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a b s t r a c t
A protocol of multiplex RT-PCR in a one-tube system for the detection of the most common stone fruit
trees viruses [e.g., plum pox virus (PPV), prune dwarf virus (PDV), and Prunus necrotic ringspot virus
(PNRSV)], including the internal control of NADH dehydrogenase subunit 5 (nad5) gene are described
here. The method speciﬁcity was tested on more than 80 different samples with various isolates and
strains of the viruses. It showed that the targeted viruses produced the expected amplicons, whereas
all other related viruses produced only the nad5 internal control amplicon. The method sensitivity was
evaluated by comparing it with Simplex RT-PCR with the same primers; no signiﬁcant differences in
detection limits were recorded. Furthermore, the competitiveness of the primers in the assay was tested
by serial RNA dilutions of samples with mixed and single infections. The least competitive was the internal
control nad5 gene primer pair; therefore, there is a reduced risk of false negatives as all the other primers
tend to be more efﬁcient in the given primer cocktail than in the primers for internal control.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
Prunus spp. are affected by many viruses, and most frequently
occur in the genera Ilarvirus, Potyvirus, and Trichovirus. The following viruses are the most important for stone fruit trees: plum
pox virus (PPV), Prunus necrotic ringspot virus (PNRSV), prune
dwarf virus (PDV), and apple chlorotic leaf spot virus (ACLSV)
(Németh, 1986). Currently, these pathogens may be detected by
biological indexing (Di Terlizi, 2000; Bertozzi et al., 2002; Gentit,
2006), immunological methods (Clark and Adams, 1977; Cambra
et al., 1994; Spiegel et al., 1998; Mekuria et al., 2003), molecular hybridization (Palkovics et al., 1994; Saade et al., 2000), and
reverse transcription polymerase chain reaction (RT-PCR) (Wetzel
et al., 1991, 1992; Scott et al., 1992; Olmos et al., 1997; Rosner
et al., 1998; Spiegel et al., 1999). In all these assays, usually one
pathogen is detected per assay (Hadidi et al., 2004). Procedures
that allow simultaneous detection and/or identiﬁcation of different viruses are desirable for routine diagnosis because they require
less time, labor, and cost than single RT-PCR. Several multiplex systems are available for routine detection of multiple viruses and
viroids (Grieco and Gallitelli, 1999; Bertolini et al., 2001; Ito et al.,
2002; Menzel et al., 2002; Ragozzino et al., 2004; Roy et al., 2005)
in fruit trees. However, the efﬁciency of multiplex assays is variable with respect to combination and number of tested viruses or
viroids (Sánchez-Navarro et al., 2005).

∗ Corresponding author. Tel.: +420 233022410; fax: +420 233310636.
E-mail address: jiban@vurv.cz (J.K. Kundu).
0304-4238/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.scienta.2010.02.011

We describe here a protocol of multiplex RT-PCR in a one-tube
system for the detection of the most common viruses (e.g., PNRSV,
PDV, and PPV) in stone fruit trees. The detection speciﬁcity of the
assay was also performed by sequence analysis of the PCR fragments.
2. Materials and methods
2.1. Virus source
Leaf samples (three–ﬁve leaves per sample) were collected randomly from plum (Prunus domestica L.), cherry (P. avium (L.) L.), sour
cherry (P. cerasus L.), Nanking cherry (P. tomentosa Thunb.), peach
(P. persica (L.) Batsch), and blackthorn (P. spinosa L.) trees known or
suspected to be PPV-, PDV-, and PNRSV-positive grown in research
and commercial orchards and in the wild in the Czech Republic. Two
PDV isolates from Romania, BN51125-2/8 and BN51125-2/4 from
P. domestica, were used for comparison with the Czech isolates.
2.2. Oligonucleotides
Current PDV and PNRSV coat protein nucleotide sequences from
the GenBank database were aligned using the program Clustal W
version 1.7 (Thompson et al., 1997) and used to identify oligonucleotide primer sequences that may be used for universal detection
of PDV and PNRSV. Additional primers used in this study include
the PPV-RR and F3 primers described by Varga and James (2005,
2006) and nad5 mRNA-speciﬁc primers Nad5-F and Nad5-R (mRNA
coding mitochondrial gene of higher plants encoding subunit 5
of the NADH ubiquinone oxidoreductase complex) described by
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Table 1
Primer used in this study.
Primer name
PPV-RR
F3
PDVdpR
PDVdpuF
PNcpR
PNcpinF
Nad5-R
Nad5-F
a
b
c
d
e

