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Induction of In Vitro Mutation for Resistance to Potato Brown Rot 
( Ralstonia Solanacearum) Disease.
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Abstract

Six genotypes were selected from generation on the bases on their high yield for
assessment of genetic variability using protein and RAPD analysis .The results of RAPD 
analysis showed that 11 primers generated 56 distinct bands o f which 31 (55.4%) were 
polymorphic. The similarity indices ofthe six mutants of potato and their parents ranged from 
70 to 91%. The highest genetic similarity 91% was found between D20 mutant and DO 
(Diamant parent), on the other hand, the lowest genetic similarity 70% was found between 
S30, S40 mutants and their parent so (Spunta ). In the artificial infection experiment under in 
vitro condition, the irradiated and non-irradiated plantlets o f potato were cultured on medium 
inoculated with local virulent isolate of ء . solanacearum. The results showed that all in vitro 
plantlets of the selected genotypes from irradiated populations of Diamant and Spunta 
cultivars were susceptible except S20 mutant which was resistant. Protein analysis showed 
that S20 genotype (resistant mutant) displayed 2 negative uni؟ ue bands that might be

responsible for resistance to R. solanacearum

ة ص ال خ

ر تم لقد ختيا ب 6 ا كي را جية على بناءا وراثية ت إلنتا جيل من العالية ا ضريى ال عمل الثانى الخ صمة ل ل من لها وراثية ب ال خ
 شظية 31 منها شظية 56 أنتجت بادئ 11 ان RAPD نتائج وأظهرت .بادئ 11 باستخدام والرابيد البروتين تحليل

ي متباينة ت كذلك ورا سبة ترواح ل بين الوراثى التشابه ن ى %70 من آبائهم و وراثية تراكيب ة ا ل ت %91 ا ى وكان عل أ
ب بين نسبه ب DO الوراثى التركي أل ت بينما D20j (دابمونت )ا ب بين نسبه اقل كان ألب SO الوراثى التركي سبونتا را ال (ا وك

ى ٠ S40 , 530 من ة وف رب ج ة العدويى ت عي صنا ى ال ل ف معم م تم ال خدا ست ت ا شععة النبيتا م ر و ال غي ل شععة ا تى م ل ا ت ) ج  من نت
ة ع را ت عيون ز ا رن س د ط طا لب ى ا ى غذائية بيئة عل ل ف معم ى (ال ى ف و عد ة ال عي صنا ل ث ا ة تم حي ع را ت هذه ز ى النبيتا بينة عل
ا تلقيحها تم والتى غذائية ق ب ضه بعزلة س ت R. solanacearum بكتيريا من ممر التراكيب نبيتات أن النتائج وأظهر

وراثيه خبه ال ن المنت ر م شائ شععه الع م ن ال صنفي ت لل ون م ي ت وامحدبونتا دا سة كان سا ى ح و عد ريا لل كتي ما بالب ب عدا في ركي لت ا
ى ظهر الذيى S20 الوراث ومه أ ى مقا و ريا للعد ت و ،بالبكتي ر ه ظ حليل نتانج أ ب أن البروتين ت ركي لت ى ا وراث طفرة 520 ال  )ال
ت (المقاومه ب تكون قد والتى سالبة مميزة شظية 2 على تحتويى كان ومة سب طفره هذه لمقا ريا للعدويى ال .بالبكتي

In tro d u c t io n

?otato  (Solanum tuberosum L.) belongs to the family Solanaceae is a tetraploid 
(2n=4x=48) field crop o f  a m ajor economic importance worldwide. It is the fourth



most cultivated food crop after wheat, rice and maize . [1]. Bacterial wilt or brown 
rot disease caused by Ralstonia solanacearum, a soil bom, 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
[2], It is considered as one of the limiting factors for potato production and 
exportation in Egypt
The combination of mutagenesis with in vitro techniques offers an efficient method 

for improving vegetative 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 [3]. The identification of 
different cultivars using molecular markers techniques based on DNA sequence are 
more reliable. 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 . ©ne of them is Random Amplified Polymorphic DNA (RAPD) markers that 
have rapidly gained popularity to detect polymorphism among different germplasms 
of potato [4].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. One of the 
markers is Random Amplified Polymorphic DNA (RAPD) markers have rapidly 
gained popularity to detect polymorphism among different germplasms of potato ٣ ]. 
Therefore, the objectives of this study were to obtain new resistant genotypes to R. 
solanacearum from in vitro irradiated plantlets of potato and to characterize the 
selected genotypes at molecular level using RAPD technique and protein analysis..
MATERIALS AND METHODS
1. In vitro propagation of potato.

