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R CO | . Cytb #1 16S rRNA EFH
6 F&itmEEhHERAEST

BRI B T BAE & B He’
ZAA HEE? ERKT A

(1. PEEFER AR S TR H 5
P e S E A H R

266000; 2. HEKFERMAT I BB KTERRGT AT AL AR K 7= S
266071; 3. FKETML K KiE

116000)

WE HlwmeRANBTE]IEECOL). HEF b HERE(Cyrb) A& 16S IRNA X £ %
MK X B UL 8 S AR & (Thunnus thynnus) . 2 71 4 6 & (Thunnus maccoyii) . & % 4 # # (Thunnus
albacares). K B 41 # (Thunnus obesus) . K % % 1t # (Thunnus alalunga)#7 IE # (Katsuwonus pelamis)
6 MEEWA M E KGR &MY EE st b ot E A, XA 3 @A 5 5t 6 fr 4
M3 63 NESE Y COT (Cyr b1 16S IRNA 3 # 7 | £ #:47 PCR 43 Il 7, 742 A DnaSP 5.10.
Mega 7.0 FH 34T 7 DNA JF 7| 47 itk 2R ot ot o4, £ RET, 16S tRNA 4
R, PRI 6 Fetta, EFEIE—HHFEBEHERITRENN; OtbFCOLE
AERGERITFR S 6 fiotts, AFE—ER—MHMERERRLENES, ZWCOl 5 O b
FEaRT LR 6 et hprTFERAR RARN ER S0 E REF &N LEER LM EF

b B R R BT SR L
ES a5

hESEE TS254.7; S917.4  XEkERIRED A

SAR RN B AR LR R, B S
MW REE 7 TSR v o5 A E A A RN
55,2007). MUV FI M, &M —BARasm
B K Y W5 88 46 0. (Thunnus thynnus) . S8 &AM
(Thunnus maccoyii) . ¥ #& 46 10 (Thunnus albacares) .
K H &8 (Thunnus obesus) . 1 & 448 i (Thunnus
alalunga) F1 1E % (Katsuwonus pelamis) %5 (% 3 18 25 |
2014), b, dESE . HhUR . EEERIOKH ST

ity T %E%E; COL; Cytb; 16S rRNA
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DNA FKIE Y or T2 e wh e v M 2 5
1, ZEE FDA(Food and Drug Administration) i H
YRR B PR IER 7 (£ 84, 2015; Karim et al,
2016), kAN THEGIE S5 E AN o Barrett
(005 Fc 2 DNA KBRS HE L, Hideign
€ AR AL 3 T 2 (Co 1)y Wiz xt% ., col
AR RSB R ER, T H T AN EE
32 (Hanner et al, 2011; Khedkar et al, 2014), FE&
HHEFEMEARA LR, BT Co 1 ZEHFIME bR
WEZIEASAN, 1B EE XA A E b FEH (Cye
b). 16S rRNA FIZhi A4t 2 C SAfLBE I IE 1T 3%
BRI(CO )&, S A7tk ol ik 22 s gl 1 F 1 b 5 5
15 2 BE P 43 M (Chapela et al, 2005; £ ¥ 5%,
2013). Cyt b BEFE[A]— Y Py R B o i it AL 1
HAEANE YA B B B s 22 5%, Rk, #H T+
Yy T & %2 (Becker et al, 2015); &Ktk 16S rRNA
WG &G 1m0 BE ARSI R 90 X8, A v AR S s i A
AR P 3 IR, Bk Tz N oK A sh i AR i A%
L BEE TR g8 AL 2 B 0T 95 09 0 T AR A0 (R 4
2014; BRICHAE, 2017),

AW 5T DL 3B A e £ K HL 5 TR S (5 48
. g KH . K EE S RNIE8%) R R X 4,
FIFH CcOT . Cyt b Hl 16S rRNA FEH X H 4T DNA
IR | 184% 22 5 AT At i o34, 835 3 Fh
FE R TE S0 00 TR E R P E A, MRS
81 1) 40 b S 58 e 4 A 0 7 P i B O R 4R R R
I

1 #wREFE
1.1 ##

1.1.1 5 KigemiaE@lams: CQ, TH)., #
fE M (HQ) . WEFESMM(LQ). Hinaitfi(MS).,
KHEHAADM), EMOV)ILRNHZEE 63 4y, &40y
Yk A TR s AMERHE B R AR A, o
1R, AARTEEWERE .

