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Phylogenetic Analysis of Korean Native Aster Plants Based
on Intermal Transcribed Spacer (ITS) Sequences
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Abstract. This study was carried out to decide ITS (internal transcribed spacer) sequence of some Korean
native Aster species and to resolve their relationship among Korean native Aster, including Kalimeris, Gymnaster,
Heteropappus genus separated from Asfer in a previously study based on the pappus length. We registered
11 ITS sequences of Aster species including A. glehni to GenBank and those sequences were used for the
cluster analysis with Kalimeris species. The size of ITS1 was varied from 248 to 256 bp, while ITS2 was
varied from 220 to 222 bp. The G + C content of the ITS region ranged from 49.4 to 53.5%. Pairwise comparison
results showed that the substitution rate of ITS1 and ITS2 region was 9% and 10%, respectively. Kalimeris
sensu strict substitution rate was lower than that of Aster sensu strict species. The strict consensus parsimonious
cluster analysis showed A. tripolium is the first branching from the clade and the next is 4. scaber. The
Kalimeris species except for the A. hispidus were grouped into the same clade with high bootstrap value
(91%) within Aster. Gymnaster and Heteropappus that has been classified by morphological characters were
also grouped into broad sense Aster clade. These results implied these three genera could be merged together

into Aster based on the ITS sequences.
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23 Z(Astereae)S =3+ Compositae) o] £35F= 4
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Gymnaster— X7} $.°™, Heteropappus+ ©|&4J(dimorphic)
o2 FZ(AAE ray floret)S KalimerisAH THE7} & O
U SE(5743) disc floret)y> FHEAH 71 THE 7HA| AL
e Aoz BRac e Bl Zole skl
A B o]k Ak Qo] Raey SYeny &
F&S A&7 ofHohes BAlE QItkTto et al., 1998).
E3| A. proceros®} A. smithianus<= 32 WEE 7FA| 2L Q1A
Ut Kalimeris®h= FEA 22 T Zfol5 Kol glof #iL
wozE ool BA% U) o]5e) BRHA JINS 2
717} of=thal B35k thHy, 1967). 3HA Tto et al.(1995)2
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AL 24 ABS SAVAIEl SRR Aol aliaicus),
LHAOV(A. hayatae) 0] EFHE OF 260]F0] HI1E]
W E3| HINu|H(A4. koraiensis), ZF(A. scaber), &5
Ao\, yomena) E& g F& Serg S o gEn
Qloy 1 a8A40] gL ZF71Y R0 ItH(Chung and Jeong,
2000). T4 31200 Tk BRSH A7 Q0] Fe) 9
1}9] FLZ(Chung and Jeong, 1999, 2000), 3}ef, yx 9
=540 22 (Chung and Kim, 1991a, 1991b, 1993)9} #|

A2 G A A 4(Chung and Kim, 1997) 18|11 35 2 A
(Huziwara, 1958)°] o3t g+ & 52 FEFefof digt o

7} o]FojHth. £3] Chung and Jeong(2000) 4=1}9] &
B} ojofl EAiste 82 EA o] /AT Aol7t gl
Wt ol g} <& A E-S Kalimeris, Gymnaster X Aster
49| Pseudo-calimeris A1} R 71| Afo]& H=3lo] L
53 2 glo] oo AAES Mok AT 4 g FAz

olgo] 7Hsatckar mashlc,

c1el ol A S o 2 5 A ) el
ofa] Wi} | 4 Qi P FARA Aol EAYEEA
% B8sio] 4 B4 ) DNA a9l £5

ot4 A Ho gEsHA sk At Ol—roile A
oh BAMESH dtolMe FEA R d7IAERel
(Tto et al., 1995, 1998) 4 3% DNA9| internal transcribed
spacer(ITS), external transcribed spacer(ETS) % simple
sequence repeat(SSR) 7| &2 AlE BFo| &835l= Ry}
%7}kl QJth(Ahn et al., 2010; Field et al., 2006; Masuda
et al., 2009; Yang et al., 2006). 71 3 ITS= 18S9} 26S
ribosomal DNA A}olo] &2A3l= F7|AgER E8] 7L &
o] F= 25 sh=tl ol o8& 3l=d of= ITS F9]
7t E 52 & Y pEolA AopEE dAto] AP &
1k o}y 2i(Andreasen and Baldwin, 2003) d3}A1E Ujof A
ITS9] Zo(ength) 57+ Aol 27 sl4lo] golaA] A4
H 4= 917] "j&Eo]tiMartins et al., 2003). E5F 72 <o)
A BHZE 7AYo Wol polymerase chain reaction(PCR)
weS Bl 2 Bl W 5 9w @749 BAE A
3t AoE d#A th(Ahn et al., 2010).
B34 A12o] Y7 ITS R4E 22 Bojxjele] Ao
A3} 9 B50] Wo}o] o|0| A Shk(Cerbah et al,
1998; Kornkven et al., 1998). Noyes and Rieseberg(1999)
L =)Ao, gk @ $ebel Aole] 325 A2 o
B ITS 2425 Buix oo 435 A2L fohot 9
W ERai F3isl] 2o SYkow s 2
2 Bustgod, ITSe LRFHEHO 2 Crinitaria E-l

