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Promoters 

 



L3.5 - Agenda 
 
 
1. Mapping of TSS 

 
2. Chromatin marks – CpG methylaion  

 
3. More than one type of gene promoter 

 
4. Modes of transcriptional activation 



Go to any Molecular Biology book for revising 
 
One page in the auxiliaries in Moodle contains  
- 1 video by Dr Robert Tjian 
- 1 video by MDB.  
 
https://cmb.i-
learn.unito.it/mod/book/view.php?id=12867.  

Basics of Transcription initiation in Eukaryotes  

https://cmb.i-learn.unito.it/mod/book/view.php?id=12867
https://cmb.i-learn.unito.it/mod/book/view.php?id=12867
https://cmb.i-learn.unito.it/mod/book/view.php?id=12867




First essential issue: 
the identification of Promoters genome-wide 



Promoter identification 
 

To identify promoters (genome-wide) we need essentially to have 
clear definition of TSS. This is not easy since: 
• classical methods (i.e. cDNA sysnthesis using RT enzyme) rarely 

reach the very 5’-end due to secondary RNA structures. 
• normal RNA-seq which is based on random fragmentation shows 

very poor enrichment of terminal fragments. 
 

People have used different methods to map promoters genome-wide: 
• CAGE (with both classical sequencing and later using NGS) 
• 5’-SAGE (same) 
• mapping PIC-component by ChIP-Seq 
• mapping Histone PTMs/variants by ChIP-Seq 
• Bioinformatics (prediction of basal promoter elements) 



SAGE (Serial Analysis of Gene Expression) and CAGE (Capped RNA 
Analysis)  were originally based on making short fragments from 
either 3’- or 5’-end of mRNAs, concatamerize and sequence by 
Sanger. 
 
Most important: 
 
CAGE was developped specifically for 5’-end definition and is based 
on chemical modification of the the RNA Cap, allowing enrichment of 
correctly extended cDNAs.  
 
 
Today, both methods were adapted to using NGS sequencing of the 
fragments obtained (e.g. CAGE-seq). 
 





Carninci et al., 2006 
Example of results from CAGE analysis 

(gene sequence) 



The FANTOM project used these methods to study a nuber of cell 
lines and tissues from Mouse and Human origin 
 
These studies identified unprecedented numbers of TSSs 
therefore allowing intensive re-examination of Promoters features 
 
 
 
It was clearly seen that, depending on the shape and dispersion of 
TSSs, Promoters could be grouped in (at least) four different 
groups, as exemplified in the following figures: 
 
1. Single peak class (SP) (a single nucleotide or with few 

alternatives around it) 
2. Broad TSS (various nucleotides in a range)   
3. Bi- or multi-modal (some dominant peaks within broader 

initiation sites) 
4. Broad with dominant peak (much like mixing type 1 and 2) 



Figure 1. (e) Arrays of 
representative tag clusters for 
different shape classes. 
Histograms indicate the fraction 
of tags in the tag cluster 
mapping into each position in a 
120-bp window centered on the 
tag cluster. The single peak (SP) 
class is characterized by a sharp 
peak, indicative of a single, well-
defined TSS. The broad (BR) 
shape indicate multiple, weakly 
defined TSSs. The 
bimodal/multimodal (MU) shape 
class implies multiple 
welldefined TSSs within one 
cluster. Combination of a well-
defined TSS surrounded by 
weaker TSSs results in a broad 
with dominant peak shape (PB). 
HUGO gene names or 
transcriptional unit identifiers 
for cognate genes and tag 
cluster identifiers are shown 
above each tag cluster. 
 

Carninci et al., 2006 



coordinate 



For common usage, we classify today in only two classes, 
as   
«sharp-type promoters» 
and 
«broad-type promoters» 
 
 
intended that many situations in between exist.  



Sandelin et al., 2007 

The two extreme 
models 

LCG 

HCG 



Genomic studies have partially changed our knowledge of promoters.  

 

These studies demonstrated, first, that the “textbook promoter” with a 
clear TATA-box and a single TSS, is present at no more that 10-20% of 
mammalian genes (<15% in human and mouse), which represent a group of  
tissue-specific genes.  

 

Remaining transcription units have different structures, more often relying 
on CpG islands.  



Alignment of thousands Promoters has allowed appreciation of strict 
geometrical constraint in the position of Promoter elements, like 
TATA-box, Initiator (INR), downstream promoter element (DPE) 
 
(that are recognized by different subunits of TFIID)  
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Sandelin et al., 2007 

TATA 
INR 





Associated sequence logos are based on motifs from described for Drosophila and motifs from 
the JASPAR database for Vertebrates.  
The initiator motif (Inr). BRE, TFIIB recognition element; DCE, downstream core element; DPE, 
downstream promoter element; Inr, initiator; MTE, motif ten element; TATA, TATA-box element; 
TCT, TCT initiator.  
IMPORTANT: hardly any real promoter contains all or even most of the above elements – on the 
contrary, different elements are associated with different promoter architectures and their co-
occurrence in individual promoters are strongly underrepresented compared to chance.  

Basic promoter elements in insects and Vertebrates are positionally constrained  



These elements are assorted in various combinations in 
vertebrate promoters, with some rules  (e.g. INR associates 
with either a TATA or a DPE, very rarely all together) 
 
 
BRE (TFIIB response element) was identified essentially by 
cristallography, very weak consensus 
 
 
Different promoters exist that are recognized by sets of 
different proteins (e.g. TFR instead of TBP)(see Levine’s 
Textbook) 
 
Some promoters have «mixed sequences» that are recognized 
by different sets of proteins (on a developmental or tissue-
specific basis)(see Levine’s Textbook). 
 


