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ABSTRACT 

This study was conducted to estimate disease incidence of potato virus Y (PVYNTN) and to 
investigate its effects on the growth and morphology of ten potato cultivars, its productivity and 
molecular expression of resistance gene under open field conditions. High rates of occurrence of viral 
symptoms were recorded. The mainly included symptoms were mild to severe mosaic, leave curl of the 
infected potato plants. The effect of the virus on potato crop was studied using vegetative growth and 
yield characters of healthy and PVYNTN infected plants, also total protein content and peroxidase activity 
were affected. There is differentiation between the growth of the PVYNTN-infected and the virus free 
potato plant cultivars. Results showed that infection by PVYNTN leads to reduce many physiological 
functions of above and underground parts of host plant like total chlorophyll content, number of tubers, 
tuber weight and total yield of a plant. Depending on the results, because of reducing physiological 
functions of above ground part of potato plant (total chlorophyll content), the number and the weight 
of tuber decreased, so the productivity of the plant decreased. Also, there are 8 newly protein bands, 
that considered as newly protein genetic markers throughout protein pattern. The presence of Ryadg 
resistance gene was detected using PCR as 242 bp with the partial nucleotide sequence 241 nucleotides 
for cv. Lady Rosetta as resistant cultivar for PVYNTN in 7 out of 10 potato cultivars except cvs. Cara, 
Mondial and Spunta, which did not have this target resistance gene.  
 
Keywords: PVYNTN, potato yield, growth parameter, Ryadg resistance gene. 

 
 Introduction 

Potato (Solanum tuberosum L.) is one of the important world food and vegetable crops belongs 
to the Solanaceae family (Solomon and Barker, 2001). It ranks the fourth world crop with a rate of 
nearly 325 million tons annual production (Nagib et al., 2003). In this respect, potato is a rich crop of 
nutrient substances, each 100 g of potato tuber contains 79.8 g water, 76 calories, 2.1 g protein, 0.1 g 
lipids, 17.1 g carbohydrates, 0.5 g fibers and 0.9 g ash as well as it contains a little quantity of nutrient 
elements and some vitamins including 0.1 mg thiamin, 0.4 mg Riboflavin, 1.5 mg Niyasin and 20 mg 
Ascorbic acid (Hassan, 2003).  

Potato production is being seriously hampered due to certain viruses (Rolot and Seutin, 1999), 
like PVYNTN which is the most dangerous virus. This virus was detected in commercial potato fields in 
single or mixed infection (Nascimento et al., 2003; Biswas et al., 2005). PVY belongs to Potyvirus 
genus from Potyviridae family (Posada and Crandall, 2001). Its symptoms on potato ranged between 
mosaic to necrosis and death of plants depending on cultivar and viral strain (Robert et al., 2000). 

There are three types of resistant response of potato plants, namely resistance to infection, 
resistance to virus accumulation, and resistance to virus movement (Solomon-Blackburn and Barker, 
2001). Several genes for PVY resistance have been identified in wild species and introgressed into the 
cultivated potato. These include: Ryadg from Solanum tuberosum ssp. Andigena (Kasai et al., 2000), 
Rysto from S. stoloniferum (Brigneti et al., 1997), and Ryfsto from S. stoloniferum (Flis et al., 2005).  

Many studies reported that viral infections alter the metabolic activities of plant cells that imparts 
changes in chlorophyll, total sugars, phenolic compounds and nucleic acids etc. which are mainly 
related to the measure of vegetable crop losses (Khalil et al., 2014). These biochemical alterations 
impart the appearance of symptoms and severity of the disease is the measure of change in biochemical 
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profile of the viral infected plant (Devi and Radha, 2012). Sensitive potato cultivars develop symptoms 
upon infection with PVY, leading to great reduction in yield. The symptoms of virus infection seem to 
correlate with the presence of viral proteins inside the plastids. Deterioration of chloroplast 
ultrastructure, pigment composition can be attributed to the damage caused mostly to photosystem II 
(PSII) during virus infection (Reinero and Beachy, 1989; Nasr Eldin et al., 2018). Thus, the current 
investigation aims to evaluate the resistance of some potato cultivars against PVYNTN infection under 
open field condition. 
 
