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724 bp WIFSIARRIC , R0 A T RS AF T ik B
IR A BEAT T IR AL S5 R F T, D B e
PR 28 S AR IR A A5 M I — 25 izl i Rk
FEMIEMSE

1 RPR T

1.1 E[FZH DNA 25

2009 4F 7—10 H 3 E Ll L F A B AR K
SRR RN R T IR BN R AEZE A 155 B (R
1) HERMEN S5 2 AFEE (R 1) o Hh R
T ANFEHLRFE 55, 5 24 24 Perul—Peru7 , Ff B ik 2
I3 A~ B HLRAE 8, 4y 44 8 Costal —Costa3 , HX
BUAZE T B IR ZHEL, A 70% ()0
TR —80 CURAh , 9050 =

Costa |

R ® ¢ Costa 2 T h
&N ® Costa3 9,
4°NF
0°S f %;-;
4°S
8°S +

Peru 2 P;ru lge:u !
Perus® © Peru 1
12°S + ™ peru 4 Peru 2

96°W 92°W 88°W 84°W 80°W

1 ZEXBEHERER
Fig.1 The sampling locations of D. gigas

L2y 100 mg JJL A 412185 0%, 43 A 1.5
mL B0, A 370 wL TNE 22 phif, 10 ul
10% SDS,10 pL 10 mg/mL FEHE K F120 w1
mol/L DTT,56 CiHfLZE &M, SRR R
FERWE 1 (1 A5 il 25:24: 1) Al 2
(5 IR 240 1) 4, ook ZBEDTVE, 70%
CWEEE, ZEIR TG IMA 50 pL TE ¥, 48
AN ERET RGN H DNA {1 5 F &g
1.2 mtDNA F3 & 5E

8 A 17 & it 0 51 ¥ CBF: 5'-
ACGCAAAATGGCATAAGCGA-3', CBR: 5'-
AGTTGTTCAGGTTGCTAGGGGA-3" # 17 PCR

P PCR RNLEMARUN 25 uL, Horp 4045 10 x
PCR [ W28 Wi 2.5 pL (500 mmol/L Tris-Cl( pH
8.4),100 mmol/L KCI, 15 mmol/L MgCl,, 1%
tritonx-100) ; F£ I 41 £ H DNA (10 pg/mL)2 plL;
Taq [ (5 U/pL)0.2 uL;dNTP(4£% 2.5 mmol/L)2
pL; 5147 (10 wmol/L)0.6 uL;ddH,O #h 2R,
A 7E Eppendorf PCR {5 FilfA74 1,94 CHIE
4 5 min;94 C 30 5,58.5 C 455,72 C 45 5,35 />
EER;72 “CHEAH 10 min;4 CLRAF. 1Y~ WI7E
1. 5% SUIERHEE IS b AT F Uk o0 5, TR [ml i F A9
FrB, 1% 4% 2 PUCI8-T {4 (Takara 23 W] ) H544L
R DHS«, i 16 FHAE ve B, Hy b i A AR
Yy TREEARNR AT FR A R
x1 EXBREMMSBEMNEB
Tab.1 The sampling locations, time and
number of D. gigas

KA 5 sampling locations Py KA

a3 iR Boim/E BfE
G S S .
sea area short sample sampling
latitude  longitude .
name number time
i Costal  8.917°N 94.917°W 12
2m Costa2  8.583°N 94.317°W 13 2009-07-08
Costa Costa3  7.770°N  91.800°W 12
Perul  10.883°S 82.017°W 34
Peru2  11.283°S 82.167°W 19
Peru3  10.663°S 83.200°W 19
o2
If‘:‘ Perud  11.200°S 83.283°W 11  2009-09-10
eru

Peru5  11.233°S 84.483°W 3
Peru6  10.650°S 81.950°W 4
Peru7  10.211°S 79.960°W 28

