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ABSTRACT

Vibrio cholera, Vibrio parahaemolyticus and Vibrio vulnificus are opportunistic
pathogens causing disease in weak shrimp and possible food poisoning in shrimp consumers.
In this study, three pairs of primers were designed to amplify the target DNA fragments of
three Vibrio spp. and together with one pair for internal amplification control. The PCR
condition was optimized to detect three Vibrio spp. in one reaction tube. The specificity and
sensitivity of the reaction were evaluated. The results showed that this technigue can detect V.
cholera, V. parahaemolyticus and V. vulnificus in the same reaction tube with high specificity.
Sensitivity is moderate, 0.5 ng-10 pg. In the future, this technique can be used to detect these
bacteria in shrimp. It is potentially useful for shrimp farmers and shrimp consumers.
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1. Introduction

Thailand is one of the main producers
of shrimp and is the largest exporter of
shrimp in the world [1]. However, shrimp
farmers have also faced with the spread of the
disease. It was found that the disease is
caused by viruses and bacteria [2]. Bacteria
genus Vibrio, gram-negative  bacteria
predominantly found in seawater, some can
cause disease in marine animals such as
shrimp, shellfish and some fish species [3, 4].
V. cholera, V. parahaemolyticus and V.

vulnificus are opportunistic pathogens. They
do not cause disease in healthy shrimp but
cause the disease when the immune system of
shrimp is disturbed until a level lower than
normal. Moreover, V. cholerae, V.
parahaemolyticus, and V. vulnificus have
been recognized as important food-borne
pathogens, which can cause human diseases
[5,6] and are responsible for most cases of
seafood-related human illness caused by
Vibrio species [7].

A traditional method used to detect bacteria of
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the genus Vibrio is a biochemical method.
This method is cumbersome and time-
consuming, it takes about three days. Later,
the application of molecular techniques is
used such as polymerase chain reaction
(PCR), which is a simple, cheap and fast [8].
Multiplex PCR refers to the use of more than
one pair of primer to amplify several different
DNA sequences simultaneously in one
reaction (one tube). This technique has been
used for the detection of bacteria in seafood,
especially for detection of Vibrio spp. [9-14].
There are many research reports on the use of
multiplex PCR for detection of Vibrio spp.
[15-17]. Multiplex PCR has the potential to
save time compared to traditional PCR [18].
However, there were some studies that
reported on the shortcomings of this
technique. Some research suggested that
multiplex PCR could not differentiate the
similar bacteria such as between V.
parahaemolyticus and V. alginolyticus.
Sometimes the results of the experiment may
be false-negative because of the PCR
inhibitors contained in the sample [19]. The
method of preventing false-negative results is
achieved by using an internal amplification
control (IAC) in every reaction tube [20].

The purpose of this study is to develop
multiplex PCR techniques that can detect
three Vibrio spp. simultaneously in a single
reaction tube with good specificity and high
sensitivity. In this study, three pairs of primers
were designed to detect three Vibrio spp.
including V. cholerae, V. parahaemolyticus,
and V. vulnificus, and together with one pair
for internal amplification control. The PCR
condition was optimized to detect three Vibrio
spp. in one reaction tube. The specificity and
sensitivity of the reaction were evaluated. This
technique will help save money and will be
useful both for shrimp farmers and shrimp
consumers.

2. Materials and Methods

2.1 Materials

All Vibrio bacteria were cultured in
Tryptic Soy Broth (TSB) purchased from
HiMedia (India) contained 1.5% NaCl other
bacteria were cultured in Nutrient Broth (NB)
purchased from BD Difco™ (USA). Primers
used in this study were purchased from
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Eurofins Genomics (Germany).
MaestroGen Nano-Drop spectrophotometer
(Taiwan) was wused to measure the
concentration and purity of extracted DNA.
PCR was run in FlexCycler?, Biometra
GmbH (Germany). Electrophoresis was run
in Wide Mini-Sub Cell GT, Bio-Rad
(USA) and used 100bp marker purchased
from GeneDireX (China).

2.2 Bacteria

Most of the bacteria used in this
study including V. cholerae, V.
parahaemolyticus, V. vwvulnificus, Vibrio
alginolyticus, Vibrio fluvialis, Vibrio
mimicus, Aeromonas hydrophila,
Salmonella typhimurium and Pseudomonas
aeruginosa were purchased from the
Department of Medical Sciences, Thailand.
Vibrio harveyi was donated from
Department of Molecular Biotechnology
and Bioinformatics, Faculty of Science,
Prince of Songkla University. Klebsiella
spp., Bacillus subtilis and Escherichia coli

were isolated in the laboratory of
microbiology, Faculty of Veterinary
Science, Rajamangala  University of

Technology Srivijaya, Thailand.

