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Abstract
Background—Antisocial Personality Disorder (ASPD) is a psychiatric disorder characterized by
a long-term pattern of manipulating, exploiting or violating the rights of others.

Methods—Subjects ascertained for genetic studies of substance dependence (SD) and diagnosed
with ASPD and comorbid SD were included in a two-stage genetic association study. In the
discovery stage, 627 single nucleotide polymorphisms (SNPs) located in 179 candidate genes for
addiction were analyzed in a case-control cohort and family-based cohort. The significant findings
were replicated in an independent case-control cohort.

Results—One SNP, rs13134663, in the collagen XXV alpha 1 gene (COL25A1), was
significantly associated with ASPD in both African-Americans (AAs) and European Americans
(EAs) (smallest P values were 0.0002 and 0.0004, respectively). There was also evidence of
association with the same SNP in independent samples of AA and EA cases and controls (P =
0.035 and 0.033, respectively). Analysis of the combined set of case-control subjects yielded an
allelic P value of 9×10−6 with odds ratio (95% confidence interval) of 1.3 (1.16, 1.47) (smallest P
= 1×10−7; Bonferroni threshold P = 0.00012).
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Conclusions—The COL25A1 gene, located at chromosome 4q25, encodes the collagen-like
Alzheimer amyloid plaque component precursor, a type II transmembrane protein specifically
expressed in neurons; it co-localizes with Aβ in senile plaques in Alzheimer disease brains. This
SNP maps to the transcription factor binding site and is conserved in 17 vertebrates, including
mice and rats. Our findings suggest that COL25A1 may be associated with ASPD, especially in
the context of SD.

Keywords
Antisocial personality disorder (ASPD); Substance Dependence; Addiction; Association; Collagen
XXV alpha 1 (COL25A1); Amyloid Plaque

Introduction
Antisocial personality disorder (ASPD) is a “pervasive pattern of manipulating, exploiting,
or violating the rights of others that begins in childhood or early adolescence and continues
into adulthood”(1). Many of the behaviors characteristic of ASPD result in interventions by
the criminal justice system(2). A longitudinal study of a cohort of abusers of several classes
of drugs identified ASPD as a predictor of criminal behavior(3). Although the causes of
ASPD are largely unknown, a strong hereditary component has been revealed by family,
twin and adoption studies(4). Genetic epidemiological studies of antisocial personality and
behavior indicated that as much as 56% of the variance in these phenotypes can be explained
through genetic factors (5). People with an antisocial or alcoholic parent are at increased risk
of ASPD, and people with ASPD have higher rates of alcohol dependence and more alcohol-
related problems than people without ASPD(6). The prevalence of ASPD and other adult
antisocial behaviors among individuals with alcohol use disorders ranges from 20–33%(7,
8). The combination of alcoholism and ASPD may lead to greater frontal brain deficits than
the sum of each(9). Adolescent boys with antisocial conduct disorder and substance use
disorder have decreased brain neuronal activity during risky decision-making and reward
and increased activity during loss(10).

Genetic association studies show that the dopamine and serotonin transporter protein genes
may be associated with ASPD in alcoholics(11). Such studies provide evidence for genetic
influences on both antisocial behavior and substance dependence and substantial genetic
overlap in these behaviors(12). A functional polymorphism in the MAOA gene can
moderate the effect of maltreatment; and maltreated children with a genotype conferring
high levels of MAOA expression were less likely to develop antisocial problems(13). A few
other gene polymorphisms (i.e, COMT val/met variant(14), 5-HTTLPR(15), and 5-
HTTVNTR(16)) and gene interactions (i.e., ALDH2*1*1 (glu504ly) and ANKK1
rs1800497(8)) have also been reported to be associated with ASPD(5). However, our
understanding of the genetic contributions to ASPD remains limited. Further evaluation of
susceptibility genes for ASPD is warranted(15). In the present study, we identified a single
nucleotide polymorphism (SNP) in the collagen XXV alpha 1 gene (COL25A1) as being
significantly associated with ASPD in African American (AA) and European American
(EA) case-control samples and in two independent family samples from the same
populations. This association was replicated in independent case-control samples of AAs
and EAs. The COL25A1 gene encodes a type II transmembrane protein, and is specifically
expressed in neurons that colocalize with amyloid β (Aβ) in senile plaques in brains from
persons with Alzheimer disease, and as such might have implications for brain development
as well as brain degeneration.
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Methods
Subjects

