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Genetic diversity analysis of Sillago japonica based on
mitochondrial DNA ND2 gene

ZHENG Deyu, GUO Yijia, YANG Tianyan, GAO Tianxiang, ZHENG Yao, YUAN Donghao, SI Shujin
(Fishery College, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: A total of 119 individuals of Sillago japonica were collected from six sampling sites (Laizhou, Jiaonan, Zhoushan, Xia-
men, Shantou and Beihai). The length of 450 bp NADH dehydrogenase subunit 2 (ND2) gene fragment was amplified and se-
quenced. No base insertion or deletion mutations occurred and 77 mutation sites were detected, including 30 parsimony informative
sites and 28 singleton polymorphic sites. Sixty-one haplotypes were defined in 119 sequences. The average haplotype diversity (Hy)
and nucleotide diversity (z) were 0.945 3+0.015 5 and 0.009 718+0.005 445, respectively. The average genetic distance among the
six populations was 0.008 3, and the genetic differentiation index Fgy value was less than 0.05, indicating no significant genetic dif-
ferentiation among the populations. Analysis of molecular variance (AMOVA) shows that genetic variation of S. japonica mainly
resided among individuals within populations (99.96%). The neutral tests (Tajima's D and Fu's Fs) were both negative and deviated
from the neutral significantly. Besides, the nucleotide mismatches distribution showed a unimodal distribution, indicating that S. ja-
ponica had experienced population expansion in history. The estimated expansion time was about 0.12—0.29 million years ago in late
Pleistocene.
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2R DNA (Mitochondrial DNA, mtDNA) E.
o/, 5, HiggiE, JLPAKRERE
0 HIEER Rt nyRete, HRic iz n e
ST RGN A IR RN RS A S 2O
1120 7E mtDNA A5 19 13 4S8 T i 2L A
i, NADH i &V % 2 (NADH dehydrogenase
subunit 2, ND2) & i F AL R A XA, BB
G b S A PN S AR ) P84 AR S T R G 4 25
B, IEZW N T2 R 50K & AR i 5
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JIT AR T BT S BT e UL IR 2 27T S mL 2500
B, IMATOKCEEREE, 4 C AR,

1.2 E[EZH DNA REUK PCR ¥ 1%

BY G O R L AE TG K B 1 7 R LA 4
41, RFAAE G- 070 3 B0 85 i X
DNA, HTE/K CEEUIVER 75% L BEEBES 28 H
IR HY DNA &% T 100 uL KEK T, BT 4 C
TAEe

S 2 /D SR R N 40 42 )7 51 (GenBank &
&5 KR363149), K Primer primer 6.0 #X{F1% 11
P4 ND2 BEH G, S FiES1Y) ND2-1F
(5'-CACG AACGCCCCTATACTCA-3") FI R 5]
¥ ND2-1R (5'-CCTGGTAGGTTGTTAGGGGA-
3", PCR BZIVAARZE N 25 uL, U 0.25 uL ¥ %N
SU-L™ 9 Tag B, 4% 1 uL IESZH5 19 (10 pmol L7,
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Fig.1 Sampling sites of S. japonica
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2 uL /9y ANTPs (2.5 mmol-L "), 2.5 uL /9 10xbuffer
Zeviif (% Mg™"), 1 L HIREAHR DNA (50~100 ng),
PIIZ 1725 uL BKEEWZEK . PCR NN 95 °C
T S ming 95 °C 28k 0.5 min, 52 C Bk 0.5 min,
72 °C SEAH 1 min, SIHERR 35 % 72 °C SEAH 5 min.
1 1.5% BRARPESER F kAL I PCR &7 1574, BEIE
GRS RGPk Sk RS PCR 7Y
EE RS YA PR Bl TN
1.3 HiEoHh

