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Vibrio species are globally well-established as significant foodborne pathogens. These halophilic bacteria inhabit
marine environments and pose risks to both marine ecosystems and human health. Vibrio parahaemolyticus is a
leading cause of foodborne illness in humans, primarily through the consumption of contaminated seafood, and is
associated with various virulence factors. Additionally, the presence of antibiotic resistance genes constitutes a sig-
nificant risk factor. This study presents a comprehensive genomic analysis of the V. parahaemolyticus VP2406 85
strain isolated from mussels using next-generation sequencing to identify functional genes and proteins. The genome
of'the VP2406 85 strain comprises 5,299,256 bp and encompasses the virulence genes tdh, trh, and blaCARB-43, the
latter of which encodes B-lactamase, a protein associated with antibiotic resistance. Genomic analysis highlighted the
presence and variability of genes and traits that potentially contribute to pathogenicity and antimicrobial resistance.
These characteristics of V. parahaemolyticus VP2406 85 provide valuable insights into its pathogenic profile, aiding
in the development of improved strategies for food safety and public health surveillance.
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352 S} ek AR W1 olatel W} 7hele] sk
of] #oJ3}+= Type III secretion system (T3SS), Type VI secre-
tion system (T6SS) -5-2] thFet AU A== A Hils]
11 QJk(Park et al., 2004; Caburlotto et al., 2010). Z2 5}of] H
4 SRS A A WA $a7 9lo) 48 BIE T
Itk AR O] RIS frol7] 918 o.R ST AL
o] 531 Ql=Y|, &3], tetracycline, B-lactam7], fluoroquino-
lone2] YA 7} F=2 Tl =] o] ARg-El ch(Elmahdi et al., 2016;
Yuan et al., 2023).
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= A5k aglo g Ftol| Hulr} wjm, fHA} Ak = ol
chromosomal DNAY plasmidef] &4 gFcH(Molina-Quiroz et
al., 2020; Johansson et al., 2021; Zhou et al., 2023).
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A% FAA Ao =2 AR EthWang et al., 2021).
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water (pH 8.5, 2% NaCl; Millipore, Burlington, MA, USA)
7F 23 Aol FE7E = 37°Coll A 24417 vl ST
w9k & 2% NaClo] 323 CHROM (Millipore) agar B Z] ]|
3141 maksto] 37Col A 18-24417F 2k Hjopakaict. ]
B2 9.9 9wzl 4] = eka) Rk Purple colony) 0.2 Blok
Hr, &4 9] HZH(colony)E w4 TSA (Tryptic soy agar;
BD Difco, Sparks, MD, USA), 2% NaCl (Millipore)©]| 18-24
A7t ERE 3T COllA] v gsto] FHAIE S AlYakeict. s ke
= AR Sl W o & F7 o] 753 MALDI Biotyper
(Bruker, MA, USA)E ALE31o] HE8 0 2 272 4519
=g

Genomic DNA & % HEY |XXt 20l

e o F714E E4S $I7F genomic DNAE &
5171 93} TaKaRa MiniBEST Bacteria Genomic DNA Ex-
traction kit v.3.0 (Takara Bio Inc., Shiga, Japan)& AME5}S
o, Al zARe] v dof| wheh FE5HT). v wtoll Buffer
BS2} Lysozyme (20 mg/mL)& ¥ o] 37°Col| 4] 60+ &9 A=
H& G AIZIT o] 5 4:221(12,000 rpm, 5&)7F - Buffer
GL, Proteinase K (20 mg/mL), RNase A (10 mg/mL)=> 7}
3F & 56°Cof| A 105 F-<t ujoFal$ict. Buffer GBL} 100% of
&S 3% ¥ Spin columnof| ¥ ¢14122(12,000 rpm,
12)2 433lc}l. Wash bufferS columne] @1 HAE2S
&3l AlAEE 5 elution buffers ©]-§-5te] DNAS 8=3H3
t}. %5 DNA+ 1.5% agarose gelol]l 27| 9522 &}ls}
At o] el AR 8 =] 918 Conven-
tional PCRS A|8Y3}% ). tdh (TaKaRa, S001)2] primer A]
&2 VPD-1 (5-CCTTCCTGCCAACATTACAT-3"), VPD-2
(5-GGCTTCGATATTTTCAGTATCT-3"), trh (TakaRa, S028)
212 primers= VPR-1 (5-TTGGCTTCGATATTTTCAG-
TATCT-3"), VPR-2 (5'-CATAACAAACATATGCCCATTTC-
CG-3)& A=A w7 ol 2445 244 0= DNALE S99t &
Thermal Cycler (Bio-Rad, Hercules, CA, USA)7|7]& o]&-3}

