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Abstract Cymbidium is horticulturally important and has
been one of the most commercially successful orchid plants
as well as cut flowers around the world including Korea.
Up to now, a huge number of elite Cymbidium cultivars
have been released on the commercial market via cross-
hybridization, mutation and polyploidization breeding tech-
niques. To investigate on breeding system in Cymbidium, we
inquired the brief history and techniques of breeding and the
current status on Cymbidium breeding in Korea. Also, the
general propagation process of elite Cymbidium lines via
tissue culture should be presented. However, the slow
process of conventional breeding and the lack of useful
genes in Cymbidium species delays the introduction of new
cultivars to the commercial market. To solve these limita-
tions, efficient regeneration and genetic transformation
systems should be established in the improvement of
Cymbidium breeding program. During the last several
decades, some progress has been made in tissue culture and
genetic transformation in Cymbidium species. We review
the recent status of tissue culture and genetic transformation
systems in Cymbidium plants.
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Fig. 1 A variety of major original cultivars in Cymbidium plants
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Table 1 Important characteristics of main original cultivars in Cymbidium plants

Species Origin Flower color
SEREEE dloifolium okt 4t 2N, HeE
obE 2] 2] & atropurpureum 2u)o, Weol, Al Bej P2, A
Hjo]Zta} bicolor ol%, UEa QlEu|AJo}, SsulEg} Sl71 HE
HUA| borneence HEY o A ZHA
7t A& canaliculatum L AEH Ao} ZHA - =31
EEEE cochleare AlZ), o}A)
o 2oy devonianum ol Uy, el Elo] N I AR
glefobd dayanum SulEs) AZHs WA 2o A
Y& eburneum olw, 3|ualol, ulokn), Wt 1l
R P elegans ol HE o3k B3
ol &7+ elongatum k| 2|0} EE L7
Ak ensifolium 22 o= u|oku} b R AA
PlEz Y erythrostylum HES, g, A&, T8, F= 4 A1
FEe Jaberi g, e, S5 (A4 &7 AR
glolayobd finlaysonianum ZutEg) g xo}, WEY o3} AzZPaA
a9 floribundum 22, |9t (=pumilum) = 3k7hA
713 giganteum el Ao}, Beratof, Zat DU PAUER
= viresens A Skt (=goeringii) =AY
ERISETLY grandifiorum s{eior, 55 o, g
SlEjLs]ob hartinahianum SutEgt =0
A =lohd hookerianum o, s|dTtol, Heh =t AR Y
oto]etA i'ansoni u|oku}, okt 3}z
QA LY insigne HEY A z}AY
olFfers iridiodes Y olE, HEl u|Qkn} Spagy!
shet kanran ok, 3k, AR =2 = A2
TAIEY R lancifolium o, Y, =t SR
F71EE longifolium oy, 3|datok 33} ~ 213
Z9johd lowianum njoku}, Efo], Z3t wop 7
k] madidum S ~Egda]o} =X Bh7EA
HEAE| 2A] mastersii ol%, u|ok}, Elo] A H
T4 parishii ] okn} I

Table 2 Important characteristics of main original cultivars in Cymbidium plants (continued)

Species Main origin region Flower color
a4 rectum S| x| o} FA]E Sl w2
aste] sanderae HEd A
Al2modl& sigmoideum A8}, =nlEak R ZHAY
Al sinense swetol, dink, F, U A, A2
Fope suave CESSE BT =7k
SO A suavissimum u)ofn} EH B7FA o7k
g1 tigrinum =L, ol%, w]okn} S S DV ES
EgjAlobd tracyanum ] oku} S22z
ol whiteae ol L2 A2 A
F2ENR wilsonii Zal gn 2
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Aotk AHtEo L SR, StEAMT & oHH, FA g TS FI7F Jlod £ A7]9%
71eF M FOoR AEIGT sEL FEEDE ZAZ HnF 2 o] Wol &, T A3 gor
ekl QlolA FgHgol 7hsskH, tEAlOPA Y HE o] &5y of FAZRE Zlo] Wom Aokt AuteS =
& FAAFARR A A Uik WA Cym. lowianum var. =2 o] AefA -t FE7HEH FAA R B¢
‘Concolor’, Cym. insigne album, Cym. ebumeum} = 9] At oA AreEjo] Q1A o] F 3t EF0] EAAAS V1A
Cym. sinensex} Cym. ensifolium 52 Y& ¢HE AJo}d o] 7] fZel AEE A4S AT nFgSFol ofd=
e Ao 2 W=t lowianum var. ‘Concolor’ &} 7] €} o] @t} (Macleod 947).

