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Each species has a unique genome structure that changes slowly with time. Genome of each
species is subjected to both the local and global mutations during the evolution. Local mutations
affect the genomes at a smaller scale and are more frequently occurring. On the other hand, genome
rearrangements affect the large segments of the genome and occur less frequently. Increasing
number of prokaryotic genomes and their comparison have revealed the presence of large number
of genomic rearrangements. The dynamic nature of bacterial genome is the result of
rearrangements, horizontal gene transfer and activity of the mobile genetic elements. Genome
rearrangements not only change the orientation but also the order of the genes on the chromosomes.
As genome rearrangements are rarer compared to the point mutations, therefore they can reveal
the important events that occurred during the course of evolution.

Several approaches have been proposed to identify the genome rearrangements, however most of
these approaches use only the pairwise comparison and consider the similar set of genes. I have
developed an algorithmic approach to identify the genome rearrangements in multiple bacterial
genomes considering highly conserved genes in a given set of genomes. Orthologous gene clusters
were used to identify the gene order in each genome which was used as an input to identify the
genome rearrangements. The obvious benefit of my approach is scalability: whole genome
comparison is difficult for many genomes using previous approaches comparing two genomes.
My method can handle hundreds of strains at the level of gene orders.

I have used Helicobacter pylori strains to demonstrate the use of my algorithm, as this bacterium
has a very diverse genomic structure. Using my algorithm, the geographically region-specific
rearrangements and those shared across continents were identified for 72 H. pylori strains in the
public repository. Region specific breakpoints were overrepresented in Asia and Australia whereas
all breakpoints were detected in Europe. Total 41 inversions were identified, 23 were shared
whereas 18 were strain specific. Strain from Europe and East Asia shared as many as 11 inversions.
Some inversions occurred more frequently and were found in strains from all geographical
locations except for Africa. Two specific inversions were associated with disease states such as

cancer. Three genomic loci were frequently involved in rearrangements (rearrangement hotspots)



in the analyzed strains. The pattern of inversions was most diverse in Japan probably because of
the larger number of sampling. The North American region also had the diverse inversion pattern
even though the number of samples was much smaller compared to Japan. This diversity occurred
maybe because of human migration. Many inversions in H. pylori strains were shared across
geographic regions, and only few were found to be geographically region-specific.

To identify the cause of rearrangements, the association of repeats, insertion sequences (IS) and
genomic islands (Gls) were investigated. The correlation between the number of repeats and
inversions was weak, suggesting that not only the occurrence of repeats but their relative position
is also important for the homologous recombination. Shared inversions tend to possess more
inverted repeats compared to the strain specific inversions. Beside this, world-wide inversion
breakpoints had more IS elements compared to others. Moreover, GIs were mostly associated with
region-specific and strain-specific breakpoints. Most of the shared inversions breakpoints
possessed the similar genomic elements with a few exceptions. This suggests that these elements
are well conserved irrespective of the different geographical region.

As some of the genome rearrangements were associated with the disease state, I performed the
analysis on a larger dataset, 123 Helicobacter pylori genomes to find the association of the
genomic features more specifically the genome rearrangements with the disease outcome.
Comparative analysis of the strains revealed the presence of certain group-specific genes. Most of
the identified inversions were shared and few were associated with the disease state. Weak
association between the genomic features and disease state might be because of the fact that the
disease outcome depends on several other factors such as environment, diet and host. Besides this,

several genomes with no disease state information also makes it difficult to draw some conclusions.
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