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Ef 8} HI 2t E (Anemone pendulisepala, Ranunculaceae)®l
=N A SN HE

ket (Anemone pendulisepala) B)9Atell A 2 & Ragl F Tk qr @

o] glom 3|entFdE (A reflexa), SPHEE (A arnurensis) 2 B HIEHE(A raddeana)™} £
Asto] Fxetn vt Rl 2 x4 FYYHY] B FELH L o], 29y A
27 Ul S 2okl QlojA ojE A R FHE 2 dvE A AViEAY
Wupehso] F ol 5 Rlstal BR{IA AAE wdsty] Hste] dEiAoz fARS Fainp
23 =gy FontExy g4 DNA 971ASATS, psbA-trnH, rpsl6, trnlF)S 43815
o A3 gWelEEe 9 DNA ITS F-7he A Fenta2s 58 gL 7hxw,
Subghs, Ao Fo R Y BuutEEe JGEA DNAQ| rpsi67 el A 4719 4
712l AL, L7l A 27 d7)e] Aol W67 drie] A H TEE

TR drM e

[L‘Q,

, B ITS, psbA-trmH, rpsl6, trmlEF

D]Urﬁ] o}z v ZH(Ranunculaceae) @] Bl &2 4 (Anemone L) A& AAH o2 ok 70-00 &
= R SRk AR el EEsbil, ARIF ge A Ee Adle] EEstE oz du
ﬂ ) THOhwi, 1965; Hoot et al., 1994; Schuettpelz et al., 2002). o] & 21&E9 EA42 27
oA 1-2709] Aol ver], gk 7] WA thEel Fo] Rl Mg o|Fa, AL ol
Beofoln, £ o, £33 dvlEs zZF=tHHoot ef al, 1994 Lee, 1996). npstds A&
Ea RLE =Y pedulisepala Y. Lee), #]¢ H]EL@(A. reflexa Willd.), 3 <julsh3i(A
raddeana Regel), €92 (A. amurensis Kom.), € FE2(A. umblosa A. May), Alvpei

DA A AR A B} 02-3277-3793, A% 02-3277-2684, anemone@ewha.ackr
A 2006 114 109, ks 2006% 1149 29¢.
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(A stolonifera Maxim.)< Anemone °©}%, Anemone 4, Nemorosa 1&°| <3pH,
Nemorosa 19 §4-2 A7 c] ddsta, Fx do] AR FAstn, 23 5-671,
vgoly EQkFe] AR gy & oA Agch(Hoot et al., 1994).

Sh=ral mlgkEd: A5 2 Nakai (1911 2} Chung (1956)2 8%, Lee (1980)9} Lee (1996)+=

12% 18F, Lee 20060 13F 2¥5S Ruslgoy, ey EALS 422 74 A
Qo F=al wbgrss Aol e EFEA d9F AdE vk gloh @A veEs AE
< EHubEES A E il A A E i Ho] A MuE Fos eupgEy) gt
wHeto] THd A el EAstel A58, oo FHle et fAksta s HE A
A= BEA2 deuteidt fAketo] eubgsat sejuigs Atole] Hsow FAE vk 9l
E}(Lee 2003). b eieiubbe el sty By Lubgae 20049 B oAk o
A T @A AT 5 deljk A¥ Sulgsio] e uAgE Ao 21

& W ribosomal DNAS! ITSHE-¢ 9l A=A DNAS! psbA-trnll mte1gen1c spacer, rpsl6
intron, trnLF inergenic spacer$t fml intron9i 1EAEY F7 e £709 AE 4

AAE votsli=d 83 AER o5 o ¢ri(Corriveau and Coleman, 1988, Baldwin et
al., 1995, Downie and Katz-Downie, 1996; Compton and Cutham, 2002, Cronn and
Wendel, 2008). W2hd 2 Aol At AMAGA Fass v, S, Bl
g3 2 Sy P eEA AoHer AEo] e AntEES ddoE FEEH
FAE 819 al, @ DNA (ITS) 2 GEA DNA (pshA-trmH, rpsl6, trmlF)e] 97144 &4
S uigo® ynlgd o] sl Entehste) Ao Rel 4H Fo8 FHFdhe A

ol B8 e dEsi sslrh.

