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1 20 Ssi23) ,
4—30 , 1.71—
11 - DNA 5009 410 20.46 , PIC 0.40—0.95
- fig 4 (

(BH) (Z)) (SW) (SY) 3), , SY

DNA DNA 25 (N=5.97) ZJ(N=5.53) BH (N=5.38) SW (N=5.35),
(Sambrook et al, 198?) . 0.7% (H=0.606) 5'56’(:{20.623) Csw

4c (H.=0.586, H,=0.508), 4
12 PCR 34 44 (H.=0.598) (H,=0.572)
(Guo et al, 2012), ’ 4 ’
( D PCR ] Hardy-Weinberg 4
10pul,  1pl 10xPCR Buffers ( Mg®"), dNTPs (3
0.2mmol/L, 0.5umol/L, Takara Tag™ , ’
1, DNA  10ng Bonferroni (P<0.0015) , BH 7 .
PCR 94°C 80s; 94°C Hardy-Weinberg , Ssi3 Ssi7
308 30s 72°C 455, 30 : Ssi40 Ssi54 Ssi57 Ssi59 Ssi 60; SY 7
72°C S5min  20bp DNA Ladder Marker (Takara) ] . I.{ardy—W.einberg 7 ) Ssi
. PCR 8% 3 Ssi6 Ssi7 Ssil7 Ssid40 Ssid42  Ssi6l;Z)
3—dh, ’ 10 Hardy-Weinberg ,
13 Ssi6 Ssi7 Ssil7 Ssi27 Ssi35 Ssi42
Gel-pro 4 analyzer Ssi49 Ssi54 Ssi57  Ssi58;SW 12
, GenAlex 6 (Peakall et al, 2006) Hardy-Weinberg Ssi 1 Ssi
’ (N) 2 Ssi6 Ssil7 Ssil8 Ssi24 Ssi42 Ssi49  Ssi
(No) P, Bonferroni(1935) 55 Ssi54 Ssi57  Ssi6l 4
: HW X
P) (observed heterozygosity, H,) 2.2
(expected heterozygosity, H.) Botstein 221 4 ’

(1980) (poly- Fi,  —-0.738—0.498 |
morphism information content, PIC) ARLEQUIN 0.032; Fi -0.030—0.883 >
3.1 (Excoffier et al, 2005) (Fi) 0.334; Fu

(Fi) (Fy) 0.096—0.766 , 0.306
(N.) DISPAN Nei’s Nn 0.076—2.351 | 0.881
(Genetic distance, DA)(Nei et al, 1983), Da 2.2.2 34
NI UPGMA L
Nei’s ( 95,
2 (D4=0.707),
2.1 (D4=0.855); 4 (Fs)
34 4 5 ,
(F=0.208), (F=0.265)
2, (BH) (SY) (Ssi 20) Da ., NJ UPGMA
, (SW) 2 (Ssi 20 ( 1, UPGMA ),

