concerted study of both human and animal models of
alcoholism, as well as the use of recently developed mi-
croarray techniques, will genes that influence the risk for
alcoholism be identified and characterized.

ACKNOWLEDGMENT

The Collaborative Study on the Genetics of Alcoholism
(COGA) (H. Begleiter, SUNY HSCB, principal investigator; T.
Reich, Washington University, co-principal investigator) includes
nine different centers where data are collected, analyzed, and/or
stored. The nine sites (and principal investigator and co-
investigators) are Indiana University (T-K. Li, J. Nurnberger Jr,
P.M. Conneally, H. Edenberg); University of Iowa (R. Crowe, S.
Kuperman); University of California at San Diego (M. Schuckit);
University of Connecticut (V. Hesselbrock); State University of
New York, Health Sciences Center at Brooklyn (B. Porjesz, H.
Begleiter); Washington University in St. Louis (T. Reich, C. R.
Cloninger, J. Rice, A. Goate); Howard University (R. Taylor);
Rutgers University (J. Tischfield); and Southwest Foundation (L.
Almasy).

REFERENCES
Amadeo S, Abbar M, Fourcade ML, Waksman G, Leroux MG, Madec A,
Selin M, Champiat JC, Brethome A, Leclaire Y, Castelnau D, Benisse

J-L, Mallet J (1993) D2 dopamine receptor gene and alcoholism. J Psy-
chiatr Res 27:173-179.

943

American Psychiatric Association (1987) Diagnostic and Statistical Manual
of Mental Disorders. 3rd ed, rev. American Psychiatric Association,
Washington, DC.

American Psychiatric Association (1994) Diagnostic and Statistical Manual
of Mental Disorders. 4th ed. American Psychiatric Association, Wash-
ington, DC.

Arinami T, Itokawa M, Komiyama T, Mitsushio H, Mori H, Mifune H,
Hamaguchi H (1993) Association between severity of alcoholism and
the Al allele of the dopamine D2 receptor gene TaqlA RFLP in
Japanese. Biol Psychol 33:108-114.

Bice P, Foroud T, Bo R, Castelluccio P, Lumeng L, Li T-K, Carr LG
(1998) Genomic screen for QTLs underlying alcohol consumption in
the P and NP rat lines. Mamm Genome 9:949-955.

Blum K, Noble EP, Sheridan PJ, Finley O, Montgomery A, Ritchie T,
Ozkaragoz T, Fitch RJ, Sadlack F, Sheffield D, Dahlmann T, Halbar-
dier S, Nogami H (1991) Association of the Al allele of the D2
dopamine receptor gene with severe alcoholism. Alcohol 8:409-416.

Blum K, Noble EP, Sheridan PJ, Montgomery A, Ritchie T, Jagadeeswaran
P, Nogami H, Briggs AH, Cohn JB (1990) Allelic association of human
dopamine D2 receptor gene in alcoholism. JAMA 263:2055-2060.

Boehnke M (1991) Allele frequency estimation from data on relatives.
Am J Hum Genet 48:22-25.

Bolos AM, Dean M, Lucas-Derse S, Ramsburg M, Brown GL, Goldman
D (1991) Population and pedigree studies reveal a lack of association
between the dopamine D2 receptor gene and alcoholism. JAMA 264:
3156-3160.

Bucholz KK, Cadoret R, Cloninger CR, Dinwiddie SH, Hesselbrock VM,
Nurnberger JI, Reich T, Schmidt I, Schuckit MA (1994) A new semi-
structured psychiatric interview for use in genetic linkage studies: A
report of the reliability of the SSAGA. J Stud Alcohol 55:149-158.

Bucholz KK, Hesselbrock VM, Shayka JJ, Nurnberger JI, Schuckit MA,
Schmidt I, Reich T (1995) Reliability of individual diagnostic criterion
items for psychoactive substance dependence and the impact on diag-
nosis. J Stud Alcohol 56:500-505.

Caces M, Stinson FS, Dufour MC (1995) Trends in Alcohol-Related Mor-
bidity Among Short-Stay Community Hospital Discharges, United States.
NIAAA Surveillance Report 36. National Institute on Alcohol Abuse
and Alcoholism, Rockville, MD.

Campbell KE, Zobeck TS, Bertolucci D (1996) Trends in Alcohol-Related
Fatal Traffic Crashes, United States, 1977-1993. NIAAA Surveillance
Report 34. National Institute on Alcohol Abuse and Alcoholism, Rock-
ville, MD.

