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serious interfering with their therapeutic effects,
even leading to life-threatening poisoning. DNA
markers have been widely used for identification
of plant species in recent decade. Novel methods
for molecular authentication of Taraxacum
mongolicum have established in this study, based
on direct sequencing of the internal transcribes
spacer (ITS) region of 185-265 ribosomal DNA

(rDNA) and PCR-restriction fragment length

polymorphism (RFLP). The whole length of

ITS1-5.85 rRNA-ITS2 region was 643 bp in T.

mongolicum, T. formosanum and T. officinale, and

was 634-645 bp in the seven adulterant species.

The similarity of ITS1-5.85 rRNA-ITS2 regions

among Taraxacum species and between Taraxacum

species and their adulterant species were 95-99%

and 80-88%, respectively. The PCR product of

three Taraxacum species and seven adulterants on
the 5.85 rRNA-ITS were digested with the

restriction endonuclease Sph I, Mse I and Bmr L

Each fragment gave unique electrophoretic

profiles for three Taraxacum species. This method

provides an effective and accurate identification
of Taraxacum species.

Key words: Taraxacum mongolicum, Traditional
Chinese medicine (TCM), Molecular
marker, Ribosomal DNA, Internal
transcribed spacer (ITS), Polymerase
chain reaction -Restriction Fragment
Length Polymorphism (PCR-RFLP).
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RFEREER SIS EIE - RBETBRR

AR 2000 R T P EEEERRHRA
FEHE O EBESTEEEXETRRE
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Ministry of Economic Affairs 2007) - #4 %
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2 B - SEREARDCESER - EMER
REEVE - UREFEMEEEE -
157 B R K B K 3 1L 5 B 9% (Avise 1994,
Weising et al. 2005) - §la0F] %8 B R
(ribosomal DNA, rDNA) - ¥ 185~ 5.85
K 265 ERFEREEE internal transcribed
spacer (ITS) ~ external transcription spacer
(ETS)X internal genetic spacer (IGS)ZE kg
EZ BRI - — RS ° 185~ 5.85 Kk 265
rDNA B8 RME - BRI EERE
i ITS &k ETS B FHEEILZ R %
(concerted evolution) © 1 HFFIEE#N
500-700 bp - 58 F B K R 2 3t (Zhao et
al. 2000, Weising ef al. 2005) - K| ZE R L5
FEERBE L AEPRESEFETE
FEINsEfE (Wu et al. 1998, Chen and Wang
2003, Zhang et al. 2007) -

# N3 (Taraxacum mongolicum Hand.
-Mazz.) % % # (Compositae) 7 2 % B
(Taraxacum)Z%F A EAXIEY) - [FEN TR -
BABEE TP T « B TohEZEHE &
BHELOREMNZIERBELOE(T
mongolicum) ~ EIHE A H (T. sinicum Kitag.)
REEERBEYNEREE  HITHEI)
BER{LEE - HEERE - BRE - R
(National Committee of Pharmacopoeia
2005) E F R W HAKESEEN
% (flavonoid) - L &L E B = (FI 40
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INTE(T. formosanum Kitanlura) K& PR A
i (T. officinale Wiggers ) W& [FBIAYAVIE
BH--BEEAERFAEY  EESHENRA
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Nakai](Tong et al. 1999, Yuan 2001,
Committee of Chinese Medicine and
Pharmacy 2002) -~ J] 8 E (I. laevigata
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[El#% (TM-2) 5 H & & SR (TM-3) ~ B
(TM-4Y) KA RSB EER(IM-5)E 2B A
¥ K REEEREREN CEFEY (PRE
BEORER{RME) - 2t 8 Bk - BB AR (THERE
RHERRREE - FrTERrEHE - hEEAE
#5 PRBEEASREMY - KEFEEBREDRRE
BRI o 2 O B - FEEMA T (TO- 1)K
ERFITREBRTEHE - PR ARES - KRS
REPREERIEESE X 8kk-"TRhaE
FHEYRENRBEFREY  SHHFRIFE 6
PR JTMBEES Bk -BEFE S B BEE 3B -
HEE 3Bk HEEE 3 Bk - EWE 4 KE
R = #E P)2E (Flora of Taiwan)(Li 1998)
R RERRETHE -
—_ERRER
EK#H DNA ZHUE\#(DNeasy Plant

