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Abstract

In prior work, congenic strains carrying the DBA/2Igb (D2) region of chromosome 2 (Chr2) for

alcohol preference were bred onto a C57BL/6Ibg (B6) background and as predicted were found to

reduce voluntary consumption. Subsequently, interval-specific congenic recombinant strains

(ISCRS) were generated and also tested. These ISCRS strains reduced the quantitative trait loci

(QTL) interval to a comparatively small 3.4 Mb region. Here, we have exploited an integrative

approach using both murine and human populations to critically evaluate candidate genes within
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this region. First, we used bioinformatics tools to search for genes relevant to alcohol preference

within the QTL region. Second, we searched for single nucleotide polymorphisms (SNPs) within

exons of every gene in this region. Third, we conducted follow-up microarray analyses to identify

differentially expressed genes between the B6 and ISCRS strains in mice from each group. Fourth,

we analyzed correlations between the expression level of candidate genes and phenotypes of

alcohol preference in a large family of BXD recombinant inbred strains derived from B6 and D2.

Finally, we evaluated SNP segregation in both BXD mouse strains and in humans who were heavy

alcohol drinkers or non-drinkers. Among several potential candidate genes in this region, we

identified activating transcription factor 2 (Atf2) as the most plausible gene that would influence

alcohol preference. However, the candidacy of Atf2 was only weakly supported when we used a

genetic network approach and by focused reanalysis of genome-wide association study data from

European-American and African-American populations. Thus, we cannot conclude that Atf2 plays

a role in the regulation of the QTL of mouse Chr2.
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INTRODUCTION

Many quantitative trait loci (QTL) influencing responses to alcohol have been mapped using

a variety of mouse models and genetic approaches. With important exceptions, the gene

variants that underlie these multiple QTLs (QTG) are still unknown. In a previous work,

Bennett et al. (2002) created congenic strains carrying the DBA/2IBG (D2) region for

alcohol preference on chromosome 2 (Chr2) on a C57BL/6IBG (B6) background.

Subsequently, interval-specific congenic recombinant (ISCR) strains in which the full D2

QTL region was broken into smaller, partially overlapping regions of introgression, were

generated and tested. QTGs are genes with unknown function or whose functional

relationship to the quantitative phenotype is not immediately apparent. For this reason,

identifying QTG(s) in a candidate interval must include every gene in that region. In the

past, applying this strategy to biomedical research was limited by the availability of genomic

data and technology. Now, with the completion of the human and mouse genomic sequence

and the development of high throughput technology for polymorphic analysis and for gene

expression profiling, we can use a genomic, bioinformatics-driven approach to identify

QTGs. In conjunction with the availability of the mouse genome sequence, there have been

other relevant developments. First, we can rapidly identify almost every single nucleotide

polymorphism (SNP) of a given population by high throughput sequencing. This

development is significant for identifying QTGs because a QTL is largely considered to be

regulated by polymorphisms, and a QTL region typically contains many genes in a large

genomic region. Second, a gene expression profile of the whole genome can be easily

generated by gene microarray technology. Furthermore, data from animal models can be

double checked in a study of humans. We report here the initial analysis of genes within a

defined QTL region by using a combination of bioinformatics, gene expression profiling,

SNP analysis, and transcriptome pathway analyses.
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MATERIAL AND METHODS

Animals

Animals were produced at the Institute for Behavioral Genetics at the University of

Colorado, Boulder (UCB). Accordingly, animals carrying the full congenic region, as well

as one ISCR strain with the smallest interval conferring the D2 phenotype (strain 21), were

used. Tissues were collected at UCB and shipped to the University of Tennessee Health

Science Center (UTHSC) at Memphis. Experimental procedures for this study were

approved by the Institutional Animal Care and Use Committee at UCB.

DNA and RNA extraction

Genomic DNA was extracted from livers of both wild type and ISCR mice by using a

Qiagen DNA kit (Valencia, CA, USA) and following manufacturer instructions. After

determining the quality and quantity of the DNA in an Eppendorf photometer (Eppendorf

Scientific Inc., Westbury, NY, USA), DNA was used for sequencing and SNP screening.

