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Abstract: Numerous transformation factors were successfully optimised to develop a reliable and
highly efficient Agrobacterium-mediated transformation into the protocorm-like bodies (PLBs) of
Phalaenopsis violacea. The optimisation of factors influencing stable transformation efficiency in new
species is very important as it can reduce the costs in labor and materials in the future. Hypervirulent
Agrobacterium tumefaciens strains, EHA 101 and 105, harboring the pCAMBIA 1304 plasmid which
contains gusA gene and gfp gene as the reporter markers, were used for transformation study.
Transient gfp gene expression was used to evaluate the efficiency of T-DNA delivery in transformants
due to its simple, non-destructive and cell autonomous procedure. Agrobacterium strain EHA 105 was
proved to be better in transforming the targeted PLBs than EHA 101, based on the notably high
transient expression of gfp gene in all the parameters tested. Different temperatures during co-
cultivation period, the concentration of L-cysteine, calcium (CaCl2) and silver nitrate (AgNO3) in co-
cultivation medium as well as pH and light and dark conditions during co-cultivation period were
identified to be major factors in enhancing the percentage of transient gfp gene expression. Increased
T-DNA delivery efficiencies were obtained when P. violacea PLBs were co-cultivated with
Agrobacterium tumefaciens strain EHA 105 in half-strength MS medium supplemented with 5% of
banana Mas extract containing 200 mg.L-1 L-cysteine, 60μM silver nitrate, without calcium, adjusted
to pH 5.5 and incubated in the dark at 24°C. The results from transient transformation of PLBs
suggested that Agrobacterium-mediated transfer of T-DNA to the naturally recalcitrant P. violacea is
feasible and is highly efficient. Consequently, by combining the best treatments, an efficient and
reproducible Agrobacterium-mediated transformation protocol could be continued to facilitate the
insertion of any desirable traits for the production of transgenic Phalaenopsis violacea orchid.
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INTRODUCTION

Orchids are important and profitable commercial floriculture. In 2008, a total of RM 11 million of orchid
cut flowers were produced (Agricultural Statistical Handbook, 2008) in Malaysia. Phalaenopsis orchids are one
of the main contributors along with Dendrobium, Vanda and Oncidium. The Phalaenopsis are very decorative
and graceful orchid due to their fleshy, fragrant and long-lasting (up to 6 to 8 weeks), with inflorescence
arching racemes, sequentially one to two flowered. Phalaenopsis violacea have greenish white flowers with
purple pigment around the sepals and the lip. P. violacea are native to the peninsular Malaysia and are closely
related to P. bellina of the Borneo. P. violacea are important parent’s varieties to produce novel Phalaenopsis
hybrids with special fragrance (Tang and Chen, 2007). Although, various breeding programs have been
developed to improve the quality and characters of the Phalaenopsis, their long growing cycle (2-3 weeks per
cycle) and cross-incompatibility of some species are the limiting factors for their improvement.
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Fig. 1: The appearance of Phalaenopsis violacea orchid flower. The bar in the bottom image represents 1.0
cm.

Currently, Agrobacterium tumefaciens mediated system, microprojectile bombardment and direct gene
transfer into the orchid protoplast, are the three major gene transformation methods applied in orchid
biotechnology. However, Agrobacterium-mediated transformation has remarkable advantages over other direct
methods such as preferential integration of defined T-DNA into transcriptionally active regions of the
chromosome with exclusion of vector DNA and unlinked integration of co-transformed T-DNA (Fang et al.,
2002; Olhoft et al., 2004). It also reduces the potential problems with transgene co-expression and instability
due to low copy number of the transgene (Shou et al., 2004). The transfer of T-DNA and its integration into
the plant genome is influenced by several Agrobacterium tumefaciens and plant tissue specific factors. Early
detection of plant transformation events is necessary for the optimization of transient and stable gene transfer
into orchid genome. Green fluorescent protein (GFP) is found in the photoorgans of a cnidarian jellyfish
Aequoria victoria. A protein called aequorin releases blue light upon binding with calcium which subsequently
absorbed by the GFP to gives off the green light. GFP is becoming an important reporter marker in genetic
transformation protocols (Elliot et al., 1999). GFP is a convenient marker as it is not species specific, thus
useful as a universal genetic marker. It is also absence in most wild type organisms unlike some plant species
which posses their own gusA gene, thus interfering in the selection of transformants. Apart from that, GFP is
a practical marker as it is easy to be observed, non-destructive, and cell autonomous which does not require
extragenous substances for fluorescence to occur (Elliot et al., 1999).

