







    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

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 25 December 2005



                    A unified mixed-model method for association mapping that accounts for multiple levels of relatedness

                    	Jianming Yu1Â na1, 
	Gael Pressoir1Â na1, 
	William H Briggs2, 
	Irie Vroh Bi1, 
	Masanori Yamasaki3, 
	John F Doebley2, 
	Michael D McMullen3,4, 
	Brandon S Gaut5, 
	Dahlia M Nielsen6, 
	James B Holland4,7, 
	Stephen Kresovich1,8 & 
	â€¦
	Edward S Buckler1,4,8Â 

Show authors

                    

                    
                        
    Nature Genetics

                        volumeÂ 38,Â pages 203â€“208 (2006)Cite this article
                    

                    
        
            	
                        22k Accesses

                    
	
                        2728 Citations

                    
	
                            24 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
As population structure can result in spurious associations, it has constrained the use of association studies in human and plant genetics. Association mapping, however, holds great promise if true signals of functional association can be separated from the vast number of false signals generated by population structure1,2. We have developed a unified mixed-model approach to account for multiple levels of relatedness simultaneously as detected by random genetic markers. We applied this new approach to two samples: a family-based sample of 14 human families, for quantitative gene expression dissection, and a sample of 277 diverse maize inbred lines with complex familial relationships and population structure, for quantitative trait dissection. Our method demonstrates improved control of both type I and type II error rates over other methods. As this new method crosses the boundary between family-based and structured association samples, it provides a powerful complement to currently available methods for association mapping.
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                    Figure 1: Different types of samples used for association mapping.[image: ]


Figure 2: Distribution of pairwise relative kinship estimates in the CEPH sample and maize sample.[image: ]


Figure 3: Model comparison with human gene expression phenotypes.[image: ]


Figure 4: Model comparison with maize quantitative traits.[image: ]
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