OE s EES $14 A0 SHAs WAL slol,  MsbAS BAS FE g olgan o, A4
O 7 WAFE A Mol WEOIA A0 dysh T 2EE AN 42 o, 2erel A3AE oj2) 4
Ath. 3tA lowianum var. ‘Concolor = 17 = 2719 & B AySo] vt} E3l virtA o gelupA o] BRb
ATt mufjoll Al SIA 97ef G4 3870 = oF 1.3 Hl&  SRal A[Zko] Ho] A7 QI9jAQl wieA S ofgE
of wFor FAHG ARt due Mup meF Aol itk 252 WEhe HRI B IR Rl A
o] Mste o Fo R4 A E WA SRAHA & AZEAZ|(eAE BY7DE ol &t wiaeAd ZelE
orom el AR YoAE SAA WMBtr} 917 gr  sta ok (BYA et al. 2001).

o E3}3}tt (Ichihashi 1991).

BRE o2 g0 vakE SAE S715rEd Sl
AL Ao S0 E AEA o] YEtU ] wiol v
G ol 8ol g §50] AEHOE o $HTL Yt 7
o] Wt} (Wimber et al. 1987). 1947d o] m3tE wof 3]
A& Agste] dMA 9 w7tz £ 27|71 S7hE L
spajo] AW aAu 247t S/l Aoe wag
olgf w2 A7F AL E ATk (Moore 1947). vi=A] (2uf
Aol el 544 A= 2ufA o v s o] eHAdstaL
o] AR 7|7} 1‘011]% 7o) gt 7k 3ujA o=

o] wol SE2GAR Wo] o]&Ei oy

S35t
(Griesbach 1985)
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€% 1 w882 e

_u_HHE olo Bro] oL 3]s}

AoR dHA Qltl (Wimber
e al. 1987). $elifelel A At gl PLBE ol
2L B3}

ZIWel A =3 3& A st vzl E ¥
Aot (Kim et al. 1997).
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Fig. 2 Mature process of pod after cross-hybridization in Cymbidium plants
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Fig. 3 Seeding in vitro and germination process in Cymbidium
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Fig. 4 General breeding process using tissue culture technique in Cymbidium plants
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Fig. 5 Characterization screening for elite lines via tissue culture in Cymbidium plants

Fig. 6 Production of Cymbidium plantlets through meristem culture
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Table 3 A review of tissue culture in Cymbidium plants

Type of Explant production = Regeneration rate  Acclimatization rate
regeneration plant Explant rate (%) (%) (%) Reference
40 (rhizome)
ensifolium Callus 100 (pseudobulb) - - Chang and Chang (1998)
25 (root)
aloifolium (L.) Sw. Rhizome 85.6 £ 2.45 91.5 83 Nayak et al. (1998)
en.szfo.lmm var. Callqs—derlved i 20 _ Chang and Chang (2000)
misericors rhizomes
Twilight Moon
‘Day Light’ Callus 50 90.7 100 Huan et al. (2004)
faberi Immature seeds 90 90 - Chen et al. (2005)
Twilight Moon 96.4 and 6.1 (PLB), Teixeira da Silva and
‘Day Light’ PLB and Callus 05 14 31 (callus) . 100 Tanaka. (2006)
Twilight Moon Teixeira da Silva et al.
‘Day Light’ PLB and callus 96.4 and 6.1 - 100 (2006)
Jindlaysonianum Seed 93.6 50-70 70 Tawaro et al. (2008)
Lindl.
giganteum Seed 100 - 95 Hossain et al. (2010)

8
]

é‘ﬂlﬂ%ﬂ ot A el e
e BYA02 A
AR wE3 240
Asjokat 1HA o]tk Morel (1960)0]
MU g NG ol gaA ZAMFE A o]
, 9714, 3to}, A A, PLB (protocorm-like body) 5
ZZujoF A3 A7t et 9t (Teixeira da
Silva and Tanaka 2006). &} 7}A] R 1% AH| ]S
& A-AHH = Table 3o @oFo] Hof Qled], HHA=
n) 4 221, gho]& 9 callus S0] 2 o] &E ¢ o}
Z 2o = v a A HfjoFo] 4|8 protocorm-like bodies (PLB)
# Ahgota sl Aol

