
L4.2 – Transcriptional regulation
(Promoters and RNAP)
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AGENDA

1. How to define and identify promoters

2. Different types of gene promoters

3. Transcriptional initiation: PIC and RNAPolII



Textbook



Promoter: Where the RNA polymerase and associated factors bind to 
initiate transcription (important to distinguish between core promoter vs 
proximal promoter vs bioinformatics definition)



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.



To identify promoters (one-by-one):

• Reporter assay
• EMSA
• DNase footprinting
• In vitro transcription

To identify promoters (genome-wide):

• CAGE
• 5’-SAGE
• PIC-component ChIP-Seq
• Histone PTMs/variants ChIP-Seq
• Bioinformatics

PRMOTERS IDENTIFICATION and DEFINITION



Zhu et al., JBC 2006
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Examples of original data



FIG. 3. The addition of an MTE 
increases the affinity of TFIID for
the core promoter.

DNase I footprinting

Brackets=protected
*=hypersensitive

Theisen et al. 2010

Examples of original data





Fig. 1. Summary of most prevalent core promoter elements positionally constrained with respect to 
transcription start site (TSS; marked as +1 position). The location of elements relative to the TSS is 
shown as coloured boxes, where the colour indicates whether the element is Drosophila-specific 
(red), vertebrate-specific (blue) or common(purple). Associated sequence logos are based on motifs 
from [125] and [6] for Drosophila and motifs from the JASPAR database for vertebrates. The initiator 
motif (Inr) differs between Drosophila and vertebrates and both sequence logos are shown. Most 
promoters only have one or a few of these elements, and some elements are mostly found in certain 
species. 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. 



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

(gene sequence)

Studies by CAGE and RNA-Seq have redefined functional groups of promoters genome-wide.



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
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Figure 2. TATA-box and TSS spacing definition and consensus. 
(b–e) Sequence logos for promoter sequences aligned at the TSSs
constructed by counting each tag and its flanking region as one sequence,
divided by promoter shape class. The y axis shows the information content 
(measured in bits). In all cases, there is a clear preference for a pyrimidine-
purine initiation site at –1,+1. A TATA-like motif is visible around the –30 position 
in the SP class promoters (b). In the BR class promoters, as most of those 
promoters are overlapped by CpG islands, the entire region is GC-rich; there is 
anisotropy of nucleotide content: there are more guanine than cytosine 
nucleotides in the plus strand upstream of the TSS (c). The logos of PB (d) and 
MU (e) class promoters look similar to this, indicating that these two ambiguous 
two categories are more likely to share the common initiation mechanism with 
BR promoters than with the SP ones. The PB class has a certain proportion of 
mixed cases, with both a CpG island and a TATA-box.

Legend to the previous slide



Sandelin et al., 2007

Considering the two extreme models

LCG

HCG



Genomic studies have partially changed our knowledge of promoters. 

Studies oriented to define the TSS genome-wide, such as CAGE and 5’ -
SAGE, were especially instructive.

These studies demonstrated, first, that the “textbook promoter” is present 
at no more that 10-20% of mammalian genes (17% in human and mouse), 
which represent a group of inducible, tissue-specific genes. 

Remaining transcription units have different structures, more often relying 
on CpG islands. 
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Robert Tijan’s lectures on Youtube

https://www.youtube.com/watch?v=ytOvnly6cgg

https://www.youtube.com/watch?v=ytOvnly6cgg


BREAK



From Thomas & Chiang, 2006



From He et al., 2013

X-ray and E.M. was used to clarify the structure of 
RNA Pol II, as well as nearly all components of the PIC.





From Thomas & 
Chiang, 2006



TBP (TATA-binding protein) binds to the TATA 
element (if present) and bends DNA ~ 90°

TAF=TBP-Associated Factors

TFIIB-binds to TBP and to BRE

BRE

TFIIA stabilizes the complex



TAF proteins purified from S2 
cells nuclear extract by anti-
FLAG affinity chromatography 

Theisen et al. 2010

drosophila

Examples of original data



TFIIF facilitates RNA PolII recruitment to the complex

TFIIE + TFIIH  join

RNA PolII CTD is phosphorylated 
and initiates transcription 
(promoter clearance)

Factors may be left 
behind to re-initiate

Abortive 
transcription 

Elongation factor(s)
TFIIS

«open» complex

CTD



The 52 repeats in Human Pol II

The very C-term peptide

From Hsin et al., Genes Dev 
(2011) 26:2119–2137



Figure 2. Dynamic modification of the CTD during the transcription cycle. At transcription 
initiation, CDK7 phosphorylates Ser5 and Ser7 residues. Later, during elongation, CDK9
phosphorylates Ser2 and perhaps Thr4, while the phosphate groups on Ser5 and Ser7 are 
gradually removed by phosphatases. (…)

From Hsin et al., Genes Dev (2011) 26:2119–2137

TRANSCRIPTION STEPS and POL2 STATUS



MORE on PIC complex functions and specificity:

Is this a core machinery and specificity comes from upstream 
regulatory regions or there are also Gene-specific/Stage-specific TAF 
functions?

Discussion question







Figure 2 

Cell 1997 91, 71-83DOI: (10.1016/S0092-8674(01)80010-6) 





Levine et al. 2014





Zhou et al., eLIFE, 2013



Zhou et al., eLIFE, 2013



Zhou et al., eLIFE, 2013


