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ABSTRACT 
 

Based on the novel genotype independent protocol for somatic embryogenesis in rice (Oryza sativa L.) 
using mature embryos of eleven cultivars representing different genotypes of Egyptian rice cultivars which has 
been established in our laboratory, we report here establishment of an efficient Agrobacterium-mediated 
transformation of four elite cultivars; Sakha 103, Giza 178, Giza 182 and Egyptian H1. In this study, we have 
been developed a reliable and reproducible protocol for Agrobacterium-mediated transformation of rice using 
scutellum tissue of mature embryos. Transgenic rice plants were generated at high rate in a short period (16 
weeks) using this protocol with different rice cultivars which representing two different genotypes of Egyptian 
rice (Sakha 103 of Japonica genotype) and (Giza178, Giza 182 and Egyptian H1 of Indica/Japonica genotype). 
Fertile transgenic plants were produced at high frequency ranged from 3.39 % to 10.94 % according to (Total 
No. of positive plants/No. of explants). The presence of the transgenes uidA and hpt genes in the putative 
transgenic T0

 
plants was detected using GUS assay and PCR analysis for uidA and hpt genes. Southern blot 

analysis of representative plants confirmed the presence and the copy number of the integrated uidA gene into 
the genome of T0

 
lines. This reproducible and highly efficient protocol of Agrobacterium-mediated 

transformation of rice mature embryos represents a milestone for improving agronomical and quality 
characteristics in rice plants especially the commercial cultivars of different genotypes. 

 
Key words: Rice (Oryza sativa L.), genotype, commercial cultivars, mature embryo, somatic embryogenesis,  
                     regeneration, Agrobacterium, transformation.  

 
Introduction 

 
A reliable and reproducible in vitro culture protocol for rice plant is a prerequisite for establishing of an 

efficient Agrobacterium-mediated transformation protocol in rice. Therefore, in our previous report we have 
been developed a novel genotype independent protocol for somatic embryogenesis in rice using mature embryos 
of different genotypes (Ibrahim and El Shihy 2012). The developed protocol describes the composition of 
different media, duration and the sequence of subcultures that have been successfully developed for efficient 
regeneration of different rice genotypes. Eleven rice cultivars were used and categorized in three groups; a- 
(Japonica) including (Sakha 101, 102, 103, 104 and 105), b- (Japonica/indica) including Giza 171, 177 and c- 
(indica/Japonica) including Giza178, Giza 182, Egyptian H1 and Egyptian Yasmine. Rice transformation using 
Agrobacterium tumefaciens is a method of choice due to stable and low copy number integration of transfer-
DNA (T-DNA) into the plant chromosome and transfer of larger DNA segments with defined ends (Hiei and 
komari, 2008). In most recent studies, either immature embryos or calli induced from mature seeds have been 
used as the starting material for Agrobacterium-mediated transformation in rice. Immature embryos seem to be 
most efficiently transformed especially evident when transforming indica rice varieties, which are generally 
quite recalcitrant to tissue culture and transformation (Hiei and komari, 2008). The current protocols for 
transformation and regeneration of commercial rice cultivars which are recalcitrant especially indica rice and 
some high-quality japonica cultivars are tedious, lengthy, and highly genotype-specific with low efficiency of 
transformation as reported by several workers (Park, 2003; Martinez-Trujillo, et al., 2003; Rachmawati, et al., 
2004; Hoque, et al., 2005; Kumar, et al.,  2005; Lin and Zhang, 2005; Datta, and Datta, 2006; Hiei, et al., 2006, 
Hiei and komari, 2006; Hiei and komari, 2008; Evangelista, et al., 2009; Ghareeb, et al., 2009; Syaiful, et al., 
2009; Youssef, et al., 2009  ; Sahoo, et al.,  2011; Wanichananan, et al., 2010). 

The long term goal of this research in our laboratory is to generate salt and drought tolerant rice plants by 
genetic transformation. Therefore, the aim of this study was establishment of an efficient Agrobacterium-
mediated transformation protocol for some elite Egyptian rice cultivars which representing two different 
genotypes of Egyptian rice (Sakha 103 of Japonica genotype) and (Giza178, Giza 182 and Egyptian H1 of 
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Indica/Japonica genotype). We describe here establishment of an efficient and reproducible protocol for 
Agrobacterium-mediated transformation of these four Egyptian rice cultivars. 

 
Materials and Methods 

 
Agrobacterium-mediated transformation of rice mature embryos: 
 
Plant material: 

 
Mature grains of rice cultivars Giza178, Giza 182, Sakha 103 and Egyptian H1 were obtained from the 

Department of Rice, Field Crops Institute, Agricultural Research Center (ARC), Ministry of Agriculture and 
Land Reclamation, Egypt.  Dehusked rice grains were carefully washed three times with sterile de-ionized H2O 
plus 10% liquid soap, and then washed 5 times with sterile de-ionized H2O. Afterwards, rice grains were 
sterilized with 100 ml of a 70% Ethanol (v/v) for 30 sec. followed by 100 ml of a 20% solution of commercial 
Clorox® (Sodium Hypochlorite 5.25% w/v) plus 0.5 ml Tween 20 for 15 min with shaking (250 rpm), followed 
by soaking of rice grains for 5 min in sterile de-ionized H2O (pH 3.0), then washing three times in sterile de-
ionized H2O (pH 7.0). 

