
SUMMARY

In a recent survey of the sanitary status of stone fruits
in Palestine, a virus (isolate PL27) was transmitted to
Nicotiana occidentalis by mechanical inoculation from
Japanese plum. Purified virus consisted of quasi-spheri-
cal particles 26-35 nm in diameter which sedimented as
3-4 components in density gradient centrifugation.
Virus coat protein had an estimated molecular mass of
ca. 25 kDa, while four encapsidated RNA bands were
visible in electrophoregrams of purified nucleic acid.
The nucleotide sequence of a 385 bp PCR-generated
amplicon from RNA-3 was determined showing 99%
identity at the nucleic acid level and 98.9% similarity at
the aminoacid sequence level with a previously charac-
terized RNA-3 region of American plum line pattern
virus (APLPV). A digoxigenin-labelled probe was syn-
thesized which specifically recognized virus isolates in
extracts from herbaceous and woody samples but did
not cross-hybridize with Prunus necrotic ringspot virus
(PNRSV), Apple mosaic virus (ApMV), and Prune dwarf
virus (PDV). An antiserum to PL27 was raised, which
recognized homologous antigens but not PDV and
PNRSV. An ELISA kit prepared with this antiserum
was successfully used for the detection of PL27 in in-
fected Prunus species. Based on particle morphology,
biological, serological, and molecular properties, PL27
was identified as an isolate of APLPV.
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INTRODUCTION

Ilarviruses that infect stone fruit crops in Europe and
the Mediterranean are Prunus necrotic ring spot virus
(PNRSV), Prune dwarf virus (PDV), and Apple mosaic
virus (ApMV). American plum line pattern virus
(APLPV) is another ilarvirus reported to infect stone
fruits in North America, in particular Japanese plum 
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(Prunus salicina) peach (P. persica), and flowering cherry
(P. serrulata) (Kirkpatrick et al., 1964; Fulton, 1982).
APLPV has not been reported from Europe and the
Mediterranean, and is included in the EPPO Quaran-
tine List A1 of plant pathogens (Smith et al., 1992).
Symptoms associated with this virus vary but, in gener-
al, leaves develop chlorotic lines, bands, or oak leaf pat-
terns. Some cultivars do not show overt symptoms. 

APLPV was characterised by Paulsen and Fulton
(1968; 1969), and detected by ELISA by Fulton (1982).
This virus does not seem to be serologically related to
any of the other ilarviruses that affect stone fruit trees.
While this work was in progress, Scott and Zimmerman
(2001) reported the genomic sequence of APLPV and
its detection by molecular hybridization and RT-PCR.
We now report the identification of APLPV in the
Mediterranean and provide information on the biologi-
cal, serological and molecular characterization of a
Palestinian isolate. 

MATERIALS AND METHODS

Virus transmission and isolation. During a survey of
the sanitary status of stone fruits in Palestine (Jarrar et al.,
2001), a virus was transmitted to Nicotiana occidentalis by
mechanical inoculation of sap extracted from leaves of
Japanese plum cv. Beauty ground in 0.03M phosphate
buffer, pH 8.0 with 2.5% nicotine. Infected N. occidental-
is plants showed chlorotic and necrotic rings that gradu-
ally developed into wider necrotic areas. Preliminary
electron microscopy observations of dips from sympto-
matic leaves showed the presence of spherical particles
resembling those of ilarviruses. ELISA tests were carried
out to check for the presence of both ilarviruses and
nepoviruses known to infect stone fruit trees, i.e. PNRSV,
PDV, ApMV, Tomato ringspot virus (TomRSV), Tomato
black ring virus (TBRV), Strawberry latent ringspot virus
(SLRSV), Cherry leaf roll virus (CLRV), Cherry rasp leaf
virus (CRLV) and Raspberry ringspot virus (RpRV). As
none of the tests was positive, studies were undertaken
for the identification and characterization of this virus
which was given the laboratory code PL27.

