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Supplementary Text 1 Genotyping, quality-control, and imputation

KARE

Among 10,038 subjects, 10,004 were available, and they were genotyped with Affymetrix Genome-Wide
Human SNP array 5.0%. For quality control (QC) tests, we excluded SNPs for which the missing
genotype call rates were higher than 0.05, minor allele frequencies (MAFs) were less than 0.05, and
Hardy-Weinberg equilibrium (HWE) P-values were less than 10°°; additionally, participants with missing
genotype call rates higher than 0.05 or with gender inconsistencies were excluded. After QC tests, 8,773

participants with 310,515 markers remained.
GENIE

The participants were genotyped using an Affymetrix customized chip?. Participants whose missing call
rates were higher than 0.05 were excluded and conditions applied for SNP filtering were similar to those
applied in KARE data. After QC tests, genotypes of 7,303 participants were included. Four SNPs
selected from KARE data were not genotyped, and the imputed genotypes were utilized. The genotypes
were first pre-phased using SHAPEIT2 and imputed with IMPUTE2. The 1,000 Genomes Phase 3
haplotypes was used as the reference panel, and the size of the buffer regions for imputations of target
SNPs was set to 5 million base pairs. The estimated imputation accuracies for imputed SNPs, which are
significantly associated to lung function in the discovery phase, were all higher than 0.9%. INFO for

rs17765644, rs17178251, rs11870732, and rs4793541 was 0.99, 0.95, 0.93, and 0.99, respectively.
MESA-Lung

MESA-Lung study enrolled 3,965 participants who were sampled from the MESA cohort. We considered
only NHWs, and they were genotyped using Affymetrix 6.0. The participants were excluded if the
missing call rate was higher than 0.05* and 1,033 subjects were used for replication studies. Four SNPs
selected from KARE data were genotyped and their call rates were all higher than 0.99. P-values of
Hardy-Weinberg equilibrium tests for rs17765644, rs17178251, rs11870732, and rs4792541 were 0.52,
0.90, 0.86, and 0.61, respectively.

COPDgene

SNPs were genotyped using an Illumina Human Omni Express chip®. Participants were excluded® if their



missing call rates were higher than 0.01, relatedness by estimated identity-by-descent was higher than
0.125, or sex discrepancies or inbreeding coefficients were higher than 0.2. As a result, 7,760 NHWs and
3,300 AAs were utilized for replication studies’. Four SNPs selected from KARE data were not
genotyped, and they were imputed with MaCH and minimac. The 1000 Genomes Phase v3 European and
Cosmopolitan data were used as reference panels for NHWs and AAs, respectively. The minimac-RSQs®

for rs17765644, rs17178251, rs11870732, and rs4793541 were higher than 0.98.



Supplementary Text 2 Final models for estimate the effects of SNP and SNP-smoking interaction in
replication phase.

SNPs selected from GWISs with KARE data were replicated with GENIE, MESA-Lung, and
COPDGene data. For each dataset, we considered various models associated with the choices of
smoking-related covariates and variance-covariance structures, and models selected with AICs were used
to replicate the effects of SNPs and their interactions with smoking. Notably, SNPs and their interactions
were not considered for model selection. For GENIE data, smoking status with three levels—
never/former/current smokers—was defined. Different means of FEV1 were observed between former
smokers and current smokers, and smoking status with three levels—never/former/current smokers—
resulted in a better AIC. However, their variances were same. If we consider g’ = 1 for never smokers, g’
= 2 for former smokers, and g’ = 3 for current smokers, the final model was as follows:

Yoii = Bo + Biage; + B,sex; + f,BMI; + B height;; + Sitime; + Sipack year; + f,sex; -age;

+ f,smoking status; + S,age, -smoking status; + 5,,sex; -smoking status,
+ B height; -smoking status; + g,,time; -smoking status; + 3,,SNP, + £,,SNP, -smoking status;

10
+ B,sSNP, - pack years;, + > z,pcf +7,,pc; -smoking status, +b,, + &,
k=1

(&g0-r 84 )' ~ MUN (0,%), b, ~iid MUN (0,62) --- (1)

i o

MESA-Lung data are cross-sectional data. If we consider g = 1 and 2 indicate ever smokers and never
smokers, respectively, the selected model with AIC led to the following model:
Vg = By + Bage; + B,sex; + f,BMI, + B height; + B;pack year, + Sisex; -age; + B,smoking status;
+ f,age, -smoking status, + S,sex; -smoking status; + £, Sex; -age, - smoking status,
10
+ B,,SNP, + 5,,SNP, - smoking status, + f,,SNP, - pack years; + Zrkpd< +1,,pc’ -smoking status,

k=1

+5,, 6, ~ AN (0,67) - (2)

gi?

