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Abstract:  The  potato  (Solanum  tuberosum  L.)  is  the  fourth  most  important   food   crop   worldwide.
Potato Spindle Tuber Viroid (PSTVd) is devastating to potato crop and resistant cultivars are highly effective
in  controlling  the  disease.  This  research  focused  on  screening wild potato species resistance to PSTVd.
In addition, identify isozyme markers (PPO and POD) linked to the resistance loci from these wild potato
accessions that can be used for marker-assisted selection in breeding programs. Eight wild potato species virus
tested were screened to PSTVd response using peroxidase (POD) and polyphenol oxidase (PPO) isozymes.
There  are  found  free  from  potato  viruses  (Potato  Virus  X,  Potato Virus Y and Potato Leaf Roll Virus)
using DAS-ELISA. On the contrary, the eight species had different response to PSTVd based on disease
severity and tomato cv. Rutgers index. Solanum etuberosum was immune while S. demissum was susceptible;
S. sucrense and S. chacoense were resistant and S. stoloniferum, S. berthaultii, S. acaule and S. guerreroense
were  tolerant.  These  results  were  confirmed  with  by dot-blot hybridization. Two PPO-isozyme markers
(15.4% polymorphism) were recorded; one of them was detected in S. sucrense with Rf of 0.75 and another one
in S. etuberosum with Rf of 0.87. Also, three POD-isozyme markers (33.3% polymorphism) were recorded; one
of  them  was  detected  in S. guerreroense with Rf of 0.33, the second in PSTVd tolerant S. stoloniferum with
Rf of 0.75 and the third in S. etuberosum with Rf of 0.85. The UPGMA cluster analysis showed a higher degree
of  relationship  between  immune  species  (S.  etuberosum), tolerant species (S. stoloniferum, S. berthaultii,
S. acaule and S. guerreroense) and resistant species (S. chacoense and S. sucrense) than susceptible species
(S. demissum). Since, the closest relationships were observed between resistant species. In the case of immune
species, the closest relationships were observed between it and tolerant species (S. guerreroense). On the other
hand the lowest relationships were observed between immune species and susceptible species. Consequently,
PSTVd resistant wild potato species could be used in breeding programmes by using as recurrent parents the
susceptible high-quality potato cultivar and PSTVd resistant a wild potato species as donor parents.
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INTRODUCTION and cultivars 17-24 % by mild strain up to 64% by a severe

Potato Spindle Tuber Viroid (PSTVd) is the type spindle tuber viroid infection on growth, yield and
member of the genus Pospiviroid (Family Pospiviroidae). quality was investigated by Allam et al. [2]. The wild-type
It is a circular single-stranded, RNA molecule, measuring potato inoculated with PSTVd such as Solanum acaule,
between 356-361nt in length and un-encapsidated. PSTVd S. chacoense and S. demissum gave rosette like growth
causes economic losses in potato yield depend on strain and necrosis of stem petioles or leaves, S. berthaultii

strain [1]. The reaction of potato species to Potato
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showing leaf drop, necrosis and necrotic lesions.
Whenever, S. guerreroense and S. stoloniferum showed
rosette-like growth, stunted stem and leaves stunted
(small leaf diameter) [3]. On the other hand, some species
were  found  to  be resistant to PSTVd infection as
reported by Singh [4]. On the principal threats to potato
(Solanum spp.) cultivation is the susceptibility of potato
virus and viroid diseases. The most widely used
strategies for control of viroid diseases focus on methods
to prevent infection or on genetic resistance. Peroxidase
was recorded as one of the first enzymes responding and
providing fast defence against plant pathogens. Infection
with plant pathogens led to an induction in peroxidase
activity in plant tissues and a greater increase was
recorded in resistant plants compared to the susceptible
ones [5]. Biochemical markers, especially isozymes
became standard tools in genetic research during the last
30 years and will continue to play a leading role in genetic
marker studies both in developing and developed
countries. Isozyme markers can correctly identify several
levels of taxa, accessions and individuals, since the
assumption of homology can be more accurate than for
some genomic DNA markers [6].Therefore the variable
response of eight wild potato species as affected by
PSTVd infection were genetic analyzed by biochemical
(polyphenol oxidase and peroxidase isozymes) which are
related to the resistance gene(s) to PSTVd. Since seven of
them were previously analyzed by RAPD-PCR and ISSR.

This study focused on screening a new wild potato
species resistance to PSTVd. In addition, identify isozyme
markers  (PPO  and  POD)  linked  to the resistance loci
from these wild potato accessions that can be used for
marker-assisted selection in breeding programs.

MATERIALS AND METHODS

Plant Materials: Eight potato species were obtained from
Centre for Genetic Resources, Netherlands (Table 1).
These  species  were  tested against potato viruses
(Potato Virus X, Potato Virus Y and Potato Leaf Roll
Virus) using DAS-ELISA [7]. Eight potato species were
planted in greenhouse for G6 generation.

