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r [E X1 R (F enneropenaeus chinensis)#l L 44 &
Xt 8~ (Litopenaeus vannamei )Xt B BT 45 & 1
R

BEHED A AN F B E AT WERT q
)Jj Eile E%B}: 1,23 EEU:]} 1,23 E £1,2,3 E%él 1,20

(1. Al EBig Al T EFLE & BB AR E  PEUKREM R B EEAKTFR T HF5%  266071;
2. FEBHEAESHERERERE Bkl R 'ﬁ%‘%?ﬂ@iﬁiﬂ RESLE=E HH 2660715
3. BB RFOKESE MR i 201306)

WE KR o5 xt b E X EF A 2K (Wild-Fenneropenaeus chinensis, W-Fc). i [E &t 41 % & #F
& ‘¥ 2 5 (Selected-Fenneropenaeus chinensis, S-Fc)fn FL 44 1 %t #F 7 Ak — 1% ¥ FF (Commercial-
Litopenaeus vannamei, C-Lv)-k Al # 2 & & U 147 & % | 3847 6 1E 7 2 (WSSV), ik W-Fe. S-Fe &
C-Lv % WSSV iyt R, R B, BREF %4 E WSSV &, W-Fc. S-Fc frn C-Lv iy -F# 7
& B 18] 4B F(124.11439.49) h, (166.79+51. 54)h7’ru(136 90+41.99) h, 3 41 XF 4T [8] By F 3 77 & B 6] 77
R M2 R (P<0.05), 3 4Lt EFAE R W B B LT . W-Fe 72 96 h Sk B LT i4, JFH—HF
#:%] 216 h; S-Fc #1 C-Lv £ 144h WAL T-&FH %, 74, 2R AERLEEN 3, 6, 12, 24, 36, 48, 72,
144 h 3t 8 ANEF[E] 5 X 3 4 AT dF AT W AR EUEE, A 5L B 7% Ok € B RT-PCR BOA M HI#AT T R EF R
ERN, At FER B fEANA AL R EEENA LR AR TR RGN ER, S5 0T
48 h B, W-Fc. S-Fc #n C-Lv3 x{4F (K W AL A 41 4 8% & 3 B 4 51 4 (1.22x10°46.14x10°) |
(7.10x10°+£7.26x10%)#1(1.50x10™+ 4.19x10%) copies/ng DNA; 144 h B, 3 41 % #7119 L 7] 41 400 &5 %
B2 5 h(8.44x10%1.25%10%) . (3.21x10°+8.21x10°)F1(1.49%10°46.59x10°) copies/ng DNA, L4 % &
B, 3 AN WSSV SUR M A 8 BIR AR A o B o B 22 B AR . LR M R b o b . A E A
HFAER, XUTENTRFTHEK “BE25 EATRE WSSV AHTRIAHT RIFNTHE
EX- 8

KRR HEXET; LNEM T B34S AER F(WSSV)

FESES S917.4 XEFRIEEE A XEHS  2095-9869(2017)06-0078-07

B 7 M 2 TR ] Vg e ) B L R 4y, T BELEA1E(White spot syndrome, WSS)J2 1 il 7251 % HF
F [ — R A H R — N HERE, H FET-) R B AE, R, A R R
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(RGBS, 2015), —HIEFRGEMNRKL, 763-10 d
PIXFERFET - R A K 5] 100%, FUH 4 BR X R 5558 b 8
ZH KL FHUR (IESE, 2010; Cavalli et al, 2008;
Verbruggen et al, 2016), XJ#F& WSS J5, & HlR
B s WEUKTC T, RONGREL; HAE b, JUH
Sk M AR B 2-3 mm K/ HEABRES, 585
B RERE, HERERNARRER . SERE, 5
G IRIET- (B TE R 5, 2005; Dutta et al, 2013), i 4
L2 G 1iE 9% 7 (White spot syndrome virus, WSSV)H
KPPy & R R R A B R RE, 2009 gkl
B (— = SRR A ) SRR A )
— YN R (DI HESE, 2012)0 i T T AR
TR I AR, 2B, 2 HIRIE WSSV
M BT IG (121248, 2006). SR, X LEET7 LA GE
AR WSS B R MU 5E K (Verbruggen et al, 2016).