Ssi 54) , [74)) 2 (Ssi

>



fi%(Sillago sihama)4

269

x1 ZHEENIESIYFT

Tab.l Sequences of microsatellite primer pairs for S. sihama

(5—3') Ta('C)
i1 F: ACTCAGGCTATGAAAACAAA 2 .
R: TGATTCATCAAGTAAAGGAG (tg)s
. F: TGTTTGGTTTCCTGGTGG
Ssi2 R: ATGACAAGGGCCGTTGAG >l (ca)i7N(ac)s
ssi3 F: TTAGGACAATTTCATGGTGGAT 5 e
R: TCAGGCGGATATGGAGCT Ve
ssi s F: TGCCGCCGGTTGTAATCT 5 (a)
R: TGCGAGGGAGCAAAGGAC Cahs
ssi6 F: TCATCGTCACTGGTCCTT 2 (a0)
R: CAGCCACTGGAGACTAAA ac)
. F: GAAAGCCATCACATCCTAAT
Ssi7 R: CAACAACACTGCTCCCAAAA 30 (tg)iNis(tg)s
ssi o F: AGTGTCTGGAGCTAAGTGAT 2 N
R: TGTCTGATGTTTATGTGGGT (ca)sNa(ca)s
Ssi 14 F: CTTTGGAGGGAAGTTGGG 51 (ca)
R: CATGATGGACGTTATTTGTA ca
. F: ACGTGGGTAATCCACATACA
Ssi 15 R: GAGGCAGAAACTGAAGAAAA 33 (ca)sNs(ac)eNa(ac),Na(ac)s
. F: ATGCTGTCTCATTCTAAAG
Ssi 16 R: TGAATAAATGGGTTACTGT >0 (ac)(geacac):Ns(ca)y
. F: CCCGCATCTGTATTAGCA
Ssi 17 R: TCAAACGCAAGCCTATGT >3 (ca)sN(ac)s
. F: TTCTTCCCACAGCCTCAC
Ssi 18 R: CTTTATTTACTGCGATGC 32 (ca)sNse(ac)is
Ssi 20 F: TCACCCATGAAGGGTTTG 5s (a)
R: GCTGTCAGGAGATGTCGC ca)s
. F: GAGATTCAGTCAGCGGGATT
Ssi23 R: TGTCAGGTGGCGGGTTTA >3 (ca)isNs(ca)s
Ssi 24 F: TGCTCGGCATCTCCCTCT 5s
R: TGCGTCAGCCTGAACAAT (@c)s
. F: AAGCCTGCACTTATTGTTC
Ssi 25 R: CTCCCTCCTTCATCCATT >3 (ca)oNs(ac)s
ssi 27 F: CCAAGCAAGAAGGGAAAC 5 )
R: CAATCAGGGCCTGCAAAG (can
. F: CATGGTACGGGTGATGAAGA
Ssi 35 R: AGGCTGGGACACGGTGAAGT 36 (tg)N2(tg)sNu(ga);N(ag)«(ac)s
. F: CATTCAGATTTTCCTCTTGC
Ssi 37 R: GACACTCTGGAGCCTAGCAG >2 (tg)N(ghsN(tg)s
. F: TCCCTTCCACTTGTTTCCTC
Ssi 40 R: CCCACTCAGATGTTTCCACC >3 (ac)sNis(ca)s
Ssi 42 F: TGTCTCCATTAGCCAAAGTG s (a0)
R: GGAGGGAAAGAGGTCACAAA 8
Ssi 44 F: ATCCCGCCTTTGTTGGTTCA 5s
R: TTCTGCTGCTTGCTGTGAAT (ac);
. F: AAGATGAAAACCAGGGAGCA
Ssi 45 R: ATGTCGCACTCAGGGGTAAA >7 (ca)sNa(ca)s
Ssi 49 F: AGCCTGTATTTAGTACCCTC s @)
R: GATCCAGCACGAACCTTCTC 5
ssi 54 F: GGTTGGATCTGGTTTGTC 51 (a)
R: GTGTCGGTTTGACGTTGC ca)e
ssi 55 F: CTGGGCTGTAACGTAATG s )
R: GAAACTTTGACCTTCTCCC (ca)
. F: CCTTGAACTATAATTGTCTC
Ssi 56 R: AATATTCTGCTTTACACTCT >0 (ca)sN(ac)s
. F: TTTCACGGCTGGAGGAGG
Ssi 57 R: GTGCGGTTTGAGGGACGA >7 ©7N;csNs (ca)s
ssi sg F: TAGAAATCAAAGAAATGCCACG 4 )
R: GACCGAGTAACGAATACAACCA (ca)s
. F: AGCCTGGATTTCCTGGGTT
Ssi 59 R: AGCGTCTTGGCATGTCGT >7 (ca)eNa(ca)u
. F: TACTTCTCATTAGAGCCACG
Ssi 60 R: TGCGAGCTTGTGATTGTA 32 (ga)oNi2(ac)2oNa(ag)e
ssi 61 F: TGGAGGTTGCTCGGTGTC 5 (8)
R: ATTTGGATTTCTTGGTGC a0
Ssi 62 F: ACTGACCTGCTCAATGACT 5
R: CTTGGCACTGGCACTTCT (@)o
ssi 63 E GCTGGAACGAAAGCGAAAA 5 (caNu(ac)s

: GCAAACCGCCACTGATGT
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Tab.2  Statistic number of effective alleles, heterozygosity and polymorphism information content of 34 microsatellite
loci for S. sihama

