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ABSTRACT

Dendropanax morbifera Leveille and D. trifidus Makino were known
as Korean and Japanese endemic plant, respectively. However, it has been
reported that there were so many variants in each taxon. Moreover,
previous studies on the discriminating characters of two species, which
were the color of sap and the shape of fruit of two species, revealed so
many variations in these characters within each species. Thus, the open
question of classification between two species was risen. In this study, the
phylogenetic relationship between these two species was investigated by
polymerase chain reaction-random amplified polymorphic DNA (PCR-
RAPD), single stranded conformation polymorphism (SSCP), and hetero-
duplex analysis (HTA). The species-specific PCR products did not
detected in PCR-RAPD analysis. Furthermore, two species could not be
divided to different clusters on dendrogram based on distance coefficient
as well. Also, the analyses of SSCP and HTA of nuclear ribosomal DNA
internal transcribed spacer (nrDNA ITS) showed that there were at least
three different types of ITS sequence respectively. Especially, the species-
specific ITS sequence did not detected. Therefore, we suggest that the

taxonomic revision on the classification of two species is required.



ABSTRACT —-—-======—mmmmm——m e m oo mme oo i
5 A - e i
LIST OF TABLES ---------—---==—--————mem oo it
LIST OF FIGURES ----—-=~-—-————m=———————m—m— v
I. M ® —mmmm e 1
0. As ¥ 44
1. A4Y A& - e 3
2. Total DNA $2& ——----———-———-=roo oo m o mm— o 3
3. PCR-RAPD analysis ~---—--———=~~—=—-—=-so—————————o o — 3
4. Enzymatic amplification of ITS region -----------——-———-——--——- o
5. Single stranded conformation polymorphism analysis -—------—---~ o
6. Heteroduplex analysis -----—------—-——=-———————wr———————— 6
m. 2 #
1. PCR-RAPD ¥4 9% 34 4 ~—-—------—-—-----m-m- 8
2. ITS regiondl W§ SSCP¢ HTA £4 -—-——---—-—-----—-—————- 16
V. 32 & —~emmmmmmr e e 24
2 OF 26
L 27



List of Tables

Table 1. List of D. morbifera and D. trifidus used in this study

Table 2. Nucleotide sequences of primers used for amplifications

of nrDNA ITSI and ITS full region ~--——-=-———-———- 7

Table 3. Nucleotide sequences of arbitrary 10-mer primers used

for the PCR-RAPD analysis and numbers of polymorphic

bands observed using each primer —~=---—-———-—-——w=~-——— 12

Table 4. Binomial matrix based on the PCR-RAPD analysis
—————————————————————————————————————————— 13

Table 5. Distance matrix obtained by PCR-RAPD analysis
—————————————————————————————————————————— 14

Table 6. Electrophoretic band patterns of SSCP and HTA

using ITSO and ITS full region ~-———--=-————————- 23



List of Figures

Figure 1. PCR-RAPD patterns produced using 11 random primers
in D. morbjfera and D. trifidus -—---—----—-————-—————-—- 9

Figure 2. Neighbor—joining tree based on the analysis of

PCR-RAPD fragments ——=--====-=====-——==-=—wo- 15
Figure 3. Organization of the ITS region and nrDNA, and
PCR products of ITSIHO and ITS full region amplified
using PCR from 16 individuals -----———--==—=—-—~ 18
Figure 4. SSCP pattems of ITS II analyzed in 16 individuals

Figure 5. Heteroduplex patterns of ITS between inter- and

intra- species —---==---———---————---o——m— e 21

= iv -



A g

BAYEEG (Dendropanax)E FFYF% (Araliaceae)dll &#tw] ofvl 2] 78} o}A
ofe] ddjs} elddle] H3 75Fo] X33 91w (Bentham and Hooker, 1867;
Krussmann, 1976), 48 Jdtd = #AVSE (Dendropanax morbifera Léveille)qte]
AQHL glch FAUFE AFe RPaBoR AFE, 45, RAE, ddE v XY
FA d R EAAYG FEXHT 9len d& dgielx 3-57UE Al &
FH71E Bk FAGEE Ao £9o] 2 £Yo] olFY AYLFEAY sAL
¥ou], 53] fdo] FHZ Fdo] Fo} Br}79] A Y52 APy d8A 9
o} (Kim et al., 1994). 4¥8] Z{F54FTU d&FAYF (D. trifidus Makino)e ¥
Avprst v &g AE A Fxs gon, FAYRe HYyHoL ¢ {As
Fd2 Brhte) AARE o) $¥Z sith ¥F9 FAFE FAdo] gUYoln 43
A FMe] Ao e Wi YERFJAREE FAo] +Y = FefUYo|Z 749
A7} e Aol F ERFE e AEYHRAHA FEFAE €A ot