a. Culture of meristem
The irradiated tubers with gamma ray doses ( 0, 20, 30, 40 G y ) were stored in 

dark conditions at room temperature until the sprouts developed and become 3-5 cm 
in length .Sprouts of irradiated and non-irradiated (control) tubers of potato were 
carefully removed, then were washed in running tap water 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 HgCk. 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 singly excised meristem tips were carefully 
culture on MS solidified medium supplemented with 3% sucrose and 2 mg/1 BA at 
25°Cunder 16 h photoperiod [5]. After 6 - 8  weeks, when the plantlets were 5-8 cm 
height, micro propagation was begun and was repeated every 4 weeks until the 
desired number of in vitro plantlets for artificial infection was obtained.
2. Isolation and identification of Ralstonia solanacearum

Local isolate o f Ralstonia solanacearum  that used in this study was isolated from 
infected potato tubers The tubers that showing typical symptoms of brown rot were 
surface sterilized by immersion in 0.5% sodium hypochlorite solution (NaOCl) for 2 
minutes 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. Loop from suspension was then streaked onto the sohd differential TZC 
medium [6] 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 sub- cultured regularly on King B 
medium[7],
a. Identification of/?, solanacearum

Ribosomal RNA16S gene sequence was applied to identify the selected isolate at the 
molecular level. The isolate of R. solanacearum was selected on the basis of its colony 
morphology on selective medium, TZC medium,[6] and by 16S rRNA gene sequence 
which was amplified from the total DNA using a pair of bacteria-specific universal 
primers; forward 5-AGAGTTTGATCCTGGCTCAG-3' and reverse 5 -
CCGTCAATTCCTTTGAGTTT-3'

b.Pathogencity te s t :
The pathogencity test by stem inoculation of young tomato plants was performed as 
described by [8] to confirm the identification of R. solanacearum isolate and 
assessment ofthe virulence ofthe isolate.

،*.Artificial infection:
Twenty plantlets of irradiated and non-irradiated potato cultivars for each treatment 
were cultured on MS medium with pH 7.2 which inoculated with 8 ml/1 suspension of 
virulent isolate, grown at 28°€ for 72 h, from R. solanacearum at 28°c for 3 weeks 
then symptoms such as wilting, chlorosis and stunting were recorded.
3.RAPD analysis:
Six different genotypes of potato namely, D20, D30, D40, S20, S30 and S40 were 
selected from M 1V 2 generation for RA PD  analysis to determine their genetic 
variability from the original parents at the molecular level.
a.DNA extraction from potato leaves 
.DNA was extracted according to [9] method.
b.RAPD Analysis

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 
M 1V2 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 
^lymorphism. PCR reactions were conducted using eleven primers (Operon 
Technologies Inc., Alameda, CA, USA),(Tablel). PCR reaction volume was 30 1لر 
containing 2.0 1لر of genomic DNA, 2.0 ٣٨٦ of 10 pmol primer, 3.0 1در dNTPs (2.5 
mM), 3.0 1لر MgC12 (25 mM), 0. Taq-DNA polymerase (5U/ u لر21 l ) and 3.0 1لر of 10X 
amplification buffer. The amplification reactions were performed in a DNA thermo 
cycler (BIG RAD S1000TM) programmed as follows: 94°C/4 min (1 cycle), 94°C/30 
sec, 35°c/l min, 7 2 2 .min (40 cycles) and 70°C/5 min (1 cycle) then held at 4°c ثءه/
The amplification products were analyzed by electrophoresis in 1.5% agarose gel with 
lx TBE buffer and stained with ethidium bromide (lOmg/lml distilled water) and 
visualized with u v  transilluminator

m



T ablel. Nucleotide sequences o fth e  eleven oligonucleotide primers used in this study.

