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ABSTRACT

Background: Cigarette smoking is a major environmental risk factor for many diseases, and the most
important risk factor for chronic obstructive pulmonary disease (COPD). Genetic risk factors for smoking
related traits in cohorts of COPD are largely unknown.

Methods: We performed genome-wide association analyses for smoking intensity (average
cigarettes/day) across the COPDGene Non-Hispanic White (NHW) (n=6,659) and African American
(AA) (n=3,260), GenKOLS (n=1,671), and ECLIPSE (n=1,942) cohorts. In addition, we performed
exome array association analyses across the COPDGene Non-Hispanic White (NHW) (n=6,659) and
African American (AA) (n=3,260) cohorts. We considered analyses across the entire cohort and stratified
by COPD case control status.

Results: We identified genome-wide significant associations for average cigarettes/day in the 15¢25
region across all cohorts (lowest p=1.78x10"), except in the COPDGene AA cohort alone. Previously
reported associations on chromosome 19 (RAB4 p=1.95x10°; CYP2A7 p=7.50x10"°; CYP2B6 4.04x10)
had suggestive and directionally consistent associations. When we examined these signals stratified by
COPD case control status, this region on chromosome 15 [CHRNA5/3] was nominally associated in both
NHW COPD cases (Beta=0.11, p=5.58x10%) and controls (Beta=0.12, p=3.86x10°). However, on
chromosome 19, there was a stronger signal with average cigarettes/day in COPD cases than controls for
RAB4 (Beta=-0.13, p=2.49x10° vs Beta=-0.05, p=0.05) and there was a stronger signal with average
cigarettes/day in COPD controls than cases for CYP2B6 (Beta=-0.03, p=1.19x107 vs Beta=-0.1, p=0.44).
For the gene-based exome array association analysis of rare variants, there were no exome-wide
significant associations. For these previously replicated signals, the most significant results were among
COPDGene NHW subjects for CYP2A7 (p=5.2x10%).

Conclusions: In a large genome-wide association study of both common variants and a gene-based
association of rare coding variants with quantitative measures of smoking in current and former smokers,
we found genome-wide significant associations at the 15025 region with these smoking traits for common
variants, but not for rare variants. These results were directionally consistent among COPD cases and

controls.



BACKGROUND

The most recent Surgeon General’s report “The Health Consequences of Smoking- 50 Years of Progress”
notes tobacco continues to be an immense public health burden in the United States, and tobacco has
killed more than 20 million people prematurely since the first Surgeon General’s report on smoking in
1964. [1] The prevalence of current cigarette smoking among adults in the U.S. has declined from 42% in
1965 to 18% in 2012; however, more than 42 million Americans still smoke. The findings in this recent
Surgeon General’s report show the decline in the prevalence of smoking has slowed in recent years, but

the burden of mortality related to smoking is expected to remain at high levels for decades to come. [1]

The heritability of nicotine dependence has been estimated at 59% [2]. Genetic studies of smoking
guantity have consistently identified the chromosome 15q25.1 region, which includes a cluster of genes
coding for cholinergic nicotinic acetylcholine receptor subunits, CHRNA5-CHRNA3-CHRNB4. Single
nucleotide polymorphisms (SNPs) on chromosome 15025 have been associated with smoking quantity,
among subjects of European ancestry, specifically non-Hispanic whites (NHW) [3-11], and African
Americans (AA) [12]. This same 1525 region has also been associated with spirometric measures of
pulmonary function [13] and diseases such as COPD [14] and lung cancer [15] in which smoking may
mediate the relationship between these genes and clinically relevant outcomes [16,17]. Recently, rare
coding variants in CHRNA5 were marginally associated with increased risk of nicotine dependence
among European Americans (OR=12.9, p=0.01) and in the same risk direction among African Americans
(OR=1.5, p=0.37) [18]. In addition to the 15g25.1 region, common variants in several other regions have
been associated with smoking related traits such as chromosome 1 [LPPR5], chromosome 2
[TEX41/PABPC1P2], chromosome 6 [DNAH8], chromosome 7 [PDE1C], chromosome 8
[CHRNB3/CHRNAG], chromosome 9 [DBH], chromosome 10 [LOC1001889], chromosome 11 [BDNF,