Response of Wild Potato Species To Potato Spindle
Tuber Viroid Egyptian Isolate: Thirteen tubers were
virus-tested from each species were planted in Grower mix
(Peatmoss pH 5.6 original formula avec perlite-Canada) in
pots (14 ). The seedlings potato at five-to-six-leaf stage 200 µg ml  of denatured calf thymus DNA}. The mixture
from  each  species   were   mechanically  inoculated  with

Table 1: Wild potato species used in this study
No. Potato species Accessions
1 Solanum stoloniferum 18333
2 Solanum chacoense 17901
3 Solanum demissum 17783
4 Solanum sucrense 20625
5 Solanum berthaultii 18074
6 Solanum etuberosum 17714
7 Solanum acaule 17926
8 Solanum guerreroense 18290

PSTVd  [8] (PSTVd  Egyptian  isolate  supplied from Prof.
Dr. Khalid A. El-Dougdoug, Virology Lab. Faculty of
Agriculture, Ain Shams University, Egypt). The
inoculated plants and control were maintained in an
insect-proof greenhouse at 28 ± 2°C supplemented with a
16h photoperiod at 400-700 µmol m  S . All standard2 1

agriculture factors were done on all the plants. Plants were
observed daily every two months for visible symptoms.
The percentage of infected potato plants and Disease
Severity (DS) values were calculated using the following
formula Tian et al. [9] and 3 grades of symptoms: (0) No
symptoms, (1) Erect, (2) Dark green, (3) Erect + Dark green
and (4) Systemic necrotic spots.

The plants were tested by dot-blot hybridization
using DIG-Labeled cDNA (specific probe of PSTVd
isolate) according to Owens et al. [10]. On the other hand,
the results of response species were confirmed by
indexing on tomato cv. Rutgers. Also, Disease Severity
(DS) was calculated as described by [9], using 7 grades of
symptoms: (0) no symptoms, (1) leaf cup shape, (2)
epinasty + vein banding, (3) epinasty + rugosity, (4) vein
banding + rugosity, (5) Stunting, (6) vein banding +
deformation and (7) epinasty + vein banding +
deformation.

Dot-Blot Hybridization: The fresh leaf tissue (1g) was
ground  in  4 ml  of  grinding  buffer  (200   mM  glycine,
100 mM Na HPO , 600 mM NaCl, 1% SDS, pH 9.5,2 4

autoclave for 20 min at 120°C and then added 0.1%
DIECA, 0.1 mM DTT) using sterilized pestle and mortar.
The extract was clarified by centrifugation for 10 min at
10000 rpm. Aliquots (10µl) of the partially purified nucleic
acids were denatured with formaldehyde denaturation
buffer {5X SSC, 25 mM Na HPO , 5X Denhart (0.1% each2 4

of BSA, Ficoll and PVP 360), 50% deionized formamide,
1

was incubated for 60 min at 60°C and loaded under
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vacuum on positively charged nylon membranes with a relationships of the eight wild potato species were
Bio-Dot-SF apparatus (Biorad Laboratories, Hercules, CA, constructed using the Multi Variate Statistical Analysis
USA) and immobilized by 5 min of UV treatment. Dot-blot (MVSP) ver. 3.13p software.
analyses were performed using digoxigenin (Dig)-labeled
cDNA  probes  specific  for  PSTVd  (kindly supplied by RESULTS
Dr. El-Dougdoug Virology Lab. Fac. of Agric. Ain Shams
Univ.). Pre-hybridization and hybridization were Evaluation of Wild Potato Species Against Infection with
performed in 50% formamide and 5X SSC. The membranes PSTVd Under Greenhouse: Eight wild potato species
were pre-hybridized at 42°C for 2 h and hybridized (Table 1) were found free from potato viruses whereas
overnight at 50°C. After hybridization, they washed three gave negative results with polyclonal antibodies specific
times for 5 min each in 2X SSC, 0.1% SDS at room Potato Virus X, Potato Virus Y and Potato Leaf Roll
temperature, followed by two times for 15 min each in 0.2X Virus using DAS-ELISA. Eight wild potato species were
SSC, 0.1% SDS at 50°C. The Dig-labeled hybrids were mechanically inoculated with PSTVd-EG isolate. They
detected with an anti-Dig-alkaline phosphatase conjugate were differed in response to PSTVd-EG isolate and
and visualized with the chemiluminescent substrate CSPD showed different degrees of Disease Severity (DS %)
(Roche Diagnostic, Indianapolis, USA) [11]. despite variations in symptoms (Table 2). Solanum

