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shrimp viral disease
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Summary

[. Title

Studies on the control of cultured shrimp viral disease.

. Purpose and significance

1. Final purpose
The final purpose of this study is to develop an effective shrimp virus
control system to reduce loss of shrimp productivity by viral diseases on the

cultured penaied shrimp.

2. Significance
Shrimp culture industry has contributed to the local economic
development of the western areas of Korea, as of the major income sources
to the fisherman., However, since outbreak of viral diseases on the cultured
shrimp occurred in 1993, the shrimp productivity was gradually decreased
every vyear, resulting in 75% loss of cultured shrimp in 1996. Therefore, to
expand and maintain the shrimp culture industry in Korea, it is urgent to

identify the viral agent causing massive mortality of cultured shrimp and to

develop a proper disease control system to minimize the losses,



III. The contents of this study

This study aimed to develop a disease control system against virus

infec-tion and the detailed contents of the study are as followed:

!

Identification of the causative agent which leads to the massive
mortality of cultured shrimp.

- Epidemioclogical studies of the shrimp virus,

Development of the rapid diagnostic method to detect viral infection in
shrimp.
- Development of the control system to protect cultured shrimps agamnst

viral diseases.

IV. Results

1. Identification of the causative agents

Viral infection and bad culture conditions were the major reasons which
cause a massive death of shrimp in Korean shrimp farms since 1993, The
causative virus was identified as WSBYV, which is very similar or identical to
PRDV which was previously isolated in Japan.

According to histopathological studies, several white spots were
appeared on the carapace and the surface of infected shrimp and nuclel in
the cells of ectodermal and mesodermal originated tissues were severely

hypertrophied. The viral pathogenicity could be reproduced by artificial



intection of shrimp and it was stronger when the higher temperature and

the smaller size of shrimp were involved.

2. Epidemiological studies of the shrimp virus
Virus was detected from naturally captured penaied shrimps such as P.
chmensts and P.ojaponicus and several species of crab. suggesting that these
crustacean are carriers of virus in nature. The viral infectivity in sea water
vas maintained as long as 120 days at low temperature(4C) but lost in 15

davs at high temperature{25C).

3. Development of the rapid diagnostic method
The genomic DNA sequence of shrimp virus was determined and a
PCR diagnostic method using a pair of primers based on the genomic
sequence was developed. This method was sensitive enough to detect at
least 0.1 picogram of viral DNA. When applied this technique to field study,
it turned out that most of shrimps cultured in the westerned areas of Korea

were infected with virus,

4. Development of the control system against shrimp viral diseases
The virus was readily inactivated by chlorination, sunlight exposure
drying and treatment of freshwater. According to experiments in indoor
water tanks, shrimp death rate could be significantly reduced by chlorination

of water and improvement of water quality. Also, feeding periodically shrimp



feed supplimented with immunostimulants it was possible to increase the
resistance strength against virus, thus to prevent viral disease. Also, no
massive mortality occurred when the same control system was applied to
the shrimp farms., Furthmore, it was possible to produce a lot of non-
infected hatchery shrimps by chlorination of fertillized eggs and washing

them with UV -treated water.
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A3 A A3y 1z

1. vle] & EA
A HA AR mle[HAE el Er] f8) AFFIHAEE o] &she] Al Eu)
o HolHA wFE AxEloy & 1A e} gho] Afdl AR o F{F3}

AxAM = A ZHAAH(CPE) 7k 3 Yehtr] ol wpolgls g go] &7}

Table 1. Susceptibility of fish cell lines to white spot baculovirus (WSBV)

Incubation temp. No. of blind

Cell lines CPE
(c) passage

RTG-2 20 2 -
CHSE-214 20 2 -
25 2 -
EPC 20 4 -
25 2 -
FHM 20 2 -
25 2 -
BEF-2 20 2 -
25 2 -
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HAZE A8 dovA] A, R FAME HAME o] 100%E Yelgth G
(1973) 9] ©]3}H AWEH O Z envelope(2]8h) & Zte HlolglaEs A& £8A1Q
ethert} chloroform 5ol 47 A%smg EHulolgix YaH(virion) E envelope

(9]eh) & 2k gloh

Table 2. Effect of physical and chemical treatments on the pathogenicity of

WSBV
Treatments No. of shrimp No. Of- shrimp Mortality

tested died (%)
Ether, 18 hrs 10 0 0
Sea water, 18 hrs 10 10 100

(control)
pH 3, 3 hrs 10 0 0
pH 11, 3 hrs 10 9 90
pH 7, 3 hrs 10 10 100

(control)
50, 30 min 10 0 0
4C, 30 min 10 10 100

(control)

23 AfS- vho]H A8 ZHHpH 3), ZAE7E(pH 11) 2 Ex2(50TC) A&

2

& 2, L7t (pH 1) A A9 wlolglae WA ol sl 48717ks

HAREO] 90% ot ZFAHpH 3) B EAEdle 4A AgEHo AR775¢

)
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& HAE douA) gtk webA ofeh e AMEe BEAlS-o HfER velglA
A FAN AAEe 49 npel# 22l BMNV (baculoviral mid-gut gland necrisis
virus) 7 7@k olE WAl Zsht A4 g @AM (50T) e ZrAe] A
A HEA S AT & H8F 39 FASTHMomoyama et al., 1989).

mlo

2. A vtelg 2 1Y

npolgjiol] ZHFE A9 FZ7]H(lymphoid organ) ¥ A FEHE AR
o] gulells thgre] wheleia a7l MAEn|F o8 FFEH Y 1), AR
Al &g vpolgls Yak(virion) & M BlelZ &AM A7]7} 250~ 300 X 50~70
nmo] ™ nucleocapsid 9} envelope & FA Elo] 9l

wEbA] B Ao #EF A A A wlolelie AEE AEY ¥
WellA F2lgto g Qlal wpojej 4k DNAQ Aoz Azbsm, Eg vlo]gs
Azke] e AVIE B E vlo]# A7 DNA vlo]H 2% baculovirus €02
FHEG 283 2R Y4 E ZE baculovirust & Hho]HAE )

