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- ABSTRACT |—

In this study, an Egyptian isolate of plum pox potyvirus (PPV), isolated from El-Amar
apricot trees, was propagated on Nicotiana benthamiana for virus purification using a modified
procedure was applied. Ultraviolet absorption spectrum of the purified virus showed a typical
curve of nucleoprotein with an A ispnso ratio ranged from 1.258 1o 1.280. A yield of the purified
virus ranging from 20 to 22 mg/kg virus-infected leaf tissues was obtained. The electron microscopy
of the purified virus preparation, negatively stained with 2% uranyl acetate, proved the presence of
flexuous filament virus particles (700-725 x 13-15 nm). The molecular weight of PPV-coat protein
(CP) was about 37 KDa when estimated by 12% SDS-PAGE. ssRNA of about 10 kb was extracted
from the purified PPV preparation. Polyclonal antibodies against PPV were produced and the
antiserum titer of three bleedings were determined by indirecr-enzyme linked immunosorbent assay
(I-ELISA). The IgGs specific to the PPV virions (infact virus particles) were purified and N- and C-
terminal specific 1gGs were selected and successfully used to distinguish the CP subunits of PPV-
El-Amar isolate via western blot analysis. From PPV-infected leaf tissues, cDNA products were
amplified via immunocapture-reverse transcription-polymerase chain reaction (IC/RT-PCR) using
two specific primers for 3 -terminal region of PPV-cp gene. This was followed by restriction
endonuclease analvsis. The results revealed that the virus isolate under investigation is a strain of
PPV and belongs to either M serotype due to the absence of Rsa I restriction site.

Key words: Pluin pox potyvirus (PPV), purification, polyclonal antibodies, Western blotting,
ELISA, Immunocapture/reverse transcription-polymerase chain reaction IC/RT-PCR,
restriction endonuclease analysis.

l INTRODUCTION B is a series discase affecting stone fruit trees
(SFTs) in Europe and Mediterranean regions.

lum pox potyvirus (PPV), the causal Apricot, peach and plum are the most
Pagent of plum pox disease (sharka), is a tmportant SFIs grown in Egypt, and are
member of family potyviridae, genus susceptible to infection with several viruses.
potyvirus (Brunt ef al, 1996). Sharka disease Among such viruses, PPV is causing severe
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losses to the infected SFTs (Nemeth, 1986 and
Roy and Smith, 1994).

The virus is transmitted by aphids,
mechanical means, and grafting. The virus
particles are flexuous filaments with a length
660-770 and 12.5-20 nm width (Brunt et al,
1996). Infected cells contain amorphus Xx-
bodies, pinwheel, laminated aggregates as well
as nuclear inclusions (Brunt er al, 1996 ;
Abdel-Ghaffar et al., 1998a).

The PPV genome consists of a positive
sense single-stranded RNA of approximately
10 kb in length (Maiss et al, 1989) with a
virus-encoded protein (Vpg) covalenty linked
to 5 terminus of the genome, and a poly (A)
tail at 3° terminus. The complete nucleotide
sequence of several PPV isolates has been
determined (Lain er al, 1989, Maiss et al.,
1989 and Teycheney et al., 1989). Reverse
transcription-polymerase chain reaction (RT-
PCR), restriction fragment length
polymorphism (RFLP), molecular
hybridization and nucleotide sequencing were
used by many investigators to identify and
designate the PPV isolates (Varveri et al,
1988, Korschineck et al., 1991 ; Wetzel et al.,
1990, 1991b and 1992).

Serological analysis of the N-and C-
terminal parts of the coat protein, as used for
other potyviruses (Shukla et al., 1988 ; 1989),
offers another possibility to evaluate the
relationships between different PPV isolates.
These isolates are belonging to three serotype
groups called PPV-D (Dideron isolate), PPV-
M (Markus isolate) (Kerlan and Dunez, 1979,
Wetzel et al., 1991a ; Bousalem et al 1994)
and PPV-C (cherry isolate) (Nemchinov and
Hadidi, 1996).

In Egypt, there were a few studies on
PPV  (Dunez, 1988, Wetzel et al., 1991b,
Mazyad et al, 1992 ; Abdel-Ghaffar et al,
1998a). Therefore, this study aimed to develop
virus purification method for increasing the
purification yield, determining some molecular

properties of the purified virus particles,
raising polyclonal antibodies against to PPV
and selection of N-and C-terminal specific
IgGs. In addition, distinguishing the virus
isolate by a combination of immunocapture-
reverse transcription-polymerase chain
reaction (IC-RT-PCR) and  restriction
endonucease analysis was also aimed.

