







    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: 13 July 2015



                    Additive and interaction effects at three amino acid positions in HLA-DQ and HLA-DR molecules drive type 1 diabetes risk

                    	Xinli Hu1,2,3,4,5,6Â na1, 
	Aaron J DeutschÂ 
            ORCID: orcid.org/0000-0001-6750-53351,2,3,4,5Â na1, 
	Tobias L Lenz2,7, 
	Suna Onengut-Gumuscu8, 
	Buhm Han2,4,9, 
	Wei-Min Chen8, 
	Joanna M M Howson10, 
	John A Todd11, 
	Paul I W de Bakker12,13, 
	Stephen S Rich8 & 
	â€¦
	Soumya Raychaudhuri1,2,3,4,14Â 

Show authors

                    

                    
                        
    Nature Genetics

                        volumeÂ 47,Â pages 898â€“905 (2015)Cite this article
                    

                    
        
            	
                        5759 Accesses

                    
	
                        170 Citations

                    
	
                            32 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Genetic association study
	Immunogenetics
	Type 1 diabetes


    


                
    
    

    
    

                
            


        
            Abstract
Variation in the human leukocyte antigen (HLA) genes accounts for one-half of the genetic risk in type 1 diabetes (T1D). Amino acid changes in the HLA-DR and HLA-DQ molecules mediate most of the risk, but extensive linkage disequilibrium complicates the localization of independent effects. Using 18,832 case-control samples, we localized the signal to 3 amino acid positions in HLA-DQ and HLA-DR. HLA-DQÎ²1 position 57 (previously known; P = 1 Ã— 10âˆ’1,355) by itself explained 15.2% of the total phenotypic variance. Independent effects at HLA-DRÎ²1 positions 13 (P = 1 Ã— 10âˆ’721) and 71 (P = 1 Ã— 10âˆ’95) increased the proportion of variance explained to 26.9%. The three positions together explained 90% of the phenotypic variance in the HLA-DRB1â€“HLA-DQA1â€“HLA-DQB1 locus. Additionally, we observed significant interactions for 11 of 21 pairs of common HLA-DRB1â€“HLA-DQA1â€“HLA-DQB1 haplotypes (P = 1.6 Ã— 10âˆ’64). HLA-DRÎ²1 positions 13 and 71 implicate the P4 pocket in the antigen-binding groove, thus pointing to another critical protein structure for T1D risk, in addition to the HLA-DQ P9 pocket.
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                    Figure 1: HLA loci independently associated with T1D.[image: ]


Figure 2: Amino acid residues at HLA-DQÎ²1 position 57, HLA-DRÎ²1 position 13 and HLA-DRÎ²1 position 71 independently drive T1D risk associated with the HLA-DRB1â€“HLA-DQA1â€“HLA-DQB1 locus.[image: ]


Figure 3: Effect sizes for amino acid residues.[image: ]


Figure 4: HLA-DQÎ²1 position 57, HLA-DRÎ²1 position 13 and HLA-DRÎ²1 position 71 are each located in the respective molecule's peptide-binding groove.[image: ]


Figure 5: HLA-DQÎ²1 position 57, HLA-DRÎ²1 position 13 and HLA-DRÎ²1 position 71 explain over 90% of the phenotypic variance from the HLA-DRB1â€“HLA-DQA1â€“HLA-DQB1 locus.[image: ]


Figure 6: Interactions between common HLA-DRB1â€“HLA-DQA1â€“HLA-DQB1 haplotypes lead to observed non-additive effects.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Schematic of the analysis procedure followed in the study.

Supplementary Figure 2 Association quantile-quantile plots indicate that sex and regional code covariates adequately control for population stratification.
Using the UK data set, we tested the association of 807 reading- and/or writing-related SNPs with T1D status, expecting a null distribution. We assessed the performance of five genomic correction schemes by calculating the Î» factor (median Ï‡2 statistic/0.456). â€œRegionâ€� indicates the use of the 13 regional codes provided by T1DGC; â€œPCâ€� indicates the use of the top ten genotype principal components calculated by EIGENSTRAT. In our final analyses, we included sex and the region codes as covariates.


