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The postharvest commodity

Ripening fomato fruit: an important commodity and a model for
climacteric fruit ripening

During fruit ripening
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The fruit cell wall changes during ripening

Cell walls in fruit flesh swell
Cell walls are disassembled

Cell walls are comparable to a fabric woven from many threads

The plant cell wall
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Plant cell wall architecture and susceptibility to pathogens
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Strangers in the matrix: plant cell walls
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Botrytis cinerea

The pathogen

Botrytis cinerea (gray mold)
Infects more than 200 host plants

Model organism for pathogens that thrive on dying
tissues

Genomes of two isolates have been
sequenced and annotated

Many knocked-out mutants are
available (= known virulence factors)




to fruit susceptibility to B. cinerea

Ripening fomato fruit: pathogen susceptibility coincides with ripening.

The ripening acquired susceptibility to Botrytis cinerea

ripening
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What happens during ripening to permit
B. cinerea growth in red fruit?

Physical barriers ?
' ?
7 ‘ Chemical barriers *
Inducible \
responses 9

Physical Larriers ‘

Chemical Lerriers Inducibie
responses

Inoculation of Tomato Fruit with Botrytis cinerea

How do we measure disease development?

1. Disease Incidence (% of lesions showing soft rot symptoms)
2. Disease Severity (diameter of macerating lesions)
3. Accumulation of Fungal Biomass

Evaluation during 1 o 3 days
post inoculation

Botrytis cinerea spore suspension
(500 spores/uL)

The pathosystem
1 dpi




Botrytis induces expression of ripening functions

induced

e MOST OF THE

normal fruit TRANSCRIPTIONAL

ripening CHANGES CAUSED
BY BOTRYTIS ARE
ALSO INDUCED BY
NORMAL RIPENING
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Cantu et al. 2009. Ripening-regula
susceptibility of tomato fruit to 8. cinerea
requires NOR but not RINor ethylene.
Plant Physiology, in press
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What aspects of ripening does Botrytis need to infect?
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to Ripening Mutants

Mutant lines of fomato whose fruit ripening program has
been perturbed:

+ Fail to ripen as response to ethylene

+ Do not turn red*

+ Do not soften

Susceptibility of Tomato Ripening Mutants to
Botrytis cinerea

M6 (31 dpa) RR (42 dpa)




Plant cell wall degrading enzymes as susceptibility factors

Cell wall degrading proteins are induced in susceptible but
not in resistant mutant fruit
MG (31 cea) RR (42 4p8
AC  rin  nor i
LePG
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Botrytis infection promotes ripening but requires only some
aspects of ripening

»>Most of the transcriptional changes caused by Botrytis are
also induced by normal ripening.

>Some, but not all, ripening pathways and events render
fruit susceptible.

»LeP& and LeExpl are induced only in susceptible fruit and
not in the resistant fruit.

What is the role of plant cell wall disassembly
in the susceptibility of ripe fruit ?

The plant cell wall
Ability of Botrytis cinerea to digest cell walls correlates with its virulence:

1. Botrytis has af least 6 PGs (BcPGs) that are differentially expressed both /i vitro and
in planta (Wub et al. 1999 App Env Mic)

2. BcPG1 and for full viru en Have et al PMI)

3. Most of these BcPGs show distinct product profiles when assayed /n vitro (Kars et al.
2005 Plant J)
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Plant cell wall degrading enzymes as susceptibility factors

Pathogenesis Ripening
Botrytis cinerea Tomato fruits
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Host tissue Fruit softening
maceration and
colonization

What happens if ripe fruit cell wall disassembly is reduced?
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Smith et al. 1990 Brummell et al. 1999
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Reduced PG and Exp increase fruit firmness
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Cantu et al. 2008. The intersection
between cell wall disassembly,
ripening and fruit susceptibility fo
B, cinerea. PNAS. 105: 859-864




Disease Incidence

Tissue maceration
AC 9 dpi

In vitro fungal growth infected fruit cell walls:

A direct role for cell wall architecture and composition
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Plant cell wall architecture

How does the cell
wall architecture
influence the
population of
apoplastic proteins?

Apoplastic proteins:
PR (pathogen response) proteins
Cell wall remodeling proteins
Defense proteins
Receptors

PG and Exp suppression reduces pectin depolymerization

What happens to proteins within the fruit cell wall?

PG inhibiting proteins (PGIPs)

- Associated with pectins in the fruit cell wall

- Inhibit some but not all B. cinereaP6s

- Do not inhibit fruit ripening PGs

- Present in green/immature fruit without pathogen challenge

AC
MG BR LR MG BR LR

+<—LePGIP

Does PG and Exp suppression cause PGIPs and other anti-
fungal proteins to be retained at strategic positions?

Pathogen cell wall degrading functions

*Botrytis produces cell wall degrading enzymes (including
PGs) to digest host cell walls

+Virulence factors are molecules or processes vital for full
pathogen development on its hosts

*For B. cinerea, PG is a virulence factor

11



Another way to reduce cell wall degradation

Does it matter for postharvest quality whether the wall-
digesting enzymes are from the fruit or pathogen?

Clearly, the fruit's enzymes are important. Are the
pathogen's enzymes important? Control measures
can target the enzymes that a fungus uses fo aftack
fruit! Powell et al. 2000, Transgenic
expression of pear PGIP in tomato

limits fungal colonization. MPMT
13: 942-950

Plant inhibition of pathogen cell wall degrading functions
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Thus, PGIP expression reduces Botrytis virulence!

Plant cell wall degrading enzymes as susceptibility factors

Simultaneous suppression of fruit PG and Exp targeting the
cell wall pectin network
Inhibition of

Ripening-related cell wall changes ~ pathogen PGs,
targeting the
cell wall pectin

Reduced cell wall disassembly:\/ Tk

Difficult food source

Efficient barrier to fungal penetration

I
Fungal growfh/\

— Inducible defenses”
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Events in the host tissue have a large impact on the
outcome of the interaction between the plant and the

pathogen

»Defenses wom
(e.g., Tam'a)
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Ripe :»Defenses

Fruit --»Facilitators
(e.g., LePG, LeExp1)

> To infect fruit, B cinerearelies on some, but not all of the
processes and events that occur during ripening

> Since Botrytis induces ripening in green fruit, the pathogen itself
initiates the induction of susceptibility

>Disassembly of the plant cell wall is crucial for susceptibility

»>Plant responses to a pathogen change during development

Thanks and
questions?




