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Abstract To pursue genetic improvement of lily, effi-

ciency of both regeneration and transformation from callus

cultures induced from different explants were evaluated in

multiple cultivars. Thirty-five callus lines induced from

filaments or styles and one control callus line derived from

bulb scales of in total twenty lily cultivars representing

Lilium longiflorum, Oriental 9 Trumpet and Longiflo-

rum 9 Asiatic hybrids were maintained on a medium with

8.3 lM picloram (PIC). In this study, they were tested for

their regeneration potential by transferring them onto a

regeneration medium supplemented with 0.4 lM PIC and

0.044 lM 6-benzyladenine. Regeneration was obtained in

all cultivars examined and the percentage varied from zero

to 89 % in the 36 callus lines. Regeneration frequency was

significantly influenced by the genotype (cultivar). Sub-

culturing the calli every 4 weeks by refreshing the regen-

eration medium contributed positively to bulblet formation,

when compared to an eight week subculture frequency. It

was found that the regeneration ability generally decreased

with an increasing age of the callus cultures for all culti-

vars. The origin of the callus (style or filament) did not

lead to significant differences in regeneration frequency,

but there was an interaction between callus origin and

genotype. Calli of eight randomly chosen cultivars were

co-cultivated with Agrobacterium tumefaciens strain AGL0

carrying binary vectors with the gus gene as reporter and

putative transgenic plants were produced. GUS histo-

chemical assays demonstrated transient and stable expres-

sion of the gus gene in both calli and regenerated lily

plants. Transient expression frequencies ranged from 0.3 to

20.6 % while stable transformation was much lower, only

1.4 % as the maximum.

Keywords Lily cultivars � Oriental hybrids � Callus �
Regeneration � Transformation � GUS assay

Abbreviations

MS Murashige and Skoog

6-BA 6-benzylaminopurine

PIC Picloram, 4-amino-3,5,6-trichloropicolinic acid

CIM Callus induction medium

RM Regeneration medium

GUS b-glucuronidase

MES 2-(N-morpholino)ethanesulfonic acid

Introduction

Lilies, Lilium spp., are of importance in floriculture due to

their ornamental value as cut flowers, pot plants as well as

garden plants (Robinson and Firoozabady 1993). New lily

cultivars with improved qualities such as resistance to

insects and diseases, novel flower color as well as lon-

gevity, are desirable for both producers and consumers

(Chandler and Brugliera 2011; Cohen 2011). Genetic

modification has been proven to be an alternative to con-

ventional breeding for the introduction of such traits of

interest into ornamental crops (Chandler and Brugliera

2011) and is also expected to benefit lily breeding.
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Lilies are among monocotyledonous plants that were

thought to be recalcitrant to genetic transformation by

Agrobacterium tumefaciens. Ever since Langeveld et al.

(1995) reported the expression of the gus gene in inocu-

lated stems, numerous efforts have been made to develop

an efficient Agrobacterium-mediated transformation pro-

tocol. In recent years, successful lily transformation pro-

tocols have been reported (Azadi et al. 2010; Azadi et al.

2011; Hoshi et al. 2004; Hoshi et al. 2005; Liu et al. 2011;

Núñez de Caceres et al. 2011; Ogaki et al. 2008), although

the transformation efficiencies differed and mostly were

low. To date, most studies were limited to only very few

cultivars from Lilium longiflorum (Hoshi et al. 2005; Liu

et al. 2011; Ogaki et al. 2008), L. x formolongi (Azadi et al.

2010) and Oriental hybrids (Azadi et al. 2010; Hoshi et al.

2004; Hoshi et al. 2005; Núñez de Caceres et al. 2011). The

potential of a larger number of elite cultivars from prom-

inent sections in the market such as Oriental and OT

hybrids has not been fully investigated.

