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1.1 AMENNREMEFEEMMT EXETHE

TEJLIREXT IR Z PR G B R H R K R,
W PR R AL DB Y BRI AE S T
PR R R AT 50 ) A% 3 RO o DL IS T i o
Gk 10 ~50 J5 /8, A LAGRAIE B 48 42 4k 28 30 ok

R R MR T gl o i BB A, A% 0 B AR IR Y
15 12 F P 23 B4 AR o BN Y SRR AR R AR R
MPERE S MRk B AT o 76 A S5 o, A% 0 B 1Y f
225 SCHk 13 ] 19 77 %, 3 A 14 19 30 2l 5000
B0 MK R, BMEFR SR BREBIER
W LU 491 22 SRy s 1 g A e O ) B i R 4
WA 12% F1 6% , ik £ 9k FE 4y A Sk 1. 667 Fi
1.985, @ H LT, I A 1 b 75 228k 1€ 50
FEHERF,100 J2 MERR ] Ty )G SL ik FREAR.
JEEFL 415 B rp AT AR 2 SR AR & B S B D
B SEAIET SFFRR NG 00, — M S8k B 150 2 i
IF,300 B2 ME MR A FRCAL. Mo e #R 50 8 IE,
100 J2 M 8 Bic 20 #9258 &, A A IR T AR o #b
FA

EN/E R S NDR - A ODd KN
W AT (R 1) .
1.2 BHERMZFMREITE

FE FLANEERT IR Z AR G B R 5 &b, 4%
WK BT 5 (BW ) | f7 1% %8 ( SR) Fil 4l b5 A &
(FD)E g B R0 B bR IR, 407 B s 45 2 280
P2, HEREBW MR, EEAA WA 1) X HRAE
T RE RPR , A [R] B ] Py Ak 3 b TR RS A e
2 32) JLYREEXT R B b7 4 5 Az R IR % U AH
O, RIS R A, A A% AR . 2B SR PRI,
S DR O A7 078 230 iR, BRI K R PRI R B Y )
B2, AR LA T X R 55 B ) — I
WG ME A R AR, BIRE R
THFESE Z 1R kL, B K FI A1 S 52 0 28 35 3K
T BRI B R H R
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Tab.1 Levels of reproductive efficiency with same operational systems

3 & BBt £/ 3 i
levels of nucleus multiplication production system
reproductive NF,./ PL,./ SPW,,,/ S/ 0.5PR,,/ PL,,/ SPW,,,/ S,/ PR,/
efficiency B B " % B B " % B
A low 50 5 000 5 60 375 000 5 000 5 60 5.63E9
B. ' medium 50 10 000 5 65 812 500 10 000 5 65 2.64E10
C. /& high 50 20 000 5 70 1 750 000 20 000 5 70 1.23El11

B :NF,, %O T MR RO, PL,, - A% 0 TH 5 R ME AT BT Rk A A7 AR 280, SPW,, - 6 TRE 4 PR AR 4 4 7 BB R RK, S, - A0 THE DA 10 SR Y
T, PR,,, . 4 SR RBCIE , PL,,, . 57 ST FE M UF 0K B (7 R 50, SPW,,, . 47 5 T M UF 45540 0 722 B G B, S, 47 5T A AT O 30k
77 % 3, PR, A 7 A TR

Notes: NF,,. the number of females in the nucleus, PL,,. the number of offsprings per female in the nucleus, SPW,,. the Spawning times of
females in the nucleus, S,,. survival rate of individuals from larva to adult in the nucleus, PR,,,. the number of individuals in the multiplication,
PL,,,. the number of offsprings per female in the multiplication, SPW,,,. the Spawning times of females in the multiplication, S, . survival rate of

individuals from larva to adult in the multiplication, PR ,,. the number of individuals in the production system
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®2 WRERE(BW),7FFZE(SR)
FARBNE (FI) WREMEESH
Tab.2 Phenotypic and genetic parameters of
BW,SR and FI

IR/ 1R/ % REAR g
body weight survival rate feed intake
J{d mean 18.19 65.00 27.29
h? 0.31 0.36 0.31
op 3.16 8.72 4.64

