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ABSTRACT In order to obtain plantlet derived by anthers, the anthers of Lilium asiatic hybrid ‘Gran Paradiso
were cultured on Murashige and Skoog’s medium supplemented with various combinations of auxin and cytokinin.

The most suitable polien stage of anther culture for the callus induction was 3 days before anthesis at the early to

late binucleate stage. Organogenic calli were induced on MS medium supplemented with 5.0 mg/L 2,4-D alone and

the combination of 1.0 mg/L 2,4-D and 1.0 mg/L kinetin, however, the combination of NAA and BA was more

effective than that of 2,4-D and kinetin on plant regeneration through organogenesis. Shoots were formed from the
induced callus on the medium with 0.5 mg/L NAA and 1.0 mg/L BA after 180 days of culture. Multiple shoots with
3-4 leaves, roots, and bulblets were formed on the medium with the combination of 2.0 mg/L. NAA and 2.0 mg/L

BA after 250 days of culture. The chromosome from root tip of the regenerated plantlet showed the diploid

(2n=2x=24). Diploid plants were transferred to the pots and all plants were flowered in two years.
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W3kEo] AW Robb (1957)7} Lilium speciosum<]
AAMEE AEF ol 7Iv] FFAAAE ST 53
2 F2 oHufeke] AAFRITE (Stimart and Ascher 1978,
Takatama and Missawa 1983). 121} QIAZF A& wjokx 9
Fi} Be] &4o] 43 =T} B FAHOE A
7153 ok o) gt FAHL 317153 (Meyer 1976), 9=
7] (Hussey 1975; Niimi and Onozawa 1979), F=¢} (Chung
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1981), A=A (Maesato et al. 1991), 3 F 2 &5 (Lee et
al. 1982) 5-& ARt AEAE AYAZE T o] Eo
7Hssic) ot 9ol ofnf kel #Et HIL (Lee et al. 1992)
v Lilium elegance Enchantment oA AXz}529] 4&
A7y AYERE Alstis ehulge] et A3E nFS
Jejolth Mt B AdAe 4 85 2 AFESHA
ANE7Y He 2ZARHY AEAZ AAAF7] HE delg
o2 714& e oAlobE W3t Gran Paradiso’ 8] oF
S ARE 7] H5TAY HEAGREA} AHARE
o} 7Bk 2R 9 AEA A HAE 2F3E 2
AFSFSATE



Table 1. Characteristics of flower bud.

Pollen Bud Bud Anther Anther col. Days before
stage® length (cm) width (cm) length (cm) nther color anthesis

I 1.48 £ 0.09° 1.16 +0.08 0.72 £ 0.04 Greenish Yellow 20

i 3.36 £ 0.27 1.47 £0.09 1.22 + 002 Yellow 7

m 488 £ 0.15 1.47 +£0.09 1.72 £ 0.04 Scarlet 3

a: Dyad-Tetrad stage, || : Early uninucleate microspore stage, |ll : Early or late binucleate pollen stage.

®Mean values + SE of 5 replications.
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A AFA AAFZAA st e obrlotE wigt
‘Gran Paradiso’ &) 3}2]E AJHsie] 3l8le] A7pdE okg
Zo] 2 A7Zg FARII (Table 1) 3HEE AHE3HH 2%
propiono carmine © 2 FA3 § A EHLE ZARBIRTL

vj 2] = MS (Murashige and Skoog 1962) 7] 28 zjol 2,4-D
X2 ¢} 2,4-D9} kinetin, NAASH BAE E4xd31%2
30 g/L sucroseE 715 ¥ pH 5.8¢] HEE 2F3 t}
& 8g/LY AL Hrsld 121CY I F/1EE710MA
1587 2@ated At A Ee] &5 SFE 95%
N ekgd| %7 AR vk 7% calcium hypochlolite &
doj A 0% 2531, BIEFE 4~55 AT F F34
oA BAE GAF) AASFL FE AAIATE WFRAL
20C sl guieFsieon fEd AAE 25412C
Hi ool &4 2,000 lux®] #F=slA Ao gttt
S okfal &M wleAS AR 8 2us AFH
3t ¥ 0.1% colchicine &Yl 4A17+ AA2)5}2 Farmers
o) 24A7F 2% T G4 Ao 687 AT o
< Feulgen£-dol] Jasie] A7

sio) WSEY BRALRE U AIEH HY

AXA ] BEHAAG TAR] st AAAgei kg A
2%3}o] 2% propiono carmine .2 M FF squashH O 2
Fat8n| g sl M s vk e 209 A9 hfjollA
= 282171 (Figure 1A) € 432}7] (Figure 1B) de]e] A%
A7} RE-S AAEA ARLH 48279 A= HlE
A7} isobilateral typed] HelE FH3IATh A3 79 A9
AXAE BEEY 42XA Yo A §F0Z AR A
A9 §do] Aol A FAa” 27 184 AEA (Figure
1C)9}t do} AXY AT FAT F7telo] Al 7Pk
F7] 1949] &%} (Figure 1D)7}F thi-#o|3 =&4
2o AYHT Y= AXAE FFE £ Yot (Figure

