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            Abstract
Animals locate and track chemoattractive gradients in the environment to find food. With its small nervous system, Caenorhabditis elegans is a good model system1,2 in which to understand how the dynamics of neural activity control this search behaviour. Extensive work on the nematode has identified the neurons that are necessary for the different locomotory behaviours underlying chemotaxis through the use of laser ablation3,4,5,6,7, activity recording in immobilized animals and the study of mutants4,5. However, we do not know the neural activity patterns in C. elegans that are sufficient to control its complex chemotactic behaviour. To understand how the activity in its interneurons coordinate different motor programs to lead the animal to food, here we used optogenetics and new optical tools to manipulate neural activity directly in freely moving animals to evoke chemotactic behaviour. By deducing the classes of activity patterns triggered during chemotaxis and exciting individual neurons with these patterns, we identified interneurons that control the essential locomotory programs for this behaviour. Notably, we discovered that controlling the dynamics of activity in just one interneuron pair (AIY) was sufficient to force the animal to locate, turn towards and track virtual light gradients. Two distinct activity patterns triggered in AIY as the animal moved through the gradient controlled reversals and gradual turns to drive chemotactic behaviour. Because AIY neurons are post-synaptic to most chemosensory and thermosensory neurons8, it is probable that these activity patterns in AIY have an important role in controlling and coordinating different taxis behaviours of the animal.




            
                
                    

    
        
            
                
                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: 
                        Asymmetric component of the odour signal controls gradual turning.
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Figure 2: 
                        Asymmetric and symmetric excitation of AIY control gradual turning and reversal frequency.
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Figure 3: 
                        Asymmetric AIY excitation modulates the head-bending angle to cause turning.
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Figure 4: 
                        Controlling AIY activity is sufficient to evoke chemotactic behaviour.
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        Editorial Summary
Taking control of roundworm behaviour
The neuronal circuits that nematodes use to track chemical gradients and find food have been studied in detail in loss-of-function experiments (using laser ablation or mutations affecting individual neurons) and by live calcium imaging of neuronal activity. Such studies point to certain neurons as being important for chemotaxis, but reveal little about how the circuits exert control. Sharad Ramanathan and colleagues have combined neuronal control by optogenetics, which uses light to switch individual neurons on and off, with real-time tracking of freely moving Caenorhabditis elegans to drive the animals up virtual optical gradients. The work demonstrates that a single pair of interneurons is technically sufficient to determine such guided locomotion, and provides techniques with the potential to identify and generate neural activity patterns to control all of the behaviours of this nematode.
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