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ABSTRACT 

Plant engineering via gene transfer technology "Gene Revolution" is a powerful technique for direct
improvement of commercial crops by developing of novel plants expressing a set of valuable characters.
Although, the production of stable fertile transgenic cell lines expressing target genes from commercial varieties
remains a major barrier, in particular with cereal crops. High regeneration capacity from commercial barley
varieties is a fundamental requirement for establishing efficient genetic transformation protocol of this important
cereal crop. Here, we provide a robust, reliable and reproducible protocol for regeneration via embryogenesis
and Agrobacterium-mediated transformation of two elite Egyptian barley cultivars Giza 123 (hulled) and Giza
130 (hull-less). The results of regeneration frequencies were exceeded 80% for both cultivars Giza 123 and
Giza 130. These results of high regeneration efficiency proved that this protocol is less genotype-dependent
plant regeneration system and was enabled us to attain high frequencies of transgenic plants. In total sixty three
transgenic cell lines of Giza 123 cultivar with 179 positive plants expressing uidA and hpt genes resulted from
eight independent experiments using 1210 explants (half immature embryos) with transformation frequencies
% ranging between 6.41% and 23.77% with an average value 14.79%. In Comparison to 54 transgenic cell
lines of Giza 130 with 131 positive plants resulted from eight independent experiments using 1268 explants
with transformation frequencies % ranging between 3.73% and 17.57% with an average value 10.33%. Results
of molecular analysis confirmed the generation of self-fertile transgenic plants of commercial barley cultivars;
Giza 123 and Giza 130. The obtained results in this study confirm the efficiency of the developed protocol
for barley transformation which represents a millstone will sustain our strategy to improve the nutritional value
of the grains of these two elite cultivars through metabolic engineering technology. Moreover, these results will
pave the way for further development of transgenic plants of other commercial barley cultivars and other cereal
crops such as wheat, maize, rice and sorghum. 

Key words: Barley transformation, Agrobacterium, uidA; gus gene, hpt; hygromycin resistance gene.
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Introduction

Barley (Hordeum vulgare L.) is the fourth most important cereal crop in the world after wheat, maize, and
rice, and is used for animal feed, brewing malts and human food. In Egypt barley is the second cereal crop
cultivated in winter after wheat and can reduce the gap of wheat production when used in bread industry.
Therefore, the future of barley cultivation is promising and in progress due to its nutritional value and high
tolerance to environmental stresses. Barley has nutritional advantages in human diets such as a high fiber and
antioxidant content and being cholesterol-free and low in fat. Traditionally, conventional breeding has been
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successfully utilized in barley improvement for the production of elite cultivars with desired characteristics such
as disease resistance and improved malting quality. With the advent of molecular breeding technologies, such
as transformation, breeders have the technique of inserting genes from different organisms to improve the
nutritional quality of barley grains for malting, feed and food (Brinch-Pedersen et al., 1996; Nuutila et al.,
1999; Horvath et al., 2000; Patel et al., 2000, Ibrahim 2006, Abdalla et al, 2008). Moreover, barley grains can
be used as a bioreactor to produce therapeutic proteins, which can for example be used directly in the detection
of HIV antibodies in blood, which is more effective than the use of tobacco leaves and stems or potato
(Schünmann et al., 2002). 

Beginning in the nineties there has been a continuous effort in developing techniques for barley transient
and stable transformation (Knudsen and Müller 1991; Lazzeri et al. 1991; Wan and Lemaux 1994; Tingay et
al. 1997; Zhang et al. 1999; Holme et al. 2006; Ibrahim 2006, Opabode 2006, Dahleen and Manoharan 2007,
Bartlett et al. 2008, Ibrahim and Müller 2010). In most of cases direct DNA delivery by microparticle
bombardment to generate stable transformants from immature embryos, microspore-derived embryos, and callus
from young embryos was used. Only a limited number of varieties served as donor plants, like Golden Promise
or Igri, because of their prominent regeneration capacity in tissue culture. Other varieties have been transformed
with less efficiency (Cho et al., 1998). 

