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ABSTRACT

Rates of growth and regeneration were compared for compact callus, friable callus, and suspension cells of Lilium longiflorum ‘Nellie
White’ to determine the optimal culture conditions. The highest frequencies of embryogenic callus induction (60-90%) occurred from
compact callus cultured on either picloram (0.5, 1, or 2 mg/L) or dicamba (2 mg/L). Fresh weight (FW) was higher for compact callus
induced from bulb scales cultured on MS medium supplemented with picloram (0.5, 1, or 2 mg/L) compared to scales cultured on MS
medium supplemented with dicamba (2, 4, or 8 mg/L). Compact callus cultured on picloram (0.5, 1, or 2 mg/L) or dicamba (2, 4, or 8
mg/L) grew slowly with a 1.2X increase in FW/month compared with suspension cells grown in 0.5 mg/L picloram that increased 1.7X in
FW/month. Regeneration rates were similar (23-35 plantlets/g FW callus) for compact callus cultured on either dicamba (2 or 4 mg/L) or
picloram (0.5 or 1 mg/L), but 3% of the plantlets regenerated from dicamba were phenotypically abnormal while none were abnormal
with picloram. Suspension cells showed a lower regeneration rate than compact callus with a maximum of only 12 plantlets regenerated
from one g fresh weight suspensions cells grown in 0.5 mg/L picloram. A fast-growing, friable callus was induced and selected from
compact callus cultured on MS medium with 2 mg/L dicamba and 9% sucrose but not from 3, 6, or 12% sucrose. Friable callus grew 5X
faster than compact callus and formed numerous somatic embryo-like structures when cultured on MS medium with 1% activated
charcoal, but only a few embryo-like structures germinated to form plants with roots.

Keywords: Easter lily, regeneration, suspension cells
Abbreviations: BA, 6-benzyladenine; dicamba, 3,6-dichloro-O-anisic; 2,4-D, 2,4-dichlorophenoxyacetic acid; FW, fresh weight; NAA,
o-napthaleneacetic acid; picloram, 4-amino-3,5,6-trichloropicolinic acid; MS medium (Murashige and Skoog’s medium); TDZ,

thidiazuron

INTRODUCTION

Transformation of lilies has been reported and all reports,
except those by Mercuri et al. (2003), Krens et al. (2009),
and Azadi et al. (2010, 2011) have used the Gus reporter
gene in an effort to establish an efficient transformation sys-
tem (Watad et al. 1998; Irifune ef al. 2003; Ahn et al. 2004;
Cohen et al. 2004; Hoshi et al. 2004; Kamo and Han 2008;
Li et al. 2008; Ogaki et al. 2008; Azadi et al. 2009; Liu et
al. 2011; Nufiez de Caceres et al. 2011; Shi et al. 2012).
The difficulty with transforming lilies using callus is that
the transformation frequency is typically very low, except
when using L. longiflorum ‘Snow Queen’ and Liliumxfor-
molongi (Cohen et al. 2004; Ogaki et al. 2008; Azadi et al.
2009, 2010). Both ‘Snow Queen’ and L.Xformolongi readily
form callus that can be used to establish suspension cells
amenable to transformation.

Callus growth rate and regeneration frequency con-
tribute to the transformation frequency. Regeneration occurs
readily from lily callus, but the callus typically consists of
large, compact pieces that are slow-growing, making it dif-
ficult to accumulate enough callus for transformation ex-
periments and to quickly select for putatively transformed
callus and plants following delivery of foreign DNA.

