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Abstract
Background—Opioidergic neurotransmission is critical in many, and possibly all, forms of
substance dependence, and several opioid-system genes have been shown previously to be associated
with substance dependence disorders. The pro-opiomelanocortin gene (POMC) encodes several
peptides important for endogenous opioidergic neurotransmission. The authors tested whether
POMC genetic variation affects risk for substance dependence.

Methods—Five single nucleotide polymorphisms spanning POMC were examined in independent
family and case-control samples. Family-based studies included 854 subjects from 319 African
American (AA) families and 761 subjects from 313 European American (EA) families. Each family
had a pair of siblings affected with cocaine and/or opioid dependence. Case-control studies included
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791 cases (455 AAs and 336 EAs) affected with alcohol, cocaine, and/or opioid dependence and 682
controls (199 AAs and 483 EAs).

Results—Family-based analyses revealed an association of rs6719226 with opioid dependence in
AA families, and rs6713532 with cocaine dependence in EA families (P=0.010–0.044). Case-control
analyses demonstrated an association of rs6713532 with alcohol or cocaine dependence in EAs
(Pallele-wise=0.003–0.008). Moreover, the minor allele of rs1866146 was found to be a risk factor for
cocaine or opioid dependence in AAs (Pallele-wise=0.010–0.017), and for alcohol, cocaine or opioid
dependence in EAs (Pallele-wise=0.001–0.003). Logistic regression analyses in which sex and age
were considered, and population stratification analyses, confirmed these findings. Additionally,
specific haplotypes increased risk for cocaine dependence (P=0.023) in AAs, or opioid dependence
(P=0.012) in EAs.

Conclusions—Based on these replicated results, we conclude that variation in POMC confers
vulnerability to multiple forms of substance dependence.

Keywords
Pro-opioimelanocortin gene; alcohol or drug dependence; family-based study; case-control study;
logistic regression; population stratification

Introduction
Pro-opiomelanocortin (POMC), encoded by the polycistronic POMC gene (or POMC) on
chromosome 2p23.3, is a polypeptide precursor protein with 241 amino acid residues. As many
as 10 functionally different peptides can be derived from POMC via extensive tissue-specific
post-translational processing. These peptides include adrenocorticotropin (ACTH), β- and γ-
lipotropin (β- and γ-LPH), α-, β-, and γ-melanocyte-stimulating hormone (α-, β-, and γ-MSH),
corticotropin-like intermediate lobe peptide (CLIP), and β-endorphin (Figure 1). These
peptides play crucial roles in numerous biological processes such as pain (1), energy
homeostasis (2), melanocyte stimulation (3), and immune modulation (4).

Among these biologically active peptides, ACTH and β-endorphin are two principal
components of the hypothalamic-pituitary-adrenal (HPA) axis. ACTH mediates the stress
response in vertebrates (5). Stress induces the secretion of corticotropin-release hormone
(CRH) from the hypothalamus, which stimulates ACTH synthesis and release from the anterior
pituitary. ACTH, in turn, promotes the release of glucocorticoids (e.g, cortisol, a major stress
hormone) from the adrenal cortex. Through negative feedback, glucocorticoids regulate the
expression of CRH and ACTH. β-endorphin, an endogenous opioid peptide exerting potent
analgesic and euphoric effects through interaction with opioid receptors, is made in neurons
of the brain stem, as well as those in the hypothalamus and pituitary. It produces behavioral
effects similar to exogenous opioids and is released in the nucleus accumbens (NAc), the major
brain reward center (6). Based on these actions, both ACTH and β-endorphin have been
implicated in craving use of drugs and alcohol (7).

