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Abstract: [Background] Vibrio species pose a serious threat to human health worldwide. Vibrio
parahaemolyticus, V. cholerae, V. mimicus and V. vulnificus capable of causing gastrointestinal
infections and sepsis associated with consumption of raw or undercooked seafood are of particular
concern. [Objective] To develop a real time fluorescence quantitative PCR method with improved
efficiency and accuracy for the detection of V. parahemolyticus, V. cholerae, V. mimicus, and
V. wulnificus. [Methods] The specific primers and probes were designed based on toxR of
V. parahaemolyticus and V. mimicus, ompW of V. cholerae, and wWhA of V. vulnificus. A quadruplex
real time fluorescence quantitative PCR method was established by optimizing the reaction system
and conditions. [Results] The minimum detection limit of the real time fluorescence quantitative
PCR method was 10 copies/pL, and the amplification efficiency was about 100%. In the specificity
test, multiplex real time fluorescence quantitative PCR and conventional PCR were used to amplify
the target bacteria genome, non-target bacteria genome and blank control strain genome,
respectively. The results showed that only the target vibrio genome was amplified significantly,
indicating that the method had good specificity. In the anti-interference experiment, high
concentration Vibrio did not interfere with the detection of low concentration Vibrio. Three repeated
experiments were performed for each concentration gradient, and the coefficient of variation of
each group was less than 1.5%, indicating that the method was reproducible in this experiment.
[Conclusion] The multiplex real time fluorescence quantitative PCR method was established, which
could detect V. parahemolyticus, V. cholerae, V. mimicus, and V. vulnificus specifically and rapidly.
Keywords: Vibrio parahaemolyticus;, Vibrio cholerae; Vibrio mimicus; Vibrio wvulnificus,
quadruplex real time fluorescence quantitative PCR
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Table 1

The primers and probes used in real-time fluorescent quantitative PCR

Primer/Probe Sequence (5'—3")

Product size (bp)

VP-F AAACCCAGCGGAATCTCAG 99
VP-R GAAGGCAGCCAGTTGTTGAT

VP-P TAMRA-TCCGTCAGATTGGTGAGTATCAGAACG-BHQ2

VC-F TGCCACCTACCTTTATGGTCC 83
VC-R GTAATTCAAACCCGCACCAAC

VC-P FAM-ATGGACGGAAAGTCGAATTAGCTTCACC-BHQ!

VM-F ACCGTACCTAAACGTGGTTATC 84
VM-R AGTTACCTCATCCATGTCGTTTTG

VM-P Texas Red-CACCCGAGTTGAAACGGTAGAAGAAGAG-BHQ2

VV-F CGCCGCACTTACATTGGTC 107
VV-R TTGTTCTCATTCTGCGGTAGG

VV-P CYS5-ATTCGCCAGCAGTTACGACCTTT-BHQ2
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1 MEXARAEESE PCR Y Bk, FRERZLMEMIR AR B: A MAEIE . EELINE
PSR FI A 059 L DU H RT-qPCR F A B4 1Y M bRzt £k, C—F: mIWA P9 | A ALOIR |
LI A5 9 7E VU # RT-qPCR H ) S ARAG M FR 44 10 copies/pL (] C—F Hhd 41 B ik B2 A2
FARU ] 10%-10" copies/pL). VM: IASINE; VP: BIVAMPEINE; VC: BEHEINE; VV: SIGITE;
NTC: BAYEXTHR. FH]

