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1 1) (321) (14=1) ,
6h, 72h;
1.1 ’ 3
1.1.1
, 30 40uL PBS
, (7.71% .

0.98 10 10 R 40uL
b R)Cm . PBS 2/,
’ 5 A ’ 24h s , 50%

100% ’ ’ -20°C Oh

° 6h 12h 24h 48h 72h 96h
1.1.2 WSSV WSSV
: R RS NN ’ ’
PBS, , 4°C  7000r/min 123 (2010)
s o,
15min; 30% PCR WSSV
(WIW), 4°C  16000r/min 50min, ,
PBS (pH 7.4) 0.45]um 2
; -80°C 2.1
1.1.3 DNA DNA 211 WSSV
Sun (2013) , PCR You (1) WSSV
(2010) s
WSSV
1.1.4 (2010) 1, WSSV
WSSv | WSSV
DNA s , 24h
, 1421 (54.1%
(copy/pL) = (ng/uL) x107°x 3.8)% 321 (36.725.8)%
/ 23#%1 (24.4%5.1)%
, 6.02><10%, 231
=1 (660g/mol) x (P<0.05), 96h ,
(bp) 231 (52.2%13.5)%, 321
1.2 (75.6 =3.8)%, 141 (63.3%x
1.2.1 , 3.3)%
2 3 ) WSSV
40uL  PBS 10* WSSV
1.2.2 (23 WSSV WSSV
0.9 —— RERLWSSV £hE32+1
i 07 RINRWSSV 2hEE23+1
j;]' 05 —a— WSSV hEE 1441
E 03 —o— RAFLWSSV £hE32+1
B 01 - —*— WSSV 22311
o —x , RRWSSV EhEE 1441
' Oh 6h

Fig.1

Effects of salinity acute changes on the mortality of L. vannamei
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1,
, 6h WSSV
24h 48h 96h 321 23 2, WSSV
+1 (P<0.05); 6h 12h 48h 72h WSSV, WSSV
141 231 ,
(P<0.05) 3241 234 3241 231
1 96h , (P>0.05); 1421
57107 copy/g, 2.3>10° copy/g, 2341 12h 24h 48h 72h
72h 2.8><10" copy/g (P<0.05); 96h ,
2.1.2 WSSV 2341 (48.821.9)%, 3241 (61.1
(1) WSSV +10.7)%, 141 (63.3212.0)%

F1 EERTFEE WSSV LYLEM IR BB

SEERSENER

Tab.1 Effects of salinity acute changes on white spot syndrome virus copy number in L. vannamei infected with WSSV

M) WSSV (copy/g)

0 32+1 1.2 x 10 1.3 x10' 1.2 x 10" 1.0 x 10°
23+ 1 1.2 x10' 2.4 x10! 1.6 x 10 7.0 x 10°
14+1 1.0 x 10" 1.5 x 10 1.3 x 10! 3.0 x 10°

6 32+1 2.0 x 10° 3.1 x10° 2.4x10° 6.2 x 10°
23+ 1 9.0 x 10" 2.2 x10% 1.4 x 10% 6.5 x 10"
14+1 1.4 x10° 4.0x10° 2.5x10° 1.3x10°

12 32+1 5.0 x 10° 9.0 x 10° 7.0 x 10° 2.0 x10°
23+ 1 2.9 x 10? 5.6 x 107 4.0 x10° 1.5 % 102
14+1 3.7 x 10* 7.3 x10* 5.2 x 10* 1.9 x 10*

24 32+1 2.7 x 10° 6.8 x10° 5.2 x10° 22 x10°
23+ 1 1.4 x10° 7.0 x 103 4.4 x10° 2.9x10°
14+1 3.2 x10* 7.7 x 10* 5.1 x 10* 2.3 x10*

48 32+1 1.5 % 10° 1.9 x 10° 1.6 x 10° 2.1 x10°
23+ 1 1.1 x10* 4.8 x10* 3.0 x 10* 1.9 x 10*
14+1 8.7 x 10° 1.0 x 10° 9.4 x 10° 8.8 x 10*

72 32+1 7.4 % 10° 8.4 x 10° 8.0 x 10° 5.3 x10*
23+ 1 3.2 x 10* 7.2 x10* 5.3 x 10* 2.0 x 10*
14+1 1.2 x 107 43 %107 2.8 %107 1.6 x 107

96 32+1 4.2 x 107 8.6 x 107 5.7 x 107 2.5 x 107
23+ 1 3.2 x10° 5.9 x 10° 2.3 x 10° 3.1 x10°
14+1 1.1 x10° 2.4 x10° 1.7 x 10° 6.7 x10°

0.7 —o— RALWSSV EhEE3241
’ KRLWSSV EhEE2311
ﬁ 05 — e RRLWSSV A 1441
= 0.3 —o— RPWSSV 2hEE32+1
@'ﬁ: o1 —W— RWSSV EhEE2341
i RBWSSV hEE 1441
-0.1 !

