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Abstract: A critical step in the development of Agrobacterium tumefaciens-mediated transformation in orchid
genus is the establishment of optimal conditions for T-DNA gene delivery into protocorm-like bodies from
which the whole plantlets can be regenerated. As a first step in the development of a successful Agrobacterium
tumefaciens-mediated transformation for Dendrobium savin white, factors influencing the successful T-DNA
integration and expression (as measured by the transient GUS expression) were investigated. Various
parameters were included such as different acetosyringone concentrations used during co-cultivation in
Agrobacterium suspension, the length of the preculture period of PLBs prior to infection, co-cultivation period,
different calcium concentrations, silver nitrate concentrations, different bacterial density (OD ) and duration600nm

of immersion periods. Results obtained were based on the percentage of GUS expression which was observed
3 days post-transformation. The results based from transient gusA gene expression of PLBs were suggested
that the Agrobacterium-mediated transfer system of T-DNA is highly efficient. Therefore, the investigation of
factors that influence T-DNA delivery is an important first step in the utilization of Agrobacterium in the
transformation of Dendrobium savin white protocorm-like bodies tissue.
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INTRODUCTION Genetic transformation using Agrobacterium

In Southeast Asia, Dendrobium orchid hybrids are efficient procedure for introducing foreign DNA into the
the most popular cut flowers in the orchid floral trade genome of orchid species and hybrids especially in
industry [1]. The orchid industry employs classical Dendrobium genus. Biochemical studies showed that
breeding methods via sexual hybridization and selection Dendrobium orchids contain a potent inducer of
to  create  new  and  improved  Dendrobium  savin white Agrobacterium virulence genes [3], which indicating the
orchid hybrid (Fig. 1a). Tissue culture has been used high possibility of transforming orchids by using this
widely for mass propagation of superior varieties of system. Agrobacterium-mediated transformation has
Dendrobium savin white hybrid. With the advent of remarkable advantages over direct transformation
molecular genetic engineering technology, relatively rapid methods. It reduces the copy number of the transgene,
production and selection of genetically-modified orchids potentially leading to fewer problems with transgene
with desired traits now become feasible [2]. Gene transfer cosuppresion and instability [4]. Few transient gene
technology overcomes limitations of traditional breeding expression assays protocols were established in
methods and regeneration process is consumed less time Agrobacterium–mediated transformation systems
than conventional hybridization methods. including  protocorm-like  bodies  (PLBs)   of  Cymbidium

tumefaciens-mediated transformation system is the most
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Fig. 1: (A) The appearance of Dendrobium savin white orchid; (B) Protocorm-like bodies (PLBs). The bar in the bottom
image represents 1.0 cm.

orchid [5], tobacco leaf [6] and banana multiple bud The optimization of some important aspects of
clumps  [7].  Early detection of plant transformation transformation  efficiency  is  therefore  essential to
events is necessary for the optimization of orchid’s enhance the virulence so as to  increase  the
transformation procedures. Reporter genes have been transformation frequency. There are no reports on
used as convenient markers to visualize gene expression systematic optimization of conditions for Dendrobium
and protein localization in vivo condition [8]. Reporter savin white orchid hybrid transformation and in the
genes such as E. coli gusA (uidA) gene encoding for present study the effects of several parameters known to
enzyme -glucuronidase (GUS) is used to provide a clear influence Agrobacterium-mediated DNA transfer were
indication of the expression, transient or stable, of optimized using gusA gene with an intron marker system.
transferred genes in transgenic cells. The GUS enzyme
cleaves  a  wide  variety   of -glucuronidase   that is MATERIALS AND METHODS
used  as  substrate  for  the  spectrophotometric,
fluorometric and histochemical assays to yield an indigo Plant Materials: Protocorm-like bodies (PLBs) of
blue precipitation [8]. Dendrobium savin white (Fig. 1b) were obtained from

