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fr Kk DNA =6 K BAE A 2 FARI0, 0 4 MR BB RN Gh SR e Em#tTT on. &
REF301 M=ZFRFENMRERME 1SS ANEFA ANBENEFERELHEH0.9723 ~
0.9930,#%# B %+ Z % 0.0212~0.023 6, kI F & it t4 Z . AMOVA oA fo F 27
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HAEEBREMAUENER2 L. ARKA AN ARG EEHEN R E I FEEE, BH
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H T i = B 1 9 1 g i bG At LR A ) B B A
PR A A A A I A K B A5 5 P R
ARG T N T T A B
R ZREVERIBTSE . HAT, © A 23 s LR IR
DNA 5l X 54 4y TR, W =itk 1 8 By
AR R B GRAL 2 RE M RN g AR A5 R OT T O
FE T R R TLZRRL PR DNA 18 = et 1B B
TR B 5T P A IRGE o A BIF T M) LR AR 5 il
DX, 4 A = PEmR 188 38 B IO 2 B TR A ) gt
1 ZRENEBEAT 0 AT, LU Dy = P bR 1 8 1 B T 114
B2 TF I R T BT U Y 5 B AR 3P 4R BERL 22 R0

UMk

1.1 HmX&E
A FE BT A9 A4S = P00 T 008 B ok O R

FEARI T 2013 4F 5 HoR A IR IR 4 K=
PEMR T B AL (P 1) - AR08 BA B K™
FRoHA IR W (KL) (85 806 ARk ™ 5 1
(SG) \#ys & & g F K™= FR A R 5L 2 7
(CY ) FH £ BT ¥ 3 7K ™ B8 R 4 B o (HY ),
A FLAL SR Y B R OURT T 25 = AR T B
Tio PR B Y O 47 4 7 i 0 B A 3t O A4
TR BR CY BERAT A B BRI AR RS0, oAt A 44
A0 2 MR v s R O S, AT AR
ISk PR GE Sk R SR S A TR R O
Vo U [ S8 %, T - 20 TR AR AF o HARHE
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Fig.1 Sampling sites of P. trituberculatus
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Tab.1 Sample information and genetic diversity parameters in four broodstock populations of P. trituberculatus
- AT AR TR Wi/ KM YE/mm  PASRIAL PSR EAR &ﬁ@'ﬁ?ﬁlﬁ TR IR 2 R
. number of sample body carapace number of haplotype nucleotide mean number of

population samples source weight width haplotypes diversity diversity pairwise differences

KL 98 B R4 253.3 £88.6 170.9 £15.4 42 0.978 3 £0.004 3 0.021 2 £0.0107 11.3903 +5.210 5

SG 59 FhNEE 181.2 £24.5 156.4 +12.6 49 0.993 0+0.0047 0.0231+0.0117 12.4524 +5.700 4

CY 84 FH4 | H BANE 205.0 £45.5 156.0 £10.4 65 0.9891+0.0051 0.0236+0.0119 12.706 8 +5.7859

HY 60 i B A NAE - - 28 0.9723 £0.0070 0.0233+£0.011 8 12.5859 +5.756 8
1.2 DNA UK F5¥ & 1.3 HESH

WO EE LA 212, 2 2 VR K WAk e R A%
Gin By - EAG R R BOE N 4] DNA, 33§ 1
5] ¥ & CR-AR:. 5-ACTAC ACGCA ACAAC
TCTCA-3' I CR-BR:5'-AATCT TTCTG GATTC
TCCTA-3""" J i SRRl 25 pL, v 4 45
10 x PCR Buffer 2.5 pL,dNTP 2 uL, %A 5] ) %%
1 pL,Tag DNA B 40§ 0. 15 pL, £8 1K 17.5
pL, PCR W 4504k 94 CHiA 1 5 min;94 CAE
PE 50 5,45 CiB k 50 5,72 CHEfH 1 min, {§3F 35
372 CHEMf 10 min, P37~ Y) I 1. 5% 35 Wi 5
Ji& FEL Yk ARSI, 8 Ak [l WS A T R

