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ETHLHAE DNA S FiRicM AKX EFEERE
Bt FEERS

wEE, KHE, OB A, & A,
(1. B PP B RL A3 B, B 201306

2. KKV A VR U FR L 5 0 5B, i 201306

3. MR PR KL U O 58 P A TS A O S5, B 201306)

HE R, INE

WE: AR FRAAAATRLL 6NN EERALERABEN. ETRNKAAE
Fb(Cyth) 5t EALE L (COI2 M FHRIEMZE S FEBH G S 42 44
AN S IR AT B AT, AT A, BT Cytb HE A A F A EE 2 AR A
MBI EEA SRR R RSB R BR T AR ERE R K 7.(0.397 £
0.079) .(0.001 09 0. 000 96) F1 0. 600, %t & 4 ¥ B (K 2 {2 A £ F£ M 3 5L K (0. 282 +
0.101),H (& F At g B Ak, £F COTREMAFABE 2 MBERLNEHEDH BB
A SRS R RS R R T BB E R H A A 17.(0.787 £0.051) . (0. 002
90 £0.001 38) 1 1.802, %G A M4 %7 HAAAAKARENALRR FANEED T, H
BRI G R A A BB R B B E W £ R (Cyth:F, =0.005 91,P >0.05;CO I ;
F,=0.05523,P>0.05),2 A4 78 B K fi 4 F i s BB Rt (A T & BB 20k, BE
A RE PUERRPRERFRAMMERNEN S22 6B HAAMBET KEH, &
A BERYT K B9 B E) 2 138 900 ~ 167 900 4 77

K. 24X &, BRESHME; RGN AREROER; HHEFALE ] ER

RESZES: Q347; S917.4

2t ( Dosidicus gigas) ) 1204 T 4 KF
W (125°W LLZR) A48 Jé T2 (37° ~40°N) 23
P (45° ~47°S) 4" il Bl F 4 1 390
SR TR 7R AR Y EF 0 A T R A A Y
L ¥ ) 2 2 A Y ORIV 4 by 32 B I VE PR B
9 A5 AT 2 A e 3l T A Bk K S L A A
e——Je R JE it/ 15 J7 ¥ 8l © #icuk W X 25 3¢
TEE VR D 78 B AR s Y A I A R o
v, Z W TP R S5 R B A AR X IR A BRI SR T R 2L Y
B A7 B ARA T AR OO B B R RO
Ko AL AT A AL 22 RE PR ORI AR .
¥ e 25 2 AR s L Z AR Ve BUIR A 5 6 A B T 1E
B A VI 235 4 2 G, Dy 25 2 il B R A BT
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1. ZiKi{Ak DNA(mtDNA) ff g — Fh & B9 4> T
PRIC, B AT 25 F 1) B R 2R 0 | 1 R R PR AL
PR A T A B T2 R A
78 S % b B 3 A 5 B ST, O SR R
KT8t ZREME 0 B TR 4 R,
R RELLIRE N R R e 2 A B
AREPR T (H X S IF 5T R O S A3 25 5 £ T
A 43 A T B 5 ) S R T R, R T R R R S
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e s B AR 0] 1 382 4% 22 S R R A Rt —
W58, ASWF5E R mDNA 4ii il 4, % b(Cyth) K
AR AR 1 (CO1)2 Moy Fhrid, xR A
IR T T 3o R 5 S I 25 S AR R A B 4 25 S R AT
ST FE RS 7 A RZE R 3 R b B A AR SR 19 5
PR, LS g BT T MR T 25 2 0 5% 5 B ) o
e o

UMk

1.1 SEIe#s

ZE TR AR [ AR I U S B AN A T
A ERIFEH ELRE, MEMRINAL, &
T 95% L Wi, 20 CTLRAFR . FEARE TR
FRRFEARBINE L,
1.2 DNA §JiREX . PCR ¥ & & il 5

