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Abstract. The genetic relationships in 5 species of Ligularia were investigated using RAPD (Randomly Amplified
Polymorphic DNA) and ITS (Internal Transcribed Spacer) sequences analyses. In RAPD analysis, sixty three
of 196 arbitrary primers showed polymorphism. The amplified fragments ranged from 0.2 to 1.6 kb in size.
The dendrogram was constructed by the UPGMA clustering algorithm based on genetic similarity of RAPD
markers. A total of 16 accessions were classified into 5 major groups corresponding each species at the similarity
coefficient value of 0.77. In the ITS sequence analysis, the size of ITS 1 was varied from 248 to 256 bp,
while ITS 2 was varied from 220 to 222 bp. The 5.8S coding region was 164 bp in lengths. Forty nine
sites (10.2%) of the 478 nucleotides were variable, and the G+C content of ITS region ranged from 49.4
to 53.5%. In the ITS tree, five species of Ligularia were monophyletic, and L. faquetii was the first branching
within the clade. Ligularia intermedia formed a clade with L. fischeri var. spiciformis (BS=79), and L.
stenocephala and L. fischeri were also claded. Two data sets were congruent, except of the position of L.

fischeri var. spiciformis.
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Table 1. Accession lists of Ligularia species used in this study.

No. Species Collection Area Accession No.
1 Ligularia fischeri Daegwallyeong (GW?) GU323280
2 Ligularia fischeri Doonnae (GW)

3 Ligularia fischeri Yeongwol (GW)

4 Ligularia fischeri Jeongseon (GW)

5 Ligularia fischeri Mt. Taegi (GW)

6 Ligularia fischeri Geoje (GSY)

7 Ligularia fischeri Geochang (GS)

8 Ligularia fischeri Mt. Baekdu

9 Ligularia stenocephala Daegwallyeong (GW) DQ272329
10 Ligularia stenocephala Bongpyeong (GW)

11 Ligularia stenocephala Gapcheon (GW)

12 Ligularia fischeri var. spiciformis Daegwallyeong (GW) GU323279
13 Ligularia fischeri var. spiciformis Yongsan (GW)

14 Ligularia fischeri var. spiciformis Mt. Halla

15 Ligularia intermedia Hantaek botanical garden GU323281
16 Ligularia taquetii Hantaek botanical garden GU323282

“Gangwon-do.

YGyeongsangnam-do.

Kor. J. Hort, Sci. Technol, 28(4), August 2010



ABZAA Belshin Gl 2E Hof o} Mgl A1
o} A%l AL A A2 Table 10 vreb ek

RAPD &4

Al3]o] A28 DNAQ] &8 Murray?} Thompson(1980)
o] HFHS wgron, %3 DNAX ND-1000UV/VIS spec-
trophotometer(NanoDrop Technologies, USA)Z A= 3t &
10ng/t = 5]4/5to] PCRZ 917t DNAR ARESIGIT:. PCRE
Williams 5(1990)9] & wgko ] DNA $Z2 VertiTM
96-well DNA Thermal Cycler(Applied Biosystems, USA)
2 s

RAPDE 9|3t primer+= OperonA}2] random decamer 196
%£3=(0OPB, OPF, OPI, OPN, OPO, OPP, OPQ, OPD 02-20,
OPE 01-04, 08-20, OPG 08, OPV 01-08, OPW 01-11)Z
AFE3I5E) PCR 2712 94 Coll A 5371 172 g %, 94T
oA 45%, 36 Col|A] 45%, 72 Cof|A] 45%Z cycleZ 3}o]
353] ukE el 5 72ColA] 105 o SXIA7Th ZE8 DNA
= 1.5% agarose gelo] A7]|%9% §F & UVSo| A Gel Docu-
mentation System(Alpha Digi Doc, USA)Z #4353t} &
2} v 2L E $J3F markerZ+= 100bp DNA ladder(Bioneer
Co., Korea)& Alg-s}4 L]

Solm £4e BEAS el WEe) f5o] det
A1 EE 092 AT T A47S shfe] 89 B8 w9
(OTU, operational taxonomic unit)= d}¢] 7|z 2= P&
(data matrix)2 A3tk S E AL Jaccard coefficient
Aol el FAHE A5 A4k S, NTSYS-pe 271
WL 0]-8-510] H])7ISAEH(UPGMA, Unweighted Pair-Group
Method using Arithmetic Average)of| w2} 333} %ct.