REMBEX(E=f)MEFEAX(T=/R)

phenotypic ( above ) and genetic( below ) correlations

& Fi & body weight 0.08 0.8
£ % survival rate 0.08 0.3
i)k} 5% A i feed intake 0.8 0.3
HEFELNREXREY

common environmental effects and correlations

e 0.07 0.01 0.07
1 i B body weight

TE06 & survival rate 0.3

i #HE At feed intake 0.85 0.3

H ARk H BW il SR Y £ A 7 22 5045k B
FLAREXT IR G 8 o B T3 /A 7 BE Y 57
FH IR 5O BEFR A A K 22 5+, SR ¥ 1E
RS R SCHk H g B T S AR S R A 7 R K
SEHUH 65% . BW Al SR Al 35 1% 11 . 26 A0 56 1
WAL KRS H I8 ] FISLZ MW 1S %
Bl , F B8 1% 2 802 I Ponzoni 25" 1 Oy 1
AT . B2 FI 5 BW i) & BEAH G 8t f% 1 ik
FE 5 BW MHE A{H 0. 31, 3 B AH OC R ECR 35t 1%
R RB B E N 0.80, i H AN BW Fl FI {1y
AR &, ARSI B R b i B 0. 8,
FE AU 56 R AL AH K B O AHSF . SR AT FI 9 41
AR H P AE 0 ) Bl o 0.3, 3 [m] PR 5 AH G B B
ZZCER[10 ], FI gyt [ BREE 200 & 5 BW
Ay e [] B 358 2550 107 AH 45

HEr MR 23 mABUE T B S % SCEk 1311
kAT PR R TR
P _1 000 x65 x0.02

EV,, = =13.00
aBW 100
9P 1000 x18.19 x0.02

EVy =— = =3.64
ISR 100
P

EV, =—= -1 000 x0.007 = —7.00
OFI

1.3 EFEHEE
T8 & M E A PR BN SR 5 B W 3%

3, BT AE X UR 5 5 R G0 v AR K o A b E F
HITE & A H AR TP 48 FILHAE R FR 8 H0h A
FH% R . 3 13 SelAction' " B35t H 4R
ARIEEE L M HARPRUEZE (0),) IEFETR EL
P2 (o) , AR T B 7R 1Y) 3 % 1 g (AG)
(1000 RREFH—AHA7) o
TAR 1L R (AG) WTH R 7

1,0p + 1,0,

L, +L,
i Ty, G 0 Dy HE R R AR A SE BRI s o)
F oy, 5300 Jhy AR 114 3 R 48 HUOPR ME 22 5 L, AN
Ly, 53590 g AR 0 g A ) B

R3 SEHEEFEHAMRUREXREZER

Tab.3 Characters used as selection criteria in the

AG =

index and information available from relatives

ERIN REGER

informations of relatives

characters
Wk A it body weight Atk
49 4 [E] L, 50 A4~ ]
49 A2 fAl g 50 A~ [ fg
B MR %

1706 % survival rate
1Ak A i feed Intake

1.4 ZBFSHE

RAGHEHTFITREZHEREGET M T E
2T 45 0 S B, R RHA S Bl R b,
B A AR U 3B . RP AR Z 48N
TIHREMTAEmMGEN - SELEHENEA, E
B ANEME RZbRCM AN TR, R R SR
B, VIE frig 28, BIF A Irig 2K,
VR S DL R s AR AR B
1.5 ZFHBItEFE

1wt A% e R TR BT AT R
BE L AE TR AT Ao R R A A T AR
BA . B TFREEN WA G, H B[R A0 B
e i W 1 [ U Ny = SO 1 i 2
PR A 15 L g X U s A e BRI B &%
eI

TE LGN EXT U E R H A 3 1 52 55 K
B A 3 0 1) A I 30 1] 4 s

MKT x AG
= 1000

AP, AG S B T B R R 1) B AR A Y AL
HEJE (1 000 J2 HF A B Ay ), ot A% o R R] (T 4F)
A 0 R [ 4%
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dR=R| 7 +2r" -+ (T-y+1)r'] =

