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A =
AW 3 (Viclaceae) = oF 25402 T4 5] ¢l o (Melchior, 1925; Hekking, 1988), o
& 22 EE AwFoR A AA 900eFe] EXatE slom deld gl Auw s
(Viola)2 A|¥1#3 ol A 7h W& BHao] &8 glom A AA] oF 525-600%0] B2
HAGE FHer de] #E N (Clausen, 1964; Ballard, 1996). Al &4 U] EREE5e 2
A Tl Ao R u|zek, F7he] mghol Z]’TI‘\:I Al doj} vi$ thokst Yol 2713
=0 dslol /A HFo| ofelE EFT F shtoltHRussell, 1960). F-a2bo] w84
°F 50 FF ool Txate o DeA AN Fo AL Flo|Eo HAL gl

= %5 ]

upbet @e e ZolE Holal 9tHChung, 1959; Lee, 1969; vb, 1974; ], 1996a; ], 2003).
53] V. albida var. albida(ElBARE)S w23 29 {3 = V. albidg Palib. var.
chaerophylloides (Regel) F. Maek. (‘&4HA1812), V. albida Palib. var. takahashii (Makino)
NekaiC(et5-A1H] 2T G d[ 42l o7t Asta, & EFTEde gFo o8t 719
=0 EAste] Als AA slel ojde] A5t ArHChung, 1959 1, 1974; Lee, 190).

of & &l ek 7= Linne(1753)7F 58 9 Alsg]o} 4F Au)E4 A8 2 <lo]
A AdatH, A 292 UHAe F& V. pinnata LE WEE Aol Hzolw,

_4

]

Ledebour(1829)& 1] ZAZAH =7t V. pinnata®.th Zom A whmoke] o8 7 xu)g)
22 V. dissecta Ledeb. 2 R 131tk 22] 51 Regel(1861)2 V. pinnata®.th
Aol glom, A Excke] 3%doR o AXIF Ao drgdAE
V. pinnata L. var. chaerophylloides Regel2 H.13}¢] 01 Becker(1902)& © 3
A ZIAE vl 18y Maximowicz(1877)& 417 FE52 V. pinnata®) £ BHTo s 2
o} V. pinnata L. var. dissecta Maxim., V. pinnata L. var. sieboldiana Maxim., V. pinnata
L. var. chaerophylloides Maxim.s 2= A3 wl Qom Nakai(1918)= V. sieboldiana
(Maxim.) Makino var. chaerophylloides (Regel) Nakai, Makino(1912)= V. dissecta Ledeb.
var. chaerophylloides (Regel) Makino2 #33F v} 9l Maekawa(1954)= A7) 5 TS
V. albida®l T FFro® Hes olE A4S V. albida var. albida, V. albida Palib.
var. chaerophylloides (Regel) F. Maek.,, V. albida Palib. var. chaerophylicides (Regel) F.
Maek. for. sieboldiana (Maxim.) F. Maeck. 5 0.2 A3}t b Tto(1962)= dE
gatell Exsks BERael dEtd o, FF, AR FA 59 #@gE AERs &V
eizanensis (Makino) Makino, V. sieboldiana (Maxim.) Makino®} V. chaerophylioides W.
Becker®] 7]€ol thal]l V. dissecta Ledeb.ol X AAWS Aotz FAeln, o] BELES
V. dissecta Ledeb. var. chaerophylloides (Regel) Makino, V. dissecta Ledeb. for.
eizanensis Makino, V. dissecta Ledeb. var. sieboldiana (Maxim.) Nakai® &zt v} ¢Jc},

