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Summary

Botrytis cinerea is an air-borne plant pathogenic fungus attackingr @00 crops grown
in the field and green house. It is currently coléd by chemical methods, cultural
methods, biological methods and plant breedingésistance. The problems associated
in controlling B. cinerea are its development of resistance to synthetigitiides and
natural compounds, and the lack of genetic resistan plants againdB. cinerea. B.
cinerea has 14 ABC transporters and among them BcatrBbessn well studied in
achieving resistance against antimicrobial compsymwduced by microorganisms and
plants. Arabidopsis shows a certain level of rasist¢ toB. cinerea due to theproduction

of camalexin. And also we know that Atrbpgl is s&mnt to endopolygalacturonases,
secreted by. cinerea, which degrade pectin in the host cell wall andvseas important
virulence factors.

In this study, | investigated (1) the growth inliitg properties of massetolide A, a cyclic
lipopeptide surfactant (CLPs) produced by the amégic bacteriumPseudomonas
fluorescens againstB. cinerea and the involvement dBcatrB gene in resistance against
massetolide A, (2) the ability of CLPs froffa fluorescens to prevent disease and induce
systemic resistance in plants agaidstinerea and (3) the ability of the Atrbpgl locus to
confer partial resistance & cinerea. There was no significant difference among fungal
strains in sensitivity to different concentration§ massetolide A. BcatrB was not
involved in resistance against massetolidePA.fluorescens SS101 was effective in
reducingB. cinerea disease in tomato leaves. Massetolide A was npoitant for this
activity. A thaliana genotypes with the Atrbpgl locus showed a tramsiesistance

againstB. cinerea.
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1. Introduction
1.1 Botrytis cinerea

Botrytis cinerea is an airborne plant pathogenic fungus with a reapac lifestyle. It can

attack over 200 crop hosts worldwide. Over 200 igagicotyledonous plant species
including important protein, oil, fiber and hortlawal crops get affected. It can cause
soft rotting of all aerial plant parts, and rottiobvegetables, fruits and flowers. When we
consider the pathogenicity & cinerea , it produces phytotoxic metabolites to kill its
host and an array of enzymes, including cell wallfdding enzymes, for the

decomposition and consumption of plant biomass Kem, 2006).

1.2. Economic importance oBotrytis cinerea

B. cinerea causes serious losses in more than 200 crop spemddwide. Serious
damages are caused after harvesting of appareedithly crops and the subsequent
transport to distant markets where the losses be@wident. This is mainly because this
pathogen can be destructive on mature or senetiseunés of dicotyledonous host and
also it can gain entry to such tissues at earkyesta crop development and remain for a
considerable period when the environment is conduand the host physiology changes
(Williamson et al, 2007). B. cinerea can also cause massive losses in some field and
green house grown horticultural crops. The fungtiacks different organs, such as
shoots, leaves, flowers and fruits. Flowers areallgunfected during blossoming and
then the pathogen enters into young fruits at & early stage of their development
(Vellicce et al, 2006).

1.3. Current strategies to control B. cinerea

Several methods are currently used to conBotinerea including chemical control,
cultural practices, biological control and breediiog resistance. Different fungicides
affecting fungal respiration have been used ag@sterea over a long period without

substantial resistance developing in field popafei (Leroux, 1996). Fungicides



inhibiting B — tubulin formation as well as cyprodinil and floxionil can be used against
B.cinerea. Fludioxonil inhibits germ tube elongation ortial mycelium growth (Forster
and Staub, 1996). Dicarboximides also have beem @s#ensively as botryticides
because they show activity against both conidiarapcellium by affecting sensitivity to

osmotic stress (Faretra and Pollastro, 1991) .

Cultural methods can be used to conBotinerea. The main aim here is to reduce the
environmental conditions which are favorable foe thfe cycle of this pathogen.
Different cultural practices are used in crop mamagnt to create unfavorable conditions
for the pathogen. For example, it is helpful toateean open canopy to provide adequate
air movement and good light interception, resultingreducing leaf wetness. It is
important to pay attention on applying fertilizespecially nitrogen fertilizers. Excessive
addition of nitrogen fertilizer encourages rapidyeative growth of crops and increases
the risk of B. cinerea. (Xiao et al, 2001). Cultural methods are , however, of limited

efficacy and the costs and the labour demandssaraly high.

Breeding for resistance in crops agaiBstinerea is ongoing for many years. Numerous
investigations have been undertaken on quantitétareloci in order to obtain resistant
cultivars (Finkerset al, 2007). Besides classical breeding for resistarganetic
modification can also be a tool for introducingiséance in crops (Osusleat al, 2005).
At this moment, there are no commercial crop catBvwith effective resistance &

cinerea.

Biological control of grey mould disease involvlas use of beneficial microorganisms to
reduce the onset, development and spread of theas#is Several antagonistic
microorganisms have been tested for their actagginstB. cinerea. It has been reported
that the fungal antagonistltichoderma harzianum T39 can control grey mould disease
in strawberries in the field (Shaft al, 2006). It was found that grey mould in tomato
and bean plants can be controlled by using theusiig)iocladium catenulatum (Eleadet

al., 1994). Although some effective fungal antagonists wdentified againsB. cinerea ,



bacterial antagonists have shown the most promissults to date. The antagonistic
activity of these bacteria against many plant diseahas been mainly found in the

bacterial genera d?seudomonas andBacillus (Yan et al., 2002).