K FH A1/ 40 i 2% X 4 DNA PR 32 Bt 711
(AU LA S A Bl A BR A W) ) $2 B3 [ 41

DNA , ] 1.2% 35 ik 52 ¢ i Uk K il DNA JiT
AN G TR I DNA ¥R, COTHER 3 1%
2| # % COIF:5'-ATCCCATGCAGGCCCTTCAG-
3', COIR;5'-GCCTAATGCTCAGAGTATTGGGG-
3', Cyth 3£ [H ¥ 18 5| 4 k CythF.5'-ACGCAA-
AATGGCATAAGCGA-3', CythR: 5'-GCTCGT-
GGAATTTATTACGGGTC-3', PCR J% Jf i {4 F1
¥ 25 pL, H 10 x PCR Buffer 2.5 pL . Tag
DNA polymerase(5 U/uL)0.2 pL dANTP( %% 2.5
mmol/L)2 pL. F Fi##5]4 (10 wmol/L) % 0. 6
pL .DNA #4z 20 ng.ddH,O #b 2 {£ ., PCR ¥~
BN FE Y ¥R 94 C T AR 2 min; 94 C AR
30 5,58 Tk 45 5,72 C4Eff 45 5,35 MG,
72 ClJg 4EMf1 2 min, PCR f=¥1 4 1. 2% Bifig b
BE R HLUK 43 B, Bt B o R e Ak i ) & (ko 3
TER AP R A W) alifb J5 % 24 5t N G 48
R e A B 28 W) 2R A7 3 )l %

®1 ZERERERERER

Tab.1 Sampling information of D. gigas
, o S FRMK/em PR AR
30 A A R 6] N
. ) . mean mantle mean body no. of
sea area sampling site sampling date .
length weight samples

JiiE equatorial waters 3°N ~5°S;114° ~120°W

2011-12 -2012-04

32.59£9.46 1 306.38 +1 005.35 24

fwﬁ%&l\?ﬁ off the coast of Peru 10° ~11°S;82° ~84°W 2011-09 -2011-10 24.65 +£1.58 436.41 +136.98 33
1.3 HESH S
JIF 45 41 % Al ClustalX 1. 83" 45 0 o 47 4 -
OB XA, R MEGA 4.0 By 2.1 FEHIHH

Statistics 481 DNA J5 51 i) Tl S 21 70 A% 2 4
BRI Z VAR R (h) EH R ZHEPERR R () |
IR R 22 B (k) St Z RS ol
DnaSP 4. 10 ™ H PR 31 5. 5 1o 4 A B/ 15 B
O S WA [) B A 2R ] Y 3% 455G &R, A Y R] Y G
FARLAF IR 22 580 Arlequin 3,017 &R IH5E
IFA T 3% 8R1F T R A 8] 3t 1% A &R B (F-
statistics, F, ) M H. @ Z M (E L WE 1 000) , X
Fl Tajima’s D™ 5 Fu’s F " ooopk 6 50 F A%
FRASTEE Xt 43 4 1% ( mismatch distribution ) £ ] 2
FAFHRM DT LA . BT S skt 2 8
TN S8l T A K = 2ur B AL R SEBR
EA i ] R AL LR S I SO E LSS T B D)
GG ALt JRE IR YT 5K T 46 B I AE /Y I ]
Cytb JE[H 7 5 1Y k4L B3R ] 2. 15% ~2.6% /
MY (million years) "',

2 PCR ¥4 K Uy, X Jr 45 7 510 330 47 48 %
HERF , 315 552 bp Zehifk Cytb FEH B, Fr %
PO S 5 AR A S, b Z R A4 3
Ao A AR 4y 5 R 4 AL LA JC AR Gk
Ko AT .G .CHoEEM T3 E& i35 h 43.81% |
24.26% 12. 18% . 19. 75% , Hop A + T % &
(68.07% )M BT G +C & (31.93% ), 1
FRAr BT 57 250750 v g ST 7 AN G RS
AR HI CH2 5 H4 Jfy it A3 (4 e =2 5 4 Y
(£2),

