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R AR IR T TR S AE Y AR F SR, IR 8 266071)

WE: A RFEALENNRERZAFRETE - HEZHENRBEAZTRE, ZRUAE
B E F 89 10 MR KR M AR, FUR ALK 40380, #4725 AR F B LI R 34T
AL, RAETR TR EETREE AMMNON T, aMAZE R TRLEEAS
TEEAERIL ., ERE R, KRMINE LAY IL(GXE) 77 Fn i B F 77 Fn by 10.82 %, ik Z|
WEEAKTFP<00L), HAFEZRWEWATEAXFIANNFEZRNEH, WEREXK
BLHG 1.A4 15, 454 FAR B AMMI B AL b fo 8 8 M5 B4, K& Gsfn Ge th = E R &, 4
7 %7 844.796 1 868.888 g, € IS H ik /DN, 241 1.154 975 71 2.668 016, & T & /.
B, TEMERENR R, ERAFAETHS RAEF S M) £F,; BLTTAREM, 5 4
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B an R EE E AL R K R A Sy BT E S RS
bR o ASSEE R F AMMI B 2477 5 s %t K35
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1.1 SEIeH#

SLERARLR B RE R RIEE F 9 10 ik
BERR, W 2#-FR(Gy). 13#-FHR(Gy). MH-EKFR
(Gs). 15#-FK Z(Gy). 6#-FK R (Gs). 8#-FK % (Ge).
26#- 3 (Gy) . 18#-5 3 (Gs) . 36#-5 3 (Go) Hl 19#-
K F(Gio)o S0 M s L FRIL T #I P B (Ey), VLIRIE
ZUE(E,), #EE A L (Es), 1L 2R 2 i (Eq) AT 1L 25 08
B 2 AR X (Es)5 250 o S0 R B HLIX 41 1% 1
B, AW SR IHREE, FRAE M R/ MHIE
FIRFERTE 3 A BRI, TE
— R AR NI S0 F AT, RO/ INELAR A (]
MBI Rl FR5H 154 H ik, BRak ) 18 H i it 414k
P RAE, AR RFEHLAMEL 50~60 B faFH T X
S BT (), TR R R EAE.

1.2 SWAE

AMMI #E8  AMMI £ R0y B4
ST 25 TR FE R BT A ML S S T — i .
HAEARIFR IR

N
yge:”+ag+ﬂe+zﬁnrgn5gn+99e
i1

K,y FETEFREE e LN g RYMARBRL, pk

TR, org T PR R B2 (i 22 (5 S
PR K TR, 5, SRR T fh 22
(B ANFRHE AT R 22 B D), 20 1255
A EBA VTR, 1 255 0 ARSI
PR E MRS, g B 0 A TR S
E RIS, n SR AER £ MR R T
B AL, g WIREE.

BEMSE e R (SR e
IPCA ) k 242 1] Pt 0 1 G 8 4 A 2

m
Dg(e)a/kZchAg(e)k k=12, ..., m
=1

X, mag &R IPCANEL, Dy eth g 5L
RIBES e ANIEEFE m A IPCA ET35) 0 Dy M
KANEERLES g NEER A ERES e AN FREE A AR X B
Pk, JERA Do BB/ E, FEE D (K
Nof L DR IR A 43 3 7, B D, fEBK, LD RITE
IEE R R BL A a2 R, O R T R
PR OE R o
2 4k
21 FEEAESWH AMMI RESH

TEIL TH P 8 (Ey), TL70E =Hk(Ey), AR
1(Es), WHZR M (E)FINAEME A E RIX(Es)5 1
S A TR AR MR AS B MRS DL R 1. RIS
36 p3 1) MR B S 35 (B A A B 3 2% 5 (P<0.05), o,
1T # 5 (E) B PR T i iR IR, 4(613.844+
84.866) g, ILIAMA 52 A X (Es) 1 °F- 35 14 o it fie
B, 1A% (1 102.370+128.366) g

NE 2 P ZEaUEN, &R, LR
Hi s K R 5 S b e 1) 28 HAE R 38 3K 304 i 2
JKF-(P<0.01), XFEMZIAK R W)™ K FAE7E

F1 SATEMR mREH A ERMMAE

Tab.1 The number and size of samples from five different sites

Sy AL A K /em SEHR g
site sample average standard length average body weight
L T#i 5 (E;)  Huludao, Liaoning 1550 22.360+1.909 613.844+84.866°
TTIni%E = H#E(E;)  Lianyungang, Jiangsu 1530 23.770+2.242 732.484+106.099"
A4 11(E;) Dongshan, Fujian 1560 25.250+2.310 835.696+137.296°
%<5 M(E4) Rongcheng, Shandong 1530 26.480+2.848 931.668+146.215°
INZ M & 2 51X (Es) Zhifu district, Yantai, Shandong 1530 27.849+2.955 1102.370+178.366°

