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To T A (7 T T )RR F B B ER A E] Py~
Pis 255, 2RI JCH 5 5 1 S50 FH AR T 7 R
B E IR KR (30.720.7)°C . pH (7.9+0.3). i
A(4.8+0.5) mg/L, FUEERSERE H 30.1£0.4 Z 7
FE] 22.3+0.3, SCEORTAFERELAS 43 3108 EE R K
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AR RV i 7 7% 3 R AR vk AR IR DR A,
T A A 0 A R PR T ) I R
BHEH K S-H B RI(GST) . A bt H ki A Ak g
(GPx). &M H KA R B (GR) . HE 4 A0 1 L AL g
(SOD) Ml A Ak A (CAT) G M, SCEHAHYE O h,
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R J 25 3 M b HUTE T gl iR — K
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RIEHAH 20 m? (5 mx4 mx1.5 m)#7K Jes k4T,
B 3000 B, BN EEAR 3 A PATIE . FRAE
WIE KR 70~110 em, H-F A E 0.5 43k, I
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DL E BT RS A5 o, HRFRAE 83 d. FRAH I
TR (27.8+2.7)°C | $hFE 22.9+1.6, pH (7.8+0.5) .,
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Tk, s s I e A R 00 i A P4 T R
30 BXTHF, FH T FRUARE R 0.01 ).
123 HELESSHH  £diH Excel fil SPSS18
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HE AT, ERMEIREhGRE )BT T, 41
FER B A7 36 R ARTE 3 h B 3 2K 05 (P<0.05), H
T BE BEIRTE BL G (R R RS, B 1EAS B3 (P>0.05),
i EG. GG Fll GE BER AT AL L5 208 T B,
£ 12~24 h i 2 T FE2IRAL(P<0.05), FFAEIE I
FEFE (P>0.05); 4 NHFIAT, IRERRE 258 3 h A
EE BERIILETS 255, GE #HAR EG BHAR Z,
GG FER PG R 1%, {2 EE 1 GE #{4& . GE Al
EG BEfARIR] A 22 S I6 A 1 3 (P>0.05); {HEFE 24 h
B, 4 AHEARE] B FE TG SRR AE A b 3 25 5 (P<0.05).
22 AUTHEHBET 4 /)MHENETE

35 mg/L WA WASIRER B T, 4 MREARY
P16 R 5 2 T B kA #(P<0.05)(1&1 2), {H 4 4
FEAR LA R T RS BRI . fE 2 58 36~48 h
P, EE #EARF GE BEAR A0S R 2 T RS2,
I I BEAR A 16 P R B (P<0.05)., Tl EG BEAARAI
GG BEIRMAETE R TN 2B 2R Z S,
T 12 h N, IR EHE T % (P<0.05), E T
R 2%, H 3k 31 iR 3 /K F(P<0.05) . EE Al
GE T A [ 75 A1 [F] 9 25 2 1) [ PN, 7776 %6 22 57Ot
A (P>0.05), i EG A GG BRI B T 78
12 h, 24 h 1 60 h B[] 25 22 55 i 25 4 (P<0.05),
ARGETF [H] 5 25 55 AN .35 (P>0.05).
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1 AVEAREL R T LN XA [ 52
FeACHE AT 22 AL
TREAAR P S [r) 25 18 B [B) T BN [R) AR 38 22 7 1 3 (P<<0.05),
AH IR U] 25 S A4S 1§ 25 (P>0.05); EG: ECE*ZGQ;
GG: ZGA*ZGQ; EE: ECA*XECQ; GE: ZGAXECQ;
EC: JERZ/RIFAERHA Fi; ZG: EASHHA.

