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Determining phylogenetic relationships is of central importance to biology.
Not only are the phylogenies themselves interesting, but these methods are
useful for predicting functional and structural similarities between genes. Most
methods for tree reconstruction under the perfect phylogeny model assume that
data are given for all the taxa. This is because the general problem of finding
a perfect phylogeny for incomplete or partial characters is NP-hard even for
binary characters [2].

It is useful to relax the assumption of fully observed data, particularly in
the case of genotype and sequence data. Furthermore, when the data has more
than two states, the perfect phylogeny problem can be formulated as a binary
problem with missing data.

This work discusses classes of partial characters for which there are polynomial-
time algorithms for constructing the perfect phylogeny tree. Specifically, we
consider the rich data hypothesis introduced by Halperin and Karp [1]. We
introduce two broader criteria for partial characters inspired by the rich data
hypothesis under which phylogenies can be found in polynomial time. One of
these criteria apply to multi-state partial characters.

We also give the first enumeration algorithm for phylogenies compatible with
binary partial characters satisfying the rich data hypothesis. This algorithm
runs in O(nm?) time where n is the number of taxa and m is the number of
characters. By enumerating the phylogenies, one can compute probabilities of
the observed data under the coalescent model with infinite sites. This algorithm
gives the first known way to compute those probabilities for missing data.
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