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Genetic diversity in five scallop populations of the Japanese scallop Patinopecten
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Abstract The Japanese scallop Patinopecten yesoensis was introduced from Japan to Dalian in the 1980’s. It has been
cultured on large scale in this area. In this study genetic diversity of 5 cultured and natural populations of Japanese scallop
were investigated by microsatellites. The 5 populations were the population in Zhangzidao island CC  the natural
population in north area of the Yellow Sea HQ  Japanese cultured population JX  Russian population RX and
albino population collected in Dachangshan island ZB . HQ is a natural population which has been collected in north area
of Yellow Sea in 2005. A specific genetic marker was found in this population. Thirty individuals from each population were

analyzed. Amplifications were performed in a PCR reactor with 8 microsatellite loci tested by agarose gel eletrophoresis and
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analyzed by gel analysis software. In this study 45 alleles were obtained. The number of alleles of each locus ranged from 3
to 9 and allele size ranged from 100 to 340bp. The mean number of effective alleles a, was 3.1535 and the number of
genotypes ranged from 3 to 21 in each locus. PIC  Polymorphism Information Content per locus ranged from 0. 0322 to
0.5944. The average observed heterozygosity H_, for the five populations was 0.3292 0.3048 0.3167 0.2708 and
0.3042 respectively. The average expected heterozygosity H, for the 5 populations was 0. 4595 0.4002 0. 3838

0.3620 and 0.3885 respectively. The difference in genetic diversity among the 5 populations is not significant. According
to their genetic similarity 1 and genetic distance D  we found that the genetic distance between CC and HQ was the
least followed by that of JX and RX. The distance between ZB to JX and RX were both closer than those of CC and HQ.
The P value test of Hardy-Weinberg equilibrium showed that the populations departed from Hardy-Weinberg equilibrium in
some loci. All 5 populations showed the absence of heterozygosity. The results of the F-test suggested high genetic

differentiations among the 5 populations and mainly due to individual difference.
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Table 1 Core sequences primer sequences and annealing temperatures of microsatellite DNA marker

5'-3'
Locus Core sequence Primer sequence
e e F CGAAGGCAGAGTTTACACTG
AY949033 16 STC 165 R CAGAAGCCTTCAGCATCTTT
AY949034 AG 4 T(? 2TT F A‘(JG(:(,(JTGTAATACGAGAfAT
TG 6 AG TG 4 R GCTCCTTTCCCAAACAATG
o - F TGTGCAGGTTTAGACGCTAT
AY949035 TG 2AG TG 8 R CACCAAAAGGACGTTGAAAT
) F AAATACCATCGACCATTGCT
AY949038 e 10 R CACCACCTTAACCCTTTCA
AY949039 TG 4GA TG 6 F AAATAAAAGACAAAGGAAGG
GA TG 3 R TGTAGCACACATTACTCAAA
) F TGACTTTTGGTGTTAAACCC
AY949040 CA 20 R CTGCCATAACTGTTACATCG
F TGGGACGGTATGAATCA
AY949041 16 20 R TGCCTCAGAGAATCAGTATT
. . F CAAGGAAGGAACACTTACGC
AY949042 TG 2TTAG TG 11 R ATAGCCTTACTCGGGAATGA
2
2.1 PCR
8 5 PCR AY949039 HQ
7
1 AY949033 AY949034  AY949042
2
2.2
POPGENE 8 5
3 RX
PIC AY949033 AY949034  AY949042  PIC 0.0322 0.0322  0.0633
5 PIC 0.25 8
AY949034 RX 2 7

