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ABSTRACT

Field observations indicated that the most common
symptoms appearing on naturally infected potato plants
growing in El-Beheira, Dakahlia, and Kafr EI-Sheikh
governorates of Egypt were mild to severe mosaic,
chlorosis, mottling, vein banding, blisters, and/or stunting.
These symptoms were suspected of being caused by Potato
virus Y (PVY) and detected by reverse transcription
quantitative polymerase chain reaction (RT-gPCR). The
tested specimens demonstrated single RT-gPCR
amplification product of 480bp long using a specific pair of
primers for PVY coat protein gene. Indirect ELISA using
antisera specific to PVY, PVX, PVM and PVS gave
positive reaction with PVY antiserum. Based on
symptomology and disease severity on Nicotiana glutinosa,
three isolates of PVY were obtained and named PVY-
Badr, PVY-Wadi (from EIl-Beheira) and PVY-Talkha
(from Dakabhlia) then subjected to this study. Reaction of
several diagnostic hosts of seven species belonging to two
families; Amaranthaceae and Solanaceae upon inoculation
with the three isolates elicited different symptoms
distinctive to PVY-infection. PVY-Badr and PVY-Talkha
isolates developed, respectively, mild to moderate
symptoms, while PVY-Wadi isolate induced sever
symptoms. The amplified RT-gPCR product of coat
protein gene of isolates PVY-Badr and PVY-Wadi were
purified and sequenced. The sequences were edited using
Chromas Pro. Version 1.34 software and compared with
previously subgrouping of 25 virus isolates retrieved from
the GenBank database. Alignment of partial sequence and
phylogenetic analysis revealed that PVY-Badr closely
related to PVYN™N strain, Ireland isolate with similarity
percentage of 99.76%, and similarity percentage of
99.42% was scored between PVY-Wadi and PVY-Wilga
strain, China isolate.

Keywords: PVY, RT-qPCR, Indirect ELISA,
Diagnostic hosts, Phylogenetic analysis.

INTRODUCTION

Potato (Solanum tuberosum L.) is the third staple
food crop in the world and the world’s most widely
grown tuber crop ranking fourth after rice, wheat and
maize (Abbas et al, 2016 and Tussipkan &
Manabayeva, 2021). Potato is considered one of the
most economically important solanaceous crops
cultivated in different regions in Egypt and one of the
most important crops grown for local consumption,
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export and processing. In most recent years, the EU
has accounted for about 70% - 90% of Egyptian
potato exports (FAO, 2020).

Potato plants are affected with more than 40
different viral diseases, including those caused by
Potato virus X (PVX), Potato virus Y (PVY), Potato
leaf roll virus (PLRV) which are known to cause
severe damages to potato (Biswas et al., 2005; Abbas
et al., 2014 and Deloko et al., 2021).

Potato Virus Y (PVY) is the type species of the
genus Potyvirus, one of the six genera in the
family Potyviridae (Kerlan & Moury, 2008 and
Samarskaya et al., 2023). The virus is one of the most
important viruses which influences the quantity and
quality of potato production causing substantial losses
to farmers (Hall et al., 1998; Schubert et al., 2007 and
Samarskaya et al., 2023). It is one of the most
widespread viruses infecting a large number of
important agricultural members of family Solanaceae
including potato, tobacco, and pepper (De Bokx &
Huttinga, 1981; Shukla et al., 1994 and Abbas et al.,
2014).

Al-Kuwaiti et al. (2016) reported that PVY is a
highly variable plant virus as it includes many strains,
three of which, namely PVY® (Ordinary strain),
PVYN (Necrosis strain) and PVYC (PVC strain) are
identified based on their biological properties (Singh
et al., 2008). Other strains of PVY, namely PVYNTN
(Necrotic Tuber Necrosis strain), PVYN-© (Necrosis:
Ordinary strain) (Chikh-Ali et al., 2011) and PVYNTN-
NW (Necrotic Tuber Necrosis -Necrosis Wilga strain)
do exist.

The objectives of the present research were to
isolate and characterise the virus isolates based on
molecular  (reverse  transcription  quantitative
polymerase chain reaction, RT-qPCR), serological
(indirect ELISA with potato viruses’ specific
antisera), and pathological (the symptoms elicited on
diagnostic hosts) techniques, also, alignment of coat
protein gene nucleotide sequence and analysis of
phylogenetic relationship.


mailto:mahakawanna@yahoo.com
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/potato-virus-x
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/potato-virus-y
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/potato-leafroll-virus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/potato-leafroll-virus
https://www.sciencedirect.com/topics/immunology-and-microbiology/potyvirus
https://www.sciencedirect.com/topics/immunology-and-microbiology/potyviridae

440 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 45, No.3 JULY- SEPTEMBER 2024

MATERIALS AND METHODS

Virus isolation and detection:

Samples suspected of being infected with Potato Y
virus (PVY) were collected separately in plastic bags
from naturally diseased potato plants grown at different
locations, from three governorates of Egypt (Markaz
Badr, Modereiat El-Tahrir) and Wadi EI-Natrun, El-
Beheira; EI-Senbellawein 1, El-Senbellawein 2 and
Talkha, Dakahlia; Baltim 1, Baltim 2, Biyala and El-
Hamoul, Kafr EI-Sheikh). Nicotiana glutinosa seedlings
were used for biological detection of PVY in collected
specimens.

Specimens that reacted positively with Nicotiana
glutinosa were labeled and separated into two plastic
bags. The first portion of each specimen was kept frozen
at -20° C, while the other portion was later subjected to
PVY detection using reverse transcription-quantitative
polymerase chain reaction (RT-qPCR), indirect ELISA
testing and pathological characterisation on diagnostic
hosts.

Inoculation,
maintenance:

PVY isolates were maintained on N. glutinosa which
served as a source of the virus for subsequent studies.
Source of inoculum was always renewed by inoculating
a new patch of healthy plants. Isolates of PVY used in
this study were biologically purified by inoculating
Datura. stramonium.

