Integration and expression of the high-molecular-weight
glutenin subunit Dy10 gene into Egyptian wheat
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To investigate the possibility of manipulating gluten dough strength and elasticity by
increasing the high molecular weight glutenin subunits (HMW-GS), bread wheat cv. Giza 164 was
transformed with HMW-Dy10 subunit gene. Immature embryo-derived calli were co-transformed
with a plasmid (pK-Dy10) harboring HMW-gene (Dy10) driven by its own promoter and pACH235
plasmid containing the scorable gus gene and the selectable bar gene. Integration of the three
transgenes had been confirmed in the genome of transgenic Ty plants by PCR analysis. Expression
of gus gene was detected in transformed plants by histochemical staining and the expression of bar
gene was detected using leaf painting assay. Grains of transgenic and non-transgenic (control)
wheat plants were analyzed to estimate the level of glutenin protein using HPLC and it revealed
higher levels of glutenin in transgenic grains comparing with control.
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the yeast, giving rise to a light porous
structure. Wheat's unique bread-making

heat is one of the most abundant
sources of energy and nourishment
for mankind. It is a member of the

family Poaceae which includes the major
cereal crops of the world such as maize, wheat,
barley and rice. Ninety-five percent of wheat
grown today is of the hexaploid type; used for
the preparation of bread and other baked
products. Nearly all of the remaining 5%
durum wheat (tetraploid) which is mainly used
for making pasta, macaroni and biscuits
(Patnaik and khurana, 2001). Breadmaking is
one of humankind's oldest technologies, being
established some 4,000 years ago. The ability
to make bread depends largely on the visco-
elastic properties of wheat dough. These allow
the entrapment of carbon dioxide released by

properties come from complex proteins called
gluten, found in no other cereal grain. One
group of gluten proteins, the high molecular
weight (HMW) subunits, are largely
responsible for gluten elasticity, and variation
in their amount and composition is associated
with differences in elasticity (and hence
quality) between various types of wheat. These
proteins form elastomeric polymers stabilized
by inter-chain disulphide bonds, and detailed
studies of their structures have led to models
for the mechanism of elasticity (Shewry et al.,
1995).

One of the first targets for the genetic
engineering of wheat has been the
enhancement of its flour utilization properties.

Arab J. Biotech., Vol 10, No. (1} Jan. {2007):49-56,



50 Ashraf H. Falmy et al.

Among these properties is dough strength,
which depends, in large part, on seed storage
protein composition and quantity, particularly
HMW  glutenin  subunits (Blechl and
Anderson, 1996). Progress in biotechnology of
wheat, including genetic transformation and
expression of HMW glutenin subunit genes,
now make it possible to engineer the gluten
proteins and proved that functional properties
of wheat could be improved by gene transfer
technology (Altpeter et al., 1996; Blechl and
Anderson 1996; Alvarez ef al, 2000 and
Pastori et al., 2000). This study was conducted
to transform HMW glutenin Dy10 subunit
gene into Egyptian wheat to improve the flour
quality.

Wheat transformation

Immature caryopsis of the Egyptian
wheat cultivar Giza 164 were collected
approximately two weeks postanthesis. Grains
were surface sterilized with 20% commercial
Clorox  (5.25%  sodium  hypochlorite)
supplemented with few drops of Tween 20 for
15 minutes, and then washed five times with
sterile distilled water. Immature embryos were
aseptically isolated and cultured with the
scutellum side up onto callus induction
medium for one week before bombardment.
Embryo-derived calli were co-transformed
with  two  plasmids using  biolistic
bombardment, Biolistic® PDS-1000/H device
(Bio-Rad, USA) according to Fahmy ef al.

(2006). The first plasmid pAHC25 s
harboring gus and bar genes and both genes
are driven by ubi promoter, the second one is
pK-Dy10 which is BlueScript KS plasmid
harboring HMW-GS Dy10 gene driven by its
own promoter (Vasil et al, 1993).
Regenerated putatively transgenic wheat plants
were transferred into soil, then incubated in
control growth chamber (Conviron™) for
acclimation and analysis until setting seeds.

