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A Simple DNA Analysis for Identifyin

g Eel Species by using Polymerase

Chain Reaction-Restriction Fragment Length Polymorphism Method

Takashige Wakao,*1.*3 Yuichi Hikida,*1.*4 Toshihiro T suneyoshi, *!
Shinji Kaji,*! Hiroaki Kubota,*2 and Takayuki Kubota*2

A simple, rapid, inexpensive and reliable DNA analysis method has been developed for iden-
tifying eel species by using polymerase chain reaction (PCR) and restriction fragment length poly-
morphism (RFLP) technique. Present method is for practical use to prevent the illegal trade of sell-
ing glass eels of foreign species as Japanese species (Anguilla Japonica). Three restriction enzymes
were selected to digest recognition sites which are specific only for A. japonica. Additional enzymes
were used for simple identification of species by comparing a digestion pattern of recognition sites

specific for 6 respective species.
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Table 1. Specimens of various eels examined

Locality CS(;)Igli'Crlr?ennts)f I;I;erglargle;r?sf Sampling date Species gggmg%jégg

Swan Riv., Maine, USA Adult 3 Oct. 1995 A. rostrata 1
Pelabuhan Ratu, Java, Indonesia Adult 4 Oct. 1995 A. celebesensis? 1
Green Riv., Victoria, Australia Adult, spot*! 1 Jan. 1996 A. reinhardti 1
Green Riv., Victoria, Australia Adult, no spot*? 1 Jan. 1996 A. australis 1
Ohta Riv., Shizuoka, Japan Adult 1 Nov. 1995 A. japonica 1
Akabane port, Aichi, Japan Glass eel 5 Jun. 1996 A. japonica

Other places, Japan Glass eel 39 Mar.—Nov. 1997 A. japonica

Other places, Japan Young 7 Mar.—Nov. 1997 A. japonica

Other places, Japan Adult 14 Mar.—Nov. 1997 A. japonica

Other places, China Adult 2 Apr. 1997 A. japonica

Other places, Japan Shirayaki*® 3 Jun. 1997 A. japonica

Other places, Japan Kabayaki** 5 Mar.—Nov. 1997 A. japonica

Unknown place, China Kabayaki** 1 Mar. 1997 A. japonica

Urknown places Kabayaki** 4 1996-Dec. 1997 A. japonica

Magat Riv., Luzon, Philippines Adult 2 Nov. 1995 A. marmorata 1
Magat Riv., Luzon, Philippines Young, dried 12 Oct. 1996 A. marmorata

Other places, Philippines Adult 2 Mar. 1997 A. marmorata

Loire Riv., France Adult 7 Oct. 1995 A. anguilla 1
Loire Riv., France Glass eel 13 May 1996 A. anguilla

Other places, France Glass eel 2 Apr. 1997 A. anguilla

Other places, France Young 12 May 1997 A. anguilla

Other place, France Adult 1 Jun. 1997 A. anguilla

Other places, France Kabayaki*4 2 Mar.—Jun. 1997 A. anguilla

Unknown places Kabayaki** 5 Dec. 1997 A. anguilla

*1 Adult specimen with black spots on the body.

*2 Adult specimen without black spots on the body.
*3 Plain broiled eel for Japanese style dishes.

*4 Soy broiled eel for Japanese style dishes.
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CEESEERAS 5,19 Lo Ui D W—"it,
F—fAT b EFIA R 513 EHEACEE BNz, D
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CATCA-3) & TW9 (5-GGTCTAATTTATGATCTC-
AGCTTT-3"), TW6 (5-TACGAAAAACCCACCCAC-
TTCT-3") & TW11 (5-T CCTCATGGAAGTACATA-
TCCTACGACTGC-3), »4%& 2 N7 =%\, CC
TT54=—TWIl O 3 KRl 4 EH DIFFITHIR
BERPst] TRBEINS -0 KAEAEE (C) #HA
L7z,

ik O DNA %5 &, PCR #AFE (ANTP,, * PCR
RE AW » DNA SHEER) BTG <—RT—%
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*TCLGDEYA 7 )% B5EFV, I FavEyT
DNA 5 } 7 0 A b S#fEF & #8F) 7= DNA W A PERL L
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THO—-X%5 )L BKXE PCR EHOMIBORE
HRBER MDA A3 FOR S CHRT 5000
BAELLT, 4% 7 HH0—=2 (% 715, NuSieve
GTG) %7 IVHFHC AW BREE) (2 2F « /34 &,
Mupid-2) #f7-7, NV FOEX DOXBY & LCit

