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ABSTRACT 
        Bacterial wilt or brown rot disease caused by Ralstonia solanacearum 
causes extensive annual losses of different crops especially potato crop. It is 
considered as one of the limiting factors for potato production and exportation in 
Egypt. Therefore, the main purposes of this study were to investigate the effect 
of gamma rays on two potato cultivars (Diamant and Spunta). And, to obtain 
new genotypes of potato resistant to bacterial wilt disease. This study was 
carried out in the field and Biotechnology laboratory of the Plant Res. Dept., 
Nuclear Res. Center, Inshas, Egypt and Genetics Dept., Fac. Agric., Cairo Univ., 
during 2008-2011. In the field experiment, dry tubers of potato cultivars were 
irradiated by different doses of gamma rays (20, 30 and 40 Gy) to study the 
effect of gamma rays on the vegetative and yield traits. The results showed that 
there are no significant differences between cultivars for all studied traits except 
a number of tubers per plant trait. Also, there are only highly significant and 
significant differences between treatments for weight of tubers per plant and 
number of tubers per plant traits, respectively. However, there are only 
significant differences between the interactions of cultivars and treatments for 
plant height and weight of tubers per plant traits. Six genotypes were selected 
from M1V2 generation depending on high yield for RAPD analysis to determine 
their genetic variability from its parents at molecular level using 11 primers. The 
results of RAPD analysis showed that 11 primers generated 56 distinct bands of 
which 31 (55.4%) were considered as polymorphic. The similarity indices of six 
genotypes of potato and its parents ranged from 70 to 91%. The highest genetic 
similarity 91% was found between D20 genotype and its parent D0 (Diamant 
control). On the other hand, the lowest genetic similarity 70% was found 
between S30, S40 genotypes and its parent S0 (Spunta control). In the artificial 
infection experiment under in vitro condition, the irradiated and non-irradiated 
plantlets of potato were cultured on medium inoculated with local virulent 
isolate of R. solanacearum. The results showed that all in vitro plantlets of the 
treatments in Diamant and Spunta cultivars were susceptible except S20 
treatment was resistant to the infection with R. solanacearum. Protein analysis 
showed that S20 genotype (resistant mutant) displayed 2 negative unique bands 
that may be responsible for resistance to R. solanacearum. 
Key words: Potato, gamma rays, mutation, brown rot, RAPD   
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INTRODUCTION 

Potato (Solanum tuberosum L.) belonging to the family Solanaceae 

is a tetraploid (2n=4x=48) field crop of a major economic importance 

worldwide. It is the fourth most cultivated food crop after wheat, rice 

and maize (Jones et al., 1994). Also, it is currently grown on 

approximately 19 million hectares worldwide (FAO, 2011). Potato is 

the cheapest source of carbohydrates that is used as a supplementary 

diet to rice. Furthermore, it is a short duration crop that produces a 

large amount of calories in a short period of times. It is also enriched 

with protein, iron, magnesium, potassium and vitamin B & C (Nasrin et 

al., 2003). In Egypt, potato is one of the most important field crops 

concerning the production, farm income and exportation, which is 

planted annual on approximately 345 thousand feddan with production 

of 4 million ton and exportation approximately 400 thousand ton (FAO, 

2011).  

Bacterial wilt or brown rot disease caused by Ralstonia 

solanacearum, a soil born, gram-negative plant pathogen, attacks wide 

range of plant hosts. This pathogen is responsible for extensive annual 

losses of different crops which varied and difficult to measure 

accurately, but were estimated at 15-35% on tomato, 35-60% on potato, 

and 30-65% on groundnut (Hayward, 1991 and 1994). R. solanacearum 

invades its host plants through the roots via wounds or secondary root 

emergence points, infects the root cortex, and then enters host xylem 

vessels (Vasse et al., 1995). Once in the xylem, the bacteria multiply 

and progress quickly upward through the plant vascular system, 
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causing wilting and eventual plant death. It is considered as one of the 

limiting factors for potato production and exportation in Egypt.  

Induction of mutation with radiation was the most frequently used 

method to develop direct mutant varieties. Gamma rays were employed 

to develop 64% of the radiation-induced mutant varieties, followed by 

X-rays (22%) (Ahloowalia et al., 2004). The combination of 

mutagenesis with in vitro techniques offers an efficient method for 

improving vegetatively propagated plants. These techniques allow 

induction of variation, selection and multiplication of the desired 

genotypes in a much shorter duration and smaller space than 

conventional methods (Afrasiab and Iqbal, 2010). 

The identification of different cultivars based on morphological 

markers implies culture inspection at different stages and is not very 

reliable because many traits of interest have low heritability and are 

genetically very complex. While, molecular markers techniques based 

on DNA sequence are more reliable in this regard (Raghunathachari et 

al., 2000). One of them is Random Amplified Polymorphic DNA 

(RAPD) markers have rapidly gained popularity to detect 

polymorphism among different germplasms of potato (Forapani et al., 

1999). 

Therefore, the objectives of this study were to: 

1. Study the effect of gamma rays on two potato cultivars.  

2. Obtain new resistant genotypes to R. solanacearum from in vitro 

irradiated plantlets of potato.  

3. Characterize the selected genotypes at molecular level using RAPD 

technique.  
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REVIEW OF LITERATURE 
1. Effect of radiation on potato 

  The prime strategy in mutation-based breeding has been to 

upgrade the well-adapted plant varieties by altering one or two major 

traits. These include characters such as plant height, maturity and 

disease resistance, which contribute to increase yield and quality traits. 

Therefore, mutation induction with radiation was the most frequently 

used method to develop direct mutant varieties (89%). Gamma rays 

were employed to develop 64% of the radiation-induced mutant 

varieties, followed by X-rays (22%) (Ahloowalia et al., 2004). 

  Sonnino et al. (1990) irradiated in vitro-raised shoots of potato 

cv. Désirée by gamma rays (30 Gy) and subsequently micropropagated 

of the regenerates, 9% showed morphological variations, 76% of which 

were stable. Regeneration from mesophyll protoplasts gave rise to 

morphological (somaclonal) variants at a frequency of 33.6%; 42.8% of 

these were gross variants and 15.5% chimaeras. Corresponding figures 

for regenerants from tissue culture were 24.3, 10.8 and 18.9%, 

respectively. When 1200 axillary buds from 240 irradiated apical buds 

were cultured in the presence of a Phytophthora infestans culture 

filtrate, 95 produced shoots; 67 (5.6%) survived a second selection 

cycle. In contrast, all buds from a non-irradiated control died after 

exposure to the filtrate. 

 Haverkort et al. (1991) studied the effects of gamma irradiation 

on seed potatoes cvs. Bintje, Jaerla and Spunta on number of stems and 

tubers with doses from 0.5 to 27 Gy. A dose of 3 Gy increased the 

number of tubers by 30% in Spunta and by 17% in Jaerla, but it did not 
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increase the number of tubers in Bintje. Doses of 9 and 10 Gy did not 

influence the number of tubers nor stems and decreased harvest index. 

A dose of 27 Gy reduced yield and number of tubers.  

  Gosal et al. (1998) Irradiated in vitro cultured shoots of potato, 

cvs. ‘Kufri Jyoti’ and ‘Kufri Chandramukhi’, with doses of gamma rays 

(20 and 40 Gy). Microtubers, obtained from M1V3 shoots multiplied in 

vitro, were planted in pots. The resulting plants were screened for 

resistance to late blight, using detached leaf method. The treatment of 

40 Gy dose gave better results in resistance to late blight in both the 

varieties than the treatment of 20 Gy dose. 

Saif-Ur-Rasheed et al. (1998) established protocols to initiate 

callus and regenerate plants in sugarcane and to multiply potato in vitro 

from nodal segments. Cultures of potato and sugarcane were irradiated 

with 5, 20, 40, and 60 Gy. Doses higher than 20 Gy were lethal to 

micropropagated plants of potato. Variants for tolerance to salinity 

were selected, and evaluated under saline field conditions at four 

locations. The study showed that the selected variants of both 

sugarcane and potato were sensitive to high levels of salinity. Variants 

tested within the same salinity treatment did not differ significantly 

from each other in the traits investigated.  

Sharabash (1998) cultured meristem-tips of potato (Solanum 

tuberosum) cv. Diamant, obtained from tuber sprouts, on MS medium, 

and multiplied into plantlets through micropropagation. To induce 

variation for salt tolerance, the obtained plantlets were irradiated with 

0, 20, and 40 Gy gamma rays at 27.7 rad/sec. Irradiated plantlets were 

cut into single nodes and cultured on MS medium, supplemented with 
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2000 and 4000 ppm NaCl. Salt tolerant plantlets were transferred for 

tuberization on MS liquid medium supplemented with the same 

concentration of NaCl. Microtubers, collected after 6 weeks of culture, 

had fresh weight between 0.03 to 0.3 g. Minituber number per plant 

ranged from 3 to 6, and the mini-tuber weight ranged from 0.5-3.0 g, 

depending upon the treatment.  

Al-Safadi et al. (2000) investigated the effects of low doses of 

gamma irradiation on potato (Solanum tuberosum L.) cultivar on the 

production of microtubers in vitro. Nodal segments from virus free 

explants of three potato cultivars were placed on tuberization inducing 

medium and irradiated with 4 doses of gamma radiation (2.5, 5, 10, 15 

Gy). Cv. Diamant produced the highest number of microtubers 

followed by Draga and Spunta. Irradiation of the explants with 2.5 Gy 

of gamma radiation led to a significant increase in the number of 

microtubers (38% increase over the control). Average weight of 

microtubers was not significantly influenced by low doses of gamma 

irradiation. Draga microtubers were the largest followed by Diamant 

and Spunta. Since 2.5 Gy is a low irradiation dose, it can be used to 

enhance tuberization in vitro without fear of genetic changes in the 

used cultivars. 

Das et al. (2000) obtained heat tolerant mutants in commercial 

potato cultivars, Kufri Jyoti and Kufri Chandramukhi through in vitro 

mutagenesis of in vitro propagated plantlets. Gamma-irradiated (20 and 

40 Gy) shoots were micro-propagated for three cycles (M1V3). A large 

number of the micropropagated shoots produced microtubers at 28°C. 

Microtubers induced at high temperature had distorted shape but 



6 
 

showed normal germination in field. Under stress conditions of high 

temperature, the frequency of chlorophyll variants increased in the 

gamma-irradiation-derived material, however, nearly 40% of the plants 

had normal leaf tissue, whereas control plants showed completely 

damaged leaves.  

Ahloowalia and Maluszynski (2001) established the use of 

ionizing radiation, such as X-rays, gamma rays and neutrons and 

chemical mutagens for inducing variation. Induced mutations have 

been used to improve major crops such as wheat, rice, barley, cotton, 

peanuts, and beans, which are seed propagated. In vegetatively 

propagated plants, many of mutants were derived from irradiating 

rooted stem cuttings, detached leaves, and dormant plants. The 

irradiation of in vitro cultured date palm, apple, potato, sweet potato 

and pineapple now provides a means to treat large populations, which 

would not have been possible before.  

Ahloowalia et al. (2004) presented the global impact of 

mutation-derived varieties on food production and quality 

enhancement. In several mutation-derived varieties, the changed traits 

have resulted in synergistic effect on increasing the yield and quality of 

the crop, improving agronomic inputs, crop rotation, and consumer 

acceptance. Induced mutations will continue to have an increasing role 

in creating crop varieties with traits such as modified oil, protein and 

starch quality, enhanced uptake of specific metals, deeper rooting 

system and resistance to drought, diseases and salinity as a major 

component of the environmentally sustainable agriculture.  
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Ahmed (2004) studied the effect of gamma radiation on 

morphological structure, physical properties and chemical 

characterization of potato “Alpha cultivar” with doses 0, 10, 20, and 40 

Gy. The results showed that 20 Gy dose was gave better potato 

characters, longer stem length, root length and higher yield of tubers 

compared to other irradiated and non-irradiated treatments.  

Li et al. (2005) treated explants obtained from in vitro 

propagated plantlets of two potato cultivars, Shepody and Atlantic, 

with five doses of γ-radiation (0, 2, 4, 6 and 8 Gy) to investigate the 

stimulating effects of low irradiation on the production and quality of 

microtubers in vitro. Irradiation of the plantlets (4 Gy) led to a 

significant increase in cv. Shepody and Atlantic cultivars, not only in 

the microtuber number (116.7 and 34.5 % over the control) but also in 

the fresh mass (77.6 and 23.2 %), respectively. 

Afrasiab and Iqbal (2010) studied somaclonal variants and 

induced mutants of potato for desirable characters with special 

emphasis on yield and yield components in two cultivars of potato cvs. 

Desiree and Diamant. For mutation induction, 10 week old, well 

proliferating calli was exposed to 5 – 50 Gy of gamma irradiation. The 

regenerated plants were screened on the basis of average shoot height, 

number of shoots, number of nodes/shoots, average tuber number, tuber 

size, tuber weight and number of eyes/tuber. Three variant lines (SV1, 

SV2 and SV3) and 6 gamma mutant lines (GM1, GM2, GM3, GM4 

GM5 and GM6) were selected on the basis of better yield and other 

agronomic characters.  
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Cheng et al. (2010) investigated the effects of gamma-ray on the 

physiological, morphological characters and chromosome aberrations 

of minitubers of one potato cultivar, ‘Shepody’ with 8 doses of gamma-

rays (0, 10, 20, 30, 40, 50, 60, 70 and 80 Gy). With an increase in 

radiation dose, the emergence percentage, plant height and root length 

of minituber plants were significantly decreased for 40 and 50 Gy, with 

about 67 % and 31 % of the control, respectively. No emergence ability 

occurred at 60 Gy and higher doses. Radiation with 20 Gy promoted 

tuber formation, and the average number and diameter of M1 tubers per 

plant were significantly increased over the control by 71% and 34%, 

respectively. After radiation, there appeared a series of morphological 

variations in minituber plants under the normal culture conditions, e.g., 

an increase of branches, the appearance of abnormal stems and leaves 

and the reduction of trifoliolate leaves increased with an increase in the 

radiation dose. The morphological variations occurred beginning with 

the 10 Gy treatment. The peak in variation frequency appeared at 30 

Gy (14 %) and then decreased. There was no morphological variation 

at 50 Gy and no survival of plants at 60 Gy and higher doses. 

2. Tissue culture studies in potato 

The combination of mutagenesis with in vitro techniques offers 

an efficient method for improving vegetatively propagated plants. 

These techniques allow induction of variation, selection and 

multiplication of the desired genotypes in a much shorter duration and 

smaller space than conventional methods (Afrasiab and Iqbal, 2010).   

Esna-Ashari and Villiers (1998) showed that shoots, roots and 

callus were formed from tuber discs of potato, cultivar Desiree, when 
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grown in vitro on MS medium supplemented with 2,4-D and/or BAP. 