WEFE A B, RTHRRPZE | R 5 2O Gy 5] & A
[FIRs, XTURAFET - AR 2RI BEAE, 2000; faffE
55, 1999), Fh B 55 (2006) W58 & B, FLAHIE X HF
(Litopenaeus vannamei) 1% 15 X} T (Penaeus monodon)
FENTIEGHERY WSSV 5, Ho a5 &2 il At i ) A4
WAAETEW A2 5. Jiang %5(2006)0F 5% &3,
[ %t ¥F (Fenneropenaeus chinensis) fl H 7 4% %f iF
(Marsupenaeus japonicus)7E WSSV A TG, HA
X MR B A7 0% B TR T R X . 5K R B 45 (2010) B
FERI, HEXSER ARG 5 N TG WSSy, H
AR Z AT WSSV BRIy e o AT v DR 5
FLAEXTHR DL K v X R 358 B R R Y A R Jak
e WSSV 5 A7 I ) Je AR N WSSV i 55 3 78
At B B[R] XTER AP 2T WSSV Hi 1 1Y 22 55 S
M2, Ao SRk — DA B RN . A R
TEREFRIH R L U8 RO X R ) 2Rk SRR S
%

1 #wREFE
1.1 SEIS&H

S AE P K 7R RR 2R 5T B T TR K 7 A 5 T
U R 3 2 (R R AT, S T P Y A It 7
10m®, SEPRMKEZA N 6 m®, {HIF 24 h 5B, K
FHAK R R U B SR K , MK ER By 3041, SCEG
W1 1E) K R A AR (2442)°C, SEBRTT, (R FH YR SRR A
RN EE 12 h SRV T

25

1.2 EEXTRIR

S5 56 Jr FH v R % R B A R R O DA L S Y
S BE 2 5 VG o AR AR (W-Fe) s v [0 IR 2 B REA
K AWK T B KRG P EFbL, hGad %
10 fC A T LB 3T ‘ 2 °(S-Fe); ML
V6T R AR S W L T R 0 Rl — A
(C-Lv)o 3 4XFIFAK A 5-7 cm, {AE N 1.6-2.1 g,
% 600 B SCIOHTESE 3 d, fH B 3 %K (06:00,
14:00 . 22:00) it A kH(H 80 2 5 X EF SR 5
3%—5%), M5 1R, K 1 IR 50%). SEEHT,
3 XTERABEALIME 10 EXTEF, 259t g &
RT-PCR & HAK Py WSSV i 8 80, 45 S 0 B

1.3 WSSV SEHEI&

B 5247 B FLBE L WIAE R I G, 28 SR 58
St PCR KM LIA H WSSV #5 DUEL,  feJm il s
B N 107 copies/mg FYHEIH . 7E 785 WA I 41 415
FHLRBEST, MATTE AR, HRAHS . B
R B R, B A AR AR IR ER BT rh bk
BEAT, —80°C UKAAIRAE
1.4 ANIfAMERS

XFURA B 2 A FATLLRT 1 X RRZL (45 200 J2)
TRV BRI AT, XFUFYLERALFE 6 h, fRUFHE mHEES .
G352 A A X ER T, Tl s g,
il & B e WSSV B B Tk b, B e i
(2110 me)ie ik EXTIF O #R4L, FRHEEE B9 XTI
R EE G R A A R 2 i g [ | 1 RN A R L 32y
WA EIREE X ERALA . WIRSEER S, IR AR
K, WEEXTURFETIE O, W BR 24 h NFETAYXTIR

15 HmRERNDIE

SITFIRE, AR 3. 6. 12, 24, 36, 48,
72, 144 4t 8 ASAF ]S TEARIBORE , FH A A Y L
A ZH S TR o A 2 X IR AR I TR S B 3 R
LA L2 B T -80°C UKFR PR AT, LI HEFT 13 do

