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KR FORBHE YA SR AR 25 FE X AT R DI
S FE AR . OB EMO AP A . PUiR
SEPRIS O SRR A AR S, H AT R
PR B FRFEIAEE T, X FL4H I X HF (Litopenaeus
vanname ) 3R 1K B i) DGE il IGE it S 54T
TIEAGRY R L35 I1GE Jr 25 1y sl )y 2% i %
RUIJr 2209 73%, FHIXFERAMAR 1S58 AT N
PR T KA A G A 5

v [# % ¥ (Fenneropenaeus chinensis) 3 Fx 4
Dy XFER L BYEE, SRR 1] (Arthropoda), H
5¢ 4 (Crustacea), 1 ‘& H (Decapoda), % &V H
(Dendrobranchiata), X} ¥F & %l (Penaeoidea), X HF
F} (Penaeidae), B %I T J& (Fenneropenaeus)®”,
JE TR I e AR R A 1 Fe g aF e 2 —PA ) s
ESDO AN FRANIUE RSPV - L S PO 3 2N S
BAT R K . G ER . AIRAT B, Bk
HE, TEPAT I R, e YRR R R B T
G, WX IR 58 BAT A% i 2 A

PR BB R, X SRy s A ek B T/ B &
BRI L . BT, BRI S BT T
FE IR AR T 1GE AYHIF ST 14 R ILARGE . ASHF5E
A EXTEF 2 AR B R A, it 2R R Z AN
ROrEE, PRG R R E, 7E SE gk Y IR FE A 05
T, DU E R A K, MR IGE Y
PRSP, kTR iAE DGE 1 IGE 1yt f%
BHL, MRS 58 AT N A5 B DL RO R 5
i), Ay R4 2 4 PR A a8 4% i R 4R AL B A
PEABARSHL

1 #MRE5FE

1.1 SRIEHR

ARSI T 2016 4F, FEAOM FRHE KSRGS E H
PR T o SRR RER Ry E TR G RAZLF
FEER bk 103 A FER (28 A2 [H
RR), ZHRSNZRRZZoHNRK ., 250K
MEIF ZREE W 1,

F1 HEMIT GLLANK B AR R REWIBER A ER R R 1T SE
Tab.1 Family structure and descriptive statistical parameters for body weight of
the tested population in the generation G11 of Fenneropenaeus chinensis

B o gp ZFMER EABER 0 P weight 1R 1%
gener- o o qam  full-sib half-sib sox Ni o N sppyfrg feiffilg Sisfiilg ARMEZ: AR ZE¥yU% surviva
ation family family mean min max sD cv rate
Gl11 89 103 103 28 %ﬁg 3000 2329 853 3.07 19.00 212 24.89 77.63
HE 1065 7.04 320 1583  1.79 22,53 -
male
i 1264 9.04 3.07 19.00 2.25 24.90 -
female

T N A RS No- Yl A H

Note: N;-stocking number; N,-survival number at harvest.

1.2 EIEigit

W 52 55 T 28 2 Bph 3 — B st ] (2016 4F- 4
H4H—8H 1H, it 119K), ‘F#kERIk2g
Khia, AR 5. 6 B 0 nl i A AR
bR (visible implant elastomer, VIE), i A [@ 1Y
BiOHE X F %, VIE WRic R RME, %
A 24> 36 mPKJEN 100 S RIAH R 3R . IR
B B 50 AN MAR, K TE AR S 70 emix
70 cmx100 cm, A THERMITE IGE, RHZXK
AL HIRBH TR, AR RYHAH 3

4, R 10 BAME, 3500 cE B 3 Mg
MM 3 MARZERGNE, ALEWAK
FAGTER —AMAE P AR Z R 1K,
—MEFRAE 3 MFET, 5 6 MARKRAS
Mo DR B FE R A 4L AR,
ZEERIEE R, A K S AR IR &
SPECRG” WA ETT R R R — R Y
KA AL, HEBRATE 22 57 X 45 SR A 52 i
IR AT B R ARG R R BGE, HEBRF R M 52
F o FC R A — ROAR A9 B0, LA S A R Al 31
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(IR g ey AN

