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Comparison between 7Torilis japonica and Cnidium monnieri Using DNA Sequencing
and Taste Pattern Analysis

Young Hwa Kim#, Young Seon Kim, Sungwook Chae, Mi Young Lee

KM—-Based Herbal Drug Development Group, Korea Institute of Oriental Medicine

ABSTRACT

Objectives Cnidii Fructus is prescribed as the fruit of Cnidium monnieri (L.) Cusson or Zorilis japonica
(Houtt,) DC, in Korea pharmacopoeia, Although there are differences in the composition of useful components,
two species have been used without distinction, In order to discriminate them, DNA sequencing and taste
pattern analysis were used in this study,

Methods :

nuclear ribosomal DNA from seven 7. japonica and six C monnieri samples, Taste pattern of samples were

Primers ITS 1 and ITS 4 were used to amplify the intergenic transcribed spacer(ITS) region of

measured by using taste—sensing system SA402B equipped with five foodstuff sensors(CTO, C00, AAE, CAO, and
AE1). The five
aftertaste(aftertaste of bitterness, astringency, and umami) of two species were compared,
Results
differences, The similarity of two sequences was 85%. From the taste pattern analysis, sourness, bitterness,

initial taste(sourness, Dbitterness, astringency, umami, and saltiness) and three

According to the results of ITS region sequence analysis, two species showed 94 base pairs
aftertaste of bitterness(aftertaste—B), and umami showed a different pattern. Especially, bitterness and
aftertaste—B of C. monnieri were significantly higher than 7. japonica, In addition, two species were shown to
have two markedly different clustering by these two flavors,

Conclusion T, japonica and C monnieri were effectively discriminated using DNA sequencing and taste
pattern analysis, These methods can be used to identify the origin of traditional medicine in order to maintain
therapeutic efficacy.
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Hal" guaiane—type sesquiterpene compound?l torilin
olnf” 1 TAo]| Pt FLRTF anti—angiogenic activity®,
anti—invasive activity7), anti—protozoal efficacyg),
anti—wrinkle effect” So] RIEIth olof uba|, HARA}
ZHC. monniern®] |88 cumarin ALY IFHFER
osthole, xanthotoxol, auraptenol, imperatorin, bergaten
I chromone AEY 3FHE<Q  cindimol, karentind}t
umtatin 5] LA JAH?, 1 F 7 g @40 BI
= SBME2 osthole?}t xanthotoxol®]W, neuroprotective
effectn‘m'lg), antidiabetic effect'” 19)
5ol BuEA
oo} o), AMSANT. japonica)®t BAVIAHC, monnieri)
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o}, Syt ME #EKT-(Cnidii Fructus)2 37 29]
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ok AFHCE Al W 71&E A 94 HE
Higo g2 g 7igpete] RAEL e vt gon,
3] Ejugtol A= A digh sterEe] A U &5
o] FAHEXA] gFot shekof thgt AnAte] A=®= Ast EA7F
Z4glol A= ok, &, okAe] At Aol Ao
2 o|Fojef wa}, shte] Ao 7ol thE A7t AMS
2 7hsAde] Slo] okae diAdS /A sl 7Y g4l
2 "FHoln},

BE A 7)Y 1 ARV TshAb] oEst
I glen I, 7Y g1 FFE SHAIZIZ] Hs A=
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Jjaponica)?t BAVEAHC. monniern®| 7F, AEAJEo] of
A AAER goron, A 24 F= W AR AEE
oA nuclear ribosomal DNA®] internal transcribed
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6d. & 138L FYst] 719y AEMe T2 e
el & AYof ARgSgem(Table 1), E&2 d=gtefetad
q.

Table 1. List of samples in this study.

No., Sample Origin
1 Torilis japonica China
2 Torilis japonica China
3 Torilis japonica Korea
4 Torilis japonica Korea
5 Torilis japonica China
6 Torilis japonica Korea
7 Torilis japonica Korea
8 Cnidium monnieri China
9 Cnidium monnieri China
10 Chnidium monnieri China
11 Chnidium monnieri China
12 Chnidium monnieri China
13 Chnidium monnieri China

PR
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oF 100 mgd AEE BuE dRpApde] g AHALE
Holzbm wAlEe A2 whaat ¥ Nucleospin® Plantll
kit(MACHERRY—-NAGEL, GmbH & Co. KG, Germany)Z&
o|-g3td DNAE FE319tt. 29 DNAY <& HA o
A NanoDrop 2000 UV—Vis Spectrophotometer(Thermo
Scientific, USA)Z AA|3} T

