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Traditional view of transcription initiation
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Divergent transcription in promoter regions initiates 
multiple transcripts
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4Chen et al. (2017, Nature Genetics)

Mayer et al. (2015, Cell)

Lavender et al. (2016, PLoS Genetics)

Brown et al. (2018, Molecular Systems Biology)
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Figure by Katjana Schwab

Dynamic experimental setup



Identification of
closely spaced promoter
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Identifying closely spaced promoters in 
Cap analysis gene expression (CAGE) – Sequencing data

Adapted from Yu et al. (2015, Nucleic Acids Research) 7



8

Example: MDM4



Example: MDM4

9

84 553 CAGE-Seq
peaks

1 049 closely spaced
promoter

9 575 bidirectional
PeakPairs

TSS#1: upstream antisense RNA 
TSS#2: sense RNA
TSS#3: downstream antisense RNA
TSS#4: downstream sense RNA 
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Closely spaced promoter in the epigenome
        

     

     

     

     

TSS/Promoter mark
Promoter flanking/ 

enhancer mark

Constructed by Martin Fischer
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Closely spaced promoter in the epigenome
TSS/Promoter mark

Constructed by Martin Fischer

       

  

     

 
  
 
 
  
 
  
 
  
 

             

  

     

  
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 

  

     

              

  

     

 
  
 
 
  
 
  
 
  
 

             

  

     

  
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 

  

     

              

  

     

 
  
 
 
  
 
  
 
  
 

             

  

     

  
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 

  

     

              

  

     

 
  
 
 
  
 
  
 
  
 

             

  

     

  
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 

  

     

       

Closely spaced promoter
Non Closely spaced promoter



Transcription interference?

From Shearwin et al. (2005, Trends in Genetics)
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Promoter destruction

Collision

Roadblock



  

  

 

 

 

 

 

         
             

 
 
 
 
 
  
 
 
 
 
 
 

  

  

 

 

 

 

 

         
             

 
 
 
 
 
  
 
 
 
 
 
 

Change in TSS expression in 
all bidirectional PeakPairs
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*Log2(TSS expression in Nutlin/ TSS expression in DMSO)

*

*



     

          

     

  

  

 

 

 

 

 

         
             

 
 
 
 
 
  
 
 
 
 
 
 

     

         

     

  

  

 

 

 

 

 

         
             

 
 
 
 
 
  
 
 
 
 
 
 

     

          

    

  

  

 

 

 

 

 

         
             

 
 
 
 
 
  
 
 
 
 
 
 

     

          

     

  

  

 

 

 

 

 

         
             

 
 
 
 
 
  
 
 
 
 
 
 

     

         

     

  

  

 

 

 

 

 

         
             

 
 
 
 
 
  
 
 
 
 
 
 

     

          

    

  

  

 

 

 

 

 

         
             

 
 
 
 
 
  
 
 
 
 
 
 

Change in TSS expression in bidirectional PeakPairs
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Change in TSS expression in bidirectional PeakPairs
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Cooperativity of
closely spaced promoter:

Constructed by Martin Fischer
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Cooperativity of
closely spaced promoter:

Constructed by Martin Fischer



Summary
Closely spaced promoters…

• are surprisingly prevalent in the genome

• possess a distinct chromatin structure

• elicit convergent transcription without the need for spatial
separation

• overcome transcription interference

• cooperate to enable co-regulation by transcription factors, such as
p53
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Special thanks goes to
Steve Hoffman,
Martin Fischer,
Alena van Bömmel,
Konstantin Riege, and
everyone else at the RG Hoffmann

Thank you for 

your attention! 

We are hiring!



Preliminary data: Single-molecule FISH of nascent RNA

Constructed by Flavia Vigliotti in the lab of Alexander Loewer at the university of darmstadt
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Identifying bidirectional peak pairs and closely spaced promoters 
on MCF-7 CAGE-Seq data
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10

Identified closely spaced promoter
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TSS expression in convergent transcription
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TSS distance in convergent transcription

     

        

     

      

     

        

    

      

     

        

    

      

                                          

                           

  

  

 

 

 

 

 

  

  

 

 

 

 

 

  

  

 

 

 

 

 

             

 
 
 
 
 
  
 
 
 
 
 
 

    

    

    

   

                
               



Host-gene expression and TSS expression in MCF-7
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Read count of TSSs

              

                                                            

   

      

         

 
 
 
 
  
 
 
 
 

26



Biotypes of annotated features
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