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Bio-Rad 51000 PCR Y s #4749 1. PCR )% N
94 C784% 3 min;94 C 45 5,53 C 30 5,72 C 1 min
(30 AMEER) ;72 C 5 min, ¥ 4515 2] 448 MR
FEARH) D-loop 5" ¥ g A8 X 24 450 bp H R F B, i%
AR TE P A, — U L15998-PRO A 2y
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FEIEFd ] CSBDH [ [l & . i 3 BLASTn [,
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(a) &7; (b) HF,

Fig.1 The sampling sites of yellowfin tuna and bigeye tuna as well as surface current patterns in South China Sea

(a) winter; (b) summer.
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Tab.1 Basic information of tuna samples

iEdEN FEA R/ R K/ mm G KA H GenBank %515
population sample size fork length location date accession no.
EHiE S & T. albacares
¥ (SCS IN572739-IN572794
it . ) 17 1 000 ~1 800 15°N;110°E Apr. 2011 .
South China Sea (W4T, this study)
11 ~12°N;
16 190 ~ 268 May 2011
111 ~112°E
11 ~12°N;
28 200 ~ 300 Jun. 2011
111 ~112°E
ST Pacifi 20 0°N:110° W AF301200-AF301209
- acific - °N; °© -
AY899597-AY899606 ]
[ ¥ Indian 20 - - - AY899638-AY899657 %)
AY899565-AY8995741%)
KPGEE Atlantic 20 - - - > i
AY899534-AY899543 15
KER&18 & T. obesus
i (SCS) 22 1 000 ~1 800 15°N;111°E Apr. 2011 JN572713-JN572738
4 545 ~570 12°N;112°E Jun. 2011 (W5, this study)
PER-7E(WP) 140 ~ 144°E; May 2001 — -
10 - ' AY640294-AY640303 '
the western Pacific 11 ~22°N Jan. 2003 64029 640303
7 \ NS EP
AR ( ) ) 10 804 35 8°S;100°W Nov. 2003 DQ126594-DQ126603
the eastern Pacific
TG ENEE 7 (W) o 60 ~70°E;30 ~33°S Aug. 2005 EF154413-EF1544171¢)
the western Indian 0 ~3°N;45 ~56°E Jul. 2002 DQ126563-DQ126567 17!
<P (EI 76 ~90°E; EF154397-EF154401
AREDEEREC ), 10 - Aug. 2004
the eastern Indian 27 ~32°S EF154407-EF154411 [1°)
PE(WA
FIRPETE(WA) ‘ 10 1130 +86 40°N;63°W Nov. —Dec. 2001  DQ126464-DQ126473["
the western Atlantic
R ¥ (EA
ARATGHE(EA) 10 436 +23 8°N;24°W May 2001 DQI26666-DQ126675 "

the eastern Atlantic

1.3 Bk HEEEMSN

A BEAAE B LA B s A% 0 1 2 B0 E H8 4K
A RAERIECH (h) B AL B H (S) (FRf Al
ZRVECH,) CFE - AEECE (k) B H TR Z2 R
(7 ) 8 % 48 B (Fgp ) ML 4B 48 11 ( nearest
neighbor statistic, S, ) ¢ /1 DnaSP v5 F ) 3L [H
W A% 4y k4l i ( gene flow and genetic
differentiation estimates) /3153, 2 1 000 X &
SLRARK I 0 e . BRI (N, ) ARHE S o
KHARAN, =(0.5/Fg) —0.5 F Excel 115
BE,

MEGA version 5 H1 >R J] 4B i % 42 1 44 2
(Neighbor-Joining ,NJ) 24, [ 41 Lo xf 7 A 1
AR B AR IC A L B B B Kimura 2-
parameter JEAER AT B, I K L L1 000 )
bootstrap T3l B A I AT SEE L LT ML

