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Real-Time PCRZ 0|&8} sff+ =X 24P dlo|g{Ac| ek
3 kAl StZHOIXIlol AEEA M

SHS - FOIH - ZHY
OlsteiEtm Retmisichet et

b4 uto) 2] X(white spot syndrome virus, WSSV)3= FA] Ak Al-¢-of] 34l 8o A FALE Y 27)= AGA o
o} ¢ 73at WA vle] g 2ot £ AT M= 3ol X & o B4(Fenneropenaeus chinensis) %2 3-2] 4]
9 AR R FYUHE Hgo WSSVE Ty & o] 8o 553l g.Ln, A FA A& primers}
Tagman probe S AH-3l«] A A A) 7} PCR (quantitative real-time PCR, QRT-PCR)$ A £-3}¢] WSSVE A &
33 FEXFS A8 QRT-PCR A3, Al 24 primers} probeE: o] §-3te] WSSV A 3813 qi3}s1A 3
£33 & A #l 5ol SA s WSS e Bl s, B3 7 8. 7te) ARAAE =235} Y8t

o FAF¢} 5 Frd ol M dl 5} A7) 24 20079 641-E 997 F 83)¢) A Ty A RAL

£y

3t o} %44 1 Lol £ 31 WSSV -2 3,814-121,545 copy -2, o] &= 29 A enterococci (’=0.9, p=0.02),
54 a (°=0.8, p=0.03), B 3 TA A4 8 F-F(=0.8, p=0.07)%} AR BA E Yot AE2H o2 B o T
A AP E WSSV 534 9 QRT-PCR 9 & &l &4 81 WSSVE A 3] 314 o] gl.on], &S]
EA 8= WSSve] ok BTty 48 dn A5 S e 4G #3L nygd.
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Fury ubleol#]~(White Spot Syndrome Virus, WSSV)YE Fo}
Alote} Fgotrlol Bl BolE])zte] AtoA tlFER Fa)E
= Aol 73l diFEAE dodl= 9 alel#zoln A
Aol vi-e Ad A BRItk Nk wlolgas olFy
A8 DNA vlo]g2a2AM ol 2 275 nm, Hole 2F 120 nm
Q1 HeE %Y FE ol (30), A 271 oF 290~305 kbell
o]2thH27, 32). AEAOE WSSVE Baculoviridaedl] &3h= A
o2 Al 7T B¢ A fevt2), HZY Bla F-3A8
Z B4 Aa} o] vlo]yay A 2¢ THfamily)?! Whispoviridae
ol €:8}= Whispovirusgh A2 ATH?26).

1990 A % ofpr]ololl ] WSSOl &3 9FA Ao v kAL
7} 2 Bad o2 wSSvE AjS- kAl Adslsia e
B2 Ul A ] algdell & Hs|E of71AA g} wssve
ZEE A= dIFd 49 vhde] Yehe 54 el
o, 2 F 3-10d <l 100%2] HARE-S BATH7). IollA
% 1993 WSSVE QIgh Aj-9-9] tiZuilrt HE2E Birg o]
2] WSSVoll 23+ theh(Fenneropenaeus chinensis) ¥212] 3=
ottt F71eka AR A--d2le] =7t 719l S, Oivh
Fgotrlol Z7tel Hls) A7} mi- F-E5 AAolth17).

e AEH o Q13 ZE F 27 o=k Hiate] A wjREel,
wssvel tigt 283 d7e AIAR-E 27)¢ dee W
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o] o] F& o] FJuk. WSSVE G707 AEs}r] 95t
PCR(21, 25), A% &3& ©]&& in situ hybridization (5), ¥
A5 W@, 23) ol /i oy vint=e) gaslele A
NMe tha Ao ok AZole o3t wEe FEsuA}
enterovirus®] FZEo Bol o]8&d HF A HUFE
(Quantitative Real-time PCR, QRT-PCR) HI'Ho] WSSV 729
AL Ah9, 10). SYBR Green FHA|E1} Tagman probeE F
2 AM-3k= QRT-PCR WS AAIZtow SEH gjake] &
st 24314 wssve] EA) 2 2 AET 5 oA 9
=2 AF R Al-e FANA el AREET ik 17
U PCR, QRT-PCR, WA o]&HET] 22 WSSV HE W