1.3 RS

61 X 75 51 /9 X5 A7 HE 51 (alignment ) fif F
Clustal x /" I FIVH AT TR T, s
A5 AR MEGA 4 #2552 4% Bf3 8
) Z 48 A G 2R 1Y) >R 40 4% 1 ( Neighbor-
joining ,NJ) " 1] (8] {14 15 14 B 55 14 Kimura XY
S0 (Kimura 2-parameter) ™ 17453 SR
MEGA 4 # AT/, R G R My 8
%R % F A 5| 5 (bootstrap analysis, BP) "' &
R, E A 1000 RE A, HLAERL Z AP
B(h) 51T 21468 % (=) i ] DnaSP
version 4. 00" i P HE AT 8. 4 T 0 25 40
(AMOVA) "™ 1i; F§ ARLEQUIN version 3. 0 47
L o Fop (B R A A R RO
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115 241 NEAIERR, 3L 3] 43 S FAAE T 23 B A5

HI1—H43, 724 bp KYFFFILALH 16 48 AL,

2.1 FISHEHE PR TR2AE B R o 43 A HAG B PR AR S a5 K
M AT 5190347 PCR 788, 0504% PRI =8k 2 s .

155 MERKARAIE AR b J¥ 51, ¥ 511K 724 bp, Zii

x2 ZANEHAREEDL FISHRERTRAS
Tab.2 The variable sites in haplotypes of Cyt b sequences
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10 MHEARN mDNA 4R b PRSIt MREF AE T 2 R RR RO 0. 873, IR
PRI Z ARG R Ch) TR IR AR TR Bk ZHREMHE N 0. 003 69 (% 3) .
TR (K 3) o FPHIZHREME T 45 2R 48 78, 155 A4

x3 ZHNEAREEDL FIISHEE
Tab.3 Measures of mitochondrial DNA diversity

Tl AR R HAETRY FR BAETIZ R B h B R Z RSB
population number haplotype number haplotype diversity index nucleotide diversity index
total 155 43 0.873 +0.019 0.003 69 £0.000 95
Costal 12 7 0.939 +0.048 0.002 85 £0.002 74
Costa2 13 5 0.782 +0.069 0.003 97 £0.003 56
Costa3 12 8 0.936 +0.051 0.004 36 £0.004 01
Perul 34 15 0.804 +0.057 0.002 27 £0.002 37
Peru2 19 8 0.766 +0.072 0.001 86 £0.001 58
Peru3 19 9 0.696 +0.097 0.002 67 £0.003 56
Peru4 11 5 0.491 +0.175 0.000 96 £0.001 42
Peru5 3 3 1.000 £0.272 0.006 45 £0.006 45
Peru6 4 4 1.000 £0.177 0.003 92 £0.003 77
Peru7 28 13 0.873 +0.019 0.003 06 £0.003 69

155 PEERMAEA P ILR I 43 DRERL L 2.2 REREREIEE
Perul Al Peru? SRAE A7 FE Y AT R IL I 2, SR A 4% FA R ) 2R 408 4 3% (Neighbor-
B2 15 FhAN 13 B T Peru? MRFA FAE AL Joining, NJ) #  G¢ & A 4 ((bootstrap fEL/)N T
ikF 6 A, 400 HI9 (H27 (H28 (H29 H30 \H43,  50% 45 %) (151 2) , 250 W, SRAHE X N 11 25
H1 H3 H4 H5 HO 1 H13 ZR-E R AHTARN  EAARECAIE MV R AR e A 44 o

YA LAY, He B R, O 29 IR, 4 5 Hzo
B H B AE Perul | Peru2 | Peru3 . Perud . Peru7 # ; 5 gég
5}

Costal A% &, HI4—HI18 H22—H26 J2& & i y e
. : : H19
ISEN R A %R, H2 H6 \H7 'H8 (H11 HI12, H21
, - H33
H20 \Hzl \H31_H4'2 %*ﬁ%#ﬁﬁi{%ﬂ(%‘l‘) o 0! 2 _Tj:Efj
)

