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{~ ABSTRACT |

Particle bombardment has been used to transform maize genotype Hi-Il. Immature embryos
were co-transformed with a plasmid containing the selectable and scorable marker genes (bar and
uidA, respectively) and a plasmid containing the high-molecular-weight glutenin subunit Dyl0
gene. Eight transgenic events (Ty) were recovered from 1000 bombarded scutella (transformation
efficiency thus 0.8%). T; generation was produced by cross pollination berween Ty plants and non-
transgenic plants of the Egyptian inbred line Sd63. Integration of trangenes has been confirmed in
the genome of Ty plants by PCR and Dot blot hybridization analysis. Expression of marker genes
was detected in Ty plants by leaf painting and histochemical staining for bar and uidA genes,

respectively.
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| -~ INTRODUCTION |

heat flour is different from other
cereal flours, including maize,
because it contains gluten that gives

it the elasticity and extensity required for
bread making (Barro er al., 1997). Gluten
consists mainly of two types of seed storage
proteins, the glutenins and the gliadins.
Glutenins are classified into high-molecular-
weight (HMW) subunits and low-molecular-
weight (LMW) subunits. Although the HMW
glutenins contribute only about 5% of the total
protein in mature wheat kernels (Shewry et al.,
1989), the elasticity of wheat dough depends
mainly on the HMW glutenins, so they are
important in bread industry (Payne et al.,
1981) but the mechanism by which this is done
is still unclear (Payne et al., 1979).

Cloned HMW glutenin genes have been
shown to be functional when introduced into
Eschericia coli (Galili, 1989), tobacco
(Roberts er al., 1989), wheat (Alpeter et al.,
1996; Blechi and Anderson, 1996; Barro et al.,
1997; Alvarez et al., 2000), tritordeum (Rooke
et al., 1999) and maize (Sangtong et al., 2002).

Dough made from maize flour lacks
elasticity and extensibility (Santong et al.,
2002). A probable cause of this is that maize
endosperm lacks the proteins responsible for
this trait. The HMW glutenin gene could be
used to develop maize with novel dough
characteristics. Our goal was to transform
Egyptian maize with a number of HMW
glutenin genes to develop novel maize dough
characteristics. These novel dough
characteristics could increase the content of
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maize flour in bread industry in Egypt and
hence reduce the amount of imported wheat.

[ MATERIALS AND METHODS . |

Plasimids and maize transformation

Two plasmids were used for co-
transformation of maize. The first plasmid,
pHC25, contains the selectable marker bar
gene and the reporter uidA gene;, both are
under the control of the maize ubiquitin
promoter (Vasil et al., 1993; Christensen and
Quail, 1996). The second plasmid, Blue script
KS™ (Stratagene, La Jolla, CA), contains the
HMW-GS Dyl0 of wheat driven by its own
endosperm  specific promoter. Immature
embryos of maize genotype Hi-II (Armstrong
et al., 1991) were co-bombarded with both
plasmids using biolistic bombardment (PDS
1000/He, Bio-Rad, Hercules, CA) according to
Songstad er al. (1996).

T; generation was produced by mating a
To plants and the Egyptian inbred line Sd63.
The integration of transgenes was detected by
PCR and Dot blot analysis. The expression of
transgenes was detected by histochemical
staining for uidA gene and leaf pairting assay
for bar gene.

DNA analysis

Total genomic DNA was isolated from
leaf material of Ty plants using DNeasy Plant
Mini Kit (QIAGEN, Germany). PCR was
carried out for the three transgenes for all Ty
plants. The analysis was carried out with 50-
200 ng of genomic DNA in a reaction mixture
containing 1.25 units HotStarTag DNA
Polymerase (QIAGEN, Germany), 200 uM of
each dNTP, 0.4 pM of each primer and 1X
buffer containing 1.5 mM MgCl;,. PCR
amplification was carried out for the uidA gene
(5AGTGTACGTATCACCGTTTGTGTGAA
C3" ,5ATCGCCGCTTTGGACATACCATCC
GTA-3"), annealing temperature 62°C,