Optimization of several factors that influence shoot tip culture after 3 months of culture with Murashige
transient gusA gene expression such as acetosyringone and Skoog [10] medium. To produce large quantities of
concentration during co-cultivation in Agrobacterium explants for transformation, PLB were subcultured on ½
suspensions, length of pre-culture period of explants and strength MS macro and micro elements as describes by
co-cultivation, density of bacterial culture, calcium Murashige and Skoog [10] with 1mgL  of BAP hormone.
concentration  in  the co-cultivation medium and The cultures were incubated at 25°C ±2°C and a 16 hours
immersion  period  by  using  protocorm-like  bodies photoperiod with cool white fluorescent light of 150 µmol
(PLBs) were evaluated to determine the efficiency of m s  (supplied by Philips TLD fluorescent light tubes).
Agrobacterium-mediated transfer during the early stages One-month-old PLB after each subculture was used for
of transformation in Dendrobium savin white. Protocorm- transformation experiments.
like bodies (PLBs) are used as a starting material for
Agrobacterium-mediated transformation because it is as Bacterial Strain and Plasmid DNA: Agrobacterium
activated  cells  and  rapidly  proliferate in liquid medium. tumefaciens super-virulent strain, EHA 105 (pCAMBIA
In addition,  the  present  of  coniferyl  alcohol  in  PLBs, 1304) was maintained at -80°C for long term storage in
one of the phenolic compounds which can induce vir 70% (v/v) glycerol. Agrobacterium tumefacien strain EHA
gene in Dendrobium orchids thus provides a fundamental 105 contained the disarmed plasmid pCAMBIA 1304 with
element required for successful Agrobacterium-mediated an intron containing -glucuronidase gene (gusA) driven
transformation system [3, 9]. Another attribute that makes by the CaMV 35S promoter and hpt gene for resistance to
PLB an excellent target tissue is that it is an easily the antibiotic hygromycin (Fig. 2). The gusA gene
regenerable somatic organ. contains  an  intron  in  the  coding  region  to  ensure that
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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

GUS activity detected in plant cell is not due to residues percentage of transient gusA gene expression were
from Agrobacterium cells. evaluated. Results obtained were based on the percentage

Inoculation and Co-cultivation with Agrobacterium transformation.
tumefaciens: Three (3) mL of Agrobacterium culture was
transferred from stock into a liquid Luria-Bertani (LB)
medium containing 50mgL  kanamycin. It was then1

incubated at 28°C and 120rpm overnight in order to reach
an optimal density. The following day, 500µL of bacterial
suspension was spread over the surface of solid LB
medium containing 50mgL  kanamycin and incubated at1

28°C for two days. Agrobacterium tumefaciens single
colony was collected with sterile loop and suspended in
30mL sterile liquid LB medium containing 50mgL 1

kanamycin. The cultures were incubated at 28°C in shaker
with 120rpm agitation for one day to reach an optimal
density of 0.6 units at 600nm (OD ).600nm

Optimization of Parameters: To assess factors affecting
the transformation frequency, different parameters were
performed. A range of parameters were evaluated with
each experiment containing 30 single PLB per replicate.
Parameters  included  the  acetosyringone concentration
(0, 50, 100, 150 and 200µM) used during co-cultivation in
Agrobacterium suspension, length of the pre-culture
period  (0,  1,  2, 3 and 4 days) of PLBs prior to infection,
co-cultivation period (0, 1, 2, 3 and 4 days), calcium
concentration (0, ¼, ½, ¾ and 1 strength), different
concentrations of silver nitrate [AgNO ] (0, 20, 40, 60, 80,3

100  and 120 µM), different bacterial density in OD600nm

(0.2, 0.4, 0.6 and 0.8 units) and immersion period (0, 5, 10,
15  and  30  minutes).  To determine the optimum
conditions for transformation, one factor of the standard
conditions were changed each time and the effects on

of GUS expression which was observed 3 days post-

GUS Histochemical Assay: GUS activity assays were
performed by using Jefferson (1987) method [8]. PLBs
were immersed in X-Gluc solution (2mM X-Gluc, 100mM
NaH PO  (pH 7.0), 0.5mM potassium ferricyanide and2 4

50mM ferrocyanide. The PLBs were then incubated at
room temperature (37°C). The materials were soaked in
70% ethanol for 2 days to remove chlorophyll before
observation. Transient GUS expression efficiency of
single PLB was examined and scored as blue spot more
than 50% positive.