MEow W

AEAE AuuEEs ugos FAse A440N E4sn dE YR,
B3 ez UAASE FUTOE ASHGT, ANFE NAB THTOE ol
F 3670419 AR ARE AgHon, BE FFERE olfelAriehi 4B EELEWY)
of welglon Age A4eE PRE 2 A9 Jre Table 19 2tk

DNAFZ: A o4& dAdL=2 243 T DNeasy Plant Mini Kit (Qiagen, Germany) 2

FZ39 % Downie el al, 2000). 1TSS 22 primer 1TS4, ITSh, ITS2, ITS3 (White et al.,
1990)& AHE3199aL, AEA DNAT psbA-irnld intergenic spacer, rpsl6 intron, trnlfF
intergenic spacer$}t trnl intron F$91& SE A ol primers psbAFS} trnHR (Sang et
al., 1997} rpsi6 SZ 4] 3'exond} S'exon (Oxelman et al., 1997, Wallander and Albert,
2000), trnc, trnd, trne, trnf (Taberlet et al., 1991)F AFE-3lich ITST3H2] AAl= 7]Eol
Wy g7 La vlastel AASATHTsal, 2003; Baldwin et al, 1995; Downie et al,

4@
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2000; Lee et al, 2004; Lee and Downie, 2006; Yoo et al, 2005). PCR =72 94ToA] 14,
ATl A 18, 72T AA 28& cycle® 3] 363 wkEE T 72ToA 1087 FAAFH .
PCR 422 AccuPrep PCE Purification Kit (Bioneer Inc, Korea)® AASFA T 9714 dw
212 Base station sequencer (V] research, USA)E AR&3}it).

A7A g Ad D AZRAL oblrare] A7) Le Clustal X program (Gibson ef al, 1994)2
ol g3, AR AEL FHYor ANtk AE AVIMEe vE IAAE oY
(Baldwin et al., 1995)0)4 dukd oz Safsta gl PAUP version 401b (Swofford, 2002)&
o] &3] F oA FE A (Maximum parsimony analysis)g 3132, Heuristic search® ©]-83F3 2.0,
gape (Simmons and Ochoterena, 2000), F4< SHE FA= A ach +42 1000F]
random stepwise® WHEsl9l o TBR branch swappingdl®] MultreesE T3} T}, Bootstrap
values (Felsenstein, 1985)% 1003 whgate] BA81905 TBR branch swapping3le] simple
stepwise option©. 2 A 2)&F¢ith 3 two-parameter methods (Kimura, 1980)=2 Zluhel 4]
AT 7S 7122 Neighbor-joining (N]) search® $-3F%1.2w(Saitou and Nei, 1987; Farris et

al, 1995), 2t BHTE 749 F14 ARl 42 uncorrected pairwise distance® A 2] &F3iT

EEO

_1_.>i

2 _',1}

Feshbd 24 guuges su)rh 52 A, se] do| B, A2 3 A
ergd o)), el Zelzt 20mmolstel i, 9 Aol 25mmelatel Aol gloiM lefulg
23} FAFetItH(Fig. 1, Table 2). 2y FX59 2717F 30mme)dolal, F32 St
ol Exain, ¥wie v Jgddoeln, o] gler, do] 12-15mmelar, A3 e
A sutgEs farstgon, 2719 JeHE o] b gla, 34 FdwelM HRe B
Fo] A O]—‘d(nonfcrecent Mol xe #Helnek2d fabatglith(Table 2). 3 e
np e Fx Qe FdddAe] sdeln, Ex gy Aozt 40-70 mmol i, el A
Ry wEen], £V Fubde] wkede] BRE zheve oA ol Al FoE HH
TEHATHFig. 1, Table 2). 7l 87]= ejulubads, slejules, Snbghso] =5 549 %]
¥ wbd, Relubeh e 4-59® dF o] Jl

7
A & 3670¢] DNA) thgh ITS @71-E4e Addst 2= 560 bp=A €]
3774 2] ?37]E aAstgla, YA 23780 dr1Ade] ®Wolrh dslorn 1 5 227 97
b AEsrH o7 4eElS 2b= 8 d(informative character)o] 21Tk 2 Aol A ITS 1591+
177 bp, 585F 163 bp, ITS 2 ¥+ 220-221 bpE ITS 27917k ITS 1 Rejro Aglon,
o] th2 ¥ A E(Sim et al, 2002; Shin et al, 2003; Downie et al., 200003 Z& A&
vl el g gde oS xghele] AbE RS Ol R 560

bpE 74 Aga, F9d Add 5L Table 33 b 2AbE AARFTAA A7l

ol
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A B C D E F G
. raddeana
. reflexa
. pendulisepala
preen
. amurensis

Fig. 1. Morphological comparisons of Anemone pendulisepala and related taxa. Involucre
(A), sepals (B), ovary (C), pedicels (D), cross sectional view of petiole (E, F) and shape of
xylem (G).

o] o A 21.78%, C 32.29%, G 29. 50%, T 1643%5 51, G+Co 71242 59.21-62.14%
Arh zAbE wEars U BET7e] §474 A (pairwise distance)® 0.00-3.41%°] 2ot
T A %JL 0.00-1.61%0°)% o™ ElmulerEe slgnbgid

[
o
0%= §474 A7l golow, EMPED 4 W fA4 U125 161%)F et

(Table 4).

