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Fig. 1 Sample sites and haplotype clade frequencies for
three populations of L. equulus
XZ. Xinzhu, WC. Wenchang, XC. Xincun
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Tab.1 Sample information and genetic diversity parameters in different populations of L. equulus

KR H P B

BRI PRI R BUA

Hefk 45 o AT ZRERE BH R Z
. date of number of number of mean pairwise . . . . .
population 1D collection samples haplotypes difference haplotype diversity ~ nucleotide diversity
wrr XZ 2015-12-12 22 9 1.29+0.84 0.61+0.12 0.003 3+0.002 4
Xinzhu
XE wC 2015-04-26 35 14 1.54+0.94 0.80+0.06 0.003 9+0.002 7
Wenchang
ikt XC 2016-12-24 35 16 2.09+1.20 0.86+0.05 0.005 3+0.003 4
Xincun

1.2 DNARRESFFINE

K R A B B /58 0 1l 32 75 P N 29100 mg e
i JL PR A e B RS B L A SR L 4D DNA,
A 100 uL TEF R E AT IS IIDNA, 4 °CLRA7 &
. RHIEM3I# H5-CCCACCACTAACTC
CCAAAGC-3" IR In 51 ¥)H5'-CTGGAAAGAACG
CCCGGCATG-3 %42l X ¥ 5 #7415,

PCRI W AT K25 uL, H 414550 mmol/L
KCI1, 10 mmol/L Tris-HCI, pH 8.3, MgCl, 1.5
mmol/L, £FdNTP 200 umol/L, Ex Tagfif1.25 U,
HA519440.2 mmol/L, FEHDNA 1 uL, J1KH
ZRMM/KZE 25 L, TERRIEY WL 4T PCRIX
IV : 94 °C7ZEPES min; 94 °C 45 s, 50 °C 45 s,
72°C45s, 35 FH; 72 °CHE{H10 min,

Fy B AR S G, BEE X IR, PG e
Wik R YR A R RS 5wl kT
XL (370088 4 H 7 5153 HTX, ABI, %),

1.3 BEESH

v, Dnastar#X {4 £ (DNASTAR, Inc., Madison,
USA)RF I 45 21 14 7 51 Fr B ik A7 4 i 0 HE 7 A
Xt o Ad FH4 4 DnaSP 5.0l Arlequin 3.5%55 45
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TR LR B 22 250, 3T Modeltest 3. 75K #4427
R G5 35 15 2] A% TR e A, fiff FHMEGA
70K A4 P50 B A AR B 0 R (1812), FHowp
SEPEBE T 000K A& il AR HE AT IEAS O, A
Arlequin 3.5P AT H R H B SRS Y S R A AT R
ZESHR, T A AT R R 2 R (151 3)

K FH Arlequin 3.5 44 i Tl 7 7 A4S
B8] ()38 A% AL 8 B P, I 110 0007k 5 &2 ik
oG G M R o O 25 0 BT AMOV AE —
A K6 0 A P P AR g AL S5 Y

FERKAE Arlequin 3.5, i A v p A 56 A%
R N T 43 A7 RS 56 >F e ) e 46 ) A Dy s
A, PERE EAA K Tajima’s DR K HIFu’s
FAEHY T SCAEZe M/ Jr 22 B BE R B 5k
TREO,. O AT, S8 ol g =2u13 5],
Aty B R R ) B B ), R P g BT AT 5 1
AR R RAR R, e A BERY k- 4R 3 3
15 Y IFE]
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Fig.2 Neighbor-joining tree of control region
haplotypes for L. equulus
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Fig.3 Median-networks showing genetic relationship

among control region haplotypes for L. equulus

HfERL ) Hoh R AR R TN (F22), BT B
€ 1% %2 GenBank ¥4 2, /¥ 415 HMNO017135~
MNO017166, F K HAT RIS Hap2 . Hap4Fl1Hap25,
H o Hap2 M Hapd Hh LB M =W A ILH,
Hap252h S BT pA o RS B Z2 RE PR B0 3
[l 40.61+0.12~0.86+0.05; 1% 11 1R 2 A4 48 5 )
5 F 4 0.003 3+0.002 4~0.005 3+0.003 4(% 1), &
TSR AT I BT L 22 R MR AR BRI 1 IR 2 PR AR
/N TR SCE =R

LR 321 B A R AR 7 1Y) Q08 4 G FR A R B
JINIES AR ARG I 38 20 B B SRR . PR LR
AMIB(EI3), 285 M40 5848 i 4%, PRSI T
A 22 AR A A H I R SCE N =R R
BEORAL G o5 RSB A 10 B0 f5 AL, R
Hap134h, HAR2fRih G EH TR, Bak
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T ZEHE AR B S AR 23 A T I R B AR AR T
g, BRI RE B AR K 2 230 A 1 5 1 B 75 AR
i (E2).
BRI LI P B, BIERITRH A S

