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2 xllgo) 1Sy(llg 2 ><SSp o) SIy(SSg 2 ><1lgo)  SS1(SSy 2 >SS o7); ; 1S,
Sl 0 1S
I 1 Sll [l
; Sy 1S, (P<0.01),
IS, Sly (P<0.01) 6 4
Fst 0.357, 4 '
S1,(6.17) > 154(6.00) > 111(5.00) > SS;(4.67), Sl14(5.34) > 1S,(5.04) >
11,(4.47) > SS,(4.55), (He) 1S,(0.55) > SI,(0.54) > SS4(0.44) > 11,(0.42),
(Ho) S1,(0.52) > 1S,(0.46) > SS,;(0.35) > 11,(0.29),
, ? X o “«
POBs””
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philippinarum) ( , 2008)
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(Shell Width, SW) (Hinge Length, HL),

, “e 0.1mm; (Shell Weight,
(Pearl oyster breeding scheme, POBs)”7 SWT) (Total Weight, TW) 0.01g
2 SPSS12.0 ,
(basic population), 22 :
(Shell Width Index, SWI) =
specialized lines), ,
(sp ) L (Wada et al, 1991);
( ) ( ) SH + HL + SW
(Shell Weight Index, SWTI) =
_ SWT =< 10° ( , 2002);
( , 2009; , 2008), 22 SH x HL x SW
F—(P+PR)/2
, , (H)=————-2~ BP)I2 o0y, (F1
(X3 3 (F?I. + P2 )/ 2
P1 P2
1 )(Tave, 1993)
1.1 13
(1) 1.3.1 4
, 2000 100 : 2.0g
: (SSo) 95% , 2—3 , 20
2><2 : 1.3.2 DNA
1y () @ > (o) & 50 ; 0.059 :
IS:: (Ig) & >< (SSy) @ ' SDS K ,
Sly: (SSp) ¢ =< (1) & - DNA
SSi: (SSp) ¢ x< (SSp) (2008)
, 1.3.3 PCR
4 (Shi et al, 2009)
6
1.2
4 24 ; PCR 1
(Shell high, SH) (Shell Length, SL) PCR (15ul) : Tag DNA 0.24U,
*1 DRHKBIHIEMSMESLSE. 5I9F5IR PCR I EBEMH
Tab.1 Repeat structures, primer sequences and PCR amplification parameters of microsatellite loci in P. martensii
(5>—3") Mg?* (mmol/L) T )
HNUPMO003 (AC)s F: TTCGGAACTCTTTTGGTTGG 1.5 60.0
R: TTTTGCGTGTATAATCAGATTGC
HNUPM113 (TTAT)s F: CCATGCGGAGTGTATTTCTG 15 60.0
R: GCTGAACTTGCCTTCTCGAC
HNUPM122 (TACA), F: AAGGTATGGCGATATTTGGAAC 15 61.0
R: TTAGCGTTGTTGTCGTCGTC
HNUPM123 (TATC), F: CGCCATGAGGGGATACTTAC 1.5 60.0
R: ACCCTGAGAGCTTCAGATTCC
HNUPM125 (AAACG), F: CCGAAATGCACTGTAACTGG 15 61.0
R: GGTTCGTTTCGTTTCGATTTG
HNUPM146 (ATGA)1,c(TGAA)s F: GCAGCGTCGTTGTGTTGAG 1.5 61.0
R: GTTTTCATTGTTTTCATAAAATTTGTC
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10><Buffer 1.5ul, 1.5mmol/L MgCl,, 200umol/L dNTP, ®2 4HEFRFE 24U NARETERSERSEIEH LR
Tab.2 Comparison of morphometric parameter and index among
6pmol, 20—50ng DNA ! four groups of offspring in P. martensii after 24-month culture