e Al B ol tisiA = Palibin(1898)°] V. japonica Langsd. ex Ging.9} V. bissetii
Maxim. &t fAFetu Sre] Aol S afoln] Zate] ARIE 951, o] AlFHES B FTom Y,
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albida Palin&  71As Aol HZolW, Makino(1912)= V. dissecta Ledeb. var.
chaerophylloides (Regel) Makino subvar. albida (Palibin) Makino= HgGsk v 9o, o1 %
V. albida Palib. var. typica Nakais W& FFo HFH7% 39 thNakai, 1916). ¢Z4
W22 Regel(1861)) V. pinnata L. var. multifida Regels 71A3E Zo] FZzo]H,
Makino(1912)%= ¢le] 5R2 oz Zetxu, AAFoz =gyl ofigdAodr] gibAn %
3 EwAuiZol EFNHHE HolE EFTS V. dissectu Ledeb. var. chaerophylloides
(Regel) Makino subvar. multifida Makinogtsl Zarsheivh. 53k Nakai(1916)= V. dissecta
Ledeb. var. takahashii Nakai = 71418t = 7]&9] o|% % V. pinnata var. multifida’s A<
A 71", V. albida L. var. takahashii (Makino) Nakaiz 2§k v} Qlal, F o= Ao A
4L Aolgks 7MeAdol A7 S tHKim et al, 1991).

Becker(1925)= o] BH=Zd s 12 FE3 4 Adnataectdel] FEFAIZ]C
Ishidoya(1929)= Plagiostigma’d Viel V. pinnata 38 2.2 A3, Takenouch1(1955)b

o] EE&  Nomimium@d W PinnataeA L2 EFSIAT. 1 F  Maekawa and

Hashimoto(1963)% Patellares@ W Chinensise}a 2] Pinnatae A1 2 131927, Fu and
Teng(1977)& ©A B} RAHZET} 22 ofde S¢sl7|= e 5 diiide saee] v4
Aoy 29 o wE Az BERstu k. drabel distel 7(1986)3 A F(1987)
olmiabe] jolB AR ElMABEy GAbARES 747 g2 AdE 2R v len,
Kim et al(1991)¢ Maekawa(1954)2] A& A AshH, 2ES HUAnEoR 33 wE4
H 23 A u2S WEoz AAE up vk HT § 52004, 2005)> EAAESA AT

[=)
5 59 o) A ¢ SYAQ BRATOR AT AN 2 DEAN RS PAA)
]

=
ol Pinnatae D2 ol AA 7= AL A AF up 9low] ¥H(2005)2 € WA

e
o
H
Ui’i'
i)

o] , < E9

W 2o 2RFEA AFS ) A BREe sH el disl TS A 9e tdew ASE
AL Amste] e Falzol 9AZ 3 ToaAe] e dS daetdth

ol9} o] HWAB|EY £d EFTS EHEH AA O die] Hs) Aolrb e, F ul
of elo] el Wolrl Aeli, FUHow e WelxEe] Be WE B F¥or A
Heo] BHEH Hgo] oy Aot wha B dAFeile BuAN Ry o ERa(d
ZAuZ, FaraAniz e S9Ee dEE ol Tl Avg ddoR SR A, st
st gdo g nEI, FUel EXsE ERTE vIEst F5, d&, v
Rysts 2diFr g BAAEEE A2 ot S/ FAAE GopR u g

M=oY oYy

1. A=

A A FEE 20038 39HE 20069 109744 AFHE AANE Fdasta o] o] s A
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Fig. 1. Leaf blade shapes of Viola albida var. albida and its related taxa. 1. V. albida

var. albida, 2-3. V. albida var. takahashii type 1-2, 4-7. V. albida var. chaerophylloides
type 1-4.