There is consistent evidence that stress, HPA function, and addictive behaviors are closely
interrelated. Studies in rodents have shown that physiological or psychological stressors elevate
POMC mRNA levels in the pituitary (8), and chronic antidepressant treatment decrease
pituitary levels of POMC mRNA (9). Stress is a common trigger for drug or alcohol use, and
individuals experiencing stress (or depression and/or anxiety) are more prone to abuse drugs
or alcohol. Consumption of drugs or alcohol can, in turn, alter HPA function, and modulate
the production of ACTH, β-endorphin, or glucocorticoid hormones. Cocaine administration
activates the opioid system and the HPA axis, and enhances the secretion of β-endorphin,
ACTH and corticosterone in rat (10), mouse (11), and human (12). Similarly, acute ethanol
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administration induces an increase in the release of pituitary β-endorphin (13). In addition,
both increased and decreased β-endorphin release has been observed in chronic ethanol
treatment (14).

POMC-derived peptides also actively regulate alcohol- and drug-related behaviors. A
significant inverse correlation was observed between baseline cortisol levels and craving for
alcohol in alcohol-dependent subjects, and treatment with naltrexone (an antagonist at μ-, δ-
and κ-opioid receptors) increased plasma cortisol and ACTH levels and decreased alcohol
craving and consumption (15). Moreover, enhanced ACTH and cortisol may contribute to
alcohol withdrawal symptoms such as stress and depression. Plasma levels of these hormones
were elevated immediately after alcohol withdrawal, but normalized over the following two
weeks as the severity of withdrawal symptoms decreased (16). In addition, lower cortisol levels
were associated with an increased risk of alcoholic relapse (17). Plasma levels of β-endorphin
were also reduced during alcohol withdrawal but remained low even when withdrawal
symptoms subsided (18). This implies that the reduced level of β-endorphin in alcoholics is
unlikely due to alcohol withdrawal, but may be a trait contributing to alcohol craving and
consumption. Therefore, a baseline deficiency of β-endorphin is of potential importance in the
initiation and maintenance of drug-taking behaviors (19).

Given the diverse function of POMC-derived peptides, POMC variation may affect the risk
for several disease states. Peptides such as α-MSH, ACTH, and lipotrophin are involved in
appetite regulation, glucose and lipid metabolism, and energy homeostasis. Polymorphisms at
POMC may reasonably contribute to the development of obesity. Studies have shown an
association between four POMC polymorphisms (rs1009388, rs2071345, rs1042571, and
rs1866146) and obesity traits in the general population (20). In addition, α-MSH has a dual
role in regulating food intake and influencing hair pigmentation, and ACTH stimulates the
release of glucocorticoids and maintains adrenal activity. Rare loss-of-function mutations in
POMC were found to cause severe early-onset obesity, adrenal insufficiency, and red hair
pigmentation (21). The reinforcing effect of β-endorphin and its release from the hypothalamus
or the pituitary to the nucleus accumbens (NAc) suggest a general involvement of β-endorphin
in substance use disorders.

Numerous studies have suggested, and twin studies (22) established, that the genetic
contributions to risk for substance dependence are both shared (i.e., common to multiple
substances) and specific (i.e., applicable to only one substance). POMC, which encodes several
peptides (including ACTH and β-endorphin), can be viewed as, potentially, a common
susceptibility gene for substance dependence disorders. To date, one family-based study (23)
has demonstrated an association between POMC variants (two SNPs in intron 1) and opioid
dependence, and one case-control-based study (24) (by haplotype analyses) has provided
evidence for a sex-specific role of POMC in ethanol preference and dependence.

To examine the potential role of POMC variation in the risk for drug or alcohol dependence,
we first conducted a family-based study in which we analyzed the association of five POMC
single nucleotide polymorphisms (SNPs) with drug and/or alcohol dependence in both African
Americans (AAs) and European Americans (EAs). We then replicated the results of that study
using independent AA and EA case-control samples.

Methods and Materials
Sample Description

Four sets of samples (both AA and EA family and case-control samples) were collected (Table
1). Subjects were recruited at four sites in the US: University of Connecticut Health Center
(Farmington, CT, USA), Yale University School of Medicine (APT Foundation, New Haven,
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CT, USA), Medical University of South Carolina (Charleston, SC, USA), and McLean Hospital
(Harvard Medical School, Belmont, MA, USA). The study protocol was approved by the
institutional review board (IRB) at each clinical site. After complete description of the study
to the subjects, written informed consent was obtained.