NCAM1], 19 [RAB4B, EGLN2, CYP2A7, CYP2B6], and chromosome 20 [NOLA4L]. [19]

Given the observed relationship between chromosome 15925 and COPD and the previous reports of an

association between this same region and smoking, we performed a GWAS using smoking intensity
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(average cigarettes/day) in the COPDGene study, a large cohort of current and former smokers enriched
with COPD cases and a meta-analysis across COPDGene, the ECLIPSE and the GenKOLS studies,
which were all enriched for COPD cases. In addition, we performed a gene-based association analysis of
rare coding variants with average cigarettes per day among COPDGene NHW and AA. For all of these
analyses, we examined the signal of these regions with average cigarettes/day stratified by COPD case

control status.

RESULTS

Common Variants: Non-Hispanic Whites and African Americans in the COPDGene Study
and a Meta-Analysis of COPDGene, ECLIPSE, and GenKOLS cohorts

Among all NHW COPDGene participants, multiple SNPS at the 15925 region reached genome-wide
significance (p<5.0e-8) for cigarettes/day as seen in Table 2. There were no genome-wide significant
results for average cigarettes per day among African-Americans in the COPDGene cohort. For the meta-
analysis of COPDGene, ECLIPSE, and GenKOLS cohorts, all genome-wide significant results were
again in the 15025 region. Figure 1 includes regional plots for average cigarettes per day for this
chromosome 15 region from the meta-analysis, among NHW in the COPDGene study, and
among AA in the COPDGene study. Note that there is a similar signal in this region for the
meta-analysis and among NHW in the COPDGene study, but there is no genome-wide
significant association between any SNPs in this region and average cigarettes per day among

AA in the COPDGene study.

Rare Variants: Exome Genotyping in COPDGene Non-Hispanic Whites and African

Americans

Using a Bonferroni correction for the number of regions tested in the exome array, we considered a
significance level of 3.4x10° in the SKAT-O gene-based tests for association between rare variants and
cigarettes/day. No genes reached this significance threshold among NHW in the COPDGene study.

Among AA in COPDGene study, only one gene reached this significance threshold [MYLIP p=1.41x10®].
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However, there were only 7 SNPs in this region and only one SNP rs151199797 (MAF=0.005) was
responsible for this signal. When this SNP [rs151199797] was excluded from this region in the rare
variant analysis, the MYLIP gene was no longer associated with average cigarettes per day among AA
(p=0.51). This region on chromosome 6 [MYLIP] including rs151199797 was not replicated among

NHW in the COPDGene study (p=0.034).

Comparison to Previously Published GWAS studies

We considered genome-wide significant results from a previously published GWA analysis of smoking
related traits in the UK BILEVE study. [19] Table 2 shows p-values of these loci from the UK BiLEVE
analyses in the COPDGene sub-populations analyzed above. Previously reported associations on
chromosome 19 (RAB4 p=1.95x10%; CYP2A7 p=7.50x105; CYP2B6 4.04x10*) had suggestive and
directionally consistent associations. In Table 4 for the exome array association analysis of rare variants
for these previously replicated signals, the most significant results were among COPDGene NHW
subjects for CYP2A7 (p=5.2x10).

Associations Stratified by COPD Case Control Status

In table 3 when we examined these signals stratified by COPD case control status, this region on
chromosome 15 [CHRNA5/3] was nominally associated in both NHW COPD cases (p=5.58x10*) and
controls (p=3.86x10°). However, on chromosome 19, there was a stronger signal with average
cigarettes/day in COPD cases than controls for RAB4 (Beta=-0.13 vs Beta=-0.05) and there was a stronger

signal with average cigarettes/day in COPD controls than cases for CYP2B6 (Beta=-0.03 vs Beta=-1.0).

