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Agrobacterium-mediated genetic transformation pro- 
tocol was developed for the commercially important 
ornamental Gerbera hybrida. Petiole, leaf and shoot 
tip explants from 3 to 4 week old in vitro grown 
shoots of gerbera were co-cultured with Agrobacterium 
tumefaciens strain LBA4404. The strain harbours a 
binary vector containing neomycin p hosphotransferase 
(nptII) and 8-glucuronidase (uidA) genes. Callus for- 
mation and shoot regeneration were obtained on MS 
medium containing BAP, kinetin (1.0 mg/l each) and 
NAA (0.5 mg/l). Selection on the regeneration medium 
supplemented with 20 mg/l kanamycin allowed pro- 
duction of transgenic plants from 0.44% to 17.0% 
of the explants. GUS activity was detected by histo- 
chemical staining. Transfer of uidA and nptII genes 
was analysed by PCR and Southern hybridization. 
Transformed shoots were multiplied on MS medium 
containing 0.25 mg/l BAP, rooted in half strength MS 
medium supplemented with 40 mg/l kanamycin and 
successfully transferred to soil. This protocol couId 
be used to introduce horticulturally important genes 
that govern pigment biosynthesis in flowers. 

ORNAMENTAL plants are produced exclusively for their 
aesthetic values. Thus the improvement of quality at- 
tributes such as flower colour, longevity and form, plant 
shape and architecture and the creation of novel variation 
are important economic goals’. Gerbera is one of the 
most popular ornamental plants in the world and is used 
as garden plants, potted plants, greenhouse flowers and 
cut flowers. Conventional breeding of gerbera by crossing 
and selection has generated several clonally propagated 
elite genotypes that have desirable traits, such as colour, 
shape, vase life and resistance against pests and diseases. 
However, one of the disadvantages of traditional breeding 
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is the limited genepool of any single species. In addition, 
the heterozygous nature of the material makes the 
alteration of individual traits impracticable. Van Der 
Krol et aZ? feported modification of flower pigmentation 
in petunia. Elomaa e t  aL3 developed a regeneration 
method and an Agrobncterium-mediated transformation 
using petiole explants of Gerbera hybridn variety Terra 
Regina. Moharned et aL4 found that direct regeneration 
from vegetative tissue facilitates genetic transformation 
with minimal alteration of the target plant genome. 
Robinson and Firoozabady5 opined that success of Agro- 
bacterium-mediated transformation depends on the 
cultivar, choice of the explants and the mode of regen- 
eratiod. The aim of our present study was to develop 
transgenic gerbera plants through Agrobacteriunz- 
mediated genetic transformation using appropriate 
explants of Gerbera hybrida line RCGH 164, in vitro 
shoot multiplication, rooting and ex vitro acclimatization. 

The Agrobacteriurn carrying the plasmid pBIl21 was 
used for transformation studies (Figure 1). The T-DNA 
of the binary vector contains the nptII gene, driven by 
the nopaline synthase (nos) promoter and terminator 
sequence. It provides resistance to kanamycin which 
was used as a selectable marker. The uidA gene, driven 
by the cauliflower mosaic virus (CaMV) 35s promoter 
and nos terminator was used as a phenotypic marker. 
Bacteria were cultured overnight at 28" in liquid LB 
medium (1 % tryptone, 0.5% yeast extract and 1 % sodium 
chloride, pH 7.0) containing 50mg/l kanamycin and 25 
mg/l rifampicin. The agro cells of 0.6 OD (50 ml) were 
pelleted at 4000 g for 5 min, resuspended and diluted 
in MS medium (50 ml). 

Kanamycin, a widely used marker for plant transfor- 
mation, can be phytotoxic and inhibit regeneration of 
transformed tissue, Experiments were conducted to 
determine the effect of kanamycin on morphogenesis. 
The effect of increasing kanamycin doses was evaluated 
using untransformed explants namely petiole, leaf and 
shoot tip explants cultured on regeneration medium 
containing 0, 10, 20, 30, 40, 60, 80, 100, 150, 200 and 
300 mg/l kanamycin (10 explants/treatment). All the 
experiments were repeated thrice . 