& F2 Ag-2] 2HA WsSVel HEol] ARREo] A9
WSSV 7+ o 5-9] Zeol|gk A -g-5]o] g1, AA] WSSV7} A4
3l sl 2 Gl o] wssvel AHEells ARSE R et
wssve] ZrdA R e} 2 acle] tisk ATFEA A9 BAR
FE vlolyiyt AeEHe $23% AGET opel AW 9
ke B SR 23] BA FE3= £33 HFel
ek A= ALH R 3w o] Yrk(1s, 19, 20). 53] F2l4
o] #7217 Alt-o AT WL LA AV} = Ao
yehston HyAQl A7rAAE 97 wssvell 2= ik
siejEte 3o gostd diFEille ol2X g o=
AT 22y d7) iR A9 =27 Ul wssvel &
A 752 @A a1z} Ao st ATEA, FAlgedl] EAs
< Hlolg2 & B ac17e] Ao disiMe a7 18 ¢l
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Table 1. Sequences of primers and probe used for PCR and Real-Time PCR

Name Sequence (5' — 3 Size Reference
w1 TGATTCTGCATCCAGCTC 824 bp Yang et al. (31)
w2 GCACGGTCAACATGICT Yang et al. (31)
WSV1 TATGGATGAAGACACTTGGAATTC 9bp This study
WSV2 GCTGITCTTCTTCTTCTTCTGC This study
probe FAM-TCCTCCTCCAGCAACGCCCCA-BHQI1 This study

£ Aolt). ol2ie Mol Ylkatd B ATolAE AA) P&
o EASHE Wssvel st FA4 BaATe) DA Tets
A ST o8 Hake] $4 sldol AT WSSVE QR
PCR WIS ol f3le] B8H02 A% FPshe e FUs
dom ozl g, 5%t 4B B4aAH wssvelel
AAAE BHHS

Mz 3 e

AMzo My U =

AP A8 A3t AAEo YA el (Fenneropenaeus
chinensis) 2)7H(37°3823"N, 126°31'39"E)2] %2l ok2)zto]
AFE AREHE FY 52 AsgriEg. 1). 20074 68 12
UHE 2007d 99 208714 2 HFHCE F 83 AFE A
AT AE AF A 23 10A~IAZE GRAZHY 2
e} Falge} aFo 2 f]lsEle #4 dlg 10 LE EEd
EZe)ogdl Aol At on Yt felste] 434
2 FA] sl B2ldlsty $74ed 2 AESHE aqle
A = APAR Uk ZA) 243HTH

22l - sty gH ol £

L5 B Aro oA £AZA7](YSI Model 30)S ©]8-5}
o ZA3908 A AV B¢ I 7129 Wsh= 7]
479 71FAEE Fastan). £244D0), A3 ke
TFZHBOD), BE4 a (chlorophyll @), oFAAF A (nitrite-N), &
FuUo}l Al (ammonium-N), 14} 2l(phosphate-P), TFAF TFa
(silicate-Siy] S4-2 AFAATAAIENHD) € ZFTHQS
sttt A AL (nitrate-NyE salicylic acid ®¥H(15y& 283
o SA31Act

MzZets gole] 24

&Y YHTL Marine agar ¥JX|(MA; Difco, USAYS AHE,
FABHYP o2 HEA 200colA 7Y B WS o
30~30070 9 Wl FAHE F2Y FE AFdte JEeS Ft
Act. HY4 Al 2 HYAd AT E419] AR A3 e
A F A T (indicator bacteria) > 2] F T3 (total coliforms),
A4 T (fecal coliforms), ¥4 enterococci, Vibrio spp.
o] djF L AHFLE cellulose acetate < FHTH0.45 pm pore size,
Millipore)yS AFE-3F T3 (membrane filtrationyS ©]-&-3F5th
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Fig. 1. A geographic map showing the study area. Closed circle
represents the sampling site.

