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Executive Summary

Verification of Species by DNA Identification for Farmed Bluefin Tuna Sold

in the Japanese Market

1 Background

Since late 1990s, ranches of the East Atlantic bluefin tuna (BFT), (Thunnus thynnus),

have developed in the Mediterranean rapidly. Tuna farms in the Mediterranean are

known to export majority of all their production to the Japanese market. On the other

hand, as demonstrated by both WWF and the Standing Committee on Research and

Statistics (SCRS) for the International Commission for Conservation of Atlantic Tunas

(ICCAT) in 2008, the real catches of BFT per year is estimated to be at least 60,000

tonnes. Most of this large amount of IUU catch above the agreed quota is thought to be

sashimi-grade meat with destination to the Japanese market. Thus, it has been widely

suspected that IUU BFT caught in Mediterranean is consumed in the Japanese market.

However, this assumption has never been verified by means of documented proofs.

Therefore, WWF Japan, WWF Mediterranean Programme Office established a joint

project in order to test the validity of a methodology, which employs genetic analysis of



bluefin tuna tissue, and in order to prove the existence of potential laundering of 1UU

BFT in the Japanese market.

2 Objectives

The main objective of this study is the species identification by means of genetic

technique of samples of shashimi-grade bluefin tuna in the Japanese market, which are

labeled as Pacific bluefin tuna, Thunnus orientalis, to assess the potential mislabeling of

samples as Atlantic bluefin tuna, Thunnus thynnus. The second objective is to develop

a suitable standard genetic analysis procedure to conduct identification at the species

level of any sample of raw tissue from tunas (genes Thunnus) sashimi market.

3 Method

TRAFFIC East Asia-Japan carried out sampling of farmed bluefin tuna in Tokyo and

Kanagawa prefecture in Japan. Samples (sashimi packet) of the bluefin tuna labeled as

“farmed in Japan” were purchased from 60 stores between 21st of June and 3rd of

August, in 2008. After sampling, a small specimen (size 1 X 1 cm) were taken from each

samples and were preserved in the test tube with anhydrous ethanol (99.5%). 60

samples with anhydrous ethanol were transferred to WWF Mediterranean Programme

1



Office.

These 60 samples were analyzed by Dr Jordi Vinas, an experienced fish genetist at the

University of Girona (Spain). ldentification was based on DNA sequencing of D-loop,

control region, of mtDNA. To fully confirm the results obtained with D-loop, a

complementary DNA sequencing was conducted for another mtDNA marker,

Cytochrome Oxidase 1 (COX1).

4 Results

Using mtDNA control region sequencing data, species identification of 48 samples were

achieved. Of these, one sample (serial No. 39) was identified as Atlantic BFT, whereas

all the other 47 samples were identified as Pacific BFT. Sample No. 39 was

re-sequenced using mtDNA COX1, and its phylogenetic position as Atlantic BFT was

confirmed. The result showed that the species information of sample No. 39 was in

contradiction with the information provided on its label.

5 Discussions

The results of this study suggest that the amount of Pacific BFT disguised as Atlantic

1ii



BFT in the Japanese market may not be large. However, this study does indicate that

traceability of Atlantic BFT in the Japanese market is still inadequate. In Japan, the JAS

(Japan Agricultural Standard) law obliges all raw seafood to show information on origin

country or region and species on its label.

This study has successfully identified different bluefin tuna species and proved the

effectiveness of the employed DNA analysis methodology in detecting potential IUU

bluefin tuna in the market.

6 Recommendations

1 Recommendations to Japan Fisheries Agency

In order to improve effectiveness of policies for elimination of [lUU Atlantic BFT, WWF

calls on the government of Japan to make a declaration of a policy that the Japanese

government will strictly not allow any import of IUU Atlantic BFT and send a clear policy

message to all the producer countries.

Furthermore, WWF recommends a periodic (for example, bimonthly) survey to detect

mislabeled bluefin tuna in the Japanese market by the methodology described in this

report. WWF will cooperate by sharing our technical resources for carrying out the

analysis. The results of the survey should be made available to the public, so that the

v



Japanese consumer can make an informed choice of seafood, in this case tuna product.

2 Recommendations for Japanese fish processing and trade companies

In order to improve effectiveness of market mechanisms for elimination of IlUU Atlantic

BFT, WWF calls on Japanese fish processing and trade companies to lead other BFT

industry in producer countries towards establishment of a complete (from fishers to

consumers) and transparent traceability scheme as industry-lead voluntary actions.

3 Recommendations for Japanese retailers

In order to improve effectiveness of market mechanisms for elimination of ITUU Atlantic

BFT, WWF calls on Japanese retailers to introduce a complete (from fishers to

consumers) and transparent traceability scheme as industry-lead voluntary actions.

WWEF also calls on Japanese retailers to strictly follow the regulations on showing

information on country of origin and species on the label as required by the JAS Law.

4 Recommendations for Japanese Consumers

In order to improve effectiveness of consumer choices in avoiding IlUU Atlantic BFT,

WWEF calls on Japanese consumers to avoid purchase of produce suspected of sourced



from IUU and choose the produce with clear information on the country of origin and

producers.

