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Ancestral reconstruction in cladistics:

- phylogeny estimation as a combinatorial optimization problem

~ Nobuhiro Minaka " _
National Institute of Agro-Environmental Sciences

For a given character data set of organisms, reconstructing the character states of the interior points (that is, hypotitetical
common ancestors) on a phylogenetic tree (branching graph) has béen recognized as an important combinatorial problem related
to the analysis of character evolution. Under the principle of parsimony, this problem is a kind of combinatorial optimization
related to the Steiner tree pmblem. that is, to enumerate all "most parsimonious reconstructions” ("MPRs" as Steiner points) in a
tree. The ancestral reconstruction problem poses seveml mteresu.ng problems for discrete mathematicians as well as for system-
atic biologms The set of these equally most pa.rsxmomous reconstructions ("MPR-space") can be partially ordered by a binary
ordering relation ("MPR partial order"). Several algebraic properties of the solution space ("MPR-poset”) are derived from this
pamal-order formulation. An MPR ("ACCTRAN") exists which minimizes the length of any subtree of the cladogram. I pro-
posed a new index, called "distortion index," which is defined to be the cumulative difference between the lengths of all subtrees
of ACCTRAN and those of other MPRs, Finally, ACCTRAN will not show by definition any distortion in character state
changes in the full cfadogram, while any non-ACCTRAN shows more or less distortion in some subtree(s). This suggests that,
from a biological viewpoint, each reconstraction seems to have its own substantial assumption on character evolution.
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HTU reconstruction
(1) Centripetal optimization
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HTU reconstruction
(2) Censrifugal assignment
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