1.6 WSSV HE#NFTiE

B 8 A~k ] o5 A0 45 2H X6 0 JUL DAY £H 2 e R A 4k
(2008)V 777517 DNA FUHEEL. DNA 28 1%3 i H it
Je B YK, A1) B 1% £ 8t (Biolmaging Systems ) il

1) Wang W1J. Genetic mapping of the Chinese shrimp Fenneropenaeus chinensis using AFLP markers and commercial traits
QTL mapping. Doctoral Dissertation of Ocean University of China, 2008, 6673 [Ef:4k. [ X+ ¥F(Fenneropenaeus chinensis)

AFLP F3 b5 1035 % 7% 81 Pl 1% 4 g o DA KA DGR 9 QTL 0. BV e R 2 T - 99 A 2 603 3, 2008, 66-73]
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Fooe e, i AR B 25 A0 43 O O 1 (Biodropsis
Bo-2000)Ill: DNA i S fE, JRHEHARBEZ 40 ng/ul.
WSSV #&l5E R JH TagMan 520286 E # PCR %
(Durand et al, 2002), HArh BKE N 69 bp, 51¥ K
REF A TAY TRE(EE BB ARAF G, 206
FEHE PCR WK % (20 pl): 1xPremix Ex Tag™ (Probe
qPCR) . IEX M BI#4 0.25 pmol/L(F* 1). ROX
Reference Dyell 0.25 umol/L. #4%t 0.125 pmol/L .,
i FE DNA AR 2 ul, KERZEAKHEIRFL, PCR X
RSP : 9SCHIASME 10 s; 95CASME S s, 60°CiRk
MFEMH 34 s, 340 NMEIR . DIASLEE A 470 %5
A H R B E 4R PUC]-T/WSSV69 M bR b,
¥ WSSV b EAT 10 5 RIVB R R, 367 8
B, 23 51h(1.02x10%)—(1.02x10%) copies/ul, JEH W%
IKAER BT IR, BB E 3 P47, TIER
PEXT HE AR HE T R A i . B DNA B -4
3, BOHSEYEAE izt i i) WSSV it .

x1 ZWETASIMES
Sequences of PCR primers in this study

Bk 2]l
Primer sequence
WSS probe  AGCCATGAAGAATGCCGTCTATCACACA
WSS1011F  TGGTCCCGTCCTCATCTCAG
WSS1079R  GCTGCCTTGCCGGAAATTA

Tab.1
5194 Pk

Primer name

1.7 HBEFHITRSW

M 1 BXTERIET- I 4R, AR 1 h 4T 005%
P AEToRHR, SO AR T, B A URE A I
F20CUkAH , HEXUREFIET: GG WSSV
J5 B LR UR A F- ARG ], 25 SRR R (4
2% (Mean=SD), & SPSS 19.0 #{4F1 Origin 9.0
HEAT ARG 150 b, JF BRI R 7 22 43 BT (One-way
ANOVA) HE A7 X RS- 27 47 17 B[] R P AL 1A 4 4
BEEE Y22 50T

2.1 WSSV B Xt i 7EiE i e £ BRI tL

3 XFTHRFE 40 h JEIFLR BT MA, S-Fe
B RAFIER A C-Lv K 9 h, kb W-Fc K 62 h; S-Fc
B/MEHRR T C-Lv K 6 h, Lt S-Fc K 7 h, X /R4H
JCFET, 1M WSSV IRYLLA BT H R 100%. A
FO7 24T LA R AP S R d R T 3 A X R
YIfE st R 22 5, 458 8, S-Fc. W-Fc Ml C-Lv
VAT 22 )P Y5 A0 B T 4 A A il 2 M 25 5 (R 2)