367 % (accessions)®l §=A DNA2| 7t B9= 23a §9)o dAVMLs HH3 23
2057 bpz treEbET o]F 1883709 A7 dAE 1, LPL@X] 1747H o) ‘ﬁ 7] A L 7}
aslen, o % 167/ 9717k AgeAew

o 2 BRE F AuREe) 9l 2,00
S e Table 39 0k £ QA REel W 9 BEE A BN

]
16.47%, G 17.12%, T 3089%‘2}5—’ G+Ce 971 3AL2 3294-3379%F wf- wkokvh. 2A}
| ;

Mg o] BRE f4 A 000-241%0190th Habee s § SEhE
ael fxH Azt 7H 7%74%& 0.10%), @ elukatsat 7Hg el om(0.36%), ool A
RS Jubgtseo] 1170, 49l

A
20%°] A tHTable 4). Z} FFa-olA, 9719 indel’-$1+ A
) a2

s kel 22 157, Al 167, EupEel 11 et
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Table 3. Summary of ITS and cpDNA sequence characteristics for Anemone

pendulisepala and related taxa in Korea.

Region Size (bp) Aligned length Informative sites Pairwise distance

ITS 1 177 177 9 0.00-4.50
585 163 163 0 0.00

ITS 2 220-221 221 13 0.00-4.61
ITS 1+585+ITS 2 559-560 560 22 0.00-3.41
pshA-trnH 291-304 305 18 0.00-1.35
psl6 833-850 870 67 0.00-2.30
trnlLK 834-870 389 82 0.00-2.87
Combined cpDNA 1,966-2,004 2,007 167 | 0.00-2.41

Table 4. Pairwise distance (%) of ITS (below diagonal) and cpDNA (above diagonal) of

Anemone pendulisepala and related taxa. See Table 1 for taxa abbreviation.

Taxa Asto Arad Apen Aamu Aref
Asto - 1.84-1.95 1.95-2.00 2.30-2.41 1.15-2.00
Arad 2.72-2.89 - 0.31-0.36 0.66-0.76 0.30-0.36
Apen 2.71-2171 1.07-1.07 - 0.18-0.54 0.10-0.10
Aamu 3.23-341 1.25-1.61 0.18-0.54 - 0.46-0.51
Aref 271-271 1.07-1.07 0.00 0.18-0.54 -

AEsta BA: 367049 1TS d7ix g Adideridn, Ao dole 239703
o uninformative characterZ #1938 <4 2] 9=(Consistency Index, CD& 099, BEAF

(Retention Index, RD* 0.99=% eyl & f é‘%k%f——i A3 dojzl Strict consensus tree:

Fig. 29} 224 bootstrap -8 67-100% 2 Ho 85.3%0]3tt. ¥4 A3 g Wulze 3

ks 9 Sugbs ) S5 (paraphyletic) & LPEMJ% oh ITSe 2l gk = o ofA| ol A,

SalEEL A7 Wl 9ot 100% bootstrap 2 slhe] BAxE FgAstea, |

aebehst 9 3 ejuleE ol 86% bootstrap #h0-% "41‘3—11‘1‘}%}% subEE-geusx 2AEE
A

A/gstch BlebgE-sube sl gl EA% veoE FefukEie] 100% bootstrap

Ww
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Fig. 2. ITS trees generated by maximum parsimony and neighbour—joining method in ITS
sequences. The maximum parsimony tree is a strict consensus (ree of 23 equally parsimony
trees (CI=0.99, excluding uninformative characters; RI=0.99). Bootstrap values are shown

above each branch.

go= BARE F4WA LT Ao RE PaE
NJ searching® 7155 ¥4 23w 4 EH%%QH%—%} ojst Asl Q,;ﬂaaaw A
shiel BAZE Fysn wABoR vehge !

