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Abstract

Comparison of PCR and dot blot diagnostic techniques for detection of white spot syndrome virus (WSSV) was made on
different tissues of infected Penaeus monodon including eye stalk, eye stalk with eye, gills, cuticle, pleopod, periopods, uropods
and telson. Dot blots of crude DNA extracted from infected tissue samples showed positive reactions with all the samples; however,
the sensitivity of the dot blot was reduced with the purification of DNA samples extracted from pleopod, telson and uropod. PCR
was found to be more sensitive when compared to dot blot. Both crude DNA and purified DNA samples extracted from all the
tissues except for eye stalk with eye showed single step nested PCR positive reaction. The amplification of all or either of the three
bands of 941 bp, 525 bp and 204 bp size varied with the tissues analysed. The severity of infection assessed by PCR amplification
was found to be maximum in cuticle and telson followed by gill. Other tissues such as eye stalk, pleopod, periopods and uropod
were observed to have mild infection. The maximum intensity of the PCR product was for the smallest amplified product of 204 bp
followed by 525 bp and the weakest intensity was observed for the 941 bp size. The limitation of PCR due to inhibiting factors
present in tissues could be overcome with the use of dot blot which gave positive reaction from the DNA extracted from eye stalk
including the eye but yielded no amplification by PCR.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Outbreaks of viral disease due to white spot
syndrome virus (WSSV) in Penaeus monodon since
1994 still continues to be major problem for the shrimp
aquaculture industry worldwide. In spite of extensive
WSSV research, till date no therapy has been found that
can contain the disease. Since large scale mortalities due
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to WSSV occur within 3 to 10 days in shrimp culture
(Lightner, 1996), good management practice is the only
option which can prevent the viral outbreaks (Flegel et
al., 1997). Major emphasis is being laid for early
detection of the virus by sensitive and accurate
molecular diagnosis, which helps in maintaining healthy
brood stock and in production of good quality shrimp
larvae. Simple and rapid diagnostic tests help in taking
suitable preventive measures against the disease occur-
rence. Several diagnostic techniques such as histopa-
thology, PCR, immunoblot, in situ hybridization and dot
blot have been developed and are widely used for
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detection of WSSV. PCR amplification as described by
Takahashi et al. (1996) was one of the early works
reporting successful detection of WSSV. There are
numerous other reports by various workers using
different sets of primers for PCR amplification of
WSSV (Lo et al., 1996; Wongteerasupaya et al., 1996;
Kim et al., 1998). A non-radioactively labeled digox-
igenin (DIG) DNA probe has been used for dot blot
analysis for various shrimp viruses such as P. monodon
baculovirus (MBV) (Lu et al., 1993), infectious
hypodermal and hematopoietic necrosis virus
(IHHNV) (Nunan et al., 2000), WSSV (Edgerton,
2004; Dupuy et al., 2004), in situ hybridization for
Taura syndrome virus (TSV) (Nunan et al., 1998),
WSSV (Nunan and Lightner, 1997; Durand et al., 1996;
Wongteerasupaya et al., 1996; Chapman et al., 2004)
and Southern blot hybridization of WSSV (Wang et al.,
2000).

In spite of various diagnostic tests for detection of
WSSV that are available today, the choice of these tests
by shrimp farmer or researcher depends on number of
factors. PCR, though a very sensitive technique, can
lead to false positive results if handling of samples is
incorrect. In addition, it has also been reported that PCR
inhibitory factors present in the tissue also have
significant effect on the results (Cunningham, 2002).
Whereas, reaction of shrimp endogenous peroxidase
with the substrate is reported to be the cause of false
positive results in immunoblot assays to detect WSSV
(Zhan et al., 2003). The objective of the present study
was to compare dot blot and PCR to know the sensitivity
of these diagnostic techniques to detect WSSV from
different infected tissues of P. monodon.

2. Materials and methods

2.1. Shrimp samples

White spot infected P. monodon shrimps were
collected from disease outbreaks at shrimp farms located
in the east coast regions of India. Samples were either
frozen or preserved in ethanol.

