
Vol. 35: 165-173.1999 
DISEASES OF AQUATIC ORGANISMS 

Dis Aquat Org Published February 26 

A yellow head virus gene probe: nucleotide 
sequence and application for in situ hybridization 

Kathy F.-J. Tang*, Donald V. Lightner 

Department of Veterinary Science and Microbiology, University of Arizona. Tucson, Arizona 85721, USA 

ABSTRACT: A portion of the genome of yellow head virus (YHV) of penaeid shrimp was cloned and the 
cDNA fragment (l161 bp) was designated clone 3-27. The fragment was labeled with digoxigenin and 
hybridized in situ to tissue sections of YHV-infected Penaeus vannamei. Positively reacting tissues 
included those of the lymphoid organ, cuticular epithelium, and gills. In addition, connective tissue of 
hepatopancreas, heart, antennal gland, hematopoietic organ, nerve tract, nudgut cecum and muscle 
reacted to the probe. The probe was highly specific since it hybridized only to tissues from YHV- 
infected shrimp. It did not react to those of uninfected shrimp or shrimp infected with WSSV (white spot 
syndrome virus), IHHNV (infectious hypodermal and hematopoietic necrosis virus), or TSV (Taura 
syndrome virus). The clone was sequenced, and primers were synthesized for rapid detection of YHV 
in hernolymph using RT-PCR (reverse transcription-polymerase chain reaction). The strand that consti- 
tuted the viral sequence in the cDNA was also determined via RT-PCR and in situ hybndization with a 
single-stranded RNA (ssRNA) probe. 
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INTRODUCTION 

Yellow head virus was first observed in Thailand in 
the early 1990s, where it resulted in significant mortal- 
ity and adversely affected the shrimp culture industry 
(Flegel et al. 1995). Other YHV-like viruses, such as 
gill associated virus (GAV) and lymphoid organ virus 
(LOV), have been reported from penaeid shrimp cul- 
tured in Australia (Spann et al. 1995, 1997). The pro- 
posed relationship between the Australian YHV-like 
viruses and YHV was based on histological changes in 
the infected shrimp and characteristics of the virions by 
electron microscopy. 

YHV was named from the gross sign of a yellow 
cephalothorax in infected Penaeus monodon. How- 
ever, other shrimp with YHV infection do not always 
exhibit a yellow cephalothorax. For example, YHV- 
infected P. vannamei and P. stylirostris do not display 
this sign, but they are pallid when moribund. Histo- 

pathological studies have shown that shrimp with YHV 
infection display a generalized multifocal to diffuse 
necrosis, with obvious nuclear pyknosis and karyor- 
rhexis. Basophilic, spherical, cytoplasmic inclusions 
occur in affected tissues, especially in hemocytes, 
lymphoid organs, cuticular epithelium, gills, and con- 
nective tissue of several organs, including muscles, 
antennal glands, gonads, hematopoietic organs, nerve 
tracts, etc. (Lightner 1996). 

Examination of thin sections of YHV-infected tissues 
by transmission electron microscopy (TEM) revealed 
the presence of enveloped, bacilliform virus particles 
measuring 160-186 X 38-50 nm in the cytoplasm of 
infected cells (Chantanachokin et al. 1993). TEM of 
negatively stained, purified YHV virions revealed 
spike-studded, enveloped particles measuring 150-170 
X 40-50 nm (Wongteerasupaya et al. 1995). The com- 
plete virion has an electron-dense nuclear core that 
measures 20 to 30 nm in diameter and is surrounded by 
a trilarninar envelope (Nadala et al. 1997). 

The YHV genome is RNase sensitive, which sug- 
gests that it is a single-stranded RNA (ssRNA) virus 
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(Wongteerasupaya et al. 1995). Using SDS-PAGE gel 
to analyze viral structural proteins, 4 polypeptides of 
170, 135, 67 and 22 kDa were found. The 135 kDa 
polypeptide was glycosylated and was likely to be the 
viral glycoprotein (Nalada et  al. 1997). Based on size, 
bacilliform morphology, cytoplasmic replication, and the 
fact that it was a n  ssRNA virus, YHV was proposed to 
be  a member of the Rhabdoviridae (Nadala et  al. 1997). 

