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            Abstract
In songbirds, the remarkable temporal precision of song is generated by a sparse sequence of bursts in the premotor nucleus HVC. To distinguish between two possible classes of models of neural sequence generation, we carried out intracellular recordings of HVC neurons in singing zebra finches (Taeniopygia guttata). We found that the subthreshold membrane potential is characterized by a large, rapid depolarization 5â€“10 ms before burst onset, consistent with a synaptically connected chain of neurons in HVC. We found no evidence for the slow membrane potential modulation predicted by models in which burst timing is controlled by subthreshold dynamics. Furthermore, bursts ride on an underlying depolarization of âˆ¼10-ms duration, probably the result of a regenerative calcium spike within HVC neurons that could facilitate the propagation of activity through a chain network with high temporal precision. Our results provide insight into the fundamental mechanisms by which neural circuits can generate complex sequential behaviours.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

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



    

                
                    Figure 1: 
                        Two broad classes of models for a sequence-generating circuit.
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Figure 2: 
                        A microdrive for sharp intracellular recording in the singing bird.
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Figure 3: 
                        Intracellular membrane potential of identified HVC
                        
                        (RA)
                         neurons during singing.
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Figure 4: 
                        Evidence that calcium channels contribute to burst events in HVC
                        
                        (RA)
                         neurons.
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Figure 5: 
                        A simple biophysical model to examine the implications of neuronal bursting on the robustness of HVC network propagation.
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The nature of the neural mechanism underlying sequence generation in the brain remains a fundamental unanswered question in neuroscience. Songbirds, in which single neurons in premotor areas of the brain fire coordinated bursts that are precisely timed to the dynamics of the song, provide an ideal model for its study. Long et al. now report a technical tour de force â€” intracellular recording in premotor HVC neurons in singing birds â€” which allows them to test models of burst generation. They found that membrane potential rapidly depolarizes 5â€“10 milliseconds before burst onset, consistent with models in which HVC neurons form synaptically connected chains.
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