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ABSTRACT- White spot syndrome associated baculovlrus (WSBV) is the causative agent of a dlsease
which has recently caused high shrimp mortahties and severe damage to shrimp cultures. In thls study,
a strain of WSBV from black tiger shrimp Penaeus monodon was used to develop a diagnostlc tool for
the detection of WSBV and related agent lnfect~onsin s h n m p The vlnons were punfied from P monodon Infected with LVSBV V ~ r a lgenomlc DNA was extracted from purlfled vinons by treatlng the vlnons \ n t h proteinase K dnd cetyltnmethylammonium bromlde (CTAB) followed by phenol-chloroform
extraction and ethanol precipitation A qualitative assessment Ivas performed using polymerase chain
reaction (PCR) a n a l y s ~ son the viral DNA and primers specif~cto shrimp genomic DNA in order to mon~ t o shrimp
r
DNA contamination In the viral genomic DNA preparations A WSBV genomlc DNA llbrary
was constructed and based upon the sequence of the cloned WSBV DNA fragment, w e deslgned
a LVSBV-specific prlmer set for PCR to detect WSBV Infection in penaeld shrimp Samples which
contained WSBV DNA yielded a n evident a m p l ~ f ~ c a t l oproduct
n
showing the expected moblllty of a
1447-bp DNA fragment whereas n u c l e ~ caclds extracted from tissue samples of clln~callyhealthy
shnmp showed no such DNA fragment, thereby confirming the speclficity of our pnmers By PCR with
thls prlmer set, ~t was demonstrated that the causative agents of white spot syndrome in different
shnmp specles are closely related An effective diagnostlc tool is thus provided for screening s h n m p for
\.VSBV infections, and may be important In preventing the further spread of this d ~ s e a s e

KEY WORDS: WSBV . W h ~ t es p o t . PmNOBIII . Detection . Penaeid s h n m p baculovirus . PCR

INTRODUCTION
White spot syndrome associated baculovirus (WSBV)
is the causative agent of a disease which has recently
caused high shrimp mortalities a n d severe damage to
shrimp cultures. WSBV has been found across different penaeid shrimp species and in different East Asian
countries (Inouye et al. 1994, Momoyama et al. 1994,
Nakano et al. 1994, Takahashi et al. 1994, Chou et al.
1995, Wang et al. 1995). WSBV may be closely related
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to hypodermal and hematopoietic necrosis baculovirus
(HHNBV) reported as the pathogen of the explosive
epidemic disease of prawn (EEDS) in China in
1993-1994 (Cai et al. 1995) and systemic ectodermal
a n d mesodermal baculovirus (SEMBV) of the black
tiger prawn Penaeus rnonodon in Thailand (Wang et
al. 1995, Wongteerasupaya et al. 1995).It is well documented that the principal clinical sign of the disease is
the presence of white spots on the exoskeleton a n d
epidermis ranging from barely visible to 3 mm in diameter. Histopathological study demonstrates that WSBV
most frequently attacks the cuticular epidermis, as evidenced by the presence in these tissues of degenerated
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cells characterized by hypertrophied nuclei (Momoyama et al. 1994, Chou et al. 1995, Wang et al. 1995).
On the basis of electron microscopy, it has been suggested that the causative agent is a rod-shaped,
enveloped, non-occluded virus (Inouye et al. 1994,
Momoyama et al. 3.994, Nakano et al. 1994, Takahashi
et al. 1994, Chou et al. 1995, Wang et al. 1995).Several
independent experiments have demonstrated the reproducibility of the white spot syndrome in healthy
shrimp by experimentally infecting them with WSBV
prepared from the filtrate of spontaneously diseased
shrimp homogenate by either injection or immersion
(Momoyama et al. 1994, Nakano et al. 1994, Chou et al.
1995). Wang et al. (1995) successfully purified WSBV
from diseased black tiger shrimp. In negatively stained
preparations, the puriiied virions were indistinguisnable in morphology from the virions in the filtrate for
challenge tests (Chou et al. 1995, Wang et al. 1995).
These results confirm that WSBV is the causative agent
of the white spot disease occurring in penaeid shrimp.
Thus, the white spot syndrome in penaeid shrimp
associated with non-occluded baculovirus can be said
to be a well-defined disease, and in the present study
we used an isolate of WSBV from l? monodon as the
starting material to develop a diagnostic tool for the
detection of WSBV in shrimp.
For the development of effective diagnostic tools, a
WSBV genomic library was constructed by cloning
'super pure' WSBV genomic DNA extracted from purified virions. This report documents the approaches and
the results of this effort. In addition, the amplification
of selected DNA sequence by polymerase chain reaction (PCR) promises to be a powerful diagnostic tool for
the identification of pathogens (Erlich et al. 1988, Oste
1988). Based upon the sequences of the cloned WSBV
DNA fragments, we have designed a WSBV-specific
primer set for PCR. In this paper, we descri.be the
details of the use of this primer set and PCR for the
detection of WSBV infection in penaeid shrimps.

