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o1, Becker(1925)& A¥ %<& A 29| thgAdo] v3lod Gingins®] EFAA UE BHAT
& AH}EA B £ 14" 8o1d 7TALE AESVE stk 2y o3 REAFS
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H(Nakai, 1922b, 1928; Ishidoya, 1929; Takenouchi, 1955; Maekawa and Hashimoto, 1963).
A E&e Bxo] #e AT 2 Becker(1925), Valentine et al.(1968)0] $-3 4t oj3ld],
Brainerd(1921, 1924), Clausen(1927, 1929), Russell(1958a, b, 1965), Russell and Risser (1960)
= BUAbE A7Etd R, FolAlopake Makino(1902), Ishidoya(1929), Takenouchi (1955),
Maekawa and Hashimoto(1963), Satake and Ito(1965, 1966a, b), Hashimoto(1967), Hama
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Table 1. Collection data of Korean Viola species used in this study.

Taxa Common name Abbrev. Collecting site and date
Section Chamaemelanium =AY EA
V. orientalis e AE ORI GW" : Yanggu (03. 4. 28)
V. brevistipulata var. minor e g A E BRE GW : Yanggu (03. 8. 7)
Sectioh Nomimium AGAuEH
Subsection Hypocarpae o} £ A ¥] Lot A .
V. collina oA nE COL GW : Yanggu (03. 4. 28)
V. hondoensis obL- A v F HON GB : Ulleungdo (03. 4. 22)
Subsection Trigonocarpae YAl A v oA
Series Campylostylae kA2 A4
V. acuminata EabA| v ACU GG : Myoungjisan (03. 4. 29)
V. websteri A v E WEB GG : Yoomyongsan(03. 5. 6)
Series Rostratae HA AR EAL
V. ovato-oblonga 1A E OVA JJ : Hallasan (03. 5. 3)
V. kusanoana SE&uA £ KUS GB : Ulleungdo (03. 4. 23)
V. grypoceras WA A8 GRY JJ : Kwanumsa (03. 5. 2)
for. albiflora G A AU E GRA  JJ : Kwanumsa (03. 5. 2)
var. exilis o 7 A A 9] 32 GRE  ]J : Hallasan (03. 5. 3)
Subsection Bilobatae ZA Bl Eold
Series Verecundae FAYEAYE
V. verecunda ZAuE VER GB : Ulleungdo (03. 4. 23)
V. verecunda ZAuE VES Japan : Tokyo (03. 8. 22)
Subsection Vaginatae A Y] EotA
V. rossii a7z E ROS JN: Haenam (03. 5. 14)
V. rossii DA% ROT Japan @ Tokyo (03. 8. 22)
V. diamantiaca A% DIA GW : Bokkyesan (03. 5. 8)
V. yazawana Na A 2 YAZ GW : Seoraksan (03. 6. 4)
Subsection Patellares A Fold
Series Pinnatae A H) 2 AE
V. chaerophylloides AL 8] 2 CHA GW : Yanggu (03. 4. 28)
Series Chinensis AuEAG
V. woosanensis Lk WOO  GB : Ulleungdo (03. 4. 23)
V. albida ef ul A v] & ALB GG : Myoungjisan (03. 4. 29)
for. takahashii R L E ALT GW: Daedeoksan (03. 5. 20)
V. phalacrocarpa gAuE PHA JN: Haenam (03. 5. 14)
V. japonica A v JAP JJ © Hallasan (03. 5. 4)
V. hirtipes g AuE HIR GW : Cheolwon (03. 5. 10)
V. patrinii B A w2 PAT JJ : Sankumburi (03. 5. 6)
V. lactiflora AAA N F LAC GW : Yanggu (03. 4. 28)
V. mandshurica A MAN  JJ : Hallasan (03. 5. 4)
V. seoulensis G LIRS SEO GW : Sambangsan (02. 6. 14)
V. yedoensis S A YED GW: Daedecksan (03. 5. 20)
Series Variegatae GEAYEAE
V. keiskei AE AU F KEI GG : Myoungijisan (03. 4. 29)
V. variegata A=A £ VAR GG : Myoungjisan (03. 4. 29)
var. chinensis AT S W &2 VAC  GW : Yanggu (03. 4. 28)
- Series Patellares AN EAL
V. selkirkii A E SEL GG : Myoungjisan (03. 4. 29)
V. violacea AAFA A v E VIO ]I : Hallasan (03. 5, 6)

+ GB : Gyeongsangbuk-do, GG : Gyeonggi-do,

Jeollanam-do.

GW : Gangwon-do, JJ : Jeju-do, JN :

£ olg3dtgon, FRAEA L NTSYS-pelversion 2.02j, Applied Biostatistics, Setauket, New

York, USA)E AH&stsla,
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Table 2. The list of six arbitrary and four ISSR primers used in this study.