Primers name Sequence (5م to 3 (م

OPA-O2 TGCCGAGCTG

OPA-03 AGTCAGCCAC

OPA-07 GAAACGGGTG

OPA-O8 GTGACGTAGG

OPA-09 GGGTAACGCC

OPB-11 GTAGACCCGT

OPB-15 GGAGGGTGTT

OPE-02 GGTGCGGGAA

OPE-16 GGTGACTGTG

ACGTAGCGTC
OPO-O2

CTGTTGCTAC
OPO-Q3

In RAPD analysis, fragment$ were sc©red as 1 if present and 0 ifab$ent. Then 
the scores were collected for constructing a single data matrix for estimating 
^lym orphic loci [١٠] and constructing a U?GMA (Unweighted Pair Group Method) 
dendrogram among genotypes using SPSS (version 17.٠) 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) = 2N ab / (N a + N b)
Where, N ab is the total number of RAPD bands shared by individuals A and B. N a 
and N b, are the numbers of fragments scored for each individual respectively [11].
4. 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 1.5 ml tubes. An equal volume (0.5 ml) of extraction 
sample buffer( 6 ml Tris base, 1M ,PH 8.8; 800ul EDTA, 0.25 M and distilled water 
up to 100 m l) was added to the sample. The samples were kept at 4°€ overnight, and 
then centrifuged for 20 min at 1200 rpm in 4°c (Biofuge primo R c^trifuge, Kendro 
la. Products Heraeus). Supernatants containing water soluble protein fractions were 
transferred to clean tubes and stored at -20°c until use.
b. SDS Protein Electrophoresis
SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) was performed according to 
the method of[12].A volume of 15-30الر was extracted from samples of either control 
or infested plants[ 13], Sample was added to the same volume of water soluble buffer 
(2x), B-Mercapt©ethanol (4اإل) was added to each sample (10%v/v). Samples were 
boiled for 10 min and 2 1 ق لر  of each sample were loaded in the gel after adding one 
drop ofthe loading buffer. Control wells were loaded with standard protein marker.

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, covered with the staining 
solution and agitated gently overnight .Gels were washed several times (30 min.each) 
until their background becomes clear. The gels were photographed in a documentation



system and analyzed □sing the Phortix program (Gel Doc, Bio-Rad Laboratory, Inc.

Results and Discussion 
!-Isolation  and identification of م  solanacearum
One virulent isolate of R. solanacearum  was isolated from infected tubers and 
selected on the basis of its colony morphology using TZC medium [6]. Then, it was 
identified at molecular level by 16S rRNA gene sequence which amplified from total 
DNA using a pair of bacteria-specific universal primer; Forward 5-
AGAGTTTGATCCTGGCTCAG-3 and reverse 5-CCGTCAATTCCTTTGAGTTT-3

and the molecular weight ofthe 16S rRNA 1'ra^ment 01 R. solanacearum  isolate w^s
approximately 1,430 bp .

a. ? a^ gen ic ity  test.
Local virulent isolate was used in pathogenicity test for twenty in vitro 
plantlets for each treatment of two potato cultivars (Diamant, Spunta) which subjected 
to different doses of gamma rays (0, 20, 30 and 40 Gy). The pathogenicity test was 
revealed that all in vitro plantlets ofthe treatments in Diamant cultivar (DO, D20, D30 
and D40) were susceptible to infection with R. solanacearum  (Fig. 3). On the other 
hand, all in vitro plantlets of treatments in Spunta cultivar (SO, S30, and S40) were 
susceptible to infection with R. solanacearum except the treatment S20 which was

resistant (Fig. 4).
Reactions to the infection by vascular pathogens comprise modification of cell 

walls, such as the formation of wall appositions and tyloses, papilla formation, callose
deposition, production of gels or gums and lignification, which all are manifestations
ofthe basal resistance reaction [14]. Also, ?lants resist many potential pathogens with 
low-amplitude innate immunity defenses that are triggered by recognition of microbe

associated molecular patterns (MAM?s) such as bacterial flagellin [15] 
[16] suggested that differences in structure and composition ofthe pectic cell 
wall components and ^^]™ galactan-protein (AG?s) 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.
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Fig. 3. Irradiation treatments of potato cultivar (Diamant) after infection with R
solanacearum. A: DO (control), B: D20 Gy, C: D30 Gy, D: D40 Gy.



Fig. 4. Irradiation treatments of potato cultivar (Spunta) after infection with R.
solanacearunu A: so (control), B: S20 Gy (Resistant mutant), C: S30 Gy, ه :

S40 Gy.

2. ?rotein 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 and Spunta) before and after infection with R. solanacearum are presented

in Tables (2 and 3).
a. Before the infection with R. solanacearum.

protein bands with different molecularSDS-FAGE analysis revealed
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 DO displayed 8 bands (Fig.5 and 

Table 2. The scoring data for SDS-PAGE protein analysis o f potato cultivars before
infection with R. solanacearum.
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16.3

11.4 
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Total

b. After the infection with R. solanacearum
SDS-?AGE 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 ( 
Table 3).



genotypes o f آ؛ا(ا؛؛ا1ا('ل analysis o ؛آ f اآ؛'اا(،ا]( for SDS-PAGE ؛ا؛ا)ا) Table 3. The scoring 
___________________________.potato after infection with R. solanacearum