2% DNAQ nuclear ribosomal DNA(nrDNA)2]
intergenic transcribed spacer(ITS) H$1& $Z3l7] $J3l
ITS1(5'-TCC GTA GGT GAA CCT GCG G-3)3}
ITS4(5-TCC TCC GCT TAT TGA TAT GC-3) primer”
£ Macrogeniit(Korea)ol|A] Adste] AREslH Tt PCR HHS-
Mo Solg™ 2X Multiplex PCR Smart mix(Solgent,
Korea) 25 uLo] 20 ng template DNA 2 uL®} 10 pmole
9] primerE ZZ 2 ulA st F 50 uLE A5k
PCRZ C1000 Thermal cycler(BIORAD, USA)E ©]&3}o]
95T oA 1587F predenaturationdt & 95CoA 20%7+
denaturation, 55COoA 40%7} annealing, 72CoJA 1&
7t extensione 353 =3t ufxjuto g 72N 58T
Llesbei=4

ZZ% XS] LoadingSTAR(Dynebio, Korea) 3 uLE
do] 5313t & 1,5% agarose gelolA] 135 V2 4087 A
7] @sstd A 4 EAH AR (U:Genius, Syngene,
England)2 #E3ch o] & FZH Wi=ghe Zaphjo
LaboPass™ Gel extraction kit(Cosmogenetech, Korea)S
ALg3ke] A &, Macrogeniit(Korea)ol] G7148 242
ogstgdet, ARE A7]HFS DNASYS® MAX-Ver, 2,05
(MiraiBio, USA)E ©]-83t9 AHsI3},
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u|ZHdle 717]E SA402B(Insent, Japan)E ©]-83tgom,
AXe  foodstuff sensor 5F(CTO, C00, AAE, CAO ¥
AE1)E A&slal, 2 step washing sample measurement’
REoA 43] vhE St SHEAA= B4 2T EH
(Taste analysis application, Insent, Japan)& ©|-&3}

‘Basic process HEO|A ARE3SIFTh

A @9l B4 aZEoloA AEEE v|ZHE T
(taste information unit)2 3Fg9om, o] Kobayasi =
of Akt THARM, QUgto] TUT 5 = We] A Aol
£ 1 992 A3 Aol & A= 0.01 @714 &3
o] 7Fs3itt,

3) SAIxel

23t ge) Bl WRrEEUA 2 EASEoM, A
29 Afold] o4 AFL SYEE testS HAFA p (
0,059 A% frofat Aos WHsc
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2 Aol AME AMIRKT japonica)?t  EAMIAHC
monnier)®] §34AF 4% B3 719ERIE $18] nuclear
ribosomal DNA(nrDNA) 2] intergenic transcribed
spacer(ITS) F9I5 o]8slct. ITS #¢ A7|AE &4 dat,
APIARE 602 bp, HAMIAR= 600 bpel dolE UERASIT. 1
== NCBI GenBank®] BLAST(http://blast.nchi.nlm, nih, gov
/Blast.cgl) AN o]g3le] 7|29 T5H A7INGT FAM
S vwet A, 712 5328 AMRHAccession  No,
EU236214)2} 1 bp AOI2 99% FAR=S YERYHSITE AMIR)
(7. japonica) 779 A&7t BE U3 G7|AES BeloH,
585 bpollA] G base, EU236214+= base deletione Ho o]
A7 B M2 APIRHT! japonica)®] ITS B¢ d7|Ag=2
523199 HAccession  No, KF310901), AR C
monnier)= 71& SEFH  HAMIAHAccession  No.
HQ316168)9] A714Qx 100% AA|etct Ado] drw A}

MANT,  japonica—KF310901)e}  HAKIZNC  monnieri

-HQ316168)2] F71AES A= Blwgt A}, 94 bp Aol=
85%2] FARETRS UEehfio] §-12Q1 A=) Afol7t S &
AHck(Fig 1).