expected amplified product 1050 kb in size,
bar gene (5-GTCTGCACCATCGTCAACC-
3%, 5-GAAGTCCAGCTGCCAGAAAC-3,
annealing  temperature  57°C,  expected
amplified product 443 bp in size and DyIC
gene(5 -ATGGCTAAGCGGCTGGTCCTCT-
3, ATTGTTGCCCTTGTCCTGGTTCT T -3°
annealing  temperature  55°C,  expected
amplified product 499 bp in size. The
products of PCR amplification were analyzed
by electrophoresis in 1% (w/v) agarose gels.
Integration of the HMW subunit Dyl0 gene
was subsequently confirmed by Dot blot
hybridization analysis of genomic DNA using
DNA labeling and Detection Kit (Boehringer
Mannheim, Germany).

Expression analysis of marker genes
GUS activity was examined
histochemically using the substrate 5-bromo-4-
chloro-3-indolyl B-D-glucoronide (X-Gluc).
Plant tissue was cut into small pieces,
immersed in X-Gluc buffer (Barcelo and
Lazzeri, 1995) and incubated overnight at
37°C. -Chlorophyll was extracted from the
tissue by incubating in ethano] 98%.
Expression of bar genc was examined
by local application of 0.3%. (v/v) Basta
solution (He et al., 1999), to marked regions of
fully expanded leaves. Resistance to the
herbicide solution was assessed one week after
application by scoring the area of leaf necrosis.

| RESULTS AND DISCUSSION |

Dough made from wheat flour is elastic
and extensible, making it suitable for many
food products. Dough made from maize flour
does not have these properties (Sangtong et
al., 2002). The wheat HMW glutenins have a
large impact on the physical properties of flour
made from wheat, and this class of protein is
lacking in maize. Our goal was to develop
maize that produces the wheat HMW glutenin
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in its kernels. This maize will be valuable for
studying the impact of this protein on dough
properties and could lead to the development
of maize with improved utility for food
products, especially bread that represents the
major food for the majority of the Egyptian
people.

The first step in determining the
feasibility of using the wheat HMW glutenin
gene in maize was to develop transgenic plants
containing this gene, then to determine if the
geme is functional. In this report, we focused
on transforming one of glutenin genes (Dyl10)
into maize. In total, 1000 scutella from Hi-II
maize inbred line were co-bombarded with

HMW subunit (Dyl0) and selectable marker
and reporter genes, bar and uidA, respectively.
Embryogenic calli derived from immature
embryos were used as a substrate for
bombardment. Herbicide resistance (Fig. 1)
was used as criteria to select callus for
regeneration of Ty plants (Frame et al., 2000).
Regeneration  frequency  of  explants

undergoing bombardment was 0.8% where 8
callus events regenerated 33 plants (at least
one plant from each event) under selection
pressure (Table 1). Different regeneration
stages of Hi-II maize line are shown in Fig.

(1).

Fig. (1): Regeneration stages of transgenic maize plants. (A) Non-transformed callus colonies
(control) on selection medium after 12 weeks showing death or growth inhibition. (B)
Callus colonies recovered on selection medium showing healthy growth.. (C) Development
of somatic embryos on somatic embryogenesis medium. (D) Shoot formation on
regeneration medium. (E) Root formation on rooting medium.
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Table (1): Analysis of transgenic maize plants.
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PCR analysis

GUS Leaf Fertility

plant # nidA bar
Gene gene

HMw stain
subunit

painting
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PCR analysis was conducted to confirm
the integration of the transgenes {(bar, uidA and
Dyl10} in the genome of all putative transgenic
To plants. The result of the reactions showed
that the PCR products for ail transgenes and
the corresponding positive controls were in the
expected size (443 bp for bar gene, 1050 bp
for uidA gene and 499 bp for Dy10 gene) and

negative controls (non-transgenic plants)
showed negative PCR products as shown in
Fig. (2). PCR results are scored and presented
in Table (1). The data indicated that all
putative transgenic plants were positive with at
least one transgene. These results not only
confirmed the integration of the transgenes in
the genome of Ty plants but also indicated the
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high efficiency of the selection system
followed in this work where no escapes were
recovered. The data indicated also that 20
plants (60.6% of the total number of plants)
were positive for the bar gene, 28 plants
(84.4% of the total number of plants) were

positive for the widA gene and 24 plants
(72.7% of the total number of plants) for the
Dyl0 gene. Dot blot hybridization analysis
was used to confirm the integration of the
Dy10 gene in lines found PCR positive (Fig.
3).

