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Identification of European eel by DNA analysis

Tomohiro IGARASHI", Kenji TAKEMOTO" and Takayuki KATAYAMA”
* Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

European eel (Anguilla anguilla) is listed in the “Convention on International Trade in Endangered Species of Wild Fauna

and Flora” (CITES) appendix II. On the contrary, other Anguilla spp., for example, Japanese eel (Anguilla japonica) and

American eel (Anguilla rostrata), are not listed in the CITES appendices. When importing items that are listed in the CITES

appendices, importers must obtain in advance a certificate from the country of export. Therefore, it is important to distinguish

between Anguilla anguilla and other Anguilla spp. to ensure appropriate customs procedures. In this study, we focused on

interspecies variations among Anguilla spp. in mitochondrial DNA, and investigated a method to distinguish Anguilla anguilla

from other Anguilla spp.

1. #%

ll]

IREE, VIXBIIET2A0BKTHY, ARATIIESEZN
TW5., UFFREITAIN G20, Z0HLEME LTHNLR
TWAFEIE, =R TTF, TAVHUFF, a—ay/\uF¥, F
FUFXERDS.

TFRBEOEDH Ha—1 v UL, Uiy b UG EE
SRR SN TRV, MADBRITIZT > b SIS HED
WG EA LB L35, —F, TOMOUFFROML, T vk
UEAIOMBEI RO, MHREIE A LIS LRV, 207,
EHFEAEZ PR L TN ER I —a v Ry X 22 ofo v
F Lo THET LIRSV, MARSEORIZEI—r v Xy %
EDEHAT DB DD .

7 REOFE A TEREFHINCER T 2B, MR LI L 7
5. Fiz, MAIND U FFOZIGREFORETIHRA SN, 2
ERERTHZ LN TERNWZD, BREFHNLHBIIRECH 5. ik
FHIRHII IS OBV R 55, AMOREERICHEE L
DNAGHTAEZ CTh 2. BUK, BARE SN ¥,
DNAZGHTIZ & 0 REE RIS O FEC S 2 T3 5 = & CROMBIZAT
STV 5. HHEFIFIREYTIC L5 TR, REMREOH#BIETT > 2 &8
ARETH 52— 05T, MEfli7ei 3L & EHE AT 2 B L 3 570,
OFAINITERMZET S, 202 b, WRESIfET & ik LT
XV HGE TS R TFHEDORRI RO b TS,

WA IARAT L 0 BEiS7eTikE LT, PCR-RFLPIEAH 5. =
DOFEE, PCRICE Vx5 & 72 25 MODNAZHilE L 7= 5, IR
% HVVCPCRIEEMZUINT L, TEIC X > THINREESE 2 IV =Bt
WESE (757X hoF—r) BRI Z & EFIRA L TR
THFETHHD, HIREEEZ AW N T T 7 A hoF—

* A BAIR AT T272-0882 THERMITIHIOIE 6-3-5

EHERT DI OBESVKINRH &2 5T 5. ZOMOTEE LT,
R0 7 7 A ~—% VW TPCREATV Y, HEFOAMEIZ I 0 Fl 2 H]5)
THFRENRDHD. ZOFET, WEICWatabe 5B =R ¥ 3
— XY FXOHFNEIT o TNDN, —ay/XyFXeT AU
UFXEZOMO T FXOFEE OHBNE, FREFSI TR0,

ARFETIE, UFFXBOI 2 FU 7 DNA IZBWT, FERIZR
DIFETHEFRAESNCER L, F—n v 0 R 7 /iy 2~
T A ~—& UCERFH L THWA Z & T, PCR 2L 2RI ol fEd Fast
L7=DTHET 5.

2. # B

21 # #
v JE3fEE
—n /7% (Anguillaanguilla) 174K
=/ FF (Anguilla japonica) 20%R{A
7 AU A5 X (Anguillarostrata) 154

22 & E

DNeasy® Blood & Tissue Kit (QIAGEN#-#Y)

TaKaRa Ex Taq™ (& 5 /3o A41H)

TIA~— (YT~ - TRY o FHE)

ABI PRISM® Big Dye® Terminator v3.1 Cycle Sequencing Kits (Applied
Biosystemsf1:5)

23 % E
PCRIEIFEEE : GeneAmp® PCR System 9700 (Life technologiesf )
DNA > —4 > —: 3500XL Genetic Analyzer (Life technologies#1-#)



DNA 3 #Tic & % F—wm w3 - D)

i ARATEER « BIO-PROFILE Systems2 (VILBER LOURMAT#L:#t)
2.4 £ B&

DNADHIHIE, &FE» O ImmAREOAN ZBRBLI-b D%
DNeasy® Blood & Tissue KitlCHMFT D7 1 s /U L 047572, &3
MBI L7ZDNAFHHEIZ DUV C, TaKaRa Ex Tag™% FV Y CPCRIC
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Table 1 List of primers used for specific PCR in 3.1.

