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1 Supplemental Methods

eQTL Analysis
COPD was defined as GOLD Stage 2 or greater (FEV1/FVC ratio < 0.7

and FEV1 % of predicted <80%[1]. RNA was extracted from sputum and whole
blood cell pellets using TRIzol and amplified with the Nugen Ovation RNA Am-
plification kit. Gene expression profiling was performed using the Affymetrix
Human U133 Plus2 array. Gene expression data were log-transformed, and back-
ground correction and normalization were performed separately for the blood
and sputum samples using RMA and quantile normalization as implemented in
the affy and beadarray Bioconductor packages[2, 3, 4]. eQTL analysis was per-
formed with the Bioconductor package GGtools for window sizes ranging from
50kb to 500kb around the gene transcription start and end site[5]. Analyses
were adjusted for age, gender, pack-years of smoking, the first principal com-
ponent of genetic ancestry as determined by the Tracy-Widom statistic, and
the first 13 principal components of the expression data[6]. False discovery rate
was controlled by the plug-in FDR method[7]. eQTL analysis was performed by
specifying various window sizes (from 50kb to 500kb) around genes such that all
SNPs within a certain base pair distance from the start or end of transcription
were tested for association with the expression level of the gene. eQTL yield
can be increased by adjusting for principal components (PC) of the expression
data.[8, 9] The number of expression PCs was determined by examining the
effect of adjusting for a range of PCs using data from chromosome 22 in both
tissues.

eQTL and GWAS Integration Local correlation was calculated as the Pear-
son correlation between GWAS and eQTL test statistics in the area of the GWAS
peak (defined as SNPs in the lowest quartile of GWAS p-values). Bayesian colo-
calization analysis has been previously described[10]. This method calculates
the posterior probability that the eQTL and GWAS signals in a given locus are
caused by at least one shared causal variant. For this analysis, the locus was
defined as all SNPs within a 250kb window of gene start and end boundaries.

COPD GWAS and Conditional Association Analyses
COPD GWAS results from a combined analysis of non-Hispanic white sub-

jects from the NETT-NAS, Norway GenKOLS, ECLIPSE, and COPDGene
studies were integrated with the eQTL results from the 121 subjects from
ECLIPSE. Information and results from this GWAS meta-analysis (including
African-American subjects in COPDGene) are reported separately.[11] GWAS
was performed on a total of 9,767 subjects who had been genotyped on Il-
lumina platforms (HumanHap 550, Quad 610, or OmniExpress arrays). Im-
putation to 1000 Genomes reference samples was performed using MaCH and
minimac.[12, 13] GWAS was performed separately in each cohort adjusting for
age, pack-years of smoking exposure, and principal components of genetic ances-
try using plink 1.07, and results were combined via fixed-effects meta-analysis
using METAL (version 2010-08-01).[14, 15] Conditional GWAS analyses were
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performed using logistic regression adjusting for the same covariates used in
the primary GWAS analysis and the genotype or genotypes of interest. False
discovery rate for the conditional analyses was controlled using the method of
Storey et al.[16, 17]
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2 Supplemental Figures

2.1 Supplemental Figure 1: Whole Blood eQTL Enrich-
ment in GWAS
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2.2 Supplemental Figure 2: Sputum eQTL Enrichment in
GWAS
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2.3 Supplemental Figure 3: GWAS Signal at 19q13
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2.4 Supplemental Figure 4: Whole Blood eQTL Signal for
ADCK4
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2.5 Supplemental Figure 5: COPD Association Plot at
19q13 Conditioning on Lead eQTL SNP for ADCK4
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2.6 Supplemental Figure 6: COPD Association Plot at
19q13 Conditioning on Lead eQTL SNP for EGLN2
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2.7 Supplemental Figure 7: COPD Association Plot at
19q13 Conditioning on Lead eQTL SNP for C19orf54
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2.8 Supplemental Figure 8: GWAS Signal at 16q11

GWAS signal is bounded by two regions where 1000 Genomes reads map poorly,
likely due to low genome complexity in these regions.
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2.9 Supplemental Figure 9: Whole Blood eQTL Signal for
CCDC101
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2.10 Supplemental Figure 10: COPD Association Plot at
16q11 Conditioning on Lead eQTL SNP for CCDC101
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3 Expression-by-Genotype Plots from Top COPD
eQTL Loci

3.1 Supplemental Figure 11: Blood Expression by Geno-
type Plot for HHIP
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3.2 Supplemental Figure 12: Blood Expression by Geno-
type Plot for IREB2
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3.3 Supplemental Figure 13: Blood Expression by Geno-
type Plot for ADCK4
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3.4 Supplemental Figure 14: Blood Expression by Geno-
type Plot for USP34
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3.5 Supplemental Figure 15: Blood Expression by Geno-
type Plot for CCDC101
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