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Abstract Botrytis cinereais able to build-up resistance to pyrrolnitrin,amtibiotic produced by
diverse biocontrol agents, possibly compromising tlurability of this method of disease
control. The development of two near-isogenic lioésB. cinerea differing in their level of
resistance to pyrrolnitrin was compared in tomdém{s and on PDA medium. In tomato plants,
significant differences in the percentage of indéelcpetioles one day after inoculation and in
symptom progression on petioles and stems werenagdab®etween the resistant mutant and the
sensitive wild-type parent suggesting a difference their level of aggressiveness.
Cytohistological investigations revealed that camidf both near-isogenic lines germinated 6
hours after inoculation and mycelium developed wmiftetiole tissues 12 hours after inoculation.
However, while the wild-type parent isolate sprélagbughout the petiole and rapidly invaded
the stem tissueda the leaf-abscission zone 72 hours after inoculatiloe pyrrolnitrin-resistant
mutant failed to extend beyond petiole tissuesnitde the stem. Moreover, 72 hours after
inoculation, the mycelial development of the pymitiin-resistant mutant was accompanied by
abnormal glycogen accumulation and chlamydosp@&eedells formation. In contrast, wild-type
parent mycelium was normally structured with inteas colonization of stem tissues.
Additionally, on PDA medium thanycelium of the pyrrolnitrin-resistant mutant wassg
vigorous than the wild-type isolate. These ressliggest that the acquisition of pyrrolnitrin-
resistance inB. cinerea is accompanied by changes in mycelial structuré weduction in
mycelial growth, leading to a noticeable loss ajragsiveness on tomato plants.
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Introduction

Grey mould, caused by the fungBstrytis cinerea Pers.:Fr (teleomorpBotryotinia fuckeliana
[(de Bary) Whetzel)], is a severe disease on a wage of economically important crops.
Disease control generally relies on fungicides du&r2004; Rosslenbroich and Stuebler 2000),
although biological control strategies have bedansively studied over the last three decades
(Blakeman and Fokkema 1982; Elad and Stewart 20@4greenhouse production of tomato,
this fungus can develop on leaves, stems, flowedsfialits (Dik and Wubben 2004). On stems,
symptoms consist of cankers, which result fromifttiection of the pruning wounds caused by
the removal of leaves throughout the growing sea&ik and Wubben 2004). Leaves are
periodically removed from the lower part of thenssg usually from the time of ripening of the
first fruit cluster and until the end of the seagbDecognet et al. 2010). Infection By cinerea
occurs when conidia deposit on wounded plant tsslée development of stem cankers
generally results in the death of the infected plan

Due to the multinucleate state of its hyphal cortipants and of its conidia (Buttner et al. 1994),
B. cinerea exhibits high-genetic variability with strains difing in their aggressiveness on
tomato plants (Decognet et al. 2009). It is congidea high-risk pathogen in terms of resistance
to fungicides (Leroux 2004). Several laboratory exkpents have shown that this fungus can
evolve rapidly under strong selection pressure (Ajet al. 2010; Faretra and Pollastro 1993;
Nicot et al. 2001). In a previous vitro study, we have selected mutantBotinerea differing

in their level of resistance to pyrrolnitrin (3-ohb-4-(2' -nitro-3' -chlorophenyl)-pyrrole) (Ajouz
et al. 2010). This antibiotic is produced by vasdacteria described as potential biological
control agents again®®. cinerea (Chernin et al. 1996; Janisiewicz and Roitman }9&&d
resistance to this antibiotic may constitute a regkbuild-up of resistance to pyrrolnitrin-
producing biocontrol agents in the field. In oundst, however, this resistance was associated
with a high fitness cost for all the mutants thatrevexamined, suggesting reduced risks of
complete loss of efficacy by pyrrolnitrin-producibglogical control agents in the field (Ajouz
et al. 2010). Nevertheless, the stability of resise observed in the previous study (Ajouz et al.
2010) may pose a greater risk, if subsequent nommitould improve the fithness of the resistant
variants as already observed for fungicide-resigigpergillus nidulans isolates (Schoustra et al.
2006).

