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INTRODUCTION TO PLANT-MICROBE INTERACTIONS

Lecture: Thursday 3-5 pm
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(Department of Cell and Systems Biology)

* Class starts 3:10pm and will have 10 min break after the first half.
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Introduction

Il. Schedule, preparation and evaluation

Lecture 1-5 January 9"-February 6

Mid-term Exam February 13t (EX310 and 320) [
Reading week February 17-21%

Lecture 6-11 February 27t -April 31

(We may have guest instructors/speakers)

Final Exam Exam Period s
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lecture 1 to 5

3 - 5 pm
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lecture 6 to 11


TENTATIVE COURSE CONTENT

Lecture 1
Lecture 2
Lecture 3

Lecture 4
Lecture b

General Introduction of Plant Pathogens |

- Nature of plant pathogens and their strategies -
General Introduction of Plant Pathogens Il

- Nature of plant pathogens and their strategies -
General Plant Defense Responses |

General Plant Defense Responses Il

Systemic Acquired Resistance

February 13th  Midterm Exam (EX100)

February 20th Reading Week
Lecture 6 Recognition of Pathogen Invasion by Plants

- Gene for Gene theory and discovery of R gene -
Lecture 7  Signal Transduction of Defense Responses |

- Early events after pathogen recognition -
Lecture 8 Signal Transduction of Defense Responses Il

- Identification of signalling components -
Lecture 9 Agrobacterium and Symbiosis
Lecture 10 Control of Plats Disease by Genetic Engineering

Lecture 11

TBA



Introduction

Il. Schedule, preparation and evaluation

Evaluation system
Mid term exam 45 points + Final exam 45 points + an essay 10 points
= Total 100 points
Mid term exam questions will be from the lecture 1-5, and the final exam
guestions will be from the lecture 6-11.

Both exams will be short answer format, or combination of short answer and
multiple choice. The details of the essay will be announced after the mid
term.

How to study

1. Attend lectures

2. Read reading materials

3. Suggested text book

* Introduction to Plant Pathology (Edited by Richard N. Strange, Wiley)

» Biochemistry & Molecular Biology of Plants (Edited by Buchanan,
Gruissem and Jones) American Society of Plant Biologist



PLANT-MICROORGANISM INTERACTIONS

Introduction of “PLANT-MICROORGANISM INTERACTIONS *

l.  Why study the interaction between plants and pathogenic organisms?
lI. Syllabus and evaluation



Introduction

I.  Why study the interaction between plants and pathogenic organisms?

Why study the interaction between plants
and pathogenic organisms?

1. This study should provide practical solutions
for the control of plant-disease

2. Scientific contribution




Introduction

l.  Why study the interaction between plants and pathogenic organisms?
- Impact of plant disease in human society-

Great Irish Famine
The late blight disease in potato caused the emigration of
more than one million people from Ireland to the U.S. and Canada

® Photography Plus - 231-798-2395

Ellis island

Late blight disease in potato The Discovery of the Potato Blight in Ireland,
caused by Phytophthora infestans. Daniel McDonald, c. 1847


Brian
Sticky Note
caused by pathogen


Introduction

l.  Why study the interaction between plants and pathogenic organisms?
1. Contribution for Agriculture

Growing monocultures of genetically
uniform crop species leads to severe
outbreaks of disease.

Table Comparison of natural and
agricultural plant communities

Natural Agriculture

Genotype Diverse  Uniform
Age structure Mixed Uniform

Sweet corn field with severe high plains disease
(caused by High Plains virus) in south central Idaho
in late July, 1993. [

(Photographed by Robert Forster)


http://www.google.ca/imgres?imgurl=http://www.gmfreescotland.org.uk/Images/crop_spraying.jpg&imgrefurl=http://www.gmfreescotland.org.uk/News/10feb_pesticideargument.html&usg=__-DET8qp-tTxn3io2Gn4w2zj-irQ=&h=240&w=475&sz=19&hl=en&start=20&zoom=1&tbnid=dgbdvVNNg9B6JM:&tbnh=100&tbnw=197&prev=/images%3Fq%3Dusage%2Bpesticides%26um%3D1%26hl%3Den%26sa%3DN%26biw%3D1224%26bih%3D801%26tbs%3Disch:1&um=1&itbs=1&iact=hc&vpx=525&vpy=541&dur=304&hovh=114&hovw=226&tx=158&ty=66&ei=8T8vTb-5KMH_lgeg7fG7Cg&oei=2j8vTffaNMKblgfW_Lm4CQ&esq=2&page=2&ndsp=20&ved=1t:429,r:7,s:20
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wiped out all corn
-difficult to prevent outbreak
-genotype- diverse genotype can provide resistance in some individuals against pathogens
-agricultural products - same genotype tfor every individual

- age structure- pathogen can infect different life stages of plants. All agricultural plants are harvested at same age, easy for infection by specific pathogens


Introduction
|.  Why study the interaction between plants and pathogenic organisms?