W75 )7 51 i Fi] DNAStar % 442 (DNASTAR,
Inc. ,Madison, USA) #E4F L X 23 B , 74 LA A T 4%
. & Arlequin 3. 11 8 G5 3 5 41 0 . &
AL TR SRR A Bk 250 T 2 A kAR
BT AR (h) B RZKEE () f
SRR IR 2 L (k) o A Arlequin 3. 11359
W VR[] 19 388 45 A0 AL A B0 F A, I HEA T 20 T8 5%
Sy HT (AMOVA) | H A 36 1A% HF 8 S B0 X 43 A 43
Bro KA MAGA 4. 1" # £} 3£ F Kimura 323
LT 12 B 7 NT R G, I 0 R Ge ) b 4% 43 32
W 2 H 54T 1 000 YR EEFRE RS 6
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AT 5T 4 A 36 FH I E B B MR R 301 A A
T, A5 200 B 19 R BEK 2528 600 bp ;s B A5
Yy AT B F s sStRNA YT 3840 59 I, 15 31 K i
k536 bp MG X475, Hi,C T A G 4
Tl 3 1) OF- 35 & &5 BN 15, 76% . 36. 37 % |
37.29% 1 10.58% ,A +T &5 (73.66% ) B & &
F C+G FH(26.34% ) , 78 301 75 JL ks
W 140 S Z B A, A h BT KER
26.12% o XKLL e LT 122 Ak 21
ANEAG A 13 A4 A B E o 301 A AN fA A
#) 155 A5 oAy 20 A B AL Ay S = B A
YA 135 A4S B A% U35 g BE IR RE A BRA A

4D EEREIR M AR Z AR 0.972 3 ~
0.993 0,F#°450.990 1 £0.001 6; MR ZHFEE N
0.021 2 ~0.023 6,524 0.022 7 +0.011 4(F& 1),
P E B TR KO BAS TR IR B 25 5
2.2 BEEEEMSEES K

W BT A5 B R LAE — A 41 B F 17 AMOVA 43

Br, &5 5 07K ,98. 70% Wit 15 22 5% kA T RER N
R (Dg; =0.0130,P =0.001) P P HF 44 ] 7 g3
BI85 F fE N —0.002 5 ~0.023 0(F 2),
T 4 A1 FH I 2 B AR (R) 0 o3 A0 R EE AR AR
Hr,CY BEA S KL BHARMI W F &R K, 5 HY
BERE W F AR Z , H 4 Bonferroni & 1E 2 J5,
POX MG g0 35 (P <0.05), CY Bk
SG HERIEI Y F A fie /s H b B8, Ud B PR 445 (8]
M A% o3 A /N FRER N R st 4% 25 5% . A5 8 NJ
RGR BN, BAR 4 AR R T 240503,
(B B A 1 A RUHRR )02 3 A 7E NT R Gt
RIE B 25 EARE T I 35 2R 40 S (&1 2)

R2 ZERTEMAMEENEEIULER(F,)
Tab.2 Pairwise F between populations of

P. trituberculatus

KL SG CY HY
KL
SG 0.012 9
CYy 0.0230" -0.0025
HY 0.008 3 0.0138 0.0169"

T+ FREFBEF(P<0.05)
Notes: The asterisks indicate a significant difference( P <0.05)
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Fig.2 Neighbor-Joining tree constructed by D-loop haplotypes of P. trituberculatus
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2.3 BEELBHE

A G i FH 2 88 349 O 15 41l B AR A4, RT AR
T T S R T LR = AR R B B B A
I3 o R TR AN L X 3 A A A i 45 SR 3R B, =0k
P LN 38 1) A% TR A 50 XS 43 A A R 2 Y
FErp — AN U X R 2% HE AR N Y e 91 22 S, O — A I
Xof 1oy AR AR [ 119 3 1) 2 S EL SO0 0 £ 79 4 A A5 0 0
% B S AR SR AR i TR A A (181 3)
KT SCAR LA e /N J5 25 DA S AR B BEAR 3 9k
SHr (il 11,098 (95% CI:8. 199 ~ 17.470) ,
FEF LI A AR SO 18] 0 LA DL R B 45 2R B
7, SSD {H 1 Harpending’ s Raggedness $ % 14 45
N, HE R AS B2 (P >0.05) , RWIOE 5
B A1 4045 R B A0, VA I 5 O 5 B A9 5K
BRL,

PR B0 45 R 7R, Tajima’s D Oy - 1. 148,
Fu’s F, {Hy - 23. 835, 9 &% ¥ 40 i 5 i 3
(P <0.05) ,RW] =Jote 7 B 25 25 b Mt %
IERG 2 Iy i BEAR Y 5K S5 1, 5 B PR AN TE X 43 AR
R INIVESE RS O

observed value
~ BEHME

expected value

=

W | %
frequency

SN b o

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

B AL 22 5+

pairwise differences

B3 ZRRFELSHIRAGEDY
BREBRAEN S
Fig.3 The observed pairwise difference( bars) ,
and the expected mismatch distributions under the
sudden expansion model( solid line) of control

region haplotypes in P. trituberculatus
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1A% 22 BE P ) o A A 3 VR A R AL )
i, Fof P25 A2 20 R P R DU ) o X A B 3 4 E
PAE R T AR FIRUN O N E<E: b Sl
T H BT, RN TS BB Rt A B SR
A TR AR A 14 358 A% 22 o P A 35 M0 P A A A, D)
R B IO AR T R 2 8 AR 3L 40 o ) B ik

