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Tab, 1 The design of 3X3 diallel cross
for clams with different shell color

R & w2 Z3
AR parents
(34.86 mm) (34. 76 mm)  (33. 78 mm)
R % (34.42 mm) RR RW RZ
W § (34. 56 mm) WR WW Wz
Z % (33.90 mm) ZR W 7

fE: MRS R A GE I O e i 5 22 5 (P >
0. 05)

Notes: the parentheses in table 1 means shell length of
parents, there were no significant difference among parents(P =

0. 05)
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#, 9% 5 F SPSS13. 0 G it 84 X #ic i ik 47 53 #ir
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e,

2 4R
2.1 FRRAYRORMLE

M 2 AT, & 24 32 4h e i) A AL A B
oy M AR K S O A O R S ) R ) 2 e
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BIERAZZEFARE P >0.05).WZ 5 ZW (1
FRZEEFSRBE (P <0.05), KK K. WZ>
ZW>ZR>RZ>RW>WR, #2324 4h B fE 1%
A ZeFp i3 2E 3. ¥ D IEL RAAETS E XN
100%6,3~9 H #&H .3 /> % 28 41 [a] &)y U775 1 4
FPE 3424 B B3 (P <<0.05);6 4~ 1F R ac 4,
WZ 5 ZW,WR 5 RW I IE ) 28 1Y 2 R A #4522
S B E (P <0.01),RZ 5 ZR WiF KA [H] 24 5%
AP >0.05), fuEa] W e T a], 4 ol
AR ZFE RS B IR % VI G, B & H I 1 Y
K AR MRS B ILT- 63 4 c 4
FeI A [R) 2 BE 0 2 R L #, B 2 RO
Hg=6.20£2.43,Hs= 14.83+0. 28 (Hg: /R~
A I 2R3 s Hs FORTETE M ZARE S s W X
Z 43 B B 5 A 2 R UL HAEL 53 51 o Hg
wXz=8.50+2.79, Hs wXz=20.59 +0.98, 5
RXZ ,WXR &3¢t 22 5% .3 (P <<0.05) ;6 4~ 1E
A WZ 21 2% Rl O 3 e B 8, HAH 43 591 R
Hg wz=9.48+3.04,Hs wz=29.72%3. 96,
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W X W 4t 25 A i) 34 16 d,17 d.16 d(F& 4) ,
A UL 283 A R R T S A5 L 4 Je T AR ARt
] 2 d Zif. Z5CHE i T4 AR5 58, 43¢ 4 R
XZWXZWESRSAZHANER BEP <
0.05):6 P IER A4+, Bk WR,RW 4h, HE IE
RN EESRSACHETBFE (P <0.05).
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Tab. 2  Average shell length (a) and heterosis (b) of larvae for experimental groups during the pelagic period

gl 4l F1 # age of larvac (d) o I AR A BT
experimental groups 3 6 9 the average growth heterosis
RR 130.17+£4. 16 154, 17+ 6, 40 174.16 £7. 37
Ww 130,00+ 5,19 153.83%6. 25 173.33+7.58
Z7 128, 68+5, 38 157,507, 16 172. 67 6. 40 —
RZ 134. 67+ 6, 48 167, 50+ 8. 06 186. 83+ 7. 40 =
a ZR 132.16 6. 11 168, 00 = 5. 81 187. 67 £ 6. 81
WZ 138. 00+ 5, 63 169. 50+ 8. 02 194, 331+ 6. 01
LW 135.17x7.73 169. 00 = 6. 90 190. 33£5. 83
WR 132, 006, 07 160. 50+ 7, 51 181, 60 + 6, 52
RW 132,60+ 7. 40 162, 66 + 6, 53 183. 83+5. 62
Hgz (%) 3.46 8. 64 7.27 6. 46" + 2. 68
Hzr( %) 2,70 6. 67 8. 68 6.02"+3.04
Hwz (%) 6. 15 10. 18 12.11 9,480 +3, (4
Hapw (%) 5. 04 7.30 10. 22 7.528+2, 60
, Hwr (%) 1. 54 4.34 4.77 3.65°%1,75
Hgw (%) 1. 87 5.51 5.55 4,312, 11
Hgxz(%) 3.08 7.65 7.75 6. 167 £ 2. 67
Hywxz (%) 5. 60 8.72 11.17 8.508+2.79
Hwxr (%) 1.70 4,92 5,16 3.93¢+1.93
H(%) 3.46 7.05 8.10 6.20£2.43