). T WAL, B9 aE, 294 enterococci, Vibrio
spp-2] AES 9% Aeh]AZ= 242} m-Endo LES agar, m-FC
agar, thiosulfate citrate bile
(TCBS) agar (Difco, USA)E o851t}

agar, m-Enterococcus sucrose

HlO|2A &% W St =&

djgo] 9] e vlo|y 28 FFL Katayama S(16)3
Choo (6)° 28t AAE FHE WAFst ARSI B
500 ml2- GF/C (Whatman, 1.2 pum pore size, UK) Sz2to]
gt & ARHg A FoloE FHH HA o7=h045
um pore size, Millipore)oll &J33le] nlojai Ay} osjupel} F2
HEE 3t} o]F GF/Cet HA &39)) 0.5 mM H,S0,5 A
7kt FolEs Mol ¥ oo} | mM NaOH 10 miS
A7kl w58 nlolg2E F43lqt. J5S FA] 50 mM
H,S0,2 5%9& 331 TE ¢5-8902 <HFsrzl o
Vivaspin (Sartorius, UK) AH-E A3t HFH0 =2 200 p=
&34t vlol#sr FHFNOFZHE] DNeasy tissue kit
(Qiagen, USAYE ARE-31e] AlZAL2] i) wa} vlo] 2 84t
& FEIAAU. F2° HFS ©1F QRTPCRY FH o2 AT
e, GFC A# =3 HA A7}gtel|A FFE WSSVe| copy
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QRT-PCRO|| AL E|= WSSV 5= EF2 X|&f

2006 8ol B¥bd AW (white spot syndrome disease)S E.
1 B2 S(Litopenaeus vannamei, white leg shrimp)E A
3le] WSSV ERXFY] AFhe AF AR E ARSI A9
R3] (pleopod)®} o1 F7 25 mgollA4| High Pure viral RNA
Kit (Roche, USA)E #ihe F2330h 58 S FI2
2 3} Yang 31)°l 93] EHEH primer (W1, W2; Table 1)E
AHE3l PCRE 33 TR, 1.5% agarose A o]-g3t] &
7195 #3859, 29 825 bp2] PCR AHES agarose A
oAl A2 oS-, Qiagen PCR purification kitE ©|-83ld A=}
At BAE 825 bpe] PCR 4H=& TaKaRa Perfect-T cloning
kit (TaKaRa, Japan)B AHE-3}] A|2ALe] vl wE} Escherichia
coli DH5% &2 Z3kAH WSSV-inserted plasmidE A Z3HA T}
WSSVe] FE44E0] F2¢ ¥ FEL A F o] FES 9A)
LB XA 18A]zF w)Fgt ©lS, Plasmid Miniprep kit
(DyneBio, Korea)Z plasmidS FE3I5th. 538 plasmid®]
260 nm FREE 243l DNA FE2 ALY plasmid
copy = FA8IAT. Copy 71 2R E o] plasmide )%
QRT-PCRE 93+ WSSV TEHTOZ AMS-H AT

QRT-PCR

QRT-PCRo A2 primer$} Tagman probe= #:.3 WSSV
Z29 GVIMES 7I1ERZ 3t 79 bpe] S FEE F AR
£ A=A TH(Table 1). Tagman probed] reporter dye=Z+ 59
6-carboxyfluorescein (FAM)S &-8-8}9131, quencher dyeZ+=
BHQ-1 dark quencherS 3| AM§-3}Th QRT-PCRS Bio-rad
Abe] Mini opticon (Bio-Rad, USAYS AME-&I$Th QRT-PCR %t
2 £ 2x IQ supermix (Bio-Rad, USA) 10 pl, primer 2
probe ZFZ} 300 nM, template 5l o} 75 A4Skt 20 pl
2 3}l QRT-PCR 7L 94°Col| A 387F vh3- 5, 94°Coill A
152 F¢ denaturing, 60°ColA] 13 F<F annealing-extension,
ol% FYuhe-S AAsl= HAHL 453 HIE Y3l o=
A3t Ht. ZE QRI-PCRY| WSSV HEXF DNAE 10°
copyFE] 10° copyZHA] 1/1002 4 sl T=RFE 19
ZE 83998 Mini Opticon 3 (Bio-rad, USA) EZ 130
A RARE TERT THZE 712 Sl 2R3 wssve]
FEE ARG

an R 0F

QRT-PCRE 0| &8t 8l =X WSSvel H&

B AFors wssvell ZEE Ao REX|ZHE WSSV
9] nucleocapsid T1A (VP35S ZZ&1] 825 bpe] PCR AHE
S FRE 4 URen, o] PCR 4HEY F24YS 0|83y
WSSVe] AL 93 A FF 5T (absolute standard concentra-
tiony= AAFE 4 ATk WSSV nucleocapsid 3418 §29.

