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Abstract Transgenic lilies have been obtained using
Agrobacterium tumefaciens (AGL1) with the plant scale
explants, followed by DL-phosphinothricin (PPT) selection.
In this study, scales of lily plants cv. “red flame” were
transformed with the pPCAMBIA3301 vector containing the
gus gene as a reporter and the b/pR gene as a selectable
marker, as well as a gene of interest showing herbicide
tolerance, both driven by the CaMV 35S promoter. Using a
20-minute infection time and a 5-day cultivation period,
factors that optimized and demonstrated a high transformation
efficiency were achieved. With these conditions, approximately
22-27% efficiency was observed for Agrobacterium-
mediated transformation in lilies. After transformation with
Agrobacterium, scales of lilies were transferred to MS
medium without selective agents for 2 weeks. They were
then placed on selection MS medium containing 5 mg/L PPT
for a month of further selection and then cultured for another
4-8 weeks with a 4-week subculture regime on the same
selection medium. PPT-resistant scales with shoots were
successfully rooted and regenerated into plantlets after
transferring into hormone-free MS medium. Also, most
survived putatively transformed plantlets indicated the
presence of the A/pR gene by PCR analysis and showed a
blue color indicating expression of the gus gene. In

conclusion, when 100 scales of lily cv. “red flame” are
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transformed with Agrobacterium, approximately 22-27
transgenic plantlets can be produced following an optimized
protocol. Therefore, this protocol can contribute to the lily
breeding program in the future.
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(Hoshi et al. 2004). T3t L&) &2 43S 9] & 2] Qo & 3
BEE AU A 2A A Y] Fde Tt 54 5
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2023; Hoshi at al. 2004; Liu et al. 2011; Mercuri et al. 2003; Ogaki
et al. 2008; Wang et al. 2012' Yan et al. 2019)0] =2 A& o]
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Agrobacterium-m| 7Y & A AZ ] 2L 37| Q HFE=
35S cauliflower mosaic virus T2 R E| Q] XA 2 W11 QJER
o] 3Z3te (B-glucuronidase (GUS) gened} 35S cauliflower
mosaic virus (enhanced) 32 2 L ¥ 9] 245 W= BIpR 3 A &}
7} 21+= pCAMBIA3301 ] €] (Cambia, Austrailia - Fig. 1 217)
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dhg| 2] o} 30 ml 9} 4] YEP(yeast extraction NaCl, pH 7.5)2}
kanamycin (Duchefa, Haarlem, The Netherlands), rifampicin
(Duchefa, Haarlem, The Netherlands) 7} Z+-2 A el & A &
323+ vl 2] o] 120-130 rpm min™, 28°C 27 0. & 3] &t
7] ¢of ujeF3trt. Optical density (OD)7} 0.3 ~0.50] =&3t vf
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Fig. 1 Schematic diagram of AGL-1::pCAMBIA3301 harboring the gus and b/pR genes in T-DNA region. Annotations were
graphically depicted using SnapGene (v. 6.0.7) (http://www.snapgene.com/). (GUS: [-glucuronidase, bipR: PAT (Phosphinothricin
acetyl-transferase), NPTII (neomycin phosphotransferase); NOS: nopaline synthase promoter; TNOS: 3’ signal of nopaline synthase;

35S: Cauliflower Mosaic Virus (CaMV) 35S promoter

Fig. 2 Molecular analysis of bpR gene and gus analysis of
transgenic lily plants A: blpR gene (552 bp) (M: marker, PC:
positive control, NC: negative control (water), C: control (non-
transformed plants), lane 3-45: transgenic lily lines; B: gus-
stained explants from in vitro transgenic lily plants)

22 A5 THFig. 2B Fx). GUS G- Jefferson(1987)
o] ol &ato] Akt Aol Bt FAXHTHA 2
91-& 2 mM 5-bromo-4-chloro-3-indoyl glucuronide (X-gluc)7}
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94°Co]| A 30%, annealing>- 64°Cof| 4] 15%, extension< 72°C
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TEZHHES- A At} 2% DNA= 1.5% agarose gel o] 4] 100 v
270 BollA] 3087 A7) 5 A sho] £ AR 2}
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Fig. 3 Production of transgenic lily plants via Agrobacterium A:
scales after transformation via Agrobacterium, B: selection and
propagation of putative transgenic lily plantlets; C: growth of
putative transgenic shoots with roots)
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Table 1 Effect of infection time on the transformation efficiency of Agrobacterium-mediated transformation in scales of Lilium

longiflorum ‘red flame’

Infection time # of PPT resistant scales

# of putative transgenic scales with shoots

(min) /100 inoculated scales* /100 inoculated scales**
5 8.1 + 0.7c 2.8 + 0.7¢
10 11.2 + 2.9c*** 10.1 + 2.9¢
20 243 + 4.2a 19.6 + 3.7a
30 23.5 + 5.3ab 19.1 + 4.7ab

*Data were collected 4 weeks after transformation.
**Data were collected 8 weeks after transformation.

***Values are means + standard devleation (n = 5). 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 2 Effect of co-cultivation period on the transformation efficiency of Agrobacterium-mediated transformation in scales of Lilium

longiflorum ’red flame’

Co-cultivation period

# of PPT resistant scales

# of putative transgenic scales with shoots

(days) /100 inoculated scales* /100 inoculated scales**
1 6.2 + 0.4%**c 3.8 £ 0.5¢
3 18.3 £ 3.9¢ 12.1 + 1.5¢
5 272 + 4.8a 227 + 3.9a
7 21.2 = 7.2b 23.3 + 3.6b

*Data were collected 4 weeks after transformation.
**Data were collected 8 weeks after transformation.

***Values are means + standard devleation (n = 5). 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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