Although there are a number of publications describing successful Agrobacterium-mediated transformation
of barley (Tingay et al., 1997; Murray et al., 2001; Wang et al., 2001; Travella et al., 2005; Ibrahim, 2006;
Lange et al., 2006; Opabode, 2006; Shrawat et al., 2007; Dahleen and Manoharan, 2007; Bartlett et al., 2008
and Ibrahim and Müller, 2010), the ability to routinly transform barley using Agrobacterium tumefaciens is
currently restricted to a few laboratories worldwide. This is partly due to the need for experienced personnel
and plant growth infrastructure and also to a lack of clearly written transformation protocols. 

Major progress in the field of barley transformation was achieved when a procedure for Agrobacterium
transformation was published (Tingay et al., 1997). It is now believed that a broader spectrum of varieties can
be transformed with a higher efficiency and a minimum number of inserted gene copies by employing this
method. Still production of transgenic barley plants remains labor intensive and dependent on genotype and
selection system.

There are a number of advantages of Agrobacterium transformation over particle bombardment, which refer
to simplicity and the production of transgenic plants with a low copy number of the transgene and with simpler
integration patterns. Therefore, the progress in developing the protocols to enhance the transfer of T-DNA from
Agrobacterium to a plant cell represents the milestone in achieving reasonable efficiency in transformation of
recalcitrant barley species, which is the prerequisite step to improve commercial barley species by genetic
engineering (Lemaux et al., 1999). To establish a reproducible barley transformation system using
Agrobacterium a high efficient regeneration procedure and an efficient Agrobacterium transformation protocol
are required. Therefore, the objective of the present study was to develop transgenic barley plants of two elite
Eyptian cultivars Giza 123 and Giza 130, by applying an efficient protocol of Agrobacterium-mediated barley
transformation. 

Materials and methods

Plant material, isolation and culture of immature embryos

Immature embryos of barley (Hordeum vulgare L.) were isolated from spikes of donor plants grown in
greenhouse of two elite Egyptian cultivars Giza 123 (hulled = the grains with hull) and Giza 130 (hull-less
= the grains without hull). All plants were cultivated in pots (25 cm in diameter) filled with a 1:1:1 beat moss,
sand and clay mixture and fertilized with 5 g/pot of [NPK (20:20:20) +Mg + Fe+Zn] at the time of planting
and then biweekly with 100 ml of 0.02 % solution. It was very important to avoid lodging of the plants. In
case of pathogen attacks all diseased material was discarded, also pesticide-treated material was never used.
Spikes were collected 12-18 days after anthesis, only from plants with green and healthy flag leaves indicating
good grain filling and quality. The developing barley seeds with semi-translucent immature embryos of about
1.5 - 2mm in length were isolated from the middle part of the spikes. 

Barley spikes containing immature embryos were collected and sterilized for 2 minutes in 70% ethanol,
followed by 10 minutes in a solution of sodium hypochlorite containing 1% (w/v) chlorine and a drop of
Tween 20, then rinsed one time in sterile distilled water (pH 3.0), and three times in sterile distilled water (pH
7.0). Immature embryos were dissected from young caryopses under a stereo binocular and the embryonic axis
was bisected longitudinally to destroy the embryonic axis, then after 3 days remaining embryonic tissue at the
half scutellum tissue was removed. The explants were cultured with the scutellum side (downwards) placed
in contact to the callus induction medium, ca. 40 explants per plate on callus induction medium (CIM) which
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was MS medium (Murashige and Skoog, 1962) supplemented with 30g/l maltose, 1mg/l thiamine-HCl, 0.25g/l
myo-inositol, 1g/l casein hydrolysate, 0.69g/l proline, 5µM CuSO4 .5H2O and 2.5mg/l Dicamba (3,6-dichloro-O-
anisic acid), pH 5.8. Filter-sterilised double concentrated medium 2x (500 ml) was mixed with 2x (500 ml)
of Gelrite 70°C (2x =7g/l autoclaved Gelrite+H2O).

Agrobacterium strain, vectors and inoculum

Agrobacterium tumefaciens strain AGL1 harboring the supervirulent pTiBo542 disarmed Ti plasmid (Lazo
et al., 1991) was used. The binary vector pWBVec10 (Wang et al. 1997, 1998) was used for the
transformation system using the reporter gene uidA and the selectable marker hpt gene for hygromycin
selection. A full strength inoculum with (OD600 = 1.0) was obtained by growing standard inoculum in 10ml
of MG/L medium (Garfinkel, 1980) for 16-20h with shaking (150rpm) at 28°C.

