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Abstract: Two thionin genes were isolated from Arabidopsis thaliana (AT1G12660 and AT1G12663). The 

resulted thionin protein has antifungal activity against potato pathogenic fungi like Fusariumsolani and 

Fusariumoxysporum. These two thionin genes were respectively inserted into pEGAD vector. After that 

transformed into Agrobacterium tumifaceins GV3101::pMP90 in order to be transformed into the two potato 

cultivars (lady and spunta) using nodal cutting technique of tissue culture.Expressions of thionin transgenes in 

the transgenic plants were confirmed by RT-PCR. There were two assays were applied to test the role of 

thionins (in the transgenic potatoes) in resistance to the pathogenic fungi: effect of spore suspension on potato 

organs and the inhibitory effect of thionin proteins on spore germination.As the transgenic potato plant 

possesses active defense systems and can protect themselves from pathogenic invasion by secretion of a variety 

of small antifungal proteins such as thionins. The resulted transgenic potato cultivars were tested for fungal 

infection in comparing to control by using spore suspension on leaf and micro-tuber. The results showed that 

transgenic potato cultivars were highly resistant to the symptoms comparing to control.The other bioassay was 

studying the effect of the expressed thionin protein in the transgenic potato against the spore germination of 

both F. solani and F. oxysporum. There was obvious decrease in the number of the germinated spores 

comparing to control.   

Keywords:Solanumtuberosum, Arabidopsis thaliana,Agrobacterium Transformation,Fusariumsolani, 

Fusariumoxysporum, Thionin genes. 
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I. Introduction 
Solanumtuberosumbelongs to the family Solanaceae, is a popular vegetable in the worldand it is 

economically and socially important. It considered being the fourth most important food crop (after wheat, 

maize and rice). It is cultivated in temperate and subtropical regions across the world[1]. 

In Egypt, potato has animportant value among all vegetable crops, whereabout 20% of total area 

devoted for vegetable productionis cultivated with potato. Potato is the second most important vegetable crop 

after tomato. Potato is economicallyimportant to Egypt and any disturbance in its productionaffects severely its 

local and more importantly exportimpact.Because potato is one of the main crops among Egypt‟s agricultural 

exports, it is important to understand the relevant patterns and determinants of international trade in order to 

promote Egyptian agricultural exports. There are two main problems encounter production and exportation of 

potato in Egypt: infection with pathogenic diseases and using of chemical fungicides and pesticides. Firstly, 

during their seasonal plantationspotato plants are subjected to numerouspathogens and insect pests which cause 

considerableloss in Egyptian quantitative and qualitative potato yield.Thus, a key barrier to the improvement 

ofpotato in Egypt is the reduction in yield and tuber qualitycaused mainly by potato pests and pathogens [2,3 

and 4].Secondly, theuse of pesticides and fungicides is costly as well as environmentally undesirable. Therefore, 

there is a great demand to develop novel strategies providing durable resistance, over a broad geographic area. 

Such strategies will be particularly important in cases where the source of resistance is not available. The most 

significant advancement in the area of varietal development for disease resistance is the use of the techniques of 

genetic engineering to develop transgenic plant resistant to many diseases [5,6,7,8 and 9]. 
Fungi are considered serious pathogens for many plants and can cause severe economic damage. Early 

detection of these pathogens is very important and might be critical for their control [10].Fusarium species are 

common in most soils where potatoes are grown and can survive as resistant spores free in the soil for very long 

periods of time. Fusariumsolanias it is the most common pathogen causing dry rot disease of potato. There are 

two main opportunities in the potato crop cycle for Fusarium species to infect potato tubers in the spring and the 

fall[11]. Where [12] described Fusariumoxysporum growth as it is favored by dry soil conditions and the 

optimum soil temperature for infection is 15
o
C. Fusariumoxysporum causes Fusarium wilt which is a common 
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vascular wilt fungal disease.Thioninsare family of the PR proteins with low-molecular-weight (5kDa) cysteine-

rich proteins,they had anti-microbial activity and toxic to plant pathogens in vitro (has antifungal properties). 

