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ITS sequences
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Abstract - Taxa of Artemisia collected in Korea were constructed by molecular phylogenetic analysis based on the internal
transcribed spacer(ITS) regions of ntDNA. The length of the ITS sequences aligned using the clustal X program was
636~643 bp, and the lengths of the ITS1 and ITS2 regions were 251~255 bp and 217~222 bp, respectively. The total number
of variable sites was 95 for the entire sequence, and a parsimony- informative site represented an efficacious site in ITS1
rather than in ITS2. The maximum parsimony tree as calculated by the MEGA 4 program was clustered into five clades. The
taxa(A4. capillaris, A. japonica var. japonica, A. japonica var. hallaisanensis, A. japonica subsp. littoricora) degenerated
ovary of clade 1 was supported as the subgenus Dracunculus by Ling's classification system. The results show that 4. nakaii
and A. fukudo were quite similar genetically(Boostrap 99%) and that the scientific name of Korean 4. dubia should be
reconsidered. 4. sp. distributed in Ganghwa province was grouped with 4. argyi(Boostrap 89%). These results suggest that
the molecular techniques used in this study could be useful for the phylogenetic analysis of Korean Artemisia herbs having

variations in their morphological characteristics.
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B3/} AJZHE]o], Laurasian Continent w] -ZAHHS &
3 o=, AMlgots Fal R, BE g A
Oceania, u-u] sog 312] -r] 7L71—_4 ﬂﬁoﬂ % %0
3l5t A o7 AL ch(Ling, 1995), ATANY] 29 B
—’F—%W og =1—°V\]°P°ﬂ*1 HhRe] AR, Z1E]al
0] Ao W obd ol A Bl&: Abto]l o] 27]7kA]
oAl sk Qlom, FAZA 0 2= et A HE &
2000 m7} @& IAPA G7HA] Theget 2o 455t
1L th(Lodari et al., 1989).

Artemisia L. 2] 5= Tournefort”} &e]e] dukz ol
] 0 2 Abrotanum, Absinthium, Artemisia 3&0.2
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, TS AU & 29 753 Ao whet
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Eajgon, =90 B28kR} Ling(1982, 1991, 1992,
1995)2 £5422- Subgen, Artemisia, Subgen, Dracunculus
9] T o} ol A B3 3 9709] Sections A5
11, Seriphidiume Artemisia &3}= /|2 B1 EYE
502 QgaIglh ol B SIS SJIH L2 of
] FA A 7]F0| W} Section© 2 EF35}AL}F Subgenus
= N2 GenusZ EPAZ = 5 & Y
Sol5t Rel SAol UolA s 709] ool S 4
I3y, <+ Kornkven et al, (1998),
Torrell et al, (1999), Watson et al (2002), Valles et al,
(2003) S5 2JaiA] & HZEE 2] nuclear ribosomal DNA
9] ITS(Internal Transcribed Spacer) H-¢]2] 7|Ad&
BA5)o] &4 9] Sect. Artemisia, Sect. Absinthium,
Sect. Dracunculus, Sect, Seriphidium, Sect, Tridentatea
_,] 7} 7‘4(Sect10n) jui} 7L 24q] _J_OP— H E:,L._~« 74]51:1 =
4 918 Bud Sk BARENH A7k 2D

20
&

3t ShtAl £4:9] ¢4l Nakai(1911)of 95 29
P ot 33 2987 7|E8H3 AL, Mori(1922)=
et 449 J0RFI-S (R 5508 Attt o]
S 7A(1956), 9F(1968), —,(1974) 0](1980), ©](1996), ]
(2006) 5o 27t =4k 9 gt Aejet vh glom, et
2(1996), HF £(2005) S| -/]EH RAPD(Random Amplified
Polymorphic DNA) HH% Foto] YR ERtol gk
A3 BAo] 01301 Nam et al,(2004) ARAFE

