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1 Introduction

We present a model based on reconciliation for the duplication, loss and horizontal gene
transfers (HGT) [1, 3, 4]. We define an evolutionary scenario (called H-tree) which can
represent an evolution of genes in the context of evolution of species.

We are interested in all scenarios - not only parsimonious ones. A rewrite system for
transforming H-trees is defined (see Figure 2). We prove that the system is mathematically
(confluency, soundness and strong normalization) and biologically (we model all possible
evolutionary scenarios) well founded. We show that the scenario in normal form (i.e. non-
reducible) is minimal and unique in the size and in the cost computed as the number of
gene duplications, losses and transfers. We show also that, for a given gene tree G and a
given species tree S, there could be many normal form H-trees representing evolutionary
scenarios which match G and S. Finally, we show that the normal form scenarios can be
easily transformed into the reconciled trees [1, 5]. Also, algorithms for generating scenarios
and reconciliation are developed. Concepts of this model are similar to the model presented
in [2] in the context of duplication-loss model.

2 Model and the system of rules
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Figure 1: Evolution of genes in species with one horizontal gene transfer

In Ewolution part of Figure 1, we show concepts of evolutionary gene and species trees
and show an embedding of a gene family tree (rightmost) into a species tree (leftmost) with
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one horizontal gene transfer. This picture can be represented in our model as shown in the
bottom part of this figure. Thus, we have a gene tree G and a species tree with one transfer
D and three species f, ¢ and d. D is an H-tree, which represents an evolution of genes in
species (we omit a formal definition).

Transfers in a species tree (and also in an H-tree) cannot form a cycle (see [1]). Moreover,
each transfer can be associated with a time stamp determining when it happened. In formal
approach the time dependencies between transfers can be modeled by partial orders.
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Figure 2: H-rules and their biological interpretations

The system of rules presented in Figure 2 can be used to transform H-trees (i.e., evolution-
ary scenarios). We claim that the system preserves biological properties of the trees, (that
is, species trees, gene trees and relations between transfers associated with the transformed
H-tree). The rules can be used to transform an evolutionary scenario into its equivalent nor-
mal form, which has the minimal cost and size. Thus, it is a natural and clear methodology
for analyzing parsimonious and non-parsimonious scenarios in the transfer models.
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