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Abstract

Selected problems related to non-uniformity of plant virus sequence variants
present in infected plants and imperfectness of current diagnostic methods are il-
lustrated and discussed. A failure of some primers to react (efficiently) with atypi-
cal isolates/strains of Apple chlorotic leaf spot virus (ACLSV) and Plum pox virus (PPV)
is demonstrated. On the other hand, problematic positive reactions of PPV isolate
L5 classified to D-type, but showing some atypical reaction, are presented and ana-
lysed briefly. Some recommendations how to address these problems in the field of
plant viruses diagnostics are given.
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Introduction

A growing application of diagnostic methods based on enzymatic amplification
of plant viruses nucleic acid is a result of many advantages offered by them: ex-
treme sensitivity, relatively short time necessary to perform the test, potential for
reproducibility between laboratories, flexibility of target selection, and decreasing
costs of some reagents (Henson and French 1993, Candresse 1995, Malinowski et
al. 1997). Although ELISA (enzyme-linked immunosorbent assay), introduced to
plant pathology by Clark and Adams (1977), still remains a first choice among lab-
oratory methods for detection of many plant viruses, a number of pathogens for
which specific primers are designed and RT-PCR (RT – reverse transcription, PCR
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– polymerase chain reaction) based detection is developed, is increasing fast.
Moreover, a number of viruses can (easily) be detected using RT-PCR, but not by
ELISA, at least not with satisfactory sensitivity (for instance, Apple stem pitting virus
(ASPV) – Jelkmann and Keim-Konrad 1997, Blackcurrant reversion virus (BRV) –
Lemmetty et al. 1998, Susi et al. 1998).

Extreme sensitivity of virus detection by RT-PCR or IC-RT-PCR (IC – immuno-
capture) resulting from amplification is unfortunately accompanied by a potential
problem of false positive results due to cross-contamination between samples and
carry-over of PCR products. The problem is widely recognized and several meas-
ures are proposed: space isolation of consecutive steps of sample processing, using
laminar flow hoods, pipette tips with filters and/or chemical degradation of PCR
products (Dieffenbach and Dveksler 1993).

Another feature of well-optimised polymerase chain reaction is an enormous
specificity – targeted fragment can be amplified in the presence of huge excess of
non-related DNA species. This is achieved by initiation of amplification (chain re-
action) with a set of two synthetic oligonucleotides (primers) annealing to (target-
ing) short fragments flanking a selected region to be amplified; each primer to “its”
strand of DNA (Mullis and Faloona 1987). High specificity is generally desired, but
in conjunction with sequence diversity observed for many plant viruses it may pose
a problem in diagnostics based on cDNA amplification. Most of the plant viruses
are RNA viruses. Due to the absence of proofreading ability of the RNA replicase
they are prone to mutations. Therefore a population of the virus in a particular
plant usually consists of related sequence variants, reffered to as quasispecies
(Eigen et al. 1989, Holland et al. 1992). Recombination between virus isolates
leading to a creation of new, recombinant strains has also been described (Revers
et al. 1996). Since survival and multiplication efficiency of different variants de-
pends on many factors (interaction with host plant being the most important one)
divergent isolates/strains are developing and exist in the nature for most viruses.
Overal sequence identity among different isolates of the same plant virus species
may be lower than 80% and deletion/insertions of fragments with length from one
to more than one hundred nucleotides are reported for several viruses (Candresse et
al. 1995, Magome et al. 1997, Schwarz and Jelkmann 1998, Yoshikawa et al. 2001).

In practical terms, a diversity of sequence variants among virus isolates may lead
to false negative results – result of reduced efficiency or complete lack of amplifica-
tion for the samples containing the isolate(s) of the virus with sequence variation
hindering successful primer annealing. The problem will be demonstrated and dis-
cussed in this paper. Selected other sources of possible confusion, which can be met
when using PCR based diagnostic methods, will also be addressed briefly.
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Material and methods

Plant material

Most of the plant material (infected and healthy) used in this study originated
from a collection of fruit tree viruses maintained at Laboratory of Virology, Re-
search Institute of Pomology and Floriculture, Skierniewice, Poland (Cieślińska et
al. 2001). Apple chlorotic leaf spot virus (ACLSV) isolates: J103, JPom and SX/2 were
described by Cieślińska et al. (1995). Some of Plum pox virus (PPV) isolates used in
this study were partially characterised (Wypijewski et al. 1994, Malinowski and
Zawadzka 2002, Malinowski et al. – unpublished). Lyophilised leaf samples of PPV
isolates EA and SwC were kindly provided by Dr. A. Myrta (Italy).

