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Although phosphite is widely used to protect plants from pathogenic oomycetes on a wide range of hor-
ticultural crops, the molecular mechanisms behind phosphite induced resistance are poorly understood.
The aim of this work was to assess the effects of potassium phosphite (KPhi) on potato plant defense
responses to infection with Phytophtora infestans (Pi). Pathogen development was severely restricted and
there was also an important decrease in lesion size in infected KPhi-treated leaves. We demonstrated

g‘?g‘g’gi;s onses that KPhi primed hydrogen peroxide and superoxide anion production in potato leaves at 12 h post-
Phosphites P inoculation With Pi. Moreover, the KPhi—treat.ed lleaves showed.an incre.ased and earlier callose depos?t@on
Phytophthora infestans as compared with water-treated plants, beginning 48 h after inoculation. In contrast, callose deposition
Potato was not detected in water-treated leaves until 72 h after inoculation. In addition, we carried out RNA gel
Priming blot analysis of genes implicated in the responses mediated by salicylic (SA) and jasmonic acid (JA). To
this end, we examined the temporal expression pattern of StNPR1 and StWRKY1, two transcription factors
related to SA pathway, and StPR1 and StIPIl, marker genes related to SA and JA pathways, respectively.
The expression of StNPR1 and StWRKY1 was enhanced in response to KPhi treatment. In contrast, StIPIl
was down regulated in both KPhi- and water-treated leaves, until 48 h after infection with Pi, suggesting
that the regulation of this gene could be independent of the KPhi treatment. Our results indicate that
KPhi primes the plant for an earlier and more intense response to infection and that SA would mediate

this response.
© 2012 Elsevier GmbH. All rights reserved.
Introduction responses (Chen and Chen, 2000; Yu et al., 2001; Wang et al., 2006;

Induced resistance (IR) is defined as the mechanism that, upon
abiotic or biotic stimuli, plants can increase their level of resistance
against a future stress. Based on differences in signaling path-
ways and spectra of effectiveness, IR is classified in various types.
Among them, the classic formis systemic acquired resistance (SAR),
and occurs on distal parts of the plant after a localized infection
by a necrotizing pathogen and is controlled by a signal pathway
that involved salicylic acid (SA) accumulation and the defense
regulatory protein NPR1 (Spoel et al., 2009; Vlot et al.,2009). Down-
stream and upstream of NPR1, several WRKY transcription factors
play important roles in the regulation of SA-dependent defense

Abbreviations: DAB, diaminobenzidine; hpi, hours post-inoculation; IR, induced
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oxygen species; SA, salicylic acid.

* Corresponding author at: Instituto de Investigaciones Bioldgicas, Funes 3250 4°,
Nivel, Argentina. Tel.: +54 223 4753030x14; fax: +54 223 4724143.
E-mail address: mfmachin@mdp.edu.ar (M.F. Machinandiarena).

0176-1617/$ - see front matter © 2012 Elsevier GmbH. All rights reserved.
http://dx.doi.org/10.1016/j.jplph.2012.05.005

Van der Ent et al., 2009). Another type, induced systemic resistance
(ISR) is induced by non pathogenic bacteria and in Arabidopsis it
shown to be independent of SA but requires jasmonic acid (JA) and
ethylene (ET).