Statistical Analysis: Data were analysed using one-way
ANOVA and the differences contrasted using Duncan’s
multiple range test. All analyses were performed at the
level 5% using SPSS 10.0 (SPSS Inc. USA). 

RESULTS AND DISCUSSION

Acetosyringone Concentration: Acetosyringone is a
phenolic compound which used to induce Agrobacterium
to transform recalcitrant host especially monocotyledon
plants especially in orchids [11]. It has been used to
incorporate in many media for co-cultivation of bacteria
and plant tissues during transformation event. Since
Dendrobium orchids are not natural hosts of
Agrobacterium tumefaciens, previous study has shown
that addition of acetosyringone to infection and co-
cultivation medium was effective in producing the
transgenic lines [11].
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Fig. 3: Influence of acetosyringone concentration (µM) based on transient GUS expressions. For each parameter, three
replicates were used containing ten PLBs per replicate and were repeated three times. Data were analyzed using
one way ANOVA and the differences contrasted using Duncan’s multiple range test. Different letters indicate
values are significantly different (p<0.05).

In Agrobacterium-mediated transformation system, Sreeramanan [7] reported that highest GUS positive
phenolic compound is used to facilitate the transcriptional explants of banana were observed at 100µM of
activation of Agrobacterium virulence machinery [12]. acetosyringone. The application of 100-500 µM
Acetosyringone as a phenolic signal is transduced acetosyringone  to  the  co-culture  medium  was effective
through a receptor virA protein in the inner membrane of for  Agrobacterium-mediated   transformation   in  tea
bacterial cell. The expression of these genes triggers the plant (Camellia sinensis sp.) [17]. They reported that the
transfer  of  a  specific  DNA   segment   (T-DNA)   from application of 100 µM acetosyringone also promoted
Ti-plasmid to plant cell and its integration into their callus differentiation. 
nuclear DNA [13]. Preculturing step in the transformation Naturally, monocotyledonous plants are not a host
of tobacco leaf discs could be bypassed by providing for Agrobacterium. However, many reported have been
acetosyringone to the freshly cut explants [14]. Five proved that using acetosyringone during infection and
concentrations of acetosyringone (0, 50, 100 150, 200 µM) co-cultivation can facilitate Agrobacterium-mediated
in the co-cultivation medium were carried out. The result system in monocot plants. For example in Phalaenopsis
showed that GUS positive results increased with orchid [18], Japonica and Indica rice [19] and
increasing  of  acetosyringone  concentration  and Agapanthus [20]. However, in some woody plants such as
maximum GUS expression was at 150µM (Fig. 3). GUS poplars [21], acetosyringone did not improve the
expression in PLBs was reduced when the acetosyringone transformation efficiency in Agrobacterium-mediated
concentrations is more than 150µM. This could be due to system. The inability of acetosyringone to increase the
high concentration of acetosyringone is toxic to explants transformation rate could be due to the inherent
due to the harmful effect of supra-optimal concentration prevalence of high amounts of phenolic in woody plant
of acetosyringone and alcohol solvent used in this study. tissues.
There was 15% of GUS expression on PLBs observed in
the absence of acetosyringone. Preculture Period: The effect of different preculture

