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, , 14
, <2000pum
, ( +5um), 2000pum
( +0.02mm),
30 s (%)=
[(L/Lo)""~1]1x100, L, (um), Lo
1 (um), ¢ (d)
1.1 3x3 D
() (G) ;
)
2013 8 Zheng  (2011) ,
6—8 ( hy(heterosis potence index, h,)
1), 6 (Gg Gs Gj Sg Ss Sj), ho(hybrid gain, h,): h,=Q/L, O=2F\—(P\+P,), L=
3 ’ 11 P—Py; hy= [(F\~MP)/MP]x100, , F
, MP : MP=(P+Py))2  hy>1.0
;0 hpy<-1.0
#1388 3x3 WA RZAWIRIT C _1.0<h<10
Tab.1 Design of diallel cross for Meretrix meretrix ’ P ’ ’
(g/3) (s/9) G/ ’
(G/9) Ge Gs Gj Cruz (1997) Lamkey(1998) ,
(S/9) Sg Ss Sj (mid-parent heterosis, Hyp)
J/9) Jg Js Jj (single-parent heterosis, H,): Hyp=[(FC—P)/P]
x100, Hy=[(FC-Py)/Pyx] x100, FC (
1.2 ) , P » Px
’ (2000) Hpw=
12h Ih, ; [(Fi—Pw)/Py] X100, F, :
1L P,
1 Zhang (2007),
1.3 ( G S) (
300L ) : D YusptPMt (PXM)+
30ind/ eijks , Y, i Jj k
10ml 24h , D , , 1 , P; ( )
300L . (=1, 2), M; (=1, 2, 3), (P*M);
20ind/10ml, s Cijk
1, 27.0—29.6°C; 1.5
(Dicrateria zhanjiangensis) (Platymonas + (Mean+SD) ,
subcordiformis) (Pavlova viridis) SPSS17.0 EXCEL 2003
, 1000L s (One-Way
, , ANOVA) LSD ,
, 1, 2/3 3—5d P<0.05,

P<0.01
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2 3), Gs , Sj Gj  Sg,
Ss  Gg
2.1
25001
6 s13d
, (P<0.05), 2000} 434 H P 1] b
90+3.62um, 77.0547.05um , £ H
21500 a a
iz
Gg Gs  Gj 1 D 1000¢
123.00—124.25um, Sg Ss 500 4 b c c a b
Sj 1 D 141.25—143.75um . BB B g B
1—5 3 Gg Gs Gj Sg Ss Sj
> REES
3
1
(P<0.05) 2 ’ Fig.1 Comparison in shell length during the early juvenile
7 29 8 2 period
b 6 b
(P<0.05),
Gj>Gs>Sg>Sj>Gg>Ss( 3) ,
7000F  g73g
6000 0104d
Fz2 FHFHAENEKIER @149d
Tab.2 Comparison of shell length during the pelagic period 50001
1d 2d 4d 5d 5 4000
Gg  124.25+238 134.25+2.18" 163.81£3.44* 170.50£4.97° ﬁ[lé 3000
Gs  125.50£3.12" 142.50+£2.50° 168.10£4.23° 176.00+3.00° 2000
Gj  123.00+2.45% 145.50+3.12° 171.19£6.15° 176.75+2.98°
Sg  143.75+2.68" 166.25+4.71° 190.00£2.72° 199.75+3.95" 1000
Ss  142.75+3.70™ 169.00+3.39 180.71+3.60° 193.50+2.95" 0
Sj  141.25£2.17™° 162.00+6.20° 183.33+4.58Y 194.75+5.58"
(P>0.05), 5
(P<0.05) Fig.2 Comparison in shell length during the juvenile period
13—43 ; 2 73—149 73
( D 13 ; 104 149 Gs>Sj>Gj>
; : Gj>Sg>Sj>Gs>Gg>  Sg> Gg>Ss, Gs>Gj>Sj>Sg>Gg>Ss, Gs>Gj>Sj>Sg>Gg>Ss,
Ss, , , 3 Gs ,Gg Ss
43 , 3 73—149 , 6
: Gs>Gj>Sg>Sj>Gg>Ss, Gg : Gs> Gj> Sg >Sj> Ss> Gg
Ss (P>0.05), Gs Gj Sg Sj 1—149 : Gs>Gj>Sj>Sg>
(P<0.05) 13—43 ( Gg>Ss ,
*3 SHBEOBAERELE
Tab.3 Comparison of daily growth rates in different stages
Gg Gs Gj Sg Ss Sj
(July 29—Aug 2) 6.53 7.00 7.52 6.80 6.27 6.63
(mm/d) (Aug 10—Sept 10) 37.08 43.99 39.10 38.06 37.31 39.33
(Oct 10—Dec 25) 7.80 13.81 11.52 10.96 9.64 10.09
July 29—Dec 25 100.36 118.29 113.54 103.84 91.91 105.45
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(Gji Gs Sg Sj) (P<0.01), (P>0.05)
(Gg Ss) , (P<0.01),