Kim ¥ (1994)& AFE 5297} €5, ALE, #d, RAE Fd4 A¢d 3y
Ve Ry nzdTdAd YAdel: AFE ANTH &%, iy, HAE, A
o] ANFeR FEEHD, 94V4 GA 4F 4 cluster: etz B,
Moon & (1999)2 #AvFg dEJAYSYE Q422 Dendropanax2] 16 714
o] AEPAL w24 F F9) zol7t Yvix Bt F3), YAAA
EYUAZE o5& A9 4z, drle] P HolE w] Uy W F F9 4
YRR Hietx] R Bag b gl

# o= DNA fingerprint (Jeffery et al., 1985), restriction fragment length
polymorphism (RFLP; Loftus et al., 1988), random amplified polymorphic DNA
(RAPD; Palmer et al., 1988), DNA 971549 43 Z& 71€E0) F9 A%} A
9 FEdHAE FAHAE AEZE 724 o453 gl

RAPD #4442 random oligonucleotide primers& o]l Z X g DNAE A
2 naste {fdHA E4olyd FAS A% F43 markerZ AHEste wWyelt
(Williams et al., 1990; Paquet and Mouton 1997; Lohtander et al., 1998;



Vidigal et al., 1998). RAPD#d, single strand conformation polymorphism
(SSCP; Thomas et al., 1994), heteroduplex analysis (HTA: White et al., 1992),
denaturing gradient gel electrophoresis (DGGE; Gasser et al., 1996) ¢ 71
EE AR 9A930A G ARet sl/AAe 98 HEQAEe] (point
mutation)®] H%, %79 fingerprint, gene mapping ¢ AT o|EFL o
(Gross et al., 1996; Martinelli et al., 1996; Formzler et al., 1998).

YHF DNAANA internal transcribed spacer (ITS)= I AAEA df A
222 EA%9 (Rogers and Bendish, 1987; Baldwin et al., 1995; Lee and Seo,
1997; Hosny et al., 1999), &% A3%#AA 4o 9120 (Brown et al., 1972; Hillis
et al., 1991), 2717} F3 (700 bp ©]3}) ZEZ EEH rDNA 2lolo] A2 9
X, $Fo] dojdcdE olF2 AFHAYH EMe 7H3 @] ol 4=z A (Kron
and King, 1996; Schaal and Learn Jr., 1988).

America %9 D. aboreus chloroplast DNA (cpDNA)®] ribulose-1,5-
bisphosphate carboxylase/oxygenase large subunit (rbcl) gene (Plunkett et al.,
1996; Plunkett et al., 1997), maturase (matK) gene (Plunkett et al., 1997),
RNA polymerase subunit Cl (poCl) gene®| intron (Downie et al., 1998)
ribosomal protein L16 (rpll6) gene® intron (Downie et al., 1999; GenBank
Accession AF094464) ¥ 947149¢ £439 A5RFA8x 477 g » gl
o}

£ AF94c ¥dEd APEPAZE FEe] RE3Y AR JEFAYRE
422 PCR-RAPD, ITS8 SSCP4 HTA #4% %d ¥ 7o Ex#AdH
FdAAE L4549t



Ax 2 Wy

48 4=

AN (Dendropanax morbifera Levielle)e b4t 4%, g, BAEGA, 4
BAE (D. trifidus Makino)= Tokyo#t Tsushima, Nagasaki, SagaclA] ¢3¢
< ARAs%} (Table 1). HAF ARE /T2 AYso E71& AAR F total
DNAE ¥¥8AU, -72T AL YF714 Lo L3sgcst 483845,

Total DNA %

Genomic DNAE 9% 994 Protein Precipitation Technique (Dellaporta et al.,
1983)% o] &3t} F&sigch FA T AEFAR] AT 1 go dMAL
& 718 opdstar, 43S extraction buffer (100 mM Tris-HCl, pH 8.0; 50
mM EDTA, pH 8.0; 500 mM NaClL 2% SDS; 1% PVP; 0.1% §-
mercaptoethano) & #H7lsled 60TelA 308 F< w-&Azl %, 5 M potassium
acetate (pH 6.5) 4 W& HF7}ste) DNAE HAAZ . A48 DNAE 5,000 rpmel
A 2087 94¥839 TE buffer (10 mM Tris-HCl, pH 8.0; 1 mM EDTA)d
2 AZct. o] £9E YA ESFY g& AR 3 M sodium acetate (pH 7.6)
100 x£8} iso-propanol 1 m& H7sta -20CelA 247 59 B@sie] DNAE A
FAAAL. AQNAY DNAT TE bufferdl 3¢, RNase A, Proteinase K (Sigma,
USA)E A&l doldlss RNA$ proteing &3 sict. B8’ RNAS protein¥
< 0.5M Tris (pH 8.0)2 ¥ 3 A7) phenol® chloroform% #2)8o AAstgc}. §
FTHLE AAE DNAT ethanol FAYL=2 o} ¥5de TE bufferdl S3A3
t}. ¥2¥ DNAYE agarose (Sigma, USA) #7194 %3 UV/VIS spectrophoto-
meter2 #<¢l, A3}