In addition, necrotic zones formed on PLBs in this periods (0, 1, 2, 3 and 4 days) of PLBs for transformation
orchid hybrid have shown to produced hypersensitive efficiency was evaluated. PLBs precultured for 2 days
symptom  at  high  concentrations  of  acetosyringone. showed the highest number of GUS positive results
This would affect Agrobacterium inoculation and finally followed by preculture duration of 3 and 4 days (Fig. 4).
influence the transformation rate. Addition of low amount This result obtained was similar with Sunikumar [14]
of acetosyringone (100-200 µM) appeared to increase findings, where tobacco leaf discs were used for
transformation efficiency in other orchids [15-16]. transformation  and  the leaf discs pre-cultured for 2 days
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Fig. 4: Influence of preculture period (day) based on transient GUS expressions. For each parameter, three replicates
were used containing ten PLBs per replicate and were repeated three times. Data were analyzed using one way
ANOVA and the differences contrasted using Duncan’s multiple range test. Different letters indicate values are
significantly different (p<0.05).

produced  the  highest  transient  GUS positive explants. elimination of preculture condition was useful for kiwi
In addition, Sreeramanan [7] reported that single bud of fruits and apple to be transformed using Agrobacterium-
banana precultured for 2 days showed the highest mediated system. 
transient expression. However, Tsukazi [22] found that The  results  clearly   indicated   that  preculture
Brassica oleracea var capitata hypocotyl explants had period  had  influenced  the frequency of Dendrobium
best expression of GUS positive spots on the explants. savin white transformation by using Agrobacterium-
They reported that the fewest GUS positive explants and mediated transformation system. This improvement in
spots were observed on 4 day pre-cultured, followed by transformation efficiency as the result of the
a 0-day pre-culture. determination of preculture period can attribute to

In some woody fruit plants, such as plum the initiation of active cell division before receive T-DNA
preculturing explants before the inoculation and co- gene from the Agrobacterium.
cultivation  with   Agrobacterium   have   showed
improved in Agrobacterium-mediated transformation Co-cultivation   Period:    In   many   plant  species,
frequencies [23]. Besides that, number of putatively usually two to seven days co-cultivation period were
competent of Arabidopsis thaliana cells for used  for  Agrobacterium-mediated  transformation  due
transformation  was  significantly increased by a to  the  high  efficiency   of   transformation.   Two to
preculture  day  treatment  on  an  auxins  rich  medium three  days  of  co-cultivation  period   have   been  used
[24].  It  has  been  suggested  that,  stimulation  of  plant for  general  Graminea  transformation  [28,  29]. In
cell division and activation of the DNA replication addition to these, Khan [30] reported that Brassica napus
machinery during the preculture period may have was co-cultivated for two to three day as well in
important role for T-DNA integration [24]. In contrast, transformation with Agrobacterium strain EHA 105.
some of the plants showed the negative effect on the However, more than 5 days of co-cultivation encourage
induction of competent cells transformation such as in the an  overgrowth  of  other  bacteria  with  a contaminant
explants of citrage [25]. Other than that, Mondal [26] also and  decreased  in  transformation  efficiency in garden
found out that there was 40-44% of transformation pea [31] and flax [32]. As well, longer co-cultivation
efficiency in tea without preculture. However, they periods in Brassica napus result in explants turning
observed that there was only 5-18% of GUS expression in necrotic and remains devoid of shoot regeneration due to
explants for those pre-culture for one to four days. excessive  growth  of  Agrobacterium  strain, EHA 101
Besides that, Janssen and Gardner [27] have also reported (pIG 121-Hm) [30].
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Fig. 5: Influence of co-cultivation period (day) based on transient GUS expressions. For each parameter, three replicates
were used containing ten PLBs per replicate and were repeated three times. Data were analyzed using one way
ANOVA and the differences contrasted using Duncan’s multiple range test. Different letters indicate values are
significantly different (p<0.05).