RNA was extracted from different parts of the brain by using a Trizol reagent (Invitrogen,

Carlsbad, CA, USA). Total RNA was purified using the RNeasy MinElute Cleanup kit

(Qiagen). RNA quality and integrity were checked using an Agilent Bioanalyzer (Davis,

CA, USA). DNA and RNA from three replicates of ISCR strains and wild type controls

were extracted for each experiment.

Microarray experiment

Microarray analysis was conducted using RNA from brain parts of three ISCR mice and

three wild type mice. A starting amount of 200 ng high-quality total RNA, with an RNA

integrity score of more than 7, was used to generate cDNA and cRNA with the Illumina

TotalPrep RNA Amplification kit (Ambion, Foster City, CA, USA). For each of six

individual samples, 1.5 μg cRNA sample was hybridized overnight to the Mouse-6 v1B

BeadChip in a multiple-step procedure according to manufacturer instructions; the chips

were then washed, dried, and scanned on the BeadArray Reader (Illumina, San Diego, CA,

USA). The raw data were generated using BeadStudio 2.3.41 (Illumina,).

Data analysis followed our previous procedure (Jiao et al., 2011). Briefly, raw data were

normalized by the quantile method with BeadStudio software. Upon detection of P < 0.05

and fold-change (≤2) filtering, statistical analysis was performed using EDGE software to

generate differentially expressed genes, which were subject to hierarchical and functional

clustering using Cluster/TreeView and bioinformatics DAVID tools (http://

david.abcc.ncifcrf.gov), respectively. To identify differentially expressed genes between

different groups, a cutoff value of 2-fold changes was chosen, which was based on most

published studies (Jeffrey et al., 2002; Yan et al., 2007; Sharov et al., 2008).

Bioinformatics evaluation of candidates

Genome screening was performed using a bioinformatics approach to identify genes

regulating alcohol preference in the mouse genome. A gene was considered to be an

alcoholism-associated gene if it was associated with alcoholism or alcohol preference in at

least one of the following studies: 1) functional studies such as knockouts, transgenics,
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mutagenesis, or RNA interference; 2) association studies; or 3) clinical studies. We searched

all chromosomes and QTL in the Ensembl database (Release 48) (http://www.ensembl.org/

index.html). We then searched PubMed (http://www.ensembl.org/index.html) and OMIM

(Online Mendelian Inheritance in Man; http://www.ncbi.nlm.nih.gov/sites/entrez) to obtain a

preliminary set of candidate genes associated with alcohol preference. The search terms

were the gene symbol and alcohol preference. We completed the search with PGMapper, a

software package developed by our laboratory and available at http://

www.genediscovery.org/pgmapper/index.jsp (Xiong et al., 2008).

SNP searching

Known SNPs in the exons of genes within the QTL region were examined in available SNP

databases, such as the Roche SNP database, MGI mouse SNP database at http://

www.informatics.jax.org/javawi2/servlet/WIFetch?page=snpQF, and NCBI SNP database at

http://www.ncbi.nlm.nih.gov/SNP/ and the Variant Browser of GeneNetwork (http://

www.genenet-work.org/webqtl/main.py?FormID=snpBrowser).

Genomic sequencing

Sequencing and polymorphisms between B6 and D2 strains were obtained from GeneNet-

work at UTHSC: http://ucscbrowser.genenetwork.org/cgi-bin/hgGateway. The D2 sequence

was generated in-house at UTHSC to a depth of 100X and then combined with 23X

coverage sequence from the Sanger Institute. We used the GeneNetwork website (http://

ucscbrowser.genenetwork.org) to obtain the phenotypes of alcohol preference and to search

SNPs and nucleotide insertions and deletions between B6 and D2 strains. Polymorphisms

were confirmed by amplifying DNA fragments of polymorphic sites and re-sequencing PCR

fragments using conventional Sanger protocols at UTHSC. Confirmed polymorphisms were

screened for their distribution among BXD strains.