Materials and Methods 
 
Source of potato cultivars: 

The tuber seeds of 10 virus free potato cultivars (Diament, Cara, Annabell, Mondial, Bellini, 
Hermes, Spunta, Lady Rosetta, Panamera and Kastelli) were kindly obtained from Potato Browen Rot 
Project, Agricultural Research Center (ARC), Ministry of Agriculture and Reclamation, Giza, Egypt, 
that imported from The Center of Genetic Resources Netherland (CGN). The obtained potato cultivars 
were serologically examined by double antibody sandwich-enzyme linked immunosorbent assay (DAS-
ELISA) at serological Lab., Virus and Phytoplasma Research Dept., Plant Pathology Institute, (ARC), 
Giza, Egypt) against specific PVY, PVX, PLRV, PVS and PVM according to the method of Clark and 
Adams (1977). 

 
Source of PVYNTN isolate: 

The PVYNTN necrotic strain, infecting Datura metel L. was obtained from Virology Lab., Fac. of 
Agic., Ain Shams Univ., Cairo, Egypt (Mahfouze et al., 2012). The PVYNTN was sub-cultured and 
maintenance in healthy D. metel L. plants by mechanical inoculation (Nasr Eldin et al., 2018). 

 
Experimental design: 

The response of different 10 potato cultivars for the infection with PVYNTN was evaluated under 
the open field condition (farm of Virology Lab., Agric. Microbiol., Fac. of Agric., Ain Shams Univ., 
Cairo, Egypt) depending on the assaying of virus concentration and infectivity parameters, potato host 
morphological parameters, phyto-biochemical parameters and genetically molecular variation 
parameters. The obtained tuber seeds related to each potato cultivar were cultivated in individual lines 
as 2 line/each cultivar. (one line as positive infected PVYNTN and the other line as healthy control) and 
each line containing 7 tuber seeds as replicates during winter growing potato season 2017. Seven days 
after tubers germination, the leaves were lightly dusted with Carborandom (600 mesh) and rub-
inoculated with PVYNTN inoculum and the healthy control plants were inoculated with 0.1 M phosphate 
buffer, pH 7.2. The inoculated plants were rinsed with water and daily examined for external systemic 
symptoms appearing. After 90 days of cultivation, the plants were carefully taken off from the soil, then 
the tubers were harvested, washed and air dried for the following determinations. 
 
Evaluation of response parameters of the potato cultivars for PVYNTN infection:  
 
Determination of virus infectivity and disease severity: 

The reaction of different potato cultivars for PVYNTN infectivity was expressed as the percentage 
of plants which reacted visual external symptoms, 21 days post virus inoculation on each potato cultivar 
related to healthy ones. The progress of PVYNTN disease on different potato cultivars was evaluated 
depending on the virus symptomology by recording the development of external symptoms using the 
rating scale by Nasr Eldin et al., (2018) and the disease severity (DS) values were calculated using the 
equation according to Yang et al. (1996). 

 
Assessment of PVYNTN concentration: 

The DAS- ELISA was used to detect PVYNTN infection and assessment the virus concentration 
in the leaves of each potato cultivars. One gram of leaves was randomly collected related to the cultivar 
which obtained in several discs (5 cm in diameter) and serologically examined using the specific 
IgG/PVY according to Clark and Adams (1977), comparing with healthy ones and positive control. 
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Determination the effect of PVYNTN infection on potato cultivars yield growth parameters: 
The effect of PVYNTN infectivity on the yield growth parameters for different 10 potato cultivars 

was determined after 90 days from cultivation for fresh tuber yield including Mean No. of tubers/plant, 
Mean g fresh weight (FWt) (Kg)/50 No. of tubers and FWt (g)/1 tuber were measured from each potato 
cultivar line for both healthy and infected ones (A.O.A.C., 1990). 
 
Determination of total chlorophyll: 

The total chlorophyll was determined in fresh leaves of the potato cultivars after 21 days of virus 
inoculation using a digital chlorophyll meter, SPAD-502 and the result of total chlorophyll expressed 
in a percentage according to Badran (2015). 

