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There is an acute need for well-maintained scalable robust software tools embodying accurate statistical algorithms that aim to succinctly summarize valuable genomic, epigenomic and transcriptomic structures, underlying disease phenotypes. There are several desiderata for such software systems: Namely, the resulting tools must be useful to clinical researchers and biomedical practitioners by availing large-scale analysis of data collected by comparing many abnormal diseased genomes and gene expressions relative to their normal counterparts. Through rapid prototyping tools, sound software engineering practice, and development of large-scale parallel computing algorithms and architecture, these systems should enable transfer of the technological fruits of the most current computational biology research directly to the patients. Finally, by developing Bayesian model-based statistical algorithms, by incorporating data from multiple “omics,” and by keeping these models agnostic to the underlying technologies, these systems must aim for a universal and enduring platform for studying a variety of diseases, and facilitating personalized medicine.

We have created a software pipeline with these goals in mind, and have applied it to several available oncogenomic datasets. In cancer, despite many confounding biological and technological noises corrupting the data, comparative analyses performed by such software pipelines are able to elucidate the nature of the multi-omic heterogeneity in cancer data, and study how they affect traits within a population, within a body, or within a multi-clonal tumor [Sebat2004, Daruwala2004, Mishra2002, Lucito2000].

We highlight various features of the software pipeline: 1) Its modular implementation and scalability through parallelization, 2) Its reliance on a Bayesian framework to achieve data normalization, segmentation, and detection of regions-of-interest (e.g., intervals containing TSGs and oncogenes) by a multi-point statistics approach, and 3) Its ability to tolerate the effects of bystander mutations, copy-number-polymorphisms and SNPs, while providing accurate p-values in a computationally efficient manner.

We will demonstrate our pipeline’s superiority (in accuracy, throughput and scalability) over other competitive algorithms through several original comparative studies using simulated and real data.

