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12 X 44 15 #1112 (Apostichopus japonicus), 2
O3 T ARFFEVE SR R L wEE S H AR
GHEEFEWEAR, k2L FMETCE, BA
AR 1o 00 24 AN A A8 IR PR g, S TR I K SR
EEEF MRS, 1997). [ 20 42 80 1L
FI2 N T EFHARRELUG, WS 35507 b ek &
J'&, #ak 2017 4%, 4 IS 25 1 Lk 21.9 J7 hm?,
FRAH R 21.9 T t, EEEM 300 /270 E
GEITARSE, 2018). SR, BEZE P AR KR, S
FRPE A B K RS | R E R . SR AL R
RESFh TR S . i 7 o [ AR 2 107 00 2 A 4R
Oy, T B RIS Y e, B A
2 A SR BRI T A8, AR 5 F AR A B Y
B, i 30~50 4ELLCE, BPAE RIS AR, H
ARTRET 30%, 5 E TR T 40%, K2 W T % T 80%,
HETFRET 95%L [ S B gt 5 1 SR AR P B B
SEEIWfE YL B 2 Sk B /& Endangered(EN) S5 9%
(Purcell et al, 2013), [Ft, JFJRHIZFh R IR PR,
FBALSERY 3BT, AALAT LR 2 ) ik 5 S AR
SR, 38T R UL PTA S 1 ol 5 B R BCIR P 4
R,

HAT, TR 095 FFric 2 AR5
5 DNA FIZEAi 4 DNA %, Horr, 4ok &< DNA(mtDNA)

% 16SrDNA; CO1 ; D-loop; wE LN
XEHS 2095-9869(2020)01-0075-11

SRR AN A A A e SRR RE ) st A%
T, 51 DNA MLk, BAGF/N. G5t wf
L PURITEE R L AL, B T TR AL 454
SrpTEARAR I . HET, e, T siEas
KA mtDNA F B EE 43 16S tDNA . D-loop
M COT R, AWFFCRENE . wE A i
6 ML 8 MAFM A AR S, IR 16S
rDNA . D-loop fl CO T iX 3 /4~ B R 4R i) Hh B
BT TR ALS AL Z5 R AT VRAL , DA B 1R Al
I S o7 5 R A ARl S, O T IR
PRAF BT R AL R AR 3

1 #wRlERZE

FEZAR SRR

LA ERS A RRETHEETL . MG K
WA R R s L e IR I L e ] A Y R
3k 6 AN, AR PR ERI SR A 25, #EE
BUREE RIS oy WO S | S MBS 3 MFHE, &
MHEABEHLER 10 SHISAE LR S, GiFRE
6 Mk 8 ANRFI L EEEE A S 80 k. SREMHS
KRz ek %, FIANUN T DNA 14
W, AN AR B SRAE b B B I IRT 1 Nk 1
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Fig.1

Locations of sea cucumber A. japonicus sampling
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Tab.1 Information of A. japonicus sampling

k2 R SRAEH [A] o FEA i

Population name Collection date Location Number
HHKFARES QD 2017-05-26 36°02'N, 120°21'E 10
i [E i T 2 & SK-PX-B 2017-06-09 36°05'N, 129°27'E 10
i EH 45 SK-PX-R 2017-06-09 36°05'N, 129°27'E 10
i [ Y 30 75 2 SK-PX-Y 2017-06-10 36°05'N, 129°27'E 10
i E A1 225 SK-QS-B 2017-06-09 36°34'N, 126°23'E 10
i E A 225 SK-MP-B 2017-06-09 34°07'N, 126°17'E 10
HEK SIS YT 2017-07-03 38°17'N, 120°49'E 10
&2 Wrifg % RU 2018-04-19 35°39'N, 119°49'E 10