1. Contribution for Agriculture

 Huge economical damage
« Usage of agrochemicals to control plant disease can cause
serious environmental pollution.

Lozs by

: Cihtained
inzects ;
pathogens 2%
13%

Lozs by weeds

13% * 5904 of the attainable praduction of $550 billion
are obtzined only, whereas 41% are lost

Estimated annual crop losses worldwide by disease only
approximately $220 billion


http://www.google.ca/imgres?imgurl=http://www.gmfreescotland.org.uk/Images/crop_spraying.jpg&imgrefurl=http://www.gmfreescotland.org.uk/News/10feb_pesticideargument.html&usg=__-DET8qp-tTxn3io2Gn4w2zj-irQ=&h=240&w=475&sz=19&hl=en&start=20&zoom=1&tbnid=dgbdvVNNg9B6JM:&tbnh=100&tbnw=197&prev=/images%3Fq%3Dusage%2Bpesticides%26um%3D1%26hl%3Den%26sa%3DN%26biw%3D1224%26bih%3D801%26tbs%3Disch:1&um=1&itbs=1&iact=hc&vpx=525&vpy=541&dur=304&hovh=114&hovw=226&tx=158&ty=66&ei=8T8vTb-5KMH_lgeg7fG7Cg&oei=2j8vTffaNMKblgfW_Lm4CQ&esq=2&page=2&ndsp=20&ved=1t:429,r:7,s:20

Introduction
|.  Why study the interaction between plants and pathogenic organisms?

1. Contribution for Agriculture

Plant-Microbe interaction study can provide us the information for,

*Breeding pathogen resistant crop plants

*Discovery of environmentally safer agrochemicals
&)
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have new chemicals that can enhance plant immunity- safer for environment and humans


Introduction
l.  Why study the interaction between plants and pathogenic organisms?

1. Contribution for Agriculture

In the early 90’s, there is a trend to create virus resistant crops by introducing
virus coat protein gene.

Delay of disease development in transgenic plants that express =
the tobacco mosaic virus coat protein gene.

Abel PP, Nelson RS, De B, Hoffmann N, Rogers SG, Fraley RT, Beachy RN.
Science. 1986 May 9;232(4751):738-43.

Dr. R. Beachy
President and director of the Donald Danforth Plant Science Center,
St. Louis



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Abel+PP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Nelson+RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22De+B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Hoffmann+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Rogers+SG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Fraley+RT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Beachy+RN%22%5BAuthor%5D
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cloned gene from virus

express the gene in plant

plant becomes resistant to virus


Introduction
|.  Why study the interaction between plants and pathogenic organisms?

1. Contribution for Agriculture

Tobacco Mosaic Virus

Non transgenic
RMNA nucleotides

Transgenic tobacco carrying the CP gene

proteins


http://www.fkf.mpg.de/kern/Res_act/solid_liquid/solid_liquid.html#biotemplate
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show symptom of virus infection
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expressing protein coat. provides resistance


Introduction

|.  Why study the interaction between plants and pathogenic organisms?

Papy ingspot virus symptoms

In the 1980s, papaya ring spot
virus (PRSV) nearly wiped out
papaya production in Hawaii.

1. Contribution for Agriculture

il

# tible

B %__scep

Resistant 4

r'-l'-'. -y A _-'!‘ [

A gene encoding a viral coat protein
was introduced into papaya. The
modified plants are resistant to viral
infection. This was the first
commercialized transgenic fruit.
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Introduction
|.  Why study the interaction between plants and pathogenic organisms?

1. Contribution for Agriculture

Transgenic Papaya plants carrying papaya ring spot virus CP gene
(Agbio Forum Vol. 7) developed by Dr. Gonsalves (left pannel)


http://blogs.unimelb.edu.au/sciencecommunication/files/2012/10/dennis_gonsalves3.jpg
Brian
Sticky Note
centre is transgenic plants


Introduction
|.  Why study the interaction between plants and pathogenic organisms?