Information about the two sets of family samples was provided previously (25). Briefly, 854
subjects from 319 AA families and 761 subjects from 313 EA families were recruited. Each
family included a sibling pair where both siblings were affected (at a minimum) with cocaine
and/or opioid dependence (CD and/or OD). Subjects were interviewed using a computer-
assisted version of the Semi-structured Assessment for Drug Dependence and Alcoholism
(SSADDA) instrument (26). Individuals with a primary diagnosis of a major psychotic illness
(e.g., schizophrenia or schizoaffective disorder) were excluded as probands. Additional
siblings and parents of affected sibling pairs (ASPs) were recruited when possible regardless
of their affection status. Family subjects were classified as genetically AAs or EAs based on
a Bayesian model-based clustering method using the short tandem repeat (STR) marker linkage
set as previously described (27).

Two sets of case-control samples (AA: 199 controls and 455 cases; EA: 483 controls and 336
cases) were recruited. All AA and EA cases, 151 AA controls, and 126 EA controls were
assessed with the SSADDA instrument (26). 48 AA controls and 357 EA controls were
evaluated using the Structured Clinical Interview for DSM-III-R (SCID-III-R) (American
Psychiatric Association, 1987) or DSM-IV (SCID-IV) (American Psychiatric Association,
1994), as described previously (28). Cases were diagnosed with alcohol dependence (AD),
CD, and/or OD using the SSADDA instrument. Control subjects were screened to exclude
those with major Axis I mental disorders, including alcohol or drug dependence, mood
disorders, major anxiety disorders, and psychotic disorders. In general, the control subjects
were younger and more likely to be female than the case subjects. The ethnicity of case and
control subjects was self-identified. The genetic background of a majority of case and control
subjects was also analyzed using a set of ancestry-informative markers (AIMs) (see below).

Marker Selection and Genotyping
Five SNPs, which are evenly distributed in the POMC region (average inter-marker distance:
3,860 bp), were selected from the NCBI dbSNP database
(http://www.ncbi.nlm.nih.gov/SNP) (Table 2). Of these SNPs, two (rs6719226 and rs6545976)
are in the upstream region, one (rs3769671) is in intron 1, one (rs6713532) is in intron 2, and
one (rs1866146) is in the downstream region. As an additional measure of SNP coverage, we
downloaded the HapMap CEU and YRI genotype data of SNPs located in the POMC gene
region (chr2:25234077–25249516) (only nine SNPs, including the five SNPs we studied, with
minor allele frequency > 2%), and then we evaluated whether these five SNPs can capture most
information from the other four SNPs using the Tagger program in Haploview 4.0 (29). These
five SNPs gave a mean r2 of 0.70 with the nine HapMap SNPs in the CEU (CEPH Europeans)
population and 0.85 with the nine HapMap SNPs in the YRI (Africans) population. Thus, these
five SNPs can potentially capture most of the genetic information of all other markers in the
POMC region.

DNA was extracted from immortalized cell lines or directly from fresh blood or saliva. All
markers [except rs1866146, which was genotyped by the TaqMan technique (30)] were
genotyped by the Illumina GoldenGate Assay methodology (Illumina Inc., San Diego, CA,
USA). To identify the genetic background of the unrelated subjects, we genotyped an additional
38 AIMs, including 37 short tandem repeat markers (STRs) and SNP marker FY (31), in a
majority of the unrelated subjects (139 of 151 AA controls, 444 of 455 AA cases, 112 of 126
EA controls, and 316 of 336 EA cases) which were assessed with the SSADDA instrument.
Genotype data for the 38 AIMs were available for all SCID-III-R or SCID-IV assessed control
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subjects (48 AAs and 357 EAs) (28,31). In total, there were AIM data for 96.1% (1,416/1,473)
of the unrelated subjects.