WWEF also calls on the Japanese consumers to communicate the consumers’ needs

with the Japanese retailers for the BFT produce that are sourced from sustainable

fishery with minimized ecosystem impacts. The needs for BFT produce with complete

and transparent traceability should also be communicated with the Japanese retailers

and restaurants.
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#1 HRERIGICRBIT D/~ E & ORERE BAAL: R
Table 1 Catch of BFT in Mediterranean Sea Area Unit:Tonnes

FEAR il Z D1t EE(UN

Long Line |Purse Seine| Others Total
1980 253 2,421 1,093 3,767
1985 1,166 6,697 2,141 10,004
1990 947 8,599 3,561 13,097
1995 6,372 19,975 4,231 30,578
1996 6,071 18,961 3,106 28,138
1997 4,052 17,110 2,902 24,064
1998 2,749 21,291 4,302 28,342
1999 2,463 14,910 5,455 22,828
2000 3,317 16,195 3,726 23,238
2001 3,750 17,174 3,595 24,519
2002 2,614 17,656 3,154 23,424
2003 2,236 15,392 3,762 21,390
2004 2,431 17,157 2,231 21,819
2005 3,060 21,758 939 25,757
2006 2,202 20,020 932 23,154
2007 2,622 21,691 913 25,226

ICCATT —&#~_X—AJO{EL
Source:http://www. iccat. int/en/accesingdb. htm



#2 [EH ICCATR ks 74 DM (20084 )
BFT Farming Facilities Recorded by ICCAT (2008)

Table 2
B 5 {4
44 5 mi
IR AIHE & ()
Country | Number of '
Facility | Capacity(Tonnes)
1
412)1;7 15 13,000
ngjin/ 14 11,852
e 13 9,460
Turkey )
%j?%? 8 7,630
Croatia
1z
?A;ltf 8 12,300
%1:4-\/-7 4 2,400
Tunisia
F 7 ) 2 000
Cyprus
ol NS
T 2 2,100
Greece
e
Libya 1 1,000
=2
S 1 1,000
il
Total 69 62,742

k1 TV Y DFY T 1%, I HER O 5 K AT
%2 ERyIADFY /T 1L, ZDOHIB300h N rm~ S mE EE

ICCATT — &~ — 2LV ERK
Source: http://www.iccat.int/en/ffb.asp



F3 HPEN OGRS~ Z ol A EOHER B TR
Table 3 Mediterranean Farmed Blue Fin Tuna Import Amount (Japan) Unit: 1000t

Y (Region) 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
ARA
. 3.2 5 44 48 4.7 43 43 44 3.7 3.3
Spain
NG 0.2 0 0.3 0.6 1.1 0.7 1.7 2.2 45 2.2
Malta
FTEAL 9 0 0 0 0 03 07 11 08
EU Cyprus
1
AZ)T 1.1 1.3 1.4 0.8 0.9 1.2 0.6 1.1 2.7 2.8
[taly
TR
Fvy 0.3 0.2 03 03 0.1 0.1 0.1 0.4 08 04
Greece
EU
4. . — . . . . 12. .
BU Total 8 6.5 6.5 8.8 6.3 7 8.8 8 9.5
pL= — — 6.4 — 0.3 1.6 2.8 28 3.2 34
Turkey
ﬁDT?'.‘T 0.2 0.3 0.7 1 2.2 27 36 25 4.7 4
Croatia
handd 0.7 05 05 05 03 05 07 13 1.7 18
Tunisia
- %1
INF= — — 0.9 1.6 2.4 3.3 4 1.1 0.2 —
Panama
MRt 5.7 7.3 85 9.6 12 14.4 18.1 16.5 22.6 18.7
Med Total

k1 /ST VBRI 3O TR BN TSN T2b 0, FURHT U HEE D & #8217 LR
IKBETT BB PERL

Source: Japan Fisheries Agency
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Y ABICET 5~ 7 v @(Thunnus)lZ L, — i~ v L Tcambhbd 8
OSOEMNEFEND, TNUDHDH L, KREFEZ r~ 27 r(ABFT; Thunnus
thynnus)., KY-¥# 7 v~ 27 v (PFBT. Thunnus orientalis)., X 7 I~/ n
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ERBIIZ, AN G E R 7 e~ a R FHEICEIP LTV N EEMEA VX E
2a—FLLFEBEBNTHER L, WELZBIRoEHoOS b, LR 5 7



mvZmEHo Tz b9 IEMICHAEBNGB L, IFEHELLHMIF O S 2
AL, ZoLx, ABOLHIE SO, RBFTELZHHA LI, Z O
R, A 60V T EINEL KL 12,

RA4FT, Yo7V IRRENTEREMAZRLTWD, WELEY T LD
YL BEBRERIND LY YTV ERLELMMBRERRN 5 T
RBRERTIN 2TV, —@HRRREFBRER RSP 1 T F o5 %
THEREAE RS THE) ERERENELOBR 1T AVTH -T2,

Fed VT INCERESNT R EMA
Origins of farmed BFT labeled in
samples products
HAL oL

BB e 0
Kagoshima Kagoshima
i .
East China Sea
3 (k) ;
Amami
KA E )
Pacific
/NEE 51
TR )
Okinawa
R ;
Nagasaki
=i 1
Mie
HBR 1
Nigata
EB[E 1
Japan
ot "
Total

AL~ 70 lCERABMESEST, MAECRBETIANEZ —KICH
gL, REBEZLH TV, BRRTOFERERE A I o, AL
v/ uEFTIAT LI RERAOEMED LiIcBE HLVH D EEMRL T O
bOWHEML TV AVAB2S, K 5mm 5. I 5mmX15mm ® 2 >0 # Kk

