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Abstract
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White spot syndrome virus {WSSV) is currently the most serious viral pathogen of
shrimp worldwide with estimated losses in production amounting to hundreds of millions of US
dollars per year. Research resuits to date have indicated extremely high DNA sequence homology
for WSSV isolates from widely separated geographical regions, suggesting that a single virus
species of unknown origin has rapidly spread throughout the world since the first report of serious
shrimp mortality caused by WSSV in China in 19383, By contrast, we have found surprisingly high ‘
variation in the number of 54 bp DNA repeats in the WSSV ribonuclease reductase gene from 55
shrimp ponds (65 samples) of WSSV infected shrimp from Thailand in 2000 and 2002. These were
discovered by polymerase chain reaction (PCR) amplification using DNA template extracted from
WSSV infected, cultivated shrimp and using primers (\Wrb6r-F 5 TCT ACT CGA GGA GGT GAC
GAC 3" and Wrb6r-R 5" AGC AGG TGT GTA CAC ATT TCA TG 3") located upstream and downstream
of the repeat region. These were derived from data for 3 complete WSSV genome for the samples
examined. The majority {aboyt 32 %) had 8 tandem repeats but others had as few as 6 {about 14%,
indicating substantial strain variation in terms of tandem repeat groups. Exiracts prepared from
individual shrimp in the same outbreak pond belonged to the same repeat group while those
collected at the same time from separate WSSV cutbreak ponds or from the same ponds at different
times tended to belong to different repeat groups. This suggested that the outbreaks were caused
by different WSSV isolates. The number of repeats and the sequence within the repeated region
showed highly stable. The ORF 94 repeat region has potentiat for use in epidemiological work with

WSSV and may help in tracing its origin and spread.
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ABSTRACT: White spot syndrome virus {(WSSV} presently
causes the most serious losses to shrimp farmers worldwide.
Earlier reports of high DNA sequence homology among iso-
lates from widely separated geographical regions suggested
that a single virus was the cause. However, we have found
surprisingly high variation in the number of 54 bp DNA
repeats in ORF94 {GenBank AF369029) from 55 shrimp ponds
(65 shrimp samples) experiencing WSSV outbreaks in Thati-
land in 2000 and 2002, These were detected by PCR amplifi-
cation using primers ORF94-F and ORF94-R flanking the
repeat region. Altogether, 12 different repeat groups were
found (from 6 to 20 repeats) with 8 repeats being most fre-
quent (about 32%). Extracts prepared from individual shrimp
in the same outbreak pond belonged to the same repeat
group while those collected at the same time from separate
WSSV outbreak ponds, or from the same ponds at different
times, usually belonged to different repeat groups. This
suggested that different outbreaks were caused by different
WSSV isolates. In contrast to the highly variable numbers of
repeats, sequence variation within the repeat region was con-
fined to either T or G at Position 36. These variations may be
useful for epidemiological studies on the local and global
movement of WSSV, since there is high yariation in the num-
ber of repeats {good for local studies) but little sequence
change (good for global studies).

KEY WORDS: WSSV - DNA sequence variation - Tandem
DNA repeat

Resale or republication not permitted
without written consent of the publisher

High losses from white spot syndrome virus (WSSV})
were first reported from cultivated shrimp ponds in
China, 1993, but these subsequently spread to most
major shrimp cultivation areas globally in succeeding
yvears (Flegel 1997, Lightner 1996}. It is currently the
most serious viral pathogen of shrimp worldwide, with
estimated losses in production amounting to several

*Corresponding author. Email: sctwi@mahidol.ac.th

hundred million US dollars per vear in Asia alone
(Flegel & Alday-Sanz 1998). Characterization of WSSV
has shown that it is a tailed, rod-shaped, double-
stranded DNA virus (Wongteerasupaya et al. 1995,
Lightner 1996) with a very large genome in the order
of 300 kb {van Hulten et al. 2001). Since the genome
has no significant homology to any known virus, it has
been assigned to a new viral family (Nimaviridae) and
a new viral genus (Whispovirus) (van Hulten et al.
2001; www.ncbi.nlm.nih.gov/1CTVdb/Ictv/index.htm)

Sequence comparison of relatively small regions of
the total genome have shown very little variation in
widely separated geographical isclates of WSSV (Lo et
al. 1999, Wang et al. 2000). This high uniformity in
DNA sequences suggests that a single virus species is
responsible for the worldwide outbreaks caused by
WSSV and has also made it difficult to trace move-
ments of the virus with any degree of certainty. Recent
publications (Tsai et al. 2000, van Hulten et al. 2000)
and deposition of full WSSV genome sequences at
GenBank (AF369029 from Thailand hereinafter called
WSSV-Th, AF440570 from Taiwan hereinafter called
WSSV-Tw, and AF332093 from China hereinafter
called WSSV-Ch) have revealed the presence of sev-
eral tandemly repeated DNA sequences. For example,
ORF94 in WSSV-Th (van Hulten et al. 2001) contains 6
tandem repeats of a 54 bp sequence (hereinafter called
ORF94-54} as does WSSV-Tw (ORF WSS5V234). By
contrast WSSV-Ch (ORF W5V178) has 12 repeats. The
only sequence variation within the repeat region is
alternation of G or T at Position 36 of the repeat. We
considered that this repeat region might be useful for
comparison of WSSV from shrimp culture ponds expe-
riencing white spot disease outbreaks. Our strategy

© "nter-Research 2003 - www.int-res.com
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Table 1. Source, date and number of samples collected for the study

Nakornsrithumarat
Total

Province Locatien Date No. of ponds
Chantaburi SE coast, Gulf of Thailand 25 to 29 Jan 2002 6
Chacheongsao Central Thailand near Bangkok 29 Sep to 10 Oct 2000 8

1 to 30 Jan 2002 17
Chumporn Mid-SW coast, Gulf of Thailand 11 to 28 Nov 2000

28 Nov 2002 1
Surat Thani ” Lower SW coast, Gulf of Thailand 9 and 24 Oct 2000 11

Lowet SW coast, Gulf of Thailand

26 Nov to 13 Dec 2002
5 Sep to 13 Oct 2000

55

was to construct PCR primers bracketing the multiple
repeat region of the ribonuclease reductase gene
of WSSV, to use these with template DNA extracted
from a variety of WSSV-infected Thai shrimp, and to
sequence any PCR preducts for possible variation. We
found wide variation in the numbes of tandem repeats
but little change in sequence amongst the isolates
tested.

Materials and methods. Shrimp specimens: A total
of 65 specimens of shrimp were collected from 55 Thai
shrimp ponds experiencing outbreaks of white spot
disease (WSD) over the interval October 2000 to Janu-
ary 2002. Pleopods from live, moribund shrimp show-
ing gross signs of WSD were clipped with scissors
cleaned in alcohol and placed directly in 95% ethanol
for transport to the laboratory (volume of ethanol 10
times more than tissue placed in it}. Farming areas
included in the study were Chuntaburi Province on the
east coast of the Gulf of Thailand, Chacheongsac
Province in central Thailand and Surat Thani and
Chumporn provinces in the mid-south on the west
coast of the Gulf of Thailand (Table 1).

Nucleic acid purification: Infected tissues were
homogenized in TN buffer (20 mM Tris-HCI, 400 mM
NaCl, pH 7.4} After centrifugation at 2000 x g for
10 min, DNA was isolated by treatment with Pro-
teinase K (0.2 mg mi~'} and sarkosyl {1 %) at 45°C for 2
toc 4 h followed by phencl-chloroform extraction
{Sambrook & Russel 2001).

PCR reactions: The primers used were derived from
ORF94 of WSSV as part of the total genome of WSSV-
Th (van Hulten et al. 2001} and designed to act as
upstream and downstream brackets to 6 tandem
repeats of a 54 bp sequence (ORF94-54). The primers
were ORF94-F (5'-TCT ACT CGA GGA GGT GAC
GAC-3') and ORF84-R (5'-AGC AGG TGT GTA CAC
ATT TCA TG-3). For the PCR, 10 ng DNA template
and 30 pmo!l each primer were added to 50 pl reaction
mixture containing 10 mM Tris-HC], pH 8.3, 50 mM
KCl, 1.5 mM MgCl,, 200 pM each dATP, dTTP, dCTP

Table 2. Number and frequency of ORF94 repeats found in
PCR products from DNA extracts of 65 Thai shrimp samples
taken from 55 white spot syndrome virus (WSSV) ocutbreak

ponds

No. of Amplicon * No.of No.of  Frequency
repeats  size {bp) shrimp ponds for ponds
6 506 9 8 0.14

7 560 8 6 0.10

8 614 19 18 0.32

9 668 10 8 0.14
10 722 5 3 0.05
11 776 1 1 0.02
12 830 4 4 0.07
13 - - -

14 938 2 2 0.04
15 992 1 1 0.02
16 - -

17 1100 2 2 0.04
18 - - _

19 1208 3 t 0.02
20 1262 1 1 0.02
Total 65 55 -

-

and dGTP, 2.5 U TagDNA polymerase Gibco-BRL (Life
Technologies). The mixture was incubated in a thermal
cycler using 35 cycles of 94°C for 1 min, 52°C for 1 min
and 72°C for 1 min, and a final elongation step at 72°C
for 10 min. The PCR products were resclved by 1.2%
agarose gel electrophresis (Nusieve 3:1) at 5 V cm™?,

Sequence analysis: PCR amplicons were purified
from agarose gels using a QIA quick Gel Extraction Kit
(QIAGEN) and were sequenced using Thermo
Sequence™ (Amersham) and an Automated ABI
model 377 Sequencing system {Applied Biosystem).
Sequence alignment and estimation of sequence iden-
tity were conducted using Clustal W software.

Results and discussion. A preliminary test of 3
shrimp each ifrom 4 outbreak porids {not shown) indi-
cated that multiple shrimp specimens from the same
pond would give the same result for ORF94 repeat
group, although larger samples would be needed to
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Table 3. Pattern of ORF94 repeat groups for WSSV outbreak ponds sampled in 2000 and 2042
No of 2000 2002 Total
repeats Surat Chum- Chat- Nakorn- Surat Chum- Chat- Chanta-
Thani potn cheongsao srithamarat Thani porn cheongsao buri
6 4 1 3 8
7 1 1 4 6
8 2 1 8 2 5 18
9 5 1 1 1 8
10 g 2 1 3
11 1 1
12 1 2 1 4
14 2
15 1 1
17 1 1 2
19 52 1 1
20 1 1
Total 11 4 8 2 6 1 17 6 55
In agarose gels, the band for 19 repeats was faint (except for 1 sample) and additienal to the stronger band for 8 repcats. Two
amplicons possibly indicated simultaneous infection by 2 different WSSV types

test this assumption rigorously. Based on this test, we
assumed that each pond outbreak was caused by a
single WSSV type, and only 1 to 3 individual shrimp
were tested from each pond. The DNA extracts from 65
samples of WSSV-infected shrimp from 55 ponds gave
a variety of amplicons using the primers ORF94-F and
ORF94-R (Table 2}, suggesting differences in the num-
ber of repeats from pond to pond. An example ge!l {or
fragments representing 6 to 11 repeats is shown in
Fig. 1. The most frequently encountered number of
ORTF94-54 repeats was 8, but the range was 6 to 20.
The GenBank records for WSSV-Th and WSSV-Tw
(6 repeats) and WSSV-Ch (12 repeats) fell within this
range. For the sake of explanation, we numbercd these
repeats regions ORF94-1 to ORF94-20, realizing that
there were no ORF94-13, -16 and -18 repeats.

When comparing the number of ORF84 repeats
found in samples from various shrimp farming areas
(Table 3), there was no particular pattern, except in
2000 for Chacheongsao, where ORF94-8 dominated
and Surat Thani, where ORF94-9 dominated. Also, the
Chacheongsao samples gave 2 PCR amplicons, a
strong one for ORF94-8 and a lighter one for ORF94-
19, possibly indicating infections with 2 strains of
WSSV, Alternatively, it could have been a non-specific
amplification product, although that would appear to
he unlikely considering that 2 amplicons occurred in
only 5 of the 8 shrimp tested (i.e. not all) and that
no double amplicons occurred only in this sample.
However, PCR produci sequencing would be neces-
sary to resolve this issue. In addition to differences in
repeat pattern between ponds and areas, the pattern of
repeats for Chacheongsao in 2000 and 2002 also
differed {Table 3).

Sequencing several of the fragments confirmed the
presence of the 54 bp tandem repeat identical to that in
WSSV.-Th, WSSV-Tw and WSSV-Ch at GenBank,
including variation in an alternate T or G at Position 36
(Table 4). In the initial repeat (ORF94-1), T at Position
36 was invariant in all the sequenced fragments and in
WSSV-Th, WSSV-Tw and WSSV-Ch. T was also invari-
ant for ORF94-2, except for G found in WSSV-Th
(Tabie 4). Discounting ORF34-1 and ORF94-2, where T
was overwhelmingly dominant, the number of T (24)
and G (22) was almost equal for the remaining repeats,
although distribution amongst the repeats varied
(Table 4).

]

M 1 2 3 4 5 6

A

Fig. 1. Example agarose gel showing PCR amplification prod-
ucts for 6 (Lane 1) to 11 {Lane 6) ORF9%4 repeats

776bp

722bp
668bp

614bp
560bp
506bp
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Table 4. Summary of substitutions found at Position 36 in sequenced ORF94 tandem repeat regions of selected amplicons from
Thai shrimp samples from Surat Thani (Surat) and Chumpel {Chum), compared to GenBank reterences for white spot syndrome
virus (WS5V) in Taiwan, China and Thailand (WSSV-Tw, -Ch and -Th) with 6 and 12 ORF94 repeats

Isolate ORF94 repeal number
1 2 3 4 5 6 7 8 9 10 11 12
Surat #1 T T T T G T T G T
WSSV-Tw T T T G T T
Chum #2 T T T G T G T
Chum #4 T 7T T G G G
Surat #2 T T G T T G G T
Chum #3 T T G T T G G T
WSSV-Ch T T G G G G G G T T T T
WSSV-Th T G G G T T

Only 2 of the sequenced PCR products had identical
numbers of repeats and identical sequences. These
were Surat #2 and Chum #3, both with 8 repeats and
derived from outbreak ponds in the interval October to
November of 2000 {Table 4). The result suggested that
these outbreaks were caused by the same type of
WSSV, even though they were separated by several
hundred kilometers. This being the case, it is unlikely
that the ponds became infected by cross centamina-
tion. On the other hand, these 2 provinces are adjacent
to each other and it is possible that the owners
obtained post-larvae (PL) for stocking the ponds from
the same source. Indeed, it is considered that WSSV
infected PL are the main cause of WSD outbreaks in
Thailand (Withyachumnarnkul 1999). A similar argu-
ment might apply to the Chacheongsao 2000 samples
that also gave identical results with PCR products for
ORF94 repeats of 8 and 19. By contrast, repeat groups
from Chacheongsao in 2002 mostly differed from pond
to pond, and also differed from those in 2000. Similarly,
samples from Chum #2, 3 and 4 collected at the same
time in 2000 were all dissimilar in number of repeats
and base pattern for Position 36. Perhaps these ponds
used PL from different sources.

Other than Surat #2 and Chum #3, the variants in
Table 4 show no obvious relationships. It is particularly
interesting that WSSV-Th that originated from Thai-
land in 1996 {(van Hulten et al. 2002) is markedly dif-
ferent from Chum #4 (also 6 repeats) and all the Thai
isolates we sequenced from 2000 and 2002. Perhaps
this was because we sequenced only 1 isolate with
6 ORF94 repeats. Alternatively, it may indicate that
changes have occurred in WS5V over time.

Obviously, the number of samples employed in this
study was too small and taken at too intermittent inter-
vals to make firm conclusions. However, they do show
that the ORF94 repeat region has potential for use in
epidemiological work with WSSV and may help in
tracing its crigin and spread. For example, it would be
possible to use the method described herein to exam-

ine captured broodstock to determine the prevalence
of various WSSV types and to compare this with the
prevalence of the types found in outbreak ponds. It
would also be useful, if possible, to trace the sources of
PL for the various ORF94 groups associated with out-
breaks. This is generally net possible in Thailand due
to fragmentation in the shrimp industry {i.e. unrelated
broodstock suppliers, nauplius producers, PL produc-
ers and farmers), but it may be possible elsewhere or
with a large integrated shrimp operation.

ORF94 lies together with other ORF of unknown
functien between genes for the large subunit {ORF92)
and small subunit {(ORF98} of WSSV ribonucleotide
reductase {RR). In WSSV-Th, -Tw and -Ch, the open
reading frames for ORF94 are maintained in the mutti-
ple repeats with the stop codon falling exactly at the
end of the last repeat. There is no sequence variation
amongst the 3 except for Position 36 of the repeat that
leads to an alternate aspartic acid (D) or glutamic acid
(E) in the putative protein sequences. The large varia-
tion in tandem repeats leads one to question whether
ORF94 could produce a functional protein. Perhaps its
function (if any) is related to DNA transcription or con-
formation. Given that all of the samples studied came
from WSD outbreak poends and showed variable
ORF94 repeat length, it is not immediately obvious
whether repeat length might be useful in identifying
virulent strains of WSSV. However, the possibility
should be explored.
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Abstract

A multiplex RT-nested PCR has been developed to detect and differentiate the closely related
prawn viruses, gill-associated virus (GAV) from Australia and yellow head virus (YHV) from
Thailand. RT-PCR using primers to conserved sequences in the ORF1b gene amplified a 794
bp region of either GAV or YHV. Nested PCR using a conserved sense primer and either a
GAV- or YHV-specific antisense primer to a divergent sequence differentially amplified a
277 bp region of the primary PCR amplicon. Multiplexing the YHV antisense primer with a
GAV-antisense primer to another divergent sequence allowed the viruses to be distinguished
in a single nested PCR. Nested PCR enhanced detection sensitivity between 100-1000-fold
and GAV or YHV RNA was detectable in ~10 fg lymphoid organ total RNA. The multiplex
RT-nested PCR was also able to co-detect GAV and YHV RNA mixed over a wide range of
concentrations to simulate potential dual-infection states. The robustness of the test was
examined using RNA samples from Penaeus monodon prawns infected either chronically or
acutely with GAV or YHV and collected at different locations in eastern Australia and
Thailand between 1994 and 1998. GAV- (406 bp) or YHV-specific (277 bp) amplicons were
differentially generated in all cases, including 5§ YHV RNA samples in which no primary RT-
PCR amplicon was detected. Sequence analysis of GAV and YHV PCR amplicons identified
minor variations in the regions targeted by the virus-specific antisense primers, However,

none occurred at positions that critically affected the PCR.

Keywords: Yellow head virus, Gill-associated virus, Multiplex RT-PCR, Penaeus monodon,

Penaeid shrimp, Prawn



1. Intreduction

Yellow head virus (YHV) from Thailand and gill-associated virus (GAV) from
Australia have recently been classified in new taxa (genus Okavirus, family Roniviridae)
within the Nidovirales (Cowley et al., 2000b, Cowley and Walker, 2002, Sittidilokratna et al.,
2002, Mayo, 2003). The rod-shaped, enveloped virions of YHV and GAV are
morphologically indistinguishable and each virus can be highly pathogenic for the black tiger
prawns (Penaeus monodon) (Boonyaratpalin et al., 1993, Chantanachookin et al., 1993, Lu et
al., 1995, Spann et al., 1997). They also cause similar histopathology in diseased prawns and
in situ hybridisation (ISH) and transmission electron microscopy (TEM) have detected
infection in lymphoid organ (LO), gills, haemocytes, cuticular epithelium, nerves, eyes and in
connective tissues of head organs and abdominal muscle (Boonyaratpalin et al., 1993,
Chantanachookin et al., 1993, Lu et al.,, 1995, Spann et al., 1997, Tang and Lightner, 1999,
Tang et al,, 2002, Smith, 2000, Callinan et al., 2003). A chronic GAV infection state also
occurs in which virus, originally described as lymphoid organ virus (LOV), is primarily
observed by ISH and TEM in foci of hypertrophied cells or ‘spheroids’ within the LO of
apparently healthy prawns (Spann et al., 1995). Chronic infections are highly prevalent in P.
monodon captured from the wild or farmed along the Pacific coast of Queensland, Australia
(Spann et al., 1995, 2003, Cowley et al., 2000a, Walker et al., 2001). There is also evidence of
chronic GAV infection in healthy P. monodon broodstock and postlarvae in some regions of
South East Asia (Phan, 2001, TW Flegel, personal communication) and YHV infections have -
been described in healthy P. monodon farmed in Thailand (Pasharawipas et al., 1997).

