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Development of diagnostic kit for detection of yellow-head virus in

Penaeus monodon

Chainarong Wongteerasupaya

Department of Blochemistry, Faculty of Medicine, Srinakhariwirot University, Sukhumvit 23, Bangkok Thailand 10110

Abstract

Cultivated shrimps industry in Thailand, attracts several billions US dollars per year.
However the production rate tends to be decreased due largely to the outbreak of white spot
virus (WSV) and yellow head virus (YHV). This has brought an attention to develop a rapid
and sensitive PCR-base assay for an early detection of the disease outbreak in shrimps. The
RT-PCR method has been developed to amplify part of YHV RNA genome. The method was
highly sensitive and capably of detection 0.01 pg of YHV genome multiplex RT-PCR has also
been developed to detect the presence of YHV and WSV in hemolymph of shrimps
simultaneously. We describes a method which allows rapid diagnosis by performing a single
step of extraction of both RNA and DNA using the Trizol reagent. The detection of both
viruses by multiplex RT-PCR is convenient, specific but less sensitive than the detection of
either YHV or WSV alone. This technique will be applied to detect the infection of these 2
viruses in broodstock and carriers. The YHV from Thailand and gill-associated virus (GAV)
from Australia were compared by RT-PCR and sequence analysis. The developed RT-PCR
method can only detect YHV isolated from Thailand but not from Australia although these 2
isolates show a high degree of genetic similarities. Sequence analysis of RT-PCR products
generated with generic yellow head virus primers will provide a more useful tool for

distinguishing between isolates from different geographical regions.
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Executive Summary

A rapid, simple and sensitive reverse transcription polymerase chain reaction
(RT-PCR) has been successfully developed. The results suggested that RT-PCR might be
useful to shrimp aquaculturists for early detection of YHV outbreaks or for detection of
asymptomatic carrier. The multiplex RT-PCR has also been developed to detect the presence
of YHV and WSV in hemolymph of shrimps simultaneously. The developed RT-PCR method
can only detect YHV isolated fromm Thailand but not for gill-associated virus (GAV) from

Australia although these 2 isolates show a high degree of genetic similarities.
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Detection of yellow-head virus (YHV) of
Penaeus monodon by RT-PCR amplification
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‘Dept Biochemistry, Faculty of Science, Chulalongkorn University, Phya Thai Road, Bangkok 10400, Thailand

IDept Biochemistry, Dept Anatomy and *Dep! Biotechnology, Facully of Science, Mahidol University, Rama 6 Road,

ABSTRACT: A nucieic acid probe was developed using cDNA prepared from ssRNA extracted {1+ .1 yel-
low-head virus {YHV), a serious pathogen of the black tiger prawn Penaeus mionodon. The speaiiicity
and sensitivity of this prohe was established using dot-blot hybridization with nucleic acid extracts from
YHV and from shnmp, bactena and other viruses. Based on the sequence of this cloned YHV cDNA
fragmaoent, a YHIV specitic primer set for reverse transcription polymerase chain reaction (RT-PCR) of a
135 base pair (bpj sub-fragment was designed for detection of YHV infections in penaeid shnmp. When
apphed m RT-PCR with templates derived from experimentally or naturally YHV-infected shnimp and
with purified YHV or YHV nucleic acid, the expected 135 bp ampiification product was obtained. By
contrast, nucieic acids extracted from tissue samples of healthy shrimp and from other shnmp pathogens
gave no such fragment. This confirmed the specificity of the designed YHY RNA specific primers RT-
PCR bhased detection demonstrated high sensitivity, in that it could detert 0 01 pg of purnified YHV-RNA,.
In a time course study ol an expenmental YHV infection, the RT-PCR detection showed evidence of
infection at 6 to 12 h post exposure to the virus. However, histopathology typical of YHV infection |i.e.
karyorhexis and pycnosis of haemocytes in haematoxylin and eosin (H&E) stained haemolymph smears|
was not visible until 42 to 48 h post exposure. The results suggested that RT-PCR might be useful to
shnmp agquaculturists for early detection of YHV outbreaks or for detection of asymptomatic carriers.