Detection by reverse transcription-quantitative
polymerase chain reaction (RT-qPCR):

RNA extraction:

Total RNA was extracted from 100mg (fresh
weight) of nine samples of PVY-infected N.
glutinosa leaves as well as an equal quantity of healthy
plant as control using 1QeasyTM Plus Plant RNA
Extraction Mini Kit (iNtRON Biotechnology, Inc). The
RNAs pellet were eluted using 50 pl of elution buffer
(RE) followed by centrifugation at 10,000 xg for 1 min.
The extracted RNA was collected and kept at —20 °C for
further studies.

Primer design:

A pair of specific primers for PVY coat protein
region of the virus genome capable of generating an
amplification fragment with the expected length of 480
bp were used: A forward primer, 5'-
ACGTCCAAAATGAGAATGCC-3" and a reverse
primer 5-TGGTGTTCGTGATGTGACCT-3' (Verma
et al., 2003; Mackenzie et al., 2015 and Khelifa, 2019).
Primers were synthesised by Invitrogen, Thermo Fisher
Scientific, Waltham, Massachusetts.

biological purification, and

Reverse transcription quantitative polymerase
chain reaction (RT-qPCR):

Total RNA was used for complementary DNA
(cDNA) synthesis and DNA amplification using
Rotor-Gene Q (QIGEN, Company). The Coat protein
(CP) gene of PVY was amplified using one step RT-
gPCR kit (TOPreal™ One-step RT-qgPCR Kit,
SYBER Green with Lo-ROX) Enzynomics co. Ltd,
Korea, according to manufacturer instructions.

The reaction mixture for cDNA synthesis was
carried out in 20 pL total volume containing: 2 pl of
RNA template (about 50 ng), 1 pl TOPreal™ One-
step RT-gPCR Enzyme MIX, 10 pul of
2XTOPreal™One-step RT-gPCR Reaction MIX, 1 pl
of each primer and the volume was completed with 5
pl of sterile distilled water (RNase free). The RT
mixture was set up on ice, then vortexed for few
seconds and transferred to a RT-gPCR machine. The
reaction conditions were set up according to the
manual of RT-gPCR One-step Kit as following: one
cycle of 50°C for 30 min as reverse transcription, one
cycle of 95°C for 10 min as polymerase activation, 40
cycles of 95°C for 5 sec (denaturation), 60°C for 45
sec (annealing) and a final extension cycle at 72°C for
45 sec.

Polymerase chain reaction:

The obtained amplification product (amplicon)
was reamplified by the conventional PCR to obtain a
high yield of cDNA from five samples that reacted
positively using RT-gPCR, which was selected based
on different locations to be sufficient for completion
of the further molecular experiments using Master
Mix (OnePCR™ Ultra, GeneDirex®) containing Tag
DNA Polymerase, DNA Polymerase Buffer, gel
loading dyes, and dNTPs), using the same primers.
PCR reaction was carried out using a thermal cycler
(Primus 25 Advanced®, Peglab Company) in 25 pL
mixture containing: 2 pl of cDNA (template), 12.5 pl
of Master Mix (OnePCR™ Ultra, GeneDireX®), 0.5
pl of each primer, and 9.5 pl of sterile nuclease -free
distilled water. The PCR reaction conditions were as
follows: one cycle of 90°C for 45 sec as initial
denaturation, 40 cycles of 94°C for 45 sec
(denaturation), 60°C for 45 sec (annealing), 72°C for
1 min and a final extension cycle at 71°C for 10 min.
The PCR products were separated in agarose gel
(1.5%), stained with RedSafe™. Electrophoresis was
carried out at 130 volts (Cleaver Scientific Itd) for 20
minutes. DNA bands were visualised on a UV-
transilluminator.

Serological detection by indirect ELISA:

Naturally infected samples that reacted positively
with N. glutinosa and tested with the RT-gPCR
reaction and suspected of being infected with PVY
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were used for serological detection by indirect ELISA
using specific polyclonal antisera to each of Potato
virus M (PVM), Potato virus S (PVS), Potato virus X
(PVX) and Potato virus Y (PVY). Antisera were
obtained from the collection of Virology lab. Plant
Pathology Dept., Faculty of Agriculture, Alexandria
University, Egypt.

Indirect ELISA first reported by Koenig (1981) with
some modifications, applied by Zalat (2017) was used
for wvirus detection. ELISA values measured by
Universal automated microplate reader ELx 800 and
readings were expressed as absorbance at 405 nm.
Readings representing tested samples were considered
significant if their corresponding absorbance exceeded
twice that of the healthy control. In each set of test,
wells lacking antigen (i.e. coating buffer only) were
included as a blank.

Reaction of diagnostic hosts:

Seven plant species, belonging to two families,
namely Amaranthaceae and Solanaceae were inoculated
with the test PVY isolates from potato (Markaz Badr
and Wadi EI-Natrun, EIl-Beheira and Talkha, EI-
Dakahlia).

Tissues harboring suspected viruses were inoculated
on diagnostic hosts including Capsicum annum,
Chenopodium amaranticolor, C. quinoa, Datura metel,
D. stramonium, Nicotiana glutinosa and Solanum
lycopersicum. These diagnostic hosts are known to give
characteristic symptoms for PVY (d'Aquino et al., 1995;
Fletcher, 2001; Zaied, 2013 and Abdel-Shafi et al.,
2017). Five seedlings of each plant species or cultivar to
be tested were used for mechanical inoculation with
each PVY isolate. Plants to be inoculated were used at
the age of 2-4 leaf stage except those of Solanum
tuberosum which were inoculated at the basal leaf. The
inoculation technique was carried out as described
elsewhere (Dusi et al., 2001 and Wagih et al., 2021).
Inoculated plants were kept under glasshouse conditions
at 25-28 °C and monitored daily for symptom
development.

