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Foo] 1 ABE, ITS, AsFdaaA

A )£ & (Viola)&  AlH|E 3 (Violaceae) ol é‘:é‘}% ZE TLE ABEoR AUEI oA
Mg e BRatol xeE o] glon AMAel oF 525-600] Fo] HE2diA9E THoE E
2] E¥3HClausen, 1964; Ballard, 1996). #1H| % %S Gingins(1823)7F F5F2o| Fejol utz}
5709 H(section)Z EF3F Zo| FHxolW IF Hol e FHAH AT Becker(1916,
1917a, 1917b, 1918, 1922, 1923a, 1923b, 1923c, 1924, 1925a)°ll 2J&] Z4W A FdHNeH, 1
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Ang J22 S0 BRATS S5 WATR meh 149 geld TALR AR
(Becker, 1925b). 181} Clausen(1927, 1929, 1964)2 3ol Mz 3530 nks AW 2L
ol AT &3 FHAZ Aztedon AMA § AYH BFE T F2A8 Becker
o] ERAAAAM EA A= BFT e E7H xS AAS FA} £3F Gershoy

193h+= E719 4, = =719 #%, 2EA {7 F Z9 SdAE AAF
T 93 FgAZ QAT

i

g of

o
3lHA Clausen®} vF3H7lA 2 Beckerd & o]} ERFAA ] e
< 7t thBallard et al, 1999). 18y ol5ig B2FAFE AdAlol wa Az AF
02 ol e B, FHAFeR $F B A AV T ERAT 24 g Eus
ok7] Al7]a Ath(Nakai, 1922b, 1928; Ishidoya, 1929; Takenouchi, 1955; Maekawa and
Hashimoto, 1963). & Ballard(1996)+= o] 8t FAHAES A2 3taL Beckerd A+ o]¢]9
© ANESES AR dig A7 flo] Ay AREF THHAaA 2 S &
FAwY AREZ doge FAsAd. o 9% BEHdd dEd BEAAESRH AT

+
O
:
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L

(Ballard ef al., 1997a, b, 1998; Hodges et al, 1995) ¥vlol el FeistAgad A AMH 5, =)
A¥E B ITS Q7IAEEA S &3t AnEe &0 £F 4 ASFAAAE 93 1 9o
A7INE BYE T3 A

o, B3 S EFAFS 2T 4 Jd BEFFA HE ITS
584 AFE 3 3 vl JduiBallard et al, 1999). stEAbo] BEAE Palibin(1899)°] 15
& 71T AL AFoZ Nakai(1909, 1911, 1916, 1922a, 1922b, 1925, 1928, 1952), Hama
(1975), Ishidoya(1929), Maekawa(1954), Hashimoto(1967)5o] 93le] A= Fo Ex 2

Aol F7FE S, TRl Chung(1959)2 375 6WHE, ©](1969)F 48% 13W % 3F
£ 0TVE BF 3FE Sen AT JABE 4F THE 6EFos Auss 5
WEZFo] oF 500 F7F olide] Ex3e AR deiA YA F9 ALY Ho] Zo HA
& shajel whEt ©@e A Zpo]E Holil ) o]eld FtAte] tiEk BHEH A7 d%
el diste] Fepstd FA(H, 2002), I X3 E T HE(el9 o], 1968), FAA S
& (Lee, 1967, 1969), AEEA (o] 5, 1972, 1975 Kim and Ko, 1980), 3}&-¢] & ej(st=}
4, 1985), A A4=2+ DNA polymorphism (Ch01 et al., 1996), 2324 A7 5, 1991)
7t

SEQ Bl oglth @ 71(1986)2 30%F 1HMET S Aoz 9 nudusty d7E &3
b T 71ES EFRAAS waste] kg 3‘4 6obd sAEE AHelstden, HZ H 5
(2004)% 2EFa-e] 33wl g RAPD, ISSR#% PCR-RFLP #41& AAlsle] A8
AE sl b ol

