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SUMMARY 

 

The set of somatic mutations observed in a cancer genome is the aggregate outcome of one or more 

biological processes that have been operative over the lifetime of a patient. Each biological process is 

characterised by the pattern of mutations that it leaves on the cancer genome or “signature” which 

is determined by the underlying mechanisms of DNA damage and of DNA repair that constitute the 

biological process.  

In this thesis, I set out to extract the mutational signatures characterising the biological processes 

that have been operative in breast cancers. Catalogues of all classes of somatic mutation were 

generated from twenty-one whole-genome sequenced breast cancers using an integrated suite of 

bioinformatic algorithms which had been optimised for producing complete datasets with high 

sensitivity and specificity.    

Mathematical methods were applied in order to extract underlying mutational signatures. Multiple 

distinct single-substitution, double-substitution and deletion signatures were unearthed by these 

analyses. Remarkably, these signatures were able to distinguish breast cancers from women with 

germline mutations in BRCA1 and BRCA2, indicating how defects in homologous recombination 

leaves its mutagenic imprint on cancer genomes. Furthermore, an intriguing phenomenon of 

localised hypermutation characterised almost exclusively by cytosine mutations at TpC dinucleotides, 

demonstrating marked co-localisation with somatic rearrangements, was uncovered. These clusters 

of regional hypermutation were a frequent observation, occurring in thirteen out of the twenty-one 

breast cancers studied and have been termed kataegis (greek for showers/thunderstorms/towards 

the earth). The mechanism underlying this mutational signature is unknown. However, a role for the 

APOBEC family of cytidine deaminases in kataegis is proposed. Finally, integrated analysis of 

substitution mutations and expression data revealed the past operation of transcription-dependent 

mechanisms in generating the mutational profiles in these cancers. 

This study harnesses the full scale of whole-genome sequencing demonstrating how detailed 

analyses of genomic data can provide biological understanding into hitherto unrecognised 

mutational signatures present in breast cancer genomes. In the future, the analyses of vast numbers 

of catalogues of somatic mutation from numerous worldwide cancer sequencing projects may herald 

further insights into mutational processes that underpin the development of cancers.  
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