Molecular studies:

Sequence analysis of PVY (Badr and Wadi El-
Natrun) CP gene:

The protein coat gene of the two PVY isolates were
PCR amplified, and the PCR product was purified using
QlAquick PCR purification kit (Qiagne Inc.,
Mississauga, Ontario, Canada), subjected to sequencing
using BigDye Terminator v3.1 Cycle Sequencing Kit's
(Thermo Fisher Scientific, Waltham, Massachusetts)
then resolved on an ABI PRISM® 3700 Genetic
Analyser at Sigma Scientific Services Company. DNA
sequencing was carried out in one direction using the
purified PCR product. The sequence was edited using
Chromas Pro Version 1.34 software (El-Absawy et al.,

2012). The isolates were compared with the
previously described sequences in the NCBI database
using the BLAST program.

Sequence alignment and phylogenetic analysis:

Pairwise and multiple DNA sequence alignment
were carried out using Clustal X multiple sequence
alignment program version 2 (Edgar, 2004 and Larkin
et al., 2007). Bootstrap maximum likelihood tree was
generated using MEGA program version 11 (Visser et
al., 2012 and Green et al., 2017).

Sequences of Markaz Badr (accession No.,
MT242381) and Wadi EI-Natrun (accession No.,
MT561046) had been submitted to GenBank Database
and then compared with the complete genome
sequences of 25 PVY strains which have been
classified according to genetic variation as follows:
Common strain (PVY®), ordinary strain (PVY9),
necrosis strain  (PVYWN), necrotic tuber necrosis
(PVYN™) and wilga strain (PVYW) (Green et al.,
2017 and Wani et al., 2021). The similarity among
strains and our isolates was calculated using the
Superimposed Image Analysis System (SIAS)
software program by pairwise method
(http://imed.med.ucm.es/Tools/sias.html).

RESULTS AND DISCUSSION

Symptomology and virus detection of naturally
infected plants:

The naturally infected potato plants showed
symptoms including faint mosaic, severe mosaic,
mottling, yellowing of intercostal areas, vein banding,
blisters, malformation and stunting, suspected of
being potato virus Y (PVY) symptoms. These
symptoms were observed on naturally infected potato
plants at nine locations within three governorates
(Markaz Badr (Modriat El-Tahrir) and Wadi El-
Natrun, El-Beheira; El-Senbellawein 1, El-
Senbellawein 2 and Talkha, Dakahlia; Baltim 1,
Baltim 2, Biyala, and El-Hamoul, Kafr EI-Sheikh).
The viral causative agent of the naturally observed
symptoms on potato plants and suspected of being
PVY was identified based on molecular (reverse
transcription-quantitative polymerase chain reaction,
RT-gPCR), serological (indirect ELISA with potato
viruses-specific antisera), and pathological (the
symptoms elicited on diagnostic hosts) techniques.

Detection of PVY by reverse transcription-
quantitative polymerase chain reaction (RT-
gPCR):

RT-qPCR was performed on the total RNA
extracted from N. glutinosa leaf samples separately
infected with nine PVY isolates using a pair of
sequence-specific primers within the coat protein
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gene. Analysis of the RT-qPCR results indicated that 1.5% agarose gel electrophoresis (Fig. 2). Using the
positive reaction was obtained with seven samples conventional PCR, the amplicon lengths,
(Baltim2, Biyala, EI-Hamol, El-Senbellaweinl, Markaz approximately 480 bp of PVY isolates, obtained from
Badr, Talkha, and Wadi El-Natrun), while only two RT-qPCR were detected (Fig. 3). This finding is
samples (Baltiml and EIl-Senbellawein 2) proved to be supported by a similar result previously obtained by
negative along with healthy mock-inoculated control Almasi & Dehabadi, (2013) and Villamil-Garzo6n et
plants, as evidenced by amplification of the target al. (2014). Five of the nine isolates suspected of being
sequence as compared to mock-inoculated healthy plant PVY, were selected based on one isolate for each
(Green-A) and melting curves (Fig. 1). Analysis of the location to be amplified by conventional PCR and
RT-gPCR amplification product was carried out by used throughout this study.
A

Fluorescence
()

Markaz Badr El-Senbellawein2
Wadi El-natrun Baltim1

El-Hamol Baltim2

Talkha Biyala
El-Senbellaweinl _ RNA (healthy plant)

Figure 1. Standardization of the reverse transcription-quantitative polymerase chain reaction (RT-gPCR) for
the detection of potato virus y, showing positive reaction with seven PVY isolates and negative reaction with
healthy plant RNA. “A”, Amplification (Green A) and “B” Melting curves.
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Figure 2. Agarose (1.5%) gel electrophoresis showing amplification products of reverse transcription-
guantitative polymerase chain reaction (RT-gPCR) with a molecular length of 480 bp, when the RT-PCR
analysis with a pair of coat protein sequence-specific primers was performed on the total RNA extracted from
N. glutinosa leaf tissues individually infected with PVY isolates collected from Baltim (1, 2), Biyala, EI-Hamoul,
El-Senbellawein (1, 2), Markaz Badr, Talkha, Wadi EI-Natrun) which gave a positive reaction (Lane 1 to 7),
whereas healthy plants gave negative reaction (Lane 10). Gel was stained with RedSafe irradiation dye and
bands visualised by ultraviolet irradiation. Left Lane (M) is a 3 Kbp DNA marker ladder.

Figure 3. Agarose (1.5%) gel electrophoresis showing the re-amplification product of polymerase chain
reaction (PCR) with a molecular length of 480 bp for five different PVY isolates (Baltim 2, EI-Hamoul, Markaz
Badr, Talkha, and Wadi EI-Natrun) which gave a positive reaction (Lane 1 to lane 5), and a negative reaction
with healthy control leaves (Lane 6), when the traditional PCR analysis with a pair of coat protein sequence-
specific primers was conducted on the cDNA product of the reverse transcription-quantitative polymerase
chain reaction (RT-gPCR). Gel was stained with RedSafe dye and bands visualised under ultraviolet
radiations. Left Lane (M) is a 3 kbp DNA marker ladder.
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Although the detection of the possible variation
among PVY isolates was the objective of several other
investigations (Kerlan, 2006 and Elbeshehy et al.,
2023), it was necessary to through further light in this
study on the variability of this virus as to disease
severity. The results obtained here widen this variability
as evidenced by symptomology, reaction of diagnostic
hosts,  serological  reactivity, —and  molecular
relationships.

