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ABSTRACT

Phylogenetic relationships among species in Araliaceae were analyzed using PCR-RAPD
and sequence of ITS region of nuclear ribosomal DNA based on samples collected in Korea.
RAPD analysis showed various polymorphic bands which were able to differentiate species
and genus, and specific bands showing variations among individuals within species. Cluster
analysis using gel images revealed high molecular variability within species of Aralia eleta.
No significant variation was found among cultivated species of Panax ginseng, but they
showed high genetic differences with wild type of the species. In ITS analysis, specific
sequences for each genus and species were observed and these were allowed to differentiate
species and genus. Phylogenetic analysis using ITS sequences showed that Acanthopanax
and Kalopanax had a close relationship, and Aralia and Panax are monophyletic, but genus
Hedera is different species from other species in family Araliaceae in this study. The results
showing close relationship between genera Aralia and Panax were also observed in RAPD
analysis. Contrary to the results of RAPD analysis of Panax ginseng, sequence analysis of
ITS showed no significant difference between wild mountain ginseng and cultivated species
of P. ginseng. Also, both RAPD and ITS analysis of P. ginseng showed no significant genetic
variability among cultivation sites. Results indicate that P. ginseng cultivating in Korea is
monophyletic. The molecular analysis used in this study agreed on classification using
morphological feature. These results suggest that molecular techniques used in this study
could be useful for phylogenetic analysis of Araliaceae.
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A 2= RNA 7 zpo] T} (Hibbett et al., 1995;
Baldwin and Sanderson, 1995). o| & A A& =%
REHols] PCRE Boto] £40A 32U + A
A} BANAZA Z3olol & of2] BHEE A
2 Yenz 4o Wae FEY 4 d @ 7}
A AHE AY Ydvh. 3] rRNA §FA 29
ITS(Internal transcribed spacer) ¥-9] = SSU A 2} &
ek 2 F Az Hol7t EAiste T, T3
Al EA4 F&3tct ITS 9= AA AlsdolA
WEE = F947F Bot &317] +¥3ta, 600bp3
T2 ZtotA &4 5 AR 4 0] 7hestth
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= o)
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125 FolA 229 &3 F

Table 1. Collection sites for plants in Araliaceae used in this studya

specimen Species Collection sites
1 Acanthopanax sessiliflorus Cheonwon, Chungbuk
2 Acanthopanax sessiliflorus Asan, Chungnam
3 Acanthopanax sessiliflorus Asan, Chungnam
4 Acanthopanax sessiliflorus Asan, Chungnam
5 Acanthopanax sessiliflorus Asan, Chungnam
6 Acanthopanax sessiliflorus Cheongwon, Chungbuk
7 Acanthopanax sessiliflorus Cheongju, Chungbuk
8 Acanthopanax sessiliflorus Cheongju, Chungbuk
9 Panax ginseng Mungyeong, Gyeongbuk
10 Panax ginseng Chungbuk boeun
11 Panax ginseng Chungnam geumsan
12 Panax ginseng Chungbuk eungpyeong
13 Panax ginseng Chungbuk yeongdong
14 Panax ginseng Gyeonggi anseong
15 Panax ginseng Gyeongbuk punggi
16 Panax ginseng Gangwon hongcheon
17 Panax ginseng Gangwon inje
18 Panax ginseng Gangwon yanggu
19 Panax ginseng Gangwon hongcheon
20 Aralia eleta Cheongwon,Chungbuk
21 Aralia eleta Asan, Chungnam
22 Aralia eleta Asan, Chungnam
23 Aralia eleta Yesan, Chungnam
24 Aralia eleta Asan, Chungnam
25 Aralia eleta Goesan, Chungbuk

*For specimens 7-16, 18 and 19, tissue cultured plants were used in this study. Specimens 17, 18, 19 were obtained
from wild mountain ginseng (sansam) and specimen 16 were obtained from mountain ginseng (Jangnoesam).
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T(Aralia eleta)®} E8(A. cordata), 18] 1 1 4H<E4
A A4 (P. ginseng)yS ARPA A, oFAF, AT
ol 2ol & Fo 7 TEE 1-57] NAE A SIA
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239tk 9§ o] &3] DNAE FE& = 2
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M7l Mol AF& AFHstA A&t 229 5
AR, AN L2 A, F5UF S/ A = 20023 4
4 Zd ot o A G, EATEY 244 o
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Abke At AN AN T ANG A =
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ZA ) Fe Wl FA WA S o) &3 AT AP A
BE 9FFE ol &3t AT F uiE AZ2AA
DNAE F#Z3 AU & FF A7A] -T0CE W%
B3 397 DNAS 323819