The IR does not necessarily require direct activation of defense
responses, but can also result from a sensitization of the tissue to
express basal defense mechanisms more rapidly and strongly upon
pathogen or insect attack. This capacity for augmented defense
expression is called “priming”, so this primed state appears to
be an immune system that offers protection to a wide spec-
trum of stresses caused by biotic or abiotic agents (Beckers and
Conrath, 2007; Goellner and Conrath, 2008). Primed responses
include an oxidative burst that consists in a rapid accumulation
of reactive oxygen species (ROS), the deposition of cell wall rein-
forcement components such as callose and lignin, and the induction
of pathogenesis-related proteins (PRs) (Ahn et al., 2007; Taheri
and Tarighi, 2010). Moreover, it has also been suggested that this
responses would be a consequence of the accumulation of signaling
components that enhance the transcription of defense genes after
stress recognition (Conrath et al., 2006).
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Potato late blight, caused by the oomycete pathogen Phytoph-
thora infestans (Pi), is the most important disease of this crop,
considered as a serious threat to tuber production. Therefore, in
Argentina and other regions of the world, potato production is not
possible without the use of fungicides. Their use not only increase
production costs but also generates environmental and health dam-
age (Cooke et al., 2011). In this scenario, it is clear the need of an
environmental and economic more sustainable late blight control
method. An innovative strategy, within integrated crop manage-
ment (ICM), is the use of biocompatible chemical compounds
that enhance disease resistance in plants through the IR (Daayf
et al., 2000; Shibuya and Minami, 2001; Altamiranda et al., 2008).
Among them, phosphites (inorganic salts of phosphorous acid) have
received particular attention, and they have been described as capa-
ble of controlling crop diseases caused by oomycetes and bacteria
through both, a direct effect on the pathogen and an indirect effect
by stimulating host defense responses (Deliopoulos et al., 2010).
Direct effects include the inhibition of mycelial growth and the
reduction or alteration of the pathogen metabolism (Grant et al.,
1990; Guest and Grant, 1991; Wilkinson et al., 2001; King et al.,
2010). The indirect effect involves the stimulation of plant defense
mechanisms such as the enhanced production of phytoalexins and
ROS, the induction of PRs and the reinforcement of the cell wall
(Guest and Grant, 1991; Lobato et al., 2008, 2011; Pilbeam et al.,
2011; Eshraghi et al., 2011).

In our lab, the effect of phosphite applications directly to seed
tubers and foliage of potato plants has been studied (Lobato et al.,
2008). Phosphites reduced seed tuber disease symptoms caused
by the oomycete Pi, but also by Fusarium solani and Rhizoctonia
solani infections. Protection in foliage against Pi was also obtained
by foliar applications of calcium phosphite and potassium phos-
phite (KPhi). In addition, foliar applications of KPhi to field grown
crops resulted in post-harvest tubers with a reduced susceptibil-
ity to Pi, F. solani and Erwinia carotovora infections, suggesting that
this compound induced a systemic defense response (Lobato et al.,
2011). These phosphites were able to induce PRs, phytoalexins and
other defense related enzymes in the foliage and tubers which could
explain, at least in part, the protection observed (Lobato et al., 2008,
2011). Interestingly, KPhi was able to prime the accumulation of
molecules involved in defense reaction only in Pi-infected tubers
from plants with foliar KPhi treatments (Lobato etal.,2011). Despite
the common use of phosphites, their complex mechanism under-
lying their ability to protect plants against infections by different
pathogens remains unclear.

Taken together, our previous results suggest that phosphites
might act inducing plant defense responses through a priming
mechanism, increasing the level of potato resistance against a
future pathogen challenge. In order to elucidate the molecular
mechanisms underlying these responses, the aim of the present
work was to analyze if KPhi primes defense responses mediated by
SA, analyzing the expression of marker genes and key regulators of
this pathway, and the induction of cellular defense responses like
ROS accumulation and callose deposition.

Materials and methods
Biological material

For foliage assays, Solanum tuberosum seed tubers (cv. Ken-
nebec) were planted in pots containing a pasteurized mixture of
soil: vermiculite (3:1, v/v). Pots were maintained under greenhouse
conditions (18°C day-night temperature, 16 h of light per day).
These growing conditions were applied to all foliage experiments
which were performed at least three times each.

Phytophthora infestans (Pi) (Mont.) De Bary (race Ry R3 Rg R7 Rg,
mating type A2) (Andreu et al., 2010) was grown on potato tuber
slices of cv. Spunta at 18 °C for seven days. Mycelia were harvested
in sterile water and stimulated to release zoospores by incubation
at 4°C for 6 h. After filtration through a 15 wm nylon filter cloth,
the sporangial suspension was observed under light microscope
for quantification before being used as inoculum.

Chemical treatment

KPhi (Afital Potassium Phosphite, Agro-EMCODI SA) was applied
to the foliage at 10 mL per plant (3 L/ha) by using an atomizer (ESAC
SA) operating at 200 kPa, 21 days after emergence. The dose uti-
lized was 1% (v/v) of the commercial product. Control plants were
sprayed with water.