A total of 4,063 case-control and family-based (including affected sibling pairs) subjects
were genotyped in the discovery stage and an additional 4,737 subjects in the replication
stage (supplementary Tables 1a and 1b). The subjects were recruited at the Yale University
School of Medicine (APT Foundation, New Haven, Connecticut), the University of
Connecticut Health Center (Farmington), the Medical University of South Carolina
(Charleston), the University of Pennsylvania School of Medicine (Philadelphia), and
McLean Hospital (Harvard Medical School, Belmont, Massachusetts) (3,838, 3,334, 770,
555, and 303 subjects, respectively). Families were ascertained through sibling pairs
meeting Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV) criteria(17)
for cocaine or opioid dependence (or both). All subjects were interviewed using an e-version
of the Semi-Structured Assessment for Drug Dependence and Alcoholism (SSADDA), as
described previously(18, 19). Subjects gave informed consent, as approved by the
institutional review board at each clinical site. After a complete description of the study,
written informed consent was obtained. Certificates of confidentiality for the work were
obtained from both the National Institute on Drug Abuse (NIDA) and the National Institute
on Alcohol Abuse and Alcoholism (NIAAA).

Genotyping
DNA was extracted from immortalized cell lines or directly from blood or saliva. The
discovery subjects were genotyped using 1,536 SNPs of the NIAAA Addiction Array by
Illumina GoldenGate Assay (Illumina, San Diego, California)(20). The replication subjects
were genotyped using TaqMan Real-Time PCR method probes (Applied Biosystems,
Carlsbad, California) at the significant SNP from discovery analyses. For quality control,
8% of the TaqMan-genotyped subjects and >8% of the discovery subjects were re-
genotyped. All the discrepant genotypes (<1%) were excluded from the analyses.

Statistical Analyses
To measure the significance level of the genotype missing rate, a chi-square test was
performed on the missing rates of cases and controls for each SNP. The exact Hardy-
Weinberg Equilibrium (HWE) test, which is more accurate for rare genotypes than the
standard asymptotic test, was carried out, and the unrelated subjects were used for the
calculations(21). A revised principal component analysis (PCA)(22) was applied to calculate
the principal components of the genotypes of each individual (both case-control and family
samples) and to detect population stratification using 137 ancestry informative markers
(AIMs) that were included in the microarray. The identification of the outliers is shown in
the supplementary method. To identify the admixed individuals, the model-based clustering
method implemented in Structure(23, 24) was applied to infer population structure and
calculate the European and African ancestry membership of the samples, using 115 unlinked
markers among the 137 AIMs where the pairwise distance was larger than 10 kilobases. The
quality control flowchart is shown in supplementary Figure 1.

In the discovery stage, for unrelated subjects (case-control samples and probands of family
samples), the allelic analysis was carried out as the primary study between ASPD patients
and ASPD-free controls using a two-by-two chi-square association test, followed by the
additional genotypic analyses and dominant/recessive models. The initial AA-EA cross-
validation threshold of the discovery association tests was set at P ≤ 0.001 in the allelic or
genotypic analysis. To identify whether sex, age, comorbid substance dependence (SD)
status, and/or population stratification had a significant influence on the findings, logistic
regression was applied to confirm the findings from the chi-square tests. For example, the
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first 3 principal components from the discovery genotypes were considered as covariates in
the regressions, correcting for population stratification. The resulting corrections minimized
spurious associations while maximizing the power to detect true associations. The
permutation test implemented in PLINK(25) was used to account for multiple testing. We
also compared the findings resulting from the true phenotypes and those from permutated
phenotypes (null hypothesis), and this procedure was repeated eight times. In addition, to
explore the significant associations, a unified association approach(22) was applied to the
combined unrelated and family samples for the family-based association tests correcting for
stratification by using the principal components of all the samples.

The combined analyses of the AA and EA case-control samples were performed via
genotype pooling and meta-analysis. For the meta-analyses, when heterogeneity was found,
the random effects model, which was more conservative and yielded wider confidence
intervals (CIs) than the fixed effects model, was adopted; otherwise, both the fixed and
random effects models were considered appropriate(26). The number of independent tests
was calculated based on the number of uncorrelated SNPs, measured by the pair-wise LD (r2

values) between the adjacent SNPs(25). Of the 627 SNPs analyzed, there were 407
independent tests (r2 < 0.3), which was used to establish the Bonferroni significance
threshold for multiple testing correction in the discovery stage (P < 0.05/407 = 0.00012).
The threshold was set at P < 0.05 for the replication of the identified SNP.