R4S 622 bp Lehifk CO 1 FH R Bt Fifd)y
1AL 18 MR, K Z AR A8 S
Ao AR AR 43 5 R 15 A1 3 AN ToAE A Rk
Ko AT .G .C IR T4 & w5051 27.69% |
36.67% . 15. 39% .20. 25% , Hovh A + T & &
(64.36% )W BT G +C & (35.64% ), 1
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Froy My ST &80 b e T 1T AR b R 16 AR LR A 9 NS HARTE | A
R HI VHS 5 H6 J Fr A7 fF IR L = A AL IR E S
(£3) . FAFIUT I o B EBAR, 5 55 HL AT

x2 EZHCy REHRHERGCINLSS
Tab.2 Haplotypes of Cyth and its distribution in D. gigas populations

75 SV i variation sites FARERL A3 A 1 B distribution of haplotypes
B 1 1 2 4 4 ik FRE ] N
haplotype 8 9 5 1 8 equatorial off the n
7 8 0 8 7 waters coast of Peru

HI A T G A T 16 28 44

H2 G G 2 2 4

H3 . . . . C 1 1

H4 G 4 1 5

H5 . . A G . 1 1

H6 . A . . C 1 1

H7 . A . . . 1 1

x3 ZEFECOI RERRHEERETIHNSS
Tab.3 Haplotypes of CO 1 and its distribution in D. gigas populations
75 SV i variation sites BALERY A1 O distribution of haplotypes
A Y 00 0 1 1 1 2 2 2 3 3 4 4 5 5 5 55 il B £ 51 1
haplotype 4 6 8 4 6 7 6 7 7 4 8 0 9 1 2 2 3 3 equatorial off the n
7 4 2 2 0 9 8 1 2 1 9 0 1 5 3 9 5 38 waters coast of Peru
H1 cC T ¢ G T C A AGGGAGGGT C A 12 19 31
H2 G 1 1
H3 . . . . . T . . . . . . . . . . . . 1 1
H4 . . . . . . . . . . . . . . . . . G 1 1
HS5 . . . . . . . . . . . . . A . . 4 4 8
Ho6 . . T . . . . . . . . . . . . . . 2 2 4
H7 . . . . . . G . . . A 0 A L A . . . 1 1
H8 . . . . . ... G G . A . . . . . . 1 1
H9 . . . . . . . . . . . . . . . . T . 1 1
HI10 . . A . . . . . . . . . . . . . 1 1
H11 . . . . . . . . . . . . . . . C . . 1 1
H12 T . . . . . . . . . . . . A . . . 1 |
H13 . . . . . . . . . . . G . A . . 1 1
H14 . . . . . ... G . A . . . . A . . . | |
HI5 . . . . . . G . ... C A . A C . . . . 1 1
H16 . . . . . . . . . . . G . . . . . . 1 1
H17 A . C . . . . . . . . . . . . . 1 |
2.2 BUEfESHEN T CO 1 K B A e 90 4 B i 45 21, 23 5l o 17

HF Cyth FEFE A RSB 2 ABEAM  (0.787 £0.051), (0. 002 90 = 0. 001 38) F
PR BRLAE TR | B TR 2 I R B T TR 2 M A 1.802, F& 4 AT LA Y, 2% 38 I A AR 1Y) PP A5 70
B2 S8 a5 7,(0.397 + ZHEVER R AL IR Z R VT B B R 2
0.079) .(0.001 09 +0.000 96) I 0. 600, {f T3 SR F A& o Bk
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x4 EXHB2MHMEHENEESHEN
Tab.4 Genetic diversity in two geographic populations of D. gigas

FEAH R SRR SRR BHRZHMERER FHRHRERK
HEH HEAA o o .
. no. of no. of haplotype diversity nucleotide diversity average nucleotide
gene population o
samples haplotype (h) () differences (k)
JiA equatorial waters 24 5 0.540 +£0.109 0.001 44 £0.001 20 0.793
Cytb  FhE4Mi off the coast of Peru 33 5 0.282 +0.101 0.000 83 +0.000 83 0.458
411 total 57 7 0.397 £0.079 0.001 09 +0.000 96 0.600
718 equatorial waters 24 9 0.899 £0.035 0.004 26 £0.001 64 2.652
CO1 HE HMEE off the coast of Peru 33 11 0.663 +0.090 0.001 76 £0.001 12 1.095
41t total 57 17 0.787 +0.051 0.002 90 +£0.001 38 1.802

