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AR BERLA A

1 MRS Tk

1.1 M

S AR 4> B R TR (116°08'E,
15°05'N). ZRi(126°47'E, 26°38'N). JEfi=
HE(123°56'E, 21°17'N), 4%V 3 % Ff i ] K kf
AR IR, FEARLE TR EY, —20C
iz RS R, B HUEE i LN BT oK OB
H, DL R L DNARHL
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Tab.1 Sampling information of S. oualaniensis

sz PRSI PR BEARKE/R
sea area sampling location sampling date sample size
i 116°08'E, 2015-05-12 34
South China Sea 15°05'N
RifE 126°47'E, 2015-11-15 34
East China Sea 26°38'N
R R 123°56'E, 2014-04-20 37
Philippine Sea 21°17'N

1.2 EFEZEDNAREL

¥ F Genomic DNA Isolation Kit (& By 2k 9 4%
A R 7] FEE S g 3L 4 DNA, H 1.2%31
JIE W R e L KRG AR AT FODNA TR &, R4t
G EE TR DNAYR B
1.3 PCRI ES5FFIME

4 GenBank ' B #2580 B & i mtDN A
Cyth[¥ 5 A 17T PCRY B 519, 514 ¥ 51 R
CythF: GAACCTCGACAMCCACCAACATG;
CytbR: GCTCTTGTAGATTTACCACCTGCTCC.,
PCRIZ IV SMARF R25 uL, H:110xPCR Buffer 2.5 pl .
dNTP (452.5 mmol/L)2 uL, Tag DNA polymerase
(5U/uL)0.2 uL. EFUES4(10 pmol/L)4%0.6 pL .
DNAM A2 uL (20 ng), FIAARFHIdH,0% 2 .
PCRY" 14 [ W T2 5 94 °CTRAS 13 min; 94 °CZF
P£30's, 56 °CiEk45s, 72 °CIEffi45s, 35 MG
;72 °CH S IEMHI2 min, PCRZH)2:1.2%F 1§
WHE I FL UK 40 85, BB W R e 2 Ak R i 3R] &
(7 W T U S A R A RS B sk 5 3% 2
AR R A R B AT R I
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1.4 BURDH

) 25 50 F BioEdit4k /4 2 A1 A T AL X,
JF 3 # H SR HIDnaSP 4. 1055 {24113 843 70 8 (3
R MG L) . PRSI ZRERE (h) . TR ZHE
JE(m)o RAIMEGA 6.0% {4 # 4 B fif BINJ
(Neighbor-Joining) & 4t & B #E LB, KGR H Y
MR H % B G KN i Bootstrap (B & K AL
1000, 5379 5573 SRR /N T 50% 0 4 i il T .
[F) A, R S /)N 5 B RS R Sz AN [) B A 2 )
MG ZR, A AL ) B 1 IR 22 57 £l Arlequin
301515 I Arlequin 3.014K 4 " AMOVA
(Analysis of Molecular Variance)Z3 A7 > 46 Il 25 £ i
(TP A 5t AL 45 40, O T SRR ] 35 4% 43 1k R AL
(F-statistics, F )M W EM, RHATajima’s D5
Fu’s Fs PG50 FIAZ 52 AN 00T 73 A A6 ) 44
Do s s A o BEUR DD s Bk B ] 2 B AT A
B, SHE A r=2uf A0 D 5L R Y 5K B
), a2 B B T B A I B B A 5% AR T
o ARHARY SR IF S B IAE I Cyeb iy
R IR I 3 8 N FH 2.15%/ F 3 4F~2.60%/ 11 3 4%
Fml,

2 4

21 FHaHT

XoF I 45 L R AT AR R HE I IS 345896 bp
CytbJr B, A& 63N ERfim, Hh 2B
LSS o B4 IR 53 1) S 61134, Todfi A
M, AL T, G. CHEEM T34 500k
43.05%. 22.83%. 13.78%. 20.34%, A+T %
(65.88%)H1 I 1= T G+C & 17 (34.12%) . T A 43 #t
JEA e LA B AY, BAEATHIR . H20, H23.
H25. H26 N R REIR 5 ARG AL, REM
3RS A A AR IR R PR LR A
AIH1, H22., H47. HS55, H56. H614MH B4
AL, ACBEHAR T — N AMER T A (22).

