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 Systematic Single Nucleotide Polymorphism Screen
o Fine-Map Alcohol Dependence Genes on
hromosome 7 Identifies Association With a Novel
usceptibility Gene ACN9

anielle M. Dick, Fazil Aliev, Jen C. Wang, Scott Saccone, Anthony Hinrichs, Sarah Bertelsen,
ohn Budde, Nancy Saccone, Tatiana Foroud, John Nurnberger Jr., Xiaoling Xuei, P.M. Conneally,

arc Schuckit, Laura Almasy, Raymond Crowe, Samuel Kuperman, John Kramer, Jay A. Tischfield,
ictor Hesselbrock, Howard J. Edenberg, Bernice Porjesz, John P. Rice, Laura Bierut, and Alison Goate

ackground: Chromosome 7 has shown consistent evidence of linkage with a variety of phenotypes related to alcohol dependence in the
ollaborative Study on the Genetics of Alcoholism (COGA) project. With a sample of 262 densely affected families, a peak logarithm of odds

LOD) score for alcohol dependence of 2.9 was observed at D7S1799. The LOD score in the region increased to 4.1 when a subset of the
ample was genotyped with the Illumina Linkage III panel for the Genetic Analysis Workshop 14 (GAW14). To follow up on this linkage region,
e systematically screened single nucleotide polymorphisms (SNPs) across a 2 LOD support interval surrounding the alcohol dependence
eak.

ethods: The SNPs were selected from the HapMap Phase I CEPH data to tag linkage disequilibrium bins across the region. Across the
8-Mb region, genotyped by the Center for Inherited Disease Research (CIDR), 1340 SNPs were analyzed. Family-based association analyses
ere performed on a sample of 1172 individuals from 217 Caucasian families.

esults: Eight SNPs showed association with alcohol dependence at p � .01. Four of the eight most significant SNPs were located in or very
ear the ACN9 gene. We conducted additional genotyping across ACN9 and identified multiple variants with significant evidence of
ssociation with alcohol dependence.

onclusions: These analyses suggest that ACN9 is involved in the predisposition to alcohol dependence. Data from yeast suggest that ACN9

s involved in gluconeogenesis and the assimilation of ethanol or acetate into carbohydrate.
ey Words: ACN9, alcohol dependence, association, genetics, link-
ge disequilibrium

lcohol dependence is a common complex disorder that
affects millions of people worldwide and causes consid-
erable burden in terms of personal, interpersonal, and

ocietal costs (1). Results from the National Comorbidity Study
ndicate that over 14% of adults in the United States have a
ifetime history of alcohol dependence, making it one of the most
revalent adult psychiatric disorders (2). Family, twin, and
doption studies have convincingly demonstrated that genes
lay an important role in the development of alcohol depen-
ence, with heritability estimates in the range of 50%– 60% for
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both men and women (3,4). Efforts are now underway to identify
specific genes involved in the development of the disorder.

The Collaborative Study on the Genetics of Alcoholism
(COGA) is a multi-site collaboration aimed at identifying genes
contributing to alcohol dependence. COGA ascertained families
densely affected with alcohol dependence from treatment cen-
ters at multiple sites across the United States. Initially, an
approximately 10-cM genome-wide microsatellite survey was
conducted, and linkage analyses were performed to detect
chromosomal regions likely to harbor genes contributing to a
variety of phenotypes related to alcohol dependence (5–7). In
those regions with evidence of linkage, more extensive genotyp-
ing was performed, and association analyses were employed to
identify specific genes involved in the predisposition to alcohol
dependence and related phenotypes. COGA has also made use
of electrophysiological endophenotypes (8 –10), as a comple-
ment to clinical diagnoses in genetic analyses.

