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Real-Time PCRE 0|83 &5 ZX{ 8Ky Hjo|2{2o| Ha
9l QkAl S1ZHQIXIRtO| AMZEHH| 2
SIS - FO4Fl - =FH*
OISIHSt XAntSist AMHsHuUnstR

ZukA n}e] 3 2(white spot syndrome virus, WSSV)E o2 A A $-¢] 714 3l bl A1S d07]= A QA o
o] 733 Y A ulolgl 2ot B AT A& 72t 91X 3 o Sk(Fenneropenaeus chinensis) %A1 A-9] 4]
9} A AR 7 FYSE oA WSSVE T Y& o] 831 g e, A FA HIAAg primer ¢}
Tagman probeZ- A48} A3 A A] 7k PCR (quantitative real-time PCR, QRT-PCR)-& 243}« WSSVE A
84t T =X FS AHS-3F QRT-PCR A}, A2k primer ¢} probeE- o]-4-3led WSSv7h A &slx q17s1A 2
£39L FAs . 56l A5 wssv el Bl B8, A #4897k ARAA E =E317) 3}
o] oA 49} #l5 F-YSol A df 3) FA] 7] 7l 20079 69 ] 99 74A] F 83 AX thoFal A 8 QL BN
st} A5 1L e A8t WSSV 8F-2-3814-121,545 copyd 2.1, o] = B9 A enterococci (r?=0.9, p=0.02),
454 a (=08, p=0.03), A e Ak & FH(2=08, p=0.07)7 4R #A & Jepi AEH 22 £ AT
A AP WSSV 554 L QRT-PCR HHY 2 |40 4] 31= WSSVE A 3= E3bA o] §l.2n, &5
EA8= wSsve] & BTt A48 AESE A8 YA AAL vgd.
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3luby who]2) 2 (White Spot Syndrome Virus, WSSV)= 5o}
Alofe} Fidotao} Bl Holmg]7le] AtellA] iR s
© Aol st digEAlE dodle Ul vholgfzol A
Aol vl 73 54 HLlrk(1). Wk nlo|g e ol
A% DNA vlo]g22A Zoli= oF 275 nm, Yol <F 120 nm
Q1 o Eeke] Fejo]m(30), frAe] A7)= <F 290~305 kbell
o|&r}27, 32). AEAH O Z WSSVE Baculoviridaedl] &3 A
o7 QU 77t B A ok(12), HZ Hlal A
BA Ay o] mlo]# e A|EE Ffamily)S] Whispoviridae
o) £&3= Whispovirusgkaz #|2+= Aeh(26).

1990t} Z oFAlofell A WSSvell <&k 2] Aj9-of oAl
7F As B oY E WSSvE AlS- A skt e
B Yol A 2] kel & F3lE oF7IA1A Stk wssvell
AAE A 2ol Ae] vido] Yehhe 548 v
o, 7+ % 3-10Y <ol 100%62] AARES HLITK7). ol
T 1993 WSSVE 13 Al-9] th@HAE H22 BHarg o]
2 wWssvell 2J3t th3l(Fenneropenaeus chinensis) F2]¢] Jsf=
gjuict F7Fekar AATE Al-F2lo] =7F ZIHEAR1 =, divh,
Fdorlof m7tel| Hls] A7} w9 255 A7 ooh(17).

e AGPoR Qg 7 F 7] v HA #A) wiEel,
wssvel gt 284 dte GRS 7] Adshes WY

s
A

*To whom correspondence should be addressed.
Tel: 82-32-860-7711, Fax: 82-32-232-0541
E-mail: chojc@inhaac.kr