PCR-RAPD Analysis

DNA % Z.l & Canada®] British Columbia W33 Biotechnology Lab.2.ZR¥ F
4% random primer 100 7} (Set #2, UBC 101~UBC 200)& °]£&#¢x}. PCR it

-3 -



Table 1. List of D. morbifera and D. trifidus used in this study

Individuals

Scientific name (N=16) Voucher® Locality®

Tok~» 1 K9752 Tokyo
Tok 2 K9753 Tokyo
Nag 1 Jo785 Nagasaki

D. trifidus Makino Nag 2 J9786 Nagasaki
Tsu 1 Jo789 Tsushima
Tsu 2 Jo790 Tsushima
Sag 1 JoT787 Saga
Sag 2 Jo788 Saga
MHa 1 J9710 Mt. Halla
MHa 2 Jor11 Mt. Halla
Wan 1 K9766 Wan-do

D. morbifera Léville b i e War.rdo
Pog 1 K9770 Pogil-do
Pog 2 K9771 Pogil-do
Hae 1 K9773 Haenam
Hae 2 K9775 Haenam

M. H. Kim and Y. H. Jung in Cheju National University; °D. trifidus in Japan and
D. morbifera in Korea; *Tok, Tokyo; Nag, Nagasaki; Tsu, Tsushima; Sag,
Saga; MHa, Mt. Halla; Wan, Wan-do; Pog, Pogil-do; Hae, Haenam.



%€ template DNA 10 ng, primer 0.5 nM, dNTP (Promega, USA) 200 M,
MgCl: 2.0 mM, 10Xreaction buffer (10 mM Tris-HCl, pH 9.0; 50 mM KCk
0.1% Triton®X-100) 2.5 £, Tag DNA polymerase (Promega, USA) 2.0 unito)
27 3% FHSFE AUt F 25 w0 gL Sygsigch PCREESS 94T
A 5EZF D% F, 94C 13, 37C 18, 72C 2822 ooz AL 403 &
S35l Cycleol B F 72ToA 587 extension$ e} (Jung et al., 1997).
PCR 4252 TBE (Tris-Borate/ EDTA, pH 8.3) buffer& A}-%39 ethidium
bromide (EtBr)7} #71R 1.5% agarose gel 94 100 V, 15087 A7 495 4
A8 3, UV transilluminatorl s 3¢ & F, polaroid camera® &3},
Polymorphic W= %A% veldl+ arbitrary primer® ©]£% PCR A5 &4 A7)
AdEeR A% F, LE AMANAY el HEE ALY polymorphic YETHE A
A, W= {FRo o} ‘U5 ‘0L EA S two-digital numbering system
2.2 binomial matrix code® A4}, o]& ZAE RAPDistance Ver. 1.04
program (Saitou and Nei, 1987) W2} Sneath and Sokal (1973)¢] v & o] &3}
Phi coefficientd] 712% Az +& A&E52 distance matrixF A 34t AFF
+ #A R distance matrix& 7123 Neighbor—Joining <] =o}&} A4},

Enzymatic Amplification of ITS Region

SSCP& HTA®] A-8% nrDNA ITSe] 1§ FZ2 White et al. (1990)¢] o3 =
¢hg universal primer (Table 2)& A&-#%c}. PCR 442 template DNA 10 ng,
primer 27t 0.5 nM, dNTP 50 M, MgCl: 1.8 mM, 10X reaction buffer 2.5 uf,
Tagq DNA polymerase (Promega, USA) 2.0 unitd] 33 FH+E H7sld £+ 25
o] R e s st 95T 38T 44 F, 95C-1%, 55C-1¥%, 72C
-45Z2 = o]oJR| & cycled 303 WHEF o}, 72T 587 extensionds AA34]
o}, %% PCR A&2 1.5% agarose (Sigma, USA) geldl4 100 V, 17 474
512 EtBr2 948% ¥ UV transilluminator®l 4 polaroid camera® ¢ 1%},

