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EFFECT OF TEMPERATURE ON PLUM POX VIRUS INFECTION
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Summary. – One of the key factors of progress of an epidemic is the duration of virus availability for a vector in
plants, which could be influenced by temperature. Using five epidemiologically different isolates of Plum pox virus
(PPV) we studied the effect of temperature on the virus infectivity, intensity of disease symptoms and virus
accumulation in Nicotiana benthamiana plants as determined by a double-antibody sandwich-enzyme-linked
immunosorbent assay (DAS-ELISA). No differences in infectivity and intensity of disease symptoms between the
five isolates were observed at 17°C. However, they differed in their capacity to infect and multiply in the plant at
higher temperatures. The temperature of 32°C was inhibitory to the multiplication of all the five PPV isolates
studied. Fewer plants were infected and a significantly decreased amount of virus antigen was detected at 30°C. The
natural PPV recombinant BOR-3 isolate showed a greater temperature tolerance compared to other PPV isolates
tested. We conclude that adaptation to higher temperatures may favour the epidemiological impact of PPV.
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Introduction

Insect-borne virus disease epidemiology depends upon
interactions among viruses, vectors, plants and
environment. Temperature is a significant factor capable
of influencing the disease process in virus-infected plants.
A temperature increase can enhance the amount of
available virus in the plant (e.g. Potato virus Y (de Bokx
et al., 1978)), as well as diminish it (e.g. Red clover mottle
virus (Musil and Lešková, 1969), thermosensitive strains
of Cucumber mosaic virus (Walkey, 1976), and Bean yellow
mosaic virus (Tu, 1989)).

PPV is the agent responsible for sharka, the world-wide
detrimental disease of stone fruits (Prunus spp.). The virus
is naturally transmitted by aphids in a non-persistent
manner (Kunze and Krczal, 1971; Labonne et al., 1994).

Two main subgroups of PPV isolates, namely PPV-M and
PPV-D, were differentiated on the basis of distinct
serological and molecular properties (Candresse et al.,
1998; Lopez-Moya et al., 2000; Glasa et al., 2002). The
effect of temperature on PPV infection is still less
documented. Under field conditions, the symptoms on
Prunus plants infected with PPV are often masked late in
the season (Németh, 1986). A possible explanation of this
observation could be that high summer temperatures
decrease the virus amount in the plant and that the latter
correlates with symptoms disappearance.

The objective of this study was to determine whether the
infection with geographically and epidemiologically distinct
PPV isolates differs at different temperatures.

Materials and Methods

Virus isolates. Five natural PPV isolates differing in their ge-
ographical origin, original host and subgroup affiliation were stu-
died (Table 1). The isolates were pre-multiplied  in N. benthamiana,
the systemically infected leaves were stored at -80°C in order to
use a similar inoculum in the experiments.
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Mechanical inoculation and growth conditions. Three fully
expanded leaves of N. benthamiana were mechanically inocula-
ted with a virus-containing sap (1/15 dilution in 0.03 mol/l
Na2HPO4 supplemented with 0.2% Na-diethyldithiocarbamate.
For each experiment, a homogeneous group of 20 plants grown
singly in pots was inoculated per isolate. Immediately after ino-
culation the groups were each divided into two lots of 10 plants.
The lots were then placed in two growth chambers operating at
constant temperature. Experiment I was carried out at 17°C and
32 ± 1°C, respectively, while Experiments II and III were perfor-
med at 17°C and 30°C, respectively. Mock- and non-inoculated
plants were used as negative controls. Plants were grown under a
16 hrs day/8 hrs night photoperiod, 13,000 lux luminosity and
80 ± 10% humidity.

DAS-ELISA. The plants were tested individually for PPV an-
tigen by DAS-ELISA (Clark and Adams, 1977) 21 days post ino-
culation (p.i.) using the polyclonal antibody V.196 produced in
INRA-ENSAM, Montpelier, France. Hereby, virus antigen ac-
cumulation in systemically infected leaves of each plant was es-
timated by DAS-ELISA and the data were compared for each
isolate. Five leaf discs of 0.15 g were taken from 5 upper leaves
of each of the inoculated plants and uninfected control plants.
The discs were homogenized in PBS (1/25 w/v) containing 0.05%
Tween-20 and 2% polyvinylpyrrolidone 40. All the samples cor-
responding to a given isolate were applied in quadruplicate to a
single plate (NUNC Polysorp), so that absorbance values mea-
sured at 405 nm (A) for single isolate and several temperatures
and plants could be compared. As each isolate was analyzed in
this way independently, it was not possible to compare directly
A values for different isolates.