WVl -7z, Z2LT, A bmm Y HF OB LMoY 7 e LRwvE D

12 AL 60V 7T LOFEMIZOWTIX, &K Appendix 1 & 5 [,
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HELILE Y2y P2V, 1.6ml ORBREICANTE KT ¥ /) —VIZTHRFL
7o DNAfthr 2 Z5t 3+ 2720 WWE M T2 77 547 4 A~ ZEIZH T
THEHXLE, 220, ZHARZE., BBETOFREELMEE T L5700, Bk X
=NV EFELERE (7Y v 7 F N —381~60) P"Hb AKX ) — L&
W B Z2HELZ, £, 8 5mmX15mm (28 0 o 7= kHik, #ERR A I
NTF T4 A= AT TOT Ty RXUBRKEELTND,

Ih P70 DNAfH . PCR ¥R L OB FI R E 1L, Vidas b 285t
BHL7Z~7u1a b2 — (2004 FE)ICHE-To, BICHHT DL, 7/ 5 DNA &2
hz, H#RBOMMO /MR 100mg) b ot L7z, Mikza. TEN £ &K
(0.05M U =it pHS; 0.1M EDTA; 5M NaCl £ X O* 5M SDS)600u L &
O 7mr 7545 —€ Kl0mg/mL)80p L # & & 1.5mL ~ A 7 v .0 5 B F
2a—7IWZAN,3TCT—BIRRLLE, 7=/ —AICEY 2HBILVOZ 28k
Vb AT IAQAeDICTEY 1T EEFL, KWTZ X ) — VLK EIT v,
42 DNA ZHhii L7z, m#%IC. DNAZ A A 22K 100 LT XY BERE L
7.

5-2. PCR B L " mtDNA FifisE B LY h 7 vt F ¥ —7F
1(cox1) ® g J i 51| Pk &

PN EOMB O E M S0, TN T oK O EE AR L
oo RMEFERLGEIE. coxl ORI ZHBM L7z, I b= U 7 o & 55K
D 1(E)EB O K 450 & % (bp)Z . L15998(5'-TAC CCC AAA CTC CCA
AAG CTA-3)% e H-2 F 7> N7 F 4 ~—CSBDH(5'-TgA ATT AGG AAC
CAG ATG CCAG-3)VD 774 ~—%PFH L CHMHELEL, WiEZX, 771
— h & L THEEL 7 DNAK 50ng(0.5u L) HWT, BE 25u L TIiT - 7=,
E 512, % PCR KIJSIE. 1X Taq DNA K U % 5 — ¥ # ## i (4 Taq DNA &
UATFT—FA—H—LkH#H), 1.5~2mM © MgCl2, 200mM » 4% dNTP,
10pM & 7 7 4 ~—8B LW 0.5U ® Tag DNA KR U * 7 —F¥(FZ F 5+ Tagq
DNAKRU AT —F, Ao buvzr)eEdAR, REFHYRDIEAEN RN
ST Z EEMRT DD, T XTO PCRIEOEBICITEENSBERE ENT-,
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YA 7 NIZE, 4CTHERORYOENERAT v 7 ZD#% 94C T 45 B D
EVE, 50CTA4 RO 7 ==Y v 7 BLRT2CT1IHEED 35 %4 7 LR
GENZ, A= —OHFIHE > T, ZAKHEM % . Qiaquick PCR # & %
v M(ETHF U I ER L., %\ T ABI PRISM BigDye3.1 Terminator
Cycle Sequencing Kit(7 7 Z A RN/ A F 2 A7 A X)) & 0 ¥R E % 1T

> 7=, &%, ABI Prism ABI 3130 Genetic Analyzer(7 7 7 A4 KA 4 ¥
AT AR KLY, BAZHAAR ST, Y7 astF o H—FE 1 OS5
T, Edk AU PCRETR 7 0 — B X OEIIRE HEEH W, Ward 5 2
AL L 72 (2005 4E) k)72 7 T 4 ~— @ FishF1-5'TCA ACC AAC CAC AAA
GAC ATT GGC AC-3'% X ! FishR1-5'TAG ACT TCT GGG TGG CCA AAG
AAT CA-3' =L T LT,

5-3. EA 5 Hr

mtDNA 7 i 85 8 i 51 © 60 ¥ > 7 )L & BIOEDIT /N — ¥ =2 » 5.0.9(Hall,
1999 )BT D eye (T L v i iEfk L 7=, Alvarado Bremer 5 O #f %2 (2005
F)h b0~ nBOFr—ya AR bEENTE, 2OF — %y hE
Vifias & O #HF7E (2004 F) DL D 4 RO ST H~7 v KEFEIZIn~ T ol
FUPLIZEBRTFBARESEREFE I o~ 0, RBEFEZ e~ 72 THE L
TBEEFBEANEZLEREFE / n~xrn BLObE Yy~ mli—0/

2B T HBEEBETIFBASHTE 8 BORBE /I a~v T oz gt~/
o 3~8BLA Dk, Y7 r A XX —€ 10O/ IX, Ward
O (2006 F)THROLNLLES LR L, AOMBBY | ZOKEOD
Ty MI, BEIFBAINTE mtDNAESIZ 2 FATELT, I

o> KU 7 R EE O AT VHELPLOFREOR - E N R EN T
AR, MORBOMIED HRIZH WL T,
WTNOBMBEfF~—F—IZO50WTH WIMEDORKEEAENELE %A Kimura

2-p distance(Kimura, 1980 4 )% f \ 7= T B #5 & 15 (NJ)(Saitou 8 X O Nei,
1987 £ kv . MEGA N — ¥ 3 v 4(Kumar &, 2001 2)TH L L=, &
B Rl B 2 MEFMEBEEOHEIL, 1,000H 0 7 8T XA MY v 77—k
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A N7 v 7M1 (Felsenstein, 1985 )2 SV i=,