Traditional methods for the diagnosis of yellow head 
disease are  based on clinical signs and histopathology. 
These methods are  not highly specific and are  not use- 
ful for detecting the early stages of infection or asymp- 
tomatic carriers. Therefore, more sensitive and  specific 
methods a re  needed.  This report describes cloning of 
YHV genomic cDNA and its application as a gene probe 
for in situ hybridization. In addition, sequence informa- 
tion from the cDNA was used to develop a n  RT-PCR 
detection technique that employed aliq~iots of shrimp 
hemolymph as the source of viral RNA template. 

MATERIALS AND METHODS 

YHV isolate and propagation in penaeid shrimp. 
The isolate of YHV used in this study was obtained in 
1993 from farm-raised Penaeus monodon in Thailand 
and maintained at  the University of Arizona by contin- 
uous transfer in P. vannamei. The inoculum was pre- 
pared from a homogenate of infected tissues (cephalo- 
thoraces) in TN buffer (0.02 M Tris-HC1, pH 7.2, 0.4 M 
NaCl). The tissue homogenate was then diluted with 
2 % saline and injected into the muscle of healthy P. 
vannamei. The inoculated shrimp were maintained in 
seawater at 26 to 28°C. When the shrimp became mori- 
bund, hemolymph samples were drawn and frozen at  
-70°C for subsequent virus purification or RT-PCR. The 
cephalothoraces were fixed in Davidson's AFA (Bell & 
Lightner 1988) for 24 to 48 h then changed to 70% 
ethanol for storage prior to histological preparation. 

Virus purification. Collected hemolymph was frozen 
and  thawed 3 to 4 times to release cell-associated 
virions from hemocytes, then centrifuged to remove 
cellular debris at  3000 X g for 30 min at  4'C. The super- 
natant was centrifuged at 100 000 X g at 4°C for 1 h to 
pellet the virions. The viral pellet was resuspended in 
TN buffer and  further purified on a 15 to 35% Reno- 
grafin density gradient at  153 200 X g for 1 h .  The viral 
band was visualized by top illumination and collected 
through a fraction collector. The fractions containing 
viral particles were centrifuged at  100 000 X g for 1 h to 
remove the Renografin. The virus pellet was resus- 
pended in TN buffer. Purified viral particles were neg- 
atively stained on carbon-collodium-coated grids with 
sodium phosphotungstate (2 %) and examined under a 
Philips CM 12s  transmission electron microscope. 

Viral RNA extraction and cDNA synthesis. Purified 
viral particles were mixed with a TRJzol LS reagent 
(Life Technologies, MD, USA) in accordance with the 
manufacturer's protocol. The purified RNA was resus- 
pended in DEPC (diethy1pyrocarbonate)-treated water 
and stored at -70°C. The amount of RNA was quanti- 
fied by a spectrophotometer at UV260. cDNA was 
synthesized with the Superscript Choice System (Life 
Technologies). Prior to cDNA synthesis, the RNA was 
denatured at 70°C for 10 min, followed by a quick chill- 
ing on ice. Random hexamer was used to prime cDNA 
synthesis by Superscript I1 RT (RNase H- Moloney 
munne leukemia virus reverse transcriptase). The 
synthesis of the first strand of cDNA was performed at 
42°C for 1 h .  Then, the second strand of cDNA was 
synthesized with a mixture of Escherichia coli DNA 
polymerase I,  RNase H and E. col1 DNA ligase at  16°C 
for 2, h. Eco!? ! a d a p t ~ r s  were added to the ends of ihe 
cDNA followed by ligation into the dephosphorylated 
EcoR I site of a plasmid (pSport I, Life Technologies). 
The recombinant plasmid was transformed into com- 
petent E. col1 DH5u and clones containing cDNA 
inserts were selected with IPTG (isopropy1thio-P-D- 
galactoside) and Xgal (5-bromo-4-chloro-3-indolyl-P- 
D-galactoside) in accordance with standard proce- 
dures (Sambrock et a1.1989). 