The infection of susceptible plants Bgtrytis species is mediated by complex processes (Holz et
al. 2004), essentially involving an extensive asdeasf pectinolytic enzymes that allow tissue
invasion by the mycelium (Kars and Van Kan 2004atsht al. 2009; Staples and Mayer 1995).
The extracellular enzymes and metabolites that atedbathogenesis have been extensively
studied on tomato (for review see Kars and Van R@®¥). Histological observations have been
achieved in various plant tissues, suchAeabidopsis (Van Baarlen et al. 2007), onion leaves
(Clark and Lorbeer 1976), grapes (Glidewell et1897; Viret et al. 2004) and tomato fruits
(Charles et al. 2008; Rijkenberg et al. 1980) araVvés (Prins et al. 2000). But little is known
about cytohistological comparison of infection ofmato petioles stubs and stemsBhyinerea
isolates differing in their level of aggressiveness

The objective of this study was to compare the Wela of two near-isogenic lines @.
cinerea, differing in their level of resistance to the aiiic pyrrolnitrin, on artificially
inoculated petioles and stems of tomato plants iandtro cultures. To test the hypothesis
whether the reduction of sensitivity to pyrrolnitrivas correlated with reduced ability to invade
plant tissues, the development of infection in ttomgssues was monitored in terms of lesion
development and cytohistology. This knowledge ngortant to estimate the durability of
efficacy of pyrrolnitrin-producing biological comtragents againg®. cinerea.
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Material and methods
Botrytis cinerea isolates and inoculum production

The wild type parenisolateBC1 of B. cinerea (referred to as "BC1G0" in the rest of the paper)
was obtained from an infected tomato plant in Péstej (France) in 1989. This isolate was
selected for its high level of aggressiveness anato plants (Decognet et al. 2009) and its
sensitivity to pyrrolnitrin (Ajouz et al. 2010). Ilprevious work, twentysuccessive spore
generations of this isolate were produced in Rish on Potato Dextrose Agar (PDA) media (39
g I'; Difco Laboratory, Detroit, Michigan) amended witte antibiotic pyrrolnitrin (Ajouz et al.
2010). This resulted in the isolation of pyrrolmtresistant mutants of BC1, one of which was
selected for the present study, and will be reteteeas "BC1G20P" in the rest of the paper
(Ajouz et al. 2010). These two near-isogenic lihage been maintained in stock cultures stored
at -20°C in a 0.06 M, phosphate buffer (pH 4.5)taonng 20% (V/V) glycerol.

Inoculum of BC1G0 and BC1G20P was produced in Rith on PDA media incubated under
cool white fluorescent light (14-hour photoperiod5 pmole rif s%) in a growth chamber at
21°C. Conidia were collected in 5 ml of steriletiflisd water from 14-day-old cultures. The
suspensions were vortexed for 1 minute with 5 glass beads (2.5 mm diameter) to separate
the spores and then filtered through 30 um mesdrdito remove mycelial fragments. The final
concentration of the suspensions was adjusted®odtfidia per ml using a hemacytometer.

Invitro fungal growth

For each isolate, BC1GO0 and BC1G20P, the rate afetiaf growth was determined on PDA
media in 90-mm Petri plates. InoculationBfcinerea was done in the centre of the plate with a
5-mm diameter mycelial plug excised from three-dalgd non-sporulated cultures. The
inoculated plates were incubated at 21°C with aéteng periods of dark (10 hours) and light (14
hours). The daily radial growth rate was measunetiin between 1 and 4 days after inoculation.
Three replicated plates were used per isolate #&edwhole experiment was conducted
independently three times. Statistical analysis pagormed to compare the mycelial growth
rate between BC1G0 and BC1G20Ptigst with Statistica Kernel version 5.5 softw&Beafsoft
Inc., Tulsa, AZ, USA).

