







    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: 19 October 2011



                    Motor antagonism exposed by spatial segregation and timing of neurogenesis

                    	Marco Tripodi1, 
	Anna E. Stepien1 & 
	Silvia Arber1Â 



                    

                    
                        
    Nature

                        volumeÂ 479,Â pages 61â€“66 (2011)Cite this article
                    

                    
        
            	
                        7921 Accesses

                    
	
                        131 Citations

                    
	
                            1 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Genetics
	Motor control
	Neurogenesis


    


                
    
    

    
    

                
            


        
            Abstract
Walking is a key motor behaviour of limbed animals, executed by contraction of functionally antagonistic muscle groups during swing and stance phases. Nevertheless, neuronal circuits regulating the activation of antagonistic extensorâ€“flexor muscles remain poorly understood. Here we use monosynaptically restricted trans-synaptic viruses to elucidate premotor anatomical substrates for extensorâ€“flexor control in mice. We observe a medio-lateral spatial segregation between extensor and flexor premotor interneurons in the dorsal spinal cord. These premotor interneuron populations are derived from common progenitor domains, but segregate by timing of neurogenesis. We find that proprioceptive sensory feedback from the periphery is targeted to medial extensor premotor populations and is required for extensor-specific connectivity profiles during development. Our findings provide evidence for a discriminating anatomical basis of antagonistic circuits at the level of premotor interneurons, and point to synaptic input and developmental ontogeny as key factors in the establishment of circuits regulating motor behavioural dichotomy.
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                    Figure 1: 
                        Spatial segregation of extensor and flexor premotor interneurons.
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Figure 2: 
                        Adductor and flexor premotor interneurons co-segregate.
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Figure 3: 
                        Timing of neurogenesis separates extensor and flexor populations.
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Figure 4: 
                        Dorsal extensor premotor interneurons reside in proprioceptive termination area.
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Figure 5: 
                        Proprioceptors control connectivity of extensor premotor interneurons.
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        Editorial Summary
The neural circuitry of walking
Walking is a key motor behaviour in limbed animals. Although it may seem a simple task at first sight, it involves the contraction of functionally antagonistic muscle groups, such as extensor and flexor muscles, which work in opposition to each other. Surprisingly little is known about the neural circuits regulating the muscles involved. Silvia Arber and colleagues use anatomical tools to trace the circuits back to the premotor elements in the spinal cord that control antagonistic muscle activation. They find that the regulation of opposite walking phases with an on- and off-ground action is engraved at a network organization level, segregated according to neurogenic timing and further refined by synaptic input.
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