
c© Indian Academy of Sciences

RESEARCH ARTICLE

Evaluation of RAPD-PCR and protein profile analysis to differentiate
Vibrio harveyi strains prevalent along the southwest coast of India

BISWAJIT MAITI, MALATHI SHEKAR, REKHA KHUSHIRAMANI, IDDYA KARUNASAGAR
and INDRANI KARUNASAGAR*

Department of Fishery Microbiology, College of Fisheries, Karnataka Veterinary Animal and
Fisheries Sciences University, Mangalore 575 002, India

Abstract

Sixty five isolates of Vibrio harveyi were subjected to random amplified polymorphic DNA (RAPD)-PCR analysis and protein
profiling to investigate the genetic variability among V. harveyi prevalent along the coast and also assess the discriminating
ability of these two molecular methods. A total of 10 RAPD primers were assayed for their specificity in detecting V. harveyi,
of which only two primers: PM3 and CRA25 were highly reproducible and found suitable for use in RAPD-PCR. The genetic
diversity among V. harveyi isolates assessed by RAPD-PCR using PM3 primer yielded 35 different RAPD patterns which
clustered the isolates into 15 groups at 72% similarity level. Similarly, RAPD-PCR with CRA25 clustered the 38 patterns into
10 groups at 74% similarity. The discriminatory index (D) value calculated for RAPD fingerprints generated with PM3 and
CRA25 were 0.90 and 0.85, respectively. On the other hand, molecular typing of V. harveyi using whole cell proteins generated
profiles that showed no major difference indicating the technique to be not useful in typing strains of this bacterium. However,
a few of the isolates showed the presence of unique band of 28 kDa that needs to be further investigated to understand the role
of the protein in disease process if any.

[Maiti B., Shekar M., Khushiramani R., Karunasagar I. and Karunasagar I. 2009 Evaluation of RAPD-PCR and protein profile analysis to
differentiate Vibrio harveyi strains prevalent along the southwest coast of India. J. Genet. 88, 273–279]

Introduction

Vibrio harveyi is a Gram-negative bioluminescent marine
bacterium, occurring either as a free-living form or in associ-
ation with intestinal microbiota of marine animals (Makem-
son and Hermosa 1999). While some strains are highly
pathogenic to aquatic fauna; especially invertebrates, others
are considered to be opportunistic pathogens (Oakey et al.
2003). As a pathogen,V. harveyimanifests itself as luminous
vibriosis in hatchery reared and commercially farmed pe-
naeid shrimps resulting in severe economic losses to shrimp
industry in Asia (Lavilla-Pitogo et al. 1990; Karunasagar et
al. 1994; Conejero and Hedreyda 2003). As with other bac-
terial species, there is a need for specific typing of V. harveyi
for epidemiological purposes to enable the tracking of strains
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dispersed in the environment and to understand the spread of
the bacterium.

Several polymerase chain reaction (PCR)-based DNA
fingerprinting methods exist for molecular typing of bacterial
species. Randomly amplified polymorphic DNA (RAPD)
is a PCR-based technique, using arbitrary primers to detect
changes in the DNA sequence at sites in the genome. This
approach is used for molecular epidemiological typing as
it is relatively fast and easy (Williams et al. 1990). The
polymorphism within the set of DNA fragments generated
has been used in discriminating microorganisms both at the
interspecies and intraspecies level (Welsh and McClelland
1993). In several Vibrio spp. this technique has been used
in diversity studies (Shangkuan et al. 1997; Somarny et al.
2002), and in V. harveyi it has been used in differentiating
pathogenic and nonpathogenic strains (Somarny et al. 2002;
Hernandez and Olmos 2004; Alavandi et al. 2006). Another
molecular technique that has proved to be useful in typing
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bacterial strains is sodium dodecyl sulphate polyacrylamide
gel electrophoresis (SDS-PAGE) of whole cell bacterial pro-
teins, wherein differences seen in protein bands have been
successfully used to group bacteria (Krech et al. 1988; Huey
and Hall 1989). V. harveyi strains are reported to express dif-
ferent proteins in different circumstances (Pizzutto and Hirst
1995). Against this background, we aimed to study the ge-
netic diversity of V. harveyi prevalent along the southwest
coast of India using RAPD-PCR and protein profile typing
methods which could help understand the epidemiology and
ecology, tracking outbreaks and spread of this organism.

