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Species Identification of Sardines with DNA Analysis
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In Japan, among imported sardines, three genera of sardines (Engraulis, Sardinops and Etrumeus) are controlled by import

quotas in compliance with the Import Trade Control Order. Therefore, species identification of sardines is necessary for

customs clearance. In general, species can be identified on the basis of morphological knowledge. However, for juvenile fish

such as “chirimenjako (boiled and dried baby sardines)” with fewer outward features, or processed fish in which a part having

vital information for species identification has been removed, a morphological judgment based on outward features is virtually

impossible. Accordingly, in this study, we tried to identify the species of sardines using partial genetic regions encoding

cytochrome b on mitochondrial DNA. As a result, we confirmed that it was possible to discriminate sardines at the species

level.
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FATRABLRRICBV TR 3 oSNNS MU v] 055,
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OV AA D )E (Etrumeus spp.) DO bHOIZONTIL, A
SERSICEVBANHIRES TS (IQ #%%ME), 7. 2
NHLSORE (Bl ZIE, 4 A T T A/ aA 9 g (Encrasicholina
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ZAUTKE LT DNA fiffr ik, w4 & 3 2RO A2 EEIC
ANND TR EL | F o X Ry B A~_REVE OSMER NSk L
THEMZETH D72, T, T ONRITER % 2N TR O
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72, L VR SUEIESIR OBN T T A~ —ZHn, A T D
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EERLTI-OTHRET S,
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A U ORBFAFENL, TN 7280 70 6 BFEOAFEN
b RO b OR 3 24 ik (FEZ & 8 fafkd™0) Th 5,
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Table 1  Grown sardines used in this study

Common name Scientific name Familv Location of Origin

o
Q
[+
o

K 112 #FZF 54 7 Japanese anchovy) Engraulis japoricus Engraulidae Ise, Aichi
K212 e A il Alune, Kagoshima
K 312 e e e Kujukuri, Chiba
K412 — — — Mikawa, Aichi
M 1 1-2 =+ 7 iqJapanese sardine) Sevdinops melanostictus  Clupeidae  Kujulkari, Chiba
}‘[2 1_2 S / S — N F J— —_—
M312 —r— —— — Aichi

3‘[_4_1_2 —_ — M — —_ —_—

U 112 9477 i (Bigeye sardine) Etrumeus teres — Kouchi
U212 — T — AT — Kagoshima
U312 S —— o Mie

U 412 Y / — & — Walkavama

Table 2 Imported small baby sardines (chirimenjako) used in this study

origin Abbreviation
Korea KR 118
— I — KR_2 1-8
China CH 1-8
Indonesia IN 1 1-8
— i — IN 2 1-8
— i — IN 3 18
Thai TH 1-8

2. 2 SWEERVTISAI—
PCR H4le%& (& Gene Amp” PCR system9700
(Applied Biosystems f1:#)

ABI PRISM® 3100 Genetic Analyzer
(Applied Biosystems 1)
Mupid-exU
(7 152 =)

DNA ¥ — 27 = H—

PRENEEE

iy
A

75 A ~—L14735°
AACCACCGTTGTTATTCAAC

75 A ~—H15149 ¥
GGTGGCKCCTCAGAAGGACATTTGKCCTCA

2. 3 =B

FBHZOWT, W #Y 30mg 7> & DNeasy”™ Blood & Tissue KIT

(QIAGEN £b) 12L D DNA ZHfii L, mtDNA LD h 7w b
% a— NP DA TR O—E% PCR & THIE L72, PCR DX
JAIRIE, #575 DNA < fJ 100ng, 7° 7 A ~—% 5pmol, dNTP mixture

(25nM each) : 2.4ul, Ex-taqbuffer : 3ul, Ex-taq : 0.75 Unit, I
K (BEE30ul IR & Lz, PCR OSUGSIFIE, BVEME 95°C

(143) #17-7tk, 94C (B0f), 55C Bof), 72°C (143)
% 40 [0 IR LTt%, 72°C (54)) DIMEISEIT->Te, 7R
—AGTVERIKENZ LV | B L72 DNA W)y o B4 fgGE L7z
#%. PCREMZ A Y T8 ) —BIC L0 RELL . PCR O &
MU 77 A ~—7% AT Big Dye” Cycle Sequencing KIT Ver.3.1 ¥
fto7 vk a—ZHE Y, Forward $8 5% OF Reverse S5 D EE DA
TN — T AR EAT T2,