N Ne H. H, PIC
Ssi 1 21 11.06 0.910 0.760 0.90
Ssi 35 25 10.43 0.904 0.849 0.90
Ssi 14 26 16.11 0.938 0.798 0.93
Ssi 15 19 10.26 0.902 0.637 0.89
Ssi 61 23 12.93 0.923 0.578 0.92
Ssi 63 11 6.59 0.848 0.700 0.83
Ssi 56 15 7.80 0.872 0.495 0.86
Ssi 57 11 4.21 0.763 0.380 0.73
Ssi 60 22 18.02 0.945 0.903 0.94
Ssi 17 20 13.10 0.924 0.773 0.92
Ssi 2 23 13.67 0.927 0.796 0.92
Ssi 3 7 4.22 0.763 0.535 0.73
Ssi 18 21 9.41 0.894 0.709 0.89
Ssi 5 17 9.26 0.892 0.449 0.88
Ssi 9 16 8.07 0.876 0.598 0.86
Ssi 23 24 7.12 0.859 0.425 0.85
Ssi 37 21 10.10 0.901 0.663 0.89
Ssi 27 14 6.82 0.853 0.606 0.84
Ssi 40 10 2.88 0.653 0.381 0.63
Ssi 44 8 1.71 0.414 0.313 0.40
Ssi 45 5 3.75 0.733 0.442 0.69
Ssi 49 10 2.07 0.516 0.229 0.49
Ssi 62 14 7.35 0.864 0.616 0.85
Ssi 54 7 491 0.796 0.092 0.77
Ssi 55 9 4.88 0.795 0.557 0.77
Ssi 16 25 10.50 0.905 0.474 0.90
Ssi 58 12 5.88 0.830 0.586 0.81
Ssi 59 15 9.54 0.895 0.811 0.89
Ssi 6 20 8.83 0.887 0.462 0.88
Ssi 7 30 20.46 0.951 0.606 0.95
Ssi 20 4 4.00 0.750 0.000 0.70
Ssi 24 14 9.92 0.899 0.595 0.89
Ssi 25 19 10.84 0.908 0.558 0.90
Ssi 42 13 6.08 0.836 0.859 0.82
RI3 ANSHHHERANIZEERSHESH
Tab.3  Genetic diversity indices in four wild populations of S. sihama
(BH) z) (SW) (SY)

