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Abstract - RAPD (random amplified polymorphic DNA) analysis was examined to detect variation of in vitro cultured
30 rhizomes of Cymbidium goeringii Lindley and Cymbidium kanran Makino, with long-term (8 years) subculture,
respectively. Out of 151 DNA bands detected, the 40 were polymorphic with a polymorphic rate 26.4% in the C. goeringii.
Out of 155 DNA bands detected, the 56 were polymorphic with a polymorphic rate 36.1% in the C. kanran. Genetic
similarity matrix (GSM) shows from 0.825 to 1.00 with an average of 0.944 in the rhizomes of C. goeringii and 0.812 to 1.00
with an average of 0.913 in the C. kanran. According to the clustering analysis, C. goeringii was divided into 1 group and
2 independent individuals and its structure of clustering was simple than that of C. kanran. The higher polymorphism and
the decreased GSM were showed in the long-term in vitro cultured C. goeringii and C. kanran supplemented with growth
regulators. The results provide as fundamental data to develop a new materials for plant breeding and resources plant.
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o= 294 92 11¥H%0| QItHChung et al, 1985), H9]
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Fo]Zth(Karp, 1991; Scowcroft et al, 1987; Larkin
and Scowcroft, 1981), ZAH[oFolA e f= G244 ¥
o]Ql A|A|2ZHo](somaclonal variation)= F&3 439
A B ozt QHA) 54 - 72 SEoIHE Hols)
o|20j XM (Bang et al., 1994; Evans, 1989), G 1A 4
FAAL g0 A o] AAE Holofl thgh A7} o] Fo)A]
3l QItH(Martins et al, 2004; Goto et al, 1998; Brown,
1989; Peschke et al., 1987; Zheng et al., 1987), o] gt
Ho 7k A= 8 Q1o R = wjA|of H7bsh= A%
ZAE2(Zhou, 19953} A7]17F Al e eF(Martins et al.,
2004; Goto et al, 1998) 5= & 4 9t}
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717 71 st AlEA19] Wol Ao Tt AR 4
oA vieFEl Prunus dulcis®] RAPD 9 ISSR H-41(Martins
et al., 2004), 497t vjoFE Malus pumila®] RAPD £A4]

(Modgil et al, 2005), 1011 oA} HHOEJ Pinus thunbergii

©] RAPD £4(Goto et al., 1998) = 71U kA 2
A B A £ e 0l
o Aol} e wmska Sk
Ae7HA 710 et bl Eoll A RAPD WS o]&
sto] AT Aef2oA 2% Cymbidium®] ¥o|
(Silva et al,, 2006), Dendrobium® A2 AAA(De
Melo Ferreira et al,, 2006), ZATY GHA oA
(Kishor and Devi, 2009) S5-of tste] At EQich E3ot
AT AR 22 Foel wAY 0 fHH o
Al ﬂ(&m 2004), ARIE=H W Cymbidium EF 7+ A%
S 93t A4H(Choi et al., 1998), Paphiopedilum 2
Phragﬂupea’zumJ F - &7 EAA 493 A E 4 (Chung,
2003) & & dO| AlEFelA SHO dso] ZIgYE Bt
QIe}, 124 RAPD WS o] 85t0] 7| vl Cymbidium
o] o]y HAo] T F) AT A9 ojsolx]
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Lindley)X} 3tH(Cymbidium kanran Makino) 22FE
SAERICE o] 2AE fesl] flste] St ghete] £
A2 mEo s MolAAH fEE 240l 5 om A 272
Agke 1 2~3 cm ZAo|2 Ee2lsto] MSHjA](Murashige
and Skoog, 1962)9]] NAA 2.0 mg/L kinetin 0.5 mg/L
E A7}t dd A pH 5,622 AT ZAZ418 vj%|
off ujFstthLee et al., 1998). ?#‘% 73 MSHj A o]
malt extract 4 g/L, potato starch 3.5 g/L, active carbon
0.2 g/L, NAA 1,0 mg/L, BA 0.1 mg/LE &7}k, B4
A pH 5,82 479 WIS ol geo] 57 1202 szt