For successful production of genetically modified lily

plants, one prerequisite is the establishment of a transfor-

mation protocol based on regeneration and transformation

competence of cells. The efficiency of such a protocol

depends on the genotype, explant origin, age and culture

condition (Fay 1994). The aim of present research was to

examine the regeneration capacity of long-term in vitro

propagated callus cultures in 20 cultivars, representing

L. longiflorum, Oriental, OT and LA hybrids. For this, the

effect of the age of the callus cultures and the callus sub-

culture frequency were studied for the calli of two origins

(filament or style). In addition, the Agrobacterium-mediated

transformation efficiency was determined in eight cultivars.

Materials and methods

Plant materials

Twenty lily cultivars, including thirteen cultivars from

Oriental hybrids, three from L. longiflorum, three from OT

hybrids and one LA hybrid, were used as shown in Tables 1

and 2. Callus induction from these cultivars was done in 2008

essentially as described by Hoshi et al. (2004) with minor

modifications. In addition to filaments, styles were used as an

explant to induce callus in 2008 and the callus cultures

originating from these two tissue types were maintained

separately and tested individually. All calli of both origins

were maintained by subculturing to fresh callus induction

medium (CIM) every 4 weeks. For L. longiflorum cv. ‘Snow

Queen’, bulb scales were used to induce callus on CIM. CIM

consisted of MS salts and vitamins (Murashige and Skoog

1962) supplemented with 30 g/L sucrose, 3 g/L Gelrite and

8.3 lM picloram (PIC), pH 5.8 (Hoshi et al. 2004).

Regeneration ability experiments

For regeneration experiments, calli were collected at the

end of a 4-week subculture period, cut into small pieces

(about 3 mm) and placed on regeneration medium (RM) to

test the regeneration ability. RM consisted of MS medium

supplemented with 30 g/L sucrose, 3 g/L Gelrite, 0.4 lM

PIC plus 0.044 lM 6-benzyladenine (6-BA), pH 5.8 (Hoshi

et al. 2004). For each callus origin of each cultivar in all

experiments, 100 calli, i.e. four replications with 25 pieces

of callus per replication on one dish were used.

Regeneration ability was examined in both 2009 and 2010,

i.e. 12 and 18 months after callus initiation respectively,

representing a 6 months difference in age. In 2009, calli were

incubated on RM with an 8 weeks subculture frequency. This

was repeated in 2010, so with the same subculture frequency

as in 2009. In the same experiments in 2010, calli were also

subcultured on RM with a four week interval in order to

monitor the effect of increasing the subculture frequency. All

cultures were kept in the dark at 25 �C. The number of

regenerative calli producing bulblets was recorded after

8 weeks of culture on RM to calculate regeneration frequency.

Agrobacterium-mediated transformation

Callus of eight cultivars was transformed with Agrobacte-

rium tumefaciens strain AGL0 (Lazo et al. 1991) carrying

binary vectors pCAMBIA1301 ? GUS (CAMBIA, Aus-

tralia) or pMF2 ? GUS (Schaart et al. 2010). The first vector

can be considered as a model vector for protocol testing with

a hygromycin resistance gene, hpt, as selectable marker and

the gus gene as reporter for gene transfer both under control

of the CaMV35S promoter. The second vector was derived

from pMF1, with a hpt gene under control of the CaMV35S

promoter inserted in the unique SpeI site of pMF1. This

vector allows the generation of marker-free genetically

modified plants. In this particular study, the gene-of-interest

is the reporter gene, gus, under control of the chrysanthemum

small subunit rubisco promoter (Outchkourov et al. 2003).

The transformation method was based on the protocol

described by Hoshi et al. (2004) with modifications in callus

wounding and co-cultivation medium. Calli were wounded

by cutting them into small pieces with a scalpel. The solid-

ified co-cultivation medium was replaced with 3 layers of

sterile filter paper wetted with 5 ml of liquid co-cultivation

medium. Calli inoculated with an Agrobacterium suspension

at an OD of 0.5–0.7 were placed with adhering agrobacteria

on these wet papers for co-cultivation for 7 days, followed

by transfer to selection medium. Selection medium consisted

of regeneration medium supplemented with 250 mg/L cef-

otaxime and 150 mg/L timentin to eliminate the overgrowth

of agrobacteria and with 15 mg/L hygromycin to select for

transgenic regenerants.
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GUS histochemical assay