P« [ — 3 b AR A R A B2 5 (P >0.05), 6 AN IERZCHM/INE F IR, 3Rl SR HKE ¥ %
A% A H TR 225047, T
Notes: the same letters in each column mean no significant difference( P =0, 05), the small letters mean six reciprocal crosses and

capital letters mean hybrid groups. and the following notes are the same as Tab. 1
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Tab.3 Survival rates (a) and heterosis (b) of larvae for experimental groups during the pelagic period

et 1 E i age of larvae (d) R Anp TR R BT
experimental groups 3 & 9 the average survival heterosis
RR 83.05+2.46 80.88+2.40 77.55+3.92
Ww 74,48+1,94 71.16+6.13 67.83+4, 23
Z7 83.73+2. 27 83, 07+1,35 82,07+1.81
RZ 90,64 %2, 20 89.31+3.44 88,31+4, 09 =
a ZR 92, 41%2. 25 90,41%2, 04 88.74+1, 26 —
WZ 93.55%2.62 92.55+2. 06 90.55+1. 88 —
ZW 95.44 %3, 27 94.11%£1.71 91.25+3.25
WR 90.98+2.01 87.65+3. 86 82,6412 07
RW 89.57+4.51 86.23+1.95 81.90+3.19
Hrz( %) 9.14 10. 42 13. 87 11. 14 £2. 45
Hze (%) 10. 37 8. 84 8.12 9,11r+1.15
Hwz( %) 25, 60 30. 06 33. 50 29,72+ 3,96
Haw (%0 13. 98 13.29 11.19 12,82¢+1,45
b Hwr (%) 22.15 23.17 21.83 22,38 +0, 70
Hiw (%6) 7.85 6. 61 5. 61 6.69°%1,12
Hixz(¥0) 9.76 9. 62 10. 92 10,102 £0. 71
Hysz(26) 19, 46 21.02 21.28 20. 59% £ 0. 98
Hwxr (%) 14. 61 14. 36 14. 16 14. 38 £ 0, 23

H(%) 14, 52 14. 90 15. 06 14. 83 +0, 28
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Tab.4 Metamorphic time, metamorphosis and heterosis of larvae for hybrid groups during the metamorphic period

SERGEH A aE] (d) A A L H A A4 metamorphosis and heterosis
experimental groups metamorphic time AR F 5 (V) metamorphosis ZFME#A 20 heterosis

RR 16 60. 42: + 4,07 Hiz (%) 15. 74
WW 17 58. 66"+ 1. 65 Hur (%) 11.96
77 16 64, 69 + 3, 47 Hwz (%) 27.51
RZ 15 69,930 +2, 27 Haw (%) 22.78
ZR 15 72.43%+3,16 Hwr () 9.07
WZ 14 74. 80" +3.91 Hrw (¥0) 7.61
W 14 79. 43" + 1. 94 Hixz (%) 13.79
WR 15 63. 98" +3. 43 Hwxz(%) 25. 03
RW 14 65. 02" £3. 03 Huwsp (56) 8.33

AR A IIA] L 4 R S S Ze A o Hm = 15. 84
(Hm FrRAE R AFP R : K 223 4B AR TR 5
HA/NGY R WX Z>RXZ>W X R:6 4~IF K38
HEPhth A 257, HIF R WZ>ZW>RZ>
ZR>WR>RW,
2.3 EXNEEFHELHEMRE

FHINKEE WA, 7E 20~25 H T, 4 2438 4k
DA RARFABE S & 4K (HAE 25~40 H i,
ZERMERE LA K s TR, W3k 5 PR, %5 2%
ACLH [B)FE DL AR L322 5 .35 (P <<0. 05) s 4

P AE Y IE RS A A 25 57 (P =>0.05) . {H& 4
Y 3 X IE R ACH A a1 25 5 i 3 (P <<0. 05) . 3 4k
KA 2R3l 8. 98 + 2. 91, s 5
FIF U &), WX Z 2438l i 4 Fp O 8l
15.93 % 6. 47. 1 TIFUE A A9 8.50 £2.79, #fEN

I A

GERLAVES

CRP UL T IR 6, ph AT LAFE . HE DL AE

20~25 e I1a] . BeAT 2 B W ik i £ 75 A A Ao
DL A E] 40 H ST, 25 282 B s ) A ol
DU ARG T HE DL A% . i T A (R B B
DL FRAF% 38 22 5 K RSP S (B 571 1)
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Tab.5 Average shell length (a) and heterosis (b) of juvenile for experimental groups during the indoor period