2 R ERAES
x1 HEREERHES
Tab.1 Sample information and number
Samples Group Samplin l(;;;ltion Sample Sample
p No. ping No. quantity
Kig ot CQ pg KV chq 5
Thunnus Southern Pacific Ocean
alalunga JEAOE cm 5

Northern Pacific Ocean

KEAAM DM KPEEE Atlantic Ocean dd 4
Thl;mnus K7 Pacific Ocean dt 4
obesus
E[J ¥ India Ocean dy 4
g HQ K7 Pacific Ocean hu 4
Thunnus K7 Atlantic Ocean  hud 3
albacares N
E[J ¥ India Ocean huy 4
wiE4 M LQ KPGYE Atlantic Ocean g 10
Thunnus
thynnus
4t MS K Pacific Ocean ms 5
Thunnu.s. EJ £ India Ocean my 5
maccoyii
il 1 JY EJEEVE India Ocean Jy 10
Katsuwonus
pelamis
112 XA 5NE TIANGEN 1 V¥ 3l ) 2 41

DNA #HUR 5 £ . 2xTag PCR Master Mix F1 DL2000
DNA marker 1 B KA A LB (8 50O B2 Al HAl
A R =0 Al s 5106 BT AN I E A T A
AR ) e A RS Wl 58 58 PCRAXCH T1 # #E PCR
1 (5 [E Whatman Biomerra 2 7)), 8G9 4T R 40
Infinity 3000(%% [ Vilber Lourmat 23 Al), R H M
1Y NanoPhotometer Pearl(#& [ Implen A F]).

1.2 FHix

1.2.1 DNA #H % PCR ¥ % B 30 mg fapy, 5§
WEJE B T8, IR F Ui B8 DNA,

AR & LI 2 UM % DNA WeEEFIZify, —20°C A4
fFo ARSZEGEES Y W2 2, PCR RUMIAZR WLEE 3,

*2 5IMER
Tab.2 Information of primers
519 Fr 3 SEPISITY 3 Z7% 3Rk

Primer Primer sequence (5'~3") Annealing temperature (C) Reference
CO I FiF2 TCGACTAATCATAAAGATATCGGCAC 52 Ward 4§(2009)
CO I FiR2 ACTTCAGGGTGACCGAAGAATCAGAA
Cyt b-1 CCATCCAACATCTCAGCATGATGAAA 53 Marko %(2004)
Cytb-2 CCCTCAGAATGATATTTGTCCTCA
16S-AR CGCCTGTTTATCAAAAACAT Inoue 45(2001)

16S-BR CCGGTCTGAACTCAGATCACG

52
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#3 PCRIBHR (h). HAEREIZREMEAREN(H,) . TR 2E A (h)
Tab.3 PCR amplification system KA R Z REME S B () S5 1L ZRE S50, 35 Mega
) Wi L 7.0 BRPE, Seit RO BREALR, RS RAT B
Reagent Concentration Sampling volume (pul) (C-conserved sites) . i 2 IR (PI-parsimony-
PCR master mix 2x 25 . . . e L . . ST LA
— informative sites) 1748 5743 55 (V-variable sites), Jf>RFH4B
Forword primer 0 umol/L 1.0 Fzk(Neighbor joining, NI, FHJEKE 1000 K, RH
TUWET I 10.0 umol/L L0 Kimura 2-parameter #5751, LI4-(Bos grunniens, GenBank :
Reverse primer KM233416)Zi %7 /& DNA(mtDNA, f14 CO1 . Cytb
B Template 29 100 ng/l H0 FI 165 rRNA 3P A S HE, [ 72 NCBI o3
285 7K ddH,0 — 22.0 - s =