Compact callus of various Lilium species has been in-
duced from a variety of organs including filaments of 26
cultivars (Mori et al. 2005; Krens et al. 2009), filaments
with anthers attached of L. longiflorum ‘Wase Teppo Yuri’
(Arzate-Fernandez et al. 1997), leaf explants and stem
nodes of L. longiflorum ‘Georgia’, Oriental hybrids ‘Tiber,
‘Casa Blanca’ and ‘Reizah,” and Lanzhou lily (Bacchetta et

al. 2003; Kim et al. 2005; Sangthong et al. 2005; Mi and
Liu 2008; Xu et al. 2009), bulb scales of 21 lily species
(Priyadarshi and Sen 1992; Godo et al. 2001; Kim and Ahn
2005; Krens et al. 2009; Kanchanapoom et al. 2011), seeds
of Lilium x formolongi (Mii et al. 1994), styles and flower
pedicels of L. longiflorum ‘Snow Queen’ and Oriental hyb-
rid ‘Star Gazer’ (Tribulato et al. 1997; Krens ef al. 2009),
and in vitro-grown bulb slices of L. michiganense (Ault and
Siqueira 2008). Callus induction occurred in 30 of the 33
Lilium genotypes tested (Mori et al. 2005).

Friable callus has been isolated from L. longiflorum
‘Snow Queen’ and was used to establish cell suspensions
capable of plant regeneration by somatic embryogenesis
(Tribulato et al. 1997; Cohen et al. 2004). Mii et al. (1994)
established a “nodular callus” of L. Xformolongi cv. ‘Azusa’
that formed meristematic nodules when grown as a suspen-
sion, and plants were regenerated from protoplasts made
from the suspension cells. Friable callus of L. longiflorum
grown as a static liquid culture was reported to have a sig-
nificantly higher rate of regeneration than callus (Nhut ef al.
2000).

Regeneration from lily callus occurs by both organo-
genesis and somatic embryogenesis (Pelkonen and Kauppi
1999; Tribulato et al. 1997; Nhut et al. 2002, 2006). Plants
regenerated from callus, suspensions, static liquid cultures,
and callus grown in an airlift type bioreactor are usually
phenotypically normal although abnormal flowers and
changes in ploidy have been noted (Supaibulwatana and
Mii 1998; Kim and Ahn 2005; Sangthong ef al. 2005).

In the US the predominant L. longiflorum ‘Nellie
White’, commonly known as the Easter Lily, has been
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Fig. 1 Diagram showing the experiments done using compact and friable callus and suspension cells cultured on MS medium with either 0.5, 1,

or 2 mg/L picloram (PIC) or 2, 4, or 8 mg/L dicamba (DC).

grown for >60 years (Lee Riddle, Easter Lily Foundation,
pers. comm.). There is one report that callus was induced
and plants regenerated from ‘Nellie White’ using MS
medium supplemented with 0.1 mg/L 2,4-dichlorophenoxy-
acetic acid (2,4-D) and 0.1 mg/L 6-benzyladenine (BA), but
no information was provided on friable callus or suspension
cells (Wickremesinhe et al. 1994). This study compares 1)
callus induction and growth of both callus and suspension
cells using the phytohormones 3,6-dichloro-o-anisic (pic-
loram) and 4-amino-3,5,6-trichloropicolinic acid (dicamba)
and 2) regeneration of plants from compact callus, friable
callus, and suspension cells of ‘Nellie White’ to determine
the optimal in vitro conditions for use in future genetic
engineering experiments.

MATERIALS AND METHODS
Plants in vitro

Plants of Lilium longiflorum ‘Nellie White’ were initially estab-
lished in vitro by surface sterilizing bulbs received from Dahl-
strom and Watt Bulbs (Smith River, CA). Bulb scales were surface
sterilized for 20 min in 20% (v/v) commercial bleach with 20
drops Tween-20/L followed by 3 rinses, 5 min each rinse in dis-
tilled water. Bulb scales were then cultured on MS medium (Mura-
shige and Skoog 1962) supplemented with 3% sucrose, and the
following in mg/L: 6.0 BA, 0.1 NAA, 1.0 glycine, 100.0 myo-ino-
sitol, 1.0 thiamine, 0.5 nicotinic acid, 1.0 pyridoxine and solidified
with 0.2% Phytagel (Sigma Aldrich Chemical Co., St. Louis, MO).
Plants that regenerated from the bulb scales were cultured on MS
medium lacking hormones and grown at 25°C under a 16 h photo-
period with cool white fluorescent lights (40-60 pmol m? s™).
Plants were transferred monthly to fresh medium and used as the
source of bulb scales for all experiments.