Penaeid prawn species from Hawaii and the western hemisphere, including P.
stylirostris, P. aztecus, P. duorarum, P. setiferus and P. vannamei, are susceptible to
experimental infection with YHV (Lu et al., 1994, Lightner et al., 1998), and species farmed
commercially in Australia, including P. esculentus, P. merguiensis and P. japonicus, are
susceptible to GAV (Spann et al, 2000). However, some age/size and species-related
differences have been noted in their susceptibility to disease. Histopathology consistent with
YHYV infection has also been reported in P. japonicus cultured in Taiwan that displayed
typical signs of severe white spot syndrome virus (WSSV) disease and appeared to be co-
infected (Wang et al., 1996). In Australia, RT-nested PCR has detected GAV in low levels in

healthy P. esculentus co-cultivated with P. monodon (Walker et al., 2001). There is no other



published evidence of natural YHV or GAV infection in prawn species other than P. monodon
although there are reports that small shrimp such as Palaemon styliferys and krill (Acetes spp.)
(Flegel et al., 1997) and crabs (eg. Scylla serrata) may carry these viruses. Nevertheless, the
ability of YHV and GAYV to cause disease experimentally suggests these viruses represent a

significant threat to cultivated prawns.

Antibody (Lu et al., 1996, Nadala et al., 1997, 2000, Sithigorngul et al., 2000, 2002,
Soowannayan et al., 2003), ISH (Tang and Lightner, 1999, Tang et al,, 2002, Spann et al.,
2003), conventional RT-PCR {Wongteerasupaya et al.,, 1997, Tang and Lightner, 1999,
Cowley et al.,, 1999, 2000a) and real-time RT-PCR (Dhar et al., 2002) methods have been
used to detect either YHV or GAV in clinical samples. Of the antibody-based diagnostic
techniques, immuno-histochemistry using monoclonal antibodies to a surface glycoprotein
and the nucleocapsid protein of YHV (Sithigorngul et al., 2000, 2002) has recently allowed
the detection and distinction of YHV and GAYV infections (Soowannayan et al., 2003). ISH
methods using DNA probes targeted to regions in the ORF1b gene have also allow cross-
detection of YHV and GAV (Tang et al., 2002). RT-PCR tests reported to date have not
considered genotypic sequence differences but have cross-detected YHV and GAV by chance
(Cowley et al., 1999, 2000a). To avoid the need for separate PCR tests to recognise YHV and
GAYV infections definitely, we describe here a sensitive multiplex RT-nested PCR that
exploits genome sequence variations between reference Thai YHV and Australian GAV

isolates to co-detect and distinguish these viruses.

2. Materials and methods

2.1.  Prawn samples

Healthy Penaeus monodon infected chronically with GAV (Spann et al., 1995) and
moribund prawns displaying characteristic clinical signs, histopathology and TEM evidence of
acute GAV infection (Spann et al., 1997) were obtained from hatcheries and farms in
northeast and southeast Queensland between February 1996 and March 1998. Experimental
infections with the reference GAV isolate, which was derived from a farm disease outbreak in
north-east Queensland in 1996, were conducted as described previously (Spann et al., 1997).
Prawn tissues were collected at 5-7 d post-infection when cumulative mortalities had reached

~40%. P. monodon were also infected experimentally with a reference YHV isolate by



injecting the tail muscle with haemolymph containing YHV (Wongteerasupaya et al., 1995,
1997). Lymphoid organs and haemolymph were collected from YHV-infected prawns 3-5 d
post-infection. Prawns from farm outbreaks of YHV disease were collected from different
locations in Thailand between 1994 and 1998. The origins of prawns used as sources of GAV
and YHV RNA samples are listed in Table 1.

2.2.  RNAisolation

For RNA isolation, whole head homogenates (Spann et al., 1997), haemolymph, gill or
LO tissue were collected using sterilised instruments and either processed immediately or
snap frozen on dry ice and stored in liquid nitrogen until used. Gill or LO tissue was
homogenised in TRIzol-LS™ (Invitrogen) using a pellet pestle. Haemolymph and 0.22 pm
filtered head homogenates were dissolved directly in TRIzol-LS™ and RNA was isolated
according to the manufacturer’s instructions. RNA was resuspended in DEPC-water, heated at
55°C for 5 min, quantified by spectrophotometry (Azsonm) and stored at -70°C. All reagents
and tissue samples were handled in a separate laboratory using a laminar flow cabinet and

aerosol-resistant barrier pipette tips to prevent contamination with PCR products.

2.3.  Primers

The sequences of primers used for generic RT-PCR amplification of GAV and YHV
(GY) and specific nested PCR amplification of either GAV (G) or YHV (Y} are listed: GY]
(5’-GACATCACTCCAGACAACATCTG-3"); GY2 (5-CATCTGTCCAGAAGGCGTCT
ATGA-3’); G3 (5’-GCGTTCCTTTGTGAGCATAAATGA-3"); Y3 (5-ACGCTCTGTGAC
AAGCATGAAGTT-3%); GY4 (5-GTGAAGTCCATGTGTGTGAGACG-3"); GYS (5'-GAG
CTGGAATTCAGTG:AGAGAACAG’); and G6 (5’-GTAGTAGAGACGAGTGACACCT
AT-3%). The length (23-24 nt) and melting temperatures (T, £ 4°C) of all primers were closely
matched, The generic GY2 nested PCR primer was designed with a slightly higher Ty, to
compensate for a single base mismatch with the reference GAV sequence (Cowley et al.,
2000b). All oligonucleotides were synthesised using an Oligo-1000 DNA Synthesiser
(Beckman). RT-PCR with primer pair GY1-GY4 was expected to generate a 794 bp amplicon.
Semi-nested and nested PCRs were designed to generate amplicons of 293 bp (primer pair
GY1-G3 or GY!-Y3), 277 bp (primer pair GY2-G3 or GY2-Y3) and 406 bp (primer pair
GY2-Go6).



2.4, RT-PCR

Total RNA (100 ng) and 35 pmol primer GY5 were incubated at 70°C for 10 min in 6
ul DEPC-water and chilled on ice. cDNA was synthesised by adding 2 pl Superscript 1I buffer
x 5 (Invitrogen), 1 pl 100 mM DTT and 0.5 pl 10 mM dNTP mix and incubation at 42°C for 2
min prior to adding 0.5 pl 200 U/ul Superscript II reverse transcriptase (Invitrogen) and
further incubation at 42°C for 1 h. Reverse transcriptase was inactivated at 70°C for 15 min
and the reaction quenched on ice. For RT-PCR, 1 ul ¢cDNA reaction was amplified in 50 pl
containing 1 x Taq buffer (10 mM Tris-HCl pH 9.0, 50 mM KCl, 0.1% Triton X-100), 1.5
mM MgCl,, 35 pmol each primer GY1 and GY4, 200 uM each dNTP and 2.5 U Tag
polymerase (Promega). The reaction mixture was overlaid with 50 pl liquid paraffin and
heated at 85°C for 3 min prior to adding cDNA (Chou et al., 1992). DNA was amplified by 35
cycles of 95°C/30 sec, 66°C/30 sec, 72°C/45 sec followed by 72°C/7 min final extension using
either a FTS-960 (Corbett Research) or PCR Sprint (Hybaid} thermal cycler. All PCRs utilised
0.5 ml thin-walled tubes. PCR products (10 pl) were resolved in 2% agarose-TAE gels
containing 0.5 pg/ml ethidium bromide (Sambrook et al., 1989).

2.5.  Differential nested PCRs

An aliquot (typically 0.5 ul) of the RT-PCR was amplified by nested PCR using a 50
ﬁl reaction volume and primer sets GY2-G3, GY2-Y3 or GY2-Y3/G6. Semi-nested PCR
reactions utilising the primer pairs GY1-G3 or GY1-Y3 were also evaluated. Nested PCR
conditions were as for the RT-PCR except that the extension time was reduced to 30 sec. To
increase sensitivity in cases when the nested PCR was negative, the amplification was
repeated using up to 10 pl of the RT-PCR. Aliquots (10 ul) of the nested PCR were resolved

in 2% agarose-TAEL gels as above.

To determine the detection sensitivity of the RT-nested PCR, serial 10-fold dilutions
of GAV or YHV LO total RNA were prepared in DEPC-water containing 10 ng/pl LO total
RNA from an uninfected Penaeus japonicus to maintain a constant amount of RNA in the
cDNA synthesis reaction. Aliquots (1 pl) of diluted RNA were reverse transcribed using
primer GY5 and amplified by PCR (primer pair GY1-GY4) and nested PCR using various
primer sets (ie. GY1-G3, GY1-Y3, GY2-G3, GY2-Y3 or GY2-Y3/G6). To simulate dual
GAV/YHV infections, 10-fold dilutions of one virus RNA were prepared using a diluent
comprising either 100 ng/pl or 1 ng/ul of LO total RNA from prawns infected with the other



virus. To avoid cross-contamination, all PCR mixes were prepared in a laminar flow cabinet

using aerosol-resistant tips and in a different laboratory to that used to analyse PCR products.

2.6. Seguencing

Sequences ‘in the G3/Y3 and G6 differential primer regions were determined for RT-
PCR products amplified from all 10 GAV and the 8 YHV field RNA samples. PCR products
(794 bp) amplified with primer pair GY1-GY4 were purified using QIAquick™ columns
(Qiagen). Both DNA strands of GAV and YHV PCR amplicons were sequenced using
primers GY1, GY4, Y3 or G6, Big Dye™ V2 reagent (Applied Biosystems Inc., ABI) and
automated ABI Model-377 apparatus (ABI) at the Australian Genome Research Facility,
University of Queensland. The sequence in the GY4 and GYS5 primer regions of YHV RNA
samples was determined using PCR amplicons generated with other primers (R.A.J. Hodgson

et al., unpubl.). Nucleotide sequence chromatograms were analysed using SeqEd 3.1 (ABI).
3. Results

3.1.  Selection of generic and specific GAV and YHV primers

Overall, the nucleotide sequences of the ORF1b genes of reference isolates of GAV
from Australia and YHV from Thailand (Tang and Lightner, 1999, Cowley et al., 1999,
Sittidilokratna et al., 2002) display 19.5% divergence and the majority of differences occur in
codon ‘wobble’ positions not altering the pplab coding sequence. However, some localized
regions display higher levels of variation and virus-specific primers used in the differential
RT-nested PCR were targeted to 2 of these sites. Regions targeted by the generic and specific
primers are shown in Fig. 1. The site targeted by cDNA primer GY5 was conserved in 3
reported YHV sequences (Wongteerasupaya et al., 1997, Tang and Lightner, 1999,
Sittidilokratna et al., 2002) and GAV (Cowley et al., 1999). GAV and YHV sequences at the
site targeted by virus-specific primers G3 and Y3 varied at 12/24 nt positions associated with
3 aa changes, including one at the primer 3’-end that was divergent at all 3 codon positions.
GAV-specific primer G6 was targeted to a sequence that diverged at 10/24 nt positions, of
which 3 occurred at the primer 3’-end and were associated with 1 aa change. The extent of
sequence variation was expected to restrict annealing of these primers to the non-homologous
DNA template and mismatching at their 3” termini was included as 2 or more mismatches at

this position severely abrogates PCR amplification (Kwok et al., 1990).



3.2,  RT-PCRto detect GAV or YHV

From cDNA synthesised using antisense primer GY5, PCR using the conserved primer
pair GY1-GY4 amplified a 794 bp product from both the GAV and YHV (Fig. 2a). The PCR
was tested at 3 ﬁnnealing temperatures {64°C, 66°C, 68°C) and 66°C was selected for
subsequent amplifications, as the amplicon yield was slightly greater than at 68°C. At the
selected temperature there was also an absence of very minor products seen at 64°C when
higher viral RNA template levels were amplified (data not shown).
3.3.  Nested PCRs to differentiate GAV from YHV

Initially, separate nested PCRs were tested using a conserved sense primer (GY2) in
comjunction with an antisense primer specific to either GAV (G3) or YHV (Y3) (see Fig. 1).
Primer pairs GY2-G3 and GY2-Y3 amplified only a 277 bp fragment of the 794 bp RT-PCR -
amplicons of GAV and YHYV, respectively (Fig. 2a, b). Nested PCR using primer GY2 in
combination with GAV-specific antisense primer G6 similarly amplified only a 406 bp
fragment of GAV (Fig. 2b). When the virus-specific nested PCR did not proceed due to
mismatching of the antisense primer to the template, elevated levels of the 794 bp GY1-GY4
amplicon and a ~400 bp non-specific product were detected (Fig. 2b, lanes 1, 5, 6). Semi-
nested PCRs in which primer GY1 was substituted for GY2 produced comparable results to
those shown in Fig. 2b except the aniplicon (293 bp) was longer (data not shown).

A multiplexed nested PCR using primer GY2 in combination with both YHV- (Y3)
and GAV-specific (G6) antisense primers was tested for its ability to differentiate the viruses
in a single reaction. Nested PCR amplicons of a size expected for YHV (277 bp) or GAV (406
bp) were generated only from primary PCR amplicons derived from YHV or GAV,
respectively (Fig. 2¢). Minor amounts of the primary 794 bp amplicon and of 2 other products
that differed in size between GAV and YHV were also detected.

3.4.  Sensitivity of the RT-nested PCR

The sensitivity limits of the RT-PCR and nested PCR were examined using serial 10-
fold dilutions of LO total RNA from P. monodon experimentally infected with GAV or YHV
at levels sufficient to give good yields of the primary 794 bp PCR amplicon (Fig. 3). The RT-
PCR sensitivity limit was ~1 pg RMA {(amplicon barely visible) for either GAV or YHV. The



sensitivity limits of nested PCRs using primer pairs GY2-G3 or GY2-G6 for GAV and GY2-
Y3 for YHV were identical (10 fg RNA) and at least 100-fold greater than that of the primary
PCR. Semi-nested PCRs employing primer GY1 instead of GY2 increased sensitivity to the
same extent (data not shown).

To determine whether the presence of the two virus-specific antisense primers (Y3 and
G6) might affect the detection sensitivity, the multiplex nested PCR (primer set GY2-Y3/G6)
was tested using 1:1 mixtures of the primary PCRs of the GAV and YHV RNA dilution series
(Fig. 3). YHV-specific (277 bp) and GAV-specific (406 bp) products were co-amplified to the
same detection limit (10 fg RNA) obtained in the nested PCRs (GY2-Y3 or GY2-G6)

employing each antisense primer alone.

3.5.  RT-nested PCR differentiation of field samples of GAV and YHV

Five RNA samples from healthy, wild P. monodon broodstock chronically infected
with GAV, 5 samples from moribund farmed prawns acutely infected with GAV and 9
samples from moribund farmed prawns acutely infected with YHV were tested using the
multiplex RT-nested PCR (Fig. 4). The RNA originated from tissues of eithcr individual
prawns or pools of 2 to 10 prawns. Prawns were collected at different locations in eastern
Australia or Thailand between 1994 and 1998 (Table 1). Among the GAV samples, less
primary (794 bp) PCR amplicon was generated from the 2 cephalothorax homogenates than
from LO tissue (Fig. 4a). In contrast, a high yield of 794 bp amplicon occurred only in sample -
YHV#1 and none was detected in 5 of the YHV RNA samples. Multiplex nested PCR (primer
set GY2-Y3/G6) generated a 406 bp amplicon in all 10 GAV samples and a 277 bp amplicon
from all YHV samples except YHV#8 (Fig. 4b). Moreover, comparable yields of the 277 bp
amplicon were generated from the former YHV samples irrespective of whether a primary
PCR amplicon was detected. For the 5 YHV samples (#3, #5, #6, #7, #8) in which little or no
primary PCR amplicon was detevied, the PCR was repeated using 2 pl instead of 1 pl cDNA.
Increasing the input cDNA enhanced the 794 bp amplicon yield only for sample YHV#6 (data
not shown), However, 277 bp nested PCR amplicon yields were visibly enhanced for most
samples and an amplicon was detected for the previously negative YHV#8 (Fig 4c). The yield
of YHV#8 amplicon increased further when either 5 pl or 10 pl of the primary PCR was
employed in the nested PCR.
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3.6. PCR co-detection of GAV and YHV RNA mixed at various ratios

To simulate prawn co-infections with GAV and YHV at various infection levels, a 10-
fold dilution series of reference YHV RNA was prepared in a diluent comprising 100 ng/ul of
the reference GAV RNA. A reciprocal GAV RNA dilution series was prepared similarly in a
diluent comprising YHV RNA and thus all samples contained at least 100 ng/ul RNA. Using
cDNA prepared from selected dilutions, comparable yields of primary PCR amplicon (794 bp)
were generated (data not shown). However, GAV-specific (406 bp) and YHV-specific (277
bp) amplicons were co-detected in the multiplex nested PCR only to a limit equal to a
major:minor viral RNA ratio of 1:10% (100 : 1 ng/ul) when either GAV or YHV represented
the minor RNA species (Fig. 5a, lanes 4-6). Overexposure of the gel image detected very low
levels of amplicon of the minor RNA in the YHV and GAYV dilutions containing 10 pg/ul of
the minor RNA (data not shown). In any case, this was equivalent to a 10° to 10°-fold
reduction in the detection limit of either virus RNA compared to that obtained (ie. 10 fg/ul)
when diluted in uninfected P. japonicus RNA (see Fig. 3). The test was repeated using 10-fold
RMA dilutions prepared as above in a diluent containing 1 ng/pl rather than 100 ng/pl of
either YHV or GAV RNA (Fig 5b). Barely detectable but comparable amounts of the 794 bp
RT-PCR amplicon were generated from all samples (data not show). Compared to Fig. 5a, the
nested PCR detection limit of the minor GAV or YHV RNAs increased significantly to

include dilutions containing a major:minor RNA species ratio of 1:10™ (ie. 1 ng/ul : 100

fe/ul).

3.7.  Sequence differences among GAV and YHV RNA samples

Primary PCR amplicons from all 10 GAYV isolates including the reference isolate were
sequenced to identify any nucleotide variations in the G3/Y3 and G6 nested-PCR primer
regions (Fig. 6). In the 682 nt region immediately downstream of primer GY1, a maximum of
1.8% (12/682 nt) divergence was detected among the different GAV isolates. All 9 field
samples varied from the reference GAV#6 isolate (Cowley et al., 1999, 2000b) at a silent
position (U — C) 6 nt from the 3’-end of primer G3 and at a silent position (U —» C) 15 nt
from the 3’-end of primer G6. Six GAV isolates also varied at a silent position (U — C) 12 nt
from the end of G6. Sample GAV#4 varied at a position (U — C) 1 nt from the 3’-end of
primer G6 that would cause an amino acid substitution. The sequences also provided

information in the GY2 primer target downstream of the region that overlapped primer GY1.
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Six of the GAV samples varied at a silent position (A — G) 15 nt from the 3’-end of GY2
(data not shown).

For 7 of the 8 YHV field samples, sequence analysis of RT-PCR amplicons (0.7 kb)
generated for other purposes (R.A.J. Hodgson et al., unpubl.) identified no nucleotide
variations, compared to the reference YHV#1 (Tang and Lightner, 1998, Sittidilokratna et al.,
2002), in regions targeted by primers GY4 and GYS5. For all 8 YHV field samples, similar
analysis of semi-nested PCR amplicons generated using the primer pair GY2-GY4 identified a
maximum divergence of 2.1% (15/730 nt) compared to the reference sequence. In each
amplicon, most variations were due the coexistence of 2 nucleotides (most commonly U/C =
Y or A/G = R) in relatively equal amounts. Variations from the reference YHV isolate in the
G3/Y3 and G6 primer targets were only detected in 4 field samples. In samples YHV#3 and
#7, a U/C double nucleotide occurred at a silent position either 14 nt from the 3’-end of
primer G3/Y3 while a U/C also occurred 12 nt from the 3’-end of primer G6 in samples
YHV#4 and #5.