The co-cultivation of PLBs with disarmeds Calcium  Strength:  Calcium  is  one of the macronutrient
Agrobacterium-strain   EHA    105    for    3    days for  plants.  Indeed,  it   acts   as   an   ionic  cross-linkage
resulted in highest  frequency  of  transient  GUS of  the  carboxyl  groups  of linear   macromolecules   in
expression. Whereas, in 0 day and 1 day, co-cultivation the  cell  wall  of plant. In addition, it also acts as inducer
period   the    transformation    frequency    were   very to change the composition of cell wall through its
low,  which  were  15%  and  30%  respectively.  About influence on gene expression. Plant cell wall generally
70%   of    transformed    PLBs     were     encountered    in contains 1-10mM of calcium, which can amount to more
2  days  co-cultivation  and for 4 days co-cultivation than 60% of calcium in the cell [35]. Montoro [36] reported
period,  the  blue  spots  observed  on  PLBs  were  45% that an increased in CaCl  can stimulate cell dissociation
(Fig.  5).  In  Broccoli,   the   transformation   frequency which was linked to a hyper-secretion of polysaccharide
was  low  after  1  day  co-cultivation,  but increased compounds.
rapidly  when  the  co-cultivation  period  was  prolong  to Five treatments of calcium strength (0, ¼, ½, ¾ and 1)
7 days, reaching maximum at day 3 [33]. Similar results were investigated. The highest percentage of GUS
have been reported in banana [7] and Phalaenopsis expression  was  observed  at  ¼  strength  calcium
violacea orchid [34]. followed  by  ½  strength  calcium  treatments  (Fig. 6-7).

 However,   a   prolonged   co-cultivation   period   of This   experiment   has   been   carried   out   three  times
5 to 7 days has been shown to increased Agrobacterium- and  similar  results  were  obtained. In this study, it
mediated transformation in Agapanthus and Lilium showed that transient GUS activity decreased as the
usitatissimum  and  [20,  32].   Seo   [19]   reported  that calcium  concentration  more  than  ¼  strength of
GUS expression increased 2.3 times when co-cultivation calcium  were  used.  However,  Sangwan  [24] reported
period was prolonged from 3 to 10 days. Although that in Arabidopsis thaliana highest GUS activity was
prolong  co-cultivation  period  of  more   than   3  days observed by using calcium free medium. This was
have   been    successful    used    for   certain  plants [1, consistent with the study of Hevea brasiliensis [37] and
20],  2  to  3  days  co-cultivation  has   been  routinely Pisum sativum [31]. 
used  in  most  reported  transformation  protocols. Deficiency of calcium might contribute to an increase
Mondal  [26]  reported  that   the   differential  requirement in the transformation rate as the cell wall structure is being
of co-cultivation period largely depend on the modified and consequently reduce the cell wall matrix,
Agrobacterium strain used or co-cultivation or medium opposing Agrobacterium cell attachment. When the
for bacterial culture. calcium  concentration  is high, it would absorb by the cell
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Fig. 6: Influence of calcium concentration (strength) based on transient GUS expressions. For each parameter, three
replicates were used containing ten PLBs per replicate and were repeated three times. Data were analyzed using
one way ANOVA and the differences contrasted using Duncan’s multiple range test. Different letters indicate
values are significantly different (p<0.05).

Fig. 7: Comparison of transient histochemical gusA gene expression in protocorm  like bodies with different
concentration of calcium (strength). (A) 0 strength – control; (B) ¼ strength; (C) ½ strength; (D) ¾ strength and
(E) 1 strength. All pictures were taken under 30X magnification using a stereomicroscope. 
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Fig. 8: Effect of the silver nitrate (AgNO ) on transient gusA gene expression in Dendrobium savin white PLBs. For each3

parameter, three replicates were used containing ten PLBs per replicate and were repeated three times. Data were
analyzed using one-way ANOVA and the differences contrasted using Duncan’s multiple range test. Different
letters indicate values are significantly different (p<0.05).

wall  and   reinforce   the   plant   cell   wall.   Once   the medium has been proven for its anti-ethylene activity
cell  wall   is  strengthening,   the  transformation  of  the which is common with in vitro plant cultures. The usage
T-DNA  gene  segment  from  Agrobacterium  to  plant of silver nitrate has shown to have other important effects
cell  would be  influence  at  the  lower rate transfer as in plant tissue culture of Cassava, improving somatic
been supported by gusA gene transient expression results embryogenesis, organogenesis and micropropagation in
(Fig. 6). many species [39].

