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Fig.1 The sampling locations of 7. albacares
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Tab.1 The sampling locations and

number of Thunnus albacares

WS il E23)°3 KR H
WPO1 10° ~16°S  160° ~165°W 20
WPO2 6°~10°S  160° ~165°W 19
WPO3 0° ~5°S 160° ~165°W 17
EPO1 0° ~4°N 160° ~165°F 13
EPO2 0° ~6°S 160° ~175°E 9
EPO3 5° ~8°N 158° ~162°F 12
EPO4 0° ~4°N 155° ~ 160°E 11
it 101

1.2 DNA RJIREX. ¥ R 7

R4/ 40 i 3 R 4 DNA e 3 32 B 57)
&L ER A YR A R AR IRBLA A
21 DNA, YE 22 th¥ EB ¥/, 1. 0% BrAEWHBEIL
FL YK R DNA Ji &, %851 43 6 % B 11 & DNA
WREE, -20 CLRFEE . D-loop B 35140
TACRF: 5'-AACAACTAAATCGTCTAAGCCATACC
AA-3’, TACRR: 5'-ATACCCCACTCGAGATTTTCC
TGTT-3', PCR 2% ", 1.0 x PCR J Ji7 28 Wik 2
pL; R DNA(50 wg/wl)1 wL;Taq B§(S U/pL)
0.12 pL;dNTP (2.5 mmol/L) 1.6 pL; 8|4 (10
pmol/L) £ 0.5 pL; R H ddH,0 #pJE % 20 pL,
PCR 3" 34 7E Eppendorf #IEIY E 347, 540
94 CHiAEHE 3 min;94 C 30 5,56 C 305,72 C 1
min, 3t 30 MEFF;72 CIEH 10 min;4 CIRTE,
PCR =¥ B A TAY TRERBERRS B RA
AT

1.3 HiESH
W45 08 Clustal X 1. 831 B {3447 L
XF AT AN TR o FI A Network B {444 £ 545
RIE ) RIEXR R, REFHIRRFH PUAP {444
2, EE I 1000 %, )\ NCBI T i #E S
e ( Thunnus thynnus ), 75 75 W5 88 & 18 &
( Thunnus maccoyii ) F1 F T 4 #& £ ( Thunnus
tonggol) 3 MY FhSRL A b 4% 1 X i #43 FF 51 4E
NENEE, 3R 515 o EU562825 , GU256523 il
HQ425780, BARERIS BAMERI ZAEMETR S (R) 5
BHREFEERE (7)) FREEA TR 447 th £k i
{4 DnaSP version 4. 007! g3 . AN [F] BE4A ] 3
A8 E F,,  AMOVA 434 . Tajima’s D il Fu’
s Fs fx i #n & K 431k 2 %0 ARLEQUIN version
3.0 i, e F B ERL R ST
Bonferroni' ' #: 1E , .2 MKk P <0. 05, 1 H
BEIKF-Hg P <0. 01 FEEY TR ] S A=
T=1/2u (1)
KA r BARIET AR M/ ek B Al 5 1
MR RS RER PG AR REER,
FEEW(N,) HEAXRN:
N,=(1/F,-1)/4 (2)
K F R E e 8

2 4
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KAFFERER T SRR RS R 101 M4
7,4 PCR 43 =Wy 4 AL F P 5100 %€ , 45 R B
7,101 R Fp 3L R B 23 MR SRR, € X80
NERAERI (R 2) o TEFRIRH) 80 MEfE AL, E X
29 H_1-H_80 , H o K 25 BB A B g A A e
Rl . WPO2 BEIAYIA 12 A~ B A Y, T ¥ (K
EPO4 BA BRI AU 8 1M (K 2) . HfE
RUHALM 2% i B (181 2) ,80 MBS B 3
A BENRER R, NI RER (B 3) FlRE
LA B s b hIh gt . B1E 2D
Mras R B, BT B A B R (h) AARHTR
ZREME (7)) 435 2 0. 994 +0. 002 F10.008 92 +
0.000 38(%£2),
2.2 BETERSW

7 ASREERHAR ) AMOVA ¥ 56 & 31,98, 18%
TR R AETERANTR (R 3) o 7 I REREE
I P REA E] F Y5 EIZE 0.001 05 ~0.097 07 Z
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B (F 4), HA, #5213 Bonferroni & 1EJ5 , fF
BRI P BER B ) B R R AR B
(P>0.05), B&7T WPO1l 5 WPO3(2.32546),