Fig. 1  Survival rates of Litopenaeus vannamei inbred and
hybrid populations under acute low salinity exposure
Different letters indicate the survival rates of different popula-
tions are significant different (P<0.05); the same letter indicates
no significant difference (P<0.05). EG: EC3xZG?; GG: ZGJ'x
ZGQ; EE: ECAXECQ; GE: ZGA*XECQ; EC: ecuador wild
population F; ZG: inbreeding population.
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Fig. 2 Survival rates of Litopenaeus vannamei inbred and
hybrid populations under acute nitrite treatment
Different letters indicate the survival rates of different popula-
tions are significant different (P<0.05); the same letter indicates
no significant difference (P<0.05). EG: EC4*ZG?; GG:
ZGA*ZGQ; BE: ECEXECQ; GE: ZGAXECQ; EC: ecuador
wild population F;; ZG: inbreeding population.
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HRTE 24 h 1 IR (P<0.05). R/ B A 1 2L
TR 72 h B, BE BEAM GE BEA MG HE R
SR\ TR, (B FIEAR R (P>0.05), i GG
FERFT EG BEIR TG PEAI IR B 8 3175 5 (P<0.05).
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K3 MC-LR Z & T LAY ER [ 22
ZRAZREAR Y SOD I A8k
FEUR AN [ 22 B8 B IR BN TRl 36 22 57 .35 (P<0.05),
AHIE ) 25 5 A | 35 (P>0.05); EG: ECE%ZG9;
GG: ZGA*ZGQ; EE: ECA*XECQ; GE: ZGE*ECQ;
EC: JE/RZ/REFARAK Fi; ZG: JEACHEA.
Fig. 3 Superoxide dismutase (SOD) activity of Litopenaeus
vannamei inbred and hybrid populations under
MC-LR treatment
Different letters indicate the survival rates of different popula-
tions are significant different (P<0.05); the same letter indicates
no significant difference (P<0.05). EG: EC3xZG?Q; GG: ZGJ %
ZGQ; EE: ECEXECQ; GE: ZGAXECQ; EC: ecuador wild
population F,; ZG: inbreeding population.
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RANER B 2 25 §(P<0.05), 36 h B 3% i
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GST W PEILBIUE(E, JFERRER 72 h B BLHD I Y
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(P<0.05), T HADREAR B 5 S E(E R HIAE 72 he
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MR ZERARRE (P>0.05); EG: ECAXZGQ;
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EC: JERZ/RIFAERHA Fi; ZG: EASHHA.

Fig. 4 Catalase (CAT) activity of Litopenaeus vannamei in-
bred and hybrid populations under MC-LR treatment
Different letters indicate the survival rates of different popula-
tions are significant different (P<0.05); the same letter indicates
no significant difference (P<0.05). EG: ECEXZGQ; GG:
ZGA%ZGQ; EE: ECEXECQ; GE: ZGSXECQ; EC: ecuador
wild population F;; ZG: inbreeding population.
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AR ) ) 22 52 R .35 (P>0.05); EG: ECE*ZGQ;
GG: ZGA*xZGQ; EE: ECAXECYQ; GE: ZGAXECQ;
EC: JU/RZ/REFAREIR Fis ZG: I SCHER.
Fig. 5 Glutathione-S-transferase (GST) activity of Lito-
penaeus vannamei inbred and hybrid populations
under MC-LR treatment
Different letters indicate the survival rates of different popula-
tions are significant different (P<0.05); the same letter indicates
no significant difference (P<0.05). EG: EC4*ZG?; GG:
ZGA%ZGQ; EE: ECAXECQ; GE: ZGSXECQ; EC: ecuador
wild population F;; ZG: inbreeding population.
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T TR I R A RE B B T 55, 60 h B I 2 T FE 0
fH(P<0.05), Jf-4ERe7Em{7; GG HHAN GPx 1
A e, R EFEES, fE 12 h BB ETE
(P<0.05), 24 h B} 31 & TR (P<0.05), B4R #
= FHIER1E (P<0.05), M5 & #i T &, H4E 60 h
At ik 2 Tk B 14 (P<0.05), Tfi7E 72 h B W& T
F%(P<0.05); EE 1 GE BHIAM) GPx i PR fk ik
81, 43I 7E 36 h 1 24 h 9 i #1415 F:(P<0.05), I
JEZ T b, JFAE 72 ik 2 Pk B (E (P<0.05).
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ST E]/h exposure time
K16 MC-LR 5% T LA XTIF [ 22 H
Fe A TEARIY GPx 1 A5 1k
FEAAR P A ] 5% g I fi) > 2 R AS [l AR 3R 22 e .35 (P<0.05),
AH U 25 5 R 1 2 (P>0.05); EG: ECE%ZGQ;
GG: ZG3*ZGQ; EE: ECA*XECQ; GE: ZGE*ECQ;
EC: JU/RZ/REFAREIR Fis ZG: I ACHER.

Fig. 6 Glutathione peroxidase (GPx) activity of
Litopenaeus vannamei inbred and hybrid
populations under MC-LR treatment
Different letters indicate the survival rates of different popula-
tions are significant different (P<0.05); the same letter indicates
no significant difference (P<0.05). EG: EC3xZG?; GG: ZGJ %
ZGQ; EE: ECA*XECQ; GE: ZGA*XECQ; EC: ecuador wild

population Fi; ZG: inbreeding population.

