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Establishment of a quadruple PCR method for detecting pathogenic
genes in Vibrio parahaemolyticus
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Abstract: [Objective] This study aimed at establishment of a rapid specific quadruple PCR assay for
detecting Vibrio parahaemolyticus and its virulence genes. [Methods] Four pairs of primers were
designed based on toxR, tdh, trh and tlh genes sequences of V. parahaemolyticus. Optimized the
concentration of four pairs of primers and the annealing temperature to obtain the best ratio of primer
and amplification conditions, the rapid quadruple PCR detection of pathogenic V. parahaemolyticus
was established. The specificity and sensitivity of the quadruple PCR method were also evaluated.
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[Results] The expected sizes of amplification bands were 115 bp, 244 bp, 418 bp and 759 bp for
toxR, tdh, trh and tlh, respectively. The highly specificity of this method was evaluated by using 74 V.
parahaemolyticus strains and 37 non-targeted bacteria. The detection limits of the multiplex PCR for
DNA was 50 pg/L. Detection sensitivity of V. parahaemolyticus in pure culture condition was
6.7x10° CFU/mL. Four targeted fragments were detected in artificially contaminated seafood with
1.36 CFU/g V. parahaemolyticus after 6 h enrichment. [Conclusion] The multiplex-PCR method can
simultaneously detect V. parahaemolyticus with toxR, tdh, trh and/or tlh. It is of certain significance
to carry out the detection of pathogenic V. parahaemolyticus.

Keywords: Vibrio parahaemolyticus, Quadruple PCR, toxR gene, tdh gene, trh gene, tlh gene
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14 SRt 5E
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Table 1 Primer sequence and amplicon size

Target  Primer Primer sequence Amplicon
gene name (5'—=3") size (bp)
toxR  vptoxR-2f GTTCCAAAACGAGGCTATCA 115
vptoxR-2r CAGAGGCGTCAATGTAATC

AG
tdh vptdh-1f CTTCCATCTGTCCCTTTTCC 244
vptdh-1r  CCGCTGCCATTGTATAGTCT
trh vptrh-3f  TTTCCTTCTCCTGGTTCCG 418
vptrh-3r TATGTCCATTGCCGCTCT
tlh vptlh-4f  CGAAGAGCCAACCTTATCA 759
vptlh-4r TCCGTCAAACGAATCAGTG
NaCl-APW 37 °C 200 r/min 6h
10
TCBS
1 mL 12 000 r/min 5 min
1/10
100 °C 10 min
4°C Smin 12 000 r/min 3 min
1.7 M= PCR{AZBIEIL
PCR
PCR
(50 uL PCR ) 2xMultiplex

PCR Buffer (Mg®* dNTP plus) 25 uL Multiplex PCR
Enzyme Mix 0.3 pL 5 uL  vptrh-3f/3r
vptdh-1f/1r  vptoxR-2f/2r vptlh-4f/4r 2 uL

ddH,0 50 uL 4
trh tdh toxR tlh
trh 0.4 pmol/L  tdh 0.2

0.1 0.067 0.05 0.04 0.03umol/L toxR

02 0.16 0.12 0.08 0.06 0.04umol/L th

0.2 0.16 0.12 0.08 0.06 0.04 pmol/L

PCR 94°C I min 94°C30s 46°C

455 72°C1min 35 72°C 10 min 4 °C
8 uL 1.5%
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DNA 36°C 200 r/min
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100
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Figure 1 Optimization results of different primers concentrations for multiple PCR

A trh tdh PCR (M D2000 DNA marker 1-6 trh 0.4 umol/L  tdh 0.2
0.1 0.067 0.05 0.04 0.03 umol/L) B trh tdh toxR PCR (M D2000 DNA marker 1-6 trh
0.4 umol/L  tdh 0.04 umol/L  toxR 0.2 0.16 0.12 0.08 0.06 0.04 umol/L) C trh
tdh toxR tlh PCR (M D2000 DNA marker 1-6 trh 0.4 pmol/L tdh
0.04 pmol/L  toxR 0.08 pmol/L  tlh 0.2 0.16 0.12 0.08 0.06 0.04umol/L) D
PCR PCR (M D2000 DNA marker 1 toxR PCR 2 tdh PCR 3 trh PCR 4
tlh PCR 5 toxR tdh trh tlh PCR 6 ).

Note: A: Optimization results of primers concentration for duplex PCR (M: D2000 DNA marker; 1-6 trh (0.4 pmol/L), and the
concentrations of tdh are 0.2 0.1 0.067 0.05 0.04 0.03 umol/L); B: Optimization results of primers concentration for triplex PCR (M:
D2000 DNA marker; 1-6: trh (0.4 umol/L), tdh (0.04 pmol/L) and the concentrations of toxR are 0.2, 0.16, 0.12, 0.08, 0.06, 0.04 umol/L); C:
Optimization results of primers concentration for quadruple PCR (M: D2000 DNA marker; 1-6: trh (0.4 pmol/L), tdh (0.04 pmol/L), toxR
(0.08 pmol/L), and the concentrations of tlh are 0.2, 0.16, 0.12, 0.08, 0.06 pmol/L, 0.04 umol/L); D: Products of single PCR and
multiplex-PCR (M: D2000 DNA marker; 1: Single PCR product of toxR; 2: Single PCR product of tdh; 3: Single PCR product of trh; 4:
Single PCR product of tlh; 5: Multiplex-PCR products of toxR, tdh, trh, tlh; 6: Blank control).
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Figure 2 Optimization results of annealing temperature PCR 4
for quadruple PCR toxR
Note: M: D2000 DNA marker; 1: 45.0 °C; 2: 46.0 °C; 3: 48.9 °C; 4:
53.5°C; 5: 57.4 °C; 6: 59.6 °C. tdh trh tih 3
22 ME PCRARRFRMERARER
4 PCR PCR 2.3 ME PCR AZRYEREER
( ) 2.3.1 EFEH DNA REERIER:
4 DNA 50 pg/L 4
DNA 50 ug/L