2.3 MEEEEN

B Cyth 5 CO 1 HA%E BRI 2% 3¢ & B Al LA
25 B A 2 (A O B — 58 AR TN 2 2P 58 A8 M i
2, M2 e R B RARG SR R MAl e & )
I BEARY SR R ) B SRR O AR A S B Ay
SR X R ) BT T Ay S (I L, L 2) o T R A
B35 1% 43 Ak R B F o3 Br il S Bow |, ok 8 W S8R AR
5 A A0 g R S A AE B3 1 35 4% 22 5 (Cyth:
F,=0.00591,P >0.05;CO [ . F, =0.055 23,
P>0.05)(%£5).

1 EF& Cyth RERNRNEER
I8 e v B B RSB B GE L, R AR AU (SR 1) (AL B SR
mp i
Fig.1 Median network showing phylogenetic
relationships in D. gigas based on
Cytb haplotypes
Sizes of circles are proportional to haplotype frequency, sampling

site( Tab. 1) .l off the coast of Peru; [ ] equatorial waters

2.4 BEHEHE

HTF Cyth 5 €O 1 W IF 5 Tajima’ s D
M Fu’s F_R RS D F1FO(EY R 6, H Fu’s
F G0 B35 (3% 6) o BH TR A e X 43 i
AT AR R KM Cyth 5 CO 1 BB AL
PR AN BE X 43 A7 52 B S R (1] 3, 181 4) , HWL
{E %A W A 25 AL (Cytb: Hri = 0. 183 0,

P=0.765;CO 1 :Hri=0.043 1,P =0.128) . Lk
FEERIN N ZE T AT RE L Dy ki R YT gk
4

2 EFXHCCOI 2EAHNRNEERN
IE3] ) T R 5 L TR AT 3R A B R AR R A T ) 1 A T
PR H RAE S (F 1) IAE SN T RS
Fig.2 Median network showing phylogenetic

relationships in D. gigas based on
CO 1 haplotypes
Sizes of circles are proportional to haplotype frequency. Short
lines, perpendicular to the lines joining haplotypes, represent the
number of nucleotide substitutions,sampling site( Tab. 1) .l off

the coast of Peru;[ ] equatorial waters

RS EFE2MMERGCEHEESLREF,
Tab.5 F_ analysis between two geographic
populations of D. gigas

AN OS] b 45 A1 i6F

cohort equatorial waters off the coast of Peru

HRiE

. - 0.055 23(P>0.05)
equatorial waters

RS

0.00591(P>0.05) -
off the coast of Peru

TE XML T Cyth S 1 3 A& 1, % gk B2 €O T 3k
¥ 81 93 #4854
Notes: values of F, based on Cytb sequences ( below diagonal) and

CO 1 sequences(above diagonal)

http : // www. scxuebao. cn



1622 P/ I 37 %
F6 EFEHCYW 5 COTEFNPHERTEER
Tab.6 Results of neutral test for natural selection on Cyth and CO 1 gene of D. gigas
HP e Tajima’s D Fu’ sF
gene population D P F P
Jif equatorial waters -0.709 0.258 -29.045 0.000
Cytb Fb4 SMEF off the coast of Peru -1.340 0.089 —-34.028 0.000
41t total -1.053 0.152 —-30.041 0.000
718 equatorial waters -1.270 0.108 —11.853 0.000
col F € 4MIfG off the coast of Peru -1.880 0.019 -29.351 0.000
&3t total ~1.988 0.012 -27.709 0. 000
0.30 RO IR R SRR, 2 A= i E AL A b 2y A Y
85(5) = XJ'I',%E{E observation HoRp
’ —~ HEHUMHE simulation

AMFE frequency
oo
S

O:OSHI .H.l_l.