Compact callus induction, growth, and
regeneration

Compact callus was initiated from bulb scales cultured on MS
medium supplemented with either 2, 4, or 8 mg/L (9, 18, 36 uM)
dicamba or 0.5, 1, or 2 mg/L (2, 4, 8 uM) picloram (Fig. 1). Callus
cultures were maintained in the dark at 25°C and transferred
monthly to fresh medium. The amount of callus induced was
measured one year after bulb scales were placed on each hormone
concentration. There were four plates of bulb scales, 10 bulb
scales/plate, cultured for each hormone concentration, and the
experiment was repeated at two different times so there were 80
bulb scales in total for each hormone concentration.

One-year-old callus that had been separated from a bulb scale
explant was used for determining callus growth and regeneration.
The callus in each of four plates was weighed and then cultured on
MS medium with either dicamba or picloram. Initial callus fresh
weight (FW) was approximately 1 gram for both callus growth and
regeneration experiments. After one month the callus was weighed
to determine the increase in FW ratio. The increase in FW was cal-
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culated by subtracting the initial FW from the final FW and then
dividing by the initial FW; the experiment was repeated twice.

The amount of regeneration was determined by culturing four
plates of callus on MS medium lacking hormones. Callus was
transferred monthly to fresh medium and cultured in the dark until
shoots began regenerating at which time they were transferred to
the temperature and light conditions used for growing plants in
vitro. A number of plantlets, 0.5-1 cm long, were counted during a
6 month period. Each experiment was repeated twice for callus
grown one year on MS medium with either 2, 4, 8 mg/L dicamba
or 0.5, 1, or 2 mg/L picloram resulting in 8 plates in total for each
hormone concentration.

Friable callus induction, growth, and regeneration

Compact callus was induced from bulb scales cultured on MS
medium with 2 mg/L dicamba. A few lines of friable callus were
obtained after the second and third subcultures from 3 to 7-month-
old compact callus that had been chopped up into small pieces
with a scalpel and then transferred to MS medium supplemented
with 2 mg/L dicamba and 9% sucrose. Friable callus was induced
and maintained in the dark. It was transferred monthly to MS
medium with 2 mg/L dicamba and 9% sucrose. Growth of friable
callus was measured as described for compact callus. Regenera-
tion was determined by placing weighed callus (~1 g FW) in each
plate containing MS medium and either 0, 0.1, 0.2, 0.3, 0.5, or 1%
(w/v) activated charcoal. Callus was placed in the dark and later in
the light when plantlets started to form. Plantlets were transferred
to MS medium without charcoal for further development. Four
plates of callus were grown for each activated charcoal concentra-
tion and the experiment was repeated twice resulting in 8 plates in
total for each hormone concentration.

Suspension cell growth and regeneration

Suspension cells were initiated by placing 3 bulb scales covered
with compact callus in 25 ml liquid MS medium supplemented
with the same hormone concentration as used for its callus induc-
tion i.e. either picloram (0.5, 1, or 2 mg/L) or dicamba (2 or 4
mg/L). After one month, callus that had fallen off the bulb scale
was transferred to fresh medium. Suspension cells were cultured
for 6 months in MS medium with either 0.5 or 1 mg/L picloram or
2 mg/L dicamba and used for regeneration experiments. Suspen-
sion cells could not be maintained 6 months in MS medium sup-
plemented with either 2 mg/L picloram or 4 mg/L dicamba so they
were unavailable for the regeneration experiments. Cells were
grown in the dark at 25°C on a gyratory shaker at 120 rpm. Each
month the medium was completely removed and approximately
half of the cells placed in 25 ml fresh medium.