S HEUL H#%(d)  age of juvenile H T 2R ST R
experimental groups 20 25 40 the average growth heterosis
RR 230, 17 + 14, 99 279, 33+ 40. 16 448, 30 £ 59, 23
WwWw 225,63+14,76 278.36+29, 02 439, 63 £62. 13 —
ZZ 219, 67 £ 14, 26 272. 68+ 21. 96 434, 52 £ 48. 26 =
RZ 237.33+£17. 94 307. 32+ 40. 76 494, 66 £ 52. 04
a ZR 232.33+15,07 290. 33 +£32. 96 473.33£45.74
Wz 242,54 +19, 85 335.33+46. 14 532. 27 £ 67. 87
W 240, 65+ 16, 60 319, 72 £ 40. 80 520. 33 £ 63. 86
WR 235,12+ 12, 87 288, 65+ 31, 37 468, 00 £ 44, 84
RW 239.10+£17. 91 201,64+ 29, 84 457, 68 £ 60, 44 —
Hez (%) 3.11 10, 02 10. 34 7.820+4,09
Har (20) 5. 76 6. 47 8. 93 7.05"+1, 66
Hwz (%) 7.49 20. 47 21.07 16, 34v + 7. 67
Haw (Y0 9.55 17. 25 19.75 15,52t +5, 32
b Hwr (%0 4,21 3.69 6. 45 4,78 +1,.47
Hpw (%) 3.88 4, 41 2.09 3.46°11.22
Hpsxz( %) 4,41 8.27 9.65 7.440+£2,72
Huwxz (%) 8. 51 18. 87 20. 41 15, 938 + 6, 47
Huwsxr( %) 4, 04 4,05 4,25 4,119 40,12
H( %) 5. 64 10, 37 10. 94 8.98+2 91
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Tab, 6 Survival rates (a) and heterosis (b) of juvenile for experimengtal groups during the indoor period

S HEDLH () age of juvenile He A 2RSS R i
experimental groups 20 25 40 the average growth heterosis
RR 87.68%2. 05 84.67+4.32 65,52+4, 18 =
Ww 88.40%2.77 84, 00+2. 94 71.44+2, 88 =
ZZ 90, 90 % 1. 56 87.83%1.65 73.53+3.15 =—
RZ 91.57%4. 11 90.33+£3.68 78.48+3.56
a ZR 93.00%1.63 90. 56+ 3. 30 85.90+£3.77
W2 92, 88+2.29 89.25+£2.94 87.10+2, 91
W 92,57+ 2.58 89,49+ 2, 05 86,59+ 3. 86
WR 90,10+ 1,76 86, 03+ 2, 62 81.43+4,03
RW 89. 60 % 2. 59 87.05+3.74 75.33+3.22 —
Hypz (%) 4. 44 6. 68 19.78 10, 30 + 8, 29
Hog (%) 2.31 3.11 16. 82 7.41v+ 8,16
Hwz (%) 5.07 6. 25 21.92 11. 082 +9, 41
Haw ¢ ¥4) 1. 84 1. 90 17. 76 7.17v+9,17
b Hwr (%) 1.92 2.42 13. 98 6. 11+ 6. 82
Hgw (%5 2.19 2.81 14, 97 6. 66+ 7. 21
Hgxz (%) 3.35 4. 86 18. 21 8. 810 +8, 18
Huwsz (%) 3.43 4.02 18. 89 8.784+8.76
Hywxr (%) 2.18 2.61 14. 46 6.428 46,97
H(%) 2.95 3.84 17.54 8.11£8.18

