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g 0 TR IC R aE o I, AW ST AR
o 5] s R ST O RS A B AR O BT &, 2k
Rifk Cyt b ZENFFFIME A ThRiC, PRITBCK
A0 (PRI AL A M, D Y BT U A A
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1 MRE5FAE

11 #H#HAXRE

AWFSET 2019 4E 9—11 A RAEML M fa
342 B, SRAE SR EVETE 9 ASARIRNR /i,
(1), HMACREEAE B 1. Bk AL+
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BHEEREAS, BRI E, 20 CIRAfE.
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Fig. 1 Sampling sites of Collichthys lucidus
DD: Dandong; DY: Dongying; LYG: Lianyungang;
QD: Qidong; WZ: Wenzhou; FZ: Fuzhou; ST: Shantou;
ZH: Zhuhai; WC: Wuchuan.

12 XWHE

SY UK Mg B AT AR 48, R IR
PR 20 $2 BG4 (AR, DP-324) A4 156 BH 45 H iU
DNA, —40 CIR-E% .

SH M E AL PR Cyt b B 275

(GenBank %35 IN857362), Btk h—xf
MATP 8 Cyt b EEHEJFFHI M5 %: CLCB-F
(5-TGCCCTGAGGCCAAATATCC-3")#1 CLCB-R
(5'-TGCTCCCCAATGAAGCACTC-3"), PCR i/
K& : 2xTaq PCR Mix (Tiangen) 12.5 pL, 1F [i] I
BRI 519p45 1 L, Btk DNA 1 pL, Jnaik 2
AT 25 uL, PCR W FEF: 94 'C 4 min; 94 C
305,57 C 30s,72 C 1 min, 35 IME; 72 C
7 min, PCR J*¥J% 2% BytHabiE i v Dk or il s,
TR P28 wSL W, DS [ RIS 1) .

1.3 HELES

PR F ARG, A SeqMan 23 Hf
e E SOp A, AR 0 N R TE o SR T R
BioEdit 33413751, A MEGA 6.0
Xt 7 5 3817 £ B HES L XF (Align by Clustal W),
SRR B N TRIT EIAME

1 MEGA 6.0 H1f#) Models f&bk, FF
B R SR (maxium  likelihood) M 24 FiiiZ 1 18 25
ACAR A 338 HH B AR i e 25 A Tamura-Nei
FERI(TNO3+G+, G=0.85, [=0.66); %1 Tamura-Nei
R LT 4B F 1 (neighbor joining method )4 £ FL
R R GRS . SRR DnaSP 5. 101 A
[vi) 2t PR AR 1) 352 4% ZAE PR TR EG B TP 9105 B Al
FHFE R 43 BT A 2k (gene flow and genetic differen-
tiation) 1 9 A AR (1] 1) 66 PR O (V) 270 SR AR
7 PopART 1.7%hig #t o s 70 o ] o 4% 342 452 [&
(median joining network)??

KA Arlequin 3.5 AT 43 T 07 2240 b
(analysis of molecular variance, AMOVA), £l R
B A% 5k 5 M A Ry AR DG, 434 R
Kig . PR Bl AUS RIF AT R, M
R L LSk o BRIEFR N R TR . AR
FP T 20 B M 5000 YR EE R AR R KL,
TR PP A ] 1382 % 3 AL R B (Fsr); SR HTF
53 AT A, 0 B35 TR A T T A AR (1] 2 A1 A 4 )
Ze 5, B AR KR B PE(10000 REA);
I AZ A R 55 BE 4375 43 BT (mismatch  distribution) LA
S Sk A f AR D S RS AEE R A K,
PER 35 R F] Tajima’s DY B6 F1 Fu’s FsP K 365k
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HE R B, Cyt b 3ERIAZ R 28 48 1 R 1 B
B JTAE 1%~2.5%%, SR 4 DnaSP 5.10, 3
F Tamura-Nei #5515 23 2 da=dxy—(dx+dy)/2 1T
AR AL R, HoP da FORGOB LIRS, dxy FOR
LH AL IR RS, dx F dy 430 327 A [R) 20 1 2 7Y st
TEHEES . MG da (EA Cyt b FEPIAZ IR 578 R
AL AL ]