Boltonia &3} 713 SAFstcta 519l

CEt ) RS Aol Ba BAAENE Aol
Kalimeris %39 §-A0A EAof tfgt A= w]g
Holt. weba] B A7l 2 A4 AE % Kitamura
(1937)0l| &3l Kalimeris, Gymnaster X Heterpappus 42

BRE 344 4BE TU E /A IR RS Al
sl ITS |74 ge 248kl 4423 (GenBank)of| i1
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ITS G7|1M<g
& Ao AHE A HE S3te AE 162F
I7HAIE di o= sl o] F 450 ]( . glehnii)
= FEUEAE LB AEAAFAE A A 3, BaEE
£ ol gsteon, /v (4. maackii), 77}“ 2H20)(4.
ageratoides), ZF(A. scaber), Z&5AY0V(A. yomena), 3= (A.
spathulifolius), R7§0) (4. tripolium), =145 o|(4.
hayatae), 7N\ F(A. tataricus), 7R Y0)(A. hispidus), H7Y
0| 3(A4. koraiensis) 5 105F+ ZFHdigiy AlZxEA
(KWNU)O| 235]0] Gl 802 Re| 92 Hof o} Al
23} th(Table 1). oJet&] o} OFAE|(A. amellus), H =AY 0]
UE(4. indicus), QEAY A. bellidiastrum F F7F2
Kalimeris%: A2 FAA23)(http://www.ncbi.nlm.nih.gov)
of 35 ITS ¥7|AF& ol th(Table 1). E3F 4
Ao SEH GEA LHAo|O] ME(A yomena var.
dentatus)2t 7NV (4. tataricus)®] TS HA| F715to] =4t
AET s A8kt -9k (outgroup)> <&t
7 2o 2 oej2l(Noyes and Reisberg, 1999), Boltonia
asteroids®}; Crinirtaria linosyriss A3}t

(]

=

DNA & ¥ |

DNA %2 Quiagen 3]AF2] DNeasy miniprep kit(Quiagen,
USA)E o|&3}o] :&319 21, DNAE= ND-1000UV/VIS
spectrophotometer(NanoDrop Technologies, USA)= 7 oF
31 3 10ng-uL' 2 3]43}t0] PCRS 93t DNAZ /\}9—5}‘“‘
T}, PCRE Ahn et al.(2010)9] HHAS merom DNA ZE o
VertiTM 96-well DNA Thermal Cycler(Applied Biosystems,
USA)ZE 4385} t} ITS &2 93} primer+= Ahn et al.
(2010)0] X 313} ITS-reverse primer(TCCTCCGCTTATTG
ATATGC)&} ITS-forward primer(TCCGTAGGTGAACCT
GCGG)E AHEFYlTE. PCR 2702 94 C oA 587F A X ]

TS €7IME 2F
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Table 1. List of taxon used for the ITS analysis with voucher and GenBank accession numbers.

Taxa (abbreviation) Voucher GenBank Accession Synonyms & Remarks
Aster glehnii F. Schmidt (gle) GenBank AY722010*

A. maackii Regel (maa) KWNU20577 HQ154042*

A. ageratoides Turcz. (age) KWNU73563 HQ154047*

A. scaber Thunb. (sca) KWNU72009 HQ154049* Doellingeria scaber

A. yomena (Kitam.) Honda (yom) KWNU158 HQ154048" Kalimeris yomena

A. spathulifolius Maxim. (spa) KWNU2827 HQ154050*

A. tripolium L. (tri) KWNU20664 HQ154043%

A. hayatae H. Lév. & Vaniot (hay) KWNU20571 HQ154041*

A. tataricus L. (tat) KWNU74705 HQ154045*

A. hispidus Thunb. (his) KWNU75378 HQ154044 Heteropappus hispidus, H. villosus, H. noneifolius
A. koraiensis Nakai (kor) KWNU65035 HQ154046 Gymnaster koraiensis Miyamayomena koraiensis
A. amellus L. (ame) GenBank AF046961°

