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WE: At COl FRAWAMN AR TFEBERFES F 5 8 A B KW 7 a8 BHK 0 2%
&M AT MERPERMEEEA 0L MITASEREE  EAMe#EEATNEER
% FEM(0.974 £0.005) Ffr A% H B £ A 1 (0.032 2 £0.001 3), 4 F # # 4% (AMOVA) %
#,50.99% Wy & 3 AT #E,49.01% & 7 K £ £ M BN, B EREE L EE 3K
(F) HEHRN)DREZEEEE TR EANEH AL AN EENREEN, REE
EEA(BD)RME T EAMEAEHANELETGHEERIALFERETHLEX R,
i s A A I g BT, BT (Z2)) (&R (CN) R ZE#A(HN) (X & (WC) & ¥ & & (TH) ff # 7 &
At s LMY KES, FEBESEYT KRB ALK 0.781 ~0.725 Ma BP, &
E L& HAKL % 0.035MaBP, Fi e ff M EFok v R ER KR k)| B @ fnigFm L

HEAZK L

KEER: ERMN o8, FRERcARBIEI(COL); #EEM; vE; RE

FESES: Q347; S932.4

41 % #F ( Onchidiidae ) J& % 14 3 ¥ I']
(Mollusca ) . i & 4 ( Gastropoda ) . F fifi . 24
(Pulmonata) 45 iR H ( Systellommatophora) '’ | Jy
G 2T R B 21 Ak DX — R () R b A
DUZE )iz o3 A5 T B Al b Ah 1 T 57 4% 4, 62 55 100
ZAY R A RERE DL BN O S A s o
KR B Bl 2R R A S A A AR
{6, i LA AR B SR A A

SIRG S I GSEFA Y/ Brig ek AU AR SN =)
REPGHR , B AR AR A ) IF 5 388 A 6 it i o
TR AR E AR Y0 A BT SR SRS B it 1 K e
RAE T WA S e S e )
232 E ik, Horh LA A 2 R DL B i DL g
2012 4 Marin 25 Fil F GoRL 1R A% FE R 4347 T
R 3 AL (T 5% 2 S S = N B b i)
(925 5 DLt AR 45 4, J B 5% o DL o 1A ) 35t 4%
ZREPERR LR DNA $ilfs 70 b R & B 25 1Y gt

W %5 H #:2013-07-15 1& [ H #9 :2013-11-04
RETE :EHR A RE2 IS TUH (30972259 ,41276157)
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B2 A% 5 DR B B0 Sl 7 b A ) 35 £ 45 4 1) A7
TE, H 2w 8 5 kA RN B B R AR
Prasankok 45" 714 45 [ 1 £k 7Y S il 4= A i 5 4
( Cryptozona siamensis) ) 38 15 45 ¥4 43 B 7, R & B
B S0 I AL 284 AR [R) 35 4 78 S 5K, IR UE R AN
TERFENBAE I B Fol, O T = Ui 4 1A 3l 1
AL 45 1 BIF 58 Th Ak B A WY R 8 AR 5 R i A
AN A 2 B i ( Paraoncidium reevesii)
1035 1 4o A8 B 3ot Al Z2 REVERIESE 22 4 R ARG

LM fA DNA BAY BF Rt 48, L7 A R E
ZH AR AR, 7 S R PN R R R 8] 52 4% A2 S5 T T
BATMR: 903, © 80 12 b T T 4R 0 b e 5 1%
R HLR A Sy s T AR ST i g o
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PUARMEIL (Z1) 30 A P L i (BH) 28 A ) 7
A9 (DX)25 - A6 (HIN) 12 /> 385 7 5
FLOWC) 15 > R[4 5 (TH) 20 4 F I8 1
(CN)3IA(F 1) FAREAR 22 45 I 1R A7 T
75% ok LI T 4 CHA I

