
In Lesson 1

Functional genomics is a field of molecular biology based on genome-wide

sequencing data.

Genome-wide sequencing data describe genomic regulatory regions that

control gene expression

Gene expression disregulation may be linked to the disease

Understanding molecular mechanisms of disease outcome opens the way

to discovery drug and identify biomarkers



How SNPs play a FUNCTIONAL role in disease:

Impact on transcription

Changing consensus sequenses for transcription factors binding sites

Changing interaction between for transcription factors

Changing epigenetic profiling of specific genomic regions

Changing long range interaction between two genomic regions



In this Lesson

Enhancer Overview

Genomic regulatory network to define cell identity

Genetic variations meaning in cell identity





ENHANCER

ACTIVATION

SELECTION FUNCTION

CHARACTERISTICS



Enhancer Characteristics

Enhancers are regulatory elements in proximity of genes

Each cell has a set of enhancers

Enhancers have motifs for sequence-specific transcription factors

Enhancers are marked with epigenetic modifications

Enhancers are in different states of activation



MUCH OF THE REGULATORY CODE THAT DRIVES CELL-

TYPE-SPECIFIC GENE EXPRESSION IS LOCATED IN DISTAL 

ELEMENTS CALLED ENHANCERS



CELL TYPE USE A SMALL SUBSET OF MILLIONS OF POTENTIAL ENHANCERS 

Potential enhancer

Active Enhancer

in Cell-Type- Specific



CELL TYPE USE A SMALL SUBSET OF MILLIONS OF POTENTIAL ENHANCERS 

Potential enhancers

Active Enhancer

during SPECIFIC TIME 

OF DEVELOPMENT

Stage 1

Stage 2



LINEAGE-DETERMINING TRANSCRIPTION FACTORS BIND

AT CELL-TYPE SPECIFIC ENHANCERS 

Potential enhancers

TF RED

TF GREEN



EACH CELL HAS ACTIVE ENHANCERS



Ong 2011



TRANSCRIPTION FACTOR BINDS SPECIFIC CONSENSUS SEQUENCE 

IN ACTIVE ENHANCER



LDTF: LINEAGE –DETERMINING

TRANSCRIPTION FACTORS

SDTF: SIGNAL –DETERMINING 

TRANSCRIPTION FACTORS

CTF: COLLABORATING

TRANSCRIPTION FACTORS

TRANSCRIPTION FACTORS THAT BIND ENHANCERS



LDTF: LINEAGE –DETERMINING

TRANSCRIPTION FACTORS

TRANSCRIPTION FACTORS THAT BIND ENHANCERS



Enhancer Activation

Transcription Factors bind specific genomic regions and allow access to

other proteins remodelling chromatin

Differentiation states and external stimuli induce enhancers activation



INACTIVE ENHANCER

ACTIVE ENHANCER





LDTF: LINEAGE –DETERMINING

TRANSCRIPTION FACTORS



H3K4me1, H3K4me2, lack histone acetylation and Pol II, 

high H3K27me3

mark POISED ENHANCERS



H3K4me1, H3K4me2, high H3K27Ac, lack H3K27me3, 

presence of Pol II and RNA transcript

mark ACTIVE ENHANCERS



STIMULI

LDTF: LINEAGE –DETERMINING

TRANSCRIPTION FACTORS

SDTF: SIGNAL –DETERMINING 

TRANSCRIPTION FACTORS

Romanoski et al., 2015



Enhancer Selection

The role of lineage-determining transcription factors.

The role of signal-dependent transcription factors.



LDTF: LINEAGE –DETERMINING

TRANSCRIPTION FACTORS

SDTF: SIGNAL –DETERMINING 

TRANSCRIPTION FACTORS

CTF: COLLABORATING

TRANSCRIPTION FACTORS



Pioneer Factors and Lineage-determining Transcription Factors leads to

nucleosome remodeling and increased chromatin accessibility

Pioneer Factors and Lineage-determining Transcription Factors leads to

histone modifications and basal transcription machinery





In activated macrophages











eRNA mediates the long interactions



Molecular mechanisms that underline enhancer activation









Enhancer Function

Chromatin looping

Super-enhancers, cluster of enhancers, key player in the cell identity and

differentiation



CHROMATIN LOOPING





Cell-type-specific enhancers to regulate same genes



Effect of the tissue environment



Association of human chromatin data and susceptibility to immune disease



NATURAL GENETIC VARIATION IS ASSOCIATED WITH TF BINDING 

Romanoski et al., 2015



SNPs in the genomic regulatory regions may affect:

Enhancer Activation: loss of TFs interaction or TFs recruitment.

Enhancer Selection: loss or association of LTDF

Alteration of timing or specific tissues activation

Long range interaction between genomic regulatory regions



How are SNPs studying in genome-wide manner? 





DEFINITION

AIM

1) Protein complexes

2) SE cell type-specific

3) SNPs linked to disease

in SE 

CONCLUSION



Murine Embrionic stem cells (ESC)

SOX2, Nanog, OCT4: transcription

factors that bind SE controlling

genes for mantained pluripotency



Mediator Coactivator Complexes and Master TFs are bound at Super-enhancers



Bioinformatic analysis for the definition of SE:

- Signal in proximity of the gene

- signal extended in the genomic regions that identify SE

- increased numbers of reads into SE respect to costituent, single

enhancer in the SE

- increased signal into SE respect to typical enhancer



Chromatin Immunoprepitation Binding Profiles at target genes

Transcription Factors

Specific Loci

Mediator Coactivator Complexes and Master TFs are bound at Super-enhancers



ChIP-seq signal across SE domains



TFs motif enrichment are used to associate gene target 



Core Transcriptional Regulatory Circuit of ESCs



Super-enhancers are occupied by a large portion of 

the enhancer-associated RNA polymerase II



Model showing RNAPII, transcriptional cofactors, and chromatin

regulators that are found in ESC super-enhancers. The indicated proteins

are responsible for diverse enhancer-related functions, such as enhancer

looping, gene activation, nucleosome remodeling, and histone modification.



SUPERENHANCER SHARED BETWEEN SEVERAL CELL TYPES 



SUPERENHANCER SHARED BETWEEN SEVERAL CELL TYPES 



GENE ASSOCIATED TO SUPERENHANCER IN SEVERAL CELL TYPES:

GENE ONTOLOGY 



MASTER TRANSCRIPTION FACTORS IN SIX CELL TYPES 



SINGLE NUCLEOTIDE MUTATIONS LINKED TO DISEASE (GWAS) 

ASSOCIATED TO SUPERENHANCERS



SINGLE NUCLEOTIDE MUTATIONS LINKED TO DISEASE (GWAS) 

ASSOCIATED TO SUPERENHANCERS



Super-enhancers in Cancer
Genes associated with SE and involved in cancer progression



The super-enhancers formed in the MYC locus were tumor type specific 



Super-enhancers are associated with genes 

that act as hallmarks in colonrectal cancer


