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Shi et al. [1] cogently demonstrate that S249C is the most frequent mutation among FGFR3 

mutations in bladder cancer, that tumors with the S249C variant tend toward higher 

APOBEC activity, and that—in vitro—the tumorigenicity of this mutation is comparable to 

others in FGFR3. However, there is a more direct test of the question their title poses: 

whether the over-representation of S249C mutation compared to other recurrent mutations in 

FGFR3 is a consequence of a higher benefit of S249C to the proliferation and survival of 

bladder cancer cell lineages, or is solely a consequence of a higher APOBEC-driven 

mutation rate. The two relevant forces are mutation (the higher the mutation rate, the higher 

the representation) and natural selection for the mutated cancer cell lineage (the more the 

variant increases proliferation and survival, the higher the representation observed [2]). 

Thus, their question can be restated as whether the cancer effect of S249C is greater than 

that of other recurrent FGFR3 mutations. Cancer effect sizes can be calculated by estimating 

the FGFR3 mutation rate using synonymous mutations and known covariates of mutation 

rate [3], estimating the tumor-specific rate of each trinucleotide change [4], and comparing 

the expected recurrence based on mutation and neutral drift to the observed recurrence [2]. 

S249C in the TCGA BLCA dataset has a mean mutation rate of 1.2 × 10−5 per cancer-

competent somatic cell per development to tumor resection, the highest mutation rate of the 

seven recurrent FGFR sites (ranging from a lowest mutation rate of 8.0 × 10−7). The cancer 

effect size of S249C is 6.9 × 103. The six other recurrent FGFR3 sites yield effect sizes 

ranging from 1 × 103 to 7 × 103; the largest cancer effect size is that of S373C, with an 

effect higher than that of S249C.

These estimates depend critically on the accuracy of the mutation rate estimate. Shi et al. [1] 

show that S249C mutation occurs within a 5-nt DNA hairpin, and could be subject to 

elevated APOBEC3A mutation rates unaccounted for by trinucleotide context alone. Is the 

cancer effect size of S249C even lower than 6.9 × 10−3? Apparently not: the relative 

mutability of sites within the loop of a DNA hairpin was recently quantified by Buisson et 

al. [5]. The greatest APOBEC3A mutability is conferred to the 3’-most site within 4-nt 
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loops. Shi et al. [1] show that S249C mutation occurs in the third position of a 5-nt loop. 

Buisson et al. [5] quantified its substrate optimality as slightly less than one. Thus, if 

anything, its mutation rate is slightly lower than would be expected for a typical 

APOBEC3A site. Accordingly, the S249C mutation is strongly selected within bladder 

cancer lineages, consistent with our estimate. Nevertheless, the strength of selection is not 

beyond the range of other FGFR3 mutations, despite the remarkably high recurrence of 

S249C. Quantitative analysis of cancer effect sizes enables rigorous testing of the 

importance of recurrent mutations within cancer driver genes.
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