[ MATERIALS AND METHODS )

Source of virus isolate

The virus isolate (PPV-EL-11) was
obtained from naturally infected apricot
(Prunus armeniaca L. cv. Amar) trees
cultivated in the open field of El-Amar farms,
located in El-Kalubia governorate, Egypt. The
isolate was identified in the WVirol. Lab.,
Faculty of Agric., Ain Shams Univ., as a PPV
isolate based on some biological properties
and using I-ELISA using the polyclonal
antibodies produced in 1998 by Abdel-Ghaffar
et al. (1998a).

Virus propagation

For purification, the viral isolate under
investigation was propagated on Nicotiana
benthamiana and/or N. clevelandii as
described by Abdel-Ghaffar ef al. (1998a).

Virus purification

~ On the basis of the method given by
Abdel-Ghaffar et al. (1998a) a procedure with
some modifications was developed to improve
the purity of virus preparation. PPV-infected
leaves of N. benthamiana plants, 21 days post
virus inoculation and grown in the greenhouse,
were harvested and homogenized in a pre-
chilled cold warring blender with two volumes
ice-cold of extraction buffer. This buffer
consists of 0.1 M Tris, pH 7.5 containing 10
mM sodium sulfite, 2 mM EDTA, 0.1% (v/v)
2-mercaptoethanol (2-ME) and 1% (v/v)
Triton X-100. The homogenate was then
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stirred at 4°C for 30 min, then filtered through
.double layer of cheesecloth. The resultant sap
was clarified by addition of 10% (v/v) of a
mixture cold chloroform:n-butanol (1:1, v/v),
then centrifuged at 9,000 rpm in a Sorvall
GSA rotor for 15 min at 4°C. The aqueous
phase was collected and centrifuged at 25,000
rpm in a Beckman 70.1 rotor for 90 min at
4°C. The pellets were resuspended in 0.01M
Tris buffer, pH 7.5 containing 0.1% 2-ME and
1% Triton X-100. The suspension was
subjected to a further high speed centrifugation
at 28,000 rpm for 90 min at 4°C through a 20
% (w/v) sucrose cushion prepared in 0.01 M
Tris buffer, pH 7.5 (resuspension buffer, RB).
The pellets were resuspended in RB and
centrifuged at 9,000 rpm for 15 min at 4°C.
The supernatant was layered on the top of 10
to 40% sucrose gradient, then centrifuged at
26,000 rpm in a Beckman SW 28 rotor at 4°C
for 2.5 hr. Fractions were separated manually
and subjected to spectrophotometry. Fractions,
which showed virus-like peak, were collected
and centrifuged at 50,000 rpm for 3 hr. The
virus concentration was estimated
spectrophotometrically using an extinction
coefficient of 2.8 for a l-mg/ml solution
(Stace-Smith and Tremaine, 1970). The
percentage of virus nucleic acid was calculated
according to an equation described by Gibbs
and Harison (1976).

Electron microscopy

The purified PPV preparations were
negatively stained with 2% aqueous uranyl
acetate (w/v) and examined with a Zeiss 10 C
Transmission Electron Microscope at National
Research Center, Dokki, Cairo, Egypt. The
diameters of the virus particles were
determined after printing the micrographs.

Electrophoresis of virus coat protein (CP)
Aliquots of purified virus preparation
were dissociated by boiling for 5 min in

Laemmii buffer (Laemmli, 1970). Protein
samples were subjected to electrophoresis in
12% SDS-polyacrylamide slab gels using a
discontinuous buffer system (Laemmli, 1970).
The bands were visualized by staining the gel
with Coomassi brilliant blue in the presence of
a standard protein marker for estimation of the
molecular weight of the viral CP.

Production of PPV-polyclonal antibodies
(PAbs)

PAbs against the PPV isolate under
investigation were raised according to the
method described by Abdel-Ghaffar et al
(1998a). Two adults New Zealand white
rabbits were injected subcutaneocusly followed
by intramuscular with  purified viral
preparation. The rabbits were bled three times,
started one, two and three weeks after the last
injection. The antiserum was separated and
collected, then overnight-cross absorbed at
4 _1C with 5% (w/v) extracted sap of healthy
N. benthamiana plants prepared in TBS-
Tween solution (10 mM Tris-HCI buffer, pH
8.0, 150 mM NaCl, 0.05% Tween 20). The
mixture was then frozen for 3-4 hr, thawed and
centrifuged at a low speed. The titer of the
three bleedings was determined by indirect-
enzyme-linked immunosorbant assay (I-
ELISA) according to the methods described by
Clark and Adams (1977) and Baunoch et al.
(1992).

