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3. BHpHEEER K S A B 201306)

WWE L4y T (Litopenaeus vanname) £ L5 B 0 R 5 E Y K R AR, SR E
ERBEHRAESHUEEALT, SEMEEYHERARENETERNZZ—, Ed, HREAAM
MERERNFRET, B TR R R e RIK, EEZR TR KA EEE R
T, ABFWHRLREE., ATt B RENRE L, AR &N RERR
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Wm b, NTIEHEREEIE N TiEE, KFARENEERE 3 ME: GREAEMBET
(10 mg/L)WSSV & %41, WER 44 4 % SPAV 1 TPAV; T # B AKLEMSHT(AAKTNT
0.01 mg/L)WSSV R e, 4 Fl4r 4 % SPV 1 TPV; IF % K 41 T WSSV B e 21 (2 1 3t B2 41),
4544 K SPC #1 TPC, 4 & B, SP BR(5 hyZe WSSV K4 )5 FF4b -t it i) § % 2 -F TP #
(16 h); A% 60h &, SPAVAWMAT R EHL A, 2 137h ®HzdeHrr, LERRL
TR B %5 T SPV(70.42%)Fr TP Aty 2 A 4 TPAV(42.67%)F TPV(18.99%)(P<0.05), 7 144 h
SEge 4 KB, SPV By R R T K 4 73.67%, % & T TP #4K iy 2 41 TPAV(46.15%) 1 TPV(18.99%)
LK SP ZEK ty %t B 4 SPC(34.79%); MBS , TPAV 4145 Z M L% § ¥ % T TPV # TPC 41 (P<0.05),
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L&A 75 XTI (Litopenaeus vannamei) X Fk /i 25
XTUR, SRS b TR R 2R 2 —, TR E AR
IR 158 J7 t (ROl AR Dl B H Ry, 2015), (5
THFL IR S 2 45%(FAO, 2015), R EA
PELAERD, myUmtE . A S AR A,
J TR LR 2L IR T ) B AR BR , Rt A iR
ZXAM R FETE S AP 2 —(Lu et al, 2015), 2R, HAj
LA X W 55 5 v 35 i ok 00 4 29 1k 31 4R 2016 55
PR H 2 R BUKBURAL, SR B %K B Y B R
PRI = 1 360 7 3P FH 80t A % R 5 9 v o B v A T
FRIG, JUE R T X ER Y = & AT i (Alagappan
etal, 2010), fEARZHHE T, DA MR R
M BLGR 2 —, HAE Z Bho) i b g e 2 B oA 3O AE
H, BLAE LG RTER . o [ B 6 B (Fenneropenaeus
chinensis), 75 X} #F (Penagus monodon) . 1 % X} #F
(Penaeus penicillatus) fil J] i #r %I #F (Metapenaeus
ensis)&%(Cobo et al, 2014; Chen et al, 1990; Chen et al,

1992; Chen et al, 1991; H#4E5% 1991; Wajsbrot et al,

1990; Ostrensky et al, 1995), B& T % %HiRA B 42198
FEAE AN, S B0 3 2 301 %o 0 ) G %8 22 G 9138
O L B SR (Liu et al, 2004), 1 H 78 DS Fnfa
K LB T A IFE L4 (Cheng et al, 2004; Hurvitz
etal, 1997). SR, KA NI 33 BRI i U BE 1)
B, I b2 SR R A i ., i1
K= IR IR AR WEAL . BRI, BRRE: B XA
IO I8 LA A i A2 P A R KT R S R, T R AR R
FRBE T Z A IR R e B ik o FRATE L X
B ) SR St M 3 N B I 22 M EAT T s G
PEAS, HAE B AL 11(0.575)K W], FLaymEx iR 4t
WM A RS B AT R (Lu et al, 2017a),
IA5E 3 B 2 X X R 75 B 3 B — A S
9o 2 ) J O R A AT e R R — AN EE N R, W
H BE 254 1iF 9% B (White spot syndrome virus, WSSV),
WSSV & 1 B 75 58 % SR B8 T~ 10 5 205 15 (R 1 D45,
2015), ZHAERXFERFRFL A R TE KM &5k
(Verbruggen et al, 2016), & T #=HI BRI &4, Wb
UK, BRI WSSV BG4 it (8 T
%, 2017), SR, 124 1 A 4% 2 ] s il WSSV 1)
J5 1 o AR P A 3 8t 4% 26 B Y SO0t o IR R R T
TIURAPL WSSV 3 F, KM R TG WSSV
Xof R B 735 B ), ARG SR PR s A eIk, i F