 
Callus initiation and induction of somatic embryogenesis: 

 
The sterilized grains were placed on filter paper in (120 x 20 mm) Petri dish and the dry sterile grains were 

cultured onto callus induction medium (CIM, Table 1), 50 grains/Petri dish, Ibrahim and El Shihy (2012). All 
media used in this protocol were filter-sterilized using Durapore PVDF 0.22 µm, WHPL 47 mm (Millipore, Cat. 
No. GVWP04700), i.e. double concentrated CIM medium (2x) 500 ml was filter-sterilized then mixed with (2x) 
500 ml of Gelrite 70°C (2x Gelrite = 6g/l was autoclaved for 20 min at 121°C and 15 psi) and poured 50 ml 
aliquots into Petri dishes (120 x 20 mm). Rice grains were cultured on CIM media for 7days at 32 °C in the 
dark, and then the scutellum of mature rice embryo (explant) was dissected from rice grains under a stereo 
trinocular microscope (Model: SZX-7 OLYMPUS-JAPAN) with OLYMPUS Digital Camera 12.3 Mega pixels 
Model: E-620. 

 
Agrobacterium strain, vector and inoculum: 

 
Agrobacterium tumefaciens strain AGL1 harbouring the supervirulent pTiBo542 disarmed Ti plasmid 

(Lazo et al. 1991) was used.  The binary vector pWBVec10, Fig.1 (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 (150 rpm) at 28°C.  

 

 
 

Fig. 1: Structure and restriction map of the cereal transformation vector pWBVec10. 
 
Abbreviations : Ubi1, promoter, first exon and first intron of the maize ubiquitin 1 gene; uidA, coding 

region of the E. coli β-glucuronidase gene; nos, 3` transcript termination region of the Agrobacterium 
tumefaciens nopaline synthase gene; 35S, CaMV 35S promoter; hpt coding region of Streptomyces 
hygroscopicus hygromycin B phosphotransferase gene;CAT-1, intron of castor bean catalase gene;  LB, T-DNA 
left border sequence; RB, T-DNA right border sequence; Tn7/SpecR, spectinomycin resistance gene . 

Restriction sites are abbreviated as follows : B, BamHI; Ec, EcoRI; Ev, EcoRV; H, HindIII,  K, KpnI; N, 
NcoI; No, NotI; P, PstI;  S,SalI; Sa, SacII, Sc, SacI, Sn,SnaBI; Ss,SacI; Sp, SphI, X, XhoI, Xb, XbaI 
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Inoculation and co-cultivation of explants with Agrobacterium: 
 
The 7 day-old scutella of rice embryos (explants) were immersed in a full strength Agrobacterium 

suspension (OD
600 

= 1.0) with  100 mM  acetosyringone  (Duchefa) for 1 h,  then   transferred  to a sterile Petri 

dish to remove the excess bacterial solution, and then immediately transferred, without rinsing, with the 
scutellar surface placed in contact to rice callus induction medium (CIM + 100 mM acetosyringone) 50 
explants/Petri dish; 120 x 20 mm. Plates were incubated at 24 °C in darkness for 2 days as shown in Fig. 2.  

 
Table 1: Composition of different media used for induction and development of somatic embryogenesis in different genotypes of rice, 

callus induction medium (CIM), development of somatic embryos (DSE), maturation of somatic embryos (MSE), plantlets 
development medium (PDM) and root development medium (RDM). 

Substances CIM DSE MSE PDM RDM 
mg/l mg/l mg/l mg/l mg/l 

Salts      
*MS salts without NH4NO3 2,652 2,652 2,652 2,652 1,326 
NH4NO3 165 165 165 165 825 
CuSO4 .5H2O   1.25 1.25 1.25 1.25 1.25 
 *AgNO3    1   1   1   1   1 
Amino acids      
L-Proline 250 250 250 250 - 
Casein hydrolysate 500 500 500 500 - 
L-Glutamine 250 250 250 250 - 
L-Methionine 25 25 25 25 - 
L- Cysteine  25 25 25 25 - 
Carbohydrates      
Maltose 20,000 20,000 20,000 20,000 - 
Sucrose 10,000 10,000 30,000 10,000 20,000 
Sorbitol - - 30,000 30,000 - 
Myo-inositol 250 250 250 250 - 
Vitamins      
Thiamine.HCl 5 5 5 5 - 
Pyridoxine.HCl 1 1 1 1 - 
Nicotinic acid 1 1 1 1 - 
Pantothenate 0.5 0.5 0.5 0.5 - 
Biotin 0.1 0.1 0.1 0.1 - 
Riboflavin 0.1 0.1 0.1 0.1 - 
Folic acid 0.1 0.1 0.1 0.1 - 
Ascorbic acid 100 100 100 100 - 
Plant growth regulators      
3,6-Dichloro-o-Anisic acid (Dicamba) 2 0.5 - - - 
Indole butyric acid (IBA) - - - - 0.1 
6-(γ,γ-Dimethylallylamino)purine (2ip) 
 

- - - 1 0.1 

Spermidine 
 

1 1 1 1 - 

Gelrite 3,000 3,000 4,000 3,000 2,000 
*MES monohydrate 500 500 500 500 - 
pH 5.8 5.8 5.8 5.8 5.8 

*MS salts without NH4NO3: (Murashige and Skoog, 1962) (MS medium Modification No.4: NH4NO3 Free -cat. No. 0238, Duchefa). *MES 
monohydrate: 2-(N-morpholino)ethanesulfonic acid (cat no. M1501, Duchefa) as a buffering agent. *AgNO3 was freshly prepared as silver 
thiosulfate (STS): 1 mg/l AgNO3 + 3.716 mg/l sodium thiosulfate anhydrous. 

