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Tab. 1  Characterization of 8 microsatellite primer pairs
(573 < : Ibp
P15 " F: TATGGTGTGGTGTGGTGTGG 56 ( TGGCG) 94~ 146
R: CACTCGAACACGTCAACGC
p22 ! F: TGTAAATAATGTATGAATGTATGTGCG 54 (GT) 264 ~356
R: AGTGCTCTTCTGGTGATGCC
p34 " F: GGTATGGTGTGGTGTGGTGT 57 ( TGGCG) 90~ 144
R: ACTCGAACATGTCAACGCC
p4g "' F: TCAGGAGCATTTTGGTTTTATG 50 (GT) {( GTGC) \N( GC) (N( GT) ,, 202~294
R: TGTGCTACCTACCTACCGACC
P51 " F: TGGATTGGTGTGTCGGTAGA 54 (GT) 4( GTGC) ,N( GC) (N( GT) 5 180~276
R: TTGGCTATCGCTGTAGTTATCA
P67 ! F: TGTGTGTCGGTAGGTCGGTA 54 (AT) , 262 ~288
R: TCCATGTTATGGTTCAAGGAAG
P79 ¥  F: GCCAAGGGACACTACACAGAGGG 60 (CA), 180~219
R: TGGGGATGGGACAACTGAAAATG
PSR ® F: ACAAGGTGATGTGAGGTG 55 (AT) 4 139~168
R: TCTGTCATCAGTGAAGGC
( PIC) . ( Na) .
( Ne) . ( Ho) . ( He) . 2.1.3
( Fis) .Hardy-Weinberg ( HWD) . 5
(Fa) - » (GD) 2 PC1  PC2 38. 114%
(6L MEGA 6.0 29.221% 67.335% 2
Gh 3 67.335%( 3).
PCl  H./L, 87. 0%:; W,/
Arlequin 3.5 25 L. 76. 6%. PC2
(analysis of molecular va— ' 79. 4.
riance AMOVA) PCl P2 4 5
2 2
2 : 3
YX HN BH
2.1
2.1.1 2.1.4
5 4
2 5 .
2.1.2 X, X,y X5 X, Ho/Las Wl Los Ly /Ly~mg/
( 3) 3 2 L4
: YX HN 5 :
TH PH Yy =3 289. 824X, +123. 88X, +448. 522X, -
X BH YX. HN 652.233X,-988. 107
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Tab.2 The sample size and morphological indices of five P. undulata populations
n Ly/mm Hy/mm Wy /mm L, /mm Ap/mm Ap /mm mglg

TH 50 45.05+2.05 25.57+1.20 13. 80=+0. 81 13. 19+0. 97 22.06+1. 56 29.31x1. 66 4.39+0. 87
PH 50 46.20+2. 38 26.17+1.28 14.04+0.77 13.75+0.97 23.26+1.39 29.90+1. 96 4.27+0. 63
YX 35 37.99+1.93 22.03x1. 16 12. 58+0. 63 11. 34+0. 84 19.74+£1. 58 23.89x1.44 2.70+0. 45
HN 35 40.11+1. 84 22.90=+1. 03 13.32+0. 66 11. 81+0.75 20. 85+1. 39 25.50+1. 63 3.35+0. 50
BH 36 43.12+2.57 24.11+1.58 13. 65+0. 86 11. 56+0. 99 22.34+1.58 27.40+2. 14 3.15+0. 70

YX

HN J

BH

PH

TH 5

3 5
Fig. 3 Diagram of cluster analysis of
five P. undulata populations
Y,y =3 288.987X,+110. 671X,+482. 855X, -
692.221X,-989. 962
Y,y =3 267. 434X, +456. 939X, +465. 905X, -
968. 773X,—1 060. 37 4 5 N

Y, =3 176. 063X, +485. 317 X,+442. 205X, -
858.268X,-1 018. 68

Yy =3 186. 31X, +409. 991X, +346. 032X,
868. 656X,-972. 148.

3
Tab. 3  Contribution and load of principal components

on morphological characteristics of P. undulata

PCl PC2

H, /L 0. 870 0. 044
W, /L 0. 766 -0.376
Ly /L 0. 640 0. 497
mg/Lg 0. 196 0.794
AlA, 0.337 -0. 664
1.906 1. 461

1% 38. 114 29.221

1% 67. 335
4 ; P1
54. 0% ~ 80. 0% P2 18.0% ~52.0% 5

Fig. 4 Scatter diagram for PC1 and PC2

of five P. undulata populations

4

5

65.0%.