SE3HltE. PCREZ1E 94°C 58 5ot 27] ¥4 1p4 %l
Y B 94°C 60%, 55°C 60%, 72°C 60z 353] HHE 51 &
% AE-2 QIAxcel Advanced System (QIAGEN, Hilden, Ger-
many) 4|2 ol g 3le] 04§55 ehelstaick
NGSzto|Ea{2| XMz & H7|MEEM

Aeu|Ee] eqto] A A4S 918 Nanopore Se-
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UK) & olgste] Sasieint. Q71M9R4e 98 o
ol2 &g A2 Oxford Nanopore Technologiesol| A A&
El= wirdel whah Alssteict. 5 DNAQ] 92 Qubit
fluorometer (Thermofisher Scientific, Waltham, MA, USA)S.
= =28}l Ligation sequencing gDNA kit (SQK-LSK110)
= ol-&sto] golHeglE AlAstlek A2 2ho]He
£ Flongle R9.4.1 flow cello] 233}37, MinlON MKIC se-
quencer= ¥7] A &A1 A3

A YL 718 ooy 24

A3E Al HlolEE 771918l Flye (v2.8.2)F ©]&
sto] de novo assembly & Al Yst3ict. 234 {414 dlo|€E
A S 2 Medaka (v1.7.2)2 &3l tlole F4& H5sk3ith
Z3te 1}9l-S BV-BRC (Bacterial and Viral Bioinformatics
Resource Center, https://www.bv-bre.org)2] A of 2 =38}
o] 92} 4] (annotation)S =335} THOlson et al., 2023).
e 9 A WA o 7R 2492 VEDB (virulence
factor database)E ©]-8-5to] X3gs3ict. 414 H S =4
317] Y3l CGE (Center of Genome Epidemiology, https:/cge.
food.dtu.dk) gAto] Eof| A PathogenFinder (v1.1)2} ResFind-
er (v4.7.2)5 A3Y5}1 11, ResFinder 54 A| threshold 90%,
minimum length 60% ©]4}+2] 7]&2.2 B3¢t}

AS24-2 Multilocus Sequence Typing (MLST; v2.0)2}
Type Strain Genome Server (TYGS, https://tygs.dsmz.de/
user_request/new) YAHE 53 35} thGonzalez-Es-
calona et al., 2008; Larsen et al., 2012; Jesser et al., 2019).
Rapid Annotation using Subsystem Technology toolkit
(RAST; https://rast.nmpdr.org/rast.cgi) AFO|Eof| A 7|5 £4
S Y3l 7744 subsystem 7|8F2] in silico w412 A3yt
(Aziz et al,, 2008). E, $74e] 37 o5 Pl 2L
#J3ll Mobile Element Finder (MGEFinde, v1.0.2)& A3
o] v 248 A|3Ys}4tt. Prophage #-4]2 National Cen-
ter for Biotechnology Information (NCBI)] BLAST 413}
PHASTER (Phage Search Tool Enhanced Release, https://
phaster.ca)E ©|-8-5}0] =343} tH Arndt et al., 2016; Sayers
etal., 2022).
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24 el FEn E e o] E4E Eelshy] s A%
FRA| glolE & o]&-sto] #AE Attt o2 1314
W okt f82F =4 gelskr] f1sl BV-BRC (Bacterial
and Viral Bioinformatics Resource Center; v3.32.13.2)2] A]
H ol 5] VFDB2} PATRIC_VF 52 go|EjH|o]| AE ARE-5S]
o} = AJAHE dlo]E 9] %2 5,299,256 bp= 3719 contig=
3= ItkFig. 1). 7} contig®] £ =7]+= 3,409,457 bp,
1,881,443 bp, 8,356 bp=, G+C Contenti= 2}z 45% ©]4}2]
H& &2 ZRIEGIthTable 1). % o8& 7|Eo® 242}
9] coverageS AAFSE AT}, 241 %, 201 X, 110 X 2 535} 3
ez folHE 2 9 = 4 32 FAlskich 4
A 2HE -S4 3719 contight = Y o= A=l o, A
A Tl A 2 2 == DNAY 21 CDS (coding sequence)=
contigld = Z+Z} 3,2127Y, 1,7587}, 117§2 A= it} Chro-
mosome 1 (VP2406 85C1)°]|4] tRNAL} rRNAZ} 22 118
Mt 34702 &91%%lal, Chromosome 2 (VP2406 85C2)
ol 1470, 3702 E3ich. 71 2o 2710 9RE ol
contig (VP2406_85p1)2] 7% NCBI2|] BLAST £4& 4
3Y3+ A3}, 95% percent identity 2 phage A G2 &<1% ATk,
PHASTER (PHAge Search Tool Enhanced Release)S 285}
of 271 248 Wat 23}, o7fe] A 1 SR} ER
= prophage % ¢Jo] &1t VP2406_85p1-2 Vibrio V{12
(NC_005949)2} AR A9 9l helstelal, PHASTER %
7} 71| w2 94 = (intact) 9] phage® H-F= o] H-7
AW 24 7Fs/d ol =52 Al AREITH(Utter et al., 2014; Wang
et al., 2024).