1.2 mtDNA F3lH &R NE

FIF Omega Mollusc DNA kit HEHUESIEHH
DNA, F|H NanoDrop 1000 5z 1% AEH#EE A F yicRs: il
DNA 4 K se 8 Is , B T-20 CUKAIRAT . RIS
16S rtDNA . CO I il D-loop J¥FFERG 11X 3 1> mtDNA
JBGHAT PCR 788, %F PCR 7“1, 3 X5 I1H1F
¥ JLZ% 2(Kerr et al, 2005; Arndt et al, 1996; i Fg 5L %5,
2014), FIWHEBEREY ARG, PCR BT
50 pl: 2xTsingke Master mix 25 pl, 10 pmol/L 1F 2 [7]
19145 1 ul, Bk DNA 1 ul (50 ng/ul), Hl ddH,0 #b 2
% 50 pl, PCR WY T : 95°CHAENE 60 s, 95°C
30s. 52°C 30s, 72°C 60s, % 35 MEHE, 72°CHEf
10 min, 4°C{#47. PCR PEHIZ 1.5% MBS IHEE I HL Tk
KRG, 267 SR A A TR

T2 RSBk DNA ¥ HSI4F5

Tab.2 Primer sequences of mtDNA of A. japonicus

314 R 5k

Primer Sequences(5'-3") Reference
16S ar CGCCTGTTTATCAAAAACAT

Kerr(2005)

16S br CTCCGGTTTGAACTCAGATCA
COI ef ATAATGATAGGAGGRTTTGG Arndt %5
COI er GCTCGTGTRTCTACRTCCAT (1996)
D-loop-F  CAAGCCCTAAACCCAAGT i e T 4k
D-loop-R  ATTCCCTAGATGTAAGTTCG (2014)
1.3 HiEALE

MY AR 751K FH ClustalX 1.83 #R R4k . Aext
FIHEE (Thompson et al, 1997). % JH DnaSP 5.0 #ff
T Z 5058 H (Number of polymorphicsites),
%5 B4 % H (Number of haplotypes) . F {5 5 & k¢
(Haplotype diversity) . #% H1RZH-E(Nucleotide diversity) .
- 4 B A iR 22 5+ 50 (Average number of nucleotide

differences) . % WA TR (7] (19 35 4% 70 fk 22 B0 (F ) (Librado
et al, 2009). I MEGA 6.0 81 Ge il i . 2%
SRR, THERE AR N SR TS LR 2 , >R Kimura 2-
Parameter J5 44 & N-J(Neighbor-joining) & 4t & & #
(Saitou et al, 1987)., F|H Network 5.0 Ff444 H 3 T
Median-Joining [ B 1 ) 25 5]

2 HERE5HW

2.1 #/% 16S rDNA, CO I #1 D-loop = FI4%{E 27

28 PCR Y T, A5 S Lk 1A 16S tDNA |
CO [ il D-loop /%41, FIMH ClustalX1.83 #&k4-dE47 7
FIHEXT . A 1E 2B 51 P it AR PR SF s 2L J5 R AT 80 A4
AR F R F 5015 H . 16S rDNA JEF1 K Ji 2k 543 bp,
B AL L AT RS (3R 3), A IS &M 27.5%,
T W EER 29.1%, G BEH&EN 21.7%, C
FISEY &R 21.7%, G 5 C WY & s BER &
IS, A+T &R N 56.6%, BEE T G+C &,
CO I WFEHIKE N 656 bp, A, T. G. C PEH &
AR 32.4%. 26.5%. 21.7%. 19.4%, A+T &N
58.9%, T G+C & ft . D-loop I HIK N 509~527
bp, A. T. G. C ¥ ERDHIN 34.5%. 25.3%.
27.0%. 13.3%, A+T &R 59.7%, BE = T G+C
T, AT SREANRRFRFBERZESEE, 3 M
Bt D-loop ¥4t iy, e HEAS ] B AR 25 4 7 4 iz
ARG £, ER—PIRFRR R 22 58 3%,

