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Summary Significance of this study
Kiwifruit bacterial canker (KBC), caused by Pseu- What is already known on this subject?

domonas syringae pv. actinidiae (PSA), is currently A. chinensis seems to be more susceptible to kiwifruit
the most destructive disease of kiwifruit worldwide. bacterial canker (KBC) than A. arguta; however, most
Conversely, a closely related bacterial strain, P. syrin- of the available information is based on empirical
gae pv. actinidifoliorum (PFM), only causes necrotic observations. Moreover, A. chinensis infection with
spots and has not been associated with plant mortal- PSA enhances the expression of genes encoding
ity. Moreover, there is some evidence on the higher antioxidant enzymes, but there is no information on
susceptibility of the Actinidia chinensis var. deliciosa other molecular pathways that may be involved in
kiwifruit species to KBC, compared with A. arguta, plant defence mechanisms, neither on how different
but the reasons behind it are still largely unknown. Actinidia spp. respond to infection with P. syringae
In this work, micropropagated plants of Actinidia strains with distinct virulence.
chinensis var. deliciosa ‘Hayward’ and A. arguta var.
arguta ‘Ken’s Red’ were inoculated with PSA or with What are the new findings?
PFM (107 CFUs mL™). Disease development was mon- This is the first report where the higher susceptibility
itored 1, 2 and 5 days post inoculation (dpi) through of A. chinensis to KBC, compared with A. arguta,
the determination colony forming units (CFUs) and is experimentally confirmed. The density of the
the expression analysis of six plant defence-related highly virulent PSA strain rapidly increased in
genes (APX, CAT, SOD, LOX1, SAM and TLP1). At 5 dpi, A. chinensis tissues, whereas in A. arguta bacterial
CFUs in plant tissues inoculated with PSA and PFM colonization occurred later on and with a much lower
were, respectively, 17.4-fold and 2.8-fold higher in magnitude. Contrastingly, the density of the low
A. chinensis compared with A. arguta. Expression of virulent PFM strain was consistently lower in both
antioxidant enzyme-related genes was very distinct plant species. The catalase-encoding gene was the
between the two Kiwifruit species: SOD expression most upregulated in A. arguta plants 2 dpi, whereas
was drastically increased in A. chinensis (up to 2.1- in A. chinensis the expression of the superoxide
fold, 5 dpi), whereas in A. arguta CAT was the most up- dismutase-encoding gene was highly increased 5 dpi.
regulated gene (up to 1.7-fold, 2 dpi). LOX1, involved
in jasmonic acid biosynthesis, was upregulated in What is the expected impact on horticulture?
both species, however reaching the highest values at Due to the economic importance of kiwifruit
2 dpi in A. chinensis (2.2-fold) and 1 dpi in A. arguta production in the world, it is imperative to
(1.9-fold). It is concluded that A. arguta is much more evaluate the susceptibility of different cultivars and
tolerant to PSA than A. chinensis and that the molec- understand their tolerance mechanisms. In this
ular mechanisms between the two Kkiwifruit species work, the molecular mechanisms triggered after
involve specific defence pathways being triggered at infection with PSA and PFM proved to be distinct
distinct moments after plant infection. between A. chinensis and A. arguta. These results

will contribute to the identification of molecular
Keywords markers for the precocious detection of the disease,
antioxidant enzymes, bacterial canker, kiwifruit, PFM, and in breeding programmes for the development of
PSA, susceptibility tolerant cultivars.

Introduction kiwifruit species, including the green fleshed kiwifruit Ac-

Kiwifruit bacterial canker (KBC) is currently the most tinidia chinensis var. deliciosa and the kiwi berry A. arguta
destructive disease of kiwifruit worldwide. It is caused by  var. arguta. A. chinensis orchards are, in general, more af-
Pseudomonas syringae pv. actinidiae (PSA) and it affects all ~ fected than A. arguta (Vanneste et al., 2014). Nevertheless,
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the reasons behind this differential susceptibility remain
unknown.

After PSA infection through stomata, lenticels and
wounds, disease symptoms range from leaf spotting, shoot
wilting, twig dieback, blossom necrosis and lenticels red-
dening. Systemic migration from leaves to shoots through
xylem vessels induces extensive canker formation and fur-
ther bacterial dispersal into the environment through the
release of exudates (Ferrante et al., 2012). Interestingly, the
closely related strain P. syringae pv. actinidifoliorum (PFM)
is able to infect kiwifruit plants but does not cause systemic
infection or plant death (Vanneste et al., 2013; Cunty et al,,
2014).