15ul
PCR 94 4min, 94 SH(mm) I, 78514083  98.10 51.00
30s, 60—61 45s, 72 1min, 34 , 12 1S, 70.78=4-0.59° 83.50 48.60
5min Tag DNA dNTPs Sly 72.22+0.72°  92.00 50.20
SS, 58.88+0.71°  81.20 40.80
1.3.4 PCR SL(mm) 1 73.68+0.87°  93.50 49.40
PCR 12% IS, 66.97+0.65"  85.30 50.40
’ 2ul Sl 67.914:0.74°  97.40 45.80
Marker-1 Tanon SS, 57.5540.72°  84.50 38.90
HL(mm) Iy 66.56+0.69  85.60 50.40
IS, 60.51+0.54°  73.70 45,60
135 GENEPOP 3.4 Sl 62.90+0.72°  96.80 40.80
- (Hardy-Weinberg equilibrium, HWE, ss, 523840618 7450 38.00
Raymond et al, 2003) FASTAT2.9.3.2 (Goudet, SW(mm) I, 25964028  33.00 17.80
2001)1) Rs ARLEQUIN 3.0 IS, 26.50%0.27*  33.00 18.40
(Excoffier et al, 2005) (He) Sly 25.92+0.26°  32.10 19.60
(Ho) Fsr SS,  22.68%0.26" 3120 16.00
TW(g) Iy 55.80+1.40°  47.25 11.51
2 IS, 4431%091° 4081 11.73
21 Sl 48.961.20°  41.22 10.90
952 4 24 SS, 33.740.97"  39.70 8.49
SWT(g) I 28.96+0.68"  18.94 12.17
1S, 2491+049" 1963 13.29
( 2 : sl 26.060.62°  20.38 13.46
1S Shy (P>0.01), I, SS,  18.762052°  19.09 14.80
IS; Sl;  SSi, (P<0.01), IS; SI4 Swi I 0.1540.11° 0.26 0.13
SS,, (P<0.01); IS 0.1720.09° 0.29 0.15
: 11, > SI; > 1S; >SSy, Sl 0.1640.09° 0.33 0.12
(P<0.01): . ss, N, S, IS, SS, 0.1710.08’: 0.36 0.17
(P<0.01): 1y >Sl,> 1S, > SSy, SWTI I 21.3540.24°  26.07 13.20
IS 2L95E a5 15.04
(P<0.01), ,Sly 1S, ! 0.23%
(P > 0.01), 1, SI, 1S, (P<0.01), SI; IS, Sly 22.13+0.26" 3276 11.63
$5,(P<0.01); 1SS, >SI,> 1S, > 1y, SS, 26.82+0.20°  36.03 17.20
(P<0.01), , Sl 1S 1y (P<0.0.1)
(P >0.01), SS; Sl 1S; 1y,
(P<0.01) ,
2>2 4 , 1S, : 2
, Sy
: TR
; Sly (P<0.01), I1S;

1) Goudet J, 2001. FSTAT, a program to estimate and test gene diversities and fixation indices (Ver 2.9.3). http://www.
unil.ch/izea/softwares/fastat.htm/



1 : (Pinctada martensii)2 143

F3 BRRTFRFE2UNAREHAEDILE Sl (P<0.01)
Tab.3 Comparison of heterosis between 2 hybrids in P. marten- 29
sii after 24-month culture :

IS, Sty 6 ( 4 2%2 4
SH 3.04° 5.13° ' 6
SL 2.07° 3.50° Hardy-Weinberg
HL 1.75° 5.77° (P<0.05, Bonferroni ) 4
SW 8.96° 6.58" 6 Fsr 0.357
™w 103" 9.36° . Fsr 0.066(HNUPM146)  0.590

b a

swt 440 9.22 (HNUPM122) 4 6
swi 6.25 0.0 S14(6.17) > 1S,(6.00) >
SWTI 0.85° 0.10° 1(6.17) > 15:(6.00)