B dAFelME Fr i dy ) 9

A RRAAY QRBgee 0@ BReY 498

At WAL B, AT F QM 0T AFE Alstns RAAERA A7A S99

A ge Bam ANRE A8l dtel ANEES] ATGARA B §8B YHoz
q

deiA Ai(Ballard, 1996), &3F Ee &3 fd@dA B4 de o]&£Ha Q& nuclear
ribosomal DNA9] ITSA 9 (Baldwin, 1992; Baldwin et al., 1995; Alice and Campbell, 1999,
Downie et al., 2000; Lia et al, 2001)2] F71ME & sty ZU/7t A% FAAAS B4
3 B} gt
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of Batalych W EES Zhe ofgAuE, AN E, LZ2AN XK,
1} ghEas pate] Quz Agages Ay Abgd ERa 2 ARA
s 2t} Qutgroupe Ballard et al.(1999)¢] ITSAFZ2IA b

sect. Rubellium® V. capillarisE A+8-3} ).

Ao AlE3 DNAS %2 Doyle and Doyle(1987)9] WS mgton, F&3 DNAE
Beckman spectrophotometer® A %38 ¥ 5ng/ul= 84 3le] PCRE 9§ DNA® AHE5k3d
t}. DNA Z#%& DNA Thermal Cycler(Biometra, Whatman Co.)Z F33tslow ITS A4
o] ZZ9 93 primer= Wen and Zimmer (1996)°] ¢]% N-ncl8S107} C26AE AH&-3+3d
o}, PCR 2L 94TColA 18, 50°CelA 18, 72ColA 28& cycle® 3to] 453] wb&Eg &
72CAA 1087 o XA A $Z5 DNAE 1.2% agarose gelol #7195 § UVatel
A 29159 2™ Wizard PCR Preps DNA Purification System(Promega)2 ©]-§3t¢] % s}
Al Bzl v 18 938 marker2F 100 bp DNA ladder2t 100 bp Plus DNA Ladder& At
galgt. 971499 BAe ABI prism 377A  automated DNA  sequencer(Applied
Biosystems) & ©] &34 cycling sequencing W o= Fa sttt

371 49L  Sequencher(Gene codes Corporation, Ann Arbor, Michigan), Clustal X
(Gibson et al, 19)E ol&3le] ALslgor, HF AFAHLLE Fa0E F3l Fdsdrh

g5 7| DLe PAUP 4.02b(Swofford, 1998)% AH-&-3te] parsimony analysis& 89129,
BEAMHE Heuristic searchE o] &3lx, 1o W& optione 2% ACCTRAN, MULPARS,
a8 TBRE olgstgtl. =3k zk BEATe XAAHAZEE dolr7] 9t bootstrap
(Felsenstain, 1985)-% o] &&tgth EAUHL 10003 & wtEsien o8 & ASTE
ol E3F two-parameter methods(Kimura, 1980)2 Al4tel d7jwe] @& 7|22 3
neighbor-joining tree(NJ)2 A+2 38} th(Saitou and Nei, 1987; Farris et al., 1996).

ITS 9714499 E4 : B A7 & 6EFT F 4004 ITS 1, ITS 29 58S
o] Zol= 685-712 bpR YEFGTtHTable 2). ©1F ITS 13 2% Z+2Zh 278-293bp, 243-256 bp
o] W& ITS 1o] ITS 28t} v ZA vehgon 585 #HT EF 163 bpE W7}
ot AAAo = AAAU (V. lactiflora)©] 712 bpE 71 AJo™ &F5EAF oL A
(V. hondoensis)©] 685 bp& 7}d A veboh ITS 19 A% FWAHZ (V. biflora)®]
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Table 2. Characteristics of the two internal transcribed spacers (ITS 1 and 2) and the
intervening 5.8S region, separate and combined data for 40 accessions of Korean Viola

and outgroup.