Detection of Isozyme Markers: Polyphenol oxidase (PPO) S.   sucrense   was   highly   resistant   with   a   6.7%  DS,
and Peroxidase (POD) Isozymes: Native-polyacrylamide S.  chacoense  was  moderate  resistant  with  a  2 5% DS,
gel electrophoresis (Native-PAGE) was conducted to S.  demissum  was  susceptible  with   a   90%   DS,  while
identify isozyme variations among PSTVd immune, S.   stoloniferum,     S.     berthaultii,     S.     acaule   and
resistant, tolerant, susceptible potato species and the S. guerreroense were tolerant. These results were
healthy control using polyphenol oxidase (PPO) and confirmed by dot-blot hybridization using DIG-Labeled
peroxidase (POD) isozymes according to Stegemann et al. cDNA (specific probe of PSTVd isolate). The sap of
[12].  500 mg  fresh  leaves  were  homogenized  in  liquid PSTVd inoculated eight wild potato species were
N   and  100 µl  of  0.2 M  Phosphate  buffer  was added mechanically inoculated on leaves of tomato cv. Rutgers2

(pH 7.0 was adjusted by potassium phosphate, plants. The tomato plants cv. Rutgers were differed in
monobasic) and 10 µl of 2-mercaptoethanol before response to PSTVd infectious sap of eight wild potato
centrifugation at 14000 rpm for 15 min at 4°C. The species with infection degrees (disease severity) whereas
supernatant was stored at a temperature of -20°C until appeared variations of symptoms (Fig. 1 and Table 3).
isozyme analysis. Polyphenol oxidase isozymes were These results were confirmed with by dot-blot
detected  according  to  Baaziz  et  al.  [13],  in  which the hybridization using DIG-Labeled cDNA (specific probe of
gel   was    immersed in   a   solution   containing   0.1% PSTVd isolate).
1-dihydroxyphenyl alanine solubilized in 0.05 M
phosphate buffer pH 7.5. For peroxidase, benzidine- Biochemical Isozyme Markers
dihydrochloride HCl of 0.125g and 2 ml glacial acetic acid Polyphenol Oxidase: The polyphenol oxidase (PPO)
and was completed with dsH O up to 50 ml. Gel was activity was varied among eight wild potato species2

placed into this solution and 5 drops of hydrogen inoculated with PSTVd-EG and the control. On the other
peroxide was added. The gel was incubated at room hand, the PPO isozyme profiles showed differences in
temperature until bands appear [14]. Relative band banding patterns compared with the healthy plants ones
mobility was measured in relation to the dye front and (Fig. 2). The PPO-isozyme analysis was revealed a total
indicated by Rf values. number of 13 bands at different Rf values ranged from 0.05

Gel Analysis, Data Collection and Analysis: The gel polymorphism among wild potato species (Fig. 3). As well
analysis was applied by AlphaEaseFCTM ver. 4 software. as, two unique bands were recorded with percentage of
Multivariate analysis of the isozyme profiles was done 15.4%  polymorphism;  band with Rf 0.75 was detected in
and clustering was based on the results of Unweighted S. sucrense (highly resistant) and another band with Rf
Pair Group Method Using Averages (UPGMA) cluster 0.87 was detected in S. etuberosum (immune) (Table 4).
analysis performed according to Nei and Li [15] similarity Such newly induced bands are considered as isozyme
coefficient matrices. Phenogram presenting the genetic markers  (biomarkers)  for resistant to PSTVd infection and

etuberosum was immune to PSTVd-EG. On the other hand,

to 0.87, 11 polymorphic bands with percentage of 84.6%
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Table 2: Evaluation of wild potato species response to PSTVd-EG isolate under greenhouse conditions.

Potato species Symptoms Total number of tested plants Disease severity (%) Confirmed index Dot-blot hybridization Degree of resistance

Solanum stoloniferum 18333 O 30/30 0 + Tolerant

Solanum chacoense 17901 E, DG 10/30 25 + Moderate resistant

Solanum demissum 17783 SNS 27/30 90 + Susceptible

Solanum sucrense 20625 E 8/30 6.7 + Highly resistant

Solanum berthaultii 18074 O 30/30 0 + Tolerant

Solanum etuberosum 17714 O 30/30 0 - Immune

Solanum acaule 17926 O 30/30 0 + Tolerant

Solanum guerreroense 18290 O 30/30 0 + Tolerant

DG= dark green, E= erect, O= no symptoms, SNS= Systemic necrotic spots. 

Table 3: Evaluation of tomato cv. Rutgers responsibility to PSTVd-EG extracted from eight wild potato species 

Symptoms on Total number Disease Confirmed index

Potato species tomato cv. Rutgers of tested plants severity (%) Dot-blot hybridization Degree of resistance

Solanum stoloniferum 18333 EPi, R 3/6 21.4 + Tolerant

Solanum chacoense 17901 VB, D 4/6 57.14 + Moderate resistant

Solanum demissum 17783 Epi, VB, D 5/6 83.3 + Susceptible

Solanum sucrense 20625 S 3/6 35.7 + Highly resistant

Solanum berthaultii 18074 VB, R 3/6 19.6 + Tolerant

Solanum etuberosum 17714 O 6/6 0 - Immune

Solanum acaule 17926 LCS 3/6 7.14 + Tolerant

Solanum guerreroense 18290 Ep, VB 5/6 23.8 + Tolerant

O= no symptoms, LCS= leaf cup shape, Epi= epinasty, VB= vein banding, R= rugosity, S= Stunting, D= deformation.

