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BE: FIHLK{R ND2. COI #1 16S rDNA FE%, XF 2012 4E 9 H & 2015 4E 9 H % H #6895 12 I (Sthenoteuthis
oualaniensis)FEATEAT T FIREBAE L5000 . REEK T KR B/n S S h BUBE RO BE A AR B T B R BE 4 3,
T 5332 A TE B M B AR Bl T BE RN R ) R o A T O 2250 W RIAE B BH, b BHURRE 0 sl 2519 B A 22 () AN 77
W P a2 Ak, T PP R R RO A 2 ) ELAT A 0 2 1Y 384% 43 AH (F's1=0.94092~0.9899, P<0.0001). it 1% ZREM: 5B
SR, 15 T TR BRI AR R 3 2 B B R A B T 2 RE (09465 1 0.8545) AR AU FER £ A 1£(0.0051 Al
0.0021), HHEIREA AL ZREMEFS BB = TR BE . JET ND2. COI #l 16S rDNA J5 51315 it vh B e A MR B 2 (6]
35 A 1R B 23 A 3 T 14.0% . 9.6%F1 8.8%, K TAMEN MEE /ML CF3I<1%) . DRSS RERN, 5 ifE 5 5 A7
FE 57 B A AT 0 3 s Ak i A Fe, B e BB RN GO AE . v BB RN RO AR 2 R] 1 38 A% 25 SRR B T R ]
ST, SRR | B R A6 AR 0 e B 15 1 Ik (LR 5 1 ) S AR TN | T R AR B Y TR

5 5 AT BE 2 P AR LA SL B R

KR GO FERAL, B ZAENE, ZONK DNA FAI; il

FESES: S931 YEAFRERD: A

®; 5 i [Sthenoteuthis oualaniensis (Lesson,
1830)]J2& 3R J& 3k /£ 49 (Cephalopoda) 3 ff1 £ (Omma-
strephidae) I RIFEPEBLZE, 720 TEIEVE . K
S () A S R BT A i, A B RE PTG L
0 3R B R T P W R R A K D) ST e A
KT G EE AL s, 2014 4F R I P RE R 1 7%
PR AE 200 97 ¢ DL RO SRR RS IE T i
TFRB IR Z —,

TSkl G R ) R S5 A 2 R LS BT N
PEEE PR IERT . S5 WE T2 20 A R PR
P, 1EtE R N A AR R 2R AR RS TS
AT A OO R VO A 15 A A P
RIS B (phenotypic forms), BJT5#FHA LG9
Hh BB (medium  form) A1 3 & St # S 5% 11 fi 27
FE(dwarf form), J& Z2p oAl I X P AN B

ks B HA: 2018-06-04; 1&3T HEA: 2018-08-02.

XEHRE: 1005-8737-(2019)01-0133-08
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Fig. 1 Sampling sites of Sthenoteuthis oualaniensis
in the South China Sea

FEASRAE S BEILIIE 20 A3 & 1 I 4752
5, 6 A SRBESAEA BN 136 B Hih A
14 108 )&, MK (133+24) mm, WEIEESMA 28 )2,
A (86£20) mm ., 73 4b, e FRAEARAERT|], KR
BT 3—4 HFEARI R (64 |8), RET
9—10 H AR K ZERE(72 ). FhBfisfe
S 0 22 F N BRI CRAE AR . WA (R
T FNRR ) AR AR (P BURE RO OB R )3 A
AT T
1.2 EWFH*
1.2.1 DNARREL & MHEABTEL 30 mg R HENL
PIE T 1.5 mL B0 N, il FH DR 4 220 R i 1
{% (BulletBlender STORM, 3 E)AFEE 5, FH Ve
AR P R 2 DNA Fh3 0 & (CORR, b a)d2