Single protocorm like-bodies (PLBs) is a good target material for orchids transformation studies since they
are easily propagated in vitro which provide plenty of materials to work it and they proved to be a reliable
source of potentially regenerable tissues. From a physical outlook, a PLB has two ends directly opposite each
other, the shoot region where the shoot appears and the root region where the root system tends to be located.
The optimisation of factors influencing stable transformation efficiency in new orchid plants is very important
as it can reduce the costs in labour and materials in the future. In the present study, temperatures during co-
cultivation period, the concentration of L-cysteine, calcium (CaCl2) and silver nitrate (AgNO3) in co-cultivation
medium as well as pH and light and dark conditions, were identified as important factors in enhancing the
percentage of transient gfp gene expression. Transient gfp gene expression was used to evaluate the efficiency
of T-DNA delivery in transformants due to its simple, non-destructive and cell autonomous procedure.

MATERIALS AND METHODS

Plant Materials:
Phalaenopsis violacea orchids were attained from Michael Ooi’s orchid nursery in Penang, Malaysia.

Approximately 1 x 1 cm2 young segments of three months old in vitro seedlings were aseptically excised and 
cultured in ½ strength Murashige and Skoog (1962) medium supplemented with 5% Mas banana (AA) extract
to produce P. violacea PLBs. The PLBs were routinely sub-cultured on the same medium supplemented 1
mg.L-1 of BAP cytokinin. The cultures were incubated at 25±2ºC under 16 hour photoperiod with
40μmol.m12.s-1 light intensity. Two months old proliferated PLBs were used for the Agrobacterium-mediated
transformation experiment.
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Agrobacterium tumefaciens strains and plasmid DNA:
Agrobacterium tumefaciens super-virulent strains, EHA 101 and 105 were maintained in 70% glycerol and

stored in -80ºC for long term storage. Both A. tumefaciens harbored disarmed pCAMBIA 1304 plasmid differed
from pIG 121-Hm by having the green fluorescence protein (gfp) gene. The plasmid is driven by CaMV 35S
promoter and contained hpt gene for resistance to the hygromycin antibiotic. Three mL cultures form the stock
were transferred into Luria-Bertani (LB) medium containing 50mg.L-1 kanamycin and incubated at 28ºC and
120rpm overnight to reach an optimal density. 500μL of the bacterial suspension were streaked on solid LB
medium containing 50mg.L-1 kanamycin and incubated at 28ºC for two days. Single colony were then grown 
in LB medium containing 50mg.L-1 kanamycin and incubated at 28ºC and 120rpm for 16 hours to reach an
optimal density of 0.6 units at 600nm (OD600nm).

Fig. 2: Schematic diagram of the plasmid pCAMBIA 1304. The binary vector pCAMBIA 1304 (CSIRO,
Australia) harboring the reporter gusA and mgfp5 genes driven by the CaMV 35S promoter.

Experimental Design: Optimization of Parameters:
Six parameters were studied to asses the factors affecting the transformation efficiency. The parameters

include different temperatures for gene transfer (20, 22, 24, 26, 28, 30, and 32ºC), various L-cysteine
concentrations (0, 100, 200, 300, 400, 500, and 600 mg.L-1), different calcium strengths (0, 0.25, 0.5, 0.75,
1.0 and 1.5 strength), different silver nitrate concentrations (0, 20, 40, 60, 80, 100, and 120 μM), pH ranges
(4.5, 5.0, 5.5, 6.5, and 7) and influence of light and dark condition during co-cultivation period. Each
parameter was repeated three times with three replicates each contains 10 PLBs. To determine the optimum
conditions for transformation, one factor of the standard conditions was changed each time and the effects on
percentage of transient gfp gene expression were evaluated. 

Histochemical Green Fluorescent Protein (GFP) Assessment:
Transient expression levels of gfp gene in the PLBs were assessed three days after co-cultivation.

Transformed PLBs were monitored using a stereomicroscope equipped for epi-fluorescence illumination (Leica
MZFLIII). Transformation frequency was calculated as the percentage of PLBs expressing GFP over the total
number of inoculated PLBs. 