KEY WORDS: Yellow-head virus (YHV) - Polymerase chain reaction (PCR) - Penaeus monodon

INTRODUCTION

Yellow-head virus (YHV) of the black tiger prawn
Penaeus monodon was first discovered in Thailand in
1992, although it is now known to have caused exten-
sive losses on the eastern coast of the Gulf of Thailand
as early as 1991 (Flegel et al. 1995). Shrimp infected
with YHV often show light vellow coloration of the dor-
sal cephalothorax area and have a pale or bleached
appearance {Limsuwan 1991). Upon initial discovery,
the virus was considered to be a granulosis-like virus
{Boonyaratpalin et al. 1993, Chantanachookhin et al.

" Addressee for correspondence. E-mail: scvbs@mahideol.ac.th

© Inter-Research 19907
Resale of full article not permitted

1993). but later work showed that it was actually
an RNA virus (Wongteerasupaya et al. 1995a). Two
viruses which morphologically resemble YHV have
also been reported in lymphoid organs {Spann et al.
1995) and gills (Spann et al. 1998) of Penaeus monodon
from Australia. The virus from Thailand is also known
to infect other species of penaeid shrimp in laboratory
tests (Lu et al. 1994, 1997 Lightner 1996, Flegel et al.
1997). so it is not a potential pathogen solely to P. mon-
odon. Since YHV is an RNA virus, cDNA preparation
was necessary in order to characterize its nucleic acid
and to prepare a diagnostic probe. The final aim was to
develop a rapid. stmple and sensitive reverse tran-
scription polymerase chain reaction (RT-PCR) based
system that would allow early detection of the virus.
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MATERIALS AND METHODS
Viral isolation and nucleic acid extraction. YFHIV
was isolated from expenmentally infected juveniie

shnmp Penacus nronodon as described by Worgteera-
supaya et al. 11995b), The YHY RNA was extracted
from purified virions using guanicdhinium thiocvanate
and was purified by TOsCl gradient ultracentrifugation
as described by Wongteerasupaya ot ab {19%5a).

RNA extraction by Trizol™ reagent. To prepare
total RNA extracts for use s RT-POR templates, 30 mq
of shnimp gl tissue or 50 pl of haemelymph was
treated with Trivol™ reagent for extraction of RNA
ND,
UsA), tollowang the mstructions in the reagent meanual,

Preparation of double-stranded cDNA. Using RINA
extractod trom purthed YHV as a lemplate. cDIN A was

iBethesda Research Laboratories, Gaithersherg

propated at 370 for 30 min, i 20 pl of reaction mix-
thre conlanng 25 phl random bhexdamer (Sipmar 30 U
Maloney munne leukemia vitus reverse transcriptase
(NN LA eBethesda Research Laboratones, Gaithers-
brorg, MDDy, 20 Uhot RNase mihibator (Bethesda Research
N, 1 mMN o cach deoxy-
triphosphate (dNTPL 3 mai NgCl,,
SO N RO 10 myNT -t ipl 8 3, Using 2 1o 5 ml
of this, doublestranded cloNA was synthesized ina

Laboratornes, Ciatthershoerg

bt Teb i e

frrval volnme of 5t pl reachion mnviure conteining a
gl concentration of 2 oanadl SMgCl, ¢t mh each
AMTE S0 b KO T mdNE Trs-HCOD (ptl 8.3) and
2o phrandom hexamer. The sample was subjected to
amphtbication n o DNA thermal oyvcler (Perkin Elmer
Cletus) at 93707, 300s: 2097, 5 nung and 37°C, 2 min, for
g cycles with the addition of 1l ol 5 U ul™! of Klenow
tragment ensyme (Bochnnger Mannheim Genius Sys-
leri) at each <1Ilne*n|ing{ stop,