Lastly, COPDGene data did not have any never smokers or fewer than 10 pack years smokers, and lung
function differed between former smokers and current smokers. If we consider g = 1 for former smokers

and 2 for current smokers, the considered model for AAs in COPDGene was



Yo = By + Bage; + Bsex; + B,BMI, + B,height; + B;pack year, + Ssex; -age; + B,smoking status,
+ f,age, -smoking status; + S,sex; -smoking status, + f,,BMI, -smoking status,
+ f,,pack year, -smoking status; + £,,age, - sex; -smoking status; + £,,SNP,
10
+ f,,SNP. -smoking status; + 3,.SNP, - pack years; + ZTKpcik +1,,pc; -smoking status.
k=1

t 630, gy ~TIAN(0,6,%) -+ (3)

g'i?
The final model for NHWSs in COPDGene was as follows:

Yo = By + Bage; + Bsex; + B,BMI, + B, height; + B;pack year, + S;sex; -age; + B,smoking status,
+ f,age, - pack year, + g,;smoking status, - pack year, - +£,,BMI, - pack year, + 3,,SNP.

10
+ B,,SNP, -smoking status; + 5,,SNP, - pack years, + Zrk pc +7,,pct - pack year,

k=1

+1,,pc; - pack year, + z,,pc’ - pack year, +z,,pc? - pack year. + ¢_.., &... ~ iid N (0,5..%) --- (4)
127~ i 13F¥i i 14F¥i i g"i g
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Supplementary Table 1 AICs for various models applied to KARE data AICs for different statistical
models are calculated for KARE data. Smoking status can be never/former/current smokers or never/ever
smokers. Ever-smokers indicates former or current smokers.

AlC Structures of %o and g ;?Sgtzrrr;: ];ffe Ct;g g?&ﬁﬂ: gf s,  Smoking status Pack years
4,924.6 092 =homo, Xy =homo slope, intercept ; VC VC never/former/current included
4,943.9 o, =homo, ¥ =homo intercept VvC never/ former /current  included
4,637.3 0; = hetero, Xy =homo intercept VC never/ former /current included
4,592.9 092 = hetero, Xy = hetero intercept AR never/ former /current included
4,961.7 o-j =homo, X¢=homo slope, intercept ; VC VvC never/ever included
4,998.2 o-j =homo, Zg=homo intercept VC never/ever included
4,670.1 092 = hetero, Xy = homo intercept VC never/ever included
8,852.8 ol=homo, X = hetero slope, intercept ; VC ~ VC never/ever included
4,379.2 092 = hetero, Xy = hetero slope, intercept ; VC VC never/ever included
45249 o-g2 = hetero, Xy = hetero intercept VC never/ever included
3,501.3 ol =hetero, g = hetero slope, intercept; UN  UN never/ever included
3,267 o-g2 = hetero, Xy = hetero intercept UN never/ever included
3,706.6 o-g2 = hetero, g = hetero intercept UN never/ever excluded
4,374 092 = hetero, Xy = hetero slope, intercept ; UN AR never/ever included
3,3215 O'g2 = hetero, X4 = hetero intercept ARH never/ever included
3,621.6 092 = hetero, Xy = hetero intercept ARH never/ever excluded
4,496.6 092 = hetero, Xy = hetero intercept CS never/ever included

- Definition of Abbreviations: hetero assumes that %y or crg2 are different according smoking status, and homo assumes that Xq or o*Q2

are same regardless of smoking status. VC means variance components correlation structure, UN means unstructured correlation structure,
AR means Auto-regressive (1) correlation structure, ARH means heterogeneous AR correlation structure, and CS means compound
symmetry correlation structure.



Supplementary Table 2 AICs for various models applied to GENIE AICs for different statistical
models are calculated for GENIE data. Smoking status can be never/former/current smokers or
never/ever smokers. Ever smokers indicates former or current smokers.