CC 2.2370  0.4595
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4 5.6 7 8 9 101112131415 M 16 7 1819 20 21 22 23 D4 95 96 29 28 79 30
500bp
6 7 89 1011 12 13 1415 16 17 18 1920 2122 23 24 25 26 27 28 29 30
6 7 89101112 1314 15 1617 18 1920 21 2223 24 25 26 27 28 29 30
R e e e R
678 9 101112 131415 1617 1819 20,21
R -
789 1011 12 131415 1617 18 1920 21 2293 94 0
1 AY949038 CC HX JX RX ZB
Fig.1 PCR result of population CC HX JX RX and ZB amplified by primer AY949038
2 5
Table 2 Allelic frequencies of microsatellite in 5 populations of Japanese scallop
AY949033 AY949034 AY949035
Locus
Allele 2 3 4 5 1 2 3 1 2 3 4 5 6 7 8
CC  0.0000 0.0000 0.9333 0.0667 0.0000 0.0000 0.0000 1.0000 0.0000 0.0167 0.1000 0.4000 0.1333 0.0667 0.2167 0.0667
HQ  0.0000 0.0000 0.8500 0.1500 0.0000 0.0000 0.0000 1.0000 0.5333 0.1500 0.0667 0.1333 0.0000 0.1167 0.0000 0.0000
JX  0.0500 0.0000 0.9333 0.0000 0.0167 0.0000 1.0000 0.0000 0.1500 0.0000 0.4833 0.1333 0.0000 0.2333 0.0000 0.0000
RX  0.0000 0.0167 0.9833 0.0000 0.0000 0.0167 0.9833 0.0000 0.0333 0.0000 0.1167 0.6333 0.0000 0.1500 0.0667 0.0000
ZB  0.0000 0.0167 0.9667 0.0000 0.0167 0.0000 1.0000 0.0000 0.0167 0.0000 0.5333 0.3167 0.0000 0.0500 0.0667 0.0167
AY949038 AT949039 AY949042
Locus
Allele 1 2 3 4 5 6 7 1 2 3 4 5 1 2 3
CC  0.0000 0.0000 0.0000 0.1333 0.0000 0.3667 0.5000 0.0000 0.4000 0.0000 0.0000 0.6000 0.0000 0.4333 0.5667
HQ 0.0000 0.0167 0.2000 0.5833 0.0000 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2000 0.8000 0.0000
JX 0.0000 0.0000 0.0500 0.2333 0.0000 0.7167 0.0000 0.1500 0.0000 0.0000 0.7500 0.1000 0.0000 0.4000 0.6000
RX  0.0000 0.0000 0.0000 0.1167 0.1667 0.1833 0.5333 0.0000 0.3500 0.0000 0.0000 0.6500 0.4333 0.0000 0.5667
ZB  0.0833 0.1667 0.4833 0.2667 0.0000 0.0000 0.0000 0.3000 0.0000 0.7000 0.0000 0.0000 0.4667 0.0000 0.5333
AY949040 AT949041
Locus
Allele 1 2 3 4 5 6 7 8 9 1 2 4 5
CC 0.0000 0.0833 0.0000 0.3833 0.4000 0.0000 0.0000 0.1333 0.0000 0.0000 0.1000 0.2167 0.6167  0.0667
HQ 0.0000 0.1167 0.0000 0.3500 0.5000 0.0333 0.0000 0.0000 0.0000 0.0000 0.0167 0.1833 0.7667  0.0333
JX 0.0000 0.0667 0.2167 0.3167 0.3500 0.0000 0.0500 0.0000 0.0000 0.0167 0.1167 0.8667 0.0000  0.0000
RX 0.0000 0.0000 0.0333 0.2500 0.5500 0.0000 0.0167 0.0667 0.0833 0.0000 0.0333 0.9667 0.0000 0.0000
7B 0.0667 0.0833 0.0000 0.6500 0.0000 0.2000 0.0000 0.0000 0.0000 0.0000 0.1667 0.0333 0.8000 0.0000
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3 Hardy-Weinberg
Table 3 Genetic diversity and P-values of each Japanese scallop population
949033 949034 949035 949038 949039 949040 949041 949042 Mean
PIC 0.0322 0.0322 0.5228 0.5944 0.3515 0.5753 0.5112 0.0633 0.3354
CC A 2 1 7 3 2 4 4 2 3.1250
a, 1.1421 1.0000 4.1002 2.4862 1.9231 3.0151 2.2642 1.9651 2.2370
Ho 0 0 0.4667 0.2667 0 0.6333 0.4000 0. 8667 0.3292
He 0. 1244 0 0.7561 0.5978 0.4800 0. 6683 0.5583 0.4911 0.4595
P 0.0009 ** - 0.0000 ** 0.0000 ** 0.0000 ** 0.7387 0.0061 ** 0.0000 **
HQ A 2 1 5 4 0 4 4 2 3.1429
a, 1.3423 1.0000 2.9137 2.3778 0 2.5825 1.6057 1.4706 1. 8995
Ho 0.0333 0 0.5667 0.3667 0 0.4000 0.3667 0.4000 0.3048
He 0.2550 0 0.6572 0.579%4 0 0.6128 0.3772 0.3200 0.4002
P 0.0001 ** - 0.0402 0.0000 ** - 0.0005 ** 0.0060 ** 0.5603
XA 3 1 4 3 3 5 3 2 3.0000
a, 1.1443 1.000 3.0457 1.7527 1.6807 3.6145 1.3072 1.9231 1.9335
Ho 0.1333 0 0.5000 0. 1000 0.2333 0.5000 0.2667 0.8000 0.3167
He 0.1261 0 0.6717 0.4294 0. 4050 0.7233 0.2350 0.4800 0.3838
P 1.0000 - 0.0046 ** 0.0000 ** 0.0000 ** 0.0014 ** 1.0000 0.0003 **
RX A 2 2 5 4 2 6 2 2 3.1250
a, 1.0339 1.0339 2.2585 2.7821 1.8349 2.6471 1.0689 1.9651 1.8280
Ho 0.0333 0.0333 0.1667 0.5667 0. 1000 0.3333 0.0667 0. 8667 0.2708
He 0.0328 0.0328 0.5572 0. 6406 0.4550 0.6222 0.0644 0.4911 0.3620
P - - 0.0000 ** 0.0000 ** 0.0000 ** 0.0001 ** 1.0000 0.0000 **
7B A 3 1 6 4 2 4 3 2 3.1250
a, 1. 0695 1.0000 2.5496 2.9460 1.7241 2.1102 1.4950 1.9912 1.8607
Ho 0.0667 0 0.2333 0.5000 0 0.3000 0.4000 0.9333 0.3042
He 0. 0650 0 0.6078 0. 6606 0. 4200 0.5261 0.3311 0.4978 0.3885
P 1. 0000 - 0.0000 ** 0.0002 ** 0.0000 ** 0.0000 ** 0.7002 0.0000 **
x significant deviation from equilibrium % s terribly significant deviation from equilibrium Number
of Alleles A Effective Number of Alleles ae Observed Heterozygosity Ho Expected Heterozygosity
He P P value
2.3 Hardy-Weinberg
GENEPOP 4 5
Markov chain method Hardy- Table 4  Genetic distance and genetic identity of 5 Japanese
Weinberg P AY949034 RX scallop population
AY949033 P 5 ) cC HO X RX 7B
Population
65% CC 0.7634 0.5061 0.6307 0.4840
Hardy_Weinberg 3 HQ 0.2700 0.4452 0.3681 0.4723
JX 0.6811 0.8092 0.7548 0.5994
RX 0.4609 0.9995 0.2813 0.5924
7B 0.7256 0.7502 0.5118 0.5235
2.4
Nei’ s 4
CC HQ X RX CC HO
/B JX RX UPGMA
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5 5 8 F-