Serological detection using indirect ELISA:

Serological techniques are useful and accurate
assays for identifying PVY (Zaied, 2013 and Wu et al.,
2021). Serological detection of PVY by indirect ELISA
in five potato samples selected from different locations,
(Table 1) revealed that the virus associating the
previously described symptoms of naturally infected
plants is PVY. This was confirmed when positive
reaction was obtained when RT-qPCR technique with a

pair of PVY -specific primers was obtained when
three (Markaz Badr and Wadi EI-Natrun from El-
Beheira and Talkha from Dakahlia) (Fig. 4) out of the
five samples were selected and tested, based on
variations of symptoms which appeared on naturally
infected potato and distance locations of isolates. The
positive reaction of the five isolates suspected of
being PVY when tested with indirect ELISA with a
PVY-specific polyclonal antiserum confirmed that the
obtained isolates were of PVY. Three isolates of these
were used throughout this study based on the
variability of symptoms they induce on potato plants
(source of isolates) and N. glutinosa (propagation
host). ELISA can differentially detect even closely
related strains of the same virus (Lin et al., 1990 and
Badarau et al., 2009). It was the most common
serological test used to diagnose viral diseases in
potato (Folwarczna et al., 2008; Kostiw, 2011 and
Wang et al., 2020).

Table 1. Serological assay of Nicotiana glutinosa leaves infected with different potato virus y (PVY) isolates
collected from different locations in several governorates (Markaz Badr, El-Beheira; Talkha, Dakahlia); Wadi
El-Natrun (El-Beheira) using indirect ELISA technigue and potato viruses-specific antisera.

Indirect ELISA reading*

s;rnis;)tle Governorate Location (E 405nm)
PVM PVS PVX PVY
El-Beheira Markaz Badr 0.0745 0.0904 0.0814 0.3447
Wadi EI-Natrun 0.0772 0.0804 0.0738 0.4069
Potato  Dakahlia Talkha 0.0722 0.0882 0.0857 0.3560
. Baltim 0.0815 0.1532 0.1392 0.4187
Kafr El-Sheikh El-Hamoul 0.0691 0.0950 0.0781 0.3901
Healthy 0.1304 0.1550 0.1088 0.1028

*, ELISA readings in terms of extinction at 405nm (E 405nm) are the mean value of three replicates each. Extinction values of at
least double that of the healthy control were considered positive; Bold figures= Positive reaction

Figure 4. Naturally infected potato (Solanum tuberosum) plant leaves showing green vein banding and
mottling (A), mosaic and vein yellowing (B), sever mosaic, green vein banding, yellowing of intercoastal areas,
blisters, and malformation (C) from which the three potato virus y (PVY) isolates, Markaz Badr (El-Beheira),
Talkha (Dakahlia) and Wadi El-Natrun (El-Beheira), respectively, were isolated.
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Reaction of diagnostic hosts:

The three isolates of PVY, namely, PVY-Badr,
PVY-Talkha and PVY-Wadi, investigated here were
found to be infectious to potato and many other hosts.
PVY-Badr and PVY-Talkha isolates developed,
respectively, mild to moderate symptoms on test plants,
while PVY-Wadi Natrun isolate induced sever
symptoms (Fig. 4). Reactions of diagnostic hosts to the
three isolates are presented in Table (2). These isolates
caused faint to severe mosaic and blisters on plants of
N. glutinosa (Fig. 5). Tested isolates produced vein
clearing followed by systemic mottling, raised green

blisters and leaf deformation on Datura metel (Fig. 6)
and vein banding, mild mosaic, and severe mosaic on
Capsicum annum (Fig. 7).

In Solanum lycopersicum L. cv. Super strain B,
PVY-Badr and PVY-Talkha isolates showed mild
mosaic and green vein banding symptoms whereas
PVY-Wadi isolate produced sever mosaic, vein
yellowing and green vein banding (Fig. 8). Reaction
of mechanical inoculation of localised symptoms was
observed on Chenopodium amaranticolor as necrotic
local lesions with PVY-Badr and not reacting with
PVY-Talkha and PVY-W/adi (Fig. 9).