Calli after 7 days on co-cultivation medium and plants

regenerated on selection medium and collected for testing

after approximately 12 months were stained histochemi-

cally for GUS activity according to Jefferson (1987) as an

indicator for transient (after 7 days) and stable (after

12 months of selection) gene transfer efficiency, respec-

tively. The number of calli with blue spots (after 7 days)

and plantlets showing a totally blue-stained (GUS ?)

phenotype (after 12 months) were recorded.

Statistical analysis

Statistical analyses for regeneration and transformation

with AGL0(pMF2 ? GUS) were analyzed using General-

ized Linear Models with PASW Statistics 18. The numbers

of regenerative calli and GUS ? calli were the response

variable respectively when binomial distribution and logit

Table 1 Bulblet regeneration frequencies in 2009 and 2010 representing a callus age of 12 and 18 months respectively

Section and hybrids Cultivar Regeneration frequency (%) in 2009 Regeneration frequency (%) in 2010

Filament Style Filament Style

L. longiflorum White Fox 4 (4.62) 0 2 (2.31) 1 (2.00)

White Heaven 20 (5.66) – 8 (4.00) –

Oriental hybrids Barbados 61 (10.52) 62 (13.27) 25 (8.25) 26 (2.31)

Burlesca 67 (14.38) 80 (13.86) 29 (2.00) 48 (11.78)

Cherbourg 64 (8.64) 19 (8.87) 36 (11.31) 15 (2.00)

Gracia 89 (12.38) 87 (16.12) 37 (10.00) 53 (6.83)

Lake Carey 50 (16.81) 39 (15.10) 31(7.57) 30 (12.44)

Lexus 70 (15.49) 72 (14.24) 76 (8.64) 57 (3.83)

Montezuma 15 (8.87) 31 (8.87) 32 (8.64) 20 (3.27)

Paradero 29 (13.22) 34 (13.27) 15 (6.83) 27 (6.83)

Santander 60 (6.53) 75 (13.22) 8 (3.27) 30 (2.31)

Sheila – 63 (14.00) – 24 (5.66)

Sorbonne 19 (6.00) 41 (13.61) 5 (2.00) 12 (5.66)

White Express 70 (12.00) 16 (6.53) 32 (4.62) 7 (3.83)

Top White 54 (16.81) 50 (24.77) 42 (10.58) 45 (5.03)

OT hybrids Yelloween 57 (13.22) 40 (13.86) 20 (5.66) 20 (11.31)

Lesotho 44 (11.31) 39 (15.10) 17 (5.03) 13 (6.00)

Robina 27 (6.83) 27 (19.70) 4 (0.0) 10 (2.31)

LA hybrids Brindisi – 76 (5.66) 21 (5.03) –

Source Likelihood ratio Chi-square df Sig. F

Statistical analysis

Cultivars* 61.1189 19 \0.001 50.585

Callus origin 1.289 1 0.256 1.289

Age* 250.468 1 \0.001 250.468

Cultivars 9 Callus origin* 119.976 15 \0.001 7.998

Subculture was every 8 weeks

The standard errors of means based on the percentages of four replicates are given in parentheses

– Not determined

* Significant difference at an alpha level of 0.05

For each callus line of each cultivar, 100 calli were used in regeneration experiments

Table 2 Regeneration frequencies from bulb scale-derived callus of

‘Snow Queen’

L.
longiflorum

2009 (%) 2010

without

refreshment

(%)

2010 with

refreshment

(%)

Snow Queen 43

(12.81)

9 (5.03) 11 (6.83)

The standard errors of means based on the percentages of four rep-

licates are given between parentheses
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link were used. The significances of factors and interac-

tions were tested at an alpha level of 0.05 by Likelihood

ratio Chi-square tests. The effects of cultivar, callus origin

and age and the interaction between cultivar and callus

origin were based on data in 2009 and 2010 without

medium refreshment. The effect of refreshment was based

on data in 2010. The effects of cultivar and callus origin

were also detected in 2010 with refreshment. ‘Snow

Queen’ was separately analyzed due to its deviating callus

origin.

