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BN EE SN, SRET, 203 AR Y28 EEA, 209N S SR, B
WS R A S A A H0.0488500.9773, H & F £ F ok B BRI (88.4%). 6
HBRTHERBHRARES T REIDMERL T, & FHSMHMEREFG<0.15, XAT
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Fig. 1 Sampling sites of S. nudus

S1. Yantai; S2. Gulei; S3. Hongkong; S4. Dongxing; S5. Danzhou; S6.
Lingshui

1.2 SMEERAERREEEDNA

/b B RE T AE B 600 wL G 7K 1Y EPAE v B
%, 12 000 r/minZ.0>10 min, 3 LiEW, A
600 uL DNAF##23% (10 mmol/L Tris-HCL, 0.1 mol/L
EDTA . 0.5% SDS), MK 4 uL, 55 °C/K¥%
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2~3h, HEHLTEEMEM . SRIGHEPE NINA
200 pL 5 SR A T (4 mol/L 547 &0 I+0.1 mol/L
Tris-HCL), %44% %10 min/5 T 12 000 r/min5 0>
10 min, BB FRE LS min, B B 600 L
IEW, IA600 Ly NI, T UKAR i E 30 min,
SRJG4°C. 12 000 r/min®.0>10 min, FF W,
i E T 5 SO pLIC R SGE K f#EDNA, —20 °C
PRAF# I

1.3 PCRY &

R 4l AR A5 10 T B G RR O R AL 2o R TR
H 4 5P (FI42296 1) B T4 14 40 ity (1, 2% b Ik
(cyth)y 2K B —XF5[#CYTBR (CGACTTTCAAAAT-
CGTGTT). CYTBF (AGGAAATGTTTATTGGCAC),
PCRIZWAAZ : 2.5 uL 10xBuffer (Mg*'plus). 2.0 uL
dNTP (2.5 mmol /L), 0.5 pL##z . Primer (F, R)
(100 umol/L)4%0.5 pL. 0.2 pL Taq (5 U/uL)(Dream-
Taq, Thermo Scientific; rTaq, TaKaRa)F118.8 uL3Y
KK o PCRIZIY 1. 94 °CHIZE S min, 304
EFR(94°C40s, 51°C45s, 72°C 1.5 min), H)o
72 °CHEfH110 min, PCRY™ 1 7 ¥ 28 1%35 B A5 i
FEL K A O ) o

PL LA 514 ¥ b b o o5 A 4 KL BB
et A R A E G R, W R A
R A IRA A 52,

1.4 AR

7 45 5 F Chromas Al EditSeqist BUEL i
SeqMan®'Pf 4% 51, Ll ClustalX 1.83" 4K £} %F P
SERLI P A AT 2 e, IR AT RO R IE o
% FIDNASPvS!" 155 28 48 {3 5 % (total number of
mutations) . 2 A 45 40 (number of polymorphic
sites) . FAAEAIEL H (number of haplotypes) . % F R
Z #E M (nucleotide diversity) ., Hf5 7 & k¢ P
(haplotype diversity), il 545 B 7E 4 04 T 9 3
i o Arlequin 3. 1" F T #4773 F 5 22 40 bt
(AMOVA), WK (Tajima’s D. Fu’s Fs) X4
Boor Ak e, THEA R ] A 5% o AR B (Fo)
X P, JF#EATASBC AT A K 5, JF45 & Micro-
soft ExcelZz: il /R £ ic 73 A7 ¥l . Network 4.6"H]
TARAT BT T W 2% o A . LLER T 340 (Anne-
lida) . fH Zh ¥ (Echiura)fE N4 EE, R H
MEGA6" 4k 1 v &8 42 7k p-distance % 1 iR B #
RERY R HE R G000 A, 9 AR S AR08 A PR
Bootstrap?k 115, H & 10001K .