2 HRESH

21 FHIHE

ARWFFEIRAE 9 A Hi BRI % 5 Sk A 35 £
342 BB, FrfSLRbiik Cyt b BRI BKE N
1014 bp, A JFFI KR 167 A48 40 45, 159
LML, 88 MNMATAME BALE . RARAIfM
F5 133 ANFEHAT A5, 31 A 5, 5 AN A/
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PR, IR G AR It 28 b i A7 AR P07
22 BEfEZHEM
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AU H2(56 1~). H36(49 ~). H39(11 /~)F1 H50(9
Ao HpffsAl H2 ERAR L, BiARE.
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A T) il PR AR (] 382 4% 25 e AR R LR 1,
SR S IR A B R 22 R 1 (0.9504) R I A A%
TR 2 HE1%(0.0197),
23 RGEREXFR

WSk Cyt b SR 751 LAy 76 I 246 342
RS R A AR DL IR 2, &5 5 o ik g 2 £
FHATT 4 AP R R, 0510 N 3 &R (Clade N)FI
S SZ&(Clade S), W3 R4 5 W Ak I BEAL(N
SCR)ME RS ZFR), Bl N LR PG
K AdC T RERA A, TS 32 R B EAE AL
H39 J&% Adt A BHARMFEA S R) R, HARPEE
FIRG R . N SE RS S R 15 BUR & a5 #4,
[IEE N ERAEAESCHE, VA 2 DS R& D ik
Pk, HIZR WA R A i &
24 BB

RS A B £ 25 b S A a8t A Ak R AL 3R
2, VAP RER B 4% 0 4k REE-0.0074(FH AR —i%
= #5)~0.9369(FFH ARt M) Z Al . LT BF SR
FELH A A AE R B A8 40 1(P>0.05), Jb I fEd
WEBFETE B R AL LA 4 WORE-FHER,

R1 MEABEBXFFEEMEESHEEL

Tab. 1 Samplinginformation and genetic diversity parameters of Collichthys lucidus

R R EZE2 1S FEAS AR TR LML SRS AT RN AT IR Z M
sampling longitude and sample number of number of (h£SD) haplotype  (7#+SD) nucleotide
site latitude size haplotypes (H)  polymorphic sites diversity diversity
Jb A BELL north group 152 77 102 0.8758+0.0261 0.0041+0.0022
K& DY 118°54'E, 37°17'N 32 17 30 0.8931+0.0451 0.0050+0.0028
FH4 DD 124°10'E, 39°50'N 40 21 33 0.8013+0.0670 0.0021+0.0013
#Ex#E LYG 119°20'E, 34°45'N 40 24 33 0.8782+0.0491 0.0025+0.0015
A7 QD 121°35'E, 32°03'N 40 24 64 0.8795+0.0492 0.0063+0.0034
BT RE4H south group 190 104 98 0.9418+0.0136 0.0033+0.0018
BN wz 120°52'E, 27°56'N 39 29 44 0.9622+0.0208 0.0036+0.0020
I Fz 119°36'E, 26°07'N 36 18 35 0.8444+0.0574 0.0033+0.0019
sk ST 116°46'E, 23°19'N 40 34 44 0.9795+0.0157 0.0041+0.0023
ki ZH 113°34'E, 22°17'N 40 28 45 0.9487+0.0271 0.0036+0.0020
)11 wWC 110°38'E, 21°14'N 35 21 42 0.8639+0.0562 0.0042+0.0023
£t total 342 174 159 0.9504+0.0074 0.0211+0.0103
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Fig. 2 Haplotype median-joining network (left) and phylogenetic tree (right) for Collichthys lucidus based on Cyt b gene sequences
Blue box and vertical line represent clade N; red box and vertical line represent clade S; bootstrap supports of >60% are shown at nodes.

KE-HEDHE, KE-RBEMIE-BRER), MuRE  AREEEE S, SRk A 3 1w JL R4 ]
2H N TR A AEAE B 2L /06 (P<0.05) . Wright®® [384E 31k R Fsr>0.8622()5 R 11, R #EZH
NI LR R Fsr>0.25, MIUERARNEER B4 PERIB L 0L R B Fs1<0.0746 (R E-THER), #
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RSk A 2 £ R AR 5 A2 2454 D e Ll R AFEAR SR

PP 79 3t 8RR A ] Bt AL 52 P ) Sl 5 PR A5 2R 7
(RJE7R), B ACHELL Z 18]35 D BEHL S BEREAR,
LT RELL IR TP BERL S IC R RE IR AT 4 X (ORE
R, RE-ERE, PHR-E BN R-ER),
R T REAL Y PP BENL SRR . R WAL T el
HIRG 7 R A I8 AL 22 52 WA, IF HLAL 5 #E 4 A R
AR AL A

