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Background & Objective

Mycobacterium avium subsp. paratuberculosis (Map) is the etiological agent of paratuberculosis or Johne’s
disease that causes chronic intestinal inflammation in ruminants (1,2). The IS9o0 insertion sequence, only
present in multiple copies in the chromosome of Map, was used as an epidemiological marker and target for
gPCR diagnosis but it biological role remains elusive (3,4). During its transposition, the IS may promote a
number of important genetic modifications with consequences in the host-pathogen evolution of the strain
(5,6). Thanks to the development of sequencing technologies, the number of available Map genomes is
increasing rapidly, which makes it easy to analyze the distribution of IS9o0 in this slow-growing bacterium.

The objective of this study is to use bioinformatics approaches to study the 1S9o00 distribution in the genome
of Map strains. In this study we included the genomes of strains belonging to the three genetic lineages that
emerged in Map. These lineages are classified as S-type (including subtype | and Ill) (ovine) and C-type
(bovine) strains. As a secondary goal, a tool will be develop to automate the in silico restriction fragment
length polymorphism (RFLP) analysis using 1S90o0.

Figure 2. Distribution of 1S900 copies on Map genomes
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Mauve alignment of K-10 (top) (7) with Telford (middle) (8) and S397 (bottom) (9) showing genomic reorganization of the
genomes. The colored boxes represent homologous regions present in each genome. Blocks below the centerline indicate
regions with inverse orientation. Regions outside the blocks lack homology between the genomes. Within each block there is
a similarity profile of the DNA sequences and the white areas indicate sequences specific to a genome. The scale is in base
pairs. Orthologous insertions are indicated, by a green arrow, specific insertions are indicated by a orange arrow and
conserved loci only in two genomes by a blue arrow.
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Figure 3. 1S900 restriction fragment length polymorphism (RFLP) “in vitro”
versus “in silico”
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(A) An in silico RFLP analysis was developed using complete genomes. This automated procedure identified the BstEll restriction
sites to obtain the exact size of all DNA fragments carrying a copy of the IS9oo sequence. IS9oo RFLP profiles were compared

using fragment sizes (A) or (B) by digital visualization of the restriction fragments separated according to their size by mimicking
their migration in agarose gel. (C) The IS9oo RFLP profiles obtained by classical Southern blot method and hybridization to 1S9o0
were used to find the approximate fragment sizes by band analysis software (D)
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Figure 1. Materials and methods

Type
Subtype I
IS900 BstEIl RFLP profile S1
Number of bands detected in vitro 17
Number of bands detected in silico 22
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(A) Table 1: details of the strains/genomes used and information on the number of
copies of the IS900. (B) Details of steps performed by the 1S9oo RFLP in silico
pipeline

Figure 4. Comparison of digital profiles with the
existing profiles in the database
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UPGMA dendrogram based on 1S9o0 RFLP typing using BstEll (10).
Profiles obtained in silico can be included and compared to those
obtained by classical technic (dark brackets)

Results

» The program developed in this study allowed to automatically
locate the sequences of the 1S900, to know their positions and
their number.

studied.

studied.

coding sequences

digital visualization mimicking their migration in agarose gel.

Between 16 to 22 copies of the IS9oo were found in the genomes
Nine insertion site locations were conserved across all genomes
Analysis of insertion sites reveal that 1S9o0 rarely insert within

The in silico 1IS9oo RFLP profiles can be compared by size or by

/ Conclusion & Perspectives

*This study provide a new tool make it possible to automate the IS9o0 distribution analysis in Map genome to enrich our knowledge on the dynamics of distribution of this IS for epidemic

purpose in link of the evolution within Map species and study the biological implication of the presence of this 1S90o0.

*The profiles and digital profiles can be compared to the many existing profiles in the literature using our dedicated application:

*More genomes will be analyzed (particularly type S) to determine if there is any correlation between copy number and host lineage.
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