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Abstract

Background:Due to its rapid lethal effect in the early development stage of shrimp, acute hepatopancreatic
necrosis disease (AHPND) has been causing great economic losses, since its first outbreak in southeast China in
2009.Vibrio parahaemolyticus, carrying thepirA andpirB toxin genes is known to cause AHPND in shrimp. The
overall objective of this study was to sequence the whole genome of AHPND positiveV. parahaemolyticusstrains
isolated from shrimp (Peneaus monodon) of the south-west region of Bangladesh in 2016 and 2017 and
characterize the genomic features and emergence pattern of this marine pathogen.

Results:Two targeted AHPND positiveV. parahaemolyticusstrains were confirmed using PCR with 16S rRNA,ldh,
AP3 and AP4 primers. The assembled genomes of strain MSR16 and MSR17 were comprised of a total of 5,393,740
bp and 5,241,592 bp, respectively. From annotation, several virulence genes involved in chemotaxis and motility,
EPS type II secretion system, Type III secretion system-1 (T3SS-1) and its secreted effectors, thermolabile hemolysin
were found in both strains. Importantly, the ~ 69 kb plasmid was identified in both MSR16 and MSR17 strains
containing the two toxin genespirA andpirB. Antibiotic resistance genes were predicted against� -lactam,
fluoroquinolone, tetracycline and macrolide groups in both MSR16 and MSR17 strains.

Conclusions:The findings of this research may facilitate the tracking of pathogenic and/or antibiotic-resistantV.
parahaemolyticusisolates between production sites, and the identification of candidate strains for the production of
vaccines as an aid to control of this devastating disease. Also, the emergence pattern of this pathogen can be
highlighted to determine the characteristic differences of other strains found all over the world.

Keywords:Vibrio parahaemolyticus, Acute hepatopancreatic necrosis disease, AHPND, Genome sequencing,
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Background
Asian shrimp farming industry has encountered enor-
mous production losses because of aVibrio caused dis-
ease, known as the early mortality syndrome/acute
hepatopancreatic necrosis disease (EMS/AHPND) [1].

AHPND is a shrimp bacterial disease which causes high
mortality of cultivated penaeid shrimps commonly occur
within the first 30 days after stocking in grow-out ponds
[2]. Since 2009, AHPND was first recorded in shrimp
farms of southern China [3], in 2010 in Island of Hainan
[2], in Vietnam and Malaysia in 2011 [4] and subse-
quently it spread in the eastern part and other culture
areas of Thailand in 2012 [4]. Worldwide the production
loss of shrimp farming due to AHPND was estimated at
about more than $1 billion per year [5]. In Bangladesh,
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AHPND positive Vibrio parahaemolyticuswere first re-
ported in 2017 [6].

The AHPND affected shrimp shows a pale and atro-
phied hepatopancreas along with an empty stomach and
midgut [3]. The moribund shrimps usually harbor some
pathological features like- enlarged hepatopancreatic
nuclei, sloughed HP cells-blister-like (B), fibrilla (F), re-
sorptive (R) cells, and the diseased shrimps frequently
suffer from secondary bacterial infections [3]. The causa-
tive agent of AHPND in shrimp isVibrio parahaemolyti-
cus; a gram-negative rod-shaped bacterium mainly
inhabitant in warm marine and estuarine environment,
and distributes throughout the world [3, 7]. AHPND
causingV. parahaemolyticuspossesses ~ 69 kb plasmid
encoding toxin genespirA and pirB [3, 8] which are
similar to Photorhabdus insect-related (pir) toxin [9]
which is one of the major causal factors reported. More-
over, two sets of the type III secretion system (T3SS1
and T3SS2) possessed byV. parahaemolyticusare also
considered as an important virulence factor of this or-
ganism [10]. Though all strains ofV. parahaemolyticus
contain T3SS1, only the human clinical strains possess
T3SS2 [10]. AHPND positive V. parahaemolyticus
strains do not contain TDH, TRH, and T3SS2 which are
known virulence factors affecting humans [11]. Amplifi-
cation of species-specific geneldh (lecithin dependent
hemolysin) [12] is utilized to detectV. parahaemolyticus
isolates whereas AP3 [13] and AP4 [14] primers are
commonly used to identify the AHPND positive strains.

