KegARSEgE 299 A35(20149 59) ISSN 1229-1765(Print), ISSN 2288-7199(Online)
Kor. J. Herbology 2014 ; 29(3) : 19-25 http://dx.doi.org/10.6116/kjh.2014.29.3.19.

Multiplex PCRS ©]-83t 4 EF(kE)Y

E-OJXEJ s o]nﬂ', 'r‘og‘c_)‘, 201_

1@ Ashekn ABsgetdet g STSPEASHE AWetAE, 2 AgTistE shojgojst Bastma,
Stheta grelutdhet RxstmAl

Identification 4 kinds of Muxiang using Multiplex PCR
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ABSTRACT

Objectives : Aucklandiae Radix (Muxiang) one of important herbal medicines in oriental medicine, is defined as
the dried root of Aucklandia lappa (Asteraceae). Owing to the similarities in the morphology and name, Inulae
Radix (Tu—Muxiang) and Vladimiriae Radix (Chuan—Muxiang) as well as Aristolochiae Radix (Qing—Muxiang)
originated from other medicinal plants are often used as substitutes and/or adulterants of Aucklandiae Radix,
Therefore, a reliable authentication of these herbal medicines is necessarily for the public health and prevention
of misuse,

Methods : 32 samples of medicinal plants supplying Aucklandiae Radix, Inulae Radix, Vladimiriae Radix, and
Aristolochiae Radix were collected in Korea and China, The ITS (Internal transcribed spacer) nucleotide
sequences of samples were determined, The PCR primers to amply DNA marker of each herbal medicine were
designed basing on the specific ITS regions showing differences in the sequences among medicinal plants,
Results : Primer set Al R/IS F designed in this work amplified 220 bp PCR product only in samples of
Aucklandiae Radix, In contrast, primer set Th F/IS R, Vs R/IS F, and AcR F1/Ac R amplified 250 bp product,
356 bp prouct, and 516 bp product respectively to identify Inulae Radix, Vladimiriae Radix, and Aristolochiae
Radix,

Conclusions : The primers designed basing on the nucleotide sequences of ITS regions appearing differenced in
the sequences among medicinal plants amplified the DNA markers for the identification of Aucklandiae Radix,
Inulae Radix, Vladimiriae Radix, and Aristolochiae Radix, These herbal medicines were more efficiently
identified by multiplex PCR method using all primers in a single PCR process,.
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7] 23 HEE SAEC] gom, QWD A lappa T FEL
5 QoH0, A lappat TAY HEE Fjl AAHA
3, 33 od, BA aen A S AED U =
Fo A Aojo] et LB L PRl o|FL

2 {5HY ol= B39 oy B FUS A lappaREH
7]},

A, 3= QAN E FEEE olF Ex= YEIH
H EAo] fAlet T2 F9 =3tk (Asteraceae) A& H F
H2dZ3} (Aristolochiaceae) A]&E©] B3Fo] & . 9j&o 2
$EHT A, Lyt AEHo] Bkl Zsta}
(Asteraceae) Inula helenium L.2] a7} B3F(Kk%F)Q o
SE02 AgEHY o AAE EEF (HAE. Inulae
Radix; Tu— Muxiang) &2 Y=ol EF(RE) £2=
o] tigtetael(yepFAel s2oly’. E ot I3t}
AE9Ql  Viadimiria souliei (Franch) Ling, V. soulief
(Franch) Ling var. cinerea Ling ¥3%® & A3
A HAEFF (JIRE; Vladimiriae Radix; Chuan— Muxiang)
ofgk olgo® fEEw ot APt (Aristolochiae)
9] Aristolochia contorta Bge. @ Aristolochia debilis
Sieb. et Zucc. ] ¥8] T3t F= AN FEF (FAR
% Aristolochiae Radix; Qing—Muxiang) °o|& o|&2
B & 9FoR fEHY Ao oE ot ¥
9 AEES°] 47 FRstl = A IEY =4a
o] Zpol7h qlFol® Etehl E3FY £ - YECER /5
g1 gl Aot B3| HmeFo| HO Aristolochia
& A Bof|x &3] WAEE aristolochic acids7t g3 o]
Agrole}t orS A 4= Q7] wiEel FlellA= -5l
FA =} g,

ey, Bere] Hoket 71AAE A lppa & EUES
2 PY 93 7EY "as} gt By VJU9NE Ee
S18) ety 71ze] gt 783 GO-MSE o83 HE
247 huge] Tgksigict 2ol ol Y duEe

