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... the human genome likely contains hundreds 
of thousands of enhancers, with a typical gene 
embedded in a milieu of tens of enhancers. 



This is one of the most impacting results of ENCODE  
 
 
ENCODE is one of the largest international projects of 
functional genomics 

Started at the completion of Human Genome sequencing  
 
ENCODE 2007   with traditional sequencing + microarrays 
1% of the Human Genome 
finding promoters, enhancers, transcripts etc 
 
Scaled up rapidly after the introduction of NGS 



thirteen years ago... 



This Article was accompanied by 30 specific articles published in the same month ! 

eight years ago... 



in brief... 
 
 
 80.4% of the human genome participate in at least one biochemical event 

 
 two third of genomic sequences are represented in RNA 

 
 400,000 sites have chromatin features of enhancers 

 
 70,300 regions have promoter-like features 
 
 
 
 
 



ENCODE  project website:  

Transcriptomics 
RNA metabolism 



connect to Encode experiment matrix 
 
https://www.encodeproject.org/matrix/?type=Experiment&status=released 

https://www.encodeproject.org/matrix/?type=Experiment&status=released


6 S E P T E M B E R 2 0 1 2 | VO L 4 8 9 | N AT U R E | 8 3 



nucleotide-resolution genomic DNase I footprinting  
in 41 diverse cell and tissue types  
 
45 million transcription factor occupancy events within regulatory regions,   
binding to 8.4 million distinct short sequence elements 
 
genetic variants affecting allelic chromatin states are concentrated in footprints, and 
sheltered from DNAmethylation.  
 
a stereotyped 50-base-pair footprint that precisely defines the site of transcript 
origination within thousands of human promoters 
 
a large collection of novel regulatory factor recognition motifs 

what is this ? 
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Transcription factors bind in a combinatorial fashion to specify the on-and-off 
states of genes 
 
the genomic binding information of 119 transcription-related factors in over 450 
distinct experiments.  
 
combinatorial, co-association of transcription factors: distinct combinations of 
factors bind at specific genomic locations. 
 
there are significant differences in the binding proximal and distal to genes. 



Promoters    versus       Enhancers 

the main feature is that promoters are always in the region immediately 
preceding and overlapping the Transcriptional Start Site (TSS)  
 
while 
 
Enhancers are placed in virtually indifferent regions around the gene, i.e. up 
to 100,000 bp upstream or downstream, in introns, with aparent no deal of 
distance with function.  

Regulatory regions 



Definitions: 
 
Promoter = the minimal sequence sustaining transcription and correct 
initiation, usually 50-150 bp 5’-upstream TSS  
 
Upstream regulatory sequence: sequences 5’-adjacent to promoter that 
regulate promoter utilization (500-2,000 bp, usually a downstream part to 
+100 is also included). Also sometimes indicated as «UAS», «proximal 
regulatory element» or «proximal enhancer». 
 
Enhancers: regulatory sequences or «modules» laying virtually at any 
distance and position from the regulated («cognate») TSS or promoter.  
Note: even though «enhancer» means «something that increases», 
enhancers may display repressing activity. 
 



Minimal or «core» promoters are defined as the region bound by 
General Transcription Factors and RNA Polymerase, that is roughly  
-40 to +40 bp in respect to TSS.  
 
 
Essentially, it is the region footprinted by RNA Pol II  and GTFs. 
 
 
Normally however the promoter is accompanied by a proximal 
regulatory region, that Aa place somewhere at -1,000 to +100 bp 
respect the TSS.     
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Regulatory modules (enhancers, proximal regulatory elements, etc.) 
 
DNA segments where short sequence motifs, 4 to 15 base long, called 
Response Elements and recognized by Transcription Factors are 
juxtapposed. 
 
Response Elements = TFBS (Transcription Factor Binding Sites) 
 
 


