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Analysis of ITS DNA Sequences of the Viola albida Complex

Sung Soo Whang*
Division of Science Education, Chonbuk National University, Chonju 561-756, Korea

Abstract - ITS DNA sequences from five individuals, representative of five groups designated according to the degree of leaf teeth
and lobes from simple to palmate compound leaf in the Viola albida complex, established and further analysed in order to solve the
taxonomic difficulty. A total 702 bp was sequenced at the 5.8S ribosomal DNA and internal transcribed spacer 1 and 2. The 5.88
coding region is 163 bp, and has no sequence variations. The ITS1 and ITS2 noncoding regions have a little bit sequence variations,
and those were further analysed by the methods of the analysis of variance (ANOVA), the analysis of sequence divergence and the
phylogenetic analysis. The result of ANOVA showed no significant differences among individuals investigated. The analysis of se-
quence divergence with Kimura 2-parameter distance revealed that in-groups showed much less than 0.05 in absolute value among
individuals, while two out groups more than 0.03, V. grypoceras and V. orientalis. This result appeared that the sequence divergence
among in-groups was not yet occurred in the species level but situated at somewhere below the species level. In the phylogenetic
analysis, two outgroups formed the basal clades in order. Five individuals in-groups formed a clade. The clade was, however, not
very robust as around 50% in bootstrap value, suggesting that this result was not meaningful in the phylogenetic point of views.
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Ao

EelAE 12 (Viola albida complex) 2152 ABEEafjolM -5
ShA| BMe] 5 vm, v wA oY Fo| 1 71RAgle] Qlo] AMEE ol
7Vl A AR vk Qlek(Hashimoto, 1967). & 7+ &7]7} 310
R o2 T BEle, o) AYE T FENEE o)gEo]
YtHStebbins ef al, 1963). 29} 92 W80 2 7H7F )] 314
Ko7 Xelsin, 7Pgoirs LedE] 218 4l SRR 22 gt
(Harborne and Turner, 1984). FE3h 2 7+ Ju83Htrue
cleistogamy) & HAtsR= 21E° [t} (Berg and Redbo—Torstensson,
1999). Boll= EPFES B3l 34 tlebds fmshs anst
(chasmogamous flowers) &, o153} 7ol A7 14782 B3l w4
35 P EEg A MERe 7k Qlo] QElRE APAES] B4
tdo] EloigkcHDarwin, 1877; Lord, 1981). 531 Hdj3k= 340
o, oAy 81 FEES 2 AEUA S UL T Wo | A
As7] wjFel] 873 NEFoRT o|8" 4= QIthWaller, 1980;
Schmitt and Ehrhardt, 1990).

B A BF7E) LS Linne (1753) 7Hada} Aldlg]ool) B3
She AMEE A E F Yo e BRI T57E V pimata L E 73
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B3t AL A0 = | edebour (1829) 2 V, dissectaZ, Regel (1861)
L pinnatavar. chaerophylloidesZ, Becker (1902) = V. chaer —
ophylloidesE ZfER BasPaM S¥o] Fab Tewth gk,
Maximowicz(1877) 7371 F/ES V. pimata®] FH TR B
IV, pinnatavar. dissecta, V. pinnatavar. sieboldiana, V. pinnata
var. chaerophylioides 0% P8 A&lsiitt 13} Maeckawa
(1954) =771 F57E V. albida®) S EFTOR FF38 V al—
bidavar. albida, V. albidavar. chaerophyiloides, V. albidaf. sie—
boldiana S22, 1to(1962) = LEARE: V, dissectal] | H-Fw-0.
B H V dissectavar. chaerophylloides®} V. dissecta var. sie —
boldianaZ w5310 ATARE &P Y L 57 7150) vh2A| ekt
v} 2 AR B FAEES o F AFPIE T o, o, 31
o) ejl 721 L] a0 34 Ho| §4 52 5 AR 2
T2 EARIZ(V albida var. albids), SEARIZEV, albida var.
takahashiy), T8 1 WAARIZ(V albidavar. chaerophylloides)
o] E3AZ Bysh vl QIrkKim et al, 1991).