WHEH 4] DNA, PRAFEF—-20°CokAR . FH 1% iR i
HE I L VKR I JE 4 DNA SERE PR g i, A
NanoDrop8000 #8 f# & 4= #) ¥ | {L (ThermoFisher,
SE DR DNA B

x1 BEWMBEARENE. REMEKEE

Tab.1 Sampling location, date and mantle length range of
Sthenoteuthis oualaniensis
USRI Fbengry K /mm

Siptelng longitude/latitude  date of sampling Illéirgtl;

A 116°55'E/20°41'N  2015-3, 2015-9 59-167

B 110°03'E/16°05'N  2012-10, 2014-4 81-160

C 117°28'E/15°06'N  2012-9,2013-3 91-177

D 112°57'E/12°41'N  2014-4,2016-10 61-159

E 110°29'E/9°31'N 2012-10, 2013-4 65-186

F 113°04'E/5°24'N 2012-10, 2013-4 71-146
122 BHRFEMYEREANEF  ERLR K

NADH L& B TI(IND2)ZEH | iR o AL
I(CODZEF I 16S rDNA HMhric, S GenBank
g I 2R AR L R 4 42 7 1 (EU660576) 1% 1 H
FRFII Y 15 191 (3 2). Hih ND2 il 16S rDNA
P50 BAE DU 51, i COT 3k R 7E 55 5 i 2k ki A
EAREWAEDL, AR ERCEE — 45 U1 (COT copy
DI FREF SRRy 1 . PCR WK &R B
Rl 50 pL, #KME ExTaq M(TaKaRa, %))
et U6 A 0 2 45 AL 53 VR B . PCR RN 78 FAE B
1 (Eppendorf, 3&[E) LT, M A&AMFWT: A
Mg 94°CHIALME 2 min, ZJF AT 35 NMEFR, A
PEHALFE 94°CAE M 20 s, 55~62°Ci k 20 s, 72°C
FEH 1 min, fefF 72°CHEMH 5 min, § =Ll
VKA 36 J 36 BUCER — 2%l 7 W R AT LI Y A0
WF 519 59 585 Y AaTE

x2 LRAFII SR PCR R NIBAIRE
Tab.2 Primers and PCR reaction annealing
temperature for mitochondrial sequences amplification

HirhBe B kiREEPC
targeting 51%)(5'-3") primer (5'-3") annealing
sequence temperature

ND2 F: GATATATCATATACGATTTCGGCT 62
R: CCTGCCCAAATACCAAAAATAAAGT

coIl F: GTATTTGGGCAGGACTTCTAGGGA 55
R: TAATGGCAAATATGGCGTGATCATG

168 F: CTATATTCCCTAATAGGATCTTAA 58
R: GAAGTTTATGTTGTGATTAAG
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1.3 SWAE

1.3.1 FIRERIFLER BT RS 09X
J¥ % Fl DNAStar #0441+ SeqMan ZH%%, AT ¥
%14 BioEdit 3.3 4 k5, Fl MEGA 7 %41

() Muscle #HeUSHEAT [ X (alignment) 3 T T AL IE,

Z BN WS ECE N FET BONE . 7 MEGA 7
IR Models BEHe AT 4% IR 2 AR A 1B AL (1)
i e, FTFH LA (maximum likelihood )b,
M 24 FiAZ A R AU R B LB LA SR I
H A EGEAE R, T 2% LT LR ARG
LEF 5. Hoh ND2 1 16S rDNA J¥ 41 i A
A7 Gamma £ %0 (Gamma shape parameter)
Tamura-Nei %1 TNO3+G, G #4354 0.153 Fil
0.069), COI J¥51 A7 Gamma %) Tamura =S4}
BRI (T92+G, G=0.241).