It is presumed that during the early colonization stag-
es plants are able to restrain their endophytic bacterial
populations through the activation of basal defence mech-
anisms, such as increased synthesis of oxidative stress-re-
lated proteins (Petriccione et al., 2013). In fact, one of the
earliest cellular responses succeeding an effective pathogen
recognition by the host plant is the production of reactive
oxygen species (ROS) through the consumption of oxygen
in a cascade of reactions called oxidative burst. During this
process, superoxide dismutase (SOD), ascorbate peroxi-
dase (APX), and catalase (CAT) play very important roles
in ROS detoxification, protecting plant cells from oxidative
burst induced by pathogen invasion (Mittler et al., 2004).
While SOD catalyzes the dismutation of superoxide (0%)
to hydrogen peroxide (H,0,), APX reduces H,0, to water
(H,0) by utilizing ascorbate as an electron donor and CAT
dismutates H,0, to oxygen (0O,) and water. In a recent study
it was shown that the expression of genes encoding antiox-
idant enzymes, such as SOD, APX, and CAT, increased after
A. chinensis inoculation with PSA from as early as 1 day post
inoculation (Petriccione et al.,, 2015). Nevertheless, infor-
mation on other molecular pathways that may be involved
in plant defence mechanisms and on how different Actinidia
spp. respond to infection with P. syringae strains with dis-
tinct virulence are still very scarce.

The aim of this work was to evaluate how PSA (highly
virulent) and PFM (less virulent) bacterial populations per-
form in A. chinensis var. deliciosa ‘Hayward’ (more suscep-
tible) and A. arguta var. arguta ‘Ken’s Red’ (more tolerant)
plant tissues after artificial infection, and how these spe-
cies with reported distinct susceptibility to KBC respond to
the infection in terms of the expression of defence-related
genes.

Materials and methods

Plant maintenance

Micropropagated A. chinensis var. deliciosa ‘Hayward’
and A. arguta var. arguta ‘Ken’s Red’ plants were purchased
from QualityPlant, Investigacdo e Produ¢do em Biotecno-
logia Vegetal, Lda. (Castelo Branco, Portugal). A modified
Murashige and Skoog (MS) agarized medium was used for
plant maintenance during the trial period and consisted in
sucrose (30 g L'), myo-inositol (100 mg L), thiamine-HCI
(1 mg L), nicotinic acid (1 mg L*), pyridoxine (1 mg L1),
glycine (1 mg L) and benzylaminopurine (0.5 mg L), ad-
justed to pH 5.7 with KOH. Plants were kept in sets of three
plants per 0S140 box container (Duchefa Biochemie B.V.,
Haarlem, The Netherlands) in a climate chamber (Aralab Fi-
toclima 5000EH, Aralab, Rio de Mouro, Portugal) with 16-h
day photoperiod with 200 pmol s m? of photosynthetic
photon flux density at plant level. Temperatures were set
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to 22°C during the light period and to 19°C during the dark
period and relative humidity was maintained at 80%.

Bacterial suspension preparation and plant
inoculation

A virulent PSA strain (CFBP7286, isolated in 2008
in Italy from A. chinensis) and a less virulent PFM strain
(ICMP18804, isolated in 2010 in New Zealand from A. chin-
ensis) were grown for 48 h on nutrient agar with 5% sucrose
(NSA) at 27°C in the dark. In the day of inoculation, a fresh
1-2x107 CFUs mL* inoculum was prepared in sterile Ring-
er’s solution (NaCl 0.72%, CaCl, 0.017% and KCI 0.037%,
pH 7.4). Plants were inoculated with bacterial suspension
by gently rubbing a sterile swab impregnated with one of
the solutions on the abaxial surface of each leaf. For each
kiwifruit species (4. chinensis and A. arguta) and P. syringae
strain (PSA and PFM), 27 plants were inoculated (i.e., nine
containers with three plants each). Control non-inoculated
plants were treated with Ringer’s solution alone.

Plant sampling

One, 2 and 5 days post inoculation (dpi), three contain-
ers of each kiwifruit species and P. syringae strain (with
three plants per container) were randomly selected for
plant sampling. Plants were removed from the culturing
medium and the tip (ca. 0.5 cm length) of every leaf was
cut with sterile scissors and placed in a sterile container for
CFUs determination. The remaining plant was flash-frozen
in liquid nitrogen and stored at -80°C for gene expression
analysis. Each biological replicate was obtained by pool-
ing the three plants per container, and three independent
biological replicates were analysed per treatment at each
time-point.