 
Determination of peroxidase (POD) activity: 

Enzyme extract was prepared according to Maxwell and Bateman (1967) by grinding tissue in 
0.1 M sodium phosphate buffer, PH 7.1 (1:2, w/v) for 1 min at high speed homogenizer. The 
homogenized extract was filtered through 4 layers of cheese-cloth and the filtrates were centrifuged at 
1500 g for 20 min at 4 oC. The pellets were discarded and the clear supernatant fluids were used for the 
POD assay. The POD activity was assayed as U/1 g FWt as the amount of enzyme causing 1 O.D. 
change/min according to Megahed et al., (2019) by measuring the change in absorbance of enzyme to 
U.V. every 30 sec intervals at 470 nm due to the oxidation of guaiacol in the presence of hydrogen 
peroxide.  
 
Determination of total nitrogen and crud protein: 

 Total nitrogen was determined in dried potato leaves by applying the micro-kjekldahl method as 
described by Rowell (1994) using spectrophotometer at 280 nm and the results expressed as mg/1g dry 
weight (DWt), and a factor of 6.25 is used for determining total protein from total N (Jones et al., 1942).  

 
Determination of protein pattern by SDS-PAGE: 

One gram was taken from the leaves of each potato cultivar and ground with liquid nitrogen in a 
mortar and pestle for extraction the water soluble protein using 1 ml of water soluble extraction buffer 
(Tris-EDTA Buffer) and Tris-EDTA pH, 8.8 including 10% SDS for non-soluble extraction buffer 
according to Mahfouze (2003). The differentiation of protein pattern for different 10 potato cultivars 
resistant for PVYNTN infection was estimated by vertical electrophoresis using 12.5% SDS-PAGE 
(Laemmli, 1970). 

 
Molecular characterization of potato cultivars Ryadg resistant gene to PVYNTN: 
 
Amplification of Ryadg resistant gene:  

The total DNA was extracted individually from healthy 10 potato cultivars by the method 2% 
(w/v) hexadecyl trimethyl-ammonium bromide (CTAB) according to Wulff et al., (2002). 

Amplification reactions were used for Ryadg gene in a final volume of 25 μL containing: 2.5 
µL10x PCR buffer; 1.5 µL 50 mM MgCl2, 2.5 µL 2 mM dNTPs; 10 mM forward primer (5´ CTCCGG 
TGAATCAGGGATTA 3´); 0.5 µL 10 mM reverse primer (5´ TTGTGTCTAATTGCCGTGGA 3´) 
designed from The Ryadg gene is confers disease resistance PVY in S. tuberosum ssp. andigena 
accession No. AJ300266 that is available in NCBI GenBank database (Vidal et al., 2002); 2 µL50 ug 
DNA; 1 µL5 U Taq-  DNA polymerase; and 14.5 µL Deionized  H2O. The PCR reaction carried out in 
a DNA thermocycler (Biometra, biomedizinische Analytik GmbH) using the cycling program of: 1 
cycle of denaturation (94 O C for 4 min); 35 cycles of annealing (94 O C for 1 min, 55 O C for 1 min and 
72 O C for 1min) and1 cycle of elongation (72 O C for 5min). PCR product as 5 µL were analyzed on 1% 
agarose gel in TAE buffer at 120 volt .100bp sharp DNA ladder was used to determine the expected 
size of PCR product and the gel was stained with ethidium bromide according to Sambrook and Russel 
(2001) and visualized using gel-documentation system (Bio-Rad, GelDoc XR). 
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DNA sequencing of Ryadg resistant gene: 
DNA fragment of healthy potato cv. Lady Rosetta was purified from agarose gel using the gel 

slicing and melting method described by Wieslander (1979). The nucleotide sequence was determined 
using an automated DNA sequencer (ABI Prism 3730XL DNA Analyzer). The sequence data of 
multiple nucleotides was analyzed using DNAMAN program (DNAMAN V 5.2.9 package, Madison, 
Wisconsin, USA).  Phytogenetic relationship and antigenic index of with the available sequences were 
carried out using ClustalW (Ver.1.74) program (Thompson et al., 1994). 

 
Results 
 

The evaluation of resistance against PVYNTN infectivity in 10 potato cultivars under open field 
conditions was done through out the cultivation of tuber seeds, that used for current experiments. The 
results of serologically examination using polyclonal antibodies against PVY, PVX, PLRV, PVS and 
PVM by DAS-ELISA revealed that, all the tubers of potato cultivars are negatively reacted as virus 
free. 

