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Abstract Transgenic lily plants have been obtained after
particle bombardment, using PDS-1000/He system and scale
explants of lilies, followed by PPT (D-L-phosphinothricin)
selection. In this study, scales of the lily plants cv. ‘red flame’
were bombarded with a plasmid containing the bar gene as a
selectable marker, and the AtSIZ gene as a gene of interest,
showing salt tolerance and drought tolerance respectively,
and both being driven by the CaMV 35S promoter. For
optimization of a protocol, factors which optimized and
showed a high transformation efficiency under following
conditions, were considered: a bombardment pressure of
1100 psi, a target distance of 6 cm and 1.0 um of gold
particle, and 24-h pre-culture and post-culture on MS medium
containing 0.2 M sorbitol and 0.2 M mannitol as osmoticum
agents. After bombardment, all the bombarded scales of lily
were transferred to MS medium without selective agents, for
aweek. Subsequently, these bombarded scales were transferred
to a selection MS medium containing 10 mg/l PPT, and
incubated for a month for further selection, after which they
were cultured for another 4-8 weeks with a 4-week subculture
regime on the same selection medium. After transferring into
hormone-free MS medium, the PPT-resistant scales with
shoots were successfully rooted and regenerated into plantlets.
PCR analysis revealed that the surviving putatively trans-
formed plantlets indicated the presence of both the bar gene
and the AtSIZ gene. In conclusion, when 100 scales of lily
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cv. Red flame are bombarded, this study produced ap-
proximately 17-18 transgenic plantlets with an optimized
bombardment protocol. The protocol described here can
contribute to the breeding program of lilies.
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Uel=gh, 5 L 42 5 SR 2 Ao =2 £
3} (Woodcock and Stearn 1950), G- 7} Frojof = U H 2}AY
Stz S92k o th(Park 1997). 3 & &1k of 2} =1 of A
T AR Q7|7 g 2R shuboln, = ol A 2015
W 7135 2,9009H2 0] 161 haof| A A 4k of ol 22 171.5%
Qo2 o et Au) .2, AAker 2 T B0 A ) 39
£ AR5kl Q) ek (Ministry of Food, Agriculture, Forestry and
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4> 3) ] o] 9 TH(Mercuri et al. 2003; Nam and Kim 2004; Hoshi et
al. 2004; Ogaki et al. 2008; Azadietal. 2010; Liu etal. 2011; Wang
etal. 2012). 3+ S Ax 2L o] &3 FAAS LA EH|
7iatof] T oI JLof| A= 19981 X % = Watad etal. (1998)0]]
Ola) Ha1x o]& & Irifune et al. (2003)2} Kamo and Han
(2008) Fo] A& =35t oieh A F FAHgho] o &
219 38 Fof &5 A A E 21 2 o (Hoshino et al. 2008;
Kim et al. 2007; Lin et al. 2000), 3] ©F A1 2 (Popowich et al. 2007),
Alu] ]2 (Roh et al. 2011 and 2013), T A 2~(Roh et al.
2014) 4 & (Wilmink etal. 1992) 51} H] .5} H & 2 A3k ¢
F7h R A o] LSS & 4 ok vhE FEAS
Aol wol AR of L2 ubH 2] W v A ok A
o A@ ol L, FAAL Al FA A copy7H A Eol
7he AA o] 9) A wh(Hiei et al. 1997), <3241 &0 A|3to] 9]
AL dhg ol ul oy 9 F-Fuf ol Al o] e A= TA
= Q) th(Hiei et al. 1994).

HFH 8- 2}2-2 Sanford et al. (1993)¢f &3} 7|t o] %
2ol 459 AT A ol AHE-E = T o A 59
Agrol glar, P o] 7hHEstA A7)
o, o] TR Ao A8 5=
T U] AEAol A FAAR A=A
AHE 7] e A= o2 29lE0] Hrofsh=T
A w27 5ol AR a g FA%
Slol| % 2 3}t Watad et al. 1998). G- 2%
#2708 54T B0l i, ARl £ 7,
2138 G470k el of 51 912 DNA o

50| 34 @ lojth(Morrish etal. 1993). E3F G4
/\P Asof AFGEEA 58 AAE A= “Kéé‘%‘i@r
£of 93 v =9|(Watad et al. 1998), 2=4>(Vain
1993), & A] t]=(Li et al. 2005), peanut (Deng et al. 2001)
|3 4] A(Roh et al. 2014) 5-9] Aol A B3 =]t A
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Fig. 1 Structure of the T-DNA region of pCAMBIA3301:AtSIZ vector provided by Genomine INC (Pohang, Korea) (NPTII
(neomycin phosphotransferase); NOS: nopaline synthase promoter; TNOS: 3’ signal of nopaline synthase; 35S: Cauliflower Mosaic