22 EBFEEZEM

BEF CytbJ 7 5 3R AS BE AR I8 AL 22 B P (A L
ZHESEEREZMRE), IrA S0 AT A
Z R SR 2 FE B 4301 0.982+0.006 .
0.012+0.006; JEFHE T HF (R X5 Nz 1) 35t A% 2 PR
e, A a0.973+0.014, 0.015+0.008; T ¥ BE
TR 5 ARG REAR 351 2R PE T 1o 35 25 5 (3R 3).
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Tab.2 Haplotypes of Cytb sequences and their distribution in S. oualaniensis populations

FLAER
haplotype

A AR
variable site

BB A3 A L
distribution of haplotype

1111111112222222222333333333334444444444455555555566666677778
660123456893344567789112456689991122344456701122344624446905881
062168431980906503627254860610261439214732403658468112589026039

NH

DH

FLBH n

H1

H2

H3

H4

H5

Hé6

H7

H8

H9

H10

H11

H12

H13

H14

H15

H16

H17

H18

H19

H20

H21

H22

H23

H24

H25

H26

H27

H28

H29

H30

H31

H32

H33

H34

H35

H36

CCTAATAGGAGAACAAGAAAAATAGGCCTTGAGAGAAGTCACAAAAGGTCAGCGAAAAGAGAG
sesss(sscee(j(jeessssssscccccssssssssssccccccsssssss(joscccccsssns
sesss(sccee(jeTossssss(jese\essssss(josscccccsssssssssscce(jossanas
sessss(jecececsssssssssccccccsssssssssccccccssssssssscccccssssns
sesss((secee(jessssssssscccccsssssssssscccccsssssssssscccc(jossans
sesss((secee(jesssssssssscccccsssssssssccccccssssssssscccc(osnns)
ses(js(secee(j(eesssssssccccccs(jessssssccccccssssfosssccccccsssns
sesss(efec)ecssssssssscefNeToss(osssse(eeToosos(TGoAAeooo(osp
sesss((secee(j(jeessssssscccccesssssssssccccccsssssssssccccccsssns
tesssssccecccsssssssssccccccns\osssssccccccssssssssscccccns(jens
sesss((secee(jesssssssssscccccsssssssssccccccssssssssfoccc(osnns)
sesss(sscee(j(jees/\sssssccccccsssssssssccccccsssssssssccccccsssns
sesss((secee(jessssssssscccccssssssssssccccccssssssssscccc(jossfos
Tesss(eeeee(jeTossssssccceccossssssssscccccssssssssssccccsnnsnns
Teoececcee/osscssccceccccsossssssscccccccsasccsssscccccccssssane
Tesss(eeeee(jessssssssccce\osssssssssscccccsssssssssscce(josnsfos
Tesssssccecccessssssssccce\ossssas(josscccccsssssssssscccccnnsnns
Teveceececsscscoscccecccscsssssssccccsccssssssssssccccccssssane
Tesss(eeece(jesssssssscce/|esessssssssscccccsssssssssccccc(josnans
Tesss(eeeee(j(eossssssscceceessssssssscccccssssssssssccccccnsnns
Tes(Ge(Ceeeee(josssssss(jesee\oosssssssssscccccosasjosssscce(jossanns
Tesss(eeeee(jessssssssccccccsssssssssscccccsssssssssscccc(josnnns
Tesss(eeeee(j(oossssssscccccsssssssssscccccssssssssscs(eccnnnnns
Tesss(eeeee(jessssssssccce\osssssssssscccccossssssssscce(jos/ionns
Tesss(eeeee(jesssssss(jesee\esssssssssscccccsssssssssscce(jossanns
Tessssscceccesssssssscccccce(sssssssscccccsssssfosssccccccsanss
TeCss(CeAeepeoosssssssccefNeToso(osssse(eeToos(os(TosAfeoooo(Gosp
Tesss(eeeee(jGoos)ssssscccccossssssfoscccccossssssssss(eccnnnnns
Tessssscececeeosassssssccccccesssssssssccc(joessssssssssccccc(josnns
Tesss(eeeee(j(oosssssssccecconsjiosssss/esccsssssssssscccccnssnns
Tesss(eeeee(jessssssssscccccessssssssscccccsssssssssscccccnnsass
Tesss(eeeee(j(oossssssscccccossssssssscccccsaa(jossssscccccnnanns
Teoeeeee)osscscoscccccccscsccs/|oscccccccsascsssscsccccccsssscane
Tesss(eeeee(j(oossssssscceccossssssssscccccssssafossscccccnssnns
Tesssssececcossssssssccccccessssssssscccccna(josssssscccccnssnns

