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Ascertainment of samples included in the Australian GWAS dataset 

 
The primary GWAS described in this paper includes data from 7,197 Australian individuals from three cohorts (AAGC, 

Busselton, QIMR) which are described below. Clinical characteristics for these individuals are summarised in Table S1. 

 

Table S1. Demographics and clinical characteristics of the study participants. 

 Indicator Asthmatics Non-asthmatics 
Asthma 

unknowna Total 
 

 AAGC      

 N 1695 115 0 1810  

 Age (mean,sd,range) 39,17.3,2-89 49,15.9,8-78 - 40,17.4,2-89  

 Sex (% female) 55.3 41.7 - 54.5  

 Asthma onset (% ≤16, >16, unknown) 64.5,29.5,6 - - -  

 Atopy (% SPT+, SPT-, unknown) 69.4,17.8,12.7 32.2,36.5,31.3 - 67.1,19,13.9  

 Family history (% yes, no, unknown) 69,30.4,0.6 0,73.9,26.1 - 64.6,33.2,2.2  

 Smoker ever (% yes, no, unknown) 43.1,48.8,8 40,27.8,32.2 - 42.9,47.5,9.6  

 Medication ever (% yes, no, unknown) 80.4,2.8,16.9 0,68.7,31.3 - 75.3,6.9,17.8  

 Steroids ever (% yes, no, unknown) 46.4,45.6,8 0,68.7,31.3 - 43.5,47.1,9.4  

 Hospital ever (%yes, no, unknown) 31.3,59.8,9 0,68.7,31.3 - 29.3,60.3,10.4  

 BUSSELTON      

 N 559 671 0 1230  

 Age (mean,sd,range) 49,17.5,18-89 58,16.3,17-91 - 54,17.3,17-91  

 Sex (% female) 59.7 57.4 - 58.5  

 Asthma onset (% ≤16, >16, unknown) 30.2,32.6,37.2 - - -  

 Atopy (% SPT+, SPT-, unknown) 60.5,24.7,14.8 31.7,49.6,18.6 - 44.8,38.3,16.9  

 Family history (% yes, no, unknown) 0,0,100 0,0,100 - 0,0,100  

 Smoker ever (% yes, no, unknown) 47.6,47.9,4.5 43.7,49.9,6.4 - 45.4,49,5.5  

 Medication ever (% yes, no, unknown) 0,0,100 0,0,100 - 0,0,100  

 Steroids ever (% yes, no, unknown) 0,0,100 0,0,100 - 0,0,100  

 Hospital ever (%yes, no, unknown) 0,0,100 0,0,100 - 0,0,100  

 QIMR_610K      

 N 387 1248 848 2483  

 Age (mean,sd,range) 21,9,12-65 31,14.5,12-89 - 29,14,12-89  

 Sex (% female) 47.3 62 55.9 57.6  

 Asthma onset (% ≤16, >16, unknown) 43.4,2.1,54.5 - - -  

 Atopy (% SPT+, SPT-, unknown) 8.3,1.8,89.9 0,0,100 - 1.3,0.3,98.4  

 Family history (% yes, no, unknown) 65.1,34.9,0 0,98.5,1.5 - 10.1,63.9,25.9  

 Smoker ever (% yes, no, unknown) 4.7,5.4,89.9 0,0,100 - 0.7,0.8,98.4  

 Medication ever (% yes, no, unknown) 6.5,3.6,89.9 0,0,100 - 1,0.6,98.4  

 Steroids ever (% yes, no, unknown) 1,9,89.9 0,0,100 - 0.2,1.4,98.4  

 Hospital ever (%yes, no, unknown) 0.5,0.8,98.7 0,0,100 - 0.1,0.1,99.8  

 QIMR_370K      

 N 28 667 979 1674  
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 Age (mean,sd,range) 33,8.6,23-54 33,13.4,17-92 - 33,13.2,17-92  

 Sex (% female) 53.6 64 41.7 50.8  

 Asthma onset (% ≤16, >16, unknown) 28.6,25,46.4 - - -  

 Atopy (% SPT+, SPT-, unknown) 82.1,17.9,0 0,0,100 - 1.4,0.3,98.3  

 Family history (% yes, no, unknown) 82.1,17.9,0 0,100,0 - 1.4,40.1,58.5  

 Smoker ever (% yes, no, unknown) 39.3,57.1,3.6 0,0,100 - 0.7,0.9,98.4  

 Medication ever (% yes, no, unknown) 78.6,21.4,0 0,0,100 - 1.3,0.4,98.3  

 Steroids ever (% yes, no, unknown) 7.1,92.9,0 0,0,100 - 0.1,1.5,98.3  

 Hospital ever (%yes, no, unknown) 0,7.1,92.9 0,0,100 - 0,0.1,99.9  

 TOTAL      

 N 2669 2701 1827 7197  

 Age (mean,sd,range) 39,18.3,2-89 39,18.6,8-92 - 39,18.5,2-92  

 Sex (% female) 55.1 60.5 48.2 55.4  

 Asthma onset (% ≤16, >16, unknown) 53.9,26.1,20 - - -  

 Atopy (% SPT+, SPT-, unknown) 58.8,16.9,24.2 9.2,13.8,77.1 - 25.2,11.5,63.3  

 Family history (% yes, no, unknown) 54.1,24.6,21.3 0,73.6,26.4 - 20,39.7,40.2  

 Smoker ever (% yes, no, unknown) 38.4,42.5,19.1 12.4,13.5,74.1 - 18.9,20.8,60.3  

 Medication ever (% yes, no, unknown) 52.8,2.5,44.7 0,2.9,97.1 - 19.6,2,78.4  

 Steroids ever (% yes, no, unknown) 29.7,31.2,39 0,2.9,97.1 - 11,12.7,76.3  

 Hospital ever (%yes, no, unknown) 19.9,38.1,41.9 0,2.9,97.1 - 7.4,15.2,77.4  

       

a
 A total of 1,827 individuals provided no information about their asthma status and were included in the analysis as 

unselected controls to improve power (Figure S2). Family history was defined by the presence of one or more first-

degree relatives with asthma. SPT=skin prick test.  

 

Australian Asthma Genetics Consortium (AAGC) cohort  (n=1,810)  

In 2010, the AAGC was formed to promote a more rapid progress towards the identification of the genetic risk factors 

for asthma. As part of the AAGC, 2,030 subjects from Australia were genotyped using the Illumina 610K array, of 

which 1,810 (89%) passed genotyping quality control (QC) filters (Table S2), including 1,695 subjects with a lifetime 

physician diagnosis of asthma and 115 subjects without asthma. These individuals were ascertained and tested as part of 

five different studies which are summarised below: QIMR, TAHS, CAPS, MESCA and LIWA. 

 

Table S2.  Sample QC filters applied to 2,160 samples selected for genotyping as part of the AAGC dataset. 

 Filter QIMR TAHS CAPS MESCA LIWA TOTAL  

 DNA selected 613 419 121 195 812 2160  

 DNA genotyped 601 390 101 185 753 2030  

 Call rate >0.98 601 388 100 184 748 2021  

 DNA unique 601 388 100 183 745 2017  

 European ancestrya 585 380 69 176 727 1937  

 Unrelatedb 573 372 68 172 707 1892  

 Sex check 573 371 67 171 695 1877  

 Phenotype checkc 571 371 53 170 645 1810  

         

 Asthmatics 565 371 52 122 585 1695  

 Non-asthmatics 6 0 1 48 60 115  

         
a
 Ancestry outliers were identified through multi-dimensional scaling analysis of identity-by-state (IBS) allele sharing, 

including 988 samples from the eleven HapMap3 populations (see also Figure S1). 
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b
 Pairs of relatives were identified through the analysis of genome-wide identical-by-descent (IBD) allele sharing and 

one individual from each pair was dropped from the analysis. For case-control pairs, the control individual was 

dropped. For case-case and control-control pairs, we dropped an individual based on the following study priority order: 

QIMR>MESCA>LIWA>CAPS>TAHS.  
c
 Non-asthmatic individuals were removed from analysis if they reported a positive family history of disease.  

