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(Rachycentron canadus)!""
(Crassostrea gigas)!'?! (Apos-
tichopus japonicus)!'*! (Fenner-

openaeus chinensis)!'* (Litopenaeus

vannamei)!**! (Macrobrachium nippo-

nense)!'®

11 DNA
s 9.8~15.6 cm,

2010  4-7
( D3
1
DNA DNA
17 0.7%
.4
12 PCR
« 2,
PCR :
10 uL, 1 pL 10><PCR Buffers (Bio Ba-

sic Inc., 10 mmol/L Tris-HCI (pH 9.0), 10 mmol/L
KCIl, 10 mmol/L(NH4),SO4, 2 mmol/L MgSO,),
dNTPs 0.2 mmol/L, 0.5 pumol/L, Taq

10, DNA 10 ng
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Tab.1 Basic information of Sipunculus nudus samples

population sampling date sampling site sample number
(ZJ) Zhanjiang population 2010-04-12 39
(BH) Beihai population 2010-06-20 39
(JP) Jinpu population 2010-07-13 39
3o L , , 1 455,30 ; 72 5min PCR
' 8% 3 4 h,
i
oy _ c|ﬂ1[n? , , Gel-pro
. e 4T - : ;."'--‘;__.;Shan‘kou
27 13
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1 3 . . [21]
Fig. 1 Sampling sites of three Sipunculus nudus populations information content, PIC) ARLEQUIN 3.1
in Beibu Gulf (Fis) (Fst)
PCR : 94 80 s; 94 (Nm) DISPAN Nei’s
30 s 30s 72 (Genetic distance, D)), Da
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NJ UPGMA 2 4 3 Snul7
2
3, 20 3
2.1 (Snu08 Snul0 Snul4) , 17
20 3 29 ,
, PIC 0.097 0.797
*2 KXREHWYIESIYHFT
Tab. 2 Sequences of SSR primers of Sipunculus nudus
(5-3)
locus primer(5'=3") repeat motif GenBank access. no.
LT TER O o

7 8 91011121314 151617 1819202122 23 24 25262728 293

2 Snul?

031 M32

33 343536 373839

M:DNA ladder marker (200 bp, 180 bp, 160 bp, 140 bp, 120 bp, 100 bp).

Fig.2 Electrophoretic patterns of PCR products of Zhanjiang Sipunculus nudus population in locus Snul7

M: 20 bp DNA ladder marker (200 bp, 180 bp, 160 bp, 140 bp, 120 bp, 100 bp).
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(BH, N=3.3), (JP, N=3.1); Hardy-Weinberg 3
Jp (He=0.442) (4,
(H,=0.411) , BH (He=0.360, Bonferroni (P<0.0025) 5
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M: 20 bp DNA ladder marker (200 bp, 180 bp, 160 bp, 140 bp, 120 bp, 100 bp).
Fig.3 Electrophoretic patterns of PCR products of Beihai Sipunculus nudus population in locus Snul7
M: 20 bp DNA ladder marker (200 bp, 180 bp, 160 bp, 140 bp, 120 bp, 100 bp).

Snul7

1 2 3456789 1011121314151617181920212223 2425262728 2930 M 31 3233 34 35 36 37 38 39

M: 20 bp DNA ladder marker (200 bp, 180 bp, 160 bp, 140 bp, 120 bp, 100 bp).
Fig.4 Electrophoretic patterns of PCR products of Jinpu Sipunculus nudus population in locus Snul7
M: 20 bp DNA ladder marker (200 bp, 180 bp, 160 bp, 140 bp, 120 bp, 100 bp).

*3

HREH 20 MIR 2N AHFMERL.