3H BP, MBV ¥ PBV #iolg|2E M ESINA A E29AE 5ol

_‘
R

Zo A} (inclusion body)E A 3A ¥ BMNV 8} YBV #lolgile EojdE 4
34 e ueid EelAE YA SR gL B ulolEAsE BMNV S YBV #ho]
H29} FALEIRA| G o] & Hlolg| Lok nloj A QixpA Y] Aol 7} %ith

3. wpelgja Fxeh g Ak BA
SDS-PAGERSE Al¢ shoj2|29] 72 dizds 4% 23 29 2904 A

H B2 14004 190KDag] ¥ vl oF 21708 @9 A band7} AHAEH, ©f
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Fig. 1. Electron microscopy of the lymphoid organ of naturally infected fresh

shrimp,
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Fig. 1. Electron microscopy of the lymphoid organ of naturally infected fresh

shrimp,
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55.6

39.2

26.6

Fig, 2. SDS-polyacrylamide gel electrophoresis of viral proteins,
Lane 1 : Standard molecular weight marker,

Lane 2 : Viral protein,

_42_.



KDa

170.0

116.0 a

85.2 -

55.6

39.2

26.6

Fig. 2. SDS-polyacrylamide gel electrophoresis of viral proteins
Lane 1 : Standard molecular weight marker,

Lane 2 : Viral protein.
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HHNBV #polgi o] 72 @i gt ofF {AMSITHHuang et al, 1995). L8]
A9 vl 29 total DNAE Bam HIZE digestiondte] #9183t A3 1 304
A g wbolel o] Ay A7) oF 114kb A Th
g7k Bag A5l st dEojr He-E dFdrale A/
'GER

w4 mhole~

Z(PAV) 9 9l mle]giAel PRDVE #l4k37]+ 163kb AE
o] (Inouye et al, 1996), Tl oA TG LEN (P, monodon)E %
HAIA 71+ SEMBYV (systemic ectodermal and mesodermal baculovirus) 9] 34t

=7

rlr

F 168kbE (wongteerasupaya et al, 1995) °|& F 794 ulo]gl 9

M

vl 2 Aol AL vloleisel WAL ok A

- T 1

rtl
e
124
o
N
(o
U
jox
QD
@]
=
]

ovirus®] A 7]7} 90~ 230kb Y-S 7FOrEtH baculovirusd YF o 2 Az}

4 A% whole2g) $AA} 22
el Aot S FA AN FANE Lol U9l Hele At o0
HEYE Wd QE ReASF gl YAAAE doolE ASF FA Hold

> §Z(PAV)S) 99 vlo]2i2e) PRDVS} 2& EFe] vlo]el 2 g ¥

Rl
ol

71 98} Kimuras(1996)°] A 23t primerE o]-83lo] PCRHFES A A%

it
X

PRDV Y PCR product®t 7+ 37]1¢1 ¢k 570bpol| 4] PCR AM&Eo] AAEH (1Y
4), SElvtebeA 28 A vlolH s dEAgA B E AlS vlo] & A(PRDV)
o FrARsE o2 A ZbE

5. A AL Ul wlelzix BA
SEvel Al A E2E Mg dlojei s 99 (envelope) ©] S TAA

Zvi A (inclusion body) & B4 8HA Fe 7 whelBl 22 A, vroj#l 2 YAk virion)
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Fig. 3. Agarose gel electrophoresis of viral nucleic acids.

Lane M : A-HindIll marker,
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Fig. 3. Agarose gel electrophoresis of viral nucleic acids

Lane M : A-HindIll marker,
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M1 23 45678 911 1217141 16

Fig. 4. Agarose gel electrophoresis of the products by PCR amplification of
WSBV gene. (A) First amplification, (B) Nested amplification.
Lane M : 1 kb DNA ladder,
Lane 1, 10, 11, 15 : Diseased shrimp,

Lane 2~8, 12~14, 16 : Normal shrimp.



M1t 23 456 7891011213141 18

Fig. 4. Agarose gel electrophoresis of the products by PCR amplification of
WSBV gene., (A) First amplification. (B) Nested amplification.
Lane M ! 1 kb DNA ladder,
Lane 1, 10, 11, 15 : Diseased shrimp,

Lane 2~9, 12~14, 16 : Normal shrimp.
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Fig. 5. External signs of naturally infected fresh shrimp. Diseased

shrimp shows reddish scoloration of body, antenna and appendage.
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Fig. 5. External signs of naturally infected fresh shrimp. Diseased

shrimp shows reddish scoloration of body, antenna and appendage.
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Fig. 6. White spot symptoms of naturally infected fresh shrimp,
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Fig. 6. White spot symptoms of naturally infected fresh shrimp
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Fig. 7. Magnified photography of the white spots, White spots consist of

larger outer transparent layer and smaller inner opaque layer.
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Fig. 7. Magnified photography of the white spots. White spots consist of

larger outer transparent layer and smaller inner opaque layer,
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Fig. 8. Photomicrographs of hypertrophied nuclei in the tissues of
naturally infected fresh shrimp. H-E stain.

A ! Lymphoid organ, B : Stomach,
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Fig. 8. Photomicrographs of hypertrophied nuclei in the tissues of
naturally infected fresh shrimp. H-E stain,

A  Lymphoid organ, B : Stomach.
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100~

80 —

Cumulative mortality (%)

Days after infection
Fig. 9. Mortality of fresh shrimp by artificial infections with WSBV.