Gene expression profiles in BXD family

Gene expression patterns of candidate genes were obtained from GeneNetwork. Expression

of each candidate gene was examined in multiple BXD family members (more than 30

strains in each tissue) in three tissues: whole brain, hippocampus, and cerebellum; each of

those tissues has been used for the study of gene expression (Kamens et al., 2009; Fitzgerald

et al., 2011; Parsons et al., 2012)

Association of candidate genes in human populations

This part of the research was conducted at Yale University. A total of 5,685 subjects were

recruited at the Yale University School of Medicine, University of Connecticut Health

Center, Medical University of South Carolina, University of Pennsylvania School of

Medicine, and McLean Hospital. Subjects were selected because screening suggested that

they had cocaine, opioid, or alcohol dependence, or were normal controls. All subjects were

interviewed using an e-version of the Semi-Structured Assessment for Drug Dependence

and Alcoholism (SSADDA) (Gelernter et al., 2005; Pierucci-Lagha et al., 2007) and

diagnoses were made on the basis of Diagnostic and Statistical Manual of Mental Disorders-

IV (DSM-IV) criteria (American Psychiatric Association, 1994). Subjects gave informed
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consent, as approved by the institutional review boards at each site. The subjects were

genotyped using the Illumina HumanOmni1-Quad array (Illumina) at either the Yale Center

for Genome Analysis or Center for Inherited Disease Research (CIDR). For quality controls,

samples with poor genotyping performance were replaced with substituted DNA. Samples

with discrepant gender information, unusual X and Y chromosome patterns or unexpected

duplicated DNA were removed. Furthermore, samples that were duplicated, from non-

African-American or non-European-American populations, related, or of unknown

phenotype were excluded (unpublished manuscript). All 38 common SNPs (minor allele

frequency > 0.05) in the Atf2 gene were analyzed, followed by additional imputted

genotypes of 416 common SNPs in the gene region. The allelic analysis was carried out

using a chi-square association test. The combined analyses of the African and European

American samples were performed via meta-analysis. Additional genotypes were imputted

using IMPUTE2 (Howie et al. 2009). Bonferroni correction was applied for multiple

comparisons.

RESULTS

Initial identification of candidate genes in the QTL region from interval-specific congenic
recombinant strains

The QTL was fine-mapped to a 3.4 Mb region between D2Mit56 (70.4 Mb) and D2Mit10

(73.8 Mb on the Mm9 genome assembly). The genome sequence in this region is complete,

and gene annotations are generally of high quality.

By searching the mouse genome database using PGMapper (Xiong et al., 2008), we

identified a total of 68 genes and other genetic elements (Table S1) in the region between

D2Mit56 and D2Mit10.

Among these genes, we found five with potential function in alcohol preference (Table 1).

Atf2 (activating transcription factor 2) is involved in the mitogen-activated protein kinase

(MEKK1/MKK7/JNK2) pathway, which has been shown to be altered in alcoholism (Chen et

al., 1998; Roberto et al., 2003). Atp5g3 [ATP synthase, H+ transporting, mitochondrial F0

complex, subunit c (subunit 9), isoform 3] has been linked to chronic ethanol consumption

(Li et al., 2001). Pdk1 (pyruvate dehydrogenase kinase, isoenzyme 1) has been linked to

chronic ethanol consumption (Yu et al., 2011). Sp3 and Sp9 are both trans-acting

transcription factors, which recognize target sequences and interact with other transcription

factors to regulate the expression of other genes. Because their regulatory functions have not

been clearly reported, they cannot be ruled out as candidates.

SNP summary data for candidate genes

Atf2 is located within the genomic region of the QTL (Table 1). We obtained SNP

information from MGI as well as from the genome sequence information at GeneNetwork.

Our initial data identified two SNPs: an A/C SNP at position Chr2 73.673213 Mb

(Assembly Mm9) and a C/T SNP at position Chr2 73.706059. Mb. In addition, there was a

nucleotide “G” deletion at position Chr2 73.726407 Mb in the D2 strain. When we
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sequenced this region, we confirmed the SNP A/C at 73.673213. However, the putative SNP

at 73.706059 or a deletion at 73.726407 Mb was not confirmed.

Atp5g3 is located within the genomic region of the QTL (Table 1). However, according to

the MGI site, this gene does not contain a SNP among the mouse strains, even when

examining 2000 bp upstream or downstream. No polymorphisms were confirmed by the

sequencing data at UTHSC.

Pdk1 is located within the genomic region of the QTL (Table 1). On the basis of both MGI

and sequencing data at UTHSC, we confirmed that the gene contains 44 SNPs, but none

differs between the B6 and D2 strains, including 2000 bp upstream or downstream.

According to the MGI database, Sp3 has no SNPs in mouse strains. However, UTHSC

sequence data indicated a polymorphism at position Chr2 72.792729 Mb.