1E). 713} 3¢ A9 ool ofn] YEEE niil JEHHE H]
<% 27|12 G AmrF E2 JuElE ZA GHE Y
o7 FRE:E 28X FEEZ (Figure IF) s Mx3
AR A ZrtEo] A GAE AssHEEo| tiFEo]
Qo) AEGA e HXA] £t 19 AxAET Y
& FFHA Y, AsFUe] hfjele 284 2 3349
e WMo s s Aol THER PE A4
Fo| ggtoy ol H7A L RG] 0|24 Eg XA s}
FES AT (Figure 1G). °F] WiFA71E +H37] sk
ojg} 7ro] FEH g WFTUAER 2,4-D9 kinetino] 1.0
mg/L¥ A7FE wiAof okt ot (Table 2).
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Figure 1. Stages in pollen development in Lilium asiatic hybrid

‘Gran Paradiso’ in vivo. Dyad (A) and tetrad (B) on 20 days before
anthesis (Pollen stage | ). Vacuolated haploid spore before DNA
replication (C), haploid spore with large nucleus after DNA
replication (D), and haploid spore in first pollen division (E) on 7
days before anthesis (pollen stage Il ). (F):Diploid pollen grain just
after vegetative (v), regenerative nuclei (g), and degenerated pollen
(de) formation 3 days before anthesis (pollen stage ill).



EA719] o9 oF (pollen stage 1) WY 15U F4H 24
wal7] AlFsty wikr)doe] Aage wEl AAHoE S,
IAVIE 7] wiEel ek BF oudt R #EE 5 gl
o 8 7Y Ae] "EE A9 AFA (pollen stage )2+
M3t 39 A F£714Z A} (pollen stage ) HA] v ¥ 120
A REe] ok SQTAFA] A GAY FLE AHE
PO 25 gl M ZHE 7 U FelA G
HoaA AeiAzt SR WG 150830 BA43 A
224l WA E7)ge o) 7| AESM it FESAL
4 180¥7Ad = E718H Y AejiE H42 @ shoot®: ¥
81503 shoote] 7187} vl A HA 7Heal 71 Bt
M=o} wiek 210¢oe FAT 5~670A19] HEAE &
& F Utk 53] ARG 7|9 7] 1894 k2 AgL
FAEo| 4.6%01R 2 HEEE vzl 27 € 37] 284
o] ekl X 7.4%9 A7t A 7] 187] oFETt
Ao F4 A AEA Aol AN FEsAT) (Table 2).
ok Foll A ool HAAMHAAZ] AL F e Aot

ARTE W 20102 HBFRVY il £ 4T

ARPE 2%, 24 5 AKBAC] W 1 A7)} ok
ul2A chijogo] B E HUIRS NBS 4AY) 2 7] 1
Ao A~F2}7] (Nakata and Tanaka 1968), 2% 27|19 &2
71X EE] Al&3E (Sunderland and Wicks 1971)0] o2
71A] W FE 719 Zol 4] Wk Tlaut o] 9} zho] o
o] AH= AEIME AEES FAHLE HF7] (Sunder-
land 1974)7} 71§ E=pF el sded RS 4324
ek eko] A A\ Lilium elegance ‘Enchantment’
(Lee et al. 1992), Platycodon grandiflorum (Lee et al.
1993), Ranunculus sceleratus (Lee et al. 1993), Ranunculus
Jjaponicus (Ko et al. 1994), Zantedeschia aethiopica (Ko et
al. 1996) M= AEE (ALFAREE) AE7104 7 a3
Al W& HYth & AFAEA ooty #g Gran
Paradiso’ & 134 7] & 284 27]9] 2¥x}7|dA 28
2 2 oujo] wAlo] FSEHY Lilium elegance ‘En-
chantment’ (Lee et al. 1993)X.t} vjoF & 7]7} thh Fof &
FES vl 2849 271 9 AxAe] e AdHe
71 28323 ¢] A717F eh gl A et

Table 2. Effect of pollen stage on callus, shoot, and bulblet formation from anther culture of Lilium asiatic hybrid ‘Gran Paradiso’ after 210

days of culture.

