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ABSTRACT

Marbot, S., Salmon, M., Vendrame, M., Huwaert, A., Kummert, J., Dutrecq, O., and Lepoivre,
P. 2003. Development of real-time RT-PCR assay for detection of Prunus necrotic ringspot

virus in fruit trees. Plant Dis. 87:1344-1348.

A real-time fluorescent reverse-transcriptase polymerase chain reaction (RT-PCR) assay using a
short fluorogenic 3’ minor groove binder (MGB) DNA hydrolysis probe was developed for the
detection of Prunus necrotic ringspot virus (PNRSV) in stone fruit trees. The covalent attach-
ment of the minor groove binder moiety at the 3’ end of the probe increased the probe target
duplex stability and raised the melting temperature to a range suitable for real-time analysis.
The real-time RT-PCR assay correlated well with conventional RT-PCR results for the detection
of PNRSV. This assay reliably detects PNRSV in bark tissues of dormant cherry and plum trees.
Furthermore, it is well adapted for the routine detection of PNRSV because it eliminates one
risk of contamination by performing the whole test in a single closed tube. This system may
replace the commonly used diagnostic techniques (e.g., woody indicators and immunological

tests) to detect this virus.
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Prunus necrotic ringspot virus (PNRSV)
causes fruit yield losses (25) and affects
fruit maturity or tree growth of many
commercial Prunus spp. (e.g., peach, plum,
apricot, sweet cherry, and almond) (16).
Consequently, this virus is a component of
many phytosanitary certification programs
for fruit trees. It produces many symptoms
according to the cultivars; sometimes in-
fected plants are asymptomatic (9,21,26).
PNRSV belongs to the genus Ilarvirus
(isometric labile ringspot viruses) (5) and
includes many strains that differ in patho-
genicity (9), biophysical (3) and serological
properties (3,23), and restriction fragment
length polymorphism profiles (23). PNRSV
is graft and pollen-transmitted and poten-
tially seedborne (25). These properties con-
tribute to its rapid spread in stone fruit trees
and its worldwide distribution. The detection
of PNRSYV in fruit trees tissues is problem-
atic because virus concentration fluctuates
between seasons and the virus is unevenly
distributed in infected trees (21,24).
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Reliable detection of PNRSV is required
in phytosanitary certification programs.
Serological methods, such as enzyme-
linked immunosorbent assay (ELISA) (2),
often are not sensitive enough for detection
of PNRSV in dormant woody material
sampled in winter (22). Reverse-trans-
criptase polymerase chain reaction (RT-
PCR) methods can surpass ELISA in sensi-
tivity for PNRSV detection in dormant
fruit trees (18,22). However, these methods
require a post-amplification detection of
PCR products by agarose gel electrophore-
sis. These post-amplification manipulations
increase the risk of carryover between wells
and contamination that subsequently can
lead to misdiagnosis in routine use.

The real-time detection of specific am-
plification products using hydrolysis
probes is particularly useful because it
eliminates the need for post-PCR process-
ing steps (10,17,27). The fluorogenic 5’
nuclease assays (TagMan; PE-Biosystems,
Foster City, CA; 1,8,13,14) are based on
the real-time measurement of fluorescence
resulting from the hydrolysis of a fluores-
cent probe (TagMan probe) that hybridizes
specifically to the target PCR product dur-
ing amplification. This molecular detection
method is very fast, highly sensitive, and
occurs within a single tube.

We describe the development and vali-
dation of a real-time RT-PCR assay that
allows the reliable detection of PNRSV in
bark tissues of dormant wood. This assay
is appropriate for routine PNRSV-testing
protocols.

MATERIALS AND METHODS

Plant material. Twigs of PNRSV-in-
fected GF 305 peach seedlings were kindly
provided by B. Pradier (Station de Quar-
antaine des Ligneux, Lempdes, France), R.
Guillem (Laboratoire National de la Pro-
tection des Végétaux, Villenave d’Ornon,
France), and T. Candresse (Institut Na-
tional de la Recherche Agronomique, Vil-
lenave d’Ornon, France). These materials
were obtained by chip budding on GF 305
seedlings grown under greenhouse condi-
tions. The PNRSV isolates originated from
various geographic regions and from dif-
ferent species of fruit trees and rose (Table
1). Bark tissues were collected on various
parts of two twigs per seedling to minimize
effects of uneven virus distribution.