Figure 5. Tobacco (Nicotiana glutinosa) plants showing mosaic and green vein banding induced by the potato
virus y (PVY)-Badr isolate (A), severe mosaic, green vein banding induced by PVY - Talkha isolate (B), severe
mosaic, green vein banding, blistering and malformation elicited by the PVY-Wadi isolate (C), 25 days post-
inoculation as compared to phosphate buffer mock-inoculated healthy plants (D).
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Figure 6. Datura metel showing line pattern and vein yellowing induced by the potato virus y (PVY)-Badr
isolate (A), vein yellowing and malformation when inoculated with the PVY-Talkha isolate (B), yellowing
intercostal veins, blistering and malformation elicited by PVY-Wadi isolate (C), 25 days post-inoculation as
compared to phosphate buffer mock-inoculated healthy leaf (D).
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Figure 7. Pepper (Capsicum annum) plant leaves expressing mosaic and green vein banding and yellowing of
intercoastal areas evolved by potato virus y (PVY)-Badr (A), mild mosaic induced by PVY-Talkha isolate (B),
severe mosaic, green vein banding and yellowing intercostal veins elicited by PVY-Wadi isolate (C), 25 days
post-inoculation as compared to phosphate buffer mock-inoculated healthy plant leaf (D).
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Figure 8. Tomato (Solanum lycopersicum cv. Super strain B) leaves expressing symptoms of vein
clearing, mild mosaic and green vein banding induced by the potato virus y (PVY)-Badr isolate (A), mild
mosaic and vein yellowing caused by a PVY-Talkha isolate (B) and severe mosaic, vein yellowing and
green vein banding elicited by PVY-Wadi isolate (C), 25 days post-inoculation as compared to phosphate
buffer mock-inoculated healthy control leaf (D).
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Figure 9. Goosefoot (Chenopodium amaranticolor) plant leaves showing necrotic local lesions surrounded by
reddish halos induced by the potato virus y (PVY)-Badr isolate (A) and no reaction to PVY-Talkha and PVY-
Wadi isolates (B and C), as compared to phosphate buffer mock-inoculated healthy leaves (D), 5 days post-
inoculation.
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Figure 10. Maximum likelihood phylogenetic tree demonstrating the evolutionary relationship among
nucleotide sequence of coat protein gene of two potato virus y (PVY) isolates, MT242381 (PVY-Badr) and
MT561046 (PVY-Wadi), as compared with twenty-five genomic sequences of PVY isolates deposited in the
GenBank database. The tree was produced by MEGA program, version 11 software with bootstrap test (1000
replicates). Scale indicates the percentage of divergence. Accession number, strain abbreviation and country
are given for each sequence.

Table 2. Differential reaction of some diagnostic hosts to inoculation with three isolates of potato virus Y (PVY),
namely PVY-Badr, PVY-Talkha, and PVY-Wadi.

Isolate*/Host reaction**

Diagnostic host PVY-Badr PVY-Talkha PVY-Wadi
Fam.: Amaranthaceae
Chenopodium amaranticolor NLL - -

Chenopodium quinoa - - -
Fam.: Solanaceae

Capsicum annum M/ GVB/YIA MM SM/ GVB/ YIV
Datura metel LP/VY VY/ Mf YIV/B/Mf
Datura stramonium - - -
Nicotiana glutinosa M/GVB SM/GVB SM/GVB/B/Mf
Solanum lycopersicum VC/MM/GVB MM/VY SM/VY/GVB

*, PVY-Badr, Potato virus Y isolated from Markaz Badr; PVY-Talkha, isolated from Talkha; PVY-Wadi, isolated from Wadi El-Natrun.

** B, Blister; LP, Line pattern; M, Mosaic; Mf, Malformation; MM, Mild mosaic; NLL, Necrotic local lesions, -, No Symptoms; SM, Severe
mosaic; VC, Vein clearing; GVB, Green vein banding; VY, Vein yellowing; YIA, Yellowing intercoastal areas; YIV, Yellowing intercostal
veins.
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The finding that PVY-Badr, produced mosaic and
green vein banding on N. glutinosa and that PVY-
Talkha isolate elicited severe mosaic, green vein
banding on infected plants, while PVY-Wadi, induced
severe mosaic, green vein banding, blistering and
malformation, a group of symptoms like those reported
by Mostafae et al. (2006), Zaied (2013) and Elbeshehy
et al. (2023).

The symptoms appearing on Datura metel in the
form of line pattern and vein yellowing when infected
with the PVY-Badr isolate and vein yellowing and
malformation when inoculated with the PVY-Talkha
isolate, as well as, yellowing of intercostal veins,
blistering and malformation elicited by PVY-Wadi
isolate agreed with those reported by Zaied (2013) and
Hamza et al. (2018).

The mosaic, green vein banding and yellowing of
intercoastal areas induced by PVY-Badr, the mild
mosaic elicited by PVY-Talkha isolate, while PVY-
Wadi isolate produced sever mosaic, green vein banding
and yellowing intercostal veins on C. annum leaves
which were similar to those reported by Moodley et al.
(2019), but different from those published by Stace-
smith & Mellor (1968) and El Banna et al. (2015).

On tomato (S. lycopersicum L.) cv. Super strain B,
vein clearing, mild mosaic, green vein banding and
yellowing were induced by the three PVY isolates
matching those
reported by Quenouille et al. (2013) and Muimba-
Kankolongo (2018), but different from those of
Crescenzi et al. (2005) and Wei et al. (2021).

The necrotic local lesions surrounded with reddish
halos induced by PVY-Badr isolate without systemic
spread on C. amaranticolor, as reported before by
Nisbet et al. (2006) and Karasev et al. (2011),
contrasted with those of Crescenzi et al. (2005), while
PVY-Talkha and PVY-Wadi isolates didn’t show
symptoms that were in agreement with those of
Crescenzi et al. (2005).

The variability observed in the foregoing part of the
discussion between the three
isolates, PVY-Badr, PVY-Talkha and PVY-Wadi and
between them and those reported in the literature could
be attributed to several factors including plant cultivars,
geographical location, virus reservoir, alternative hosts,
virus strain and environmental conditions.

Molecular studies:
Nucleotide sequence

Coat protein gene primers (forward and reverse
sequences) were designed for the PVY-Badr and PVY-
Wadi isolate genome. The results obtained confirmed
the specificity of the primers used under the conditions
embraced in this study. The PCR product with the

expected amplicon length amounting to 480bp long
was obtained.

When nucleotide sequencing of the coat protein

gene of PVY-Badr and PVY-Wadi isolates was
carried out on the corresponding purified PCR
product using BigDye® Direct Sanger Sequencing Kit
and purified the product of sequencing using
PureLink™ PCR Purification Kit and resolved on an
ABI PRISM® 3100 Genetic Analyser at Sigma
Scientific  Services Company. The nucleotide
sequence of PVY-Badr and PVY-Wadi coat protein
gene generated were accepted in the GenBank
nucleotide sequence database and given an accession
number of MT242381 (PVY-Badr) and MT561046
(PVY-Wadi).
Coat protein nucleotide sequence alignment and
phylogenetic relationship analysis among PVY-
Badr and PVY-Wadi and several isolates of the
same virus kept in GenBank.