Growth was determined by weighing the suspension cells
(FW) to be subcultured into 25 ml MS medium supplemented with
either 0.5 mg/L picloram or 2 mg/L dicamba. Suspension cells
subcultured in MS with 1 mg/L picloram were not included in the
growth experiment because they died after approximately 9
months on this concentration of picloram. The final FW was mea-
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sured four weeks later. Four flasks of cells were used for each
phytohormone concentration and the experiment was repeated
twice. Regeneration was determined by weighing suspension cells
(1-2 g FW) and culturing them on solid MS medium in the dark
and later in the light when they began regenerating plantlets. The
number of 0.5-1 cm long plantlets regenerated was counted during
a six month period. Four plates were regenerated for each phyto-
hormone concentration and the experiment was repeated twice. A
total of 8 flasks of cells were used to determine the growth and
regeneration for each hormone concentration.

Statistics

Data was analyzed using SigmaStat (SPSS, Inc. Chicago, IL).
One-way Analysis of Variance was performed and means shown
by different letters are significantly different at P < 0.05 according
to the Dunn’s multiple comparison test (Figs. 1-5, 7).

RESULTS AND DISCUSSION
Compact callus induction

The amount of compact callus induced from bulb scales
cultured on MS medium with picloram was significantly
higher than on dicamba (Fig. 2). Picloram, 0.5 mg/L, was
optimal for callus induction from bulb scales although the
amount was not statistically significant compared to bulb
scales cultured on either 1 or 2 mg/L picloram. A high per-
centage of the bulb scales (80-90%) cultured on MS
medium with either 0.5, 1, or 2 mg/L picloram had embryo-
genic callus (Fig. 3). Dicamba, 4 and 8 mg/L, were less
effective for the induction of embryogenic callus, although
58% of the bulb scales induced embryogenic callus on 2
mg/L dicamba which was not statistically different than pic-
loram. Other researchers have cultured bulb scales of L.
longiflorum on MS medium supplemented with either 1
mg/L picloram, 5.4 pM (1 mg/L) a-napthaleneacetic acid
(NAA) and 1.1 pM (0.24 mg/L) thidiazuron (TDZ), 1 mg/L
NAA and 1 mg/L BA, 4.5 uM (1 mg/L) 2,4-D and 1.1 uM
(0.24 mg/L) BA to induce callus capable of regeneration
(Priyadarshi and Sen 1992; Supaibulwatana and Mii 1998;
Watad et al. 1998; Nhut et al. 2002; Mori et al. 2005). It is
not known which of these hormones resulted in the most
callus induced as the amount of callus was not determined.
Ault and Siqueira (2008) used L. michiganense and found a
high frequency of callus induction, 91-98%, from trans-
versely sectioned bulbs cultured on MS medium with either
1-8 mg/L dicamba, 1-8 mg/L picloram, or 1-8 mg/L kinetin
combined with NAA.
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Fig. 2 Compact callus induced from L. longiflorum ‘Nellie White’ bulb
scales cultured on MS medium with either picloram (0.5, 1, or 2 mg/L)
or dicamba (2, 4, or 8 mg/L), and the amount of callus (gFW) was
measured after one year. Four plates of bulb scales (10 bulb scales/plate)
were cultured on each hormone concentration and the experiment was
repeated twice. Bars indicate mean + SE.

96

100

o]
o
1

D
(=]
1

Embryogenic callus induced (% total bulb scales)

5 1 2 2
Picloram (mg/L)

4
Dicamba (mg/L)

Fig. 3 Embryogenic callus of L. longiflorum ‘Nellie White’ induced
from compact callus cultured one year on MS medium supplemented
with either picloram (0.5, 1, or 2 mg/L) or dicamba (2, 4, or 8 mg/L).
The presence of embryogenic callus was observed after six months of
culture. Four plates of bulb scales (10 bulb scales/plate) were cultured for
each hormone concentration and the experiment was repeated twice. Bars
indicate mean + SE.
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Fig. 4 Compact L. longiflorum ‘Nellie White’ callus and suspension
cells grown on MS medium with picloram (0.5, 1, or 2 mg/L) or
dicamba (2, 4, or 8 mg/L), and the amount of growth measured after
one month. Four plates of callus or four flasks of suspension cells were
cultured and measured for FW for each hormone concentration, and the
experiment was repeated twice. Bars indicate mean + SE.