e ZZ eV KT 35 T 5 e B 0 A AT RS kR
TE 3G B TR0 A AR o, T AR 1 st A 2R
M HORARTRE o A R A B B ok b B05E A B 5
e ZAEEAR DL 5 B AL AR 22 7 W O [A] SR AR
B TC 5~ XoF AR 1Y BT R 48 2% A7, DU O AR AR 5 BB R
TEAIA] 38 14 22 S aehg kT O 25 S —
TR Ay TR R A 1 3 A 22 R PRI T BT AR R AR
Sb T IE A RS AR 2R R U AR OGO AR
(38 & 1 52 HE A L SRR R AR K
A% Z FEVE AR T 5 B0 3 Bark 2 B R A 1 m
BB R R e AR A T AR Y 3 R R AR
AL, IS R A VA ) 25 R R GE 3 N g
T 5 A I A0 SR o A AR Y A
ISR S8, i O T R 5 S A AR ) ) 2 A BB 4
R Ft v A 75 o e DR A T A v o R g A3
MR RE, EKBEH T HESFEW MY
BAG . PRI, Sy 6 2 A 354G Z AR PEAIR G A B 22
FAY AT I AR A, RS R R 35 A% 2 R T SR T B A
PR R AT A ER PR AR M2 5%
B ) SR AS B A

Blankenship %5 %2 I\ Sy , X 32 A< Rl L 2 A
1t 12 W0 55 4 T >0 1Ay 48 B O ROR PEAR 19 Y
RZ—o AW LRLAR 3 X 53 7 5, &
YORT =P AR - 8 3 O R B st A% 2 AR PR R AT
THEFE . S50 R, 4 3G B 0T R B R AR B
AR (h) MZTRZHE (7)) ¥ e, B
R TR R AR A B SR %
B FEE M 2, LA, KL SG Fl HY #f
TRBEPLR B 24 3 S, PR UE T 256 B8 B 0K 5 5000
WY A BT i A Z RE T By — Bk, CY BEIR
Ry S b O H O AR R 2 R R RN T IR 2 A
FE5 R AN A KL Al SG B A] 22 7 K8 K,
HY AT UL 4 A 16 BE U R R R AR Y B R
WAL ZREVE B 5 B0 U S AR R R B
25 AR T =P 1B AL IR IR

WA 3 g 5 At 2% 3 A A R L g, R R
ABEFE KL BEAR 0 5t 1% ZFEE (h:0.978 3, ar:
0.021 2) W& & F 2005 4EZR B HEK (h:0.872 7,7
0.021 4)"™ 1 SG BEIA(h:0.993 0,7:0.023 1)
FCY BEAK (h:0.989 1, 7:0.023 6) 0| wg ik F
2006 Y BEAR (h:1.000 0,7:0.025 9)" (H
[F] — X 2% JF A 1) 4 ) 25 S 0T AN K. =R 7 1
4 R KL B 8 B R BB T 2005 AR ok AT WL,
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KL .SG I CY 388 1Y) 3t 1% 2 % 1 L 488 W 0w 350
TR 353 ST A AR AR 1) D A KO 3R] T R A 0 A o B
AREIR L Z AR L B L, W, KL
1 SG B AE SRy 24 Hh v 4 2% 8, 3% B 1 109 3 31
TR W S AR SN VS = PR T A i 2 AR
RB X — 2T =R FEF WG
FEPET S50, 73— 5 T 5 IR R P B A 6 O A
VR Shy B BRI S A O

3.2 ZHERTFEMEMAFEREEEERS
BREHEH

BN G F =R T BB 5% 0 R i F R A
Z (RS H — HAA R R B, [ R i
2R R X T 5 B 58 = e R T I i AL 45 1
S BN I E W AU X SRR T
AR I) 3 PSS L 132, ANAETE B W 3 A% oAk, HL 3R
G5 K Z 3 3T AN LA DX K1) 40 it BT A G 3T N
A 3 A A5 R Guo 28 A g, DY oK i IR
SRR TR R BRI B kA — e R a1,
{EL R 25 TA a8 % B 5 55 ot L ) S A7 A S
RS, J5 & 20N A a5t A% B 2 5 ot P I ) 2
FIEM KRR . H R LL BRI b & A B %
AR 10 HUAA R B0 A PR A] RE R 52 00 45
FFAE R Z —