JUiE st or s SRR H; ABEL A

B9 F(WSSV); Tif LB (R BRBK
XEHRS 2095-9869(2018)01-0083-07

¥ JiE 5218 (Gitterle et al, 2007; Lu et al, 2017b), %3 4h,
FH T SR e R AR 4 P L R Rk, A2
PSR e S 00 FE ARG 7 ELAR M 3 1) [) st JR % A R RIS
MRREESR, (AR AN &, DI e T e F it
T o A 38 ok B v R IR X6 306 58 3 ) i 2 e ke [ 42
EHBURE T, PR SR Dk E iR L SOk
P I3 7 3 M B i A TR 50, B AERE A 0 R g i 5
Ko EVHT, XU XT3 15 Jh 36 1 84 P i 52 7 -5 X D )
B Z MR R M AN . I, ARFRA HZEA
S0P e 7 O 3 R A i A2 B AR BRI, FF R L
Ao WX 2 R S T N S T A2 WSSV it
PR 2 [ OG ZR R 2R X W o a0t 5 2 e a7 984 4 s 52
TG XHR RIS KR, BT as Sk X By P bt
W P BT A B R SRR

1 #R57RE
1.1 =R2UERE R EK

S T ARSI IR TAE 2011 4F )5 30 59 LY Xt
NE R E OB 5 R, S5 EE 94 4
FEH, XEFRAMET 2016 4F 6 H . Jy 7R
O FE RO 2 T B 30 A R I R P RE O, LA
94 A4 (R 58 F 0 LA T v Tk BE A A 0 I, %
HRPRE N 0.5 g, FIARK R 3.77 cm. LS5
TG A W YT K A VARG R A /AT, B
TS ER X HROR/NTC AT AR, R, B
FETBEPLIEHL 40 BATEF, B T4 100 L A9
S AR MK SR AR 34 mg/L, LI
6] pH & 8.05, IR H(27.0£0.5)C, #HJEH 30, 24h
FER . SLEIIE, AERE 1 hoWCE 1 RIEER, HE R
FET HIARIE R 2 2201 . S AR OIS . X A I G
FR o FEFEA S IR] A /INBs (A4 30 701 FH 4855 I 45 B
FET-REE, I HAd sk B MR K RS - IR RIS
ToRFE] 5 H R 2 7(06:00, 22:00)FCS iRRHH %
P XU EAR T ) 3%), W5 1R, A TR R
(] P I P 45— B, e S 4 B ) %A =2 ] 1) R 5
Yebs—2, TELITITFIRIFEE 72 /NeE, Bt se
A

1.2 WSSV B ilik B
SR APEM A R LR 25 RS, R
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EEAE: LA R S R PR I U PR R 32 E R WSSV BB I 22 53 0 7 85

FRIF- A7 I [ AT HEY o TER R AA K TR
E2RRMATHR T, okt 5 A7 B A A
5 ASAEIE s 1] 42 0 19 R 2 A BTG 52 JHE AR (TP ) A ABURR A
1K(SP), FHT WSSV J&YLiixt

1.3 WSSV HEM&I&

WO FE A7 B S I BE . BIAE A XTI, SR 28 A8 i
PCR K IUALIA WSSV #5 D1%, il i 7 2k it by
107copies/mg [ R#E1H . 7EFL4 FVA I 4L 251 3L 4
51, MATRTERLAER, TSIREGYS) . BiEEE
B, BRG] B IOR B s AT, JFE T
—80°C KA RAF 2T o

