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Identification of Pyropia spp. and the former Enteromorpha spp. by DNA Analysis
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In the Japanese tariff schedule, Pyropia spp. and the former Enteromorpha spp. are classified in different statistical codes.

Moreover, they are independently controlled as import quota items having different quotas. So, their identification is important

to ensure fair customs procedures. In our previous study, to identify Pyropia spp. and the former Enteromorpha spp., we

developed a PCR-based method using newly designed Pyropia-specific primers, which focused on the ycfI8 gene region

(178bp) and CpeB gene region (534bp) in the chloroplast DNA of Pyropia spp. However, the method has the disadvantage of

being unable to detect the former Enteromorpha spp. In this study, we focused on the ITS region and rbc gene region, both of

which are generally used for identification of plant species, and examined a new method to detect and discriminate between

Pyropia spp. and the former Enteromorpha spp. simultaneously.
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2 K ZDFBNT DTG 5 233E O LT 5.

AWFETIE, HEOY LHBOY ZRE) MG IHRIT D Z
EHEMIC, PCR EE_—2 L LEFROBREERFTIL TV 5.
IR DIRE D TIE, IR DNA ICIETET D yofl8 inFHEm &
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ZZTARBICEB T, —RICFRHBNC A DI T B IR R
DNA O rbe {5 % O%% DNA O ITS fHIRICER L, HED
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J1A 77 Z 7~ 7V (Pyropia tenuipedalis)
A U (Pyropia yezoensis)
7Y 2% 7 U (Pyropia tenera)
v 774/ Y (Ulva compressa)
RNUT A7 U (Ulva intestinalis)
I ANRT A /Y (Uba linza)
AT 7V (Ulva prolifera)
7T AW (Ulva australis)
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DNeasy® Plant Mini Kit (QIAGEN #:4)
TaKaRa Ex Taq™ (& 1 7 /34 A 1:84)
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ABI PRISM® Big Dye® Terminator v3.1 Cycle Sequencing Kits
(Applied Biosystems)
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PCR HEIE2EE : GeneAmp® PCR System 9700
(Applied Biosystems f1:%)

DNA ¥ —7% > — : 3500XL Genetic Analyzer

(Applied Biosystems 1)
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DNA OHhIE, A3kHE — IR L CRIER R L7 b 0%,

A=V V% VT L, DNeasy® Plant Mini Kit (ZiRfF 7 =
Fa iz L viTo7z.

KB Bl L 72 DNA filiH#RIZ-DV\ T, TaKaRa Ex Taq™ %
FVWTCPCRICE Y, ITS $EIE 7213 rbe i F-HER O BIIE 21T -
7-.

PCR DSEERIT, DNA fliH#& : 2 pL, 10 X Ex Taq buffer:3 pL,
dNTP mixture : 2.4 pL, 774 ~— (5 uM) : % 2 pL, Ex Taq
polymerase (5 U/uL) : 0.15 pL, JRE/K : 18.45 uL (&FF 30 pL i
THE) A EMEL L, DNA iR OIREZIZIS U T, DNA iR
BOBEKDOBEEZLEFR L. AW T T A ~—DEERSI R OT
=— U 7IRE (LUF Tm LB&T) % Table 112, ITS fElLE-1X
rbe IR FHE D 7T A ~— DB % Fig.l (2777,

Table 1  List of primers for PCR reactions.

region primer Sequence Tm(°C)

rbel forward | F650 |5- GAAAACGTAAACTCACAACC -3’

(Ulva) | reverse |rbeLend |5’- TTTCTTTCCAAACTTCACA -3° >
the forward | rbe-F |5°- TGTGGACCTCTACAAACAGC -3
(Pyropia) | reverse | rbe-R |5’- CCCCATAGTTCCCART -3’ %
forward | TW-812 |5°- TTTCCGTAGGTGAACCTGC -3’
reverse | Ulva- |5°- GATTCGATGACTCACGGAATTC -3’
ITS1 (Una) | 58S 60

reverse | Pyropia- [5’- GACTCAATGATTCACGGAGTCC -3’
(Pyropia) | 5.8S

forward | Univ-F |5’- CTCTCGCAACGATGAAGAAC -3’
ITS2 45
reverse ITS-4 |5’- TCCTCCGCTTATTGATATGC -3”
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Fig.1 Scheme shows locations around ITS regions in nuclear DNA and rbc
region in chloroplast DNA.
The arrows indicate the locations and directions of the primers.
D F650 @ rbcLend @ rbe-F @ rbe-R & TW-812
® Ulva-5.8S and Pyropia-5.88 (@ Univ-F ® ITS-4