Biological characterization. Infected N. occidentalis
was used for subtransmission to the following herba-
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ceous hosts: Chenopodium quinoa, C. bushianum, C.
amaranticolor, C. foetidum, Nicotiana occidentalis, N.
clevelandii, N. benthamiana, N. cavicola, N. glutinosa, N.
tabacum, Gomphrena globosa, Cucumis sativus cv. Mar-
keter, Cucurbita maxima, Phaseolus vulgaris cv. Bounti-
ful, Vigna unguiculata, and Ocimum basilicum. Symp-
tomless plants were back inoculated to N. occidentalis to
check for latent infections. 

Transmission by chip grafting was done using five
plants each of the following plum varieties and woody
indicators: P. domestica cvs. President, Prugna Rossa,
Regina Claudia Verde, Blue Free, Stanley; P. salicina cvs.
Angeleno, Friar, Black Beaut, Shiro, Goccia D’Oro; P.
persica cv. GF 305, P. armeniaca cv. Priana, P. serrulata cv.
Kwanzan, P. avium cv. Sam. All plants were kept in a
greenhouse at 22-24°C. Grafted plants were checked by
ELISA and molecular hybridisation to confirm infection.

Virus purification. PL27 was purified according to
Fulton (1959) from symptomatic N. occidentalis leaves
harvested about two weeks after inoculation and show-
ing systemic symptoms. Electron microscopy was used
for checking virus content during purification and for
immunoidentification of the virus. All preparations
were negatively stained with 2% aqueous uranyl acetate
(Milne and Luisoni, 1977).

Serology. An antiserum to PL27 was raised in a New
Zealand rabbit by injecting purified virus (ca. 1 µg nucle-
oproteins per injection) three times at weekly intervals,
subcutaneously and intramuscularly, after emulsification
in equal volume of Freund’s incomplete adjuvant. Anti-
serum collection began a week after the last injection and
antiserum titre was determined by gel double diffusion.
The collected serum was mixed with an equal volume of
glycerol and stored at -20°C. Its specificity was tested by
agar double diffusion test and Western blot (Hu et al.,
1990) against partially purified virus preparations of the
homologous isolate, PNRSV and PDV.

After preabsorption with healthy plant sap, IgGs
were purified through protein-A Sepharose column
(Clark and Bar-Joseph, 1984), fractionated at concentra-
tions of 1 mg/ml, and conjugated with alkaline phos-
phatase (AP) according to Avrameas (1969). Optimal
dilutions for DAS-ELISA (Clark and Adams, 1977)
were determined by testing a dilution series from 1:250
to 1:4,000 of both free and AP-conjugated IgGs. Photo-
metric measurements were done at 405 nm, 1 and 2 h
after substrate addition. DAS-ELISA was used to detect
the virus presence in herbaceous and woody plants used
for biological indexing. PL27 was also tested with a
commercial ELISA kit to APLPV (Agdia, USA).

Physico-chemical characterization. Coat protein
analysis was done by SDS-PAGE as described by
Laemmli (1970). Viral RNA was extracted from virus
particles according to Diener and Schneider (1968) and
analysed by agarose gel electrophoresis under no dena-
turing conditions. 

Partial cloning of PL27. Total RNA was extracted
from 0.5 g infected N. occidentalis tissues according to
Sánchez-Navarro et al. (1998). Since the morphology of
the virus suggested that it could be an ilarvirus, cDNA
synthesis was attempted by using a degenerate primer
VP77 which was designed for the simultaneous detec-
tion of the three ilarviruses affecting stone fruit trees by
a PCR-based method (Saade et al., 2000). First strand
cDNA was synthesized in a 20 µl reaction containing 2
µl of total RNA (3 to 5 µg), 0.5 mM each of dNTP, 40
units of ribonuclease inhibitor (Amersham Internation-
al, Cleveland), 10 units of RevertAidTM Minus M-MulV
reverse transcriptase (MBI Fermentas) and 100 pmol of
VP77 antisense primer.