 
Selection of resistant embryogenic callus lines: 

 
After co-cultivation, the explants were transferred directly to development of somatic embryos medium 

(DSE) supplemented with 0.5 mg/l dicamba (Duchefa), 150 mg/l Timentin
TM 

(Duchefa) and kept at 32 °C in the 
dark for 7 days. Afterwards, scutella tissues with embryogenic callus were transferred to (DSE) supplemented 

with 0.5 mg/l dicamba + 150 mg/l Timentin
TM

 and the selection agent 50 mg/l hygromycin B (Roche, cat. No. 
10843555001). Resistant embryogenic callus lines were transferred to fresh (DSE) medium each 7 days (two 
subcultures were performed). 
 
Maturation of rice somatic embryos (desiccation treatment): 

 
Resistant embryogenic callus lines with somatic embryos like structures were transferred to maturation of 

somatic embryos medium (MSE) supplemented with high concentration of sugars (8%) and 4 g/l Gelrite as a 
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desiccation treatment in addition to 150 mg/l Timentin
TM

 for maturation of somatic embryos (MSE, Table 1) 
and kept for 7 days at 35 °C in the dark. 

 

7 days   on  CIM    (2 mg/l dicamba)

Each 7 days   on  CIM (0.5 mg/l dicamba) 
+ 150 mg/l Timentin + 50 mg/l Hygromycin B

(Selection of resistant 
embryogenic callus lines)

7 days   on  CIM  (free hormone)
+ 150 mg/l Timentin

Each 7 days on PDM
(1 mg/l 2ip) 75 mg/l Timentin(Free selection)   Two subcultures

21 days on RDM 
(0.1 mg/l 2ip  + 0.1 mg/l IBA) + 
75 mg/l Timentin + 25 mg/l Hygromycin B 

(21 days)

Transfer to big pots and placed in
the growth chamber until maturity

Callus induction

Formation of somatic embryos

Maturity  of rice  somatic embryos

Germination of rice somatic embryos
and development of the transgenic plantlets

Root development of the transgenic plantlets

Transfer to small pots for adaptation

Inoculation of dissected scutella
With  Agrobacterium
suspension  (OD600 = 1.0)
+ 100 mM AS for 1 hour

For 2 days      on CIM (2 mg/l dicamba) + 100 mM AS)

(Selection)        Three subcultures  
Each 7 days on PDM 
(1 mg/l 2ip) + 75 mg/l Timentin
+ 50 mg/l Hygromycin B 

Agrobacterium-mediated Transformation of Rice Mature Embryos

Co-cultivation

Inoculation

(Free selection)   for 7 days CIM (0.5 mg/l dicamba) + 150 mg/l Timentin

Two subcultures

 
 
Fig. 2: Schema for Agrobacterium-mediated transformation of rice mature embryos. According to the novel 

regeneration protocol of different genotypes of Egyptian rice cultivars via somatic embryogenesis 
(Ibrahim and El Shihy 2012). These definite steps of the embryogenesis pathway in rice are critical for 
conditioning the physiological status of the developed calli with embryo like structures to sustain the 
development of somatic embryos from a developmental stage to another one through speed subculture 
on fresh medium with careful dividing of the calli into small pieces (a small cluster of embryos) to be 
in direct contact with the medium. This lead to an appropriate synchronization for the development of 
somatic embryos and resulted in successful germination of many embryos/cell line.  
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Germination of rice somatic embryos and development of transgenic green plantlets: 
 
After 7 days of culture of mature somatic embryos on MSE medium, somatic embryos were capable of 

germinating  vigorously on  plantlets development medium (PDM, Table 1) supplemented with 75 mg/l 

Timentin
TM 

in Petri dishes (120 x 20 mm) and incubated at 28 °C under cool white fluorescent light with 6000 Lux 

under 16 hr / 8 hr light/ dark cycle, after 14 days on PDM supplemented with 75 mg/l Timentin
TM

 and free of 
selection agent with subculture interval (7 days), callus lines with regenerated plantlets were transferred to PDM 

supplemented with 75 mg/l Timentin
TM 

and the selection agent 50 mg/l hygromycin B for 21 days with 
subculture interval (7 days). Resistant green plantlets were transferred to magenta boxes containing root 

development medium (RDM, Table 1) supplemented with 0.1 mg/l IBA + 0.1 mg/l 2ip + 75 mg/l Timentin
TM

 + 
25 mg/l hygromycin B for 21 days.  