4, Discussion

GAV from Australia and YHV from Thailand are viral pathogens of that pose
significant disease threats to the culture of Penaeus monodon in countries that primarily farm
this species. The viruses are morphologically indentical, induce similar histopathology
(Boonyaratpalin et al., 1993, Chantanachookin et al., 1993, Spann et al., 1997), have similar -
tissue tropism (Tang and Lightner, 1999, Tang et al., 2002, Spann et al., 2003) and are readily
cross-detected by ISH (Tang et al., 2002). However, the level of nucleotide sequence variation
in the ORF1b (19.5%) {(Cowley et al., 1999, Sittidilokratna et al., 2002) and ORF3 (25%)
genes (Jitapakdee et al., 2003) and antigenic variations detected with monoclonal antibodies
(Soowannayan et al, 2003) indicate that GAV and YHYV represent distinct geographic
topotypes. Moreover, mortalities accumulate more rapidly in P. monodon infected
experimentally with YHV (Boonyaratpalin et al.,, 1993, Spann et al., 1997) and, while YHV
can induce cephalothorax yellowing in diseased P. monodor, whole body reddening has been
reported for GAV (Spann et al., 1997). Nevertheless, these differences are subjective and/or
inconsistently observed and would be unreliable in distinguishing between infections with the

two viruses.
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Here, we report development and assessment of an RT-nested PCR to co-detect and
distinguish GAV from YHV. The RT and primary PCR steps employ primers to conserved
ORF1b gene sequences to amplify either virus, while the nested PCR employs multiplexed
virus-specific primers to distinguish the viruses based on amplicon size. The two virus-
specific primers incorporated 10-12/24 mismatches, including 3 at their 3’-termini associated
with amino acids shifts. The number and positioning of the mismatches precluded
amplification of the non-homologous sequence as 2 or more substitutions at the 3’-end of a
primer have been shown previously to severely inhibit PCR (Sommer and Tautz, 1989, Kwok
et al., 1990). In addition, the 23-24 mer PCR primers were used at an annealing temperature
(66°C) that would ensure specificity but accommodate minor sequence variations known to
occur among different GAV and YHV isolates. As these crustacean Qkaviruscs encode an
RNA-dependent RNA polymerase (Cowley et al., 2000b, Sittidiloicratna et al., 2002, Cowley
and Walker, 2002) most closely related to those of coronaviruses and arteriviruses, it is likely
that it wiil lack proofreading ability and establish virus quasispecies populations that are a

source of genetic drift (see reviews Steinhauer and Holland, 1987, Holland et al., 1992).

Initial tests using non-multiplexed nested PCRs showed that amplicons were generated
only when the GAV-specific (G3 or G6) or YHV-specific (Y3) antisense primer matched the
virus template. However, in tests in which these did not match, the primary PCR (794 bp)
amplicon was more evident, probably as the result of carry over of the GY1-GY4 primers. A
non-specific product (~400 bp) of similar size to the 406 bp GY2-G6 primer amplicon was
also apparent in these nested PCRs. However, this DNA did not occur in the multiplexed
nested PCR incorporating both YHV- (Y3) and GAV-specific (G6) antisense primers in
which its production was quenched by the preferential amplification of virus template.
Multiplexing of the antisense primers targeted to different divergent sequences also readily
distinguished GAV (406 bp) from YHV (277 bp) in a single nested PCR on the basis of

amplicon size.

Nested PCR extended the RT-PCR detection limit 100- to 1000-fold. Although we
made no attempt to relate this directly to template copies, viral RNA was detectable in ~10 fg
LO total RNA isolated from heavily infected P. monodon. Moreover, the detection limit was
unaffected by primer multiplexing and was comparable to that of a GAV RT-nested PCR
targeting a downstream region of the ORF1b gene (Cowley et al.,, 2000a). For diagnostic
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purposes, this additional sensitivity is extremely useful in detecting unapparent infections in
healthy prawns when virus levels are often below the detection threshold of 1-step RT-PCR
(Cowley et al., 2000a, Walker et al., 2001).

The multiplex RT-nested PCR allowed co-detection of GAV and YHV in LO total
RNA mixed at various ratios to simulate dual-infection states. This was examined as chronic
GAYV infection is highly prevalent in healthy wild and farmed P. monodon in eastern Australia
(Spann et al., 1995, Cowley et al, 2000a, Walker et al., 2001) and so any introduction of
exotic YHV into this population would likely involve superinfection of GAV-infected prawns.
However, when GAV RNA was diluted in 100 ng/ul YHV RNA and visa v;zrsa, the nested
PCR detection limit of the minor viral RNA species (10 pg — 1 ng) was found to be quenched
10° to 10°-fold compared to that (10 fg) observed in the absence of competitor. We do not
know to what extent the RT and/or PCR steps contributed to this anomaly. However, the
effect was concentration-dependent. When 1 ng/pl rather than 100 ng/pl competitor RNA was
used, the detection limit of the minor viral RNAs (100 fg) approached that obtained without
competitor. Although there is obviously some dependence on virus loads, the nested PCR
theoretically has the capability to co-detect and distinguish GAV from YHV in dual-infected

prawns when relative RNA template numbers range between 1:1 and 1:10°,

GAYV and YHV samples from P. monodon collected at different locations in eastern
Australia and Thailand over a 2-4 year period were distinguished using the muitiplex RT-
PCR. All YHV samples were from diseased prawns while GAV samples were obtained from
both healthy and disgased animals. There was some variability in amplicon yields among the
YHV samples compared to GAV and these appear to be due primarily to the tissue type
selected for RNA isolation. YHV RNA samples were mainly from haemolymph while LO
was mostly used for GAV. YHV was not detected in one sample using the standard
conditions. However, by increasing the cDNA quantity used in the primary PCR, and primary
PCR quantity used in the nested PCR, a YHV amplicon was detected. The use of a previously
published RT-nested PCR method has shown that nested PCR is often required to detect low
levels of GAV in the LO of healthy, chronically-infected P. monodon (Cowley et al., 2000a
and unpubl, Walker et al., 2001). Moreover, LO and gills appear to be a better source of GAV

than haemocytes when infection levels are low (Cowley et al., 2000a). Unfortunately we were



14

unable to determine whether this is also the case in the YHV-infected prawns as LO or

separate gill tissues were not available for testing.

PCR amplicons from the GAV and YHV samples were sequenced to identify any
nucleotide variations in the genome regions targeted by virus-specific nested PCR primers
G3/Y3 and G6. Variations of up to 1.8% for GAV and 2.1% for YHV were detected between
the reference (Cowley et al., 1999, 2000b, Sittidilokratna et al., 2002} and field samples.
These primarily occurred at codon wobble positions and, among the YHV samples, many
were due to the presence of 2 different nucleotides in relatively equal amounts. This was not
unexpected as most YHV RNA samples came from tissues pooled from 5-10 prawns and it is
likely that individuals contained minor genotypic variants. In all YHV samples, sequences
targeted by primers GY4 and GY5 were conserved. However, single variations due to co-
infections occurred in either the Y3 or G6 nested PCR primer targets in 4 samples. Among the
GAYV samples, 1 to 3 nt variations were detected in sequences targeted by these nested PCR
primers. However, these variations, including one which caused an A:C mismatch 1 nt from
the 3’-end of primer G6, did not adversely affect the performance of the PCR. This is
consistent with data demonstrating that single primer-template mismatches (other than A:G,
G:A, C:C or A:A mismatches at the primer 3’ terminus) are unlikely to be deleterious to PCR
(Sommer and Tautz, 1989, Kwok et al., 1990). In all, the absence of substantial sequence
variations in the ORF1b gene region targeted by the multiplex RT-nested PCR suggests the
test should be quite robust in distinguishing the Thailand YHV genotype from the GAV

genotype that occurs commonly in healthy and diseased P. monodon from eastern Australia.

Potential mechanisms for the inadvertent introduction of major prawn viral pathogens
such as YHV, WSSV and Taura syndrome virus (TSV) into regions previously free of these
agents are well documented (Lightner et al., 1997, Nunan et al., 1998). Of primary concemn is
the translocation of frozen uncooked prawns or live broodstock and seed carrying unapparent
virus infections. The sequence divergence between Thai YHV and Australian GAV isolates
suggests that introductions of these, or genetically related viruses, could be detected and
traced to the source of the introduction. The multiplex RT-nested PCR described here
provides a rapid and sensitive initial tool to co-detect and differentiate these viruses. However,
we are currently obtaining P. monodon samples from other locations in Australia and Asia to

determine the extent of genetic diversity among YH-complex viruses present in different
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prawn populations (Walker et al., 2001, Soowannayan et al., 2003). Such epidemiological data
will help establish whether these viruses are endemic or have been recently introduced
through movements of brooders or postlarvae. Moreover, sequence information on different
YH-complex viruses may allow development of a modified multiplexed RT-PCR test to co-

detect and distinguish other genotypic variants of YHV/GAV.
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Figure Captions

Fig. 1. GAV and YHV nucleotide and amino acid sequences in the ORF1b gene region
targeted by primers used in the multiplex RT-nested PCR. YHV sequence differences are
indicated above and below the GAV sequences and the primer targets are highlighted
(arrows). Numbering is taken from a GAV-YHV sequence comparison reported previously
(Cowley et al., 1999).

Fig. 2. Amplification of GAV and YHV RNA by RT-PCR followed by nested PCR with
various primer combinations. (a) PCR amplification (primer pair GY1-GY4) of a 794 bp
product from cDNA synthesised from reference GAV (lane 1) and YHV (lane 2) RNA using
primer GYS5. (b) Nested PCR amplification of RT-PCR products from GAV (lanes 1 - 3) and
YHYV (lanes 4 - 6) using primer pairs GY2-Y3 (lanes 1 and 4), GY2-G3 (lanes 2 and 5) and
GY2-G6 (lanes 3 and 6). (c) Nested PCR amplification of a 406 bp GAV-specific product
(lane 1) or 277 bp YHV-specific product (lane 2) using the multiplexed primer set GY2-
Y3/G6. PCR products (10 pl) were resolved in a 2% agarose-TAE gel containing 0.5 pg/ml
ethidium bromide. M = 1 kb DNA ladder (Invitrogen). |

Fig. 3. Detection limits of the RT-PCR and nested PCR primer combinations using titrations
of LO total RNA from P. monodon infected with the reference GAV or YHV isolates. cDNA
synthesised using primer GY5 and serial 10-fold RNA dilutions (100 ng/ul to 1 fg/pl, lanes 1-
9, respectively) diluted in 10 ng/pl P. japonicus 1O RNA, which was also used as a negative
control (lane 10), was amplified by PCR using primer pair GY1-GY4. Nested PCRs were
performed using p’rimer pairs GY2-G3 and GY2-G6 for GAV and GY2-Y3 for YHV.
Multiplex nested PCR (primer set GY2-Y3/(G6) was also performed using 1:1 mixtures of the
GAYV and YHV RT-PCRs. PCR products (10 pl) were resolved as in Fig. 2. M =1 kb DNA
ladder.

Fig. 4. Detection of RNA from different GAV and YHV samples using the muitiplex RT-
nested PCR. The origin of P. monodon from which RNA was isolated is described in Table 1.
I[solates GAV#1 to GAV#10 correspond to GAV lanes 1 to 10, respectively, and isolates
YHV#1 to YHV#9 correspond to YHV lanes 1 to 9, respectively. GAV lane 11 and YHYV lane

10 were negative controls comprising LO RNA from uninfected P. japonicus. (a) ¢cDNA
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synthesised from 100 ng RNA using primer GY5 amplified by PCR using the primer pair
GY1-GY4. (b) RT-PCR products amplified by nested PCR using the multiplex primer set
GY2-Y3/G6. (c) For selected YHV samples [#3 (lane 1), #5 (lane 2), #6 (lane 3), #7 (lane 4)
and #8 (lanes 5 - 7)] which generated little or no 794 bp PCR amplicon, the multiplex nested
PCR was repeated using RT-PCRs performed using 2 pl instead of 1 pl input cDNA. ¢cDNA
from P. japonicus RNA was used as a negative control (lane 8). For isolate YHV#8, 5 ul (lane
6) and 10 pl (lane 7) of the primary PCR were also amplified by nested PCR. PCR products
(10 pl) were resolved as in Fig. 2. M =1 kb or 1 kb plus DNA ladder (Invitrogen).

Fig. 5. Multiplex RT-nested PCR amplification of GAV and YHV RNA mixed at various
ratios to simulate dual-infection states. RNA was mixed 1:1 at concentrations of either (a) 100
ng/pl (lane 5) or (b) 1 ng/ul (lane 6) and serial 10-fold dilutions of virus RNA were prepared
in a diluent of reciprocal virus RNA at these two concentrations. (a) YHV RNA amounts 100
fg, 10 pg, 100 pg, 1 ng (lanes 1-4, respectively) and 100 ng (lanes 5-9), GAV RNA amounts
100 ng (lanes 1-5) and 1 ng, 100 pg, 10 pg, 100 fg, (lanes 6-9, respectively) and P. japonicus
negative control RNA (iane 10). (b) YHV RNA amounts 10 fg, 100 fg, 1 pg, 10 pg, 100 pg
(lanes 1-5, respectively) and 1 ng (lanes 6-11), GAV RNA amounts 1 ng (lanes 1-6) and 100
pg, 10 pg, 1 pg, 100 fg, 10 fg (lanes 7-11, respectively). In both tests, cDNA synthesised using
primer GYS was amplified by PCR (primer pair GY2-GY4) followed by nested PCR with the
multiplex primer set GY2-Y3/G6. PCR products (10 pl) were resolved as in Fig. 2. M =1 kb
DNA ladder.

Fig. 6. Nucleotide sequences of genome regions targeted by primers G3/Y3 and G6 in the 9
GAYV and 8 YHV field samples compared to the reference isolates (GAV#6 and YHV#1). The
GAV#6 amino acid sequence is shown, as are differences between this sequence and that of
YHV#1. Nucleotide variations to the GAV#6 sequence are shown (bold), as are variations
(bold) to the YHV#1 sequence.



23

Table 1
Origin of GAV- and YHV-infected Penaeus monodon tested in the multiplex RT-nested PCR

No: Date Location Source Description Tissue
GAV#1 14-10-97 Jacobs Well, SEQ Cairns H,I,B,N 10

GAV#2 13-10-87 Jacobs Well, SEQD Innisfail H,I,B,N 10

GAV#3 25-09-937 Cleveland, SEQ Innisfail R,I,B,N 1O

GAV#4 05-03-98 Innisfail, NQ Innisfail Ww,1,B,N Lo

GAVH#5S 27-03-99 Cardwell, NQ Townsville F,B,I,N Lo

Gav#e 12-02-96 Mourilyan, NQ NQ F,P,M LO

GAVHT 06-03-97 Bundaberg, SEQ NQ F,P,M Lo

GAV#8S 18-03-297 Jacobs Well, SEQ NQ F,P,M LG

GAV#9 17-04-9¢6 Jaccbkbs Well, SEQ NQ F,P,M ceph
GAV#10 16-04-9¢ Jacobs Well, SEQ NQ F,B,M ceph
YHV#1 NK-96 NK CPp F,p,M hae
YRV#2 13-10-95  Rayong ARHRT R,F,P,M gill/hae
YHV#3 01-02-95 Surattanee NK R,F,I,M gill/hae
YHV#4 29-10-94 Songkhla Cp R,F,P gill/hae
YHV#5S 18-01-96 Chachuengsac AAHRT R,F,P,M gill/hae
YHV#G NK-97 Bangpakong CP R,F,P,M gill/hae
YHV#7 16-12-97 NK CP F,I,M hae
YBV#8 17-03-98 Banpo Cp H,P ceph
YHV#S 17-03-98 Klongsuan cp H,P ceph

All GAV-infected prawns were derived from wild broodstock sourced from Cairns, Innisfail or Townsville in north
Queensland, Australia

All YHV-infected prawns were collected from locations in Thailand

Description: codes are F = farm stock, H = hatchery stocks of wild broodstock, W = wild broodstock collected
directly from a trawler, R = research facility stock, B = broodstock, [ = individuai, P = pool of 2-10 prawns, M =
mortalities in stock at time of collection, N = no obvious disease symptoms

GAV#6; YHV#1= reference isolates; NQ = North Queensland; SEQ = South-east Queensland; NK = not known
Tissues: gill, lymphoid organ (L.O), haemolymph (hae), whole cephalothorax (ceph)

CP = Shrimp Culture Research Centre of Charoen Pokphand Co. 14d., Thailand

AAHRI = The Aquatic Animal Health Research Institute, Thailand
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Detection of hepatopancreatic parvovirus (HPV) infection
in Penaeus monodon using PCR-ELISA
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A rapid and sensitive PCR-ELISA has been developed for detection of hepatopancreatic parvovirus
(HPV) in Penaeus monodon. The specific primer set amptlified 156 bp fragment and could detect as a
filtle as 0-01 {g of purified HPY DNA which equivalent to three viral particles. No cross-reactivity was
observed when nucleic acid templates from white spot syndrome virus, yellow-head virus, monodon
haculovirus and shrimp were tested. The crude DNA simple prepared from hepatopancreas can be
used as DNA template and provide a favorable result. Using this technique for detection of HPV

-infection in 87 carrier shrimps revealed the higher sensitivity and efficiency of detection when

compared to histological examination and conventional PCR. Sixty-two percent infection was
detected by PCR-ELISA from samples with HPV negative diagnosed by histological examination.
Therefore, this sensitive and specific method is promisingly useful for early detection of HPV
infection in broodstock, carriers and for ex sit application where large numbers of samples can be

' Department of Biochemistry, Faculty of Medicine, Srinakharinwirot University, Sukhumvit 23,

University, Rama VI Road, Bangkok 10400, Thailand, 3Departmenr of Biochemistry, Faculty of

analyzed simultaneously.

¢ 2002 Published by Eisevier Science Ltd

KEYWORDS: hepatopancreatic parvevirus, PCR-ELISA, Penaeus monodon, polvmerase chain

reaction. :

INTRODUCTION

Hepatopancreatic parvovirus (HPV} causing disease
in several species of penaeid shrimps including
Penaeus monodon.! The heavy infected shrimp
demonstrated of stunting which affected shrimp
production of farmers.

A number of diagnostic methods were developed
for detection of this virus including histological
examination {H&E stainin-g),3 Transmission electron
microscopy (TEM),' in situ hybridization,* and
polymerase chain reaction (PCR).>® The classical
H&E staining and TEM are reliable technigues but
require an experienced and skilful technician. fn sity

hybridization is specific but low sensitivity and the
commercial available probe was strain-specific.”
Polymerase chain reaction (PCR) was highly sensitive
but the analysis by agarose gel electrophoresis make
it is not suitable for field application which several
samples need simultaneocusly examine.

The PCR-ELISA assay offers an alternative method
for detection of PCR products with highly accurate
results. The protocol does not require hazardous
substances such as ethidium bromide. 1t has been
reported as a sensitive and specific method ror
detection of bacterial and viral DNA or RNA. ™"
This methods with a microtiter plate has been used
for the detection of Mycobacterium tuberculosis,

* Author to whom all correspondence should be addressed at: Wasana Sukhumsirichart, Department of Biochemistry, Faculty of Medicine.
Srinakharinwirot University, Sukhumvit 23, Bangkok 10110, Thailand. Tel: +66-2-2602950 ext. 4607; Fax: +66-2-2600125; E-mail:

wasanas@psm.swu.ac.th

0890-8508/02/% - see front matter

t 2002 Published by Elsevier Science Lid
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human cytomegalovirus,® Dengue virus,® human
papillomavirus,'® herpesvirus 6,'" Plum pox poly-
virus (PPV),'? Rabies viruses,’® Coxiella burnetii'*
bacteria in cow’s milk,"® Escherichia coli,'® and
parvovirus B19."7

The technique involves the combination of amp-

lification of viral DNA by PCR using specific primers,
hybridization with a specific probe and finally the
detection of the hybridized product by the ELISA
technique. Besides the safety of non-radioisotopic
detection, the method of microtiter plate hybridiza-
tion has advantages of speed, suitability for a large
number of samples and applicability to automa-
tion."™7 Therefore this studies, we demonstrated that
the PCR-ELISA assay is sensitive and specific to use
as a diagnostic method for detection HPV infection in
P. monodon.

