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Abstract This report describes recent advances in tissue
culture and genetic transformation of commercial Phalaenopsis.
Recently, an importance of Phalaenopsis has been increased
due to its popularity with beautiful flowers and is widely
used for pot plants as well as cut-flower. Its use is rapidly
enlarging in worldwide. Thus, demands for the release of
new elite cultivars in Phalaenopsis have been increased.
During the last several decades, some critical progresses
have been made in tissue culture and genetic transformation
in Phalaenopsis species. Cooperation with these biotech-
nological methods are supposed to promote the release of
commercial Phalaenopsis cultivars in the near future. Until
now, no technical review on tissue culture and genetic
transformation in Phalaenopsis has been reported in Korea.
Therefore, we inquired the brief history and techniques of
tissue culture system in Korea.

Keywords Agrobacterium, particle bombardment, Phalae-
nopsis, regeneration, transformation
ME

G LAY A7k e A% ARl glon,
Hel 4= salolut A 5 4

£ 717 g RFFHu Q14o] Hol 23 g A
ofch. ol g e AlA 2| o] hakat x| elo] HEsju,
ORE A W

THEGOR YA o] YR A G| AL 4§

H.-S. Roh - S.-I. Lee - Y.-R. Lee - S.-Y. Back - J.-B. Kim (P<)
AZ0feim oz Muyet MuEsta)

(Department of Biotechnology, College of Biomedical & Health
Sciences, Glocal campus. Konkuk University, Choong-Ju, 380-701,
Korea)

e-mail: jbheel011@kku.ac.kr

ouf A Ei A4 o] SrHET F 2010)
22 FUAE 717 A F7hstaL, J%*@EEE
2257} Fobx 3 9l Agoleh YA
of oshel 2011% A sHEAAlo] 82140} l0] 3,
w3HF7F T 33.7% %) 2,766 A& AAISHAL =], ©f
5 ol AA 23] 29191 29.1%F AA|skL Qlk. EJE
TelmAlee A f-evet o A el A 2125 ha
9] 9F 20.5%91 44.0 ha® A1 8] T] (110 ha)ol] |3} & 2|7t
A 3poto] 258491910 2579919191 Ault exth o
Bl G B B, MIEAFR), $2] %57ke] a2
5 % AR E XS 297kl Arh(Hur et al
2009). =Uf H]oA Soldt HE TElmAlLes =
oAl HRAIE O & uro] Au|Hrts Ho|thPark et al.

2009).

2008 vl A AE AAZ AAA] ol F 2]
A%E ANEE AU 47 % AT Arek
slou, URE FaZel A1 oY BAsk S

st Stk % & FOﬂHE 9l 429 F 1944
3H =49 20% AFA)olH A 10 7E 4.54H(2000F
4427F — 20114 2,0267FS) =75t th o] 2 Au]Ue
o] & F 19 lL 2907} ZreEfl Al A7) AHA 8L
Utk ot Aty 52 18 o I f-F 4 *HIEI

= gk F AvgEa FEmAA o] £ AEo] 7
w318 3Rt & 4= Qi e, 20064 12‘%
FTHEHIYAER AAH o], o= & EE:HOH oh
gk 2YE A Eo| 7HAE H a1, HA} o]
= 5 G AFoA 5 FEONE
of Ao ®zt7F dagt Aot E3F ¢
517 Hhgsto] M2 FEol gt

=) _f‘,:

