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ITS-PCR Analysis for the Discrimination of Moutan Cortex

Jae Woong Lee***, Young Hwa Kim*, Byoung Seob Ko*, Jin Ah Ryuk*,
Seung Eun Oh**, Sang Un Park*** and Mi Young Lee*"

*Korea Institute of Oriental Medicine, Daejeon 305-811, Korea.
**Department of Biological Sciences, Konkuk University, Seoul 143-701, Korea.
***Department of Agriculture, Chungnam National University, Daejeon 305-754, Korea.

ABSTRACT : The application of PCR analysis on the herbal medicine Moutan Cortex (Paeonia suffiruticosa Andrews) was
evaluated by the comparison of the genetic relationship based on the DNA sequence with Paeoniae Radix (Paeonia lactiflora
Pallas) following development of specific primers. Moutan Cortex and Paeoniae Radix were distinguished through the PCR
analysis based on the internal transcribed spacer (ITS-PCR) from nuclear ribosomal DNA region. The 294 bp PCR prod-
ucts both of Moutan Cortex and Paeoniae Radix was amplified by MIF1 and MIR1. And a Moutan Cortex specific 225 bp
PCR amplification product was amplified by MIF2 and MIR1 primers. The 225 bp sequence could be successfully amplified
from Mortan Cortex of dried herbal preparations. PCR analysis based on ITS (ITS-PCR) may be an efficient tool for the

discrimination of Moutan Cortex.
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Paeoniass 25 A MAFCR 3550 484 J=d,
HutollA AsH= Paeoniads: & Z¥ES Paeonia
Jjaponica, Paeonia lactiflora, Paeonia ovobata®|™ HHFZ
Paeonia suffruticosa’t BI3LE]|51 2}1”4— (Lee, 1976). 18]

reo 2 A= = ko] iR Paeonia lactiflora
A Ao=E EHE At (Kim er al., 1997).

59 Moutan Cortex= 2FeFzte]  ET Paconia
suffruticosa  Andrews®] 2] ZZ  paeonol, paeonoside,
paconolide, paeoniflorin, oxypaeoniflorin, benzoylpaconiflorin
o] Egteo] Aok (Li, 1988). HH¥= % - FrlEls &
Yol A, FFEdo] gk JHs 37 Ae™ (Wang
et al, 1994), 2FH FNA3} A&} (Dai et al, 1999),
o SR EF (Lin ef al, 1999), TS JA S (Li
et al., 2004), carrageenan & G350l st JAa} 2 F
&3} (Chou, 2003), MM E25E 3|2ElY] FeleiAay) %
TNF-o. AN E (Kim ef al., 2004) 0] BiEo] 9]

=

5

=
EARSL

2ok Paoniae Radix (Paeonia lactiflora Pallasye 2Fe¥z}e]
thdA 2EoZ FH IAPEOSZE paeonol, paeoniflorin
o] Utk (Aimi er al, 1969; Akata et al., 1980). ZFeFe

AFRE, ABAE, AAAE, AL o &l o] #
o 7o 2 o]&5o] St} (Kim er al, 2002).

ol F oMl BF Paeonzw AER EEE BHEAE,
Hoke 2RAZO|ER Bf 715E 284 540 B 3
O}, g 7190 ARGl thE Basdol A=A A
o] Hi Waet WEye] aHoX|AL Sirh weEbA, A

=8 W]l PCR ‘“ti S THsI
Y= Yo, Lee 5 (2008) Artemisiae A ZHF-E
Artemisia iwayomogi-s 5/\] of 8%
PCR WS R Y3133, Chung 5 (2009) SSR RIAE ©]
gato] FETES AEEYAL, An E (2006 ST 914
o] /5 93l RAMP (Random Amplified Microsatellite
Polymorphism) WHO 2 FH421 £7F& Al=3%t).
A7 B3 Aokl tisf ATE Eoke FE HE
3 EE AEEOIL (Kim e al., 2002) REA 3} 23

91 w2l

= multiplex

Nf OIH
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E 5ol gt A77F giFEo|aL (Choi and Park, 2005;
Kim et al, 2007, Kim et al., 2008; Park et al., 2004;
You et al., 2009) = 2]°] x84 A+EE= ITS (Internal
Transcribed Spacer)i-$12] #4S5 E3 2lefrFo] £8 7E3)
A 248 B ARE WaE v 2lew (Kim
1997, Sang et al, 1995), GPAT (glycerol-3-
phosphate acyltransferase) F-AF] ©]8-2 T3l 2FFRFe] &
APAE A3 A7 AT (Tank and Sang, 2001). =gk
ITS 9] 7ML F3slte] Als+iA (Ghada er al,
2009) 719l FH (Lu ef al, 2009) A L] AR
(Gulbitti-Onarici ef al., 2009), F712] 714 2 FAZA 4
(Baigalmaa et al., 2009) 5 2 AlE7+e] zolE Ak &
of o] &=5L Tt