Statistical Analysis
For family samples, Mendelian inheritance of all genotypes was evaluated using PedCheck
(32). Genotype distribution deviation from Hardy-Weinberg equilibrium (HWE) and pair-wise
marker linkage disequilibrium (LD) were examined using the program Haploview 4.0 (29),
with genotype data from parents. Marker allele transmission from heterozygous parents to
affected offspring (or marker allele sharing between affected sibling pairs) was examined using
the Family-based Association Test (FBAT) program (33), assuming an additive model.
Haplotype frequencies were estimated in the founders (or parents) and haplotype association
analyses were performed using the Haplotype-based Association Test (HBAT) (34).

For case-control samples, the ancestry proportion of each subject was estimated using the
genotype data of 38 AIMs through application of the program STRUCTURE (35,36). Pair-
wise marker LD analyses were performed using the program Haploview 4.0 (29) in cases and
controls separately and combined. HWE analyses, allele and genotype frequency calculation,
and individual marker association analysis were performed using the program PowerMarker
(37). Estimation of haplotype frequencies and examination of the effect of haplotypes on
disease traits were conducted using haplotype trend regression (HTR) implemented in
HelixTree software (Golden Helix, Inc., Bozeman, MT, USA). Potential confounding effects
of sex and age (not matched in our cases and controls) on individual marker or haplotype
association results were analyzed using a backward stepwise logistic regression (LR) analysis
implemented in SPSS 15.0 (SPSS Inc, Chicago, IL, USA), as described previously (28). The
influence of POMC variants on the three disease traits (AD, CD, or OD) was investigated under
three models (additive, dominant, and recessive). The disease trait was the dependent variable,
and sex, age, and the probabilities of alleles, genotypes, or haplotypes were served as
covariates. The probability of each haplotype for each subject was approximated using the
logistic regression analysis incorporated in the HelixTree software.

Results
HWE, Marker Pair-wise LD, Population Stratification Analysis Results

Genotype distributions at all polymorphisms were consistent with HWE expectations in
genotyped founders (or parents) in both AA and EA families, and in genotyped unrelated AA
or EA cases or controls, except the genotype distribution of rs6713532 in EA controls
[P=0.039; non-significant when corrected for multiple comparisons at α level of 0.010
(α=0.050/5)]. Substantial pair-wise LD was observed between adjacent markers (rs6719226
to rs6713532) in both AA and EA samples (Figure 1). A moderate LD was observed between
rs6713532 and rs1866146 in EA samples. Ancestry proportions of four groups of unrelated
subjects are shown in Figure 2. Genetically identified ethnicity was consistent with self-
reported ethnicity (African ancestry proportions >50% for all AA subjects, and European
ancestry proportions >50% for all EA subjects). The degree of admixture of the European
ancestry (the green part) in AA subjects was only 3.3%, and the degree of admixture of the
African ancestry (the red part) in EA subjects was only 1.3%. The low estimated admixture
rates in AAs and EAs probably reflect in part the statistical effects of the lack of a non-admixed
African sample in the cluster analysis.

Family-based Association Analysis Results
In AA families, rs6719226 major allele (C) was transmitted significantly more frequently to
offspring with OD than expected (P=0.010, which could withstand the Bonferroni correction
at the level of α=0.050/5=0.010). In EA families, rs6713532 minor allele (C) was transmitted
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more often to offspring with CD than by chance, and a marginally significant association was
found between this marker and CD (P=0.044) (Table 3). To examine further the evidence for
association of POMC with AD, CD, or OD, haplotype-based analyses including all five markers
were performed. However, none of these haplotypes was found to be over transmitted to
affected offspring (Supplementary Material Table S1).

