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ABSTRACT 

Introduction: Loss of function variants in both copies of the cystic fibrosis transmembrane 

conductance regulator (CFTR) gene cause cystic fibrosis (CF); however, there is evidence that 

reduction in CFTR function due to the presence of one deleterious variant can have clinical 

consequences.  Here, we hypothesize that CFTR variants in individuals with a history of smoking 

are associated with COPD and related phenotypes. 

Methods: Whole genome sequencing was performed through the NHLBI TOPMed program in 

8597 subjects from the COPDGene study, an observational study of current and former smokers. 

We extracted clinically annotated CFTR variants and performed single variant and variant-set 

testing for COPD and related phenotypes.  Replication was performed in 2,118 subjects from the 

Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) 

study. 

Results: We identified 301 coding variants within the CFTR gene boundary: 147 of these have 

been reported in individuals with CF, including 36 CF-causing variants.  We found that CF 

causing variants were associated with chronic bronchitis in variant-set testing in COPDGene 

(one sided p-value=0.0025, OR =1.53) and in meta-analysis of COPDGene and ECLIPSE (one 

sided p-value=0.0060, OR =1.52). Single variant testing revealed that the F508del variant was 

associated with chronic bronchitis in COPDGene (one sided p-value=0.015, OR=1.47). In 

addition, we identified 32 subjects with two or more CFTR variants on separate alleles, and these 

subjects were enriched for COPD cases (p=0.010).  

 Conclusions: Cigarette smokers who carry one deleterious CFTR variant have higher rates of 

chronic bronchitis, while presence of two CFTR variants may be associated with COPD. These 



 

results indicate that genetically-mediated reduction in CFTR function contributes to COPD 

related phenotypes, in particular chronic bronchitis. 

INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is a complex disease typically caused by 

cigarette smoke and influenced by genetic factors.  COPD is phenotypically heterogeneous, with 

varying manifestations of emphysema, chronic bronchitis, airway wall thickening and 

bronchiectasis despite similar degrees of lung function impairment.  This variability likely 

reflects the contribution of multiple pathologic mechanisms.  Chronic bronchitis is a particularly 

problematic phenotype in COPD as it is associated with pulmonary exacerbations and has few 

treatment options (1, 2).  Since chronic bronchitis shares some clinical and pathological features 

with cystic fibrosis (CF), it has been proposed that there may be common mechanisms involved. 

 CF is the most common lethal autosomal recessive disorder in populations of European 

descent, and one in thirty-five Americans is a carrier of a loss of function variant in the Cystic 

Fibrosis Transmembrane Conductance Regulator (CFTR).  In addition to CF, several disorders 

have been associated with variants in CFTR, such as idiopathic pancreatitis (3, 4), congenital 

bilateral absence of the vas deferens (5), and allergic bronchopulmonary aspergillosis (6).  

Furthermore, there is evidence that cigarette smoking can lead to acquired CFTR dysfunction (7-

10).  Cigarette smokers and COPD patients have reduced function of CFTR in the upper and 

lower airways in addition to chronic bronchitis.  CFTR dysfunction has been shown to reduce 

airway surface liquid and decrease mucociliary transport (7, 10, 11).  Therefore, it is possible 

that acquired CFTR dysfunction through cigarette smoking may contribute to COPD, and this 

effect may be compounded by genetic variation in CFTR.    



 

CFTR potentiators are a new class of CF medications, which function by directly 

correcting underlying gating defects in mutant CFTR (7).  In vitro studies have demonstrated that 

the CFTR potentiator ivacaftor can improve CFTR protein function in epithelial cells exposed to 

cigarette smoke, and this is reflected in measures of epithelial function including mucociliary 

transport, airway surface liquid depth and ciliary beating (7, 12). In addition, a pilot study of 

ivacaftor in patients with COPD and chronic bronchitis demonstrated the potential for increased 

CFTR activity and respiratory symptoms (13). Furthermore, there is evidence that the CFTR 

potentiator icenticaftor can increase FEV1, as well as reduce systemic inflammation and sputum 

colonization in COPD patients (14).  Collectively, these data indicate that improvement of CFTR 

function using existing drugs could improve lung function in COPD patients. However, the 

question remains as to which patients would most benefit from this treatment. 

While several small studies have investigated association of CFTR variants with the 

deleterious effects of cigarette smoke on CFTR function, results have been mixed (15-22). Other 

larger studies have been limited by including non-smokers in addition to smokers (23, 24). To 

address this question with greater power, a large sample size of smokers with and without COPD 

along with CFTR gene sequencing data is required to ascertain whether CFTR variants, together 

with cigarette smoke, contribute to reduced lung function in smokers with COPD. Here, we 

perform the largest investigation of CFTR variants in COPD to date, including subjects with 

whole genome sequencing (WGS) data from two large cohorts to test the hypothesis that 

deleterious variants in CFTR are associated with COPD and related phenotypes. 

 

  



 

METHODS 

Study Populations  

The Genetic Epidemiology of COPD (COPDGene) and Evaluation of COPD Longitudinally to 

Identify Predictive Surrogate Endpoints (ECLIPSE) studies have been described previously (25, 

26).  Briefly, COPDGene enrolled 10,192 non-Hispanic white and African American subjects 

with a minimum of 10 pack-years lifetime smoking history. Subjects with diagnosed lung 

diseases other than COPD or asthma were excluded. The ECLIPSE study is a multicenter 

multinational 3-year longitudinal study that enrolled 3,291 subjects of GOLD stage 2-4.  In 

COPDGene, COPD was defined by a postbronchodilator ratio of forced expiratory volume in 1 

second (FEV1) to forced vital capacity (FVC) < 0.7 (Global Initiative for Chronic Obstructive 

Lung Disease (GOLD) 1-4); severe COPD was defined as GOLD stages 3-4.  In ECLIPSE, only 

subjects with GOLD stage 2-4 were included. Chronic bronchitis was defined using the classical 

definition of self-reported chronic cough and phlegm for  3 months per year over the past two 

years.  Bronchodilator response was defined as the % change in pre/post bronchodilator FEV1. 

Visual scoring of bronchiectasis was performed using CT scans for 1,372 COPDGene subjects 

with WGS data(27). Subjects who were found to have diffuse bronchiectasis on chest CT scan 

were excluded from COPDGene. 

Institutional review boards approved the studies at all participating institutions and all 

participants provided written, informed consent per study protocols.  

Whole Genome Sequencing 

Whole genome sequencing data was generated through the NHLBI TOPMed consortium to a 

mean depth of 30X using DNA from blood, PCR-free library construction and Illumina HiSeq X 

technology(28).  For COPDGene, Freeze 5b WGS data was used which includes 8,598 subjects 



 

including 5,773 non-Hispanic white (NHW) and 2825 African American (AA). For replication in 

ECLIPSE, Freeze 8 WGS data was used which included 2345 subjects, and a subset of 2212 

were included in this analysis.   Reads were mapped to human genome assembly version 

GRCh38 and computational phasing was performed using Eagle 2.4 (Dec 13, 2017). 

Identification and annotation of CFTR variants 

All variants within the CFTR gene boundary (chr7:117,465,784-117,715,971, GRCh38) were 

extracted from WGS data using bcftools (29).  The WGS annotator pipeline (30) was used to 

characterize all variants.  Coding variants were identified as variants classified as in frame 

deletion, frameshift, missense, splice acceptor, splice donor, splice region, stop gained or 

synonymous variants according to the Ensembl Variant Effect Predictor (VEP) consequence.  

Annotation of known CF-causing variants was downloaded from the CFTR2 consortium website 

(https://cftr2.org/) (accessed on May 4, 2021).  These variants are categorized as CF-causing, 

varying-clinical significance, non-CF causing and unknown significance.  For variants that were 

not reported in the CFTR2 database, SNPEff functional effect predictions  were used to identify 

variants with likely functional impact. Phased sequencing data from subjects with two or more 

known CF-causing variants was visually inspected to determine whether these subjects are 

compound heterozygotes with pathogenic variants on both chromosomes.  These subjects are of 

interest as loss of function of both copies of CFTR would likely have a greater clinical 

consequence. We hypothesized a priori that heterozygous CFTR variants would have a 

deleterious effect in smokers due to a decrease in CFTR function, therefore we expected that the 

minor allele (i.e. less common allele) of CFTR variants would be associated with increased 

chronic bronchitis, increased severe COPD, increased risk of severe exacerbations, decreased 

BMI, decreased FEV1 percent predicted, decreased percent emphysema and increased airway 

https://cftr2.org/


 

wall thickness. We used one-sided p-values for these tests, while we used two-sided p-values for 

associations with bronchodilator response (as a percent of predicted FEV1) as we did not have a 

prediction regarding direction of effect.    

Single-Variant Association Testing 

The workflow for genetic variant testing is described in Figure 1. Testing of each individual 

variant for phenotype association was performed using linear regression for quantitative traits 

and logistic regression for binary outcomes using R base functions.  For single variant testing, 

only variants with a minor allele count  10 were included. Analyses were adjusted for age, sex, 

pack-years of smoking, current smoking status, and principal components of genetic ancestry 

(PC).  Calculation of PCs has been previously described (31, 32). Analyses in COPDGene were 

performed in NHW and AA individuals combined, using 3 PCs of genetic ancestry. For 

ECLIPSE, 10 PCs of genetic ancestry were used. For each single-variant analysis, we also 

performed permutation analysis by permuting the variant/non-variant carrier status among all 

subjects 20,000 times, then computing the p-value using the number of permutations in which 

the test statistic is more extreme than the observed test statistic. As described above, we used 

one-sided p-values for association testing with all phenotypes except bronchodilator response.   

Gene-based Association Testing  

Gene-based testing of rare variants (< 5% minor allele frequency) was performed using burden 

tests in which we collapsed rare CFTR variants into a single burden variable and tested for 

association with phenotype using linear and logistic regression. In addition we used SNP-set 

(Sequence) Kernel Association Test (SKAT)-O (33) as an additional method for gene-based 

association testing.  All CFTR variants were tested in a combined analysis, in addition to testing 

subsets of variants grouped according to known pathogenicity using annotations from the CFTR2 



 

database. SKAT-O tests were performed both with weighting by percent pancreatic insufficiency 

(obtained from the from the CFTR2 consortium website) as a measure of variant severity, and 

with no weighting.  

RESULTS: 

Identification of CFTR variants in COPDGene participants 

After quality control measures (28), a total 8595 subjects including 3848 COPDGene cases and 

4691 smoking controls were available for analysis (Table 1). In these subjects, we identified    

11,567 variants within the gene boundary of CTFR as defined by Ensembl (chr7:117,465,784-

117,715,971) which includes 14,241 bp upstream and 47,306 bp downstream of the coding 

region of transcript NM_000492.3.  Of these variants, 10,577 are single nucleotide variants 

(SNV) and 990 are insertion-deletion polymorphisms (indel). Of these, there were 301 variants 

that are located within the coding region of the RefSeq Select transcript (NM_000492.3) 

(Supplementary Table 1). Using the CFTR2 database, we found that 147 variants have been 

reported in CF patients; 36 are CF-causing variants, 25 are variants of varying clinical 

consequence (may cause CF in some individuals but not others), 18 are non-CF causing variants 

(may cause CFTR dysfunction but not sufficient to cause CF) and 68 variants have not been 

evaluated or are of unknown significance.  Four variants with high minor allele frequency 

(>0.05) were excluded from further analysis; three of these are synonymous variants (rs1800136 

[legacy 4521G/A], rs1800130 [P1290P], and chr7:117595001:T:G), while rs213950 (lV470M) is 

a missense variant known to be non-CF causing. After these, the most frequent variants were 

chr7:117509093:G:A (R75Q) with 459 counts and chr7:117559655:G:A (1716G/A) with 290 

counts, both of which are non-CF causing missense variants.  We additionally identified 177 

subjects that are heterozygous for the common p.Phe508del (legacy F508del) variant 



 

(rs199826652). We discovered 154 variants that have not been previously described in the 

CFTR2 database, including 1 stop-gain and 89 missense variants which are predicted to have 

moderate to high impact on CFTR through SNPEff functional impact prediction.  

Variant-set testing for association with COPD and related phenotypes.   

