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Details on GWAS summary statistics and validation data

For Crohn’s disease, we used International Inflammatory Bowel Disease Genetics Consortium (IIBDGC) summary statistics (6,333 Crohn’s disease patients and 15,056 controls) [1]. WTCCC was removed from the meta-analysis and used as a validation set [2]. We filtered individuals with genetic relatedness larger than 0.05 and SNPs with a missing rate larger than 1% and a minor allele frequency less than 1%. In addition, we filtered SNPs with ambiguous nucleotides and kept SNPs matched the summary statistics by both rs number and alleles. After QC, the WTCCC cohort consisted of 1,689 cases and 2,891 controls with 218,833 SNPs overlapping the summary statistics.

For breast cancer, we used the Genetic Associations and Mechanisms in Oncology (GAME-ON) summary statistics, consisting of 16,003 cases and 41,335 controls [3]. As for validation data, we first removed individuals overlapped with BPC3 in GAME-ON from Cancer Genetic Markers of Susceptibility (CGEMS) [4]. The validation set consisted of 966 cases and 70 controls with 497,315 SNPs in common. Besides CGEMS, we also used an African-American as validation data to see how the model performs on different population. The data we used is CIDR-GWAS of Breast Cancer in the African Diaspora (CIDR) [5]. After QC, CIDR consisted of 1,666 cases and 2,038 controls with 555,169 SNPs in common.

For rheumatoid arthritis, we used a meta-analysis consisting of 5,539 cases and 20,169 controls [6]. WTCCC was removed from the meta-analysis and used as a validation set [2]. After QC, WTCCC cohort consisted of 1,829 cases and 2,892 controls with 274,486 SNPs in common.

For type-II diabetes, we used Diabetes Genetics Replication and Meta-analysis (DIAGRAM) consortium GWAS summary statistics with 12,171 cases and 56,862 controls [7]. For testing data, we used Northwestern NUgene Project and after QC it consisted of 662 cases and 517 controls with 479,345 SNPs in common [8].

For celiac disease, we used a GWAS consisting of 4,533 cases and 10,750 controls [9]. The National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) celiac disease data was used as validation data [10]. After QC, it consisted of 1,716 cases and 530 controls with 504,785 SNPs in common.
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