WOP3 5 EPO2(2. 33398) 4, 4% Bk 1A ] ) 22 [ 7
EHERT 3, R T R ERAEZH

%[ﬂﬁ_‘E“ ILo

x2 HESREBEELHE D-loop EFEFIINEESHIESH
Tab.2 Genetic diversity parameter of Thunnus albacares based on sequences data of mitochondrial D-loop region
MRS RO RERE REREEN R BERERE SRAEDL i LGRS A

BB 101 23 80 0.994 +0.002 0.00892 +0.00038 H_1-H_80
WPO1 20 17 17 0.984 +0.020 0.00772 £0.00070 H_1-H_17
WPO2 19 21 18 0.994 +0.019 0.00996 +0.00075 H_11, H_18-H_34
WPO3 17 17 14 0.978 +0.027 0.00910 +0.00091 H_7,H_32,H_35-H_44

EPO1 13 18 12 0.987 +0.035 0.00916 +0.00136 H_6,H_11,H_65,H_67 ,H_73-H_80
EPO2 9 13 8 0.972 £0. 064 0.00779 £0.00118 H_14,H_36 ,H_68-H_73
EPO3 12 15 12 1.000 £0.034 0.00847 +0.00088 H_56-H_67

EPO4 11 17 11 1.000 £0.039 0.00889 +0.00072 H_46-H_55
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Fig.3 The NJ tree of 101 individuals from
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HIESIE 80 NRERELXRE
Fig.2 The relationship between 80 haplotypes from T. albacares in Pacific Ocean

WPO1 @
WP02 @)
WP03 ©
EPO1 @
EPO2 @
EP03 &
EPO4 ()

2.3 HIRBENEBFET KON

TAREER R P ERR (R S) SRER,
BRT WOP3 HE{R[H) Tajima’s D Jy3E B EK) (P =
0.615) IE{HZ 51, HAhEY Tajima’s D ¥ohE B35
(P >0.05) il T 7 PREEFEAH) Fu’s Fs
PR BER (P <0.01) BfafE, EHIERT,
BEH) Tajima’s D Ml Fu’s Fs 8, RUIBARR
Ay K, HEERZEREFNELT,
Tajima’s D B B ZF M HUE, T Fu’s Fs g
BERE, R LAY K 7 MR
HRALX A 2B HIE(E 4) , %
B AOEI  AEd k



58 M3, 55 BT LR ] X Y AP RR RSP 7 B R S it A PR (e S RO 5T 785

3 g

3.1 B@REREHNEESINSEETRY
AR E IR TRE SRR
— A BER mtDNA BAE7E R EEISHR, m BT
& Ff miDNA SR RUZERE A BT 5 1 LL i), ZE4R 7
R mtDNA 384% 22 B 7 TR A1 T B0 4 0 B A3
RUREREEI (D)™, ATFRRERER,T DRAE

HAEE B R BT BB SAEERB(h =
0. 994 £0. 002) FMBARHIZHBREHAESE R (7 =
0.008 92 +0. 000 38) , ##E GRANT #1 BOWEN
HEDI ) B SRR R 4 FhELit R, B EE AR T
AR H /NI A5 A 22 77 — B [B] O AR E SR 3
5K AR A PR KRR T B B R S A
FIFEAR T MR BRI

®3 HHESREEMBHNIFHESW
Tab.3 Analysis of molecular variance (AMOVA) of Thunnus albacares

A5 5 KR HHE df FEZH 75 S 2H B BRE F 8%
Fiea) 6 19. 494 0.047 68 Va 1.82 0.018 22
FhEEN 94 241.353 2.569 53 Vb 98.18

Bt 100 261.030 2.617 21

T : Va 1 Vb 3532~ R [ R A R 7 22498

*4 REXEEHRESHREWEN F O REERR N,

Tab.4 F analysis and N, values of Thunnus albacares populations between sampling regions