Carr LG, Foroud T, Bice P, Gobbett T, Ivashina J, Edenberg H, Lumeng
L, Li T-K (1998) Mapping of a quantitive locus for alcohol consumption
in selectively bred rat lines. Alcohol Clin Exp Res 22:884-887.

Chen CH, Chien SH, Hwu HG (1996a) Lack of association between Taql
Al allele of dopamine D2 receptor gene and alcohol-use in Atayal
natives of Taiwan. Am J Med Genet 67:488—490.

Chen WJ, Loh EW, Hsu YPP, Chen CC, Yu JM, Cheng ATA (1996b)
Alcohol-metabolizing genes and alcoholism among Taiwanese Han
men: Independent effect of ADH2, ADH3 and ALDH?2. Br J Psychiatry
168:762-767.

Cloninger CR, Bohman M, Sigvardsson S (1981) Inheritance of alcohol
abuse: Cross-fostering analysis of adopted men. Arch Gen Psychiatry
38:861-868.

Comings DE, Comings BG, Muhleman D, Dietz G, Shahbahrami B, Tast
D, Knell E, Kocsis P, Baumgarten R, Kovacs BW, Levy D, Smith M,
Borison RL, Evans DD, Kiein DN (1991) The dopamine D2 receptor
locus as a modifying gene in neuropsychiatric genetics. JAMA 266:
1793-1800.

Cook BL, Wang ZW, Crowe RR, Hauser R, Freimer M (1992) Alcohol-
ism and the D2 receptor gene. Alcohol Clin Exp Res 16:806-809.

Cotton N (1979) The familial incidence of alcoholism. J Stud Alcohol
40:89-116.

DeBakery SF, Stinson FS, Grant BF, Dufour MC (1995) Liver Cirrhosis
Mortality in the United States, 1970-92. NIAAA Surveillance Report 37.
National Institute on Alcohol Abuse and Alcoholism, Rockville, MD.



944

Edenberg HJ, Foroud T, Koller DL, Goate A, Rice J, VanErdewegh P,
Reich T, Cloninger CR, Nurnberger JI, Kowalczuk M, Wu B, Li T-K,
Conneally PM, Tischfield JA, Wu W, Shears S, Crowe R, Hesselbrock
V, Schuckit M, Porjesz B, Begleiter H (1998a) A family-based analysis
of the association of the dopamine D2 receptor (DRD2) with alcohol-
ism. Alcohol Clin Exp Res 22:505-512.

Edenberg HJ, Reynolds J, Koller DL, Begleiter H, Bucholz KK, Conneally
PM, Crowe R, Goate A, Hesselbrock V, Li T-K, Nurnberger JI, Projesz
B, Reich T, Rice JP, Schuckit M, Tischfield JA, Foroud T (1998b) A
family-based analysis of whether the functional promoter alleles of the
serotonin transporter gene HTT affect the risk for alcohol dependence.
Alcohol Clin Exp Res 22:1080-1085.

Feighner JP, Robins E, Guze SB, Woodruff RA, Winockur G, Munoz R
(1972) Diagnostic criteria for use in psychiatric research. Arch Gen
Psychiatry 26:57-63.

Foroud T, Bucholz KK, Edenberg HJ, Goate A, Neuman RJ, Porjesz B,
Koller DL, Rice J, Reich T, Bierut LJ, Cloninger CR, Nurnberger JI, Li
T-K, Conneally PM, Tischfield JA, Crowe R, Hesselbrock V, Schuckit
M, Begleiter H (1998) Linkage of an alcoholism-related severity phe-
notype to chromosome 16. Alcohol Clin Exp Res 22:2035-2042.

Gelertner J, O’Malley S, Risch N, Kranzler HR, Krystal J, Merikangas K,
Kennedy JL, Kidd KK (1991) No association between an allele at the D2
dopamine receptor gene (DRD2) and alcoholism. JAMA 266:1801-1807.

Goldman D, Brown GL, Albaugh B, Robin R, Goodson S, Trunzo M, Akhtar
L, Lucas-Derse S, Long J, Linnoila M, Dean M (1993) DRD2 dopamine
receptor genotype linkage disequilibrium, and alcoholism in American
Indians and other populations. Alcohol Clin Exp Res 17:199-204.

Goldman D, Dean M, Brown GL, Bolos AM, Tokola R, Virkkunen M,
Linnoila M (1992) D2 dopamine receptor genotype and cerebrospinal
fluid homovanillic acid, 5-hydroxyindoleacetic acid and 3-methyl-4-
hydroxyphenylglycol in alcoholics in Finland and the United States.
Acta Psychiatr Scand 86:351-357.