DNA sequencing. Purified plasmid DNA was sent to 
the DNA Sequencing Lab, Division of Biotechnology, 
University of Arizona. DNA was sequenced with a 
PRISM Ready Reaction DiDeoxy Terminator Cycle 
Sequencing kit from Applied Biosciences. 

DNA labeling. The inserted cDNA fragment was 
labeled with digoxigenin-11-dUTP in a PCR reac- 
tion. The labeling mixture included 10 mM Tris-HC1, 
pH 8.3, 50 mM KC1, 0.165 mM dTTP, 0.2 mM dATP, 
0.2 mM dCTP, 0.2 mM dGTP, 0.035 mM digoxigenin- 
11-dUTP, 2 mM MgC12, 0.3 FM pnmer, template DNA 
(1 ng PI- ' ) ,  and 50 U ml-' of AmpliTaq Gold (Perkin- 
Elmer, NJ, USA). The primers were YHV1051F 
(5'-ACA TCT GTC CAG AAG GCG TC-3') and YHV- 
1051R (5'-GGG GGT GTA GAG GGA GAG AG-3'). 
The amplification was performed in a thermocycler 
(GeneAmp 480, Perkin-Elmer) with the following cycle 
parameters: initial denaturation at 94°C for 10 min, fol- 
lowed by 50 cycles of 94°C for 1 min, 55°C for 1 min, 
72°C for 2 min, and a final extension at  72°C for 7 min. 
The digoxigenin-labeled DNA probe was precipitated 
with ethanol, resuspended in H 2 0 ,  and stored at -20°C. 

In situ hybridization. Cephalothoraces of YHV- 
infected shrimp were fixed in Davidson's AFA for 24 
to 48 h Alternatively, shnmp were fixed in a neutral- 
buffered, modified Davidson's fixative (called RF- 
fixative) (Hanson et al. 1997). The fixed shrimp were 
processed and embedded in paraffin using standard 
histological methods. Four pm thick sections were cut, 
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and mounted on Superfrost Plus slides (Fisher Scien- 
tific, PA, USA). Prior to hybridization, the sections were 
incubated at 65°C for 45 min, then deparaffined in 
Hemo de (Fisher Scientific), and rehydrated through 
an ethanol series to water. Sections were digested 
with proteinase K (100 pg ml-', in 50 mM Tris-HC1, 
pH 7.4, 10 mM NaCl 1 mM EDTA) for 15 rnin at 37"C, 
followed by postfixation in formaldehyde (0.4 %) for 
5 min. The sections were rinsed in 2x SSC (standard 
saline citrate), then prehybridized with 500 p1 of hy- 
bridization solution (4x SSC, 50% formamide, l x  Den- 
hardt's, 0.25 mg ml-' yeast RNA, 0.5 mg ml-' salmon 
sperm DNA, 5% dextran sulfate) at 42°C for 30 min. 
For hybridization, the sections were overlaid with 
250 p1 of hybridization solution containing a digoxi- 
genin-labeled probe (20 to 40 ng ml-l) at 42OC over- 
night. The next day, sections were washed as follows: 
2x SSC once for 30 rnin at room temperature; l x  SSC 
twice for 5 min at 37°C; 0 . 5 ~  SSC twice for 5 rnin at 
37°C. The sections were then incubated with sheep 
anti-digoxigenin-alkahe phosphatase conjugate (Boeh- 
ringer Mannheim, Germany) at 37°C for 30 min. They 
were then washed with 0.1 M Tris-HC1, pH 7.5, 0.15 M 
NaCl twice for 10 min at room temperature and rinsed 
with 0.1 M Tris-HC1, pH 9.5, 0.1 M NaC1. The sections 
were incubated with NBT (nitroblue tetrazolium) and 
BCIP (5-bromo-4-chloro-3-indoyl phosphate) in the 
dark for 1 to 2 h. After color had developed, the sec- 
tions were counter-stained with Bismarck Brown Y 
(0.5%), dehydrated through a series of ethanol and 
Hen10 de, and then mounted with coverslips and Per- 
mount (Fisher Scientific). Tissue sections from WSSV- 
infected shrimp were heat-treated for 10 min at 80°C 
after the addition of probe. 