Data Analyses:
Data were analyzed using one-way ANOVA in SPSS 10.0 (SPSS Inc. USA). All analyses were performed

at a significance level of 5% with the differences contrasted using Duncan’s multiple range test. 

RESULTS AND DISCUSSION

Agrobacterium tumefaciens is pathogenic soil bacteria that infect wounded underground plant part causing
crown gall disease on the host plant. A. tumefaciens-mediated plant transformation has proved to be efficient
due to its natural mechanism of incorporating its T-DNA region which carried a gene-of-interest into the host
plant genome. Despite of its wide host range, many monocotyledonous species do not form crown gall tumor
in nature. Of various factors influencing the frequency of Agrobacterium-mediated transformation, one of the
most important is the infecting ability of the Agrobacterium strains. Agrobacterium-mediated transformation
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of several monocot species were found to produced only small swellings. Cattleya, Cymbidium and Dendrobium
are among orchids species which were found to be recalcitrant to crown gall formation (Nan et al., 1997).

Agrobacterium strains EHA 101 is derived from the supervirulent wild-type strain A281 and subsequent
removal of kanamycin resistance gene from the bacterial chromosomes derived strain EHA 105. These
supervirulent derivatives are highly efficient in gene transfer. The agropine-type hypervirulent strain EHA 105
was proved to be more efficient in gene transfer compared to the octopine-type (i.e. strain LBA 4404) and
nopaline-type (i.e. strain GV 3101) in Zea mays L. (Huang and Wei, 2005). In comparison between strain LBA
4404 and EHA 101, it was shown that successful wheat transformation was facilitated by EHA 101
(McCormac et al., 1998; Karami, 2008). In our experiments, T-DNA delivery was higher in EHA 105 assisted
transformation than EHA 101 in all evaluated factors. This is probably due to the increase induction of vir
genes, by virG and virA genes of the disarmed pTiBo542 of the EHA 105 (Gelvin, 2003; Karami, 2008). 
Previously, we have reported EHA 105 demonstrate faster migration of positive chemotaxis response and has
higher bacterial attachment to P. violacea compared to EHA 101 (Sreeramanan et al., 2009).

In order to optimize conditions for Phalaenopsis violacea orchid transformation, the effects of several
parameters known to influence Agrobacterium-mediated DNA transformation were compared. The choice of
Agrobacterium strains plant an important important role in the transformation process for the efficiency of gene
transfer on recalcitrant species of orchid such as Phalaenopsis violacea in this study. Studies on several
parameters were conducted to identify and optimise important factors affecting Agrobacterium-mediated
transformation efficiency using PLBs tissue in Phalaenopsis violacea orchid. Effectiveness of T-DNA delivery
into PLBs was evaluated based on the percentage of transient gfp gene expression. Two Agrobacterium strains
(EHA 101 and EHA 105) were compared for their level of competency to P. violacea.  Generally, there is no
significant different in the transformation efficiency between both strains. However, EHA 105 display higher
gfp gene expression for all the parameters tested compared to EHA 101. 

Different Temperature Conditions:
The effect of different temperatures for gene transfer on transient gfp gene expression in Phalaenopsis

violacea PLBs were tested at the range of 20-32�C with 2�C intervals. The highest gene transfer was observed
at 24�C with no significant difference (p<0.05) between both strains (Fig. 3). Transformation efficiency was
greatly reduced at lower and higher temperature.

Based on the transient gfp gene expression, temperature is a vital parameter during gene transfer. Low
temperature of 24°C for co-cultivation of Agrobacterium has been optimized for other monocots such as
Alstromeia plants (Kim et al., 2007) and dicots such as tomato (Ahsan et al., 2007). Low temperatures were
suggested to improve pili number on cell surface for better attachment and better functioning of the virB-virD4
(Fullner et al., 1996), hence, the enhancement of transformation. Higher transformation frequency was observed
in maize immature embryo transformation at 200C than at 23oC when using a standard binary vector (Frame
et al., 2002). In contrast to the results of Dillen et al. (1997), they reported that temperatures of 25 and 280C
yielded significantly greater kenaf shoot apex survival on selection medium than 16 and 190C.