Region Primer Sequence Tm(°C)
165 TRNA forward 16S-XF | 5- CCAACACAGGAGTGGMTM -3’ 60
reverse 16sbr? | 5°- CCGGTYTGAACTCAGATCAYGT -3’
ATPG forward ATP-F | 5-TCGACCAATTCATAAGCCCCAC -3’ 55
reverse | ATP-XR | 5’- GTGTTAAAAGRAAYAGTACWGC -3’
Oyt forward | Cytb-AF | 5’- CGTCCCATATGTGGCGAA -3’ 58
reverse Cytb-R | 5’- CTTCGGATTACAAAACCGATGC -3’
16S-XF
Anguilla anguilla - TCAACGGACCCAAACAGAGAGAAAAAGAACGAACTACAAAAAACAAGAAAAAACTATTTAATACCACAAACCGTTAACCCAACACAGGAGTGCCCAAAGG
Anguilla rostrata e A Co........ T T.....
Anguilla japonica ... ... ... ... ... A T T....
Anguilla marmorata — ............ Co— A . C..Co ATC. .
Anguilla reinhardtii .. ... . .. . .. . .. ... A T.CT. o, TT..

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii



Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii
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: ACAAAAGAT CAAACATGTAAAGAAACCAAACCAACCAAAAGGAACACGAAGGCCACAAAACCCAACGTAAACTGATCTAAATGTCTTCGGTTGGGGCGAC

.............................. A
............................. GIT....o A GGG
...................................................................... A A
............................... P ¢

.................................... G
......... GA ... O T = GG TG A
............................... TAMGG .. T AT...GC.... T A
..................................... T A

16sbr

Fig.1 Partial DNA sequence of the 16S rRNA gene region (mitochondrial DNA) from Anguilla spp.. Arrows indicate the location of primers used in 3.1.
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Anguilla rostrata
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Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

ATP-F

: GCTTTTTCGACCAATTCATAAGCCCCAVCATATATAGGAATTTCTTTAATCACCTTAGCCTTAACCCTACCATGAATTCTTTACCCTACCCCAACATCCCG
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................. L T O (2 (P
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Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii
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:TCTAATCCCTGTGCTTATCATCATCGAAAGAATTAGCTTATTTATTCGTCCACTAGCCCTGGGCGTACGACTTACAGCAAACCTGACAGCAGGCGACCTC

.................. T A A
e G.A.... L AT ... G T...
.................................. T AT A TA
G AT ... T T Ao G A
B ATP-XR
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e T.... T G..T......... A Gt CA........ [ C.G.
[ T.T...... C..... AT C.... T..CA.A.GC........... T.GC

L C.T.......... T.... AT C...... GCA.A.G.C........T..C...

Fig.2 Partial DNA sequence of the ATP6 gene region (mitochondrial DNA) from Anguilla spp.. Arrows indicate the location of primers used in 3.1.
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Anguilla anguilla

Anguilla rostrata S C

Anguilla japonica ... ... ... ... ... C..... C
Anguilla marmorata — ........ T..... G C..... C
Anguilla reinhardtii  :........ T C..... G

Anguilla anguilla

Anguilla rostrata

Anguilla japonica AT . A .. T.........
Anguilla marmorata CALT Ao T ... ..
Anguilla reinhardtii A .T..G........... A T ...

: ACATGAATCGGAGGAATACCAGTAGAACATCCATATATTATCATCGGCCAAGTAGCATCAGTACTTTATTTTTCCCTATTCCTGGTGCTAAACCCCTTAG

e T.... T A
e T C..... T...TLA A ... .. A ...
e T [ Ao A
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Cytb-R

........... N ¢

Fig.3 Partial DNA sequence of the Cyth gene region (mitochondrial DNA) from Anguilla spp.. Arrows indicate the location of primers used in 3.1.
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FAWTPCR #17-72. 35172 PCR EEHOEBXIKENX % Figd-6
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ZREHZEBWTC, 16S-XF & 16sbr DT A ~—% U /= PCR £
DESIKENX(Fig4) ) RATP-F & ATP-XR D7 A ~—% A\ 7=PCR
FEMOBLIKBIKFigHNTBOTIE, =R U FFROT AV BT
FOHB—DN FPFEERTE, I —1 v/ ¥ % PCR IZ L5
MEDSFED DIV o T2, —F, FiBHIHBW T, Cytb-AF & Cytb-R ©
7T A ~—% /2 PCR EM O EXIKEIX(Fig.6) ClE, =& 7 FF
KT AU T3 FFF PCR ICEAEENZED HNT, I —a vy
FROBE—DNN RPFERTE . ZOZEnD, Zns 3o
T4 ~=—%F\T PCR 2175 2 & T, HEOFEOHERIZLY, 5
Hrkkbs 3 —a o R mn a1 5 2 LS ATRETH 5.

