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            Abstract
Current genome-wide association studies do not yet capture sufficient diversity in populations and scope of phenotypes. To expand an atlas of genetic associations in non-European populations, we conducted 220 deep-phenotype genome-wide association studies (diseases, biomarkers and medication usage) in BioBank Japan (nâ€‰=â€‰179,000), by incorporating past medical history and text-mining of electronic medical records. Meta-analyses with the UK Biobank and FinnGen (ntotalâ€‰=â€‰628,000) identified ~5,000 new loci, which improved the resolution of the genomic map of human traits. This atlas elucidated the landscape of pleiotropy as represented by the major histocompatibility complex locus, where we conducted HLA fine-mapping. Finally, we performed statistical decomposition of matrices of phenome-wide summary statistics, and identified latent genetic components, which pinpointed responsible variants and biological mechanisms underlying current disease classifications across populations. The decomposed components enabled genetically informed subtyping of similar diseases (for example, allergic diseases). Our study suggests a potential avenue for hypothesis-free re-investigation of human diseases through genetics.
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                    Fig. 1: Overview of the identified loci in the cross-population meta-analyses of 220 deep-phenotype GWASs.[image: ]


Fig. 2: Number of significant associations per variant.[image: ]


Fig. 3: HLA and ABO association PheWAS.[image: ]


Fig. 4: The deconvolution analysis of a matrix of summary statistics of 159 diseases across populations.[image: ]


Fig. 5: Examples of disease-component correspondence and biological interpretation of the components by projection and enrichment analysis using GREAT.[image: ]
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                Data availability

              
              The genotype data of BBJ used in this study are available from the Japanese Genotype-phenotype Archive (JGA) with accession codes JGAS000114/JGAD000123 and JGAS000114/JGAD000220, which can be accessed through application at https://humandbs.biosciencedbc.jp/en/hum0014-latest. The UKB analysis was conducted via application number 47821. The genotype and phenotype data can be accessed through application at https://www.ukbiobank.ac.uk. This study used the FinnGen release 3 data. Summary results can be accessed through application at https://www.finngen.fi/en/access_results. We provide downloadable full GWAS summary statistics with an interactive visualization of Manhattan, LocusZoom and PheWAS plots at our PheWeb.jp website (https://pheweb.jp/). The summary statistics of GWASs in this study (BioBank Japan, European and cross-population meta-analyses) are also deposited at the National Bioscience Database Center (NBDC) Human Database (https://humandbs.biosciencedbc.jp/en/) with the accession code hum0197, and the GWAS Catalog (https://www.ebi.ac.uk/gwas/) with the study accession IDs from GCST90018563 (https://www.ebi.ac.uk/gwas/studies/GCST90018563) to GCST90019002 (https://www.ebi.ac.uk/gwas/studies/GCST90019002) (full IDs are described in the Supplementary Notes). The summary statistics of metabolite GWASs in the Japanese population (Tohoku Medical Megabank Organization) which we used for decompositionâ€“projection analysis are available at https://jmorp.megabank.tohoku.ac.jp/202102/gwas/TGA000005. We used gnomAD database (https://gnomad.broadinstitute.org/) to refer to the allele frequencies.

            

Code availability

              
              We used publicly available software for the analyses. The software used is listed and described in the Methods section of our manuscript.
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Extended data

Extended Data Fig. 1 Overview of this study.
We performed 220 deep-phenotype GWASs in BioBank Japan, including 108 novel GWASs ever conducted in East Asian population. We performed trans-biobank meta-analyses with UK Biobank and FinnGen (ntotal = 628,000), resulting in discovery of 5,343 novel loci. All summary statistics are openly shared through pheweb.jp web portal. As downstream analyses, we performed (i) cross-population comparison of pleiotropy and genetic correlation, (ii) comprehensive HLA fine-mapping, and (iii) statistical decomposition of a matrix of summary statistics to gain insights into biology underlying current disease classifications, by incorporating functional genomics, metabolomics, and biomarker data.