Isolation and purification of
immunoglobulins G (IgGs)

IgGs against PPV-virion (PPV-IgGs)
were isolated and purified from the crude
antiserum; which gave a high titer by I-ELISA,
according to the method described by Perosa
et al. (1990) with some modifications. The
antiserum was dialyzed against sodium acetate
buffer, pH 4.8, then the caprylic acid was
added followed by centrifugation at a low
speed. The supernatant containing the IgGs
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was collected and dialyzed against potassium
phosphate buffer, pH 7.2, then precipitated by
saturated ammonium sulfate solution and a
low  centrifugation. The pellets were
resuspended in distilled water followed by
dialyzing against phosphate buffer, pH 7.2,
and stored at -20°C.

Selection of N- and C-terminal specific
PPV-IgG

Removal of N- and C-terminal peptides
of the coat protein from the virion (intact virus
particles, IVPs) was carried out with affinity
chromatography according to the method of
Bousalem et al. (1994). To 10 mg freshly
purified virus, 60 ug of trypsin (Sigma type
XIII, TPCK treated) were added and the
mixture was then incubated for 30 min at 25°C
in a water bath. The enzyme-resistant core
particles were separated from the N- and C-
terminal peptides by centrifugation at 50,000
rpm for 90 min at 4°C. The pellets were
resuspended in 0.02 M borate buffer, pH 8.0
and dissociated as described by Shukla et al.
(1988). The protein preparation was coupled to
1 g CNBr sepharose 4 B (Sigma) according to
the manufacturer,s instructions. Hundred ul of
IgGs (1 mg/ml) were loaded onto the column
in 20 ml phosphate buffer saline (PBS). The
unbound IgGs were collected and stored at -
20°C. The IgGs fraction isolated from the
antiscrum for the IVPs was termed as PPV-
IgGs, and for the N-, and C-terminals was
termed as PPV-N, C-IgGs.

Western blotting

Western blotting was performed using
the method previously used for potyviruses
(Quiot-Douine er af., 1990). Proteins from 10-
fold diluted sap extracts of infected and
healthy apricot leaves as well as PPV, PPV
(trypsin-treated), PVY and ZYMV-purified
preparations (15 ug) were first separated by
SDS-PAGE on discontinuous denaturing 12%

polacrylamide slab mini-gel (Laemmli, 1970).
The protein bands were then electro-
transferred onto a nitrocellulose membrane as
described by Towbin et al. (1979) and detected
immunologically. Polyclonal IgGs either
against intact PPV particles or against to N-
and C-terminal peptide regions of PPV-CP
were used as a primary antibody. Bound
antibodies were visualized using a goat anti-
rabbit IgG  conjugated with  alkaline
phosphatase (as a secondary antibody), and
nitroblue tetrazolium-5-bromo-4-chloro-3-
indolyl phosphate color development reagent
as recommended by the supplier (Sigma,
USA).

Immunocapture/reverse transcription-
polymerase chain reaction (IC/RT-PCR)
PPV-RNA was extracted from purified
virions using the method described by Abdel-
Ghaffar et al. (1998b). The IC/RT-PCR was
performed according to the protocol of Wetzel
et al. (1992). Sterile Eppendorf tubes were
coated with PPV-IgG (N- and C-terminal
specific PPV-IgG), and two-fold dilutions of
PPV-infected apricot and N. benthamiana
tissue extracts, as well as thc purified virus
preparation and healthy tissue samples were
added as the antigen source. Triton X-100
solution (1%) heated to 65°C C was added to
release the viral RNA; chemical denaturation,
RT of viral RNA and amplification of the
synthesized cDNA were donc as described by
Wetzel et al. (1991a). The region of the PPV
genome selected for amplification was 243 bp
c¢cDNA fragment amplified from 3 -terminal
region of the PPV ¢p gene. The nucleotide
sequences of the oligonucleotide primers were
designed as described by Wetzel er al
(1991a), (sense primer, 5CCC TCA CAT
CAC CAG AGC CA3and antisense primer,
5"CAG ACT ACA GCC TCG CCA GA3).
Both primers were synthesized using an
Applied Biosystem DNA/RNA Synthesizer at
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the Agricultural Genetic Engineering Research
Institute (AGERI), ARC, Giza, Egypt.
Aliquots of 5 pl of each RT-PCR-amplified
product were analyzed by electrophoresis on
1.2% agarose gel in TAE buffer at 65 V for 1.5
hr and visualized by staining with ethidium
bromide (Sambrook et al., 1989).

