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M AEENPCRIETE FIHbIRINEEM & HIEE M

L

kA HWEE FRE WKL RTR

¢

AR R S E T T e b el

W B

18] Ho, 3% 0y BE A5 5, M /s SEAFOphioglossaceaett 4745 B & 35 %k Helminthostachys
zeylanica (L.) Hook. Z S ERAR BAR & » 20 RE W A F 2 o B A7 M08 R 4E
B R EAA R R R R R R o FE P R R Loy BB e B M e BIOE
5 BRG] CR O LIS WAE > TR RO 3 B A Rk R R A
WM FERIE o Ao AR R Y R R AR LA E R B 8] M sy B
M2 R ae 6,4 Hu sk Torenia concolor Lindl. 32 % ) & Lk Arthromeris mairei
(Brause) Ching ¥ 2B 45 4E o % i 4530307 Yo s 8 40 A » 28 5 MR H Mk of 48
BRI B o SRRy TR R ORI R AR P RN )T
A RuF5F) FIDNAF- 7] 2 3B A4 6 APCRA R 7 ik » S M LI8% » RN & %
) B IR 2 A B IG A M 5 ] 5118~ 183 K93 Ik ¥ (base pair, bp) » 3 48 518 ik
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S dE e R BOROD AR R R SR BE A RO S 0 SRR AT T P k48] 3 BE A

Aty o SRR Y B

RAS2EE | 85 APCR « FIthiRe] - $HEE-CIEH - HURED - S TAMARAER

Al

1R 95 B2 18 b 5 80 R0 KM AR 00 R
f/NE R Ophioglossaceaeld V) # i £ 15 ik
Helminthostachys zeylanica (L.) Hook..Z §Z 15
IRRAREY - 2@ —ryyfE - Hik
W WEH - BATEREE DR (RRH
2B HAHSERITEY) - T H NN EREHE
g > AL - REE T ERGATiNE 2
mian A ALRE AR TR, B
ST IR IR - BT
R 2 ZE Y BA RIFSY ~ JLae™” - s
RO~ BEREFIMENIEET - REFHEHC
RS LRFED ~ HURERRF Y ~ BERRRA T R

[l

~3

PV E LR EEEY  EHEES - bE
F RS E Y H a8 SO EOHE H RO R K
s SRR EE  EIE - REATE
BREFFLER EHAEY R R EE R
L YREIRE o W Dt BRI T R T
R E A Y R R B B BEER o SN
TP 8 B P G R St R R R A o HH R X2
ElScrophulariaceaefE VIR WA Torenia concolor
Lindl. A GEE R AR ¢+ [ HF B £ O B b
FEBEATEE Z T IR | B 5 EE LR EY)E
H Rk EE G Rl Polypodiaceaetl #1261 &
Arthromeris mairei (Brause) Ching * ZE-~ 17 HIHR
B RGEREMERERIEE R - BHEL
B - BB EIE Y EAEH & A LBy
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BEFNEMERNANE - B E R REHRE R EY)
ZIBW -

IEWEHEREEM Y fd 2 R g L B YRR
ZHIEE - TR SE A FIDNA R E Y e i
TEATHERE S BRI A2 - RO e R R
RS R AR T R A K 25 S DL R R AR
XK AMRE - & A AT RS B HEDNA
HERERE - IMEYIFT S B RN g
TR R 2 B AL - B AT REE T R B R
PCRIEIEZIERD o SR 3L K (6 (mini-DNA
barcode) £y 55 Fr Bt B G A BB IERIRF1E - Mo
GIEAREENTZEM « 2otz
BNV AERY & BAEAR S R
DI OB PN T84 85, OO RS E - RS
# bR 7% 18 & AP CR[F] 2 8 548 i 0 3 4 8 (R g
H5 2R 53 PR E IR WA ZEAF (85 8 -EHE IR S HR R
mn (B A B 25 AR R » S MK E R
KA YEBIR ZIG 0  E 5 AVl
Bl 7 [F] A 72 (RISt RN BE A R FORVE L2 RHER:
(bR T - BAEREE A P88 ha e e i 878
PE o DR HEEZ 2 -