B ERTeS gAY} 27 wiitel] o= A-Eksel] 2s)
Y A(section e 5L oFd(subsection) & Y AY
(series) Toll =3I} Becker (1925) & Nomimiun?d Adnatae
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ol8e|, Takenouchi (1955) = Nomrmiunrd PinnataeA G, 12
11 Maekawa$} Hahimoto(1963) = Fatellares’d ChinensisoFa
PinnataeA|8Y, Fu and Teng (1991) 2 Nominmuntd Violidiurmey
“gol| & 217 AAAFTE HE Yoo et al. (2004, 2005)-& =
2+& OV 2 RAPD, ISSR, PCR-RFLP 28] 2 ITS G7Pde- =
Abste] EANILE, SEAME TR A B 35S B AR
BARCE AV ChinensisAlGol £3R= el L)
TAMNES WA o] 35 o] Q= PnnataeAlG= 0| 1A)7
Zio] et Hausigict S, galAn|Zke] A9- Tl B0
F AR}l e} M2 oRE B-FARl $1X1A17] BEE 1910 Ishi—-
doya(1929)+= 2 o2 typusE Fo eiliAn| 22} JFARIZES
AE TRE typusell E3AF 0, Kim(1986) & Fuiits ZAZR
ARARIEEE EARERS A F T Al £ 1l lek

EAI T A EES- 910 5AS A|21%t 7[eke] ) FHe] -
ol ofgfe, F7h AL 2}F-2-8 wRte] o) wrE Ao ok
Aol A IESI7RA] 521 FZHIEP T U ER L Qo] ¥REhE o
Z ofE EFetHRussell, 1960; Kim, 1986; Kim et 4/,
1991). & xlo] o2 Aglof ] A3 ule]] 2Jakd ¥ 2~3 m
oJulellE @dell A IEQ7EA B Ul BRe] Tkt $38o)
83 Zlo] ERIFTHKIm ef al, 1991). ool FAhd oz B
BlAA Qo) AR W A7t AR T ES o F14 &
7 AEE AR Q7 Sl

$HH, DNA 9971419 342 e o) Tl o) v)s) &
72 W01zt AL §lar, A2 147 Ho & Kol ulitel o] &
7|EE § BREE P9e Bt a840| 3 AHAdo] Itk Apples
and Honeycutt, 1986; Kim and Jansen, 1994). 3], ITS X|¥&
9] DNA 71X 31810 S7hwl= Al Yehdr] wliel] 5 o8k
R E5els A-E31A AREAL 912 (Sytsma and Schaal,
1985; Sytsma and Smith, 1988; Baldwin, 1992; Downie ef 4,
2000; Lia et al.,, 2001), A|8}Z2e] 7= ARH v} §lct(Hodger
et al, 1995; Ballard ef al, 1997; 1998; Yoo et al, 2005;
Hildebrandt et al, 2006).

B A9 54294 2~3m oW Aglell 542 02 83k
el EE A7 A5A0 S0 RHE S 2R gL
U TIAES WO E ITS 7 IMEE A #5784 29E
ERI3k=] ik

=

o i i

= 3

Ag A=

B Aol AR B MAN|ZT (V. albida complex) 21E A=
upditeld hxdsted ARSIt ARE AlEe oo A7 Aol ut
2} 570 e S Hl9A |, el n) L) TEAn| e S, W F
AW, DEARER AR T, J]a AR 52

EA] 257 TS DNA G714 24

(a) (b} (c)

(a) (e)

Fig. 1. Leaf shapes in the Vio/a albida complex. (a) V. albida
var. albida (GenBank acc. DQ112179), (b) the intermediate
between V, albida var. albida and V. albida var. takahashii
(GenBank acc. DQ112180), (¢) V. albida var. takahashii
(GenBank acc. DQ112181), (d) the intermediate between V.
albida var. takahashii and V. albida var. chaerophylloides
(GenBank acc. DQ112182), (e) V. albida var. chaerophy—
Hoides (GenBank acc. DQ112183).

2Rk (Fig D, ZHEE tiE AR MAIE dhd e = GV IMEE
ZA¥H, GenBankell Bl 315tHGenBank accession number
DQ112179~DQ112183).