1 SC ) =B R RE AR 2 8] A 7 35 25 R (P<
0.05), {HELiF R SC B FEAAR A =030 A B 4 22 (8] JC
F 25 % (P>0.05)(#3). AMOVAZFHI4s 3 WK,
VE — A RESEAT 0 A I, R A P 105t 1% 78 53
1537.56%, HEMRIH]ZE 515 62.44%, JF Hgeita
A2 35 (P=0.000 0)(F4). M3 b P B I3 A AT
FREAR 7Y, R BRER R AT DLy S AR B
5 ALHE (X Z) F1EE g L RE(WCHIXC) o 21 A ]

R2 ERE=SIHENBRERSH

Tab. 2 Distributions of haplotypes among

three populations

AT GEPT & B || REE T & M
haplotype  XZ WC XC || haplotype XZ WC XC
Hapl 1 Hapl17 1
Hap2 14 12 Hap18 1
Hap3 2 3 Hap19 1
Hap4 8 6 Hap20 1
Hap5 1 Hap21 1
Hap6 1 Hap22 1
Hap7 1 1 Hap23 1
Hap8 1 1 Hap24 1
Hap9 1 1 Hap25 14
Hapl10 1 Hap26 1
Hapl1 1 Hap27 1
Hap12 1 Hap28 1
Hap13 1 2 Hap29 1
Hap14 1 Hap30 1
Hap15 1 Hap31 1
Hapl6 1 Hap32 1

R3 EREFHAENEEI NIRRT A%
WY1 PELEX F %)
Tab.3 Pairwise F; (below diagonal) and exact P values

(above diagonal) among L. equulus populations

S

. X7 wC XC
populations
XZ 0.000 0 0.000 0
wC 0.783 6* 0.9850
XC 0.733 7* —0.016 4
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AMOVAZZ T 7w, 4 (8] i84% 28 5 R 75.37%(P=
0.309 9), FEIARPIAE S 425.01%(P=0.000 0).

AR RIS HE AT AL R 2 B AL TR 2
FERE 73 511 40.8120.04710.003 7£0.002 5, Hf%5 Y
ST BAY S5 AL L2 B B R AT IR 2 BE 4
0.69+0.10710.003 3+0.002 4(#%5), A LIFH HHiH
Wi 2R TFEE. THERERER,
HAERIEREAR Tajima’s DI A —2.057(P=0.004),
Fu’s F,{H 57—-20.868(P=0.000); Zf% kI EEBAY
Tajima’s Dffi H—2.126(P=0.004), Fu’s F{H A

—5.956(P=0.000)(#£5), Z5H LW, JaBlE 24 2
RS HE AL B I S R vk, RN AT RE R A TRE
Y sk F M. BHRAEX G R BN,
S A58 T A BRI Y R B Ay A, A R H
Al K AR Y SR F . SR R B AT T SSRE AR
B 5k S 8 ofE 50 ) }2.064F12.656, 2 HE 5%/
TTAE~10%/ 8 7 4 1 28R A 4 il X 58 A8 3 R Ak
B, RS RIEBEAN Y SR I R 52 500~105 000
AEHT, PRGBS EEBAYY KA R 267 600~135 200
AR

R4 ERBEEFHXFINSFHREDHR
Tab. 4 Analysis of molecular variance (AMOVA) for the control region of L. equulus

A KR q R3Sy i Ji E & Ry H% »
source of variation y sum of squares _ variance components percentage of variation
—AE:E#  one gene pool
F#RIE  among populations 2 86.204 1.406 00 Va 62.44 0.000 0
BN within populations 89 75.262 0.845 64 Vb 37.56 0.000 0
it total 91 161.466 2.251 63 100
FANER# (XZ) (WC, XC)  two gene pools
ZH#EE among groups 1 85.810 2.547 57 Va 75.37 0.3099
HBEN BRI among populations within groups 1 0.394 —0.012 90 Vb —0.38 0.939 4
BN within populations 89 75.262 0.845 64 Vc 25.01 0.000 0
St total 91 161.466 3.380 30 100
F*5 EREANEERLFNECSERPHERBLERA(E
Tab.5 Genetic parameters, results of neutral test and 7 values for two haplotype clades of L. equulus
N w N, I8 74 g N L S A 56
RREA i TR o g e o R i
Bk ZEFHUA . neutral test
types number of number of mean pairwise haplotype nucleotide T
S R Taiima’s D P Fu's F, P
samples haplotypes difference diversity diversity ajima’s
FUAETIERFA 67 22 1.45+0.89 0.81£0.04  0.003 7£0.0025  —2.057 0.004 —20.868 0.000  2.064
haplotype A
HAETIEAEB 25 10 1.31+0.85 0.69+0.10  0.003 3£0.0024  —2.126 0.004 —5.956 0.000 2.656
haplotype B
3 W Fb, BERTTRE S ST 5K, AR 4

Ko, H b T e B A B I 8 2 i R
T 5 A A 2 B g LA 2R 22 e T A
R HRRZ LD

MR F /0N 15 R A %) 2 R B TR DL B HG
oA, ASBETAC T A AR B 3 D 21 B 2R

FEABIEZE 34 6 o A R 110 5 70 2
FEYEE 2R0.61~0.86, %11 R 22 A B Y [l 24 0.003 3
£10.005 3, A 5 I = AT Y 22 R B AARAZ
M Z2 A6 B I BR o MRS GrantZF P48 H 9 44 B4R