 

(A) Queensland Institute of Medical Research studies (QIMR, n=571). Samples were drawn from three studies 

conducted at QIMR. The first and most significant source of participants was the 1995-1998 Asthma and Allergy study, 

which is described in detail elsewhere (1). Briefly, 3,073 subjects were recruited from 802 families that were registered 

on the Australian Twin Registry and had at least one twin that previously reported a history of wheezing in studies 

conducted at QIMR and by collaborators elsewhere in Australia. Participants completed a questionnaire that was 

designed to validate the diagnosis of asthma and to obtain data on respiratory symptoms, environmental exposures and 

family history of asthma. In addition, participants underwent clinical testing, including lung function and skin prick 

tests. For the present study, we selected one individual from each family that had available DNA and answered “Yes, 

told to me by a doctor” to the question “Have you ever had asthma?”; in families with multiple affected individuals, we 

selected the case with the highest asthma symptoms score (2). In total, 444 asthmatics were selected from this study for 

genotyping. Second, we supplemented this dataset with 156 unrelated asthmatic individuals that answered “Yes” to the 

question “Has a doctor ever diagnosed you as suffering from asthma?” in a study of atopic dermatitis conducted 

recently. Most of these (88%) also reported having had eczema diagnosed by a doctor. Lastly, we also selected 13 non-

asthmatic individuals that answered “No” to the question “Has a doctor ever diagnosed you as suffering from Asthma?” 

and reported no asthma symptoms (including wheezing and chest tightness) in the Brisbane Adolescent Twin Study 

(BATS), which is described elsewhere (3). Briefly, twins were recruited in the context of an ongoing study of melanoma 

risk factors including benign melanocytic naevi, sun exposure time and pigmentation related variables. Twins were 

enlisted by contacting the principals of primary schools (first 7 years of education) in the greater Brisbane area, media 

appeals and by word of mouth. It is estimated that approximately 50 percent of the eligible birth cohort were recruited 

into the study. Twins were examined at age 12 years, and siblings at the same occasion if under 20 years of age. At the 

same time, twins and their parents completed questionnaires measuring melanoma risk factors, but that also included 

general health questions, such as asthma. Twins were again examined at age 14 and 16. Thus, a total of 613 individuals 

that participated in three QIMR studies were selected for genotyping; after QC, 571 samples were available for analysis. 

 

(B) Tasmanian Health Study (TAHS; n=371). The details of the TAHS methodology have been reported elsewhere (4-7). 

In brief, TAHS commenced in 1968 by recruiting 8,583 Tasmanian children born in 1961, who were surveyed for 

respiratory problems and underwent clinical examination and lung function measurements. Subsequent follow-up 

surveys were completed at the ages of 13 (in 1974), 20 (in 1981), 31 (in 1992) and most recently at 44 (2004). The age 

44 follow-up involved a postal survey were 85.2% (n=7,312) of the original 1968 cohort were traced to an address and a 

response rate of 78.4% (n=5,729) to a postal survey was achieved (8). A subgroup of these respondents, selected based 

on their participation in the previous follow-ups, samples of which were enriched for asthma, were invited to participate 

in a more detailed laboratory study. Of 2,373 invited for the laboratory study, 1,389 (58.5%) took part in a full 

laboratory visit, 354 (15%) completed a telephone questionnaire only, and 630 (26.5%) withdrew. In total, 419 

participants with asthma and a DNA sample were selected for genotyping as part of the AAGC GWAS. Doctor 

diagnosed asthma-ever was defined as a positive response to the question “Have you ever had asthma?”, followed by 

“Was this confirmed by a doctor?”.   

 

(C) Childhood Asthma Prevention Study (CAPS; n=53). Between September 1997 and November 1999, we recruited 

pregnant women whose unborn children were at increased risk of developing asthma because one or more parents or 

siblings had asthma or wheezing. We excluded those with a pet cat at home, strict vegetarians, women with a non-

singleton pregnancy, and infants born earlier than 36 weeks of gestation (9, 10). We assessed their asthma status by 

clinical assessment at ages 18 months, 3, 5 and 8 years (10-13). Between 2001 and 2004 blood was collected for DNA 

extraction from all available subjects whose parents gave consent. Cases ascertained for this study were those for whom 

DNA was stored and who had a physician-diagnosis of asthma at age 8 years.  

 

(D) Melbourne Epidemiological Study of Childhood Asthma (MESCA; n=170). In 1964, a community-based study was 

initiated in which a cohort of 410 children was selected from 30,000 7-year-old children in Melbourne, Australia (14). 

The cohort was stratified to provide three groups of approximately equal size of children with a history of wheezing of 

varying frequency and a control group with no history of wheezing. Wheezing and asthmatic status were initially 

determined by parental response to a questionnaire and were subsequently confirmed by clinical examination. These 

children were surveyed again at age 10, at which time an additional 83 children from the same 1957 birth cohort were 

recruited to enrich the group with severe asthma (15). The subjects were followed and reviewed at ages 14, 21, 28, 35 

and 42 years (16, 17). At each review, their atopic status was determined (18) and lung function parameters were 

measured. At the 42-year follow-up, blood was taken from each of the available 244 individuals for genotyping and 
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total IgE measurements, including the 195 individuals that are part of this study. Informed consent was obtained from 

all subjects, and the study was approved by the ethics committee of the Royal Children‟s Hospital, Melbourne. 

 

(E) Lung Institute of Western Australia (LIWA; n=645). The LIWA cohort was recruited from patients and normal 

subjects resident in Perth, Western Australia. Asthma was defined as physician-diagnosed adult asthma (18 and over) 

and all had face to face clinical review. The non-asthmatic control subjects had no history of asthma as defined by 

medical staff interview. All participants were unrelated with self-reported European ancestry between 18 and 89 years 

of age. The control subjects were recruited by random mail-out using the telephone directory to generate random 

addresses and the asthma patients were similarly recruited but supplemented for the more severe patients through 

physician referrals. All subjects gave written informed consent and completed a comprehensive questionnaire which 

was used in the assessment of phenotype. Approximately 20ml of blood was obtained from each participant and lung 

function was assessed by spirometry. Assessment of atopic status was based on a positive skin prick reaction (weal 

diameter >3mm) to at least one of five common aeroallergens: cat, dog, house dust mite, mould mix (Alternaria tenuis, 

Aspergillus mix, Cladosporium, Penicillin mix) and grass pollen mix (Kentucky Blue, Orchard, Red Top, Timothy, 

Sweet Vernal, Meadow Fescue, Perennial Rye). The study protocol was approved by the Human Research Ethics 

Committee of the Sir Charles Gairdner Hospital. After QC, 645 samples from this cohort were available for analysis. 

 

Busselton Health Study (n=1,230) 

This cohort has been described in detail previously (19) and was included in the Moffatt et al. (20) asthma GWAS. 

Briefly, residents of the town of Busselton in the southwest of Western Australia have been involved in a series of health 

surveys since 1966. The population is predominantly of European origin. In 1994/95 there was a follow-up study 

involving a subset of those who had attended any of the previous surveys. Cases of asthma were defined as those who 

reported physician-diagnosed asthma at any survey that they attended from 1966 to 1994 (answer „Yes‟ to „Has your 

doctor ever told you that you had asthma?‟). Controls are those who have consistently answered „No‟ to „Has your 

doctor ever told you that you had asthma?‟ at all  previous surveys that they have attended from 1996 to 1994. After QC 

a total of 1,230 unrelated subjects were available for analysis.  

 

QIMR GWAS cohort (n=4,157) 

Between 2007 and 2009, a total of 15,259 DNA samples were genotyped with Illumina 370K or 610K arrays as part of 

six projects conducted by QIMR. This dataset, including QC checks, is described in detail in Medland et al. (21). For 

this study, we selected a subset of 2,483 samples genotyped with the 610K array and 1,674 with the 370K array that 

were confirmed to be unrelated to the samples included in the AAGC cohort. Of the 2,483 genotyped with the 610K 

array (QIMR_610K dataset), (1) 387 had answered “Yes” to the question “Has a doctor ever diagnosed you as suffering 

from asthma?” in the QIMR Asthma (n=39) or BATS (n=348) studies described above; (2) 1,248 answered “No” or 

“Never” to the questions “How often have you had asthma?”, “Have you ever had asthma?” or “Has a doctor ever 

diagnosed you as suffering from asthma?” in the Canberra (22) (n=53), Alcohol (23) (n=527), Alcohol Relatives (24) (n 

=132), Aged (25) (n=165) or BATS (n=371) studies; and (3) 848 provided no information about their asthma status and 

were included in the analysis as unselected controls to improve power (Figure S2). Similarly, of the 1,674 selected 

samples genotyped with the 370K array (QIMR_370K dataset), (1) 28 answered “Yes, told to me by a doctor” to the 

question “Have you ever had asthma?” in the QIMR Asthma study; (2) 667 answered “No” or “Never” to the questions 

“How often have you had asthma?” or “Have you ever had asthma?”in the Canberra (n=60), Alcohol (n=491), Alcohol 

Relatives (n=26) or Aged (n=90) studies; and (3) 979 provided no information about their asthma status and were 

included in the analysis as unselected controls. Note that the partition of QIMR cases and controls between the AAGC 

GWAS cohort and this QIMR GWAS cohort is purely a function of whether the samples had been previously genotyped 

in the context of another study (QIMR GWAS) or not previously genotyped (AAGC GWAS). 