PCR W AFE N : 95C 10 min; 94°C 1 min, 52°CHy
53°C 1 min, 72°C 1 min, 35 ME#; 72°C 10 min,
# PCR P47 1.0%EE A M EE RS HL Uk, TEBEIR
AR RS N STl sk L IR 45 2 ; PCR P A= T4
W TR (L) e A BN /64T 7P 5100 5 o
1.2.2 Aol kst 5 gt o 47 P25 26 N T AR
NG EBTIYIX, 1 NCBI Mu FiEst BLAST 207
B P25 R 5 GenBank &% R4 X a0, Hor,
CO 1 3:[H % | BOLD(Barcode of Life Data System 4
RIS K 25 www.boldsystems.org) AT 5T ;
it DnaSP 5.10 B TH53H 3 15 91 i B A 1 2K

M123 4567
bp bp

col

K1
Fig.1

M123 45 67

B 6 fh4H i mtDNA(T, alalunga GenBank: AB101291; T,

albacares GenBank: JN086153; T. maccoyii GenBank:
KF925362; T. obesus GenBank: GU256525; T. thynnus
GenBank: KF906720; K. pelamis GenBank: KM605252)

VEThRifE e, M RGERE IR .
2 HERESWHR

2.1 PCR ¥ i

KEE G ST 63 DAY B B — W B,
KA B2, P52 R B KNk
CO1 652bp. Cytb307bp, 16S rRNA 576 bp(&] 1),
51 —3.

M123 456 7

bp

Cytb 16S rRNA

FRAEESL 3 FHEER PCR =4 H 3k 7]

Electrophoresis map of three gene PCR products

M: DNA marker; 1: KE§&AE6H; 2. HiEE0M; 3. KASRM;
4. WEESMMA; 5. Dyneitt; 6. BRf; 7. TN
M: DNA marker; 1: T alalunga; 2: T. thynnus; 3: T. obesus; 4: T. albacares; 5: T. maccoyiis; 6: K. pelamis; 7: Blank control

22 EEFS

3 R 3 K 48 7= ) FE 51 28 GenBank B3 1% H X,
WiE AT mtDNA 16S rRNA, CO1 . Cyt b X5,
BLAST 251 BOLD H X 25 55 4% BR A R IR £ i T2
B ME SR —3,

S NTRIELRE LTS, 1881 CcoT . Cyeb i
16S rRNA B T, C. A fil G P& EGEE 4),
Hrr, 168 rRNA S A+T P8 80N 52.7%, Fém
T G+C FH Fi47.3%), H 6 Fi et GC Srimssy
Ak Hrr, col#H A+T &R 53.0%, FiEs
F G+C & 47.0%), H 6 Fiattfafl GC SR



76 ook B

2 R ERAES

R4 6Fh&iE COI. Cytb #1168 rRNA EEHEAR
Tab.4 Base composition of CO I, Cyt b and 16S rRNA genes in six tuna species

T 16S rRNA Bl 5 & 1= COl W& & Cyt b PFEE 7
16S rRNA base content (%) CO 1 base content (%) Cyt b base content (%)
Group number
T C A G T C A G T C A G

CQ 22.9 24.3 29.7 23.1 28.8 28.2 24.1 18.8 30.0 31.6 21.5 16.9

DM 22.7 24.5 29.9 22.9 28.6 28.4 24.1 19.0 29.7 31.2 22.4 16.7

HQ 22.7 24.5 29.9 22.9 28.7 28.4 24.1 18.9 29.2 32.0 21.8 16.9

Y 23.4 24.5 29.3 22.7 30.6 27.3 233 18.7 29.5 31.7 22.8 16.0

LQ 22.7 24.5 30.0 22.7 28.7 28.4 24.1 18.9 30.0 31.3 21.8 16.9

MS 22.7 24.5 30.0 22.7 28.7 28.4 24.0 18.9 30.0 31.3 22.4 16.4
1+ Average 22.9 24.5 29.8 22.9 29.0 28.2 239 18.9 29.7 31.5 22.1 16.6

K Hr, Cyrb JEP AT P2 &80 51.9%, M
F G+C VP& H(48.1%), H. 6 FhattmA a1 GC
TR, 3 FEFR GC FHAE 47.0%~48.1%2
B, Hr, Cyeb I GC & (48.1%).