1.4 Problems associated in controllind3. cinerea

For a long timeB. cinerea has been a threat for many growers in many cribgver the
world. Although chemical control has been used ataadard practice for many years,
sometimes the pathogen shows the ability to adapteiv chemicals and to develop
tolerant or resistant strains. The other problesoeiated in controlling this fungus is that
the lack of genetic resistance in plants. This @&nty because breeders focus to produce
high yielding crop cultivars without consideringaits involved in disease resistance.
Genes involved in resistance against pathogenlosgfetTherefore, it is very important to
consider these two problems in detail.

1.4.1 Development in fungi of resistance to synthetand natural compounds

Growers tend to apply synthetic chemicals and ahtocompounds to their fields to
protect their crops from plant pathogens. One effloblems associated with applying
synthetic and natural compounds is the developnoéntungal resistance to these
compounds. Therefore, it is important to know alibatfungal resistance mechanisms to
these compounds.



1.4.1.1 Fungal resistance mechanisms and the roletbe ABC transporters

Plant pathogenic fungi have developed a range fdnde mechanisms to cope with
toxic compounds produced by plants and antagonmsiccoorganisms. These defenses
include non-degradative mechanisms and enzymatioxifieation. Among the non-
degradative resistance mechanisms, membranebouihdk gfumps have received
considerable attention. Transport by efflux pumps enly enables target organisms to
tolerate exogenous toxic compounds, but also péaysucial role in preventing self-
intoxication in antibiotic-producing microorganisrg&chouteret al, 2008).

In fungi, active efflux by ATP binding cassette (8Band major facilitator (MFS)
transporters provide resistance to endogenous xangerous toxic compounds such as
antibiotics, plant defense compounds and fungic{@sfanato et 312009). Among the
active efflux mechanisms, ABC transporters are walldied. The natural functions of
ABC transporters include protection against plaafedse compounds and synthetic
fungicides. These phenomena have been describdgl fonerea, Magnaporthe grisea
and Mycosphaerella graminicola (Schoonbeek et al2002). ABC transporters also may
play an important role in protection against antimbial compounds produced by other
microorganisms. It has been shown that the ABCsprarters fromB. cinerea provide
protection against phenazine antibiotics producgddeudomonas spp (Schoonbeekt
al., 2002), and against the phytoalexin camalexin yeed by Arabidopsis plants
(Stefanateet al, 2009) .

B. cinerea has 14 ABC transporters. Schoonbeek et al (208&)odstrated that
the efflux pump BcAtrB B. cinerea ABC transporter B) plays an important role in
defense against phenazine antibiotics. Mutant ofnerea disrupted inBcatrB could be
controlled more effectively by phenazine-producimngcontrol agentsB. cinerea can
protect itself against DAPG produced by antagamisticroorganisms (Schouten &,
2008). The mechanism of toleranceBofcinerea to camalexin produced by Arabidopsis
has been studied. Camalexin can induce the expresdiBcatrB and mutants in the
BcatrB gene are more sensitive to camaleg8tefanatoet al, 2009). BcatrB also

provides protection against the grapevine phytoaJecesveratrol and to phenylpyrrole



fungicides indicating that one ABC transporter ¢emsport multiple and structurally
diverse compounds (Schoonbestlal, 2002).

1.4.2 Lack of genetic resistance in plants againBt cinerea

Besides the ability dB. cinerea to develop resistance to synthetic and naturalpoamds,
the other problem in controlling the pathogen s limited availability of natural genetic
resistance td. cinerea in plants. Plants activate a range of partialfieaifve defense
mechanisms in response B cinerea attack, including structural barriers and the
production of antifungal proteins or secondary roelitges (Van Baarlert al, 2007).B.
cinerea can induce the expression of marker genes for &R PR-1), however the
induction of SAR does not result in enhanced rasst taB. cinerea (Govrin and Levine,
2002). So far, resistance genes that completetyigethe growth of the pathogen have
not been reported in any crop species. Howeveryaber of quantitative trait loci (QTL)
has been identified that originate from a wild tieka of tomato,Solanum habrochaites
LYC 4, and confer partial resistance B cinerea in cultivated tomato,Solanum
lycopersicum (Finkers et al., 2007). The genes and mechanisnaerlymg partial
resistance conferred by these loci remain to bavahed.

1.5 Biological control , induced systemic resistae(ISR) and genetic resistance
against B.cinerea

1.5.1 Biological control byPseudomonas species

Among the bacterial genera used in biological ainBseudomonas andBacillus species
are the most widely studied (Raaijmaketsal, 2002).Pseudomonas strains are highly
amenable for research, as they are fast growirgy, ®aculture, metabolically versatile
and easy to manipulate genetically (Whipps, 20Different Pseudomonas strains have
the ability to inhibit the growth and activity ofrange of plant pathogens including fungi,
oomycetes, nematodes and bacteria (Raaijmakers 2062). The mechanisms by which
they protect against pathogens include competifiatipiosis, parasitism, degradation of

pathogenicity factors, induced systemic resistdBedxkeret al, 2007).



