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(o) slod Al st AFod 3 sk el Ay v 7} 89}

2AAEHG. rosulacea Y. Lee) ol7|AbE 7 frabsht ZAEHS ¢ 2 FEHE79)
A e SR 9 gtal AFd#E(Goodyera R. Br) e AFom JARE v gt 2
ArrA e FRoe] AAS 2AFN] FATAE debalr] Ysle] FtoTE TI 24719
S o o g E%(nbosomal) DNA®9] internal transcribed spacerst HEA)

DNA?9| trnl 77+e] d71AE& S48ttt &F ] AA9 ZAEde] faddAe 44
VNMEES vEo R U HLRN (Maxmmm parsimony  analysis) €} E‘ﬁé%“?j(Neibour
DI BAEA AR R AT 24 A7 2AAE TR
£ 7HAM, 1TSS tml AsFolx ZF AT EE FAstac 24
A} 2z} 6‘% A} A}‘é & o 4 ERTAe A#](pairwise distance)= ITSel /ﬂ
3.49-6.68, trnLolA 5.05-9530. 74 ZRE Fow syl Felvb gloinh weba BaA
s ZAAME S A = As AASAT AFTel ZAA)
U EAlxE YA, P4 AYs
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Fool AHEES ZAAE G, ITS, ol

Sd=it AR E(Goodyera R, Br)2  ©2H(Orchidaceae)?} ‘ol #HOrchidoideae), W&
(Orchideae), B}d&\dz o} (Spirantheae), Ab Q?ﬂé(Goodyermae) o] &3l AER olZIIE
Z]Q]a Edkgte] 20 2 iAol olAjo} L 5l 5 ol AAe oF 400]F0] EE
2 el T, 1978; Satake et al., 1982; Freudenstein, 2001).

=
o] xS N%g A|AF e ’Lxg wHom e A ZE AH FAFME o|FH, HE&wA

& =R & , T , = a2zt E =
& ZEdd uHsle] FYEYoR Hu deEde e BEEA you, BEREL
2 AFHA 1, oo "ol g et Zu iae T2t (Lee, 1996). dHEAF APE RS A
224 Nakai(1911)3= 5% (Goodyera maximowicziana Makino(XdAVE X)), G schlechtendliana

Rehb. fil(AFEYE), G repens (L) R. Br.(el7IAMEY, G velutina  Maxim(8A12WH), G

similis BLI(FAFE RD), Chung(1956)-2 G. maximowicziana Makino(ZAYE W), G repens var.

WA H AR M EF 02-3277-2366, AE 02-3277-2385, namsook@ewha.ac.kr

189



Korean J. Pl Taxon. Vol. 36 No. 3

koreana Nakai(ol 7| V™), G - schlechtendaliona(AFA W) el 2% 1¥WES 71289l 34,
Lee(1996)= G maximowiczii(ZAAFE W), G repens(N 71 2, G macrantha Maxim. (&

AW, G schlechtendalianal AFE W), G velutina(BAFE W9 558 71289t 7 %

Lee(2004)= G. rosulaceae Y. Lee(ZAALE WS 21E 02 7|45ttt RAARA DL of 7] A}

277} gonl, el od Ak Aeden A 4y BASY wE £2 FuF7)
o) G BEFY Lol v, BEAE o)A RBI Y we o] Rxsls SHoE 7
wahelnt

T AEW AATE 4B 5EMEE, 902,

HEA MRS BE BFHA o
ARG, BeAA, )RS
Ao B3 AF(Tae and Ko, 1999), 17 ITSe] 2 5
AR o, ZAAE ] ek A= AF7IA o e £ F
A W ribosomal DNAY ITSE9 &4 DNAY tmliE9v 5458 20 o &
7+l A% Fa#AE godsted F&st ABERE ol &xo] gvi(Baldwin et o, 1995
Downie and Katz-Downie, 1996; Corriveau and Coleman, 1988; Cronn and Wendel, 2003;
Compton and Cutham, 2002). webx] 2 o Foa= X e E4o og 2x0=2 74

B 2ANERL ] 598 FoE AYdsE Ao RRGHoR HYRNE pAdom

0|

=21 =2
FHE] fletel, 1 e 209 ABA FAAE Aorsv] F8T 1TSS tmLel 9

7IAEE EA skl dslaak gy,

A = o9l od e

S o o H

o4l
>

o7 At ®, dabd@, dAlES F2AEdE, | sedoz %
o AR BFToR AN NAE @Y 2R 2MAE TUT e
, ] G. procera Hook. & X3 = 247042 A AE5E A
E 5 EL olgoAsn A8 R EZAEWH) Y BI= o (Table 1).