TSRS 248 AL Ok B AT R AR A 1 2R 2R
B, KM Arlequin ver 3.5. 1.2 #1700 T 240
Hr (AMOVA) 73, THE B SEHE ] REHE NAFK
() FREAAR N B 43 7 22 MCHE T o L B A 43048
iz il DnaSP v5 1 iy B K K /N A5 fb
( population size change ) 431 3% 84z 4T mismatch
distribution J3 7, 3@ L WL DNA 7471 i P P A% 1
PR, A [F0) 22 5 ) A0 238 03 A [T A SR SR AR A A
F/NEFa E K (constant population size , CM) B{
AL BEAAR ( population growth-decline, GDM ) i 1%
BAREHE. 1155 GDM AR 3 NS4 i
Y SRR R R B RN, ) B RN (6,)
T K e A= Ik E] (T, B8 7 =2ut; ¢ Sy HEACK u 2%
AR/ FERN/AAR) P BE 0, TCTF ST REA
SVBARAE S 6, A T, , JF d1 T, HE5 R I/
AREHRARE I [, 155 GDM LR H,
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{H (the raggedness statistic ) & b PEAR 40 46 183 15
& FFRIE FI W AR 5K BE— 223158 Fu’ s F,
AR PR~F 1Y) Tajima’ s D XAARNIIY P {E, B E "
K A i 25 TP R B AR

2 4k

2.1 EESRENKRERER D-loop FIIE
FERFITSRESNER

F2 P2 T ARSI E 1 82 % (R
1,IN572713-IN572794) 7E N 31 202 52 bifAfi
DX S e B R IS AL ST 4 2R o A
R, ARG A 0 1Y A R AR PERR AL T+
K B H EHARR T 0.99, 1 HAA 250

B R AN/ MEHEAR 73531 1 BT R AR Y 3
FEA, €0 455 v ¥ AF S TE DA 1 EC A A A s 1 o
ZJa],

PR &, R R 45 A0 fh R A1 1 2 22 S B A%
HIRZFER RO EA TP EER (k=17.292 75,
10. 2000 0 ~19. 844 44; 7r =0. 050 56,0. 029 82 ~
0.058 02) #B B ik T 5 % 4 4 £ (k =8. 50 465,
7.95789 ~9. 015 79; 7 = 0. 032 21,0. 030 14 ~
0.034 15) o AHFFEIE 1 e 1 RHR 4G L) & Al
43 11,683 08 F1 0. 034 16, K T e i€ 4: 4 A
8. 710 39 F1 0. 032 99; (HEF[ & () H, 1 S Ky
0.996 92F1 58 , B4ILTJ5 11 0. 998 70 165,

K2 AReREBMAE SR BB EKME DNA 25X F I ERE RS

Tab.2 Descriptive statistics of bigeye tuna and yellowfin tuna based on mitochondrial control region sequence data

Wik e mpemgp  OPCREE o RTRBRIE O RRRE - RS
. no. segregating haplotype diversity, average number nucleotide

population " no- hapotypes sites, S H, of differences, k diversity , 7
KEIR&EIE T. obesus
i SCS 26 25 58 0.996 92 11.683 08 0.034 16
PERSE-TE WP 10 10 58 1.000 00 19. 844 44 0.058 02
KT EA 10 10 42 1.000 00 13.200 00 0.038 60
PEENREVE WI 10 9 37 0.977 78 11. 044 44 0.032 29
RENEETE EI 10 9 48 0.977 78 17.177 78 0.050 23
PERVPETE WA 10 10 44 1.000 00 13.933 33 0.040 74
AHKKWETE EA 10 7 26 0.933 33 10.200 00 0.029 82
total 86 98 79 0.998 08 17.292 75 0. 050 56
HEHESIRE T. albacares
i SCS 56 54 65 0.998 70 8.710 39 0.032 99
KT Pacific 20 18 38 0.989 47 9.015 79 0.034 15
E[1# ¥ Indian 20 20 38 1.000 00 8.078 95 0. 030 60
K PG Atlantic 20 19 37 0.994 74 7.957 89 0.030 14
total 116 109 83 0.998 65 8.504 65 0.032 21

P2 rp AR SCER N SE (4 56 R TR IR DX 1) 0 6
AT HAEAN TR S DAL DO I (] sl B 18 2R 2K
AT, IR GG £8P PRI R BR 1 R PR
PR 2 ARG ASN, HoRREA R o s
— M, SRV RIEN BEPE AL o ) fEL A T
R, M REAZ 5B IAEA o RE—iE,
RIGA SRR RS s 300, TR AR S
AREDEEFEREAIE S IO — M, B ik 99% .
SRR, =R I o Al f MR g 0 AL R B
W /N T RIR G A
2.2 HBESKEMARSLEBHESNERILER