Results

Regeneration

Cultivar effect

Thirty-six callus lines from 20 cultivars maintained by

subculture were evaluated for the regeneration potential to

form bulblets (Tables 1, 2). About 2 weeks after culture on

RM, regeneration was observed via direct bulblet forma-

tion from the surface of the calli. Bulblet formation could

be obtained in all 19 cultivars examined and the regener-

ative capacity varied considerably as shown in Table 1. For

the cultivar ‘Snow Queen’, the callus was generated on

bulb scales instead of on filaments or styles, hence the

regeneration data of ‘Snow Queen’ are presented sepa-

rately in Table 2. The highest percentage of up to 89 %

occurred in ‘Gracia’ filament originated callus after

8 weeks of culture on RM, followed by ‘Brindisi’, ‘Burl-

esca’ and ‘Lexus’ in 2009. Statistical analysis demon-

strated that differences between cultivars were significant

in both 2009 and 2010 (Table 1).

Callus age effect

Effect of callus age on the bulblet regeneration from fila-

ment-derived and style-derived calli is also shown in

Table 1. It was observed that callus age negatively influ-

enced the regeneration potential. In all callus lines except

‘Lexus’ and ‘Montezuma’ filament originated callus after

8 weeks of culture on RM in 2010, when compared to the

data of 2009. We found this difference in regeneration

related to the age of calli to be statistically significant

(Table 1).

Effect of subculture frequency

It was found that subculturing the callus lines to fresh RM

every after 4 weeks played a significant role in callus

regeneration (Table 3) when compared to subculturing

every 8 weeks. In most cases, the increase in frequency

was beneficial to regeneration as there was an increase in

the number of regenerative calli (Fig. 1). The greatest

increase was obtained in ‘Lesotho’ styles, from 13 to 54 %.

However, in a few cases such as ‘Yelloween’ styles, no

increase in produced bulblets was observed despite the

transfer to fresh RM after 4 weeks.

Callus origin effect

In Table 1, two callus origins, either from filaments or

from styles presented similar regeneration efficiencies in

most cultivars. For instance, filament and styles derived

calli of cultivar ‘Gracia’ had high regeneration efficiency,

up to 87 and 89 %, respectively while cultivar ‘Robina’

displayed very low (27 %) regeneration efficiency in both

calli. In a few cases, e.g. cultivars ‘Cherbourg’ and

‘White Express’, filament-derived callus showed higher

regeneration abilities than callus from styles. There was

no statistically significant difference between callus ori-

gins when calli were cultured on RM for 8 weeks without

medium refreshment (Table 1). However, with medium

refreshment in 2010, the origin of the callus did show a

significant effect on regeneration (Table 3). In six culti-

vars, filaments showed significantly higher regeneration

than styles.

Besides the single effect of factors, we also detected the

interaction between callus origin and genotype, which was

found to be statistically significant (Table 1). Therefore,

we compared the effect of the callus origin on the regen-

eration within each cultivar in 2009. It was found that in

ten cultivars no significant difference was observed while

three cultivars were higher for styles and the other three

were higher for filaments. Therefore, the regeneration

potential really depended on both the genotype and callus

origin.

GUS histochemical assay

The results of histochemical staining demonstrated that the

gus gene was functional in the lily cultivars that were

examined. Blue spots were observed in all fifteen callus

lines seven days after co-cultivation with AGL0(pCAM-

BIA1301 ? GUS) (Table 4), indicating successful gene

delivery and transient expression. The percentage of

GUS ? calli ranged from 0.5 to 11.5 %, and the number of

spots (data not shown) varied with the cultivars as well as

with callus origins. ‘Lake Carey’ styles performed best,

followed by ‘Sheila’ filaments. However, no transgenic

plants were obtained in this experiment.

