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ABSTRACT 
 

An isolate of potato virus Y (PVY) was obtained from naturally infected potato plants, showing 
mosaic, yellowing and vein necrosis symptoms, grown in Al Nubaria region, El Behaira governorate. 
The identification was based on the symptoms developed on diagnostic hosts and serological reactions 
with antisera to PVY, AMV and PLRV. PVY isolate was transmitted by Aphis faba and aphis nerii in 
non-persistent manner. The virus was purified by PEG and high speed centrifugation. The purified 
virus had an ultraviolet absorption spectrum typical of a nucleoprotein with A260/280 and A280/260 
being 1.78 and 0.55 respectively.  Yield of purified virus was 4.8mg/100g infected leaf tissues. 
Specific antiserum was prepared and found to have a titer of 1:32,000 as determined by indirect 
ELISA.  Electron microscopy of purified preparation showed flexuous filaments particles with model 
length of 730 nm.  
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Introduction 
 

Potato (Solanum tuberosum L.) is an important economic crop infected with potato viruses 
usually causing severe economic damage affecting seed quality and trade. Potato virus Y (PVY) is 
one of the most important plant viruses affecting potato production. It is distributed worldwide in 
potato growing areas (Karasev and Gray, 2013). In Egypt, PVY is widely spread and isolated from 
potato plants (Allam et al., 1973, Omar et al., 1973, Al-Nagar, 2007 and Mansour et al., 2008). Potato 
plants exhibiting mosaic and vein necrosis symptoms were observed in Al Nubaria region, El Behaira 
governorate. The objective of this work was aimed to detect and isolate PVY infecting potato. As well 
as biological and serological characterization of PVY isolate.  
 
Materials and Methods 
 

Leaf samples from Potato plants exhibiting mosaic and vein necrosis symptoms (Fig.1) were 
observed in Al Nubaria region, El Behaira governorate. Inoculum was prepared by grinding infected 
potato leaf tissues in a mortar and pestle with a small amount of 0.1 M phosphate buffer (pH 7). 
Leaves of healthy Nicotiana glutinosa plants in seedling stage were first dusted with carborundum 
(600 meshes) and then inoculated with a freshly prepared inoculum using forefinger method.  
Inoculated plants were rinsed with tap water shortly after inoculation and kept in insect proof 
greenhouse conditions for symptoms development. The isolated virus was maintained in Nicotiana 
glutinosa plants for virus propagation and served as a source of the virus for subsequent studies. 
 
Diagnostic hosts  
 

The following diagnostic hosts; Chenopodium amaranticolor, Datura metal, Nicotiana 
glutinosa, Nicotiana repanda and Solanum nigrum known to give characteristic symptoms for PVY as 
recorded by Fribourg and Nakashima (1984) were used for tentative identification of the isolated 
virus. Five seedlings of each tested plant species were mechanically inoculated with PVY isolate and 
kept under greenhouse conditions. Plants were examined daily for four weeks for symptoms 
expression. 
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Fig. 1: Mosaic symptom on potato plants naturally infected with PVY 

 
Serological reaction: 
 
a) Source of antisera: 
 

Antisera to potato virus Y (PVY), alfalfa mosaic virus (AMV) potato leaf roll virus (PFRV) and 
Potato virus X (PVX) supplied by Bioreba  (Switzerland) were used.  
 
b) Indirect ELISA: 
 

Indirect ELISA was carried out as described by Fegla et al. (1997), extracts from infected and 
healthy potato plants were diluted with coating buffer (0.05 M carbonate, pH 9.6) to 1:10.  Wells were 
coated with antigens by adding 100 l of to the bottom of the well and incubated for 3 hours at 37C 
or overnight at 4C. The plates were rinsed three times by flooding wells with PBST for 3 minutes 
each. Antisera requiring cross-adsorption were diluted 1:500 with filtered extract from healthy tissues 
diluted 1:20 in serum buffer (PBS-Tween 20 containing 2% soluble polyvinylpyrrolidone, 0.2% 
BSA), and incubated for 45 min. at 37C. The precipitate, which had formed, was removed by 
centrifugation for 10 min. at 5000 rpm. 100 l aliquots from the diluted antisera were added to each 
well, after which the plates were incubated at 37C for 2 hours or at 4C overnight, then washed as 
before. Goat anti-rabbit gamma globulin conjugated to alkaline phosphatase was diluted 1:1500 in 
serum buffer, and 100 l were added to each well, followed by one hour incubation at 37C then 
washed as before. 100 l of the enzyme substrate, 1 mg/ml paranitrophenyl phosphate in 10% 
diethanolamine buffer, pH 9.8 were added to each well and incubated at room temperature (25C) for 
about 30 minutes. The enzyme activity was stopped by adding 50 l of 3 M NaOH. The ELISA 
values measured by sunrise ELISA reader were expressed as absorbency at 405 nm and absorbency 
values of at least double that of the healthy control were considered positive. 