’[‘o--o--o-o--o--o-o--o--o-o--o--o-o--o--o-o--o--o-o--o-Go-o--o--
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M variable site distribution of haplotype
1111111112222222222333333333334444444444455555555566666677778

660123456893344567789112456689991122344456701122344624446905881 NH DH FLBH

062168431980906503627254860610261439214732403658468112589026039

haplotype

H37 To--GC-.-o-Go--o-o--o--o-o--o--o-o--o--o-o--o--o-o--o--oGo--A-- 1

H38 TeCeeCeAeoAoccccccccccos\\oTooo(joossse(eoeTose(joo((Too \\oosoos(Gose 1

H39 Teoeoesescscsccscscccscsssccsscscscsccss/ocssscscscsssscscsscscsccns 1
H40 To---Coo-o-G--oo-o---Goo-o----oo-o----oo-o----oo-o---AooGo----o 1
H41 To--o-Go-o--G--o-o--o--o-o--o--o-o--o--o-o--o-Ao-o--o--o-o--o-- 1
H42 Teoeeececececececccscccccecocccccscs/\ocecocccscscccccccocccsccccne 1
H43 Too-oC-o-ooGo--o-oo-o--o-o’]'-o--o-oo-o--o-oo-o--o-oo-o--oGoo-o-- 1
H44 Too--Coo-ooGG-oo-oo---oo-oo---oo-oo-G.oo-oo--.oo-oo--Coo-oo---o 1
H45 Teseo((Geeoe(jeoesescsesscscocsscscscsscsccocccscse/\osecscscscsccne 1

H46 TTeeeCeAAGA®***GeGGeee(Ceoeoeoe\Gooo(Goeo(Teoeoes)\oosocs)\ocssse)oe 1
H47 TTeeeCeAe*A*GeGGeGGeee(Ceoeoeoe\Gooo(Gee((Toeoesesccccecscscscsccce 3
H48 TTeeeCeAeoAoeee(Ge(GGeee(eoeoeoe\Gooooos \(Tooeoosccoce)o)oossossccns 1
H49 TTeeeCeAeeAceee(Ge(GGeee(Ceoeoeoe\Gooo(jeo((Tooesesccscccccsccsc/ioces 1
H50 TTeeeCeAe*AeGeGeeGGeeeCeooeeeee A\GeGeGee(Teo(Geeoecececcsscsccccss 1
H51 TTC-.C.A-.A-G..o-oo-.vooAAoT.voG-oo-GvCo-ToG.Goo-To-AAoo-ooG.vA 1
H52 TT----oo-o----oo-o----oo-A----oo-o---Aoo-o----oo-o----oo-o----o 1
H53 TTC-.C-A-.A-G--o-o--o--oAA-To--G-o--G-C.-T-GoG-.-T--AA-.-.-G.GA 1
H54 TT--oC-o-c-GG--.-c--o--o-c--o--o-c--o--o-c--o--o-c--o--o-c--o-- 1

