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34 IR BRI RIZ D-loop FIIMER R RFE R ESTM

R,

FLET, R
(R HE KA M I MK A T 920 LT K e

w, KK,

BRE
116023)

WE: yFT AP EAKE(CD) # &% #(KN) MK Z g5 B (RV)3 MMy Rl 5 B R0 & 1 %
i, 558 R A PCR 4 3 An il 7 s R, 3¢ 3 ASBE R 3T 71 55 45 /| £ 09 &k fk D-loop J7 5 #£4T 7
A M. %R LR ,D-loop [FFI K Z H 447 ~465 bp, FH A+ T £ E(59.2% ) 2% & T G +C
GEFERMAVIANERMAR, ZAMALHA N 24.24% , A EAHBE LA A 53 AN, 3EA
40 FEAY BHEAZEART A, BESHRSEONTET IANHENDTHRF BN E
EEHM; 2T HEZ(AMOVA) 2T XA 3 ABEERE 2> RFRAAFE o4, B
93.04% &R F R HA A, CD Z KL RV A A 58 & xkiT, # 0.042, KN Z# £ § RV
BER Pl fF BE B AR IT, h 0.037 4, % K% P43 )7 7 45 & GenBank ¥ % & (QD) f0 gk i
(WH) {5 | %t D-loop J¥ 7| 1 # R A X B ,QD § WH G R 528 £ RA — AL, %E 5 CD
BERHN A KNHEE RVERR BT X, XT-REXFTAFGHEREHEX,
X$EWR: 7R % ; D-loop 77| stk &A1 Htk

hESZES: Q785; S 968.9

)5 §il| Z: [ Apostichopus japonicus( Selenka) | X
ZRNZ T2 AT TR AR A S
W ES H AR, R E AT LT AR
WAGAE L 7 Wi . A B 1 R A
25 N R, T SR B K, AR BE IR T iAW 2 1T
ok, RENLFELEAREERS TS
i E R I R B S BRI I AR K g
SR A N B E R A VRS R
JE L RO S P Y S R, R AT R
SRR IR AL Z AR TR PN, 2 R AT Bl BT 5% U5 S HL A
XTI GE AN S AT AL i RO AR Al . T AEOR, E N
Hh— s 2 B IR TR ISSR™Y B LA
SEELAR I T A (AL RE A7 0 2 14 35t 4% Z2 R e

£ K f& DNA ( mitochondrial DNA , mtDNA )
SR EARZAN AT B 32 S SR B R RE ) RO g5t
G ¥, 5% DNA ML, BA 4y 7/ (51 ff B
10 A R RN B R 3 A% S50 AL . mtDNA Hr ) D-
loop X, Ky AR i X, Z B WY £ S/, IR T

%5 B #5:2013-06-17 & B B #§:2014-02-11

HERFRERD A

EAE L Ul E R NN & NP T~
i s e T A T 51 41T R Ik, D-loop J¥ 31 Bk A
AR o st AL bR, 78 K 7 3 W B AR g R
SRR AR Tz Y Y . AR Sz g R D-
loop J7 41 Y 22 25 X5 3 A [R) i FRAE A 45 0 = 1
WAL S IEAT T 2047, DL 1Kk - B T i
15 0 2 05 0 st A% 5 S5, A5 R 2 st A% el R
BRI I B %

1 MRSk

1.1 KIe##

B A A 0 20 i 3 9 R B P E R GE (CD) |
L HE(KN) P Wil 2 (RV) (K1), JE
T D-loop i ic i FEA i 2 B A FEAAK 23 ~24 4>
(K 1), LA, Ik GenBank " T T H 5
(QD, A. japonicus, FI906623 ) 1 & % ( WH, A.
Jjaponicus ,EU294194 ) {jj | Z: £ ki AR J7 1) FI T R
Koo

FENE - L 74 FHE B E RS H (2011203003 ) 5 [/ X A 4R B 27 4 4 (31072230) 5 [/ 58 % AR =7 W $ R WF 58 & J& it &l
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Fig.1 Locality of A. japonicus sampling

Sampling sites in this study were maked with A

®1 AR5 3 184 D-loop FHIMIEEZHFESH
Tab.1 Genetic diversity parameters of D-loop

sequences in 3 populations of A. japonicus

‘ PR PHBiTR R
B A it . G .
L N EHEME BB BHEEK
populations H, K P,
CD 24 0.986 15.862 0.037 95
KN 23 0.952 15.419 0.036 89
RV 24 0.917 13.837 0.033 10
it total 71 0.975 15.748 0.037 67