1.5.1.1 Cyclic lipopeptides (CLPs)

Cyclic lipopeptides (CLPs) are versatile molecyesduced by a variety of bacterial and
fungal genera. CLPs are produced by several plasbceatedPseudomonas spp,
including pathogeni®seudomonas syringae, P. tolaasii, P. fuscovaginae, P. corrugate,
andP. fluorescens (Benderet al, 1999). CLPs which are produced Bseudomonas are
composed of a fatty acid tail linked to a shorgopeptide , which is cyclized to form a
lactone ring between two amino acids in the peptdain. Based on the length and
composition of the fatty acid tail as well as thember, type and configuration of the
amino acids in the peptide moiety, CLPsRseudomonas spp were classified into four
major groups, ie. Viscosin , amphisin, tolaasin ajihgomycin groups (de Sougaal,
2003). CLPs have received considerable attentionthiir antimicrobial, cytotoxic and
surfactant properties. For plant pathogdPseudomonas spp, CLPs constitute important
virulence factors, and pore formation followed @}l dysis is their main mode of action
(Benderet al, 1999) For the antagonistRseudomonas spp , CLPs play a key role in
antimicrobial activity, motility and biofilm formain (Raaijmakerst al., 2006).

1.5.1.2 Role of massetolide A iRseudomonas fluorescens

The cyclic lipopeptide surfactant (CLP) massetolleonsists of a nine amino acid
cyclic oligopeptide linked to 3- hydroxydecanoigédadt was first identified in cultures of
a marinePseudomonas spp isolated from the surface of a leafy red algaléected in
Masset Inlet, British Columbia, Canada. Massetolideas subsequently identified i
fluorescens SS101, a biocontrol strain isolated from the whb&osphere (de Souz
al., 2003). Massetolide A has potent surfactant anohdr spectrum antimicrobial
activities (Raaijmakerst al, 2006). It has destructive effects on zoosporesaitiple
Oomycete plant pathogens, includiRgthium and Phytophthora spps (de Souzat al,
2003). Massetolide A is an important determinarnthefactivity ofP. fluorescens SS101
againstPhytophthora infestans, the causal organism of late blight disease ofatonand
contributes to the rhizosphere competence of st&#101 (Tranet al, 2007). The

activity of massetolide A against the late blightlpgen was attributed at least in part to



its zoosporicidal activity and to the induction syfstemic resistance response in tomato
plants (Traret al, 2007). Furthermore, in combination with cell walegrading enzymes
of Trichoderma atroviride, CLPs acted synergislycal antagonism toward various plant
pathogenic fungi (Foglianet al, 2002). Collectively, these studies clearly intkcthe
potential of biosurfactants and biosurfactant pobaiy Pseudomonas for protection of

plants against a range of pathogens.

1.5.2 Induced systemic resistance in plants B3seudomonas fluorescens

Induced resistance (ISR) is a state of enhanceshdie®e capacity developed by a plant
reacting to specific biotic or chemical stimuli fvhoonet al, 1998). In 1990, it has been
described that induced systemic resistance is thdenof action of disease suppression
by non-pathogenic rhizosphere bacteria (Van eeat, 1990). The involvement of ISR
in disease suppression has been studied for a wadge of biological control
microorganisms and in many cases, ISR was fouri tmvolved. The ability to induce
ISR is a common phenomenon among multiple straihsamagonistic bacteria
representing various genera, includiRgeudomonas andBacillus (Kloepperet al, 2004).
Pseudomonas andBacillus strains that induce resistance in plants can sel@solecules
including lipopolysaccharides (Leeman al, 1995), flagellin (Mezianest al, 2005),
siderophores (Leemamt al, 1995), pyocyanin (De Vleesschauwet al, 2006).
According to the study of Tran et al, (2007) madigd® A is a bacterial determinant of

induced systemic resistance in tomato by a saptmp®. fluorescens strain.

1.5.3 Resistance in Arabidopsis againdB. cinerea

1.5.3.1 Natural variation in Arabidopsis thaliana for resistance toB. cinerea

B. cinerea causes disease symptoms Arabidopsis thaliana (Hammond-Kosack and
Parker, 2003; Thomma et al., 1998), the major mddeplant biology including
plantmicrobe interactionsA. thaliana is a self-fertilizing annual species with a broad
geographical distribution throughout the Northeremisphere (Hoffmann, 2002).

Accessions representing natural variation have leeiacted from natural populations.



Most of the variation is of quantitative nature,hisiting a continuous range of
phenotypic variation. Variation in susceptibility B. cinerea among sixteer\. thaliana
accessions was reported and multiple QTL that goweisceptibility were identified,
most of which were specific for an individuBl cinerea isolate (Denbyet al, 2004).
Also, the effects of defined mutations on suscdpybto B. cinerea are usually
guantitative (Glazebrook, 2001; Thomma et al., 1998n Baarlenet al, 2007),

illustrating the complex nature of the interactlwetweerB. cinerea and its hosts.