DNAZZ: A 298 A4 d4g2 B3 & DNeasy Plant Mini Kit(Qiagen, Germany)=
Z2319 M Downie ef al, 2000). 1TSS =2 primer ITS4, 1TSS, ITS2, ITS3 (White ef al,
1990)& AH&3l 3, &4 DNAYE #nl(Taberlet et al, 19912 FZ3doh ITSTFHATS
1, 58S, ITS 2)9] AAE= 71So dxd |79 wastel ZAs A (Tsal, 2003;
Baldwin et al, 1995; Downie et al., 2000; Lee et al., 2004; Lee and Downie, 2006; Yoo et
al, 2005). PCR Z7& 94Tol A 14, 54TolA 13, 72T 23 cycle® sto] 363] 8FE
s B 72T A 1087 o FAAATE PCR AHE LS AccuPrep PCR Purification Kit(Bioneer

Inc, Korea) 2 AASAT A7 EE 42 Base station sequencer(M] research, USA)E A}

o
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Table 1. Collection data of Goodyera rosulacea and related taxa in Korea.

Taxa(Abbreviation) Accession  Voucher(EWH) Collection locality
number
G. rosulacea Y. 4,5, 6 Y. Kim 040602, Seoul, Dobongsan
Lee (Gros) 040603, 040605
AR 375, 376, C. Lee et al. 060703, Gwangwon-do, Dukhangsan
377 060704, 060705
G. repense 98, 137 Y. Kim 040703, 040709 Gwangwon-do,
(L) R. Br. (Grep) Taebaeksan
o7 A g
G. schlechtendaliana 81 N. Lee et al. 0408015 Jeju—do, Seohori
Rehb. fil (Gsch)
AR 16 N. Lee et al 0407011 Jeju—do, Seondol
257 N. Lee 0510003 Jeju-do, Georinsaseum
G. sp. (Gsp.) 79, 140 N. Lee et al. 0408013, 040822  Jeju-do, Seohori
241 N. Lee 0406003 Jeju—do, Seohori
G velutina 30 N. Lee et al. 0407026 Jeju—do, Seondol
Maxim. (Gvel
Sl SGvel) g N. Lee et al. 040809 Jeju-do, Hallasan
269 N. Lee 0510012 Jeju~do, Georinsaseum
G. maximowicziana 47 N. Lee 0308008 Jeju—do, Bijarim
Makino (Gmax) i )
M ALA 2 138 N. Lee et al. 0407032 Jeju—do, Gyocheon-r1
139 N. Lee et al. 0408035 Jeju—do, Eorimok
Gz macrantha 22, 33 N. Lee et al 0407012, 0407017 Jeju-do, Gyocheon—ri
Maxim. (Gmac) )
Bo LAY I N. Lee et al. 0403007 Jeju—do, Hallasan
(r. procera 385 N. Lee and S. Yeo 060224 Japan, Okinawa Hyun
Hook. (Gpro) Nagoshi, Danodake

£ shAdrh

gy de] A 9 AEBA pgke] d7]AdL Clustal X program(Gibson et dl,
1994)e olgstel AL, AR AP £AYon fAsAT ALY FUIMEE HE
A2 E AP (Baldwin et al., 1995014 dwrz o= $35 1 9l PAUP version 4.01b
(Swofford, 2002)E o] €3] iz ok (Maximum parsimony analysis)&  8F%l.eH,
Heuristic search® ©] 4393 gape AR t#(Simmons and Ochoterena, 2000), 5Sth
character® A8ttt 24< 10008 random stepwise® WHE3FES™, TBR branch

swappingdtel Multrees2 -8t41th. Bootstrap values(Felsenstein, 1985)% 100%] Hh- 5] o
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Table 2. Summary of ITS and fmL sequence characteristics for G rosulacea and related taxa.

ITS 1+5.85+

Characteristic ITS 1 535 ITS 2 TS 2 trnlL
Length of sequence region(hp) 239-241 172 281-282 691-694 496-530
Aligned length 243 172 283 698 564
Parsimony informative sites 35 2 34 71 76
Uncorrected pairwise distance 0.00-16.54 0.00-1.16 0.00-11.10 0.00-10.49 0.00-9.53

+48k51 3, TBR branch swappingte] simple stepwise option.©. & A gl sl A}
Hg two-parameter methods(Kimura, 1980)% A48 o A7 oS 72 ZoaAg
(Neighbor Joining method) 2.2 418} tH(Saitou and Nei, 1987, Farris et al, 199). &=