16S rDNA [ 543 i, B0 5 16 1
(K1 2), 5 A7 SR 2.9%, Hid B & IE A/
MG, i THi . 76 CO 1 FENAY 656 i,
A 62 AN 3), A s 9.5%, Hr,
WA RIIENRIAL S, 2T Hifk, D-loop MG
KHEH 551 bp (B HBIAL ), AR5 200 (& 4),
i S Y 36.3%, Herh, 68 A A TE BB IE (1 4
A SERRAL B
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Fx3 RBSLREHIEEK 16S rDNA. CO 1 #1 D-loop [ 51 B9 £ 40 X (%)
Tab.3 Base compositions of 16S rDNA, CO [ and D-loop sequences in different populations of A. japonicus(%)
B 16S rDNA Ccol D-loop
Population A T G C AT A T G C AT A T G C A+T
HEKRFA QD 275 29.1 217 21.7 56.6 323 265 21.8 194 588 345 254 265 135 60.0
HEKS YT 275 29.1 217 21.7 56.6 323 265 21.8 194 588 346 254 269 13.1 60.0
HE A B S SK-MP-B 27.5 29.1 21.7 21.7 56.6 324 266 21.6 193 59.0 34.6 252 268 13.4 598
EEEREIL B2 SK-QS-B 27.4 29.1 217 21.7 565 324 265 217 194 589 346 252 269 133 59.8
B E 2 SK-PX-Y 27.5 29.1 21.7 21.7 565 324 266 21.6 193 59.0 345 253 27.0 132 59.8
HEWI 4% SK-PX-R 27.5 29.1 21.7 21.7 56.6 322 265 219 194 587 341 251 273 135 592
EENHTE S SK-PX-B 27.5 29.1 21.7 21.7 56.6 323 266 21.8 193 589 343 251 272 13.3 59.4
& it 2 RU 274 291 21.7 21.7 565 325 265 217 194 59.0 345 255 27.0 13.0 59.9
HME Average 275 29.1 21.7 21.7 56.6% 324 265 21.7 194 589% 345 253 27.0 133 59.7*
* R 22 5 3 (P<0.01)
* represents significant difference (P<0.01)
B 117790535 595308 0 M SEMMBTE, GFFRESFRER, i, o
Haplotype 5 9 1 2384897470285 number UL DC 3 SIS AR 68 04 i) 2 B 10 22 R 1 L Ho A,
myp L orAtrreTenAsse A BEARCE 5. M 8 AREAR T 80 KIY D-loop J7 414t
Hap3 A . o 12 Kz 200 20 61 FEaf5Rl, PAfEAIZFE
Hap4 ... .G 4 PEFEEH 0.933, ULHH 8 AR D-loop JF I 225
Hone A 31 RO AR N F 5, A SRR S,
Hap?7 . . .. T... . oo TR IS5 00157, FHR TR ERECH
E:ig 2: I(‘:I B T B A i 6.834, 1Rz REHE K, XTI 3 /l\}#fﬁﬂ"]iﬁ%g
Hapl0 A . . . . .. cC. . . .. G . 1 ﬁ‘fﬁ%?’ﬁﬂ%%ﬁ, COI%%H D-lOOp E@ﬁ'fgﬂg
Hapll . G . 1 FEPE . 280 BT IR 2 R R & T 16S
Egjf?f: . i rDNA, % F NCBI $u# i il % 195249 CO 1 4
Hapld A . C.. . 1 Buitm, M D-loop JFHNEA, R T ORUEJS IR
Eﬂg --A--~-~----G- f AT IUERA AT PR, ARBFEIEER CO T BT
ap . e e

K2 2 16S rDNA JFI28 547 54
Fig.2 Variable site of 16S rDNA in A. japonicus
7 B R A S L A B R TRk 1 AL
FEM R R G R TR, A FR A% H
Numbers on the top represent the locations of mutative

nucleotide acids, on the left are the names of haplotypes,
on the right side represent the number of individuals

2.2 AREBGEEERSHIBEESEEST

8 AMEEKIHI Y 16S rDNA, CO 1 . D-loop AYRZF
it e ZREES BT 40 N 8 EEIR 80 AR K)
16S rDNA 74 Hp A E] 16 280, 16 Fp
fi, PSR ZBEMERR BN 0.629, BiFFRRZ AT
¥R 0.0016, IR 4L 0.880, Bikiifh L
REPERAAR o 8 MR 80 NANMAIY CO T 8 ALA
) 62 NN 38 FIEATAL, FE R SRR L
0958, HATIRZHEMTEECH 0.0073, PR ITRR
ZESHCR 4.796, Ui 8 NEFIRI) CO T 781 A5 7Y 2