CFUs determination in plant tissues

Estimation of bacterial colony forming units (CFUs)
was performed using an adapted method from Cellini et
al. (2014). Samples were surface sterilised by washing in
70% ethanol for 1 min, followed by a 1-min treatment with
1% sodium hypochlorite, after which they were rinsed
twice in sterile water for 1 min. Plant samples were then
homogenised in 10 mL Ringer’s solution. This extract was
sequentially diluted ten-fold up to 105, and three replicates
of 100 pL from each ten-fold dilution were plated on NSA
medium. After plate incubation at 27°C for 48 h in the dark,
the number of colonies in each plate were counted and
CFUs estimated.

Defence-related gene expression analysis

Plant RNA was extracted according to an adapted pro-
tocol from Cellini et al. (2014). After tissue homogenization
with liquid nitrogen, 1 mL of warm (70°C) extraction buffer
(100 mM Tris-HC], pH 8.0, cetyltrimethylammonium bro-
mide 4% w/v, polyvinylpyrrolidone K40 4% w/v, 30 mM
ethylenediamine tetraacetic, 2.0 M NaCl, spermidine 0.1%
w/v, B-mercaptoethanol 2% v/v) was added to ca. 100 mg
of sample. Samples were mixed vigorously and incubated
at 65°C for 10 min. Subsequently, 1 mL of chloroform-iso-
amyl alcohol (24:1, v/v) was added, and samples were
centrifuged for 15 min at 15,000 g. The upper phase was
collected to a new tube and combined with 250 pL of 12 M
LiCl by gentle pipetting. Samples were incubated overnight
at -20°C, after which they were centrifuged at 15,000 g for
35 min at 4°C. The supernatant was discarded and the pel-
let was washed in cold 70% ethanol, dried, and resuspend-
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TABLE 1. Primer sequences used for transcriptional analysis by qRT-PCR.

Gene Primer sequence (5-3) Reference
(Accession number) Forward Reverse

ACT (FG440519) CCAAGGCCAACAGAGAGAAG GACGGAGGATAGCATGAGGA Ledger et al. (2010)
PP2A (FG522516) GCAGCACATAATTCCACAGG TTTCTGAGCCCATAACAGGAG Nardozza et al. (2013)
APX (FG408540) GGAGCCGATCAAGGAACAGT AACGGAATATCAGGGCCTCC Petriccione et al. (2015)
CAT (FG470670) GCTTGGACCCAACTATCTGC TTGACCTCCTCATCCCTGTG

SOD (FG471220) CACAAGAAGCACCACCAGAC TCTGCAATTTGACGACGGTG

LOX (DQ497792) GTTAGAGGGGTGGTGACTCT CTTTAGCACTGCTTGGTTGC This study

SAM (U17240) GAATAGTACTTGCCCCTGGC TACAAATCGACCAGAGGGGT

TLP1 (JX905282) CAACCCCCTAACACACTAGC ATTTCCGGAGTTGCAACAGT

ed in 40 pL sterile DEPC water. Single-stranded cDNA was
synthesized using iScript cDNA Synthesis Kit (Bio-Rad, Cal-
ifornia, USA) according to the manufacturer’s instructions
in a Doppio Thermal Cycler (VWR, Oud-Heverlee, Belgium).

Primers for LOX1, SAM and TLP1 were designed using
Primer3 (Frodo.wi.mit.edu) for an expected PCR product of
100-200 bp and primer annealing temperatures between
56 and 58°C, whereas primer sequences for APX, CAT and
SOD were obtained from Petriccione et al. (2015) (Table 1).
Reverse transcription polymerase chain reactions (qRT-
PCR) were performed on a StepOne™ Real-Time PCR
System (Applied Biosystems, California, USA) with the
following reaction conditions: 2 min at 50°C, 2 min at 95°C
and 40 cycles with: 15 s at 95°C, 15 s at each primer pair
optimal annealing temperature (Table 1) and 1 s at 72°C.
Amplifications were carried out using a final volume of
20 pL which consisted of 1 pL of the specific primers at 6 pM,
10 pL of 2x iQ SYBR® Green Supermix (Bio-Rad, California,
USA) and 8 pL of a 1:100 dilution of the template cDNA.
Melt curve profiles were analysed for each tested gene. The
comparative CT method (AACT, Livak and Schmittgen, 2001)
was used for the relative quantification of gene expression
values using actin (ACT) and protein phosphatase 2A
(PP2A) genes as control transcript (Petriccione et al., 2015)
and the plants inoculated with Ringer’s solution (controls)
as the reference sample. For each sample and target gene
two technical replicates were analysed.

