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Rapid Screening of Apple mosaic virus in Cultivated Apples by RT-PCR
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The coat protein (CP) gene of Apple mosaic virus (ApMY),
a member of the genus llarvirus, was selected for the
design of virus-specific primers for amplification and
molecular detection of the virus in cultivated apple. A
combined assay of reverse transcription and polymerase
chain reaction (RT-PCR) was performed with a single
pair of ApMYV-specific primers and crude nucleic acid
extracts from virus-infected apple for rapid detection of
the virus. The PCR product was verified by restriction
mapping analysis and by sequence determination. The
lowest concentration of template viral RNA required
for detection was 100 fg. This indicates that the RT-
PCR for detection of the virus is a 10° times more
sensitive, reproducible and time-saving method than the
enzyme-linked immunosorbent assay. The specificity of
the primers was verified using other unrelated viral
RNAs. No PCR product was observed when Cucumber
mosaic virus (Cucumovirus) or a crude extract of healthy
apple was used as a template in RT-PCR with the same
primers. The PCR product (669 bp) of the CP gene of
the virus was cloned into the plasmid vector and result-
ant recombinant (pAPCP1) was selected for molecule of
apple transformation to breed virus-resistant transgenic
apple plants as the next step. This method can be useful
for early stage screening of in vitro plantlet and genetic
resources of resistant cultivar of apple plants.
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Control of viral diseases in woody plants is best accom-
plished by establishing new virus-free plantings from virus-
tested plants. The certification of nursery stock requires fast
and sensitive screening methods for detection of viruses.
Bioassays such as grafting method with sensitive woody
indicator species and enzyme-linked immunosorbent assay
(ELISA) are the routine methods used for detecting viruses.
However, these techniques are not sufficient to detect low
concentrations of virus in the plant tissues, and sometimes
variations occur in the responsiveness of indicator host
plants to various isolates of virus (Park et al., 1990). Thus,
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reliable virus detection method is required and this is
important to maintain and disseminate virus-free germ-
plasm of crops that are vegetatively propagated.

Reverse transcription-polymerase chain reaction (RT-
PCR) has the potential to be an extremely sensitive method
in some woody plants even during seasons of low titer of
virus (Kinard et al., 1996). Apple mosaic virus (ApMV), a
member of the genus Harvirus (Fulton, 1972), is one of the
major pathogens infecting apple trees (Fulton, 1983).
ApMYV occurs worldwide and infects a number of woody
plants of over 65 species in 19 families including rose, hop,
hazelnut, birch, and raspberry (Aramburu and Rovira,
1998; Brunt et al., 1996; Gottliecb and Berbee, 1973;
Postman and Cameron, 1987; Sweet and Barbara, 1979;
Wong and Horst, 1993). ApMV can be transmitted by
mechanical inoculation and by grafting but not through
seeds (Fulton, 1983). In this study, ApMV-specific oligo-
nucleotide primers were selected from a region of coat
protein (CP) of the ApMV RNA3 (Shiel et al., 1995), and
the ability of RT-PCR to detect the virus from cultivated
apple tissue was examined.

Materials and Methods

Source of plants, virus, and antiserum. Leaf tissues were
obtained from diseased apple (Malus domestica) trees (cv. Fuji) in
the experimental fields at the National Horticultural Research
Institute (NHRI) in Suwon, Korea, and used for samples of RT-
PCR to detect ApMV (Fig. 1). ApMV-F strain (PV-382) was
obtained from ATCC (USA) and used for positive control. The
ApMV antibody was kindly provided by Dr. Berger, P.H.
(University of Idaho, USA).

Extraction of total nucleic acids. Total nucleic acids were
extracted from ApMV-infected leaf tissues by the SDS/proteinase
K methods (Ryu and Park, 1995). RNA was extracted from 0.1 g
of leaf blade tissue. Final preparations were dissolved in 20 pl of
DEPC-treated water and stored at -70°C until use.

Design of primer. A set of ApMV-specific primers (PAPMCP5-
2 and PAPMCP3-2) was designed based on the nucleotide
sequences of CP gene of various ApMV strains in the GenBank
database. PAPMCPS5-2 upstream primer (GenBank accession no.
AJO10123) was 5'-gcggtcaacatggtctgcaagtac-3', and PAPMCP3-2
downstream reverse primer (GenBank accession no. AJ243906)
was 5'-ctaacaaatcttcatcgataaggegg-3'.
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Fig. 1. Diagrammatic representation of ApMV-specific primers used for detection of ApMYV in this study. MP, movement protein; CP,

coat protein.