A% PCRE Al%g 3l wssvel §xre] A 51

20 y =-3.49367x + 25.335
18 2 =0.9966

Cycle threshold (Ct)

1 2 3 4 5 6 7
Logig Copy number
Fig. 2. Linear relationship between C, values and the dilution of the

plasmid DNA of WSSV samples in the quantitative real-time PCR
assay. C;; cycle number of threshold.

ZHE 7.56x10° copies/ul =2 WSSV AU|EFS FH 3l
QRT-PCRYI| AM&-313t}. ©] WSSV AEFL 1/102 4% 3
A8l QRT-PCRY] BEFE=FAE 73RS W, log,, (WSSV
copies)?} Ct (cycle number of threshold)gke] #Al= BFF =S
Aol A FBAAGFE) 0996622 v A Ve AZHE primer
9} Tagman probe?} QRT-PCRe| E#HFHo=Z HEd F Lol
AU (Fig. 2). sl EAd= WSSVE A HF317] A%
QRT-PCRY| ©] AFEFL wid AREEHI O™ 3 log,, (WSSV
copies)? Ct g2l FBATE 0,995 333t

QRTPCRE 5ol A] nlo]HAE F53 AR HL319S
. FAset Y gl WSSVE ASdla Ak ¢ QU
om A|E HH7)17H) wWSsve] BEXE Fig. 390 AAlE] Utk
AE FAEY AFE 2ole FAFAME i wssvrt A=
HAon I FEEE 4.12x10°~5.03x10* copies/LITh. A1-$- %4
AU FHgolME 68 29 AEE AFtuE BF FYSFH
t wsSve] =7t A AEHULH 1 FEE 3.81x10°~
1.22x10° copies/LQTHFig. 3A). £3] 79 1029 %2459} 7<)
& 25 WSsve) ol $33) F7H%=H, o @ BOD, 8%
2 a, B9 enterococci® T2 FHOE FIIEE o] FE
o] wssve] X7} o7 Ay g4acls 72 @At
U5-S B FckFig. 3).

8= B 2010] Bsl ) wSSvete] g1y

wssve] 743k Ay 2Ed & wE Al ¢kl diEFsAL
E YdoglE EXoZ <l wssvel o3 7de HEsie
Holl tiafiM= A&-Q0 A7) o] FAA ghom(13, 21, 24,
29), 2 Az} HIoll= 2] 873 ARl &%, 9%, pH, &
3 2 9FEF) WEo) AT BIEAAAN JFE Fo
WSSV 2Ee 44 = Aoz BaErh20, 28). WSSV
Zrds) 873 e 9lo] BAS FAS vEITH, il 2R}
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Fig. 3. Variation of WSSV copy numbers (A), chlorophyll a (B), BOD (C),
seawater, ( O ) influent seawater. Error bars represent standard deviations.

T WSSV w=st 793 AT EAT slole} waE
of B dFelMe sl #3ae] Walel 5ol 2Ajshs
WSSV ol tig BAIS BA8tA) stk o] ApolA] AL
T 28 a3l H AETH a1 F 13I2A] o] A
B, ABAF 7)17P8 W3l Fig. 33 Table 29 )=o) )
=

o] BHaRNE FolA -2 o] g9, 4%, A o)
Aol APAC R FRE FRE NAF P2 vl Ta
¢ Balolzt ¢eiA dtha4). Fe F X 25 89 219
of 7 ER5L, GATE 24-29°C, e olEn o R
2126°CE RABIATE ] F2E tiste) Al APst
Tha @i 20~30°C (147} ZAIRE B HASEUS. 4T
o Hghs A9e) Welde s 29ES Eole )
Fo] F53] ke 71 68 FEoA 78 BT Alelst
o] FH HolAl= 98 Wi Eo] 2 oz ¢y
A A o] AFlME 27U AR & sl AT
T2 Wsls AAAE AT 7Y 7)1 Age nf
29 79 997 1Y Alele] o 9] 71 517o) )ik of
23 FAT 7)29 812 wssvel o] Had] 29d 74
109l FAT 422 HslE oA WSSV EES &0]
i o] A3t Zgd AS-ERE tha) Wssvh iEE o] d4e
A& Well Wssve] o] F71E AolEt A& ¢ Ut B
2 o) AFE9IL sk 793 89 Alolo] Rashe AY