1.5.3.2 Role of camalexin in resistance

Camalexin is a phytoalexin that can contributehsitnate immune response of the plant.
This plant compound is absent in healtAyabidopsis thaliana plants but it is
synthesized in response to abiotic stresses or mpaulation with pathogens (Stefanato
et al., 2009). Several mutants have been foundhichwthe production of camalexin is
attenuated and some of the genes correspondinges® tphytoalexin-deficient (pad)
mutants have been characterized (Stefaeatal, 2009). By using these mutants in
experimental studies, the involvement of camaléxid\rabidopsis local resistance tB.

cinerea was demonstrated.

1.5.3.3 Resistance tBotrytis cinerea endopolygalacturonase inArabidopsis thaliana

A variety of B. cinerea pathogenicity factors has been identified (van KX4)6),
including endopolygalacturonases (Elatl al, 2007). BcPGs are important in the
maceration of plant cell walls and decompositionhost tissue (Kars, 2007) and it is
plausible to predict that genetic determinants gilant that contribute to delimiting
maceration and tissue decomposition may confetigbadisease resistance Bocinerea.
Plants possess a family of defense proteins knosinpaygalacturonase-inhibiting
proteins (PGIPs) that can interact with and inHi§s of several sources (Juge, 2006).
The constitutive expression of PGIPs in transgetaats has indeed been shown
to reduceB. cinerea disease symptoms (AgUEgt al, 2005; Ferraret al, 2003; Joubert
et al, 2006; Powell et al 2000). To identify genetic factors of plants tantribute to

reduction of the damage inflicted by BcPGs, a stidy been conducted on the natural



variation in A. thaliana accessions in their response to infiltration of eouBcPGs,
produced in the yeaBichia pastoris (Kars, 2007). QTL analyses have been performed in
order to investigate the genetic nature of the leskvariation in responses to BcPGs in
segregating progenies from crosses between pahattdiffered in sensitivity to BcPGs .
The locus RBPG1 (resistance otrytis polygalacturonases) controls the
response to BcPGs and was identified in a Col-0-8 B2 population (Kars, 2007). The
Br-O allele at this QTL is recessive and signifitardiminishes the response to the
BcPGs. The resistant allele originated from Brrtl ahowed a recessive mode of
inheritance (Kars, 2007). According to this stwady can hypothesize that resistance to

BcPGs may confer (partial) disease resistan@e tinerea.

Objectives of the study

The appearance of highly aggressive and fungicré®nsitive strains dB. cinerea and
the worldwide policy to enhance the sustainabditygriculture and horticulture have led
to an increased demand for new measures to cahisopathogen. Since biosurfactant
producing Pseudomonas are very effective in controlling plant diseasesisel by
Oomycete pathogens (de Sowetaal, 2003), it was interesting to explore whether ¢hes
bacteria can also confer protection agaBstinerea. Secondly, in order to contribute to
breeding for resistance agaimstcinerea, it was interesting to explore whether the locus
RBPGL1, which confers insensitivity t@otrytis cinerea endopolygalacturonases (Kars,
2007), can confer (partial) disease resistancérabidopsis plants. This thesis further
builds on the earlier findings and focuses on

1. The growth inhibiting properties of the CLP neteide A from Pseudomonas
fluorescens strain SS 101 againdBotrytis cinerea by determining the variation in
sensitivity ofB. cinerea isolates to massetolide A and the involvemenhefATRB gene
in resistance.

2.The ability ofP. fluorescens strain SS 101 to prevent infection and induce tasce in
plants towardsBotrytis cinerea, and the role of massetolide A in biocontrol.

3. The ability of the Atrbpgl locus to confer résige againstB.cinerea.






2. Materials and Methods
2.11n- vitro assay

2.1.1 Fungal cultures and growth conditions

Botrytis cinerea strains Phenotype

B05.10 Wild type strain (Buttnest al, 1994)

BcatrB BcatrB gene- replacement mutant derived
from B05.10 (Schoonbeeak al, 2002)

CH1.7 Field isolate showing a constitutive
expression of BcatrB

SAS56 Field isolate, sensitive to fungicides

SAS405 Field isolate resistant to fungicides
(benomyl and dicarboximides)

Table 1: Characteristics ofBotrytis cinerea strains

The fungal strains and the mutant were grown ort exdtact agar plates. Agar plates
completely covered with mycelium were placed uncerar-UV light to induce

sporulation. Conidia were harvested from the spoing cultures with sterilized distilled
water. The conidial suspension was filtered throgiss wool to remove mycelium,
washed once by centrifugation (800rpm for 5min) aesuspended in sterile distilled

water.