DISCUSSION

In a large genome-wide association study of current and former smokers, we have replicated previous
signals showing common variants on chromosome 15925 are strongly associated with cigarettes per day.
This region contains a cluster of genes coding for nicotinic acetylcholine receptors and other genes that
are associated with smoking behavior, pulmonary function, as well as diseases directly related to smoking
including lung cancer and COPD. [14-18] These findings were replicated in the COPDGene cohort and

then confirmed in a meta-analysis of two other European ancestry cohorts enriched in COPD (i.e.,
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ECLIPSE and GenKOLS). This signal was consistent among both NHW COPD cases and controls. In
addition, the exome array analysis of rare variants in the COPDGene study showed no evidence that rare
variants in this region [chromosome 15q25] were associated with cigarettes per day. However, previously
reported associations on chromosome 19 (RAB4 p=1.95E-06; CYP2A7 p=7.50E-05; CYP2B6 4.04E-04)
had suggestive and directionally consistent associations among common variants and for rare variants
among COPDGene NHW subjects for CYP2A7 (p=5.2x10%).

Smoking Burden

Among all NHW COPDGene participants, multiple SNPS at the 15025 region reached genome-wide
significance (p<5.0e-8) for cigarettes/day; however, the genetic effect size for the most significant SNP
rs8192482 [CHRNA3] is modest (Beta=0.13). This modest effect size creates a substantial smoking
burden over the lifetime of a smoker. For instance, given that a Non-Hispanic White COPDGene subject
smokes for 35 years, each copy of the disease allele for rs8192482 contributes to an average increase of
47 cigarettes per year and an average increase of 1,660 cigarettes over the lifetime of this smoker. If
instead the Non-Hispanic White COPDGene subject smokes for 65 years, each copy of the disease allele

for rs8192482 contributes to an average increase of 3,084 cigarettes over the lifetime of this smoker.

Differences Among Non-Hispanic White and African American COPDGene Subjects

Within the COPDGene study, on average, Non-Hispanic White subjects smoked more cigarettes per day
(mean=25.80, sd=11.42) compared to African American subjects (mean=21.29, sd=10.40). However,
there is a larger proportion of current smokers among African American subjects (80%) compared to
Non-Hispanic White Subjects (39%). For the most significant signal (rs8192482 [CHRNAZ3]) for
cigarettes per day, the allele frequency for the coded T allele is 73% for Non-Hispanic White COPDGene
subjects and 12% for African American subjects. There is also a significant difference in sample sizes
among the Non-Hispanic White subjects (n=6,659) and African American COPDGene subjects

(n=3,260). These factors may have contributed to the differing results between the 2 populations.



Potential Limitations

The COPDGene cohort was ascertained based on smoking history and is enriched for COPD cases. While
this ascertainment scheme maximizes the efficiency of case-control studies from the COPDGene cohort,
analyzing secondary phenotypes (e.g., quantitative measure of smoking behaviors) in any case-control
study can be biased due to the ascertainment scheme. This is only an issue for SNPs associated with both
the ascertainment condition and the secondary phenotype. Since our analysis focused on quantitative
measures of smoking history (one of the primary ascertainment conditions), when we adjusted for GOLD
stage (a measure of severity of COPD) in an additional analysis, we did see a decrease in the strength of
the signal (as measured by its p-value) but markers on chromosome 15925 still gave the most significant
signal. This suggests our analysis should be robust against this source of sampling bias due to

ascertainment. [20]

While COPDGene included both substantial numbers of AA and NHW subjects, the sample size for AA
subjects was considerably smaller and therefore had less statistical power. In addition, cigarettes per day
is self-reported and may suffer from measurement error. [17] Biomarkers for smoking history such as
carbon monoxide and the nicotine metabolite ratio could provide better measurements of smoking

exposure than the reported number of cigarettes per day. [21]

METHODS

COPDGene Study

The Genetic Epidemiology of COPD (COPDGene) Study is a multicenter observational study designed to
identify genetic factors associated with COPD and to characterize COPD-related phenotypes. [23] This
study recruited 10,192 adult smokers (current and former) who were non-Hispanic whites or African
Americans ages 44 to 81 with at least 10 pack-years of smoking history. Table 1 details characteristics of
the COPDGene participants included in the genome-wide association analysis. We excluded subjects with
severe alpha-1 antitrypsin deficiency or genotyping failure, which resulted in 9,978 unrelated subjects.