Materials and methods
Bacterial cultures and DNA isolation

V. harveyi stock cultures (n = 65) maintained in tryptic soy
broth with 30% glycerol at −80◦C were revived and plated
onto luminescent agar plates (West and Colwell 1984). A
single luminescent colony of each culture was inoculated
in tryptic soy broth with 1% NaCl and grown overnight at
37◦C. Genomic DNA was extracted and purified according

to Ausubel (1995). Briefly, the bacterial cell pellet was sus-
pended in 567 µL of 1× TE buffer (10 mM Tris-Cl; 1 mM
EDTA; pH 8.0), 30 µL of 10% Sodium dodecyl sulphate and
3 µL of proteinase K (20 mg/ml) and incubated at 45◦C for
1 h. Hundred µL of 5 M NaCl and 80 µL of CTAB/NaCl
solution was added and the mixture incubated for a further
10 min at 65◦C. The solution was centrifuged at 10000 rpm
for 10 min with an equal volume of chloroform/isoamyl al-
cohol. The aqueous phase was transferred to a fresh tube and
0.6 volume of isopropanol added to precipitate DNA which
was pelleted by centrifugation and washed with 70% ethanol.
The DNA pellet was resuspended in 1× Tris-EDTA buffer
(pH 8.0) and checked for its concentration and purity us-
ing a spectrophotometer (Shimadzu 1601, Kyoto, Japan) and
stored at −20◦C until further use. V. harveyi strains used in
this study are listed in table 1.

PCR amplification of the hemolysin gene

Molecular identity of the cultures was tested based on PCR
targeting the hemolysin (vhh) gene (Conejero and Hedreyda
2004). Crude bacterial lysates of all cultures were prepared

Table 1. List showing details of V. harveyi isolates.

Sampling site Isolated from Isolate nos. RAPD cluster

Goa (n = 2) Adult shrimp V32 A3
Pond water V33 A3

Karwar (n = 22) Hatchery water Vh2, Vh7, Vh9, Vh10, Vh11 and A10, A12 and
Vh12 A13

Hatchery shrimp Vh16, Vh18, Vh19, Vh20, Vh21, A10 and A11
larvae Vh22 and Vh23

Shrimp pond water
Vh32, Vh33 Vh34, Vh35, Vh36 and

A5
Vh37

Shrimp pond sediment Vh24, Vh26 and Vh28 A5
Kundapur (n = 30)

Farm 1 Pond water V6, V7, V8 and V9 A14
Adult shrimp V14 A15

Farm 2
Pond water V12 and V13 A15
Adult shrimp V16 A15

Farm 3
Pond water V21 , V22, V28 and V34 A2, A3 and A7
Adult shrimp V17 A15

Farm 4 Pond water V45 A6
Adult shrimp V29, V30 and V31 A3

Farm 5 Pond water V35, V40 and V44 A1, A2 and A6
Adult shrimp V36, V38, V41 and V42 A1
Wild shrimps V11 and V18 A15
Pond shrimp larvae V23, V25 , V26 and V27 A3 and A7

Sasthan (n = 4) Estuary water V1 A2
Pond water V10 and V39 A4 and A14
Diseased shrimp V37 A4

Udupi (n = 1) Estuary water V43 A4
Hejamadi (n = 4) Moribund shrimp V2 and V3 A2

Pond water V4 and V5 A8 and A9
Kannur (n = 2) Hatchery shrimp V19 A7

larvae
Hatchery water V20 A7
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as described by Dileep et al. (2003). PCR primers used for
targeting a 235-bp internal fragment of the gene were as fol-
lows; forward: 5-CTTCACGCTTGATGGCTACTG-3, and
reverse: 5-GTCACCCAATGCTACGACCT-3. PCR was car-
ried out in a 30-µL reaction mixture consisting of 3 µL of 10×
PCR buffer (100 mM Tris-HCl pH 8.3, 20 mM MgCl2, 500
mM KCl, 0.1% gelatin), 200 µM of each dNTPs, 25 pmol
of each primer, 0.75 U of Taq polymerase (Bangalore Genei,
Bangalore, India) and 2 µL of template DNA. PCR was car-
ried out in a thermocycler (MJ Research, Watertown, USA)
with the reaction cycles consisting of an initial denaturation
at 95◦C for 5 min; 30 cycles of 95◦C for 1 min, 50◦C for 1
min, 72◦C for 1 min and a final extension of 72◦C for 5 min.
The PCR products were resolved on 2% agarose gels con-
taining 0.5 µg/mL ethidium bromide and documented using
a gel documentation system (Herolab, Wiesloch, Germany).
Reference strains of V. parahaemolyticus (ATCC154, USA)
and V. harveyi (VH027-LMG07890, Belgium) were used as
negative and positive control, respectively.

