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ABSTRACT 
 

Reliable in vitro regeneration protocol for tomato plant materials has optimized. Isolated and characterized N 
gene from jojoba using PCR-based methods was transferred to tomato plants. The transgenic tomato plants 
generated bearing the jojoba N gene demonstrated that N gene confers a hypersensitive response and effectively 
localizes ToMV as compared with ToMV to sites of inoculation in transgenic tomato, as it also does in tobacco. 
The ability to reconstruct N-mediated resistance response to ToMV in tomato demonstrates the utility of using 
isolated resistance genes to protect crop plants from virus diseases. Furthermore, it stated that all the components 
necessary for N-mediated resistance conserved in tomato. 
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Introduction 

 
 Crop species often lack effective genetic resistance to some of their significant pathogens. Although 
resistance to these pathogens is found in other plant species, barriers to interspecific crosses frequently prevent 
these resistance traits from being introduced by conventional breeding. The concept of pathogen-derived 
resistance (PDR) states that pathogen genes that were expressed in transgenic plants may confer resistance to 
infection by the homologous or related pathogens (Sanford and Johnston, 1985). In “gene-for-gene” interactions 
between plants and their pathogens, incompatibility (no disease) requires a dominant or semidominant resistance 
(R) gene in the plant, and a corresponding avirulence (Avr) gene in the pathogen. Many plant/pathogen 
interactions are of this type. R genes are presumed to (a) enable plants to detect Avr-gene-specified pathogen 
molecules, (b) initiate signal transduction to activate defenses, and (c) have the capacity to evolve new R gene 
specificities rapidly.  
 Tobacco Mosaic Virus (TMV) can infect tomato plants at any time whereas tomato plant is closely related 
to tobacco, in the seed tray, in the nursery or after planting out in the greenhouse, but all too often the symptoms 
seemed to suddenly appear on a very large percentage of the plants in a crop just after picking had started, when 
the plants were heavily loaded with fruit. Growth of infected plants slows down and the plants appear shorter 
than virus free neighbors do. The tops develop the typical yellow mottle virus symptom, fruit set would fall off, 
the growth rate would fall and fruit swelling would slow down. Mature fruit quality would decline with 
blotchier ripening, pitting and bronzing than usual. TMV never killed its host plants. There would be some 
recovery of the plants later in the season, but yields were generally considered to be reduced by as much as 25%. 
Therefore, the introduction of TMV resistant varieties is needed (Whitham, et al., 1996).  
 Isolation of R genes revealed four main classes of R gene sequences whose products appear to activate a 
similar range of defense mechanisms. Discovery of the structure of R genes and R gene loci provides insight into 
R gene function and evolution, and should lead to novel strategies for disease control. However, The N gene 
confers resistance to TMV by mediating defence responses that function to limit viral replication and movement 
(Erickson, et al., 1999). A comprehensive structure-function analysis of the N gene suggests that 
Toll/Interleukin-1 receptor (TIR), nucleotide binding site- (NBS) and leucine rich repeat (LRR) domains are 
necessary for N gene function (Dinesh-Kumar et al., 2000 and Liu, et al.,2002). The N gene of tobacco confers a 
gene-for-gene resistance to the viral pathogen tobacco mosaic virus (TMV) and most other members of TMV 
family. N is a member of a class of disease resistance genes whose predicted protein products possess a putative 
nucleotide binding site and leucine-rich repeat region (Whitham, et al., 1994 and Grant, et al., 1995). The 
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members of the nucleotide binding site leucine-rich repeat class of resistance genes confer resistance to 