Primer Sequence(5’ to 3') Primer Sequence(5’ to 3')
OPC-01 TTC GAG CCA G OPC-16 CAC ACT CCA G
OPC-02 GTG AGG CGT C ISSR1 (CT)RT
OPC-08 TGG ACC GGT G ISSR2 (CTHTG
OPC-12 TGT CAT CCC C ISSR3 (CA)RY
OPC-13 AAG CCT CGT C ISSR4 (CACA)

arithmatic average) 2.8 F3atgiv}l. =3 B41& RAPD, ISSR % PCR-RFLP Z}Zbof
ate] =gk & uwstg o 37kA A8 E 3 data® EAI3ke] vl wEslch

2 I

Primer®] A 2 7|9E 4
RAPD® 4
RAP 18 93te] & 40ZF 9 decamer primerE o|€3% 23d A3 3770 primerdl

Al DNA % &g HAon, o|F 671 primer ¥o] 348F AA AN FFHEHAHTable

2). 23 DNAG#HS zZ7]= 01-30 kb7kA] ©hFshAl Jeldes $£2 05-1.0 kb Alojol

AAEAIL TN LAY AR T2 e FFE BAHFE 1. EFT dAedA g

€5 Bl 6FF9 primer2FE F 7I7He] W= #EEHYeW, o F vhE sHpolymor

-phism)& Holt M=E 70/E primer & /i Hu 116719 L2 g3t M=g Hols

Ro@ vebdth Zb primerd W= & 671(0PC-13)%E 1770(OPC-01)E t}fstAl ek

o gy 11.87H‘2§E},

o
0
=
Mo
>
tio
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o

b microsatellite primer 12559 th3 primer screen 23 9FFollA ut

M1 11 M 21 34

Fig. 1. RAPD profiles by OPC-01 of the analyzed plants.
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Table 3. Number of polymorphic restriction sites generated by single digests of 15
restriction enzymes and the sizes of cpDNA fragments amplified by each primer pair.

Primer 4-bp cutter 5-bp cutter 6-bp cutter No. of . Size
. a polymorphic

pair Haelll Mspl Tagl Hinfl Aval Dral Hindlll Pstl site (bp)

A - - - 1 1 1 2 - 5 1600

B - - - - - - 1 1 2 1500

C - - - 3 - 1 - - 4 2200

D 2 1 1 - - 1 - - 5 1480

Total 2 1 1 4 1 3 3 1 16 6780

A, trnHI{RNA-His(GUS)1-trnK[tRNA-Lys(UUU) exon 1]; B, psbClpsll 44kd protein]
-trmS [tRNA-Ser(UGA)]; C, psaAlPS 1I(P 700 apoprotein AD)]-trnSItRNA-Ser(GGA)]; D,
trnS[tRNA-Ser(GGA)]-trn TItRNA-Thr(UGU)].

£& By o] F 47 primert EFT AANA ZZHYTHTable 2). X H DNA o3
A7 01-25 kb7hA] theFstAl vehg o F2 05-20 kb Ateldl 9 x& A tHFig. 2). 4%
o primerZ25H F 2070 MEE dYoH olF 287 WEE polymorphicdAl YERG
96.6%69 %<& polymorphism® Bt Primerd HW=9¢l 4+ 67/l([CACAL)EH 117
([CTIRT)7HA th¥std o™ primer 3719 Ao 725702 Yebt)

PCR-RFLP #4

AEH DNA 49 97 non-coding A ¥EE& £Z3 AY 47) primer pairollA w82 H
Rk 44 Aol A FEZF oF 678 kbe] DNA Zt7}of thate] 1571319 AdEAE M2 27
Z 809 restriction siteE YAow 2F 16 sitex polymorphicdtAl WERY 20% 9
polymorphism& X G tHFig. 3). Primer pair¥ polymorphic sitex psbClpsll 44kd protein]-
tmSHRNA-Ser(UGA)I7F 2702 7B A3,  trmHIRNA-His(GUS)]-trnK[tRNA-Lys
(UUU) exon 113 trnS[tRNA-Ser (GGA)]-trnTItRNA-Thr (UGI7} Z+Z} 512 7+ 29
tH(Table 3).

Fig. 2. ISSR profiles by (CT)sRT primer of the analyzed plants.

48



March, 2004 ghsr b Aui o] FAaA 7

Table 4. Data matrix of ¢pDNA restriction sites in Korean Viola.