There were a total of 6,659 non-Hispanic whites (NHW) and 3,260 African Americans (AA) with



complete genotype and phenotype data available. Details of genotyping quality control and imputation

have been described previously. [14]

Meta-Analysis Study Populations: ECLIPSE and GenKOLS

The Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) study
was a longitudinal, observational study conducted at 46 clinical centers in 12 countries. [24] For this
study, we included 1,764 COPD cases and 178 current or ex-smoking controls from the ECLIPSE study;
we also included 863 COPD cases and 808 controls from the GenKOLS study in Bergen, Norway.
Genotyping methods for the genome-wide SNP panels and study descriptions for the GenKOLS and

ECLIPSE cohorts have been described previously. [25-26]

Phenotypes of smoking related traits

Due to non-normality, we categorized average cigarettes smoked per day into 7 categories (e.g., 1 if
average cigarettes smoked per day is less than or equal to 10, up to 7 if the average cigarettes per day is
greater than 60, and intermediate numbers 2-6 for each increment of 10). We also considered pack-years
of cigarettes smoked but due to the similarity and high correlation (r=0.92) with average number of
cigarettes smoked per day, we did not present the results here. We also considered age of smoking
initiation and current smoking status, but did not find any significant results for these phenotypes. As a

result, we did not present these results here.

Genotyping, Quality Control and Imputation for Common Variants

All COPDGene subjects were genotyped using the Illumina HumanOmniExpress by Illumina (San Diego,
CA). Details of genotyping quality control have been previously described. [15] Imputation on the
COPDGene cohorts was performed using MaCH and minimac. [27,28] Prephasing and imputation were
both performed using 30 rounds and 200 states, with regions divided into 1 megabase segments with
500kb flanks. Reference panels for the NHW and AA subjects were the 1000 Genomes Phase | (v3)
European (EUR) and cosmopolitan reference panels, respectively. [29] Imputed variants with an R-

squared value of < 0.3 were dropped from further analysis. SNPs with MAF less than 1% were excluded.
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Further details concerning genotyping, quality control, and imputation are posted on the COPDGene

website (http://www.copdgene.org). All SNP locations are based on the NCBI37/hg19 assembly.

Genotyping and Quality Control for Exome Chip Variants
Genotyping with the exome Chip was done for this same COPDGene study cohort on Illumina Human
exome array (v1.1 and v1.2). Standard QC protocols were followed to clean called variants on this exome

array data as detailed previously. [30]

Statistical Analyses for Common Variants

GWA analyses were performed in PLINK (v1.07) stratified by race. [31] Linear regression analyses of the
cigarettes per day were adjusted for age, gender, and genetic ancestry (as summarized by principal
components computed within racial group) by including these covariates in the model. [32] In a
secondary analysis, we stratified by COPD case-control status (GOLD spirometry stage 2-4 for cases and
GOLD spirometry stage 0 for controls). For the primary analysis, we did not adjust for current smoking
status due to the correlation with cigarettes per day (-0.19). For Supplemental Tables 1-3, we re-ran all
analyses adjusting for current smoking status in addition to age, gender, and genetic ancestry (as
summarized by principal components computed within racial group) by including these covariates in the

model. The results summarized in Supplemental Tables 1-3 are very similar those shown in Table 2-4.

A fixed effects meta-analysis was performed using METAL (v 2010-08-01) [33] for cigarettes/day
adjusting for the same covariates mentioned above (age, gender, and genetic ancestry as summarized by
principal components) for the COPDGene, ECLIPSE and GenKOLS cohorts. Genome-wide significant

associations were defined by p<5x1072,

Statistical Analyses for Rare Variants

Using data from the exome Array, variants with MAF<5% and minimum minor allele count of 5 were
collapsed into gene sets and analyzed using SKAT-O [34] separately for NHW and AA COPDGene
subjects. These analyses were restricted to putatively functional variants. The same outcomes and

covariates were used for both the rare and common variant analyses with the addition of a covariate for
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exome array platform (v1.1 vs v1.2) in the NHW analyses and the inclusion of exome array specific
ancestry-based principal components. Among the AA and NHW in COPDGene, 14,559 and 14,677 genes
were included in the analysis, respectively, which generated a Bonferroni critical value of p= 3.4x10° for

each cohort.
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TABLES

Table 1. Characteristics of COPDGene, ECLIPSE, and GenKOLS subjects included in genome-
wide association analysis. For continuous variables, the mean is given first followed by the

standard deviation.