Pollen No. of % of anthers % of anthers % of anthers No. of
stage” anthers forming forming forming regenerated
cultured callus shoot bulblets plantlets
I 68 0.0 0.0 0.0 0
It 65 4.6 4.6 23.1 5
1 68 74 9.7 47.1 7

“Pollen stage is the same as table 1.

Table 3. Effect of plant growth regulators on callus, shoot, and bulblet formation from anther culture of Lilium asiatic hybrid ‘Gran Paradiso’

after 210 days of culture.

Growth regulators (mg/L) No. of % of anthers % of anthers % of anthers No. of regenerated
auxins cytokinins anthers cultured forming callus forming shoot forming bulblet plantlet
2,4-D

Q.0 0.0 60 0.0 0.0 0.0 0
0.2 0.0 60 0.0 0.0 0.0 0
0.5 0.0 62 0.0 0.0 0.0 0
1.0 0.0 60 0.0 0.0 0.0 0
2.0 0.0 64 0.0 0.0 0.0 0
50 0.0 68 1.5 8.1 8.1 7
24-D kinetin
0.5 1.0 60 0.0 0.0 0.0 0
1.0 1.0 60 33 11.7 8.7 12
2.0 2.0 60 0.0 0.0 0.0 0
NAA BA
05 0.5 60 5.0 15.3 13.3 15
1.0 1.0 60 83 30.0 137 14
2.0 2.0 60 15.0 36.7 30.7 30




Figure 2. Regenerated plantlets from the anther culture of Lilium
asiatic hybrid ‘Gran paradiso’. Multiple shoots (A) and bulblets with
roots (B) cultured on MS medium containing 2.0 mg/l. NAA + 2.0
mg/L BA after 200-250 days of culture. Diploid plantlets
(2n=2x=24, C) were transferred to soil.
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wjjokoke) ARz AR o] thd HHe-S ZAlelr] A8l Aist 3
Axe] ok2 2,4-D &, 2.4-D9} kinetin, NAASH BAS &
L2]2j sl wijokst A3 table 33} 2.

wge] 4% ANCE 2 A8l s kezrE 2
HA FE7A 28 7)7ko] AQHYEH 7] AL K
L wxd Z7tg AEAAREAN w2t i ezt AN
o & 24-D B8A e A% WY 120970 £ 4T 7}
A e =59l 50 mg/LE Aeid HolA, 1.0 mg/LY 24-
D¢} kineting E24 3¢S gl 24T el
Ajok 1509740) ZAE okel oFd Rt Mol A B
< W FAA APt FEHAh 71 BYEE Fed
Q5] 25C2) 2000 lux Zgatel &4 wigH AL 7
5.0 mg/L 2,4-D &£ 2 1.0 mg/L 2,4-D ¢} 1.0 mg/L Kinetin
o) ELAFFAME Y] FAy AP FHAF o
N9 B2k A HREY WG 1509700 Ay B

M= =L g 7H=T 7] shoot7} WAE} 20 shoote]
Z0)7} 7~10 cm AE AAE L shoote] 7]%7} H[hH
HA] 4007 AT Wi 210de] AAHUE W &
79| 7RoA 7HeR 70 Byt EslE7] Alateinh T1g
U NAASH BAAEPellAE g 13097358 wiA el A
3 ofe] ZpEL7L WolxHA WFoA Gyl dhdt
APt SEHAT w1800l AHARRE 7)Ho]
2= 2ol wet Zolye] dAHAT = 0.5
mg/L NAA$} 1.0 mg/L BA EL£AFAGNA FrF A2
A¥E shoot7} (Figure 2A), 18] 1.0 mg/L¥ 2] NAAS
BA AgoME M7t WA 23} (Figure 2B)HU2H
NAAS} BA7} 2tz 2.0 mg/L® Agd FelMe Al
A shoot$} BF7} Aol FAld) Ealso] 7j@Rs | 7
A sttt (Figure 2C). wWabA W9t} okfel e A2i e
A AEANE FE OgS4A7]7] 8 NAASH BAA 2
M 5" BAXE 7hed o7 71#e] FAjle] F
A" AYAZ E2ldle] NAAS BA7H 242} 2.0 mg/L4 A
g WA A AvhoraiRct olE BeiE A%
409 (% 1709)0] ABHUE W Aelie TS 2719
B2 GAsA SAEAL Al 704 (g 2009) 700
= gos 5719 AeldM A YHEE R #F
3tk (Figure 3A). 23U 419 Aes 7hed FEHY
93 B AE Atg A BT IR ASHeR
shoot7} #-3}=]1E] shootE3H] Aejlosls Ha 34
7N} shoot7} HZE multiple shootZ #3} AAH T o]
o} Zro] FAE 2ATE WAL BE ALY f13 #2,
=guiR|e] wieks Az 250YANE AQAY 3~4719
shoot7} ¥3} A48T vlths) ] & 71FAM &2 F
g7t 23iso] ddE AEA7E gHEHoE ALHJT
(Figure 3B). 3+ 7|Uiol X AAE AEAE AHT & I
M XS #AAT A3 BT ZE Y3 20A
(2n=2x=2HE FAHARoH, ABE FHEAS vermiculite
L5 0]4, 374 AA 3l §A4 AL F 21do] A