4 =

v Hr
do

1

o
i3
L <

r7

-

o ol ofN i o I

o
o
N
BN
2
=
o
o i
Q.
ﬁS
Ay
r_>4_
2 of
Ho
| of\
o Ui“ oL o » >1
oft mX pE 4 T

o 2 rlo
> & fo



226 J Plant Biotechnol (2012) 39:225-234

T Mol Bagt AAo|rh E3 I FAAS ] Qlof oF  AMA= s|Etof- vk Dl - g - Al v Ao} 59
Aol dags] =AM Al FEHAT A& = FHOMOIR dUlofAotl AR E 2AEY Uo7
ol=dl ol FaA AR oy, FHifr FAR Fo W2 Ao AA 40~50F0] FESFIL on], HiEE
of 8l FAollkE =0l Hrt Ch5e A1 9] ytof PSR G2 vl 25t
2 =AM e ol2d S84de Ad ¥ T 7= deEH A 2010
A& 7 5 4 9 Ego g AEe 22 Y
7le 93 5 AeSF7Ie ddstel MeA e ZesAL ZEHY
" 74 "ol & o] &3t AR £25 FHA7|L A
S AAE 4 e FEAS 71ES ol &ete Al e fAH 2R oY e (heterozygous)©] 7] w1l
ol Bt A2 AFEFe Hilshalxt FHTOR ST 5 TAR HAATIE AT
A 2ol 7)o St dAd, Al 3 oA Yl ot 9
2lmAls 20 ApolE Hole T taAlodA By $dT E4de
Ad AAE 471 oA o] bgstA 2 H (™
L35 A 2(phalaenopsis)= ‘L' (phalaina)’ I} ‘ZF2(opsis)’©] 5, 2007) A EE] B EAE0] 20~ 50%°] Etrt. o9
@R F s A AeR, 2 Hofol S W b Aol o3 WA EE I RE2 AL
o} sto] SRR ol E Stk Zo] Y £AL 2 FYste] AN A WAsh: BANES S5
o] 3~TRAE etk S WA, ek B8, & 4 A FEAE A A 2 22 F9EA
A, A=A gl R Qe A S uYste] oAl & 58&e wodFe 98 T S 2000). I} A=
A717F ok £ F2 AgRH wo Aest=dl, of o dimd 2 WHdls A H(Morel 1960,
0 = = }2001).  1964)3} el F(Wimber 1963) o] lck. WA A

Table 1 A review of tissue culture in Phalaenopsis plants

Species Explant Explant production Proliferation Regeneration Reference

P. gigantea leaf - - - Niknejad et al. (2011)

. 78% 9 PLBs per Khoddamzadeh et al.
P. bellina leaf 14 PLBs per explant explnat ) (2011)

50-80%
P. amabilis, P. ‘Nebula’ leaf 8.2 and 3.5 embryos per - 90% Gow et al. (2010)
responding explnat
P. gigantea protocorm 28% 58-66% - Mariam et al. (20010)
P. firedance “SFIL” Root 20% - - Fan et al. (2010)
P. amabilis (L.) Bl. cv. 75% o .
Lovely’ leaf 10 PLBs per explant - 100% Sinha et al. (2010)
P. chiali strioes 12.9 shoot/ .
x P. Freeds danseise, flower stalk i i 18 explants Choi and Koh (2009)
P. amabilis,
P. ‘Happy Valentine’,
P. ‘White Windian
P. ‘Renaissance’,
P. ‘New Cinderella’ ﬂo"frdswlk ; ; 190 ;hl"‘r’ltt/ 300 Na et al. (2007)
P. ‘Brother Lawrence’, ode explants
P. ‘Sogo Pride’,
P. ‘Little Mary’,
P. ‘Little Steeve’.
P. ‘Hwa Feng Red Jewel PLBs - 2.3% - Liu et al. (2006)
e 93.8% Chen and Chang
P. amabilis var. formosa leaf 194 embryos per explant - - (2006)
+

phalaenopsis leaf - 199 + 1.8 - Myint et al. (2006)

shoots/explant
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Fig. 1 Proliferation system and culture methods of Phalaenopsis
(A 5 2001).
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AAAR 2 TelsAls dAFz7de AFHNT &
73 A vl % (Intuwong and Sagawa 1974)0] A= E| Qo

HE 42S AAAL 2EE SUAAGEL, HE
Jao] Tjet wpato] A 22o] 47 Fo| 4T8
0] ) & k= EA7F 9lo(Bean 2003), Figure 13} 70|
A G- H 89 (Fig. 2) (Tanaka and Sakanishi 1978)
9 34 A7 AHA v oF(Homma and Asahira 1985; Lin
1986), L+ H % (Kobayashi et al. 1991) % oHo} u}jK(Tse
et al. 1971; Inchihashi 1992) o] dg] o]&% i 1oH,
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Fig. 2 The culture of leaf tissue of Phalaenopsis (7 5 2001).
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Z](Kano 1965), VW HlX](Vacin and Went 1949), NP ]| %]
o] o H3 gt