BB E 2RSS 5 iR, 3T 16S
RNA JFHI a4 WA S0 sVl 12, 2%
FAUN 2.08%, /T COT (11.35%) . Cyt b(15.96%).
16S rRNA JFA /iR LR A 1.49, H/NF CO 1
(2.50)F1 Cyr b(2.48), M-I AT R 25 550 (k) FIAZ% AT
TR ZREMETE B ()2 B, 16S rRNA & 3 FhJL K v die /)
B, TPRSFALE I RN 97.92%, J& 3 R

BPRSFRY, UL T R A AR AR, R T
) B R e M o

BT Oyt b JFFHIR AR AW A AR A7 (V)
49, /INF COT(71), HHARRZFN 15.96%, T
CO | 5 533(11.35%), Cyt b JEFI (0 BAAE I ZREVEHE
WHNET col, P HRERBOKT co1 ,
A A R 22 FEVE TR EL () B2 3 Fh L R Be b s 1Y,
P42 16S IRNA Fl CO 1 J¥%1, Cytb IFHH R
AR RE R, mELER e, LR A
—EE, (BB ZRENEAE col FAlE, col ¥
SRAE IR R

x5 3MERRREBEESHESH

Tab.5 Genetic diversity parameters of three gene fragments

P R K 1915 Z FE 280 Genetic diversity parameters
Gene Sequence length C PI 14 R h Hy k .4

16S rRNA 576 564 12 12 1.49 4 0.653+£0.054 3.074 0.00534+0.00138
col 652 578 71 74 2.50 21 0.941£0.016 17.020 0.02610+0.00637
Cytb 307 258 47 49 2.48 15 0.902+0.024 11.621 0.03785+0.00834

E: C: RSO P MIAE R Ve AL

s OR: BRAREGUHRLE; he HAAERIEG Hye BRI ZEEVERREG ke

PR 2ZEFEG o0 BHREFEIEREL

Note: C: Conserved sites; PI: Parsimony-informative sites; V: Variable sites; R: Transitions/transversions ratio; #: Number
of haplotypes; H,: Haplotype diversity; k: Average number of nucleoside difference; z: Nucleotide diversity

23 BRGEHAN

2.3.1 16S rRNA  FF 16S rRNA RH A NI
ARG IHER LA 2, 2 WoR, 6 Fasitfarh 4 K,
B HE A f(HQ) S K H &AM (DMK N —K ., i
SHMALQ)E LA fi(MS)FR N — 3, Hrp 3 45
Iy 5 T (JN086153) , T. thynnus
(KF906720)F1 T. obesus (GU256525)% f—/N%, 5
T. maccoyii (KF925362)I:[FI7EX — KX T . KEE 4
1 (CQ)HI T. alalunga (AB101291)fsfE 2% 5 Fik
4 Fh G A0 K BRI R — S R0 (JY) F K.pelamis
(KM605252) 5l I — K32, HAI LBk 5 Fétafa

albacares

BB B i, SRR R MR, X —45REMN,
16S rRNA FEH H g HUph X 43 K i 46 fa Fn g £a
ANRERIF X wilig . KH . S Do, ma
ANEEXT [l — P A ] H B TSR I T 16S rRNA
F P HIARRT R R PRST, 6 Fh At ) i A5 BE B A
i, mifeZERE/N,

232 Col BF co T HRFMHER NI RZEitib
BULIE 3. K 3 WoR, 6 Fhiétfasyh 6 K32, Kb
FERH(dd) . KPR H (d)FIERBE K H (dy) L &
T.obesus (GU256525) 4 — K3, BIRA]LIE A Hy
PRREAR SR #a#(dd-21 . dd-25 FI dd-27 B —/N K
A5y, AHBTEAE TR 2 A [a] b B AR K H 448 f0 A n)
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B2 6FaitmitT 168 rRNA L 1) R G0
Fig.2 Phylogenetic tree of 16S rRNA in six
species of tuna gene