Variants were grouped according to pathogenicity.  Four groupings were tested: 1) CF-causing 

variants; 2) CF-causing variants and variants of varying clinical consequence; 3) CF-causing, 

varying clinical consequence, and variants that have not been reported that in CFTR2 that may 

have a functional effect (moderate or high impact in SnpEff); and 4) All coding variants.  The 

only association that reached the threshold for significance after correction for multiple 

comparison (p<0.05/10 or 0.005) was the association of CF-causing variants with chronic 

bronchitis: 68 subjects out of 248 with CF-causing variants have chronic bronchitis (27.4%) 

while 1,597 out of 8,345 subjects without CF-causing variants have chronic bronchitis 

(19.1%)(p=0.0025, OR=1.53)(Table 2). We hypothesized that variants associated with a larger 

percentage of patients having pancreatic insufficiency reflected a greater impact of the variant on 

CFTR function.  Therefore, SKAT-O variant-set testing was performed with and without 

weighting for % pancreatic insufficiency as a measure of variant severity. This analysis 

confirmed that CF-causing variants are associated with chronic bronchitis, although there was no 

difference in the weighted and unweighted analysis, and the associations were not significant 

after correction for multiple comparisons (Supplementary Table 2).  Since we hypothesized 

that the combination of cigarette smoke and heterozygous CFTR variants would result in greater 

reduction of CFTR function, we performed a stratified analysis of current vs former smokers, 

where we found that 39.5% of currently smoking subjects with CF-causing variants had chronic 

bronchitis, compared to 23.9% of currently smoking subjects without CFTR variants, however 



 

the p-value did not reach the stringent threshold for significance after correction for multiple 

comparison (p=0.0082, OR=1.62)(Supplementary Table 3).  In contrast, in former smokers we 

found that 17.2% of subjects with CF-causing variants had chronic bronchitis, compared to 

13.5% of subjects without CFTR variants (p=0.082).  We additionally found that in an analysis 

of COPD cases alone, there was a significant enrichment of chronic bronchitis in subjects with 

CF-causing variants (38.1%) compared to subjects without CFTR variants (25.5%)(p=0.0022, 

OR=1.72)(Supplementary Table 4).  Finally, we found an association of borderline significance 

between all coding variants and severe COPD (p=0.0063, OR=1.14) (Table 2).  Bronchiectasis 

was visually scored using CT scans for 1,372 subjects, however there was no association 

between the presence of bronchiectasis and CFTR variants (Table 2).  

Single-Variant Testing for Association with COPD and related phenotypes 

For phenotypes in which there was a significant association using variant-set testing, we 

performed single variant testing for all variants within the group with minor allele count of at 

least 10.  This resulted in one CF-causing variant (F508del) tested for association with chronic 

bronchitis (Table 3), and 36 variants tested for association with severe COPD (Supplementary 

Table 5).  We found that F508del was significantly associated with chronic bronchitis (one sided 

p-value=0.016, OR=1.47).  While R75Q was nominally associated (p<0.05) with severe COPD 

after performing permutation analysis (p=0.02); no associations with severe COPD met the 

threshold for significance after correction for multiple comparisons (p<0.05/36 or 0.0014).  

Compound heterozygotes in COPDGene  

We next searched for subjects who may be compound heterozygotes, meaning that these subjects 

have two different CFTR variants on opposite chromosomes.  There were no subjects with two 

CF-causing variants.  We identified 32 subjects that were either heterozygous for F508del in 



 

addition to carrying another CFTR variant or were heterozygous for two CFTR variants that have 

varying clinical consequence (Supplementary Table 6).  We found that compound 

heterozygous subjects were enriched for COPD: out of the 32 compound heterozygotes, 21 were 

COPD cases while 11 were controls, whereas in non-compound heterozygous individuals there 

were 3827 COPD cases and 4680 controls (p=0.010)(Table 4).  There was no enrichment of 

chronic bronchitis or bronchiectasis in compound heterozygotes (Table 4).   

Replication in ECLIPSE: 

To attempt to replicate the results from COPDGene, we searched for CFTR variants in 

ECLIPSE.  Whole genome sequencing and phenotyping data were available for 2212 subjects 

including 1953 cases and 165 controls. We identified 133 variants within the CFTR gene 

boundary including 19 CF-causing variants, 11 variants with varying clinical consequence, 13 

variants that are not CF-causing and 32 variants that were not reported in CFTR2 or that have 

unknown significance (Supplementary Table 8).  While the association of the 19 CF-causing 

variants with chronic bronchitis using burden testing did not reach statistical significance in 

ECLIPSE alone (one sided p=0.057), we found a significant association in meta-analysis of 

ECLIPSE and COPDGene (p=0.0060, OR=1.52)(Table 5).  The only CF-causing variant in 

ECLIPSE with a minor allele count of greater than 10 was the F508del variant which was present 

in 57 subjects.  Single variant testing revealed a suggestive association between F508del and 

chronic bronchitis in ECLIPSE(one sided p-value=0.055, OR=1.67)(Table 5), and in meta-

analysis of COPDGene and ECLIPSE (one sided p-value=0.081, OR=1.52). 

  



 

 

DISCUSSION: 

This study is the largest to date characterizing the effect of CFTR variants in smokers 

with and without COPD.  We found that CF-causing variants are associated with chronic 

bronchitis, and this is primarily driven by the most common CF-causing variant, F508del.  We 

also found a suggestive association between all coding CFTR variants and severe COPD in the 

COPDGene study.  Furthermore, we found that subjects that are compound heterozygotes for 

CFTR variants are at increased risk for COPD.  

 Several previous studies have shown that heterozygous CFTR variants can have a 

functional effect.  For example, CFTR heterozygous variants are associated with idiopathic 

pancreatitis (3, 4), congenital bilateral absence of the vas deferens (5), bronchiectasis (34), and 

allergic bronchopulmonary aspergillosis (6).  CF carriers may have an increased risk for 

developing airway obstruction  and have been shown to have abnormalities in neutrophil 

function (35) and apoptosis (36) that may lead to a prolonged inflammatory state that could 

predispose to accelerated lung function decline. Furthermore, cigarette smoke is associated with 

decreased CFTR function in the upper and lower airways of both healthy smokers and smokers 

with COPD, and defective CFTR has been associated with symptoms of chronic bronchitis and 

dyspnea (7, 8).  Therefore, it is possible that the presence of heterozygous genetic variants may 

increase the prevalence of chronic bronchitis or COPD in smokers.  While several small studies 

have been conducted to test this hypothesis, results to date have been mixed.  One study found 

that F508del variants were present at an increased frequency in subjects with chronic bronchitis 

and elevated sweat chloride levels (19).  Several small studies have found modestly elevated 

CFTR variant frequencies in subjects with COPD or chronic bronchitis (17, 20, 22) (18).  Most 



 

strikingly, a recent study including 108,035 Danish individuals identified 2858 F508del 

individuals and found that these individuals had an increased risk of bronchiectasis with an odds 

ratio of 1.31, as well as an increased risk of bronchiectasis with a hazard ratio of 1.88 (23).  In 

addition, Miller et al. reported that CFTR variants were associated with an increase of chronic 

bronchitis with and odds ratio of 1.24 (24). However, other studies have failed to find that CFTR 

heterozygous variants have a functional effect.  A study exposing CFTR heterozygous mice and 

cell lines to cigarette smoke found that CFTR heterozygosity did not have an impact on residual 

CFTR activity (21).   In a study of obstructive pulmonary disease that included 250 F508del 

heterozygotes, COPD was not found to be increased, and measures of lung function were only 

lower in F508del heterozygotes who also had asthma (15, 16). Furthermore, genome-wide 

association studies (GWAS) of lung function, COPD, and emphysema have not identified CFTR 

as a susceptibility gene, though GWAS chips do not genotype the F508del variant, and this 

variant is typically not well imputed.  Thus, the contribution of heterozygosity for CF variants to 

the etiology of COPD has been unclear, possibly due to the small sample size of studies to date, 

and the use of heterogeneous groups of patients, and the lack of gene sequencing to fully assess 

CFTR variants.  

In this study, we sought to increase the power to detect the effect of rare CFTR variants 

by performing variant-set testing followed by individual testing of specific categories of variants.  

This allowed us to include ultra-rare variants, including variants only present in one subject in 

the dataset (singletons).  We found that the combination of CF-causing variants was associated 

chronic bronchitis with statistical significance. The OR for the association in COPDGene was 

1.53, and the OR in the meta analysis of COPDGene and ECLIPSE was 1.52.  Similarly, the OR 

for the association of F508del with chronic bronchitis was 1.47 in COPDGene and 1.52 in the 



 

meta-analysis of COPDGene and ECLIPSE.  This indicates that smokers with CF-causing 

variants are approximately 1.5 times more likely to have chronic bronchitis than subjects without 

CFTR variants, and the consistency of the OR across the two studies is an indicator of the 

validity of our findings. The finding that the OR is slightly higher in our study of only current or 

former smokers, compared to what has been reported in the literature (OR ranges 1.24-1.31), is 

consistent with the hypothesis that a history of cigarette smoking would result in a greater effect 

of CFTR variants. We also found suggestive evidence that variants with less established function 

(such as variants of varying clinical severity or predicted moderate impact) may be associated 

with chronic bronchitis.  In addition, we found that the combination of all CFTR variants was 

nominally associated with severe COPD.  This is of particular interest as it suggests that there 

could be a large number of COPD patients carrying CFTR variants that contribute to their 

disease severity and who could potentially benefit from treatment with CFTR modulators.  

Single variant testing of the association of all CFTR variants did not identify any associated 

variants that were significant after correction for multiple comparison, however the non-CF 

causing variant R75Q was nominally associated with severe COPD.  R75Q is a relatively 

common missense variant which is not CF-causing but has been associated with pancreatitis 

(37), and increased frequency of R75Q has previously been found in patients with COPD (17). 

We found that the only variant that was significantly associated with either chronic 

bronchitis or bronchodilator response using single variant testing was F508del.  This was 

unsurprising given that F508del is the most common CF-causing variant identified in both 

COPDGene and ECLIPSE, as well as in the general population.  Furthermore, F508del is a 

relatively severe class II variant, which produces a misfolded protein with little functional 

capacity. Therefore, it was one of the few variants for which we had sufficient power to detect 



 

associations with single variant testing. We identified 32 subjects that were compound 

heterozygotes for CFTR variants, meaning that they carry two copies of CFTR variants on 

separate chromosomes, and found that these subjects were enriched for COPD cases compared to 

non-compound heterozygotes.  It is not possible to definitively conclude that these compound 

heterozygous subjects do not in fact have CF, due to the lack of CF diagnostic tests such as sweat 

chloride measurements in the COPDGene study. However, subjects with lung disease other than 

COPD or asthma, or with diffuse bronchiectasis on chest CT scans, were excluded.  In the 32 

compound heterozygotes identified here, only one subject reported a history of pneumonia, 

chronic bronchitis, or chronic cough or phlegm in early life (prior to age 15), suggesting that 

these subjects did not have history of early respiratory disease consistent with typical CF.  We 

conclude that decreased CFTR activity due to two CFTR variants can result in COPD, based on 

the accepted GOLD definition (38).   

While this study has several strengths, including being the largest study to characterize 

CFTR variants using whole genome sequencing in smokers with and without COPD and having 

replication in an independent cohort, there are also several limitations.  Despite the large sample 

size, there were still small numbers of subjects with the less common CFTR variants, and therefore 

we are not able to determine whether these variants contribute to COPD.  For example, the G551D 

variant is of particular interest since it can be corrected with ivacaftor, however we only identified 

8 subjects that were heterozygous for this variant.  The functional impact of most of the variants 

identified in our study are not known, and combining functional and non-functional variants 

reduces power for association studies.  In addition, almost all subjects in both COPDGene and 

ECLIPSE have a history of smoking, and therefore we were not able to test if heterozygous CFTR 

variants have a function consequence in the absence of cigarette smoke.  In summary, using unique 



 

analyses of CFTR variants in a cohort of smokers we found that CFTR variants, and particularly 

F508del are associated with chronic bronchitis. 
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David A. Lynch, MB; Pietro Nardelli, PhD; John D. Newell, Jr., MD; Aleena Notary; Andrea 

Oh, MD; Elizabeth A. Regan, MD, PhD; James C. Ross, PhD; Raul San Jose Estepar, PhD; 

Joyce Schroeder, MD; Jered Sieren; Berend C. Stoel, PhD; Juerg Tschirren, PhD; Edwin Van 

Beek, MD, PhD; Bram van Ginneken, PhD; Eva van Rikxoort, PhD; Gonzalo Vegas Sanchez-

Ferrero, PhD; Lucas Veitel; George R. Washko, MD; Carla G. Wilson, MS;  

 

PFT QA Center, Salt Lake City, UT: Robert Jensen, PhD 

 

Data Coordinating Center and Biostatistics, National Jewish Health, Denver, CO: Douglas 

Everett, PhD; Jim Crooks, PhD; Katherine Pratte, PhD; Matt Strand, PhD; Carla G. Wilson, MS 

 

Epidemiology Core, University of Colorado Anschutz Medical Campus, Aurora, CO: John E. 