R B A MR G R E R RER, KU
] Y T 110 Rk A B £ 0 (A A W] Sl SRR
RT3 e Mg 7 MR

TR A B 10 P PRI ) B E DR R (Vi) LR 2,
T AL L) ) 22 D R /DS (Nim=0.06), LT REZH T

FIFERAE 4.61~20.30 Z (0], a7 BELL N A FE R
WAE 13.47~26.59 Z [d] . 45 Millar 25244535,
FORER ] R R <1, Ui B BRI (8] A] RE & A=
TorAk; # N4 B, D036 BH AR (] %) 5 R 22 3t
. SERFEWH AR O & Al ok, %
HASH />, (HSE R AR AL P 11 35 R 58 0 25

X9 A M A %) R Sk M B AL UE AT
AMOVA 7T &5 /LR 3, R mistfe &R
(90.56%) K I FEAL R, FF 20 4] R0 Fh#E P52 4% 2 1k
e d 3 (P<0.01), {H & 3F 2 N 3 % o3 1t A
7 25 57(P<0.01) . R W R U 4 2 (] B A B ik 2%
5 oAk, TR A BE AL P30 AT BE o A7 7 — a2 Y 3t
ok,

R2 MABES 9/ HIBREEBENIEED L RE(Fsr) MERETR(N)
Tab.2 Pairwise genetic differentiation coefficient (Fsr) and gene flow (Nm) among 9 geographical populations of Collichthyslucidus

FEIA population DY DD LYG QD Wz FZ ST ZH wC
A#E DY 4.61 6.80 6.43 0.14 0.13 0.15 0.16 0.15
1% DD 0.0746"" 20.30 10.87 0.10 0.08 0.11 0.11 0.10
X LYG 0.0429"  -0.0014 11.37 0.12 0.10 0.11 0.14 0.11
A7 QD 0.0366" 0.0204" 0.0172 0.08 0.08 0.08 0.08 0.08
I wz 0.8980" 0.9311" 0.9274" 0.8682" 26.59 26.09 24.74 21.87
WM FZ 0.9027" 0.9369" 0.9330" 0.8713" -0.0074 17.86 19.99 19.17
sk ST 0.8923" 0.9254" 0.9217" 0.8628" -0.0056 0.0006 14.53 13.47
Rty ZH 0.8996" 0.9322" 0.9284"" 0.8696" -0.0050 -0.0012 0.0091 19.80
ZJII we 0.8930" 0.9283" 0.9243" 0.8622" -0.0059 —0.0042 0.0067 -0.0022

Ve MR Rt A R, XLk O MR, T FOR BT B % 25 5 (P<0.05), TR FLA M I 3 8t 1 25 57 (P<0.01).
Note: Fgr values are below the diagonal and N, values are above the diagonal. ~ indicate significant genetic differentiation (P<0.05), ™" indi-
cate extremely significant genetic differentiation (P<0.01).

*3 MEBEEARMEFCTHEEE b EEAFNEETRNSFFEST
Tab. 3 Analysisof molecular variance of geographical populations of Collichthys lucidus based on cytochrome b gene sequences

A A [ i g 5 i AR5 GBI S A LR B
source of variation degree of freedom sum of squares variance components percentage of variation F
A -
HEALIED 1 3023.85 17.88744 V, 90.56 Fy=0.9069
among groups
s o
. Ef,ﬁﬁq 7 19.97 0.02673 Vs, 0.14 Fy=0.0143
within groups
SRR PP 333 612.337 1.83885 V. 9.31 Fe=0.9055"

within populations
B AT HALCRE . PR . EREAUR AR B GRMN - AR L Sk . BRIERRND. v, R 7 2 A oy, Ve 9 R
HNRERIRI T 22458, Ve N M BLRE AR Y Y 7 22 2093 o+ Fos A W 3 38t % 25 57 (P<0.01).
Note: Groups are divided into North group (DY, DD, LYG and QD) and South group (WZ, FZ, ST, ZH and WC). V, is variance component

among groups, V), is variance component among populations within groups, V. is variance component within populations. ** indicate ex-
tremely significant genetic differentiation (P<0.01).
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25 HAEH;E