Aggressiveness on tomato plants

The aggressiveness of BC1G0 and BC1G20P was igaesti on 6-8 week-old tomato plants
cv. Monalbo (INRA, Avignon, France). Plants were@wn in a greenhouse in individual pots
containing a horticultural mix (De Baat, Coevord&hge Netherlands) and watered daily with a
nutrient solution. Two types of bioassays were usét two independent sets of plants. The
first bioassay method was to compare the levefgfessiveness between BC1G0 and BC1G20P
on the petioles. Three leaves were removed frorh eathree plants per isolate, leaving 50-mm
petiole stubs on the stems. Each petiole was latenl with 10 pl aliquots of a spore
suspension. Three non-inoculated plants were asedcontrol. The 50-mm petiole stubs were
examined for infection and the length of each dgpielg petiole lesion was monitored daily for
7 days after inoculation. The results were expiksse percentages of infected petioles. The
aggressiveness of BC1G20P was compared to thatCaflGB by examining the dynamics of
lesion development on the petiole stubs and by coimgp the area under the disease progress
curve (AUDPC) between 1 and 5 days after inocutatidecognet et al. 2009).
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The second bioassay method was to compare the dé\aggressiveness between BC1GO and
BC1G20P on the stems of the tomato plants. Treaeeks were removed from each of three
plants per isolate, leaving 5-10 mm petiole stubstlte stems. Each pruning wound was
inoculated with 10 pl aliquots of a spore suspansibhree non-inoculated plants were used as a
control. The length of resulting stem lesions wamitored daily for 7 days after inoculation.
The aggressiveness of BC1G20P was compared toftB21G0 by examining the dynamics of
lesion development on the stems. Disease develdpmnestems for BC1G0 and BC1G20P were
assessed by computing the AUDPC between 1 and § afégr inoculation (Decognet et al.
2009). In addition, detachment of petiole stubamfrthe stem was compared 3 days after
inoculation between the BC1G20P inoculated plantsthe non-inoculated plants.

All plants were incubated in a growth chamber vatiphotoperiod of 14 hours maintained at
21°C with a relative humidity above 90%. Three anere inoculated for each isolate and the
bioassays were repeated three times.

The percentages of infected petioles and the valtiddJDPC of BC1G20P were statistically
compared with those of BC1GO byest, using the average values for each of the thseays as
elementary replicates. Daily comparisons of lesae between BC1G20P and BC1GO were
also analysed biytest. Statistical analyses were done with Statigaftware.

Cytohistology

Samples of petiole and stem fragments were extisadthe region between the healthy and the
infected tissues of five tomato plants inoculataéthweither BC1G0 or BC1G20P on 5-10 mm
petiole stubs as described above. Sampling wagkedaut 6, 12, 24, 48, 72 and 120 hours after
inoculation. The samples were immersed for 12 hatr°C in a fixative solution (4%
paraformaldehyde in 0.1 mM phosphate buffer, pH. F&ked specimens were dehydrated in a
graded ethanol series (70-100%) and embedded ihagmgtate resin (Technovit Kulzer 7100,
Heraeus Kulzer, Wehrheim, Germany). The specimesi® wrientated to obtain longitudinal
sections. After resin polymerization at room tenapare, the blocks were cut into 3-um thick
ribbons on an automatic retracting microtome (Seyte?065; Reichert-Jung, Leica Intruments,
Nussloch, Germany) equipped with disposable kn{iestoknife H; Heraeus-Kulzer). Sections
were mounted on slides and stained using the peraszd shiff (PAS) procedure to visualize
polysaccharides (pink) and naphtol blue black (NB8)visualize proteins (dark blue) (El
Maataoui and Pichot 1999). Observations were padrusing a Leica DMR light microscope.
Images were captured using a Leica DFC 300 FX aligiamera and analysed using LAS
software (Leica). At least three samples were olesefor each stage. Attention was paid to
spore germination, mycelium structure and progoessn petiole and stem tissues, and
cytopathological effects.

Results
Aggressiveness on tomato plants

The aggressiveness of the pyrrolnitrin-sensitivielstype parent isolate BC1G0 was compared
with that of the pyrrolnitrin-resistant mutant BC2@° on tomato plants based on the two types
of bioassays. Tests on 50-mm petiole stubs regtehkbg the frequency of petiole infection was
significantly different between BC1GO (77.8% of infected peticded BC1G20P (22.2% of
infected petiole), one day after inoculatiéh< 0.03), even if symptom development was limited
for both lines (< 2mm, Fig. 1). Two days aftercgntation, bothB. cinerea near-isogenic lines
were able to attack all the petiole stubs, andsike of petiole lesions were not significantly
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different (Fig. 1,P > 0.05). Significant quantitative differences webserved between BC1G0
and BC1G20P for the subsequent development of lpeliesions (Fig. 1). After 5 days of
incubation, the pyrrolnitrin-sensitive wild-type neat isolate BC1GO almost reached the end of
the 50-mm long petiole (45.4 £ 1.7 mm) while BC1B20vaded only 21.5 = 3.6 mm of the
petiole (Fig. 1). Even 7 days after inoculatidme pyrrolnitrin-resistant mutant BC1G20P did
not invade the entire petiole (Fig. 1). The geng@raigression of infection in the 50-mm long
petioles was significantly different between BC1&@ BC1G20Pttest on AUDPC value® =
0.007).