IC-RT-PCR

200- l PCR tubes (MJ Research, USA; cat. no. TFI-0201) were coated by incu-
bation of 110 l of polyclonal IgG in carbonate buffer, pH 9.6 (concentration of IgG
about 2 g/ml) at 37°C for 3 to 6 h. Tubes were then washed twice with PBS-T, and
plant extracts (1:20, w/v in PBS-TPO buffer; 100 l of extract per tube) were incu-
bated overnight at +4°C. After removing the extracts by aspiration with water
pump (using fresh tip for each tube), tubes were washed four times using PBS-T.
Washing solution was removed from tubes either by shaking out or with the aid of
water pump. Then last, short wash was done with 0.01 M Tris/Cl buffer, pH 8.0,
followed by centrifugation (+4°C, 10 000 rpm, 2 min) and careful removing of re-
maining microliters of washing solution. Tubes were placed on ice after
centrifugation and remained there during pipeting RT-PCR mix, after which they
were immediately transferred to a pre-cooled thermocycler (PTC-200, MJ Re-
search, USA). For most reactions either SuperScript Single-Step RT-PCR Kit
(Invitrogen) or Titan One-step RT-PCR Kit (Roche) were used. The concentration
of reagents in reaction mix, elongation temperature and parameters of thermal
profiles other than annealing temperature were programmed according to recom-
mendation provided with RT-PCR kits. Annealing temperatures and references for
the primers are given in Table 1.

5- or 7.5- l aliquotes of post-reaction mixture were analysed by electrophoresis
in 1.6–2% agarose gel in 0.5 × TBA buffer. Gel was stained in ethidium bromide
solution and photographed on UV transilluminator using UVI-KS400I digital cam-
era system (Syngen, Wrocław, Poland). Filter tips (Axygen) were used for all
steps, except when water pump was used. Autoclaved MilliQ water (18.2 M ) was
used without DEPC treatment.

Sequencing of PCR products

PCR product was re-amplified using Taq polymerase (Invitrogen, USA) accord-
ing to manufacturer recommended protocol. DNA bands were then cut from gel,
DNA was washed by centrifugation through siliconized glass wool cushion, pre-
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cipitated with ethanol, washed, re-suspended in sterile water, and sequenced in
ABI Prism 370 automated sequencer using the same primers as for RT-PCR reac-
tion. Sequencing was done at DNA Sequencing Laboratory, Institute of Biochemis-
try and Biophysics PAS, Warsaw, Poland.

BLAST analysis was done using a free service provided by NCBI at
http://www.ncbi.nlm.nih.gov/BLAST/.

Results

RT-PCR products obtained in parallel reactions, performed with different
primer sets and the same extract prepared from infected plants were analysed for
two viruses: Apple chlorotic leaf spot virus (ACLSV), and Plum pox virus (PPV).

The results of two experiments on detection of ACLSV in plants infected with
several virus isolates by means of IC-RT-PCR method are shown in Photograph 1.
Three primer pairs were used in the first experiment (photographs A, B and C). Gen-
erally, the most efficient amplification was obtained it this experiment with primers
A52/A53. The exception was SX/2 isolate, for which the most abundant product
was obtained with primers SXA52/SXA53 (Phot. 1 B – lane 13), targeting the same
region as primers A52/A53, but 100% homologous. The corresponding band ob-
served for primers A52/A53 (Phot. 1 A – lane 3) was less pronounced and it was ac-
companied by several non-specific bands. Main PCR product was specific and
contained a cDNA of SX/2 isolate, as checked by sequencing DNA excised from a
gel. Actually, due to the nature of PCR process, the flanking sequences of PCR prod-
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Table 1
The primers and recommended annealing temperatures for PCR reactions

Virus Primer Sequence (5’ 3’) Orien-
tation

Tann
(°C)

PCR
product size

(bp)
Reference for primer set

ACLSV
ACLSV

A53
A52

ggcaaccctggaacaga
cagacccttattgaagtcgaa

FOR
REV

54 358 Candresse et al. (1995)