To measure whether the significant associations were due to a technical genotyping artifact
that was specific to those SNPs, the flanking SNPs that were in strong linkage
disequilibrium (LD) with each significant SNP were identified, and the haplotypes (proxies)
formed from those flanking SNPs (excluding the reference SNP) were analyzed for
association using the EM algorithm(27). For SNPs with no haplotypes identified in our SNP
panel, the raw phased genotypes from the 1000 Genomes Project were used to calculate and
build a LD block for each population using Haploview(28) and SNAP(29).

The case-control association analysis procedures that were described above were also
applied for the replication and combined samples. Three sub-group/comorbidity analyses
were carried out to explore whether the association finding of ASPD was driven by the
comorbid phenotypes (e.g., the comorbid SD and conduct disorders). The sub-group/
comorbidity analyses included 1) those between the ASPD/SD patients and ASPD-free/SD
controls, 2) those between the ASPD/SD patients and ASPD-free controls, and 3) those
between the SD/ASPD patients and SD-free/ASPD controls in both the discovery and
replication samples as well as in the combined samples. Figure 1 shows the diagram of the
analyses.

Results
Quality Control

In the discovery stage, 4,063 subjects were genotyped at 1,536 SNP loci. The genotypes of
the samples with Mendelian inconsistency errors (MIEs) were deleted (314 genotypes or <
0.01%). After the subjects with a missing rate > 20% and SNPs with a missing rate > 5%
were removed, the rates were recalculated, and the subjects with a missing rate > 5% were
excluded. 16 SNPs and 5 SNPs (3 common SNPs) significantly deviating from HWE were
excluded for the AA and EA samples, respectively (the threshold was P < 0.001 in controls).
3,547 subjects were identified as EA or AA based on subjects' self-identification (and initial
classification of EA-Hispanics and AA-Hispanics). Using the revised PCA, seventy-five
individuals were identified as outliers for removal, and 1,714 AA and 1,758 EA individuals
remained. The overall plots of the first three principal components are shown in Figure 2.
Supplementary Figure 2 shows the three-dimensional plots before and after the 75
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individuals were removed from the AA and EA samples. The European and African
ancestry memberships of the subjects are shown in Figure 3 using the model-based
clustering method. Based on the histogram of the inferred ancestry memberships, the
individuals with European ancestry membership > 90% were identified as EA and the
individuals with African membership > 76% as AA, resulting in 1,548 AA and 1,584 EA
subjects. After excluding the subjects with unknown phenotypes for ASPD, 1,486 AA and
1,235 EA subjects remained. Only autosomal SNPs with minor allele frequency (MAF) >
0.1 in both cases and controls were analyzed in the association study, 627 SNPs in 179
genes. Supplementary Table 1a shows the samples and SNPs that were excluded at each
quality control step in the discovery stage, and Table 1 shows the final sample size of the
discovery and replication subjects.

Association Analyses in the Discovery Samples
In the discovery stage, seven and two SNPs in the AA and EA populations, respectively,
were associated with ASPD in the unrelated subjects with a statistical significance level of P
≤ 0.001 and were also significant (P < 0.05) in the combined unrelated and family samples
(supplementary Table 2). The COL25A1 SNP rs13134663 was the only SNP that was
significant in both the AA and EA samples (e.g., the allelic P values were 0.0028 and
0.0004, respectively), and also was the only SNP that achieved the threshold of SNP-level
Bonferroni correction (P < 0.00012) in the discovery samples. For example, the allelic P
values of the combined AA and EA samples were 7×10−7 and 5×10−6 based on the genotype
pooling (Table 2) and meta-analysis (supplementary Table 3), respectively. The genotypic
analysis, dominant/recessive models, and permutation tests yielded results similar to those
for the allelic analysis (supplementary Table 2), as did the regression models with age, sex,
comorbid SD status, and/or principal components from genotypes as covariates (data not
shown). For example, the P value was 0.0002 for rs13134663 in the AA samples under the
recessive model. The supplementary Table 2 shows the odds ratios (ORs), 95% CIs, and P
values of the case-control samples, and the results from the family samples for the SNPs
with P ≤ 0.001.