Maxi kit)#H Qiagen /A F] » plasmid DNA
#i{b 3B (miniprep system kit) - DNA #li{k
| ZE4H (gel extraction kit) 5z DNA marker
(1 kb plus DNA Ladder) & H GenMark
NE] 5| FHEEBAKAF AR - DNA #i8
(pGEM-T Easy Vector kit ) f§H Promega
/AH) » PCR A% (Fast-Run Taq Master Mix
kit) B 5 Protech /A 5] - EcoR1~ Sph 1~ Mse
1 & Bmr 1 [E#|EEEE 8 Biolabs /2 &) -DNA 5E
F-&\# ( ABI PRISM BigDye Terminator
Cycle Sequencing Ready Reaction kit) B H
ZE PE Applied Biosystems /2 &] - PCR 4
#% Gene Amp PCR system 2400 & DNA €
F-#& ABI PRISM 377-96 DNA Sequencer &
Z @ Perkin-Elmer A T]EEM -

= + 5.8S rRNA-ITS F 5| Z IS B fZ 57

FZAWBA 01 AR - EWMBE AL

BEARE - RiFR  BFE JIBE - ¥H
¥ -FEEX  HMBEREREIYE - LE
K # DNA FEHFAMHE DNA - R
GenBank FHEHMEDHY 185 B2 265 rRNA FF
51 » 25t ITS-F 5[ F(5- AGGTGAACCTGC
GGAAGGATCATTG-3) ¢ ITS-R §|F(5'-

CTTCTCCTCCGCITATTGATATGCT-3)

» 1T PCR RKE - KIEGR YR 50 ng ik
DNA 1 pulITS-F5|F ~ 1 pl ITS-R5[F - 10
nl Taq mix buffer - 75 N4 B 28k BEEEREHE
% 50 ul - PCR [ REHEF FutB it v i 94
°C 5min 84 )EE 94°C 30s WEEEE S50
°C 30s ZEREEE 72°C 30 min > /&3 3558
- BB EREEE 72°C 7 min - BY 5 ul PCR
EY > MAES 0.1 {5885 2 bromophenol
blue 8- £ A& 1.2%(w v-1)agarose gel
Z 0.5 X TBE [B#2 - LL 100 R EREITE X
3T -

PCR g 2 BB Fr B AR etk - HETTHE

A [ FE (ligation) » HY 3 pl PCR Y] - HNHA
pGEM-T Easy Vector Z#l (5 pl 2 X Rapid
Ligation buffer, 1 pl 50 ng pGEM-T Easy
vector, 1 pl T4 DNA ligase) » {2 16 C X FE
14-16 h - BE-FEE ZABEE TGl
strain - fi 3 ml LB B2& %% - A 37°CIRB ISR
14 h HY 200 pl BHRMMAZEESREZ 10 pl
DNA » I8 R vk £ 30 min> FEA0A 200 pl LB
B 0 1 37CIREBISE 1 h - KERBEK
#* LB plate (& IPTG - X-gal & ampicillin) »
K3 14-16 h» JEALSH DNA insert Z
B B A 3mILB & HN 37CH
# 14-16 h - #HY plasmid DNA + ¢ 20 pl
plasmid DNA fll 1 pl EcoRI [REEEF - R
37CIHE 2 h- Bt 6 pul M ARRS 0.1 5808
Z EtBr 81 1 A& 1.2% agarose Z 0.5 X
TBE B2 » L1 100 R¥EERRETEIRIHT -
MR < plasmid DNA #1787 - R A
NCBI GenBank HJ Blast STAELL ST EREZ
RS - L BioEdit (5.0.9 f%)& Clustalx
88 (Hall 1999)5FFF - HHULEZEE -

« PCR-RFLP Zz#lA %

FIFHAE - ZEEAE HEBAK
ZI3IWHAE RRFX -BFE - -JIBEE -
EHEHFE  HBEY  HBEREYES 7 # i
mEEHEY) 7Y TS B3z =g » Ll Sph1-
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Mse 1] Bmr 17 3TERR $IE5 - #47 PCR-RFLP
W BT - BY 5 pl  5.85 rRNA-ITS
Z PCR ZEY) » B0 2 pl FR&IRE R 2 pl 428
W MEE KB RERERE R 20 nl - A 37°C K IE
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W HBRAES -
R