Ssi 1 N 7 7 6 15

P 0.011 0.004 0.000* 0.877

H. 0.824 0.814 0.665 0.893

H, 0.960 0.840 0.320 0.920
Ssi 35 N 12 5 3 12
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(BH) (2)) (SW) (SY)
P 0.447 0.000* 0.085 0.379
H. 0.886 0.684 0.482 0.882
H, 0.958 1.000 0.680 0.818
Ssi 14 N 8 5 11 10
P 0.471 0.039 0.030 0.156
H. 0.796 0.715 0.886 0.880
Ho 0.783 0.560 0.913 0.957
Ssi 15 N 8 9 9 3
P 0.007 0.552 0.044 0.198
H. 0.839 0.831 0.865 0.460
H, 0.640 0.880 0.619 0.350
Ssi 61 N 7 10 10 7
P 0.191 0.457 0.000* 0.000*
H. 0.804 0.871 0.813 0.664
H, 0.682 0.920 0.632 0.083
Ssi 63 N 7 6 5 3
P 0.304 0.152 0.023 0.864
H. 0.776 0.757 0.759 0.328
Ho 0.708 0.826 0.750 0.385
Ssi 56 N 2 5 7 2
P 0.484 0.011 0.201 0.922
H. 0.219 0.766 0.801 0.449
H, 0.250 0.625 0.682 0.440
Ssi 57 N 3 4 4 3
P 0.000* 0.000* 0.001* 0.286
H. 0.114 0.253 0.626 0.422
H, 0.080 0.160 0.720 0.560
Ssi 60 N 7 10 9 8
P 0.000* 0.008 0.079 0.007
H. 0.842 0.871 0.862 0.840
Ho 1.000 0.750 0.917 0.950
Ssi 17 N 9 7 7 3
P 0.257 0.001* 0.000* 0.000*
H. 0.839 0.830 0.799 0.555
H, 0.960 0.750 0.375 1.000
Ssi 2 N 5 10 10 9
P 0.033 0.071 0.000* 0.006
H. 0.758 0.863 0.842 0.806
H, 0.792 0.880 0.920 0.583
Ssi 3 N 2 2 2 2
P 0.000* 0.750 0.744 0.000%*
H. 0.493 0.113 0.117 0.500
Ho 0.880 0.120 0.125 1.000
Ssi 18 N 7 9 5 8
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(BH) @n (SW) (SY)
P 0.227 0.357 0.000* 0.236
H. 0.778 0.785 0.834 0.806
Ho 0.692 0.957 0.440 0.778
Ssi 5 N 2 7 5 4
P 0.416 0.105 0.007 0.267
H. 0.241 0.754 0.754 0.566
H, 0.280 0.440 0.478 0.600
Ssi 9 N 6 7 3 10
P 0.001 0.092 0.752 0.176
H. 0.754 0.784 0.310 0.833
Ho 0.560 0.609 0.360 0.875
Ssi 23 N 13 1 3 14
P 0.710 — 0.025 0.137
H. 0.896 0.000 0.455 0.896
H, 0.880 0.000 0.280 0.667
Ssi 37 N 7 8 2 7
P 0.058 0.017 0.648 0.363
H. 0.719 0.858 0.159 0.780
Ho 0.783 0.840 0.174 0.833
Ssi 27 N 6 4 2 9
P 0.764 0.000* 0.245 0.651
H. 0.800 0.706 0.332 0.856
H, 1.000 0.318 0.421 0.920
Ssi 40 N 4 4 2 3
P 0.001* 0.999 0.106 0.000*
H. 0.636 0.186 0.187 0.540
Ho 0.240 0.200 0.125 1.000
Ssi 44 N 5 2 4 2
P 0.984 0.569 0.095 0.656
H. 0.434 0.187 0.685 0.153
H, 0.522 0.208 0.444 0.167
Ssi 45 N 2 2 3 2
P 0.341 0.092 0.364 0.586
H. 0.403 0.449 0.346 0.375
Ho 0.480 0.600 0.238 0.417
Ssi 49 N 2 3 5 2
P 0.664 0.000* 0.000* 0.484
H. 0.147 0.278 0.569 0.219
Ho 0.160 0.080 0.455 0.250
Ssi 62 N 4 8 3 5
P 0.418 0.437 0.044 0.003
H. 0.583 0.810 0.589 0.729
H, 0.409 0.840 0.929 0.400
Ssi 54 N 2 3 1 2
P 0.750 0.000* — 0.648
H. 0.113 0.473 0.000 0.159
Ho 0.120 0.080 0.000 0.174
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EE
(BH) (2)) (SW) (SY)
Ssi 55 N 2 4 2 2
P 0.403 0.530 0.000* 0.272
H. 0.249 0.601 0.500 0.295
Ho 0.292 0.565 1.000 0.360
Ssi 16 N 5 8 3 12
P 0.000* 0.041 0.000* 0.348
H. 0.705 0.681 0.322 0.858
Ho 0.280 0.583 0.208 0.833
Ssi 58 N 2 2 7 4
P 0.052 0.001* 0.017 0.006
H. 0.403 0.478 0.742 0.546
Ho 0.560 0.792 0.643 0.375
Ssi 59 N 7 9 9 4
P 0.000* 0.054 0.938 0.007
H. 0.816 0.851 0.818 0.551
Ho 0.870 0.760 0.864 0.760
Ssi 6 N 7 4 6 10
P 0.392 0.000* 0.000* 0.000*
H. 0.789 0.479 0.753 0.798
Ho 0.762 0.320 0.136 0.652
Ssi 7 N 9 9 11 9
P 0.000* 0.000* 0.304 0.000*
H. 0.821 0.837 0.776 0.846
Ho 0.960 0.520 0.542 0.400
Ssi 20 N 1 1 1 1
P J— J— J— J—
H. 0.000 0.000 0.000 0.000
Ho 0.000 0.000 0.000 0.000
Ssi 24 N 7 5 4 5
P 0.250 0.020 0.000* 0.181
H. 0.805 0.739 0.690 0.745
Ho 0.560 0.500 0.600 0.900
Ssi 25 N 4 5 6 8
P 0.129 0.479 0.002 0.032
H. 0.571 0.650 0.782 0.774
Ho 0.524 0.636 0.364 0.833
Ssi 42 N 2 3 8 3
P 0.052 0.000* 0.001* 0.000*
H. 0.403 0.554 0.798 0.609
Ho 0.560 1.000 0.920 0.958
N 5.38 5.97 5.35 5.53
H. 0.596 0.606 0.586 0.603
Ho 0.594 0.623 0.508 0.564
(N), (H,), (Ho.), (P), *  Bonferroni Hardy-

Weinberg (P<0.0015)
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Tab.4 F value and gene flow (Ny,) for all polymorphic loci in
each population of S. sihama

