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            Abstract
Enhancers control the correct temporal and cell-type-specific activation of gene expression in multicellular eukaryotes. Knowing their properties, regulatory activity and targets is crucial to understand the regulation of differentiation and homeostasis. Here we use the FANTOM5 panel of samples, covering the majority of human tissues and cell types, to produce an atlas of active, in vivo-transcribed enhancers. We show that enhancers share properties with CpG-poor messenger RNA promoters but produce bidirectional, exosome-sensitive, relatively short unspliced RNAs, the generation of which is strongly related to enhancer activity. The atlas is used to compare regulatory programs between different cells at unprecedented depth, to identify disease-associated regulatory single nucleotide polymorphisms, and to classify cell-type-specific and ubiquitous enhancers. We further explore the utility of enhancer redundancy, which explains gene expression strength rather than expression patterns. The online FANTOM5 enhancer atlas represents a unique resource for studies on cell-type-specific enhancers and gene regulation.




            
                
                    

    
        
            
                
                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: Bidirectional capped RNAs is a signature feature of active enhancers.[image: ]


Figure 2: Features distinguishing enhancer TSSs from mRNA TSSs.[image: ]


Figure 3: CAGE expression identifies cell-type-specific enhancer usage.[image: ]


Figure 4: In vivo validation in zebrafish of tissue-specific enhancers.[image: ]


Figure 5: Enhancer usage and specificity in groups of cells.[image: ]


Figure 6: Linking enhancers to TSSs and disease-associated SNPs.[image: ]
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                Data deposits

                The FANTOM5 atlas is accessible from http://fantom.gsc.riken.jp/5. FANTOM5 CAGE, RNA-seq and sRNA data have been deposited in DDBJ/EMBL/GenBank (accession codes DRA000991, DRA001101). Genome browser tracks for enhancers with user-definable expression specificity-constraints can be generated at http://enhancer.binf.ku.dk. Here, processed enhancer expression data, predefined enhancer tracks and motif finding results are also deposited. Blood-cell ChIP-seq data and CAGE data on exosome-depleted HeLa cells have been deposited in the NCBI GEO database (accession codes GSE40668, GSE49834).
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