Tab. 3 Effective alleles, expected and observed heterozygosity and polymorphism information content for 20 microsatellite

loci of Sipunculus nudus

ZJ-L'AF_ gn_.\LZII%\%E

locus number of alleles, number of effective expected heterozygosity,  observed heterozygosity, polymorphism
N alleles, N, B N information content, PIC

Snu01 3 1.74 0.424 0.548 0.372
Snu02 5 2.28 0.562 0.723 0.520
Snu03 3 1.99 0.497 0.795 0.377
Snu04 4 2.03 0.508 0.500 0.429
Snu05 5 3.26 0.693 0.417 0.656
Snu06 4 2.43 0.588 0.393 0.524
Snu07 3 1.52 0.343 0.416 0.290
Snu08 1 1.00 0.000 0.000 -
Snu09 5 1.71 0.416 0.402 0.381
Snul0 1 1.00 0.000 0.00 -
Snull 9 5.56 0.820 0.616 0.797
Snul2 4 1.21 0.176 0.155 0.169
Snul3 3 1.26 0.207 0.226 0.198
Snul4 1 1.00 0.000 0.000 -
Snul5 3 1.11 0.099 0.103 0.097
Snul6 5 1.72 0.419 0.527 0.377
Snul7 6 3.03 0.670 0.678 0.628
Snul8 2 2.00 0.500 1.000 0.375
Snul9 7 2.16 0.537 0.302 0.494
Snu20 3 2.72 0.632 0.565 0.561
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Hardy-Weinberg , LS
:Snu03 Snu04 Snu06 Snull
Snul8 ; BH

Snu05 Snu06 Snul8 Snul9  Snu20 ;YN
: Snu03  Snu05 Snull

Snul8 Snul9 3
Snul8

2.2
221 F 5 ,

Fis —1.000 0.404 , -0.123
Fi —1.000 0.438 , —0.065

F« 0 0.371 ,
0.051 , 0.424

39.126 ., Snu20 0.424, 16

N, 1 ; N 12.988

x5 BN FEMERRT(N

Tab.5 F value and gene flow (Nm) for all polymorphic loci

locus Fi Fi F Nin
Snu01 -0.304 -0.293 0.008 31.193
Snu02 -0.307 -0.287 0.015 16.623
Snu03 -0.626 -0.601 0.016 15.558
Snu04 0.005 0.014 0.009 27.454
Snu05 0.327 0.399 0.106 2.104
Snu06 0.310 0.333 0.033 7.246
Snu07 -0.219 -0.211 0.006 39.126
Snu09 0.026 0.035 0.010 25.419
Snull 0.236 0.257 0.027 9.157
Snul2 -0.043 0.119 0.155 1.367
Snul3 -0.113 -0.092 0.019 12.855
Snuls -0.051 -0.044 0.006 38.283
Snul6 -0.279 -0.257 0.017 14.286
Snul7 -0.029 -0.011 0.017 14.499
Snul8 -1.000 -1.000 0.000 ok
Snul9 0.404 0.438 0.057 4.164
Snu20 -0.422 0.105 0.371 0.424
mean -0.123 —-0.065 0.051 12.988

: Nu= [(1/Fy) —11/4.

2.2.2
Nei's 6 s
(Da=0.026),
(Da=0.081); 3

17
(Fs0) 5 ,
(Fy =0.019),
(Fy =0.049),
(P>0.05)
DA , NI UPGMA
( 5, UPGMA ),

b

F*6 NBREHKE F-RITE(Fy, XNALT)MELIE
E(Da, XMHZ%L)
Tab. 6 Pairwise Fg estimates(Fs, below diagonal) and
genetic distance(Da, above diagonal) among Sipunculus
nudus populations

population “l BH »
Z) - 0.026 0.081
BH 0.019 - 0.067
JP 0.049 0.042 -

1

Note: Code for each population is shown in table 1.

,—BII
A |

— “

0.035 0.030 0025 0020 0015 0.010 0.005 0.000

5 UPGMA
1

Fig. 5 UPGMA clustering tree based on genetic distance be-
tween populations
Code for each population is shown in table 1.

3
Botstein ¥ , PIC>0.5
, 0.25<PIC<0.5 ,
PIC<0.25 17
, 6 , 8
,3 3 PIC
0.426, (H)
[23] , 3



68 19
He 0476,H, 0.492 ,
(0.5824  0.659 5)I' (0.810
0.864)!'¥ (0.698 0.804)"" : :
(0.36 0.43)1"%
(8]
L £
0.245 0.296, t - Ul :
1993, 12 (2): 69-76.
’ [2] . U :
’ 2002, 26(6): 503—509.
(3] , , ,
, 0. , 2005, 25(1):
, 5-9.
10 (4] , ,
(F.) 1. , 2007, 31(5): 633-638.
, F.<0.05 Bl e
0.05<F<0.15 , 0.15<F<0.25 a 2010 @ 7T
(6] , , s [J].
» 0.25<F<1.00 = ,2010, 37(3): 30-33.
Fe 0.019 0.049, 3 - S .
; , 2011, (1): 38-39.
, 2, (8] , , RAPD
, 0. , 2006, 27(3): 57-61.