A AAISHo] 4~5 em Fol o] Feta ghek 24 7}
307HAIE DNA &0 o]&atqict. wiekze 25 £ 2T
925 wjokAlo] A 20 mol-m *-sec | YER 164]
74/ ZrgstA] wjestalet,

i

DNA 32

DNA F2&2 CTABH(Fang et al,, 1992) 0.2 AA|s5T)
&% DNAE 0.8% agarose gelollA| 7] 953t WHE
£ 3}ol5}9al, Nanodrop Spectrophotometer(Thermo
Fisher Scientific, Netherlands)& ©]-&5}o] DNAEL=&

=4kt

RAPD 24
7IHell A A717F vheket Setat gkt 2] Wold &
AZ §13ll Bae 5(2003)2] AxtollAl 127)] primer®} ofH]
A 28 AR ch o] 948 13 priner $712
% 9257l19] random primer(Operon Technologies,
USA)E AH-5FSith(Table 1), PCRZ 913 WhE-HS 3
DNA 25 ng, primer 10 pmol, 7aq polymerase 1 unit(Intron),
dANTP(dATP, dTTP, dCTP, dGTP) 0.2 mM, 10xPCR buffer
[100 mM Tris—HCI(pH 8.3), 500 mM KCI, 15 mM MgCl,]
£ & 25 ul =2 o] &§819tt PCR A& Genamp PCR
System 2700(Applied Biosystems, UK)2 o]&3}o] 94C
oA 487F 27] WAAIZL F 94 Coll A 14, 37T CollA] 14,
72Co] A 28-S 403] vIE3 3 xR oz 72T A 782
ERESGAIR] 2 W2 TR PCREE S-54kE 12 1l
£ 1.5% agarose gel®] loadingd}to] A7|9=(50V, 605)
3t 3 EtBr gM3}aL, Gel Doc XR(Bio—rad, USA)ojA] S

& EE Felsiglct. A0 AES fle 23] whe A
sto] SZE DNA TS AR FHopgoh
Data £4]
RAPDE HA1% DNA HHE QF4e oI5 o]-83lo] Wil
=7k gled (1), glow (027 dataE FAJSH] §A 22
WL SPSS

IHo| A=ttt &40l ol &H FAZEI
V.12(SPSS Inc,, USA)ZA] Tv/_\—?——_]i]ﬁ]—/,\—(simple—match1ng
coefficient) & GA2 GAIE X2 A&l 1, LA EA

2 H A4 H(Average linkage method) &2 A5}
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Table 1. Primers sequence, number of total amplified bands and number of polymorphic bands in the RAPD analysis of

Cymbidium goeringii Lindley

Primer Sequence G+C No. of No.. of Polymorphism
(%) total bands polymorphism bands rate(%)
OPA-01 CAGGCCCTTC 70 6 0 0.0
OPA-18 AGGTGACCGT 60 6 0 0.0
OPB-05 TGCGCCCTTC 70 5 0 0.0
OPB-06 TGCTCTGCCC 70 6 0 0.0
OPB-11 GTAGACCCGT 60 5 2 40.0
OPB-12 CCTTGACGCA 60 7 2 28.5
OPB-14 TCCGCTCTGG 70 8 4 50.0
OPB-16 TTTGCCCGGA 60 5 0 0.0
OPC-05 GATGACCGCC 70 8 1 12.5
OPC-10 TGTCTGGGTG 60 6 4 66.6
OPC-15 GACGGATCAG 60 6 3 50.0
OPC-16 CACACTCCAG 60 6 4 66.6
OPD-03 GTCGCCGTCA 70 8 4 50.0
OPD-07 TTGGCACGGG 70 8 2 25.0
OPD-08 GTGTGCCCCA 70 5 2 40.0
OPD-10 GGTCTACACC 60 3 1 333
OPD-11 AGCGCCATTG 60 6 0 0.0
OPD-12 CACCGTATCC 60 4 3 75.0
OPD-13 GGGGTGACGA 70 7 1 14.2
OPD-18 GAGAGCCAAC 60 6 1 16.6
OPE-03 CCAGATGCAC 60 8 0 0.0
OPE-07 AGATGCAGCC 60 3 1 333
OPE-15 ACGCACAACC 60 6 0 0.0
OPG-14 GGATGAGACC 60 8 4 50.0
OPG-18 GGCTCATGTG 60 5 1 20.0
Total 146 39 26.4
du 2 nFH oAtk thalA Wl=9] 42 17H(0PC-05, OPD-10, OPD-13,

