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Abstract

Multiple pathways contribute to maintaining high-fidelity DNA replication, including the regulation of free dNTP levels and both the selectivity and exonuclease domains of the replicative polymerases. Elevated free dNTP levels are a well-established source of mutagenesis due to increased DNA polymerase error and decreased proof-reading, and are likely a hallmark of cancer
cells. Replication errors are typically substrates for the mismatch repair (MMR) system, which recognizes misincorporation and insertion/deletion errors and targets them for repair. Here, we developed a high-throughput, targeted deep-sequencing approach to examine the consequences of elevated dNTP pools and DNA polymerase error repair via MMR, both alone and in
combination. The combination of altered dNTP pools and compromised MMR together has the potential to alter the mutational landscape. Importantly, mutation signatures of human tumors are used to tailor cancer treatment and inform clinical outcome. We used Saccharomyces cerevisiae as a model system to document how mutation spectra are modified by different
combinations of elevated dNTP levels and reduced MMR. We sequenced pools of mutated (canavanine-resistant) colonies with 1) altered dNTP pools (rnr1 alleles), 2) with deletions in MMR recognition factors (msh alleles) and 3) combinations of rnr1 and msh alleles. The depth of sequencing allowed us to delineate CAN1 regions that are systematically susceptible to
mutagenesis. We combined variant type and positional information to develop genotype-specific mutation fingerprints. We developed computational methods to quantify the contribution of two different genotypes to the underlying mutation spectra in double mutants, to assess additive, epistatic or synergistic effects. Individually, altered dNTP pools, even very modest
changes, and compromised MMR led to distinct mutational profiles. Furthermore, the increased and altered mutation profiles in rnr1 backgrounds allowed us to identify novel specificity of Msh2-Msh3 for single base deletions in repetitive GC runs, mutations commonly observed in MMR-deficient cancers. Notably, the mutation profiles of double mutants were not a simple
combination of the single mutant signatures, indicating a more complex effect on mutagenesis. We propose that establishing mutation spectra from the ground up will provide useful information when interpreting mutational signatures in human tumors.
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