ITS Sequence &AM
ITS sequence £42 RAPDEA oA} 5U3st DNAS

ARt on LEHIE AR 4504 F T7HAI&)(F ]
6, ereielerdl 3, A3 1, of=|2gH] 170A)) 3 W ITS(nr
ITS) ¥ rRNAX|¥9 ZZ3 9|5}9] ITS-reverse primer
(TCCTCCGCTTATTGATATGC)2} ITS-forward primer
(TCCGTAGGTGAACCTGCGG)E A3ttt ZEH|(L.
stenocephala) @] 1TS+= 44} 23)(http://www.ncbi.nlm.nih.gov)
o 525 97]49(DQ27232)< ©o]&3glty. PCREAL
94 Co A 587 HAE g &, 94CofA 148, 50CofA 1
B, 72CoflA] 285 cycle® d}o] 353] ¥HEgE 3 72°Cof| A
1027 B FAAIZH. 5355 DNAS] A= Wizard PCR
Preps DNA Purifucation System(Promega, USA)2 A}8-3}
gon], ¢i7]Hel BAe nolovie] (9] GrIMe A A
HIAE o-85190H: 24 6714 E-2 Sequence Scanner(Ver.
1.0, Applied Biosystems, USA)E o] &3lo] d714ES
2R3} 01, CLC Main Workbench(Ver. 4.0, CLC Bio,
Denmark) 2] alignment 7|50 2 AY & 2E ARAYGL
43191 Fo) 45tk BEE @714 PAUP 402b
(Swofford, 1998)& ©]-8-5}o] parsimony analysisE 3}% ..
o, EAuH O heuristic searchE o] &3} 1, 1ol &
option©. &= ACCTRAN, MULPARS 121l TBR& 0|83}
Stk 2k 7 Bl e) A4 Hg Qobz] $fel] bootsap
(Felsenstain, 1985)°.2 10003]& HhEslo] EAS14 0,
ol5 &3 AlTTE ottt w9 (outgroup)> = ol
st w7 S 7P o2 dER(Kim, 2007) HH
& &(Farfugium)® BH(F. japonicum)E A-8-31%T).

my

o % aF

RAPD &Hoi ofst RHA &4
Ligularia % 2129] #A¥A 242 915ko] OperonAl]

% 1967]19] random primerS AHE-3Fo] 16719 £HEE

HI

Fig. 1. RAPD profiles of Ligularia species generated using OPI 20 (A) and OPB 12 (B) primers. M; 100 bp ladder (Bioneer Co.).

The numbers are shown in Table 1.
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Table 2. Primers showing polymorphism in RAPD analysis of Ligularia species.

Primer Sequence (5'-3") No. of loci . Polymorphism (%)
total polymorphism
OPB 01 GTTTCGCTCC 4 2 50.0
OPB 10 TGCTGGGAC 10 4 40.0
OPB 11 GTAGACCCGT 7 5 71.4
OPB 12 CCTTGACGCA 5 4 80.0
OPB 13 TTCCCCCGCT 5 3 60.0
OPB 15 GGAGGGTGTT 5 3 60.0
OPD 02 GGACCCAACC 8 4 50.0
OPD 07 TTGGCACGGG 8 3 37.5
OPD 15 CATCCGTGCT 5 2 40.0
OPD 18 GAGAGCCAAC 7 4 571
OPE 12 TTATCGCCCC 4 1 25.0
OPE 14 TGCGGCTGAG 5 1 20.0
OPE 16 GGTGACTGTG 4 2 50.0
OPE 18 GGACTGCAGA 5 2 40.0
OPE 20 AACGGTGACC 6 2 33.3
OPF 01 ACGGATCCTG 5 2 40.0
OPF 03 CCTGATCACC 7 4 571
OPF 04 GGTGATCAGG 4 2 50.0
OPF 05 CCGAATTCCC 10 3 30.0
OPF 06 GGGAATTCGG 8 3 375
OPF 08 GGGATATCGG 9 1 11.1
OPF 20 GGTCTAGAGG 6 2 33.3
OPI 07 CAGCGACAAG 4 2 50.0
OPI 09 TGGAGAGCAG 6 1 16.7
OPI 12 AGAGGGCACA 7 1 14.3
OPI 13 CTGGGGCTGA 9 2 222
OPI 14 TGACGGCGGT 10 2 20.0
OPI 20 AAAGTGCGGG 6 2 33.3
OPN 01 CTCACGTTGG 8 5 62.5
OPN 02 ACCAGGGGCA 8 4 50.0
OPN 03 GGTACTCCCC 11 2 18.2
OPN 05 ACTGAACGCC 8 1 12.5
OPN 06 GAGACGCACA 7 1 14.3
OPN 09 TGCCGGCTTG 7 2 28.6
OPN 10 ACAACTGGGG 8 4 50.0
OPN 11 TCGCCGCAAA 7 1 14.3
OPN 18 GGTGAGGTCA 8 1 12.5
OPO 05 CCCAGTCACT 7 2 28.6
OPO 16 TCGGCGGTTC 9 1 11.1
OPO 19 GGTGCACGTT 9 2 22.2
OPO 20 ACACACGCTG 11 3 27.3
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Table 2. Primers showing polymorphism in RAPD analysis of Ligularia species. (Continued)