Hokanson, MPH, PhD; Gregory Kinney, MPH, PhD; Sharon M. Lutz, PhD; Kendra A. Young, 

PhD 

 

Mortality Adjudication Core:  Surya P. Bhatt, MD; Jessica Bon, MD; Alejandro A. Diaz, MD, 

MPH; MeiLan K. Han, MD, MS; Barry Make, MD; Susan Murray, ScD; Elizabeth Regan, MD; 

Xavier Soler, MD; Carla G. Wilson, MS 

 

Biomarker Core: Russell P. Bowler, MD, PhD; Katerina Kechris, PhD; Farnoush Banaei-

Kashani, Ph.D     

 

COPDGene® Investigators – Clinical Centers 

 

Ann Arbor VA: Jeffrey L. Curtis, MD; Perry G. Pernicano, MD 

  

Baylor College of Medicine, Houston, TX: Nicola Hanania, MD, MS; Mustafa Atik, MD; Aladin 

Boriek, PhD; Kalpatha Guntupalli, MD; Elizabeth Guy, MD; Amit Parulekar, MD;  

 

Brigham and Women’s Hospital, Boston, MA: Dawn L. DeMeo, MD, MPH; Alejandro A. Diaz, 

MD, MPH; Lystra P. Hayden, MD; Brian D. Hobbs, MD; Craig Hersh, MD, MPH; Francine L. 

Jacobson, MD, MPH; George Washko, MD  

  

Columbia University, New York, NY: R. Graham Barr, MD, DrPH; John Austin, MD; Belinda 

D’Souza, MD; Byron Thomashow, MD  

  

Duke University Medical Center, Durham, NC: Neil MacIntyre, Jr., MD; H. Page McAdams, 

MD; Lacey Washington, MD  

 

Grady Memorial Hospital, Atlanta, GA: Eric Flenaugh, MD; Silanth Terpenning, MD 



 

 

HealthPartners Research Institute, Minneapolis, MN: Charlene McEvoy, MD, MPH; Joseph 

Tashjian, MD 

 

Johns Hopkins University, Baltimore, MD: Robert Wise, MD; Robert Brown, MD; Nadia N. 

Hansel, MD, MPH; Karen Horton, MD; Allison Lambert, MD, MHS; Nirupama Putcha, MD, 

MHS  

 

Lundquist Institute for Biomedical Innovationat Harbor UCLA Medical Center, Torrance, CA: 

Richard Casaburi, PhD, MD; Alessandra Adami, PhD; Matthew Budoff, MD; Hans Fischer, 

MD; Janos Porszasz, MD, PhD; Harry Rossiter, PhD; William Stringer, MD 

 

Michael E. DeBakey VAMC, Houston, TX: Amir Sharafkhaneh, MD, PhD; Charlie Lan, DO 

  

Minneapolis VA: Christine Wendt, MD; Brian Bell, MD; Ken M. Kunisaki, MD, MS 

 

National Jewish Health, Denver, CO: Russell Bowler, MD, PhD; David A. Lynch, MB 

 

Reliant Medical Group, Worcester, MA: Richard Rosiello, MD; David Pace, MD 

 

Temple University, Philadelphia, PA: Gerard Criner, MD; David Ciccolella, MD; Francis 

Cordova, MD; Chandra Dass, MD; Gilbert D’Alonzo, DO; Parag Desai, MD; Michael Jacobs, 

PharmD; Steven Kelsen, MD, PhD; Victor Kim, MD; A. James Mamary, MD; Nathaniel 

Marchetti, DO; Aditi Satti, MD; Kartik Shenoy, MD; Robert M. Steiner, MD; Alex Swift, MD; 

Irene Swift, MD; Maria Elena Vega-Sanchez, MD 

 

University of Alabama, Birmingham, AL: Mark Dransfield, MD; William Bailey, MD; Surya P. 

Bhatt, MD; Anand Iyer, MD; Hrudaya Nath, MD; J. Michael Wells, MD  

 

University of California, San Diego, CA: Douglas Conrad, MD; Xavier Soler, MD, PhD; Andrew 

Yen, MD 

  

University of Iowa, Iowa City, IA: Alejandro P. Comellas, MD; Karin F. Hoth, PhD; John 

Newell, Jr., MD; Brad Thompson, MD 

 

University of Michigan, Ann Arbor, MI: MeiLan K. Han, MD MS; Ella Kazerooni, MD MS; 

Wassim Labaki, MD MS; Craig Galban, PhD; Dharshan Vummidi, MD 

 

University of Minnesota, Minneapolis, MN: Joanne Billings, MD; Abbie Begnaud, MD; Tadashi 

Allen, MD 

 

University of Pittsburgh, Pittsburgh, PA: Frank Sciurba, MD; Jessica Bon, MD; Divay Chandra, 

MD, MSc; Carl Fuhrman, MD; Joel Weissfeld, MD, MPH  

 

University of Texas Health,  San Antonio, San Antonio, TX: Antonio Anzueto, MD; Sandra 

Adams, MD; Diego Maselli-Caceres, MD; Mario E. Ruiz, MD; Harjinder Singh 



 

 

 Table 1: Description of study subjects in COPDGene  

 

 COPDGene ECLIPSE 

 COPD Cases Smoking Controls COPD Cases Smoking Controls 

Number of subjects 3848 4691 1953 165 

% Male 56.31 51.18 34.46 43.64 

Age 62.91 (8.68) 56.72 (8.42) 63.36 (7.12) 56.30 (9.63) 

Race  

77.36 59.24 98.16 96.36 

% Non-Hispanic 

White 

% African American 22.64 40.76   

% Current Smokers 55.85 39.91 61.90 63.03 

Smoking history, pack-

Years 

51.62 (27.40) 38.44 (21.29) 48.94 (27.44) 30.02 (20.30) 

 

  



 

Table 2: Burden testing in COPDGene. P-values and effect sizes for variant-set testing of CFTR variants with COPD and related phenotypes.  

 CF-causing CF-causing  

+ 

Varying clinical 

consequence 

CF-causing  

+ 

Varying clinical 

consequence 

+ 

Predicted 

functional 

All coding 

variants 

Controls 

# of Variants  36 61 206 2971  

# of Subjects3  248 455 732 2309 6281 

Chronic  Cases 68 (27.4 %) 109 (24.0 %) 169 (23.1 %) 463 (20.1 %) 1202 (19.1 %) 

Bronchitis Controls 180 346 563 1844 5079 

 p-value (OR) 0.0025*(OR=1.53) 0.033 (OR=1.19) 0.0089 (OR=1.20) 0.41  

COPD Cases 134 (54.0 %) 213 (47.0 %) 337 (46.4 %) 1095 (47.8 %) 2751 (44.1 %) 

 Controls 114 240 389 1197 3489 

 p-value (OR) 0.039 *(OR=1.28) 0.28 0.084 0.021 (OR=1.09)  

Severe COPD Cases 50 (20.2 %) 81 (17.9 %) 131(18.0 %) 437 (19.1 %) 1031 (16.5 %) 

 Controls 198 372 595 1855 5209 

 p-value (OR) 

0.26 0.29 0.072 

0.0063 

(OR=1.14) 

 

Severe  Yes 24 (9.7 %) 45 (9.9 %) 79 (10.8 %) 264 (11.4 %) 761 (12.1 %) 

Exacerbations No 224 410 653 2043 5520 

 p-value (OR) 0.19 0.20 0.19 0.26  

BMI Mean (SD) 29.0 (6.1) 28.8 (6.0) 28.8 (6.1) 28.8 (6.1) 28.9 (6.3) 

 p-value 0.36 0.48 0.24 0.27  

FEV1 percent  Mean (SD 73.4 (25.5) 76.0 (25.4) 75.8 (25.4) 75.4 (25.4) 76.5 (25.2) 

predicted p-value 0.16 0.49 0.20 0.16  

Percent  Mean (SD) 7.0 (9.9) 6.3 (10.0) 6.4 (10.0) 6.5 (10.0) 6.1 (9.4) 

Emphysema p-value 0.39 0.39 0.11 0.090  

Airway Wall  Mean (SD 1.1 (0.2) 1.1 (0.2) 1.1 (0.2) 1.1 (0.2) 1.1 (0.2) 

Thickness p-value 0.22 0.17 0.35 0.33  

Bronchodilator  Mean (SD 7.7 (9.4) 6.3 (10.2)  5.9 (9.4) 6.2 (9.4)  5.7 (10.4) 

Response % 

FEV12 

p-value 

0.021 (beta=1.54) 0.85 0.85 0.27 

 

Bronchiectasis  Yes 16 (30.2 %) 23 (28.8 %) 36 (28.1 %) 117 (30.6 %) 312 (31.5 %) 

 No 37 57 92 265 678 

 p-value 0.31 0.33 0.34 0.28  



 

 

1. Four variants with allele frequency > 5% (881 counts) were excluded from analysis  
2. All -p-values are one-sided except for BDR which is two sided 
3. Chronic bronchitis, severe exacerbation, and BMI data were unavailable for 2 subjects; COPD and severe COPD data were unavailable for 58 

subjects; FEV1 percent predicted data was unavailable for 58 subjects; percent emphysema data was unavailable for 618 subjects; airway 
wall thickness data was unavailable for 619 subjects; bronchodilator response data was unavailable for 169 subjects; and bronchiectasis 
data was unavailable for 7209 subjects.  

*Indicates p-values that are significant after correction for multiple comparisons (p<0.05/10 or 0.005). Odds ratios or beta coefficients are shown 

for all nominally significant associations  (p<0.05). 

 

 

  



 

Table 3: Single Variant testing of F508del for association with chronic bronchitis in COPDGene and ECLIPSE. 

 

 COPDGene ECLIPSE Meta-analysis  

Allele Counts 177 57  

One-sided p-value from logistic regression 0.016 0.055 0.081 

One-sided p-value from Firth regression 0.016 - - 

One-sided p-value with permutation  0.028 0.061 - 

Odds ratio 1.47 1.67 1.52 

 

 

  



 

Table 4: Compound heterozygotes in COPDGene. Numbers of subjects identified who are compound heterozygotes for CFTR 

variants.    

 

 Clinically significant 

or predicted to be 

functional1 

Clinically significant 

or predicted to be 

functional 

+ 

Varying clinical 

consequence2 

All Compound 

Heterozygotes 

Controls One sided p-value 

for all compound 

heterozygotes3 

Total number of 

subjects 

8 14 32 8565  

COPD  

Cases 

Controls 

 

5 

3 

 

8 

6 

 

21 

11 

 

3827 

4680 

0.010* 

Chronic bronchitis 

Yes 

No 

 

3 

5 

 

3 

11 

 

9 

23 

 

1656 

6907 

0.13 

Bronchiectasis  

Yes  

No 

 

0 

1 

 

1 

1 

 

3 

2 

 

426 

941 

0.090 

1These 8 subjects all carry one copy of the F508del variant and one variant of unknown function according to CFTR2 that is predicted 

to have moderate effect according to SNPeff 
2This group includes the 8 subjects from the first group, one subject that carries one F508del variant and one variant of varying 

clinical consequence, and 5 subjects that carry two variants of varying clinical consequence 
3 p-values were computed using Fishers exact test to test whether COPD, chronic bronchitis and bronchiectasis cases were enriched in 

all compound heterozygotes compared to controls. Statistical testing was not performed for the other two groups due to the small 

sample sizes. 

 * indicates p-values that are significant after correction for multiple comparisons (p<0.05/3) 

  



 

Table 5: Burden testing of association between CF-causing variants and chronic bronchitis in ECLIPSE.  P-values and effect 

sizes for association between CF-causing variants and chronic bronchitis in ECLIPSE and meta-analysis between ECLIPSE and 

COPDGene 

 

 Number of variants ECLIPSE p-value ECLIPSE + COPDGene  

Meta-analysis p-value 

All CF-causing variants in ECLIPSE 19 0.057 0.0060 (OR=1.52) 

CF-causing variants in ECLIPSE also 

found in COPDGene 

13 0.12 0.064 

 

 

 



 

 

Figure 1: Workflow for CFTR genetic variant testing.  COPDGene served as the discovery 

cohort and significant findings were replicated in ECLIPSE.  Four groups of variants were tested 

for association with 10 phenotypes in COPDGene using the (Sequence) Kernel Association Test 

(SKAT) and burden testing.  Only variant groups and phenotypes with significant associations in 

grouped variant testing were included in single variant testing.  Furthermore, single variant 

testing was only performed for variants with a minor allele count (MAC) greater than 10. 