 

Combined dataset 

Thus, across the four datasets (AAGC, Busselton, QIMR_610K and QIMR_370K), genotype data were available for 

7,197 subjects, including 2,669 physician-diagnosed asthmatics and 4,528 controls. Amongst the asthmatic cases were 

1,438 (54%) subjects with childhood onset asthma (defined by an age-of-onset at or before age 16), 697 (26%) subjects 

with later onset asthma (age-of-onset after the age of 16) and 534 (20%) with unknown age-of-onset. All subjects were 

confirmed to be unrelated and of European ancestry (Figure S1) through the analysis of genome-wide allele sharing. 

This dataset includes 4,259 samples that have not been previously included in any asthma GWAS, 1,708 that were 

included in Ferreira et al. (26) and 1,230 samples from the Busselton cohort included in the GABRIEL study (20).  
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Figure S1. Population substructure analyses. Results from the multidimensional scaling (MDS) analysis of identity-

by-state (IBS) distances calculated between all pairs of individuals that passed QC filters from the cohort analysed in 

this study (ASTHMA) and the eleven HapMap 3 populations. CEU=Utah residents with Northern and Western 

European ancestry from the CEPH collection. TSI=Toscani in Italia. MEX=Mexican ancestry in Los Angeles, 

California. GIH=Gujarati Indians in Houston, Texas. CHB=Han Chinese in Beijing, China. CHD=Chinese in 

Metropolitan Denver, Colorado. JPT=Japanese in Tokyo, Japan. ASW=African ancestry in Southwest USA. 

LWK=Luhya in Webuye, Kenya. MKK=Maasai in Kinyawa, Kenya. YRI=Yoruba in Ibadan, Nigeria. 
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Figure S2. Power to detect association for a range of risk allele frequencies. The y-axis represents the smallest 

detectable genotype relative risk (GRR) with 80% power (α = 5x10
-8

) under a multiplicative model and assuming a 

disease prevalence of 10%. Two situations were considered. The first (green line below), which corresponds to the main 

analysis reported in the main text, represents the analysis of 2,669 asthma cases and 2,701 asthma-free plus 1,827 

asthma-unknown controls. For comparison, we also show the smallest detectable GRR expected if the 1,827 individuals 

with an unknown asthma status were not included as controls in the analysis (red line above). For a higher disease 

prevalence (15% or 20%), the improvement in power by including the unselected controls is weaker (not shown). 
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Ascertainment of samples included in the follow-up phase 

 
We carried out a replication study to validate in an independent panel of 25,358 individuals the association with seven 

SNPs identified with P ≤ 5x10
-6

 in the main association analysis (n=2) or in the meta-analysis of results from our study 

and Moffatt et al. (20) (n=5). This panel included 3,322 asthmatic individuals and 22,036 controls ascertained and 

previously genotyped through four different studies (Raine, QIMR, NTR, APCAT) as described below. SNPs were 

tested in each study separately and then combined by performing a fixed-effects meta-analysis with METAL (27). 

 

Raine cohort (n=1,275) 

Recruitment of the Western Australian Pregnancy (Raine) cohort has previously been described in detail (28-30). In 

brief, between 1989 and 1991, 2,900 pregnant women were recruited prior to 18-weeks gestation into a randomised 

controlled trial to evaluate the effects of repeated ultrasound in pregnancy. Children have been comprehensively 

phenotyped from birth to 21 years of age (average ages of one, two, three, six, eight, ten, fourteen, seventeen and 

twenty-one) by trained members the Raine research team. Data collection included questionnaires completed by the 

child‟s primary carer and by the adolescent from age 14, physical assessments by trained assessors at all follow-up 

years, DNA collection from year 14 follow-up. Cases of asthma (n=654) are defined as subjects who answered “Yes” to 

the question “Has a doctor (GP, paediatrician, respiratory specialist) ever told you that your child has asthma?” at least 

once in year 5, year 8, year 10, year 14 and year 17 follow-ups. Controls (n=621) answered “No” to the same question 

across all available time points. Only individuals of European ancestry were included in the analysis. The study was 

conducted with appropriate institutional ethics approval, and written informed consent was obtained from all mothers. 

DNA samples were genotyped using Illumina 660 Quad arrays; the seven SNPs considered for follow-up passed strict 

quality control filters. 

 

QIMR follow-up cohort (n=2,808) 

Amongst the 15,259 individuals previously genotyped by QIMR (see QIMR GWAS cohort above), there were 602 

individuals with self-reported (but not physician-diagnosed) lifetime asthma that were not included in the Australian 

GWAS to ensure that results were based on a phenotype definition that matched that used by other asthma GWAS. 

However, we have previously noted that a lifetime asthma definition is highly correlated (0.99) with a lifetime 

physician-asthma definition (1) and that this self report is informative in mapping genuine asthma loci (26). We 

therefore selected these 602 asthmatics for the replication phase, including 306 samples that were genotyped with the 

610K array and 296 with the 370K array. Of those 306 genotyped with the 610K array, (1) 235 answered “Sometimes”, 

“Only as a child”, “Often” or “Quite often” to the question “How often have you had asthma?” in the Canberra (22) 

(n=12), Alcohol (23) (n=144) or Alcohol Relatives (24) (n=79) studies; and (2) 71 answered “Yes”, “Now”, “Past” or 

“Now and Past” to the question “Have you ever had asthma?” in the Asthma (1) (n=45) or Aged (25) (n=26) studies. 

Similarly, of the 296 individuals genotyped with the 370K array, (1) 257 answered “Sometimes”, “Only as a child”, 

“Often” or “Quite often” to the question “How often have you had asthma?” in the Canberra (n=9), Alcohol (n=184) or 

Alcohol Relatives (n=64) studies; and (2) 39 answered “Yes”, “Now”, “Past” or “Now and Past” to the question “Have 

you ever had asthma?” in the Asthma (n=28) or Aged (n=11) studies. The average age of participants (62% female) was 

35 years (range 18-80); there was no additional clinical information available for these participants. Controls for this 

cohort were drawn from the same set of 15,259 genotyped individuals from QIMR. In this case, we selected 2,206 

individuals (all females) that were genotyped with the 610K array as part of a GWAS for endometriosis (31) and that 

had not been included in our GWAS discovery phase. No asthma information was available for these individuals and so 

they constitute a group of unselected controls. All individuals were confirmed to be of European ancestry through 

genome-wide IBS analyses. 

 

The Netherlands Twin Registry cohort (NTR; n=2,671) 

Data from two samples drawn from the NTR were included for analysis. 

 

(A) NTR1 sample (n=1,612). Participants were drawn from the GAIN-MDD study, which is a case-control study of 

major depressive disorder in unrelated individuals. Average age of participants (65% female) was 43.8 years (SD = 

13.6); participants gave informed consent to participation, and all studies were approved by appropriate ethics 

committees. Genotyping was conducted by Perlegen Sciences (Mountain View, CA, USA) with the use of a set of four 

proprietary, high-density oligonucleotide arrays. The SNP quality-control process is described in detail elsewhere (32). 