FAAS] sl AHgatgon, A8 ARe SR 4A0sn A=sts 4Rgea

= jud = = = AL =
KWNWell Bastsint. w9, dedagdel 548 Z4dea(KWNU), A-<usha(SNU),

A Hﬁ‘ﬂ(bKK)@r SUStn(NU)e] 4958 F Al AgdE AAE Qdsto] o
getlon, 29 %*EH‘# Holol uheh BfwAIu 3 13w, @FANE 251, FAANZ 47

G 5 F IEFTY VN Adow FRAHFg. 1),

SR de AN NPREL TR 257 HAE B U =43k9thTable
D, FAGALe 72 AR At Fo] b 2 AL ez Ak

StE A2 A5t oA ks BEste] Erdtman(1952 9] wels A sk lemgstone”c}
W (Kim and Lee, 1978)el 2]&to] Z4F #aisticy. #8rdm 4 (Olyr

atol glycerin jellyol SH2& mjEA7 JFREES BE F C’olih Al el s 207}] OVJ%
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sputter® 10 nm(15 mA, 180 sec) FAZ Au-Pd coating 3+ T AAEFFAARHU A
(LVSEM, S-3500N, §=7]238tA 14 FHME)S Abgste] #3 9 HZodalgln)
st el 7120 g §olx Erdtman(1972), Faegri and Iversen(1964), 13 $-g]2h
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Hol& Lee(1978)8 Wit

A ides 59 gy, 84, Sl
17F ol mAE F 30-100% Fxel EtOH=

7 X% paraffinel 273}l paraffin blockg #Z3 F  microtome
(50301WD) 2.2 10-20 ym= Aw3k the 29% safranin@ 05% fast green o.% o|& s
9 Setolt2 wrEo] 48t Hn| 7 (OLYMPUS C-35AD-4) StollA 20wy, 40W]= 2k

2 %%ww sl *é%ﬁ& 7
1

4) \ A=
o, s, T Ay mAFxRE dolrT] fs 7 /‘]E% FAA] A% F A5
=z} 4% glutaraldehyde solutionol Al 4417 A A2 ¢ 0.1M phosphate buffer(pH 6.8)=
23] AFsla, 50-100% EtOHe| @47 g34L AX isoamyl acetateE 23] X335} L.
o critical point dryer® 724171 % jon sputter® 10 nm(15 mA, 180 sec) F7]= Au-Pd
coating 3+ F AW FFALAAE P E(LVSEM, Hitachi S-3500N, $t=17] 72 @l
HAE)E A}ﬁ ato] fzk 2 Fogetgn. vA T gk §o = Metcalfe(1979)E wgith

5) nrITS$F trml-F noncoding region #44

wDNAS] ITSA 3 dEA DNAY #nl-F noncoding Aol st °j7]/‘1°é ALe 7
NS vESte] S B XY F{ukal F) Tk, AWElole} f-gluel S5 E el
Ao 2 4 V. dissectaTTT=ARE), w9 Euld EXsE FAo® ¢ ﬂq V. pinnata,

SR o= P
AR Bx&= V. eizanensis V. chaerophylloides var. sieboldiana 5 =4 - el X

= v‘iw i 218 9E ¥ekelo] ITSe & 2870 A9 tml-Fe V. pinnata® A2 d 27
N AeS e w 8% t(see Appendix).

73l o] A}%i DNA®9] #Z-<2 Doyle and Doyle(1987)94 WS wgon £E3% DNAE
spectrophotometer(Beckman, 640B)% A =3l § bng/wl= 345kl PCRE $13F DNA=Z Ab
L3599t DNA 5% DNA Thermal Lycler(Blometra, Whatman Co.)Z 8385 o
TS A9 =248 98 primers Wen and Zimer(1996)¢] ¢l 3k N-ncl8s1034 C26AE A}
23193, tml-F AL =Z317]) 9138 primers Taberlet er al. (19919 &3+ trnc®t trnfE
ARESEATE PCREAEZ AT oA 18, 50TAA 18, 72T A 288 cycle® 14 353 HH-E
P 72CAM 10870 o FAAAT S5%E DNA2! A= Wizard PCR Preps DNA
Purifucation System(Promega)2 AF&3l¥om, <d7jAd B4 ABI prism  377A
automated DNA sequencer(Applied Biosystem)< ©]8-8}9] cycling sequencing ¥Ho= <
skt A7 E-e Sequencher(Gene codes Corporation, Ann Arbor, Michigan), Clustal