DNA &%

Al A2 HE] DA DNA -2 Doyle 2} Doyle(1987) 2] W<
wght) 323 DNAS| 55+ Biotech Photometer (Biochrom Ltd,
WPA UV1101T, Cambridge, UK) & AR5} ARIBISITE DNAS
5 ng/ut®] 5% 3438k 5] universal primer (White et aZ, 1990)
S /R3] 94 Coll 17, 52Tk 30, 72°CollM 182 1313 e
2 3lo] 25 3034 B¢ ITS X%-& PCR(polymerase chain
reaction, Applied Biosystems, PCR system 2700, Singapore) &F
Atk ITS DNAS] FEARE 2R151] 918l 1% agarose gel& A
3] #7)93%3t 5 ethidium bromide®. @443} UV trans—illu—
minator (Vilber Lourmat, TFX—20M, Cedex, France) & AH-31
s} PCR AFE-2- QIA—quick PCR purification kit (Qlagen
Inc., Chatsworth, California, USA) & ARE31 AT 42714
2 ABI Prism 377A automated DNA sequencer (Perkin—Elmer
Corp., Foster City, California, USA)-& AME-81] A=
CREEEE

%3719 =2 Clustal X(Gibson et al, 1994) & 18511 7]
o7 12 A H, HF AR 882 MacClade (3.05 version)
L2 EE o] g3lo] A 0= Bl o] Wl 971G AH e T
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T o F B AdeA 2l ejiAluiityy) 57) Aol 579k 79
O E Yoo et al. (2005) 2] 28l NCBIo| Rt @ ARIEH(Gen—
Bank acc. AY928271) 3} WAIAMIZE(GenBank acc. AY928280)
= A sisith A eieiAmiTe) &35 2gAm|E
(Nomimium) 3 ARIZESel FATAE 28 w32
(Chamaemelanium Y] Q& F-Fr-0 2 A, WAIAN]|ZE2 21g4H]
AN 5748%9) R ERToRA 47 oo w Aot
(Kim, 1986; Yoo et af, 2005).

AR

AEE A7INMEE FARE O R R 11l felide] RS
BR1317] 9130 SPSS(12.0 version) L& 738 A}g310] BAREA]
BIIL) WAHEAS % &2 B35 3K (character coding) = 1TS1 ¢
ITS2 A Hel|A e BEEFT 5YU Xl Wo )7} 3l A=
E5F 09 k5 FoAFla, Ho7} I ol ofejolsert oz
U 9210 718 Hol Yeh R 9719 3h8 002 F HIRE gol |
Bt 9719 38 12 A sz go] veh = 9719 ghe 2 52
= AR M2 Faslsigich

A& 49
A7ES AMEst Alseld A7E sl PAUPA.02 version;
Swofford, 1998) T2 73 AM351ITE ITS DNA 971422) wo|

ALE 50151 18] Kimura 2—parameter distance matrixE- %3
9371419 B (sequence divergence) & ZABISIE AFEEH $49-&
= H A7 2) B4 (parsimony analysis) = 28315 00, 2
& ZAHheurestic search) 2 FRQXRAIE (strict consensus tree)
£ gt} 7 BARS AREE 100088 BEAER (hootstrap;
Felsenstain, 1985) °ll I3}l S74=3Ick PAUP ARA] B 74
22 B7 1 (unweighted) S ARS8, vV gl &J% 84t 3
AH(indels) 2= AJH 7+ (gap) & A (missing) 2313

A g g

At HPAR S Al AX] 9l Az)e] Aol wiet e A
HIZE, gAML 85 AL 5 3 R R RSk Qlok
(Kim et al, 1991). 12 & 7] £F-750] W3 2~3mullel] 54
2 07 ASTPHE, Bdol AFEL7I A54 S0l &
Ak Aol EH3)| Wiol 2578H oleigo] 20 Kim ef 4,
1991). & Qo= 503 Aol g3 B U THE 29
AX e} A7 Ao whE 57 Ao F sk, ek YAl 7)
AS AE TS B/ MEE A3 (Fig 1), ©15 TAR AR
A, Q71ME 7] BN, FAIR A & A=3IcE ITSDNA $97]
ML Az Sorb e} &) B T 53Ae e g