DNA analysis

Putative  fransgenic  plants  were
subjected to molecular analysis to confirm the
integration of the foreign genes (gus, har and
Dyl10) into plant genome by PCR analysis.
Total genomic DNA was isolated from leaf
material using DNeasy Plant Mini Kit
(QIAGEN, Germany) and 50 ng DNA were
used as a template in the PCR analysis.
Specific oligonucleotide primers for gus, bar
and Dy10 were used (Table 1). For gus gene
the reaction mixture was denatured at 94°C for
3 min and subjected to 35 cycles. Each cycle
consisted of denaturation at 94°C for 30 sec,
annealing at 62°C for 30 sec and extension at
72°C for 2 min. After the final cycles the
extension was allowed to continue for
additional 7 min at temperature 72°C. For bar
and Dy10 genes, the cycles condition were the
same as described above except the annealing
temperatures were 57°C and 55 “C for bar and
Dy10, respectively.

Table (1): Primer sequences used in the PCR analysis.

Name Primer Expected Size (ph)
gus F S -AGTGTACGTATCACCGTTTGTGTGAACY 1050
gus R S -ATCGCCGCTTTGGACATACCATCCGTA-3
barF 5 -GTCTGCACCATCGTCAACC-3 443
harR S -GAAGTCCAGCTGCCAGAAAC-3
ES 5 COGGCCCTGACTCCTAATACACAT-Y 9135
DyioR! F-TCGAGGTCGACGGTAATC'-3
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HPLC analysis

Gluten was determined in the grains of
the transgenic wheat plants (T;) by HPLC
method according to Wieser ef al. (1998). The
extracts were analyzed using HPLC apparatus
{Hewlett-Pakard 1100). The column used was
C8 reverse phase column (4.6 mm % 25 ¢m
with 5 um packing). The mobile phase used
was acetonitrile gradient from 50 to 100% at a
flow rate of 1.5 ml/min.

Expression of marker genes

Expression of gus and bar genes was
studied in Tg plants. Histochemical staining
analysis was conducted to study the expression
of gus gene according to Jefferson (1987),
while leaf painting assay was conducted to
study the expression of bar gene according to
He er al. (1999).

The wheat HMW glutenins have a large
impact on the physical properties of flour
made from wheat (Blechl and Anderson,
1996). The quality of wheat cultivars depends
on the number and composition of the HMW-
GS present (Altpeter et al, 1996). Genetic
modification of wheat seed storage proteins is
important for the impact of food products
specially bread that have a socio-economical
and political effects in Egypt. Some groups
transforming HMW-GS genes into wheat to
improve its flour quality for food industry. In

addition to that purpose, our group has
additional insight which is transferring such
genes into wheat, maize and barley to produce
transgenic plants from these crops expressing
reasonable gluten content in their grains. Such
strategy could help to increase the amount of
maize and/or barley flour added to wheat flour
in bread industry and hence reduces the
amount of imported wheat. To achieve this
goal, we started to transfer one of HMW-GS
genes (Dyl0) into maize (Abdallah er al.,
2004) and barley (unpublished data). In this
study we report the transformation of Egyptian
wheat with Dy 10 gene.

The last two decades have witnessed the
widespread use of wvaried approaches for
introduction of exogenous DNA into wheat.
Wheat improvement by genetic engineering
requires the delivery, integration and
expression of defined foreign genes into
suitable regenerable explant (Patnaik and
Khurana, 2001). Therefore, we used Biolestic
bombardment to transfer Dy10 gene into the
wheat variety Giza 164. Immature embryo-
derived calli were co-transformed with
plasmid containing Dy10 gene and another
plasmid containing gus and bar genes. Four
putative transgenic wheat plants were
regenerated  from  the  transformation
experiment. These plants were subjected to
molecular analysis to confirm the integration
and the expression of the transgenes.

Table (2): Analysis of transgenic wheat plants.
PCR

Plant analysis GLUS Leaf Fertility gluten
no. widA bar HMW stain painting content
gene gene subunii pgig
control 2 - - - - + Q15
I + + + & + 44617.5
2 + + . - - 4000.6
3 - - + + B - 2742
4 + . + + + + 14433
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Fig.(1):PCR analysis of
transgenic wheat plants. A:
Amplified PCR products for
DyIl0 gene (915 bp). B:
Amplified PCR products for
gus gene (1050 bp). C: 8
Amplified PCR products for
bar gene (443 bp). Lane 1I:
DNA marker (1 kb ladder),
lane 2: negative control,
lane 3: positive control
(plasmid), lanes 4-7:
transgenic plants.