Statistical analysis

Data were analysed with GraphPad Prism version 6.0
(GraphPad Software, Inc., California, USA). Differences
between treatments were tested with ANOVA corrected for
multiple comparisons using the Tukey method (p <0.05).

Results and discussion

After PSA infection through natural openings and
wounds, bacteria start to migrate within the vascular
system inducing a wide variety of disease symptoms that
range from leaf spotting to cankers formation (Ferrante et
al,, 2012). Contrarily, PFM has lower virulence in kiwifruit
plants since it causes a non-systemic infection, only being
associated with leaf symptoms (Cunty et al., 2014). In this
work, CFUs determination showed rapid PSA colonization
in kiwifruit plant tissues, especially in A. chinensis. In fact,
at 2 dpi A. chinensis plants had ca. 235+23 x 103 CFUs
mL? for the highly virulent Italian PSA strain (Figure 1),
whereas in A. arguta PSA CFUs values remained ca. 6.7-fold
lower (35+12 x 103 CFUs mL). At 5 dpi, A. chinensis had
17.4 times higher PSA CFUs count than A. arguta, which
presented only ca. 75+7 x 103 CFUs mL.
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Rapid PSA population increase in artificially inoculated
A. chinensis plants was already observed during the first
days after inoculation by Petriccione et al. (2014). Here
we show for the first time that the less virulent strain PFM
seems to take a longer period of time to infect plant tissues,
as this strain was only detected 5 dpi, and in much lower
numbers compared to PSA (representing only 1.5% and
9.3% CFUs for A. chinensis and A. arguta respectively, when
comparing to PSA). Similarly to PSA, CFUs following PFM in-
fection were higher in A. chinensis than in A. arguta at 5 dpi
(ca. 2.8-fold, Figure 1). Although A. arguta susceptibility to
PSA was already demonstrated in 1989 through artificial in-
oculation of nursery plants, it was only more recently that
PSA was identified in A. arguta field plants for the first time
(Vanneste et al,, 2014). A. chinensis, on the other hand, is
more commonly associated with PSA infection, frequent-
ly accompanied by extensive infection symptoms, such as
cane dieback, cankers formation, release of bacterial exu-
dates, and fruit production losses (Balestra et al., 2009). Re-
sults presented here corroborate that A. chinensis is more
susceptible to PSA infection than A. arguta. Moreover, PSA
and PFM establishment in plant tissues does not occur im-
mediately after inoculum application and the rate of bacte-
rial colonization is highly dependent on plant species and
bacterial strain. It is hypothesised that leaf trichomes play
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FIGURE 1. Number of colony forming units estimated in
plant tissues from A. chinensis var. deliciosa ‘Hayward’ and
A. arguta var. arguta ‘Ken’s Red’ at 1, 2 and 5 days post
inoculation (dpi) with P syringae pv. actinidiae (PSA) or
P, syringae pv. actinidifoliorum (PFM). Each bar represents
the mean of three biological replicates + SE. Columns with
the same letter are not significantly different at p<0.05.
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a very important role as an entry route for PSA to the host
tissues (Spinelli et al., 2011). These authors reported that
A. chinensis var. chinensis had higher trichome density in
comparison to A. chinensis var. deliciosa, which could pos-
sibly contribute to the higher susceptibility of var. deliciosa,
once they could provide a more favourable environment
for bacterial growth. As A. chinensis leaves have higher tri-
chome density than A. arguta, PSA and PFM could strive
better in the first species than in the latter, therefore ex-
plaining the higher CFUs estimation in A. chinensis, regard-
less of bacterial strain or time-point. In addition, the fact
that PSA was able to colonize plant tissues from an earlier
stage after inoculation and to a greater magnitude, compar-
ing with PFM, may be due to its systemic activity. In fact, as
PSA can penetrate and migrate within plant leaf veins to the
shoot (Petriccione et al., 2013), it can then multiply more
rapidly, thus arising to greater numbers than PFM.