When transformation was done using strain AGL0

(pMF2 ? GUS), it was found that twelve out of fifteen

callus lines from seven out of eight cultivars showed blue

spots (Table 5). Transient expression of the gus gene was
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observed in both filament-derived and style-derived calli of

five cultivars, ranging from 0.3 to 20.64 %. Callus from

‘Snow Queen’ bulb scales, ‘Yelloween’ filaments and

‘Santander’ styles failed to transiently express the gus

gene. ‘Barbados’ filaments showed the highest number of

GUS ? calli, followed by ‘Lake Carey’. Statistical analy-

sis showed that there was a significant difference of

GUS ? calli between cultivars and callus origins. Seven-

teen transgenic plants, i.e. stained blue all-over after

12 months on selection indicating stable transformation,

were obtained from eight callus lines of six cultivars

(Fig. 2). No transgenic plants were obtained from ‘Barba-

dos’ filaments despite the highest transient expression with

the highest GUS ? percentage in calli after co-cultivation.

One transgenic plant was obtained from ‘Yelloween’ fila-

ments despite that earlier no callus showed blue spots after

co-cultivation, transiently. Although transgenic plants

could be obtained from eight callus lines, the transforma-

tion efficiency was low in most lines.

Discussion

Lilies have been proven to be amenable to regeneration in

vitro while they are recalcitrant to transformation by

Agrobacterium tumefaciens. To date, only a limited num-

ber of cultivars have been successfully used in transfor-

mation with the most common ones from L. longiflorum,

L. x formolongi and a few Oriental hybrids (Azadi et al.

2010; Hoshi et al. 2004; Hoshi et al. 2005; Liu et al. 2011).

The present study simultaneously demonstrated the

regeneration capacity of flower-organ induced callus in 20

cultivars representing four hybrid origins and the efficien-

cies of Agrobacterium-mediated transformation in eight

cultivars, randomly selected from them.

The regeneration potential of cultures has been found to

be affected by multiple factors and ‘cultivar’ is considered

to be an important factor, if not the major one (Redway

et al. 1990; this study). In the 20 cultivars examined in the

present study, marked differences were observed in

Table 3 Bulblet regeneration frequencies in 2010 with subculture every 4 weeks

Section and hybrids Cultivar Filament (%) Style (%)

L. longiflorum White Fox 7 (6.83) 2 (4.00)

White Heaven 12 (8.64) –

Oriental hybrids Barbados 51 (8.87) 34 (9.52)

Burlesca 66 (10.58) 62 (8.33)

Cherbourg 58 (17.44) 45 (10.52)

Gracia 41 (8.87) 56 (7.30)

Lake Carey 58 (12.44) 59 (6.83)

Lexus 83 (5.03) 65 (15.10)

Montezuma 50 (6.93) 20 (7.30)

Paradero 31 (14.38) 26 (8.33)

Santander 25 (6.83) 38 (10.58)

Sheila – 50 (10.58)

Sorbonne 32 (5.66) 38 (17.74)

White Express 60 (7.30) 7 (3.27)

Top White 48 (10.33) 66 (12.44)

OT hybrids Yelloween 39 (15.10) 20 (5.66)

Lesotho 39 (10.00) 54 (19.18)

Robina 8 (3.27) 13 (5.03)

LA hybrids Brindisi 31 (5.03) –

Source Likelihood ratio Chi-square F df Sig.

Statistical analysis

Cultivars* 1721.371 90.598 19 \0.001

Callus origin* 5.945 5.945 1 0.015

Refreshment* 188.207 188.207 1 \0.001

Cultivars 9 Callus origin* 196.484 13.099 15 \0.001

The standard errors of means based on the percentages of four replicates are given between parentheses

