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Table 1. List of Samples Used in This Study

No. Japanese name Species Remark
1 Hanatorikabuto Aconitum chinense Obtained from Tokyo Metropolitan Medicinal Plants Garden,
1 May 2008
2 Hanatorikabuto Aconitum chinense Obtained from Tokyo Metropolitan Medicinal Plants Garden,
1 May 2008

3 Ohsawa torikabuto Aconitum isidzukae
4  Ohsawa torikabuto Aconitum isidzukae
5 Yamatorikabuto Aconitum japonicum
6  Yamatorikabuto Aconitum japonicum
7  Yamatorikabuto Aconitum japonicum
Yamatorikabuto Aconitum japonicum

9 Tannatorikabuto
10  Ezotorikabuto

Aconitum napiforme
Aconitum sachalinense

11 Daisetutorikabuto Aconitum yamazakii
12 Nirinsou Anemone flaccida
13 Nirinsou Anemone flaccida
14 Nirinsou Anemone flaccida
15 Nirinsou Anemone flaccida
16  Nirinsou Anemone flaccida

17 Momijigasa Parasenecio delphiniifolius
18  Momijigasa
19  Momijigasa
20  Momijigasa
21  Tebakomomijigasa

Parasenecio delphiniifolius
Parasenecio delphiniifolius
Parasenecio delphiniifolius
Parasenecio tebakoensis

Purchased in gardening shop, 5 May 2008

Purchased in gardening shop, 7 May 2008

Collected in Shiobara, Tochigi, 4 Apr. 2008

Collected in Shiobara, Tochigi, 4 Apr. 2008

Obtained from Tokyo Metropolitan Medicinal Plants Garden,
1 May 2008, Positive control

Purchased in gardening shop, 5 May 2008

Purchased in gardening shop, 7 May 2008

Purchased in gardening shop, 5 May 2008

Purchased in gardening shop, 5 May 2008

Obtained from Tokyo Metropolitan Medicinal Plants Garden,
1 May 2008, Positive control

Collected in Koganei,Tokyo, 9 Apr. 2012

Collected in Y okoze, Saitama, 7 May 2011

Purchased in gardening shop, 12 Apr. 2012

Purchased in gardening shop, 5 May 2013

Obtained from Tokyo Metropolitan Medicinal Plants Garden,
1 May 2008, Positive control

Purchased at the grocery store in Shioya,Tochigi, 9 May 2011
Purchased in gardening shop, 12 Apr. 2012

Purchased in gardening shop, 5 May 2013

Obtained from Tokyo Metropolitan Medicinal Plants Garden,
1 May 2008

3. 74 ~—

FUAZT R, =V YT ROE I HYDI18S rRNATHE
W A 5268 rRNATEI Z = — K32 DNAGEIRIZ DU T L
TV, <A F 7L v 7 APCRTOM M & SHHICE N
DR % FERAITHIE S 2 7 7 4 ~— %3t Lz (Fig. 1,
Table2) . 728, FI7A~—Iv I/ ~T NV KR vF V¥
PNAICEREFTL LI — R v PR 2 iz,

4. DNAOFH
DNeasy plant mini Kit (%7 7 > 8) Z2H\Tx v b

AT OBETIEEIZHEY, 3B 00 mg X Y DNADO I %
1To7=. HhitH L7-DNAITIKE260 nmD W SEEE & 45 6 E
FHCHlE LIRE AR L.

5.PCR
BT T A ~—%t & AV 285A OPCRO KK,
10xPCRAEMiE 2.5 pL, dNTPs (2.5 mmol/L each) %2.0
uL, EXTaqHS (& 4 T34 A48 %02 uL, BHS4E
D20 umol/LD 7 4V — RFF A4 v — KRN N—2FF
A ~—%ZNZN0.25uL (FEIE0.2 pmol/L) , 2.5ng/ pL