0 1 2 3 4 5 6 7 8 9
T 2 740 pairwise differences

(=]

3 EF&Cyth BERENBRERAERNSHE
FETE S WA ML, i1 2 S B (A S S Y 4 T30 4 A
Fig.3 The mismatch distributions for Cytb
haplotypes in D. gigas
The bars are observed pairwise differences and the solid line is the

expected mismatch distributions under the sudden expansion mode

0.70 -

0.60 - AK
. 050 |
% 1 WE{H observation
=) 040 r —— BEHUE simulation
£ 030 |
& 020 |

0.10 +

0 - . L

0 1 2 3 4 5
T3 25 40 pairwise differences
4 EXHBCOI BFRNZRFBRFEI 57 E
AT A LI EL , il £ 0y A SRR B TR 40 A
Fig.4 The mismatch distributions for CO I
haplotypes in D. gigas
The bars are observed pairwise differences and the solid line is the

expected mismatch distributions under the sudden expansion mode

3 ik

3.1 BiEfREHFME

18t 1% 22 R TR A5 ol AN T R R 18] B — S AR
AN RS i 815 78 S R . EA U A2
REE A T B AL SRR 20, T EL R A 2 R AR S

P el B 382 1 718 S B R T, 0 B AR A8 A Y 3
fiE 7 MR 5 S22, B B % B B B AR A Y R i
HRAIE Grant 25 45 Y ) BA% Y AR PR B0 B A
TR 22 FE 6 BOPR UE A I ST 45 SRR B, 2 A A
R A AR AL T IR 2 FEVE 4R £ (7 <0.005)
M T LR Cyth FePR ¥ 51 53 B 45 3R A Ry, B
B AR B A B A B Z RS B (h <
0.5) ,3X 5 HAth 2= F 15 ) 0 B & S0 15 25 2 L fE K
FLA B0 1 A T R B R — 3 4
A i Ji PR AT RE S Ok AA Cytb K& PCR 4731 )y B¢
ISR S S v a7 o N 5/ (SRR P B 2 o AN
CO 1 pRic 3l T AW I 73 M o B i) B A% A 1)
F 90 A e 3¢ v ) B9 AR L st LU AR B A 2 A
b B AR BRI A% TR 2 FETE AR
3.2 MEBELHEN

AT R AR RS R A, T A (]
F A S GE TR 50 45 R o, o T8 Vi S 70 B & S0 1
10 25 52 05 B 003K BN BE 1A S A7 AE B 1382 4% 40
k. Sandoval-Castellanos %' I\, 25 22 fa 5 At
2 > by AR S A= 43 AR 1 1 ] 2 6 1000 ~ 9 000 4
HIT L2 AN A2 0 1) 49 Ak BsF T) AT DA 3 2o Vg v 2 R
Ve ROk R . A o 0 25 58 £ it ) 9% 5 A
FTIT % A8 BN O K A 0 50 v i T B HG DL g v 3
5% 38 L)AL it 3000 53 T o

VAR W 8 R AR R T R A 20 A Y N R
ARG S A0 A0 25 5% 0 HL A 030 1A 1 K i
T e KB B 0 2 A 0 S v Y X A B T A
Vi) 7 A 0 B 1 5 B S8 o T ¥ 2 A ] 1 A T
SRR LA B A [ 7R S8R 76 3 27 R AE 0 W] R T
H )RR R TR AR I R T Aoki & R
VNS S R ES I N L e N U RS S AN VIRl
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( Sepioteuthis lessoniana ) mtDNA JE 4 ith X % H R
P9V HEAT L8 43 B, 1 1 R 22 A 1k 5 B TR 2
SR BN SRS I H A T R R B A SR
WAL Z AR H 5 b [ AR R R A I O A 1
wiAE 2 S W, A R B/ NS FE R 5 UPGMA &
GEAM AR S M By SRR R Y 2 R 1R E
NN SR 0 A7 AR BELAS TR A 1] 1 R PR A2 . T
Doubleday %" F| Fil 8 10 AR ic #7118 K H T
7R B U 3 5 8T 7 22 W 3 A ( Octopus maorum)
BAMIFIRELE A MRS AR SR KR B 5
TR A G, Wl AW UL S v 2E T
2R ORI B e ¥ W 4R A 7™ ) DX ml A1) i
PHRE VI ) 52 ) 25 25 22 A0 3 Ui DA R B R R
JIN T S M 380 R ) ) S0 A O, A 2R R M T
PRI A 3 AL AR AR B I A 2% 0 KO R
Wk RZAEAEMALKRIER, ERZU THAAESE
VPG ) AR 1 O T O 2R GE VAL BT I AR A
B AR e N M E SN, X SR A
IR T U Sk A B R A I A AL 25, B A it
FF A J2 5 76 33K S 3 3t 1) A T i 2 085 s 3 AT
Tt W gT T I U L A AR B AT 1
PR B A1 5 BF 307 35 2 e I DAL R AR R 47 JE R 52
it P B A B A
3.3 BEBEHE