Petiole, leaf and shoot tip explants from one-month-old 
in vitro proliferated cultures of G. hybrida were used 
for this study. MS medium7 was used as the basal 
medium, with BAP, kinetin (1 mg/l each) and NAA 

(0.5 mg/l) as growth supplements for the regenerating 
plantlets. The medium contained 3% sucrose and 0.8% 
agar. In all cases pH of the medium was adjusted to 
5.8 prior to autoclaving for 15 min at 121°C. Prior to 
transformation, the explants were pre-cultured on 
regeneration medium. After two days the explants were 
incubated for 5 min in an Agrobacteriurn suspension. 
They were blotted dry on Whatman No. 1 filter paper, 
placed on regeneration medium and incubated in dark. 
After 48 h of co-cultivation, the explants were washed 
2-3 times in sterile MS, blotted dry, placed on regen- 
eration medium and kept in dark. Cefotaxime (400mgA) 
was used to suppress the growth of Agrobacterium and 
transformants were selected using 20 mg/l kanamycin. 
The explants were subcultured onto fresh medium every 
3-4 weeks. Regenerated shoots were transferred to MS 
medium containing kanamycin. Plantlets were considered 
kanamycin-sensitive if a newly developed leaf was 
mottled or bleached, or if there was no further growth. 
They were subsequently discarded. Elongated transgenic 
shoots were rooted on half strength MS medium sup- 
plemented with 40 mg/l kanamycin and acclimatized 
plants were transferred to soil. 

Histochemical GUS assay was carried out according 
to the method of Jefferson et aZ.'. Explants were incubated 
overnight at 37°C in a reaction solution of 1 mM X- 
GLUC, 0.05 M potassium ferricyanide, 0.05 mM potas- 
sium ferrocyanide, buffered with 50 mM sodium 
phosphate pH 5.7. The materials were bleached, fixed 
in ethanol and observed under microscope. 

DNA was extracted from transformed and un- 
transformed plants by the CTAB method according to 
Murray and Thompson

g
. The final DNA pellet was 

treated with RNAase-A, dissolved in Tris-EDTA buffer 
and stored at -20°C until further use. DNA-PCR 
amplification was carried out in a thermal cycler using 
primers for uidA and nptII. PCR was performed with 
Taq DNA polymerase and 25 ng of template DNA. The 
upstream primer of 5'-TTC GCC TCG GCA TCC GCT 
CAG TGG CA-3' and SGCG GAC GGG TAT CCG 
GTT CGT TGG CA-3', would yield a 500 base pair 
fragment of the uidA gene. PCR was performed initially 
foi- 5 min at 94"C, 35 cycles of melting (94°C 1 min), 
annealing (55°C 1 min) and synthesis (72°C 1 min). Two 
primers for nptII (5'-GAG GCT ATT CGGCTA TGA 
CTG-3' and 5'-ATC GGG AGG GGC GAT ACC GTA- 

ATG f G A  
RB 

HSIl(KanA) -6lucuronidasc (GUS) 

I I  

Figure 1. Schematic representation of pBI 12 1 plasmid. Abbrevation: nptII, coding region of the neomycin phospliotransferase gene; CaMV35S, 
cauliflower mosaic virus 35s promoter gene; nos-pro, nopaline synthase gene promoter; nos-ter, nopaline synthase gene terminator. 
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3') were used for amplifying a 700 bp product, Bangalore 
Genei Taq DNA polymerase (1 unit/50 pl reaction) and 
primers (0.25 pg/50 p1 reaction each) were added. 
Amplification conditions were the same as above, but 
with annealing at 58"C, synthesis for 1.5 midcycle and 
final soaking at 72°C for 6min after all the cycles were 
completed. Amplified DNA was detected by ethidium 
bromide staining after electrophoresis on 0.8% (w/v) 
agarose gel. About 20pg of plant DNA was digested 
with Hind111 and EcoRI, fractionated by electrophoresis 
on 0.8% agarose gel, and transferred to Hybond-nylon 
membrane. Hybridizations were performed according to 
Sambrook et nl."'. A 0.7 kb PCR fragment of the nptII 
gene was used as a probe. Probe was labelled with 
[cz -~~PI~CTP (Amersfiam) using a random-primed label- 
ling kit (Amersham). After hybridization at 58"C, the 
filters were washed at high stringency conditions (65"C, 
0.1 x SSC, 0.5% SDS). 

In order to find out the appropriate selection conditions, 
kanarnycin was tested in  the regeneration medium. 
Though callus was produced from petiole, leaf and shoot 
tip explants on the medium supplemented with 40 or 
60mg/l kanamycin, the explants turned brown (data not 
shown). Hence kanamycin at a 'minimal concentration 

of 20mg/l was chosen as the selective factor in the 
transformation experiments and 40 mg/l for rooting of 
transgenic shoots . 