1.2 EF 4 DNA iR E

G zmeE R 6 ~7 W, kA
TIANamp Marine Animals DNA Kit(Jb 5 KA ) i
N, 4 R & HE A T 2 SR IO R 2 0k A S
DNA 1% By Ji5 4k 55 e v Uk A I, 76 B8 2 50 ng/ L
JGfEH PCR AR .
1.3 D-loop X PCR ¥ &% 5 iUl &E

M GenBank T #k {)j %l & ( A. japonicus,
EU294194) £ bRk 3 [ 4 K )5 91, i 11 D-loop IX.
PCR §" 1% 5] ¥ . D-loop-F: 5'-CAAGCCCTAAA-
CCCAAGT-3"Hll D-loop-R:5'-ATTCCCTAGATG-
TAAGTTCG-3', HH i B K /K 660 bp, PCR {4
F K50 pL, & A B DNA 29 100 ng.1 pL ||
T Y (25 pmol/L) |5 uL 10 x Buffer .4 pL
Mg>* (25 mmol/L) 4 pL dNTP(2.5 mmol/L) .5
U/ L ) Taq [ (TaKaRa)0. 6 wL, %p 7825 & 5K
% 50 pL, PCR I % :94 CHIAEM: 5 min;
94 CAz 4 40 s.58 CiB 'k 40 s.72 C #E {1 50 5,35
NG G 72 CHIKAE R 10 min, 1% (935005
B 5 PR VORI 36 TE A5l R/NJE L, PCR = % |

VA 2 A W R A B W) AT Sl A R
1.4 BIEAE

I i DNAStar ) EditSeq {4 45 4 I J 14
B HEAT I 510 K T R 4 B8, 6 BF 4 0 10 0 B AT
Blastn [ Y5 o5 £ 1, B 2 7 9 00 1 R e K,
ClustalX 1.83 # {172 T X 53 #7. JH DnaSp
5.0 BRPFTF S AN BEIR A SRR B BAAY T 2 S
X TE R 25 SR, BT IR 2 R R B, R
Arlequin 3. 5 # £ B AT 4 T 7 % b
(AMOVA) ., il MEGA 4.0 #{F"" 47 8 1 iR
R AT, e S 0 5 B B /0 e, R
Kitmura X2 BB AU T 55 4% BT AR 2 B0 4% [R] 35 %
B, I HI 4% 3 15 ( Neighbour-Joining , NJ) #4) # &
Git o
2 4k

2.1 D-loop X FI4F1E 5 #7

XFAF P 8 4T Blastn b4 BT, R BR F
H Wik iy (RNA™ Fl (RNA™ 5 1], 15 %] 1§ D-loop
XAl 447 ~ 465 bp, J¢ 4l F 2 K iy 457. 2
bp, FII K E 7 7E £ &, MEGA 4.0 B {5 #r
R, ZFSR AT .C 1 G 533 5% & 4
4 24.2% 35.0% 27.4% 1 13.4% A + T & &
(59.2% ) BE & T G +C(40.8% ) &k, 1E 491
AN FE XA v, SRR I 2 119 A48 S 5, 40 4%
53 A1 25 B A, AR SRS L ] K24, 24%
H R/ i Ry 4. 12, 71 4 )7 81 H G A F) 40
Foft s B, Bl AL 2 R R 7 A PR R TR 2015 B
P78 AEFER A 43 4 W3 2. A DnaSp 5.0
TR RHABE ZHEESH0(K 1), CD Bk A5 A
ZAME SR R 22 S BRI R T IR 22 RE 4R AL
Her, HUOh KN BEIA RV BRI AR
2.2 BEEETRSW

FIF Arlequin 3.5 347 AMOVA 4347, £
B3 SR IA] B 38 AL S S A A S SRR (K 3)
AMOVA 541 45 5 3 B, B AR 0] 1) 4 178 5 0 3%
(Fg =0.069 63,P <0.05) , F i [|] 1Y 28 5 i 8
S 6.96% , BE AR N AR 55k 93.04% o 3 /)5 ]
SRR 181 40 b R BUR R A CD BE R 5 RV B¥
K (0. 134 76), H. ¥k &y KN Ff 1k 5 RV (&
(0.032 00) ,CD Ff{A& 5 KN B & Z [ 1 33k 1% 43 1k
FEAR(0.029 91) (£ 4) .
2.3 BEEBEEESSRESWN