2.2. Extraction of viral DNA

Infected tissues of P. monodon eye stalk, eye stalk
with eye, gills, cuticle, pleopod, periopods, uropods and
telson were homogenized separately in 300 μl of DNA
extraction buffer provided in a single tube WSSV nested
PCR detection kit (Bangalore Genei Ltd.). The homog-
enized tissue samples after heating in boiling water for
2 min were centrifuged at 11,000×g for 5 min at room
temperature and 10 μl of supernatant (crude DNA
sample) was collected both for PCR and dot blot
analysis. The remaining supernatant was phenol chlo-
roform extracted once before ethanol precipitation at
−20 °C. The DNA pellet (purified sample) was washed
once with 70% ethanol and dissolved in 20 μl of
distilled water.

2.3. Dot blot hybridization

The PCR product of 643 bp amplified from the
WSSV infected gill tissue of P. monodon was used for
generating probe by DIG random primed DNA labeling
using DIG DNA labeling and detection kit (Roche)
following manufacturer's protocol. The primers
(30 pmol each) used in this study were as described
by Takahashi et al. (1996): primer I: 5′GACAGAGA-
TATGCACGCCAA 3′, primer II: 5′ACCAGTG-
TTTCGTCATGGAG 3′. PCR cycle consisted of
initial denaturation at 95 °C for 2 min followed by 30
cycles of 94 °C for 1 min, 58 °C for 1 min, 72 °C for
1 min, followed by final extension step of 72 °C for
10 min. Quantification of the DIG labeled probe was
estimated by comparing DIG labeled control provided in
the kit. One microliter of serially diluted DIG labeled
control DNA with final concentration of 100 pg μl−1,
10 pg μl−1, 1 pg μl−1, 0.1 pg μl−1 and 0.01 pg μl−1 was
spotted on nylon membrane. One microliter of
corresponding dilutions of experimental probe was
spotted in the second row on the same nylon membrane
for comparison. The spotted DNA was fixed on the
membrane by cross linking with UV light.

WSSV infected P. monodon tissues such as eye stalk,
eye stalk with eye, gills, cuticle, pleopod, periopods,
uropods and telson were used for dot blot analysis. Both
crude DNA sample (1.0 μl) of the tissues obtained after
boiling in DNA extraction buffer and the purified DNA
sample (1.0 μl) obtained after phenol chloroform
extraction was used for spotting on the nylon mem-
brane. Crude DNA and purified DNA extracted from
gill tissues of healthy P. monodon were used as negative
controls. After fixing the spotted DNA on the membrane
by cross linking with UV light, prehybridization,
hybridization and detection with NBT/BCIP for the
dot blot experiments were done as per the protocol
described in the kit.

2.4. PCR

Crude DNA sample (1.5 μl) of the tissues obtained
after boiling in DNA extraction buffer and the
purified DNA sample obtained after phenol chloroform
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extraction was used as template in the PCR reaction.
The PCR reaction was carried out as per the manufac-
turer's protocol (Single tube WSSV nested PCR
detection kit, Bangalore Genei Ltd.). PCR cycle
consisted of initial denaturation at 95 °C for 2 min
followed by 30 cycles of 94 °C for 1 min, 58 °C for
1 min, 72 °C for 1 min, followed by final extension step
of 72 °C for 10 min.

3. Results

3.1. Dot blot

Quantification of the experimental DIG labeled
probe on comparison with the DIG labeled control
DNA showed positive reaction up to 0.1 pg μl−1

dilution. The intensity of the colour development of the
experimental probe was equal to the control labeled
DNA (Fig. 1A).

Dot blot of crude DNA extracted from infected
tissue samples of eye stalk, eye stalk with eye, gills,
cuticle, pleopod, periopods, uropods and telson showed
positive reactions. In case of purified DNA, colour
development was observed with the DNA extracted
from eye stalk, eye stalk with eye, gills, cuticle and
periopods. No colour development was observed with
purified DNA extracted from pleopod, telson and
uropod (Fig. 1B). The sensitivity of the dot blot was
estimated by diluting the purified DNA extracted from
infected gill tissue. The WSSV probe could give
Fig. 1. Dot blot of WSSV. (A) Quantification of DIG labeled probe using 10-
0.01 pg μl−1 (1–5). Ten-fold dilution of experimental DIG labeled probe (6–
extracted from (1) eye stalk, (2) eye stalk with eye, (3) gills, (4) cuticle, (5)
DNA extracted from healthy gill tissue. Purified DNA extracted from (10) eye
periopods, (16) uropods, (17) telson, (18) negative control of DNA extrac
extracted from infected gill tissue.
visible colour reaction till 1:100 dilution of the gill
tissue (Fig. 1C).