taxonomically diverse pathogens, including viruses, bacteria, and fungi (Lawrence, et al.,1995  and Staskawicz, 
et al.,1995).  The N gene encodes two transcripts, NS and NL, via alternative splicing in vivo, which are required 
to confer resistance to TMV (Dinesh-Kumar et al., 2000). The host success in the plant pathogen battle relies on 
the ability of plant cells to detect the pathogen presence rapidly. In many cases, this recognition also triggers a 
rapid cell death (Programmed host cell death (PCD) accompanies many gene-for-gene interactions and the term 
‘HR’ is used often, though inaccurately, to describe this correlative feature of resistance) in host tissues and 
surrounding the entry point of the pathogen. This cell death is accompanied by the synthesis of antimicrobial 
and protective compounds, which contribute to pathogen restriction at the primary site of infection. This 
complex process is called the hypersensitive response (HR) and takes place when paired genes of avirulence 
(Avr) from the pathogen and resistance (R) from the host are present, lack of the Avr or the R gene product 
results in the failure of early detection of the pathogen, and the battle is won on the pathogen side, which then 
systemically colonize the infected plant. In the N gene–TMV system, the HR developed in the host may be 
instrumental in disease resistance to restrict TMV to the initial sites of infection, preventing virus systemic 
spread (Olga and Lam (2003). 
 Complete resistance in a plant to virus infection is referred to as immunity (Bruening, 2006).  Moreover, 
Palukaitis and Carr, (2008) stated that in plants that convey immunity to viruses in one genotype of a species but 
not another, the immunity is usually manifested in preventing virus replication. However, dominant gene-
mediated resistance usually involves factors and components at the beginning and at the end of pathways 
activated by the dominant resistance genes. Many resistance genes have been described operating against 
specific viruses in particular crop species (Bruening, 2006). Most of these resistance genes have not been 
isolated and so remain uncharacterized. Many more resistance genes operate as quantitative traits loci and thus 
function additively in conferring resistance (Maule et al., 2007). Nevertheless, in the past two decades, more 
than 20 resistance genes have been isolated and characterized (Maule et al., 2007).  Therefore, Palukaitis and 
Carr (2008) reported that genetic transformation of resistance is an effective and environmentally benign means 
of controlling plant pathogens. Some resistance genes have been described as conveying extreme resistance 
(ER). In some cases, these may actually convey immunity. However, Verzaux et al., (2012) referred that, the 
tobacco N gene was one of the first R genes to be cloned; it confers resistance to tobacco mosaic virus, and it 
encodes a TIR–NB–LRR type of protein. The R gene cluster in potato contains sequences homologous to the N 
gene, as was demonstrated by homology in cDNA clones. This R gene-rich region apparently contains a large 
number of N-like sequences, suggesting that the R genes present in this region must be homologous to the N 
gene. In some plant genotypes the virus can move cell-to-cell to a limited extent, before a multicellular 
hypersensitive response (HR) occurs, which first activates defense responses preventing the infection from 
spreading further and then kills the cells within the infected zone (Gilliland et al., 2006; Loebenstein and Akad, 
2006). The ER and HR are referred to as types of innate resistance. Both are associated with dominant resistance 
genes (Bruening, 2006; Maule et al., 2007). If no ER or HR occurs, then the virus may continue to spread cell-
to-cell throughout the leaf, as well as into and within the vasculature (Palukaitis  and  Carr, 2008). The 
succession of any transformed protocol depends firstly on the occurrence of successful regeneration protocol for 
the used plants. The aim of the study is to transfer N-gene isolated from Jojoba plants to sensitive tomato plants 
to resist Tomv.  
 