MW (kDa) SO S20 S30 S40 D0 D20 D30 D40
106.2 ١ ١ ا 1 ا ١ ١ ١
74.4 ١ ١ أ ١ ا 1 ١ ١
65.2 ١ ١ 0 0 ا ا ا ١
54-9 ١ ١ 1 آ ١ أ ١ ١
45.3 1 0 ١ 0 ١ ا ١ ا
39.6 ١ 0 1 0 ا ١ 1 ا
31.5 ١ ١ ١ ا ١ ١ ا ل
24.5 ا ٦ ا ١ ١ ا ا ا
19.1 0 0 0 0 0 ١ ١ ١
16.9 ١ ١ ١ ا ١ 1 1 ١
14.3 0 0 0 0 0 1 0 ١
12.1 ١ 1 ا ا ١ ا 1 ا

Total ١٠ 8 9 7 ول ١? ١١ ٧

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, so, S30 and S20 displayed 11, 10, 9 and 
8 bands, respective.

Data in Table (4) 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 indicating that this mutant showed a resistance to 
infection with R. solanacearum as compared with other potato genotypes. The 
obtained results were paradoxically with those [17] 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.
Table 4. Total number of positive and negative unique bands of protein profile in six

irradiated genotypes o f potato before and after the infection with R.
solanacearum.

Before infection After infection
TotalGenotypes Positive

bands
Negative

bands
Total Positive

hand
Negative

hands
D20 2 0 2 2 0 2
D30 2 0 2 ١ 0 ١
D40 2 0 2 2 0 2
S20 0 0 0 0 2 2
S30 0 0 0 0 ١ ١
S40 0 0 0 0 3 3

3.RAPD analysis
a. Polymorphism detected by RAPD marker

The eleven primers yielded a total of 56 distinct bands of which 31 (55.4%) 
were considered as polymorphic as shown in Table (5). ?rimer 0 ? 0 3 م-  yielded a 
maximum number of bands (8 bands) whereas; the OPA-O8 produced the least

number of bands (3 bands).



Table 5. Total number o f bands; polymorphic bands and percentage o f polymorphism
as revealed by RAPD markers among potato genotypes.

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-O8 2 3 66.7%

OPA-09 4 7 57 1%

O P B -n ا 5 20.0م/م

OPB-15 3 4 75.0%

OPE-02 4 5 80.0%

OPE-16 ل 4 25.0%

OPO-O2 3 4 75.0%

0 p 0 -0 3 5 8 62.5م/م

Total 31 56 55.4%،

According to tabic (6) the selected genotypes S30 and $40 have the highest 
number (31 unique bands), of RAPD marker (19 positive and 12 negative), followed 
by both of selected genotypes D40 and S20 which have 15 unique bands (9 positive 
and 6 negative), then the selected genotype D30 have 12 unique bands (11 positive 
and one negative). Furthermore, the selected genotype D20 showed the lowest

number of RAPD marker (one positive and 4 negative).

Table 6. Total number o f positive and negative markers for selected si* genotypes
from frliV: and its parents.

Genotypes No. amplified hands 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 9 6 15

S30 45 19 12 31

S40 45 19 12 31

Total 337 68 40 108

b. Genetic Relationships amon§ 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. 7 
The dendrogram clustered the eight potato genotypes into two main clusters; the first 
one contained the two genotypes S30 and S40 which were closely related and 
diversity from their parent Spounta cultivar and other studied genotypes The second 
cluster contained six genotypes and branched into two sub clusters; first sub cluster 
contained so (control) and S20 genotypes which were closely related, indicating that



the parent Spounta variety (SO) showed more closely relationship to its derived 
resistant mutant (S20) than other potato genotypes and the second sub cluster divided 

20 which were closely relatedه and ٥٠ to two sub subcluster ; the first one contained 
.While the second contained D30 and D40 which were more closely relationship than 

(.7 .other potato genotypes. (Fig
(Dendrogram using Average Linkage (Between Groups

r ComlMne؛Ciusrtc س؛ء٢١٠٠€<

2 ءء 0
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Fig. 7. Dendrogram for eight selected genotypes of potato from M 1V 2 
constructed from RAPD  data using (UPGM A) that computed

according to Dice coefficients.

It is clear from the obtained results that RAPD  markers are technically 
simple and require less detection time, while retaining the advantage of RAPD  

markers, specific P C R  markers can overcome the instability of RAPD
markers, providing a feasible tool for marker assisted selection.

Conclusion:

The PCR  markers identified here can only used to distinguish susceptible from 
resistance individuals but not able to distinguish between homozygous

and heterozygous resistance.
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