Callus was formed in MS medium with 1 mg/l BAP plus 0.5 mg/l  2,4-

D, callus and roots were formed in MS with 1 mg/l BAP plus more 

than 0.5 mg/l 2,4-D and shoots were formed directly on tuber discs 

cultured on MS medium with 1 mg/l BAP without the addition of 2,4-

D. Nodules produced at the explants surface after the 4th week 

increased in size following subculture on the same medium (MS+BAP 

alone), and 2 to 6 shoots developed from each nodule. After the 9th 

week of total time in culture, these shoots were excised and transferred 

as cuttings to MS medium without growth regulators, after which roots 

developed and plantlets were formed.  

Khatun et al. (2003) cultured the nodal segments of Diamant 

cultivar of potato from in vitro grown plantlets for callus induction and 

regeneration on MS semisolid medium supplemented with different 

concentrations of 2,4-D, NAA, BAP alone and NAA with BAP. 

Highest 90% of callus formation was observed in MS + 2.5 mg/l 2,4-D. 

The second highest 83.33% callus induction was recorded in MS + 5.0 

mg/l BAP. Maximum percentages (70%) of calli-induced shoots were 

observed in MS medium fortified with 5.0 mg/l BAP + 0.1 mg/l IBA. 

The regenerated shoots were rooted on MS and ½MS medium 

containing different concentrations of IBA and maximum rooting 

response was achieved in ½ MS + 1.0 mg/l IBA. Regenerated plants 

were successfully established in soil after acclimatization. 

Sanavy and Moeini (2003) Cultured meristems of Agria and 

Marfona cultivars of potato (Solanum tuberosum L.) on filter paper 

bridge in liquid medium. The meristem-derived plantlets were 
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micropropagated in solid medium by using single node cuttings. 

Results showed that there are significant differences between Agria and 

Marfona cultivars. The modified solid (MS) medium without NAA and 

BAP was found to be best for the formation of roots and shoots. 

Addition of BAP and NAA in the medium decreased shooting and 

rooting of single node cultures, respectively. A mixture of peat moss 

and sand in the ratio of 4:1 proved best for growing plantlets. 

 Yasmin et al. (2003) observed the effect of NAA and BAP on 

callus formation and regeneration from leaf and internodal segment 

explants from potato tubers cv. Cardinal. Also, applied five levels of 

each of NAA (0, 1.25, 2.5, 5 and 10 mg/l) and BAP (0, 0.5, 1, 2 and 4 

mg/l) to MS media for callus induction as well as plantlet regeneration. 

Twenty explants were cultured in each combination. Leaf showed 

better performance in callus induction and plantlet regeneration. The 

highest percentage of callus (95%) was induced with 2.5 mg/l NAA + 2 

mg/l BAP and also minimum time (8.13 days) was required for callus 

induction in the same concentrations. The percentage of regeneration 

showed the highest value (80%) with 2.5 mg/l NAA + 2 mg/l BAP of 

all the combinations. It was also observed that callus derived from leaf 

produced plantlets in a shortest period of time (23.68 days) compared 

to that from stem (28.96 days). 

Gopal et al. (2004) studied the main effects of genotype, 

abscisic acid (ABA), and sucrose level, and their interactions on 

biomass production, microtuberization, microtuber dormancy, and dry 

matter content for conservation of potato germplasm. ABA decreased 

both microtuber production and microtuber dormancy, whereas higher 
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concentrations (60 – 80 g/l) of sucrose promoted biomass production, 

microtuber production as well as microtuber dry matter content. 

Hannapel et al. (2004) stated that tuber formation in potatoes 

(Solanum tuberosum L.) is a complex developmental process involving 

a number of important biological systems. Under conditions of a short-

day photoperiod and cool temperature, a transmissible signal is 

activated that initiates cell division and expansion and a change in the 

orientation of cell growth in the subapical region of the stolon tip. In 

this signal transduction pathway, perception of the appropriate 

environmental cues occurs in leaves and is mediated by phytochrome 

and gibberellins (GA). Phytohormones also play a prominent role in 

regulating the morphological events of tuberization activated in the 

stolon apex. GA, cytokinins, and jasmonate-like compounds have all 

been implicated in regulating tuber development. High levels of GA are 

correlated with the inhibition of tuberization, whereas low levels are 

associated with induction. Transcription factors are proteins that bind to 

DNA to regulate gene activity and, in some cases, to mediate hormone 

levels. Several of these DNA-binding proteins are involved in 

regulating plant growth and meristem development in potato, including 

tuber formation. One type, designated POTM1, regulates cytokinin 

levels in potato meristems and controls branching of axillary shoots. 

Two other types that physically interact, the BEL and KNOX proteins, 

mediate vegetative development. KNOX overexpressers exhibited 

abnormal leaf architecture and dwarfism. The results indicate that DNA-

binding proteins of potato mediate tuberization by enhancing or 

repressing the activity of specific target genes. 
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Rafique et al. (2004) studied the effect of various concentrations 

of BAP and sucrose on in vitro potato (Solanum tuberosum L.) 

microtuber induction. Explants from in vitro grown plants were 

cultured on MS medium supplemented with iron (150 g/l), different 

concentrations of sugar (0, 3, 6 and 9%) and 6-benzylaminopurine (0, 

0.2, 1 and 5.0 µM). The sucrose 6% and BAP 1 µM showed maximum 

number of microtubers. Sucrose and BAP had also significant effect on 

shoot and root length. MS medium supplemented with sucrose and 

BAP significantly induced the microtubers in Santa, Cardinal, Diamant 

and Desiree cultivars. 

Zhang et al. (2005) investigated the effect of auxin, GA and 

BAP on potato shoot growth and tuberization under in vitro condition. 

The shoot length of potato explants increased with the increasing of 

concentrations (0.5 – 10 mg/dm3) of IAA treatment especially with the 

addition of GA3 (0.5 mg/dm3), but was inhibited by BAP (5 mg/dm3). 

The root number and root fresh weight of potato explants increased 

with the increasing of IAA levels either in the presence of GA3 

(treatment IAA+GA) or not (IAA alone). However, no root was 

observed in the treatment IAA+BAP, instead there were brown swollen 

calli formed around the basal cut surface of the explants. The addition 

of GA3 remarkably increased the fresh weight and diameter of calli. 

Microtubers were formed in the treatments of IAA+BAP and 

IAA+GA+BAP but not observed in the treatments of IAA alone or 

IAA+GA. IAA of higher concentrations (2.5 – 10 mg/dm3) was helpful 

to form sessile tubers.  
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Nasir Uddin (2006) stated that in vitro technique has been 

developed using single sprout bud explants of elite indigenous potato 

(Solanum tuberosum L.) cultivar (Indurkani) of Bangladesh. MS basal 

medium supplemented with different concentrations and combinations 

of BA and Kinetin were used to induce shoots and roots. Shoot and root 

formations were found to be better in combine treatment of BA and Kin 

than single treatment of BA or Kin alone. The highest number of shoot 

were formed on MS basal medium supplemented with a combination of 

3.0 mg/l BA and 2.0 mg /l Kin whereas 2.0 mg/l BA alone produced 

only 80% shoots and 2.0 mg/l Kin alone produced 100% shoots. The 

induction of multiple shoots from each bud was highest (3.0) in a 

combination of 2.0 mg/l Kin and 1.0 mg/l BA while 2.0 mg/l BA alone 

produced only 1.37 shoots. The maximum number of rooting was 

obtained with 0.5 mg/l Kin + 2.0 mg/l BA. The highest shoot growth 

rate (10.5 mm/week) was observed on MS basal medium supplemented 

with 0.2 mg/l BA and 2.0 mg/l Kin. The rooted plantlets were hardened 

and successfully established in the soil. 

Vanaei et al. (2008) investigated the production of virus free 

plantlets from meristem culture in two cultivars of potato (Marophona 

and Agria). Also, studied effect of genotype, substrate combination, pot 

size and their interactions on number and total weight of minitubers. A 

single excised meristem tip was carefully placed on the filter paper 

bridge of the culture tubes containing MS liquid and then semisolid 

medium. The virus-free plantlets were transferred to pots with 

substrates and pots. Statistical analysis revealed that there are 

significant differences between potato cultivars, substrates, pots size 
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and substrate × pot size interaction effects (p<0.01). However, there 

was no significant difference between other interaction effects on 

number and total weight of minituber. Furthermore, the finding of this 

study indicated a positive relationship (+0.99) between number of 

minituber and total weight of minituber per plant. 

Aryakia and Hamidoghli (2010) investigated in vitro 

microtuberization of two potato cultivars, Arinda and Diamant. The 

effects of 4 concentrations (0.25, 0.50, 0.75 and 1 mg/l) of kinetin and 

6-banzylaminopurine (BAP) on physical characteristics such as 

number, size and weight of potato microtuber were investigated. Sixty 

days after culture, microtubers were harvested and data analyzed. 

Results showed that the highest effect on microtuber number especially 

in cv. Diamant with an average number 1.49 per single node explants, 

was obtained due to kinetin role in tuber initiation. BAP especially in 

high concentrations (0.75 and 1 mg/l) have an incremental effect on 

weight and size of microtuber. Since a large size of microtuber is 

suitable for commercial production, high concentration of the BAP 

(0.75 and 1 mg/l) is recommended for increasing microtuber weight.  

3. Bacterial wilt disease in potato 

Bacterial wilt or brown rot disease caused by Ralstonia 

solanacearum, a soil born, gram-negative plant pathogen, attacks wide 

range of plant hosts. This pathogen is responsible for extensive annual 

losses of different crops which varied and difficult to measure 

accurately, but were estimated at 15-35% on tomato, 35-60% on potato, 

and 30-65% on groundnut (Hayward, 1991; 1994). R. solanacearum 

invades its host plants through the roots via wounds or secondary root 



15 
 

emergence points, infects the root cortex, and then enters host xylem 

vessels (Vasse et al., 1995). Once in the xylem, the bacteria multiply 

and progress quickly upward through the plant vascular system, 

causing wilting and eventual plant death. It is considered as one of the 

limiting factors for potato production and exportation in Egypt.  

a. Detection of R. solanacearum 

Wullings et al. (1998) developed a method based on fluorescent 

in situ hybridization (FISH) to detect R. (Pseudomonas) solanacearum 

race 3, biovar 2 in potato tissue samples. The nearly complete genes 

encoding 23S rRNA of five R. solanacearum strains and one R. pickettii 

strain were PCR amplified, sequenced, and analyzed by sequence 

alignment. This resulted in the construction of an unrooted tree and 

supported previous conclusions based on 16S rRNA sequence 

comparison in which R. solanacearum strains are subdivided into two 

clusters. Based on the alignments, two specific probes, RSOLA and 

RSOLB, were designed for R. solanacearum and the closely related R.  

syzygii and blood disease bacterium. The specificity of the probes was 

demonstrated by dot blot hybridization with RNA extracted from 88 

bacterial strains. Probe RSOLB was successfully applied in FISH 

detection with pure cultures and potato tissue samples, showing a strong 

fluorescent signal. Unexpectedly, probe RSOLA gave a less intense 

signal with target cells. Potato samples are currently screened by 

indirect immunofluorescence (IIF). By simultaneously applying IIF and 

the developed specific FISH, two independent targets for identification 

of R. solanacearum are combined, resulting in a rapid (1-day), accurate 

identification of the undesired pathogen. The significance of the method 
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was validated by detecting the pathogen in soil and water samples and 

root tissue of the weed host Solanum dulcamara (bittersweet) in 

contaminated areas. 

Weller et al. (2000a) utilized two fluorogenic probes in a 

multiplex reaction; one broad-range probe (RS) detected all biovars of 

R. solanacearum, and a second more specific probe (B2) detected only 

biovar 2A. Amplification of the target was measured by the 5' nuclease 

activity of Taq DNA polymerase on each probe, resulting in emission of 

fluorescence. TaqMan PCR was performed with DNA extracted from 

42 R. solanacearum and genetically or serologically related strains to 

demonstrate the specificity of the assay. In pure cultures, detection of R. 

solanacearum to >102 cells/ml was achieved. Sensitivity decreased 

when TaqMan PCR was performed with inoculated potato tissue 

extracts. A third fluorogenic probe (COX), designed with the potato 

cytochrome oxidase gene sequence, was also developed for use as an 

internal PCR control and was shown to detect potato DNA in an RS-

COX multiplex TaqMan PCR with infected potato tissue.  

Chen et al. (2003) stated that collected forty-three representative 

strains of R. solanacearum from 11 provinces in 6 different plant hosts 

in China and 4 strains from other countries were detected by PCR using 

15 random primers. Similar DNA fingerprints were obtained by using 

primers OPB11, OPA15, OPE1, and OPZ10. Potato strains showed 

identical profiles when primers OPB7, OPA30, and OPF1 were used. 

High level diversity was found among different strains when primers 

OPA14, OPG6, OPG14, OPF5, OPK14, OPK20, and OPK17 were 

used.  
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James et al. (2003) compared nine strains of R. solanacearum that 

isolated from bacterial wilt affected plants of brinjal, chilli and tomato 

in three different agroclimatic zones of Kerala based on the utilization 

of carbohydrates, hypersensitivity reaction on capsicum leaves and 

RAPD analysis. Among these, six isolates were grouped into Biovar III 

and three, into Biovar IIIA. The isolates belonged to Races 1 and 3. 

RAPD analysis with 10 decamer primers revealed a high degree of 

polymorphism among the isolates. The primer OPF 8 yielded a unique 

band of 1.45 kb size for Race 3. This could be considered as a marker 

for rapid identification of Race 3 isolates of R. solanacearum. 

Ibrahim et al. (2005) investigated six commercial cultivars of 

potato (Cara, Desiree, Diamant, Lady Rosetta, Nicola and Spunta) for 

pathogenicity development and tolerance response to R. solanacearum 

infection. In addition to pathogenicity test, 16S RNA-specific PCR, 

immunofluorescent assay (IFA) and one dimensional SDS-PAGE were 

used to detect the pathogen in foliage and tubers and assist in 

determination of pathogenicity responsive proteins, respectively. 

Pathogenicity test revealed that the most resistant and susceptible 

cultivars were Lady Rosetta and Cara, respectively. Protein patterns 

obtained by one dimensional SDSP-AGE, resulted in the over 

expression of a 22KDa proton band five days a fetes the infection with 

Rs-ti in the security cultivar cam. The two pairs of 16S rRNA-specific 

primers (Oli-1/Y2 & Rs-1F/Rs-1R) were successfully used to detect R. 

solanacearum in infected potato leaves, and the expected PCR products 

(281 & 718 bp, respectively) were obtained.  
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Stefani et al. (2005) set up a protocol to detect latent infections 

of R. solanacearum biovar 2, race 3 in tomatoes field. For two growing 

seasons, healthy tomato plants were inoculated with a virulent strain, 

and monitored for 7 to 55 days. Final extracts used for direct isolation 

on Kelman’s medium and for indirect immunofluorescence staining 

were prepared from 1 cm segments collected from the base of the 

lowest side shoots. Reisolations were identified by colony morphology, 

PCR, IFAS, and pathogenicity tests on tomato plantlets. Reisolation 

was successful from 18 days onwards, with a frequency that constantly 

increased in the following weeks. Samples prepared by mixing one 

latently infected segment with increasing numbers of healthy segments 

revealed a sensitivity threshold of 1:999. This non-destructive protocol 

was shown to be appropriate for monitoring in the open field. 