Optimization and sensitivity of RT-PCR. RT was carried out at
42°C for 60 minutes in 10 mM Tris-HCI buffer (pH 8.3)
containing 20 pl sample RNA, 2.5 mM MgCl,, 50 mM KCI, 1.0
mM each of dNTPs, 50 pmol primer PAPMCP3, 1 unit of RNase
inhibitor, and 2.5 units Moloney murine leukemia virus reverse
transcriptase (Perkin Elmer) ( Ryu et al., 1995). The cDNA was
amplified by 2.5 units of Tag DNA polymerase (Perkin Elmer) in
50 ul of PCR buffer (10 mM Tris-HC], pH 8.3, 2.5 mM MgCl, 50
mM KCl) containing 50 pmol of PAPMCPS primer in condition
of denaturation at 94°C for 30 seconds, annealing at 50°C for 30
seconds, polymerization at 72°C for | minute, and post-extension
at 72°C for 10 minutes on programmed DNA thermal cycler
(Perkin Elmer model 480) for 40 cycles. To determine optimal
concentration of MgCl,, the reactions were at 1.25,2.5,5,7.5, and
10 mM concentrations of MgCl,, respectively. Several serial
dilutions of the purified ApMV RNAs were applied to determine
the sensitivity for detecting the virus

Results and Discussion

In this study, molecular detection method for rapid screen-
ing of ApMV in cultivated apple tree was developed. RT-
PCR techniques applied in this work successfully detected
ApMV from collected infected samples. The virus was not
detected from samples from symptomless leaves of apple,
and these revealed healthy plants by confirmation through
serological analysis (data not shown). RT-PCR products of
ApMV only obtained the size of 686 bp at 2.5 or 5.0 mM
concentration of MgCl, (Fig. 2). The cDNA molecules of
ApMV at 2.5 mM concentration of MgCl, more efficiently
amplified the target gene than at 5.0 mM MgCl,.

The RT-PCR for ApMV could be sensitively detected as
low as 100 fg of viral RNA (Fig. 3). No PCR product was
observed when Cucumber mosaic virus (genus Cucumovirus)
or a crude extract of healthy apple was used as a template in
RT-PCR with the same primers, and this demonstrated that
the primers were only specific for ApMV. This indicates

M 123 4 5

Fig. 2. Determination of optimum MgCl, concentration for
detection of ApMV by RT-PCR. Lane M, 1kb DNA size marker
(GIBCO BRLY; Lane 1, 1.25 mM; 2, 2.5 mM; 3, 5.0 mM; 4, 7.5
mM; 5, 10 mM MgCl,, respectively.
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Fig. 3. Determination of detection limit for ApMV by RT-PCR.
Lane M, 1 kb DNA size marker (GIBCO BRL); Lane 1, 100 pg;
2,50 pg; 3, 10 pg; 4, 1 pg; 5, 500 fg; 6, 100 fg; 7, 50; 8, 101g; 9, 5
fg; 10, CMV, respectively.

that the RT-PCR for detection of the virus is a 10’ times
more sensitive, reproducible, and time-saving method than
the enzyme-linked immunosorbent assay (data not shown).
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Fig. 4. Analysis of PCR product for ApMV by restriction
endonucleases digestion. Lane M, 1 kb DNA size marker
(GIBCO BRL); Lane 1, Apal; 2, Clal; 3, Haelll; 4, Hincll; 5,
Tagql; 6, uncut, respectively.

This method was applied for other tissues, such as stem,
root and dried fallen leaves, and ApMV was successfully
detected in all the tissues (data not shown).

A single PCR product of the virus was digested by Apal,
Clal, Haelll, Hincll, and Tagl restriction endonucleases
(Fig. 4). Restriction mapping analysis indicated that the
sequence of ApMV isolated from Korea was not identical
with those of other previously reported ApMVs (Lee et al.,
2002). The PCR product of the CP gene of the virus was
cloned into the phagemid vector (pCRII, Invitrogen) and
the cloned recombinant plasmid (pAPCP1) was selected
and the CP sequence determined. ApMV-K CP consisted
of 218 amino acid residues, and this indicated that it was 3-
5 amino acids shorter than that of other strains of ApMV. In
the BLAST search analysis, the virus showed 83.0-97.7%
and 85.3-100.0% identical at the nucleotide and amino acid
levels, respectively, to that of all the known ApMYV strains
(data not shown). The plasmid containing the viral CP can
be applied in breeding virus-resistant transgenic apple
plants. This method can be useful for early stage screening
of in vitro plantlet and genetic resources of resistant cultivar
of apple plants.
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