10 20 30 40 50 60 70 80
e TH e Sea 1
A. Japonica 1 TACATTATCATCGGTCAAGTAGCATCAGTACT TTACTTTTC(ﬂT ATTM@AMCCCATTAGEAGGTTGACT AGAAAACAAAATA
A. marmorata 1 C CC G T
(Philippines) 1 C CcC G T
(France) 1 C CC G T
A. japonica 91 ATAAATTGATMGCCCTAGTAGCFTMTGGCT AAAGCATCGGTTTTGTAATCCGAAGA'I'TGAAGATTAAAATTC'[TCCT AGCGCTAAAAA
A. marmorata 91 A C
(Philippines) 91 A C T
(France) 91 A C T C
{- ™9 —
A. japonica 181 E]' CAGAGAGAAAAGACTTTAACTT CCATCCTCAACTCCCAAAGCT GAGATCATAAATTAGACCACC
A. marmorata 181 A
(Philippines) 181 A
(France) 181 A

Fig. 1. Sequences of mitochondrial DNA of A. japomica and A. marmorata’ with those of Philippines and

French eels we obtained.

Sequences contain the 3'— end of cytochrome b, Thr—RNA and Pro-tRNA gene region. All nucleotide se-
quences are shown for A. japonica and only different nuclotides from them are shown for other species. TW8
and TW9 show forward and reverse PCR primer’s sequence, respectively. Nucleotides specific only for A.
Japonica are shown in reverse characters. Restriction enzyme Sca I recognition site sequences, which are also
specific only for A. japonica, are shown in bold solid square.
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Fig. 2. Sequences of mitochondrial DNA for 8 eel species.® Sequences are from the 5 end of cytochrome b
gene region.

All nucleotide sequences are shown for A. japonica and only different nuclotides from them are shown for
other species. TW6 and TW11 show forward and reverse PCR primer’s sequence, respectively. TW10
shows forward sequencing primer’s sequence. Nucleotides specific only for A. japonica are shown in reverse
characters. Nucleotide sequences of restriction enzyme Hinf I and Pst recognition site are shown in bold
solid square. TW11 sequence contains an unmatched nucleotide C four nucleotides far from the 3'- end,
which is complementary to the nucleotide G in the sense consensus sequence, to produce the Pst I recogni-
tion site only for A. japonica PCR products. Mbo 1T and Rsa I recognition site sequences are shown in solid
square.

W 4 K —H— ¢pX174/Hae T AL % AV 720 Millipore UFC3BTK) THBLEHE L7 ChHZ &M

LIRBETN{L PCR EMOAERE BRIV ED/NY HIREEFR (Hinf1, Pst1, Scal, Mbo1l, Rsa 1) &, ¥R
FOE S CRER, RAHLBNTL (HESTEIS, FRENCED, BRI A — 1 —FRORERE N
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&ﬁl&@foéﬁ7ﬁ¢%mmtommx%%iﬁ
aﬁumﬁéﬁwaAf%ﬂLt&,ﬂnmm&ﬁ%
g%d®WP$;0v~7lyvv7754v~&LT
T“HO(5LTGCCCTAGTGGATCTACCAAC%T)%‘ﬁ
VY, 96°C-30 £ + 60°C-15 Fb « 60°C—4 53> 25 54 2 )1,
VIV ITRIER T 1, D, EMET
/—wannﬁwAmm&lﬁ/—w&ET%@L,

(a)

$x174

A2 3 4

Hinr 1

$x174 1353 bp
6 7 8 ?;vlo,”".m:j44;£;o7sbp
872 bp

: s :5ﬁ:

395

DNA v — 5y (Perkin-Elmer, ABI373A) CREHT
L7

# R

BAEOYFE A FIBIC 35\ THIFRBE R Hinf 1 ¢4
ELTIVER KB L/ &R % Fig. 3(a) ic o7 L7, BX
%ﬁtmw1ﬁﬁﬁ%%-ﬂ$@(%5ﬁu—y)u
SERDNVE (T 5 LHESNLEHE (UTFR
%Mzmﬁﬁﬁ(WLMBW)%%LtO@ETH&
BIREREO R 5 (398 bp % 7-13 338 bp) 1 XD/ F
R L7z,

Pst ]I THAL L4558 (Fig. 3(b)) THHAE L ifE
&T&i@ﬂﬁ@’%#ﬂ%@ﬂb\@f:&béci‘ﬁ@bﬁﬁ%ﬁiﬁ&o7:
(371 bp F7:1% 398 bp),

SHEIKICIH T Sea I THE L8 (Fig. 3(c))

Fig. 3. Agarose gel electrophoresis of restriction enzyme digestion products of PCR amplified mitochondrial

DNA from various eel samples.

ca (lane 1), Indonesia (lane 2), Australia with spot on the body (lane 3), Australia without spot (lane 4),
commercial Kabayaki eel sold in J apan (lane 5), Japan (lane 6), Philippines (lane 7), Philippines dried glass
eel (lane 8), France (lane 9), and France glass eel (lane 10). All samples were run with molecular size mar-
ker, X174 DNA Hge IT1 digest. The various band sizes of the marker are shown in base pair length (bp) in

panel (a).
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A 0 A L fibfE & T, G o> DB T EREDFR B
RETr -~ 7o (194 bp F/2id 218 bp)e

X6z, AT L7 8LEMED BAREY I oWk
2o Hinf 1, Pst 1, Sca 1D 3 HBOEHIRERON, 270
3 OHIREEE L AV RFLP #{T-7c & C A, 12Th
FIEHELEINLE <, £ TORFLP IZOWTH . ()
NvFﬂﬂﬂvﬂﬁBﬂtoitTwm1t%ﬁt%%
W 5 AEED™Y FFREHC OV T L AERO RFLP
Btk O ABATTNTR—ONY WAV SN
b, *J‘?Zcb’%?_ﬂ%@%‘Jﬁﬁﬁﬁf?ﬁ{téﬂt%%’im
FICILBRENERPRDONEMP > 722 LiZle B,

BOMSYE AFIRICH W CHRESEMboIL &
Rsa 1 DEASMTHAL L2 8% Fig. 3(d)ICxw L7,
4 E T LS OBHUIRE OREHC DV T, &Y
FREOEERFIOR H HHEE I N L/ SV FAT =Y
(A. japonica, A. reinhardti. (RHIGT % YHEE SN AW
i (LR ; 249 bp, 95 bp, 54 bp), A. rostrata, A.
anguilla (162 bp, 149 bp, 87 bp) A. marmorata (344 bp,
54 bp) A. australis (249 bp, 146 bp)) HRBE LIRS
@aht°:®%%a,mwim;5%m%%(A
japonica (220 bp, 118 bp), A. rostrata, A. reinhardti, A.
marmorata (338 bp), A. australis, A. anguilla (398 bp))
YOEASHETREYRY ST, O h# Fig. 4 {T7R
+, ZEMBD 1L mE s ENAEI LA TS
HNTE, 1V 13 7 RENC 2T A. celebesensis
PARGE L O — VB RIE 7=2, Mboll &
Rsal D3y Fo8%—>/ (249bp), B LU Hinf 1D/
</ Ex—>/ (338 bp) D AEDEROE L IZRE
HRER LTE -7

X pio, EREERIC, ATFLAS] BiEORAEY
J-RERELOPA 34 B A\ T Mbo IT & Rsa T OREH
kB RFLP {772 & 25, £ CIo D\ T 249 bp,
95 bp, 54 bp IZH Y 5 LHEES NS IARDINY FIRA
B e, %7 Table 1IZHT o FERDY T A
m%®ﬁf¥ﬁﬂmov1%@mf@—®ﬁyFN9~
VLN, +7bbonHOHRERCHILEN
= B F I R A RATRD bhirho7/al LTk
b