Machmud and Suryadi (2008) produced polyclonal antibody 

(PAb) to R. solanacearum and applied the antibody for detection of R. 

solanacearum strains representing different hosts, races, and biovars 

using the Indirect ELISA technique. The results showed that PAb to R. 

solanacearum was producible on white rabbits using three different 

immunization schemes at titers ranging from 128 to 4096. The indirect 

ELISA technique using the PAb was applicable for detection of R. 

solanacearum strains representing race 1 biovar 3, race 2 biovar 1, and 

race 3 biovar 2, either from pure cultures, soils or plant parts. The 

lowest detection level of the ELISA technique was 103 cells/ml. 

Kutin et al. (2009) isolated six bacteriophages and selected for 

their ability to specifically infect and lyse R. solanacearum. Sixty-three 

strains of R. solanacearum and 72 isolates of other bacterial species 
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were tested for their susceptibility to the bacteriophages. Based on the 

large host range and observed replication speed and reproductive burst 

sizes in ginger infecting R. solanacearum strain GW-1, phage M_DS1 

was selected for the development of the phage-based indirect assay. 

With primers based on the phage genome, the protocol was used to 

detect R. solanacearum from a number of substrates. In pure R. 

solanacearum cultures, the protocol consistently detected 

approximately 3.3 CFU/ml after an hour's incubation with 5.3×102 

PFU/ml M_DS1. We used the protocol to confirm the presence of the 

pathogen in infected potted ginger plants, detecting levels near 102 

CFU/g in 0.1 g of leaf tissue and levels near 103 CFU/ml in drainage 

water from the pots. In soils emended with the bacteria, we observed 

detection limits down to approximately 102 CFU/g. 

b. Resistance to R. solanacearum in potato 

Fahmy and Mohamed (1990) showed that potato varieties varied 

in their response to Pseudomonas solanacearum; cultivars Geno, 

Desiree and Alpha were susceptible, cv. Domina was moderately 

susceptible and cv. Prolina was highly resistant. Ribonuclease activity 

was higher in cv. Prolina than in cv. Alpha. The addition of 

superphosphate (15% P2O5) or potassium sulfate (48-58% K2O) 

fertilizers to potato plants decreased disease incidence. Potato plant 

cultivation in clay and loamy soils resulted in increased disease 

incidence.  

Tung et al. (1992) investigated effects of resistance genes and 

heat tolerance genes on expression of resistance to bacterial wilt caused 

by P. solanacearum in 30 F1 progenies from parents with different 
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levels of bacterial wilt resistance and heat resistance. A race 1 and a 

race 3 isolate of the bacterium were used for inoculation under 

screenhouse conditions at two locations. Results obtained indicated that 

with reduction in levels of parental resistance, resistance in the F1 

progenies was also reduced. There existed a strong interaction between 

resistance genes and genes for heat resistance. Effects of reciprocal 

crosses on expression of resistance to a race 1 isolate under hot 

screenhouse conditions were studied in 5 sets of reciprocal F1 progenies 

involving different resistant and susceptible parents. The reciprocal 

differences observed were not significant, suggesting absence of 

cytoplasmic effects on expression of resistance. 

Tung et al. (1993)  studied inheritance of bacterial wilt resistance 

in tetraploid potato in segregating progenies of parent clones with 

resistance derived from different specific sources and different types of 

adaptation and used a race 1 and a race 3 isolate of P. solanacearum to 

assess resistance under warm temperatures. Results obtained indicated 

partial dominance of resistance. Significant GCA and SCA effects 

showed that both additive and non-additive gene actions are important 

in conditioning resistance expression. There was evidence that epistasis 

is an important component of the non-additive gene action in the 

inheritance of resistance.  

Lima et al. (1997) evaluated seven potato clones that previously 

selected as resistant to R. solanacearum in the field, as well as the 

cultivars Atlantic (susceptible), Achat (resistant) and Mondial for the 

feasibility of using rooted leaves to screen for resistance to bacterial 

wilt. Leaves from 2 positions (3rd/4th; 7th/10th nodes from the top) were 
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detached from 30-day-old plants and rooted in sterile sand for 15 days. 

Approximately 1/3 of the root system was cut off and the rooted petiole 

immersed in a bacterial suspension (108 CFU/ml for 1 min) and 

immediately transplanted to pots containing sterile soil in the 

greenhouse. The pots were kept at a temperature of 23-40°C. The 

evaluation was done by counting the number of wilted leaves at 4, 6, 8 

and 12 days after inoculation. The wilt data obtained were compared 

with results from inoculated rooted sprouts in the greenhouse, which 

correlates well with field trials. Leaves of the second position were 

more susceptible to R. solanacearum than those of the first position and 

were not suitable for differentiating resistant and susceptible reactions. 

Although there were significant differences among genotypes, the 

rooted leaf inoculation method was not considered reliable, because it 

did not correlate well with the rooted sprout technique.  

Elphinstone and Stanford (1998) compared several methods for 

the detection of R. solanacearum in potato tubers, including 

immunofluorescent antibody staining (IFAS), indirect ELISA, 

polymerase chain reaction (PCR), semi-selective culture and tomato 

bioassay methods. The sensitivity of detection by each method was 

determined in artificially inoculated potato extracts. PCR reactions were 

inhibited by plant or soil components and cultures on semi-selective 

medium were occasionally overgrown or inhibited by saprophytic or 

antagonistic saprophytic bacterial populations, resulting in false-

negative reactions. To assess the reliability of each method for plant 

quarantine testing, R. solanacearum populations in naturally infected 

tubers with and without disease symptoms were quantified. Reliability 
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of ELISA and PCR was improved by incubating samples in semi-

selective broth prior to testing.  

Farag et al. (1999) found that the causal agent of potato brown 

rot, R. solanacearum was demonstrated for the first time to be present 

in surface (irrigation) water in Egypt. The bacterium was identified in 

both irrigation and drainage canals near to infected fields within 3 

potato-growing areas in the delta that were already known to be 

infected. The bacterium was found in populations of up to 106 colony 

forming units per liter. No weed hosts such as Solanum dulcamara were 

found along the canals. The bacterium was not detected anywhere in the 

desert area. It is concluded that these findings show that irrigation water 

can play a role in the epidemiology of brown rot disease in Egypt and 

further studies are necessary to determine its exact role. The use of 

artesian water in the desert area and avoidance of re-use of irrigation 

water could be important factors in the avoidance of brown rot 

problems.  

Laferriere et al. (1999) found that the wild potato relative 

Solanum commersonii is reported to carry resistance to bacterial wilt 

disease caused by R. solanacearum. To overcome sexual 

incompatibilites due to differences in ploidy and endosperm balance 

numbers, somatic hybrids were made that combine the S. tuberosum 

and S. commersonii genomes. The resulting somatic hybrid plants are 

vigorous, but their disease resistance level and their fertility were 

unknown. Therefore, they tested the S. commersonii and S. tuberosum 

source material cv. Superior, potato cv. Atlantic and six somatic hybrid 

lines for resistance to a virulent strain of R. solanacearum (race 3, 
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biovar 2) at 28°C. As expected, S. commersonii was significantly more 

wilt-resistant than the cultivated potatoes. In five of the six somatic 

hybrid lines, disease resistance levels were similar to that of the 

resistant S. commersonii parent. The resistance level of the sixth 

somatic hybrid was intermediate, significantly different from both S. 

commersonii and S. tuberosum. In controlled crosses, the somatic 

hybrids in this study proved both to be male and female-fertile and were 

self-compatible. More importantly, the somatic hybrids can be crossed 

with S. tuberosum to produce viable seeds.  

Mangin et al. (1999) showed that at least two separate loci ~30 

cM apart on this chromosome are most likely involved in the resistance 

to bacterial wilt using two different approaches to analyze the data 

from a field test F3 population. First, a temporal analysis of the 

progression of symptoms reveals a distal locus early in the 

development of the disease. As the disease progresses, the maximum 

LOD peak observed shifts toward the proximal end of the chromosome, 

obscuring the distal locus. Second, a statistical “two-QTL model” test, 

specifically adapted for the resolution of linked QTL, strongly 

supported the hypothesis for the presence of two loci, although 

classical interval mapping could only detect the presence of one locus. 

Watanabe et al. (1999) evaluated survival and yield performance 

of diploid potato genotypes selected during field trials in the coastal 

desert area of Lima, Peru, under subtropical conditions in San Ramon, 

Peru, in a field with severe bacterial wilt R. solanacearum infestation. 

Some selected diploid genotypes, which had also shown resistance to 

other biotic stresses in field trials in Lima, showed comparable yields to 
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those of tetraploid standard local cultivars under subtropical conditions. 

Based on analysis of variance, the effects of resistance to BW on the 

survival and yield were not consistent. These facts were considered to 

result from interactions between the BW resistance, adaptation (e.g., 

heat tolerance) and environmental factors. Observations of latent 

infection provided an insight into how the expression of BW resistance 

is modified by environmental and pathogenic factors under field 

conditions. 

Fock et al. (2000) found that somatic hybrid plants were 

produced after protoplast electrofusion between a dihaploid potato, cv. 

BF15, and a wild tuber-bearing relative, S. phureja, with a view to 

transferring bacterial wilt resistance into potato lines. A total of ten 

putative hybrids were selected. DNA analysis using flow cytometry 

revealed that six were tetraploids, two mixoploids, one amphiploid and 

one octoploid. In the greenhouse, the putative hybrids exhibited strong 

vigour and were morphologically intermediate, including leaf form, 

flowers and tuber characteristics. The hybrid nature of the ten selected 

plants was confirmed by examining isoenzyme patterns for esterases 

and peroxidases, and analysis of RAPD and SSR markers. Analysis of 

chloroplast genome revealed that eight hybrids possessed chloroplast 

(ct) DNA of the wild species, S. phureja, and only two contained S. 

tuberosum ct type. Six hybrid clones, including five tetraploids and one 

amphiploid, were evaluated for resistance to bacterial wilt by using race 

1 and race 3 strains of R. solanacearum, originating from Reunion 

Island. Inoculations were performed by an in vitro root dipping method. 

The cultivated potato was susceptible to both bacterial strains tested. All 
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somatic hybrids except two were tolerant to race 1 strain, and 

susceptible to race 3 strain. Interestingly, the amphiploid hybrid clone 

showed a good tolerance to both strains.  

Weller et al.  (2000b)   showed that TaqMan polymerase chain 

reaction (PCR) exploited the 5'-nuclease activity of Taq DNA 

polymerase in conjunction with fluorogenic DNA probes. A positive 

PCR reaction results in a measurable emission of fluorescence within 2 

h. TaqMan assays for several plant pathogenic bacteria have been 

designed, including the potato brown rot pathogen R. solanacearum 

using potato cv. Cara. Enrichment techniques designed to improve the 

detection of low pathogen populations in potato tissue are also suitable 

for use with TaqMan PCR.  

Fock et al. (2001) used the wild tuber-bearing relative Solanum 

stenotomum as source of resistance to bacterial wilt caused by R. 

solanacearum. In order to transfer resistance, somatic hybrids between 

a dihaploid clone of potato (S. tuberosum) cv. BF15 and S. stenotomum 

were produced by electrofusion of mesophyll protoplasts. A total of 

thirty hybrid plants were regenerated. When transferred to the 

greenhouse, they exhibited a strong vigour and showed morphological 

intermediate traits, including leaf form, flowers and tuber 

characteristics. Six tetraploid hybrid clones were evaluated for 

resistance to bacterial wilt by using race 1 and 3 strains of R. 

solanacearum, originating from Reunion Island. Inoculations were 

performed by an in vitro root dipping method. The cultivated potato 

was susceptible to both bacterial strains and died within a few days. 
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Interestingly, all somatic hybrids tested showed a resistance level as 

high as that of the wild species.  

Wydra and Beri (2007) investigated the composition and 

structure of pectic cell wall polysaccharides of stem sections in healthy 

and R. solanacearum-inoculated tomato genotypes L390 and Hawaii 

7996, susceptible and resistant to bacterial wilt, respectively, by 

immunohistochemical analysis. Constitutive differences between 

genotypes manifested in methyl-ester distribution of homogalacturonan 

(HG), arabinan and galactan side chain composition of 

rhamnogalacturonan I (RG I) and arabinogalactan-protein (AGP) in the 

xylem parenchyma and in vessel cell walls. After inoculation increased 

labeling was observed with all the antibodies (JIM5, JIM7, LM2, LM5, 

LM6, LM7) specific for HG, RG I and AGP epitopes, in the xylem 

parenchyma and around xylem vessels of stem sections of L390, but not 

of Hawaii 7996. Also vessel cell walls were stronger stained after 

inoculation in L390, particularly for the non blockwise deesterification 

of HG. In genotype Hawaii 7996 a reaction to inoculation was observed 

only in vessel walls, with a significantly increased number of stained 

vessels five- and nine-fold for arabinan and galactan epitopes of RG I, 

respectively. Differences in xylem cell wall structure may play a role as 

a constitutive resistance mechanism in the multigenic resistance of 

tomato against bacterial wilt, while changes after inoculation may 

contribute to induced basal resistance on cell wall level. 

Felix et al. (2010) assessed Irish potato cultivars' tolerance to 

bacterial wilt. Determination of potato reaction to bacterial wilt was 

carried out in fields infested with R. solanacearum in two sites in Kenya 
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using five cultivars; Tigoni, Asante, Kenya Karibu, Kenya Sifa and 

Dutch Robjyn. Tubers from plants that appeared healthy during the 

study period were sampled and tested for latent infection using the 

enzyme linked immunosorbent assay on nitrocellulose membrane 

(NCM-ELISA). None of the potato cultivars was found to be tolerant to 

bacterial wilt but some cultivars showed some level of tolerance. 

Reaction of potato cultivars' to bacterial wilt was variable in the two 

environments and even within the same environment. The cultivars 

Kenya Sifa was the most tolerant while Dutch Robjyn was the most 

intolerant. The use of these tolerant cultivars together with other control 

strategies could alleviate the disease problem significantly. 

Milling et al. (2011) showed that R. solanacearum, which causes 

bacterial wilt of diverse plants, produces copious extracellular 

polysaccharide (EPS), a major virulence factor. The function of EPS in 

wilt disease is uncertain. Leading hypotheses are that EPS physically 

obstructs plant water transport, or that EPS cloaks the bacterium from 

host plant recognition and subsequent defense. Tomato plants infected 

with R. solanacearum race 3 biovar 2 strain UW551 and tropical strain 

GMI1000 upregulated genes in both the ethylene (ET) and salicylic 

acid (SA) defense signal transduction pathways. The horizontally wilt-

resistant tomato line Hawaii7996 activated expression of these defense 

genes faster and to a greater degree in response to R. solanacearum 

infection than did susceptible cultivar Bonny Best. However, EPS 

played different roles in resistant and susceptible host responses to R. 

solanacearum. In susceptible plants the wild-type and eps- mutant 

strains induced generally similar defense responses. But in resistant 
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Hawaii7996 tomato plants, the wild-type pathogens induced 

significantly greater defense responses than the eps- mutants, 

suggesting that the resistant host recognizes R. solanacearum EPS. 

