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Cirsium pendlum plants were collected from Hongcheon, Pyeongchang, Wonju, Yangyang in
Kangwondo, Gapyeong in Gyeongkido, and Choongju in Choongcheongbukdo. Cirsium setidens plants
were collected from Taebaek in Kangwondo and Bonghwa in Kyeongsangbukdo. Genomic DNA was
prepared from those plants and used for the amplification of 185 rDNA, ITS1, 5.85 rDNA, ITS2, and
part of 285 rDNA. The PCR products were sequenced, and the sequence was deposited in the
GenBank. The comparison of those sequences has revealed that the rDNA sequences are identical for
all six C pendulum plants, but that the ITS1 and ITS2 sequences contain variable nucleotides. The two
C setidens plants had different nucleotides in 18S rDNA, ITS1, and ITS2. The comparison of the DNA
sequences of C pendulum and C setidens collected in this study with C pendu/um of Hokkaido in
Japan and C japonicum of Anhui in China indicated that the plants of those three species are clearly
divided into three distinct groups. The silymarin content of the collected plants was analyzed and
turned out to be quite high. Therefore, it has been found that both C pendium and C setidens plants
are producing large amounts of silymarin, which has been reported to have various medicinal effects.
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Extraction and analysis of silymarin

THE HEES F4% F, A4x9 o 01 g& microfuge
tubedl Y11, spatularE ©]&3te] A EH3HTE o 7]l
W EE 05 miS A7k 40Tl A 24A13F 53 fAAZ T
o] 215 20,000x goll A 1083 AR sttt oA FHIE
ZZ9d 10 plE Waters 1525 HPLCOl F38}a1, Waters 2487
dual wavelength absorbance detectorZ 43} Th.
Separation®l] AH&-% &1 2= acetonitrile?} water (1:1)E A}
23191 flow rate 1 ml/minZ 33tk B0 AME-H col-
umn2 Sunfire column 4.6x150 mm 24 column?] 2=+=
40CZ FAANHL, 37 288 nmol| A absorbance peakE &
gl silymarin®] EA RS G185t

Purification  of
chain reaction

Genomic DNAE QIAGEN®] DNeasy Plant Mini Kit&
ARESt Hxd dorFH FEHUT PCR ¥H-5 9l3)
A= DNA template 200 ng, forward primer 2.5 pmol, re-

genomic  DNA  and  polymerase

verse primer 2.5 pmol, dNTPs mixture 2 pl (10 nM each)
718]31 Pfu DNA polymerase 2 pl (6 U)E E3ast= 100 ul
o HhEAol A whE-& HA3FF T PCR ¥l AHE-H for-
ward primer % reverse primer= Table 29| A8} T}
B 2L 94T oA 287F 3 cycle, 183 94Tl A 132,
59CA 18, 72CAA 584 30 cycleS AYPAZ F, A
FHOR 72T 1022F FAAZ. owel AH-# for-
ward primer= 185 rDNA9] 5-ends®] conserved regions
target®. 2 3} A zH U} ojmo] AEE2] 185 rDNAC]
N EASA Fe ATEL BgMY I4FEIE forward

primer®] 5-Tke] H7bstdA cloningAlol AMHEE 4§l

=% 39tk Reverse primert 285 rDNAY 5 H9&
targeto. 2 3}o] A|Z3H T PCROI= errorZl %ol #AY 3}
= 7ag DNA polymerase th2l0l| error7} B4 27 w43}

T Pfu DNA polymeraseE AHE-3HO.Z A4 ¥h-E Fo] DNA
sequence’} BAH = A& FHAge A

Table 1. Locations where C pendidum and C setidens plants have
been collected

Thistles Places obtained

C pendulum CJ Choongcheongbukdo Choongju
C pendidum GP Gyeongkido Gapyeong

C pendulum HC Kangwondo Hongcheon

C pendidum PC Kangwondo Pyeongchang

C pendidum WJ Kangwondo Wonju

C pendidum YY Kangwondo Yangyang

C setidens TB Kangwondo Taebaek

C setidens BH Kyeongsangbukdo Bonghwa
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Cloning of the PCR products and DNA sequencing