C — O ¢ intramuscular, A — A : oral,
L — [J : dipping, Y% — Yx . control.
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Cumulative mortality (%)

Days after infection

Fig. 10. Mortality of fresh shrimp infected with WSBV by water

temperatures.
O—0O 13T, A—A:25C, O—0O: 207,
wW—w ' 15T,
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FE 3dA FH FAHA AAE doA AT 5UA A% AAtaidl e, FA
% 13g%d Wate AEF 4R FE Arbs] Azete 1044 AF Ak
a3 AT 20gd tiste AEF 8UA HAE dod & 11dA R 34

Y HAALE doA 1994 A% AT ojehdo] Mg Hioja Lo WU L

Cumulative mortality (%)

L 1 ! J
0 5 10 15 20

Days after infection

Fig. 11. Mortality of fresh shrimp infected with WSBV by shrimp sizes.
O—0O:7g, AN— A :13g, T— 10 20g,

¢ — ¥ ¢ control(7, 13, 20g).
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Table 3, Detecting rate of WSBV from wild-caught shrimp spawners by

white spot symptom

Strimps - Samplng area L Yot samples  1at (%)
Fresh shrimp  Naro island 65 18/50 36
Bubsungpo 59 16/50 32
Anmyeon island 56 17/50 34
Kuruma shrimp Koje island 42 5/50 10

* White spot syptom.

Table 4. Detecting rate of WSBV from wild-caught shrimp spawners by PCR

. : Mean body  No. of WS* Detecting
Shrim Sampling area
fps ping weight(g) /no. of samples  rate (%)
Fresh shrimp  Naro island 59 26/50 52
Kuruma shrimp Koje island 40 10/50 20
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Table 5. Mortality of kuruma shrimp fed with inhabitant organisms

caught in shrimp ponds

Species No. toefs tse}gimp No. odfi esé)rimp M(Zr;:iity
Upogebia major 20 7 35
Calliamassa japonica 20 5 25
Helice tridens 20 5 25
Nereis japonica 20 1 5
Commercial diet 20 0 0

EFA B A Holdw A4 25%, AWo] FoltE 5%, WETE 0%E YEY
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Table 6, Detecting rate of WSBV from inhabitant organisms caught in

shrimp pond by PCR

Species No/.nzlf I(;’fCi ri(;?;tslve Detec(t;r;,f rate
Upogebia major 37/100 37
Calliamassa japonica 29/100 29
Helice tridens 7/100 27
Nereis japonica 0/100 0
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AN$- vlol# 28 4TollA 5, 15, 60, 12097 B F, AN7GA A& A
o FHANER ol 2o MEHS FAF A, F 749 Zo] AS ol
2 Ae2dT) siaeln 12040l 4Asis Wego] dEHA gorz A+

o]l H A AFL sFod s A7) 75 AEo] 7hedith

JFAL f2ve} AgdM e vtelgavt FheFd ZEHA g3 dF
ol x&® Y2 AVEt AL g4HoR BT Aolth
Table 7. Pathogenicity of WSBV suspended in seawater at 4C

Periods No. of shrimp No. of shrimp Mortality
(days) tested died (%)
120 10 10 100
60 10 10 100
15 10 10 100
5 10 10 100
0 10 10 100
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Table 8. Pathogenicity of WSBV suspended in seawater at 25C

Periods No. of shrimp No. of shnimp Mortality
(days) tested died (%)

15 10 0 0

10 10 6 60

5 10 10 100

0 10 10 100
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223 wpolg]a YAE 500109 digestion buffere] #EAl7) & proteinase
K(05 mg/ml) & 55CollA 1A17F A&l dd} wlolglA DNA¥E phenol/chlorofor3
¢ A F g APAN F LHA TE buffere] AT vlojex
DNAE 0.7% agaose gelollA] Z7]1gF st #A%ch HA Aw DNAE F£3)
7} 913l A vl e Al$A18E ¥l phenol/chloroform &8l o eh-go] A A]

71 & w# A TE buffero] A7

3. A% vlolg]A genomic library®] 75 4 2} 23 plasmid DNAS AlE

AAE vloly X DNAE Sau3Al0 2 F2# 0= AWsiAY Eco RISE @
A A F 242 plasmid pTZ18RE) Bam HI 5& Eco RI sited] T4 DNA
ligaseE ©]€3lo ligationd}tith. A3 DNA 7|&& W3 E Sambrook &
(1989) & #zx3tY Y3t AZ2Y plasmid DNAE Cohen 5(1972)¢] ¥y
o2 #8]3 competent celld]] FAASAI7ITE AZXF plasmide HEE 98t
x-gal @ IPTGE ¥ &3} agar platesYol] £ sle] 3 F2UE ¥y 4

HE Z2UE dlYe & Birnboim3 Doly(1979) ¢ ¢l o2 plasmid DNA

4. Southern &A1 3hY

slot blot EASAEL 98t 14g9 plasmid DNAE 01N NaOH=E ¥AA]7]
% nylon membrane filtere}] slot blot manifolds(Life Technologies Inc., USA)
& oj&3lg BAAZl I Kafatos $(1979)¢] ¥ o® UV crosslinkingA]# 2
Holl ZAA A A8 3AL ECL direct DNA labelling system(Amersharm)
& ol &ste] AAsTh
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PCRyHES] #¢le 98l #7952 AHAS F diffusion blotting® o2
DNAZ nylon membrane2® %7 ¥ Feinberg® Vogelstein(1983) ¢} il
95t [¢-"P] dCTP$} Prime-a-Gene Labeling system(Promega) 2.2 T XA
71 probeE ol&dtd TAHFAHYEE At HAFHoR FHE HHe aut-
oradiography & 3t Z#E AAth