E A4 = nuclear ribosomal DNA2] ITS F$]¢] 97]
MEE 7122 31 Paeonia A2 Paeonia suffiuticosa}
Paeonia lactiflora®] 971X973¢] tol& HIASIAL, Paeonia
% (species)oN\ X Paeonia suffiuticosaits THT 5
ITS-PCR S A|A|starzt gt

et al,

o] =
AT

Ol ypud
= o9y

ME

—_

. AleE

B Aol Eka) Zeko) ITS F-9] 971MLES AH 5]
el Bk Fuielela e AAAE e fEdx oF
A 23S T3 2970 ABE, Foke AU SEAZ o)
VHe}t T4 FEix oA ollE 2SS 100 A8, F 38
N NEE o= sled Aol o831} (Table 1).

2. DNA &

oF 100mg o] ARE BAPe] Wi A PLE A3l
v el 2 wRi$E § Nucleospin® Plant kit (Macherey-
Nagel, Germany)E ©|-&3}9d DNAS F&33ch =4
DNAZE 0.8% agarose gelollX] Z7] gEste] geld F,
ND-1000 spectrophotometer (NanoDrop Tech, USA)= DNA
SEAd B 3ue AAskh

3. ITS 291 S5 H DML 24

E2]¥ genomic DNAZRE ITS & 5F317] <8l
White 5 (1990)°] RIS primer ITS13} ITS4E o]&-3h]
PCR 535 AASIATE (Table 2). PTC-200 (MJ Research,
USA)S ©]&3t] PCRS AAI8IAAL PCR 232 Smart 2X
PCR Pre-mix (Solgent, Korea) 15ul, DNA Sng/ul, 10
pmole/ul primer Z} 1ulE Y3 DWE 12ulE ¥ HF
30ul2 3ITh PCR 248 95ColA 4%7; predenaturation

3 & 95CoA 30% denaturation, 55ColA 40x7F

!
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Table 1. List of P suffruticosa and R lactiflora sample used in this

studly.

Sample Number Collected Place  Scientific Name
MOUTAN 1 Yongin, Korea P suffruticosa
MOUTAN 2 Qinghai, China P suffruticosa
MOUTAN 3 Fresh  Jinan, Korea P suffruticosa
MOUTAN 4 Beijing, China P suffruticosa
MOUTAN 5 Shandong, China P suffruticosa
MOUTAN 6 Uiseong, Korea P suffruticosa
MOUTAN 7 Boseong, Korea R suffruticosa
MOUTAN 8 Yongin, Korea P suffruticosa
MOUTAN 9 Qinghaii, China P suffruticosa
MOUTAN 10 China P suffruticosa
MOUTAN 11 China P suffruticosa
MOUTAN 12 China P, suffruticosa
MOUTAN 13 China P suffruticosa
MOUTAN 14 China P, suffruticosa
MOUTAN 15 China P suffruticosa
MOUTAN 16 China P suffruticosa
MOUTAN 17 Dry  China P suffruticosa
MOUTAN 18 China P suffruticosa
MOUTAN 19 China P, suffruticosa
MOUTAN 20 China P suffruticosa
MOUTAN 21 China P suffruticosa
MOUTAN 22 China P suffruticosa
MOUTAN 23 China P suffruticosa
MOUTAN 24 China P, suffruticosa
MOUTAN 25 China P suffruticosa
MOUTAN 26 China P, suffruticosa
MOUTAN 27 China P suffruticosa
MOUTAN 28 China P suffruticosa
PEONY 1 Imsil, Korea P lactiflora
PEONY 2 China P, lactiflora
PEONY 3 Jangsu, Korea P lactiflora
PEONY 4 Imsil, Korea P lactiflora
PEONY 5 Korea R lactiflora
PEONY 6 Dry Korea P lactiflora
PEONY 7 Korea R lactiflora
PEONY 8 Korea P lactiflora
PEONY 9 Sangju, Korea P, lactiflora
PEONY 10 China P lactiflora

Table 2. PCR primers used in this study.