PCR DJSEMT, BV % 94°C T 5 3T 714, 94°C (15
), Tm (15 ), 72 °C (40 B) DOV A 7% 35 EEDIKL,
72 ° C T 10 HEMERISEIT 72

HEIE L7= PCR EEMIL, 0.01%=F U AhT7u~<A REHRMLE
2%T Ha—AFNERWT, BRIKEIZTTo 7ok, I EHRS S
& CHERR L7-.

3.1 PCR EVMIDERKBIDEE

EHRBISHIHE L= DNA I22WTC, Table L ITRLIET T4~
—Z% VT PCR 21T\, 5517 PCR EEM O ESKIKENX % Fig.2
~6 TR
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Fig.2 Electrophoresis of PCR products in the vicinity of rbc gene region
rbe-F and rbe-R are used as primers.

Fig.5 Electrophoresis of PCR products in the vicinity of ITS1 gene region
TW812 and Ulva-5.8S are used as primers.

Fig.3 Electrophoresis of PCR products in the vicinity of ITS1 gene region
TW812 and Pyropia-5.8S are used as primers.

Fig.4 Electrophoresis of PCR products in the vicinity of rbcL gene region
F650 and rbeLstart are used as primers.

Fig.6 Electrophoresis of PCR products in the vicinity of ITS2 gene region
Univ-F and ITS4 are used as primers.

FBHZ BT, the-F & rbe-R D7 T A ~—% V7= PCR BE
PoOBESKEIX (Fig2) & TW-812 & Pyropia-5.88-R D77 A
~—%& M7z PCR EEMIOESKGKEIN (Fig.3) 2B\ TiE, 7~/
VBOEDHHE—D/ 2 RRNFERTE, 74/ VJBOFEIL PCR
IB2SFBD HivieroTz. —J, &FHEHIBT, F650 & rbeLend
DT A ~—% 7= PCR EY D ELKIKENX (Fig.4) & T TW-812
L Ulva-5.88-R 77 A v—%H\ /= PCR EHOEIIKEIX

(Fig.5) Ti%, 7~/ VJEOREIX PCR HIENFRD ST, 74/
VRBOHEDHE—D Ry RRERTE . ZDZEhb, ZThb
DT FA~—%HAWTPCR Z{T5 Z & T, wHrElBnTr~/ V@
DHLDPXIXT A VEO SO ZEHBT A Z L NFARETH H.

F72, FREHIBWT, Univ-F & ITS4 OF T A ~—% iz
PCR EEM O BZIKENK (Fig.6) TiX, 7~/ U BOFE T 700bp,
T 7V JEOFETITH 400bp [IZE—D N ROBFERTE, b
DOYMREN IR D Z Lnh, SR T ~ 7 VB XUIT 4/
VROWTNOEDOTH-TH, M35 ERIFCHBIT S Z &
WARETH B
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723, PCR EHOHIEEOE T, 1TS2 fEOERE., 7
~/ VB THBEAVE ViTs56l HETHLOICHL, 74/
BCHHLAVT A VT8I EETHLZENFELTNDHLEE
Zbib.

32 HHEOYEOEBFEMER L DRFER

FIHE 5513, FEEEH D W EIZ W THRE A S ICERRI 5 =
EEEMIE, Ta7 by APCRIEICL BB TIEZBIR L.
LR, T~/ VBOMEET A VEOHEDE L~V TOHM &
FERFIZ AARERNTIRE L TWAEERLIBDY ThoHE T 74/
U, RoT7H VU, DARTHE Y, ACTH /U O#ENEITH
ZEEEME LT, WIESDOFEEZSEIZ, 3.1 THUVWZ Univ-F
L ITS-4 D77 A ~—DAlIZ, U_comp-R, U_intest-R, U_linz_prol-R
DT TFA~—%EBML, PCR Z1T-o7-.