0] T BAATL 93%7) dl&E o] BRE o o
Z Y= el vhsof Adkd f4 oA (enzyme com-
mission) 1,1017)], DNA ZAgka} Azt 3 7]% ook chanzl
(gene ontology) 91771, KEGG 715t A Z(pathway)2}
2 Tl 807712 HAJE ol 7, % So W maEEojy
T2 7¥7k 4,7737Y, 4,8847) = A =] Rl

Table 1. Genome feature analaysis of Vibrio parahaemolyticusVP2406 85 using BV-BRC

Feature Chromosome 1 (VP2406_85C1) Chromosome 2 (VP2406_85C2) Phage 1 (VP2406_85p1)
Genome size(bp) 3,409,457 1,881,443 8,356

GC content(%) 4523 45.36 4512

Total number of CDSs 3,212 1,758 11

tRNA genes 118 14 -

rRNA genes 34 3 -

Coverage 241 210 110

CDS, Coding sequence.
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Cgm Position Label(Mbp)
C@ Contigs/Chromosomes
(@@ CDS-FWD

Ci@ CDS-REV

Cf Non-CDS Features
C@ AMR Genes

Cfa VF Genes

Ca Transporters

(@ Drug Targets

C@ GC Content

Cm GS skew

Subspecies cluster

Species cluster
Percent G+C
delta statistics

B Genome size(in bp)

Protein count

Vibrio parahaemolyticus

‘ VP2406_85
Vibrio parahaemolyticus

NBRC 12711

———— Vibrio chemaguriensis Iso1 [l H'E R

%
L Vibrio diabolicus ] ' |
] CNCM 1-1629
Vibrio parahaemolyticus Tl N |
NBRC 15630
Vibrio rotiferianus CAIM 577 [/ HE M

m[ Vibrio harveyi NBRC 15634 1l Il W /I W
Vibrio carchariae ATCC EE ODEmE
35084

— Vibrio inhibens CECT 7602 1l Il HT /=

L VibriojasicidaCAIM1864 1 W W '™

Vibrio hyugaensis 090810a I § ]

Fig. 1. a, Genome map of Vibrio parahaemolyticus strain VP2406_85. b, The phylogenetic tree illustrates the evolutionary relationships
based in type strain. The circular map tracks on viewer are displayed: forward CDS, reverse CDS, GC skew, GC contents, AMR genes,

VF genes, transporters and drug targets. CDS, Coding sequence.
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o}, 85 5= NBRC 127113} 98%2 452 Al%E4=2
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o W HEAd RS gelst] s WA Zeto|uE o]
golo] PCRE 21845l aL, 71 A3} tdh (thermostable direct
hemolysin)@} rh (TDH-related hemolysin)-F-2 A} 48 9
3l BV-BRC A|H 9] H|o|EH|o] 25 o] §-5}o] I35t 1
A RS 24T 4= Q)%= Victor, VFDB, PATRIC_VF |
o[ejH|o| AF 7|WFo R AR Axt, U 127709 f-AA¢
7F IS =] Slek A WA 3 =8 -5l 1A= A] PATRIC,
CARD, NDARO d|o|g|H|o] A5 Faf 2l 714t 48705 2
15}, tetracyclineo]] thet A13Hd& F=3 = Q= F42k
7HAEH AU

1 F YA dolEHo]Az 7HY Wol ARE-H+= VFDBE
7IRkC 2 RARF BAS SRIg A, 2o A 7%l A
o fAREo] v E2Ask= AZ EEsHITHLiu et al,
2019). {4 XS s7AIE W= F=sket 93 =
Type III secretion system (T3SS) G-AA} 4077} &2l =] Q1 1,
Quorum sensing system¥& 4=} 171, Adherence 271 2]
AR AEE ST 1Al 78 291 F shukel =4
A= 37171 A7 9l tH(Table 2). PCR Z1te} AX|5H|, &
kA FA oA e A n| He] et o] ik Sax f-3A14 tdh
o wh7} B ERlEGlon, =8 SAGAA Y] HER Hot
e e =2 HUE A 7HeAd ol AlSE AlARRITE