L 1 2 3 4 5 6 7 8 9

700bp —

Fig4 Electrophoresis image of PCR products of the 16S rRNA gene region with 2%
agarose-TAE gel. 16S-XF and 16sbr were used as primers. Other samples used
showed the same amplification pattern.

Lane L: 100bp DNA ladder. Lanes1-3: Anguilla japonica. Lanes 4-6: Anguilla
rostrata. Lanes 7-9: Anguilla anguilla

L 1 2 3 4 5 6 7 8 9

600bp —

Fig.5 Electrophoresis image of PCR products of the ATP6 gene region with 2% agarose-
TAE gel. ATP6-F and ATP6-XR were used as primers. Other samples used showed
the same amplification pattern.

Lane L: 100bp DNA ladder. Lanes1-3: Anguilla japonica. Lanes 4-6: Anguilla
rostrata. Lanes 7-9: Anguilla anguilla

<—750bp

Fig.6  Electrophoresis image of PCR products of the Cytb gene region with 2% agarose-
TAE gel. Cytb-AF and Cytb-R were used as primers. Other samples used showed
the same amplification pattern.

Lane L: 100bp DNA ladder. Lanes1-3: Anguilla japonica. Lanes 4-6: Anguilla
rostrata. Lanes 7-9: Anguilla anguilla
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Table2 List of
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primers used for duplex PCR in 3.2. 16S-XF, 16sbr, ATP-F and ATP-XR are identical to those of Table 1.

Region Primer Sequence Tm(°C)
16S-AF | 5’- ACAGAGAGAAAAAGATCG-3’
16S rRNA forward 16S-XF | 5- CCAACACAGGAGTGGMTM -3’ 55
reverse 16sbr” | 5°- CCGGTYTGAACTCAGATCAYGT -3’
forward ATP-F | 5-TCGACCAATTCATAAGCCCCAC -3’
ATP6 ATP-AR | 5- TTGTTGTGTAAATCCGCC -3’ 55
revene ATP-XR | 5- GTGTTAAAAGRAAYAGTACWGC -3’

16S-AF 16S-XF
Anguilla anguilla : TCAACGGACCCAAACAGAGAGAAAAAGAACGAACTACAAAAAACAAGAAAAAACTATTTAATACCACAAACCGT TAACCCAACACAGGAGTGCCCAAAGG
Anguilla rostrata I A [ T T.....
Anguilla japonica ... ... ... ... ... A T T....
Anguilla marmorata — ............ Co— A . C..Coo ATC
Anguilla reinhardtii = ... . .. . .. . . ... A T.CT. o, 1T

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

.......................... T | I
.......................... B
.................. T G G T

.............................. A
............................. GIT..... A GGG
...................................................................... A A
............................... T A G

.................................... G
......... GA ... O T = GG TG A
............................... TAMGG .. T AT...GC.... T A
..................................... T A



Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Fig.7 Partial DNA sequence of the 16S rRNA gene region (mitochondrial DNA) from Anguilla spp.. Arrows indicate the location of primers used in 3.2.
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: ATACTAATCCTGATCAACGAACGAAGT TACCCTAGGGATAACAGCGCAATCCTTTCCCAGAGT CCATATCGACGAAAGGGT TTACGACCTCGATGTTGGA

16sbr

 TCAGGACATCCTAATGGTGCAGCOGCTAT TAAGGGTTCATTTGTTCAACGAT TAATAGTCCTACGTGATCTGAGT TCAGACCGGAGTAATCCAGGTCAGT

16S-XF and 16sbr are identical to those in Fig.1.
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Anguilla rostrata
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Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

Anguilla anguilla
Anguilla rostrata
Anguilla japonica
Anguilla marmorata

Anguilla reinhardtii

ATP-F

 GCTTTTTCGACCAATTCATAAGCCCCACATATATAGGAATTTCTTTAATCACCTTAGCCTTAACCCTACCATGAATTCTTTAGCCTACCCCAACATCCCG

T T

T T T.T...... CT..... G C.... T.......

....... T T T T T T

T TC....ool. T.T...... CG.T................ T
ATP-AR

: ATGACTAAATAACCGAATCCTAACCCTACAAAGCTGGT TCGTTGGCCGATTTACACAACAACTCCTTCTACCACTAAATGT TGGAGGACATAAATGAGCA

................. L Y C R
......... Coovo GG T MGG
U T.... | G...A..... M G G
................. L Y N N (L

...... D L € ¢ A
A T m.T..... C..... A AA G T
..... C.G...T.....G.......,AT........,AA LA A A GG AL CA
A T.... G.... T A G C...