A total of 427,303 autosomal SNPs passed QC criteria. We inferred unmeasured HapMap SNPs in each panel separately 

using MACH and the phased haplotype data from the CEU HapMap samples (phase I+II, release22, build 36) as 

reference. Following imputation, data for 2.5 million Hapmap SNPs were available; of these, we dropped SNPs with an 

imputation score < 0.3, MAF < 0.01 or with a Hardy-Weinberg equilibrium test with P < 10
-6

. Data were available for 

205 and 1,407 individuals who respectively answered “Yes” and “No” to the question “Have you ever had asthma 

diagnosed by a doctor?”. 
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(B) NTR2 sample (n=1,059). This sample was randomly drawn from the NTR-Biobank study (33). We optimized the 

number of unrelated individuals who were genotyped. Average age of participants (61% female) was 49.2 years (SD = 

14.0); participants gave informed consent to participation, and all studies were approved by appropriate ethics 

committees. Genome-wide SNP-genotyping was performed with Illumina 660W arrays; QC excluded SNPs based on 

MAF < 0.01, missing genotype rate > 0.05 or a P-value < 10
-5

 in a test of Hardy-Weinberg equilibrium, leaving 515,781 

SNPs available for analysis. Samples were excluded if they showed evidence for contamination by excessive allele 

sharing with multiple samples and excessive levels of heterozygosity (F < -0.10). Samples were also excluded if they 

had a higher than 90% genotype missing rate. Subsequently, genotypes of ~3.8 million SNPS were imputed with Impute 

(34), using the HapMap CEU data (release 24, NCBI build 36), available from the Impute website, as reference. 

Imputed SNPs were excluded if they had a minor allele frequency < 0.01 or a properinfo < 0.3, leaving 2,147,160 

autosomal SNPs for analysis. Data were available for 145 and 914 individuals who respectively answered “Yes” and 

“No” to the question “Have you ever had asthma diagnosed by a doctor?”. 

 

Analysis in Population-based Cohorts of Asthma Traits (APCAT; n=18,604) 

The APCAT consortium includes information for 1,716 physician-diagnosed asthmatics and 16,888 asthma-free 

controls (Table S3) with available genome-wide genotype data that participated in six population-based studies from 

Finland (Helsinki Birth Cohort [HBC]; Health 2000 [H2000]; Finrisk, including Finrisk 1992, 1997, 2002 and 2007; the 

Northern Finland Birth Cohort 1966 [NFBC66]; and the Young Finns Study) and the United States (Framingham Heart 

Study). These studies are described in detail in the references provided in Table S3 and summarised below. Unmeasured 

HapMap SNPs were imputed with MACH. SNPs were tested for association with asthma using logistic regression and 

considering SNP additive effects. Age (H2000, Finrisk, Young Finns Study), sex and four ancestry-informative principal 

components were included as covariates. Three separate association analyses were conducted, corresponding to the 

following panels: (1) the Framingham Heart Study; (2) the NFBC66 study; and (3) the combined analysis of the HBC, 

H2000, Finrisk and Young Finns studies. Results from the three panels were then meta-analysed with METAL (27).  

 
Table S3. Studies that contributed data to the APCAT consortium. 

 Study N cases N controls Reference  

 Helsinki Birth Cohort Study (HBCS) 123 1533 (35)  

 Health 2000 (H2000) 153 1841 (36)  

 Finrisk 160 1705 (37)  

 Northern Finland Birth Cohort 1966 (NFBC66) 364 3502 (38)  

 Young Finns Study 119 1844 (39)  

 Framingham Heart Study 797 6463 (40)  

 Total 1716 16888   

      

 
(A) Helsinki Birth Cohort Study (HBCS; n=1,656). The HBCS includes 8,760 subjects born in Helsinki between 1934 

and 1944 (35). Between 2001 and 2004, a representative subset of 928 males and 1,075 females participated in a 

clinical study focusing upon cardiovascular and metabolic outcomes and cognitive functions. Information on asthma, 

smoking and alcohol intake is available from questionnaires for 2,003 individuals who participated in the clinical study. 

Information on hospitalization due to alcohol abuse is available from the National Hospital Discharge Register.  

Psychological questionnaires have been used to assess personality characteristics including data on impulsivity. 

Genotyping was performed with the Illumina 670K array, with 1,656 individuals included in this analysis. 

 

(B) Health 2000 Study (H2000; n=1,994). The protocol for this study is described in detail elsewhere (36) and included 

home interview, completion of several questionnaires, laboratory and anthropometrical measurements, spirometry with 

bronchodilator test and clinical examination by a physician. Further information was obtained by record linkage with 

the National Hospital Discharge Register and the National Social Insurance Institutions register data on reimbursement 

of asthma medication. Asthma diagnosis was based on all of the above mentioned data and confirmed by the physician. 

Samples were genotyped with Illumina 610K or 370K arrays, with 1,994 individuals included in this analysis. 

 

(C) Finrisk study (n=1,865). This study is a population survey of risk factors for chronic diseases in Finland (37). The 

survey has been executed every five years from 1972 using independent, random and representative population samples 

from five geographical areas of the country. Participants have completed a health-related questionnaire and undergone a 

physical examination including measurement of anthropometric traits and blood draw. A total of 1,865 individuals with 

available physician-diagnosed asthma status were genotyped with Illumina 610K or Affymetrix 6.0 arrays. 
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(D) Northern Finland Birth Cohort 1966 (NFBC66; n=3,866). The NFBC66 study is an on-going follow-up study of 

people whose expected date of birth was in 1966 in the provinces of Oulu and Lapland (38). Primary clinical data 

collection on parents and the child occurred prenatally and at birth. Data collection on the child continued at several age 

points. At age 31, participants were sent a postal questionnaire and invited for clinical assessment where DNA was 

collected with informed consent. Information on asthma, hay fever and smoking used in this analysis was collected at 

this time point, with some incomplete information filled during clinical assessment. More details about this study can be 

found at http://kelo.oulu.fi/NFBC/. Genotyping was performed with Illumina Infinium for 339,629 SNPs. 

 

(E) The Young Finns Study (n=1,963). The Young Finns cohort is a longitudinal population study sample on the 

evolution of cardiovascular risk factors from childhood to adulthood (39). The first cross-sectional survey was 

conducted in 1980 in five Finnish university cities and included 3,596 participants who were in the age groups of 3, 6, 

9, 12, 15, and 18 years and were randomly chosen from the national population register; equal ratios of males and 

females were selected in each age group. In 2007, 2,204 subjects now aged 30 to 45 years participated in the latest 

follow-up study. Of these, 1,963 individuals with available physician-diagnosed asthma status were genotyped with the 

Illumina 670K array. 

 

(F) Framingham Heart Study (FHS; n=7,260). The FHS is a collection of cohorts recruited to investigate 

cardiovascular disease and its risk factors as described in detail elsewhere (40). Asthma was classified based on self-

report of a physician‟s diagnosis. Genotyping was performed using the Affymetrix 500K array and supplemented with 

the HuGeneFocused 50K array. 

http://kelo.oulu.fi/NFBC/
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Table S4. QC filters for SNP data in the four individual projects that contributed to the Australian GWAS. 

 

QC step 1. AAGC 

2. QIMR_610K  3. QIMR_370K 

4. Busselton 

 

 2.1. MIG 2.2. ADOL 2.3. GL  3.1. ALCO_C 3.2. ALCO_D  

 Illumina array used 610K 610K 610K 610K  370K 370K 610K  

 N SNPs before QC 598821 592385 592392 589296  343955 344962 582892  

 GenCall < 0.7 39603 46931 47418 36877  24494 27459 a  

 Call rate < 95% 1244 8038 8447 12455  11584 7537 4034  

 Hardy Weinberg equilibrium P < 10-6 1498 1221 2841 15474  4318 1194 927  

 MAF < 0.01 b 33347 33347 28607  7874 8976 32321  

 N SNPs after dataset-specific QC 556476 530922 529379 531042  323093 321267 545610  

 N SNPs after merging 2.1, 2.2 and 2.3 556476 561815  323093 321267 545610  

 N SNPs after merging 3.1 and 3.2 556476 561815  292083 545610  

 N SNPs after merging 1 and 2 508240  292083 545610  

 MAF < 0.01 169  50 NA  

 Hardy Weinberg equilibrium P < 10-6 2  0 NA  

 MAF difference between 1 and 2b 1104  NA NA  

 N SNPs after QC 506965  292033 545610  

       
a
 GenCall score not available in this cohort. 

b
 The AAGC dataset included predominantly (94%) asthmatic cases and so a MAF filter was only applied after merging 

this dataset with the QIMR_610K data. Furthermore, this over-representation of cases in one dataset could be a 

potential confounder for the analysis of SNPs whose genotype calling is affected by dataset-specific technical artefacts. 

To identify and remove such SNPs, we compared the allele frequency between AAGC cases (N=1,695) and 

QIMR_610K cases (N=397), as well as between AAGC controls (N=115) and QIMR_610K controls (N=1,267). The 

genomic inflation factor for these analyses was 1.001 and 1.014, respectively, indicating that there were no systematic 

allele frequency differences between the two datasets. We nonetheless removed a small subset of 1,104 SNPs (0.2%) 

that had significant (P < 0.001) allele frequency differences between the two datasets. 