[ I T & ¥ T
6M2 &8 MO A &7 8=
Date

T *
5 w20

and fecal enterococci (D) during the study period. ( @ ) aquaculturing

< BYTh FU5Y GEE BEH) Wsel YAk Pe
Helou el A3 PR FAP QR wistE BA
371 skl d22o) obd AN oE $slo] YHIRE T
52 ke Fol o] QaEE BS AU 2] 7

ol s FrATRT Wske] Fo] HUh Ushe wWe W9
HEAME FHol 7hsd FEE0)S 5FE YehlEg 4
Fo] AE-L thste] Agell Hgat{chn gergct

SEMEE 98 IS AQdlas FHF 2§ AUl
A B OF 4~6 mg/LE VERITE G244 o5 FlolA 790
A% T7FE BACT(Fig. 3B), FAFIME W @ v
HEH At} BODS] ¥3l A A54 49 WllEG FAL
A 78l 4T F7HE UEbleH, s fdsolMe o
05~1.3 mg/Le 2 AMS-FHTE ¥e £X2 BYAthFig 3D).
BOD % 984 ao) AHZ Hol 4949 #71% 27le] 4
2 AEZHFIE] g oz AlRHIY.

FEEFY TEE A0 PSR FUGAM RE
E%om ik 749 A FogE A2 A 2K Table
2). o] ¥ W] FEL: o9 o] USSR L53] =%
G AMEE H|Fo] Hol, Al o] AEEFT B JUYFFHE
Aol ALE AFolm, 53] 2R (diatom)ol] 7 T A
o] o]-go] wi-g- BEd At 4T 5 oG, 8). &
G FEUol Ah, obAN A, AN Ao] WEh=
Lorenzen 5(22)°] 53 = Al9-ke) mda) 2o o

bt ol
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Table 2. Variation of physicochemical and biological parameters in aquaculturing seawater and influent seawater

A% PCRE AZH sl wssvel &7391Ae) A 53

Jun.10  Jun24  Jul1l0  Jul24  Aug7 Aug2l Sep5  Sep.20

Temperature (°C) 26.1 25.6 26.7 263 26.8 292 24.6 237

Salinity (psu) 225 233 21.3 20.1 193 17.2 17.3 16.1

Dissolved oxygen (O, mg/L) - 6.0 4.5 6.6 52 5.8 5.0 7.6

Heterotrophic plate count (CFU/ml) ~ 7.3x10°  1.7x10* 4.8x10° 3.1x10* 29x10* 5.5%x10° 3.0x10° 4.4x10°

PO,-P (uM) 0.6 0.8 ND ND 0.8 0.6 2.3 0.3

NH,-N uM) 4.5 6.0 47 45 8.6 28.1 1094 1047
Aquaculturing NO,-N (uM) ND ND ND ND 0.6 33 7.7 12.8

seawater

NO,-N (uM) 204 9.1 9.6 12.8 15.6 17.8 12.8 15.1

Si0,-Si (uM) ND ND ND ND ND ND ND ND

Total coliforms (CFU/100 ml) 1L.Ox10' 16x10° 3.0x10? 3.3x10*> 6.5x10*° 3.3x10' ND ND

Fecal coliforms (CFU/100 ml) ND 66 50 30 30 66 ND 66

Fecal enterococci (CFU/100 ml) ND  57x10% 1.8x10° 4.0x10' 5.0x10° 55x10> ND  1.7x10°

Vibrio spp. (CFU/100 ml) 2.5x10°  13x10° 1.8x10° 5.0x10° 74x10° 64x10° 5.6x10° 6.4x10°
Temperature (°C) 214 26.0 25.7 24.6 25.4 26.3 24.0 21.8

Salinity (psu) 16.6 12.0 11.0 9.5 56 100 10.1 74

Dissolved oxygen (O, mg/L) - 5.7 58 42 6.6 55 5.0 9.6

Heterotrophic plate count (CFU/ml) ~ 8.8x10? 6.1x10? 4.5x10° 24x10° 93x10* 15x10° 1.5%x10° 3.0x10?