AL L0000 T TOCOCTAANAT AT AT ACATAA T T OT AL TT COCTTCTCOTTCOC000CA

Figure 1. Nucleotide sequence comparisons of 7. japonica and C.
monnieri samples based on ITS1/ITS4 regions seguence data,
according to the ClustalW method.
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diatepa gty F AR A iR F-(Cnidii Fructus)
o] A4 71E F uwl@kol st AMIANT! japonica)e=
o oE a2k | HAMIRKC monnierd+ R
2 A=et” g Feka ok ulZhlA Al
He ol gt EHT AANT japonica)®t BAMIRHC,
monnier) YA wZwHE wlwe Axk AN
Jjaponica)= Rdk(saltiness), H-9H(astringency), 75
% u|(richness), €292 Fu|(aftertaste-B)2] £o=2, WAL
AAHC. monnieri)E #3(saltiness), H->FH(astringency),
£0ro] Zn|(aftertaste—B), &5H(bitterness)?] «°2 e}
FTHTable 2).

Table 2. Taste intensities (mean =+ standard deviation) of each
taste factor in 7. japonica and C. monnieri samples.

Sample  Sourness  Bittemess  Astringency Aftertaste-B’ Aftertaste-A’  Umami  Richness’  Saltiness

1 T japonica-2,69+10,61 -3,85+0,64 7124148 1204029 031+0,06 -383+3.23 506£289 17.7013.85
2 C monnieri -4,0649,73 5.27£103 843171 5501086 1144032 -0.49+2,68 483£250 20,12+285

"Aftertaste—B is aftertaste of bitterness. T Aftertaste—A is aftertaste
of astringency. 'Richness is aftertaste of umami. The unit is
‘taste information unit’  suggested by Kobayashi et al (2010).

AAA Q] 4K T-(Cnidii Fructus)] mZt sied £4 Zat,
Algk(sourness), £3k(bitterness), &3t} Fo|(aftertaste—B),
A9 umami) SolA AZ o2 fEe BAtkFig. 2). &
3] 29k(bitterness)oIA AMIAHT, japonica)=s -3.85+0,64
g vl& BAMFHC monniern 5.27+1.03 G2
2 AolE BYoH(p=5.55E-08), £ute] Zm|
(aftertaste—B)= AR japonica)= 1.20+0.29 2ol
9 HARIAHC monniern= 5.50+0.86 @Y= EZH3 2}
o|(p=2.36E—05)F EtHTable 2, Fig. 3).
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Figure 2. Taste patterns of 7. jaoonica and C. monnieri samples.
Aftertaste—B is aftertaste of bitterness. Aftertaste—A is aftertaste of
astringency. Richness is aftertaste of umami. The unit is ‘taste
information unit’”  suggested by Kobayashi et al (2010).
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Figure 3. Taste difference between 7. japonica and C. monnieri
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samples. The bar graphs show taste respectively. Each bar
represents the meag*(istandard deviation, n=3) taste difference.
p ( 005 and p { 0.001 compared with each other.
Aftertaste—B is aftertaste of bitterness. Aftertaste—A is aftertaste of
astringency. Richness is aftertaste of umami. The unit is ‘taste
information unit’  suggested by Kobayashi et al. (2010).

E3S 20k(bitterness)¥ 29k Fu|(aftertaste—B)E 7]
F£o02 S¥E u, AT Jjaponica)t HAVEAHC
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Figure 4. Taste clustering between 7. japonica and C. monnieri

samples. The unit is  ‘taste information unit’  suggested by Kobayashi
et al (2010).
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(Cnidii Fructus)= A3 (Umbelliferae)o] &3+ LA
Hol HAWIAY Cnidium monnieri®) <3t IS [ady
Aol FRol|Me 222 ARG monnier)itE
PRF-(Cnidii Fructus)2 8tz AT, $2juel’ oA
HAVIAHC. monnier)®t @7 AF@ o] Fafido] =&l A
XA} Torilis japonica% WERF(Cnidii Fructus)® ¢1A3CH
B rd ML BAAY 7] QA AN, HAMER
(C. monniern®] HE&ESZ AT japonica)s AHE-3t
QT

MRl dEHY FEFY LT F9 S EARRKC
monnier) = REIFS T YolN BT pEet ¥
W o] W RSt FhfE 52 ARdo=n, A
2w 28 w|ua? 53 2o B AMEHE
oFafjolct, olof wlal, AMIRKT japonica)e FEEY, T
PomEzs s deld g4y A B 53t 2=
o] RuEw glom EuE fwo| it dA1: 7] 3§
£t olet Zo|, 7|¥AEe] tEW ool tEA YErd
Folenz Aoleh 7o) gtk AL Fao AW &
AE A3l A7 L AN 7 $AHoz uEojord
Agtolct,