The evaluation of aggressiveness on tomato stewesliexl that the pyrrolnitrin-sensitive wild-
type parent isolate BC1GO readily colonized theO5aim petiole stub and infected the stem,
while lesion development was very limited for BCTB2(Fig. 2). Differences in the lesion size
between BC1G0 and BC1G20P become evident fromotlmehf day and increase until the end of
the experiment. The general progression of infacba the stems was significantly different
between BC1G0 and BC1G20Pt¢st on AUDPC values? < 0.001). Most of the time, the
pyrrolnitrin-resistant mutant BC1G20P failed toaak the stems and only caused a brown
discoloration of the stem tissue at the leaf-alssmmszone, whereas when the petiole is removed
from the control non-inoculated plants, the stemas coloured in this area (Fig. 3). For this
mutant, the size of the stem lesions rarely in@e@dseyond the diameter of the petiole (Fig. 3b).
In addition, inoculation with BC1G20P stimulateck ttletachment of the petiole stubs from the
tomato stem (24.4% of detachment, 3 days aftemlation), while the petioles rarely detached
from the stem when they were inoculated wifie parent isolate BC1G&3% of detachment)
and never detached from the stem for the contnalinoculated plants (Fig. 3c).

Cytohistolology

Sections from petiole fragments fixed 6 hours aifbecculation revealed that spores of BC1GO
and BC1G20P germinated within the cut cells of gdettissues (Fig. 4a ,b). The germinated
spores formed thin germ tubes which initiated teagtration of the cells and the intercellular
spaces particularly in cortical and medullar pahgnta (Fig. 4c, d). Observations of sections
performed 12, 24, and 48 hours after inoculatioowsd different degrees of mycelium
proliferation and colonization of petiole tissueishano obvious differences between BC1G0 and
BC1G20P. Twelve hours after inoculation, hyphaeabep extend to inner tissues where they
developed intra and intercellularly (Fig. 4c, dgc8ons from petioles 24 hours after inoculation
showed mycelial development for both BC1G0 and BgORs (Fig. 4e, f). At this stage of
infection, hyphae were observed to have coloniddétssues where the cell wall broke down and
cell collapse took place (Fig. 4e, f). Forty-eigiaurs after inoculation, the infection progressed
deeply into petiole tissues with intensive cell Midis and cell death (Fig. 5a, b). At these early
stages of infection, BC1G0 and BC1G26khibited similar capacities for tissue invasior an
cytopathological alterations. However, 72 hourgraitoculation evident differences appeared.
At a structural level, the mycelium compartment88@1G20P were shorter than the mycelium
compartments of the parent isolate BC1GO (Fig.dp)cMoreover, the mycelium compartments
of BC1G20P exhibited important glycogen accumurlatias attested by the presence of
voluminous, PAS-positive granules in the cytoplasompared to BC1GO (Fig. 5e, f). Cells of
BC1G20P hyphae presented spherical shapes andateparom each othevia septum
disintegration thus producing chlamydospore-likecures (Fig. 5c, e). Another difference was
observed concerning hyphal structure, particularlgpex compartments. For BC1GO0 they were
normally shaped with rigid walls and pointed apjcesile for BC1G20P they appeared
shrunken with undulating walls and rounded apiéég. (6a, b). The BC1GO0-inoculated samples
displayed generalized invasion by the myceliumadidition, many hyphae reached the leaf-
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abscission zone where they created breaches froichwhey initiated the invasion of stem

tissues (Fig. 6d). In contrast, the mycelium ofIB20P was absent from this zone (Fig. 6c).
Sections made 120 hours after inoculation showatttie mycelium of BC1G20P was confined
to the peripheral tissues of the petiole with rensinfection, whereas BC1G0 mycelium was
extended and invaded all stem tissues (Fig. 6eRditicularly damaged plant structures were
parenchyma and collenchyma tissues (Fig. 6f).