Orchard trees (plum and cherry) from
the collections of the Faculté Universitaire
des Sciences Agronomiques de Gembloux
(FUSAGXx), Belgium, and the Centre de
Recherche Agronomique de Gembloux
(CRAGEx), Belgium, also were tested. It
was not known with certainty if these trees
were infected with PNRSV or not. Two 1-
year-old branches per tree were collected
and processed twice during the year: in
winter (5 February 2002) and in spring (24
April 2002). Forty-one trees were tested in
winter and in spring, and nine additional
trees were tested only in spring. Bark tis-
sues were removed from these branches
immediately after harvest. Total nucleic
acid then was extracted from these bark
samples.

Total nucleic acid extraction. Total nu-
cleic acids were extracted from 0.4 g of
bark tissue, according to the method de-
scribed by Spiegel et al. (22). The total
nucleic acid concentrations and extraction
purities were estimated after determining
the absorbance at 260 and 280 nm with a
spectrophotometer (LKB Biochrom Ultro-
spec 11, UK).

Primer design. Specific primers for
PNRSV were identified by computer
analysis using the PILEUP, FASTA, and
PRIME programs (Wisconsin Package
version 10.1; Genetic Computer Group,
Madison, WI). These programs were ap-
plied to sequence data corresponding to the
virus coat protein (CP)-encoding sequence
of PNRSV-RNA 4, from 24 isolates avail-
able in the GenBank database of National
Center for Biotechnology Information and
at the European Molecular Biology Labo-
ratory databases (11). Among the potential



primer pairs identified, the primers
PNRSV 10F (TTC TTG AAG GAC CAA
CCG AGA GG) and PNRSV 10R (GCT
AAC GCA GGT AAG ATT TCC AAG O),
amplifying a fragment of 348 bp, were
selected. Synthesis and purification of the
primers were performed by Eurogentec
(Seraing, Belgium).

3’ minor groove binder probe design.
The 3’ minor groove binder (MGB) DNA
probe was selected as described by Livak
et al. (15), on the basis of 24 sequences
aligned using the PILEUP program. The
software Primer Express 5.1 (Applied
Biosystems, Foster City, CA) was used
for accurate calculation of the melting
temperature. The probe was designed
within a conserved region of the genome
corresponding to the PNRSV 10F-10R
amplification product based on available
information. The probe containing the
VIC reporter dye, covalently attached at
the 5’ end, and a nonfluorescent quencher
and the MGB moiety at the 3’ end (5’
[VIC] ATG TCT TGC TGG TCG ATG 3’
[NFQ]J) was supplied by Applied Biosys-
tems.

RT-PCR assay. Amplification of RT-
PCR products. RT-PCR was performed on
the total nucleic acid preparations obtained
from all the plant material by the OneStep
RT-PCR Kit from Qiagen (Hilden, Ger-
many). Reaction mixtures (total volume 25
ul) contained total RNA (200 to 400 ng),
0.6 uM of both primers PNRSV 10F and
PNRSV 10R, 0.2 uM of the MGB probe,
and the reagents from the kit (5x buffer,
dNTP mix, RNase-free water, Enzyme
Mix). The GeneAmp 5700 Sequence De-
tection System (Applied Biosystems) was
used for thermal cycling. The RT-PCR
profile consisted of cDNA synthesis (30
min at 50°C), activation of the HotStart
Taq polymerase (15 min at 95°C), and 40
amplification cycles (15 s at 95°C, 45 s at
55°C, and 1 min at 60°C).The cycle num-
ber was increased to 50 to confirm the
results of some assays.

Analysis of amplified RT-PCR products.
Analysis of all amplified RT-PCR products
was carried out both by recording fluores-
cence (real-time RT-PCR) and by gel elec-
trophoretic analysis (conventional RT-
PCR). For the real-time detection, the
GeneAmp 5700 Sequence Detection Sys-
tem was used to record fluorescence at the
extension step of each amplification cycle.
The threshold cycle (Ct) is the cycle at
which a significant increase in fluores-
cence occurs. The Ct values were calcu-
lated using the 5700 SDS software. Ac-
cording to the recommendations of Applied
Biosystems, the threshold of the fluores-
cence emission was calculated as a value
which is 10 times the standard deviation
above the mean fluorescence generated
during the baseline cycles (from cycles 3 to
15).