Sequence (5 -3 )
CTCTTCTTGTGTTCCGACGTTTC
GGAATGTGGGTGATGATGG
CCTTTAATGAGTCCGT
CCGAGTGGATGCTTCACG
CTTTCCATTCGGAGAAATTCG
GAGTATTGACTTCACGACCAC
CTCCAGTCACCAACATTGGCATAA
GATGCTTCTTGGGGCTTCTTGTT

Nucleotide position
a

9475-9497
9153-9171b
1572-1557c
1353-1370c
1821-1801d
1396-1416d
968-987 and 1836-1838e
1973-1995e

Fragment size

Target

Reference

345 bp

PPV

220 bp

PDV

425 bp

PNRSV

181 bp

Plant

Varga and James (2005)
Varga and James (2006)
This study
This study
This study
This study
Menzel et al. (2002)

Genome position on PPV accessions D (X16415) and M (M92280).
PPV Fantasia, accession AY912056.1.
PDV ch-137 accession L28145.
PNRSV PV32 accession Y07568.
nad5 accession D37958.

Menzel et al. (2002) as an internal control. Primers are described in
Table 1.
2.3. RNA preparation
RNA was isolated from the leaves of all the above mentioned
plants by using a commercially available extraction kit, RNeasy
Plant Mini Kit (QIAGEN, Hilden, Germany) with a modiﬁcation
according to Mekuria et al. (2003). Two hundred milligrams of
either fresh or frozen leaf tissue was ground into a ﬁne powder
in liquid nitrogen, mixed with 2.0 ml of extraction buffer containing 4.4% (w/v) PVP-40 (Sigma, MO, USA) and 1% (w/v) sodium
metabisulphite, and brieﬂy vortexed. Five hundred microliters of
the homogenate was mixed with 60 l of 20% (w/v) sarkosyl (Nlauroyl-sarcosine, Sigma) and incubated at 70 ◦ C with agitation
for 10 min. The contents were then transferred to a QIA shredder
mini column and centrifuged at 14,000 rpm for 5 min. The column
ﬂowthrough (350 l) was mixed with 315 l of 95% ethanol, and
the remainder of the protocol was carried out according to the manufacturer’s instructions. RNA was stored at −20 ◦ C (or at −80 ◦ C for
long-term storage). The quality and quantity of isolated RNA were
determined by spectrophotometry at 260, 230, and 280 nm.
2.4. One-step RT-PCR for multiplex virus detection
One-step-RT-PCR was performed with the One-Step-RT-PCR kit
(Qiagen) as described by Kundu (2003). The One-Step-RT-PCR mixture containing 5 l of the 5× Qiagen One-Step-RT-PCR buffer,
10 nM of each dNTP, 1 l of the Qiagen One-Step-RT-PCR enzyme
mixture, 1 l of Q solution, and 6 pM of reverse and forward primers
(Table 1) were prepared in 2 l of RNA and the mixture was
adjusted to 25 l with RNase-free water. The reaction was carried
out in a thermocycler (MJ Research) as follows: a RT step at 50 ◦ C for
30 min and an initial PCR activation step at 95 ◦ C for 15 min, then
33 cycles of 94 ◦ C for 30 s (denaturation), 51 ◦ C for 45 s (annealing),
and 72 ◦ C for 80 s (extension). After the last cycle, a ﬁnal extension
step at 72 ◦ C for 10 min was added.
The PCR products were analyzed in 2% agarose gel electrophoresis; staining was done by SYBR Green (Invitrogen, CA, USA). PCR
fragments were also analyzed by sequencing of amplicons using
reverse and forward primers of each virus of several isolates.
Sequences were analyzed by using software Clustal W version 1.7
(Thompson et al., 1997), Sequencher 4.8 (Gene Codes Corporation,
MI, USA) and BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
3. Results
3.1. Virus detection by simple and multiplex RT-PCR
A multiplex RT-PCR was developed for the identiﬁcation of PPV,
PDV, and PNRSV in stone fruit tree tissues. Included in the method