ACLSV
ACLSV

SXA53
SXA52

ggggtaatcctggaacaga
gaggcccttattaaaatcaaa

FOR
REV

54 358 Malinowski et al. (1998 a)

ACLSV
ACLSV

CLS551F
CLS551R

gcagctcaaggtggacgcaagtc
gatcagtcgacacagacgagagc

FOR
REV

64 551 Kinard et al. (1996)

PPV
PPV

PPV A
PPV B

agatctttgacgtatgcgtcc
gtccaaaactacacattgg

REV
FOR

52 219 Korschineck et al. (1991)

PPV
PPV

PPV P1
PPV P2

accgagaccactacactccc
cagactacagcctcgccaga

REV
FOR

62 243 Wetzel et al. (1991)

PPV
PPV

PPV PD
PPV PM

cttcaacgacacccgtacgg
cttcaacaacgcctgtgcgt

FOR
FOR

62 198* Candresse et al. (1998)

*In combination with PPV P1 reverse primer.



uct were those of the primers used and inner part of product matched SX/2 se-
quence (AF251275) in 100% and corresponding fragments of other ACLSV clones
with homology from 96 to 80%, as checked by BLAST analysis (data not shown).
When using primers CLS551F/CLS551R, positive reaction was observed only for a
fully homologous strain P863 (a sequence of which was used to design primer set),
and not for the other isolates used in this experiment. Later it was found that an-
other isolate – ACLSV J103 – could also be amplified using these primers (Phot. 1 E
– line 45), but only when the virus was present at high concentration (virus multi-
plied in herbaceous host Chenopodium quinoa Willd.). Sequencing of the PCR product
confirmed that it was not a result of cross-contamination. When concentration of
ACLSV J103 virions in the sample was lower, no visible product could be observed
(data not shown). A comparison of the sequence of primers and targeted region for
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Phot. 1. Detection of several ACLSV isolates by IC-RT-PCR, using several primer sets.
Results of two experiments are shown. Upper raw: fresh samples infected with isolates:

P863 (lanes 1, 11, 21), uncharacterised plum isolate (2, 12, 22), SX/2 (3, 13, 23), apple isolate
JPom (4, 14, 24), uncharacterised apple isolate (5, 15, 25) and negative controls: healthy peach

(6, 16, 26) and healthy apple (7, 17, 27) were tested. Lower raw: fresh samples and extracts
stored at –18°C were tested. Samples: negative control 1 – fresh extract from healthy plum

(lanes 31, 41), negative control 2 – extract from healthy plum stored at –18°C (lanes 32, 42);
extracts stored for 52 months at –18°C, thawed and stored frozen again for two weeks – isolates
P863 (lanes 33, 43), SX/2 (lanes 34, 44); fresh extracts containing isolates: J103 (lanes 35, 45),
P863 (36, 46), uncharacterised plum isolate (37, 47) and JPom (38, 48). Sample corresponding

to lanes 35, 45 was infected herbaceous host (Chenopodium quinoa) and contained the virus
in high concentration. Arrows indicate specific PCR products



several isolates is shown in Figure 1. In the case of primers CLS551F/CLS551R most
mismatches were located close to 3’ end of primers.

Although not very suitable for most isolates other than P863, primers
CLS551F/CLS551R initiated amplification of ACLSV P863 very efficiently. It was
demonstrated here by obtaining a high amount of specific product (Phot. 1 C – lane
21, Phot. 1 E – lane 46), but also by successful cDNA amplification using plant ex-
tract stored at –18°C for 52 months, thawed, tested (data not shown) and stored
frozen again for two weeks before thawing again and using for IC-RT-PCR (Phot. 1
E – lane 43). In the same experiment no detectable product was obtained for the
same sample with primers A52/A53 (Phot. 1 D – lane 33).