3.2. PCR

Both crude DNA and purified DNA samples
extracted from all the tissues except from eye stalk
with eye showed PCR positive reaction. Crude DNA
and purified DNA extracted from cuticle and telson
showed all the three amplified PCR products of 941 bp,
525 bp and 204 bp. Two PCR products of 525 bp and
204 bp were observed with crude DNA extract and
purified DNA extract of gills. Single band amplification
of 204 bp PCR product was observed with crude DNA
extract and purified DNA extract of eye stalk, pleopod,
periopods and uropod (Fig. 2A and B).

4. Discussion

WSSV tissue specificity using DIG labeled WSSV
probe by in situ hybridization has been reported. Nunan
and Lightner (1997) observed positive reaction in nuclei
of the cuticular epithelial cells and connective tissue
cells, less frequently in antennal gland epithelium,
lymphoid organ sheath cells, hematopoietic tissues and
in fixed phagocytes of heart. No probe reaction was
noticed in hepatopancreas and midgut mucosal epithelia
as these tissues are not targeted by WSSV. In the present
study, dot blot positive reaction from the crude DNA
extracted from all infected tissue samples such as eye
fold dilution of control DIG labeled probe ranging from 100 pg μl−1 to
10). (B) Dot blot hybridization of WSSV infected tissues. Crude DNA
pleopod, (6) periopods, (7) uropods, (8) telson, (9) negative control of
stalk, (11) eye stalk with eye, (12) gills, (13) cuticle, (14) pleopod, (15)
ted from healthy gill tissue. (C) A 10-fold dilution of purified DNA



Fig. 2. PCR of crude and purified DNA extracted from different WSSV infected tissues, respectively. (A) Lane 1: 100 bp marker; lanes 2 and 3: eye
stalk; lanes 4 and 5: eye stalk with eye; lanes 6 and 7: gills; lane 8: 100 bp marker; lanes 9 and 10: cuticle; lanes 11 and 12: pleopod; lanes 13 and 14:
periopods. (B) Lane 1: 100 bp marker; lanes 2 and 3: telson; lanes 4 and 5: uropods; lane 6: negative control of purified DNA extracted from healthy
gill tissue.
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stalk, eye stalk with eye, gills, cuticle, pleopod,
periopods, uropods and telson showed positive reac-
tions; however, crude DNA extracted from eye stalk
with eye showed the weakest colour development. The
intensity of the colour development increased using the
purified DNA extracted from eye stalk with eye when
compared to the crude DNA extracted from the same
tissue. The failure of colour development with purified
DNA extracted from pleopod, telson and uropod may be
due to the DNA purification which would have lowered
the viral DNA concentration in these infected tissues as
the same tissues tested positive by dot blot using the
crude DNA. Similar observation has been reported in
PCR results also, as DNA extraction step prior to PCR
assay in case of HPV was found to be 10 times less
sensitive due to loss of viral DNA than by a non-DNA
extraction method (Phromjai et al., 2002).

The three PCR amplified products of 941 bp, 525 bp
and 204 bp size obtained from crude DNA and purified
DNA extracted from cuticle and telson varied in their
band intensity. The variation in the intensity of the PCR
products was observed to be dependent on the size of the
amplified product. The maximum intensity was ob-
served with the band of 204 bp followed by the
amplified product of 525 bp. The weakest amplification
was observed with 941 bp PCR product. The intensity of
the amplified PCR products based on the size are in
agreement with the observations of the other workers
who have reported that, in two-step PCR, smaller
fragments in PCR amplification amplify more efficient-
ly than the larger fragments (Innis and Gefland, 1990).