Compact callus and suspension cell growth

Suspension cells of ‘Nellie White’ were established because
generally suspension cells grow faster than callus. Optimal
growth of ‘Nellie White’ occurred with suspension cells
cultured in MS medium supplemented with 0.5 mg/L pic-
loram and this was significantly higher than growth on 2
mg/L dicamba (Fig. 4). Suspension cells grown in either 1
or 2 mg/L picloram or 4 or 8 mg/L dicamba could not be
maintained for over 6 months. Suspension cells increased
1.7-fold in FW as compared to compact callus that in-
creased 1.2-fold in FW. Growth was similar for compact
callus grown on either 0.5, 1, or 2 mg/L picloram and either
2, 4, or 8 mg/L dicamba indicating its growth was not
dependent on the auxin concentrations tested. Both ‘Nellie
White’ suspension cells and callus do not grow nearly as
fast as L. longiflorum ‘Snow Queen’ and L. Xformolongi.
Tribulato et al. (1997) and Cohen et al. (2004) reported the
establishment of a fast-growing suspension from L. longi-
florum ‘Snow Queen’ that was subcultured every 2 weeks
whereas in our study four weeks were needed. A suspension
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Fig. 5 L. longiflorum plantlets regenerated from compact callus and
suspension cells cultured one year on either picloram (0.5, 1, or 2
mg/L) or dicamba (2, 4, or 8 mg/L). Four plates of callus or suspension
cells placed on regeneration medium in plates were cultured for cells that
had been grown on each hormone concentration. Bars indicate mean + SE.

of L.xformolongi multiplied rapidly and 1 g FW cells was
used to inoculate 40 ml liquid medium every 3 weeks (Mii
et al. 1994) whereas in our study 2-3 g FW cells were sub-
cultured into 30 ml of liquid medium every four weeks.

Callus and suspension regeneration

A high regeneration frequency is critical for obtaining trans-
formed plants. Optimal regeneration (35 plantlets/g FW
callus) occurred from compact callus cultured 1 year on MS
medium with 4 mg/L dicamba (Fig. 5) although 3% of the
plantlets were phenotypically abnormal. In comparison,
plantlets regenerated from callus cultured 1 year on MS
medium with either 0.5, 1, or 2 mg/L picloram were all
phenotypically normal. The number of plantlets regenerated
(15-24 plantlets/g FW callus) was higher for callus that had
been induced and grown on either 0.5, 1, or 2 mg/L pic-
loram than suspension cells cultured in either 0.5 or 1 mg/L
picloram although the difference between these numbers
was not statistically significant (Fig. 5). There were no
plants regenerated from suspension cells grown in 2 mg/L
dicamba and callus grown on 8 mg/L dicamba.

Friable callus induction, growth, and regeneration

Friable callus was induced and selected because it fre-
quently grows faster than compact callus (Kamo and Hod-
ges 1986). The concentration of sucrose affected induction
of friable callus. A few lines of friable callus were obtained
by finely chopping up 3-7-month-old compact callus with a
scalpel and then transferring the callus to MS medium sup-
plemented with 2 mg/L dicamba and 9% sucrose. Friable
callus was not induced from compact callus cultured on
either 3, 6, or 12% sucrose. Seven lines of friable callus
were induced following the second or third subculture onto
9% sucrose. No new lines of friable callus were found one
year after the third subculture. Friable callus of ‘Nellie
White’ was a lighter yellow color than compact callus (Fig.
6A). Tribulato et al. (1997) induced friable callus from
styles and pedicels of the Easter lily ‘Snow Queen’ when
the explants were cultured on MS medium with either 2 uM
(0.44 mg/L) dicamba or picloram. Very little callus of
‘Nellie White’ was induced from bulb scales cultured on
only 2 uM dicamba, indicating the sensitivity of ‘Snow
Queen’ to auxin.

