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Table 1. Collection data of Korean Viola species used in this study. Voucher specimens
were deposited at the herbarium of the Kangwon Natonal University (KWNU).

Taxa Voucher Source matK atpB-rbcL
Section Dischidium 29 Av£4
V. biflora ¥ A v Paik s.n. Japan, Mt. Rishiri DQBA2607  DQR34784
Section Chamaemelanium =#A¥£d
V. orientalis >3 A0 % Yoo924 Korea, Mt. Samyung DQ842569  DQ834746
V. brevistipulata var. minor Bx=3A1% Yoo810 Korea, Mt. Dacam DQ#MBT0  DQ83474T

Section Nomimium A9 £A

Subsection Hypocarpae ©+&A 8] Eotd

V. colling STEAMZ Yoo814 Korea, Mt. Samyung DQ842571  DQ834748
V. hondoensis oF&AW % Yo00837 Korea, Ulleungdo D452 DQ834749
V. hondoensis oFS-A 02 Yool124 Japan, Saitamahyun DO32/94  DQ8347IL

Subsection Trigonocarpae A A8 2o}l
Series Campylostylae ZWA V)24 <E

V. acuminata ZA)0) % Y00799 Korea, Mt. Myougji DQ84A2573  DQS34750
V. sacchalinensis )& AR £ Kim s.n Korea, Mt. Baekdu DQ842608  DQR34785
V. websteri SARE Chon s.n. Korea, Mt. Yoomyong  DQ842574  DQS34751
Series Rostratae WA AW EA G

V. ovato-oblonga 71 QLAH|ZE Yoo931 Korea, Mt. Halla DQ8AETE  DQR34TH2
V. kusanoana & AR £ Yo0863 Korea, Ulleungdo DQ842576  DQB34753
V. grypoceras FAI AR E Yo00826 Korea, Kwanumsa DQB42577  DQB34754

for. albiflora BFA AN F Yoo868 Korea, Mt. Halla DQ842578  DQ8347H

var. exilis o) 7| A AR Y00833 Korea, Mt. Halla DQR42579  DQB3M4TH6

Subsection Bilobatae 5 #1HZol4d

Series Verecundae AW ZA 9D

V. verecunda & H| % Y00975 Korea, Ulleungdo DQ842580 DQ834757
V. verecunda FAH)%E Yool1129 Japan, Shinzuku DQB342581  DQ834758
Series Raddeanae 1719|244
V. raddeana /A A8 £ Yoo030603  Korea, Wondong DQ842s82  DQS34759
Subsection Vaginatae 31728 Eo4d
V. rossii alZA8| 4 Yoo030514  Korea, Haenam DQ842583  DQ834760
V. rossii 37ZAH % Yoo030823  Japan, Maruyama DQB842584  DQB34761
V. diamantiaca = 7+AH % Yoo030513  Korea, Mt. Bokkye DQ&4Z585 DQB34762
V. vazawana °)7) 273 AR Z Yo0983 Korea, Mt. Seorak DQ842586  DQR34763

Subsection Patellares #|1]Fo}4
Series Pinnatae ‘F3HA19| £ A4
V. chaerophylloides ‘&A1 812 Yo0823 Korea, Mt. Samyung DQ342B87T  DQR834T64
V. dissecta 7+=AH% Zhou s.n. China, Yanging DQB42609  DQB34786
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Table 1. (Continued).