RAPD-PCR assay

Ten randomly designed 10-mer oligonucleotide primers (ta-
ble 2) were initially used for screening DNA samples to
obtain reproducible RAPD fingerprints. RAPD-PCR was
run thrice to evaluate and check for the repeatability of
the fingerprints generated. Out of the six PM primers
(Tassanakajon et al. 1997) and four CRA primers (Neilan
1995) tested, only two primers viz. PM3 and CRA25 pro-
vided consistent well resolved and reproducible band pat-
terns and were therefore selected for further analysis. The
PCR reaction mixture of 50 µL consisted of 5 µL of 10× PCR
buffer (100 mM Tris-HCl pH 8.3, 20 mM MgCl2, 500 mM
KCl, 0.1% gelatin), 250 µM of each deoxynucleotide triphos-
phates, 50 pmol of primer, 1.5 U of Taq polymerase (Banga-
lore Genei, Bangalore, India). Standardized PCR thermocy-
cling conditions for the RAPD included initial denaturation
at 95◦C for 5 min and final delay at 72◦C for 5 min followed
by 35 cycles, 95◦C for 45 s, 36◦C for 45 s, 72◦C for 1 min and
95◦C for 30 s, 45◦C for 30 s, 72◦C for 1 min for PM and CRA
series of primers, respectively. The amplification was car-
ried out in a thermocycler (MJ Research, Watertown, USA)
and the products resolved in 1.6% agarose gel, stained with
ethidium bromide and the results photograph captured by Gel
Documentation system (Herolab, Wiesloch, Germany).

RAPD data analysis

All fragments generated by RAPD-PCR using the two
primers were considered and analysed separately for de-
termining the RAPD types. The size of each band was
determined using Kodak Digital Science 1D (KSD1D 2.0,
Rochester, USA) software and the presence (1) or ab-
sence (0) of a particular band was recorded to generate
a binary table. The data table was exported into the
Popgen32 software (Yeh and Boyle 1997) for analysis.
The normalized RAPD pattern was further analysed using

Table 2. Primers sequences used in RAPD-PCR.

Primer Sequence (5′–3′) Reference

PM1 GCCCCTGGAG Tassanakajon et al. (1997)
PM2 AACGGGCAGG Tassanakajon et al. (1997)
PM3 GGCTGCGGTA Tassanakajon et al. (1997)
PM4 GCGGAGGTCC Tassanakajon et al. (1997)
PM5 CGACGCCCTG Tassanakajon et al. (1997)
PM6 GCGTCGAGGG Tassanakajon et al. (1997)
CRA22 CCGCAGCCAA Neilan (1995)
CRA23 GCGATCCCCA Neilan (1995)
CRA25 AACGCGCAAC Neilan (1995)
CRA26 GTGGATGCGA Neilan (1995)

Gel compare II version 2.5 (Applied Maths, St Martens-
Latem, Belgium). The levels of similarity in the RAPD fin-
gerprints were calculated using Pearson’s correlation coeffi-
cient. Cluster analysis was performed using the unweighted
pair group method with arithmetic mean (UPGMA) method.
The relationships between the pattern profiles are displayed
as dendrograms and expressed as percentage similarity. The
numerical discriminatory index (D) which is a measure of the
discriminatory ability of the typing methods was calculated
according to Hunter and Gaston (1988).

Protein profiling

All 65 isolates of V. harveyi were tested for their protein
profiles. Each bacterial culture grown overnight in tryptic
soy broth was pelleted by centrifugation at 10000 rpm for
10 min. Bacterial pellets were resuspended in 50 µL of 2×
sample buffer (0.5 % sodium dodecyl sulphate, 1.25 % 2-b-
mercaptoethanol, 0.03 % bromophenol blue, 2.5 % glycerol
in 15 mM Tris-C1 at pH 6.8) and incubated in a dry bath at
98◦C for 15 min. Approximately 40 µL of the protein sam-
ple was taken and subjected to SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) containing 5% stacking and 10% of
resolving gels and separated based on Laemeli discontinuous
buffer system (Harlow and Lane 1988). After electrophore-
sis on a vertical slab unit under a constant voltage of 150 V
for 3 h, the gels were stained with coomassie brilliant blue
R-250 (HiMedia, Mumbai, India). A large protein marker
calibration kit (Bangalore Genei, Bangalore, India) was used
to estimate the molecular weight of protein bands.