MR RTE

— MH

EEEME - AR R LY E B
AREFETEREET) E-2-3-03 ~ HE T
FEWR(RLE) E-2-3-06 ~ HIHRWAE-2-3-04LL K2
(B s o B B L A E R TR T R
B % S A AE ) B AMINOT » FRaff -

(2) 7 5l iR WA KEH BEAF ¢ 43 I (E B 5 P g2
Flett R EREIE1IH » #HIFDWG01 £
DWG17 » #5174 -

()T 6 B ¢ MR R A RO (R R B
PR R A AR 2R - #RIEDWGSPLE
DWGSP3 » 3B T8I - g E g

= S
(MR LEREEN,
IM Tris-HCI [Tris (hydroxymethyl)
aminomethane hydrochloride] buffer »
0.5M EDTA (Ethylenediaminetetraacetic
acid) solution » Proteinase K (Thermo Fisher
Scientific, USA) * N-Lauroylsarcosine
sodium salt » Phenol: Chloroform:
Isoamyl alcohol mixture (25:24:1, v/v/
v) » Chloroform: Isoamyl alcohol (24:1, v/
v) * Isopropanol (Sigma-Aldrich, USA) »
Hexadecyl trimethyl ammonium bromide
(BDH, England) » Sodium chloride »
Agarose (Amresco, USA) °
()R
GFX™ DNA and gel band purification kit
(GE healthcare, USA) ~ Fast-Run taq master
mix 5X (Protech Technology, Taiwan) »
Primer (PURIGO Biotechnology, Taiwan) °
25/100 bp Mixed DNA Ladder (Bioneer,
Korea) » EZ-Vision two DNA dye as loading
buffer + TBE buffer (Amresco, USA) -
Qubit dsDNA HS assay kit * ExoSAP-IT
PCR product cleanup reagent » POP-7
polymer » BigDye Terminator v3.1 cycle
sequencing kit > BigDye xterminator kit »
Running buffer (Thermo Fisher Scientific,
USA) -
(Rt
1. YAfi# 7 (Lysis buffer) : Double distilled
water 600 pL/mL ~ 0.5M EDTA solution
200 pL/mL ~ 1M Tris-HCI buffers 100
pL/mL ~ 10% N-Lauroylsarcosine sodium
salt solution 100 puL/mL }Proteinase K 1
mg/mL °
2. CTAB-NaCliA&:Sodium chloride (NaCl)
4.1 g5 280 mL 7K » il AHexadecyl
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trimethyl ammonium bromide (CTAB) 10
RGHREESNEZESC - fiCTAB
SERIAERE - AIZKZE100 mL

= - fHERENTE

() ZEH K7 1B (Tube Mill Control, IKA,
Germany) °

(B2 KSA(PB153S, Mettler Toledo, Swiss) ©

(G N EE (MC-01N, Major Science,
Taiwan) °

(ru)fE. U VB8 (Biofuge pico, Heraeus, Germany)

(R)RZ IR 2 2 I I 7E (% (Qubit 4 Fluorometer,
Thermo Fisher Scientific, USA) °

(N A 8 [ HE 25 (Astec PC320, Astec,

Japan) °
(b &V M & 5% B %7 (Mupid-exU, Advance,
Japan) °

(V5254 (GelDoc Go Imaging System, Bio-
Rad, USA) °

(WE F# (3130 Genetic Analyzer, Applied
Biosystems, USA) °

* DNAZHEAHE{E

SERF DK W BT BT K - FEHL100 mg
BRESIR - 25 Lu et al. (2005)ZETURE -
FFIFAGFX™ DNA and gel band purification
kitE# ETDNARAL - H AR (EH BHREH R
B » YA v H R B 2 ZE A BEDNA (Genomic DNA)

x—  BEMUSFHFIILURTEREN BN

VAT - PR AL R R e 1 E L E Bk
IEIZ R IR - DUPR (A R R & B SR S
(Polymerase Chain Reaction, PCR).Z 15ffy & Eil
PEEIR LA -

h o~ $EEME|FEERE

HHGEEGenBank & £ < HIE Y HEHEA
Y&k - FIFAMAFFT (Multiple Alignment
using Fast Fourier Transform) version 75K #8317
Z R LLE AT - R B YL R P 5
MEREGTR RIS T8 5175 R HTHE
g YR MR — PR -