X(Gibson et al, 1945 ©]-g3le ALsFon, HE AFHLdL F39E& T3 FH3
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Fig. 2. Leaf variations of Viola albida var. albida and its related taxa. 1-3. V. albida var.
albida, 4-9. V. albida var. takahashii type 1(4-7 : leaf shape in the flowering season, 89 :
leaf shape in the fruiting season), 10-16. V. albida var. takahashii type 2(10-11 : leaf
shape in the flowering season, 12-16 : leaf shape in the fruiting season, 15 : leaf shape of
10 in the fruiting season), 17-31. V. albida var. chaerophylloides type 1(17-19 : leaf shape
in the flowering season, 19 : leaf shape of 17 in the fruiting season), 20-24. V. albida var.
chaerophylloides type 2(20-21, 23-24 : leal shape in the flowering season, 22 : leaf shape
of 21 in the fruiting season), 25-27. V. albida var. chaerophylloides type 3(25-26 : leaf
shape in the flowering season, 27 @ leaf shape of 25 in the {ruiting season), 28-31. V.
albida var. chaerophylloides type 4(28-29 : leaf shape in the flowering season, 30-31
leaf shape in the fruiting season).
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Fig. 6. SEM photographs of pollen of Viola albida var. albida and its related taxa. 1-2.
V. albida var. albida, 3-4. V. albida var. takahashii, 5-6. V. albida var. chaerophylloides.
(D, @, ©: pollen grains, @, @, ®): surface sculpturing).

Fig. 7. SEM photographs of leaf surface of Viola albida var. albida and its related taxa.
1-2. V. albida var. albida, 3-4. V. albida var. takahashii, 5-6. V. albida var.
chaerophylioides. (D, @, @ adaxial surface, @, @, ®: abaxial surface).
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Table 2. Measurements of the pollen features in Viola albida var. albida and its related taxa

Taxa

Polar length (gm)

Equatorial length

()

Equatorial view

V. albida var. albida

V. albida

var. takahashii

2750-3194-41.25

26.25-30.711-37.50
30.00-35.18-41.25
38.75-41.25-42.50
32.50-42.75-50.00

17.50-23.34-27.20
20.00-23.28-27.50
18/75-21.65-27.50

22.50-24.48-30.00
18.75-25.50-30.00

V. albida
var. chaerophylloides

3 31.25-32.25-33.75

4 33.75-42.06-50.00

23.15-25.50-2750

22.50-28.63-32.50

1.13-1.39-1.88
1.10-1.33-1.67
1.18-1.63-1.83
1.38-1.69-1.89
1.40-1.69-1.95
1.14-1.27-142
1.23-1.48-1.90

Prolate
Subprolate
Prolate
Prolate
Prolate
Subprolate

Prolate

“minimum-mean-maximum, ~P/E : Polar length / Equatorial length

Table 3. Measurements of the leaf epidermis in Viola albida var. albida and its related taxa

Adaxial

Abaxial

Taxa

Length(gm)

Width(m)

Length(um)

Width(um)

No,/mm’

V. albida var. albida

V. albida !
var. takahashii 9

1
V. albida 2

var. chaerophylloides o

4

72.50-123.03-182.50°

72.50-9461-11750

70.00-100.00-142.50

45.00-82.50-120.00

5T50-8447-112.30

52.50-80.39-105.00

50.00-76.18-110.00

40.00-63.42-85.00

32.50-41.18-50.00

40.00-5461-70.00

2150-46.45-67.50

27.50-41.97-75.00

36.00-51.4>-65.00

27.50-40.00-60.00

2150-30.83-32.50

27.50-30.59-37.50

2750-27.74-32.50

25.00-2842-32.50

25.00-27.97-30.00

25.00-29.13-35.00

22.50-21.76-30.00

20.00-20.79-22.50
17.50-18.35-22.30
15.00-18.29-20.00
15.00-17.76-20.00
15.00-16.32-17.30
17.50-19.87-22.50

15.00-18.16-20.00

84-03.60-100

118-134.57-151

103-119.80-139

138-147.33-135

162-175.00-190

2625725725

203-249.00-261

minimum-mean-maxinmum.
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Table 4. Characteristics of the ITS and trnl-F data for Viola albida var. albida and its

related taxa.