6. RIDHERLER

mtDNAG S H IR E KBS 7 — % 2 H T, 48 % 7 Lo L L 7= ##%
Gy ATl DK 80%) N3 #k Bl S hu7z 13, X HIZ, Alvaradod O W52 (1997 4)
MODRKREFEI/nvw a0 T, A—HOBERNIELNTLTLD, 5BDH
LWR¥EFEIZr~Z o b officadl, &&MRT -2ty MiTiX, 382bp
R o 123mtDNAGR &i 83k o i 5 28 & £ iz,

CORRENL, T 39FIE, mtDNAOFHEEROMITIC LY K
oo~ li@hlaniz, EHICmtDNAOY M7 At F ¥ —F1
CROMMBNT AAT oI e 2A B LEREEI R~ 0 Th DI &N HEHE
W, TORBIT, NETOREMERS T ZFHRE o~ r7nm (#
JE) 1 (B 739 %) RS h T,

FlARMEORME, AHFMITAEARE~ 7 s BHOBENICHE W T, mtDNA
HEMICE S ML Y P Z o adx v A —F 1 CX2ERIENARRF
ETHDLHZEDPHLMNE R ST,

ASEAT > TEDNAGHORER, BRRFOE ST 2% KL, T L
MHB AARTRESNTWOIEE e~ 7 n TP EEs v~ 7 2R3 KREIZ
BAL, FREMERNPBEIAKREL WD AEBEITRERNWEZIONS,

L2L HELERRTIALTWD2 7087 0@l ORICKEFEEI @~ 1
MBALTHLEERERINLZZ D MBEEEICBT2EHENR+
STHLZIENHEMTE D, £, JASIETE, —RHEFICRESND
WAL ERICOVWT REEADPEBER I ITAZHBLLTOIT LT
L2, EHNELEETHLDRAOMML N,

ELIWE, ARFEIC LT il HFMITA~Z7 oD REHE v~ 7 0 b KFEHF

13 FEMIIE ., AR &E K Appendix 2 [ Genetic Identification of Bluefin tuna
Species of Processed Samples from the Japanese Market] Vinas (2009)®
SATRERICE T H Y 7 JPNOL 5 JPN60 # iR S vz v,
14 FEARKEB 1L, 2006 2 T~ o) ORRICET 2RI EZIT - 72/ E.
2.7% D P& i \_Ob\fﬁﬁﬂﬁ@ﬂﬁjﬁﬂiﬁ‘%ﬂ“ﬁ)% L& ol RE L, ANHIERR
FHERBRLEZFXEFICHLT, XEHEEZIToTELTWVD,
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ra~7aO@MICS L2 &b BARTETI UUIRERKD A &M
WHDHLDREE I o772z /RET L9592 T, mtDNAGHT B HEDFIETH
HIZEMRBETE D,

SEOMIECHEHR LY Vv EoEBBICRESALZbLDOTH D Z
EMH | FAEROKRIAEZ~Y 7 e BERHOKRBEN THLIER, FHIZITH> 2 &, F
RO BHBICARBRALEFEICLEDIRIEEZIT) 2RSS HBOBRGTEE L
LThTFohd,

7. RE-BHMEDOHEL—HVEYT 1 DWHEIL—

I CCATOEMHKH OG & e EER G EIC X > TAEE LA E
Tk, AN BHE ST LN TWVWABIZLE DL T KBEHEI e~ 20D 1
UUBREETIRBEIZE->TnRY, S5, ARIOKITICEL > T, TENEE
B/n~v 7o bR RIANTVLIH-GKICKREHFE I/ e~ e BREALTWD Z
EPRH LN ERoTEZENL FHAICBIT2MBERKICBWTS, KEFEY
B 0Dl VERERBECAILETHDL I ERHLNE RS T,

ZZTC.WWEFEYY X WWFEH TS e 77 547 0 203, HRAK
D/ aHEETHOHLIAARNREL T I UUMPHE I o~ 7oz @l
MIZEANTH SR TE L5, MHICHEL TWY D REFEE, P
WE/n~ /a2 Th HdRIC, EENPOMHBEET T -ELEZ, RIEATRER b L
— YU TFT A HEEREYT SO EEEANBEEHEICRD D,

s rm =% U T TIEAEY, EEEST ST KL
N TEN BRI RINRVRY | EEEODH L7 v~ 7 a s ARSI
MAT DI A7 ZR/DPRICHMZDZZEEFHE LV, TOOICIE., HEEMO
AL LT AEEREBLIVAEXT LR LLEHBHOMELHFZALXEThH D
FRIC, WEENETOOIRZEFHEZKREL. GHEOE W ML —HF Y
T4 EENTHZLET, ITUUBKRKOZu~ZaNER SN, E#S
CHEEN O REN R s e 7o lREREL. WMEALLIBELZRT Z &2,
KEVWHERE CHD HADOITE, MBEE, DRIE, HEFICRDLNAT

Wb, WWF Yy Xy WWFEMAPE T 7T 547 40 A, TR O R
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x5FR. BRBICUTOZ L 2K BMREEITKRD D,

1

THEREMICIE.IUUBKROREE e~ oz ARICEAISE RN
EWVWSRE R EAEEMIIATILERDD, SHICHEATHICE
WT, ABRIAETHE 7 FHEICL D EMOLRGERRIBIELIT S 2 L &
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MICHEHRZEZLAHT D22 LE2KRD D,

RKVEFEIZa~ 7o AROMITIC#ED 2 A AREEICIT. E RIS B
SFREABERAR 7o~ niconTix, BRAERNICHKEBE S E 20, BN
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Appendixl #HEZvu~r7noH o7 L—8E
Table Farmed Bluefin Tuna Sampled Bought

Appendix V> 7N —H

Samples list

TN
No.

