







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 14 June 2009



                    Distinctive chromatin in human sperm packages genes for embryo development

                    	Saher Sue Hammoud1,2, 
	David A. Nix3, 
	Haiying Zhang1, 
	Jahnvi Purwar1, 
	Douglas T. Carrell2 & 
	â€¦
	Bradley R. Cairns1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 460,Â pages 473â€“478 (2009)Cite this article
                    

                    
        
            	
                        10k Accesses

                    
	
                        942 Citations

                    
	
                            12 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Because nucleosomes are widely replaced by protamine in mature human sperm, the epigenetic contributions of sperm chromatin to embryo development have been considered highly limited. Here we show that the retained nucleosomes are significantly enriched at loci of developmental importance, including imprinted gene clusters, microRNA clusters, HOX gene clusters, and the promoters of stand-alone developmental transcription and signalling factors. Notably, histone modifications localize to particular developmental loci. Dimethylated lysineâ€‰4 on histone H3 (H3K4me2) is enriched at certain developmental promoters, whereas large blocks of H3K4me3 localize to a subset of developmental promoters, regions in HOX clusters, certain noncoding RNAs, and generally to paternally expressed imprinted loci, but not paternally repressed loci. Notably, trimethylated H3K27 (H3K27me3) is significantly enriched at developmental promoters that are repressed in early embryos, including many bivalent (H3K4me3/H3K27me3) promoters in embryonic stem cells. Furthermore, developmental promoters are generally DNA hypomethylated in sperm, but acquire methylation during differentiation. Taken together, epigenetic marking in sperm is extensive, and correlated with developmental regulators.
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                    Figure 1: Profiling of nucleosomes and their modifications at  HOXD. [image: ]


Figure 2: 
                        Nucleosome enrichment at imprinted gene clusters, with high H3K4me3 at paternally expressed noncoding RNAs, and paternally demethylated regions.
                      [image: ]


Figure 3: 
                        Developmental promoters in sperm lack DNA methylation, but acquire methylation during development.
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During sperm development the histones that normally associate with DNA to package it into chromatin are largely exchanged for protamines, small proteins that form tight-packed DNA structures needed for normal sperm function. Thus nucleosomes, the histone-containing repeat units in chromatin, are notably rare in sperm. Rare but, according to a study utilizing high-resolution genomic techniques to localize the nucleosomes retained in mature human sperm, potentially important. The few remaining nucleosomes are significantly enriched at developmentally critical genes, and have distinctive histone modification patterns. This raises the possibility that they are retained in order to perform an epigenetic function in the embryo.
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