A AFeke}t Zo] AMIRNT japonica)®t HAMIAHC,

monnier)= 2% FH P 2 grgEtT 9l @R 2

fr &

Aol= o)z glont  eEluelelA K T-(Cnidii
Fructus)& 37 #o]i glo] & F7ke] 7Hd Aol Zak
< AAstzr giok @R, ZEs 7)€ ek AEE ¢
3 W oR e L osist R Pa g BB up
HoSol FE £IYHEI 9ok AR ¥R T(Cnidii
Fructus)® 7<% BV ofx] xmAHo] AR gro}
olgtsl B0 gt 7hHe ofem, §HR BAo oJgt 7+
H AFe mug AAo|tt mehA, B AFAME ARy
AL FFE B2 e FAR B4 T SR 7
ol Y& 7S ol nztufe BAS o gst]
AT, japonica)®t HAMIANC  monnier)®) 38stil
A/ 4 AFE FYstuAl s

Aol F5EE AT japonica) TR HARIRHC
monnier:) 63, & 138& FYste] ITS 299 A7IAES
243 A3, SAIE 85%F 94 bp FUVIME zolE Ko
FAL B0 2%t 7hdoe] 7R IS THFig 1), E
3 oz 9" B4 AdoHE  Algk(sourness), 25t
(bitterness), 25t9] Zn|(aftertaste—B)2} ZH&HHumami)
oA F Fo] AR thE S BYL FUsIHT

eee BAAS Wk AARIM  BARIRKC
monnier)=  “9FF W1 FE 23 2, AN
Japonicaye  “ORzk Wi 2 2t Z|AEe] g, 12

u, AA uZddgd BY FAd Y] ot zZelp <
0.001, Fig. 3)& Hol YWAMIANC monniern7} AHIAL:
(T, japonica) Bt} £dH(bitterness)®t £0te] Zm]
(aftertaste-B)oIA © &2 u|Zd$E BEHch waEkA,
2oy ghe vk 712 AMANTL japonica) Brthe W
AIANC monniern©] © FEstkil AlREE diolty, E
gl o] & 7K BHE 7|E0E T Fo] AR FFo] FEE o]
3o, AaHoR njZtoid EAHo] {HA EAM3
A AET, japonica)?t BAVIAHC. monnier)®] 7HE
o o]8E £ UL AT £ qUlch

FF, R F(Cnidii Fructus)®] ol3fehs 245 o83
AJAGES] AA 9 v A, EVIAES o83t I uHA
N A3 So| sFEHE, AT japonica)®t HAMIAL
(C monnier)®) 78 7FsA& T35 Y = A& Aol

2 &

U MM AR tE FYol= #IRT(Cnidii
Fructus)2 QAT Q= NARKT japonica) THAT BAF
AAHC monnier) 632 DNA G714 ET} v|ZgdS £4
sto] Blagt dis oad 2o

1. nrDNAQ] ITS ¥ d7|Ag B4 Al SAIE 85%=
94 bpe] F7IME Aol§ Mol FAR Bl o
F09] o] 7hsE Blsknt,

2. v49E 24 A}, HAMARHC monnierife AVEARHT
Japonica)©| H|&| £5k(bitterness)T} £3re] &
(aftertaste—B)7} 3] FostAl #A yehgeH, o
£ 7leer F Fo| Az F3o] TR ZHH= A
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and activity of Matrix Methalloproteinase—I(MMP—1)
in human dermal fibroblast.
2007 ; 38(4) : 349-53.

Kor J Pharmacogn,

[e)
Japonica)$t HMAVSAHC, monniern ) EHEE &
Ao, ojg} Te HMHO FF
H ZER 7Y gk g

89 4 9 Ao= ArEh

g

gt WO o

e 2
2 ATe A=A FoA "HZHAINE o83t
gk &S AH(K12260)"2F  “gre] AR XA 718E

w3lzd AF(K13101)" 9 Y& drol £3Ed5U) o]
of ZA=HYrL}

References

1. Korea Food and Drug Administration, The Korean
Herbal Pharmacopoeia, Seoul Korea Food and
Drug Administration, 2011 : 177,

2. Chinese pharmacopoeia commission, Pharmacopoeia
of The People's Republic of China, Beijing : China
Medical Science and Technology Press, 2010
2956,

3. Ministry of Health, Labour and Welfare, The 16th
Japanese Pharmacopoeia, Tokyo : Minister of Health,
Labour and Welfare, 2011 : 1626,

4. Korea Food and Drug Administration, The guideline
on the visual and organoleptic examination of

herbal medicine, Seoul Korea Food and Drug
Administration, 2009 : 53.