One region that has consistently emerged with significant
evidence of linkage in the COGA project is chromosome 7q. In
the initial COGA sample of 105 pedigrees, chromosome 7
provided the strongest evidence of linkage to alcohol depen-
dence (11). With the alcohol dependence criterion of meeting
DSM-III-R alcohol dependence and Feighner definite alcoholism,
the maximum multipoint LOD score on chromosome 7 was 3.49
near the marker D7S1793. An independent sample consisting of
an additional 157 extended families also showed modest, con-
sistent evidence of linkage to chromosome 7, with a LOD score
of 1.3 (7). Additional microsatellite markers were genotyped on

chromosome 7, and linkage analyses employing the full sample
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f 262 extended pedigrees yielded a peak LOD score of 2.9 at
7S1799 (12). Further genotyping was conducted as part of the
enetic Analysis Workshop 14 (GAW14) on a densely affected

ubset of the sample (n � 143 pedigrees) with both the
ffymetrix 10K Mapping SNPs and the Illumina Linkage Panel III
13). The LOD score at the peak increased to 4.1 with a reduced
et of single nucleotide polymorphisms (SNPs) not in linkage
isequilibrium (LD) with adjacent markers (14). In addition to the
inkage observed in the COGA sample, linkage has been ob-
erved to this region of chromosome 7q in an Australian sample
ith P3 amplitude (15), a phenotype thought to index genetic
ulnerability to alcohol dependence (9). In addition, there has
een a recent report of linkage to this region with alcohol
onsumption phenotypes in the Nicotine Addiction Genetics
roject (16). Modest evidence of linkage to this region was also
eported for an alcoholism phenotype with age and gender as
ovariates in an independent sample of multiplex families ascer-
ained at Pittsburgh (17). Here, we report results from a system-
tic screen of SNPs across the chromosome 7 alcohol depen-
ence linkage peak in the COGA sample in an effort to identify
he gene(s) contributing to the observed linkage peak.

ethods and Materials

ample
COGA is a multi-site project, in which families were collected

y six centers across the United States: Indiana University, State
niversity of New York Health Science Center, University of
onnecticut, University of Iowa, University of California/San
iego, and Washington University at St. Louis. Probands identi-

ied through inpatient or outpatient alcohol treatment programs
y each of these six sites were invited to participate if they had
sufficiently large family (usually sibships � 3 with parents

vailable) with two or more members in a COGA catchment area
6). Multiplex alcoholic families that had at least two biological
irst-degree relatives affected with alcohol dependence in addi-
ion to the proband were invited to participate in the more
ntensive stage of the study, which included obtaining blood for
enetic analyses. Second- and third-degree relatives in the fam-
lies were assessed when they were considered to be informative
or the genetic linkage studies. The institutional review boards of
ll participating centers approved the study. Additional details
bout the study have been published previously (5,6).

We analyzed a set of 217 Caucasian families here because: 1)
he marker selection strategy (detailed in the following text) was
ased on patterns of LD among Caucasians, and allele frequen-
ies often differ between races; and 2) the maximal LOD score
ith alcohol dependence in the region (4.1) was based on a

ample of Caucasian families. These 217 families contained a
otal of 1172 individuals with genotype and phenotype data: 554
omen and 618 men. There were 855 affected individuals in the

ample (288 women, 567 men). The mean age of affected
omen was 34.5 years (SD � 9.7), unaffected women: 50.5 years

SD � 15.9). Mean age of affected men was 39.4 years (SD �
3.3), unaffected men: 50.4 years (SD � 17.4). Thus, for both
enders, unaffected individuals were significantly older than
ffected individuals and past the mean age of onset of depen-
ence in this sample, suggesting that there is a low probability
hat they will convert to affected status. The average number of
ndividuals/family with genotype and phenotype information
as 5.4, with an average of 3.9 affected individuals/family. These