2 2o M E VWH] X (VWAB, Table 2)2 o] &3}
AUtk PLB= VWHRA] Slof A S2](Fig. 3a)F 412 &2
7k Ayt A (Fig. 3b)E wz 2 (Fig. 3¢)5to] Alf
2 VW Hj RO At vjeF sho] FAARd HES F=
Sholeh. mE U Hjof A 7L 2562C 9 Hﬂowioﬂ
P27 % 1642 B2 A2 ok A2 @ A
= @%o] 3 emo]4y Hal B HA] FE8] 2
(Fig. 3d) <8 =& B2E o]&3to =353t ©
7t ot 2o e B 2k Ao]E AL
2522°C o] v ol A FEHAE OIQ“OP‘#
FA A 7IH &3S Fol R ol
=5 SFSth(Fig. 3e). o F-2H7 o X*v??l 351% %
qoz %o o

o) 4 HaisA
21 Niknejad et al.(2011)0] A= o ZZ] oA FE PLBE
FrEst7] flete] ol F79 T2Ee APt 23, NDM
Bl 2] (New Dogashima Medium, Tokuhara and Mii 1993)9] 1
mg/l NAA(a-naphthaleneacetic acid)@} 0.1 mg/l &2 0.5 mg/l
TDZ(Thidiazuron) 2 7}8te] 4-674 HjoFa} AL ) 100%
o] &&= callus ¥ PLBs7} %= FQith E3F 1 mg/l NAA
€4 0.1 mg/l TDZE E&3F A 2|-oll A 71 B2 9| PLB
FEE HSow, 3=#0] gli= NDM HjA| 2 A ek
39S u et Ao &2 AES} gt E3§F Khoddamzadeh
et al.2011)%= P. bellina®] eFg = el PLB 2418 ]3] Al
35t A3} 1.0 mg/l NAASH 3.0 mg/l TDZO] Z3Fol|lA 2%
9] 8% PLB7} =582 ™, 1/2MS(Murashige and Skoog,

=

o,é;zmlm_&;é;‘;_

Table 2 A review of transformation studies in Phalaenopsis

1962)u 2] &} HA| VW s Z] o] A o A 7} =2 PLB A
£ 4 FAe 2 skl

Sinha et al.(2010)o]| A= TDZE B2 X 2|5}#] &1,
BA%} Kinetining ©]&3sto] Adst A3l 2.0 mgl BA
(Benzyl adenine)?} 0.5 mg/l NAAE &8 A 2|5t o P.
amablilis cv. Lovely2] o]¥l & Ao A 75% a-& = PLB
7} §% =9k $=3 PLBE 12 MSE A 3192 o
100% < shof 24l EA| 2 WEstgie o] 9o= T
FA L0 mefHEAI A9 PLB F4] A&ddolAs 1L
A NP(New Phalaenopsis, Inchihashi 1992) $--2 KC(Knudson
C, Knudson 1946) vl 2] of sucrose Al trehaloseS 713t 4
2o o au}A o] thLiu et al. 2006). Trehalose= 19| &
A ot ) kel T4 F AR H] W 57 olo)
R PozA 2H-L5l= ZAOSZ(Emst et al. 1971; Smith
1973), sucrose@} 7S &= 7} chMuller et al. 1999).

ojz|gt ¢ o dHA =HE PLBE =t =2 )
OFH 2o = Gow et al.(2010)Z} Chen and Chang(2006)-2
8 ZZ)of| A embryoE =51t Gow et al.(2010)9] B
DAL F Fol BAEALE olgstel AYT A
% 2% AUAS o8 US ) Y ke B
(50 ~ 80%) = embryo”7} F-= E 1o, 0.5 mg/le] BAE A
7¥et 739 plantlet "IAY W&ol S715FIAL, AHA S| W
o] Zastgrh AASHAE 12 MSH o] 0.1-3 mg/dm’
TDZ #7} 3 20-302 vljQF A] callus §lo] H}Z somatic embryo
4= Holon], sEmo| HrhE A e Wl stol A