TE: SEIEE FARROR 2 LA AL, TR ) 3R8 22 7 A8 .3 (P>0.05); P REAS Rl 7R 22 57 1 3% (P<0.05 ).
Notes: The same superscripts of letters in the same column mean significantly different (P>0.05); different superscripts of letters mean

significantly different (P<0.05).
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Wi 22 5, HIRBEX - i s R Ak, M3k
2 P LIA H, BB IR S 08 O A S R
) 76.48%, ¢ F R R] FARERLON 1-F- 5 F o A
SE R 10.82%, 11 58 FR KR RS IR SF-J AR R
SR 7.50% . AT L, 7E RLAR S HR R KT [R] 9 AR 5
Rl EER N EEEE, KK ER R MR
HAERON (GXE) A8 55, 35 X )™ 1t 25 5 A 5% 1)
8 R T 5 R IR Y [R] %) 7 4 22 S s2 ), 4 ok
% 2RV I 10.20 {551 1.44 4%,

AMMI R B 45 R B, /i 3 DN EAEE
A i35 K A 25 7K SF- (P<0.01), IPCAL IPCA2
FIIPCA3 735l f B T 3¢ HAEFI ) 76.74% ,16.59%
1 6.63%, ZifI:f#F: 99.96%, Vi AMMI 57
RE S A AU 0 T R 3R i R B 5 A 05 1R LA

2.2 XWERE AMMI #E B 534

MERZFHEER AMMI, BURE (E 1) R 0,
TE S i it = IR A R AR AR |, PREE AR AS K R K
B A, R WIAEE ] 7~ i 22 R it K T4
R 25, F—KRTES LR 7522 78
K, 6l — 525 S KR 52 A BN, H
ARG 2 B X (Bs) 1 7= i e, 30T 8 7 5
(B0 s eI A AR 1 (E) R L AR 58 8 (Ea) 1Y
PR, VLIRS (B A= s K. Gk hrJy
B RER R G AR 225, Bbr iz
IPCAL EH RN K R 55 HAE BN, 5 Fh i F e
PR R 7 B B K R 25 5 4 B AL . 7R
IPCAL |, K& Gs Wi EMERIF, KR Gl
FE MR 2E, TS LIRS TR (Ea) 70 W T B 25 o

R2 KRERFESHNE AMMI RE 531
Tab.2 Results of variance and AMMI analysis on body weight

AR SRR 5B Y Ee 1%
source of variation df Ss MS F accounted for proportion for
total sum of square
JAES: total variation 258 140 028 128.500 542 744.70
LA genotypes 10 10 507 454.390 1050 745.00 60.58** 7.50
II5E environments 4 107 093 597.400 26 773 399.00 1543.68** 76.48
L HAE GXE interaction 37 15 152 650.810 409 531.10 23.61** 10.82
IPCAl 13 11 628 950.550 894 534.70 51.57** 76.74
IPCA2 11 2513 921.680 228 538.30 13.17** 16.59
IPCA3 9 1005 538.450 111 726.50 6.44** 6.63
52 residual 6 104 062.860 17 343.81
1R7% error 207 134 294 999.400 648 768.10
T *FOR AR 0.05 AP IR B IEF] 0.01 K-
Notes: * and ** are significant at 0.05 and 0.01 levels, respectively.
12
E5 *
10
8+ GIo *
_ T R
S 4t
=]
2r 8
0 : ' , 654267 :
* G6 *
=2 (r 200 400 600 1000 1200
4 * E2 ’G 1?3?’8?3 -
El *2
-6

SEEIP=ht/g average product

1 #RERE AMMI, REHRE
Fig.1 AMMI, biplots of body weight
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AMMI, BRI HAGR T 76.74% %K R 55
HARESAE R, P8 HEWT K AR AR A BT Y
STHEIAN AT, I, RIS K RTE IPCAL(REH)
1 IPCA2(9\ ) _ET353FE AMMI, SRR R (14 2), 01
P& TR o> BAFAE 515 2. (93.33%) . £ AMMI,
WUbR B, B A b S A B B, DR R AR
EHEE R s K 2 nT L EE ), 10 4
RAEAPTREERAEIFRERR Gs; HEELILAR
5 2 AR X (Es) 73 B 1 5 e