SRS T 103 K &R, H 100 4 A1t
RNFR R, HERMH ERREET A H
FAEDATLIR, KRBT B, fr
DT 3 MR R, HAMENR R, #
FEA™ R A 28 AR R — B, HERR 57 7 5 ) 2%
(SEIR . SCUR TR, I YOS R 60 F2/mS,
1.3 FEEE R MR

FRAE R, AR R IR H R 50%,
B A X SRR SR TR Y 2.5%, $EE R
HC AR GE & & 45%) ., FF5E R R F K
FRAH, HR 24 INEEASTRIBTE K, Bk b AR

55%. SR A b B JE P — IR 245 i, AL 45 K B

HopEdaR R . A 3 RIMNK— UK IR EL . &
AU, B 10 RAE— WA A A4, R
g Rt B R R R

ST HE] Ay 2016 4E 8 A 1 H ] 2016 4E 10 A
27 H, J87d. it g w5, F 10 H 28—30
H 3 KA SEAT PRI, 0k — RBIF AR |
WIFES . PRI FRIC B o A EE I SR i 2
0.01g. MARMIKZE AT, Xorf iRk 8
FEALALEE
14 Sitoh

FIH Excel 3KUHLBgHrA MENEE,
A3 A R T RS S, dE
MRS R | REREZE | TR R,
RGBS R S B, DL R IGE YT
JEASK SRR (i F ASReml4 £ 1ERD il
FAHE DGE Ml IGE )7 224057 .

R 1

Yiam = 4 +SeX; + TBW,, (Sex; ) + 8y + 1t + 8

PR 2:

Yijim = 1+ Sex, + TBW, (Sex,) +

n-1

8y +zasj + b + Gjim

i
Hol, Yigm A Yiam A2 55 1 R PSR A SO0 £
poAERERIME, Sex J258 | A5 Y [ E 8800
TBW,,(Sex,) /& ELES | A5 b g A M T
AREIEMIELR), ag 25 | FBEFY DGE fH,

ay ~(0,AcZ), Horh A RIITAT I AN A R T3
WIAEL AR 1 Fr o S A AE OCAE IS, o & DGE
g Sa, FAUTIEA | RSN n1 A
i

KEEARXTEE | RBEIFH IGE 19 45 Fl (n=30),
a,~(0,Ac%), Htlios & IGE M5 %; o, 2
IGE 5 DGE thJr %, r, 7= IGE 5 DGE HyHH
KRB G 2E kA R Y RE B RN
t~(0,1072), Hif of S MR )T 2, eym M
Qum | RIFRUBEHLIE 2, e~(0102), Hip
oL RERRET

37 Fh{# (total breeding value, TBV), BRI/
F) 8 A2 U

TBV, =gy +(n—1)?a
TBV Jr:
Oty = O'azd +2(n-1o, +(n-1 ’c
R Ty 2%
0'[2) = Gazd + (n—l)aazs +ol+ol+op

TE 26 L (R B R AL 2 B o, B s A
G RITT FE AE R FoR st Ty, B hP=
oy oo R T Hitk 1GE Jy 22 #l DGE-IGE W5 22
X RS AE R DTk, SIA: TP =o0%y /o2, H
KR IGE 72 M DGE-IGE W5 Z7E N Y
B AE I ZEAE R I P E S e, ShP AR L,
T2[FBH23E T DGE FIGE 77 2%, Al LA /R i IGE
XL 7 2 1 ST R
2 ER54MH
21 #RELET

