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Genome-wide histone modification profiles 
contain precious information hidden in the 
spatial distribution of epigenetic marks. Sev-
eral groups have observed that expanded 
regions of DNA sequences are marked by 
enhancer-specific histone modifications, 
such as H3K27ac, and coincide with cell-
specific enhancers [1–4]. Similar observations 
have been made for DNA methylation pro-
files; extended regions of low DNA meth-
ylation (known as ‘DNA methylation val-
leys or canyons’) spanning at least 5 kilobase 
(kb) in length have been observed in human 
embryonic stem cells (hESCs) and hESC-
derived cells, and have been associated with 
transcription factors and with genes known 
to regulate development [5]. Similarly DNA 
methylation canyons have been shown to 
mark genes with potential involvement in the 
regulation of hematopoiesis in hematopoietic 
stem cells [6].

More recently, Benayoun et al. identified 
a new subclass of trimethylation of histone 
H3 lysine 4 (H3K4me3) domains, namely 
‘buffer domains,’ which preferentially mark 
genes associated with the underlying cell’s 
identity and function [7]. The H3K4me3 
modification marks the promoters of actively 
transcribed genes [8] and is shown to serve as 
a transcriptional on/off switch [9]. With the 
advancements in next-generation sequencing 
techniques, H3K4me3 mark has been exten-
sively profiled in a large number of organisms 
and cell types. By taking advantage of the 
vast amount of publicly available H3K4me3 
data sets, Benayoun and colleagues analyzed 

a large number of H3K4me3 ChIP-seq and 
ChIP-chip data sets (> 200 data sets). They 
noted that in each studied H3K4me3 data 
set, the length (i.e., breadth) distribution of 
H3K4me3 domains was characterized by a 
‘heavy right tail,’ which refers to expanded 
genomic sites marked by H3K4me3 domains 
(spanning DNA regions from 4–5 kb up to 
40–50 kb in length). Genes marked by these 
regions were observed to be critical for cell-
specific functions in the cognate cell type, 
for example, pluripotency factor KLF4 is 
marked by a buffer domain in hESCs. The 
authors identified genes marked by these 
broad H3K4me3 domains in stem cells, in 
differentiated cells and in cancer cells derived 
from nine organisms, and they have gener-
ated a searchable database that will inform 
future efforts to identify the genes that are 
critical for studied cell types [7]. Further, they 
have shown that this subset of H3K4me3 
domains can be effectively used to discrimi-
nate cell types and tissues with respect to 
their lineages and to prioritize genes with 
respect to their importance for the underly-
ing cell type. For example, the authors have 
shown that known reprogramming factors 
are characterized by very long H3K4me3 
marks in the cognate cell types, as in the case 
of KLF4 in hESCs. In order to prove that 
buffer domains can be used for novel gene 
discovery, the authors generated H3K4me3 
data sets in adult mouse neural progeni-
tor cells (NPCs) and then ranked the genes 
in terms of their H3K4me3 domain length 
to identify buffer domains in NPCs. The 
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authors then validated the efficacy of this epigenetic 
signature for novel gene discovery using a lentiviral-
based RNA interference (shRNA) approach followed 
by cell proliferation and neurogenesis assays to quan-
tify the ability of NPCs to proliferate and generate new 
neurons (neurogenesis). They identified several novel 
regulators with significant impact on neurogenesis, 
such as SALL1, OTX1 and BAHCC1.

Benayoun et al. have additionally illustrated that 
these epigenetic biomarkers are not independent of the 
genomic and epigenomic landscape of the underlying 
loci. Using machine-learning models, they showed that 
regions associated with buffer domains are also asso-
ciated with a specific genomic landscape – one that 
is conserved in human, mouse, worm and fly – that 
includes H3K79me2, TAF proteins, Pol2, cell-specific 
TF binding and transcriptional regulators SIN3A and 
CHD1. As the authors describe, this computationally 
derived signature represents a link between transcrip-
tional elongation and broad H3K4me3 domains. To 
further unravel this association, the authors charac-
terized the genes with broad H3K4me3 domains in 
terms of their Pol2 binding and gene expression pat-
terns. Interestingly, they did not note any relationship 
between the level of gene expression and the breadth 
of H3K4me3 domains in neither single cell nor cell-
population gene expression data sets. Intriguingly, 
they did note a relationship between the variance in 
gene expression levels (derived from replicates) and 
the breadth of the H3K4me3 domains. Based on these 
findings, the authors propose that a positive feedback 
mechanism is operating for key regulatory genes. 
In this mechanism, sustained elongation increases 
recruitment of H3K4me3-depositing complexes to 
the loci of cell-specific genes; this recruitment in turn 
promotes a broadening of H3K4me3 domains and 
recruits CHD1, thus facilitating the passage of elon-
gating Pol2. The authors speculate that this feedback 
loop helps to ensure transcriptional consistency at the 
loci of cell-specific promoters.

To delve further into the process that leads to the 
formation and maintenance of these broad H3K4me3 
domains, the authors knocked down WDR5 with 
shRNA, which is an essential scaffolding subunit shared 
by all COMPASS/Trithorax-like complexes [10]. WDR5 
knockdown shortened the H3K4me3 domains in NPCs 
but did not significantly impact the total number of 
H3K4me3 domains present in these cells. Conversely, 
their analysis of publicly available JARID1 knock-
down data showed the expansion of H3K4me3 domain 
length. These analyses suggest existence of a complex 
chromatin writing/modifying mechanism that not only 
governs the deposit of an epigenetic mark but also main-
tains its length. The authors next coupled their WDR5 

knockdown experiments with corresponding RNA-
seq experiments with replicates to measure changes in 
gene expression levels and variability after knockdown. 
These experiments indicated that changes in the length 
of H3K4me3 are correlated with the consistency of the 
expression of the marked gene. Further and more inter-
estingly, by altering the length of a mark, they were also 
able to alter the consistency with which the underlying 
gene was expressed. Previous studies have described 
associations between levels of gene expression and sev-
eral epigenetic marks (or combinations of marks); how-
ever, this is the first study to link a feature of an epigen-
etic mark (i.e., its length) to a specific output of gene 
expression (i.e., its consistent expression). The authors 
speculate that this conserved (and prevalent) H3K4me3 
signature may ensure the consistent expression of key 
genes involved in cell identity and could protect against 
fluctuating environmental influences, a function that 
may be weakened by aging or disease.

Moving forward, the availability of assays for three-
dimensional chromatin interactions (e.g., ChIA-PET) 
provides us with the tremendous opportunity to fur-
ther understand the relationship between cell-specific 
enhancers and promoters in three-dimensional chro-
matin space. The mechanisms through which these 
buffer domains are selected and nucleated in diverse 
cells remain unexplored. The lincRNA–WDR5 inter-
face could represent a potential explanation as it has 
recently been shown that specific RNAs play integral 
roles in the WDR5–MLL complex in maintaining 
the active chromatin state and ensuring the fates of 
embryonic stem cells [11]. Another intriguing future 
investigation would be to vary the length of H3K4me3 
domains, either via chemicals (e.g., similar to the use 
of JQ1 to inhibit super enhancers [12]) or via epigenome 
editing strategies [13], and then examine the regulatory 
impact of changes in the length of H3K4me3 mark 
across the genome. In closing, the buffer domain signa-
ture that has been recently discovered provides a simple 
and yet effective signature with the profound poten-
tial to inform the future discovery of key regulators in 
a variety of cell types and organisms and unravel an 
intriguing relationship between an epigenetic signature 
and the variability of gene expression [7].
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