5. Hwang EI, Lee SK, So SH, Koo BS, Han GH, Kim
NM. Isolation and development of quantitative
determination of Torilin from the Torilis Fructus,
Kor J Pharmacogn, 2007 ; 38(4) : 321-6,

6. Kim MS, Lee YM, Moon EJ, Kim SE, Lee JJ, Kim
KW, Anti—angiogenic activity of Torilin, a sesquiterpene
compound isolated from Zorilis japonica, Int J
Cancer, 2000 ; 87(2) : 269-175.

7. Kim MS, Baek JH, Park MT, Sohn TK, Kim SE,
Lee JJ, Kim KW, Anti—invasive activity of torilin,
a sesquiterpene compound isolated from Zorilis
Jjaponica, Oncol Rep. 2001 : 8(2) : 359-64.

8. Youn HJ, Lakritz J, Rottinghaus GE, Seo HS, Kim
DY, Cho MH, Marsh AE, Anti—protozoal efficacy of
high performance liquid chromatography fractions
of Torilis japonica and Sophora flavescens extracts
on Neospora caninum and 7Toxoplasma gondil, Vet
Parasitol, 2004 ; 125(3—4) : 409-14,

9. Koo BS, Hwang EI, So SH, Lee SK, Han GH, Kim
NM, Effect of Torilis Fructus on procollagen biosynthesis

10,

11,

12,

13.

14,

15.

16.

17,

18.

19,

Zhao J, Zhou M, Liu Y, Zhang G, Luo Y.
Chromones and coumarins from the dried fructus
of Cnidium monnieri. Fitoterapia, 2011 ; 82(5) :
76711,

Chen T, Liu W, Chao X, Qu Y, Zhang L, Luo P,
Xie K, Huo J, Fei Z. Neuroprotective effect of
osthole against oxygen and glucose deprivation in
rat cortical neurons: involvement of mitogen—activated
protein kinase pathway. Neuroscience, 2011 ; 183
1 203-11,

Wang XY, Dong WP, Bi SH, Pan ZG, Yu H, Wang
XW, Ma T, Wang J, Zhang WD, Protective effects
of osthole against myocardial ischemia/reperfusion
injury in rats. Int J Mol Med. 2013 ; 32(2) :
36572,

He W, Chen W, Zhou Y, Tian Y, Liao F,
Xanthotoxol
suppression of the inflammatory response in a rat
model of focal cerebral ischemia, Cell Mol
Neurobiol, 2013 ; 33(5) : 715-22.

Lee WH, Lin RJ, Lin SY, Chen YC, Lin HM,
Liang YC. Osthole
through

exerts neuroprotective effects via

enhances glucose uptake
of AMP-activated protein

J Agric Food

activation
kinase in skeletal muscle cells,
Chem, 2011 ; 59(24) : 12874-81,
Xu XM, Zhang Y, Qu D, Feng XW, Chen Y, Zhao
L. Osthole suppresses migration and invasion of
A549 human lung cancer cells through inhibition
of matrix metalloproteinase—2 and matrix
metallopeptidase—9 in vitro, Mol Med Rep. 2012 ;
6(5) : 1018-22.

Zhou J, Peng H, Downie SR, Liu ZW, Gong X, A
molecular phylogeny of Chinese Apiaceae subfamily
Apioideae inferred from nuclear ribosomal DNA
internal transcribed Taxon,
2008 ; 57(2) : 402-186,

Kobayashi Y, Habara M, Ikezazki H, Chen R,
Naito Y, Toko K. Advanced taste sensors based

on artificial lipids with global selectivity to basic

spacer sequences,

taste qualities and high correlation to sensory
scores, Sensors (Basel), 2010 : 10(4) : 3411—43,
Anjiki N, Hosoe J, Fuchino H, Kiuchi F, Sekita S,
Ikezaki H, Mikage M, Kawahara N, Goda Y,
Evaluation of the taste of crude drug and Kampo
formula by a taste—sensing system (4): taste of
Processed Aconite Root, J Nat Med. 2011 ; 65(2)
1 293-300.