11,(5.00) > SS,(4.67),

(P<0.01) , SI11(5.34) > 1S:(5.04) > 11,(4.47) >

x4 6N HIE2EEDIKRHKEN 4 NMEETFRPBEESHMESLIT
Tab.4 Summary statistics for 6 microsatellite loci among four groups of offspring in P. martensii
HNUPMO003 HNUPM113 HNUPM122 HNUPM123 HNUPM125 HNUPM146
Fst 0.567 0.515 0.59 0.27 0.135 0.066 0.357
1y n 42 42 42 42 42 33
a 4 5 4 5 4 8 5.00
Rs 4 4.74 3.78 491 3 8 4.74
as 380—430 230—269 390—440 310—360 265—320 170—280
He 0.41 0.32 0.2 0.32 0.58 0.68 0.42
H, 0.17 0.05 0.05 0.15 0.73 0.56 0.29
HWE 0.101 0.011 0.000 0.004 0.082 0.020
I1S; n 41 42 42 42 42 39
a 7 6 5 4 4 10 6.00
Rs 3.99 491 4.7 4 2.79 9.82 5.04
as 375—410 230—290 380—440 310—340 280—310 170—250
He 0.66 0.46 0.22 0.39 0.71 0.85 0.55
H, 0.51 0.42 0.12 0.10 0.93 0.69 0.46
HWE 0.002 0.22 0.021 0.008 0.012 0.005
Sl n 42 42 42 42 42 40
a 4 6 6 5 5 11 6.17
Rs 3.79 4 5.44 4 3.99 10.82 5.34
as 370—420 220—290 390—430 300—310 265—320 170—290
He 0.42 0.68 0.2 0.44 0.64 0.87 0.54
H, 0.29 0.53 0.14 0.38 0.90 0.90 0.52
HWE 0.022 0.007 0.075 0.000 0.007 0.017
SS; n 42 42 42 42 42 42
a 5 5 3 3 4 9 4.67
Rs 4.78 4.99 2.95 2 3.65 8.9 4.55
as 340—390 220—280 405—420 310—320 280—310 170—300
He 0.46 0.44 0.14 0.2 0.58 0.81 0.44
H, 0.33 0.31 0.02 0.02 0.73 0.71 0.35
HWE 0.002 0.012 0.002 0.014 0.016 0.21
Fst n ;a 7 Rs ;as i He

i Ho ; HWE -
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SS1(4.55) 15 , 1Sy Sly
, 042 0.29;SS; , 044 0.35 Sly , 1S
IS;: 0.55 0.46 , 1Sy Sly ;
Sl;: 054 0.52, ,
3 - [l (SSO) ¢ x
(o) ;
3.1 ,
Cruz (1997) , ,
Concepcion Megdalana ,
Megdalana Megdalana e x (Wada, 1986), ,
Concepcion o (p) = =< (SSo) &
Concepcion Concepcion ? X
Megdalana o ) . )
Megdalana Concepcion ,
, (SSp) ¢ > (11o)
: o Sly
( , (lp) & > (SSy)
2002; , 2002; , 2005; , o IS,, Sly I,
2005; , 2004; , 2008; You et al, Sl : ,
2009); (2003) ,
3 , :
: : , Wada (1996)
) SI]_ IS].
SI]_ ISl; ]
, (SSp) ¢ > (o) &
L ( ) - (
] ] ] 1] ), (SSO) Q x< (IIO)
1] il o y
1 L 1 L 3.2
( , 2009); 2>2 ,
“1 SSl ’ '
(2009) (Lippman et al, 2006)
; Sl; 1S, DNA , (microsatellite),
, ; SSR( , simple sequence repeats),
, Sy 1S4, PCR
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(Liu ,
et al, 2004) ; ; ,
Bierne  (2000) (Penaeus , :
stylirostris)2 ,
(microsatellite-associated heterosis) , ( , 2008); ,
6 22 0.15 ,
4 , Fst 0.357, ( , 2003),
64.3% : ;
35.7% Fst 0.25 , (null
(Wright, 1951), 4 allele), ,
, 4 (He)
(a) (Re) (Ho), 4
( He Ho) Hedgecock  (2004)
2x<2 , HWE
4 , ,
RAPD(
DNA, Random amplified polymorphic DNA) ,
( , 2001; , : ,
2002) ISSR( , Inter-Simple Se-
quence Repeats)
( , 2008)
: , , 2001, 3
RAPD , 31(4): 506—
512
: : , 2003.
(SSp) ¢ =< (g) & 27: 200—206
, 2008. 3
Shikano ~ (2002a) - ISSR
, 32: 26—31
it (Poecilia reticulata) 17 ( 11 , 7 . 2005.
) ( 35 ) R
: (salinity tol- , 27: 135—140
erance) (r* = 0.650), » 2008.
Shikano ~ (2002b) 4 | | | ’23;.864_875
B ' RAPD , 27(5): 27—
Nei’s 30