2.1.2 Plate assay

The effect of massetolide A on mycelial growth Bdtrytis cinerea was studied on
maltose extract agar (MEA). Sterilized growth mediare cooled down to 5% and
amended with massetolide A to final concentratioh8,1,3,10,30 and 100 pg/ml, each
plate contained 20 ml of growth medium. A plug Bétrytis cinerea mycelium , excised
from full-grown MEA plates was placed in the centlethe massetolide A amended
growth media and kept in the incubators. Radial etiym growth was measured with an
electronic ruler after 3 and 4 days. For each rtimeat, four replicates were used and the

assay was performed twice.
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2.2 Plant assay

2.2.1Bacterial strains and growth conditions

In this study, a spontaneous rifampicin-resistarivative of SS101 was used. Mutant
10.24 was derived from the rifampicin-resistantiigive of SS101 by mutagenesis and
has a single Thinsertion inmassA, the first nonribosomal peptide synthetase (NRPS)
gene required for the biosynthesis of massetolideleBruijn and Raaijmakers, 2009).
Mutant 10.24 does not produce massetolide A, ngr @nthe other massetolide A
derivatives produced by wild-type strain SS101. &mat10.24 is resistant to rifampicin
(100 pg mtY) and kanamycin (100 pug Ml For the bacterial inoculum used in the plant
assays, strain SS101 and mutant 10.24 were growesaugomonas agar (PSA) plates
(Difco, Le Pont de Claix, France) at 25°C for 48lacterial cells were washed in sterile
demineralized water before use. For treatment wiato leaves and Arabidopsis seeds,
washed cell suspensions of SS101 or 10.24 wertediin sterile demineralized water to
a final concentration of 2@FU mf* (OD 60Q,, = 1).

2.2.2 Disease prevention blgseudomonas fluorescens SS101 and massetolide A in
tomato leaves

The effect of massetolide A af$eudomonas fluorescens SS101 on infection of tomato
leaves by B. cinerea was tested using a standdrdigeay that allows comparison of
three B. cinerea strains. Leaves were cut from @kwadd tomato plants, placed in wet
florist foam and kept in plastic boxes. Leaves wdipped in suspensions dd.
fluorescens SS101 straitl0° CFU mr™) for 1min or its mutant lacking the mass A gene
(10.24) or purified massetolide A (50pg/ml). Leavwesnersed in sterile demineralized
water for 1 min served as a control. Leaves wecabated in boxes with closed lids for
24 hours. For each treatment, leaflets were indedlan the upper side with droplets
(2u) of a conidial suspension @™ in PDA medium. Each leaflet was inoculated with
six droplets of three fungal strains separatelyxddowere closed and incubated and the
size of the lesions determined after 4 days. Foh ¢é@atment four replicates were used

and the assay was performed twice.
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2.3. In-vitro plant assay for role of Atrbpgl locusagainstB. cinerea

2.3.1 Plant lines and growth conditions

Arabidopsis seeds from each ecotype and backcross lines wewengn in the climate
chamber at?’C with a photoperiod of 10 hours and 70% relativenidity. Plants of five

to six week old were used to conduct ithitro assay.

2.3.2 Fungal culture
Botrytis cinerea strain B05.10 was used for plant infection.

2.3.3 In-vitro bioassay for scoring the phenotypic changes andeasuring fungal
biomass inArabidopsis ecotypes inoculated witB. cinerea

Leaves from six week olcArabidopsis plants were placed in square petri dishes
containing 1.5% agar, with the petiole embeddettiénmedium. Inoculation was done by
placing 2l of a suspension of Il of spores in 1.2% potato dextrose broth (PDB) o
one side of the middle vein. Disease symptoms veemed at 2 and 3 days post
inoculation. For measuring the fungal biomass, Wemf each sample (6 leaves were
pooled as one sample) was measured. Each samplgrevas] by adding liquid nitrogen.

2ml of extraction buffer was added to make a mitand 1ml from the mixture was

taken into a 1.5ml tube. Each tube was centrifitige® minutes at 13000rpm and 500 pl
of supernatant was taken to measure the signahsiye(Sl) value. By using the SI

values, fungal biomass (pg/ml) in mg of fresh lsawas determined. Experiment was

repeated twice.

2.4 Statistical Analysis
Data were analyzed by ANOVA followed by Duncan'dtiple range testo =0.05). All

the assays described in this study were perforrhéehat twice and representative data

are shown.
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3. Results

3.1.1 Sensitivity ofBotrytis strains to massetolide A
The effect of massetolide A on mycelial growthBaftrytis cinerea was studied for the

three strains B05.10, SAS 56 and SAS 405 (FigyreThere was no significant

difference among fungal strains in sensitivity tffedlent concentrations of massetolide A.

Growth percentage compared to control

)]
o

150 B SAS56
< B SAS405
E 100 0BO5.10
9]

o

con.0 con.3 con.10 con.30 con.100
Mass A (ug/m)

Figure 1 : Effect of cyclic lipopeptide massetolid& (Mass A) on mycelial growth ofBotrytis cinerea
strains B05.10, SAS 56 and SAS 405. Mean valuesdofeplicates are given; error bars represent the
standard deviation of the mean.

3.1.2 Role of the ABC transporter gen8catrB in resistance against massetolide A
To study the involvement oBcatrB gene in resistance against massetolide A, an

experiment was conducted wiih cinerea wild type strain B05.10, 8catrB deletion
mutant (made in wild type strain B05.10) andBeatrB overexpressing, fungicide
resistant strain CH 1.7 (Figure 2). There was gaiicant difference among these three
strains in sensitivity to different concentratiarfanassetolide A.