MATERIALS AND METHODS
Shrimp samples

Eighty-seven shrimp samples were collected from
ponds in the central and southern parts of Thailand
including Samut Prakarn, Ratchaburi, Pattanee, and
Phuket. The hepatopancreases were removed
and transferred immediately to liquid nitrogen and
then stored at —80°C. For post-larvae, the whole fry
were fixed in 70% ethanol.

HPV DNA preparation

The viral particle was purified from hepatopancreases
and DNA was extracted (Sukhumsirichart et al.,
1999).° For crude DNA preparation, the hepatopan-
creases or whole post larvae were homogenized in
lysis solution containing 0-5N NaOH-0-025% SDS,
boiled for 10 min and then centrifuge at 10,000 rpm
for 2 min. The crude lysate (1-5 pl) was then used in
PCR amplification.

PCR amplification and DIG-labelling

The HPV DNA was specific amplified and labeled by
Digoxygenin-dUTP. The PCR reaction was carried
out in 50l reaction mixture containing, 5ul crude
DNA template, T x PCR reaction buffer (10 mM Tris-
HCl-pH 80, 50mM KCl and 1% w/v gelatin),
1-5 mM MgCly, 200 pM dNTP, 10 pM Digoxigenin-
dUTP (DIG) (Boehringer Mannheim), 0-1 uM each of
primer 121F (57...GCA CTT ATC ACT GI1C TCT
AC...3" and 276R (5'.. . GTG AAC TTT GTA AAT

ACC TTG...3, 2 unit Tag DNA polymerase
(Perkin-Efmer]. The reaction mixtures were pre-heat
at 94°C for 3min and then performing PCR ampli-
fication for 40 cycles as the following condition;
denature at 94°C for 30, annealing at 52°C for 305
and extension at 72°C for 30s. The final extension
was carried out at 72°C for 5min. PCR negative
controls containing no template DNA were per-
formed for each PCR reaction.

Delection of DiG-labeled HPV DNA using
ELISA assay

The DIG-labeled DNA was further detected using
ELISA detection kit (Boehringer Mannheim). The
fabeled PCR product (5pl) was denatured in 40 pl
denaturing solution at room temperaiure for 10min.
Five hundred ,microliter of hvbridization solution
containing  7-5pmol/ml  bictin-labeled  specific
internal sequence probe {5'...Biotin-AATCCTCCT-
CCTTCA TGGTTA. .. 3') was added and well mixed.
Aliquots of 200 pl of the mixtures were pipetted into
avidin-coated microtite plate and incubated at 37°C
for 2h. At the end of the incubation period, the
sotution of a given well was discard and washed far
3 times with 250 pl of washing solution. After the last
washing step, 200! of the anti-digoxigenin per-
oxidase {Anti-DIG-POD) solution was added and
further incubated for 30min in a 37°C shaker. The
solution was then discarded and washed tor three
times. The microtiter plate was air-dried on a piece of
paper. The color was developed by adding 200 ul of
ATBS®  (2,2'-azino-bis  {3-ethvlbenzthiazoline-6-
sulfonic acid) substrate solution and incubated in
the dark for 30min. The optical density of color
product was measured at 405am  using ELISA
photometric measurement apparatus. The intrinsic
extinction value of ABTS was evaluated by measuring
this solution alone (reagent blank).

Sensitivity and specificity of detection

To determine the sensitivity of PCR-ELISA ior detec-
tion of HPY DNA, ten fold dilution (1 pg-0-011g) of
purified HPY DNA was prepared and emploved as
the DNA templates for PCR-ELISA assay.

Purified or crude DNA prepared from shrimp tissue
and other viral pathogens that infect £. monodon
were tested by PCR-ELISA assay including vellow-
head virus (YHV), white-spot syndrome  virus
{WSSV) and monodon haculovirus (MBV)-intected
hepatopancreases,
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Southern hybridization

Ten-fold serially dilution of purified HPV DNA
ranging from 100 to 001fg was subjected to PCR
amplification for 40 cycles as described above. The
PCR products {15 pl) were analyzed by agarose gel
electrophoresis, transferred onto nylon membrane
and hybridized with DIG-labeled 156bp DNA
fragment as a probe,'®

RESULTS

Sensitivity and specificity of PCR-ELISA for
detection of HPV

The sensitivity of PCR-ELISA for the detection of HPV
DNA was determined in comparison to agarose
gel electrophoretic analysis and  Southern blot
hybridization. A ten-fold serial dilution of HPV
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Fig. 1. Comparison of sensitivity for detection of HPV
DNA v agarose gel electrophoresis, PCR-ELISA and
southern blot hybridization. Ten-fold serial dilution of
HPV DNA ranging from 1 pg to 0-01{g {lanes 1-6) was
individually subjected to PCR amplification. The 156bp
PCR product was analyzed by agarose gel electrophoresis
(A} and ELISA assay (B). Southern blot hybridization of
serial dilution of HPV DNA ranging from 100 to 0-01 fg
{lanes 1-6) using DIG-labeled 156 bp fragment as probe
was determined (C). Lane M represent DNA marker.
Lanes 7 and B were negative control and reagent blank,
respectively.

DNA was prepared and subjected to PCR amplifica- ~
tion. The DIG-labeled 156bp DNA fragment was
then analyzed by agarose gel electrophoresis and
ELISA. Results in Figures 1A and B showed that
the sensitivity of detection by agarose gel electro-
phoresis was 1fg, whereas 100 times higher sensi-
tivity (0-01fg) was obtained by ELISA. This
sensitivity was 10 times higher than Southern blot
hybridization (C).

The amount of HPY DNA in samples were also
determined by measuring optical density of the color
product at 405 nm {OD4ps). The result obtained in
Figure 2 demonstrates the ability of detecting as a
little as 0-01fg of purified HPV DNA which
equivalent to three viral particles and agree with
the sensitivity of detection in Figure 1B when the
color was detected by naked eyes.

The specificity of the primer and internal sequence
probe used in the PCR-ELISA reaction were tested
using nucleic acid of white syndrome virus (WS5V),
shrimp, yellow-head virus (YEV), monodon baculo-
virus (MBV) and shrimp. The result in Figure 2
revealed that the primers and probe were specific
only for HPV infection, the optical density at 405 nm
of other viruses and shrimp were less than the mean
absorbance of negative control (0-026 + 350,
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Fig. 2. Graphical illustration of sensitivity and specificitv
of the PCR-ELISA. The absorbance of the color products
were measured at 405 nm using ELISA photometric
measurement apparatus. The upper line (-m~) shows the
sensitivity for detection of HPV DNA at the concentration
of 1000, 100, 10, 1, 0-1, 0:01 g, respectively. The lower
line (~®-) demonstrates the specificity. The dotted line
represents the mean value of negative control. The letters
N, W, Y, M, and 5 represenl negative control, monodon
baculovirus (MBV) white-spot syndrome virus (WSV),
shrimp (), and vellow-head virus (YHV} nucleic acids,
respectively.
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Detection of HPV in crude sample in comparison
to histological examination

The reliability of detection using PCR-ELISA assay
was compared directly to histological examination
which used as a gold standard method. Hepatopan-
cras of infected and healthy individual shrimps was
divided into two parts for histological examination
(H&E staining) and PCR-ELISA assay. Crude DNA
templates were simple prepared and analyzed
by PCR-ELISA. A total of 12 samples examined,
10 samples were positive by PCR-ELISA assay and
9 samples were positive by H&E staining. This result
(Table 1) show the ability of detection by both
methods with 92% agreement and 100% efficiency
of detection by PCR-ELISA.

Detection of HPV in carrier shrimps by
conventional PCR and PCR-ELISA

To determine the efficiency of PCR-ELISA assay for
detection of HPV in carrier shrimp in field, a total of
87 hepatopancreases of shrimp samples collected
from ponds in the central and southern part of
Thaifand, were analyzed by PCR-ELISA in comparing
to conventional PCR. There were two set of samples,
the first set containing 42 samples which were HPV
negative detected by H&E staining and the second set
composed of 45 hepatopancreases derived from
stunted shrimp. The results in Table 2 shows that
65 samples gave positive detection by PCR-ELISA but
only 53 samples by conventional PCR. Twenty-six
out of 42 (62%) of the first set of samples were tested
positive by PCR-ELISA. It also found that 87% of the
stunted shrimps were infected with HPV.

DISCUSSION AND CONCLUSION -

PCR-ELISA developed in this study is an alternative
approach to diagnose HPV infection in shrimp and
carriers. The detection method is simpler than both
histological techniques, as tissues must be subse-
quently processed and conventional PCR, in which
the amplified product needs to be electrophoretically
examined. The protocol does not require hazardous
substances such as ethidium bromide. In terms
of sensitivity, the lowest amount of purified HPV
DNA detected by this technique was 0-01 fg (approx-
imately three viral particles) which was 10 and
100 times more sensitive than that of the Southern
hybridization and conventional PCR, respectively.

For filed application, PCR-ELISA also showed more
sensitive than conventional PCR and histological
examination. Several shrimp samples which gave
negative detection by H&E staining but positive by
PCR-ELISA, this'implied that these shrimps were the
carrier of the virus. Therefore, the PCR-ELISA may be
a suitable technique for detecting HPV infection in
carriers and broodstock.

At present, the PCR -ELISA techniques is available
commercially in a microtiter plate format (Boehringer
Mannheim), allowing flexibility of the detection, as
positive HPV signals can be directly visualized when
qualitative results are sufficient. On the other hand,
quantitative results can be gotten using a microtiter
plate reader when detailed data are needed. Reduc-
tion of the hybridization period to only 30min, as
illustrated in this study, gave a similar result to that
using a standard hybridization time so that modified
PCR-ELISA offers a consistent diagnostic result which
is more rapid than other HPV detection methods. The
disadvantage of this technique is that it is more
expensive than the conventional PCR assay, but this

Table 1. Comparison of PCR-ELISA and histological examination (H&E staining) for detection of

12 hepatopancreases samples tested

PCR-ELISA+ PCR-ELISA+ PCR-ELISA— PCR-ELISA— Sensitivity " Specificity
H&E+ H&E— H&E+ H&E—
9 1 0] 2 100% 8-33%

Table 2. The detection HPV infection from 87 carrier shrimps by conventional PCR and PCR-ELISA

Shrimp samples PCR-ELISA+ PCR-ELISA+- PCR-ELISA~ PCR-ELISA -
PCR+ PCR— PCR+ PCR—

HPV negative by H&E 15 11 0 16

Stunted characteristic 38 1 0 6




Detection of HPV infection

disadvantage is mitigated by its convenience and
sensitivity.
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ABSTRACT: A single-tube, non-stop, semi-nested poly-
merase chain reaction (PCR) technique was developed for
simultanecus detection and severity grading of white spot
syndrome virus {WSSV) infections in the black tiger shrimp
Penaeus monodon. The test uses 1 sense primer and 3 anti-
sense primers that produce up to 3 PCR products (1100, 526
and 250 base pairs [bp]) depending upon the severity of infec-
tion. Specifically, heavy infections (22 x 10* viral particles) of
WSSV produce all 3 fragments, while moderate infections
(around 2 x 10° viral particles) produce 2 (526 and 250 bp) and
light infections (20 to 200 viral particles) produce 1 {250 bp).
In addition, the technique uses internal control primers that
yield a shrimp characteristic fragment for non-infected sam-
ples and samples with a low quantity of viral target in order to
assure integrity and reproducibility of the PCR assays. The
non-stop, single-tube, semi-nested PCR technique is simple
and convenient and can detect as little as 5 fg WSSV DNA
{20 viral particles} in crude extracts of postlarval samples or
extracts of pleopeds and haemolymph from larger shrimp.

KEY WORDS: White spot syndrome virus - WSSV - Single-
tube nested PCR - Penaeus monodoy
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White spot syndrome virus (WSS8V) is a viral disease
that affects most of the commercially cultivated marine
shrimp species, not just in Asia but globally {(Wong-
teerasupaya et al. 1996, Flegel 1997, Lu et al. 1997, Lo
et al. 1999, van Hulten et al. 2000). In Thailand, it was
first reported as an accidental infection in laboratory-
reared shrimp in early 1994 (Wongteerasupava et
al. 1995) although a virus with similar morphology
had been reported earlier from farmed specimens of
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Penaeus japonicus in Japan (Nakano et al. 1994, Taka-
hashi et al. 1994) and P. japonicus, P. monodon and P.
penicillatus in Taiwan (Chen & Kou 1994).

WSSV is an enveloped, rod-shaped virus, containing
double-stranded DNA (Wang et al. 1995, Wongteera-
supaya et al. 1995). Contrary to initial speculation
{(Wongteerasupaya et al. 1995), it is unrelated to bac-
uloviruses (Tsai et al. 2000, van Hulten et al. 2001} and
it has been recommended that it be included in a new
family tentatively called Whispoviridae or Nimaviridae
(van Hulten et al. 2000, 2001). For transmission elec-
tron microscopy, negative staining from hemolymph
samples revealed that intact virions were 121 + 9 nm in
width at the widest point and 276 + 26 nm in length,
excluding a multifilament appendage that was often
seen attached at the narrow end {Wongteerasupaya et
al. 1995). Acutely infected shrimp often show white
spots of 0.5 to several mm in diameter in the cuticle
(which are abnormal deposits of calcium) and some-
times also a pink to reddish-brown coloration due to
expansion of sub-cuticular chromatophores (Lightner
1996).

WSSV can be detected by histolegical and molecular
techniques, of which PCR is the most sensitive. Cur-
rently reported PCR techniques for WSSV detection
use either a conventional amplification with a single
sense/antisense primer set {Lo et al. 1996a, Kan-
chanaphum et al. 1998, Withyachumnarnkul 1999) cr a
nested amplification (Lo et al. 1996b, 1998). Nested
PCR provides an increased level of sensitivity com-
pared with conventional single primer-pair PCR. Real-
time PCR is more sensitive and has been reported for
the quantification of infectious hypodermal and hema-
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topoletic necrosis virus in infected penaeid shrinp
(Tang & Lightner 2001) but not for WSSV.

One of the major drawbacks with 2-step nested PCR
is the risk of introducing contamination when a second
PCR reaction is initiated using a portion of the mixture
from the first reaction vial, This problem can be cir-
cumvented by designing a 1-tube, non-stop, serni-
nested PCR where 2 or 3 primer pairs with different
melting points are simultaneously added with all reac-
tion components and the test sample in a single tube
(Rolfs et al. 1992). The aim of this work was to develop
a semi-quantitative PCR detection method for WSSV
that can he carried out as a single-tube, non-stop,
semi-nested PCR amplification.

Methods and results. WSSV was isolated from ex-
perimentally infected juvenile shrimp Penaeus mono-
don, and the WSSV DNA was extracted from purified
virions using phenol-chloroform extraction as described
by Wongteerasupaya et al. {1995).

Twenty Penaeus monodon postlarvae or 1 pleopod
stored in ethanol were homogenized with a mixture of
200 pl of 0.025 N NaOH and 0.0125 % sodium dedecyl
sulphate in a 1.5 ml microcentrifuge tube, followed
by incubation in boiling water for 5 min before imme-
diate incubation on ice. After a brief centrifugation at
10000 rpm in a benchtop microcentrifuge, 5 pl of the
supernatant was used as the template for PCR amplifi-
cation.

Ten microliters of hemolymph from Penaeus mon-
odon was mixed with 20 pl of 0.005 N NaOH, incu-
bated at 95°C for 5 min then transfeired to ice for
5 min before brief centrifugation. Five microliters of
the superhatant was used as the template for PCR
amplification.

Using primer analysis software (QCligo 4.0s, National
Biosciences, Inc., Plymouth, MN, USA), 1 sense primer
(F1) and 3 antisense primers {R1, R2 and R3) were
designed from the nucleotide sequence of a 4.2 kb
WSSV clone (Wongteerasupaya et al. 1995). The
sequences of these primers are shown in Table 1. The
F1l and R1 primers were used as external primers to
generate a primary PCR product of 1100 base pairs

Table 1. Sequences of the primers used. These were designed based on the
sequence of a 4.2 kb cloned fragment derived from purified WSSV and from the
sequence of the actin gene of Penaeus monodon

primer F1
—
WSSV DNA
-
primer F1 l primer R1
—
1100 bp
4.__
primer F1 l primer R2
—
526 bp
P~ —
l primer R3
250 bp

Fig. 1. Diagram showing the products of the non-stop, single-
tube, semi-nested polymerase chain reaction for detection of
WSSV. bp: Base pairs

{bp) while R2 and R3 primers were used as internal
primers along with F1 to generate nested PCR prod-
ucts of 526 bp and 250 bp, respectively, as shown in
Fig. 1. :

Primers for the shrimp-specific PCR product com-
prised primers PMN1 and PMN2 (Table 1} designed
from the actin gene of Penaeus monodon (Boonyawan
1998). They produced a fragment of 143 bp.

The 50 pl PCR reaction contained 50 mM KCJ,
10 mM Tris-HCI, pH 9.0, 1.5 mM MgCl,, 0.2 mM each
of deoxy (d) ATP, dCTP, dGTP and dTTP, 1 pM F1,
0.2 pM R1, 0.3 uM R2, 0.5 pM R3, and 0.8 uM each
of PMN1 and PMN2. The PCR reaction was initiated
by heating the mixture to 93°C for 5 min followed by
addition of 6 U of Tag polymerase at 75°C. This was
followed by 3 successive cycling protocols of (1) 5
cycles of 93°C for 20 s, 70°C for 20 s and 72°C for 20 s,
followed by (2) 20 cycles of 93°C for 20 s, 55°C for 20 s

“and 72°C for 20 s, followed by (3) 25 cycles of 93°C

for 20 s, 50°C for 20 s and 72°C 20 s. Following PCR,
10 pl of the reaction solution was examined follow-
ing electrophoresis through a 2% w/v agarose gel
and ethidium bromide staining.

To determine the sensitivity of the
non-stop, semi-nested PCR assay,
purified WSSV DNA was serially
diluted in 10-fold steps from 30 pg to

0.5 {g and added to normal homoge-

Primer Sequence Tm  Target Product nized postlarval shrimp (i.e.. free of
°C DNA ize (b i
°C) size (bp) WSSV as determined by PCR assay)
FI  5AGAGCCCGAATAGTGTTTCCTCAGC 3 76 WSSV DNA - for use as a template in 1-step nested

R1 S'CAGGCAATATAGCCCGTTTGGG ¥ 68 WSSV DNA 1100 PCR. By agarose gel electrophoresis,
R2 S'ATTGCCAATGTGACTAAGCGG ¥ 62 WSSV DNA 526 non-stop, semi-nested PCR amplifica-
R3  5AACACAGCTAACCTTTATGAG 3 58 WSSVDNA 250 )

PMN1 5CATGATTATTTTGTATATATTATCG3' 60 Shrimp DNA 143 tion of these templates produced from
PMNZ 5'CAAGTGCTTCTAAGGATACTG 3 60 Shrimp DNA 1 to 3 PCR products in a manner

dependent upon the quantity of WSSV
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bp —
L=
S
1100 — =5
526 — [t
250 — 8
143 — BB

Fig. 2. Sensitivity of the non-stop, single-tube, semi-nested
PCR far the detection of WSSV. The PCR products were
amplified from purified WSSV DNA serially diluted (1:10) in
the range of 50 pg to 0.5 fg, added to a homogenate of shrimp
postlarvae and extracted as a PCR template (Lanes 1 ta 6,
respectively). Lane 7 shows the PCR product from a template
crude extract of normal postlarvae without added WSSV
DNA. The highest dilution still giving a positive reaction was
5 Ig of WSSV DNA in crude postlarval homogenate (Lane 5).
Lane M is a 100 bp DNA ladder

added to the homogenates (Fig. 2). Quantities of WSSV
DNA at 5 pg (2 % 10* viral particles) and greater gave 3
PCR products of 1100, 526 and 250 bp (Fig. 2, Lanes 1
and 2). A moderate concentration of WSSV DNA,
around 500 fg (2 x 10° viral particles), gave 2 products
of 526 and 250 bp (Fig. 2, Lane 3) and a low concentra-
tion or 5 to 50 fg (20 to 200 viral particles) gave only 1
product of 250 bp (Fig. 2, Lanes 4 and 5). The limit of
detection was 5 fg or approximately 20 viral particles

Pleopod Haemolymph

bp

1100 — BES

526 —
250 —

143 —

Fig. 3. Ethidium bromide staining of non-stop, single-tube,

semi-nested PCR preducts derived from pleopods and

haemolymph of 2 juvenile shrimp (A and B) 1, 2 and 3 days

after injection with WSSV (Lanes 1, 2 and 3, respectively).

