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Epigenetic research involves examining the mitotically heritable processes that regulate
gene expression, independent of changes in the DNA sequence. Recent technical
advances such as whole-genome bisul�te sequencing and affordable epigenomic array-
based technologies, allow researchers to measure epigenetic pro�les of large cohorts
at a genome-wide level, generating comprehensive high-dimensional datasets that may
contain important information for disease development and treatment opportunities. The
epigenomic pro�le for a certain disease is often a result of the complex interplay between
multiple genetic and environmental factors, which poses an enormous challenge to
visualize and interpret these data. Furthermore, due to the dynamic nature of the
epigenome, it is critical to determine causal relationships from the many correlated
associations. In this review we provide an overview of recent data analysis approaches
to integrate various omics layers to understand epigenetic mechanisms of complex
diseases, such as obesity and cancer. We discuss the following topics: (i) advantages
and limitations of major epigenetic pro�ling techniques, (ii) resources for standardization,
annotation and harmonization of epigenetic data, and (iii) statistical methods and
machine learning methods for establishing data-driven hypotheses of key regulatory
mechanisms. Finally, we discuss the future directions for data integration that shall
facilitate the discovery of epigenetic-based biomarkers and therapies.
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INTRODUCTION

Complex diseases and traits have a genetic background, yet the �nal phenotypic outcome largely
depends on an individual's environment and lifestyle, and genomic studies have thus far explained
only a small fraction of the inherited risk of many complex diseases (Eichler et al., 2010). This
missing heritability may in part be explained by the contribution of epigenetic variation to complex
diseases. Moreover, the majority of genetic variants associated with a disease risk are located at
non-coding regions of the genome, suggesting that these SNPs point to genomic regions with
a downstream regulatory role. It is well-established that cells regulate gene expression during
multiple stages of transcription and translation, predominantly through chromatin packaging
(Holliday, 2006). Chromatin is a complex of DNA and DNA binding proteins that control the
packaging of DNA and thereby a�ect the access of transcription factors to the regulatory regions
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