HSS TT.lo.loloolo.loloolo.loloolo.loloolo.loloolo.loloolo.loloolo.l 3

H56 TTC--C.A-.A---.o-oo--.ooAAoT-.oG-oo---Co-To--GooCTG-AAoo-ooG--A 4
H57 TTCeeCoAeo oeocecee(Gesoes\\oTooo(joososse(oeToeoe(joo((Too\fooooo(oe) 1
H58 TTCeeCeAeeoAoeoccccccccos\\oTooo(joosose(oeToeoe(joeo((T(Goeooeseo(foe) 1
H59 TToeeeecececececscccsccocecocscse/|0sscecscscscsccccsecscsscscsccce l
H60 TTCeeCeAeeoAoeoccccccccos\\oTooo(joososses(eeTooe(joo((Toeo\fooooo(joe) 1
H61 TTCeeCeAeeAoeeccccccccos\\oTooo(joooo(je(CeeTo(jo(GoeoeToo \Nooooo(jo(GA 4
H62 TTCeeCeAeoecccccccccccos\\oTooo(jooosse(CoeTooe(joo( TGeAAoesee(Gooe 1
H63 TT.-.C..-.oGGvoo-oo-.voo-oo-.voo-oo-ovoo-oo-.voo-oo-.voo-oo-.GA 1
H64 TTC"C’A"A""""""'AA'T'"G""G'C"T'G'G"'T"A"""G'GA 1
H65 TTC-.C-A-.A-.--o-o--o--oAA-To--G-o--o-Co-T-GoG-.CT--AA-.-.--o-A 1

H66 TTC-GC-AA.A-.--o-c--o--oAA-’[‘o--G-c--G-C.-T-GoG-.-T--AA-.-.-G.GA 1

H67 TT.-o--o-oo-o--o-ooGo--o-oo-o--o-oo-o--o-oo-o--o-oo-o--o-oo-o-- 1
H68 TT.--Coo-ooG--oo-oo---oo-oo---oo-oo--.oo-oo--.oo-oo---ooGoo---o 1
H69 TTCeeCeAeo oeoccccccccoc\\oTooo(jooso(je(CoeTe(je(jeoeToe \\ooooso(fe(je 1
H70 TTCeeCeAeeoAoeocccccccce((A\eToeo(joososse(oeToeoe(Goeo TGeAAoeoee(Goe) 1

H71 TTeee(eeeoe(jGeesesesecscscscsscscsccscsccscsscscsccccccs(ocscsccce l

H72 TTCeeCeAeeoAoeocccccccccce)\oTooo(jo(joeosoe(eeTooe(Goeo(TGeAAoeoee(Goe) 1

7E: NH. Bif§; DH. 7%if§; FLBH. JEfESEHE, T
Notes: NH represents the South China Sea; DH represents the East China Sea; FLBH represents the Philippine Sea, the same below

http://www.scxuebao.cn
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R3 BHWEHAERSHMERREERZLFIERA. B, CPMEY
Tab.3 Genetic diversity index of S. oualaniensis and the number of individuals for

the phylogenetic lineages A, B and C in different populations

FEASE AT

i RAPNMERUR  IEABTMARYE W RCHAMERYR

Bk P wpmzi pEmegy (7% (B2 H%) (B2 H%)
. & no. of . . . . R no. of individuals no. of individuals no. of individuals
population sample size haplotype haplotype diversity - nucleotide diversity in lineage A in lineage B in lineage C
(percentage/%) (percentage/%) (percentage/%)

[api 34 26 0.959+0.026 0.006+0.003 1(2.9%) 33(97.1%) 0(0.0%)
South China Sea
RifF 34 24 0.943+0.031 0.006+0.003 2(5.9%) 32(94.1%) 0(0.0%)
East China Sea
e 37 27 0.973+0.014 0.015+0.008 20(54.1%) 10(27.0%) 7(18.9%)
Philippine Sea
Bt 105 72 0.982+0.006 0.012+0.006 23(21.9%) 75(71.4%) 7(6.7%)

total

23 MENEEE

AMOVAG T &5 F IR, 34.6%0Y 8t 578 ¢
K B FREART], BEAR )5 A 50 AR W 3 (P<0.01),
PEIL KO- 35 5 I H A B 18 AL 2540 (£ 4) .
VA B AR E) Fg o AT 2 B, G b P 7 5 13 I R
A i) 1 2 1 Sk 3 (845 53 (P<0.01)(3%55),