F2 ddd Ax" {5 ARE deE st o,
o] e e 2400 wat dEgEFo] Xfolk HAE = 9l
e BAEEC . ol mesimx,  ITS1
(Internal Transcribed spacer 1)3} ITS2 (Internal
transcribed sapcer 2) £99] ¥7|AEL H|wdl= DNA
Barcoding 7|®'%3} Chloroplast®] rbel, matK. phyA @
71Q"Y 531 e BARESA zhd A7rt S
2 AN 71EY ITS @UIXES vz E4si=
DNA Barcoding 7|'< ©183 #EollA o yoprl 53 3
TH8E 7IAAE T AolE YEE ITSY EF 49
H7INES olgste] Eold Zato|m(primer)E AR,
o]E 0|83t Multiplex PCR(polymerase chain reaction)<
B3l EolZ<l DNA ulA7F SE2EHA T2 4 FHY &
Fs BaEFoE ET £ = WS sttt

Jz
o

A 2Py
1. A=

H Ao gjAr Al&¢l B3FF (Aucklandiae Radix), EE
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¥ (Inulae Radix), &% (Vladimiriae Radix), &g

(Aristolochiae Radix)®] A% @ AHAEES FUe}t FZ9

Aufz], PR L Ao 2 RE] £3ErHTable 1),
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Table.1. Samples of leaves or dried roots of plants supplying

Aucklandiage Radix, Inulae Radix, Vladimirice Radix and

Avristolochiae Radix to determine ITS nucleotide sequence

lowe e O ma Sci‘igic Wittty || Tty C];?zﬁ‘(’)‘;
1 L Sichuan 2011,06
2 L Sichuan 2011,06
3 L Aucklandiae Sichuan 2011.06
4 L R Aucklandia China Sichuan 2012,07
5 L lappa Sichuan 2011,07
6 R (Muxiang) Sichuan | 2011.02
7 R Sichuan 2011,02
8 R Sichuan 2012.07
9 L Jeonju 2011,04
0 L Jeonju 2011,04
1 L Jeonju 2011.04
12 L Inulae Radix Tnula Jeju 2012.06
13 L (Tu-Muxiang) helenium Forea Jeju 2011,06
4 R Deagu 2011,02
5 R Seoul 2011.02
6 R Seoul 2011,02
17 L Sichuan 2012.07
18 L Sichuan 2012,07
19 L Vladimiriae Sichuan 2012,07
20 R o dimirie Sichuan 2012.07
a R Radix Ve | i Sichuan | 2012,07
22 R (Chuan-Muxiang) Sichuan | 2011.03
22 R Sichuan 2011.03
24 R Sichuan 2011,03
25 L Sichuan 2011,06
% L Sichuan 2011,06
27 L asistolochiae A”Z‘Z’;.‘;f:f"’ Sichuan | 201106
28 R Guangxi 2011,06
% R Radix china 1 ehuan | 2012.07
30 L (Qing—Muxiang) Sichuan 2011,03
31 L Aristolochia Sichuan | 201103

contorta
32 R Sichuan 2011,03

*R means dried Radix sample collected from market.
*L means fresh sample collected from cultivated local area.

2, 9y

1) s DNA ZH|
Z+ AR A= DNA= NucleoSpin® Plant II kit
(Macherey—Nagel Dueren, Germany)9| jF<o wabA
FEolgth. 9F AEE, DNAY &£=F ¥o|7] 93 10%
cetyltrlmethyl ammonium bromide (CTAB)2} 0.7M NaCl
£ AMgSte] HlEERbEd tdRE 7t AASHE
2) PCR &%
ITS £Z& 93t PCR2 T-personal cycler (Biometra,
Germany)& AMg3te] White 5(1990)¢] WP og =345}
k. 600 nMe] ITS1 (5'-TCCGTAGGTGAACCTGCGG—3)
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1 ITS4 (5'-TCCTCCGCTTATTGATATGC-3") =Zalo|n,
1X BluePreMIX—HF (Marcrogen, Korea) 1&|3l Z} A|&Z
HEl 223 50 ng Alls DNAZ PCR FZof AMgsl3