Sp9 has three SNPs, but they are the same genotype in the B6 and D2 strains.

Although the absence of a polymorphism does not completely rule out the candidacy of

Atp5g3, Pdk1, and Sp9, those results warranted focus on Atf2 and Sp3.

Gene expression profiles of candidate genes in B6 and ISCR strains

Whole-genome expression levels of more than 30,000 genes in whole brain from B6 and the

full congenic strain (G), in hippocampus from B6 and G, and in cerebellum from B6 and

ISCR 21 were analyzed using microarray. Each experiment was conducted using three mice

from each strain.

At the whole-brain level, we found 135 genes that were downregulated and 114 that were

upregulated in the ISCR stains (Table S2). We then examined the expression levels of Atf2,

Atp5g3, and Pdk1. The data suggested that the expression level of Atf2 in the G strain was

significantly downregulated (P = 0.035) (Figure 1A) compared to that in B6. The expression

levels of Pdk1 (Figure 1A) and Atp5g3 (Figure 1B) showed differences between B6 and

ISCR strains, but not at a significant level. There was no difference in expression levels of

sp3 and sp9 genes between B6 and G strains (Figure 1A).

The gene expression level was further tested using microarray data from hippocampus

between B6 and G strains. Atf2 expression level in the G strain was lower than that in the B6

strain (Figure 2A), Similarly, Atp5g3 showed an increase in the G strain. The expression

levels of the other three candidates, however, showed no difference between the B6 and G

strains (Figure 2B).

A third microarray experiment was conducted using cerebellum from B6 and ISCR 21.

Expression level of Atf2 in the ISCR strain was again downregulated (Figure 3A). Atp5g3

expression level was significantly increased in the G strain (Figure 3B). The expression

levels of the other three candidates were similar to those in the B6 strain.

According to the data that there is no difference in expression profiles of Sp3 and Sp9

between B6 and G strains, there were no nucleotide polymorphisms between the two strains.
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Although there was difference in the gene expression level of Atp5g3 between B6 and G

strains, there was no polymorphism between the two strains. Atf2 was then considered as the

most likely candidate gene showing both differential expression level and polymorphisms

that were the focus of our investigation.

QTL location of alcohol preference on chromosome 2 in the BXD strain family

Several groups have mapped QTLs for alcohol consumption using the original set of BXD

strains (Gill et al., 1996; Fernandez et al., 1999; Grisel et al., 2002; Philip et al., 2010). We

examined the potential correlation between expression of Atf2 and alcohol preference tested

using the two-bottle choice method. Because we found a differential expression of Atf2

between B6 and congenics in three tissues, we examined the association between expression

of Atf2 in brain, hippocampus, and cerebellum and alcohol preference in a BXD family.

Expression profiles for BXD strains were generated using the Affymetrix MOE 430 2.0

array.

Co-expression of Atf2 in whole brain and alcohol preference—Probe 1452116,

from the distal 3′-untranslated region of Atf2, had a positive correlation with average

consumption during a 3-week free choice period using the two-bottle choice test for males in

a study by Gill et al. (1996) (Record ID 10155 in the BXD Phenotypes data set in

GeneNetwork). The expression level was correlated to the data for average amount of

ethanol consumed for body weight for a 2-week period (Fernandez et al., 1999) (Record ID

10135). Expression was positively related to total consumption over 24 h for males

(Rodriguez et al., 1992) (ID 10582) (Figure 4A, B, C). Although the number of BXD strains

in those three studies was relatively small, the data agreed with the microarray study of B6

and congenic strains.

Co-expression of Atf2 in hippocampus and alcohol preference—In

hippocampus, probe 1452116 was positively correlated with average ethanol consumption

(log g/kg/2h) of BXD strains at 2 (Record ID 12578) and 4 weeks (Record ID 12576) from a

study using two-bottle of choice and 2-h access. Figure 5A, B shows the co-relationship

between the expression of Atf2 and alcohol preference of BXD strains. The data are

convincing as the number of strains in those analyses is relatively large (around 40 strains).

In the co-expression of Atf2 in cerebellum and alcohol preference, similar to that in whole

brain, expression of Atf2 (Probe 1452116) positively correlated with the amount of average

ethanol consumption in week 3 for BXD strains using a two-bottle choice, 2-h access (g/kg

per 2 h) (Figure 5C) (ID 12577).

