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Statistical analysis for P53 
 

The most probable scenario for the p53 state is that the mutation 

occurred before the founder cell of the tumor clone, was present in all tumor 

cells in a heterozygous state (m/wt), but the heterozygous genotype was not 

detected in all tumor cells due to technical limitations in the ability to amplify 

both alleles of a locus from a single cell (i.e. ADO). This assumption is based 

on several lines of evidence.  

First in order to determine whether the observed distribution of 

genotypes of tumor cells at the P53 locus is consistent with a heterozygous 

state for all tumor cells, a randomization test of goodness of fit was 

performed. We estimated the ADO rate, p, as the square root of the fraction of 

cancer cells that failed to amplify any allele (sqrt(12/26)=0.68). Given N=26 

cells, our hypothesis predicts that the fraction of wt loci is p*(1-p)*N, the 

fraction of mutant loci is p*(1-p)*N, and the fraction of hetrozygous loci is 

N*(1-p)2. We calculated the chi square statistics between the observed and 

expected frequencies. Given the small value of the expected number of cells 

we used a randomization test rather than a chi-square test to assign a p-value 

to the hypothesis. We sampled 14 cells from the null distribution 1000 times 

and computed the chi-square statistic for each sample. The p-value (percent 

of sampling trials that resulted in a larger chi-square statistics than the 

observed one) was 0.45, thereby supporting the hypothesis that all tumor cells 

are indeed heterozygous for the P53 mutation. 

 Next we considered the possibility that the p53 mutation appeared 

more than once within the tumor lineage tree (i.e. multiple independent 

events) or that the wild-type alleles were in fact mutant alleles that reverted 

back to the wild-type state via additional mutations. We postulate that the 

probability of both of these scenarios is negligibly small, as a point mutation is 

expected to occur with a probability of ~10-9 per base pair per cell division in 

mice (1). The total number of cell divisions in the entire tree is on the order of 



104 (37 cells and an average cell depth of 150). Thus the probability of seeing 

more than one mutation is 10-5.   

Finally we consider the possibility that the P53 mutation originated as a 

single event in one of the descendants of the founder cell of the tumor clone. 

In this case, the P53 mutant tumor cells would be part of a distinct sub-clone 

within the tumor sub-clone, and this P53 mutant sub-clone should be 

represented in the cell lineage tree as a distinct sub-tree within the tumor sub-

tree. The topology of the reconstructed cell lineage tree contradicts this 

scenario, as none of the three genotype states (m,wt,m/wt) are clustered on a 

sub-tree within the tumor sub-tree. Although the reconstructed tree may not 

be 100% accurate, the thorough mixing of genotypes in the tumor sub-tree 

implies that if the P53 sub-clone scenario is true, the reconstructed tree 

contains multiple topology errors in the tumor sub-tree – a situation which we 

consider to be highly unlikely. 
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