 

 

 

 



 

Figure 2: Breakdown of CFTR variants. A total of 301 coding SNVs were included in analysis. 
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HGVS ID Variant ID Legacy Name CFTR2 Determination SnpEff predicted effect SnpEff impact
Pancreatic 

Insufficiency

Number of 

alleles in 

COPDGene

c.1408G>A rs213950 V470M Non CF-causing missense_variant MODERATE 9581

c.2562T>G chr7:117595001:T:G Not reported in CFTR2 synonymous_variant LOW 7315

c.4389G>A rs1800136 4521G/A Not Evaluated synonymous_variant LOW 4037

c.3870A>G rs1800130 P1290P Not Evaluated synonymous_variant LOW 1181

c.224G>A chr7:117509093:G:A R75Q Non CF-causing missense_variant MODERATE 0.28 459

c.1584G>A chr7:117559655:G:A 1716G/A Non CF-causing splice_region_variant&synonymous_variantLOW 0.67 290

c.1521_1523delCTT rs199826652 rs1800136 CF-causing disruptive_inframe_deletion MODERATE 0.98 177

c.2898G>A rs1800109 3030G/A Not Evaluated synonymous_variant LOW 166

c.4272C>T rs1800135 4404C/T Not Evaluated synonymous_variant LOW 136

c.3705T>G rs34911792 S1235R Non CF-causing missense_variant MODERATE 0.38 131

c.3285A>T rs1800118 3417A/T Not Evaluated synonymous_variant LOW 109

c.2002C>T rs1800100 R668C Non CF-causing missense_variant MODERATE 0.44 105

c.3808G>A chr7:117642528:G:A D1270N Varying clinical consequence missense_variant MODERATE 0.17 86

c.1727G>C chr7:117590400:G:C G576A Non CF-causing missense_variant MODERATE 0.33 85

c.220C>T rs115545701 R74W Varying clinical consequence missense_variant MODERATE 0.15 82

c.1581A>G rs1800094 1713A/G Not reported in CFTR2 synonymous_variant LOW 78

c.2900T>C rs1800110 L967S Varying clinical consequence missense_variant MODERATE 0 29

c.2991G>C rs1800111 L997F Non CF-causing missense_variant&splice_region_variantMODERATE 0.32 29

c.91C>T chr7:117504290:C:T R31C Non CF-causing missense_variant MODERATE 0.3 28

c.2260G>A rs150157202 V754M Non CF-causing missense_variant MODERATE 0.73 28

c.350G>A chr7:117530975:G:A R117H Varying clinical consequence missense_variant MODERATE 0.23 27

c.2820T>G rs60887846 Not reported in CFTR2 synonymous_variant LOW 25

c.4243-5C>T chr7:117666903:C:T 4375-5C->T Not Evaluated splice_region_variant&intron_variantLOW 23

c.443T>C chr7:117531068:T:C I148T Non CF-causing missense_variant MODERATE 0.88 22

c.853A>T rs151073129 I285F Not Evaluated missense_variant MODERATE 21

c.1365G>A chr7:117548796:G:A Not reported in CFTR2 synonymous_variant LOW 21

c.1523T>G chr7:117559594:T:G F508C Non CF-causing missense_variant MODERATE 0.6 19

c.3897A>G rs1800131 4029A/G Not Evaluated synonymous_variant LOW 17

c.3485G>T chr7:117627538:G:T R1162L Non CF-causing missense_variant MODERATE 0.38 17

c.890G>A rs143486492 R297Q Not Evaluated missense_variant MODERATE 17

c.2735C>T chr7:117603609:C:T S912L Unknown significance missense_variant MODERATE 0.6 16

c.2245C>T rs151235408 2377C/T Not Evaluated synonymous_variant LOW 14

c.3454G>C rs75541969 D1152H Varying clinical consequence missense_variant MODERATE 0.24 14

c.2249C>T rs140455771 P750L Varying clinical consequence missense_variant MODERATE 0.33 14

c.274-6T>C rs371315549 406-6T->C Not Evaluated splice_region_variant&intron_variantLOW 13

c.509G>A rs1800079 R170H Non CF-causing missense_variant MODERATE 0.33 12

c.4333G>A rs148783445 D1445N Not Evaluated missense_variant MODERATE 11

c.3080T>C rs1800112 I1027T Non CF-causing missense_variant MODERATE 0.7 11

c.221G>A rs142540482 R74Q Not Evaluated missense_variant MODERATE 11

c.2421A>G rs1800103 I807M Non CF-causing missense_variant MODERATE 0 10

c.2988+1G>A rs75096551 3120+1G->A CF-causing splice_donor_variant&intron_variantHIGH 0.98 8

c.2079T>G rs145540754 F693L(TTG) Not Evaluated missense_variant MODERATE 8

c.1652G>A rs75527207 G551D CF-causing missense_variant MODERATE 0.96 8

c.1865G>A rs121908759 G622D Varying clinical consequence missense_variant MODERATE 0 8

c.418C>T rs145900055 P140S Not Evaluated missense_variant MODERATE 8

c.601G>A rs138338446 V201M Unknown significance missense_variant MODERATE 0.25 8

c.1046C>T rs121909021 A349V Unknown significance missense_variant MODERATE 0.33 7

c.3558A>G rs1800121 Q1186Q (3690A/G) Not reported in CFTR2 synonymous_variant LOW 7

c.1624G>T rs113993959 G542X CF-causing stop_gained HIGH 0.98 6

c.92G>T chr7:117504291:G:T R31L Unknown significance missense_variant MODERATE 0 6

c.31G>A chr7:117480125:G:A V11I Not Evaluated missense_variant MODERATE 6

c.650A>G rs121909046 E217G Not Evaluated missense_variant MODERATE 5

c.3205G>A rs200321110 G1069R Varying clinical consequence missense_variant MODERATE 0.67 5

c.617T>G rs121908752 L206W CF-causing missense_variant MODERATE 0.2 5

c.2855T>C rs142773283 M952T Unknown significance missense_variant MODERATE 0 5

c.1052C>G chr7:117540282:C:G T351S Not Evaluated missense_variant MODERATE 5

c.806T>C rs201016820 Not reported in CFTR2 missense_variant MODERATE 5

c.-4282G>T rs530099256 Not reported in CFTR2 intergenic_region MODIFIER 5

c.3204C>T rs1800116 3336C/T Not reported in CFTR2 synonymous_variant LOW 4

c.489+3A>G rs377729736 621+3A->G Varying clinical consequence splice_region_variant&intron_variantLOW 0.25 4

c.1364C>A chr7:117548795:C:A A455E CF-causing missense_variant MODERATE 0.34 4

c.2506G>T rs201386642 D836Y Non CF-causing missense_variant MODERATE 0.5 4

c.3154T>G rs150212784 F1052V Varying clinical consequence missense_variant MODERATE 0.15 4

c.3151A>G chr7:117611592:A:G I1051V Not reported in CFTR2 missense_variant MODERATE 4

c.3909C>G rs80034486 N1303K CF-causing missense_variant MODERATE 0.98 4

c.3485G>A chr7:117627538:G:A R1162Q Not Evaluated missense_variant MODERATE 4

c.1657C>T chr7:117587811:C:T R553X CF-causing stop_gained HIGH 0.97 4

c.1558G>A chr7:117559629:G:A V520I Not Evaluated missense_variant MODERATE 4

c.1684G>A chr7:117590357:G:A V562I Non CF-causing missense_variant MODERATE 0.43 4

c.902A>G rs150691494 Y301C Not Evaluated missense_variant MODERATE 4

c.1584+5130C>A chr7:117564785:C:A Not reported in CFTR2 intron_variant MODIFIER 4

c.2153C>G rs142432539 Not reported in CFTR2 missense_variant MODERATE 4

c.4092G>A rs148878126 Not reported in CFTR2 synonymous_variant LOW 4

c.663G>A rs758147990 795G/A Not reported in CFTR2 synonymous_variant LOW 3

c.137C>T chr7:117504336:C:T A46V Not reported in CFTR2 missense_variant MODERATE 3

c.1516A>G chr7:117559587:A:G I506V Not Evaluated missense_variant MODERATE 3

c.1519_1521delATC rs763199062 I507del CF-causing inframe_deletion MODERATE 0.98 3

c.3209G>A chr7:117611650:G:A R1070Q Varying clinical consequence missense_variant MODERATE 0.86 3

c.3484C>T rs74767530 R1162X CF-causing stop_gained HIGH 0.97 3

c.1001G>A chr7:117540231:G:A R334Q Varying clinical consequence missense_variant MODERATE 0 3

c.1454G>C rs143980575 S485T Not reported in CFTR2 missense_variant MODERATE 3

c.3041A>G rs149279509 Y1014C Unknown significance missense_variant MODERATE 0 3

c.1680-6T>G chr7:117590347:T:G Not reported in CFTR2 splice_region_variant&intron_variantLOW 3

c.4197C>G chr7:117665519:C:G Not reported in CFTR2 synonymous_variant LOW 3

c.2450G>T rs148604667 Not reported in CFTR2 missense_variant MODERATE 3

c.3429G>A rs375845215 Not reported in CFTR2 synonymous_variant LOW 3

c.4108G>C rs760336091 Not reported in CFTR2 missense_variant MODERATE 3

c.3033A>G rs773752573 Not reported in CFTR2 synonymous_variant LOW 3

c.1519A>G rs1801178 1651A/G Not reported in CFTR2 missense_variant MODERATE 2

c.2052delA rs777301769 2184delA CF-causing frameshift_variant HIGH 0.98 2

c.2620-6T>C rs371315682 2752-6T->C Not Evaluated splice_region_variant&intron_variantLOW 2

c.313delA rs779091180 444delA CF-causing frameshift_variant HIGH 1 2

c.489+1G>T rs78756941 621+1G->T CF-causing splice_donor_variant&intron_variantHIGH 0.99 2

c.3200C>T chr7:117611641:C:T A1067V Not Evaluated missense_variant MODERATE 2

c.3503A>G rs150326506 D1168G Not reported in CFTR2 missense_variant MODERATE 2



c.2770G>A rs201759207 D924N Unknown significance missense_variant MODERATE 0 2

c.846A>T rs142864834 E282D Not Evaluated missense_variant MODERATE 2

c.948T>G rs78742051 F316L Not reported in CFTR2 missense_variant MODERATE 2

c.254G>A chr7:117509123:G:A G85E CF-causing missense_variant MODERATE 0.85 2

c.3415A>G rs397508556 I1139V Not Evaluated missense_variant MODERATE 2

c.1853T>C rs139468767 I618T Varying clinical consequence missense_variant MODERATE 0 2

c.202A>G rs397508332 K68E Not Evaluated missense_variant MODERATE 2

c.1247A>G rs777850419 N416S Not reported in CFTR2 missense_variant MODERATE 2

c.772A>G rs191456345 R258G Varying clinical consequence missense_variant MODERATE 0.5 2

c.889C>T chr7:117540119:C:T R297W Not reported in CFTR2 missense_variant MODERATE 2

c.1163C>T rs143860237 T388M Not Evaluated missense_variant MODERATE 2

c.3322G>C rs397508542 V1108L Not reported in CFTR2 missense_variant MODERATE 2

c.2758G>A chr7:117603632:G:A V920M Not Evaluated missense_variant MODERATE 2

c.2813T>G rs193922511 V938G Not Evaluated missense_variant MODERATE 2

c.3846G>A chr7:117642566:G:A W1282X CF-causing stop_gained HIGH 0.99 2

c.2739T>A rs149790377 Y913X CF-causing stop_gained HIGH 0.88 2

c.1480T>G chr7:117559551:T:G Not reported in CFTR2 missense_variant MODERATE|HIGH 2

c.2557A>G chr7:117594996:A:G Not reported in CFTR2 missense_variant MODERATE 2

c.1920T>C rs145877746 Not reported in CFTR2 synonymous_variant LOW 2

c.4232A>C rs150177304 Not reported in CFTR2 missense_variant MODERATE 2

c.1210G>C rs200899224 Not reported in CFTR2 missense_variant&splice_region_variantMODERATE 2