MAF=minor allele frequency. QC=quality control. 
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Figure S3. Characteristics of 5.7 million SNPs analysed in this study. (A) Minor allele frequency spectrum. (B – D) 

Imputation information for SNPs that were imputed in the AAGC+QIMR_610K datasets (B), QIMR_370K dataset (C) 

and Busselton dataset (D).  
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Figure S4. Quantile-quantile plot for results from the Australian GWAS. Observed (y-axis) and expected (x-axis) 

association results (-log10P-value) for 5.7 million SNPs included in our main association analysis of asthma in 2,669 

cases and 4,528 controls. The genomic inflation factor (λ) of this analysis was 1.014. 
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Table S5. Main association results (P ≤ 5x10

-6
) for the Australian GWAS (2,669 asthmatics and 4,528 controls). 

 Locus Positiona, bp SNP, Allele 
Closest gene, bp 

distance 
 MAF  

Odds Ratio  

(95% CI) 

Association 

P-value 

Heterogeneity testb 

P-value (k; I2, 95% CI) 
 

 17q21 35360125 rs8071050, G GSDMA,12626 0.48 1.27 (1.18-1.35) 6.3x10-10 0.3069 (3; 15, 0-91)  

 12q24 119562269 chr12:119562269, T CABP1,10484 0.02 1.85 (1.45-2.38) 8.3x10-7 0.4918 (3; 0, 0-90)  

 16q24 82819610 rs7196274, A KCNG4,6287* 0.27 0.81 (0.74-0.88) 1.3x10-6 0.0853 (3; 59, 0-88)  

 8q22 95245191 rs11776675, C CDH17,36624* 0.32 1.21 (1.12-1.30) 2.7x10-6 0.3199 (3; 12, 0-91)  

 5q22 110495398 rs1438673,T WDR36,1299 0.50 0.84 (0.78-0.90) 3.2x10-6 0.9332 (3; 0, 0-90)  

          
a
 Base pair positions (bp) correspond to build 36.  

b
 Results for the Breslow-Day test of heterogeneity. 

The five SNPs were imputed with information > 0.8 for 610K array datasets (AAGC+QIMR_610K and Busselton) and 

> 0.5 for the QIMR_370K dataset.  

MAF=minor allele frequency. k=number of analysis panels. 
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Figure S5. Regional association results (-log10P-value, y-axis) for chromosomes 12q24 (A), 16q24 (B) and 8q22 

(C). The most-associated SNP for each region is shown in blue, and the color of the remaining markers reflects the 

linkage disequilibrium (r
2
) with the top SNP in each panel (increasing red hue associated with increasing r

2
). SNPs 

directly genotyped in at least one of the three datasets (AAGC+QIMR_610K, QIMR_370K or BUSSELTON) are 

represented by triangles; SNPs imputed in all three datasets are represented by diamonds (HapMap 3 SNPs) or circles 

(1000 Genomes SNPs). The recombination rate (second y-axis) is plotted in light blue and is based on the CEU 

HapMap population. Exons for each gene are represented by vertical bars.  
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Figure S6. Meta-analysis quantile-quantile plot. Observed (y-axis) and expected (x-axis) association results (-log10P-

value) for 421,334 autosomal SNPs included in a meta-analysis of results from the Australian GWAS and the GABRIEL 

(20), comprising 12,475 asthmatics and 19,967 controls (after excluding overlapping samples). SNPs with P<5x10
-8

 in 

the GABRIEL (20) are not shown. The genomic inflation factor (λ) of this analysis was 1.068.
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Table S6. SNPs most associated with asthma (P ≤ 5x10

-6
) in the meta-analysis of results from the Australian GWAS and GABRIEL (20). 

 

Locus SNP, allele 
Nearest 

gene 

Australian GWASa  GABRIELb  Meta-analysis  

 MAF  OR SE 
Association 

P-value 
Heterogeneity testc 

P-value (k; I2, 95% CI) 
 

OR SE 
Association 

P-value 
Heterogeneity testc 

P-value (k; I2, 95% CI) 
 OR  

(95% CI) 
Association 

P-value 
Heterogeneity testc 

P-value (k; I2, 95% CI) 
 

 17q21 rs8079416,C ORMDL3 0.44 1.28 0.043 1.1x10-08 0.4890 (2;0,0-100)  1.17 0.020 7.1x10-16 0.0480 (36;30,0-54)  1.19 (1.15-1.23) 2.4x10-22 0.0246 (38;34,2-56)  

 2q12.1 rs3771166,A IL1RL1 0.39 0.86 0.044 0.0005 0.5630 (2;0,0-100)  0.87 0.021 3.5x10-12 0.1808 (36;18,0-46)  0.86 (0.83-0.90) 7.9x10-15 0.1809 (38;17,0-45)  

 9p24.1 rs1342326,C IL33 0.16 1.20 0.056 0.0010 0.7232 (2;0,0-100)  1.20 0.026 8.7x10-12 0.2169 (36;15,0-44)  1.20 (1.14-1.26) 3.5x10-14 0.2127 (38;15,0-43)  

 17q12 rs2271308,T STARD3 0.26 1.12 0.048 0.0217 0.9535 (2;0,0-100)  1.14 0.022 2.4x10-09 0.4752 (36;0,0-38)  1.14 (1.09-1.18) 1.7x10-10 0.4509 (38;1,0-38)  

 22q12.3 rs2284033,A IL2RB 0.43 0.90 0.043 0.0132 0.6578 (2;0,0-100)  0.89 0.020 1.2x10-08 0.9228 (36;0,0-38)  0.89 (0.86-0.92) 5.0x10-10 0.9230 (38;0,0-37)  

 5q31.1 rs6871536,C RAD50 0.19 1.11 0.053 0.0407 0.0624 (2;71,0-100)  1.14 0.024 1.9x10-08 0.0921 (36;25,0-50)  1.14 (1.09-1.19) 2.4x10-09 0.0748 (38;26,0-50)  

 15q22.33 rs744910,G SMAD3 0.49 1.06 0.043 0.1452 0.3074 (2;4,0-100)  1.12 0.020 3.9x10-09 0.8515 (36;0,0-38)  1.11 (1.07-1.15) 2.7x10-09 0.8477 (38;0,0-37)  

 15q22.2 rs11071559,T RORA 0.14 0.85 0.065 0.0103 0.2650 (2;20,0-100)  0.85 0.030 1.1x10-07 0.8429 (36;0,0-38)  0.85 (0.81-0.90) 3.8x10-09 0.7652 (38;0,0-37)  

 5q22.1 rs1043828,C WDR36 0.35 1.17 0.044 0.0004 0.8681 (2;0,0-100)  1.10 0.021 3.1x10-06 0.1808 (36;18,0-46)  1.11 (1.07-1.15) 1.1x10-08 0.1488 (38;19,0-47)  

 11q13.5 rs7130588,G LRRC32 0.36 1.12 0.044 0.0111 0.3523 (2;0,0-100)  1.10 0.021 3.2x10-06 0.1602 (36;19,0-47)  1.10 (1.06-1.15) 1.2x10-07 0.1894 (38;17,0-44)  

 6p21.32 rs3763309,A BTNL2 0.22 1.07 0.050 0.1931 0.7730 (2;0,0-100)  1.13 0.024 4.0x10-07 0.1255 (36;22,0-48)  1.12 (1.07-1.17) 2.8x10-07 0.0760 (38;26,0-50)  

 9p24.1 rs340908,T IL33 0.18 0.98 0.056 0.7735 0.2951 (2;9,0-100)  0.87 0.026 3.5x10-08 0.0662 (36;28,0-52)  0.89 (0.85-0.93) 3.2x10-07 0.0648 (38;27,0-51)  

 13q21.31 rs3119939,C PCDH20 0.49 0.91 0.043 0.0254 0.6933 (2;0,0-100)  0.92 0.020 1.3x10-05 0.3354 (36;8,0-38)  0.92 (0.88-0.95) 9.6x10-07 0.5472 (38;0,0-37)  

 6p21.32 rs241425,A TAP2 0.44 0.89 0.043 0.0079 0.8348 (2;0,0-100)  0.92 0.020 3.2x10-05 0.6721 (36;0,0-38)  0.91 (0.88-0.95) 9.9x10-07 0.7766 (38;0,0-37)  