PO,-P (uM) 14 17 1.7 2.3 1.3 15 2.0 2.5

NH,-N (uM) 4.1 8.7 49 11.5 11.7 9.5 9.3 278

Influent seawater NO,-N (uM) 1.2 4.3 4.7 6.9 4.8 2.4 1.7 2.6
NO,-N (uM) 26.7 36.0 29.0 27.0 212 193 10.8 6.2

Si0,-Si (uM) ND ND 3.6 31.1 272 272 40.3 14.0

Total coliforms (CFU/100 ml) 48x10* 30x10° 47x10° ND  4.0x10° 6.0x10*> 5.0x10> ND

Fecal coliforms (CFU/100 ml) 1LOx107 88x10' 27x10% 47x107 47x10° 47x10° 1.0x10° 12x10°

Fecal enterococci (CFU/100 ml) 33x10'  1.0x10' 3.0x10' 1.0x10% 3.0x10? 4.0x10' 13x10° 1.2x10°

Vibrio spp. (CFU/100 ml) L3x10°  70x10° 2.5x107 1.9x10? 44x10° 3.3x10? 4.4x10* 1.8x10°

ND; not detected, -; not determined

< Byo), AP Z wssve] it  AABAE HolRe
Ssktt FEHAFAT, F AT, B9 d3TE, 294
enterococci, Vibrio spp.2] W3h= Table 20 AA|Eo it} o]&
Al AR BAAG Ald D AFAFoZA QAo F3igh
Ao ARZ AMS-ET 94 enterococciE A9 dtate
WSSVl 38} o]5 ABAT BXE Aloje] FadAE e
Fo|2 Kol 18] A ¢k Aoz AuE it

£ dFolA S99 25 B3ty gy AEsty o
1S wSsve] sl T 1A 1SS W %4
o o] wssve] BX9} fA BEAYS Bole adde
BOD, §&2 g, ¥94 enterococei’t &% HFig. 3). WSSV
o] g3t 7zt B QRIED ARBAE B4 A} wssve)
&3 BOD, Q&4 q, E94 enterococci Aloldlle AAAQ A4
AHAZE dE AR EAHAT wssvel %2 BODS}

Pearson correlation coefficient 0.67 (p=0.067)2 ERH O,

B4 a9 0.79 (p=0.025), Y4 enterococci®h= 0.82 (p=
0017E YERTH 38 & FES59 FogsEe EF

0.16~0.97= VtER} WSSV ot ZHAQ] B-Ho| gl Ao=
WA At HZoll wssve] AEA R0 tidh drEiE A%
F@AE0] vholgi 9] $3t YL Bud Bl U 19), &
ATAIE ol AMIS S Age} B 4 Qloh B
ATAFHE & 2] A dlslde]e] o]Foix)= g A7)
AIE YFOR o]FoiRl Aolnz o5 Uutslsirldle F&
7 a2y B dFte] dibke WSSvel olE 742913t
o] FAE AFHoE AT 5 Y= EdVl € F UL Ao
o A9 23 Ye] WSSVE HEshe date] oluz}l wssv
o] Fa3F AAFARA sl Aol wssve] ol gk 2721
EUEHY oS ArEtn ok B I7E 58 AED 8
ol EAHE WSSV w5 F3F PCR WS A3
Aol EASHE WSSV e dotatal Ale-AYe) F1sA
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2 APl A4 & UES S A
2 5 g Aoz AuE,

B o) 44

HAe B

B ATE 294999 dstiEtn AR AT AL
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FHoEsl

ron

1. S, 2005, SRR RTRAI G,

2. APHA. 1995. Standard methods for the examination of water and
wastewater, 19th ed. American Public Health Association, New
York, N.Y,, USA.

3. Azam, F 1974. Silicic acid uptake in diatoms studied with
[%8Ge]germanic acid as a tracer. Planta 121, 205-212.

4. Chang, C.F, M.S. Su, H.Y. Chen, and I.C. Liao. 2003. Dietary -
1,3-glucan effectively improves immunity and survival of
Penaeus monodon challenged with white spot syndrome virus.
Fish Shellfish Immunol. 15, 297-310.

5. Chang, PS., H.C. Chen, and Y.C. Wang. 1998. Detection of white
spot syndrome associated baculovirus in experimentally infected
wild shrimp, crab and lobsters by in situ hybridization. Aquacul-
ture 164, 233-242.