8 11 RFW, e B EIER T R S 6/ M TR VA 1 2 B P 53 b 1185
2 4 203/l\cytbr% B 3 2994 £ 2 T A

‘ 33U GABAL A, BT EIAZ AT IR 2 5 (average
21 EEZHEN

A AT A RT3 ARG I T O R R R AN TR
FREA R COI. ND6. cyth 3R RN 1 £ 25
s, HiephE R 2B EEEE, Hik
A 5T 8 B cyeb oA v [ 1 i G H O7 As 2 R stAE
ZREME BT 4y FARIE" . PCRY I 31142035
eytb 73, 411138 bp, ¥ 114 2 GenBank,
#5345 HKP751701~KP751903 . 8 & #2034~
cyth F A G+CH B N42.9%, A+TIH & &
57.1%.

number of nucleotide differences)»55.51, #%H &
Z R 70.0488, HAEAIZHEE ] 0.977(55 1),
61 b FERE UK A9 AZ 1 R 2 445 0.0024~0.0267,
MG BRI TR 2 s, A S BE R
BHE Z R, AR e MR T R 2
FEPETE B Bk, AR AL Z HEPE I A 77093~
0.97, FHWHEIARMPATE ZFEPERAR, &5 MAFAR
)G R ZRE R R =, 6 BE IR A T 2

FEPESE A B o T 5 AR B P Y R 22
S+ 48(30.33) 8 35 5 T H AW S AR (2.79~4.05)

F1 ABRHFRERATREMEEZHESH
Tab.1 Genetic diversity of different populations of S. nudus
B 2R AT il
FEAR S " N genetic diversity neutrality tests mismatch distribution
population group " k h T Tajima’s D Fu’s Fs SSD HRI

i A 35 23 2.79 0.930 0.0024 —2.484 -21.134 0.001 00 0.0279
Gulei
RN A 38 29 3.14 0.937 0.0028 -2.437 -26.238 0.007 96 0.0557
Dongxing
1M A 28 22 4.05 0.968 0.0036 -2.174 -17.299 0.006 17 0.0327
Danzhou
F K A 39 25 3.25 0.957 0.0029 -2.381 -20.736 0.001 04 0.0235
Lingshui
i A 33 23 332 0.925 0.0029 -2.523 -19.675 0.00128  0.0193
Hongkong
& B 30 22 30.33 0.958 0.0267 -1.827 0.419 0.006 62 0.0092
Yantai
Bt 203 128 55.51 0.977 0.0488
total

Een MEBG Ny, ARG L CPERTTREREG b BRESEEE: o RITRERE; Tgjima’s D« Fu's Fs. H1E4E%; SSD. HRI #58C4 10

I3 #r

Notes: n. number of sequences; Ny,,. number of Haplotypes; . average number of nucleotide differences; /. haplotypes diversity; 7. nucleotide diversity;

Tajima’s D, Fu’s Fs. neutrality tests; SSD, HRI. mismatch distribution

2.2 BHKREEW

G BR J7 M B HRE A N FRE A TE) AE S
AMOV A3 1 45 5 Wl 7S B4R ] 1 728 S A8 e 1Y
88.4%, WM TRIRAESR(11.6%)(%2), YLH
75 S P R R R A ) A 5

i Arlequmflf}\ 143 B YC R M 2 BRI Y
BAE L, S e T AR ) S Y 35 1% 73 fk 2R R
Fy=0.884, RUIRFIAN 25, XOGHITH
B B e TR T 1 [ 7 48 BOIEAT B, S5 RanEk3
TR o J5 5A RE AR 8] 64 15 E $8 O,
0.0844~(—0.0062), Bz /KHEIA S AR LA Z 1H] 1Y
WEE@W/ M AE, UL TCEE s

— AR HE—RAK, HE-FE . R
U B K — 7 U T A ) [

AL7J(\ /\/\

TREF<0.05, 1k Bk S0 R 1A ) S AS B A7 4K
R RN N M

2 HiEHEEHmDNA cytbFHA R FEEAKE]
TR FREDH
Tab.2 The AMOVA analysis of S. nudus within and
between populations based on cytb of mtDNA

AL \»‘“ - o AR ZH/ A Jf ‘;4/0/
AR SRR EHEE A E% 7y BRTTRE%
source of variance percentage of
. df  sum of squares .
variation components variation
HEOARIA] 5 4864.473 28.715 88.4
among
populations
TR 197 742.054 3.767 11.6
within
populations
J=Snn 202 5606.572 32.482 100.0
total
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Tab.3 Population pairwise F; (above diagonal) and related P values (below diagonal) based on S. nudus cytb of mtDNA