Materials and Methods 
 
Isolation of ToMV: 
 
 ToMV was isolated from the infected tomato foliage and fruits according the method described by Agrios 
(1988).  
 
In vitro Culture of Tomato (Lycopersicon Esculentum): 
 
 Seeds of tomato cultivar Edkawy (Egyptian cultivar) were surface sterilized in 2% sodium hypochlorite for 
10 minutes and rinsed three times with sterile distilled water. After seeds germination; the midribs of the leaves 
were removed and the remaining parts of the leaves were sectioned to 1-2 cm2 random pieces. Such explants 
were used for callus production by  EL-Kazzaz and Abdel-Kader (1998).  
 For callus and shoots formation, leaf explants were cultured (upside-down) on a (MS) Murashige and 
Skoog-basal (1962) medium  supplemented with 3.0 mg/l benzyl amino purine (BAP), 0.2 mg/l indole acetic 
acid (IAA), 3% sucrose and 0.7% (w/v) agar (MSA medium). The pH adjusted to 5.7 with NaOH (before adding 
agar) and the medium was sterilized by autoclaving at 121°C for 15 minutes at 1 kg/cm2 pressure. The cultured 
plates were incubated 16 hrs light cycle (white fluorescent tubes-2000 lux) and subcultured every 3 weeks. After 
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callus and shootlets formation, shootlets excised and transferred to MS medium incorporated with IAA for roots 
formation and further development of shootlets. 
 
Construct and Colonization of N-gene in Appropriate Vector Plasmid: 
 
Isolation of Plasmid DNA: 
 
 Isolation of DNA plasmid was carried out   according to Sambrook et al., (1989).  
 
Preparation of Competent Cells and Transformation:   
 
 DH5α competent cells were prepared according to Hanahan (1985).  
 
Polymerase Chain Reaction Conditions: 
 
 Taq-polymerase, dNTPs (deoxynucleotide triphosphate) and convergent primers achieved amplification of 
the DNA fragment. The reaction conditions for PCR involved denaturation at 940C for 30 seconds, annealing at 
520C for 30 seconds and extension at 720C for either 30 seconds for colonizing DNA in plasmid or 2.5 minutes 
(for -n gene amplification) and  2 minutes (for -n gene + GUS fusion). After 30 cycle of amplification, an 
aliquot of this reaction mix was loaded onto 0.8 % agarose gel and checked. 
 
Protocol of Agrobacterium-mediated Transformation in  Tomato:  
 
Plasmids pBI121: 
 
 Plasmid pBI121 was obtained from International Center of Genetic Engineering and Biotechnology 
(ICGEB). This plasmid contains the gene of interest gus-n gene controlled by its native promoter and the nos 
terminator. It also harbors the selectable marker gene nptII under the control of the nos promoter and ocs 
terminator (Fig. 4).  
 
Preparation of Agrobacterium: 
 
 Agrobacterium tumefaciens LB 4404 was  prepared according to Wise et al., (2006). 
 
Transformation of Tomato with Gene: 
 
 A genomic DNA fragment containing the full-length N gene was introduced into MV susceptible tomato 
cultivar Edkawy, the pBI121 T-DNA construct by Agrobacterium transformation. The four transgenic tomato 
lines bearing this construct termed pBI121-n gene, and pBI121-n was constructed by subcloning a 450 bp 
fragment from the genomic DNA clone bearing the N gene into the T-DNA vector pBI121.  
 
Amplification of an N-specific PCR Fragment in Transgenic Tomato:  
 
 The presence or absence of pBI121 T-DNA construct bearing the N gene was determined by isolation of 
DNA from different progeny and analyzed by PCR using the N specific primers SD1 (5/-
GCATCTTCTTCTTCTTCTTC-3/) and SD2 (5/-GAGCCTTTGAGATTGGCCGC-3/) to amplify a 450-bp 
product. The setup parameters of the PCRs were 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min for 25 
cycles with 250 ng of tomato genomic DNA and 250 ng of each primer. 
 
GUS Histochemical Assay: 
 
 This method for screening the transgenic plants was done according to Jefferson, (1987) and allows for the 
verification of the expression of uid A gene in transgenic plants.  Leaves from wild type and transgenic plants 
collected and rinse in 50 mM Na-phosphate buffer (pH 7.0). Then the tested parts stained with 2 mM 5-bromo-
4-chloro-3-indolyl glucuronide (X-gal from Biosynth. Inc) in 50 mM of Na-phosphate buffer (pH 7.0), followed 
by brief vacuum infiltration and placed at 370C for overnight in darkness After staining, tissues had been rinsed 
extensively in ethanol to remove chlorophyll before examination.  
 
