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Abstract. Orthology analysis provides the most fundamental corre-
spondence between genes in different genomes. It is such intergenomic
correspondences that provides comparative genomics with the power to
translate information from one organism to another, e.g. from model
organisms to human. Function prediction based on orthology is ubiqui-
tously used by biologists. Gene tree and species tree reconstruction, as
well as reconciliation are also problems important in multigenome-based
comparative genomics and biology in general.

We provide tools with the capacity to perform practical orthology analy-
sis, based on Fitch’s original definition of orthology [6], and simultaneous
reconstruction of gene trees and reconciliations. The tools [2,3] use an
integrated model of sequence evolution and gene duplication/gene loss,
and are developed in a Bayesian framework that allows parameters to be
specified by a priori distributions rather than by exact values. This is the
first successful method ever that solves simultaneously for reconciliation
and gene tree.

1 Integrated model of gene duplication/loss and sequence
evolution

A reconciliation represents a hypothesis that explains how a gene tree has evolved
with respect to a species tree. More specifically, a reconciliation is a mapping
that associates vertices in the gene tree with the vertices in the species tree.
Therefore, given such an association we can identify which genes are orthologs
and which genes are paralogs under the current hypothesis. A key problem is that
the number of possible hypothesis of how a gene tree has evolved with respect to
a species tree is exponential. Traditionally, reconciliation-based orthology analy-
sis has been performed in two steps. First the gene tree is reconstructed from
sequence data, and then the gene tree is reconciled with the appropriate species
tree such that the number of duplications is minimized, i.e., a parsimony crite-
rion is applied. These parsimony-based methods have several weaknesses; firstly,
they only consider a single gene tree, secondly, they only consider one recon-
ciliation, the most parsimonious, and lastly, they fail to consider information



present in the species tree, e.g., divergence times. Efforts where bootstrapping
have been applied to parsimony orthology analysis [8,9], address the first of
these weaknesses and corroborates the importance of expressing uncertainty in
orthology analysis. Our tool, on the other hand, addresses all these problems, by
combining the information in the species tree and the sequence data, not relying
on any single gene tree. Moreover, our tool gives probabilities, i.e., measures of
uncertainty, for orthology assignments based on all possible reconciliations.

Until now gene tree reconstruction has been performed without considering
the species tree, although in many cases, reliable estimates of species trees with
divergence times are available [1]. Recent advanced phylogeny programs [5] can
propose alternative gene trees, but fail to account for constraints given by the
species tree. In contrast, our model takes the species tree into account, and can
naturally be extended to the estimation of a species tree given a selection of gene
families.

In our probabilistic approach to gene tree reconstruction we use an integrated
model of sequence evolution and duplication/loss. In the duplication/loss model
we only consider three types of gene events: duplications, speciations and losses.
By incorporating sequence evolution, we let the gene sequences evolve according
to some standard sequence evolution model,see e.g. [4].

QOur approach makes it possible to take into account, for example, the un-
certainty due to incomplete sampling of genes. This and other strengths are
illustrated with examples from real data, e.g., the histocompatibility complex
(MHC) multigene family and the 60s ribosomal domain family.
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Fig.1. The MHC class I gene trees for primate sequences extracted from [7]; the
MHC class I genes for cat is included as an outgroup. The two homolog groups of
interest are boxed and the status of the least common ancestor, v, of these two groups
as interpreted by parsimony reconciliation is indicated. (I) The gene tree including
all sequences from [7]. Parsimony reconciliation correctly identifies v as a duplication
(indicated by a square). (II) The tree from (I), but with all human sequences removed,
simulating that the human genome was not sampled. Parsimony reconciliation now
erroneously identifies v as a speciation (indicated by a circle).
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