5. DNA sequencing % 97]Ad &4

FR3 F2L& Sanger £(1977) 9 td|2A] Alg 2408 DNA sequenc-
ingstel F7IMEE AAsIAth olF7te B ©U7iee] plasmid DNAE F32
2 332 H-E forward ¥ reverse primerE ©]83ta] Sequenase(version 2.0,
USB) & ¥h-&-& &ty o] 4fdl nfelel2gite g7 MELY 454 &
v 387 9)sle] WSBV Y €7]AM €2 European Bioinformatics Institute(EBI)
o] world wide web site(http://www. ebtac.uk/ searches/fastahtml) o] 218
sl Fasta homology search(Pearson® Lipman, 1988)%& o}&3lA EMBL

nucleotide sequence database$} ¥]313}%3

6. PCR &%

2 WSBV e @71Md #4436 71238 339 oligonucleotide primers
£ A4, BT B Age F2 o]8¥ IF ¥ IR F7IMEL 747 5 ATC
TGA TGA GAC AGC CCA AG 3'2+5 GGG AAT GTT AAA TAT GTA
TCG G 30|tk PCRZZ wh3-2 Innis 5(1990) 9] ol 71&std 50m M
KCl, 10mM Tris-HCI(pH 9.0), 1.5mM MgCl,, 0.1% Triton X-100, 0.2m M#

o] ANTP, 15pmol® Z} primer, ¢ 10ng$ template, Z8F Taq DNA

-69-



polymerase 1 unit® 38ttt 9129 mineral oil& 9ol Woixd H DNA
thermal cycler(ThermoJeT, Hofman-LaRoche Inc. USA) oA 30 cycles (94C
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Fig. 12, Ethidium bromide-stained agarose gel of WSBV DNA extracted
from purified virions, A single molecule of DNA is observed in the
gel.

Lane 1 : AHind III marker,

Lane 2 - 11 : WSBV DNA from each of 11 respective preparations,
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Fig, 12. Ethidium bromide-stained agarose gel of WSBV DNA extracted

from purified virions., A single molecule of DNA is observed in the

gel.
Lane 1 : AHind III marker,

Lane 2 - 11 : WSBV DNA from each of 11 respective preparations,



Fig. 13. Slot blotting analysis of WSBV recombinant clones probed with
either uninfected total DNA (A) or infected total DNA (B).
Key to spots: 1 to 11, different isolates of WSBV recombinants:

12, negative control pTZ18R,
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Fig. 13. Slot blotting analysis of WSBV recombinant clones probed with
either uninfected total DNA (A) or infected total DNA (B).
Key to spots: 1 to 11, different isolates of WSBV recombinants

12. negative control pTZ18R.
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001 GGATCCAATT GTTGAGAGAT TTGTCACAAC TAAATCTGAT GAGACAGCCC AAGTTGTTAA

IF
061 ACAGGCCGTT GATGAAAAAT ACGATGAATT ATTAGAAGAT AAGGTTGAAG AAATGAGACC
121 GGATATAATC AATGAAGCAT CCGAAACATA TGATAACTTG CTGCTGATAT GATAAGAGAG
181 GTAGACACTA GTAGTGTTAT TGCTCCTGCA ATAGCTGGCA CAGTGGCAAG AACTATCAAT
241 AATTTAAGAG ATAAAAGGAA AGAATATGAA AAGAGGCTAT GGACATTAGC CTACAAACCA
301 TGGAGAAGAT ATGTACAAGC AATTACAGTG ATGGAATTTC GTTTATCATA TAAAGACCTG
361 ACTGTCCATG CCAATTCCGA TACATATTTA ACATTCCCTT TTTTAAGAAT AAAAAAGATC

IR
Fig. 14. Nucleotide sequence of WSBV recombinant clone S1.
Bold letters indicate a potential initiation site of polypeptide coded

by S1, as analyzed by Fickett's method. Locations of the primers

used for PCR are underlined.

01 MIREVDTSSV IAPAIAGTVA RTINNLSDKR KEVEKRLWTL AYKPWRRYVQ

51 AITVMEFRLS YKDLTVHANS DTYLTFPFLR IKKR

Fig. 15, Amino acid sequence derived from S1 nucleotide sequence,
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Table 9. Nucleotide sequence homology between S1 and other organisms

Homology Number of

Compared nucleotide sequences (%) by overlap
Saccharomyces serevcisiae ORF genes 84.6 26
Caenorhabditis elegans cosmid 58.3 120
Bacillus subtilis DNA 64.9 114
Mouse T-cell receptor alpha/delta chain locus 61.4 83
Plasmodium falciparum pol alpha gene 545 213
Human pligodendrocyte myelin glyprotein exons 1-2 729 59
Cyanophora paradoxa cyanelle complete genome 63.1 65
Herpesvirus saimiri complete genome DNA 58.0 38
Entomopoxvirus gene for shperulin 522 337
Human hepersvirus-7 complete virion genome 58.9 90
Variola virus DNA complete genome 53.4 268
Visna virus Icelandic strain 1514 complete genome 594 138
ﬁforican swine fever virus multigene families 360 and 633 79
Human papilloma virus type 23 complete genome 61.0 105
Buzura suppressaria nuclear polvhedrosis virus gene
for polyhedrin protein 80.0 35
Hantivirus R22 precursor glycoprotein gene
(Msegment) 70.5 61
Cassava vein mosaic virus, complete genome 56.6 113
Respiratory syncytial virus phosphoprotein RNA
polymerase subunit 79.3 29
Human immunodeficiency virus type 1 envelope
glycoprotein 54.1 246
Chilo iridescent virus type 6 zinc finger protein and
non-histone 53.1 350
Bombox mori nuclear polyhedrosis virus DNA 64.0 50
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Table 10. Amino sequence homology between S1 and other organisms