Agrobacterium-mediated barley transformation 

Isolated immature embryos were precultured for three days before the inoculation with Agrobacterium. The
scutellum of immature half embryos were immersed in a full strength Agrobacterium suspension (OD600 = 1.0)
for one hour, then transferred to a sterile Petri dish to remove excess bacterial solution, and then immediately
transferred without rinsing, the scutellar surface placed in contact to the callus induction medium (15
explants/plate). Co-cultivation of immature embryos with A. tumefaciens was performed in darkness for 3 days
at 24°C. After co-cultivation, embryos were transferred directly to the selection medium (CIM) supplemented
with 150mg/l TimentinTM (Duchefa) and 50mg/l hygromycin B. The selection process occurred for 4 weeks
(subculture each 2 weeks). Resistant embryogenic callus lines were transferred to FHG medium (Hunter, 1988)
supplemented with 1mg/l 6-BAP, 25mg/l hygromycin B, and 75mg/l Timentin, solidified with 3.5g/l Gelrite,
and incubated at 24°C under florescent light 16h/day for 4-6 weeks (subculture each 2 weeks). Regenerating
plantlets were transferred to magenta boxes containing 50ml of hormone-free half strength CIM solidified by
2g/l Gerlite and supplemented with 75mg/l Timentin and 25mg/l hygromycin B. After development of the root
system (4 weeks), plantlets (12-14 weeks after embryo isolation) were transferred to soil in small pots and
placed in a growth chamber at 18°C day/13°C night with high humidity 80% for 4 weeks and then were
transferred to big pots and placed in a growth chamber at 21°C day/16°C night with 70% humidity until
maturity.

Histochemical assay of GUS activity

Histochemical staining for GUS was performed using 5-bromo-4-chloro-3-indoxyl-β-D-glucuronic acid (X-
gluc) (Jefferson et al., 1987). 

PCR analysis of transformants

To investigate the presence of transgenes in T0 and T1 generations of transgenic plants, standard PCR
reactions were performed using 100ng genomic DNA (Harwood et al. 2000). The presence of uidA gene was
determined by amplification of a 326-bp fragment of the gene using the primer pair 5'-TAG AAA CCC CAA
CCC GTG AAA-3' and 5'-TGG CGT ATA GCC GCC CTG ATG-3'. The primer pair 5'-CTG AAC TCA CCG
CGA CGT CTG-3' and 5'-CTT TGC CCT CGG ACG AGT GC-3' was used to amplify a 1216-bp fragment
of the hpt gene. 

Southern blot analysis

Genomic DNA was isolated from leaf tissue of individual regenerated plants; 15µg of genomic DNA was
digested with XbaI to determine the transgenic lines which contain the uidA gene as well as to detect the gene
copy number in the genome of these lines. The restricted DNA was size-fractionated by agarose gel
electrophoresis and transferred to a positively charged membrane (Nytran® SuperCharge Schleicher&Schuell
Bioscience) according to Southern (1975). Hybridization of membrane was performed according to the method
outlined in the NEBlot® Phototope® Kit instruction manual with one modification: the probe of uidA gene was
generated by PCR amplification using a specific primer pair 5'-CCT GTA GAA ACC CCA ACC CGT G-3'
and 5'-GAG CAT CTC TTC AGC GTA AGG G-3' to amplify the 1kb biotinylated probe. The Phototop®–Star
Detection Kit was used to detect the transgene sequences on hybridized filters. The emitted signals were
detected by the Gel Doc-2000.
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Results

Regeneration capacity of barley cv. Giza 123 and Giza 130

Low regeneration efficiency is a major obstacle limiting the efficiency of generating transgenic plants from
commercial cultivars which are often recalcitrant to tissue culture. Therefore, establishment of a reliable
protocol for plant regeneration of commercial barley cultivars is a major step to achieve successful
transformation protocol. In this respect, at the outset of this study a set of experiments was performed to
evaluate the regeneration capacity of two elite Egyptian cultivars Giza 123 (hulled = the grains with hull) and
Giza 130 (hull-less = the grains without hull) using of the developed protocol for barley transformation using
Agrobacterium tumefaciens (Ibrahim 2006 , Ibrahim and Müller 2010).