There are many kinds of thionins, most of which mainly accumulate in seeds of higher plants. But some thionins 

exist in stems, roots, or leaves in tissue specific manner. N- and C-terminal amino acid sequences of these 

thionins are highly conservative but their nucleotide sequences differentiate to each other[13, 14 and 15]. The 

mechanism of thionins inhibition to the pathogenic fungi was simply explained by [16] as follow: the 

antimicrobial properties of thionins are derived from their ability to induce pore formation on cell membranes of 

phytopathogens, resulting in release of potassium and calcium ions from the cell.  

[17]mentioned that Agrobacterium-mediated transformation has become feasible. It is the most 

common method used for the genetic transformation of potato. Agrobacterium-mediated transformation offers 

several advantages over the other methods (particle bombardment, electroporation etc.), such as the possibility 

of transferring only one or few copies of DNA fragments carrying the genes of interest at higher efficiencies 

with lower cost and the transfer of very large DNAs fragments with minimal rearrangement. 

In this study, we sought to introduce resistance potato plants to fungal pathogens by expressing 

antifungal thionin genes (Thio60 and Thio63). These two genes were transformed into the potato tissues by 

Agrobacterium-mediated gene transfer.  We confirm the thionin gene transfer into the transgenic potato lines, 

and then tested the resistance of transgenic plants against the fungal pathogen Fusariumsolani and 

Fusariumoxysporum. 

 

II. Materials And Methods 
1. Plant material:- 

Arabidopsis thaliana plant is agenetic model of thionin genes. It was used to isolate the thionin genes. 

Two cultivars ofSolanumtuberosum (potato) used as a transgenic model (lady and spunta). They were brought 

from Egyptian-Canadian Company (Egypt) and regenerated on MS media[18]. 

 

2. Methods:- 

2.1. Isolation of thionin genes from Arabidopsis thaliana:- 

The total genomic DNA of Arabidopsis thaliana was extracted using Edward‟s protocol described by 

[19]. For PCR reaction 50ng of template DNA was used for each 25μl reaction. Each reaction mixture contained 

12.5 µl of 2X master mix (Biolene), 0.25μltaq polymerase (Biolene), 1μl of each forward and reverse primer 

(50nmole/base) and complete up to 25μl by sterile d.dH2O. The thionin primers were designed usingsnap 

gene® (2.3.3) software and there sequences were as follow: Thio60F: 5‟ 

GCTGAATTCATGGAGGACAAAAGA 3´, Thio60R: 5´GCTAAGCTTTCATAGACTAAAATCAAT 3´; 

where Thio63F: 5´GCTGAATTCATGTTGGTGGCAG 3´ and Thio63R: 

5´GCTAAGCTTAGTTTTTCTTGGTAC 3´. PCR reaction for each gene was performed for 40 cycles as 

follow: 1 min at 95
o
c, 1 min at 64

o
c and 1 min at 72

o
c. The two thionin genes to be determined were 

AT1G12660 (Thio-60) and AT1G12663 (Thio-63) genes and they are found on the chromosome one of 

Arabidopsis thaliana. PCR products for the isolated two thionin genes were run on 0.8% (w/v) agarose gel. The 

amplified PCR products werepurified using GeneJET™ PCR Purification Kit (Thermo K0701).  

 

2.2. Bacterial strain and plasmid:- 

The cultures of E. coli (CD3-389) containingpEGADkindly provided from Agricultural center for 

genetic engineering and biotechnology (ACGEB) were grown for 24h at 37
o
c on LB agar plates with the 

appropriate antibiotic for plasmid (50μg/ml kanamycin). Then make LB broth media at 200 rpm in order to 

isolate the vector (pEGAD) using alkaline lysis method following the protocol of [20].  
 