MATERIALS AND METHODS
WSBV genomic DNA library construction. Virus
purification and extraction o f viral DNA: The same
batch of the frozen WSBV-infected black tiger shrimp
Penaeus monodon as we used for our previous study
(Wang et al. 1995) was the source of the virus, and the
formal name of this strain of WSBV is PmNOBIII (the
third non-occluded baculovirus reported for P monodon) according to the criteria set forth in Francki et al.
(1991).The purificat~onof the virions was carrj.ed out
as described previously (Wang et al. 1995) The extraction of viral genomic DNA from purified virions was
performed by treating the virions with proteinase K

and N-cetyl N,N,N-trimethylammonium bromide
(CTAB) followed by phenol.-chloroform extraction and
ethanol precipitation (Wilson 1994).Briefly, the gradient-purified virions were incubated in TE buffer
(10 mM Tris-HC1, 1 mM EDTA, pH 7.6) containing
100 mh4 KC1, 1. % SLS (N-lauryl sarcosine) and 0.2 rng
ml-' proteinase K at 65°C for 3 h. After incubation, 5 M
NaCl was added to adjust the NaCl concentration of
the DNA solution to 0.7 M. Next, 1/10 vol. CTAB/NaCl
(10% CTAB In 0.7 M NaC1) was added slowly and
mixed thoroughly before incubation at 65OC for 10 min.
Following 2 extractions with an approximately equal
volume of chloroform/isoamyl alcohol and 2 extractions with an equal volume of phenol/chloroform/
isoamyl alcohol, the DNA was precipitated with 2
volumes absoiute ethanoi, and washed with coid 70 70
ethanol. The dried DNA pellet was dissolved in a suitable amount of 0.1 X TE buffer at 65°C for 30 min, and
then stored at 4°C until use.
Preparation o f shrimp DNA for PCR as a control: The
primers specific to shrimp genomic DNA for PCR were
used to monitor shrimp DNA contammation in the WSBV
genomic DNA preparations. For this purpose, 2 primers
were designed from the highly conserved regions of
18s rRNA sequence of decapods, based on published
sequences (Klm & Abele 1990),a computerized data file
(GenBank, National Institute of Health, MD, USA) and
sequence alignment analysis using the program PC/
GENE (Intelligenetics, Inc., Campbell, CA, USA). By
pairing the forward primer 143F (5'-TGCC'IT ATC AGC
TNT CGA TTG TAG-3', where N represents G , A, T or
C) with a reverse primer, 145R (5'-TTC AGN TTT GCA
ACC ATA CTT CCC-3'),the shrimp DNA is expected to
yield a PCR product of 848 base pairs (bp)corresponding
to nucleotide sequences 352 to 1200 of 18s rRNA of the
penaeid shrimp Penaeus aztecus.
The genomic DNAs extracted from the muscle of
healthy Penaeus monodon or P japonicus were used as
positive control for PCR. The deproteinized genomic
DNA of the shrimp was prepared according to the
method for preparation of genomic DNA from mammalian tissue (Strauss 1994). Briefly, 200 mg muscle
tissue excised from the abdomen of the shrimp was
rapidly frozen in liquid nitrogen and mushed to a fine
powder. The processed t ~ s s u ewas placed in 2.4 m1
digestion buffer (100 mM NaC1, 10 mM Tris-HC1, pH 8,
25 mM EDTA, pH 8, 0.5% sodium dodecyl sulfate,
0.1 mg ml-' proteinase K ) and incubated at 65°C for
12 to 18 h. The digest was deproteinized by successive