Supplementary Figure 3 Amino acid position analysis including non-additive terms yielded the same key positions.
We repeated the forward-search analysis after incorporating non-additive terms into the regression model. In this analysis, each variant is coded as 0, 1 or 2 for allelic dosage. An additional heterozygote factor is added, which equals 1 only if the individual is heterozygotic for this allele or haplotype. HLA-DQÎ²1 position 57 (P = 10â€“1,240), HLA-DRÎ²1 position 13 (P = 10â€“653) and HLA-DRÎ²1 position 71 (P = 10â€“55) remained the top independent amino acid associations with either the additive or non-additive model.


Supplementary Figure 4 Haplotypeâ€“amino acid sequence permutation analysis ensures that HLA-DQÎ²1 position 57, HLA-DRÎ²1 position 13 and HLA-DRÎ²1 position 71 are the independent risk drivers.
We performed 10,000 rounds of permutated association analysis; during each permutation, the amino acid sequence corresponding to each HLA-DRB1, HLA-DQA1 and HLA-DQB1 classical allele was reassigned before association analysis. (a) Histogram of 10,000 deviance values (improvement upon the null model) while testing for the best combinations of one, two and three amino acid positions. In 3% of the 10,000 trials, the single best position exceeded the deviance achieved by HLA-DQÎ²1 position 57. No combination of two or three amino acid positions outperformed the fit of HLA-DQÎ²1 position 57 + HLA-DRÎ²1 position 13 and HLA-DQÎ²1 position 57 + HLA-DRÎ²1 position 13 + HLA-DRÎ²1 position 71, respectively. The best model achieved by the combination of any three amino acid positions obtained a Î”deviance of 8,244.29 (P = 10â€“1,774, df = 41); in comparison, the model without permutation including HLA-DQÎ²1 position 57, HLA-DRÎ²1 position 13 and HLA-DRÎ²1 position 71 obtained a Î”deviance of 10,148.53 (P = 10â€“2,161, df = 31). Red arrows indicate the deviance achieved by the best combination in actual data. (b) Histogram of 10,000 P values while testing for the best combinations of one, two and three amino acid positions. Similarly, 3% of the permuted amino acid positions achieved better P values than HLA-DQÎ²1 position 57 in actual data. No combination of two or three amino acid positions outperformed the combinations of HLA-DQÎ²1 position 57 + HLA-DRÎ²1 position 13 and HLA-DQÎ²1 position 57 + HLA-DRÎ²1 position 13 + HLA-DRÎ²1 position 71, respectively. Red arrows indicate the P value achieved by the best combination in actual data.


Supplementary Figure 5 Concordance between the UK and European data sets.
We repeated the association analyses in the UK case-control set and the European pseudocase-pseudocontrol set separately. (a,b) We confirmed that the two sets yielded highly correlated effect sizes for all binary variants (Pearson r = 0.952, P < 2.2 Ã— 10â€“16) (a) and for haplotypes formed by HLA-DQÎ²1 position 57, HLA-DRÎ²1 position 13 and HLA-DRÎ²1 position 71 (Pearson r = 0.989, P = 1.02 Ã— 10â€“14) (b). Error bars represent the 95% confidence interval.


Supplementary Figure 6 HLA-DRÎ²1 position 13 and HLA-DRÎ²1 position 71 show discordant effect sizes in RA and T1D.
HLA-DRÎ²1 position 13 and HLA-DRÎ²1 position 71, which line the P4 pocket of the HLA-DR peptide-binding groove, are indicated in both rheumatoid arthritis (RA) and T1D. However, the individual amino acid residues at each position confer differential risk or protection for each disease (P < 10â€“230). Each cross shows an individual residueâ€™s (adjusted) univariate OR (with 95% confidence interval) in RA and T1D. Darker areas indicate the same direction of effect (risk or protection) across the two diseases, whereas the lighter gray areas indicate opposite effects. The slanted dashed line indicates the identity line on which a residueâ€™s effect sizes in both diseases would be equal. At HLA-DRÎ²1 position 13, serine, tyrosine and arginine confer relative protection for each disease; however, they are located far away from the identity line. Glycine is protective for RA, although it confers strong risk for T1D.
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Supplementary Table 2: Association statistics of 8,961 binary markers.
This table provides the genomic annotation, minor allele frequency, imputation quality and association statistics for all 8,961 binary markers in the study. (XLSX 2310 kb)


Supplementary Table 11: Pairwise amino acid interactions.
This table provides association statistics for all pairwise interactions between all amino acid positions in HLA-DRÎ²1, HLA-DQÎ±1 and HLA-DQÎ²1. (XLSX 177 kb)
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