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Abstract

Research in the areas of Computational Biology and Bioinformatics has gained a lot of
momentum in recent years. The expansion in the mathematical and engineering
techniques related to genetic data combined with the significant research progression in
the related fields of biology have led to a surge of advancements in the interdisciplinary
fields. Of late, we have seen the emergence of epigenetic data as equally or more
important than the genetic data, due to its impact on an individual’s metabolism, the
associated diseases and personalized therapy. Our research work elucidated in this thesis
encompasses both genetic data and epigenetic data analyses using information theoretic
tools.

In the first part of our research work, we employ an important physio-chemical
property of molecules (viz.) dipole moment, in the computation of the three-dimensional
entropy of a given DNA sequence. The resultant measure which is a form of structural
entropy, is then analyzed for differences in sequences belonging to coding regions and
non-coding regions of the DNA. This technique of segmentation has been tried on

several annotated and unannotated genes and the results are presented.



In addition to entropy, we explore additional measures of information theory such as
superinformation to analyze the dipole-moment orientations. Superinformation can be
understood as the “entropy of entropies” and has been proved to be a more suitable
information  theoretic measure than entropy. We explore dipole moment
superinformation in both the double stranded and single stranded forms of DNA and
employ it in the intron-exon segmentation problem.

We then stride into the area of epigenetics. Focusing on DNA methylation analysis,
we study the impact of aberrant methylations in cancer. We formulate “methylation
entropy” based on the intensities of DNA methylation data in healthy and tumor
samples. Applying various mathematical transforms to the methylation probabilities, we
enhance regions of methylation to obtain modified methylation entropies. We then plot
the PDFs (Probability Density Functions) of the methylation entropies and modified
methylation entropies to observe if the healthy and tumor samples differ in their
methylation distributions. A classifier trained based on the methylation entropies and
modified methylation entropies is found to yield superior values of specificity and
sensitivity. This analysis is based not just on the intensity of methylation, but also on the
distribution of methylation in CpG islands. The focus in our work is KIRC (Kidney
Renal Clear Cell Carcinoma), which is a near fatal cancer of the urogenital tract.

To delve deeper into the epigenetic data analysis, we use other different measures of
information theory in the likes of Kullback-Leibler distance and Jensen-Shannon
distance. These distance measures are based on an “average healthy methylation

distribution” which is computed using several healthy samples’ methylation



distributions. The distance of a specific sample’s methylation distribution from the
average healthy methylation distribution is computed, both symmetrically (using Jensen-
Shannon distance) and asymmetrically (using Kullback-Leibler distance). The
distributions of these distance measures are analyzed for various bin-sizes of the
histograms. They are then used in the segregation of healthy and tumor samples using a
trained classifier. These results are studied for specific sets of significant genes like
tumor-suppressor-genes or oncogenes or the global set of genes in the epigenome.

These techniques and investigations can be enhanced to study various other forms of
cancer or other epigenetic diseases. Towards the end of the thesis, we provide
suggestions for further research in the domains of introns and exons as well as

computational epigenetics.
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