# 3tod 1.8ml Eppendrof tube ‘g
DNeasy Plant Mini Kit (Qiagen, Inc., USA)& ©] &
o DNAE 2z 3849 Y. 329 DNAE
Spectrophotometer (SPECYRONIC 1001;Milton roy
Co., USA)E 260nm £} 280nmi] A] OD(Optical Density)
g 235 vE% £E2 FIUGT, 42 BE
g 20ng/M 2 L& F PCR whg-of A8ttt &
DNAE -70C Y3 Aol Baste) 28T wivit} AL
&390,

PCR-RAPD
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PCR-RAPDS} ITS M€ &9 93 F5H R}
(Araliaceae) 2 @A 4

DNA % Zof] A}-&-9 o] o] = Operon (USA) ©f
OPA-11 (5 CAATCGCCGT3 )¢} OPA-12 (5
TCCGGCGATAG? ), 28] 2 Bioner (Korea)®] #28
(5 CCCGCCGTTG3' )o] A5l e, PCR HH-3-o
£ 2.5U Taq DNA polymerase, 250un dNTP, 10um
Tris-HCI(pH 9.0), 40um KC1, 1.5um MgCl. & 5% &
3sted =7 %3 AccuPower® PCR PreMix
(RAPD-A) (Bioneer co., Korea)Z AF-&3}% ). PCR
k22 PreMixof primer 14 (10pmol), template DNA
144(20ng), ddH:0 184 & Yol AA EFAE 2042
Sl W3S DA Mg 2AL UL 52
7} predenaturationd, 94T A 17, 37C A 30%,
72CoA M 129 38AE 1 cycle® 3ty F 35 cycle
& RaAstgon, HEA 0z NTAM 8¥ HF
SN2 e, A9 FS ALY 4TE LB
7} A7) % 35 ol PCR %48 primer 79l Z7
ol FLT 21E FAa, ¥ PTC-100(MJ
Research, Inc., USA)l A 3 &t ). ZHzhe] PCR
ALE & ix TAE buffer(40mM Tris-acetate, ImM
EDTA, pH8.0)Z A}-£ 3} 1.8% agarose gel ol A 50V
9] Ao 458 Bk Ar|GEE AAEAH. A
% gel-2 EtBr(Ethedium Bromide)2 1583}
5 0A BEE FERIA 1527 25

E2 398}y 2 Digital camera (Kodac PC120)
A28 &gttt ¥l =+ 1-D main(Bioneer,
SPSSWIN program2 ©} -3t F 3 M (cluster
analysis; Yu et al., 1986) &t %, dendrogram-2 2}A3 3}

Aot

Q71Ae) 24

PCR Wt-g-of At&H primerg& A& Ho] 2%
10pmole] ¥ =& o] o] &5t} ITSA
< ZZ3}7] 9% PCRYH-E-2 0.2mi thin wall PCR 7
H o] PCR master mix (500unit/m! Taq DNA
polymerase, 250umM dNTP, 1.5mM MgCl., pHS.5;
Promega Co., USA) 3244, X188 A & universal primer
ol ITS1(5 CAATCGCCGT)$} ITS4(5
CCCGCCGTTG3 Y& 712} 24, 2% 33 DNA 2
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#(20ng)E ¥ 31 nuclease free water 324 & Hol &=
70w G AE FEEo, 95CAA 28
denaturation A]Z1 3, 94 C 18, 51C 30%, 72¢C 1%

HES-E 35 cycles A7 & 72T A TRZE b A
Ao, MYGENIE 32 THERMINAL
BLOCK(Bioneer Co., Korea)E o] &3} 3814
t}. PCR ¥H8-5-2 1% agarose geloﬂ X A7) =38
EBr=z 1587 QA5 = B 1587t g
g ok 2 700bp ‘iﬂEg 2?1'5’}93‘3}- gl¥ DNA
= gel# A @2 o] gel purification kit (Bioneer
co., Korea)& o] &3t A #F & AZ ¥ /4318
oA elfstd AL e AHALh. 94
5.85/26S & A A H ¢ & primer 5.8SR (5
TCGATGAAGAACGCAGCG3 )¢ LR3 (5
CCGTGTTTCAAGACGGG3 )& o] &3t ITS A4
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0BT A8 &, 27t KABAE A1
olge) Fu Wol 8 HuAt $2j}ete} o2} x| oo
A 538 929 7e] o2 4850 thale] RAPD-