49

o] 7o) FE o] Rtk WSSVE a7 o7 7HEs}7] 95t
PCR(21, 25), 312 &3S ©]-&¢k in situ hybridization (5), ©
A8hA] W (4, 23) To] A o vizkwe}l Hukslele A
ANME tha Aol ot HZoe o)yd TS FEsluAt
enteroviruse] AZol| Bo] o]8&H AHFF A IAFH
(Quantitative Redl-time PCR, QRT-PCR) WIH o] WSSV #HZoll
Z-22 A9, 10). SYBR Green &3 81} Tagman probes F
Z AMgSh= QRT-PCR WHL A7tz FZ g site] oS
AeFsle] Al wssve] E4] 2 S AEE 5= oA 9
9] 79 iR Al FAelA el ARgE A Qick 1
1} PCR, QRT-PCR, A& o8 HE 2 WSSV & W
He F2 A9-2] 2o Wssvel AZo] ARE-E o] x99
WSSV 7 of o] Hetol| gt A-g-=o] gla1, 4] WSSV7} A4
Bhe Bl @ kAol A Y] WSsvel HEollE ARRER] 29kt
wssve] Zr7 2ok A aclel tigk A=A Ale-2] ZAR
S vpoly 2t Hawe A2 et ol Andkal gl
SET 2 P28 8R17e] AN FESE 2 A Al
gk AT AEH o2 FaE o] Frh(18, 19, 20). 53] FAF
o] B a1 Ao A WE LHI BAV} = o=
yepton Autzel AxAdse A$7F wssvell 2=k
sielgle 3o dsahd dgHildle o]24] e Ao=
Aok ey A7) giREe Al 23 Ye] wssvel &
A Fri-eb 8 17k Aol tigh A=A, FAlgeell EAI8E
= ol 9 FF e 17 B dlsire A7 13 ¢l
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Table 1. Sequences of primers and probe used for PCR and Red-Time PCR

Name Sequence (5 — 3) Size Reference
w1 TGATTCTGCATCCAGCTC 824bp Yang et al. (31)
W2 GCACGGTCAACATGTCT Yang et al. (31)
wsv1 TATGGATGAAGACACTTGGAATTC Z9bp This study
WSV2 GCTGITCTTCTTCTTCTTCTGC This study
probe FAM-TCCTCCTCCAGCAACGCCCCA-BHQ1 This study

& Agoleh. ofeld Aol 7)zsle] B Aol A4 A5
o EAIsH: wssvel st 45 B BAE wets
317} S5k ol glske] $4 sl4] EAlskE WSSVE QRT-
PCR WIS o)l BaMow A%, Aele WS s

ow oleirhA) =2, 58, AR $A207 wssvelel
ARBAE 2R

A2e MF Y 2@

AT AlEE Al ZdHe Yxg tisk(Fenneropenaeus
chinensis) 9¥217(37°3823'N, 126°31'39"E)2] 2159} b2 4]
Qg AMEHE 79 iR A3 kFig. 1). 20073 69 12
YRE 2007 92 20U71A] 2 HHO = F 83] AEE A
AL AlE AFH AR o 104]~1IA 2 DA H T A
o] F2ae) Aoz FYse 7Y d5 10 LE Hud
ZEjolgal Aol At om Wi el frolate] AEA
2 FA] et EEsiets g aql B AESA el

A AYAR S0 34 S,

fo

FAZ471(YS Modd 30)S ]85}
of SAstom Als AFH7IRE B Y 7o W= V)
3R] 71FARE Farskeh. 854 (DO), A3 Ak e
T2(BOD), B=4 a (chlorophyll a), oFAAF A (nitrite-N), o
EYo} Ad(ammonium-N), <14+ <l(phosphate-P), T4+ T4
(slicae-S)e] 42 I ETATEH(D) 2 EFTHQRS
wekth, AAk A (nitrateN)E sdicylic acid (1508 283}
o ZAsIach

MZetd golo| B4
Z2:9%N 7S Maine agar HlX|(MA; Difco, USA)E AHE,
FHAHAU o HFEs 20°ColA 7 B MG o

30~30071 ¢l ol FAE F2Y 5 ASEl HiEe T
Aok HAA Alr 2 LA Al EAQ] NEE ARSSIAL e
| AT (indicator bacteria) > 24 &t (totd coliforms),
A4 A (fecd coliforms), #U41 enterococci, Vibrio spp.
o] mjF 2 AL cdlulose acetate ©]3}}H0.45 pum pore size,
Millipore)& ARS8+ 2hod b (membrane filtration)S ©]-&-3F3ch
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Fig. 1. A geographic map showing the study area. Closed circle
represents the sampling site.