2.3. Digestion, Cloning and bacterial transformation:- 

Both the two thionin genes and the vector (pEGAD) were digested with the same restriction enzymes 

(EcoRI and HindIII) from New England, Biolabs ®Inc, according to the manufacture protocol. The ligation 

process was performed between the pEGAD plasmid and both inserts (Thio-60 and Thio-63 genes) respectively 

at conditions 37
o
c for 2hr[21]. So the ligation product is ready for proceeding bacterial transformation.pEGAD 

vector carrying both Thio-60 and Thio-63 genes respectively were transformed into chemically competent E. 

coli cells. [21]mentioned the protocol of E. coli transformation as follow: 100μl of competent cells were allowed 

to thaw on ice. 5μl of each plasmid DNA was added and incubated on ice for 30 minutes. Samples were 

subjected to 42°C for 1 minute and they were immediately transferred onto ice and left for 3 minutes. After heat 

shock 900μl SOC medium was added onto bacterial culture. The samples were incubated at 37°C for 50-60 

minutes with shaking at 200 rpm. 100μl of each culture was spread onto wormed LB plate with 50μg/ml 

kanamycin and were grown at 37°C overnight. After that, isolate the propagated plasmid with gene of interest in 

order to confirm the transformation into DH5α by plasmid PCR. After that,transform the vector with thionin 

genes into Agrobacterium.  
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2.4. Plasmid PCR:- 

The vector (pEGAD) containing each of thionin genes were isolated from DH5 CD3-389 and a PCR 

reaction was established to confirm the cloning of the thionin genes inside the plasmid in the right direction (5´-

3´) using the primers specific to the vector(pEGAD) as follow: Forward: 5´ 

ACCTGCCAACCAAAGCGAGAAC 3´ and reverse: 5´ TCAGGGTTATTGTCTCATGAGCG 3´. PCR 

reaction for plasmid PCR was performed for 40 cycles as follow: 1 min at 95
o
c, 1 min at 68

o
c and 1 min at 72

o
c. 

 

2.5. Agrobacterium transformation:- 

Agrobacterium tumefaciens strain GV3101::pMP90 (pTiC58), kindly provided by ACGEB (Faculty of 

Agriculture, Ain-Shams University). The culture was allowed to grow in LB broth with containing50µg/ml 

gentamycin 100µg/ml rifampicin at 28
o
c for 48h with shaking at 250rpm.Chemically competent 

Agrobacteriumwas prepared according to [22]. Then transform the prepared plasmid (pEGAD with Thio-60 and 

Thio-63 respectively)with gene as follow: 50 ng of plasmid DNA was mixed with a 100µl aliquot of competent 

Agrobacterium tumefaciens cells and held on ice for 15-30 min then freeze in liquid nitrogen for 5 min. Then 

cells were transferred to 37°C water bath and incubated for 5 min. 1ml of LB medium was added to the cells. 

The cells were mixed and incubated for 2-3h at 28°C with shaking. Then 100µl of the cell suspension were 

spread onto selective LB plates (containing 50µg/ml Kanamycin, 100µg/ml Rifampicin and 50µg/ml 

Gentamicin) and incubated at 28°C for two days [22].  

 

2.5.1. Transformationof Agrobacterium into plant tissue:- 

Nodal explants of 0.5-2.0cm long were cut from the three-week old Solanumtuberosum cultivars 

plantlets. The explants were immersed in 50ml of Agrobacterium tumefaciens broth culture for 5 minutes. To 

remove extra bacteria, the explants were blotted on sterile filter paper and transferred on to a Petri plates 

(covered with filter paper) with hormone free MS medium and kept at 25±1°C.The explants were not exposed to 

antibiotic at this stage[23 and 24]. Six replicate were performed and each plate contained ten nodal segments for 

selection.  

 

2.5.2. Selection and regeneration 

After co-cultivation for72 hours the healthy explants were removed and washed with sterile dH2O then 

transferred on to ¾ MS medium containing (2mg/l BA and 1mg/l kin) and 50µg/l kanamycin then incubated at 

25±1°C for 4 weeks to regenerate plants. The produced transgenic potato cultivars were transferred into rooting 

MS media containing (1 ml/l NAA, 1 ml/l IBA and 1 ml/l kin) and incubated at 25
o
c under light conditions (16h 

light and 8 h dark for 4 weeks[23 and 24].  