499 bip

1050 bp

433 bp

Fig (2): PCR analysis of DNA from representative transgenic maize plants with Dy I 0, uidA and
bar genes. The amplification products are 499 bp fragment from Dy 10 gene (A), the 1050
bp fragment from uidA gene (B) and the 433 bp fragment from bar gene (C). Lane 1 is
DNA marker (@I X 174/Haelll), lane 2 is plasmid control (positive control), lane 3 is non -
transgenic maize (negative control) and lanes 4-8 are representative fransgenic maize

plants.
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Fig. (3): Dot blot hybridization for transgenic maize plants with Dy10. Dot 1 is plasmid control
(positive control), dot 2 is non-transgenic maize (negative control) and dots 3-12 are

representative transgenic maize planis.

Histochemical staining and leaf painting
assay (Fig. 4) were used to study the
expression of the widA and bar genes,

respectively for Ty plants. Results of both
analysis are presented in Table (1).
Histochemical staining results indicated that
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the expression of uidA gene was detectable in
23 plants (96.7% of the total number of
transgenic plants and 82.1% of PCR-positive
for widA gene). Leaf painting assay results
indicated that 16 plants showed positive
expression for bar gene (48.5% of the total
number of transgenic plants and 80% of PCR-
positive plants). The data of histochemical
staining and leaf painting assay gave also more
confirmation for the integration of the marker
genes in Ty plants

Ty plants were crossed with the Egyptian
inbred line Sd63 to produce T,. Ty plants were
used as male and female plants. Only 12 plants
set seeds (Table 1) (36.4% of the total number
of plants). It was noticed that T, kernels were
obtained only when Ty, plants were used as
female plants which is an indication to
inefficient pollen transmission in Tp plants.
Similar observation was considered by
Sangtong et al. (2002) who gave some
possible explanations for it. One explanation is
that the HMW transgene 1is ectopically
expressed in maize in a tissue where the gene
product interferes with pollen development or
fertility. A second possible explanation is that
the transgene may be inserted into the plastidic

or mitochondrial genome. A third explanation
is that the transformation process produced
chromosomal abnormalities. It has been shown
in Avena that particle bombardment
transformation can generate insertion loci of
several megabasis and may cause
chromosomal rearrangements at the insertion
locus (Svitashev er al., 2000). In maize, some
chromosomal abnormalities may result in non-
viable or less competitive gametes (Phillips et
al., 1971; Rhoades and Dempsy, 1973).

The wunusual inheritance of HMW
transgene in maize will be particularly
interesting (Sangtong er al., 2002). For
example, in species where hybrid seed
production is important, male sterility system
can be useful for seed production. Also,
transmission of transgenes through pollen is an
important issue concerning the inadvertent
pollination of non-GMO crops or weeds.

In summary, HMW glutenin subunit
Dyl0 gene was successfully transformed into
Hi-II maize line. Ty plants were crossed with
the Egyptian inbred Sd63. Inheritance,

segregation and expression of this transgene
will be studied in details in the following
generations.

Fig (4): Expression analysis of marker genes in transgenic maize plants. (A) Herbicide leaf
painting assay: Leaves of non-transformed plant (left) and transformed plant (right) were
painted with 2.0% glufosinate. Non-transgenic plant showed necrosis in the painted area
while the transgenic plant showed high resistance to the glufosinate. (B) Histochemical
staining of GUS activity: Leaves of non-transformed plant (left) and transformed plant
(right) were immersed in in GUS buffer. Transgenic plant showed GUS activity (blue
staining) while non-transgenic plant did not show any GUS activity.
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