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1 Introduction.

Proteins evolve by means of random genetic drift (Kimura 1983) and adaptive evolution.  Adaptive
events result in an organism being more fit than previous members of the same group (Hughes 1999).
Our aim is to identify where these events have occurred using a Maximum Likelihood approach.
Maximum Likelihood (ML) is a complex statistical method (Edwards 1972).  Current
implementations of this type of analysis appear to contain certain weaknesses and limitations (Suzuki
and Nei 2001).  As such, ML and Bayesian methods have come under increasing criticism regarding
their reliability; empirical evidence suggests that they may not be using realistic models of sequence
evolution (Yu et al. 2003).

2 Aims and Objectives.

The aim of this work is to design new methods for robustly inferring the evolutionary history of extant
sequences and for precisely identifying signatures of adaptive evolution events by using rigorous
computational optimisation procedures.  Our approach requires the minimum of user input in order to
find adaptive evolution events.  A phylogenetic tree is constructed from a sequence alignment and
assumed to be correct.  For each internal node of the tree, we evaluate silent (Ds) and replacement
(Dn) substitutions between it and adjoining nodes, both ancestral and descendent.  Heterogeneity is
achieved by dividing the data into categories according to rules describing the substitution process
(Foster, 2003).  Unlike other approaches, this method performs analysis across entire lineages of a
phylogenetic tree as apposed to a single branch (Fig 1).  Additionally, we examine whether or not the
replacement substitutions were subsequently changed.  We perform a similar analysis for silent
substitutions.  In this way, a path through the tree is maximised, identifying where the number silent
and replacement substitutions differ significantly from each other, indicating evolutionary events.

Figure 1: A) Alternative approach B) Lineage analysis implemented in the method described here.
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3 Discussion and Further Work.

This approach directly addresses claims that current ML methods are sensitive to violations of the
assumptions regarding which model of evolution to use.  The software will be tested on both real and
simulated data sets, where the likelihood can be verified using the existing Adaptive Evolution
Database.  The output of this work will be a software product that is capable of performing analyses
on multiple sequence alignments, using methods that are closer to biological reality and more user-
friendly than existing methods.
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