Fig. (2):

Expression

showing necrosis (bottom).

QOur initial attempt to detect the
integration of the transgenes in the genome of
the transgenic plants was performed using
PCR analysis. DNA was isolated from putative
transgenic and non-transgenic plants (control)
then subjected to PCR analysis using specific
primers for each transgene (Table 1). The
primers of marker genes are routinely used to
detect both genes in transgenic plants (He et
al., 1999; Abdallah er al., 2004 and Fahmy et
al. 2006).

PCR results revealed products of the
expected sizes, 1050 bp for gus gene and 443
bp for bar gene as shown in Fig. (1). the data
confirmed the integration of both marker genes
in the genome of the four wheat plants (Table
2). Interestingly, no escapes were developed
indicating that the selection system used in this

of marker genes.
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study is efficient. A similar finding was
obtained previously when the original protocol
was published (Fahmy er al., 2006). To our
knowledge PCR analysis has not been used to
detect transgenic HMW glutenin genes in
transgenic  bread-making wheat wvarieties
because those varieties already have
endogenous copies of HMW glutenin genes. In
our lab, we designed specific primers (Table 1)
that can distinguish between the transgene
(Dy10} and the endogenous copy (Abdalla,
2007, in press). These primers worked
efficiently (Fig. 1) where they amplified 912
bp from putatively transgenic wheat plants
while no amplification was detected from the
endogenous copy of the Dy10 gene. The data
confirmed the integration of Dy 10 transgene in
the genome of the four wheat plants.
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F ig. (3).‘ P-HPLC results for glutenin extract from non- transgenic (control) and four transgenic wheat plants.

Expression of marker genes was
examined histochemically for gus activity and
by leaf painting assay for bar (Fig. 2 and Table
2). The four plants were positive for both
marker genes. It is worth to mention that the

integration and expression of the transgenes
did not affect the fertility of the transgenic
plants where all of them set seeds (Table 1).
HPLC has frequently been used to relate
the quantity of gluten protein fractions for
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flour properties (Jia et al., 1996 and Wieser et
al., 1998). Therefore, we used HPLC to
quantify the amount of gluten protein in the
kernels of transgenic wheat plants. The charts
of HPLC analysis are shown in Fig, (3). The
results of HPLC analysis were 951 pg/g for
control (non-transformed), 4617.5 pg/g for
plant number 1, 4000.6 pg/g for plant number
2, 2742 pg/g for plant number 3 and 1443.3
ug/g for plant number 4 (Table 1). These
results indicate that the four transgenic wheat
plants showed over-expression of glutenin
protein comparing with the control. This
indicates that the transgene was stably
integrated in the genome of transgenic plants
and successfully expressed in the kernels.
However, the level of expression varied
among the four plants. The variation of
expression is often observed with a population
of transgenic plants transferred with the same
construct and under identical transformation
conditions. This intertransformation variation
highly complicates phenotype analysis and
production of commercial crops with stable
and predictable transgene performance. The
reason of such variation could be the influence
of the location of the transgene in the genome
of transformants (Odell et a/., 1985; Keinonen-
Mettala er al. 1998). In addition, the variation
could be resulted from the copy number of the
transgene inserted in the genome of transgenic
plants (Blechl and Anderson, 1996).

The over-expression of glutenin in
transgenic plants ranged from 1.6 fold (plant
number 4) to 5.0 fold (plant number 1)
comparing with the control. Similar finding
was reported when the HMW-Dx5 subunit
transformed into wheat and resulted in a four-
fold increase in gluten content of the kemels
(Rooke et al., 1999). Other findings indicated
an increase in gluten content reaching up to
1.5 fold (Blechl and Anderson, 1996). These
differences are expected due to the use of
different HMW-GS genes where we used

Dyl0 gene in this study, Rooke et al., 1999
used Dx5 gene while Blechl and Anderson,
1996 used both genes fused together.

In summary, transgenic wheat plants
from the Egyptian variety Giza 164 with
HMW-Dyl10 gene were obtained in this study.
The plants over-expressed seed storage ™
glutenin protein. These results demonstrate the
feasibility of modifying the technological
properties of wheat flour and hence can help to
improve bread industry.
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