P! (T—y+1)rT+I

(1-r)° l-r
1 A RS E] (T 45 ) Y 00 B AUAS
dC=Clr+r +7 + - +7"] :w
-r

BRI RIHAT T 4 )5 AT (RP)

RP =dR -dC -1
R4 A L (BCR)
dR

HE MG R G, AR 4 gk ES
BAE R 2. 14 Gt i pk e 2 i A 4E B9 dCLdR,
RP 1 BCR, 8 15 ot B4 i 45 FRA% 5y 20 4,

R4 ATHESUHRESEMNFREFUENSHE

Tab.4 Parameter values used in the investment appraisal of breeding plan

S8 545 (FhL) o BE A
parameter abbreviation or symbol (units) value
I P2 discount rate D 0.05,0.10,0.15
I 3R 7 discount factor r=1/(1+d) 0.95,0.91,0.87
B K 8 Ay year when first returns are obtained y(4) 3,45
H Fh &I 4E > number of years over which scheme is evaluated T(4) 20
T MR 3% PR 3R J& selection intensity in males iy 1.985
JHE MR 3% PR3 J¥ selection intensity in females ip 1.667
T iR 14 5] % generation interval in males Ly, 1
JfE MR 14X (] B generation interval in females L, 1
I FR A Jii & body weight at harvest (g) 18.19
TETE % survival rate SR(% ) 65
T Bk Bt #E & cumulative feed intake (g) 27.29
PR efficiency of multiplication MKT(HAR) 5625,26406,122500
Y% % initial investment I(Tiot) 400,700,1000
4E 2% JT] annual cost C(Ht) 50,80,110
Xt R4 #% price of shrimp PRy, (JC/g) 0.02,0.04,0.06
T B4 k& price of feed PR (7C/g) 0.006,0.007,0.008

1.6 ZFFHREST

W RP ORI BCR N 7 1247 3 26 A W)
SRR MFE R A2 TG F) 25 %2
B O SR R AR A L I B AR 0] 45 B A AR B
) 53847 2 80 CB U R AE Gy Ay B0 ) o AR
6 3 RS BB A (2 4) R ARL Y RP A
BCR Jf #EAT HL AL o
1.7 ERBSHEEESHT

TE LA BEXT IR 1 2R & 7 AR R b, B
O FHE A 2 77 0 YR A AR AL Y BRI P SR B O AT
PEAPRIE I o R AR R IR AR 2
Fift 22 BE 9, DA /IN b 38 v 1 9 i 31 DR K T K R 8 A
FROH o N R PR 8 AR XA D 3R AT g 2 fi ) —
B DR RSP 7 P ELLE A [R) 2R 358 o 94 7 R A1 44

KA, BV E HERON (re-ranking effect) o I 4h,
JH R AU 5 RS 1 B AR T BB SR B AR AR 8 AL T
F5 W AR, B R %8 ( scaling effect) '

T H OLT % 3 A5 BRI B R Y F O
2 B3 3o [ P BR A S IR b R 2 )
f A A MR EAT T o AR T HEARSE B BF 5T L )
— PR AEAS R BR B 22 [ 119 38 1% A DG 1% B 0,99
0.90.0.70.0.50 PO~ 7K, A [m] 4 AR = ] i 3t 1%
AH G 1 Ry Al B (5420 B M WK 3ok £ 22 T 1 st A%
FRAHEF ) | I 25 JE7E % 58 50 55 v 3t 1% AH ¢ FRAIR
10% 30% 50% 1% &L o 75 REE &0 1 BF 58
WAL 1 7KV B S A R R 8 AR ) B R
90% .80% 70% 60% (% 5) .
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OB (_n) AR (_p) B9 3 MK BW SR FI i 5 1 (i E X

Tab.5 Heritabilities( h’) and genetic correlations ( r, ) for body weight(BW),

survival rate( SR) and feed intake( FI)in the nucleus(_n)and production(_p) environments