R G A Coo G
T P T e GC....... T
N PO Ao Gt CG.C..oove G..Co
A P AT .C....... (A GG G C.......

.................. Y -
e G.A ... T AT ... G T...
.................................. T AT AT
C.......A. T.... T T A Go.oooor A

11
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Anguilla anguilla

ATP-XR

: TTAATTCAACTAATCGCCACTGCAGTCTTTGTTCTTATACCAATAATGCCTACAGTAGCTATTTTAACAGCAA?CGTGCTATTTCTTTTAACACTATTAG

Anguilla rostrata T A ... A A GT..A. ... .
Anguilla japonica e T.... T G..T.......... A [ CA........ [ C.G.
Anguilla marmorata G T.T....... C..... AT C..... T...CA..A .GC........... T.GC. ..
Anguilla reinhardtii  :........... C.Tooooooiiit. T.... AT Co...... G.CA.A.G.C........T..C...

Fig.8 Partial DNA sequence of the ATP6 gene region (mitochondrial DNA) from Anguilla spp. Arrows indicate the location of primers used in 3.2.
ATP-F and ATP-XR are identical to those in Fig.2.

700bp —

Fig.9 Electrophoresis image of duplex PCR products of the 16S rRNA gene region with
2% agarose-TAE gel. 16S-AF, 16S-XF and 16sbr were used as primers. Other
samples used showed the same amplification pattern.

Lane L: 100bp DNA ladder. Lanes1-3: Anguilla japonica. Lanes 4-6: Anguilla
rostrata. Lanes 7-9: Anguilla anguilla

600bp —

Fig.10  Electrophoresis image of duplex PCR products of the ATP6 gene region with 2%
agarose gel. ATP6-F, ATP6-AR and ATP6-XR were used as primers. Other
samples used showed the same amplification pattern.

Lane L: 100bp DNA ladder. Lanes1-3: Anguilla japonica. Lanes 4-6: Anguilla
rostrata. Lanes 7-9: Anguilla Anguilla

X

1) 8% 8 BAUKETZEE, 77, 589(2011)

— 750bp

ZEHTI T, 16S-XF, 16S-AF J O 16sbr & FiV 7= PCR EEH D
ERVKEIX(Fig.9) ClI=74 > 7 FF KT A U A0 FTrEk 700bp,
T—u v XTI 750bp (2 PCR WIS SN, [FERIC,
FFEHZRWT, ATP-F, ATP-XR X UVATP-AR % i\ /= PCR O
BRIKBIEFigl0) TIE=R > U FFXFROT AV I 7 FFTIHH
600bp, = —12 /X7 TIIHI 150bp |2 PCR FEEMIAMRIH S 7.

DT LnD, 16STRNA FEERKL OV ATP6 SHIIC DWW T, T2 Ly
27 A PCR #AT\, HHIESH7- PCR FEMOEIR MR T5 2L T,
d—ny\yF¥ead—n v\ UFXLSNO T X% 1 B0 PCR IZ
K VHRIAFIRE L 72 o 7c. F Tz, 2 FEIBIC OV TENEILPCR &1T 9
Z & T, MNAEREZ L DBHEDFREMEE L0 D7 $5 2 ENT
THEEZLND. 7271, 16S rRNA FEIBIC OV TIE, PCR EEHD
HEER OZE)M9 50bp £/NE& <, PCR PEMOIEIER 7> CHIEr %
BB H 5 Z Linh, BREKEOMZERT LV B L TUHEIERDZE
ZIHME TS, R 2 IR YT ¢ 7 3 b a— LB T
T 5%, RS HERITONLENRDD.

4. BE K

T FFBICOVWT, I k= KU T DNA FORRHARIZEH
L, a—ay Xy rXEiga—a v oA 0 T e
FEBRANEIR T 5774 ~— %R LIz, Flz, 3—m o yF
FLa—au\uFrXUANOUFX¥ET 27 Ly 7 X PCR IZE
D, 1EOPCR THRITHFEGHFE L. UboZ Ling, =
NHDOFEZHNT, I—r v YT %2 PCRICEVHBITLD Z
EWAREE 2oz,

Bk

2) “Convention on International Trade in Endangered Species of Wild Fauna and Flora. Appendices I, Il and I1I” (2017)

3) EMOKEEWMEHIE 2 — 0 9 22 & ORI~ = 2. 77 /11(2004)
4) K. Sezaki, S. Itoi, S. Watabe : Fish. Sci., 71, 414 (2005)

5) Kocher T. D., Thomas W. K., Meyer A., Edwards S. V., Piiibo S., Villablanca F. X., Wilson A. C. : Proc. Natl. Acad. Sci. Am., 86, 6192 (1989).
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