RAPDY] 9J3t e 44

712 71w ekt wj Al o] A QA HESHL
A} 2570€] primerE o850} Feki} ghete) L7 of gt
RAPD 242 293 Ak o) 2,

7o) 4 & 1517119] RAPD HHo] SEEQIL 1 F
40707}t/ WHER 26,4%9] HEAS E K Table 1),
Z} primer ¥ Z3%¥ DNA 9| = 4> 37](OPD-
10, OPE-07)9]|A &) 87](OPB-14, OPC—05, OPD—03,
OPD—07, OPE—03) & §} primer & H4 YI=4% 6,047)]

OPD-18, OPE-07, OPG—18)¢]A] Z|t}| 47}(OPB-14, OPC-10,
OPC-16, OPD-03, OPG—14) 2 primer & B 1.6712]
ot W=rE AEE 90k 28y 77 primer(OPA-01,
OPA-18, OPB-06, OPB-16, OPD-11, OPE—-03, OPE~15)
M BF 22 e gfelS 7H5tHTable 1), &3] 7H
A Eol& ZZ AEZA 37| primer(OPB-14, OPC-10,
OPC-16)°lA] 47§#|€] A|&(No. 8, 10, 15, 26)°] ths}of
4719] 7HA| Eo]& RAPD A#Ho| HEEAcH(Fig. 1), 1
231 HEE == 200~1100 bp Helo 2313t
ke S T 155719 e 5 56719 vy e
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Fig. 1. Diagram of RAPD electrophoresis photograph for 30 individuals of long-term in vitro cultured Cymbidium goeringii.
Amplification products were separated on 1.5% agarose gels in 1XTAE buffer and photographed using gel documentation system
(Bio-rad, USA). Primer names are included in Table 1. Arrows indicate a specific band of individuals.

Table 2. Primers sequence, number of total amplified bands and number of polymorphic bands in the RAPD analysis of
Cymbidium kanran Makino

Primer Sequence G+C(%) No. of total bands No. of polymorphism bands Polymorphism rate(%)
OPA-01 CAGGCCCTTC 70 6 1 16.6
OPA-18 AGGTGACCGT 60 8 3 375
OPB-05 TGCGCCCTTC 70 6 4 66.6
OPB-06 TGCTCTGCCC 70 6 2 333
OPB-11 GTAGACCCGT 60 4 1 25.0
OPB-12 CCTTGACGCA 60 8 3 37.5
OPB-14 TCCGCTCTGG 70 7 5 71.4
OPB-16 TTTGCCCGGA 60 5 1 20.0
OPC-05 GATGACCGCC 70 8 2 25.0
OPC-10 TGTCTGGGTG 60 8 3 37.5
OPC-15 GACGGATCAG 60 12 11 91.6
OPC-16 CACACTCCAG 60 6 4 66.6
OPD-03 GTCGCCGTCA 70 3 0 0.0
OPD-07 TTGGCACGGG 70 8 7 87.5
OPD-08 GTGTGCCCCA 70 5 0 0.0
OPD-10 GGTCTACACC 60 3 0 0.0
OPD-11 AGCGCCATTG 60 8 5 62.5
OPD-12 CACCGTATCC 60 5 0 0.0
OPD-13 GGGGTGACGA 70 6 0 0.0
OPD-18 GAGAGCCAAC 60 6 1 16.6
OPE-03 CCAGATGCAC 60 7 0 0.0
OPE-07 AGATGCAGCC 60 3 0 0.0
OPE-15 ACGCACAACC 60 5 0 0.0
OPG-14 GGATGAGACC 60 7 3 42.8
OPG-18 GGCTCATGTG 60 5 1 20.0
Total 150 53 36.1
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7F AEH0] 36.1%9] & dS UEhWitiTable 2). 2k &= ITKTable 2). 7o) 714 Sol4 S5 e 571