COPDGene COPDGene ECLIPSE GenKOLS

NHW AA
Sample size (#COPD cases) 6,658 (2,812) 3,280 (821)  |1,942 (1,764) 1,671 (863)
Gender (%omale) 47.73% 44.79% 66.17% 58.71%
Age (years) 62.0 (8.9) 54.6 (7.2) 63.1 (7.6) 60.7 (11.1)
Pack-years 47.2 (26.0) 38.3 (21.6) 48.6 (27.7) 26.0 (17.4)
Average cigarettes per day 25.8 (11.4) 21.3 (10.4) 25.3 (12.7) 14.7 (7.6)
Smoking initiation age 16.9 (4.3) 17.0 (5.3) 16.9 (4.4) 18.5 (5.0)
Current Smoking (%) 38.9% 80.0% 34.8% 43.8%
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Table 2 Genome-wide significant results for average cigarettes per day and comparision of
previously replicated regions from the UK BiLEVE study [19]. The “Coded Allele” column
shows alleles for COPDGene NHW cohort, COPDGene AA cohort, the meta-analysis of
COPDGene NHW, COPDGene AA, ECLIPSE and GenKOLS. Correcting for the 12 regions
listed below, all p-values less than 4.17e-3 (0.05/12) are in bold.

SNP Position CHR | Nearest Coded| COPDGene NHW COPDGene AA Meta-Analysis of
(bp) Gene Allele (n=6,658) (n=3,260) COPDGene NHW,
COPDGene AA,
ECLIPSE and
GenKOLS
(n=13,551)
Allele Beta P Allele Beta P Allele Beta P
Freq Freq Freq
rs8192482 [78886198 | 15 CHRNA3 [T/T/T | 0.73 0.13 5.37E-11| 0.12 0.05 0.41 | 037 0.12 1.78E-15
rs11633958 78866445 | 15 CHRNAS [T/T/T | 0.73 0.13 9.41E-11| 0.13 0.04 0.46 | 0.37 0.12 2.18E-15
rs72738786 (78828086 | 15 AGPHD1 [T/T/T | 0.74 0.13 3.41E-11|0.28 0.02 0.61 | 0.37 0.12 5.78E-15
rs2869548 78922638 | 15 CHRNB4 |A/AJA| 0.76 0.12 2.17E-10| 0.13 0.05 0.31 | 0.39 0.12 2.82E-14
rs11858836 (78783277 | 15 IREB2 A/A/IA | 0.72 0.11 1.42E-08| 0.13 0.01 0.83 | 0.36 0.10 1.26E-10
rs61784651 (99445471 |1 LPPR5 T/T/T | 0.31 -0.03 0.27 0.12 -0.08 0.15 | 0.16 0.02 0.32
rs10193706 (146316319 | 2 TEX41/ AICIA| 093 001 046 038 001 096 | 051 001 0.4
PABPC1P
rs10807199 (38901867 | 6 DNAHS  [T/T/T | 0.93 001 0.86 0.3 0.02 0.65 | 0.47 -0.01 0.56
rs215605 (32336965 | 7 PDE1C G/TIT | 0.76 0.02 0.21 0.56 0.01 0.83 | 0.37 -0.01 0.43
rs13280604 (42559586 | 8 CHRNB3 |G/AJA | 0.44 0.04 0.09 0.55 -0.06 0.03 | 0.78 -0.02 0.24
rs3025343 (136478355 | 9 DBH A/AJ/A | 0.24 -0.02 0.52 0.05 0.07 0.40 | 0.12 0.0010.99
rs1329650 (93348120 | 10 LOC1001 [T/T/T | 0.55 -0.01 0.58 0.21 0.02 0.63 | 0.56 -0.03 0.12
88947
rs6265 27679916 | 11 BDNF T/T/T | 0.37 -0.02 0.48 0.09 -0.02 0.75 | 0.82 -0.02 0.39
rs4466874 (112861434 | 11 NCAM1 [C/C/T | 0.82 -0.06 9.34E-04| 0.82 10.05 0.06 | 0.58 0.03 0.02
rs7937 41302706 | 19 RAB4B C/T/T | 0.85 -0.09 1.95E-06| 0.61 10.03 0.34 | 0.42 0.07 1.05E-05
rs3733829 41310571 | 19 EGLN2 G/G/A| 0.74 0.06 3.86E-03| 0.16 0.03 0.49 | 0.47 -0.04 0.01
rs12461383 41370338 | 19 CYP2A7 [C/G/C | 0.93 -0.09 2.47E-04| 0.45 0.04 0.26 | 0.47 -0.09 7.50E-05
rs7260329 41521638 | 19 CYP2B6 |A/AJA| 0.62 -0.07 4.04E-04| 0.3 -0.04 0.23 | 0.68 -0.05 8.20E-04
rs4911243 (31162568 | 20 NOL4L A/G/A | 0.67 0.04 0.03 0.34 -0.03 0.46 | 0.35 0.02 0.18

