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Abstract
A lytic bacteriophage Vp-9, designated vP_VpaS_VP-RY-9, was isolated from sewage collected in Dalian,
China. The double-stranded DNA genome of phage vP_VpaS_VP-RY-9 is 81.604 kb long, which has a
mol% G + C content of 45.75, containing 117 ORFs, but any tRNA was found. Comparison of its genomic
features and phylogenetic analysis revealed that phage vP_VpaS_VP-RY-9 is a novel member of the order
Caudovirales, family Siphoviridae, genus Vibrio. The present results suggest that phage vP_VpaS_VP-RY-
9 may represent a potential therapeutic agent against Vibrio parahaemolyticus.

Main Text
Vibrio parahaemolyticus (V. parahaemolyticus) is a halophilic Gram-negative bacterium. It is commonly
found in marine or freshwater animals (�sh, shrimp, and shell�sh), seabed sediments, and coastal
environments [3, 10, 11]. Its densities in the environment vary greatly with season and location [8]. As a
pathogen of humans, it not only causes important economic losses to the aquaculture industry but also
threatens food safety, inducing severe diarrhea and acute gastroenteritis in worldwide. Since penicillin
was discovered in the 1920s, antimicrobial agents became a crucial practice in animal therapy.
Increasing researches have indicated that the multipledrug-resistant V. parahaemolyticus may pose an
especially serious threat to public health and economic concerns for humans globally [2, 14]. To prevent
and control contaminated V. parahaemolyticus in aquatic animals and products, an effective practice
instead of the abuse of antibiotics is an evident resolution for the economy and food safety.

Bacteriophages (phages) are the most abundant type of biological particles, which are present on all the
places [6]. Unlike antibiotics, lytic phage can control and kill the host cells. Phage therapy is considered
as an environmentally friendly alternative for reducing and controlling drug-resistant pathogenic bacteria
and potentially applicable for use in aquaculture [4]. Genome characterization of these phages is required
before using them as biocontrols [4, 16]. This study aims to sequence and analyze the genome of a lytic
phage against Vibrio spp.

The bacterial strain chosen as a host (RY-9) was isolated from diseased Turbot that were cultured in local
aquatic farm (Dalian, China) in 2019. The bacterial strain was identi�ed as V. parahaemolyticus using
molecular (16S rRNA) and commercial kits (Lot No. SHBG02-1) of Qingdao Hope Biol-Technology Co., Ltd
(Qingdao, China) according to the manufacturer’s protocols. The sequences were submitted to the
Genebank database under the accession MW647538. The phage Vp-9 was isolated from a sewage
sample collected in a school in Dalian, Liaoning province China. The resultant supernatant of phage was
�ltered through 0.22-µm membrane after centrifugation. Phages were isolated and puri�ed from the same
host sample at least 6 times then propagated in a double-layer 2216E medium at 28°C.

The morphological characteristics were observed under a transmission electron microscope (TEM, JEM-
2000EX). For genomic analysis, total DNA was extracted from the high-titer phage Vp-9 (~ 1010 PFU/ml)
using the organic reagent method as described by Ji et al. [7]. Phage genomic DNA sequencing was then
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performed using an Illumina high-throughput sequencing platform (Shanghai, China). Open reading
frames (ORFs) were identi�ed using the RAST server (http://rast.nmpdr.org/rast.cgi) and veri�ed by the
GeneMark server (http://topaz.gatech.edu/GeneMark/genemarks.cgi). Nucleotide sequence similarities
were scanned for homologs by BLASTn (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Putative protein
functions of the ORFs were annotated by searching against the non-redundant protein database with
BLASTp (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and tRNA sequences were searched using tRNAscan-SE
1.21 (http://lowelab.ucsc.edu/tRNAscan-SE/). The presence of antimicrobial resistance determinants
were investigated using the Comprehensive Antibiotic Resistance Database
(http://card.mcmaster.ca/home) and the Virulence Factor Predictor
(http://www.mgc.ac.cn/VFs/main.htm). Phylogenetic and evolutionary analyses were conducted using
MEGA-X with 1000 bootstrap replications for taxonomic classi�cation [15]. Genome maps were
constructed and visualized using CGView Server (http://cgview.ca).

Morphological analysis by TEM showed that Vp-9 had an isometric head (38±2.0 nm) and a long tail
(140.7±1.2 nm), indicating that it belongs to the family Siphoviridae, order Caudovirales (Figure S1). The
nucleotide sequence of Vp-9 has a linear double-stranded DNA genome with a length of 81.604 kb and an
overall G + C content of 45.75 %. No tRNA genes were present. Vp-9 did not appear to contain any genes
encoding toxins. Using the GeneMark server, we identi�ed 117 ORFs and predicted 114 putative protein-
coding genes in the genome, 29 of which were functionally assigned (Table S1). Eighty-�ve ORFs showed
no sequence similarity to other viral proteins in the NCBI database. The ORFs start with the AUG (111,
94.87%) and GUG (6, 5.13%) codon. The three stop codons were present in different proportions, with UAA
being the most common (78 ORFs, 66.67%), followed by UGA (21 ORF, 17.95%), and. UAG (18 ORFs,
15.38%).