1.4 WSSV A T 4an8

4 TP FEARFN SP BEAR BN 5E F WX IR 1A 1) °F-
PIRE RS 3 g Z24 0, HEFT VIE ZE6hRic, DAMET
R, bric e i . BFRWE T, 12 Bl EK =R
SRR K I, B 4 d, BHERR 2K
(06:00 . 22:00) B 75 B (H £ 48 & 5 X R AR Y
3%), HHTEIF) W 5 20 S e e AR TR K HE W
TR R S5 AT K B IRE, WA R R ik
BUOR/IMVHIE R 50 B EF, AT WSSV G, &4
BRI E 3 AL HKF Dk B 2 A /K P (10 mg/L)
T WSSV YL, TP FHAF SP BRI A 44 5350
TPAV F SPAV; QIE# MRS T (A A KF/NT
0.01 mg/L)WSSV J&YL2H , TP BEAH SP BRI fin 44
350 TPV Hl SPV; QIE# /K JC WSSV Ll 23
HXTRRZL, TP BEMRR SP BEIARMY a5 44 50 %A TPC
SPC,

BANF R FITE 6 4 200 L (3RS, B
AR 2 PAT. WIREEERT, XTEFILR AL
24 h, (RIFH B AHEEs . F WSSV #iHi TR AT
PR RS, Bl 2% B B P T ok b, A I B it
AIFEIH(ZY 10 me)Feieis EXFHR D85 4h, FHEER
PORIN = R B T S EA R A o8 | B SR R 3
$i. 1 h N8 BUITA AR B35 0 T A AR s

ek, VRN 1 A NN S RECTIF B E SR T A AR
J#(10 mg/L), 7 TPAV Fl SPAV £H fit) 5 R 4¢ P4 [] i i
A NH,Cl, {828 10 mg/L, L5 0], pH
7.8, WREH 27°C, #hEEH 30, 24 h B, #HATIE
W H RS, B RUE oK, MR ERFET G B
FIA R R 7 2N AERE 1 h YR 1 IRBERF, e B4
g ES (TR R), REMZETR T, T
PREER R B A MR BT — B, A~ S50 0 ] 45 A =2
i) B PR R A R — B

1.5 HIESIT RO

DITEIG RN R 2R 2 BTG R o8 bR, PR K
FO A AU BT AZ 8 7 o A AT B TR DA B0
G ENBET BT ] (h) , 58 R A7 16 B [RD2 58 3 D9 T A3 A1
(TR A2 B ) (h) , R R 21 O AF T 202 i a4~
TRBET 50%HT 45158 R BIAEIE %(SSs0) o AT FAE
R 2 AREARR) WSSV BT m R HE R . SR SAS
R A AR SR AR RS T, R R 24
£, FIH SPSS19.0 FA4 X B k47 HAb S 1507 o

2 #R

21 wLBEEEREIERIE N ZE N

KRBT I 3688 MMAS SR EAR AN
W8 SE 5, S R 5 AR IKOE FIR R K AE TG
I A B R R BOBEAF G R IR 1. 5 RN, 754
KK, AN A TG IR R A R 22 5, e
JAFIE BT E] A 2.00 h, fe KAFIERTEA 78.00 h, P34
FEIERTEIY 36.61 hy R FRKTF L, RREINWTH
A7 st [) [F) o e B e R 22 57, 7308 st ) i 2 P A
15.63 h, KN 64.56 h; JCIRTE MK L AL
R EZKN-, A7 TG I E] A bR o 22 FAE S R B K, H
AR I 1725 5 2 8(46.90%) b K Z 7K F-(28.50%) 5
T —A% . KR EPEBOCAATE R RIFER I R 2
5, B/METRRE 0, KR 94.87%, HAR S REE
H(54.71%) HE 1 AT, TIERE R R SSs

[RJAMEMBRFENEMRRFLHEFEER

The survival time and survival rate at half lethal time (SSs,) after acute ammonia stress

e/ IME
Minimum Maximum Standard deviation Coefficient variation

SN ;1 i 22 AR5 R H(%)

#1
Tab.1
F&¥5 Indices ¥IE
Mean
T i 18] AMAEIKF Individuals (3688 )  36.61
Survival time (h) 5¢ &7k Families (94) 36.61
FEOLFE R FEKF Families (94) 50.63