Fig. 3: Effect of the different temperatures for gene transfer on transient gfp gene expression in Phalaenopsis
violacea PLBs.

3427



Aust. J. Basic & Appl. Sci., 4(8): 3424-3432, 2010

Different Concentrations of L-cysteine:
While evaluating for effect of different concentrations of L-cysteine supplement in the co-cultivation media,

it was found that the highest expression of gfp gene is at 200 mg.L-1 of L-cysteine (Fig. 4). Higher
concentrations of L-cysteine (more than 200 mg.L-1) result in less transient gfp expression and browning on
PLBs, similar to those symptoms caused by hypersensitive response. 

L-cysteine supplement in the co-cultivation media was notably assist gene transfer in P. violacea in both
strains. L-cysteine is an amino acid, with a thiol side chain, important component of antioxidant glutathione.
L-cysteine antioxidant effect on Agrobacterium-mediated transformation has been studied intensively in soybean
varieties (Olhoft et al., 2001; Paz et al., 2004; Liu et al., 2008). The authors were all in agreement that
addition of L-cysteine significantly increases transformation efficiency, especially in combination of other thiol
compounds (Olhoft et al., 2001) or surfactant (Liu et al., 2008). The authors also suggested that L-cysteine
improve transformation by reducing plant defense response to pathogen attack, plant wounding and
environmental stresses throughout co-cultivation period. L-cysteine therefore reduced plant cell death, enzymatic
browning of wounded sites, and increase bacterial susceptibility which subsequently improved transformation
efficiency. However, higher L-cysteine concentration results in browning of the PLBs, similar to those observed
in hypersensitivity symptoms. It is possible that at high concentration, the explants utterly loss its capability
to recover itself from the wounding stress and pathogen attack hence causing death and reduced percentage
of transformation.

Fig. 4: Effect of the L-cysteine concentrations on transient gfp gene expression in Phalaenopsis violacea
PLBs.

Different Concentrations of Calcium:
The presence of calcium during co-cultivation period confers adverse effect on transient expression of gfp

gene in PLBs. T-DNA transfer was significantly (p<0.05) the most efficient at the absence of (0 mg.L-1)
calcium (Fig. 5). Strains, EHA 101 and EHA 105, recorded 65% and 70% transformation rate, respectively,
in the calcium-free co-cultivation medium. As the concentration increases, gene transfer by both Agrobacterium
strains decreases dramatically.

Calcium is important for structural roles in cell wall and membranes. Calcium ion directly acts as an ionic
cross-linkage of the carboxyl groups of linear macro molecule in the cell wall. Deficiencies of calcium lead
to deterioration of cell membrane resulting in cells become leaky. Calcium also required in regulating various
secondary messengers coordinating numerous developmental signals as well as changes in cell status in respond
to environmental and disease challenges. It is observed that calcium deprived co-cultivation media enhanced
Agrobacterium-mediated transformation. Calcium-free medium was proved to deplete 91% of endogenous
calcium in Hevea brasiliensis calli (Montoro et al., 2000) which initially reduce the cell wall matrix due to
the changes on cell wall structure and finally, increase T-DNA delivery into the plant cell (Montoro et al.,
2003).
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Fig. 5: Effect of the calcium concentration during co-cultivation period on transient gfp gene expression in
Phalaenopsis violacea PLBs.

Different Concentrations of Silver Nitrate:
Different silver nitrate concentrations in co-cultivation media were found to influence gene transfer into

the PLBs. It was observed that, 80% and 71% of PLBs transformed with EHA 105 and EHA 101, respectively,
were gfp positive in medium containing 60μM silver nitrate (Fig. 6). Higher and lower silver nitrate
concentration significantly (p<0.05) downsized the number of transformants.  

Silver nitrate is also an antioxidant compound. Enriquez-Obregon et al. (1997) reported that competence
of sugarcane plant tissue to the Agrobacterium-mediated gene transfer was improved with the appropriate
addition of antioxidant compounds, including silver nitrate, cysteine L-glutamine and ascorbic acid. They
observed that, cell death due to hypersensitivity reaction after cutting was decreased with the addition of these
antioxidant compounds. At higher concentration of silver nitrate, the gene transfer severely decreased. Tao and
Li (2006) also observed the same phenomenon of increased transformation efficacy of Torenia fournieri in low
concentration and decreases at high concentration of silver nitrate. The inhibition effect at high silver nitrate
concentration could be contributed by the silver ions bactericidal activity.