&, AbobEl, Qs 3%‘-%%i R 741 4 AE
et} H?l ITS 71‘3;1% o 8%t A5 A E

3t Lee et al. (2006, 2008)°f 2J5}o] 3P°‘=XH§ F2 o]&
B ol W A4S BAH FolA B2 BT 7

E3} 4~ 9l SCAR(Sequence characterized amplified

region) MarkerS 7[aFels L7}t o]FojFct a2t

ofefet AL 33 Ak Haael] A ool AL

WS 2 AR HANEIY ATl vEa A%
olct,

Fﬂrﬁw 2 I Lol A= nrDNAY ITS 97|14 99] EA4

°H A 0] ERA ”Xﬂxu & Z7re] &

Z3 71—§].01:’>’\(A sp.)S

o

20079 3YHE 20004 7Y
el 2% e
o 2 Alo] o]Al5ke] HZE,
o, A4 AAEE FARES 9o AL
Atetel 52AFH FUAAEAFHLY Korea
Medicinal Herbariumo| 2343}t Ato] AR-H 21
o] WL Table 13} ZOW A absinthium FYES
OFY AT Sect. Absinthium®] L {18l o-§= o},

DNA &
DNA &2 7k o) 4 A3 HEAS 4L AHg
stom, FR4R 92 AL, 2718 AAY Fo

—70C9] A& Yaale] Hasisict, ¥g HaE A=
2 o Qa2 T4 WES SAT A A9 APES o
falo] B A2 248k & DNeasy Plant Mini Kit
(QIAGEN; USA)& ©]835lo] DNAE F=3519ith DNA 3

-294 -



ITS @71l oJgt gh=Ak

2z0) AEns

Table 1. Materials and collection site of Artemisia taxa which were used for ITS regions analysis of nrDNA

Taxa Collection Voucher(Herbarium)

Subgen. Dracunculus(Bess.) Peterm.

Sect. Dracunculus Bess.
A. capillaris Thunb. AFd% CN: Sinduri MPS001196(KMH)
A. japonica var. japonica A|W|&: GW: Daekwanyeong MPS001221(KMH)
A. japonica var. hallaisanensis(Nakai) Kitam. A<+ JJ: Mt. Halla 1129968(KH)
A. japonica subsp. littoricora(Nakai) Kitam. ZHA]|H]|<> GB: Ulleunggun MPS002481(KMH)
Subgen. Artemisia

Sect. Abrotanum Bess.
A. annua L. 7|54 CB: Eumseong MPS001818(KMH)
A. caruifolia Buch.-Ham. ex Roxb. 7JApE<: SE: Nanji MPS002206(KMH)
A. fukudo Makino 4|4 GG: Wolgot MPS001340(KMH)
A. gmelinii Weber ex Stechm. T $A]7| GW: Mt. Odae MPS001219(KMH)
A. keiskeana Miq. H-2tj|& GN: Mt. Geumwon MPS001232(KMH)
Sect. Artemisia

A. argyi HLév. et Vanot 33} GG: Wolgot MPS001378(KMH)
A. feddei HLév. et Vanot W< GW: Doil-ri MPS001208(KMH)
A. indica Willd. & BU: Mt. Hwangryeong MPS001325(KMH)
A. lavandulaefolia DC. 34 GG: Hantan river MPS001198(KMH)
A. montana(Nakai) Pamp. Ak GB: Ulleunggun MPS002482(KMH)
A. rubripes Nakai B2 SE: Nanji MPS001257(KMH)
A. selengensis Turcz. ex Besser =4& GG: Hantan river MPS001338(KMH)
A. stolonifera(Maxim) Kom. Y->%1¢]%1& CN: Chullipo MPS001276(KMH)
A. sp.” 7ystors GG: Ganghwado MPS001331(KMH)
Sect. Absinthium DC.

