







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                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: 26 August 2012



                    Activity in motor–sensory projections reveals distributed coding in somatosensation

                    	Leopoldo Petreanu1 nAff2, 
	Diego A. Gutnisky1, 
	Daniel Huber1 nAff2, 
	Ning-long Xu1, 
	Dan H. O’Connor1, 
	Lin Tian1 nAff2, 
	Loren Looger1 & 
	…
	Karel Svoboda1 

Show authors

                    

                    
                        
    Nature

                        volume 489, pages 299–303 (2012)Cite this article
                    

                    
        
            	
                        12k Accesses

                    
	
                        226 Citations

                    
	
                            5 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Neuronal physiology
	Whisker system


    


                
    
    

    
    

                
            


        
            Abstract
Cortical-feedback projections to primary sensory areas terminate most heavily in layer 1 (L1) of the neocortex 1,2, where they make synapses with tuft dendrites of pyramidal neurons. L1 input is thought to provide ‘contextual’ information3, but the signals transmitted by L1 feedback remain uncharacterized. In the rodent somatosensory system, the spatially diffuse4 feedback projection from vibrissal motor cortex (vM1) to vibrissal somatosensory cortex (vS1, also known as the barrel cortex) may allow whisker touch to be interpreted in the context of whisker position to compute object location5,6. When mice palpate objects with their whiskers to localize object features7,8, whisker touch excites vS19 and later vM1 in a somatotopic manner10,11,12,13. Here we use axonal calcium imaging to track activity in vM1→vS1 afferents in L1 of the barrel cortex while mice performed whisker-dependent object localization. Spatially intermingled individual axons represent whisker movements, touch and other behavioural features. In a subpopulation of axons, activity depends on object location and persists for seconds after touch. Neurons in the barrel cortex thus have information to integrate movements and touches of multiple whiskers over time, key components of object identification and navigation by active touch.




            
                
                    

    
        
            
                
                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: 
                        Imaging activity in vM1→vS1 axons during whisker-based object localization.
                      


Figure 2: 
                        Motor and sensory signals in vM1→vS1 axons.
                      


Figure 3: 
                        Decoding behavioural variables on the basis of axonal activity.
                      


Figure 4: 
                        Persistent object-location-dependent activity.
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        Editorial Summary
Touch perception by a whisker
When rodents explore objects with their whiskers, touch signals are represented in the somatosensory cortex, and are also sent, by projections, to the motor cortex. The motor cortex also projects back into the somatosensory cortex, potentially providing whisker-movement information for integration with touch signals. This study addresses the question of what the motor cortex actually tells the somatosensory cortex. Karel Svoboda and colleagues imaged activity in the motor neuron axonal arbors of the somatosensory cortex while mice were performing an object-localization task that required integration of movement with touch and other senses. The resulting images show axons representing a diverse range of signals, including whisker movements and touch.
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