HARSR ZRUE SR BW/g SR/ % Fl/g
type of G x E interaction parameters parameters’ name body weight survival rate feed intake
¥ mean 18.19 86.41 27.29
Tp 3.16 8.72 4.64
1A 2 i
sc?iiffict ba%c Hifue W _n 0-31 0-36 0-31
10% W _p 0.28 0.32 0.28
20% W _p 0.25 0.29 0.25
30% W _p 0.22 0.25 0.22
40% W _p 0.19 0.22 0.19
BW_n SR_n Fl_n
r, =0.99 BW_p 0.99
(Rt fE) SR_p 0.08 0.99
FI_p 0.80 0.30 0.99
r, =0.90 BW_p 0.90
SR_p 0.07 0.90
= HE AR FI_p 0.72 0.27 0.90
re-ranking effect r, =0.70 BW_p 0.70
SR_p 0.06 0.70
FI_p 0.56 0.21 0.70
r, =0.50 BW_p 0.50
SR_p 0.04 0.50
FI_p 0.40 0.15 0.50
) 4k 9 AG 735 Lt 2 il 2 % (0. 007 J6/g) #9. 14% ,
£ 8.57% (% 6),
2.1 HirMERHEEER 2.2 HirMRBERHARTENEFUE

FI {9 2 55 IMAUE S O, BIRR 22 38 o 16 5 3K 15
V14 388 % 1k AN T B2 3 FE A 0 T R Al 1A 2
Bt i o (29.7 J0) S RE S Hm 69.71% .
G A A W) AG LIRS HUIK 23.42% |, st
ITHA M AG BN S 505 22.29% o XTEFHY)
Y&, BW T SR MR 1 2 B IR #E K, AG
o MRS X AR B A (0. 04 JT/g) X R A A%
B(0.06 5o/g) fli it # AG 43 531 b 3L il 2 %% (0. 02
JL/g) iF 166. 86% Fil 336. 00% , 1 K} 4% 1) A2
b, T AT IMAUE , R4 5E W T AG . R
PR A% S 0.004 JC/g F10.012 Ji/g i, At

EHAE S HUE T, & Fh 5 H 4T 20 4, Hbx
PR 8 0 i 7= A A 0 B [ L B AL AR (RPN
BCR. Hij4 4 RP —H R HfH. 7€ 0 FFER A UK
fi WA A A B T 000 H A ER 0T, B
RP Rl . 1EHT 2 4F, $ A A EJZ A R,
FEORP HE— AR/ PLANE X HF E AR IR 8
it JE ki RYGE, o8 T 1 WK R AR 1 Jc o 56
34 (HILE RP 58K S il . F4r sAE SR 4 4,
RP M\ 11 {645 24 I {H . )5, RP Fl BCR & 4F 2
15, T2 20 4F B bR PEAR 35 1% 3F & T 7 A= 1) RP 2y
862 747.91 Ji G, BCR Jy 844.26(%£ 7).
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F6 WKWRERE(BW) FEE(SR)FMAMBANZE(F)EENEERRE . EMHENRREE (0,) .
EEEHGAEE (o) MASETRURTIHNEEZER(AG)
Tab.6 Genetic gain per generation for BW ,SR and FI,standard deviation of the index( o, ) and the
breeding goal( o, ) ,accuracy of selection and overall gain per generation in economic units( AG)

HHRH AR ek i selection response -
. 7 o AG/JT
breeding goal BW/g SR/ % Fl/g

FLhE 240 base value 0.86 4.70 1.54 18.3 9.7 17.5
EVg =0 1.3 3.7 1.9 27.0 16.4 29.7
K% J1 414" low heritability combo 0.6 3.6 1.2 7.4 15.2 13.4
AL f1414° high heritability combo 1.1 5.7 1.9 20.9 11.8 21.4
XFUR A%/ (0.04 JG/g) price of shrimp 1.1 4.1 1.8 43.1 25.8 46.7
XTUR 4%/ (0.06 JG/g) price of shrimp 1.2 4.0 1.8 69.6 42.1 76.3
Tt A%/ (0.006 JG/g) price of feed 1.0 4.5 1.6 18.9 10.5 19.1
TR BH #5 /(0. 008 JG/g) price of feed 0.7 4.9 1.4 18.0 8.8 16.0