1. Contribution for Agriculture

Successful Transfer of the Cucumber Mosaic Virus Coat Protein Gene

K. Yoshioka, K. Hanada, Y. Nakazaki, Y. Minobe, T. Yakuwa and K. Oosawa @

Fig. 1. Constraction of YI25

Fig. 1. Sympioes afler inoosialson witl a solu
Ehm of 2 m@tml ol CMY,

Fig. 4. Selection and growth of transformant.; (A) Shoot regeneration from cotyledon explants on the
Laefe ransdormed] plant of the same

medium containing 50 mg/! kanamycin. ;(B) Selection of kanamycin-tolerant plantlet on the medi-
um containing 100 mg/ kanamycin. ;(C) Shoot elongation on the medium containing 100 mg//
kanamycin: control (1), escaping non-transformant (2) and transformant (3); (D) Rooting in the
medium containing 100 mg/! kanamycin. (1), (2) and (3) are same as (C). e CMV-CF gene

Yoshioka et al., 1992

cult
Right; transforimed plant thal exphess

National Institute of Agroblelogical Sciences


http://srd.yahoo.co.jp/MMSIMG/Q=%C7%C0%B6%C8%C0%B8%CA%AA%BB%F1%B8%BB%B8%A6%B5%E6%BD%EA/U=http%3A%2F%2Fwww.nias.affrc.go.jp%2Fkoubo%2F2001%2Flogo%2Fimg%2Fnias_logo.gif/O=8191580be4f82a28/P=62/C=4m9kpg90fqc86&b=2/F=f/I=yahoojp/T=1142479036/SIG=1222313og/*-http%3A//www.nias.affrc.go.jp/koubo/2001/logo/img/nias_logo.gif
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did not know molecular mechanism at that time

-gene silencing


Introduction

l.  Why study the interaction between plants and pathogenic organisms?

2. Scientific contribution



Introduction

l.  Why study the interaction between plants and pathogenic organisms?
2. Scientific contribution

2. Scientific contribution

Immune system is essential for living organisms!

Bread with fungus My lab member Dr. M. A plant

But how different between animal and plant immunity?
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plants and organisms have sophisticated immune systems!!!


Introduction

I.  Why study the interaction between plants and pathogenic organisms?

2. Scientific contribution

« Animals have a number of ways to
defend themselves by specialized cells.

» Animals also have a system to distinguish
between “self and non-self”.

l

What about plants?

A macrophage searches bacteria
(Photo: University of South California)



Introduction

l.  Why study the interaction between plants and pathogenic organisms?
2. Scientific contribution

*Plant evolved a different immune system from animals.

» Plants are also exposed to a large number of
microorganisms, viruses, fungi, bacteria and
invertebrates.

 Plants can not move to change the environment.

 Plants also have a system to detect “invaders”.

 Plants must continuously defend themselves.
Two types of defense
1. Preformed (passive) defense (=)
2. Induced (active) defense [

*Basically each plants cell possess these defense
capacity (not by specialized cells)

\

Model plant; Striking contrast between plant and
Arabidopsis thaliana animal immune systems
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like human skin. Always there (passive)
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activated upon pathogen infection
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Introduction

Goal of this course

- Understand the basic molecular mechanisms of
plant- (mainly pathogenic) microbe interaction and plant immune responses



Lecture 1

INTODUCTION TO PLANT-MICROORGANISM INTERACTION

General introduction of plant pathogens
- Nature of plant pathogens and their strategies -



PLANT-MICROORGANISM INTERACTION

What are the symptoms of plant disease?

DISEASE: Early blight DISEASE: Tobacco mosaic
PATHOGEN A|ternaria Solani PATHOGEN TObaCCO mosaiC ViI‘US
HOSTS: : Tomato, Potato HOSTS: Tobacco, tomato,

and other solanaceous plants

Fungal pathogen Viral pathogen


http://www.apsnet.org/education/LessonsPlantPath/PotatoTomato/text/fig01.htm

PLANT-MICROORGANISM INTERACTION

What are the symptoms of plant disease?

