REPORT

12™ INTERNATIONAL WORKSHOP ON FIRE BLIGHT,
WARSAW, POLAND

The 12t International Workshop on Fire Blight was held in Warsaw, Poland,
from 16%™ to 20™ August 2010. The workshop was organized by the Research Insti-
tute of Pomology and Floriculture (RIPF), Skierniewice, Poland, in cooperation
with Cost Action 864 “Combining traditional and advanced strategies for plant
protection in pome fruit growing”, under the auspices of International Society for
Horticultural Science (ISHS). Dr. Marek Sawicki — Minister of Agriculture and Ru-
ral Development of Poland, provided the honorary patronage. The workshop was
attended by 129 people from 34 countries. During the opening ceremony short
welcoming comments were presented by: Dr. Marian Zalewski, Undersecretary of
State, Ministry of Agriculture and Rural Development, Poland, Prof. Danuta
Goszczynska, Director of RIPF, Dr. Chris Hale, representative of ISHS, Prof.
Malgorzata Manka, President of The Polish Phytopathological Society and Repre-
sentative of the Polish Academy of Sciences, Dr. Virginia Stockwell, convener of
the former workshop in Portland, Oregon, USA, and Prof. Piotr Sobiczewski, con-
vener. The Crystal Apple, the highest award of the Director of RIPF, was awarded
by Prof. Goszczynska to colleagues with long outstanding career in the field of fire
blight research: Prof. Klaus Geider, Dr. Chris Hale, Prof. Maria Hevesi, Prof.
Hikmet Saygili, Prof. Sherman Thomson, Dr. Virginia Stockwell, Prof. Wolfgang
Zeller and Dr. Nico van Opstal. The Introductory Session of the workshop hosted a
lecture of Dr. Nico van Opstal, Director General of EPPO, on “EPPO’s future em-
phasis: prevention or eradication?”. The workshop program consisted of 8 ses-
sions; altogether, 118 lectures and posters were presented. Traditionally, besides
oral and poster presentations, one day was dedicated to visits to orchards and nurs-
eries in central Poland. It allowed the participants getting acquainted with the
main problems of Polish fruit producers with special attention to fire blight. In Po-
land the disease occurs irregularly both from a regional and seasonal point of view
and its importance in nurseries is negligible. The field session concluded with facil-
ity tours and presentations at the RIPF in Skierniewice.
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Diagnostics

This session was chaired by Maria M. Lopez (IVIA, Valencia, Spain) and Joanna
Putawska (RIPF, Skierniewice, Poland). Ring test evaluation of various techniques
for fire blight diagnosis and Erwinia amylovora detection, carried out by researchers
from 15 countries, were presented as well as the results on validations performed
in frame of Euphresco ERWINDECT project. A new EPPO and IPPC scheme, con-
sisting of a combination of different methods (molecular and serological) for maxi-
mum accuracy was described. Several reports were devoted to new rapid diagnostic
tools. The core genes that are likely to be absent in other bacterial species, were de-
termined by analyzing E. amylovora pan-genome, and will be studied as potential
targets for development of molecular based diagnostic tests. MALDI-TOF analyses
(based on protein profiles) showed perfect agreement with PCR results. Using a
two-hour loop-mediated isothermal amplification (LAMP) assay it was possible to
detect a single flower colonized by E. amylovora in a sample of 100 flower clusters.
A lateral-flow immunographic strip (Ea AgriStrip) and real-time PCR also allow
rapid detection with little or no interference from non-target microflora. Emission
of specific volatiles (i.e. ethylene, NO, methyl jasmonate) during early infection
stages of apple tissue can provide early diagnosis on asymptomatic material. Mea-
surement of changes in chlorophyll fluorescence signals were presented as a
non-destructive method for detection of E. amylovora in pear leaves. To detect the
closely related pathogen Erwinia pyrifoliae, a species-specific PCR-based method
along with a dot-blot hybridization assay were developed.

Genomics

Brion Duffy (ACW, Wadenswil, Switzerland) and Pablo Llop (IVIA, Valencia,
Spain) chaired this session. Among the several aspects presented, the evolutionary
relatedness of significant features including virulence factors between E. amylovora
and closely related species were highlighted. Core genome of Erwinia was esti-
mated as a group of 2474 genes, whereas genes coding for small unknown proteins
specific of E. amylovora were found. High similarity in several regions of different
plasmids of E. amylovora also was shown. Genome comparison of the pathogens E.
amylovora and E. pyrifoliae with genomes of antagonistic bacteria E. billingiae and E.
tasmaniensis revealed relationship between gene content and lifestyle of bacteria of
these four species. In the genomes of pathogenic bacteria several genes related to
their pathogenicity were found. Epiphytic bacteria genomes lack some of them,
e.g. sorbitol metabolism operon. Analysis of genomes of four bacteriophages in-
fecting E. amylovora revealed that three of them are related to enterobacterial vi-
ruses and have limited similarity to other known E. amylovora bacteriophages. It
gives a new opportunity for fire blight control.