SREERO AR Rr W N @ TN R T BuY s e
L2 1o MHCHE AR IOR PR Y E 2 (8.5312.12) g,
A5 RECH 24.89%, BERAETG R K 77.63%, H
W A fr S 45 1 T [(9.04+2.25) o] B F k4R [(7.94+
1.79) gl 3 LA Z RRIA Sk B 4vr 4 SR Ak B
AL, %5k 8.41 g F18.49 g, HrifE2
43k 1.187 g f10.784 g, 7855 2K 51M 13.96%

2
s
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H19.17%. S AR A T AR 5 R B, KARF
A VA R A RO T BTG (5T 1) o T PR R AR A
HIEA S AR BOR M, MRS TR PR BT 22 57N
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Fig. 1 Boxplots of different cages and different families

for the average body weight of the tested population

in the generation G11 of Fenneropenaeus chinensis
22 FEHANEEESH

i XEE G1L AL RO R E DGE Al
IGE J5 2 Mgt S B THE AR 2.0 1A
LRI 2 ¥Rl DS DGE J5 22, it e
Sl°h 2.602+0.440 1 2.770+0.473, #EILIRTS )15
Gt 1 pP A THE ST 51k 0.581+0.071 HI 0.616+
0.074, ISR ILRIGE R, 72K 1IGE S Auds
FEA R B PR 1 (LRT=8.06, P<0.005), ff# 5%
# 2, RAHHY IGE 724 0.0021+0.0012, MIKEL
{EAHXS T DGE J5 &M = AR/), (HAMAR) IGE =1k
FH 4L T[] — P 4 8 A AN 14 (n=30), & —
ﬁﬂtkﬂ@mﬂ?x&ﬁ{ﬁ M IGE 7 A By 5B I 22
M (n-1)%02 =1.7661, X T il )y 2 STmkIE N
75.03%, Elaﬂ’“f)\ém DGE-IGE 1475 2% (o, ,

~0.0379+2.1900), T2 1fii1{H (0.524+0.212) /N T 1%
Si 38 4% 71 h? £ ( 0.616+0.074) . 5 IGE J5 22
H, R B |GE 5 DGE W7 22 i s2 b4
H2(n-Yo, =-2.1982, #ElLfliitih IGE 5 DGE
(RIAH OC 28 h—0.495+0.184 AR 4R &Y 1 F1 2 51t
AT B M FE RN J7 2243 328 0.236+0.062 F1 0.153+
0.076, IbAh, PAAREHYIA A ) 43 2[R PR 55 800,
HEH .

%2 FMHYPERT R ENE G114
MR RIAERRESH
Tab. 2 Genetic parameters estimated using two animal
models for body weight of the tested population in the
generation G11 of Fenneropenaeus chinensis

SZH AT IGE MshPisAl 7 IGE MY R sl il

parameter animal model without IGE ~ animal model with IGE

LogL -2571.39 ~2567.36
ol 2.602+0.440 2.770£0.473
o - 0.0021+0.0012
o, - -0.0379+2.1900
O'CZ - —
of 0.236+0.062 0.153+0.076

2y - 2.354+0.945
ol 1.643+0.237 1.509+0.261
ol 4.481+0.243 4.492+0.261
T? - 0.524£0.212
h? 0.581+0.071 0.616+0.074
r - ~0.495+0.184

T LogL -3 BUIAE; of -FLH 1% A0U% (DGE) )y 2%; of -
B 238 12 0% (1GE) )1 %5 o, -DGE 5 IGE Mt i %; ol -4k[F]
WELON T %%, of - I‘J%’BAU“JJ%— Oty -RAE T %, ol -5k
FE; ob-REF I, TP-RfL I GRMEMILME; h -
f691; 1, -DGE 5 IGE Myt {641 .

Note: LogL-logarithmic likelihood value; ajd -direct genetic vari-
ance (DGE); aé -indirect genetic variance (IGE); o, -direct-
indirect covariance; &2 -common environmental variance; o -variance
of the test net effect; o2, -variance of the total breeding value;
ol -residual variance; o -phenotypic variance; T? -ratio of
h? -heritability; .