– Not detected

* Significant difference at an alpha level of 0.05

Plant Cell Tiss Organ Cult (2012) 111:113–122 117

123



A

0

10
20
30

40
50
60

70
80
90

100

W
hit

e 
Fo

x

W
hit

e 
Hea

ve
n

Bar
ba

do
s

Bur
les

ca

Che
rb

ou
rg

Gra
cia

La
ke

 C
ar

ey

Le
xu

s

M
on

te
zu

m
a

Par
ad

e 
ro

San
ta

nd
er

Sor
bo

nn
e

W
hit

e 
Exp

re
ss

To
p W

hit
e

Ye
llo

wee
n

Le
so

th
o

Rob
ina

Brin
dis

i

R
eg

en
er

at
io

n 
pe

rc
en

ta
ge

 (
%

) 2010 without refreshment 2010 with refreshment

B

0

10

20

30

40

50

60

70

80

90

100

W
hit

e 
Fo

x

Bar
ba

do
s

Bur
les

ca

Che
rb

ou
rg

Gra
cia

La
ke

 C
ar

ey

Le
xu

s

M
on

te
zu

m
a

Par
ad

e 
ro

San
ta

nd
er

She
ila

Sor
bo

nn
e

W
hit

e 
Exp

re
ss

To
p W

hit
e 

Ye
llo

wee
n

Le
so

th
o

Rob
ina

R
eg

en
er

at
io

n 
pe

rc
en

ta
ge

 (
%

)

2010 without refreshment 2010 with refreshment

Fig. 1 The effect of subculture frequency on regeneration scored

after 8 weeks. The experiments were performed in 2010. Without

refreshment means subculture every 8 weeks and with refreshment

means subculture every 4 weeks. a Regeneration from filament-

derived calli obtained from eighteen cultivars. b Regeneration from

style-derived calli obtained from seventeen cultivars

Table 4 GUS staining after the

co-cultivation period of seven

days (strain AGL0

(pCAMBIA1301 ? GUS))

Cultivar Callus origin No. of stained

calli

No. of

GUS ? calli

No. of

GUS ? spots

% of

GUS ? calli

Barbados Filament 200 7 31 3.5

Style 200 1 1 0.5

Gracia Filament 100 3 7 3.0

Style 100 7 24 7.0

Lake Carey Filament 200 10 23 5.0

Style 200 23 79 11.5

Santander Filament 200 4 11 2.0

Style 150 7 20 4.7

Sheila Filament 100 10 17 10.0

Style 100 6 8 6.0

Snow Queen Bulb scale 200 4 13 2.0

Sorbonne Filament 200 2 5 1.0

Style 200 2 2 1.0

Yelloween Filament 200 11 44 5.5

Style 150 2 10 1.3
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regeneration efficiency from in vitro propagated calli.

Similar results about regeneration differences of callus

cultures among genotypes in lilies were reported by Mori

et al. (2005).

To date, different explants have been used for callus

induction in lilies, mainly including bulb scales, filaments,

leaves and seeds (Mori et al. 2005). The use of style-

derived callus has been reported only by Tribulato et al.

Table 5 Efficiency of AGL0(pMF2 ? GUS)-mediated transformation in eight lily cultivars

Cultivar Callus

origin

No. of calli

tested

No. of

GUS ? calli

No. of

GUS ? spots

% of GUS ? calli

(t = 7 days)

No. of GUS ? plants

(t = 12 months)

Barbados Filament 280 52 100 20.64 (22.42) 0

Style 540 23 36 6.82 (5.04) 1

Gracia Filament 670 10 27 1.80 (1.69) 0

Style 475 3 4 0.71 (1.24) 0

Lake

Carey

Filament 310 27 52 7.82 (4.44) 1

Style 445 32 32 4.79 (4.18) 3

Santander Filament 355 3 5 0.64 (0.56) 5

Style 290 0 0 0 (0) 0

Sheila Filament 435 2 2 0.44 (0.77) 0

Style 420 1 2 0.30 (0.52) 3

Snow

Queen

Bulb scale 215 0 0 0 (0) 0

Sorbonne Filament 510 11 28 2.6 (1.63) 2

Style 420 2 3 0.61 (1.05) 0

Yelloween Filament 410 0 0 0 (0) 1

Style 740 4 11 0.67 (1.15) 1

Source Likelihood ratio Chi-square df Sig. F

Statistical analysis

Cultivars* 64.547 7 \0.001 9.221

Callus origin* 8.797 1 0.003 8.797

The standard errors of means based on the percentages of three replicates are given between parentheses

