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Cancer is caused by sequential pathologic alterations in the genetic
landscape. To understand this process, we recently sequenced over 13,000 genes in
a panel of breast and colorectal cancers (Sjoblom et al. 2006). We found 1,149
genes with somatic mutations and described 191 candidate cancer genes. Here, we
present the comprehensive analysis of these cancer genomes that goes beyond
gene identification and explores systems-level characteristics. In total, we identified
35 sequence similarity clusters, 23 protein domains, 6 functional groups, 3 protein- )
protein networks, 12 interactome hubs, and 32 pathways, that are enriched for L. G
somatic mutations and are most likely to play a role in carcinogenesis and cancer S ey
progression.

From sequence and function to pathways and networks, we implemented
numerous methods, tools, algorithms, and databases. For sequence, we performed
pairwise BLAST for all genes and created networks of sequence similarity to
identify highly enriched clusters. For protein domains, we used INTERPRO and
Pfam annotation to look for protein domains that were preferentially mutated. For
functional groups, we calculated over-representation of molecular function and
biological processes from Gene Ontology. For protein-protein networks, we
annotated interolog relationships in model organisms from HomoMINT and Ophid
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and constructed cancer interactomes. For hub calculation, we looked for genes that Figure 1. Sequence Similarity Clusters
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interacted preferentially to other mutated genes. For pathways, we examined the of Genes Mutated in Breast Cancer

mutational frequency in defined pathways from KEGG, iPath, BioCyc, and BioCarta.
For each category, we used a combination of three different statistical

models. We determined groups enriched in mutated genes by fitting the proportion Breast Cancer Iteractome

of mutated genes in the study to the background dataset to a hypergeometric

distribution. We calculated the enrichment in terms of mutations, by fitting the i

total numbers of base pairs sequenced for the group with numbers of mutations o (@%g

observed to a binomial distribution. This score not only takes into consideration Ko &l

gene number but also the cancer mutational prevalence. Lastly, we looked for o -

profile enrichment by using the binomial probability of observing more than 2 P
[

observed mutations in each gene and calculated the difference of the mutational
profile for the gene group from background using gene set enrichment analysis
(GSEA). The combination of these three methods allows the identification of
groups that are significant in terms of number of genes mutated, number of
mutations observed, and the mutational profile of the group.

This comprehensive systems exploration identified significant members
for sequence similarity clusters, protein domains, functional groups, protein-protein
networks, interactome hubs, and pathways. The summation of all the different
analyses provide a multi-perspectival framework to guide further research and help
identify cellular processes critical for malignant progression as well as therapeutic
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Intervention. Figure 2. Protein-Protein Interaction Network
and Intersection with Sequence Similarity
Clusters of the Breast Cancer Genome
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