2.3 DNA template preparation

All Vibrio bacteria were cultured in 10
ml of TSB contained 1.5% NaCl, incubated
at 28°C in a shaking incubating machine at
the speed of 180 rpm for 16 h. Other
bacteria (A. hydrophila, S. typhimurium, P.
aeruginosa, Klebsiella spp., B. subtilis and
E. coli) were cultured in 10 ml of NB,
incubated at 37°C in a shaking incubating
machine at the speed of 180 rpm for 16 h.
Then, 1 ml of cell suspensions were
centrifuged at a speed of 10,000 rpm for 1
min in order to separate the cell pellets.
The bacterial DNA was extracted from the
cell pellets by boiling method, modified
from [21]. Briefly, the cell pellets were
suspended in 200 uL of distilled water. The
cell suspensions were boiled for 10 min
and immediately cooled on ice for 5 min.
After centrifuged at a speed of 10,000 rpm
for 1 min, the supernatant was used as
DNA template. For sensitivity
experiment, the concentration and purity
of extracted DNA were quantified using
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a Nano-Drop spectrophotometer.
2.4 Design and synthesis of primers
The sequence of bacteria genes was brought

from the GenBank database. The GenBank
accession numbers of collagenase gene of V.
parahaemolyticus and wwhA of V. vulnificus
are  AF326572.1  and KC821520.1,
respectively. The multiple alignments were
done to find a specific region, which found in
any individual bacteria only, not found in
other bacteria. Then, that DNA region was
applied to design primers by using Primer3
Input (version 0.4.0) (Source:
http://bioinfo.ut.ee/  primer3-0.4.0/).  The
received primers must have similar the
melting temperature (Tm) values in the range
of 55-65 degrees Celsius. In addition, the size
of PCR product received from each pair of
primers must be different at least 50 bp.

2.5 Optimal condition for multiplex
PCR

To test the accuracy of the primer pairs,
single PCR was done. PCR reaction (25 pL)
including 1 pL of DNA template, 1 pL of 10
UM forward primer, 1 pL of 10 pM reverse
primer and 5 pL of PCR Master Mix Il (5X)
(GeneMark, Taiwan). The single PCR was run
at different annealing temperature including

62 or 63 °C for 30 s, and 72 °C for 45 s. The
cycling was initiated at 94 °C for 5 min and
final extension was done at 72 °C for 10 min.
Then, four primer pairs were put together in a
single tube to make multiplex PCR. Multiplex
PCR reaction (25 pL) including 3 pL of DNA
template (including 1 pL of V. cholerae, 1 puL
of V. parahaemolyticus, and 1 pL of V.
vulnificus), 4 pL of 10 uM forward primer
(including 1 pL of VC-F, 1 pL of VP-F, 1 uL
of VV-F and 1 pL of 16S-F), 4 uL of 10 uM
reverse primer (including 1 pL of VC-R, 1 pL
of VP-R, 1 pL of VV-R and 1 pL of 16S-R)
and 5 pL of PCR Master Mix Il (5X)
(GeneMark, Taiwan). The reaction was
amplified for 30 cycles at 94 °C for 30 s, 62 °C
for 30 s, and 72 °C for 45 s. The cycling was
initiated at 94 °C for 5 min and final extension
was done at 72 °C for 10 min. PCR product
was checked by agarose gel electrophoresis.

2.6 The specificity of multiplex PCR

The specificity of multiplex PCR was
determined by applying multiplex PCR with all
bacteria in this study, including V. chole-rae, V.
parahaemolyticus, V. vulnificus, V.
alginolyticus, V. fluvialis, V. mimicus, V.
harveyi, A. hydrophila, S. typhimurium, P.
aeruginosa, Klebsiella spp., B. subtilis and
E. coli. DNA of bacteria was extracted by a

Table 1. Target gene of bacteria species and primer sequence.

Target genes and species Primer sequence (5'-3') Tm (°C) PCR products  Reference
size (bp)
ompW VC-F : CACCAAGAAGGTGACTTTATTGTG 58.2 427 [22]
V. cholerae VC-R : CGTTAGCAGCAAGTCCCCAT 60.4
Collagenase VP-F : GCAAATATGCGGGGCCAATCTT 62.2 281 [23]
V. parahaemolyticus VP-R : CGCCGCTTGATTGTCTTTTTCG 61.5
whA VV-F: TCCATCGATGTTCGCGTCAA 60.1 213 This study
V. vulnificus VV-R : ACTGCTGGCGAATGGACCAA 62.4
16S rRNA 16S-F : CCTGGTAGTCCACGCCGTAA 61.6 168 [8]
16S-R : CGAATTAAACCACATGCTCCA 56.9
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61 CAAGAATATGTGCCGATTGTTGAGAAACCTATITACATCACCAGCTCAAAGATTAAGTGT