ABEFE A (] Y F T AMOVA J3#t
SERIWOR 4 A R B ] Y 35 1%  A AR TS
NT R G vt o 305 25 B A 0T L 1) 33 R 454
HOE Al L5 AR RE S (FH R BALB & .
Ve BER HORE) 9 B AR R AR IR] R & A B st A% )
b, 2 A AE ) 2 S A, 5 R Al
A St QR B /i e a0 = R SR L1 15 K I N |
b PR A T B A 3 1 TR B T B 45 R A IR 38 0
ez —" (B E N, =P T
R AR, AR T 5 R T
LAY S A PR . R R X — TR RS B 52
WIUE, HE SR =R T EARNE IS, B
AN B G R S I B i Ot e Il Rk
HEAEE BRFD B BRI W] BE R . TR, AR
FADM AT A, AS [ X R o T8 1) 0 484 B
N T FR G 25 18 5 P 1) S b o8 T T R 2 45t
TEVAIA] 2 A i DR S i R kAR

R, Ay 50 i A R 5 B A R AR 1 5t 1 (5 R
R — 340, V5 2 2 4 S A8 DA JBCTR 1 3851 B A IR
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CY TR g 57 3ty 0% B {H & 5 30 N ¥ B A A IR
(KL #1 SG) Wyt f 7 PR AR /I, i e — i 2 i L%
AER 068 S5 o3 B AT 0 B UL 1Y 38 AR, o B
PRE R AR, TAUGE W 5 5 R A A7 I A S
87 A 3 DRR Ty T R ORPR AR 2 A AR
TFE B E M X 22 7 BR, CY AU 48 15 3 50 il
IV 3 % U AH 5% 114 3 TR RUAR AT B 5 00 T 3 T A
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KA UL, AT TE B 23 AT 1 4 A 38 BRI 2
BERER S B W 8L Z A, HL R AL 45 4
5 AL T SR ) B A B R ] 9 A A 20 A, B Rl
R BT IR B o EE AR BT R B SE A S
Tob AR PRAIE T O 30 A 162 % it 9 55 — 20 e P 35
R A S SE A QSR A 7 O OB AL R A
R R G A RS P e 3 S N U S
QB Z B 38 5 01 45, #AT nT RE DD A ROR A Y
O T BSR4 5 A 22 R I AR R 3t £ 46
i o DR, 7E P G R S AR 1 [ B R 25
A I I 2 0 IO 2 A Y BRI E A B
F1% % B SR W S T TR T AR AR 11 38t A 22 B P
LA DR 38 BE I 04 Bk 2 T 8, e 2E 5T A £ 37
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Genetic diversity of swimming crab ( Portunus trituberculatus ) from
four broodstock populations in stock enhancement inferred from
mitochondrial control region

YANG Shuang', SONG Na', ZHANG Xiumei', WANG Yunzhong’, WANG Sijie’, GAO Tianxiang'"
(1. Fisheries College ,Ocean University of China,Qingdao 266003 ,China;
2. Shandong Hydrobios Resources Conservation and Management Center,Yantat 264003, China)

Abstract. Portunus trituberculatus is an economically important marine crab distributed along the coast
waters of China, Japan, Korea and Malaysia Islands. In recent decades, the wild population has been
constantly decreased due to overfishing and habitats destruction. To protect and recover the P. trituberculatus
resources,a large scale of stock enhancement has been carried out in the coastal waters of China. As the
stock enhancement activities may change the genetic variability and genetic composition of the recipient wild
populations, it is necessary to carry out genetic monitoring of broodstocks and their offspring for the long-
term sustainability of wild populations. In present study, genetic diversity and population structure of 4 P.
trituberculatus broodstock populations used in stock enhancement were detected according to the sequence of
mitochondrial control region. 155 mtDNA haplotypes were observed in 301 P. trituberculatus individuals,
among which only 20 haplotypes were shared by different populations. The gene diversity index ranged from
0.972 3 to 0.993 0, while the nucleotide diversity index ranged from 0. 021 2 to 0. 023 6, both of them
showed a high level of genetic diversity for broodstock populations. The result of AMOVA suggested that
98.70% of the genetic differentiation occurred within populations. The F values between populations ranged
from -0.002 5 to 0. 023 0, which indicated a little genetic differentiation and no significant genealogical
structure among 4 populations together with the result of AMOVA. And no pedigree branch corresponding to
different populations was observed in the neighbor-joining tree. The results above suggested that wild
populations from where the broodstocks were collected had little genetic differentiation between each other.
To sum up,each of the 4 broodstock populations had abundant genetic diversity and similar genetic structure
with the wild populations to be supplemented, which reflected good quality of the germplasm resource. The
mismatch distribution of pairwise nucleotide and the negatively selective neutrality test suggested that P.
trituberculatus of the south Bohai Sea and north Yellow Sea had experienced demographic or spatial
expansion in history.

Key words: Portunus trituberculatus; broodstocks; mitochondrial control region; stock enhancement;
genetic diversity
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