DISEASE: Stem rust (black rust) DISEASE: Bacterial spot
PATHOGEN: Puccinia graminis PATHOGEN: Xanthomonas axonopodis,
f.sp. tritici Xanthomonas vesicatoria,
HOSTS: wheat and barley, Xanthomonas gardneri
HOSTS: pepper and tomato

Fungal pathogen Bacterial pathogen


http://www.apsnet.org/education/LessonsPlantPath/StemRustWheat/Text/FIGURE1.HTM
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only in monocots - usually grain plants
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plant pathogens usually harmless to humans but no one will buy it - economic loss


PLANT-MICROORGANISM INTERACTION

General introduction of plant pathogens

* Plants are exposed to a large number of microorganisms

Ul

Pathogens are phylogenetically diverse

Main types of pathogens
Fungi

Oomycetes

Bacteria

Viruses

(Insect)
(Nematodes)




PLANT-MICROORGANISM INTERACTION

General introduction of plant pathogens

Microbe types that cause disease are the same as those infecting animals.

Fungus- Athlete’s foot etc.
Bacteria- bubonic plague, gonorrhea etc.
Virus- HIV, flu etc. =

Disease symptoms as
a result of some
important animal
pathogenic
oomycetes.

A deadly aquatic fungus called
Batrachochytrium dendrobatidis
has killed more than 200 amphibian
species around the world since
2004 when the fungus epidemic
began.



http://z6mag.com/science/frogs-dying-from-dehydration-from-deadly-fungus-168285.html/attachment/frogs-dying
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specific evolution to attack specific host


Lecture 1

PLANT-MICROORGANISM INTERACTION

However,
Very few pathogens can cause Disease.

For example there are more than 100 thousands
fungus in this world, but only less than 2% of these
can infect to plants and causes disease.

U

Arms race of plant and pathogens

Model plant; Arabidopsis thaliana



Entry routes for plant pathogens

Plant leaf cross section

.7 Cuticle
~3— Upper epidermis

Palisade
mesophyll cell

Bundle sheath cell
Xylem
Phloem

Lower epidermis
Spongy mesophyll

Cuticle

Wounds Natural openings Direct penetration
= Powd ild =)
Agrobacterium « stomata otc.

Soft rot fungi
etc.

Rust fungi
Pseudomonas
etc.
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how plant pathogens invade, 3 main ways:

wounds - bacteria or virus can enter, cannot enter if no wound
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internal space in the leaf- viruses can occupy those spaces and attack cells or grow 
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virus cannot attack actively

fungus more complex and can penetrate


PLANT-MICROORGANISM INTERACTION
General introduction of plant pathogens

Important characteristics of plant pathogen

* Necrotrophs ( «— saprotrophs) d r-
e Biotrophs { v
* Hemi-biotrophs -
Strateqies utilized by plant pathogens =
Necrotrophic Biotrophics Hemi-biotrophics [
Attack Secreted cell wall-  Intimate intercellular Initial biotrophic phase,
Strategy degrading enzymes, contact with plant cells then necrotrophic phase
host toxins
Specific Plant tissue is killed  Plant cells remain alive  Plant cells alive only in
features of and colonized the initial stages of the
interaction by pathogen infection
Example Rotting bacteria Fungal mildews and rust Phytophthora infestans

and fungi viruses Pseudomonas
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need living healthy cells to infect- very mild infection system and absorb nutrient from host cell.

Gradually kill plant 
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change strategies
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PLANT-MICROORGANISM INTERACTION
General introduction of plant pathogens

Biotroph Hemibiotroph
Necrotroph Hyaloperonospora Pseudomonas
Bofrytis cinerea arabidopsidis syringae

Necrotrophs kill
cells and then
consume the

contents

Hemibiotrophs can
switch from biotroph

Biotrophs live
to necrotroph

within host tissue
without causing
death

Reprinted by permission from Macmillan Publishers Ltd: Pieterse, C.M.J., Leon-Reyes, A., Van der Ent, S. and Van Wees, S.C.M.
(2009). Networking by small-molecule hormones in plant immunity. Nat Chem Biol. 5: 308-316, copyright 2009.


http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.164.html
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PLANT-MICROORGANISM INTERACTION
General introduction of plant pathogens

1. Fungi as plant pathogens



General introduction of plant pathogens

1. Fungi as plant pathogens

=]

Fungi; A group of organisms traditionally included among the plants, but now
considered so distinct as to constitute a separate kingdom of their own.
They live by absorptive nutrition.

Although viruses and bacteria cause diseases in plants. Fungi are the number
one cause of crop losses worldwide.

!

Most notorious disease of humans and animals are caused by bacteria and viruses.