Cloning and screening of cDNA clones. The ¢cDNA
was digested with saudAl and the resulting fragments
were ligated to BamHD digested Bluesceribe plasmid
(Stratageney and transtormed into Escherichia coli
INTTOY Transtoimants were selected on Luna-Bertani-
agar containing 30 pg ml D ampicilling 1 mAi lsopropyl-
D-thicgalacto-pyranostule (Sigmal and 290 5-bromo-4-
chloro-dandovi-galactoside  (Sigma). Selected cDNA
clones were thon used as probes in dot-blot hybndiza-
tions with YHV RNA and nucleic acid preparations
trom various other sources. These mncluded 1000, 100,
and [0 ng of YEIY RNA shomyp genomic DNA, white-
spal bacutovirus DNA (WSBVY and control transenbed
RN A PAWIGS (Perkin Elmer Cetus).
Clones which gave positive hybridization enly with
YHA RNA were ~selected for further study,

DNA sequence and primer designation. The se-
I oselected YUV clone which gave good
ter Y LIV-RENA the
drdveoy chuonn tenmmnation method using Sequence kit

from prhasmid

quenee ol

specificity was determined by

Tal=Ton, toay

version 2 0 (USB) and (u-335) ATE tAmershami with
MI13/mp 18 ohgomdleotides as the seguenang primer
Then nuclentide primers were deswmed by using the
programnie Oliago version 40,

Amplification of a YIIV-specilic iragment by reverse
transcription polvmerase chain reaction. Extracted
YHY RNA was incubated at 42-C for 153 nun to svnthe-
size cDENA i 20 b of POR butter (10 msL Tris-FCTL
pH 8.3 0 mM KO contaimme 2 5 L of SMEMLN reverse
transcriptase, 1.0 U of nbonaclease intnboior, 075 mM
of antisense primer (B T m each of dATP dTTE.
ACTP, and o GTEF and 5 mx Lot Mgl Tollowing cDNA
svithesis, the mnixture was incubated at 1O [or 3 nun
to nacthivate the peverse ltansonptas? and then the
product was allaved to cool to 3707 The POR mixture
(10 mdT Ths-10L pEL8 3. a0 M KCh contamning 2.5 U
ot Tagq DN A polvmerase (Pedkan Elmer Ceotusy, 2 mM
NMaCh-and 0.7 maT ot sense prmer ( TOF)y was added te
the reverse tratso ription product, qiving o final volonne
of 100 1l The tubies weoere overlard with 100 ul of min-
eral oil. PCR amphhication weas carried out for 40 oy cles
at 4= C A0 s a8 C M s and 720,
F0C or Tomin. Inevery set of expoenments, o negative

Csand hmshing at

contrel was included This conltamed diethvlipyvrocar-
Lonate (DEPC-treated chstitled water imstead of RNA
Amplihed products were detected by electrophoresis of
201l abignaots throvah 27
EDTA(TBE butler,

Speciiicily o1 RT-PCR detection. Nucleie acid prepa-

cadarose gels in Trs-Borate-

rations ncluthing Penacus monodon DNA, white-spot
haculovirus WSBY DNA (Wongteerasupava et al.
1995h), hepatopancreatic parvavirus (HPV) DNA (Di-
agxotics Co. Ltd, Wheaton, CT, USA] nuclear polyhe-
drosis virus (NPV) IDNA [oblained from Rice Research
Center, Kasetsart Umversity, Thailand), Salmonella
DNA and control plasmid PAWL109 DNA (Perkin Elmer
Cetus) were used as negative control templates for RT-
PCR. From each RT-PCR reaction 20 pl was analysed by
ethidium bromide stained gel electrophoresis.

Sensitivity of RT-PCR detection. Various amounts of
YHV genomic RNA from 1 ng to 0.01 fg were used as
termplates in RT-PCR. Then 20 pl of each RT-PCR
reaction mixture was analysed by ethidium bronude-
stained gel electrophoresis.

Time course detection of YHV in experimental in-
fection. Twenty-seven juvenile shoimp of 20 g average
welght were infected with 0.1 ml ot a thawed gill
extract trom expernmentally YHV-infected shnmp
IWongleerasyupaya et al. 1995b). Fresh haemoelymph
130 ply was then collected {tom 3 of these infected
shirimp every 6 h and immediately mixed with 500 i of
Trizol™ reagent to be subsequently extracted by the
procedure described above. The resuspended RNA
{2 pll was then subjected to RT-PCR. Then 20 u! of each
RT-PCR reaction was analysed by ethidium bromide-