Figure 3. Organ differentiation from the anther derived callus on
MS medium with NAA and BA after 180 days of culture. Shoots
(A) and roots (B) were formd on the medium containing 0.5 mg/L
NAA + 1.0 mg/L BA and 1.0 mg/L NAA + 1.0 mg/L BA,
respectively. Shoots and roots (C) produced in the same anther on
the medium containing 2.0 mg/L. NAA and 2.0 mg/L BA.
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(Figure 3C).

ool FFE HIXE AN F oA E AERYX
A &= R ko e HE g jho] b2
of wge] A B Agol ARsd 2.4-D @& o kinetin
o] £& 123 NAASHBAE E8X2¢ 234 Hx &
TAZ] R 7IBEEFY 28 HEA A o2 A
o] A3t ztelE Bt F 2,4-D T4 ¥ kinetin#e] &
A a = @A 5 me/L 2,4-D ©goli} 1.0 mg/LA ¢
2,4-Ds} kinetino] 442 =HAE Wl w32 Yebd=
Y o2 5-10 mg/L 24-D BEANAN AFHHolHT
Hyocyamus niger (Corduan 1975), Digitalis purpurea L.
(Corduan and Spix 1973)%} 2,4-D$} kinetinS 1.0 mg/L*
E8xgs|A WSS BQl Brassica oleracea (Kameya and
Hinata 1970) 183 0.5 mg/L 2,4-D @842} 1.0 mg/LY
2,4-D¢} kineting E&xglstd 2% FH9 Ays 9
wjario) &3 Y Lilium elegance Enchantment’ (Lee
et al. 1992)5ellMet 22 AAYch T3 Aol wee
EU3 zAs A 2,4-DS} kinetin TEAZETF NAASH
BAS] £l £34Q A3 1 9] 57} Qe
Ranunculus sceleratus (Lee et al. 1993), Ranunculus

Japonicus (Ko et al. 1994), Platycodon grandiflorum (Lee
etal. 1993)3} 2 NEL HAe 7Agd] &) #H
Zantedeschia aethiopica (Ko et al. 1996)1 4+ 1.0 mg/L¥
2,4-D¢} kinetin®] TL&X Ao 7B A e~} 0.5
mg/L NAAS} 1.0 mg/L BA, 182 2.0 mg/L A& NAA S}
BA S&A Aol wiEA A2t I st
£ AR E ok A w3 AY2e free #
ZskA] ZAO 2.0 mg/LA 9] NAASL BA E£&427 71
w3 i fk, 2AEAY B AEA A 2HH
ojglow ojo} Zhe 4 E 9] opu el 2,4-D} kinetin
o] E4AEH NAAS BA7E AH¥sithy Azher) 3
B Agds g £4 wkeAe BasA Zou
2] ANA AAARS NE F 319 e B B
23 548 2A 2 S Uk
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ofAJo}ElM g ‘Gran Paradiso’ 9] ok A EAE FS53}
7) 98] auxin3} cytokining t}kslA] 23 MS s
ol ore AT Wik ke %7 @ F7] 2879 A
3y A9 ¢ko] AEA fko 7Y APt MS viA] 9]
5.0 mg/L 2,4-D @&} 1.0 mg/L 2,4-D9} 1.0 mg/L
kinetino] ELXE YL AS 7|BEFA AYA S
Ao} NAASH BA 8327} 2,4-D9} kinetin &3 25
o 71 HESE Z3 A EA A aF ok HezolA

shoot= 0.5 mg/L NAASH 1.0 mg/L BA &4l A wjok
18070 $shEgion 3-47he] ool ae thopAls
2 A7 2.0 mg/L NAASH 2.0 mg/L BAZ& A4 u)
oF 2509 ol BAHUTE ALY HEAS] TezA %2
A 2n=2x=24)2 FAIFAeH HEAE T &2 F 2
o] AHHAE o 7 NstEAc

AL - B =R-E 199795 ARoigha ke gsAgA dn)
of o3l FE A7 LF4.
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