R 13
, 1—149 ,
R 4 104 149
4 R (P<0.05) ,
R R (P<0.05) s
(P>0.05); ,
F4 DESTERA A EKHOHM
Tab.4 Impacts of egg origination and mating strategy on shell growth
df F
1d 1 0.077 828.519%*
2 0.000 2.691
x 1 0.000 1.215
2d 1 0.131 698.466**
2 0.000 2.422
x 1 0.014 74.451
4d 1 0.034 63.929%*
2 0.004 7.169%*
X 1 0.001 1.148
5d 1 0.054 78.363**
2 0.002 2.378
X 1 0.001 1.001
13d 1 0.005 2.153
2 0.223 89.609**
X 1 0.001 0.410
43d 1 0.007 0.877
2 0.385 46.805%*
% 1 0.016 1.950
73d 1 0.033 2.209
2 0.238 15.847%*
% 1 0.036 2.375
104d 1 0.143 10.252%*
2 0.184 13.196**
x 1 0.002 0.138
149d 1 0.078 4.425%
2 0.421 23.941%*
x 1 0.002 0.117
e (P<0.05), “**” (P<0.01)
2.2 100%; 13
5 D 100% 43—73 , Ss
100%, 1—5 79.83% 80% s
80% 5 Gs> 104—149 R
Sg>Gj>Sj>Gg>Ss, (P>0.05) Gs>Sg>Gj>Sj>Gg>Ss 1—
149 4 Gs

>

>
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x5 EMEBEERILR
Tab.5 Comparison in survival rates in different stages
Gg Gs Gj Sg Ss Sj
1d 100 100 100 100 100 100
2d 97.55+0.48" 97.99+0.34 97.97+0.75 97.19+0.93% 96.21+0.37° 97.58+0.39"
4d 92.70+1.81° 92.10+2.00° 92.9242.93* 92.71+2.98" 91.59+2.86" 92.18+3.07"
5d 84.54+3.90° 85.05+3.59° 84.80+3.41° 85.00+4.64% 83.32+0.87° 84.51+3.83°
13d 100 100 100 100 100 100
43d 90.00+6.20° 93.93+5.78° 93.76+5.78° 92.76+6.16% 89.21+5.33 91.36+2.11°
73d 81.20+7.80° 88.78+7.92° 81.72+5.42° 84.21+8.87° 79.83+1.06 81.37£2.56"
104d 76.13+5.45° 84.34+4.97" 80.80+5.25° 82.27+5.44° 73.03+9.01° 80.46+6.05"
149d 67.23+6.72° 83.81+7.60° 77.98+7.05% 80.37+6.56° 64.45+5.40% 77.30+5.69
, (P>0.05), F6 TRABMEMEMEE
Tab.6 Heterosis shown in different stages
Gs .43 , £
1%
2.3 . b b
Hyp 2.46+1.21 42.88+9.72 34.62+9.46
3, 1%
Sg Sj  Gj 2 1—2 Hgs 3.25+1.86°  41.73%17.36" 38.87+15.37°
1 , ; Gs o 1— Hs, 1.8642.56"  44.09£1.96"  29.97+4.47°
149 R Hs; —-0.77£2.14* 35.80+4.96°  34.32+4.95°
Gs Sg Gg  Ss, Hg; 3.89+3.34° 47.15+5.39"  23.45+9.14°
G S Hyp _ _
’ 100.00 o sdoitamenigsn, 60.00
0, Hgs  Hs, g 80.00 = HIIRISh, 150.00
; ; Hyp Ag 60.00 | 140.00 %
Hgs  Hs; (P<0.05); ﬁ 40.00 {3000 @®
b K
Hs,  Hg; 3 = 2000} {20.00 %
"< N
(P<0.05), > &% 0.00 FA——d——u . 10.00
1 2 13 43 73 104 149
- , -20.00" B (d) -0.00
>
1—149 1—s5 4 , S
Fig.4 Potence index and hybrid gain on different days
, —0.80—-0.12, -1 1 ,
70.00 ’ ’
9 b 17
60.00
b 4 o
50.00 i
= % )
= 40.00
i 22.80%,
£ 30,00 j
R 30. !
= : 7 Gs Sg , 13
g
7 20.00 .
& ] Gs Sg
10.00 |
| 2.4
0.00 [ 3
] 73 104 149 >
~10.00 1%—3% 3