, 2002. 2
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, 9: 100—105
, 2002.
, 12(6): 101—105
, 2002.
F1  RAPD , 33: 484—
491
, 2004.
, 28: 267—272
(Pinctada
EST-SSR

, , , 2008.
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,39:174—181
, , , 20009. 2
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' , , 2002.
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, 2005.
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HETEROSIS AND GENETIC VARIATION OF HYBRIDS FROM TWO GEOGRAPHICAL
POPULATIONS OF PEARL OYSTER, PINCTADA MARTENSII

WANG Ai-Min"? ~WANG Yan?, GU Zhi-Feng®, LI Ming® ~SHI Yao-Hua? LI Si-Fa'

(1. College of Fisheries and Life Science, Shanghai Ocean University, Key Laboratory of Aquatic Genetic Resources and Aquaculture
Ecosystem, Ministry of Agriculture, Shanghai, 201306; 2. The Ocean College, Hainan University, Key Laboratory of Tropic Biological
Resources, Ministry of Education, Hainan Key Laboratory of Tropical Hydrobiological Technology, Haikou, 570228)

Abstract A 2><2 complete diallel cross between two populations of pearl oyster, Pinctada martensii, from Indian (1)
and Chinese Sanya (SS,) was carried out and four groups of offspring, 11, (Ily ¢ ><Ily o7), IS; (Ilg @ >SSy o7), Sl; (SSp @ >
Iy ™), and SS; (SSy 2 >SS, <7), were produced. Hybrid IS; and Sl; showed heterosis in shell height (SH), shell length (SL),

hinge length (HL), shell width (SW), and shell weight (SWT). IS; had heterosis in shell width index (SWI), but not in total
weight (TW) and shell weight index (SWTI), while IS; had heterosis in total weight and shell width index, but not in shell
weight index. Sl exhibited significantly larger heterosis in SH, SL, HL, and TW than IS; (P<0.01), but significantly smaller
in SW (P<0.01). Six selected microsatellite markers were used to analyze four lines of progeny. The results reveal that the
Fst was 0.375 and the average numbers of alleles were in the order of SI,(6.17) > 1S,(6.00) > 11,(5.00) > SS;(4.67); the
average allelic richness per locus was S1,(5.34) > 1S,(5.04) > 11,(4.47) > SS,(4.55); the average expected heterozygosities
(H¢) were 1S4(0.55) > S14(0.54) > SS;(0.44) > 11,(0.42); and the observed heterozygosities (H,) were SI,(0.52) > 1S,(0.46) >
SS,(0.35) > 11,(0.29), indicating that the cross increased heterozygosity and genetic diversity, and directly brought about
heterosis. As a whole, the cross between female Sanya wild population and male Indian cultured population promised more
potential for pearl oyster breeding scheme, or POBs.

Key words Pinctada martensii, Geographical population, Heterosis, Genetic variation, Microsatellites