Lane 0 is an extract derived before injection of the virus.
Lane M is a 100 bp DNA ladder

(Fig. 2, Lane 5). In addition, a shrimp-specific product
at 143 bp was observed for the samples when no or low
quantities of WSSV DNA were added (Fig. 2, Lanes 3,
4,5, 6 and 7). When the concentration of the WSSV tar-
get was in the range of approximately 500 fg or more,
the shrimp-specific, internal control product was not
observed.

Detection of WSSV infection in experimentally in-
fected shrimp was tested using tissue and hemolymph
derived from 2 juvenile shrimp experimentally in-
fected with WSSV and reared in an aquarium. Hemo-
lymph (10 1} and 1 pleopod were removed daily for
testing using the non-stop, semi-nested technique. At
1 d post injection, 2 PCR products {526 and 250 bp)
were seen from the pleopods of both shrimp (A & B in
Fig. 3) and this increased to 3 fragments (1100, 526 and
250 bp) at Days 2 and 3. With hemolymph from both
shrimp, only 1 fragment (250 bp) was observed at Day
1 and 3 fragments at Days 2 and 3. The 143 bp frag-
ment specific for shrimp was seen only in the samples
taken at time zero, before WSSV injection.

To test that the non-stop, semi-nested PCR protocol
could detect WSSV in field samples of postlarvae, 20
batches were stored in 95% ethanol and delivered to
the laboratory by shrimp farmers. These were typical
of the samples usually supplied to commercial test
laboratories in Thailand. The postlarvae were re-
moved from alcohol, touched on a paper towel to
remove excess alcohol and then processed (i.e.,
homogenized and extracted as described above)
before being tested. A range of results was obtained
from 0 to 3 WSSV characteristic fragments. The
shrimp-specific marker fragment of 143 bp was seen
ondy with samples that gave either no fragments for
WSSV or patterns that indicated low to medium
quantities of WSSV.

Discussion. Nesied PCR reactions are now used
widely in the detection of a number of viruses such as
hepatitis C virus (Svoboda-Newman et al. 1996),
bovine herpesvirus (Ashbaugh et al. 1997} and fish
rhabdoviruses (Miller et al. 1998). They are also used
routinely for detection of penaeid shrimp viruses
including WSSV (Lo et al. 1996b), monodon baculo-
virus (Belcher & Young 1998), gill-associated virus and
lymphoid organ virus (Cowley et al. 2000). However,
most of these currently described nested PCR methods
use conventional steps where a portion of the PCR
reaction from the first step is transferred to a second
PCR reaction tube for the second (nested) amplifica-
tion. There is a high contamination risk at this transfer
step. By placing all of the reagents for the nested reac-
tion in a single tube and using a 3-phase amplification
program, we have attemnpted to circumvent this poten-
tial preblem. To our knowledge, the details of a such a
semi-quantitative, non-stop, semi-nested PCR detec-
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tion method have not yet been described for any virus
of penaeid shrimp.

With respect to sensitivity, we estimate that the low-
est detection level of 5 fg of WSSV DNA is equivalent
to approximately 20 viral particles based on the esti-
mated length of the total WSSV genome being in the
range of 300 kb (Yang et al. 1997) and assuming only a
single copy of the target sequence for the primers. This
estimated level of sensitivity is comparable with that of
the 2-step nested PCR technique reported by Lo et al.
(1998). However, our method is an improvement be-
cause it is an uninterrupted, single-tube reaction with
reduced risks for contamination. A commercial appli-
cation of the method of Lo et al. {1998) (Farming Inlelli-
Gene Tech. Co., Taipei, Taiwan) uses a single PCR
tube but it must be opened after completion of the first
PCR step for addition of a reagent premix containing a
pair of internal primers for the second PCR step. These
tube openings and transfers create additional risks of
contamination. One very important advantage of our
method is its ability to grade the severity of viral infec-
tions to 3 levels. Commercial products that achieve a
similar grading are available but information regard-
ing the primers and reagents used are proprietary.
Grading of infections has been reported to be impor-
tant for the management of WSSV in culture systems
(Lo et al. 1998, Peng et al. in press), and our technique
should provide an open alternative to commercial sys-
tems currently offered for the purpose.

Tan et al. (2001) have reported a method for WSSV
quantification based on competitive PCR. This may be
useful when precise measurements of WSSV quantity
are required. However, the method was not suitable
for detection of very low viral loads, as is required
when shrimp farmers screen potential WSSV carriers
and test postlarvae before stocking shrimp ponds. Qur
method would be more suitable for such routine assays
where precise quantification of viral load is not critical.

Various protocols of sample preparation for WSSV de-
tection have been developed using cetyltrimethylam-
moniwm bromide followed by chloroform extraction and
precipitation of nucleic acids with 2 volumes of absolute
ethanol (Lo et al. 1996a) or DNAzo!® Reagent (Gibeo Life
Technologies; Magbanua et al. 2000). These methods are
complicated, time consuming, and risk contamination
and loss of DNA during the extraction process. We have
successfully circumvented the need for this by using a
simplified, crude extraction procedure that gives satis-
factory results under the conditions of our assay. Using
the protocol described in this paper, we have not found
evidence of PCR inhibitors since we always obtain either
PCR amplicons of expected sizes or the internal control
amplicon in test samples. On the other hand, we cannot
exclude the possibility that some partial inhibitors might
reduce the sensitivity of the assay for WSSV,
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Abstract

White spot syndrome virus (WSSV) is a major viral disease agent distributed
in Thailand where panaeid shrimp are cultured. Six isolated of WSSV from
Surathanee, Chumporn and Chachaoengshao were compared by analysing the viral
envelope protein VP28 sequence. No distinctive difference among the WSSV isolates
from penaeid shrimp were detected. The results indicate that some viral protein
components of WSSV from different geographic regions share a vary high degree of
homology.

Introduction

White spot syndrome virus (WSSV) is a major viral disease agent in shrimp
culture. Electron microscopy studies showed that the virions are enveloped and have a
bacilliform shaped of 275 nm in length and 120 nm in width with a tail-like
appendage of one end (Wongteerasupaya et al.,1995). Nucleocapsides, which have
lost their envelope, has a cross-hatched appearance and a size of 300 x 70 nm
(Wongteerasupaya et al.,1995). This viral morphology, its nuclear localization, and its
morphogenesis are reminiscent of baculoviruses in insects (Durand et al.,1997). The
phylogenetic analysis of ribonucleotide reductase gene indicated that WSSV belongs
to the eukaryotic branch of an unrooted parsimonious tree and suggest to be a number
of a new genus (Whispovirus) within the baculoviridae or a number of an entirely new
virus family (Van Hulten et al.,1999). Other genes that are highly conserved in related
virus are those coding for viral capsid and envelope protein (Morphy et al.,1995). This
two WSSV virion protein showed no homology to known baculovirus protein in databases.

The virus has a wide host range among crustaceans (Flegel,1997) and
distinctive clinical signs in penaeid shrimp. There is little genetic variation among
WSSV isolates from around the world using combinning the method of restrinction
analysis and southern blot hybridization. In this paper, we study the relationships
between WSSV isolates based on sequence analysis of viral enveloped protein VP28 gene.

Material and Method

The virions were isolated from infected peraeus monodon shrimp from
Thailand.Infected tissue was homogenized in TN buffer (20mM Tris-HCL400 mM
NaClpH 7.4) after centrifugation at 1700 g for 10 min,the viral DNA was isolated by
treament with proteinase K (0.2mg/ml) and sarkosyl(1%) at 45°C for 2-4 hr. followed
by phenol-chloroform extraction.

Primer and PCR reaction

PCR primer of VP28 coding regions
VP28F ATGGATCTTTCTTTCACTCTC
VPZ8R TTACTCGGTCTCAGTGECCAG
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PCR primer of nVP28 for non coding regions

nVP28F ATTACGGTTACGAAAATTCC

nvVP28R AGAGTGAAAGARAGATCCAT

The PCR reaction,10 ng DNA and 30 pmol each primer were added to a

reaction mixture comprising 10 mM Tris-HCL, pH 8.3, 50 mM KCl, 2mM
MgC,,200uM each dATP,dTTP,dCTP and dGTP, 25U Taq Pwo DNA polymerase
(Gibco-BRL). The mixture was incubated in a thermal cycler using 30 cycle of 94°C
for 30s, 52°C for 30s,and 72°C for 1 min and a final elongation step of 72°C for 10
min. PCR products 608 bp of VP28 coding region and 453 bp of noncoding region
were purified using a QIA quick™ column(QIAGEN).

Sequence analysis

The 608 bp PCR products of VP28 coding region from 4 WSSV isolates and
453 bp PCR product of VP28 noncoding region from 6 WSSV isolates were sequence
using thermo Sequence’™ (Amersham) and Automated ABI model 377 Sequencing
system (Applied biosystem Inc.). Sequence alighmemt and estimation of sequence
identity were conducted using Clustal W software.

Results and discussion

The relationship between the WSSV isolates were determined by sequence
comparison of VP28 coding gene (Fig 1.) and VP28 noncoding gene (Fig 2). The
results indicate that WSSV isolates of these studies share a vary high degree of
homology. Sequence analysis of WSSV from various region in Australia, India, and
the Americans will be required to determined the extent of molecular diversity among

WSSV isolates.

Sur2vp28 CTCGCCATCACTGCTGTGATTGCTGTAT T I AT TGTGAT T TTTAGGTATCACAR
Sur7vp28 CTCGCCATCACTGCTGTGATTGCTGTAT TTATTGTGATTTTTAGGTATCACAR
Chulvp28 CTCGCCATCACTGCTGTGATTGCTGTAT TTATTGTGATTTTTAGSTATCACAA
Chu2vp28 CTCGCCATCACTGCTGTGATTGCTGTATTTATTGTGATT TTTAGGTATCACAR
Vp28 CTCGCCATCACTGCTGTGAT TGCTGTATTTATTGTGAT T PTTTAGGTATCACAA

*

Sur2vp28 CACTGTGACCAAGACCATCGARACCCACACAGACAATATCGAGACARACATGG
Sur7vp28 CACTGTGACCAAGACCATCGAAACCCACACAGACAATATCGAGACARACATGS
Chulvp28 CACTGTGACCAAGACCATCGAAACCCACACAGACAATATCGAGACARACATGG
Chu2vp28 CACTGTGACCRAGACCATCGARACCCACACAGACAATATCGAGACAAACATGS
Vp28 CACTGTGACCAAGACCATCGAAACCCACACAGACAATATCGAGACARACATEG
Sur2vp28 ATGAAAACCTCCGCATTCCTGTGACTGC T GAGGTTGGATCAGGCTACTTCARG
Sur7vp28 ATGRARACCTCCGCAT TCCTGTGACTGCTGAGGTTGGATCAGGCTACT TCAAS
Chulvpz8 ATGAARACCTCCGCATTCCTGTGACTGCTGAGGTTGGATCAGGCTACTTCARG
Chu2vp28 BPGARARCCTCCGCATTCCTGTEACTGCTGAGETTGGATCAGGCTACTTCAAG
Vp28 ATGAARAACCTCCGCATTCCTGTGACTGCTGAGGTTGGATCAGGCTACTTCAAG
Sur2vp28 ATGACTGATGTGTCCTTTGACAGCGACACCTTGGGCAABRATCAAGATCCGCAR
Sur7vp28 ATGACTGATGTGTCCTTTGACAGCGACACCTTGGGCARAATCAAGATCCSGCAR
Chulvp28 ATGACTGATGTGTCCT T TGACAGCGACACCTTGGGCARRATCAAGATCCGCAR
Chu2vp28 ATGACTGATGTGTCCTTTGACAGCGACACCTTGGGCAAMART CAAGATCCGCAR
Vp28 ATGACTGATGTGTCCTPTGACAGCGACACCTTGGGCAARATCAAGATCCGCAR
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3ur2vp28
Surivp28
Chulvp28
ChuZvp?28
Vp28

SurZvp2Z8
Sur7vpZ8
Chulvp?28
ChuzvpZ8
VpZ8

SurZvp2s
Sur7vp28
ChulvpZ8
Chuzvp28
VpZ8

Surzvpl8
Surivp28
Chulvp28
Chuzvp28
Vp28

SurZvpis
Sur7vp28
Chulvp28
Chuzvp28
Vp28

Sur2vp28
Surlvp28
Chulvp28
Chuzvp28
Vp28

Sur2vp2s
Sur7vp28
Chulvp2sg
Chu2vp28
Vp28

TGGAAAGTCTGATGCACAGATGAAGGAAGAAGATGCGGATCTTGTCATCA
TGGAAAGTCTGATGCACAGATGAAGGAAGAAGATGCGGATCTTGTCATCA
TGGRAAGTCTGATGCACAGATGAAGGAAGARGATGCGGATCTTGTCATCA
TGGAAARGTCTGATGCACAGATGAAGGARGAAGATGCGGATCTTGTCATCA
TGGAAAGTCTGATGCACAGATGAAGGAAGAAGATGCGGATCTTGTCATCA

CTCCCGTGGAGGGCCGAGCACT CGAAGTGACTGTGGGGCAGAATCTCACC
CTCCCGTGGAGGGCCGAGCACTCGAAGTGACTGTGGGGCAGAATCTCACC
CTCCCGTGGAGGGCCGAGCACTCGAAGTGACTGTGGGGCAGAATCTCACC
CTCCCGTGGAGGGCCGAGCACTCGAAGTGACTGTGGGGCAGAATCTCACC
CTCCCGTGGAGGGCCGAGCACTCGAAGTGACTGTGGGGCAGAATCTCACC

TTTGAGGGAACATTCAAGGTGTGGAACAACACATCAAGARAGAT CARCAT
TTTGAGGGAACATTCAAGGT GTGGAACAACACATCAAGAAAGATCAACAT
TTTGAGGGAACATTCAAGGTGTGGAACAACACATCAAGAAAGATCAACAT
TTTGAGGGAACATTCAAGGTGTGGAACAACACATCAAGAAAGATCAACAT
TTTGAGGGAACATTCAAGGT GTGGAACAACACATCAAGAAAGATCAACAT

CACTGGTATGCAGATGGTGCCAAAGATTAACCCATCAAAGGCCTTTGTCG
CACTGGTATGCAGATGGTGCCARAGATTAACCCATCAAAGGCCTTTGTCG
CACTGGTATGCAGATGGTGCCAAAGATTAACCCATCARAGGCCTTTGTCG
CACTGGTATGCAGATGGT GCCAAAGATTAACCCATCARAAGGCCTTTGTCG
CACTGGTATGCAGATGGTGCCAAAGATTAACCCATCAAAGGCCTTTGTCG

GTAGCTCCAACACCTCCTCCTTCACCCCCGTCTNTATTGATGAGGATGAA
GTAGCTNCAACACCTCCTCCTTCACCCCCGTCTTTATTGATGAGGATGAA
GTAGCTCCAACACCTCCTCCTTCACCCCCGTCTNTATTGATGAGGATGAL
GTAGCTCCAACACCTCCTCCTTCACCCCCGTCTNTATTGATGAGGATGRA
GTAGCTCCAACACCTCCTCCTTCACCCCCGTCTCTATTGATGAGGATGAA

GTTGGCACCTTTGTGTGTGGTACCACCTTTGGCGCACCAATTGCAGCTCC
GTTGGCACCTTTGTGTGTGGTACCACCTTTGGCGCACCAATTGCAGCTCC
GTTGGCACCTTTGTGTGTGGTACCACCTTTGGCGCACCARTTGCAGCTCC
GTTGGCACCTTTGTGTGTGGTACCACCTTTGGCGCACCAATTGCAGCTCC
GTTGGCACCTTTGTGTGTGGTACCACCTTTGGCGCACCAATTGCAGCTCC

GCCGGTGGARAATCTTTTCGACATGTAC
GCCGGTGGARATCTTTTCGACATGTAC
GCCGGTGGAAATCTTTTCGACATGTAC
GCCGGTGGARATCTTTTCGACATGTAC
GCCGGTGGARATCTTTTCGACATSTAC

Fig.1  Multiple Sequence Alingment of VP28 coding gene of WSSV
Sur= Surathanee Chu= Chumpomn

Ref= a reference VP28 coding sequence reported by van Hulten et al 2000
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sSurZ2nvp2g
SurinvpZs
Chulnvp28
ChuZnvp?28
Padlnvp28
Padznvp28

vpZ8

Sur2nvp28
SerTnvp28
Chulnvp28
ChuZnvp?28
Padlnvp28
PadZnvp28
Nvp28

SurZnvp28
Surnvp28
Chulnvp28
Chu2nvp2s8
Padlnvp28
PadZnvp28
Nvp28

Sur?nvp?28
Surinvp2s
Chulnvp28
ChuZnvp28
Padlnvp28
PadZ2nvp28
Nvp28

SurZ2nvp2Zs
Surinvp28
Chulnvp28
ChuZnvpz8
Fadlnvp28
FadZnvp28
NvpZ8

Sur?2nvp?28
Surinvp28
Chulnvp28
ChuZnvp28
Padlnvp28§
Pad2nvp28
Nvp28

SurZnvp?28
Sur7nvp28
Chulnvp28
ChuzZnvp28
Padlnvp28
Pad2nvp28
NvpZ28

AACTAAAAARRTTCAATACTGGCACTGGATGATTGGGGTTCATTTTATTT
AACTAAAAAAATTCAATACTGGCACTGCGATGATTGGGGTTCATTTTATTT
BACTARAANAATTCAATACTGGCACTGGATGATTGGGGTTCATTTTATTT
AACTARDRAARTTCAATACTGGCACTGGATGATTGGGGTTCATTTTATTT
AACTAAARAAAATTCAATACTGGCACTGGATGATTGGGGTTCATTTTATTT
BACTARARAAATTCAATACTGGCACTGGATGATTGGGGTTCATTTTATTT
AACTAARAAAATTCAATACTGGCACTGGATGATTGGGGTTCATTTTATTT
ATTTTATTAATCATCGGAATTTGGGGTTTATTTAGATCTCGAAATGCAAC
ATTTTATTAATCATCGGAATTTGGGGTTTATTTAGATCTCGAAATGCAAC
ATTTTATTAATCATCGGAATTTGGGGTTTATTTAGATCTCGAAATGCAAC
ATTTTATTAATCATCGGAATTTGGGGTTTATTTAGATCTCGAAATGCAAC
ATTTTATTAATCATCGGAATTTGGGGTTTATTTAGAT CTCGAAATGCARC
ATTTTATTAATCATCGGAATTTGGGGTTTATTTAGATCTCGAAATGCARAC
ATTTTATTAATCATCGGAATTTGGGGTTTATTTAGATCTCGAAATGCAAC
CACCCAAGAGANCAAAACTTCTTCCCCAACAATCTCCTCGACCCCARACTA
CACCCAAGAGAGCAAAACTTCTTCCCCAACAATCTCCTCGACCCCAACTA
CACCCAAGAGANCAAMACTTCTTCCCCAACAATCTCCTCGACCCCAACTA
CACCCAAGAGAGCAAAACTTCTTCCCCAACRATCTCCTCGACCCCARCTA
CACCCAAGAGAGCAAARACTTCTTCCCCAACAATCTCCTCGACCCCARCTA
CACCCAAGAGAGCAAARCTTCTTCCCCAACARTCTCCTCGACCCCAACTA
CACCCAAGAGAGCAAARCTTCTTCCCCAACAATCTCCTCGACCCCAACTA
______ e — = - m — — — — e e e = = = =