A. absinthium L. NIHHS MPS001346(KMH)
A. nakaii Pamp. ofj7|H|& GG: Wolgot MPS001769(KMH)
A. sieversiana Ehrh. ex Willd. AF8]& SE: Nanji MPS001270(KMH)

BU: Busan, CB: Chungcheongbuk-do, CN: Chungcheongnam-do, GB: Gyeongsangbuk-do, GG: Gyeonggi-do, GN: Gyeongsangnam-do,
GW: Gangwon-do, JJ: Jeju-do, SE: Seoul, NIHHS: National Institute of Horticultural and Herbal Science, KMH: Korea Medicinal Herbarium.
Samples marked with asterisk was collected in Ganghwa Agricultural Technology Service Center for analysis of ITS region.

=5 93 AF 9] RS 100~150 meS ARSI o, &
RS A=A Manualo]l ) 4=38skGit}, =& DNA
+ 1.2% Agarose gelol 3 DNAS} $HA 7] 9531

EtBr Ao UV 2okl 93 9IS Ao vlust
of BES Z4elst), 770 2% DNA BEE ad
Z522 o] g8to] 5 ng/ul 2 2T

6”W1‘a ]o

ITS regions?] PCR £&

et al,,
White et al,, 1990) &g+
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o tjgt PCR 5%

3 Ribosomal DNAEll ITS1, ITS2 W 5.8S H9(Fig. 1)

AR 97 $18to] 18S rDNA F-91o]|A]
A= ITSF(S —GTCCACTGAACCTTATCATT-3"; Kim
2007)2} 1TS4(5' -TCCTCCGCTTATTGATATGC-3';
0]-83}9tH(Taberlet et al,,
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Fig. 1. (A) A diagram of the nuclear internal transcribed spacer. Arrows indicate the positions and directions of the primers used for
ITS PCR. (B) PCR amplification of Artemisia species on 1.2% agarose gel. Lane M is 1 kbp plus 100 bp Marker(Elpos Biotech,

Korea).

1991). ITS region®] ZZ2 |3t PCR ¥F-3-o-8 & DNA
20 ng, Z+7Z+9] 0.25 mM dNTP, 75 mM Tris—HCl(pH
9.0), 15 mM2] (NH,)»SOs, BSA(100 ug/ml), 2.5 mM2)
MgCly, Z¥Z}9] primer 0.4 uM, 0.5 UQ] Tag polymerase
(Neurotics, Korea)E H7}sto] & Fuj7} 50 w7} 5=
2 W@ 2742 23590, TS regiond] PR 413
o thgo] 2lskld o|ZolRiet. 95T 587 7]
Denaturatione 3F &, 403]¢] "k o0& 95CoA 30%
7t Denaturation, 55Coll4] 80%7F Annealing, 181l
72Co) A 187} Extensiond 33ty on, nfrutoz
72 ColA 1087t 2% Extensiong Ad3ict S=H
PCR AHZE 1.2% Agarose gelo|A A7|9%F 3152

Ethidium bromide(EtBr)o]] Mgt & UVAfof| Al HA5}
%t} Agarose gelo|A] B1¥l PCR AHE-S AccuPrep”
Gel Purification Kit(Bioneer, Korea)Z ©]-&3}o] 4

Aston, (3) SAEe] Q7149 A4S of=lishint

nrDNA ITS regions 97|44 AEsF 24

ITS region® ¢7|4 YL Bioedit(Hall, 1999)<
o] g3ty HASIAT, no gapo 2 A3 & Clustal
X(Thompson et al,, 1997)2 AFsIHct, A Au} v
A3t gap2 A o] A (Missing character)2 A 2|3}
2E e 22 7S AE Folshd. Aseta £
442 MEGA 4(Tamura et al,, 2007)< o]-83}% 1L
= 2 44 A7 A4S Kimura—2 parameter
(Kimura, 1980)& ©]83}42H, Maximum parsimony
MP)/IM O BARE ARsaT 2 A 44
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951~255 bp} 217~222 bp LFERFOM, 585 Hoj=
167 bp FUHhTable 2), ITSII} ITS2 H9lofA1]
7] HolE Ho|= siter 95702 e SN, 1 2 727
o] d7I7t Ao Ragt Zow yekth 95719
HolE Kol site 5 60719 @717} ITS1o] EA)8HAL
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Table 2. Variation size in ITS regions of Artemisia spp. collected in Korea