Single Strand Conformation Polymorphism (SSCP)
SSCP #4& PCRE FIZ% ITSO 2 & denaturation solution (95%

-5_



formamide, 10 mM NaOH, 0.1% xylenecyanole FF, 0.1% bromophenol blue) 5
e} 345t 80THA 582 7tdste WA F, SutE ice-water bath® 2%
2 a5, Ful® sampled 0.75x165x220mm polyacrylamide gel (10%
acrylamide, 49:1 acrylamide:bis-acrylamide; 0.5X TBE; 5% glycerol)elA 30W,
18X Fak A7 Fs4d. A7)dFe] B¢ geld silver staining (Allen et al.,
1989)8ted Ap7l &g s %iv},

Heteroduplex Analysis (HTA)

FEF ITS 4@ HTASG 9A, FaAvFo Q&3 s 34 1NN E DA st 32
< 7T AAMEE 9F¥ HTAS $33dd. oF EFT AeldAe HTA:
SSCP £44A type A, B, CE F¥¥ 7JMe) PCR 4&< 7|ENRE 3o &
AHe] PCR 4EF duplexE FAT F 474§ ). 71EANEZ AT AA9
PCR 4t& 1 wel o+ 7§M¢] PCR A& 144 371812 10 Xreannealing buffer
(Kshirsagar et al., 1997; 1 M sodium chloride, 100 mM Tris-HCl pH 8.0, 10
mM EDTA pH 8.0) 1 ut¢ $5+8& 7t 3 43 $4%E 10 w7t HA 33
o 49 ABREE 94TCAA 387 WAHAR F ice-water bathel A 147 F<t ¥
2% ¥, 1.0x 165X 140mm, polyacrylamide gel (8% acrylamide, 42:1 acrylamide:
bis-acrylamide; 0.5XTBE)elA 30W, 417t §< A7) 4 F3dd. 471950 B¢
gelZ EtBr2 943te] UV stelA Az1&9 4.



Table 2. Nucleotide sequences of primers used for amplifications of nrDNA

ITSO and ITS full region

Primer® Sequence (5'—3") Length (bp)
Pl TCC GTA GGT GAA CCT GCG G 19
P3 GCA TCG ATG AAG AAC GCA GC 20
P4 TCC TCC GCT TAT TGA TAT GC 20

“All primers were designed by White et al. (1990).



2

PCR-RAPD 24 & fd3A 4

<G+Crul &) 50% ojAkel #AAM 1007M2) arbitrary primer& o]-%#4 PCR-
RAPDE AA % A, 780 primerdl X PCRAHEo] #AH gt AA EF{HTAH F
Z3 DNA ¥= % polymorphictt W= 44& vehll= 11709 primers ] 434
% 113709) P=& 44 (Fig. . ¥FY Y= FolA ZE AN FL3A 1
e AL A9 sty 78709 W7} polymorphic3t St} (Table 3 and Table 4). L
H1} 78719 polymorphic W= Fol FA e}l QR JAVE Zzde] FEFdeAy
Ao vdehts WEE gk $29 9= YHE EYE Sneath and Sokal
(1973)9) @yl o8l ALA$E 4Esgc) (Table 5). A28 AYAFE A-&3q
NJ (neighbor-joining) W 22 16743 A AF54E FA A (Fig. 2). 4
g ASFE ¥ EFTAA AdE 1670ME0] F MY Ade2 FEHH cluster
[~ Tokyo 1, Tokyo 2, Saga 2, 9% 2, RZ4A% 2, #{y 1, 8id 2, Y= 1:
clusterI- Nagasaki 1, Nagasaki 2, Saga 1, &4t 1, 324 2, Tsushima 1,
Tsushima 2, 5 1. Cluster I € v} Tokyo 1, Tokyo 2, 3¢ 1, sid 2, Saga
2, 4% 2 MAFo] &3} &£Fe] BAE 13 2. Cluster I+ Nagasaki
1, Nagasaki 2, Saga 1, ¥2}4} 1, §2}4k 2, Tsushima 282 ¢ Fojz 2183 &
% 1, Tsushima 2% o] Fejz 22F22 }rolzcl. FUT localityel st 7)
#E % Tokyo, Nagasaki, &4, sigel /A7 743 7ARA Fels 94,
Tsushima, Saga, 95, RAX8] /NHEE A2 450 ey} (Fig. 2).