J SN ) M B AR S 8 AR S5 48 AT
2.3 BEEEEHSN

MR BT 22 1) 8 A BEARR) cOo T PFME A, KA
MEGA 6.0 3K {115 8 A4 P R ARE (AR 1] 1) st % B
MIZEIR LR 5 N S WLIFEH, BEARNBEEE N
0.0023~0.0084 , B4 P 5t 1% 11 2 i K 1) S i [l VR T 41
SRER(0.0084), H YK 25 [ 1 B 2 1 4£(0.0075),
M2 AR 30 R T T B AR %) R P 38t A I S /)
(0.0023) o 8 A 1) JE A4 ] 38t 15 HE 2 A 0.0027~
0.0081, i [EI V70T 21 2 i A 5 i [ ol 00 S S AR 1] 1Y)
WL B A K (0.0081), TS SHHR . MERHES
i IO SR Y 3 il S AR AL BE 2R (0.0054~
0.0071), &% W4 P ik HC ve R 5 B E LR A
(355 I B /1M 0.0027)

i3k DnaSP # 3T CO 1 FFIME B4 0T 2 1
M TE] A AL L 25 SR ILEE 5. st ML R BU(Fo) IR
W T BRI B] A AL AR, 24 Fy fEAE 0~0.05 i),



%1 EHERAE: BT 2AZOR T 5 14 v i R T AN [ IR (AR 2 1 38 4% Ak T RO S5 4 23 BT 79
111111111112222222223333334444444444455555555555555666666666
/%l 47011234456780134567790146770123356789900012234455678022444555 ¥&
Hapf(')type72514921428406943573943579282735898135814795810925435978169013number
Hapl GCAAAAGATGTGGATATATCATCAACTCGTCACTATGTGTAGCTGCAAAAAATTAGGAAATA 2
Hap2 . ... . . . C...T. ... ... .. ... G..G........ C. 10
Hap3 . . ... . ... ... .. G..... C.. . T. .. .. G..G.......... 9
Hap4 . .. ... .. ....... G. .GCT. . .C.. . T......... G....... G..G.......... 1
Hap5 . . ... . ... ... .. G..G..C...T. ... ... .... G..G.......... 2
Hap6 T. ..o G..... C...T......... G....... G..G.......... 1
Hap7 R € £ C G. . GCT .C...T. . C. .Gl G..G.......... 1
Hap8 . . ... .. ... ... . 0. ... G..... C...T......... G. T..... G..G.......... 1
Hap9 . . ... . ... ... ... G..... C.. . T. ... GG. G.......... 6
Hapl0 . . ... ... ...... C..... G..... C...T. ... .. ... ... G..G.......... 6
Hapll . . . . . . . e T. o e C......... 2
Hapl2 . ... ... ... ... .. .... G..... C..CT......... G....... G..G.......... 1
Hapl3 . . . . . . e T. . T. o e e e e 5
Hapl4d . ... . . .. ... ... . T....... T e 1
Hapl5 . ... ... G. . . e C...T.T....... . ....... G..G.......... 3
Haplé . .. ... .. .. ... ... .... G..... C...T...G..... G....... G..G.......... 1
Hapl7 . T. .AG.A...G..C.C.G.T...C...T...G..C.G..TCA. . GGG. G.......... 1
Hapl8 . . ... .. ... ... .. ..., G..... C...T......... G....... G..G.......... 1
Hapl19 LCOCL C...T. ... ... .. ... G.. G.A.CA.TT. G 1
Hap20 . . ... ... ... ... . ..... G. TC. .. T. ... ... .. ... ..... GG. G. . ... C.... 1
Hap21 .G . cC...T.T......... T.. ... G..G.......... 2
Hap22 . ... ... ... ... .. ..., G..... C...T....C............ GG. G.......... 1
Hap23 . ... ... ... ... ... G..G..... C.. CTG........ G....... G..G.......... 1
Hap24 . . ... .. ... ... .. ..., G...G.C..CT......... G....... G..G.......... 1
Hap25 . ... .. ... ... . . . 0.0, G..... C...T. .. .. ... ... ... G.GG.......... 1
Hap26 . T......... A. R O € c...T. C. C. G. AT. . ... G..G..G....... 1
Hap27 . . .. . . . C...T. ... ... .. ... ... .. G..G.......... 3
Hap28 . . .. .. . ... ... .. ..., G..... C...T. ... .. G..G...CAT .T 1
Hap29 . . .. . . . C. A T..... ... .. ... ... G..G.......... 1
Hap30 LT e c...T. LC G..G.......... 1
Hap3l . . ... ... ........ C..T....... T. .T.......... Ao 1
Hap32 . . . . . . P 2
Hap33 . ... ... ... ... ... ... G...G.C...T...... ... . ...... G..G.......... 1
Hap34 . . ... . . ... ... . ..., G..... C...T..... A.A ... T..G..G.......... 1
Hap35 . . .. . . . . .. C... T..C........... ... G..G.......... 1
Hap36 . T.................. G..... C...T. ... ... . ... G.G..G.......... 1
Hap37 A. ... .. ........ G....GCT LG T G....... G..G.......... 2
Hap38 . . ... . .. .. ... . ... GC. LCoL LT G....... G..G.......... 2