Results
PCR for vhh gene

All 65 isolates amplified the expected 253 bp of the vhh
gene (figure 1) indicating the presence of a hemolysin gene,
thereby, further confirming the identification of V. harveyi
used in this study.

RAPD analysis

In this study, RAPD-PCR fingerprints were generated for 65
isolates of V. harveyi using the primers CRA25 and PM3.

Journal of Genetics, Vol. 88, No. 3, December 2009 275



Biswajit Maiti et al.

Figure 1. PCR amplification of the hemolysin gene. Lane M, 100-
bp DNA ladder (GeNeiTM, Bangalore, India); lane 1, positive con-
trol (VH027-LMG07890); lane 2, Vh2 isolate; lane 3, Vh23 isolate;
lane 4, Vh7 isolate; lane 5, Vibrio parahaemolyticus (ATCC154).

Primer PM3 amplified 2–9 fragments with band sizes rang-
ing from 0.25 to 2.0 kb, whereas CRA25 yielded 2-11 bands,
with amplicon sizes ranging from 0.2 to 4.0 kb. Cluster
analysis of primers CRA25 and PM3 generated RAPD pro-
files separated the isolates at an average similarity values of
74% and 72%, respectively (data not shown). Primer CRA25
yielded 38 different patterns which clustered the isolates into
10 RAPD types; while primer PM3 yielded 35 patterns that
clustered into 15 RAPD types. A dendrogram based on the
combined similarity matrix generated with the two RAPD
primers is presented in figure 2. The combined dendrogram
at an average similarity value of 73% grouped all strains
into 15 (A1–A15) clusters showing high diversity in profiles.
Among the strains, nine (13.85%) belonged to A5, seven
(10.77%) each to A3, A7 and A15, six (9.23%) to A10, five
(7.69%) each to A1, A2, A14, four (6.16%) to A13, three
(4.62%) to A4, two (3.01%) each to A6, A11 and the remain-
ing three showed individual distinct patterns designated as
A8, A9 and A12 (figure 2). Besides, the RAPD profiles also
enabled a few of the isolates to be discriminated based on
their geographical source of isolation. As seen in figure 1, the
clusters A1, A6 and A15 were derived from Kundapur iso-
lates, while A5, A10, A11 and A13 were from Karwar. The
remaining clusters consisted of mixed geographical strains.
The grouping observed among the geographical isolates in
clusters A10, A11, A13 and A15 was common to that ob-
served in profiles generated by PM3 and CRA25 primers.
Eight of the nine isolates in A5 and two isolates in A6 clus-
ter presented identical grouping with PM3 but generated dif-
ferent profiles with CRA25. Similarly, A15 presented as a
single cluster with CRA25, but formed two subgroups with
PM3 at 68% similarity. The discriminatory index (D) cal-
culated for CRA25, PM3 and combined dendrograms were
0.85, 0.90 and 0.93, respectively. It was also observed that
with the CRA25 primer 96.9% isolates amplified a common
fragment of 800 bp. Similarly, with PM-3 primer two bands
of sizes 700 and 850 bp were common in 89.2% and 70.8%
of the isolates, respectively.

Protein profiling

On 10% SDS-PAGE electrophoresis, the 65 isolates of V.
harveyi analysis yielded approximately 13–18 clear and dis-

tinct polypeptide bands with molecular weights ranging from
10 to 100 kDa. The protein banding patterns were observed
to be identical for all the isolates tested. However, in three
of the isolates (V1, Vh24 and V37), an additional band of 28
kDa was detected (figure 3).