AET= ITS 13 ITS 28 F3she ¥4 73‘1}9} %lﬂé}% o]:}b]—% El‘ﬁit}. w3k Z2ASE
3671 DNAS] 5857912 A7|A g2 wio] ‘Slo] %@"L Fde UERIATE

3670 Al gt 23he 54 DNAS 97 -
A e uninformative characterZ # ] sk -
Strict consensus trees™ Fig. 37 23, bootstrap 2 64-100% = H1l 86.3%°1R o0, €]
Wopeksre gl gabse W SHbEE 9 100% bootstrap Lo R FElEA HElW wAEe] B

Azxg P Eg v HMeiEE-EvEE-genlateE 082 98% bootstrap
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ﬁéﬂ A. stolnifera _1]) D
1

100

64 A. raddeana

100

100

N == U0 O '.J'l("”\"A

— OO0~ ONUT ONUT

98 A pendulisepala

98

100

i A. amurensis

85

74 A. reflexa 32

-0.0005 substitutions/site

Fig. 3. Chloroplast DNA trees generated by maximum parsimony and neighbour—joining
method. The maximum parsimony tree is a strict consensus tree of 183 equally parsimony

trees (CI=0.97, excluding uninformative characters; RI=0.99). Bootstrap values are shown
above each branch.

HOE Heojvpgo] Bz HuldE vE shtel BEAZRE gAdstgon, Fuite BRI
52 79 Ml 100% bootstrap 102 SFElEA B =tk NJ searchst A%
M= EjEulgrRe HodgAFFol A uR R EgE A dAS 0w ey tHEg.
3)

%o; sk,

ganldZo] EAFAA TS d7)AdoA] ginetLe 3 gulatzty)
H (T), 666 (A)

&3, wullstel Al ek 3679(0), 406W(C)E 7oA, ErbeEe 490 d
Al 7zt A7IE e AolE JERRA L, 642W(C) A AYE a1 9712 7}3tH(Table
5. @EA DNA (pshA-trnH, rpsl6, trnlF) % psbA-trnH9 H7) A<Dl wunjerste

A HUINE S A ko msifel F71E W 600 -603H(TTTT)E 719 Akelof
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Table 5. Informative nucleotide sites in ITS and cpDNA (psbA-trnf: 1-305,

Korean J. Pl Taxon.

Vol. 36 No. 4

rpsl6:

206-1,175, trnLI: 1,176-2,057) to infer the taxonomic status of Anemone pendulisepala in
Korea. Numbers of lower column showed gaps cpDNA: 1 (AAA), 2 (AAAAAAA), 3

(TTTT), 4 (TCAATGAAATG), 5

(TACAGAAA), 6 (TGTTAA).

Taxa/positions

463344555
965609345
9750326

111111
912333
56014

33355668891
3485902710

8762909008
3

111111111
234467777

760505888
642148348

A. raddeana
A. reflexa
4. pendulisepala

A. amurensis

A. stolonifera

TTACCAA-G
CGGTTAC-G
CGGTTAC-G
CGGTTTCCA

TGATTAATG

CAA-12
-—AAAAZ2
-AAATZ2
-CTAAA

—AA-12

T-CG-3CC4C
TTCGT3TC4C
ATCGTTCCA4C
TTTA-3CTTG

ATCG-3CC4C

ATATTT--C

ASTCTT—---
ASTCT6TT -

-5TCCT—~—~

ASTCTTGAA

=

oel miAe 7

Hom. tnlFe

A7) 1783 2k 1784 oA 271 9]

1758

ﬂ% OA

-1763W(TGTTAA) 79 A4 els|x 2AFE2RT ¥ At Table 5). j2upgrst
rpsl6e] G714 D T 82987 ik ZAFAAE A, Sk -% sbA-trnH
o] A7|Ag & 1158(C)T 126D E 714 2782 FA AL mpsice] G719 5 3864
(T), 552¥(A), 87T0H(T)3} 1083 (G2l 470 EAFAL, tmlFel 47149 5 1604H(C)el
A e BASARES b e, 12769 d7]eA Ao 2l tH(Table 5).

s dedon b fAsan A% dendRos, sl oldr A,
2o Bw f8, Apgel we, o) wol, 2o Aol fAAh TrEe 3

1o
T
1o,
g HE
T b

o g BE, waAY =) M, 2P g 4z
2719 dunel GE SAST GE WEueEe FEd) FYdue 29 %
. ]