PCR amplifications were carried out using antisense
primer VP77 and the sense primers VP78, VP79 and
VP80 specific to PNRSV, ApMV, and PDV, respectively
(Saade et al., 2000). PCR was in 50 µl containing 4 µl of
the reverse transcription products, 0.5 mM each of
dNTP, 5 µl of 10x buffer [166 mM (NH4)2SO4, 670
mM Tris-HCl at pH 8.8 and Tween 20], 1 unit of Eco-
Taq DNA polymerase (Ecogen SRL, London), and 50
pmol of each primer. The reaction was carried out in a
Perkin-Elmer 2400 thermal cycler programmed for one
phase at 94ºC for 2 min followed by 30 cycles of 94ºC
for 45 s, 50ºC for 45 s, and 72ºC for 90 s, and finally
with an extension phase at 72ºC for 10 min. PCR prod-
ucts were electrophoresed in 1% agarose and stained
with ethidium bromide. An amplicon of 385 bp in size
was obtained and cloned in an pGEM-T-easy vector,
producing the plasmid pAPLPV-385.

Dot blot hybridization. Total RNA, extracted as de-
scribed above (Sánchez-Navarro et al., 1998) from 0.5 g
of fresh leaf tissue was directly applied to positively
charged nylon membranes (Roche), which were air-
dried. Plasmid pAPLPV-385 was linearized with SacI,
made blunt-end with T4 DNA polymerase, purified
with phenol chloroform, precipitated by ethanol, and
resuspended in sterile water. The dig-riboprobe synthe-
sis was done with the T7 RNA polymerase as described
(Más et al., 1993). Prehybridizations and hybridizations
were carried out according to Pallás et al. (1998a).
Chemiluminescent detection with disodium 3-4
methoxyspiro (1-dioxetane3,2-5’chlorotricyclo) deacan
4-phenyl phosphate (CSPD) reagent as substrate was
performed as recommended by the manufacturer. Films
were exposed for 5-20 min.

RESULTS AND DISCUSSION

Biological characterization. PL27 infected 12 out of
16 species tested, but induced symptoms only in N. occi-
dentalis, C. amaranticolor and V. unguiculata. N. occiden-
talis showed chlorotic blotching and necrotic ringspots;
C. amaranticolor reacted with mild chlorotic spots, leaf
deformation and apical stunting; V. unguiculata showed
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leaf deformation. Latently infected species were: N.
clevelandii, N. benthamiana, N. cavicola, N. glutinosa, N.
tabacum, Gomphrena globosa, Cucumis sativus cv. Mar-
keter, Cucurbita maxima, and Phaseolus vulgaris cv.
Bountiful, whereas no apparent infection was detected
in C. quinoa, C. bushianum, C. foetidum, and Ocimum
basilicum.

All woody indicators reacted within eight weeks from
inoculation showing vein clearing, chlorotic areas, line
pattern and leaf deformation.

Virus purification and properties. In sucrose density
gradient centrifugation (3.5 h at 24.000 rpm using a
Beckman SW 28 rotor) partially purified virus migrated
as a broad band at about 3-3.5 cm from the meniscus of
the tube. Its sedimentation profile showed 3-4 close
peaks when analysed with an ISCO density gradient
fractionator. The clarification step was critical, and hy-
drated calcium phosphate gel was successful when used
at 48-50% (w:v) for N. occidentalis and 50-54% for C.
amaranticolor. Purified preparations of the virus
observed in the electron microscope appeared to be
made up spherical and quasi-spherical particles, 26-33
nm in diameter (Fig. 1), in accordance with the hypoth-
esised ilarvirus nature of PL27. Structural components

(both RNAs and protein) of the virus were then com-
pared to those of PDV and PNRSV. The viral coat pro-
tein migrated as a single band with an estimated molec-
ular mass of ca. 25 kDa (Fig. 2), i.e. intermediate be-
tween the values reported for PNRSV and PDV. Elec-
trophoretic analysis of PL27 RNAs showed four bands
with molecular weight of 1.2, 0.95, 0.71 and 0.31 x 106

Da (Fig. 3). Thus the three genomic RNAs and the
subgenomic RNA-4 of PL27 have a size slightly lower
than those of PDV and slightly higher than those of
PNRSV.

Partial sequencing. The nucleotide sequence of the
385 bp PCR-generated amplicon was determined (Fig.
4). Computer-assisted analysis of the sequence showed
99% identity at the nucleic acid level and 98.9% simi-
larity at the aminoacid sequence level with a region of
RNA-3 of the recently characterized APLPV (Scott and
Zimmerman, 2001) covering the 3´end of the 5´UTR re-
gion and the 284 first nucleotides of the movement pro-
tein gene of the virus. Of the two nucleotide changes
observed, one was conservative, thus the only change at
the amino acid level was Ser50 into Asn50. Such high
level of similarity, which was also observed with other
isolates of the same virus from different geographic ori-
gins (unpublished information) may reflect a very low
degree of genetic diversity of APLPV.