JiPE 14

Origin

fii#%,100g
JPY/100g

A A
Survey D

ate

01

el W
Nagasaki

1680

6

H22H

02

JEE UL B VA

Kagoshima

1780

6

H24H

03

JEE VR I IR P

Kagoshima

1180

6

H23H

04

L (EILS)

Amami

942

6

H24H

05

i 2 I VR P

Kagoshima

1390

6

H24H

06

i 2 I VR P

Kagoshima

1680

TH2H

07

JEE UL B VA P

Kagoshima

2000

6

H24H

08

RS EE

Kagoshima Japan

980

6

H29H

09

[
Japan

1380

6

H29H

10

JEE UL B VA

Kagoshima

880

TH6H

11

i [ERE

Okinawa Japan

1380

TH6H

12

JEE V2 I VR P

Kagoshima

798

TH6H

13

i 2 I VR P

Kagoshima

980

THG6H

14

i U2 I VR P

Kagoshima

1280

TH6H

15

JEE V2 I R PE

16

1190

TH6H




Kagoshima

16

JEE L B VA P

Kagoshima

880

THG6H

17

JEE UL B VA

Kagoshima

798

TH6H

18

JEE UL B VA

Kagoshima

1380

TH6H

19

R 7

Okinawa

1480

TH6H

20

JEE VR I VR P

Kagoshima

1680

TH5H

21

KOV B

Pacific Kagoshima

1480

TH5H

22

s HAME Nigata

Japan Sea

399

TH5H

23

JEE UL B VA P

Kagoshima

980

THG6H

24

RV T
Kagoshima East China

Sea

980

TH13H

25

RV g
Kagoshima East China

Sea

980

TH13H

26

JEE UL B VA

Kagoshima

1600

TH13H

27

BEIRE R
Kagoshima East China

Sea

1080

7TH13H

28

JEE VI IR P

Kagoshima

1080

TH13H

29

i 2 I VR P

Kagoshima

1200

TH5H

30

i 2 I VR P

Kagoshima

1780

TH5H

31

el 7

660

TH5H

17




Nagasaki

32

TP IR

Okinawa

1180

TH5H

33

JEE UL B VA

Kagoshima

1380

TH6H

34

JEE UL B VA

Kagoshima

1280

TH6H

35

JEE V2 I VR P

Kagoshima

980

TH5H

36

R [ERE

Kagoshima Japan

1380

TH5H

37

i 2 I VR P

Kagoshima

798

TH5H

38

i 2 I VR P

Kagoshima

1390

TH5H

39

—HIRpE
Mie

1280

TH13H

40

JEE UL B VA P

Kagoshima

1580

TH30H

41

VLR [ERE

Kagoshima Japan

1380

TH13H

42

JEE UL B VA

Kagoshima

1780

6H21H

43

W - IR
East China Sea

Kagoshima

1380

TH19H

44

JEE VI IR P

Kagoshima

1280

TH19H

45

BERE Ak

Kagoshima Amami

1580

THI19H

46

BEVRRE W

Kagoshima East China

Sea

980

THI19H

47

JEE UL B VA P

Kagoshima

1380

TH20H
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48

JEE UL B VA P

Kagoshima

1400

TH20H

49

{FheR

Okinawa

1380

TH20H

50

JEE UL B VA

Kagoshima

798

TH20H

51

JEE V2 I IR P

Kagoshima

1580

7H20H

52

JEE R I VR P

Kagoshima

1480

7H20H

53

R [ERE

Kagoshima Japan

980

TH20H

54

i V2 I VR P

Kagoshima

1380

TH26H

55

JEE UL B VA P

Kagoshima

980

TH2TH

56

W - RS
East China Sea

Kagoshima

1280

TH26H

57

R

Amami Oshima

1280

TH26H

58

JEE UL B VA

Kagoshima

1390

TH26H

59

W - IR
East China Sea

Kagoshima

1280

7H26H

60

JEE V2 I VR P

Kagoshima

1580

8H3H
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Appendix2
GENETIC IDENTIFICATION OF BLUEFIN TUNA SPECIES OF PROCESSED SAMPLES
FORM THE JAPANESE MARKET

Jordi Vifias de Puig

Email: jordi.vinas@udg.edu
Telf. +34 972418168
Departament de Biologia

Universitat de Girona
17071, Girona

Objective of the study

The main objective of this study is the species identification by means of genetic techniques of
samples of shashimi-grade bluefin tuna from the Japanese market labeled as Pacific bluefin
tuna, Thunnus orientalis, to assess the potential mislabeling of samples as Atlantic bluefin tuna,
Thunnus thynnus. A second objective is to develop a suitable standard genetic procedure to
characterize at the species level any sample of raw tissue from the sashimi market belonging to

genus Thunnus.