Advances in research on E. amylovora host plants genomics were reported in a
session chaired by Cesare Gessler (SFIT, Zurich, Switzerland) and Mickael Malnoy
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Phot. 1. Conference opening ceremony, from left: Dr. Nico van Opstal, Prof. Piotr Sobiczewski,
Dr. Marian Zalewski, Dr. Chris Hale, Dr. Virginia Stockwell, Prof. Danuta Goszczynska,
Prof. Malgorzata Manka (photo by M. Stowinski)

Phot. 2. The conference sessions took place at Sofitel Victoria hotel in Warsaw
(photo by M. Stowinski)
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(FEM, IASMA, S. Michele all’Adige, Italy). Results from the Malus cv. ‘Golden De-
licious’ genome sequencing project reveal that many resistance genes are present
in comparison to other plant species, and some of them likely responsible for resis-
tance to fire blight. Studies utilizing functional genomics and transcriptomic analy-
sis showed new potential fire blight resistance genes or genes differentially
expressed during infection by E. amylovora. One derived from leucine rich repeat re-
ceptor-like protein and second one from the class III peroxidase. Application of
transcriptomic analysis of apple blossom inoculated with wild type and mutant E.
amylovora strains revealed that 3500 genes were modulated in response to wild
type strain. More than 150 genes were differentially transcribed by comparing wild
type E. amylovora versus T3SS and dspE mutants. It suggests that these genes may be
specific of T3SS (type III secrection system) and T3SS may play an important role
in early stage of infection. Relatively, small number of genes were modulated com-
paring wild type versus ams mutant strain. It is surprising, because amylovoran -
exopolysaccharide coded by ams gene was found one of the most important viru-
lence factors.

Biodiversity

Biodiversity session was chaired by Klaus Geider (JKI, Heidelberg, Germany)
and Tanja Dreo (NIB, Ljubljana, Slovenia). Even though the strains of E. amylovora
are considered highly homogeneous, results from analysis of SNP in galE gene,
CRISPR (clustered regularly interspaced short palindrome repeats), MLVA
(multi-locus variable number of tandem repeats analysis), and plasmid content
were able to show some differences among E. amylovora populations and discrimi-
nated among some North American and European strains. Analysis of single nu-
cleotide polymorphism of galE allowed for differentiation of E. amylovora strains
originating from fruit trees and raspberry.

Pathogenicity and virulence

Two sessions were devoted to pathogenicity and virulence of E. amylovora. One
chaired by George Sundin (MSU, East Lansing, USA) and Youfu Frank Zhao (Uni-
versity of Illinois, Urbana-Champaign, USA), and the second one by Marie-Anne
Barny (INRA, Paris, France) and Jay Norelli (USDA-ARS, Kearneysville, USA). Pa-
pers presented dealt with the role of hrp genes in pathogenesis — hrpL and hrpA in
natural flower infection process, and hrpN in type III translocation and callose de-
position. Analysis of hrp gene cluster showed that Japanese Erwinia is more similar
to E. pyrifoliae than to E. amylovora. The complexity of plant-bacteria relationship
were underscored by results from the analysis of amylovoran biosynthesis, of al-
tered biofilm formation by genes encoding flagellar motor stator and the increased
virulence deriving from the newly discovered plasmid pEI70.
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Epidemiology

This session was chaired by Sherm Thomson (USU, Salt Lake City, USA) and
Elena Biosca (VU, Valencia, Spain). From the presentations, it emerged that
biocontrol and induction of resistance may be complementary methods to support
current strategies of fire blight management. However, new threats for the spread
of the pathogen include the Mediterranean fruit fly (medfly; Ceratitis capitata), an
effective vector of the pathogen to fruits and leaves, and the ability of E. amylovora
to infect and colonize host plants through roots, suggesting irrigation water can
play an important role in dissemination. Recently, RIMpro-erwinia computer
model was developed to address the host effects by simulating bacterial growth
and the possibility of infection during blooming. Preliminary data suggest that the
model can improve blight prediction as compared to Cougarblight and Maryblyt.
On the other hand updated and simplified version of the first one referred as
Cougarblight EZ also indicates increase of its accuracy. The more effective recov-
ery of viable but not culturable (VBNC) cells in planta compared to culture media or
immature pear fruits support the hypothesis of VBNC state as a part of the patho-
gen life cycle, which provides clues both from epidemiological and control aspects.
The unsettling information of the first natural outbreak of the disease on stone
fruits in Europe was reported: an apricot cv. ‘Velharda’ orchard in Czech Republic
was severely damaged by E. amylovora.