2.2 WSSV Biff5 3 AX MRt E M T IR

WSSV JEHL 5 3 ZHXTHRA B R BL A SE T 18 L : 40 h
Bi, 3 4HXFUFICHETS; 40-48 h, W-Fc. S-Fc Fll C-Lv
HICT- BB 8. 2 12 F; 72-96 h, 3 4IXFiF
FIFETZ R E R 78, 39 Fil 9 &, W-Fe SET- %k il
# FTF, S-Fc BT 96-120 h, W-Fc gkl
AN PR T R Hli KAA L 80 &5 120-144 h, S-Fc
F1 C-Lv [A]Hs 3 21 By i (8] BE SR T R AR KAA 43901
J7 96 FEFI 89 &, W-Fc 7F 72-168 h FFE R F5 A X} 45
EIBET O, 7E 126 h JET- R Bk F] 100%. S-Fc
TE 192-216 h iXBFET- A — e g

2.3 WSSV Bi#ff5 3AXMMERFFE T EAILL K

SIS TFER 40 h N, 3 XTI BEBET- RN 0,
BE A SCUR R HEA T, RTARFFIREEIIE T, H R BT %
AW . W-Fe. S-Fc 1 C-Lv XT#F RFIETHAE
120 h iF435035 %) 48.93% . 13.62%11 35.34%; 168 h
I, 393K 5] 84.71%.55.53%F1 76.19%; 43 HITE 216 .
288, 264 h k%] 100%.

24 WSSV BfE 3AXMMAIARSEEMNTL

W-Fc S-Fc il C-Lv HAR P LA 41 200 55 3 7F
3-12 h HEFEAR K (1.01x10°-3.60%10° copies/ng
DNA), FfiJ5 B0 5 1G58 a0 0], Rl oE T 0

&2 WSSV BEIE 3 HXHRTFE T E
Tab.2  Survival time of the three groups of shrimps after WSSV infection

TIE ] Survival time (h) W-Fc S-Fc C-Lv
% K Max 212 273 264
#%/)> Min 41 48 42

-4 Mean 124.11439.49°

166.79+51.54° 136.90+41.99°

TE: AR REFRIR 2 0] 22 5 8 35 (P<0.05); W-Fe fUR T [E XS IREF AR, S-Fe AUk EXTIFEFREHA, C-Lv A&

JUEABER IR R A, R T

Note: Different letters indicated significant differences between groups (P<0.05); W-Fc: Wild population of F. chinensis; S-Fc:
Selective breeding population of F. chinensis; C-Lv: Commercial L. vannamei seed. The same as below
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Fig.2 The cumulative mortality of shrimps after the WSSV
infection

5 24-36 h, W-Fc i55](2.12x10%+£5.24x10%) copies/ng
DNA, S-Fc fll C-Lv fRFEFEARIKF-; 2 48 h, 3 W4
W35 2 (1.22x10°46.14x10%) . (7.10x10°+7.26x10%) Fl
(1.50x10*+4.19%x10°%) copies/ng DNA, 3 ¥4 &Pk
%5 (P<0.05), S-Fc Ml C-Lv M4z A2 F A & (P>

0.05); & 72 h,S-Fc %51 (8.71x10°£4.80%x10°) copies/ng
DNA, C-Lv %5 7E (1.90x10*+2.57x10°) copies/ng
DNA, P27 B3P <0.05); 24 3 ZHXTHRA N LA
HAR TR IE 10° copies/ng DNA B, HT T
{64351 48, 144 F1 144 h (36 3),

48 h ZHi, 3 AXTEFEARIEIE R W-Fe H5 K
ek, C-LvikzZ, S-Fc i, 48-144 h i}, HIE%H
R W-Fo 3K MU e, S-Fe 3478 3 B T 46 1
LT, C-Lv &8 LTt

TERGLXTER AR Z2 9 B b, WSSV £ 53 e ™ 1
(Bonilla et al, 2007). W% [ X5 HFAS [a] i A LA KA
[FIFP 2T HRXT WSSV AR SC R, X T IR A st %
VEH A H R SR PSR, 2005). BLE AT b EI X AR
HH AR BEXT IR (T B35, 2013) . FLAN R HR FBE ST
X #F (Wongtavatchai et al, 2007) . H A& {H ¥F
(Macrobrachium nipponensis) Fll ML 44 i X 85 (B % 45,
2003) L B AN [R5 7 g v IR (R B 4, 2015) %95
9 P R 22 ST