K3 HIZ CO T R 75148 S i,
Fig.3 Variable site of CO [ gene in A. japonicus

OB RN A LS AR BAS R h XE  AALE, ZE R R A LA BR, AR AREE, NARRR A R
Numbers on the top represent the locations of mutative nucleotide acids, on the left are the names of haplotypes, on the right side
represent the number of individuals, N represents sequence degeneracy

BRI ) 1% 22 AR, ANFEAESME; 7E 0.05~0.15 B,
AE P AR AL Mk 0.15~0.25 B, AL LFE
FERK KT 0.25 BF, Nsi& 5 EAR K (Wright, 1931),
% 2 W B 1R 5 40 5 8 R )0 a5t 1% o Ak R Boie K
(0.1598), it b RERER R, M5 RS w0
L AR R A TP S 0L o1k, B SRS
i I SR E R S AR A e P A
wE AL, THABEEAREIZE BN, AEESME. #iE
LXK 3 ANR[RIE G R B ARG AR, 1
WAL R B BN, BA YR & Wi L 1k .
24 EFCOIFIMESHL

BF co T FEMA PN (B 5)BAE S
SRR SIS S AR Y — X, HSHERILES
FARRN—%, SHEAHBSHERE—K, HS5
B B BRI S — 32, 1M AMERUR R i BRI 3 AN

RGO REAR, X5 B A HLA — 2 B AR G
i LT 000 Pl T AR A N A% o AR, TR A Hh Ad
T AMU, AT RS 2 HPERUE A 5C

F ] Network £ A% T 3145319 CO T 1y 38 P ELA
A AR R I 25 [ e IR (RT 6), 37 A ERAE ARG LA
Hap3 R0 B USRS A B M08, 1bAh, Hap4d
Hap6. Hap9. Hapl2. Hapl3. Hapl8., Hap27., Hap32
F1 Hap38 8k /1l SR IO 28 5 i, i A B35 284 DU
J Ry 4 A R AR O s S, AFAE . Hap3 AR7E T ERIRS
SRR AR N [ T8 S RS O RE A R, O 6 MREIA
Fr3AT, 78 37 BRI A 10 A Bf B o S s Bk
BB R R 26.3%, 28 B RL R HEASTE R T
FEAT o IR 28 P vl LA o3 A R AS [] B4 1 55 e 7
RFR, FONHRITC W 2= St R[] sy
TEAN R R A (6] 52 SUA A1, AN TRV EAA Y AT A LA S e
P B R
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k4 FBEEEK 16S rDNA. CO I # D-loop F B HYIE 1% & HEIERHL
Tab.4 The genetic diversity indices of partial 16S rDNA, CO I and D-loop sequence in different population of A. japonicus