Consistent with this idea, purified EPS triggered significant SA 

pathway defense gene expression in resistant, but not in susceptible, 

tomato plants. In addition, the eps- mutant triggered noticeably less 

production of defense-associated reactive oxygen species in resistant 

tomato stems and leaves, despite attaining similar cell densities in 

planta. Collectively, these data suggest that bacterial wilt-resistant 

plants can specifically recognize EPS from R. solanacearum. 
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MATERIALS AND METHODS 
This study was carried out in the field and Biotechnology 

laboratory of the Plant Research Department, Nuclear Research Center, 

Inshas, Egypt. Genetic analysis was conducted in the Department of 

Genetics, Faculty of Agriculture, Cairo University, during 2008 – 2011. 

1. Plant materials 

Dry tubers of two potato cultivars (Solanum tuberosum L.) Diamant 

and Spunta were obtained from the General Potato Growers’ Co., 

Egypt. 

2. Gamma irradiation treatment 

Dry tubers of two potato cultivars (Diamant and Spunta) were 

exposed to different doses of gamma rays (20, 30 and 40 Gy) from 60Co 

source at dose rate 77 rad/sec at Nuclear Research Center, Inshas, 

Egypt. 

3. Field experiment  

a. M1V1 generation  

Dry tubers of two potato cultivars were irradiated with different 

doses of gamma rays (20, 30 and 40 Gy). The irradiated and non-

irradiated (control) tubers were sown immediately after irradiation on 

16th Oct., 2008 to obtain M1V1 generation. Split plot design with three 

replications was used. The main plots were randomly assigned to the 

cultivars and gamma-irradiation treatments were arranged over the 

subplot. The distance between rows 70 cm and between plants were 25 

cm. In harvest, three tubers were taken from each M1V1 plant for 

planting of the following M1V2 generation. 
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b. M1V2 generation  

Tubers of M1V1 generation were sown on 21st Oct., 2009. Split 

plot design with three replications was used as in M1V1 generation and 

all cultural practices were used as in grower field. In harvest, all plants 

were taken from each treatment to record the following data: 

1. Plant height (cm)     

2. Number of stems per plant 

3. Number of tubers per plant 

4. Weight of tubers per plant (g) 

Six different genotypes from M1V2 generation were selected depending 

on high yield for RAPD analysis. 

4. In vitro propagation of potato  

a. Tissue culture media 

The medium of tissue culture (MS medium) was prepared 

according to Murashig and Skoog (1962) with pH 5.8 and autoclaved at 

121°C for 20 min. 

b. Preparation of stock solution from BA hormone  

BA stock solution was prepared by dissolved 100 mg BA in 1 

ml NaoH 1 N solution and completed in volumetric flask up to 100 ml 

with didistilled water. 

c. Preparation of potato sprouts 

Potato tubers were stored in dark conditions at room temperature 

until the sprouts existed and become 3-5 cm in length (Yasmin, 2003). 

d. Culture of meristem 

Sprouts of irradiated and non-irradiated (control) tubers of 

potato were carefully removed, then were washed in running tap water 
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several times, under aseptic conditions sprouts were sterilized with 

70% ethanol for 10 sec, then were rinsed twice with sterile distilled 

water. Afterwards, the sprouts were surface sterilized by immersing in 

0.1% HgCl2 solution for 2 min and then, washed several times with 

sterile distilled water to remove all traces of HgCl2. After sterilization, 

the immature leaves and primordial leaves were snapped from shoot 

tips with slight pressure from the needle. Furthermore, the exposed 

meristem tips that appeared as shiny dome were gentle isolated with a 

sharp blade. A single excised meristem tips were carefully culture on 

MS solidified medium supplemented  with 3% sucrose and 2 mg/l BA 

at 25°C under 16 h photoperiod (Khatun et al., 2003; Yasmin et al., 

2003). After 6-8 weeks, when the plantlets were 5-8 cm height, 

micropropagation was begun and was repeated every 4 weeks until the 

desired number of in vitro plantlets for artificial infection was obtained.   

5. Bacterial isolate and bacteriological media   

Local isolate of Ralstonia solanacearum that used in this study were 

isolated from infected potato tubers. This isolate was identified as 

virulent and avirulent according to colony shape on tetrazolium 

chloride (TZC) plates. All media were made up in distilled water and 

sterilized by autoclaving at 121°C for 20 min. 

a.  Kelman’s tetrazolium (TZC) medium (g / l) 

It was as described by (Kelman, 1954) 

Casamino acids    1 
Peptone 10 
Glucose 5 
Agar 20 
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Distilled water 1 liter 
Aqueous solution of 2,3,5 triphenyl tetrazolium chloride (TZC) was 

sterilized using 0.25µm filter and added after the medium cooled to 

50°C. The final concentration of (TZC) was 50 mg per liter. 

b. King's B Medium (g / l) 

It was as described by (King et al., 1954) 

Proetose peptone                 20 
Glycerol                                10 ml 
K2HPO4                              1.5 
Mg SO4                               1.5 
Agar                                      20 

6. Isolation and identification of Ralstonia solanacearum 

a. Isolation of R. solanacearum  

Potato tubers that showing typical symptoms of brown rot were 

surface sterilized by immersion in 0.5% sodium hypochlorite solution 

(NaOCl) for 2 mints then rinsed in sterile water. The vascular tissues 

were cut into pieces then transferred with the oozing bacterial fluids to 

Petri-dishes and macerated in 2ml sterile water, for separation of 

bacteria from vascular tissues among which they are embedded. Loop 

from suspension was then streaked onto the solid differential TZC 

medium (Kelman, 1954) to obtain single colony and to distinguish a 

virulent form (creamy white, flat, irregular and fluidal colonies with 

blood red colored whorls in the centre) of bacterial isolate which was 

selected and used in the study. The plates were incubated for three days 

at 28 °C. The virulent isolate was subcultured regularly on King B 

medium (King et al., 1954). 
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7. Molecular studies  

Six different genotypes of potato namely, D20, D30, D40, S20, S30 

and S40 were selected from M1V2 generation for RAPD analysis to 

determine their genetic variability from the original parents at the 

molecular level. 

a. DNA extraction from potato leaves 

The following reagents and solutions were used for DNA 

extraction. 

Extraction buffer (EB) 
CTAB   2% 
PVP   2% 
NaCl   1.4 M 
EDTA (PH 8.0)   20 mM 
TrisHCl (PH 8.0)   100 mM 
2-mercaptoethanol   2% 
Chloroform : Isoamyalcohol 24: 1  v/v 
Isoprpanol 100% 
Wash Buffer (WB) 
Ethanol  70% 
Ammonium Acetate 10 mM  
TE (1X) 
TrisHCl, pH 8.0 10 mM 
EDTA, pH 8.0 1 mM  
RNAse 10 mg/ml 
2M  NaCl 116.9 g/l 
Ethanol  100% 
Ethanol  70% 
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Prepare extraction buffer (EB) without CTAB, PVP and β-

mercaptoethanol and autoclaved it for 20 min. when needed add 2% 

CTAB (w/v), PVP (w/v) and 2% β-mercaptoethanol. Heat at 65°C to 

dissolved CTAB and PVP. 

DNA was extracted according to Aldrich and Cullis (1993) method as 

following: 

1. Small leaves of plants (1-2 g) were ground quickly but 

carefully in a cooled mortar and pestle with liquid nitrogen. 

2. Add 700 µl of the preheated extraction buffer (EB) at 65°C, 

shake vigorously and immediately place back at 65°C and 

incubate at 65°C for 90 min (longer incubation result in cleaner 

pellets). 

3. Extract with an equal volume of chloroform: isoamylalcohol 

(24:1 v/v), shake for 5 min and centrifuge the samples for 10 

min at 14000 rpm at room temperature (RT). 

4.  Transfer the upper phase (containing the DNA) to a new 1.5 ml 

tube. Precipitate the DNA with 2/3 volume of cold isopropanol 

for 5 min at RT. 

5. Spin down the precipitated nucleic acids by centrifuging for 10 

min at 14000 rpm at RT. 

6. Discard the supernatant and wash the pellet twice with wash 

buffer (WB). 

7. Air-dry the pellet and re-suspend in 300 µl of TE. 

8. Add 3 µl of RNAse (10mg/ml) and incubate 30 min at 37°C. 

9. Bring the dissolved nucleic acid to 2M NaCl. 
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10. Re-precipitate by adding 2 volumes of 100% ethanol. Incubate 

at -20°C for 20 min. 

11. Wash the pellet with 500 µl 70% ethanol, air-dry the pellet and 

re-suspend in sterile water or TE.  

DNA concentration was determined by diluting the DNA in 1:5 ddH2O. 

The DNA samples were electrophoresis in 0.7% agarose gel against 5µl 

DNA size marker (1Kbp ladder). This marker covers a range of DNA 

fragment size between 250bp and 10.000bp as shown in Fig. 1. Thus 

estimation of the DNA concentration in a given sample was achieved 

by comparing the degree of fluorescent of unknown DNA band with 

the different bands of DNA size marker.  

 
Fig. 2.  Molecular weight of DNA marker (1 kb DNA ladder) 

 

b. RAPD Analysis 

PCR reactions were conducted using eleven primers (Operon 

Technologies Inc., Alameda, CA, USA), that were selected for DNA 

amplification of irradiated and non-irradiated (control) genotypes of 

potato cultivars were listed in Table 1. PCR reactions were carried out 

in 30 µl volumes containing 2.0 µl of genomic DNA, 2.0 µm of 10 
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pmol primer, 3.0 µl dNTPs (2.5 mM), 3.0 µl MgCl2 (25 mM), 0.2 µl 

Taq-DNA polymerase and 3.0 µl of amplification Taq polymerase 

buffer. The amplification reactions were performed in a DNA thermo 

cycler (BIO RAD S1000TM) programmed as follows: 94°C/4 min (1 

cycle), 94°C/30 sec, 35°C/1 min, 72°C/2 min (40 cycles) and 70°C/5 

min (1 cycle) then held at 4°C. The amplification products were 

analyzed by electrophoresis in 1.5% agarose gel with 1x TBE buffer 

and stained with ethidium bromide and visualized with UV 

transilluminator. 

Table 1. Nucleotide sequences of eleven oligonucleotide primers used in 
this study. 

Primers name Sequence  (5' to 3') 

OPA-02 TGCCGAGCTG 

OPA-03 AGTCAGCCAC 

OPA-07 GAAACGGGTG 

OPA-08 GTGACGTAGG 

OPA-09 GGGTAACGCC 

OPB-11 GTAGACCCGT 

OPB-15 GGAGGGTGTT 

OPE-02 GGTGCGGGAA 

OPE-16 GGTGACTGTG 

OPO-02 ACGTAGCGTC 

OPO-03 CTGTTGCTAC 
 

In RAPD analysis, fragments were scored as 1 if present and 0 if 

absent. Then the scores were collected for constructing a single data 

matrix for estimating polymorphic loci (Nei, 1973) and constructing a 

UPGMA (Unweighted Pair Group Method) dendrogram among 
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genotypes using SPSS (version 17.0) computer program. The similarity 

index values (SI) between RAPD profiles of any two individuals on the 

same gel were calculated from RAPD markers according to the 

following formula: 

Similarity Index (SI) = 2NAB / (NA + NB) 

Where, NAB is the total number of RAPD bands shared by individuals A 

and B. NA and NB, are the numbers of fragments scored for each 

individual respectively (Lynch, 1990).  

8. Protein analysis 

a. Extraction of water soluble protein fraction 

Fresh green leaf (0.5 g) was ground into fine powder using liquid 

nitrogen in a mortar. Samples were transferred to tubes. An equal 

volume (0.5 ml) of extraction buffer (sample buffer) was added to the 

sample. The samples were kept at 4°C overnight, and then centrifuged 

for 20 min at 1200 rpm at 4°C (Biofuge primo R centrifuge, Kendro la. 

Products Heraeus). Supernatants containing water soluble protein 

fractions were transferred to clean tubes and stored at -20°C until use. 

         Extraction buffers 

1. Sample buffer  

Tris base  (1M, pH 8.8) 6 ml 

EDTA 0.25M 800 µl 

Distilled H20   up to 100 ml 

          2. (2x) buffer 

Sodium dodecyl sulfate (SDS) 10% 40 ml 

Glycerol 20 ml 
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1 M Tris base (pH 8.8) 12 ml

0.25 M  EDTA 1.6 ml

Distilled H2O 26 ml

b. SDS Protein Electrophoresis  

SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) was 

performed according to the method of Laemmli (1970).  

1. Reagents of the SDS-PAGE 

      Acrylamide stocks (kept in dark bottle at 4°C): 

a. Resolving gel 

Acrylamide 30.0 g

Bis Acrylamide 0.8 g

Distilled H2O up to 100 ml

b. Stacking gel 

Acrylamide 30.0 g

Bis Acrylamide 1.0 g

Distilled H2O up to 100

       2.  Buffers 

      a. Resolving gel buffer (4x Tris, pH 8.4, 4°C) 

Tris base 18.15 g

HCl (conc.) 3.50  ml

Distilled H2O up to 100 ml

      b. Stacking gel buffer (1 M Tris-HCl, pH 6.8, 4°C)         

Tris base 12.11 g 

Distilled H2O up to 100 ml 

           Adjust pH to 6.8 by HCl 
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    c. Running buffer 

Tris base 15.14 g 

Glycine 72.07 g 

10% SDS 50 ml 

Distilled H2O up to 5 liter 

     3. Gel preparation 

Vertical slab (10 x 8 cm) gel electrophoresis apparatus was used 

as marketed by Hoefer (Hoefer Mighty small SE 245). All glass plates 

were washed with tap and distilled water, then surface was sterilized 

with 70% ethanol. Spacers of 0.5 mm were used. 

          a. Resolving gel (12.5% Acrylamide) 

Acrylamide stock - (for resolving gel) 4.0 ml 

Tris base, (4x, pH 8.4) 2.7 ml 

Distilled H2O 3.8 ml 

SDS (10%) 125 µl 

Ammonium persulfate (10%) freshly prepared 83.3 µl 

TEMED 13.3 µl 

This solution was instantly swirled and two gels were poured 

simultaneously to a height of 1.0 cm below the bottom of the comb. 

Gels were overlaid with isopropanol and left to polymerize for at least 

1 hour, then isopropanol was removed before the stacking gel was 

poured. 

            b. Stacking gel 

Acrylamide stock (for stacking gel) 650 µl 

Tris base (pH 6.8) 1.25 ml 
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Distilled H2O 3.0  ml

SDS% (10%) 50 µl

Ammonium persulfate (10%) freshly prepared 25 µl

TEMED 5 µl

This stacking gel solution was quickly poured over the two resolving 

gels and 10-well combs were used. Gels were left to polymerize for 45 

min before loading samples. 