Immature embryos (1.5–2 mm) were isolated (12- 18 days post anthesis) and cultured on callus induction
medium (CIM). Five independent experiments were carried out to determine the regeneration capacity of both
cultivars. Results in (Table 1) showed that, the response of the scutellum of immature embryos of both
cultivars to the medium of callus induction and regeneration of this protocol was observed. Embryogenic callus
was observed more frequently in the calli derived from cv. Giza 123 and callus quality recorded the highest
level 90%, in comparison to the highest level 87.09% with cv. Giza 130. The results of regeneration percentage
of both cultivars recorded a high percentage which exceeded 80% of both cultivars, in average (86.85) for cv.
Giza 123 and (81.17) for cv. Giza 130. The average value of No. of plantlets/explants recorded (2.88) for cv.
Giza 123 and (2.53) for cv. Giza 130 Giza. Successful regeneration of plantlets from embryogenic calli with
embryos like structures were frequently occurred and it was observed that each callus line produced many
plantlets, with developed roots on FHG medium as the same presented in (Figure 1 D, F) which proved
evidently that most of these plantlets regenerated through somatic embryogenesis. 

It can be summarized that a reproducible system was established for plant regeneration via somatic
embryogenesis from immature scutella isolated from immature embryos of barley cv. Giza 123 and Giza 130
(size 1.5 – 2 mm) cultured on callus induction medium (CIM) supplemented with 2.5 mg/l Dicamba for 4
weeks before transfer of the embryogenic calli to regeneration medium (FHG) for 4-6 weeks then to root
development medium for 4 weeks. The obtained results of applying this protocol proved that this protocol is
less genotype-dependent plant regeneration system. 

Agrobacterium tumefaciens-mediated barley transformation

A reproducible and efficient transformation system of barley cv. Giza 123 and Giza 130 using AGL1
pWBVec10 was established through a set of experiments as shown in Tables 2 and 3, Figure 1. Eight
independent experiments were carried out for each cultivar and resulted in sixty three transgenic cell lines of
Giza 123 cultivar with 179 positive plants expressing uidA and hpt genes resulted from eight independent
experiments using 1210 explants (half immature embryos) with transformation frequencies % ranging between
6.41% and 23.77% with an average value 14.79% (Total No. of positive plants/No. of explants). In Comparison
to 54 transgenic cell lines of Giza 130 with 131 positive plants resulted from eight independent experiments
using 1268 explants (half immature embryos) with transformation frequencies % ranging between 3.73% and
17.57 % with an average value 10.33% (Total No. of positive plants/No. of explants). It was observed that
a high percentage of callus lines show remarkable somatic embryo like structures (Figure 1) also each callus
line produced many plantlets, with developed roots on FHG medium and this proofs evidently that most of
these plantlets regenerated through somatic embryogenesis. The transgenic T0 plants were tested using GUS
assay and PCR analysis for uidA and hpt genes. Southern blot analysis of representative plants confirmed the
presence of the uidA gene and integration into the genome of T0 lines.

Histochemical Assay of GUS Activity 

Stable GUS assay was performed using embryogenic callus tissues 3 weeks after inoculation with
Agrobacterium as shown in Figure 2. After regeneration, GUS assay of leaf samples of the T0 transgenic plants
was carried out to demonstrate the positive GUS lines (Figure 2).
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Table 1: Callus quality, average No. of plantlets/explants and regeneration percentage of Egyptian barley cultivars Giza 123 and Giza
130.