T -a R L 1 414 - BW, SRUFL 38 % 77 5051 9 :0.21,0.24,0. 21 5b. w538 6 1 4145 : BW , SR, FI {138 {4 77 53531 g :0. 41,0. 48 ,0. 41
Notes:a. Low heritability combo : heritability of BW,SR,FI is 0.21,0.24,0.21;b. High heritability combo : heritability of BW ,SR,FI is 0. 41,
0.48,0.41

x7T BEMisET(WREAS%) BREREEHESENRETR FE (RP) @A AL ZE (BCR)
Tab.7 Discounted cash flow (D =5% ) ,economic benefit( RP) and benefit/cost ratio( BCR)
(monetary values are expressed in 10° CN ¥ ) for the base situation

5 I LA E SN EE Y FAT W A T .
year discount factor discounted returns discounted costs RP/77 76 BCR
0 1 0 0 -400.0 -
1 0.95 0.00 47.5 -447.5 0.0
2 0.91 0.00 93.0 -493.0 0.0
3 0.86 8 578.64 136. 16 8 042.48 16.00
4 0.82 24 918.90 177.30 24 341.61 43.16
5 0.78 48 262. 14 216.47 47 645.67 78.29
6 0.75 77 904.34 253.78 77 250.56 119.16
7 0.71 113 192.68 289.32 112 503.36 164.21
8 0.68 153 522.21 323.16 152 799.05 212.29
9 0.64 198 332.80 355.39 197 577.41 262.56
10 0.61 247 106.23 386.09 246 320. 14 314.35
11 0.58 299 363.47 415.32 298 548.15 367.17
12 0.56 354 662.15 443.16 353 818.98 420.63
13 0.53 412 594.09 469.68 411 724.41 474.42
14 0.51 472 783.12 494.93 471 888.19 528.29
15 0.48 534 882.91 518.98 533 963.93 582.04
16 0.46 598 575.01 541.89 597 633.12 635.51
17 0.44 663 566.95 563.70 662 603.24 688.56
18 0.42 729 590.50 584.48 728 606.02 741.09
19 0.40 796 400.05 604.27 795 395.78 793.02
20 0.38 863 771.02 623.11 862 747.91 844.26
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2.3 EFEBSHRERE 2.4 HREMESHT

Bt 2 7 A 5 0 B A AR O B AT, 2
TEARAT I 8 5 SN | 8 5 45 BOR A o 2% L 1B A
JEE RMARE PR SR X B R R S o Pk RN A A
FEREAR R M 22 A AR AT A e SOV R R 4 R
FROBR E 22 T PR JEE R AR B 4 S W /N (6 8)
RO R ARAT I B £ S g A A2 A, S IR O R i
FEH MR DR EAT

LR LR bR PR 9 3 15 78, RP
Al BCR i ([ 1-a) o gb4h, & #0 H bz h 2 6 £
i FI, %} T RP Fl BCR (52 m % K (18 1-b) o 7E
B A E AR S PR (FI 23 i AUE N 0
Jt) i E 15 2 49 RP FI BCR 43 5 kb K fill 2 8

.

®8 ERASHBEMEZEGT AREKNECHRE(EREREEREMEZEFERMN).
REMRMRTHEZFERGES BEEERE

Tab.8 Genetic gain per generation for each trait( direct and correlated responses) ,standard deviation of the

index( o, ) ,accuracy of selection(r, ) and overall gain per generation in economic units under G x E interaction