3.1 XWiNES4FS

i EXT WSSV St AT g PR Rhom 5,
WSSV 5| E[ B X} R (Penaeus indicus). 57 XHHF
F % {3 ¥ (Macrobrachium super bum)100%4E -3 (1 i}
] 43 Y5 72 h, 48 h, Sd A8 d, MMi% [GiR
IfF(Macrobrachium rosenbergii)7e i &Y WSSV 15 d
J5 A SET-(Sahul et al, 2000), ZEZ£1%:(2007)HF5%
T, B[R —Fh)E AR 5 R Z G e E R, X
WSSV W HUBRMEWAFTER R ZE 57 . BKF 5 (2013)%}
JUAREEXTEREAT WSSV BRI B, AFZRZRM

* 3 3 AR [E B E 5% F H ZE (copies/ng DNA)

Tab.3 The viral loads in the three groups of shrimps at different time points (copies/ng DNA)

i Time (h)

W-Fc¢

S-Fc

C-Lv

3

6
12
24
36
48
72
144

1.96x10°+5.27x10" *®
1.01x10°+1.74x10%°
1.55x10°+2.51x10%°
1.82x10*+1.51x10%°
2.12x10*%5.24x10°°
1.22x10%+6.14x10°°
2.82x10%47.93x10°°
8.44x10°£1.25%10°®

1.17x10°+6.65x10*°
2.26x10°£8.17x10%°
3.60x10°£8.16x10%°
9.42x10%£3.98x10*°
3.39x10°+2.12x10%°
7.10x10°£7.26x10%®
8.71x10°£4.80x10°®
3.21x10°8.21x10°*

2.33x10%£5.21x10%*
1.20x10°+6.49x10'°
2.04x10°£1.96x10%°
6.55x10°+3.09x10°
5.04x10°£1.79x10°®
1.50x10%+4.19x10%°
1.90x10%+2.57x10% ¢
1.49%10°+6.59x10°°
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B} [8] Time/h
Bl 3 WSSV R X iR JUL PR 2 2% At A Ak
Fig.3 Changes in the viral loads in the muscle of the three
groups of shrimps after WSSV infection

XTUERXT WSSV ByfitEARIE . ABF LhEe T E %R
LG5 X5 0 DA R v R e IR N T3 B A 5 B A
TRz E) % WSSV R E , HAE -7 Ts it ] . 2R
FUT RN MR P95 B 28 i 7 T A A 5 25 57

32 MFEBMR

20 et 90 AFAXHT, FRE AU Ty %t iR R G 32 2 A A
ST EXTER . 2001 4E )5, BT FLATEXTIR AR R
FEFR [ VI 75 AT T, i Ry PR X AR R A A
o WA A (B KBS, 2013), AWEFEF, HE TR
Y A A 55 FLAN T X IR Rl o R BB, P 3
[ (R 2). BTSRRI TR m (& 2), JFHEE
ST s T Py SEE R A R i i 2 o 34 A S m PR (1]
3), \Bt WSSV HEREFA BEfg 7~ T FLAN XS IR 22 By A fig
2= AV RN ES DO N S O K /e s Y S B (B N 7
Hh, FLA T X R R M v b 5 v X 2 CH,
HXE WSSV itz Ji 52, nIRERE T AR AZ 4%
— A H 2 [ E KX | 58 [ BT %% SIS X iR 45 it it
SREATE, LB AU AR R S B i D
LI 2 CRERABE. RRE5ZHERE ST
AR, 10 ARG A H Y D6 R SR B8 B (A
BHic5: GS01-002-2008), H LI H I & BTG,
REA SLPHIE WSSV R e RIS LA R B ge E AR, o
FoebrAz =, GRS A — BB SR ff A il WSSV
PRI B A, DB FRBE ) 2 T e GE BB TE 5
2013), M EIXFARC 2 CEFEREINAR. KEE.
WAL VLI U T N, IR E RS
WOl T R 23025 2B 328 (FLASZE, 2012),
FESF i WSSV JERYL R, v X IR B AR 2
F H X MR B A A R AT RS, O H G % SE 50
(R4 T X B P 5 2 B B AR X 281, FE— e FR R i

