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Mini-Review
Detection of viroids and RNA viruses infecting grapevines by

PCR starts with RNA isolation, cDNA synthesis and validation of
cDNA samples. Since the presence of residual plant genomic
DNA may result in false positives during cDNA quality control, its
complete removal that requires additional time and costs is
basically important prior to cDNA synthesis. To overcome these
difficulties we designed novel sets of primers specific for
grapevine housekeeping genes that surround one or more
introns. Therefore amplicons derived from remnant genomic
DNA and cDNAs can be clearly distinguished by their sizes since
cDNAs lack the intron sequences. Thus such primers used for
internal controls make viroid and RNA virus detection by
conventional PCR simpler since the time consuming DNA
purification step can be avoided.

Grapevines like any other crop plants can be infected by
several viroids and viruses which may cause serious economic
losses. Until now approximately seven viroids and more than 70,
mostly single-stranded RNA viruses have been identified in
grapevines [1-5], but these numbers are continuously increasing
since the introduction of novel deep sequencing technologies.
At present no curative methods are available to control these
diseases, thus their spreading can be prevented or at least
delayed only by using pathogen-free propagating material.
Healthy plants can be selected from existing plantations or
produced by in vitro methods, like apical meristem and
microshoot tip cultures alone or in combination with various
physical or chemical treatments or through somatic
embryogenesis [3,6]. The virus-free status of selected/produced
plants should be confirmed by reliable diagnostic protocols, for
which PCR-based methods are still most commonly used,
although the recent development of nucleic acid sequencing
methods provide several new alternatives to identify the
complete virus populations (viromes) in plants [3,7].

The first steps of viroid and virus detection include isolation of
high purity RNA followed by cDNA synthesis. For plant RNA
isolation several excellent kits are available (SpectrumTM Plant
Total RNA Kit by Sigma-Aldrich/Merck, RNeasy Plant Mini Kit by
Qiagen and GeneJET Plant RNA Purification Mini Kit by Thermo
Scientific), and conventional methods are published that usually
use LiCl as selective precipitation agent for RNA [8,9]. To validate
the efficiency of cDNA synthesis and to prevent false negative
results various housekeeping genes are used which are stably
expressed in the target plants/organs as internal controls. Since
residual genomic DNA still present after LiCl precipitation [10]
may cause false positive results during this step, the complete
removal of genomic DNA is basically important. Thus the
complete RNA purification is usually extended by several time-
consuming and costly steps, including enzymatic DNA digestion,
additional organic extraction, repeated precipitation and
washing which would be originally not necessary to detect
viruses by RT-PCR or quantitative real-time-PCR. Furthermore,
every additional steps of the isolation procedure diminish the
theoretical sensitivity of the assay, which should be avoided
especially when low virus titer has to be detected as it is
frequently the case of propagation materials.

To eliminate these unnecessary steps of complete RNA
purification we designed new sets of primers specific for four
grapevine reference gene candidates phosphoenolpyruvate
carboxylase, actin, tubulin and elongation factor 1-α (Table 1)
[10,11]. In previous studies these genes showed stable
expression under different conditions on the tested grapevine
cultivars [12-16]. Primers were designed so that they
surrounded one or more introns [10,11]. Thus amplicons derived
from residual genomic DNA and those derived from cDNA can be
clearly distinguished by their sizes on agarose gel, since intron
sequences are deleted from cDNAs during RNA splicing (Figure
1). We have shown that the primers initiated the amplification
of the expected regions from the genomic DNA samples of the
24 different grapevine cultivars tested, therefore they are
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suitable as reference gene specific primers for grapevines
[10,11].

Table 1: Primers used in conventional PCR for internal controls to validate cDNA synthesis from grapevine RNA preparations.