Discussion
Molecular characterization techniques are now widely used
both for ecological and epidemiological analyses of a wide
range of bacterial species. In this study, we have evaluated
two molecular methods, RAPD-PCR and bacterial whole
cell protein profiling to differentiate polymorphic V. harveyi
prevalent along southwest coast of India. RAPD-PCR was
exploited using two primers: CRA25 and PM3 which gave
reproducible and well distinguishable amplicons. The RAPD
profiles obtained with primers CRA25 and PM3 individu-
ally, showed diversity among V. harveyi isolates used in this
study. Cluster analysis based on combined similarity matrix
grouped all strains into 15 clusters, indicating a genetically
heterogeneous group of V. harveyi to be prevalent along the
coast. Our observations are in agreement with previous stud-
ies in reporting the presence of a large number of heterogenic
genotypes within V. harveyi (Pujalte et al. 2003; Hernandez
and Olmos 2004; Alavandi et al. 2006). Additionally, the
ability of RAPD-PCR to cluster V. harveyi strains suggests
that this technique could be used in differentiating V. har-
veyi strains. From this study, it was observed that among the
CRA25 generated amplicons, one amplicon of size 800 bp
was shared by almost all V. harveyi isolates studied. Simi-
larly with PM-3, two bands of sizes 700 bp and 850 bp were
common to nearly all strains. A similar observation was also
made by Pujalte et al. (2003), who reported that most of the
V. harveyi isolates in their study amplified a common band
of 800 bp when subjected to RAPD-PCR using Primer M13.
The sharing of common bands indicates the presence of a
highly conserved genomic region in diverse V. harveyi strains
in this region. This assumes significance as amplification of
common fragments by RAPD-PCR with a particular primer
has been shown to be useful in genetic amplifications and hy-
bridization assays for diagnostic purpose (Dalla et al. 2002).
Further, these highly conserved fragments could be ideal for
identifying strains that are atypical or which may be difficult
to identify by phenotypic tests. Hunter and Gaston (1988)
suggested that an index value greater than 0.90 is desirable
if the discrimination levels for RAPD typing are to be inter-
preted with confidence. The discriminatory values obtained
for the two primers highlight that RAPD-PCR with primer
PM3 (0.90) as having higher potential to detect genetic vari-
ations and better suited for differentiating strains of V. har-
veyi. However, a combined analysis of the two RAPD pro-
files (CRA25 and PM3) resulted in a higher discriminatory
value of 0.93 and hence we suggest that for establishing a
higher discriminatory relationship among isolates a combi-
nation of these two fingerprints should be used.
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Figure 2. Combined dendrogram for V. harveyi isolates generated by combining the RAPD-PCR profiles
obtained by CRA25 and PM3 primers. A1–A15 represent the different RAPD types resolved at 73% simi-
larity. ‘D’ value calculated was 0.925. Arrows indicate the conserved bands observed in the fingerprints.

Journal of Genetics, Vol. 88, No. 3, December 2009 277



Biswajit Maiti et al.

Figure 3. Representative protein profiles of V. harveyi isolates. M, protein marker; lanes 1–19, V. harveyi
isolates; lane 1, estuary water isolate (V1); lane 7, diseased shrimp isolate (V37); lane 18, pond sediment
isolate (Vh24).

RAPD typing method allows the tracing of particular
strains and its prevalence in different hosts. Although several
of our samples tested from the same location shared the same
RAPD type (table 1), no correlation was obtained between a
given RAPD type and the geographical location or the source
of the isolates. Further, V. harveyi isolated from shrimps in
this study were all from healthy animals except for one, V37
(Sasthan), which was from a diseased shrimp. Interestingly,
V. harveyi from the pond water (V39) where the shrimp was
sampled belonged to the same RAPD type which probably
suggests that there could have been a horizontal transmission
of the bacterium from water to shrimp. Further studies are re-
quired to clearly establish an association between a particular
RAPD type to virulence and disease, which could have im-
portant implication in establishing the origin of a pathogenic
strain. This could be particularly useful in molecular epi-
demiology studies for tracing the route of infection for im-
plementing suitable control measures for this bacterium.

A study by Pizzutto and Hirst (1995) showed that V. har-
veyi isolates could be grouped based on their whole-cell pro-
tein profiles generated on SDS-PAGE. However, in this study
the protein profiles failed to differentiate V. harveyi isolates
into different groups. Except for slight variations in the num-
ber of bands generated, the overall profiles for all isolates
tested remained the same. However, the expression of the
28-kDa polypeptide band in three of the isolates i.e. V1,
V37, and Vh24 requires further investigation. Further, V1
(estuary water) and V37 (diseased shrimp) are isolates from
the same geographical area (Sasthan) (table 1) and we do not
know whether the expression of this additional band has any
role in the pathogenicity of this organism. Results of protein
profiling suggest that the technique cannot be used in typing
V. harveyi strains in this region. However, it could be useful
in identifying new proteins which may be helping the organ-
isms in their adaptation to hosts and/or virulence.