Character ITS 1 5.85 ITS 2 1rg Clﬁr;glsnf}‘;s 2

Length of sequence region (bp) 278-293 163 243-256 685-712
Aligned length 299 163 256 718
No. of Variable sites 133 15 93 241
No. of informative sites 8 5 62 155
GC content (%) 64.1 54.2 61.6 60.1
Sequence distance (%)

Viola + outgroup 0-45.43 0-3.80 0-26.32 0.14-24.32

Within Viola 0-36.58 0-3.25 0-20.19 0-16.11
No. of alignment gaps 14 0 8 22

292 bpE 7H 71040‘31 ST =L oAl Ee] 7H &A YEbth ITS 2% SakAR| 2 (V.
chaerophylloides), §-*FA\8|Z(V. woosanensis), BABIZ(V. phalacrocarpa), BARAAB L, &
AW Z(V. yedoensis)©] 256 bpZ 7} ZAJ3 HEWAEZ(V. sacchalinensis) S 243 bpE
7 @A Jetdth 97124 F GrCY e ITS 13 27} Zh7 AH 64.1%SF 61.6%,
585% H2%=E AA vEoen AAHoRE HI 601%E UEETH Gape tFEE 1-3

AA T ITS 19 102-114¥ 21 Aol 13 bp, ITS 29| 40-45H ¢ x]ol| 6 bpe] AUE 77}
AT AEE F 718 bp F A4TNE E7IALEe WEs g3, U 241707 G714 9]
A 7k ow o F 15570 ASgHes #83 TaaAddE Aol

A71Wo]  ZAME 4070A 9] Fr)dele TS E3slY 014-24.32%F =7 vlEly
U atins Alegk 979l GridelE 0-1611%2 tha vA et 297 ¥8
dataclA] Q7| Ee] ®o|7} 71 Fe RFETES FAHE Jddolygon], 2432%= 71
=& HolE Bl AL ol SAuE-FA V. apillaris)elPth 8 I FL 493 datacl
A FANE-A A2 Wol7F 91l ATl E-okS An])Zo] 24.32% % 71 =)
UEsTHTable 2). $8 #97S 283 219 =4ty A Qeke] vlmo A= FAH)
%o 0.14%. 1ZA v o] 0.43%, FHEA ] EZL 349%, HA 0|2 884%2] =& dy|wol=
e Alw Uehth FIEFTAAE WHAIANIE, ol HAIAEIE, A AH] L]
0.15-0.29%, Bl@lAH] £ GFAN)EL 058%, LS AHEY AFL2 AU EL 099%2 1]
2 GHA JERs

& o

3

}21

ASSHAEA @ 40709 ITS G7IXEe HWdGes Axp A7) 613949 dojs zt=
200709 7Hd S AEFE 4dAe™ autoapomorphy S A 93 consistency index:® 0.623,
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Fig. 1. Strict consensus tree of the 290 equally parsimonious trees (613 steps, CI=0.623,
RI=0.833, RC=0.519) based on 155 phylogenetically informative changes in ITS sequences
of the Korean Viola. The number of changes is indicated above branches and bootstrap

values are found below branches.

retention index: 0.833, rescaled consistency index®= 05192 YehAdch Lol strict
consensus treex= Fig. 13 2tk 71 23 @34 AW ESe] EFTEL & 2 ofd FEoA
2 e BEARE s F, AAANEA WA Au])FEolE-2 104709 synapomorphic
change®}, 97%2] bootstrap XA EE 7R P 71 7R BAZE Ay on,
LA ZA Y ZAWAguE2AEe 30719 Synapomorphic change, 100%¢] bootstrap valueZ
M BAZE gASG o ZA8 2ol E L 6719 synapomorphic change® 77% bootstrap
o] AAEE 7R EAZE FASIF oy nZA ¥ Eobd2 11719 synapomorphic change
o} 99%9] =& bootstrap value®E 7FA L EAZE ¥ASG A, N7FAARLELS 179
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autapomorphic changeZ 7Fxjat Yich A 713 e EFo] EehE o] 9= Au|Zold
< 15709 synapomorphic change®t 90%¢] bootstrap A| A =5 7R3t BA xS P43

