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Methylation count data were transformed to log2CPM and analyzed using the voom function in the limma (3.34.9) package in R.

KEGG pathway enrichment analysis was performed using R package topGO, R package Seurat (4.0) was used for downstream analysis of
single-cell RNA seq. Harmony was used to integrate data from different cohorts. MatrixEQTL67 in R was used to perform the MeQTL analysis
and the Mediation package facilitated the mediation analysis.

Nasal and blood DNA methylation data from the discovery cohort (PIAMA) have been deposited in the European Genome-phenome Archive (EGA), which is hosted
by the European Bioinformatics Institute (EMBL-EBI) and the Centre for Genomic Regulation (CRG), under accession number EGAS00001005189, dataset
EGAD00010002263. Raw data to generate figures and tables are available from the corresponding author with the appropriate permission from the PIAMA study
team and investigators upon reasonable request and institutional review board approval. The GWAS summary statistics used for the PRS can be found in the public
GWAS catalog under the following links: allergy (https://www.ebi.ac.uk/gwas/publications/29083406); asthma (https://www.ebi.ac.uk/gwas/
publications/29273806); rhinitis (https://www.ebi.ac.uk/gwas/publications/30013184); eczema (https://www.ebi.ac.uk/gwas/publications/26482879); sensitization
(https://www.ebi.ac.uk/gwas/publications/23817571). For the PRS analysis, human genome build GRCh37 was used, while for the single-cell RNA analysis GRCh38
1.2.0 was used. Single-cell RNAseq data for Supplementary Figure 9 is from Ordovas-Montanes et al. (2018) and publicly available (https://www.nature.com/
articles/s41586?018?0449?8).

Study design of the PIAMA cohort has been previously published by Wijga, A.H. et al. (2014). Sample size in this study is based on complete
data availability for subjects for all relevenat data layers (genetics, blood and nasal DNA methylation, environment, perinatal, host) in the
PIAMA dataset.

Wijga, A. H. et al. Cohort profile: the prevention and incidence of asthma and mite allergy (PIAMA) birth cohort. Int J Epidemiol 43, 527–535
(2014).

All subjects with complete data were used by the authors.

For genotype data, following QC criteria are used: imputation quality score Rsq >0.8; MAF>0.01 and HWE <1*10-12.

For methylation and RNA-seq data, QC steps have been published previously, see Qi, C. et al. (2029)

Qi, C. et al. Nasal DNA methylation profiling of asthma and rhinitis. J. Allergy Clin. Immunol. (2020) doi:10.1016/j.jaci.2019.12.911.

The prediction model was replicated in three independent cohorts. We used the Epigenetic Variation and Childhood Asthma study in Puerto
Ricans study (EVA-PR, including subjects aged 9 to 20 years), as well as two cohorts of younger children (mean age 6 years) COPSAC2010 and
and MAKI. Details of these cohorts are shown in the supplementary materials.

Sample plates and chips were fully randomized to ensure to minimize potential confounding by batch effects.

For the development of the machine learning model, subjects were randomly split over the various fold in the cross-validation framework.

No blinding was applied as this study was performed on the PIAMA cohort, which was an observational human study.