BEAHLR 7Y 24EAE AU oA F5T &

-1ﬂ

A ZAEL 5-6712] A3} 34712 Fa|7} @AsH S o
=35, 670 Y Tl = K5 Y28 THChen and Chang

species Gene(s) Explant Method Reference

P. ambilis hpt 11 pollen At Tsay et al. (2012)

P. Blume EgTCTP, mgfp5, hpt PLBs PB Kanchanapoom et al. (2012)
NPT I, bar,

P. ambilis CymMV CP, Calli PB Fan (2011a)
ORSV CP

P. equestris var. Alba NPT I, bar, ORSV CP Calli PB Fan (2011b)

P. ambilis npt 1I, LTP callus At Qin et al. (2011)

p. violacea hpt 1I, gusA, gfp PLBs At Sreeramanan and Xavier (2010)

P. ‘Taisuco Windian’,

P. ‘Nancy Ammour’,

P. ‘Pink Twilight’,

P. “Taipei Gold’, hpt, npt II, GUS PLB At Na et al. (2010)

P. ‘Maki Watanabe’,

P. ‘Brother Lawrence’

P. ambilis Blume npt 1I, GFP protocorm At Semiarti et al. (2010)

Phalaenopsis gus PLB At Hur et al. (2009)

P. violacea gusA PLB At Sreeramanan et al. (2008)
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Fig. 3 Regeneration process from PLB tissues of Phalaenopsis
plants. (a) Protocorm-like bodies (PLBs) of Phalaenopsis on VWAB
medium, (b) PLB growth shoot and root formation, (C) PLB
growth with shoot and root elongation (d) Regeneration of in
vitro Phalaenopsis plants, (e) Acclimatization of Phalaenopsis
(f) Growth of Phalaenopsis plants.

2006). EoF I35 Al A 9] protocorme NDMH| 2] of] BA &
7} Al 5-30%9] =412 Hol= ®h 0.1-0.3 mg/l® TDZE
A7lste] AES 2t ATt 402 BiOF A] protocorm©]
oF 28% =4 3191, 80 HiSk & Hth 58-66% 7HA|
4 th(Mariam et al. 2010).

B T A T EAA .Z_/\loﬂ o] &3t7] ¢
A= A FEAQo]l Zadty He| dHA =R
MSH}Z] o]l 0.1 mg/l NAA, 0.3 mg/l BA, 10 g/l sucroseE A7}
S o 20%9] ¥& callus = &S Kol o AHA

B} callus §=of Aesict 2l 519 ch(Fan et al. 2010).

b of] Choi and Koh(2009)2} Na et al.(2007) 2! Myint et
al.(2006)2 PLBO] Zd5A| A 2202 HE AH thilz
Ao Talo] Bl 314t PLB 3-8 callus =5 3
Aare 2w R o] SRl ol A1H ol
27 A Eug ojo] gk thers nhAsknz} PLB,
callus AL AAA 21 AH A 2E SEdlo] A&
iﬂE AH}\}-_]_x]. Bﬂo].Othq.

Choi and Koh(2009)+= 4 g/l Hyponex”} 3} A H 2] Hj
Fof HHste, Az PG+ 03 mgl TDZ &2 5
mg/l BA7} Agtsltlal st T3 Hyponex 4g/lE 7| &
Hj A = ko] TDZOF BAS] a5 B|wsGlS wf, TDZ7}
o aatHo|glon, s nE RHE ddst 3A4A
H2ZAL vjorsto 2 vjokA] 2o o] &S Ef| A|FHth
Na et al.2007)| A= chAlz §7] 9 ZA]o= VWH| A
U HyponexHj 2] Hth= 1/2MSH{A| 7} 2 g}stn] 5 =229
e BA S mgle} TDZ | mgl7b AAstt ®1 84guh.
w5 A 047 F7 BB 2o Hae 5
7} 3t o 68 oJAto A= 7)d Alz Q] HEAY o] 30%9
Sels kel St 218l WA sk
J Sh= o] vt Asle}t B sk Tl Myint et al.(2006)+=
Y5A129 S99 12MS vz 9.08 uM TDZ7} A7}
= wj Rl X AstES u Al 7 A4 =, SU35 uy
Aol Ak A% shglon, B3 PSS 12Ms
Al o] 5.37 uM, 1.46 uM kinetin, 2% coconut water”} 2 7} =
iAol A 7H = W & B sklth