The variation in obtaining either or all of the three
amplified products from different tissues perhaps
indicates the virus load and the severity of infection in
the infected tissue. For example, in the present study, as
per the single tube nested PCR kit manufacturer's
protocol, obtaining all the three amplified products of
941 bp, 525 bp and 204 bp indicates severe WSSV
infection of above 105 copies. Amplification of two
bands of 525 bp and 204 bp indicates moderate to high
WSSV infection with 103 to 105 copies and low WSSV
infection with 10 to 102 copies results in single band
amplification of 204 bp. The amplification of all the
three PCR products in cuticle and telson indicates that
perhaps these tissues are the most severely infected
followed by gill tissue which was moderately infected
resulting in amplification of two PCR products, whereas
mild infection was found in other tissues including eye
stalk, pleopod, periopods and uropod which showed
single band PCR product. The experimental PCR
conditions also play a major role in increasing the
sensitivity of PCR reaction. For example, two-step PCR
reactions are more sensitive than single step reaction but
in case of WSSV can also lead to false positive reactions
(Chapman et al., 2004) and two-step PCR results are not
good indicators for detecting WSSV field outbreaks (Lo
et al., 1998).

Although PCR is reported to be a very sensitive
technique, it has its own disadvantages. It has been
reported that homogenates of some shrimp tissues
contain PCR inhibitors (Wang et al., 1996). Nunan et
al. (2000) have also reported that some crude shrimp
samples which gave strong reaction in dot blot assay
were PCR negative which may be due to presence of
PCR inhibitors which could be removed by sample
dilution. In the present study, the purification of DNA by
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phenol chloroform extraction from crude samples was
done to increase the DNA concentration and also to
remove any polymerase inhibitors. The failure to get
amplification from the crude DNA extracted from eye
stalk with eye confirmed that eye itself contained some
PCR inhibiting factors which prevented viral DNA
amplification from the eye stalk, as DNA extracted from
eye stalk without eye gave PCR positive reaction for
WSSV. The purification of the DNA extracted from the
same tissue was not successful in removing the PCR
inhibiting factors as no amplification could be achieved
using this DNA. Our earlier study showed the intensity
of PCR amplification was highest for WSSV infected P.
monodon tissue of eyestalk, followed by lymphoid
organ, gills and muscle tissue. No WSSV PCR
amplification could be achieved when the whole eye
with stalk was processed for PCR indicating that
perhaps PCR inhibiting factors present in the eye led
to PCR failure (Azad et al., 2002). The selection of
tissues for PCR diagnosis is therefore important to
prevent false negative results due to the presence of PCR
inhibiting factors. The higher concentration of SDS in
lysis buffer composition is also a contributory factor for
PCR inhibition. PCR failed to detect hepatopancreatic
parvovirus (HPV) in P. monodon in the supernatant
solutions of PL homogenates in lysis buffer containing
2% SDS; however, the same samples were tested PCR
positive in homogenization buffer containing 0.0125%
SDS (Phromjai et al., 2002).

Comparing the sensitivity of dot blot and PCR in
present study, the results suggest that PCR is more
sensitive as PCR bands were obtained both in crude and
purified DNA samples. However, dot blot showed no
reaction with the same purified samples of DNA
extracted from pleopod, telson and uropod. Similar
observations have been reported by other workers. For
example, comparison of PCR and dot blot for sensitivity
in case of IHHNV showed that PCR positive reaction
could be detected in the range of 500 ng μl−1 to 50 fg
μl−1 using plasmid DNA clone as DNA template. The
diluted plasmid DNA was detectable in the range of
500 ng to 5 pg in the dot blot reaction (Nunan et al.,
2000). Lu et al. (1993) reported detecting 0.1 pg of
purified MBV DNA by dot blot using DIG labeled
MBV probe. Chapman et al. (2004) found PCR to be
more sensitive in detecting WSSV in shrimp tissues as
compared to histological examination or in situ
hybridization with estimate of sensitivity of 1.0 for
PCR and 0.25 for in situ hybridization respectively.
Dupuy et al. (2004) observed higher sensitivity of PCR
as compared to dot blot as dot blot was unable to detect
WSSV viral DNA in preparation used for injection
sample which contained very small quantity of virus;
however, PCR produced positive result. WSSV detec-
tion in rotifer eggs by PCR dot blot hybridization was
found more sensitive when compared to PCR electro-
phoresis alone (Yan et al., 2004).