FIF MEGA 4.0 24 3158 85 50 R Bk 2
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38 &

] f) 38 4% BE 2, 40 A A% Y 22 0] 1 33 4% E 2 R
0.002 4 ~0.120 7, V-3t £k 0.039 653 4~ Hf
TR ) BE B 9 0.037 4 ~0. 042, KN Bk 5

&2 D-loop FHEAGRURARERFHEERETNSTH

RV BEARZ ]38 1% B 26 fe /)y, CD BEAR 5 RV REK
Z I A BB R R (K 4) o

Tab.2 D-loop sequences parsimony-informative sites and haplotype distribution in population

Betr R % 2 2 LTI 2222222233 3333333333 3334444444 444 R R AR A
nucelotide 224788999 0125566679 0125669901 3456666777 7880001122 234 distribution of haplotypes
polymorphism 7671704789 2526803569 7545173590 7341468267 9082342612 411 D KN RV
Hap_1 AGAAAATGGT TCTCTCTTAC TTCTGTCCTT CTTAATAATT CATAACCTCC GCT 0 2 1
Hap 2 e e e 2 0 0
Hap 3 e e T. 0 1 5
Hap 4 ... Ao oo et e e 0 1 0
Hap 5 A e e 1 0 0
Hap o6 L 3 0 1 2
Hap 7 T e e e 0 0 1
Hap 8 GoGuvovee e A.Co.... | VN 0 2 2
Hap 9 Gov et ALCoroo i e 0 1 2
Hap_10 Guveeeee e AcCA o o T. ... 1 0 0
Hap_11 G..G.C..A .TC....... AC.C....C. . .G T TG 1 0 0
Hap 12 G..G.C..A. .TC....... AC.CA...C. ....... G.. T....T.C.. 1 0 0
Hap_13 G..G.C..A .TC....... AC.CA...C. ...G...G.. T....T.C.. ... 0 1 0
Hap 14 G..G.C.... .TC....C.. AC.CA...C. ...G...GC. T..G.T.C.. ..C 0 1 0
Hap_15 G..G.C.... .TC....C.. AC.CA...C. ...G...GC. T..G.T.C.. ..C 0 1 4
Hap 16 G..G.C..A .TC....... AC.CA...C. ...G.....C T....T.C.. .T. 0 0 2
Hap 17 G..G.C..A. .TC....... AC.CA...C. ...G...G.. T....T.CT. 1 0 0
Hap 18 G.GG...AAC .TC...... T AC.CA...C. ...G...G.. T....T.C.. 3 0 0
Hap 19 G.GG...AAC .TC...... T AC.CA...C. ...G...G.. T....T.C.. 1 0 0
Hap_20 G.GG...AAC .TC...... T AC.CA...C. ...G...G.. T....T.C.. 1 0 0
Hap 21 G.GG....AC .TC...... T AC.CA...C. ...G...G.. T....T.CI. ... 0 1 0
Hap_22 G.GG....AC .TC....... AC.CA...C. ...G...G.CT....T.C.. T.. 0 2 0
Hap 23 G.GG....AC .1TC....... AC.CA...C. A..G...G.CT....T.C.. T.. 0 1 0
Hap_24 G.GG.T..A. .TC....... AC.CA...C. ...G...T.. TG...T.C.. ... 1 0 0
Hap 25 G.GG....A. CIC....... AC.C....C. ...G...G.. TG...T.CT. .T. 1 0 0
Hap_26 GAGGTG. . A. .TC....... AC.CA...C. ..CG...G.. T...GTTC.. ..C 1 0 0
Hap_27 G.GGTG. . A. .TC..... G. AC.CA...C. ..CG...G.. T.C.GTTC.. ..C 1 0 0
Hap 28 G..GTG..A. .TC....... AC.CA...C. ..CG...G.. .... GTTC.. ..C 1 0 0
Hap_29 G.GGTG. . A. .TC....... AC.CA...C. A.CG...G.. T...GTTC.. ... 0 1 0
Hap 30 GAG.....A. .TC....... AC.CA.T.C. .CCGG..G.. T....TIC.. ... 1 0 0
Hap_31 G.GG.C.AA. .TC....... AC.CAC.AC. ...G...G.. T...... C. ... 0 3 0
Hap 32 G.GG.C.AA. .TC....... AC.C...AC. ...G...G.. T....T.C.. 0 0 1
Hap 33 G.GG.C.AA. .TC....... AC.CAC.AC. ...G...G.. T....T.C.. . 1 0 0
Hap 34 G.GG.C..A. .TC....... AC.CA...C. ...G...G.. T....T.C.T . 1 0 0
Hap_35 G..G.C..AC .TCTCT.... ACTCA...C. ...G..CG.. T....T.C.. 0 0 3
Hap 36 G....C..AC .TCTCT.... ACTCA...C. .C.G..CG.. T....T.C.. 1 0 0
Hap 37 G..G.C..A. .TC....... ACTCA...C. ...G...G.. T.C..T.C.. 1 0 0
Hap 38 ... CC.A. .TC....... AC.CA...CC ...GTATG.. T....T.... ... 0 4 1
Hap 39 G.GG.CC.A. .TC...C... AC.CA...CC ...GTATG.. T....T.C.. ... 1 0 0
Hap_40 G..G...AAC CT....C.G. A.TCAAT.C. .......G.. LT T LT 1 0 0