N , e 2B/ FHEIRE RS R
AR R FEASL R R H ;Qr} He ,réi%ﬂzfs e i,
Gene . Sample Number of . ;
fragment Population number haplotype ~ Haplotype  Number of of nucleotide Nucleotide
diversity  polymorphic difference diversity
16S rDNA % & K-Ff QD 10 3 0.511 2 0.556 0.0010
MHEKE YT 10 5 0.756 5 1.156 0.0021
i [ A 22 5 SK-MP-B 10 3 0.600 2 0.667 0.0012
i [EE 1 2% SK-QS-B 10 4 0.533 4 0.800 0.0015
i [E i T % 5 SK-PX-Y 10 4 0.644 4 1.067 0.0020
EHE 4T 2 SK-PX-R 10 4 0.533 4 0.956 0.0018
5 [E 0 R 2 SK-PX-B 10 4 0.644 3 0.756 0.0014
P HrifF 2 RU 10 3 0.733 2 1.000 0.0018
JE Overall 80 16 0.629 16 0.880 0.0016
Cco1 H B KFfM QD 10 8 0.933 16 4.600 0.0070
MERS YT 10 5 0.867 10 3.733 0.0057
i [F A 22 5 SK-MP-B 10 9 0.978 16 4.156 0.0063
[ 10 B2 SK-QS-B 10 8 0.956 13 3.111 0.0047
i [E I S SK-PX-Y 10 8 0.956 22 5.378 0.0082
HhE 425 SK-PX-R 10 8 0.956 22 5.867 0.0089
i [E i 1 2 % SK-PX-B 10 8 0.956 24 6.600 0.0101
WP HrifE % RU 10 5 0.867 10 4.067 0.0062
K Overall 80 38 0.958 62 4.796 0.0073
D-loop &K QD 10 9 0.978 59 17.311 0.0345
HEKE YT 10 7 0.933 20 5.156 0.0109
HE AW B S SK-MP-B - 10 0.978 30 7.533 0.0159
i [EE 1 25 SK-QS-B 10 0.933 47 14.756 0.0290
i [E i 1 #% & SK-PX-Y 10 10 1.000 75 22.067 0.0441
EH[E 4T 2 SK-PX-R 10 10 1.000 58 16.200 0.0323
i [E 0 R 2 SK-PX-B 10 0.978 49 13.778 0.0272
AP HrifF 2 RU 10 0.933 37 16.511 0.0324
JE Overall 80 61 0.922 200 6.834 0.0157
x5 EFCOIFHH 8 NMRISEIRA( )RR B K 8] A i 1% BE B ( VR IEE 5 RE( )

Tab.5 Genetic distances within (diagonal) and between eight different populations (below diagonal),
the fixation index (above diagonal) of A. japonicus

Cco1
Pofffj;on HE MG SHEARHES GEFLES SEWR NS SEWROS HEWRES R
QD YT SK-MP-B SK-QS-B SK-PX-Y SK-PX-R SK-PX-B RU

#H5 QD 0.0054 —0.0532  0.0424 0.0454 0.0612 0.0362 0.0606 0.0931
HE YT 0.0045 0.0040  0.1087 0.1171 0.1206 0.0826 0.1063 0.1598
i [E AJH B2 SK-MP-B 0.0047 0.0043  0.0036 —-0.0168 —-0.0192 0.0354 0.0225 0.0249
W ERE L% SK-QS-B 0.0044  0.0040  0.0033 0.0030 0.0016 0.0472 0.0404 0.0278
B ENH I 8 2 SK-PX-Y 0.0058 0.0054  0.0045 0.0043 0.0055 0.0137 0.0053  —0.0125
S E 4T 2 SK-PX-R 0.0071 0.0068  0.0062 0.0060 0.0070 0.0084 0.0192 0.0246
g [E B S SK-PX-B 0.0069 0.0065  0.0057 0.0055 0.0065 0.0081 0.0075 0.0269
% B RU 0.0042 0.0037  0.0030 0.0027 0.0038 0.0054 0.0050 0.0023
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Fig.5 Neighbor-joining tree of eight A. japonicus groups
based on CO [ gene

Ko HIZ COT M AL AL 25454
Fig.6 The haplotype network of
A. japonicus based on CO I gene
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WAL ZREME R TR HER I BT AR W BT R s A
R, RPN AR BT U O Y — A E AR
mtDNA {ERWEINE SR 7, B EbE SR, &R
WAL, W TR B L 2548 53 1 (Liu et al,
2007), Hrb, # 3 A9 mtDNA FRic 4% 16S rDNA |
Cytb, CO I . D-loop, iX4Efric 4 M FH T AR Fp 2
(R4, 2013; 25K Avss, 2017; FMVEEZE, 2018), I fh
(Onychostoma rara)( ¥ Hit 45, 2009) . ¥ fH &
(Temnopleurus)(t5 BEHLEE, 2012; X EEESE 2007), 7K
BE(Aurelia sp. ) (SRR B %5, 2015; EHI%E, 2013)%5: 1)
BAEZEF AT . FI SRR SRS 37 NEEEM
3RS IX (B w64, 2012), AT ZAL0F5E 2 2 )
1 168 rDNA ., Cytb, CO I . D-loop 55 mtDNA F Bt
Xof AN [) b BEERRE AR 11 358 A% Z2 PR R AT T 20T o A 4 B ot
(2014)FIH D-loop J37 31 1) 22 25 1 Xof A [R] b B A4