Character ITS 1 58S ITS 2 ITS 1+5.8 SHITS 2 trnl-F

Length of sequence region (bp)  289-290 163 244-255 T07-708 950-989
Aligned length 292 163 255 710 1044
No. of variable sites 29 3 20 5/ 30
No. of informative sites 19 0 13 32 18
GC content (%) 64.38 53.99 60.92 59.76 30.49
Sequence distance (%)

without outgroup 0-5.06 0-0.6 0-4.50 0-3.25 0-1.30

with outgroup 0-13.37 0-0.8 0-7.85 0-7.68 0-1.74
No. of alignment gaps 3 0 1 4 111

e oldHolwt REatdon dElE BAZ 377 7 ES Seia 9= Byt ed

O
s , o
2 et augmm) 718 £ 242 $494 2on ved 9L wol: )

= =

Aol Bt 362 b AHola, dEAnEe] T oG9 WF 13457, 119872 o
A=l o], A RS ) FHo] WF 147.33-257.257 2 vpER} ZZbo] Aeliz meo
EE e AEE Lo Aaga Adge] FREWA A579 422 Uelhig

4. nrITS®}F trnl.-F noncoding region 54
2878 el nrATS EAolA ITS 13 9= - 289-290 bp, 255 bpd HYIE ITS 19]
ITS 220k ZA velyton 588 ©% 163 hpa @ 17} ¢l tHTable 4). A4 oz i=
pinnata’t 708 bp= UEMELAL, UreAl BERIES WE 707 bp HUsdrt A2
GeCel & ITS 1% 27F 42 7t 64.38%9)F 60.92% 2 tha =7 UEwom gapd 1
bp Atk ALHE F 710 bp = 626 bp= Wa 7} ¢ 1L, 84 bp7t WEtE TPHen, o 32 bp
= AT eR F&3 FHIAGLoqt 274 Aee] tE gmL-FAY dv]e o=
950-989 bp= WERTH|, BEAIN] 22 950-961 bp, THEANIZ type 1S 950 bp, THEA Y]
55 type 2+ 938 bp, WA type 12 950-964 bp, HAFAINE type 23 950 bp, WAkl
Al type 32 950-958 bp, 283 @AkAn) type 4+ 958-970 bp= ®Wol7} &43519],
GiC ke JT 3049%2 WA BEhor] gape AAE lARE WAS 144 1641
HAel 21 bp 361-396" 91Xl 33 bp, 833-857H 9x]o] 25 ppel Abl= 7178 EA A
o AGE E 104 bp F 996 bpi= WY} 913 30 bpst WEE sbRen, 7 % 18 bp=
Aestdoz %E“d A E Aol ql et
EARE 2870 el pTS Aol vigh drjwoli= Fol7e ¥ gate] 0-768%2 vhEly
om, oS Aefe 267) Awke] Aol 0-325%2 WA UERI T Vil pinnata®}
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e |/ il var. albida MtMyoungji
O 7 aipiga var. alida MEKumkang

3 V. albida var. takahashi 1 Wi.Dasduk
O ¥ afbiga var. fakahashii 1 Hosngseonggun
o 1 afhiga var. Pakafashii 2 WMIGysryong
i) D athige var. fakahashi 2 MEKumkang

55 O aibida var. chasrophyioides 1 Mt.Kumkang
e afBitta var. chasrophiioides 1 Hoengseonggun
el {4 albida var. chasrophyfioides 2 Hoengseonggun
M Y ainiga var. chagrophyiioides 3 Hoengseonggun
O aibins var. chagrophylioites 3 Wi Songni
LoV v abiga var. chagrophyiioiges 1 Mt Myoungii
0 i/ afhida var. aibida Hoengseonggun