   4. Application of samples 

        A volume of 15-30 µl was extracted from samples of either control 

or infested plants. This calculated equal protein according to Bradford 

(1976) using Amersham Bioscience Gene Quant Pro Spec DNA and 

Protien measurments. Sample was added to the same volume of water 

soluble buffer (2x), B-Mercaptoethanol (4µl) was added to each sample 

(10%v/v). Samples were boiled for 10 min and 25 µl of each sample 

were loaded in the gel after adding one drop of the loading buffer. 

Control wells were loaded with standard protein marker. 

   5. Gel running and staining  

         Lower and upper buffer tanks were filled with the running buffer. 

The polyacrylamide gels were fixed between the two tanks in a suitable 

position. The electrodes were connected to the power supply. The run 

was performed at 50 volt until the tracing dye (bromophenol blue) 

entered the separating gel (resolving gel), and then the voltage was 

increased to 100 volt until the bromophenol blue dye reached the 

bottom of the separating gel.  Gels were removed from the apparatus 

and placed in plastic tanks, then covered with the staining solution. 

Gels were agitated gently overnight.  
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a. Composition of the staining solution  

Methanol 455 ml 

Coomassie Brilliant Blue R250 1 g 

Acetic acid 90 ml 

Distilled H2O 455 ml 

After removing the staining solution, gels were covered with a 

distaining solution that freshly prepared. 

b. Composition of the distaining solution  

Methanol 700 ml 

Acetic acid (conc.) 200 ml 

Distilled H2O up to 3500 ml 

Gels were agitated gently and replaced by new distaining solution after 

30 min. This step was repeated several times until gel background 

becomes clear. The gels were photographed by Gel documentation 

system and analyzed using the Phortix program (Gel Doc, Bio-Rad 

Laboratory, Inc.). 

9. Statistical analysis 

Data of vegetative and yield traits were statistically analyzed using 

split plot design with three replications and mean values were 

compared using Duncan`s multiple range test (DMRT) at 0.05 level 

(Waller and Duncan, 1969). 
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RESULTS AND DISCUSSION 
Potato, Solanum tuberosum, is a tetraploid (2n= 4x = 48) species 

that displays tetrasomic inheritance. Breeders have used radiation or 

made crosses between parents with complementary traits in order to 

generate genetic variation. Phenotypic selection is practiced over a 

number of vegetative generations for clones with desirable 

characteristics for release new cultivars. 

In this study, Dry tubers of two potato cultivars were irradiated 

with different doses of gamma rays (20, 30 and 40 Gy). The irradiated 

and non-irradiated (control) tubers were sown immediately after 

irradiation to obtain M1V1 Then, M1V2 plants. Six genotypes were 

selected from M1V2 generation depending on high yield as well as their 

parents for RAPD analysis. The main purposes of this study were to 

determine the effect of gamma rays on potato cultivars and to obtain 

new potato genotypes with enhanced resistance to bacterial wilt 

disease. 

1. Effect of gamma rays on potato 

a. Analysis of variance  

 Analysis of variance of vegetative and yield traits in M1V2 

generation was presented in Table (2). Data indicated no significant 

differences between genotypes for all studied traits except number of 

tubers per plant. Also, there are only highly significant and significant 

differences between treatments for weight of tubers per plant and 

number of tubers per plant, respectively. However, significant 

differences between the interactions of genotypes and treatments were 

only found for plant height and weight of tubers per plant. 
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Table 2. Mean squares for the studied traits of two potato cultivars as 
affected by gamma rays doses in M1V2 generation. 

S.V d.f. PH SP TP WP 
Replications 2 22.64 0.02 1.12 7098.56 
Cultivars 1 18.73 0.33 3.84* 3613.76 
Error 2 4.29 0.07 0.19 1247.56 
Gamma doses 3 3.18 0.10 0.32* 9185.61** 
C x G 3 2.66* 0.03 0.05 3915.87* 
Error 12 5.04 0.04 0.08 959.517 

* and ** indicate significance at 5% and 1% probability levels, respectively. PH: Plant 
height (cm), SP: No. stems/plant, TP: No. tubers/plant, WP: Weight of tubers/plant   

b. Treatments mean performance 

1. Plant height (cm) 

    Mean performance of plant height trait of two potato cultivars 

as influenced by gamma irradiation treatments in M1V2 generation was 

reported in Table (3). The obtained results showed that the highest 

mean of plant height was observed for 40 Gy dose in Diamant cultivar 

(20.07 cm) followed by control treatment in Spunta cultivar (19.0 cm), 

while the lowest mean was noticed for 30 and 40 Gy doses in Spunta 

cultivar (14.1 and 14.47 cm, respectively). There were no significant 

differences between Diamant (17.71 cm) and Spunta cultivars (15.94 

cm). Also, no significant difference between treatments was obtained. 

The obtained results are similar to those obtained by Cheng et al. 

(2010) who found that radiation with 10, 20, and 30 Gy had no 

statistically significant effect on the plant height of minituber plants.   

Hannapel et al. (2004) found that KNOX overexpressers (transcription 

factors) resulted in reduction in plant height of potato approximately 

threefold in POTH1 mutant plants relative to controls. 
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2. Number of stems per plant 

      Mean performance of number of stems per plant trait of two 

potato cultivars as affected by gamma irradiation treatments in M1V2 

generation was shown in Table (3). The highest mean of number of 

stems per plant was obtained from control treatment in Diamant 

cultivar (2.97) followed by 30 Gy in Diamant cultivar (2.87), while the 

lowest mean was found for 40 and 20 Gy doses in Spunta cultivar (2.40 

and 2.53, respectively). There were no significant differences between 

Diamant (2.76) and Spunta cultivars (2.52). Gamma rays dose (40 Gy) 

decreased significantly number of stems per plant as compared with 

control. The obtained results are consistent with those obtained by 

Haverkort et al. (1991) who found that gamma rays doses (9 and 10 

Gy) did not influence significantly the number of tubers and stems per 

plant.  

Table 3. Effect of gamma irradiation on plant height and number of stems 
per plant traits of two potato cultivars in M1V2 generation.  

Treatments 
PH 

Mean 
SP 

MeanDiamant Spunta Diamant Spunta 
Cont 16.23ab 19.00a 17.62a 2.97a 2.53bc 2.75a 

20 Gy 16.10ab 16.20ab 16.15a 2.63abc 2.53bc 2.58ab 

30 Gy 18.43ab 14.10b 16.27a 2.87ab 2.63abc 2.75a 

40 Gy 20.07a 14.47b 17.27a 2.57bc 2.40c 2.48b 

Mean 17.71a 15.94a 2.76a 2.52a 
Values within the same column followed by the same letters are not significantly different, 
using Duncan's Multiple Range Test at 5% level. PH: Plant height (cm), SP: No. stems/plant. 

       3. Number of tubers per plant 

      Mean performance of number of tubers per plant trait of two 

potato cultivars as affected by gamma irradiation treatments in M1V2 
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generation was presented in Table (4). The highest mean of number of 

tubers per plant was obtained from control treatment in Diamant 

cultivar (3.17) followed by 30 Gy dose in Diamant cultivar (2.93), 

while the lowest mean was noticed for 30 and 40 Gy doses in Spunta 

cultivar (1.87). There were significant differences between Diamant 

(2.88) and Spunta cultivars (2.08). However, over means of two 

cultivars, number of tubers per plant was significantly decreased for 30 

and 40 Gy as compared with control. The obtained results are in 

agreement with those obtained by  Haverkort et al. (1991) who found 

that the average number of tubers per plant was significantly decreased 

for 27 Gy dose. In contrast, Cheng et al. (2010) found that radiation 

with 20 Gy promoted tuber formation, and the average number and 

diameter of M1 tubers per plant were significantly increased over the 

control by 71% and 34%, respectively. Also, Afrasiab and Iqbal (2010) 

found that all selected mutants showed an increase in the average 

number of tubers and tuber weight in comparison with control    

  4. Weight of tubers per plant (g) 

      Mean performance of weight of tubers per plant trait of two 

potato cultivars as influenced by gamma irradiation treatments in M1V2 

generation was presented in Table (4). The highest mean of weight of 

tubers per plant was obtained from control treatment in Diamant 

cultivar (294.7 g) followed by control and 20 Gy dose in Spunta 

cultivar (293.8 and 287.8 g, respectively), while the lowest mean was 

obtained for 30 and 40 Gy doses in Spunta cultivar (179.4 and 188.1 g, 

respectively). No significant differences between Diamant (261.8 g) 

and Spunta cultivars (237.3 g) were reported. However, over means of 
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two cultivars, weight of tubers per plant was markedly decreased for 30 

and 40 Gy doses as compared with control. The obtained results are in 

contrast with those obtained by Afrasiab and Iqbal (2010) who found 

that all selected mutants showed an increase in the average number of 

tubers, tuber size and tuber weight in comparison with control    

Table 4. Effect of gamma irradiation on number of tubers per plant and 
weight of tubers per plant traits of two potato cultivars in 
M1V2 generation. 

Treatments TP Mean WP Mean Diamant Spunta Diamant Spunta 
Cont 3.17a  2.40bcd 2.78a 294.7a 293.8a 294.3a 
20 Gy 2.80ab 2.17cd 2.48ab 252.9a 287.8a 270.4a 
30 Gy 2.93ab    1.87d 2.40b 257.8a    179.4c 218.6b 
40 Gy 2.60bc    1.87d 2.23b  241.7ab  188.1bc 214.9b 
Mean 2.88a    2.08b     261.8a  237.3a   

Values within the same column followed by the same letters are not significantly different, 
using Duncan's Multiple Range Test at 5% level. TP: No. tubers/plant, WP: Weight of 
tubers/plant 

In M1V1 generation, some morphological abnormalities were 

obtained such as dwarfism, an increase of branches, the appearance of 

abnormal leaves and the reduction of trifoliate leaves. This agree with 

the results obtained by Cheng et al. (2010) who found that a series of 

morphological variations in minituber plants under the normal culture 

conditions were appeared. The morphological variations occurred 

beginning with the 10 Gy treatment. The peak in variation frequency 

appeared at 30 Gy (14 %) and then decreased. 

Recently, most reports about irradiated potatoes have mainly 

focused on characters such as induced tolerance to biotic and abiotic 

stresses (Das et al., 2000), increased yield (Al-Safadi et al., 2000 and 

Li et al., 2005). According to Bhagwat and Duncan (1998), irradiation 
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usually results in the formation of chimeras with mutated and non-

mutated sectors. Every M1 tuber per plant could be formatted as a 

single line for next generation selection. Therefore, M1 tuber number 

and size could be used as an early selection trait in the M1 generation. 

 Gamma Rays induce DNA damage directly (as a result of 

deposition of energy in cells) or indirectly (as a result of free radical 

formations and the oxidative damage). The main lesions produced by 

the physico-chemical interaction between ionizing radiation and DNA 

are single and double strand breaks, DNA–DNA and DNA–protein 

cross-links, alkali labile sites and damage to purine and pyrimidine 

bases (Cadet et al., 1997). 

Afrasiab and Iqbal (2010) stated that most of the mutants in 

potato cultivars, Desiree and Diamant, showed an increase in plant 

height, number of nodes per shoot, number of shoots and number of 

eyes per tuber as compared to control. Almost all the mutants showed 

an increase in the average number of tubers, tuber size and tuber weight 

in comparison with non-treated control in both the cases. While, Cheng 

et al. (2010) found that radiation with 10, 20 and 30 Gy had no 

statistically significant effect on the plant height of minituber plants. 

However, the average plant height of minituber plants was significantly 

decreased at 40 and 50 Gy, which were only 67 % and 31 % of the 

control, respectively. Also, Radiation with 20 Gy promoted tuber 

formation, and the average number of M1 tubers per plant was 

significantly increased by 71 % over the control. With an increase in 

the radiation dose, the average number of M1 tubers per plant was 

significantly decreased for 40 and 50 Gy, with about 76 % and 65 % of 
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the control, respectively. Ahmed (2004) showed that 20 Gy dose was 

gave better potato characters, longer stem length, root length and higher 

yield of tubers compared to other treatments. Haverkort et al. (1991) 

found 3 Gy dose increased the number of tubers by 30% in Spunta and 

by 17% in Jaerla, but it did not increase the number of tubers in Bintje. 

Doses of 9 and 10 Gy did not influence the number of tubers nor stems 

and decreased harvest index. A dose of 27 Gy reduced yield and 

number of tubers.    

2. Bacterial wilt disease in potato 
Bacterial wilt or brown rot disease caused by Ralstonia 

solanacearum, a soil-borne plant pathogen, attacks wide range of plant 

hosts. This pathogen is responsible for extensive annual losses of 

different crops which varied and difficult to measure accurately, but 

were estimated at 15-35% on tomato, 35-60% on potato, and 30-65% 

on groundnut (Hayward, 1991 and 1994). It is considered as one of the 

limiting factors for potato production and exportation in Egypt. 

Therefore, the main goal of this study was to try obtaining new 

resistant mutants to R. solanacearum. 

a. Isolation and identification of R. solanacearum 

One virulent isolate of R. solanacearum was isolated from 

infected tubers and selected on the basis of its colony morphology 

using TZC medium (Kelman, 1954). Then, it was identified at 

molecular level by 16S rRNA gene sequence which amplified from 

total DNA using a pair of bacteria-specific universal primers. The 

molecular weight of the 16S rRNA fragment of R. solanacearum 

isolate was approximately 1,430 bp (Fig. 3). 



 

F

v

a

p

w

o

r

b

t

m

a

g

r

Fig. 3. 1.5%
rRN
lad

b. Path

Loca

vitro plantl

Spunta) wh

and 40 Gy

plantlets of

were susce

other hand

S30, and S

except the 

revealed th

bacterial w

treatment S

Plant

modificatio

and tyloses

gums and 

resistance r

% agarose 
NA fragmen
der. 

hogenicity t

al virulent is

lets for ea

hich subjec

y). The pa

f the treatme

eptible to in

, all in vitr

S40) were 

treatment 

hat Diamant

wilt and pro

S20 which w

t reactions 

on of cell w

s, papilla fo

lignificatio

reaction (G

gel resolvi
nt of R. sola

test.  

solate was u

ch treatme

cted to diffe

athogenicity

ents in Diam

nfection wi

ro plantlets 

susceptible

S20 whic

t and Spunt

duced seve

was resistan

to the infe

walls, such 

ormation, ca

on, which 

Grimault et 

50 

ing the PC
anacearum i

used in path

nt of two 

erent doses

y test was 

mant cultiv

ith R. sola

of treatme

e to infect

ch was res

ta cultivars

ere symptom

nt. 

ction by va

as the for

allose depos

all are m

t al., 1994)

 

R amplifica
isolate (lane

hogenicity t

potato cul

s of gamma

revealed t

var (D0, D2

nacearum

ents in Spu

tion with R

sistant (Fig

s were high

ms on the l

ascular path

rmation of 

sition, prod

manifestation

). Also, Pla

ation of th
e 1). M: 1 kb

test for twe

tivars (Dia

a rays (0, 2

that all in 

0, D30 and

(Fig. 4). O

unta cultiva

R. solanace

g. 5). The 

hly suscepti

leaves exce

hogens com

wall appos

duction of g

ns of the 

ants resist 

he 16S 
b DNA 

enty in 

amant, 

20, 30 

vitro 

d D40) 

On the 

r (S0, 

earum 

study 

ble to 

pt the 

mprise 

sitions 

gels or 

basal 

many 



51 
 

potential pathogens with low-amplitude innate immunity defenses that 

are triggered by recognition of microbe-associated molecular patterns 

(MAMPs) such as bacterial flagellin (Jones and Dangl, 2006 and 

Zipfel, 2009).  