GGG 116 MEAEEREY S, =0. 301 54

(P >0.05) , FHEHE A a1 2Bk LA B i
R, KRIR 44 86 MHEAH S, 0. 381 40
(P <0.001) , FRHEEARIF A 25

FEPIE (3R 3 £ F) 45 R KR (1) migESih
FREAR ) 25 PRI A A X (B B SR TR R 44 £ (R
7£) 5(2) KHRGAR A0 K P PEREA S HoA R 1A ]
HIFE PR IIARAG; (3) R R 7E 3 E SR A1
PE P VAR D R R AR I ) L R A PR A £
P (51. 638 F1261.280 10) , BB K TRIMEAIA
SEEREA(10. 868 8 il —50.801 81) .

EIEHFARRNL, s RE(F 3 A£TF) ik
B (1) HEEEMALTEAR Fo(P>0.05) 5%
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RIRGAGEAR, H S, 39835 0.5(P >0.05) , B 3%
(SRR SR Ry ORER NP A N
(2) RHR A AE £ Y R P AR X B For o S,
(P <0.001) 3R T 55 3 HEARE 901, 3=
IR DU R R Aty A 5 LA AR A S A 1 20

B4k s (3) KHR 4R f Y ED R VEREIA S RE i LK
PR ) A AL AR R B (S, =0. 572 28 I
0.412 50,P >0.05) , 1 g EFEAR S AR A R
Fo (P <0.001)F1 S, (0.01 <P <0.05) 705
TR S IO PEREAR ] & A T8 8 k.

4<1<‘, AYET
BET v A
A - Yy, ® *,
2 v G Xy <
vy (S
. & \J
/ *
/ G, OO
[
D™ v O
/ J>6 > 1 R
»
g < ;
o) »
. o \:Al o Big Eye Tuna .
Yellow Fin Tl‘lnu 20 G Sos 9
A B Scs 8 THASEHE WP .
A KT Pacific 5 59 A ﬁzé\@z EP S
O BIBER: Indi A s2 ® EIREE Wi o8
o K Al ) o RENEHE U4
4 " " TEATIE WA .
020 Q 0 FKKPGH EA 4
5 « ? “
- < S e}
<4 o
g <« % 4
& 4 »
N 4 S o
NOAD o >
%\g\oo * A -8 ‘3/ .'
v A NS 7
v A o
v A \4
N vy . yv
A0 ppo0o00Y >oppev
(a) (b)
2 ETEHXEFINEESREMKRECEREE

BET. KIRGAE A (a) ; YFT. BEEGAG A (b) 5 A5 115285l 40 BPRURKUORT B R AR A fa A B P RG0SR 260

Fig.2 Neighbor-Joining trees of yellowfin tuna and bigeye tuna based on mitochondrial control region sequences

BET, bigeye tuna; YFT,yellowfin tuna; the clusters with lines from thi

£33 ETHRHEESNXSIFINRREREBFIEEE
Tab.3 Matrix of pairwise F./S,,

bigeye tuna and yellowfin tuna samples based on

n to thick denote early group,medium and late group,respectively.

ERBRERSUER(Fu/S.) SERFR(N,)
and associate N value among
mitochondrial control region sequenced data

2R3 K- E[1BEVE KVGVE
SCS Pacific Indian Atlantic
i SCS 10.868 8 51.638 0.5481 74
—-50.801 81 261.280 10 196. 350 39
KV Pacific 0.043 98 ™ /0. 639 49 * -27.793 0.837 041
—0.009 94™/0.581 99™ -122.451 22 —144.592 22
E[1F ¥ Indian 0.009 59 *** /0.572 28" —0.018 32" /0.412 50™ 0. 708 605
0.001 91™/0.591 24™ —0.004 10™/0.502 86™ —-31.847 96

0.477 02** /0.971 01 *** 0.373 96 *** /0.