AIC Structure of Xy and o Q?Sgtzgggfecg ;?Jﬁ:?c o’ Smoking status Pack years
-3,747,8 O'g2 =homo, ¢ =homo slope, intercept ; VC VC never/former/current included
-3,654.2 oi=homo, Zg=homo intercept VC never/former/current included
-2,960.2 O'g2 = hetero, Xy =homo intercept VC never/former/current included
-2,708.6 0: = hetero, Xy = hetero slope, intercept; VC VC never/former/current included
-2,850.2 0; = hetero, Xy = hetero intercept VC never/former/current included
-3,636.8 0; =homo, Xy =homo intercept VC never/ever included
-3,437.4 092 = hetero, Xy = homo intercept; VC VC never/ever included
6,233.7 agz =homo, Zg = hetero intercept VC never/ever included
-3,640.7 0; = hetero, Xg = hetero slope, intercept; VC VC never/ever included
-3,5631.3 o’g2 = hetero, Xy = hetero intercept VC never/ever included
-3,623.2 0"92 =homo, ¢ =homo slope, intercept ; UN ARH never/former/current included
-3,57.68 092 =homo, Xy =homo slope, intercept ; VC AR never/former/current included
-3,627.6 0"92 =homo, X, =homo slope, intercept ; VC CS never/former/current included
-3,621.7 agz =homo, Xy =homo slope, intercept ; VC CS never/former/current excluded
-3,934.1 crg2 =homo, XZ¢=homo intercept AR never/former/current included
-3,811.7 ng =homo, Xy =homo intercept AR never/former/current excluded
-3,597.6 O'g2 =homo, Xy =homo intercept CS never/former/current included
-3,427 0'92 =homo, Xy =homo intercept CSH never/former/current included

-Definition of Abbreviations: hetero assumes that ;and o are different according to smoking status, and homo does that
Ygand o} are same regardless of smoking status. VC means variance components correlation structure, UN means

unstructured correlation structure, AR means auto-regressive (1) correlation structure, ARH means heterogeneous AR
correlation structure, and CS means compound symmetry correlation structure.



Supplementary Table 3 AICs for various models applied to MESA-Lung AICs for different
statistical models are calculated for MESA-Lung data. Smoking status can be never/former/current
smokers or never/ever smokers. Ever smokers indicates former or current smokers.

AlC Structure of 0'5 Smoking status Pack years
1,203.88 092 =homo never/ever included
1,170.08 ol = hetero, never/ever included
1,230.36 0; = hetero never/ever excluded
1,203.88 oq = hetero never/former/current included

-Definition of Abbreviations: hetero assumes that o are different according to smoking status, and homo does that o are
same regardless of smoking status.



Supplementary Table 4 AICs for various models applied to COPDGene For COPDGene data, we
consider the both of pack years and smoking status as interaction variables that could have interaction
effects with age, sex, or height because COPDGene consists of only smokers.

(@) AAs in COPDGene

AIC Structure of o Interaction variable Pack years
6,022.78 ol =homo pack years included
5,971.78 ol = hetero pack years included
5,994.45 ol =homo smoking status included
5,940.65 o= hetero smoking status included
5,954.54 ol = hetero smoking status excluded

(b) NHWs in COPDGene

AIC Structure of o Interaction variable Pack years
14,504.34 oq =homo pack years included
14,488.41 o, = hetero pack years included
14,520.13 ol = hetero pack years excluded
14,543.95 092 =homo smoking status included
14,519.87 o = hetero smoking status included

2

2
] are

-Definition of Abbreviations: hetero assumes that o .

same regardless of smoking status.

are different according to smoking status, and homo does that o



Supplementary Table 5 Results of FEV1/FVC from GWISs with KARE data 3 DF teste are
conducted and the top 10 significant SNPs were summarized.

_ _ _ P-values P-values
SNP Chromosome Phy_5|.cal Associated Minor/Major MAEs for for
Position gene alleles