REBEER MR EESHESHRAERD

Tab.1 Neutrality tests and parameters of genetic diversity from P. reevesii populations

o st g FEABC ﬂ@(‘% ?75 A B iR B neutrality test
. . sample HIRC s LM ZREPE Tajima's Fu's
population coordinates size N, N " - b F
e T (ND) 26°54'N,120°05'E 10 10 54 1.000 £0.045 0.023 2 +0.008 1 -1.396 6 -2.654 1
JUAREIL(ZT) 21°02'N,110°06'E 30 22 26 0.956 £0.027 0.009 0 £0.000 5 -0.6955 -12.600 8"
JUPY b (BH) 21°33'N,109°24'E 28 21 58 0.958 £0.025 0.0305 +0.003 6 0.766 3 -1.609 6
J7 P4 2% (DX) 21°32'N,107°58'E 25 19 63 0.970 £0.022 0.030 2 +0.004 0 0.239 6 -1.9727
i /< ZEHE (HN) 19°59'N,110°34'E 12 11 32 0.985+0.040 0.0165 +0.002 5 -0.3895 -2.966 0"
W CE (WC) 19°34'N,110°47'E 15 14 50 0.990 £0.028 0.017 2 +0.004 9 -1.484 2 -4.9598"
% [E W5 5 (TH) 07°59'N,098°21'E 20 8 10 0.589 +£0.130 0.001 7 £0.000 6 -2.2563" -5.0246"
WL &R (CN) 27°22'N,120°29'E 31 22 37 0.955+0.024 0.0107 +£0.001 0 -1.1779 -10.136 4™

T Fm BFHMEARFE P <0.05, o Fom BH MK P <0.01

Notes: * indicated significance P <0.05, ** indicated significance P <0.01

1.2 XWAHE

A B 21 DNA 32 B A 41 DNA 48 Bt
KGR B - AR R

PCR ¥ 3 5l 5 kM@ H 514 Lco 1
1 490: 5'-GGTCAACAAATCATAAAGATATTGG-
3'fil HCO 1 2 1985 -TAAACTTCAGGGTGAC-
CAAAAAATCA3' P4 co 1 3H™ . 814k
TAEY(EM) AF A . PCR MK ZR N 50
pL 46 BRI #54 1 pL Bifk DNA 1 pL,
2 x Tag PCR Master Mix 25 pL F1J: 8 F /K 22
wlo [z :94 C #HiAPE 5 min;94 € 30 s,
54 C 30 5,72 C 30 s, 3L 30 MG ;72 C 4 8
min, PCR /=¥ % 1. 2% 35 g W B e i Uk A5 ) )
W AR R (R ) A R R .

KA WFEERAE NCBI L4347 L xt
J ,FH Clustal X 1. 83" 5 f E A7 4 4 A %6F Al HE
¥, T TR OE . MEGA 5.0 8 1£ 483 5
A1) (14 - 245 sl 35 4 R 35 PR 58 9 1L, R AR 4% Klimwura
XS BRI 5325 A AR T Y 35 2 P B3 0 66 IR 32
{ti. JH DnaSP 5. 10 i g 5 BT i 3 37 F B4
IS 82 e AN Ry R IR R IE Y DS S e R I 2
FEE AR AT R 2 AR R S X 4 A 4 B AR
Tajima’ s D Fu' s F 5 Ff v {5 100 K6 56 35 >R F
Arlequin 3.5 Bk 47 . I FH A4 Arlequin 3.
5 W g ¥ U5 22 50 Bt CAMOVA) T 5 1 4 (8] | 1

TR 385 401 B Foffi. SAMOVA 1.0 #ff
X R PR AL 2 M HE AT A I 43 A7 . I IBDWS P 4%
v i Mantel K6 0 3 £ L EG 40077 B TR Ak 0 3t 1%
B D PR B A S

2

4
4

2.1 BESHESN

XA 8 A B B AR 171 AR Y
CO 1 FP o EAT I A2 , 26 % B A EL XS I, 3R A% T 1
A BE D 587 bp B[R] I 81, 28 MEGA 5.0 R {F
b B2 T CLA LG B A g
38.0% ,15.3% \25.3% 1 21.3% ,A + T )5 &
(63.3% )M Z#& T G+C R & (36.7% ), 171
ARSI B 117 A2 5 67, e A R A
WA A T AE B AL TS A XA R AE 171 A4
ARFIEHIE T 101 A FAEAL A ) S AL
14 A AU R R 13.9% , Hoo L4 Y
PIRRABERPT R84 . Horf, Hapd il Hap6 5 6
AR BT PR IR I o LR B
8 AR R 2 R AR KL 0. 974 £0..005 - 4%
IR Z FEPEIE RN 0.032 2 £0. 001 3, 25 HF{A 1Y
BN I 22 R A i ORI A T R 22 R 4 R0 ) i
0.589 ~1.000,0.001 7 ~0.030 5,7 % (DX) #fk
LA oy B A% PR 25 A D A9 TR 2 R A T 2
] 5 7 5 (TH) B A% T B 2 A 1 335 200 A A7 2
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ARSI N RAR (R 1) o
2.2 ThERBRELEHSW