Homology Number of amino

Compared amino acid sequences (%) acids overlap
HPBVS (P17099) core antgen 18.2 22
Rat sodium channel protein, cardiac muscle 21.6 37
Yeast inhibitory regulator protein IRA2 44.0 25
Marchantia polymorpha 15.2 46
Caenorhabditis elegans 29.5 44
Hepatits B virus 991 18.2 22
Haemophilus influenzae 13.0 69
Sendai virus 27.8 18
Saccharomyces serevcisia eIRAZ protein 440 25




61
121
181
241
301
361
421

481

601
661
721
781
841
901
961
1021
1081
1141

1201

gaattccaat caatgggaac aaataccaac cccatagaga cttcatcagt gggtgtgaat
accaaccceac ttecaacceet cceccaagat tggtaattac tectitaacg aatgatgtac
cagaattgga catgatgtgg ctitattcge cttecagagg aggtggaaat tctagaatga
gtgcaaatac aggaacatct ccectgteta acaccccaat tectacctge ttcacaggag
gigcgaatgt agtagtgect aatggatttg fececteccac gttecectta gaatgigacg
aagatgatce aagtattcee aattcttaca attacgaaca ggataaagte tttcatccat
titatgagta tatggccaaa tatctatcce cictigtice atcatataac aagggacaga
cttgtaatgt tgtccaggag tggttcaagg gatccticte tecttgecaaag cgtagaggaa
cagtccecaa attctgtagt aacatttcee acgcetttett tigtaatatg gatgtatgta
ctgccatgty caaatggegcg aagactgtaa ttagacatgg acaatattgt aatagatgta
tcgtaaggag gtcatgtaca tccatgcteg catatcacta cattgtitge agagacgett
catgtgatgt tcccaagtge agggaaaggg ttcgeaacga catggatgac tgattgattg
gttgatatgt gacattttct gtatattgtg taaataagat accaataaac taatgtttia
tatatgattc tattttttta aaaacctita aaaatataca tataaaatga tgtattittg
aaactacact ctggcagaat cagaccagac ccctgaccta aagcagacca caggggagic
ttagagaggce cacacttaga ccgatecect teatecctea atgttaatca cacgcaagta
aaaacaccac ttcctagaaa gggagggaag gggtgacttg gtgatatcat aactggggaa
titcctetee agatatetgg ctgtacacgt gtgagegett ctgggegega caagaaaaaa
attagtgata tcataactgg ggaatttcct ctccagatat ctggcetgtac acgtgtgage
gettetggge gegacaagaa aaaaattagt gatatcataa ctggggaatt tectctecag

atatctgget aagaaaaaaa attagtgata tcataactgg ggaatttcct ctccagatat

Fig. 16. Nucleotide sequence of WSBV recombinant clone pTZ18RE3,



1261 ctgggtaaga aaaaaaatta gtgatatcat aactggggaa tticctetee agatatctgg
1321 ctgtacacat gtgagtgtic taatctcatt ttttatatag aaaatataac tgaattagcet
1381 ctctaaactt ttccteattt cttactecte ttigtttgta tgtcctacta ccagtgtgea
1441 tataagaact ggagagatgg gagtittaaa taacaaccct tcttaateee tttecatgttt
1501 atatttaata aatataatca ccatggatat ttcaaataag acattatttt tagtagtcge
1561 tacctttttt ctgaccactt gtgcatcttg cagiccaact caaafcgict ggaacctcat
1621 ggtagcttca tttgttggat tictaggaca taaactactt aaaaacatta cacctgtcaa
1681 tctggatctt gtcggaaaaa gettegtatt ctctgcaagt ttaaccatet cagaagaage
1741 ccgtttattg aggattggaa acgtattaag ggactataat ggcaacaatt ttgaagagta
1801 tgaagaagaa gaagataglg gtattgaaga ataataataa taataatggt ttgaataaaa
1861 tatagagata catttatatt gtittatitg cattatatat aaaaaagcac tacaaaattt
1921 gtacacatac attgagagaa aaaattgata caattictic ctttttitta ctggtatctg
1981 atttcttgat attcgagaga gttagtagta gcagaagaag tagcaccaac teeggcetgea
2041 gaagtigtag gatagggegg tggcaccggt ggeageggea geggeageag cttcacggeg
2101 ttgtigttgt fccaggataa fctttgegeg tttattcatt tcagtggtge gtgtaaagat
2161 gccetctgttg tattggacca ccttattect atatictceg atgtccttat cgegeticta
2221 aaaaaacttg gccatttcte cacaacgttg acgggctgee catgeagtca tagecataaa
2281 atcaaattgg tcagaggtga tattatggtt gtttagaagg tccacagegt aggecataca
2341 gctagcggea cgttgaatat tggagtactt getgttictt ggtttaacgg tatggatcac

2401 cttacttcca tcattcaaga atic

Fig. 16. Continued,



Table 11. Nucleotide sequence homology analysis of pTZ18RE3

Homology Number of

Compared nucleotide sequences (%) by overlap
Saccharomyces douglasii mitochondrial DNA
(2426nt) 53.8 532
Plasmodium falciparum (FCR3) cpn60 gene
(3801nt) 67.3 110
Drosophilla etrusca highly repeated DNA (1416nt) 58.8 238
Vaccinia virus F fragment DNA (13326nt) 58.9 190
Cowpox virus host range gene (2300nt) 59.8 164
Human pipilloma virus type-51 (7808nt) 57.0 270
Autographa califonia nuclear poly hedrin gene
(1629nt) 67.8 90
Rotavirus group A chromosome segment (663nt) 68.9 106
Varocella-Zoster virus complete genome (49851nt) 60.1 153
Woodchuck hepatitis virus DNA (4305nt) 62.0 153
Ovine adenovirus terminal protein gene (10070nt) 65.5 84
Echinochloa hoja blanca tenuivirus (2336nt) 64.5 118
Chorisyoneura fumiferana nuclear polvhedrin gene

(2110nt) 61.8 136
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Fig. 17,

Fig. 18.