FAA W B FAAE 24 4 Q1= ResFinder (v4.7.2)
9] L2 I3 (Bortolaia et al., 2020)2] f|o|EHo|AE 7]HES
2 B4a 23, blaCARB-430]2R= Ay §342 Hzal
St o] FHAE 99.53%2] E-EF ampicillin, amoxicillin,
piperacillino]] thgt #13H/d 1} T =)= A o 2 1= it

F714o2 Hejsl gae] BeAo] Ao AR % 4
+ BEUA FAETA HolE & 7N = gelgh 4= 9l
S A8}, PathogenFinder (v1.1)& &3l ¥4
& T T8 eAS v e g2 FA%H 41} 106719
2} 0.70 (70%)9] ¢l Sgko] BHlx]o] ARl f1/do]

_1

uu) 2 1r
o [ = Y A o)

¥0 [Z of M

Table 2. Classification of virulence associated genes

™
m[
N
ox
rot
o,
R
ey
o

X,

~

-

+F W FAAE 715 A5 918 RAST AHE ARE-S}]
267112] subsystem & & FLE5}o] FA|SHATHFIg. 2). 7] 54 0
2 A2 F 2, 127702 22l glon, ol Foll=
812 9 obn b oA}, AU 4150} 2, AR A BH
ol THHE ekt 250 £FE AUt 715 24 oA 7H4
=2 8|83 AR|5H= HEL carbohydrates, amino acids and
derivatives, protein metabolism 5-0] A4 2] 40.5%= &5+
UL, 71 T TS B2 phaged] ¥ EAof| B E 75
ofl Tojol A So] SRIFo] A U4 9 WA 4
Aol 53 0|52 et 4 QU TR A AR,

015N |H 24 24

S

BT AR WY B $AAES ol54 §4 an
(mobile gene element, MGE)E 53l 4-4A& cH A o= A
== Itk MGEFinder (v1.0.3)= #2404 Wi ©]57d 1+
= A4S0k, d /A ol F 7Hs AT YIRS Cll S
It} w+5= W VP2406_85C20l4 97112] MGE7} Y A]6t= A

golstiaL, 6719 insertion sequence2} 3712] composite
transposon©| <] ZE o] 7|52 FH2L9] o]F 7Hsde] Sl
S UERQITh oA ResFinder2 9151 YA A o
& AR blaCARB-430] 99.4%2] UA&= HAEE 3L,
p-lactam7] YA W doll THAH FHA7F 84 o5& &
3l T=fo] E AV 5 Hukeh 4= Q= A S cl& skl

2 Aol A= TRl A 2l H v E e ool A fAA| &
A& Eol SARAS AF shalom, gk A WA R
HA 5 G5 o 8 SIalabE HAelolT). VP2406_85
T 3709 contig= T/ E ST 308 58 2= A of S
e 1/90] Qli= tdh, rh A 2705 §A Hfekar 9le
™, B-lactam7| YA A& F=S = e FAAE i
S 5 A ARl 54 EIE 4= QlSIh E3E, pro-
phageol] 213t G2} =5 4] o] 52 F3l A g T &
AAE FH E= ol Al = A= 7 5 USZ d&5d
4= Sl o] 23t w4 Adb= $FC & prophagee] 2|5k thaFgt
A 2 A T A 2o A E 4 913

o %2 b

ol
3

Classification Number of genes Predicted genes
Secretion svstem exsD, vscC, vscN2, virG, vopS, tyeA, vscN, vscY, vopB, vcrH, vopD, vscD, vscB,
Y 40 vscH, vscS, VPA0450, vscP, vopN, vscX, vxsC, vscU, vscG, verG, exsA, vscF, vscK,

(Type lll secretion system)

Toxin 3 tdh, trh, hlyD
Quorum sensing system 1 luxS
Adherence 2 YebT, lipA

vscQ, vopQ, vscL, vscT, vscR, verD, vscd, vecA, vopR, verV, sycN, vscO, vscl, verR
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= Cell Division and Cell Cycle
m Carbohydrates
= Regulation and Cell signaling
m Phosphorus Metabolism
= Nucleosides and Nucleotides
= Potassium metabolism
Membrane Transport
m Mobility and Chemotaxis
u Cell wall and Capsule
= Phages, Prophages, Transposable elements, Plasmids
m Amino Acids and Derivatives
= Dormancy and Sporulation
= Secondary Metabolism
Protein Metabolism
= Iron acquisition and metabolism
= Virulence, Disease and Defense
= Nitrogen Metabolism
Fatty Acids, Lipids, and Isoprenoids
= DNA Metabolism
= RNA Metabolism
= Metabolism of Aromatic Compounds
m Sulfur Metabolism
Stress Response
u Cofactors, Vitamins, Prostetic groups, pigments
m Miscellaneous
= Respiration

Fig. 2. Functional annotation overview of Vibrio parahaecmolyticus VP2406_85 using RAST server.
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