Established friable callus of ‘Nellie White’ grew
quickly and increased at least 5-fold in FW after one month,
and its growth rate was unaffected by the sucrose (3, 6, 9, or
12%) or dicamba (0.5, 1 or 2 mg/L) concentration in the
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Fig. 6 (A) Friable callus of L. longiflorum ‘Nellie White’ cultured on MS
medium with 2 mg/L dicamba and 9% sucrose. (B) Embryo-like structures
formed from friable callus cultured on MS medium with 1% activated
charcoal and lacking hormones. Magnification bar equals 1 cm.
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Fig. 7 Regeneration of L. longiflorum ‘Nellie White’ plantlets from
friable callus was stimulated following 7 weeks on MS medium with
either 0.1, 0.2, 0.3, 0.5, or 1% activated charcoal. Four plates of callus
were cultured for each concentration of activated charcoal and the experi-
ment was repeated twice. Bars indicate mean + SE.

MS medium (data not shown). Several unsuccessful attempts
were made to establish suspension cells from the friable
callus. Tribulato et al. (1997) established fast-growing sus-
pension cultures from friable callus of ‘Snow Queen’.

Somatic embryo-like structures developed from friable
callus cultured on hormone-free MS medium (Fig. 6B). The
addition of activated charcoal (0.2-1.0 mg/L) stimulated the
development of somatic embryo-like structures from friable
callus (Fig. 7), but few of these embryo-like structures
developed further to form intact plants. Nhut et al. (2001)
showed that activated charcoal stimulated the regeneration
of lily shoots directly from thin layer stem explants. The
few plants regenerated from friable callus that developed to
form roots were phenotypically normal when grown in the
greenhouse. Tribulato ef al. (1997) were able to regenerate
intact plants from friable callus only when the callus had
been cultured on filter paper for regeneration. Nhut et al.
(2006) established static liquid cultures of L. longiflorum
from friable callus, then transferred embryogenic callus that
formed to solidified MS medium containing 1 mg/L NAA
and 0.2 mg/L TDZ for successful regeneration of numerous
plants.

CONCLUSION

Picloram (0.5 mg/L) was optimal for compact and embryo-
genic callus induction from bulb scales of ‘Nellie White’.
Suspension cells grown on 0.5 mg/L picloram increased
1.7-fold in FW/month which was significantly faster than
callus growth. Regeneration rates were higher for callus that
had been cultured on dicamba than picloram, but 3% of the
plantlets were phenotypically abnormal using dicamba, and
no abnormalities were observed using picloram. A fast-
growing friable callus capable of increasing 5-fold in
FW/month was established, but the regeneration rate of
intact plantlets with roots was very low for this type of
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callus. It was concluded that callus and suspension cells of
‘Nellie White’ grown using MS medium with 0.5 mg/L
picloram should be best for transformation experiments
based upon their induction, growth, and regeneration rates.
Results show that each lily cultivar differs in the hormone
and its concentration required for optimal callus induction
and growth of both callus and suspension cells.

ACKNOWLEDGEMENTS

Mention of a trademark, proprietary product or vendor does not
imply its approval to the exclusion of other products or vendors
that may also be suitable. This project was funded in part by the
Rural Development Administration of Korea and the Gloeckner
Foundation.

REFERENCES

Ahn BJ, Young YH, Kamo KK (2004) Transgenic plants of Easter lily (Lilium
longiflorum) with phosphinothricin resistance. Journal of Plant Biotechnol-
0gy 6,9-13

Arzate-Fernandez AM, Nakazaki T, Okumoto Y, Tanisaka R (1997) Effici-
ent callus induction and plant regeneration from filaments with anther in lily
(Lilium longiflorum Thunb.). Plant Cell Reports 16, 836-840

Ault J, Siqueira SS (2008) Morphogenetic response of Lilium michiganense to
four auxin-type plant growth regulators in vitro. HortScience 43, 1922-1924

Azadi P, Chin DP, Kuroda K, Khan RS, Mii M (2009) Macro elements in
inoculation and co-cultivation medium strongly affect the efficiency of Agro-
bacterium-mediated transformation in Lilium. Plant Cell, Tissue and Organ
Culture 101, 201-209