a2y Al (series) TEAAE FEle BARE FAdstA ¥ gkH

tree HAdokR Aol o3t At Ao FU HAXE FAS

7
Aozl NJ #Hol A% di BiwEel Adoclse Adshie 2o A3 u 4 Fie. 2.

=
o
%
=
c
3
E
5
s}
o}
A

A7IWolet FTe] MA: AuFdel &b
Hol ojg & Wk ofyz}, FAAE Wel7t AetA Yehd Fo g
o] a1, FZ i 5

o
N

}
L Bnagl o8 FEEel FdSnE BReAC

Aoz 4HA UArhRussell, 1960). webA FH/W G710l = v AHskA Heiu=d

o Ao
B3] V. capillaris® V. clauseniana®) ITS sequence divergencet= 288%% A g 7t7 <&l
Au|zso] E3k Wolyt b 2 Zow oA gom(Ballard et al, 1999), ol %

Arceuthobium(Nickrent et al., 1994), Senecio%(Bain and Jansen, 1995)% 7]®o]7} Al3h
Ragow oA guh B ApoNE Fulite E7F Ay Mol 0-1611%E =4 vrehyt

ou, AN EY ofSAHEE e Mo L] Felw EFEtn Al Fele 7t
d Ed dridelE B FUl WoldME 7)ol S Hol T FAdA M &
olatdtt. et olokE wE laE % Fe)ie] AAe dojME vR A dr)d

o] w&-ol alignment?’} E7}53HA vElsT ol#ldt Axti= AW EE9 g ITS(Ballard et
al, 1999)¢} rbcl.(Hodges et al., 1995)0 thdh o Frof A oo Wb}kk—o—‘ll 2 dAdME S
5 % 4%, & Hybanthus verticillatus, Rinorea lanceolata, I. benghalensis, Melicytus
ramiflorusE 902 AFE-39l oY alignment’t E71g 5] Ballard et al. (1999)9] 238k
ITSZA o A basal positionel #A£E M section Rubellium® V. capillarisE -9~ ©
2 ALgetTh

)
2
2
R
M
b
1o,
b

S ERAEe] dn W EFAAE 779 FH, 2o Az, AEA
o F5, HEe =Y, 013‘3%49] ol wel dAFe] gvHGingins, 1823; Becker, 1925b;
Yuzepchuk, 1949; Wang, 1991; #, 1986). o]o| 2ls}H 3b=rAl AH|LEEHS 379 H =
Chamaemelanium( = A9 $) 4, Dischidium(Z A 81 32)d, Nomimium(U A8 242 o)
HEHKim, 1986). H #F & (2004 WA & ]ﬂd vulz] 2746 oigk RAPD,
ISSR, PCR-RFLP&4 & F3te] dhat AlvlEso] A7r #E WEsA] g ofda
AGrEodle & F35= Aos Baugh v vk 2 A7 oA ITSel o8 Avbe A

WA gAY EAe A2 Aulire BgshEA Sy RAes G4sEAn AgA

OEL‘

14
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V. orentalis D e lx=6
V. brevistipulata var, minor &=
V. raddeana ~
V. verecunda e =110 07 12
V. verecunda -
V. vereca;ilcz:;. sexulunaris ﬂ"nﬂ ) =10 or 12
i V. rossit S
V. diamantiaca
V. yazawara =10
V. chaerophylloides
4[:{ albida =2
V. albida for. talshashii
V. pponica <
| _[:V.F;pomca 4—*"““":24
I V. hirtpes =12
V, varicgata -
1 V. variegata var. chinensis
V. Iactiflora ——n=24 x=12
| VI:V. yedoensis =12
V. keiskei -
V. patrinii et 1= 36
V. mandshurica e =24
V. woosanensis P n=12
V. phalacrocarpa s
V. seovlensis e =2 4
V. sellairkii P a———
V. viclacea
V. biflora A )= « x=6
V. hondcensis
Y. ovato-oblonga
V. kusancana n=10
V. acuminata
V. grypoceras
V. grypoceras vat. alhiflora x=10
V. grypocenas for. exilis =n=10
V. sacchalinensis
—V. websferd
V. hondoeasis =-n=10

V. capillaris  wn=6 = x=6
—0.005 substitutions/site

Fig. 2. Neighbor-Joining tree of Korean Viola by Kimura-two-parameter distance based

on ITS sequences.