Based on bioinformatic predictions, the ORFs comprised three primary segments: structure proteins, DNA
packaging and replication, and hypothetical proteins (Fig. 1). Six proteins were predicted to be involved in
phage structure, namely major capsid protein (ORF100), head completion adaptor (ORF102), neck protein
(ORF103), tail-completion protein (ORF104), major tail protein (ORF105) and tail tape measure protein
(ORF108). The phage tail tape measure protein (TMP) was also implicated in genome injection. A total of
23 proteins were predicted to be involved in phage DNA packaging and replication, namely ATPase
(ORF1), DNA binding protein (ORF2, ORF9), DNA helicase (ORF3), P-loop containing nucleoside
triphosphate hydrolase (ORF4), RecA (ORF11), rubredoxin-type fold protein (ORF13), ribonuclease
(ORF14), coil containing protein (ORF18), terminase large subunit (ORF19), pyruvate phosphate dikinase
(ORF23), dual speci�city protein phosphatase (ORF25), pyruvate decarboxylase (ORF27), polymerase
(ORF28), capsid portal protein (ORF29), adenine DNA methyltransferase (ORF31), TMhelix containing
protein (ORF32, ORF117), putative DNA polymerase I (ORF34), cell division control protein (ORF41),
putative zinc- or iron-chelating domain containing protein (ORF44), coil containing protein (ORF67), and
adenylosuccinate synthase (ORF95). The terminase subunits and capsid portal protein were closely
related to the proteins played the roles in phage packaging, which contributed to the construction of
phage Vp-9. The genome of phage Vp-9 does not contain sequences of genes encoding integrase,
recombinase, repressors and excisionase, which are the main markers of temperate viruses [13].
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Consequently, the Vp-9 phage is considered as a lytic virus. No antibiotic resistance genes were found in
Vp-9. This study hints a promising candidate for phage therapy in the future.

To investigate the evolutionary relationship between phage Vp-9 and other organisms, the terminase large
subunit [15], capsid portal protein [1] and major capsid protein [9] were further described as potential
markers of phage diversity. The top 10 homologues of these three proteins were selected to build the
phylogenetic trees (Fig. 2). Based on the phage capsid portal protein (Fig. 2a), Vp-9 formed a subclade
with Vibrio phage ValSw4_1 (GenBank no. QAY01828.1). Moreover, the Vp-9 putative proteins are almost
identical to those of Vibrio phage ValSw4_1. Phylogenetic analysis (Fig. 2b) using the large subunit
terminase showed that Vp-9 has a close relationship to Vibrio phage 1.215.A._10N.222.54.F7 (GenBank
no. AUR95920.1). In addition, the phylogeny (Fig. 2c) revealed that the major capsid protein of Vp-9
formed a clade with reported Vibrio phage vB_VhaS-VHB1 (QKE60697.1). These above similar phages
belong to the family Siphoviridae.

Analysis of the whole genome sequence using the BLASTn tool showed that phage Vp-9 is highly similar
to that of Vibrio phage J14 (percent identity, 96.57%; query coverage, 90%). However, the genomic
annotation features of phage J14 and its host were different from the Vp-9 (Figure S2). Among the 234
predicted ORFs, only 15 ORFs were identi�ed to be similar to functionally characterized genes, whereas
most proteins (219 ORFs) encode hypothetical proteins with unknown functions. In the modular genome
of Vibrio phage Vp-9, the left half contains genes coding for structural proteins, whereas the right half
contains the genes coding for the packaging and replication proteins. TMP has been found and
annotated in both bacteriophages. TMP forms a channel through the host cell membrane that can be
used for phage genome entry and injection [5, 12]. It could be better characterize in Siphoviridae
bacteriophage [12]. Phage Vp-9 was �rstly submitted as unclassi�ed phage, but now these data
suggested that belongs among Siphoviridae.

Nucleotide sequence accession numbers

The complete genome sequence of Vibrio phage vP_VpaS_VP-RY-9 (Vp-9) and the 16S rDNA sequence of
the host bacterial strain (V. parahaemolyticus) are available in the GenBank database under accession
number MW411580 and MW647538, respectively.
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Figures

Figure 1

Annotated genome map of phage vP_VpaS_VP-RY-9. The 117 ORFs are represented by arrows. The
direction of each arrow represents the direction of transcription. Proposed modules are based on
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hypothetical functions predicted from bioinformatic analysis. The labels of hypothetical protein are
invisible

Figure 2

Neighbor-joining phylogenetic trees of phage vP_VpaS_VP-RY-9. Neighbor-joining phylogenetic trees
based on the (a) capsid portal protein, (b) terminase large subunit and (c) major capsid protein, showing
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the relationships between vP_VpaS_VP-RY-9 and other homologous phages. Values at the nodes indicate
the bootstrap support calculated from 1000 replicates
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