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



twelve 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 
 
 
 
 
 



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

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



Textbook 



Transcription Factors 
 
>10% of the coding potential (2,000-3,000) of the Human Genome 
 
TFs recognize DNA motifs by multiple chemical interactions between aa 
residues of their DBD (DNA binding domain) and 4-6 bp in the major groove 
 
TFBS for a specific TF can vary a bit  consensus sequence 
 
TFs contain one or more transactivating domains (TA) that interact with co-
regulatory proteins (Mediator, ATP-dep. remodelers, TFIID, HAT/HDAC, other)  
 

How TFs recognize DNA sequences 



TF database:  http://www.transcriptionfactor.org/index.cgi?Home  

Structures (DBD)    http://www.rcsb.org/pdb/home/home.do  

Yearly NAR database issues 

http://www.transcriptionfactor.org/index.cgi?Home
http://www.transcriptionfactor.org/index.cgi?Home
http://www.transcriptionfactor.org/index.cgi?Home
http://www.rcsb.org/pdb/home/home.do
http://www.rcsb.org/pdb/home/home.do
http://www.rcsb.org/pdb/home/home.do


DNA-binding domains (as well as dimerization domains, 
which are very often closely associated in transcription 
factors, display quite rigid 3D structures. 
 
In sharp contrast, transactivating domains have never been 
resolved by cristallography, i.e. they are flexible and adaptable 
domains, which most likely assume different conformations, 
depending on interactions. 

Trans-activating domain classification is rather based 
on aminoacid composition, i.e.: 

•acidic 

•glutamine-rich 

•glutamine/proline rich 

•hydrophobic 

GCN4 

fos-jun (AP-1) 

CREB 

 

Hox proteins 

Antennapedia 

Mat 

GAL4 

Steroid receptors 

Nuclear receptors 

Myc 

Myo-D, Neuro-D 

SREBP 

 

Examples: 

../didattica 04-05/strutture/MycMaxDNA.val


DNA-binding Transcription Factors (regulatory factors) (TF) 
 
GO cathegory  
 
Do not include: 
- Coactivators or corepressors 
- Enzymes 
- General Transcription Factors (basal PIC components) 

 
Do include: 
- Putative proteins with similitude to known TFs 
- Proteins that possess structural domains similar to DNA Binding 

domain (DBD) of known TFs   



Gene Ontology 



Figure 1  
 
Current state of knowledge about transcription 
factors in the human genome.  
 
a | For the top 20 most cited transcription 
factors (TFs) in PubMed the number of studies 
performed in humans (blue bars) and in all 
other organisms (grey bars) is shown. ER* 
combines the citations for ERS1 and ERS2, 
which were indistinguishable in the literature 
search; similarly, STAT5* includes citations for 
both STAT5A and STAT5B.  
 
 
 
 
b | summary of biological processes regulated 
by TFs. 
Annotations were obtained from the Gene 
Ontology database, excluding those based 
only in electronic annotation. Numbers of 
annotated TFs are given in parentheses; 
each gene can be annotated with more than 
one function. 

Vaquerizas, NRG 2009 



<5 members 

Vaquerizas, NRG 2009 



Figure 5 | conservation of human transcription factors across 24 eukaryotic genomes. 
b | For human TFs in the three largest families, the proportion that are conserved in 
each taxonomic group is shown. 

Vaquerizas, NRG 2009 



b | Numbers of TFs expressed in each sample (blue bars) and the proportion of 
expressed TFs versus all expressed genes, given as a percentage (red points). The 
numbers of expressed regulators vary widely, ranging from about 150 in the appendix 
to over 300 in the fetal lung. However, in all tissues, TFs constitute ~6% of expressed 
genes. 

From Vaquerizas, NRG 2009 



Figure 4 | Heat map 
representation of transcription 
factor expression in 32 human 
organs and tissues.  
Heat map of transcription factor 
(TF) expression (rows) in 32 
organs and tissues (columns). 
Intersecting cells are shaded 
according to expression level 
(dark red for low expression and 
blue for high expression). 
Ubiquitous and specific TFs are 
grouped according to their 
expression profiles using 
hierarchical clustering (before 
setting an expression level 
threshold). Ubiquitous regulators 
are expressed at similar levels 
across most tissues, whereas 
specific regulators are expressed 
at significantly different levels in 
certain tissues (supplementary 
information s1 (PDF)). Expression 
levels below the threshold of 
detection are depicted as white 
cells. 

Vaquerizas, NRG 2009 



Characterizaton of Transcription Factors 
 
 
 Analysis of DNA-binding activity 

 
 Structural analysis – crystallography 

 
 Analysis of trans-activation properties 
 
 Identification of DNA response elements =  TFBS 

 
 Identification of genome-wide binding activity 

 
 Identification of co-operating TFs 

 
 Protein-protein interactions on DNA 
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Gel-shift assay   or    Electrophoretic Mobility Shift Assay EMSA 
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Structures (DBD)    
http://www.rcsb.org/pdb/home/home.do  

http://www.rcsb.org/pdb/home/home.do
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Functional validation:  reporter assay  
 
Plasmid with a reporter gene driven by a promoter: clone upstream studied fragment  
 
 
 
 
 
 
Transfect into cultured cells,  after 24-72 hours measure the product.  
 
Reporter genes are usually nonmammalian genes: 

•CAT cloramphenicol acetyltransferase 
•Luc  firefly luciferase 
•GFP Jellyfish green fluorescent protein 
•-gal  beta-galactosidase 

 
Deletional + Mutational analysis of fragment may lead to identify important elements 

P Reporter gene  ??? 
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DNaseI Footprinting 





Historical 
 
1° route:   
isolating a promoter sequence, make deletional mutants and identify regulatory 
elements. 
This is paralleled with Dnase I footprinting experiments using whole Nuclear Extract.  
Once identified, the response elements are further analyzed by Band-shift (EMSA)  
Proteins bound are then isolated by DNA affinity chromatography and identified. 
 

This approach has led to the characterization of several tens of Transcription Factors. 
2° route:  
Several putative TFs are identified by homology cloning. 
The binding site was often identified by SELEX    
Finally, bioinformatic search for the binding site is performed on known genomic 
sequences.  
 
3° route: 
Conserved, nontranscribed sequences proximal to known genes are explored statistically 
to describe over-represented sequence “words” as compared to the whole genome.  
Experimental proofs that the identified “words” (or motifs) can bind regulatory factors are 
needed 

Identification of DNA Binding specificity 



SELEX  
 
A random sequence oligonucleotide library is explored using a 
purified or recombinant Transcription Factor 
 
 
Classical SELEX: many rounds of selection + PCR amplification 
 
 
SELEX variants: single selection step at high stringency, followed 
by elution and NGS sequencing 
 
Usually  produced a series of short sequences   consensus 



Transcription Factors / DNA binding 







Using ChIP + microarrays or (best) ChIP-Seq it has been quite straightforward 
to obtain high-resolution maps of TF binding to chromatin using cell lines.  

Identification of R.E. 



Identification of R.E. 



TFBS (4-15 bp) 

T F 

All these fragment will 
score positive in ChIP assay 

Frequency plot 

ChIp-Seq analysis identifies a region 
where the TF binds, not the TFBS 



In the -500, +500 interval around binding peaks, algorithms exist to find unbiased 
overrepresented motifs, or known motifs based on positional weight matrices. 
 
Examples: 

Identification of R.E. 