Interestingly, the expression of Atf2 was also correlated with ethanol consumption from data

of 3 days after cycle 1 of chronic intermittent ethanol vapor in a recently study (Unpublished

Record ID 12816 in GeneNetwork) using 2-bottle choice consumption (Figure 5D).

SNP genotype of Atf2 and alcohol consumption in BXD strains

In spite of the clearly defined QTL region on Chr2 and its role in alcohol preference in the

ISCR mice, potential candidate genes for this QTL, including the BXD population, have
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remained unidentified. One difficulty with the study of alcohol using the mouse model is

that a report suggested that more than 50 mice would be required to detect a significant

difference with a P value of 0.05 or less (Ruf et al., 2004). We assume that if the effect of

QTL on Chr2 were large enough, we might see differences in alcohol preference between

cases categorized by their SNP genotypes. However, because alcohol preference is

influenced by multiple genetic and environmental factors, the difference may or may not

reach the statistically significant level. On the basis of our assumption, we genotyped BXD

strains at the Atf2 SNP polymorphism (73.673213 Mb) (Figure 6). We then compared

alcohol preference of BXDs with the “T” and “G” genotypes. Although not reaching a

significant level, the average alcohol consumption of the “G” genotype strains was higher

than that of the “T” genotype strains (Figure 7).

SNP genotypes of ATF2 and alcohol dependence in humans

Association analyses were carried out using the SNP genotypes of the ATF2 gene and

flanking regions. The results showed evidence of weak associations between rs13006117 in

the 5' upstream region and rs7567205 in the 3′ upstream region of the ATF2 gene and

alcohol dependence in African Americans (P = 0.035 and 0.052, respectively) (Table 2).

The P values of the combined (by meta-analysis) African and European American samples

were 0.037 and 0.0499 and the odds ratio was 1.17 (1.01–1.35) and 1.11 (1–1.23),

respectively. Furthermore, based on the imputted genotypes, rs2358891, in the 3′ upstream,

revealed evidence of significant association in both African Americans and European

Americans with P values of 0.048 and 0.0056, respectively. The meta-analysis of the two

populations showed a P value of 0.0018 and odds ratio of 0.84 (0.75–0.94). However, none

of the SNPs remained significant after correction for multiple testing even when LD

structure of the SNPs was taken into account. Detailed results for these selected SNPs with

point-wise marginal association are shown in Table 2.

DISCUSSION

Our data demonstrated that Atf2 is potentially the causal gene for the QTL on Chr2 that

regulates alcohol preference tested using a two-bottle choice in mice. An integrative

approach using expression data, SNP segregation, and multiple strain comparisons allowed

us to narrow the candidate genes in the QTL region to Atf2. The molecular mechanism of

Atf2 in regulating alcohol preference is unclear. One likely mechanism is through the

MARK pathway. Atf2 is known to be involved in the MAPK (MEKK1/MKK7/JNK2)

pathway, which has been shown to be altered in alcoholism (Chen et al., 1998; Roberto et

al., 2003). Atf2 is a transcriptional activator that binds to the cAMP-responsive element

(Cre). Interaction with Jun redirects Jun to bind to Cres preferentially over the 12-O-

tetradecanoylphorbol-13-acetate response elements (Tres) as part of an Atf2-c-Jun complex

(487 aa). However, human study did not show strong support for the association between

ATF2 and alcoholism. Alcoholism is particularly influenced by the environment. None of

the correlations between expression level and genotypes of Atf2 and alcohol preference in

BXD mice or humans was highly significant. The weak association probably reflects the

small contribution of the QTL on Chr2 to alcohol preference.
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We should note that Sp3 and Sp9 are both trans-acting transcription factors that recognize

target sequences and interact with other transcription factors to regulate the expression of

other genes. Because their regulatory functions have not been clearly defined, they cannot be

ruled out as candidates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Expression levels of Atf2, Atp5g3, and Pdk1 in whole brain between C57BL/6J and ISCRS

strains. Y axis indicates the relative strength of the signal of the gene expression, normalized

among samples. A. Expression level of Atf2 in the G strain was significantly downregulated

compared to that in B6. There is a difference but not at a significant level, in expression

level of Pdk1 between B6 and ISCR strains. There is no difference in expression levels of

SP3 and SP9 genes between B6 and G strains B. There is a significant difference in

expression Atp5g3 between B6 and ISCR strains.
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Figure 2.
Gene expression level in hippocampus between B6 and G strains. Y axis indicates the

relative strength of the signal of the gene expression, normalized among samples. A. Atf2

expression level in the ISCR strain was lower than that in the B6 strain. The expression level

of Pdk1, SP3 and SP9 shows no significant difference between B6 and ISCR strains. B.
Atp5g3 showed an increase in the G strain.