#4 & paraphyleticstAl #+HH=F TS Bk A olg e B A
o] 7HEstA ANt Anj ol &l ALES A2 FRIE BEAXE dFAsqrt
Clausen (1929)2 =AM Z A3 FiAnEdo]| &3} FFrSe gaAsel 2 A7zo)
HaL FEP T vsste] e dw B3 °

3l 7

A2 gelstel ®@Ael AR Agshe Ae AX P ITSel ofg Aol

4
X
il
2,
>,

o3
o
12
Y
e
1

flo
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getA FEel BEAxE st o F A7 d7I¥oE 595-611%E A e A
(1986)¢] A& AA sttt &8 AnFEEH AT TIZFRAFTE x=69 Aol
[e3]
AX

il onl = e
QA A BEozm oplx A wgAd o8 x=1291 EZE RS Row =3}

1. dth(Clausen, 1927; Miyaji, 1929, Ballard, 1996; Ballard et al., 1999). &4 x=10 =&
1290 BFaEY 7ol dsir s gasdo] e apolzt vk B A AifelM x=691 ¢
TS FAoE UM WA TR EAZRE AT AL x=10& AT FAEFTA DA AN
ZH9 WA AN Fopd T ok A E o R T EHTERE 71ded do] AolE BT =
A A gMARREE AGAMEL] obd Alolo] HASHAA WA A T o} A
v ol d & A9 37 ofde] 7o)l HE Avjator EAESE=T 37 obd F x=10 &
B 1290 AAnE, FANFEodH nZAuEoldo] dte] EARE Ao, x=129]
3 FAZoR FAE AulEeld IA FElsHA FEEHE SAXE FAACh 1(1986)2>

Z1EAAAF x=6& b= =@AH AT FuA R Ede] P Al A ela
[e]

2% =
WAL F x-102) FAAYZold, of AN T, x=1291 A EolA, wAA | o}

A gleaAn Zolde] Bato] glol x-10 EE 128 2t FAN ZobHo] E7RE @ A
o2 FAslslid & BT Akl T (TS A9 Ao Aols ngH. Ballard
(1996)= AAANEANA B E x=109 FHTE0] x=128 7HHE A=Y 7954

S Zlolal sect. Melaniumol A H oA+ XZIO‘:’] NAEL x=6°2%-¥ aneuploid dropel 2]

9 FABANA Trigonocarpaectd 2l Rostratae N8 Campylostylae 7
o7 ojH wE gL Foz EFIVE sld(Anonymous, 1977), H
3

3 7LHAS Aoz FHetHA] doF Au|EEe] AT AETH FATA, 53 =%
AW 2, Melaniumd, AAAVED g F744<0 dA79 dads A7leArt. =3
Ballard et al. (19992 ITSEAS F3] =oAu|E£Ho] AAGAuEHY x=120]H FHF<
groups Alelo) st FAFolr x=10%0 FaAEL Melaniumd ot sect. Nosphinium
A3} clade® FA3te] Av|EEe] &3 ERAACN 3 AEAo] dasivty F43 vk A
oh B AT M E DA EA] x=102] wAl A H Lopd e ?ﬂ?o;Ta 7 WA 2
HJo] =g BAZE dASYR, YA BEFTER x=69 EFFo2RE x=10 £ 129
FHe dAEoR EAEo] 7|EY ERAAYGE AolE ?E‘r. ey gkl RS
225 2 woAu Ay AUAEEEe 128 F W] XY diFEo] AAAHFEHE
HTH o2 g3t d4gste] B2FAFE ooyt &8 & =93t AL FE7t ddn
AzrAch walt G QoM m AR wE Ze F oA B Welrt yEhE
A0 2(Chol ef al, 1996) BuH 1 Qlomg AuEee] AES =37 dsrE GFe &
AAHEA ) 223 A2 AF7t Fdso]Hdol & Aor Azdrt 9 ofd o3t i
A9 s 2 o2 EF7A4