AMOVA 73 #r W] :50. 99 % 1 33t 15 7% S5 A7 1
TRTE] ,49. 01% B9 A8 52 R AR AEREIR N (R 2)
P F S 0.509 9(P <0.01) o A i) 5t £ 73
P8 E f B (F ) ME R (N, ) 23T 2R (363,
e 4) TH REOR -5 H AT A 2 8] 5 A fi o 19 5
Y8 %0(0.545 1 ~0.892 4) Fif/MFF R (N, <
0.5) s 2 F ) PG L ¥ (BH) FI AR % (DX) B
PR 5 Al PR A 18] A 7 R 0T B Y (1 7 8 B0 45
N L DRI (EL R AR 22 [i) 40 47 70 B T I 1 ik TR
(N, =76.42) , LA, R I (HN) FEAR 5 2% B

AR ]t 5 AR X 0 Y i DR R e ) F o AR AT
AL HE R (R 4) , TH BE(A-5 [ 7 i B EG 4
A RECRRE A 388 1 B 2 5038 (0. 040 5~ 0..060 9) , H:
UL T I i ) BHORI DX RE A5 25 TF 1A Y
153 B A AR X B, R T 0,04, WL, TH,
BH il DX #f i 5 H e B AR LW 2, % — 22 1y
SAMOVA {7 , #EAKI 732 3 2HEmS, HE F o de
K, h0.601 3, Bl TH R — R, Hh [ i 19
BH Fil DX FEAR L — 0, oA 5 N REIR y—
R o P AT HL IR DU TR A 0 o [ 9 TR AR 0 31
AT IBD 73 A7 i, B — L A7 35 0 B
AL (A 1) .

®2 BERUGHEEBEESRH AMOVA S54f

Tab.2 Analysis of molecular variance( AMOVA )among populations of P. reevesii

A8 5K R A B - J7 # B BRI/ % [i5] 5 4 % p
source of variation df sum of squares variance of components variation fixation indices
BE/A ] among populations 7 836.724 5.450 1Va 50.99
BEA N within populations 163 835.993 5.239 2Vb 49.01 F,:0.509 9 <0.01
®3 ERNABEAAHECTENEESIUEEHEH(F,)
Tab.3 The fixation index( F_ ) between every two populations of P. reevesii
B/ pupulation ND VA BH DX HN wC TH CN
ND 0.000 0
7] 0.080 6 0.000 0
BH 0.3429" 0.5150™ 0.000 0
DX 0.358 0 0.5325"™ -0.0329 0.000 0
HN 0.1353" 0.1559™ 0.461 8~ 0.4712" 0.000 0
wC 0.002 3 -0.0102 0.390 1~ 0.402 8 0.064 2 0.000 0
TH 0.826 4™ 0.892 4" 0.545 1" 0.564 1 0.878 6" 0.847 0™ 0.000 0
CN 0.0902" 0.005 5 0.506 6 ** 0.520 8 0.1106" 0.006 3 0.874 5" 0.000 0
e = RRBHFMAKF P <0.05, = LR B #HKFE P<0.01
Notes: * indicated significance P <0.05. ## indicated significance P <0.01
x4 BRUWABEHREEAM N, (ALH)WET Kimura WSHBRHEHEZ AEEES(ETH)
Tab.4 The gene flow( N, ) among P. reevesii populations( above the diagonal ) and
genetic distance of each population calculated based on Kimura 2-parameter model ( below the diagonal)
BE/K population ND VA BH DX HN wC TH CN
ND 4.080 0 1.050 0 0.930 0 1.860 0 5.5100 0.110 0 3.890 0
0.017 3 =
Z]) 0.450 0 0.4200 2.4200 13.300 0 0.060 0 12.670 0
0.002 8
0.044 1 = 0.042 0 =
BH 76.420 0 0.630 0 0.780 0 0.390 0 0.470 0
0.006 2 0.006 3
0.044 7 = 0.042 3 = 0.0309 =
DX 0.580 0 0.710 0 0.360 0 0.450 0
0.006 2 0.006 3 0.004 4
0.023 6 + 0.014 8 = 0.048 4 + 0.048 5 =
HN 3.290 0 0.070 0 3.2800
0.003 7 0.002 9 0.006 6 0.006 7
0.020 9 = 0.013 1 = 0.042 4 = 0.042 7 = 0.018 4
wC 0.090 0 9.710 0
0.003 1 0.002 6 0.006 2 0.006 3 0.003 1
0.054 9 = 0.056 5 = 0.040 5 = 0.040 7 = 0.060 9 = 0.056 4 +
TH 0.080 0
0.008 9 0.009 6 0.006 5 0.006 7 0.009 7 0.009 3
cN 0.018 4 + 0.010 0 = 0.042 8 = 0.043 0 0.0152 =+ 0.014 2 = 0.056 9
0.003 0 0.002 4 0.006 3 0.006 3 0.002 9 0.002 6 0.009 6
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Fig.1 IBD plots for two groupings of P. reevesii populations

