







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 27 June 2012



                    Independent evolution of striated muscles in cnidarians and bilaterians

                    	Patrick R. H. Steinmetz1, 
	Johanna E. M. Kraus1, 
	Claire Larroux2,3, 
	Jörg U. Hammel4, 
	Annette Amon-Hassenzahl5, 
	Evelyn Houliston6, 
	Gert Wörheide3,7,8, 
	Michael Nickel4,7, 
	Bernard M. Degnan2 & 
	…
	Ulrich Technau1 

Show authors

                    

                    
                        
    Nature

                        volume 487, pages 231–234 (2012)Cite this article
                    

                    
        
            	
                        8758 Accesses

                    
	
                        174 Citations

                    
	
                            29 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Animal physiology
	Molecular evolution
	Musculoskeletal development
	Phylogenomics


    


                
    
    

    
    

                
            


        
            Abstract
Striated muscles are present in bilaterian animals (for example, vertebrates, insects and annelids) and some non-bilaterian eumetazoans (that is, cnidarians and ctenophores). The considerable ultrastructural similarity of striated muscles between these animal groups is thought to reflect a common evolutionary origin1,2. Here we show that a muscle protein core set, including a type II myosin heavy chain (MyHC) motor protein characteristic of striated muscles in vertebrates, was already present in unicellular organisms before the origin of multicellular animals. Furthermore, ‘striated muscle’ and ‘non-muscle’ myhc orthologues are expressed differentially in two sponges, compatible with a functional diversification before the origin of true muscles and the subsequent use of striated muscle MyHC in fast-contracting smooth and striated muscle. Cnidarians and ctenophores possess striated muscle myhc orthologues but lack crucial components of bilaterian striated muscles, such as genes that code for titin and the troponin complex, suggesting the convergent evolution of striated muscles. Consistently, jellyfish orthologues of a shared set of bilaterian Z-disc proteins are not associated with striated muscles, but are instead expressed elsewhere or ubiquitously. The independent evolution of eumetazoan striated muscles through the addition of new proteins to a pre-existing, ancestral contractile apparatus may serve as a model for the evolution of complex animal cell types.
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                    Figure 1: 
                        Complex phylogenomic distribution of contractile machinery and Z-disc interactome components.
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Figure 2: 
                        Ancient 
                        myhc
                         gene duplication predated animal radiation.
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Figure 3: 
                        Expression of ST 
                        myhc
                         in a demosponge and in anthozoan and hydrozoan cnidarians.
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Figure 4: 
                        Absence of 
                        Clytia hemisphaerica muscleLIM
                         and 
                        ldb3
                         expression in striated muscles.
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        Editorial Summary
Muscles stretch back a long way
The ultrastructural similarity between striated skeletal muscles in higher bilaterian animals, such as humans and insects, and non-bilaterian animals, such as jellyfish, suggests a common evolutionary origin of this important contractile cell type. However, the precise evolution of striated muscles has not been confirmed. In this phylogenomic study, Ulrich Technau and colleagues show that core muscle proteins are present in unicellular organisms, such as sponges, that do not have true muscles. Their analysis supports a convergent-evolution model for striated muscles. According to this model, novel proteins were added to the ancient contractile apparatus during the independent evolution of the cnidarians and bilaterians, resulting in strikingly similar ultrastructures.
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