 
Aphid transmission: 
 

For aphid transmission non viruliferous apterous forms of two species of aphids; Aphis faba 
and A. nerii were starved for one hour in Petri dishes before they were allowed access probes of 3-5 
min on infected Nicotiana glotinosa attached leaves.  Aphids were transferred in groups of five to 
each of 10 healthy N. glutinosa plants and allowed an inoculation period of 10 min. before they were 
killed by spraying by an insecticide.  Inoculated plants were kept under greenhouse conditions and 
symptoms were observed for one month. 
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Purification: 
 

PVY was purified from systemically infected N. glutinosa plants according to a method of 
Azzam and Makkouk, (1986) with slight modification. One hundred grams of frozen systemically 
infected N. glutinosa leaves were collected 16–20 days after inoculation and homogenized with a 
double amount of an extraction buffer (0.5M cold sodium citrate buffer pH 7.5 + 0.01 M disodium 
EDTA + 0.002M Na2SO3 +  0.01 M diethyl dithiocarbonate (DIECA) and homogenized in a blender. 
The homogenate was filtered through 3 layers of cheesecloth, then 3% triton-X 100 was added (V/V).  
To the homogenate, a mixture of 25% chloroform and 25% carbon tetrachloride (V/V) was added 
slowly and stirred for 30 min. followed by low speed centrifugation (8000 rpm/20 min.) To the 
aqueous phase, 8% polyethyleneglycol (PEG) (mol. Wt. 6000) and 3% NaCl (W/V) were added and 
stirred for one hour at 40C and subjected to 10000 rpm/15 min. centrifugation using Beckman J-21 
centrifuge and type JA-14 rotor. The pellets were suspended in 0.05 M sodium citrate buffer, pH 7.5 
and left over night at 40C with occasional stirring. The resuspended pellet was centrifuged at 20000 
rpm for 2 hours. The obtained pellets were resuspended in 0.05 M sodium citrate buffer pH 7.5 and 
centrifuged at 12000 rpm/10 min., discard pellet and get partially purified virus. Virus presence was 
checked biologically by inoculating of Chenopodium amaranticolor. U.V. absorption spectrum of the 
purified virus at a range of wave length 230 - 320 nm with 10 nm interval was recorded 
spectrophotometrically using ultra violet spectrophotometer Jonway 6405 UV/VIS spectrophotometer 
A260/280, A280/260 and Amax/Amin as well as virus concentration were estimated. Virus 
concentration was calculated by assuming an extinction coefficient E260

0.1% of 2.4 at 260 nm 
(Noordam, 1973). 
 
Antiserum production for PVY 
 

An antiserum against PVY was prepared according to the schedule given by Azzam and 
Makkouk (1986) and Younes (2003). Two white New Zealand rabbits were immunized with purified 
virus preparation, four intramuscular injections of 1.2 mg virus emulsified with an equal volume of 
Freund's adjuvant (Difco Lab, U. S. A.) Complete adjuvant was used in the first injection and 
incomplete adjuvant thereafter. Bleedings were made from marginal ear veins 1 wk after the final 
injection for immune serum and the blood was left for 2 hr at room temperature to clot, and then 
stored in refrigerator overnight. The separated antiserum was clarified by centrifugation at 5000 g/30 
min, divided in aliquots and kept frozen until needed for different serological tests. Antiserum titer 
was determined using indirect ELISA as described by Fegla et al. (1997). Extracts from infected and 
healthy N. glutinosa plants were diluted with coating buffer to 1: 10. Serial dilutions of double fold up 
to 1:64000 of antiserum from cross–adsorption with filtered extracts from healthy tissues diluted 1:20 
in serum buffer were used (Nerway and Kassim, 2014). 

 
Transmission electron microscope 
 

Formavar-coated nickel grids were floated on drops of purified virus preparations for 5 mins. 
After a rinse with distilled water, the grids were stained with 2% phosphotungestic acid, pH7 and 
viewed with JEM-1400TEM –Japan (Younes, 1995). 
 
Results 
 
Reactions of diagnostic hosts 
 

Diagnostic hosts reacted with symptoms similar to those produced by PVY.  The virus induced 
mosaic on N. glutinosa (Fig. 2a), mosaic and blasters on N. repanada (Fig. 2b) and mosaic and leaf 
deformation on Darura metal (Fig. 2c) and chlorotic local lesions without systemic spread on 
Chenopodium amaranticolor (Fig. 2d). 
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Fig. 2: Symptoms of PVY: mosaic on N. glutinosa (a), mosaic and blasters on N. repanada chlorotic 

(b), mosai and leaf deformation on D. metal (d) and local lesions without systemic spread on 
Chenopodium amaranticolor (c) 

 
Serological reaction  
 

PVY antiserum positively reacted with the isolated virus when used at a dilution of 1: 500 in 
indirect ELISA. No reaction was observed with AMV, PLRV and PVX antisera. 