 10q21.1 rs7922491,A PRKG1 0.11 1.15 0.067 0.0350 0.0148 (2;83,0-100)  1.15 0.032 1.2x10-05 0.8763 (36;0,0-38)  1.15 (1.09-1.22) 1.2x10-06 0.6991 (38;0,0-37)  

 1q21.3 rs4129267,T IL6R 0.40 1.09 0.043 0.0372 0.0417 (2;76,0-100)  1.09 0.020 1.9x10-05 0.1734 (36;18,0-46)  1.09 (1.05-1.13) 2.0x10-06 0.1839 (38;17,0-44)  

 7q22.3 rs6967330,A CDH28 0.16 1.11 0.058 0.0692 0.4156 (2;0,0-100)  1.12 0.027 1.8x10-05 0.0266 (36;34,0-56)  1.12 (1.07-1.17) 3.2x10-06 0.0431 (38;30,0-53)  

 11q13.3 rs10896379,T IGHMBP2 0.19 0.84 0.055 0.0018 0.2909 (2;10,0-100)  0.91 0.026 2.9x10-04 0.2702 (36;12,0-41)  0.90 (0.86-0.94) 4.1x10-06 0.1934 (38;16,0-44)  

 5q31.3 rs11167764,A NDFIP1 0.20 0.95 0.053 0.2894 0.9028 (2;0,0-100)  0.89 0.025 4.9x10-06 0.0562 (36;29,0-53)  0.90 (0.86-0.94) 4.6x10-06 0.0731 (38;26,0-51)  

                   

a
 Analyses were performed after excluding overlapping samples between this study and the GABRIEL (20). 

b
 The association P-value corresponds to the fixed-effects meta-analysis conducted by the GABRIEL (20). 

c
 Results for a test of heterogeneity (Breslow-Day test for the Australian GWAS; Cochran‟s Q test for all other analyses).  

The table highlights: (1) in yellow, 12 SNPs located in regions reported to associate with asthma in previous GWAS (20, 41); (2) in blue, two SNPs with P>0.05 in the 

Australian GWAS and not reported to associate with asthma in previous GWAS; and (3) in green, five SNPs with P≤0.05 in the Australian GWAS and not reported to 

associate with asthma in previous GWAS – only these five SNPs were selected for follow-up. 

MAF=minor allele frequency. OR=odds ratio. k=number of analysis panels.  
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Figure S7. Regional association plots for chromosomes 1q21.3 (A) and 11q13.5 (B) in the Australian GWAS. 

Association results (-log10P-value, y-axis) are shown for genotyped (triangles) and imputed (diamonds, HapMap 3; 

circles, 1000 Genomes Project) SNPs located within 250 kb of rs4129267 and rs7130588 (blue triangles in each panel), 

and tested in 2,110 asthma cases and 3,857 controls from our study. The color of the remaining markers reflects the 

linkage disequilibrium (r
2
) with rs4129267 or rs7130588 (increasing red hue associated with increasing r

2
). Samples 

from the Busselton cohort that was included in the GABRIEL study (20) were excluded from this analysis. The 

recombination rate (second y-axis) is plotted in light blue and is based on the CEU HapMap population. Exons for each 

gene are represented by vertical bars. 
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Table S7. Results for five loci with P > 5x10
-8

 in the combined analysis of discovery and follow-up panels. 

 Panel 
N  

cases 

N  

controls 

Odds Ratio 

(95% CI) 

Association 

P-value 

Heterogeneity testa 

P-value (k; I2, 95% CI) 

 

 Locus=13q21, SNP:allele=rs3119939:C, nearest gene=PCDH20  

 Discovery Australian GWASb 2110 3857 0.91 (0.84-0.99) 0.0254 0.6933 (2; 0, 0-100)  

  GABRIEL 10365 16110 0.92 (0.88-0.95) 1.3x10-5 0.3354 (36; 8, 0-38)  

  Combined 12475 19967 0.92 (0.88-0.95) 9.6x10-7 0.5472 (38; 0, 0-37)  

 Follow-up APCAT 1716 16888 0.97 (0.90-1.05) 0.4911 0.0126 (3; 77, 26-93)  

  Raine 654 621 0.88 (0.75-1.02) 0.0902 -  

  QIMR 602 2206 1.08 (0.95-1.23) 0.2368 -  

  NTR 350 2321 1.00 (0.85-1.17) 0.9928 0.3127 (2; 2, 0-100)  

  Combined 3322 22036 0.98 (0.93-1.04) 0.5403 0.0279 (7; 58, 2-82)  

 All samples 15797 42003 0.93 (0.91-0.96) 7.7x10-6 0.1533 (45; 18, 0-43)  

 Locus=10q11, SNP:allele=rs7922491:A, nearest gene=PRKG1  

 Discovery Australian GWASb 2110 3857 1.15 (1.01-1.31) 0.0350 0.0148 (2; 83, 0-100)  

  GABRIEL 10365 16110 1.15 (1.08-1.22) 1.2x10-5 0.8763 (36; 0, 0-38)  

  Combined 12475 19967 1.15 (1.09-1.22) 1.2x10-6 0.6991 (38; 0, 0-37)  

 Follow-up APCAT 1716 16888 1.10 (0.94-1.28) 0.2316 0.1013 (3; 56, 0-88)  

  Raine 654 621 1.30 (1.03-1.64) 0.0280 -  

  QIMR 602 2206 1.03 (0.85-1.25) 0.7979 -  

  NTR 350 2321 0.92 (0.69-1.23) 0.5805 0.5651 (2; 0, 0-100)  

  Combined 3322 22036 1.09 (0.99-1.20) 0.0974 0.1875 (7; 32, 0-71)  

 All samples 15797 42003 1.13 (1.08-1.19) 4.7x10-7 0.5674 (45; 0, 0-35)  

 Locus=11q13.3, SNP:allele=rs10896379:T, nearest gene=IGHMBP2  

 Discovery Australian GWASb 2110 3857 0.84 (0.76-0.94) 0.0018 0.2909 (2; 10, 0-100)  

  GABRIEL 10365 16110 0.91 (0.87-0.96) 2.9x10-4 0.2702 (36; 12, 0-41)  

  Combined 12475 19967 0.90 (0.86-0.94) 4.1x10-6 0.1934 (38; 16, 0-44)  

 Follow-up APCAT 1716 16888 0.96 (0.87-1.07) 0.4845 0.4293 (3; 0, 0-90)  

  Raine 654 621 0.98 (0.81-1.19) 0.8733 -  

  QIMR 602 2206 1.01 (0.86-1.18) 0.9191 -  

  NTR 350 2321 1.00 (0.82-1.21) 0.9624 0.3250 (2; 0, 0-100)  

  Combined 3322 22036 0.98 (0.91-1.05) 0.5902 0.8177 (7; 0, 0-71)  

 All samples 15797 42003 0.92 (0.89-0.96) 3.0x10-5 0.2177 (45; 14, 0-41)  

 Locus=16q24, SNP:allele=rs7196274:A, nearest gene=KCNG4  

 Discovery Australian GWAS 2669 4528 0.81 (0.74-0.88) 1.3x10-6 0.0853 (3; 59, 0-88)  

 Follow-up APCAT 1716 16888 1.03 (0.94-1.14) 0.5225 0.2668 (3; 24, 0-92)  

  Raine 654 621 0.89 (0.75-1.05) 0.1705 -  

  QIMR 602 2206 0.84 (0.73-0.98) 0.0233 -  

  NTR 350 2321 1.01 (0.85-1.21) 0.8681 0.6664 (2; 0, 0-100)  

  Combined 3322 22036 0.96 (0.90-1.03) 0.2863 0.1584 (7; 35, 0-73)  

 All samples 5991 26564 0.90 (0.86-0.95) 1.2x10-4 0.0040 (10; 63, 26-81)  

 Locus=8q22, SNP:allele=rs11776675:C, nearest gene=CDH17  
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 Discovery Australian GWAS 2669 4528 1.21 (1.12-1.30) 2.7x10-6 0.3199 (3; 12, 0-91)  

 Follow-up APCAT 1716 16888 1.02 (0.94-1.10) 0.6490 0.2640 (3; 25, 0-92)  

  Raine 654 621 1.01 (0.86-1.20) 0.8879 -  

  QIMR 602 2206 1.06 (0.93-1.20) 0.4139 -  

  NTR 350 2321 0.93 (0.78-1.10) 0.3791 0.2006 (2; 39, 0-100)  

  Combined 3322 22036 1.01 (0.96-1.07) 0.6435 0.4515 (7; 0, 0-71)  

 All samples 5991 26564 1.08 (1.03-1.13) 0.0016 0.0160 (10; 56, 9-78)  

        

a
 Results for a test of heterogeneity (Breslow-Day test for the Australian GWAS and NTR analyses; Cochran‟s Q test for 

all other analyses) are provided for analyses that incorporated multiple cohorts/panels. 
b
 Analyses were performed after excluding overlapping samples between this study and the GABRIEL (20). 

k=number of analysis panels.  