Reverse transcription and PCR (RT-PCR). The one- 
tube GeneAmp EzrTth RNA PCR kit (Perkin-Elmer) 
was used for RT-PCR. Total RNA extracted from hemo- 
lymph was incubated at 70°C for 10 min and reverse 
transcribed at 60°C for 30 min. The PCR reaction was 
initiated at 94°C for 2 min, followed by 40 cycles of 
PCR (94°C for 45 S, and 60°C for 45 S)  ending with 60°C 
for 7 min. Primers used for the RT-PCR were oligo- 
nucleotides YHV273F (5'-CAA GAT CTC ACG GCA 
ACT CA-3') and YHV273R (5'-CCG ACG AGA GTG 
TTA GGA GG-3'). These primers generated a pre- 
dicted 273 bp DNA fragment after PCR. An aliquot of 
the RT-PCR product was analyzed by 1.6 % agarose gel 
electrophoresis. 

For determination of the viral sequence, hemolymph 
was collected from YHV-infected shrimp and cen- 
trifuged at 4000 X g) for 15 rnin to remove hemocytes 
and cell debris. RNA was extracted from the cell-free 
supernatant with TRIzol LS reagent, resuspended in 
the DEPC-treated water and stored at -70°C. One 
primer (either YHV273F or YHV273R) was used during 

the RT reaction at  72OC for 30 min, followed by 94°C 
inactivation of the reverse transcnptase activity for 
2 min. The other primer was then added and 40 cycles 
of PCR were then performed as described above. 

Preparation of digoxigenin-labeled ssRNA probes 
and in situ hybridization. Diyoxigenin-labeled RNA 
probe was synthesized with digoxigenin-l l-UTP (Boeh- 
ringer Mannheim) and a MAXIscript kit (Ambion, TX, 
USA) in accordance with the supplied protocol. The 
Pst I-linearized plasmid DNA from clone 3-27 was used 
with SP6 RNA polymerase to synthesize one strand, 
and the Sma I-linearized plasmid was used with T7 
RNA polymerase to create the opposite strand. In situ 
hybridization with the digoxigenin-labeled ssRNA 
probes was performed at 50°C for overnight with the 
same hybridization buffer described for in  situ hybrid- 
ization using the digoxigenin-labeled double-stranded 
DNA probe. The concentration of digoxigenin-labeled 
ssRNA probe was 40 ng ml-l. The posthybridization 
washes were carried out as follows: 2x SSC once for 
30 min at room temperature; RNase A (20 pg ml-', in 
2x SSC) digestion for 30 rnin at 37'C; l x  SSC twice 
for 5 min at 37OC; 0 . 5 ~  SSC twice for 5 rnin at 37°C. 
The subsequent reaction with sheep anti-digoxigenin- 
alkaline phosphatase conjugate and color detection 
were the same as described above. 

RESULTS 

YHV purification and cloning of YHV genomic cDNA 

YHV isolated from hemolymph of infected shrimp 
was density-gradient purified and negatively stained 
for TEM examination. The virions were shown to be 
rod-shaped and enveloped with spike projections on 
the surface. They appeared to be very fragile since 
many were damaged and frequently fragmented into 2 
pieces. The size of the intact virions measured 154 to 
210 nm by 50 to 57 nm. The mean size was approxi- 
mately 179 X 54 nm. These measurements were not 
rigorously calibrated and this may account for them 
being slightly larger than those of Wongteerasupaya et 
al. (1995). 