(2. F N, B i, 94 enterococci, Mibrio
p.8 HES A3 HeuixE= 242 m-Endo LES agar, m-FC
agar, m-Enterococcus agar, thiosulfate citrate bile sucrose
(TCBS) agar (Difco, USA)YE ]33 th

HiO|HA s& % M =&

ol &0l Ae viol# 29 F5S Kaayana 5(16)=
Choo (6)° &J3te] AxE WS HEFst ARSI sl
500 Mm-S GF/C (Whatman, 1.2 um pore size, UK) of3}atel]
g & oAFRS T Fol2oF FHE HA 7045
um pore size, Millipore)oll &Jx}sled nlo]egj2~r} oajuatel &2t
HEE 3 ©]F GFIC HA oixgldl] 05mM H,S0,5 3
7hete] ol ES Aol F ofFtelel] 1 mM NaOH 10 mks
A7kt 54 nlolejsaE 35alsitt. 343 A 50 mM
H,S0,2 s5d& F3lelal TE ¢5-894 02 PYstA|Zl v
Vivaspin (Sartorius, UK) ZH-S AME-3te] HFH 02 200 w=
FEoAY. vpolE . FEHFYOZHE] DNeasy tissue kit
(Qiagen, USA)E ARE-3to] A|lZALe] Wl whe} vlo]e 2~ 4k
£ FE5IA 58 A o]F QRT-PCRY] T3 0.2 X185
Rom, GFIC o2tz HA o ol A A gke wWSsve] copy



Vol. 44, No. 1

TE FAketA sl ol EAShE vtelE 2 4 AlLFeAT
QRT-PCRO]| AF2E[= WSSV sEEZo| %

20061 8ol #wkx 2w (white spot syndrome disease)S R
Q1 3 )] Al-$~(Litopenaeus vannamei, white leg shrimp)E 44
ste] WSSV =T AlES 918 A5 2 ARSI A9
F-2:2] (pleopod)o} o}7Hm] Z2] 25 mgel| 4] High Pure virad RNA
Kit (Roche, USA)E 34hE FE3Ith 58 s T3
Z 3} Yang (310l o8] W primer (W1, W2, Table )&
ARR3le] PCRS 488t TR, 1.5% agarose A3 o]&3te] 7
719%5S 383590k 59 825 bpe] PCR AH=-S- agarose A
oA 2 TS, Qiagen PCR purification kits o]-&3}e] A&}
At GAE 825 bpe] PCR AHE-S TaKaRa Perfect-T cloning
kit (TaKaRa, Japan)S ARt Al|lZARe] WiRioll whe} Escherichia
coli DH5l| AZXZHAA WSSV-inserted pIasmioFE R =
WSSve] FE4kEo] 289 | FES IR F o] FES 94
LB ujx]oll A 18A1ZF HFE the, Plasrnld Miniprep kit
(DyneBio, Korea) = plasmidE® %399 th 53+ plasmid?]
260 nm §3=5 Z73te] DNA F&=5 AXteld o plasmid
copy = el th Copy 47F 2AE o] plasmide o] %
QRT-PCRS 9]¢+ WSSV F=XEF 22 AREH I

QRT-PCR

QRT-PCRoI| AHE-2 primer®} Tagman probe= X3 WSSV
FE9 AVIMES 7R 5] 79 bpo] 2HES TEE F U=
2 A 2= A cH(Table 1). Tagman probe®] reporter dyeZ+ 50
6-carboxyfluorescein  (FAM)S 483931, quencher dyeZ+
BHQ-1 dak quencherE 3¢l AME-3}H T} QRT-PCRL Bio-rad
Ak Mini opticon (Bio-Rad, USA)S AH&-313t}. QRT-PCR 4t
S gole 2x |Q supermix (Bio-Rad, USA) 10 pl, primer @
probe 22+ 300 nM, template 5ul o SHRGFE H7ske] 20
2 3}tk QRT-PCR Z71-& 94°Col| A 3f 7 HkE- 3 94°Col| A
15% 59t denaturing, 60°CollA] 1% &9t annedling-extension,
o|% ¥ S ke Y-S 458 J—. T Ao
AA5IAT. EE QRT-PCRY] WSSV HE=X%F DNAEZ 10°
copyFE] 10° copyZHA] 11022 A% FAjsle] FydE 1
ZE FR3FYo™ Mini Opticon 3 (Biorad, USA) Z 2 13)0]
A ARE FEREF 2YEE VRE gl EAlskE wssve

