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X-rated structure: gene order evolution
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X-rated structure

Gene order comparison in bacteria

Watanabe et al. (1997) J. Mol. Evol., 44:s57-s64.
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X-rated structure

Genomic dot plots (E. coli vs. V. cholerae)

Eisen et al. (2000) Genome Biology, 1:1–9.
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X-rated structure

Genomic dot plots (C. pneumoniae vs. C. trachomatis)

Eisen et al. (2000) Genome Biology, 1:1–9.
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X-rated structure

Genomic dot plots (C. pneumoniae vs. C. trachomatis)

Tillier & Collins (2000) Nature Genetics, 26:195–197.
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X-rated structure

Genomic dot plots (0157:H7 vs. O157:H7)
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X-rated structure

Genomic dot plots (0157:H7 vs. O157:H7)

Lobry & Louarn (2003) Curr. Op. Microbiol., 6:101-108.
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X-rated structure

Simulation of symmetric inversions
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Figure 4
Schematic model of genome inversions. The model shows an initial speciation event, followed by a series of inversions in the
different lineages (A and B). Inversions occur between the asterisks (*). Numbers on the chromosome refer to hypothetical
genes 1-32. At time point 1, the genomes of the two species are still co-linear (as indicated in the scatterplot of A1 versus
B1). Between time point 1 and time point 2, each species (A and B) undergoes a large inversion about the terminus (as
indicated in the scatterplots of A1 versus A2 and B1 versus B2). This results in the between-species scatterplot looking as if
there have been two nested inversions (A2 versus B2), similar to that seen for C. trachomatis versus C. pneumoniae (see
Figure 2). Between time point 2 and time point 3 each species undergoes an additional inversion (as indicated in the
scatterplots of B2 versus B3 and A2 versus A3). This results in the between-species scatterplots beginning to resemble an
X-alignment, similar to that seen in M. tuberculosis versus M. leprae (see Figure 2).
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X-rated structure

Three models for inversions
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Figure 2 
Plots of the relative positions of
orthologs in the Helicobacter pylori J99
and H. pylori 26695 genomes. The values
on the x and y axes represent the
positions of genes on chromosomes, in
base pairs. (a) The closest orthologs
(best matches) that have not switched
their positions between the leading and
the lagging DNA strands. (b) All
orthologs that have switched positions
between the leading and the lagging
DNA strands. The genome sequences
and orthologs, extracted from the
database of Clusters of Orthologous
Groups (‘COGs’) [12], were obtained
from the National Center for
Biotechnology Information [13].
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Figure 3 
Consequences of inversions at different locations in a prokaryotic chromosome.
The green arrows indicate sites of recombination. The black arrows represent a
sense strand of a gene. Note that if the sense strand is lying on the leading DNA
strand, the direction of transcription of the gene is the same as the direction of
replication-fork movement. (a) A symmetrical inversion encompassing the origin
of replication. After the inversion, the distances to the origin and the locations of
the genes do not change with respect to the leading and lagging DNA strands.
(b) The inverted region encompasses the origin but the origin is not located in the
center of this region. As a result, the lengths of replichores change and the
distances of the noninverted genes to the origin change, although the locations of
the genes do not change with respect to the leading and lagging DNA strands.
(c) An inversion within a replichore. The locations of genes within the inverted
sequence change with respect to the leading and lagging DNA strands.
Furthermore, genes located away from the center of the inverted region change
their distance from the origin.
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Mackiewicz et al. (2001) Genome Biology, 2:1–4.
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