Nowadays, whole genome sequencing (WGS) has
become a popular tool for the identification and detec-
tion of bacterial outbreaks in aquaculture [15]. In whole
genome sequencing, all of the single nucleotide poly-
morphisms (SNPs) are used to confirm the epidemio-
logical links of outbreak strains with higher typing
resolution [16]. In this study, we have sequenced two
AHPND positive V. parahaemolyticusstrains (MSR16
and MSR17) which were isolated from shrimp farms of
the south-west region of Bangladesh and this is the very
first genome sequencing report of AHPND positiveV.
parahaemolyticus strains isolated from shrimps of
Bangladesh. Subsequently, we analyzed their genomic
features associated with virulence and other factors.
Finally, we have performed phylogenetic analyses using
several genomic features of this bacteria to find out the
relations between the outbreak causing strains around
the globe with our sequenced strains.

Results
Identification of the AHPND positive strains
Molecular identification and characterization of sus-
pected AHPND positive V. parahaemolyticusisolates
were done using 16S rRNA,ldh, AP3 and AP4 primers
PCR (Fig. 1). MSR16 (isolated in 2016) and MSR17

(isolated in 2017) strains were finally sequenced for
whole genome sequencing.

Features of the assembled genomes
The genomes were assembled into 108 contigs in MSR16
strain and 66 contigs in MSR17 strain. The largest contigs
size for MSR16 strain was ~ 1.9 Mbp; and ~ 1.7 Mbp for
MSR17 strain. The total GC content was 45.09 and
45.19% for MSR16 and MSR17 strains, respectively. The
total genome size of MSR16 was ~ 5.4 Mbp; and ~ 5.2
Mbp for MSR17. MSR16 was found comprised of two
circular chromosomes with a length of ~ 3.4 Mbp, ~ 1.8
Mbp while the genome of MSR17 was comprised of
similar two circular chromosomes with a length of ~ 3.4
Mbp, ~ 1.7 Mbp. Both MSR16 and MSR17 contain a plas-
mid with a length of ~ 68 Kbp and ~ 66 Kbp, respectively
(Fig. 2). Comparing the genomes, it was observed that
chromosome 2 of MSR16 strain has an extra ~100Kb re-
gion. More information about MSR16 and MSR17 ge-
nomes are given in Table1.

The plasmid of MSR16 contains total 87 genes of
which 58 genes are hypothetical protein (67%), 5 repeat
regions (6%), 7 conjugative transfer proteins (8%), 3 mo-
bile element protein (3%), 2 antirestriction protein (2%),
2 toxin genes (pirA and pirB) and 10 other genes (11%).
The plasmid of MSR17 contains total 88 genes of which
57 genes are hypothetical protein (65%), 6 repeat regions
(7%), 7 conjugative transfer proteins (8%), 3 mobile
element protein (3%), 2 antirestriction protein (2%), 2
toxin genes (pirA and pirB) and 11 other genes (13%).

Out of the RAST server predicted 406 subsystems,
MSR16 strain possesses 74 responsible for virulence, dis-
ease, and defense; five for phages, prophages, transpos-
able elements and plasmids; 28 for iron acquisition and
metabolism; and 125 for motility and chemotaxis. While
out of the predicted 403 subsystems, MSR17 strain con-
tained 74 responsible for virulence, disease and defense;
10 for phages, prophages, transposable elements and
plasmids; 28 for iron acquisition and metabolism; and
119 for motility and chemotaxis (Fig.3). These particular
subsystems are the hallmarks for the pathogenicity and
both strains were found to have almost similar amounts
of factors across their genomes. The number of genes
associated with the general COG functional categories
for both strains is provided in (Fig.4). Both strains are
found to possess an equivalent number of genes associ-
ated with those categories.

MSR16 and MSR17 strains have average nucleotide
identity values of 98.57% withV. parahaemolyticus
strain M1–1 and 98.65% withV. parahaemolyticusstrain
13-306D/4 respectively; they also have an average of 95%
ANI values with other AHPND positive strains (Add-
itional file 1). Strains MSR16 and MSR17 have 1403 and
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1228 hypothetical genes respectively, whose functional
prediction can provide more insights into its pathogen-
icity and other functional pathways. 144 and 94 unique
genes were found in strain MSR16 and MSR17 respect-
ively which are uniquely predicted only for one strain
(Additional file 2). MSR17 strain contains unique genes
for zona occludens toxin, several transposition proteins,
integrase, recombinases, etc.; whereas MSR16 strain has
genes for several conjugative transfer related proteins,
bacteriocin immunity proteins, etc. Both strains are pre-
dicted to have some exclusive genes for diverse meta-
bolic pathways.