AR, 2F " 24709 dNALEH PCRE 3 38tth. Al 7FA] Primer #28, OPA-11,
NCBI(http://www.ncbi.nlm.nih. gov/)ol| A -2 77] 2] OPA-12 o A t}eksh vl =7} a”ﬂi’iﬁ} (Fig 3).
¥ L Clustal XE o] 83}<] alignment S} ). £4 RAPD A3 el primerd WHEE9] 8 FZ Y
Table 2. Matrix of similarity coefficients of 25 specimens in Araliaceae collected in Korea
1 2 3 4 5 6 7 8 9 0 1 12 13 14 15 16 17 18 19 20 21 22 23 24
2 .80
3 67 55
4 73 91 50
5 73 91 50 10
6 31 36 33 33 33
7 10 .14 11 19 19 44
8§ .11 .15 .11 20 20 47 93
9 05 .04 05 .04 .04 00 .00 .00
10.04 04 04 04 04 04 07 07 .82
11 .05 .04 .05 04 .04 00 .04 .04 93 88
12.05 04 05 04 04 00 04 .04 93 88 10
1305 04 05 .04 04 00 04 04 93 8 1.0 10
14 .05 .04 05 .04 .04 .00 04 .04 87 .82 93 93 93
15.04 04 05 04 .04 00 04 .04 88 94 94 94 94 88
16 .05 05 06 05 05 00 04 .04 73 71 8 .80 .80 .86 .75
17 .13 .11 .13 .11 11 06 .00 .00 .60 50 56 56 56 60 .53 .69
18.05 05 06 05 05 00 04 04 73 71 80 80 .80 86 .75 1.0 .69
19 .08 .07 08 .07 07 04 07 07 57 71 62 62 .62 57 .67 .63 45 63
20.13 .12 .18 .11 .11 04 07 03 .14 13 .13 .13 13 .14 .13 .15 .12 .15 .15
21 .13 .12 18 11 11 .04 07 03 .14 .13 13 13 .13 .14 13 15 12 .15 .15 81
22 .08 .11 .13 .11 .11 00 .03 .00 .13 .12 .13 .13 .13 .13 .13 .14 .11 .14 .15 .77 .70
2305 04 .10 04 04 04 07 04 .12 .10 .11 .11 .11 .12 .11 .13 14 13 99 62 .62 46
24 .13 .12 18 .11 11 04 06 03 .14 .13 13 13 .13 14 .13 .15 12 .15 .152.90 .81 .70 .62
25.08 07 09 07 07 00 .00 00 .12 .10 .11 .11 .11 .12 .11 .13 .15 .13 .091.14 .14 .14 .18 .14
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Fig. 1. Polymorphism of PCR-RAPD reacted to three primers; (A) primer OPA-11, (B) primer OPA-12, (C) primer #28.
The lanes indicated the ladder DNA (Marker, M) and Acanthopanax sessiliflorus (1, 2, 3, 4, 5), A. senticosus (6, 7, 8),
Panax ginseng (9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19), Aralia eleta (20, 21, 22, 23, 24), Aralia cordata (25). See

Table 1 for details.

9] = #2890 A= 1800-200bp, OPA-11-& 3500-300bp,
OPA-12¢] 4] = 2700-200bpe] 1 t}. OPA-110] A & &
177, OPA-12d) A &= & 13709 Wl=rt 2 Z 59 1,
#280| X & 2470 ¢] I=E A QTL RAPD 237 A
o]zl =g o] &3t FARAE £4T A5, T
A9 Wl A AN & A g st e =9 Fitol
YA = gttt 2 29 FAIZE AW EH 2
< Aol A A FH & 3MAQ, 4, 5) T FALE A5
7F Hdl 1.00A 24 0912 Yehv A 2 uf-% FAFY
< BRou, 2 Ao A3 g 30 A < 2, 4,
S5H WA Atele BT RALE A5 0528 BHo 22
A Qo) A = A 2 A g o] EAF
€ B2 & 5 YA} (Table 2). 7}A 229 & 72 8
Atolel SALZ 7t 0.932 wl ¢ 74 A Ve oY, 6
7 7,8 Alol= H T FAFETE 0450 2 WA Vel
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t}. Ql4ke] 75 OPA-11M & ZE A 5
W=7} UEb o, #2835 OPA-120] 4 & Al & Q)
2 ok A A4 Abolell theksdt polymorphic ¥ =
2 33 4 Ut Dendrogram= 3 A vl g}
I F FAIEE AHER, A FETY FAIE
214 AW .00 4 &4 0.822 Ve uf ¢ {4}
TS BAF F AR, kB FL 17 Au) £
0.53-0.609] FAIEZE, 195 0.57-0.719] FAI=S H
o Al F o] FA=7E EA JEFSETh(Fig. 2). oY
20] 187} 162 M 2 1.009] SAIEE B}
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L A.senticosus 6

