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A B S T R A C T

We report the complete genome sequence of Vibrio parahaemolyticus strain C5A causing an acute hepatopancre-
atic necrosis disease (AHPND) in Penaeus vannamei sampled from a culture pond in the east of peninsular
Malaysia isolated in 2017.

1. Introduction

Vibrio species can be found ubiquitously in various aquatic environ-
ments and are associated with a lot of aquatic animals such as fish, crus-
taceans and molluscs (Parthasarathy et al., 2016). Among Vibrio
species, V. parahaemolyticus is widely distributed in marine environ-
ment and mostly associated with gastrointestinal infection in human af-
ter consumption of contaminated seafood (Guin et al., 2019). V. para-
haemolyticus is also included in one of the known pathogenic Vibrio spp.
associated with vibriosis in aquaculture (Anjay et al., 2014) causing
high economic loss to the industry (Mohamad et al., 2019; Amatul-
Samahah et al., 2020).

V. parahaemolyticus has been identified to be the agent of AHPND
in shrimp (Tran et al., 2013; Joshi et al., 2014; Kumar et al., 2020).
However, only the strains of V. parahaemolyticus that produces and re-
leases a certain toxin can caused AHPND. The toxin is homologous to
the Pir (Photorhabdus insect-related) binary toxin consisting of two
subunits, PirA and PirB (Lee et al., 2015; Han et al., 2015; Sirikharin
et al., 2015; Ahmmed et al., 2019). Though V. parahaemolyticus was
the first Vibrio species discovered to carry the plasmid (Sirikharin et
al., 2015), other Vibrio sp. have also been found to carry the virulent
plasmid (Kondo et al., 2015; Liu et al., 2015; Restrepo et al., 2018),
and recent findings have clearly demonstrated the occurrence (Dong et
al., 2019).

Abbreviations: AHPND, acute hepatopancreatic necrosis disease; BLAST, Basic Local Alignment Search Tool; bp, base pair; CDS, coding sequence; DNA,
deoxyribonucleic acid; Gc, guanine-cytosine; m, meter; NaCl, sodium chloride; ORF, open reading frame; ppt, part per thousand; rRNA, ribosomal ribonucleic acid;
tRNA, transfer ribonucleic acid; WGS, whole genome sequencing
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Fig. 1. Circular map of the V. parahaemolyticus C5A genome. From the outermost circle to the centre: CDSs on forward strand (including tRNA and rRNA), open
reading frame (ORF), BLAST results, GC skew+ and GC skew−, GC content and the marker of genome size is the innermost circle.

AHPND is a common threat in shrimp aquaculture industry. This
disease imposed huge loss to shrimp aquaculture industry as it could
cause huge mortalities up to 100% of post-larvae or juvenile shrimp
during the first month after stocking (Tran et al., 2013). Since 2011 un-
til now, there are still reports on the occurrence of this disease, indicat-
ing the threat of this disease is still happening (Amatul-Samahah et al.,
2020; Muthukrishnan et al., 2019).

This disease normally would affect shrimp postlarvae and juvenile
up to the first 30 days upon stocking in culture pond (Tran et al., 2013;
Kumar et al., 2020). Based on general clinical observations, among the
early signs of this disease are slow growth, loose shells, and discol-
oration (Kumar et al., 2020). AHPND-causing V. parahaemolyticus ini-
tially colonize in the stomach of infected shrimp and produce observ-
able symptoms including lethargy, an empty stomach and midgut, and
pale to white atrophied hepatopancreas (Lai et al., 2015). This disease
causes degeneration of the hepatopancreas (necrosis) by sloughing its
tubule epithelial cells, hemocytic infiltration and subsequently causing
mortality of post larvae and juvenile shrimp (Tran et al., 2013; Kumar
et al., 2020).

Whole-genome sequencing (WGS) allowed a detail and comprehen-
sive study at the molecular level and increasingly becoming an impor-
tant tool in aquaculture study. Here, we used WGS to identify and char-
acterize the pathogen associated with AHPND outbreak in P. vannamei
shrimp culture. We sequenced the genome of an acute AHPND-causing
V. parahaemolyticus strain, C5A, isolated from shrimps obtained from a
pond culture located close to the east coast area of peninsular Malaysia.