TR AR TR, HERFIEHEZFM  0.05),
E# K 8.11 £ 8. 18, FEK AR FiF s ey 2.5 AEMBEEKEEHFMRE
14.83+0.28; 2434 WXR 5 RXZ,WXZ [u] 2% AN B, 25 24 3 AN R IE RS & MR
HRFEP <0.05),RXZ,WXZHEREFEESR  AKEEHIFEAARREE D . NEEKTE L
(P >0.05):6 MERZHAAEF(RZWZ) (ZR. 507 &l 5L HE DL &l D1 AR 5 3 (14 28 R 1 3840 531
ZW) Je (WR . RW) =[] 25 5% i 3 (P <<0. 05) . % 15. 06.17. 40.15. 77 % pL 8] G B E 2L . kK
2.4 FHRESHNEZRMARE /NMIFIR A Jp=>Yp=>Lp; #3CH RXZ,WXZ K
T BB A K SRR ILT B 2R R 35 BRI W X Z 2 K
HHBILK, BMHBEMRMER., mRTH ERAMEEHE&E S8 Hy, =21.98,.H, =
R AE R AR 12.77 £ 1,20, @ FHEN B 32.79.Hy, =26. 12,{H WX R 5 {f KP4 2%
8.98+2.91 fghdify 6. 20+ 2. 43; 544 xcdlgh Nl 5L HIK A Lp>Yp=>Jp;6 NIERZEH A,
PIHAF B AR PE Z R R E(P < ZRZW B 594 1K 58 B 7Y 2 Fh A 3428 fb s
0.05), 43¢l WX Z (R E M AE RS FHFE. WZ.RZ Ze#a# ok Jp>Yp>Lp, WR
i£20.92+1.98;6 M IERZAAH.(RZW2) . 5 WXRALBHAME . RW LEFEK. EEN
(ZRVZW) B (WR.RW) =F [a| £ R B E (P << 557 W1 0a], #E 01 3% A 2 B0 4 2% Fh £ %, H(H
0.05) HHNX N IERZZHG LB EERP > H0.20,
0.05), 3k 8 fizn: BAFFIE LN 49.85 + 2.6 ZEF—REEEEDR
1.93, 3 & T #E UL AY 8.11 = 8.18 Fl 4 1 (¥ T AUNTE SN B A T 5 G = B |
14.83+0.28; 43¢l WXR 5 RXZ,WXZ a2 MK 10000 (R 8 T A M 572 €0, UL 58 fa 2 7T
HBFEP <0.05).RXZWXZEEREXES  DREREN. 838 F AP, WXR HIER
(P >0.05) , SHEDAIFIE B FE—BG6 M E SRAE BRI A — P MME . RXZ 1
REBET.WRE RW 2288 E (P <0.05), ERZFAMIAKED . WXZH)E1CE K A B
EfMSHEANERHAGRZRBE P < HGER9I),
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Tab.7 Average shell length (a) and heterosis (b) of youth for experimental groups during the outdoor period

o Riadi| &hdy H i age of larvae (d) He e Y R S (1
experimental groups 240 300 360 the average growth heterosis
RR 8.02+1.14 12,06+ 1. 34 16.62+2, 72 =
WwW 7.83+1.45 11.86+1.56 16.33+2.13
Z7 7.70+2.01 11.60+ 2, 48 16.12+2, 39 —:
RZ 8.84+1 54 13.38+1, 89 18.37+2. 42
a ZR 8.69+1.26 13.05+1, 95 18.03+2, 45 —
WZ 9.26+1.31 14.16£ 1. 58 20,362, 38
ZW 9,18%0.94 14.33%1, 32 19.42+2, 96 —
WR 8.12+1.12 12.66%1.43 17.48+2. 83
RW 8.38+1.05 12.87+1.76 17.90+2, 55 —
Hgz( %) 10. 22 10. 95 10. 53 10, 57* =0, 37
Hax (¥4) 12. 86 12. 50 11. 85 12, 40t £ 0. 51
Hwz (Y0 18. 26 19.39 24. 68 20,78 +£3, 43
Haw (%0) 19, 22 23.53 20, 47 21,070 +£2, 22
" Hwr (%) 3.70 6. 66 7.04 5 80c+1, 83
Hiw (%) 4,49 6.71 7.70 6. 30"+ 1. 64
Hpxz (%) 11.51 11:71 11.18 11. 474 £ 0. 27
Hwxz( %) 18.73 21.44 22,59 20.925+1.98
Hwxr (%) 4.10 6. 69 737 6.05€+1,73
H(%) 11. 40 13.23 13.67 12,77+ 1. 20

#8 FHPEXRWAHNHFE QREFMAEZD
Tab. 8 Survival rates (a) and heterosis (b) of youth for experimental groups during the outdoor period

SR #hih B i age of larvae (d) FETT B 2 I 3 2 £
experimental groups 240) 300 360 the average survival heterosis
RR 26.40+3. 16 24,4244, 45 24,42+ 4,45 —
WW 30.52+3, 87 27.98+5, 38 27.98+5, 38 —
Z7 32,631 4. 06 29.54+4.17 29, 54+4,17 —
RZ 41.89+5, 28 39,62+5.36 39,62+5,36 —
a ZR 50.17+5, 75 47.53+5,02 47.53+5, 02 —
WZ 48,64+ 6, 08 45,46+5, 84 45, 46 + 5, 84 —
ZW 52,831 6. 43 48.28+4,23 48,28+ 4, 23 —
WR 40,10+ 5, 69 38.57+4,97 38.57+4,97 —
RW 31.57+4.57 28.96+4, 52 28,96+ 4, 52 —
Hiz (%) 58. 67 62. 24 62. 24 60.42° +1. 79
Hzm (%) 53.75 60. 90 60. 90 57. 76" + 3. 65
Hwz (%) 59. 37 62. 47 62,47 61,31° 1. 69
Haw (%) 61.91 63. 44 63. 44 62.03*£1.35
. Hwr (%) 31.39 37.85 37.85 35,210 +3, 39
Hiw (%4) 19. 58 18. 59 18,59 17. 73 £ 2. 40
Hgxz( %) 55. 95 61. 51 61.51 58,96 £ 2. 81
Huwsz (%) 60. 68 63.18 63.18 61,601+ 1,38
Hwxp (%) 25,01 28. 87 28. 87 27.05% £ 1. 60

