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Abstract. Genome sequence of Acinetobacter baumannii DS002 revealed the existence of seven contigs with features of indigenous
plasmids. Of the seven contigs, three of them have shown size and sequence identity. They appeared to have been generated due to the
unique recombination events leading to a large-scale recombination and sequence inversions. The rest of the indigenous plasmids have
shown signiﬁcant size variations and contained the genetic repertoire required for the detoxiﬁcation of formaldehyde and biosynthesis of
exopolysaccharides. Genetic modules encoding novel toxin–antitoxin systems were found in most of the plasmids to ensure their survival in
the host. In some instances, the toxin and antitoxin coding sequences were found on two different plasmids promoting the cosegregation of
these two plasmids into the daughter cells.
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Introduction
The extrachromosomal genetic elements, also known as plasmids, are seen in all three domains of life, i.e. bacteria, archaea,
and eukarya (Funnell and Phillips 2004; Shintani et al. 2015).
In bacteria, some of these circular DNA often contain a genetic
repertoire that facilitates the survival of the host under adverse
physiological conditions (Groisman and Ochman 1996).
Plasmids along with other mobile genetic elements (MGEs),
such as integrative mobilizable elements, transposons, and
bacteriophages play a signiﬁcant role in horizontal gene
transfer (HGT). Especially, the self-transmissible plasmids,
due to the existence of type 4 secretory system (T4SS) contribute to horizontal gene transfer (HGT) of genes among
bacterial strains that have either weak or no taxonomic relationship (Heinemann 1991; Bates et al. 1998; Alvarez-Martinez and Christie 2009). The observed genome plasticity and
exchange of genes that code for ecologically important phenotypes in bacteria is due to plasmid-mediated HGT (Darmon
and Leach 2014). Genes coding for antibiotic resistance, virulence and novel catabolic pathways are frequently transferred
among bacterial strains which improve their survival ability in
a variety of ecological niches (MacLean and San Millan 2015;

Dimitriu et al. 2016). Lateral mobility and subsequent integration of these ecologically signiﬁcant genes into the genomes
of recipient bacterial strains have contributed to the rapid
bacterial evolution resulting in the emergence of strains with
increased pathogenicity or multidrug resistance (Aminov
2011). The self-transmissible plasmids contain an origin of
transfer (oriT), along with genes coding for conjugal transfer
protein (MoB) and a unique secretary system, otherwise
known as the T4SS. In contrast, the mobilizable plasmids
contain just oriT and mob genes and depend on a compatible
plasmid present in the same host for the T4SS (Smillie et al.
2010). The mob gene encoding relaxase is a sequence-speciﬁc
endonuclease which prepare plasmids for lateral mobility by
generating a nick at oriT (Shintani et al. 2015).
Plasmids are traditionally classiﬁed into various incompatibility (Inc) groups by using replicon typing (Johnson and
Nolan 2009; Orlek et al. 2017). The Inc group-based classiﬁcation of plasmids helps to predict their host range and their
ability to spread among different taxa. The replicon typing was
successfully used to classify the indigenous plasmids of
Pseudomonas, Staphylococcus and Enterobacteriaceae into
14, 18 and 27 Inc groups, respectively (Lipps 2008; Carattoli
2009; Shintani et al. 2015; Kwong et al. 2017).
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The species Acinetobacter baumannii includes *2500
strains and most of them are reported to be opportunistic
pathogens which are known to cause nosocomial infections
(Peleg et al. 2008; Yakkala et al. 2019). These clinically
signiﬁcant bacterial strains survive in diverse habitats by
thriving on a variety of carbon sources and show the ability
to quickly adapt to pathogenic lifestyle (Antunes et al. 2014;
Yakkala et al. 2019). We have recently reported the genome
sequence of A. baumannii strain DS002 isolated from pesticide polluted agricultural soils. It survives on a variety of
toxic and recalcitrant carbon compounds and uses phenolic
compounds as a sole source of carbon by using the genetic
repertoire found on genomic islands (Yakkala et al. 2019).
However, these laterally acquired genes are found on chromosomes. Although A. baumannii DS002 genome sequence
contained contigs with features of indigenous plasmids, no
comprehensive analysis was undertaken to explain their
physiological signiﬁcance. The present study reports replicon typing and genome-guided prediction of their functions.
The genetic repertoire of indigenous plasmids of A. baumannii DS002 contributes to formaldehyde degradation and
complements genomic DNA in the biosynthesis of
exopolysaccharides. Some of the plasmids also have a gene
pool required for their lateral mobility. As revealed by GC
skew and gene sharing network, these mobilizable plasmids
seem to have acquired genes from other plasmids identiﬁed
in A. baumannii strains isolated from different continents.