In this study, although RAPD-PCR and SDS-PAGE pro-
files were reproducible and generated several bands, the

banding patterns observed with protein profiling were almost
similar and not discriminatory as observed with DNA finger-
printing. Thus, it can be concluded that RAPD-PCR which
is a rapid and simple tool could be used in typing and differ-
entiating a large number of V. harveyi strains, which could
be useful in studying the epidemiology and distribution for
implementing appropriate measures for controlling disease
caused by the bacterium.

Acknowledgements

The financial support towards this study from the Department of
Biotechnology funded research project and the Bioinformatics cen-
tre (Sub-DIC) of the Department of Biotechnology, Government of
India is gratefully acknowledged.

References
Alavandi S. V., Manoranjita V., Vijayan K. K., Kalaimani N. and

Santiago T. C. 2006 Phenotypic and molecular typing of Vibrio
harveyi isolates and their pathogenicity to tiger shrimp larvae. J.
Appl. Microbiol. 43, 566–570.

Ausubel F. M. 1995 Short protocols in molecular biology, 3rd edi-
tion. Wiley, New York, USA.

Conejero M. J. U. and Hedreyda C. T. 2003 Isolation of partial toxR
gene of Vibrio harveyi and design of toxR-tergeted PCR primers
for species detection. J. Appl. Microbiol. 95, 602–611.

Conejero M. J. U. and Hedreyda C. T. 2004 PCR detection of
hemolysin (vhh) gene in Vibrio harveyi. J. Gen. Appl. Microbiol.
50, 137–142.

Dalla V. L., Zanella L., Belvedere P. and Colombo L. 2002 Use
of random amplification to developed a PCR detection method
for the causative agents of fish pasteurellosis. Photobacterium
damselae subsp. piscicida (Vibrionaceae). Aquaculture 207, 187-
202.

Dileep V., Kumar H. S., Kumar Y., Nishibuchi M., Karunasagar
I. and Karunasagar I. 2003 Application of polymerase chain re-
action for detection of Vibrio parahaemolyticus associated with
tropical sea foods and coastal environment. Lett. Appl. Microbiol.
36, 423–427.

Harlow E. and Lane D. 1988 Antibodies: a laboratory manual. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, New York,
USA.

278 Journal of Genetics, Vol. 88, No. 3, December 2009



Molecular typing of Vibrio harveyi

Hernandez G. and Olmos J. 2004 Molecular identification of
pathogenic and nonpathogenic strains of Vibrio harveyi using
PCR and RAPD. Appl. Microbiol. Biotechnol. 63, 722–727.

Huey B. and Hall J. 1989 Hypervariable DNA fingerprinting in Es-
cherichia coli: minisatellite probe from bacteriophage M13. J.
Bacteriol. 171, 2528.

Hunter R. P. and Gaston A. M. 1988 Numerical index of the dis-
criminatory ability of typing systems: an application of simpsons
index of diversity. J. Clin. Microbiol. 6, 2465–2466.

Karunasagar I., Pai R., Malathi G. R. and Karunasagar I. 1994 Mass
mortality of Penaeus monodon larvae due to antibiotic resistance
Vibrio harveyi infection. Aquaculture 128, 203–209.

Krech T., de Chastonay J. and Falsen E. 1988 Epidemiology of
diptheria: polypeptide and restriction enzyme analysis in com-
parison with conventional phage typing. Eur. J. Clin. Microbiol.
Infect. Dis. 7, 232–237.

Lavilla-Pitogo C. R., Baticados M. C. L., Croz-Lacierda E. R. and
Pena D. L. 1990 Occurrence of luminous bacterial disease of Pe-
naeus monodon larvae in the Philippines. Aquaculture 91, 1–13.

Makemson J. C. and Hermosa Jr G. V. 1999 Luminous bacteria cul-
tured from fish guts in the Gulf of Oman. Luminescence 14, 161–
168.

Neilan B. A. 1995 Identification and phylogenetic analysis of tox-
igenic cyanobacteria by multiplex randomly amplified polymor-
phic DNA PCR. Appl. Environ. Microbiol. 61, 2286–2291.

Oakey H. J., Levy N., Bourne D. G., Cullen B. and Thomas A. 2003
The use of PCR to aid in the rapid identification of Vibrio harveyi
isolates. J. Appl. Microbiol. 95, 1293–1303.

Pizzutto M. and Hirst R. G. 1995 Classification of isolates of Vib-
rio harveyi virulent to penaeus monodon larvae by protein profile
analysis and M13 DNA fingerprinting. Dis. Aquat. Org. 21, 61–
68.
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