Introduction

The genus Thunnus, which belongs to the family scombridade, comprises the eight species of
the commonly known as tunas. Of these, several species are widely traded at the international
level, including Atlantic bluefin tuna (ABFT; Thunnus thynnus), Pacific bluefin tuna (PFBT,
Thunnus orientalis), Southern bluefin tuna (SBT, Thunnus maccoyii) bigeye tuna, (BET,
Thunnus obesus), yellowfin tuna (YFT, Thunnus albacares), albacore (ALB, Thunnus alalunga).
Other species of the same family that are also trade as a commercial commodity are the
skipjack (Katsuwonus pelamis), the Atlantic bonito, (Sarda sarda) among others. Trade on these
species involve different kinds of presentations, typically dressed, gilled and gutted or
transformed into loins or belly meat, and form might be fresh/chilled or frozen. Morphologically,
all 3 bluefin tuna species look very similar, particularly Atlantic and Pacific bluefin tuna. As
whole fish, bigeye, yellowfin, albacore and skipjack are easily identifiable from bluefins based on

external attributes (body shape and other morphometrics, characteristics of the fins, etc.), but
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depending on the type of presentation (i.e. dressed, or deep frozen) this might not always be
easy. As transformed into loins or belly meat, the 3 bluefin species, bigeye and yellowfin are

very difficult, if not impossible, to distinguish from each other.

Over the recent years several protocols for fish species identification of marine products have
been described based on different technologies such as isoelectric focusing, high performance
liquid chromatography, sodium dodecyl sulphate — polyacrylamide gel electrophoresis,
enzymelinked immunosorbent assay, starch gel electrophoresis (reviewed in Rasmussen and
Morrissey, 2008). Among them, DNA-based methodologies are one the most promising
approaches since they provide very precise tools because its robustness, it can be applicable
throughout all life stages of the individual, and, in addition, it can be used over almost any kind
of samples including whole individuals, fin clips, canned and dried tissue (Rasmussen and
Morrissey, 2008, Lenstra, 2003). In most of the cases, the methodology was based on the
Polymerase Chain Reaction, which targets a specific genetic marker susceptible to discriminate
species. Some of the methodologies described up to date are focused in the reduction of the
protocol steps and avoiding DNA sequencing. Several examples are multiplex PCR (Bottero et
al., 2007, Infante et al., 2006) or PCR-RFLP (Lin and Hwang, 2007, Lin et al., 2005, McDowell
and Graves, 2002, Smith et al., 2001) that allows to differentiation several types of species in a
single reaction. Other approaches have been based on magnetids beads that in some
conditions can be performed at the sampling place (Takeyama et al.,, 2000). However, in

insecure cases the final assignation should be always validated afterwards by DNA sequencing.

Genetic identification of tuna species can be realized using several genetic markers that have
been used in species relationships studies (Alvarado Bremer et al., 1997, Chow and Kishino,
1995, Chow et al., 2006, Ward et al., 2005, Block et al., 1993, Terol et al., 2002). However,
species misidentification can be obtained if the genetic marker is not appropriate. For instance,
species identification based on nuclear genes marker cannot distinguish between Atlantic and
Pacific bluefin tuna (Chow et al., 2006). Another problem associated with nuclear markers is the
low genetic distance among the species belonging to the Neothunnus tribe (T. albacares, T.
atlanticus, T. tonggol) and, in consequence, these markers provide very low resolution to
distinguish any of these species. Therefore, tuna species identification based on nuclear marker
should be discarded. On the other hand, mitochondrial DNA (mtDNA) based methodology
results in a better specificity and resolution since this kind of markers can fully distinguish any

species of the eight species of the genus Thunnus (Alvarado Bremer et al., 1997, Ward et al.,
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2005). Although recently have been published several procedures to identify tuna species using
mitochondrial genes and without sequencing the gene marker (Bottero et al., 2007, Altringham
and Block, 1997, Lin and Hwang, 2007, Lin et al., 2005, Lockley and Bardsley, 2000, Michelini
et al., 2007, Paine et al., 2007, Paine et al., 2008, Smith et al., 2001, Takeyama et al., 2001,
Takeyama et al., 2000) several premises should be considered before to attempt the
identification of tuna species using mitochondrial genetic markers. The neothunnus tribe has
very low genetic distance among species. Another consideration is that some of the albacore
and Pacific bluefin tuna are so close phylogenetically (Alvarado Bremer et al., 1997, Chow and
Kishino, 1995) that depending of the methodology used (i.e., RFLP-PCR of the Cyt b, Chow
Chow and Kishino, 1995) cannot distinguish these two species. Furthermore, using a highly
polymorphic maker such as the mtDNA control region it has been described introgression
between several tuna species. For instance, about 2-3% of Atlantic bluefin tuna individuals are
extremely similar (less 5% divergent) to Pacific bluefin tuna (though in this case the resultant
lineages can be separated from those of proper T. thynnus specimens). The same situation
occurs in vice versa, with about 2-3% of the Pacific bluefin tuna individuals have mtDNA
extremely similar to the Atlantic bluefin tuna (about 4.5% using mtDNA control region
sequencing data) (Alvarado Bremer et al., 2005). In the same study, it has also been described
introgression between Albacore and Atlantic bluefin tuna, with about 2-3% of the Atlantic bluefin
tuna individuals with an identical sequence of some Albacore. Although several one-step
protocols based on mitochondrial DNA have been validated for tuna species identification, to
our knowledge any of the protocols can distinguish all the tuna species in a single reaction, and
none of them takes in account the possibility of having mtDNA introgression in some of the
individuals analyzed. Therefore, the best methodology available to indentify tuna species from
processed tissue should be based on sequencing a highly polymorphic mtDNA fragment such
as the control region. This is the unique genetic marker available to discriminate among all the
cases described above. This procedure will allow discriminating at about 97% of reliability all
eight Thunnus species and, potentially, any specimen belonging to the scombridae family. The
use of this methodology will also identify the individuals with mtDNA introgression between
Atlantic bluefin tuna and Pacific bluefin tuna. The 3% remaining individuals would correspond
the Atlantic bluefin tuna individuals with introgressed albacore mtDNA. These individuals can be
identified by an alternative mitochondrial marker such as cox1 (Ward et al., 2005) although this