UL

BUA PR, AL AT A AR S
SRR, BN TRAN 2R S R SRR RE AR A 2R R AT

FAR R IE BT A 0 A 7E 5 8 15 U R I v .
TRAE 35 R G H R, AT B AR AT LA LR
EB R AESE 2>k 37 A A R B e A R AR K

HE K =

PR BTk R R R A M AR o A
EN L N 1IN S G B9 R TN A 5 U 8 2R D S
L URON T B S R N R S o T
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FHAM =AW EEF kA, T
N G RO RS N il 5151 3 A T /A
Wi A7 11 I 5 R 6 A A T BB #3840 A TE A [
() 300 2% it 3k X T op 7 A st A 22 S . B RS
AR AR B T B AR TR0, BRI
010 JRE XE T FT BEAL TR AT AL R EEBAY M
KRG I B VB AT REAR BT DAk XE BT ] e AL T
Kigga . Kt fs, BEE SRR, 1§
iz T, 2R R E RS . P
G 56 RN AZ 1 R A TBE KT B &5 S 357 165 7S e R i )
PR RIS AT e K A T RERY IR F A X AT g
55t A e 2L AR AR AR G

BT 551 R 2 B () ) o fELE 3 KT 18 R
2RI FE, HETTHR % B 3% (P=0.000 0),
RUIHAT 5 1 2D AR ] 184 0 B 2 . W
VIPR: 50 W oR , B AT 5 0 mg 24 B4R 6] o Sl B AL
L. AMOVAZTHr &5 SR WoR, 18 4B At
P AR (R 7E 10 3 1 a8t AL 25 0 o R hy /N A
JRZEHE A, WIkEE KRS, WREA S FE B
HEAT I R S A E , OF 5O T 24 B AR R A
IC, N REJC I HEAT S8 A A BRI S, BT A
ERCER RN I P T P A
P o BRI X ) o A 45 AN REAR 2 AR
brage | I L o P D o (N R U B OB s A R 7
N3 VS AR R B 2 R AN (] s A5 BT

gi TR, MR R A LA R G AL R
R EE R AT g 2D LR SEA R
CEA YRR, SEE T UK R A 00 B A A AN )
X I R REA ™ A T AR oAk, T e T T
NCHEHr & T HAE (recolonization ) L%, [
POREUR A= T R Bz, R A A 58 Y AT
RE 7 e A0 1 b 3B B BELAG T R PR AR i, B R
TR AR I I AR R
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Population genetics study of Leiognathus equulus based on
the control region fragment of mitochondrial DNA

GAO Tianxiang ', GAO Bingbing >, LI Zhonglu®, SHAN Binbin’>, SONG Na*
(1. Fishery College, Zhejiang Ocean University, Zhoushan 316022, China;
2. Key Laboratory of Mariculture of Ocean University of China, Ministry of Education, Qingdao 266003, China;
3. Fishery College, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: The genetic structure of species plays an important role in inferring population dynamics such as
effective population size, geographical distribution, gene flow and population genetic differentiation. In order to
reveal the genetic diversity level and genetic structure of Leiognathus equulus populations, a total of 92 individuals
from 3 populations were collected and analyzed by control region fragments. The length of the control region
fragment was 393 bp. A total of 32 haplotypes were detected for 92 individuals and 7 haplotypes were shared. The
haplotype and nucleotide diversity of Xinzhu population was lower than that of two populations from Hainan. The
whole haplotype and nucleotide diversity was 0.61+0.12 to 0.86+0.05 and 0.003 3+0.002 4 to 0.005 3+0.003 4,
respectively. Two clades (Clade A and Clade B) were obtained in the neighbor-joining tree and median-networks.
Clade A consisted of 22 haplotypes, which all were from Hainan populations; Clade B consisted of 10 haplotypes,
which all are from Taiwan except Hap13. The haplotype and nucleotide diversity of Clade A was 0.81+£0.04 and
0.003 7+£0.002 5, and the haplotype and nucleotide diversity of Clade B was 0.69+0.10 and 0.003 3+0.002 4.
Significant genetic differentiation was detected between Xinzhu population and the other two
populations. The results of AMOVA showed that most genetic variation occurred among groups,
which account for 75.37%. Tajima’s D and Fu’s F| statistics for two clades were significantly negative for
these two clades, which rejected the hypothesis of selective neutrality. The mismatch distribution of L. equulus
appeared to be unimodal for two clades, and closely matched the expected distributions under the sudden-
expansion model. The expanding time may be nearly 52 500-105 000 and 67 600-135 200 years ago in the late
Pleistocene for two clades. The present phylogeographic pattern of L. equulus populations may be the combination
of historical factors and current factors. The isolation of the Pleistocene glacial land bridge resulted in genetic
differentiation of the populations and the isolated population had a secondary connection. Geographical distance
hinders gene exchange and promotes the formation of the existing distribution pattern of L. equulus populations.
Key words: Leiognathus equulus; control region; genetic diversity; population genetic structure; isolation
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