Case-control Association Analysis Results
Individual marker case-control analysis results are given in Table 4. In AA samples, the
frequency of rs6719226 major allele (C) was non-significantly more common in OD cases
(72.0%) than in controls (65.0%) (Pallele-wise=0.072). Rs6545976 major allele (G) was
significantly more common in OD cases (61.0%) than in controls (51.0%) (Pallele-wise=0.035).
The frequency of rs1866146 minor allele (C) was significantly higher in CD and OD cases
(13.0% and 16.0%, respectively) as compared to controls (8.0%) (CD vs. Con:
Pallele-wise=0.017; OD vs. Con: Pallele-wise=0.010). In EA samples, a nominally-significant
association was noted between rs3769671 and CD (Pallele-wise=0.035). Rs6713532 minor allele
(C) was significantly more frequent in AD and OD cases (26.0% and 27.0%, respectively) as
compared to controls (20.0%) (AD vs. Con: Pallele-wise=0.008; CD vs. Con: Pallele-wise=0.003)
(both associations withstood the Bonferroni correction at the level of α=0.050/5=0.010).
Similarly, there was an increased frequency of rs1866146 minor allele (C) in AD, CD, and OD
cases (35.0%, 39.0%, and 37.0%, respectively) than in controls (28.0%) (AD vs. Con:
Pallele-wise=0.002; CD vs. Con: Pallele- wise=0.001; OD vs. Con: Pallele-wise=0.003). The positive
association between rs1866146 and OD in AAs or all three phenotypes in EAs survived a
Bonferroni correction (α=0.050/5=0.010). Figure 3 summarizes the association significance
(denoted as −log10P-value) of five POMC SNPs in AD, CD, and OD from both family- and
case-control-based studies using samples collected from the two populations (AAs and EAs).

No significant difference in haplotype frequency distributions was detected between AA cases
and controls. However, the most common haplotype C-G-A-T-T, which was comprised of
major alleles of all five POMC SNPs, was significantly less frequent in EA cases affected with
CD (56.0%) than in EA controls (65.0%) (P-haplo=0.028) (Supplementary Material Table S2).

Results of backward stepwise logistic regression (LR) analyses are summarized in Table 5. In
AA samples, rs1866146 minor allele (C) showed a trend for an effect on risk of CD under
either an additive model (P=0.054) or a dominant model (P=0.054). Haplotype C-G-A-C-C,
the only haplotype (with a frequency of at least 5%) harboring rs1866146 minor allele (C) in
AAs (see Supplementary Material Table S2), increased the risk for CD (P=0.023). In EA
samples, rs1866146 minor allele (C) increased the risk for AD, CD, or OD, irrespective of
whether an additive or a recessive model was considered [additive model: P=0.003 (AD),
P<0.001 (CD), and P=0.003 (OD); dominant model: P=0.001 (AD), P<0.001 (CD), and
P=0.002 (OD)]. The most common haplotype, C-G-A-T-T, consisting of major alleles of all
five POMC SNPs, reduced the risk for both AD (P=0.007) and CD (P=0.001). Additionally,
the third most frequent haplotype, C-G-A-T-C [harboring rs1866146 minor allele (C), see
Supplementary Material Table S2], increased the risk for OD (P=0.012).

Discussion
This study provided evidence that variants of POMC might be common genetic risk factors
for three substance dependence traits (AD, CD, and/or OD). We discuss below several issues
concerning study design, result interpretation, and study limitations.
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Selection of Non-coding Variants for Common Disease Study
POMC is conservative in its coding region, presumably because several important hormonal
peptides are derived from the same POMC precursor. A single mutation in the POMC coding
region may have a detrimental effect on the expression and biological functions of several of
these peptides. A few diseases or conditions, such as severe early-onset obesity, adrenal
insufficiency, and red hair pigmentation have been attributable to these rare loss-of-function
mutations (21). Because variants in the POMC coding regions are rare and they may have a
harmful impact on POMC expression or cleavage, it is unlikely that these rare coding variants
contribute to the risk of common disorders such as drug or alcohol dependence. Instead,
variation in non-coding regions may regulate POMC expression and contribute to the risk for
these common disorders. Therefore, we chose five non-coding SNP markers for this study.