Restriction endonuclease analysis

The amplified product was digested with Rsa I
restriction endonuclease (Gibco-BRL)
according to the method of Bousalem er al
(1994) and Nemchinov and Hadidi (1996). Rsa
I restriction digestion was performed using 10
units of enzyme with 10 ul aliquots of gel-
purified cDNA amplified fragment (243 bp) at
37°C for 2 hr in the buffer supplied by the
enzyme manufacturer. The product was

Fig. (1): El-Amar apricot (P.
armeniaca L. cv. Amar)
leaves exhibited PPV-like
symptoms. A) Chlorotic
blotching mosaics and
veins  banding. B)
Yellowish mottling, leaf
roll and deformation. C)
Deformed apricot fruits.
D) Light-colored rings
on apricot stones.
Systemic symptoms on
leaves of N. benthamiana
{chlorotic flecks, E) and
N. clevelandii (severe
blotching, F).

analyzed through agarose gel electrophoresis
as mentioned above.

| RESULTS ]

In this work an isolate of PPV obtained
from apricot (P. armeniaca L. cv. Amar) trees
growing under field conditions in El-Amar,
Kalubia governorate, Egypt was studied.
These trees exhibited obvious symptoms on
leaves (chlorotic blotching mosaic, wveins
banding, yellowish mottling, leaf roll and
deformation), fruits (deformed apricot fruits)
and stones (light colored ring) (Figure 1).
Infected trees also showed the presence of
systemic symptoms, i.e., chlorotic flecks and
severe blotching on PPV-mechanically
inoculated N. benthamiana and N. clevelandii,
respectively.

B
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Virus purification

The ultraviolet absorption spectrum of
PPV-purified preparations (unshown data)
revealed a curve typical for nucleoprotein with
a maximum ranging between 259 to 261 nm
and a minimum ranging between 245 to 247
nm; no shoulder at 290 nm was observed. The
value of Aasyns was ranged from 1.258 to
1.280. The percentage of PPV-RNA was
calculated to be about 7%. The average yield
of the purified virus was estimated to be 20 to
22 mg/kg infected leaf tissues based on the

extinction coefficient of 2.8 for a 1 mg/ml
solution.

Negative staining and electron microscopy
Electron micrographs of PPV-purified
preparations, negatively stained with 2%
uranyl acetate, showed numerous
unagegregated flexuous filamentous particles
(Figure 2) ranging in length between 700 to
725 nm and in width between 13 to 15 nm.

Fig. (2): An electron micrograph of purified PPV, stained with 2% aqueous uranyl acetate, (X,

85,000).

Properties of nucleoprotein components

Results in Figure (3) showed that a
single CP component with an estimated
molecular weight of about 37 kDa was
detected in 12% SDS-PAGE. Unshown data of
agarose gel electrophoresis indicated that
PPV-RNA migrated as a single component
with an estimated size of about 10 kb.

Production of PPV-IgGs specific to IVPs

and N-, and C-terminals of PPV particles
PAbs against PPV-El-Amar isolate

were raised and their titer was determined by

I-ELISA technique. Three bleedings were
obtained from the PPV-immunized rabbits.
Data in Table (1) show that the three bleedings
varied in their titers, as positive ELISA values
were obtained up to dilutions 1/500, 1/1500
and 1/1000 for the 1%, 2™ and 3™ bleedings,
respectively. It was also observed that the 2"
bleeding showed the highest ELISA values
followed by the 3™ and 1% bleedings.
Therefore, the . bleeding was used for
isolation and purification of IgGs using
caprylic acid procedure. The concentration of
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the purified IgG was adjusted with PBS, pH

7.4 to 1 mg/ml when OD at 280 nm was 1.46.
Antibodies directed to the N-, and C-

termini of PPV-El-Amar CP were selected by

Fig. (3); SDS-PAGE (12%) electropho-

319

affinity chromatography. The concentration of
PPV-N, and C-IgGs was adjusted to 1-mg
protein as mentioned above and used for
sensitive detection of PPV-El-Amar isolate.

resis of PPV-CP from two
different purified virus
preparations (lanes 1 and 2).
M, protein standard marker
(14.3-200 kDa, high range
BRL).