It has been recently shown that the expression of an-
tioxidant enzymes-encoding genes play an important role
in A. chinensis defence against PSA infection (Petriccione
et al,, 2015). These authors found that the upregulation of
SOD, APX and CAT genes was influenced not only by the bac-
terial concentration used for plant inoculation, but also by
the time-point analysed. SOD was shown to be significantly
up-regulated in A. chinensis plants 7 dpi after artificial in-
oculation with PSA (Petriccione et al., 2015). In the present
study, the expression of these antioxidant enzymes-encod-
ing genes were investigated not only in A. chinensis but also
in A. arguta, following inoculation with two closely related
but pathogenically distinct P. syringae. Here, SOD transcrip-
tional levels significantly increased by 2.1- and 1.7-fold from
1 to 5 dpi after A. chinensis inoculation with PSA and PFM,
respectively. Interestingly, in A. arguta inoculated plants
no variation in SOD transcriptional levels was observed
over time, but there was a significant down-regulation of
this gene in inoculated plants compared with non-infected
plants (as the relative fold change was lower than 1), re-
gardless of the bacterial strain (Figure 2). As SOD catalyzes
the dismutation of 0?- to H,0,, the gradual increase in SOD
transcription following the inoculation of A. chinensis may
be due to the cumulative concentration of H,0, in plant cells
in response to the increased PSA population (Figure 2).

Contrarily to SOD, CAT transcriptional profile in A. chin-
ensis plants did not show significant alterations during the
experimental period, which seems to be in accordance with
the results from Petriccione et al. (2015), where significant
up-regulation of CAT expression in PSA-inoculated plants
was only observed 7 dpi. In A. arguta, on the other hand,
CAT was up-regulated by 1.6- and 1.7-fold from 1 to 2 dpi,
after inoculation with PSA and PFM, respectively. Perhaps
in this kiwifruit species CAT enzyme plays a more determi-
nant role in the prevention of oxidative stress, whereas in
A. chinensis SOD seems to have a more active role (Figure 2).

Petriccione et al. (2015) reported a slight up-regula-
tion in APX transcriptional levels 1 and 4 dpi in A. chinen-
sis var. deliciosa ‘Hayward’ following inoculation with PSA.
In contrast, in the present study PSA inoculation induced a
0.4-fold decrease in APX expression in A. chinensis from 1
to 5 dpi, whereas in A. arguta it remained constant during
the experimental period, being ca. 0.25-fold higher than
the non-inoculated plants (Figure 2). It was also found
that 1 to 2 dpi with the less virulent strain (PFM) A. chin-
ensis responded with APX overexpression (ca. 1.3-fold),
whereas A. arguta was not significantly affected. Moreover,
when A. arguta plants were inoculated with PFM, APX was
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down-regulated by up to 0.4-fold, compared with PSA, in all
time-points. Therefore, it is clear that plant infection with
bacterial pathovars with distinct virulence induces differ-
entiated responses regarding the expression of genes relat-
ed to the antioxidant pathways.

LOX1 encodes a lipoxygenase involved in the synthesis
of oxygenated fatty acids, including jasmonic acid and al-
dehydes, which play important functions in plant defence
against pathogens and herbivores (Kolomiets et al., 2000).
Compared with control plants, the relative expression of
this gene was 2.2- and 1.8-fold higher in PSA-inoculated
A. chinensis and A. arguta plants 2 dpi and 1 dpi, respec-
tively, being drastically reduced afterwards in both species
(Figure 2). Interestingly, lipoxygenases convert a-linolenic
acid into 13-hydroperoxyoctadecatrienoic acid in the jas-
monic acid biosynthesis, a known antagonist to Actinidia
spp. defence mechanisms. In fact, previous studies showed
that exogenous application of methyl jasmonate, a syn-
thetic analogue of jasmonic acid, increases A. chinensis
and A. chinensis plants disease index after inoculation with
PSA (Reglinski et al,, 2013), and seems to impair salicylic
acid pathway and increase Actinidia spp. susceptibility to
PSA (Cellini et al.,, 2014). What is more, several P. syringae
strains have the ability to produce the toxin coronatine,
which disrupts plant defences by impairing plant ethylene
and jasmonic acid pathways (Zheng et al,, 2012). LOX1 in-
creased activity was already reported in A. chinensis PSA-in-
oculated plants, and is regarded as a strategy used by the
pathogen to antagonize salicylic acid responses through the
enhancement of the jasmonic acid pathway, or as a conse-
quence of the activation of other metabolic pathways, such
as ethylene (Cellini et al., 2014).