R3 ABRFWERERF cybBEIHE R LT RLL DM M PEGT AL TH)

FER Population W Gulei =¥ Dongxing &M Danzhou F%/K Lingshui  ## Hongkong JME  Yantai
WE Gulei 0.0183 0.0689 0.0215 0.0160 0.918
%> Dongxing O 0.0762 -0.0062 0.0349 0.920
&)1l Danzhou QFHk QF** 0.0844 0.0637 0.908
F%7/K  Lingshui 0.0180+0.0121* 0.829+0.0184NS QFx* 0.0445 0.921
s Hongkong Q¥ QF** QFx* QF** 0.914
M4 Yantai OF** O ** O ** Q*** Q** —
E: *RIR0.01<P<0.05; **3K750.001<P<0.01; ***FRKP<0.001
Notes: * 0.01<P<<0.05; ** 0.001<<P<<0.01; ***P<0.001
— B KA [ ] 7 45 %10.05<F<0.15, PEWIIXEE G pg BAf AL, 2 B o £ AU O B M R RE AR

FE A () AR Ak o TR 15 5 JHG Al S A4 1) 1Y
] 5E TR RCARAR K, 90.908~0.921, iRt T H:
il SO T] 40 8 52 R B ELF,>0.15, 50 W 4 A ]
B ME . AR 2B K B [E] F X6 10 P=0.05,
SRR, N E KB R F X 0.05<
P<0.01, 25 W3, HABEKRNFXTRPE /N
F0.001, R IEFREE.

6/ ML BEAE A, LA 128N AR R, 1
A B R Hap66 9 61 M BRER By 2 =2 i 3045
HOR25, HEWT R LA R TT RE RO A 2 HUR R

A . HIDNASPH 2034 cyth ¥ 51 1 B4 Rl SC
4, SR )5 18 F Network 4.635% 5 54 18 ) £ 434 &
(E12)o 174 R B B R B i B A5 A0, 6
A By BALAE 7R IO 2 3 A1 ] S B — Fob DA 64 T A S 2
) 32 B3 R (Hap 66 75 254 1A v 1 30) g Hpr e 1)
TG IR S5 48 5 M £ R A I B L Ok L At
J5 B PALRE RUFEAR [ 58 @4y EI Ok, ORI & B
IR RS Nl I N e N BTk £
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Fig. 2 Haplotype network of S.

Notes: number in this picture means number of each haplotype
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AR AR (1) e A B R s, A 7 2 A TR A
G A1 PR 54 Bl 7 B AR — B 2 il (1 3-2),
AR 3 R AR D) P 22 f) — 4 TC 20 A P (151 3-b) o ]
HRREIE s BT TR BN 22 S WL, 2R 2R 3Rm
FEVR IR Sk RO BEAUME o A 15 70 R g 7 11
A A R AN T X A T 2k 2% B B LR
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s (b) & B AR T IR 5 1 40 A
Fig. 3 Mismatch distribution for the two clades of
S. nudus collected from the coastal waters of China

(a) mismatch distribution of five south populations; (b) mismatch

distribution of Yantai population

23 RBREBEHW

K FH AR 23260 203 5 0 BR U5 46 B2 B cyeb I 41
T p-distance i B H R FE LB W, N
GenBank T #3115 s ¥ 4k 3k 1 (Orbinia latreillii,
NC_007933)F5 1 5l ) 36 PRI K (Urechis caupo,
NC_006379)# cytb)¥ 51 1E 1 5 (outgroup), 73 5k
T B b B R YT 2 W) A R
(Phascolosoma esculenta-EF583817F1EF521178)

P. gouldii-AF374337 F VT 10 Y6 81 5 #% 2
(EF521186) i cythI 7555 T RG LK B MW I
o MR L3RR Oy — 3, AR
30 AR FL R — S (K4), H AR S/
F5#% (bootstrap:  100), X —45 3 54 Z R4
Bras SR —30, 0GRS g o7 BER I AE AR K
I8 AL A4k o 53 A0 LA e 3l ) F1 R T s A
hEE, G ER SRR NERAE &',
H5EGRIWES B LFR .