FET 2R M0 Cyth HURS AL IR AN BC X 43 A1
M T{E A 3. 986, 111G B 252 L AERE IR 5Kk =
B (] 7E 138 900 ~ 167 900 4FHif , 4b T B B
TR, 42 3k A Mg BT 1 B 558 28 A XV 22 1 7 2
Wy 1 L B A3 A M SR R T RS Y 2Bt
RA W REAE S Py i “ BRSO 5 & AR BEAR Y 5K,
FEH 7 DX I PN TR AL T S TR IV R AR AR R AR
6T A Wr i Ak, & T B BB TE W BE AR O fk
=

TR AR 5 T8 1 3 R 2 Ve R, O
T v 0 B 2 7 325 ST B 0 A AR R
LA ST X 12 1 5 2K 2 40 BRI ) B 7S A A R AT
WO A= 7= P8 A, IF R B 88 2 8 i T
B AR IC X HE A 8 AL Z R 2R AT 0 A o

AMRAFFNE RZF L TRERFR T
( National Distant-water Fishieries Engineering
Research Center) = & b 38 K # /% W % R 3135 A

# WL, o £ Z 3k ( Scientific Observing and

Experimental Station of Oceanic Fishery Resources,
Ministry of Agriculture,P. R. China) & % 84

S 3k
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Comparative analysis of genetic diversity of Dosidicus gigas from
eastern Pacific Ocean based on molecular markers of mitochondrial DNA

LIU Lianwei' , XU Qianghua'*®, CHEN Xinjun'*"" | YAN Jie', YU Wei', WANG Congjun'
(1. College of Marine Sciences ,Shanghai Ocean University ,Shanghai 201306, China ;
2. Key Laboratory of Oceanic Fisheries Resources Exploitation of Shanghai Education Commission,
Shanghai Ocean University ,Shanghai 201306, China
3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources ,Ministry of Education,
Shanghai Ocean University ,Shanghai 201306, China)

Abstract; The worldwide climate and marine environmental changes have significant impacts on the
distributions and fishery resources abundance fluctuations of Dosidicus gigas in the East Pacific Ocean. It is
important to investigate genetic variance and population genetic structure of D. gigas in order to exploit and
manage this squid scientifically. In this study, the genetic diversity and the genetic differentiation between
two geographical populations of D. gigas were analyzed based on two mitochondrial DNA molecular
markers. The results showed that the number of haplotype, haplotype diversities, nucleotide diversities and
average nucleotide differences were 7,(0.397 £0.079),(0.001 09 +0.000 96) and 0. 600 respectively in
all Cytb sequences of two geographical populations, and haplotype diversity in population off the coast of
Peru was only (0. 282 +0. 101 ) which was significantly lower than that of equatorial waters. On the other
hand,the number of haplotype, haplotype diversities, nucleotide diversities and average nucleotide differences
in all CO | sequences were 17, (0.787 £0.051),(0.002 90 +0. 001 38) and 1. 802 respectively. The
pairwise fixation index F_, and median network revealed lack of genetic structure between populations of
equatorial waters and off the coast of Peru(Cyth:F, =0.05523,P >0.05;CO1:.:F, =0.00591,P >
0.05) ,and this might be caused by equational oceanographic current. The minimum spanning network tree,
mismatch distribution analysis and neutrality tests suggested that D. gigas experienced a recent population
expansion, possibly 138 900 to 167 900 years ago.

Key words: Dosidicus gigas; genetic diversity; genetic structure; Cytb gene; CO [ gene
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