A. indicus L. (ind) " EF108396" Kalimeris indica, Boltonia indica
A. yomena var. dentatus (yom-g) " AB095078’ Kalimeris yomena var. dentatus
A. tataricus L. (tat-g) " FJ539125%

A. bellidiastrum (L.) Scop. (bel) " AF4940117

Kalimeris integrifolia Turcz. ex DC. (int) " AF046960" Aster holophyllus

K. pinnatifida (Maxim.) Kitam. (pin) " DQ478988"

Boltonia asteroids (L.) L’Hér. (ast) " AF046975 Outgroup

Crinitaria linosyris (L.) Rchb. f. (lin) " AF046969 Outgroup

*YITS sequences were used for pairwise comparison analysis as Aster sensu strict and Kalimeris species, respectively in Table 4.

3t 5 94TCo|A 18, 50CofA 18, 72T oA 28-S cycle=
afo] 353] WHESE 3 2ColH 1087 o AL 22
%] DNA9Q] AA|+= Wizard PCR Preps DNA Purification
System(Promega, USA)& A3l o, G748 B4
nlaE AR 97149 B4 AHAE o) gatdrt. B4
A7) 4 E-& Sequence Scanner(Ver. 1.0, Applied Biosystems,
USA)E °]&3te] A7I9E 2438t en, CLC Main
Workbench(Ver. 4.0, CLC Bio, Denmark)2] alignment 7]

SOR Y 5 AT AFHLE 24U B SAsr.

ITS HI7|ME 2M

ITS13} ITS2 F-9= 7]Eol Hile 33& 429 97
AIL o] 83te] 58S 2 2659 ribosomal subunit F-9]E
ARG & ITS13 ITS2 Y& FE351¢] Aot AE
= ITS ¥7]|4 €& MEGAS5(Tamura et al., 2011)& ©]-&3]
o] multiple sequence alignment 3 Kimura’s two parameter
(Kimura, 1980)E ARE5o] G7|1AE EX]4d(sequence divergence)

—_—

il

ﬂJ

Phylogenetic tree &A1
AP 47]419-& PAUP*4.02b(Swofford, 1998)2 ©]4-
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3lod parsimony analysisS 43§35} 0.0, EA1HFH - heuristic
searchE ©]-83}% 1, 19 wE option® 2= ACCTRAN,
MULPARS 2|1 TBRS o] 85}9t}. E3F 7+ HA =0
AR g dotE 7] $J3}e] bootstrap(Felsenstain, 1985)
0.2 10005]% WHEslo] BAslelon, o} Bt AE4E
stohulsict,

2

°"7|A‘|°" 7Io| _='I_JL-I

2 Ao A ARESE &Rl & 11749 =y
A1EZ9] ITSA Y F7] 4 EL2 PCRY sequencing A5
o §704 28] SE3LoIrhTable 1). ITS1 H9J= A2

oft Jl‘}'

-

A. yomena var. dentatus7} 249bp= 714+ %2 WHH Z7f0)
F&= 253bp= 7H AA vebgeu Bt 251bpe 2 A}
o]7} §1%lth(Table 2). ITS2 F¢] HA| AEA A. yomena
var. dentatus7} 181bp= 714 A YeRG v 7p=45A
o|(Kalimeris integrifolia)y«= 217bp= 714 AA YErth
oo 2 XAASt B. asteroids—= 1TS13} 27} 24z} 251bp
9 216bp= ZAME S W, C. linosyrist= 252 bp2} 214bp =
Ueltth(Table 2). Noyes and Riseberg(1999)= £n|xz]| <



Table 2. Sequence characteristics of ITS 1 and ITS 2 regions in Aster and Kalimeris species.