Materials and methods
Plasmid sequencing, assembly and annotation

The genome of A. baumannii DS002 was sequenced and
assembled following the methods mentioned elsewhere
(Yakkala et al. 2019). Brieﬂy, the genomic DNA of
A. baumannii DS002 was subjected to sequencing on a
PacBio platform. The raw reads obtained were assembled by
Canu 1.8 assembly pipeline using HISEA read overlapper
(Khiste and Ilie 2017; Koren et al. 2017). The assemblies
were annotated using Prokka v1.12 (Seemann 2014) and
Prodigal 2.6.1 pipelines (Hyatt et al. 2010).

described elsewhere (Suzuki et al. 2010). The complete
sequences of 84 reference plasmids were downloaded from
NCBI to generate a local database. A local BLAST was run
against the generated database with an E-value cut off of
1e-3 to determine the similarity between the replicative
machinery of A. baumannii DS002 plasmids and the representatives of various incompatibility group plasmids. The
incompatibility groups were assigned to the A. baumannii
DS002 plasmids based on sequence similarity with the reference plasmids.
Annotation of plasmid-encoded genes

To elucidate the physiological signiﬁcance of indigenous
plasmids of A. baumannii DS002, the individual plasmid
sequences were screened to identify functionally annotated
genes by using Prokka annotation. As most of the plasmids
contained genes encoding hypothetical proteins, a protein
BLAST search was performed. Individual protein sequences
were retrieved from these hypothetical protein-coding genes
to perform BLASTP analysis. If these retrieved sequences
showed 70% sequence similarity with plasmids identiﬁed in
different species of the genus Acinetobacter with the functionally characterized subject protein sequence, a putative
function was assigned to a gene encoding a hypothetical
protein.
Comparative genomics of A. baumannii DS002 plasmids

The sequence relationship of A. baumannii DS002 plasmids
with the plasmids identiﬁed in different species of the genus
Acinetobacter was established by performing comparative
genomics. Initially, a local plasmid sequence database was
generated by downloading all 493 plasmid sequences of
Acinetobacter species retrieved from the NCBI database.
Each one of the A. baumannii DS002 plasmids was then
subjected to a local BLASTP search against the generated
database. The top ﬁve sequences obtained from the local
BLAST with an E-value cut-off of 1e-3 were considered for
visualization. A visual map showing sequence similarities
among the top ﬁve plasmids were generated using BLAST
Ring Image Generator (BRIG) tool (Alikhan et al. 2011).

Prediction of replicative origins

The origin of vegetative replication (oriV) was predicted by
performing the GC skew analysis. Further, the iteron sequences
found in oriV were mapped on plasmids using the dot plot
module of the GenomeMatcher tool (Ohtsubo et al. 2008).
Replicon typing of A. baumannii DS002 plasmids

The incompatibility groups were assigned to the indigenous
plasmids of A. baumannii following the procedures

Network construction

Initially, the protein sequences encoded by all 493 plasmids
of Acinetobacter species were downloaded (*27000 proteins) and a protein BLAST was performed against the
proteome encoded by all ﬁve indigenous plasmids of
A. baumannii DS002. In detail, each A. baumannii DS002
plasmid-encoded protein sequence was used to perform an
all-against-all protein BLAST by creating a local database of
the 27000 proteins. The BLAST output containing proteins
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with 100% identity was then parsed into a separate group.
The group formed with identical proteins indicate the existence of genes coding identical proteins on various plasmids
and indicates the possibility of lateral mobility among
A. baumannii plasmids. Therefore, the parsed BLAST outputs were transformed into a gene-sharing network and
visualized using Cytoscape and Gephi visualization programs. Thus, a network was generated using plasmids as
nodes. These nodes (plasmids) were then linked based on the
shared protein content. The shared protein content was
determined based on sequence identify among proteins
coded by different plasmids.