3 iR

31 ARAKRERNRESZSHMEDN

i 2R MR AR W) 2 R I A T A
gy, WA BT 2R RN R R I R A
PR, RS N R R R R . — A
e B B 1) 35t 2 A R s st 4% AR SR R
O IR AR AL B 3E N RE R, BS Y R E
fiyo R A g . Rk, BEIRs 1L Z R
TF 5 0T LA 7 49 b sl S8 3 A 2F Ak g sk, g >
W — 2 o3 A7 1Ak s 71 AR R 1) A dz I R 2
ORAY S

W R AL Z R 7 FARic B IR £,
Horp R R L L e R B R
e o TR R) Y 35t 25 5 G R D AR, B
SRy TR B A8 A% A8 S DL R IX B OR [) 8K b
A B Arie, IF1E Z AW Rl B 5 T A5 3
TZ R o cyebditis o T 2 7k P9 B - A 20 it 2
EbALE— 3, EREmmIigEE 4k
WA, E—ME WA mtDNAS THRiC, 1k
HORIE T, PO SRR, R 2ZER K, &
B — > DNA - B gt g 42 & MBI R 7K 21 & 7K
ETENKFRGELREEE, Bk Rk
o328 T R G kAR IR R AT A 1 2 FhRid =z —17

ABEFE T, JERRE T R A 6 R R A Y
MR 22V 0.0489, HAMERI Z AL 0.977, Bt
MR 2 RE AL, A R, TR
25 1 1) B R B T] B BRA TR Z2 RE E f FR R[]
TRKNEZ, E—CBE EETFRESHRELT R
5 70 Z PR T R S R IR a8t 1 2 AR XA
FRET S, P VR AR O RS A R AR 1Y 3t A%
ZREMEAL, ULIIOEAR 7 R B B IR AR A
TN BB 12, N X S HR A R A B R
ORI AIELTT . T3oh, “EhRa i A Z R

http://www.scxuebao.cn



1188 KopE o R 41 4

100 CS26

N

+=
a
~
o

CS12-

1 ¢ R B 173 (735, k33, A28, FE/K39. 73438

CS3 | deormeth (ma30)

[ P.esculenta AF374337
100—="p esculenta EF583817
P.gouldii AF374337

] U.caupoNC 006379 :I 4MNEE outgroup

97 O.latreilliiNC 007933

0.05

4 ETHRGBEHAmDNA cytbFHIENIR KL BN

o4 e BT R AR

Fig. 4 NJ phylogenetic tree of S. nudus based on the cytb sequences of mtDNA

After the toponymy is the number of samples

JE AL U B G RR y A% S O AE DT s 1T Rk
TR R 2R 5 SR

DufEPLL corfy o Fhric i seduifE . =0 |
JE T T SRR D7 4 L A AT TR 2 FE M IR A1 (0.0035+
0.0018), FRLAEHI L FEE 5 (0.935+0.062), A&
WFFE L5 R —E; M Du%ERLL16S rRNAK 43 T 4%
it, MFRE R B R ETTREZ MRS 0.37%),
PAAEI S REVE R (0.814%), SR 451 b BB {4
1ok, BEd, HFEBERIRZE.
Hsu®45 5 T COI (612 bp) /¥ 1 43 Hr T v [E pig &R I
Vg 84 1 HL AT R AR A R LB AR AR, B
TR ZFEMERR T & 1 BF 1A (0.013)F1 & 1] #F &
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(0.082)8AIK4N , HABRFAY A R, 40.171~1.325,
AR A T, MR 2R, A
58— A% 1T R 2 MW 9 A7 78 43 B ml fig 2
TF 52 77 3 FNRE i SR VR MR ) 5 3500 o Hisu145 R
FH612 bpiy ¥k 73 COBE AR Ry 47 FHrid, JF51HH
TR, MASEIE Lheyeb (1138 bp) 2 KAE M7 1
ik, FAIEK, FREERNEE; -
Hsu™ 25 F 5% (1) 84~ b B0 B 14k ) > 1R % H 22 5+ 1R
K, MAFN48ANAEE, JEIT . JuifE. =3 HFA
MMEBCAR104, SRR RIRZE, AN b
O RER I A B E30ON a4 o &5 BRI, A
ARSI ) 45 B EL AT T s T