21 

Table S8. Association between IL6R and 11q13.5 and nine asthma subphenotypes in asthmatics (Nmax=2,669).  

  N Effecta SE P-value  

 IL6R (rs4129267:T)  

 Childhood asthmatics vs later onset asthmatics 1262 vs 682 1.065 0.069 0.3571  

 Atopicb asthmatics vs non-atopic asthmatics 1515 vs 440 1.067 0.078 0.4050  

 Asthmatics with eczemac vs asthmatics with no eczema 335 vs 1224 0.973 0.088 0.7563  

 Clinical- vs questionnaire-based diagnosed asthmatics 759 vs 1910 1.005 0.061 0.9333  

 Forced Expiratory Volume in 1s (FEV1)  1478 -0.001 0.028 0.9779  

 Forced Vital Capacity (FVC) 1477 -0.009 0.034 0.7965  

 FEV1/FVC  1476 0.003 0.004 0.5068  

 Peripheral blood eosinophil counts  400 0.082 0.055 0.1371  

 Total serum IgE levels 902 0.099 0.068 0.1476  

 11q13.5 (rs7130588:G)  

 Childhood asthmatics vs later onset asthmatics 1262 vs 682 1.024 0.070 0.7385  

 Atopicb asthmatics vs non-atopic asthmatics 1515 vs 440 1.322 0.082 0.0007  

 Asthmatics with eczemac vs asthmatics with no eczema 335 vs 1224 1.170 0.089 0.0782  

 Clinical- vs questionnaire-based diagnosed asthmatics 759 vs 1910 0.986 0.063 0.8258  

 Forced Expiratory Volume in 1s (FEV1)  1477 0.047 0.029 0.1007  

 Forced Vital Capacity (FVC) 1476 0.069 0.034 0.0460  

 FEV1/FVC  1475 -0.001 0.004 0.8040  

 Peripheral blood eosinophil counts  399 0.009 0.056 0.8647  

 Total serum IgE levels 901 0.147 0.071 0.0377  

       

a
 Effect corresponds to the odds ratio for the minor allele for the four binary traits or the slope from a linear regression 

(beta) for the five continuous traits, the latter including age, sex, height, ever and current smoker as covariates. 

Eosinophil and total IgE levels were log transformed prior to the analysis. 
b
 Atopy was defined by a positive skin prick test to at least one common allergen. 

c
 Eczema was defined by a self-reported physician diagnosis of the disease. 
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Table S9. Frequency of the rs7130588:G predisposing allele as a function of asthma, eczema and atopy status in the Australian GWAS. 

 

 

 Case definition  Control definition  
N 

cases 

N 

controls 

MAF 

cases 

MAF 

controls 

Association testa  

  Asthma Eczema Atopy  Asthma Eczema Atopy  OR (95% CI) P-value  

                  

 Atopic asthmatics vs Atopic non-asthmatics  Yes - Yes  No - Yes  1570 250 0.385 0.354 1.21 (0.97-1.52) 0.0916  

  Non-atopic non-asthmatics  Yes - Yes  No - No  1570 375 0.385 0.328 1.29 (1.06-1.58) 0.0124  

  Non-asthmatics  Yes - Yes  No - Yes or No  1570 625 0.385 0.338 1.26 (1.06-1.49) 0.0091  

                   

 Non-atopic asthmatics vs Atopic non-asthmatics  Yes - No  No - Yes  452 250 0.319 0.354 0.86 (0.66-1.13) 0.2914  

  Non-atopic non-asthmatics  Yes - No  No - No  452 375 0.319 0.328 0.87 (0.67-1.12) 0.2667  

  Non-asthmatics  Yes - No  No - Yes or No  452 625 0.319 0.338 0.88 (0.70-1.10) 0.2532  

                   

 Eczema vs Atopics, no eczema  - Yes -  - No Yes  368 914 0.416 0.380 1.14 (0.95-1.37) 0.1539  

  Non-atopics, no eczema  - Yes -  - No No  368 581 0.416 0.325 1.41 (1.11-1.78) 0.0049  

  No eczema  - Yes -  - No Yes or No  368 1495 0.416 0.358 1.21 (1.01-1.43) 0.0356  

                   

 Atopics vs Non-atopics  - - Yes  - - No  1871 848 0.380 0.325 1.27 (1.12-1.44) 0.0002  

 Atopics, no eczema vs Non-atopics, no eczema  - No Yes  - No No  914 581 0.380 0.325 1.24 (1.05-1.46) 0.0111  

 Atopics, no eczema, no asthma vs Non-atopics, no eczema, no asthma  No No Yes  No No No  239 372 0.360 0.329 1.15 (0.90-1.46) 0.2675  

                   

 Asthmatics, no eczema vs Non-asthmatics, no eczema  Yes No -  No No -  1224 4451 0.375 0.355 1.10 (0.99-1.21) 0.0834  

                  

a
 Corresponds to a Cochran-Mantel-Haenszel test of association with three strata (QIMR_610K, QIMR_370K and BUSSELTON datasets). 

Asthma=physician-diagnosed asthma. Eczema=physician-diagnosed eczema. Atopy=positive skin prick test to at least one common allergen. MAF=minor allele frequency. 

OR=odds ratio. A “-“ indicates “Yes, No or Unknown”. 
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Table S10. Results for specific SNPs reported to associate with asthma risk in previous GWAS. 

 

Locusa Literature 

SNP, allele 

 

Original report 

 Australian GWASb  

Ref 

 

   Total sample  Childhood onset  Later onset   

 
 OR P-value  

OR 

(95% CI) 
P-value  

OR 

(95% CI) 
P-value  

OR 

(95% CI) 
P-value  

 

 GSDMB rs2305480, A  0.85 9.6x10-8  0.77 
(0.70-0.83) 

5.7x10-10  0.71 
(0.64-0.78) 

6.9x10-12  0.94 
(0.82-1.08) 

0.3658  (20)  

 GSDMA rs3894194,A  1.17 4.6x10-9  1.26 

(1.16-1.37) 

7.1x10-8  1.37 

(1.24-1.51) 

3.8x10-10  0.99 

(0.86-1.13) 

0.8586  (20)  

 IL18R1 rs3771166,A  0.87 3.4x10-9  0.86 

(0.79-0.94) 

0.0005  0.81 

(0.73-0.90) 

4.8x10-5  0.92 

(0.80-1.06) 

0.2683  (20)  

 IL33 rs1342326,C  1.20 9.2x10-10  1.20 

(1.08-1.34) 

0.0010  1.25 

(1.10-1.42) 

0.0005  1.16 

(0.97-1.38) 

0.1023  (20)  

 RORA rs11071559,T  0.85 1.1x10-7  0.85 

(0.75-0.96) 

0.0102  0.88 

(0.76-1.02) 

0.1036  0.71 

(0.57-0.88) 

0.0022  (20)  

 IL2RB rs2284033,A  0.89 1.2x10-8  0.90 
(0.83-0.98) 

0.0132  0.92 
(0.84-1.02) 

0.1078  0.84 
(0.74-0.97) 

0.0169  (20)  

 HLA-DQ rs9273349,T  0.85 7.0x10-14  0.93 

(0.85-1.01) 

0.0824  0.88 

(0.79-0.97) 

0.0103  0.99 

(0.86-1.14) 

0.8818  (20)  

 SMAD3 rs744910,G  1.12 3.9x10-9  1.06 
(0.98-1.16) 

0.1460  1.04 
(0.95-1.15) 

0.3718  1.12 
(0.98-1.29) 

0.0904  (20)  

 PDE4D rs1588265,G  0.85 2.5x10-8  1.06 

(0.97-1.16) 

0.2151  1.03 

(0.93-1.13) 

0.5931  1.05 

(0.92-1.19) 