C

g

7%~ #8431XPCR (Multiplex Polymerase
Chain Reaction)

Y & b 8 2 R R BE DN AVE TR 7 Fy 1R
B IAS [ TFEH25 pM HZmKF2 &2 HZmkR2
#0.25 uL ~ 25 uM TCrps16F1 2 TCrps16R17%
0.45 pL ~ 25 pM AMmkF2 ;&2 AMmkR14%0.20

» FINAS uL DNAR & K EFA - i
ﬁ.%ﬁ IR AEBERE F525 uL o sE{TMultiplex
PCRIZJE o [ FEMGR I Ry B IAB MEIRE94°C 257
S o PRI R94°C 3080 ~ 58°C 30 ~ 72°C
30FH 3408 HY - AR {RAERIRET2°C 5578 -

T~ BREXHER

S pLE & APCRIEMEYEH T L
EZ-Vision Two DNA Dye as Loading Buffer:£17

VEE L
HiZytE Primer sequences (5°—3”) FLIR W B Lﬁé%}ﬁ‘ﬁxjﬁd\
(base pair, bp)

1 TRwei=tig HZmkF2: GATATGAGTGGATGGAACGGT - .

ma
Helminthostachys zeylanica  HZmkR2: CTGGATGAAGATAATAAGGGAC P
B TCrps16F1: GTTTGATTAGACGGAAGTTC

rpsl6 183 bp
Torenia concolor TCrpsl6R1: TCGATCCCGAAGAGAAGGA
EZ 2T AMmKF2: CAAATCAGCCTGGGTTGTG

matK 93 bp

Arthromeris mairei

AMmkR1: GTCGAAGCACTGTAATATAAGGA
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RE  BHRGREA3S%EEBA LA 5
HYDNA T T2 AEFCY)E 25/100 bp DNA ladder
marker{¥ A B F HAMIFLIF » ERDNARGRE A/
LB AR - Bk R R FERE100 (REF ~ 50
Sy - FIFR G A M BIE ML E & A PCRIER
fas Wi -

J\ » DNATE &t

FFPCRIENE ZE ¥ LAEx0-SAP IT PCR cleanup
reagentsfE7 7L » FELABigDye Terminator v3.1
Cycle Sequencing KitkBigDye Xterminator
Purification Kiti#{T & 7 R EELFIAL - P
M LR EY) E A96-well microplate » DUE
Fr@ 1T E M) 0E e oo i - HOE et SR B 56 B
B % AV i & i1 P 0y (National Center for
Biotechnology Information, NCBI) GenBank &
JEEAETT PRI LS - BRI ERG SR -

B tIeE BREtIRR
(BA) (A15)

TR BT

Ry BH S AT [R5 8 T E R WA BE A K HOR VR
3 Ml B Y R E 5 BrBEARE
rn B IR - SRR e AT i B T34
i B [T HZmkF2/HZmkR2 ~ TCrps16F1/
TCrps16R 1K AMmkF2/AMmkR 1 DA #6453
PCR - FHIASHHCIERE © HlRiA K 2 PR
53 IR EEAE118 bp (base pair, bp) * 183 bp k293
bpZ NAIREERIREIE Fr B » TR R — -

A4 S BRM LR RIS DN A K3 M H AR
HDNAE &7 #ETE G PCRIE » HIELH
Rtk BRI ETEE - n DB
{8 5] B R e o B G AT (a0 —) - TR
BB ErBHEE s o RIEEE H AN
T - TIDNAR & YIVE IR Bl A SR 220 - It
B r RIS H AR B - HRE TG

DNA
IRk SPEEE  gawy (_)

M1 2 3 4 5 6 7 8 9 10

2.0 kb
1.0 kb

500 bp
400 bp

300 bp
200 bp
150 bp

100 bp
75bp

25 bp

B— * 85 XPCRZIFE M (Specificity assay)

N M

M: 25/100 bp DNA ladder marker, Lane 1~ 2:$5R5 G5k (2 ®),
Lane 3 * 4:$5RCIERR(FIE), Lane 5 ~ 6:118247, Lane 7 « 8:Z 5K,
Lane 9 ~ 10:$5R8 155 © HdReR - S2EREFR(1 1 1 1) DNAEEH(10 ng/ pL+10 ng/ u L+10 ng/

