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Analysis of population genetic structure of bullet tuna( Auxis rochei) in
the South China Sea based on mitochondrial control region sequences

LI Min, LI Yufang, ZHANG Peng, CHEN Zuozhi
(Key Lab. of South China Sea Fishery Resources Exploitation & Utilization, Minisiry of Agriculture; Scientific Observing and
Experimental Station of South China Sea Fishery Resources & Environments, Ministry of Agriculture; South China Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract: Based on hypervariable region of mitochondrial control region ( D-loop) sequences, we examined the population genetic
structure of the bullet tuna (Auxis rochei) collected from seven locations between 5°N to 21°N in the South China Sea. A total of 185
haplotypes were defined from 201 individuals of fishes. The genetic diversity analysis shows that the samples of A. rochet from the seven
locations in the South China Sea possessed quite high haplotype diversity (0.958 2 ~ 1.000 0) and high nucleotide diversity
(0.034 327 ~0.041 235). The neighbor-joining tree for D-loop haplotypes reveals no significant genealogical clades of the fish sam-
ples corresponding to the sampling locations. Analyses of molecular variance and pairwise Fg; suggest most of the genetic variation
(98.33% ) was attributed to variability within populations. A high rate of gene flow between different populations implies a panmixia
for A. rochet in the South China Sea. Both mismatch distribution analysis and neutrality tests indicate a late Pleistocene expansion in
A. rochei. The results demonstrate that A. rochei in the South China Sea belong to the same population with high genetic diversity.
Thus, a single-stock management regime can be supported in fishery management.
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Fig. 1 Map of sampling sites for A. rochet in the South China Sea
For information about the nine-dash line of the South China Sea,

see the survey area map on the colored leaflet
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Tab.1 Specimen information of A. rochei and genetic diversity parameters based on D-loop sequences

o I N AR (N e (H AN E RS 7 e TREFEE
FRE s SRER i G A (V) AR (H)  ZAVEALRER(S) Qihj:?#fq- ﬁﬁ@z?#ﬂ—
X . i K . number of number of number of (h£SD) (7 +SD)
sampling site sampling date longitude/latitude L. i . i i .
samples haplotypes polymorphic sites haplotype diversity nucleotide diversity
A 2014-11-22 108°03'E /18°12'N 30 30 103 1.000 0 £0.008 6 0.034 966 +0. 017 627
B 2015-03-17 112°58'E /18°29'N 42 34 130 0.958 2£0.0253  0.037 692 +0. 018 765
C 2015-04-22 116°53'E /20°28'N 36 36 125 1.000 0 £0.006 5  0.035 815 +0. 017 933
D 2013-03-27 115°32'E /11°01'N 38 35 116 0.994 3 £0.008 2  0.037 030 0. 018 494
E 2013-03-20 110°31'E / 5°34'N 32 32 103 1.000 0 £0.007 8  0.034 327 +0.017 276
F 2014-11-28 112°03'E /20°14'N 10 9 31 0.977 8 £0.054 0 0.034 347 +0.018 732
G 2013-04-05 117°28'E /15°04'N 13 13 83 1.000 0 £0.030 2 0.041 235 +0. 021 749
B3t total - - 201 185 202 0.997 2+£0.001 5  0.036 807 +0.017 981
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1.2.2 PCR 4" g 5 ¥ PCR J i (#1250
L, Hrp Taq PCR Master Mix (4 T.) 25 ul,
fuF5 Tag DNA 4 B, ANTP, PCR Buffer, PCR
stabilizers . gel loading A% MR YL ¥ ; #< 4y DNA 1
wL, 1ER I 514 ( Ath-Dloop-F 5 Ath-Dloop-R'™')
£ 1 WL(HEEA 10 pwmol -L™") i PR ST /K 5.
AR50 wL, PCR K2 7E ARG AL ( Eppendorf, 78
F™) BT, ROVART A 94 CHUZEME 3 min, Z
JE#EAT 30 MG, BAEFLAE 94 CAEME 30 s,
56 CiRk 30 s, 72 CHEMH 1 min, F5)572 CHEMS
min, YL HVKR IR S, R — 2Rl )

AT FNE , M558 3885 [ YA
1.3 #iEahiE
L3, 1 J950 4k Xtk AL R A 2 BT A

751 25 BioEdit 3.3 4 HEf5, F] MEGA 6.0
i Clustal W #£47 FEXS (alignment) , 2 HHES 12
B E RPN . A R A fr il B i
B Modeltest 3. 77 e %, JET AIC( Akaike In-
formation Criterion) FR7fEM 56 R PR B CAE R
Ve OB R S A SR, MTRERGERERR
RIS AL A5 T