phenol/chloroform/isoamyl alcohol extractions, recovered by ethanol precipitation, and dried and resuspended in 0.1 X TE buffer at 65°C for 30 min, and then
stored at 4OC until use for PCR.
WSBV genomic DNA library construction: The
WSBV genomic DNA without shrimp DNA contamina-
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tion was digested with Sal1 restriction endonuclease
(BRL Life Technologies Inc., Gaithersburg, MD, 'USA)
at 37°C for 3 h in order to obtain DNA fragments, and
the fragments were then ligated into SalI cleaved pUC
19 plasmid vector in the presence of T4 DNA ligase at
16°C overnight The competent Escherichia coli DH 5 a
cells were transformed .with the resulting plaslnids
and plated on ampicillin/isopropyl-PD-thiogalactopyranoside ( I P T ( ~ ) / 5 - b r o m o - 4 - c h l o r o - 3 - i n d o l y l - ~ D galactopyranoside (X-gal) agar plates. After using the
miniprep method to screen the white ampicillin-resistant transformants for the presence of the appropriate
recombinant plasmids, both strands of the plasmid
inserts were sequenced with double-stranded DNA
templates using a Sequenase kit (United States Biochemical Corp., Cleveland, OH, USA) with M13/pUC
Sequencing Primers (BRL Life Technologies Inc.), and
subsequently, specific internal primers.
Amplification of WSBV DNA fragment from DNA
extracted from purified WSBV virions. Oligonucleotide primers (146F and 146R) were used for the amplification of WSBV DNA fragments. Primers 146F and
146R were designed on the basis of the DNA sequence
of a cloned WSBV 1461-bp SalI DNA fragment in
recombinant plasmid (pms146). The following are the
sequences of the primers: 146F1, 5'-ACT ACT AAC
TTC ,\GC CTA TCT AG-3'; 146R1,5'-TAA TGC GGG
TGT AAT GTT C l T ACG A-3' With this primer set, a
1447-bp fragment is expected to be amplified from
WSBV genomic DNA. The internal primers (146F2, 5'GTA ACT GCC CCT TCC ATC TCC A-3'; and 146R2,
5'-TAC GGC AGC TGC TGC ACC TTG T-3') were
used to confirm that the amplified fragment was indeed from the WSBV 941-bp SalI DNA fragment.
The deproteinized DNA samples extracted from
p'urified WSBV virions and from the muscle of the
healthy shrimp were used as DNA templates for the
evaluation of the specificity of the primers by PCR.
Amplification of WSBV DNA fragment from DNA
extracted from tissues of infected shrimp. The diseased shrimp consisted of shrimp naturally and experimentally infected with WSBV. For experimental infection, the healthy shrimp (average body weight: 0.5 g )
were infected with WSBV using the method described
in Chou et al. (1995).Five days after infection, the DNA
was extracted from 3 experimentally infected shrimp
and 3 healthy shrimp and checked by PCR with the use
of WSBV-specific primers (146F1 and 146R1) and
shrimp DNA-specific primers (143F and 145R).
PCR amplification and analysis of products. The deproteinized DNA samples used for amplification totaled
0.1 to 0.3 pg in a 100 p1 reaction mixture containing
10 mM Tris-HC1, pH 9 at 25"C, 50 mM KC1, 1.5 m M
MgC12, 0.1% Triton X-100, 200 pM each of dNTP,
100 pm01 each of primer, 2.5 units of Taq DNA Poly-