6. Choo, Y.-J. 2005. Ph. D. thesis. Prevalence of enteric viruses in
oysters and oyster-harvesting environments. Seoul Nat'l Univer-
sity, Seoul

7. Chou, H.Y,, C.Y. Huang, C.H. Wang, H.C. Chiang, and C.F. Lo.
1995. Pathogenicity of a baculovirus infection causing white spot
syndrome in cultured penaeid shrimp in Taiwan. Dis. Aquat. Org.
23, 165-173.

8. Darley, WM. and B.E. Volcani. 1969. Role of silicon in diatom
metabolism, A silicon requirement for deoxyribonucleic acid syn-
thesis in the diatom Cylindrotheca fusiformis Reimann and Lewin.
Exp. Cell Res. 58, 334-342.

9. Dhar, A.K., M.M. Roux, and K.R. Klimpel. 2001. Detection and
quantification of infectious hypodermal and hematopoietic necro-
sis virus and white spot virus in shrimp using real-time quantita-
tive PCR and SYBR green chemistry. J. Clin. Microbiol. 39,
2835-2845.

10. Durand, S.V. and D.V. Lightner. 2002. Quantitative real time PCR
for the measurement of white spot syndrome virus in shrimp. J.
Fish Dis. 25, 381-389.

11. Flegel, T.W. 1997. Major viral diseases of the black tiger prawn
(Penaeus monodon) in Thailand. World J. Microbiol. Biotechnol.
13, 433-442.

12. Francki, R.IB., C.M. Fauquet, D.L.. Knudson, and F. Brown. 1991.
Classification and nomenclature of viruses: Fifth report of the
international committee on taxonomy of viruses, p. 1-450. Springer-
Verlag, New York, N.Y.,, USA.

13. Hameed, A.S.S., V. Parameswaran, S.S. Musthaq, R. Sudhakaran,
G Balasubramanian, and K. Yoganandhan. 2005. A simple PCR
procedure to detect white spot syndrome virus (WSSV) of shrimp,
Penaeus monodon (Fabricious). Aquacult. Int. 13, 441-450.

14. Hennig, O.L. and E.R. Andreatta. 1998. Effect of temperature in an
intensive nursery system for Penaeus paulensis (Perez Farfante,
1967). Aquaculture 164, 167-172.

Kor. J. Microbiol

15. Kalff, J. and E. Bentzen. 1984. A method for the analysis of total
nitrogen in natural waters. Can. J. Fish. Aquat. Sci. 41, 815-819.

16. Katayama, H., A. Shimasaki, and S. Ohgaki. 2002. Development
of a virus concentration method and its application to detection of
enterovirus and norwalk virus from coastal seawater. Appl. Envi-
ron. Microbiol. 68, 1033-1039.

17. Kim, Y.J. and M.J. OH. 2004. Characteristics of white spot syn-
drome virus (WSSV) infected shrimp (Penaeus chinensis). Bull.
Fish. Sci. Inst., Yosu Nat'l Univ. 13, 16-22.

18. Le Moullac, G. and P. Haffner. 2000. Environmental factors affect-
ing immune responses in Crustacea. Aquaculture 191, 121-131.

19. Liu, B., ZM. Yu, X.X. Song, and Y.Q. Guan. 2007. Studies on the
transmission of WSSV (white spot syndrome virus) in juvenile
Marsupenaeus japonicus via marine microalgae. J. Invertebr.
Pathol. 95, 87-92.

20. Liu, B., ZM. Yu, X.X. Song, Y.Q. Guan, X.F. Jian, and J.F. He.
2006. The effect of acute salinity change on white spot syndrome
(WSS) outbreaks in Fenneropenaeus chinensis. Aquaculture 253,
163-170.

21. Lo, CF, CH. Ho, S.E. Peng, C.H. Chen, H.C. Hsu, Y.L. Chiu,
CF. Chang, K.E Liu, M.S. Su, C.H. Wang, and GH. Kou. 1996.
White spot syndrome baculovirus (WSBYV) detected in cultured
and captured shrimp, crabs and other arthropods. Dis. Aguat. Org.
27, 215-225.

22. Lorenzen, K., J. Struve, and V.J. Cowan. 1997. Impact of farming
intensity and water management on nitrogen dynamics in intensive
pond culture: A mathematical model applied to Thai commercial
shrimp farms. Aquaculture Res. 28, 493-507.