15 i 2 0 i AL S5 A EAT T 40 M1 5 22380145 (2006) 1) H
16StDNA . CO I . I'rRNA-CO I ZEFEXf P EM A | B
W . SREMIUR S -1 T 1545 2R S B Sas AR G540 4 T o
RV AR B o B i St il Z AR ROR A5
N F 16S tDNA., CO I . D-loop 3 /> mtDNA F Btx}
6 MHLFERNEE 8 DNHEARIEAT T 00 3 A F B A
(et 2 REPERG I 25 2RI, 3T 3 S35 0 45 TEIAR
HIRZ AT TR Z REPEFE M 0.0007~0.0441, 16S rDNA JF
G RS, I BN BL 2, Wi CcO T I
D-loop it f& ZAEPER R o 3% 55 WR I AR A5 (2008) T 5% 1
2 16S 1DNA Bt fE ZFEMEALT CO T MM L £
FEME—B, MR RIIERW], 16S rDNA A& FHF
] — B R A R 1 38 AL 2549 43 B, CO T Al
D-loop B3 T #EAT Fh P REAAR [B] 35 1% 2 0 M S it AL 25
KAt . HEES A, ML T D-loop 51, CO 1 3%
P BSR T NCBI B e b R BB 8%, T
A THAT IR 0T, T, ASHES S 2o ik
CO T %M.

AWFFEFEM 16S tDNA . D-loop A1 CO 1 J¥31HY
MR 2 R 8 50535 0.0016., 0.0157 A1 0.0073,
RN . SRS R 16 Fh. 61 AR 38
Fil, PSR ZAREE SR )0 0.629. 0.922 Fl1 0.958,
fERI Z RS R, SX PP IR 2 FE MR FR Bk, A
RIZFEMERC R G, FE A Tl ife S LR R SE R
Berpb )2 4578 (Soliman et al, 2016; Uthicke et al,
2010), XFTETIRAFI 8 DNHHAM AL Z AR Ir 4
FEH, i EI 3 AR AR B AR I S R RS
FEMEFR B, AHELZ T, o 5 FUOR & B A R
RIS AL 2R, X5 EEEQ016)MITFR 4SS
e e QISP S N B i (P A o AR AN ESPIET N
P AL ZREME o SRR B R R AT BB 2 0
T, B e A B 2% S5 R BULR S K 2 5 &
KR 25 S8 K, o — T rT e T P R S R
GG RIS R 2, fEHEK G R A7 78 1 Fh ik i
ML, AN S 584 IS — e P LR AE
Wi, R BRI, 520 B AU S R AR
S E AR RN S:

FIF CO T EEHXT R AER 8 MRHAIEFT B L IE
BN RGN, LT CcOo T RLH )75 115
fEREE A 0.0023~0.0084, RGHEL A s, A
TR ()t 1 225 40 5 B, 8 EL AT — 8 MO A OGRS
5 MHE L T FE A AR A A R LA 0 S AR AR
SRR . B ARV AT E S A s X, o
B ARG, e, X 2 A Hb R R
RIS RN —, RIS EREL . AW RHARR N
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— 37 W ERH IR T E AR, R IR ACR A
ST AR PEUT R B 4 24 R Pl R R U 2k B B e
Uiy, T H A, Hb PR R B8 5 LA AR X A, iX
P IR A T ARSI, A 5T 25 2R 55 0 1L 0 4
QO12)FH i B EFRIC AT BIAH BT — 2, BIFhHEE
B AL R FiE 5 H b B o0 A LA — 58 AR DG o