R

b EFTE Aelel A7) Mol A& uncorrected pairwise distance® # ) iRy
A }
7N L EA: ITS- 425 971 698 bpolglew o & 587749 <d7]= drgstdar, v
HA L7l G el Wakrh glglem o 717 )0t AREdow saes e

informative charactero] 1tk i Ao A] ITS 1 239-241 bp, 585% 172 bp, ITS 2 He

T 261-282 bpE ITS 2 H7F ITS 1 R98; 71 Aow eyt
N A(Sim et al, 2002; Shin et al, 2003; Downie et al, 2000)<h UVJ/}X] éz}g ITS 29
Hol7} ITS 19 Zojuth 71 Ao Yehwrh 2axEge] I de #97e ¥olahd]
FAE AR RS ol A 694 bpE b A, B9E A™s 24 Taple 29 2.
At A7F 2359%, C7} 21.83%, G7} 27.93%, T7}

5:
FALE A AR Aol A A
2219 AR Sy BRG] §24 W

26.65% %131, G+Co] @7]ZA S 48.84-53.11% 4 T}
°l{p

quil

o 7] =z 2] g]

pairwise distance)= 0.00-10.49%°| -t +9)r& A o= 0.00-6.68%) ATt BE7)
T4 A (pairwise distance)ol 9014, ZAAVE G, rosulacea)T VE FMte RESe
NIAHE GG repens) @& 349%°)91 3L, F9)S AT Ul Fo) A mAANEAT G4

2 A=t 7}]} W THT:/\] (G macrantha) 0.2 6.53-6.68%°] 21 TH Table 3).
564 bpelflem, o F 3095719 97]= 0”46}@ ‘Jr”] ] 1697H 9]

T 14570 977 AlESH o saly

character‘f’]?itl- AAbd el A7) do] 530 positionsE M A3, 9w Ady =3

E
>[\I
rlr
5
=
=
5.
<
T

< Table 29F Zth zAbd A4 BHFTo dg d71xA4de Hwe A7) 38.63%, C7}t
12.03%, G7F 16.09%, T7F 3324%°]%1 a1, G+Co] @724 2792-2883% 5 1] vloprl,
AR AbdEse] R4 At 000059%0) A, T RRE % 2AAANG
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Table 3. Pairwise distance matrix of ITS between Goodyera rosulacea and related

taxa(all numerical values delt with %).

Taxa Gros Grep Gsch Gsp. Gel Gmax Gmac Gpro
Gros 0.00

Grep 349-349 000

Gsch 552552  506-5.06  0.00

Gsp.  464-465  404-405  283-300  0.00

Gvel 536-536 478478  390-3%0  059-0.74  0.00

Gmax 522-522  463-463  363-376  105-1.19  043-043 000

Gmac 653668 550-564  520-535  345-360  319-333 318333 000

Gpro 1049-1049 986-986  958-958  887-904  9.01-901  901-901  999-10.14  0.00

Table 4. Pairwise distance matrix of trnl between Goodyera rosulacea and related taxa.

Taxa Gros Grep Gsch Gsp. Gvel Gmax Gmac Gpro
Gros 0.0

Grep 505-5.05 0.00

Gsch  859-8.78 487-487  0.00

Gsp.  859-8.78 487-487 000 0.00

Gvel 889-919 658679 367-387 567-387 000

Gmax 6.31-6.32 586086 592-611 592-611 318-338 000

Gmac 953-953 622-622 614-614 614-614 361-380 345-364 000

Gpro  832-832 567-567 604-604 604604 654675 678699 758758 000

rosulacea) S NANAFR G repens) T 71 7S §AH AR (5.05%)E WERISLAL, He
ANA TG macrantha) @ 7F3 @ A4 A2(053%)5 YERNles, kel G procera
o}= 8329%01tHTable 4). +¢srel o A& & X<l Z1& uncorrected pairwise

distance® A2 A trnL57Fe] gap handling®] 2854 24l missing2 = A2¥ 2=
2elth 917)9 indel®9E 25 1974 EH BEatel] whek 4-8/01lem, 1 F el
QlE 2L (¢ procera’t 8701 o, FuUl FolME ofv|Abd ko] 7A, EAARE T AbdE
bR eke] Almo)A(G spol 674, YAk se] 57, A FeAETe] 44 448 v
Ebt Tt

o
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Maximum parsimony tree Neighbor joining tree
G. proceral] Outgroup prm— (G, Drocera [ Outgroup
98
00/25 l G repens e I !G repens
137 137
100/27 e 4
e 5
00/ 2 === ]
G. rosulacea
375 G. rosulacea
e 376
b 377
s | f 16
100/28 81 §6. schiechtendatiana & | & schtechtendatiana
s ) 57 257
A /¢ 79
72/34
77/30 140 §6. sp. 140 ! G. sp
| I— - 241
90/35 22 7
100/31 33 6. macrantha 138 8 G. macrantha
b 75 139
0334 74/32) 7 32 i iczi
138 B 6. maximowicziana G. maximowicziana
269
3/33 139 22
6
30 L33 G. velutina
e 76, | G, velutina |75
SSN—— 7 {1