 
Acclimatization: 

 
After development of a root system, transgenic plantlets were transferred to soil mixture; peat moss:sand 

(3:1) respectively, in small pots and covered with plastic pages, and then placed in a controlled growth chamber 
at 25 °C with high humidity 80 % for 3 weeks, then successfully were transferred to big pots and placed in a 
controlled growth chamber at 30 °C 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 rice plants, standard PCR 

reactions were performed using 100 ng 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 (GUS Ting 97) 5'-TAG 
AAA CCC CAA CCC GTG AAA-3' and 5'-TGG CGT ATA GCC GCC CTG ATG-3'. The primer pair 5'-CTT 
CGA TGT AGG AGG GCG TGG -3' and 5'- AGC TCC GGA TGC CTC CGC TCG  -3' was used to amplify a 
845-bp fragment of the hpt gene.  

 
Southern blot analysis: 

 
Genomic DNA was isolated from leaf tissue of individual transgenic rice 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 (Nylon Membranes, positively charged; cat. 
no. 11209272001, Roche) according to Southern (1975). Hybridization of membrane was performed according 
to the method outlined in the (NEBlot® Kit cat. no. N1500S, Phototope®-Star Detection Kit cat. no. N7020S, 
and Biotinylated 2-Log DNA Ladder cat. no. N7554S, NEB) 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. Then to 
detect emitted signals the filters were exposed to Fuji x-ray films at 37 °C for 1-4 hours before developing of x-
ray films.  

 
Results and Discussion 

 
Agrobacterium-mediated transformation of rice mature embryos: 

 
Based on a novel genotype independent protocol for somatic embryogenesis in rice using mature embryos 

of different genotypes of Egyptian rice cultivars which has been established in our laboratory (Ibrahim and El 
Shihy, 2012), we report here establishment of an efficient Agrobacterium-mediated transformation of four elite 
cultivars; Sakha 103, Giza 178, Giza 182 and Egyptian H1. In this study, we have been developed a reliable and 
reproducible protocol for rice transformation using Agrobacterium and scutellum tissue of mature embryos. 
Transgenic rice plants were generated at high rate in a short period (about 16 weeks) using this protocol (as 
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shown in Fig. 2) with different rice cultivars representing two different genotypes of Egyptian rice (Sakha 103 
of Japonica genotype) and (Giza178, Giza 182 and Egyptian H1 of Indica/Japonica genotype). Fertile transgenic 
plants were produced at high frequency for each cultivar and exhibited normal morphology and growth (Fig. 3). 
The presence of the transgenes uidA and hpt genes in the putative transgenic T0

 
plants was tested using GUS 

assay and PCR analysis for uidA and hpt genes. Southern blot analysis of representative plants confirmed the 
presence and the copy number of the integrated uidA gene into the genome of T0

 
lines. 

 
Table 2: Agrobacterium tumefaciens-mediated transformation of scutella of mature embryos of rice cv. Sakha 103 

 
Experi-
ment 
No. 

 
No. of 

explants 

 
No. 
of 

callus 
lines 

 
No. 

of lines 
with 
green 

plantlets 

 
Average 
No. of 

positive 
plantlets 

/ line 

 
No. of positive 

lines 
 

 
Total No. of 

positive plants 

 
Transformation frequencies 

% 

uidA + 
 

hpt + 
 

uidA + 
 

hpt + 
 

No. of 
positive 

lines/No. of 
explants 

Total No. of 
positive 

plants/No. 
of explants 

R1_a 116 12 5 2.25 4 4 9 9 3.44 7.56 
R1_b 131 11 6 2.75 4 4 10 11 3.05 8.39 
R1_c 127 7 4 3.00 3 3 8 9 2.36 7.08 
R1_d 130 8 6 2.40 5 5 11 12 3.84 9.23 
R1_e 123 10 6 3.25 4 4 11 13 3.25 10.57 
R1_f 137 9 4 3.33 3 3 10 10 2.19 7.30 
R1_g 128 8 4 3.50 4 4 12 14 3.13 10.94 
R1_h 151 7 5 2.60 4 5 13 13 3.31 8.61 
R1_i 142 8 6 2.75 4 4 11 11 2.81 7.74 
R1_j 145 11 7 2.50 4 4 10 10 2.75 6.89 
Total 1330 91 53 2.83 39 40 105 112 3.01 8.43 

Explants (scutella of mature rice embryos). Transformation frequency % = percentage of positive lines for at least one gene (each line 
derived from one explant) or positive plants in relation to the total No. of explants used. 
 
Table 3: Agrobacterium tumefaciens-mediated transformation of scutella of mature embryos of rice cv. Giza 178 

 
Experi-
ment 
No. 