0.002 54™/0.524 12"

KVGEE Atlantic

—0.003 47%/0.452 38"

0.413 70 ™ /0.891 67 ***
—0.015 95™/0. 560 42™

870 83 ™

TE R H A A T 5 s BB AL T3 M 24 L7 s ns, not
0.001,

significant; * ,0.01 <P <0.05; % ,0.001 <P <0.01; *xx P<

Notes; Values among bigeye tuna are upon values among yellowfin tuna; N, are above the diagonal ;ns,not significant; * ,0.01 <P <0.05; = ,

0.001 <P <0.01; ##x ,P <0.001.

A PV R I — PN IR S AR
SEPERFURALAAE 55 0 35 1 534k, T 45 PG -1 A
R o RIS R PRI IR Y Fgy
F1'S,,(0.062 54 F10.673 61) B & KT pig it fif 40

P EIREPEREIA (0,003 85 A1 0. 608 73) , %k T
P RE IR 5 R ED R PR BE KR (0. 056 83 A
0.675 93) , AH R 1 3 PRI K /IMER YR S B T/ P4 D
REVE(129.37) > B 1G/Z5ED VL (8. 298 2) >
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g/ PER 7 (7. 494 88) > FY /AR K ¥
(0.520 804 ) , 1] g ¥ JHf 1A 55 B BE PR AR AR, UL
JEVGENEFERE AR S R BT 301, 4 4 Prsl i i

TRZ R W] IR G AR R PY AR YRR S
AT MR .3, A RPEAR (P P AR AR 23
AR

T4 ETERHEESIRBSFINKRECERESNIEH (Fo/S,,) MEER(N,,)

Tab.4 Matrix of pairwise F,/S,, and associated N, value among

bigeye tuna samples based on mitochondrial control region sequence data

[Rafis3 PYATE TR PYENJEVE RENJETE PYRPEVE RV
scs WP EP Wi EI WA IA
?(f 7.494 88 11.963 129.37 8.298 2 0.569 7 0.520 804
PN A% 0.062 54"
RN _ 16. 594 6.150 7 -8.3877 0.999 2 0.954 672
WP /0.673 61™
RO 0.040 12 0.029 25**
AT , 14.167 75.143 0.670 7 0.672 415
IP /0.76389%  /0.650 00™ —
s 0.003 85 0.07518™  0.034 09 ***
PHENEEYE 2 , ‘ 5.649 3 0.510 1 0.480 296
WI /0.608 73™  /0.495 83™  /0.441 67™
SEREVE 0.056 83 —0.063 39  0.006 61 ™  0.081 31"
ARENEEYE — 0.913 5 0.910 039
EI /0.67593™  /0.28333™  /0.500 00™  /0.516 67™
PTG 0.467 43 0.33351™*  0.427 08  0.49499**  (.353 74"/ 25 386 3
WA /0.962 96***  /0.783 33*  /0.87500"*  /0.933 33  0.825 00" '
HARTGH: 0.489 81 0.343 72" 0.426 47"  0.51005**  0.354 60" 0.006 86™
EA /1.000 00 /0.975 00  /0.516 67"  /0.950 00 **  /0.900 00**  /0.600 00™

T R BERA T X 24 5 ;ns, not significant; x ,0.01 <P <0.05; #x ,0.001 <P <0.01; % ,P<0.001,
Notes: N are above the diagonal;ns,not significant; * ,0.01 <P <0.05; ** ,0.001 <P <0.01; %% ,P <0.001.

2.3 HUgTVKERIWEESXRNGR
( demographic patterns) /& 045

XoF L 0 4 A £ 925 1 X 910 DA M A A ) IR
ARt SRR (8] 2-b) 3 A FEETEUR MR P
BTG SRR P IR A TR SR
FR (49 55) , SRR BT P A B H el (20 A 17
45) o SRR T RO VR R AR B R VEREAR T 41
LB, Bl AR Ry e T P B BEVE P s Hh A
L Ely L 0 S ) R TR PG B RE VAT 4
ZH B WU ) 5 4y RS 2R I, AR R IR 4
iOREER iU TS I GO NN DS i = I B N B
EEEVE PUEDREVE/ R RVUTE (R 5) o 2 T

ZET AT, R GAR SR N 7 AL BT o PE B R
TAHECRIA] S R], AR K, T For 1 235
PEAE ST ST A P B IR 75 DR HIR <24 #9 7
37 A e A ) 2 Al A i 1 A (3R
6) .