A4

a4

& 9719 synapomorphic change®t 54%¢2] bootstrap value® EAZ=E
SHe Brtsste e Fog By sisAR AAS FUt Becker(1925h)9} Ishidoya
(1929)= AV ES FAH| Zolv AN RN e Fo8 F7% e ITS 93 2
= GAlnj o] FARFold A= A thE RAZE A FANES %A EAY

=
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o #3A17] Takenouchi(1955)¢] A& A A stAch An|Zopr e obd W EFAAE A9
Ho] e wolyl o] EFAF A ool e THE HAWBE)2 g 4719
Az Astgded # drdde A=A Fuch A o2 g FAE v R

(V. albida complex), & ChinensisAl €2 HIWYAHEZH HFANZE, Pinnatae Aol &3te
A A EZL 2e old e e Alde X3 AT|7IE FH(Becker, 1925b; Takenoushi,
1955; Maekawa and Hashimoto, 1963; Anonymous, 1977), S#2¢ o2 FHFHV|E 3}
(Ishidoya, 1929; 7, 1986). 3t=r4bell wisle]l 7 5(1991)-2 ©] 159 2F S HuANEe=R
St AN Y EAANEE HEo s HFSATE A2 f 52004 o A olE
3BFFo] Patellaresord WolAd @z & FAsY e FTEAE AolE Hole A
oz e} Wang(1991)9] Aol Ay 594 ERATe=E 2437y eiiAn 23t
GEAN 2GS FakAE o] Z3E o] i PinnataeALE ol AAIE 9L AAIT v ¢l
o}, ITSe o3 75401]/\1 JRFEES AMEA oA thE ERTESGE THEE 2
ZE A EE F 5200409 Aot dXshe S EAvh Zev o AXe e,
Hel B & H ol Wl B2 WolE Hojua o] Igd g FA A7 et
FE GAbAN ) FAe 2] FFEEHA AN £ (Lee, 1998) HAM] I

AZE A HAREE AN E, FAAHEE AL, dEAuER A=
o <

g GAste] Felq SA0) o9 BRel AXHA gk Ao vehg

At Al
¥ AT @FseAe A G oeheeahetaiA gl 5-R05-2003-000-10566-0)4 91 0.2 5
AL AEANE A BE T AGAHAA, SV aA, Aduiabd, A5
A, Mr. Masashi Igari 222131 Kew Botanical Garden®] Mr. Edith Kapinos”| ZAI=®HY
t}.
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Phylogeny of Korean Viola based on ITS sequences

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

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

Molecular phylogenetic studies were conducted to evaluate interspecific relationships in
40 populations of Viola including 35 Korean taxa, four Japanese populations and one
outgroup using nuclear ribosomal ITS sequences. The phylogenetic analyses were
conducted using parsimony and neighbor—joining methods. Subsection 7Trigonocarpae of
section Nomimium appeared as the most basal clade within the Korean Viola. Section
Dischidium and Chamaemelanium was monophyletic(bootstrap 10026) and placed between
subsect. Trigonocarpae and three other subsections of sect. Normumium. Sect. Nomimium
was paraphyletic. Although each subsectional grouping was in accordance with previous
infrageneric classification based on morphological characters, yet discordance remained at
the series level. Two evolutionary trends observed in the ITS tree were as follows.
First, subsect. Trigonocarpae(x=10) was derived from the outgroup(x=6); Second,
subsects. Bilobatae and Vaginatae(x=10 or 12), and subsect. Patellares(x=12) of sect.
Nomimium were originated from sects. Dischidium and Chamaemelanium(x=6). Viola
albida complex including three very closely related taxa was recognized as independent
group within subsect. Patellares in parsimony tree. This result suggested that they
should be treated as a taxa in series Pinnatae. Phylogenetic position of a putative hybrid

species, Viola woosanensis was not supported with previous morphological hypothesis.

Key words: ITS, phylogenetic relationships, Viola
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