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Figure 2. Transformation of maize plants using A. tumefacience harboring pPCAMBIA3301. A: Dissected immature embryo (thick
arrow) of maize seed (thin arrow). B: Callus induction on callus inducing medium. C: Embryogenic callus. D: Histochemical GUS
assay of embryogenic callus. E: First step in plant regeneration of embryogenic callus. F: Regenerated transgenic maize plant. G:
Regenerated plant in rooting medium. H: Rooted transgenic plant in the pot.
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To select the most effective antibiotic for preventing
bacterial overgrowth, three different antibiotics were
tested. There are some reports on positive effects of
Timentin on shoot regeneration from leaf discs,
inhibitory effects of Cefotaxime on cotyledon explants
regeneration and rooting of shoots [33, 34]. On the other
hand, it was also shown that Timentin provided better
protection against bacterial overgrowth than Cefotaxime
and Carbenicillin [34-37]. In the present work, Timentin
(a mixture of Ticarcillin and Clavulanic acid) was more
effective than the others (Cefotaxime and Vancomycin
+ Jentamycin) to suppress the overgrowth of three
Agrobacterial strains and tissue necrosis was decreased
by the use of Timentin (Table 2).

Timentin is stable in solid agar medium and
remained effective for at least 70 days [34]. Then using
Timentin instead of Cefotaxime or Vancomycin +
Jentamycin, the costs associated with antibiotic
utilization are reduced.

Therefore, it could be concluded that the influence of
Timentin on tissue culture was negligible or positive as
compared to those of Cefotaxime or other antibiotics.
Then we recommended Timentin as a suitable antibiotic
to elimination of Agrobacterial contamination in
transformation process. On the other hand, however
there are some reports on high efficient transformation
using EHA105 strain but we could not control the
overgrowth of the strain by these antibiotics. EHA105 is
a supervirulant bacterium, which result in frequent
bacteria overgrowth. The use of 250 mg/I of Timentin or
Cefotaxime was effective in killing bacterial cells of
strain LBA4404, but not those of strains EHA105 and
EHA101. This bacterial overgrowth may be controlled
by more concentration of the antibiotics. Therefore, we
used LBA4404 as a suitable Agrobacterium strain in the
following transformation experiments.

In another experiment, we studied the effects of
embryo size and pre-treatment culture on transformation
frequency in S61 line as an efficient regenerable
genotype of Zea mays. Embryo size has significantly
effects on callus induction and plant regeneration in
maize  genotypes [38-40].  Therefore, genetic
transformation of Zea mays may be related to embryo
size explants. Our results demonstrated significant
effects of embryo length/age on T-DNA delivery, callus
induction and plant regeneration (Table 3). This may be
attributed to physiological age of embryos. Small
embryos with a proper physiological age have more
embryogenic potential than the large ones, suggesting
that embryos lose embryogenic competence with age.
Moreover, changes in endogenous hormonal levels
during embryogenesis sages may influence the control
of cell cycle, and the co-ordination of cell division and
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DNA replication in immature embryos, and hence,
transformation  efficiency [41]. Therefore, the
developmental stage of the embryo is an important
factor in determining the success of maize
transformation. However, calli obtained from larger
embryos (>2.5mm) were showed significantly higher
transient GUS expression levels but had lower
regeneration frequencies than the smaller ones (<1.5
mm) (Fig 2).

The effect of wounding on gene transfer efficiency
was analyzed by the evaluation of PPT resistant calli
and histochemical analysis of transient GUS expression
in embryos. The results showed that the wounded
embryos produce more PPT resistant and GUS- positive
calli than intact embryos (data not shown). The
wounding allows the Agrobacterium efficiently infect
the tissues by increasing in exposed surface, and stably
transformed maize embryogenic tissue [42]. The
wounding may also result in the active division of the
cells and the accompanying DNA synthesis may
enhance the incorporation of the T-DNA into the plant
genome.

Histochemical GUS assays were carried out on PPT
resistant callus events to determine whether those
expressing the bar gene also expressed the gus reporter
gene. Because the gus gene in this construct contains an
intron (Fig. 1), blue staining was indicative of plant
rather than A. tumefaciens expression of the transgene.
Therefore, we concluded that 1.5-2.5 mm embryos are
more suitable as an explant in Agrobacterium mediated
transformation of Zea mays.