14 0 V. albida var. chagrophyiioides 4 Wt Gyeryong
93 1 I athids var. chaerophyiioides 4 ML Gyeryong
0 V. albiga var. chagrephylioides 3 Wi Songni
3 i aibiga var. chasropindioiges 1 ME Samyound
"”LWEiz: i aibida var. chasrophyfioidas 4 MiHalla
7 2 ¥ chasrophylioides var. sigboldiana Japan
0 0 V. albida var. chagrophyiloides 1 Ulleung-do
100 1 V. aibiga var. chaeropiyiipides China
a IV athids var. chaerophyfioides China
4 V. aizanensis Japan
3 I gizzecta China
17 99 0 V. dissecta China
64 3 V. pinnata
28 V. origmialis
L3 ¥ verscunda

Fig. 8. Strict consensus tree of the 693 equally parsimonious trees (110 steps, CI=0.873,
RI=0.857, RC=0.748) based on 32 phylogenetically informative changes in ITS sequences of
Viola albida var. albida and its related taxa. The number of changes is indicated above
branches and bootstrap values are found below branches. Number which located after

scientific name is type of V. albida var. albida and its related taxa.
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g V. abida var. fakahashi 1 Hoengseonggun

¢ V. alpida var. afbids Hoengseonggun

1 V. albida var. chasrophyiloides 1 Hoengseonggun
1

0

V. albida var. chagrophyiioides 2 Hoengseonggun
V. albiga var. chagrophwiioides 3 Hoengseonggun
84 : L ¥ albida var. chaerophyiloidss 1 Mt.Kumkang
= 0 V. albiga var. aibigs MtKumkang
L i albiga var. takahashii 2 MtKumkang
2 V. albigs var. chaerophyiioides Ghina
1 Vo albida var, chagropiviioides 1 Mt.Samyoung
e aiida var. chaeropfiyioides 4 Mt Gyeryong
—0 albida var. chasrophylioides 3 Mt Songni
0 alpiga var. chagrophyifoides 4 Mt Gyeryong
b U albida var. chasrophyiivides 3 Mt.Songni
V. alpiga var. chaerophviipides 1 Mt Myoungji
2 V. albida var. takafhashi 2 Mt.Gyeryong
) V. chasropindloides var. sisboliana Japan
"4 gizanensis Japan
3
b
6
o

(=]

71 1

V. albiga var. chasrophyiioides 4 Mt Halla
i afbioa var. chasrophviipides China
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afbiga var. lakahashi 1 Mt.Dasduk
dissecta China

dissecta Ghina

origmialis

verecunag

70 2
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Fig. 9. Strict consensus tree of the 11,439 equally parsimonious trees (54 steps, CI=0.944,
RI=0.941, RC=0.889) based on 18 phylogenetically informative changes in trnL-F region
sequences of Viola albida var. albida and its related taxa. The number of changes is
indicated above branches and bootstrap values are found below branches. Number which

located after scientific name is type of V. albida var. albida and its related taxa.
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<Appendix> The list and GenBank accession number of 28 populations for molecular
phylogenetic analysis used in this study.