Table 4: PPO-isozymes banding pattern and percentage of the developed bands in eight wild potato species non-inoculated and inoculated with PSTVd

(Egyptian isolate)

Potato species

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S. stoloniferum S. chacoense S. demissum S. sucrense

------------------------------ ------------------------------- ---------------------------- ---------------------------

Tolerant Resistant Susceptible Resistant

------------------------------ ------------------------------- ---------------------------- ---------------------------

Healthy Inoculated Healthy Inoculated Healthy Inoculated Healthy Inoculated

Rf % % % % % % % % Polymorphism

0.05 0 0 24.8 17.5 0 0 13.3 6.7 Polymorphic

0.13 27.7 29.4 0 15.7 0 0 10.3 17.4 Polymorphic

0.20 0 0 0 0 37.8 29.4 0 0 Polymorphic

0.25 0 0 12.8 13.8 0 0 23 15 Polymorphic

0.36 0 27.8 0 0 14.5 33.8 0 0 Polymorphic

0.46 21.7 12 25.5 16.3 0 0 12.6 17.1 Polymorphic

0.50 0 0 0 0 17.4 12.3 0 0 Polymorphic

0.57 20.6 15.9 16.4 17.3 15.3 13.2 13.6 19 Polymorphic

0.65 15.3 7.2 10 8.4 0 0 0 0 Polymorphic

0.70 14.7 7.7 10.5 11 15 11.3 13.8 11.1 Polymorphic

0.75 0 0 0 0 0 0 13.4 13.7 Unique

0.82 0 0 0 0 0 0 0 0 Polymorphic

0.87 0 0 0 0 0 0 0 0 Unique

Total bands 5 6 6 7 5 5 7 7 -

Rf = Relative mobility, % = Values are percentage of the developed PPO-isozyme bands quantified in wild potato species using AlphaEaseFC  ver. 4 software.TM
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Table 4: Continued
Potato species
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S. berthaultii S. etuberosum S. acaule S. guerreroense
------------------------------ ------------------------------- ---------------------------- ---------------------------
Tolerant Immune Tolerant Tolerant
------------------------------ ------------------------------- ---------------------------- ---------------------------
Healthy Inoculated Healthy Inoculated Healthy Inoculated Healthy Inoculated

Rf % % % % % % % % Polymorphism
0.05 0 0 0 0 0 0 12 9.7 Polymorphic
0.13 0 22.3 0 0 0 0 14.8 11.6 Polymorphic
0.20 21.8 18.8 0 0 0 0 0 0 Polymorphic
0.25 15.8 15.7 18.1 19.4 35.9 36.8 12.5 10.2 Polymorphic
0.36 13.2 12.8 41.3 36 0 0 11 8.4 Polymorphic
0.46 16.5 12.1 0 13.8 24.3 25.4 0 5.6 Polymorphic
0.50 0 0 0 0 0 0 13.8 15.2 Polymorphic
0.57 15.5 9 0 0 0 0 0 0 Polymorphic
0.65 17.2 9.3 0 0 20.9 19.3 16.4 18.7 Polymorphic
0.70 0 0 0 0 18.9 18.5 9.8 11.4 Polymorphic
0.75 0 0 0 0 0 0 0 0 Unique
0.82 0 0 24.2 21.3 0 0 9.7 9.2 Polymorphic
0.87 0 0 16.4 9.5 0 0 0 0 Unique
Total bands 6 7 4 5 4 4 8 9 -
Rf = Relative mobility, % = Values are percentage of the developed PPO-isozyme bands quantified in wild potato species using AlphaEaseFC  ver. 4 softwareTM

Fig. 1: Tomato plants cv. Rutgers inoculated with sap extracted from eight wild potato species infected with PSTVd-EG
showing different symptoms
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Fig. 2: Disc-PAGE of PPO-isozymes profile of eight wild potato species non-inoculated and inoculated PSTVd-EG isolate

Lanes 1, 2 = healthy and inoculated plants of S. stoloniferum, respectively. Lanes 3, 4 = healthy and inoculated plants
of S. sucrense, respectively. Lanes 5, 6 = healthy and inoculated plants of S. demissum, respectively. Lanes 7, 8 = healthy
and inoculated plants of S. chacoense, respectively. Lanes 9, 10 = healthy and inoculated plants of S. berthaultii,
respectively. Lanes 11, 12 = healthy and inoculated plants of S. etuberosum, respectively. Lanes 13, 14 = healthy and
inoculated plants of S. acaule, respectively. Lanes 15, 16 = healthy and inoculated plants of S. guerreroense, respectively

