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Genome analysis
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ABSTRACT
Summary: ROBIN is a web server for analyzing genome
rearrangement of block-interchanges between two chromosomal gen-
omes. It takes two or more linear/circular chromosomes as its input,
and computes the number of minimum block-interchange rearrange-
ments between any two input chromosomes for transforming one
chromosome into another and also determines an optimal scen-
ario taking this number of rearrangements. The input can be either
bacterial-size sequence data or landmark-order data. If the input is
sequence data, ROBIN will automatically search for the identical land-
marks that are the homologous/conserved regions shared by all the
input sequences.
Availability: ROBIN is freely accessed at http://genome.life.nctu.edu.
tw/ROBIN
Contact: cllu@mail.nctu.edu.tw

INTRODUCTION
With the increasing number of sequenced genomes, the study of
genome rearrangement, which measures the evolutionary difference
between two organisms by conducting a large-scale comparisons of
their genomic data, has received a lot of attention in computational
biology and bioinformatics. One of the most promising ways to do
this research is to compare the orders of the identical landmarks
in two different genomes, where the identical landmarks can be
the homologous/conserved regions (including genes) shared by the
sequences. The genomes considered are usually denoted by a set of
ordered (signed or unsigned) integers with each integer representing
an identical landmark in the genomes and its sign (+ or −) indicating
the transcriptional orientation. Given a set of ordered landmarks from
each genome, many existing tools (Tesler, 2002; Pevzner and Tesler,
2003; Darling et al., 2004b) have focused on inferring an optimal
series of reversal events that transform one genome organization into
another, where the reversal events act on the genome by inverting
a contiguous interval of landmarks into the reverse order and also
inverting the orientation of each landmark. Other rearrangements
like transpositions (Bafna and Pevzner, 1998; Walter et al., 1998),
translocations (Hannenhalli, 1996; Kececioglu and Ravi, 1995),
fissions, fusions (Hannenhalli and Pevzner, 1995; Meidanis and
Dias, 2001) and block-interchanges (Christie, 1996; Lin et al., 2005)
have been proposed to determine the evolutionary distance between
two related genomes. Christie (1996) first introduced the block-
interchange events, a new kind of global rearrangements affecting on
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a genome by swapping two non-intersecting intervals of landmarks
of any length, and proposed an O(n2) time algorithm for solv-
ing the so-called block-interchange distance problem that is to find
a minimum series of block-interchanges for transforming one lin-
ear genome into another, where n is the number of landmarks. In
fact, the block-interchanges can be considered as a generalization
of the transpositions because the intervals of landmarks swapped
by a block-interchange event are not necessarily adjacent. Recently,
Lin et al. (2005) have designed a simpler algorithm for solving the
block-interchange problem on linear or circular genomes with time
complexity of O(δn), where δ is the the minimum number of block-
interchanges required for the transformation and can be calculated
in O(n) time in advance. They also demonstrated that the block-
interchange events seem to play a significant role in the evolution
of bacterial (Vibrio) species. Actually, the proof in the paper of
Lin et al. (2005) for showing their circular algorithm being able
to apply to linear chromosomes can be easily extended to prove that
the block-interchange problem on circular genomes is equivalent to
that on linear genomes. Here, we adopt their algorithms to imple-
ment the kernel of ROBIN (Rearrangement Of Block-INterchanges)
program for analyzing rearrangements of landmark orders between
two linear/circular chromosomal genomes via the block-interchange
events. In addition, by integrating Mauve (Darling et al., 2004a) into
our ROBIN system, not only landmark-order data but also sequence
data are allowed to be the input of ROBIN system. If the input is
sequence data, ROBIN can automatically search for the identical
landmarks that are the homologous/conserved regions shared by all
the input sequences.

For the landmarks used in the analyses of rearrangement among
genomes, we considered the exact matches such as the maximal
unique matches (MUMs) as in MUMmer (Delcher et al., 1999, 2002),
the approximate matches without gaps such as the yielding fragments
as in DIALIGN (Morgenstern et al., 1998; Morgenstern, 1999) and
LAGAN (Brudno et al., 2003), the approximate matches with gaps,
such as the hit fragments as in BLASTZ (Schwartz et al., 2003) or
the regions of local collinearity, such as the locally collinear blocks
(LCBs) as in Mauve (Darling et al., 2004a). Conceptually, an LCB
can be considered as a collinear (consistent) set of the multi-MUMs,
where multi-MUMs are exactly matching subsequences shared by all
the considered genomes that occur only once in each of genomes and
that are bounded on either side by mismatched nucleotides. Here, we
adopt the LCBs for representing the landmarks in genomes. The main
reason is that each LCB may correspond to a homologous region of
sequence shared by all genomes and does not contain any genome
rearrangements. In addition, Darling et al. (2004a) have implemented
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Genome rearrangement of block-interchanges

Fig. 1. The web interface of ROBIN.

a package called Mauve that contains a program which is able to
efficiently identify all the LCBs shared by all the large-scale genomes
being studied. Usually, each identified LCB is associated with a
weight that can serve as a measure of confidence that it is a true
homologous region rather than a random match, where the weight
of an LCB is defined as the sum of the lengths of multi-MUMs
in this LCB. The user can identify the larger LCBs that are truly
involved in genome rearrangement by selecting a high minimum
weight, whereas by selecting a low minimum weight, the user can
trade some specificity for sensitivity to identify the smaller LCBs
that are possibly involved in genome rearrangement. For the detailed
algorithm of computing LCBs, we refer the reader to the paper by
Darling et al. (2004a,b).

The kernel algorithms of ROBIN are written in C++ and the web
interface is written in PHP. It can be easily accessed via a simple
web interface (Fig. 1). The input of ROBIN can be two or more
linear/circular chromosomes with bacterial size that can be either
genomic sequences or unsigned integer sequences with each integer
representing an identical landmark on all input chromosomes. If the
input is genomic sequences, our ROBIN will automatically identify
all the LCBs (i.e. homologous/conserved regions) that meet the user-
specified minimum weight, where the minimum LCB weight is a
user-definable parameter and our ROBIN chooses its default to be
three times the minimum multi-MUM length. The output of ROBIN
is the block-interchange distance between any two input chromo-
somes and its optimal scenario of block-interchange rearrangements
for transforming one chromosome into another. Our ROBIN also
provides an online help with some testing examples to show the
user how to use this system. To test our ROBIN system, we rerun
the experiments conducted by Lin et al. (2005) for detecting the
evolutionary relationships among three human Vibrio pathogens,
V.vulnificus, V.parahaemolyticus and V.cholerae. Note that Lin et al.
used common MUMs, which were computed in advance with another
tool of finding consensuses or signatures among these three Vibrio
genomes, to represent the identical landmarks in their experiments.
In our experiments, however, we used as the landmarks the LCBs
that were automatically computed by our ROBIN system with default

parameters from three input Vibrio genomic sequences. Our exper-
imental results (whose details are shown in the ROBIN web site),
showing that the block-interchange distance between V.vulnificus
and V.parahaemolyticus is smaller than that between V.vulnificus
and V.cholerae and that between V.parahaemolyticus and V.cholerae,
indeed coincide with those obtained by Lin et al. (2005) and by Chen
et al. (2003).
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