 
Virus infectivity and DS%: 

The data represented in table (1) indicated that, the highly PVYNTN infectivity % was recorded as 
100% for potato cvs. Mondial, Spunta, and Panamera with susceptibility grade as very susceptible 
cultivars, on the other hand, the lowest % of infectivity as 30% with low susceptibility for cv. Hermes, 
and this cultivar reacted highly resistance for the virus infection with highly % of reduction (70%). 

For the virus DS%, the cvs. Spunta, Panamera reacted highly DS as 100%, while the lowest 
grade is 20% for cv. Lady Rosetta. Also, potato cvs. Diamant, Mondial and Kastelli induced the same 
DS% (25.7%) for PVYNTN infection. 

 
 Virus concentration: 

The data in table (1) showed the concentration of PVYNTN depending on DAS-ELISA results. The 
highly PVYNTN concentration was recorded as 1.36 on the leaf samples relative to cv. Panamera followed 
by 0.866 on cv. Cara, while the lowest concentrations were 0.320 and 0.394 for the assayed samples of 
cvs. Mondial and Kastelli, respectively.  
 
Table 1: The resistance of 10 potato cultivars against PVYNTN infection under open filed condition. 

Potato cultivars Infectivity % 
Reduction % of 

infectivity 
DS% 

PVYNTN 
conc. 

Susceptibility 
grade 

Diamant 40 60 25.7 0.405 **LS 
Cara 40 60 42.8 0.866 LS 
Annabelle 60 40 34.3 0.416 LS 
Mondial 100 0 25.7 0.320 *VS 
Bellini 60 40 27.7 0.410 LS 
Hermes 30 70 28.5 0.409 LS 
Spunta 100 0 100 0.736 VS 
Lady Rosetta 70 30 20 0.460 LS 
Panamera 100 0 100 1.36 VS 
Kastelli 40 60 25.7 0.394 LS 

*VS: Very susceptible.  **LS: Low susceptibility. 

 
Potato yield growth parameters: 

The presented data in table (2) showed the effect of PVYNTN infection on the yield growth 
parameters of different potato cultivars (mean No. of tubers/plant, mean FWt (Kg)/50 No. of tubers and 
FWt (g)/1 tuber). The PVYNTN infection for all potato cvs. caused non-significant increasing in the mean 
No. of tubers/plant comparing with healthy ones except the cvs. Diamant, Annabelle and Lady Rosetta, 
which the infection reduced No. of tubers/plant as 3.7, 5.8 and 3.8 relative to healthy 4.8, 6 and 4 
tubers/plant, respectively. 

For the mean FWt (Kg)/50 tubers and FWt (g)/1 tuber, the viral infection caused reduction of of 
these growth parameters in all potato cultivars comparing with the healthy lines. While, only one potato 
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Table 2: Effect of PVYNTN infection on potato cultivars yield and growth parameters. 
 

Potato cultivars 
Potato yield growth parameters 

Mean No. of 
tubers/plant 

% of reduction  
/increasing 

Mean FWt. (Kg) 
/50 tubers 

% of reduction 
/increasing 

FWt. (g)/1 
tuber 

% of reduction  
/ increasing 

Diamant 
Healthy 4.8 

22.9 
2.5 

20.0 
49.2 

17.5 
Infected 3.7 2.0 40.6 

Cara 
Healthy 3.8 

+ 24.0 
2.6 

23.1 
52.6 

23.9 
Infected 5 2.0 40 

Annabelle 
Healthy 6 

3.3 
2.2 

4.5 
43.2 

3.2 
Infected 5.8 2.1 41.8 

Mondial 
Healthy 2.4 

+ 36.8 
5.9 

38.9 
118.8 

39.9 
Infected 3.8 3.6 71.4 

Bellini 
Healthy 3.7 

+ 17.8 
4.3 

37.2 
86.8 

37.8 
Infected 4.5 2.7 54.0 

Hermes 
Healthy 2.4 

+ 20.0 
3.1 

6.5 
62.6 

4.8 
Infected 3 2.9 59.6 

Spunta 
Healthy 3 

+ 33.3 
5.0 

26.0 
100 

27.0 
Infected 4.5 3.7 73 

Lady Rosetta 
Healthy 4 

5.0 
3.6 

0.0 
71.4 

0.0 
Infected 3.8 3.6 71.4 

Panamera 
Healthy 3 

+ 6.25 
6.1 

37.7 
121.4 

37.6 
Infected 3.2 3.8 75.8 

Kastelli 
Healthy 4.8 

7.7 
2.9 

3.4 
58.6 

3.75 
Infected 5.2 2.8 56.4 

 