16




Table 3. Below are the SNPs from Table 2 with the analysis stratified by COPD case control
status among COPDGene NHW and AA. Correcting for the 12 regions listed below, all p-values
less than 4.17e-3 (0.05/12) are in bold.

SNP CHR| Nearest Coded COPDGene NHW COPDGene NHW COPDGene AA COPDGene AA
Gene Allele COPD Cases COPD Controls COPD Cases COPD Controls
(n=2,819) (n=2,534) (n=821 (n=1,749)
Allele Beta P Allele Beta P Allele Beta P Allele Beta P
Freq Freq Freq Freq
rs8192482 |15 | CHRNA3 |1/T/1/T | 0.78 0.11 558E-4 | 0.68 0.12 3.86E-5 | 0.12 0.08 10.43 0.11 0.05 0.53
rs11633958 (15 | CHRNAS |1/T/1/T | 0.78 0.11 5.06E-4 | 0.68 0.12 5.34E-5 | 0.13 0.13 0.21 0.12 0.01 0.91
rs72738786 (15 | AGPHD1 ([T/T/T/T | 0.79 10.11 3.33E-4 | 0.69 0.12 581E-5 | 0.28 0.07 0.35 0.27 0.01 0.82
rs2869548 |15 | CHRNB4 |a/A/A/A | 0.81 0.10 7.94E-4 | 0.71 0.11 2.81E-4 | 0.13 0.07 10.49 0.12 0.07 0.35
rs11858836 |15 IREB2 A/A/A/A | 0.76 0.08 7.17E-4 | 0.67 0.11 2.36E-4 | 0.14 0.09 0.38 0.13 -0.02 0.77
rs61784651 |1 LPPR5 T/T/T/T | 0.3 -0.01 0.90 0.32 -0.05 0.24 0.11 -0.16 0.17 0.12 -0.06 0.45
rs10193706 |2 TEX41/ A/A/C/C | 0.91 10.01 0.83 0.95 0.04 0.12 0.39 -0.02 0.8 0.36 0.01 0.80
PABPC1P2
rs10807199 |6 DNAHS8 T/T/T/T | 096 0.02 0.43 0.9 -0.04 0.14 0.3 -0.01 0.87 0.3 0.02 0.64
rs215605 7 PDE1C G/G/T/T | 0.77 0.02 0.57 0.75 0.02 0.56 0.55 0.03 0.62 0.56 0.05 0.24
rs13280604 (8 CHRNB3 G/G/A/A| 0.42 0.05 0.15 045 0.02 0.53 0.54 -0.08 0.18 056 -0.1 0.01
rs3025343 |9 DBH A/A/A/A | 0.24  -0.02 0.64 0.24 0.01 0.82 0.06 0.06 0.72 0.04 0.14 0.25
rs1329650 |10 LOC10018 |1/T/T/T | 0.56 :-0.01 0.79 0.55 -0.03 0.39 0.22 0.01 0.98 0.2 0.02 0.67
8947
rs6265 11 BDNF T/T/T/T | 0.37 -0.02 0.64 0.38 -0.01 0.76 0.08 -0.08 0.55 0.09 -0.05 0.53
rs4466874 |11 NCAM1 c/c/c/c | 0.82 -0.07 0.02 0.8 -0.07 0.02 0.78 0.11 0.03 0.84 0.04 0.30
rs7937 19 | RAB4B Cc/C/T/T | 0.8 -0.13 2.49E-05| 0.89 -0.05 0.05 0.63 0.01 0.92 0.61 0.03 048
rs3733829 |19 EGLN2 G/G/G/G| 0.77 0.08 0.02 0.71 0.06 0.04 0.18 0.03 0.77 0.15 0.08 0.24
rs12461383 (19 | CYP2A7Y c/C/G/G | 091 -0.1 9.63E-03| 0.96 -0.06 0.09 0.47 0.07 0.26 046 0.02 0.59
rs7260329 19 | CYP2B6 A/A/A/A | 0.6 -0.03 0.44 0.65 -0.1 1.19E-03 | 0.31 -0.07 0.35 0.31 -0.03 0.47
rs4911243 |20 NOL4L A/A/G/G| 0.68 0.04 0.24 0.67 0.05 0.12 0.32 0.02 0.75 0.35 -0.08 0.08
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Table 4. Using the genes from Table 2, below are p-values for the associations of the rare
variants in each gene with average cigarettes per day. Correcting for the 12 regions listed below,
all p-values less than 4.17e-3 (0.05/12) are in bold.