Results and discussion
Size and GC content

A previous study from our laboratory has shown the existence of several indigenous plasmids in A. baumannii
DS002. We have also rescue cloned and propagated some of
them in E. coli cells (Longkumer et al. 2013). Recently we
have determined the complete genome sequence of A. baumannii DS002 (Yakkala et al. 2019). The de novo assembly
of the PacBio raw reads obtained from the genome sequence
of A. baumannii DS002 genome and the Canu-HISEA
pipeline generated eight completely circularized contigs. The
largest among them was a chromosome with a circular
length of 3,430,798 bps (GenBank ID: CP027704.1). The
remaining seven circular contigs showed existence of
sequence motifs that are typically seen in the replicative
origins (oriV) of bacterial plasmids (del Solar et al. 1998).
Some of them have even matched in size with the rescue
cloned plasmids (Longkumer et al. 2013). Interestingly, of
these seven circular contigs, three (contig 5, 6 and 7) were
found to be similar in size (11291, 11288 and 11290 bps),
and showed 100% sequence identity. As assembling of these
three identical plasmids into independent contigs is unusual,
we have taken a closer look at the sequences of all the three
contigs. Although the size and sequences were similar, there
exist large scale genetic rearrangements, random inversions
among these three contigs. We have therefore, considered
these three contigs as one and designated all of them as
plasmid pTS11291 (11291 bps). The other plasmids were
named as pTS4586 (4586 bps), pTS9900 (9900 bps),
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pTS37365 (37365 bps) and pTS134338 (134338 bps). The
basic characteristic features of these indigenous plasmids are
shown in table 1.
Plasmid classiﬁcation

After the initial characterization, the plasmids were assigned
to incompatibility groups based on replicon typing (Suzuki
et al. 2010). We assigned IncH to pTS9900, IncN to
pTS11291, IncF to pTS37365 and Ri/Ti type to plasmid
pTS134338. Due to the lack of rep and par genes, the
plasmid pTS4586 could not be assigned to any of the known
incompatibility groups following the replicon typing
method. We have observed that only smaller plasmids
pTS4586, pTS9900 and pTS11291 contained mobilization
modules, which includes oriT and mob genes. However,
none of them were found to contain genetic machinery to
code for T4SS. In the absence of sequences coding T4SS,
these three plasmids appear to depend on helper plasmids
with T4SS for their horizontal transfer. However, none of the
larger plasmids, pTS37365 and pTS134338 showed the
presence of mob gene and oriT region indicating the nonmobilizable nature of these plasmids.

Genomics of A. baumannii DS002 plasmids

Further analysis was conducted on plasmid sequences to
gain insights on functional genomics of A. baumannii
DS002 plasmids. Prokka pipeline has shown the presence of
eight genes in plasmid pTS4586. Of them, only the mobA
gene encoding relaxase has an established function. The
remaining seven genes were shown as hypothetical proteincoding genes (table 1). Predicted amino acid sequences of
these remaining seven genes were then used to perform
BLAST analysis. One among them has shown clear
homology to TraD, also known as coupling protein. The
TraD plays a critical role in the lateral mobility of the
plasmids (Disque-Kochem and Dreiseikelmann 1997). It
interacts with Mob protein covalently linked to the nicked
oriT and membrane-associated T4SS creating a platform for
lateral mobility of plasmids. As it couples nicked plasmid to
T4SS, the TraD is called the coupling protein (Wong et al.
2012).

Table 1. Details of the A. baumannii DS002 plasmids.
Plasmid
pTS4586
pTS9900
pTS11291
pTS37365
pTS134338

Sizes (bp)

GenBank IDs

GC%

Coding gene

Plasmid Inc. Grps

4586
9900
11291
37365
134338

CP042206.1
CP042207.1
CP042208.1
CP042209.1
CP042210.1

37.98
35.33
38.31
35.57
40.40

8
13
16
42
142

–
Inc H
Inc N
Inc F
Ri/Ti type plasmid
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The BLAST search has also indicated presence of BrnT
toxin homolog among pTS4586 encoded proteins. The BrnT
belongs to the type II toxin–antitoxin (TA) system which is
always associated with antitoxin BrnA. However, there was
no antitoxin brnA coding sequence in plasmid pTS4586. To
gain further information on the evolutionary relationship, the
sequence of pTS4586 was aligned with 493 plasmid
sequences identiﬁed in members of the Acinetobacter genus.
The top ﬁve most signiﬁcantly similar plasmid sequences
were taken to generate BLAST ring image generator (BRIG)
image to visualize their similarity with pTS4586 (ﬁgure 1).
Plasmid pTS4586 was found to be signiﬁcantly similar to an
unnamed plasmid, identiﬁed in a multidrug-resistant
A. baumannii strain B11911, which was isolated from a
patient with bloodstream infection (Balaji et al. 2015).
Remaining plasmids that showed similarities with pTS4586
were the native plasmids of A. chinensis strain
WCHAc010005 and A. lwofﬁi. About 1000-bp sequence of
pTS4586 remained unique and did not show sequence