INBDT T A ~—DOx Gk O ARSI % Table 2 12, ITS2
FEIMDE T T A ~—DALEE Fig 712, B 517~ PCR EEMDEXR
TKENX % Fig.8-Fig.10 (277

Table2  List of primers for PCR reactions in 3.2

target species primer sequence
Ulva U_comp-R |5'- CTTCAGCCAGCCCGGCCGCAAGGACC -3'
compressa
Ulva

. o U intest-R |5'- CAGCCCGCGAGGGGCCGGCC -3'
intestinalis -

Uhalinza ;00 ool R |5 AGCCGGCCCGGGOGCCGAGGE -3
Ulva prolifera
—
399 1TGH 268
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Fig.7 Scheme shows locations around ITS regions in nuclear DNA.
The arrows indicate the locations and directions of the primers.
© U comp-R, U intest-R and U linz prol-R
@ Univ-F (same as Fig.1) ® ITS-4 (same as Fig.1)

Fig.8 Electrophoresis of PCR products in the vicinity of ITS2 gene region
Univ-F, ITS4 and U_comp-R are used as primers.
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Fig.9 Electrophoresis of PCR products in the vicinity of ITS2 gene region
Univ-F, ITS4 and U _intest-R are used as primers.

Fig.10 lectrophoresis of PCR products in the vicinity of ITS2 gene region
Univ-F, ITS4 and U_linz_prol-R are used as primers.

B#EHZIW T, Univ-F, 1TS-4 & OF U _comp-R % Fv 7z PCR
EMOBSKEIN (Fig8) TIHET7~ ./ UVEOFETIXA 700bp, 7
A7 U @ OFETITHI 400bp IZ PCR EEMIN I END L LI, &
FT A VIZOUTIL 200bp fHTIZ % PCR EEW A MR T 7. [A
KRIZ, FREHZER VT, Univ-F, ITS-4 %O U intest-R % f 7=
PCR EMOERIKEIK (Fig9) TIIART T4/ VIZo0T, &k
BHZFVUNT, Univ-F, ITS-4 XU U_linz_prol-R % iV 7= PCR FEH)
OBELKKEIK (Fig.10) TET AT ) VERRADPT A/ Vi
SN, 74/ U JROREICHED 400bp £HITD PCR FEW & 13RI
200bp f3TIZ PCR FEMIDSHERR CX /2. 2D Z &, ITS2 il %
HE9 % Univ-F & ITS-4 O 7 T A ~—IZMZ T U comp-R,
U_intest-R, U _linz_prol-R Z W TCPCR #4752 & T, 7~/
BOMETH 7 VBOFDE L~V TOMA L FRFIZ 1Q BT
O TTA Y, RUTH IV, UANT A YRR T F
/U ERREREANCERAT 5 Z L b RRETH D, 1Q dh B OfFifE 7]
BIMRFTRETH 5.
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T/ VEEOT A VBIZOWNWT, —RENIRAEIBNZ AN S
N T B IERR DNA O rbe s 758 &% O DNA O 1TS 812
FEHL, 7~/ VBOHEXIIT A/ VIBOREDOWT NI DI
DR 574 ~—2BRE L. £, T~/ VROEERUT
F 7 VBOFZONWTHBIERNS R 774 ~v—bHRE L. &

5, BARENTHEL TWSEELHIBOY ThHhoHEeTTH )
U, RUTH IV, UARTE I VROADTH ) Ve, T~/
VEOFE L 74 Y BOFEDE L~V TOFH & FRFZHENT 5
FIELRRE L. UEOZ 0n, INOOFREEHALAEDLED
LT, T/ VEOREET A VBOREDE L~V TOMRI&L
Q747 VEFOETER1Q &t B OFEBINFHEL 22 o 7=,
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