e

=
o 1=

Zo o o
QRT-PCRE 0|28} 8|4 =X wssve| &zt
£ ATere wssvell AHE Ao FEAZHE WSSV
94 nucleocapsid T A (VP35)S F3%3te] 825 bpe] PCR 2=
= 2T F den, o] PICR AHEY] FEY S o] &3t

WSS\/«] S 93 A FF5 = (dbsolute standard concentra-
tion)S AlAF = Itk WSSV nucleocapsid -F-3Ake] 220

Ak PCRE Al sl wssve}l s3] 4 51

20 y =-3.49367x + 25.335
18 - r? =0.9966

Cycle threshold (Ct)

0 T T T T T
1 2 3 4 5 6 7

Logj( 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 756x10° copiedul FE WSSV AU EFS FH3l
QRT-PCRol| AL&-3lTh o] WSSV ATEFS 17108 A< 3
A3t} QRT-PCRY] EFFEFHMS T39S W, log,, (WSSV
copies)$} Ct (cycle number of threshold)ate] IAI= TFE =
Aol A A (D) 0996622 ¢ =4 YERT AR primer
S’Jr Tagman probe’} QRT-PCRll &3} og #8" 5= glgo]
FAHATHFig. 2). ol EAs= wWssvE sty 93
QRT-PCRe] o] Atj3EF2 v A= o™ &4 log,, (WSSV
copies)@} Ct k2] A#AIFE= 0992 433t

QRT-PCRE: #ll5ollA] nlo]g 2 553 Al H839S
w), SFAZ=s} 69 aollA] WSSVE HEsla At 4 U9l
om Alg AH7IZES] WSSV X Fig. 39 AlAIEo]
A FAe] AFE 2olE FYUSIAE Wi WSSVt HE
HQom I FEE 412x10°-5.03x10* copiesLIth. AR %k
AUl PGl 68 29 AIEE AQslae BT YR
o WSsvel &7t =4 AEFFUNSH 1 TEE 381x10°~
1.22x10° copies/L SATHFig. 3A). 53] 79 10¥0)] 249} %%1
o B Wssve] o] F43] F7RsIEd, © W BOD,
2 a, U4 enterococti = B PO E TIEE Aol J*"L
2o} wssve] B¥7} o] A #7401 de AL
S B FATHFig. 3).

Zass
A = 7;9& R TH20, 28). WsSsvel
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Fig. 3. Variation of WSSV copy numbers (A), chlorophyll a (B), BOD (C), and feca enterococci (D) during the study period. ( @ ) aquaculturing

seawater, ( O ) influent seawater. Error bars represent standard deviations.

= WSSve] w9} 37 a1t AT EAE Flogt Ay
o] B Ao M a2l #7581 W} s EAs=
WSSV ol tigt IAIE E493kaz) skt o] Aol A}
s E2islshA] a9l 2 AESH 22l F 1INEA o]5Y Al
B, A EAF 717PE Wsk= Fig. 39 Table 200 AzlEo] 3l
=3