T==""0.005 substitutions/site

Fig. 1. Phylogenetic trees of Goodyera rosulacea and related taxa reconstructing by
maximum parsimony and distance method in ITS sequences. The parsimony tree is a
strict consensus tree of 140 equally parsimony trees, (CI=0.81, without uninformative
characters; RI=0.94). Bootstrap percentages/the number of changes are provided above

each branch(white line: outgroup, black line: ingroup).

A&sHA B4

ITS: 2470 2] ITS A71A 4] H )2 4 (Maximum parsimony) 23}, #AE4=9] Zo|=
14071932 ™, uninformative character® #¢3F Consistency Index(CI= 0.81, Retention
Index(RD+= 0.94, Rescaled Consistency Index(RCDE 0.828 vhepwte}, & o= okr A A 1}
Aolzl Strict consensus treet= Fig. 13} 2221 hootstrap values= 63-1009%% ¥ 7 85.3%
olit. &4 A EAANED (G rosulacea)S TFARFT AR 2779
synapomorphic change®t 100% bootstrap value2 o« BEF73 Fals)/ 29 si}o)
TAE(clade)E BAEFAT E=F P ALARG schlechtendaliana), A|FEAF ApE e
A A(G ), GAHEIHG veluting), FHSAAIG  maximowicziana), WAE TG
macrantha) 1< 3670 synapomorphic change®t 72% bootstrap value® = AA}A -
A BAzS o2 shie] BAxE gAsart

Neighbor-joining search?t &5 ¥4 27 % Maximum parsimonyZ 9} 7 2] 23}

Sp.
=
I
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Maximum parsimony tree Neighbor joining tree

m——— (. procera [ Outgroup
G. procera [l Outgroup o8
_100/25 £ G repens | l 137 EG repens
100/29 s
5 G. rosulacea
10028 75 G rosulacea 375
375 376
s 376 377
schlechtendaliana
e § G. schlechtendaliana
100/30
G. sp.
77136 I
G. macrantha
100/33 G. macrantha E
72732 99350 o G. maximowicziana
G. maximowicziana .
100731 G. velutina

===0.005 substitutions/site

Fig. 2. Phylogenetic trees of Goodyera rosulacea and related taxa reconstructing by
maximum parsimony and distance method in tml sequences. The parsimony tree is a
strict consensus tree of six equally parsimony tree 266 steps, (CI=0.76, without
uninformative characters; RI=0.94). Bootstrap percentages/the number of changes are

provided above each branch(white line: outgroup, black line! ingroup).

ZANATE AES BE gAEo = Ve th(Fig 1). ITS 13 ITS 28 &3 243
ALFE ITS 19 ITS 28 Fdatel FA Ao dAshs Fds Rk B 2AE
247 accessions®] 585%F-91¢] dA7|AL-e Ao W7} glol HEXQ S HERR T

3

trnl: 24719 trnl, 7149 A d K Maximum parsimony)i-4] A3, AT Aol&
26670 29, uninformative characters A28 Consistency Index(CD+¥ 0.76, Retention
Index(RDE= 094, Rescaled Consistency Index(RCDE 0742 YERETE Aozl Strict
consensus tree™= Fig. 29} 229 bootstrap valuest 55-100%= At M%) A2 3
ZAANAIG  rosulacea) S 29749 FF3AE A W ol(synapomorphic  change)2t  100%
bootstrap valuee] €&} ZHAREFTHS o7t e shte] RAxE Ao UmA £
FHEd FHeA BYHATES 2T ARG schlechtendaliana), A7t AFE e
AWl AG  sp), BAEIG veluting), FHSAEEG  maximowicziana), HAETHG

macrantha) 1E< 3679 F&HAAE A Wol(synapomorphic change)®l 77% bootstrap
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Table 5. Informative nucleotide sites in ITS and £l to infer the taxonomic status of (G

rosulacea. Each vertical 273 letters mean nucleotide site and bold letters show marker loci.