PCR ( 3
( 2) VP1-22 VP42 VP60 VP75 VP2011029 toxR tdh trh tlh
VPZ1539 VPZ1550 VPHI1604 tox tdh tlh DNA 50 pg/L

%2 MEPCREAFRFRMREER

Table 2 The specificity results of multiple PCR

Target gene

Bacterial specie and strain ID

toxR tdh trh thh
Vibrio parahaemolyticus No. 1-8, 42, 60, 6771, 75, 183—-185, 2011029, Z1539, Z1550, H1604 + + = +
Vibrio parahaemolyticus No. 87-93, 64, 170, 171, Z1555, Z1436, Z1440 + 4+ + s
Vibrio parahaemolyticus No. 186, 187, S201306, S201307, ATCC 17802 AR - AR AR
Vibrio parahaemolyticus No. Z1432, 71434, Z1435, Z1437-71439, Z1441-71444, H1602, 4 — - 4
H1603, H1605-H1609, Z1451-71465
Vibrio parahaemolyticus No. Z1433 + = = =
Non-Vibrio parahaemolyticus* - - - -

* Ol
O157:H7

.t — .
Note: *: Non-Vibrio parahaemolyticus including Vibrio alginolyticus, Vibrio fluvialis, Vibrio vulnificus, Vibrio mimicus, Vibrio furnissii,
Vibrio harveyi, non-O1 Vibrio cholerae, Vibrio anguillarum, Aeromonas hydrophila, Photorhabdus spp., Halomonas sp., Staphylococcus
aureus, Escherichia coli, Escherichia coli O157:H7, beta hemolytic streptococcus, Enterobacter aerogenes, Salmonella paratyphi A,
Salmonella paratyphi B, Salmonella typhimurium, Yersinia enterocolitica, Listeria monocytogenes, Listeria ivanovii, Listeria innocua,
Enterobacter sakazakii, Streptococcus faecalis, Shigella sonnei. +: Positive; —: Negative.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2526 AEY) 4R Microbiol. China

2016, Vol.43, No.11

1 2 3 4 5 6 M bp

2 000

1000
750
500
250

100

3 M= PCREEH DNA REERWLER
Figure 3 The sensitivity results of genome DNA template
concentration for quadruple PCR

M D2000 DNA marker 1-6 DNA
5.0x10° 5.0x10* 5.0x10' 5.0x10° 5.0x107" pg/L.
Note: M: D2000 DNA marker; 1-6: The concentrations of genome
DNA are 5.0x10%, 5.0x10°, 5.0x10°, 5.0x10', 5.0x10°,
5.0x10"" pg/L.

5.0x10*

232 #AEFEBARYERBLLER:

10 PCR

6.7<10° CFU/mL 4
( 4 6.7x10* CFU/mL
tdh trh 2

6.7x10° CFU/mL

bp M1 2 3456 7

4 [E PCRAIRMM4IMEAIEFARYERLER
Figure 4
quadruple PCR

M D2000 DNA marker 1-7 6.7x10°
6.7x10° 6.7x10° 6.7x10° 6.7x10* 6.7x10' 6.7x10° CFU/mL.

Note: M: D2000 DNA marker; 1-7: The cell concentrations of

pure culture are 6.7x10° 6.7x10°, 6.7x10%, 6.7x10°, 6.7x10%
6.7x10", 6.7x10° CFU/mL.

The sensitivity results of pure culture for

24 RSN EERBTHE

PCR
1.36 CFU/g
6h toxR tdh trh tlh4
tdh trh
tlh
3 i
31 XFMiERERfMESHERMNE
tdh trh tlh toxR
(13231 tdh
trh
tlh
thh
tdh
tdh [23]
trh tdh
[24]
toxR pR72H tlh gyrB  vpm*?" tlh
Klein tlhh
28]
West tlhh
(2] toxR
tlh
gyrB pR72H [3031] 2005-2011
toxR tlhh
tdh 84.96%—-85.20% trh
7.96%%33)
toxR tdh trh tlh4 PCR
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PCR
PCR
gyrase tdh trh PCR
PCR
DNA 1.36 pg/L
6.6x10° CFU/mL 3
(8] Hossain groEL tdh  trh
PCR
200 pg DNA!Y FoF;-ATPase
tdh trh tlh
toxR 10 pg/
[34]
PCR
4
PCR
PCR 1-2
toxR tdh
Tagman PCR [13]
3.6x10° CFU/mL toxR
thh PCR
[16] DNA 0.5 pg/L
Garrido tdh trh PCR
tdh trhl trh2
6 CFU/25g 11 CFUR5g 8 CFUR5g!'" He
toxR tdh trh
PCR
l4pg ™ PCR
PCR
PCR

PCR [35-41] [35]
PCR Lee D9
6
PCR Zhang [37]
PCR
PCR
PCR
4
4 g
PCR
trh 0.4 tdh 0.04 toxR 0.08 tlh 0.04 umol/L
DNA
50 pg/L tdh trh tlh toxR 4
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& % 3wk

[11  Young I, Gropp K, Fazil A, et al. Knowledge synthesis to support
risk assessment of climate change impacts on food and water
safety: a case study of the effects of water temperature and
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