H3
T4 ERHAANEZERERNST = L E%g
Tab.4 Haplotype distribution for D. gigas 4—7—): Eg
among localities 7’—79*: H23
— 6 H26
Fhit SRR AR L H39
. o . H38
population haplotype distribution among localities B} H31
H1 H2 H3 H4 H5 H6 H7 H8 H11 HI2 H13 H20 H31 H32 — Ei?
e N —

6

Peri2  HI H2 H3 H4 H8 HI0 HI2 H21 Hz1
H36
Peru3 ~ H2 H3 HAHO H34 H35 H36 H37 H38 s H10
. S I
Perwd  H3 H4 H7 HI2 HI3 HI7
Perus5  H6 H39 H40 5 ﬂ%‘

: HO

Perub  H6 HI1 H4l H42 : H5

; HT7

Peru7  Hl H2 H4 Ho H7 H11 H19 H20 H27 H28 H29 H30 H43 57— H8
0 L H43

Costal  H1 H3 H4 H5 HO HI3 HI7 A He

Costa2 H5 H14 H15 H16 HI8 .
2 HTF Cytb EEFFIHISRE

Costa3  H5 H9 H10 H22 H23 H24 H25 H26 . . .
Fig.2 Neighbor-Joining tree based on Cyt b sequences
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2.3 BEBEELEMST

G N N i v I s R =S o
(AMOVA) "™ S 3k 45, 43 F J5 22 43 H7 #8 %,
82. 70% (it & A2 S bk Hh BUAE AP Y 5 11 17, 30%

Write—2 AR RS AL 254 . P BRI ] (1) Fy
ST SN BRI F op 50 A 48 715 30 50 Bk 8-
5 RHTIR BRI AAS, B 00 45 A A IB) A7 A2 3
FRE 122 Ak 5 TR 34 228 BROIIRRE AR P9 B AN A7 A S 3%

M A S AL R R (32 5) o MM Foor Mstenfb(3£6) .

RS EZXEMBENSTFHESN
Tab.5 Analysis of molecular variance( AMOVA) of D. gigas

78 SRR JizEz M 75 S 2K, G NER F index
source of dg sum of variance percentage of Fe%
variation squares components variation F index
F#¥lE among populations 9 34.667 0.195 91 Va 17.30 0.173 03
FP#EN within populations 145 135.772 0.936 36 Vb 82.70
S total 154 170.439 1.132 27
x6 EFZEMBEMN Fo,o0H
Tab.6 Fg, analysis among the ten populations of D. gigas
IR LA
pairwise population  Costal Costa2 Costa3 Perul Peru2 Peru3 Perud Peru5 Peru6 Peru7
comparison
Costal —
Costa2 0.117 60 —
Costa3 0.18979  0.15979 —
Perul 0.09527 0.14152  0.32503 —
Peru2 0.024 52* 0.175 98 0.327 35 0.007 66™ —
Peru3 0.111 51 0.196 48 0.31609 0.04991* 0.021 34" —
Perud 0.05417 0.33316 0.36366 0.260055  0.113 52 0.165 4 —
Peru5 -0.026 19" -0.07299 -0.081 56 —0.07540 —-0.03838* —0.027 32* 0.107 07 —
Peru6 -0.01254* 0.04301" 0.130 35 —0.00020* 0.04923*  0.158 14 0.216 84  -0.153 85 —
Peru? 0.18168 0.14110 0.38296 0.01421* 0.107 98 0.12105  0.401 94  —0.02691"0.054 00" —

Hee o 2R E (P <0.05) 5 wx ZEFRHHEH (P <0.01) . PR 1000 KELRIEFTAT
Notes; * Significant difference( P <0.05) ; = Highly significant difference( P <0.01). Probability P was calculated from 1 000 replications.