 

2.6. Molecular analysis of transgenic plants:- 

There were two confirmation assays were performed to confirm the transformation of the two thionin genesinto 

potato plants: PCR and RT-PCR 

 

2.6.1. PCR analysis 

A polymerase chain reaction (PCR) was employed to screen transformants for successful integration of 

thionin genes within the potato genome. Genomic DNAs from kanamycin-resistant and control potato plants 4–

5 weeks old were extracted using a modified cetyltrimethylammonium bromide (CTAB) method according to 

[25]. PCR was performed using genomic DNA as a target and primers as follow: forward 60, 

5‟ATGGAGGACAAAAGAGTG3‟; reverse 60, 5‟TCATAGACTAAAATCAATAGC3‟; forward 63, 

5‟ATGTTGGTGGCAGTAATGAT3‟; and reverse 63, 5‟CTAGTTTTTCTTGGTACACTT3‟. These primers 

were designed by the software Oligo 7. PCR amplification reactions consistedof an initial denaturation at 95 °C 

for 3 min followedby 40 cycles of denaturation at 95 °C for 1 min, annealing at 54°C for 1 min, extension at 72 

°C for 1 min and a post- extension at 72 °C for 10 min. Theresulting PCR products were analyzedon 1.2% 

agarose gel. 
 

2.6.2. Real time-PCR for the transgenic plant:- 

This reaction was performed in three steps: RNA extraction, cDNA synthesis and real time-PCR 

reaction. RNA was isolated from the transgenic line of both potato cultivars after four weeks cultivation in MS 

jars by using protocol of [26].cDNA was generated from total RNA using usingSuperScript® III One-Step RT-

PCR System with Platinum® Taq DNA Polymerase (Thermo scientific).Real-Time PCR reactions were carried 

out to quantify selected gene transcripts using PikoReal Real-Time (Thermo scientific)and SYBER-green as 

fluorescent dye, according to the manufacturer‟s instructions. The amplified PCR products were fractionated 

through 1% agarose gel. These transcripts were compared to actin control gene (Act7) expressed in Arabidopsis 

thaliana plant. A melting curve was recorded at the end of every run to exclude primers generating non-specific 

PCR products.  
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2.7. Fungal-resistance assay of transgenic plants:- 

2.7.1. Spore suspension infecting different organs in potato 

In this experiment, spore suspension was prepared by immersing fungal discs in 5 ml of sterile distilled 

water to release the spores. The spores were collected with a sterile Pasteur pipette, and their concentration was 

adjusted to 2x10
5
spores/ml using sterile water. This assay was applied for two parts of potato cultivars (detached 

leaves and micro-tubers).Detached leaves from mature transgenic and non-transgenic potato cultivars, grown in 

vitro for 4-5 weeks which placed in a Petri dish with wet filter paper, wounded in the middle on both sides of the 

midrib, and inoculated with the spore suspension (20 µl each). Micro-tubers from mature transgenic and non-

transgenicpotato plants, grown in vitro for about 8 weeks, were placed in a Petri dish with wet filter paper and 

inoculated with the spore suspension (20 µl each).After inoculation, these different organs were incubated at 

room temperature under 16 h light/8 h dark conditions and high humidity for a week. Pictures were taken 5 days 

after inoculation (this protocol was according to [27] with some modifications). 

 

2.8. Protein extraction Bioassay 

Antifungal activity of the product thionin proteins resulted in the transgenic potato was tested against 

the different potato pathogenic fungi spores. The protein extraction was applied following the method of [28]. 

Then the following bioassay was applied:- 

 

2.8.1. Inhibitory effect of protein extracts on spore germination 

The antifungal effect of crude protein extract on germination of the different Fusariumspecies used was 

tested by spore germination method according to [29] with some modifications. Spore suspension of the 

pathogens was prepared aseptically from 7 days old pure culture. 100 µl of spore suspension and 100μL of crude 

protein extracts were taken on separate sterile eppendorf tube. One tube was maintained as control without 

adding any extract. All treatments were maintained in triplicates. And the tubes were incubated at 25±2°C for 24 

h. After the incubation period, observations were made under microscope to calculate the percentage inhibition 

(using 100x magnification power under JENLAB microscope). 