No. Enzyme Primer’ Variation(bp) 1" 2 3 4 56 7 8 9 1011213141516 1718192020 28U 5627 B8N 2B H
1 Hnfl A T0=600-130 00001000000000000000000000000100120
2 Avd A 120041001301 11101101 11111100000000000000000020°00
3 Drd A 300030 00001000000000000000000000060000000
4 Hindll A 80+810<s160 I 1 1101111711111 11t1101111111101111
D> Hindll A 808080 000010000000000000001000000001000°0
6 Mindl B 1500=800)700 ! 1 1 1 11111t11111t111o0t1trtr1rtli11t111 11
7 Psd B %0300<120 1 1111111111110011111101100000100T11
8 Hinfl C &0=63+120 0000000000000000010000000006000000¢0°1
9 MHifl C 600=30+100 00000000000000000000100000000000°20°0
10 Hnfl C 40=300-150 000000000000000100000000000110060200
11 Drd C 1600+100-1700 0 0 1 1 11111 110000001011000060000000°01
12 Heell D 40-160610 111111t 11011000000110101 111111101111
13 Heell D G00=004150 0 0000000000111 1110010000000001000°0
M Mgl D 380560+20 00000000006000000000000000000000010
15 Tadt D 300+¢100:600 0000060000000000000000101 1111001111
16 Drd D 1200900430 000001000001 1001100000000000000000

*A, tmHRNA-His(GUS))-trmK[tRNA-Lys(UUU) exon 1I; B, psbClpsll 44kd protein]
-trnS [tRNA-Ser(UGA)]; C, psaAlPS I(P 700 apoprotein Al})]-trmS[tRNA-Ser(GGA)L; D,
trnS [tRNA-Ser(GGA)]-trnTItRNA-Thr(UGU)].

"1, ORL;, 2, BRE; 3, COL; 4, HON; 5, ACU; 6, WEB; 7, OVA; 8 KUS; 9, GRY; 10,
GRA; 11, GRE; 12, VER; 13, VES; 14, ROS; 15, ROT; 16, DIA; 17, YAZ; 18 CHA; 19,
WOO: 20, ALB; 21, ALT, 22, PHA; 23, JAP; 24, HIR, 25, PAT; 26, LAC; 27, MAN, 28,
SEO: 29, YED; 30, KEI, 31, VAR; 32, VAC; 33, SEL: 34, VIO. Abbreviations of the
OTUs are given in Table 1.

A LA 74
RAPD#4
RAPDEAE s Ard 6719 arbitrary primer2%E <1
=

QRN Ao UEFTO £4)

& 71709] bandE °l-&&
A4 060-0962] ®i9l HelA g je WS FASAE

1000-F

300 — IR et 1 1 T B Ty o ety

Fig. 3. Electrophoretic patterns of RFLP by pstl from amplified DNA of psbClpsll 44kd
protein]l-trmSItRNA-Ser(UGA)].
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Fig. 4. Phenogram of Viola based on analysis of PCR amplified fragments produced by
six arbitrary RAPD primers. Abbreviations of the samples are given in Table 1.
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Fig. 5. Phenogram of Viola based on analysis of PCR amplified fragments produced by

four ISSR primers. Abbreviations of the samples are given in Table 1.
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Fig. 6. Phenogram of Viola based on analysis of PCR-RFLP produced by four primer
pairs. Abbreviations of the samples are given in Table 1.

Hypocarpaeotd, Z9AN 28 A28 Trigonocarpaect?d, Z18]3l FAHAIR]Z 3 X33 Ay
o] 33y Fo 2 FAHAN(Fig. 6).

Combined data ¥4
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Fig. 7. Phenogram of Viola based on RAPD, ISSR and PCR-RFLP combined data.
Abbreviations of the samples are given in Table 1.
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Interspecific relationships of Korean Viola based on RAPD,
ISSR and PCR-RFLP analyses

Yoo, Ki-Oug", Woo-Tchul Lee' and Oh-Keun Kwon®

('Division of Life Sciences, Kangwon National University, Chuncheon 200-701, Korea;
“National Horticultural Research Institute, RDA, Suwon 441-440, Korea)

Molecular taxonomic studies were conducted to evaluate interspecific relationships in
Korean Viola 34 taxa including two Japanese populations using RAPD(randomly amplified
polymorphic DNA), ISSR(inter simple sequence repeat) and PCR-RFLP(restriction
fragment length polymorphism) analysis. Only six and four primers out of 40 arbitrary
and 12 ISSR primers were screened for 34 taxa, and were revealed 70 (98.6%) and 28
(96.6%) polymorphic bands, respectively. Fifteen restriction endonucleases produced 80
restriction sites and size variations from the large single copy region of ¢cpDNA, 16 (20%)
of which were polymorphic. The separate analyses from the RAPD, ISSR and PCR-RFLP
data were incongruent in the relationships among 34 taxa, but combined data was in
daccordance with previous infrageneric classification system based on morphological
characters, especially the subsection and series level. Section Chamaemelanium placed
between subsect. Patellares and Vaginatae of section Nomimium was not formed as a
distinct group. Viola albida complex including three very closely related taxa was
recognized independent group within subsect. Patellares in combined data tree. This result
strongly suggested that they should be treated to series Pinnatae. RAPD analysis was
verv useful to clarify the interspecific relationships among the species of Korean Viola
than ISSR and PCR-RFLP analyses.

Key words: Viola, PCR-RFLP, RAPD, ISSR, relationships
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