







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Genetics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature genetics

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 08 May 2023



                    Genetic architecture of the inflammatory bowel diseases across East Asian and European ancestries

                    	Zhanju Liu 
            ORCID: orcid.org/0000-0002-0326-543X1 na1 na2, 
	Ruize Liu2,3 na1, 
	Han Gao1 na1, 
	Seulgi Jung 
            ORCID: orcid.org/0000-0002-7264-43104, 
	Xiang Gao1, 
	Ruicong Sun1, 
	Xiaoming Liu5, 
	Yongjae Kim4, 
	Ho-Su Lee4, 
	Yosuke Kawai 
            ORCID: orcid.org/0000-0003-0666-12246, 
	Masao Nagasaki 
            ORCID: orcid.org/0000-0002-4292-87857,8, 
	Junji Umeno 
            ORCID: orcid.org/0000-0002-5253-56009, 
	Katsushi Tokunaga 
            ORCID: orcid.org/0000-0001-5501-05036, 
	Yoshitaka Kinouchi10, 
	Atsushi Masamune 
            ORCID: orcid.org/0000-0001-7184-728211, 
	Wenzhao Shi12, 
	Chengguo Shen12, 
	Zhenglin Guo3, 
	Kai Yuan 
            ORCID: orcid.org/0000-0002-8460-65812,3, 
	FinnGen, 
	International Inflammatory Bowel Disease Genetics Consortium, 
	Chinese Inflammatory Bowel Disease Genetics Consortium, 
	Shu Zhu 
            ORCID: orcid.org/0000-0002-8163-086913, 
	Dalin Li 
            ORCID: orcid.org/0000-0003-4738-007414, 
	Jianjun Liu 
            ORCID: orcid.org/0000-0002-3255-301915,16, 
	Tian Ge17,18,19, 
	Judy Cho 
            ORCID: orcid.org/0000-0002-7959-046620, 
	Mark J. Daly2,21,22, 
	Dermot P. B. McGovern14, 
	Byong Duk Ye 
            ORCID: orcid.org/0000-0001-6647-632523, 
	Kyuyoung Song 
            ORCID: orcid.org/0000-0003-3067-01394 na2, 
	Yoichi Kakuta 
            ORCID: orcid.org/0000-0002-7042-009X11 na2, 
	Mingsong Li 
            ORCID: orcid.org/0000-0003-2115-59285 na2 & 
	…
	Hailiang Huang 
            ORCID: orcid.org/0000-0003-1461-57622,3,24 na2 

Show authors

                    

                    
                        
    Nature Genetics

                        volume 55, pages 796–806 (2023)Cite this article
                    

                    
        
            	
                        7911 Accesses

                    
	
                        24 Citations

                    
	
                            68 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Autoimmune diseases
	Genome-wide association studies
	Immunogenetics


    


                
    
    

    
    

                
            


        
            Abstract
Inflammatory bowel diseases (IBDs) are chronic disorders of the gastrointestinal tract with the following two subtypes: Crohn’s disease (CD) and ulcerative colitis (UC). To date, most IBD genetic associations were derived from individuals of European (EUR) ancestries. Here we report the largest IBD study of individuals of East Asian (EAS) ancestries, including 14,393 cases and 15,456 controls. We found 80 IBD loci in EAS alone and 320 when meta-analyzed with ~370,000 EUR individuals (~30,000 cases), among which 81 are new. EAS-enriched coding variants implicate many new IBD genes, including ADAP1 and GIT2. Although IBD genetic effects are generally consistent across ancestries, genetics underlying CD appears more ancestry dependent than UC, driven by allele frequency (NOD2) and effect (TNFSF15). We extended the IBD polygenic risk score (PRS) by incorporating both ancestries, greatly improving its accuracy and highlighting the importance of diversity for the equitable deployment of PRS.
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                    Fig. 1: Overview of the study design.[image: ]


Fig. 2: IBD genetic associations.[image: ]


Fig. 3: Comparative genetic architecture across EAS and EUR.[image: ]


Fig. 4: Polygenic risk prediction on the Chinese samples.[image: ]
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              CaVEMaN and DAP-G GTEx v8 fine-mapping cis-eQTL data were retrieved from https://gtexportal.org/home/datasets#filesetFilesDiv15. 1000 Genomes Project Phase 3 is available from https://www.internationalgenome.org/category/phase-3/. TOPMed reference panel R2 is available from https://imputation.biodatacatalyst.nhlbi.nih.gov/#!. Human Genome Diversity Project is available from https://www.internationalgenome.org/data-portal/data-collection/hgdp. Simons Genome Diversity Project is available from https://www.simonsfoundation.org/simons-genome-diversity-project/. Korean Personal Genome Diversity Project is available from http://opengenome.net/Main_Page. NBDC human database (accession ID: JGAS000114) is available from https://humandbs.biosciencedbc.jp/en/. STRING functional protein association networks are available from https://string-db.org/. NFE summary statistics are from ftp://ftp.sanger.ac.uk/pub/project/humgen/summary_statistics/human/2016-11-07/. FIN summary statistics are from FinnGen R7, https://www.finngen.fi/en/access_results. PRS weights and genome-wide summary statistics for the meta-analyzed EAS samples and across all study samples (EAS and EUR) can be downloaded from https://www.ibdgenetics.org. Individual-level genotype data for EAS samples are available upon request: SHA1, Z.L. (zhanjuliu@tongji.edu.cn); KOR1, K.S. (kysong@amc.seoul.kr); JPN1, Y. Kakuta (ykakuta@med.tohoku.ac.jp) and ICH1, IIBDGC (ibdgc-dcc@mssm.edu). Access to individual-level genotypes from samples recruited within mainland China is subject to the policies and approvals from the Human Genetic Resource Administration, Ministry of Science and Technology of the People’s Republic of China.
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Extended data