Fig. 3: Electrophoregram  of  isozymes and (or) multiple forms of polyphenol oxidase in healthy (left) and inoculated
(right) eight wild potato species
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Fig. 4: Disc-PAGE of POD-isozymes profile of eight wild potato species non-inoculated and inoculated PSTVd-EG isolate

Lanes 1, 2 = healthy and inoculated plants of S. stoloniferum, respectively. Lanes 3, 4 = healthy and inoculated plants
of S. sucrense, respectively. Lanes 5, 6 = healthy and inoculated plants of S. demissum, respectively. Lanes 7, 8 = healthy
and inoculated plants of S. chacoense, respectively. Lanes 9, 10 = healthy and inoculated plants of S. berthaultii,
respectively. Lanes 11, 12 = healthy and inoculated plants of S. etuberosum, respectively. Lanes 13, 14 = healthy and
inoculated plants of S. acaule, respectively. Lanes 15, 16 = healthy and inoculated plants of S. guerreroense, respectively

Table 5: Pairwise matrix of genetic distances among the eight wild potato species inoculated with PSTVd (Egyptian isolate) using the PPO-isozymes data
Species (S) S1 S2 S3 S4 S5 S6 S7 S8
S1 1.000
S2 0.769 1.000
S3 0.545 0.333 1.000
S4 0.615 0.857 0.333 1.000
S5 0.769 0.714 0.500 0.571 1.000
S6 0.364 0.333 0.200 0.333 0.500 1.000
S7 0.600 0.727 0.222 0.545 0.545 0.444 1.000
S8 0.667 0.750 0.429 0.625 0.625 0.571 0.615 1.000
S1 = S. stoloniferum (tolerant). S2 = S. chacoense (resistant). S3 = S. demissum (susceptible). S4 = S. sucrense (resistant). S5 = S. berthaultii (tolerant).
S6 = S. etuberosum (immune). S7 = S. acaule (tolerant). S8 = S. guerreroense (tolerant).

could be used as marker selection (MAS) in potato species and 13 variables, Nei & Li's coefficients of
breeding programs. The PSTVd induce isozyme bands relationships were computed and used to generate a
were detected in wild potato species, whereas one pairwise  matrix  of  genetic  distances  (GD)  (Table  5).
isozyme  band  in   S.   stoloniferum   (tolerant;   Rf  0.36), The   highest    GD    was    detected    between  resistant
S. chacoense (moderate resistant; Rf 0.13), S. berthaultii S. chacoense (moderate; DS = 28.9%) and S. sucrense
(tolerant;  Rf  0.13),  S. etuberosum (immune; Rf 0.46) and (high; DS = 11.11%) which represent 0.86. On the other
S. guerreroense (tolerant; Rf 0.46) was detected in hand, the lowest distance was 0.20 between S. demissum
inoculated plants and was disappeared in healthy plants (susceptible;  DS  =  90%)  and  S. etuberosum (immune;
of species ones. Also, densitometric analysis of gel DS = 0%). These results exemplified in Table (5) showed
containing control and inoculated samples showed that that, there’s a great variation between eight wild potato
PPO-isozyme pattern was a difference in band intensity of species in genetic content. However, according to the
specific isozymes (Fig. 3 and Table 4). Further, there was obtained results we can arrange the relations between the
no  change  in  the  isozyme  pattern  after  inoculation in tolerant species (S. stoloniferum, S. berthaultii, S. acaule
S. demissum (susceptible), S. sucrense (highly resistant) and S.  guerreroense)  according to the immune species
and S. acaule (tolerant) through there was an increase in (S. etuberosum) in a descended distance as 6 to 8/ 0.57, 5
some the bands intensity (Fig. 3 and Table 4). /0.50, 7 /0.44 and 1 /0.36) as well as, the resistant species

In  general,  data  in Table (4) which represent the (S. chacoense and S. sucrense) as 0.33.
PPO-isozymes polymorphism among the eight wild potato
species  could  be served as a model for analyzing the Peroxidase (POD): The peroxidase activity was differed
gene action at PSTVd resistance. Based on the binary among wild potato species. Analysis of isozyme profiles
band-share data generated by a matrix of inoculated of  POD  in  the  eight  wild  potato species under infection



