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Abstract. A phylogenetic tree is a graph without cycles which does not contain
internal vertices of degree two, and whose the leaves represent biological entities,
such as genes. From the relationships between the genes in this tree, we build a
digraph where nodes represent genes and we draw an arc from gene x to gene y
if the species where x and y reside are different, and, moreover, y is a gene that is
one of the closest evolutionary relatives of x, when compared to all others genes
residing in the same species as y. We call this digraph a best match graph and
we show here the properties of this type of graphs in order to be derived from a
phylogenetic tree.
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1 Introduction

One of the most used starting points for inferring phylogenetic relationships among
genes are Symmetric Best Matches[1], also known as Best Bidirectional Hits[2]. Their
connection to the evolutionary history of a gene family relies in the concept of closest
evolutionary relatedness. This concept is defined relative to the phylogenetic tree T of
the genes under consideration.
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1.1 Best Match Relations Properties

Let T be a phylogenetic gene tree with leaf set L. For each gene x ∈ L we denote the
species to which it belongs by σ(x) ∈ S, where S is a set of species. We can now define
a best match relation as:

Definition 1. The leaf y is a best match of the leaf x in T : x→ y if and only if lca(x,y)�
lca(x,y′) for all leaves y′ from the same species as y, i.e. σ(y′) = σ(y).

Note that this definition can also be expressed in terms of divergence times as: y is a
best match for x if and only if t(x,y) ≤ t(x,y′) for all y′ with σ(y′) = σ(y). For this
reason, the best match relation serves as a generalization of evolutionary closeness.

Definition 2. Given a tree and a colour map σ : L→ S, the coloured Best Match Graph
(cBMG) G(T,σ) is a digraph which has vertex set L and arcs xy ∈ E(G) if x 6= y and
x→ y. Each vertex x ∈ L has the colour σ(x).
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Fig. 1. A tree T with a colour map σ and its associated Best Match Graph G(T,σ).

Definition 3. Two vertices x,y ∈ L are in relation ∼• if N(x) = N(y) and N−(x) =
N−(y). Where N(x) is defined as the set of out-neighbours of x and N−(x) the set of
the in-neighbours of x.

The ∼• relation gives us a partition on the set of vertices of the Best Match Graph
and induces as well as hierarchy that helps us to infer a phylogenetic tree.

For the case of a Best Match Graph in two colors, we have the followin definition:

Definition 4. For any connected 2-cBMG (G,σ) there exists a Unique Least Resolved
Tree (T ′,σ) that explains (G,σ). (T ′,σ) is obtained by contraction of all redundant
edges in an arbitrary tree (T,σ) that explains (G,σ) .

The least resolved tree can be constructed in cubic time as shown in [3].
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