CHR | Nearest Gene COPDGene NHW COPDGene AA
All Cases Controls All Cases Controls
(n=6,658)  (n=2,819) (n=2,534) | (n=3,260) (n=821)  (n=1,749)

15 CHRNA3 0.17 0.24 0.41 0.52 0.52 0.49
15 | CHRNAS 0.06 0.15 1.00 0.30 0.33 0.45
15 AGPHD1 0.27 0.01 0.28 0.02 0.43 0.05
15 CHRNB4 0.87 0.82 0.84 0.87 0.19 0.50
15 IREB2 0.27 0.77 0.82 0.02 NA 0.15
1 LPPRS 0.83 0.76 0.81 0.19 0.88 0.11
2 TEX41/

PABPC1P2 | 0.56 0.85 0.22 0.64 1.00 0.33
6 DNAH8 0.87 0.35 0.87 0.38 0.42 0.51
7 PDEIC 1.00 0.05 0.14 0.60 0.32 0.74
8 CHRNB3 0.64 1.00 0.65 0.86 NA 1.00
9 DBH 0.52 0.64 0.50 0.70 1.00 0.45
10 LOC1001889

47 0.87 0.79 0.71 0.11 0.51 0.69
11 BDNF 1.00 0.76 0.46 0.26 0.48 0.56
11 NCAM1 0.76 0.30 0.82 0.03 0.27 0.28
19 RAB4B-

EGLN2 0.44 0.69 0.57 0.04 0.15 0.27
19 CYP2A7 5.2E-4 0.05 0.08 0.47 0.51 0.97
19 CYP2B6 0.56 0.45 0.03 0.48 0.51 0.21
20 NOLA4L 0.32 0.55 0.89 0.84 NA NA

18



FIGURES

Figure 1: Below are the regional plots for average cigarettes per day for chromosome 15 from the
meta-analysis, among NHW in the COPDGene study, and among AA in the COPDGene study.
Note that there is a similar signal in the region for the meta-analysis and among NHW in the
COPDGene study, but there is no association between any SNPs in this region and average
cigarettes per day among AA in the COPDGene study.
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