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Extended Data Fig.5 | Mutagenic nucleotide excision repair. a, Most DEN induced tumours show 
pronounced mutation asymmetry across approximately 50% of their genome. Asymmetric tumours 
meeting inclusion criteria (mutation signature and cellularity thresholds; black) are included in the 1415 
preceding analyses of this study. In addition, here we include a subset of tumours that were excluded 
due to the absence of mutation asymmetry (n=8, blue). b, The mutational symmetry of these tumours 
could be explained if both daughters of the originally mutagenised cell persist (schematic). Mutagenic 
NER in the first generation of the mutagenised cell could produce mutations at the same base pair in 
both daughter lineages; such mutations would have approximately double the variant allele frequency 1420 
(VAF) of mutations confined to one daughter lineage. Whole genome duplication in the first generation 
of the mutagenised cell could also produce symmetric tumours (schematic not shown). c, Tumours 
with symmetric mutation patterns have a significantly higher mutation load than those with asymmetric 
mutations, consistent with mutations from both mutagenised strands contributing to the tumour. 
Statistical analysis (p=1.1x10-4) by two tailed Wilcoxon rank sum test. In panels c,d,f,g,h points are 1425 
individual tumours, bar is median, statistical tests are based on n=8 symmetric and n=237 asymmetric 
tumours, all reported p-values are Bonferroni corrected (n=5 tests). d, The median VAF for mutations 
in symmetric tumours is approximately half that of asymmetric tumours. Statistical analysis 
(p=7.67x10-6) by two tailed Wilcoxon rank sum test. e, Automated nuclear detection (red circles) and 
quantification in an exemplar hematoxylin and eosin stained tumour section (93131_N2). Original 1430 
digitised magnification x200; scale bar indicated. f, Nuclear area is not significantly different between 
symmetric and asymmetric tumours (p=0.215, two tailed Wilcoxon rank sum test), indicating similar 
DNA content and arguing against mononuclear whole-genome duplication. g, The density of nuclei is 
not significantly different between symmetric and asymmetric tumours (p=1, two tailed Wilcoxon rank 
sum test), arguing against both mononuclear and possibly multi-nuclear whole genome duplication. h, 1435 
Internuclear distance is not significantly different between symmetric and asymmetric tumours (p=1, 
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two tailed Wilcoxon rank sum test), arguing against multi-nuclear whole genome duplication. i-p, VAF 
frequency distributions for symmetric tumours, indicating the VAF of MAPK pathway driver mutations 
(red points, also in q-x). For symmetric tumours, the driver VAFs are strongly right-biassed. This is 
consistent with mutagenic NER copying the same driver mutation site into both daughter genomes of 1440 
the mutagenised cell, and in turn both daughter lineages (containing either the same driver mutation, 
or multiallelic driver mutations at the same site) contributing to the resultant tumour. q-x, VAF 
frequency distributions for example asymmetric tumours. y, MAPK pathway driver mutations are 
biassed to the highest VAF values in symmetric tumours but not in asymmetric tumours (p=3.61x10-5 
two tailed Wilcoxon rank sum test, Bonferroni corrected). VAF quantile position (y-axis) indicates the 1445 
fraction of mutations in a tumour that have lower VAF than the driver mutation (quantile of 1.0 
indicates all other mutations in that tumour have a lower VAF). Horizontal bars indicate median VAF 
quantile position of the focal driver mutations. As a null expectation for comparison, one mutation was 
randomly selected from each of the asymmetric tumours (grey points).  
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Supplementary Table 1 | Table of tumours sequenced containing key metadata (Excel file). 1450 
 

Supplementary File 1 | Mathematical model for transcription coupled repair (PDF).  

 

Supplementary Table 2 | Table of ChIP-seq transcription factors and tissues of origin from 
ChIP-Atlas database (Excel file). 1455 

 

Supplementary Table 3 | Table of key resources and software (Excel file). 
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