World Appl. Sci. J., 27 (8): 1010-1022, 2013

1017

Fig. 5: Electrophoregram of isozymes and (or) multiple forms of peroxidase in healthy (a) and inoculated (b) eight wild
potato species

with PSTVd-EG compared with the healthy control, as 0.75 and the other band was detected in S. etuberosum
shown in Figs. 4 & 5 and Table (6). The peroxidase (immune)  with  Rf  of  0.85.  Such  new peroxidase
isozymes analysis on the basis of the number, intensity isozymes  bands  may  regard  as  related  to  the  tolerant
and reproducibility of POD bands among eight wild (S.  stoloniferum  and  S.   guerreroense)   and    immune
potato species. POD-isozymes analysis displayed total (S. etuberosum) of PSTVd infection in these species and
nine bands, whereas the eight wild potato species could be used as marker selection (MAS) in potato
characterized by the presence of six polymorphic bands breeding program. The effect of PSTVd infection could be
with Rf of (0.39, 0.43, 0.48, 0.53, 0.58 and 0.65) with observed among potato species, whereas one isozyme
percentage of 66.7%. However, three unique bands were band in S. berthaultii (tolerant; Rf = 0.53) was detected in
recorded with percentage of 33.3%, one of them was inoculated plants and was disappeared in healthy plants
detected in S. guerreroense (tolerant) with Rf of 0.33, one of species ones (Fig. 5 and Table 6). Also, densitometric
was  detected  in  S.  stoloniferum  (tolerant)  with Rf  of analysis  of gel containing control and inoculated samples
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Table 6: POD-isozymes banding pattern and percentage of the developed bands in eight wild potato species non-inoculated and inoculated with PSTVd
(Egyptian isolate)

Potato species
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S. stoloniferum S. chacoense S. demissum S. sucrense
------------------------------ ------------------------------- ---------------------------- ---------------------------
Tolerant Resistant Susceptible Resistant
------------------------------ ------------------------------- ---------------------------- ---------------------------
Healthy Inoculated Healthy Inoculated Healthy Inoculated Healthy Inoculated

Rf % % % % % % % % Polymorphism

0.33 0 0 0 0 0 0 0 0 Unique
0.39 43.9 34.4 29.8 21.3 0 0 24.3 30.8 Polymorphic
0.43 0 0 0 17.0 68.5 49.1 0 0 Unique
0.48 0 0 17.9 16.8 0 0 33.9 22.3 Polymorphic
0.53 0 0 13.3 11.8 0 0 0 0 Polymorphic
0.58 29.2 52.5 19.3 16.0 0 50.9 18.3 19.9 Polymorphic
0.65 26.9 0 19.7 17.1 31.5 0 23.5 27.0 Polymorphic
0.75 0 13.1 0 0 0 0 0 0 Unique
0.85 0 0 0 0 0 0 0 0 Unique

Total bands 3 3 5 6 2 2 4 4 --

Rf = Relative mobility, % = Values are percentage of the developed PPO-isozyme bands quantified in wild potato species using AlphaEaseFC  ver. 4 software.TM

Table 6: Continued 

Potato species
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S. berthaultii S. etuberosum S. acaule S. guerreroense

Tolerant Immune Tolerant Tolerant
------------------------------ ------------------------------- ---------------------------- ---------------------------
Healthy Inoculated Healthy Inoculated Healthy Inoculated Healthy Inoculated

Rf % % % % % % % % Polymorphism

0.33 0 0 0 0 0 0 22 25.5 Unique
0.39 74.3 69.6 0 0 49.7 59.1 21.5 0 Polymorphic
0.43 0 0 0 0 0 0 0 0 Unique
0.48 0 0 0 0 0 0 0 0 Polymorphic
0.53 0 14.0 0 73.2 31.5 26.3 26.0 35.1 Polymorphic
0.58 25.7 16.4 78.5 0 18.3 14.6 30.5 39.4 Polymorphic
0.65 0 0 0 0 0 0 0 0 Polymorphic
0.75 0 0 0 0 0 0 0 0 Unique
0.85 0 0 21.5 26.8 0 0 0 0 Unique

Total bands 2 3 2 2 3 3 4 3 --

Rf = Relative mobility, % = Values are percentage of the developed PPO-isozyme bands quantified in wild potato species using AlphaEaseFC  ver. 4 software.TM

Table 7: Pairwise matrix of genetic distances among the eight wild potato species inoculated with PSTVd (Egyptian isolate) using the POD-isozymes data

Species S1 S2 S3 S4 S5 S6 S7 S8

S1 1.000
S2 0.444 1.000
S3 0.400 0.500 1.000
S4 0.571 0.800 0.333 1.000
S5 0.667 0.667 0.400 0.571 1.000
S6 0.000 0.250 0.000 0.000 0.400 1.000
S7 0.667 0.667 0.400 0.571 1.000 0.400 1.000
S8 0.333 0.444 0.400 0.286 0.667 0.400 0.667 1.000

S1 = S. stoloniferum (tolerant). S2 = S. chacoense (resistant). S3 = S. demissum (susceptible). S4 = S. sucrense (resistant). S5 = S. berthaultii (tolerant).
S6 = S. etuberosum (immune). S7 = S. acaule (tolerant). S8 = S. guerreroense (tolerant).
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Fig. 6: Phenogram of eight inoculated wild potato species with PSTVd based on Nei & Li's coefficient derived from the
PPO and POD-isozymes