21111112444444445556 78111111111222222223333344555
Taxa 76778991134456991373 76233336999555556666669934134

6451676164803138177 412348158567890234560118213
Grep TT--AATGTCGT-CATTCCA AG----- CT-T-—---- GAAAGTTCTAGG
Gros CTGAATTATATGTCCAAAT- AGGATTAATC-GTATAAAG-TATTTCCAC
Gsch TC--GAAGCCGT-TATTCCA CAT----C--T--—-—-— GAAAGAACTAGG
Gsp. TC--GAAGCCGT-TATTCCA CAT--~--C--T-——~—~- GAAAGAACTAGG
Gvel TC--GAAGCCGT-TATTCCA CA----- CC-T--=-~-~ GAAAGAACTAGG
Gmax TC--GAAGCCGT-TATTCCA CA----- CC-T---—--- GAAAGAACTAGG
Gmac TC--GAAGCCGT-TATTCCA CAA----CC-T-——-—-— GAAAGAACTAGG

value® EAALA G- 7|AbE T BA xoF Ha £
TAZ &M (Neighbor joining method)® #43F AZFoE Hgder 24 (Maximum

parsimony analysis)ZZ¢} 72 2= 2 AAE @ GAE o 2 Vel thFig. 2).

EAAAZDE] FAFAA 1TSS °ﬂ7]"i°§0ﬂ/ﬂ EAAMNEGEE 1718 971, 5 273(C0), 196

(T, 216W(A), 436W(A), 44471(T), 448¥(G), 49191(C), 493H(A), 518 (A), 5313 (A), 577
HT)A /73 FAFHAA=2 774% sk 2AARE S-S 174 175%, 4508 Ao A ZF
4 (@), (A), (D AdE i A28 deaidz, 6370 9715 245 A Table 3). 344,

7t Efae) e ZAGAAE o)Ak el A 5, AbE @A 97, G sp.ollA] 67, B
ARl 1470, AAFE > A 17, EAbE el A 1702 WEbskTh 2 AALE @) o 7] A} g
o e EAFH A Hmarker gene) 5712, 166¥(T), 181 (A), 1979(T), 411 (T), 463
A Table 5, Appendix 1).

A=A DNAS trnl 9714 LellA 2AAE—RL 11719 97, 2 124H(G), 1689 (A), 262
H(A), 26371(G), 365R1(T), 366W(A), 431H(T), 448H(C), 512¥(C), 531H(A), 543H(C)oll A,
ALY FEAFA A (species—specific marker gene)E WENHI I, F /(1989 364%)e) A
A3 I3ITH-1I34-(ATTA), 195H(C), 205 -260M(GTATAA) 97)o)A19] 4kele] Qllth
(Table 5). ZF ¥ Lfrel BAFAAE of7|APE @A 470, FeabddolA 97, HALA
gholl A 270, 5l gAbE R A 270l 9l om, AFE R G ospE 970 HUs TASARE 2
=tk ZAAE o] ey AbE @ FFske BA A A marker gene)E 5719 @&, 77H
(A), 86H(G), 19191(T), 39081(T), 391 H(T)e) 1t Table 5, Appendix 2).

ol
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JAbdgtRh e b o B

, a?m 371 02-03m AL BE rpeln g0 2avle) ARel 2el Galo]
oz HAE RAEREL o]Ri dAMdE Lol A2, el Holrt & oo 7] 1/29]

CTJ

S obdlel Ak 68 )

=
shaleh By oA dghe o] 7]37} 0.7-1cme 7 GEEF0ISL Pale] f= Fajr, 3

H%l%%ﬁEﬂjL}Miﬂ 1, 7
Mﬂ 9 2xAe] YoiA AR} 3

At
SANARE ITSh il 7142 B4 AN AN BLA Y ke R A
2 gelen, AEEA B0 el bR Shtel RAZE FAAQEL, EW
sl EASAAE AR FRAD R0nE RS FABATL LS 16
=

|
To® FAEC
HaA gl E7r §A1A e WS ggE e veEdEd, gRddee 45
Magnolia%: 9] cpDNAR-$o| A 7+ 544 Azls 003-1.05%1A2H(Qiu et al, 1995)
Cicuta?2] 1TSS} cpDNA AfelAl 1TSS %7k Hd73 Ayl 1.20-410%7F WERRAL,
cpDNA psbI-tmK 5" %99 &7 5474 Agi= 081-1.40%°] A tHLee and Downie, 2006),
) ITSe] ok Augde] Afola 7§14 A= 300-16.11%01 5L, FshEfa=

1

’

el S-E AwlE 1.00% olst2 YEFGtHYoo et al, 2005). Ik EolgEl v ok 24
=71 5474 AgE 016-1.15%2 wWE FdtHlee et al., 2004). TAFAES] AT

