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            Abstract
In mammals and seed plants, a subset of genes is regulated by genomic imprinting where an allele’s activity depends on its parental origin. The parental conflict theory suggests that genomic imprinting evolved after the emergence of an embryo-nourishing tissue (placenta and endosperm), resulting in an intragenomic parental conflict over the allocation of nutrients from mother to offspring1,2. It was predicted that imprinted genes, which arose through antagonistic co-evolution driven by a parental conflict, should be subject to positive darwinian selection3. Here we show that the imprinted plant gene MEDEA (MEA)4,5, which is essential for seed development, originated during a whole-genome duplication 35 to 85 million years ago. After duplication, MEA underwent positive darwinian selection consistent with neo-functionalization and the parental conflict theory. MEA continues to evolve rapidly in the out-crossing species Arabidopsis lyrata but not in the self-fertilizing species Arabidopsis thaliana, where parental conflicts are reduced. The paralogue of MEA, SWINGER (SWN; also called EZA1)6, is not imprinted and evolved under strong purifying selection because it probably retained the ancestral function of the common precursor gene. The evolution of MEA suggests a late origin of genomic imprinting within the Brassicaceae, whereas imprinting is thought to have originated early within the mammalian lineage7.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: 
                        MEA
                         and 
                        SWN
                         are paralogues.
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Figure 2: Spatio-temporal expression patterns of  MEA, SWN  and  CLF  in the embryo sac and early seed assayed by  in situ  hybridization.[image: ]
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Gene regulation via genomic imprinting, where the activity of the gene depends on which parent it came from, is found in both mammals and flowering plants, yet it remains unclear how new imprinted loci can arise over evolutionary time. A reconstruction of the evolution of the three 'Enhancer of zeste-like' genes in Arabidopsis now shows that the imprinted MEDEA gene arose from the SWINGER gene in the Brassicaceae about 35 million years ago via whole-genome duplication. So MEDEA, which is essential to seed development, arose relatively late in the evolution of flowering plants. MEDEA became imprinted and acquired its new function as a result of positive darwinian selection, whilst SWINGER retained the ancestral function and is not imprinted.
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