Cultivars No. of explants Callus quality (% of Average No. of Regeneration %
(half embryos) explants with plantlets/explant

embryogenic callus)
Giza 123 35 85.71 2.97 88.57

45 82.22 2.68 86.66
58 82.75 2.72 84.48
41 90.24 2.92 87.80
83 80.72 3.12 86.74

Giza 130 48 85.41 2.44 81.25
60 81.66 2.58 78.33
55 81.81 2.18 83.63
62 87.09 2.68 82.25
46 82.60 2.78 80.43

Table 2: Agrobacterium tumefaciens-mediated transformation of barley cv. Giza 123 
Experi- No. of No. of No. of Average No. of positive Total No. of Transformation 
ment explants callus lines with No. of lines positive plants frequencies %
No. (half lines green positive --------------------- ---------------------- ----------------------------------------------

embryos) plantlets plantlets uidA + hpt + uidA + hpt + No. of Total No. 
/ line positive lines of positive

/No. of plants/No.
explants of explants

A 156 14 6 2.50 4 4 8 10 2.56 6.41
B 177 12 5 3.25 4 4 11 13 2.26 7.34
C 154 15 10 2.25 8 8 17 18 5.19 11.68
D 143 19 11 3.40 9 10 29 34 6.99 23.77
E 110 8 6 3.20 5 5 16 16 4.55 14.55
F 134 13 12 2.56 9 9 22 23 6.71 17.16
G 162 31 16 2.50 12 12 27 30 7.41 18.51
H 174 18 11 3.27 11 11 30 36 6.32 20.69
Total 1210 130 77 2.84 62 63 160 179 5.20% 14.79%

Table 3:. Agrobacterium tumefaciens-mediated transformation of barley cv. Giza 130
Experi- No. of No. of No. of Average No. of positive Total No. of Transformation 
ment explants callus lines with No. of lines positive plants frequencies %
No. (half lines green positive --------------------- ---------------------- ----------------------------------------------

embryos) plantlets plantlets uidA + hpt + uidA + hpt + No. of Total No. 
/ line positive lines of positive

/No. of plants/No.
explants of explants

K 134 12 3 2.50 2 2 5 5 1.49 3.73
L 151 17 9 2.33 5 6 11 14 3.97 9.27
M 108 9 4 2.66 3 3 7 8 2.78 7.41
N 166 18 14 2.50 6 6 14 15 3.61 9.03
O 148 20 12 3.25 8 8 23 26 5.41 17.57
P 165 15 8 2.83 6 6 15 17 3.63 10.30
Q 180 25 17 2.50 10 10 19 25 5.56 13.88
R 216 30 19 1.61 12 13 20 21 6.01 9.72
Total 1268 146 86 2.43 52 54 114 131 4.25% 10.33%

Southern blot analysis of the uidA gene 

To determine the copy number of the uidA gene, the binary plasmid vector pWBVec10 and genomic DNA
of putative transgenic cell lines were digested with XbaI (the expected fragments $ 2 kb). Hybridization with
the uidA probe detected this fragment in the digested plasmid as well as in digested genomic DNA of four
independent T0 transgenic cell lines (Lanes 1,2,3 and 4) of Giza 123 and (Lanes 5,6,7 and 9) the genomic
DNA of 5 transgenic Giza 130 barley plants representing 5 independent T0 transgenic cell lines (Figure 3). The
result of hybridization of the membrane with the uidA probe confirmed the presence of the uidA gene in one
copy in all tested lines in fragments ranging between 2 -15 kb in size, with one exception that, the uidA probe
confirmed the presence of the uidA gene in two copies in the genome of the transgenic line of Giza 130 in
lane 5.



408Am. Eurasian J. Sustain. Agric., 4(3): 403-413, 2010

Fig. 1: Production of transgenic barley plants using Agrobacterium tumefaciens AGL1 pWBVec10. (A)
Immature embryos of Giza 123 after 2 days of inoculation with Agrobacterium. (B) Callus induction
from the scutellum of Giza 130 immature embryos after 14 days on CIM+ Hygromycin B 50 mg/l
+ Timentin 150 mg/l. (C) The embryogenic callus with somatic embryos derived from the scutellum
tissues of Giza 123 after 4-week on CIM. (D) Distinguished germinated somatic embryos, arrow points
to a root of germinated embryo after one week on regeneration medium (FHG) + Hygromycin B 50
mg/l + Timentin 150 mg/l. (E) Regeneration of putative transformed plants of Giza 123 after 3 weeks
on FHG + Hygromycin B 50 mg/l + Timentin 150 mg/l. (F) Regeneration of putative transformed
plants of Giza 130 after 3 weeks on FHG + Hygromycin B 50 mg/l + Timentin 150 mg/l, arrow
points to a root of germinated embryo. (G) Transgenic plants of Giza 123 after 3 weeks on root
developing medium + Hygromycin B 50 mg/l + Timentin 150 mg/l. (H) Transgenic plants of Giza
130 after 3 weeks on root developing medium + Hygromycin B 50 mg/l + Timentin 150 mg/l. 