—3EEARR 7THEHAREFEYS.8S

rRNA-ITS 5 RELLE

WAX - ZEBAR  FEREEAKZ 3
BHAOE  DIRRIFE - TIEE - 875 -
EEFE - =5 R RERTESE 7 H@ik
o B R YL ITS-F k& ITS-R 5|+ #& PCR
P RE S & B s Fr B9 Ry 730 bp (Fig.1) - &
1% 2 K% BEFF3> NCBI GenBank HL¥f -
Bk 5 85 rRNA-ITS 51 - It 10 B R EUEY)

ITS:-5.85 rRNA-ITS, Fe¥1 B % A 5 K[ > 3
2 uEE 4> Bk EU057986 - AY862577 -

]

(bp)
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AY862576 - AY862578 - AY862582 -
AY862579- AY862581 AY862580~ AY862584
B EU057987 - HepE LK ~ EEH AR KA
PETE /AT ITS,-5.85 RN A-ITS, ¥ & L
%y 643 bp + H ITS,; - 5.85 IRNA J ITS; & &
BR 43Rk 255 ~ 162 J% 226 bp(Table 1) - 7 #&
Tk & B A DY 1TS:-5.85 RN A-ITS; 51 E
BEEH 634-645 bp Z[E] » LISHRERE R
HEEELE » 585 rRNA KB 3 @EHA
FAHEE By 162 bp » ITS: K ITS; KB EEEHI|
WEFHEYEENR - 25N R 249-260 bp
% 219-228 bp 7 f(Table 1) -

— -~ 3 EELDE 5.85 rRNA-ITS FEHI4E{
B8
AR PR LLPe 4 A FER(TM-1) ~ XA
B (TM-2)~ H BR& 30 (TM-3) ~ [B 1RER (TM-4)
KA EER(TM-5)F 5 BREIHEL
HEEBEECEEHAOR(THREAEBA
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Fig. 1. PCR products in 5.8S rRNA-ITS regions of three Taraxacum species and seven
adulteration species. Lane 1, Taraxacum. mongolicum; lane 2, T. formosanum; lane 3, T.
officinale; lane 4, Ixeris chinensis; lane 5, I. laevigata; lane 6, Pterocypsela indica; lane 7,
Sonchus oleraceus; lane 8, Youngia japonica; lane 9, Elephantopus mollis; lane 10, Emilia

sonchifolia var. javanica.
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FE(TO-1) » EHEEERH NCBI GenBank Z #5
NBE(T. mongolicum)(TM-6, accession No.
EF114672 ; TM-7, accession No. AY548210) -

PEEEF N TE(T. officinale)(TO-2,accession No.

AY548211) 8% 5.85 rRNA-ITS 5124815
B AREERRENHLE (TM-1~TM-5) »
¥ 5.85 rRNA-ITS FE5IH 6-29 ERgEs=
B AHPBEERR 95.5-99.1% - Itk 5 BREAK
SR B8R WO HE (TM-6, TM-7) FR S AR B B2
TRFRR 95.7-99.4% 2 [ - SR LLEE B8k

LR (TM-6) BB AE(TM-7)F5 - A RE
96.4% 2 }A{LEE (Table 2) - /AT (TF)E
A RERNE O (TM-5)RE B
DB (TM-6)FELIBE B (99%) - B2 H A& SRk
I A TE (TM-3)AE LU B {K(95.8%) » BAPE
HHROTZHELER 96.4% - MAEREAR
HEHBRA BN HAE(TM-3) - EE#CH
AE(TM-7) R H AT (TO2)MELEES
R 99% » HERFEEER 96% (Table 2) -

Table 1. Nucleotide sequence length in ITS;, 5.85 rRNA and ITS, fragments of 3 Taraxacum species and 7

adulteration species.

