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Nie [ 12 8 , 5 :
b
DNA /
, , (20] (Pinctada 1.2 PCR
martensii)
, [21] (Crassostrea gigas) SSR , 1,
, PCR 10 pL:
0.2 mmol/L dNTP, 1xPCR buffer, 1 pmol/L
, 0.25 U Tag DNA (
), 1.5 mmol/L MgCl, 100 ng DNA PCR
, 94°C 3 min; 94°C 1 min,
, 1 min, 72°C 1 min, 35 ;
72°C 5 min 8%
[19]
1 b
1.3
1.1 DNA (Na)
(A4r) (Gp)
(Ho) (He) (FI S)
F1 FEEWRFI0ONMRIESIYFFINMRNEE
Tab. 1 Characteristics of the 20 polymorphic microsatellite loci from Ruditapes philippinarum
locus /‘Cannealing temperature repeat motif sequence (5'-3") primer sequence(5'-3")
RpTi142 60 (TA)s F: CAATGGTGCTCAGAGGTCAG
R: CAAGAGCTGTCGGTAGGAT
RpT178 48 (AAT); F: GAATGTCCCGTTTCTATG
R: CAACAATCTAAGCCTCGT
RpT190 50 (AT)s F: CGGTTGATAGGCTAATGC
R: TTGCTGTTTGTGGGTTGT
RpT206 60 (AT)s F: TACCAACGCTCCTACAACTGAT
R: TCCCATTCACTTTCCAGCA
RpT214 52 (TG)s F: GGTAGCGTGACTCTTGGAT
R: TGCCCTGTGAACTGTTTCT
RpT223 58 (AT)s F: GTCAGGGACTTGGTCTTTCT
R: TCTTTAGCAACGGGATAGC
RpT228 56 (AT)s F: AGTCTCGCTTTGACAGGA
R: CCCAAGAAGGGAGTTTATG
RpT238 60 (CAAA), F: RCGCCTTCTGTGCTTTGATT
R: TGCGGCTGTGCGAAATAG
RpT241 58 (AT)s F: CAGGACTGGACCAAAGTG
R: AAGGCACCATAATATGTCAG
RpT242 48 (TC)s F: CGCCTATTGCTGGATGTT
R: TGGAGGAAGACCGATTGAC
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Nx H, H. MSAnalyser (221 4 , 5.0 ,
Fis FSTAT 2.9.3 (23] 5.278 , 4267
SPSS19.0 Kruskal-Wallis Kruskal-Wallis AR
AR (4] (df=3,P=0412) H,
(Fs) Genepop4.0 (0.641), H. (0.578)
[25] H, (0.412), H,
(0.335) — R
2
40 — 21 —
2.1 - (P<0.01), 4
10 4 PCR RpT241  RpT242 4
63 : 312, -
0.307~0.757, 0.208~ R RpT142 RpT190 RpT206
0.583 3.0~10.7, PCR 3 5
178~390 bp(  2) 5 —
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Tab. 2 Genetic diversity indexes of four Ruditapes philippinarum populations
population
locus white zebra white orange longwangtang total
RpT142
Na 5 6 5 5 8
Ar 5.842 4.000 5.000 6.971 6.680
Gp 0.510 0.516 0.496 0.795
S 344-380 344-390 344-380 340-370 340-390
H, 0.529 0.506 0.545 0.579 0.540
H, 0.270 0.184 0.167 0.417 0.259
Fis 0.639 0.528 0.608 0.476
P 0.0001* 0.0000%* 0.0000* 0.0004*
RpT178
Na 5 5 6 4 6
Ar 4.995 5.000 5.946 3.998 5.812
Gp 0.706 0.739 0.746 0.616
N 320-360 320-360 320-370 330-370 320-370
H, 0.735 0.704 0.741 0.609 0.697
H, 0.486 0.526 0.378 0.108 0.375
Fis 0.254 0.342 0.493 0.824
P 0.0016* 0.0273 0.0000* 0.0000*
RpTI190
Na 4 4 4 5 6
Ar 4.000 3.842 4.000 4.946 5.978
Gp 0.724 0.525 0.754 0.771
S 240-266 244-266 240-260 244-270 240-270
H, 0.520 0.716 0.749 0.763 0.687

