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The identification or prediction of func-

tional regulatory elements across the genome

is of fundamental importance in biology.

Recent studies have demonstrated that the

genome is pervasively transcribed, giving rise
to thousands of noncoding RNAs (ncRNAs),

many of which originate from regulatory ele-

ments, including transcription factor binding

sites (TFBSs; i.e., enhancers).1,2 The relation-

ship between the expression of these ncRNAs

and the function of the regulatory elements is

poorly understood. Nonetheless, the expres-

sion of overlapping ncRNAs is a good mark of
active enhancers and can be used in enhancer

prediction.3 In the current issue of Cell Cycle,

Vucicevic et al. describe the use of a computa-

tional enhancer prediction tool called PreS-

TIGE to integrate information about ncRNA

expression at enhancers with information

about tissue-specific target gene expression,

allowing prediction of functional enhancers.4

This method represents an improvement over

enhancer predictions based solely on histone

modifications.

Enhancer-originating ncRNAs include long

non-coding RNAs (lncRNAs) and enhancer

RNAs (eRNAs).1–3 LncRNAs are similar in many

respects to protein coding mRNAs (mRNAs);

they are 5’ capped, spliced, and 3’ polyadeny-
lated. Unlike mRNAs, however, lncRNAs

exhibit poor evolutionary conservation, lim-

ited coding potential, and very highly cell

type-specific expression patterns.2 eRNAs are

short, usually bi-directional transcripts that

originate at or near TFBSs.1,3 The functional

distinction between enhancer-originating

lncRNAs (called activating ncRNAs or ncRNA-
a) and eRNAs, if any, is unclear. Furthermore,

their enhancer-regulating functions as RNA

molecules, as opposed to byproducts of regu-

latory transcription at TFBSs, is still debated in

the literature.2,3 Nonetheless, as shown by

Vucicevic et al. for ncRNA-a,4 as well as by

others for eRNAs,3 the expression of these

ncRNAs can be used as a mark to identify

active enhancers.

PreSTIGE predicts enhancers by first identi-
fying mRNA genes with elevated tissue-spe-

cific expression as likely targets of tissue-

specific enhancers. It then identifies from

ChIP-seq data histone H3 lysine 4 mono-

methyl (H3K4me1) domains in the vicinity,

which are used as a mark for enhancers. In

this way, the predicted enhancers are linked

with the tissue-specific expression of nearby
putative target genes.5 In their recent study,

Vucicevic et al. take this approach one

step further by examining lncRNA transcrip-

tion overlapping the H3K4me1-predicted

enhancers (Fig. 1).4 Specifically, they investi-

gated the overlap between �9,500 ENCODE-

annotated lncRNAs and �132,000 PreSTIGE-

predicted cell-type specific enhancers. They
observed that �2,700 of the lncRNAs (�28%

of the total analyzed) overlap a predicted cell

type-specific enhancer in any of the 11 cell

lines used as input into the prediction algo-

rithm. These results suggest that (1) cell type-

specific enhancers associated with cell type-

specific gene expression represent a small

fraction of the overall enhancer repertoire in
the cell and (2) enhancer lncRNA transcription

is functionally linked to cell type-specific tar-

get gene expression. Although a positive func-

tional link is assumed, previous studies

suggest this is not always the case (e.g., the

well-characterized lncRNA HOTAIR represses

the expression of neighboring genes6), an

issue that could limit the use of this approach.
In addition to improving enhancer predic-

tion, the approach from Vucicevic et al.

also reveals some interesting features of

enhancers. For example, enhancers overlap-

ping an annotated lncRNA have relatively

higher H3K4me3/H3K4me1 ratios compared

to enhancers that do not overlap an anno-

tated lncRNA. The enrichment of H3K4me3, a

mark associated with actively transcribed pro-

moters, likely reflects the transcription activity
of overlapping expressed lncRNA genes. Fur-

thermore, Vucicevic et al.4 observed a strong

correlation between the expression levels of

lncRNAs overlapping cell type-specific

enhancers and the protein-coding genes that

are targeted by those enhancers, hinting at a

functional link between the two. The target

protein-coding genes are enriched for onto-
logical terms relevant to the biology of the

corresponding cell types, suggesting that the

approach identifies functionally relevant

enhancers. In spite of this strong correlation,

the functional and mechanistic relationships

between enhancers, their overlapping

lncRNAs, and the target protein-coding genes

remain to be determined.
Although the calling of enhancers that are

likely functional is improved by taking the

expression of enhancer-originating lncRNAs

and nearby target genes into account, the

total number of enhancers defined in this way

is only a fraction of the enhancers called by

ChIP-seq (e.g., using H3K4me1).4 In addition

to the cell type specificity noted above, this
may also be due, in part, to a failure to detect

enhancers that are located distal to the target

genes. Determining the effectiveness of the

PreSTIGE-based approach will require a direct

comparison with other approaches, including

those based on other types of genomic data

(e.g., p300 and Mediator ChIP-seq; GRO-seq,

PRO-seq, and GRO-cap), function-based
screening (e.g., STAR-seq), and alternate

computational algorithms (e.g., dREG) (Fig. 1).
Considering the pros and cons of all of the

available enhancer prediction approaches

described in the literature, the best strategy
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would seem to be a comprehensive approach

that is designed specifically for the available

data and the particular biological question.

The current approaches will undoubtedly be
improved by the integration of additional

genomic information, such as enhancer-pro-

moter looping by chromosome conformation

capture.7 And, of course, all predictions should

ultimately be followed by in depth experimen-

tal validation, including enhancer deletion.
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Figure 1. Different approaches for the integration of genomic data to predict functional enhancers.
Various types of genomic data can be integrated using computational pipelines, such as PreSTIGE,5

to predict functional enhancers. Vucicevic et al.4 used PreSTIGE in conjunction with enhancer-asso-
ciated lncRNA expression to identify cell type-specific enhancers (top), while Hah et al.3 used a pipe-
line that integrates enhancer and target gene transcription with gene looping to predict functional
estrogen-regulated enhancers (bottom).

1620 Volume 14 Issue 11Cell Cycle