Table 4¢}4 RoF & wlst o), dE&FAYF /4HE F Tokyo 1-Tokyo 29
A=A 7k 00612 7HE dskch, MR g Az AHE FAAE Saga
1-Nagasaki 2 (0.173), Saga 1-Tsushima 2 (0.164), Saga 2-Tokyo 1 (0.173),
Saga 2 -Tsushima 2 (0.175)9] Ag 247} Saga 1-Saga 2 (0.228)4}°]2] A& A
R gairl, FAGFAL Mg 1-8d 2 (0.026)7} A9 164A4E F 713 @
£ AA4E Jehid. 45 -85 2 (0.164), &5 1-8¢ 1 (0.164)9] A



Figure 1. PCR-RAPD patterns produced using 11 random primers in D.
morbifera and D. trifidus; A - UBC 112, B - UBC 115, C - UBC 116, D -
UBC 119, E - UBC 120, F - UBC 126, G - UBC 129, H - UBC 133, 1 - UBC
147, J] - UBC 162 and K - UBC 164. Lane 1 to 16 are D. trifidus and D.
morbifera individual of Tokyo 1, Tokvo 2, Nagasaki 1, Nagasaki 2, Tsushima
1, Tsushima 2, Saga 1, Saga 2, Mt. Halla 1, Mt. Halla 2, Wan-do 1, Wan-do 2,
Pogil-do 1, Pogil-do 2, Haenam 1 and Haenam 2. M, pGEM DNA markers; M1,
A DNA/Hind T markers.
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Table 3. Nucleotide sequences of arbitary 10-mer primers used for the

PCR-RAPD analysis and numbers of polymorphic bands observed in each

primers
<G+C> contnet Number of
Primer® Sequence (5'—3")
(%) Polymorphic Bands

UBC 112 GCT TGT GAA C 50 4
UBC 115 TTC CGC GGG C 80 11
UBC 116 TAC GAT GAC G 50 3
UBC 119 ATT GGG CGA T 50 9
UBC 120 GAA TTT CCC C 50 12
UBC 126 CTT TCG TGC T 50 4
UBC 129 GCG GTA TAG T 50 8
UBC 133 GGA AAC CTC T 50 4
UBC 147 GTG CGT CCT C 70 8
UBC 162 AAC TTA CCG C 50 12
UBC 164 CCA AGA TGC T 50 3

* All primers were purchased from the University of British Columbia, Canada.

-12 -
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Table 4. Binomial matrix based on the PCR-RAPD analysis

No. of primer

Scientifi u u U U 18] 8] U U U U U
centie  ocality B B B B B B B B B B B
name C C C C C C C C C C C

t l 1 1 1 1 1 1 1 1 1

1 1 1 I 2 2 2 3 4 6 6

2 5 6 9 0 6 9 3 7 2 4

Tok 1 1110 00000000010 001 000100000 110000101101 0011 00010011 0101 00100100 011100101101 000

Tok 2 1110 00000010100 001 000100000 110011101101 0011 00010011 (10D 00100100 000000111101 100

Nag | 1110 01111100100 001 ©0OG101110 000101110110 1001 01010001 QOO 00010100 010110011101 100

Denropanax Nag 2 1000 11011100100 001 000t01010 000010000011 1111 00010001 0100 O1ELOCOL 010100100101 100
trifidus Tsu 1 1001 00001000101 111 000101000 00001100011 1110 11110001 0010 00100100 010100101101 100
Tsu 2 1001 01000000017 111 000100006 001011100111 1011 00000000 0100 00100100 ©11100111001 100G

Sag 1 1100 01010101010 100 000100000 000000000113 1111 00001000 1100 10110100 000100101100 100

Sag 2 1110 01000010010 11F 110000000 110011010110 1011 00000001 1100 16110101 011100110111 010

MHa 1 0000 (1001001011 011 000100000 O0000EOIOIII 1010 01010101 0100 10100000 000100101100 010

MHa 2 1000 01011008101 011 000100000 O0000F11001E1 1111 01000101 0100 10100101 Q00011010100 010

Wan | 1001 00000000111 010 110111011 000011000111 1011 00000000 0100 10180100 01§100111100 100

D bif Wan 2 1011 01011010100 051 111100030 110011100110 10F1 00000001 1100 00110101 (Q111001(1101 100

. morbifera

Pog 1 0011 01011010100 010 000100001 000011111110 1011 00010001 0100  CGO100110 010000111000 011

Pog 2 1110 00001010010 000 100100001 11001110011¢ 1011 0000000F 0110 00100111 OQ11100111001 100
Hae 1 1001 01000011101 000 011110011 110011100110 0111 00000000 0110 OGI11111 111100101101 100
Hae 2 1001 0000101116F 001 O111100FH1 110011100110 0111 00000000 G110 00118111 111100101001 100

All abbreviations of individuals described in Table 1.
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Table 5. Distance matrix obtained by PCR-RAPD Analysis