132 RZEZBREMEESNE EHELS BT
Fric M BB, K252 fa(Dosidicus gigas)RifAR
XN ) [FR 5 AR R 2 4t 53 i 19 A0 25 8 (outgroup),
TE MEGA 7 3 F44% 55 (NJ, neighbor-joining)73Jil]
a7 ND2,COI f1 16S rDNA FAIMRSE LB, &
GEp A543 R AT SR AT 1000 UCE S FlREPRAL o 56
F Tamura-Nei #£7%I(ND2 F1 16S rDNA)Fl Tamura —
ZHHEAI(COL), 7 MEGA 7 T35 R Gehf 434 11]
KR 3545 22 5 B (net between/within group
distance),

1.3.3 FEGRMELEN [ Arlequin 3.5 FfFR,
KH 517 25381 (AMOVA, molecular vari-
ances)™, BT MU EFERU(Fs) kB 3 FhEEA
R or BT B AR 4540, BIPFO M B A 22 ]
TR 2 [B) 0 3R BB AR 2 ) 35 4% 25 e 1) 0 3
Mo JE I 10000 YCHE SRR A 56 A 7] 5t 1 45 14
IRV B W7 25 1) b 2

134 BESHEME SOBPEASDRELG
BERFIAO) DL S ZE TR | SRBVBHIAR Y 154G Z 14
BN pAE R H (H) . 2850605805 () g%
FEPE (h) FAZ 1 R 2 A M () 46 3 3 # {4 DNAsp
5.0 F1 Arlequin 3.5 11545 .

2 ZERE5SWH

2.1 FF54RE
FARAG 136 2585 2 2R 7R ND2 5L [H 4 741,

LSRR E N 1041 bp, HAMIAS 62 4% COI 3
LT HIH 65 4% 16S 275, K451 1531 bp
F1 1440 bp, HH ND2 fil COI J7511& A i A Flik
%, 16S tDNA JFEIA 13 A 5 AFFE 3R AR o
22 RHEELEEXEFR

FIF ND2. COI #l 16S rDNA FF41 3 T4 4%
NN RS ST A AN RS LB R E 2
FiR o 3 FRSIARICH) NI AR R T BEA I 5
AL Z R, B R R RS (A RE
KT 70%) o Ho—A> 32 R 488 b o BRI 4 A,
T3 R A AR L, IR
ST I T 5%k o7 Hh R AR A Y < B R . 7R

ND2 cor
AR
medium form
100
100 l‘
TR
th R dwarf form
medium form
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16S rDNA
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IR TR
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Dosidicus gigas — Dosidicus gigas
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Fig. 2 Phylogenetic tree for Sthenoteuthis oualaniensis using
mitochondrial sequences based on neighbor-joining method
The tail of every branch represents one individual; Dosidicus
gigas was used as an out-group; Bootstrap supports of > 80%
are shown at nodes.
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TR, K AR H BB B MRS U AE— i,
I A (A S 2R, S 2 AR R B
SHMER. REKRE XRRKWAEE S LA
FE NGB B 2 [A) A7 78 B B i sst A% oAk, T s B A
AR TE] LA B 2595 AR (8] AN A7 AE BH 8 i st A% 434k o
2.3 BfIEEER

Wia R Gk BEWRRIIESHR, 3T Tamura-Nei
FERI(ND2 A1 16S rDNA)FI Tamura =S40 K1(COT)
WHETRELRERR LAHBIMEM A LR (P
RUBEFIIAORLEE ) ()38 AL 1 B8 (3R 3). S5 R BRI
RIFEZ ] ND2 JP8 sl s kil T 14.0%, COI
F116S rDNA 135 A% bt 53 nis 3] T 9.6%F1 8.8%
T 3 AP HNFRIC T A AR P RO P 1Y) 3
LAY INF 1%, AT RIS L k.
2.4 FHEERMELEN

BEF ND2 JPF 1 B g 75 0, 3 P R eSS
) AMOVA 255413 4 Fif/R . TGI8 R B
B R 2 2 BRI A 43, BEAAR ] 1) 35 4% 722 5 T

BRE S LB U, BERR S L b R4 Fer 1H
ok BB, N S b R A Bl R AR B) A A B
A AL AL FP LS A o g R AR R 4118 v 7Y
HEFNIOR A Z () it AL A8 S 5 31 T SV R 48 K
53(98.98%), WHANEHEMIY Fsr fHiEE] 0.9899
HAR 2 (P<0.0001), 3 BH 55 1 I v 83 1l L
HEZ RIAF TR = 38 A% ok o PSS A ) A A2
Biti L 43 A7 1% 1% 46 36 (P<0.0001) 45 4 Fif AL A2 e Fo) 1
B, RAXPIAEREZ M E =4 T AR .