AufFe] tisf & o AuEd e o]
oF (Wang 1988)2 A]Z&ro & 957 (Shimasaki
and Uemoto 1990), 3}o} (Shimasaki and Uemoto 1991), shoot
tip (Morel 1960, 1964; Wimber 1963; Ueda and Torikata 1968;
Kim and Kako 1984) 1E]i PLBs (Begum et al. 1994a;
Huan and Tanaka 2004a, 2004b; Huan et al. 2004)E ©o]-&3}
Aol tiet 715o] Bil Helch G =
9Fof| 5] PLB+= Morel (1960)) Q3] AHA =2 AL HH
Aldl, A et BlszstA Rk 7oA EHA E= 7
gl o] O3] FAE = FxolaL, o7 A WA= B
Holu PLBE Ah&sto] 4Bt &9 A A o] 7} 5}
Atk 71E 0] Qlth (Wimber 1963; Sagawa et al. 1966; Ueda
and Torikata 1968; Wang 1988; Nayak et al. 2002). T3+ 4]
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1
&3 24 H

ERR)

(i)
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H Y29 callus f+5=+= PLBO] 5 £A 02 RE [k
QUARE AFFo] e =i A wiwol 22 vk
H7) n 2HoR waigen 249 skl TAsistt
(Begum et al. 1994a). ©]% Chang and Chang (1998)-2 Z}A3
kol cymbidum ensifoliumS AL83to] 917, L7 B
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3l callus2HE A EA 7} AEZ} HQts 7] E0] Q)
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S ATE 4S8 4 %t (Begum et al. 1994b; Steward
and Mapes 1971; Ishii et al. 1998). L2y Y23} A A A
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1994a; Steward and Mapes 1971).
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EA2 23T (Fig. 7). £ o2 el Aduiek 3 Teixeira da Silva et al. 2006).

<=3 om F=E Y A2E ARl 7 95 A& A whebA B AFA LS PLBS Abgsto] 22 ujof AL
At Wgso] A5 0 ZAMA Yol 9

w20k WAL o] 8ste] YFHo] wEHES o7 L

A Qe AAT ot} Qe AAHE A W A7t V l l

ol Wiz o] woFatey. v Ko wiokst & 1329 o] A b @
A7} 48] AAstel =4S w5, 149 oy qo xw o e o, e
PLBE & A317] ®ch o] PLB7} OF 4 mms AAbslE & o2 sEa iEawm

517} oot} kel Agujoke 1A HrhE Azv) B - / é
shEl o4l PLBZF SA1EIT A710) et Bejsiel A ua | —Uw 37U

oo 2 5 9ok PLBE T4 Aol o] A5} 1057+
wjopstE SABHES g 4 ok (WA et al 2001)

PLB A HAA ¢ A<l thin cross sections (TCSs) T+ thin
cell layers (TCLs)ol| w2 ufjoF why vjm o] 5]
o] g+ o1}, shoot tip= A A3 PLBO| A 7H4 &-&0] =t}
= AW7F R 5 Q) (Teixeira da Silva and Tanaka 2006;

. ) e k|
A A - +=
) ﬁ “ = A LE (D201H)
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SRR l

= Al \\ %E’?‘g
== HE /

\ -

\

‘ s — %

Fig. 7 Meristem culture process in Cymbidium plants

Table 4 The composition of the media used in the process of tissue culture and genetic transformation in Cymbidium plants

Plant tissue culture

Media .
media component

Particle bombardment
media component

Agrobacterium
media component

HCa
hyponex 3 g
tryton 1.5 g
CaNO; 05 g
sucrose 20 g
charcoal 1 g
agar 7.5 g

pH 5.2

Basal medium

Agrobacterium culture

Agrobacterium washing

Agrobacterium infection

Cocultivation

Delayed selection medium

Selection medium

Plant regeneration medium

HCa HCa

YEP
peptone 10 g
NaCl 5g
yeast extract 10 g
pH 7.5
Washing medium
MS powder 44 g
sucrose 30g
BA 500 mg
pH 5.8
MS' (Liquid)
MS powder 4.4 g
sucrose 30 g
pH 5.8
HCa
+acetosyringone 100 uM
HCa
+cefotaxime 200 mg
HCa
+cefotaxime 200 mg
+PPT* 5 mg
HCa
+cefotaxime 200 mg