Table 5 F-statistics for five populations of Japanese scallop on 8 microsatellite loci

Fis Fis Fit Fst
e HQ x RX Z8 Allpopulation Allpopulation Allpopulation
AY949033 1.0000 0.8693 -0.0573 -0.0169 -0.0256 0.5580 0.5795 0.0485
AY949034 - - - -0.0169 - -0.0169 0.9862 0.9865
AY949035 0.3828 0.1378 0.2556 0.7009 0.6161 0.4051 0.5069 0.1711
AY949038 0.5539 0.3672 0.7671 0.1154 0.2431 0.3810 0.5360 0.2505
AY949039 1. 0000 1.0000 0.4239 0.7802 1. 0000 0.8106 0.9220 0.5880
AY949040 0.0524 0.3472 0.3088 0.4643 0.4298 0.3128 0.3866 0.1075
AY949041 0.2836 0.0280 -0.1348 -0.0345 -0.2081 0.0422 0. 4966 0.4744
AY949042 -0.7647 -0.2500 -0.6667 -0.7647 -0.8750 -0.6959 -0.2095 0.2868
Mean 0.3135 0.3124 0.1121 0.1535 0.1475 0.2285 0.5141 0.3702
POPGENE 5 JX
F- 5 Fis cC HQ _4(—: R
1 JX 3 —————CC
RX 4 T
7B 3 035 030 025 020 0.15 0.10 0.05 0
5 2 5 UPGMA
AY949039 Fis Fig. 2 UPGMA dendrogram among 5 Japanese scallop populations
0. 8106 AY949042 -0.6959 AY949034
Fit AY949042 Fst 5 8 AY949033
0.05 5 6 Fst RX  HQ
CC HQ JX RX
0.5
3
6 5 Fst
5 Table 6 Fst values between each population of Japanese scallop
Population cC HQ X RX 7B
cc
$ HO 0.1895
JX 0.2546 0.3364
0.2708 ~0.3292  0.3620 ~0. 4595 cc e 0-2120 03796 0. 1732
7B 0.2610 0.3264 0.2429 0.2547 -
RX 5
3~9
7
CC
CC 7B 20 80
CC

3 ~4 c¢cm
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