S1 = S. stoloniferum (tolerant). S2 = S. chacoense (resistant). S3 = S. demissum (susceptible). S4 = S. sucrense (resistant).
S5 = S. berthaultii (tolerant). S6 = S. etuberosum (immune). S7 = S. acaule (tolerant). S8 = S. guerreroense (tolerant)

showed that POD-isozyme pattern was a difference in Cluster Analyses of PPO and POD-Isozymes: Cluster
band intensity of specific isozymes (Fig. 5 and Table 6). analysis  based  on  the  combined  data  of  PPO  and
Further, there was no change in the isozyme pattern after POD-isozymes (Tables 4 and 6) was more valuable for
inoculation in S. stoloniferum, S. demissum, S. sucrense, determining relationships among the inoculated eight wild
S. etuberosum and S. acaule through there was an potato species with PSTVd than if each isozyme was to be
increase in some the bands intensity (Fig. 5 and Table 6). analyzed separately. Genetic distances were calculated on
On  the  other  hand, the POD-isozyme profiles revealed the basis of similarity coefficient matrix among all wild
the disappearance of some bands in inoculated plants potato species involved in the cluster analysis. So, based
which  were  present  in  their  respective  controls   such on the binary band-share data generated by a matrix of
S. guerreroense (Fig. 5 and Table 6). inoculated species and 22 variables, Nei & Li's

Based on the binary band-share data generated by a coefficients of relationships were computed and used to
matrix of inoculated species and nine variables, Nei & Li's generate a pairwise matrix of genetic distances and a
coefficients of relationships were computed and used to phenogram depicting relationships among the species
generate a pairwise matrix of genetic distances (Table 7). (Fig. 6). All species fell into three major clusters, labeled
Similarly with PPO-isozymes, the highest GD was detected as A, B and C (Fig. 6). Cluster-A contained immune
between  resistant  species S. chacoense (moderate) and species (S. etuberosum) and Cluster-B contained
S. sucrense  (highly   resistant)   which   represent  0.80. susceptible species (S. demissum). On the other hand,
On the other hand, the lowest distance was 0.0 between Cluster-C was further subdivided into two sub-clusters
S.  etuberosum  (immune) with S. stoloniferum (tolerant), where,  the  first sub-cluster comprising tolerant species
S. demissum (susceptible) and S. sucrense (highly (S. stoloniferum, S. berthaultii and S. acaule). The other
resistant).  According  to  the  obtained results (Table 7) sub-cluster comprising tolerant (S. guerreroense) and
we can arrange the relations between the tolerant species resistant species (S. chacoense and Solanum sucrense).
(S. berthaultii, S. acaule and S. guerreroense) and the The closest relationships were observed between
resistant secrecies (S. chacoense) according to the resistant species S. chacoense and Solanum sucrense
immune species (Solanum etuberosum) as 0.40 and 0.25, with a similarity of GS = 0.833, as well as tolerant species
respectively. S. guerreroense was closely linked to both (0.640 and
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0.522, respectively). Tolerant species S. stoloniferum and Rutgers to eight wild potato species PSTVd-inoculated as
S. berthaultii also clustered closely together (GS = 0.737) possible to be wild potato species (immune, tolerant,
as well as tolerant species S. acaule was closely linked to resistant and susceptible). Tornero et al. [19] observed
both (0.706 and 0.625, respectively). On the other hand, that expression of some genes in Cab in family with
cluster-A is distinctly away from the cluster-B with a similar furthers were altered differently by PSTVd,
similarity of GS = 0.143 (Fig. 6) and from the cluster-C with suggested that a viroid can alter the expression patterns
a similarity of GS = 0.706. On the other hand, cluster-B is of certain plant genes by specific interactions. Some
distinctly  away  from  the cluster-C  with  a similarity of possible mechanisms include: (1) interference with mRNA
GS = 0.500. These results suggested that the genetic splicing [20], (2) interference with RNA export out of the
differences between the immune species and tolerant, as nucleus, (3) activation of kinase that phosphoes the host
well as resistant species were higher than that between protein key to gene regulation and (4) direct activation or
the susceptible species and immune, tolerant as well as inactivation of gene expression.
resistant species. PPO and POD-isozymes approach In spite of the importance of the diseases resistance
showed considerable potential for identifying and in potato crop, the progress made in resistance breeding
discriminating  resistance  of  wild potato species to to  PSTVd  in  potato  is  rarely  and  it  should be taken
Potato spindle tuber viroid Egyptian isolate (PSTVd-EG). into  consideration  in   the future breeding programme.