merase (Promega,Madison, WI, USA).The amplification
was performed in a AG-9600 Thermal Station (Biotronics
Corp., Lowell, MA, USA) for 1 cycle of 94°C for 4 min,
55°C for 1 min, 72°C for 3 min; and then 39 cycles of
94°C for 1 min, 55°C for l min, 72°C for 3 min; plus a
final 5 nlin extension at 72°C after the 40 cycles. Control
reactions containing no template DNA were run for all
PCK reactions. In some PCR reactions, controls also
consisted of reaction mixtures with DNA extracts from
healthy shrimp. The PCR products were analyzed in
1 % agarose gels containing ethidium bromide at a concentration of 0.5 pg ml-', and visualized under ultraviolet transilluminatlon.
Dot hybridization of DNA extracted from WSBVinfected or healthy Penaeus rnonodon with a DIGlabeled 1441-bp PCR product. The DNA extracted
from WSBV-infected or healthy Penaeus monodon were
spotted onto Hybond-N paper (Amersham,Little Chalfont, Buckinghamshire, UK) using a 96-well dot-blot
vacuum filtration manifold apparatus (Schleicher and
Schuell, Inc., Keene, NH, USA). The blots were airdried and denatured in 1.5 M NaC1, 0.5 N NaOH for 10
min, and then neutralized in 1.5 M NaCl, 1 M Tris, pH
7.4 for 10 min. The blots were used for hybridization
with a digoxigenin (D1G)-labeled1447-bp PCR product
following the standard molecular cloning techniques
(Sambrook et al. 1989).The dot blot was hybridized at
37°C for 16 h with the DIG-labeled probe, after prehyhridization at 37'C for 12 h in 50% formamide, 5 x SSC
(0.75 M NaC1, 75 mM sodium citrate), 1 mhi EDTA,
50 mlM Tris (pH 8).5 x Denhardt's reagent 10.1 76 Ficoll400, 0.1 % polyvinyl pyrrolidone, 0.1 % bovine serum
albumin (BSA)].The 1447-bp PCR product was used as
a template to prepare probe using the random primer
method (Boehringer Mannht.im, Germany). After hybridization, the detection of the DIG-labeled nucleotides in blots was accomplished wlth a chemiluminescent reaction by using the DIG Luminescent Detection
Kit (Boehringer Mannheim). The blot was exposed to
Kodak XAR-5 film at 37OC for 15 to 30 min to record the
chemiluminescent signal.
Southern hybridization of WSBV DNA from diseased
Penaeus monodon or P. japonicus with DIG-labeled
1447-bp PCR product. Southern blot hybridization was
performed to localize the 1447-bp PCR product within
the genomic DNA of WSBV purified from the diseased
Penaeus monodon or i? japonicus with white spot syndrome. For this purpose, 200 ng genornic DNA of WSBV
isolated from the diseased shrimp was digested with
SalI, and then electrophoretically separated in 0.8%
agarose gel. After acid (0.25 N HC1) depurination and alkali (1.5 M NaCl, 0.5 N NaOH) denaturation of the DNA,
the gel was neutralized with 1 M Tris (pH 7.4) and 1 5 M
NaC1, and subsequently transferred to a Hybond-N
nylon membrane using a vacuum transfer unit (Hoefer
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Fig. 1. Electron microscopic
appearance of negatively
stained WSBV virions punfied by sucrose gradient
centrifugation. Scale bar:
0.1 pm

TE 80) for 60 min. 20x SSC was used as transfer buffer
( S a m b r o o et
~ ai. i989).The biot was used for hybndlzation with a DIG-labeled 1447-bp PCR product.

The size of the inserts varied from 15 kbp to less than
500 bp. This library provides an abundant supply of
WSBV DNA enabling further study of the molecular
biology of the virus.

RESULTS

WSBV genomic DNA library construction

Virus purification and extraction of viral DNA
Typical rod-shaped virions of WSBV were readily
observed after concentration and purification by sucrose
gradient centrifugation (Fig. 1). These virions were
used to extract the viral DNA.
The amplification of shrimp DNA using PCR and
primers specific to 18s rRNA reliably resulted in the
predicted 848-bp DNA fragment (Fig. 2). This provided
a simple and highly sensitive method for detecting
small amounts of shrimp DNA and was subsequently
used to monitor shrimp DNA contamination in WSBV
genomic DNA preparations for library construction.
The PCR analysis shown in Fig. 3 indicates that host
DNA contamination was detected in most WSBV
genomic DNA preparations. However, a few samples
of WSBV genomic DNA extracted from purified virion
preparations were virtually free of contaminating host
DNA. An example is shown in Fig. 3, lane 3.

