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ABSTRACT

Epigenetic regulation provides an extra layer of gene control in addition to the genomic sequence and
is critical for the maintenance of cell-type specific gene expression programs. Significant changes of
epigenetic patterns have been linked to developmental stages, environmental exposure, ageing, and diet.
However, the regulatory mechanisms for epigenetic recruitment, maintenance, and switch are still poorly
understood. Computational biology provides tools to deeply uncover hidden connections and these tools
have played a major role in shaping the current understanding of gene regulation, but its application
in epigenetics is still in the infancy. This chapter reviews some recent developments of computational

approaches to predict epigenetic target sites.

INTRODUCTION

Epigenetics refers to heritable changes of gene
expression or genotypes without change of the
DNA sequence (Waddington, 1942).In amulticel-
lular organism, the DNA sequence is constant in
all cell lineages, but the gene activities in differ-
ent cell-types are highly variable. Such cell-type
specific gene expression patterns are controlled
by epigenetic mechanisms, including nucleosome
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positioning, histone modifications, and DNA
methylation. Together these mechanisms control
the accessibility of the genomic DNA to regula-
tory proteins. Only a small part of the genomic
blueprint is used in any cell type.

The rapid advance of microarray and DNA
sequencing technologies (Barskietal.,2007; Mik-
kelsen et al., 2007; Ren et al., 2000) has allowed
researchers to identify genome-wide epigenetic
patterns in various species. Recent epigenomic
studies have identified dramatic epigenetic dif-
ferences between different cell-types (Barski et
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al., 2007; Heintzman et al., 2009; Meissner et al.,
2008; Mikkelsen et al., 2007; Mohn et al., 2008),
between normal and disease tissues (Schlesinger et
al.,2007; Seligson et al., 2005; TCGA, 2008), and
between stimulated and resting cells (Saccani &
Natoli, 2002; Wei et al., 2009). These differences
are also highly correlated with gene expression
level changes. Importantly, the epigenetic changes
are not permanent but can be reversed. Strikingly,
the entire epigenetic state in an adult cell can be
reprogrammed to a pluripotent cell state (called
iPS cell) that is highly similar to an embryonic
stem (ES) cell (Okita et al., 2007; Takahashi &
Yamanaka, 2006; Wernig et al., 2007; Yu et al.,
2007). This reversibility makes epigenetic marks
the ideal targets for therapeutic treatment (Sharma
etal., 2010). Indeed, a number of drugs have been
developed and currently used to treat a number of
diseases including cancer (Yoo & Jones, 2006).
However, a major challenge is to avoid off-target
interactions, since our current understanding of
the targeting mechanisms of epigenetic factors
is still limited.

The epigenetic pattern is not randomly distrib-
uted across the genome (Bernstein et al., 2007).
A fundamental question is how target specificity
is achieved. The targeting mechanism is complex
and involves many factors such as the genomic
DNA sequence, chromatin modifiers, transcrip-
tion factors (TFs), and non-coding RNAs. How
these factors work together to regulate epigenetic
patterns is still poorly understood. Among these
factors, the association with DNA sequence has
been most studied. Perhaps the most commonly
studied factor is the DNA sequence. Here [ review
some of computational studies aimed at prediction
of epigenetic patterns based on the DNA sequence.
Additional information on certain specific aspects
can be found in some excellent reviews (Bock
& Lengauer, 2008; Kaplan et al. 2010). In addi-
tion, the readers are referred to some excellent
reviews for biological background (Jiang & Pugh,
2009; Kouzarides, 2007; Rando & Chang, 2009;
Hawkins et al. 2010; Zhou et al. 2011).

METHODS TO PREDICT
EPIGENETIC TARGETS

Nucleosome Positioning

The eukaryotic DNA is packaged into chromatin.
The fundamental unit of chromatin is the nucleo-
some, consisting of two copies each of four core
histone proteins: H2A, H2B, H3, and H4 (Korn-
berg & Lorch, 1999). Each nucleosome wraps
around 146 bp DNA in about 2 turns. Ever since
the initial discovery of nucleosomes in the 70’s
(Kornberg, 1974), the regulatory mechanisms
underlying nucleosome positioning have been
intensely investigated. A potentially importantrole
of DNA sequences was noticed decades ago. The
investigators recognized that the structural prop-
erties of DNA are dependent upon the base pair
composition; therefore specific DNA sequences
might be favored for nucleosome binding. By
extracting nucleosome core particles from chicken
red blood cells and then analyzing the DNA se-
quences attached to these nucleosome particles,
Satchwell etal. (1986) observed an approximately
10 bp periodic pattern of the frequency of the
dinucleotide pair AA/TT. Similar results were
found by several other groups (loshikhes et al.,
1996; Widom, 2001). The 10 bp periodicity pattern
agrees well with the high-resolution nucleosome
structure (Luger et al., 1997; Richmond & Davey,
2003), where the histones interact with the DNA
sequence approximately once every 10 base pair.

However, early studies were limited by the fact
that only a handful of sequences were known to
be nucleosome bound. During the past decade,
rapid progress has been made thanks to the de-
velopment of high throughput technologies such
as microarrays and DNA sequencing. As aresult,
high-resolution, genome-scale maps of nucleo-
some positions have been identified in various
organisms including human (Chodavarapu et al.
2010;Johnson et al., 2006; Lanterman et al. 2010;
Lee et al., 2007; Mavrich, Ioshikhes et al., 2008;
Mavrich, Jiang et al., 2008; Ozsolak et al., 2007;
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