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Motivation
All cancers carry somatic mutations which are caused by multiple mutational processes. Development of
novel mathematical approaches for pan-cancer data analysis has identified mutational signatures i.e.,
patterns of somatic mutations caused by different mutational processes. Knowledge of mutational signatures
is valuable for cancer treatment and cancer prevention. There are two conceptualizations of mutational
signatures, with the most known model to be described by Alexandrov et al. [1] which separately counts all
possible nucleotide triplets whose central base is mutated. Thus, each “Alexandrov signature” consists of 96
mutation probabilities that indicate which of the changes are occurring most frequently due to the mutational
process it describes. Up to now, several bioinformatic packages have been developed to address the
decomposition of a cancer genome’s mutation catalog into mutational signatures in order to shed more light
about cancer etiology [2,3]. However, those methods cannot be used for the decomposition of specific local
regions such as occurrences of a transcription factor motif (which disruption by mutations has an important
impact on oncogenesis and tumor progression), since the background distribution of nucleotides in such
regions may significantly differ from the one of the whole genome.
Methods
In this study, we extended the R package "decompTumor2Sig"[2] in order to identify the mutational
signatures that dysregulate the transcription factor binding sites and get rid of the bias that the transcription
factor motif context creates. Given a matrix S each of whose rows represents a signature and a vector g of
the frequencies of mutations observed in an individual tumor, the "decompTumor2Sig" package uses
quadratic programming to calculate a vector w that minimizes the error of Sw=g. Thus, w represents the
contribution of each mutational signature to the individual tumor. Our contribution is to determine a correction
factor to be applied to the individual frequency of mutations g before performing the minimization of the
quadratic error. The correction factor is calculated for each transcription factor’s motif by dividing the
frequencies of the possible triplets in the whole genome by the frequencies of the triplets induced by the
position weight matrices (PWM) of a given motif.
Results
Here we show the application of our study to real data using mutations for skin cancer (MELA-AU) from
ICGC portal [4] and the 19bp long Jaspar [5] MA0139.1 CTCF motif and illustrate its effectiveness to identify
the mutational signatures which affect this specific motif. The figure shows the contribution of each signature
considering mutations that fall in CTCF sites from 40 patients before and after applying the correction factor.
As we can notice, without the correction factor the main signature is the 23 which is not associated with skin
cancers but has very high probability because of the sequence context of the CTCF motif. Applying the
correction factor we clearly see that signatures 7 and 11 are the main contributors and according to literature
these signatures have been found predominantly in skin cancers.
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