CATATTCTGGCAGCTCAACCAGCAGGGGTCCAGGTTCTGGATCTGGAAAC
CATATTCTGGCAGCTCAACCAGCAGGGGTCCAGGTTCTGGATCT GGAAAC
CATATTCTGGCAGCTCAACCAGCAGGGGTCCAGGTTCTGGATCTGGAARAC
CATATTCTGGCAGCTCAACCAGCAGGGGTCCAGGTTCTGGATCTGGAAAC
CATATTCTGGCAGCTCAACCAGCAGGGGTCCAGGTTCTGGATCTGGARAC
CATATTCTGGCAGCTCAACCAGCAGGGGTCCAGGTTCTGGATCTGGAAAC
CATATTCTGGCAGCTCAACCAGCAGGGGTCCAGGTTCTGGATCTGGARAC
AAACCCARAGATGACACATCCGTTGAAGGAATAGACCCTGGCTTACTGTA
BAACCCAAAGATGACACATCCGTTGAAGGAATAGACCCTGGCTTACTGTA
ARACCCARAGATGACACATCCGTTGAAGGAATAGACCCTGGCTTACTGTA
AAACCCAAAGATGACACATCCGTTGAAGGAATAGACCCTGGCTTACTGTA
ARACCCAAAGATGACACATCCGTTGAAGGAATAGACCCTGGCTTACTGTA
AAACCCAAAGATGACACATCCGTTGAAGGRATAGACCCTGGCTTACTGTA
AAACCCAAAGATGACACATCCGTTGAAGGAATAGACCCTGGCTTACTGTA
ACAGAAAMMAGAGTAAARGGCGACAGCTCGCTTGCCAATTGTCCTGTTAC
ACAGAAAAAAGAGTAARAGGCGACAGCTCGCTTGCCAATTGTCCTGTTAC
ACAGAAARAAGAGTAAAAGGCGACAGCTCGCTTGCCAATTGTCCTGTTAC
ACAGAAAARAGAGTAAAAGGCGACAGCTCGCTTGCCAATTGTCCTGTTAC
ACAGAAARAAGAGTAARRAGGCGACAGCTCGCTTGCCAATTGTCCTGTTAC
ACAGAAAAMAGAGTAARAGGCGACAGCTCGCTTGCCAATTGTCCTGTTAC
ACAGAAAAAAGAGTAAAAGGCGACAGCTCGCTTGCCAATTGTCCTGTTAC
GTACTCTGTGGTTTCACGAGGTTGTCATCACCAAAGGTAACCTTTTTTTT
GTACTCTGTGGTTTCACGAGGTTGTCATCACCAARAGGTAACCTTTTTTTT
GTACTCTGTGGTTTCACGAGGTTGTCAT CACCARAGGTAACCTTTTTTTT
GTACTCTGTGGTTTCACGAGGTTGTCATCACCARAGGTAACCTTTTTTTT
GTACTCTGTGGTTTCACGAGGTTGTCATCACCAARAGGTAACCTTTTTTTT
GTACTCTGTGGTTTCACGAGGTEGTCATCACCAAAGGTAACCTTTTTTTT
GTACTCTGTGGTTTCACGAGGTTGTCATCACCAAAGGTARCCTTTTTTTT
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SurZnvpZg TGTCCTCGCCGACAMAACGACATCTTAATAACCAAGCAACGTTCGATAAA
Sur7nvp28 TGTCCTCGCCGACAAARCGACATCTTAATARCCAAGCAACGTTCGATAAA
Chulnvp28 TGTCCTCGCCGACAAAACGACATCTTAATAACCAAGCAACGTTCGATAAA
ChuZnvp28 TGTCCTCGCCGACAARACGACATCTTAATAARCCAAGCAACGTTCGATARR
Padlnvpz8g TGTCCTCGCCGATAAAACGACATCTTAATAACCAAGCAACGTTCGATAAA
PadZ2nvp28 TGTCCTCGCCGACARAACGACATCTTAATAACCAAGCAACGTTCGATARA
Nvp28 TGTCCTCGCCGACAARACGACATCTTAATAACCAAGCAACGTTCGATARA

Fig.2  Multiple Sequence Alingment VP28 noncoding gene of WSSV

Sur= Surathance Chu~ Chumporn Cha=Chachaocengshao
Ref= a reference VP28 noncoding sequence reported by van Hulten et al 2000
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Abstract

The genetic variations among WSSV isolates were study by comparing the
direct repeat DNA sequence of coding in ribonucleotide reductase genes. We have
found high variation in the number of 54 bp DNA repeats in the WSSV ribonuclease
reductase gene. The sequence within the repeated region was highly stable showing
sequence variation for some repeats at position 36 of the 54 bp repeat only and even
then for an alternate T or G only. This method of comparison may be useful for
epidemiological studies on the local to global movement of WSSV since it shows
high variation in the number.This direct repeat sequence probably be the candidated
gene to distinquish between the WSSV isolates of penaeid shrimp. The sequence of
difference PCR repeating patterns are understudies.

Introduction

White spot syndrome virus {WSSV) is a major viral disease agent inshrimp
culture. Electronmicroscopy studies showed that the virions are enveloped and have a
bacilliform shaped of 275 nm in length and 120 nm in width with a tail-like
appendage of one end {Wongteerasupaya et al.,1995). Nucleocapsides, which have
lost their envelope, has a cross-hatched appearance and a size of 300 x 70 nm
(Wongteerasupaya et al.,1995). This viral morphology, its nuclear localization, and its
morphogenesis are’reminiscent of baculoviruses in insects (Durand et al.,1997). The
phylogenetic analysis of ribonucleotide reductase gene indicated that WSSV belongs
to the eukaryotic branch of an unrooted parsimonious tree and suggest to be a number
of'a new genus (Whispovirus) within the baculoviridae or a number of an entirely new
virus family (Van Hulten et al.,1999). Other genes that are highly conserved in related
virus are those coding for viral capsid and envelope protein (Morphy et al.,1995). This
two WSSV virion protein showed no homology to known baculovirus protein in
databases.

The 12.3 kb ribonucleotide reductase gene was reported by van Hulton et al.,
2000. This segment contained eight open reading frames(ORFs), including two
encoding the large (RR1) and small (RR2) subunits. The rrl andrr2 genes were
separated by 5760 bp, containing several putative ORFs and two domains with
muitiple sequence repeats. The first domain contained six direct repeats of 54 bp and
is part of a coding region. The second domain had one partial and two complete direct
repeats of 235 bp at an intergenic region. The phylogenetic analysis of rrl and rr2
indicated that WSSV belongs to the eukaryotic branch of an unrooted parsimonious tree.

9-1
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The virus has a wide host range among crustaceans (Flegel,1997) and
distinctive clinical signs inpenaeid shrimp. There is little genetic variation among
WSSV isolates from around the world using combinning the method of restriction
analysis and southern blot Lybridization. In this paper, we study the relationships
between WSSV isolates based on sequence analysis of viral enveloped protein VP28
gene, and the segment of six direct repeats in coding regions of ribonucleotide
reductase gene.

Material and Method

The virions were isolated from infected penaeus monodorn shrimp from
Thailand.Infected tissue was homogenized in TN buffer (20mM Tris-HC1,400 mM
NaCl,pH 7.4) after centrifugation at 1700 g for 10 min,the viral DNA was isolated by

treament with proteinase K (0.2mg/ml) and sarkosyl(1%) at 45°C for 2-4 hr. followed
by phenol-chloroform extraction.

Primer and PCR reaction

PCR primer of segment of six direct repeats of ribonucleotide reductase gene
Wrbér-F AGCAGGTGTGTACACATTTCATG
Wrb6r-R TCTACTCGAGGAGGTGACGAC

The PCR reaction,10 ng DNA and 30 pmol each primer were added to a
reaction Mixture comprising 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 2mM
MgCL,200puM each dATP,dTTP,dCTP and dGTP, 25U Tag Pwo DNA polymerase
(Gibco-BRL). The mixture was incubated in a thermal cycler using 30 cycle of 94°C
for 30s, 52°C for 30s,and 72°C for 1 min and a final elongation step of 72°C for 10
min, PCR products were purified using a QIA quick™ column(QIAGEN).

Sequence analysis

PCR amplicons were purified from agarose gels using a QIA quick Gel.
Extraction Kit (QIAGEN) and were sequenced using thermo Sequence™
(Amersham) and an Automated ABI model 377 Sequencing system (Applied

biosystem Inc.). Sequence alignment and estimation of sequence identity were
conducted using Clustal W software.

Results and discussion

The DNA extracts from WSSV infected shrimp gave a variety of amplicons
using the primers Wrb6ér-F and Wrb6r-R , suggesting differences in the number of
repeats from sample to sample. An example gel for fragments representing 6 to 11
repeats is shown in Fig. 1. In GenBank records of for complete WSSV genome
sequences, one originating from China shows 12 repeats (AF332093) and two show 6
repeats, one from Thailand (AF369029) and one from China (AF440570). This
supports our results regarding variability in the number of RR54 repeats for WSSV.
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Analysis of genetic diversity in ribonucleotide reductase gene of white spot syndrome virus

Figure 1. Example agarose ge! showing PCR amplification products for 6 (lane 1) to 11 (Jane 6) RR54
repeats.

Sequencing of several of the fragments confirmed that they comprised variable
stretches of tandemly repeated RR54 with almost unvarying homology to RR54 in the
original WSSV sequences deposited at GenBank (Figs. 2 ). Sequence variations, when
found, consisted of a single alternate T or G at position 36 of the 54 bp repeat. This
was also characteristic of the GenBank sequences. In the initial repeat (RR54-1), T at
position 36 was invariant in all the sequenced fragments and for the full WSSV
sequences at GenBank. T was also invariant for RR54-2 except for G found in
GenBank AF369029 originating from Thailand (Table 1).
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Ref 1: 142667 tc tactcgagga ggtgacgacg acgacgacga tgac
Ref 2: 127310 -----——==—--r ommommmmmm s e —ee

Chumé: =  ——--m————m—m— —mmmmmme o —mmmmmmmee o

Ref 1: gatggaggaa ctttcgatac agtagggtct ggtatacttg gacgcaaaaa gcgt

Ref 1-RR54-1: geccgcacctc cacctgagga tgaagaagag gatgattict accgcaaaaa gcgt
Ref Z-RR54-1: -—----=+o-mm —mmmmmmmmm oo e e - —=-
Chumd-RR54-1; —==e——memm — oo m o me e e e e

Ref-RR54-2: gccgcacctce cacctgagga tgaagaagag gatgagttct accgcaaaaa gcgt

Ref Z2-RR54-2: --——-——-—— —mmmmmmemm mmmmmm s e - e e
Chum4-RR54-2: -—-—-——--~= —————-———— —— e e t-——— -
Ref-RR54-3: gccgcacctc cacctgagga tgaagaagag gatgagttcet accgcaaaaa gogt
Ref Z2-RR54-3: ————————m= weo——mmmmmm mme e t——— e ————
Chum¢~RR54-3: -—-—-———=»= —-———————— e e - e

Ref-RR54-4: gcecgcacctc cacctgagga tgaagaagag gatgagttct accgcaaaaa gegt
Ref Z-RR54-4: -—-=----—— ——mm—rmmoo oo e m e s s e
Chum4-RR54-4: ---=-—-—-- ———-——— - e c e e

Ref-RR54-5: gcocgeaccte cacctgagga tgaagaagag gatgatttct accgcaaaaa gegt
Ref Z-RR54-5: ———-—--—m- smmmmm oo e e e —mee

Chum4-RR54-5: ———-—-—-——= =—=—-o———mmm —mem oo e g-——— ———e—————— - -
Ref-RR54-6: gcecgeacctc cacctgagga tgaagaagag gatgatttct accgcaaaaa gegt
Ref Z2-RR54-6: ———==me——— ——— o m e — e e e ————
Chum4-RR54-6: ————mmwe—= ————————me —— e oo g-—== ——-—mm=——— -

Ref 1: taaactacgc acgaaagtga cggtggttga aaatagacta atattgttga tatg

Figure 2. Example of sequence for the amplicon for Chum4 showing identical repeat sequences to the
reference strain (GenBank AF369029 = Ref 1 and AF440570 = Ref 2) except for the bases indicated in
bold at position 36 of RR54. Matching bases are indicated with a dash and the primers are underlined.
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Table 1. Summary of substitutions found at position 36 in sequenced RR54 tandem repeat regions of
selected amplicons from Thai shrimp samples from Surat Thani (Surat) and Chumpol (Chum)
compared to GenBank references with 6 and 12 RR54 repeats.

isolate | RR54 repeat number

P b B kb B B F R OB be hi g2

Surat #1
F440570

IChum #2

IChum #4

[Surat #2

[Chum #3

AF332093

\F369029

Obviously, the number of samples employed in this study was too small and
taken at too intermittent intervals to make firm conclusions. However, they do show
that the RR54 repeat region has potentiai for use in epidemiological work with WSSV
and may help in tracing its origin and spread.
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SECTION 1 INTRODUCTION

Preface

Dot blots, Southerns and Northerns involve the adsorption and permanent binding of nucleic acid onto a membrane support
prior to an hybridization assay. In dot blots an unfractionated nucleic acid sample is permanently cross-linked to the
membrane. In the Southern and Northern blots fractionated DNA and RNA respectively are transferred and cross-linked to a

membrane after fractionation through a gel.

A nucleic acid sample that is permanently immobilised onto a membrane support can be probed for the presence of specific
nucleic acid target sequence. Probes are made to complement the sequence of the target. In this way the probe will bind
(hybridize} to the target. Probes are labeled with a reporter molecule, such as DIG, biotin, *’P or a fluorophore for

detection of the hybridization,

Blotting

Dot blots use smalt sample volumes as low as 1pl to test
whether the sample contains the target sequence of interest.
Crude or purified samples can be examined and the system is
applicable for detection of DNA and RNA targets. Southern
blots examine DNA, while Northern blots examine RNAs.

One of the main advantages of the dot blot method is the
ability to examine a large number of samples in a short time
and on a small membrane area. This is an ideal method for
initial screening of sample and for diagnostic screening of
samples when the specificity of the probe for the target has
been established.

The dot blot assay will only provide presence/absence
information about a sequence. No information on the size or
structure of the target in a positive sample can be obtained.
This additional information is gained after blotting nucleic
acid fractionated by gel electrophoresis.

*

DNA is transferred after alkaline denaturation or in an
alkaline solution to disrupt the H+ bonds which hold strands
together in the DNA duplex. It is necessary to dissociate
DNA strands to allow the probe to hybridize to one of the
strands. The alkaline conditions used for DNA transfers
cause random cleavage in RNAs. So RNA is generally
transferred using a high salt solution buffered to neutrality
and containing a denaturing agent. The bound single
stranded RNA can then be detected.

The type of membrane used as the support is important.
There are three groups of membranes; nitrocellulose,
uncharged nylon and (+ve) charged nylon. For each different
membrane there is a slightly ditferent procedure required for
preparing the samples and the membrane.

Hybridization of probe to samples in a gel is generally not
efficient. So nucleic acid is transferred to a membrane
support for efficient hybridization. The profile of the

fractionated nucleic acid bands in the gel is maintained
during the transfer to membrane.

Transfer and binding of RNA onto membranes from gels is
termed Northern transfer. The equivalent for DNA is a
Southern transfer.

Hybridization

Molecular hybridization of a probe to a target nucleic acid
species is a powerful technique to 'find' whether the target
species is in a sample. Hybridization is the basis of nearly
every procedure in molecular biology. So understanding
how hybridization conditions work provides an
understanding of the probe-target interaction.

In an hybridization assay the target can be RNA or DNA and
the probe is a nucleic acid. The hybridization can occur on
fixed membrane supports, on glass or magnetic beads, in
microtitre plates, or in solution or in a gel matrix. In most
circumstances the probe is labelled with a reporter group for
detection following hybridization. Many different reporters
are available, each with their advantages. The choice of
reporter depends on each laboratory situation.

The efficiency of hybridization is controlled through the
interaction of many variables such as, probe base
composition (G+C% plus A+T%), mismatch percentage,
concentration, size of the probe and whether the
hybridization involves RNA/RNA, DNA/RNA or
DNA/DNA duplexes. Also of importance are the ionic
concentration, solution viscosity and presence of
destabilising agents in the reaction solutions, and the
hybridization and washing temperatures. All these features
combine to vary the stringency of the hybridization and can
be related together for comparison between probes through
the Tm (melting temperature) for hybridization of the
probe/tarpet.
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Stringency is the specificity and strength of probe-target
hybridization. High stringency allows only complete base
pairing but at low stringency a level of base pair mismatch is
tolerated. Tm is the temperature where 50% of the probe is
expected to be hybridized to target.

Large probes made but random priming, by PCR, by nick
translation or by transcription typically produce probes of
100 to 500 nt and they can be DNA or RNA. Because of
their size Large probes have very high Tm, which gererally
requires formamide in the hybridization to lower the
effective Tm to a manageable temperature. Full-length
probes require an extended hybridization period and they
can tolerate considerable base-mismatch without markedly
affecting the hybridization outcome. It is difficuit for full
length probes to distinguish closely related individuals or
groups. They are therefore best used as a general probe.

Oligonucleotide (oligo) probes are small (25 to 45 nt) and
they have a sequence defined by the user. Thus, they
hybridize to a defined target sequence, which can be a motif
unique to a pathogen species. If this sequence motif is
unique and the oligo-probe is used under high stringency
conditions then the probe is specific for its target pathogen
species or strain. These are the diagnostic probes. In
comparison, if the target sequence is found among a family
of pathogens, then an oligo-probe can be developed which
universally detects any member of the family, but does do
detect unrelated families. These are the genmeral probes.
Oligo-probes rapidly diffuse in solution, so they allow for
rapid hybridization conditions. They are. easily synthesised
in large quantity, they are a stable and very economical.

Often when total nucleic acids are fractionated through an
agarose gel they often show a staining smear which may or
may not contain visible fragment bands. Nucleic acid
(bands) of interest are difficult to visualise because of the
high total nucleic acid concentration or because the bands of
interest oceur at a low concentration below the detection by
staining. To overcome this problem the particular target
sequences are detected by hybridizing a probe which is
labelled with a detectable marker. Markers can be a
radiolable (**P, **S), biotin, digoxigenin, a fluorophor or
even directly coupled enzymes. With each marker the
sensitivity of detection is much greater than gel staining.
However, hybridization of probe to samples in a gel is
generally not efficient. So nucleic acid is transferred to a
membrane support for efficient hybridization. The profile of
the fractionated nucleic acid bands in the gel is maintained
during the transfer to membrane.

Transfer and binding of RNA onto membranes from gels is
termed Northern transfer. The equivalent for DNA is a
Sounthern transfer.

Hybridization probes can usually be designed to detect a
specific target sequence. Alternatively there are the broad
spectrum probes, which are used to detect different but
related targets. That is they share a region of homology. This

is the difference between diagnostic and general probes.
Thus, the selection of the probe and the assay conditions
must be carefully comsidered and controlled before
performing a dot blot hybridization.

Reporter molecules attached to probes

The reporter molecules, or labels, are either radioactive or
non-radioactive. Radioactive labels are widely used and
have many advantages. They are not dangerous if used
correctly, which is how all laboratory chemicals need to be
used. The labeling and detection systems outlined below
can be done using cornmercially available kits.

The non-radioactive labels can be fluorescent groups, which
are detected directly in specialised equipment, or the labels
can be reactive chemical groups. The two most common
chemical labels are biotin and DIG (digoxigenin). These
groups are detected. after the hybridization in an additional
sandwich assay involvipng attachment of an enzyme which
catalyses the final detection signal. Biotin and DIG detection
involving colourmetric development is relatively simple but
it is less sensitive than a chemiluminescent detection system.

Reporter Molecules For Labelling Nucleic Acid
Radioactive

- 32p, 33p and 33
Non-radioactive

- DIG (digoxigenin)

- biotin

- fluerophores {(many available)

- conjugated enzymes

Radiolabels
The commonty wuse radioactive labels contain

32phosphorous (32P) or 33P, or to a much lesser extent now
359

32P has very high energy emission which provides a fast
exposure times to film and screens. But a limitation is that
developing bands can lose resolution. Generally this is not a

problem. As an alternative, 33P can be used in all the same
applications. It has less energy emission so development
times have to be increased, but resolution is improved. The
lower energy emission is also safer for handling.