Fig. 2: GUS assay of callus and leaf samples. (A) Stable expression of uidA gene in embryogenic callus
derived from scutellum tissues of Giza 130 immature embryos after after 3 weeks of inoculation with
Agrobacterium tumefaciens pWBVec10. (B) Histochemical GUS assay of leaf from T0 transgenic Giza
123 barley plant (right side: leaf of the control nontransgenic plant).

Inheritance of the uidA and hpt genes in the T1 generation 

PCR reactions were performed to detect the presence of both the uidA gene and the selectable marker hpt
gene in the progeny of T0 plants (Figure 4 and 5). Results of GUS assay and PCR reactions were used to
assess the inheritance of uidA and hpt genes in the T1 generation (Tables 4 and 5). 
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Fig. 3: Southern blot analysis of barley genomic DNA isolated from four putative transgenic Giza 123 barley
plants representing 4 independent T0 transgenic cell lines (Lanes 1,2,3 and 4) and (Lanes 5,6,7 and
9) the genomic DNA of 5 putative transgenic Giza 130 barley plants representing 5 independent T0

transgenic cell lines was digested with XbaI to determine the copy number of the uidA gene(the
expected fragments $ 2 kb. Arrows point to the detected fragments of uidA gene in the genome of
transgenic barley plants, and only the transgenic plant of Giza 130 in lane 5 has 2 copies of uidA
gene. (M) DNA marker size. (P) Plasmid vector pWBVec10 digested with XbaI. (NT) Genomic DNA
of non-transgenic plant digested with XbaI. 

Fig. 4: PCR analysis of genomic DNA from leaf tissues of T1 transgenic Giza 123 and Giza 130 barley
plants. (M) DNA marker size (H) Sterile H2O (NT) Genomic DNA from non-transgenic barley plant
as negative control, (P) Plasmid pWBVec10 (Lanes 1,2,3 and 4) four T1 Giza 123 plants of individual
four T0 transformed lines were used in PCR reactions with the primer set GUS Ting 97 to amplify
the 326 bp of the uidA fragment (arrow). (Lanes 5,6,7,8 and 9) five T1 Giza 130 plants of individual
five T0 transformed lines, only three plants in lanes 5,7 and 8 are positives and contain the uidA gene.

Table 4: Segregation of the uidA and hpt genes in the T1 generation of Giza 123 transgenic plants.
Name of T0 Transgenic plant Total No. of T1 plants tested Segregation of uidA and hpt

by GUS assay and PCR genes both (+) :  both (-)
A-L1 (2) 13 10 : 3
B-L3(1) 8 8 : 0
C-L2 (1) 14 11 : 3
D-L1 (2) 11 10 : 1
E-L1 (3) 14 12 : 2
F-L4 (2) 17 12 : 5
G-L1 (1) 15 10 : 5
H-L5 (3) 12 10 : 2
Total 104 83 : 21
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Table 5: Segregation of the uidA and hpt genes in the T1 generation of Giza 130 transgenic plants.
Name of T0 Transgenic plant Total No. of T1 plants tested Segregation of uidA and hpt genes

by GUS assay and PCR both (+) :  both (-)
K-L1 (3) 14 10 : 4
L-L2 (2) 15 10 : 5
M-L1 (1) 12 11 : 1
N-L3 (2) 13 9 : 4
O-L1 (4) 14 9 : 5
P-L2 (2) 15 8 : 7
Q-L1 (2) 15 11 : 4
R-L3 (1) 13 10 : 3
Total 111 78 : 33

Fig. 5: PCR analysis of genomic DNA from leaf tissues of T1 transgenic Giza 123 and Giza 130 barley
plants. (M) DNA marker size. (H) Sterile H2O. (P) Plasmid pWBVec10. (NT) Genomic DNA from
non-transgenic barley plant as negative control. (A) Genomic DNA of 10 T1 transgenic Giza 123
plants of 10 individual T0 transformed lines were used in PCR reactions with the primer set HPT was
used to amplify the coding region 1216 bp fragment of the hpt gene (arrow). (B) Genomic DNA of
10 T1 transgenic Giza 130 plants of 10 individual T0 transformed lines. 