WPO1 WPO2 WPO3 EPO1 EPO2 EPO3 EPO4
WPO1 - 8.156 19 2.325 46 237.845 24 4.448 36 204.668 03 6.461 41
WPO2 0.029 74 - 4.295 46 -5.84034 -56.811 09 -10.811 89 -17.575 02
WPO3 0.097 07 0.055 00 - 3.847 69 2.333 98 13.403 74 148.559 25
EPO1 0.001 05 -0.044 72 0.061 01 - -7.121 91 -6.362 47 -7.233 24
EPO2 0.053 21 -0.004 42 0.096 75 -0.036 38 - 10.076 31 -33.988 19
EPO3 0.001 22 -0.023 67 0.018 31 -0.040 90 0.024 21 - -7.254 76
EPO4 0.037 05 -0.014 43 0.001 68 -0.035 80 -0.007 41 —-0.035 69 -
EF AP FRIET I N B TR L + 25 BE(P<0.05);  « 2R EE(P<0.01), PERM1 000 KELRHETHM
i—i‘o
x5 HHESRAETNREBFNPELEER
Tab.5 Neutrality indices calculated for each sampling population of Thunnus albacares
to test for deviations from neutral molecular evolution
WPO1 WPO2 WPO3 EPO1 EPO2 EPO3 EPO4 Mean
Tajima’s D -0.215 45 -0.118 21 0.228 82 -0.32295 -0.22705 -0.01084 -0.46612 -0.161 68
P(Tajima’s D ) 0.365 00 0.421 00 0.615 00 0. 406 00 0.436 00 0.529 00 0.351 00 0.463 57
Fu’s Fs —-20.607 95 -16.253 50 -14.272 20 -8.97946 -5.21890 -8.23074 -6.82879 -11.48451
P(Fu’s Fs) 0. 000 00 0.000 00 0. 000 00 0.000 00 0.003 00 0.000 00 0.000 00 0.000 43

FHREEI RPN A LS, RS RGP
W B AR o A Y L, BT Ak 2R P ) BB K 2
AMOVA 7347 875 ,98. 18% F7A8 57t 2 e HE A A
WER, A 1. 82% WAL 5 e AEAEREAAIA], R IAAE
SR A EEAERHA IR, X TR AR R K 4
HHRTTRE I BSS . PIPIRHAIR B9 F 2047 2R, B
AR PIPI BRI ) F o0 B2 e B,
N, [EARAXT R, A B R R T 3, RT3
BEEAR AR T AR 18] 2 RS2 LB, 7T
RN BTt FE M 1R o R —Fh e (R 4) o 3 5h,
T 101 MEARE LR 80 B4R U4 2 (9 LA

IR g HEAGIE (B 2) , B BUSR LR B AR ST XM 2%
4549, 2T 101 A A NI SR (B 3)
B BRI B AR R b i LIERT, BT
FUREASH 9 101 AMEA S J& [l — AP, AR R
AT R Z B AE S R AR
WP — AR K A, SIS REE AR X B 1 112
Zh, 45 5F I 4 Ak £ Bl 5 2 T 0 g, R L ¥ T
TR B A% A — AR X BAIR , A 5 T B
W™ o it ABRFT I P ROT R
R R ¥ B e AR R AR 1) 38/ 9 3 % A
Y LAJA PR A1) 530 5 B R R B2 0, Xl AT AL
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Fig.4 Mismatch distribution for the sampling

populations of Thunnus albacares
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Genetic population analysis of Thunnus albacares from central Pacific Ocean
based on mitochondrial DNA control region

LI Wei-wen', XU Qiang-hua'>**, CHEN Xin-jun'***, DAI Xiao-jie"****, ZHU Jiang-feng'***

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai Ocean University, Shanghai 201306, China;
3. Scientific Observing and Experimental Station of Oceanic Fisheries Resources and Emvironment, Ministry of Agriculture,
Shanghai 201306, China; 4. National Distant-water Fishieries Engineering Research Center, Shanghai 201306, China)

Abstract: The samples derived from the Chinese vessels were collected from 7 locations of central Pacific
Ocean waters (16°S — 8°N; 160°W — 155°E) from September 2011 to January 2012. By using 585 bp
fragments of mtDNA control region, we analyzed the sequence variations and genetic structures of 101 samples
collected from 7 locations. In total, 23 variable sites were acquired, and 80 haplotypes were identified.
Analysis of mtDNA D-Loop gene sequences from 7 localities revealed that the mean haplotypic diversity and
nucleotide diversity was 0. 994 +0. 002 and 0. 00892 + 0. 00038, respectively. The AMOVA tests revealed
that 98. 18% of the genetic variation occurred within populations. F analysis suggested that no significant
genetic differentiations were found within the 7 localities. Neutrality test and the mismatch distribution
indicated a recent population expansion that occurred about 3 350 000 — 5 440 000 years ago, suggesting a
frequency genetic exchange and a poor genetic structure. A single population and a low genetic diversity call
for a responsible and effective management to ensure the sustainable development of yellowfin tuna.

Key words: yellowfin tuna ( Thunnus albacares) ; the central Pacific Ocean; mtDNA control region; genetic

population structure
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