Fig. 6: Effect of the silver nitrate concentrations on transient gfp gene expression in Phalaenopsis violacea
PLBs.

Different pH Values During Co-cultivation:
Transformation efficiency of EHA 101 and EHA 105 were also tested on various pH values (4.5-7.0)

during gene transfer period. High detection of gfp expression of transformed PLBs was detected in pH 5.5 and
pH 6. However, pH 5.5 transformed 70% and 60% PLBs compared to pH6 where only 45% and 55% of PLBs
were transformed by EHA 105 and EHA 101, respectively (Fig. 7).

3429



Aust. J. Basic & Appl. Sci., 4(8): 3424-3432, 2010

The pH of the co-cultivation period was found to be equally important factor assisting the transformation
efficiency.The highest gfp expressions of PLBs were observed in pH 5.5 which is a slightly acidic condition.
Huang and Wei (2005) obtained the highest PPT-resistance maize calli at slight acidic pH of 5.4. It has been
suggested that the acidic pH of 5.5 is suitable for transformation process as it may induce the virulence genes
required for gene transfers (Stachel et al., 1986; Huang and Wei, 2005)

Fig. 7: Effect of the different pH for gene transfer on transient gfp gene expression in Phalaenopsis violacea
PLBs.

Light and Dark Conditions:
Both Agrobacterium strains responded to the dark condition with a significant (p<0.05) increase in gfp

expression compared to the light condition treatment during co-cultivation period.  More than half (60%) gfp
positive PLBs was recorded in EHA 105 strain which is significantly (p<0.05) higher than EHA 101 strain
with only 45% PLBs were gfp positive (Fig.8). 

Light and dark conditions have been proved to give impact on transformation efficiency. Zambre et al.
(2003), found that light strongly promotes gene transfer from Agrobacterium to Phaseolus acutifolius and
Arabidopsis thaliana plant cells. The uidA gene expression of both transformants was found highly and
positively correlated with the light exposure period. The positive effect of light was observed with
Agrobacterium harboring a nopaline-, an octopine- or an agropine/succinamopine-type non-oncogenic helper
Ti plasmid. In contrast, we observed that Agrobacterium gene transfer into P. violacea PLBs was significantly
improved in dark condition. Many Agrobacterium-based plant transformation protocols for model plant species
use dark co-culture condition without specifying the effect on transformation rate. Oberpichler et al. (2008)
observed that light negatively affecting Agrobacterium tumefaciens motility and infectivity. The authors
summarized that light exposure significantly reduces FlaA- and FlaB-protein of the flagellum required for
bacterial attachment and infection, consequently diminished gene transfer. In Typha latifolia, higher transient
activity occurred in dark cultured callus rather than in light cultured callus (Nandakumar et al., 2004). Darkness
may also lead to less vascular tissue and thinner cell walls for easy breaching of Agrobacterium (Hartmann,
1997). However, Karami (2008) suggested that stimulatory effect of light may be specific for Agrobacterium-
mediated T-DNA delivery and light regime may have interaction with other factors. 

Conclusion:
The results obtained in this study revealed that successful transformation of Agrobacterium

tumefaciens–mediated system in Phalaenopsis violacea PLBs is due to the optimization of major key factors:
the concentration of L-cysteine, calcium (CaCl2) and silver nitrate (AgNO3) in co-cultivation media as well as
light and dark condition, pH, and temperatures during co-cultivation period. The optimization of these factors
is a critical step as it breaches the limitation of Agrobacterium T-DNA delivery into recalcitrant species, such
as p. violacea orchid. It is also demonstrated that transient gfp gene expression of transformants can be used
with high reliability and efficacy to detect and isolate transgenic PLBs. The use of various other Agrobacterium
tumefaciens strains and the combination with superbinary vectors and binary vectors with a constitutively active
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virG may further improve transformation efficiency in many or all orchids species and hybrids. The established
protocol for Agrobacterium-mediated transformation therefore, can be utilised for gene-of-interest transfer into
P. violacea and its related species.

Fig. 8: Effect of the light and dark conditions on transient gfp gene expression in Phalaenopsis violacea
PLBs.
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