BRSO (0 HE) VF) 2 e 45 S I (2B 7= R ) VE o v %
EPTSFE LR oot resonses( muclons ded remmecs roduetion svs o EIRL SRR
direct responses( nucleus) correlated responses( production system ) o,/JC  accuracy of  JZRI/IC
type of G x E interaction . .
BW/g SR/%  Fl/g BW/g SR/% Fl/g selection  overall gain
B ERON re-ranking effect
r, =0.99 0.9 4.7 1.5 0. 4.7 1.5 10.0 0.55 18.3
r, =0.90 0.9 4.7 1.5 0. 4.2 1.4 8.7 0.47 15.9
r, =0.70 0.9 4.7 1.5 0. 3.3 1.1 6.6 0.36 12.1
r, =0.50 0.9 4.7 1.5 0. 2.3 0.8 4.4 0.24 8.0
RBERL N scaling effect
10% 0.9 4.7 1.5 0. 4.4 1.5 8.7 0.48 15.9
20% 0.9 4.7 1.5 0. 4.1 1.4 8.5 0.46 15.5
30% 0.9 4.7 1.5 0 3.9 1.3 7.8 0.42 14.2
40% 0.9 4.7 1.5 0. 3.6 1.2 7.6 0.41 13.8
= FJE  profit = A profit
1x10° - ™ MAERALLE benefit/ costratio 00 1600000 ™ EHALLZE benefit / costratio 41 600
6 1029.54 1.46453e6
: i }86 : 105231 ¢6 = 1 400 000 - | 43244 1400
T 9x10° ¢ 86274791 o £1200000F 1200 .2
= 8107y ®E 121000000 1000 5 Z
18 7x 105 |65 37649 61490 el 1R 462 74791 -_Q- z
R 6x10° - § S }'5 800 000 - sta0 800 45\‘-’
~ S L X~ =) =
Eiiigs w@E  E 600000F 600 f(hg
= ! ®a ® ESI
W 3x10° + ~ 2 400 000 - 400 ©
S L
%z }gs [ 200 000} 200
0 . L 0
Rt PAEBMET] e HEmizH (EVe=8) EVp=0
low medium high base value
heritability heriablity heritability
(a) WAL IR (b) TARHEN BT IAUE
level of heritability econmic value of feed intake
Bl £YMFSEOGFRESFT
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Genetic evaluation and investment appraisal of the multi-trait
selection breeding program in Lifopenaeus vannamei

JIN Wu', LUAN Sheng’, KONG Jie’* , LUO Kun’, MENG Xianhong’,
ZHANG Tianshi’, WANG Qingyin’
(1. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization , Ministry of Agriculture,
Freshwater Fisheries Research Center ,Chinese Academy of Fishery Sciences,Wuxi 214081 ,China;
2. Key Laboratory for Sustainable Utilization of Marine Fisheries Resources ,Ministry of Agriculture
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071 ,China)

Abstract: The genetic gain and economic benefit from a multi-trait breeding scheme with Litopenaeus
vannamei were calculated after performing 20 selections. The breeding object was made up of harvest body
weight( BW) , survival rate ( SR) and feed intake ( FI) , but the trait FI was not included in the selection
index. Selection response and genetic gain of the breeding object were estimated based on selection index
theory. Economic benefit was predicted after nucleus shrimp was multiplied by a pyramid breeding structure
(nucleus , multiplication and production populations). The sensitivity of profit (RP) and benefit/cost ratio
(BCR) to a number of factors was examined. It comprises biological parameters ( heritability value,
accounting for feed intake ), economic parameters ( price of shrimp, price of feed, discount rate, initial
investment, annual cost ), and operational parameters ( year when first return occurs, multiplication
efficiency ) . For the base situation, selection responses on BW , SR and FI for the base situation were 0. 86 g,
4.70% and 1.54 g,respectively; the RP and BCR of this program were CNY 8627. 48 million and 844. 26
after performing 20 selections. The greatest contribution to variations in RP and BCR came from the
improvements in the multiplication efficiency at the level of both the nucleus and the hatcheries. The sensitive
analysis of G x E interaction showed that re-ranking effect had more significant effect than the scale effect on
RP and BCR. If there were significant differences between culture environments and environment in the
breeding center, independent breeding projects were suggested for governments or corporations from an
economic viewpoint.

Key words; multi-trait integrated breeding program; genetic gain; profit; benefit/cost ratio; genotype by
environment interaction
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