c.1734A>G rs201025424 Not reported in CFTR2 synonymous_variant LOW 2

c.1691A>G rs375325315 Not reported in CFTR2 missense_variant MODERATE 2

c.2665C>T rs61738523 Not reported in CFTR2 missense_variant MODERATE 2

c.2917C>T rs747139295 Not reported in CFTR2 missense_variant MODERATE 2

c.2916T>A rs773273576 Not reported in CFTR2 synonymous_variant LOW 2

c.837A>T rs773509355 Not reported in CFTR2 missense_variant MODERATE 2

c.1116+1G>C chr7:117540347:G:C 1248+1G->C Not Evaluated splice_donor_variant&intron_variantHIGH 1

c.1209+6A>G rs749054857 1341+6A->G Not reported in CFTR2 splice_region_variant&intron_variantLOW 1

c.1585-1G>A rs76713772 1717-1G->A CF-causing splice_acceptor_variant&intron_variantHIGH 0.97 1

c.1680-1G>A rs121908794 1812-1G->A CF-causing splice_acceptor_variant&intron_variantHIGH 1 1

c.2052dupA rs746460279 2184insA CF-causing frameshift_variant HIGH 0.85 1

c.2657+5G>A rs80224560 2789+5G->A CF-causing splice_region_variant&intron_variantLOW 0.43 1

c.147A>G chr7:117504346:A:G 279A/G Not reported in CFTR2 synonymous_variant LOW 1

c.165-3C>T chr7:117509031:C:T 297-3C->T Unknown significance splice_region_variant&intron_variantLOW 1 1

c.2988G>A rs121908797 3120G->A CF-causing splice_region_variant&synonymous_variantLOW 0.55 1

c.3067_3072delATAGTG rs397508492 3199del6 CF-causing inframe_deletion MODERATE 1

c.233dupT rs397508360 365-366insT CF-causing frameshift_variant HIGH 1 1

c.3564G>A rs146804928 3696G/A Not reported in CFTR2 synonymous_variant LOW 1

c.3807C>T chr7:117642527:C:T 3939C/T Not reported in CFTR2 synonymous_variant LOW 1

c.262_263delTT rs754147777 394delTT CF-causing frameshift_variant HIGH 0.97 1

c.3874-4A>G rs201381687 4006-4A->G Not reported in CFTR2 splice_region_variant&intron_variantLOW 1

c.273+4A>G rs387906374 405+4A->G Not Evaluated splice_region_variant&intron_variantLOW 1

c.3964-6C>T chr7:117664682:C:T 4096-6C>T Not reported in CFTR2 splice_region_variant&intron_variantLOW 1

c.489+8T>G chr7:117531122:T:G 621+8T->G Not Evaluated splice_region_variant&intron_variantLOW 1

c.3017C>A rs397508480 A1006E CF-causing missense_variant MODERATE 0.2 1

c.3025G>A rs184724618 A1009T Not reported in CFTR2 missense_variant MODERATE 1

c.358G>A chr7:117530983:G:A A120T Varying clinical consequence missense_variant MODERATE 0.33 1

c.925G>A rs148013312 A309T Not reported in CFTR2 missense_variant MODERATE 1

c.1675G>A rs75549581 A559T CF-causing missense_variant MODERATE 0.98 1

c.26C>T chr7:117480120:C:T A9V Not Evaluated missense_variant MODERATE 1

c.384C>A chr7:117531009:C:A C128X Not Evaluated stop_gained HIGH 1

c.2597G>A rs193922506 C866Y Not Evaluated missense_variant MODERATE 1

c.328G>C chr7:117530953:G:C D110H CF-causing missense_variant MODERATE 0.17 1

c.4297G>A rs750559671 E1433K Not Evaluated missense_variant MODERATE 1

c.3297C>A rs747754623 F1099L Varying clinical consequence missense_variant MODERATE 0.25 1

c.571T>G rs141482808 F191V CF-causing missense_variant MODERATE 0.25 1

c.3517G>A rs368393738 G1173S Not Evaluated missense_variant MODERATE 1

c.3893G>T chr7:117652861:G:T G1298V Not Evaluated missense_variant MODERATE 1

c.638G>A rs775701644 G213E Not Evaluated missense_variant MODERATE 1

c.715G>A rs397508788 G239R Not Evaluated missense_variant MODERATE 1

c.4123C>A rs146947665 H1375N Not Evaluated missense_variant MODERATE 1

c.355A>G rs193922518 I119V Not reported in CFTR2 missense_variant MODERATE 1

c.3238A>C rs766126240 K1080Q Not reported in CFTR2 missense_variant MODERATE 1

c.2851A>G rs181137679 K951E Not Evaluated missense_variant MODERATE 1

c.3177A>G rs1800113 L1059L (3309A/G) Not reported in CFTR2 synonymous_variant LOW 1

c.3230T>C rs139304906 L1077P CF-causing missense_variant MODERATE 0.93 1

c.4003C>T rs145545286 L1335F Not reported in CFTR2 missense_variant MODERATE 1

c.958T>G rs144476686 L320V Non CF-causing missense_variant MODERATE 0 1

c.1125A>C rs73215912 L375F Not reported in CFTR2 missense_variant MODERATE 1

c.1399C>T rs1800089 L467F Not Evaluated missense_variant MODERATE 1

c.3409A>G rs397508553 M1137V Not Evaluated missense_variant MODERATE 1

c.454A>T chr7:117531079:A:T M152L Not Evaluated missense_variant MODERATE 1

c.794T>G rs148519623 M265R Varying clinical consequence missense_variant MODERATE 0.83 1

c.2856G>C chr7:117603730:G:C M952I Not Evaluated missense_variant MODERATE 1

c.1253A>G rs397508185 N418S Not Evaluated missense_variant MODERATE 1

c.3038C>T chr7:117610568:C:T P1013L Not Evaluated missense_variant MODERATE 1

c.332C>T rs140502196 P111L Not Evaluated missense_variant MODERATE 1

c.14C>T rs193922501 P5L Varying clinical consequence missense_variant MODERATE 0.1 1

c.3713A>G rs397508594 Q1238R Not reported in CFTR2 missense_variant MODERATE 1

c.4054C>G chr7:117664778:C:G Q1352E Not reported in CFTR2 missense_variant MODERATE 1

c.4426C>T rs374705585 Q1476X Varying clinical consequence stop_gained HIGH 0.18 1

c.451C>A chr7:117531076:C:A Q151K Not Evaluated missense_variant MODERATE 1

c.535C>A chr7:117534321:C:A Q179K Not Evaluated missense_variant MODERATE 1

c.3197G>A chr7:117611638:G:A R1066H CF-causing missense_variant MODERATE 0.33 1

c.3208C>T rs202179988 R1070W Varying clinical consequence missense_variant MODERATE 0.34 1

c.349C>T chr7:117530974:C:T R117C CF-causing missense_variant MODERATE 0.24 1

c.349C>G chr7:117530974:C:G R117G Varying clinical consequence missense_variant MODERATE 0.13 1

c.350G>T chr7:117530975:G:T R117L Varying clinical consequence missense_variant MODERATE 0.13 1

c.4357C>T chr7:117667022:C:T R1453W Not reported in CFTR2 missense_variant MODERATE 1

c.1040G>A chr7:117540270:G:A R347H CF-causing missense_variant MODERATE 0.24 1

c.224G>T chr7:117509093:G:T R75L Not Evaluated missense_variant MODERATE 1

c.2353C>T rs374946172 R785X CF-causing stop_gained HIGH 1 1

c.2374C>G chr7:117592541:C:G R792G Not Evaluated missense_variant MODERATE 1

c.2375G>A rs369040061 R792Q Not Evaluated missense_variant MODERATE 1

c.2428A>G rs377447726 R810G Not Evaluated missense_variant MODERATE 1

c.3353C>G chr7:117611794:C:G S1118C Not Evaluated missense_variant MODERATE 1

c.4276T>C rs397508708 S1426P Not reported in CFTR2 missense_variant MODERATE 1



c.4364C>G rs121909043 S1455X Varying clinical consequence stop_gained HIGH 0.1 1

c.125C>T rs143456784 S42F Not Evaluated missense_variant MODERATE 1

c.149C>A rs397508220 S50Y Not reported in CFTR2 missense_variant MODERATE 1

c.1647T>G rs121909005 S549R(T->G) CF-causing missense_variant MODERATE 1

c.2930C>T rs141033578 S977F Varying clinical consequence missense_variant MODERATE 0.25 1

c.3737C>T rs397508600 T1246I Varying clinical consequence missense_variant MODERATE 0.45 1

c.3896C>T rs397508634 T1299I Not Evaluated missense_variant MODERATE 1

c.490A>G rs200885306 T164A Not reported in CFTR2 missense_variant&splice_region_variantMODERATE 1

c.1811C>G chr7:117591978:C:G T604S Not reported in CFTR2 missense_variant MODERATE 1

c.2723C>A rs369521395 T908N Not Evaluated missense_variant MODERATE 1

c.695T>A rs397508783 V232D CF-causing missense_variant MODERATE 0.13 1

c.2537G>A rs397508393 W846X CF-causing stop_gained HIGH 1

c.1731C>T rs55928397 Y577Y (1863C/T) Not reported in CFTR2 synonymous_variant LOW 1

c.-4287G>A chr7:117475808:G:A Not reported in CFTR2 intergenic_region MODIFIER 1

c.-4280G>A chr7:117475815:G:A Not reported in CFTR2 intergenic_region MODIFIER 1

c.40A>G chr7:117480134:A:G Not reported in CFTR2 missense_variant MODERATE 1

c.70T>G chr7:117504269:T:G Not reported in CFTR2 missense_variant MODERATE 1

c.127G>A chr7:117504326:G:A Not reported in CFTR2 missense_variant MODERATE 1

c.336T>C chr7:117530961:T:C Not reported in CFTR2 synonymous_variant LOW 1

c.377G>C chr7:117531002:G:C Not reported in CFTR2 missense_variant MODERATE 1

c.393T>C chr7:117531018:T:C Not reported in CFTR2 synonymous_variant LOW 1

c.472A>G chr7:117531097:A:G Not reported in CFTR2 missense_variant MODERATE 1

c.492T>A chr7:117534278:T:A Not reported in CFTR2 splice_region_variant&synonymous_variantLOW 1

c.529A>T chr7:117534315:A:T Not reported in CFTR2 missense_variant MODERATE 1

c.603G>A chr7:117535271:G:A Not reported in CFTR2 synonymous_variant LOW 1

c.640C>T chr7:117535308:C:T Not reported in CFTR2 synonymous_variant LOW 1

c.912C>T chr7:117540142:C:T Not reported in CFTR2 synonymous_variant LOW 1

c.1079C>T chr7:117540309:C:T Not reported in CFTR2 missense_variant MODERATE 1

c.1164G>A chr7:117542063:G:A Not reported in CFTR2 synonymous_variant LOW 1

c.1232A>G chr7:117548663:A:G Not reported in CFTR2 missense_variant MODERATE 1

c.1301C>T chr7:117548732:C:T Not reported in CFTR2 missense_variant MODERATE 1

c.1366G>C chr7:117548797:G:C Not reported in CFTR2 missense_variant MODERATE 1

c.1392+11delT chr7:117548830:CT:C Not reported in CFTR2 intron_variant MODIFIER 1

c.1393-6T>C chr7:117559458:T:C Not reported in CFTR2 splice_region_variant&intron_variantLOW 1

c.1446T>A chr7:117559517:T:A Not reported in CFTR2 synonymous_variant LOW 1

c.1484C>T chr7:117559555:C:T Not reported in CFTR2 missense_variant MODERATE 1

c.1522T>G chr7:117559593:T:G Not reported in CFTR2 missense_variant MODERATE 1

c.1584+5016T>C chr7:117564671:T:C Not reported in CFTR2 intron_variant MODIFIER 1

c.1614T>A chr7:117587768:T:A Not reported in CFTR2 missense_variant MODERATE 1

c.1785G>T chr7:117591952:G:T Not reported in CFTR2 missense_variant MODERATE 1

c.1804T>C chr7:117591971:T:C Not reported in CFTR2 synonymous_variant LOW 1

c.1830A>T chr7:117591997:A:T Not reported in CFTR2 missense_variant MODERATE 1

c.2078T>C chr7:117592245:T:C Not reported in CFTR2 missense_variant MODERATE 1

c.2118C>T chr7:117592285:C:T Not reported in CFTR2 synonymous_variant LOW 1

c.2229G>A chr7:117592396:G:A Not reported in CFTR2 synonymous_variant LOW 1

c.2305G>A chr7:117592472:G:A Not reported in CFTR2 missense_variant MODERATE 1

c.2354G>A chr7:117592521:G:A Not reported in CFTR2 missense_variant MODERATE 1

c.2757C>T chr7:117603631:C:T Not reported in CFTR2 synonymous_variant LOW 1

c.2780T>A chr7:117603654:T:A Not reported in CFTR2 missense_variant MODERATE 1

c.2931C>T chr7:117606696:C:T Not reported in CFTR2 synonymous_variant LOW 1

c.2974T>G chr7:117606739:T:G Not reported in CFTR2 missense_variant MODERATE 1

c.3125A>G chr7:117610655:A:G Not reported in CFTR2 missense_variant MODERATE 1

c.3140-4A>T chr7:117611577:A:T Not reported in CFTR2 splice_region_variant&intron_variantLOW 1