 
No. of 

explants 

 
No. 
of 

callus 
lines 

 
No. 

of lines 
with 
green 

plantlets 

 
Average 
No. of 

positive 
plantlets 

/ line 

 
No. of positive 

lines 
 

 
Total No. of 

positive plants 

 
Transformation frequencies 

% 

uidA + 
 

hpt + 
 

uidA + 
 

hpt + 
 

No. of 
positive 

lines/No. of 
explants 

Total No. of 
positive 

plants/No. 
of explants 

R2_a 123 10 5 2.33 3 3 7 7 2.44 5.69 
R2_b 145 11 7 2.50 4 4 9 10 2.75 6.89 
R2_c 136 8 4 3.00 3 3 9 9 2.21 6.62 
R2_d 118 7 3 2.00 2 2 4 4 1.69 3.39 
R2_e 130 6 3 2.66 3 3 8 8 2.31 6.15 
R2_f 142 14 5 2.00 3 4 8 8 2.81 5.63 
R2_g 156 9 6 2.75 4 4 10 11 2.56 7.05 
R2_h 140 7 4 2.66 3 3 8 8 2.14 5.71 
R2_i 131 9 4 2.33 3 3 7 7 2.29 5.34 
R2_j 135 12 5 3.33 3 3 8 10 2.22 7.41 
Total 1356 93 46 2.55 31 32 78 82 2.34 5.98 

 
A set of experiments; ten successful independent experiments, were carried out for each cultivar using 

Agrobacterium tumefaciens strain AGL1 harbouring the T-DNA vector pWBVec10. The obtained results of rice 
cv. Sakha 103 (Table 2) showed that, the highest level of transformation frequencies was recorded in Sakha 103 
among the four tested cultivars, which ranged from 2.19 % to 3.84 % with an average 3.01 % according to (No. 
of positive lines/No. of explants) and  from 6.89 % to 10.94 % with an average 8.43 % according to (Total No. 
of positive plants/No. of explants) expressing uidA and hpt genes using 1330 explants, in addition to the highest 
number of transgenic plants (112 plants) and the high rate of number of transgenic plants per cell line ( 2.83). 

The ten successful experiments of cv. Giza 178 (Table 3) resulted in the production of 32 transgenic cell 
lines with 82 positive plants expressing uidA and hpt genes using 1356 explants (scutellum of mature embryos) 
with transformation frequencies %  ranged from 1.69 %  to  2.81 %  with an average value 2.34% according to 
(No. of positive lines/No. of explants) and  from 3.39 to 7.41  with an average 5.98 % according to (Total No. of 
positive plants/No. of explants). 
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Fig. 3: Production of transgenic rice plants using Agrobacterium tumefaciens AGL1 pWBVec10. Transgenic 
calli derived from scutellum of mature embryos after three weeks of co-cultivation and two weeks on 
selection medium (development of somatic embryos medium DSE +  0.5 mg/l dicamba + 150 mg/l 
Timentin + 50 mg/l hygromycin B). (the first photo from the top). The second photo, regeneration of 
rice plantlets on plant development medium PDM + 150 mg/l Timentin after two weeks without 
selection. Regenerated Transgenic plantlets in magenta boxes containing root development medium 
(RDM + 75 mg/l Timentin + 25 mg/l hygromycin B). Fertile transgenic plants in growth chamber. 

 
Table 4: Agrobacterium tumefaciens-mediated transformation of scutella of mature embryos of rice cv. Giza 182 

 
Experi-
ment 
No. 

 
No. of 

explants 
(half 

embryos) 

 
No. 
of 

callus 
lines 

 
No. 

of lines 
with 
green 

plantlets 

 
Average 
No. of 

positive 
plantlets 

/ line 

 
No. of positive 

lines 
 

 
Total No. of 

positive plants 

 
Transformation frequencies 

% 

uidA + 
 

hpt + 
 

uidA + 
 

hpt + 
 

No. of 
positive 

lines/No. of 
explants 

Total No. of 
positive 

plants/No. 
of explants 

R3_a 139 11 5 2.66 3 3 8 8 2.15 5.76 
R3_b 106 8 4 2.50 2 2 5 5 1.88 4.71 
R3_c 137 10 4 3.00 3 3 9 9 2.19 6.57 
R3_d 118 10 6 3.33 3 3 10 10 2.54 8.47 
R3_e 146 11 7 2.75 4 4 11 11 2.74 7.53 
R3_f 152 9 5 2.66 3 3 8 8 1.97 5.26 
R3_g 128 7 4 2.33 3 3 7 7 2.34 5.46 
R3_h 136 8 4 3.33 3 3 9 10 2.21 7.35 
R3_i 148 11 6 2.50 3 4 10 10 2.70 6.75 
R3_j 101 6 3 3.50 2 2 7 7 1.98 6.93 
Total 1311 91 48 2.85 29 30 84 85 2.27 6.48 
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Table 5: Agrobacterium tumefaciens-mediated transformation of scutella of mature embryos of rice cv. Egyptian H1 
 

Experi-
ment 
No. 