HCa

HCa
+PPT 5 mg

HCa

'MS (Murashige and Skoog 1962)
’PPT (DL-Phosphinothricin)
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Fig. 8 Regeneration process from PLB tissues of Cymbidium plants.
(a) Protocorm-like bodies (PLBs) of Cymbidium on HCa medium,
(b) PLB growth with shoot formation 6 weeks after tissue culture,
(c) PLB growth with shoot elongation 14 weeks after tissue
culture, (d) Regeneration of in vitro Cymbidium plants 5-6 months
after culture, (¢) Acclimatization of Cymbidium plants (6 months
after culture), (f) Growth of Cymbidium plants 1 month after
acclimatization, (g) Growth of Cymbidium plants 4-6 months after
acclimatization, (h) Growth of Cymbidium plants 12 months after
acclimatization
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Fig. 9 Production of transgenic plants from Cymbidium PLBs

(a) Pre-culture of Cymbidium PLB (2 days), (b) Prepare of gold particle for transformation, (c) Particle bombardment experiment, (d) Needle
treatment for Agrobacterium tumefaciens transformation, (e) Agrobacterium infection, (f) Washing step, (g) Delayed selection time
(3 weeks), (h) PLB selection (5 mg/l PPT), (i) Transgenic shoot selection (5 mg/l PPT), (j) Regeneration of putative transgenic plantlets,
(k) Growing of putative transgenic plants, (1) Acclimatization of transgenic plants, (m) Growth of transgenic plants after acclimatization,

(n) Transgenic Cymbidium plants established in pot

o] &atE o] Hut s FAAS AEAHE ettt
(Fig. 9m, n).

of12utH| g3 AF A= 4HltE PLBE AHE-s)
o] Agrobacterium J% 24 Ao AEHE FH|3}o] HCa
s 2o Al v Fet &, A T Me AYE s
(Fig. 9d). A& A& &=stL, FF5 A 20 HF
gt 5, (Fig. %), AS 100 pMo] 7}= o] gl+= HCa uj#] 9]
A 347 FElek ARl & AIEEAL PPT-free v 2] €]
A 3FZE AL F]Th (Fig 9f, g h). o]F
AR &2 o] 83 A oAet 2ol 5 mg/l PPT7} gHi-5
HCa B 2] ol A oF 8-10527F v FotHA ArobdS A=A
£ Adsl4a (Fig. 9i), AW A &A= cefotaxime 200
mg/l7h 5018l HCa WA &2 &A &35 =8ttt
(Fig. 9j, k). Zkztoll AH8-% wjA] 2/d2 Table 404 A
shoich olgA €2 AEA= FHE AHESHY] 7-10Y
% =3AIF & (Fig. 9N, A=A Adde 7H gAA
g AEY e AT (Fig. 9m, n). o]9F Ze A+
235 EUE £HH JEHASAAE o] &sto] =5 5

o LB B3 AR A AN A A
Ag Azstel 1 54 B4 ok 22t 344
3 AT ABA Y B shex WEE 33204
7k 59 ol mjue AukE Bolxm 91y e, met
PP FAAT PHE TR o @ A7
A8 AoE BerE

Z2E

T HE oAE F 9 AE, 35 58] Auldeol
gt = a7h FobA|aL 9lon, ofo gk Aujxe] a5t
£ UEAT= ot St FEE 7H ARd =
F5/MEol Bag Aol 7| Hrde S5
wrf A, 23] A S o] &3 AMA wizky e
Sl 59 nHA FF7El o o]FoAH o,
o 2HEoll A 9] 52 np7A 2 A8k 7bA] 2/l Al
Zto] a7H 1, §-8 FEE 7 KA nZd a9



368

J Plant Biotechnol (2010) 37:357-369

o]-&-%|1}, PLBY rhizomeZ-2 A HA| 2 HE A
EA AL A" AfEstA HE"‘: 5&? A5
71&E o] g3t T‘/‘IE A5 Akl A
Hr} o] Qo= 15°HMP
Ae FasAT 101] ZA A, 2o 2 thF
AlE 95 AT mel T AL A of
Jasirpal & 4 9t

AT FAHE QoA E PHAAS =
W7k 1009 o] B Jéi'ﬂi*l* =
PAAZEE 2001 AZE A

C % O a2 Hol AT AR WA sk A
AAZF = Y B gdksk Avog g3
Sk JA Akl el AtF A s e et AgE

0150
N
N
or
O
o
ach
H=I e

_&
n{m
oy
filo
=
ik
o
ol

olrt
tat H'T

el

> oAr ©odo =

o toh

Al AL

2 AdE 52A8H 585 5ATA4Y (IAHE

PJ006950201008) Z] A of &5} o]F o] o, o]of A}

=Y

1825l

FARE R Sﬂﬁﬂamnﬂ#°5ﬂ &, FEATA o4
A, 39 pp. 229-239

Begum AA, M Tamaki, S Kako (1994a) Formation of
protocorm-like bodies (PLBs) and shoot development
through in vitro culture of outer tissue of Cymbidium PLB.
J Jpn Soc Hort Sci 63:663-673

