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ABSTRACT

There have been many attempts to infer gene-gene interactions from
microarray data based on different approaches such as mutual information,
Bayesian networks, and differential equations. The gene-gene interactions
identified by such methods reveal important and interesting biological
functions, but all of these may not be related to a phenotype, say, a particular
cancer. In this talk, we shall focus on the identification of gene-gene
interactions, which are related to a particular disease. Two genes individually
may be related to a particular cancer but we are not interested in such pairs.
The objective here is to identify pairs of genes whose cooperative behavior
makes them related to the disease. There have been a few attempts to address
this problem based on information theoretic concepts. In this talk, first we
shall discuss the main philosophy behind such approaches and some
associated issues/problems. Then we shall propose an alternative
information-theoretic definition of synergy and justify that our definition
improves upon the existing measures of synergy in the context of gene
interactions. In this context, we propose a very simple yet effective technique
for the computation of conditional entropy at a very low cost. The worst-case
complexity of our method is O(n) while the best-case complexity of a
state-of-the-art method is O(n?). We shall also present a very simple fuzzy set
theoretic method for inferring gene-gene interactions associated with a
particular type of disease/cancer. Our method is based on a set of fuzzy rules.
The advantages of this fuzzy approach over the existing ones will be discussed.
Finally, we shall demonstrate the effectiveness of both methods on a prostate
cancer data set consisting of gene expression levels in both cancerous and
non-cancerous samples and identify pairs of genes that are unable to
discriminate between cancerous and non-cancerous samples individually but
can do so jointly when we take their synergistic property into account. Finally,
we validate our results by demonstrating that these findings cannot be due to
pure chance and provide the relevance of the synergistic pairs in cancer
biology.
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