After establishing the selection conditions, transfor- 
mation was performed to obtain transgenic plants. Petiole, 
leaf and shoot tip explants from 3 to 4-week-old, irz 
vim-proliferated, etiolated shoots were pre-incubated for 
48 h, infected with bacterial suspensiod, co-cultivated 
for 48 h and transferred to regeneration medium con- 
taining appropriate concentration of kanamy cin and ce- 
fotaxime. Co-cultivation period beyond 48 h resulted in 
bacterial overgrowth and inhibition of callus formation 
and shoot regeneration. The explants were also bleached. 
The putative transgenic callus appeared 5 to 8 weeks 
after culturing the Agrobacterium-treated explants on the 
kanamycin medium. The transformation frequency was 
from 50 to 58% (data not shown). Transformed explants 
were transferred to fresh medium containing antibiotics. 
Shoots were regenerated from petiole (2.96%), leaf 
(0.44%) and shoot tip (17.0%) explants on MS medium 
(Figure 2 a) containing BAP, kinetin (1 .O mg/l each) and 
0.5 mg/l NAA. Six transgenic plants were selected for' 
further analysis after being micropropagated on MS 
medium supplemented with 0.25 mg/l BAP. The putative 
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Figure 2. Regeneration and micropropagation of transgenic plants of Gerberu hybricln. a. Regen- 
eration and multiplication oi' transgenic plants on kanarnycin medium; b ,  Root development in 
selection medium containing 40 mg/l kanarnycin; c ,  Transgenic plants showing characteristic blue 
colour of GUS; d, established plant in soil. 
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Figure 3. PCR analysis of kanamycin-resistant transgenic plants show-’ 
ing the presence of an expected fragment of (a) izpfII (700 bp) gene. 
Lane 1, Positive control; Lane 2, Negative control (non-transformed); 
Lanes 3-8, Transgenic plants; Lane 9, Molecular marker. (b )  uidA 
gene (500 bp). Lane 1, Molecular marker; Lane 2, Negative control; 
Lane 3, Positive control, and Lanes 9-11, Transgenic plants. 

transgenic shoots and calli were transferred to antibi- 
otic-free medium before the analysis of GUS activity. 
Agrobacterium also did not appear on this medium after 
4-5 weeks of culture, indicating that no bacteria 
remained, which might interfere with the analysis. The 
individual shoots (> 3-4 cm in length) excised from 
putatively transgenic plants, developed roots (Figure 
2 b) in the presence of 40 mg/l kanamycin. Rooted plan- 
tlets were transferred to half strength MS solution for 
about 10 days and then planted in Majenta box filled 
up to one third with autoclaved soilrite and successfully 
transferred to soil after acclimatization (Figure 2 cl). 

Histochemical GUS assay was employed to determine 
the expression of LiiclA gene. Seven out of 59 kanamy- 
cin-resistant putative transformants gave positive results 
for GUS assay. Explants from control plants did not 
show the GUS activity. Some cultures showed a differ- 
entially stained pattern with some tissues exhibiting no 
detectable GUS activity and others showing a wide 
range of enzyme activity (Figure 2c) .  The putatively 
transformed plantlets were subjected to PCR analysis to 
detect the presence of L ~ A  and nptII genes, In the 
transformants with GUS activity, an expected fragment 
of 500 nucleotide uidA (Figure 3 b) gene was detected. 
An additional confirmation with PCR analysis of nptII 
was also done using appropriate primers. The izptII gene 
was observed from kanamycin-resistant plants and an 
expected fragment (700 base pair) of nptII gene (Figure 
3 a) was amplified in all transformed DNA samples. 
No amplification was found in non-transgenic plants. 
Southern hybridization was also carried out in order to 
further confirm the T-DNA integration. A 0.7 kb PCR 
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Figure 4. Southern blot analysis of DNA isolated from transforined 
and non-transformed gerbera plants. Lane 1, Positive control (pB1 121); 
Lane 2, non-transformed negative control; Lanes 3-5, Transformed 
plants. Filter was hybridized against 700 bp of PCR fragment containing 
the i z p r I I  gene. 

fragment of the nptII gene was used as probe. The nptII 
fragment hybridized with DNA isolated from transgenic 
shoots and showed the signal at the expected size of 
3.0 kb, indicating that the T-DNA of pBI121 was present 
(Figure 4). There was no hybridization to the DNA 
isolated from nontransformed control plants. Digested 
total DNA isolated from Agrobacteriunz (~€31121) also 
showed hybridization signal at the expected size (Figure 
4). Six transgenic and five untransformed plants that 
were induced at the same time were transferred to pots 
containing soil. The transgenic plants showed normal 
morphogenesis. The results of our experiments indicated 
that transgenic plants were produced successfully using 
marker genes. This protocol could be used for introducing 
into gerbera, commercially important and horticulturally 
interesting genes that govern flower colour, longevity, 
creation of novel variation, insect and disease resistance. 
Further studies are required to produce viable seeds 
from transgenic plants for studies on heritability of 
introduced genes. 
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