 

III. Results 
In this study, Agrobacterium-mediated transformation was employed to transform potato with two 

different thionin genes (AT1G12660 and AT1G12663). Two commercial potato cultivars (lady and spunta) 

were used in this study. The transgenic plants exhibited enhanced resistance to Fusariumsolani and 

Fusariumoxysporum infection. 

1. Restriction digestion of thionin genes and vector:- 

Both the two thionin genes (AT1G12660 and AT1G12663) and the vector pEGAD were digested with 

EcoRI and HindIII. And the results were analyzed on agarose gel electrophoresis as illustrated in figure (1).  

 

2. Plasmid PCR 

The plasmids containing both thionin genes were isolated and a PCR reaction was established to 

confirm the cloning of the thionin genes into the plasmid. This is illustrated in figure (2) which indicated that 

four lanes shown right insertion while three were not for gene 60; and the same for gene 63; and both in 

comparing to control gene in lane one.  After that both two thionin genes were purified from gel for sequencing.  

(a)      (b) 

Fig.1 Agarose gel electrophoresis of the restriction digestion. (a) restriction digestion of two thionin 

genes with their digestion; M: Ladder 1kb, 1: genomic DNA of Arabidopsis thaliana, 2: AT1G12660 gene, 3: 

digested AT1G12660 gene, 4: AT1G12663 gene and 5: digested AT1G12663 gene. (b)Restriction digestion of 

vector, lane1 M: molecular weight ladder; lane 2: undigested pEGAD as a control; lane 3: EcoRI/HindIII 

linearized pEGAD; lane 4: EcoRI linearized pEGAD; lane 5: HindIII linearized pEGAD.    
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(a)      (b) 

Fig. (2) Plasmid PCR for confimation of gene insertion into pEGAD vector; (a) for gene 60 and (b) for gene 63; 

where lane 1 is the control gene  and lanes (2-8) are the target plasmid with gene for both two genes. 

 

3. Transformation by Agrobacterium into plant tissue:- 

Figure (3) showed the plates of in vitro regeneration for selection of the transformed segments of 

Solanumtuberosum with Agrobacterium strain GV3101 for lady cultivar with gene 60; lady cultivar with gene 

63; spunta cultivar with gene 60 and spunta cultivar with gene 63. 

 

 a 
 b 

 c  d 

Fig.(3) Plates of in vitro regeneration for selection of the transformed segments of Solanumtuberosum with 

Agrobacterium strain GV3101 (a) lady cultivar with gene 60; (b) lady cultivar with gene 63; (c) spunta cultivar 

with gene 60 and (d) spunta cultivar with gene 63. 

 

The regeneration of the selected transformed segments of both potato cultivars with the two thionin genes on 

both shooting and rooting MS medium were shown in figure (4). 

 a  b 
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c  d 

Fig. (4) The selected transformed Solanumtuberosum cultivars on Shooting MS medium via Agrobacterium 

strain (GV3101) with the two thionin genes: (a) lady cultivar with gene 60; (b) lady cultivar with gene 63; (c) 

spunta cultivar with gene 60; (d) spunta cultivar with gene 63. 
 

4. Molecular analysis of the transgenic plant 

4.1. PCR analysis:-The kanamycin-resistant clones were subjected to PCR analysis to confirm the integration of 

the transgenes Thionin 60 and thionin 63. Some clones showed amplified fragments of approximately 0.6 

kb for thionin 60 in both lady and spunta cultivars (Fig. 5a,b) and 0.4 kb for thionin 63 in both lady and 

spunta cultivars (Fig. 5c,d).No amplified band was shown in PCR products from total DNA of non-

transformed control plants. 

 
(a) 

 (b) 

 
(c) 

 (d) 

Fig. 5 Polymerase chain reaction (PCR) analysis of potato transformed with thionin 60 and thionin 63 genes. 

a)Amplified fragments of thionin 60 gene in lady cultivar (0.64 kb), b) amplifiedfragment of thionin 60 gene in 

spunta cultivar (0.64 kb), c) amplified fragments of thionin 63 gene in lady cultivar (0.48 kb), d) amplified 

fragment of thionin 63 gene in spunta cultivar (0.48 kb). 

