







    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: 07 December 2015



                    Visualizing spatial population structure with estimated effective migration surfaces

                    	Desislava Petkova1,2, 
	John Novembre3 & 
	Matthew Stephens1,3Â 



                    

                    
                        
    Nature Genetics

                        volumeÂ 48,Â pages 94â€“100 (2016)Cite this article
                    

                    
        
            	
                        17k Accesses

                    
	
                        301 Citations

                    
	
                            53 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Population genetics
	Software


    


                
    
    

    
    

                
            


        
            Abstract
Genetic data often exhibit patterns broadly consistent with 'isolation by distance'â€”a phenomenon where genetic similarity decays with geographic distance. In a heterogeneous habitat, this may occur more quickly in some regions than in others: for example, barriers to gene flow can accelerate differentiation between neighboring groups. We use the concept of 'effective migration' to model the relationship between genetics and geography. In this paradigm, effective migration is low in regions where genetic similarity decays quickly. We present a method to visualize variation in effective migration across a habitat from geographically indexed genetic data. Our approach uses a population genetic model to relate effective migration rates to expected genetic dissimilarities. We illustrate its potential and limitations using simulations and data from elephant, human and Arabidopsis thaliana populations. The resulting visualizations highlight important spatial features of population structure that are difficult to discern using existing methods for summarizing genetic variation.
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                    Figure 1: A schematic overview of EEMS (Estimated Effective Migration Surfaces), using African elephant data for illustration.[image: ]


Figure 2: Simulations comparing EEMS and PCA.[image: ]


Figure 3: Simulations illustrate that EEMS infers effective migration rates rather than actual steady-state migration rates.[image: ]


Figure 4: EEMS analysis of African elephant data.[image: ]


Figure 5: EEMS analysis of human population structure in Western Europe and in sub-Saharan Africa.[image: ]


Figure 6: EEMS analysis of A. thaliana data from the RegMap panel.[image: ]
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