Choi GY, Kim YH, Chae SW, Lee HW, Ko GS,
Lee MY. Discrimination of Chinese Giycyrrhiza
uralensis and Uzbek Glycyrrhiza glabra using



14

20,

21,

22.

23.

24,

25,

26.

27,

28.

29.

30.

31.

32.

=t
Bl

KRS g

taste sensor, Kor J Herbology. 2011 ; 26(1)
35-9.

Kim YH, Choi GY, Lee HW, Lee GH, Chae SW,
Kim YH, Lee MY. Comparison of Angelica species
roots using taste sensor and DNA sequencing
analysis, Kor J Herbology. 2012 ; 27(6) : 37—42.
White TJ, Bruns T, Lee S, Taylor J, Amplification
and direct sequencing of fungal ribosomal RNA
genes for phylogenetics, In : Innis MA, Gelfand
DH, Shinsky JJ, White TJ eds, In PCR Protocols
. A guide to methods and applications, San Diego
. Academic Press, 1990 . 315—22.

Herbology Editorial Committee of Korean Medicine
Schools, Herbology|Boncho— hak|. Seoul : Younglim
Press. 1998 : 576-7.

Lee IK, Lee JH, Hwang EI, Yun BS. New guaiane
sesquiterpenes from the fruits of 7orilis japonica,
Chem Pharm Bull, 2008 : 56(10) : 1483-5.
Kitajima J, Suzuki N, Satoh M, Watanabe M,
Sesquiterpenoids  of Torilis  japonica
Phytochemistry, 2002 ; 59(8) : 811-5.

Ju YS. Ungok Herbology. Jeonju : Woosuk Press,
2013 : 1299-302,

Yan F, Liang Z, Jianna C, Zhengtao W, Losahan

fruit.

X, Zhengxing Z. Analysis of Chnidium monnieri
fruits in different regions of China, Talanta, 2001
; 53(6) : 1155-62.

Chen CY, Computational screening and design of
traditional ~Chinese medicine(TCM) to block
phosphodiesterase—5, J Mol Graph Model, 2009 ;
28(3) : 261-9.

Lee EB, Kim SM, Kim TH. Anti—inflammatory
activities of 7orilis japonica fruit, Kor J Pharmacogn,
1998 ; 29(4) : 38490,

Cho WI, Choi JB, Lee K, Chung MS, Pyun YR,
Antimicrobial activity of torilin isolated from
Torilis japonica fruit against Bacillus subtilis, J
Food Sci, 2008 ; 73(2) : M37—46,

Yun CY, Kim D, Lee WH, Park YM, Lee SH, Na
M, Jahng Y, Hwang BY, Lee MK, Han SB, Kim
Y. Torilin from Zorilis japonica inhibits melanin
in stimulating
Planta

production alpha—melanocyte
hormone—activated B16 melanoma cells,
Med. 2009 ; 75(14) : 1505-8,

Kim JH, Lee GS, Choi GY, Hwang SY, Kim HJ,
Jeong SI, Ju YS., A study on external - internal

morphology and pattern analysis of Atractylodes

Rhizomes, Kor J Herbology. 2009 ; 24(2)
77-85.

Kim JH, Lee GS, Choi GY, Kim YS, Lee SH, Kim
HJ, Jeong SI, Ju YS. Comparative study on
different species of medicinal herbs wused as

Jeonho (Qianhu) using morphological appearance

— Vol. 28 No. 6, 2013

33.

34.

and chromatographic fingerprint, Kor J Herbology.
2012 ; 27(3) : 15-21,

Lee JW, Kim YH, Ko BS, Ryuk JA, Oh SE, Park
SU, MY. ITS—-PCR the
discrimination of Moutan Cortex, Korean J
Medicinal Crop Sci, 2010 ; 18(1) : 40-5.

Lee JW, Kim YH, Choi GY, Ko BS, Kim YS, Chae
SW, Lee HW, Oh SE, Park SU, Lee MY, PCR
analysis for the discrimination of Leonuri Herba

Lee analysis  for

medicine on the basis of chloroplast DNA sequence

comparison in six Lamiaceae species, Kor J

Herbology. 2011 ; 26(3) : 15-21.