Statistical analysis. The mean A value for the 4 wells corres-
ponding to one sample was calculated and used as the value for
the sample. Then the Student's t test was used to assess significan-
ce of differences in the effects of different temperatures on the
amount of virus antigen for each PPV isolate. Namely, the effects
of 17°C and 30°C were compared (experiments II and III); only
plants considered as infected were evaluated. A weighted measure
(D) was used to obtain a representation of the difference between
the mean A values at 17°C (A17) and at 30°C (A30) and to compare
different isolates on the same scale. We used the difference betwe-
en A17 and A30 for the infected plants weighted by the mean A va-
lue at both temperatures:

D = (A17 –A30)/[(A17 + A30)/2]
As the A values were measured on a scale from 0 to 2, D could

range between the limits of –2 (if A30 is 2 and A17 close to 0) and
+2 (in the inverse case).

Results

Experiment I

Whatever the isolate, the symptoms on inoculated N.
benthamiana plants kept at 17°C appeared first on about
day 9 p.i. The totals of plants were considered infected for
all the isolates based on visual observation and DAS-ELISA
on day 21 p.i. The infection was pronounced through
intensive mosaic and leaf deformations. On the other hand,
no symptoms were observed on virus-inoculated tobacco
plants kept at 32°C. Only 1 of 10 plants inoculated with the
BOR-3 isolate was detected by DAS-ELISA as infected
(Table 2). However, the A value was about 15 times lower
than that for the infected plants kept at 17°C (data not shown).
To reveal a possible subliminal infection, the plants giving
negative results in DAS-ELISA were cut, shifted to a growth
chamber with a temperature of 25/18°C (day/night) for 14
days and then retested by DAS-ELISA. No additional
infection was detected.

Table 1. PPV isolates tested

Table 2. Evaluation of the infectivity of PPV isolates
at different constant temperatures

Experiments II and III

Different rates of infection were observed on the infected
plants held at 30°C depending on the isolate (Table 2). In
both experiments, only the BOR-3 isolate infected all the 10
plants at 30°C. The VAR-2 isolate infected only 1 and 2 of
10 plants, respectively. Fairly variable results were obtained
with the 91.003 isolate (4 and 9 plants infected, respectively).

The symptoms on infected tobacco plants grown at 30°C
developed on about days 10–11 p.i. The symptoms were
milder in comparison with those on plants maintained at
17°C (only light chlorosis without leaf deformations
appeared). There were no differences in symptom expression
and intensity among the isolates BOR-1, VAR-2, 91.003 and
92.011. An exception was the BOR-3 isolate inducing only
weak chlorosis or even no symptoms.

To estimate the effect of temperature on virus accumula-
tion in systemically infected leaves of N. benthamiana plants
maintained at two different constant temperatures, the plants
were tested by DAS-ELISA and the data were compared for
each isolate. In both experiments a significant differences
between A values could be detected for the isolates BOR-1,

Isolate Country of
origin Original host PPV subgroup

BOR-1 Slovakia Plum D
BOR-3 Slovakia Apricot natural D/M

recombinant
VAR-2 Slovakia Peach M
92.011 France Peach D
91.003 France Nectarine M

Isolate Experiment I Experiment II Experiment III
17oC 32oC 17oC 30oC 17oC 30oC

BOR-1 10/10 0/10 10/10 8/10 10/10 5/10
BOR-3 10/10 1/10 10/10 10/10 10/10 10/10
VAR-2 10/10 0/10 10/10 2/10 10/10 1/10
92.011 10/10 0/10 10/10 6/10 10/10 5/10
91.003 10/10 0/10 10/10 9/10 10/10 4/10
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BOR-3, VAR-2 and 92.011. The results revealed a lower
amount of virus antigen in systemically infected leaves of
the plants maintained at 30°C than at 17°C (P <0.001). The
only exception was the 91.003 isolate in experiment III for
which this difference was not significant (Fig. 1).

different climate – Mediterranean and continental,
respectively. The tested isolates belonged to the two main
PPV subgroups, M and D. A recently discovered natural
PPV-D/M homologous recombinant (Glasa et al., 2001) was
included too.

