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RIS IR BT R AR 50 0 2 M B LR AR B
EACRAE 1000 A~ B A5 MERRE SR EA, SER A
K PR A IR T B I o M B S Bt AT o
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A AT B R S M A 4 x4 52 2 XU
MR ARG 16 H (R 1), BH =T, B4
e FIME SR AR 45 200 Sk F AT RN

x1 HS 4 x4 WHZEZXWIZIT
Tab.1 Design of diallel cross for
Apostichopus japonicus

FA S KB Q(C) B (W) KiEQ (D) K ()

Parent Changdao Weihai Dalian Jaonan

K&é (C)

Changdao ce we be Jc

B 6 ( W ) CW WwW DW 0%
Weihai
e

Kige (D)) WD DD D
Dalian

&ﬁq 5D CJ \4] DJ JJ
Jiaonan

1.3 S

VEFF 1SR T4 300 g 1L A St
T2 1 o 6 AR 3, 52 70 1 SR K TR (4.2 °C)
Feo WIRIERS BEASEAMEIR A7 % 7 #6460
BRREPRIRII 5 A BT 10 d, 353 BURS 4 10
mx3mx | m, BRI T S, B
B RIER, B 5 KERL K, BREE
EI L RTHR 0.5 T, Hk 2/3 HBL KRR S
BEEC DU R, S SRR BT TR 2 45 5 K
B L AR R S B N A AL T
%12 CAI 16 CHHEEEE 3 d JF4k8eTHE, I}
%18 CRHE R R PR A A A, 4
FEP RN . VIR VR, TR I (20. 5
) RS

B2 R B 5 BV (M B 37 5
4% 200 Sk He e 1 ACHEAL 2 T A RS K
Ve 22 O, BBk KIk 4 mm W FIG
B2 T SRR TR R 48 RAK 172
HEVSOR P U U2 L M4 12 5 £ 1 50 90
SRR IR TS 2 S Tk,
e SRR b 7
1.4 BURREIRAH

{EQIS B BTN ER, 55 30,60 .80 105 &, 45
TATREHLRED S 30 Sk, k330 0 2 0k K,
7 HE 2 IR ™ 7o KR S 24
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48 h, M )E 5 0.5 ~0.6 mol / L HREREEE /K
VEWAE TR T B IE A2 1.5 ~2 b Rl B
T3 A 2 P KD kU 1 00 5 B 5 A
H SRR ZER K 5 ~ 8 b, BP AT IE %32 3l
.

BIRALA S O R TR A T
PRI 2R 1 3% (H  Heterosis) , AU R «

H(%)=(F, -P)/Px100 (1)
ot H R 3% P, 25 FARMEIR 1 T
B P g ASALEIR 0 T4

SR A XA 2 R
— RS RIS S

RIS GCA, =x, - X, (2)
A1 GCAFTR | FAR M — IR A ST 50, T i 3%
ARTBEAL S 0V 5975 XL 3R A LA 1
TR

FERRIC A 1 :SCA,; =x; - X, — GCA, - GCA,

(3)

R SCAFR i A j 35 A58 e 414 1 15 3k
WL T) 50, T i SEAAE AL A 10 T 1) 7= i, 32
R0 EAH j SRR A T i X L A Ul
B TP R GCA, 577 i SEARI— RIS 15
GCA R j A M — RIS 71

JH EXCEL Xt % 52 5 %88 oF 17 % 5, 5% Jf]
SPSS 19. 0 G 4r Mk PEIEA T 7 25001 55 Ho e

2 4

2.1 HBAERKRKR

BB SR AN 2 Fros , AR B B
B4 K& AL, 30 d, JD>DJ >JC > W]
A, S KA 3.9 mm L F KT AR
(3.82 mm), i WW < CW 4, 2 Sk K /N T
3.7 mm, /N EARE{E (3,82 mm) ,JD #4H 2
BT WW 49/ CW 20 (P <0.05) ,DJ 415 25T
WW 41(P <0.05);60 d,CJ >WW >WJ >JD >
JW>CD>JC 4, SR KA 5. 30 mm DL |,
KT B 9E (5. 29 mm) , i WD < DD < DW
A, 2R /NT 5. 20 mm, /N F BARF- ) {E
(5.29 mm) ,DW H B &L T CJ] H . WW 2. W]
A1 ID 41 (P <0.05) ;80 d,CD >WC > WD >CW
H B IREKIAE 7,45 mm L b, KT BKE
{8(7.40 mm), i DD < JJ 41, 4 SR K /NF
7.20 mm, /NF BARSEME (7. 40 mm) ,CD 4H .
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WC 41 WD 41f1 CW 4 & % = F DD 4071 JJ 4
(P<0.05);105 d,DJ > WD > JD > JC 41,4 =14k
K II7E 10.60 mm DL |, KF EAF3{E (10. 30
mm), [fif CC < WW < CJ] 4, B IK K /NT
10. 00 mm, /NTF BARSE-#494H (10. 30 mm ) , CC £