Virus (CaMV) 35S promoter
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Fig. 2 Selection of the correct concentration of PPT (phops-
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Fig. 3 Effect of osmoticum treatments on the number of
survived scales with shoots of lily plants, after 8 weeks on
selection medium containing PPT 10 mg/l of particle bombardment
process. Vertical bars represents mean standard deviation (n=
4). Data were calculated as the surviving scale explants per 100
bombarded scales of lily plants

KanamycinS: 3 2) A 3R] A arobA] = AR A] Wl A A S A
£ Aol AT e ol
g3kl 7 A g lojA = A=A A2 A AT 7]
ko) AR A7} 0] 5 ook et gk 4410 200
mg/l 0]/ 2] 315 &= kanamycin o] '= H] § A gk 2] AP 2
=0] AAFSHA] 9okt B 1 5 91 th(Kamo and Han 2008).
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el RS 4BAE A gistel el W 4
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7 WA 5w D BE AUA ] A o] 3744 89l
o ve) AL »HsAch FHAF AHA F2U 5
02 34 A4S AT FUHE A olfE HA
o AR F QAo vl wste] A& wa(dol e u] A4,

Al g AR BEoA A A @0l A= Aow #
TEo] & AT A= T YAE AHESH=T, Table 1]
A Ut AR H 5 AAF 27152 0.6 um o A E A Eo] WL
31, 1.0+ 1.6 pmof| A} &= 0.6 um I} W] 0L 3 A 65 & PPT7} 10
mg/l FH7HE Al ] of A] 2ulf o] &2} Aldhuf z)of A o] A
EEgHo T 23 A 5 A2 F A4 e 9 H
O} o M= oF 6.5% Wi 9] o] B&g Hof F it wehA
2 AT 10 un 279 F YA4E 4G 2 Be
o, o] 23t A= 4Bt &(Roh et al. 2011) 7} HFAE =
2]oK(Lin etal. 2000) $1-24 2o} 5 U g2 e 2l ch BHH

Table 1 Effect of size of gold particle during the particle bombardment on transformation efficiency in scales of Lilium longiflorum

“red flame”

Size of gold particle

# of PPT resistant scales

# of putative transgenic
scales with shoots

(k) /100 bombarded scales* /100 bombarded scales**
0.6 9.0 £ 1.4%**c 33 +02
1.0 21.5 + 4.2a 6.5 + 2.1
1.6 14.0 = 2.2b 6.4 + 25

*Data were collected 4 weeks after bombardment, **Data were collected 8 weeks after bombardment
***Values are meansMeans followed by the same letters in each column are not significantly different (p<0.05) using DMRT

(Duncan’s Multi Range Test).

Table 2 Effect of pressure during the particle bombardment on transformation efficiency in scales of Lilium longiflorum “red flame”

# of PPT resistant scales
/100 bombarded scales*

Pressure (psi)

# of putative transgenic
scales with shoots
/100 bombarded scales**

900 8.2 + 2.6%**b 59 £ 22
1,100 19.6 + 4.5a 11.0 £ 2.6
1,350 21.6 £ 3.2a 10.5 £ 33

*Data were collected 4 weeks after bombardment, **Data were collected 8 weeks after bombardment
***Values are means. Means followed by the same letters in each column are not significantly different (p<0.05) using DMRT

(Duncan’s Multi Range Test).
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Table 3 Effect of distances between target scale tissues and holder of particle bombardment device on transformation efficiency in

scales of Lilium longiflorum “red flame”

# of PPT resistant scales
/100 bombarded scales*

Distances (cm)

# of putative transgenic
scales with shoots
/100 bombarded scales**

19.5 + 8.0*%**a 88 £ 2.1
193 + 6.2a 10.6 + 3.5
83 £ 3.1b 9.1 £42

*Data were collected 4 weeks after bombardment, **Data were collected 8 weeks after bombardment
***Values are meansMeans followed by the same letters in each column are not significantly different (p<0.05) using DMRT

(Duncan’s Multi Range Test).

AxE FAAES A&e v AFEILo A= 0.75 pm
37]9] g A JAES AFR-5}9 2 1, Kamo and Han (2008)
< U A7) 7 YAE ARESEA T A H Y HE
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A

Fig. 4 Molecular analysis of transgenic lily plants by PCR analysis (A: bar gene (552 bp), B: AtSIZ (1,794 bp), (M: marker, PC:
positive control, NC: negative control (water), C: control (non-transformed plants), lane 1-6: transgenic lines)

Fig. 5 Production of transgenic lily plants via particle bombardment (A: scales after particle bombardment; B: Selection and
propagation of putative transgenic lily plantlets; C: Growth of putative transgenic shoots with roots; D: Grown-transgenic in vitro
lily plants. Scales with shoots and lily plantlets shown in B-C were on selection medium containing PPT 10 mg/l)
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