Analysis of deep sequencing data to study tumor biology
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The development of massively parallel sequencing-by-synthesis approaches (such as the Illumina-Solexa and
the Roche 454 technologies), also known under the name of deep sequencing, has opened the path for many new
applications in biology and medical research. Using such technologies single molecules of DNA (or RNA) can be
amplified and sequenced individually at very high throughput. This capacity opens new perspectives in tumor
biology since cancer cells acquire during tumor growth novel in a heterogeneous manner mutations, deletions and
amplifications in their genome. Furthermore, the deep sequencing approach is very promising, since this provides
a uniform platform to compare sequence alterations on the levels of genomic DNA and mRNA.

The mapping of sequences produced from deep sequencing experiments and the statistical analysis of the
sequence alterations observed (compared to a reference genome) pose new challenges for users of R. Several
packages like Biostrings (Pages et al 2009) and ShortRead (Morgan et al 2009, both on Bioconductor, Gentleman
et al 2004) have been developed for running the initial steps of data-analysis, however additional functionalities
are needed to study and interpret the characteristics of sequence alterations of inhomogeneous starting material as
this is common with cancer biopsies. In this context we are developing a new package dedicated to the reliable
identification of sub-populations of sequence alterations form longer sequences (Roche 454 technology).
Furthermore, we have developed additional functionalities for the direct comparison of sequence alterations on the
levels of genomic DNA and mRNA. This package has allowed us gaining more insight to which degree
individual tumors represent actually heterogeneous material on preliminary deep sequencing data.
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