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Text S2: Approximating Parent-Dependent Mutation 

 In developing an approximation to parent-dependent mutation we use a neutral 

approximation to the probability of mutation from the ancestral allele, A, to every other 

allele. It is convenient to employ the neutral case as the basis for our approximation, 

because there is an explicit separation between the genealogical process and the 

mutational process that does not hold more generally. In the neutral case we can use the 

coalescent [1, 2] to calculate the probability of observing a mutation conditional on the 

ancestral allele for both the parent-dependent and parent-independent mutation models. 

Our approach is to find a parent-independent mutation rate vector θ′  that matches the 

parent-dependent probabilities of observing an individual with allele B given the ancestral 

allele A. 

 Taking the neutral limit ! " 0( )  of the Wright-Dirichlet distribution conditional 

on the identity A of the ancestral allele (main text Equation 8) yields 
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i.e. a Dirichlet distribution with parameter ! + u
A

, where uAi equals 1 if i = A and 0 

otherwise. This suggests that conditioning on the ancestral allele is probabilistically 

equivalent to conditioning on having observed allele A in a sample of size 1. Using the 

standard neutral coalescent model, we can calculate the probability, mAB, of observing an 

allele of type B having already observed an allele of type A, for general mutation models 

as 
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since t follows an exponential distribution with rate 1 when time is measured in units of 

PNe generations [1]. For a parent-independent model where the rate of mutation to allele i 

is θi/2, the transition probability from allele A to B in time t is 
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For a parent-dependent, time-reversible model, 
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where v is a matrix of eigenvectors of the mutation rate matrix, v(–1) is its inverse, and d 

is a vector of the corresponding eigenvalues, so 
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 For a given ancestral allele A, we wish to find θ′  so that mAB (B = 1…K) is 

matched for the parent-independent and parent-dependent models. The solution to this 

problem satisfies 
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where the vector mA is calculated from Equation B6 for a time-reversible model. 

However, there are only K – 1 degrees of freedom because mA is constrained to sum to 1; 

therefore Θ′ is not identifiable. We circumvent the problem by imposing the additional 

constraint that !"
A
= 0 , interpretable as no back mutation to the ancestral allele, which is 

consistent with the low-mutation limit for the fixation probability used to motivate our 

implementation of phylogenetic conditioning. This implies that 
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