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Alcohol dependence (AD) is extremely costly to indivi-
duals and to society. The etiology of AD is complex;
genetic factors are known to be important to its devel-
opment. With increasing evidence for the role of rare
variants and copy number variation (CNV) in complex
diseases, linkage analysis remains a useful approach to
gene discovery. An adequately powered linkage study
can detect diverse genetic effects that segregate in
families, including common variants, multiple rare var-
iants within one locus and CNV.
Previously, we performed a genomewide linkage scan

for AD in African- Americans (AA) (Gelernter 2009).
The power of that linkage analysis could theoretically
have been reduced by the presence of genetic heteroge-
neity owing to the variation of admixture proportions
across families in AA. In the current study, we hypothe-
sized that a sample whose genetic ancestry was more
homogeneous would increase power to detect linkage.
To test this hypothesis, we first completed a genome-
wide linkage scan with 6008 single nucleotide poly-
morphism markers to map loci linked with DSM-IV AD
in 384 AA families, which were ascertained on the basis
of multiple individuals affected with cocaine and/or
opioid dependence. Using the admixture proportion as a
covariate, we then applied the ordered subset linkage
analysis (OSA) technique to identify a more homoge-
neous subset of families to determine whether it
increased evidence for linkage with AD. Statistically sig-
nificant increases in Kong-Cox LOD scores were
observed on chromosomes 4 (P=0.0001), 12 (P=0.021),
15 (P=0.026) and 22 (P=0.0069). In a subset of 44 AA
families (with African ancestry proportions ranging from
0.858 to0.996), we observed a genomewide significant
linkage at 180 cM on chromosome 4 (Kong-Cox

LOD=4.1, pointwise P=0.00001, empirical genomewide
P=0.008). GLRA3, the gene encoding a subunit of the
glycine neurotransmitter receptor, is located in this peak
region; thus, it deserves further research attention. A
parametric linkage analysis confirmed the significant
findings from the non-parametric linkage analysis. Our
results show new evidence for linkage and demonstrate
that the admixture proportion can be used effectively as
a covariate to reduce genetic heterogeneity and enhance
the detection of linkage signals in AA using the OSA
technique. The current study provides important clues
for candidate gene and deep sequencing studies to iden-
tity causal variants for AD.
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