0.4871  (42)  

  SLC22A5 rs2073643,T  0.90 2.2x10-7  0.95 

(0.88-1.04) 

0.2739  0.94 

(0.85-1.04) 

0.2408  0.98 

(0.86-1.12) 

0.7894  (20)  

 IL13 rs1295686,T  0.87 1.4x10-7  1.03 
(0.93-1.15) 

0.5548  1.05 
(0.93-1.18) 

0.4616  1.07 
(0.90-1.26) 

0.4379  (20)  

 DENND1B rs1775456,G  0.75 3.0x10-7  1.00 

(0.90-1.10) 

0.9285  1.00 

(0.90-1.12) 

0.9357  0.99 

(0.86-1.15) 

0.9183  (43)  

                  
a
 For completeness, we also included the three loci reported by the GABRIEL consortium (20) that did not reach 

genome-wide significance in that study, namely RORA, SLC22A5 and IL13. 
b
 SNPs were directly genotyped in all cohorts with the exception of rs3771166 and rs2073643 (imputed in the 

QIMR_370K dataset only, information = 0.99 and 0.92, respectively), rs2284033 and rs9273349 (imputed in all cohorts, 

information = 0.84 and 0.98, respectively). Analyses were performed after excluding overlapping samples between this 

study and the GABRIEL (20). OR=odds ratio. Ref=reference. 
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Table S11. Results for the most significant SNP in the Australian GWAS

a
 for 12 loci reported to associate with 

asthma in previous GWAS. 

 

Locusb Best SNP,  

allele 

N SNPs 

testedc 

LD with 

literature 

SNPd, r2 

Allele 

 frequency 
OR (95% CI) 

P-value 
 

 Uncorrected Correctede  

 GSDMB rs4795405,T 189 0.83 0.46 0.76 (0.70-0.83) 1.6x10-10 <10-4  

 GSDMA rs4795405,T 287 0.51 0.46 0.76 (0.70-0.83) 1.6x10-10 <10-4  

 IL18R1 2-102348465,T 625 0.30 0.15 0.78 (0.69-0.89) 0.0001 0.0163  

 IL33 9-6165855,T 289 0.97 0.16 1.20 (1.08-1.34) 0.0008 0.0545  

 RORA 15-58604480,C 338 0.00 0.10 1.22 (1.06-1.40) 0.0062 0.3522  

 IL2RB rs228953,A 326 0.96 0.43 0.90 (0.82-0.97) 0.0104 0.5619  

 HLA-DQ rs9273148, A 4,436 0.13 0.17 1.20 (1.08-1.34) 0.0009 0.1888  

 SMAD3 rs266335,G 523 0.00 0.32 1.15 (1.06-1.26) 0.0016 0.1988  

 PDE4D 5-58522048,T 3,679 0.00 0.08 1.32 (1.13-1.54) 0.0005 0.3047  

 SLC22A5 5-131756744,T 312 0.00 0.01 1.31 (0.96-1.77) 0.0857 0.9471  

 IL13 rs1881457,C 156 0.35 0.18 1.14 (1.03-1.27) 0.0137 0.3846  

 DENND1B rs12118513,A 420 0.06 0.22 0.85 (0.77-0.95) 0.0029 0.2328  

          

a
 Analyses were performed after excluding overlapping samples between this study and the GABRIEL (20). 

b 
For completeness, we also included the three loci reported by the GABRIEL (20) that did not reach genome-wide 

significance in that study, namely RORA, SLC22A5 and IL13. 
c
 Number of SNPs located in or within 50 kb of each gene.  

d
 cf. Table S10. 

e
 Significance of the best SNP after accounting for the number of, and LD between, SNPs tested in the respective gene, 

estimated from 10,000 permutations. 

LD=linkage disequilibrium.  
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Table S12. Fifty-four inflammatory- or immune-related traits with one or more locus reported in the catalog of 

GWAS with P ≤ 5x10
-8

. 

    

 
AIDS Multiple sclerosis (severity) 

 

 
AIDS progression Neutrophil count 

 

 
Alopecia areata Plasma eosinophil count 

 

 
Ankylosing spondylitis Plasma E-selectin levels 

 

 
Atopic dermatitis Plasma level of vitamin B12 

 

 
Atopy Plasma levels of Protein C 

 

 
CD4:CD8 lymphocyte ratio Primary biliary cirrhosis 

 

 
Celiac disease Primary sclerosing cholangitis 

 

 
Chronic Hepatitis C infection Protein quantitative trait loci 

 

 
Chronic obstructive pulmonary disease Psoriasis 

 

 
C-reactive protein Psoriatic arthritis 

 

 
Crohn's disease Pulmonary function 

 

 
Eosinophilic esophagitis (pediatric) Pulmonary function measures 

 

 
Factor VII Pulmonary function traits (other) 

 

 
Fibrinogen Rheumatoid arthritis 

 

 
Hepatitis B Serologic markers in systemic lupus erythematosus 

 

 
HIV-1 control Serum IgE levels 

 

 
HIV-1 susceptibility Serum matrix metalloproteinase 

 

 
HIV1 viral setpoint Serum soluble E-selectin 

 

 
HIV (mother-to-child transmission) Soluble ICAM-1 

 

 
Immunoglobulin A Soluble levels of adhesion molecules 

 

 
Inflammatory bowel disease Systemic lupus erythematosus 

 

 
Inflammatory bowel disease (early onset) Type 1 diabetes 

 

 
Interleukin-18 levels Ulcerative colitis 

 

 
Lupus Vitamin D insufficiency 

 

 
Mean forced vital capacity from 2 exams Vitamin D levels 

 

 
Multiple sclerosis YKL-40 levels 
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Table S13. Results for 16 SNPs previously reported to associate with inflammatory- or immune-related traits (P ≤ 

5x10
-8

) and that associated with asthma risk (P ≤ 0.01) in the meta-analysis of our study and the GABRIEL (20). 

 
Chr Positiona, bp 

Literature 

SNP 

SNP proxy  

(r2 > 0.8) 

Nearest 

gene 
Allele OR 

Asthma 

P-value 

Literature 

disease 

Literature 

P-value 
Ref 

 

 5 141459249 rs11167764 - NDFIP1 C 1.11 4.6x10-6 CrD 2x10-9 (44)  

 6 31463297 rs3134792 rs2596560 HLA-B T 0.92 6.5x10-5 PSOR 10-9 (45)  

 3 189571948 rs1464510 rs13076312 LPP T 0.93 0.00016 CeD 3x10-40 (46)  

 6 91029880 rs1847472 - BACH2 C 1.07 0.00023 CrD 5x10-9 (44)  

 1 25176163 rs10903122 - RUNX3 G 1.07 0.00035 CeD 2x10-10 (46)  

 5 110433574 rs3806932 - TSLP G 0.94 0.00036 EE 3x10-9 (47)  

 6 128320491 rs802734 - PTPRK G 1.07 0.00080 CeD 3x10-14 (46)  

 21 15735083 rs1736135 rs1736148 USP25 T 1.06 0.00096 CrD 7x10-9 (48)  

 3 32990473 rs13314993 - CCR4 T 0.95 0.00283 CeD 3x10-9 (46)  

 4 123351942 rs4505848 - KIAA1109 G 1.06 0.00337 T1D 5x10-13 (49)  

 9 122692719 rs881375 - TRAF1 T 1.06 0.00383 RA 4x10-8 (50)  

 1 20012623 rs1317209 - RNF186 G 1.07 0.00417 UC 2x10-10 (51)  

 1 157966663 rs3093059 rs11265260 CRP G 1.11 0.00505 CRP 4x10-21 (52)  

 14 87547635 rs8005161 rs3742704 GPR65 C 1.09 0.00552 CrD 4x10-18 (44)  

 2 127886369 rs1158867 rs6753288 PROC G 1.05 0.00793 PROC 4x10-36 (53)  

 10 64140681 rs224136 - ZNF365 T 1.07 0.00824 CrD 10-10 (54)  

             

a
 Base pair positions (bp) correspond to build 36. 

Chr=chromosome. bp=base pair. OR=odds ratio. CrD=Crohn's disease. CRP=c-reactive protein. PSOR=psoriasis. 

CeD=celiac disease. RA=reumathoid arthritis. EE=eosinophilic esophagitis. T1D=type-1 diabetes. UC=ulcerative 

colitis. PROC=protein C plasma levels. Ref=reference. 
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