PCR products= agarose gelol| Al &) w}he} separation
A7) F, d’dE= 32719 DNAE surgical bladeZ &,
Promega2] Gel and PCR purification system< A}-8-8}o] gel
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lectiond}o] A o] E 25 plasmid DNAE F&3¢ F9, su-
percoiled plasmid DNA 2 Prull 2 AHH plasmid DNAES
agarose gel electrophoresis2 #4319tk 1 23, o} =
F7]9] PCR 4heo] dojforz o3 DNASY #714¢

wae (F)EAEd Jadn.

Sequence alignment and phylogenetic analyses
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2 =55 Fusinh12,16]. ATEFE 45 AdlM=

¥ 2EE9 genomic DNAE FZ311L, ©] & template=

(ITS) 1, 585 rDNA 2 ITS29] &7 <E S ¥t} PCRol| AHE-
¥ primersi= 185 rDNA, ITS1, 5.85 rDNA, ITS2¢] 3, 1%
31 265 tDNAS] 485 ST 4 Q= E y9ksle] A4
Ch(Table 2). ©] 7Z-$-¢l o44=E PCR 2HE9] A7]= uE
25kb AEE FAE Y, AAZ 123 27)9] PCR AHEo]
#HFEH U

Table 19 Y<2¥ 2259 185 rDNA, ITS1, 5.85 rDNA,
ITS2 % 285 rDNAES FFsto] 1 d7IAEE £48taL, 1
AIE GenBankdll 5 53}9] Hhaccession numbers JX274255,
JX274256, JX274257, JX274258, JX274259, [X274260). & 7144
B4 A3, 2974AEY PR M2 5 1 4o|7} 2509-bp
Fou, 1HAYAAELS EF 2513-bpith G711 LS M7
vl 2 Ay, 1 GAFE0] ITS19A 1-bp, L8] 3L ITS2
A 3-bpe] €715 Tl 7FA I S THFig. 1). D48 AY 3
ol & R 185 rDNA, 585 rDNA 2 285 rDNA F-Eo] 4+
1 A7IAEe] MZ ghAE] 2otk 18 71, 95, G4l
A AR 2I9EAEY Aole T2 714D ITS1
2 ITS27HA] X3t BE F9jo A A2 $h3] 2okt wat
A o] Al 7HA AE9] Aol 71 29747 9 gt

Table 2. Primers used in this study

Primers Sequences
Forward 5-TTTAGATCTGGTTGATCCTGCCAGT-3
Reverse 5-TCCTCCGCTTATTGATATGC-3’




A

1853 1859

Choongju CGG-TGT
Gapyeong CGG-TGT
Hongcheon CGG-TGT
Pyeongchang CGG-TGT
Hokkaido CGG-TGT
Anhui CGG-TGT
Taebaek CGGGCGT
Bonghwa CGGGCGT

B

2268 2276

Choongju GTT-—-CGT
Gapyeong GTT---CGT
Hongcheon GTT---CGT
Pyeongchang GTT---CGT
Hokkaido GTT---CGT
Anhui GTT-—--CGT
Taebaek GTTGTTCGT
Bonghwa GTTGTTTGT

Fig. 1. Alignment of ITS sequences of C pendidum and C
setidens. Only part of the alignment is shown. Numbers
above the sequence indicate the position of nucleotides
of C setidens Taebaek as deposited to the GenBank
(accession JX274259).