Each of the deoxyribo-nucleotides and the ribo-nucleotides

can have 32p incorporated into their structure. However, the
most commo labels are (dAATP, dCTP, ATP and UTP).

DIG (Digoxigenin)

DIG is a highly antigenic steroid from Foxglove plants
(Digitalis purpurea). As a label DIG is attached to a spacer
arm which is attached to a uridine residue. The uridine is
enzymatically incorporated into the probe. DIG can also be
chemically attached to molecules. The chemistry of DIG
together with labelling procedures and uses of DIG-probes
are extensively reviewed in Boehringer Mannheim User's
Guides. DIG labelling is generally easy and the probes are
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stable for a long period. It is also possible to purchase
oligonucleotide probes with the DIG aiready attached. An
advantage with DIG is that it is only reported to occur in the
Foxgloves. So unless extracts from these plants are being
examined there is little problem with background
contamination due extraneous label.

Biotin

Biotin can be incorporated into probes in the same manner
as DIG. Biotin can also be incorporated by direct cross-
linking under UV-light. Some plants have an intrinsic level
of biotin which can lead to high background.

Flurophores

Fluorophore =~ Emission J
Cascade Blue blue-420 i
AMCA _ blie#4s |
Oregon Green 488 green-514 |
Fluorescein green-520 |
FAM green-335 y
Bodipy ~ green-333 |
JOE yellow-557 |
HEX __ yellow-560_|
Cy3 orange-370 !
Tetramethylrhodamine orange-580
TAMRA  orange-ss0_
Rhodamine Red, ROX red-590 :
Texas Red red-615 |
s _far-red-670

These are molecules which absorb light, but are metastable
and re-emit light at a longer wayelength as they regain there
stable state. Application of flurophores is becoming
increasingly common. They offer particular advantages
because multiple flurophores «c¢an be examined
simultaneously in a sample. This means several probes can
be used simultaneously in the one reaction to detect different
targets.

Conjugated enzymes

The enzymes alkaline phosphatase (AP) or horseradish
peroxidase (HRP) can be directly conjugated onto probes or
primers. Although this is not common. They are extensively
used in protein probes (antibodies) where they can be easily
attached.

Detection Of Reporter Molecules

Reporter molecules are detected either directly or indirectly
through a secondary reaction, which often amplifies the
detection. Radiolabels, fluorophores and the coupled

enzymes are detected directly. DIG and Biotin are detected
indirectly by binding an antibody-enzyme comnjugate. The
enzyme catalyses a colourimetric or Iuminescent reaction
which is recorded.

The radio-labels are detected by exposure to X-ray film or to
fine grain photographic film followed by photographic
development of the films. More sophisticated detection
involves exposure to specialised luminescent phosphor
screens with development in a phosphorimager. Other
specialised equipment such as liquid scintillation counters
can be used in some instances. Using 32P and X-ray film
exposure is a reliable, sensitive and economical detection
strategy for most application.

DIG provides a high level of sensitivity, which is achieved
by an additional sandwich assay involving an anti-DIG
antibody coupled with an enzyme which catalyses the final
detection signal. The enzyme induced signal can provide a
colourmetric development from BCIP/NBT or the enzyme
induced signal can stimulate a chemiluminescent detection
which is very sensitive and rapid.

The colourmetric development or  chemiluminescent
detection as described for DIG is also applicable for biotin.
Flurophores are detected directly in plate readers, in flat bed
readers which examine plates, membranes and gels, or they
can be detected by microscopy under UV-light excitation.

The directly coupled enzymes are not a common labelling
technique. They are detected by colour development or
chemiluminescence.

Molecular detection techniques for viruses are based on the
identification of a specific molecular component(s) of the
virus of interest. This could be virus specific protein or
nucleic acid. The sensitive methods for detection of virus
specific proteins are achieved using immunological
techniques. For example by ELISA (enzyme-linked
immunosorbent assay), DIBA (dot immunobinding assay)
and immunofluorescence. Proteins are highly immunogenic
which makes them very suitable to immuno-based detection
procedures.

The genetic material of all life forms (nucleic acid) is a poor
antigen, so the direct immuno-based methods used for
protein detection of viral specific nucleic acid are not
appropriate for the detection of nucleic acid. Traditional
procedures used for detection of nucleic acid, e.g. those
involving nucleic acid hybridization and PCR can however
be converted into an immuno-based detection procedure by
incorporating an antigen into the nucleic acid probe.

Nucleic acid probes can be labelled with digoxigenin (DIG),
biotin or enzymes directly. These are all antigenic and allow
the labelled probes to be inicorporated into an immuno-
based detection strategy.
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DIG is a commonly used label for incorporation inte nucleic
acid. Its detection is by and anti-DIG antibody coupled to a
reactive enzyme, such as alkaline phosphatase.
phosphatase can be use to react with different substrates.

The

When chromogenic substances like BCIP/NBT arepused a
colour precipitate develops, which is the final product
detected to indicate the presence of a positive reaction.

SECTION 2

REAGENTS AND MATERIALS

Sample preparation

-

2X, 6X and 10X SSC: diluted from stock 20X SSC
solution (3 M NaCl, 0.3 M sodium citrate, pH 7)

04 M Tris-HCl pH 7.5: diluted from stock 10 N
solution

0.25 N HCI: diluted from stock 10 N solution

0.2 N and 0.4 N NaOH: diluted from stock 10 N
solution

Formamide: deionised 95% formamide

Formaldehyde: stoek solution is usually 37% (= 12.3
M)

5X MOPS buffer: 0.1 M MOPS (3-(N-morpholino)
propane-sulphonic acid) pH 7.0, 40 mM sodium
acetate, 5 mM EDTA

DSW: DEPC-treated Sterile double distilled Water

Hybridization with random-primed probes

A B B |

100X  Modified  Denhardts  solution: 2%
polyvinylpyrrolidone 40, 2% Ficoll 400, 2%
polyethylene glycol 8000

Denatured DNA: 10mg/m! herring or salmon sperm
DNA, 0.IM NaCl, Sheared and free of protein. (NOTE,
substitution with 10mg/mi yeast tRNA is acceptable for
Northerns)

Wash solution one {1): 3X SSC, 2.5% SDS

Wash solution two (2): 0.5X SSG, 2.5% SDS

‘Wash solution three (3): 0.2X SSC, 1% SDS
Membrane stripping solution: 1mM Tris-HCL pH 8.0,
ImM EDTA, 0.2X modified Denhardts

Colour development to detect DIG and Biotin
probes

-

PHB: 5X SSC, 1% (w/v) blocking reagent, 0.1% (w/v)
N-lauroyl sarcosine, Na-salt, 0.02% (w/v) SDS
Membrane wash solution 1: 2X SSC, 0.1% (w/v) SD§
Membrane wash solution 2: 0.1X SSC, 0.1% (w/v}
SDS

Buffer I: 10 mM Tris-HCl, 150 mM NaCl, pH 7.5
Buffer II: 1% (w/v} blocking reagent in buffer 1

Buffer IH: 100 mM Tris-HCI, 100 mM NaCl, 50 mM
MgCl,, pH 9.5

Colour solution: 45 01 NBT solation, 35 0O X%-
phosphate solution in Buffer Il

NBT: 75 mg/ml nitro blue tetrazolium in 70% (v/v)
dimethylformamide

X-Phosphate: 50 mg/mi 3-bromo-4-chloro-3-indolyl
phosphate, toluidinium salt im 100% dimethyforamide

Hybridization with oligonucleotide-probes

d

-

20X SSC buffer: 3M NaCl, 0.3M trisodium citrate
Prewash solution: ¢.1X 8SC, 0.5% SDS
Prehybridization solution: 5X 83C, 20mM NaH2PQOy4-
pH7.0, 2.5% SDS, 5X modified Denhardts, 100pg/mi
denatured DNA {(RNAse free)

-

Phosphate buffered saline (PBS): 8g/l NaCl, 0.2g/1
KH2POy4, 1.15g/1 NagHPO4, 0.2g/1 KCI pH 7.4
Blocking buffer A: to PBS add skim milk powder to a
concentration of 2.6% w/v

Blocking buffer B: to 9 mi of blocking buffer A add
Iml of slury from a healthy animal. Centrifuge at
3000rpm x Smin to sediment debris

Washing buffer AP 7.5: 0.1M Tris-HCl pH 7.5, 0.1M
NaCl, 2mM MgCl, 0.05% v/v Triton X100

Washing buffer AP 9.5: 0.1M Tris-HCI pH 9.5, 0.1M
NaCl, 5SmM MgCly

Stop buffer: 10mM Tris-HCL pH 7.5, 5SmM EDTA
Antiserum to reporter: diluted to 1/250 in blocking
buffer B

Alkaline phosphatase conjugated goat anti-rabbit
gamma-giobulin:  diluted to appropriate working
concentration (1/1000) in PBS + 1% w/v bovine serum
albumin (BSA)

Phosphatase substrate stock solutions: Immediately
before use add 44pl of NBT and 33ul of BCIP to 10ml
of AP 9.5.

NBT = Nitroblue tetrazolium (75mg/ml in 70%
dimethylformamide)

BCIP= Bromo-4-chloro-3-indolyl phosphate (50mg/ml
in 100% dimethylformamide)

SECTION 3

PROCEDURES

NOTES

Dot blot membrane templates

Use positively charged aylon membrances, nitroceilulose is not recommended

2 ALWAYS WEAR GLOVES WHEN HANDLING MEMBRANES. I is essential o
keep the membranes clean and free of finger moisture and oils, which inhibit nucleic

acid binding
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For large sample numbers a template based on a 100 dot design is used
A 100 dot blot template is given below

Copy the template below onto the membrane with a pen (e.g.. 045 Reynolds Fine
Carbure, made in France). soft pencil or stamp which will not lade out during the
hybridization washes. It is advisable 1o mark out duplicate membranes (o prepare
replicate membranes

For cach membrane cut out 2 pieces of absorbent paper. which are slightly larger than
the membrane {to cover the membrane) and a piece of clean filter paper

Membrane template for 100 place Dot blot. The first column (-1} is used for a dilution
series of the positive standard and for negative controls.

P5-5
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Map and description of samples on dot biot membrane

-1 0

1

2

3

e

10

ACIAR - NSTDA (BIOTEC) - Crawford Fund - Mahidol University - CSIRO



Workshop 1l Molecular Epidemiclogy and Diagnostics of Shrimp Viruses in the Asian Region

March 2000

Preparation of the sample
Loading membranes

~ Isolate a shrimp total nucleic acid (TNA) fraction by a standard procedure or obtain a
nucleic acid fraction from purified virus

DNA Dot Blot
1.  Wet the membrane in 0.4 M Tris-HCl, pH 7.5 and soak for 5 min

Denature DNA for 5 min at 95°C
Immediately transfer the DNA to ice and quick chill

2
3
4. Spot 2 to 5 pl of sample onto positive nyldn membrane and allowed to air dry
5. Denature the DNA using 0.2 N NaOH for 5 min

6

Cross-linked the samples to the membrane by exposure to UV light (254 nm, 125 m/J
total) or by fixation at 80°C x 2h under vacuum. Store membranes dry

7. Scak the membrane in 6X SSC for 1 min. before hybridization

RNA Dot Blot
1. Wet the membrane in SW for 15 min.

2. In a microfuge tube prepare the sample as follows:

Deionized formamide 17.5 i
37% (w/v) formaldehyde 6.0 ul
5X MOPS, pH.7.0 35
RNA variable
DSW to a final volume of 35l

3. Spot2 to 5 pl of sample onto positive nylon membrane and allowed to air dry

8. Cross-linked the samples to the membrane by exposure to UV light (254nm, 125mJ
total) or by fixation at 80°C x 2 h. under vacuum. Store membranes dry

4. Soak in 6X SSC for 1 min. before hybridization

Southern and Northern blot transfer
Preparing the gel

» Note: Wear gloves during this procedure 1o stop cthidium bromide getting on ingers
and to stop grease transferring from hands onto membranes.

1. The lollowing is based on mini gels (6.5 x 10cm) but is dircctly applicable to larger gel
formats

2. Remove the prestained gel from the gel tray and observe under UV light to ensure
vood gel fractionation has occurred and that no sample bands are more than 60mm
from the origin.

3. Phatograph the gel

4, Slice the gel just above the wells and discard this small top picee

5. Trim the gel to 70 mm from the new top just above the wells

6. Slice off the bottom right corner for gel orientation ’

The capillary transfer process 1
~  Completely wet a sponge (size about 3em thick by 10x15cm) with small pores in clean
water

Ps-7
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7. Squeeze oul all water then soak the sponge in 20mM NaOH solution in a container so
that the solution is just below the top of the sponge. Squeeze out all air bubbles

8. Take a picce of thin but firm plastic, which is slightly larger than the sponge, and
neatly cut a hole 66 x 70mm for one gel (or 135 x 70mm for two gels) to make the gel

template

9. Cut four clean pieces of Whatman filter paper, or equivalent, 10 66 x 70 mm (or double
size if transferring two gels)

10. Cut a picce of nylon membrane (Zeta Probe™} the same size, then along the bottom
edge on one side write the gel number and date and trim off the bottom left corner.
The non-written side will be the nucleic acid side after transfer

11. Cut some absorbent paper to a size marginally larger than the filter paper

Note : It is essential not to have any air bubbles trapped between any layers in the
capillary transfer setup (except perhaps in the gel wells) ‘

12. Carefully make the gel sandwich for nucleic acid transfer

13. Place a dry plastic gel template in the centre on the sponge, be sure not to wet the top
of the template

14. Wet a piece of filter paper in the transfer solution and kay it in the hole of the plastic
gel template

15. Repeat with another pieee ol wet filter paper

16. Placc the gel on the filter paper so the cut corner is now on the bottom left side {i.c. the
original upper surface of the gel faces down and is in contact with the filter papers)

17. With a pipetle gently apply transfer solution under the gel to remove all air bubbles
18. DO NOT PROCEED UNTIL ALL AIR BUBBLES ARE REMOVED

19. Gently lower the membrane into the transfer solution until the membrane is completely
wet

20. Lay the wet membrane over the gel so cut corners align and you can read the writing
21. Wetone picee of filter paper and lay over the membrane

22, Repeat with another picee of filter paper

23. Carefully place the absorbent paper on the filter paper 1o a height of about 8cm

24. Finally place a weight on the absorbent paper o facilitate good contact for capillary
movement, but do not unduly squash the sandwich

25. Procceed with the transfer for 4 - 16h when examining low molecular weight samplos,
or transfer overnight (~16-20h) il examining high molecular weight samples

26. After the transfer period remove all wet papers. remove the membrane and place iton
dry paper so the side with writing faces down and the nucleic acid side therctore faces
up

27. Covalently atach the nucleie acid 1o the membrane by exposure to 125m) of UV light
(254nm) ar by baking &t 80°C for 2h
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7. Squceze oul all water then soak the sponge in 20mM NaOH solution in a conlainer so
that the solution is just below the top of the sponge. Squeeze out all air bubbles

8. Take a picce of thin but firm plastic, which is slightly larger than the sponge. and
neatly cul a hole 66 x 70mm for one gel {or 135 x 70mm for two gels) to make the gel

template

9. Cutiour clean picces of Whatman filter paper. or equivalent, to 66 x 70 mm (or double
size if transferring two gels)

10. Cut a piece of nylon membrane {Zeta Probe™) the same size, then along the bottom
edge on one side write the gel number and date and trim off the bottom left corner.
The non-written side will be the nucleic acid side after transfer

11, Cut some absorbent paper (o a size marginally larger than the filter paper

Note ; Tt is essential not to have any air bubbles trapped between any layers in the
capillary transfer setup (except perhaps in the gel wells) ‘

12. Carcfully make the gel sandwich for nucleic acid transfer

13. Place a dry plastic gel template in Lthe centre on the sponge, be sure not to wet the top
of the template

14. Wet a picce of filter paper in the transfer solution and lay it in the hole of the plastic
gel template

15. Repeat with another piece of wet filter paper

16. Placc the gel on the filter paper so the cut corner is now on the bottom left side (i.e. the
original upper surface of the gel faces down and is in contact with the filter papers)

17. With a pipetle gently apply transfer solution under the gel to remove all air bubbles
18. DO NOT PROCEED UNTIL ALL AIR BUBBLES ARE REMOVED

19. Gently lower the membrane into the transfer solution until the membrane is completely
wel

20. Lay the wet membrane over the gel so cul corners align and yow can read the writing
21. Wet one piece of filter paper and lay over the membrane

22, Repeat with another piece of filter paper

23, Carelully place the absorbent paper on the filter paper to a height of about 8cm

24. Finally place a weight on the absorbent paper o l[acilitate good contact Tor capillary
movement, but do not unduly squash the sandwich

25. Proceed with the transfer for 4 - 16h when examining low molecular weight samples.
or transler overnight (~16-20h) if examining high molecular weight samples

26. After the transfer period remove all wet papers. remove the membrane and place it on
dry paper so the side with writing faces down and the nucleic acid side theretore faces
up

27. Covalently attach the nucleic acid to the membrane by cxposure to [25ml of UV light
{254nm) or by baking at 80°C for 2h
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28. Air dry the membrane and store dry until use

Southern blot transfer of DNA

rd

A o

Southern blots are for transfer of gel fractionated DNA onto membranes and Northerns
are for equivalent transfer of RNA. This transfer can be passive by capillary movement
or active by electro-elution.

Cut the membrane to exactly the same size as the gel

Pre-wet the membrane in SW for a few seconds

Equilibrate the membrane in 0.4 N NaOH for 10 to 15 min.

Agitate the gel in 0.25 N HCl for approximatety 10 min.

Denature the DNA by soaking the gel in 0.4 N NaOH for 30 min.

Set up a capillary blot using 0.4 N NaOH as the transfer solution

Allow the buffer to flow through the gel and membrane for 3 to 18 h.

Cross-linked the samples to the membrane by exposure to UV light (254nm, 125mJ
total) or by fixation at 80°C x 2 h. under vacuum. Store membranes dry

After transfer, wash the membrane in 2X SSC for 2 min. and soaked in 6X SSC for 1
min. before hybridization

Northern blot transfer of RNA

% N s W

Fractionate the RNA sample in a formaldehyde agarose gel

Soak the gel in 5 vol. of SW for 5 min. to remove formaldehvde from the gel
Cut the membrane to the exact size of the gel

Pre-wet the membrane in SW for a few seconds

Soak membrane in 10X SSC for |5 min.

Set up a capillary blot using 10X SSC as the transfer solution

Allow the buffer to flow through the gel and membrane for 16 to 24 h.

Cross-linked the samples to,the membrane by exposure to UV light (254nm, 125mJ
total) or by fixation at 80°C x 2 h. under vacuum. Store membranes dry

Soak in 6X SSC for | min. before hybridization

Hybridization using random-primed probes

DNA labelling by the multiprime labelling technique

1.

The reaction mixture contained the 1 pug of YHV fragment (clone pMUY416) orl p
g of WSSV (clone pMUW4.2), 2 pl of hexanucleotide mixture, 2 pl of ANTP labelling
mixture (1 mM dATP, dCTP, dGTP, 0.65 mM of dTTP and 0.35 mM of dig-11-dUTP,
pH 7-5), and steriic. distilled water (make final volume to 19 pl)

Denature the mixture by heating at 100°C for 10 min and immediately chilled on ice for
5 min

Add 1 pl of 2 units/pl large fragment DNA polymerase I and incubated at 37°C for 20
hr.
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4. Stop the reaction mixture by adding 2 pl of 500 mM EDTA, pH 8.0

5. Precipitated the labelled DNA with 2.5 pl of mM LiCl and 75 pl of ethanol, then left
for 30 min at - 70°C

6. Centrifuge the solution at 10,000 rpm for 10 min, wash the pellet with 70% cold
ethanol, air-dried and dissolve in 50 pl TE buffer

Hybridization and membrane washing

7. Prehybridize the membrane in PHB (containing 5XSSC, 1% (w/v} blocking reagent,
0.1% (w/v) N-lauroyl sarcosine, Na-salt, 0.02% (w/v) SDS at volume 20 ml/100 cm® of
membrane) at 63°C for 1 hr,

8. Denature the labelled DNA at 100°C for 10 min, quickly cooled in ice for 5 min and
added to the prehybridization solution.