Fig.3 Heterosis shown on different days

B >

72.80%—76.49%(  8)
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Tab.7 Super-parent heterosis shown in different stages
1d 2d 4d 5d 13d 43d 73d 104d 149d
Gs -12.08 -15.68 -6.98 -9.04 24.37 59.08 18.20 43.36 55.04
Ph/% Sg 0.70 -1.63 5.14 3.23 39.35 44.42 9.11 8.37 26.09
*8 X, BETHKMZERU gigas) (Crassostrea virginica)
Tab.8  Shell color bet hybrid and self-fertilized
‘ T enerations e (Mallet er al, 1984; Hedgcock
(/) (s13) G/3) et al, 1995; Cruz et al, 1997)
(G/9) 74.83% 76.40% 75.60% s 2x2
(S/9) 76.49% 72.80% 74.16% (Zheng et al,
4/?) — — — 2010)
3 ) (
,2009)
3.1
) 1.0(
’ , 2009) ,
) 22.80% 73 , )
(Argopecten irradians)
(Ruditapes philippinarum) ] 73 ’
(Newkirk ez al, 1977; , 2008; ’ 7 '
, 2009) , ’
’ , (2008) AFLP
1—5
(Cruz et al,
1997),
3.2 , , , 2008
, , 32(6): 864—875
,2011
: (2008) :
, S , 2007 e
; Cruz  (1997) » (10): 44—45
0—11 0, 17 ’ , 2004
6.8% ’ Gs , 28(7): 54—60
> > , 2002
Sg
F, RAPD , 33(5):
484—491

, (Crassostrea , , 2009
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,76—102 Lamkey K R. Edwards J W, 1998. Heterosis: theory and
7 ) . 2008 AFLP estimation. Proceediongs 34th Illinois Corn Breeders’
School ,Urbana, IL, 2-3 Mar 1998, 62—77
(Meretrix meretrix) : Mallet A L, Haley L E,1984. General and specific combining
, 39(3): 245—251 abilities of larval and juvenile growth and viability
, , , 2002 setimated from narural oyster populations. Marine Biology,
26(5): 81(1):53—59
’ ’ Manzi J J, Hadley N H, Dillon R T, 1991. Hard clam, Mercenaria
385390 mercenaria, broodstocks: growth of selected hatchery stocks
> , 2000 and their reciprocal crosses. Aquaculture, 94(1):17—26
, 14(3): 23—26 Newkirk G F, Waugh D L, Haley L E, 1977. Genetic of larval
) i .2010. T tolerance to reduced salinities in two populations of oysters,
Crassostrea virginica. Journal of the Fisheries Research
> 34012): Board of Canada, 34:383—387
1837—1843 Zhang H, Liu X, Zhang G et al, 2007. Growth and survival of
Cruz P, Ibarra A M, 1997. Larval growth and survival of two reciprocal crosses between two bay scallops, Argopecten
catarina scallop(4Argopecten circularis) populations and their irradians concentricus Say and A. irradians irradians Lamarck.
reciprocal crosses. Journal of Experimental Marine Biology Aquaculture, 272(S1): 88—93
and Ecology, 212(1): 95—110 Zheng H P, Xu F, Zhang G F, 2011. Crosses between two
Hedgcock D, McGoldrick D J, Bayne B L, 1995. Hybrid vigor in subspecies of bay scallop Argopecten irradians and heterosis
pacific oysters: an experimental approach using crosses for yield traits at harvest. Aquaculture Research, 42(4):
among inbred lines. Aquaculture, 137(1—4): 285—298 602—612

HETEROSIS ANALYSIS AND DIALLEL CROSS OF RED MERETRIX MERETRIX

WU Yang-Ping, CHEN Ai-Hua, ZHANG Yu, YAO Guo-Xing, ZHANG Zhi-Wei, CAI Yong-Xiang
(Jiangsu Marine Fisheries Research Institute, Nantong 226007, China)

Abstract Experiments of 3x3 diallel crosses among different Meretrix meritrix populations of Guangxi and Jiangsu of China, and
Japan were conducted. The growth and heterosis of offspring were investigated. The results show that hybrid groups presented obvious
heterosis, showing significant improvements in shell length. The hybrid groups showed higher daily growth rates than the self-fertilized.
The groups with Jiangsu as the female parent were significantly greater than those with Guangxi in the planktonic stage during which
maternale effects of larval size were observed and shell length was significantly affected by egg origination (P<0.01). In juvenile stage,
the hybrid groups showed higher daily growth rates than the self-fertilized. The daily growth rates of hybrid group(Gs) were the highest
in 13—149-days-old individuals and the shell length of hybrid group(Gs) was always the highest in the 43—149-day-old. In this stage, the
shell length was significantly affected by mating mode (P<0.01). The survival rate of hybrid groups featured obvious heterosis, and that
of the hybrid group(Gs) was almost the highest. The heterosis of hybrid groups occurred obviously after 13 days. In addition, diallel
cross of Guangxi and Jiangsu was conducted. The mid-parent heterosis was greater than 0, which was always among the single-parent
heterosis of hybrid groups (Gs and Sg). The heterosis potence index showed that the value of 1-5-day-old was between -1 and 1,
indicating that hybridization did not decline. Real heterosis appeared as the index became greater than 1, and the value of hybrid gain
and transgressive heterosis became positive in the 13-day-old, indicating significant improvement in shell length. The shell color was
improved considerably when the proportion of red-shelled individuals in the progeny was 72.80%—-76.49%. Therefore, the hybrid
group(Gs) gained obvious heterosis, which provided a reference for the hybridization breeding.

Key words Meretrix meretrix; red shell; diallel cross; heterosis
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