Tok 1
Tok 2
Nag 1
Nag 2
Tsu 1
Tsu 2
Sag 1
Sag 2
MHa 1
MHa 2
Wan 1
Wan 2

Pog 1
Pog 2
Hae 1
Hae 2

Tok 1

0.061
0.228
0.228
0.209
0.147
0.213
0.173
0.209
0.268
0.219
0.164
0.173
0.164
0.238
0.238

Tok2 Nagl Nag2 Tsul Tsu2 Sagl

0.200
0.219
0.200
0.173
0.228
0.200
0.238
0.219
0.228
0.139
0.200
0.139
0.228
0.228

0.164
0.219
0.228
0.228
(.258
0.238
0.238
0.248
0.173
0.238
0.209
0.311
0.311

0.164
0.209
0.173
0.279
0.219
0.200
0.209
0.173
0.279
0.228
0.248
0.248

0.139
0.228
0.300
0.164
0.200
0.173
0.209
0.219
0.228
0.248
0.228

0.164
0.175
0.173
0.191
0.114
0.147
0.139
0.182
0.200
0.200

0.228
0.173
0.209
0.182
0.238
0.268
0.238
0.258
0.300

Sag2 MHal MHa2 Wanl Wan2 Pogl Pog?2 Hael

0.238
0.238
0.209
0.122
0.182
0.173
0.248
0.268

0.130
0.209
0.268
0.164
0.289
0.333
0.333

0.228
0.209
0.238
0.248
0.289
0.289

0.164
0.173
0.200
0.164
0.182

0.173
0.099
0.130
0.130

0.139 -
0.248 0.147 -
0.228 0.130 0.026

Hae2

All abbreviations of individuals described in Table 1.
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Cluster Il

Figure 2. Neighbor-joining tree based on

described in Table 1.

the analysis of PCR-RAPD fragments. All abbreviations of individuals




A4 A2 ZA JeRE, 85 28 BZ2E 1% 7ML SRR dd 1 2¢ke] /@
A7t FL A9 ¢ 12 YA o sprkd A2R veyrd. RIE 1L BYE 2
9} 714 NgAL RAE 28 dy 29 o Jke Aoz e, FAFe 98
PAYE F F29 AYAS5E w2y LY €5 1-Tsushima 27} 0.1142 743 743}
A Jehda, Saga 2& 8 F¢ $4E 299 AYASFE 01228 A2 F U9 &
AMERG vt F EFE WA AZAEsE MR =& JHAE Tsushima
1-Saga 1 (0.300)% 4 1-31d 1-2 (0.333) Alejol 4 FANUS, ¥ £F/-T A
o] o) A} = Nagasaki 1-#'d 12 (0.311)A}e] el A #A= )} (Table 5).

ITSel 9§ SSCPs HTA ¥4

FAGF QEFAFA PCRE FFE AM ITSE 700 bp 27192 (Fig.
3B), 5.858} 26S rDNA Alels] 1313 ITSOE 400 bpd 27)= (Fig. 3C), %3}
AEda BRag 1TSS ZV|9k #As9d (Baldwin et al., 19955 Wen and
Zimmer, 1996).

Zt AMe)A FZR ITSOIE ARZ 3o SSCP ¥4 A+, AE8FAT 8744
o} FAUT gAAMAA A 7A] {39 Weokde] A (Fig. 4). Type A<
QE3FA 59 Tokyo 1, Tokyo 2, Nagasaki 1, Sagal, Saga2%} 3 5e ny
£ 2, 8y 1, g 2% EX¥HY, type Belv LEFU}Y Nagasaki 2,
Tsushima 29} 3AVE febat 1, T4 2, £5 1 ¥, F typed) W=7}
22X JedE type CollE YEJAUYF Tsushima 13 FA VS 45 1, RAE 19
s et (Table 6, Fig. 4).

HTA ¥4 94, 7t AT dEFA LT Fd QM3 heteroduplex
(HT)9) FAe] AL7ME =AY, SSCP 494 veld type A, B, Col 3433t
E 1 MMY-L AA3l9 F£7 HT, HM (homoduplex) duplex ¥4 « £ & #2344
t}. Non-denaturing PAGE Z <A #2713 §% A3 HMat HTS) multiple W=So)
FRH Y} F, HMEY o] =8 X2 0|8 5 e HTYl ¥2H8d. * 57
A Tokyo 13 =4t 1€ 71E2E 7 iAo} A HTA €42 F£3PRE 9, F
5T E¥d94 HMS HTEAZF ¥4 (Fig. 5A). HTY A% 5 749 HM
DN} ol R} o) FLES =q F Jje] HTEAEC FRHAL. vFu, T2 A