Breeding for resistance

Markus Kellerhalls (ACW, Widenswil, Switzerland) and Andreas Peil (JKI,
Dresden-Pilnitz, Germany) chaired the session focussing on breeding new apple
and pear genotypes with high resistance not only to fire blight but also to apple
scab and powdery mildew. In Switzerland, marker-assisted breeding for fire blight
was successfully established by using two SCAR-markers and two promising selec-
tions ACW 14995 and ACW 14959 were obtained. Malus sieversii (fire blight resis-
tant) is often used for crossings. Ring trials performed at RIPF in Skierniewice
(Poland) and JKI in Dresden (Germany) with about 40 cultivars and clones origi-
nating from six European countries revealed that those generally scored as highly
resistant or highly susceptible reacted in the same manner independent of location
and inoculation procedure. Studies on transformed lines of ‘Galaxy’ showed an in-
creased level of resistance to fire blight. Morphological features of apple and pear
genotypes also seem useful as potential markers for resistance to disease. A new
resistance bio-assay using an in vitro culture technique of shoot tips also was pro-
posed.
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Biological control

This session consisted of two parts: the first was chaired by Maria Hevesi
(Corvinus University, Budapest, Hungary) and Joel Vanneste (IPFR, Hamilton,
New Zealand) and the second by Virginia Stockwell (OSU, Corvallis, USA) and
Wolfgang Zeller (IBC, RKI, Berlin, Germany). The introductory lecture was de-
voted to changes and success in the implementation of biocontrol against fire
blight. Several products based on bacteria and yeasts, demonstrating various
mechanisms of action, are registered and in some countries already introduced
into practice. Strains of Pantoea agglomerans (P. vagans) are the most commonly
used, but new species (e.g. Pseudomonas graminis) have also been identified. A strat-
egy using Blossom Protect (Aureobasidium pullulans) and Myco-sin (sulphuric clay
minerals, deactivated yeast components, extracts from horsetail) was developed to
control fire blight and apple scab in organic fruit production. For this purpose,
yeast and bacteria based products integrated with lime sulfur and fish oil also were
considered. Other effective strategies include the integration of biocontrol prod-
ucts applied during blossom with induction of resistance by using prohexadione
calcium during shoot growth, and using essential oils and metabolites of antago-
nistic bacteria, as well as application of nematodes and E. amylovora phages.

Chemical control and resistance induction

The first part of this session was chaired by Karl Stich (TU, Vienna, Austria)
and Ken Johnson (OSU, Corvallis, USA), while Tom Deckers (PC Fruit, Sint
Truiden, Belgium) and Lech Michalczuk (RIPF, Skierniewice, Poland) chaired the
second. The studies presented show an increased array of molecules able to control
fire blight: natural plant constituents with activity comparable to streptomycin,
non-protein amino acids that are more inhibitory than streptomycin, and Kasumin
(aminoglycoside antibiotic kasugamycin) in a mixture with a biocontrol agent or
oxytetracycline to delay development of resistance of E. amylovora to streptomycin.
Some of these compounds suppressed pathogen biofilm formation. Various copper
formulations with or without mancozeb were effective against the pathogen and
phytotoxicity varied among copper compounds: Cu-sulphate showed highest tox-
icity while Cu-oxychloride showed the lowest. Laminarin extracted from seaweed
and applied to pear and apple trees reduced their susceptibility not only to fire
blight but also apple scab. Acibenzolar-S-methyl (Bion) used as single drench on
potted young pear trees dramatically slowed and then stopped development of fire
blight cankers. New avenues for developing control products are arising from the
discovery that phytoalexins (biphenyls such as aucuparin and dibenzofurans such
as eriobofuran) are synthesized after infection by E. amylovora. Two novel strate-
gies considering secondary metabolites also were presented: one is based on inhi-
bition of flavanone 3-hydroxylase (similar effect as prohexadion calcium) and the
second - in changes related to dihydrochalcone.
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At the end of the workshop Prof. P. Sobiczewski was elected the new Chair of
the Working Group on Fire Blight and Dr. Brion Duffy was elected Secretary and
the Convener of 13t International Workshop on Fire Blight to be held in 2013 in
Zurich, Switzerland. The 12t Workshop on Fire Blight continued the tradition
that began 33 years ago in Wageningen (The Netherlands) and provided a forum
for discussion on the latest developments in all aspects of research on fire blight
and the bacterium E. amylovora. Much progress has been made during the three
years since last workshop in Portland, USA, excellently organized by Virginia
Stockwell and Ken Johnson. The Local Organizing Committee would like to thank
the Nobell Congressing for outstanding help as well as several organizations, in-
cluding Ministry of Agriculture and RIPF Skierniewice, for sponsorship.

Piotr Sobiczewski and Joanna Pulawska
Research Institute of Pomology and Floriculture
Skierniewice, Poland