Azadi P, Otang NV, Chin DP, Nakamura I, Fujisawa M, Harada H, Misawa
N, Mii M (2010) Metabolic engineering of Lilium x formolongi using multi-
ple genes of the carotenoid biosynthesis pathway. Plant Biotechnology
Reports 4, 269-280

Azadi P, Otang NV, Supaporn H, Khan RS, Chin DP, Nakamura I, Mii M
(2011) Increased resistance to Cucumber mosaic virus (CMV) in Lilium
transformed with a defective CMV replicase gene. Biotechnology Letters 33,
1249-1255

Bacchetta L, Remotti PC, Bernardini C, Sacardo F (2003) Adventitious
shoot regeneration from leaf explants and stem nodes of Lilium. Plant Cell,
Tissue and Organ Culture 74, 37-44

Cohen A, Lipsky A, Arazi R, Ion A, Stav R, Sandler-Ziv D, Pintea C, Barg
R, Salts Y, Shabtai S, Gaba V, Gera A (2004) Efficient genetic transforma-
tion of Lilium longiflorum and Ornithogalum dubium by particle acceleration
followed by prolonged selection in liquid medium. Acta Horticulturae 651,
131-138

Godo T, Mii M, Sorvari S, Karhu S, Kanervo E, Pihakaski S (2001) In vitro
germplasm preservation of lily species utilizing callus cultures at low tem-
perature. Acta Horticulturae 560, 153-155

Hoshi Y, Kondo M, Mori S, Adachi Y, Nakano M, Kobayashi H (2004) Pro-
duction of transgenic lily plants by Agrobacterium-mediated transformation.
Plant Cell Reports 22, 359-364

Irifune K, Morimoto Y, Uchihama M (2003) Production of herbicide resistant
transgenic lily plants by particle bombardment. Journal of the Japanese Soci-
ety of Horticultural Science 72, 511-516

Kanchanapoom K, Ponpiboon T, Wirakiat W, Kanchanapoom K (2011)
Regeneration of lily (Lilium longiflorum ‘Easter lily’) by callus derived from
leaf explants cultured in vitro. Scienceasia 37, 373-376

Kamo KK, Han BH (2008) Biolistic-mediated transformation of Lilium longi-
florum cv. Nellie White. HortScience 43, 1864-1869

Kamo KK, Hodges TK (1986) Establishment and characterization of long-term
embryogenic maize callus and cell suspension cultures. Plant Science 45,
111-117

Kim SK, Ahn BY (2005) Utilization of embryogenic cell cultures for the mass
production of bulblets in lilies. Acta Horticulturae 673, 731-736

Kim M, Jeon J, Youm J, Kim J, Lee B, Kang W, Kim H, Joung H (2005)

98

Efficient plantlet regeneration via callus formation from leaf segments of
Lilium Oriental hybrid ‘Casa Blanca’. Journal of Plant Biotechnology 7, 129-
134

Krens FA, Menzel TR, Liu C, Dees DCT, van Kronenburg BCE (2009)
Oriental lily hybrids engineered to resist aphid attack. Acta Horticulturae 836,
253-257

Li Q-H, Bo H, Tong Z, Ma C, Guan A-N, Yu J-J, Gao J-P (2008) Establish-
ment of a regeneration system and transformation of Zm401 gene in Lilium
longiflorum x L. formosanum. China Agricultural University 5, 113-119

Liu J, Zhang J, Xu B, Jia C, Zhang J, Tan G, Jin Z (2011) Regeneration and
production of transgenic Lilium longiflorum via Agrobacterium tumefaciens.
In Vitro Cellular and Developmental Biology — Plant 47, 348-356

Mercuri A, de Benedetti L, Bruna S, Bregliana R, Bianchini C, Foglia G,
Schiva T (2003) Agrobacterium-mediated transformation with rol genes of
Lilium longiflorum Thunb. Acta Horticulturae 612, 129-136

Mi Z, Liu Q (2008) Plant regeneration from different explants of Lilium ‘Tiber’
and ‘Reizah 1°. Acta Horticulturae 766, 143-147