Oh 6h 12h 24h 48h
iE

2 WSSV

Fig.2 Effects of salinity acute changes on the mortality of L. vannamei infected with WSSV
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2) WSSV WSSV 6h 12h 72h 96h (P<0.05),
6h,
2 23=+1 48h  Oh
, 321 , 12h 321
231 12h 24h 72h 96h 231 30 14=1
(P<0.05); 141 23+1 231 400 ,  48h

F2 BEWSSVFREREWMANEMTEFTEMESERSENZI
Tab.2 Effects of salinity acute changes on white spot syndrome virus copy number in L. vannamei infected with WSSV

) WSSV (copy/g)
0 32+1 2.0 x 10° 6.0 x 10° 4.0 x 10° 2.0 x 10°
23+1 3.0 x 10° 5.0 x 10° 4.0x10° 2.0 x10°
14+1 9.4 x 10’ 1.5 x 10° 1.2 x 10° 3.0 x 10"
6 32+1 1.8 x 10° 29 x10° 2.3 % 10° 5.4 x 102
23+1 9.1 x 10" 1.2 x 10? 1.1 x 10? 1.5><10'
14+1 3.3 x 10° 8.9 x 10° 6.3 x 10° 2.8x10°
12 32+1 1.8 x 10* 3.6 x 10* 2.6 x 10* 9.7 x 10°
23+ 1 4.9 x 10° 9.9 x 10% 7.7 x 10° 2.6 x 10°
14+1 1.5%x10° 6.5 x 10° 3.4 x10° 2.7 x 10°
24 32+1 2.9 x 10* 6.1 x 10* 4.9 x 10* 1.7 x 10*
23+ 1 2.9 x10° 6.2 x 10° 4.1x10° 1.8 x 10°
14+1 3.2 x10* 7.7 x 10* 5.4 % 10* 2.2 % 10*
48 32+1 1.6 x 10° 3.4 x10° 23 x10° 1.0 x 10°
23+ 1 3.2 x 10* 48 % 10° 2.1x10° 2.4 x%10°
14+1 2.4 x10* 6.1 x 10* 4.8 x 10* 2.1 x 10*
72 32+1 43 x107 8.6 x 107 6.0 x 107 2.2x107
231 4.4x10° 7.2 x 10° 5.6 x 10° 1.5% 10°
14+1 3.2 x 107 9.2 x 107 5.3 x 107 3.3 x 107
96 32+1 1.7 x 107 4.7 %107 2.9 x 107 1.7 x 107
23+ 1 2.1 x10° 5.7 x 10° 3.7 x 10° 1.9 x 10°
14 +1 1.7 x 10° 2.5x10° 2.0 x 10° 4.4 x10°
2.2 3, WSSV, s 0—24h
2.2.1 WSSV (P>0.05), 32+1
(1) WSSV 23+1 48h 72h
(P<0.05); 14+1
WSSV 23+1 48h 72h 96h (P<0.05)
1.0 —o— RRALWSSV EhEE32+1
08 . ! FRAWSSV ZhEE23+1
ﬁ 0.6 T L o Semspwssy 141
2 04 L o— RFPWSSV 2hEE32+1
£ 02 —%— FRWSSV £hEE2341
Bk PN I z L : , BDRWSSV EhEE 1451
02T 0h en  12n  24h  48n 720 9%h
[NgE]
3 WSSV