121 GTGTTGCACACAAGCGGTGATTTCAACGCCACACGAGACTGGTGTAATGCGGGTGCTICC

Forward primer

181 ATCGATGTTCGCGTCAATGTGGCACAAATGCGCTCGGTACAATCGGCAACGTCAGATGGT

241 TTTACTCCTGACGCCAAAATTGTCCGTTITCACCGTCGATGCCGACAAGCCTGGCACGGGT

213 bp

301 ATTCATTTGGTTAACGAGCTACAGCAAGATCACAGCTGGTICCAGAGTTIGGGCAAACCGC

Reverse primer

361 CGCACTTACATIGGTCCATTICGCCAGCAGTTACGACCTITGGGTGAAACCCGTITCTGGT

421 TACACACCGAAAAAAGCCCGTGACCTACCGCAGAATGAGAACAAAAACTACCAACACCGC

Fig. 1. The sequence regions of vwhA used for primer design.

boiling method and subjected as DNA
template. PCR reaction (25 pL) including 1
pL of DNA template, 1 pL of 10 pM
forward primer, 1 pL of 10 uM reverse
primer and 5 pL of PCR Master Mix Il (5X)
(GeneMark, Taiwan). Each reaction was
amplified for 30 cycles at 94 °C for 30 s, 62
°C for 30 s, and 72 °C for 45 s. The cycling
was initiated at 94 °C for 5 min and final
extension was done at 72 °C for 10 min.
PCR product was checked by agarose gel
electrophoresis.

2.7 The sensitivity of multiplex PCR

V. cholerae, V. parahaemolyticus and
V. vulnificus were cultured and adjusted to
concentrations of 500 ng/uL, 300 ng/uL,
150 ng/pL, 75 ng/uL, 50 ng/uL, 25 ng/uL,
12.5 ng/uL, 5 ng/uL, 2.5 ng/uL, 1 ng/uL,
0.5 ng/uL, 0.1 ng/uL, 50 pg/uL, 25 pg/uL,
10 pg/pL, 1 pg/uL and 0.1 po/uL,
respectively. The sensitivity was tested by
added 1 pL of each DNA at a various
concentration to the reaction total volume of
25 pL. Then, run multiplex PCR to
determine the lowest bacteria concentration
that it could be detected.

2.8 Data Analysis

The results of single PCR and
multiplex PCR, as well as sensitivity test
and specificity test, were showed in a form
of the PCR product compared with 100 bp
markers.

3. Results and Discussion
3.1 Design and synthesis of primers

All pairs of primers used in this study
were shown in Table 1. The PCR primers
for detection of 16s rRNA, V. cholerae and

V. parahaemolyticus were synthesized
according to the trial of Wei et al. (2014),
Nandi et al. (2000) and Khimmakthong and
Sukkarun (2017), respectively [8,22-23].
The PCR primers for detection of V.
vulnificus were designed in this study. The
PCR primers for detection of V.
parahaemolyticus were designed from the
sequence of collagenase gene. However, this
gene can found in all Vibrio spp., it has the
high diversity between Vibrio spp. [24], so
this gene is considered to be a good choice.
The vwhA gene is responsible for haemolytic
and cytolytic activity of V. vulnificus [8].
The average Tm of all the primers used in
this study was 60.41 + 1.97 °C. The
sequence regions of collagenase and vvhA
used for primer design were shown in Fig. 1.

3.2 Optimal condition for
multiplexPCR
Single PCR result showed the

amplified fragments of 427 bp for ompW of

V. cholerae, 2 8 1 bp for collagenase of V.
parahaemolyticus, 2 1 3 bp for whA of V.
vulnificus and 1 6 8 bp for 1 6 S rRNA. At
various annealing temperature, 62 °C
showed the sharp single band as showed in
Fig. 2 while 60 °C and 63 °C showed non-
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Fig. 2. PCR product of single PCR at annealing
temperature 62 °C. Lane M: 100 bp markers,
Lane 1: 427 bp for ompW of V. cholera, Lane 2:
281 bp for collagenase of V. parahaemolyticus,
Lane 3: 213 bp for whA of V. vulnificus and
Lane 4, 5 and 6: 168 bp for 16S rRNA of V.
cholerae, V. parahaemolyticus and V. vulnificus,
respectively.

specific band and cloudy band for some
gene, respectively (data not shown). So, the
optimal annealing temperature for single
PCR is 62 °C and this temperature was used
for multiplex PCR.

When run multiplex PCR by add four
pairs of primer in a single reaction tube, the
result showed four bands of four genes in
that single tube. Each band is clear and not
overlapped as showed in Fig. 3.