Virulence and antimicrobial resistance genes
Most common 9 virulence factor classes involved in- ad-
herence, antiphagocytosis, enzyme, chemotaxis and mo-
tility, iron uptake, quorum sensing, secretion system,
toxin, immune evasion were found in the MSR16, while
MSR17 possess 8 of these such factors except the factors
involved in immune evasion; also few genes in these
classes of factors were found absent in these strains
(Additional file 3). The major virulence factors ofV.
parahaemolyticus are thermostable direct hemolysin
(tdh) [17], TDH-related hemolysin (trh) [18] and two
type III secretion systems (T3SS1 and T3SS2) [19]. tdh
and trh both genes were not found in these strains but
the thermolabile hemolysin (tlh) gene was found. Be-
tween two types of T3SS, only the T3SS1 type was found
in MSR16 and MSR17 strain. Both strains possess the
plasmid-bornepirA and pirB toxins.

Antibiotic resistance genes were predicted against� -
lactam, fluoroquinolone, tetracycline, macrolide and
cephalosporin antibiotics in MSR16; and MSR17 strain

has similar resistance genes except for cephalosporin
(Additional file 4). Six and two probable prophage
regions were found in MSR16 and MSR17 strains,
respectively.

Strains MSR16 and MSR17 have approximately 39 and
27 genomic islands (GI) regions respectively (Add-
itional file 5). In strain MSR16, toxin-antitoxin systems
like YoeB-YefM, Doc-Phd; antibiotic resistance proteins
like FosA (Fosfomycin resistance protein); components
of type-I, type-VI secretion systems, etc. are found in
those genomic islands. Genomic islands of strain MSR17
contain toxin-antitoxin systems like HipA-HipB, YoeB-
YefM; type-I, type-III secretion systems; Multidrug
resistance efflux pump; several phage and transposon
related proteins, etc. (Additional file6).

PathogenFinder tool [20] predicted an overall prob-
ability of 0.868 for MSR16 and 0.871 for MSR17 for be-
coming potential human pathogen, so there is a very
high risk of spreading these strains into the human food
chain and causing human diseases, as several environ-
mental strains of V. parahaemolyticuswere found to
cause cytotoxicity to human gastrointestinal cells even in
the absence oftdh and/or trh genes [21].

Phylogenetic relationship based on 16S rRNA genes of
different AHPND positive V. parahaemolyticusstrain
A total of 30 strains were selected for establishing a
phylogenetic relationship based on the 16S rRNA gene
sequence (Fig.5). The tree includes 25V. parahaemolyti-
cus (including MSR16 and MSR17), twoV. campbellii
and two V. owensiistrains that were responsible for the
AHPND outbreak in recent years in different regions of
the world. V. cholerae was used for outgroup

Fig. 1 Molecular identification of the AHPND positiveV. parahaemolyticusstrain MSR16 and MSR17. (MSR16a and MSR17a are replicates of MSR16
and MSR17, respectively)
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comparison. In this phylogenetic tree, these strains were
distributed in 5 major clusters (Fig.5).

Most Chinese and Thai strains are found in cluster
A. Both of our studied strains (MSR16 and MSR17)
located at same cluster B and were closely related
with one of the Indian strain AP1511 indicating that
the mutation and evolutionary pattern of MSR16 and
MSR17 strains might be analogous to this Indian
strain. The two SpanishV. parahaemolyticusstrains
separately made cluster C. The strains including Vp-4
MK377081.1 China, Ramsar KJ704113.2 Iran belong
to separate cluster D. Besides, two AHPND positive
V. owensii strains were located at separate cluster E.

V. cholerae (msr6) strain was distantly related with
our studied strains.

Phylogenetic relationship based on housekeeping genes
of different AHPND positive V. parahaemolyticus
A total of 25 strains were selected for establishing a
phylogenetic relationship based on common housekeep-
ing genes (Fig.6) including (dnaE, dtdS, gyrB, pntA,
pyrC, recA, tnaA). The 16S rRNA gene was not included
because a separate phylogenetic relationship was es-
tablished based on it. The strains M0605 Mexico,
TUMSAT-H10-S6 Thailand, NCKU-TV-3HP Thailand,
MSR17 Bangladesh, M1–1 Vietnam, MVP3 Malaysia

Fig. 2 Circular genome representation of the VPAHPNDstrains A. MSR16 and B. MSR17.
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