







    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 Ecology & Evolution]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature ecology & evolution

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 25 September 2017



                    Constrained vertebrate evolution by pleiotropic genes

                    	Haiyang HuÂ 
            ORCID: orcid.org/0000-0002-5348-56411,2Â na1, 
	Masahiro Uesaka3Â na1, 
	Song Guo1Â na1, 
	Kotaro Shimai4, 
	Tsai-Ming LuÂ 
            ORCID: orcid.org/0000-0001-6416-81935, 
	Fang Li6, 
	Satoko Fujimoto7, 
	Masato Ishikawa8, 
	Shiping Liu6, 
	Yohei Sasagawa9, 
	Guojie Zhang6,10, 
	Shigeru Kuratani7, 
	Jr-Kai Yu5, 
	Takehiro G. KusakabeÂ 
            ORCID: orcid.org/0000-0002-8325-36654, 
	Philipp Khaitovich1, 
	Naoki IrieÂ 
            ORCID: orcid.org/0000-0002-6720-381X3,11 & 
	the EXPANDE Consortium

Show authors

                    

                    
                        
    Nature Ecology & Evolution

                        volumeÂ 1,Â pages 1722â€“1730 (2017)Cite this article
                    

                    
        
            	
                        2852 Accesses

                    
	
                        59 Citations

                    
	
                            53 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Evolutionary developmental biology
	Evolvability


    


                
    
    

    
    

                
            


        
            Abstract
Despite morphological diversification of chordates over 550 million years of evolution, their shared basic anatomical pattern (or â€˜bodyplanâ€™) remains conserved by unknown mechanisms. The developmental hourglass model attributes this to phylum-wide conserved, constrained organogenesis stages that pattern the bodyplan (the phylotype hypothesis); however, there has been no quantitative testing of this idea with a phylum-wide comparison of species. Here, based on data from early-to-late embryonic transcriptomes collected from eight chordates, we suggest that the phylotype hypothesis would be better applied to vertebrates than chordates. Furthermore, we found that vertebratesâ€™ conserved mid-embryonic developmental programmes are intensively recruited to other developmental processes, and the degree of the recruitment positively correlates with their evolutionary conservation and essentiality for normal development. Thus, we propose that the intensively recruited genetic system during vertebratesâ€™ organogenesis period imposed constraints on its diversification through pleiotropic constraints, which ultimately led to the common anatomical pattern observed in vertebrates.
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                    Fig. 1: Basic strategy for evaluating evolutionarily conserved developmental stages.[image: ]


Fig. 2: Conserved embryonic stages identified by gene expression similarity.[image: ]


Fig. 3: Regulatory quiescence and highly pleiotropic genes enriched in the mid-embryonic period.[image: ]


Fig. 4: Temporally pleiotropic genes tend to be evolutionarily conserved and essential for normal development.[image: ]
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