4.2. RT-PCR:- 

The reverse transcription of RNAs into cDNAs and theamplification of the specific regions of both 

Thio60 and Thio63geneswere done to detectthe transcript expression. The result of RT-PCR showed a single 

414 bp amplification product for Thio60 gene and a single 348bp amplification product for Thio63 gene. The 

expression of both thionin genes in transgenic potato is lower than level of transcript expression than actin 

control gene. Figure (6) showed the expression level of both thionin transcripts in the two potato cultivars in 

comparing to actin control transcripts. 
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(a) Ag-Thio-60 

 

(b) Ag-Thio-63 

 

(c) Control 

Fig. (6) qRT-PCR for Thionin transcripts in transgenic potato cultivars (lady and spunta); L:lady,S:spunta. 

 

5. Pathogenicity test:- 

The results of spore suspension of both Fusariumsolani and F. oxysporum on different parts of control 

and transgenic potato cultivars (detached leaf and micro-tuber) were recorded in table (1). Figure (7) is a 

histogram explained theinhibitory effect of both F. solani and F. oxysporum on different organs (detached leaf 

and micro-tuber) of potato cultivars (control and transgene expressing both thionin genes).In case of detached 

leaf: F. oxysporum causes higher inhibition percentage than F. solani in both cultivars in comparing control to 

transgene. In case of micro-tuber: F. solani causes higher inhibition percentage than F. oxysporum in both 

cultivars in comparing control to transgene.The symptoms disease and resistance to infection were recorded in 

figure (8) and (9) for detached leaf and micro-tuber respectively. The micro-tubers of transgenic potatoes not 

only partially resist the fungal infection but also able to regenerate shoots again.  

 

Table (1) The average of inhibition percentage for the transgenic potato cultivars measurements in comparing to 

control against the fungal infection 
Fungi Transgene Parameter 

Detached leaf Micro-tuber 

Lady Spunta Lady Spunta 

F. solani Control  38.571 37.805 52.554 54.705 

Ag-60 19.874 20.085 16.344 17.112 

Ag-63 19.068 19.911 15.691 17.250 

Average Inh.% 49.519 47.102 69.522 68.933 

F. oxysporum Control  51.876 52.758 30.508 29.926 

Ag-60 26.884 27.149 11.743 12.689 

Ag-63 27.500 26.282 12.031 12.438 

Average Inh.% 47.583 49.362 61.036 58.018 

 

 
Fig. (7) Histogram showing the inhibition percentage of Fusariumsppaffecting detached leaf and micro-tuber in 

both lady and spunta cultivars (in case of control and transgene: Ag-60 and Ag-63). 
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Pathogenic 

Fungi  

Lady cultivar  Spunta cultivar 

F. solani 

  
F. oxysporum  

  

Fig. (8) The effect of spore suspension of different Fusariumspp on detached leaf of potato cultivars. (The 

arrangement is as follow: control, transgenic with Agor.60 and transgenic with Agro.63). 

 
Pathogenic Fungi  Lady cultivar  Spunta cultivar 

F. solani 

 
 

F. oxysporum  

  

Fig. (9) The effect of spore suspension of different Fusariumspp on micro-tuberof potato cultivars. (The 

arrangement is as follow: control, transgenic with Agro.60 and transgenic with Agro.63). 
 

6. Inhibitory effect of protein extracts on spore germination of pathogen Fusariumspp 

The activity of the plant extracts against the spore germination of the different Fusariumspp is 

represented in Table (2). Figure (10) is a histogram explained the inhibitory effect of crude protein containing 

both thionins on the germinated spores of both F. solani and F. oxysporum. It was noticed that out of five 

protein extracts tested, they have inhibitory effect against the spore germination of these fungi as follow:  

52.49% for thio60 and 47.11% for thio63 against F. solani and 74.47% for thio60 and 84.08% for thio63 against 

F. oxysporum. Figure (11) illustrate the inhibitory effect of protein extract of the transgenic potato cultivars on 

spore germination of the different four pathogenic fungi. 
 