* Significant difference at an alpha level of 0.05

Fig. 2 GUS staining of calli and regenerated plants. a Calli with blue

stained areas (arrows top two calli, left faint expression, right high

expression) and control callus (bottom one) showing no staining at all.

b Individual plant organs showing blue, GUS positive staining

obtained from a regenerated transgenic lily plant; from left to right: a

bulb scale, two leaflets and a root
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(1997). In our study, both filament-derived and style-

derived callus cultures were used. The regenerative

capacity of style-derived callus proved to be comparable to

filament-derived callus. Therefore, when preparing callus

suitable for regeneration by using flower parts as the

explant source, styles can be used in addition to filaments

as explants, broadening the source of callus and speeding

up the generation of sufficient amounts of callus for further

research. In a few cultivars, there was a significant differ-

ence in regeneration based on the callus origin, e.g. in

‘Cherbourg’, ‘White Express’, and ‘Yelloween’, whose

filaments showed higher frequencies than styles.

The low response in some cultivars in the regeneration

of bulblets might be caused by the long-term maintenance

in culture. In our initial experiments (Krens et al. 2009),

these callus lines had a high regeneration capacity. How-

ever, after maintenance for one to 1.5 years, they showed a

decrease in regeneration potential. The reduction in the

regeneration potential with increasing time of subculture

had already been reported in lily suspension cells (Nakano

et al. 2000) and in other plants, such as wheat (Redway

et al. 1990). This could be due to physiological changes in

the cells (Nakano et al. 2000).

In 2009, callus was cultured on RM for a period of

8 weeks without subculturing as suggested by Mori et al.

(2005). In 2010, we compared the effect of increasing

subculture frequency to once every four 4 weeks, and it

was found that this increase significantly improved the

regeneration response.

In summary, all factors studied including cultivar, age,

callus origin and refreshing RM after 4 weeks, proved to be

important in determining the regeneration efficiency.

Hoshi et al. (2004) first reported the successful pro-

duction of transgenic lilies by Agrobacterium-mediated

transformation using filament callus. In our study, we

applied the protocol with a few, but important modifica-

tions. Firstly, we expanded the flower parts used as origin

of callus amenable for transformation and proved that in

addition to filaments also styles can be used successfully.

Secondly, our cocultivation was done on wet filter paper

instead of on agar-solidified medium and scarification was

performed by chopping with a scalpel as opposed to

shaking in sand-paper covered centrifuge tubes. The

cocultivation on filter paper was introduced because pre-

liminary experiments testing more stressful conditions

during cocultivation, i.e. more dry by raising Gelrite con-

centrations up to 10 % (w/v) as described by Hoshi et al.

(2005) or by replacing solidified media by wetted paper,

showed some indications for higher transformation fre-

quencies on the wetted filter paper (data not shown). We

also investigated gene transfer in no less than eight culti-

vars, mainly Oriental hybrids, but also including one OT

hybrid and one L. longiflorum, cv. ‘Snow Queen’ as the

long-term reference in our lab (Benedito et al. 2005). To

date, there have been a few reports aimed to increase

transformation efficiency by optimizing the culture condi-

tions in co-cultivation (Azadi et al. 2010; Hoshi et al. 2005;

Ogaki et al. 2008). Ogaki et al. (2008) found that transient

GUS expression and hygromycin-resistant transgenic calli

were obtained only when 2-(N-morpholino)ethanesulfonic

acid (MES) was added to co-cultivation medium. However,

we applied co-cultivation medium without MES as sug-

gested by Hoshi et al. (2004) and used liquid medium

instead of a solid one, which produced both transient and

stable GUS expression in multiple callus lines. Our stable

transformation efficiencies were low, when compared with

the recent reports by Liu et al. (2011) and Núñez de Cac-

eres et al. (2011). This could be due to the differences in

genotypes used or in details of the protocols. Therefore,

further improvements in our transformation protocol could

still be obtained in the future based on the information

provided in those articles.