95CoA 587F Allx DNAE A WA A7 &, ¥HAd3y
(denaturation)& 95Co|A 30 %, Z¥YIA (anneling)S
524 30 %, AATA (extension) 72TolA 40 %
PCR #4235 3] wtRstqich 2F A% IS 72ToAA
5 27t #sitt, 5§ 9 - AF VYAEY AEs 4
gt PCRZ 250 nMe| Zalo|HEE ARSIt 18|l ITS
ZZ mot FUA 50 ng 9 Al DNA 1X
BluePreMIX—HF (Macrogen, Korea)ES ARE3}Eom 95T
oA 5 B3t Als DNAE A HAAFT \A7g2 95T
A 30 %, 23S Aucklandiae RadixE 7317 sl A
L 64.8C9A, Inulae RadixZ 7HE3l7] Ysixe= 58Tl
A Z¥zF 30 27 =39t Vladimiriae Radix ZdEES 9
A= 63TOlA Aristolochiae Radix ZEHE 3iA=
63.5CAA  ZZ+ 30 %7t Yo AR
Aucklandiae Radix®} Vladimiriae RadixS ZE3s7] ¢8|
A 72CoA 20 %7F Inulae Radix®t Aristolochiae
RadixZ 9J3|AE 72T oA 30 223 PCR #H& 25 3
vrEStTh F A P2 72TCAA 5 B2 skt
Multiplex PCRZ 400 nM ¢} Al F ¢} Th F, 200 nM9] IS
R ¢ IS F, 400 nM9] AcR F1 ¢} Ac R, 450 nM9 Vs R
zato|ME ARGSIETE 95ToA 5 B A WA F 95T
A 30 27t 63.5CNA 30 27+ 281, 72CNA 25 29
HPE 25 3 BEESITE F AR HHL 712ToA 5 £
7t $ystgitt. $ZE PCR AMES Safe—white™ (abm,
Canada)& H7lste] A4 ¥, 1.5% agarose AL ARg3}]
A719% dtgen. Mylmage (Seoulin Biotechnology,
Korea)& AMgdtY FEAEES HASHAH

3) PCR A22| &H7IME ZH

Agarose AZEE 2a3t PCR A2 MG™ TOPcloner
TA kit (Macrogen, Korea)E ARSI 224 3ttt &
29 = PCR AE9 ¥7]A ¥ Macrogen (Korea)ol 2J=|
sto] ARt

4) E71M4¥ 2M 2 dendrogram X}

FF BY0RD) 21

DNA 9714 ¥E<L Bioedit v7.0.9 (http://mbio.ncsu,edu/

BioEdit/page2.html)9] ClustalW Multiple sequence
alignment ©]g3te] EASIHTy, Dendrogram®| /g2
Bioedit®] DNADistE °©]-&3t4th

2 3
1 ITS 97149 23 2 84

Table 1o AXE A& AA ITS (ITS1, 5.8s rRNA
ITS2) 685 — 734bp 37|19 A7|XEE ZASIAHFig. 1).
AEFE A =39 AR F W G748 Hole Tz
HA ottt sHAR, F3telle HEgE dA7IAE 2ke)7h gl
Helom o]zt ITS G7IAE Aol& 7IELE 4 7Y &
gfo] FEFo| FEESITHFig.2).

AE3F (Aristolochiae Radix) A& £, A. contorta 9
A, debillis Zroll= 3 T4 4719 transition®], 4 w4
oA @719 transversiono] dojut F 7 FHA A9
2tolE YERIcHFig. 1). =3kt (Asteraceae)? EIF 3
259} 7 (Family)7} ot HE3F (Aristolochiae Radix)2]
ITS @71X gL &3] ITS13 ITS2 #9 EFoA @A 2
ol& YebitHFig. 1). € dAFolA ZAH ITSY A7IME
2 NCBI®| Genebank®] =E=o|ql= ITS13 ITS29] 7]
AEel AY914821.1 (A Iappa), FN870378.1 (I helenium),
EU257410.1, EU257422.1 (4, debills)?} 5Lt} NCBI
GenbankollE= &80 ® o2 7|¥94Ee A contorta®)
ITS G71AE AR7L 5= A got o] A7|HE FR
£ MEol SAE