We isolated the YHV genomic RNA from purified 
viral particles using a single-step guanidium isothio- 
cyanate-acid phenol procedure (i.e. TRIzol LS reagent). 
The cDNA was synthesized and cloned into the plas- 
mid, pSport I .  After cDNA cloning, over 300 clones 
were collected. A pair of pUC/M13 primers in a PCR 
reaction was used to determine the size of the cloned 
cDNA inserts. One clone contained an insert of 1.1 kb 
and was designated 3-27. It was labeled with digoxi- 
genin-11-dUTP in a PCR reaction using pUC/M13 
primers, so the labeled DNA fragment included an 
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additional 234 bp from the cloning vector (pSport I). 
This labeled cDNA fragment was used as a probe for 
in situ detection of YHV. It hybridized to YHV-infected 
shrimp tissues and not to tissues of uninfected shrimp. 
This clone was subsequently sequenced since it ap- 
peared to contain YHV genomic cDNA. 

Sequence of clone 3-27 cDNA insert 

The insert of clone 3-27 was characterized by restric- 
tion enzyme mapping and nucleotide sequencing 
(Fig. 1). The sequence of the 1161 bp insert was com- 
pared with that of a YHV sequence previously pub- 
lished (135 bp, Wongteerasupaya et al. 1997) and it 
was found that 84 bp at the end (close to the T7 pro- 
moter site) of the 3-27 cDNA insert overlapped with 
the reported 135 bp cDNA fragment. 

In situ hybridization with a digoxigenin-labeled 
dsDNA YHV probe 

A pair of primers (YHVlO51F/R) was designed from 
the sequence of the YHV cDNA insert to prepare a 
1051 bp labeled YHV cDNA probe by PCR. This di- 
goxigenin-labeled probe did not contain any sequence 
from the cloning vector. It was hybridized in situ to tis- 
sue sections of YHV-infected shrimp. In general, the 
lymphoid organ, cuticular epithelium and gills showed 
the most pronounced positive hybridization reactions. 
Intense blue-purple precipitates appeared in the outer 
periphery of stromal matrix cells in the lymphoid organ 
tubules, but none appeared in the inner layer of stro- 
mal matrix cells or in the lumen-lining, endothelial 
cells. The connective tissue between the tubules also ex- 
hibited a positive reaction to the YHV probe (Fig. 2A). 
H&E staining of lymphoid organs revealed multiple 
foci of necrosis marked by pyknotic and karyorrhectic 
nuclei (Fig. 2B). In the stomach, the cuticular epithe- 
lium and underlying spongy connective tissue reacted 
to the YHV probe. The epithelial cells appeared to give 
a stronger positive reaction, in terms of intensity, than 
did the subcuticular connective tissue cells (Fig. 2C). 
The reaction of muscle cells surrounding the stomach 
was negative, but connective tissue in the muscle bun- 
dles reacted positively (data not shown). In gill tissues, 
afferent/efferent vessels and epithelial and pillar cells 
of gill filaments gave strong positive reactions (Fig. 2D). 

The connective tissues associated with several 
organs examined were positive. In the hepatopancreas 
(Fig. 2E), the tubules did not react with the probe, but 
the myoepithelial cells of interstitial connective tissues 
that surrounded the tubules were positive and the con- 
nective tissue capsule of the hepatopancreas was also 

positive. In the heart (Fig. 2F), the myocardial cells 
were negative, but the connective tissue surrounding 
the heart was positive. Fixed phagocytes were also 
positive to the probe. In the antenna1 gland (Fig. 2G), 
epithelial cells in the tubules gave a negative reaction, 
while surrounding fibrous connective tissues were 
positive. In the nerve tracts (Fig. 2H), glial cells reacted 
to the YHV probe. In the hematopoietic organ (Fig. 21), 
connective tissues were positive, while the parenchy- 
mal cells were negative. Also, epithelial folds of the 
midgut cecum (Fig. 25) were negative and only sub- 
mucosal connective tissue was positive. No positive 
reaction was seen in any of the tissues prepared from 
healthy, uninfected shrimp or from the TSV-, WSSV- 
or IHHNV-infected shrimp. 

Another pair of primers (designated as YHV2?3F/R) 
was designed from the YHV cDNA insert to generate a 
273 bp DNA fragment after RT-PCR. For this RT-PCR, 
a total RNA was isolated from hemolymph of YHV- 
infected shrimp and it generated a predicted 273 bp 
DNA fragment (Fig. 3). Hemolymph without prior RNA 
purification was also used successfully as a template to 
generate the 273 bp DNA fragment in RT-PCR reac- 
tions. The 273 bp PCR fragment was not obtained with 
hemolymph from uninfected shrimp. 