Taxa Voucher Source matK. atpB-rbcl
Serles Chinensis AR|EA 4
V. woosanensis $-AHAH| 2 Yoo s.n. Korea, Ulleungdo DQBR42588  DQR34765
V. albida B9 A=} Y0079 Korea, Mt. Myoungii DQB42589  DQS34766
for. tukahashii B-E A w2 Yoo030520 Korea, Mt. Daedeok DQ842590  DQS34767
V. phalacrocarpa B A4 £ Yoo030514-1  Korea, Haenam DQB42591 - DQS34768
V. japonica 9\Av]Z Yoo030428 Korea, Mt. Halla DQR4Z593  DQR834770
V. japonica 9|74 8] % Yoo030823-1  Japan, Maruyamahyun  DQ842602  DQ834779
V. japonica AW E Yooll27 Japan, Mt. Maruyama  DQ842592  DQ834769
V. hirtipes S A|n]Z Park(030506 Korea, Cheolwon DQ8425%B D837
V. patrinii B AW 2 Yo00936 Korea, Chejudo DO342596  DQB34773
V. lactiflora A3 A0 £ Yoo831 Korea, Mt. Samyung D347 DQR34TT4
V. mandshurica A8 %2 Yo00916 Korea, Chejudo DQR42598  DQR34775
V. seoulensis A& A0 Lee & Heo3029 Korea, Mt. Sambang DQB842599  DQS3ATI6
V. yedoensis 348 % Yo0030520-1  Korea, Mt. Daedeok DO342600  DQS34777
Series Variegatae &ZANZEA 4
V. keiskel ZYE AR Yoo858 Korea, Myoungji DQR42601  DQYM4TTR
V. variegaia 2E AR £ Yo00967 Korea, Myoungji DQ®842603  DQR34780
var. chinensis AFFSEAME  Yoo030429 Korea, Yanggu DQ842604  DQ834781
Series Patellares AW ZE 74
V. selkirkii BA8]Z Yoo030429 Korea, Mt. Myoungji DQ842605 DQB34782
V. violacea AFLA|HE Yo0983 Korea, Chejudo DQB42606  DQR34783
Hybanthus floribundus Chase 2201K  Royal Botanic Gardens DQ842613  DQR34787

H ﬂorzbunduse AR&-3t S T}

2o AL&E DNAY F52 Doyle and Doyle (1987)9] ®¥S wgtow F=3 DNAE
Beckman spectrophotometer® 4 %3t 3 5 ng/ul® 843 PCRZ ¢ DNAZ AFE-3
t}. DNA =32 DNA Thermal Cycler (Biometra, Whatman Co)% 33} o matK%
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Table 2. Characteristics of matK gene and atpB-rbcl. intergenic spacer region, separate

and combined data for 42 populations of Korean Viola and outgroup.

Characters matK atpB-rbcl. (ma ﬂg ?rmclz)tglg—irbcL)

Length of sequence region (bp) 1596-1602 961-996 2557-2592
Aligned length 1608 1063 2671
No. of variable sites 1959 37 196
No. of informative sites 73 27 100
Sequence distance

Viola + outgroup 0-8414 0-1.974 0-5.86

Within Viola 0-2.138 0-1.972 0-1.96
No. of alignment gaps 7 17 24

913 primer®  Johnson & Soltis (1994)¢] mK-3914F¢}  trmK-2RE&  AM&ESCH,
atpB-rbcl. A ¥ 9] ZZ & 918 primery Setoguchi ef al. (1997)2] primer 29 5% A&
T} PCR 27L M4THA 138, 50CoA 18, 72TA 22% cycle® 3ho] 453 wbEs =
72T 1087 B A7 225 DNAE 1.2% agarose geldl #7195 st $ UV
A 3Fo1slgd o] Wizard PCR Preps DNA Purification System(Promega)$ ©]8-3Fo # Al s}
vk Bxek umE 98 markerZE 100 bp DNA laddere} 100bp Plus DNA Ladderg At
L3l9tt, 9rAd 2L ABI prism 377A  automated DNA  sequencer(Applied
Biosystems)& ©]-&3}e] cycling sequencing o= 833t

A71A 9L Sequencher (Gene codes Corporation, Ann Arbor, Michigan), Clustal X
(Gibson et al., 1994)E o] gsto] Adslgen, HF ArAdde FA9S I FHSA
AdE g7 dLe PAUP 402b (Swofford, 1998)8 AH&3lo] parsimony analysis®& 331
o, BAuHS Heuristic searchZ  ©o]&3la, 1o wWE option®®E  ACCTRAN,
MULPARS, Z#lx TBRE ol&4&3th Ee 7} ZALY AAARE Doty 95t
bootstrap (Felsenstain, 1985)-& o] -&3taith B4 & 10003 & dHEstg e ol& &3 7
222 ol gl sk two-parameter method (Kimura, 1980)% A4kE d7|we] & Ak
Z8t At (Farris ef al., 1996).

Q71N 4 5 2 ATl o TEFTe F 23] HE d54 DNAS maK
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Fig. 1. Strict consensus tree of 40 equally parsimonious trees (281 steps, CI=0.885,
RI=0.931, RC=0.824) based on 73 phylogenetically informative changes in matK gene.