WK MF R0 Cyt b FERP A AR FR HE L 43
1S BG4, JE5RELL ./ O BELL DL %
A AR A% T IR TC 43 A1 S B Dl sk A A
S [A] 4 BB AL (1) i 15 (P>0.05), 3 W gk Ay 2
£ R R FoE E PR K, R B A 2 R
BE ERYHEL

PRSI ZE R ANE 4 PN, Tajima’s D {E A1
Fus Fs {H3 0 8 3 s W35 0 5 (IR B 1)

Tajima’s D {HJC iR ), B8 P HEEe T
Wright-Fisher B, 1 B o Sk A 2 £0 AR LA A
AP AR sl ad Arlequin T AR T BE
2 (=0.811)FI B J7 BELH (r=2.668) A4 TR i 1] B4,
f 5 R AL T ALY 5K B [E] 4 0.799 J1~1.999 J7
AEHT, MOTREALAY KSR 2.631 J7~6.577 J1
AR AR MEGA 115 st A4 1185 (0.345), 4
BRI RELL Y 8 L S s R) A 34.5 J7~86.25 J1
AEHT

R4 BIBGEEENEAREER b EFEFIZERERSTHSHAITENPERENSEITHE
Tab. 4 Mismatch distribution parameter estimates and neutrality tests statistics for
Collichthys lucidus based on mtDNA cytochrome b gene sequences

AEWC /34 mismatch distribution

MRS neutrality test

7T<ﬁé—'11 'H%i%?ﬂiﬁ_ff;-;?ﬂ él‘ﬁli‘f%ﬁ%?ﬂ Tajima’s D Fu's F
sampling site sudden expansion model spatial expansion model
HIKESE 2 HRI P HLKESE 2 HRI P D P Fs P
Jt 5 #E4H north group 0.0316 0.9988 0.0316 0.5429 —2.4430 0.0001 -25.6824  0.0000
&E DY 0.0242 0.8669 0.0242 0.9181 -1.0709 0.1430 —4.8371 0.0314
1% DD 0.0555 0.4949 0.0555 0.5386 —2.4752 0.0000 -17.8689  0.0000
EAW LYG 0.0718 0.2220 0.0718 0.2240 -2.2921 0.0014 -22.0640  0.0000
JA % QD 0.0129 1.0000 0.0129 0.9563 -2.0523 0.0040 -9.1652  0.0036
5 #E4H south group 0.0311 0.5315 0.0311 0.5358 —2.4733 0.0000 -25.9320  0.0000
N wz 0.1121 0.0009 0.1121 0.0012 —2.3364 0.0006 -26.8567  0.0000
fEM FZ 0.2209 0.0026 0.2209 0.0454 —2.2493 0.0021 -8.5006  0.0009
Wik ST 0.0474 0.0430 0.0474 0.0500 -2.1986 0.0012 -25.8023 0.0000
Rifg ZH 0.1366 0.0004 0.1366 0.0005 -2.3932 0.0002 -24.6322  0.0000
=) we 0.1076 0.0201 0.1076 0.2029 -2.2394 0.0020 -10.8981 0.0002
&1t total 0.0153 0.3142 0.0153 0.8064 -0.5282 0.3451 -23.5275 0.0096
3 i A F0 4 5 00 B 2 W [Sthenoteuthis oualaniensis

31 HWkBEENEESHESRRHE
AL ZREE 5 f0 2508 IV RS I AE 1 BLIE A,
[ S A0 2 2 7 2 ) 2 R P R B IERE . ARSI &
PR [ U O RSk M B AR 00 B R 2 RE R AR
(0.8013~0.975), X5 Hi Ailid D-loop!'* il COI®
PRICHFIE 2510 AR — 8, iR 2Rt (o)t 2
Wi My Fp AL ZREPE Y S bR, Lan 2500
M fH/N T 0.0047 B, Rl 2K BAR
AL, Hp Vi Sk A B A (R 7 (7=0.0050) Al
Ji R (m=0.0063) BE M ) 3t 1% 22 BE kA v, Hifih b
PR A9 15t 1% Z R MR AR (2<0.0047) o B 1M