After partial sequence of PVY coat protein gene of
both PVY-Badr (420 nucleotide long) and PVY-Wadi
(345 nucleotide long) isolates was separately
determined, and sequences edited and analyzed using
Chromas Pro Version 1.34 software. Multiple
alignment of the cDNA sequences of the two PVY
isolates, PVY-Badr and PVY-Wadi, with those of 25
PVY isolates representing the common strain (PVY®),
ordinary strain (PVY©), necrosis strain (PVYN),
necrotic tuber necrosis (PVYN™) and wilga strain
(PVYW) retrieved from the GenBank made available
through the NCBI was conducted using ClustalwW
software program version 2
(http://www.ebi.ac.uk./clustalw/), (Larkin et al,
2007). A phylogenetic tree showing the nucleotide
sequence distance among the sequences of PVY
strains (Fig. 10) using MEGA, version 11 software by
applying the Maximum likelihood phylogenetic
analysis (Visser et al., 2012 and Green et al., 2017)
was generated. Bootstrap resampling value set to 1000
was used to measure the reliability of individual
nodes.

The percentage of similarity was calculated using
SIAS software program by the pairwise method and
found PVY-Badr and PVY- Wadi isolates among 25
PVY isolates investigated here being PVY-Badr
(Accession number, MT242381) closely related to
PVYNN strain, Ireland isolate (Accession number,
MT264736) with a similarity percentage of 99.76%,
and similarity percentage of 99.42% was scored
between PVY-Wadi (Accession humber, MT561046)
with PVY-Wilga strain, China isolate (Accession
number, MN607714).


http://www.appliedbiosystems.com/absite/us/en/home/support/software/dna-sequencing/abi-prism-3700.html
http://www.ebi.ac.uk./clustalw/
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CONCLUSION

Three isolates of Potato Virus Y (PVY), PVY-Badr,
PVY-Wadi (from El-Beheira) and PVY-Talkha (from
Dakahlia) have been recognized as members of the PVY
community in Egypt when partially characterised based
on the reaction of diagnostic hosts, symptomology,
serological reactivity, molecular characteristics using
reverse transcription quantitative polymerase chain
reaction (RT-gPCR). Alignment of CP gene nucleotide
sequence and phylogenetic relationship analysis
revealed the high similarity between PVY-Badr isolate
and PVYNN strain, (Ireland isolate) also, between PVY -
Wadi isolate and PVY-Wilga strain, China isolate.

REFERENCES

Abbas, A., M. Arifand M. Ali. 2016. A review paper
on Potato leaf roll virus (PLRV) of potato in Pakistan.
Asian J. Agric. Biol. 4: 77-86.

Abbas, M.F., S. Hameed and C.A. Rauf. 2014. Presence of
new strain of Potato virus Y in Pakistan. Int. J. Agric.
Biol. 16: 941-945,

Abdel-Shafi, S., M.F. Ghaly, K. El-dougdoug and M. Taha.
2017. Physiological and infectious characters of Potato
virus Y-Egyptian isolate. Egypt. J. Microbiol. 52: 141-
155.

Al-Kuwaiti, N.A., M.N. Maruthi and S.E. Seal. 2016.
Molecular characterization of potyviruses infecting potato
and vegetables in Iraq. J. Plant Pathol. 98: 603-606.

Almasi, M.A. and S.H. Dehabadi. 2013. Colorimetric
immunocapture reverse transcription loop-mediated
isothermal amplification assay for rapid detection of the
Potato virus Y. J. Plant Pathol. Microb. 4: 1-6.

Badarau, C.L., N. Cojocaru, S.N. Rusu, M. lanosi and K.
Petrucsa. 2009. The influence of samples incubation on
detection of PLRV and the effect of some extraction
buffer's additives on the detection of Potato viruses Y, A, X
and S by ELISA technique. Fascicula Biologie. 16: 15-19.

Biswas, M.K., B.K. De and P.S. Nath. 2005. Rate of spread of
PVX, PVY and PLRV diseases to potato varieties.
Ann. Plant Prot. Sci. 13: 175-178.

Chikh-Ali, M.S., A.S. Omar and T. Natsuaki. 2011. An
infectious full-length cDNA clone of Potato virus YNTN-
NW, a recently reported strain of PVY that causes potato
tuber necrotic ringspot disease. Arch. Virol. 156: 2039-
2043.

Crescenzi, A., A. Fanigliulo and S. Comes. 2005.
Characterisation of the Potato virus Y isolate PVY-LF02
inducing necrosis in tomato. Acta Hortic. 695: 331-338.

d’Aquino, L., T. Dalmay, J. Burgyan, A. Ragozzino and F.
Scala. 1995. Host range and sequence analysis of an
isolate of Potato virus Y inducing veinal necrosis in
pepper. Plant Dis. 79:1046-1050.

De Bokx, J.A. and H. Huttinga. 1981. Potato virus V.
CMI/AAB Descr. P1. Viruses, no. 242,

Deloko, D.C.T., N.P. Achiangia, N.G. Chofong, A. Mbulli,
M. Anoumaa, L.F. Sama and T. Fonkou. 2021.
Prevalence of Potato viruses on potato (Solanum
tuberosum L.) grown in the Western Highlands of
Cameroon. J. Agric. Food Res. 5, 100192.

Dusi, A.N., C. Carvalho, A.C. Torres and A.C. de Avila.
2001. Resistance levels to two strains of Potato virus Y
(PVY) in transgenic potatoes cv. Achat. Hortic. Bras.
19: 348-350.

Edgar, R.C. 2004. MUSCLE: multiple sequence alignment
with high accuracy and high throughput. Nucleic Acids
Res. 32: 1792-1797.

El Banna, O., A. Hassan and A.H. Hamed. 2015. Biological,
cytopathological and molecular studies of Potato virus
Y isolated from pepper grown under greenhouse
conditions in Egypt. I. J. Sci. Eng. Res. 6: 1281-1289.