Taxa ITS1 5.8 ITS2 ITSI+ITS2
A. absinthium 252 167 217 469
A. annua 254 167 219 473
A. argyi 253 167 219 472
A. capillairs 251 167 220 471
A. caruifolia 251 167 218 469
A. feddei 255 167 219 474
A. fikudo 253 167 219 472
A. gmelinii 253 167 219 472
A. indica 253 167 219 472
A. japonica var. japonica 251 167 220 471
A. japonica var. hallaisanensis 251 167 220 471
A. japonica subsp. littoricora 251 167 221 472
A. keiskeana 251 167 218 469
A. lavandulaefolia 253 167 219 472
A. montana 253 167 222 475
A. nakaii 253 167 219 472
A. rubripes 253 167 219 472
A. selengensis 253 167 219 472
A. sieversiana 254 167 222 476
A. stolonifera 253 167 219 472
A. sp. 253 167 219 472
Min 251 167 217 468
Max 255 167 222 476
P/V 47/60 0 25/35 72/95

V: Variable site.
P: Parsimonious informative site.

ESE, F7IAE E7] Fh(Sequence divergency)S
Kimura—2 parameter W O= AALsH A} 3|4 (4,
argyl) T} 7y8}eF (A, sp.), SHIE(A, fukudo)T}t of|7]H]
£:(A, nakaii), H|¥W|%(A. japonica var, japonica)i} /4
£(A, japonica var. hallaisanensis)o|A] 022 H7]A]
Q0] clopy R} b weton], @zle] 4] A9 B
3 AOR Lhebstet e, ARIUIA(A. japonica subsp.
littoricora) & J7|X-G £7] Fro] Fu|& W of7|v]|&a}
0.1182 Jeh} 714 = HItH(Table 3),

o, A7IA gl G E RS Mega 4 TRIHS
ol FEiA] FHol 7Hd &

’

== 2/

it
=
o

% Maximum-—parsimony
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treed Ao H, CI(Consistency Index) 0,714, RI
(Retention Index) 0,834, RCI(Rescaled Consistency
Index) 0.596= AFEESUTH 1 Ay} &% Yol 5719
CladeEs A5l th(Fig. 2). Clade 1(Boostrap value
00%) £ APA(A. capillaris), A¥|%, A%, AR H%e)
452 50] Clade 2(Boostrap value 71%)= 9204 (4,
keiskeana), WAVE4(A, caruifolia)®) 25-5F410], Clade
3(Boostrap value 74%)2 At8l4:(A, sieversiana), A,
absinthium, YR 7)(A, gmelinii), 71 E%(A annua),
FH]& o] 7|H|2:9] 6EF 0], Clade 4(Boostrap value

78%)= E4(A, selengensis)?] 1EF0], Clade 5
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Table 3. Estimates of pairwise divergency between ITS sequences of Artemisia plants by Kimura-2 parameter