£ MC-LR 288 I, 4 MHHAN GR M Sk
BEIIRIE LI @R (& 7). #F 0~24 h, Bk EE
RTE 24 h BRI E 5 S 5N (P<0.05), HALER AR
GR WM Eh & 2%, LA B3 (P>0.05), 2R
36 h B, B} GE BEfASP, GR 630 &% T
(P<0.05), ILJ5 4 BEARAY GR TG PEIEAE 1 B 1k,
Hr EG Ml GG BEATE 36 h ikF|I(H, 1 GE Al
EE BERIIZE 60 h ik BIWEAE, IS #RIF 4R T RE .
24 ANBEMERMERNIR

4 AR AR 2 B AR S 4R RO A K
(B 8). A BHATERH 29 d WAKEIG AN,

-l
?;é 60 | OGE O0GG OEG BEE b

0 12 24 36 48 60 72
FFEATA]/h exposure time

K7 MC-LR 25 F LA EXT IR [ A H
FAEREAR ) GR TEPEE L
TR PUAR[R) g I (R F AR 22 57 .35 (P<0.05),
AH IR U 25 S A4S 25 (P>0.05); EG: ECE*ZGQ;
GG: ZGA*ZGQ; EE: ECA*XECQ; GE: ZGAXECQ;
EC: JERZ/RIFAERHA Fi; ZG: ESHHA.

Fig. 7 Glutathione reductase (GR) activity of
Litopenaeus vannamei inbred and hybrid
populations under MC-LR treatment
Different letters indicate the survival rates of different popula-
tions are significant different (P<0.05); the same letter indicates
no significant difference (P<0.05). EG: EC8XZGQ; GG:
ZGA*xZGQ; BE: ECE*XECQ; GE: ZGAXECQ; EC: ecuador
wild population F;; ZG: inbreeding population.
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16 | i:
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Z75E At E]/d breeding time

K8 JLANEEXTHR B A2 A ACHEAAR A A R MR it
FREAACIA] [F] — FR A N (] 7 BE A R QSR 22 53 1835 (P<0.05),
AH IR U 25 S A4S | 25 (P>0.05); EG: ECE*ZGQ;

GG: ZGA*ZGQ; EE: ECA*XECQ; GE: ZGAXECQ;

EC: JERZ/RIFAERHA Fi; ZG: EASHHA.

Fig. 8 Growth trait test of Litopenaeus vannamei
inbred and hybrid populations
Different letters indicate the growth traits of different popula-
tions at the same time are significant different (P<0.05); the
same letter indicates no significant difference (P<0.05). EG:
ECE%ZGQ; GG: ZGA*ZGY; EE: ECEXECY; GE: ZGA*XECQ;
EC: ecuador wild population F;; ZG: inbreeding population.

B A AR K, T GG BERLE R 60 d LU
WA KR A T % . R AT R B FR5E 40~
70 d B, BEOR AR B TR B S T 25 5 (P<
0.05), ZF%54 70 d LU, EE I GE #EAARA: K fF
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hntk, WA K EHEAERL, 1 EG GG BRI AE
KRN . ERRLEHRA, BE BHAN RS
35 T EG Ml GG FEA(P<0.05), GE FEAA Y {4 H
WE T GG BEHA(P<0.05).
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P 2 A R R X 4 BR B Y 3 D i
&% 22 FE R Pl 0 MR, — B A g% A
B, A I e 7 A DR A Xt RO e
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i BT (Penaeus monodon)!' 145 i 47 38 v AIF 5 6 A,
Ay A s B MR B A L Ay, wT
DASE o 3k 7 Ol AR e MR . AR ST R, 4 AN BER A
PEARER BRI A R £ 22 58 N £ T 2 /R, EE Al
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FR AR 5, 4sCHE GE BRARRIPLE
B AL T EG 1A . GE FFUATEARER B A0 fis R 58
TR T AR5 31.83%F 77.01%,
TR — 2 R E R, W EG BRI
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55T WCE T E . s iR, ISR s e A ik
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01 JJ 155 (Anabaena) % 22 B is e 7= AL O PR R FR IR £
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AT | e BE XU RN P, MC-LR i fH 3 R gE
iz #F [ (Bileacid transporter)$5 A FF4H i, 55 5=
AT PER(ROS), X4 B = 2k 5 /AR
PréE L SOD . CAT f#Efk Oy F1 Hy0, 42 B H,0,
Ml H,0, BFBEHBK(GSH)TE GPx., GST f#fk ¥
ROOH. H,0, =Wk e 59 . K
FEAL LA e H IK(GSSH), GR i1k GSSH it J5 2l
GSHP*®1 78 4 ABHAR MC-LR ZAth Rk
H1, SOD il CAT 1143 P4 #5 bifl % 2 Biof [1] 222 G om 5
Ja s s ke, FTRESE MC-LR 2 & T 1)
[N, 7E 24~36 h BFHLEL R GERY O bR KR
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A compar ative study on stressresistance and growth among the
inbred and hybrid offsprings of wild population F; and
inbreeding population of Litopenaeus vannamei