B E IR A B E ARG T — 5 k20 MR,
AT HEA W BRI 4SS . @i Pom B Rk
B, AR EXTER R LR FIPURN RE J1, A R Ty
e B 1 B 1Y) EE R it 2 — (40 28 245, 2008)

3.3 BEHH

XTHR & T ICHEHMES Y, WA Ja R IR S i I
)W/ (Adaptive immune response), ‘& X R A 6% 11
AT H e KA P R 45 (Innate immune system), X
oI5 RGATHE— R 5 BRI TN S R (L et al,
2013) ¢ B 555 (2003) % H A T8 SR FT L4 3 X R A4 5
T FRGE rh d e A LU 5, A B PLAR T ot i L
PRI TR B P L LR v ) R P W R Tl (A CP) R P 1
M2 B (ALP)IG PR i T HASTRAR, d B PLAY X R Y
T TR T NS AT 1) S B8 D RE LG H ASYR IR HASTE
IR f 8 480 AL 0 57 b B (SOD) Al it S8 fk W i (POD) 14
o T LA TR, BT H ASYE (RSB S8 A RS ) FE L
AR XS HRER . Jiang(2010)38 jeb X e X AR AT H A< 48 %)
HRTE R YL 45 WSSV B B0 T 7 A e sie A A2 4k,
Pt HASHEXTHRT WSSV Y Sy R ET0 T o [ X
XL ST F B, A [RS8 X MR E S e ML A7 AE 2
S, HSGT o TR R PLA I X R TE WSSV L R4
PER A 225, T2t —L o,

AHIFSE H [ R IR R R 2 TR N TG
WSSV 4RI RAFPTs e . 2= S P
B H ARAFXTARH dt FOE B iR WSS 1Y — A RuE e,
BN RN PR/ T WSS BRI

£ % X M
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The Comparison of the Sensitivity to the White Spot Syndrome Virus
Between Fenneropenaeus chinensis and Litopenaeus vannamei
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Abstract In the present study, we applied the quantitative feeding method to compare the sensitivity
to WSSV infection of shrimp species including Wild Fenneropenaeus chinensis (W-Fc), Selected
Fenneropenaeus chinensis (S-Fc) and Commercial Litopenaeus vannamei (C-Lv). We found that the
average survival time after being fed with equal amount of WSSV-loaded baits was (124.11+39.49) h,
(166.79+£51.54) h and (136.90+41.99) h for W-Fc, S-Fc and C-Lv respectively, which were significantly
different among the three groups (P<0.05). The death peak of W-Fc appeared at 96 h after infection and
continued to 216 h, and the death peaks of C-Lv and S-Fc occurred at 144 h after infection. The quantity
of virus in muscles of living shrimp samples was examined with absolute quantitative PCR at eight time
points (3 h, 6 h, 12 h, 24 h, 36 h, 48 h, 72 h, and 144 h). The virus loads in W-Fc, S-Fc, and C-Lv at 48 h
were (1.22x10°+6.14x10%), (7.10x10°+7.26x10%), and (1.50x10*+ 4.19x10%) copies/ng DNA respectively.
At 144 h, the virus loads in the three groups of shrimps were (8.44X106i1.25>< 106), (3.21x 10°48.21x 105),
and (1.49x10°£6.59x10%) copies/ng DNA respectively. These results indicated that W-Fc was more
sensitive to WSSV, and that S-Fc had higher resistance to WSSV. It suggested that S-Fc and C-Lv had
different sensitivity to WSSV infection and thus might have distinct immune mechanisms against WSSV.
S-Fc showed higher resistance to WSSV, implying that the resistance to WSSV was well improved in
“Huanghai No.2” through long-term artificial selection. Therefore, an effective way to prevent and treat
WSSV is selective breeding, which could greatly reduce the damage of WSSV disease.
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