Fis Fit Fs [\

Ssi 1 0.049 0.164 0.122 1.806
Ssi 35 -0.178 0.048 0.191 1.056
Ssi 14 0.020 0.145 0.128 1.709
Ssi 15 0.169 0.307 0.166 1.257
Ssi 61 0.265 0.372 0.145 1.474
Ssi 63 -0.019 0.195 0.210 0.943
Ssi 56 0.106 0.430 0.362 0.440
Ssi 57 —-0.073 0.502 0.536 0.217
Ssi 60 -0.059 0.043 0.096 2.351
Ssi 17 -0.020 0.165 0.182 1.127
Ssi 2 0.029 0.143 0.118 1.874
Ssi 3 -0.738 0.302 0.598 0.168
Ssi 18 0.105 0.199 0.105 2.142
Ssi 5 0.223 0.497 0.353 0.459
Ssi 9 0.104 0.316 0.237 0.806
Ssi 23 0.187 0.485 0.366 0.432
Ssi 37 —-0.046 0.268 0.300 0.584
Ssi 27 0.013 0.226 0.216 0.906
Ssi 40 -0.011 0.407 0.413 0.355
Ssi 44 0.080 0.405 0.353 0.459
Ssi 45 -0.103 0.414 0.468 0.284
Ssi 49 0.222 0.560 0.435 0.325
Ssi 62 0.049 0.258 0.220 0.888
Ssi 54 0.498 0.883 0.766 0.076
Ssiss  —0347 0.301 0.481 0.270
Ssi 16 0.258 0.473 0.291 0.610
SSis8  —0.092 0.300 0.359 0.446
Ssi 59 -0.071 0.092 0.153 1.386
Ssi 6 0.337 0.475 0.209 0.946
Ssi 7 0.262 0.363 0.138 1.563
Ssi 24 0.141 0.289 0.173 1.195
Ssi 25 0.151 0.356 0.241 0.788
Ssi 42 -0.454 0.030 0.292 0.607
0.032 0.334 0.306 0.881

S.E 0.040 0.036 0.034 0.106

*Nm =[(1/Fy)-1]1/4

K5 HHEERHKE F-%iTE(F,,
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Tab.5 Pairwise F estimates (Fg, below diagonal) and genetic
distance (D4, above diagonal) among populations of S. sihama

VFR{ERE

(BH) (SY) (SW) (VA)]
BH — 0.753 0.812 0.707
SY 0.226 — 0.855 0.760
SW 0.257 0.265 — 0.815
z) 0.208 0.215 0.246 —

BH
ZJ
SY
SW

| | ! L |
t t 1 1 1

0.4 0.3 0.2 0.1 0.0

1 Dy UPGMA
Fig.1 UPGMA clustering tree based on D4 genetic distance
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SSR ANALYSIS IN FOUR WILD POPULATIONS OF SILVER
SILLAGO SILLAGO SIHAMA

GUO Yu-Song, YAN Cheng-Zhong, ZHANG Yu-Lan, ZHENG Jin-Nan,
XU Yuan-Min, DU Tao, WANG Zhong-Duo, LIU Chu-Wu

(Key Laboratory of Aquaculture in South China Sea for Aquatic Economic Animal of Guangdong
Higher Education Institutes, Fisheries College, Guangdong Ocean University, Zhanjiang, 524088)

Abstract Sillago sihama is the most known species in genus Sillago. It is naturally distributed in Indo-West Pacific
and found in all Chinese waters including East China Sea, Yellow Sea, Bohai Sea, South China Sea, and the Northern Bay.
In China, it is a common marine food fish species, and the supply of this fish relies on capture from the wild. The resources
have reduced dramatically. It is necessary to reveal genetic diversity and population structure of wild stocks before carry
out breeding and farming. Genetic diversity of 4 wild geographical populations of S. sihama in the southern coast waters of
China, i.e. four populations of Zhanjiang (ZJ), Beihai (BH), Shanwei (SW), and Sanya (SY), were investigated using 34
microsatellite DNA loci. The allele numbers (N,), effective allele numbers (N.), expected heterozygosity (H.), observed
heterozygosity (H,), polymorphism information contents (PIC) and Hardy-Weinberg equilibrium were estimated to char-
acterize genetic diversity. The results show that all loci were polymorphic among populations. Test of departures from
Hardy-Weinberg equilibrium indicated that 7 to 12 loci in each population were significantly deviated from Hardy-
Weinberg equilibrium. All loci are not significant deviation from Hardy-Weinberg equilibrium in all 4 populations. The N,
ranged from 1.71 to 20.46, and PIC ranged from 0.40 to 0.95. The average H, was 0.598, and average H, was 0.572 in four
populations. The SY population showed the highest heterozygosity (H, = 0.606, H, = 0.623), while the SW population
showed the lowest value (H, = 0.586, H, = 0.508). The results of genetic distances and genetic similarity show that the
genetic relationship of BH and ZJ populations was the most closed, while that of SY and SW populations was opposite. The
F-statistics analysis showed that the four populations were highly differentiated (F mean value is 0.306). There was only a
very small gene flow between populations. NJ and UPGMA clustering tree based on D4 genetic distances demonstrated that
the stocks of adjacent geographical position clustered together.

Key words Sillago sihama; microsatellite DNA; genetic diversity; genetic differentiation