BEMFHMA (P <0.05),D] 4. WD 41 JD
AMICHBEST CCH WW 4 .CIHFITH
(P<0.05), o] WL, RGNS ERKEEZEA
AHIA], Bifi o B ) 48 22 S WA

R2 BXRANSHERKIEL

Tab.2 The body length of different groups mm

IH A

C’E - 30 d 60 d 80 d 105 d
sTOoups
cC 3.76 £0.41% 5.20 £0.35% 7.35 £0.33%° 9.18 £0.51*
()] 3.81 £0.52% 5.35£0.37% 7.57 £0.28¢ 10.03 +0. 46"
CwW 3.68 £0.51% 5.30 £0.33% 7.48 £0.29¢ 10. 15 +0. 54bede
CJ 3.85+0.41% 5.41 +0.25" 7.44 +0.30" 9.88 +0.67"
WW 3.63 £0.43° 5.38 £0.22" 7.45 £0.31° 9.79 £0.71"
wC 3.81 £0.46% 5.23 £0.31% 7.55 £0.24¢ 10.29 0. 58¢df
WD 3.71 £0.36 5.12 £0.31° 7.49 £0.30° 10.70 +0.54%
WJ 3.91 +£0.32% 5.37 £0.31" 7.38 £0.56% 10.47 +0.52%%
DD 3.83 £0.41% 5.17 £0.31% 7.19 £0.37% 10.29 +0. 99!
DC 3.79 £0.51% 5.28 £0.27% 7.45 £0.31°¢ 10.55 +0. 63
DW 3.72 +0.48% 5.19 +0.32% 7.35 +0.36%¢ 10.58 +0. 56"
DJ 4.05 £0.32" 5.26 £0.30% 7.35 £0.23%° 10.86 +0.56%
J] 3.75 £0.36% 5.27 £0.32% 7.18 £0.29° 10. 14 +0. 60"
Jjc 3.98 £0.28% 5.33 £0.30% 7.43 £0.20%° 10.62 +0.59'%
W 3.80 +0.49 5.35+0.36% 7.37 £0.31%¢ 10.57 0. 46"
D 4.11 £0.43¢ 5.37 £0.36" 7.43 £0.35%° 10.67 +0.51%

T AR — S BE A B A AR EAR R R A B 25 5 (P <0.05)

Note: Date in the same column with different superscripts indicate significant( P <0.05)

2.2 FBHEZASHEMLE

BHAEH A B SR 22 Fh L SR AR {1
3w, 30 d B ID AR R m
9.83 % ),60 d i} DC 411 CJ 4l 7R L8 i
(43314 3.15 % F13.13 %) ,80 d Bt CD 4244
R (4.12 %) ,105 d B} JC 2 Z4Fp iR
1 (9.69 % ) o ARG AE A — A K B B
e R A, [ — 25 A ) A K B B 4
DRI R 22 1], A 2 AR K B B R Bk IE {H,
A KB BINAE . CD 41 .JC 4151 JD 412+
FPOEA AR 2 R I, 1 CJ 41 WC 41, WJ 4.
DC 471 D H A M I AR R —E KT B
5, WD 2071 DW 4 R PL 33 A — AN EE 1
B, CW 2 2R LS4 2N i 2 R T
2.3 —BEANFSHKESD

ARG B R 58 WA 58, AT (0,
n=4) 16 MA . FL, WAL 56 0] LR EAG
SEACAFIBEAS — e & 3 Chnk st 4% ) 2808 Fi
RFFERIC A 1 CAE IR 8% ) 8800 o AS [ BF AR 3
A RMARM AR — R EL A 103 4 FiR, 45

