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SUMMARY 

All cancers originate from a single cell that starts to behave abnormally due to 

acquired somatic mutations in its genome. These somatic mutations may be the 

consequence of the intrinsic slight infidelity of the DNA replication machinery, 

exogenous or endogenous mutagen exposures, enzymatic modification of DNA, or 

defective DNA repair. In some cancer types, a substantial proportion of somatic 

mutations are known to be generated by exposures, for example tobacco smoking in 

lung cancers and ultraviolet light in skin cancers, or by abnormalities of DNA 

maintenance, for example defective DNA mismatch repair in some colorectal cancers. 

However, our understanding of the mutational processes that cause somatic mutations 

in most cancer classes has been remarkably limited. 

Different mutational processes often generate different combinations of 

mutation types, termed “signatures.” There is strong evidence from analyses of known 

cancer genes in lung cancers and skin cancers that the classes of mutations found and 

their characteristics match those induced experimentally by tobacco carcinogens and 

ultraviolet light respectively, the known carcinogenic influences in these cancer types. 

Thus, the analysis of mutational signatures found in human cancers can provide clues 

to the processes that have been operative during their development. 

In this thesis, I create a theoretical model describing the signatures of 

mutational processes operative in cancer genomes and develop a systematic 

computational framework to decipher mutational signatures from mutational 

catalogues of cancer genomes. The approach is extensively evaluated with simulated 

data and initially applied to 119 breast cancer whole-genome sequences and 844 

breast cancer whole-exome sequences. Novel and known breast cancer mutational 

signatures are revealed and the contribution of each signature to each cancer sample is 

estimated.  

After this initial application, I use the developed computational framework to 

perform a comprehensive analysis of cancer genomics data. The approach is applied 

to 4,938,362 somatic substitutions and insertion/deletions from 7,042 human cancers 

of 30 classes revealing more than 20 distinct mutational signatures. Some are present 

in many cancer types, notably a signature attributed to the APOBEC family of 

cytidine deaminases, whereas others are confined to a single cancer class. For some of 

these processes the underlying biological mechanism is unknown. However, some of 



the identified mutational signatures associate to age of cancer diagnosis, smoking, UV 

light, anticancer drug exposure, presence of BRCA1 and BRCA2 mutations, and 

inactivation of mismatch repair genes. 

This thesis provides both a basis for characterizing mutational signatures from 

cancer-derived somatic mutational catalogues and the first large-scale examination of 

mutational signatures across multiple cancer types. The results reveal the diversity of 

mutational processes underlying the development of cancer, with potential 

implications for understanding of cancer etiology, prevention, and therapy. 
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