S-adenosylmethionine synthetase encoding gene, SAM,
is a precursor of ethylene biosynthesis and was up-regu-
lated in A. chinensis by 1.4-fold after inoculation with PSA
from 1 to 2 dpiand from 1 to 5 dpi in PFM-inoculated plants
(Figure 2). In A. arguta, SAM was up-regulated by 2.2-fold
1 day after PSA inoculation, compared with control plants.
Exogenous application of ethylene was found to enhance
disease index after PSA inoculation, probably because it
antagonises salicylic acid pathway (Cellini et al., 2014).
Contrarily, exogenous application of an ethylene receptor
blocker, 1-MCP, decreased disease severity, thus support-
ing the evidence that ethylene may enhance the noxious
effects of the pathogen, as was already demonstrated in
other plant-pathogen systems (Weingart et al., 2001). In
this report, genes involved in the methyl jasmonate and
ethylene biosynthesis pathways (LOXI and SAM) seemed
to be triggered latter in A. chinensis, compared to A. arguta,
since in the latter cultivar the upregulation of these genes,
compared with control plants, peaked at 1 dpi. Moreover,
the fact that A. arguta PSA-inoculated plants showed high-
er LOX1 and SAM transcriptional levels than PFM at 1 dpi
(1.6- and 2.0-fold, respectively) and in ‘Hayward’ at 2 dpi
(1.6-fold for both genes) clearly demonstrates that plants’
defence mechanisms are highly influenced by the bacteri-
al strain. Early deactivation of these pathways in A. arguta
can be a coping mechanism against invasion by pathogenic
bacteria, and underpin its higher tolerance to PSA and PFM.

TLP1 encodes a thaumatin-like protein, which belongs
to the family of pathogenesis-related (PR) proteins, and
is involved in acquired resistance and stress response in
plants. These PR proteins were already shown to be up-reg-
ulated in PSA-infected A. chinensis plants as soon as 1 dpi
(Cellini et al., 2014). In this report, TLP1 was significantly
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up-regulated in PSA-inoculated plants from 1 to 5 dpi in
A. chinensis and from 1 to 2 dpi in A. arguta by ca. 1.4-fold
(Figure 2). Several studies have already demonstrated that
TLPs have strong antifungal properties, probably due to its
ability to inhibit the activities of several fungal enzymes,
such as (-glucanase, xylanase, a-amylase and trypsin, and
also due to its ability to rupture fungal membrane by pore
formation (Misra et al., 2016). The fact that this gene was
up-regulated at earlier stages of the infection in A. arguta

may reinforce its higher tolerance to PSA, compared with
A. chinensis, or perhaps in A. chinensis other PR-proteins
play a more preponderant role, at least in the time-points
selected in this study.

Conclusion

A. chinensis var. deliciosa ‘Hayward’ proved to be much
more susceptible to PSA infection than A. arguta var. argu-
ta ‘Ken’s Red’. Moreover, PSA tolerance seems to be a result
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FIGURE 2. Gene expression analysis of SOD, CAT, APX, LOX1, SAM and TLP1 in A. chinensis var. deliciosa ‘Hayward’ and
A. arguta var. arguta ‘Ken’s Red’ at 1, 2 and 5 days post inoculation (dpi) with P. syringae pv. actinidiae (PSA) or P. syringae
pv. actinidifoliorum (PFM), compared with non-inoculated control plants (1-fold change represents no relative change in
gene expression). Each bar represents the mean of three biological replicates + SE relative to the housekeeping genes ACT
and PP2A and to control plants. Columns with the same letter are not significantly different at p<0.05.
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of several plant resistance mechanisms acting together
against the pathogen, as several defence-related genes were
triggered at distinct moments after plant infection. Where-
as SOD expression was drastically increased in A. chinensis,
in A. arguta CAT was the most upregulated antioxidant en-
zyme-encoding gene. Moreover, LOX1 and SAM, involved in
jasmonic acid and ethylene biosynthesis, respectively, were
upregulated 2 dpi in A. chinensis and already at 1 dpi in
A. arguta and, more importantly, their transcriptional levels
were higher in PSA-inoculated plants, compared with PFM.
PSA may induce the upregulation of these pathways as part
of its infection mechanism, impairing plant defence through
negative feedback of the salicylic acid pathway.

Although these findings provide key evidence on the
species-specific relation between Actinidia plants and P, sy-
ringae strains with different virulence, additional studies
are needed to fully understand the molecular and metabo-
lomic pathways involved in kiwifruit plants defence against
PSA and PFM. Additionally, these results derive from in
vitro grown Actinidia spp. plants and their reproducibility
in fully grown field plants still needs to be confirmed. Nev-
ertheless, the results presented here have the potential to
contribute to the identification of molecular markers for the
precocious detection of the disease and to the development
of tolerant cultivars through breeding programmes.
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