SSso (%)

2.00 78.00 17.17 46.90
15.63 64.56 10.44 28.50
0 94.87 27.70 54.71
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Fig.1  The survival rate at half lethal time (SSso) (a) and

the average survival time of the families (b)
25%. 50%. T5%MIZERMAMR T TR . B4
He/ME R AE AL E 5351 K- -Flo
The 25th (up line), median (inside line) and 75th (bottom line)
percentiles of the families were plotted as boxes. The
minimum, maximum, and the observed values were shown as
-, -, and o, respectively

(E 1a)if R R FIAEIG I E (F 1b), KRR 25
HRELACR, R 5 2R [ A 2 R R Pk I3 Tt 32 7 77 T
ABRMETFE S, PR ARM Z 1257 B
2 AHEAR Sy WSSV BN AR T A BAR B R

22 SEBBHGINSHEEEESR

MR YR YA 06 B T B R RS THEY , 45 6F
HIOCAFIE R, I RE B P AW ity 70 1B B S AR
R MU BUSTEAAR T SZ BERGR 2) S5R W, BU®
K ZIAEIE BRI FE & 20.13~27.33 h, B E K T2
K F M 51.21~64.56 h; UK Z 1L BOUAETE 330 FLE
2.38%~17.78%, BEMTIHZK RN 86.36%~94.87%.
FHIX 10 M58 72 20 B0 U A RN A2 FEAAR T I 2

2 SEHUREHAIN ZEKMEER B0
EHIEERE
Tab.2 The survival time and survival rate at half lethal time
of the ammonia sensitive and tolerant families

RHERLAR FIAEE I ] Average  “FEOLAFE
Family types survival time (h) % SS50 (%)
R % 20.13 5.26
Sensitive family 23.02 2.38
23.36 7.69
25.24 4.76
27.33 17.78
i % A 51.21 89.74
Tolerant family 55.13 87.50
57.66 86.36
57.79 86.84
64.56 94.87

B WSSV JE& Lt
23 WSSV BLEHRBEEANMIZHEEREER

ZRN 52 AR (TP) MU E IR (SP)TE 3 M AbFEZK
T IS KT ILER 3, SCIREE AR A A B 2L 1)
TEHRILE 2, 45 Wos, SP BEAYE WSSV BL)s
()5 h JFHE I BRAET, i TP BEATE WSSV R YL 5 i
PUAET Y B )4 M, 29 R BRI 11 16 ho SEI 45 AT,
SPAV HIAETE R WL #{% T SPV F1 SPC, [Al#:H1, TPAV
HIFENS R W E KT TPV 1 TPC., SPAV 7E 137 h Bif 4>
HRAET ., TMULET TPAV -S4 %R 57.33%, 1M H.
TE 144 h SEEG 25 S (1 47215 458K =36 53.85%, W%
=T SPAV, {HEZFH{LT TPC(P<0.05), 7£IEH K
MK WSSV LSS, SPV 7E 52K 45 o il (1) - Y 4%
WEN 26.32%, WEMT SPC(P<0.05); M TPV
MG 81.01%, W3R T SPV(P<0.05), 1MHYS
TPC Z[H)JC i 35 22 5 . R A Stk ran iy 32 5 fin
e X5 78 A BRI, T L X G R A e 1 T 2
T R REA R WSSV ik i

F* 3 WSSV B R ABURBH AN Z R AR FIEKTE
Tab.3 The survival level of the ammonia sensitive and
tolerant families post WSSV challenge

iy K /) ok
& N e o
HA  Sta rting (G 2R) EIGEFE] A E]
Groups number Survival number Minimum Maximum
(ind.) (Survival rate)  survival survival
’ (%) time (h) time (h)
SPAV 77 0 (0)* 5 137
SPV 76 20 (26.32)° 5 Alive
TPAV 78 42 (53.85)° 18 Alive
TPV 79 64 (81.01)¢ 16 Alive
SPC 71 46 (65.22)" 14 Alive
TPC 72 53 (73.61)° 16 Alive

o AR RN 4 ] 22 57 0 2 (P<0.05)
Note: Different letters showed significant differences
between groups (P<0.05)