 
No. of 

explants 
(half 

embryos) 

 
No. 
of 

callus 
lines 

 
No. 

of lines 
with 
green 

plantlets 

 
Average 
No. of 

positive 
plantlets 

/ line 

 
No. of positive 

lines 
 

 
Total No. of 

positive plants 

 
Transformation frequencies 

% 

uidA + 
 

hpt + 
 

uidA + 
 

hpt + 
 

No. of 
positive 

lines/No. of 
explants 

Total No. of 
positive 

plants/No. 
of explants 

R4_a 108 5 3 2.50 2 2 5 5 1.85 4.63 
R4_b 145 8 5 3.33 3 3 8 10 2.06 6.89 
R4_c 134 9 5 2.00 3 3 6 6 2.23 4.48 
R4_d 128 7 4 2.66 3 3 8 8 2.34 6.25 
R4_e 111 6 4 2.50 2 2 5 5 1.80 4.50 
R4_f 113 5 3 3.00 2 2 6 6 1.77 5.31 
R4_g 140 9 5 2.25 4 4 9 9 2.86 6.42 
R4_h 153 6 4 2.33 3 3 7 7 1.96 4.58 
R4_i 142 8 5 2.66 3 3 7 8 2.11 5.63 
R4_j 131 11 6 3.00 3 3 9 9 2.29 6.87 
Total 1345 74 44 2.62 28 28 70 73 2.13 5.55 

 
Results in (Table 4) of cv. Giza 182 confirmed the production of 30 transgenic cell lines with 85 positive 

plants expressing uidA and hpt genes using 1311 explants (scutellum of mature embryos) with transformation 
frequencies % ranged from 1.88 to 2.74 with an average 2.27 % according to (No. of positive lines/No. of 
explants) and from 4.71 to 8.47 with an average 6.48 % according to (Total No. of positive plants/No. of 
explants).  

The transformation experiments of cv. Egyptian H1 (Table 5) resulted in the production of 28 transgenic 
cell lines with 73 positive plants expressing uidA and hpt genes using 1345 explants (scutellum of mature 
embryos) with transformation frequencies %  ranged from 1.77 %to 2.86 % with an average 2.13% according to 
(No. of positive lines/No. of explants) and  from 4.48 % to 6.89 %  with an average 5.55 % according to (Total 
No. of positive plants/No. of explants).  

The obtained results in this study confirmed the success of this transformation protocol which resulted in 
the production of transgenic rice plants of four cultivars with high transformation rate ranged from 3.39 % to 
10.94 % according to (Total No. of positive plants/No. of explants). This reproducible and highly efficient 
protocol of Agrobacterium-mediated transformation of rice mature embryos represents a milestone for 
improving agronomical and quality characteristics in rice plants especially the commercial cultivars of different 
genotypes. One other benefit of this protocol may be that it could be applicable for many other genotypes 
worldwide for using of mature rice embryos as a source for regeneration and transformation that several 
researchers were studied the response of mature rice in vitro and still there are recalcitrant cultivars especially 
indica rice and some high-quality japonica varieties as reported by several workers (Park, 2003; Martinez-
Trujillo, et al., 2003; Rachmawati, et al., 2004; Hoque, et al., 2005; Kumar, et al.,  2005; Lin and Zhang, 2005; 
Datta, and Datta, 2006; Hiei, et al., 2006, Hiei and komari, 2006; Hiei and komari, 2008; Evangelista, et al., 
2009; Ghareeb, et al., 2009; Syaiful, et al., 2009; Youssef, et al., 2009  ;Sahoo, et al.,  2011; Wanichananan, et 
al., 2010). 

 
Histochemical Assay of GUS Activity: 

  
Stable GUS assay was performed using embryogenic callus tissues 3 weeks after inoculation with 

Agrobacterium as shown in Fig. 4a. After regeneration, GUS assay of leaf samples of the T0
 
transgenic plants 

was carried out to detect the positive GUS lines (Fig. 4b). 
 

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 (tested by PCR) were digested with XbaI (the expected fragments ≥ 2260 bp).  
Hybridization with the uidA probe detected the fragments in the digested plasmid as well as in digested 

genomic DNA of seven putative T0 transgenic plants representing 7 independent T0 transgenic cell lines derived 
from 4 rice cultivars as shown in (Fig. 5a&b). Two transgenic plants of cv. Sakha 103 (Lanes 1&2) were used, 
single copy was detected in lane No. 1 in size about 16 kb and two copies in lane No.2 in size about 9 and 15 
Kb.  Two transgenic plants of cv. Giza 178 (Lanes 3 & 4), single copy of the uidA gene were detected in both 
plants in size about 17 and 16 kb. Two transgenic plants of cv. Giza 182 (Lanes 5&6), two copies of the uidA 
gene were detected in both plants in size ranged from about 5.5 to 17 kb., Single copy the uidA gene was 
detected in T0 transgenic plant of cv. Egyptian H1(Lane 7) in size about 16 kb.  
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These results of Southern blot analysis of randamly selected putative transgenic cell lines confirmed the 
integration of uidA gene into the genome of transgenic rice plants at low copy number (1-2 copies). Thus, these 
results are in accordance with several reports on low copy number of integrated transgenes in transgenic plants 
derived from Agrobacterium-mediated transformation protocols for rice and other cereal crops; Hiei et al. 1997, 
Gheysen et al. 1998, Hansen and Wright 1999, Shibata and Liu, 2000, Dai et al. 2001, Jones, 2005, Jones et al. 
2005, Travella et al. 2005, Ibrahim 2006, Hiei and komari, 2006, Hiei and komari, 2008, Syaiful, et al., 2009, 
Youssef, et al., 2009, He et al. 2010,  Ibrahim et al. 2010,  Sahoo, et al.  2011, Wanichananan, et al. 2010. 