Extended Data Fig. 1 Quantile-Quantile plots for IBD genetic associations.
λ, genomic inflation factor; λ1000, scaled inflation factor for an equivalent study of 1,000 cases and 1,000 controls. The dots indicate variants. Shaded area indicates the 95% confidence interval under the null distribution. a-c, SHA1. d-f, ICH1 (only the designated null variants in ImmunoChip were used). g-i, KOR1. j-l, JPN1. m-o, Meta-analysis including all EAS samples (SHA1, ICH1, KOR1, and JPN1). p-r, FIN. a, d, g, j, m, and p are for CD. b, e, h, k, n, and q are for UC. c, f, i, l, o, and r are for IBD.


Extended Data Fig. 2 Index variants in the 16 new IBD loci in EAS.
a, Minor allele frequency (MAF) taken from 1000 Genomes EAS and EUR reference panels, respectively. b, P-value in respective studies.


Extended Data Fig. 3 Comparison between the fixed-effect (FE) meta-analysis and MANTRA.
Index variants in loci identified by either FE or MANTRA were plotted. For FE, we used genome-wide significance threshold of 5 × 10−8, and for MANTRA, we used the Bayes Factor threshold of 106, plotted as the vertical and horizontal lines respectively. P, P-value from FE. BF, Bayes factor from MANTRA.


Extended Data Fig. 4 IBD gene network.
IBD gene network was created using the STRING functional protein association networks and clustered using Community Clustering Glay (Methods). For clusters with more than two genes or with new IBD genes, the top three significantly enriched pathways were shown if false-discovery rate (FDR) < 0.05. New, nearest genes to the index variants in new IBD loci or new genes in Table 2 (boldfaced). Known, nearest genes to the index variants in known IBD loci. Index, nearest genes to the index variants in IBD loci except for those in Table 2. Tier, genes in Table 2.


Extended Data Fig. 5 Comparative genetic architecture within EAS.
a, SNP-based heritability in the liability scale with the prevalence in its respective population or the European population. b, Genetic correlation (rg). For a and b, the sample size used to derive SHA1, KOR1 and JPN1 h2 and their rg were 8,831, 6,038 and 2,624 for CD, and 8,679, 5,988 and 2,803 for UC, respectively. Results are plotted as mean value ± 95% confidence interval (error bar).


Extended Data Fig. 6 Quantile-Quantile plots for the heterogeneity test within EAS.
a, b, CD. c, d, UC. e, f, IBD. a, c, e, Genome-wide variants including the MHC locus. b, d, f, Genome-wide variants excluding the MHC locus. Cochran’s Q-test, two-sided, was used for the heterogeneity test. The dots indicate variants. Shaded area indicates the 95% confidence interval under the null distribution.


Extended Data Fig. 7 Enrichment of squared genetic correlation stratified across genomic annotations.
No significant enrichment or depletion (deviation from 1) was observed after Bonferroni corrections. Results are plotted as mean value ± 95% confidence interval before multiple testing corrections (error bar).


Extended Data Fig. 8 Variance explained for IBD associations across EUR and EAS.
We included all loci from Supplementary Table 8. For loci with fine-mapping analyses performed, we used the conditional OR (using COJO, Methods) for variants with the highest PIP in each credible set to account for multiple independent associations. We took fine-mapping results from ref. 12 for EUR and from this study for EAS. For loci with no fine-mapping results, we used the index variant (variant with the most significant P-value) as the proxy for the loci. We only plotted associations that have variance explained > 0.3% in either EAS or EUR. Different MAF is defined as Fst > 0.01, and different OR is defined as heterogeneity test P-value < 0.05 after Bonferroni correction. Because the heterogeneity test was corrected using a higher multiple testing burden, the significance for a handful of loci, for example, RNF186, can be different from Fig. 3c. Nearest genes to the associations were used as labels for associations when the text space is available.


Extended Data Fig. 9 Difference between variance explained for CD and UC across EUR and EAS.
Index variants from Supplementary Table 8 were plotted. Difference between variance explained was calculated as variance explained of CD − variance explained of UC.


Extended Data Fig. 10 Polygenic risk prediction on Chinese, Korean and Japanese study participants.
a, Leave-one-country-out strategy was performed to test the performance of PRS on SHA1 (Chinese), KOR1 (Korean), and JPN1 (Japanese) individuals, respectively. The prediction accuracy was measured as R2 on the liability scale using the population prevalence (Methods). For the testing cohort, we randomly split study participants into validation and testing 100 times (Methods). All other EAS cohorts were used as discovery. Results are plotted as mean value ± 95% confidence interval of R2 across the 100 replicates (error bar). b, Effective sample size of training datasets calculated as 4/(1/ncase + 1/ncontrol).
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