Sub-group Analyses of Rs13134663 in the Discovery Samples
For the COL25A1 SNP rs13134663, the overall OR (95% CI) was 3.65 (1.75, 7.62) with a P
value of 0.0002 in the discovery AA population and 1.72 (1.15, 2.57) with a P value of
0.007 in the discovery EA population under the recessive model. When only the subjects of
both cases and controls affected with alcohol dependence (AD), cocaine dependence (CD),
or marijuana dependence (MjD) were included in the analyses (ASPD/SD patients vs. ASPD
free/SD controls), the ORs were 4.22, 2.45, and 6.42 in the AAs, and 1.86, 1.81, and 2.32 in
the EAs, respectively (Table 2). Furthermore, when the subjects affected with AD and CD,
AD and MjD, CD and MjD, or dependence on all three substances were analyzed, the ORs
were larger (e.g., 8.21 and 2.73 in the subjects affected with both AD and MjD in the AA
and EA populations under the recessive model, respectively). The supplementary Table 4
shows the allele counts corresponding to Table 2.

Association Analyses of Rs13134663 in the Replication Samples
The same trend described above was also observed in the replication stage. For example, the
ORs were 2.78 and 1.19 under the recessive model in the replication AA and EA subjects,
respectively, where both cases and controls were diagnosed with dependence on all three
substances (ASPD/SD patients vs. ASPD free/SD controls). The replication P values were
smaller in AAs than EAs. For example, AA subjects with both CD and MjD showed a P
value of 0.0017 (OR = 3.52 (1.54, 8.09)) under the recessive model, and the EA subjects
with both AD and MjD had a P value of 0.01 (OR = 2.23 (1.19, 4.19)) under the dominant
model. The combined replication AA and EA samples with AD, CD, and MjD had an allelic
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P value of 8×10−5 with an OR of 1.71 (1.31, 2.24) (ORs = 1.99 (1.34, 2.96) and 1.84 (1.16,
2.91) under the dominant and recessive models, respectively). Table 2 and it's full version
(supplementary Table 5) show the summary of the association results in both the discovery
and replication samples for the COL25A1 SNP rs13134663. Supplementary Table 1b shows
the samples that were excluded at each quality control step in the replication stage.

Combined Discovery and Replication Analyses of Rs13134663
When the discovery and replication samples were combined, the overall allelic P value was
9×10−6 with an OR of 1.3 (1.16, 1.47), which was more significant in the case-control
subjects comorbid with SD (Table 2). The meta-analysis approach showed similar results,
with the overall allelic P of 8×10−5 (supplementary Table 6). The allelic P values were
3×10−7 (OR = 1.45 (1.26, 1.67)), 7×10−7 (OR = 1.4 (1.22, 1.6)), 8×10−6 (OR = 1.5 (1.25,
1.79)), 1×10−7 (OR = 1.52 (1.3, 1.77)), 3×10−6 (OR = 1.62 (1.32, 1.98)), 5×10−6 (OR = 1.56
(1.29, 1.89)), and 2×10−6 (OR = 1.68 (1.36, 2.08)) for the samples with AD, CD, MjD, AD
and CD, AD and MjD, CD and MjD, and all three substances, respectively (Table 2). When
the samples were divided by sex, women (allelic OR = 1.34) showed a larger effect than
men (allelic OR = 1.26); however, the Cochran's Q test showed no evidence of significant
heterogeneity between the two groups (P(Q) > 0.05). The results of sex difference and
heterogeneity analyses are shown in supplementary Table 7.

Alternate Subgroup Analyses
By comparison with the analyses where both ASPD patients and controls were stratified by
comorbid SD (ASPD/SD patients vs. ASPD-free/SD controls, Table 2), when only the
patients had comorbid AD, CD, and MjD dependence (ASPD/SD patients vs. ASPD-free
controls; the comorbid SD status was not considered for the controls), the results showed
similar evidence of association with the allelic P values ≤ 0.035 in both the replication AA
and EA populations (ORs = 1.51 (1.03, 2.24) and 1.4 (1.03, 1.91), respectively). However,
the combined discovery and replication samples showed slightly stronger evidence of
association (P = 1×10−6 and OR = 1.58 (1.31, 1.9) in the allelic analysis or P = 3×10−5 and
OR = 1.9 (1.4, 2.58) under the recessive model). These results show that there may be minor
contribution of SD status to our association finding of ASPD (supplementary Table 8). To
answer this question, the following analyses were carried out.