K3 6 FatafliT Co 1 P rRGeHE R

Fig.3 Phylogenetic tree of CO 1 gene in six species of tuna

(dy Fl dt fHE. 224, dd-30 SEMIER—FLTF). &
SRIEEE A (LQ)FN T thynnus (KF906720)5 T 75 4>
o 0 (MS)ist A I B B 23l , (R B Al i o — 32
B[ BE ¥ 5 95 (my) A F72 55 5 95 (ms) KL 2 T, maccoyii
(KF925362)IH 4 & #j & My . (MS)— K 32, (HJG 7 itk
A2 B A 3 R R S SO s 22
BT huy-16 B A B 7 18 6 (huy) R PG 7 15 1 (hud)
AR EE )AL T albacares(JN086153) )4 #
fig 6 i (HU)— R 3, = H A TC I N p 2 b
H0 B A0 1 AL b AT S B a5t L 25 - huy-16 HEAE Y
T Hi 5 HQ. DM, MS 1 LQ MU 41, X —A-k

B — 32 o i P K B (chq) 196 K 6 (om) A K
T.alalunga (AB10129 1)) 4 K 8 4: 4 1 (CQ)— K 37,
[FAE JE 7k D AL AR B 8 3 DR 67 R B0
LS WA (JY)HI K pelamis (KM605252) 50 5
H—RKI, HALLR S FhaAf st iR e B ik, R4
KAWL, S5REH, coT MR IX B 6 Ff
i, HHEHFE 16S rRNA JEFEAH LR, 5t
BB RNFE,

233 Cytb  FT Cyr b EEREWHEM NI RS kb
WL 4, HERZERS co T @i kik—k,
AR S, BES huy-16 76 Cyt b B 45 5 ip )T Oy 5 6
SHMHU)— K, H Cyrb SR EM 45 RAF e — &
2 BE Y PR AR SRS (0 #a #5(dd-21 . dd-25 Al dd-27
RBR—/NA), BRI, Jovk e v B
F R R S0t DR B B P B RG22 5 SRR
By, FHELT 16S rRNA Fl CO T A, Cytb FEFX T
6 Fi Mt i X o e A R, JE B BE R, X
Gy FERT .

K4 6 FathfateT Cyrb HHM ARG
Fig.4 Phylogenetic tree of Cyt b gene in six species of tuna

3 i

Bt B FAE DB R B P J , Wi S 5 1)
WFoE g B NIE 2 AR HAE ALK OF & 8 31 4 1K
T, B E PRI AR L RN L B R i ) R S
M, AJ&F| DNA. RNA FIE AR SEAY KT 2
(B <1 &5, 2014; MO %, 2016).3E T DNA R
LR FREE, B N AT e m LIS IRY
Fh S . Liu %(2016)K HSEHF 9256 PCR AR A%
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DI%E T 57 KH. Bl KEGRIFEME S0,
Lin %5(2008)# 57 ¥ £ H# PCR Jiik, HIKIX /)6
(Euthynnus pelamis) . |RIE8E (Auxis rochei) . Jii Atk
(Auxis thazard) . 7R J7 Y\ % (Sarda orientalis) F #
(Euthynnus affinis)3§ 5 Fi/NU 44 ; Abdullah %
(2016)iz H Huak k) 5 2 25 (Single-strand  conformation
polymorphism, SSCP)Jy 44 5] & 62 ] 4 46 £ Jg rh 45
FEHk, TR, WA (Simple sequence repeats,
SSRs) 7 FAric B AR MR i 22 1 T4 ) 2 0
WAL ZREVERESE, BB NL45(2008)iz ] RAPD (Random
Amplified Polymorphic DNA, Bf#LY #2417 DNA
PRic) AT R F AR KT A B 1 RS- 1K B 4 A £ Y
R R R 2R, A B T2 S5 RAPD M HLhE
U 5T 58 35 M 48 R R Y 545 Z2 4% 1 5 Riccioni 5(2010)
KR BEEAR ST T KUV EE AR 20 22
WIE 2007 FFHEIE2E S, RIKVG G AR A
23 [AVFIINT ] AR ER T /K- s A% Z2 ek, Sh ik g 4
0 1) 55 e oY B A, IREOR T BB X R Y
FBI PN ) A A0 EA T 5, (H e AN [R) R B A7 A4 AE
T BERTR . AR E SRR

