







    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



	nature neuroscience

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 04 April 2004



                    Modulation of spike timing by sensory deprivation during induction of cortical map plasticity

                    	Tansu Celikel1Â nAff2, 
	Vanessa A Szostak1 & 
	Daniel E Feldman1Â 



                    

                    
                        
    Nature Neuroscience

                        volumeÂ 7,Â pages 534â€“541 (2004)Cite this article
                    

                    
        
            	
                        1932 Accesses

                    
	
                        140 Citations

                    
	
                            1 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Deprivation-induced plasticity of sensory cortical maps involves long-term potentiation (LTP) and depression (LTD) of cortical synapses, but how sensory deprivation triggers LTP and LTD in vivo is unknown. Here we tested whether spike timingâ€“dependent forms of LTP and LTD are involved in this process. We measured spike trains from neurons in layer 4 (L4) and layers 2 and 3 (L2/3) of rat somatosensory cortex before and after acute whisker deprivation, a manipulation that induces whisker map plasticity involving LTD at L4-to-L2/3 (L4â€“L2/3) synapses. Whisker deprivation caused an immediate reversal of firing order for most L4 and L2/3 neurons and a substantial decorrelation of spike trains, changes known to drive timing-dependent LTD at L4â€“L2/3 synapses in vitro. In contrast, spike rate changed only modestly. Thus, whisker deprivation is likely to drive map plasticity by spike timingâ€“dependent mechanisms.
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                    Figure 1: Principal whisker deprivation reduces mean firing rates in behaving rats.


Figure 2: Spike trains elicited by multiwhisker stimulation in L4 and L2/3 of a single S1 column.


Figure 3: Reversal of firing order by principal whisker deprivation for a representative L4â€“L2 cell pair.


Figure 4: Shift toward synchronized firing by principal whisker deprivation for a representative L4â€“L3 cell pair.


Figure 5: Effect on mean spike timing across all cell pairs.


Figure 6: Decorrelation of L4 and L2/3 spike trains by principal whisker deprivation.


Figure 7: Quantitative model of STDP from spike timing data measured in vivo.
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Supplementary information

Supplementary Fig. 1
Reduction in whisker-evoked spike count following PW cut. Response strength (spike per stimulus) for each stimulus condition. Following PW cut, response strength was reduced significantly in L4 (n = 40 units) and L3 (n = 23 units), but not in L2 (n = 21 units). Asterisks, P < 0.05 (unpaired 2-tailed t-test). (GIF 7 kb)


Supplementary Fig. 2
Controls for stationarity of spike trains. (a) Long-duration recordings (4200 sweeps [700 ms sweep duration] over ~75 minutes) for four simultaneously recorded L4-L2 cell pairs during spontaneous firing (left), and multiwhisker-evoked firing (right). (b) Response latency, whisker-evoked spike count (spikes/stimulus), and CCG peak were stationary over 45 minutes (the duration of the standard recording protocol). Inset at right, distribution of changes in CCG peaks for all pairs between 15 and 45 minutes. (c) Response latency, whisker-evoked spike count, and CCG peak before and advancement of the whisker deflection mesh 1 mm towards face without cutting the PW ("Sham cut"). (This was the procedure used to assess recovery from PW cut in the main experiments). Sham cut and mesh advancement produced no significant changes in any of these measures. Inset at right, distribution of changes in CCG peaks for all pairs before and after sham cut. (GIF 30 kb)


Supplementary Fig. 3
Acute alterations in firing patterns by PW cut. (a) Mean normalized PSTHs across all units for multiwhisker response (black traces) and after PW cut (gray traces). Pspike is the probability of observing a spike in each 1 ms time bin. PW cut caused latency to increase in L4 and L3, but to decrease in L2 (see Table 1). These changes in response latency explain the spike timing changes observed in L4-L2 and L4-L3 cell pairs (see text). (b) Mean normalized ISI distributions for all units. PW cut altered the ISI distribution for L4 (P < 0.05, Kolmogorov-Smirnov test), but not L2 or L3 (P > 0.1). (c) Mean distribution of spikes per stimulus (response strength) for all units, calculated from a 50 ms time window after whisker deflection. PW cut did not significantly alter the distribution of response strength for any layer (P > 0.05, t-test). (GIF 15 kb)
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