10 MHEFR 5T 5K R I R W A PR B i 2
FIH AMMIg BUbR &1, R BIRAS fo 72 W0 52 2 R 14
(“which-won-where”view of the AMMI; biplot)%
WEATRE o “BIRA™ o 76 WIE L 1) 68 &1 19 Ty i e e |

K Z— B I A B 5C 0 0 5258 05 o L I 48 7 4%
AN IR R, B 3 L LIE t %[
— 5l R S R R R A BT K
FRECHELEICN . RS R SRR X 2R 45
TR 33X A 2R AL A SRR B 43 BRI X,
I ER DL S 5G 5 53 M AN A A 4 o IR ot 7 AR B
YR B — G B 2 AR, SN T2
WIET ER R G R—RAR NS 24 X
R IIR R 5 NI S 34, Es h—4l,
Es H—4, E;. E; il Es h—3H. KR Ge TEMEL
Es ™, BUMEK" KR G fEHEE Es Hem™,
SR G TEFREE By Ep Al Eq fimn 77, J2 Mt
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2 L
*
L @9 * Glo
0r * E5
(=™
= 2
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s I I I
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IPCA1
B2 AMMI, &8 WHRE
Fig.2 AMMI, biplots (IPCAL, IPCA2)
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Fig. 3 “Which-won-where”view of the AMMI; biplot
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K% IPCA3 I 6.63%MHAFEE . AT W4 h
W PP, RIRIAERT 3 ANFKRAMMAEEN F 5
H(IPCAL~IPCA3) L 154y, TR &R RMEE
621 Digo MK 3 AILVEH, XR Gy Dig) %
/N1.154 975) e, HIRIEHK R Gg(2.668 016),
KFR GroARE, KRN Dy KA 2 7.400 .
AT ALE N, BT R SN
e K F Gs KR Ggo

[AJFE, FH IPCAL~IPCA3 54311 b s X S A
19533 J1(Dy), Hb s 43 HE TR Ry 1 R4l B 22 8
X (Es)>#8 £ 4% 111 (Eo)> VLI 3% 2 s (Ep)>1L 7 # )™
B (E0)> IR H(EL) (3R 4) . BIIREE UL T8 &
(E) AL R (Es) MR R M HEI 855, LA
MG 2 A X (Es) R A 2 4% 1L (Eg) % 5K R 19 43 HE T
B

3 it

TEM TR, A K N R — IR 1 52 HAR
JHR A A VAR R i O BF 5 32 B4 rp T M B MR
IS HAR I, 1EZ FOKF _EXF SR R A
R (R A E R S R 1) SR
ST LA R, GXE SCHAFAME, BHLHH AR,
GxE e HARMIW, R, 3377 TAF 32 2 i

FFE A R IR [ [R]— PR 1 8 AL AH Ok S . 5
ARSI TR A 5 1 B R Y GXE 38 BLARN AN [,
AL ][] — AR A a8t A A DG SR BIFGY T GXE 28 H.
TERE B AR RN, HAK GXE &NV {H A RERS
o BB EIESY GXE A2 H AR 4 H K,
4 K B K Th s #8 (Oncorhynchus tshawytscha) b,
fEH e AR F s B AER B GXE L HAE
FHUOL T % (Oncorhynchus  mykiss) 7 A~ [a] 3 5% (7]
(A IRIEYFRIE R GEFIER BE) N 1St T 0 IR FE 3] 2~3
kg A, A 5k B 4 M O 91 BT 0.58~0.861%%; []
FEXT T 68, SR T 11 58 63 TR 4 S AE S R i 5%
V=R ol A N - AR NIl o i L L B S e
0.32~0.90[4: i34 (Sparus auratus)7E ¥4 & 4.8 g i}
B BRIC I 20 51 7 P90 R 25 46 1Y) 97 Bt 3R G2 v 9 B,
K B T b HLAK (360~480 g) I 1A SR ik 1) a8t A4 M 56
J& 0.7020.10%); 3% [ M6 (Dicentrarchus cabrax)
Tfe 1 7 AN () A 38 8] 6 0 AH G R IO AR S Hh 55
TEEE 0.01~ 0.51M, 5303 1 5 ] 54 6o I £ A I
A RS GXE S HAEF; 55 5 26 33 e I
11 23 J Mt F Y 253 A4 ALK R BRI T R
PEA A B i AE SO GXE HARSUN G, FTf
AR R P FRA T 3R 14 b3 EKF] 35 ¢
I, PE£E 7 000 BFMCIFFRE, /s, L6
§ . BRFFEE T 4 A IREE AR K
X F%58, ¥k 400 g i, BEASXEUCRESE 1177~