Amplification of WSBV DNA fragment from
deproteinized DNA extracted from purified virions

On the basis of the obtained DNA sequences (data
not sho~vn)of WSBV SalI DNA fragments, several
primer sets were designed and evaluated by PCR for

Genomic DNA library construction
The SalI digested WSBV DNA was checked by electrophoresing a 5 p1 aliquot in a 0.8% agarose gel containing ethidium bromide The WSBV genomic DNA
was completely digested with SalI restriction endonuclease (Fig. 4 ) . The size of the fragments was found
to be from 15 kbp to less than 1 kbp. From the same
batch of digested D N A , a 20 p1 aliquot was used for
library construction. Recombinant plasmids isolated
from transformants were screened by SalI digestion.

Fig. 2 . Ethidium bromide-stained agarose gel of PCR-ampwied
18s [DNA fragment from shrimp genomic DNA. Two primers
for highly conserved regions of the 185 rRNA sequence of
decapods, 143F and 145R, were used for the reaction and
primed the amplification of the 848-bp fragment from the DNA
template prepared from healthy Penaeus monodon (lane 2).
Lane 1. pGEN DNA size marker. Size of DNA markers
indicated In base pairs (bp)
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Fig. 3. Qualitative assessment using PCR and shrimp DNA
specific primer set 143F and 145R for monitoring shrimp DNA
contamination in the WSBV genomic DNA preparations. The
PCR products were analyzed on a 1% agarose gel. The
shrlinp DNA contamination is evidenced by the presence of
a 848 bp P('F. product. Lane 1. pGEN DNA s u e marker;
lanes 2-6: WSBV genomic DNA preparations a s DNA template; lanes 7-8: shrimp genomic DNA prepared from healthy
Penaeus nlonodon (lane 7) and l? japonicus (lane 8) a s DNA
template; lane 9: without DNA template. Size of DNA markers
given in base p a r s (bp]

their ability to identify WSBV in infected tissues.
Among them, the primer set 146F1-146R1 gave a conslstent and an efficient ampl~ficationof WSBV DNA
but not of shrimp DNA. This primer set was then
chosen for subsequent parts of this study. Fig. 5 shows
a diagram of the SalI 1461-bp DNA fragment cloned in
plasmid pms146. The location of the amplicons and the
primers used for PCR is indicated.
Fig 6 shows the results of amplification using purified WSBV genomic DNA as the PCR template and
primer sets specific to either WSBV DNA or to shrimp
DNA. The reactions analyzed in Fig. 6, lanes 2, 5 and

Fig. 4. Sal1 digested WSB\' DNA
fragments. WSBV gcnomic DN \ was
digested w ~ t hSalI restriction endonuclease at 37°C for 3 h. A 5 p1
aliquot was analyzed on a 0.8'%,
agarose gel containing ethidiuin bromlde showing the fragments w t h a
slze from 15 kbp to less than 1 kbp
(lane 2). From the same batch of digested DNA, a 20 p1 aliquot was used
for WSBV DNA library construction.
Lane 1: lambda phage DNA Hind 111
fragment marker. Size of DNA niarkers indicated in base pairs (bp)

8 represent amplification using WSBV DNA primer
set 146F1-146R1 and 3 independent WSBV DNA
preparations, and the results demonstrate the presence of a relatively large amo.unt of WSBV genomic
DNA in the 3 tested samples, as evidenced by an
intense 1447-bp PCR product in these lanes. At least
1 of the WSBV DNA preparations is free from shrimp
DNA contamination, as evidenced by the absence of
a detectable PCR product of shrimp DNA in Fig. 6,
lane 6. The WSBV primer set 146F1-146R1 and
shrimp DNA primer set 143F-145R were used simultaneously in a reaction mixture to demonstrate

