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Tab.1 The experimental design for three way crosses between

Purple and White-Orange inner-shell color of R. philippinarum

PJ WO &
PQ PP PWO
WO Q WOP WOWO
2.2
2010 6 , 8h,
0.5h, 3h
2L , 5—15min,
1
, 150 , 100L
R 5—6 /ml,
24h D
2.3
60 100L ,
4—5  /ml, 2—3  Jem’,
(Isochrysis

zhangjiangensis), (Chlorella

| —mem l .

Wo (BEZABRAR) P RERERZR)

l =THRR

PP, PWO, WOP, WOWO

The experimental design for three way crosses between Purple and White-Orange

inner-shell color of R. philippinarum

vulgaris) 1:1
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60 , 60
, 200—300
, 22.6—30.4C, 25—27,
pH 7.64—8.62
2.4
300um
(100%) , 300pum 3.0mm
(20—40x) ,
3.0mm 3
, 30
D ;
; D
(d);
25
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Asin  SPSS16.0
(Turkey HSD),
P<0.05
Zheng  (2006) )
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, P WO s WOP (P<0.05, n=30); 6
PP PWO WOP WOWO F, WOP . PP PWO
( ) (1) (P<0.05, n=30), WOWO
; (2) (P>0.05, n=30); 9 PWO WOP WOWO
(P>0.05, n=30), PP
Cruz  (1997) Zhang (2007), (P<0.05, n=30) ,PWO  WOP
Yijk = U+ EQ; + MS; + (EO><MS);; + ejjk D 100%,
, Yik Kk [ i 0 3 3 6 9
( ); u ; EO; ( ) 3 , 3
( )i =1, 2); MS; ( ) (P>0.05, n=3); 6
(=1, 2); (EO><MS); ;' PWO WOP WOWO
€ilik k=1,2,3) (P>0.05, n=3), PP ,
(P<0.05, n=3); 9 PWO WOP WOWO
3 (P>0.05, n=3), PP
3.1 , (P<0.05,
, D n=3) ,PWO
, , ., WOP ,
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Tab.2 Larval shell length (um) and growth heterosis for the experimental groups during planktonic period
(d)
3 6 9
PP 108.50+4.18" 143.70+£3.72° 178.33+£6.99" —
PWO 109.83+4.64° 149.50+7.06° 195.17+6.76" —
WOP 114.00+4.43* 155.77+4.74* 197.00+8.67* —
WOWO 109.67+3.70° 152.73+4.28% 196.17+5.83* —
Hpwo 1.23 4.04 9.44 4.90
Hwop 3.95 1.99 0.42 2.12
H 2.60 2.98 4.72 3.43
*3 FHFRNHENFER ) REEMRE
Tab.3 Larval survival rate (%) and survival heterosis for the experimental groups during planktonic period
(@
3 6 9

PP 90.48+0.83" 75.12+0.21° 62.85+£2.39° —
PWO 90.79+1.36" 80.55+0.51° 71.78+2.67% —
WOP 92.05+0.08" 80.90+1.55" 71.81+£2.33° —
WOWO 92.07+1.86" 80.52+1.84° 72.49+1.50° —
Hpwo 0.34 7.23 14.20 7.26
Hwop -0.03 0.47 -0.93 -0.16
H 0.15 3.73 6.10 3.33
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Tab.4  Analyses of variance showing egg origin (EO) and mat-
ing strategy effects (MS) for shell length and survival during the
larval period

x5 THAHASRATHMBHMTAMNE., TEAERRERM
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Tab.5 Metamorphic time, metamorphosis and heterosis of lar-
vae for two crosses during the metamorphic period

(d
(%) (%)
PP 13—17 59.18+0.74° —
PWO 14—19 64.98+0.98" Hpwo (9.80)
WOP 15—20 65.04+1.06" Hwop (<0.05)
WOWO 15—20 65.07+1.01° H (4.64)

* 6 ORIR(EO)SELIHRER(MS)X 4 B T ASH A 75 2 2 47
Tab.6  Analyses of variance showing egg origin (EO) and mat-
ing strategy effects (MS) during the metamorphic period