HE3F (Vladimiriae Radix)?] A%, V. souliei & 43
= 8/l AR F 379 AR (AE22 — 24)94 YHA] 57
o A& (NE17 — 21) &2 4 29 F7]9A transition
o] dojuf F W WHolrt U2E EIStAHFig. 1). 570 Al
29| ITS1¥ ITS29 H7IA¥ES NCBI Genebak® V,
soulier®] G7|AE<l EU257417.1, EU257429.19} =Y3}
A3, Uz 3 A AR ITS G71483 dXshk= F7]A
E2 Genebankol EX51A] ket wabx, 27 3 7 Al
29 ITS F7|1XE HEE Genebanke] 20| S5t
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Figure 1.
Radix, Aristolochiae Radix, and depostited in NCBI Genebank

Multiple alignments of ITS sequences of leaves or dried roots of plants supplying Aucklandiae Radix, Inulae Radix, Vladimiriae

The dots indicate the consensus nuclectide and the dashes represent the gaps.

Numbers are sample numbers presented in Table 1.

AVHIAEI 1
. Aucklandiae Radix
(Muxiang)
friuastarr.s

Viadimiriae Radix
{Chuan-Muxiang)

3z
4
Aristolochiae Radix Eﬁ“-‘
(Qing-Muxaing) i
Tz
FNETOITE T
i; Inulae Radix
i (Tu-Muxiang)
i

(1]

Figure 2. Dendrogram constructed on the basis of ITS nucleotide
sequences shown in Figure 1.

2. 23 718 DNA u}#A Az

Z24E ITS A71AE Zolg olstd, B, EEF A
53, BEF 247hE Este DNA mHARE AE 4 e
ZepolHE AIZEIATHFig, 1, Fig, 4A), AZE ZtolmE
ol43 PCR ®hg Zx, =Zatolo] Al R/ IS F &2 A
lappa N &A T 220 bp EolF —&*F%i st =
3 (Aucklandiae Radix)& T2 & - YIEE2HE 73T
2 Zetoln Th F/ IS R A2
L helenium XNEAXT 250bp FEAES FA5t] EEF
(Inulae Radix) Z'# DNA wlAZ(Fig 3B), Zalo|H Vs
R/IS F %2 4 FY WHol] A& RFA 356

V. souliei
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bp ZEAES Aot HEFH(Vladimiriae Radix)S 7HE
3= DNA atAZ AMSE 4= 922 EIsHAtHFig 3C). &
Sk, Zabo]lm AcR F1 / Ac R B2 A debilis & A,
contorta NZEAAT 516 bp FEAES FAste] oA
H20] FX = Y= A3 (Aristolochiae Radix) 7
DNA mHAR ARSE 4= S It tH(Fig. 3D).

& &
y 3 3‘ a é ‘\é
.‘,;oey @3",‘ .N&#\ F&y
" " ” n -3 i

Figure 3. PCR products of primers set Al R/IS F to amplify DNA
marker of Aucklandiae Radix(4), h F/IS R primer set to amplify
DNA marker of Inulae Radix(B), primer set Vs R/IS F to amplify
DNA marker of Vladimiriae Radix(C), and primer set AcR F1/Ac R
to amplify DNA marker of Aristolochiae Radix(D)

Numbers are sample numbers presented in Table 1.

M: 100bp ladder.