Taxa ITS 1 ITS 2
Length (bp) G+ C (%) Length (bp) G+ C (%)

Aster glehnii 251 48.2 216 51.9
A. maackii 250 49.6 215 53.5
A. ageratoides 251 48.2 215 53.5
A. scaber 253 494 215 53.0
A. yomena 251 49.4 215 51.6
A. spathulifolius 250 50.4 215 51.6
A. tripolium 253 47.0 210 50.0
A. hayatae 251 49.0 215 52.1
A. tataricus 252 51.2 215 53.5
A. hispidus 251 494 215 51.6
A. koraiensis 251 48.2 215 52.6
A. amellus 250 49.2 215 53.5
A. indicus 251 49.0 215 53.5
A. yomena var. dentatus (GenBank) 249 49.0 181 50.8
A. tataricus (GenBank) 252 51.2 215 54.4
A. bellidiastrum 251 51.0 215 50.9
Kalimeris integrifolia 252 48.6 217 51.9
K. pinnatifida 251 48.2 215 52.1
Boltonia asteroides 251 50.6 216 48.8
Crinitaria linosyris 252 50.8 214 51.9

9] ZF=E AEY ITS 427} ITS1S 251bpE ITS2+=
2sbp Wsto] B Afsl fARE 27 el =
5] YEAF A. yomena var. dentatus= 1TS12] AJZHEE 2bp
SFITS2 F-919] vpA|a} 30bp7F A E o = AL e
U 2ol & HYled o] Zehtel Metely] Hurk= ITS 9
718 AR & ALY 55449 o2 ddHd
ITS9] 588798 BE |6dbpE AP0 5858 L3}
3 2 1TSH 2] 7ol 594bpoi Al 632bp Lpepiteh,
ITS E7|H Q9] G+ C 3 [TS10] 47-51%% 1 ITS27}
48-54%2 ITS2 H.9]7} o7k =0 710 2 Ubeb} o uj(Table
2) o]2i3t A= Ahn et al.(2010)0] B3t o} A5l
w59 ITS A4k} F-ARE Zolth 3HA 1TS9| in/del&

=
B3 A3} ITS] 9= 114bp A Qo)A 1-2bp2)] in/delo]
HPAISHS hot spot Aol glow], Fhn| et % B o]

&
2lo} of 2] 90bp $17|ofl 2bpe] in/delo] EA5H= A2
2 Yl ITS2 B9 A. bellidiastrum®} C. linosyris 2]
A7) AE 28bp Aol 1-2bp2] in/delo] TEE QS ITSI
Aemois A We o & ATkAR vlAA).

7MY EX]M(Sequence Divergence) £
ITS 7|4 E 2] AH| i (pairwise comparison) A3} H

Aul et julF F FZbol= ITS1 F£9J7F a8]a &5A)o]
of AR AL TSI % ITS2 H917 SUsHA el 0%
9] x]3H&(substitution rate)S X $THTable 3). E3F 3h=+Ak
Zmgolo} QA £3o|o] WA ITS 9714 24
A3}, ITS2 9= FLaFAAT ITS1 292 0.41%2] A
gheo] yehgith Au|F GA] ghaka} A2l 55
H ITS1 9= = AETE 100% EEF o] qlglon ITS2
9= 1.13%9] Agka5 YERti(Table 3). A4 &7
ZF ITS13} 29] AF&S g sited 9% 10%2 UrERLE
ITS12} 2 F9J718] Zpol7} §le= A2 = LEHHTHTable 4).
ol#jat A3H= Baldwin et al.(1995)0] ITS13} ITS2 7] < 9]
g0l visato] B 9] KB &) Wskere} ol
= HET Jow A&3t Aol dA|ske Aolth

=W S A= Kalimeris £ 70| FARAE ok
WalA HAI5H] Slsto] Wele] 24 AB(dster sensu
strict) X} Kalimeris <& 21 B9 o] 835}Fo] ITS13} 2 Hojo] H
G AR AT Table 49} 2k, Belo] W3 Ame
Kitamura(1937)7} A\ A3t Kalimeris, Gmnaster, Heteropappus
g Aol %Al 5 2 870 3} olgelol of
Bl & A4 &30l 5% 3/E 23S 11719 d7IM 4D

2 o] g3t on, Kalimeris®] 79 45A0] 153} 4
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Table 3. Values of pairwise sequence divergence between species in ITS2 (lower part) and ITS1 (upper part) calculated with Kimura
two-parameter methods.