were the PPV-speciﬁc primers developed by Varga and James (2005,
2006), which resulted in a 345 bp amplicon; universal primers used
to amplify a 181 -p fragment of the nad5 mRNA, serving as an internal positive control for the RT-PCR (Menzel et al., 2002); and novel
primers designed to amplify a 425-bp fragment of the coat protein gene characteristic of PNRSV and a 220-bp fragment of the
coat protein gene of PDV (Fig. 1A). The primers in this reaction
were chosen among many candidates because of their speciﬁcity
and ability to produce only the targeted amplicons (Fig. 1A). The
thermal gradients of annealing temperature were run for some
samples (the Ta between 48 and 63 ◦ C) and the efﬁciency of the
assay was conﬁrmed to be optimal between 50 and 55 ◦ C. However, the reaction is so robust that the targeted sequences ampliﬁed
under all tested temperatures—nevertheless, the products were
weaker under annealing temperatures higher than 55 ◦ C.
The method speciﬁcity was tested on more than 80 different samples with various isolates and strains of the viruses and
showed that the targeted viruses resulted in the expected amplicons (Fig. 1B), while all other related viruses produced only the nad5
internal control amplicon (data not shown). In the study, three PPV
strains common in Europe were included—PPV-D (Dideron), PPV-M
(Marcus), and PPV-Rec (Recombinant) (Candresse et al., 1998; Glasa
et al., 2004). A simple one-step-RT-PCR was carried out for each of
the tested samples and for each of the tested viruses to compare the
speciﬁcity of the reaction. The primers used in the multiplex RT-PCR
were used in the simple RT-PCR. There were no differences recorded
for speciﬁcity and robustness of these two methods. There were an
equal number of positive samples detected by both methods (data
not shown).
The speciﬁcity of the detection assay was further proved
by sequence analysis of PCR fragments of some isolates of
detected viruses. The Genbank accession numbers of the
sequences of the virus isolate are as follows: PPV (isolates cz1cp = FJ842715, cz2cp = FJ842716, cz3cp = FJ842717,
cz4cp = FJ842718, cz6cp = FJ842719, z8cp = FJ842720); PDV (isolates cz1cp–cz9cp = FJ842698–FJ842706); and PNRSV (isolates
cz1cp–cz8cp = FJ842707–FJ842714).
3.2. Multiplex RT-PCR with/or without internal control
Multiplex RT-PCR including and excluding internal control was
carried out and compared. Serial dilution tests compared the sensitivity of multiplex RT-PCR including and excluding the internal
control. The exclusion of the internal control from the reaction
did not have any effect on the sensitivity of PDV detection. On the
other hand, the sensitivity of PPV and PNRSV detection was even
increased by the addition of the internal control primers into the
reaction mix in this case, on average, the differences in RNA dilutions, in which the viruses were detected, varied from 10 to 100
times (Fig. 1C and D). The multiplex RT-PCR method can therefore
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be used both with and without the internal control with more or
less the same results. The only exceptions were samples of P. tomentosa, where ampliﬁcation of the internal control was unsatisfactory.
Furthermore, artiﬁcially mixed RNAs from different infections (single as well as mixed infections) were tested in the reaction with the
same positive results (data not shown).
3.3. Sensitivity of the multiplex RT-PCR
The sensitivity of the reaction was tested by serial dilutions of
plant RNA extracts in water used for the RT-PCR ampliﬁcation. In
the multiplex PCR reactions, some primers often tended to be more
efﬁciently “aggressive” than others, resulting in the production of
their own amplicon to the disadvantage of the other primers and
targeted sequences. In our assay, we have conﬁrmed the competitive character of multiplex PCR by serial RNA dilutions. When RNA
from samples infected with all three viruses was diluted 10-fold to
100 million-fold, internal control and PDV were detectable in RNA
diluted up to 1 million-fold, whereas PNRSV was detectable in all
performed RNA dilutions (Fig. 1C). The serial dilution was tested
on different samples with similar results—the internal control was
always the ﬁrst amplicon to disappear from the electrophoresis gel
visualization.
Serial dilution tests were carried out for simple reactions and
compared with the multiplex reaction. No signiﬁcant differences
were recorded for the detection capability of the individual assays.
In the case of PPV, the sensitivity of the reaction was usually even
enhanced by adding more primers into the reaction mix. In multiplex reactions, the PPV was detectable in RNA dilutions up to 10−5 ,
the simple reaction with PPV primers produced visible amplicons
only in dilutions up to 10−4 for all tested samples (Fig. 1E).
The assay was compared with the multiplex RT-PCR assay published by Sánchez-Navarro et al. (2005). The Czech isolates of PDV
were not detectable by the RT-PCR assay according to SánchezNavarro et al. (2005) neither in the simple nor in the multiplex
reactions in our hands (Fig. 2A and B).
4. Discussion
The detection of viruses by rapid and reliable techniques is still
one of the most demanding tasks in plant virology. In this report,
we describe the development of a one-step multiplex RT-PCR assay
for common stone fruit virus detection, which is rapid, highly sen-