Pathogen challenge

Three days after KPhi or water treatment, two leaflets per
plant were detached from ten plants per treatment. These leaflets
were immediately placed on a wet filter paper in Petri dishes
and artificially inoculated with a zoospore suspension (2 x 10%
zoospores/mL) of Pi either by spray (RNA extraction/foliage pro-
tection assay) or drops (15 uL each, histochemical assays). The
inoculated leaflets were then incubated at 18 °C. At different times
post-inoculation, leaves were used for RNA extraction or histo-
chemical assays.

Seven days post-inoculation, typical leaf disease symptoms
were observed (Hooker, 1980).

RNA isolation

At four time points (0, 24, 48 and 72 h) post-inoculation with
Pi, total RNA from each treatment was isolated using Tri-Reagent
(Molecular Research Center Inc., Cincinnati, OH, USA) according
to the manufacturer’s instructions. RNA concentration was eval-
uated by measuring the absorbance at 260 nm and its integrity was
visualized by 1% agarose gel electrophoresis.

Relative quantification of Pi in potato leaves

Approximately 2 g of total RNA (DNA-free), were used for
first-strand cDNA synthesis using the M-MLV Reverse transcriptase
enzyme (Promega) according to the manufacturer’s instructions.

The ITS region of Pi (Gen Bank accession number JF834703) was
used to generate the primer pair ITS1-R/ITS2-F (listed in Table 1).
Amplifications were performed with an automated thermal cycler
(Thermo) in a 25 pL reaction volume containing 125 M of the four
dNTPs (Promega), 0.5 wM of each primer, 1 U of GoTaq DNA poly-
merase (Promega), template cDNA and water. The reaction mixture
was subjected to 30 cycles at the following incubations: 30 s denat-
uration at 95°C (120 s for the first cycle), 30 s annealing at 55 °C and
60 s extension at 72 °C (10 min for the final cycle). Stactin was used
as the internal control standard for reverse transcription PCR in
the same samples. Primers for this gene are listed in Table 1. PCR
products were analyzed by gel electrophoresis in a 1.5% horizontal
agarose gel in TAE buffer (40 mM Tris-acetate, 1 mM EDTA, pH 8)
in the presence of ethidium bromide. DNA bands were visualized
using a UV transilluminator.

Histochemical detection of reactive oxygen species (ROS) and
callose

ROS detection
The in situ accumulation of ROS, hydrogen peroxide (H,0;)
and superoxide anion (O, ) was determined by histochemical
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Table 1

Primers used for the generation of probes for RNA gel blot analysis and for RT-PCR analysis.

Stgene GenBank accession number Reverse primer Forward primer

StNPR1 AY615281 5-CGCATCTCTCTCTCCAAAACAT-3’ 5'-GAGCTTCTCACXTCATTGCGTT-3'
StPR1 AY050221 5'-CATGAACATATGGTACGTGGAA-3' 5'-CCTAAAGCAAAATGGGGTTG-3'
StWRKY1 AY615273 5-ATGGGATGTGAATGCATGC-3' 5-CGGGTTCTTGGGACTAATG-3'

StIPIl BQ113673 5'-TAGCCGTGGTAAAGGTCCAC-3' 5'-TCAAATCAAAGCAAGAGTTGAGA-3’
Stactin DQ252512 5'-CGACCACCTTAATCTTCATGC-3' 5-TACTCGTTCACCACCTCAGC-3'

P. infestans ITS region JF834703 5'-TACTCGTTCACCACCTCAGC-3' 5'-GTTTGGACTTCGGTCTGAGC-3'

analysis at 0, 12 and 24 hours post-inoculation (hpi). Hydrogen
peroxide (H,0,) and superoxide anion (0O, ~) were detected macro-
scopically and microscopically by diaminobenzidine (DAB, Sigma)
and nitrobluetetrazolium (NBT) staining methods, respectively
(Thordal-Christensen et al., 1997; Hiickelhoven and Kogel, 1998).
Leaf disks containing the inoculation site were stirred in 1 mg/mL
DAB (pH 3.8) or a 0.2% NBT solution (sodium phosphate buffer
10mM, pH 7.8 containing 0.2% NBT and 5 mM sodium azide) for
3 hatroom temperature. Boiling ethanol was used to stop the reac-
tions and bleach the disks. DAB polymerizes instantly, and develops
a localized brown color as soon as it comes into contact with H,0,
in the presence of peroxidase, whilst the occurrence of dark blue
insoluble precipitates after NBT staining corresponds to O, accu-
mulation.