Slot blot analysis of shrimp genomic DNA, Genomic DNA isolated
from either uninfected (A and B) or WSBYV infected (C and D)
shrimps were hybridized with radiolabelled E3 probe, Total
geneomic DNA were isolated from either total shrimps (A and C)
or hepatopancreases (B and D),

spots 1 10 pg, 28 b gg, 35 1 pg, 4: 05 pg 5° 01 pg 6: 50 ng, 7: 10 ng.

Yy 2 3 4

Agarose gel electrophoresis of the PCR product of WSBYV DNA
from purified virions,

Lane 1 : A phage DNA Hind III fragment marker,

Lane 2 : a positive control plasmid pTZ18RS1,

Lane 3 : WSBV DNA from Penaeus japonicus,

Lane 4 : WSBV DNA from Penaeus chinensis,
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Fig. 17.

Fig. 18.

[<> BN S R - R 2

Slot blot analysis of shrimp genomic DNA., Genomic DNA isolated
from either uninfected (A and B) or WSBV infected (C and D)
shrimps were hybridized with radiolabelled E3 probe. Total
geneomic DNA were isolated from either total shrimps (A and C)
or hepatopancreases (B and D).

spots 10 10 ug 20 5 g 301 ug 4: 05 ug 50 01 pg, 6: 50 ng, 7: 10 ng

1 2 3 4

Agarose gel electrophoresis of the PCR product of WSBYV DNA
from purified virions,

Lane 1 : A phage DNA Hind III fragment marker,

Lane 2 : a positive control plasmid pTZ18RS1,

Lane 3 : WSBV DNA from PFenaeus japonicus,

Lane 4 : WSBV DNA from Penaeus chinensis,
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Fig. 19. Detection limit of WSBV DNA by PCR amplification with 30
cycles of incubation. Amplified products in agarose gel were stained
with ethidium bromide,

Lanes: (1) 10 ng of WSBV DNA, (2) 1 ng, (3) 100 pg, (4) 10
pg. (5) 1 pg, (6) 100 fg, (7) 10 fg, (8) 1 fg, (9) 0 g.

A1 2 3 436 B1 23 4 56 6

FFig. 20. Detection of WSBV DNA from infected shrimp by PCR
amplification. (A) Agarose gel stained with ethidium bromide, (B)
Southern blot hybridization with [@-"P] dCTP-labeled WSBV
DNA from plasmid pTZ18RSI.

Lane 1 : A phage DNA Hind III fragment marker,

Lane 2 : positive control plasmid pSl,

Lane 3 : total genomic DNA from uninfected Peneaus japonicus,
Lane 4 : total genomic DNA from infected Peneaus japonicus,
[Lane 5 ' total genomic DNA from infected Penaeus chinensis,
Lane 6 : total genomic DNA from hatchery Penaeus japonicus.
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Fig. 19. Detection limit of WSBV DNA by PCR amplification with 30
cycles of incubation. Amplified products in agarose gel were stained
with ethidium bromide.

Lanes: (1) 10 ng of WSBV DNA, (2) 1 ng. (3) 100 pg, (4) 10
pg. (5) 1 pg. (6) 100 fg, (7) 10 fg, (8) 1 fg, (9) 0 g.

A1 2 3 4 5 6 B1 2 3 4 5 6

Fig. 20. Detection of WSBV DNA from infected shrimp by PCR
amplification. (A) Agarose gel stained with ethidium bromide, (B)
Southern blot hybridization with [¢-*P] dCTP-labeled WSBV
DNA from plasmid pTZ18RS1,

Lane 1 @ A phage DNA Hind I fragment marker,

Lane 2 | positive control plasmid pS1,

Lane 3 ! total genomic DNA from uninfected Peneaus japonicus,
Lane 4 : total genomic DNA from infected Peneaus japonicus,
Lane 5 : total genomic DNA from infected Penaeus chinensis,
Lane 6 : total genomic DNA from hatchery Penaeus japonicus.
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1996958] A9, 60E9 Malet ALYl ARG BTN 1877}
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Fig. 21. Detection of WSBV DNA from white spots on the carapace of
diseased shrimp.
Lane 1 : A phage DNA Hind III fragment marker,
Lane 2 : positive control plasmid pTZ18RS1,

Lane 3 : white spot from diseased shrimp,



Fig. 21

Detection of WSBV DNA from white spots on the carapace of

diseased shrimp.
Lane 1 : A phage DNA Hind I fragment marker,
Lane 2 : positive confrol plasmid pTZ18RS1,

Lane 3 ! white spot from diseased shrimp,
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Fig. 22. Field applications of PCR diagnostic method in 1996,
A . AHind IIl marker, ¢ : positive control pTZ18RS1,

1-60 : cultured shrimps from different shrimp farms,
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Fig. 22, Field applications of PCR diagnostic method in 1996.

At AHind I marker, ¢ @ positive control pTZ18RSI1,

1-60 : cultured shrimps from different shrimp farms.
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Table 12.