Primer
name Target gene Sequence (5’→3’)

No. of introns
encompasssed

Annealing
temperature
(°C)

Length of the
amplified
fragment
(cDNA/
genomic DNA,
bp) Reference

PepLfw
PepLrev

phosphoenolpyruvate
carboxylase

CAAGGTGTCTGAGGATGACAAG
GCTGTATCAACACGACGTAAGA 3 54 717/2724 [10]

PepSfw
PepSrev

phosphoenolpyruvate
carboxylase

GTCCTTACAGCACATCCTACTC
CCCACCCATCCAAGAAGAAA 2 58 354/1597 [10]

act-fw1
act-rev1 actin

GGCCGATACTGAAGATATCCAG
ACCAGAATCCAGCACAATACC 2 54 472/664 [11]

tub-fw 2
tub-rev 2 tubulin

CACGATGCTTTCAACACCTTC
CTTCATTGTCCAAGAGCACAG 2 54 487/898 [11]

elf-fw1
elf-rev1 elongation factor 1

GGGTAAGGAGAAGGTTCACATC
TGCCTTGGAGTACTTTGGTG 1 54 493/579 [11]

Figure 1: Schematic representation of the application of intron containing housekeeping genes for validation of cDNA synthesis.
Primers (green arrows) are designed to surround one or more intron(s). Thus residual genomic DNA yields a longer amplicon that
contains both exon and intron sequences (upper band on the gel image), while cDNA yields a shorter amplicon due to the
deletion of intron(s) during RNA splicing (lower band on the gel image).

Next we have tested RNA samples of grapevine leaves grown
in vitro and in the field, petioles of field grown plants and
cambial scrapings of wooden cuttings which are commonly used
for virus detection assays. We have shown that each of the four
tested genes uniformly expressed in the tested plant tissues/
organs of the 12 grapevine cultivars involved in this work. Our
above studies show that the candidate gene sequences used for
primer design are highly conserved among the different
grapevine cultivars and these genes are stably expressed in
different tissues/organs. Thus they can be reliably used as
internal controls for the validation of cDNA synthesis in virus
detection studies. These primers have been designed to aid
quality control in cDNA synthesis for conventional PCR and not
to be applied as an internal reference in quantitative real time
PCR experiments.

The suitability of phosphoenolpyruvate carboxylase gene-
specific primers PepSfw/PepSrev (Table 1) as cDNA quality

controls in a Grapevine rupestris stem pitting-associated virus
(GRSPaV) detection assay using the 48V/49C primers [17,18] was
proven both in simplex and duplex PCR [10]. Grapevine cDNA
samples validated with elongation factor 1 gene-specific primers
elf-fw1/elf-rev1 (Table 1) were also appropriate to detect
Grapevine fleck virus (GFkV) and GRSPaV (Figure 2) in duplex
PCR. Further experiments should be carried out to test if the
described reference gene-specific primers can be used in
combination with pathogen specific primers in conventional
duplex or multiplex PCR to detect the most important grapevine
viruses [19]. To this end primers should not interact with each
other, they should initiate DNA amplification under the same
PCR conditions and amplicons derived from the host gene and
pathogen-specific sequences should be clearly distinguished by
their sizes on agarose gel. The principle described here surely
can be applied for several other crops in viroid and RNA virus
detection.
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Figure 2: Detection of grapevine viruses in duplex PCR. (a)
Virus assays with grapevine elongation factor 1-specific
primers elf-fw1/elf-rev1 (Table 1) and Grapevine fleck virus-
specific primers GFk V1F/GFk C1/R (18) yielding a 352 bp
amplicon (lower band) from virus cDNA in samples 4-7 and
10. (b) Virus assays with grapevine elongation factor 1-
specific primers elf-fw1/elf-rev1 and Grapevine rupestris stem
pitting-associated virus-specific primers 48V/49C (17) yielding
a 330 bp amplicon (lower band) in all samples. The 493 bp
intensive band present in all samples both in (a) and (b) panel
is the elongation factor 1 cDNA-derived amplicon, the weaker
upper band shown the 579 bp PCR product from elongation
factor 1 genomic DNA. Lane M: size marker, Ø: cDNA-free
control, lanes 1-10 are cDNA preparations from Vitis vinifera
cultivars ‘Kék bakator’, ‘Kék bakator’, ‘Juhfark’, ‘Neoplanta’,
‘Zefír’, ‘Zervin’, ‘Zervin’, ‘Pintes’, ‘Pintes’ and ‘Furmint’,
respectively.
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