Fig.3 Effects of different salinity on the mortality of L. vannamei infected with WSSV
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2) WSSV WSSV 32+1 23+ 1
(P<0.01); 48h ,
WSSV s 32+1
3, , 0—24h 23 +1 (P<0.05); 72—96h
, 6h 14+1 WSSV ,
2311 (P<0.01), 12h
T3 TREEEIFRBE WSSV LYEMIMARNFE S EEITE
Tab.3 Effects of different salinity on white spot syndrome virus copy number in L. vannamei infected with WSSV
WSSV (copy/g)
(h)
0 32+1 3.4 x 10? 1.1x10° 7.4 x10? 3.8 x 102
23+1 4.9 x10? 9.7 x 10% 6.6 x 10° 2.7 x10%
14+ 1 5.7 x 102 7.4 x10% 6.4 x 10° 8.8 x 10
6 32+1 5.8 x 10" 7.4 x 10" 6.7 x 10" 8.0 x 10°
23+1 2.4 x 10" 3.5x 10" 2.7 x 10 6.0 x 10°
14+1 3.1 x 10? 8.8 x 102 5.8 x 107 2.9 x 102
12 32+ 1 9.5x 10" 2.6 x 10* 1.8 x 102 8.1 x 10"
23+1 2.0x 10" 5.7 x 10! 4.1 x 10! 2.0 x 10!
14+1 2.1x10" 5.7 x 10! 2.4 %102 1.8 x 10!
24 32+1 1.8 x 10° 22x10° 1.9 x 10° 2.5x10%
23+1 2.1 x10% 7.6 x 10% 5.1 x10% 2.8 x10%
14+1 1.4 x 10* 6.9 x 10* 3.2 x10* 3.1 x10*
48 32+1 7.0 x 10* 48 x10° 3.2x10° 2.2x10°
23+ 1 1.1 x10* 2.1 x 10* 1.4 x 10* 5.8 x 10°
14+1 8.1 x 10* 3.3x%x10° 2.4 x10° 1.4x10°
72 32+1 2.8 x10° 1.3 x 107 5.1 x10° 6.6 x 10°
23+1 2.1x10° 9.6 x 10° 48 x10° 42 x10°
14+ 1 2.9x10° 4.6 x10° 3.6 x10° 8.9 x 10*
96 32+1 7.0 x 10° 6.3 x 10° 2.7 x10° 3.1 x10°
23+1 45x10* 1.2 x 10° 8.7 x 10* 3.8 x10*
14+1 1.6 x 10° 1.9x 107 1.0 x 107 9.1 x10°
2.2.2 WSSV 3241 2341 6h 12h
(D) WSSV 24h (P<0.05); 14=+1
23+1
WSSV (P<0.05); ,
4, , WSSV , 24 h ,
091 .
—o— FRERLWSSV EhEE32+1
e 07T KRDWSSV EhEE23+1
B o5t — o RRRBWSSV EE14+1
ﬁ 03} —o— WSSV EAEE32+1
01Ff —M— RRPWSSV EhE23+1
~0.1 | RWSSV EhEE 1411

Oh 6h 12h  24h  48h  72h  96h
e

4 WSSV
Fig.4 Effects of salinity gradual changes on the mortality of L. vannamei infected with WSSV
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©) WSSV 141 231 6h 48h 96h
(P<0.05);
4, 321
231 6h 48h (P<0.05);

R4 BREWSSVRRENTEHNRELNEMIMETARSSERSENHFER

Tab.4 Effects of salinity gradual changes on white spot syndrome virus copy number in L. vannamei infected with WSSV

M) WSSV (copy/g)

0 32+1 2.7 x 10" 6.9 x 10 4.2 x 10" 2.3 x 10"
23+1 5.3 x 10! 1.1 x 10? 8.7 x 10! 3.1 x 10
14+1 3.4 x 10" 4.1 x10' 3.7 x 10 4.0 x 10°

6 32+1 2.1 x 10° 43x10° 3.1 x 10° 1.1x10°
23+1 3.3 x 10? 8.9 x 10? 6.3 x 10% 2.8 x10?
14+1 1.7 x 10° 2.7 x 10° 2.1 x10° 5.1x10°

12 32+1 4.1 x 10* 6.6 x 10* 5.4 x 10* 1.2 x 10*
23+1 1.5 x 10* 6.5 x 10* 3.4 x10* 2.7 x 10*
14+1 1.8 x 10* 2.7 x10* 2.2 x10* 45x10°

24 32+1 5.0 x 10* 1.3 x10° 4.9 x10° 7.2 x10°
23+1 3.2x10° 7.7 x 10° 5.4 x10° 22 x10°
14+1 2.5 % 10* 6.7 x 10* 4.9 x 10* 2.2 x10*

48 32+1 1.1 x 10° 1.3 x10° 1.2 x 10° 9.0 x 10*
23+1 2.4 x10* 6.1 x 10* 4.8 x 10* 2.1 x10*
14+1 1.6 x 10° 1.9 x 10° 1.7 x 10° 1.5x10°

72 32+1 43 %x10° 8.0 x 10° 5.8 x10° 1.9 x 10°
23+1 3.2 x 10° 9.2 x 10° 53 x10° 3.3 x10°
14+1 1.1 x 10° 4.4 x10° 2.4 x10° 1.7 x 10°

96 32+1 5.7 x10° 9.6 x 10° 7.6 x 10° 2.0 x 10°
23+1 1.6 x 10° 2.5x10° 2.0 x 10° 4.4 x10°
14+1 4.6 x10* 7.4 x10* 6.2 x 10* 1.4 x 10*

2.3 3
5 ,
(2008)
, WSSV s 5 >
3241 23#+1
(P<0.05), 1421 s
23=#%1 (P<0.05), 2341 R SOD
; , Perazzolo
WSSV (2002) 34 22 13
WSSV (Farfantepenaeus paulensis)
; 20%, Sudha
WSSV , (1998) WSSV (Penaeus indicus)
2341 (Penaeus monodon) 3

