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1 Introduction.

One of the classical problems of computational biology is to reconstruct an evolutionary tree
for a set of taxa based on character data. Parsimony is one of the widely used metrics to solve
the problem. It has been known to be particularly useful in the case when the evolutionary
tree reconstructed is over a short period of time.

We borrow some of the following definitions and notations from [3]. The input to the
problem is generally represented by a matrix I where rows R are string of states correspond-
ing to a taxa. The columns C = {1, · · · , m} are referred to as characters. The set of states
corresponding to any character c is denoted by Ac, therefore every taxon s ∈ A1×· · ·×Am.
In a phylogenetic tree, each vertex v corresponds to a taxon and has an associated label
l(v) ∈ A1 × · · · × Am.

Definition 1: A phylogeny for a set of n taxa R is a tree T (V, E) with the following
properties:

1. if a taxon s ∈ R then s ∈ l(V (T ))

2. for all (u, v) ∈ E(T ), H(l(u), l(v)) = 1 where H is the hamming distance

Definition 2: The length of a phylogeny T , length(T ) = |E(T )|.
Definition 3: The penalty of a phylogeny T is defined as

penalty(T ) = length(T )−
∑
c∈C

(|Ac| − 1)

Minimizing the length of a phylogeny is the problem of finding the most parsimonious
tree. If the input I has the property that penalty(T ) = 0 for the most parsimonious tree,
then T is called a perfect phylogeny. Reconstructing a perfect phylogeny was proved to be
NP-hard independently by Bodlaender et al. [2] and Steel [5]. This led researchers to work
on fixed parameter versions of the problem (for e.g, [1], [4]). Lagergren and Fernandez-Baca,
considered the problem of reconstructing near-perfect phylogenies [3] The assumption of a
’near’-perfect phylogeny is that penalty(T ) is small for the most parsimonious tree. Their

algorithm runs in time nmO(q)2O(q2r2), where r is the number of states per character, q is
the penalty, n is the number of taxa and m is the number of characters.
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2 Results and Discussion

In our work, we consider an important special case of the problem when r = |Ac| = 2 for
all c. The case when r = 2 is primarily important because Single Nucleotide Polymorphisms
(SNPs) are bi-allelic. We can therefore use the algorithm for reconstructing trees where the
taxa are DNA sequences and the characters are SNP markers. We present a novel method for
reconstructing near-perfect phylogenetic trees from binary character input. We show that if
the penalty of the most parsimonious phylogeny is bounded by q, then we can reconstruct
the phylogenetic tree in time qO(q)nm2. Our algorithm is almost entirely self-contained and
its understanding requires only some fundamental theorems on phylogenetic trees. Although
some existential proofs are hard, the algorithm itself is not very complicated to implement.
We also expect the algorithm to perform significantly better than the above theoretical worst
case bound.

In summary, the algorithm for reconstructing a perfect phylogeny for binary characters
is computationally efficient but impractical in most real settings. For example, recurrently
mutating bases violate the perfect phylogeny assumption. Near-perfect phylogenies however,
can be expected to be more tolerant of real data sets. We believe that our method could lead
to the first practical phylogenetic tree reconstruction algorithm that is both computationally
feasible and robust to real biological data sets.
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