Fig. 2. Cluster analysis of 25 specimens in Araliaceae based on DNA polymorphism by RCR-RAPD analysis. Numbers
after name of each species indicates specimen number in Table 1.
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€ MAANA LT FIIAEE B =g 22
79 &, F FF] FABA BAE 98 ITSHS
o] 471 S EA 84T (Table 3). 293} 4 &
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F 4R FrIxol & ALstnEe edT e BE

ZAA BL3I ENHG LS BR ey, ITS13 ITS2
HEoMe &3 F 25 7EY & de "Holrt
vebytth ITS16] A & ITS2¢] &) o B& Wol S
gl & 4 e, 53] TSIl = 7 &3 gt
o] AYe o] |71 Mgo] thaFstA e ITSI

- 88 -

& |83 531 3 72l b
o 118714 2€ o830
suRse PEYe %

Zu

J% A& 5 U
75" <] 'T‘OH}"T n
E;}é‘]— Groupl ¥
< Group2,
U = Group3o 2 =LA 374
roupS & Ve th(Fig. 3). EYF&S Al st
Jo 5ol oI@ & 2R AN A ekt
Clade2= 7249 9} 7lAl e 240l 2 B2l5 31, Claded
£ FES S22 Reld 5299 99
Zoel B79 A9 FARE B 5 AU AE

= Fal o el AABAE Aol S
S} 9 @3 %0] 1Y AR ERtR, Béol S

411 J»
}-o
L
j~>
i
rw
o 4
I
o
53]
[QL-
oll

o
L
o,
Y

ol

Ak
=

o

1 ot ©
g

r\r lo di o ofu



Table 3. Comparison of BLAST results of NCBI with the analyzed ITS sequence

PCR-RAPDS} ITS A€ &4 93 F&
(Araliaceae) & 984 &

] Morphological identification BLAST results of NCBI
Specimen
. . Sequence
Number Species Accession NO. o
Similarity(%)
1 Acanthopanax sessiliflorus U13185 584/588(99%)
2 Acanthopanax sessilifloru. U63185 571/598(95%)
3 Acanthopanax sessiliflorus U63185 585/588(99%)
4 Acanthopanax sessiliflorus U63185 590/596(98%)
5 Acanthopanax sessiliflorus U63185 581/584(99%)
6 Acanthopanax senticosus AFQ77885 589/612(96%)
7 Acanthopanax senticosus U63185 604/620(97%)
8 Acanthopanax senticosus U63185 604/620(97%)
9 Panax ginseng AF274534 609/616(98%)
10 Panax ginseng AB043872 514/543(94%)
11 Panax ginseng AB043872 611/619(98%)
12 Panax ginseng AB043872 611/619(98%)
13 Panax ginseng AB043872 550/562(97%)
14 Panax ginseng AF043872 587/605(97%)
15 Panax ginseng AF274532 609/616(98%)
16 Panax ginseng AF274532 518/545(95%)
17 Panax ginseng AB043872 612/619(98%)
18 Panax ginseng AF274532 601/616(97%)
19 Panax ginseng AF274532 610/619(98%)
21 Aralia eleta AF273527 586/609(96%)
22 Aralia eleta AF273527 598/617(96%)
23 Aralia eleta AF273527 586/609(96%)
24 Aralia eleta AF273527 604/618(97%)
25 Aralia cordata U66923 578/590(97%)

o] &3 71 vetdtt. FEEE A4S Mg
£ o] F GroupH+= o 2A 5
Al Yebsteh ITS 299 9471
A B 27 A4S WollAe A9E xpof 9} of
A, AME 219 2ol g FEE & Jv= F7INE

o) 2ol & YERIR Bt}

Al Ve o, &
FABAY 71

-89 -

9HA AT E At
Aol AAHQA ABATI ¥ E3ha, o 2 A
A% PehA BFo gloA] £Eo| Urk B =R

o) = RAPD 7|% o] = &5 7] A 25} oh(Williams
et al., 1990). 71 S(1998), 3} = (2002) © 7] 7} 4]
2o o] PCRRAPD 82 A §3ted 39 3
W ol 2 Selste] o) Wo] AAF PPYS A
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Fig. 3. The neighbor-joining tree based on ITS sequences of 25 specimens (numbers 1 through 25) and sequences
obtained NCBI database (numbers 26-36) in Araliaceae. Numbers on branches indicates frequencies of statistical

occurrence out of 1,000 bootstrap replicates.
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