Discussion

Regeneration capacity of barley cv. Giza 123 and Giza 130

A reliable and efficient regeneration system is a prerequisite for gene transfer into commercial barley
plants. A number of examples are given in the literature, describing regeneration systems in barley. Somatic
embryos are an important tool for a large-scale vegetative propagation. Therefore, regeneration via somatic
embryogenesis is the key factor to achieve an efficient transformation system. In barley scutellum cells of
immature embryos are the best target cells for production of embryogenic callus and somatic embryogenesis.
Our previous work with barley cv. Golden Promise (Ibrahim, 2006; Ibrahim and Müller, 2010) resulted in
developing a robust and reliable protocol used here in the present study for barley regeneration and
transformation by Agrobacterium. The results of applying this protocol with two commercial cultivars of
Egyptian barley cv. Giza 123 and Giza 130 revealed that, regeneration percentage of both cultivars recorded
a high percentage for both cultivars, in average (86.85%) for cv. Giza 123 and (81.17%) for cv. Giza 130 in
comparison to our previous work with cv. Golden Promise the regeneration rate was about 94% (Ibrahim 2006)

The average value of No. of plantlets/explants recorded (2.88) for cv. Giza 123 and (2.53) for cv. Giza
130 Giza. This successful regeneration of plantlets from embryogenic calli with embryos like structures were
frequently occurred and confirmed the efficiency of this protocol in generation of large number of transgenic
cell lines with many individual transgenic plants based upon the regeneration via embryogenesis which proved
evidently that this protocol is less genotype-dependent plant regeneration system. Our comprehensive studies
with this protocol (Ibrahim 2006; Ibrahim and Müller, 2010) revealed that the key factors of this protocol are
(Dicamba, the semi-translucent barley immature embryos of about 1.5 - 2mm in length which represents distinct
physiological stage proved to have more competent cells for developing somatic embryos, CuSO4 .5H2O as
Anti- ethylene, regeneration medium with low level of ammonium salt =165 mg/l, amino acids and the
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sterilization with filtration which keep the components of the medium from the production of toxic complexes
when autoclaved). The presence of Dicamba in the callus induction medium (CIM) with a concentration of 2.5
mg/l which proved more effective than 2,4-D in enhancing callus quality and somatic embryogenesis of barley
cv. Golden Promise. This agrees with reports from the literature (Lührs and Lörz, 1987; Przetakiewicz et al.,
2003). Dicamba was successfully used as auxin substance in several barley transformation studies (Wan and
Lemaux, 1994; Tingay, et al., 1997, Travella, et al., 2005), whereas Trifonova et al., 2001 documented that
plant regeneration from barley transgenic callus was difficult to obtain when 2,4-D was used. The
developmental stage of the explant is a crucial factor for the in vitro culture and regeneration of cereal plants
(Lu et al., 1984; Bebli et al., 1988; Castillo et al., 1998). The optimal size of immature embryos varies with
plant genotype or species. Chang et al. (2003) reported that, using different sizes of immature embryos of
barley (cv. Morex) the highest regeneration capacity was recorded using immature embryos in size range 0.5-
1.5 mm. In the present study the semi-translucent immature embryos of about 1.5 - 2mm in length of barley
cv. Giza 123 and Giza 130 were used. 

