







    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

	technical reports

	
                                    article


    
        
        
            
            
                
                    	Technical Report
	Published: 17 June 2012



                    An efficient multi-locus mixed-model approach for genome-wide association studies in structured populations

                    	Vincent Segura1,2 na1, 
	Bjarni J Vilhjálmsson1,3 na1, 
	Alexander Platt1,3, 
	Arthur Korte1, 
	Ümit Seren1, 
	Quan Long1 & 
	…
	Magnus Nordborg1,3 

Show authors

                    

                    
                        
    Nature Genetics

                        volume 44, pages 825–830 (2012)Cite this article
                    

                    
        
            	
                        14k Accesses

                    
	
                        597 Citations

                    
	
                            3 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Arabidopsis thaliana
	Genome-wide association studies
	Population genetics


    


                
    
    

    
    

                
            


        
            Abstract
Population structure causes genome-wide linkage disequilibrium between unlinked loci, leading to statistical confounding in genome-wide association studies. Mixed models have been shown to handle the confounding effects of a diffuse background of large numbers of loci of small effect well, but they do not always account for loci of larger effect. Here we propose a multi-locus mixed model as a general method for mapping complex traits in structured populations. Simulations suggest that our method outperforms existing methods in terms of power as well as false discovery rate. We apply our method to human and Arabidopsis thaliana data, identifying new associations and evidence for allelic heterogeneity. We also show how a priori knowledge from an A. thaliana linkage mapping study can be integrated into our method using a Bayesian approach. Our implementation is computationally efficient, making the analysis of large data sets (n > 10,000) practicable.
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                    Figure 1: A GWAS for a simulated trait with two causal SNPs randomly chosen from a real A. thaliana SNP data set.[image: ]


Figure 2: Power and FDR in 100-locus model simulations for four different mapping methods: LM, SWLM, MM and MLMM.[image: ]


Figure 3: GWAS for LDL levels in the NFBC1966 data set.[image: ]


Figure 4: GWAS for sodium accumulation in A. thaliana.[image: ]


Figure 5: An example of Bayesian MLMM for the analysis of FLC expression in A. thaliana.[image: ]
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