FER A R B Bt — B A 3 3000 2 B [] , i 39 45
BER— ML A& 3%, 5 I — i & 0 7L (R
A BB Tl R R A B A — R A
JIFHES, BB T i3 B A A s A B BF AR A BE AR
— B J1 T B, SO T B AN B S B0 B IR
() — M BL A 1 — B AR BT s 1 AR B AR —
FREBCA T TH s, T XA 1 — ML A 1 B A, 105
H A B, B AR — PRI A5 7 355007 L5 v 1 A R o
K(GCA D Q =0.28) FIKEHEAR (GCA T Q =
0.21) , X A HEAARACA 1) — ML A T B &
ANRISEFC 4 A FEAS TR 2B K B B 1 R R T
JIART (F5), 7630 HEF, (R K F5(E i
FR 2SI R ID BEAR Y GCA B i ( GCA
J @ =0.08), 4 & M RERRC A o i m 1
(SCAJD = 0.23), 7E 60 #4108 i
RIIZEH G R CD | HEEA GCA FH X oA 24155
K(GCAC?R = 0.04) ,{HIZ2H SCA ANJEH R,
SCA B NAEF AR ] ID o 7E 80 H I, (R K
PIER K 22841 A0 CD |, HACREA Y GCA
(GCACQ = 0.04,GCAD & =0.00) ¥ A0
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KAA,fHZIH SCA(SCA CD = 0.12) M KfH, H
5 CJ .DC A& 20A K, 15105 A, (kK
PIERE A8 A0 DI B A GCA i
f1(GCA D Q =0.28) ,{HH: SCA R EHE N, WD
HAW SCA UV H A = (SCA WD = 0.28) ,{HY
JC .CW \DJ A K, Al W, FEAS R A K B B —
FRERC A T I 0 ) AVERBR C 75 71 (N4 2%
W) BAEAE AR PIE

®3 BERTHAPYSBROZMAEE
Tab.3 Heterosis for body length of

different groups %
Ae 30 d 60 d 80 d 105 d
Groups
CD 0.43 3.18 4.12 3.05
CW -3.18 -0.29 -0.46 -1.36
CJ 4.07 3.13 0.43 -4.62
wcC 3.12 -1.16 2.03 8.55
WD -2.61 -3.26 -0.94 5.28
WJ 5.71 3.15 -1.33 0.42
DC -0.19 1.85 2.49 8.33
DW -2.09 -2.29 -2.12 2.82
DJ 9.39 0.21 -0.84 4.81
JC 6.02 1.68 2.29 9.96
JW -2.45 0.29 -1.69 2.29
JD 9.83 0.80 0.13 3.05

x4 AEBHEERERHLTERE—RES HBEE
Tab.4 General combining ability of body

length in diallel cross groups

30d 60 d 80 d 105 d
GCA CRQ -0.05 0.04 0.04 -0.50
GCADQ 0.02 -0.06 -0.07 0.28
GCA W Q -0.06 0.00 0.06 0.02
GCAJQ 0.08 0.02 -0.04 0.21
GCAC S 0.01 -0.02 0.03 -0.14
GCAD & -0.04 -0.04 0.00 0.11
GCA W & -0.04 0.04 0.02 -0.03
GCAJ S 0.06 0.02 -0.05 0.07