Fig. 5. Diagram of the
~ a j l - 1 4 6 1bh DNA frag-

ment cloned in plasmid
pms146. Location of the
primers used for PCR
and amplicons is indicated. The 146F1 and
146R1 prime the amplific a t ~ o nof a. 1447-bp fragment, while 146F2 and
146R2 prime the amphfication of 941-bp fragment. Position of 2 EcoRI
sites in Sal1 1461-bp
DNA fragment is also
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Fig. 6 . PCR amplification of WSBV-specific and shrimp DNA-specific fragments using DNA templates prepared from WSBV
virions purif~edby sucrose gradient centnfugatlon. The WSBV-specific primers 146F1 and 146R1 which yield a 1447-bp PCR
product were used for reactions in lanes 2, 5, 8, and 11. The shrimp DNA-specific primers 143F and 145R which yield an 848-bp
PCR product were used for reactions in lanes 3, 6, 9, and 12. In lanes 4 , 7, 10, and 13, all primers (143F, 145R, 146F1 and 146R1)
were added together in each of the reactions. The PCK products were analyzed on a 1Oh agarose gel. Lane 1, pGEN DNA size
marker; lanes 2-4: PCR products using DNA template extracted from virions purified from diseased Shrimp 1 epidermis showing
shrimp DNA and WSBV DNA band, lanes 5-7: PCR product using DNA template extracted from virions purified from diseased
Shrimp 2 epidermis showing only WSBV DNA band; lanes 8-10: PCR product using DNA template extracted from virions purified from diseased Shrimp 2 muscle showing intense shrimp DNA and WSBV DNA band; lanes 11-13: PCR product using DNA
template extracted from healthy shrimp showing only shrimp DNA band. Size of DNA markers indicated in base pairs (bp)

approximately the proportion of WSBV DNA in template DNA. The data presented in Fig. 6 demonstrate
that the WSBV-specific DNA fragment was detected
as a major band in 3 independent WSBV preparations
(lanes 4, 7 a n d 10) while the shrimp DNA was
detected in 2 of 3 WSBV DNA preparations (lanes 3
a n d 10). Thus template DNA contaned varying proportions of shrimp DNA a n d WSBV DNA. It is also
clear that, in spite of contamination with shrimp
DNA, a large proportion of the DNA extracted from
WSBV virions purified by sucrose gradient centrifugation is WSBV DNA. Meanwhile, reaction mixtures
with total nucleic acid extracted from tissues from
clinically healthy shrimp a n d WSBV DNA specifi.~
primer set 146F1-146R1 were consistently negative
(Fig. 6, lane 111, thus demonstrating the specificity of
this primer set.

Amplification of WSBV DNA fragment from DNA
extracted from the tissues of infected shrimp
Fig 7 shows the ampl~ficationresults using plasmid pms146 DNA a n d the DNA extracted from the
tissues of Penaeus monodon and F? japonicus natually infected with WSBV as DNA templates. The
DNA templates were amplified using either the