JIF 35 51 24 i DN Astar®” " i 40 HE 47 4 4
WX FIHERE ; SR F DnaSP 6.0 Al Arlequinm]
B T 28506 580 H (number of polymorphic
sites) . HfEHIECH (number of haplotype) . 1 Ti
Z A (nucleotide diversity) FlEAE I Z 4L (hap-
lotype diversity) 25314 ; ffi /] MEGA 7.0°" #icff:3ik
F Kimura 2-parameter model S5/ 6 f=fE A
()P4 AL R B . B A R e foe /i 4, I
K AR (neighbor-joining, NJ) £:7F 1 000 ¥k
Bootstrap M PAT R R K BN ; 2 H
Network 3 F H1[0]i%E 7% (median-joining) 21l
DI RA TR 25 1 . BT Arlequin®™ BfFSETT
D SEREAR ] A 5% Ak K, a3 A8 K4y
HT (analysis of molecular variance analysis, AMOVA)
FhE ()35t 1% A2 A% &0 5 T Tajima's D Fl Fu's
Fs PRI LA R AZ AT BR AN TC XS 434 (mismatch dis-
tribution) A E AP HER Iy s sh AR L. AR
e=2u A AREY IR ], erp o g sk 2
8 (Tau), u NHAAHE, w=uk, H u BB
SR SR, kARSI, t FRoRA
PRk I REL, ikt a] =R, u 2

% Bermingham 1 Mccafferty”” [BF5Y, R E
TTHE 2% M GRAF R

2 gk

21 FIERRIESESEEAR

fii H DNAstar 1 SeqMan & /57475751
Foxd, 1524 450 bp 19 ND2 FEH Fr Bt
119 2 /b i s AF B L 4L 5l A=20.96%,
T=30.38%, G=14.05%, C=34.6%, A+T &
(51.34%) W& T G+C (48.66%), Hrf C &k
B, G o, BREEAL R T e . Tk
B 20550 774, TSR K
1) 19.84%, WA KINBIERIH ARG, 119 &
FEHNIERTIN S 61 A~ BRAERL, IS B A iy B B A% 78
Oy, TR IR A AR R X, TN
SRR 2] (1) BAAE R i D . B2 HEES
Bohon, RN A5 2 i (0.984 2+
0.020 5), AV HEARRAT R Z A AR (0.910 5+
0.053 8); Ik HHAR T IR Z FE I A (0.014 225+
0.007 953), SEMBHARL TR ZHE R (0.005 788+
0.003 723, # 1),
2.2 BHEBRMEEHFIRES T

£ MEGA %4+ >k Kimura 2-parameter £5
RUTHR /i fe6 S FEIAR B] A0St AL 0 B8 (8 2), PP
[&] )3 E S AE 0.006 85~0.010 02, oA & [ 1A
Sk AR ALHE B AR (0.010 02);5 SR AL I A4 35
L /N (0.006 85), B4k ity A& ik B Fh gk
K

A g AN [ R (0] 38t A5 AR PEFR B (Fsr) 4307
RILWPIREARANE For 4 T-0.014 16 ~0.044 38,

®1 ETLAEND2EER DSBS MEEE SN

Tab.1 Genetic diversity in seven S. japonica populations based on mtDNA ND2 gene

T HEAEL FAEIIEEH EZ A=V ¢l BAART Z R AT IR Z

population number of individuals number of haplotypes number of polymorphic sites Hy s

M LZ 19 12 16 0.924 0+£0.045 8 0.005 788+0.003 723
JKerE IN 20 13 17 0.957 9+0.025 5 0.007 800:£0.004 739
FHil ZS 20 13 34 0.947 4+0.032 3 0.013 019:£0.007 349
1] XM 20 17 21 0.984 2+0.020 5 0.010 282+0.005 993
ik ST 20 14 48 0.915 8+0.054 6 0.014 225+0.007 953
duifE BH 20 13 19 0.910 5+0.053 8 0.007 6780.004 677
ST total 119 51 77 0.945 3+0.015 5 0.009 718+0.005 445
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Tab.2 Average genetic distances among different S. japonica populations
i JuitE Jligee) M sk JE1]
population BH IN Lz ST XM
JKerg IN 0.007 74
3 Lz 0.006 85 0.006 88
sk ST 0.008 64 0.008 51 0.007 66
JH17 XM 0.009 11 0.009 02 0.008 50 0.010 02
SARITIVA 0.008 04 0.007 95 0.007 42 0.008 98 0.009 17

BRIEMAETT . SR 225 B sh, HAa
WA P BT 0.05 (£ 3). RHD T ESWH
(AMOVA) X} 6 A~/ i s (A A4 A8 SR U R 2544
TG (R 4). Z5REH, D ER AR S R

K A BEARNAMAT] (99.96%), H PR BA TE
(P=0.426 20+0.015 26), 2B /b i s f (A Rl A7 45 )
SRS, il bR R, BiE 2R
ZNTE