3 e

PRI I SR 0 J A R EF B E
T 2R S A AUAR AT I (Y 2R b L o Tl 2 b AL
HRAGAA T — AT KT VBFH ) 7 ah TR
SEMIR BT ROR I — RS 2 A 2 B, H.
RO 2 SRR Z P O Shoba | i =2 s ™, b
NSRBI —Fh, HIHA 5y 77 A F s i
e, AT ORI TR P T BT I
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TS 4 A 7] b FERE O 110 v o 5
R 58N Z 315 B 258 i F A JE A, Hedse
TO2H 5405 1 AR KR, 45 W, AR 4
)5 R A8 AN A [R) Bt 25 FF v A K 2% S
BT o Ze R IR 07 T, A ) 4 22 44 7E T
— A KB A AR, R —2H A 7E AN R AR K B B
WA 225, CD 41 JC 41R1 ID 4LHRZ N E A, 1
HAA G —E W 2R3, B JC 4Li 2=l
AR AE LA B 5 1T CW 4 1 2RI S b 2y
TR, B 2 5 J5 AR A 22 B 2 10 345 A
LA TEAEARAG DA, fE 2 B 25 1] 8 AR T
IRASH A I P $R ON IE M B 2, 105
HEALE CW 20 R B 1 MH , R W5 AR 28R i 3
I 25 T 1) ) 1 R 8 AL ) 0 45 R 7 o
12 1 H AR 2L 5 2 58 5206 v 15 FIHE 5, 1)
LM R P E S5 0 AL 225 T8
g LA K A, 45 R R, S 8 i I 2
SEHAMAZAG K MK EERARE, 45
11160 HIR I Hh — Rl AR K B 5 S T
HAth 414, AR KB 2 R SR 18 160 H 1N
EE S AFEREVRTPENZ(6) x A
HZ( Q) TN Wik kT K5
FERAPIR, 205 50 BB 25 I 1] 14 0 8 58 1 R0 2 58
VAN AR 1 4 5 22 SR g Y R A K
PEE R R R, R [R]  FRRE O (7] 25t 3 B
H s B 2RI 3, S0 A ) TR O £ AL 5 24
38 G ARTE A KR B A — 5 B 2R R 307
ARIEFIRENFREZ A , 2 5 5 ARAE 12 H i - 4%
T R I B FR 2R A

£5 FRAREASKKIEROBHRES NRRE
Tab.5 Specific combining ability of body length in

diallel cross groups

30 d 60 d 80 d 105 d
SCA CD 0.07 0.06 0.12 0.13
SCA CW -0.06 -0.02 0.01 0.25
SCA CJ -0.16 0.00 0.09 0.14
SCA WC 0.04 -0.01 0.06 0.12
SCA WD -0.02 -0.11 0.02 0.28
SCA W] 0.08 0.07 -0.03 0.09
SCA DC -0.07 0.08 0.09 0.11
SCA DW -0.09 -0.07 -0.01 0.04
SCA D) 0.14 0.00 0.07 0.22
ScA JC 0.06 0.04 0.04 0.26
SCA JW -0.07 -0.02 -0.01 0.10
SCA JD 0.23 0.11 0.07 0.06
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e 1 R A R 2R A2 L5 IR B RE T Y
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TRAHE A 7 RO fEL, 72 45 o 18— fe Bl & 7 2
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FERA Aot A TR R 5 5 e i
T A sc e B TARM TR . AR e 4 4
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Heterosis and combining ability analysis of diallel cross from four different
Apostichopus japonicas populations

ZHENG Yanxin', ZHAO Chunnuan', YU Tao', CAl Zhonggiang', LIN Jianguo', QIN Bo’
(1. Changdao Enhancement and Experiment Station, Chinese Academy of Fishery Science, Changdao 265800, Shandong,
China; 2. East China Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Shanghai 200090, China)

Abstract; To investigate heterosis and combining ability of the diallel crosses of different Apostichopus
Jjaponicas populations which were from Changdao (C), Dalian (D), Weihai (W) and Jiaonan(J), the
experiment established 16 groups of 4 x 4 diallel crosses of different Apostichopus japonicas populations. The
larval survival growth performance of 30 day (d), 60 d, 80 d and 105 d were obtained, and the heterosis,
the general combining ability and the specific combining ability were compared between the different groups.
The results showed that: The body length was different in different groups, and there was no significance
between hybrid and selfing groups of 30 d, 60 d and 80 d. The body length of the hybrid groups which were
eroups of D (@) x J (&) (DJ), WD, JD and JC of 105 d was significantly greater than the combinations
which were groups of CC, WW and JJ. The heterosis was different in different hybrid groups and different
stages. The groups of CD, JC and JD were always positive, and the group of CW was always negative. The
number of groups which were positive increased with growth of A. japonicas, and the groups of JC of 105 d
was 9.69 % and highest. The general combining ability of D ( 2 ),J ( ¢ )and D ( & ) was higher than
others. The special combining ability of groups of JD was higher on 30 d and 60 d , the groups of CD, DJ, JC
and JD were higher than other groups on 80 d and 105 d. Tt can be concluded that the hybrid combinations of
C(?) xD(8),D(?) xJ(8),J(?) xC(8)and] ( Q) xD (&) of Apostichopus japonicas
have better growth performance and higher special combining ability by comprehensive consideration.

Key words: Apostichopus japonicas ; diallel cross; heterosis; combining ability
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