2 o2 oo &
1o,
u
AN

Wl Zol, Euye 2 ol glold] ols Fat 7
429 Jbone HungLe Ty A 2 SuHets Filo FEE

oorr Ko

ITS¢ cpDNA
23 ITSA F14 A7 1915 cpDNACTAM =
AA g0 F FA4 Age vg ohdEA B s, Magnolia®;

(psbA-trnH, rpsl6, trnLF)2] G714 &4 A3, efdnpghde 32t
12)7F v Ao vyt ¥

9] cpDNAF- 1ol 4
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0.03-1.05%°1 1 2™ (Qiu et al, 1995), Heloniopsis%<] matKel 4 0.26-0.71%°] ¢ tHFuse et
al, 2004). Cicuta®:2] 1TSS &b §44 7A2le 1.20-410%5 UEE T, cpDNA pshl-trnk
el M e 0.81-1.40%°] AtHLee and Downie, 2006). ITSol| <]&t S Aln|&2se] 44
@ A= 300-16.11%01%03L, F3 BRaEs 2he] #3104 Ags 1.00% olatz ey
(Yoo et al, 2005). =2t wlvhejobAln) & mvelobanld f EFTre ITS 447 A
o 001-066%= w-$ st om(Yeau et al, 2004), €@AFdn e} TAZE7 ITS $4 7
Ael= 016-1.16%2 YERSTHLee et al, 2004). @3 B m §274 Age] o& 9
s AAs7le o) Aow waso] lthlee et al, 2006). wEhA] Blwulgze) o
A4 Ag gel w7l AW sAAEe F44 A WEe &alng Foz gt
g #2071 gl= Aoz gddn
AEEA 2ol A eutg e Sentd 2 2 EugEn sk EAzE g8k 9
orng of F F3 FAWA e B R EOE%@%H:%%W%%%CMWNQﬂ%%
A A3 100% hootstrap value® Tl ES F
71XG A, & BFEEd ﬂﬂ] 600 -603H

183Ra 17849 A7lel A 270(TTDe ZAFAAE 71, 17589-17630 4 7] ol A
TGTTAAC] ZAd¥e] SAFTERRE Fglo] FEYAT weha gulugite] YAZETS
Gt AfRIAE Zhe RS guntges 2o Heg Zo] gy @At
= 7 A A A 3 971D o] BrEe gASAAE FHEAY 440
A el YeE=U(Cronn and Wendel, 2003; Rieseberg, 1997; Lee et al.,, 2004), ©f @u}gt
Fell A e FAE FHFY BAFHAE FhHeke AT EAde Yehlx ggronz g4}
TAre] FEL ofd Aoy FAHC}
AL AL

= A @A AAHEARAE A DA o A7) AL(HAAE 052-061-025) 0=
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Molecular Phylogenetic Study of Anemone pendulisepala

(Ranunculaceae)

Chang Shook Lee, Nam Soock Lee and Sung Hee Yeau"
Dept. of Life Sciences, lDep‘t. of Science Education,
Ewha Womans University, Seoul 120-750, Korea

Anemone pendulisepala, recently described as a new species, is distributed in
sympatry with A. reflexa, A. amurensis, and A. raddeana at Mt. Taebaek and Mt
Baekdu. Anemone pendulisepala was previously proposed to be a hybrid species between
A. reflexa and A amurensis because it displays overlapping features with them in
involucre shape, petiole length, sepal apex and xylem shape. To verify the taxonomic
status and to examine the hybridity of A. pendulisepala, sequences of ITS region of
nuclear ribosomal DNA and the psbA-trnH, rpsl6 and trnlF region of ¢pDNA from 36
accessions of 5 taxa including outgroup were analyzed. In maximum parsimony tree
based on ITS sequences, A. pendulisepala had the same sequences of A. reflexa and was
clustered with monophyletic A. amurensis, and then A. raddeana. Anemone pendulisepala
was distinguished from the other taxa by having four base insertion in rpsl6 region, two
species—specific bases and six base insertion in trnLF region. In the phylogenetic trees
of combined cpDNA, A. pendulisepala showed monophyly with the bootstrap 100%.
Anemone pendulisepala exhibited no polymorphism and shared no sequences with
putative parental or related taxa examined in this study. Molecular data suggest that A.
pendulisepale should be a distinct species, and no evidence of the hybridization was
detected.

Key words: Anemone pendulisepala, 1TS, psbA-trnH, rpsl6, trnlF

‘Corresponding author: Phone +82-2-3277-3793, Fax +82-2-3277-2684, anemone@ewha.ac.kr

277