Rs13134663 with Comorbid SD and Conduct Disorders
The same procedure of association tests was also applied between COL25A1 rs13134663
and each of the comorbid disorders, including the subjects' SD status (AD, CD, and MjD)
and conduct disorders; however, there was no evidence of significant association in either
AA or EA in the discovery or replication samples using the allelic analysis or dominant/
recessive models (P > 0.01). Furthermore, for the observations with 0.05 > P > 0.01, the
association tests were repeated by controlling for ASPD status (both case and control
subjects had ASPD), however, there was no significant evidence observed (P > 0.1). All
these results suggested that our association findings between COL25A1 rs13134663 and
ASPD are not likely to be significantly driven by the comorbid phenotypes (e.g., the
comorbid SD and conduct disorders) (supplementary Tables 9a and 9b).

Permutation Analyses
As another measure to control for false positive results, we repeated the whole discovery
analysis pipeline with the permutated data and investigated whether randomness would
generate similar findings. As shown above, our study demonstrated that there were 12, 4,
and 1 significant SNPs identified in the AA, EA, and both AA and EA samples,
respectively, based on the true unrelated samples. However, the permutation analyses
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revealed fewer significant findings using the exact same analysis procedures and parameters
in each of the permutated datasets (null hypothesis and random phenotypes). The
permutation analyses were repeated eight times, and only a range of 1–4, 0–1, and 0 SNPs
were identified in the AA, EA, and both AA and EA samples, respectively. Table 3 shows
the comparison of the counts of significant hits among the true data and eight permutation
datasets. This suggests that we observed an excess of positive results compared to what
would have been predicted by chance.

Analyses of Flanking Markers and Haplotypes and LD Structure of Rs13134663
The LD and haplotype analyses showed that the haplotypes of the other six SNPs identified
in our AA samples (except rs13134663), as shown in supplementary Table 2, showed
evidence of significant associations (available upon request). However, there was no SNP
that met the criteria(25) to form a haplotype with rs13134663, based on our SNP panel.
Therefore, to understand the LD structure of rs13134663, the COL25A1 gene, and the
flanking regions, the genotype data from the 1000 Genomes Project were used to build plots
of LD structure and mapping boundaries by computing all proxy SNPs, and the
recombination rate, r2, and D' values. Strong LD was identified between rs13134663 and
other COL25A1 SNPs. For example, seven SNPs were in complete LD (r2 = 1) and 77 SNPs
were in strong LD (0.8 < r2 < 1) based on the European-ancestry samples while only five
SNPs were in strong LD (r2 = 0.92) based on the African-ancestry samples. This LD block
can be easily distinguished by the recombination hotspot on each side of the block. The
block was smaller in the African-ancestry samples than European-ancestry samples,
consistent with the earlier origins of African populations. The plots are shown in
supplementary Figures 3–4, and the SNPs in complete or strong LD with rs13134663 are
shown in supplementary Tables 10.1–10.2.

Discussion
Our findings suggested that COL25A1 rs13134663 was associated with ASPD, especially in
subjects with comorbid SD. The association was cross-validated in the discovery EA and
AA samples with the smallest P values being 0.0002 and 0.0004, respectively, which were
below or close to the gene-level Bonferroni correction threshold for multiple testing
(0.05/179 = 0.0003). The combined discovery samples also achieved the SNP-level
threshold (0.00012) with the allelic P values of 7×10−7 and 5×10−6 based on the genotype
pooling and meta-analysis, respectively. The association was further replicated in the
independent EA and AA samples with comorbid SD (P = 0.035 and 0.033, respectively),
where the threshold was P < 0.05 for the one SNP tested. Analysis of the combined
discovery and replication subjects yielded the overall allelic P values of 9×10−6 and 8×10−5

based on the genotype pooling and meta-analysis, respectively, which remained significant
after the SNP-level Bonferroni correction. The characteristics of the gene or SNP as
discussed below support the biological importance of our findings.

Rs13134663 maps to the COL25A1 (Collagen XXV alpha 1) gene on chromosome 4q25.
Collagen XXV alpha 1, also known as collagen-like Alzheimer's amyloid plaque component
precursor (CLAC or CLACP), is a type II transmembrane protein specifically expressed in
neurons. It colocalizes with Aβ in senile plaque in brains of subjects with Alzheimer
disease(30, 31). CLAC is a brain-specific membrane-bound collagen that was originally
identified in amyloid preparations in an Alzheimer disease brain. Proteolytic processing
releases CLAC, a soluble form of COL25A1 containing the extracellular collagen domains
associated with senile plaques in Alzheimer disease brains(32). Forsell et al. reported an
association between COL25A1 SNPs and Alzheimer's disease(33). COL25A1 was found to
trigger and promote Alzheimer's disease-like pathology in vivo(30). Rs13134663 maps to a
conserved transcription factor binding site and is conserved in 17 vertebrates, including mice
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and rats(34), supporting the possible functional importance of this SNP. One possible
explanation for the observed associations is that rs13134663 could affect the expression
levels of COL25A1 mRNA.