-correlation between the DGE

2 2.
orgy 10 o a

P

and IGE.
3 Wi

AR SCAE BRI 1 45 W 5 P PR B R A5 T R X
WFISRIRTE IGE MG A S8, 45K, Bt
&7 25 |GE J5 24 it i L BB ad 75%. 7F B iR iE
5%, IGE X st 1Ry 25 1 5T Bk R AE
69%~98%", Hirft, IGE Jr 2515 e % Bk ik E i
AL I N R 48%MM ) E VG PR A Y i

téf}*z/'é WAL T 2 BT E il 45.4%07 AT
iR EIRHGEMAT G, X R UARE A2

AT R0 AR AR AR AR AR = A T R 3 A AT e
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TR

PR Z R SE P IS T, G IGE T 276N
(18 v LG MR ISR A i S 3 A% T 25 R B T 25 1 L
1 52.4% (T?), TG 1% St (61.6%).
X EFIER N — R 1t DGE-IGE iy
£ (-93%), L T ORI IGE Jr 22 (75%)
FFEL. 1EJE % BHE M |GE FH GG AR LE A [ 1
B, 4R B ON IE W R R 60%Af, i
DGE-IGE W J5 22 i & it 1% Ty 25 1 1L ] 24 —55%,
T IGE 5 25 5 Bast A&y 22 19 L9 (48%) . 43l
RIREE AR SE MR BE R, | T DGE-IGE 241
S ORIEAH, SSAE T 2 b R T 20 L 2
BB . B, AR KOR AR SR T
i R IIT 210 HAG Ky 70%H1 71%., 1EAR 3% 1 575
FAET, L X HR IS A R AL Ty 2 i R
T2 He A 73%0 A R SR A 4 AR RS
REBIER I DGE-IGE By 22 R E(E, FM7E
A 18 A EREE R R AR () 4L 2 AR IR SR B BME T
AT,

T AAAE 71 A DGE-IGE Bl 22, H [ % dR i
A HE DGE 5 IGE 2 [H] A1 3¢ R % H-0.495, iX
KSR T, WRZM IGE &, J%
J& DGE i, HmAMA, b2 5170, &£
A B S AR WA T O MR T, R AR K
JE FIAEI R A 2k . 22 MuirPglsr T
WEEE R, W 6 FREITIHRAS R E
{URIEA R IY DGE {HUEAT B A RIEC A, 4 23
AR, BRSNS A (-0.10 g/titAR), FET
RAMARFRE T 0.32 4, TERE R B 5 =
EfEE AR T, BELL TBV 1Nk FEbrifE,
WSRAFAE K DGE-IGE P 7 22, 4% 5 v s
S FIMHIE, FER RO . AR B H &
B, DGE-IGE HiX & %75 3%-0.8 F|-0.97 19}k
& ik, 24 DGE 5 IGE MyAHE &8 in -1 1,
MEMER RS T Z BN T 0, BN AHES
At kP e T SRR, TR E R
B2 V8 As, R PR HE T R B TRk DL = A
AR R, SRR T EY R IER =
G AT . I, 7ESERR MY fL e RS,
ATDCRICT R 50, A RS son: & E iR

B IR M Z R R 2 PR IR X, fEdE e 4
B A IR IR A K, A R R
AR DGE RN, 5 & HRIMEA IGE 2z, 48
JGHT TBV SRR R IR R ME, £
REFR G, TR AR B ST, MMi
(At 2528 HAT R BT BT, 3 b B fr) B A
B AR