P b < A R B IR 0 K 3 IR A growth-
decline model , 2 & 4 f £ (1% B S FE 4 L b 73
M A3 1] 2y #i (unimodal ) | 1M G HR 446 £
FH N A (bimodal ) |, [z B i YY) Rl AT 2 1 A
BRI KA R, B UE 1 R AR AR A R A
PR R HEEAE AT AE 7L (181 3) o

RS HRKRELEB=ANREBNFIIHARRIEMNS 5

Tab.5 The source and distribution of sequences in three bigeye tuna groups

3} PR RO PUENRETE O REDEEVE  BOREEWE O ARKRWEHE ARG

Ne WP EP Wi EI WA IA weight ( total)
FLIRE early group 0.15(3)  0.50(5)  0.50(5)  0.10(1)  0.40(4)  0.00(0)  0.20(2) 1.85(20)
5% medium group 0.85(23) 0.50(5)  0.50(5)  0.90(9)  0.60(6)  0.10(1)  0.00(0) 3.45(49)
WE0IEE late group 0.00(0)  0.00(0)  0.00(0)  0.00(0)  0.00(0)  0.90(9)  0.80(8) 1.70(17)
Bt total 1.00(26) 1.00(10) 1.00(10) 1.00(10) 1.00(10) 1.00(10) 1.00(10)  7.00(86)

http : // www. scxuebao. cn



2 4 FE AR, A R G A 0 R 2 0 A f A RIS (L 45 197

F6 ETEIRBIFINARSEEHGEREBBEEEUNNST FAESN
Tab.6 AMOVA analysis of genetic structure of bigeye tuna populations based on
mitochondrial control region sequence data
BRI A S5 Iy ¥ T 2% ENEpigid SR N
tested structures variance % Fgr P

ETARFS (Bl KFF BN EEMAEFES 4 N BEFEFS,n=86)

all samples( All sequences of SCS,Pacific,Indian and Atlantic populations,n =86)

FE{A[E] among population 9.467 40 41.30 Fgt* =0.413 04 <0.001
IR within population 13.453 89 58.70
BHIE (4 NBHEER S FE 5 ,n =21) early group ( Partial sequences of all 4 populations,n =21)
PE{A ] among populations 5.383 27 25.77 Fgr =0.257 73 <0.010
FEAR P within populations 15.504 17 74.23
hHIE (FEiE . KFEiFEKAEL 4 PNEEEE 9 F 5 ,n =48) medium group ( Partial sequences of all 4 populations,n =48)
PE{A& ] among populations 6.002 71 31.10 Fgt* =0.311 00 <0.001
FEA P within populations 13.298 39 68.90
R HARE ( K PEEREAER4Y 51 ,n =17) late group ( Partial sequences of Atlantic populations,n =48)

100. 00 - _

BE{ARN within populations
B o BB (k3N BEBIAKMWAAERFS,n=86) early, medium and late groups( All sequences grouped in 3 groups,n =86)

HE[H] among groups 5.770 53 24.07 Fé&p =0.240 66 =0.023
BENBEARTE] within groups 6.133 75 25.58 F&" =0.336 88 <0.001
FEAR P within populations 12.073 65 50.35 Fr™ =0.496 47 <0.001

Notes :ns,not significant; # ,0.01 <P <0.05; #:* ,0.001 <P <0.01; *x:x P <0.001.