In summary, these experiments suggest that PCR is a
sensitive diagnostic technique to detect WSSV in the
infected tissues, but PCR inhibiting factors play a major
role in the selection of proper tissues for DNA
extraction. Dot blot has an advantage over PCR in
allowing use of those tissues which prevent PCR
amplification, as the crude DNA extraction was found
to be suitable for getting visible positive colour
development without any need for further DNA
purification. Also, because of the very sensitive nature
of PCR, false positive PCR reactions, which are very
common phenomenon, can be avoided in diagnostic
tests such as dot blot.

Acknowledgements

The authors are thankful to Dr. P. Ravichandran,
Director, Central Institute of Brackishwater Aquacul-
ture, Chennai, India, for providing all the facilities to
carry out this study.
References

Azad, I.S., Shekhar, M.S., Mishra, S.S., Santiago, T.C., Rao, L.H.,
2002. Detection of WSV specificity to different tissues of tiger
shrimp (Penaeus monodon), from the east coast of India, by
polymerase chain reaction and histopathology. J. Aquac. Trop. 17,
175–184.

Chapman, R.W., Craig, L.B., Suzanne, S., Sarah, P., Wenner, E., 2004.
Sampling and evaluation of white spot syndrome virus in
commercially important Atlantic penaeid shrimp stocks. Dis.
Aquat. Org. 59, 179–185.

Cunningham, C.O., 2002. Molecular diagnosis of fish and shellfish
diseases: present status and potential use in disease control.
Aquaculture 206, 19–55.

Dupuy, J.W., Bonami, J.R., Roch, P.H., 2004. A synthetic antibacterial
peptide from Mytilus galloprovincialis reduces mortality due to
white spot syndrome in the palaemonid shrimp. J. Fish Dis. 27,
57–64.

Durand, S., Lightner, D.V., Nunan, L.M., Redman, R.M., Mari, J.,
Bonami, J.R., 1996. Application of gene probes as a diagnostic
tool for the white spot baculovirus (WSBV) of penaeid shrimp.
Dis. Aquat. Org. 27, 59–66.

Edgerton, B.F., 2004. Susceptibility of the Australian freshwater
crayfish Cherax destructor albidus to white spot syndrome virus
(WSSV). Dis. Aquat. Org. 59, 187–193.

Flegel, T.W., Boonyaratpalin, Sitdhi, Withyachumnarnkul, Boonsirm,
1997. Current status of research on yellow-head virus and white
spot virus in Thailand. In: Flegel, T.W., MacRae, I. (Eds.), Disease
in Asian Aquaculture. InFish Health Section, Asian Fisheries
Society, Manila, pp. 285–296.



1127M.S. Shekhar et al. / Aquaculture 261 (2006) 1122–1127
Innis, M.A., Gefland, D.H., 1990. Optimization of PCRs. In: Innis,
M.A., Gefland, D.H., Sninsky, J.J., White, T.J. (Eds.), PCR
Protocols: A Guide to Methods and Applications. InAcademic
Press, New York, pp. 3–12.

Kim, C.K., Kim, P.K., Sohn, S.G., Sim, D.S., Park, M.A., Heo, M.S.,
Lee, T.H., Lee, J.D., Jun, H.K., Jang, K.L., 1998. Development of
polymerase chain reaction (PCR) for the detection of baculovirus
associated with white spot syndrome (WSBV) in penaeid shrimps.
J. Fish Dis. 21, 11–17.

Lightner, D.V., 1996. A Handbook of Shrimp Pathology and
Diagnostic Procedures for Diseases of Cultured Penaeid Shrimp.
InWorld Aquaculture Society, Baton Rouge, LA, p. 305.

Lo, C.F., Ho, C.H., Peng, S.E., Chen, C.H., Hsu, H.C., Chiu, Y.L.,
Chang, C.F., Liu, K.F., Su, M.S., Wang, C.H., Kou, G.H., 1996.
White spot syndrome baculovirus (WSBV) detected in cultured
and captured shrimps, crabs and other arthopods. Dis. Aquat. Org.
27, 215–225.

