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Abstract— In plants and animals, gene expression can be
altered by changes not to DNA itself but rather chemical
modifications either to DNA or to histones that interact with
DNA. These so called epigenetic modifications persist through
cell cycle. Rapidly advancing technologies, such next genera-
tion DNA sequencing, have dramatically increased our ability
to survey epigenetic markers genomewide. These techniques
are revealing in great details massive epigenetic changes in
cancer. Analysis of next generation sequencing data present
a formidable computational challenge. We will discuss methods
to address these challenges in the context of analyzing histone
modifications and DNA methylation data. Several techniques
useful in epigenetic data analysis will be discussed, mapping
tags to reference genome incorporating all known SNPs, anal-
ysis of chIP-seq data, as well as restriction enzyme-based DNA
methylation analysis.

I. INTRODUCTION

The cost of DNA sequencing has dropped for at least
a million folds in the last ten years due to the emergence
of next generation sequencing technologies. In the next few
years, It is expected that genomic research will transition
from analog technologies such as hybridization by microar-
ray to sequencing-based digital technologies for molecular
profiling. Bioinformatic challeges are at three levels. Because
the large volume of data–typically telabytes of image data
is generated in each run–basic processing of data can be
computationally intensive. Digital nature of the data allows
extraction of additional information. The second challenge
is to make the digital information useful. Furthermore, the
digital technology makes it possible to design new types of
assay that is not possible with analog technology.

II. MAPPING TAG TO GENOME TAKING INTO ACCOUNT
OF KNOWN SNP

We will present our work in each of the three areas. Map-
ping the sequence tag to reference genome is a computation-
ally intensive problem. Current mapping software[1] treats
sequencing error and natural sequence variations (single
nucleotide polymorphisms or SNPs) equivalently. Therefore
the current methods systematically map worse near a SNP
than a region that does not contain a SNP. By including all
known SNPs from dbSNP database, we have developed a
method that maps all regions equally.
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III. SHAPE FUNCTION IN CHIP-SEQ ANALYSIS

Currently, reflecting cost advantage, next generation se-
quencing is most commonly used to perform ChIP-seq
assay, chromotin immunoprecipitation followed by massive
sequencing. This technique uses antibody pulldown to sur-
veys the DNA binding pattern of a protein of interest in
a genomewide fashion. It is often used to measure histone
modifications. To determine the binding sites of for the
protein of interests from the chIP-seq data, we developed
a method refining on previous techniques. Current bioinfor-
matics methods[2][3] for the chIP-seq data rely on increase
in the accumulations of tags in the chIP sample as compared
to the same genomic region in the control experiments. We
developed a method to compute the shape of the distribution
function of for the accumulation of tags mapped to the vicin-
ity of a binding event borrowing techniques from processing
of electronic signals. We show how the distribution function
reduce false positives in identifying binding events.

IV. DIGITAL RESTRICTION ENZYME ANALYSIS OF
METHYLATION

Next generation sequencing can be employed to develop
assays and performing measurements that are only possible
with digital technologies. Bioinformatics plays a useful role
in designing of these assays. We provide an example in
measuring DNA methylation. A new method, called digital
restriction enzyme analysis of methylation, uses a combi-
nation of methylation sensitive and methylation insensitive
restriction enzymes to measure methylation status. The dig-
ital information, i.e. the nucleotides from the tags at the
beginning of each read supply methylation information: tags
begin with CCGGG are from methylated DNA while ones
begin with GGG are from unmethylated DNA. This method
therefore measures methylations ratios on restriction enzyme
cutting sites from accumulation of tags. The method provides
much more accurate and more reliable readings of DNA
methylation than microarray technology.
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