Species® gle hay kor age his yom ind tat tat-g maa spa int pin ame yom-g sca tri bel lin ast

gle 00 21 00 04 21 21 25 51 51 65 60 21 25 47 25 136 16.7 135 156 18.1
hay 23 00 21 25 25 25 29 51 51 69 65 25 29 51 29 136 188 13.0 16.2 19.2
kor 29 06 00 04 21 21 25 51 51 65 60 21 25 47 25 136 16.7 135 156 18.1
age 11 11 17 00 25 25 29 55 55 69 65 25 29 51 29 141 167 13.5 157 181
his 52 40 46 40 00 00 04 47 47 60 55 08 12 51 04 121 177 134 156 18.6
yom 46 35 40 35 06 00 04 47 47 60 55 08 12 51 04 121 177 13.4 156 18.6
ind 46 35 40 35 06 00 00 51 51 64 60 12 17 55 08 126 182 139 16.1 191
tat 65 65 58 65 71 64 64 00 00 29 17 47 51 29 51 116 189 115 141 208
tat-g 65 52 46 52 58 52 52 11 00 29 17 47 51 29 51 116 189 115 141 208
maa 58 46 40 46 52 46 46 29 17 00 29 60 65 43 64 126 172 12.0 12.6 20.8
spa 83 71 65 71 77 71 71 52 40 35 00 55 6.0 38 6.0 126 189 125 13.1 20.2
int 52 40 46 40 23 17 17 71 58 52 77 00 12 51 12 121 17.7 134 156 186
pin 46 35 40 35 29 23 23 64 52 46 71 29 00 56 1.7 126 183 14.0 16.2 19.2
ame 58 46 40 46 52 46 46 29 17 11 34 52 46 00 55 121 178 11.0 142 197
yom-g 46 35 40 35 06 00 00 64 52 46 71 17 23 46 00 126 17.7 139 16.1 18.6
sca 15.7 143 136 143 16.3 156 15.6 136 12.2 109 129 163 156 116 156 0.0 20.2 13.9 17.0 223
tri 208 224 216 20.8 241 233 233 23.2 21.7 201 224 242 248 194 233 185 0.0 18.1 146 219
bel 19.3 17.8 186 178 17.7 17.0 17.0 178 164 149 171 178 163 143 170 163 158 0.0 13.0 18.1
lin 17.0 171 178 156 17.7 17.0 17.0 172 158 143 178 178 163 13.7 170 163 20.7 185 0.0 151
ast 216 201 209 20.1 20.8 20.0 20.0 20.3 18.8 18.0 18.7 20.8 186 16.6 20.0 18.7 27.3 19.9 129 0.0

“Species abbreviations were designated in Table 1.

Table 4. Estimation of average evolutionary divergence (%, 100x) overall sequence pairs and number of position.

Region Taxa Number of position analyzed on divergence (bp) Mean Divergence® (SE)
ITS1 Over all* 244 9.06(1.10)
Aster sensu strict” 249 9.55(1.16)
Kalimeris" 249 1.05(0.41)
ITS2 Over all 178 10.43(1.33)
Aster sensu strict 211 9.48(1.28)
Kalimeris 180 1.47(0.59)

*The number of base substitution per site from average over all sequence pairs are shown in mean divergence (100x, %). All
positions containing gaps and missing data were eliminated and analyzed in MEGAS5.

YStandard error estimates were obtained by a bootstrap procedure, 1000 replicates (100x, %).

*"¥The analysis involved 20, 11, 5 nucleotides sequences, respectively and were shown in Table 1.

4 £l G0 1S B A DAL ookl gEE B
o} BAA9} ITS19] A% 234 9 Kalimeris & R 249 ZF|<E A& ITS parsimony analysis 21}, & 474bp 2]
7§ €] vﬁﬁ(lnformatlve) site7} o]-§= o] A gEE HFH H71ME F 276bp= HS7} Y131 em 104bp= 2| ofof)
9.6%, 12|11 Kalimeris <2 1.1%% UEFTHTable 4). ITS2 A AgsAoZ Fast &2 (parisimony informative)S, 94bp
9] AL AF<&-L 211bp, Kalimeris 42 180bp2] G4 site = §as5kx &2 A (uninformative)S LERJQITE ofuf
7} AFEE o] 2|38 A3 &L 9.5%, Kalimeris -2 1.5% consistency index(CI)Q} retention index(RI)= 212} 0.766%}
2 Ueht ITS13} 2 A9 25 34 250 A3Hgo] = 0.7302.= YesTh AlsolA= A7 FH7F Zodte s
& ALE UEhTh 2H Mg WA BAXE AR ofF dZ2AF 4
bellidiastrum©) S A 072 SRt 7|u]F, S719]3, i