8 10 REH,

8. P ENYIEOCHR T AR B e b LR R 5t 1% 2 RE PR 43 AT 1189

32 ARFGRERB KRGS

AMOVAS T &S R B, Je#Jr s 2 dief
i PR (A AR S 174 = R YR TR AR (] AE 57 (88.4%)
AR Y28 FAL 5 11.6%. DuR3E T2k /R 5L
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M Meyer?§ "R H COBE [H i WF 5% 245 3 i /s A 53
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o FELFEHETRERE ], =W, dbilg =i
BRI, B R A BRI B BE L VK B
SRR IR T BRI A FE R, AT > TR
PRIE AR S, WA S R AEFE S, ¥
S 3 Hp [ bR R R R U R AAC R G AR
PR B AR A, Hu PR Y — 28 5 i n] GE FH A%
TR B R, AT A 2 2 I R A (]
AR S, ELAS BRI 1 8t % o3 Ak 25 1 o i 65 B
A 55 A S BF AR (R A7 AR R I 8t % ok, B
UE T3 —HEWT, I AR 5 BF R 55 LAt B AR |) 1) A2
SR RER R T AR AR 5

SRR T A% B B o R A R s, S R
A 5 5 At 5 A T A4 18] % = B 4k (Fg>0.15,
P<0.001), 5/~ 7 B4R ] S22 A0 B o0 Ak sl 3 AR G
I3Ak, TR A B B R0 2% 0 A TR RN RS R B A
B b SR — 2508 . AR AR LU & BEAA R
RF WA T BER S i T BER T & B TR R
o3k, 15 BT MR R R T — 25 B 5E .
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T N 32 Q) 1 =4S R SR B 7 R 2 7 N
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— e F ST R,y T A B A B X B 5 Y
W, B A BT IE R T RN, X R dURR T
IR R 7E JE B
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Genetic diversity of Sipunculus nudus along the coasts of China

SONG Suxia', DING Shaoxiong’, YAN Qingpi', QIN Yingxue "
(1. Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture,
Fisheries College, Jimei University, Xiamen 361021, China;
2. State Key Laboratory of Marine Environmental Science, Xiamen University, Xiamen 361005, China)

Abstract: Sipunculus nudus resources have been seriously damaged in the recent years due to overfishing and
habitat destruction. Protecting natural resources of S. nudus has become more and more urgent. In this paper,
genetic structure and population differentiation of S. nudus from 6 localities along the coasts of China were
analyzed based on sequences of mitochondrial cytochrome b gene. Complete mitochondrial cytb sequences from
203 individuals of S. nudus were analyzed, 299 polymorphic sites and 128 haplotypes were identified and the
nucleotide diversity and haplotypes diversity were 0.0488 and 0.9773, respectively. The variation among
populations (accounting for 88.4%) was the main source of variation. According to differentiation index (Fy) in
populations of S. nudus, the 5 populations in the south of Yantai showed no significant differences or low
differences, with F,<0.15. There were high differences between Yantai and other 5 populations, with F>0.15.
Fu’s Fs and Tajima’s D were negative. Figures of mismatch distribution were unimodal. Haplotype network was
radial structure centering on main haplotype. NJ phylogenetic tree of S. nudus based on 203 sequences of cytb of
mtDNA revealed that these 6 populations were divided into 2 clades, one clade was Yantai population and the
other clade included the rest 5 populations in the south of Yantai. All these results revealed that S. nudus
population had experienced a large-scale population expansion in history, and the relatively low genetic diversity
of S. nudus now suggested that the ability of S. nudus to adapt to environmental changes was poor and some
measures should be taken to protect S. nudus resources. Phylogenetic tree suggested Yantai population was distinct
from the other 5 populations, but whether Yantai population has become a cryptic species still needs further

research.
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