(%)
df df
M.S. P M.S. P M.S. P
Day3 EO 1 0.003 0.001 0.004 0.086 EO 1 0.004 0.001
MS 1 0.001 0.060 8.123E-5 0.782 MS 1 0.004 0.001
EOxMS 1 0.004 0.000 1.994E-5 0.891 EOxMS 1 0.004 0.001
Day6 EO 1 0.015 0.000 0.006 0.005
MS 1 0.001 0.126 0.005 0.011 3.3
EOxMS 1 0.005 0.000 0.006 0.005 7 ,
Day9  EO 1 0.015  0.000  0.013  0.007 (30—90 ), WOP
MS 1 0.011 0.000 0.013 0.007 (P<0.05, n:30)
EOxMS 1 0.013 0.000 0.009 0.016
, WOP ,
3.2 PWO R
5 , PP , 5
PWO WOP  WOWO 8 ;
(P>0.05, n=3), PP , 30 , WOWO . PP
(P<0.05, n=3); PWO PWO (P<0.05, n=3),  WOP
. WoP (P>0.05, n=3); 60 , WOP
, , PP PWO (P<0.05, n=3),
, WOWO (P>0.05, n=3); 90 , WOP
6 b b
(P<0.05, n=3) , WOP
F7 BEHRHENNTRKum)RELMRE
Tab.7 Juvenile shell length (um) and growth heterosis for the experimental groups during juvenile period
()
30 60 90
PP 1280.83+212.40° 4484.00+428.88¢ 8220.67+747.23° —
PWO 1286.67+235.23°¢ 4478.00+490.85°¢ 8282.67+678.52° —
WOP 1760.83£219.59* 5902.33+£731.12% 11088.60+839.22° —
WOWO 1478.33+222.23° 5314.33+696.82° 9689.00+749.46° —
Hpwo 0.46 -0.13 0.75 0.36
Hwop 19.11 11.06 14.45 14.87
H 10.45 5.94 8.16 8.18
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*8 BEHHIMNEFEER)RERMKE

Tab.8 Juvenile survival rate (%) and survival heterosis for the experimental groups during juvenile period

(d
30 60 90
PP 81.79+1.58" 78.10£0.85° 74.13£1.51° —
PWO 81.04+1.80° 78.18+0.74° 73.18+1.91° —
WOP 86.41+1.51° 84.22+1.95° 80.20+0.34° —
WOWO 87.08+1.60° 83.26+2.05° 75.74+1.41° —
Hewo -0.92 0.10 -1.28 -0.70
Hworp -0.77 1.16 5.88 2.09
H -0.84 0.65 2.34 0.72
s PWO (Solemdal, 1997) , (Solemdal, 1997)
, (Laugen et al, 2005) , (Soletchnick

et al, 2002; Hedgecock, 1996; Mallet et al, 1984)

> B >
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s ( ,2009; ,2011)
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2008 F,
; 2008 (Ininda
, et al, 2006; Ortiz-Perez et al, 2007; , 2008;
,2008; , 2008; Reynolds et al, 2009)
s - ( s 2010) s
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P WO , )
; , PWO
WOP S
4.2 WOP PWO
s WO
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THREE WAY CROSSES BETWEEN PURPLE AND WHITE-ORANGE INNER-SHELL
COLOR STRAINS OF MANILA CLAM RUDITAPES PHILIPPINARUM

ZHANG Yue-Huan', LI Shao-Wen', YAN Xi-Wu', SU Jia-Qi', YANG Feng', ZHANG Guo-Fan’
(1. Engineering Research Center of Shellfish Culture and Breeding in Liaoning Province, College of Fisheries and Life Science,
Dalian Ocean University, Dalian, 116023; 2. Institute of Oceanology,

Chinese Academy of Sciences, Qingdao, 266071)

Abstract In order to improve the phenotypic character of Manila clam Ruditapes philippinarum, three way crosses
were conducted between the generation F, of purple (metamorphic heterosis) and white-orange (growth and survival het-
erosis) inner-shell color of R. philippinarum in June 2010. The growth, heterosis of reciprocal crosses (PWO, WOP) was
investigated in the study. The results showed that: (1) As to growth, WOP (generation of the three way crosses) was the
fastest experimental group during the planktonic period, and two crosses showed their heterosis in different degrees (Hgpwo =
4.90+4.17 and Hgwep = 2.12£1.77) . It was mainly affected by the interaction between egg origin and mating strategy, and
the next one is egg origin effect during the planktonic stage. During the juvenile stage, WOP was still the fastest one in
growth, remarkably different with other groups (P<0.05) and showed obvious heterosis (Hgwop = 14.87£4.04). (2) As to
survival rate, PP (self-fertilized group) was the lowest, and PWO (generation of the three way crosses) showed survival
heterosis (HSpwo = 7.26+6.93) during the planktonic period. It was mainly affected by egg origin in planktonic survival.
During the juvenile stage, WOP have a higher survival ability, and showed a little heterosis (HSwop = 2.09+£3.42). (3) As to
metamorphosis, PP showed the lowest metamorphic ratio, it was remarkably different with other groups (P<0.05). The
other three groups made no remarkable difference each other (P>0.05) , and the heterosis of PWO was 9.80.

Key words Ruditapes philippinrum, Three way crosses, Heterosis, Inner-shell color strains
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