BEF Cytb)J 7 5 6 11 B4 TR N 2R 55 4 0
AN BER R, PE A R OT VR O R A AE
BHRGKFIGRAGWAEERA. B, O, [#2),
TR AR A R R AR ) AR A SR, [
F, 3 R A AL 35 R T AR B AR LA R S
T T R U R A 5 R AR A 1 2.9%
5.9%; 1% 7 BJ2 B VRN AR TR AE A 11 A LA RS
BE, RIS, 35 R BAL AL HG JE A 2= 0 AR B R 2
B, FEREIEBRIATEE RBN AR N27.0%;

T R CIVEL TG S A 2 I AR SRS B, JEHaE
M REARTE S RC IR R 18.9%(#3) . 5 LI
3T R AR RS T AL A 2 1) B 43 A AR AT
R EES, AMOVA K W F BAAE RIS BE ] F o gy
Bras KR WY, 3495 R FA5 B S BE [A] L A7 7E A% S
= 1A% 34k (F=0.735~0.805, P<0.01),

24 BUERHSEEES

Tajima’s D5 Fu’s Fs™h 4K 5% DIE I Fs{E %)
N, HEETH RS B, U R A T
WREZE D R sk G . SR R, fUE R
B A PR A 960 A2 G 2% 1R (2 6) 0 X1 R B Cyeb)y 5]
PEFT R H TR AN BC A 70 A o3 B, HOAZ R AN TE X
A P S B S Y (513) , LR 00 0 {4
E LG A, W LB B A f 25 A5 U0

R4 ETCynFHHESHEFAMOVAL T
Tab.4 AMOVA analysis of S. oualaniensis populations based on Cytb sequences

AR SRR H H T 75 i A S5y AR5 43 L% r
source of variation dr sum of squares variance components percentage of variation *
FEAA ] 2 158.074 2.144Va 34.57 0.346(P<0.01)
among populations
AN 102 413.850 4.057Vb 65.43
within populations
Bt 104 571.924 6.201
total

e Va BHENTTZEH S Vb, R A TTZH S

Notes: Va. variance component among populations; Vb. variance component within populations

x5 ETCOFINESHBEKERESULRERFIDHT

Tab.5 F-statistics (F) analysis among populations of S. oualaniensis based on Cytb sequences

B population F4#F  South China Sea

Z:¥§  East China Sea JEHEI  Philippine Sea

5§ South China Sea

75§  East China Sea 0.054(P<0.01)
JEMTEHE  Philippine Sea 0.406(P<0.01)

0.378(P<0.01)

http://www.scxuebao.cn
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Fig.1 Molecular phylogenetic tree of S. oualaniensis based on Cytb sequences

(Hri=0.015, P>0.05), LI EZ5HFRM, % ZB0]
REZ Pyt BEARD o o AT IR 43 B 38 3 N HH 2.15%/
H T AE~2.60%/H A, 3 FAZAT R A BN 5 1
R0 E R4.799, HEGRE S RBAE
BEAARD 5 B B A] 2R 10.3~12.577 41T o

3 Wi

3.1 RFEESHEN

Cytby Fhric th F b HGE f, 38 T
TE B R ) K P38t A8 Z AR R A, 7
TR T AR AL U A,
Cyth PR AT TR 43 157 34 3 e K ik B R e 7 5 i
[i] S B ] AR ARARY, T b ar Fhric, fEFEK
T 1) 255 15 i 34 b IR AR 2 LA A T B A 2
FEBE (h>0.5) 48 &5 B B R 2 AL 1% (2>0.005) . AR
A 5 v 25 12 g V8 B R O TP VD B S R R
2R URE T TR AR ORI B B A ELAT e