1.3.2 AL LrerE ]/ Dnasp 5. 0" I Arle-
quin 3. 5" BRI A AN R S (HE B BRI ) BE A
s L AR VRS, AR RREIEH (H) . 23840
KECH (S) . BAERIZFEPE (h) FIRZH IR 2 4 1
()%

1.3.3 FhEEmiL gt 1E Arlequin 3.5 H1RH
5y F 7 2 43 # (analysis of molecular variances,
AMOVA) P AP Ay R it e 25 57K ¥ 15 M B4 )
AAH DG s AR, 1. 3. 1 i i) BAT RS
A7 & (invariable sites ) 1 Gamma 2 % ( Gamma
shape parameter) [{J TeN i1 (TeN + 1 + G 57 |
BETEA 10 000 YCE S AR A B . Tl
PR ] 14 53 A 185 R 418 550 F o 2R ARG 60 T A2 (1] 35t % B
BN, FIH Dnasp 5.0 3503 1A fa] 10 56 X i
G REAR ] 3818 3 A A 3, 0 AT R 2 A ik
(‘exact test of population differentiation) , [ ZE T
BERIL S R A B 2R A 0 3 ) L ARG T 0 B2
XATUEMRE . ARIEEIRA B, W R
NBEPLAE FCRE A k. ARE 23 AL X AE Arlequin
3.5 hiPgR, BeEMEELE 10 000 Y A AR 4G
5o BT RS F A G A& LI/, ke
FEAR RS R MR 2E, X 2 MHAEAS SR

AL SR T S B 3 o
1.3.4 RBEREXR A F] Dnasp 5.0 A= il fit
AR A B D-loop X JF 5] 54 AL, ¥ e At 62
(A. thazard) D-loop [X. [i] ¥ 17 51 41 b 2 G2 43 M #9411
KB, FETABHEEE (neighbor-joining, NJ) 7 MEGA
6.0 P AFEAR AR RG R B, HEABIRR
FEERE 1301 s i) TiN + 1+ G BB, R &
Sr SR RTEETESR AT 1 000 Y R AlAEIEAL
1.3.5 FEEH S 1 Arlequin 3.5 Wi i
BRI XT 4345 43 M7 ( mismatch distribution ) 122
FI PR SR (neutrality tests ) RGN R T (54 f1E 0 Y Fof
REDI g2, DAKRIG ey st b g AP AE Y ik g
o BHBRAECX 234 04 eh, R ARY kA A
(sudden expansion model) 35 /]NJ7 25 15 S 46 56 U0
DUEARIRED SRR BN i 3 B A Z IR 75— 20
ORI AR DRSS 40 (Harpending's ragged-
ness index, HRI) #E47 74k, HRI 195 11 5 B
10 000¢K H B HFESRAT . T3 ohth TR A B 73
A AT R AT BRSTE R W2 (0 A
KB Tajima’s D #2307 Ml Fu's Fo K30 fAa
TRAE 2 75 ™ b A h I BRI

TSI B R RED kA, WHRAE At =772
u P Y IR IR RIBAE 2 ARE, o MR
PR BRATXS 73 A TH 5 R A5 R 9 sk i (8] 24k,
& B9k LK BT & 05 A8, w S P 90 110 58 748 3k
F, ALE A u=2uk THES R, Hd kURF
IIKEE, w R MZH RO AR, R
RS T A 2 3f SR FH B9 4 7 T 4F 3% ~ 10% B %L
6. SERRAIKITIE T =0 [URF, AL
2.6 4 it

2 4k

2.1 FF5I%FE

AT i AR 7 DM B RSE 201 RRAEA
ALK D-loop X731, IR 5" di 5 42 X 644 bp
FPBUIEAT 0T, R BUAR A S BRIE o BEF-3
AU} A =31.9% | T=31.5% , C=20.8%
G=15.8%, A+T % (63.4 %)W EH T C+G
FH(36.6 %) .
2.2 BEASHRERSHNE

FEARIRILAL 202 BN, BHIRE
REPEAE SR 0. 036 807 (SD =0.017 981) . 201 4%
S —ICH I 2 185 A~ FAE AL, ARSI AR ESR O
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0.997 2(SD =0.001 5) , 45K ZHHA5RI(180 1)
HET DMK, A 5 AR Rl A
Z(2~104) o BRI E MARSS, HAK R
TR H A IL S A Y R il (B e Ast G 2SR
MR 1 PR, MR YY) 20 AR5 & i s
RIZAEPE(0. 958 2 ~ 1. 000 0) FIf & % 1 R 2 4%
P£(0. 034 327 ~0. 041 235) ,
2.3 ThEHRLEW