Goldman D, Urbanek M, Guenther D, Robin R, Long JC (1997) Linkage
and association of a functional DRD?2 variant [Ser311Cys] and DRD2
markers to alcoholism, substance abuse and schizophrenia in South-
western American Indians. Am J Med Genet 74:386-3%4.

Goodwin DW, Schulsinger F, Hermansen L, Guze S, Winokur G (1973)
Alcohol problems in adoptees raised apart from alcoholic biological
parents. Arch Gen Psychiatry 28:238-243.

Green P, Lange K, Cox DR (1990) Documentation for CRIMAP, Version
2.4. Department of Genetics, School of Medicine, Washington Univer-
sity, St. Louis, MO.

Heath AC, Bucholz KK, Madden PAF, Dinwiddic SH, Slutske WS,
Statham DJ, Dunne MP, Whitfield J, Martin NG (1997) Genetic and
environmental contributions to alcohol dependence risk in a national
twin sample: Consistency of findings in women and men. Psychol Med
27:1381-1396.

Hesselbrock M, Easton C, Bucholz KK, Schuckit M, Hesselbrock V (1999)
A validity study of the SSAGA—A comparison with the SCAN. Addic-
tion 94:1361-1370.

Higuchi S, Matsushita S, Amazeki H, Kinoshita T, Takagi S, Kono H
(1994) Aldehyde dehydrogenase genotypes in Japanese alcoholics. Lan-
cet 343:741-742.

Hinds D, Risch N (1999) The ASPEX package: Affected sib-pair exclusion
mapping. v1.88, 1999/09/10 23:50:38; ftp:/lahmed.stanford.edu/pub/
aspex/index.html

Holmans P, Craddock N (1997) Efficient strategies for genome scanning
using maximum-likelihood affected-sib-pair analysis. Am J Hum Genet
60:657-666.

Lander E, Kruglyak L (1995) Genetic dissection of complex traits: Guidelines
for interpreting and reporting linkage results. Nat Genet 11:241-247.

Long JC, Knowler WC, Hanson RL, Robin RW, Urbanek M, Moore E,
Bennett PH, Goldman D (1998) Evidence for genetic linkage to alcohol
dependence on chromosomes 4 and 11 from an autosome-wide scan in
an American Indian population. Am J Med Genet 81:216-221.

Lu RB, Ko HC, Chang RM, Castiglione CM, Schoolfield G, Pakstis Al,
Kidd JR, Kidd KK (1996) No association between alcoholism and

FOROUD ET AL.

multiple polymorphisms at the dopamine D2 receptor gene (DRD?2) in
three distinct Taiwanese populations. Biol Psychiatry 39:419-429,

Maezawa Y, Yamauchi M, Toda G, Suzuki H, Sakurai S (1995) Alcokol
metabolizing enzyme polymorphisms and alcoholism in Japan. Alcohol
Clin Exp Res 19:951-954.

Nakamura K, Iwahashi K, Matsuo Y, Miyatake R, Ichikawa Y, Suwaki H
(1996) Characteristics of Japanese alcoholics with the atypical aldehyde
dehydrogenase 2*2: I. A comparison of the genotypes of ALDH2,
ADH?2, ADH3, and cytochrome P-4502E1 between alcoholics and non-
alcoholics. Alcohol Clin Exp Res 20:52-55.

Neiswanger K, Hill SY, Kaplan BB (1995) Association and linkage studies
of the TAQI Al allele at the dopamine D2 receptor gene in samples of
female and male alcoholics. Am J Med Genet 60:267-271.

Nielsen DA, Virkkunen M, Lappalainen J, Eggert M, Brown GL, Long
JC, Goldman D, Linnoila M (1998) A tryptophan hydroxylase gene
marker for suicidality and alcoholism. Arch Gen Psychiatry 55:593-602.

Noble EP, Syndulko K, Fitch RJ, Ritchie T, Bohiman MC, Guth P,
Sheridan PJ, Montgomery A, Heinzmann C, Sparkes RS, Blum K
(1994) D2 dopamine receptor Taql A alleles in medically ill alcoholic
and nonalcoholic patients. Alcohol 29:729-744.