Aliquots (8 ul) of amplified products
were electrophoresed in ethidium bromide

stained agarose gel (1%), in 1x TAE buffer
(Tris-acetate at 40 mM/liter, EDTA at 1
mM/liter, pH 8.0).

To ensure the absence of contam-
ination, each RT-PCR run included a
water control. Total RNA preparations of

a virus-free cherry tree, which had been
tested periodically by RT-PCR using the
same primers during the preceding 2
years, were included as healthy controls
in each RT-PCR run. All RT-PCR ex-
periments were repeated three times with

Table 1. Detection of Prunus necrotic ringspot virus (PNRSV) from peach twigs®

Isolate no. Original host Origin Gel Threshold cycle
1 ? France + 22
2 Almond France (Auvergne) + 18
3 Plum France (Franche Comté) + 20
4 Plum France (PACA) + 19
5 Apricot New Zealand + 18
6 Cherry New Zealand + 21
7 Plum France (Lorraine) + 24
8 Plum France (Lorraine) + 24
9 Plum France (Lorraine) + 23
10 Plum France (Lorraine) + 24
11 Plum France (Lorraine) + 37
12 Apricot Italy + 20
13 Rose France + 25
14 ? ? + 23
15 Rose Israel + 20
16 Rose France + 19
17 Cherry Germany + 21
18 ? ? + 19
19 Plum France + 19
20 Plum France + 24
21 Rose France + 22
22 Plum Italy + 23
23 ? ? + 21
24 Plum Albania + 20
25 Cherry USA + 18
26 Cherry Germany + 20
27 Almond Italy + 20
28 ? ? + 18
29 Rose France + 23
30 Rose France + 23
31 Cherry Germany + 26
32 Apricot Italy + 23
Water - ND
Healthy - ND

4 Detection by agarose gel electrophoresis and in real-time of amplified products corresponding to
PNRSYV isolates in total plant RNA extracts from bark tissues of twigs of PNRS V-infected GF 305
seedlings. The table summarizes data from real-time detection and gel analysis; + and — indicate
presence and absence, respectively, of the expected band on gel; ND = not detected (no fluores-
cence above the threshold at the end of the amplification reaction).

b Water = water negative control and Healthy = healthy tree negative control.
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Fig. 1. Agarose gel analysis of reverse-transcriptase polymerase chain reaction (RT-PCR) assays.
Lanes 1-8: RT-PCR products of total nucleic acid extracts of GF 305 peach twigs infected by stan-
dard Prunus necrotic ringspot virus (PNRSV) isolates (no. 1, 2, 3, 4, 5, 6, 7, and 8). Lanes 9-10: RT-
PCR products of total nucleic acid extracts of GF 305 peach twigs infected by standard Prune dwarf
virus isolates. Lane 11: RT-PCR products of total nucleic acid extracts of GF 305 peach twigs in-
fected by Apple mosaic virus standard isolate. Lane 12: RT-PCR products of total nucleic acid ex-
tracts of healthy tree. Lane 13: water control. M: 100-bp DNA ladder (GibcoBRL).
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reproducible results. The Ct given in each
table is the mean of the three separate
experiments.

RESULTS

Detection of PNRSV by conventional
RT-PCR. RT-PCR specificity. A specific
(348-bp) product was observed for all

Table 2. Detection of Prunus necrotic ringspot
virus (PNRSV) from orchard trees in winter?

Tree Threshold
number®  Nature Gel cycle
1 Cherry + 23
2 Cherry + 37
3 Cherry + 36
4 Cherry - ND
5 Cherry - 39
6 Cherry - ND
7 Cherry - ND
8 Cherry NT NT
9 Cherry - ND
10 Cherry + 20
11 Cherry - 36
12 Cherry + 21
13 Plum - ND
14 Cherry - ND
15 Cherry + 39
16 Cherry + 36
17 Plum - 38
18 Plum + 34
19 Plum + 33
20 Cherry + 21
21 Cherry + 19
22 Cherry + 20
23 Cherry NT NT
24 Cherry + 20
25 Cherry + 20
26 Cherry + 37
27 Cherry + 20
28 Cherry + 19
29 Cherry - ND
30 Plum + 31
31 Cherry NT NT
32 Cherry + 20
33 Cherry + 16
34 Cherry + 18
35 Cherry NT NT
36 Cherry + 16
37 Cherry + 33
38 Plum NT NT
39 Cherry + 20
40 Cherry + 20
41 Plum NT NT
42 Plum NT NT
43 Plum NT NT
44 Plum NT NT
45 Cherry + 37
46 Cherry + 33
47 Cherry + 33
48 Cherry + 37
49 Cherry + 37
50 Cherry + 37
Water e - ND
Healthy . - ND