Wang et al. Page 12

Genet Mol Res. Author manuscript; available in PMC 2014 July 23.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3.
Gene expression level in cerebellum from B6 and ISCRS 21 strain. Y axis indicates the

relative strength of the signal of the gene expression, normalized among samples. A.
Expression level of Atf2 in the #21 strain was again downregulated. The expression levels of

the other three candidates were similar to those in the B6 strain. B. Atp5g3 expression level

was increased significantly in the ISCRS 21 strain.
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Figure 4.
Expression level of Atf2 in whole brain was correlated to the alcohol consumption. Y axis

indicates the alcohol consumption (g/kg) while X is the relative strength of the signal of the

gene expression. A. Expression of Atf2 probe 1452116 is positively correlated to for average

amount of ethanol consumption during 3-week free choice period using two-bottle choice

test for males. B. Expression of Atf2 probe 1452116 is positively correlated to average

amount of ethanol consumed corrected for body weight for a 2-week. C. Expression was

positively related to total consumption over 24 h for males (g/kg).
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Figure 5.
Co-expression of Atf2 in hippocampus and alcohol preference in hippocampus. Y axis

indicates the alcohol consumption (g/kg) while X is the relative strength of the signal of the

gene expression. A. Probe 1452116 of Atf2 was positively correlated with ethanol average

consumption of BXD strains at 2 weeks from a study using two-bottle choice and 2-h

access. B. Probe 1452116 of Atf2 was positively correlated with ethanol average

consumption of BXD strains at 4 weeks from a study using two-bottle choice and 2-h

access. C. Expression of Atf2 (Probe 1452116) positively correlated to the amount of

average ethanol consumption in week 3 for BXD strains using a two-bottle choice, 2-h

access. D. Expression of Atf2 was also correlated to the ethanol consumption from data of 3

days after cycle 1 of chronic intermittent ethanol vapor in a recently study using 2-bottle

choice consumption.
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Figure 6.
Re-sequence for the confirmation of the T/G SNP of Atf2 at position Chr2:73673213

between the C57BL/6 and DBA/2 strains. Vertical black bar indicates the polymorphism

between B6 and D2 in the Atf2.
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Figure 7.
Alcohol preference of BXD strains of “T” genotype and “G” genotype. The average alcohol

consumptions for weeks 2, 3, and 4 of BXD strains of the “G” genotype strains were higher

than that of the “T” genotype strains.
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Table 1

Candidate genes for alcohol preference within QTL region on mouse chromosome 2.

Ensembl accession Symbol Full name No. of SNPs Insertions Deletions*

ENSMUSG00000027104 Atf2 Activating transcription factor 2 3

ENSMUSG00000027109 Sp3 Trans-acting transcription factor 3 1 (G/A) -AT (72784944)

ENSMUSG00000006494 Pdk1 Pyruvate Dehydrogenase kinase, Isoenzyme 1 -T (71718212)

ENSMUSG00000027107 Chrna1 Cholinergic receptor nicotinic, Alphapolypeptide 1

ENSMUSG00000018770 AtP5g3 ATP synthase, H+ transporting, mitochondrial F0
complex, subunit C, (subunit 9), isoform 3

*
The numbers in the parentheses are the nucleotide position of deletions within QTL on mouse chromosome 2. (−) Denotes the deletions of the

nucleotides.

Genet Mol Res. Author manuscript; available in PMC 2014 July 23.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Wang et al. Page 19

T
ab

le
 2

C
as

e-
co

nt
ro

l a
ss

oc
ia

tio
n 

an
al

ys
is

 b
et

w
ee

n 
th

e 
A

T
F

2 
ge

ne
 a

nd
 a

lc
oh

ol
 d

ep
en

de
nc

e 
in

 th
e 

A
fr

ic
an

 a
nd

 E
ur

op
ea

n 
A

m
er

ic
an

s.