ndividuals formed 921 sibling pairs, 20 half-sibs, 150 cousin

airs, 810 parent-child pairs, 82 grandparent-grandchild pairs,

ww.sobp.org/journal
and 509 avuncular pairs. All individuals in the genetic analysis
sample were interviewed as adults (� 18 years of age) with the
Semi-Structured Assessment for the Genetics of Alcoholism
(SSAGA), a highly reliable, psychiatric interview (18,19). The
definition of alcohol dependence used in association analyses
required individuals to meet criteria for DSM-III-R alcohol de-
pendence and Feighner definite alcoholism (20). This was the
phenotype that yielded the linkage peak from which the region
was delineated for the SNP screen (14). Seventy-three percent of
the sample used in genetic analyses was affected with alcohol
dependence. There are also high rates of comorbid psychiatric
disorders in the sample: 37% meet criteria for dependence on an
illicit drug, 41% report a major depressive episode, 19% meet
criteria for childhood conduct disorder, and 14% have a diagno-
sis of adult antisocial personality disorder. Additional information
about comorbidity in the COGA sample has previously been
reported elsewhere (21,22). In the sample analyzed here, the
highest level of educational attainment was � a high school
degree in 23%, a high school education in 31%, some college in
30%, a college degree in 11%, and a postgraduate degree in 5%.
At the time of interview, 35% of the sample was unemployed,
and 65% was currently employed. The modal current household
gross income was $20,000–$29,000/year.

SNP Selection Procedure
The SNPs were selected to cover a 2-LOD support interval on

either side of the linkage signal at 7q22, on the basis of the peak
observed in the GAW sample (14); that peak was narrower than
the peak in the original, approximately 10-cM microsatellite link-
age screen (12). The region was bounded by rs194506 (89.487 Mb)
and rs441534 (107.423 Mb) (dbSNP 124/NCBI Human Build 35.1),
and covered approximately 18 Mb (Figure 1). HapMap Phase I
CEPH data (build 16c.1, June 2005) was used to select SNPs; only
common SNPs (minor allele frequency � 10%) were considered. A
total of 4067 SNPs meeting this criteria were identified across the
region. The SNPs were grouped into LD bins (23), on the basis of
the “greedy” algorithm (24,25). With this method, each bin had at
least one SNP that satisfied r2 � .8 with all other SNPs in the bin.
Tag SNPs were selected for each bin in an 8:1 ratio (e.g., bins
with 1–8 SNPs get 1 tag, 9–16 get 2). The SNPs with the highest
r2 with other SNPs in the bin were chosen to be tag SNPs. The
tagSNP selection method allowed for a reduction in SNPs of 61%,
yielding 1581 SNPs. An additional 55 nonsynonymous polymor-
phic HapMap SNPs were added to the set of SNPs (23 of 55 had
minor allele frequency � 10%). Selected SNPs were scored by
the Center for Inherited Disease Research (CIDR) for expected
performance on the Illumina platform. Failed tag SNPs were
replaced by the next best tag. If there were no passing tags, then
the entire LD bin was selected for genotyping. The final list of
1536 SNPs covered 221 genes. It consisted of 883 intra-genic
SNPs (654 in introns, 68 in exons, 128 in untranslated regions,
and 33 SNPs within 2 kb of the first 5’ promoter and 500 bp of the
3’ end of the largest known transcript [known as “locus” SNPs in
dbSNP]) and 653 inter-genic SNPs. Note that although dbSNP
build 124/NCBI Human Build 35.1 was used for SNP selection,
information about the location of SNPs presented in the article
tables is based on the updated dbSNP 126/NCBI 36.1 data.

Genotyping and Analysis
Genotyping was conducted by CIDR with the Illumina tech-

nology on a BeadLab station with GoldenGate chemistry. One
thousand five hundred thirty-six SNPs were attempted across the

region, with 3,539,740 genotypes released for 1436 SNPs. CIDR
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ited the following reasons for dropping loci: poorly defined
lusters; excessive replicate and/or Mendelian errors; more than
0% missing data; or all samples genotyping as heterozygous. An
dditional 96 SNPs were flagged with atypical clustering, and
hese SNPs were also omitted from analyses. Accordingly, 1340
NPs passed all quality control checks and were used in analyses.
he missing data rate was .056%. The program Pedcheck (26)
as used by CIDR to check for Mendelian inconsistencies; the
endelian consistency rate was 99.91%. Further checks were
erformed by COGA collaborators with the Prest program (27),
nd a small number of questionable relationships were removed,
uch that there were no Mendelian inconsistencies remaining in
he data.