— || 185 rRNA ITS 1 5.88 rRNA ITS 2 26STRNA || |—
TTORI-DF1 TTORI-DR2
254 bp
136 bp
TMOMI-DDF5 —> < TMOMI-DDR6

—>—<€— TNIRI-3R1
72 bp

TNIRI-3F2

Fig. 1. Schematic Diagram of PCR Primer Pairs Designed for Aconite sp, Anemone flaccida and Parasenecio delphiniifolius
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Table 2. List of Primers for Three Plants Used in This Study

Primer name Target Sequence Tmvalie?  Amplicon
TTORI-DF1 5'-AACCTGCCCAGCAGAG-3' 60.1

Aconitum sp. 254 bp
TTORI-DR2 5'-AGTCGTTTGAGTATCGGATTC-3' 59.6
TMOMI-DDF5 5'-TGCGGTTGGCTAAAACAC-3' 62.3

Parasenecio delphiniifolius 136 bp
TMOMI-DDR6 5'-CATCGTCACAAGACGACG-3' 61.6
TNIRI-3F2 5'-CGAGCATTGCGGTCAA-3' 63.5

Anemone flaccida 72 bp
TNIRI-3R1 5'-CGACCTACATGCAACGAGT-3' 61.4

a): Tm values were calculated using the Nearest Neighbor Method.

DOHIHDNAZ 1.0 pLAN R 7%, K T25 pLiZ72 % K 517
WL/ F, vV F T Ly 7 APCROMIGHEIZ MY BT
b, =V Y IROEIHIHOI0 pmol/LD 7 4 U —
RFTA =K RN N—=RT T ~—%Z L1025 uL
(&I FE0.1 pmol/L) N & 7= A A~ F A <~ —%t & v
ZPCR & [H— DOFMBUZFREE L7z, PCRES TV —~ A
77—, 98°C 107/, 60°C 30F[, 72°C60RVH % 14
AN E LTI 2 L— g rE— RIZREL, 409
A 7 NEBRRISEAT > 7z,

6. EXkE

PCRIZJERS L& 7 v —F ¢ o ZHEER2 ul & IRE7%,
TFVavhTuvwA R&E05ugmLERT52.5%7 R

—AF AL, TAEFEREK 100 VO EETE CERIK

faiTo7. Ukihk, UVIREEER E TP SRR

(MU BT F254bp, =V Y U72bp, £ HY136 bp)
DY R OF LB LT,

M1234567

254 bp

7. IMEALE

FUBT b, =D YU ROE S D REHISERD
KUK 20 %, WA T1553 K O304 MR ALEE 217
~7T-%, DNAZHhH USEBRICH L7z,

BRERERREE
1. FHERE 77 A4 ~—IT X BPCR
BRI LA MY BT MO T T A ~—3% (TTORI-
DFI/TTORI-DR2) , =V vV UAD T A ~—xt (TNIRI
-3F2/TNIRI-3R1) K OVE I DAV HADT T A ~—%f (TM
OMI-DDF5/TMOMI-DDR6) % ZALZHHMIZHNT, ¥
~hUBTF (No7) , =V YU (Nol2) KOEIY
HH (No.17) M L7=DNA%Z R & L CPCRZ1T >
2. TORER, NI BT VAT IA~—%HEHLZPCRT
W&, SFAUC N U T R G L7ZDNAZ WA
FHE SN DHIER254 bpDO NV R g &N, =D v
VU ROE I YL LEDNAZ BRI LTZGA,
Ny R snieinoic. £, =V Y UORTIA~

C
M1234567

72 bp

Fig. 2. Agarose Gel Electrophoresis of PCR Amplified Products with Newly Developed Primer Pairs for

Aconite, Windflower and Momijigasa

A: PCR was carried out with primer sets (TTORI-DF1/TTORI-R2) for aconite

B: PCR was carried out with primer sets (TNIRI-3F2/TNIRI-3R1) for windflower

C: PCR was carried out with primer sets (TMOMI-DDF5/TMOMI-DDR6) for momijigasa

M: 100 bp Ladder, Lane 1,2: Momijigasa (No.17), Lane 3,4: Aconite (No.7), Lane 5,6: Windflower (No.12),