Virus detection by non-isotopic molecular hybridiza-
tion. The partial PL27 clone was used to synthesize the
corresponding digoxigenin-labelled riboprobe, which
recognized diluted and undiluted crude PL27 extracts
from herbaceous and woody samples, including the
original source (Fig. 5a). No unspecific hybridization
signals were observed with uninfected samples.

When total nucleic acid extracts from Prunus species
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Fig. 1. Purified preparation of PL27. Bar = 100 nm.

Fig. 2. Electropherogram of denatured capsid proteins of
PDV, PNRSV, and PL27. Reference kDa markers in lane M. 

RNA 1
RNA 2
RNA 3

RNA 4

Fig. 3. Northern blot hybridization of purified PL27 RNA
with a probe to RNA-3 (left). Position of PL27 RNAs in the
same electrophoresis run before hybridisation (right).



infected singly by PNRSV, ApMV or PDV, and from
APLPV-infected N. occidentalis were exposed to an
APLPV-specific digoxigenin-labelled riboprobe, no
cross-hybridization was found, showing the high speci-
ficity of the probe (Fig. 5b). 

Serology. The antiserum to PL27 antigen had a titre
of 1:32. It recognized the homologous antigen but not
PDV and PNRSV, in agar double diffusion tests, immu-
noelectron microscopy and Western blot. An ELISA kit
prepared with this antiserum showed a satisfactory posi-
tive reaction when Prunus spp. were tested (infected/
healthy ratio was over 10). However, N. occidentalis, the
host utilized for virus purification, gave significant non-
specific reactions with healthy extracts, with consequent
reduction of the ratio infected/healthy (3-4 fold).
ELISA testing of PL27 with a commercial kit to
APLPV was clearly positive, confirming the results of
the sequence analysis. 

Comparative detection of the virus by ELISA and
molecular hybridization. As shown in Table 1, the re-
sults of comparative testing of plants used for index-
ing showed that ELISA and molecular hybridization
gave in many cases matching results. Thus, they can
both be used for routine detection of the virus. How-
ever, the reliability of molecular hybridisation was
higher for 11 accessions that were ELISA-negative but
gave positive reactions by molecular hybridization,
whereas the opposite case was observed only in two
samples. These results are in line with the notion that
with stone fruit viruses, molecular testing is often
more sensitive than ELISA (Pallás et al., 1998b) and
can therefore be considered as a satisfactory alterna-
tive for routine diagnosis. 

In conclusion, the present investigation has shown,
based on particle morphology, biological properties,
serology, and molecular data that PL27 is an isolate of
APLPV. To the best of our knowledge this represents
the first substantiated record of this quarantine
pathogen in the Mediterranean.
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Fig. 5. A. Molecular hybridisation of extracts from herba-
ceous and woody hosts. Five-fold diluted (D) and undiluted
(UD) total nucleic acids (TNA) and crude extracts from
healthy (Sap H) and infected (Sap i) plants. PL27 RNA =
positive control. B. Molecular hybridization of TNA plants
infected by PL27 and the other ilarviruses infecting stone
fruit trees (PDV, PNRSV, ApMV). H=healthy control.

Fig. 4. Nucleotide sequence of the clone pAPLPV-385 from RNA-3 of PL27. Polymorphic positions differing from the peach iso-
late of APLPV characterized by Scott and Zimmerman (2001) are marked. The initiation codon for the movement protein cistron
is shown in bold. Numbering refers to the reference peach isolate.
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Table 1. Detection of APLPV by ELISA and molecular hybridization (MH) in the indicator plants.

N. positive samples/tested samplesSpecies N. varieties N. samples

ELISA MH

P. domestica 5 25 22/25 25/25

P. salicina 5 18 18/18 15/16

P. persica 1 5 3/5 5/5

P. serrulata 1 4 3/4 5/5

P. armeniaca 1 3 2/3 3/3

P. avium 2 5 1/5 4/5

TOTAL 15 60 49/60 55/57
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