9. Incubate the membrane at 68°C with shaking for at least 3 hrs.

10. Wash the membrane twice with 2XSS8C, 0.1% (w/v) SDS at room temperature for 5
min and wash twice with 0.1XSSC, 0.1% (w/v) SDS at 68°C for 15 min

Immunological detection

11. Wash the membrane briefly in buffer I (10 mM Tris-HCL, 150 mM NaCl, pH 7.5) for 1
min

12. Block the membrane in buffer II (1% {w/v) blocking reagent in buffer 1) for 30 min
with shaking

13. Add the diluted antibody-conjugate to alkaline phosphate and incubate at room
temperature for 30 min on shaker

14. Wash the membrane twice with buffer [ for 15 min with shaking

15. Incubate the membrane in buffer 1II (100 mM Tris-HCI, 100 mM NaCl, 50 mM MgCl,,
pH 9.5) for 5 min

16. Incubate the membrane in 10 ml of colour solution (45 pl NBT solution and 35 pl X-
phosphate solution in buffer 111} in the dark

17. Stop the reaction by soaking in distilled water, air dried and photographed

Removing Probes and Colour reagent

Oligonucleotide-probe hybridization
Probe labelling

Incorporation during synthesis — DIG. Biotin, Fluorophhores most common
Incorporation alter synthesis — as above but not as efficient and economical, 32P

FILL OUT ABOVE

»  There is a dilference i the stability of nueleic acid duplexes hybridized under the
same conditions, such that DNADNA < DNA:RNA <<< RNA:RNA. For this reason
diflerent equations are used 1o estimate probe Tm and the anncaling emperature for
hybrdization (Ty).
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10.

11.

12.

OR
13.

As a general principle for oligos, [or high stringency Ty = Tm - 3°C
and for low stringency Ty = Tm - 20°C

The Tm for oligonucleotide hybridization 1s based on wsing the equation;
Tm =2 x {(number A+T nt) + 4 x (number G+C nt).

Use this equation {or oligos of < ~35mers.
In the described hybridization procedure most steps are performed in glass bottles
which are incubated in a Hybaid oven. Other oven types are available, or the
hybridization can be performed in sealed plastic bags incubawed in a water bath.

However, the use of bottles is highly recommended for safety, for convenience and for
improved hybridization and washing efficiency.

Wash the membranes in an excess of prewash buffer for 1 - 4h at 37°C. Many
membranes can be washed together

During this time put emply hybridization bottles into the oven to warm along with
prehybridization solution

Remaove individual membranes from the prewashed and sandwich between sheets of
fine nylon (or similary mesh. For small hybridization bottles you can load 5 or 6 {12 x
8em) membranes or equivalent area

Roll the sandwich into a rod and place in a warmed botlle

Add 10 to 30ml of prewarmed prehybridizauon buffer depending on the total
membrane area

Prehybridize the membranes at 60°C x [ - 4k (can be overnight). Check that the bottles
are not leaking

Buring this time add 500pl of prehybridization solution to a microfuge tube and add
labelled probe, which will be provided

Denature the probe at 85°C x 2min, then immediately chill on ice

Discard the prehybridizatign solution and keep the bottles warm

Add 18 10 20mi of fresh warmed prehyridization solution o the bottle. then quickly
add alb ol the chilled probe solution o the centre of the solution (not down the side ol
the wbe)

Swirl to mix, seal the lid securely then incubate for hybridization.

For high stringency (HS) hybridization and wash:

Hybndize 65°C x4 - 16h
Rinse in wash solution |, 35°C x 15min
Rinse in wash solution 2, 35°C x |5min
Rinse in wash solution 3. 357C x 15min
Rinse in wash solution 3, 60°C x 15min

Retin membranes for colour development to deteet the probe

For low stringency (LS) hybridization, wash and exposure, followed by an additional
high stringency wash:
Hybridize 65°C x | - 4h
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then gradually cool 45°C x 4 - 16h
Rinse in wash solution 1, 35°C x E5min
Rinse in wash solution 2, 35°C x 15min

Seal membrancs in a plastic bag
Retain membranes for colour development to deteet the probe
14. After the hybridization carefully remove the first used solution and keep in a sealed
tube. This probe solution can be used again within about 30 days. but may require the

addition of more concentrated probe

15. Remove the membranes from the bottle

16. Membranes can be stored damp at 4°C prior to colour development for detection of
bound probe. However, it is recommended to perform the colour development as soon
as possible

Removing oligonucleotide probes from membranes
¥
~ Note: Membranes containing fixed nucleic acid can be reused several times for
hybridization with other probes, provided old probes are removed from the membrane.
I membranes are going to be reused they should be kept moist sealed in plastic.

~ This procedure removes the oligo probe. but it does not always remove the developed
colour from the previous hybridization analysis.

l. Rinse the membranes twice in distilled water at 25°C. Discard the water in an
appropriate radioactivity wasle site

2. Incubate the membranes (many in the same solution if necessary) in a large volume of
membrane stripping solution at 75°C for 2h with gentle shaking

3. Rinse membranes for Smin at ¢.253°Cin 0.1X §SC
4, Remove the membranes and seal in plastic bags

5. Keep membranes moist in a sealed plastic bag
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1 ABSTRACT-

Black tiger shrimp (Penaeus monodon) culture in Thailand has expanded greatly in the past few years and the country has
become the world' s leading producer of cultivated shrimp. Although the shrimp aguacuiture industry is undergoing rapid
development in a number of Asian countries, successful production is increasingly hampered by many factors, including
environmental pollution, poor management and disease. Of the infectious diseases, bacterial and viral agents, either as
single or mix infections, have caused most of the production losses.

For viral pathogens, the major viruses of concern are while spot syndrome virus (WSSV), yellow head virus (YHV) and
hepatopancredtic parvovirus (HPV), Polymerase chain reaction (PCR) is used for early detection of WSSV, YHV and also
HPV. The highly specific and sensitive techniques for detection these viral diseases are already helping shrimp farmers.
The aim of this work is development of PCR techniques to study tissue distribution of the viruses in P. monodon and to study

the transmission of the viruses from carvier species to shrimp.

2 INTRODUCTION

White-spot syndrome virus (WS8SV) is a viral disease which
affects most of the commercially cultivated marine shrimp
species, not just in Asia but globally. It was first reported as
an accidental infection in laboratory reared shrimp in early
1994 (Wongteerasupaya et al., 1995a). However, a virus
with similar morphology was reported from farmed
specimens of Penaeus japonicus in Japan (Takahashi et al.,
1994; Nakano et al., 1994) and P. Japonicus, P. monodon
and P. penicillatus in Taiwan (Chen and Kou, 1994). The
field signs of the disease were rapid and massive mortality
with diseased shrimp showing a general reddish coloration
together with white spots of 1-2 mm embedded in the
cuticle. Recently WSSV has been shown to be a serious
pathogenic virus in Asia (Wongteerasupaya et al., 1996, Lo
et al,, 1997).

Yellow-head virus (YHV) of the black tiger prawn
P.monodon was first discovered in Thailand in 1992. Shrimp
infected with YHV often show light yellow eoloration of the
dorsal cephalothorax area and have a pale or bleached
appearance (Limsuwan 1991). Morphological examination
of shrimp tissue and viral particles as well as molecular
analysis of extracted nucleic acid indicated that yellow head
disease had a strong association with an RNA virus, rather
than a DNA virus (Wongteerasupaya et al. 1995). Two
viruses from Australia, which morphologically resemble
YHV, have aiso been reported by Cowley and Walker
{(personal comm.) as lymphoid organ virus (LOV) and gill-
associated virus (GAV). They also indicate that GAV and
YHV are closely related but distinct viruses for which
differential diagnostic probes can be applied.

Polymerase chain reaction (PCR) is used for early detection
of WSSV and YHV outbreaks or for detection of
asymptomatic carriers. Nested PCR provides an increased
level of sensitive detection when compare to conventional
single primer-pair PCR. However, one of the major
drawbacks with nested PCR is the risk of introducing
contamination. This problem can be circumvented by
designing a “one-step nested PCR” where two or three
primer pairs with different melting points (Tn) are
simultaneously added with all reaction components and the
test sample in one tube. The aim being to develop a rapid,
simple and hihgly sensitive detection of WSSV and YHV in
P. monodon.

3 WHITE SPOT SYNDROME VIRUS (WSSV)

WSSV of P. monodon is currently the cause of very serious
and wide-spread losses in the shrimp industry in Thailand,
elsewhere in Asia and in the Americas. The original PCR-
based method used for WSSV detection amplifies a 232 bp
product using a primer set designed from a 4.2 kb WSSV
clone generated in Thailand (Wongteerasupaya et al. 1996).

The sensitivity of detection, as assessed by [ractionation
and staining of PCR products in agarose gels was 100 fe of
WSSV DNA in crude postlarvae samples (Fig.{). This could
be increased o 1 tg in a Southern hybridization analysi«

One-step nested PCR technique for (he detection of WSSV
in P.monodon has been developed. This new nested PCR
protacol is performed in a single tube containing one (1)
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Fig.1 Sensitivity of the PCR assay for the detection of
WSSV, A) Ethidium bromide staining of PCR product
amplified from serially diluted (1110, range of 1000 pg
to 0.1 fe) WSSV genomic DNA as the ‘template for
PCR (lanes 1 10 8). The Timit was 100 fg of WSSV
BNA in crude postlarvae samples (lane 5). Lane M is
100 hp size marker. B) Southern hybridization wilh
DIG-dUTP labeled WSSV probe increased detection
down to | fg WSSV (lane 6).

sense primer and three (3) anitsense primers designed from
the same 42 kb WSSV clone as used previously
(Wongteerasupaya et al. 1996). The primers produced either
3. 2 or | nested PCR products (1,100 bp, 526 bp and 230
bp) depending on the concentration of WSSV in the sample.
High levels gave the three PCR products, as shown after
fractionation on agarose gel electrophoresis (Fig.2), while a
moderale concentration gave 2 products (1,100 and 526 bp)

Fig.2 Sensitivity of one-step nested PCR for the detection of
WSSV. The PCR products for purified WSSV DNA serially
diluted (1:10) in the range 10 pg to 0.001 fg (lanes 1-8
respectively) mixed with crude DNA extraction from post
larvae. This technique can detect as little as 1 fg (lane 5)
WSSV DNA in crude postlarval samples.

and low concentration produced only the 250 bp fragment.
In addition, internal control primers designed for actin gene
of P.monodorn were included to amplify a shrimp
characteristic product (143 bp) for both infected and non-
infected samples to assure intigrity and reproducibility of
the PCR assays.

With this system, where the concentration of WSSV target
was above about 100 fg the internal control cannot be
cbserved (lanes I, 2, Fig.2. The nested PCR technique
could detect as little as | fg WSSV DNA in crude postlarval
samples. Furthermore, this nested PCR assay is more
convenient than conventional two-step nested PCR assays
and 1t gives additional information for grading the relative
concentration of WSSV infections.

In the experimental transmission of WSSV from crabs to the
shrimp P. monodon, three suspected crab carriers commonly
found in shrimp-rearing areas were investigated (Sesarma
sp., Scylla serrata and Uca pugilator). All these crabs could
be artificially infected with WSSV by injection and they
sustained heavy viral infections as assessed by PCR (data
not shown) for up to 45 d without visible signs of disease or
mortality. The three crabs species also transferred the white
spot disease to P. monodon via water while physically
separated in aquarium cohabitation tests. Trapsfer of the
virus to the shrimp was monitored using in situ hybridization
and PCR assay at 12 h intervals after cohabitation began.
With Uca pugifator, WSSV could be detected in the shrimp
cohabitants after 36 h using PCR amplification and after 60
h using in sifu hybridization. With S. serrara, the shrimp
were positive for WSSV after 48 h using PCR and after 60 h
using in situ hybridization. With Seserma sp. they were
positive after 48 h using PCR and after 72 h using in sifu
hybridization (Table 1). These laboratory studies
demonstrated that crab cariers of W3SV may pose a real
threat to cultivated shrimp.

Table 1. Time to first detection of WSSV and time to
mortality for P. monodon reared with various WSSV
infected crab species. Ten shrimp were placed in each
aquarium with 3 of each test crab species. Haemolymph
from shrimp was sampled and tested every 12 h.

Primary- Time to first detection of
infected WSSV in shrimp (h)
Crab species PCR In situ
Uca pugilator 36 60

Scylla serrata 48 60
Sesarma sp. 48 72

To determine the best tissue source for detection of WSSV
between haemolymph and pleopod, experimentally infected
P. monodon were tested by one-step nested PCR which
produced 2 PCR products {526 bp and 250 bp) with plecpod
after 1 d of injection and produced 3 fragments after 2 d.
With haemolymph, one-step nested PCR showed only I
fragment (250 bp) after 1 d and 3 fragments after 2 d (Fig.
3). These laboratory studies demonstrated that pleopod was
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the better source of WSSV for PCR template for screening
of brooder shrimp to detect asymptomatic carriers.

Shrimp
No. 1

Pleopod Haemolymph
1

2 .
§ 3 2-3:04 2.3,

Fig. 3 Ethidium bromide staining of one-step nested PCR
products derived from pleopod and haemolymph after 1, 2
and 3 days of WSSV infection. Pleopod samples showed 2
PCR products (526 bp and 250 bp) after 1 day and showed 3
fragments (1,100 bp, 526 bp and 250 bp) after 2 and 3 days.
While haemolymph samples showed only 1 fragment (250
bp) after 1 day and 3 bands after 2 and 3 days. Unexpected
PCR product or smear bands occurred at 0 day of artificially
| infection (before injection the virus to the shrimps).

3 VELLOW HEAD VIRUS (YHV)

1098 76 543 2 1
A)
bp
135--
B) -
Tt
bp
135-—- s YW [
i

Fig.d Sensitivity of the RT-PCR for the detection of YHV.
A) Ethidium bromide staining of products using
scrially diluted (1:10, range of 1 ng 10 0.0] fg) YHV
genomic RNA the template (lancs [ tw 10
respectively). No product was obtained with 10 ng of
healthy shrimp DNA as template (lane 10). Lane M
contained a 100 bp marker. B) Southern hybridization
analysis DIG-dUTP labeled YHV probe.

as

celtow head virus {(YHV) is an important discase of P
monodon that causes serious cconomic losses in Thailand.
Based on 1he sequence of a YHV ¢DNA  clone
(Wongleerasupaya ¢t al 1997), YHV specific primers lor
one-step RT-PCR were designed for detection ol the virus.
When applied o purified YHV or nucleic acid samples
containing YHV. an expected amplification product of 135
bp was obtained. RT-PCR based detection demonstrated
high sensitivily, in that it could detect to about 10 g of
purilicd YHV-RNA and to abaut | g in a Southern blol
analysis of the RT-PCR samples (Fig.4),

A one-step nested RT-PCR was developed using the same
principal as for development of the nested PCR for WSSV.
For YHV, positives produced a 188 bp fragment and the 135
bp fragment as the nested PCR product. This technique had
greater sensitivity and could detect 0.01 fg of purified YHV-
RNA (Fig.5).

In the experimentally infected P. monodon with YHV
injection, one-step nested RT-PCR demonstrated evidence
of 2 fragments (188 bp and 135 bp) RT-PCR products in
haemolymph after 6 h of infection, whereas in lymphoid
organ, gill, pleopod and eyestalk gave only 1 fragment (135
bp) (Fig. 6). From this result, the most appropriate source
for one-step nested RT-PCR template for screening of
brooder shrimp to detect asymptomatic carriers was
haemolymph. In addition, sample collection from
haemolymph does not require sacrificing the shrimp.

marker.

MJ123 45.6.7.89
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Fig.5 Sensitivity of one-step nested RT-PCR assay for the
detection of YHV. One-step nested RT-PCR products (188
bp and 135 bp} were generated using serially diluted (1:10)
YHV genomic RNA in the range of 100 pg to 0.001 fg
(lanes 1-9 respectively). Lane M contained a 100 bp size

An examination of possible YHV carriers crab species was
conducted similar to the tests for WSSV carrier. The
suspected carriers crabs; Sesarma sp., Uca spinata, Scylla
serrata and Portunus pelaginus could all be artificially
infected with YHV by injection. To leam more about that
YHV-infected crabs carriers could transfer the virus to the
shrimp via water.
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with 2 groups. In the first group we cohabitated healthy
shrimps with crab carriers by physically separated in
aquarium. In the other group , we cohabitated healthy
shrimps with healthy crabs. Each crab camier could
ransferred the disease to shrimp via water while physically
separated in aquarium cohabitation tests. Transfer of YHV
to the shrimp was assayed using one-step nested RT-
PCRamplification and in situ hybridization at 12 h intervals
after cohabitation began . By one-step nested RT-PCR,
negative results were detected in control group while the
shrimp cohabitat with experimentally crab carries
demonstrated YHV-transmission after 12 h (Table 2). /n
situ hybridization tests showed YHV was present in shrimp

cohabitat with Sesarma ap., Uca pugilator, Scylla serrata
and Portunus pelagicus after 36 h to 48 h (Table 2). Based
on these results, it was concluded that crabs carriers can
transfer virus to healthy shrimp under experimental
condition.

4 HEPATOPANCREATIC PARVOVIRUS (HPV)

Shrimp 1 1 2
No.

MHLGP YHL GPYHLGP YN
— '1-1-15 ¥ ”H ki - ™
i 4 I

LR T

Fig.6  Ethidium bromide staining of nested RT-PCR
products derived from H (haemolymph), L (lymphoid
organ), G (gill), P (pleopod), Y (eyestalk) after 6 h of YHV
infection. Haemolymph samples showed 2 bands of PCR
product (188 bp and 135 bp) whereas the others showed
only 1 band (135 bp). The smear bands were observed when
using crude extracted tissue samples. N, negative control.

Hepatopancreatic parvovirus (HPV) causes disease in
several species of penaeid shrimp. Heavy infections may
result in poor growth and reduced production for cultured
shrimp farmers. Based on the sequence of HPV DNA clone
(Sukhumsirichart et al. 1999), one-step nested PCR for
detection of HPV has been developed. The nested PCR
produced two or one PCR product (375 bp and 212 bp) and
could detect 0.001 fg of purified HPV DNA (data not
shown). To study tissue distribution of the virus in P,
monodon, ten shrimps which were HPV positive by H&E
staining of hepatopancreas samples were kept from
Samutsakom province in Thailand and reared in isolated
aquariums. The animdls were tested by one-step nested PCR
using hepatopancreas, eye stalk, pereiopod, pleopod,
haemolymph and feces. All tissues and feces of the shrimps
gave two PCR products (375 bp and 262 bp) (fig. 3). These
laboratory studies demonstrated that any tissue of the
shrimps could be used for PCR template to detect HPV
infection but, the most appropriate source for PCR was feces
since sample collection does not require sacrificing the
shrimp.

Table 2. Time to detect YHV and time to mortality for
Penaeus monodon rteared with various YHV primary-
infected crab species. Thirty shrimp were placed in each
aquarium with 10 of each test crab species. Haemolymph
was sampled and tested every 12 h.

Primary- Time to first detection
infected of YHV (h)

Crab species | one-step nested In situ

. RT-PCR

Sesarma sp. 12 36
U. spinata 12 36
S. serrata 12 36
P. pelagicus 12 43

6
—-

Fig. 3 Ethidium bromide staining of nested PCR products
derived from hepatopancreas (lane 2), haemolymph (lane 3),
eyestalk (lane 4}, pereiopod (lane 5), pleopod (lane 6) and
feces (lane 7). The all tissues and feces of the shrimp
showed 2 bands of PCR products (375 bp and 262 bp) of
HPV paturally infection. In addition, when the sample
contained much of DNA template, the nonspecific bands
occurred. Internal control (183 bp) from host 2. monodon
were observed on the gel.
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