c.3308T>C chr7:117611749:T:C Not reported in CFTR2 missense_variant MODERATE 1

c.3543A>G chr7:117627596:A:G Not reported in CFTR2 synonymous_variant LOW 1

c.3588A>T chr7:117627641:A:T Not reported in CFTR2 synonymous_variant LOW 1

c.3592G>A chr7:117627645:G:A Not reported in CFTR2 missense_variant MODERATE 1

c.3637A>C chr7:117627690:A:C Not reported in CFTR2 missense_variant MODERATE 1

c.3762A>G chr7:117642482:A:G Not reported in CFTR2 synonymous_variant LOW 1

c.3933T>G chr7:117652901:T:G Not reported in CFTR2 missense_variant MODERATE 1

c.4028G>T chr7:117664752:G:T Not reported in CFTR2 missense_variant MODERATE 1

c.4142A>G chr7:117665464:A:G Not reported in CFTR2 missense_variant MODERATE 1

c.4144C>A chr7:117665466:C:A Not reported in CFTR2 missense_variant MODERATE 1

c.4181A>G chr7:117665503:A:G Not reported in CFTR2 missense_variant MODERATE 1

c.4243-3T>C chr7:117666905:T:C Not reported in CFTR2 splice_region_variant&intron_variantLOW 1

c.4313G>A chr7:117666978:G:A Not reported in CFTR2 missense_variant MODERATE 1

c.4320C>T chr7:117666985:C:T Not reported in CFTR2 synonymous_variant LOW 1

c.4336A>C chr7:117667001:A:C Not reported in CFTR2 synonymous_variant LOW 1

c.4340T>A chr7:117667005:T:A Not reported in CFTR2 missense_variant MODERATE 1

c.4367G>A chr7:117667032:G:A Not reported in CFTR2 missense_variant MODERATE 1

c.3521A>C rs137875514 Not reported in CFTR2 missense_variant MODERATE 1

c.3180A>G rs142526976 Not reported in CFTR2 synonymous_variant LOW 1

c.2424T>C rs143954792 Not reported in CFTR2 synonymous_variant LOW 1

c.3064G>A rs144441835 Not reported in CFTR2 missense_variant MODERATE 1

c.2708A>G rs147297080 Not reported in CFTR2 missense_variant MODERATE 1

c.264A>C rs149662778 Not reported in CFTR2 missense_variant MODERATE 1

c.2003G>A rs199623561 Not reported in CFTR2 missense_variant MODERATE 1

c.2502T>G rs200735475 Not reported in CFTR2 missense_variant MODERATE 1

c.1301C>A rs367934560 Not reported in CFTR2 stop_gained HIGH 1

c.4206C>T rs368044495 Not reported in CFTR2 synonymous_variant LOW 1

c.310A>G rs369715785 Not reported in CFTR2 missense_variant MODERATE 1

c.1690A>G rs371291116 Not reported in CFTR2 missense_variant MODERATE 1

c.3256A>T rs373043500 Not reported in CFTR2 missense_variant MODERATE 1

c.538C>G rs374163420 Not reported in CFTR2 missense_variant MODERATE 1

c.1340A>G rs746941790 Not reported in CFTR2 missense_variant MODERATE 1

c.2192C>T rs748634753 Not reported in CFTR2 missense_variant MODERATE 1

c.4363T>G rs748845320 Not reported in CFTR2 missense_variant MODERATE 1

c.66A>G rs748899228 Not reported in CFTR2 synonymous_variant LOW 1

c.3650C>T rs749662161 Not reported in CFTR2 missense_variant MODERATE 1

c.1629A>G rs751730446 Not reported in CFTR2 synonymous_variant LOW 1

c.4064G>T rs755028771 Not reported in CFTR2 missense_variant MODERATE 1

c.589T>C rs755619078 Not reported in CFTR2 synonymous_variant LOW 1

c.3984A>G rs755917129 Not reported in CFTR2 missense_variant MODERATE 1

c.2505T>C rs761043298 Not reported in CFTR2 synonymous_variant LOW 1

c.29G>A rs762241850 Not reported in CFTR2 missense_variant MODERATE 1

c.3340G>C rs762831873 Not reported in CFTR2 missense_variant MODERATE 1

c.4053G>A rs763602969 Not reported in CFTR2 synonymous_variant LOW 1

c.727A>G rs763914313 Not reported in CFTR2 missense_variant MODERATE 1



c.2490+5G>T rs764466147 Not reported in CFTR2 splice_region_variant&intron_variantLOW 1

c.810A>G rs767312350 Not reported in CFTR2 synonymous_variant LOW 1

c.2882T>C rs769377991 Not reported in CFTR2 missense_variant MODERATE 1

c.251A>G rs769754499 Not reported in CFTR2 missense_variant MODERATE 1

c.2742T>C rs769879940 Not reported in CFTR2 synonymous_variant LOW 1

c.2743G>C rs770502501 Not reported in CFTR2 missense_variant MODERATE 1

c.3783G>T rs771812900 Not reported in CFTR2 synonymous_variant LOW 1

c.62G>T rs777520137 Not reported in CFTR2 missense_variant MODERATE 1

c.1227T>C rs778548877 Not reported in CFTR2 synonymous_variant LOW 1

c.510T>A rs780772620 Not reported in CFTR2 synonymous_variant LOW 1



 

 

Supplementary Table 2: Grouped variant testing in COPDGene using SKAT-O 
 

 
 

CF-causing CF-causing  
+  
Varying clinical consequence 

CF-causing  
+ 
Varying clinical 
consequence 
+ 
Predicted 
functional 

All coding 
variants 

# of Variants 36 (33 variants in weighted 
analysis) 

61 (58 variants in weighted analysis) 206 2971 

# of Alleles 254 548 866 2820 

 p-value p-value with 
weighting2 

p-value p-value with 
weighting2 

p-value p-value 

Chronic Bronchitis 0.016 0.015 0.055 0.015 0.056 0.15 

COPD 0.049 0.044 0.14 0.045 0.12 0.088 

Severe COPD 0.37 0.34 0.42 0.35 0.20 0.029 

Severe Exacerbations 0.18 0.17 0.38 0.18 0.31 0.30 

BMI 0.22 0.20 0.40 0.21 0.42 0.30 

FEV1 percent predicted 0.25 0.22 0.18 0.22 0.15 0.23 

Percent Emphysema 0.37 0.38 0.42 0.38 0.44 0.20 

Airway Wall Thickness 0.11 0.11 0.019 0.098 0.024 0.028 

Bronchodilator Response 
% FEV11 0.023 0.020 0.025 0.020 0.020 0.21 

1. All -p-values are one-sided except for BDR which is two sided 

2. SKAT was performed with weighting for %pancreatic insufficiency as a measure of disease severity.  Three variants did not have pancreatic 

insufficiency data and were therefore excluded from the weighted analysis 

  



 

 

 
Supplementary Table 3: Burden testing in COPDGene stratified by current smoking status. P-values and effect sizes for variant-set testing of CFTR 
variants with chronic bronchitis. 
 
 

 Current Smokers Former Smokers 

Chronic Bronchitis 
p-value/ OR* 

Chronic Bronchitis 
p-value/ OR* 

Yes No Yes No 

CF-causing 45  
(39.5%) 

69 0.0082 
(OR=1.62) 

23 
(17.2%) 

111 0.082 

CF-causing + 
Varying clinical 
consequence 

76  
(31.7%) 

164 0.037 
(OR=1.22) 

33 
(15.3%) 

182 0.31 

CF-causing + 
Varying clinical 
consequence + 
Predicted functional 

115 
(29.8%) 

271 0.011 
(OR=1.24) 

54 
(15.6%) 

292 0.23 

All coding variants 313 
(26.8%) 

856 0.45 150 
(13.2%) 

988 0.46 
 

Controls  
(no CFTR variants) 

813 
(23.9%) 

2579 - 389 
(13.5%) 

2500 - 

*All -p-values are one-sided. Odds ratios or beta coefficients are shown for all nominally significant associations  (p<0.05). 
 
  



 

 

 
Supplementary Table 4: Burden testing in COPDGene stratified by COPD case control status. P-values and effect sizes for variant-set testing of 
CFTR variants with chronic bronchitis.  
 

 COPD Cases Smoking Controls 

Chronic Bronchitis 
p-value/ OR* 

Chronic Bronchitis 
p-value/ OR* 

Yes No Yes No 

CF-causing 51 (38.1%) 83 0.0022  
(OR=1.72) 

17 (14.9%) 97 0.37 

CF-causing + 
Varying clinical 
consequence 

72 (33.8%) 141 0.038 
(OR=1.27) 

37 (15.4%) 203 0.23 

CF-causing + 
Varying clinical 
consequence + 
Predicted functional 

106 (31.5%) 231 0.022 
(OR=1.24) 

62 (15.9%) 327 0.13 

All coding variants 308 (28.1%) 787 0.16 150 (12.5%) 1047 0.11 

Controls  
(no CFTR variants) 

701 (25.5%) 2050 - 493 (14.1%) 2996 - 

*All -p-values are one-sided. Odds ratios or beta coefficients are shown for all nominally significant associations  (p<0.05). 
  



 

 

Supplementary Table 5: Single variant testing of all variants in COPDGene with severe COPD.  Variants with minor allele count > 10 were included 
in this analysis.  
 
 

Variant ID HGVS ID 
(legacy 
name) 

Allele 
counts 

Severe COPD Effect 
 

CFTR2 
Determination 

SNFEff function 

One sided  
p-value  
(Effect Size) 

One sided  
p-value with 
permutation 

rs142540482 
c.221G>A 
(R74Q) 11 

0.0038 
(OR=7.30) 0.16 Missense variant 

Reported in CFTR2; 
not yet annotated MODERATE 

chr7:117509093:G:A 
c.224G>A 
(R75Q) 459 

0.0068 
(OR=1.38) 0.02 Missense variant Non CF-causing MODERATE 

rs150157202 
c.2260G>A 
(V754M) 28 

0.015 
(OR=2.76) 0.09 Missense variant Non CF-causing MODERATE 

rs143486492 
c.890G>A 
(R297Q) 17 0.050 0.17 Missense variant 

Reported in CFTR2; 
not yet annotated MODERATE 

chr7:117530975:G:A 
c.350G>A 
(R117H) 27 0.062 0.16 Missense variant 

Varying clinical 
consequence MODERATE 

rs151073129 
c.853A>T 
(I285F) 21 0.081 0.14 Missense variant 

Reported in CFTR2; 
not yet annotated MODERATE 

chr7:117548796:G:A c.1365G>A 21 0.081 0.15 Synonymous variant 
Not reported in 
CFTR2 LOW 

chr7:117666903:C:T 
c.4243-5C>T 
(4375-5C->T) 23 0.11 0.16 

Splice region variant 
& intron variant 

Reported in CFTR2; 
not yet annotated LOW 

chr7:117559594:T:G 
c.1523T>G 
(F508C) 19 0.11 0.23 Missense variant Non CF-causing MODERATE 

rs34911792 
c.3705T>G 
(S1235R) 131 0.13 0.13 Missense variant Non CF-causing MODERATE 

rs1800094 c.1581A>G 78 0.15 0.14 Synonymous variant 
Not reported in 
CFTR2 LOW 

rs60887846 c.2820T>G 25 0.26 0.07 Synonymous variant 
Not reported in 
CFTR2 LOW 



 