http://www.scxuebao.cn

B Z AR, 5SROI A A e — B
RUEREA N B AR Wi SN fE 1A, HAZ R 24
ESMEHATHEZER, B AR ETRZMHE
JE 5 AR AR A 22 S W] v A DI T RE
R R T R A 5 g T R A B R AR 2 I B — (38
IR A, HERATRE -2, mAEf =
RERREAR LI S 22 I 4L, HAEIR A & 2
JEAR—E0), 2D IR (8L 22 S A A
) RPEME S A0 2 A R MR 38 A% - 0 50 00
ZRMAIE &g e bnic, PR, SMERIE
SRR TR %) o HRRE S5 F B A R0 k2 —
EE BT R B 22 AR SV . 4R A
AR PR IR IS A
G, FOE R, Wi, #4588 %50
T AL AR T A A I R A i A 5

32 MhEHEELEH
Mg AL 2540 Jm TR R L 2 mh, 248



9

XUy, 4 PHHURFEE S & R T it 1L 451

1361

H21 H25

@

H71 1o
H16 H43
H32 H45 LH24 ? H40

H30 L .\. H11

H14 H6s @37 HI3

H44 3
H36 H42
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Genetic structure of Sthenoteuthis oualaniensis
population in the northwest Pacific Ocean

LIU Lianwei *,  ZHOU Yongdong ', LU Huajie’, LIU Bilin®’, CHEN Xinjun **
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Key Laboratory of Sustainable Utilization of Technology Research for Fisheries Resources of Zhejiang Province,
Marine Fisheries Research Institute of Zhejiang, Zhoushan 316021, China;

2. Marine Fisheries Research Institute, Zhejiang Ocean University, Zhoushan 316022, China;

3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,

College of Marine Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The purpleback flying squid Sthenoteuthis oualaniensis is widely distributed in tropical and subtropical
areas of the Pacific Ocean and the Indian Ocean. In the northwest Pacific, the highest concentration is found in the
South China Sea, while the waters of Ryukyu Islands and southwest Taiwan are regarded as fishing grounds of S.
oualaniensis. To manage this squid and exploit it scientifically, it is important to investigate the genetic structure of
its population. In this study, the genetic diversity of S. oualaniensis from the northwest Pacific (including the South
China Sea, the East China Sea, and the Philippine Sea) was revealed, and sequence analysis of the mitochondrial
DNA cytochrome b gene (Cyth) was used to assess its genetic structure. A total of 105 partial sequences of cytbh
were obtained, each 896 bp long, from which 72 haplotypes were defined. Haplotype diversities and nucleotide
diversities for all geographical populations were 0.982+0.006 and 0.012+0.006, respectively, with corresponding
maximum values of 0.973+0.014 and 0.015+0.008, respectively, in the population from the Philippine Sea.
Haplotype diversities in populations from the South China Sea and the East China Sea were 0.959+0.026 and
0.943+0.031, respectively, while nucleotide diversities were 0.006+0.003 for both areas. Three populations from
the South China Sea, the East China Sea, and the Philippine Sea were characterized by a higher haplotype diversity
and higher nucleotide diversity. Analysis of molecular variance showed that 34.6% of genetic variance came from
individuals among populations, and highly significant genetic differentiation was detected; a similar result was
obtained from the fixation indices () among the three populations. The neighbor-joining haplotype tree and
reduced median network analysis detected three distinct lineages (A, B, and C), and highly significant genetic
differentiation was detected among the lineages (F=0.735-0.805). Neutrality tests and mismatch distribution
analysis suggested that lineage B recently experienced a population expansion, around 103 000—125 000 years ago.
In summary, the genetic structure and phylogeographic pattern of S. oualaniensis in the northwest Pacific appear to
have been caused by ocean currents and climatic changes since the Pleistocene. The northwest Pacific S.

oualaniensis should be considered as at least three stocks in their assessment and management.
Key words: Sthenoteuthis oualaniensis; population genetic structure; Cytb; northwest Pacific Ocean
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