Tab.4  Discriminant results of five P. undulata populations

N 1%
Pl P2 PH TH YX HN BH
PH 50 540 520 27 20 0 0 3
TH 50 58.0 458 19 29 0 2 0
YX 35 8.0 199 0 1 28 2 4
HN 35 657 180 1 1 5 23 5
BH 36 750 3.7 4 0 2 3 27
206 65.0 51 51 35 30 39
2.2
2.2.1
8 5
160 5
:5 Na  7.500 ~



5 °c 641 -
12.252 3.169 ~ 3. 588 0.963~  0.679 PIC  1.391).
0. 986 0. 670 ~0. 706 PIC  1.391~ Hardy-Weinberg HWD
1. 648. 5 TH P67.P79.P8R 3
( 0. 706 PIC 5
1.648) HN He

5 8

5

Hardy-Weinberg

Tab. 5 Genetic diversity and Hardy—-Weinberg equilibrium test in five P. undulata populations for 8 microsatellite loci

Na Ne Ho He PIC HWD
PH P15 17 3.243 0.922 0.697 1. 887 1.000 O
P22 19 3. 665 1. 000 0.733 2.001 1.000 O
P34 16 3. 693 1. 000 0.735 1. 981 1.000 O
P48 17 5.218 1. 000 0.815 2.090 0.980 9
P51 15 4.903 0. 968 0. 803 2.019 0.009 9
P67 4 2.130 1..000 0.535 0. 831 0.000 0
P79 4 2.738 1. 000 0. 640 1.126 0.000 0
P8R 3 2. 659 1. 000 0. 629 1.038 0.000 0
11. 875 3.531 0. 986 0. 698 1. 622
TH P15 13 3.449 0.984 0.716 1.778 0.944 8
P22 22 4.178 0. 969 0.767 2.201 1.000 O
P34 11 3.199 0.938 0. 693 1. 675 0.703 7
P48 20 4.903 0. 984 0. 802 2.170 1.000 0
P51 20 5.172 0.922 0.813 2.229 1.000 O
P67 6 2.722 1. 000 0. 638 1. 138 0.000 0
P79 3 2. 667 1. 000 0. 630 1. 040 0.000 0
P8R 3 2.412 1. 000 0.590 0.956 0.000 0
12.252 3.588 0.975 0.706 1. 648
YX P15 14 3.362 1. 000 0.708 1. 706 0.988 9
P22 19 3.675 1..000 0.734 2.012 1.000 0
P34 11 2.736 0. 844 0. 640 1.511 0.990 7
P48 15 4. 881 0. 891 0. 804 1. 963 0.023 7
P51 20 3.579 0. 968 0.727 2.003 0.751 2
P67 5 2.556 1. 000 0.614 1.098 0.000 0
P79 3 2.253 1. 000 0. 561 0. 885 0.000 0
P8R 3 2.332 1. 000 0.576 0.923 0.000 0
11. 251 3.172 0. 963 0. 670 1.513
HN P15 7 3.039 1..000 0. 677 1. 395 0.000 0
P22 14 3.529 1. 000 0.723 1. 824 0.996 3
P34 10 2.521 0. 828 0. 608 1. 356 0.9399
P48 5 4.571 1. 000 0.833 1.56 0.151 4
P51 14 4. 188 1. 000 0.773 1.975 0.998 1
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Na Ne Ho He PIC HWD
P67 4 2.556 1. 000 0.614 1. 069 0. 000 0
P79 3 2. 605 1. 000 0. 621 1.022 0. 000 0
P8R 3 2.340 1. 000 0. 581 0.926 0. 000 0
7. 500 3. 169 0.979 0. 679 1.391
BH P15 10 3.320 1. 000 0. 704 1.584 0.056 1
P22 20 3.592 0. 983 0.728 2.022 1..000 0
P34 13 2. 884 0. 875 0. 658 1. 624 1..000 0
P48 10 4. 667 1..000 0. 800 1.835 0.748 5
P51 19 4.382 0. 980 0. 780 2. 146 1..000 0
P67 4 2.742 1. 000 0. 640 1. 141 0. 000 0
P79 3 2.304 1. 000 0. 570 0.910 0. 000 0
P8R 3 2.355 1. 000 0. 581 0.933 0. 000 0
10. 252 3.281 0. 980 0. 683 1.524
2.2.2 ( Nm) GD Gl (7 S YX BH
AMOVA (6 10.21% GD (0.008 0) (Gl
(»<0.000 1) 0.992 0) ; PH HN GD (0.115 3)
7. 7% (GI 0.8911).
72.02%.5 Fo Nm 7. ! > ‘
Fa 0.0005~0.183 1 YX o BH Tab.7 Coefficient of gene differentiation ( Fy;)
(p< gene flow ( Nm) genetic identity ( GI) and genetic
0.000 1) .3 (YX.HN  BH) 2 distance ( GD) among five P. undulata populations
(PH TH) Fy r. N ol b
Fsr PH-TH  0.050 8** 9.34387 0.9534 0.047 7
.YX BH Fo
s Nom vx  BH PH-YX 0.1655*  2.52155 0.9054  0.099 4
1 066. 23 HN BH N PH-HN 0.183 1" 2.23046 0.8911 0.1153
9. 955 3 5 PH-BH 0.128 4%  3.39294 0.9273 0.0755
(Fo 0.183 1). TH-YX 0.126 4™  3.45488 0.9187 0.084 8
TH-HN 0.159 3%  2.63858 0.8999 0.1055
6 5 AMOVA TH-BH 0.094 9  4.76849 0.9444  0.0572
Tab.6 AMOVA of five P. undulata populations YX-HN 0.051 1% 9.28519 0.9719 0.0285
/% YX-BH 0.000 5 1066.23 0.9920  0.008 0
4 0.189 64" 10.21° HN-BH 0.047 8" 9.95593 0.9684 0.0321
155 0.330 04" 17.77 ** p< 0.000 1.
160 1.337 50" 72.02 GD UPGMA
319 1.857 18 (5 PH TH GD
:Va Vb Ve v a p< 0.000 1. ; BH YX GD
HN