Primer Sequence (5-3") No. of loal . Polymorphism (%)
total polymorphism
OPP 05 CCCCGGTAAC 12 2 16.7
OPP 06 GTGGGCTGAC 8 2 25.0
OPP 08 ACATCGCCCA 6 2 33.3
OPP 09 GTGGTCCGCA 8 1 12.5
OPP 10 TCCCGCCTAC 10 2 20.0
OPP 12 AAGGGCGAGT 6 2 33.3
OPP 16 CCAAGCTGCC 6 2 33.3
OPP 17 TGACCCGCCT 6 1 16.7
OPQ 09 GGCTAACCGA 8 2 25.0
OoPQ 11 TCTCCGCAAC 8 1 125
OPQ 12 AGTAGGGCAC 9 1 11.1
OPQ 15 GGGTAACGTG 8 1 125
OPQ 16 AGTGCAGCCA 8 1 12.5
oPQ 17 GAAGCCCTTG 4 2 50.0
OPQ 18 AGGCTGGGTG 8 4 50.0
OPV 01 TGACGCATGG 3 1 333
OPV 02 AGTCACTCCC 6 4 66.7
OPV 03 CTCCCTGCAA 8 3 37.5
OPV 07 GAAGCCAGCC 7 5 71.4
OPW 01 CTCAGTGTCC 6 2 33.3
OPW 04 CAGAAGCGGA 5 1 20.0
OPW 09 GTGACCGAGT 7 1 14.3

4
A,
5 | L Jfischeri

B.
L. stenocephala

15 | ¢, L. intermedia

D,
L. fischeri var.
spiciformis

-
w

16 | E, L. taquetii

I T T T
054 064 074 0835 095
Coefficient

Fig. 2. Dendrogram showing the genetic relationships of 16 Ligularia collections. The characters besides the bars indicate the
cluster group, and the numbers are shown in Table 1.
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TCGAAACCTG
TCGAAACCTG
TCGAAACCTG
TCGAAACCTG
TCGAAACCTG
TCGAAACCTG

TCGAAACCTG

L. fischeri var. spiciformis
L. stenocephala

L. intermedia

L. fischeri

L. taquetii

Farfugium japonicum
Consensus

ACAATCGGGT
ACAATTGGGT
ACAATCGGGT
ACAATCGGGT
ACAATTGGGT
ACAATCTGGT

ACAATCGGGT

L. fischer var. spiciformis
L. stenocephala

L. intermedia

L. fischeri

L. taquetii

Farfugium japonicum
Consensus

AATTGGATGC
AATTGGATGC
AATTGGATGC
AATTGGATGC
AATTGGATGC
AATTGGATGC

AATTGGATGC

L. fischeri var. spiciformis
L. stenocephala

L. intermedia

L. fischeri

L. taquetii

Farfugium japonicum
Consensus

TGGGTCTCCA
TGGGTCTCCA
TGGGTCTCCA
TGGGTCTCCA
TGGGTTCTAG
TGGGTCCTAA
TGGGTCTCCA

L. fischer var. spiciformis
L. stenocephala

L. intermedia

L. fischeri

L. taquetii

Farfugium japonicum
Consensus

CGGCACGGCA
CGGCACGGCA
CGGCACGGCA
CGGCACGGCA
CGGCACGGCA
CGGCACGGCA

CGGCACGGCA

L. fischer var. spiciformis
L. stenocephala

L. intermedia

L. fischeri

L. taquetii

Farfugium japonicum
Consensus

CTTGTACCAT
CTTGTACCAT
CTTGTACCAT
CTTGTACCAT
CTTGTACCAT
CTCGTACCAT

CTTGTACCAT

L. fischeri var. spiciformis
L. stenocephala

L. intermedia

L. fischeri

L. tagquetii

Farfugium japonicum
Consensus

CGTGGCTTCT
CGTGGCTTCT
CGTGGCTTCT
CGTGGCTTCT
CGTGGCTTCT
TGTGGCTTCT

CGTGGCTTCT

L. fischer var. spiciformis
L. stenocephala

L. intermedia

L. fischeri

L. taquetii

Farfugium japonicum
Consensus

Fig. 3. DNA sequences of ITS1 regions of Ligularia species. Farfugium japonicum (AY176139) was used as outgroup.
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Fig. 4. DNA sequences of ITS2 regions of Ligularia species. Farfugium japonicum (AY176139) was used as outgroup.

Table 3. Sequence characteristics of ITS 1 and ITS 2 regions in Ligularia 5 species.

) ITS 1 5.8S ITS 2
Species
Length (bp) G+C (%) Length (bp) Length (bp) G+C (%)

L. fischeri 256 49.6 164 220 54.5
L. stenocephala 257 49.8 164 221 54.3
L. fischeri var. spiciformis 256 50.0 164 222 54.5
L. intermedia 256 50.0 164 222 53.6
L. taquetii 248 47.5 164 221 50.7
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Fig. 5. Tree of Ligularia based on the ITS data set (71 steps,
CI=0.930, RI=0.667). Branch lengths are shown above the
lines, and the bootstrap values greater than 50% replicates
are below the lines.
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