GUS assays are widely used as an indicator to monitor

transformation capacity and gene transfer efficiency. Non-

transgenic controls never showed blue staining, while

sometimes GUS expression and staining can be lacking

despite the fact that T-DNA has been integrated (Ramadan

et al. 2011; Kumar et al. 2011). In the first transformants

obtained with this protocol PCR showed the presence of

gus gene sequences in totally blue-stained lily plants.

Molecular analysis was not performed in this extension

study, however, PCR and RT-PCR analysis on later

transformants obtained using target genes (data not shown)

confirmed once again the potential of this protocol to

generate transgenic plants in lily as suggested by the GUS

positive transformants described here. Two different vec-

tors carrying the gus gene were used in transformation. For

AGL0(pCAMBIA1301 ? GUS), despite transient expres-

sion of the gus gene in all the 15 callus lines examined,

transgenic, GUS positive plants could not be obtained. This

probably indicated that the cells with transformation

competency could not regenerate after co-cultivation or

that gus gene expression was either lost, silenced or

inhibited in regenerated plantlets. A similar failure in

detecting GUS activity in tissues of transgenic wheat was

reported (Ramadan et al. 2011), which could result from

the presence of some potential GUS enzyme inhibitors in

those tissues (Bahieldin et al. 2005; Ramadan et al. 2011).

Kumar et al. (2011) found that the CaMV 35S promoter

was ineffective in early stages of transgenic plant devel-

opment in sorghum. Because of the lack of stably, GUS

expressing transformed lily plants with the CAMBIA

model vector, we switched to strain AGL0(pMF2 ? GUS)

which carries the gus gene under control of the very highly

active chrysanthemum small subunit rubisco promoter

(Outchkourov et al. 2003). Transient gus expression was
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also observed here, although frequencies varied for the

different cultivars when compared to AGL0(pCAM-

BIA1301 ? GUS). Stable, GUS positive plants could be

obtained from multiple cultivars, including five Oriental

hybrids and one OT hybrid. Moreover, we found that

transgenic (GUS ?) plants were also produced from the

callus lines that showed low or even zero transient gus

expression, while no GUS ? plant was obtained from the

callus line that exhibited relatively high percentage of

transient gus expression. This indicated that the data on the

production of stable, transgenic plants were not directly

related to the transient data based on GUS histochemical

assay shortly after co-cultivation. This could be due to

conditions related to the integration of transgenes and to

the regulation of gene expression in the tissue of regener-

ants after transformation (Pitzschke and Hirt 2010). In

many species, e.g. in melon (Chovelon et al. 2011), a great

difference was found between transient expression effi-

ciencies and stable integration frequency. Also in other

crops optimal conditions for transient and stable transfor-

mation are not always similar (De Bondt et al. 1994; Alt-

peter et al. 1996; Sandhu and Gosal 2009).

In conclusion, our research provided information on

factors affecting lily regeneration in a broad range of cul-

tivars and also on gene transfer for further studying

transformation in the commercially most interesting lily

hybrid cultivars, i.e., Orientals and OTs.
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Tribulato A, Remotti PC, Löffler HJM, van Tuyl JM (1997) Somatic

embryogenesis and plant regeneration in Lilium longiflorum
Thunb. Plant Cell Rep 17:113–118

122 Plant Cell Tiss Organ Cult (2012) 111:113–122

123


	Regeneration and Agrobacterium-mediated transformation of multiple lily cultivars
	Abstract
	Introduction
	Materials and methods
	Plant materials
	Regeneration ability experiments
	Agrobacterium-mediated transformation
	GUS histochemical assay
	Statistical analysis

	Results
	Regeneration
	Cultivar effect
	Callus age effect
	Effect of subculture frequency
	Callus origin effect

	GUS histochemical assay

	Discussion
	Acknowledgments
	References