Primer Sequence
ITS1 5'- TCC GTA GGT GAA CCT GCG G - 3
ITS4 5'-TCC TCC GCT TAT TGATAT GC - 3'
MIF1 5'- TCG AAC CTG CCT AGC AGAAC - 3
MIF2 5'-CTC CTT CAT CCCACG TCCGA - 3
MIR1 5'- GAG ATA TCC GTT GCC GAG AG - 3
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annealing, 72CollA 137} extension 353] 433} vpA|dt
o8 1CAA 587 HEAHAY TFT A= 1.5%
agarose gelollA] 307 A7) F&3te] EBr= G4 H &
#3913, Wizard SV gel and PCR cleanup system
(Promega, USAYE ©|-8-3le] A8ttt

AAE AR 5= 2HE-2 pGEM T-easy vector (Promega,
USA)ll Wil 2ol 2~3A17F &<t ligation 573 %, &
A%k (transformation) 3}t LB agar plateo] YATS &
T3t 37C wg7]olA 12~16A17F &3t wlgate] white
colony¥hs ARSI 244 7F vl FalRiTh. 2 & LB U]
2 oA 24A17F wiFeE 5wl s 4l fE]ste] Plasmid
mini-prep Kit (Solgent, Korea)S ©]-8-3}] plasmidi-S &2,
gA skt

A7IMdel HaL #4& NCBI (http:/www.ncbinim,
nih.gov)llXl G714 LS 213k F Bioedit (Tom Hall, USA)
2 A3} DNASTAR® Lasergene® 7.2 (DNASTAR,
USA)E ©]8-35}¢] phylogenetic analysisE A5} T},

4. SO0|HIIMES 0|88t ITS-PCR A

Zoko] 7PHS 93k ITS-PCR HA]o) o]&3}7] 9Ja) So)
A7 LGS o] &3] primer NS AAS F, 1 F 7P &
&o] £& primer MIF1, MIF2, MIR1-S A&t} (Table
2). PCR 42 Smart 2X PCR Pre-mix (Solgent, Korea)
15ul, DNA Sngal, MIF1 0.5ul, MIF2 1ul Z8]3 MIRI
1ulE 932 DWE 125ul2 3l HF 30ul2 3}t PCR

23

HY - |20

PEONY-10 China

b 252 - ddet - oofg

Z7AL 95Tl A 457) predenaturation 3+ & 95CellA 30
denaturation, 59 Co|A4] 40%7F annealing, 72CollA] 1%&
extensiong 263] 335l wiREto g2 72T 587k |t
Al AT 533 2He2 1.5% agarose geloll A 3057 #17]
Esto] EBr2 GAe F AFsisinh

A= S A S

P

of ol

1. 1ITS 291 DIMIRZMS Sot St zjo}
Eoa #ope] 7|ds Rl J
DNAE &% § ITS 7919 H7IMES 24871918 PCR
%S AAE A, 588 RNAS E§E ITS 999 PCR
FZ F9= 750 bp 2719 H7IAES vERATE ITS F-91¢]
NE A7IME S nlEe® Eus) zjoke] fAAAE el
st Az}, B} Zoko] Zzt g JEo® U oA Group
13} Group 282 FEEHJSH (Fig. 1), ] A¥+= Kim %
(1997)0] ¥t Eets} zpeke] RAPDO <]t A2 £4
= e AFE HAS ERIT F ek Eke] ITS -9
£ 268bp FE 431 bp7HAl 163 bpe] 5.8S DNAZS ¥3H3H
652bpe] H7IMES 7HAAL AR o] H7IAEE NCBI
Blast® &3 &1 A H (Paeonia suffiuticosa,
U27692, identities = 652/653 (99%))3} 7F¢ LUXsh= Zo=
yelgth o2 Qo] Bd3t AR XE2E Paeonia lutea
(AY328312, identities =647/653 (99%)), Paeonia delavayi
(U27679 identities = 646/654 (98%))5°] UUth £ A oj

FE:O
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Fig. 1. Phylogenic analysis of P suffruticosa and R lactiflora based on seguence data from ITS region.
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Fig. 2. Comparison of the nucleotide sequence of PCR products of P suffruticosa and P, lactiflora amplified using ITS1/ITS4 primer. In the
boxes nucleotides indicate a designed primer set for the discrimination of R suffruticosa and R lactiflora.

g AlESQl Bee] @714 EES NCBI GenBank®] ¢
(Paeonia suffruticosa, U27692)Z} 1bp =& 4bp Zo]=

99% AAITS YER=T 2 5 220 AlEE 3=
448 bpell Al NCBId| 5-2xo] Bk (U27692)7H= &)
C 9717} deletion¥+= =fo]d-S BT

B A7Aaola 100% 5L i AlFe] d7iMgel 17
N B G7IHES AR Zde] 7MY E NCBI
GenBankell =359t} (Paeonia suffiuticosa, EU224272). 2}
oFS TS H-9] €714 E PCR S A7} 268 bpi-E] 431bp
7HA] 163 bpe] 5.8 IDNAS £33 654 bpe] G71HEE =
@k 2bp B 71 Q7INES T des I 5 U
o} 3k ZoF ¢7]4FES NCBI Blastz #4128 A3 2
Z 879l AlE& NCBIO 5F5H o] e 2 (Paeonia
lactiflora, FI514403)3} 4714 F°] 100% LS & 5 Q)
13, Peony-4= 2bp, Peony-102 7bpe] z[0)& HYS &
I YAt