 

rs1800118 c.3285A>T 109 0.30 0.35 Synonymous variant 
Reported in CFTR2; 
not yet annotated LOW 

rs1800103 
c.2421A>G 
(I807M) 10 0.31 0.21 Missense variant Non CF-causing MODERATE 

rs371315549 
c.274-6T>C 
(406-6T->C) 13 0.42 0.28 

Splice region variant 
& intron variant 

Reported in CFTR2; 
not yet annotated LOW 

rs1800111 
c.2991G>C 
(L997F) 29 0.45 0.45 

Missense variant & 
splice region variant Non CF-causing MODERATE 

chr7:117531068:T:C 
c.443T>C 
(I148T) 22 0.50 0.63 Missense variant Non CF-causing MODERATE 

chr7:117559655:G:A 
c.1584G>A 
(1716G/A) 290 0.51 0.54 

Splice region variant 
& synonymous 
variant Non CF-causing LOW 

rs1800112 
c.3080T>C 
(I1027T) 11 0.57 0.53 Missense variant Non CF-causing MODERATE 

rs199826652 

c.1521_1523
delCTT 
(F508del) 177 0.62 0.68 

Disruptive inframe 
deletion CF-causing MODERATE 

chr7:117642528:G:A 
c.3808G>A 
(D1270N) 86 0.65 0.57 Missense variant 

Varying clinical 
consequence MODERATE 

rs75541969 
c.3454G>C 
(D1152H) 14 0.68 0.66 Missense variant 

Varying clinical 
consequence MODERATE 

chr7:117504290:C:T 
c.91C>T 
(R31C) 28 0.69 0.70 Missense variant Non CF-causing MODERATE 

rs140455771 
c.2249C>T 
(P750L) 14 0.74 0.73 Missense variant 

Varying clinical 
consequence MODERATE 

rs1800110 
c.2900T>C 
(L967S) 29 0.76 0.69 Missense variant 

Varying clinical 
consequence MODERATE 

rs1800109 
c.2898G>A 
(3030G/A) 166 0.78 0.76 Synonymous variant 

Reported in CFTR2; 
not yet annotated LOW 

rs1800100 
c.2002C>T 
(R668C) 105 0.84 0.82 Missense variant Non CF-causing MODERATE 

rs115545701 
c.220C>T 
(R74W) 82 0.85 0.81 Missense variant 

Varying clinical 
consequence MODERATE 



 

 

rs151235408 
c.2245C>T 
(2377C/T) 14 0.86 0.84 Synonymous variant 

Reported in CFTR2; 
not yet annotated LOW 

chr7:117590400:G:C 
c.1727G>C 
(G576A) 85 0.88 0.93 Missense variant Non CF-causing MODERATE 

chr7:117627538:G:T 
c.3485G>T 
(R1162L) 17 0.93 0.05 Missense variant Non CF-causing MODERATE 

rs1800079 
c.509G>A 
(R170H) 12 0.94 0.13 Missense variant Non CF-causing MODERATE 

rs148783445 
c.4333G>A 
(D1445N) 11 0.95 0.12 Missense variant 

Reported in CFTR2; 
not yet annotated MODERATE 

rs1800135 
c.4272C>T 
(4404C/T) 136 0.97 0.98 Synonymous variant 

Reported in CFTR2; 
not yet annotated LOW 

rs1800131 
c.3897A>G 
(4029A/G) 17 0.98 0.97 Synonymous variant 

Reported in CFTR2; 
not yet annotated LOW 

chr7:117603609:C:T 
c.2735C>T 
(S912L) 16 1.00 0.94 Missense variant 

Unknown 
significance MODERATE 

 
 
  



 

 

Supplementary Table 6: CFTR Compound Heterozygous Subjects in COPDGene  
 
Variant 1/ Variant 2 
HGVSc 

Variant 
Determination  

Case/ 
Control 

Current 
Smoker 
Status 

Chronic 
Bronchitis 

Bronchiectasis 

c.1521_1523delCTT 
c.1584G>A 

CF-causing/ 
Non CF causing 

Control Current 

No  

c.1521_1523delCTT 
c.1584G>A 

CF-causing/ 
Non CF-causing 

Control Former 

No  

c.1521_1523delCTT 
c.1584G>A 

CF-causing/ 
Non CF-causing 

Case Former Chronic 
Bronchitis Bronchiectasis score=2; 2 lobes with bronchiectasis  

c.1521_1523delCTT 
c.1584G>A 

CF-causing/ 
Non CF-causing 

Case Former 

No  

c.1521_1523delCTT 
c.2735C>T 

CF-causing/ 
MODERATE 

Control Former 

No  

c.1521_1523delCTT 
c.3485G>T 

CF-causing/ 
Non CF-causing 

Case Former 

No  

c.1521_1523delCTT 
c.650A>G 

CF-causing/ 
MODERATE 

Case Former 

No  

c.1521_1523delCTT
/  
 c.221G>A and 
c.890G>A1 

CF-causing/ 
MODERATE 

Case Current 

Chronic 
Bronchitis  

c.1521_1523delCTT 
c.221G>A and 
c.890G>A 

CF-causing/ 
MODERATE 

Case Current 
Chronic 
Bronchitis  

c.1521_1523delCTT 
c.2855T>C 

CF-causing/ 
MODERATE 

Control Former 

No  

c.1521_1523delCTT 
c.2245C>T 

CF-causing/ 
LOW 

Case Current Chronic 
Bronchitis  

c.1521_1523delCTT 
c.2002C>T 

CF-causing/ 
MODERATE 

Case Former 

No  

c.1521_1523delCTT 
c.2002C>T 

CF-causing/ 
MODERATE 

Case Former Chronic 
Bronchitis No bronchiectasis 

c.1521_1523delCTT CF-causing/ Case Former No  



 

 

c.2900T>C Varying clinical 
consequence 

c.1521_1523delCTT 
c.3285A>T 

CF-causing/ 
LOW 

Case Current 

No  

c.1521_1523delCTT 
c.4272C>T 

CF-causing/ 
LOW 

Case Former 

No  

c.1521_1523delCTT 
c.4272C>T 

CF-causing/ 
LOW 

Control Current Chronic 
Bronchitis  

c.1521_1523delCTT 
c.4272C>T 

CF-causing/ 
LOW 

Case Current Chronic 
Bronchitis  

c.1521_1523delCTT 
c.3705T>G 

CF-causing/ 
Non CF-causing 

Control Former 

No Bronchiectasis score=5; 3 lobes with bronchiectasis  
c.1521_1523delCTT 
c.3705T>G 

CF-causing/ 
Non CF-causing 

Case Current 

No  

c.1521_1523delCTT 
c.589T>C  

CF-causing/ 
LOW 

Case Current Chronic 
Bronchitis  

c.1521_1523delCTT 

c.224G>A 
CF-causing/ 
Non CF-causing 

Case Former 

No  

c.1521_1523delCTT 

c.224G>A 
CF-causing/ 
Non CF-causing 

Case Former Chronic 
Bronchitis No bronchiectasis 

c.1521_1523delCTT 

c.224G>A 
CF-causing/ 
Non CF-causing 

Case Current 

No  

c.1521_1523delCTT 

c.224G>A 
CF-causing/ 
Non CF-causing 

Case Former 

No  

c.1521_1523delCTT 

c.224G>A 
CF-causing/ 
Non CF-causing 

Control Current 

No  

c.1521_1523delCTT 
c.727A>G  

CF-causing/ 
MODERATE 

Control Current 

No  

c.3209G>A/  
c.3808G>A 

Varying clinical 
consequence/ 
Varying clinical 
consequence 

Control Current 

No  

c.350G>A/  
c.2900T>C and   

Varying clinical 
consequence/ 

Case Former 

No  



 

 

c.3808G>A2 Varying clinical 
consequence 

c.1865G>A/ 
c.220C>T and 
c.3808G>A3 

Varying clinical 
consequence/ 
Varying clinical 
consequence 

Case Former 

No  

c.220C>T and 
c.3808G>A/  
c.220C>T and 
c.3808G>A3 

Varying clinical 
consequence/ 
Varying clinical 
consequence 

Control Current 

No  

c.220C>T and 
c.3808G>A/ 
c.220C>T and 
c.3808G>A3 

Varying clinical 
consequence/ 
Varying clinical 
consequence 

Control Former 

No Bronchiectasis score=6; 3 lobes with bronchiectasis  
1 c.890G>A is often in cis with c.221G>A.  Both variants are missense variants predicted to have moderate impact on CFTR protein  
2 c.2900T>C was found in cis with c.3808G>A in one subject.  Both variants have varying clinical consequence.  
3 c.2900T>C is often in cis with c.3808G>A.  Both variants have varying clinical consequence 
  



 

 

Supplementary Table 7:  Alternative variants IDs for compound heterozygous subjects in COPDGene 
 
Variant 1/ Variant 2 
Variant ID 

Variant 1/ Variant 2 
 HGVSc ID 

Variant 1/ Variant 2 
Legacy Name 

rs199826652/ chr7:117559655:G:A c.1521_1523delCTT/ c.1584G>A F508del/ 1716G/A 

rs199826652/ chr7:117559655:G:A c.1521_1523delCTT/ c.1584G>A F508del/ 1716G/A 

rs199826652/ chr7:117559655:G:A c.1521_1523delCTT/ c.1584G>A F508del/ 1716G/A 

rs199826652/ chr7:117559655:G:A c.1521_1523delCTT/ c.1584G>A F508del/ 1716G/A 

rs199826652/ chr7:117603609:C:T c.1521_1523delCTT/ c.2735C>T F508del/ S912L 

rs199826652/ chr7:117627538:G:T 
c.1521_1523delCTT/ c.3485G>T F508del 

 

rs199826652/ rs121909046 c.1521_1523delCTT/c.650A>G F508del/ E217G 

rs199826652/  
rs142540482 and rs143486492 

c.1521_1523delCTT/  
 c.221G>A and c.890G>A 

F508del/ R74Q and R297Q 

rs199826652/  
rs142540482 and rs143486492 

c.1521_1523delCTT/ 
c.221G>A and c.890G>A 

F508del/R74Q and R297Q 

rs199826652/ rs142773283 c.1521_1523delCTT/ c.2855T>C F508del/M952T 

rs199826652/ rs151235408 c.1521_1523delCTT/ c.2245C>T F508del/2377C/T 

rs199826652/ rs1800100 
c.1521_1523delCTT/ c.2002C>T F508del 

 

rs199826652/ rs1800100 
c.1521_1523delCTT/ c.2002C>T F508del 

 

rs199826652/ rs1800110 c.1521_1523delCTT/ c.2900T>C F508del/L967S 

rs199826652/ rs1800118 
c.1521_1523delCTT/ c.3285A>T F508del 

 

rs199826652/ rs1800135 c.1521_1523delCTT/ c.4272C>T F508del/4404C/T 

rs199826652/ rs1800135 c.1521_1523delCTT/ c.4272C>T F508del/4404C/T 

rs199826652/ rs1800135 c.1521_1523delCTT/ c.4272C>T F508del/4404C/T 

rs199826652/ rs34911792 c.1521_1523delCTT/ c.3705T>G F508del/S1235R 

rs199826652/ rs34911792 c.1521_1523delCTT/ c.3705T>G F508del/S1235R 

rs199826652/ rs755619078 
c.1521_1523delCTT/ c.589T>C  F508del 

 

rs199826652/ chr7:117509093:G:A 
 

c.1521_1523delCTT/ c.224G>A 
 

F508del/R75Q 



 

 

rs199826652/ chr7:117509093:G:A 
 

c.1521_1523delCTT/ c.224G>A 
 

F508del/R75Q 

rs199826652/ chr7:117509093:G:A 
 

c.1521_1523delCTT/ c.224G>A 
 

F508del/R75Q 

rs199826652/ chr7:117509093:G:A 
 

c.1521_1523delCTT/ c.224G>A 
 

F508del/R75Q 

rs199826652/ chr7:117509093:G:A 
 

c.1521_1523delCTT/ c.224G>A 
 

F508del/R75Q 

rs199826652/ rs763914313 
c.1521_1523delCTT/ c.727A>G  F508del 

 

chr7:117611650:G:A/ 
chr7:117642528:G:A 

c.3209G>A/ c.3808G>A R1070Q / D1270N 

chr7:117530975:G:A/ 
rs115545701 and chr7:117642528:G:A 

c.350G>A/ c.2900T>C and c.3808G>A R117H/ R74W and D1270N 

rs121908759/  
rs115545701 and chr7:117642528:G:A 

c.1865G>A/ c.220C>T and c.3808G>A G622D/ R74W and D1270N 

rs115545701 and chr7:117642528:G:A/ 
rs115545701 and chr7:117642528:G:A 

c.220C>T and c.3808G>A/  
c.220C>T and c.3808G>A 

R74W and D1270N/ 
R74W and D1270N 

rs115545701 and chr7:117642528:G:A/ 
rs115545701 and chr7:117642528:G:A 

c.220C>T and c.3808G>A/ 
c.220C>T and c.3808G>A 

R74W and D1270N/ 
R74W and D1270N 

 
 