A minimum of 6 disks were examined for each collection time
and treatment. The experiment was repeated three times. Quantifi-
cation of both, H, O, and O, ~ was performed with Image] software.

Callose detection

For callose visualization within the cells, leaves were collected
at 12, 24, 48 and 72 hpi with Pi. Leaf disks containing the inoc-
ulation site were discolored in boiling ethanol and stained with
aniline blue 0.05% (M6900, Sigma-Aldrich) as described by Cohen
et al. (1990). Leaf disks stained with aniline blue were examined
for callose deposition using a Nikon Eclipse E200 epifluorescence
microscope (Ex 365/10, Dichroic 400 LP, Emis 460/50). Callose-
like deposits appeared as fluorescent yellow-white-stained cells
surrounding the site of infection. A minimum of 6 disks were exam-
ined for each collection time and treatment. The experiment was
repeated three times. Quantification of callose was performed with
Image] software.

RNA gel blot hybridization

Total RNA (10 g) was denatured using glioxal and dimethyl-
sulfoxide (Sambrook et al., 1989). RNAs were size fractionated on
1.5% agarose gels, blotted to Hybond N membranes, and hybridized
with the following potato cDNA probes StNPR1 (AY615281),
StPR1 (AY050221), StWRKY1 (AY615273) and StIPII (BQ113673), as
described by Sambrook et al. (1989). cDNA probes were labeled
with 32P-dCTP using the Megaprime DNA labeling system according
to the manufacturer’s description (Amersham Biosciences). Equal
loading was assured by ethidium bromide staining of rRNA. After
a high stringency wash, the membranes were exposed to a phos-
phorimager plate (FUJI Photo Film) for 2-3 days. Hybridization
patterns were visualized by phosphoimaging (Storm; Amersham).
RNA quantification was performed by plot analysis using Image-
QuantTL (version v2005). The expression levels were quantified as
aratio against Stactin levels and expressed as a fold increase taking
Stactin levels as 1.

The sequences of the primers used for the synthesis of the dif-
ferent probes are listed in Table 1.

Statistical analysis

ROS accumulation and callose deposition data was analyzed
by the t-test and one-way Kruskal-Wallis test, respectively. Gene
expression data was analyzed by one-way ANOVA (Zar, 1999).
A posteriori multiple comparison tests (Tukey test) were per-
formed when significant (P < 0.05) differences between means were
detected. Data transformation (logig Y) was used when needed to
meet homoscedasticity.

Results
P. infestans (Pi) growth in potato leaves

Pathogen biomass was analyzed through semi-quantitative
RT-PCR, in a time course post-inoculation. Leaves from water-
treated plants showed an increase in Pi biomass at 72 hours
post-inoculation (hpi), reaching its highest value at 96 hpi (Fig. 1A).
However, Pi biomass was slightly detectable only after 72 hpi in
leaves from KPhi-treated plants.

Pi-Infected leaves from water-treated plants showed the typical
necrotic lesion caused by this oomycete at 7 days post-inoculation
(Fig. 1B). On the other hand, KPhi-treated leaves were protected
against the pathogen since almost no disease symptoms were
developed (Fig. 1C).

