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and explants were bombarded respectively. Hence, while
doing the transformation, not only genotype and ex-
plants but also the method used to introduce the T-
DNA has to be considered to achieve the high frequen-
cies of transformation, because in the same genotype
(NM5884), when the explants were infected with Agro-
bacterium, no further growth was observed and became
necrotic; on the other hand, infection given to IEs after
20 days inoculation resulted in a high frequency of
transformation. In the contrary, vice versa results were
observed with microprojectile bombardment [52].
Media and its components play important role for

in vitro growth and regeneration, mostly MS media was
used for different explants. Abbas et al. [55], Sreenu
et al. [36], and Pavan Kumar et al. [45] established the
in vitro cultures and Agrobacterium-mediated transform-
ation protocols by using MS medium with coleoptilar
nodal explants in maize. In the present study, the LS
medium has been used and found to be more suitable
for the immature embryos, which has also been reported
in earlier studies [16, 19].
Genotype is also critical and associated with the ex-

plant for in vitro growth and regeneration. Sridevi et al.
[19] reported that inbred line NM5884 is suitable for
using IEs as explants, whereas another inbred line
NM74C has been reported suitable for using coleoptilar
node as an explant [45]. In the present study, it has been
further confirmed that NM5884 is the most suitable
genotype for using IEs not only for in vitro studies but
also for genetic transformation in maize.
In the process of Agrobacterium-mediated transform-

ation, every step is crucial and specific for genotype and
explants used; hence, by varying every parameter, growth
and regeneration efficiency was studied at pre-selection

and selection stages as well as at the regeneration stage.
Pre-culturing of explants before infection is necessary
for some genotypes, where the explants did not respond
without pre-culturing. Sreenu et al. [36] reported 24 h of
pre-culturing of explant resulted in best results than the
other explants given by no pretreatment and longer (48
h.) pretreatments. Wu et al. [56] and Takavar et al. [57]
reported similar results in wheat and maize respectively.
In the present study, culturing of the explants for a lon-
ger period (20 days) has a positive response after induc-
tion of the callus. Other parameters that involve and
influence the transformation frequency were optimized
by several workers by using different explants in differ-
ent genotypes. Present results have similarities as well as
differences with their reports which again confirmed that
the conditions are dependent on the genotype, explants,
and method of transformation used [36, 49].

Conclusions
In maize, development of transgenic plants through
in vitro pyramiding of different genes involved in the
biochemical pathways that regulates different physio-
logical activities in regulating the multiple stresses in
plants is very essential. In this sequence, optimization of
conditions and various parameters of transformation im-
prove the transformation frequency. In the present
study, introducing two genes involved in the ABA path-
way, using gateway technology is useful for developing
stable transgenic plants with desired characters (i.e., abi-
otic stress tolerance). This study also provided the opti-
mized conditions and parameters of Agrobacterium-
mediated transformation to yield maximum frequency of
transformation within NM5884 inbred line.

Fig. 8 Wild-type and transgenic lines (Trg-2) under well water (A) and 14 days of water withholding condition (B), tolerant green transgenic
(right inB), and completely dried non-transgenic (left inB) maize plants under drought stress given in pot experiment at the end of 14 days
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