*+ = % of increasing 

% Reduction/ increasing = 
Healthy control-infected virus 

x 100 
Healthy control 
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cv. (Lady Rosetta) the both healthy and infected tubers have the same growth parameters 3.57 Kg/50 
tubers and 71.4 g of FWt/1 tuber as 0.0% of reduction. 

 The mean No. of tubers/plant increased in the infected plants than healthy ones in some cvs. 
Cara (24.0%), Mondial (36.8%), Bellini (17.8%), Hermes (20.0%), Spunta (33.3%), and Panamera 
(6.25%).Generally, the virus effected on the FWt (g)/1 tuber by decreasing in the infected potato plants 
in all cultivars more than healthy ones and the reduction % deficiency in cv. Mondial 39.9% followed 
by Bellini 37.8%, Panemera 37. 6%, Spunta 27%, Cara 23.95% and Diamond 17.5%. While the lowest 
reduction % were recorded in cvs. Lady Rosetta (0%), Annabelle (3.24%), Kastelli (3.76%) and and 
finally in Hermes (4.8%) (Table, 2). 
 
Total chlorophyll content: 

The data represented in fig. (1) show that, the total chlorophyll content in fresh potato leaf 
cultivars. The chlorophyll content % was decreased in infected leaves in all potato cultivars comparing 
with healthy ones because of PVYNTN infection, and the highly content was recorded in cv. Cara 
(26.7%), while the lowest content found in infected cv. Mondial (17.2%) comparing with the healthy 
controls. 

 
Fig. 1: Histogram showing the effect of PVYNTN infection on the total chlorophyll content of fresh 

leaves of potato cultivars. 
 
Peroxidase activity: 

The peroxidase activity was assayed to evaluate the resistance of potato cultivars to the infection 
of PVYNTN under open filed conditions as shown in fig. (2). The level of POD activity increased after 
PVYNTN infection in all potato cultivars compared with healthy ones. The highly POD activity was 
recorded on infected cv. Panamera as 306.9 U/1g FWt followed by 254.01 U/1g FWt in infected cv. 
Spunta, while the lowest activity was 42.9 U/1g FWt for infected cv. Mondial followed in cv. Diamant 
68.1 U/1g FWt.  

 
Total nitrogen and crud protein contents: 

The total nitrogen and crud protein contents were estimated in all potato cultivars relative to mg/g 
DWt of leaves (fig. 3). It was found as increasing of its levels for all infected plants for all cultivars 
except cvs. Mondial, Lady Rosetta, and Kastelli that reacted decreasing level in infected plants as 
(19.31, 44.08 and 38.70 mg total nitrogen /g DWt), (1.2072, 2.7552 and 2.4192 mg crude protein/g 
DWt) compared with healthy ones as (58.41, 52.77 and 70.29 mg total nitrogen/g DWt), (3.6512, 3.2984 
and 4.3932 mg crude protein/g DWt) Fig (3, A and B), respectively. 
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Fig. 2: Histogram showing the POD activity in 10 potato cultivars under PVYNTN infection 
 

 
Fig. 3: Histogram showing the effect of PVYNTN infection on total nitrogen mg/g DWt. (A) and crude 

protein content mg/g DWt. (B) of the 10 potato cultivars. 
 

Qualitatively determination of host proteins content by SDS-PAGE: 
The qualitative assaying of protein content for water soluble and non-soluble proteins was 

evaluated by SDS-PAGE pattern from healthy and PVYNTN infected 10 potato cultivars in represented 
profile, fig (4) with data analysis in table (3). The SDS-PAGE analysis revealed different development 
of protein bands ranged from 3 to 10 bands with highly variation in MWt from 5-245 KDa (fig., 4) 

There are 3 major effect categories due to the PVYNTN infection and resistance response among 
different potato cultivars which could summarized as the following: The PVYNTN infection induced 
increasing in protein bands in infected leaves compared with healthy ones in 5 potato cultivars as 2 
band (36 and 11 KDa) in cv. Diamant, 1 band (5 KDa) for cv. Cara, 2 new bands (135 and 35 KDa) for 
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Table 3: SDS-PAGE data analysis of healthy and PVYNTN infected of 10 potato cultivars under open field conditions. 
 