K L), N: Non-template control
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o RS [ FHZEER RIFIEENE - 6E4
BRI R E B B TR R OR - B
HEEL | FHEEN S REEYETER
sl - AR AH G ARG - 20E s
A]3ZEHBLAST (Basic Local Alignment Search
Tool, BLAST)#£ 1T Fr YA AR 7317 FLES - fifead
Yord 553 o FEE FH AR A R R EL AT RS DN A K
E HEYIERIDNAIR &Y 2 RV M E T
& APCRZ FEHUE 7311 (Sensitivity Assay)
PR 1OfE IR AR R - IR P o [ H & B AR
FF 510 ng/uL ~ 1 ng/uL ~ 100 pg/uL ~ 10 pg/uL
Bill pg/uL ; HOHIGAS R ER0H - fEE Y M A]
Tl 2 B EDNAJRE F510 pg/uL [[E =(a)
=(b) * E=(c)  EI=(d)] > MAEZYHEDNA
BEVRIE DT Al 2 i {EDNAJRE F5100
pg/uL » Z0E = (o) » BRI TEE A K
HIAGRR - AlE R R IR R R A B DNASE
fn o 59 0 HE = (e) AT R AR A 2 e T R

B CIER e S MEER R = Z 1 DL - I
AIHE SR AR 38 7)1 2 (A B2 DN A [ Ff 36 F PCR
R EFR - T SRR Y Py B = R B L 1 2418 )
fif - HAHBIRERIF B LB 2 s Al
Ve

F200F T E A iR (17 PR R WA XEZE R R 31
el st g i B B HE 1T 4 & UPCR ARl b
AT EZEANY - SRR 200 T B
TR SGR TR - AR AR - H SR
BNV SSNEREE nPIN SLORIGE VA o
R IR = - (BRI R AT SE T T2
HEAPCRIMT T IR IEAR A RIRTE -
AEHE G I H B ch A s RN SEAS P
FEHLL L - AR R T R RE E R E I R R
SERRAHIRA - MR AZ B AL R H A
RIFRIRFRIE - AL - BB 171350 s
LUEERUR A HE SR AR RAL
(E3FRIER T AR | - 2RISR T TR

>$5 58 185k Helminthostachys zeylanica (118 bp)
GATATGAGTGGATGGAACGGTACTCGATCCATTCATTCGA
TTCCTCTCTTTATGGAGGACAAGTTCCTCCATTCTAATCA
CATACTGGATTTGAAAGTCCCTTATTATCTTCATCCAG

>8R 8% Torenia concolor(183 bp)

GTTTGATTAGACGGAAGTTCATAAAAAACTTCCGCTTTCT
TTAAAAGATTCTGAACAGTTCCTGTGGGTTGAGCCCCTTT
TTCAAGGAAATACAGAATAACGGGAACATTTAAATAAGTT
TGATTCTTCATGGGATCATAAAACCCCACGCTTCGAAGAT
CTTTTCCTTCTCTTCGGGATCGA

> TIEff% % Arthromeris mairei (93 bp)

CAAATCAGCCTGGGTTGTGTTAACAGATGATGATATATTG
AACAGATTTGGGAAAATCTGGAATATTTTATCCTTATATT

ACAGTGCTTCGAC

B= - $HRtHERR © R LUK 2 PE B R A E RS (mini-DNA barcodes)
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(template: H. zeylanica) (template: H. zeylanica)
(a) HWLIERES) (b) HELIER(ES)
| ) | )

M12345NM M12345NM

118bp 118bp

(template: T. concolor) (template: A. mairei)
©  eae @ B TIEARAR
| ) | )

M 12345NM M12345NM

183bp

93 bp

(template: DNA mixture)
()

