





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        NEW RESULTS    
  
        Shadow enhancers enable Hunchback bifunctionality in the Drosophila embryo
  
      Max V. Staller, Ben J. Vincent, Meghan D.J. Bragdon, Javier Estrada, Zeba Wunderlich, Angela H. DePace

  
      doi: https://doi.org/10.1101/007922 

  
  
  

Max V. Staller 
Department of Systems Biology, Harvard Medical School, Boston, Massachusetts

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Ben J. Vincent 
Department of Systems Biology, Harvard Medical School, Boston, Massachusetts

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Meghan D.J. Bragdon 
Department of Systems Biology, Harvard Medical School, Boston, Massachusetts

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Javier Estrada 
Department of Systems Biology, Harvard Medical School, Boston, Massachusetts

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Zeba Wunderlich 
Department of Systems Biology, Harvard Medical School, Boston, Massachusetts

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Angela H. DePace 
Department of Systems Biology, Harvard Medical School, Boston, Massachusetts

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
angela_depace@hms.harvard.edu




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
When bifunctional transcription factors activate and repress target genes within the same cell, these opposing activities must be encoded in regulatory DNA. Here, we use cellular resolution gene expression data and computational modeling to investigate Hunchback (Hb) bifunctionality in Drosophila embryogenesis. Previous computational models predicted that Hb both activated and repressed the enhancer controlling even-skipped (eve) stripes 3 and 7 (eve3+7). We tested this hypothesis by measuring and modeling eve expression under multiple genetic perturbations and found that the eve3+7 enhancer could not explain endogenous stripe 7 behavior. To explain this discrepancy, we measured the response of an extended eve stripe 2 enhancer that drives expression of eve stripes 2 and 7 (eve2+7). We found that the behavior of endogenous stripe 7 is explained by the combined behavior of both enhancers, eve3+7 and eve2+7. Bifunctionality arises from Hb activating the eve2+7 enhancer and repressing the eve3+7 enhancer. This pair can thus be considered “shadow enhancers” that both direct eve stripe 7, but respond to Hb in opposite ways. This example may illustrate a general way of encoding bifunctional regulation in the genome.
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