PA TN =0 2 ARG, T H ) —VEBRIEIC X0 RS
tBFERE L, DNA v — 2 =% —Z XD ligHA & PCR FEHD

1Ok —

HHERHN 2P E Uiz, 15 DI BUA T — & & IV CHE AL &
V7 ZA A2k L7-1%. DNA Data Bank of Japan (DDBJ) |ZX6%
STV AOHERERSNT —& Lt LT, Fio, 774 A FLTE
FAH D OA L2 ZORSNT —Z 20T, SEBBAIEIC L 50
TR 24T o T,

3. 1 BRIEKBENAICK 5 DNA DIENEHER

PCR {5 CHINE L 72 KBt O Az >\ C, 7T A a— A7)V
KUK EAT - TR R0 i % Fig.l, 2124, A, WTh
DFBHZDUNTH 500bp (TUTICHRFRAY 72 & O DNA Wi i
R T D ENTET,
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Fig.1 Electrophoresis of PCR products of grown sardines by a primer set
corresponding to the cytochrome b region.
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Fig.2 Electrophoresis of PCR products of imported small baby sardines
(chirimenjako) by a primer set corresponding to the cytochrome b region
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3. 2 DNA  —9 T H—IZ &k BEEEIN DGR U
HED B 15 B A7 PCR BEM ORLHI % 1 7E L, DDBJ T8k &
ATV DS U DT — 4 L IiE7 mtDNA EDv M7 A
b TRy (384 HiJEEy) Zflitt L7z, Z oD 384 M55
V., SREIORST— 4~ & DDBJ 457 — & & i L7,

AT OFAREHNL, WX I7FA T v~ AU TLALY
YINTNOMFORBNTE, DDB) BEkT— 4 & 99~100% DA
FMEZR L7z (Table 3, 4), 2D Z &G, SRIOHZE TRV
TIA ==k, TNHDREDOA T IFEDEDITHONWTIL,
HIBINFRETH D Z & 2 LT,

Table 3 Concordance rate with DDBJ registration data of each grown sardine

code Accession No. coficorditics code Accession No. eoicatdhings code Accession No. coticotdnge
rate rate rate
K11 ABO40676 99 3% M11 ABO032554 99 8% U1l1 APO09139 99 8%
K12 AY923784 100.0% MI12 —— 100.0% Ul 2 —— 100.0%
K21 AY923786 99 8% M2 —i— 100.0% U221 — M 99 8%
K22 —r— 100.0%% M22 ki 100.0% U222 — i — 99 1%
K 31 —ff— 99.5% M3 1 —r— 99.5% U 31 T — 99.1%
K32 AY923784 99 3% M3 2 —r— 99 5% Uiz — i — 99 8%
K 41 ABO40676 99.3% M4 — A — 99 8% T 41 — 100.0%%
K 42 AY923784 99 3% M4 2 —r— 100.0% U442 F—i— 99 8%
Table 4 Standard sample data of DDBJ used in this study
Sdentific name C ommon name Familv Accession No. code
Engraulis japonicus Japanese anchovy Engraulidas  AB040676(Inoue et a _'I-J E_japl
—a— —— —— AY023784(Grant et al.¥) E_jap2
= —n— et e AY023786(Grant et al. %) E_jap3
E. ancrasicolus European anchovy — AY023809(Grant et 31_3') E_encl
—&— — i — — AY023810(Grant et al.¥) E_enc?
E. mordax Califomiananchovy —#7—  AY023775(Grantetal.®)  E_morl
— — —— AY0923777(Grant et al. %) E_mor2
E. anchoita Argentine anchovy —— AY923767(Grant et al_ij E_ancl
T — = i AY023768(Grant =t al. %) E_anc2
E yingens Anchoveta — 1 — AY023770(Grant et al. %) E_rinl
—7— — " — — " — AYO23772(Grant et al_gj E_rin?
Savdinops melanostictus Japanese sardine Clupeidas AB032554(Inoue et al_;:') S_mell
—7— — i — — " — AF472386(Terome etal '%)  §_mel2
S.caeruleus —n— —n— AF472585(Terome et al '%)  S_cae
Etrumeaus taves Bigeve sardine Clupeidas AP009139(Lavoue,S et al. ™) E_ter