4 Detection by agarose gel electrophoresis and
in real-time of amplified products corre-
sponding to PNRSV isolates in total RNA
extracts from infected trees. The table sum-
marizes data from real-time detection and gel
analysis; + and — indicate presence and ab-
sence of the expected band on gel respec-
tively; NT = not tested; ND = not detected.

b Water = water negative control and Healthy =
healthy tree negative control.
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PNRSYV isolates tested. The specificity of
amplification was indicated by the absence
of amplification products from tissues
infected with other closely related ilarvi-
ruses (e.g., Prune dwarf virus [PDV] and
Apple mosaic virus [ApMV]). In addition,
bands were not observed with negative
controls (water and preparations from
healthy trees). An example of the results
obtained with total nucleic acid prepara-
tions from a set of standard isolates of
PNRSYV, two PDV isolates, and an ApMV
isolate is shown in Figure 1.

RT-PCR test on tissues from the PNRSV
collections. For all 32 standard isolates
tested (Table 1), the expected amplification
product (348-bp) was observed. The RT-
PCR assay discriminated between PNRSV-
free trees (10 trees) and PNRSV-infected
trees (31 trees) in winter-sample bark tis-
sues of orchard trees (Table 2). No amplifi-
cation was observed for the negative con-
trols (Tables 1 and 2).

Detection of PNRSV by real-time RT-
PCR. The amplification products observed
in the total nucleic acid preparations from
all the GF 305 peach twigs infected with
the PNRSV isolates tested were detected
with the MGB probe used (Table 1). An
example of normalized fluorescence meas-
urements obtained during the PCR amplifi-
cation is shown in Figure 2. For the posi-
tive samples, detectable amplification was
observed from or between cycles 19 and
26; no amplification was detected for the
negative controls (Fig. 2).

Bark samples collected in winter from
twigs of 41 orchard trees were tested for
PNRSV by real-time RT-PCR. The 31 trees
which gave positive signals by con-
ventional RT-PCR also were positive by
real-time RT-PCR. Products from tissue
samples from trees 5, 11, and 17 were
negative by conventional RT-PCR, but
positive by real-time RT-PCR. Samples
from seven trees (no. 4, 6, 7, 9, 13, 14, and
29) were negative when tested by both

assays (Table 2). Negative controls were
negative in both assays (Table 2).

Total nucleic acid preparations from 50
trees from the same orchards were tested in
spring. Samples from 27 trees which tested
positive by conventional RT-PCR also
were positive by real-time RT-PCR (Table
3). Samples from 21 trees gave negative
results for both detection systems. Tree 44
tested negative by real-time RT-PCR but a
very faint signal was observed by conven-
tional RT-PCR (Table 3). Tree 4 tested
positive by real-time RT-PCR (Ct = 38),
but negative by conventional RT-PCR
(Table 3).

Comparison of real-time detection of
PNRSYV from samples collected from the
same trees in winter and spring. Of the
seven trees that tested negative in winter,
six also were negative in spring; thus, one
tree was identified as a false negative in
winter (Table 4). Of the 22 trees that tested
negative in spring, 13 tested positive in
winter (Table 4). These results were con-
firmed by RT-PCR assays (Tables 2 and 3).
These 13 trees always tested negative in
spring (Fig. 3), even when these real-time
RT-PCR assays were extended to 50 cy-
cles.