HWE test 3DF tests
7

rs7032628 9 101721984 COLISAL AIC 0.3754 004512 4.41x10
rs10512261 9 101724839 COL15A1 G/A 0.3185 0.3629 4.10x10®
rs10780572 9 85760746 - G/A 0.1076 0.2909 4.52x10®
1s6826933 4 54445715 LNX1 TIC 0.2634 0.226 5.46x10°6
rs1002824 4 54445980 LNX1 AIC 0.2626 0.5083 7.87x10°
rs10753780 1 168842901 - T/A 0.4875 0.4675 1.03x10°
rs6702913 1 168837845 | 0C105371606 T/C 0.4862 0.4807 1.04x10°
rs12464121 2 232379712 LINC00471 G/A 0.4708 0.8471 1.91x10°%
rs9624873 22 25930784 - T/A 0.1285 0.1524 2.78x10°

rs7427517 3 74146967 - G/A 0.1276 0.2496 2.85x10°




Supplementary Table 6 Summary of selected models The best models selected with AIC are
summarized for each data. Smoking status can be never/former/current smokers or never/ever smokers.
Ever smokers indicates former or current smokers. Selected models for KARE, MESA-Lung, AAs in
COPDGene, and NHWSs in COPDGenes data assume heteroscedasticity variances according to smoking
status and GENIE data chose homoscedasticity variance. All models included pack years.

Data Study design Smoking status

KARE (Koreans) longitudinal never and ever smokers

GENIE (Koreans) longitudinal never, former and current smokers
MESA-Lung (NHWSs) cross-sectional never smokers and ever smokers
AAs in COPDGene (AAS) cross-sectional former smokers and current smokers

NHWSs in COPDGene (NHWSs) cross-sectional

former smokers and current smokers




Supplementary Table 7 Results for rs17178251 P-values for rs17178251 were obtained from the selected model for each data. /S, indicates the

coefficient of the main effect of SNP. The smoking status was coded as dummy variables and never smokers were used as reference level. If three
levels were defined, then two dummy variables are used. SM1 indicates the dummy variable which is coded as 1 for former smokers, and otherwise
0. SM2 indicates the dummy variable which is coded as 1 for current smoker and otherwise 0. SM3 is utilized only for COPDGene because there are

no never smokers. 1 and O are for current and former smokers respectively. Sgpswis Bsweswe @Nd Bop.sus are the coefficients for the interaction
between SNP and the corresponding dummy variables respectively. Since KARE and MESA-Lung data chose the smoking status with two levels
(never vs ever smokers), Soapsw aNd Lopswe are shown. S .., indicates the coefficient for the interaction between SNP and pack years. For
GENIE, MESA-Lung data, we conducted one-tailed P-value based on the coefficients from KARE data and * indicates the results of one-tailed P-
value. Overall effects indicate P-values for testing the null hypotheses Bq» = Bsupsmoking = Bsnppy =0 DY F test.

) ) ) Interaction
Main effects Interaction (SNP —smoking status)
Minor/ (SNP — pack years)
Data Major MAF HWE Overall
alleles never vs former never vs current former vs current effects
Bswe (P-value) Bapry (P-value)
ﬂSNP-SMl (P'Value) ﬂSNP-SMZ (P'Value) ﬂsmp-sms (P'Value)
Discovery  KARE (Koreans) G/C 0.383 0.604 -0.025 (2 x10%) -0.029 (0.046) 0.0004 (0.178) 3.28x107
Replication GENIE (Koreans) G/IC 0.380 0.164 -0.003 (0.386%) -0.019 (0.049%) -0.026 (0.038") 0.0003 (0.981%) 0.082
MESA-Lung (NHWs) G/C 0.432 0.521 -0.060 (0.012%) 0.064 (0.902%) -0.0016 (0.049%) 0.019
COPDGene (AAs) G/IC 0.173 0.377 0.043(0.487) -0.101 (0.073) 0.0005 (0.565) 0.189

COPDGene (NHWs)  G/C 0.455 0.433 -0.063 (0.028) 0.043 (0.093) 0.0006 (0.227) 0.113




Supplementary Table 8 Results for rs11870732 P-values for rs11870732 were obtained from the selected model for each data. /S, indicates the

coefficient of the main effect of SNP. The smoking status was coded as dummy variables and never smokers were used as reference level. If three
levels were defined, then two dummy variables are used. SM1 indicates the dummy variable which is coded as 1 for former smokers, and otherwise
0. SM2 indicates the dummy variable which is coded as 1 for current smoker and otherwise 0. SM3 is utilized only for COPDGene because there are

no never smokers. 1 and O are for current and former smokers respectively. Sgpswis Bsweswe @Nd Bop.sus are the coefficients for the interaction
between SNP and the corresponding dummy variables respectively. Since KARE and MESA-Lung data chose the smoking status with two levels
(never vs ever smokers), Soapsw aNd Lopswe are shown. S .., indicates the coefficient for the interaction between SNP and pack years. For
GENIE, MESA-Lung data, we conducted one-tailed P-value based on the coefficients from KARE data and * indicates the results of one-tailed P-
value. Overall effects indicate P-values for testing the null hypotheses Bq» = Bsupsmoking = Bsnppy =0 DY F test.