BiEMEDNAESY
| )
M1 2 345NM

2.0 kb
1.0 kb
500bp
400bp
300bp
200bp 183bp

150b

125bp 118bp
100bp 93 bp
75bp

25bp

=~ & XPCRERUE 71 (Sensitivity assay)
a. S tIER(EE) © bR EIERELE)  c.HbiRih « d. ZPERGR - e. BIZHFEDNAR S
M: 25/100 bp DNA ladder marker, Lane 1: 10 ng/ u L, Lane 2: 1 ng/ u L,
Lane 3: 0.1 ng/ L (100 pg/ 1 L), Lane 4: 0.01 ng/ uL (10 pg/ p L),
Lane 5: 0.001 ng/ uL (1 pg/ 1 L), N: Non-template control
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x= ~ mERZEGNPCRMIERRIFER

T et A 15 LN AN L AR EEAPCRYFES: E A5 HR
DWGO01 FmE A R T P CFEH. zeylanica
DWG02 b LT FHZE(T $5EE EHRILH. zeylanica
DWG03 [EEBE LN FREETT BB CIERIH. zeylanica
DWG04 HEWR FHEEFT PR CHEIRH. zeylanica
DWGO05 HAGR FHEELT P CIEIRH. zeylanica
DWGO06 BEELELN HEEfT Pk CTEIRH. zeylanica
DWGO07 BEELL N HhEEfT PR CTEIRH. zeylanica
DWGO08 FT MM HhEE{T TR H. zeylanica
DWG09 FHRE A R T Pl e H. zeylanica
DWG10 HE HhEETT $5HETERRH. zeylanica
DWGI1 R FHZE(T PR CIERH. zeylanica
DWGI2 R FHEE(T i CFRIRH. zeylanica
DWGI3 (R R FREEfT R CHRIRH. zeylanica
DWG14 BEELL N HEEfT Pk CHERH. zeylanica
DWGI5 BEiELEL N HhEEfT PR CEIRH. zeylanica
DWG16 s gEfT TR H. zevlanica
DWG17 fo@%’i LN HEE P e H. zeylanica
DWGSP1 HEMR " EEEL FHEERT $5EE SR H. zeylanica
DWGSP2 IR IR” R AR HHZERE $HRCTERRH. zeylanica
DWGSP3 “EIHERR " SRR FHEERT R CHEIRH. zeylanica

0y, o EAR12fER TR, 5 RS
WETIRE R T HRINRERL, B S
IR - DRI TR v B S A R e T T
ffERe - DARIEFIZEL & -
fr LA - T AV B YR g R T
REFIRF R 228 H AR - AlEiEslBat & n
EHF'? UGB R A - BT BEsieR - B
BN THEERHSNITER - 20—
s . e S P e e Bl - mI R F R Ak
HuRERSERT 2 ELARs -
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Authentication of Dao-Di-U-Gon Medicinal Materials
and Its Adulterants Using Multiplex Polymerase
Chain Reaction

YUNG-CHUAN HSIEH, CHIA-YUN HSIEH, HUI-CHUN LEE, YA-TZE LIN,
SHOU-CHIEH HUANG, SU-HSIANG TSENG AND DER-YUAN WANG

Division of Research and Analysis, TFDA, MOHW

ABSTRACT

The root and rhizome of Helminthostachys zeylanica (L.) Hook. (Ophioglossaceae) is a Chinese
medicine named “Dao-Di-U-Gon” in Taiwan. It has antipyretic and antiphlogistic effects and has been
widely used as folk medicine for a long time. However, with the herbal product development and habitat
destruction, H. zeylanica has thus been listed as an endangered species in many countries. Therefore, it
may prompt the replacement or substitution with other species in the market. Torenia concolor Lindl. and
Arthromeris mairei (Brause) Ching are commonly confusing species due to similar aliases and different
medication habits. It is urgent to establish an accurate and rapid identification method to avoid medication
errors. In recent years, molecular authentication methods have been widely employed as a powerful
tool for the species identification of herbal products. In this study, multiplex PCR was developed for
distinguish Dao-Di-U-Gon medicinal materials from its adulterants based on DNA sequence variation.
The lengths of the specific amplicons were 118 bp for H. zeylanica, 183 bp for T. concolor, and 93 bp for 4.
mairei, which could be easily differentiated as three herbal origins by gel electrophoresis. This detection
technique can be applied on traditional Chinese medicine (TCM) quality control, thus contributing to
medication safety.

Key words: Multiplex PCR ~ Dao-Di-U-Gon * Helminthostachys zeylanica * Torenia concolor »
Arthromeris mairei