Growth percentage compared to control

0BO05.10
@BcatrB
GOCH1.7

Con.0 con.3 con.10 con.30con.100
Mass A (ug/mi)

Figure 2 : Effect of cyclic lipopeptide massetolidéd on mycelium growth of wild type strain B05.10,
BcatrB deletion mutant and BcatrB overexpressing sain CH1.7. Mean values of 4 replicates are
given; error bars represent the standard deviatiorof the mean.
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3.2. Plant assay

3.2.1 PreventingBotrytis infection of tomato leaves byP. fluorescens SS101 and
massetolide A

To study the effect oP. fluorescens strain SS101 on the infection & cinerea on
tomato leaves, an experiment was conducted witkeBircinerea strains. To investigate
the role of massetolide A in plant protection, saabktudied the massetolide A- deficient
mutant 10.24 and the application of purified masgit A (Figure 3). Application of
suspensions d?. fluorescens SS101 to tomato leaves one day prior to inoculatith
spores ofB. cinerea strains B05.10 significantly reduced the perceamtafj expanding
lesions compared to the untreated tomato leaveg@&i3a). There was no significant
effect of SS101 on the percentage of expandingresctaused b¥3. cinerea strains,
BcatrB and CH1.7 (Figure 3a). Pretreatment of tomatedsavithP. fluorescens mutant
10.24 or with pure massetolide A did not cause eeduction of the percentage of

expanding lesions with any of the thigecinerea strains (Figure 3a).

The area of expanding lesions observed on ieates treated with SS101 agaidst
cinerea strain B05.10 was significantly smaller than tbathe lesions in the untreated
leaves (Figure 3b). There was no significant eftdc6S101 pretreatment on the lesion

expansion rate d. cinerea strainsBcatrB and CH1.7 (Figure 3b).
The application of massetolide A-deficient mutam&is 10.24 and purified massetolide

A significantly reduced the lesion expansion r&teBo cinerea strain B05.10, but not of
the straindBcatrB and CH1.7 (Figure 3b).
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Figure 3 : Effect of P. fluorescens , massetolide A- deficient mutant 10.24 and purifid massetolide A
on B. cinerea disease development. (a) percentage of expandingitins; (b) average of expanding
lesion size (mm) at 4 days after inoculation with mres of B. cinerea strains B05.10 (wild type),

BcatrB (mutant) and CH1.7 (BcatrB overexpressing iglate). Mean values of 4 replicates are given;

error bars represent the standard deviation of themean.
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3.3.In-vitro plant assay for role of Atrbpgl locus againsB.cinerea

To study the ability of the Atrbpgl locus to confeartial resistance againBt cinerea,

an experiment was conducted with seven genotypAsabfdopsis thaliana (Table 2).

It was important to test in a camalexin- deficidraickground, because the effect of
camalexin on resistance B cinerea is so pronounced. We made use of the pad3 mutant,
which is defective in the last step of camalexioslgnthesis. Three back cross lines were

used that were homozygous for the rbpgl locus anthé pad3 mutation (Table 2).

Table 2: Arabidopsis ecotypes and back cross lines

Genotype | Camalexin | Rbpgl

Col-0 + - Wild type accession

Br-0 + + Wild type accession

BC41 + + Recombinant inbred progeny of Col-0 x Br-0
Pad3 - - Mutant of Col-0

BC529 - + Backcross progeny of BC41 x pad3 (F2)
BC667 - + Backcross progeny of BC41 x pad3 (F2)
BC639 - + Backcross progeny of BC41 x pad3 (F3)

Plants were inoculated with cinerea wild type strain B05.10. Disease development was
followed visually and fungal biomass was quantifiadextracts from inoculated leaves
by an immunological quantification method.

At 2 days post inoculation,BC529, BC667 and BC6B9wed less severe disease
symptoms compared to their parental line pad3 batensevere disease symptoms
compared to parental line BC41 (Figure 4a). Aa$gdpost inoculation, however, these
three lines showed more severe disease symptomgatedhto both parental line pad3
and BC41 (Figure 4b) . The fungal biomass in BCE9667 and BC639 at 2 days post
inoculation was lower than in the parental lire®l® and higher than in parental line
BC41 (Figure 4c). It means that these three lindsch have the RBPG1 locus but lack
camalexin production display partial resistanceatas B.cinerea. It is, however,
evident from Fig.4d that the fungal biomass in ¢hésee backcross lines is higher than

in the parental line BC41. This observation is jatally caused by the effect of camalexin.
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Figure 4: The function of Atrbpgl locus againstB.cinerea. (a) disease symptoms in Col-0, Br-O ,
BC41, pad3, BC 529, BC639 and BC667 at 2 days pasbculation with B.cinerea. (b) disease
symptoms in Col-0, Br-0 , BC41, pad3, BC 529, BC83and BC667 at 3 days post inoculation with
B.cinerea. (c) fungal biomass in Col-0, Br-0 , BC41, padBC 529, BC639 and BC667 at 2 days post
inoculation with B.cinerea. (d) fungal biomass in Col-0, Br-0, BC41, pad3, B629, BC639 and BC667
( back cross lines ) at 3 days post inoculation thi B.cinerea.
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4. Discussion

4.1 Sensitivity ofBotrytis strains to massetolide A

Most studies focus on sensitivity of plant pathagefungi and oomycetes to
antimicrobial compounds produced by antagonisticroarganisms (Raaijmakees al,
2002). The cyclic lipopeptide massetolide A inksbithe growth of oomycete,
Phytophthora infestans, of potato and tomato. Massetolide A had an efbectmycelium
growth, sporangia formation, cyst germination awdspore behavior if. infestans
(Tran et al 2007). In this study , | investigated the sewisyt of a plant pathogenic
fungus, B. cinerea to cyclic lipopeptides massetolide A produced hbytagonistic
Pseudomonas fluorescens SS101. There was no difference in sensitivity agntivese
threeBotrytis strains to massetolide A (Figure 1).