Findings for the most promising gene were followed up by
onducting additional genotyping to more thoroughly evaluate
he evidence for association. Publicly available databases, dbSNP
http://www.ncbi.nlm.nih.gov/SNP/) and HapMap (http://www.
apmap.org), were used to identify SNPs within and flanking the
ene. The SNPs with an r2 � .9 in HapMap with any of the
ssociated CIDR SNPs were selected for genotyping. An addi-
ional 16 SNPs within and flanking ACN9 were genotyped with a
odified single nucleotide extension reaction, with allele detec-

ion by mass spectroscopy (Sequenom MassArray system; Seque-
om, San Diego, California). All genotypic data were checked for
endelian inheritance of marker alleles with the USERM13 (28)
ption of the MENDEL linkage computer programs. Trio data
rom Caucasian individuals genotyped in the COGA dataset were
ntered into the program Haploview (29) to examine the LD
tructure of the genotyped SNPs. Figure 2 shows the LD structure
cross the region.

Hardy-Weinberg equilibrium was assessed for all SNPs.
mong 601 unrelated individuals used in checks of the 1340
IDR SNPs, 68 SNPs significantly deviated from Hardy-Weinberg at

igure 1. Linkage on chromosome 7 in the Genetic Analysis Workshop (GAW
nnotated. The vertical dashed lines indicate the 2-LOD support interval sur
ingle nucleotide polymorphism; MLS, maximum likelihood of identical by
� .05, and 12 SNPs were significant at p � .01. These
numbers are very close to that expected by chance (67 and 13,
respectively, on the basis of 1340 SNPs). None of the SNPs
most significantly associated with alcohol dependence (p �
.01) had significant deviations from Hardy-Weinberg equilib-
rium. Those SNPs with potential Hardy-Weinberg problems
are indicated in Table 1, so that this information can be
considered in interpretation of results. None of the additional
SNPs genotyped by COGA showed significant deviation from
Hardy-Weinberg.

Multiplex families of alcoholics were used in tests of associ-
ation between each of the SNPs and each of the phenotypes
studied, with the Pedigree Disequilibrium Test (PDT) (30). The
PDT uses all available trios in a family (two parents plus child
genotyped) as well as discordant siblings. The PDT-ave statistic
was computed, which averages the association statistic over all
families (30). No corrections were made for multiple testing in
the initial analyses of the 1340 SNP screen set, because these
analyses were considered the first stage to consider genes for
further follow-up. In the second stage of analysis, SNPs were
tested across the ACN9 gene. A Nyholt correction was applied to
the data to determine significance after taking into account
multiple testing in the presence of correlated SNPs (31). This
method uses information on the pairwise LD between the
genotyped SNPs to compute the number of “effectively indepen-
dent” SNPs. With the updated method of Li and Ji (32), the
effective number of SNPs (Meff) on the basis of the 23 SNPs
genotyped in this study was 10. With Meff � 10, the Bonferroni
corrected significance threshold required across the gene is
p � .005.

Results

Table 1 shows the SNPs from the CIDR screen yielding evidence

ple (14) for the alcohol dependence phenotype, with the position of ACN9
ing the peak that was screened with tagSNPs. LOD, logarithm of odds; SNP,
nt sharing.
) sam
round
of association at p � .050, with p values � .01 differentiated with a

www.sobp.org/journal
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orizontal rule on the table. The SNPs are listed in order of
scending p values, with the most significant SNPs at the top of the
able. (The results for all 1340 genotyped SNPs are available in
upplement 1.) Of the eight SNPs listed in Table 1 with p � .01,
our were located in or very near the gene ACN9: rs10499934,
s7794886, rs12056091, and rs1917939 (only rs7794886 and
s12056091 are listed as in ACN9 in Table 1, because these are the
otations as listed in NCBI). Although rs7794886 and rs12056091
re in the same bin and display high LD (HapMap r2 � .93), the
ther two SNPs are in separate LD bins and provide independent
vidence for association. Accordingly, additional genotyping was
ndertaken to more thoroughly investigate this gene. The results
rom association analyses of all SNPs genotyped across ACN9,
ncluding those genotyped by CIDR, are shown in Table 2.
welve of the 23 genotyped SNPs in ACN9 were significant at p �
05. Eight SNPs surpassed the Bonferroni corrected significance
evel suggested by the Nyholt correction of p � .005. The top two
ost significant SNPs, rs10246622 (p � .000098) and rs13475 (p �

00014), showed substantial LD (r2 � .88), making haplotype
nalyses uninformative, because only the 1 1 and 2 2 haplotypes
ere observed with considerable frequency. Figure 1 shows the

ocation of the ACN9 gene with reference to the linkage peak

igure 2. Linkage disequilibrium across the single nucleotide polymorphism
hades indicating higher D’. The r 2 is indicated by the number inside the sh
bserved in the GAW data from which the region for the SNP

ww.sobp.org/journal
screen was selected. ACN9 is located centromeric of the linkage
peak, with a LOD score of 3.08. The peak LOD score was 4.08 in
the region; thus, ACN9 is located at a 1-LOD distance from the
peak.

Discussion

In this study, we undertook a systematic screen of SNPs covering
a 2-LOD support interval around a linkage peak previously reported
for alcohol dependence (12,14). This screen led to the identification
of a novel gene that seems to affect susceptibility to alcohol
dependence, ACN9. ACN9 was originally identified in a collection
of respiratory-competent yeast mutants that were unable to use
acetate as a carbon source (33). ACN9 seems to be involved in
gluconeogenesis and is required for the assimilation of ethanol or
acetate into carbohydrate (34). Little is known about the human
homolog of the gene. Accordingly, this gene likely would not have
been prioritized for investigation, were it not for the results from the
systematic screen of the linked region.

The most significant SNP in the CIDR screen, rs2157745, is
located in a region with no genes listed in NCBI. It is approxi-
mately 20 kb past the 3’ end of SAMD9, making it unlikely that it

Ps) genotyped in and around ACN9. D’ is illustrated by shading, with darker
block.
s (SN
would be involved in the function or expression of SAMD9.
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here is a large gene upstream (CDK6, a cyclin-dependent
inase), whose promoter might be in this region. One of the other
op eight SNPs is located in SAMD9. This gene is believed to be
nvolved in the regulation of extraosseous calcification and has been
ssociated with familial tumoral calcinosis (FTC), a rare autosomal
ecessive disorder characterized by the progressive deposition of
alcified masses in cutaneous and subcutaneous tissues, resulting in
lcerative lesions and severe skin and bone infections (35). There is
ittle evidence for expression of SAMD9 in the brain (35); thus, it was
ot considered a high priority for further follow-up for potential

able 1. SNPs From the CIDR Screen on Chromosome 7 Yielding Evidence

NP Allele HMMAF p B

s2157745 [A/C] .108 .0010
s10499934 [A/G] .267 .0016
s7794886 [T/C] .442 .0033
s12056091 [T/C] .442 .0033
s1917939 [T/C] .319 .0035
s10953089 [T/C] .158 .0050
s13228694 [T/C] .142 .0050
s7778571 [A/G] .233 .0071

s1548457 [A/G] .375 .0108
s3802030b [A/C] .254 .0110
s484491 [T/C] .358 .0116
s7785892 [T/C] .136 .0146
s460 [T/C] .142 .0161
s5015755 [A/C] .211 .0184
s41835b [G/C] .317 .0201
s1485004 [A/G] .325 .0201
s176574 [C/G] .392 .0204
s10250228b [T/C] .433 .0205
s10271241 [T/C] .183 .0220
s2428161 [A/G] .283 .0226
s6465475 [T/A] .242 .0245
s10487140 [A/G] .158 .0263
s8 [T/C] .150 .0272
s17862241 [A/G] .467 .0280
s7795063 [G/C] .450 .0302
s10264271 [T/C] .184 .0309
s12113318 [A/C] .103 .0315
s999885 [T/C] .458 .0320
s9655757 [T/A] .167 .0327
s9648946 [T/G] .483 .0346
s7796370 [A/C] .192 .0359
s3814098 [G/C] .136 .0361
s1858823 [T/C] .300 .0371
s4278097 [A/G] .183 .0385
s885972 [G/C] .183 .0385
s12704555 [A/G] .183 .0385
s4730025 [T/A] .142 .0387
s1721492b [A/G] .217 .0388
s2253833 [T/C] .233 .0393
s1227519 [T/A] .125 .0420
s3801944 [A/G] .267 .0424
s3823646 [A/G] .400 .0441
s2023772 [A/C] .433 .0455
s10273733 [T/C] .267 .0494
s1968201 [A/G] .133 .0504
s3087615 [A/C] .142 .0504