QoA AGEt =28 ofy g} o] A 9 =0 4 %= PLB,
callus, embryo F-%20f FEAOZ TDZ7} ARE-E] 9] Dﬂ] BAL}
kinetin®] T}E cytokininT} H|nStHE e ¢ =&
885 B H(Chang and Chang 1998, Myint 2004). Tﬂrﬂ}/\i,
TDZ+= th cytokininof B|8f Fo] 7|3 feof o a7HH
olg} & 4~ QO m(Emst 1971; Bhadra and Hossain 2004),
Huetteman and Precee(1993)= TDZ+= t}E BAY Kinetin
Hoh f 42 552 PLBE F%= T 4 QUtkal shoith

mﬁ;

bs

2elmAs S92

Oﬁ_
g

T 5A1 29 AT Anzai et al.(1996)©] particle
bombardmentZS o] 8-3}o] FAAZ T HTE AYALSF o]
2 o2 Woj o] BAHYT M U7 WA B
AL =82S s Table 29} ot

Tsay et al.(2012)= Z&|5A1 29 Z8]H5A] 29 pollen
ol Agrobacterium tumefaciensS ©]-83}o] hpt I FHAA} =
el & 5 mg/l hygromycinol A 27} ¥ 7+ A4 & PCRI}
Southern blot&4-S F3f A%k A]Ex.” sHolatgd o,
Agrobacterium®] FE= 0.5-1 x 10° CFU/ml, acetosyringone
o] Frw 01 mMY o, FEujel 717 6417 A
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She W b Ee BAAR BES Bt T,
Kanchanapoom et al.(2012)-2 Tsay et al.(2012)¢] 5 mg/1%] @2
& =9] hygromycinof A A&k Bhsf 20 mg/l hygromycin ]
=2 oA AdS st H3E A EgTCTP
geneo] LT vectorg & YAol|l ZH ] HAH 240
SHARFo 7 PAAS 3 5, hygromycin ALt -S A
A AFoA= 933%9] GFP Hd&S HL o5
95.7%9] AE3t&S Hol Folth

Qin et al.2011)o| A= calli7} 1-2 mm 37| & df, 0Dgoo
0.4 A 20&7F @? 2 FE Y F 2220 gl i
A& A st o, 122%9 7MY =& FAAS 5 &
2 HYom HZ ii} 7HA+= PCR ¥ Southern bloto &2

oAE AA s} AeAe ste] yaAd gzl
LTPO] 7|54 HAS 4335t} Sreeramana and Xavier
(2010)2] A of A= pCAMBIA1304E Agrobacterium -5
EHA101Z} EHA1059] Z+2F =9)5lo] A& st 23 EHAL05
NA H & a&S Holon, 35 717 S Lcystein
2 200 mg/l, AAF 22 600 uM, HH ok e 24Co A ¢
o} S A9 M e FUAD L BT Na
et al.(2010)9] =0 A S A| Agrobacterium H+FH A3
A5+ =), EHAI05(pGA643)E T LBA4404(pTOK233)
o =& AELS HYPOon, LBA4404(pTOK233)H c}
AGL1(pCAMBIA3301)o| Al =& PLB ¥ A &4 4
0] ot Huskglty gAML a&s Eol7] St
A zAof B3 Ad o AL, Agrobacterium F32F VW
w219l 1:10 dEriof] PLBE 1A A AA 7], T5u)
o 598 Aelats Aol PLBS A% 271 Water} 2
o] ¢3tE| il oFfA MAFSIE R FFufF 3YUo] PLB 3@
Qg Mestet BT
FAAG a e Fol7] YA = AE7E =% PLB
S E3t= Aol Q317 wjFof, Hur et al.(2009)2 2+
ElA, sucrose 2 thiamine 5¢] A& £ &3} &
& ol PLBS) WRHAS A Alete] Webg)
PLBO S48 &S v 314t 1 A3 HyponexHf %]
A A 1 g/, thiamine 0.1 mg/l, sucrose 30 g/l # 2|3t
—?~PLB7]‘ o]—x—];@l oz 2/(1 E]O"th H E_'_H 13
W& Adsto] Al & A 90% o449 =& PLB
2482 nac ol PLB 2AES Gelis 247
AL o83t gus FHAS skl 3= pCAMBIA
1032 MEJE Agrobacterium -5 EHA1050] E={)3}o] o]&
sto] AN BLE ol ek 1 Ak 4F A
Agrobacterium HHOk_‘,‘% =23 3 Uyl e Za&Zo &
3 PLBE # Y 7THA 7= dppmg X 2] &, Agrobacterium
BjoFol o] Eaw g){ ] 0.8 i, 2087+ Agrobacterium i %
Hol o] HF Al7]= A o] 7W At o|g} B s},
HA At =mol A dEE FEAS A Aok
A 2, hygromycin, PPT -2 MSOE AM&35}SIth &3] 9]