(Lesson, 1830)]HEIAH: « {HFH .45 (0.1496)P11,

Sk A 7 0 T A AR 8 R 2RI R
h (0.9504)f% = (0.0211)FIKE2, BRI FhREZ
RN, MJE 2D T ek, R R
THRAEMZHEN, REHEZERHEZTRZS
. Tajima’s D il Fs WP PER RS R Bos D H
M FsE M A H B2, dE— 20k Bk g 25 f0 28
D PR PR 5K o RN EEY SR B[R] ZE 0.799
J1~6.577 JIAERT, A5 U At oy B R A —
[EPKIB(1.5 D72 6.5 JIAERT), AIAEZH T HUE i
UKIPT 8] pK 30 0 22 5 M B, Sk Mg 3 £ PR AE
IS DI K 4, A TR v SR sk
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KA, e KIS E S FH sk 208
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¥R R . g A MR &8,
V] Y VA 1 28 1Y) b A Jmy A [ AR B 32 38 1 O
o R R R R PO T, kS A R o
g fmms, F3hPanesr s, LU EE R
TR IR AR XU B RRAE, 1T B2 Y AL Mo BLAK Je 4
FE R RIS o oA W5 B0 H A v 3 £ 28
0 B WAL vk, N H AR5 (Scomber japoni-
cus) P IH I 3k f8 (Harpadon nehereus)*), 3 7] fig
2 T AN [A] f8 28 A 1 R AT AR R ) A W) BT
W,

AHIF 5 K A B A Y g A b BRAR AR S 2
B XSk M3 61 D-loop!'®' . coOI' 1 AFLPL!
PG BRI FE 4 I A —2, {1 Song 25 HA Nk
My EEAETE 3 DR, AW S HA 220, X
ATREEH TLAT 3N (1) HEARRE S5 FE A
— H R 25, (2) EHEIr ThRic i A 22
St (3) A TARICHY T PR, AR AR 27 =C
i QIP =3I o o G Y TS Tl 1B e R S | 7N <]
R AR YR, LAk B EsE ok, 5
ARG A—B, W R i — Lk

WSk Mg 2 e T Y ATz, AR
AP B AR IR], 7 o UOVR R O T o B
S B A AP REAL T B IE OIS, B AT

WA I Ko oy FARICRE R IE M BEEARIC, XELL
I B SRR AR AN AS Al A o s Bh A . fEJR
St 5 Al DR HEHAR RN ROZ bR ic, dnds A=
ARSI B R T E L™, 250 TR
ICHEAT AR AT, Dy il S B S g il 9 A B
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Population genetic structure analysis of big head croaker (Collichthys
lucidus) based on mitochondrial cytochrome b gene sequences
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Abstract: With the collapse of inshore fishery resources, small economic fishes have become the major fish re-
source in the coastal waters of China. As one of the most important fish resources, big head croaker (Collichthys
lucidus) has a wide distribution and high production in Chinese estuaries and is included on the List of China State
Key Protected Commercial Sources of Aquatic Animals and Plants. However, the population structure of C. luci-
dus 1is still unclear, and knowledge of this is essential for decision-makers to sustainably develop the fishery in-
dustry. In the present study, the population genetic structure of C. lucidus in the coastal waters of China was ex-
amined based on mitochondrial cytochrome b gene sequences. A total of 342 individuals were sampled from nine
localities from September to November 2019, and 174 haplotypes were subsequently identified. The me-
dian-joining network and neighbor-joining tree of haplotypes show two significantly divergent clades, Clade N
and Clade S, which correspond to the geographical North group and South group, respectively. Analyses of mole-
cular variance (AMOVA) also revealed significant genetic differentiation between the North and South groups
(P<0.01). The genetic diversity results indicated that the haplotype diversity of the South group was higher than
that of the North group (0.9418 vs. 0.8758); however, the results of nucleotide diversity showed the opposite out-
come (0.0036 vs. 0.0041). Analyses of pairwise Fst and Ny, revealed significant genetic differentiation between the
North and South group populations (P<0.05), with little gene exchange (N,,=0.06). The results of mismatch dis-
tribution and neutrality tests show that population expansion occurred for big head croaker along the coast of
China in the Pleistocene era, and the expansion times of the North and South groups were estimated to be
7990-19900 and 26310-65770 years ago, respectively. The divergence time of big head croaker between the North
and South groups was estimated at 345000-862500 years ago based on genetic distances. Historical events, bio-
logical characteristics, and other extrinsic forces (i.e., coastal currents) may all be associated with the current
phylogeographic pattern of big head croaker in the coastal areas of China. In conclusion, the population structure
of big head croaker along the coastal waters of China consist of the North group and the South group, which
should be exploited and managed individually in fisheries.
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