Wydra and Beri (2007) suggested that differences in structure 

and composition of the pectic cell wall components and 

arabinogalactan-protein (AGPs) between tomato genotypes Hawaii 

7996 and L390 before and after inoculation with R. solanacearum play 

a role as constitutive resistance mechanism, while changes after 

inoculation contribute to induced resistance on cell wall. 

Milling et al. (2011) showed that R. solanacearum produces 

copious extracellular polysaccharide (EPS), a major virulence factor. 

Tomato plants infected with R. solanacearum race 3 biovar 2 strain 

UW551 and tropical strain GMI1000 upregulated genes in both the 

ethylene (ET) and salicylic acid (SA) defense signal transduction 

pathways. The horizontally wilt-resistant tomato line Hawaii7996 

activated expression of these defense genes faster and to a greater 

degree in response to R. solanacearum infection than did susceptible 

cultivar Bonny Best. However, EPS played different roles in resistant 

and susceptible host responses to R. solanacearum. 

 Mangin et al. (1999) revealed the involvement of several 

quantitative trait loci (QTL) in resistance to bacterial wilt, particularly 

loci on chromosome 6 were proven to play the predominant role in 

controlling this trait.  

Hayward (1991) reported that resistance of different crop plants 

to R. solanacearum is a polygenic rather than monogenic phenomenon 
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a. Before the infection with R. solanacearum. 

SDS-PAGE analysis revealed 11 protein bands with different 

molecular weights ranged from 130.4 to 10.3 kDa. Among protein 

bands, 3 bands were varied in some distinctive potato genotypes, while 

the other 8 protein bands were commonly detected among the eight 

potato genotypes. The protein bands of the eight potato genotypes were 

similar in numbers (10 bands) except D0 displayed 8 bands (Fig.6 and 

Table 5).  

 
Fig. 6. SDS-PAGE analysis of total protein for irradiated genotypes of 

potato cultivars before infection with R. solanacearum. Lane 2-5: 
Spunta treatments, Lane 6-9: Diamant treatments.  

Table 5. The scoring data for SDS-PAGE protein analysis of potato 
cultivars before infection with R. solanacearum. 

MW (kDa) S0 S20 S30 S40 D0 D20 D30 D40 
130.4 1 1 1 1 1 1 1 1 
85.0 1 1 1 1 1 1 1 1 
77.5 0 0 0 0 0 1 1 1 
63.5 1 1 1 1 1 1 1 1 
52.0 1 1 1 1 0 1 1 1 
43.6 1 1 1 1 1 1 1 1 
36.1 1 1 1 1 1 1 1 1 
26.2 1 1 1 1 1 1 1 1 
16.3 1 1 1 1 1 1 1 1 
11.4 1 1 1 1 0 0 0 0 
10.3 1 1 1 1 1 1 1 1 

Total 10 10 10 10 8 10 10 10 
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b. After the infection with R. solanacearum  

SDS-PAGE analysis revealed 12 protein bands with different 

molecular weights ranged from 106.2 to 12.1 kDa. Among protein 

bands, 5 bands were varied in some distinctive potato genotypes either 

in the resistant or in susceptible plants, while the other 7 protein bands 

were commonly detected among the eight potato genotypes (Fig. 7 and 

Table 6).  

 
Fig. 7. SDS-PAGE analysis of total protein for irradiated genotypes of 

potato after infection with R. solanacearum. Lane 2-5: Spunta 
treatments, Lane 6-9: Diamant treatments.  

Table 6. The scoring data for SDS-PAGE protein analysis of irradiated 
genotypes of potato after infection with R. solanacearum. 

MW (kDa) S0 S20 S30 S40 D0 D20 D30 D40 
106.2 1 1 1 1 1 1 1 1 
74.4 1 1 1 1 1 1 1 1 
65.2 1 1 0 0 1 1 1 1 
54.9 1 1 1 1 1 1 1 1 
45.3 1 0 1 0 1 1 1 1 
39.6 1 0 1 0 1 1 1 1 
31.5 1 1 1 1 1  1 1 1 
24.5 1 1 1 1 1 1 1 1 
19.1 0 0 0 0 0 1 1 1 
16.9 1 1 1 1 1 1 1 1 
14.3 0 0 0 0 0 1 0 1 
12.1 1 1 1 1 1 1 1 1 

Total 10 8 9 7 10 12 11 12 
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The protein bands of the eight potato genotypes were varied in 

numbers, whereas D20 and D40 revealed the highest total number with 

12 bands. S40 displayed the lowest number with 7 bands. While, D30, 

S0, S30 and S20 displayed 11, 10, 9 and 8 bands, respectively. 

Table 7. Total number of positive and negative unique bands in six 
irradiated genotypes of potato before and after the infection 
with R. solanacearum. 

Genotypes 
Before infection 

Total
After infection 

Total Positive 
bands 

Negative 
bands 

Positive 
band 

Negative 
bands 

D20 2 0 2 2 0 2 
D30 2 0 2 1 0 1 
D40 2 0 2 2 0 2 
S20 0 0 0 0 2 2 
S30 0 0 0 0 1 1 
S40 0 0 0 0 3 3 

Data in Table (7) showed that protein profile of six irradiated 

genotypes of potato before and after the infection with R. 

solanacearum revealed that significant difference between the control 

and infected potato genotypes was obtained. Diamant cultivar and its 

treatments showed the same unique bands before and after infection 

except D30 that displayed 2 positive bands before infection with size 

77.5 and 52.0 kDa and one positive after infection with size 19.1 kDa. 

On the other hand, Spunta cultivar and its treatments did not show any 

unique bands before infection but after infection treatments displayed 

unique bands, S40 revealed the highest unique bands (3 negative bands 

with size 65.2, 45.3 and 39.6 kDa). S30 displayed the lowest unique 

band (one negative band with size 65.2 kDa) while S20 displayed 2 

negative unique bands with size 45.3 and 39.6 kDa that showed a 

resistance to infection with R. solanacearum as compared with all 
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treatments. The obtained results were paradoxically with those Ibrahim 

et al. (2005) who found that protein profile of six potato cultivars 

(Cara, Desiree, Diamant, Lady Rosetta, Nicola and Spunta) revealed 

that no significant difference between the control (non-infected) and 

infected potato cultivars at different time intervals in pathogenicity test 

was obtained.  

4. Molecular analysis 

a. Polymorphism detected by RAPD marker 

The identification of different cultivars based on morphological 

markers implies culture inspection at different stages. However, it is 

not very reliable because many traits of interest have a low heritability 

and are genetically very complex. While, molecular markers based on 

DNA sequence are more reliable in this regard (Raghunathachari et al., 

2000). One of them is Random Amplified Polymorphic DNA (RAPD) 

markers that have rapidly gained popularity to detect polymorphism 

among different germplasms of potato (Forapani et al., 1999).  

In this study, RAPD fingerprints were used to study the 

somaclonal variation and to determine a marker assisted selection for 

resistance to R. solanacearum in two potato cultivars which irradiated 

by gamma rays. In this study, RAPD analysis was carried out by eleven 

random oligonucleotide primers for six genotypes (D20, D30, D40, 

S20, S30 and S40) that were selected from M1V2 generation which 

have a high yield as well as their parents (control). PCR amplification 

products were separated by agrose gel electrophoresis to reveal the 

band polymorphism. The eleven primers yielded a total of 56 distinct 

bands of which 31 (55.4%) were considered as polymorphic as shown 
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in Table (8). Primer OPO-03 yielded a maximum number of bands (8 

bands) whereas; the OPA-08 produced the least number of bands (3 

bands). 

Table 8. Parameters of oligonucleotide primers used in RAPD analysis.   

Primers Polymorphic 
bands 

Total number of 
bands        

Polymorphism 
(%) 

OPA-02 3 5 60.0% 
OPA-03 2 4 50.0% 
OPA-07 3 7 42.9% 
OPA-08 2 3 66.7% 
OPA-09 4 7 57.1% 
OPB-11 1 5 20.0% 
OPB-15 3 4 75.0% 
OPE-02 4 5 80.0% 
OPE-16 1 4 25.0% 
OPO-02 3 4 75.0% 
OPO-03 5 8 62.5% 
Total 31 56 55.4% 

The eleven primers showed different pattern with all studied 

genotypes as illustrated in Figures (8-13) and Tables (9-14). It is 

worthy to mention that comparisons were made between each pattern 

and their derived genotypes. 

Primer OPA-02 

Results of RAPD analysis using primer OPA-02 are illustrated 

in Fig. (8) and Table (9). The primer generated DNA fragments with 

the average size ranged from 615 to 199 bp. The results showed that 

two positive unique DNA fragments for D30 genotype at fragment size 

of 615 and 425 bp was obtained as well as only one positive unique 

DNA fragment with D40 genotype at fragment size of 615 bp. On the 

other hand, three positive fragments at fragment size 425 bp were 
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obtained from S20, S30 and S40 genotypes, respectively. While, two 

negative unique DNA fragment for S30 and S40 genotypes at fragment 

size 374 bp was obtained. 

Primer OPA-03 

 Results of RAPD analysis using primer OPA-03 were illustrated 

in Fig. (8) and Table (9). The primer generated DNA fragments with 

the average size ranged from 533 to 220 bp. The results showed that 

two positive unique DNA fragments for D30 and D40 genotypes at 

fragment size of 220 bp were obtained as well as one negative unique 

fragment with S20 genotype at fragment size of 533 bp was obtained.  

Primer OPA-07 

Results of RAPD analysis using primer OPA-07 were illustrated 

in Fig. (9) and Table (10). The primer generated DNA fragments with 

the average size ranged from 745 to 155 bp. The results showed that 

three positive unique DNA fragment for D30, S20 and S30 genotypes 

at fragment size of 745 bp were obtained. On the other hand, two 

negative unique fragments for each D40, S30 and S40 genotypes at 

fragment size of 223 and 332 bp were obtained.  

Primer OPA- 08 

Results of RAPD analysis using primer OPA-08 were illustrated 

in Figure (9) and Table (10) the primer generated DNA fragments with 

the average size ranged from 720 to 258 bp. The results showed that 

two positive unique DNA fragments with S20 genotype at fragment 

size of 437 and 720 bp were obtained as well as only one a positive 

unique fragment with D30, D40, S30 and S40 genotypes at fragment 

size 720, 720, 437 and 437 bp were obtained, respectively. On the other 
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hand, only one negative unique fragment with D20 genotype at 

fragment size 437 bp was obtained. 

Primer OPA-09 

Results of RAPD analysis using primer OPA-09 were illustrated 

in Fig. (10) and Table (11). The primer generated DNA fragments with 

the average size ranged from 1222 to 236 bp. The results showed that 

three positive unique DNA fragments with each D30 and D40 

genotypes at fragment size of 600, 703 and 1027 bp were obtained as 

well as two positive unique DNA fragments with each S30 and S40 

genotypes at fragment size of 600 and 1222 bp were obtained. One 

positive unique DNA fragments with S20 genotype at fragment size of 

600 bp was obtained. 

Primer OPB-11 

Results of RAPD analysis using primer OPB-11 are illustrated 

in Fig. (10) and Table (11). The primer generated DNA fragments with 

the average size ranged from 806 to 269 bp. The results showed that 

only one positive unique DNA fragment with each S30 and S40 

genotypes at fragment size of 529 bp was obtained. On the other hand, 

only one negative unique DNA fragment with each D20 and S20 

genotypes at fragment size of 529 bp was obtained.  

Primer OPB-15 

Results of RAPD analysis using primer OPB-15 were illustrated 

in Fig. (11) and Table (12). The primer generated DNA fragments with 

the average size ranged from 592 to 337 bp. The results showed that 

three negative unique DNA fragment with D40 genotype at fragment 

size of 337, 393 and 467 bp were obtained. 
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Table 9. The scoring data for all selected genotypes from M1V2 with 
primers OPA-02 and OPA-03. 

Primers MW (bp) D0 D20 D30 D40 S0 S20 S30 S40 

OPA-02 

0.615 0 0 1 1 1 1 1 1 
0.425 0 0 1 0 0 1 1 1 
0.374 1 1 1 1 1 1 0 0 
0.288 1 1 1 1 1 1 1 1 
0.199 1 1 1 1 1 1 1 1 

OPA-03 

0.533 0 0 0 0 1 0 1 1 
0.291 1 1 1 1 1 1 1 1 
0.253 1 1 1 1 1 1 1 1 
0.22 0 0 1 1 0 0 0 0 

 
Table 10. The scoring data for all selected genotypes from M1V2 with 

primers OPA-07 and OPA-08. 
Primers MW (bp) D0 D20 D30 D40 S0 S20 S30 S40 

OPA-07 

0.745 0 0 1 0 0 1 1 1 
0.646 1 1 1 1 1 1 1 1 
0.519 1 1 1 1 1 1 1 1 
0.464 1 1 1 1 1 1 1 1 
0.332 1 1 1 0 1 1 0 0 
0.223 1 1 0 0 1 1 0 0 
0.155 1 1 1 1 1 1 1 1 

OPA-08 

0.72 0 0 1 1 0 1 0 0 
0.437 1 0 1 1 0 1 1 1 
0.258 1 1 1 1 1 1 1 1 

Table 11. The scoring data for all selected genotypes from M1V2 with 
primers OPA-09 and OPB-11. 

Primers MW (bp) D0 D20 D30 D40 S0 S20 S30 S40 

OPA-09 

1.222 0 0 0 0 0 0 1 1 
1.027 0 0 1 1 0 0 0 0 
0.703 0 0 1 1 1 1 1 1 
0.6 0 0 1 1 0 1 1 1 

0.523 1 1 1 1 1 1 1 1 
0.318 1 1 1 1 1 1 1 1 
0.236 1 1 1 1 1 1 1 1 

OPB-11 

0.806 1 1 1 1 1 1 1 1 
0.529 1 0 1 1 0 1 1 1 
0.457 1 1 1 1 1 1 1 1 
0.332 1 1 1 1 1 1 1 1 
0.269 1 1 1 1 1 1 1 1 
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Primer OPE-02 

Results of RAPD analysis using primer OPE-02 were illustrated 

in Fig. (11) and Table (12). The primer generated DNA fragments with 

the average size ranged from 1276 to 319 bp. The results showed that 

two positive unique DNA fragment with S20 genotype at fragment size 

of 395 and 526 bp were obtained as well as four positive unique DNA 

fragment with S30 genotype at fragment size of 395, 526, 1002 and 

1267 bp were obtained. 