El-Absawy, E.A., A.M. Zakaria and K.F. Abdellatif. 2012.
Determination of genetic diversity of some faba bean
(Vicia faba L.) varieties using morphological traits and
molecular markers. Minufiya J. Agric. Res. 37: 843-
853.

Elbeshehy, E.K.F., W.M. Hassan and A.A. Baeshen. 2023.
Controlling Pepper mild mottle virus (PMMoV)
infection in pepper seedlings by use of chemically
synthetic silver nanoparticles. Molecules 28, 139.

FAO. 2020. Food and Agriculture Organization of the
United Nations. https://www.fao.org/country-
showcase/selected-product-detail/en/c/1287944/

Fletcher, J.D. 2001. New hosts of Alfalfa mosaic virus,
Cucumber mosaic virus, Potato virus Y, Soybean dwarf
virus, and Tomato spotted wilt virus in New Zealand.
New Zeal. J. Crop Hortic. Sci. 29: 213-217.

Folwarczna, J., H. Plchova, T. Moravec, H. Hoffmeisterova,
P. Dedic and N. Cerovska. 2008. Production of
polyclonal antibodies to a recombinant coat protein of
Potato virus Y. Folia Microbiol. 53: 438-442.

Green, K.J., CJ. Brown, S.M. Gray and A.V. Karaseva.
2017. Phylogenetic study of recombinant strains of
Potato virus Y. Virology 507: 40-52.

Hall, J.S., B. Adams, T.J. Tersons, R. French, L.C. Lane and
S.G. Jensen. 1998. Molecular cloning, sequencing and
phylogenetic relationship of a new potyvirus: sugarcane
streak mosaic virus, and a reevaluation of the
classification of the potyviridae. Mol. Phylogenet. Evol.
10: 323-332.

Hamza, K.A., M.H. Abd EI-Aziz, S.I. Behiry and H.
Younes. 2018. Isolation and purification of Potato virus
Y isolate infecting potato (Solanum tuberosum L.) in Al-
Nubaria region. Middle East J. Agric. Res. 7: 1201-
1207.

Karasev, AV., X. Hu, CJ. Brown, C. Kerlan, O.V.
Nikolaeva, J.M. Crosslin and S.M. Gray. 2011. Genetic
diversity of the ordinary strain of Potato virus Y (PVY)
and origin of recombinant PVY strains. Phytopathol.
101: 778-785.

Kerlan, C. 2006. Potato Virus Y. Description of Plant
Viruses, no.414.



Mohamed M. Zalat et al.: Partial Characterisation of Three Isolates of Potato virus Y (PVYY) 453

Kerlan, C. and B. Moury. 2008. Potato Virus Y. In:
Encyclopedia of Virology, 3rd edn (A. Granoff and R.
Webster, eds), New York: Academic Press, pp. 287-296.

Khelifa, M. 2019. Detection and quantification of Potato virus
Y genomes in single aphid stylets. Plant Dis. 103: 2315-
2321.

Koenig, R. 1981. Indirect ELISA methods for the broad
specificity detection of plant viruses. J. Gen. Virol. 55: 53-
62.

Kostiw, M. 2011. The occurrence of major Potato viruses in
Poland. J. Plant Prot. Res. 51: 204-209.

Larkin, M.A., G. Blackshields, N.P. Brown, R. Chenna, P.A.
McGettigan, H., McWilliam, F. Valentin, 1.M. Wallace, A.
Wilm, R. Lopez, J.D. Thompson, T.J. Gibson and D.G.
Higgins. 2007. Clustal W and Clustal X version 2.0.
Bioinform. 23: 2947-2948.

Lin, N.S., Y.H. Hsu and H.H. Hsu. 1990. Immunological
detection of plant viruses and mycoplasma-like organism
by direct tissue blotting on nitrocellulose membrane.
Phytopathol. 80: 824-828.

Mackenzie, I.R., P. Frick, F.A. Grasser, T.F. Gendron, L.
Petrucelli, N.R. Cashman, D. Edbauer, E. Kremmer, J.
Prudlo, D. Troost and M. Neumann. 2015. Quantitative
analysis and clinico-pathological correlations of different
dipeptide repeat protein pathologies in COORF72 mutation
carriers. Acta Neuropathol. 130: 845-861.

Moodley, V., R. Naidoo, A. Gubba and P.L. Mafongoya.
2019. Development of Potato virus Y (PVY) resistant
pepper (Capsicum annuum L.) lines using marker-assisted
selection (MAS). Physiol. Mol. Plant Pathol. 105: 96-101.

Mostafae, S., G. Mosahebi and M.K. Habibi. 2006. Potato
virus Y isolated from pepper fields in Tehran Province.
Commun. Agric. Appl. Biol. Sci. 71: 1335-1340.

Muimba-Kankolongo, A. 2018. Food crop production by
smallholder farmers in Southern Africa: Challenges and
opportunities for improvement. London: Academic Press.

Nisbet, C., I. Butzonitch, M. Colavita, J. Daniels, J. Martin, R.
Burns, E. George, M. Akhond, V. Mulholland and C.J.
Jeffries. 2006. Characterisation of Potato rough dwarf
virus and Potato virus P: distinct strains of the same viral
species in the genus Carlavirus. Plant Pathol. 55: 803-
812.

Quenouille, J., N. Vassilakos and B. Moury. 2013. Potato
virus Y: a major crop pathogen that has provided major
insights into the evolution of viral pathogenicity. Mol.
Plant Pathol. 14: 439-452.

Samarskaya, V.O., E\V. Ryabov, N. Gryzunov, N.
Spechenkova, M. Kuznetsova, I., llina, T. Suprunova,
M.E. Taliansky, P.A. Ivanov and N.O. Kalinina. 2023.
The temporal and geographical dynamics of Potato virus Y
diversity in Russia. Int. J. Mol. Sci. 24, 14833.