Agavaceae?] ITS H9olA £+ F44 Azl 080-3460%= vt ek tHBogler
and Simpson, 1996). W48 £7+ F-4% Agle] &t AT == Phalaenopsisss 2= 57
EHTS oo 3 Aol ITS %9 F3F 714 7187F 0.00.-2420%°] 9127,
Phalaenopsis®U Parishianaect®9 &7 532 Agls 1.00-5.30%°]1913L, Polychilosol<

Ul E7kel A 0.00-20.609%0]) o H, Aphyllaectel 4 0.60-3.30%F w9 vheFetal vhebsiT
v Phalaenopsis® A& STREF59 tml oA £ 44 Age 010-16.70%2 #
olo] Zo| thekstAtH(Tsai, 2003). 2 Abdetso] 7§74 Awle [TSA 0.00-10.49%
ol frnLel Al 0.00-953%= Vel on o] F ZAAME N o7 AT FAA A=
ITSO|A  349%Z  Phalaenopsis?d]  Z3kHo]  Zo] &3 <vl,  Parishianaets: %
Polychilosols 1] &7 #old vlahyd v Holu Aphyllaect&dl T3 4 A Hrot

o
r

= A vepyth E=o mLOH M 505%%E Phalaenopsis®: el E7F 44 Azlel HE9
FaE ) o]HE EF G717 Aol Fo| theFsle] ¢lvjwoele 4 Aol o3 Fe
FAE AAsE EAS dEHoR deksly] oy B Ay 2 0§44 A o
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22 Aushed FEvb 8l AR g, s, A8
PO E FEE AolE UEER 589 Fow AyH:E A8 s gk 2
o2 2 VIEAN Ade EANEG rosulacea)©] NNAME DT fATA T} S
W& Lee(2004)9] 257314 A& A A9

AL A

= Te SAF AL BT SR A7 AL ME 052-061-025) 0.2
T e oo A5 AEA ARE AFd F4 454 A
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Appendix 1. Aligned ITS sequences in nrDNA from the 24 accessions examined. Dashes

and gaps required for alignment. Dots in the sequences denote same nucleotide state as
the first taxon.

[ 10 20 30 40 30 60 70 80 90 100]
[ . . . . . . . . . ]
G_procera_385 TCGAGACCCTAAAAGGATTGG [GAGC ACH I i ACACCATCCATCCATTGTCCCTTCTTGATCG  [100]
S .. LG T T.  [100]
[100]
G_rosulacea_q [100}
Grosulacea d L C [100]
Gorosulacea 6 e [100]
G_rosulace [100]
G_rosulacea, [100]
G_rosulacea_377 [100]
G_schlechtendal iana_16 [100]
G_schlechtendal iana_81 [100]
G_schlechtendal iana_257 {100]
G_sp_79 [ 1001
(_sp_140 [100]
G_sp_241 [100]
G_macrantha_22 [100]
G_macrantha_33 [100]
G_macrantha_75 [100]
G_maximowicziana_47 [100]
(_maxinowicziana_138 [100]
G_maximowicziana_139 [100]
G_velutina_30 [100]
G_velulina_76 AT, . [100]
G_velutina_269 b AvA o T T.  [100]
{ 110 120 130 140 150 160 170 180 190 200]
[ . . . . . . . . . ]

G_procera_385
G_repens_98
G_repens_137
G_rosulacca_4
G_rosulacca b
G_rosulacea_§
G_rosulacea_375
G_rosulacca_376
G_rosulacea_377
(i_schlechtendal iana_16
(_schlechlendaliana_81
G_schlechtendal fana_257
G_sp_79

G_sp_140

G_sp_241

G_macrantha_22
G_macrantha_33 o . . B
G_macrantha_75 o . TEC! . L1es]
G_maximowicziana_47 ...C . RPN T ... [195]
G_maximowicziana_138 R O S . . : U TATGG. GT.A....  [195]
G_maximowicziana_139 ...CL . . . . . LT LATGG. G ..o 195
G_velutina_30 .. .. LATGG. . ~TTCGT ... [195]
G_velutina_76 .. .. . T TLATGG. . Al [195]
G_velut ina_269

[
[

G_procera_335
G_repens_98
G_repens_137
G_rosulacea_4
G_rosulacea_b
G_rosulacea_6
G_rosulace:
G_rosulaci
G_rosulacea_377
G_schlechtendal iava 16
s_schlechtendal iana_§1
G_schlechtendaliana_257
G_sp_79

G_sp_140

G_sp_241

3

[eRiie)

S @

B ) 2

&1

o N b
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G_macrantha_22
G_macrantha_33
(_macrantha_75
G_maximowicziana_47
G_maximowicziana_138
G_maximowicziana_139
G_velutina_30
G_velutina_76
G_vclut ina_269