The BcatrB gene plays an important role in resistance tomactobial compounds
produced by antagonistic microorganisms and pl¢ggthoonbeelet al, 2002; Schouten
et al, 2008). In this study, | also investigated theoirement of theBcatrB gene in
resistance against massetolide A. There was nerdifte in sensitivity amon@otrytis
wild type strain B05.10, thBcatrB deletion mutant derived from B05.10 andeatrB
overexpressing field strain CH1.7. The result sstgehat BcatrB is not involved in

resistance to massetolide A (Figure 2).

4.2 Prevention and induction of systemic resistanagyainstB. cinerea by
Pseudomonas fluorescens SS101

This study also focused on disease preventiontyaliid induction of systemic resistance
by P.fluorescens SS101 in plants towarda cinerea. In previous studies.fluorescens
strain SS101 has shown promising results in bickdgcontrol of late blight disease
caused byPhytophthora infestans, both in preventing infection of tomato leaves amd
reducing the expansion of existing lesions (Tramlgt2007). The CLP massetolide A
was an important component of the biocontrol ativgince the massetolide A-deficient
mutant 10.24 was significantly less effective imdantrol (Tranet al, 2007). In this
study, | examined the disease prevention abilitydfuorescens SS101 in tomato leaves

against threeB.cinerea strains. P.fluorescens SS101 caused significant reduction in
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disease only against B05.10 but it did not show elffect on other two fungal strains,
ATRB and CH1.7 (Figure 3).

Induced systemic resistance (ISR) is a common phenon among multiple strains of
antagonistic bacterial genera includirgeudomonas andBacillus (van Loonet al, 1998).
Bacterial determinants d?seudomonas and Bacillus strains shown to be involved in
induction of resistance in plants (Leenetral, 1995). | intended to test the ability iBf
fluorescens SS101 strain to induce systemic resistance inidogsis againsB. cinerea.
However, the experiment could not be conductedtdggowth problems, stress and high
variability among Arabidopsis plants. In these afitons, it is impossible to show the
effect of induced systemic resistance. Furthedistushould be carried out to determine
the ability ofP. fluorescens SS101 strain to induce systemic resistance ingkagainsB.

cinerea.

4.3 Role of the Atrbpgl locus againdB.cinerea

Arabidopsis are highly resistant . cinerea due to theproduction of camalexin
(Stefanatecet al, 2009). Arabidopsis plants that are homozygousterrecessive locus
Atrbpgl are resistant to BcPGs. This means thdtratfon with purified BcPGs does not
cause any visible cell wall degradation and tissoleapse (Kars, 2007). In this study, |
wanted to investigate whether Atrbpgl not only eesfresistance to purified enzymes,
but also confers (partial) resistantBocinerea. To study the ability of the Atrbpgl locus
to confer partial resistance to the patho@eminerea, itself. In order to obtain reliable
guantitative data, it was important to test in enakexin- deficient background, because
the effect of camalexin on resistanceBta@inerea is so pronounced. We made use of the
pad3 mutant which is defective in the last stegarhalexin biosynthesis. Three back
cross lines were used that were homozygous forrpbgl locus and for the pad3
mutation (Table 2). The susceptibility of theseeirwas compared to the parental lines of
Arabidopsis ecotypes Col-0 and Br-0, to the Recoanttii Inbred line BC41 and to the
Col-0 mutant with the mutation in the pad3 geneb(@&). First | observed the disease
symptoms in each Arabidopsis genotype after indirigavith B. cinerea strain B05.10

and did an immunological test to measure the fubgahass. The results showed that
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three back cross lines BC529, BC667 and BC639 sti@neertain resistance agaiBst
cinerea at 2 days post inoculation but they were fullycgyible toB. cinerea at 3 days
post inoculation (Figure 4). Fungal pectinasesnaaly involved in early stage of plant
infection from plant surface penetration to growtito middle-lamella. The data
presented here suggest that plants having thepdtrdocus can achieve a partial
resistance again®. cinerea for a short period of time because it can prewiErhage
caused by pectinase enzyme activiB. cinerea may however contain other non-
pectinolytic cell wall degrading (CWDEs) enzyme$e$e enzymes might enable the
fungus to proceed the infection process and thiep#tl locus cannot provide protection
against these enzyme, making such plants susaeptibl

5. Conclusions

* The results showed that five different B. cinestrains are equally sensitive to
massetolide A. There is a strong growth inhibitaiiect of massetolide A oB.
cinerea with an EC50 of 10pug/ml of massetolide A.