WSBV-specific primer set 146F1-146R1 or shrimp
DNA-specific primer set 143F-145R. The 1447-bp PCR
product, CO-migratingwith DNA amplified from pure
CO-migratingplasmid pms146 DNA, demonstrates the
presence of WSBV DNA In the total nucleic acid
extracted from all the naturally infected shrimp.
Examples are shown in Fig. 7, lanes 2, 5 and 8. Using
the internal primer set 146F2-146R2, 10 p1 of these
products were reamplified to yield a PCR product
with the expected size of 941 bp (Fig. 6, lanes 3, 6
and 9). The results confirm the identity between
amplification product a n d template. Shrimp DNA
was amplified very efficiently using shrimp DNAspecific primer set 143F-145R as shown in Fig. ?,
lanes 7 a n d 10. The results presented in Fig. 7, lanes
5 to 10 demonstrate that WSBV DNA could be
detected with the use of WSBV I>NA-specific primer
sets 146F1-146R1 and 146F2-146R2 in the presence
of a large excess of shrimp genomic DNA.
Fig 8 shows the amplication result using DNA
extracted from tissues of Penaeus monodon experimentally infected with WSBV as DNA templates for
PCR using the primer set 146F1-146R1 Arnpli.catlon of
the expected 1447-bp fragment is evident for all the
experimentally infected shrimp. No amplification
product at 1447 bp was present for healthy shrimp
from the control group.
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In a d d ~ t ~ oton WSBV, a variety of baculoviruses has been reported to Infect decapod
crustaceans slnce the first report by C o ~ ~ c h
(1974d, b) and sonic of them cause mass
2645 n
l o ~ t a l ~ of
t y the disedsed animals (Lightnel &
1605 1447 bp
1198Redrnan 1981, Sano et dl 1981, Lestel et dl
676 r 848bp
1987, Johnson 1988, Johnson & Lightner
517 1988, Bruce et d l 1991, Chang et a1 1992,
1993, Mar1 et a1 1993, Wony teerasupaya et
at 1995) These vlruses are morpholog~cally
s~mllar,a n d most researchers agree that the
structure of the vlral genome should become
the much needed reference f o ~determining
the
taxonom~cpos~tlonof crustacean baculoFig 7 PCR a m p l ~ f l c a t ~ oofn WSBV- and s h n m p DNjI-spec~ficfragments
vlruses The development of r a p ~ dand reliuslng plas~nldpms146 and DNA extracts from Penaeus monodon naturally infected wlth M'SBV as PCR DNA teniplatcs The WSBV-speciflc
able d ~ a g n o s t ~tools
c
uslng molecular appnmers 146F1 and 146R1 were used tor leactions In lanes 2, 5, 8 and 11
proaches w ~ l l be useful not only for the
The 1'CR p ~ o d u c tIS a 1447 bp fragment Internal p n m e l s spec~ficto the
~ d e n t ~ f ~ c a and
t ~ o comparatlve
n
s t u d ~ e sof the
1447-bp flagmi.nt, 146 F2 and 146 R2, w e l e used for the reactions in
viluses but also for the screening of calrlels
lanes 3, 6 ,9 and 12, they prlme the a m p l ~ t ~ c a t i oofn a 941-bp fragment
In shrlmp larvae and palental spawners In
The s h r ~ m pDNA-specific pilmers 143F and 145R were used for the ledctions In lanes 4, 7, and 10 They prlnle the a m p l i f ~ c a t ~ oofn a 848-bp fragview of these polnts we have focused our
ment The a m p l ~ f ~ c a t ~products
on
were analyzcd on a l " , agarose gel
research on the WSBV genomlc structure
Lane 1 pGEN DNA size marker, lanes 2- 4 plasmid pms146, lanes 5 - 7
and on the development of r a p ~ da n d senslDNA extlacts lrom naturallv lntected P monodon lanes 8-10 DNA extlve dlagnostlc tools
tracts from naturcilIv lnfecteb P jdponlcuc lanes 11 and 12 templdte-free
control reartlons Size of the DNA markers g ~ v e n~n base pdlrs ( b p )
In this paper, we used shrlmp DNAs p e c ~ f ~prlmers
c
in several assessments The
aims of the use of a s h r ~ m pD N A - s p e c ~ f ~ c
Dot hybridization of DNA extracted from
prlmer set ~n the present study were (1) to assess the
WSBV-infected or healthy Penaeus monodon with a
p u r ~ t y of WSBV genomlc DNA preparat~ons,(2) to
DIG-labeled 1447-bp PCR product
evaluate n u c l e ~ c a c ~ d extract~on procedures for
The results of dot hybrid~zationdemonstrate that the
PCR ~ r o d u c thvbrid~zed w ~ t hDNA extracted from
WSHL'-lnrected s h r l n i p , but dld n,)t h y h l i d l z ~ ~ v l t h
DNA extracted from healthy shrimp (Fig. 9) The
results demonstrate the specificity of the 1447-bp PCR
product.

Southern hybridization of WSBV DNA from the
diseased Penaeus monodon or l? japonicus with a
DIG-labeled 1447-bp PCR product
In order to localize the 1447-bp PCR product within
the WSBV genomic DNA, Southern hybridization of
WSBV genomlc DNA Sal1 fragments was performed

a

1447-bp
product as a probe
The results demonstrate that the 1447-bp PCR product
hvbridized slsecif~callvwith a WSBV aenomic DNA
~ ~ fragment
1 1
of 1461 bp
10) ~~~h 1 4 6 1 . b ~s a l l
fragments of
genomlc DNA prepared respectlvely flom Penaeus monodon and P laponlcus were
found to be positive with the probe.
using

