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Abstract

The nature of large-scale evolutionary processes that
shape genomes over time fundamentally differs from the
forces governing local evolution within individual genes.
Large-scale events such as horizontal transfer, genome re-
arrangements, gene duplication, and gene loss obscure the
notion of orthology and have demanded new models of evo-
[ution. Multiple genome alignment tools must cope with
such large-scale changes in addition to local changes
such as nucleotide substitution and indels. Using simu-
lated genomes containing both large and small-scal e evolu-
tionary changes, we present an alignment quality compar-
ison of Mauve, a multiple genome aligner that considers
large-scal e evolutionary events, to alignments generated by
other state-of-the-art genome alignment systems. Our re-
sultsindicate that in the presence of large-scale rearrange-
ment events, Mauve has superior accuracy. Mauve is avail-
ablefromhtt p: // gel . ahabs. wi sc. edu/ nauve

1. Introduction

Furthermore, the rates and patterns of each event de-
pend on the particular set of genomes being compared. For
example, observations of gene duplication and repetitive se-
guences are much more common among higher eukaryotes
than bacteria, while genome rearrangements can be read-
ily observed between both closely-related and divergent
organisms of all types [7]. These additional evolution-
ary mechanisms distinguish the genome comparison and
alignment task from traditional sequence alignment. Ac-
cordingly, several new methods and tools for genome
comparison have been developed.

Genome comparison tools typically make a set of as-
sumptions about the nature of evolutionary events that
genomes have undergone. We have evaluated available
multiple genome alignment systems to gauge their ro-
bustness to various types of evolutionary events. Because
manual curation of a multiple genome alignment on ac-
tual genome sequence is too costly a process, there is no
“gold standard” alignment to use when assessing the qual-
ity of calculated alignments. Instead we designed a
model of genome evolution that allows software to simu-
late evolution, producing a set of evolved sequences and
an alignment of nucleotides conserved through the pro-
cess of genome evolution. Genome alignment tools can

_ High-throughput DNA  sequencing technology has , s pe evaluated on their ability to reproduce the cor-
yielded the genome sequences of a wide variety of organ-pact alignment of the simulated genomes.

isms, laying the foundation for comparative genomics. The

forces governing genome evolution fundamentally dif-

fer from those governing gene evolution. Recombination 2. Genome Alignment M ethods

events such as inversion and rearrangement, horizon-

tal transfer, gene duplication, and gene loss occur fre- Early research into genome alignment focused on scal-

quently on the genome-scale but seldom within genes.ing traditional O?) pairwise alignment methods to handle

much longer genome sequences. Pairwise genome align-

+ 1656 Linden Dr. Madison, WI 53706. Funding for this research was Ment tools such as MUMmer, GLASS, and WABA pio-
provided by NIH Grant GM62994-02. In addition, A. Darlingwas sup- neered the use of anchoring to accelerate the alignment pro-
ported in part by NLM Training Grant 1T15L.M007359-01. cess. Anchored alignment typically proceeds in three steps.
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First, the aligner identifies a set of local alignments in re- pled uniformly throughout the genome, and all events are
gions of high similarity among the genomes. Next, a subsetsimulated to have taken place at a point in time given by a
of the regions identified in the first step are selected as align-marked Poisson process over the phylogenetic tree. Finally,
ment anchors, based on whether the tool believes they ar@ur model assumes constant genome size so deletion events
part of the correct alignment. Finally, the alignment anchors are sampled with equal frequency to events that introduce
are used to restrict the number of possible alignments con-new sequence. Calculated alignments are scored against the
sidered when performing an @{) gapped alignment using  correct alignments produced by the evolver using the sum-
dynamic programming. In order to complete a gapped align- of-pairs scoring scheme also used in BaliBASE [6]. This
ment, many tools assume that the genomes are collinear -scoring scheme yields an accuracy measure that quantifies
that no significant inversion or rearrangement events tookthe percentage of pairs of nucleotides aligned identically in
place since their divergence. both the correct and calculated alignments.

3. Mauve: Multiple genome alignment with 5. Resultsand Conclusions

rearrangements . . .
We performed several experiments using our simulated

Mauve implements an anchored alignment algorithm de- evolution environment to compare the accuracy of Mauve to

signed to address the presence of significant inversionslUlti-LAGAN [2], Shuffle-LAGAN [3], and MAVID [1].
and rearrangements in a set of genomes to be aligned [4]OUr first experiment compares the ability of each multi-
Mauve's alignment algorithm first identifies all unique sub- P& 9énome aligner to align genomes in the presence of in-
sequences that match exactly in two or more of the genome<£T€asing nucleotide substitution and indel rates. This exper-
under study (multi-MUMSs) and that are longer than some iment demonstrates the accuracy of Multi-LAGAN, a sensi-
minimum length. These multi-MUMs serve as potential tive cross-species comparison tool, when no rearrangements

alignment anchors and are found using the algorithm imple-"2ve taken place. The second experiment, evaluates align-

mented in GRIL [5]. Mauve then calculates a distance ma- ment quality in the presence of increasing rates of inver-
trix using 1 - the fraction of nucleotides shared in the multi- sion and horizontal transfer, with low substitution and indel

MUMs among each pair of genomes as a distance metric. arates. This experiment demonstrates that Mauve clearly ex-

phylogenetic guide tree is calculated using the distance ma-C€!S at aligning genomes with rearrangements.
trix and Neighbor-Joining. Using only the multi-MUMs ex-

isting in all genomes, Mauve performs greedy breakpoint References
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