Invitro mycelial growth

Significant differences in mycelial growth on PDAedium between BC1G0 and BC1G20P
were observed throughout the experiment durattor (0.001 at 3 days after inoculation, Fig. 7).
The development of BC1G20P was reduced comparéuhatoof the pyrrolnitrin-sensitive wild-
type parent isolate BC1GO0. While the colony of BOlI@ached the edge of the 90-mm diameter
Petri dish after 4 days of incubation, the colomnteter of the BC1G20P pyrrolnitrin-resistant
mutant was 51 + 0.6 mm (Fig. 7).

Discussion

The reduction in sensitivity d. cinerea to pyrrolnitrin was associated with a reducedigbib
invade tomato plant tissueBifferences in the aggressiveness between the Ipirin-resistant
mutant BC1G20P and its sensitive wild-type pareotate BC1GO have been observed in both
petioles and stems of tomato plants. The obsediééerences were not related to the early
stages of infection as the conidia of both BC1GO B&1G20P germinated as early as 6 hours
after inoculation and the germ-tubes proliferatad eolonized the petiole tissues. Ratlleese
differences in aggressiveness may be linked tmbiserved reduced mycelial growth rate of the
mutant compared to the wild type parent. This déifice in mycelial growth is in accordance
with results of a previous study which showed thattants ofB. cinerea resistant to the
phenylpyrrole fungicide fludioxonil, a syntheticaogue of pyrrolnitrin, displayed significant
reduction in mycelial growth compared to their flaxbnil-sensitive wild type parental isolates
(Ziogas et al. 2005). A recent study reported #ihtested mutants dPenicillium expansum
with high resistance to fludioxonil grew signifiggnslower on PDA at 20°C compared with the
wild-type parental isolates (Li and Xiao 2008). eTimechanisms of resistance to phenylpyrroles
have been extensively studied in fungal plant pgehs, and particularly iB. cinerea, revealing
that an osmosensing histidine kinase mediatestaesks to this family of fungicide (Avenot et
al. 2005; Liu et al. 2008). Besides being involuedesistance to other fungicides in addition to
phenylpyrroles, this histidine kinase is also badi¢o be responsible for adaptation to adverse
environmental conditions, reduction of mycelial\ytb and decrease in pathogenicity (Liu et al.
2008; Viaud et al. 2006).

To test whether the observed reduction of BC1G2fiPessiveness was correlated with reduced
ability to invade plant tissues, we performed Hagecal studies in light microscopy by periodic
sectioning of inoculated samples. It appeareddkian if up to 72 hours, BC1G0 and BC1G20P
were able to form mycelium within tomato petiolssties, the pyrrolnitrin-resistant mutant
generally failed to extend further to the stemuiss This mutant frequently failed to reach and
cross the leaf-abscission zone whereas its pragresss linear in the petiole stub during the
course of the experiment. This suggests that pespiant defence mechanisms in the petiole
stub failed to hinder the development of eitheaistrbut that those deployed at the level of the
leaf-abscission zone were sufficient to block th@vsgrowing mutant. One could further
hypothesize that the delay in reaching the leatiab®n zone, compared to the fast growing
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parental strain, may have provided enough time thm defence mechanisms to be fully
activated. This hypothesis is supported by the tfaat the leaf-abscission zone of BC1G20P-
inoculated plants became discoloured in spite efahsence of detected mycelium, suggesting
the release and accumulation of secondary planhbubktes with likely antimicrobial activity.
Previous studies have reported the developmenthg$ipal and chemical barriers agaiiist
cinerea at the penetration site as a result of the simatias formation of structural barriers
through the incorporation of phenolic compounds #mel production of phytoalexins (Van
Baarlen et al. 2004). In addition, the absence péalium in the stem in the case of the slow
growing BC1G20P may be due to the limited inductmnreactive oxygen intermediates
involved in the hypersensitive reaction of the plandeed, reactive oxygen intermediates were
found at higher levels on bean leaves infected \amglgressive isolates d@. cinerea when
compared to less aggressive isolates (Von Tiedeni®®7). However, the role of reactive
oxygen species in the ability &. cinerea to invade plants remains controversial. It has been
suggested that the accumulation of reactive oxygegarmediates, may be essential for
successful initial infection and may facilitaBe cinerea invasion (Govrin and Levine 2000). In
contrast, other studies suggested that reactivgesxintermediates are essential for the plant to
acquire resistance against this fungus. The resistanechanism of the abscisic acid-deficient
tomato mutantsitiens to B. cinerea is, for instance, linked to a rapid,® accumulation
(Asselbergh et al. 2007), and Unger et al. (20Qfg)gssted that infection by this necrotrophic
fungus may depend on the inhibition of the productof reactive oxygen species. Finally, to
comprehend the differential behaviour in the tonstm tissues of the two near-isogenic lines
of B. cinerea used in this study, incorporation of phenolic comnpds, production of
phytoalexins and induction of reactive oxygen imtediates could be quantified in plants
inoculated with either the pyrrolnitrin-resistantitant BC1G20P or its sensitive wild-type parent
isolate BC1GO.