similarity to any of the ﬁve plasmids. This unmatched region
codes for two hypothetical proteins (QDX16345.1 and
QDX16346.1).
The prokka pipeline predicted the existence of 13 and 16
genes on plasmids pTS9900 and pTS11291, respectively.
However, the prokka pipeline assigned function to only two
pTS9900 encoded genes (mobA and repE) and the rest of the
11 genes were annotated as hypothetical protein-coding genes.
However, the BLAST analysis revealed the existence of genes
encoding BrnT/BrnN toxin–antitoxin module along with a
gene coding for XRE type of transcriptional regulator. Likewise, in plasmid pTS11291, of the 16 identiﬁed genes, the
prokka pipeline has showed the existence of mobA, repE, higA
and higB genes, whereas the BLAST analysis indicated the
presence of genes coding BrnT/BrnN, transposase and MobS.
Neither prokka nor BLAST assigned any functions to the rest
of the genes predicted in plasmids pTS9900 and pTS11291
and hence annotated them as hypothetical protein-coding
genes. BRIG analysis showed plasmids pPB364_2, p597A-

Figure 1. BRIG analysis of plasmid pTS4586. The concentric rings indicate sequence similarity among the top ﬁve homologues of
plasmid pTS4586. Lack of colour in a ring indicates the absence of the corresponding region in pTS4586 homologues.
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Figure 2. BRIG analysis of plasmid pTS11291. The concentric rings indicate sequence similarity among the top ﬁve homologues of
plasmid pTS11291. Lack of colour in a ring indicates the absence of the corresponding region in pTS11291 homologues.

14.8 and pB8300 isolated from A. baumannii strains PB364,
MRSN15313 and B8300, respectively as the closest homologs of pTS11291 (ﬁgure 2). However, the homology was not
seen throughout the plasmid and is conﬁned only to certain
parts of the pTS11291 sequence, suggesting that the
pST11291 is generated due to extensive recombination among
these plasmid sequences.
The plasmid pTS9900 showed high similarity to the plasmid
pB8300 identiﬁed in A. baumannii strain B8300 isolated from
blood samples (Vijaykumar et al. 2015). The other plasmids that
show signiﬁcant similarity to pTS9900 were from the strains of
A. pittii (WCHAP100004, WCHAP100020, WCHAP005046
and AP_882). Although the source of isolation is unknown, the
strains of A. pittii are frequently seen in blood samples of
infected patients. However, a 2.00 kb region showed no
sequence similarity to any of the ﬁve close homologs of
pTS9900 (ﬁgure 3). This unique region contains three genes
that code for hypothetical proteins (protein ID: QDX16353.1,
QDX16356.1 and QDX16357.1).

Plasmid pTS37365 has a role in the cell wall and EPS
biosynthesis

A total of 41 genes have been identiﬁed in plasmid
pTS37365 by using prokka annotation pipeline. Of them
only two are assigned with a known function and the
remaining 39 were annotated as hypothetical protein-coding
genes. The two proteins annotated by prokka pipelineare
lytic transglycosylase and L-alanyl-D-glutamate endopeptidase. These two enzymes fall into the broad category of
bacterial peptidoglycan hydrolases which are primarily
capable of cleaving the polymeric peptidoglycan (Lamers
et al. 2015). Speciﬁcally, the lytic transglycosylases (LT)
cleave the b-1,4 linkage between the N-acetyl muramic acid
(NAM) and N-acetylglucosamine (NAG) residues of peptidoglycan resulting in the generation of 1,6-anhydromuropeptides leading to the separation of daughter cells after
cell division (Lamers et al. 2015). The LTs are involved in
localized degradation of peptidoglycan, which facilitates
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Figure 3. BRIG analysis of plasmid pTS9900. The concentric rings indicate sequence similarity among the top ﬁve homologues of
plasmid pTS9900. Lack of colour in a ring indicates the absence of the corresponding region in pTS9900 homologues.

