
θ(n+1) = argmaxθ E(θ|θ(n))

E(θ|θ(n)) =
∑

x

P (x|y, θ(n)) log P (x, y|θ)

y = present-day sequences (observed)
x = ancestral sequences (unobserved)

E(θ|θ(n)) =
∑

i



ŝi log πi + ŵiRii +
∑

j !=i

ûij log Rij





ŝi = E [# of ancestral residues in state i]
ŵi = E [# of residues × time spent in state i]
ûij = E [# of mutations i → j]
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