R3 ETND2FHBERSFRY /D EERKF, GIRLZ&T) AP (HfRaZ%kL)

Tab.3 F-Statistics (below diagonal) and Fgr P value (above diagonal) from haplotype frequencies of S. japonica

TR et JBE e M ik B Fil
population BH IN Lz ST XM ZS
BH 0.625 00 0.201 17 0.898 44 0.535 16 0.564 45
IN —0.008 44 0.434 57 0.693 36 0.457 03 0.517 58
LZ 0.000 93 0.012 84 0.638 67 0.018 55 0.021 48
ST —0.005 06 —0.011 29 —0.002 92 0.355 47 0.654 30
XM —0.001 54 —0.004 82 0.044 38 0.003 94 0.826 17
ZS —0.002 41 —0.005 85 0.03513 —0.013 66 —0.014 16
®4  DEHERALRAND2EEHAMOVAL
Tab.4 AMOVA analysis of S. japonica populations based on mtDNA ND2 gene
A AR HHEZ SEITA Ji 2o ST
source of variation df SS variance components percentage of variation
FiEE] among populations 5 9.720 0.000 78" 0.04
FREER within populations 13 217.911 1928 41" 99.96
&2t total 118 227.630 1.929 19
[ % {H fixation index (Fgr) 0.000 41

TE: Va ZARFIRITT2 . Vb, HRFAREARIA 77 22

Note: Va. variance between groups; Vb. variance between groups within the group

M GenBank $#i& T 238 2k Fh 2 6 2 (S, si-
hama, GenBank % 55 KR363150) FlH [ i (S.
sinica, GenBank %35 KR363151) /E koM, SRH
4B (neighbor-joining, NJ) MRS LB (K 2),
RERHORRIFHA R M EACE, WA TE R
M3, FREZ AR 2 AR 28 0 o

23 BB EHT RS E

FE 1 000 B YIEN T, H Arlequin 4k
PEXF 6 ANHEUAR Y D i A T rp HEAG S (6 5 R 6)
A RRASE T 28T (B 3). 24 Tajima's D K fit,
Bregb Lk B EKF, FAFRE i 2 b
PEGRASHBAR, WA RS R A 32
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Fig.2 NIJ phylogenetic tree of haplotypes based on ND2 sequences of S. japonica
S. sinica and S. sihama are selected as outgroups.
F5 DEEEREK PRI R SR E
Tab.5 Neutral test and differentiation time of fit for S. japonica
PR I JEM Jiindza] Fril 217 sk i
neutral test Lz JN A XM ST BH
Tajima's D -1.918 06 -1.678 23 —0.721 48 —1.244 16 —2.098 64 -1.378 17
P 0.012 00 0.033 00 0.272 00 0.090 00 0.008 00 0.072 00
Fu's Fs —7.368 12 —6.792 29 —3.610 54 —12.466 49 —4.380 38 —6.687 65
P 0.000 00 0.001 00 0.050 00 0.000 00 0.030 00 0.003 00
Tau 2.2 3.7 3.5 4.3 5.3 34
T (Mya) 0.12 0.21 0.19 0.24 0.29 0.18
Mk s ¥ rh MRS T8 N N v N " \
6 DEEREIHER FBAHLEAS H R, S5 A AT REZS T KB T

Tab.6 Neutral test of population for S. japonica

(LS e U R AW by QUi A

g TajimasD  FusFs  famy Fu's Fs Kgarf, W0R Fs K T%, EUREHE T
number SSD . .
por 57 S, RZMERAREEE Ty ke, gk, Kt
119 -2.22354 0 2591643 0 0.001 89 0.020 24

MRS MR R, Tajima's D fil Fu's Fs 1
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Fig.3 Mismatch distribution based on ND2 gene
haplotypes of S. japonica
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PRGSO I AR A AT
REXT /Dl 5t A 08 S 7 A — g S . A 2R AR IR
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LRI BRI A AF IR, A4 skt 1] 52 It AR A8 R i e
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FHE BB Xu %5 X b A S AR A
fif (Sebastiscus marmoratus) ATP6 Fl Cyt b F&[H iy
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BHEZIEETREL For PPN YR AR 8] 35 1% 43
bR BE kR . Wright'™" (ORFSE R, #5 Fer>
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FRBEHRBIAFAE R 0L, 0.05<Fgr<0.15 Fn it
IR AFAEARE L, T Fgr<0.05 W3 BB (A (] 15
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