L
|

G_procera_385
G_repens_98
G_repens_137
G_rosulacea_4
G_rosulacea_s
G_rosulacea_6
G_rosulacea_375
(i_rosulacca_376
G_rosulacea_377
G_schlechtendal iana_16
G_schlechtendal iana_81
G_schlechtendal iana_257
G_sp_79

G_sp_140

G_sp_241
G_macrantha_22
G_macrantha_33
G_macrantha_75
G_maximowicziana_47
G_maximowicziana_138
(_maximowicziana_139
G_velutina_30
G_velutina_76
G_velutina_269

[
[

G_procera_385
G_repens_98
G_repens_137
G_rosulacea 4
G_rosulacea_d
G_rosulacca_6
G_rosulacea_375
G_rosulacea_376
G_rosulacea_377
G_schlcchtendaliana_16
G_schlechtendaliana_81
G_schlechtendal iana_257
G_sp_79

G_sp_140

G_sp_241
G_macrantha_22
G_macrantha_33
G_macrantha_75
G_maximowicziana_47
G_maximowicziana_138
G_maximowicziana_139
G_velutina_30
G_velutina_76
G_velutina_269

[
{

(_procera_385
G_repens_98
(_repens_137
G_rostlacea_4
G_rosulacea_b
G_rosulacea_6
G_rosulacea_37
G_rosulace;
G_rosulacea 377
(_schlechtendaliana 16
G_schlechtendaliana_81
G_schlechtendaliana_257

Korean J.
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[395]
[395)
[395]
1397]
[397]
[3971
[397)
[397]
13971
[395)
[395]
[395]
{395)
[396]
[396]
[396]
[396]
[396]
[395]
[395]
[395]

[493]
[493]
[493]
[497]
[497]
1497]
[497]
[497]
[497]
1493]
[493]
[493]
[494]
[495]
[495]
[491]
[494]
[494]
[494]
[494]
1494]
[494]
[494]
[494]
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rantha_22
G_macrantha_33
G_macrantha_75
G_maximowicziana_47
G_maximowicziana_138
G_maximowicziana_139
G_velutina_30
G_velutina_76
G_velutina_269

[
[

G_procera_385
G_repens_938
(_repens_L:
G_rosulacea_4
G_rosulacca_b
G_rosulacea_6
G_rosulacea_375
G_rosulacca_376
G_rosulacca_377
G_schlechtendaliana_16
G_schlechtendaliana_81

7

G_macrantha,
(_macrantha
G_maximowicziana_47
Gomaximowicziana_138
G_maximowicziana_139
G_velutina_30
(_velulina_76
G_velutina_269
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ZRH YAl TS L H7IM G0l ofeh 2AH
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TG
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o1 o
o G D

G ca o g1

[691]
[691]
[691]
[691]
[694]
[694]
1694]
[694]
[694]
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Appendix 2. Aligned ¢l sequences in cpDNA from the 24 accessions examined.
Dashes and gaps required for alignment. Dots in the sequences denote same nucleotide
state as the first taxon.

[ 10 20 30 40 50 60 70 80 90 100]
[ 1
G_procera_385 AAGGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACGAATGAAMT TTACTACG T TAGAT TAGTAGCTAAAAGACTTCTATCAAAAGAAAAGATTGAA [ 100]
Gorepens 98 . L AL G..T. [100]
G_repens_137 Y. DU T [100]
G_rosulacea_4 L. T [100]
G_rosulacea_b 5 1100]
G_rosulacea_6 {100]
Grosulacea 375 A GL Toooo ... [100]
Grosulaccasi?h A T [100]
G_rosulacea_377 T [100]
G_schlechtendal iana_16 [100]
G_schlcchtendaljana_81 [100]
G_schlechtendal iana_257 [100]
G_sp_79 .. T . ... f100]
Gosp_140 A T T [100]
GoSD_241 A T T [ 100]
G_macrantha_22 [100]
G_macrantha_. [100]
G_macrantha_75 [ 100]
G_maximowicziana_47 [100]
G_maximowicziana_138 [100]
G_maximowicziana_139 [100]
G_velutina_30 | 100]
G_velutina_76 [100]
G_velutina_269 [100]
[
[
G_procera_385 [186]
G_repens_98 [186]
G_repens_137 [1861
G_rosulacea_d | 1981
G_rosulacea 5 [ 198]
G_rosulace [198]
G_rosulacea_375 [198]
G_rosulacea_376 [198]
G_rosulacea_377 [198]
G_schlechtendaliana_16 [183]
G_schlechtendaliana_81 [133]
G_schlcchtendal fana_257 [183]
. [183]
_SD_ [183]
G_sp_241 [183]
G_macrantha_22 [1931
G_macrantha_, [193]
G_macrantha_75 [193]
G_maximowicziana 47 11861
G_maximowiczlana_138 1186]
G_maximowicziana_139 [186]
G_velutina_30 [165]
G_velutina_76 [165]
G_vclutina_269 [165]
[
[
G_procera_385 [256]
G_repens_98 [256]
G_repens_137 [256]
G_rosulacea_4 [284]
G_rosulacea b [284]
G_rosulacca_6 [234]
G_rosulacea_375 284
G_rosulace [284]
G_rosulacca.. [284]
G_schlechtendaliana_16 [268]
G_schlechtendal fana_81 [268]
(_schlechtendaliana_257 [268]
G_sp_79 1263]
G_sp_140 [268]
G_sp_241 IZGSJ
G_macrantha_22 [263]
G_macrantha_33 [263]
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G_macrantha_75
G_maximowicziana_47
G_maximowicziana_138
G_maximowicziana_139
G_velut ina_30
G_velulina_76
G_velutina_269