®3 REANREMSH

Tab. 3 Stability parameters of families

A% code F % family IPCA1 IPCA2 IPCA3 D; {iF YK seating arrangement
G, 2# -3.699 44 231273 -3.428 12 5.548 566 7
G, 13# —4.528 78 2.997 26 2.91092 6.161 726 9
Gs 44 —2.582 33 1.687 34 0.016 67 3.084 773 4
G, 15# —-3.096 35 —1.935 00 -1.983 05 4.155 008 5
Gs 6# —-0.108 79 0.796 80 0.829 00 1.154 975 1
Gs 8# -1.53891 -3.45174 2.128 86 4.337 603 6
G 26# 0.289 98 —2.932 86 0.426 52 2.977 864 3
Gs 18# 1.075 86 —2.154 64 -1.148 20 2.668 016 2
Gy 36# 5.770 82 1.557 17 1.209 29 6.098 321 8
Gio 19# 8.417 93 1.122 93 —0.961 88 8.546 796 10
F4 HINREMSH
Tab. 4 Stability parameters of sites
v i VYR
10222 Ioii‘t‘i‘(‘)n IPCAL IPCA2 IPCA3 D seating Lirr(;;gement
E: LT Hi7 % Huludao, Liaoning -400283  -1.44312 3.338 80 5.408 588 4
E, VIL75i%E = #E Lianyungang, Jiangsu -3.22145 3.28573 -3.710 96 5.911 428 3
Es #4111 Dongshan, Fujian —2.414 04 -5.068 37 -1.858 71 5.913 609 2
E, 1145 /% Rongcheng, Shandong —-1.487 99 3.434 03 2.211 65 4.347 191 5
Es INZRAH & 251X Yantaizhifu, Shandong 11.126 30 —0.208 27 0.019 22 11.128 270 1
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Analysis of genotype-environmental interaction of
turbot(Scophthalmus maximus) based on AMMI model

MA Ai-jun”, WANG Xin-an
(Key Lab for Sustainable Utilization of Marine Fishery Resources, Ministry of Agriculture, Qingdao, Key Laboratory for Marine Fish
Breeding and Biotechnology, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: Turbot (Scophthalmus maximus), a flatfish of deep water species, is a high-nutrition and eco-
nomic-valued species and currently cultured widely in China. In recent years, however, serious germ plasm
degeneration has come into being due to the lack of the long-term and effective broodstock management
programmes, production of farmed turbot became highly unstable and total output declined gradually.
Therefore, large-scale family selection programs recurring to PIT tag have been used to initiate the genetic
improvement of turbot since national eleventh five-year plan by the Yellow Sea Fisheries Research Insti-
tute, Chinese Academy of Fishery Science. At present, F, population has been finished. In order to obtain
new strains (or new varieties) and the extension of fine families,it was highly important, in the process of
selective breeding, to obtain fine families with universality and fine families with exclusiveness. Thus,
we carried out genotype-environment interaction analysis. In this paper, ten families from turbot selective
breeding F, were dispatched in randomized block design to five farms in different locations (Liaon-
ing, Jiangsu, Fujian, Shandong-1, Shandong-2) representing a wide variety of environmental conditions
and data of body weight were collected. AMMI (Additive Main and Multiplicative Interaction) Model was
used to analyze data collected. The results showed that GXE interaction for body weight was significantly
different (P< 0.01) and GXE effects on body weight was higher than those of families genotype. The for-
mer was equal to 1.44 times of the latter. The yield of family Gs and Gg was comparatively high (844.796 g
and 868.888 g) and the stability parameter of the two families was the lowest (1.154 975 and 2.668 016).
Obviously, family Gs and Gg had a high and stable yield and wide adaptability and the two kinds of geno-
types were beneficial to selective breeding of new variety (or new strain). Five test locations were divided
into three environment groups , i.e., Group Es, Group Es and Group E;-E,-E4, at the same time, family Gg,
Gip and G, should be dispatched to the environment Groups Es, Es, Ej-E,-E4, respectively, based on
“Which- won- where” view of the AMMI biplot (the yield of family Gg, G19 and G,: 851.768 g, 911.664 ¢
and 784.764 g). The conclusion of the study can provide theoretic basis for selective breeding of new
strains (or new varieties) and the extension of fine families.
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