Agrobacterium tumefaciens-mediated barley transformation

A robust and efficient transformation system of commercial barley cv. Giza 123 and Giza 130 using AGL1
and pWBVec10 was established. The protocol described here resulted in the generation of transgenic plants
from inoculated immature embryos with efficiencies ranging between 3.73% and 23.77%. These high
transformation frequencies based on the high regeneration frequencies of both cultivars which were exceeded
80 % and were enabled us to attain high frequencies of transgenic plants ranging between 6.41% and 23.77%
with an average value 14.79% deduced from 8 independent experiments with 1210 explants (half immature
embryos) of cv. Giza 123, and between 3.73% and 17.57% with an average value 10.33% deduced from 8
independent experiments with 1268 explants (half immature embryos) of cv. Giza 130. The obtained barley
transformation rates in this study are the highest reported so far using commercial cultivars and even with the
model cultivar Golden Promise in comparison with several reports; Shrawat et al. (2007), using other vectors
measured rates of transgenic plants between 3.3 and 6.9%, and Murray et al. (2001), using the same vector
pWBVec10 reported transformation frequencies ranging between 4.4% and 9.2 %. More recently, Ibrahim
(2006) and Ibrahim and Müller (2010) by using the same protocol used in the present study with the model
cultivar Golden Promise reported that, the percentage of transgenic plants ranging between 8.33% and 76.92%
with an average value of 34.23%. Bartlett et al (2008) reported that, transformation protocol for barley Golden
Promise has been developed with percentage of transgenic plants ranging between 4% and 36% with average
transformation efficiencies of 25%. 

Southern blot analysis of the uidA gene

Southern blot analysis was performed to determine the copy number of the uidA gene into the genome of
representative individuals of transgenic lines tested by PCR, the binary vector pWBVec10 and genomic DNA
were digested with XbaI to generate fragments $ 2 kb of uidA gene. Hybridization with the uidA probe
detected this fragments in the digested plasmid as well as in digested genomic DNA of four independent T0

lines (Lanes 1,2,3 and 4) of Giza 123 and 5 transgenic Giza 130 barley plants representing 5 independent T0

transgenic cell lines (Lanes 5,6,7 and 9) Figure 3. These results confirmed the integration of the uidA gene
into the genome of transformed barley plants with a low copy number (1 to 2 copies) thus, one copy was
detected in about 89 % of tested lines in fragments ranging between 2 -15 kb in size, and the uidA probe
confirmed the presence of the uidA gene in two copies in the genome of the transgenic line of Giza 130 in
lane 5and this represents about 11% of tested lines these results are in accordance with other reports (Tingay
et al. 1997; Travella et al. 2005; Ibrahim 2006; Shrawat et al. 2007; Bartlett et al. 2008; Ibrahim and Müller,
2010).

Inheritance of the uidA and hpt genes in the T1 generation

PCR analysis for hpt and uidA genes using genomic DNA of T1 plants confirmed the inheritance of both
genes in the T1 generation. These results are in agreement with several reports (Tingay et al. 1997; Murray et
al., 2001; Travella et al. 2005; Ibrahim 2006; Shrawat et al. 2007; Bartlett et al. 2008; Ibrahim and Müller
2010).

In Conclusion, we have established an efficient transformation system for elite Egyptian barley cultivars
by applying our developed protocol which proved to be efficient with the model cultivar Golden Promise in
the previous work (Ibrahim, 2006 and Ibrahim and Müller, 2010). We concluded that the success in
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establishment of efficient transformation system of commercial barley plants is dependent on the availability
of high regeneration frequencies of the cultivar. The results of regeneration frequencies were exceeded 80%
for both cultivars Giza 123 and Giza 130. These results of high regeneration efficiency proved that this
protocol is less genotype-dependent plant regeneration system and was enabled us to attain high frequencies
of transgenic plants. In total sixty three transgenic cell lines of Giza 123 cultivar with 179 positive plants
expressing uidA and hpt genes resulted from eight independent experiments using 1210 explants (half immature
embryos) with transformation frequencies % ranging between 6.41% and 23.77% with an average value
14.79%. In Comparison to 54 transgenic cell lines of Giza 130 with 131 positive plants resulted from eight
independent experiments using 1268 explants with transformation frequencies % ranging between 3.73% and
17.57% with an average value 10.33%. Results of molecular analysis confirmed the generation of self-fertile
transgenic plants of commercial barley cultivars; Giza 123 and Giza 130. The obtained results in this study
confirm the efficiency of the developed protocol for barley transformation which represents a millstone will
sustain our strategy to improve the nutritional value of the grains of these two elite cultivars through metabolic
engineering technology. Moreover, these results will pave the way for further development of transgenic plants
of other commercial barley cultivars and other cereal crops such as wheat, maize, rice and sorghum.

Abbreviations

uidA: Beta glucuronidase gene. hpt: Hygromycin phosphotransferase gene.
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