Detection of PPV isolates using RT-PCR with two primer sets targeting differ-
ent regions of virus genome (replicase and coat protein cistrons) is shown in Pho-
tograph 2 (results of one out of three repetitions of the experiment are shown).
Virus was detected with both PPV P1/PPV P2 and PPV A/PPV B primers in all
samples containing isolates representing two major types: D and M. Efficiency of
amplification (estimated here from intensity of specific bands) was similar.
Striking difference appeared for two atypical strains: EA (El-Amar) and SwC
(Sweet Cherry). In spite of low concentration in the sample (below ELISA limits –
data not shown), virus was detected when using primers PPV P1/PPV P2 for
RT-PCR reaction. Negative result was obtained for the same samples tested with
primers PPV A/PPV B. The analysis of sequence data for several isolates taking
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Fig. 1. A sequence comparison of primers CLS551F, CLS551R, A53, A52, SXA53,
SXA52 and target fragments of selected ACLSV isolates. Sequence of primer is printed
in bold and its complementary strand is shown above (for forward primers) or below

(for reverse primers). Isolate names and GenBank accession numbers are given, when available.
Shadowing indicates mismatches



into account the region of intended primer annealing site showed the possible rea-
son for this difference in performance – several mismatches between primers and
target sequence of tested isolate (or similar one – sequence retrieved from
GenBank) (Fig. 2).
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Phot. 2. Detection of PPV isolates using two different primer sets. Samples: 1, 11 – NC1
– healthy Nicotiana benthamiana, 2, 12 – NC2 – healthy plum; fresh and lyophilised samples

of plants infected with PPV isolates: 3, 13 – PPV-S, 4, 14 – PPV-AlN, 5, 15 – PPV-L5, 6,
16 – PPV-J4c, 7, 17 – PPV-SwC, 8, 18 – PPV-EA, 9, 19 – PPV-OpL2. M – DNA marker – 100 bp

ladder. Please, note that “primers dimers” clouds can be seen for samples 1, 2 and 7, 8,
but not in the lanes 11, 12 and 17, 18

Fig. 2. A sequence comparison of primers PPV B, PPV A, PPV P2, PPV P1 and target fragments
of selected PPV isolates. Sequence of primer is printed in bold and its complementary strand

is shown above (for forward primers) or below (for reverse primers). Isolate names and GenBank
accession numbers are given, when available. Only mismatches are shown. Since the sequence

of AlN, L5 and J5a corresponding to primers PPV A, PPV B is not known, other isolates
representative for D- and M-types are given



Example of RT-PCR experiment with type-specific primers used for identifica-
tion (typing) PPV isolates is shown in Photograph 3. PPV could be detected in all
samples with primers PPV P2/PPV P1 (Phot. 3 A, B – lanes 3–12). The concentra-
tion of PPV-OpL2 isolate in the sample 7 was below ELISA detection limits (data
not shown). For all isolates known to belong to type D (classification based on re-
action with monoclonal antibodies – data not shown) a specific product was ob-
tained in reaction with primers PPV PD/PPV P1. Two different M-type Polish
isolates reacted when PPV PM/PPV P1 combination was used. Additionally to
these “standard” results, two extra positive reactions appeared for the samples
containing PPV-L5, classified earlier as atypical D isolate (Phot. 3 D, E – lane 5,
11). This non-specific amplification was observed in two experiments performed
with the same plant extracts. A cDNA sequence fragment targeted by primers PD
and PM is shown in Figure 3. A fragment of PPV-L5 cDNA targeted by primers PPV
PD and PPV PM showed much higher similarity to PPV PD than to PPV PM and
one of four mismatches was located at 3’ end of PM primer. Sequencing of PPV CP
cistron, using plant infected with PPV-L5, showed no presence of mutants without
this mismatch. However, actual PCR products from these experiments were not
sequenced.
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Phot. 3. Results of type specific IC-RT-PCR experiment for several PPV isolates. Samples: 1 – NC1
– healthy plum, 2 – NC2 – healthy peach, 3–12 – plants infected with PPV isolates: 3 – PPV-S,

4 – PPV-AlN, 5 – PPV-L5, 6 – PPV-J4c, 7 – PPV-OpL2, 8 – PPV-L108, 9 – PPV-BB, 10 – PPV-J5a,
11 – PPV-L5, 12 – PPV-L104. M – DNA marker – 100 bp ladder. Please, note that actually very

faint bands could be seen also for samples 3 and 4, but not for 1, 2, 8, 9 and 12 among the
products presented in photo E. All reactions were performed with the same extracts from healthy

(1, 2) and infected (3–12) plants. Reactions presented in photographs A and B were done with
different batches of RT-PCR reagents. Reaction presented in photo E was performed after 40 h

of incubation of extracts (about 16 h in all other cases, incubation at +4°C). PPV-OpL2 (in sample
7) was not detectable by ELISA. Concentration of PPV in all other samples was relatively high



Discussion

Data is presented here concerning some problems, which may be met when us-
ing RT-PCR based methods of detection and identification of plant viruses due to
diversity of sequences present in pathogen population.