K I MEGA 4. 0 % ff H iy NJ 3%
GenBank "1 77 & 5 B 015 1) 2 4 LR )3 51 H )
D-loop J7* 51 ¥ i T 1A 22 1) f) SR 2 (181 2) , ol v

*x3

1
CE R

S SIS KRR, 5B —/NRES
CD MR R 1E — 2, KN #f 1K 5 RV BER K R

S

NS — 3

TRSBEEBEEERNS FHEST(AMOVA)

Tab.3 AMOVA analysis of genetic variation in populations of A. japonicus

77 S ok I E i -7 B R IUR i RS 4 %
source of variation df sum of squares variance components percentage of variation
P4 [E] among population 2 73.234 0.989 00 Va 6.96
BEPR Py within population 68 898.639 13.215 29 Vb 93.04
Bt total 70 971.873 14.204 28
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QD
WH
CD
KN

RV

0.005

B2 #EF D-loop 53 EEEEMERN NJ &
Fig.2 NJ tree from genetic distance based on

D-loop sequences

x4 BEEREXEEES(AL)R
BESUERH(ET)
Tab.4 Genetic distance of each population( upper right)
and Fg, among populations(lower left)

LN HERE W P Wit 2 B
populations CD KN RV
CD 0.041 0 0.042 0
KN 0.029 91 0.037 4
RV 0.134 76 0.032 00
3 i

3.1 D-loop ¥ 5I451E 43 47

8 2RV S W 3 L R 0 LA A7 RiE D A
HEAL T 7 3 4 AE 0 8 1L S R A A% 5 . D-
loop FF 71 J& T4 ki ik AR gt X, ¥ A B 9K
JE Sy, BRI S S A BF S8 % W, 8K D-loop
X 4 3 £ 2 2 A X BE i S A, SR BT 5T B B 3
& 2RV R TR .

RSB T 3 A7 0 BEA I 4k £ D-
loop 81, 3EHG tH 119 ANAE S A7 45, o X 32 45, 1
24.24% 75 SR O R 2 CO T K 6 ) 2
g 28 AR A 5 (5.2% ) B9 &5 Rt ik Ry
D-loop ¥ 31| B3 43 1 o 017 il 2 il P41 388 44 3 #7 19
PR, BRAEA AR, P A+ T &
(59.2% YHEET G+C F5H(40.8% ), £MHE
AT Itk X STEM R 20 gt g p
A PR v L B ) 5 R — B
3.2 BESHESHK

& mtDNA BF 58 4 Ff 38 14 2 B VR 4% 4T
R 2 RETE 46 B (P,) 1 B4 750 (] f) 5F- 149 38 % B 9
(P) A ERERS L ZREMEM 2 S B4R, P,
RS b S LT N o S Bl i
TR A AL R T B H T L A BT 0
12 D-loop J¥ 51l #% 1F R £ B 15 %1 (0. 037 67) It