primer ¥ % W= 2~ 2|4 37J(OPD-03, OPD-10, OPE-  (OPB-14, OPB—16, OPC—15, OPC—~16, OPD—07) primer
07)ollA # 3L 127§(OPC-15)= ¢t primer & H+ WHES of| A 57§A1€] A|E(No, 3, 5, 8, 10, 15)°] thsto] 871<] &
L 6,27)2 R}, 87 primer(OPD-03, OPD-08, OPD- o] &¢l W=7} fHake|glon] 77)o] AR Eo|d WES 7|
10, OPD-12, OPD-13, OPE—03, OPE-07, OPE—15)0]A] A SHATHFig. 2). AZE W= 300~1300 bp WAL}
£ 2% 22 e Es deh9li, 7k primer G Tk A o|9} 7ro] Ze3} ket tofli= & DNA H 30} o)y

W= 9] 2= {7](OPA-01, OPB—11, OPD-18, OPG—18) A DNA A#Z7} 24 Yehgon, o] Ay 27t 2}
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Fig. 2. Diagram of RAPD electrophoresis photograph for 30 individuals of long-term in vitro cultured Cymbidium kanran.
Amplification products were separated on 1.5% agarose gels in 1XTAE buffer and photographed using gel documentation system
(Bio-rad, USA). Primer names are included in Table 2. Arrows indicate a specific band of individuals.
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A Z7Fe] FAA, HA7bEl= AR AER HjoF| 7 S o}
oFst Q1z}2] Pk WHO B & (Zhou, 1995; DeVerno et al.,
1999; Modgil et al., 2005) & ¢ HE7} Q3oF HHo|t}

ek} ghetoll A Zk2E Uehd 26.4%, 36.1%9] tFE A
De Melo Ferreira 5(2006)0] 90¥ 71422 63| Al uj
OFFF 47| 9% RAPD 2AIF 23} 2 Silva 52000
o) 710} Mokl Crmbidiume) Wel29k AAHL) RAPD
BAolH W 2 WS e ekl 23 Rt e o
R4 e Aol 8 47 7 W A9}
1071417t RAPD 2413 Antoll A Lehd 23.3%9] T3/
(Modgil et al, 2005)14— LAk Aatolct gt} ek B
Cymbidium 9% 752 RAPD 2423} thAlo] 99%°1
Z(Choi, 2001)4 Cymbidium %7+ RAPD AH 9] t}g
Ao] 78%Q1 AIHObara and Kako, 1998) ®Ht} A Uek
o Agjolt), 5] Ak 4Hste] HAEA TAolA e
SHaeke] S0 46744 EAIA Lehd kAol 97.8%
(Kim, 2004) Ht} 2 AFo|A RAPD A t}3ddo] WA
Ltebd 0= Ho} ¥ ahae] 717k 7|u) HjeFsts Fet
FES: HONIE: BET 9 AT ol 245t
oMol 027 Fatehz 2% o &

1 dtof]| RAPD B4 02 Cymbidium(Park et al., 2005;
So et al., 1998), %} (Phalaenopsis) 7|Uui%¥ 7HA o
Az A EHolo] TAE RAPD ulAE AstthNa
et al., 2007), wtebA] i AoA] iA| Fold WEE
ERH primerw T} SHko] ZIUjuleF ZfAjoll A o]
H AR S8d 42 gleng Hol4 Fo| nl ] sfo]
7] et