3. multiplex 7S °o]£3F E3K(Aucklandiae
Radix) 78

MdE 22k Bold DNA mHAES 1 3¢ PCR §hg-S
Tl SAl FEANFOEHN, FIFE T - HJFCERY T
st BAl A4y T -HFEEE & £+ e
multiplex PCR & AESI=S i3t 24+ A89 PCR
FE Uk 975 Esly] Y3t internal standardZ 4 F
9 F3F k59 H7IAEo] FYE 5.8s rRNA £4E ©]
43 IS F/IS R #& 1gtEgley, BE ARJA F53HS
2 100 bp FFAEC] AHEHEE stArhFig. 13+ 44A). 2L
el Z=ato]y AIR/ Th F/ AcRF1/Ac R/ VsR/
ISF /ISR % 7 /& SAlol AH&3 multiplex PCR 43}
3t Ay}l 23k (Aucklandiae Radix) Al&o= 100bp2t 220
bpe & M SEAEC], EEFF (Inulae Radix) AlRelE
100bp &  250bp FEAMEC] FAHHAYL AEIY
(Vladimiriae Radix)olAl= 100bp2} 356 bpQ] FEALE0],
A E3F(Aristolochiae Radix)olli= 100bpet 516 bpe| FZ4t
Eo| Ztz+ gAEo] 7¢E multiplex PCR oz Rt
agHoR B 9 THEE WE T £+ S st
(Fig. 4A, B).

{A)
185 rRNA | ss | | 265 oA
100 bp
250 by
v 3 prem €«
& S
(B) & & S

250bp
— —

220bp
— —

Figure 4. (A) Designed primers for amplify DNA markers of
Aucklandiae Radix, Inulae Radix, Vladimiriae Radix, Aristolochiae
Radix, and expected size of PCR products. (B). Multiplex PCR
product amplified by primer Al R, Ih F, AcR F1, Ac R, Vs R, IS F
and IS R. Numbers are sample numbers presented in Table 1. M,
100bp ladder

E3H 4 Ao Eio] M2 TLEYS ASLES 1l
AoHoZ 4 Fo B DNAE T3t multiplex PCR&
Syt 1 23 9d T/ 5% DNAZE E01 U= A
oA+ DNA utA¢t internal standard & 719 FSZFAME
T FAEEE v 53 9 2 9% DNAZE EFE e
Al#2o A& internal standardE %3, ZHzF E3Eo] =
53 FRol sigsts DNA tiA $F AHE7HA] o8 719
SE WHEZ FAHEAHFig. 5).

M A B C D

1Kb »

500bp »

Figure 5. Multiplex PCR with mixed DNA sample of 4 kinds of
Muxiang. Lane A; Aucklandiae Radix and Viadimiriae Radix DNA
was mixed. Lane B; Inulae Radix and Aristolochiae Radix DNA
was mixed. Lane C; Aucklandige Radix, Inulae Radix and
Vladimirige Radix DNA was mixed. Lane D; Aucklandiae Radix,
Inulae Radix, Vladimiriae Radix and Aristolochiae Radix DNA was
mixed.

Arrow was indicated the amplified products. M, 100bp ladder

Vs R ISF and IS R

Numbers are sample numbers presented in Table 1. M, 100bp
ladder
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23k 7hdo) AREE ITS(Internal transcribed spacer)=
nuclear ribosomal DNA(nrDNA)2] 18s—5.8s—26s rDNA
Abolo] 1€ o g rRNAS ¢33k (coding)Qlom Rl B
Al 18s, 26s YHEI 58s rDNA A¥, A& F+ o
F/dol YEht= non—cording A€Ql ITS 13 ITS 2 £
2 FRAGY, TS 2eje drIMGe Azl wet w2
Halslr] wiZe], ITS E7IXE HEE= 53d 4E89 £
(genus) oI5t F9olAel AFTA fa8A A7, &
A ohepg B7PY, F uf wol A7®, DNA barcoding™ g
3l gl ARSEIL Stk ol ITS 7|4 gL FgAE]
Zae 9Nz magHez AgHT Y’ s Sof,
Atractylodes &%, Bupleurum %, Phyllanthus &0 %
ofg] kg5 7hdo|| E&FH O R o] &It}

4" ITS G748 ol8ste 53 4 &Y 714
AE 7H] §H7F fATAE £4% Aa, FYd I3t
&30 A lappa®t V., souliei AE 7Vl 96%2] |7IAE
FAMIS Holw T2 =I3Fe| I helenum (82%) Et} 4
fHog ml$ 2 FAIAE AYL IS A
oleig B 71 UAEY SABAL Shum 5 (2009
Sjof S GO-MSE ol8d B ohilo] Bl Y
kA E2E9] hierarchical clustering £4 ZAzke} UX]
statt. ol=ldt Zil=s, oF8AlEY FE 9 EAE 7H9
FATA ATl ol F7IAE B B2 A7 E4o] A
3 H E e 7S AAE £