3.3 The specificity of multiplex PCR

After applied multiplex PCR with
other bacteria that not are V. cholerae, V.
parahaemolyticus and V. vulnificus includ-
ing V. alginolyticus, V. fluvialis, V. mimicus,
V. harveyi, A. hydrophila, S. typhimurium,
P. aeruginosa, Klebsiella spp., B. subtilis
and E. coli, the result showed that no band
of V. cholerae, V. parahaemolyticus and V.
vulnificus but have only the band of 16S
rRNA that appears as showed in Fig. 4. This
indicates that the techniques used are very
specific.

3.4 The sensitivity of multiplex PCR

The sensitivity of the multiplex PCR
was evaluated using DNA template
concentrations from 500 ng-0.1 pg. The
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Fig. 3. PCR product of multiplex PCR. Lane M:
100 bp markers, Lane 1: 427 bp, 281 bp, 213 bp
and 168 bp of V. cholerae, V. parahaemolyticus,
V. vulnificus and 16S rRNA, respectively.

result showed that minimum DNA concen-
trations of V. cholera and V. parahaemoly-
ticus that target gene can be detected was
0.5 ng/uL while a minimum concentration
of V. wvulnificus that target gene can be
detected was 10 pg/pL. At the same time,
16S rRNA was detected at all concentration
used this study and is still likely to be
detected at concentrations below 0.1 pg/pL
as showed in Fig. 5.

Mata et al. (2004) detected of 4
pathogens in fish including Streptococcus
iniae, Streptococcus difficilis, Streptococcus
parauberis and Lactococcus garvieae using
multiplex PCR. The results showed that the
sensitivity can detect the amount of 25 pg
for S. iniae, 12.5 pg for S. difficilis, 30 pg
for S. parauberis, and 50 pg for L. garvieae

[25]. Cho et al. (2016) used multiplex PCR
for detection of 4 fungal pathogens
including Fusarium oxysporum, Bipolaris
cactivora, Phytophthora spp. and Collec-
totrichum spp. The results showed that B.
cactivora and F. oxysporum were detected
in the at a sensitivity level of only 0.01 ng.
P. nicotianae sensitivity was 0.1 ng and 1
ng of DNA for P. cactorum [26]. In this
study, the sensitivity of multiplex PCR
technique is moderate that was 10 pg for V.
vulnificus, 0.5 ng for V. cholera and V.
parahaemolyticus. This may be due to
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several reasons, including the extraction  the extraction kit, the DNA content obtained
ylheld_ ?]f _ talrget di DNA ‘ &27]’ e maybe less but this method is simple and
physicochemical conditions of the reaction, takes less time. In addition, PCR reagents
the nature of the (microorganism) DNA L .

target, and the selected PCR primers and used in this study was master mix reagent
probes [28]. In this experiment, DNA was that easy to use and cheap, but performance
extracted by a boiling method not by using also will decrease.

M 1 2 3 4 5 6 7

8 9 10 11 12 13 14

427 bp
281 bp

213 bp
168 bp

Fig. 4. PCR product of multiplex PCR that used DNA template from various bacteria. Lane M: 100 bp
markers, Lane 1: 427 bp and 168 bp for ompW and 16s rRNA of V. cholera, Lane 2: 281 bp and 168 bp
for callagenase and 16s rRNA of V. parahaemolyticus, Lane 3: 213 bp and 168 bp for vwhA and 16s
rRNA of V. vulnificus, Lane 4-13: 168 bp for 16S rRNA of V. alginolyticus, V. fluvialis, V. mimicus, V.
harveyi, A. hydrophila, S. typhimurium, P. aeruginosa, Klebsiella spp., B. subtilis and E. coli,
respectively, Lane 14: negative control.

M 12 3 456 7 89 101112 13 1415 16 1718

L e e e D SR D W e

Fig. 5. PCR product of multiplex PCR that used DNA template at various concentrations. Lane M: 100
bp markers, Lane 1-18: PCR product of multiplex PCR that used DNA template extracted from V.
cholera, V. parahaemolyticus, and V. vulnificus at the amount of 500 ng, 300 ng, 150 ng, 75 ng, 50 ng,
25 ng, 12.5 ng, 5 ng, 2.5 ng, 1 ng, 0.5 ng, 0.1 ng, 50 pg, 25 pg, 10 pg, 1 pg, 0.1 pg and no DNA
template, respectively.

4. Conclusion same reaction tube with high specificity and

Multiplex PCR technique in this
study was able to detect of V. cholera, V.
parahaemolyticus and V. vulnificus in the
saves time and cost. In the future, if this

sensitivity at a moderate level. It can be
used to detect bacteria at a dangerous level.
Moreover, Compared to ordinary PCR, it

technique is used to detect these bacteria in
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shrimp. It is very useful for shrimp farmers
because it led to the monitoring outbreak
and management planning of pond and
water to make the shrimp is always healthy
and for shrimp consumers to avoid eating
shrimp contaminated with these bacteria.
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