( to be continued)
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( 2 Tab.2 continued)

population
locus white zebra white orange longwangtang total
H, 0.132 0.132 0.405 0.162 0.208
Fis 0.818 0.749 0.462 0.790
P 0.0000* 0.0000* 0.0000* 0.0000*
RpT206
Na 4 4 3 4 4
Ar 3.995 4.000 3.000 4.000 4.000
Gp 0.518 0.757 0.463 0.665
N 190-196 190-196 192-196 190-196 190-196
H. 0.750 0.515 0.459 0.659 0.596
H, 0.278 0.237 0.162 0.211 0.222
Fis 0.543 0.633 0.650 0.683
P 0.0000* 0.0000%* 0.0000* 0.0000*
RpT214
Na 6 6 4 10 10
Ar 5.994 5916 4.000 9.944 8.474
Gp 0.713 0.633 0.721 0.788
N 292-340 284-330 284-330 276—-340 276—-340
H, 0.631 0.709 0.720 0.785 0.711
H, 0.474 0.447 0.639 0.595 0.539
Fis 0.372 0.251 0.114 0.245
P 0.0346 0.0218 0.3684 0.0020*
RpT223
Na 7 5 6 5 12
Ar 5.000 6.994 6.000 4.998 10.744
Gp 0.735 0.812 0.820 0.670
N 320-374 336-374 320358 380—398 320-398
H. 0.811 0.734 0.815 0.668 0.757
H, 0.711 0.649 0.459 0.514 0.583
Fis 0.118 0.125 0.440 0.234
P 0.1533 0.0786 0.0000* 0.0574
RpT228
Na 4 5 6 6 6
Ar 5.000 4.000 5.999 5.998 5.795
Gp 0.773 0.749 0.786 0.734
N 180—186 180—190 180—-192 180—-192 180—-192
H, 0.742 0.763 0.782 0.726 0.753
H, 0.278 0.054 0.526 0.162 0.255
Fis 0.930 0.629 0.330 0.779
P 0.0000* 0.0000* 0.0111 0.0000*
RpT238
Na 4 6 5 6 8
Ar 6.000 4.000 4.921 5.920 7.830

( to be continued)
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( 2 Tab.2 continued)

population
locus white zebra white orange longwangtang total
Gp 0.764 0.426 0.634 0.553
S 240-282 240-290 230270 220-290 220-290
H. 0.427 0.759 0.635 0.553 0.594
H, 0.459 0.459 0.763 0.605 0.572
Fis 0.398 -0.077 -0.204 -0.095
P 0.3108 0.0000* 0.7961 0.3970
RpT241

N 3 3 5 4 5

Ar 3.000 2.921 4.946 4.000 4.390
Gp 0.353 0.422 0.483 0.401
S 188-198 178-196 178-198 178-196 178-196
H, 0.424 0.354 0.481 0.402 0.415
H, 0.579 0.421 0.378 0.421 0.450
Fis -0.194 -0.372 0.216 -0.049
P 1.0000 1.0000 0.0335 0.5306

RpT242

Na 2 3 2 2 3

Ar 3.000 2.000 2.000 2.000 3.000
Gp 0.653 0.211 0.216 0.147
S 278284 278-284 278284 278284 278284
H. 0.212 0.651 0.217 0.147 0.307
H, 0.237 0.528 0.243 0.158 0.291
Fis 0.191 -0.121 -0.125 -0.072
P 1.0000 0.0984 1.0000 1.0000

mean

N 4.400 4.700 4.600 5.100

Ar 4.683 4.267 4.581 5.278

Gp 0.645 0.579 0.612 0.614

H. 0.578 0.641 0.614 0.589

H, 0.390 0.364 0.412 0.335

Fis 0.407 0.269 0.298 0.382

N , Ar , Gp , He , H, , Fis , ¥

- (P<0.05).
Note: Na, number of allels; Ag, allelic richness; Gp, gene diversity; H., the expected heterozygosity; H,, the observed hetrozygosity; Fis, inbreeding
coefficient. * Indicates significant departure from Hardy-Weinberg equilibrium after Bonferroni correction(P<0.05).