Mii M, Yuzawa Y, Suetomi H, Motegi T, Godo T (1994) Fertile plant regene-
ration from protoplasts of a seed-propagated cultivar of Liliumxformolongi
by utilizing meristematic nodular cell clumps. Plant Science 100, 221-226

Mori S, Adachi Y, Horimoto S, Suzuki S, Nakano M (2005) Callus formation
and plant regeneration in various Lilium species and cultivars. In Vitro Cel-
lular and Developmental Biology — Plant 41, 783-788

Murashige T, Skoog F (1962) A revised medium for rapid assays with tobacco
tissue cultures. Physiologia Plantarum 15, 473-497

Nhut DT, Hanh NTM, Tuan PQ, Nguyet LTM, Tram NTH, Chinh NC,
Nguyen NH, Vinh DN (2006) Liquid culture as a positive condition to in-
duce and enhance quality and quantity of somatic embryogenesis of Lilium
longiflorum. Scientia Horticulturae 111, 93-97

Nhut DT, Le BV, Fukai S, Tanaka M, Van KTT (2001) Effects of activated
charcoal, explants size, explant position and sucrose concentration on plant
and shoot regeneration of Lilium longiflorum via young stem culture. Plant
Growth Regulation 33, 59-65

Nhut DT, Le BV, Minh NT, Teixeira de Silva J, Fukai S, Tanaka M, Van
KTT (2002) Somatic embryogenesis through pseudo-bulblet transverse thin
cell layer of Lilium longiflorum. Plant Growth Regulation 37, 193-198

Nuiiez de Caceres EF, Davey MR, Wilson ZA (2011) A rapid and efficient
Agrobacterium-mediated transformation protocol for Lilium. Acta Horticultu-
rae 900, 161-167

Ogaki M, Furuichi Y, Kuroda K, Chin DP, Ogawa Y, Mii M (2008) Impor-
tance of co-cultivation medium pH for successful Agrobacterium-mediated
transformation of Liliumxformolongi. Plant Cell Reports 27, 699-705

Pelkonen VP, Kauppi A (1999) The effect of light and auxins on the regenera-
tion of lily (Lilium regale Wil.) cells by somatic embryogenesis and organo-
genesis. International Journal of Plant Sciences 160, 483-490

Priyadarshi S, Sen S (1992) A revised scheme for mass propagation of Easter
lily. Plant Cell, Tissue and Organ Culture 30, 193-197

Sangthong R, Mii M, Soonthornchainaksaeng P, Supaibulwatana K (2005)
Characteristics of the tetraploid plant derived as a somaclonal variation in
Lilium longiflorum. Acta Horticulturae 673, 167-174

Shi S, Ma F, Li Y, Feng F, Shang Z (2012) Overexpression of L-galactono-1,4-
lactone dehydrogenase (GLDH) in Lanzhou lily (Lilium davidii var. unicolor)
via particle bombardment-mediated transformation. In Vitro Cellular and
Developmental Biology —Plant 48, 1-6

Supaibulwatana K, Mii M (1998) Induction of meristematic nodular calli from
various explants of Lilium spp. and long term stability in plant regeneration
ability and ploidy level of the calli. Plant Biotechnology 15, 95-102

Tribulato A, Remotti PC, Loffler HJM, van Tuyl J (1997) Somatic embryo-
genesis and plant regeneration in Lilium longiflorum Thunb. Plant Cell
Reports 17, 113-118

Watad AA, Yun DJ, Matsumoto X, Niu X, Wu Y, Kononowicz AK, Bressan
RA, Hasegawa PM (1998) Microprojectile bombardment-mediated transfor-
mation of Lilium longiflorum. Plant Cell Reports 17, 262-267

Wickremesinhe ERM, Holcomb EJ, Arteca RN (1994) A practical method for
the production of flowering Easter lilies from callus cultures. Scientia Horti-
culturae 60, 143-152

Xu LF, Ma FW, Liang D (2009) Establishment of gene transformation accep-
tor system of embryogenic callus in lily. Scientia Horticulturae 119, 458-461