KPhi
48 72 96

Water
0 24 48 72 96 0 24

M hpi

VIV
fiarl g

Fig. 1. Effect of KPhi on induced resistance against Phytophthora infestans. (A) P.
infestans biomass detection by RT-PCR on potato leaves. Amplification products of
primer set ITST and ITS2 and template DNA leaves infected with P. infestans from
water- or KPhi-treated plants. Symptoms of P. infestans infection on leaves from
(B) water-treated and (C) KPhi-treated plants, 7 days post-inoculation. hpi: hours
post-inoculation. M: molecular markers.
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Fig. 2. Effect of KPhi on the H,0, and O,~ accumulation in potato leaves following infection with P. infestans. (A-H) Hydrogen peroxide (H,0;) detection by the 3,3-
diaminobenzidine (DAB) staining method. H,0, was observed (A-D, G, and H) macroscopically and (E and F) microscopically in infected leaves from water-treated and
KPhi-treated plants. Deep-brown color shows H,0, production (arrows indicate). (I-L) Analysis of superoxide anion (0O, ~) accumulation by the nitrobluetetrazolium (NBT)
staining method. O, ~ was detected macroscopically in infected leaves from (I and K) water-treated and (J and L) KPhi-treated plants. Blue formazan precipitate indicates O, ~
production (arrows indicate). Scale bars represent 2 mm (A-D and G-L plates) and 0.1 mm (E and F plates). Quantification of both, H,0, and O, ~are represented in bar plots
as it follows: M, N and O for E, F, G, H and K-L plates, respectively. Each bar represents the mean + SD. Bars with the same letter do not differ significantly at P<0.05.

Production of ROS during potato-Pi interaction KPhi- and water-treated potato plants. KPhi treatment by itself did
not induce H,0; or O, accumulation (Fig. 2A, B, 1 and J). At 12 hpi

Oxidative burst has often been implicated in early defense with Pi, H,0, and O,~ production was higher in leaves from KPhi-
responses; therefore we analyzed the accumulation of ROS, hydro- treated plants as compared with leaves from water-treated plants
gen peroxide (H,0,) and superoxide anion (0,7), in leaves from (Fig. 2C-F, K-M and O). This response was also observed at 24 hpi
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for H,0, (Fig. 2G, H and N). However, no differences were detected
in O, accumulation between leaves from KPhi- and water-treated
plants at this time (not shown).

Callose deposition during potato-Pi interaction

Late blight development on potato leaves led to callose deposi-
tion in the walls of epidermal cells surrounding the lesions. Leaves
from KPhi-treated plants showed an earlier callose deposition than
leaves from water-treated plants, post-inoculation. At 48 hpi, flu-
orescence was only observed in leaves from KPhi-treated plants
(Fig. 3A, B and E). Moreover, callose deposition was much stronger
72 hpi in leaves from KPhi-treated than from water-treated plants
(Fig. 3C,D and E).

Analysis of the expression of StNPR1 and StWRKY1 during
potato-Pi interaction

In order to establish whether the SA-mediated signal trans-
duction pathway participates in the mechanism involved in
phosphite-induced priming, we performed transcriptional analysis
of genes implicated in the response mediated by SA. For this pur-
pose, we examined the temporal expression pattern of StNPR1 and
StWRKY1 transcription factors in potato leaves from water- or KPhi-
treated plants at different time post-inoculation with Pi (Fig. 4A and
B). RNA gel blot analysis of StNPR1 and StWRKY1 showed a differ-
ential induction of both genes in leaves from KPhi-treated plants as
compared with leaves from water-treated plants. KPhi-treatment
potentiated StWRKY expression at 24 and 48 hpi, reaching its high-
est level at 48 hpi (2.6-fold induction). Similarly, SENPR1 expression
was induced by KPhi treatment only at 48 hpi (1.7-fold induc-
tion) being also its highest expression level. In addition, the highest
expression of these genes in leaves from water-treated plants was
observed at 72 hpi.

Induction of the StPR1 and StIPII genes during potato-Pi
interaction

Expression profiling of marker genes for both, the SA (PR1) and
JA (IPII) signal transduction pathways, were used to further deter-
mine their role in the observed KPhi-induced priming. Analysis
of the expression of StPR1 showed an earlier induction in leaves
from KPhi-treated plants as compared with leaves from water-
treated plants, starting at 24 hpi. This increase reached its highest
level after 48 hpi, showing a 5.4-fold induction as compared with
leaves from water-treated plants (Fig. 5A). On the other hand, the
expression of StIPIl showed a high constitutive expression for both,
KPhi-treated and water-treated plants, showing a dramatic down
regulation until 48 hpi. However, at 72 hpi in KPhi-treated plants,
this value was not significantly different than the basal expression
of this gene in both treatments (Fig. 5B).

Discussion

The results emerged from this study confirm our hypothesis
that KPhi induces resistance in potato against Pi through a prim-
ing mechanism. In addition, they provide more evidences about the
role of these compounds as plant defense activators and explain, at
least in part, that the mechanism by which phosphites are able to
trigger priming in the potato-Pi pathosystem involves SA signaling
pathway.

