Simultaneous Solution to Synteny Blocks Construction
and Genome Rearrangements Problems

Shuai Jiang and Max A. Alekseyev*
University of South Carolina, Columbia, SC, U.S.A.

One of the key computational problems in comparative genomics is reconstruction of
the ancestral genomes from genomes of living species and the sequence of evolutionary
events (evolutionary history), such as genome rearrangements as well as gene duplications
and deletions, between the genomes. Traditional approaches addressing this problem solve

the following sub-problems in order:

Synteny block construction. Synteny blocks, which are fundamental components in
revealing evolutionary history, are formed by conserved sequences of homologous genes
in different genomes. To enable rearrangement analysis of given genomes, they are first
represented as sequences of non-overlapping synteny blocks (synteny block construction
problem). Recent approaches for synteny blocks construction [3, 5] employ A-Bruijn
graphs that were initially introduced for repeat classification problem [4]. These rather
universal approaches do not however take into account information about the nature of

structural changes in one genome as compared to the others.

Genome rearrangements problem. Genome rearrangements (such as reversals, translo-
cations, fusions, and fissions) are evolutionary events that shuffle genomic material with-
out altering it otherwise. When two genomes are represented as permutations of the same
synteny blocks, it becomes possible to define the evolutionary distance as the minimal
number of genome rearrangements required to transform one genome into the other. This
definition further inspires the most parsimonious genome rearrangements problem asking
for reconstruction of ancestral genomes (at the internal nodes of the phylogenetic tree)
composed of the same synteny blocks as the given genomes, such that the total evolution-
ary distance along the branches of the phylogenetic tree is minimized. Traditionally, these
computational problems are addressed using graph-theoretical models (such as breakpoint
graphs) and algorithms. There exist a number of ancestral genomes reconstruction tools,

including our own Multiple Genome Rearrangements and Ancestors (MGRA) tool [1].
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However, most of such tools do not deal with gene duplications and deletions, while oth-
ers account for these evolutionary events but are limited to the case of two closely related

genomes [2, 6].

We show that synteny blocks construction and genome rearrangements problems can
be solved simultaneously, which also improves quality of the resulting reconstruction of
the ancestral genomes. Our approach is based on the notion of noisy breakpoint graph
that is constructed directly from the homologs, similarly how conventional breakpoint
graphs are constructed from the synteny blocks. We classify and analyze artifacts that
are specific to noisy breakpoint graphs as compared to breakpoint graphs. We identify
sources of these artifacts (such as erroneous homologs or duplications in the genomes) and
eliminate them with appropriate graph “cleaning” operations. Combining these cleaning
operations with traditional genome rearrangements analysis (as in MGRA), we efficiently
transform the noisy breakpoint graph into the identity breakpoint graph on the set of
true (non-erroneous) homologs. This corresponds to a transformation of each of the given
genomes into the same ancestral genome along the branches of their phylogenetic tree.
This transformation can be further used to recover ancestral genomes at the internal
nodes of the phylogenetic tree [1] as well as to identify conserved (synteny) blocks of true

homologs in the given genomes.
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