ofN |
[\]
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Aster tripolium

Aster bellidiastrum

Aster tataricus
99 |
95 Aster tataricus FJ539125

55

— Aster maackii

Aster spathulifolius

— Aster amellus

— Aster glehnii
100 74
67 — Aster ageratoides

94 Aster koraiensis
Aster hayatae

Aster yomena

Aster yomena v. dentatus
Aster hispidus

91 Aster indicus

Kalimeris integrifolia

Kalimeris pinnatifida

Aster scaber

I_ Crinitaria linosyris

I Outgroup
Boltonia asteroides

Fig. 1. Strict consensus tree of 6 equally parsimonious trees
(321 steps, Cl = 0.766, RI = 0.730, RC = 0.577) based on
104 phylogenetically informative changes in ITS sequences
of the Korean Aster. The bootstrap values greater than 50%
are above the clades.

2 383 olgelo} ofAHE shte] BAxE P4
WA= 100%9] £ LS AT o] BAZE Sfat 2|
o2 GAHEUE E 3t dR7)F §3tE o] Kitamura(1937)
o 93 Gymnaster 0.2 E7% AW FH | - A5
o), 7HAL&BAo] W Erj&B Ao} 5H 94%9] =&
single clade 0.2 F3 o] 7]&
ATE etk g naol,
nAo], WEAo|
A=t 3 91%2] B A%

bootstrap A X =& 7}R| 1L
of BFAIALE Aolet
AU B} 4. yomena var. dentatus, 7R
5L 2259 Kalimeris <

=

A= A hFig. 1).

e

|

Gu and Hoch(1997)= Kalimeris&2 K. incisa, K. indica
5582 450 slod 22 Sachiot Aokl 22
S}al, Heteropappus 42 12%0], 18|11 Gymnaster— 5%
271 9= Aom Eﬂé}ﬁu}. U Tto et al.(1998)2
24 S A=Y 954 DNAYEA(RFLP)= 4
A1} Kalimeris, Heteropappus 2 Gymnaster—o] U
olof met FRE A P FFE Woll o7 Rl &
o] ol 47} 3 Bz o] $e4 Eaich 5wl
B 3Lo) ITS BEX A1t AA| Gymnaster& L& Er%—%
AV\F7E Fele BAE AR H&4RAol, AULR o)
o AR EAOloL 28 clade §Hol(Fig. 1) Two
Zojol w2 BRAAL AHsHA] ot Ito et al (1998)2]
AnE QAT A0 ekttt et A%EolS A
QI3 Kalimeris & A& =& XA E91%)E 7FA] 1L X"%‘%
Slol SUElo] oI ITS @7142S Foje] 271

S 95 A0 AZE TS A AsY F
o oh w2 Wasel % 5 S7e) T 2o
& §-835HA o]-&E 4~ Qrt= B il(Masuda et al., 2009)
£ 13T FS Kalimeris & X529 A3L0] AF4 AE
AL H Lo A] 0]3—5] Kalimeris 4 7+2] A
=1t - FARE ZABA|(Fig. DY # okd2t o] Kalimeris
49 BRO: S0 BAT oF B 4 US AT wet
HIh Tio et al(1993) A2 A% Wol2 AHA] %
of Fao] ofel9] Bolo] HH&O R FEA R o
L M| E3lE 5719 &(Aster, Asteromoea, Pseudo-calimeris,
Teretiachaenium, Tripolium)2 2 A|E3}e " Q 7} Qlckx
Histo] & AtollA o] &8 1TSS A} 4oldt Aut=
AAsEA AEA AR G714 E Hol R ITS H7IAE ¥
0]9] &gty Qs Aoy HoE et 18y Kalimeris
9 Heteropappus; AY2-) chat $525)2) 9118 mrk 2]

1o

ool N ok uo oy

i

Hm
O

P

5] Sfshile Hok B2 Fh thefet A9 o] Bl A o)
2 oz o FHUSR AT e Aoz wuwr,
z E

2 A3t= FYA 34 A=2] ITS(internal transcribed

- o
spacer) 47| A & 2A8IAL °o|5= o|-83o] Kalimeris,

Gymnaster, Heteropappus < A=57tY FATAE &4

StaLAF R }ley &R 0l(A. glehnii) 5o ERRE 11
Fo| 3% Azo| ITs Q74 ee Astdon S47
S0 525 Kalimeris <& 2159 ITS H7]1- 9L 335}
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o FHEAS AABIATE ITS19] Zol= 249-253bp 2, 1TS2
9] 7o) 181217bpE LEFFOM G + C THELE 47-54%
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