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            Abstract
To understand the genetics of type 2 diabetes in people of Japanese ancestry, we conducted A meta-analysis of four genome-wide association studies (GWAS; 36,614 cases and 155,150 controls of Japanese ancestry). We identified 88 type 2 diabetesâ€“associated loci (Pâ€‰<â€‰5.0â€‰Ã—â€‰10âˆ’8) with 115 independent signals (Pâ€‰<â€‰5.0â€‰Ã—â€‰10âˆ’6), of which 28 loci with 30 signals were novel. Twenty-eight missense variants were in linkage disequilibrium (r2â€‰>â€‰0.6) with the lead variants. Among the 28 missense variants, three previously unreported variants had distinct minor allele frequency (MAF) spectra between people of Japanese and European ancestry (MAFJPNâ€‰> 0.05 versus MAFEURâ€‰< 0.01), including missense variants in genes related to pancreatic acinar cells (GP2) and insulin secretion (GLP1R). Transethnic comparisons of the molecular pathways identified from the GWAS results highlight both ethnically shared and heterogeneous effects of a series of pathways on type 2 diabetes (for example, monogenic diabetes and beta cells).
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                    Fig. 1: Manhattan plot of meta-analysis.[image: ]


Fig. 2: Regional association plots and the structure of GLP1R.[image: ]


Fig. 3: Overlap between type 2 diabetes signals and the lead cis-eQTL variants of the GTEx database.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Overview of the study design of genome-wide association studies for type 2 diabetes in Japanese.
The study participants consist of 36,614 Japanese type 2 diabetes subjects from the BioBank Japan (BBJ) Project and 155,150 Japanese controls from the BBJ Project, Iwate Tohoku Medical Megabank Organization (IMM), Tohoku Medical Megabank Organization (ToMMo), the Japan Public Health Centerâ€“based Prospective (JPHC) Study, the Japan Multi-institutional Collaborative Cohort (J-MICC) Study, Osaka-Midousuji Rotary Club, and Pharma SNP Consortium.


Supplementary Figure 2 Principal component analysis (PCA) of the subjects recruited for the present study (GWAS3 and GWAS4; nâ€‰=â€‰191,764).
Cases and controls are colored red and orange, respectively. HapMap samples of Japanese in Tokyo (JPT; nâ€‰=â€‰44) and Han Chinese in Beijing (CHB; nâ€‰=â€‰45) are colored blue and cyan, respectively. Subjects in participating cohorts that were not used in the present study are colored gray.


Supplementary Figure 3 Qâ€“Q plot of the meta-analysis of type 2 diabetes in Japanese.
Association P-values on imputed genotype data for 12,557,761 variants are plotted.


Supplementary Figure 4 Histogram of minor-allele frequency (MAF) of the identified 88 type 2 diabetes lead variants (Pâ€‰<â€‰5.0â€‰Ã—â€‰10â€“8) in Japanese and Europeans.
MAF is divided into three bins: common (MAFâ€‰â‰¥â€‰0.05), low-frequency (0.05â€‰>â€‰MAFâ€‰â‰¥â€‰0.01) and rare (MAFâ€‰<â€‰0.01). Novel loci are colored in red, and reported loci are colored in blue. The numbers of type 2 diabetes lead variants in each category is shown above the bar graph. The number of novel type 2 diabetes lead variants in each category is shown in parentheses.


Supplementary Figure 5 Scatter plot of the effect sizes of the lead variants identified in the Japanese type 2 diabetes GWAS in Japanese and European populations.
Effect sizes of the lead variants at 69 type 2 diabetes loci (Pâ€‰<â€‰5.0â€‰Ã—â€‰10âˆ’8) in Japanese (x-axis) and European (y-axis) populations are plotted. Of the 88 type 2 diabetes loci identified in the Japanese type 2 diabetes GWAS (nâ€‰=â€‰191,764), effect sizes in the European type 2 diabetes GWAS (Scott, R. A. et al. Diabetes 66, 2888â€“2902 (2017); nâ€‰=â€‰159,208)2 were available for 69 loci. Lead variants in novel and established loci are colored in red and blue, respectively. Error bars indicate 95% confidence interval.


Supplementary Figure 6 Scatter plot of the effect sizes of the lead variants reported in the European type 2 diabetes GWAS in Japanese and European populations.
Effect sizes of the lead variants in the Japanese (x-axis) and European (y-axis) populations are plotted. a, Of the 113 lead variants reported in Scott, R. A. et al. Diabetes 66, 2888â€“2902 (2017) (nâ€‰=â€‰159,208)2, effect sizes in the Japanese type 2 diabetes GWAS (nâ€‰=â€‰191,764) were available for 95 loci. b, Of the 231 lead variants reported in Mahajan, A. et al. Nat. Genet. 50, 1505â€“1513 (2018) (nâ€‰=â€‰898,130)17, effect sizes in the Japanese type 2 diabetes GWAS were available for 192 loci. Error bars indicate 95% confidence interval. Effect sizes of the primary signals of the type 2 diabetes loci unadjusted for body mass index are included in the analysis.


Supplementary Figure 7 Number of independent signals (Pâ€‰<â€‰5.0â€‰Ã—â€‰10â€“6) in the 88 type 2 diabetes loci identified in Japanese.
Distribution of the number of independent type 2 diabetes signals in the 88 type 2 diabetes loci is represented in a pie chart.


Supplementary Figure 8 Gene expression of GP2 and CPA1.
a,b, Gene expression of GP2 (a) and CPA1 (b) in the 53 tissues reported by Genotype Tissue Expression (GTEx) database. Expression values are shown in Transcripts Per Kilobase Million mapped reads (TPM). Box plots are shown as median, 25th, and 75th percentiles.


Supplementary Figure 9 Heritability enrichment of the ten cell-type groups and 220 cell types.
a,b, Heritability enrichment in the 10 cell-type groups (a) and the 220 cell-types (b) for the type 2 diabetes GWAS in the Japanese population was estimated via stratified LD score regression. The black dashed lines are the cutoff for Bonferroni significance.


Supplementary Figure 10 Genome-wide genetic correlation between type 2 diabetes and other human complex traits in Japanese.
Genetic correlation (rg) and corresponding standard error (error bars) between type 2 diabetes and the traits displayed on the y-axis were estimated using bivariate linkage-disequilibrium score regression. The genetic correlation estimates (rg) are colored based on their values and direction (red for positive and blue for negative correlation). FDR-q values were calculated by the Benjaminiâ€“Hochberg method. Of the 91 human complex traits (32 diseases and 59 quantitative traits) analyzed, 15 traits showing significant (FDR-qâ€‰<â€‰0.01) genetic correlation with type 2 diabetes are displayed.
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