W v BB R IOR R 23 0V Sy B ph AR AS B A,
P3RS A B AR 2T BRI Y o 22,
255 S [R)AE A Az 00 2] b LR (R 8 2 1 B4R () £ 7 7 BH
BRI,

FLF COI F1 16S rDNA 741 ) AMOVA %5 5
CRIER)S kg R —5, HuBURE AR ek 2205 IR
Z A ASFEAE B S i st % Ak, T v 2R RN R
Z A BA Y 2 i st % 434k, Fsr (64539720 0.9409
(P< 0.0001)#1 0.9542 (P<0.0001),

®3 ET3IMENEFINSEHPRBESMERKEMEBEANNESRILER

Tab.3 Genetic distances between and within medium form and dwarf form of Sthenoteuthis oualaniensis

based on three mitochondrial sequences x+SD
ND2 COI 16S rDNA
RAIHH
phenotypic form R o R o R o
medium form dwarf form medium form dwarf form medium form dwarf form

Fr R EE medium form
AR dwarf form

0.0042+0.0008
0.1395+0.0125

0.0073+0.0012
0.0957+0.0076

0.0065+0.0012

0.0020+0.0004 0.0036+0.0004 0.0877+0.0078 0.0016+0.0005

x4 ETND2FINEEHARSERNTEEERNSFHENR
Tab. 4 Analysis of molecular variances for different populations (forms, groups) of
Sthenoteuthis oualaniensis based on ND2 sequences

Sr A

ARSI /%

- 75 53 Y5 source of variation o AL RN For
grouping pattern percentage of variation
) o FREE{ATE] among geographic populations -1.34
Hﬂ}iﬁﬁs . _ —0.0134 (P=0.6358)
geographic population o BLAE{A Y within geographic populations 101.34
R % . BKEEA[E] between spring group and autumn group -1.30
FAAEIE ‘ R ~0.0130 (P=0.8301)
seasonal group % . BRI within spring group and autumn group 101.30
< 1] | I RIBEIATR] between medium form and dwarf form 98.98
RITEIK i 0.9899 (P=0.0000)
phenotypic form L IR Y within medium form and dwarf form 1.02

25 =fEEHEH

VA ND2 580 R 6155 T R i 5 S s A% 24
PGB (3R 5) FEASEIRILKI S 186 P22
PEOL A, € T 105 ASFAAEARL, Sz et AR &7 09 A

RIZHEPE(0.96030.0088) FIHZ 11 iR Z2 H:(0. 1496+
0.0714), Fi¢ HE M BT RE (RRD 3T BEIR RO R 43, 450
st 1% ZREE K- SR A A —3%, Told i 22
5o T QSR A SRR R 3ok AR, DU e R
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x5 ET ND2 FIINEEMIEESHEMSITHE
Tab.5 Descriptive statistics of genetic diversity of Sthenoteuthis oualaniensis based on ND2 sequences
presumptive group samples, N haplotypes, H polymorphic sites, S haplotype diversity nucleotide diversity
A 21 15 139 0.9571+0.0301 0.1924+0.0958
B 23 18 149 0.9723+0.0223 0.1615+0.0801
C 21 19 153 0.9905+0.0178 0.1192+0.0595
D 24 16 148 0.9457+0.0291 0.1928+0.0953
E 24 21 148 0.9855+0.0179 0.1064+0.0528
F 23 16 143 0.9447+0.0341 0.1362+0.0677
2= spring group 64 36 156 0.9534+0.0136 0.1481+0.0713
B autumn group 72 50 174 0.9689+0.0107 0.1632+0.0783
rhEHE medium form 108 61 83 0.9465+0.0131 0.0051£0.0028
IR dwarf form 28 18 26 0.8545+0.0676 0.0021£0.0013
BT total 136 79 186 0.9603+0.0088 0.1496+0.0714