24 WSSV BAFRRIETEMNESR

SP BEAR AN TP BEMRAY 3 A Ao B 7 52 56 391 ) AN ] Fsf
] REFET-H LK 3. SLETFIR 40 h P9, 4 4lE
M RBUET-RIC R E 25 ALK, 7£60 h )5
SPAV BT H 5 12 Ik, 3137 h BHZ4H A
e, HERBET-REES T SPV(70.42%).
TPAV(42.67%) . TPV(18.99%)F1 SPC (34.78%)(P<0.05).,
TERASSZIGIAE] , TPAV. TPV, TPC Hl SPC HYBET %
L F-2%, SPV 7E 40~100 h #HMEIZET 28 T, 78
100 h 5P TF2%; 76 144 h SCEE5 AT, SPV
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Fig.2 The survival rate of the ammonia tolerant and
ammonia sensitive populations at 144 h post WSSV challenge

AR B R R 4 (8] 22 57 3 35 (P<0.05)
Different letters showed significant differences between
groups (P<0.05)

FETE# Survival rate/%
S
3

[\
(=]

127
—e—SPAV
1.0 —e—SPV
—v—TPAV
0.8} —a—TpPV
—a—SPC
0.6 —=—TPC

047

0.2F

0 b

ZEFBET-# Cumulative mortality/%

—0.2

0 20 40 60 8 100 120 140 160
F7IEHFIE] Survival time/h

K3 & 2H B 5 XIR R BUET A

Fig.3 Cumulative mortality of infected shrimp of the groups

from the two populations

1 ZRIET R A 73.67%, BEKT SPAV 4, (HiE ¥
& T TPAV(46.15%) . TPV(18.99%)#1 SPC(34.79%)
(P<0.05); IR, TPAV 411 RFFET- R B & 5 F TPV
1 TPC £H(P<0.05), 1fii TPV 5 TPC AL E X F
(P>0.05).

3 it

ARG, ToiE SR AR i N B 52 B AR A
HUBREIAR, TERA2EM RN T WSSV iy
HEFET R B E = FIE W KA T WSSV B4
(B 2, B 3), FBHFRHK IR 1% 2 A0 2 8 it
SR X S A SRR, BRI SRS SE TSR, SR
WFFE R E —3, Liu 25(2004)F 5 0.1.5.10,20 mg/L
WeBE B E G FLANEXT IR 120 h Y, SRV &R
AR BRIE] Y BAFET- R0 25 5, 1 H 0~20 mg/L ¥k
JE A RN 252 N (Mibrio alginolyticus) )4

£, 7£0.01 XFHE), 1.10. 5.24. 11.10, 21.60 mg/L
W RE SRR S A T R AT OB SRR e IR B, 2R
48~168 h J5i, ER MO AYFET- R B 5 5 T X R4,
1 HL A T 2 bifl 45 22 0 W 3 T = R b A0 s ] 1Y) B K 4
BTt 2 B A RN 2 0 X I ) S B B T RE
HEINAE 3260 IR 0 B8R  Cheng 25:(2004)7E 0.01 (%
M), 1.12, 3.22. 5.25. 10.18 mg/L ¥R AN &M
T Xl f7 (Haliotis diversicolor supertexta)i/£47 &l % I
JNE (Vibrio parahaemolyticus)@ YL i, i 1 1) EFIE
TR BE A S AR W T R, N 12 h
J5 ., BAUSE N 3.22 mg/L A BRA LT R B E & T
1.12 mg/L bR Fn) HRA , Fe P M 218 Jinfif £
X I R, SETo RN, Si4h, Lu %5(2016)F]
FAR A Rl — R R AR T RS SE AL T, R &
R I 30 I T LA T o AT B A FH 4 2 TR
iR, MEAAMIBEK 6 4 KEGG HgHH
5 A5 EYIReA G, 1 H kR E GO 2K
FIF KEGG 38 [ 1 248 K 250 K (75%) 5 e e DI REAH
K, XSO M (14) 3 R 118 3k A A AR 25 RO R )
GBI IIRE , XA T /K FE B T 2 Z a2 il
XU A G 28 B A DI BE