o] QRIS FolA 22 AR 29, A4, AA o
ARRREC] A A 07 ks FEE AR oA v F&
gk s alolgt duA Uth(14). 22 F X BT 8Y 1Y
ol 7P Egkal, AFE 24-29°C, F-U5E oK) ot v
21-26°CS FrABIATh. F2lge] 22 tiste] Al A3t
o &eizl 20-30°C (14)7}F 2APIE B SRS 345
G20 Wk Al9-2 WYESs JEAA PEES =ol=
F2o] F43] s A7 69 FTolA 72 T Alolgt
F~2o] FAA GOl 980 W EC] & Aoz U
A Q. o] AelME 25Y HA0 R -8 Sl FAT
F29] Wsks AT ZIIAAT 713 7] AlFol w
29 79 9 1Y Atelofl oF 8ol 71 shdo]l AT o]
A3 FAg 7129 s WSSve] o] Haro] gdd 7
109 A% 9] WslE of7|AA wssvel HAES #ol
I o] Ayt A AS-EHE oAl wssvrt WEE o] s
A& el wssve o] S71S Zolg) olSE 4= ot G8
2 s Asegrt BAske 79 89 Apolol ke A

| o
ML
%
o
&
o
Lo
23
R
o
e
o
FF
00
of
tlo

Hgo} gl G FAFe FAT G WekE WA
37 Slete] A%4o] ofd FHH o2 Sgslo] YRR B
AT THE Fol o] SelEle A fUSE L) 0
2ol 34 AAFRD Wale) Zol Helek. tiske we el
PRANE o] 758 BAY )] 59 Lhehlmz )

o] ie vjshe] Aol Al e,

FENAE 08 S Algfshas P B S5 H95l
4 o

AEHATE BODY W3t HA] F=4 adf WsljRld fAL
sHAl 79l §4% SV vEleH, sl fdTolMe of
05~13mgLLE AMSFRTUE Bo £32 B AtkFg 3D).
BOD ¥ §E4 a9 4¥9E Hol Y9 f7I1E $7H] 9l
2 AEZHIEY IO E ALEH AT

FUAFY e AH o g FAFEHT FAFNA R
=9om ok FA4e] S oM = AEEA] EUTHTable

AT

2). ofe P45 vhe] @R a) Fol FYFRL V5 B
W AMIE HlFo] Hol, Gf45 )] 4EEYAE] JYATE
Al AR Aol 53] T (didom)el] oI5 T4 T

A

of olgol vlg BUAAR Adet FAL F ATE 9.
Ppol ) grm]o} Az, obEAl Ak, AN AWke] WS

Lorenzen 5(22)°] <=3 % Af$-okae] eyl 2o okt
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A% PCRE Al sl wWssvel 3R1x1e] #4] 53

Table 2. Variation of physicochemical and biologica parametersin aquaculturing seawater and influent seawater