Positive Association of A Downstream Variant
Among the five POMC SNPs, rs1866146, which is located in the downstream region, showed
the most significant result. Although this variant does not change POMC peptide sequence or
modify subsequent protein cleavage, given its positive association with substance dependence
(this study) and obesity traits (20), we cannot exclude the possibility that it regulates POMC
transcription. By querying the sequence harboring rs1866146 against the Transcription
Element Search System (TESS) database TRANSFAC v6.0
(http://www.cbil.upenn.edu/tess), we found that the core binding site (GCCTC) of transcription
factor T-Ag harbors the minor allele (C) [rather than the major allele (T)] of rs1866146.
TRANSFAC analysis is considered provisional since prediction of transcription factor binding
sites is far from full-proof.

There is evidence that pituitary POMC expression in mammals depends on the activity of
several distinct binding sites and transcription factors (38). The sequence harboring rs1866146
may be contained in one of these transcription factor binding sites. Additionally, even though
a positive association signal in the 3′ region of POMC (represented by rs6713532 and
rs1866146) was observed, we cannot exclude the possibility that the association may be driven
by a functional polymorphism which is in close LD with these two non-coding variants.

Family-based and Case-control Studies in Two Populations
Given the advantages and difficulties of family- and case-control-based studies, we employed
both the affected sibling pair (ASP) study approach (one type of family-based studies) and the
case-control study approach, which we believe to be complementary, in the present study.
Additionally, as allele frequency of variants often differs markedly in populations with
different ancestral origins and a disease allele in one population may not exert any effect on
the disease in another population, we examined the association of POMC variants with alcohol
or drug dependence in both African Americans (AAs) and European Americans (EAs). In other
words, four independent sets of samples (both AA and EA family samples and both AA and
EA case-control samples) were included in this study.

The results from our case-control samples supported the results from our family samples, but
were generally stronger, possibly because the case-control sample had higher power than the
family sample to detect SNP effects. Family-based analyses revealed an association of
rs6719226 with OD in AA families, and rs6713532 with CD in EA families (Table 3).
Similarly, case-control analyses demonstrated a trend for an association between rs6719226
and OD in AAs, and a significant association of rs6713532 with AD or CD in EAs (Table 4).
Moreover, rs1866146 was strongly associated with substance dependence traits in both AAs
and EAs, even after the conservative Bonferroni correction. Rs6713532 was in a moderate LD
with rs1866146 in EA samples. It is unknown whether rs6713532 is a separate disease variant
or the positive association generated from this marker is due to its LD with the downstream
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variant rs1866146. Further studies are warranted to clarify whether the effects of these two
variants are related or independent.

Additionally, by haplotype analyses, we only found positive association results in our EA case-
control samples (Table S2), but not in our AA and EA family samples (Table S1) or AA case-
control samples (Table S2). There may be two possible explanations. One is that the five
markers were not in compete LD (see Figure 1), so haplotype analysis (using the five markers)
results cannot completely reflect single-marker analysis results (and have reduced power
compared to those analyses because of the multiple haplotypes that must be considered in the
context of dilution of results from whatever SNP or SNPs are actually driving the result).
Another is that, in AA family or AA case-control samples, the association between POMC
variants and substance dependence might be only at the individual marker level. Thus, the
interactive effect of the five markers on substance dependence in AA population was not
detectable by haplotype analyses.