The specificity of RT-PCR amplification depends mainly on the primers. The
ideal set of primers optimised for detection should be able to initiate amplification
of cDNA from a selected genome fragment of any member of a targeted taxon (pos-
itive result of RT-PCR test for all isolates of a particular virus or viruses belonging
to the same genus). Unfortunately, “real” primer sets proposed for detection of
plant viruses were in many cases designed on the base of sequence data of several
or even just one sequence variant known at that time. This approach (in some
cases the only one, which is possible) may result in a lack of reliable RT-PCR detec-
tion for (some or most) isolates different from the one(s) used for primer selec-
tion, as shown in this paper for several isolates of ACLSV and PPV. Unfortunately,
even in the case of primer sets designed with the use of sequence data obtained
from many different virus isolates, some non-typical strains (isolates) may cause
a problem. The example could be primers A52/A53 designed for detection ACLSV,
which were able to initiate amplification of 358 bp fragment for most of the tested
isolates. The exception was isolate SX/2, for which no product was obtained in
RT-PCR, unless modification was made either to the primers or to the reaction
protocol (lowering annealing temperature), as reported by Malinowski et al. (1998
a). In this paper, positive amplification for ACLSV SX/2 isolate was demonstrated
with non-modified primers A52/A53, and while maintaining originally recom-
mended annealing temperature, but using modern generation kits for one-step
RT-PCR. It has been checked by sequencing that main PCR product was indeed a
cDNA fragment of SX/2 isolate amplified with unmodified primers A52 and A53.
Under the same conditions, mismatches between primers CLS551F/CLS551R and
some other isolates were not overcome and a number of ACLSV isolates from our
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Fig. 3. A sequence comparison between forward primers PPV PD, PPV PM and target fragments
of selected PPV isolates. Sequence of primer is printed in bold. Only nucleotides different

from those present in PPV D are shown for other isolates



collection could not be detected using this primer set. Kinard et al. (1996) reported
a successful amplification of specific 551 bp fragment not only for isolate P863, but
also for another ACLSV isolate found in apple in USA. Unfortunately, BLAST anal-
ysis of the primers sequence with a data available nowadays and experimental data
shows that CLS551F/CLS551R primers should be able to initiate amplification
only for some isolates of ACLSV. They could not be regarded as strain-specific
ones, too. However, if one needs a primer set for sensitive detection of P863 iso-
late, this primer set is probably the best choice, as demonstrated by obtaining posi-
tive reaction using extracts stored for 50 months at –18°C, thawed and re-frozen
again. In spite of apparent decrease of concentration and degradation of the virus,
amplification was successful.

Differences in the performance of some other primer sets are not so obvious and
could be realised only after discovery of strains, which are very divergent from the
previously known ones. This was demonstrated in this paper in the case of two sets
of primers designed for detection of Plum pox virus, published at the same time
(Wetzel et al. 1991, Korschineck et al. 1991). When applied for RT-PCR detection of
“common” isolates of PPV (even belonging to different types: D and M) both per-
formed well. However, only one of them (primer pair PPV P2/PPV P1) was able to
initiate amplification of cDNA for two strains: EA and SwC, belonging to phylogen-
etic clusters different than common D and M type isolates. More than four mis-
matches appeared between these two primers and targeted region of SwC and EA
isolates (Fig. 2). Unfortunately, sequence data for isolate J4c (M-type), detectable
with PPV A and PPV B, was not available for the fragment targeted. Sequence of an-
other M-type isolate PS, was used for comparison, and showed even more mis-
matches (five) with primer PPV A and just one (in the middle) against primer B.
This illustrates further problems with prediction of the specificity of primers, based
on simple sequence comparison, only. In the case of primers PPV P2/PPV P1 tar-
geted fragments of virus RNA were much more conservative. Few mismatches ap-
pearing close to 5’ end of primer PPV P2 seemed to present no problem and
amplification was efficient.

Taking into account more representative data for designing new primers may
help to increase a number of amplified isolates and consequently to improve reli-
ability of RT-PCR test. For instance, Komorowska and Malinowski (2002) re-
ported, that the primers ASPV BF1/ASPV BR3 designed after reading the sequence
of coat protein gene of 10 Apple stem pitting virus (ASPV) isolates were able to react
with many more isolates (including non-characterised ones) than primers ASPV
F1/ASPV R5 designed using knowledge of sequence of just one isolate (Malinowski
et al. 1998 b).