Schubert, J., V. Fomitcheva and J. Sztangret-Wisniewska.
2007. Differentiation of Potato virus Y strains using

improved sets of diagnostic PCR-primers. J. Virol.
Methods 140: 66—74.

Shukla, D.D., CW. Ward and A.A. Brunt. 1994. The
Potyviridae. Cambridge University Press, Cambridge.

Singh, R.P., J.P. Valkonen, S.M. Gray, N. Boonham, R.A.
Jones, C. Kerlan and J. Scubert. 2008. Discussion paper:
the naming of Potato virus Y strains infecting potato.
Arch. Virol. 153: 1-13.

Stace-smith, R. and F.C. Mellor. 1968. Eradication of
Potato viruses X and S by thermotherapy and axillary
bud culture. Phytopathol. 58: 199-203.

Tussipkan, D. and S.A. Manabayeva. 2021. Employing
CRISPR/Cas technology for the improvement of potato
and other tuber crops. Front. Plant Sci. 12: 1-16.

Verma, Y., S. Sood, Y.S. Ahlawat, S.M. Paul Khurana, X.
Nie and R.P. Singh. 2003. Evaluation of multiplex
reverse transcription polymerase chain reaction (RT-
PCR) for simultaneous detection of Potato virus and
strains. Indian J. Biotechnol. 2: 587-590.

Villamil-Garzoén, A., W.G. Cuellar and M. Guzméan-Barney.
2014. Natural co-infection of Solanum tuberosum crops
by the Potato yellow vein virus and potyvirus in
Colombia. Agron. Colomb. 32: 213-223.

Visser, J.C., D.U. Bellstedt and M.D. Pirie. 2012. The
recent recombinant evolution of a major crop pathogen
Potato Virus Y. PLOS One 7: 1-12.

Wagih, E.E., M.M. Zalat and M.A. Kawanna. 2021. Partial
characterisation of two isolates of Cucumber mosaic
virus (CMV). Scientific J. Agric. Sci. 3: 144-157.

Wang, Y., R. Chen, X. Nie, Z. Zhong, C. Li, K. Li, W.
Huang, X. Fu, J. Liu and B. Nie. 2020. Rapid and
sensitive detection of Potato virus Y by isothermal
reverse transcription-recombinase polymerase
amplification assay in potato. Mol. Cell Probes. 50,
101505.

Wani, S., S. Saleem, S.U. Nabi, G. Ali, B.A. Paddar and A.
Hamid. 2021. Distribution and molecular
characterization of Potato virus Y (PVY) strains
infecting potato (Solanum tuberosum) crop in Kashmir
(India). VirusDisease 32: 784-788.

Wei, X., H. Zheng, Y. Chen, S. Zhang, Z. Li and M. Zhao.
2021. Molecular and biological characterization of
Potato virus Y detected in zucchini in China.
VirusDisease 32: 117-122.

Wu, J. Y., Y. Zhang, X. Zhou and Y. Qian. 2021. Three
sensitive and reliable serological assays for detection of
Potato virus A in potato plants. J. Integr. Agric. 20:
2966-2975.

Zaied, M.A.A. 2013. Studies on some viruses infecting
potato. Ph.D. Thesis. Faculty of Agriculture (Saba-
Basha), Alexandria University. Egypt. 119 pp.

Zalat, M.M. 2017. Characterization of some isolates of
Cucumber mosaic virus. M.Sc. Thesis, Faculty of
Agriculture, Alexandria University. Egypt. 76pp.



454 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 45, No.3 JULY- SEPTEMBER 2024

il padlal)
Potato virus Y gualad) 5l Gugmd (e cije EDAY i ciuagl
dang 2l ) cs S Jale g cdaly Cpuna dasa

Jlsll e gll Aa gge kel Cua AU
I Audabadll ALy Alasdlll ALl Al dadidiall
L Baed) Gabel) e Aulie desene Wi
See Wt ) Adds paheV) CulSy PVY Gug i
oabel) culS Ly Gl oy il ae s
jall RT-GPCR gili 45 3 .ol Abjall Alla i 5005
Logd il ¢Unall Cpa aali apaay oals” Alyally "
Lad ),¥¢ laaY) Chromas Pro.
Goad Alie Yo s il edgd eyl A3jlie el
Ao didats Gase cliall iy Aasey Agjee PVY

gl alasinly

i of il Cam clgin (Phylogenetic analysis) 4l )
PVY DL ae %49,V I Josi "l alall
o %A8,6Y ) cilay Ly (i) Aljadl) N
(Al A3all) PVY-Wilga ADLul "sals" Ayl
Gl ((PVY) pubaladl (5 (o5 6 :dzalidal) clalsl)
5 L) el Sl i) Jelitly ol
AbAl dapy dilas cdiadiiall Jilsall 3 pilaall

G oobladl Jgs Gand Glaall pasd) oL
ran Apseeny gl S Aldally Byanll cilladla
cblal e Dl &Y paheY) o aay dupall
(il 0 Jumied) i) e Lewh dladll
chand L ge Cle i) ¢Bgpal) aiad A8 ¢ il
LLaYU bl adsi pabe¥) oda a5l i/ 5 4850
il & (Al (PVY) gabladl (8 gl Qs
Judiiall et sl Jeliy el jeull Jeld plasinl,
26 isall Gl cibel Eua (RT-GPCR) S
ey aelg@ll gy €A+ alsh (PCR-product) déelias
slaall (ual daadidl bl (e zg) sladiul
DALl e Ly Jeliy il aef s . il
PVY, PVX, il il (aradiall sliadl Juaall alasiuly
Teliy PVY Guspmi badl dula) dais PVM, PVS
o Ol il o Gl sadiy gahe) e L
Yye & Lol 25 (Nicotiana glutinosa) Jysifisls & g8
(Bl Al (a) "oaly A5 "oy A" agisendy
ol 8 A (Adgdl Al () Wlh Ay