L OFE Fig. 4 TIRD e B PR D R
oz oWwWT, BICFER BET A OI, AFIR
Dy LYY T EAT o e EORROBHEANT b
VIV, #IC ko TRRHEE, kA OB ER S 2
# (Fig.5) Lk&lh, AV Fxy7EDMIFLS
DORIE L7, FhENOME L EERFIMTE-BL, ¥
%@%ﬁﬂf%to740@7&&75vzﬁ®ﬂﬂ,
7 b O O THEA D A marmorata L A. anguilla ¥
5T X 7 RFHC W 3 KR S fIR OEERLTY

R, EME, BE R ARE ARB

Hinf1
220 bp 8
118 bp 338 bp 398 bp
249 b © ©
P Japan Australia(SP)
95 bp A.japonica A.reinhardti
249 op ® @
I Indonesia Australia(NSP)
Mbol 146 bp A.celebesensis? A.australis
+
Rsal ®
344 bp Philippines
A.marmorata
162 bp @ ®
149 bp America France
87 bp A.rostrata A.anguilla

Fig. 4. RFLP pattern of various eel samples from
7 different countries.

PCR amplified mitochondrial DNA of 398 bp
at the 5'— end of cytochrome b gene were digest-
ed with Hinf 1, Mbo 11 and Rsa 1. Band length of
the digestion products is shown in bp. The
names of the species identified in Fig. 5 are
also shown in each column.

(a) America TTTTACTCCTTCTCCTCCCTATNTCCCTGACTCCN

T 4 St S bt

A rostrata TTTTACTCCTTCTCCTCCCTATATCCCTGACTCCT

(b) Indonesia TCTCAGTCCCTTCCCCGTCCACNCCCCCAACCTTC
FRRKKXX KX KXk kxR oxrkk XX

A. celebesensis TCTCAGTTCCCCCCTCCCTCATGCTCCCACTCTCA

(c) Australia(SP) TCTCACTCCCCCTTCCCTTTATGCCCTCACCTTTG

FRRRXRRKEKEHREIIRRRKRRRE KK HRRKHAR K

A. reinhardti TCTCACTCCCCCTTCCCTTTATGCCCTCACCTTTG

(d) Australia(NSP) TTCCACTTCCTCCCCCCCCTATATTCCCACCCTCC

KERKKKRRRRKKKRERREKKKIRKKRRKKKIKA KK

4. australis TTCCACTTCCTCCCCCCCCTATATTCCCACCCTCC

(e) Japan CCTTGCTTANCTTTCCCTTTATCCATTNGCCNCCN

sExepr ik oaoopoosoo ool

A. japonica CCTTGCTTACCTTTCCCTTTATCCATTCGCCTCCA

(f) Philippines TCNCAACCCCCCTTCCTTTTGCACCCTCACTCCCT

KRR RRRXRRRRRIRRRRK  RRRRRRERRRRRK

A. marmorata TCACAACCCCCCTTCCTTTCACACCCTCACTCCCT

(g) France TTTTACTCCTTCTCCTCCCTACATCCCTGACTCCC

FREKKEK KK RHRREERRRHEIIKERR KKK IKKKKK

A. anguilla TTTTACTCCTTCTCCTCCCTACATCCCTGACTCCC

Fig. 5. Sequence comparison of mitochondrial
cytochrome b gene.

Comparison were performed for selected 35
nucleotides from 191 nucloetides which have
variations among 8 species identified by Aoya-
ma et al.®) to identify species of the present eel
samples. Sampling area of each eel and its se-
quence are shown in the upper part of each
column. The name of the species identified by
Aoyama et al. and its sequence are shown in the
lower part of each column. The agreement be-
tween two sequences is shown by * # shows
the unknown sequence in this study.
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PCR-RFLP &™) £f§ 5 DNA £ 397
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DNA M E AV, ZFHNRBEXECEBINAAE
BLEEZONL5LDYS A% 5H L7-## % Fig. 6
WinL7co Hinf LIZX 5T 2EDNRY B (G
5 LHEE SN ABRE (LU TRE) ; 220 bp, 118 bp), Pst
HIZ XML TIEE VSV F (371bp) BEBHRAEC &
Wh, 2EF 2 v 712k, & TA. japonica ¥ H|ET
T,

