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Grapevine MLO candidates required for powdery mildew pathogenicity?
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MLOs belong to the largest family of seven-transmembrane
(7TM) domain proteins found in plants. The Arabidopsis and
rice genomes contain 15 and 12 MLO family members, respec-
tively. Although the biological function of most MLO family
members remains elusive, a select group of MLO proteins have
been demonstrated to negatively regulate defence responses to
the obligate biotrophic pathogen, powdery mildew, thereby
acting as “susceptibility” genes. Recently we identified a family
of 17 putative VoMLO genes in the genome of the cultivated
winegrape species, Vitis vinifera. Expression analysis indicated
that the VoMLO family members respond differently to biotic
and abiotic stimuli. Infection of V. vinifera by grape powdery
mildew (Erysiphe necator) specifically upregulates four VoMLO
genes that are orthologous to the Arabidopsis and tomato MLOs
previously demonstrated to be required for powdery mildew
susceptibility. We postulate that one or more of these E. necator
responsive VoMLOs may have a role in the powdery mildew
susceptibility of grapevine.

The MLO family is only found in plants and its members are
characterised by the presence of 7TM and C-terminal calmodulin-
binding domains.!> MLO proteins share the same topology and
localisation within the plasma membrane as animal 7TM proteins.?
Animal 7TM proteins commonly function as G-protein coupled
receptors (GPCRs) that sense external stimuli and trigger down-
stream signalling through heterotrimeric G-proteins.* However,
some 7TM proteins have been found to transmit signals indepen-
dently of heterotrimeric G-proteins and plant MLOs appear to fall
into that group.>

Despite the identification of large MLO families in different
plant species, the function of MLO proteins in plants cells are
still unknown. However, there is now a large body of evidence
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suggesting that certain members of the MLO family pre-dispose
plants to powdery mildew infection and therefore act as “suscep-
tibility” factors. For example, mutations in specific members of
the MLO gene family from barley, tomato and Arabidopsis (either
through natural genetic variation or targeted gene silencing) have
been found to result in broad spectrum resistance to compatible
powdery mildew isolates.®® This function as a susceptibility factor
is unlikely to be the primary role of MLOs, since there must be a
selection pressure for retaining functional MLO genes in the plant
genome. It has therefore been suggested that powdery mildew
exploits MLOs to gain entry to their plant host.!%!! This is similar
to the exploitation of 7TM GPCRs in animals, by pathogens such
as Streptococcus pneumoniae, to gain access to host cells.!?

MLO proteins are localised in the plasma membrane, but during
powdery mildew attack become polarised at the site of attempted
powdery mildew ingress.!? It is postulated that MLO negatively
regulates two independent penetration resistance pathways.'
The first involves the syntaxin PEN1/ROR2 which is thought
to mediate vesicle trafficking.!® Yeast two hybrid studies have
provided evidence of a direct physical interaction between MLO
and ROR2.!"! The second penetration resistance pathway involves
a glycosyl hydrolase (PEN2) and an ABC transporter (PEN3)
which may produce and secrete fungal toxins respectively.!®17

The cultivated grapevine, V. vinifera, is highly susceptible to
the powdery mildew species E. necator. As a result, grape produc-
tion worldwide is highly dependent on the use of fungicides to
control this pathogen. The development of new grapevine cultivars
with enhanced genetic resistance to powdery mildew would be of
significant economic and environmental benefit. We therefore set
out to identify and characterise the MLO gene family in grape-
vine with the aim of isolating potential candidates involved in
powdery mildew susceptibility. Using the recently sequenced V.
vinifera genome sequence,'® we identified a family of 17 putative
VoMLO genes.'® Phylogenetic analysis of the translated products
of the VoMLO gene family together with other known plant MLO
sequences identified six VoMLO genes (VoMLO3, VoMLO4,
VoMLOG6, VoMLO9, VoMLOI3 and VuMLO17) which clus-
tered within the same clade as the Arabidopsis and tomato MLO
genes that have been demonstrated to be required for powdery
mildew susceptibility.>”1° Of these, three (VeMLO3, VoMLO4
and VoMLO17) were found to be significantly induced in grape
leaves within 8 h of E. necator inoculation, which coincided with
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the commencement of fungal penetration.!” The transient tran-
scriptional response of VoMLO3, VoMLO4 and VoMLOI7 to
E. necator penetration is consistent with that previously reported
for HvMLO in response to barley powdery mildew (Blumeria
graminis) infection.?? VoMLO9 was also induced, but not until
24 h post inoculation suggesting that this MLO may not be
involved in the first stages of pathogen infection.!” We have also
subsequently shown these powdery mildew-induced VvMLO
proteins are localised to the plasma membrane (Fig. 1). Thus, the
similarities in both sequence homology, transcriptional regulation
and cellular localization suggests that VeMLO3, VoMLO4 and
VuMLO17 may have functionally similar roles to those MLO genes
from barley, Arabidopsis and tomato which have been shown to
modulate powdery mildew susceptibility.>? It may also indicate
some level of functional redundancy between these three VoMLO
genes as is the case in Arabidopsis.”

It is not yet known which signalling molecules are responsible
for the rapid induction of VoMLOs following powdery mildew
infection. Despite the involvement of the signalling compounds
H,0, and salicylic acid in plant defence responses,?!?? these
compounds were found to induce a different subset of VoAMLOs
to those induced by E. necator.'® On the other hand, wounding
was found to induce the same subset of VoAMLO transcripts (as
well as VoMLOG), to those rapidly induced by E. necator infection,
although the relative levels of induction differed.!” Gene-silencing
studies are now underway to establish which of the E. necator
induced VoMLOs are required for powdery mildew susceptibility
in grapevine. It will also be important to determine if silencing of
MLO gene(s) results in any pleiotropic effects on grapevine growth
and development, as has been observed in barley and Arabidopsis
mlo mutants.”?%23 These include the spontaneous deposition of
callose-containing cell wall appositions in pathogen-free condi-
tions and the premature onset of leaf senescence. However, these
were absent in powdery-mildew resistant tomato /o mutants.®
The appearance of similar pleiotropic effects on grapevine leaves
is unlikely to cause significant issues for grape-growers because
photosynthetic capacity is not normally a limiting factor to grape
production. Indeed, it is likely that most growers would tolerate
some loss in maximum cropping capacity in exchange for durable
resistance to powdery mildew, provided there are no significant
effects on grape berry quality.
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Figure 1. Plasma membrane localisation of VWMLO. Onion epidermal
cells expressing (A) ER+targeted mGFP (pCAMBIA1301 with mGFP5-ER
introduced from pBIN mGFP5-ER) (B) VWMLO4-GFP (C-terminal GFP fusion
of VWMLO4 in pN'GFP) (C) VWMLO17-GFP (Cterminal GFP fusion of
VWMLO17 in pGWBS). Scale bar 100 uM.
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