JI Dewei" 2, HU Lihua'?, YAN Maocang" %, LUO Kui"*, CHEN Xiangfeng"?, ZHANG Min'*

1. Zhejiang Mariculture Research Institute, Wenzhou 325005, China;
2. Zhejiang Key Laboratory of Exploitation and Preservation of Coastal Bio-resource, Wenzhou 325005, China

Abstract: Litopenaeus vannamei, which is also known as white shrimp, is one of the main farmed shrimp species
in China. It is native to the coastal line of Central and South America and was, instead of Fenneropenaeus
chinensis, introduced into China in the 1990’s. The yield of white shrimp increases annually significantly because
of its fast growth, adaptability to a wide range of salt and temperatures, strong disease resistance and low demand
for dietary protein. However, in recent years, the success rate of white shrimp farming in China has declined
because almost 70% of white shrimp seedlings are from inbreeding produced by hatchery farm without systematic
selection, resulting in inadequate growth performance and stress resistance. The very small quantity of quality
broodstock imported from abroad is unable to meet market demand. Meanwhile, the dominant trait of broodstock
selected by other research institutes in China is not stable. The selection of high-quality broodstock is critical to
improving shrimp farming in China. Collection of different basic populations is the basis for white shrimp
selective breeding and inbreeding should be avoided. In this study, in order to analyse the effect of wild population
introducing on the growth trait and stress resistance of the L. vannamei inbreeding population offspring, we used
wild population F; which was imported from Ecuador (EC) and an inbreeding population (ZG) using a complete
diallel cross to construct four F; populations including ECA*ECQ (EE), ZG3*ZG% (GG), ECExZG?Q (EG),
ZGAEXECQ (GE). The survival rate of post-larvae after exposure to acute low salinity or nitrite, the antioxidant
enzymes activities under microcystin-LR (MC-LR) exposure and the growth speed were compared between these
four F, populations. The results showed that the survival rates under acute low salinity (from 30%o to 2%o) for 24 h
to 48 h were significantly different between the four F, populations (EE > GE > EG > GG, P<0.05), with the sur-
vival rate of the EE population as the highest and the GG population as the lowest. The survival rates of the four F,
populations under acute nitrite treatment (35 mg/L) after 60 h were different (GE > EE > EG > GQG), with GE as
the highest and GG again as the lowest. After exposure to 8 mg/L MC-LR, the antioxidant enzyme activities of
SOD and CAT were significantly upregulated at 24 h or 36 h; activities of GPx, GST and GR, which are involved
in removing secondary metabolites such as H,O, and ROOH, were also up-regulated; the GSH contents in hepato-
pancreas decreased because of consumption and the resistance to MC-LR was significantly different between the
four F, populations (EE > GE > EG > GG). The growth trait analysis showed that the growth speed of the EE and

GE populations during 0—40 d was slower than the other two populations, while these two populations showed
higher growth speed during 40—83 d, and the EE population had the best growth trait after 83 d (EE>GE>EG>GQG).
The heterosis rates of hybrid population GE under acute low salinity, nitrite or MC-LR treatment were 31.83%,
77.01%, and 2.77%, respectively, and the performance was better than the mean values of the parents. While the
heterosis rates of the EG population were —19.21%, —8.01% and —8.14%, the performance was weaker than the
mean values of the parents. In conclusion, the stress resistance and growth trait of the four F, populations was EE
> GE > EG > GG. The results revealed that maternal inheritance was dominant for hybrid populations; the trait
depression in hybrid offspring could be caused by using female individuals from inbreeding population; and im-
proving the dominant traits depended on more and more basic populations for white shrimp selective breeding.
Key words: Litopenaeus vannamei; wild population; inbreeding population; stress resistance; MC-LR; growth
performance
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