Fo] o) 8HTHSytsma and Schaal, 1985; Sytsma and Smith,

Table 1. The result of the analysis of variance using I'TS DNA sequences of the eight individuals in the V. albida complex. (" See
Fig. 1 for details of the groups designated. 1. V. albidavar. albida, 2. V. albidavar. takahashii, 3. Intermediate between V. albida
var. albidaand V. albida var. takahashil, 4. Intermediate between V. albida var. takahashii and V. albida var. chaerophylloides;
5. V. albida var. chaerophylloides; 6. V. albida (from GenBank, acc. AY928292); 7. V. albida{. takahashii (from GenBank, acc.
AY928293); 8. V. chaerophylloides (from GenBark, acc. AY928290)

Group’ Character Average SD F Sig.
1 289 .01038 .10153
2 289 .01384 11703
3 289 01384 11703
TS 4 289 .00346 .05882 0.761 0,620
5 289 01384 11703
6 289 .01038 .10153
7 289 .00346 .05882
8 289 .00346 .05882
1 248 .02016 .14084
2 248 01210 14176
3 248 .00403 .06350
TS2 4 248 01210 .10954 0.828 0.564
5 248 .01613 12623
6 248 .00403 06350
7 248 .02419 .17833
8 248 01210 .10954
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1988: Baldwin, 1992; Hildebrandt et al, 2006).

ITS 714 EE o] 83 RN

+ Aol AEE ITS DNA S M Fo] eiziel] FA8H xjo]
7HIEA B2 GEAE BRI Slal A4S 31t Table 1).
FAREA of| AMSE 21 E2] A7) UL Fig. 10 278385 Awhll 5
7RAI2} Yoo et al.(2005) ol 213l GenBankell 55€ £ 34 3 -7
T 5 EARIE, WA e gk o n) 7Y #4
o} H5sh= e AR S 7P A e 4= e o 2 stk
(Whang et al., 2002). 2 23 ITS1o] tist & 72U 8 73] A& F
#H0.7612, F9) FEL0.62020% VER} AR g A
2 o3 xpol7} Qlrkar e 4= YA ITS20 % 8 7)) 215
A F3ke] 0.828, #-9] B5-2- 05642 VR 2R = 8013 210]
7} Sl A S JERGTHTable 1). o1=1TS DNA 971484 A
A B4 0] A= 7|20l B guiAm) 2y o) B
TO) 3R] F Bz 5 U Tl 3R BT s S AR, 71
Kim et a/.(1991) &] #7848 A2|§ A|X|5h= Aot

ITS 7144 ¥4

Gelx] HESI7IA] 28 A543
2120 [TS1HITS2 72| 3.5.85 S x| 9)
AV 3t #9024 GenBankdl] SE250] Q= F B
= AW e ARl Sk WAANIE S} AR &
SR AL TYU XY 7G-S o] 24819

ng Mo
~N
>
ke
e
2,
i
i
BN

2
Y
2 1

Al ZARPY PR 9 29lwe] I8 S AEslo] 25702 bp
S H|WBISITE 5.85% AR BE BFFolA 163 bpE LERL o™

714 WHo |7k UeR A k) ITS1e4 289 bpeh TS24
250 bpE ¥A¢l o]831tHGenBank acc. DQ112179~ DQ—
112183). v 7iAzEe) 471M < 271 H%E Kiumara 2— pa—
rameter distance®. ARFet A3} FAKE BE A4 7 A7t
0.05 oJskz R bA] o v 710 2 FRIEQITHTable 2). Unk

E WA T 1TS DNA §7141% 24

AVT

26 - TAC
(53/43})

AAT
21

(54/49)

AVA

96/91 5
(1o0/100) tos/am) L% __ aAvc

74

GRY

ORI

Fig. 2. Strict consensus tree based on ITS DNA sequences
of the V. albida complex. (AVT: V. albida var. takahashir,
TAC: intermediate between V. albida var. takahashii and V.
albida var. chaerophylioides, AAT: intermediate between
V. albida var. albida and V. albida var. takahashii, AVA: V.
albida var. albida, AVC. V. albrida var. chaerophylloides;
GRY: V. grypoceras; ORI: V. orientalis)

Z o2 Ay go] 0,05 Br} A o PJEEHA oju)E Fofahx] o=t}
(Whang ef al., 1998). WA 97149 #7155 Hoh 2% oJst
S50 2 P a1, o] A= Kim et al. (1991) ¥ Ux1gc}, 12t
T T el 97 IME v AT AU EF0.05 9]
24 Z:0.07010~0.119877H 2. A Ve IA A2 S8l 78 =
SACH(Table 2). wUrollx] BjiA ZEa} JAbAm]EEe] A7 1M #
717F0.00434 % ViRt 71 290 om, ElfelAH] 2} A2l
971 #7174 0.01305% A VERITH Table 2).