- 16 -



HE Aol ME HM3} HTEAZE AL (Fig. 5). o84 €E 19 A4 &

=

= /Mgt HTE ¥A 39} (Table 6, Fig. 5C).
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Figure 3. Organization of the ITS region and nrDNA repeat unit (A), ITS full
region (B), and ITSI (C) amplified using PCR from 16 individuals. A, The
line corresponds the nontranscribed spacer region, while boxes (gray or light
gray) represent the portion of the gene. Light-gray boxes represent the
coding regions for the 185, 5.85, and 26S rRNAs. Gray colored boxes
symbolize the transcribed spacers, the external (ETS; a, a*) and internal
(ITS1, ITS2; ¢, e). The repeating structure of these genes is represented by
the adjacent ETS (a*) and 185 rDNA region (b*). PI, P2, P3, and P4 are
primers designed by White et al.(1990). Arrows indicate orientation and
approximate position of primer sites; B, PCR products of ITS full regin from
16 individuals. M, 100 bp DNA Ladder; C, PCR products of ITSN from 16
individuals. M, 50 bp DNA Ladder. Lane 1 to 16 indicate the each individuals.
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L00bp

B M1l 234567 8910111213141516

700 bp — 1

C M21 234567 80910111213141516

400 bp — ST 10 T 1 7 —yegegppgengaggegr g
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1 2 34567 891011121314 15 16

Figure 4. SSCP patterns of ITSI analyzed in from 16 individuals. Lane 1-8

are D. trifidus and lane 9-16 are D). morbifera.
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Figure 5. Heteroduplex patterns of ITS between inter- and intra- species. A,
Lane 1 to lane 8 are Tok 1Xindividuals of D. trifidus. c¢, control
(inter-species duplex formation as Tok 1XMHa 1). Lane 9 to lane 16 are
MHa 1 Xindividuals of D. morbifera; B, 1-16 lanes mixed with Nag 2; C, All
lanes mix with Wan 1; D, all lanes mixed with Haenam 1, M, 100bp DNA
Ladder.
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Table 6. Electrophoretic band patterns of SSCP in ITSIO and HTA using ITS

full region

SSCP patterns® HTA patterns”

Sample

ITSI Tokl] Nag2 MHal Wan 1 Hae 1
Tok+ 1 A HM(S) HT - HT HM
Tok 2 A HM HT - HT HM
Nag 1 A HM HT - HT HM
Nag 2 B HT HM(S) - HT HT
Tsu 1 C HT HT - HT HT
Tsu 2 B HT HM - HT HT
Sag 1 A HM HT - HT HM
Sag 2 A HM HT - HT HM
MHa 1 B HT HM HM(S) HT HT
MHa 2 B i HM HM HT HT
Wan 1 C T HT HT HT HT
Wan 2 B - HM HM HT(S) HT
Pog 1 C - HT HT HT HM
Pog 2 A - HT HT HT HM
Hae 1 A ~ HT HT HT HM(S)
Hae 2 A - HT HM HT HM

*Band types observed in SSCP profiles. "Patterns of duplex molecules
observed in each HTA; HM, homoduplex; HT, heteroduplex; (S); standard
DNA used in each investigation. *Abbreviations of individuals described in

Table 1.
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2z =

£ dF: wAYg EFEeE 99d FAUF (Dendropanax morbifera
Leveille)s} QE¥3A R (D. trifidus Makino)8] 16708 E w42z EARAH
Yoz ¥ F7e FARAE 3487 A4 $H3H%d.

PCR-RAPD £4d4 Sol3t AL FAYF ARFJAGFAMTL JFH o
gy 5014 Ny} gide A FAUY ERFLE FEEHI € ¥ L
# A 1, #d 2 Aolg AYAS (0.333)7F 16 M F AR e Helh ol&
YEHAYT BFFd &3ty AYHLR ol A Tokyo#d Nagasaki, Saga,
Tsushima?) AMEHY AgAFRGE o] F 8 ohe} E{TDAM 7173 Aolrt
A el Nagasaki 13 3 1, g 2 (0.311) 2dx £ kel (Table 5). 2
i, AE & BEHTU Tsushima 29 $E 1 M Ee] 3}e] o} & A F
t AR Solsittz & 4 gl (Fig. 2). o)Z& oI F F A7 Ze A8 Y AN
Erg F43 FAE7 e RAE o, AAfdd AT ASFdAM, LER
Atyet FAGE BF 7 PRI F AL FEHA Jeytd (Fig. 2). ol F
FAGE BHEAAH vdehtes £G4 2 2 o8 AFEe} JEAYLR 2
A FEHEAD Kim 5 (19949 238t o8 AFAE Bt (Fig. 2). 9% opd,
PALT o} dEFAYT ¥ ERTel JA9A vt e F F2 ASHAEH
Aoz gE@sA FEHRA gede S A4#H$32 9l PCR-RAPD 12 ¥3,
Fue) AAMEeld AAZY FARA FEAN F&HA AL 917 A7
(Williams et al., 1990; Karp et al., 1996; Loo et al., 1999), € dFAIA:=
PCR-RAPD 7j®°] 5§ AFHA34 e FAPsicvies ARde A9 o
E3AYTE Zzte] Fo PRz e 49 EFAAAD 244E AV¥dx
AE€rl.