Determination of viral strand sequence 

The primers YHV273F/R were used in RT-PCR reac- 
tions to determine which strand of the cDNA consti- 
tuted a copy of the viral strand. When RNA isolated 
from cell-free hemolymph was used as the viral RNA 
template, only primer YHV273R annealed to the viral 
RNA and initiated the synthesis of cDNA for the sub- 
sequent successful PCR reaction to generate the char- 
acteristic 273 bp YHV amplicon. No amplicon was 
obtained when primer YHV273F was used in the RT 
step of the reaction (Fig. 4 ) .  The T, values of primers 
YHV273F and YHV273R were very close (64.1°C and 
63.7"C, respectively) so that differential annealing of 
YHV273R and YHV273F to the RNA template could 
not be used to explain the difference in the RT-PCR 
result for the 2 primers. In addition, positive in situ 
hybridization (Fig. 5A) occurred only with a digoxi- 
genin-labeled ssRNA probe product from T7 RNA 
polymerase (same sequence as the bottom strand of 
YHV cDNA shown in the Fig. 1B but with U substi- 
tuted for T). There was negative in situ hybridization 
(Fig. 5B) with an ssRNA probe product synthesized by 
SP6 RNA polymerase (i.e. the strand with a sequence 
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the same as the upper strand of cDNA shown in the Sequence analysis 
Fig. 1B but with U substituted for T). Both the RT-PCR 
results and the in s i tu  hybridization results indicated The 3-27 YHV genomic cDNA sequence was trans- 
that the upper strand of cDNA shown in Fig. 1B corre- lated into 6 reading frames. The viral strand (i.e. the 
sponded to the viral sequence. upper strand shown in the Fig. 1B) contained relatively 

EcorR I Pst l 
Sma l Acc I Bgl II : EcoR l EcoR l i 

. . . I  I I I  
l " ' l " ' l " ' l " ' l " '  

I l 

1 TCAAGATGW C A T C T T C W  TACACC'I'ACA CCTGCTACAC AAAAGCACAG TCATTCGCAT 
AGTTCTACCT GTPd:hAGCTG ATC;n;GATGT GGACGATGTG TTTTCGTGTC AGTAAGCGTA 

6 1  TACAAGCATG TACAATATAC AACTTCGACA TCACTCCAGA C-TCMT CCAGAAGQCG 
ATGlT'CGTAC ArpG'FTATATQ TTGAAGCWT AGTGAGGTCT GTTGTAGACA GGTCTTCCGC 

181 TCACGTATTG CAWGAACCT CACTGGTTCT CCGCTGGTCT CTCACTCFCC TGC(;CATCTA 
AGTGCATAAC GTAGCTTWA GTGACCAAGA GGCCACCAGA GAGTGAGAGG ACOCGTAGAT 

2 4 1  TTTACCCACA TGAAGACATG ACAATTCATC AGTACAAAGA AGCATTCGCA CTCTACACTA 
AAATGGGTGT AC'ITCTGTAC TGTTAAGTAG TCATGTTTCT TCGTAAGCGT GAGATGTGAT 

301 CAGAATTGAA CACAGAAGTC ACTCTCAAAC ACCAACCTAC TTTCGACTCC TATCTCAACT 
GTCTTAACTl' GTGTCTTCAG TGAGAGTTTG TGGTTGGATG AAAGCKAGG ATAGAGTTGA 

361 TCA-T CWGAGCGT CACAACATCA ACATTGACAT CGGCACAGGG PIGCAGACACC: 
&GTACOAACA GTGTCTCGCA GTGTTGTWT TGTAACTGTA GCCGTGTCCC TCGTCTGTGG 

421 TTCTACACW CCTTCGACAA CATCACATCA GCI'CCGTGTA CAGAAGAACG ATACAACGAA 
AAGAPZTGAA GGAAGCTGTT QTAG'POTAGT CGAGGCACAT GTCTTCTTGC T A T G T T G W  