(P<0.05) co :
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F5 AEEEALT LYEER KR WSSV E 24145 R
Tab.5 WSSV amounts in the dead L. vannamei of different management group
WSSV (copy/g)
(32£1) (23=£1) (14=£1)
WSSV (2.1 £2.6) x 10* (7.7 +1.2) x 10* (3.1+2.7) x 10*
3.6+3.3)x10° (6.4£1.5)x10° (1.6 £0.88) x 10°
(45+1.3)x10° (43+2.1)x10° (1.7 £1.3) x 10°
WSSV (2.5+3.2)x 10* (1.2+1.1)x 10* (1.3+1.0)x 10°
4.2+2.7)x10° 3.0+ 1.7)x 10° (3.9£3.6)x 10°
(2.8+2.0)x 10° (49+4.4)x10° (1.7£2.1)x 107
(1.6 £2.5) x 10* (8.5+1.4)x10* (3.8£4.0)x 10°
WSSV (1.4 £1.0) x 10* (2.1£3.2)x10° (6.6 £5.9) x 10*
(9.6 £ 6.9) x 10° (1.2+0.27) x 10° (8.9+7.5)x10°
(1.7+1.1) x 10* (3.9+5.4)x10* (7.7 £ 6.4) x 10*
WSSV (5.7+3.6)x 10° (49+33)x10° (7.0+ 1.7) x 10°
(8.2+5.3)x10° 3.4+2.1)x10° (1.6 £2.3) x 10’
, WSSV, 2—3d
; 2 , WSSV
, 7—10d 141 12h ,
, (P<0.05); 141
; 3 ( ), 32%1 , Joseph
, , (2007)
15—28d WSSV
, 12h 14+1
R 23+1 400 32+1
, 30
(2003) WSSV
(Le Moullac et al, 2000) 1><10° copy/g,
, 141 ; ,
(P<0.05), , ,
WSSV
WSSV ,
, 2341 WSSV 0—24h
(P<0.05), , 0—12h
23+1 141 32 , 24h R
+1 : (2003)
23+1 141 32=+1 WSSV 1=<10°
R copy/g, ; 48h
, , 141 (P<0.05),
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. 24h
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10: 49—59.

, , 1999.
(007): 34—37

, , 2001,

0—12h

E
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PCR
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EFFECTS OF SALINITY CHANGES ON LATENT INFECTION OF WHITE SPOT
SYNDROME VIRUS IN LITOPENAEUS VANNAMEI

XIANG Yun', WANG Gang', YE Guo-Feng', Chan Siu-Ming', YANG Shi-Ping"?,
WANG Cheng-Gui', SUN Cheng-Bo"?

(1. Fisheries College, Guangdong Ocean University, Zhanjiang 524025, China; 2. Tropical Invertebrates Aquaculture Research Center
of Guangdong Colleges and Universities, Zhanjiang 524025, China)

Abstract We explored the effect of gradual or sudden salinity change on proliferation of white spot syndrome virus
(WSSV) in Litopenaeus vannamei. Results show that a sudden salinity change from initial (23=21) to (32=%1) or at a low
salinity (14==1) could affect significantly (P<0.05) the mortality of and WSSV proliferation in L. vannamei. In
pre-WSSV-infection experiment, the largest cumulative mortality rates at high, initial lethal, and low salinities were 61.1%
+10.7%, 48.9%=1.9%, and 63.3%=12.0%; and the virus content were 6.0><107, 3.7><10°, and 5.3><10" copy/g,
respectively. However, in post-WSSV-infection experiment, the maximum cumulative mortality rates were 75.6%=3.8%,
52.2%=13.4%, and 63.3%=:3.3%; and the virus contents were 5.7>107, 2.3><10°, and 2.8>< 10’ copy/g, respectively. In
the experiment of gradual salinity change, the mortality in each group was below 18.9% in 12h, reached mortality peak in
48h, and varied significantly in 72—96h. In the pre-WSSV-infection experiment, the largest cumulative mortality rates of
high, initial-lethal, and low salinities were 75.6%=5.1%, 38.9%=5.1%, and 69.3%=6.9%; the virus content were 7.6><
107, 5.3 10°, and 2.4>10° copy/g, respectively. In the post-WSSV-infection, the largest cumulative mortality rates were
46.7%=3*x10%, 45.6%=*+18.9%, and 74.4%=13.9%; the virus contents were 5.1><106, 4.8%10°, and 1.0><10" copy/g,
respectively. Therefore, salinity change could affect the disease resistance of the shrimp for causing rapid WSSV
proliferation in vivo in shrimp. For those WSSV-borne shrimp, salinity changes could increase greatly the risk of latent to
acute WSSV-infection. Therefore, salinity increase in both gradual and sudden ways could be a key reason for causing
WSSV outbreak.

Key words salinity; Litopenaeus vannamei; White Spot Syndrome Virus; Real-time quantitative PCR; wviral
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