1673 A FZ% ITSE 700 bp} 27 (Fig. 3A)2 FHUIFHAe) nuy
azlet 4Asx et (Mitchell and Wagastaff, 1997). 400 bp 7|2 vehd
ITST e A SSCP ¥4 3, 1670A4A4 F 7128 78 #3¥ (type A, type B)
& ol &} FESHT E & 7Y (type OF FAE 4 3lslv} (Table 6). o] ¥A
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v} 2sl QEZAGEI g F 7A o) 43e) ITS sequence® 7FA AL QL& A
th. 22 AA ITS W HTA 464, FYd EFZHY /AAME AoleA
homoduplex (HM)$} heteroduplex (HT) R¥7F A= 3, £/EX /M Aol
AE HM3# HT 2%7 3499 (Fig. 5. ol & 43+ 5 F9 ITS7 42
¥ ¥ loop® ¥A3E sequencest HME ¥ A 3= sequence® BF 717 & 4
ek, olst A ITSA ¥ SSCPe HTA9 ¥MAAE Fi A d& F /KA
ITS sequence® Ze 7AM7 J&E AT ). Sl HL, SSCP A AA
Al A9 PEE ZE HME (type C; Table 6)°) #25)¢ T, type Col #Fsie &
E 1% 7122% @ HTAYNA AT &P LT BE AN HTE 348G
= Zojdd. o]l ¢X 1¢] t}E EE Mg} FEHE £ & ITS sequenced 71A)
2 &€ AR, 2y FUe F7 HTY ¥4 ¥ 71A19 ITS sequence®
3 gl7] WEe AN 16 MMIE kA= ITS sequenced] #¥ 2 AolxE 3
71A) o1 }Y ZAeR Awdch 9474 QRE«, FT HMS FW HTS 34 F3Y
FoF AEFALT ITS7E F5e)He)A] %3 Do F2 et

BT QR IAYF 4 Y PCR-RAPD A5, ITSH did £4 A=
F ERTE MR o8 FoZ iR 3% EAASEEA 248 2E 4 94
vt o2 A= Moon ef al. (19999 94 @3z F $75F7 Yty 2%
Ao AT d7AFe} S}, o EFT WM Welrt chekdtA Jehdode
R3E (Kim et al., 1994; Moon et al., 1999)% % a3t gl o] 43 AL 7z
4 & o, JFAYF (Dendropanax morbifera Leveille)®} QEFANIE (D.
trifidus Makino) 5 $ol ¥ ARYe4, 74 dF7 A olopg Aoz
Aagc,
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2 @
$Yvtelsy) L8 SANER 2A v FAYF (Dendropanax morbifera
Leveille)$} A& ZAVF (D. trifidus Makino)=, @472 Fde] 473 Qe 2
o2 FAYTe JERBAGEE T8 sl AN, 37 7T WA J
2 Wol &3, Aol FEYANHE & Ho|Yo] BuHsic) njeH, o]F F £F7
& AWt Ad i g EHe) MAHZ k. B dF A, polymerase chain
reaction-random amplified polymorphic DNA (PCR-RAPD), single stranded
conformation polymorphism (SSCP), heteroduplex analysis (HTA) 52 £z#4
¥4 J|YEL ntReE § $709 F4d9AE A, PCR-RAPD ¥4 43,
F Fol d¥ Se]A PCR 432 ¢AHA gstct. £ AggApd 72 Ass
JHE F F& 27 o8 Ader FESR U o8 B ¥ FHRF DNAS
internal transcribed spacer (nrDNA ITS)¢] di§ SSCP$ HTAEH 2, ¥ F4
&4 A= ITS sequence?t 42 Heo]E F 71z] ol Ae]n], ITS 7 F-5o|F
o]z) RS FAHA £ 47 A K- e ¥ For FEHI dE, FA
et dEEFAGFe] ERAMAC N A= DA A4z ot
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