23. Lu, Y., L.M. Tapay, and P.C. Loh. 1996. Development of a nitro-
cellulose-enzyme immunoassay for the detection of yellow-head
virus from penaeid shrimp. J. Fish Dis. 19, 9-13.

24. Rosenberg, R. 2000. World shrirap farming 2000. Shrimp News
International 13, 1-324.

25. Tapay, L M., E.C.B. Nadala, and P.C. Loh. 1999. A polymerase
chain reaction protocol for the detection of various geographical
isolates of White Spot Virus. J. Virol. Methods 82, 39-43.

26. Van Hulten, M.C.W., MLE Tsai, C.A. Schipper, C.F. Lo, GH. Kou,
and J.M. Vlak. 2000. Analysis of a genomic segment of white spot
syndrome virus of shrimp containing ribonucleotide reductase
genes and repeat regions. J. Gen. Virol. 81, 307-316.

27. Van Hulten, M.C.W.,, J. Witteveldt, S. Peters, N. Kloosterboer, R.
Tarchini, M. Fiers, . Sandbrink, R.K. Lankhorst, and J.M. Vlak.
2001. The white spot syndrome virus DNA genome sequence.
Virology 286, 7-22.

28. Verghese, B., E.V. Radhakrishnan, and A. Padhi. 2007. Effect of
environmental parameters on immune response of the Indian spiny
lobster, Panulirus homarus (Linnaeus, 1758). Fish Shellfish
Immunol. 23, 928-956.

29. Wang, Y.C., C.E Lo, PS. Chang, and GH. Kou. 1998. Experimen-
tal infection of white spot baculovirus in some cultured and wild
decapods in Taiwan. Aquaculture 164, 221-231.

30. Wongteerasupaya, C., J.E. Vickers, S. Sriurairatana, GL. Nash, A.
Akarajamorn, V. Boonsaeng, S. Panyim, A. Tassanakajon, B.
Withyachumnarnkul, and T.W. Flegel. 1995. A non-occluded, sys-
temic baculovirus that occurs in cells of ectodermal and mesoder-
mal origin and causes high mortality in the black tiger prawn
Penaeus monodon. Dis. Aquat. Org. 21, 69-77.

31. Yang, B., X.I.. Song, J. Huang, C.Y. Shi, Q.H. Liy, and L. Liu.
2006. A single-step multiplex PCR for simultaneous detection of
white spot syndrome virus and infectious hypodermal and hae-



Vol. 44, No. 1 % PCRZ Al 5 wssve} &1t w1
matopoietic necrosis virus in penaeid shrimp. J. Fish Dis. 29, 301- liform virus. J. Virol. 75, 11811-11820.
305.

32. Yang, F, J. He, X.H. Lin, Q. Li, D. Pan, X.B. Zhang, and X. Xu. (Received March 10, 2008/Accepted March 17, 2008)
2001. Complete genome sequence of the shrimp white spot bacil-

ABSTRACT : Quantification of White Spot Syndrome Virus (WSSV) in Seawaters Using Real-Time
PCR and Correlation Analyses between WSSV and Environmental Parameters
Jaeho Song, Yoe-Jin Choo, and Jang-Cheon Cho* (Division of Biology and Ocean Sciences,
Inha University, Incheon 402-751, Republic of Korea)

White Spot Syndrome Virus (WSSV) is one of the most virulent viral agents in the penaeid shrimp culture
industry. In this study, WSSV in a Fenneropenaeus chinensis shrimp farm and an adjacent seawater were con-
centrated using a membrane filtration and quantified using the quantitative real-time PCR (QRT-PCR) method
with newly designed primers and Tagman probe. Sensitivity of primers and probe was proven by WSSV stan-
dard curve assay in QRT-PCR. In order to demonstrate the relationship between WSSV and environmental
parameters, physicochemical and biological parameters of the farm and influent seawaters were monitored from
June to September, 2007. The abundance of WSSV ranged 3,814-121,546 copies per 1 liter of seawater, which
was correlated with fecal enterococci (*=0.9, p=0.02), chlorophyll a (*=0.8, p=0.03) and BOD; (*=0.8,
p=0.07). Subsequently, it is concluded that the QRT-PCR method using Tagman probe established in this study
was efficient to clarify the quantification of WSSV in seawaters. Statistical analyses of environmental parameters
obtained in this study also showed that the abundance of WSSV was correlated with several biological parameters
rather than physicochemical parameters.
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