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Figure 3 | Genomic methods for predicting enhancers through the detection of transcription factor binding, 
‘open’ chromatin, chromatin marks, or long-range contacts. The principles of the different methods (top panel 
of each part) and the corresponding data output (such as deep sequencing read density) that is used for regulatory 
element identification (bottom panel of each part) are shown. a | Chromatin immunoprecipitation followed by 
deep sequencing (ChIP–seq) uses antibodies to determine the location of transcription factor (TF) binding sites 
genome wide. Although enhancers are bound by TFs, not all TF binding sites correspond to functional enhancers.  
b | Active enhancers and other regulatory elements are depleted of nucleosomes such that the DNA is accessible. 
Such regions can be detected by DNase I or micrococcal nuclease (MNase) digestion followed by deep sequencing 
(DNase-seq or MNase-seq, respectively). c | Nucleosomes that flank active enhancers bear characteristic histone 
modifications that can be detected by ChIP–seq using specific antibodies. d | Enhancers are brought into close 
proximity of their respective target promoters through the formation of chromatin loops, which are thought to be 
established by cohesin and Mediator complexes. ChIP–seq can detect the contact points of cohesin and Mediator 
at promoters and enhancers, and has been used to predict enhancers. e | Chromatin interaction analysis with 
paired-end tag sequencing (ChIA–PET) and chromosome conformation capture (3C)-based methods preserve and 
detect spatial contacts by crosslinking, DNA fragmentation, DNA fragment ligation and deep sequencing. ChIA–
PET includes a ChIP step to enrich for complexes that contain a specific protein, such as RNA polymerase II (Pol II). 
In contrast to ChIP–seq (part d), both ChIA–PET and 3C-based methods detect not only the contact points but also 
the pairwise connections between these points. The thin, solid lines indicate that pairwise connections between 
spatial contact points are captured in ChIA–PET and 3C-based methods. For 3C-based methods a schematic 
output of a chromosome conformation capture carbon copy (5C) or Hi-C experiment is shown; this method probes 
all interactions between defined genomic loci for their spatial proximity and physical contacts, which is similar to 
ChIA–PET in that it might (solid lines) or might not (dashed lines) correspond to regulatory interactions.
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