extrusion of pilus like structures involved in mobility. The
LT negative background generated nonmotile A. baumannii
strain M2 (Clemmer et al. 2011). The L-alanyl-D-Glutamate
endopeptidase (CwlK) is reported to hydrolyze the peptide
bond found between L-alanine and D-glutamic acid residues
present in the stem of peptidoglycan (Fukushima et al.
2007). Such cleavage is critical for expanding the size of the
peptidoglycan capsule during cell division (Vollmer et al.
2008). Of these, only two enzymes are involved in cell wall
biosynthesis on the indigenous plasmid pTS37365, which
highlights its physiological signiﬁcance in A. baumannii
DS002. The presence of such hydrolases on plasmids is not a
new phenomenon, their existence on plasmids has already
been reported in Bacillus anthracis (Mesnage and Fouet
2002) and Agrobacterium tumefaciens (Vollmer et al. 2008).
In addition to the genes coding cell wall biosynthesis, a
homolog of EpsG, the enzyme that catalyzes the second step
of exopolysaccharide biosynthesis by transferring N-acetylgalactoseamine moiety to b–galactoside linked onto a lipophilic carrier is identiﬁed among the pTS37365 encoded

proteins (Stingele et al. 1999). Interestingly, we have identiﬁed the complete genetic repertoire (epsDEFL) required for
EPS biosynthesis on the chromosome (GenBank ID:
CP027704.1). However, the epsG was missing in the chromosome borne EPS gene cluster. The presence of epsG on
pTS37365 plasmid appears to complement the chromosome
borne EPS gene cluster to facilitate biosynthesis of EPS in A.
baumannii DS002. Further, the BLASTP analysis of hypothetical protein sequences revealed the existence of a
homolog of anti-restriction protein, ArdA in plasmid
pTS37365. Association of ArdA coding genes with mobile
elements like transposons and plasmids is a known phenomenon (Nekrasov et al. 2007). The anti-restriction proteins like ArdA help the foreign DNA to evade the hostmediated restriction system and facilitate during successful
integration or maintenance of laterally transferred genes in
recipient bacteria (Chen et al. 2014). The presence of such
anti-restriction proteins on the plasmid pTS37365 appears to
promote its lateral mobility among the microbial community.
In the absence of signiﬁcant homology, no conclusions can
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be drawn on the functional status of other proteins encoded
by plasmid pTS37365. However, to some extent, most of
them share weak homology (37%) to the proteins encoded
by phages. The BRIG analysis showed no signiﬁcant
homology between pTS37365 and 493 plasmids found in
Acinetobacter species (ﬁgure 4).
pTS134338 confers a selective advantage to A. baumannii
DS002

The plasmid pTS134338 is the largest among the indigenous
plasmids found in A. baumannii DS002. It contains 142
genes, of which 62 showed signiﬁcant homology to the
functionally characterized genes. Plasmid pTS134338 codes
for alcohol dehydrogenases (Zn type) and quinone oxidoreductases. These two enzymes play a crucial role in
cellular respiration and prevent the generation of reactive
oxygen species (Spero et al. 2015; Dai et al. 2016). They
play a key role in maintaining the redox environment of the
organism. It also contains an frm cluster containing frmR,
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frmA and frmB genes involved in glutathione–dependent
degradation of toxic formaldehyde. The frmR codes for a
transcriptional repressor frmA and frmB encode S-hydroxymethylglutathione dehydrogenase and S-formylglutathione
hydrolase, respectively. Endogenously, formaldehyde is
generated during methionine, histamine, methanol and
methylamine metabolism (Marx et al. 2003; Chen et al.
2016). It is also generated during spontaneous dissociation
of 5,10-methylenetetrahydrofolate and during oxidative
demethylation of DNA and RNA molecules (Bochtler et al.
2017). Formaldehyde is a highly reactive chemical and
irreversibly cross-links protein and DNA molecules. Due to
its toxic nature, the endogenously generated formaldehyde
has to be eliminated to rescue the cells from its toxic effects.
Therefore, presence of frm operon in plasmid pTS134338
acquires physiological signiﬁcance. The glutathione-dependent formaldehyde degradative pathway of formaldehyde
has been reported in organisms belonging to all domains of
life including in E. coli and is the only cellular mechanism
available for degradation of endogenously generated
formaldehyde (Gonzalez et al. 2006). During the degradative

Figure 4. BRIG analysis of plasmid pTS37365. The concentric rings indicate sequence similarity among the top ﬁve homologues of
plasmid pTS37365. Lack of colour in a ring indicates the absence of the corresponding region in pTS37365 homologues.
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Figure 5. BRIG analysis of plasmid pTS134338. The concentric rings indicate sequence similarity among the top ﬁve homologues of
plasmid pTS134338. Lack of colour in a ring indicates the absence of the corresponding region in pTS134338 homologues.