Table (2) Effect of protein extracts on spore germination of different pathogenic fungi 
Fungi Thio60 protein Thio63 protein 

S.G.  Inh.  % S.G.  Inh.  % 

F.solani 40.00±6.18 52.49 21.80±2.58 47.11 

F. oxysporum  17.40±1.91 74.47 10.60±1.08 84.08 

S.G: Spore germination, Inh %: Inhibition (%) 
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Fig. (10) Histogram showing the inhibition percentage of thionin proteins (Thio60 and Thio63) on spore 

germination 

 
Fungi  Control  With Thio60 protein With Thio63 protein 

F.solani 

   
F. oxysporum  

   

Fig. (11) The inhibitory effect of protein extract on the spore germination of the different pathogenic fungi 

(magnification power of microscope: 100x) 

 

IV. Discussion 
In this study, the potato cultivars „lady and spunta‟ were transformed with an association of Thio60 and 

Thio63 genes isolated from Arabidopsis thaliana.Potato nodal cutting technique of tissue culture was used for 

transformation with Agrobacterium tumefaciens. Firstly, tried to infect potato explants with Agrobacterium for 

different infection times 30,20, 10-minrespectively,with these exposure times our explants did not survive. 

These results against [23] who worked on three different potato cultivars from France (De´sire´e, Bintje and 

KaptahVandel)successfully used 30-min infection,[24] from New Jersey, USA who worked on two cultivars 

(Desiréé and blue potato) and exposed the internodal explants to 20-min infectionand [30] who worked on two 

different potato cultivars from Bangladesh(LalPakri and Jam Alu)used different infection times (10,20, 30, 40 

and 50-min) and all these times succeeded and 50-min was the optimum infection period. So we tried another 

infection time (5min) 3-days co-cultivation and some explants survive and then transferred for cultivation MS 

media. This agree with [17] who used 5-min infection into two potato cultivars from Bangladesh (cardinal and 

heera),[31], from Molecular Plant Pathology Laboratory in USA, who worked on two Serbian potato cultivars 

(Dragaevka and Jelica) and [32] who worked on different five potato cultivars from Canada (Superior, Bintje, 

Atlantic, Shepody and Russet Burbank). 
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To sum up, the difference in infection periods of explants with Agrobacterium could be due to firstly, 

used different cultivars which could be differ in their sensitivity to infection with bacteria. Secondly it may be 

due to use different explants for infection (node, internode or leaf segment), finally it could be due to different 

environmental conditions which completely different differ from the environmental conditions in Egypt.In this 

study, we selectednodal explants for transformation because [23] proved that the nodal explants are much more 

resistant during manipulation and more amenable to in vitro conditions. While[33] mentioned that the leaf 

explants were easily injured during the manipulation, which resulted in a low percentage of 

transformation.Thionin genesisolated from Arabidopsis thaliana were expressed in the transgenic potato 

cultivars and produced thionin proteins which have the ability to inhibit the fungal growth of both pathogenic 

fungi (Fusariumsolani and F. oxysporum). These results agreed with[16] who worked on the secreted antifungal 

thionin protein isolated from Arabidopsis thaliana and suppressed the toxicity of Fusariumgraminearum,also 

agreed with [34] who concluded that thionins inhibit the growth in vitro of about 20 different fungal plant 

pathogens including Botrytiscinerea, Fusarium spp., Phytophthorainfestans and Rhizoctoniasolani,[35] also 

observed that constitutive overexpression of an endogenous thionin in transgenic Arabidopsis resulted in 

enhanced resistance against Fusarium oxysporum f. sp. matthiolae, which indicates that thionins are defense 

proteins and[36] were also agreed with our work, who approved that the effective concentration  of Thionins of 

type I, from the endosperms of wheat (Wal, Wa2, Wβ) and barley (Bα, Bβ), and of type II, from barley leaves 

(BLa, BLb, BLc),giving about 50% inhibition for strains of some bacterial species, such as 

Clavibactermichiganensis subsp. sepedonicus or Pseudomonas solanacearum; and some fungal pathogens, such 

as Rosellinianecatrix, ColletotrichumlagenariumandFusariumsolani. [16]Proved that wheat thionin also 

accumulates in the cell walls of Fusarium-inoculated plants, suggesting that it may have a role in blocking 

pathogen infection at the plant cell walls. 
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