Lo, C.F., Chang, Y.S., Cheng, C.T., Kou, G.H., 1998. Monitoring
cultured shrimp for white spot syndrome virus (WSSV) infection
during their growth period by polymerase chain reaction. In:
Flegel, T.W. (Ed.), Advances in Shrimp Biotechnology. InNa-
tional Center for Genetic Engineering and Biotechnology,
Bangkok, pp. 281–286.

Lu, C.C., Tang, K.F.J., Kou, G.H., Chen, S.N., 1993. Development of
a Penaeus monodon-type baculovirus (MBV) DNA probe by
polymerase chain reaction and sequence analysis. J. Fish Dis. 16,
551–559.

Nunan, L.M., Lightner, D.V., 1997. Development of a non-radioactive
gene probe by PCR for detection of white spot syndrome virus
(WSSV). J. Virol. Methods 63, 193–201.

Nunan, L.M., Poulos, B.T., Lightner, D.V., 1998. Reverse transcription
polymerase chain reaction (RT-PCR) used for the detection of
Taura syndrome virus (TSV) in experimentally infected shrimp.
Dis. Aquat. Org. 34, 87–91.

Nunan, L.M., Poulos, B.T., Lightner, D.V., 2000. Use of polymerase
chain reaction for the detection of infectious hypodermal and
hematopoietic necrosis virus in penaeid shrimp. Mar. Biotechnol.
2, 319–328.

Phromjai, J., Boonsaeng, V., Withyachumnarnkul, B., Flegel, T.W.,
2002. Detection of hepatopancreatic parvovirus in Thai shrimp
Penaeus monodon by in situ hybridization, dot blot hybridization
and PCR amplification. Dis. Aquat. Org. 51, 227–232.

Takahashi, Y., Itami, T., Maeda, M., Suzuki, N., Kasarnchandra, J.,
Supamattaya, K., Khongpradit, R., Boonyaratpalin, S., Kondo, M.,
Kawai, K., Kusuda, R., Hirono, I., Aoki, T., 1996. Polymerase
chain reaction (PCR) amplification of bacilliform virus (RV-PJ)
DNA in Penaeus japaonicus Bate and systemic ectodermal and
mesodermal baculovirus (SEMBV) DNA in Penaeus monodon
Fabricius. J. Fish Dis. 19, 399–403.

Wang, Q., Nunan, L.M., Lightner, D.V., 2000. Identification of
genomic variations among geographic isolates of white spot
syndrome virus using restriction analysis and southern blot
hybridization. Dis. Aquat. Org. 43, 175–181.

Wang, S.Y., Hong, C., Lotz, J.M., 1996. Development of a PCR
procedure for the detection of Baculovirus penaei in shrimp. Dis.
Aquat. Org. 25, 123–131.

Wongteerasupaya, C., Wongwisanri, S., Boonsaeng, V., Panyim, S.,
Pratanipat, P., Nash, G.L., Withyachumnarkul, B., Flegel, T.W.,
1996. DNA fragment of Penaeus monodon baculovirus PmNoBII
gives positive in situ hybridization with white spot viral infection
in six penaeid shrimp species. Aquaculture 143, 23–32.

Yan, D.C., Dong, S.L., Huang, J., Yu, X.M., Feng, M.Y., Xiang, Y.L.,
2004. White spot syndrome virus (WSSV) detected by PCR in
rotifers and rotifer resting eggs from shrimp pond sediments. Dis.
Aquat. Org. 59, 69–73.

Zhan, W.B., Chen, J., Zhi, D.Z., Zhou, L., Fukuda, H., 2003.
Elimination of shrimp endogenous peroxidase background in
immunoblot assays to detect white spot syndrome virus (WSSV).
Dis. Aquat. Org. 53, 263–265.


	Comparison of dot blot and PCR diagnostic techniques for �detection of white spot syndrome viru.....
	Introduction
	Materials and methods
	Shrimp samples
	Extraction of viral DNA
	Dot blot hybridization
	PCR

	Results
	Dot blot
	PCR

	Discussion
	Acknowledgements
	References