Independently from a number of sequences analysed during a design step, empir-
ical testing with a wide range of different isolates is necessary to generate reliable
data for evaluation of suitability of a particular primer pair for diagnostic purposes.

Several sets of genus specific primers, designed against conserved fragments
have been reported (Luteovirus: Robertson et al. 1991, Potyvirus: Langeveld et al.
1991, Gibbs and MacKenzie 1997, Ilarvirus: Moury et al. 2000). These primers
(most of them (partially) degenerated to compensate for sequence variants) se-
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lected to be able to react with all members of a particular genus are very useful for
detection of “new” viruses. One has to be aware, however, that broad specificity is
rarely combined with the highest sensitivity possible to achieve using RT-PCR. For
instance, Sochacki et al. (unpublished) reported that detection of Plum pox virus
with PPV-specific primers (PPV P2/PPV P1) was at least 125 times more sensitive
than Potyvirus-specific test using degenerated primers (D341/U341).

Another kind of problems may appear when using RT-PCR for typing the iso-
lates, especially when high concentration of the virus is present in a sample. The
increased amplification efficiency, offered by some modern RT-PCR kits, is usu-
ally a very positive feature. In spite of several mismatches between primer and
template, specific amplification can be obtained, although sensitivity is then usu-
ally lower than in the case of perfect complementarity. However, when using
RT-PCR kits optimised very well for detection of minute amounts of target RNA,
one may sometimes face the side effect drawbacks, like increased level of
non-specific amplification and loosing nearly perfect discrimination in type-spe-
cific PCR. This potential source of confusion was demonstrated here by obtaining
positive results of amplification with otherwise M-type specific primer combina-
tion P1-PM and high concentration of atypical D-type isolate PPV-L5. The exam-
ple illustrated, of course, not a failure of the reagents, just the necessity of proper
selection of a tool suitable for a particular task. The same reagents cannot be used
for efficient amplification of atypical isolates cDNA in some experiments and for
strain discrimination in type-specific RT-PCR, at least without significant modi-
fication of reaction conditions (for instance magnesium ions concentration, an-
nealing temperature).

A rate of generation of non-specific products may also be higher with sensitive
kits, especially for some primer combinations (see for instance Phot. 1) and rela-
tively lower annealing temperatures. This is not a serious problem, if non-specific
product is of significantly different size, or if specific detection of PCR product is per-
formed (like enzyme-linked oligonucleotidesorbent assay – ELOSA (Schoenfelder et
al. 1995), microarray-type assays or to lesser extent RFLP of PCR product). Since
currently the most popular way of PCR results evaluation is resolving the products
in agarose gels and checking for the bands containing DNA of expected size, possi-
bility of false positives should be taken into account. Due to increased risk of false
interpretation of RT-PCR results, the regions encompassing fragments deleted in
some virus strains should be avoided in wide specificity detection. On the other
hand, the same regions may be very useful for the identification of the isolates.

At least three methods based on PCR amplification are in common use for iden-
tification of virus strains/types: RT-PCR-RFLP, type specific RT-PCR and direct
sequencing of RT-PCR product. The influence of different sequence mutations on
the results obtained using these methods may be very different. The example again
may be atypical isolate of PPV-L5. A point mutation in the fragment recognised by
restriction enzyme RsaI abolished cutting totally (data not shown), whereas per-
formance of D-type specific primers was not influenced. Elongation with M-type
primer was apparently possible in spite of mismatch between T at 3’ end of the
primer against C in complementary strand synthesized by reverse transcriptase. Of
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course, once first few “mutated” cDNA were synthesised by elongation of PM
primer, they could be amplified in the next rounds, being fully homologous to the
primers used. Also, it cannot be excluded that although sequencing of PPV-L5
showed a homogeneous composition in population (data not shown), low percent-
age of mutated variants were actually present and those were efficiently amplified.
Reaction of PPV-L5 with some monoclonal antibodies was observed in a number
of ELISA tests only if high concentration of virus was applied. However, positive
reaction with M-specific antibody was never observed.

Direct sequencing of PCR product may provide data that is very useful for iden-
tification of virus isolate. In case of the population containing mutants, especially
those with/without nucleotide insertions/deletions the result may be unreadable
or hard to interpret (data not shown).