B AR 24 2 0 Hh AR AR 1Y A% R 2 R PR (LU T
PR 23 5 A AR AR A ), Ho
RURE I B 1Y Z2 R M RN AZ T IR 22 R R+ B4 W ik
i TR

3 it

FF LRI {K ND2, COI il 16S rDNA J¥31kx
KRG B MFRESS A 73 A R, w5 S,
i ERRE A 2 TR V8 A A I 38 B s A% 25 5, R
FE T S HRAE 5] 43 1 Hb, BE AR L5191 R R it f 2
Ay Fh ¥ (genetic population), [FIAE, A[E|ZETTR
SRR FEA Z (A B AT R 2] B B i sl 22 5, R
HH R 1 5 5 W 0 AN S e e 2 T R AAOR K] 43 R R,
X 55 R VGV VY R T S AR A ¥ 2 fA (llex argen-
tinus) I BF 8 PR, L5878 X AN R
FEUNBEATE G 25 5, AR A

SO R R KT LR P
BT 2 AR RRE 3, s Tl Emirins =&
Z 6 HA W B AL e . A Freeland 1
Wright P27 848 4 E B For>0.25 B2 AR B
) B T AR % & p s Ak, AASE b BRI
TUAYHE Z 0] 38 4% 70 Ak R 4L Fsr 183 0.94092~
0.9899, KM =3 Z 1L /LB K, HH
(0.00255~0.01570) JL-F- 7 LA Z W& AN if, X8/~ m
5 W AN R 2 ] 28 = A T A B R o

8L Z2 REPE B A3 AT U0 SR g T 15 1 i e R 3R

RUZSTERN 70 AR (%) 5 LR o R PR A R 2R A
Mgt L ZREPE SHEASARTC 22 5, T B AN
TRARLEE S0 ) B A5 a8 A Z AR OU L E T R
Z AR ZE I AR TR, HAZEREZ ]
WA ZES . BXJE T4 PR AR R 95 R (DA S
FEACHL AR 440 55 T BRI RLREANA, B4
TR L 22 78, B T e ZHEEKT

B0 A S N R R A 2R
Nesis! RIETEZS | i) 2 LA K B0 3 A 25 R5RAE 1
RT3 AEERZERE, B oA T L0 A BT R AR v
(1)« EL B (giant form)”, T EE53 A5 T 2R 18 Bt T 1
B EER R OB B HAMAR RN B T R AT ED
JE-RPHE Tz A . BA TR AOtEsay«rh Rl
FE” o Horp R R AP ON R o i,
SAAEE R . A E RIMRE K E AUEE
SEBR b H R R 5 ) — o 25 ] 98 R A
(plastic phenotype)™'1, Tfi%F F A B 44153 &G is
MR RE, R 22235 A5 D H AT e 2 ) T Al &5
B (R 4t 7 4 Al 12822321