SN
P

s
A

fr
ic

an
/A

m
er

ic
an

E
ur

op
ea

n/
A

m
er

ic
an

M
et

a-
an

al
ys

is

P
os

it
io

ns
R

eg
io

ns
A

lle
le

s
C

as
es

C
on

tr
ol

s
P

C
as

es
C

on
tr

ol
s

P
O

R
P

(T
)

rs
23

58
89

1a
17

55
58

80
4

3′
-u

ps
tr

ea
m

A
/G

0.
27

4
0.

3
0.

04
8

0.
23

4
0.

29
2

0.
00

56
0.

84
 (

0.
75

–0
.9

4)
0.

00
18

*

rs
75

67
20

5
17

55
85

83
2

3′
-u

ps
tr

ea
m

G
/A

0.
37

9
0.

35
2

0.
03

5
0.

37
4

0.
38

5
0.

8
1.

11
 (

1–
1.

23
)

0.
04

99

rs
11

53
67

2
17

56
95

21
9

In
tr

on
A

/G
0.

13
6

0.
12

2
0.

11
0.

09
3

0.
06

6
0.

31
1.

14
 (

0.
98

–1
.3

3)
0.

07
9

rs
13

38
83

08
17

57
14

27
3

In
tr

on
A

/G
0.

45
2

0.
42

7
0.

05
2

0.
20

3
0.

20
5

0.
95

1.
1 

(1
–1

.2
2)

0.
06

2

rs
76

03
53

3
17

57
18

58
6

In
tr

on
A

/G
0.

14
0.

12
6

0.
11

0.
09

5
0.

06
6

0.
27

1.
14

 (
0.

99
–1

.3
3)

0.
07

6

rs
13

00
61

17
17

57
45

72
8

5′
-u

ps
tr

ea
m

A
/G

0.
14

4
0.

12
7

0.
05

4
0.

10
2

0.
07

5
0.

33
1.

17
 (

1.
01

–1
.3

5)
0.

03
7

rs
13

03
04

74
17

57
59

74
9

5′
-u

ps
tr

ea
m

A
/C

0.
16

6
0.

15
0.

11
0.

14
1

0.
11

5
0.

41
1.

13
 (

0.
99

–1
.3

)
0.

07
7

rs
37

49
54

17
57

93
03

6
5′

-u
ps

tr
ea

m
C

/A
0.

41
6

0.
39

4
0.

09
5

0.
25

3
0.

23
0.

56
1.

1 
(0

.9
9–

1.
21

)
0.

07
8

a T
he

 c
as

es
 a

re
 in

di
vi

du
al

s 
di

ag
no

se
d 

w
ith

 a
lc

oh
ol

 d
ep

en
de

nc
e.

 F
or

 r
s2

35
88

91
, t

he
 c

on
tr

ol
s 

ar
e 

th
e 

in
di

vi
du

al
s 

w
ith

ou
t a

lc
oh

ol
 d

ep
en

de
nc

e.
 F

or
 a

ll 
th

e 
ot

he
r 

SN
Ps

, t
he

 c
on

tr
ol

s 
ar

e 
in

di
vi

du
al

s 
w

ith
ou

t
al

co
ho

l, 
co

ca
in

e,
 m

ar
iju

an
a,

 o
pi

at
e,

 to
ba

cc
o,

 s
tim

ul
an

t, 
se

da
tiv

e 
or

 o
th

er
 d

ru
g 

de
pe

nd
en

ce
. O

th
er

 r
es

ul
ts

 a
re

 n
ot

 s
ho

w
n.

* T
he

 P
(Q

) 
w

as
 0

.1
8 

an
d 

th
e 

fi
xe

d 
ef

fe
ct

s 
m

od
el

 w
as

 a
pp

lie
d.

 O
nl

y 
th

e 
se

le
ct

ed
 S

N
Ps

 w
ith

 p
oi

nt
-w

is
e 

m
ar

gi
na

l a
ss

oc
ia

tio
n 

(P
 <

 0
.1

) 
ar

e 
sh

ow
n 

in
 th

is
 T

ab
le

.

Genet Mol Res. Author manuscript; available in PMC 2014 July 23.