T P EA] Y ety PRAE A4 D-loop J51] i) AMOVA 25
R(FR2) BIR, BEARRBIA SIS ALY B g st 22
SRR Sy, A KRS s AE A 5 (98. 33% ) ok

T REANER . FEASBMA ML R KO 0. 016 74, 2
PRI 14. 68, SRWIHEMR (5] B PR A2 A 55, AP AE
B 384 O Ao T TP M R ) 8 £ 20 Ak R 4
Fo R BEVEWIR 3, Folk THEE B 5 HAREAZ
]y 25 (BB ) 280, A TR A 1 )
Fo ¥R ER =R E, HAEHRE AT,
BEPLAZ RO R BRGS0 Y W (3R 4) BoR RAR eI
[AIRF& A R BEAL > A AR, AR BRI (i 25
R, [ERARAEA RN AE R (P = 1. 00) W] R it
I AEERAT A FEAL S HCRE IR SE, 5 AMOVA 45—
2.

®2 [EfetE S IR D-loop RIBGEERNDFHEN

Tab.2 Analysis of molecular variance for five populations of A. rochei based on D-loop sequences

78 SRR A R AR P{d
source of variation degree of freedom percentage of variation F statistics P value
BEIARIE] among populations 4 1. 67 Fy = 0.016 74 0. 000 50
FEAR P within populations 173 98.33
I FEAS total 177

®3 EfctEm @ IZEEKE D-loop REEESU R (MABLTH) REZFMHKF(NALLER)

Tab.3 Pairwise Fg; (below diagonal) and P values (above diagonal) among

geographic populations of A. rochei based on D-loop sequences

A B C D E
A 0. 004 36 0. 056 23 0.327 59 0.429 86
B 0. 036 45 0. 001 09 0. 002 48 0. 005 35
C 0.015 65 0.033 77 0. 847 24 0.336 11
D 0.002 12 0. 034 59 -0.007 26 0. 645 38
E -0.000 13 0.033 57 0.001 82 -0.003 69

x4 EfCEEF IR AR E BV X BRI R B ZF K TE

Tab. 4 P values of exact test of sample differentiation of A. rochei based on D-loop haplotype frequencies

A B C D
B 0. 000 01
C 1. 000 00 0. 000 01
D 0.128 85 0. 000 01 0.128 70
E 1. 000 00 0. 001 60 1. 000 00 0.112 95

2.4 RZEREXEF FE R 2 0 T REM IS0 3, REMW
FIH D-loop 31 BULAG BUIE F48 vk (ND M SRR EOIF BT 70 S0 SRR (A B (E)
RS T BIAEEE I R TR 20 BREEAH AR, RIEMERE SR A
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Fig. 2 Neighbor-joining tree for D-loop haplotypes of A. thazard

The tails of branches represent the populations for each haplotypes. Bootstrap supports of >70% are shown at nodes.

2.5 FhEEH B
MAZAFTRANBC XS A B S HUGH (R 5) il AL,
5] A AR G PR P W) 5 B2 AG 36 9 HRT A (3% (P
>0.05), FWRHBRABX 04075 G R (Rogers
and Harpending )RS SKBLEY ) o B AREEAS P
AN 2E 5 5 R EIR I R R (B 3) B, BHTR
ANBEXS 73 A L WA 4 S AT, HOULI (55 SR
SRESTN (AR W W &, RIS b2
P PRy 5K o PERIER 9 Tajima’s D B0 A 35
MRUINAE, (H Fu's Fs (EAEFTA AR 8 12 BUR
RERKEENTEGEE), BEMWEPIEEIE T
Wright-Fisher #7 ,  [R] 42 ] pg 767 [52 A % 2 1 o ol

FERIY 5K F o AR DT 9Kk I 8] 2 8 () By WL {E
21. 8, Al R 7 5K I ) 24 % A AE 22 T ~ 73
JTAFERT
3 hhe

WP ) 388 1 22 Ao PR A A7 36 T R A 1 T
&, QRPN YRS IR DA AT & LA A A HE 22
WAl o AEUDV T IRTF AR Hp, X Hs AL ZAE
KB IS AN T 2R ER 7Y o IBAE SRR I
SRR A IR RGN ST, U B b i)
FRELVER R o R S A DU 3 g V6 T A e L
AR A EAAE TS ZZAENE (h =0. 997 2) R R T