481 CTCATOCCCG GGGTTACTCG CTTATAlTAT GCCTkCCAGT ATGATAGAGG TGATTl'TCCT 
CAGTACCGGC CCCAATGAGC GAATATAATA CGGATGGTCA TACTATCTCC ACTAAAAGGA 

5 4 1  TGCAAATXA CAGTCACTCA AAMTACOTC AAATACCCTG TAATTGGCGA TGTTGCTGTG 
ACGTTTATGT GTCAGTGAGT T l U A G ~ G  'ITTATGGCAC ATTAACCWT ACAACGACAC 

601 OAACe'I'GABG AATOCAAAAA TCCGATCTGC RACAGTTACC CACCAGTCTA CAGTGCTCTG 
CTTGGACTTC TTACGTTTTT AGGCTAGACG TTGTCAATGG GTWCAGAT GTCACGAGAC: 

661 ATCTCCATCC AGAAATTCAG CXCTGGGCT GTCTCATGT GTCATGATAT TCTCAAGCGA 
TAGAGGTAGG TCTTTAAGTC GTGGACCCGA GCAGAGTACA CAGTACTATA AGAGTTCGCT 

721 GTCTTCAATC ACTGTCGTGA CTGTGACCAT CTTAACTGU BGBT&!I!i. -TG 
EAGAAGTTAG TGACAWACT GACACTGdA GAATTGACGT TCTAGAGTGC CDMY;AGTAC 

781 CGCTTCAAGA ATCCACTTTC CAACATTCAG CCAGTCGCAT ACACTAAACT ACACGAAGAT 
GCGAAGTTCT TAGGTGAAAG GTTGTAAGTC GGTCAGCGTA TGTGATTTOA TGTGCTTCTA 

841 CGTCACCTa TCCGTGACCG TCTCACACAC ATOGACTTCA CCTCAGGTCA AGAGTTCTAC 
GCAGTGGA'PP AGGCACTGCC AGAGTGTGTG TACCTGRAGT GGAGTCCAGT TCTCRkGATG 

901  GCTACTGAAT 'PCATCAATGA GTTCRATGAC GTCGMTTCA AOACACTGAA CCGTGATACC 
CGPrTGACTTA AGTAGTTACT CAACTTACTG CAGCTTAAGT T C T G m A m T  GCCACTATGG 

961 A'I'TCACTTCA ACCTCACGCA TCCCTAWC GCTCTCCTCG AACCTCTACT TCCTCCTAAC 
TAAGTGAAGf TGGAGTGCGT AGGGATACTC CGAGAGGAGC TTECAGATGA 

1021 ACTCTCGTCG GAAATTCAGT GGCAGCAWA CGCGTTATl'A GTGATCTTGA CGCTAA'ITTC 
GTTTAAGTCA CCCTCGTAGT CCGCAATAAT CACTAGAACT GCGATTAWG 

l O B l  AAARACTACG A C B W C A C  CGGCATGTCC TGTTCTCTCA CTGMTTCCA GCTCTCTCCC 
TTTITGATGC TGTCTTTGTC GCCGTACW ACAAGAGAGT GACTTAAGGT CGAGAGAGGG 

1141 TCTACACCCC CTkCTCTT'IY3 C 
AGATGTGGGG GATGAGAAAG G 

Fig. 1. (A) Restriction enzyme map and (B) nucleotide sequence of the cDNA insert in clone 3-27. (A) The YHV cDNA insert was 
digested with Acc I, Bgl I1 and EcoR I. The positions of restriction sites are Acc I at +647, Bgl I1 at +761, and EcoR I at +907, 
+934, and +1123. Sites of Sma 1 (-25) and Pst I ( + l  192) were located upstream and downstream of the cDNA insert, respectively. 
(B) The SP6 (-119) and T7 (+1230) promoters reside upstream and downstream, respectively, of the starting site (+l)  of the cDNA 
insert. Nucleotides in bold type (N) represent sequences of the PCR primers YHVlOSlF/R. Underlined nucleotides (N) are the 