Different Concentrations of Silver Nitrate (AgNO ): shown to enhance stable gene transfer in maize [40, 41]3

Silver nitrate compound is known to inhibit ethylene and Fuji apple [38]. Silver nitrate significantly suppresses
production,   which  affects   cell   division   mechanisms. the Agrobacterium growth during co-culture without
It was reported that in Agrobacterium-mediated compromising T-DNA delivery and subsequent T-DNA
transformation,  ethylene production was increased integration. The suppressed Agrobacterium growth on
during Agrobacterium infection which resulted in a the target explants could facilitate plant cell recovery and
reduced efficiency of  gene  transfer  mechanism   in result in increased efficiency of transformation.
apple  [38]. In general, it is known with the inclusion of Orlikowska [42] reported that in addition of silver nitrate
silver nitrate that will suppress the ethylene biosynthesis stimulated direct shoot regeneration from rose (Rosa
through Ag  reducing capacity to bind ethylene receptor indica) leaves taken from in vitro cultures and co-2+

produced. cultivated with Agrobacterium tumefaciens for genetic
In this study, we examined the effect of silver nitrate transformation studies,. However the compound also

in different concentrations on Dendrobium savin white inhibits bacterial growth after co-cultivation with the
PLBs for determination of transformation efficiency based explants.   They   observed   that   at   concentration of
on percentage of transient GUS expression. While 100 mg.L  silver nitrate after co-cultivation in the plant
evaluating the different concentration of silver nitrate in regeneration medium could completely retards the
both Agrobacterium strains, it was found that the highest bacterial growth at least for another 3 weeks. Therefore,
percentage of transient GUS expression occurred at 60µM with addition of silver nitrate is thus able to replace
and the lowest was at 120µM respectively (Fig. 8). This certain  commonly  used antibiotics such as cefotaxime
could be due to the effect of high concentrations of silver and carbenicillin, which are often phytotoxic to tissues at
nitrate during co-cultivation is toxic to Dendrobium savin least during the first passage after co-cultivation with
white PLBs. Inclusion of silver nitrate in co-culture Agrobacterium strains.

Addition of silver nitrate in co-culture medium had

1
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Fig. 9: Influence  of  optimal  density  based on transient GUS expressions with different bacterial density at OD .600nm

For each parameter, three replicates were used containing ten PLBs per replicate and were repeated three times.
Data were analyzed using one way ANOVA and the differences contrasted using Duncan’s multiple range test.
Different letters indicate values are significantly different (p<0.05).

Tissue damage by Agrobacterium tumefaciens 0.4 High  concentration  of  Agrobacterium suspensions
infection  has  been  reported  before  and  seems  to  be for co-cultivation may cause destruction of PLBs due to
one of the major obstacles for Agrobacterium-mediated overgrowth of bacteria and explants would have stress
transformation. Opabode [43] reported that silver nitrate consequence this would disturb physiology of explants
is an antinecrotic compound which can reduced oxidative leads to ineffective recovery of transformed cells.
burst during the interaction between plant tissue and However, if the concentration of Agrobacterium
Agrobacterium tumefaciens. In addition, Enriquez- suspension is low, there is an insufficient bacterium cells
Obregon [44] have evaluated the effect of cysteine and infect and transfer T-DNA into plant cell therefore
silver nitrate with known antioxidant activity on the transformation efficiency is greatly low. 
viability of stem section taken from in vitro rice plantlets For Phalaenopsis  orchid,  GUS   expression  was
and on their interaction with Agrobacterium tumefaciens high with Agrobacterium density at OD  of 0.2 [46].
(AT 2260) containing a shuttle vector bearing the gusA Mohanty [47] reported that Agrobacterium cultures
and bar genes. Ozden [45] reported that involvement of grown for 3 days were effective for rice callus. Wilson [48]
ethylene production (enhanced by wounding during were reported that different bacterial concentration had
explants preparation) is leads to browning but can be different effects on transformation efficiency, OD  0.8
reduced in the presence of silver nitrate in medium at (1× 10  cfu mL ) of EHA 105 gave highest transformation
optimum level. efficiency for Melastomataceae malabathricum and