On the other hand, a 7-day preculture treatment
significantly increased the number of green calli in
selection medium (Table 3). The phase of the cell cycle
influences stable transformation [43]. The formation of
new and thin cell walls probably has effects on
transformation efficiency, and may have influence in
specific attachment capacity to Agrobacterium [44, 45].

Table 3. The effects of embryo size and pretreatment culture
on callus induction and plant regeneration in Zea mays

Embryo  Pretreatment Callus Plant
size (mm) Culture Induction  Regeneration
0.5-2 + Medium Medium

- Low Low
2-3 + High High

- Medium Medium
3-5 + High Low

- Medium Low
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Table 4. The efficiency of Agrobacterium- mediated transformation using immature embryos of maize plants

Genotype No. of Em_t_)ryogenic No. of Plants tested No. of positive F->CR Frequency
Calli:(A) for GUS (gus/bar) Plants: (B) (A/B) %
S61 517 9 4 6.45
A188 638 3 - -
HilIB 422 2 - -
Therefore, preculture in a high hydrocarbonates and "M W NT P TI T2 T3 T4

auxin medium can enhance transformation rate.

Finally, based on the preliminary results, we studied
the transformation of three lines (S61, A188 and HilIB)
of the maize. We used 1.5 - 2.5 mm embryos, A.
tumefacience LBA4404 harboring pCAMBIA3301,
pretreatment culture and Timentin antibiotic for
pollution eliminations in transformation process. S61,
A188 and HillB PPT resistant lines were regenerated in
selection medium. Nine PPT resistant plants were
regenerated from 517 embryogenic calli of S61 line.
The numbers of regenerated PPT resistant plants were
three for A188 and two for HilIB lines (Table 4).

DNA extracted from leaves of PPT resistant plants
was used for amplification with primers to the bar and
gus genes. The PCR reaction revealed the presence of
the GUS fragment with expected length of 320 bp (Fig.
3) and the BAR fragment with expected length of 520
bp (Fig. 4) in the genomic of each putative transgenic
plants. No amplified products were detected in non-
transformed control plants (Figs. 3, 4). The transfor-
mation frequency (the number of independent, PCR-
positive transgenic plants per 100 embryos infected)
was 6.45% for S61 genotype (Table 4). Ishida and et al.
[5] reported a transformation frequency between 5- 30%
for A188 line using a super-binary vector. However,
Frame et al. [18] reported 0% transformation frequency
for A188 genotype. Therefore, based on the present
results, S61 is a suitable line for genetic transformation
of maize using A. tumefaciens.

In conclusion, the major factors limiting Agrobac-
terium application for genetic transformation of maize
are low frequency of plant regeneration from cultured
tissues and a weak virulence of Agrobacterium in
relation to cereals. The present study illustrated some
prerequisites for Agobacterium mediated transformation
of Z. mays. Our results demonstrated suitable maize
genotype (S61), embryo size (1.5 - 2 mm), A. tume-
faciens strain (LBA4404), pretreatment culture, and
appropriate antibiotic (Timentin) for Agrobacterium
mediated transformation of Z. mays. The present results
will be used for genetic transformation of maize using
biotic and abiotic resistance genes.
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Figure 3. The representative PCR analysis of genomic DNA
to detect the presence of the gus gene in putative transgenic
maize plants S61 line. PCR amplification of the 320-bp
fragment of the gus gene. Lane M, Molecular weight marker;
Lane W, Water (negative control); Lane NT, DNA from
untransformed  plant  (negative control); Lane P,
pCAMBIA3301 plasmid DNA (positive control); Lane T1-T4,
DNA from independently transformed plants.

Figure 4. The representative PCR analysis of genomic DNA
to detect the presence of the bar gene in putative transgenic
maize plants S61 line. PCR amplification of the 520-bp
fragment of the bar gene. Lane M, Molecular weight marker;
Lane W, Water (negative control); Lane NT, DNA from
untransformed  plant  (negative control); Lane P,
pCAMBIA3301 plasmid DNA (positive control); Lane T1-T4,
DNA from independently transformed plants.
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