Position, gene location, and function as listed in NCBI. Single nucleotide p
in. Bin size refers to the number of SNPs in the bin. HMMAF, HapMap mino

aThese SNPs are not annotated as ACN9 in NCBI but are very near the ge
bSNPs showing significant deviations from Hardy Weinberg.
ssociation with alcohol dependence.
We have previously reported association between alcohol
dependence and related phenotypes and several genes located
elsewhere on chromosome 7, including a muscarinic cholinergic
receptor gene, CHRM2 (12), and two taste receptor genes,
TAS2R16 (36) and TAS2R38 (37). Those genes were selected on
the basis of proximity to a more distal linkage peak with an
electrophysiological endophenotype (38), and none are located
within the 2-LOD interval of the linkage peak for alcohol
dependence studied here.

Finally, we note that at the time when the SNP selection took

sociation at p � .050

size) Position Gene Location Function

92,543,595 —
96,575,512 [ACN9]a —

2) 96,586,948 ACN9 INTRON
2) 96,596,607 ACN9 INTRON

96,554,800 [ACN9]a —
92,566,363 SAMD9 LOCUS
99,778,243 PILRB INTRON
99,502,753 ZNF3 INTRON

93,030,646 CALCR INTRON
90,322,514 PFTK1 INTRON

105,164,306 —
106,721,411 COG5 INTRON

97,252,046 —
99,851,338 ZCWPW1 INTRON

106,052,801 —
95,108,442 —

105,606,231 —
2) 92,939,016 CALCR INTRON

90,138,516 —
104,379,803 —

95,162,803 —
95,163,077 —
92,246,265 CDK6 INTRON

2) 90,059,284 —
106,165,365 —
100,957,895 EMID2 INTRON
102,471,663 FBXL13 INTRON

99,539,112 AP4M1 INTRON
96,278,455 —

106,564,404 PRKAR2B INTRON
91,739,652 ANKIB1 INTRON
90,676,805 PFTK1 mRNA-UTR
93,856,176 —

4) 90,093,442 —
2) 90,099,133 —
2) 90,101,159 —

104,014,555 LHFPL3 INTRON
105,013,416 —
106,992,905 DUS4L INTRON

95,156,136 —
2) 107,042,784 BCAP29 INTRON
2) 99,595,548 GAL3ST4 NONSYNON
2) 92,969,098 CALCR INTRON
2) 107,045,357 BCAP29 INTRON
2) 102,594,671 LOC646485 LOCUS
2) 102,739,359 PMPCB NONSYNON

orphisms (SNPs) without a Bin ID listed were the only SNP genotyped in that
le frequency; CIDR, Center for Inherited Disease Research.
of As

in ID (

76 (
76 (

43 (

103 (

11 (
33 (
33 (

10 (
131 (

43 (
10 (

291 (
291 (

olym
r alle
place for this study, only the Phase I build 16c.1 data were

www.sobp.org/journal
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vailable from HapMap. Hapmap Phase II build 21 has added
any additional SNPs, nearly doubling the number of nonsyn-
nymous polymorphisms and creating many additional LD bins.
n addition, we limited our SNP selection to SNPs with a minor
llele frequency of �10%. This was because the SNP selection
lgorithm that was used takes advantage of LD patterns observed
n the HapMap Caucasian population, and the statistics used to
stimate LD are sensitive to the allele frequency. Accordingly,
arer SNPs would not have been detected with our screening
trategy. Thus, the screening panel genotyped here did not
xhaustively cover all genetic variation across the linkage peak
ut was focused on common alleles that might contribute to risk
or this common disease. We detected evidence of association
ith a novel gene ACN9 that seems to be involved in the
redisposition to human alcohol dependence. Although little is
nown about the function of ACN9, data from yeast show that
he yeast homologue to ACN9 is involved in acetate use,
uggesting that this gene might alter risk for alcohol dependence
ia alcohol metabolic pathways. Other genes in the metabolic
athway from alcohol to acetaldehyde to acetate are known to
ffect risk for alcoholism (39). Furthermore, comparison of the
hysical position of the SNPs associated with alcohol depen-
ence with multiple alignments across all 28 vertebrate species
UCSC Genome Browser Human assembly hg18) indicates that 4
f the SNPs (rs17168169, rs1343646, rs12670377, and rs12671685)
re located in evolutionally conserved regions spanning 34 kb
pstream of the gene, further suggesting its functional role
uring evolution. We hope that our finding of association with