 
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 (Fig. 6). Results of GUS assay and PCR reactions were used to assess the 

inheritance of uidA and hpt genes in the T1 generation of rice cv. Sakha 103, Giza 178, Giza 182 and Egyptian 
H1 as shown in (Tables 6,7,8and 9).  

 
Table 6: Segregation of the uidA and hpt genes in the T1 generation of rice cv. Sakha 103 transgenic plants  

Name of T0 Transgenic plant Total No. of T1 plants tested by GUS 
assay and PCR 

Segregation of uidA and hpt genes 
both (+) :  both (-) 

R1_a-L2 (1) 15 11 : 4 
R1_b-L3 (1) 13 9 : 4 
R1_c-L2 (1) 14 10 : 4 
R1_d-L5 (2) 12 7 : 5 
R1_e-L1 (1) 15 11 : 4 
R1_f-L3 (1) 17 12 : 5 
R1_g-L1 (1) 12 10 : 2 
R1_h-L4 (1) 15 12 : 3 
R1_i- L4 (1) 11 8 : 3 
R1_j- L3 (1) 14 10 : 4 
Total 138 100: 38    (2.63:1) 

 

 
Fig. 4a: Stable expression of uidA gene in embryogenic callus derived from scutellum tissues of mature 

embryos of rice cultivars after after 3 weeks of inoculation with Agrobacterium tumefaciens 
pWBVec10. (A&B) cv. Sakha 103. (C&D) cv. Giza 178. (E&F) cv. Giza 182. (G&H) cv. Egyptian 
H1. 
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Fig. 4b: Histochemical GUS assay of leaves from T0 transgenic plants. (A) Leaf of T0 transgenic plant of the cv. 

Sakha 103. (B) Leaf of T0 transgenic plant of the cv. Giza 178. (C) Leaf of T0 transgenic plant of the 
cv. Giza 182. (D) Leaf of T0 transgenic plant of the cv. Egyptian H1. (E) Leaf of the control non-
transgenic plant).  

 
 
Fig. 5a: T-DNA of the pWBVec10 vector and the expected fragments of the uidA gene when plasmid or 

genomic DNA digested with XbaI. 
  

 
Fig. 5b: Southern blot analysis of the uidA gene in rice genomic DNA isolated from seven putative T0 

transgenic plants representing 7 independent T0 transgenic cell lines derived from 4 rice cultivars. 
Genomic DNA (15 µg) of each sample was digested with XbaI to determine the copy number of the 
uidA gene (the expected fragments ≥ 2260 bp). Arrows point to the detected fragments of uidA gene in 
the genome of transgenic plants. (Lanes 1&2) Two transgenic plants of cv. Sakha 103, single copy 
was detected in lane No. 1 in size about 16 kb and two copies in lane No.2 in size about 9 and 15 Kb.  
(Lanes 3 & 4) Two transgenic plants of cv. Giza 178, single copy of the uidA gene were detected in 
both plants in size about 17 and 16 kb. (Lanes 5&6) Representing two transgenic plants of cv. Giza 
182, two copies of the uidA gene were detected in both plants in size ranged from about 5.5 to 17 kb. 
(Lane 7) Representing T0 transgenic plant of cv. Egyptian H1, single copy the uidA gene was detected 
in size about 16 kb. 
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The results of PCR analysis for uidA and hpt genes using genomic DNA of T1
 
plants confirmed the 

inheritance of both genes in the T1
 
generation. The segregation of the transgenes uidA and hpt in the T1

 generation (Segregation of uidA and hpt genes both + :  both -) showed ratios near to 3:1 segregation ratio and in 
average  (2.63:1) in cv. Sakha 103, (2.91:1) in Giza 178, (2.83:1) in  Giza 182 and (2.76:1) in Egyptian H1, 
these results confirm the presence of the transgenes at low copy number and with high frequency of single copy 
in the generated transgenic plants in this study and these results are in agreement with several reports on 
transgenic plants derived from Agrobacterium-mediated transformation protocols for rice and other cereal crops; 
Hiei et al. 1997, Gheysen et al. 1998, Hansen and Wright 1999, Shibata and Liu, 2000, Dai et al. 2001, Jones, 
2005, Jones et al. 2005, Travella et al. 2005, Ibrahim 2006, Hiei and komari, 2006, Hiei and komari, 2008, 
Syaiful, et al., 2009, Youssef, et al., 2009, He et al. 2010, Ibrahim et al. 2010, Sahoo, et al. 2011, 
Wanichananan, et al. 2010. 
 

 
 
Fig. 6: PCR analysis of genomic DNA from leaf tissues of T1

 
transgenic rice plants cv. Sakha 103, Giza 178, 

Giza 182 and Egyptian H1. (M) DNA ladder 1 kb. (H) Sterile H2O. (P) Plasmid pWBVec10. (NT) 
Genomic DNA from non-transgenic plant as a negative control. (Lanes 1-3) Genomic DNA from leaf 
tissues of three T1

 
transgenic plants of cv. Sakha 103 derived from three individual 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) and the primer set of hpt gene to amplify the 845-bp fragment (arrow). (Lanes 4-6) Genomic 
DNA from leaf tissues of three T1

 
transgenic plants of cv. Giza 178. (Lanes 7-9) of cv. Giza 182 and 

(Lanes 10-12) of cv. Egyptian H1. 
 