The performedin planta cytohistological investigations of infection reled important
differences between BC1G0 and BC1G20P concerniagtiucture of mycelial compartments
and the morphology of hyphal apices. While the q@witrin-sensitive wild-type parent isolate
BC1GO has a pointed apex, the BC1G20P mutant hasraled one. In addition, production of
chlamydospores-like structures was observed forpyreolnitrin-resistant mutant BC1G20P.
The chlamydospores-like structures were formedragsformation of mycelium cells and by
hyphal disintegration. This phenomenon of strudtah@ange has been noticed for fungi cultured
in stressful conditions. Harish et al. (1998) reépdrthatin vitro interaction in liquid medium
betweenFusarium udum and the biocontrol strain AF1 8&cillus subtilis lead to the production
of chlamydospore-like structures and to an incréasgcuolisation in the plant pathogen. In
contrast, these authors noted thd.isubtilis was inoculated 24 h afté: udum (i.e. conditions
less stressful for the pathogen), chlamydospore-tktuctures were not formed and regular
conidiation was observed (Harish et al. 1998). &ijkerg et al. (1980) showed that on tomato
fruit, unsuccessful penetration Bf cinerea was often associated with a differentiation ofnger
tubes into chlamydospores at the point of attachmerepidermis. Holz et al. (2004) also
reported that on fruit of nectarine, plum and pearycelium of B. cinerea formed
chlamydospores when the fruits were subjectedressiul conditions, such as intermittent dry
periods or long periods at low temperature (48 fair5°C). Similarly, in our experimental
conditions, the plant may exert significant stressthe slow-growing mutant BC1G20P and
stimulate the production of chlamydospore-like cines. This hypothesis is reinforced by the
fact that these differences in hyphal structureeweot observed imn vitro culture on PDA
medium (data not shown). These differences in hiygtihacture may emphasize the difference in
mycelial growth between BC1G0 and BC1G20P in toniaBues.
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In a previous study, Ajouz et al (2010) have shawat the development of resistance to
pyrrolnitrin in 4 different strainsf B. cinerea was consistently associated with a dramatic léss o
aggressiveness on tomato plants and apple fruitgether, these results suggest that the
acquisition of pyrrolnitrin-resistance B\ cinerea is accompanied by noticeable losses of ability
to develop within tomato tissues. Cytohistologiedamination of additional pyrrolnitrin-
resistant mutants in plant tissues is needed téiroonhis hypothesis. In practical terms, the
development of resistance to pyrrolnitrin B1 cinerea should not have consequences on the
efficacy of pyrrolnitrin-producing biological comtiragents. However, the present study indicates
that the mutant with resistance to pyrrolnitrin vedde to develop and sporulate on the tomato
petiole stub (Figure 3). During a several-monthglagrowing season, this could enable the
mutant to accomplish several cycles of infectioarafation-dissemination on susceptible host
tissues. An interesting question arising from #iigly would thus be whether multiplication on
the plant during several generations could allovg thyrrolnitrin-resistant mutant to evolve
towards greater aggressiveness.
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Fig. 1 Dynamics of lesion development on 50-mm long tantioles inoculated with either
the pyrrolnitrin-sensitive wild-type parent isolaB£1GO0 or the pyrrolnitrin-resistant mutant
BC1G20P ofBotrytis cinerea. Each point represents the mean of three repsitiBars indicate
standard deviation of the mean of the three repest
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Fig. 2 Dynamics of stem lesion expansion on tomato planbculated with either the
pyrrolnitrin-sensitive wild-type parent isolate BGQ or the pyrrolnitrin-resistant mutant
BC1G20P ofBotrytis cinerea. Each point represents the mean of three repsitiBars indicate
standard deviation of the mean of the three repest
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Fig. 3 Symptoms induced by the pyrrolnitrin-sensitivddatype parent isolate BC1GO and the
pyrrolnitrin-resistant mutant BC1G20P Bbtrytis cinerea on petiole stubs and stems of tomato
plants after 7 days of infection. BC1GO invadesgh#ole stub (ap) and extends to the stem
where it generates a large lesionl¥3, BC1G20P initiates infection of petiole stub thataches
from the stem (bp). Around the leaf-abscission zone, the stem etshimiowning tissues (b,
>). In the case of the control non-inoculated @attte petiole does not separate from the stem
(c, inset, ), and when the petiole is removed, the stem icalotured in this area (£).
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Fig. 4 Cytohistological aspects of tomato petioles itddcby the pyrrolnitrin-resistant mutant
BC1G20P (a, c, e) and its pyrrolnitrin-sensitivegoaal wild-type isolate BC1GO (b, d, f) of
Botrytis cinerea. Petiole fragments were sectioned 6 hours (a, bhol2s (c, d) and 24 hours (e,
f) after inoculation (a, b) Six hours after inoculation, spore germaratakes place for both
isolates within the injured cellsx() and forms germ-tubes that penetrate periphessliéis $).
(c, d) After 12 hours, mycelium development gainsfgund petiole tissues¥). (e, f) Plant
cell alterations appear after 24 hours with BC1@&d 8C1G20P: they consist of cell wall
breakdown and cell collapses due to the intensiyeestium proliferation ¢).
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Fig. 5 Cytohistology of petiole tissues with the pyrigin-resistant mutant BC1G20P of
Botrytis cinerea (a) compared to its pyrrolnitrin-sensitive paremtdd-type isolate BC1GO (b),
and mycelial structures of BC1G20P (c, e) and BCIGX). (a, b) Cell wall lyses and cell
death are observed for both lines 48 hours afteculation(*). (c, d, e, f) 72 hours after
inoculation, the hyphae of BC1G20P displays shortehal cells (¢ ) compared to BC1GO
hyphae (¢ #) and contains voluminous glycogen granules colbunepink (e) compared to
BC1GO (f). In many places, BC1G20P mycelial comparits separate from each other yielding
individual chlamydospore-like structures, (eset).C: cytoplasm; CO: collenchyma cells; W:
cell wall; X: xylem.
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Fig. 6 Mycelium structure of the pyrrolnitrin-resistamutant BC1G20P oBotrytis cinerea (a)