2. Isolation of the bacterium

The isolate has been screened and confirmed to carry the pirA and
pirB gene which encodes for the AHPND virulence. Screening for AH-
PND positive strains were carried out using AP4 method. AP4 method is
a two-step nested PCR screening of AHPND isolates (Dangtip et al.,
2015). The method targeted the tandem genes of pirA and pirB on pVA
plasmid (Lee et al., 2015). V. parahaemolyticus C5A was isolated and
cultured on marine agar (Oxoid) pre-added with 1.5% NaCl, then incu-
bated overnight at 27 °C for 18–24 h.

3. Genomic DNA isolation, sequencing and data assembly

Genomic DNA of the isolate was extracted using DNA kit (Thermo
Fisher Scientific). The sequencing library was produced using the Rapid
Barcoding Kit (SQK-RBK001) obtained from Oxford Nanopore Tech-
nologies, Oxford, UK for Nanopore sequencing guided by the instruc-
tions of the manufacturer's company. The library was later put into the
MinION set via a flowcell FLO-MIN106 R9 version (Oxford Nanopore
Technologies, Oxford, UK). After that, the sequencing was executed us-
ing MinKNOW version 1.7.14. Fast5s from Nanopore sequencing were
basecalled using ONT Albacore Sequencing Pipeline Software version
2.0.2. Next, Porechop 0.2.2 (https://github.com/rrwick/Porechop) was
used for debarcoding and adaptor trimming of the sequences. Nanopore
assembly was carried out using Canu 1.6 (Koren et al. 2017) and Na-
nopolish version 0.8.1 (Fig. 1).

The reads were assembled de novo into 17 contigs of sizes using
Canu 1.6 with error and mismatch correction (N50, 729,486 bp). The
genome assembly of the isolate has a length of 5,448,925 bp and a GC
content of 45.4%. Annotation of the genome with RAST (Rapid Annota-
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Fig. 2. The subsystem category distribution of V. parahaemolyticus C5A based on the SEED viewer.

tion using Subsystem Technology) 2.0 (Overbeek et al., 2014; Brettin et
al., 2015) identified 403 subsytems, 13,936 coding sequences (CDS),
166 total RNAs in the genome. Of the total coding sequences obtained,
262 of the coding sequences involved in virulence, disease and defense
mechanism of the bacteria. Besides that, 54 of the coding sequences
were related to phages, prophages, transposable elements and plasmids
(Fig. 2).

This genome sequence of C5A serves as another genome to further
validate the occurrence of AHPND in shrimp pond in Malaysia and as an
additional genomic information for comparative genomic studies
among AHPND strains here in this country (Table 1).

3.1. Genome sequence accession number

This sequencing project has been deposited at DDBJ/ENA/GenBank
with the accession number JAAIKJ000000000. It was submitted under
the BioProject PRJNA606211 and BioSample, SAMN14087710 with the
submission ID SUB6959648. The version described in this paper is the
version, JAAIKJ000000000 (Table 2).
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Table 1
General characteristics and genome sequencing project information of V.
parahaemolyticus C5A.
Items Description

Classification Domain Bacteria

Phylum Proteobacteria
Class Gammaproteobacteria
Order Vibrionales
Family Vibrionaceae
Genus Vibrio
Species Vibrio parahaemolyticus

Gram stain Negative
Cell shape Rod-shaped
Pigmentation Non-pigmented
Sporulation Non-sporulating
Optimum temperature 25 °C
Salinity 25 ppt
Oxygen Aerobic
MIGS data
Submitted to NCBI GenBank
Investigation type Bacteria
Project name Genome of Vibrio parahaemolyticus C5A
Collection date May 2017
Longitude and latitude 5° 26′ 41.64″ N, 102° 49′ 55.056″ E
Geographic location name Setiu, Terengganu, Malaysia
Environment biome Coastal area
Environment feature Shrimp culture pond
Environment material Water
Depth 0.8–1.0 m
Biotic relationship Free living

Stothard and Wishart, 2005
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Table 2
Genome features of Vibrio parahaemolyticus C5A.
Items Description

Genome size (bp) 5,448,925 bp
G + C content (%) 45.5%
CDS (coding sequences) 13,936
rRNA number 37
tRNA number 121
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