Infection status of shrimps cultured in 1996

Shrimp farms

Infection status

Shrimp farms

Infection status

1 +++ 31 -
2 +++ 32 -
3 +++ 33 -
4 +++ 34 -
5 +++ 35 -
6 - 36 -
7 - 37 -
8 +++ 38 -
) - 39 -
10 - 40 -
11 - 41 +++
12 - 42 -
13 - 43 -
14 - 44 -
15 - 45 -
16 - 46 -
17 +++ 47 -
18 - 48 -
19 - 49 -
20 - 50 +++
21 +++ 51 +++
22 + 52 +o+
23 ++ 53 -
24 ++ 54 +++
25 + 55 -
26 - 56 -
27 - 57 +++
28 - 58 -
29 - 59 -
30 - 60 -
+++ very strongly infected, ++: strongly infected, +; weakly infected, - no infected.
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Fig. 23. TField applications of PCR diagnostic method in 1997,
A : AHind III marker, ¢ : positive control pTZ18RS1,

1-25 : cultured shrimps from different shrimp farms.
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Table 13, Infection status of shrimps cultured in 1997

Shrimp farms Infection status Shrimp farms Infection status
1 +++ 14 ++
2 +++ 15 +4
3 +++ 16 +++
4 +++ 17 +++
5 +++ 18 +++
6 +++ 19 +4+
7 +++ 20 +++
8 +4+4+ 21 +++
9 +++ 22 -
10 +++ 23 +++
11 +++ 24 -
12 +++ 25 ++
13 ++

+++ 1 very strongly infected, ++. strongly infected, +: weakly infected, -:

no infected.
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B pond(6,600m’)

C pond(1,650m*)
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Reservoir
(26,350 m")
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(13,200 )

(52,800m’)

Fig. 24, Design of shrimp ponds for the field experiment in 1996.
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@ | @
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Fig. 25. Design of shrimp ponds for the field experimentin in 1997.
O

sampling station.
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Water Temp:14C

transported

in the evening

Spawner acclimation tank

19C (W.T.)

next morning

The spawners are removed,
Aeration is halted

Spawner tank

—_— > —

running sea water sterilized
by UV sterilizer(19C)

The eggs sink while
the upper portion sea
water is siphoned off.

«~— 0000000 OGOOIOGS

N\ Mesh net{(100xm )

1' Drain Spawner tank
T |
e
L 7 B 18 L
500mm | OO®
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Discard /| o@e
500um | @@

([ A N N N ENZ N J
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Washed eggs

Eggs washed tank

Collection tank

Fig. 26. Diagram of washing fertilized eggs of fresh shrimp.
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Hlolg s AHS delr] ) ofF sAd &5 d AHgHE so= &

Table 14. Virucidal effect of sodium hypochlorite (NaOCl) on WSBV

Conc. No. of shrimp No. of shrimp Mortality
(ppm) tested died (%)

30 10 0 0

10 10 0 0

5 10 0 0

0 10 10 100

AR A3, #1500 MY e = 48 AT AlFFAM FE F8Y ojuidl
A AR, B¢ dzrodMe AF dA7 doy o= 454 o)A u

ol 27t AEEHA EHh IFAR §IHE(1997) 9] 4@ Ao <& PRDVE
FEEE 10ppm? Q=&M(EHE Q0= )dlA 3087 X 3tE Hio]z &7}
44 Egsteny &%y, Eg B dlol#lA(WSBV) S fAG dholgl 2l
BMN(baculoviral mid-gut necrosis) Hpe]# A% Momoyama(1989) &) A3 A
o ¢3lH FA¥E 25ppme] L= §o¥o) 1087 AW vloly2rt B&g)

oty Folx B4y, B A E FEFE 30ppme 295 £AddA] 14
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@7l Mol 2o= 253A7E F438] AGHAAY b 8= =4 9

A A7 AF AR EAE RET

Table 15. Virucidal effect of povidon-iodine on WSBV

Conc. No. of shrimp No. of shrimp Mortality
(ppm) tested died (%)
30 10 10 100
20 10 10 100
10 10 10 100
0 10 10 100

ZA7) & Feste dFo] =E3AFEEA ble]lgd AFFAUF e HE F
otsted B Aol ejFAle] 7Het &4 (19961 8€¥ 14 14:00~16:00)
of A wlolg A g gloFFAd =EAZ] T dlold o] 283 aHAEE F
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Table 16. Virucidal effect of sunlight exposure on WSBV

Exposure No. of shrimp No. of shrimp Mortality
time (hr) tested died (%)
4 10 0 0
2 10 0 0
0 10 10 100
ek AxA e

NS volzl 20 e FHAZ AFAE SAWA NN AZAA wroleize) B
g3t GFAAL 2A AT B 170049 o] A shelg 2 g 1, 2, 347

Z(FFE 575~741%)MF A FodMe AR7IZEE dAie A8 deux

gokont, HioleAE AR ¥ dzTdMde AF7ITES HARE
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100% 2 Jebgy, E8 §jlE PRDVE AzA7)4W slejgj2r) 89ty 83
onz B oulojglae AR i o] teEe & 5 AUtk 2F AR Ayt
Aoz wolglay AzxAE A B3 M et G, 1973), Fole NP virus
T AWM H2AZ dElA 429 o] Tl BAA S FAs Yo R

%, 1985), B9 ZdzYe BMNVeE 54 A28 245 7d ol 848

Table 17. Virucidal effect of drying on WSBV

Drying Water content in  No. of shrimp No. of shrimp Mortality

time(hr)  filter paper (%) tested died (%)
3 575 10 0 0
2 6.01 10 0 0
1 741 10 0 0
0 100 10 10 100
o}, ©42g
FEiver s MG EFANA B 7Y 9EFE ®ol e G Ae-F
AZ A e et Gl HlF) vlolzis ZAhoz g FHajrh Athe AR JA<tst
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FEo ANF oA AT A7 AR A Fofol o) S
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Table 18. Virucidal effect of freshwater on WSBV

Freshwater Specific No, of shrimp No. of shrimp Mortality
content (%) gravity tested died (%)
60 1.010 10 G 0
40 1.015 10 4 40
20 1.020 10 5 50
0 1.025 10 10 100
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Fig. 27, Effect of disinfecting sediment contaminated with WSBV by

sodium hypochlorite.
(&~ 1 NaClo(100ppm), A — A : Control.
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Fig. 28. Changes of water quality parameters(DO, pH, salinity, COD) in

rearing tanks by improvement reagents.
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Fig. 29. Changes of water quality parameters(NO4-N, NO,-N, NH,-N