Table 12. The scoring data for all selected genotypes from M1V2 with 
primers OPB-15 and OPE-02. 

Primers MW (bp) D0 D20 D30 D40 S0 S20 S30 S40 

OPB-15 

0.592 1 1 1 1 1 1 1 1 

0.476 1 1 1 0 1 1 1 1 

0.393 1 1 1 0 1 1 1 1 

0.337 1 1 1 0 1 1 1 1 

OPE-02 

1.267 0 0 0 0 0 0 1 1 

1.002 0 0 0 0 0 0 1 1 

0.526 1 1 1 1 0 1 1 1 

0.395 1 1 1 1 0 1 1 1 

0.319 1 1 1 1 1 1 1 1 

Primer OPE-16 

Results of RAPD analysis using primer OPE-16 were illustrated 

in Fig. (12) and Table (13) the primer generated DNA fragments with 

the average size ranged from 547 to 222 bp, the primer showed 

different pattern with all studied genotypes but did not produce any 

unique DNA fragment.  
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Table 15.  Total number of positive and negative markers for selected six 
genotypes from M1V2 and its parents. 

Genotypes No. amplified 
bands 

Positive 
markers 

Negative 
markers  Total 

Diamant 38 0 0 0 
D20 36 1 3 4 
D30 48 11 1 12 
D40 41 9 6 15 
Spunta 39 0 0 0 
S20 45 8 2 10 
S30 45 11 5 16 
S40 45 11 5 16 
Total 337 51 22 73 

According to table (15) the selected genotypes S30 and S40 have 
the highest number (16 unique bands), of RAPD marker (11 positive 
and 5 negative), followed by the selected genotype D40 which has 15 
unique bands (9 positive and 6 negative), then the selected genotype 
D30 has 12 unique bands (11 positive and one negative), then the 
selected genotype S20 has 10 unique bands (8 positive and 2 negative) 
Furthermore, the selected genotype D20 showed the lowest number of 
RAPD marker (one positive and 4 negative).     

b. Genetic Relationships among Potato Genotypes by RAPD 
markers  
The genetic similarity based on RAPD-based genetic distance 

using cluster analysis to generate the dendrogram using (UPGMA 

analysis) was presented in Fig. (14) and Table (16). The similarity 

indices (SI) of different selected genotypes of potato from M1V2 ranged 

from 70 to 91% (Table 16). The highest genetic similarity 91% was 

found between D20 genotype and D0 (Diamant control), on the other 

hand, the lowest genetic similarity 70% was found between S30, S40 
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genotypes and S0 (Spunta control). The obtained results in Table 16 

showed that the similarity indices were decreased as the dose of gamma 

rays were increased in both cultivars of potato. 

A dendrogram of six genotypes (D20, D30, D40, S20, S30 and 

S40) and its parents (control) constructed using unweighted pair-group 

arithmetic average (UPGMA) and similarity matrices (Nei, 1973) 

computed according to Dice coefficient (SPSS version 17.0 computer 

program) to obtain the relationship between D0 (control) and three 

selected genotypes D20, D30 and D40, Also, the relationship between 

S0 (control) and three selected genotypes S20, S30 and S40.   

Table 16.  The similarity indices for all selected genotypes of potato from 
M1V2 with eleven primers.   

Primer  D 20 D 30 D 40 Mean S 20 S 30 S 40 Mean 

OPA-02 1.00 0.60 0.75 0.78 0.80 0.60 0.60 0.67 
OPA-03 1.00 0.67 0.67 0.78 0.50 1.00 1.00 0.83 
OPA-07 1.00 0.71 0.67 0.79 0.86 0.57 0.57 0.67 
OPA-08 0.50 0.67 0.67 0.61 0.33 0.50 0.50 0.44 
OPA-09 1.00 0.50 0.50 0.67 0.80 0.67 0.67 0.71 
OPB-11 0.80 1.00 1.00 0.93 0.80 0.80 0.80 0.80 
OPB-15 1.00 1.00 0.25 0.75 1.00 1.00 1.00 1.00 
OPE-02 1.00 1.00 1.00 1.00 0.33 0.20 0.20 0.24 
OPE-16 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
OPO-02 1.00 0.50 1.00 0.83 0.75 0.75 0.75 0.75 
OPO-03 0.67 0.71 0.50 0.63 1.00 0.67 0.67 0.78 
Mean  0.91 0.76 0.73   0.74 0.70 0.70   

The dendrogram clustered the eight potato genotypes into two 

main clusters; the first one contained the two genotypes S30 and S40 

with same linkage distance. The second cluster contained six genotypes 

and branched into two subclusters; first subcluster contained S0 
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(control) and S20 genotypes with same linkage distance and the second 

subcluster divided to subsubcluster; the first one contained D0 and D20 

with same linkage distance while the second contained D30 and D40 

with same linkage distance (Fig. 14).     

    

Fig. 14.  Dendrogram for eight selected genotypes of potato from M1V2 
constructed from RAPD data using (UPGMA) that computed 
according to Dice coefficients. 
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SUMMARY 

Potato (Solanum tuberosum L.) is one of the most important field 

crops in Egypt, concerning the production, farm income and 

exportation. Bacterial wilt or brown rot disease caused by Ralstonia 

solanacearum, attacks wide range of plant hosts and cause extensive 

annual losses of different crops especially potato crop. It is considered 

as one of the limiting factors for potato production and exportation in 

Egypt. Therefore the main purposes of this study were:  

1.  Investigate the effect of gamma rays on the vegetative and yield 

traits of two potato cultivars (Diamant and Spunta).  

2. Obtain new potato genotypes with enhanced resistance to 

bacterial wilt disease. 

3. Characterize the selected genotypes at molecular level using 

RAPD technique. 

This study was carried out in the field and Biotechnology 

laboratory of the Plant Research Department, Nuclear Research Center, 

Inshas, Egypt. Genetic analysis was conducted in the Department of 

Genetics, Faculty of Agriculture, Cairo University, during 2008 – 2011. 

Field experiments  

a. M1V1 generation 2008/2009 

Dry tubers of two potato cultivars (Diamant and Spunta) were 

exposed to different doses of gamma rays (20, 30 and 40 Gy) from 60Co 

source. The irradiated and non-irradiated (control) tubers were sown 

immediately after irradiation to obtain M1V1 generation. In harvest, 
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three tubers were taken from each M1V1 plant for planting of the 

following M1V2 generation. 

b. M1V2 generation 2009/2010 

Tubers of M1V1 generation were sown to obtain M1V2 plants. In 

harvest, all plants were taken from each treatment to determine the 

effect of gamma rays on the following traits: Plant height (cm), number 

of stems per plant, number of tubers per plant, weight of tubers per 

plant (g). Six genotypes from M1V2 generation were selected depending 

on high yield for RAPD analysis to determine their genetic variability 

from its parents at molecular level using 11 primers. 

1. Effect of gamma rays on vegetative and yield traits of two potato 
cultivars (Diamant and Spunta) in field  

The results could be summarized as follows: 

a. Plant height  

The result showed no significant differences between Diamant 

and Spunta cultivars. The highest mean was obtained from 40 Gy 

treatment in Diamant cultivar (20.07 cm) followed by control treatment 

in Spunta cultivar (19.0 cm), while the lowest mean was from 30 and 

40 Gy treatments in Spunta cultivar (14.1 and 14.47 cm, respectively).  

b. Number of stems per plant 

The result showed significant differences between Diamant and 

Spunta cultivars. The highest mean was obtained from control 

treatment in Diamant cultivar (2.97) followed by 30 Gy  treatment in 

Diamant cultivar (2.87), while the lowest mean was from 40 and 20 Gy 

treatments in Spunta cultivar (2.40 and 2.53, respectively). 
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c.  Number of tubers per plant 

 The result showed significant differences between Diamant and 

Spunta cultivars. The highest mean was obtained from control 

treatment in Diamant cultivar (3.17) followed by 30 Gy treatment in 

Diamant cultivar (2.93), while the lowest mean was from 30 and 40 Gy 

treatments in Spunta cultivar (1.87). 

d.  Weight of tubers per plant 

 The result showed no significant differences between Diamant 

and Spunta cultivars. The highest mean was obtained from control 

treatment in Diamant cultivar (294.7 g) followed by control and 20 Gy 

treatments in Spunta cultivar (293.8 and 287.8 g, respectively), while 

the lowest mean was from 30 and 40 Gy treatments in Spunta cultivar 

(179.4 and 188.1 g, respectively). 

2.  Molecular studies 

      Six genotypes of potato namely, D20, D30, D40, S20, S30 and S40 

were selected from M1V2 generation for RAPD analysis to determine 

their genetic variability from its parents at the molecular level using 11 

primers. 

The results showed that 

1.  The eleven primers generated a total of 56 distinct bands of 

which 31 (55.4%) were considered as polymorphic. Primer OPO-

03 yielded a maximum number of bands (8 bands) whereas; the 

OPA-08 produced the least number of bands (3 bands). 

2. The selected genotypes S30 and S40 have the highest number (16 

unique bands), of RAPD marker (11 positive and 5 negative), 
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followed by the selected genotype D40 which has 15 unique 

bands (9 positive and 6 negative), then the selected genotype D30 

has 12 unique bands (11 positive and one negative), then the 

selected genotype S20 has 10 unique bands (8 positive and 2 

negative) Furthermore, the selected genotype D20 showed the 

lowest number of RAPD marker (one positive and 4 negative).     

3. The similarity indices of different genotypes of potato ranged 

from 70 to 91%. The highest genetic similarity 91% was found 

between D20 treatment and D0 (Diamant control), on the other 

hand, the lowest genetic similarity 70% was found between S30, 

S40 genotypes and its parent S0 (Spunta control).  

4. The dendrogram clustered the six potato genotypes and its patens 

into two main clusters; 

  a- The first cluster contained two genotypes S30 and S40 with 

same linkage distance.  

     b- The second cluster contained six genotypes and branched 

into two subclusters; first subcluster contained S0 (control) and 

S20 genotypes with same linkage distance and the second 

subcluster divided to subsubcluster; the first one contained D0 

and D20 with same linkage distance while the second contained 

D30 and D40. 

3. Micropropagation of potato 

Two potato cultivars (Diamant, Spunta) subjected to different 

doses of gamma rays (20, 30 and 40 Gy) and cultured on MS medium 

with 3% sucrose, 0.8% agar supplemented with 2 mg/l Benzyladenine 
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(BA) and the medium pH was adjusted to 5.8, at 25 ±2°C under 16 h 

photoperiod  to obtain the plantlets. Plantlets were propagated every 4 

weeks until the desired number of in vitro plantlets needed for artificial 

infection was obtained. 

4. Pathogenicity test 

R. solanacearum was isolated from infected potato tubers and 

was cultured on selective medium, TZC medium at 28°C for 48 h to 

distinguish a virulent isolate. The virulent isolate was subcultured 

regularly on King B medium at 28°C for 72 h.  Then irradiated and 

non-irradiated plantlets of potato cultivars were cultured on MS 

medium with pH 7.2 which inoculated with 8 ml/l suspension of 

virulent isolate, grown at 28°C for 72 h, from R. solanacearum at 28°C 

for 3 weeks then symptoms such as wilting, chlorosis and stunting were 

recorded. 

The results showed that all in vitro plantlets of the treatments in 

Diamant cultivar (D0, D20, D30 and D40) were susceptible to infection 

with R. solanacearum. On the other hand, all in vitro plantlets of 

treatments in Spunta cultivar (S0, S30, and S40) were susceptible to 

infection with R. solanacearum except the treatment S20 which was 

resistant. 

4. Protein analysis 

SDS-PAGE profile of soluble proteins extracted from resistant 

and susceptible in vitro plantlets of irradiated and non-irradiated 

(control) plantlets of potato cultivars (Diamant, Spunta) which infected 

with R. solanacearum.  
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The results showed that 

a. Before the infection with R. solanacearum. 

SDS-PAGE analysis revealed 11 protein bands with different 

molecular weights ranged from 130.4 to 10.3 kDa. Among protein 

bands, 3 bands were varied in some distinctive potato genotypes, while 

the other 8 protein bands were commonly detected among the eight 

potato genotypes. The protein bands of the eight potato genotypes were 

similar in numbers (10 bands) except D0 displayed 8 bands.  

b. After the infection with R. solanacearum  

SDS-PAGE analysis revealed 12 protein bands with different 

molecular weights ranged from 106.2 to 12.1 kDa. Among protein 

bands, 5 bands were varied in some distinctive potato genotypes either 

in the resistant or in susceptible plants, while the other 7 protein bands 

were commonly detected among the eight potato genotypes. The 

protein bands of the eight potato genotypes were varied in numbers. 

Whereas, D20 and D40 revealed the highest total number with 12 

bands. While, S40 displayed the lowest number with 8 bands. S20 

genotype displayed 2 negative unique bands with size 45.3 and 39.6 

kDa that showed a resistance to infection with R. solanacearum as 

compared with all genotypes. 
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  الملخــص العـــربى

  البطاطس المشععة بأشعة جاما دراسات بيوتكنولوجية على

تعتبر البطاطس من أهم المحاصيل فى مصر من ناحية اإلنتاج و العائد المادى و 

من أهم  Ralstonia solanacearumويعتبر مرض العفن البنى الذى تسببه بكتيريا . التصدير

يًا للعديد من المحاصيل خاصة البطاطس آذلك يعتبر هذا سنو األمراض التى تسبب خسائر فادحة

المرض أحد العوامل المحددة إلنتاج و تصدير البطاطس فى مصر لذلك آانت األهداف الرئيسية 

  :هذه الدراسةل

اسبونتا و (األنتاج لصنفين من البطاطس أشعة جاما على الصفات الخضرية و دراسة تأثير .١

  .)دايمونت

  .جديدة مقاومة لمرض العفن البنى  اآيب وراثيةتر الحصول على .٢

 RAPD.على المستوى الجزيئى بإستخدام تكنيك  المنتخبهوراثية التراآيب التشخيص  .٣

مرآز  –أجريت هذه الدراسة فى معمل التقنية الحيوية و حقل قسم البحوث النباتية 

آلية  –فى قسم الوراثة مصر، بينما أجريت الدراسات الوراثية  –أنشاص  –البحوث النووية 

  .٢٠١١ – ٢٠٠٨جامعة القاهرة فى المدة من  –الزراعة 

  التجارب الحقلية -١

 ٢٠٠٨/٢٠٠٩األول  الخضرى الجيل .أ 

بجرعات مختلفة من أشعة ) اسبونتا و دايمونت(تم تشعيع الدرنات الجافه لصنفى البطاطس 

اشرة فى الحقل إلنتاج ثم زراعتها مب ٦٠من المصدر آوبلت ) جراى ٤٠و  ٣٠و  ٢٠(جاما 

األول  الخضرى درنات من آل نبات من الجيل ٣وعند الحصاد تم أخذ ، نباتات الجيل األول

  .الثانى الخضرى لزراعة الجيل

 ٢٠٠٩/٢٠١٠الثانى  الخضرى الجيل .ب 

الثانى  الخضرى فى الحقل إلنتاج نباتات الجيلاألول  الخضرى تم زراعة درنات الجيل

اتات الناتجة وذلك لدراسة تأثير أشعة جاما على الصفات الخضرية واإلنتاجية النب حيث تم اخذ آلب