Gus Assay: 
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 Histochemical GUS assay was carried out after three days of cocultivation as described by Jefferson (1987). 
Leaf explants were dipped in GUS assay solution in plates and incubate at 37°C for 24 h. 
 
Results and Discussion 
 
 There were two kinds of leaf mosaics symptoms, yellowish color patches exchangeable with greenish color 
patches and the other is light green patches exchangeable with dark green patches. Moreover, the fruits show 
yellowish color exchangeable with the red color. The shape of the virus was rod shape.  
 
Establishment of in virto Culture Protocol and Agrobacterium-mediated Transformation for Tomato:   
 
 Cotyledon and hypocotyl explants at 10-day-old seedlings and tomato leaves at 4-week-old plants were 
cultured on a basal MS-media. Cotyledon and leaf pieces were cultured on the media with the abaxial surface of 
the leaf in contact with the medium. The cotyledons and leaves were cut, and two explants were obtained from 
each. Three independent experiments were carried out to test each plant growth regulator combination, and 
every 100 explants were tested every time. Plant growth regulators were examined to obtain adventitious shoots 
initiated from the calli and explants following Agrobacterium cocultivation. Combined plant growth regulators 
were examined in mg as follow: BAP 1.0/NAA 0.1; BAP 1.0/NAA 0.2; BAP 1.0/ IAA0.1;.BAP 1.0/IAA 0.2 
However, transformation efficiency was evaluated on medium combined with (1.0 mgl–1 BAP and 0.1 mgl–1 

NAA) as a best medium. The results refer that tomato explants from the Edkawy cultivars gave callus and 
showed the ability for regeneration as shown in Fig. (1). However, the regenerated shootlets developed for 
further growth giving normal plantlets (Fig.2). 
 

 
 
Fig. 1: Tomato callus with embryonic like structures gave regenerated shootlets on MS supplemented with 1.0 

mgl–1 BAP and 0.1 mgl–1 NAA as best medium for regeneration. 
 

 
 
Fig. 2: In vitro Tomato regenerated plantlets showing normal good growth. 
 
Isolation and Amplification of Jojoba  N-gene and Tobacco N-specific PCR Fragment: 
 
 The presence of N gene was determined by isolation of DNA from jojoba and tobacco and analysis by PCR 
using the N specific primers as shown in Fig (3). For isolation of the specific part of the N-gene where the 
forward primer is NF (5/-GCATCTTCTTCTTCTTCTTC-3/) and reveres primer is NR (5/- 

GAGCCTTTGAGATTGGCCGC-3/) to amplify a 450-bp product as the core sequence of the N-gene. The 
parameters of the PCRs were 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min for 35 cycles with 250 ng of 
tobacco (Nicotiana tabacum) genomic DNA and 250 ng of each primer (Fig. 3).  
 
Amplification of N-specific PCR Fragment in Transgenic Tomato: 
 



455 
J. Appl. Sci. Res., 9(1): 451-459, 2013 

 

 
 

Fig. 3: Lane A show PCR amplification products of full length products  of N genes from jojoba and lane B 
from tobacco plants with NF and NR primers. Lane (M) contains DNA digested with lambda HindIII 
used a size marker.  

 
Homology and Structural Comparison Between Jojoba and N Gene: 
 
 Most of the routine sequence (protein and DNA) analyses performed using CLC Vector program and 
Genbank database. Homology searches carried out using FASTA. Multiple sequence alignment was done using 
Blast Alignments. However, the Blast Alignments showed extensive significant homology sequence between 
the isolated jojoba N-gene and tobacco N-gene from Genbank data base. 
 
Production of Transgenic Tomato Plants: 
 
 The efficient introduction of constructed plasmids into A. tumefaciens is great practical importance. Plasmid 
transformation was done according to Horsch et al., (1985). This technique has received far more attention for 
the regeneration of transgenic plants, in particular dicots crops. Herewith, the result referred that the used 
protocol of transformation in tomato plants was successful as shown in Figs.(4 and 5). 
 