Species ITS regions (bp) Accession
ITS, 5.85 IS, Total code x
T™y 255 162 226 643 EU057986
TF 255 162 226 643 AY862577
TO 255 162 226 643 AY862576
IC 249 162 228 639 AY862578
IL 255 162 224 641 AY862582
PI 254 162 225 641 AY862579
SO 256 162 225 643 AY862581
Y] 258 162 225 645 AY862580
EM 253 162 219 634 AY862584
ES] 260 162 219 641 EU057987

x  Accession code of NCBI GenBank.

y TM: Taraxacum mongolicum, TF: T. formosanum, TO: T. officinale, IC: Ixeris chinensis, IL: 1. laevigata, PI:
Pterocypsela indica, SO: Sonchus oleraceus, Y]: Youngia japonica,EM: Elephantopus mollis,ES]: Emilia

sonchifolia var. javanica.

Table 2. Matrix of ITS1-5.85 rRNA-TTS2 similarities of Taraxacum mongolicum, T. formosanum and T.

officinale.
Species TM-1 TM-2 TM-3 T™-4 TM-5 TM-6 T™M-7 TF TO-1
TM-1 -
T™M-2 98.8 -
T™M-3 95.5 95.5 -
™4 95.5 96.6 96.0 -
TM-5 99.1 98.0 95.8 97.4 -
TM-6 99.1 98.4 95.7 97.2 994 -
T™-7 96.1 96.1 929.1 95.8 96.6 96.4 -
TF 96.1 98.3 95.8 97.5 99.5 994 96.0 -
TO-1 96.1 96.4 99.4 994 9%.4 96.0 99.2 96.4 -
TO-2 95.7 95.7 99.2 95.5 96.1 96.0 99.5 96.0 99.5

TM: Taraxacum mongolicum, TF: T. formosanum, TO: T. officinale, TM-1~TM-5 are from Mainland China
and TF and TO-1 are from Republic of China in this study; TM-6, TM-7, TO-2 are from NCBI GenBank
(accession No. EF114672, AY548210, AY548211).
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=THEAREFREYRIEBARESSS
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RIFE - TIBE  BFE - HEHRX =
B3R EERREES 7 EhaZEEEY
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RV ERS  £HFESHUERE -

1 585 rRNA FylifyEERERD {%ﬁ
1-13 R A (FR AR EH) > ITS: k. ITS: iy
R RIS 55-141 K 34-98 i E 2
(Fig. 2, 3) -

. .GCT. .ATG----.. 73
Te--C- 73

1 ...—-- .G.CT. AL ... Aol CCI:--GA .TATC.A.T.A..TG.A.C. TCAGTC----C7O
) ..ATGIAC. ... . T...TT....G.GT..

..TITT. .. . TCCTT.GTATCA. TCA. GTCATTTG. .

73 mAmchmc mmm--oa@ntrcmmmamrmmmm@ 147

73 C.....

74 CA....T..GA..T.--.C.TGA....GITT......
73 .GATC..CT.A.C.T--. .ATGAT...--AA.TIG..
74 .A....AG..A.G..—A...GGT.. -~TI‘.T,.A, .

78 . .AT..T. TGGATC AA.GTTGAT. . -TA CTT. .

T..GC.A.T. TGA .C.C..CA..TC..
-G...A.G.T.TG..A.... TA.T.C....CA,. C.--. 148
.GC..TC..‘T..GGGCATCA'IGGA Cce. .CAT..CA.--C 146

A T.G..C....GA,..COCAC.... . A.--. 147
G.. TG.ACA...C.C....TA.. .C.C....... CAA-T. 148
.G. .CT.GAC. . .0CC.TG.AGAA. .C.C.C. . .CGACA-T. 145

3. AAAC.CG...... GCCA.. .-A.T.TACA. . .ACAAAA-C. 153

148 CCAAACCCOGGC ACGGFATGFGCCAAGGAAAACAATAAAC GAGAGGGACTOGACCTGTTA- 'I’GC(I‘(I:'HT GTGGTGT 224

225
225
225
219 .T..ATA.GITT..G....... Goooovvs
225 T..AA..GT.........e.. Gooootn
224 ..G.A.G.GCT...G....... (P

226 ....A.A.GIG. .AG...T....A..A...T
228 .. T.AAGT....G....... G...... T.
224 .TGCCTG.TCTA.TG. .. T- .CGA. ......
231 TTGCAGG.TATC.TG.A™T. .AT. .A-.T.