، )وزن الدرنات لكل نبات –عدد الدرنات لكل نبات  –عدد األفرع لكل نبات  –طول النبات (لها 

لدراسة وذلك الثانى بناءًا على اإلنتاجية العالية الخضرى  من الجيل تراآيب وراثية  ٦تم إنتخاب 

  .RAPDبادئ فى تكنيك  ١١الوراثية لها مقارنة بأبائها  بإستخدام  التغيرات

١



 

  لبطاطسلتأثير أشعة جاما على الصفات الخضرية و اإلنتاجية  .٢

  طول النبات .أ

لم تظهر النتائج وجود اى إختالفات معنوية بين الصنفين فكانت أعلى قيمة ناتجة من  

 ١٩(يها المعاملة آنترول فى الصنف اسبونتا يل) سم ٢٠(فى الصنف دايمونت جراى  ٤٠المعاملة 

و  ١٤,١(جراى فى الصنف اسبونتا  ٤٠و  ٣٠ بينما آانت أقل قيمة ناتجة من آل من المعاملة )سم

  ).سم على التوالى ١٤,٥

  عدد األفرع لكل نبات .ب        

ناتجة من  قيمة أظهرت النتائج وجود إختالفات معنوية بين الصنفين حيث آانت أعلى           

) ٢,٨٧(جراى فى نفس الصنف  ٣٠يليها المعاملة  )٢,٩٧(معاملة آنترول فى الصنف دايمونت ال

 ٢,٥و  ٢,٤(جراى فى الصنف اسبونتا  ٢٠و  ٤٠بينما آانت أقل قيمة ناتجة من آل من المعاملة 

  ).على التوالى

  عدد الدرنات لكل نبات  .ج

ناتجة من  قيمة ن الصنفين حيث آانت أعلىأظهرت النتائج وجود إختالفات معنوية بي  

) ٢,٩٣(جراى فى نفس الصنف  ٣٠يليها المعاملة ) ٣,١٧(المعاملة آنترول فى الصنف دايمونت 

  ).١,٨٧(جراى فى الصنف اسبونتا  ٤٠و  ٣٠بينما آانت أقل قيمة ناتجة من آل من المعاملة 

  لكل النباتوزن الدرنات  .د

الفات معنوية بين الصنفين حيث آانت أعلى قيمة ناتجة لم تظهر النتائج وجود اى إخت

 ٢٠آل من المعاملة آنترول و يليها ) جم ٢٩٣,٨ (من المعاملة آنترول فى الصنف دايمونت 

من  بينما آانت أقل قيمة ناتجة) جم على التوالى ٢٨٧,٨و  ٢٩٣,٨ ( اسبونتا جراى فى الصنف

  ).م على التوالى ج١٨٨,١و  ١٧٩,٤(نتا جراى فى الصنف اسبو ٤٠و  ٣٠المعاملة  آال من

   الدراسات الوراثية .٣

 ,D20, D30, D40, S20(من البطاطس  منتخبه تراآيب وراثية ٦لقد أستخدمت   

S30, S40 ( الثانى فى تكنيك الخضرى الناتجة من الجيلRAPD معرفة التغيرات وذلك ل

  :أظهرت النتائج مايلىبادئ و ١١ستخدام بائها بإآنة مع آيب الوراثية بالمقارالوراثية لهذه الترا

حيث متباينة وراثيا  )% ٥٧,٥(شظية  ٣١شظية مميزة آان منهم  ٥٦بادئ  ١١أنتج  .أ 

 OPA-08البادئ أعطى بينما ) شظية ٨(عدد من الشظايا أآبر  OPA-03أعطى البادئ

  ).شظايا ٣(أقل عدد من الشظايا 

٢



 

 ١٢(شظايا  ٣١من الشظايا المميزة  عددأآبر S40و   S30أعطى الترآيب الوراثى  .ب 

 ١٥ واأعطالذين  S20و D40الترآيب الوراثى آل من يلية ) شظية موجبة ١٩سالبة و

 شظية ١٢أعطى الذى  D30ثم الترآيب الوراثى ) سالبة شظايا ٦موجبة و  ٩( شظية

 موجبة شظية(ايا شظ ٤ D20الترآيب الوراثى  أعطى بينما )موجبة وشظية سالبة ١١(

   ).شظايا سالبة ٣و 

فكانت % ٩١ – ٧٠بين التراآيب الوراثية السابقة من  الوراثى تراوحت نسبة التشابة .ج 

ومن جهة أخرى، آانت  D20و ) آنترول الدايمونت( D0بين %) ٩١(أعلى نسبة تشابة 

  .S40  و S30 آال منو) آنترول اسبونتا( S0بين %) ٧٠(أقل نسبة تشابة 

  :وراثية و ابائهم إلى مجموعتين رئيسيتيناآيب تر ٦قسمت عالقة القرابة بين  .د 

  التى لهما نفس درجة القرابه S40و  S30االولى تشمل  .١

األولى منهم تضم : تراآيب وراثية وقسمت الى مجموعتين فرعيتين ٦الثانية تشمل  .٢

S0 وS20  و التى لهما نفس درجة القرابة، بينما المجموعة الثانية قسمت الى تحت

اما األخرى ، التى لهما نفس درجة القرابة D20و  D0تضم مجموعتين األولى 

  .D40و  D30تضم 

  اإلآثار الدقيق للبطاطس فى المعمل .٤

بجرعات مختلفة من أشعة جاما ) اسبونتا و دايمونت(تم تشعيع صنفين من البطاطس 

سكروز و % ٣المضاف اليها  MSثم زراعتها فى المعمل على بيئة ) جراى ٤٠و  ٣٠و  ٢٠(

ثم  ٥,٨ على البيئة pH ضبطملجم من هرمون البنزيل أدنين مع  ٢أجار باإلضافة إلى % ٨

 ٤إآثارهذه النبيتات آل ثم  ،للحصول على النبيتات ساعه إضاءة ١٦م على °٢٥التحضين على 

  .أسابيع للحصول على العدد الكافى الالزم للعدوى الصناعية

  صناعيةالعدوى ال .٥

تنميتها على بيئة بعد من درنات البطاطس المصابة  R. solanacearumتم عزل ساللة 

ساعه لتحديد الساللة الممرضة ثم إآثارها وتجديدها على  ٤٨م لمدة °٢٨على  )TZC( إختيارية

وبعد ذلك تمت زراعة النبيتات المشععة و الغير ساعه،  ٧٢م لمدة °٢٨على  King Bبيئة 

لتربيئة من لقاح /لقاح مل ٨د تلقيحها بمعدل بع، MSمشععة لكل معامالت الصنفين على بيئة 

 ٣م لمدة °٢٨والتحضين على  ٧,٢ pHعلى ، ساعه ٤٨م لمدة °٢٨العزلة الممرضة النامية على 

  .أسابيع ثم تسجيل أعراض الذبول

٣



 

 ,D0, D20, D30( نف دايمونتأظهرت النتائج ان آل نبيتات المعامالت فى الص

D40 (بينما آانت آل نبيتات المعامالت فى الصنف ، آانت حساسة للعدوى بالبكتيريا

التى أظهرت مقاومة  S20حساسة للعدوى بالبكتيريا فيما عدا المعاملة   (S0, S30, S40)اسبونتا

  . للعدوى الصناعية بالبكتيريا

  تحليل البروتين .٦

البروتينات  فيه أستخدمالذى  SDS-PAGEظهرت نتائج تحليل البروتين بإستخدام تكنيك 

 للعدوى الصناعية بالبكتيرياالغير مشععة المقاومة والحساسة المشععة و ستخلصة من النبيتاتالم

  :آالتالى

 قبل العدوى الصناعية بالبكتيريا .أ 

 آيلو دالتون ١٠٣,٤- ١٠,٣ حزمة من البروتين بأوزان جزيئية تراوحت من ١١ظهرت 

بينما آانت ، الوراثية حزم مميزة لتراآيب وراثية معينة دون باقى التراآيب ٣من بينهم 

آذلك أعطى آل ترآيب من التراآيب  ،اآيب الوراثيةرالت لحزم مشترآة بين آ ٨هناك 

   .حزم ٨الذى أعطى  D0حزم من البروتين فيما عدا الترآيب الوراثى ١٠الوراثية 

 بعد العدوى الصناعية بالبكتيريا .ب 

آيلو  ١٠٦,٢ - ١٢,١ لبروتين بأوزان جزيئية تراوحت منحزمة من ا ١٢ظهرت  

بينما ، حزم مميزة لتراآيب وراثية معينة دون باقى التراآيب الوراثية ٥ بينهممن دالتون 

آذلك أعطى آل من الترآيب ة، حزم مشترآة بين آل التراآيب الوراثي ٧آانت هناك 

D20  وD40  بينما أعطى الترآيب الوراثى  ) حزمة ١٢(أآبر عدد من الحزمS40  أقل

 حزمة ٢ الذى أعطى S20  الترآيب الوراثى ولقد وجد أن .)حزم ٧(عدد من الحزم 

آان مقاوم للعدوى آيلو دالتون   ٤٥,٣و   ٣٩,٦  عند الوزن الجزيئى مميزة سالبة بروتين

  .بالبكتيريا مقارنة بكل التراآيب الوراثية األخرى

٤



  

  

 
  

  الماجستير: الدرجة                                                براهيم حسنإوسامى أ إبراهيم  :اسم الطالب
   البطاطس المشععة بأشعة جاما دراسات بيوتكنولوجية على  :عنوان الرسالة

  محمد حسنين سليمان :الدآتور: المشرفون 
   الدين  لجماعبدالقادر يوسف  :آتورالد                
  جببراهيم رعبدالشافى إ: آتورالد                

  ١٩/١٠/٢٠١١:  تاريخ منح الدرجة                                                       الوراثة: قسم

  المستخلص العربي
ى ن البن رض العف ر م رى يعتب ذبول البكتي ذى أو ال ا ال ببه بكتيري  Ralstoniaتس

solanacearum  أهم األمراض التى تصيب محصول البطاطس والذى يسبب خسائر فادحه  من
ددة     ل المح د العوام ذا المرض أح ر ه ذلك يعتب اطس آ ن المحاصيل خاصة البط د م نويا للعدي س
أثير        ذه الدراسة هو دراسة ت إلنتاج وتصدير البطاطس فى مصرلذلك آان الهدف الرئيسى  من ه

ة    إو) ونت و اسبونتادايم(أشعة جاما على صنفين من البطاطس  دة مقاوم ة جدي نتاج تراآيب وراثي
ة     وتمت هذه الداسة فى معمل ال. لهذا المرض ابعين لقسم البحوث النباتي ل الت  -تقنية الحيوية و الحق

اهرة    –آلية الزراعة  -مصر وآذلك فى قسم الوراثة -إنشاص –مرآز البحوث النووية  ة الق جامع
رة من  ى . ٢٠١١ -٢٠٠٨خالل الفت ه لصنفين من و ف درنات الجاف عيع ال م تش ة ت ة الحقلي التجرب

اطس  بونتا(البط ت و اس ا  ) دايمون عة جام ن أش ة م ات مختلف راى ٤٠و ٣٠و  ٢٠(بجرع ) ج
أثير أشعة ج  وزراعتها ف اج     ى الحقل وذلك لدراسة ت ى الصفات الخضرية و اإلنت ا عل أظهرت  . ام

ين    ة ب ب  األصناف النتائج عن وجود إختالفات معنوي دا       بالنس ا ع ه لكل الصفات تحت الدراسة فيم
ة         ة المعنوي ات عالي ذلك أظهرت عن وجود إختالف صفة طول النبات و وزن الدرنات لكل نبات آ

ات      ل نب درنات لك فة  وزن ال به لص امالت بالنس ين المع ط ب ين    .  فق ة ب ات معنوي ا إختالف وأيض
ين  اعالت ب امالت األصنافالتف ار . و المع م إختي د ت ة   ٦ولق ى اإلنتاجي اءا عل ة بن ب وراثي تراآي
. RAPDتكنيك   فىبادئ  ١١الثانى لعمل بصمة وراثية لها بإستخدام  الخضرى العالية من الجيل
ائج  رت نت ت  ١١أن  RAPDوأظه ادئ أنتج ا  ٥٦ب ظية منه اً  ٣١ش ة وراثي ظية متباين ذلك  ش آ

أعلى  وآانت% ٧٠الى % ٩١ائهم من آبو آيب وراثية ترا  ٦ن بيالوراثى  ترواحت نسبة التشابه
وراثى   ب ال ين الترآي به ب ت( D0نس ا D20 و) األب دايمون تبينم ب   آان ين الترآي به ب ل نس أق

م    . S40, S30  وآال من )األب اسبونتا( S0الوراثى  وفى تجربة العدوى الصناعية فى المعمل ت
ى        ( استخدام النبيتات المشععة و الغير مشععة ات البطاطس عل ون درن التى نتجت من زراعة عي

 والتى فى العدوى الصناعية حيث تم زراعة هذه النبيتات على بيئة غذائية) بيئة غذائية فى المعمل
ا      ة ممرضه من بكتيري ائج     R. solanacearumتم تلقيحها مسبقا بعزل ات  ن أوأظهرت النت نبيت
 S20نت حساسة للعدوى بالبكتيريا فيما عدا المعاملة آل المعامالت للصنفين دايمونت واسبونتا آا

ا    ه للعدوى بالبكتيري روتين     . أظهرت مقاوم ل الب ائج تحلي وراثى  ن أو أظهرت نت  S20 الترآيب ال
ى     )الطفرة المقاومه( وى عل ذه           ٢آانت تحت ة ه د تكون سبب لمقاوم البة والتى ق زة س شظية ممي

 .  المعامله للعدوى بالبكتيريا
   RAPD، أشعة جاما، الطفرات، العفن البنى، البطاطس :الةالكلمات الد
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 رسالة مقدمة من
  
  

  إبراهيم أوسامى إبراهيم حسن
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الماجستيررسالة   
الزراعية العلومى ف   

   )وراثة(
  

  من مقدمة 

  
  براهيم حسنوسامى إأإبراهيم 

  ٢٠٠٢ ،جامعة القاهرة -آلية الزراعة ) تكنولوجيا حيوية(العلوم الزراعية  في بكالوريوس
  
  

  

  شرافلجنة اإل
  
  

  محمد حسنين سليمان/ الدآتور
  جامعة القاهرة -آلية الزراعة -الوراثة أستاذ

  
  

  الدين جمالعبدالقادر يوسف / الدآتور
  قاهرةجامعة ال -الزراعة آلية - الوراثة أستاذ

  
  

  عبدالشافى إبراهيم رجب/ الدآتور
  هيئة الطاقة الذرية -مرآز البحوث النووية -النبات تربية أستاذ

 
 
 
 
 
 
 
 