AL R, DGE-IGE Wy 224k 18 14
PR A, HR R AT RE SRR A A R 2 5z
BRAT S, XA HAL |GE FHOCHT ST Hh g
BN S ORI A LR T R, e — A
T A L ISR R AR, | GE AH G
L5 K0 A 1 s 2ot — B B i P, A,
O F v X R I AR A A st AR Ty A T, S
T 2 4k AR R B IR A 45 R 0.21+
0.04%3 | A BIF 5 306 4% T Fof A 250 36 15 g S T A g
PR WAL T AN THE S 0.581 il 0.616, 5
R TE 2 A L O R o I R R R AR A
H R St I R R B RN, S BB L Ak A
B A I IR BN B S, TR S I
FHAR R Z AL L R HLESS, R B R [H
MR FE D, I BAERE RISREARE, Fit
AR R AR B RS, FEUCIE AR SN o
S B 5 P

4 g

WG, TE TR IR 5 52 PR ) 5 4
WEET, o [0 SR AR TR 7 7 5 2 0 58 PSS L
1520, I B e R R R AR E 7 A T AT s A Y
SO, N URAMA ] At A2 B A IGE Jr 227
SR 7 22 BT 5 LU 75%, X SRR )
SRITEFALH, oA T — ARt DGE-IGE B J7
22, WD T AT A TR SR AL S S, 2 H AR PR
HORISE: PG Ll N dou R A= iyl S0 NIV e
YR AZ PR 5 B A PR BT T R PR R D A gt AR
WA
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An analysis of the indirect genetic effect on the body weight of Fen-
neropenaeus chinensis under restrictive feeding conditions

ZHONG Weipeng" 3 LUO Kun®* MENG Xianhong? 3, CHEN Baolong? 3, SUI Juan® 3, KONG Jie* 3, CAO
Baoxiang® 3, XING Qun? 3, LUAN Sheng®®

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;

2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable De-
velopment of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071, Ching;

3. Qingdao National Laboratory of Marine Science and Technology, Functional Laboratory of Marine Fishery Science
and Food Production Process, Qingdao 266071, China

Abstract: An additive effect is the main genetic determinant of the phenotypic value of a quantitative trait, but it is
a direct genetic effect (DGE) of the trait itself, ignoring the genetic influence of social interaction among indi-
viduals in the same group. The expression of genes of an individual has an influence on the phenotypic values of
others in the same group, which is an indirect genetic effect (IGE). IGE is generated by social interaction among
individuals in the group. IGE has been widely reported in animals and plants. For aquatic animals, |GE has been
determined in Nile tilapia, Atlantic cod, and the Pacific white shrimp. The Chinese shrimp (Fenneropenaeus
chinensis) is one of the most representative aquaculture species in China. In F. chinensis, cannibalism and frequent
attacks are common phenomena. Attacks among individuals under environmental stress and the fight for food may
affect the growth of shrimps. In order to study the indirect genetic effects of body weight in F. chinensis under
restrictive feeding conditions, 103 families of the eleventh generation of the breeding population were tested using
a multi-family by multi-group design. They were reared for about three months with limited feed and harvest body
weight was measured for each individual. Genetic parameters of harvest body weight were estimated using an ex-
tended animal model, including IGE. The results showed that the IGE of body weight was significant, with a con-
tribution to the total genetic variance reaching up to 75.03%. There was a negative covariance (—2.1900) between
DGE and IGE. Based on the model with IGE, the ratio of total genetic variance to phenotypic variance was
0.524+0.212, which was less than the traditional estimate of heritability (0.616+0.074). In addition, there was a
negative genetic correlation between the direct and indirect genetic effects (—0.495), implying that the existence of
competitive effects may be detrimental to selective responses. This study demonstrated strong social interaction
(competition among individuals) exists in a population of F. chinensis under restrictive feeding conditions, which
had a heritable effect on body weight. Considering that the indirect genetic effect under the competitive environ-
ment has a greater negative impact on selection, it is inadvisable to conduct breeding programs under a competi-
tive environment.

Key words: Fenneropenaeus chinensis; indirect genetic effect; competitive environment; multi-family by mul-
ti-group design; genetic parameters
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