2 A7 ZFE ITS |71X 89 Z3to| oshd, A&
FE AQQE o 5 79AEY T Hole gldlen, ¢
BV souliei NEE A|&stl= NCBI2 Genebankel] =
Zt 7194EY  ITS  ArIAgd dAE
(Vladimiriae Radix)9] A%, 3% 8 7] A& &, 5 7] Al
FE NCBI Genebank (EU257417.1/ EU257429.1)2] €7]
Mg dxBrEou o2 3 Y AlRE 4 XA d7Y
Aol Uerigic, & A7) ASE HIE AR} F Ae
FU Wo] 18om TRETE AMS FAHY fmL-F
intergenic spacer @7|AE9 HZEAE F3f ST}
(data not shown), o] ZAiH=, A7|NE Zolg Hole 374
o] HAESF AN=B7} V. souliei var, cinerea® L& V
souliei®] £74 varietyd 7FsAdol =& AlAREEFE Aol
gt & & gt AEFY A, V. soulier By oty
souliel®] T2 variety EZ ARGE7] miEel, A5 E
DNA A A& A] AEFF 8 7 ARAA BF S22 5= 9]
A Zato|wE AZlske

HEFF ES A debilis®t A contorta BFE 7|QAER
3l7] WRo)'?, B Aje|K, A debilis?t A contorta
A2 mRold 516 bpol HEF DNA 7} FEHES =
go|HE AZsIHTt, HEFQ Aristolochia < 71¥A1E A,
debilis & A, contorta = P25 Byt olygl gGuj= o}
FRE(BN SR Pugste] AR ARGt T8y T oA
BT oA AFoFERPAAY LAl A2005-54F 9] <A
dfgtepaeise e A AN AdTgen $5 ¥ A%
54 AERE S BAH oHolt), B 478 B3 A
2 516 bpel AEF DNA whi7} olBe] EEHA §5

2

[o
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Aol && 2 = AL Aotk

TS, 1% ®E DNA "HAES 1709 ¥ES tubed] &
Alofl 931 PCRE R35}= multiplex PCRE #-g3to] 4 7
B3 Z2te] 7|9AE Bold FZIAES IATeEN, BT
< M= @Estaxt sk ol multiplex PCR &
AEE 9, PCR I 5 71€3d ZAR $34E0] &
HA 9= false negative B oRE IT 4 Qlu,
primer ¥ AT ARS-Sh= ZH2+9 uniplex PCR Ht}h ZA
Holnf, AP AIZhE & T 5 e AHE #A Y
ot °o]#3 multiplex PCRS % ¥ &gk opyst
Genotyping assay, & - A& AW, AFHA, GMO A
W 5 ikt A7 Eopo] 8w m e,

5 7|94E EBold DNA wAE o83 multiplex
PCR %h& A3 3o PCR ¥H-S 53l 4 719 538 &
X0z FEY = Uh EF, 5FY & - 9F0] EFH
o] f82 H$E 1Tg 4 TF EF DNAE g93oe=z &
det A|29] multiplex PCR =8 A|, Fig 59| ZA¥te} o]
B3t AEF DNAZE EFE AIROA ZZF 220bpet
356bpe| SEFEAEC] FAHHGoH, EEFF &Il DNAZH
55 ABoAE Z4Z 250bpet 516bpY FEAMEC] A
Aok EF, 53, EEF, A5 DNAZE H%lE Al
2ojlA= 220bp, 250bp, 356bpe] ZFEAMEO] FAEHGoH,
4714 FFY 5F DNAZF 25 EgEo] Sle AlRdAE 4
TH 5FY Eol4 DNA mtA FE A2l 2E FAHHA
o, o] AWE Fall, & AtolA 1eHE DNA WHAE ol &
g mutiplex PCR 7|2 4 $7F 53 ZzZke] Zhdent of
Uzt &3 fEHe 5% oA FRol= agor A8

T e AM2E A Vel 2 & e dSehL o

T
B ATE 4 $R9 B3 2 918 DNA uiAE ol8%
Ho gestn 829 A &% At sigler o
KX o)

= AR

1. ITS 471A4E zolg vedle 53 #4999 47144
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