255
255
255
249

Fig. 2. Alignment of ITS; sequences in three Taraxacum species and seven adulteration species.
TM: T. mongolicum, TF: T. formosanum, TO: T. officinale, 1C: Ixeris chinensis, IL: I
laevigata, PI: Pterocypsela indica, SO: Sonchus oleraceus, Y]: Youngia japonica, EM:
Elephantopus mollis, ES]: Emilia sonchifolia var. javanica. Boxes denote nucleotide
sequences that are Sph 1 (GCATGC), Mse I (TTAA) and Bmr I (ACTGGG) restriction site of
ITS; sequences in Taraxacum species. The same sequences are indicated by dot( - ). Gaps(-)

are introduced for the best alignment.
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™ 1 Amawmmm ATAGTTCCC- mamcm TGGTGATTGGGAGCGGAAATTGGOCTCOOGTGCT-TG 76
TF ) S e Cem et -.. 7
10 R o N Comee e Goovuts Tovereiin. -.. 7
IC 1 T A ccr CTA’IT....'I..CA..T ........ GA....G.oovinn, A..-.CT8
IL 1 ..C.-..G..CT. .-~ .AGTA.. .TA.CA-..T..T..... G-..Goree vt ALl T4
PI ) S T..T..A.-...0C....---C. .C. .GTTG. . -AT.. TG. . ... Gt Aceviiiiiiain. -AT 75
S0 1 oTeeieiin. TOC.-.C.CA. . T---Ar . TGTA. Mo Comrro G T..-.. 75
Y1 T T..C...C....--T.A.CC....CA.C-..... Co.. G Ao, A...C-.. 76
5 ..T....-.C.- .OGTCATGT- - - - - IC..C.GCA-..TC.-.C.. .G.....G...A.T..T..A.. .CA.C 72
BSS 1 G AT A .T.T.A-COC, Toonmr GAT.G. A..-.CA.TG.. T.G-To. Goooenrinin T.C-A. 72
™ 77 TIUI‘GCGGI’I’GCI‘CAAAATA(EAGI‘(DCCI’I‘(ISGT GGACACACGGCTAGTGGTGGTTGTAAAGACCCTITICTTCTGCTG 156
TF A 156
10 T Guveeeeeinn e 156
IC 7% .G6.T.......C.T....0G...G.......... T C....... (C.A..G..... 158
IL 75 Goernnnnns C.T..... Gevrrninn. Avevmon T Teornnnn. G....G...C. 154
PI 76 .GT.T....... C.T...AG....T........ [ FIY YO AC....... (G..A.G..T.. 155
S0 7% .- TT...... C.T...G.To.ovuvn.n. AGC...TG.. . AA.....ene.e., AT, ..., (G....G..T.. 155
Y1 77 .G...T..C...C.T...G.GTT.C.. .A..T...-e s rrr. T i Tovennns 0G....G.C.C. 156
| 73 oC...T...... C.C....TGAT.G..G.G.T.A.-T.G...... AT ... A...A...T.CGGTC.AGAG. - 151
EST 73 AG.C ACT...... Govonns T...TTA.-T........ AT .vvnnn. Acoiminn, C....C0A.T.. 151
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Fig. 3. Alignment of ITS; sequences in three Taraxacum species and seven adulteration species.
TM: T. mongolicum, TF: T. formosanum, TO: T. officinale, 1C: Ixeris chinensis, IL: L
laevigata, PI. Pterocypsela indica, SO: Sonchus oleraceus, Y}: Youngia japonica,EM:
Elephantopus mollis ES]: Emilia sonchifolia var. javanica. Boxes denote nucleotide
sequences that are Mse I (TTAA) restriction site of ITS, sequences in Taraxacum species.
The same sequences are indicated by dot( - ). Gaps(-) are introduced for the best alignment.
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Fig. 4.

PCR-RFLP analysis using restriction enzyme (A) Sph L. (B) Mse I . (C) Bmr I on partial 5.8S

rRNA-ITS regions of three Taraxacum species and seven adulteration species. Lane 1,
Taraxacum. mongolicum; lane 2, T. formosanum; lane 3, T. officinale; lane 4, Ixeris
chinensis; lane 5, I. laevigata; lane 6, Pterocypsela indica; lane 7, Sonchus oleraceus; lane 8,
Youngia japonica; lane 9, Elephantopus mollis; 1ane 10, Emilia sonchifolia var. javanica.
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