We found that the association of rs13134663 was stronger in the discovery datasets than the
replication datasets. A possible explanation for this is that our two discovery cohorts were
more homogeneous based on the analyses of PCA, population structure, and genomic
control (e.g., there was no evidence of significant stratification after excluding the samples
that might result in ethnic heterogeneity or imbalance of ancestry proportions between cases
and controls based on these measures). However, not all of these analyses could be done in
the replication datasets, since only one SNP was genotyped in the replication stage. This
could also be explained by the “winner's curse”, where an initial finding is more significant
than what is found in a replication cohort, perhaps due to regression to the mean.

It is notable that multiple strategies were adopted to address the sample ethnicity
heterogeneity issue in this study, as described in the quality control section. For example, the
outliers were excluded using the automatic outlier-removal approach implemented in
EIGENSTRAT(35) and a manual procedure based on the eigenvectors generated by PCA
was also applied. By comparison with the automatic approach, our manual procedure to
exclude outliers was more stringent and precise in maintaining homogeneity and matching
the case and control groups.

By comparison with the overall analyses, the sub-group analyses of case-control subjects
with SD (both cases and controls had comorbid SD) showed stronger association.
Furthermore, among patients with comorbid AD, CD, and MjD dependence (only the
patients had the comorbid phenotypes), a consistent association was observed in both the
AA and EA populations, and the effects were larger than those from the overall analyses.
Nevertheless, we identified a new genetic susceptibility variant for ASPD, with a greater
effect size in people who suffer from comorbid SD.

It may be worthwhile to investigate the expression levels of the gene specifically in brains
from the ASPD patients, and explore whether there is a defect related to expression of the
COL25A1 gene that is related to brain development. Many genes required for embryo
development are expressed again at later stages of the life cycle(36). A possible model of the
COL25A1 gene is that it may be expressed in childhood, but suppressed and subsequently
released and expressed again later in life. Brain eQTL mapping(37) may be useful to
corroborate the potential hypothesis, and clarify the functional role of this gene in the
pathogenesis of ASPD. Montgomery et al.(38) found four putative eQTL cis SNPs
(rs11942576, rs13115905, rs1452688, and rs4368681) at COL25A1 using RNA-Seq in 60
European HapMap samples (supplementary Figure 5).

In summary, we found seven SNPs significantly associated with ASPD in AAs and two
SNPs associated with EAs, after strict quality control in the discovery stage. Evidence of
association of the cross-validated COL25A1 rs13134663 was obtained in independent
replication cohorts, particularly in AAs. The overall allelic P value was 9×10−6 (smallest P =
1×10−7) (Bonferroni threshold P = 0.00012) with an OR of 1.3 (1.16, 1.47) in the combined
AA and EA populations, which was more significant in the subjects with SD. Thus,
COL25A1 rs13134663 may be associated with ASPD, especially when comorbid with AD,
CD and/or MjD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Diagram of the analyses.
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Figure 2.
Three-dimension plots of first three principal components of the genotypes. Figures a1, a2,
and a3 represent all the AA samples, those excluding 75 outliers, and those further
excluding 340 “in-between” individuals, respectively. Figures b1, b2, and b3 represent the
corresponding results for the EA samples. Figures c1, c2, and c3 show the corresponding
results when the AA and EA samples are combined. Red: AA patients; Blue: AA controls;
Green: EA patients; and Purple: EA controls. After the quality control and filtering, no
sample between the AA and EA groups was identified (c3) and the patients and controls
were evenly distributed.
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Figure 3.
Ancestry memberships. Upper and lower graphs represent the samples before and after
excluding the 340 individuals (i.e., AA membership between 76% and 10%). Red: all of the
AA samples (patients and controls) and 60 unrelated HapMap African samples; Green: all of
the EA samples and 60 unrelated HapMap European samples. Linkage model(24) was
applied and the Hapmap samples were used as ancestry populations.
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