Bacterial Density (OD ): Transformation was decreased when OD  0.8 was used in shoot and node600nm

investigated based on concentration of Agrobacterium explants of Melastomataceae malabathricum. The results
suspension culture at optical density (OD ). Each imply that the efficiency of plant transformation mediated600nm

particular density (0.2, 0.4, 0.6 and 0.8) showed different by Agrobacterium not only affected by different density
level of transient GUS expression in PLBs of Dendrobium of bacteria culture but also type of plants used. 
savin white. The suspension culture of the
Agrobacterium EHA 105 with OD  of 0.6 showed the Immersion  Period:  Five  treatments  were  carried  out600nm

highest number of GUS positive explants, followed by 0.8 based on immersion period of PLBs in Agrobacterium
and 0.4, which has 60% and 50% of GUS expression suspension culture  at  bacterial  density  OD   of  0.6.
respectively  (Fig.   9).  However,  results  obtained  0.6 All immersion periods (0, 5, 10, 15 and 30 minutes) showed
OD  is not significantly  different  with  OD   at different  level  of  GUS expression. The highest transient600nm  600nm

600nm

600nm
7 1

Tibouchina semidecandra and transformation efficiency
600nm

600nm
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Fig. 10: Influence of immersion period (minutes) based on transient GUS expressions. For each parameter, three
replicates were used containing ten PLBs per replicate and were repeated three times. Data were analyzed using
one way ANOVA and the differences contrasted using Duncan’s multiple range test. Different letters indicate
values are significantly different (p<0.05).

GUS   expression   was   obtained   at   immersion  period to improve Agrobacterium-mediated transformation
for 10 minutes, followed by immersion period 5 minutes system by obtaining a high level of transient gusA
and 15 minutes, which have the same percentage of GUS expression in Dendrobium savin white single PLBs, a
expression about 60%. For immersion period of 0 minutes systematic  evaluation  of  various  parameters  were
(for less than 5 seconds) showed the lowest GUS positive carried  out.  The  optimized  parameters  include,  (a)
percentage. This could be due to insufficient time for the 150µM acetosyringone concentration, (b) 2 days of
Agrobacterium to infect the explants and therefore preculture period, (c) 3 days of co-cultivation period, (d)
transformation rate was low (Fig. 10). However, the ¼ of standard calcium strength (MS medium), (e) 60 µM
transient  GUS  expressions  decreased   when  prolong of silver nitrate, (f) optimal bacterial density of 0.6 (OD
the immersion period was more than 10 minutes. This ) and (g) 10 minutes of immersion period. The
observation could contribute to the overgrowth of optimized parameters evaluated  in  this  study  can  be  as
bacteria and subsequently causing stress to explants key   factors   for  other   recalcitrant   Dendrobium  hybrid
(browning or blackening). When there is stress on as soon as the methodological are optimized in
explants,   necrotic   and   hypersensitive  symptoms Agrobacterium-mediated  transformation  system.  The
would appear and thus influence transformation rate. fact  that  the  orchid  flower is priced for its aesthetic
Immersion time also varied between plant species and rather than food value makes it also an ideal system to
tissue types. From  the  previous  researches, Aida and test-market for GMO acceptance by consumers, by
co-workers [49] used 5 minutes to transform epicotyls following the statutory procedures for release of GMOs
segments of trifoliate orange by using Agrobacterium into the environment.
tumefaciens LBA  4404, whereas Wilson and co-workers
[48] used 60 mins to transformed Melastomataceae spp. ACKNOWLEGEMENT
in vitro explants.
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