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Abstract

The method of phylogenetic invariants was developed to apply to aligned sequence data gen-
erated, according to a stochastic substitution model, for N species related through an unknown
phylogenetic tree. The invariants are functions of the probabilities of the observable N-tuples,
which are identically zero, over all choices of branch length, for some trees. Evaluating the in-
variants associated with all possible trees, using observed N-tuple frequencies over all sequence
positions, enables us to rapidly infer the generating tree.

An aspect of evolution at the genomic level much studied recently is the rearrangements of gene
order along the chromosome from one species to another. Instead of the substitutions responsible for
sequence evolution, we examine the non-local processes responsible for genome rearrangements such
as inversion of arbitrarily long segments of chromosomes. By treating the potential adjacency of
each possible pair of genes as a “position”, an appropriate “substitution” model can be recognized as
governing the rearrangement process, and a probabilistically principled phylogenetic inference can
be set up. We calculate the invariants for this process for N = 5, and apply them to mitochondrial
genome data from coelomate metazoans, showing how they resolve key aspects of branching order.

1 Introduction

The use of gene order data for finding globally optimal phylogenetic trees is inherently di cult
ot only are some measures of genomic distance computationally comple but more important
the e tension of any of them e en the re ersals distance for signed genomes uadratic comple ity
or the brea point distance linear comple ity to three or more genomes  multiple genome
rearrangement  is hard This holds e en for the smallest e ample the median problem
find the ancestor genome hich is closest to three gi en genomes
n contrast to re ersal distance and related edit distances for hich there are not e en any good
heuristics the brea point distance  essentially the number of pairs of ad acent genes in one genome
hich are not ad acent in the other  does ha e a simple reduction to the Tra eling alesman roblem
and can benefit from e cient soft are a ailable for the latter to find the median of three moderate si ed
genomes This can be incorporated into a heuristic for the optimi ation of fi ed topology phylogenies
and ultimately to the search for optimal topologies
n this ind of phylogenetic inference ho e er brea point distance is used as a parsimony criterion
nd li e all parsimony criteria under the simplest probabilistic models of mutation there is a range
of tree topologies especially trees ith some ery short branches and some ery long branches hich
brea point minimi ation may reconstruct incorrectly
n approach to tree reconstruction under probabilistic models hich is designed to be insensiti e
to branch lengths is that of phylogenetic in ariants  hen applied to  aligned nucleotide se uences
the in ariants associated ith a specific tree topology are precomputed functions of the probabilities
of the  tuples at each se uence position They are identically ero ie independent of the tree
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