KPhi application restricted lesion development and pathogen
biomass in potato leaves. These results are consistent with our
previous findings where we have demonstrated that KPhi was
able to protect potato leaves against Pi infection (Lobato et al.,

2008). To further study the early events that occur when Pi col-
onize potato leaves, we analyzed the production of ROS (Jabs et al.,
1997; Lamb and Dixon, 1997). Our results show that KPhi treat-
ment by itself did not induce H,0, or O~ accumulation. However,
a rapid accumulation of H,0, and O,~ was observed in leaves
from KPhi-treated plants after pathogen inoculation, suggesting a
priming effect mediated by KPhi on pathogen-induced oxidative
burst. Similar results were reported by Daniel and Guest (2006) and
Eshraghi et al. (2011) in KPhi-treated Arabidopsis thaliana plants
infected with P. palmivora and P. cinnamomi, respectively. The abil-
ity to respond more rapidly and efficiently may be determinant
for avoiding the success of the infection. In addition, an increase
in the production of ROS would contribute not only to the resis-
tance induced by KPhi, but also would increase lignin formation,
a compound that is implicated in reinforcement of the cell wall
(Boerjan et al., 2003). Among the molecules involved in defense
responses, callose deposition within the cells has been well docu-
mented in plant-Phytophthora interactions and has been correlated
to resistance in several plant-pathogen systems because of its well
established role in cell wall reinforcement (Zimmerli et al., 2000;
Hamiduzzaman et al., 2005). Our results showed that KPhi treat-
ment not only increased considerably callose deposition following
leaf inoculation with the pathogen, but it was also earlier produced
than in water-treated plants. However, Daniel and Guest (2006)
found an increase in callose accumulation in the A. thaliana-P.
palmivora pathosystem regardless of phosphite treatment, sug-
gesting that the mechanism of action of this compound is highly
influenced by the nature of host and pathogen.

Many chemical compounds have been described as effectors of
IR. Most of these agents elicit the SAR pathway, activating simi-
lar PR genes and failing to induce these responses in SAR mutants
(Dong et al., 1999). However, 3-aminobutyric acid (BABA), a well
studied chemical inducer, not only impaired its effect through the
SA signaling pathway but, depending on the pathosystem, it trig-
gers priming through an independent via. Despite the differences
between the different forms of IR, both BABA-mediated mecha-
nisms are characterized by primed resistance (Van der Ent et al.,
2009).

SA has been identified as a crucial signaling molecule required
for the expression of plant defense responses. Potato is described to
have high basal levels of this molecule. Moreover, potato varieties
with race-nonspecific resistance contain higher levels of SA and
PRs gene expression than susceptible ones (Coquoz et al., 1995),
suggesting an important role of SA-dependent responses for resis-
tance in potato (Halim et al., 2007; Vleeshouwers et al., 2000). Thus,
in order to analyze the mechanisms underlying KPhi priming in
the potato-Pi pathosystem, we evaluated the expression pattern of
two transcription factors that are reported to be involved in SA-
mediated processes, StNPR1 and StWRKY (Chen and Chen, 2000;
Subramaniam et al., 2001; Koornneef and Pieterse, 2008).

KPhi treatment induced the expression of both StNPR1 and
StWRKY1 genes following inoculation, showing an elevated and
earlier transcription in leaves from KPhi-treated compared to
water-treated plants. Moreover, we analyzed the effect of KPhi on
the expression of StPR1 as a marker gene of SA pathway. StPR1
showed a higher and earlier induction in leaves from KPhi-treated
as compared with water-treated plants, following infection. Since
SA activates defense responses through its downstream component
NPR1 and some transcriptional factors belonging to the WRKY fam-
ily are regulated by NPR1 (Bari and Jones, 2009; Van der Ent et al.,
2009), these transcription factors might play a significant role in
priming SA-inducible defense mechanisms in potato. Additionally,
PR1 has shown a positive correlation with WRKY transcription fac-
tor up-regulation at transcript levels (Wang et al., 2005; Tian et al.,
2006). These results support the hypothesis that KPhi-induced
priming could be mediated by SA.
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Fig. 3. Effect of KPhi on the callose deposition in potato leaves following infection with P. infestans. Microscopic observations of leaves from (A and C) water-treated and (B
and D) KPhi-treated plants at 48 and 72 hpi with P. infestans. Leaves were stained with aniline blue for callose detection (fluorescent areas indicated by arrows). sp: sporangia.
Scale bars represent 0.1 mm. Quantification of callose deposition is represented in the bar plot (E). Each bar represents the mean + SD. Bars with the same letter do not differ

significantly at P<0.05.