w33 FARE A5 FAEY
ZIWellAl 717 vl 2789 Wo] A=E
Zol A solste] SA ZulolA RSt A A
% x1 =] *%o} 254 2
£} Wo| S YL
RAPDoﬂH 3=3H DNA HiE x}§~ EdE thaalz] 4
4>(Simple—matching coefficient)& AR&-3dlo] -FA4 &
e NS B4 A 22 30704 749 f1F fAE
A= 2|4 0.868(No, 43k 301 Afo])ollAf |t 0,987
(No, 113} 741, 5313} 651 Afo])Ato] = gt 307]74 9] f+
A& GAE H-2 0,9310]0tHTable 3), 3ketof| A 307)A)
7F A4 LA E 24 A 0.812(No, 14H~28H Ajo])

i 29‘?1_ﬂ1r 30% 7HA| Abole] XA FAFETF1.0002
A2 o g UEhA] sk, gkt 30704 1He) £-4
FAME Hat2 0913024 ZFhEch W Yepton
S 1Y F44 FAEE UEhd Aafo]th(Table 4),
o]|gat AT Kim(2004)0] A7fEate] A& ZajoA]
ghobA] 7] ghtet F-1 46709 tigt RAPD &4 A3}
2 42 A4 AR (2] A 063404 i 0.843)
9} Park 5(2005)0] 8}l Cymbidium 553} 14FF9] &
%jﬁ BAE A)S(FA 0,114, 31 0.634) Ho} =2 oA
GAIEE YeRd Aolth T3 Modgil 5(2005)0] 4
J ANl FSt Malus pumila 10743 7HollA] Uepd 94
2 frAE AJ4=(2]A 0,840, 3L 0,980)} H]S=BEAL OF
=2 pEolh
P4 A2 (Average Linkage Method) 0.2 HAE
< AAsto] AA1E 53 2akFig, 3, Fig. 4), #4
FAHE A|9= 0,9000)4 &2k 1) 2153 S o=
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Fig. 3. UPGMA phenogram of 30 individuals of long-term in
vitro cultured Cymbidium goeringii Linpiey.
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Fig. 4. UPGMA phenogram of 30 individuals of long-term
in vitro cultured Cymbidium kanran Mako.
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Ask= 270A1(4%, 89 ZHAD7F Ul en, dRE 7
A= A4 Ak 0.919~0,9870]ck(Fig, 3). et
< VN 253 250l &8kA] 5t 670A1(3%, 84, 12?'1
1449, 159, 164, 7HA) = v ol Fom F3H A
SAMEE 0,910~1,000| ) tHFig, 4). o]= ot
TR Hrh & HolE 7R AT gdke, E
AR Alp7E @A UER7] il &3
sto] wol o] w8 Aoz BuHt, dH Eu
% wolof A220] 71ps} o|FAA) ok 27
NN NS B4 1ol SRS At e
= e Slslet FIu jerlel 2adol et
2 2Q7F 71 viQFSt Saussurea involucrata A=A
2 717F AAOIA AfefE ABAZIo] RAPD EAI%H
o 71l AE deoz fAENeH, £4
g 7|l AlEE9 FAKE Al9= 0.90694] 0.961410]
2 YEPgth(Yuan et al, 2009), T3t 7| vkt Piper
longum A=A 207|145 RAPD &A% A3} A=A
0.8000014 17) 53} w24 o2 EAsh= 271A1= U
QJthH(Parani et al, 1997).
o] Bl Liet vk} o) k2 s} ulwsto]
o S oS 717 RS Ae) ek 71 ok
o]- g3t FAMo|EF SHolA = Bgo] 7|thEthLee
et al , 1998; Broertjes and Van Harten, 1988), HE3t
71 B FAIE ol-8-ste] Holf=S TR Wofl Ststst
7] Heixds A7IR7IW wiede SelA AAEZHE
St= AWal olu gk (Parani et al., 1997; Raimondi et
al., 2001; Modgil et al.. 2005) 7|y wjokEA|o] Ecido]
L= Aoz Hol& Stislste] EANAIE Adst
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de % 1557} ME 3 560 THIy WS FEso
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At Aa} 229 A7) & BALE A4 0,825~
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