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Anthracnose, caused by Colletotrichum acutatum, is 
responsible for significant yield losses in commercial 
strawberry production worldwide. For this reason, 
it is of interest to uncover the molecular basis un-
derlying this strawberry/pathogen interaction. Pre-
viously, FaWRKY1 was identified as an important 
element mediating defence responses. This gene en-
codes an AtWRKY75-like transcription factor (type 
IIc), which is upregulated in strawberry following 
C. acutatum infection. In this study, Agrobacterium-
mediated transient transformation was used to both 
silence and overexpress the FaWRKY1 gene in fruit, 
with the aim to clarify its function in the strawberry 
defense mechanism. Analyses of FaWRKY1-RNAi 
strawberry fruits showed resistance to C. acutatum 
infection, 5 d after inoculation with this pathogen. 
Overexpression of this gene in strawberry fruit 
showed increased susceptibility to C. acutatum. Mo-
lecular analysis is being carried out with these fruit 
samples to elucidate candidate genes transcription-
ally regulated by FaWRKY1. Furthermore, in vitro 
DNA-binding assays have revealed a tentative con-
sensus sequence [G/T][T/C]TGAC[T/C], contain-
ing the core sequence TGAC (W box), as the likely 
target sequence for FaWRKY1 binding. These analy-
ses will strengthen genome-wide promoter target 
site prediction for FaWRKY1.
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Broad bean wilt virus 1 (BBWV-1, genus Fabavirus, 
family Secoviridae) infects crops of economic impor-
tance, such as broad bean, pepper, tomato, spinach, 
and ornamental plants. The virus genome is consti-
tuted by two molecules of positive single stranded 
RNA, each encoding a polyprotein which is further 
processed by proteolytic cleavage. RNA1 encodes 
the proteins involved in viral replication and expres-
sion, while RNA2 encodes the movement protein 
(MP) and two coat proteins (LCP and SCP). RNA2 
contains an alternative second start codon rendering 
a smaller putative movement protein, called MP2. To 
date, the BBWV-1 proteins related to pathogenicity 
are unknown. The roles of MP2 in symptom deter-
mination, post-transcriptional gene silencing (PTGS) 
and elicitation of hypersensitive response (HR) were 
examined. Expression of MP2 in Nicotiana bentha-
miana through Potato virus X (PVX) caused necrotic 
lesions, indicating that MP2 is a symptom deter-
minant. Analysis of O2

- accumulation and necrosis 
staining revealed that this protein elicited the cel-
lular HR. Transient expression of MP2 in N. bentha-
miana 16C, that constitutively expresses Green Fluo-
rescent Protein (GFP), and a complementation assay 
with a vector based on Turnip crinkle virus sequence 
(TCV-sGFP) showed that this protein acts as a sup-
pressor of PTGS.
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Cost of resistance is usually associated with the en-
ergy and nutritional penalties linked to induction of 
defenses. Currently, a mechanistic understanding of 
the sources of these costs is lacking, other than vague 
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suggestions of the energy “lost” in inducing the de-
fense. We have shown that penetration resistance 
or hypersensitive response (HR) provoke stomatal 
and photosynthetic dysfunctions, which could be 
important components of the disease resistance cost. 
More importantly, the stomatal dysfunctions (lock-
up) are genotype, but not response-type, dependent, 
since genotypes with similar resistance responses 
show very different locking patterns when assessed 
histologically. We have assessed the content of sev-
eral photosynthetic pigments including chlorophyll 
a, and b, several metabolites of the xanthophyll cy-
cle, and metabolites of the chlorophyll degradation 
pathway in healthy and powdery mildew (Blumeria 
graminis f. sp. avenae) inoculated oat seedlings. Re-
sistant genotypes associated with stomatal and pho-
tosynthetic dysfunctions activate the chlorophyll 
degradation pathway early after pathogen inocula-
tion, increasing the level of pheophytin a content. 
These genotypes also showed a reduction in chloro-
phyll a and b contents, whereas the resistant geno-
types lacking physiological dysfunctions showed no 
variation in the level of these compounds.
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Powdery mildew is one of the most widespread and 
damaging crop diseases. One of the most efficient 
and durable powdery mildew resistance mecha-
nisms was originally found in barley lines carrying 
homozygous recessive alleles at the Mlo locus. These 
lines show efficient resistance to pathogen penetra-
tion based on formation of papillae, which are lo-
calised cell wall appositions at attack sites. The Mlo 

gene encodes a protein considered a negative regu-
lator of the defence response so that its loss leads to 
more rapid and/or enhanced papilla formation. Al-
though it is known that host plants sense powdery 
mildew fungi and start to activate defenses as early 
as 30 min following pathogen challenge, very little 
is known of the signaling that leads to the efficient 
papillae formation of mlo genotypes. We have ex-
plored the profile of several signaling molecules in 
two sets of mlo-isogenic lines with different genetic 
background, over a time course ranging from 30 min 
to 24 h. Abcisic acid decreased following inoculation 
in all susceptible and resistant genotypes whereas 
salicylic acid increased only in the resistant mlo gen-
otypes from 2 h post inoculation, with a maximum 
at 24 h. Jasmonic acid and its derivative, Ile-jasmonic 
increased in resistant genotypes at 10-12 h after in-
oculation, whereas its biosynthetic intermediate 12-
OPDA accumulated in resistant genotypes as early 
as 4 h and following. These data, showing a subtle 
and very early regulation of these signaling path-
ways, will shed light on the mechanisms of papilla 
formation.

This research was supported by the Project AGL2013-
48687-R and AGL2016-78965-R (Spanish Ministry of Econ-
omy and Competitiveness) and the European Regional 
Development Funds (ERDF).

Biocontrol, natural compounds and 
plant defense stimulants

Characteristics of the biocontrol rhizobacterium 
Pseudomonas chlororaphis PCL1606. S. TIENDA, 
C. VIDA, A. DE VICENTE, F.M. CAZORLA. Insti-
tuto de Hortofruticultura Subtropical y Mediterránea “La 
Mayora” (IHSM-UMA-CSIC), Departamento de Micro-
biología, Facultad de Ciencias, Universidad de Málaga, 
Spain. E-mail: sandratienda@uma.es

The major disease affecting avocado crops in the 
Mediterranean area is avocado white root rot, caused 
by Rosellinia necatrix. The biocontrol rhizobacterium 
Pseudomonas chlororaphis PCL1606 has been isolated 
from rhizosphere of healthy avocado trees, grow-
ing in an area affected by white root rot. As a main 
characteristic, PCL1606 showed strong in vitro an-
tagonism against R. necatrix and other important 
soil-borne pathogens. This is mainly due to produc-
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