NPR1 not only plays a key role in SA dependent IR, but has
also been implicated in the regulation of JA/ET-dependent path-
ways (Leon-Reyes et al., 2009). Moreover, Arabidopsis npr1 mutant
plants are compromised in the SA-mediated suppression of JA
responsive gene expression, indicating that NPR1 plays an impor-
tant role in SA-JA interaction (Spoel et al., 2003). Accordingly, we
analyzed the involvement of JA pathway in KPhi-induced priming
as there is ample evidence that priming is mediated not only by
SA but also by JA and ET (Conrath et al., 2006; Taheri and Tarighi,
2010; Kravchuk et al., 2011; Tonelli et al., 2011). The expression
of StIPIl, a key marker gene of this pathway evidenced a high
constitutive expression for both KPhi- and water-treated plants,

showing a dramatic down regulation until 48 hpi. However, at 72
hpi in KPhi-treated plants, this value was not significantly differ-
ent than the basal expression of this gene in both treatments. It
has been demonstrated that NPR1 is required for SA-mediated sup-
pression of JA-dependent defense responses. Thus, the increase in
the expression of StNPR1 in leaves from water- and KPhi-treated
plants after infection, could explain the downregulation of StIPII,
regardless of the KPhi treatment. Similar results were obtained by
Restrepo et al. (2005) who, based on indirect evidence (reduced
expression of marker genes, IPIl among them), showed that JA
defense pathway was down-regulated in potato-Pi compatible
interaction.
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bromide staining of rRNA. Radioactivity was visualized and quantified by phosphoimaging. The radioactivity of the StNPR1 and StWRKY1 was normalized against the radioac-
tivity of Stactin, and expressed as a fold increase taking Stactin level as 1. The quantification of three (StNPR1) or five (StWRKY1) independent experiments is plotted. Each
bar represents the mean =+ SD. Bars with the same letter do not differ significantly at P<0.05.

enough to prime the plant to an immune state to counteract future

Taken together, our results support the idea that KPhi treatment
stresses. Further studies with mutant plants where SA signaling

may enhance resistance by the increased expression of defense

molecules that would otherwise be induced in the plant, but at a
later stage and to a lesser degree. We propose that the early events
triggered by KPhi treatment are related to the reinforcement of
cell wall. In a coordinated manner, transcription factors StNPR1 and
StWRKY may act as amplifiers of defense signaling cascades. In this
context, probably even a slight induction during priming could be

pathway is impaired should be performed in order to confirm this
hypothesis.

In this scenario, the potential use of KPhi as a “priming inducer”
seems to be a promising feature, potentiating cellular defense
responses just when it is needed (i.e. upon pathogen attack), avoid-
ing a metabolic cost that could affect crop yield.
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Fig. 5. Effect of KPhi treatments on the gene expression upon P. infestans infection. Expression of StPR1 and StIPIl genes were analyzed in potato leaves from water- and
KPhi-treated plants at 0, 24, 48 and 72 hpi with P. infestans. RNA gel blot analysis was performed. Following electrophoresis, RNA was transferred to nylon membrane and
hybridized with dCTP-[a-32P]-labeled probes synthesized with the fragments of (A) StPR1 and (B) StIPIl. Equal loading (10 g of total RNA) was assured by ethidium bromide
staining of rRNA. Radioactivity was visualized and quantified by phosphoimaging. The radioactivity of StPR1 and StIPIl was normalized against the radioactivity of Stactin,
and expressed as a fold increase taking Stactin level as 1. The quantification of three independent experiments is plotted. Each bar represents the mean + SD. Bars with the

same letter do not differ significantly at P<0.05.
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