
Super-Enhancers are: 
 
large clusters of transcriptional enhancers formed by binding of 
master transcription factors  
 
are associated with genes that control and define cell identity 
 
are enriched for disease-associated DNA sequence variation 
 
are associated with oncogenes that become active during the 
process of tumor pathogenesis 



Superenhancers are defined for the higher enrichment of signals 

extended to regions 

 

SE are bound with master TFs, Med1 and are marked with H3K27Ac 
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Methods to study Superenhancers: 
 

From prediction of SE by ChIP-Seq 
  

to experimental validation 
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QUESTION: HOW DOES SUPER-ENHANCER COSTITUENTS 

  REGULATE GENE EXPRESSION IN VIVO? 

 

METHOD: DELETION OF SPECIFIC GENOMIC REGIONS 

 

TECHNIQUE: CRISPR/CAS9 

 

ChIP-Seq DATA used to design 

STUDY ON COSTITUENTS 

ENHANCERS 

 FUNCTION 

 



CRISP-Cas9 
https://youtu.be/4YKFw2KZA5o 



WHAT IS CRISP? 



CRISPR is an acronym for Clustered Regularly Interspaced Short 
Palindromic Repeat. This name refers to the unique organization of short, 
partially palindromic repeated DNA sequences found in the genomes of 
bacteria and other microorganisms. 



CRISPR is an acronym for Clustered Regularly 

Interspaced Short Palindromic Repeat. This name 

refers to the unique organization of short, partially 

palindromic repeated DNA sequences found in the 

genomes of bacteria and other microorganisms. 

 
While seemingly innocuous, CRISPR sequences are a 
crucial component of the immune systems of these simple life 
forms. The immune system is responsible for protecting an 
organism’s health and well-being. Just like us, bacterial cells can 
be invaded by viruses, which are small, infectious agents. If a 
viral infection threatens a bacterial cell, the CRISPR immune 
system can thwart the attack by destroying the genome of the 
invading virus. The genome of the virus includes genetic 
material that is necessary for the virus to continue replicating. 
Thus, by destroying the viral genome, the CRISPR immune 
system protects bacteria from ongoing viral infection. 



 
The CRISPR immune system works to protect bacteria from repeated viral attack via three 
basic steps [5]: 
 

Step 1) Adaptation – DNA from an invading virus is processed into short 

segments that are inserted into the CRISPR sequence as new spacers. 
 
Step 2) Production of CRISPR RNA – CRISPR repeats and spacers in the bacterial DNA 
undergo transcription, the process of copying DNA into RNA (ribonucleic acid). Unlike the 
double-chain helix structure of DNA, the resulting RNA is a single-chain molecule. This RNA 
chain is cut into short pieces called CRISPR RNAs. 
 
Step 3) Targeting – CRISPR RNAs guide bacterial molecular machinery to destroy the viral 
material. Because CRISPR RNA sequences are copied from the viral DNA sequences 
acquired during adaptation, they are exact matches to the viral genome and thus serve as 
excellent guides. 
 



CRISPR RNA 

TRANSACTIVATING 

CRISPR RNA 



BACTERIA Biomolecular Technique 



FORMATION OF COMPLEX 

crRNA and trancrRNA with protein Cas9 

Protospacer of crRNA 



In type II CRISPR (clustered regularly interspaced short 

palindromic repeats)–Cas (CRISPR-associated) systems, the 

endonuclease Cas9 associates with a dual-RNAguide structure consisting 

of a CRISPR RNA (crRNA) and a trans-activating CRISPR RNA (tracrRNA) to 

cleave double-stranded DNA (dsDNA) using its HNH and RuvC nuclease 

Domains. 