/N 48 ( Larimichthy polyactis) (0. 012 33)" 3k
YL J& 1 ( Cheilinus undulatus) (0. 006 06) """ 1%
R Z2 AR 46 BUER 5 5 03 A AR vh i 5 il 2 A
T Z P (0.975) WA F 4w K, BLEI i 2 3
ANTERA B s i Z R0 PR IR T
3.3 BEBEESUMRELESN

RG22 W FEINR , F o (BT DL R 7R A4 [R]
MRS, — M For fHAE 0.00 ~0.05 Z[H] /R4
TR H , 7F 0.25 DL R AL e k™. M
4 W[ I, KN BEfA 5 RV BE{R (Fg, =0.032 00) .CD
FEAR S KN AR Z [H) 531685 59 (Fgp =0.029 91) ,
CD #f & 5 RV BE{k Z [H H B /r b (Fg =
0.134 76) . AHFFEH & AL S PRI F i =
PR b s % BB 43 i & 0.9.0.3 J 0.05 1y
OrARIE . ARGE I3 A A A A A%
BIH0.037 4 ~0.042 0, B4 HH 3 > BEA ] 4 35 1%
I3 AR A 35 BN FIRE I 3 A AR i

BE A A0 S AR AT Sy B [ 5 77 O b 2 f0 2K
TV o [ e o A 1 32 DA R T A T A VAR IR L R B
VLRI 9E P A R B B IR B4 T
TG — PG 1) 3 2 i LR 2 v v G B HE B W 7E 4 1t
FF 391 Bsf ) Ak 3 B R A, A R =2 [RDJE B 3 1Y
BE DRI, 3o o8 B PR A ) S [ B e 2 [
WAL RS . Kim 287 ] TR AR
5 (R U U 5 AN ()0 2 b 3R AR R AT a8 A% A0 BT
(Fg =0.005 ~0.061) , 4 i) 36 1% 73 Ab A 55 5 2
AR, AR BT 545 G GenBank
i 5 75 55 05 4 2 D-loop Jy 41 A4 NT 43 - it
R, &H S SRR R N/ N EHYS
CD B AR TE— i, RV 5 KN BE{K R Jy il 7 —
WX AT A5 5 S o B Ay A — 3, 2009
4 Chang %5 % I T AL 3 R BFSE Y 5 A o 2
HER P i 2 h 4245 CD BE (A1 RV K, UPGMA
B 7R,CD #A 5 RV BEAR 300 TR, 5
ENSHTEE S

ZE Bk ARSI Ay 3 A S Bk Y B
A8 1 5L 22 A 1 AR TR] 5 A% 2 A B s Bl R
A B A oAk, b RV BE K 5 CD B A Z 1]
G RARBI . FFP AR IR, A2 28 A ]
SUIg L AR BT S WY N S R

2% Uk -
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D-loop sequences variation and phylogenetic analysis in three geographical

populations of the sea cucumber Apostichopus japonicus

JI Nanjing, CHANG Yagqing®, ZHAO Chong, SONG Jian, GAO Yinxue
(Dalian Ocean University ,Key Laboratory of Mariculture & Stock Enhancement in North China’s Sea,

Ministry of Agriculture ,Dalian 116023 , China)

Abstract; Mitochondrial D-loop sequences were analyzed to study the genetic structure of the sea cucumber
Apostichopus japonicus. In this study, 71 individuals from three natural populations were collected from
Dalian,China ( CD ), Rajin, North Korea ( KN ) and Vladivostok, Russia ( RV ). 447 — 465 bp D-loop
sequences were obtained using PCR amplification. The mean content of A + T(59.2% ) was higher than G +
C. The proportion of polymorphic sites was 24.24% ,in which parsimony informative sites were 53. Forty
haplotypes were identified from 71 samples, among which 7 haplotypes were shared by three populations.
Genetic diversity parameters showed high genetic diversity among populations. The fixation indices( Fg, ) of
analysis of molecular variance( AMOVA ) within populations was 93. 04% , which indicated that the genetic
differentiation of the three populations was weak or only moderately differentiated. The genetic distances
among populations were 0. 037 4 (KN and RV ) and 0.042(CD and RV). The molecular phylogenetic tree
was constructed with the D-loop sequences of Qingdao ( QD) and Weihai ( WH) from GenBank with NJ
method using software MEGA 4. 0. Populations of QD and WH clustered into a small branch,then with CD,
while KN and RV clustered into the other branch. The results were consistent with their geographical
isolation mode.
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