Most of the methods used for isolation of virus nucleic acid (other than
immunocapture) are supposed to be not sequence dependent. Commercial kits are
widely used for total RNA isolation from plant tissue with very good results (Mac-
Kenzie et al. 1997). Earlier, Rowhani et al. (1995) reported possibility of direct im-
mobilisation of virions on uncoated surface of PCR tubes. Although, for those
plant viruses for which high quality antisera are available, this approach results in
less sensitive detection method than immunocapture of virus particles with a spe-
cific antibody, for some viruses satisfactory results could be obtained. Komorow-
ska and Malinowski (2002) found that Apple stem pitting virus (ASPV) was detected
after incubation of extracts in coated and uncoated tubes with the same sensitivity.
Actually, positive results could not be obtained for one isolate of ASPV in the tubes
coated with antibodies isolated from three different antisera. These failures
seemed to be a result of particular antigenic properties of just one isolate (unpub-
lished results).

Additional verification of negative results of amplification, including inner
controls/standards (target co-isolated and/or co-amplified in the same tube with
another set of primers) (Telenti et al. 1992) is still rarely used in plant phyto-
diagnostics. Such controls are often included in human medicine diagnostic
applications in order to check whether negative result of amplification for a par-
ticular sample was indeed a result of the lack of template nucleic acid (derived
from pathogen) and not an artefact occurring for just one sample in the series.
Unfortunately, additionally to increased costs and more manipulations required
to perform the test, the standard is competing with a template, effectively de-
creasing final sensitivity of pathogen detection. The common standard in plant
pathology applications is based on including positive and negative controls (in-
fected and healthy plant) and processing them together with the samples. Addi-
tionally, presence of faint bands of so called primer dimers for the samples with
no specific product may be regarded as indication of polymerase activity. The rea-
soning is: polymerase was active, primers and nucleotides were actually present,
no specific product there was no template there was no pathogen in the
sample. It seems that this is enough in most cases, especially that critical tests are
repeated. The paradox is that after reactions, which had been optimised very well,
no “primer dimers” are observed, especially when using “hot start” approach.

136 T. Malinowski



Without inner controls no product at all could be seen on the gel and risk of false
negative results is apparently higher. General tendency nowadays is to increase ex-
pectations from diagnostic methods based on molecular biology, as a result of their
tremendous development in the recent years. Therefore, the standard require-
ments for new diagnostic methods will probably be raised in a near future.

Application of “amplification based” methods in phytodiagnostics will be gro-
wing in the future due to many non-questionable advantages offered by them to
plant pathology. More and more methods described as multiplex or universal are
reported recently (Uga and Tsuda 2005). Problems, which may appear due to di-
verse sequence variants present in “real samples”, should be taken into consider-
ation during new method design, its routine application and interpretation of data
obtained, especially if information on variability of particular virus population is
not available or it is limited. Extensive international co-operation on validation of
new methods and exchange of information as well as materials from virus collec-
tions is necessary. Only then, a great potential of these diagnostic methods may be
utilised with acceptable level of errors.

It has to be stressed that by showing “misbehaviour” of some primers in this
paper, it was not my intention to provide a complete evaluation. Actually, some of
the primers included in this study worked with expected specificity in most cases
and other exceptions than described here had already been reported (PPV PD, PPV
PM); some primers were designed for recognition of viruses belonging to one
taxon, but not for sensitive detection (D341/U341). In the other cases specific
primer set might have been regarded as acceptable until more data on sequence
variation was gained and improvement could be achieved.

As a general consideration, one has to be aware that lack of full universality is
bound (to different extent) with any of diagnostic methods currently used. There-
fore, using two different techniques, preferably based on different approaches (or at
least using two different primer sets, antibodies, etc.) for confirmation of diagnostic
results is always a very good practice, although sometimes hard to follow.

Some of the problems discussed here can hopefully be solved by application of
microarray (or microarray-like) analysis of amplicons. The new technology –
microarrays enables checking simultaneously for hundreds, thousands, and in
some variants of technique millions of RNA/DNA fragments in one sample (Li et
al. 2001, Hadidi et al. 2004). The main limitation for application is very high price
of one test and in the case of most plant viruses – lack of suitable universal method
of preamplification/labelling reaction.
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