* The efflux pump BCcAtrB does not provide tolerancentassetolide A. We can
conclude that massetolide A does not act as arsi$or BCAtrB.

» P.fluorescens SS101 causes a significant reduction in the péagen of
expanding lesions @. cinerea strain B05.10, but not for two other fungal sisi
ATRB and CH1.7.

» The Atrbpgl locus can confer a certain level ofigtance again&. cinerea, but
only for a short period of time.
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Appendix A

Mycelium diameter (mm) of different Botrytis strains at different concentration
levels of massetolide A

Massetolide 0 1 3 10 30 100
A
B05.10 R1 53 51 55 19 14 9
R2 54 57 55 27 17 15
R3 54 58 49 31 17 12
R4 53 60 48 25 16 13
SAS 56 R1 54 49 44 20 15 15
R2 49 52 40 19 16 15
R3 52 45 40 17 17 14
R4 55 46 42 18 18 13
SAS 405 R1 52 51 35 22 17 8
R2 49 50 34 19 16 11
R3 49 49 36 20 10 16
R4 49 48 34 24 15 18
BcatrB R1 55 53 49 25 21 17
R2 55 51 54 26 19 16
R3 55 54 51 27 18 17
R4 52 54 50 26 21 16
CH1.7 R1 59 56 52 23 20 15
R2 61 56 53 26 21 15
R3 59 60 53 27 22 16
R4 64 58 51 27 20 16
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Appendix B

Percentage of expanding lesions in
Botrytis strains

treated tomatedves after inoculating with

Fungal Untreated | SS101 Untreated 10.24 Untreated Naske
Strain A
B05.10 | R1| 100 82 100 65 100 100
R2 | 100 95 100 100 100 95
R3 | 100 91 100 91 96 65
R4 | 100 66 82 91 100 100
R5 | 100 100 100 100 100 100
R6 | 100 96 100 100 100 100
R7 | 100 66 100 100 100 100
R8 | 100 100 100 100 100 96
O
BcatrB | R1| 100 100 100 95 100 100
R2 | 100 100 100 100 100 100
R3 | 100 100 100 96 100 100
R4 | 100 100 100 95 100 100
R5 | 100 100 100 84 100 100
R6 | 100 95 100 100 100 100
R7 | 100 100 100 100 100 92
R8 | 100 100 100 100 100 100
CH1.7 R1| 100 96 100 100 100 100
R2 | 100 100 100 100 100 100
R3 | 100 100 100 100 100 100
R4 | 100 100 100 100 100 100
R5 | 100 100 100 88 100 100
R6 | 100 100 100 90 100 100
R7 | 100 100 100 100 100 100
R8 | 100 95 100 100 100 100




Appendix C

Lesion size (mm) in treated tomato leaves after imolating with Botrytis strains

Fungal Untreated | SS101| Untreated 10.24 Untreated Nl A
Strain
B05.10 | R1 | 17 11 15 8 13 9

R2 | 16 13 16 10 11 6

R3 | 17 8 13 7 6 5

R4 | 16 13 12 9 14 11

R5 | 13 10 15 10 15 10

R6 | 13 9 13 10 13 10

R7 | 14 8 14 8 14 8

R8 | 14 11 13 9 13 8
./ /|
BcatrB | R1 | 20 16 13 11 12 13

R2 | 17 17 12 11 16 15

R3 | 17 14 15 10 12 14

R4 | 19 17 13 13 12 14

R5 | 14 10 12 10 15 13

R6 | 13 12 14 12 14 19

R7 | 14 12 15 12 17 17

R8 | 12 13 11 11 18 16
.|
CH1.7 | R1 | 18 16 17 17 15 14

R2 | 18 14 18 16 14 13

R3 | 17 13 16 16 15 13

R4 | 17 18 18 15 13 13

R5 | 12 18 17 15 18 19

R6 | 14 13 20 18 17 17

R7 | 16 18 17 18 18 18

R8 | 20 18 18 18 18 18




Appendix D

Fungal biomass pg/mg of fresh leaves at 2day anddd@y post inoculation

Fungal biomass

pg/mg of fresh leaves

Fungal biomass
pg/mg of fresh leaves

at 2dpi at 3dpi
Col-0 R1 0.05 0.09
R2 0.04 0.09
R3 0.08 0.17
R4 0.09 0.21
. | |
Br-0 R1 0.05 0.05
R2 0.04 0.05
R3 0.18 0.22
R4 0.18 0.22
- ! | |
BC41 R1 0.03 0.03
R2 0.03 0.04
R3 0.06 0.06
R4 0.05 0.05
Y
Pad3 R1 0.08 2.15
R2 0.08 1.57
R3 0.19 1.41
R4 0.19 1.93
Y
BC529 R1 0.03 1.38
R2 0.05 1.52
R3 0.08 2.03
R4 0.08 1.62
Y
BC667 R1 0.06 4.74
R2 0.04 3.72
R3 0.14 1.27
R4 0.09 1.42
A
BC639 R1 0.14 1.26
R2 0.08 1.56
R3 0.14 1.22
R4 0.10 1.23
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