[91 Du X, Chen Z, Deng Y, et al. Genetic diversity and popula-
tion strcture of the peanut worm (Sipunculus nudus) in
southern China as inferred from mitochondrial 16S rRNA

’ sequences[J]. Israeli J Aquaculture-Bamidgeh, 2008, 60(4):
’ 237-242.

[10] Du X, Chen Z, Deng Y, et al. Comparative analysis of ge-

netic diversity and population structure of Sipunculus nudus
Hardy-Weinberg ’ as revealed by mitochondrial COI Sequences[J]. Biochem

Hardy-Weinberg

> >

, Hardy-Weinberg
(D) 0,

(1]

[12]

[13]

[14]

Genet, 2009, 47: 884—891.

SSR [J]. , 2010, 30(3):
16-21.
DNA (7. ,2007, 26(4): 548554,
, , , .3
DNA  [J]. ,2007, 31(4): 437-442.
’ > N . 7

.



69

[15]

[16]

[17]

(18]

[19]

, 2008, 29(5): 1-10.
s s s (Litopenaeus
vannamei) [J1.
, 2009, 40(2): 214-220.
[71. , 2010,
17(2): 218-227.
[M]. 2
, 1999.
Rousset F. GENEPOP’007: a complete e-implementation of
the GENEPOP software for Windows and Linux [J]. Mol
Ecol Res, 2008, 8: 103—106.
Bonferroni, C. E. "1l calcolo delle assicurazioni su gruppi di
teste."[C]Studi in Onore del Professore Salvatore Ortu Car-
boni. Rome: Italy, 1935: 13-60.

[20]

[21]

[22]

(23]

[24]

Botstein D, White R L, Skolnick M, et al. Construction of a
genetic linkage map in man using restriction fragment length
polymorphisms [J]. Am J Hum Gen, 1980, 32(3): 31-34.
Excoffier L, Laval G, Schneider S. Arlequin ver. 3.0: An
integrated software package for population genetics data
analysis [J]. Evol Bioinform Online, 2005, 1: 47-50.

Nei M, Jajima F, Tateno Y. Accuracy of estimated phyloge-
netic trees from molecular data [J]. J Mol Evol, 1983, 19(3):
153-170.

s s s

DNA RAPD [J]1. s
2004, 24 (3): 85-89.

Balloux F, Lugon-Moulin, N. The estimation of population
differentiation with microsatellite markers [J]. Mol Ecol,

2002, 11: 155-165.

Genetic diversity in three wild stocks of Sipunculus nudus Linnaeus,
1766 in Beibu Gulf

GUO Yusong, WANG Qingheng, L1 Xinglian, ZHANG Lifei, DU Xiaodong
Fisheries College, Guangdong Ocean University, Zhanjiang 524025, China

Abstract: We evaluated the genetic diversity of three wild populations [Zhanjiang (ZJ), Beihai (BH), Jingpu (JP)]
of Sipunculus nudus in the Beibu Gulf using 20 microsatellite DNA loci. We calculated the allele numbers, effec-
tive allele numbers, expected heterozygosity, observed heterozygosity and Hardy-Weinberg equilibrium. Three
loci were monomorphic and 17 loci were polymorphic. Five loci in each population deviated significantly from
Hardy-Weinberg equilibrium. The locus Snul8 exhibited significant deviation from Hardy-Weinberg equilibrium
in all 3 populations. Though diversity was higher in JP than in BH and ZJ, F; analysis across the stocks and loci
revealed a low level of divergence. We constructed NJ and UPGMA clustering trees based on Dp genetic distance.
The populations from nearby geographical locations were clustered together in both trees.

Key words: Beibu Gulf; Sipunculus nudus; microsatellite; genetic diversity
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