Table 3. Variable sites in the ITS sequences of C pendulum

plants

Position of nucleotides

Plants ITS1 1TS2
26 46 106 117

Gapyeong C T T C
Hongcheon T T T C
Hokkaido C T C C
Choongju C C T C
Pyeongchang C C C T

GenBankoll 553}t
Table 3& 2 714 Z2JAAE 71222 39S o, T4,
T B 3lol® 24T 44 g8 FH A g 4714
g ot 93 2947wl 1Mol & #4912
ITS20 A = F-917} 7H8 297471k et 22l g 7HA
O FE e AL AR g8 G777 EAste Ze 797t
pyrimidine©]2h= Folt}. whebx Ed™odl e @7]ME
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o] Bl YT}l & BF transitiono] LH L, transversion
oA AAthe A BAFaL ot webx] P& F7}0]

T9 2974AE 1A
A HZo AT E As
Table 491 X< 13 Y4 F
%!

olE S94AE e B3he ¥l
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Uehlgled, 297499 Aok g 1 7;
%01]% 185 tDNAS A 2 26, ITS19| A 33¢d] 18
= 58 5 FdoA AFelE yepdlh T3 ¢
transmon»} transversion®] 5 UEhdTh H]E 4w
JaA Az gelt Jedtns A By ﬁeqog
B3 neIdAAE AT AR HAAE 12 km
of WojA AA Rk whehd mH P A M4 A7}
o BB FEA 583 A 4 gev @
A 2977 M P8 2oz Bk A Yud o

4o mln 1o mln
4 2
;2
m]o
E

fr ag

R Ty Oﬁ
o2
o & jEi 1o

Gapyeong
Hokkaido
Hongcheon

-| Choongju

Pyecngchang
Anhui

Taebaek

|
N Bonghwa

0.005

Gapyeong

Choongju

Hongcheon
Hokkaido

Pyeongchang

Anhui

T Taebaek
1

Bonghwa

0.008

Fig. 2. Neighbor-joining tree of ITS sequences of C pendulum,
C japonicum and C setidens. A, Trees constructed based
on ITS1 sequences. B, Trees constructed based on ITS2
sequences.

Table 4. Variable sites in the 185 rDNA, ITS1 and ITS2 sequences of C sefidens plants

Position of nucleotides

Plants 185 ITS1 1TS2

1297 1358 1835 1851 1954 2255 2274 2306 2347 2438
Taebaek T A C T C C C T C C
Bonghwa G G T C T T T C T A
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Fig. 3. HPLC profiles of the extract prepared from the selected thistles. A, Silymarin 2 mg/ml; B, Extract of the C pendu/um from

Gapyeong; C, Extract of the C sefidens from Taebaek.

o3t HEIE iﬁfﬁﬁh 04?%1 2939=
1A YA Tt Gt TEHE 5 2ol
< ¢ F Ao BF 2YAFS vIsA E% 73?1%@]
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Silymarin 244

A 714 milk thistled] A HAE BEZE Fo A 7MF F=

< B e AL sﬂymarln\lﬁl o] silymarin®] &4 oF-&

glstar, v EAstAE 1 S T8k A= H 57-?_5}

7] Slsted e 2¥8A Laog@_:rq ©] methanol %

&< HPLCE #4314t o]wj o] Sigma-AldrichZ F-F :rl%‘
silymaring standard2 AH&-3k%th. 1 23}, HPLC pro-

fileo] A9 B& Aol N2 wlstsA deigty] b,
Fig. 3¢ 7} 2973719} e 277 ¢) HPLC proﬁle%
UER I Fig. 3014 & 4= 9io] £4% 2949 2 17
A7 F2E ZFNAM 2 mg/ml BT}t 5L FE9 silymarin
o] #& Fucth. wekd AxH dol| FF9 silymarino] 47
3] methanold] FZo| H9lttn 715t ats, AxH 9 01
g T 1 mg o]’d silymarino] o] ok & & 3ot
3 uE 2IAAL 2 dAHA7 AgH o2 E ofn] L¥
Aol 718 21FE0] A% sylimarin §45& 43 &3t
I e AS & 4 S Silymaring AAZ CpsHpO109]
TY3 BAAE ZE silybin, isosilybin, silydianin 2 sily-
christin®] 47}4] isomer?] EFES A=, oYt sily-
marin®] &3l thejM= ofn] o] UeA U F,
Silymarin©] <49 749 3 &S &
shal, Fole A7t Sle Aow HiFol gtow, a7
4 Aol i FE S
AP B Ao el gt 9 R B E AL Qe Aow
BuEa 9vH1,2,5,7,8,10,11,15].
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