BHMESHN O OBEF KES LD LS LHEOY
THEARE CHATREA ZTRS 20, DEORSE (5
Bram), YA (BH, &%), WM, BA
OO (&) 7HG, AKX 3K, 75V 2E
Drzva (WH) 12HBEICOWTHEE D DNA HH
BICED 2005 3#ED RFLP %47 7=, ZDORER,
FEREBICOWTHTRT, DEODREF—247%<H
A, 7I5VABOZTNFNOHEERAB LN,

* £
RHFGICEZBOGHEIIC LhiE, R DFEHEDL

(a) $x174 1 2

Hinf | S

(b)

Pst 1

DEFION, BIEAOHBIIT AV HEEICEET S
A. rostrata, 75/ AHRICER S B A. anguilla, B
* FE - BBMTICAERT B A japonica, 7 4 VY
R4 B9 5 A marmorata, F— 2 5 7EER
HICHERT B A australis, +— A+ 5 U7 HEMFIC
LRSS A reinhardti D6 ETH 5, 4V FRVTE
T, FULDEE L7 A. celebesensis & i3RI HEH
> 7L, SHRDLHEILT, 4V EXYTRELD
BOBHFHIRTH 5 Z L #ER TN, MBEDOREEMS
BWEEZOND, DEOTHIZIEE, ARICHEL
TR IRTOBTHLI LMD, FHMCChOLM
DREEZRETEECTHLNIETHLLEEL LN
B

AETRYIADHBERE CRAEELBLETS
%, AEREPEMCOWTC, Hinfl, Pst1, Sca 1D 31
DHIREFEEHNT, 38D DRFLP #F\, kb
L3EF v VOBHEETEERTES, - NhIC
Mz, AMUPCREHICHO2EEOEE, Mholl,
Rsal%#EA L TRFLP 275 Z Xic kv, B4 ME
THENOBWBHENTRETSH S, L Lasib s
SEUADEMOBEN R Lo RBEITIE, UG
B, Rhidk, ER6EOTFhHICE THEXH

4 5 ¢x174

Fig. 6. Agarose gel electrophoresis of RFLP pattern of five Japanese glass eel samples.
PCR amplified mitochondrial DNAs of 398 bp at the 5~ end of cytochrome b gene were digested with (a)
Hinf1, (b) PstI. Lane 6 of panel (b) was from American eel. All samples were run with molecular size mar-
ker, $X174 DNA Hae 111 digest. The various band sizes of the marker are shown in base pair length (bp) in

panel (a).
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398 FR, EH, HE

LR DB B, V— 7 TV TEERVCIITEEE
ROT R CTOEERS & T L, HRET] & OB ZAT
2 IBECEOHENTA S, L LT OHETIIREHE

CEASHMIN DT IR D, KETIXAREIEDS
OWTHIESF v Z7IC X DEWEBKE R LA
LEENFRETH HA, EOHBIZ O W TUITHEEES
B2, LoLans, ok > il LTS3
DTELNTWALOER EIFEST THHLE2LLN,
AEOBE X LTCOAREL >EVWVREI R FTHEIC
BETELLVW) ARERICKELFTLLELLN
Do