DISCUSSION

PNRSYV is a component of many phyto-
sanitary certification programs of fruit
trees. Viral concentrations of PNRSV are
very low in bark tissues of fruit trees dur-
ing dormant periods (22). These low viral
titers may be undetectable by ELISA tests
on bark collected during winter. ELISA
then could be used only on bark samples
collected in the spring (7). However, there
is a need for the development of reliable,
sensitive, and rapid tests allowing the de-
tection of PNRSV from fruit trees during
the dormant season. The real-time RT-PCR
system described here allowed the detec-
tion of PNRSV from dormant bark tissues
of plum and cherry trees.

— +— 26
0.9 —0—27
0.8+ —o0—28
0.7 —_—29
0.6 30
| —x—31
% gj threshold
0.3 —o—water control
0.2, —s—heathy tree
0.1
B i S e i S s
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02) Cycle number

Fig. 2. Real-time detection of amplification products from the total nucleic acid preparations from
the GF 305 peach twigs infected with the Prunus necrotic ringspot virus isolates 26, 27, 28, 29, 30,
and 31. Amplification plot showing cycle number versus normalized fluorescence (ARn). The hori-

zontal line indicates the threshold.



To our knowledge, this is the first report
of the use of fluorogenic probes for the
detection of PNRSV in fruit trees. To over-
come the effect of the potential variability
of the viral genome, a short fluorogenic
hydrolysis probe (of approximately 12 to
17 nucleotides [nt]) conjugated to an MGB
(12) was preferred to the usual TagMan
probes (24 to 40 nt). The covalent attach-
ment of the MGB moiety stabilized the
probe or target duplex and raised the melt-
ing temperature to a range suitable for 5’
nuclease assays. MGB probes have been
used successfully to detect other highly
variable viruses such as Apple chlorotic
leaf spot virus (19) and Apple stem pitting
virus (20) in apple trees.

To evaluate the efficiency of this assay,
samples that had been tested previously by
conventional RT-PCR were tested by real-
time RT-PCR. The results obtained demon-
strated that the real-time assay correlated
with conventional analysis. The results of
this real-time assay showed that out of 50
samples, 13 trees were identified as nega-
tive in spring but positive in winter. These
results were confirmed by conventional
RT-PCR.

PNRSV was detected by real-time RT-
PCR in total RNA preparations collected
from three trees in winter and one tree in
spring, whereas no bands were observed
for the analysis of the same products by
agarose gel electrophoresis. Thus, real-
time RT-PCR appears to be more sensitive
that conventional RT-PCR for the detection
of PNRSV in total nucleic acid prepa-
rations.

The advantages of the real-time RT-PCR
are as follows. Agarose gel electrophoresis
is no longer required to confirm the pres-
ence of specific amplification products.
This saves time and money and is less
hazardous because ethidium bromide, a
reported carcinogen, is not needed. Second,
the single closed-tube format eliminates
the need for post-PCR manipulations,
greatly reducing the risk of false positive
results due to carryover of PCR products.
Third, when statistically significant
amounts of fluorescence over background
are detected, they are recorded as a Ct
value. This makes the assay less subjective
than visual comparison of DNA bands on a
gel. This real-time RT-PCR assay then is
suitable for routine analysis because it is
simple, rapid, performed in a single test,
and allows analysis of up to 96 samples at
once in a standard format.

It should be noted that detection of am-
plified products by real-time RT-PCR re-
quires expensive, special equipment and
additional reagents compared with conven-
tional gel-based detection. Also, for other
variable viruses, the real-time RT-PCR test
may fail to detect all virus isolates with a
single specific probe.

To our knowledge, no information was
available concerning the best time of the
year to detect PNRSV in bark tissues of

fruit trees. Our results showed that 1 tree
was identified as false negative in winter
and 13 trees were found to be false nega-
tive in spring. Thus, the real-time RT-PCR
assay apparently appears more reliable for
the detection of PNRSV in bark samples
collected in winter than in spring. The

Table 3. Detection of Prunus necrotic ringspot
virus from orchard trees in spring®

Tree Threshold
number®  Nature Gel cycle
1 Cherry 25 +
2 Cherry 24 +
3 Cherry ND -
4 Cherry 38 -
5 Cherry ND -
6 Cherry ND -
7 Cherry ND -
8 Cherry ND -
9 Cherry ND -
10 Cherry 22 +
11 Cherry ND -
12 Cherry 26 +
13 Plum ND -
14 Cherry ND -
15 Cherry ND