Study Limitations and Solutions
There are three main issues that limit the conclusion that can be drawn from the present study,
though an effort was made to overcome all of these limitations. First, there were relatively few
informative families in both our AA and EA family samples. This is due to missing genotype
data for parents in some families and the low allele frequency of several POMC markers, and
this reflects the lower power of ASP-based samples to detect SNP effects when analyzed by
FBAT, compared to case-control samples. To overcome this difficulty and to verify the results
from family-based studies, we replicated the study with both AA and EA case-control samples.
Our case-control studies partially supported the results from our family-based studies, and
furthermore, provided new evidence of allelic association between POMC and substance
dependence. Second, in our case-control samples, there were more male cases and younger
controls. To address this issue, we re-analyzed the data using backward stepwise logistic
regression in which confounding factors (age and sex) were considered. The results obtained
supported the findings from marker or haplotype association analyses. Third, case-control
studies are vulnerable for Type I errors due to population stratification. To address this issue,
we applied complementary family- and case-control-based approaches. Additionally, a panel
of 38 AIMs were available for all family members (27) and a majority (96.1%) of the unrelated
subjects (Figure 2), making it possible to classify these individuals as either genetic ‘AAs’ or
genetic ‘EAs’. Thus, the positive results from our case-control studies were unlikely to have
been driven by population stratification. However, this set of 38 AIMs may not have sufficient
power to detect subtle allele frequency differences occurring within the same population group
(e.g., allele frequency differences between Northern and Southern Europeans, or East and West
Africans). Of particular note is the consistency of the findings from both family- and
population-based approaches, which provide convergent validation of the association findings.
Finally, the issue of cumulative multiple testing needs to be considered, because many of our
samples (our family samples and SCID-III-R or SCID-IV evaluated case-control samples) have
been employed in previous studies. It is unclear how this should be addressed; we believe that
it would be too stringent to correct the association results obtained in this study by the number
of tested genes to date plus the number of tested markers in each gene; markers with minor or
moderate effects would be neglected.

We note that two different structured instruments were used in establishing diagnosis, the SCID
(two versions, for DSM-III-R and for DSM-IV) and the SSADDA. Strong cross-system
agreement for substance use disorders as defined by DSM-III-R, DSM-IV and ICD-10 (the
International Classification of Diseases, version 10) has been reported (39). Moreover, the
SSADDA can yield reliable DSM-IV diagnoses for a variety of psychiatric disorders, including
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alcohol and drug dependence (26,40). Therefore, it is unlikely that multiple measures applied
in this study led to significant phenotypic heterogeneities.

In summary, both our family- and case-control studies provided evidence of association
between POMC and substance dependence. In fact, our positive results stemmed largely from
the downstream variant rs1866146, suggesting a potential gene regulation mechanism in the
3′ flanking region. Thus, functional study of this variant is warranted.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
POMC, coded peptides, and marker pair-wise linkage disequilibrium (LD) plots in African
Americans (AAs) and European Americans (EAs).
POMC, pro-opiomelanocortin; SP, signal peptide; ACTH: adrenocorticotropin; β- and γ-LPH,
β- and γ-lipotropin; α-, β- and γ-MSH, α-, β- and γ-melanocyte-stimulating hormone; CLIP,
corticotropin like intermediate lobe peptide. LD between pairs of markers was measured by D
′ values (0 ~ 1), as shown in the squares.
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Figure 2.
Ancestry structure of African Americans (AAs) and European Americans (EAs). (A) Ancestry
proportions of four groups of subjects (Group I = 48 SCID-III-R or SCID-IV evaluated AA
controls, Group II = 357 SCID-III-R or SCID-IV evaluated EA controls, Group III = 444
SSADDA assessed AA cases and 139 SSADDA assessed AA controls, and Group IV = 316
SSADDA assessed EA cases and 112 SSADDA assessed EA controls). (B) Subjects are sorted
by African ancestry proportions (red) and European ancestry proportions (green). X axis =
individuals; Y axis = ancestry proportions.
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Figure 3.
Plot of association significance (denoted as −log10P-value) of five POMC SNPs in AD, CD
and OD from both family- and case-control-based studies.
AA: African American; EA: European American; family: family-based association test
(FBAT); Case-CTL: case-control-based association analysis (allele-wise); AD: alcohol
dependence; CD: cocaine dependence; OD: opioid dependence.
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