and its pyrrolnitrin-sensitive parental wild-typsolate BC1GO (b), and cytohistology of tomato
stems with BC1G20P (c, e) and BC1GO (d, f). (aMijrographs showing hyphal apices in
petiole parenchyma, 72 hours after inoculation.eNbe destructured appearance of the mutant
tips (a,®) that contrasts with the healthy morphology ofdatype (b,#). (c, d) Sections from
the junction between petioles and stems showing l¢laéabscission zone, 72 hours after
inoculation. The abscission zone of plants inoedatvith the mutant is mycelium free (c)
whereas wild-type mycelium induces disintegratibmlascission zone cells and extends to stem
tissues (d?). (e, f) Healthy and completely invaded stemuiessfrom tomato plants inoculated
with BC1G20P and BC1GO 5 days after inoculation. Agaf-abscission zone; C: cytoplasm,;
CO: collenchyma; P: parenchyma; PT: petiole tiss8&s stem tissues; W: cell wall.
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Fig. 7 Dynamics ofin vitro mycelial growth of théBotrytis cinerea pyrrolnitrin-sensitive wild-
type parent isolate BC1G0O and the pyrrolnitringtsit mutant BC1G20P on PDA medium.
Each point represents the mean of three repetit®as indicate standard deviation of the mean
of the three repetitions