2.2.3
1978  Nei * 5
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Fig. 5 The UPGMA phylogenic dendrogram of
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Genetic Diversity Analysis of Five Populations of Paphia undulata

LUO Xuan XU Xiaowei ZHANG Pengfei YU Jinjin HUANG Miaogin KE Caihuan”

( Fujian Collaborative Innovation Center for Exploitation and Utilization of Marine Biological Resources

College of Ocean & Earth Sciences Xiamen University Xiamen 361102 China)

Abstract: Genetic diversity of five populations of Paphia undulata sampled from Philippines ( PH) Thailand ( TH) Fujian Yunxiao
( YX) Hainan Danzhou ( HN) and Guangxi Beihai ( BH) was studied using the morphological variation analysis and 8 micro-satellite mark—
ers.The morphological variations showed significant differences between the Chinese group and the exotic group. Within the Chinese group the
samples from YX and HN populations were rather similar in morphology whereas BH population differed greatly from the above two popula—
tions.Meanwhile significant departures from Hardy-Weinberg equilibrium were observed in 5 of the 8 microsatellite loci in all the 5 popula—
tions.The lines of Fg( 0.000 5 to 0. 183 1) Nm ( 2.230 46 to 1 066. 23) and AMOVA analysis ( 10. 21% of genetic variation was distribu—
ted within groups with the significant value p<0.000 1) across all populations indicated that there was medium level of divergence among the
5 P. undulata populations.The UPGMA clustering tree based on genetic distance demonstrated that the populations of PH and TH clustered
into one group and the other three Chinese populations clustered into one other group. Within the Chinese group the HN population clustered
into one group while the populations of YX and BH clustered together which indicated that the YX population was more closely related to the
BH population.In this study high levels of genetic diversity within populations and moderate levels of genetic differentiation among popula—
tions were presented for P. undulata.Our data also revealed that the genetic pattern of P. undulata was likely to be disturbed by human-medi-
ated passive dispersal via aquaculture activities.These results would provide scientific basis for the conservation and reasonable utilization of
natural resources of P. undulata.

Key words: Paphia undulata; genetic diversity; morphological traits; microsatellites; population