WE SR 2 S 0 300 25 A A X MR 1 e 8 B AR T 6 L B4
SN T SRR | T EL S A LA o A ) R
ZAE B R H8A% $1(0.575), IR A se T i 1w L
PO OEIN SR = WX ) SERNAT GS T B AT T CIEE 7L e
LR T ARG T T HEMELE . B
TR TE R B F AR FIAE R L3, Ao a8t % 2
FEMEF & Y LA X R A O B R 1 S A St A
i 2 e T T Al , 25BN, ZRBXM AR A
PR 8 R B T 2 AR R 2 (R LR,
FIPAh 25 B AR AS T 20 20k Wy 36 it A2 8 (A F AU
i, RMARWIIER WSSV HUStEZ R prigfit T H %
AR AL, X 2 ASHEARSEST WSSV B GL I A BE
A2 32 = AR R AT WSSV g HkHT
T o AWK A B T il TP I a3 b B
Z . FERPRE ) MHoe 1 B 2 R 2218 iy In) . 5T
T AR BR S, (U E 2 AT RT3
AR, 1 R 1 R0 KA TG A PR IE IE i K &1
Wb PR R R KT — B R L 25 F 94h, Tk
BIG, FEERSERER . DB S 33
ATIFGT A 48 e — R L B ELSLAE, (R R B
— BB HEME, FERKNIR S, ke HE R
(AT 52 P AR FURIREAA , B I-P AT 38 B I T ) OKAR
HEATHE— 20 Y BIE T AR, I8 A0 5 in %ok I Al g Ji - J
TR I 328 A F 512 3 e
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I nvestigation on the Susceptibility Difference to WSSV between Ammonia
Tolerant and Sensitive Litopenaeus vannamel Populations

LU Xia'?, LUAN Sheng'?, CAO Baoxiang'*, HAO Dengchun'*?, MENG Xianhong'?,
CAO Jiawang'?, DAI Ping'?, LUO Kun'?, KONG Jie'?*"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071,

3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract The deterioration of water quality from the intensive culture system and environmental
pollution are common problems in the practical farming of Litopenaeus vannamei. The toxicity from
deteriorating water, such as ammonia accumulation, has lethal effect on shrimp and can increase the
susceptibility to pathogens, which might cause frequent high mortality in the period of early stage of
L. vanname cultured in the farms. The high heritability of acute ammonia stress in L. vannamei (0.575)
indicated its ammonia tolerance could be improved largely by selection. However, the genetic gain of the
disease resistance is very slow in shrimp because of the low heritability of disease resistance traits and
low selection intensity by the limitation of pathogen infection test. To explore and improve the ability of
disease resistance, we performed the WSSV infection test with ammonia-sensitive population (SP) and
ammonia-tolerant population (TP) under ammonia stress (10 mg/L), named SPAV and TPAYV, the normal
ammonia level (<0.01 mg/L), named SPV and TPV, and no ammonia stress without WSSV infection as
the control group (<0.01 mg/L), named SPC and TPC. The results showed that SP started to die at 5 h
after WSSV infection, which was significantly earlier than that of TP (about 16 h). The mortality rate of
SPAV increased rapidly after 60 h and reached 100% at 137 h, which was significantly higher than SPV
(70.42%), TPAV (42.67%), and TPV (18.99%). The cumulative mortality rate of SPV was 73.67% at
144 h, which was significantly lower than SPAV, but significantly higher than TPAV (46.15%), TPV
(18.99%) and SPC (34.79%). The cumulative mortality rate of TPAV at 144 h was significantly higher
than TPV and TPC, but there was no significant difference between TPV and TPC. These results indicated
that ammonia stress increases the susceptibility to pathogens, and that the population with high ammonia
tolerance have high WSSV disease resistance, which will provide new ideas to improve the disease
resistance and reduce mortality.

Key words Litopenaeus vannamei; Acute ammonia stress; White spot syndrome virus (WSSV);
Ammonia-tolerant population; Ammonia-sensitive population
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