O’Hara BF, Smith SS, Bird G, Persico AM, Suarez BK, Cutting GR, Uhl
GR (1993) Dopamine D2 receptor RFLPs, haplotypes and their asso-
ciation with substance use in Black and Caucasian research volunteers.
Hum Hered 43:209-218.

Parsian A, Todd RD, Devor EJ, O'Malley KL, Suarez BK, Reich T,
Cloninger CR (1991) Alcoholism and alleles of the human D2 dopa-
mine receptor locus. Arch Gen Psychiatry 48:655-663.

Reich T, Edenberg HJ, Goate A, Williams JT, Rice RP, Van Eerdewegh
P, Foroud T, Hesselbrock V, Schuckit MA, Bucholz K, Porjesz B, Li
T-K, Conneally PM, Nurnberger JI, Tischfield JA, Crowe R, Cloninger
CR, Wu W, Shears S, Carr K, Crose C, Willig C, Begleiter H (1998) A
genome-wide search for genes affecting the risk for alcohol dependence.
Am J Med Genet 81:207-215.

Rice JP, Reich T, Bucholz KK, Neuman RIJ, Fishman R, Rochberg N,
Hesselbrock VM, Nurnberger JI Jr, Schuckit MA, Begleiter H (1995)
Comparison of direct interview and family history diagnosis of alcohol
dependence. Alcohol Clin Exp Res 19:1018-1023.

Risch N (1990) Linkage strategies for genetically complex traits: II. The
power of affected relative pairs. Am J Hum Genet 46:229-251.

Roberts SB, MacLean CJ, Neale MC, Eaves LJ, Kendler KS (1999)
Replication of linkage studies of complex traits: An examination of
variation in location estimates. Am J Hum Genet 65:876—884.

Sander T, Harms H, Lesch K-P, Dufeu P, Huhn S, Hoehe M, Rommel-
spacher H, Schmidt LG (1997) Association of a regulatory variation of
the serotonin transporter gene with severe alcohol dependency. Alcohol
Clin Exp Res 21:1356-1359.

Sander T, Harms H, Podschus J, Finckh U, Nickel B, Rolfs A, Rommel-
spacher H, Schmidt LG (1995) Dopamine D1, D2 and D3 receptor
genes in alcohol dependence. Psychiatr Genet 5:171-176.

Schwab S, Soyka M, Niederecker M, Ackenheil M, Scherer J, Wildenauer
DB (1991) Allele association of human dopamine D2-receptor DNA
polymorphism ruled out in 45 alcoholics. Am J Hum Genet (Suppl)
49:203.

Shen YC, Fan JH, Edenberg HJ, Li T-K, Cui YH, Wang YF, Tian CH,
Zhou CF, Zhou RL, Wang J, Zhao ZL, Xia GY (1997) Polymorphism
of ADH and ALDH genes among four ethnic groups in China and
effects upon the risk for alcoholism. Alcohol Clin Exp Res 21:1272-
1271.

Suarez BK, Hampe CL, Van Eerdewegh PV {1994a) Problems of repli-
cating linkage claims in psychiatry, in Genetic Approaches to Mental
Disorders (Gershon ES, Cloninger CR, eds), pp 23-46. American Psy-
chiatric Association Press, Washington, DC.

Suarez BK, Parsian A, Hampe CL, Todd RD, Reich T, Cloninger CR
(1994b) Linkage disequilibria at the D2 dopamine receptor locus
(DRD2) in alcoholics and controls. Genomics 19:12-20.

Tanaka F, Shiratori Y, Yokosuka O, Imazeki F, Tsukada Y, Omata M
(1996) High incidence of ADH2*1/ALDH2*1 genes among Japanese



CONFIRMATION OF ALCOHOLISM SUSCEPTIBILITY LOCI

alcohol dependents and patients with alcoholic liver disease. Hepatol-
ogy 23:234-239.

Thomasson HR, Edenberg HJ, Crabb DW, Mai XL, Jerome RE, Li T-K,
Wang SP, Lin YT, Ly RB, Yin SJ (1991) Alcohol and aldehyde dehy-
drogenase genotypes and alcoholism in Chinese men. Am J Hum Genet
48:677-681.

945

Turner E, Ewing J, Shilling P, Smith TL, Irwin M, Schuckit M, Kelsoe JR
(1992) Lack of association between an RFLP near the D2 dopamine
receptor gene and severe alcoholism. Biol Psychol 31:285-290.

World Health Organization (1993) The ICD-10 Classification of Mental
and Behavioral Disorders: Diagnostic Criteria for Research. World Health
Organization, Geneva, Switzerland.