GenBank accession

Taxa Voucher Source o LT

V. albida var. albida KWNU57210 Korea, Hoengseonggun  DQ787754 DQ787732

KWNU57332 Korea, Mt. Kumkang DQTST55  DQT87743

Yoo796(KWNU) Korea, Mt. Myoungji AY928292  DQO85904

V. albida var. takahashii KWNU57108 Korea, Mt. Kumkang DQ78T57T  DQT8T734

KWNU57103 Korea, Hoengseonggun — DQ787756 DQ787735

KWNUS6515 Korea, Mt. Gyeryong DQ787758 DQT87736

Yoo030520(KWNU)  Korea, Mt. Daedeok AY928293  DQO8S905

V. albida var. chaerophylloides — KWNU57065 Korea, Mt. Kumkang DQ787769 DQT87737

KWNUS6517 China, Kaihua Thejiang  DQ787770 DQ787738

KWNU56520 China Mt. Hwangsan DQUSTT71 DQ8TI39

KWNU53620 Korea, Ulleung-do DQ787768 DQ787740

KWNU57092 Korea, Hoengseonggun — DQT787759 DQ787741

KWNU6516 Korea, Mt. Myoungji DQU8TI66  DQT87742

KWNU57090 Korea, Hoengseonggun — DQ787760 DQ787743

KWNU57064 Korea, Mt. Sokni DQi87764  DQT87744

KWNU57063 Korea, Mt. Sokni DQUS7765  DQT87745

KWNU57091 Korea, Hoengseonggun  DQ787761 DQ787746

KWNU57083 Korea, Mt. Halla DQi87767  DQTRTI47

KWNU57081 Korea, Mt. Gyeryong DQT87I62  DQTE7748

KWNU57080 Korea, Mt. Gyeryong DQ787763  DQ787749

Yoo 823(KWNU)  Korea, Mt. Samyoung AY922290 DQOS3902

V. chaerophylloides var. sieboldiana KWNUB6521 Japan, Kumamoto D82 DT8R0

V. dissecta KWNU56518 China, Beijing, Yanging DQ787774 DQ787752

V. dissecta KWNU56519 China, Mt. Daepo DQ787775  DQ787753

V. eizanensis KWNUB6523 Japan, Kumamoto DQ7E7773 DQT87751

V. orientalis Yo0924(KWNU) Korea, Mt. Samyoung AY928271  DQOS929

V. verecunda Yo0975(KWNU) Korea, Ulleung-do AY928283  DQOS396
V. pinnata Ballard sn.(WIS}  USA AF097240
AF097286
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Taxonomic study on Viola albida var. albida and its related taxa

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

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

Taxonomic studies were conducted to evaluate the interspecific relationships in Viola
albida var. albida and its related taxa using seven populations for morphology, palynology
and anatomy. Molecular phylogenetic studies were also examined in 28 populations including
19 Korean, four Chinese, two Japanese, one American population and two outgroups using
nrd TS, and 27 populations except V. pinnata for trnl.-F region of chloroplast DNA.
Morphological differences was observed among seven populations of three species in leaf
shape, but characters such as serrate number of leaf margins, petal size, pistil shape were
showed overlap hetween populations. Pollen shape of seven populations was monad and
grain shape on the polar axis was semi-angular. Morphology of aperture was tri-colporate,
and the surface sculpturing was scabrate in rugulate. The grain shape of equatorial view of
five populations was prolate whereas V. albida var. takahashii type 1 and V. albida var.
chaerophylloides type 3 were subprolate. The anatomical characters of midvein of leaf,
petiole, peduncle, root were also described for the species. The stomatal apparatus of the
leaves was observed only in abaxial surface, and the number of stoma per unit (mm’) were
abundant in incised than lobate or cleft margin of the leaves. The mITS analysis shows
that V. pinnata and V. dissecta was monophyletic and occupied a basal position in the V.
albida var. albida and its related taxa. The other clade including infraspecific populations of
V. albida, and V. eizanensis was paraphyletic. The #nL-F noncoding region analysis was
similar to the ITS tree. According to the above observations in morphology, palynology,
anatomy, and molecular phylogenetic analysis, the significant differences were not found
except for leaf shape in Viola albida var. albida and its related taxa, therefore V. albida
var. takahashii and V. albida var. chaerophylloides were considered to be an infraspecific
taxa of V. albida var. albida rather than an independent species, subvariety or variety of V.
pinnata and V. dissecta.

Key words : V. albida var. albida, V. albida var. chaerophylloides, V. albida var.
takahashii, morphology, palynology, anatomy, mrITS, trnL-F region.
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