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https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access); detailed information about the data can be found at http://www.ukbiobank.ac.uk/
scientists-3/genetic-data/ and http://biobank.ctsu.ox.ac.uk/crystal/label.cgi?id=100314. Access to the phenotypic and genetic datasets of BioVU can be requested
after a study proposal is received, approved by the BioVU Review Committee and a user agreement is signed. More information can be found at https://
victr.vumc.org/how-to-use-biovu/. The transcriptome data of bronchial epithelial cells were deposited in the GEO (https://www.ncbi.nlm.nih.gov/geo/) under
accession GSE201955. The availability about the phenotypic and genetic datasets of Biobank Japan is described at https://biobankjp.org/english/index.html, and
more information can be found at https://humandbs.biosciencedbc.jp/en/hum0014-v21. The other data supporting the findings from this study are available within
the manuscript and its supplementary information. Source data are provided with this paper.

Code Availability: The Hierarchical Dirichlet Process modeling was done by using a publicly available Github repository at https://github.com/blei-lab/hdp 35,36.
Genome-wide association analyses were performed using PLINK software version 2.0, which was downloaded at https://www.cog-genomics.org/plink/2.0/ and the
name of software zip file was plink2_linux_x86_64_20180107.zip. Statistical analyses and plotting were done using RStudio version 1.2.5033.

US MarketScan, UK Biobank, BioVU, and BioBank Japan are large-scale biomedical databases, containing in-depth health and (or) genetic information from
participants. Accessing to these data requires researchers to submit research proposals and to pay access fees, because the data information is sensitive and the
database is regularly maintained and augmented with additional data that need funding support.

We used the largest possible samples in the databases we have for this study: 151 million individuals enrolled in the US MarketScan data,
around 0.5 million individuals enrolled in the UK Biobank data, 16,060 individuals of European descent in the BioVU data, 194,413 individuals
in the Biobank Japan data, and 70 individuals in the bronchoscopy studies who were enrolled in the University of Chicago hospitals. These are
the largest possible sample sizes available in respective databases.

No data were excluded from the analyses.

No lab experiments were performed. To computationally replicate the genome-wide significant associations discovered using the white British
subset in UKB, we leveraged another four independent cohorts. Out of the 128 discovered associations (involving 109 independent loci), 127
associations (involving 108 loci) were eligible for replication, and the only one exception was due to the small sample size (i.e., none of the
four cohorts had more than 100 asthma cases allocated to the subgroup). After controlling false discovery rate (FDR) using Benjamini-
Hochberg procedure 138,139, we successfully replicated 61 associations (involving 52 loci, FDR < 0.10). The detailed results are summarized in
Supplementary Data 7. Among the 61 associations that were successfully replicated at an overall meta-analysis FDR of 0.1, there are ten
associations that have FDR values right around 0.05 (from 0.05 to 0.06) and another ten associations that have FDR values greater than 0.06.
By carefully examining these 20 replication results for which FDR values fall between 0.05 and 0.1, we find different degrees of inconsistency
in the direction of SNP effects found in the four replication cohorts: Compared to the effect direction found in the discovery cohort (UKB
British white group), there are one, three, six, and one replications showing effects of opposite directions in UKB Irish and other white group;
UKB African, Caribbean and other black group; BioVU European-descent group; and Biobank Japan group (only nine out of 20 associations
have enough samples for replication attempts in the first place), respectively. Such inconsistency in effect directions would be greater for the
other 66 associations that were not replicated (FDR > 0.1), particularly in the UKB black and BioVU groups which show 34 and 26 cases with
inconsistent directions, respectively.

Given stable asthma subgroups were identified, we assigned each individual to an appropriate subgroup that can best describe her/his
comorbidity pattern. We purposely design our subgrouping method solely based on comorbidity pattern and not to be biased by other
conventional covariates, e.g., age and gender.

Not relevant to our study, because our study is retrospective and we assigned individuals into the subgroups that can best describe their
comorbidity patterns.