Band 
NO. 

MWt 
(KDa) 

Potato cultivars 

Diamante Cara Annabelle Mondial Bellini Hermes Spunta 
Lady 

Rosetta 
Panamera Kastelli 

H            I H     I H        I H        I H        I H      I H      I H        I H        I H        I 

1 245 -          - +      + +          + +        + +       - +       + +       + +       + +           + +          + 

2 180 -    - +       + +          + -         -            +       - +       + +       + +       + +           + -            - 

3 135     -          -                -       -    -           -            -          + - -              -          -         - -         - +        -           + - -             

4 100 +          - +     + +         + +          + +       - +        + +       - +      + +           + -          + 

5 75 +           + +     + +          + +          + +       + +        + +       + +       + +           + +         + 

6 63 - +          +     + +          + +          + +       + +        + +       + +       + +           + +         - 

7 35 +           + +     + - -             -          + +       + +        + +       + +       + +           + +         - 

8 17 - -           +     + +          + +          + +       + +        + +       + +       + +           + -        - 

9 11 - +          +     + +          + +          + +       + +        + +       + +       + +           + +        + 

10 5 - -           - -       +          + +          + +       + +        + +       + +       + +           + +        + 

Total     No. 3            5 8            9  8              8  7              9  9          6 9           9  9           8  9           10  9          10 6         5 
* +2 +1 0 +2 -3 0 -1 +1 +1 -2 

* Variation in total bands comparing with the control, H= Healthy (control), and I=Infected plant. 
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cv. Mondial and 1new band for both cvs. Lady Rosetta and Panamera with MWt. 135 KDa. While the 
PVYNTN infection reduced the development of common protein bands from healthy cultivars for 3 
potato cultivars. Three lyses of bands in cv. Bellini at MWt 245,180 and 100 KDa, 1 lysis band at MWt 
100 KDa for cv. Spunta and 2 lysis bands in cv. Kastelli at MWt 63 and 35 KDa; and the 3rd category 
is no changes in level of protein pattern before and after the PVYNTN infection for 2 potato cvs. 
Annabelle (8 bands) and Hermes (9 bands) (Table 3). 

On the other hand, for comparison among protein profile of 10 potato cultivars, there are 2 
polymorphism, the first is polymorphic bands in infected cvs. Mondial, Lady Rosetta and Panamera at 
band No. 3 with MWt 135 KDa, and the 2nd is monomorphic bands at band No. 5 with MWt 75 KDa in 
all healthy and infected potato cultivars. Otherwise, there are 2 bands reacted similar in appearance in 
or reducing in all potato cvs. at MWt (245 and 180 KDa). Finally, there are 8 newly protein bands, that 
considered as newly protein genetic markers (Table 3). 

 

 
 

Fig. 4: SDS-PAGE electrophoretic-gram protein fraction for 10 potato cultivars under PVYNTN 
infection. 

M= Protein marker, H= Healthy (control), and I=Infected plant. 
 
Molecular characterization of potato cultivars Ryadg resistant gene to PVYNTN infection: 
 
Amplification of Ryadg resistant gene: 

Ryadg resistant gene against PVYNTN infection was detected using PCR and the designed primers 
specific to Ryadg resistant gene from S. tubrosum subsp. andigena. Firstly, T-DNA was extracted from 
each healthy potato cvs. using CTAB method, and the yield of T-DNA was 100 µg/200 mg fresh tissue. 
Secondly, the PCR product after amplification protocol was analyzed in 1% agarose gel electrophoresis 
with expected amplicon size about 242 bp for only 7 healthy potato cvs. Diamant, Annabelle, Bellini, 
Hermes, Lady Rosetta, Panamera and Kastelli, while the negatively target gene was obsrved in 3 cvs. 
Cara, Mondial and Spunta, fig (5). 
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Fig. 5:  Electrograph showing 1% agarose gel electrophoresis of expected PCR products (~ 242 bp) 

specific for Ryadg resistant gene to PVYNTN in 10 potato cultivars.   
M= DNA ladder, 1= potato cv. Diamond, 2= cv. Cara, 3= cv. Annabelle, 4= cv.  Mondial, 5= cv. Bellini, 
6= cv. Hermes, 7= cv.  Spunta, 8= cv. Lady Rosetta, 9= cv.  Panamera, and 10= cv. Kastelli. 