identification should be validated by a nuclear marker.

Materials and Methods
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Eight-seven samples of processed tissue of tuna labeled as Pacific bluefin tuna (both wild-
caught and from capture-based farming) and one control sample of tuna labeled as Atlantic
bluefin tuna caught in the Atlantic by a Japanese vessel were recollected during the June 22
and July 20 of 2008 from several marketing places in Japan, and preserved in 96% of alcohol
until analyzed at the laboratory. Furthermore, five Pacific bluefin tuna captured august 2008 at
California (31°46’N, 116°52'W) were also included in the study to validate the methodology.

DNA extraction, PCR amplification and sequencing followed the protocol described in Vifas et
al., (2004). Briefly, total genomic DNA was isolated from each specimen from a small piece of
tissue (approximately 100 mg). Tissue was digested overnight at 37 °C in a 1.5 ml micro
centrifuge tube containing 600 ul of TENS buffer (0.05 M Tris-HCI pH 8; 0.1 M EDTA; 5 M NacCl
and 5 M SDS) and 80 pl of Proteinase K (10 mg/ml). Total DNA was extracted with two washes
of phenol and one of chloroform isoamyl (24:1) followed by ethanol precipitation. Finally, the

DNA was resuspended with 100 ul of deionized water.

PCR and sequencing of mtDNA control region and cytocrhome oxidase 1 (cox1).

To assess the species of each tissue the control region of all individuals was obtained. In
unsecure cases the sequence of cox1 was also obtained. Approximately, 450 base pairs (bp) of
the first (left) domain of the mitochondrial control region was obtained using the primer
combination of L15998 (5-TAC CCC AAA CTC CCA AAG CTA-3’), with e H-strand primer
CSBDH (5'-TgA ATT AGG AAC CAG ATG CCA G-3’). The amplification was carried out in 25 pl
volumes using approximately 50 ng (0.5 pl) of the isolated DNA as a template. In addition, each
PCR reaction contained 1X Tagq DNA polymerase buffer (supplied by the respective Taq DNA
polymerase manufacturer),1.5-2 mM of MgCl,, 200 mM of each dNTP, 10 pMols of each primer
and 0.5 U of Tag DNA polymerase (Platinum Tagq DNA polymerase, Invitrogen. Negative
controls were included in all PCR runs to ascertain that no cross-contamination took place.
Thermal cycles involved an initial denaturing step of 5 min at 94°C, followed by 35 cycles of
denaturing at 94°C for 45 s, annealing at 50°C for 45 s and extension at 72°C for 1 min. Double-
stranded products were purified with the Qiaquick PCR purification kit (Qiagen) and
subsequently sequenced with the ABI PRISM BigDye3.1 Terminator Cycle Sequencing Kit
(Applied Biosystems) following the manufacturer's recommendations. Finally, sequences were
read by an ABI Prism ABI 3130 Genetic Analyzer (Applied Biosystems).

Cytochrome oxidase 1 sequences were obtained using the primer combination of universal
primers FishF1-5" TCA ACC AAC CAC AAA GAC ATT GGC AC-3' and FishR1-5 TAG ACT
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TCT GGG TGG CCA AAG AAT CA.-3" described in Ward et al., (2005) with the same PCR

profiles and sequencing procedure that the ones described above.

Sequence analysis

mtDNA control region sequences 88 samples were optimized by eye in BIOEDIT, version 5.0.9
(Hall, 1999). An orthologous sequence of each tuna species from the studies of Alvarado
Bremer et al. (2005) were also included. This data set was comprised between 3-8 sequences
of each tuna species, including four albacore from the study of Vifias et al. (2004), introgressed
Atlantic bluefin tuna similar to Pacific bluefin tuna, introgressed Pacific bluefin tuna similar to
Atlantic bluefin tuna and eight individuals of introgressed Atlantic bluefin tuna with a sequence
identical to albacore. Cytochrome oxidase | sequences were compared to the sequences drawn
for the study of Ward et al. (2005). To our knowledge this last data set didn’t include any of the
introgressed mtDNA sequences and was only used for validating species attribution when the
analysis of the mitochondrial control region suggested discrepancies with information from the
market.

For both genetic markers, the phylogenetic relatedness among sequences was reconstructed in
MEGA, version 4 (Kumar et al. 2001), with neigh-borjoining (NJ) (Saitou and Nei, 1987) using
Kimura 2-p distance (Kimura, 1980 ). Evaluation of statistical confidence in nodes was based on

1,000 non-parametric bootstrap replicates (Felsenstein, 1985).