HGVS ID Variant ID Legacy Name CFTR2 Determination SnpEff predicted effect Pancreatic Insufficiency
Number of 
alleles in 
ECLIPSE

c.1408G>A rs213950 V470M Non CF-causing missense_variant 1963
c.2562T>G chr7:117595001:T:G Not reported in CFTR2 synonymous_variant 1543
c.4389G>A rs1800136 4521G/A Not evaluated synonymous_variant 1128
c.744-9_744-6delGATT rs1432807327 Not reported in CFTR2 splice_region_variant&intron_variant 882
c.3870A>G rs1800130 P1290P Not evaluated synonymous_variant 179
c.224G>A chr7:117509093:G:A R75Q Non CF-causing missense_variant 0.28 160
c.1210-7_1210-6dupTT chr7:117548628:G:GTT Not reported in CFTR2 splice_region_variant&intron_variant 137
c.1210-7_1210-6delTT rs1491448762 Not reported in CFTR2 splice_region_variant&intron_variant 136
c.1251C>A chr7:117548682:C:A Not reported in CFTR2 missense_variant 119
c.1584G>A chr7:117559655:G:A 1716G/A Non CF-causing splice_region_variant&synonymous_variant 0.67 114
c.1521_1523delCTT rs1297060838 F508del CF-causing disruptive_inframe_deletion 0.98 57
c.3285A>T rs1800118 3417A/T Not Evaluated synonymous_variant 49
c.3705T>G rs34911792 S1235R Non CF-causing missense_variant 0.38 41
c.4272C>T chr7:117666937:C:T 4404C/T Not evaluated synonymous_variant 29
c.2898G>A rs1800109 3030G/A Not evaluated synonymous_variant 27
c.350G>A chr7:117530975:G:A R117H Varying clinical consequence missense_variant 0.23 14
c.744-9_744-6dupGATT rs386134231 Not reported in CFTR2 splice_region_variant&intron_variant 13
c.2900T>C rs1800110 L967S Varying clinical consequence missense_variant 0.00 11
c.443T>C chr7:117531068:T:C I148T Non CF-causing missense_variant 0.88 11
c.91C>T chr7:117504290:C:T R31C Non CF-causing missense_variant 0.30 10
c.2991G>C rs1800111 L997F Non CF-causing missense_variant&splice_region_variant 0.32 10
c.2855T>C rs142773283 M952T Unknown significance missense_variant 0.00 8
c.3485G>T chr7:117627538:G:T R1162L Non CF-causing missense_variant 0.38 8
c.2260G>A rs150157202 V754M Non CF-causing missense_variant 0.73 8
c.1523T>G chr7:117559594:T:G F508C Non CF-causing missense_variant 0.60 7
c.2245C>T rs151235408 2377C/T Not evaluated synonymous_variant 7
c.3897A>G rs1800131 4029A/G Not evaluated synonymous_variant 7
c.890G>A rs143486492 R297Q Not evaluated missense_variant 5
c.2421A>G rs1800103 I807M Non CF-causing missense_variant 0.00 4
c.3154T>G chr7:117611595:T:G F1052V Varying clinical consequence missense_variant 0.15 4
c.3873+2T>C rs146795445 4005+2T->C CF-causing splice_donor_variant&intron_variant 0.27 4
c.3909C>G rs80034486 N1303K CF-causing missense_variant 0.98 4
c.650A>G rs121909046 E217G Not evaluated missense_variant 4
c.3415A>G rs397508556 I1139V Not Evaluated missense_variant 4
c.2249C>T rs140455771 P750L Varying clinical consequence missense_variant 0.33 3
c.1624G>T chr7:117587778:G:T G542X CF-causing stop_gained 0.98 3
c.3558A>G chr7:117627611:A:G Q1186Q (3690A/G) Not reported in CFTR2 synonymous_variant 3
c.1043T>A rs142920240 M348K Not evaluated missense_variant 3
c.1052C>G chr7:117540282:C:G T351S Not evaluated missense_variant 3
c.1079C>T chr7:117540309:C:T Not reported in CFTR2 missense_variant 3
c.2770G>A chr7:117603644:G:A D924N Unknown significance missense_variant 0.00 2
c.1001G>A chr7:117540231:G:A R334Q Varying clinical consequence missense_variant 0.00 2
c.220C>T rs115545701 R74W Varying clinical consequence missense_variant 0.15 2
c.349C>T chr7:117530974:C:T R117C CF-causing missense_variant 0.24 2
c.2657+2_2657+3insA rs397508414 2789+2insA Unknown significance splice_region_variant&intron_variant 0.31 2
c.3080T>C rs1800112 I1027T Non CF-causing missense_variant 0.70 2
c.262_263delTT rs754147777 394delTT CF-causing frameshift_variant 0.97 2
c.3846G>A chr7:117642566:G:A W1282X CF-causing stop_gained 0.99 2
c.274-6T>C rs371315549 406-6T->C Not evaluated splice_region_variant&intron_variant 2
c.997C>T rs193922533 L333F Not evaluated missense_variant 2
c.1734A>G rs201025424 Not reported in CFTR2 synonymous_variant 2
c.31G>A chr7:117480125:G:A V11I Not evaluated missense_variant 2
c.2758G>A chr7:117603632:G:A V920M Not evaluated missense_variant 2
c.92G>T chr7:117504291:G:T R31L Unknown significance missense_variant 0.00 1
c.14C>T rs193922501 P5L Varying clinical consequence missense_variant 0.10 1
c.3808G>A chr7:117642528:G:A D1270N Varying clinical consequence missense_variant 0.17 1
c.328G>C chr7:117530953:G:C D110H CF-causing missense_variant 0.17 1
c.4426C>T rs374705585 Q1476X Varying clinical consequence stop_gained 0.18 1
c.617T>G rs121908752 L206W CF-causing missense_variant 0.20 1
c.579+3A>G chr7:117534368:A:G 711+3A->G CF-causing splice_region_variant&intron_variant 0.21 1
c.377G>A chr7:117531002:G:A G126D CF-causing missense_variant 0.22 1
c.489+3A>G rs377729736 621+3A->G Varying clinical consequence splice_region_variant&intron_variant 0.25 1
c.1055G>A rs121908753 R352Q CF-causing missense_variant 0.40 1
c.2657+5G>A rs80224560 2789+5G->A CF-causing splice_region_variant&intron_variant 0.43 1
c.2506G>T rs201386642 D836Y Non CF-causing missense_variant 0.50 1
c.2735C>T chr7:117603609:C:T S912L Unknown significance missense_variant 0.60 1
c.3205G>A rs200321110 G1069R Varying clinical consequence missense_variant 0.67 1
c.3484C>T rs74767530 R1162X CF-causing stop_gained 0.97 1
c.1585-1G>A rs76713772 1717-1G->A CF-causing splice_acceptor_variant&intron_variant 0.97 1
c.2052delA rs1164974840 2184delA CF-causing frameshift_variant 0.98 1
c.2988+1G>A rs75096551 3120+1G->A CF-causing splice_donor_variant&intron_variant 0.98 1
c.579+1G>T rs77188391 711+1G->T CF-causing splice_donor_variant&intron_variant 0.98 1
c.580-1G>T chr7:117535247:G:T 712-1G->T CF-causing splice_acceptor_variant&intron_variant 1.00 1
c.715G>A rs397508788 G239R Not evaluated missense_variant 1
c.853A>T rs151073129 I285F Not evaluated missense_variant 1
c.1516A>G chr7:117559587:A:G I506V Not evaluated missense_variant 1
c.41A>T chr7:117480135:A:T Not reported in CFTR2 missense_variant 1
c.92G>A chr7:117504291:G:A Not reported in CFTR2 missense_variant 1
c.672_674delCTG chr7:117535339:TCTG:T Not reported in CFTR2 disruptive_inframe_deletion 1
c.1429C>T chr7:117559500:C:T Not reported in CFTR2 missense_variant 1
c.1516A>C chr7:117559587:A:C I506L Not evaluated missense_variant 1
c.1886C>T chr7:117592053:C:T Not reported in CFTR2 missense_variant 1
c.2110C>A chr7:117592277:C:A Not reported in CFTR2 missense_variant 1
c.2255T>G chr7:117592422:T:G I752S Not evaluated missense_variant 1
c.2493G>A chr7:117594932:G:A Not reported in CFTR2 splice_region_variant&synonymous_variant 1
c.2657+6T>C chr7:117602869:T:C Not reported in CFTR2 splice_region_variant&intron_variant 1
c.2684G>C chr7:117603558:G:C Not reported in CFTR2 missense_variant 1



c.2758G>T chr7:117603632:G:T V920L Not evaluated missense_variant 1
c.2824A>G chr7:117603698:A:G Not reported in CFTR2 missense_variant 1
c.2937T>C chr7:117606702:T:C Not reported in CFTR2 synonymous_variant 1
c.3005T>C chr7:117610535:T:C Not reported in CFTR2 missense_variant 1
c.3219C>T chr7:117611660:C:T Not reported in CFTR2 synonymous_variant 1
c.3590A>G chr7:117627643:A:G Not reported in CFTR2 missense_variant 1
c.3592G>A chr7:117627645:G:A Not reported in CFTR2 missense_variant 1
c.3743C>G chr7:117642463:C:G Not reported in CFTR2 stop_gained 1
c.3780A>C chr7:117642500:A:C Not reported in CFTR2 synonymous_variant 1
c.3918C>G chr7:117652886:C:G Not reported in CFTR2 synonymous_variant 1
c.3945A>G chr7:117652913:A:G Not reported in CFTR2 missense_variant 1
c.4409A>T chr7:117667074:A:T Not reported in CFTR2 missense_variant 1
c.82T>C rs1012752433 Not reported in CFTR2 missense_variant 1
c.4243-7delT rs1170705810 4375-7delT Not evaluated splice_region_variant&intron_variant 1
c.2262G>C rs1201012182 Not reported in CFTR2 synonymous_variant 1
c.1585-7G>A rs1367201083 Not reported in CFTR2 splice_region_variant&intron_variant 1
c.2831T>C rs141747560 V944A Not evaluated missense_variant 1
c.964G>A rs1800085 V322M Not evaluated missense_variant 1
c.2559T>C rs1800104 Not reported in CFTR2 synonymous_variant 1
c.580-2A>G rs193922730 712-2A->G Not evaluated splice_acceptor_variant&intron_variant 1
c.2173G>A rs199791061 Not reported in CFTR2 missense_variant 1
c.1270G>A rs371107552 G424S Not evaluated missense_variant 1
c.365A>G rs377295859 Y122C Not evaluated missense_variant 1
c.1601C>A rs387906368 A534E Not evaluated missense_variant 1
c.2417A>G rs397508375 D806G Not evaluated missense_variant 1
c.2563G>A rs397508397 V855I Not evaluated missense_variant 1
c.2756A>G rs397508430 Y919C Not evaluated missense_variant 1
c.3409A>G rs397508553 M1137V Not evaluated missense_variant 1
c.3680T>C rs397508593 L1227S Not evaluated missense_variant 1
c.4091C>T rs397508670 Not reported in CFTR2 missense_variant 1
c.4312C>T rs397508711 R1438W Not evaluated missense_variant 1
c.2475C>T rs746961486 Not reported in CFTR2 synonymous_variant 1
c.2052A>G rs750642366 Not reported in CFTR2 synonymous_variant 1
c.54-8T>A rs778197563 Not reported in CFTR2 splice_region_variant&intron_variant 1
c.2933A>G rs943473311 Not reported in CFTR2 missense_variant 1
c.2395C>A rs984281283 Not reported in CFTR2 missense_variant 1
c.332C>T chr7:117530957:C:T P111L Not evaluated missense_variant 1
c.221G>A rs142540482 R74Q Not evaluated missense_variant 1
c.3588A>T chr7:117627641:A:T Not reported in CFTR2 synonymous_variant 1
c.2153C>G rs142432539 Not reported in CFTR2 missense_variant 1
c.2424T>C rs143954792 Not reported in CFTR2 synonymous_variant 1
c.925G>A rs148013312 A309T Not reported in CFTR2 missense_variant 1
c.3874-4A>G rs201381687 4006-4A->G Not reported in CFTR2 splice_region_variant&intron_variant 1
c.3713A>G rs397508594 Q1238R Not reported in CFTR2 missense_variant 1
c.589T>C rs755619078 Not reported in CFTR2 synonymous_variant 1
c.948T>G rs78742051 F316L Not reported in CFTR2 missense_variant 1