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 6 17 18 19 20 21

1 A abinthium -

2 A annua 0046 -

3A argy 0041 0063 -

4 A capillairs 0.091 0.094 0090 -

5 A caruifolia 0.068 0.086 0075 0036 -

6 A nakaii 0.051 0.020 0.068 0.105 0087 -

7 A feddei 0.034 0.051 0.016 00380 0066 0.056 -

8 A fukudo 0.051 0.020 0.068 0.105 0.087 0.000 0.056 -

9 A gmelinii 0.044 0.044 0.060 0.091 0.086 0.051 0.048 0.051 -

10 A indica 0.039 0.055 0.020 0.090 0.075 0.061 0.009 0.061 0.053 -

11 A japonica var. japonica 0.091 0.094 0.090 0.002 0.083 0.105 0.080 0.105 0.091 0.090 -

12 A japonica var. haflaisanensis  0.091 0.094 0.090 0.002 0.083 0.105 0.080 0.105 0.091 0.090 0.000 -

13 A japonica subsp. fittoricora 0096 0.099 0.095 0.007 0.088 0.111 0.085 0.111 0.096 0.095 0.004 0.004 -

14 A keiskeana 0.053 0.071 0.070 0.068 0.046 0.076 0.060 0.076 0.070 0.070 0.065 0.065 0.070 -

15 A Javandulaefolia 0.036 0.058 0.004 0.085 0.070 0.063 0.011 0.063 0.055 0.016 0.085 0.085 0.090 0.065 -

16 A monfana 0.036 0.053 0.013 0.080 0.066 0.058 0.002 0.058 0.050 0.011 0.080 0.080 0.085 0.060 0.009 -

17 A rubripes 0.039 0.060 0.018 0.090 0.075 0.066 0.011 0.066 0.058 0.020 0.090 0.090 0.096 0070 0.018 0013 -

18 A selengensis 0.053 0.080 0.048 0.080 0.091 0.083 0.041 0.083 0.065 0.050 0.030 0.080 0.085 0.080 0.043 0.043 0046 -

19 A sieversiana 0.023 0.054 0.051 0.093 0.076 0.054 0.043 0.054 0.044 0.048 0.093 0.093 0.099 0058 0046 0.046 0048 0060 -

20 A stolonifera 0.036 0.053 0.013 0.085 0.070 0.058 0.007 0.058 0.050 0.007 0.085 0.085 0.090 0.065 0.009 0.004 0.018 0.048 0046 -

21 A sp. 0.041 0.063 0.000 0.090 0.075 0.068 0.016 0.068 0.060 0.020 0.090 0.090 0.095 0.070 0.004 0.013 0.018 0.048 0.051 0013 -
(Boostrap value 80%)= %(A. indica), WA 2A%(4 A& A, HE, AANE 5 4EFES &5 ERTE

stolonifera), 4:(A, lavandulaefolia),
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montana

Clade 5

. indica

eel—— 4 stolonifera

76

rubripes

83

—al

. lavandulaefolia
argyi
sp.

87 Clade 4 |

. selengensis

. absinthium

nr

sieversiana

Clade 3

gmelinii

99

—al_

annua
fuakudo
nakaii

Clade 2

. caruifolia

68|—

S NN Y E

. keiskeana

Clade 1

A. capillaris

A. japonica var. hallaisansis

99— A japonica var. japonica

A. japonica subsp. littoricora

Fig. 2. Maximum parsimony (MP) tree of ITS sequences of 21 taxa. Bootstrap (1000 replicates) values are found above branches
(50%). The MP tree was obtained using the Close-Neighbor-Interchange algorithm with search level 3.

OHE Holw, Abrotanum® W] 74 9l FejA thofAd

X*di A2 Yepytt) $HH, AH8l4o] Absinthium
A 01] = A, absinthiumi} 52 /\J %*ét% aﬂo*ég}‘ﬂg
\/}(Boostrap value 86%), ofj7|H|&a}=
of, ITS S/|ASRAHAA Sttt e o 1vI4 e
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T 5 ERTS o 22 4 2 B4 HOR
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QE NG mEoR BET ANES sjetre] 247}
WY e g71= 3] Kitamura(1940)7} ARt A
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Nakai¥ 7FsAlo] 2%t

& LA}= Phylogenetic analysis

2 AFoA Sect. Artemisiadll &3h= ERuES O
FH ohte] £A4%(Clade 5) & FAEAIAT, B2 5
A= CladeE FA T O 2 H Sect. Artemisia Wol <
o RRTI A 9 A Aol o8| e o]
29l A Lg #dE Zo Ao, At F
20 A(1956) 1} 0](1980)° &l 22t A mongolica var,
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