DNA &M FemahmEEmk, B
AIRZL R BEARZHEGALUL BRI N2
rn A=A JE AR B 5 3l e PRI M e, MERRME
PRAEMIEE, WAL, RCRm, PR E KEFEA
AT BTG Ll 2 282 FR B NSRS A5 B (R &
85, 2011), HFAEMRIE DNA KIS A BOEAS AR T
CO 1 B FH, BeA B E YA DNA F BUER w] LA
N MeAh, ZEEPEHEE B HA M, seiRfR
BUAE ) i R G A BT 45 R (Aoyama et al, 2001),
BEXF A ok I 2 5 K R Bedl & il By 2808 7 i B
Woh HORTRY ST S, Neils 22015 FH co T i
ITST(N s IIRE 1 DOJEPR iR n] 1 Hh ity 3 4
7RO X ) BE A L H1 AR Lowenstein 4%(2009)2k H
£ CO 1 HHFI WU E 68 Fi &t a3 ml AT, Hirp
1) 22 DNFEAR iR 5 SR YIRS BARE, B T
22 FE PR 2H G (01 T 1 S B A A £ B i 43 5 0 I
Tz N . SRR L B R IR ¥ (Maximum
likelihood, ML) Fl fiz K i £ i (Maximum parsimony,
MP)J& H T e R b (b iy £ 7k, i, NJ
BT de/ NI AR R T 0 —Fh L, B E A
PEAEXTAER . B TR BRSO NT Ik
i T HEE B K, (5 B, Tz
TS SR FIR 0 SE AR E LSBT

AWFFE UL BB AN 6 et ISR
FhOMBFFEXS 4, KA COT . Cytb il 16S rRNA HE[H

FPHIE DNA SR AT BT, BRI 23 R 5%
TR 7 4 M #0588 28 AR 98 b i 38 FHME o DA SEE 3 B0 R
%, 16S rRNA KK 73748 5400 2.08%, /N T
CO 1 (11.35%). Cytb(15.96%), HIAhisL i
g 3 ME sy NERSEREE, 168
rRNA FERIFARESE e X o ih 6 fateta, HAE%E
A EE AR MR, ANREIX 3 EE AR H St fh,
WABEIX /T i g 5 S 05 &40, BANGEIRAR [ — Y Fh
PR b B B st L 25 S . 45 RERIT, CO 1 M1 Cyr b
FEIH I HEAL R EE 16S TRNA FERIHR, 16S rRNA I
AXHRSY, X TEBRES (Theragra chalcogramma) . K-
% (Gadus macrocephalus)&5 4 FhE 1 75 % 50871 -
WA KGR SE, 2009),

HAERI ZREVETR R R e SR A e —
Ay Fh BE AR 2 A 1 19 AE H 2 A9 48 A1 (Vrijenhoek,
1994) FUA5 Y 2061 48 HIOR T ORI S R B2 110 o B2 4
b, BRI RE B R RO UL B st 4G 2, s
IR s MR HEEFREUN, UL IR AR &
FREERAR, R T BAEW AR e, Cyr b JFHI)
BT I Z2 A P R (HL) R T 2 R 22 S5 A (k) P41
T col, MEFREMEER@IET col, #
WGt tarh Cyr b B CO T 3EHFHIAR S R4k,
X 5 88 J& (Pampus) 1 25 | W 8§ 1 (Cheilinus
undulatus) T IAR 0 (Protosalanx hyalocranius) ™ HIHL
FREARRL(PIIE 55, 20105 W45, 2014; 25 K4 4,
2017). MILLZF, COT FHFF bR, H
Ot b AR ZRGERERL, HiE ST REC
FREUI o R GRS, 2008), HHLLIIT 7, Cyt b
PR, AT VTR R e, AR R
[i] 1) Ak 35 A5 05 D, A B0 Y 3 T Mk (o 2R R A%,
2009), MERZEHKEF, X4 huy-16 HEA, Cyt b
PRSI 5 50K huy-16 U518 B 6 G40 L (HQ)X — K
;M CO TP HNERIZE R IR, A B E Sy —
S, MharFEEEE . SR EEEFRH & a A, B
RIS I b . X THE M huy-16, 16S rRNA Fl1
Cyt b JPH A S5 AR R o g pbfa, iz
KRS RFYE, HBEiEatta, MmN coly
G 25 IR X —4518, FTAMNZAIERE,
Cyt b JFHNEMZEREL L CO T 75 i 45 R Z )
CO1 . Cyt b #116S rRNA 3 FEEHHTC 2 M FEAL B
WG H [l b AR 0 R b B A T B8t 4% 25 5%, ok
AT A — P A [m] s B AR ) R 26004, (H coT 5
Cyt b fE—EFEE FREL T s RS, nlfE N REA
BRI 2%