- PIASFREE LA PR R 4l HA 4R n] BB 2 3R IR
3 B

AWFFEH, 155 DHEAR B 10 SR be i, H
TR 7 S RAE R (Perul—Peru? ) , AHTIA RN 3
K K S (Costal—Costa3 ) . A F 724 bp By
mtDNA 4l (43R b Fe K HEAT I 5 91 Z AL 2 B
S5 RAER 155 DR B HO e i PR Y 2
PEFREL(h =0. 873 ) A HL AR H 1R 2 A 1 4
i (r=0.003 69), J3 5k, 10 A RAFERER 545 75
i) A8 A R B A 0. 001 ~ 0. 017, 1 X T~ K 2 4k
3 mtDNA T &, 4 B4 B - 24 35t 1% B B A
0. 014 _E oA Jy st As A R . A58 rh i
s 70 () 35t % R 8 Je KT 38 0. 017, A ihd BH 3% 1k
R BE Z KT

AWTIE 155 D ZEFAAEA PG 43 Fhep
AL, o HA W B 22, O 29 IR, TR I 02

AR RIS Y AN L 3 S B R I
HE 8 K, 4 H BLAE Perul | Peru2, Peru?.
Costal ,H3 3 17 ¥, 43 5 H BLFE Perul | Peru2 |
Peru3 . Peru4 . Costal ; H5 H ¥ 8 ¥&, 43 5l HH B 7E
Perul ,Costal , Costa2 , Costa3 ; HO H ¥l 4 Y%, 43 5
H BLTE Peru3 ,Costal \Costa3 ; H13 H L 3 ¥%, 435l
HBLALE Perul (Perud  Costal , Fj i A BLA5 7 1
ML Z , 3R B2 I 22 [A) JE R A i

RECRII 1942 -7 22 /BT 7% ,82. 0% 10t s
70 S e LA AR DA 5 TP PR RS ) 1) g
Mt 7 5 53 B - A 5 B SR B [B) A7 A
0 E ML B & R R F e —
E 3B AL 53 A 5 TR 30 38 B AEAR N A A7 7
FWRAL . T ARG b, RS T 0 R
FESIA BIREAZC LR (40 2 Peru5 {UA 3 FE
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Primary studies on the population genetic structure of Dosidicus gigas in
the high seas of eastern Pacific Ocean

YAN Jie'”, XU Qiang-hua"**, CHEN Xin-jun'*** | LI Gang'*?, LIU Bi-lin'*”’
(1. College of Marine Sciences ,Shanghai Ocean University ,Shanghai 201306, China ;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources ,Minisiry of Education ,
Shanghai Ocean University ,Shanghai 201306, China ;
3. Key Laboratory of Oceanic Fisheries Resources Exploitation of Shanghai Education Commission,
Shanghai Ocean University ,Shanghai 201306, China)

Abstract: The jumbo flying squid( Dosidicus gigas)is commercially important fishery species in the world.
Assessment of population genetic diversity levels of jumbo flying squid is fundamental to the conservation
and management of this species. The samples derived from the Chinese squid jigging vessel were collected
from the eastern Pacific waters(81.9°—94.9°W 8.9°N —11.3°S) from July to October 2009. By using 724
bp fragment of mitochondrial cytochrome b gene ( Cyt b), we analyzed the sequence variations and
population genetic structures for 155 samples collected from seven sites of Peru and three sites of Costa Rica.
In total 16 variable sites were acquired,and all of them were parsimony sites. 43 haplotypes were identified
from 155 individuals. Analysis of mtDNA Cyt b sequences of jumbo flying squids from the ten localities
revealed that the mean haplotypic diversity was 0. 873, while the nucleotide diversity was 0.003 69.
6 haplotypes were shared by all the populations,, while Peru population possessed the highest haplotypes(n =
20). The AMOVA test of D. gigas revealed that 82. 70% of the genetic variation occurred within
populations. F; analysis suggested that significant genetic differentiations were found between the partial
Peru populations and the Costa Rica populations, and even between partial Peru populations. However, no
significant genetic differentiations were detected between Costa Rica populations.

Key words: Dosidicus gigas; cytochrome b; genetic structure ; phylogenetic tree
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