DISCUSSION resistance. It is acknowledged that resistant potato

Eight wild potato species virus tested were management strategies for potato virus and virus-like
mechanically inoculated with PSTVd-EG isolate. diseases. The selection of potato resistant species and
Depending on disease severity and tomato plants cv. continuous breeding programme for disease resistance
Rutgers index, the eight wild potato species were divided appears to be the efficient means of controlling the
into four PSTVd responses. S. etuberosum (17714) was disease considering potato viruses [21]. The selection of
immune, S. demissum (17783) susceptible, S. stoloniferum resistant species and continuous breeding programme for
(18333),  S.  berthaultii  (18074),  S.  acaule   (17926)  and viroid resistance appears to be the efficient means of
S. guerreroense    (18290)   were   tolerant,   as   well  as, controlling PSTVd. Allam et al. [2], Mahfouze et al. [16]
S. chacoense (17901) and S. sucrense (20625) were and Itaya et al. [22] found that potato species varied in
resistant. These results were confirmed by dot-blot response to infection with PSTVd from susceptible to
hybridization using DIG-Labeled cDNA using specific immune. viroids provide a minimal genetic and
probe of PSTVd. These results in an agreement with biochemical system for the study of the mechanisms
Mahfouze et al. [16] found that seven wild potato species controlling host-pathogen interactions and the control of
gave different responses to infection with PSTVd using gene expression in plant cells. In the present study, two
disease  index,  as  well  as  RAPD-PCR and ISSR as isozyme biomarkers, polyphenol oxidase (PPO) and
genetic marker. Also, Singh [17] found that two clones of peroxidase (POD) were used to characterize eight wild
S. berthaultii  were resistant to mild and severe strains of potato species under PSTVd infection. Isozyme analysis
PSTVd. As well as, Salazar et al. [18] detected R gene is a powerful tool for estimating genetic variabilityPacl

in  S. acaule  responsible on extreme resistant to PSTVd. identifying species. The differences in the isozyme
A tomato cv. Rutgers response to infectious sap binding patterns are due to variation in the amino acid
mechanical inoculated of eight wild potato species content of the molecule, which in turn is dependent on the
inoculated with PSTVd-EG isolate was studied. It was sequence of nucleotides in DNA [23].The isozyme profiles
found that the tomato cv. Rutgers plants was revealed of PPO and POD from the leaves of eight wild potato
different responses to infection with PSTVd based on species under the control and inoculated with PSTVd
disease severity whereas appeared variations of showed  differences  in  band patterns when compared
symptoms. These results were confirmed with by dot-blot with their respective healthy plants. In addition to, the
hybridization. The obtained results are in agreement with total number of isozyme bands in the immune, tolerant,
El-Dougdoug [8], who mentioned that tomato cv. Rutgers resistant  and  susceptible  plants  of  the  eight wild
most commonly used for biological testing for PSTVds. potato species were considerably varied either by
The different responses PSTVd severity of tomato cv. decrease  or  increase  comparing  with  the healthy plants,

The spotlight has, therefore, shifted to host plant

species could potentially form the basis of sustainable
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two PPO-isozyme markers were recorded with percentage 3. Singh,  R.P.  and  S.A.  Slack,  1984. Reactions of
of  15.4%,  one  of them was detected in S. sucrense
(highly resistant; DS = 6.7%) with Rf of 0.75 and the
second band was detected in S. etuberosum (immune; DS
= 0%) with Rf of 0.87. Also, three POD-isozyme markers
were recorded with percentage of 33.3%, one marker
detected in S. guerreroense (tolerant, DS = 0%) with Rf of
0.33,  second  marker  detected  in  S. stoloniferum
(tolerant, DS = 0%) with Rf of 0.75 and third marker
detected  S.  etuberosum   (immune,   DS  =  0%)  with Rf
of 0.85.

The combined data of PPO and POD activity and
isozymes were analyzed using the Nei and Li's Dice
similarity coefficient for pairwise comparison between
eight wild potato species with PSTVd and for generating
a  distance  matrix.  The  UPGMA  cluster  analysis
showed the closest relationships between resistant
species (S. sucrense and S. chacoense). In the case of
immune  species (S.  etuberosum)  the closest
relationships were observed between it and tolerant
species (S. guerreroense). On the other hand the lowest
relationships  were  observed  between immune species
(S. etuberosum) and susceptible species (S. demissum).
Therefore, the results of PPO and POD-isozymes are in an
agreement with those reported by Hernandez et al. [24]
who indicated that activated oxygen species may function
as molecular signals in the induction of defense genes.
Since different bands obtained indicate different
electrophoretic mobilities of the isozymes, which are
coded by different alleles or separate genetic loci [25].
Enzymes can be used as tools to study the induced
responses of plants showing disease symptoms at the
biochemical level [26]. The cell wall of plants appears to
be a major site for defence related POD polymerization
reactions such as lignification [27], suberization [28] and
cross-linking of structural cell wall proteins [29]. 
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