A& 4

TURERL 57k el 27019 ITS DNA 7 M e Fdst 4
702 bp F 10371z 8711 WHel7k AL, 59971= Ho 7RIS
o}, 7IM A Wol7higsl 82 Al o F sbdeo] l=in—
formative character+ 1974°0|3 vPX] 847 uminformative
character?! 21 0% WERHTE Fig. 2] $PAUARA TN Az
2] §Jel] 37 )3t ofehio} k= 3 E 84 (synapomorphy) ©137,

Table 2. Kimura 2—parameter distance matrix between ITS DNA sequences determined from the V. albida complex and two
outgroups. (" See Fig. 1 for details of the groups designated. 1. V, albidavar. albida, 2. V. albidavar. chaerophylloides, 3. V. albidavar.
takahashii, 4. Intermediate between V. albidavar. takahashiiand V. albidavar. chareophylloides, 5. Intermediate between V, albidavar.
albida and V. albidavar. takahashii, 6. V. orientalis (GenBank, acc. AY928271), 7. V. grypoceras (GenBank, acc. AY9282%0)

Taxa 1 2 3 4 5 6 7
1 —
2 0.00434 -
3 0.01305 0.01167 -
4 0.01013 0.00874 0.00288 -
5 0.01305 0.01166 0.00577 0.00578 -
6 0.07268 0.07010 0.07463 0.07464 0.07463 -
7 0.11462 0.11347 0.10981 0.10822 0.10984 0.11987 -
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AZA2] olefl Al xHl2 FEAERSX] (bootstrap value) 9}
BAo| =] (Jacknife value) ot} 7R =HAHE| LT} 1A
ARES Pl o] SPAEA A5ai Z1- ol (basal
clade) & O3 3] 7|&8] A7 AFET F Y51 (Kim, 1986;
Ballard er al, 1999; Yoo et al,, 2004, 2005) T-8)i+2] Ad#jo] 24
s Ro7 ket U] A 21709 TEuE S Zha,
54% HEXEHGX 4 49% Ao IR S 2z vehdt) dut
2 07 AR 70% Bt g 39 AT A2 27} "ol# A
ESPAQ 2nlrl 4] ) wighd ITS DNA 937141 %0 21k eljalA)
BT AR s £ ) 4] @Al tist ek
S TA e Ao A, Azt widol gt olah e

WARIE T dofuka Sl 10 & FE¥tH(Whang er al, 2002).

o 2

B AR A EES T4 0 7 ASShEA Tgioi) AatE
G7H] AEAR] THE UERlo] #-578H ofgo] Qltk B AT
O] B2 2 e ullA | EE, AL, BARAR|EE 18] 1 ZH BT Ale)
9] SIS 2] Fejlol wie} 5 Ao 7 Rk ZH AehE g
A NAE AH3] ITS DNA 7 MG S B8k B7812] o5&
< Sigsh=) 3tk AEH ITSI, ITS2 18)3.5.8S X|92] 9714
&2 702 bpE YERITE 5.88 X932 163 bpRE FANE BE 7))
A 017105, ITSIHTS2E= YF- Ho)7} glo] BAMRA 017
M £7] AL 28] 3 FARA o o1 8319iT) BAREA At Ak
& e TS 2ol xlo |7} e A 0 2 el (7ML B 2
AL 23, oo 2 A s WAl AE|2a) e Au]Eke] 739 Kimura
2—parameter distance®¥ ZAthx|7}0.058} B4 A veR}A
FHE o7 ERIFAE vk FulE 5 Al AoiX 7} B o)
3 ER Q7N BT [ F FFo) ofd Folgle) o=
HAEGICE FARA A TFo R AAE 2 FL 7)A BAZE
/38130t TS she] BAIRE B8R REAE )
50% ©1312. Ueht A183H Q= A2 702 AlgH)

Ab AL

2 A AR =58 F UEEYA kg Wt a7
AETEI 2004'd S| AdA] A7 =] Lol 23] 3T

(o K=d =

—_O
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