Begum AA, M Tamaki, M Tahara, S Kako (1994b) Somatic
embryogenesis in Cymbidium through in vitro culture of
inner tissue of protocorm-like bodies. J Jpn Soc Hort Sci
63:419-427

Chang C, Chang WC (1998) Plant regeneration from callus
culture of Cymbidium ensifolium var. misericors. Plant Cell
Rep 17:251-255

Chang C, Chang WC (2000) Micropropagation of cymbidium
ensifolium var. Misericors through callus-derived rhizomes.
In Vitro Cell Dev Biol Plant 36:517-520

Chen YQ, Liu Xiao, Liu Youqi (2005) In vitro plant
regeneration from the immature seeds of Cymbidium
faberi. Plant Cell Tiss Org Cult 81:247-251

Chin DP, KI Mishiba, M Mii (2007) Agrobacterium-mediated
transformation of protocorm-like bodies in Cymbidium.
Plant Cell Rep 26:735-743

Coker, J (1993) The genus Cymbidium. In: Gallagher, D., M.
Hewitt,
Australian Orchid Council Inc, Australia

Du Puy D, Cribb P (1988) The classification of Cymbidium.
P. 50-194. In: D. Du Puy and P. Cribb(eds.). Timber Press,
Oregon, USA

Griesbach RJ (1985) Polyploidy in orchid improvement. Amer
Orchid Soc Bull 54(10): 1445~1451

Guest G, S Guest. (1996) More Cymbidiums. Guest Orchids,
Australia

Hong KA, So IS, Lee OK, Cheong CD, Riu KZ, U ZK (1996)
Optimization of Cymbidium transformation system by the
particle gun techniques. Agri Chemi Biotechnol 39(4):
260-264

Hossain M.M., Madhu Sharma, Jaime A. Teixeira da Silva,
Promila Pathak (2010) Seed germination and tissue culture

ex Lindl. Sci Hort

and C. Jennings. Australian orchid growing.

of Cymbidium giganteum Wall.
123:479-487

Huan LVT, Tanaka M (2004a) Callus induction from
protocorm-like body segments and plant regeneration in
Cymbidium (Orchidaceae). J Hortic Sci Biotech 79:406-
410

Huan LVT, Tanaka M (2004b) Effects of red and blue light
emitting diodes on callus induction, callus proliferation,
and protocorm-like body formation from callus in Cymbidium
orchid. Environ Control Biol 42:57-64

Huan Le Van Tuong, Takamura T, Tanaka M (2004) Callus
formation and plant regeneration from callus through
somatic embryo structures in Cymbidium orchid. Plant Sci
166:1443-449

Hugo F. 1979. New horizons in orchid breeding. Day printing
Co. California, USA

Ichihashi S (1991) Orchid biology reviews and perspectives.
printed in Japan, pp. 136-137

Ishii Y, T Takamura, M Goi, M Tanaka (1998) Callus induction
and somatic embryogenesis of Phalaenopsis. Plant Cell
Rep 17:446-450

Kim KW, Kako S (1984) Morphological and histological
studies on protocorm-like bodies formation and explant
development in the Cymbidium shoot apex culture in vitro.
J Kor Soc Hort Sci 25:156-163

Kim MS, JY Won, CH Song, JS Eun, DW Lee (1997)
polyploidy induction of Cymbidium kanran by treatment of
colchicine in vitro. RDA J Hort Sci 39(1):73-76

Kim MS, YR Lee, MI Jung, JS Song, JY Kim (2006a) A new
Cymbidium hybrid ‘Beauty Princess’ with red purple petals
and medium plant size. Korean J Breed 38:205-206

Kim MS, YR Lee, MI Jung, JY Kim, DW Lee (2006b) A new
Cymbidium hybrid ‘Bright Lemon’ with yellow petals and
fragrance. Korean J Breed 38:207-208

Kim MS, YR Lee, MI Jung, JY Kim, JS Song (2007) A new
Cymbidium hybrid ‘Bright Evening’ with brownish yellow