primers YHV273 F/R 
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Fig. 2. In situ hybridization of tissue from YHV-infected shrimp with a digoxigenin-labeled dsDNA probe. (A) lymphoid organ; 
(B) H&E stained lymphoid organ, with several foci (arrows) containing pyknotic and karyorrhectic nuclei seen throughout the 
tissue; (C) cuticular epithelium of the stomach; (D) gill tissue; (E) hepatopancreatic tissue; (F) heart; (G) antenna1 gland; (H) nerve 
tract; (I) hematopoietic organ; (J) midgut cecum. The DNA probe was labeled with digoxigenin by PCR using primers 

YHVlOSlF/R with the cDNA insert in clone 3-27 as template. Scale bars = 20 pm 

large open reading frames (226 amino acids [aa] for 
frame 1 from nucleotide 484 to 1161 and 172 aa for 
frame 3 from nucleotide 6 to 524). The strand comple- 
mentary to the viral strand contained no open reading 
frame larger than 100 aa. This suggested that the viral 
strand was a sense strand, if the sequenced portion 
of the YHV genome encoded for a polypeptide. Using 
the Blast program of Seqlab software (GCG, Genetics 
Computer Group) to search for hon~ologous sequences 
in DNA and protein sequence databases, no homolo- 
gous viral or invertebrate sequences were found. 

DISCUSSION 

This report describes the cloning of a portion of YHV 
genomic cDNA and its successful application as a 
highly specific gene probe to detect YHV infection by 
in situ hybridization. The in  situ hybridization results 
were consistent with those based on traditional histol- 
ogy but were more sensitive in that cells with no visible 

Fig. 3. Detection of YHV by RT-PCR. Lane M: molecular 
weight marker. Sources of templates were Lane 1: total RNA 
extracted from 25 p1 of hemolymph drawn from YHV-infected 
shrimp; Lane 2: 1 p1 of hemolymph (without RNA extraction) 
from YHV-infected shrimp; Lane 3: 1 p1 of hemolymph from 
uninfected shrimp. The oligonucleotides YHV273F/R were 

used as primers 

signs of infection by normal histology could be de- 
tected with the probe. The use of the digoxigenin- 
labeled dsDNA probe coupled with alkaline phos- 
phatase detection was simple and practical and the 
non-radioactive probe could be stored for long periods. 
The colored precipitate in positively reacting tissues 
lasts several months without significant fading and the 
low background allows for unambiguous determina- 
tion of reaction sites. 

In situ hybridization clearly revealed YHV tissue tro- 
pism. The lymphoid organ, gills, and cuticular epithe- 
lial cells gave the highest viral signal, while connective 
tissues gave moderate signals. Although the mecha- 
nism of YHV tissue tropism is not known, our results 

Fig. 4. Determination of viral strand sequence by KT-PCR. 
Lane: M: molecular welght marker; Lane 1: oligonucleotide 
YHV273F used as the primer for the RT reaction; Lane 2: 
oligonucleotide YHV273R used as the primer for the KT reac- 
tion. After the RT reaction, the complementary primer was 
added prior to PCR amphfication as described in the 'Mat- 
erials and methods'. Total RNA isolated from 25 p1 of cell-free 
hemolymph drawn from YHV-infected shrimp was used as 

the template 
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Fig. 5. In situ hybridization 
with YHV-infected shrimp 
tissues using single-stranded 
RNA (ssRNA) probes. (A) Tis- 
sue section hybridized with ss- 
RNA synthesized using T7 
RNA polymerase and Srna I -  
linearized template. (B) Tissue 
section hybridized with ssRNA 
synthesized using SP6 RNA 
polymerase and Pst I-linear- 
ized template. Both ssRNA 
probes were labeled with di- 
goxigenin-l l-UTP. The tissue 
shown is cuticular epithelium 
of the stomach. Scale bars = 

40 pm 

from in situ hybridization correspond to those of Lu et vetebrate groups. We are continuing to screen and 
al. (1995) from viral titration in lymphoid organ culture. analyze clones that contain sequences adjacent to 3-27. 
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