This study clearly demonstrated that although no distinct
differences in infectivity and intensity of symptoms could be
detected in the five isolates tested at 17°C, they differed in the
infectivity and multiplication in a herbaceous host at higher
temperatures. The temperature of 32°C (experiment I) was
inhibitory to the multiplication of all the five PPV isolates.
Fewer plants were infected and lower amounts of virus antigen
were detected at 30°C. This observation suggests two different
mechanisms affecting virus infection. The first mechanism
could affect first steps of viral RNA replication in the cells
and/or cell-to-cell movement just after inoculation. Based on
the presented experiments, the BOR-3 isolate seemed less
sensitive than the others to this mechanism. By the second
mechanism, virus accumulation in the plant could be affected,
either by increasing its degradation rate or by decreasing its
replication rate. All the isolates seemed sensitive to this
mechanism, as the estimated amount of virus antigen at 30°C
was lower than that at 17°C for all the five isolates and
experiments (Fig. 1).

The different behavior of the PPV isolates in N.
benthamiana at 30°C, however, had no correlation with their
geographical origin. The absence of clear-cut geographical
groups within PPV, ascertained also by the phylogenetic
studies (Glasa et al., 2002), could be explained by an
intensive exchange of biological PPV propagation material
within the European countries in the past and easy
transmission of PPV by vegetative material. As well, no
differences between PPV-M and PPV-D isolates could be
noted in our experiments. Reactions were rather isolate-
specific than subgroup-specific.

Virus concentration did not appear to correlate directly
with symptom severity. For instance, weak symptoms or
latent reaction was observed in plants infected with BOR-3
and maintained at 30°C despite a high virus antigen level
detected by DAS-ELISA.

Recombination is considered to play an important role in
RNA virus evolution and it is generally thought to provide
to a recombinant virus some selective advantage (Aaziz and
Tepfer, 1999). The determined temperature-tolerant behavior
of the BOR-3 isolate compared to other isolates tested cannot
be, however, definitively linked to its recombinant character.

In general, adaptation to higher temperatures may favor
the epidemiological impact of a PPV isolate in the presence
of aphids and sensitive hosts during the warm period of the
growing season. In Mediterranean areas, a peak of the aphid
flight activity can be observed in the spring (Labonne et al.,
1994). At that time, temperature values do not seem high
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Fig. 1
Weighted mean differences (D) between A values for the plants kept

at 17°C and 30°C in the experiments II and III for the five
PPV isolates tested

S/NS = significant/non-significant difference between A values for the
infected plants maintained at 17°C and 30°C. Abscissa: the scale of D
values. Ordinate: D values (right side) for individual PPV isolates (left
side). Experiments II (grey columns) and III (black columns).

Discussion

One of the key factors of progress of an epidemic is the
duration of virus availability for a vector in plants. The
temperature could modify the evolution of the attainability of
virus throughout the vegetation period (Kassanis, 1957). In this
work the effect of temperature on PPV infectivity and
accumulation in an artificial host was studied using DAS-
ELISA. The latter is a reliable method for a semiquantitative
measurement of the amount of virus antigen in a plant. A
correlation between the virus titer in plants and the success of
acquisition by aphids is well known for non-persistently
transmitted viruses (de Bokx et al., 1978; Labonne et al., 1997).

The present analysis included five PPV isolates from two
geographical areas, France and Slovakia, characterized by
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enough to result in a significant effect on virus availability
to aphids. On the contrary, the flight activity of aphids in
Central European countries could appear later in the season
(Weismann, 1966; Kuroli, 1999), when temperatures
frequently reaching 30°C or more are common. We conclude
that the PPV isolates, whose infectivity and accumulation
in host plants are less sensitive to a temperature increase,
may have an advantage over the other isolates in their
dissemination by aphids.
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