d

2645 1605 1198 676 517 -

4

1447 bp

Fig 8 PCR amplificatioll of WSBV- a n d shrimp D N A - s p e c ~ f ~ c
fragments using DNA templates prepared from Penaeusmonodon exper~mentallyinfected with WSBV T h e pnmers 146F1
a n d 146 K 1 w h ~ c hyield a 1447-bp PCR product were used for
the reactlon PCR products were analy7cd on a 1 dgarose gel
Lane 1 pGEN DNA slze marker, lanes 2-4 DNA extracts f i om
3 expel~mentatlyinfected P monodon, lanes 5-7 DNA extracts
from healthy P monodon of control qroup S ~ z of
e DV,\ markers
indicated in base pairs ( b p )
" ( >
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Fig. 9 Dot hybridization of DNA extracted from WSRVinfected or healthy Penaeus monodon with a DIG-labeled
1447-bp PCR product. The DNA from 2 WSBV-infected
shrlmp (1 and 2) and 2 healthy shrimp (3 and 4) were blotted
in duplicate (A and B) onto the Hybond-K paper and probed
with the DIG-labeled 1447-bp PCR product. The probe hybridized with the DNA from the infected shrimp but not with
the DNA from the healthy shrimp

yieiding ampiicabie DNA tem.piate; and (3) to estimate approximately the proportion of the shrimp
DNA and WSBV DNA in template DNA prepared
from the total nucleic acids of the infected tissues.
Attempts have been made in our laboratory to
purify WSBV virions from various tissues including
epidermis, muscle and gills. From these virions we
obtained WSBV DNA of varied purity as assessed by
shrimp DNA-specific primers. Examples of these
assessments are shown in Figs. 3 & 7. The nucleic
acids extracted from muscle tissues yielded a great
quantity of WSBV DNA, but were heavily contaminated with shrimp DNA (Fig. 6, lane 9). The
virions purified from heavily infected epidermal cells
underneath the exoskeleton are good starting materials for extracting 'super pure' WSBV genomic
DNA (Fig. 6, lanes 2 and 5). By using the shrimp
DNA-specific primers and PCR, for the first time a
tool is available to assess the extent of the shrimp
DNA contamination in shrimp virus genomic DNA
preparations.
Using the WSBV DNA-specific primers, all the punfied WSBV genomic DNA samples consistently yielded
a n evident amplification product showing the expected mobility of a 1447-bp DNA fragment. The
nucleic acids extracted from tissues of naturally diseased shrimp with white spot syndrome and from
shrimp exper~mentallyinfected wtth WSBV also consistently- gave
PCR products of the same size. The
.
nucleic acids extracted from the tissues of clinically
healthy shrimp showed no positive results. These
resuits demonstrate the specificity of the WSBV DNAspecific primers designed in the present study, In
t h e 1 4 4 7 - b PCR
~
product can be used prepared
WSBV-specific nucleic acid probe for detecting WSBV
infection in shrimp using dot blot hybridization as
shown in ~ i 9, ~practically
,
seen, the present studies
provide effective diagnostic
for screen.ing of
the WSBV infection in penaeid shrimps as shown in
Figs. 7, 9 & 10.
tiOnl

With PCR (Fig. 7) and Southern hybridization
(Fig. 10), we have demonstrated that the causative
agents of white spot slmdromc of different shrimp
species are in fact closely related. Screening for the
WSBV infection in shrimp should be undertaken
immediately in order to prevent this viral disease
from spreading further. In addition, the PCR diagnostic techniques for WSBV developed in the present
study provide effective tools for comparative studies
on shrimp non-occluded baculoviruses such as
Japan' RV-PJ (Inouye et al. 1994), China' HHNBV
(Cai et al. 1995), Thailand' SEMBV (Wongteerasupaya et al. 1995), Taiwan' WSBV (Wang et al.
1995) and other crustacean non-occluded baculoviruses.

uncut WSBV DNA

1461-bp fragment

Fig, 10. Southern hybridization of WSBV DNA from diseased
Penaeus monodon or P japonicuswith a DIG-labeled 1447-bp
PCR product. Sdll-digested {I'SBV DNA from P monodon
and
japonicus were
Onto H ~ b o n d - Npaper and
probed with the DIG-labeled 1447-bp PCR product. The
probe hybridized with a 1461-bp fragment of Sal1 digested
WSBV DNA from either shrimp source 1~1thequal v ~ s u a l
intensity, showing their close relatedness. A: ethjdium bromide-stained O.a%, agarose gel; B: the autoradiograph of
the Southern blot of geI A. Lane 1. pCEN DNA size marker;
lane 2: genomlc DNA Sal!, tragmr,ntsof WSBV purified f r o m
p monodon; lane 3: qenomic D K ! ~s a l l fraqments of WSBV
purif~edfrom P japonicus
v
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