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1 Introduction

The recent interest for ancestral genome reconstruction provides clues on several aspect of evolutionary changes
[1]. Ancestral genome reconstruction attempts to predict the DNA sequences of all ancestral species in a given
phylogeny according to a multiple sequence alignment. Accurate ancestral genome reconstruction can contribute
to the study of adaption, behavioral changes and functional divergence [1, 2]. Two of the most important steps in
ancestral genome reconstruction procedure are the prediction of substitution and insertion and deletion (indel)
that may have produced a given set of aligned regions [1]. Although the inference of indel evolutionary scenarios
is useful in several problems, it has received relatively little attention. We have recently proposed a statistical
framework that enables one to infer the most likely indel scenario and to estimate uncertainties of predictions
based on fixed indel rate parameters and a given multiple sequence alignment. The developed framework is
adequate for small-scale genomic regions with insertions, deletions and substitutions [2]. Substitutions are
predicted using an adaptation of the Felsenstein algorithm [3, 4]. The maximum likelihood indel scenario is
predicted by an exact algorithm and a fast heuristic described in [2]. These methods also permit the computation
of the uncertainty associated to ancestral sequence reconstruction. To facilitate the computation of ancestral
sequence reconstruction, we made available the Ancestors 1.0 web server. This server performs the computation
of multiple sequence alignments using several widely used algorithms, the inference of exact or heuristic based
indel scenarios and the prediction of substitution scenarios. All the steps have been combined in a single web
interface. The results are presented as colored output indicating the level of confidence of each prediction.
Ancestors 1.0 is available at the following URL address: <http://ancestors.bioinfo.uqam.ca/ancestorWeb/>.

2 User inputs and Ancestors 1.0 outputs

The Ancestors 1.0 web form is divided in three parts (see Figure 1). The first part allows users to supply
a set of orthologous sequences in Fasta format. The sequences could either be aligned or not. Users can
choose a multiple sequence alignment method between the following: Clustal-W, Dialign, Mavid, Mafft and
T-Coffee. Those methods have been chosen for one or more of the following reason(s): they are widely used
in comparative genomics, they have been shown to be accurate on genomic data, and/or they can handle
a reasonable large datasets.The second part allows users to supply a rooted phylogenetic tree related to the
multiple sequence alignment data that can be used to guide the ancestral sequence reconstruction. The tree
format is the widely used Newick format. The third part gives the choice of indel parameters. Users can either
ask to report the most likely indel scenario or the posterior decoding for predicting the presence or absence of
characters at each position of the ancestral sequences. The posterior decoding is used to compute the confidence
levels of the predictions as described in [2]. Future versions of the program will allow adding sequence using
genbank accession number, the reconstruction of the phylogenetic tree by supplying several phylogenetic tree
reconstruction methods. Moreover, it will propose practical tools for analyzing the obtained results.

The Ancestors 1.0results are made available using different plain text and HTML format files. The summary
of those files is given as default output (see Figure 2). The results present each input file, followed by the result
of the alignment method . The results of the indel predictions are presented in three files (the indel scenario,
the tree-HMM state created, the posterior probability for each position of each sequence). The results of the
ancestral nucleotides predicted contain the characters in plain text and HTML file. The HTML file presents a
colored output according to the level of prediction confidence, as shown in Figure 2. Those confidence levels
are given in separate file together with the obtained posterior probabilities. For specific help request, users
can use the bug report form. Finally, it is worth noting that this web server can easily compute ancestral
sequences for more than 30 species. For instance the benchmark CFTR regions (1Mb) of 28 mammals have
been reconstructed with less than three minutes using the implemented heuristics for indel reconstruction.
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The Ancestors program

This program reconstruct the ancestral sequences in two steps. The inference of the maximum likelihood

indel scenario and the inference of ancestral characters.
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Figure 1: The Ancestors 1.0 user input form. The interface contains the section for alignment, the phylogenetic

tree and the indel parameters.

alignment and the tree presented here is a set of phage genes.

The Ancestors program

On the right of the display, links are given to commonly used tools.
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Figure 2: The Ancestors 1.0 main output gives links to all obtained result files as well as input files. On the
right, the ancestral sequence predictions and the confidence percentage for each nucleotide file is presented.
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