PPY-37w- ce

KDa

974
-68

.43

=29

[~ "'"]8‘4
“ -‘4'3

Table 1: Determination of PPV antiserum titer in three bleedings via I-ELISA.

Dilutions NS PPV-anitserum
1* Bleeding 2™ Bleeding 3" Bleeding

EV R EV R EV R EV R
1/50 0.089 - 0.876 + 1.562 + 1.214 +
1/100 0.086 - 0.693 + 1.232 + 0.987 "
1/500 0.092 - 0.526 + 0.998 + 0.725 +
1/1000 0.088 - 0.289 - 0.682 + 0.483 +
1/1500 0.090 - 0.25t - 0.453 + 0.272 -
1/2000 0.089 - 0.211 - 0.282 - 0.221 -
1/2500 0.088 . - 0.179 - 0.235 - 0.183 -
1/3000 0.091 - 0.101 - 0.126 - 0.099 -
Healthy (10 0.112 - 0.149 - 0.156 - 0.151 -
PV (107 0.199 - 0.321 + 0.837 + 1.573 +

EV: ELISA value at 405 nm (average of 3
replicates), 1 hr post incubation at 37°C. PV:

purified virus., R: Result

negative

+: positive -
Healthy10'': Sap extracted form N.

benthamiana leaves with no symptoms was
used as a negative control. The ELISA values

that equal two folds of healthy was considered
as a positive control. NS: Normal serum.

Western blotting
Western blotting using affinity-selected IgGs
directed to N- and C-termini of PPV-El-Amar
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CP showed strong positive reactions with
either PPV-infected apricot tissues or purified
virus preparation (Figure 4). Furthermore, the
serological relationship between PPV-specific
IgGs and some other potyviruses, i.e., potato Y
potyvirus (PVY) and zucchini yellow mosaic

Fig. (4): Western blotting using PPV-N-,
and C-IgGs against N- and C-
terminal of PPV-El-Amar-CP. M,
protein standard marker. Lanel,
trypsin-treated PPV particles. Lane
2, purified PVY. Lane 3, purified
ZYMYV. Lane 4, sap extracted from
PPV-infected apricot leaf tissues.
Lane 5, untreated-purified PPV
particles (15 ul). Lane 6, untreated-
purified PPV particles (12.5 pl).
Lane 7, untreated-purified PPV
particles (5 pl). Lane 8, sap extract
from healthv apricot leaf tissue.

IC/RT-PCR

PPV was detected in infected tissues as
well as purified virus preparations using the
IC/RT-PCR as a highly sensitive technique.
The experimental results confirmed the
specificity between the PPV-El-Amar isolate
and its IgGs (PPV-N-, and C- IgGs), and also
the specificity between the primers used in this
study and the 3"-terminal region of the PPV ¢p

potyvirus (ZYMYV) was studied via western
blotting. Results also showed negative

reactions, i.e., no bands were observed when
the trypsin-treated intact PPV particles (core
protein only) or PVY and ZYMYV treated with
PPV-N, or C-IgGs.

gene. Results in Figure (5A) indicated that the
PPV particles were immunocaptured by PPV-
N-, C-IgGs. Therefore, the PPV-RNA genome
could be released and used as a template in the
presence of two specific primers (sense and
antisense) for amplifying a 243-bp fragment
from 3"-terminal region of the PPV-¢p gene. A
negative reaction of RT-PCR was obtained
with healthy apricot leaf tissues and in the RT-
PCR reaction without PPV template (Figure
5A).
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Restriction endonuclease analysis

A gel-purified 243 bp fragment was

digested with the restriction endonuclease Rsa
I and analyzed through 1.2% agarose gel
electrophoresis as mentioned before. Results in
Figure (5B) showed the absence of the

Fig. (5): A: Agarose gel (1%) in TAE buffer

stained with ethidium bromide showing
the IC/RT-PCR of PPV using primers
specific for the 3 -terminal region of the
PPV-cp gene. Lane 1, from PPV-
infected apricot. Lane 2, from N.
benthamiana. Lane 3, from purified
PPV preparation. Lane 4, healthy
control. Lane 5, reaction without any
femplate as a negative control. M, DNA
standard marker.