Figure 1 Amplification curve, standard curve, and detection limit of quadruple real time fluorescence
quantitative PCR. A and B: Amplification curves and standard curves of Vibrio. parahaemolyticus, V. cholerae,
V. mimicus and V. vulnificus in quadruplex real time fluorescence quantitative PCR reaction. C—F: The
detection limits of V. parahaemolyticus, V. cholerae, V. mimicus and V. vulnificus in quadruplex real time
fluorescence quantitative PCR was 10 copies/pL (figure C—F recombinant plasmid concentration from left to

right in accordance with the 10°~10" copies/uL). VM: V. mimicus; VP: V. parahaemolyticus; VC: V. cholerae;
VV: V. wulnificus; NTC: Negative control. The same below.
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Figure 2  Specificity of real time fluorescence
quantitative PCR. Non-target bacteria included
Vibrio alginolyticus, Saphylococcus epidermidis,
Bacillus thuringiensis, Shigella, Enterococcus faecium,
Proteus vulgaris, Enterobacter aerogenes and other
bacteria.

bp M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 M

200-

B3 EHPCREMHFRM  M: 50 bp DNA Marker; 1: RV ML ; 2. BEFELINE; 3: SISINE;

4: BIGGIRE s 5-15: Zp i SRR . S OMAERE . KBTI O157:H7 . YW TR . FRAZ AN s
PHTRR I . RCHAIKE . eSO BRI R . Ea B . U e

R POpild

Figure 3  Specificity of conventional PCR. M: 50 bp DNA Marker; 1: V. parahaemolyticus; 2: V. cholerae,

3: V. mimicus; 4: V. vulnificus; 5-15: V. alginolyticus, Staphylococcus aureus, Escherichia coli O157:H7,

Salmonella, Listeria monocytogenes, Staphylococcus epidermidis, Bacillus thuringiensis, Shigella,
Enterococcus faecium, Proteus vulgaris and Enterobacter aerogenes; 16: Blank control.
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Figure 4 Anti-interference test of quadruplex real time fluorescence quantitative PCR. A: Quadruplex real
time fluorescence quantitative PCR amplification curves of any one high concentration (dark color) against
the other three low concentrations (light color). B: Quadruplex real time fluorescence quantitative PCR
amplification curves of any three high concentration Vibrios (dark color) against low concentration Vibrios
(light color). C: The concentration of plasmid standard of Vibrio vulnificus was used as a high concentration
of 10° copies/uL and the concentration of plasmid standard of V. parahaemolyticus, V. cholerae and
V. mimicus was used as a low concentration of 10° copies/uL for quadruple real time fluorescence
quantitative PCR amplification, and three replicates were performed. The results showed that high
concentration of V. vulnificus did not interfere with the detection of other three low concentration Vibrios. D:
Fourfold real time fluorescence quantitative PCR amplification was performed with the plasmid standard
concentration of V. cholerae as a low concentration of 10* copies/uL and the plasmid standard concentration
of V. parahaemolyticus, V. mimicus and V. vulnificus as a high concentration of 10° copies/uL. The results

showed that the detection of low concentration V. cholerae was not interfered by the other three high
concentration Vibrios.
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Table 2 Repeatability test for quadruplex real time fluorescence quantitative PCR

Name Plasmid concentration  C; value Average Standard Coefficient of
(copies/uL) 1 2 3 deviation variation (%)
Vibrio 1.0x10° 2191 2196 2222 22.03 0.1359 0.62
parahaemolyticus 1.0x10* 25.38 25.27 25.56 2540 0.1195 0.47
1.0x10° 29.10 28.70 28.73  28.84 0.1819 0.63
Vibrio cholerae 1.0x10° 22.84 2298 23.00 2294 0.0712 0.31
1.0x10* 26.19 26.24 2643 26.29 0.103 4 0.39
1.0x10° 29.53 29.51 29.63  29.56 0.052 4 0.18
Vibrio mimicus 1.0x10° 19.73 19.86 19.97 19.85 0.098 1 0.49
1.0x10* 23.19 23.04 2327 23.17 0.095 3 0.41
1.0x10° 26.53 26.65 26.70  26.63 0.0713 0.27
Vibrio vulnificus 1.0x10° 23.09 23.17 23.32  23.19 0.095 3 0.41
1.0x10* 26.33  26.28 26.77  26.46 0.220 2 0.83
1.0x10° 29.70 29.81 29.99  29.83 0.1195 0.40
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