Lane 7: Negative control (no DNA)
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Fig. 3. Agarose Gel Electrophoresis of Multiplex
PCR Amplified Products with Primers at
Final Concentration of 0.1 pmol/L Each

M: 100 bp ladder, Lane 1, 2: Momijigasa
(No.17), Lane 3, 4: Aconite (No.7), Lane 5,
6: Windflower (No.12), Lane 7: Positive
control , Lane 8: Negative control (no DNA)
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Fig. 4. Agarose Gel Electrophoresis of Multiplex PCR Products

of Extracted DNA from Vegetables

M: 100 bp ladder, Lane 1: Onion, Lane 2: Leek, Lane 3:
carrot, Lane 4: Garland chrysanthemum, Lane 5: chinese
cabbage, Lane 6: asparagus, Lane 7: Eggplant, Lane 8:
Bitter gourd, Lane 9: Cabbage, Lane 10: Japanese radish,
Lane 11; Potato, Lane 12: Mitsuba, Lane 13: Kyona,
Lane 14: Negative control (no DNA), Lane 15: Positive
control.
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M12 3456789

Fig. 5. Detection Limit of Multiplex PCR Using
10-Fold Serial Dilution of Aconite DNA
(2.5 ng) as Template

M:100 bp Ladder, Lane 1-9: x10"0-10"8
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Fig. 6.

M 1213141516 N P
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M12 3456NP

<—254 bp

136 bp
72 bp

Agarose Gel Electrophoresis of Multiplex PCR
Products of Extracted DNA from Boiled Samples
for 15 or 30 min.

M: 100 bp ladder, Lane 1, 4: Momijigasa (No.17),
Lane 2, 5: Aconite (No.7), Lane 3, 6:Windflower
(No.12), N: Negative control (no DNA), P: Positive
control.
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Fig. 7. Agarose Gel Electrophoresis of Multiplex PCR Products of Extracted DNA from Aconite, Windflower and Momijigasa

Samples

M: 100 bp ladder, Lane 1-11: Aconite samples (No.1-No.11), Lane 12-16: Windflower samples (No.12-No.16),
Lane 17-21: Momijigasa samples (No. 17-No. 21), N: Negative control (no DNA), P: Positive control.
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Development of multiplex PCR for discrimination of aconite (Aconitum sp.), soft windflower (4dnemone flaccida) and

momijigasa (Parasenecio delphiniifolius)

Kimio MONMAZ® and Mitsuo OISHIP

Here, we developed a multiplex polymerase chain reaction (PCR) to discriminate aconite (Aconitum sp.), soft windflower (Anemone
flaccida), and momijigasa (Parasenecio delphiniifolius) both quickly and economically. The three plant species were first discriminated
by performing a multiplex PCR using newly designed primer pairs specific to each species. Next, we tested for the presence of DNA in
samples of aconite, windflower, and momijigasa by applying our PCR method. The expected bands were detected from samples soaked
in boiling water for 30 minutes. Furthermore, detection limit of our PCR method was assessed by using 10-fold serial dilution of
samples DNA. Results showed that specific band was even detected in diluted templates (2.5 fg) of ten to the power of six. Next, we
tested the utility of the developed multiplex PCR by applying the technique to collected samples. Results showed that aconite DNA was
detected in 11 different aconite samples. However, aconite DNA was not detected in five soft windflower samples, four momijigasa
samples, one tebakomomijigasa (Parasenecio tebakoensis) sample, and 13 vegetables. Similarly, soft windflower DNA was detected
only in five soft windflower samples, whereas momijigasa DNA was detected only in four momijigasa samples and one
tebakomomijigasa sample. These initial data suggest that the developed multiplex PCR may be a useful tool for discriminating among

these three plant species.

Keywords: aconitum, soft windflower (4nemone flaccida), momijigasa (Parasenecio delphiniifolius), discrimination, PCR

2 Tokyo Metropolitan Institute of Public Health,
3-24-1, Hyakunin-cho, Shinjuku-ku, Tokyo 169-0073, Japan
b Tokyo Metropolitan Institute of Public Health, at the time when this work was carried out
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