PAM-interacting domain- PI 

NUCLEASE DOMAINS 





The Cas9 nuclease encloses the guide RNA and binds the structure with specific 
interactions in a number of domains.  Specifically, the REC1 and REC2 domains bind the 
complementary region of the guide RNA, and eventually the guide RNA target DNA 
heteroduplex upon DNA binding.  Mutations to the REC2 domain causes a small decrease 
in Cas9 activity, while mutations in the REC1 domain eliminate activity completely. The 
Rec1 domain is likely essential for Cas9 activity because it binds the repeat/anti-repeat 
duplex. The Protospacer Adjacent Motif (PAM) Interacting (PI) domain and RuvC 
nuclease domain bind the stem loops on the guide RNA.  Overall, the exact process of 
guide RNA binding by the nuclease is unknown.  However, a dramatic conformational 
change upon binding has been shown to produce an activated Cas9 nuclease capable 
of binding and cleaving specific sequences of double-stranded DNA 



RNA-guided DNA recognition and cleavage strictly require the presence of a 

protospacer adjacent motif (PAM) in the target DNA. 



gRNA (guide RNA) is a single sequence of RNA 

 formed with crRNA and tracrRNA 

Complementary RNA sequence on target DNA genomic regions 













CRISPR-CAS9 system: 

vector 

RNA GUIDE 















OVERVIEW CRISPR-CAS SYSTEM APPLICATION 





https://youtu.be/UCC2oILE7i0 



CONTRIBUTIONS OF SUPER-ENHANCER COSTITUENTS 

  TO GENE EXPRESSION IN VIVO 

 



LUCIFERASE ACTIVITY AND DELETION  

OF SPECIFIC ENHANCER 



LUCIFERASE ACTIVITY AND DELETION  

OF SPECIFIC ENHANCER 



IDENTIFICATION OF INTERACTION  

BETWEEN SPECIFIC COSTITUENTS ENHANCERS 

 

DELETION OF E3 INDUCES EPIGENETIC MODIFICATIONS: 

H3K27Ac reduction 



SUPER-ENHANCERS ENRICHMENT  

OF TRANSCRIPTION FACTORS PATTERN 

 



SPECIFIC MULTIPLE TRANSCRIPTION FACTORS BIND 

 SUPER-ENHANCERS 

 

Hierarchical clustering of 20 transcription factor ChIP-seq binding profiles at 

super-enhancer and typical enhancer constituents. A set of factors with binding 

profiles similar to OCT4, SOX2, and NANOG is highlighted in green. 

LIF TGF-b 
Wnt 



1TF 

2TFs 

3TFs 



Signal transduction pathways 
 

to activate the transcription factors 
And 

to change regulatory core  



WNT PATHWAY 



TGF beta PATHWAY 





TCF3, SMAD3, STAT3, regulated by oncogenic 

pathways, bind constituent enhancers in SE. 

No same pattern in randomized set of typical 

enhancers. 



Binding motifs for TCF3, SMAD3, and STAT3 and the 

p values for their enrichment in super-enhancer 

constituent enhancers in murine and human ESCs. The 

motif of CTCF is not found enriched and serves as a 

negative control. 





Gene set enrichment analysis (GSEA) of gene 

expression changes after manipulation of the Wnt, TGF-

b, and LIF pathways. ‘‘SE-genes’’ and ‘‘TE-genes’’ 

indicate genes associated with SEs and typical 

enhancers, respectively. 





ChIP-seq binding profiles for 

H3K27Ac at the c-MYC locus in 

colon and colorectal cancer 

cells (HCT-116). 

Wnt: V6.5 mESCs were cultured 

in media containing 3μM IWP-2 

(STEMGENT) for 24 hours prior 

to transfection to suppress Wnt 

signaling. Cells were then 

transfected either in media 

containing 3μM IWP-2 or in media 

containing 50ng/μl recombinant 

Wnt3a (R&D). Transfected cells 

were incubated for 24 hours, and 

luciferase measurements were 

performed as described above. 

SE function on c-Myc locus 



Left: ratio of H3K27Ac in CRC (HCT-116) versus normal colon tissue used 

densities at the union of SEs identified in the two samples. Right: metagene 

representation of H3K27Ac and TCF4 ChIP-seq densities at the regions 

corresponding to the top 100 acquired super-enhancers. 





SEs in breast cancer cell lines  



DISCUSSION 





SEs characteristics 

OCT4 binding in ESC 

SE regulates transcription 

SE chromatin interaction 

SE role in oncogenesis 

eRNA linked to SE 

inflammation linked to SE 
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DRUGS DISCOVERY FROM SYROS PHARMACEUTYCAL 



2016 2017 

2018 



https://youtu.be/TdBAHexVYzc 

What is CRISPR,  

its scientific and ethical impact? 