Jnl0  Jun24 10 Jul24  Aug7 Aug2l Sep5  Sep.20
Temperature (°C) 26.1 25.6 26.7 26.3 26.8 29.2 24.6 237
Salinity (psu) 25 233 213 201 19.3 17.2 17.3 16.1
Dissolved oxygen (O, mg/L) - 6.0 45 6.6 52 5.8 5.0 7.6
Heterotrophic plate count (CFU/ml) 7.3x10°  1.7x10° 4.8x10° 3.1x10*° 29x10* 55x10*° 3.0x10* 4.4x10°
PO,-P (M) 0.6 0.8 ND ND 08 06 23 03
NH,-N (uM) 45 6.0 4.7 45 8.6 281 1094 104.7
Aquacultuning oy~ (M) ND ND ND ND 06 33 7.7 128
seawater
NO;-N (UM) 204 9.1 9.6 128 156 178 128 151
SiO,-Si (M) ND ND ND ND ND ND ND ND
Total coliforms (CFU/100 ml) 10x10' 16x10° 3.0x10° 3.3x10° 65x10° 3.3x10! ND ND
Fecd coliforms (CFU/100 ml) ND 66 50 30 30 66 ND 66
Fecd enterococci (CFU/100 ml) ND 5.7x10° 1.8x10° 4.0x10* 5.0x10° 5.5x10? ND 1.7x107
Mibrio spp. (CFU/100 ml) 25x10° 1.3x10° 18x10° 50x10° 7.4x10° 64x10° 56x10° 6.4x10°
Temperature (°C) 214 26.0 25.7 24.6 254 26.3 24.0 21.8
Sdinity (psu) 16.6 120 11.0 95 56 10.0 10.1 74
Dissolved oxygen (O, mg/L) - 57 5.8 42 6.6 55 5.0 9.6
Heterotrophic plate count (CFU/ml) 8.8x10% 6.1x10%° 45x10° 24x10° 9.3x10° 15x10° 1.5x10° 3.0x10?
PO,-P (UM) 14 17 17 23 13 15 20 25
NH,-N (M) 41 87 49 15 1.7 95 93 27.8
Influent seawater NO,-N (UM) 12 43 4.7 6.9 48 24 17 26
NO,-N (uM) 26.7 36.0 29.0 270 212 19.3 10.8 6.2
SO4-S (UM) ND ND 36 311 27.2 272 40.3 140
Tota coliforms (CFU/100 ml) 48x107 3.0x10? 4.7x107 ND 40x10° 6.0x10° 5.0x10° ND
Fecd coliforms (CFU/100 ml) 10x10? 88x10' 27x10° 47x10? 47x10° 4.7x10° 10x10? 1.2x10*
Fecd enterococci (CFU/100 ml) 3.3x100  1.0x10' 3.0x10' 1.0x10? 3.0x10° 4.0x10* 1.3x10*° 1.2x10°
\ibrio spp. (CFU/100 ml) 13x10° 7.0x10° 25x10° 1.9x10° 4.4x10° 3.3x10° 4.4x10° 1.8x10?
ND; not detected, -; not determined
S BRPo}, Anka o g wssve gkt & AAEAIE HolRE A=A a®tE 079 (p=0.025), &94 enterococci &= 0.82 (p=
Bt FHEIHATE, T W, B9 idET, 948 0017)E YERfTE $HH o2 FEE59 FodEd BT
enterococci, Vibrio spp.¢] W3k Table 20 AJAE|o] Qlt}. oS 0.16~0.97= YER} WSSVl &3t A7 2] Q1 Hedo] %i—t— Ro=

Alt-e QAUAFral

A Al 3 AR

FATCEZA AA |

FAE Ao} H2ol] wssvel A E

o theh d+=

‘:'Eﬂ Al

o]

s

Aol ARZ AT 94 enterococci S A9k

WSSV e} o5 A At 3 Atole] A= Hsle]
—iroli Hol ag] 4] ¢ F o= ATH It

ATollA SHE BE £ $Ea%09 AESH &

Ja Wwssve] Wttt 1 E TeA ERlEs o

T W] wssve] Exet AR BEPES Hole 8Rlde

BOD, 9=4 a, 94 enterococci”} EHE ATHFAQ. 3). WSSV

o] &} 7} FAFQRNET ] FBBAE B 2 wssve

k7l BOD, 24 a, 94 enterococt Aleloll= @291 A

dBAZE e AR EAHEAGT. wssvel 4 BOD9}

Pearson correlation coefficient 0.67 (p=0.067)< YER 1o,

=
EziEo] vpolejze] 37 43U B v YEV(19), ¥
T SR AT ST Aok & & 29 &

U

A7ATR= 3 3] FRolA tsldao] o] Foj A= & /‘17191
AE Yoz o]FojA AHolmg ]E Adksls)7] ol
7b mEd a2y & A7) A= wssvet ol ﬁwﬂgom

o WS AFHOE ATT & Y EL 2 5 U2 o]
o A9 22 vle] wssvE AEsh el olujel wssv
o F28 AV A5olMe] wssvel el e 47152)
BUHP B4 AT k. ¥ A7E 5o 399 3
ol EABHE WSSVl EEWHE 3P POR B A5
Fa5ol EAIBRE WSsvel e sterstel Al RS Ths
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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. Sengitivity of primers and probe was proven by WSSV stan-
dard curve assay in QRT-PCR. In order to demongtrate 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 feca enterococci (r?=0.9, p=0.02), chlorophyll a (r?=0.8, p=0.03) and BOD; (r*=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. Satigtical andyses of environmenta parameters
obtained in this study aso showed that the abundance of WSSV was correlated with severa biologica parameters
rather than physicochemical parameters.
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