J Plant Biotechnol (2010) 37:357-369

369

petals. Korean J Breed 39:389-390

Kim MS, HR Cho, HK Lee, JH Lim, SY Choi, YJ Kim (2008a)
Cymbidium ‘Honey Girl’ with white color and medium-
sized plant. Flower Res J 16:291-294

Kim MS, HR Cho, HK Lee, JH Lim, SY Choi, YJ Kim (2008b)
A New cultivar Cymbidium ‘White Princess’ with white
color and vigorous growth. Flower Res J 16:295-298

Kim MS, HR Cho, HK Lee, JH Lim, YR Lee, HK Shin (2009)
New Cymbidium variety ‘Yellow Evening’ with brownish
yellow flower color on red spot lip and medium plant. Kor
J Breed 41:358-362

Kim MS, Jung MI, Lee YR (2010) Cymbidium hybrid ‘Purple
Princess’ with dark purple color. Kor J Hort Sci Technol
28(4):715-718

Macleod RA (1947) Some effects of colchicine on orchids.
Amer Orchid Soc Bull 16:336-337

Ministry of Food, Agriculture, Forestry and Fisheries (MIFAFF)
(2009) The present status of cultivation in flower crops

Moore ET (1947) The use of colchicine in orchids. Amer
Orchid Soc Bull 16:512-513

Morel GM (1960) Producing virus-free Cymbidium, Amer
Orchid Soc Bull 29:495-497

Morel GM (1964) Tissue culture-a new means of clonal
propagation of orchids, Amer Orchid Soc Bull 32:105-107

Murashige T, Skoog F (1962) A revised medium for rapid
growth and bioassays with tobacco tissue cultures. Physiol
Plant 15:473-497

Nayak NR, Chand PK, Rath SP, Patnaik SN (1998) Influence
of some plant growth regulators on the growth and
organogenesis of Cymbidium aloifolium (L.) Sw. seed-
derived rhizomes in vitro. In Vitro Cell Dev Biol Plant
34:185-188

Nayak NR, S Sahoo, S Patnaik, SP Rath (2002) Establishment
of thin cross section (TCS) culture method for rapid
micropropagation of Cymbidium aloifolium (L.) Sw. and
Dendrobium nobile Lindl. (Orchidaceae). Scientia Hortic.
94:107-116.

Sagawa YT, Shoji T (1966) Clonal propagation of Cymbidium
through shoot meristem culture. Amer Orchid Soc Bull
35:118-122

Shimasaki K, S Uemoto (1990) Micropropagation of a
terrestrial Cymbidium species using rhizomes development
from seeds and pseudobulbs. Plant Cell Tiss Org Cult
22:237-244

Shimasaki K, S Uemoto (1991) Rhizome induction and plantlet
regeneration of Cymbidium goeringii from flower bud
cultures in vitro. Plant Cell Tiss Org Cult 25:49-52

Steward FC, MO Mapes (1971) Morphogenesis in aseptic cell
cultures of Cymbidium. Bot Gaz 132:65-70

Tawaro S, Suraninpong P, Chanprame S (2008) Germination
and regeneration of Cymbidium findlaysonianum Lindl on
a medium supplemented with some organic sources.
Walailak J Sci & Tech 5(2):125-135

Teixeira da Silva JA, Tanaka M (2006) Multiple regeneration
pathways via thin cell layers in hybrid Cymbidium
(Orchidaceae) J Plant Growth Regul 25:203-210

Teixeira da Silva JA, Singh N, Tanaka M (2006) Priming biotic
factors for optimal protocorm-like body and callus induction
in hybrid Cymbidium (Orchidaceae), and assessment of
cytogenetic stability in regenerated plantlets. Plant Cell
Tiss Org Cult 84:135-144

Ueda HH, Torikata (1968) Organogenesis in meristem culture
of Cymbidium. 1. Studies on the effects of growth
substances added to culture media under continuous
illumination. J Jpn Soc Hort Sci 37:240-248

Wang X (1988) Tissue culture of Cymbidium: plant and flower
induction in vitro. Lindleyana 3:184-189

Wimber DE (1963) Clonal multiplication of Cymbidium
through tissue culture of the shoot meristem, Amer Orchid
Soc Bull 32:105-107

Wimber DE, S Watrous, AJ Mollahan (1987) Colchicine
induced polyploidy in Orchid. Proc. 25th World Orchid
Conf pp. 65~69

Yang J, Lee H, Shin DH, Oh SK, Seon JH, Pack KY, Han
K (1999) Genetic transformation of Cymbidium orchid by
particle bombardment. Plant Cell Rep 18:978-984




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