 
 
Fig. 4: Restriction digestion products for clone of N GENE after cloned the N GENE in pBI121 vector and 

digested by XbaI and BamH1. 
 
GUS Histochemical Assay: 
 
 This method for screening the transgenic plants was done according to Jefferson (1987) and allows for the 
verification of the expression of uid A gene in transgenic plants. Leaf tissue from transgenic tomato plants 
showed the expression of uid A gene giving blue color  as shown in Fig.(5). 
 

 
 
Fig. 5: Ttransformed tomato leaf with plasmid pBI121-N GENE–GUS for assay of GUS giving blue color.  
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Transformation of Tomato with the N Gene: 
 
 A genomic DNA fragment containing the full-length N gene was introduced into the TMV susceptible 
tomato cultivar Edkawy with the pBI121-n-gene T-DNA construct by Agrobacterium transformation as well as 
the four transgenic tomato lines bearing this construct were termed pBI121-n gene, and pBI121-n was 
constructed by subcloning a 450 bp fragment from the genomic DNA clone bearing the N gene into the T-DNA 
vector pBI121 (Figs. 6- 8).  
 

 
 
Fig. 6: Regenerated and transformed tomato plantlets were cultivated in pots containing petmoss + vermiculite 

and covered with plastic packages under thermal lights for hardening.  

 
 
Fig.  7: The adapted tomato plants transformed with N gene confers a HR to ToM(A) ; in vitro non-transformed 

control plants(B) and tomato control plant initiated from seed show dwarfism and sensitivity to virus 
infection(C). 

 

 
 
Fig. 8: Photograph of a gel showing PCR amplification to screen the pBI121 –N gene construct after cloning N 

gene primers specific to the N gene sequence and transformed to Agrobacterium LB4404. 
 
Amplification of N-Specific PCR Fragment in Transgenic Tomato: 
 
 The presence or absence of the pBI121 T-DNA construct bearing the N gene was determined by isolation of 
DNA from different progeny and analyzed by PCR using the N specific primers to amplify a 450-bp product 
(Fig 9).  
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 The parameters of the PCRs were 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min for 35 cycles with 
250 ng of tomato genomic and by using the next primer sequence NF1(5/-GCATCTTCTTCTTCTTCTTC-3/) 
and NR2 (5/ GAGCCTTTGAGATTGGCCGC-3/). 
 

 
 
Fig. 9: Photograph of a gel showing PCR amplification to screen the presence of N gene using primers specific 

in transgenic tomato plants 
 
The N Gene Mediates Localized HR to TMV in Transgenic Tomato Plants: 
 