0.08 1
0.15 - I — Exp_GDM . — Exp_GDM
5 . ---Exp_CM 2006 /x . - Exp.CM
| Qo i 2%
2010k O\ o Obs_YFT El o == Obs_YFT
2 NV & 004
M 005+ [iN H
i ) = 0.02
K [ ™~ & 0.0
4 T S
1 o TaEEtfaao L
0 10 20 30 40 0 10 20 30 40
BOX 2 R PEE pairwise differences Bixt 2 FPEE pairwise differences
0.15 e _ .
g — Exp_GDM 0.10 — Exp_GDM
) P -—- Exp_CM g 008 ¢ ' -—-Exp_CM
L : : o 5} BN e
g 010 L Obs_YFT 2 006 b PN Obs_YFT
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Fig.3 Mismatch distribution for all pairwise combinations of mitochondrial
control region data sets of yellowfin tuna and bigeye tuna
Exp_GDM, expected growth-decline model; Exp_CM, expected constant model; Obs_total, observed value by the entire data set; Obs_

YFT or Obs_YFT,observed value by the yellowfin tuna or bigeye tuna data set; Obs_YFT_SCS and Obs_YFT_SCS, observed values by

the data set of yellowfin tuna or bigeye tuna in SCS.

http : // www. scxuebao. cn



198 Koo

S ¢

36 &

H PRI 45 2R s, O PR SF 1Y Tajima D X
SCRFRR A f rh SR A4 S 325 i 0 b M- (3R
7)o BRORHRAGAG i LR SN, 28 A6 AR
SRR Fu’s FoRy P A 3% I 25 v
35 41, Harpending AN ¥ 5] £ % ( Harpending ’ s
raggedness index, H,; ) {5 Fll & f& 77 2= (SSD) {5 #F

AR, B SR A A R AR AR L S v S SR
PRZE D T s kit 7

PHCHT JE R R A RO METHE 6, F1
6, S EARAY W], BR T O HR G AG £ 14 B I A A
AR, FLAL % AR 8] £ 9 5K A BOTe 4 1
BHZESR.

®7 ETHENMARSLERFEHEFIIAREHPERQN. B OSHMAT

Tab.7 Statistical tests of neutrality ,and demographic parameters estimates for

yellowfin tuna and bigeye tuna mitochondrial control region data sets

S Al BELI S M
R goodness of fit tests demographic parameters
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Notes :ns,not significant; * ,0.01 < P <0.05; ** ,0.001 <P <0.01; s*x ,P <0.001.
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Population genetics of tunas in South China Sea
inferred from control regions

WANG Zhong-duo', GUO Yu-song', YAN Yun-rong'?, HOU Gang'?,
FAN Yan-bo', FENG Bo'”, LU Huo-sheng'*, LIU Chu-wu'"
(1. Key Laboratory of Aquaculture in South China Sea for Aquatic Economic Animal of Guangdong Higher
Education Institutes , Fisheries College , Guangdong Ocean University , Zhanjiang 524025, China ;
2. Center of South China Sea Fisheries Resources Monitoring and Assessment ,

Guangdong Ocean University , Zhanjiang 524088 , China )

Abstract: The South China Sea( SCS) surrounded by the first island chain is a semi-enclosed sea linking the
Indian Ocean and the Pacific Ocean. The population genetic features of the two most important economic
species, yellowfin tuna ( YFT, Thunnus albacares,17 adults and 44 juveniles) and big eye tuna ( BET, T.
obesus ,22 adults and 4 juveniles)in SCS(11 —12°N,15°N;110 —112°E) ,have been analyzed based on the
partial mitochondrial D-loop sequences. Our data supported the following conclusions; (1) both species were
high nucleotide variation with very high haplotype diversities( H; >99% ) ,while the evidence from fixation
indexes,and cluster trees showed the population diversity of BET was higher than those of YFT;(2) For
BET and YFT,the strongest gene flow between populations in SCS and the Indian Ocean were 51. 638 and
261.280 10, then the Pacific by 10.868 8 and —50.801 81 ,respectively; (3) both species obey the sudden
expansion model. Contrasted with the unimodal of YFT, the mismatch distribution of BET, as well as the
SCS population, were bimodal. Moreover, the spanning time of SCS population of BET was later inferred
from the T, ( =7.902) with biggest spanning scale (§,/6, =99 999/14. 752). The results should be basic
information for fisheries management, fishing quotas determination as well for aquaculture of tuna.

Key words: big eye tuna ( Thunnus obesus) ; yellowfin tuna ( Thunnus albacares) ; population genetics;
D-loop
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