ol 2 IUE: o ox

45+ kanamycing ©]§3HA] Y= AL dofl= aminogly-
coside7| &f AHFeFA|of et W& AFA| A o2 7HA]aL 9o,
kanamycingr ©]-8-5Fo] AR oh= - thE AL of H|
of nEEel 7|7 AU7|kE 8tetr] wolth o

Particle
bombardment

Agrobacterium
tumefaciens

PLB selection
(5 mg/l PPT)

Regeneration of putative
transgenic plantlets

Transgenic Phalaenopsis plants
established in pot

Fig. 4 Production of transgenic plants from PLBs of Phalaenopsis.
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hA], TeflmAl Aot 22 S o] 83 AT A Adder
A 2+ kanamycin 2 Th= hygromycin©| L} PPTE ©]-&3F A
wro] o H& ok

1 Qo= FAAS 7]* o o]g3}o] Hpo|EA AFHA T
EAA AEAS fdEts AFHEI(Fan 2011a)% 91¢l=),
| 5A| 20 AH|TS EX}OIEL H}o] 2 A(Cymbidium Mosaic
Virus)@} ORSV(Odontoglossum Ringspot Virus)of tfj gt # &+
A 7H FAAS ZHsAlL AEAHE g4t st
particle bombardmentE- ©]-8-s}o] &A% %} 5}t ORSVE}
CymMV+= ol A &4 dhgste & 9jsjE Q5] virus =,
Fan(2011a)-2 CymMV 2} ORSV CP gene =92 Z3f vriuso]
WAE 2 BeAA ABA A WA

o WA Ao YAAT 24 A7] 98] LA H& o

P

A ufA ol A S Rk lar, AR o A<= 0.5 uM
MSO(L-methionin sulfoximine)of| 4] 17§ wjoF 3 2 uM MSO
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Table 3 The composition of the media used in the process of tissue culture and genetic transformation in Phalaenopsis plants

Media Plant tissue culture Agrobacterium Particle bombardment
Media component Media component Media component
VWAB
VW1 1.625 g
apple 30 g
banana 30 g
Basal medium potato 30 g VWAB VWAB
sucrose 10 g
charcoal 1 g
Agar 75 g
pH 5.2
YEP
. Peptone 10 g
Agrobacterium culture Yeast extract 10 g
pH 7.5
Washing medium
MS2 44 ¢
Agrobacterium washing Sucrose 30 g
BA3 500 wl
pH 5.8
MS (Liquid)
P . MS 44 g
Agrobacterium infection Sucrose 30 g
pH 5.8
Cocultivation VWAB
+ Acetosyringone 100 Mol
. . VWAB
Resting medium + cefotaxime 200 mg VWAB
. . VWAB VWAB
Selection medium + cefotaxime 200 mg + PPT 5 m
+ PPT4 5 mg £
Plant regeneration medium VWAB VWAB

+ cefotaxime 200 mg

'"VWAB: Vacin and Went medium supplemented with apple, banana, potato

MS: Murashige and Skoog 1962
’BA: Benzyl adenine
*PPT: DL-Phosphinothricin
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