(Left) The whole populations; ( Right) Chinese populations( except TH)

2.3 ERHEHEMAERE

K % H RN B X 4> A (mismatch
distribution ) 4317 B [ #0076 ¥ 44 1) s 2 3l 25, 45
RFEW] 5 AFHE(ZI HN WC  TH CN) [ ¥ #
[N WORA i TE Y 2 NS IR/ 3 = il
oW B (18 2) , RUIZ R R BE 4 i
s EAVEEY K . X SEREMR R Fu' s FoRg v
¥y % U, Horh TH K Tajima’s D Al
Fu' s F Bt BAT B35 7™ ™, 5 Tajima’s
D I Fu' s F ) o P A 50 SRS e X 43 B 45 2
MAEAF T =t x AU [E] ,t = 7/2Mu, CO T K
Y FE AL RN 1% 8 74D L SRR 7 (i
AMOVA Fr #7454 o, BL Q400 it A
e b WG G ek Y TN R S R N A VR g
33k B [l R 29 7E 0. 781 ~ 0. 725 Ma BP, %[5 B¥
PRy 5K I ] K 22 0. 035 Ma BP,

3 dhig

3.1 MEBEfEHEN

AL ZAEVE R A ) 2 R IE B S A, — B
15, PR £ 22 R 00 v IR 5 HG ol I B0 55 114 ik
T3V B AT T3 B OIRH 5% o 38 A% 22 B A S g 1
FEI R TR A2 2 A8 BB i B AR AR R — A
PR B o AR SEBR A 1 171 SRS T
101 A~ BAERY B 57 AN M A7 Sk 2 B R A
AR 114 ASREAR B — — of M — B B 1L, B AR
ZHAE A 0.974 + 0. 005, ¥ H B £ #F 1 4

0.0322+0.001 3, KM AEH F & W15 2+
PE o AT AR i IR 1R 2 A DU AT g A L
AP B 4 A Y L8 ), 7 R 1 A 5 0 B AR 3
FEIE 180N, DT LG — S 50 A5 P AR SR 2 1) 3t %
AR SRS A AL R K R B
S AR L, B U T Bk 5 g s, AN T AR A
FIF AR m e A 7
3.2 MBERAEMRELENS

Balloux %'/ ¢t F_ £ 0 ~0.05 f], #f 14 i
Tois A 534 s 76 0. 05 ~ 0. 15 I, B A (0] 47 7E 45
FERE AL 204 s 7E 0. 15 ~ 0. 25 I, fE AR BRI
WAE b Fy > 0.25 B, 3878 BF R (] 33t 1% 40 1 il
&, Kartavtsev 25 3 CO T 3 [H ik A4 15 & 76 [
FREIRI N 0.55% 0. 19% , T 16 A A= 58 bR 125 1 1
IFNE] 2 4.91% +0.83% , TH FER LA AL F T
VUi BH, DX & 5 H At B (k1] F EHH KT
0.25, 3% & iE 5 ¥ K F 0. 04, Wright™ i\ 3k
N, <1 B} 3PS & DA ] A A 1) ) 3ok A% 052 A
SEBEAR ] 22 5777 4, [W FE X F TH DX | BH Bf
TR 5 IR &, 55 B A2 2™ 48 BRI, 22/ F
L, lg b a] W, THOBE A 5 b [ 3 1 4% 1 K 18] 22 5
OB E R B T AR SRR B KT ik, BH
1 DX A e At KR A 22 8] A7 7E B
M5 LS . SAMOVA J3#r it — k52, BG4
AIREREARTT 432 3 KSR EG5H - TH B — KX
;o E W BH ORI DX BEK Oy — X &R H
R5KBAR(CN WC ND HN Z]) h— LR JE
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Fig.2 Mismatch distribution of P. reevesii population