AWFFEXS R A T E I 3 RO B ) )
SRR L ZREMEEE A T R, B S B
B B AL 2R, X AT e T AL A7 A2 H AR
T B IR, W KAERRZ R Z 2 AR
AW g, B R A AR E SR T,
TR TR IR ) BERE IN (A, 2015), B0 ik
SRR S e K, BARMVE FILEA o T — 200
5o REQO0NWFTINR, RSl 4 d 8 2 Al
TR S e A e, R AS ] Ml dol ) 75 36 2 0 1) 2 4
JiL . &y e A AR e A A e, DT S M AN [ B
13 {4434k (Pante et al, 1992), & FEVHIR 3 MA@ R
IR B AL AL SN, B AR IR B 54k WA [ Bl () 7K SF- o
Zhang 45(2016)F) F 2 b 1A 4= 35 R 41 4 B 45t A [m) 23
ORISR TR — P Fh, @22 502 T = &
AR LAY . Sun SE(2010) @ i XF4r (4% 6,
A S LR RS AL LR B, R RR @RS 0
TR I B R AP ) 04K, X S5 ARTF G R 25 5
=B,

AWFFE I T RS 3 FLkiik DNA JPHIXTH 5
TR T B 25 ) 2 AT 3 A% 22 FE M RN 8L AL 4540 0 T 25
RRW], CO T T IE F HEA7 50 2 [ b BRI 35k
TRLERE 43 BT 5 AN [) 1 BHLE A 7 2 A O 3R B G b 0 467 2
BT AL g 355 1R i OC R 36 U0 5 A T ) — Vi AN Rl 4R €2
FIfil 2 B HR 22 R B3, HiREa bR R,
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Genetic Diversity and Population Structure of Different Geographical
Populations of Sea Cucumber (Apostichopus japonicus) from China,
South Korea and Russia Based on Mitochondrial Genes

WANG Jinjin'?, LIAO Meijie**", LI Bin®’, WANG Yingeng®*,
RONG Xiaojun®*, ZHANG Zheng**, GE Jianlong®

(1. College of Fishers and Life Science, Shanghai Ocean University, Shanghai 201306;

2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of
Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071;
3. Laboratory for Marine Fisheries Science and Food Production Processes,

Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract In order to explore the genetic structure of sea cucumber populations with different body
color characteristics in different sea areas, 16S rDNA, CO I and D-loop gene sequences of eight
populations of sea cucumber (Apostichopus japonicus) from China, Korea and Russia were amplified by
PCR. Genetic diversity and evolutionary relationship of the 8 populations were analyzed by 16S rDNA,
CO I and D-loop gene sequences from 80 samples. The results showed that the sequence lengths of 16S
rDNA, CO 1 and D-loop genes were 543 bp, 656 bp and 509~527 bp, respectively. There were 16
polymorphic loci and 16 haplotypes in the 16S rDNA sequence, the haplotype diversity index was 0.629,
the nucleotide diversity index was 0.0016, and the average nucleotide diversity was 0.880. A total of 62
polymorphic loci and 38 haplotypes were detected in the CO I sequence, the haplotype diversity index
was 0.958, the nucleotide diversity index was 0.0073, and the average nucleotide diversity was 4.796. A
total of 200 polymorphic loci and 61 haplotypes were detected in the D-loop sequence. The haplotype
diversity index was 0.992, the nucleotide diversity index was 0.0157, and the average nucleotide diversity
was 6.834. The results showed that the polymorphic loci, haplotypes and nucleotide diversity of D-loop
and CO 1 sequences were significantly higher than those of 16S rDNA sequences, which were more
suitable for the analysis of genetic structure in different populations of the same species. The genetic
diversity of the three populations was the highest in the Posco area of South Korea, which may be related
to the influence of ocean currents. The CO I gene was used to analyze the genetic differentiation of three
body color sea cucumbers collected from Posco, the genetic differentiation coefficient Fy was less than
0.05, and there was no genetic differentiation. The results of phylogenetic tree construction using CO I
gene showed that the Qingdao and Yantai sea cucumber population were clustered into one branch, then
the Korean Mokpo black sea cucumber population clustered into one branch, from the inner outward are
successively the Russian population and the Korea Posco population. The results showed that the
populations with different body colors were poorly differentiated, and the genetic distances and clustering
of different populations had the strongest correlation with their geographical distribution.

Key words Apostichopus japonicus; 16S rDNA; D-loop; CO I ; Genetic diversity
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