BAD YD O LR ZORTREEED S OIL 16 MK 15 BIK,
FEPED S DI 8 AT 7 BIRIZOWT, AR DT 2 7 F
A U (Engraulis japonicus) OYEIEERLFHIT — 4 L 99~100% DFH
FIEZTR L, LosL, &80 O 1SV CiE, DDBI (2
R RIVE 2 R TR T — 2 3, AR 7 F AU (E
Japonicus) & OFHEIMED 84%FRE LARWNZ &b, Wi HFE L HE
ESHL, HBOVDALRZ LIS h-bDEEx b5,

AV RAVTREO SO 24 BIETH 1 BRICOWT, 127 F
A U (E. japonicus) DYEFERIF|T — 5 & 99.7% ORI Z 7R L
7

AV RRTTHEDFERD D 23 RIKK X A PEDH D 8 FRIKIZD
WX, DDBI & W EIRIVE 2 /R 3 HERERC ST — & DN o 72,

3. 3 HABLUYDHAL»ZORFRIFREN

FHEHOTALV DAL ZH B0 b, ZhZhley b 8
MRzt L, 3. 2 TRz 384 HLELH/) OfdsI| 5 — % |2, DDBJ
BEkRT — 2 BN A o TR AT o TofE A Fig.3-1, 2 1R 7,
ZORNTOFER, DB I FAT VR, ~A T VRBERTUILAALT
¥ (Etrumeus teres) |3, ZTIVENMINL LTz T AL —%TER LT,
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Fig.3 Neighbor-joining tree of imported chirimenjako with standard fishes based on 384 nucleotide sequences of the mitochondrial cytochrome b gene. Bootstrap values

>70% are reported on the nodes of the tree (1,000 replicates).
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Fig.3-1 Chirimenjako imported from China or Korea

HEELOPEEL Y AU 21X, 3. 2 TDDBJ %67 —
& & OFRPEDIRN S Te b D EERE, WX 7 FA UG (Genus
Engraulis) OFAFENGIERIND 7 T AL —OPNEBITALE LTV
b, ZNBIZOWTIE, B 7T AU (E. japonicus) DHGFLHL
Bl7—% L 99~100% DAHFEIMEZ R L TWD Z &b b, AR
WHZAE RS 2 02 7 F A U2 (E. japonicus) & [Fl—F & i b,
Z OFERIE, Akasaki 5723 L14724-Glu, Sard-CytbR D77 A = —
Ty FERV, ¥ b7 a A b FEBOISES I SAL Y DAL
% ZITOWTRBHTRD MBI 21T o T2 BR 0D 531 RATAFATAE R & o7
JE L72WN,

AV RRUTELOZAFEOLDIX QL ME THL I 2
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7 TAL—=EFL L, WTND Y T A S — bR R K &
WERTH DL Z EWifD, ZDOZLnbA Y RRUTERIL A
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Fig.3-2 Chirimenjako imported from Indonesia or Thailand

EEZBETDE, WBITATIIROEA T LT A )AL TV
(Genus Encrasicholina) OFaFETEH 2 AIHENED EVY,
B SBEEL R DA T VEHONEIIE D, AU O AR
HNF—H2 %EREESEL 2 LICLD SRIAFEOHBIIN 7
STRRIZON TS IEfEZRTEDREMN FIREIC R D & b D,

4. 2 8

ARICEASNDA VDI L, DX ITFATVR, v T
B T AL T VROBIEICON T, BAE S EREAIC X0
AHIRSNTND, EDOHA U ORABBIZEEL Tk, AV
S ORHBINMHEN 2D, L LR S, BASASHER SN T4
OEE . TEREFI RN R LTV B Z E %L, BIERIC K
B RO HBINIER IR TH D, T 2 TAIFLETIZ, mDNA -
DY ~r vk b FEEORPESy (384 HIER ) AHWTA T
ORHFIZRIA, BV DAL Z ORFHBNCEET 53 24T -
Too TORER, A VO~V TOFBNARETH D Z & & ff
BT,
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