Har, EWNIMIFRZ RN co 1 EERAER a5
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Cyt b Fl 16S rRNA JEHTE 6 4 4 1 58 5% b iy

& F BT 79

THERE LA AT B BARIEIN, A2, AR

L —FIEPRVE N ZE F 01, A RE S B E 4 R AL
A 22, PRI, S IR A ] 22 o X R AT BT 5T (Page

et al, 2010; Kriick et al, 2013), X— W5 E 1A K
R Sl b Ao B HIE ST (PR OBURE S, 20125 2455, 2018),
ARG — LR, XX R,
ANEEA A — BRI S S Al . @I co 17
15 Cyt b JFHNEA T A 0 5 FL S ) b 45 8
5T o

& % x #
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Applicability Analysis of Mitochondrial CO I, Cyt b and 16S rRNA

Genes in Identification of Six Tuna Species

LU Jianpingl’z, YAO Lin%, XIN Hongmeiz’3 , QU Mengz, JIANG Yanhua?,
LI Fengling?, GUO Yingying®, WANG Lianzhu”, XU Jiachao'"

(1. College of Food Science and Engineering, Ocean University of China, Qingdao 266000;
2. Key Laboratory of Testing and Evaluation for Aquatic Product Safety and Quality, Ministry of Agriculture and Rural Affairs;
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
3. School of Food Science and Technology, Dalian Polytechnic University, Dalian  116000)

Abstract Tuna is rich in nutrients and one of three major fish recommended by the International
Nutrition Society. Large tuna such as Thunnus albacares, T. maccoyii, T. obesus, and T. thynnus are
used as top-grade aquatic products, mainly in the form of sushi or other fresh fish products. Small
tuna such as T. alalunga and Katsuwonus pelamis are mainly used in canned tuna and processed
katsuobushi. The price of different species of tuna varies greatly, especially because selling tuna
without the head or skin can lead to mislabeling and substandard products, which harms the interests
of consumers and undermines market functions. This study was aimed at the identification
T. albacares, T. maccoyii, T. obesus, T. thynnus, T. alalonga, and K. pelamis. Using tuna DNA as a
template, three pairs of universal primers were used to amplify and sequence the DNA fragments of
three genes (16S rRNA, Cyt b, and CO ') from six species of tuna. The sequencing results were
manually corrected to remove the primer regions, which were compared with reference sequences in
GenBank by BLAST analysis on the National Center for Biotechnology Information website. The CO
I gene was analyzed by the Barcode of Life Data System (www.boldsystems.org). As a result, DNA
sequences of 16S rRNA (576 bp), Cyt b (652 bp) and CO 1 (307 bp) were obtained from 63 samples
of six species of tuna. Genetic diversity parameters such as Number of Haplotypes (%), Haplotype
diversity (H,;), Average number of nucleoside difference (k), and Nucleotide diversity (mw) were
calculated by DnaSP 5.10 software. C-conserved sites, PI-parsimony-informative sites, and V-variable
sites were calculated using Mega 7.0 software, which performed 1000 bootstrap tests with neighbor
joining. The Kimura 2-parameter model was used to construct a phylogenetic evolutionary tree. The
experimental results showed that 16S rRNA was relatively conservative and could not distinguish
among the six tuna species. Cyt b and CO I could be used to identify the species. However, it is
possible that CO I and Cyr b sequences can be used together as a DNA barcode for tuna research. A
multi-gene DNA-barcode species-identification method that provides technical support for the
identification of tuna and its fish products would be of great significance in promoting the accurate
identification and healthy development of aquatic products.
Key words Tuna; Molecular identification; CO I ; Cyt b; 16S tTRNA
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