5 4 1] OEE . ST AR DT 81 ) e 6 194 AR SRR 35t A 25 4 BT 93
&5 [EfEiE D-loop X7 I ZEBAEX 2/ AN SHMEITE
Tab.5 Mismatch distribution parameter estimates for A. rochei based on D-loop sequence
BB ASHEC RT3 mismatch distribution W) 4 FER S goodness-of-fit test
P 5K a] PG E RZME Sl BEME RURE 45 %4 BEE
T 6, 0, SSD P HRI P
A 21.7 0.003 52 248.325 00 0.001 82 0.817 20 0. 003 80 0.926 20
B 19.8 3.636 91 152.992 97 0. 004 68 0.202 30 0.011 64 0.016 80
C 21.3 0.047 46 387.304 30 0.001 53 0.713 70 0. 004 09 0.710 80
D 22.7 0.007 03 189.716 41 0.001 71 0. 740 30 0.004 31 0. 653 60
E 19.9 0.451 76 703. 750 00 0.001 40 0. 818 30 0. 004 54 0.735 10
BT total 21.8 0. 029 88 219.521 48 0. 000 37 0. 680 50 0.001 35 0.831 20

*x 6 [EfivtE D-loop X 5K Tajima’s D Fn
Fu's F, it R BE KT
Tab. 6 Tajima’'s D, Fu's Fg statistics, corresponding

P values for A. rochei based on D-loop sequences

YK, IR 2k AR A 22 T ~ 73 J7 AR (R I
M) o SHPUZCHRE], PHRF- IR S 52 vk —
IR PR S e A A e S i T Tl B TR
FESOHTIEDKIY], R iR N RS I — B A

Tajima’s D Fu's Fs BETECCT B A SR B 4 . B A 1] K
D P Fs P T T, I AR AT REAE B AT A A B R AL
A -0.85893  0.20860  —15.264 13  0.000 40 RS LR 3 3K
B -1.04475 0.14560  -7.94897  0.022 00 Rl IR T & A B B A B . R
C -1.17023  0.11300  -20.59732  0.000 01 KRB AL S5 B BF 5T B T P 00 1) 2 G B
D -0.85171  0.20360  -13.51001  0.000 80 RV S PTG, T8RS & B I b KR
E -0.840 11  0.20960 -17.26899  0.000 01 ko FEE R e R REAS BAAE T I R 58 A e R A
Biftotal —1.21572  0.08900  -23.70130  0.003 60 B R AR 2 G AL SR, ML BRI 1Y

TR (r =0.036 8), 5[ FEHET D-loop J7 5]
Sy BT R T A AT LU AL, AL 2R KT 5
FEBR(h =0.999 5; 7 =0.019 1) | 45 R K R i3
( Priacanthus macracanthus ) (h = 0.990 3; 7 =
0. 094 2) OV Fnar i i ( Lutjanus erythropterus) (h =
0.997 0; 7 =0.030 0) *"V AR, i i T 2 BT
M ( Plecto-rhinchus flavomaculatus) (h = 0. 665 5;
7 =0.005 4) " B VI SR 50 A 2 T 11 1 oA
PERT B S H ZRA I . PRI FA SO AR O HL
Z RN E BN K. HA TR IR R AF, (R
HH AR P P 555 7 B T AR AR

T P [ Y 0% P PR A 0 1Y) Tajima’s D {E BN 2
&, A FREYT SR AR W UK Fu's Fo R0 4 T
Y XHERRII N Fs 5, HITA BRI Py
EAEGETT R SRR O 8 3 o 5T, R
F B RSE R AL AN FC R 70 A 1) BRI
ity 2K [FIRE 2 T i v (B A T sl b 8 8 O ok R e fr b

AMOVA 4 % BB . 1 B B 3 1% 25 4 o & IR FE
A Foy {U K 0.016 74, {f 4 FREELAND"' f
WRIGHT *®) | 5#fE 43 fb R Fyp <0.05 32 W B
IR oyt LW >4, BRARSLE — 4B
ML, W5 P g T (B B % F o 0. 016 74,
AR )35 R R 3K 14, 68, 3% B A ] JEE 1R 3 3
AR, & —ABEALEE BL Y B — B (unit pop-
ulation)

A Z AR B R WA, 24
AIEIEPEDR . SRR A AT A B PE RS, A
(AR ) = A A B R B R SS T, DT 3 B0 TR A P 7R 5K
Ry bR Py e BRARARG P 3 15 20 AR A
e — Rl AR SR ) 2 a2, AR R s
FIAR K. 7200 3708 A g i AL >, s e
TP V25 15 Tl v Vi K S, 0 AT £ T Bt 2
WE S PER G . ACFER . RS &
Ay XA TR SE R Y R, TR B R 58
R A itk ¥ LAIKRE 25 s fk oL
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