Fig. 1. (A–E) One-step-multiplex RT-PCR for the detection of PDV, PPV, and PNRSV.
(A) One-step multiplex RT-PCR without the nad5 gene as an internal control. Lane
1: mixed infected plant with PPV, PDV, and PNRSV; lane 2: mixed infected plant
with PPV and PNRSV; lane 3: mixed infected plant with PNRSV and PDV; lane
4: mixed infected plant with PDV and PPV; lane 5: plant infected with PNRSV; lane 6:

plant infected with PDV; lane 7: plant infected with PPV; lane M: DNA ladder 100 bp
(Fermentas Int., Burlington, Canada). (B) One-step multiplex RT-PCR with the nad5
gene as an internal control. Lane 1: sample of a healthy plant; lane 2: mixed infected
plant with PPV, PDV, and PNRSV; lanes 3 and 4: mixed infected plant with PNRSV
and PDV; lane 5: mixed infected plant with PDV and PPV; lane 6: plant infected with
PNRSV; lane 7: plant infected with PDV; lane 8: plant infected with PPV infection;
lane M: DNA ladder 100 bp (Fermentas Int., Burlington, Canada). (C) Sensitivity of
one-step multiplex RT-PCR assay using serially diluted plant RNA with the nad5
gene as an internal control. Lanes 1–8: serially diluted RNA samples of mixed PPV,
PDV, and PNRSV-infected plum (P. domestica), when RNA was diluted 10-fold – total
RNA concentration 50 ng in the reaction (lane 1) to 100 million-fold – total RNA
concentration 5 fg in the reaction (lane 8). Lane 9: a healthy plant sample. Lane M:
DNA ladder 1 kb (Fermentas Int., Burlington, Canada). (D) Sensitivity of one-step
multiplex RT-PCR assay using serially diluted plant RNA extracts and without the
nad5 gene as an internal control. Lanes 1–8: serially diluted RNA samples of mixed
PPV, PDV, and PNRSV-infected plum (P. domestica), when RNA was diluted 10-fold –
total RNA concentration 50 ng in the reaction (lane 1) to 10 million-fold – total RNA
concentration 50 fg in the reaction (lane 7). Lane 8: a healthy plant sample. Lane M:
DNA ladder 100 bp (Fermentas Int., Burlington, Canada). (E) Sensitivity of one-step
simlex RT-PCR assay with PPV primers using serially diluted plant RNA with the nad5
gene as an internal control. Lanes 1–8: serially diluted RNA samples of PPV-infected
plum (P. domestica), when RNA was diluted 10-fold – total RNA concentration 50 ng
in the reaction (lane 1) to 10 million-fold – total RNA concentration 50 fg in the
reaction (lane 7). Lane 8: A healthy plant RNA. Lane M: DNA ladder 100 bp (Fermentas
Int., Burlington, Canada).
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Fig. 2. (A and B) Comparison of one-step RT-PCR multiplex assay using primers
described in this paper (A) versus primers described in Sánchez-Navarro et al. (2005)
(B) for the detection of PDV, PPV, and PNRSV.
Lanes 1–3: PPV-infected plants, lanes 4–6: PDV-infected plants, lanes 7–8: PNRSVinfected plants, lane 9: PDV and PNRSV mixed infected plant, lane 10: healthy plant,
lane M: DNA ladder 100 bp (Fermentas Int., Burlington, Canada).