[
[

G_procera_385
G_repens_98
G_repens_137
G_rosulacca_4
G_rosulacea_b
G_rosulacca_b
G_rosulacea_
la

375
G_rosu _376
G_rosulacea_377

G_schlechtendal iana_16

G_schlechtendal iana_81

G_schlechtendaliana_257
G_: Sp 79

G

z
E

G_sp_: 241
G_macrantha_22
G_macrantha
G_macrantha,
G_maximowi
G_maximowic
G_maximowicziana_139
G_velutina_s0
G_velut ina_76
G_velutina_269

[

G_procera_335
G,

G_rosulacea_377
(_schlechtendaliana_16
(_schlechtendal iana_81
G_schiechtendal iana_257
G_sp_79

(: sp_ 140

G_macrant!
G_maximow
G_maximowicziana_138
G_maximowicziana_139
G_velutina_30
G_velulina_76

G_rosulac
G_rosulacea s
G_rosulacea_§
G_rosulacea_375
(_rosulacea_376
G_rosulacea_377
G_schlcchtendaliana_16
G_schlechtendaliana_81
G_schlechtendaliana_257
G_sp_79

(i_sp_140

i)
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ATATTACTATTATC. .
ATATTACT. %TT—\TL

[aESE RN RN

310 320 330 340 330 360 370 380 390 4001
]

———TGAATTAGAATGATAAACTATG.

A.G.ATTGA
.G. \?TG\

z\.\ G
................... CAT.CT.A. ... .GTTTA. AAG.A

410 420 430 440 450 460 470 430 490 5001

SATGAATCOGACGAGAAY

ATACCGACAACAATGAAATTTAGAGTAAGAGGAAAATCCGTCGAATTGAA

[199]
[496]
[496]
[523]

SOD DS

o o
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S S
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[466]
[466]
|445]
[445]
[445]
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G_maximowicziana_139
G_velutina_30
G_velutina_76
G_velut ina_269
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Taxonomic status of Goodyera rosulacea (Orchidaceae):

molecular evidence based on ITS and trnl. sequences

Chang Shook Lee, Sang Mi Eom and Nam Sook Lee’

(Division of Molecular & Life Sciences, College of Natural Sciences,

Ewha Womans University, Seoul 120-750, Korea.)

Goodyera rosulacea, which is morphologically similar to G. repens, is described
recently as a new species based on its distinct morphological characters such as
rosette—formed leaves, short rhizome and habitat. To verify the taxonomic identity of (.
rosulacea and its taxonomic relationships within Korean Goodyera taxa, sequences of the
internal transcribed spacer (ITS) region of nuclear ribosomal DNA and the tml region
of cpDNA from 24 accessions including 1 outgroup accession were analyzed. Aligned
sequences were analyzed using maximum parsimony and distance method, and the
taxonomic identity and the taxonomic relationships among the related taxa were
estimated by the existence of private marker gene and the phylogenetic tree of the
aligned sequences. Molecular data indicate that G. rosulacea has several private marker
genes and shows monophyly in phylogenetic trees of both ITS and trnL sequences. The
pairwise distance between G. rosulacea and the other taxa of Korean Goodyera was
3.49-6.68% for ITS region and 5.05-953% for &rnL region, indicating that G. rosulacea
could be treated as an independent species. Therefore, our molecular data support the
taxonomic treatment of G rosulacea as a distinct species of Korea. In phylogenetic
trees, G. rosulacea formed same clade with G. repens, which has similar morphological
characters with G. rosulacea, and showed the lowest pairwise distance with (. repens
among Korean Goodyera taxa. These molecular data suggested that G rosulacea and G.

repens are closely related taxa.
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