EN e S RS YA NI I 5 2 71 78 iy = N < N2
B i R OB A 2 ) 1) 35t A B B A 5k )
T 14.0%(ND2).9.6%(COI)Fil 8.8%(16S rDNA), 1
KFHBEN BB AL LA/ T 1%) Hebert % B
NN COL WYRh[E] 22 57 KT 2%B0F ] 22 7 K T Fh
P22 5 10 F5EFEI AR R, Yo T 140 Ak
VRS SRR R ) it AR FE B, A &> BRI Y
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PR A 1%~2%, FRiESEAEEE N 16%~
26% . A5 AR, )25 5 g rp AU RO A 2
() )82 4% 22 S5 g Jg T Rh BIKSF o SEFs i~ f%
2 A IR F T A R AR T 3R 1 (1lex) Y
Fhia] 2% R K (16%~25%) . Staaf 25 FH 2 ki {4
ND2 JP 4 X453 T RV H ER AR R 55 2 Ik iy 4 4>
WAL 2RI, Horh ZOGER e iR (MR LR
JRiBEM, equatorial form)5 HABJLASHA &A%
(TR 5 5 ) %) o ) 43 6 88 e A, A% B B 3R
BT 14% AAFFEH R 1 5 L R S A
ND2 JF5l st 0 & RN 14%, fRAFEEE b3
X A e A EL A T ] 7K SF- 19 352 4% 22 S 7E 15 2 Il o)
MEENE TR ARG, FERNNE, EM
WX PSR o0 A R S, JFAATE
I PR32 i 0 Py B BEL B, AT Ik T A W s S SIS
MﬁTﬁﬁﬁﬁiﬁW%%WAﬂj%ﬁ

B AR (Y 55 5 k(b R R A KRBT T AR
Eﬁ%kﬁ%%ﬁ,ﬁﬁﬂﬁEQMﬁ%%E%
SME 225, FHAREMR I X P (E7E i,
T 3R A& AR (A ToE v BB AN SR B ) — AR R
W1 (R AME X A3 R o X Al I S A R 28 2 PR 5
o b ATAE S 35 AN RIS B — A ERIE . FEJR 22
FAAIF 5 T 5 B RORE & 9 43 A 3 L (Can o i 5 4
AT N R RE), SR 2 89 70 7 Fric (A0 A% 2
Fric) LA B o A A~ 2R BEAE S S B oe b I R G240
et o7 SR BRIAX A E51E o
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Genetic differentiation of the purpleback flying squid, Sthenoteuthis
oualaniensis, in the South China Sea: population or species divergence

LI Min, ZHANG Peng, ZHANG Jun, ZHANG Kui, CHEN Zuozhi

Key Laboratory of Open-Sea Fishery Development, Ministry of Agriculture and Rural Affairs; South China Sea Fisher-
ies Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China

Abstract: In the present study, the population differentiation of the purpleback flying squid (Sthenoteuthis
oualaniensis) in the South China Sea was examined based on mitochondrial ND2, COI, and 16S rDNA sequences,
using samples collected between September 2012 and September 2015. Phylogenetic analysis revealed two sig-
nificantly divergent monophyletic groups corresponding to the “medium form” and the “dwarf form, ” but no
geographical lineages corresponding to the sampling localities or seasonal groups were found. The Analysis of
Molecular Variance also revealed significant genetic differentiation between the “medium form” and the “dwarf
form” (Fs1=0.94092—-0.9899, P<0.0001), while no genetic variance between either geographic populations or sea-
sonal groups was found. The genetic diversity analysis showed that both the “medium form” and the “dwarf form”
of S. oualaniensis in the South China Sea were characterized by high haplotype diversity (0.9465 and 0.8545) and
low nucleotide diversity (0.0051 and 0.0021). The genetic distance between the ‘medium form’ and the “dwarf
form” based on ND2, COI, and 16S sequences were 14.0%, 9.6%, and 8.8%, respectively. The genetic distances
between the two forms were considerably larger than the genetic distances within each of the two forms (<1%). It
was demonstrated that two divergent populations of S. oualaniensis were sympatrically distributed in the South
China Sea, i.e. the “medium form” and the “dwarf form.” The genetic differentiation between these two popula-
tions was similar to that among separate species within Ommastrephidae, which indicated that the two morpho-
logically distinct forms of the purpleback flying squid, namely the “medium form” (middle sized, with a photo-
phore) and the “dwarf form” (small sized, without a photophore), are two distinct species.

Key words: Sthenoteuthis oualaniensis; population genetic structure; genetic diversity; mitochondrial DNA se-
quence; the South China Sea
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