sitive, and speciﬁc. It thus appears to be useful for virus typing in
research or for routine diagnostic application. So far, to our knowledge, two multiplex RT-PCR methods for stone fruit virus detection
have been published – Sánchez-Navarro et al. (2005) developed a
simultaneous detection of eight viruses of stone fruit trees – PNRSV,
PDV, PPV, apple mosaic virus (ApMV), American plum line pattern
virus (APLPV), apple chlorotic leaf spot virus (ACLSV), apricot latent
virus (ApLV), and plum bark necrosis stem pitting associated virus
(PBNSPaV) and Saade et al. (2000) reported an assay for detection
of PNRSV, PDV, and ApMV. Sánchez-Navarro et al. (2005) reported
a decrease in sensitivity when the primer cocktail contained more
than ﬁve different pair primers and reported that the sensitivity
of the reaction was inﬂuenced by the number of different primer
pairs, instead of the total amount of primers present in the cocktail.
The method was applied under our conditions and found to be inefﬁcient in detecting the Czech PDV isolates (Fig. 2). The downside of
Saade’s assay in terms of routine diagnosis is the absence of PDV
detection possibility as it is the most important and frequent stone
fruit virus in Europe.
Undoubtedly, multiplex PCR can be less sensitive than a single
reaction with the same primers. The presence of more than one
primer pair in the multiplex PCR increases the chance of obtaining
spurious ampliﬁcation products primarily because of the formation of primer dimers. These nonspeciﬁc products may be ampliﬁed
more efﬁciently than the desired target, consuming reaction components and producing impaired rates of annealing and extension.
Thus, the optimization of multiplex PCR should aim to minimize or
reduce such nonspeciﬁc interactions (Elnifro et al., 2000). There
are the ways to overcome these problems. The ﬁrst is careful
primer selection. The speciﬁcity of these primers is vital, particularly with respect to their capacity to partially anneal to any part
of the other co-infected viruses’ genomes in question. Furthermore,
these primers should be designed so that they cannot create selfdimers. Second, the conditions under which the reaction is run
are of great importance. The annealing temperatures of all primers
should be similar so that high speciﬁcity can be achieved. Annealing
temperature that is too low allows ampliﬁcation of unspeciﬁc products; annealing temperature that is too high reduces the chance
of the targeted product to amplify. The same is true for anneal-
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ing times. Finally, the concentration of individual primers might be
able to solve the problem of the “predaceous” primers by decreasing their concentration and increasing the concentration of the less
aggressive primers. In our study, we concentrated on careful primer
selection and all primers producing unspeciﬁc amplicons in PCR
reaction were excluded from our study. The sensitivity of the reaction, when compared with simple reaction with the same primers,
was not lowered. Furthermore, due to the absence of unspeciﬁc
products, the recommended ﬁnal annealing temperature settled at
51 ◦ C as reaction speciﬁcity there seems not to require temperatures higher than this.
Preferential ampliﬁcation of one target sequence over another
(bias in template-to-product ratios) is a known phenomenon in
multiplex PCRs that are designed to amplify more than one target
simultaneously (Elnifro et al., 2000). In our study, this was tested
by serial RNA dilutions of a sample infected by all three viruses
and samples infected with single infections. The least competitive
primer pair is the pair for the nad5 gene. Therefore, when the assay
was run with the internal control, and the internal control was positive, it is very probable that the primers for targeted viruses did not
fail to amplify the present sequences. This is due to the fact that
all the other primers seemed to be more competitive and therefore
more capable of amplifying the targeted sequence than the primers
for the nad5 gene. On the other hand, there is a risk of internal
control being false negative, thereby leading to inaccurate conclusions. When the concentration of the virus template is high, the
more competitive primers for the given virus can use up most of the
chemicals such as nucleotides and therefore stop the nad5 primers
from amplifying the targeted sequence successfully. In our experience, apart from the samples of P. tomentosa mentioned above,
all the tested samples of ordinarily diluted good-quality RNA have
always produced amplicons for internal control in the multiplex RTPCR reaction, and thus, when there is a negative result of the nad5
gene presence, it is highly probable that it is due to the low quality
of template RNA. The assay when used with the internal control
can efﬁciently and quickly provide the desired information. In the
case of P. tomentosa samples, the unsatisfactory ampliﬁcation of the
internal control is probably due to a slightly different genome as,
in some cases, the product was weak but visible and, in some cases,
the product was missing completely. Therefore, when testing the
samples of P. tomentosa, we recommend using the assay without
the internal control.
In conclusion, the multiplex PCR method described here is found
useful for the diagnosis of virus pathogens in stone fruits as a complement to ELISA detection, which often remains the method of
choice for these three viruses. Nevertheless, the assay is especially
indicated for routine diagnosis as it is time- and money-saving, and,
as we have shown in this paper, is also highly speciﬁc, robust, and
sensitive. When used with the internal control, it can serve as a
reliable diagnosis tool.
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