PO,-P) in rearing tanks by improvement reagents.
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Fig. 30. Changes of sediment quality parameters(pH, TS, IL, COD) in
rearing tanks by improvement reagents.
O — O : Clear water, AN\ — A 1 Argon, [ — [J: SKK 200,
W — ¥¢ : Control,

-120-



&l & Zo]7] s 298 NI AL FANM AFH FRHAA A
ANAAE ZEF T nlolg s AYAAAIZ dsle] FHAAEE A 3
WzFolM = A8717H9F) &<t

FAAMNELS 30%F YEHHAT AE AZNAA(Argon) F AL AAMALA

29 319048} Zo] HUANAAE HESHA R

(SKK 200) & X A@FAME FaHrHo] 247 26%9% 24% 2 YEhd F
Ao AL gloiMe tzTe & Afole fATh a2¥AT 38 A AN AA (Clear

water) & AET A|FFA AAME AF7ESE FAHAANEC] 4% EH5HA

e

AAAA G o HelFATE AT 2T E AR E ALAIAES HE
A e Yo QOIME AR7I7H9F) B ol 7elo] oF FAMALE
o) RGN 7158 AF JacEARY Bz Ha B8 BaH AL A
of AME3 thate) 2717h 2 Wb ohvje} Wel 7| (schizophyllan) & A7 A)
SRS Folad date) AAMe)seel ZHEN HEele 7 o
of @ W8 Aol Yelof & Aol

e
S HAE7] ot vtelya AR AE Q87 A3l Biffidobacterium
thermophilumolA 323 peptidoglycan(PG)& 0.1% Z7}ste Az Aj$- &
AAEE F71HoE Fod T onpolya AYZHF g3 Ao FHAANES

&
ZAME Az, 29 3z9A s 7ol g duRtETE R tizFolMe AR

et FAHARE O] 100% B ev PGE A7He Al dHALES Alf dAtE
£ 17Y 732 FUz FoqF AlFFAM e A8 A douA] 4t §

-121-



B (1997) & HWAZ7A)<] schizophyllan(SPG) 1} peptidoglycan(PG) & 7)o

2 Bl ol Fo4% 3 PRDV Blol2iAE A979A 7 A3, BaSPAE &

ofsta] @2 AETol Bla] AELo] S =UUT SR3, EF BE 5(1993)

% p-glucan Yol et xa+E 3ATHEL JAAAIE et AFo] FEd T

phenocloxidase &4jo] A48y Vibrio vulnificus?] 3 728 wolgxr) o=

BA® ok webr] A7)sh 2 A#HE 59 B g
A

#rh

w
[«]

Cumulative mortality (%)
> 3

Weeks

Fig. 31. Mortality of fresh shrimp infected with WSBV by improvement reagents
O — (C : Clear water, A — /A : Argon, []— [J: SKK 200,
% — Y¢ © Control
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Table 19. Growth of fresh shrimp in the field experiment in 1996

Mean body weight(g)

Ponds
SD* 65 6.20 75
A 0.02 0.21 0.67
B 0.02 0.15 0.59
C 0.02 0.28 0.98
D 0.02 0.27 117

*Sampling date,
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Table 20. Growth of fresh shrimp in the field experiment in 1997

Mean body weight (g)

Sampling
date A B C A-1 Control
6.10 0.02 0.02 0.02 0.13
6.26 0.10 0.09 0.29 - 0.73
7.10 0.29 0.34 0.80 - 1.66
7.30 0.77 1.82 2.04 - 2.67
8.13 2.22 2.48 447 2.34 6.05
8.25 2.63 392 6.23 4,43 7.84
9.09 496 579 8.68 6.93 9.02
§.24 1425 14.48 15.27 1487 16.75
10.17 1512 16.57 19.78 16.54 20.89
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Table 21. Result of culturing fresh shrimp in 1997

Ponds
A B C A-1
Items
Pond area{m’) 2,750 1,650 1,650 1,650
Clear water(g/m’) 200 150 0 0
Drain system Center Center Side Center
1st stocking
Date 6.10 6.10 6.10
No. of shrimp 560,000 100,000 90,000
Shrimp size(cm) 12~15 12~15 12~15
2nd stocking
Date 8.2~21
No. of shrimp 200,000
Shrimp size{cm) 5~6
Total diet consumed
(kg) 4,300 2,490 750 5,198
Harvesting
Date 11.26 11.26 11.26 11.26
Total body weight
(ke) 1,800 850 190 2,800
No. of shrimp 112,500 42,500 8,261 164,706
Mean body weight 20 23 17
(g) 16
Survival rate(%) 31.25 42 .50 9,18 82.35
(49.50)

200,000 shrimps collected from A pond were restocked at A-1 pond.
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Fig. 33, Changes of water quality parameters in shrimp ponds.
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Fig, 34, Changes of sediment quality parameters in shrimp ponds
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Table 22. Hatching rate of fertilized eggs of fresh shrimp by iodine

disinfection
Hatching rate (%)

Conc.

(ppm) Disinfecting time 30 sec 60 sec
200 259 0.9
100 297 0.0
50 143 0.1
20 315 185

Hatching rate in control{only washing) is 33%.

Table 23. Hatching rate of fertilized eggs of kuruma shrimp by iodine

disinfection
Hatching rate (%)

Conc.

(ppm)  Disinfecting time 10 sec 30 sec 60 sec
100 19.0 0 0
50 38.9 0 0
20 55.1 400 292

Hatching rate in control(only washing) is 55.2%.
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Fig. 35. Survival rate of shrimp larvae by stage.
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