KRFZRCRIS & LT A japonica, A. anguilla, A. mar-
morata DA OREIT TV SIVED IR, BEERICH
¥4 HEUTORBVOWREEEABR I TV HHLHEE
TH b, FF7OAbFERITID I —THEIBRICHELT
HALEEABWA, FOHTED FVOEIEHLITE
1e2ERICHNEEENEN EFHEINS, LL
BRG, Ziih 6081 kD, AREYFFLERES
NRRHE DWW T T o 72, BAEMEDDHEDIZDHD,
Hinf 1, Pst 1, Sca 1 D& HIFRE S % V72 RFLP Bk
L2BHANEISIESF v 7, IHICMboll, RsalD
BA&W%H AW RFLP I L 5 O¥EH/RE T, 1EE
LERBRDONE M >7, ThHORFLP THAAE
BT NI IR R R A AT 5 X DICERET L
TWB®D, TOMELOEHEOFICU LOTLERSD
g, EER04EEDO RFLP OROU EDICRE NI
LT TH B, ChHEOFOFO D FVEBIEED
BT 10 CHLHELER TS L, RAETHIEROME
thoo PUE3EE TR, EERE T - 500 HE
COWTELBRBPR DN BRI D, D
HAMETLHEEICY TR E LD EDPREP TR
B, KETHSEE L F70AbRETTIE, &R
DERICHRTEAOERXERI 2H» 6 3T LD
T EHERIEN S,

LREOREEY SERT L% DNA ik z A
WK ERBICEOHFINAETH > oI e h
5, FBSELIESERCH2BLHETHHLERD
N5, FERE &S CORMERMEHE T 5 LR
it DNA il 2 & TP 3 BRE LA,
ST S BRI THRIATRETH » oo FEEIRIC
BB BRIV, KEREIAHTIIPCR
HEEBRMLETH LA, FOMITITEA L I0FALUTO
WS CR D, o (RBRESBHEETTL 200
FHBEORBIFE TEROIL EFBRHETH S, *
TeAEOEREYE L LTE, 47 LLRETI¥EER
ORBETHHVLERLL, BHEBEAROS I LFEER
BEE LADPVNIESFTH S, 1 AOEHEHEA T HIC

W, ABRHE, ARH

YFAETE AR L L UL I0BEDEXL R EE
265, FICRHEESCHBH LRV RE - HEtho
AMEOWTCIE, Y= IV VT RO 1YV
U9 2000 FHICHE L7278, ATk 500 M &2l #
SERAHETH - 7,

TAVTFA AOBKKEE LAEYHE S5 L, T4
VA NETR R VR EOSHICH HREEHL T
HUENRDHD, AETIIEREIMES TLARTHS
CEZOND, T A VYA LEICEWC, R b
T2V EREENEL L T CHKEY S — V/ICD
FNERBLNTVBETY, KETIIEERTI OB
RHEICHZON, LD RMECTHEREENITETS
HLEZILBNS,

X I RAPD ¥k ki 4 % &, RAPD i Tid PCR
TS5 4 = =%t AT B O hR AT PCR E
WMOBEEOBFRMYARBEIC 55, RETEEND
PCR EWOIEERIIOB W ICESATK LD, F
B CHELETPARTHIEEL OIS,

KEOWREL LTUL, KBRS A (H, B, #R
b)) oSS, yua, pBiE, HEEE, WREEIC
5, TRNTCOBROY FFRRNCHEANTEETH -
7oo BABEX, TWEEXORRNCOWTE, FRFOD ¥
OMIT DKM, FEELREE ) OB HIC ISR A TH
n57:%, DNAZ 54 HEBERPRIICKIEL,
DNA OB kS hEHIC PCRFIEAfTTR /2 LS
2bN5b, -T, ABEE « HREEZFORKEHBICE-
T, EOBBHBFRE L k- 7o THIIHEFHDH S\
T A VYA LEIC L AEFEE T LESRIETH -
oI TH 5,

WA, AREY S5 AOHEBRORED LR MM T
BAHWEEZBOEBREEREOMNE KIC L), REBER
TREHDOBAEY S AORBEPEOF VA L k- T
W5, COXYERATIEBWT, V5 AORERET
AAMEY S5 A LR LTS TR ERE Y 5 ARG
FTHEVWOIREREABHLHEEDNTNS, KEHIOD
IS G OBBIC I\, B, %, 2»OERR
CEAEECTEAEYSNE LTAVLRAY, RIER
BlomEh & LTHlitEd 5 C LR SN A,

SEAWF 7 LD BETHOMO KT RIR
2, 12S B % \i3 16SrRNA 7z K O W A HFIC &
0, UFREOEFRICOWTOREKY, LVaEdL
R Ih B,

X R
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