 
Sequence of Ryadg resistant gene coding sequence: 

The partial nucleotide sequence of the Ryadg resistant gene was done for potato cv. Lady Rosetta 
as 241 nucleotides, and the nitrogen base consist of highly content of Thymine (T) as 72 (29.87%) 
followed by Adenine (A) as 66 (27.38%), Cytosine (C) 52 (21.57%) and then Guanine (G) 51 (21.16%) 
Fig (6). 
  
CTCCGGTGAATCAGGGATTATGCTCATTGGAAACTTTGAATCTCAGTTACTGCAATCTAAAAAATG
TAGGACTTCCGGAAGACATTGGAAGCTTATCCTCTTTGGAAGTGTTGAATCTCAGGGGAAATAATT
TTGAGCCTTTGCCTCAAAGCATACCCCGACTTTGTGCTCTTCAGTCCTTGGACTTATTAGATTGCA
AGAGTCTTACACAGCTGCCGGAATTTCCACGGCAATTAGACAC  

Fig. 6: The partial nucleotide sequence of Ryadg resistant gene from cv. Lady Rosetta.  
  
Alignment and similarity index of PVYNTN Ryadg resistant gene:  

The alignment of Ry- like gene in the GenBank using BLAST analysis revealed high degree 
similarity 94.61 % to one accession No. AJ300266.1 of Solanum tuberosum subsp. andigena Ry-1 gene 
for resistance gene-like, exons 1-6, splice variants C38 and C19 as shown in fig (7) and the phylogenetic 
tree reveals high degree of similarity fig (8) aligned with other published Ryadg resistant gene in 
GenBank. 

 
Fig. 7: Sequence alignment of the partial nucleotide sequence of Ryadg resistant gene of cv. Lady Rosetta 

with corresponding sequence of other Ry gene available in GenBank. 
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Fig. 8: Phylogenetic tree of nucleotide sequence alignment of Ryadg resistant gene of cv. Lady Rosetta 
with corresponding sequence of other Ry gene available in GenBank. 

 
Discussion 

In the current study, 10 potato cultivars were estimated their resistance ability against PVYNTN 

infection throughout their impact on potato growth parameters, physiological metabolism and molecular 
expression of resistance gene under open field conditions.  

The obtained results showed that the development of PVYNTN symptoms after 21 days of virus 
inoculation and potato cultivars were categorized according to % of infectivity and the degree of DS%. 
The highly susceptible cultivars are Mondial, Spunta and Panamera (100%), while the lowest ones are 
30% for cv. Hermes. On order to the highest DS% were recorded as 100% for potato cvs. Spunta and 
Panamera with susceptibility grade as very susceptible, when, the lowest DS% were found as 20% in 
potato cv. Lady Rosetta and this indicted its low susceptibility and highly resistance to PVYNTN 
infection comparing with non-infected plants (healthy) this would be consistent with the difference in 
resistance genes in different potato genotypes (Shrestha et al., 2014). On the other hand, the obtained 
results of PVYNTN concentration showed that, the lowest concentrations were o.320 and 0.394 on cvs. 
Mondial and Kastelli; respectively, these results matched with the obtained by Nasr-Eldin et al., (2018). 