The bootstrap values are indicated above branches.
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Fig. 2. Strict consensus tree of 8 equally parsimonious trees (73steps, CI=0.934,
RI=0.963, RC=0.871) based on 27 phylogenetically informative changes in atpB-rbcl

intergenic spacer regions. The bootstrap values are indicated above branches.
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Fig. 3. Strict consensus tree of two equally parsimonious trees (363 steps, CI=0.862,
RI=0.922, RC=0.795) based on 100 phylogenetically informative changes in combined
data sets. The numbers of changes are indicated above branches and bootstrap values

are found below branches.
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V. chaerophylloides var. sieboldiana 5 S\, 9lo BXd= fFARFTS ITT & 2870
Rere] 1TS9F 27 Aeke] ¢rnl-FA ¢ 971MDEA Ao e 3BFT2 H4% SAxS
A ga Az o] §3HE AT By B 97 AgdAm F d7IAE A
22 5aale] BA8 Ao A= 3RFFo] 70%9] bootstrap AAEE AL HHA £
AxE FASAAT AFAAE L, HANE @ $AAHE Gol A ATl o] oF
geol] oa AT(H, 1986)9= IR A gt oH e A= ITSEA 23+ &, 2005)
2 A3 2 APAT(E 5, 2004 F9F 4, 000N = FARE A BoATh olgk &
o] guMAN Ly 2 HEFEC G A3 Gl vl FAG 5HE Rojv, 4F
o] Wol7} thekel ol g Aol FeHel ®ast I8 F oJAWKIm et al, 1991), FEFB4
o o7 HAAE wEel Ao FRPTHI 2006, F E, 2006). ¢ 3ERFe 7] del #
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Al A H 2, SEA L2 AL 2n=24 (Miyaji, 1929; Lee, 1967; Ge et al, 1987,
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3] 9 %

2
AT LA AT 5 FEAA AEA L
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F R 97498 F¥sel 2HF A9 foF 20000 Ael QASE Aoz
PR, aipBrbele) 97142 e BAG Aol s ADA0E] outgroup o BHE 717
WA skt Ao Yt FelE nyid
olgel ArAA ANEE BRTEY BAAFHS AR §0A00] AR e 20E
WOIL, FEHORE Wolrk vl Astel, B3 QAo ok Aol weh g =
] o

M BE Wol7t el A0 2(Choi et al, 1996) HiE 1 oz Au|2se] 7
< =ot7] el E ohded ARl Had Aog A wa oldo|y Ad =
] o

T A AAC Exshe B2 AEe fdos 349 A7t

°of =& 20009k ARAL@EAAAAR ALz Adu) s FFTEA T AT
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Phylogenetic Relationships of Korean Viola (Violaceae) Based
on matK and atpB-rbcl. Sequence Data of Chloroplast DNA

Ki-Oug Yoo', Su-Kil Jang and Woo-Tchul Lee

Division of Life Sciences, Kangwon National University, Chuncheon 200-701, Korea

Phylogenetic studies were conducted for 42 populations of Korean Viola based on
matK gene and atpB-rbcL intergenic spacer region of chloroplast DNA. In the matK tree,
section Chamaemelanium and Dischidium were formed as a distinct group. Five
subsections of section Nomimiwm were paraphyletic. In atpB-rbcl intergenic spacer
region analysis, two species of sect. Chamaemelanium were monophyletic, and section
Dischidium was placed sister to subsection Patellares clade except for V. keiskei Five
subsections of section Nominium were also paraphyletic as matK tree. The separate data
analyses were incongruent in the relationships among 42 populations, especially for the
position of section Dischidium and V. keiskei. The combined analyses of two chloroplast
regions showed three major clades; section Chamaemelanium and Dischidium (x=6)
formed a sister to subsections Hypocarpae and Trigonocarpae (x=10) clade; subsections
Bilobatae and Vaginatae (x=10 or 12) formed a clade with V. keiskei; and 19 populations
of subsection Patellares (x=12) except for V. keiskei were recognized as an independent
clade within section Nomimium. Although combined data suggest three major clades of

Korean Viola, the origins of each clade from outgroup were discordance with previous
ITS and trnlL-F data.

Key words: atpB-rbcl. chloroplast DNA, matK, Viola.
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