Results and Discussion

Using mtDNA control region sequencing data we have obtained the identification of 78
processed tissues (approximately 90% of the individuals analyzed) (Figure 1; Table 1).
Additionally, five new Pacific bluefin tuna were also included in the analysis since incongruent
results were obtained using the Pacific bluefin tuna from the study of Alvarado et al., (1997).

The final data set comprised 123 mtDNA control region sequences of 382 bp long.

Species assignation of all 78 individuals was unambiguously achieved. Of these only 2
individuals were classified as Atlantic bluefin tuna (individuals 39 and 221) whereas the 76
remaining individuals were classified as Pacific bluefin tuna (Figure 1; Table 1). The two Atlantic
bluefin tuna individuals were re-sequenced using the mtDNA Cox1, and their phylogenetic
position as Atlantic bluefin tuna was confirmed. Only individual 39 can be considered mislabeled,
since market information for individual 221 (control sample) clearly specified it was caught in the

Atlantic Ocean by a Japanese vessel. It should be noted that all samples were obtained in a
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short period of time, from the end of June to begging of August, long after the peak period when
the bulk of Atlantic bluefin tuna production reaches the Japanese market (from November to

February).

This study also demonstrates that use of phylogenetic trees based on mtDNA control region
sequences, validated when appropriate through Cytochrome oxidase | sequencing, constitutes
a powerful methodology to identify any species of the genus Thunnus from processed raw

samples from the sashimi market .
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Table 1. Description of samples analyzed and species assignation using the mtDNA control

region genetic marker. The samples without species assignation failed during the protocol.

Species in label Source in label date of purchase (2008) Control Region
01 Bluefin Tuna/Pacific farmed June 22 Thunnus orientalis
02 Bluefin Tuna/Pacific farmed June 24
03 Bluefin Tuna/Pacific farmed June 23
04 Bluefin Tuna/Pacific farmed June 24 Thunnus orientalis
05 Bluefin Tuna/Pacific farmed June 24 Thunnus orientalis
06 Bluefin Tuna/Pacific farmed July 2 Thunnus orientalis
07 Bluefin Tuna/Pacific farmed June 24 Thunnus orientalis
08 Bluefin Tuna/Pacific farmed June 29
09 Bluefin Tuna/Pacific farmed June 29
10 Bluefin Tuna/Pacific farmed July 6
11 Bluefin Tuna/Pacific farmed July 6 Thunnus orientalis
12 Bluefin Tuna/Pacific farmed July 6 Thunnus orientalis
13 Bluefin Tuna/Pacific farmed July 6 Thunnus orientalis
14 Bluefin Tuna/Pacific farmed July 6 Thunnus orientalis
15 Bluefin Tuna/Pacific farmed July 6 Thunnus orientalis
16 Bluefin Tuna/Pacific farmed July 6 Thunnus orientalis
17 Bluefin Tuna/Pacific farmed July 6
18 Bluefin Tuna/Pacific farmed July 6 Thunnus orientalis
19 Bluefin Tuna/Pacific farmed July 6 Thunnus orientalis
20 Bluefin Tuna/Pacific farmed July 5
21 Bluefin Tuna/Pacific farmed July 5
22 Bluefin Tuna/Pacific farmed July 5
23 Bluefin Tuna/Pacific farmed July 6
24 Bluefin Tuna/Pacific farmed July 13
25 Bluefin Tuna/Pacific farmed July 13 Thunnus orientalis
26 Bluefin Tuna/Pacific farmed July 13 Thunnus orientalis
27 Bluefin Tuna/Pacific farmed July 13
28 Bluefin Tuna/Pacific farmed July 13 Thunnus orientalis
29 Bluefin Tuna/Pacific farmed July 5 Thunnus orientalis
30 Bluefin Tuna/Pacific farmed July 5 Thunnus orientalis
31 Bluefin Tuna/Pacific farmed July 5 Thunnus orientalis
32 Bluefin Tuna/Pacific farmed July 5 Thunnus orientalis
33 Bluefin Tuna/Pacific farmed July 6 Thunnus orientalis
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34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
201
202
203
204
205
206
207
208
209
210

Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific

farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
farmed
wild

wild

wild

wild

wild

wild

wild

wild

wild

wild

July 6
July 5
July 5
July 5
July 5
July 13
June 30
July 13
June 21
July 19
July 19
July 19
July 19
July 20
July 20
July 20
July 20
July 20
July 20
July 20
July 26
July 27
July 26
July 26
July 26
July 26
August 3
June 24
June 24
June 24
July 13
July 19
July 19
July 19
July 19
July 19
July 20

Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus thynnus
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis

Thunnus orientalis
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211
212
213
214
215
216
218
219
220
221
222

Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Pacific
Bluefin Tuna/Atlantic
Bluefin Tuna/Pacific

wild
wild
wild
wild
wild
wild
wild
wild
wild
wild

wild

July 20
July 20
July 20
July 20
July 26
July 21
July 21
June 30
July 13
July 19
July 19

Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus orientalis
Thunnus thynnus

Thunnus orientalis
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Figure 1. Evolutionary relationships of 123 mtDNA control region sequences corresponding to
the eight species and the samples analyzed (in bold). The tree is linearized assuming equal
assuming equal evolutionary rates in all lineages.. The two arrows points the individuals
identified as Atlantic bluefin tuna. PBFT, Pacific bluefin tuna; ABFT, Atlantic bluefin tuna; ALB,
albacore; SBT, southern bluefin tuna; BET, bigeye tuna; LOT, Longtail tuna; BLF, blackfin tuna;

YFT, yellowfin tuna.
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