
L4.7 – Transcriptional regulation
(Research Papers and Literature Review)



AGENDA

• Research Paper 
(including discussion about promoter/enhancer similarities)

• Literature Review on Transcriptional Regulation during 
Adipogenesis





H3K4me3H3K4me1

1-1000kb
mRNA promoterenhancer

Enhancers share many characteristics with 
the promoters they regulate

H3K36me3

1. DNA accessibility (both marked by HS)
2. Transcription factor and Mediator binding
3. Architecture of Core promoter elements)
4. Transcription by Pol II (including presence of Ser-5P)

Similar to a promoter, an enhancer can direct RNA transcription from a 
defined site by independent RNAPII transcription machinery assembled 

with general TFs.



H3K4me3H3K4me1

1-1000kb
mRNA promoterenhancer

Apparent Differences

H3K36me3

1. Lack of elongating POLII (Ser-2P) and H3K36me3

2. H3K4me1 versus H3K4me3

3. Bidirectional transcription





Open questions

• Are promoter and enhancers functionally 
interchangeable? 

• How is transcription of eRNAs regulated?

• Are there specific features that are 
required for eRNA function?



• Is enhancer RNA transcription a good marker for 
enhancer identification? (Basic and clinical 
relevance)

• How is transcription of enhancer RNA regulated?
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Isolation and sequencing of RNAs that are:

• Associated with stably paused Pol II

• Nuclear/ chromatin associated

• Short (<100 nt)

• Capped

Start-RNAs

Start-RNAs:

5’ ends – indicate Transcription Start Site

3’ ends – reveal the position of paused 

polymerase

Start-seq defines positions and levels of engaged Pol II 

This technique is independent of the stability of RNA transcript

Start-RNAs at ~7500 

active Drosophila genes



TSScall is the newly developed unbiased algorithm used to define individual TSSs 
and clusters of TSSs (by subtraction of the annotated set)

Start-seq in Drosophila S2 cells identifies 
~10,000 annotated TSS and ~12,000 unannotated TSSs

Henriques et al. (2018) Genes & Dev..



Previous work has identified 11,364 functional enhancers in 
this same cell type using high-throughput enhancer-reporter 
assays.

Compare set of uTSS with list of functionally defined enhancers
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Figure 2. Regions that exhibit enhancer activity  in reporter assays generate nascent 

A) DNA sequences from the Drosophila genome were inserted into a reporter vector and its 
ability to enhance transcription measured in high-throughput. Given the overlapping nature 
of the insert DNA fragments, each region of DNA was represented multiple times, enabling

B) Start-RNAs are abundant within regions defined previously as enhancers. 5’-end distribu-
tions of Start-RNAs in enhancer regions (n=11364, left) and randomly selected genomic 
regions of the same size (right). 98% of sites with reporter activity have Start-RNAs.
C) Synthetic DNA sequences bearing core promoter motifs and GAGA factor binding 
sites exhibit enhancer activity that is dependent on the Initiation element. 

RNA at their endogenous loci.

both the intensity of enhancer activity and peak location to be determined.

enhancement of transcription?
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Arnold et al. (2013) Science
Zabidi et al. (2015) Nature

STARR-seq= Self Transcribing Active regulatory Region



Of ~12,000 unannotated TSSs identified in Drosophila 
S2 cells 50% fall within functionally-defined enhancers



Unannotated TSSs within enhancers exhibit 
enhancer-like features



Ecdysone Receptor
(Fly steroid hormone that works across development)

Finding unannotated TSSs could be a very effective 
way of identifying enhancers and super-enhancers

Clusters of unannotated TSSs are reminiscent of 
super-enhancers



• By comparison, ~25% of ENCODE 
(ChromHMM) predicted enhancers have 
enhancer activity

• ~50% of unannotated TSSs fall in enhancers
• Super-enhancer clusters are readily 

detected
• Not every transcription initiation event 

identifies a regulatory element with 
enhancer activity, but many do!



Nascent RNAs identify enhancer 
location and activity

~95% of functionally-defined Drosophila enhancers 
generate short nascent RNAs

N=11,364 regions with enhancer activity



The most active enhancers display H3K4me3, 
rather than H3K4me1

Core et al. (2014) Nat. Genet.



H3K4me1 / me3 ratios are anti-correlated with 
enhancer activity and transcription levels

Caution: The use of 
H3K4me1 to identify 
enahncers could bias 
towards those with 
low activity



Core promoter elements are conserved at enhancer 
transcription start sites (eTSSs)

Motifs that impact initiation and early elongation are 
present at enhancers

INR= Initiator element 
located at TSS

PB= Pause Button
Implicated in pausing 
during early elongation, 
located at +20 to +30 nt



TSS-proximal pausing occurs at enhancers

Henriques_Fig3
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Inhibition of P-TEFb with Flavopiridol significantly 
increases Pol II occupancy of enhancers

Pol II activity at enhancers requires 
P-TEFb-mediated pause release

eTSSs

Flavopiridol



• Spt5 is critical for stabilizing paused Pol II 

• After pause release, Spt5 remains associated with Pol II and 
recruits chromatin and RNA processing factors

Does DSIF (Spt4/Spt5) play a role at enhancers?



Depletion of elongation factor Spt5 strongly reduces 
Pol II occupancy and transcription at enhancers
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How stable is Pol II at enhancers?

Triptolide blocks TFIIH 
helicase and new initiation

Productive

elongation

Termination



Pol II at enhancers is often less stable than at promoters

Data from Krebs et al. (2017) Mol. Cell

• Start-seq performed over 
time course of Trp 
treatment

• Data from promoters and 
enhancers was clustered 
together

• Why is enhancer Pol II so 
unstable? 

• Is it rapidly released into 
productive elongation? Or 
does it terminate in early 
elongation?

How measure stability?



Nascent RNA sequencing techniques 
show very little productive elongation at enhancers

Henriques_Fig3
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Take home:  
eRNAs are very short and very short-lived



1-1000kb
mRNA promoterenhancer

• Nascent RNA production very effectively delineates 
enhancer location and activity

• Core promoter sequences and elongation factors are 
present at enhancers

• Regulation of enhancer transcription appears nearly identical 
to that of protein coding genes, up to the step of pausing

• However, Pol II at enhancers is subject to termination very 
near the TSS, yielding only short and unstable RNAs



BREAK



AGENDA

• Research Paper 
(including discussion about promoter/enhancer similarities)

• Literature Review on Transcriptional Regulation during 
Adipogenesis



Adipogenic differentiation



Transcriptional regulation of adipogenesis






