 
Table 1: Reaction of infected potato leaf extract against antisera to PVY, AMV, PLRV and PVX as 

determined by indirect ELISA. 
Potato leaf extract Absorbance value at 405 

 PVY AMV PLRV PVX 
I 1.169 0.053 0.204 0.083 
H 0.195 0.069 0.174 0.087 

H= healthy                       I= infected 

 
Aphid transmission  
 

The virus was transmitted non-persistently by Aphis faba and Aphis nerii with average 
transmission rate of 66.6% and 33.3% respectively when 10 viruliferous aphids were used on each test 
plant.  
 
Table 2: Transmission of PVY by aphid species 

 
Aphis species 

Transmission 

Rate* % 
Aphis faba 8/12 66.6 

A. nerii 4/12 33.3 

* No. of infected plants/No. of tested plants. 10 aphids per plant were used 
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Photometrical characters and yield of the purified PVY virus 
 

The PVY isolate was purified by centrifugation and PEG. The U.V. absorption spectrum of the 
purified virus preparation revealed typical spectrum of nucleoprotein (Fig. 3) the ratio of A260/280 
and A280/260 (uncorrected for light scatteri.ng) were 1.78 and 0.55 respectively, whereas the ratio of 
Amax/min was 1.09. The yield of the purified virus was about 4.8mg/100g fresh weight of Nicotiana 
glutinosa  leaves. 

   

 
Fig. 3: Ultra violet absorption of PVY purified from N. glutinosa 
 

Production of PVY antiserum: 

An antiserum against PVY isolate was produced according to Younes, (2003). Antiserum titer 
was determined by indirect ELISA. Positive ELISA values were obtained up to dilutions of 
1:32000and not with 1:64000.  
 
Table 3: Indirect ELISA absorbance values (E 405 nm) of extract of PVY infected N. glutinosa plants 

in various dilutions of PVY antiserum*    
 Antiserum dilution Infected Healthy 

1:5x102 3.482 1.312 
1: 103 2.857 1.054 
1:2x103 2.650 0.864 
1:4x103 2.383 0.736 
1:8x103 1.830 0.628 
1:1.6x104 1.414 0.548 
1:3.2x104 0.966 0.475 
1:6.4x104 0.699 0.470 

*The experiment was repeated twice and indirect absorbance values at 405 nm are average of two replicates each. 
*Absorbance value of at least double that of the healthy control were considered positive.   

 
Electron microscopy 
 

Transmission electron microscope examination of partially purified preparation from infected 
Nicotiana glutinosa  leaves negatively stained with phosphotungistic acid revealed the rod flexible 
(helical symmetry) particles of PVY with 730 nm (Fig. 4) 
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Fig. 4: Electron micrograph showing rod flexible particles (helical symmetry) of PVY isolate 

negatively stained with 2% phosphotungistic acid with magnification power 40000x 

 
Discussion 
 

On the basis of symptoms developed on diagnostic hosts and serological reactions with antisera 
to PVY, AMV, PLRV and PVX, using indirect ELISA, the virus isolated from naturally infected 
potato plants, grown in Al Nubaria region, El Behaira governorate, with mosaic symptom, was 
identified as PVY. In Egypt, PVY was isolated from naturally infected potato plants (Omar et al., 
1973, Mansour et al., 2008, El-Borollosy, 2015, Abd El-Aziz, 2000 and Zaied, 2013).  PVY was 
readily sap transmissible to a limited range of hosts; these results are in harmony with the finding of 
El-Borollosy, (2015). Datura stramonium reacted negativily with PVY isolated from potato, the same 
results were found by (Zaied, 2013 and Abdel-Shafi et al., 2017). Obtained results indicated that, 
PVY isolate was transmitted non-persistently by Aphis fabe and Aphis nerii, and these results are in 
agreement with the findings of Abd El-Aziz (2000) and Zaied (2013). The purification of the isolated 
virus was carried out to determine the photometrical characters of the purified virus and to prepare 
specific antiserum. The yield of the virus as well as its specific photometrical data such as A260/280 
and A 280/260 fall in the range reported for PVY (El-Borollosy, 2015 and Nerway and Kassim, 
2014), however,  the slight differences in absorbance ratios as well as yield of the virus of ours and 
theirs may be attributed to the method used in purification as precipitation by PEG and omission of 
final step for further purification such as ultracentrifugation or density gradient centrifugation (Azzam 
and Makkouk, 1986 and Abdel-Shafi et al., 2017).  Virus particles are long, flexuous, non-enveloped 
filaments, with a clear modal length of 730 nm in purified virus preparations as found by McDonald 
and Kristjansson (1993). The injected rabbit with purified PVY was bleed 7 days after final injection 
as the method was described by (Kassim and Ali, 2004) 
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