16 Cherry ND -
17 Plum ND -
18 Plum 35 +
19 Plum 33 +
20 Cherry 22 +
21 Cherry 31 +
22 Cherry 20 +
23 Cherry 24 +
24 Cherry 23 +
25 Cherry ND -
26 Cherry ND -
27 Cherry 25 +
28 Cherry 24 +
29 Cherry ND -
30 Plum 31 +
31 Cherry ND -
32 Cherry ND -
33 Cherry 21 +
34 Cherry 24 +
35 Cherry 22 +
36 Cherry 29 +
37 Cherry ND -
38 Plum 37 +
39 Cherry 22 +
40 Cherry 22 +
41 Plum 28 +
42 Plum 38 +
43 Plum 29 +
44 Plum ND +
45 Cherry ND -
46 Cherry 36 +
47 Cherry 37 +
48 Cherry ND -
49 Cherry 36 +
50 Cherry ND -
Water . ND -
Healthy . ND -

2 Detection by agarose gel electrophoresis and
in real-time of amplified products correspond-
ing to PNRSYV isolates in total RNA extracts
from infected trees. The table summarizes
data from real-time detection and gel analy-
sis; + and — indicate presence and absence of
the expected band on gel respectively; =
indicates faint signal with ambiguous detec-
tion on gel; NT = not tested; ND = not de-
tected.

b Water = water negative control and Healthy =
healthy tree negative control.

concentration of PNRSV in spring may be
lower in the bark than in the other organs
of the tree (i.e., in flowers, buds, and
shoots). Nothing is known about variations
in the PNRSYV titers in the different organs
of the fruit tree. Virus titer is just known to
differ according to the host plant, the culti-
var, and the seasons (4,24).

Although PNRSV is systemically dis-
tributed in very susceptible plum cultivars
and in peach (6), there are no reports that
describe the distribution of PNRSV in
cherry and plum trees. Consequently, we

Table 4. Detection in real-time of Prunus ne-
crotic ringspot virus from orchard trees

Threshold cycle?
Tree no.’  Nature Winter Spring
1 Cherry 23 25
2 Cherry 37 24
3 Cherry 36 ND
4 Cherry ND 38
5 Cherry 39 ND
6 Cherry ND ND
7 Cherry ND ND
8 Cherry NT ND
9 Cherry ND ND
10 Cherry 20 22
11 Cherry 36 ND
12 Cherry 21 26
13 Plum ND ND
14 Cherry ND ND
15 Cherry 39 ND
16 Cherry 36 ND
17 Plum 38 ND
18 Plum 34 35
19 Plum 33 33
20 Cherry 21 22
21 Cherry 19 31
22 Cherry 20 20
23 Cherry ND 24
24 Cherry 20 23
25 Cherry 20 ND
26 Cherry 37 ND
27 Cherry 20 25
28 Cherry 19 24
29 Cherry ND ND
30 Plum 31 31
31 Cherry ND ND
32 Cherry 20 ND
33 Cherry 16 21
34 Cherry 18 24
35 Cherry NT 22
36 Cherry 16 29
37 Cherry 33 ND
38 Plum NT 37
39 Cherry 20 22
40 Cherry 20 22
41 Plum NT 28
42 Plum NT 38
43 Plum NT 29
44 Plum NT ND
45 Cherry 37 ND
46 Cherry 33 36
47 Cherry 33 37
48 Cherry 37 ND
49 Cherry 37 36
50 Cherry 37 ND
Water e ND ND
Healthy . ND ND

4 For samples in winter and spring: NT = not
tested and ND = not detected.

b Water = water negative control and Healthy =
healthy tree negative control.
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Fig. 3. Real-time detection of amplification products from the total nucleic acid preparations from
the trees 3, 5, 11, 15, 16, 17, 25, 26, 32, 37, 45, 48, and 50. Amplification plot showing cycle number
versus normalized fluorescence (ARn). The horizontal line indicates the threshold.

recommend here the need for testing mul-
tiple samples from different branches or
using pooled extracts for the sensitive real-
time assay.

In conclusion, real-time RT-PCR pro-
vides a sensitive and high-throughput di-
agnostic assay particularly suitable for
detection of PNRSV in dormant bark tis-
sues and budwood of fruit trees. It could be
used in routine analysis in diagnostic labo-
ratories involved in certification programs
of fruit trees.
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