process, the spontaneously generated formaldehyde reacts
with glutathione (GSH) to form S-hydroxymethyl glutathione. It is then oxidized by formaldehyde dehydrogenase
(FrmA) to S-formylglutathione. The generated S-formylglutathione is subsequently hydrolyzed to formate and GSH
by S-formylglutathione hydrolase (FrmB).
The plasmid pTS134338 appears to play a role in cellular
respiration. It contains a nemRA operon involved in the
reduction of electrophiles, especially quinones and glyoxals,
to maintain the intracellular redox balance. Bacterial resistance to bleach and other reactive chlorine species is also
conferred due to the presence of nemRA operon (Gray et al.
2013). Plasmid pTS134338 also contains genes to encode
multicomponent aromatic ring hydroxylating enzymes.
These hydroxylases catalyze reductive dihydroxylation of
aromatic compounds involving molecular oxygen. They
generate cis-diols from a variety of aromatic compounds
which are further metabolized into catechols (Resnick and
Resnick 2004).
The most interesting plasmid pTS134338 contains genetic
capability (tatABC) to code for twin-arginine transport (TAT)

translocases, the protein secretory pathway exclusively
involved in the transport of pre-folded proteins (Lee et al.
2006). The TAT pathway is dedicated to translocate protein
complexes and proteins containing large cofactors across
inner membrane (Lee et al. 2006). In certain extremophiles,
they also transport extracellular proteins as they fail to
acquire folded conformation under extremely harsh environments (Rose et al. 2002). In general, this vital information is found only on the chromosome and to the best of our
knowledge plasmid borne tat operon is not found in the
genomes of any bacteria. The tat operon is only found on the
indigenous plasmid pTS134338 in A. baumannii DS002. In
the absence of chromosomally encoded TAT machinery, the
plasmid pTS134338 appears to be vital for the survival of
the organism in harsh environments. Likewise, plasmid
pTS134338 also coded for a serine protease, HhoB which
plays a key role in the degradation of misfolded proteins
found in periplasmic space (Pallen and Wren 1997).
The BRIG map suggests interesting aspects about the
evolution of pTS134338. None of the 493 plasmids of
Acinetobacter show homology extending the complete
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Figure 6. Gene-sharing network. The red dots represent indigenous plasmids of A. baumannii DS002 and each blue dots represent 493
plasmids of Acinetobacter species included in the gene-sharing network. The number of white edges (connections) between the blue and
red dots indicates the number of proteins with 100% identity.

length of pTS134338 (ﬁgure 5). However, it contains highly
similar sequences that are found in Acinetobacter plasmids
isolated from different habitats suggesting generation of
plasmid pTS134338 through extensive genetic recombination. It showed the most signiﬁcant identity to a plasmid
found A. baumannii strain FDAARGOS_533, isolated from
sputum. Likewise, it contains sequences that signiﬁcantly
match with plasmid sequences isolated from different environmental sources (ﬁgure 5). Nearly 30 kb of the plasmid
remained unmapped to any Acinetobacter plasmids and this
unique region codes for proteins, transporters and
monooxygenases that are involved in the catabolism of rare
and recalcitrant aromatic compounds. Plasmid pTS134338,
therefore, seems to be essential for the survival of A. baumannii DS002.
Gene-sharing networks

Finally, we wanted to know the evolutionary and functional
relationship of these ﬁve indigenous plasmids of A. baumannii DS002 with the rest of the 493 plasmids identiﬁed in
Acinetobacter species. A gene-sharing network was generated including all ﬁve A. baumannii DS002 plasmids, represented as vertices or nodes and gene sharing as edges as
described in the materials and methods section. The 100%
gene-sharing network indicated that at least three or more
proteins from all plasmids except pTS37365 showed 100%
identity to proteins of other plasmids (ﬁgure 6). None of the
proteins present in pTS37365 showed 100% identity to any
protein from the Acinetobacter genus plasmids and thus was
missing from the network. Such a unique gene pool of

plasmid pTS37365 suggests its novel origin, perhaps originated away from the Acinetobacter plasmid pool. The proteins that share 100% identities among Acinetobacter
plasmid pool belongs to either transposases or hypothetical
proteins and are known to play a key role in mediating
unique genetic recombination events. These proteins, together with lateral mobility of plasmids might have played a
signiﬁcant role in gathering the unique gene pool during
their lateral mobility.
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