Table 7: Segregation of the uidA and hpt genes in the T1 generation of rice cv. Giza 178 transgenic plants  
             Name of T0 Transgenic 
plant 

Total No. of T1 plants tested by GUS 
assay and PCR 

Segregation of uidA and hpt genes 
both (+) :  both (-) 

R2_a-L2 (2) 13 10 : 3 
R2_b-L3 (1) 15 9 : 6 
R2_c-L3 (3) 15 10 : 5 
R2_d-L2 (1) 16 15 : 1 
R2_e-L2 (1) 14 11 : 3 
R2_f-L3 (1) 15 9 : 6 
R2_g-L4 (1) 14 9 : 5 
R2_h-L2 (1) 12 10 : 2 
R2_i- L3 (1) 16 13 : 3 
R2_j- L2 (1) 15 12 : 3 
Total 145 108: 37    (2.91:1) 

 
Table 8:  Segregation of the uidA and hpt genes in the T1 generation of rice cv. Giza 182 transgenic plants   

Name of T0 Transgenic plant Total No. of T1 plants tested by GUS 
assay and PCR 

Segregation of uidA and hpt genes 
both (+) :  both (-) 

R3_a-L2 (1) 14 11 : 3 
R3_b-L2 (1) 12 9 : 3 
R3_c-L3 (1) 15 12 : 3 
R3_d-L2 (3) 10 5 : 5 
R3_e-L4 (1) 13 10 : 3 
R3_f-L1 (1) 10 7 : 3 
R3_g-L3 (2) 11 8 : 3 
R3_h-L1 (1) 10 8 : 2 
R3_i- L3 (1) 10 6 : 4 
R3_j- L2 (2) 10 9 : 1 
Total 115 85: 30    (2.83:1) 
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Table 9:  Segregation of the uidA and hpt genes in the T1 generation of rice cv. Egyptian H1 transgenic plants  
Name of T0 Transgenic plant Total No. of T1 plants tested by GUS 

assay and PCR 
Segregation of uidA and hpt genes 
both (+) :  both (-) 

R4_a-L1 (2) 13 10 : 3 

R4_b-L3 (3) 12 8 : 4 

R4_c-L3 (1) 16 14 : 2 

R4_d-L2 (2) 14 9 : 5 
R4_e-L2 (1) 11 8 : 3 
R4_f-L1 (3) 13 9 : 4 
R4_g-L4 (1) 14 10 : 4 
R4_h-L2 (1) 10 7 : 3 
R4_i- L3 (2) 15 11 : 4 
R4_j- L3 (2) 10 8 : 2 
Total 128 94: 34     (2.76:1) 

 
Conclusion: 

 
In conclusion, based on the novel genotype independent protocol for somatic embryogenesis in rice using 

mature embryos of different genotypes of Egyptian rice cultivars which has been established in our laboratory 
(Ibrahim and El Shihy, 2012), we report here establishment of an efficient Agrobacterium-mediated 
transformation of four elite cultivars; Sakha 103, Giza 178, Giza 182 and Egyptian H1. In this study, we have 
been developed a reliable and reproducible protocol for rice transformation using Agrobacterium and scutellum 
tissue of mature embryos. Transgenic rice plants were generated at high rate in a short period (about 16 weeks) 
using this protocol with different rice cultivars which representing two different genotypes of Egyptian rice 
(Sakha 103 of Japonica genotype) and (Giza178, Giza 182 and Egyptian H1 of Indica/Japonica genotype). 
Fertile transgenic plants were produced at high frequency for each cultivar ranged from 3.39 % to 10.94 % 
according to (Total No. of positive plants/No. of explants). The presence of the transgenes uidA and hpt genes in 
the putative transgenic T0

 
plants was tested using GUS assay and PCR analysis for uidA and hpt genes. Southern 

blot analysis of representative plants confirmed the presence and the copy number of the integrated uidA gene 
into the genome of T0

 
lines. This reproducible and highly efficient protocol of Agrobacterium-mediated 

transformation of rice mature embryos represents a milestone for improving agronomical and quality 
characteristics in rice plants especially the commercial cultivars of different genotypes. One other benefit of this 
protocol may be that it could be applicable for many other genotypes worldwide for using of mature rice 
embryos as a source for regeneration and transformation that several researchers were studied the response of 
mature rice in vitro and still there are recalcitrant cultivars especially indica rice and some high-quality japonica 
varieties as reported by several workers (Park, 2003; Martinez-Trujillo, et al., 2003; Rachmawati, et al., 2004; 
Hoque, et al., 2005; Kumar, et al.,  2005; Lin and Zhang, 2005; Datta, and Datta, 2006; Hiei, et al., 2006, Hiei 
and komari, 2006; Hiei and komari, 2008; Evangelista, et al., 2009; Ghareeb, et al., 2009; Syaiful, et al., 2009; 
Youssef, et al., 2009 ; Sahoo, et al.,  2011; Wanichananan, et al., 2010). 
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