Extended Data Fig. 2 Locus plots for representative loci.
(a) Regional association plots for Pulmonary Tuberculosis (PTB) in BBJ are shown. The lead variant (rs140780894) is colored in pink, and colors of other dots indicate linkage disequilibrium measure r2 with the lead variant. (b) Regional association plots for cholelithiasis in BBJ are shown. The lead variant (rs715) is colored in pink, and colors of other dots indicate linkage disequilibrium measure r2 with the lead variant. (c) Regional association plots for gastric diseases in BBJ at the PSCA locus in gastric ulcer, gastric cancer, and gastric polyp are shown. Rs2976397, which was a lead variant in gastric ulcer, is colored in pink, and colors of other dots indicate linkage disequilibrium measure r2 with the lead variant. (d) Regional association plots at the FUT3 locus in gall bladder polyp and cholelithiasis in BBJ are shown. Rs28362459, which was a lead variant in gall bladder polyp, is colored in pink, and colors of other dots indicate linkage disequilibrium measure r2 with the lead variant. (e) Regional association plots for urticaria in BBJ are shown. The lead variant (rs56043070) is colored in pink, and colors of other dots indicate linkage disequilibrium measure r2 with the lead variant. (f) Regional association plots for salicylic acids prescription in BBJ are shown. The lead variant (rs151193009) is colored in pink, and colors of other dots indicate linkage disequilibrium measure r2 with the lead variant.


Extended Data Fig. 3 The effect size correlation between BBJ GWAS and European GWAS.
The marginal effect sizes of genome-wide significant variants across traits in BBJ are compared with those in European GWAS. Each plot represents a variant, and is colored based on the significance in European GWAS as shown in the left top legend. Pearsonâ€™s correlation r and P value (two-sided) between BBJ GWAS and European GWAS are also shown in the legend.


Extended Data Fig. 4 Phenotypic correlation across 220 phenotypes in BBJ.
a. Heatmap of pair-wise phenotypic correlation matrix. The color of the cells indicates the value of correlation r as shown in a color scale at the bottom. The traits (rows and columns) were hierarchically clustered by hclust library in R. b. Silhouette score for clustering of closely related phenotypes with different number of clusters (Supplementary Notes).


Extended Data Fig. 5 The degree of pleiotropy in BBJ after accounting for phenotypic or genetic correlations.
The Manhattan-like plots show the number of significant associations (Pâ€‰<â€‰5.0Ã—10âˆ’8) at each tested genetic variant in Japanese. a. For all traits (ntrait = 220; as shown in Fig. 2a). b. After accounting for phenotypic correlations. c. After accounting for genetic correlations.


Extended Data Fig. 6 Genetic correlation matrices across populations.
The matrices describe pairwise genetic correlation rg in Japanese GWAS (a; n = 5,565) and in European GWAS (b; n = 10,878), which was estimated by bivariate LD score regression. A color of the cells indicates the value of rg as shown in a color scale at the bottom. The traits (rows and columns) were hierarchically clustered by hclust library in R, and trait domains are displayed as colored boxes (see Methods).


Extended Data Fig. 7 Network representation of the TSVD analysis.
Two-dimensional illustration of interconnection among 159 diseases and 40 latent components. Plots in blue indicate each traitâ€™s statistics, and plots in pink indicate the latent components derived by TSVD. White lines represent the contribution of each phenotype in each component. The width of the lines indicates the strength of the contribution based on the squared cosine score.


Extended Data Fig. 8 Heatmap representation of squared cosine scores of diseases to components.
The components (rows) are shown from 1 (top) to 40 (bottom), and the diseases (columns) are sorted based on the contribution of each component to the disease based on the squared cosine score (from component 1 to 40). Each cell is colored based on the squared cosine score of a given trait to a given component, as shown in a color scale at the bottom right.


Extended Data Fig. 9 Enrichment analyses of genes explaining each component with tissue specificity.
A heatmap representation of the enrichment analyses of genes explaining each component with tissue-specific genes defined by GTEx expression profile (a) and regulatory vocabulary from ENCODE3 data (b). Each cell is colored based on Penrichment from Fisherâ€™s exact tests to assess the enrichment of the genes comprising each component within each tissue-specific gene set as shown in a color scale at the bottom right.


Extended Data Fig. 10 Genetic variants analyzed in the three cohorts.
The Venn diagram showing the number of genetic variants analyzed in this study in each of the three cohorts (BBJ, UKB, and FinnGen) and overlapping variants across the cohorts.
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