able 2. The p Values From Family-Based Association Tests of SNPs
ocated Across ACN9

arker SNP Location Alleles Position MAF p

s1917939a,b upstream of the
ACN9 gene

T/C 96554800 .26 .0035
s2037719a A/G 96557076 .30 .8918
s17168169b A/C 96557937 .24 .0016
s6958059 G/A 96559977 .35 .0223
s1343646 A/C 96562388 .22 .0246
s1880733 A/C 96562442 .08 .8201
s1343645 T/C 96562521 .11 .0585
s17168173 G/T 96563649 .01 .0675
s10246622b G/A 96571993 .33 .000098
s4729329 T/A 96573695 .11 .0911
s10499934a,b A/G 96575512 .22 .0016
s7794886a,b T/C 96586948 .35 .0033

s4398831a intron 1 A/G 96594993 .33 .8436
s12056091a,b T/C 96596607 .35 .0033
s2103212 A/T 96620240 .07 .1048
s12670377 A/C 96624561 .24 .0054
s10252691 C/A 96636756 .10 .0681
s10256036b A/T 96637118 .24 .0022
s10499936 G/T 96638937 .01 .1195
s12671685 G/A 96644065 .12 .0269

s13475b 3’ UTR G/A 96648665 .36 .00014

s6970451a downstream of
the ACN9 gene

G/C 96655200 .29 .2257
s6960395 G/A 96660805 .34 .9284

MAF, minor allele frequency, on the basis of Collaborative Study on the
enetics of Alcoholism (COGA) data.

aSingle nucleotide polymorphisms (SNPs) genotyped as part of the orig-
nal Center for Inherited Disease Research panel.

bThe SNPs significant at p � .005.
lcohol dependence will stimulate further research on the func-

ww.sobp.org/journal
tion of ACN9. In addition, we continue to follow up other
association signals with additional genotyping.

The Collaborative Study on the Genetics of Alcoholism
(COGA) (Co-Principal Investigators: L. Bierut, H. Edenberg, V.
Hesselbrock, B. Porjesz) includes nine different centers where
data collection, analysis, and storage take place. The nine sites
and Principal Investigators and Co-Investigators are: University
of Connecticut (V. Hesselbrock); Indiana University (H. Edenberg,
J. Nurnberger Jr., P.M. Conneally, T. Foroud); University of Iowa (S.
Kuperman, R. Crowe); SUNY HSCB (B. Porjesz, H. Begleiter);
Washington University in St. Louis (L. Bierut, A. Goate, J. Rice);
University of California at San Diego (M. Schuckit); Howard
University (R. Taylor); Rutgers University (J. Tischfield); and the
Southwest Foundation (L. Almasy). Zhaoxia Ren serves as the
NIAAA Staff Collaborator. This national collaborative study is
supported by National Institutes of Health (NIH) Grant
U10AA08401 from the National Institute on Alcohol Abuse and
Alcoholism (NIAAA) and the National Institute on Drug Abuse
(NIDA). In memory of Henri Begleiter, Ph.D., and Theodore
Reich, M.D., Principal and Co-Principal Investigators of COGA,
we acknowledge their immeasurable and fundamental scientific
contributions to COGA and the field. The author SS was sup-
ported by American Cancer Society grant IRG-58-010-50; NLS
was supported by NIDA grant K01DA015129. Genotyping ser-
vices were provided by CIDR. CIDR is fully funded through a
federal contract from the NIH to The Johns Hopkins University,
Contract Number N01-HG-65403. All authors were provided
with the Biological Psychiatry guidelines from the web for
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