Eat Zeke] Q7 ES vlaslE A3k, F 654 bpollA
634 bp7} AA|3t] 96%2] PAE BT 2okt Heke] ITS
9 d7IMGe] A7) Aefo] BdRT) 2bp B AUSH,
A7 wjgde] Zpololl JojME 20 bp =Fel7} UL et
Al B ol Hole AoF dVIMEe T 22bpom,
A+T G+Co FFoE M2 vlws] Heks o Hke] 7
Foll= 71302 GHCol ol ¥ =%our zeke] A
14:82 A+T9 Tgo] o =& 2g I & AT

ZoollME 177 ABES 714 E] 100% YXsh= A

o] —
AT

ftlo r:

o
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o2 yeiger, YA 11719 AlEES 1~5bpe] o]zt
YERTE Moutan-62 91 bpollX] G7F T2 X]¥k=]o] 1 bpe]
zZolE Hol 7P AL zolE Hl s o UL
Moutan-21-> F52 A7IMLES zhs 177 A9 EdE
2 Bagl-s o Sbpe AOlE Ho 7Y W2 Aolg B
ol ITS #919] 91 bpollAE 35242 = Moutan-4, 6, 7, 8,
10, 11¢] &7l A8&E°] G 97I7F T 9712 X8d AL &
F AN 629 bpollAE Moutan4, 7, 8, 10, 15¢] 5
N AREES A G77FT G712 X3 A & 5 A}k
ke F 10 AIRE 5 7 AIEEY A714Ee] 100%
ARES & F UYL, Peony-4= 457 bpollA] A F717F C
712 Xgk=]o] 1bpe] AolE Hol= AS & F UeH
Peony-10> 457 bpollX A 7171 C 9712 Ae=AeS &
I AT

o)&}
=

2. SO0IFIMAEZ 0|Est Y ITS-PCR 24

Ea) #poke] ITS 79 A7IMYE 2418 AAg 23, +
NEE AA 654bp Z71NA 22bpe] A71HE 2HolS BA
om (Fig. 2), 53 #oks 8 4 e ITS-PCR 4
< F3l o] F7IAE AelE ol gskiith & 87/HC] primers
Aste] Bo] H7IALe] zlolE ERlg ¥, 7P Z84<
MIF1, MIF2, MIRIS AE3al3lom Eeta) zfoforje]
primer F-$]& Fig. 29 AAISFATE ©] primerS o851
739, MIF2¢F MIR1 primerdlAE Bz zof & Zovks:
A8E = 9l 225bpe] 50 band’t FAHEEE o,

mEs T oMmT

o
sH
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M

Fig. 3. PCR product with designed primers MIF1, MIF2 and
MIRT from P, suffruticosa and P, lactiflora. Lane 1 to 3 are
P suffruticosa and lane 4 to 6 are P lactiflora. In the Box
PCR products indicate that 225bp PCR product
amplified only P suffruticosa.
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1 2 3 4 5 6 7 8M
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M

294 bp —s
225 bp

Fig. 4. Application of PCR product with designed primers MIF1,
MIF2 and MIR1 from collected in herbal market. Lane 1
to 8 are P suffruticosa and lane 9 to 15 are P lactiflora.

MIF13} MIR1 primerdl| e Edka} Zof & A|Fo) F52 o
2 ZTEEE 294bpe] band7t FAEHEE FACE (Fig. 3).
A2 primere] A-879S 1] S8l 5 T Ax oF
Aol tiall PCR 532 AAISH A3, Hoka) 2efol|x] 354
% ZZ5= internal band7} 294 bpollA FElo] FEH Y,
Bt FHE = H 5o] bande 225 bpollA FFEN
o} (Fig. 4). WA seE T 5 s WHOE ITS-
S B840 2 o8 F o, His 7HHsH
2 Us FoE HIt}

FA-e xFeh 18S FYIHE 288 FH7HA <
ANME A ARl Wol o]&¥i X
(Baldwin and Markos, 1998; Gulbitti-Onarici er al., 2009),
ZpokR W3k RAPDS} ITS 9] 2415 B3l Alew/s A
I} (Kim et al., 1997; Sang et al., 1995).

B AFME ITS 9IS o]&3F A71MLGe) vus
7hdsH Hks HEE 4 Sl ITS-PCR H
o, o]& 383t FeF FEo] ofHi BET
9] Mol &30 % ol 88 F Us

4

o

ofN
u\l
"3
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