Jok 3 il B A% ) 9 5 FR), Mantel A6 6 2 1] 78 42 (1]
Sy AL Hl BB B8 A B S R A B B
W 8 A TR Sy I T, 37 T B0 22 3 B W R AL 7
) TH REAA S (37 A [ 1 o b X B0 e AR T 5 3
Sy AT ERE 0 T2 B K I ) f H B A 8
A2 B BRI, TS S50ORE R () 47 18 125 1 8t A%
S Ak TEVRES T 25 1 0 7 22 45 HE S, TE 5 M 3
9y vt R ) )47 BT 5 RO 2 1) R 4
g0 A T R R A A R A

B DY AR AR 5 E b B A ) 0 A i1 7 A, T T B
PR AT BE 2 T AR 5 9 3 5 v ] L 9 S A L
b T — AN P R PR A, LT B A i i 4l
WA 10 d Zety, A SR K IR A A TS 303 TR 52 it
AL 2 B8 Bk, SE AR (00 B A 1) 20 AR 1) 7 2 3 45 B s
WAE SR CO TS DR R v 2R e I AL 7
P AL A5 M BE 5, O T AL BRI B R 5 E
T SR ) o AR A A B DR S D i R — B
RAEHFTER W, BUAF T AR ) 0 b R 25 A AR K
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LR HBk 22 Iy 1 vk 5 18] vk 3 i e A2 Ak, i
S P A B P VS TR B 4 2 B4 1 2R
I AL AR S AR REZE R AR SR e L
ROV DR | 1 ¥ T A8 A 2, 7 V0 , v
TR 2R B 120 ~ 140 m, & 385 1 W TF 5K #% , &
VI A5 W I A 3 M R O S AR U 5 4 B
B RSB W SE K R, o I U I R R 8
PRFPEEY SR IR AE 0. 781 ~0.725 Ma BP,|fij TH £
Py gk it [] g o [ 440, 29 0.035 Ma BP, 3 7E
FHTHE (2 588 000 ~ 11 700 a) . PRI, A% 52 5 4 Lt
TR ] A ] S0 A 1 e o A T Vg K Sk B Ve AL
L2 77 A T AR K B R, B AT R 4 i % B R i X
S, HEL UL R B T 2 G R 491 34 K I
FEBIRS A . PERE S5 BE A R B KR AR T 23
CH AR5 1R R L A BE A T8 7K 6 vk 1
i, SRS, s R FRE 9K 3 1 P R R i 42
96§ ( Chelon haematocheilus ) B A - A6 I 51 5
HEREAD SR Co DRFIFRIC BT I e 7 1L
AT B A AE B L T B AL AN, CTRIR T 9
SR AL SR TR A LA R B A AR X 5
A R AL T B L RIS v A G LA
PR AR AE AL /AL e BE T V8 5 FLAR AR 7k
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Genetic structure and variation of Paraoncidium reevesii from the
coastal area of China and Phuket Island of Thailand based on mtCO 1

ZHOU Na, SHEN Heding * , CHEN Cheng
(College of Fisheries and Life Sciences,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; The genetic diversity and population genetic structure of Paraoncidium reevesii were investigated
using mitochondrial cytochrome ¢ oxidase subunit I ( CO | ) gene sequences. A total of 171 individuals
representing 8 collection sites were included in the analysis. Overall, 101 haplotypes were defined and 117
polymorphic sites were observed. The P. reevesii populations had high haplotype diversity (0. 974 0. 005)
and nucleotide diversity (0. 032 2 + 0. 001 3). The AMOVA test of P. reevesii populations based on
haplotype frequencies revealed that 49.01% of the genetic variation occurred within the populations, whereas
50.99% of the genetic variation occurred among populations. Pairwise fixation index ( F, ) , gene flow (N, )
and IBD analysis indicated significant genetic structure have appeared in P. reevesii populations.
Demographic analyses indicated populations ZJ, CN, HN, WC and TH might have experienced population
expansion,and the time of expansion of Chinese populations could be 0. 781 — 0. 725 Ma BP, whereas the
time of expansion of population TH could be 0. 035 Ma BP. The phenomenon might occur in Pleistocene
period with melting of glaciers, changes of climate warming and rising of sea level.

Key words: Paraoncidium reevesii; cytochrome c oxidase subunit [ ( CO [ ); genetic structure;
China; Thailand
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