In the present study, there were several measurements of potato growth parameter significantly 
differ from PVY-infected plants to control ones (healthy plants). According to the tuber numbers, the 
mean number of tubers increased in the infected plants than healthy ones in some cvs. Cara, Mondial, 
Bellini, Hermes, Spunta, Panamera and Kastelli, and this increase in the tuber number is non-significant, 
Perhaps because the infection stimulates the formation of tubers to keep plants on their species. 
Generally, the virus caused non-significant increasing on the weight of tuber with highly deficiency in 
the infected plants in all cultivars more than healthy ones except the ones which recorded decreasing in 
FWt in cvs. Diamant, annabelle and Lady Rosetta. The result was in agreement with that of (Kassim et 
al., 2014). Who found that any increasing or decreasing in the number and the weight of a tuber. Plant-

1 leads to increase or decrease the average productivity of the plant, respectively as well as 3.80, 0.80 
and 0.44 Kg tubers as the final productivity of healthy. The decrease in total chlorophyll contents 
coupled with lower carotenoids concentrations is resulted from the loss of defence mechanism of plants 
against oxidative stress caused by virus infection (Milosevic et al., 2011). (Anžlovar et al. 1996) and 
Mederos et al. (2009) confirmed that the most likely responsible for losses of tuber yield of potato were 
due to considerable loss on photosynthetic efficiency in the diseased plants because of large reduction 
of chlorophyll contents mainly Chl a and Chl b which are considered the primary photosynthetic 
pigments in higher order plants.  

The chlorophyll content % was decreased in infected leaves in all potato cultivars compared with 
healthy ones as a result of PVYNTN infection, and the highest reduction or decrease percentage was 
recorded in cv. Cara (26.7%). There was an agreement with Hooks et al. (2008) and Jakab-Ilyefalvi 
(2008). They found a significant difference in total chlorophyll content of different types of potato 
plants, similar results were obtained by Khalil et al. (2014); Shakeel et al. (2016) whos reported that 
appearance of systemic symptoms due to virus infection is accompanied with a decrease in 
photosynthesis. 

Our obtained results indicated that, the level of POD increased after the infection in all potato 
cvs.  compared with healthy ones. The highly increasing in the POD activity was recorded on infected 
cv. Panamera as 306.9 U/1g FWt, and the lowest one is 42.9 U/1g FWt for infected cv. Mondial. Similar 
results were obtained by (Milavec et al., 2008) who found that, in all cultivars, the activity of 
peroxidases increased; however, different peroxidase types were involved in the early response of each 
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cultivar. The type of peroxidase correlated, in part, with resistance in the formation of reactive oxygen 
species and H2O2, a key signaling molecule. A strong and immediate response to PVY infection at the 
level of change in peroxidase activity indicates their role in signaling through H2O2 formation. However, 
in different resistant cultivars time dependent activation of different peroxidases was observed, 
indicating different types or mechanisms of activation of the resistance.  

From the results the total nitrogen and crud protein contents, it was found as increasing of its 
levels for all infected plants for all cultivars except cvs. Mondial, Lady Rosetta, and Kastelli that reacted 
decreasing in infected plants as (19.31, 44.08 and 38.70 mg total nitrogen/g DWt), (1.2072, 2.7552 and 
2.4192 mg crude protein/g DWt). These obtained results are in accordance to Nasr Eldin et al., (2018) 
who found that, total nitrogen and protein contents were to PVYNTN infection in cvs. Lady Rosetta and 
Sanatana. This has negative effect on the physiological factors including the metabolic processes. 
Physiological disorders associated with low rate of photosynthesis lead to decrease the total chlorophyll 
content of infected vegetative parts of plants and this cause to reduce the productivity of infected plants 
(Chia and He, 1999 and Hook et al., 2008). 

One of the most important factors for the potato cultivars resistant against PVYNTN infection are 
due to of their soluble and non-soluble proteins pattern using SDS-PAGE, which inducing newly protein 
bands. These results revealed developed 8 new protein bands that are considering as newly genetic 
resistance marker. The results are agreed with Gruden et al., (2000) who observed several new proteins 
appeared and some protein breakdown in potato leaves after infection with PVY. 

For molecular evaluation of the resistance in different 10 potato cultivars throughout detection 
the presence of Ryadg resistance gene against the infection of PVYNTN. This target gene was detected 
using PCR and the expected amplicon are about 242 bp with the partial nucleotide sequence 241 
nucleotides cv. Lady Rosetta in 7 out of 10 potato cultivars except cvs. Cara, Mondial and Spunta, 
which did not have this target resistance gene. The genetic and molecular analyses have demonstrated 
that, may many resistance genes are cluster in the genomic of different potato species (Marano et al., 
2002). 
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