H(%) 48. 07 51. 90 51,90 49,85+ 1, 93
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Fig. 1 The heterosis of growth rates for hybrid groups on different phases
Lp means the larvae stage (the pelagic stage); Jp means the juvenile stage (the indoor rearing stage); Yp

means the youth stage (the outdoor rearing stage)
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The study on diallel cross of different shell color strains of
Manila clam Ruditapes Philip pinarum

YAN Xi-wu', ZHANG Yue-huan'., HUO Zhong-ming'. LIANG Jun®,
YANG Feng', ZHANG Guo-fan®
(1. The Institute of Life Science and Technology . Dalian Fisheries University . Dalian 116023, China;
2. Institute of Oceanology . Chinese Academy of Sciences, Qingdao 266071, China)

Abstract; The 3% 3 diallel crosses of different shell color strains were conducted using “Ocean Red”
(R) .“White” (W)and “Zebra”(Z) in autumn 2006. The experiments consisted of three self-fertilized
groups (R R. W W, Z 7Z) and three hybrid groups (R Z. W Z, W R). in total six reciprocal crosses
(RZ. ZR. WZ, ZW, WR. RW). The heterosis of growth, metamorphosis, survival and shell color
determinism for offspring were investigated, The results showed that heterosis varied at different
phases for each hybrid groups. At pelagic stage. the growth heterosis (Hg=6. 20 £ 2. 43) increased
with post-days and correlativity between the survival heterosis (Hs=14. 83 £0. 28) and post-days was
not observed. The hybridized group (W X Z) presented obvious heterosis (Hg wXz=8.50+2. 79, Hs
w X z=20.59+0.98) which was significantly different from those of other group (R Z, W R) (P <
0.05). At metamorphic stage. the metamorphosis rates of hybrid groups were higher than those of
self-fertilized groups and the metamorphic time was shortened by two days . The metamorphic
heterosis was 15. 84. At indoor rearing stage, the growth heterosis (Hg =8.98 £ 2.91) was found
prior to the survival heterosis (Hs = 8.11 £ 8.18) . The growth heterosis of hybrid group (W X Z)
(Hg wXz=15.93+6. 47) was significantly different from that of hybrid group (RXZ,W X R) and
the survival heterosis of hybrid group (WX Z) (Hs wX z=8.78 = 8.76) was remarkably different
from (WXR) (P<<0.05). At outdoor rearing stage, the heterosis was Hg=12. 77+ 1. 20, Hs=49. 8
+5 1. 93, respectively, The heterosis of hybrid group (WX Z)were Hg wx2z=20.92+1.98,Hs wXz
=61.60+1. 38, the differences of which among hybrid groups were the same as those at the juvenile
stage. Generally, the heterosis of growth rate were 15.06. 17.40, 15.77, respectively at larvae
stage, juvenile stage and youth stage and no significant difference at each stages was observed. As a
whole. the order of heterosis was WX Z>RXZ>W XR. The shell colors of offspring for RXZ., W X
7. WXR were red zebra. white zebra (a posterior band on the left valve) and middle red (a posterior
band on the left valve). respectively. The results of both direct cross and reciprocal cross were the
same. Results indicated that coloring was not linked to sex and was not of sex-linked inheritance.
Key words: Ruditapes philippinarum ; shell color; diallel cross; heterosis
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2. FEAR KN R 3336 mm (Y 2 W51 4458 TR/ 15~20 mm (1Y 360 H b5 {T.

1. Pr. Pw, Pzrepresent parents of Ocean Red, White and Zebra, respectively. Frz, Fwgr. Fzw. represent F; of Ocean Red and Zebra,
White and Ocean Red, Zebra and White, respectively.

2. The shell length of two-year-old parents ranged from 33 mm to 36 mm. the shell length of 360-day-old F1 varied [rom 15 mm
to 20mm.