2.2 0.206~0.355 ( 3)
4 Fy 5
0.086~0.180(  3), 4 Fis  0.269~0.407,
, RpT238  RpT242
Fy  0.128, 4 , RpT241 Fis
12.8% , Fis

4 Nei Nei , UPGMA
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=3
Tab. 3 Pairwise Fy (under diagonal) and Nei’s unbiased genetic distances (above diagonal) of Ruditapes philippinarum
population white zebra white orange longwangtang
white zebra 0 0.212 0.231 0.355
white 0.098 0 0.206 0.330
orange 0.113 0.086 0 0.243
longwangtang 0.180 0.154 0.134 0
()] ; 0.335~0.412, 4 R
, H., H, Yasuda
, Nei 3~12
Fy 4.4~5.1;
4.27~5.24, 4 >
3
Na  Ar ,
[26-28]
0.578~0.641, Bo-31
11.0850
43976 F13E 5 white zebra
: 10.2803
1% white
0.8047| 10.2803
YRS orange
52556 ¢ FJ¥ longwangtang
1.0000
1 Nei UPGMA 4
Fig. 1 UPGMA dendrogram of four Ruditapes philippinarum populations based on Nei’s unbiased genetic distances
(Fs) 12.8% , 87.2%
[20] 3
Fy F 0.05~0.15,
0.0031~0.1478 321 (Tegiccarca : Fy
granosa) , 4 0.15~0.25,
12 Fy  0.0347~0.4549,
0.1930 , Fs 0~0.05, — 4
; 0.05~0.15, R -
; 0.15~0.25, RpT142 RpTI190 RpT206,
b 4 b
Fy 0.086~0.180, 0.128 B3 4
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Analysis of genetic variability in selected lines and a wild population
of Ruditapes philippinarum using microsatellite markers
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Abstract: The Manila clam, Ruditapes philippinarum, which is widely distributed along the coasts of China, is an eco-
nomically important marine bivalve species in China’s aquaculture industry. The world production of this species was
3.6 million metric tons in 2010. As a country, China accounts for the largest proportion (~90%) of the total global pro-
duction of Manila clams, producing about 3.0 million metric tons annually. This species includes several pedigree lines,
such as White, Zebra, Liangdao Red, and Marine Red that are distributed in the coastal areas in North China. Microsa-
tellite markers are a powerful tool because of their high level of polymorphism, stability, and co-dominance. As a result,
they are used widely in studies of genetic diversity and population differentiation. In this study, 10 microsatellite mark-
ers were analyzed in three selected lines and one wild population of Ruditapes philippinarum. The number of alleles per
locus ranged from 3 to 12, and allelic richness range was 3.0-10.7. Among all SSR loci, the mean number of alleles
breeding populations of white zebra strain was 4.4. Allelic richness was lowest in the breeding white clam population
(4.267). The average number of alleles and allelic richness was highest in the wild population from Longwangtang
(5.100 and 5.278, respectively). There was no difference in average allelic richness among all groups (Kruskal-Wallis
test, df'=3, P=0.412). Expected heterozygosity ranged from 0.307 to 0.757, and observed heterozygosity ranged from
0.208 to 0.583. The 77.5% inbreeding coefficient (Fis) was positive, indicating that there is a certain level of inbreeding
within populations, resulting in varying degrees of loss of heterozygosity. The F; values between the three shell color
strains of R. philippinarum were between 0.05 and 0.15, indicating a moderate level of differentiation. The Fy values for
comparisons between the Longwangtang population and the three shell colored lines were 0.15—0.25, indicating a
greater level of differentiation. Our results suggest that genetic variation has not been significantly affected by mass
selection and there remains high genetic variability in the mass selection lines, suggesting that there is still potential for
increased gains in future selective breeding programs.
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