 According to the concept of pathogen-derived resistance (PDR) (Sanford and Johnston, 1985) and 
programmed host cell death (PCD) accompanies many “gene-for-gene” interactions between plants and their 
pathogens (Whitham, et al., 1994; Grant, et al., 1995; and Olga and Lam, 2003), the N gene confers resistance to 
many tobamoviruses and has not been observed to be overcome by any tobamovirus in the field (Erickson, et al., 
1999). Thus, the tobamovirus resistance conferred by N is extremely durable in tobacco. To test if N gene could 
confer resistance to other tobamoviruses in tomato, we inoculated transgenic tomato leaves with two additional 
tobamoviruses, ToMV and TMV-Cg. Whilst the ToMV is the most common tobamovirus infecting tomato in 
the field (Broadbent, 1976). The nucleic acid sequence of ToMV is '80% identical to TMV-U1 (Ohno, et al., 
1984). TMV-Cg is not usually found in tomato, but was used here because it is more distantly related to the 
TMV-U1 strain than to ToMV. An alignment of the nucleic acid sequence of TMV-Cg (GenBank accession no. 
D38444) to TMV (GenBank accession no. V01408) and ToMV (GenBank accession no. X02144) - using the 
BESTFIT program (Genetics Computer Group)- shows that TMV-Cg is related to both TMV-U1 and ToMV by 
'60% nucleic acid sequence identity. Both ToMV and TMV-Cg elicit HR on tobacco plants bearing N (data not 
shown). We tested ToMV and TMV-Cg for their ability to elicit HR on the leaves of transgenic tomato plants. 
HR lesions developed at 5–7 days post inoculation and were similar in appearance to those induced by TMV-U1 
infection. However, the ER and HR are referred to as types of innate resistance. Both are associated with 
dominant resistance genes (Bruening, 2006; Maule et al., 2007). If no ER or HR occurs, then the virus may 
continue to spread cell-to-cell throughout the leaf, as well as into and within the vasculature (Palukaitis  and  
Carr, 2008). That is because in some plant genotypes the virus can move cell-to-cell to a limited extent, before a 
multicellular hypersensitive response (HR) occurs, which first activates defense responses preventing the 
infection from spreading further and then kills the cells within the infected zone (Gilliland et al., 2006; 
Loebenstein and Akad, 2006). 
 The major finding of this study is that we have demonstrated that a member of the nucleotide binding site 
leucine-rich region class of disease resistance genes can be transformed into another crop plant species, where it 
confers resistance to a significant pathogen. The N gene mediates resistance to the viral pathogen TMV by the 
formation HR lesions and inhibition of TMV movement in transgenic tomato, as it does in tobacco (Erickson, et 
al., 1999 and Verzaux et al., 2012). The N gene response to TMV infection is routinely studied using N. 
tabacum cv. Xanthi nc or N. tabacum cv. Samsun NN or transgenic N. tabacum cv. SR1 containing the N 
transgene (Holmes, 1946; Whitham et al., 1994). However, in comprehensive structure-function analysis of the 
N gene suggests that Toll/Interleukin-1 receptor (TIR), nucleotide binding site- (NBS) and leucine rich repeat 
(LRR) domains are necessary for N function (Lawrence, et al., 1995; Staskawicz, et al., 1995; Dinesh-Kumar et 
al., 2000; Liu, et al., 2002 and). 
 Tomato and tobacco are closely related by virtue of being members of the plant family Solanaceae. There 
are a number of N homologues in tomato that might function in disease resistance (Whitham, et al., 1996), 
which may explain why the signal transduction components required for N-mediated resistance were present in 
tomato. In this respect, regeneration conditions have been studied for leaf pieces of tomato cultivar (Edkawy 
Egyptian cultivar). This data obtained from regeneration experiments, the isolation of TMV from infected plants, 
colonization of target gene resist TMV (N Gene) and gene transformation in tomato plants. The interaction 
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between tobacco mosaic virus (TMV) and tobacco harbouring the N gene is a classical system for studying 
gene-for-gene interactions in disease resistance.  
 However, achievement of dominant gene-mediated resistance usually involves factors and components at 
the beginning and at the end of pathways activated by the dominant resistance genes. These components include 
various transcription factors and enzymes involved in various processes, including, kinases, proteinases, RNA 
polymerases, RNases, replication inhibitors, and cellular responses to reactive oxygen species (ROS). There is a 
general assumption that a dominant resistance gene reflects an encoded positive effect limiting or blocking a 
virus, while the allele for susceptibility does not have such a role. Significantly, none of the tomato TMV 
resistance genes alone are effective against as many strains of tobamovirus as the N gene (Palukaitis and Carr, 
2008). 
 Complete resistance in a plant to virus infection is referred to as immunity (Bruening, 2006).  Moreover, 
Palukaitis and Carr, (2008) stated that in plants that convey immunity to viruses in one genotype of a species but 
not another, the immunity is usually manifested in preventing virus replication. However, dominant gene-
mediated resistance usually involves factors and components at the beginning and at the end of pathways 
activated by the dominant resistance genes. Many resistance genes have been described operating against 
specific viruses in particular crop species (Bruening, 2006). 
 It can be concluded that, N-mediated TMV resistance was reconstituted in transgenic tomato Edkawy varity 
demonstrates that all of the components required by N gene for both TMV recognition and signal transduction 
are conserved in tomato Edkawy variety. 
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