B: Restriction endonuclease analysis of
a gel-purified 243 bp of c¢DNA
Jragments corresponding to Lane 1, 2
and 3 (Figure 7A), after treated with Rsa
I restriction endonuclease and analyzed
through 1.2% agarose electrophoresis.
M, DNA standard marker.

-

DISCUSSION |

In the present study, the purification
method described here was found to be an
efficient method for the extraction and
purification of PPV-El-Amar free of cellular
plant  components.  Using  Tris-buffer
containing Triton X-100, EDTA, sodium
sulfite and 2-ME as an extraction buffer,
improved  the  purification  procedure.
Clarification with chloroform and n-butanol,
then concentrating the virus particles through
20% sucrose cushion, followed by sucrose
density gradient centrifugation were found to

identical recognition site of Rsal restriction
enzyme, as the profile of the amplified
fragments from PPV-infected apricot, N
benthamiana and purified virus preparation
showed undigested fragment (243 bp).

123 M-1-2-3-4-5

be satisfactory without much loss of virus
particles. Similar results were obtained by
Abdel-Ghaffar et al (1998b).

The estimated yield of PPV, using an
extinction coefficient 2.8, was 20 to 22 mg/kg-
infected tissues. This yield seems to be good
than obtained by Abdel-Ghaffar et al (1998a)
(17-20 mg/kg-infected tissues).

A large number of flexuous fllamentous
particles (700 - 750 x 13-15 nm) were detected
in the purified virus preparations. The
molecular weight of PPV-CP and the size of
PPV-RNA were estimated herein to be about
37 kDa and 10 kb, respectively. These results
agree with that found by Maiss er al. (1989),
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James et al. (1994) and Abdel-Ghaffar et al.
(1998a).

In the present study, PAbs were
successfully ratsed against IVPs and also
against N- and C-termini of PPV-El-Amar
isolate. Results of western blotting indicated
that the PPV-N-,C-lgGs, positively strong
reacted with the PPV extracts from infected
tissues and no cross-reactions were observed
with other potyviruses, (PVY and ZYMV),
whereas using the PPV-IgG, the positive
reactions as well as cross-reactions were
observed (data not shown). According to
Shukla er al. (1988), the N-terminus is the
most immunodominant region of the CP of
potyviruses, and the antibodies generated
towards this region are highly specific and
recognize only the homologous viruses and
their strains. Bousalem et al. (1994) reported
that the use of SDS-PAGE to separate proteins
from crude extracts in minigels, followed by
. blotting into nitrocellulose sheets, is a rapid
method for immunodetection and classification
of PPV isolates. Also, they indicated that the
unfractionated antiserum (PPV-IgGs) are
suitable for the detection both M and D
serotype groups, whereas directed serological
differentiation is possible using IgGs directed
to PPV- N- and C-terminal regions of the CP.

The sensitivity of RT-PCR as a
detcetion method for PPV was evaluated by
Wetzel et al (1991a and 1992). They
developed a sensitive RT-PCR assay using
oligonucleotide primers based on consensus
sequences from homologous regions of three
published PPV sequences. This RT-PCR assay
has been used to detected PPV isolates by
amplifying a PPV-specific 243 bp fragment.
IC/RT-PCR assay for 3" -terminal region of the
PPV-cp gene has provided further evidence
concerning the identity of the virus strain
infecting SFTs (Nemchinov and Hadidi,
1996). Using this assay, Wetzel et al. (1991a)
classified PPV isolates into two groups, PPV-

D and PPV-M, according to RFLP analysis of
amplified products with the restriction enzyme
Rsa 1. Isolates of PFV-D contain a Rsa 1
recognition sequence, whereas those of PPV-
M lack this sequence. The PPV-M isolates
contained the conserved Alu [ recognition
sequence (Lain ef al. 1989; Maiss et al. 1989;
Teycheney et al. 1989; Wetzcl et al. 1991b
and Cervera er al. 1993). PPV-SoC (sour
cherry isolate of PPV) contains neither Ksal
nor Aful restriction sites (Nemchinov and
Hadidi, 1996). Data of RFLP analysis of
IC/RT-PCR-amplified cDNA fragment using
the two primers specific to “3-terminal region
of PPV-cp gene, revealed that the isolate of
this study is considered as a strain of PPV and
could belong to M serotypc group for not
containing Rsa [ restriction site.
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