) ) ) Interaction
Main effects Interaction (SNP —smoking status)
Minor/ (SNP — pack years)
Data Major MAF HWE Overall
alleles never vs former never vs current former vs current effects
Bsne (P-value) By (P-value)
ﬂSNP-SMl (P'Value) ﬂSNP-SMZ (P'Value) ﬂsmp-sms (P'Value)
Discovery  KARE (Koreans) G/A 0.384 0.636 -0.025(2x10%) -0.028 (0.054) 0.0004 (0.174) 3.95x107
Replication GENIE (Koreans) G/A 0.380 0.084 -0.001 (0.439%) -0.018 (0.056") -0.024 (0.051%) 0.0003 (0.976") 0.131
MESA-Lung (NHWs)  G/A 0.431 0.864 -0.060 (0.012%) 0.062 (0.893") -0.0016 (0.045%) 0.015
COPDGene (AAs) G/A 0.162 0.254 0.079(0.215) -0.120 (0.037) 0.00009 (0.921) 0.151

COPDGene (NHWs)  G/A 0.454 0.239 -0.063 (0.026) 0.042 (0.109) 0.0006 (0.216) 0.106




Supplementary Table 9 Results for rs4793541 P-values for rs4793541 were obtained from the selected model for each data. f,, indicates the

coefficient of the main effect of SNP. The smoking status was coded as dummy variables and never smokers were used as reference level. If three
levels were defined, then two dummy variables are used. SM1 indicates the dummy variable which is coded as 1 for former smokers, and otherwise
0. SM2 indicates the dummy variable which is coded as 1 for current smoker and otherwise 0. SM3 is utilized only for COPDGene because there are

no never smokers. 1 and O are for current and former smokers respectively. Sgpswis Bsweswe @Nd Bop.sus are the coefficients for the interaction
between SNP and the corresponding dummy variables respectively. Since KARE and MESA-Lung data chose the smoking status with two levels
(never vs ever smokers), Soapsw aNd Lopswe are shown. S .., indicates the coefficient for the interaction between SNP and pack years. For
GENIE, MESA-Lung data, we conducted one-tailed P-value based on the coefficients from KARE data and * indicates the results of one-tailed P-
value. Overall effects indicate P-values for testing the null hypotheses Bq» = Bsupsmoking = Bsnppy =0 DY F test.

) ) ) Interaction
Main effects Interaction (SNP —smoking status)
Minor/ (SNP — pack years)
Data Major MAF HWE Overall
alleles never vs former never vs current former vs current effects
Bswe (P-value) Bapry (P-value)
ﬂSNP-SMl (P'Value) ﬂSNP-SMZ (P'Value) ﬂsmp-sms (P'Value)
Discovery  KARE (Koreans) CIT 0.391 0.324 -0.024 (3x10% -0.029 (0.044) 0.0004 (0.174) 5.44x107
Replication GENIE (Koreans) CIT 0.386 0.030 -0.003 (0.371%*) -0.018 (0.057%) -0.022 (0.066") 0.0003 (0.980) 0.114
MESA-Lung (NHWs) C/T 0.450 0.610 -0.065 (0.007%) 0.072 (0.925%) -0.0018 (0.033") 0.008
COPDGene (AAs) CIT 0.271 0.862 -0.007 (0.893) -0.013 (0.792) 0.00006 (0.441) 0.856

COPDGene (NHWs)  C/T 0473 0.625 -0.053 (0.060) 0.026 (0.318) 0.0005 (0.312) 0.234




Supplementary Figure 1 Principal component plots. Figure S1A is scatter plots of the first principal
component and the second principal components. Figure S2B represents scree plot of eigenvalues.
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Supplementary Figure 2 Manhattan plot for FEV1 Logarithms of the 3 DF P-values of 310,515 SNPs
were plotted against its physical chromosomal position. The red and blue horizontal lines represent

1.71 x 107" (Bonferroni adjusted 0.05 significance level) and 107 respectively.
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Supplementary Figure 3 Quantile-quantile plots for FEV1/FVC Figure S3A is obtained from

proposed 3 DF test on FEV1/FVC and Figure S3B is obtained from homoscedasticity model by smoking
status.
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