This can be explained partly on the basis of several differences between plants
and animals as habitats for microbial growth.
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cannot create energies themselves



General introduction of plant pathogens

1. Fungi as plant pathogens

Comparison of higher plants and animals as hosts

Plants Animals

Anatomical features
Rigid cell walls No cell wall [
No circulatory system* Circulatory system

Internal environment
Acidic pH Alkaline pH
No temperature regulation Temperature regulation

* Bacteria generally prefer warm, alkaline conditions with high nitrogen levels.
*Virus is too small to penetrate plant cell wall by themselves.
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very vulnerable to virus
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General introduction of plant pathogens

1. Fungi as plant pathogens

rough endoplasmic.  mitochondrion

| I ' cellulose cell wall -
reticulum ribosomes - smooth endoplasmic

cell membrane reticulum
smaoth choroplasts milochondrion
endoplasmic “SOSOME L vauole Golgi apparatus
reticulum § :,—__
starch ,f = glycogen
granule __ h granule

- f" “‘f : ' fattlmplets
D S E )
lysosome

pinocytic vesicle

cytoplasm

nucleus ough endoplasmic
reficulum

nucleolus olant ribosome
Golgi apparatus

nucleolus centrosome

nuclear membrang .
nucleus
animal cytoplasm

nuclear membrane
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plant cells cannot exchange nutrients easily with neighboring cells

so huge vacuole to store nutrients


General introduction of plant pathogens
1. Fungi as plant pathogens

Morphology:

« Cell walls contain mainly chitin.

* When fungal spoors germinate, they develop into microscopical, cylindric,
elongated structures with cross walls: the hyphae (singular: hypha).

* In most cases the hyphae join up and form very fine filaments, the mycelium,

a kind of felt-like web of varying density.
* Hyphae are distributed within the substrate, i.e. soil, organic litter or
wood, and are able to extract nutrients and carbohydrates from this substrate.

D.C. Erwin, U.C. Riverside

size: ca. 1000 x


http://nu-distance.unl.edu/homer/expos/rhizoc_g.html
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grow in many types of environments
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Entry routes for plant pathogens

.7 Cuticle
»— Upper epidermis

Palisade
mesophyll cell

Bundle sheath cell
Xylem
Phloem

Lower epidermis
Spongy mesophyll

Direct penetr®
\ /
TMV | =+ Lenticels E?cvgdglgsimldews
Agrobacterlu_m  stomata etc.
Soft rot fungi :
ate. Rust fungi
Pseudomonas

etc.



* Powdery mildew: spore germination and penetration =

Spore germination Appressorium formation Formation of papilla below
the penetration peg

" . ek RE .
Spore Germ tube L : Jy
il PRI N—l
_—L ‘; | PO J /"P
Ciiticle / Penetration peg | e

Cell wall Papilla [ =
Host papilla 3 A ‘
Cytosol o

* Papllla formatlon IS a resistance response.

S: spore

PCW: Plant cell wall

PP: Penetration peg

Papilla: In plant pathology, papilla refers to

the accumulation of material (protein, lignin

etc.) between the host plant's cell wall and

cell membrane at the point of fungal penetration.

Rice Blast fungus
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spores can sense that they have landed on a plant surface and germinate

look for suitable location to penetrate
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hole of penetration peg
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sometimes plants can successfully defend against fungal infection

Brian
Highlight

Brian
Highlight

Brian
Highlight


PLANT-MICROORGANISM INTERACTION
General introduction of plant pathogens

Important characteristics of plant pathogen

* Necrotrophs ( «—— saprotrophs) &r-
e Biotrophs { v
« Hemi-biotrophs -
Strateqies utilized by plant pathogen \
Necrotrophic Biotrophics \ Hemi-biotrophics
Attack Secreted cell wall- { Intimate intercellular Initial biotrophic phase,
Strategy degrading enzymes,\ contact with plant cells then necrotrophic phase
host toxins
Specific Plant tissue is killed  Plant cells remain alive  Plant cells alive only in
features of and colonized the initial stages of the
interaction by pathogen infection
Example Rotting bacteria Fungal mildews and rust Phytophthora infestans

and fungi viruses Pseudomonas




General introduction of plant pathogens

1. Fungi as plant pathogens

., *Many biotrophic fun

Appressorium

Germ tube

gi have a specialized feeding structure, the haustorium.

) Plant cuticle
Penetration peg
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A Fungal
T o .
- xﬁﬁ::;;fsgf‘ XA haustorium

(intercellulgr space)
Fungal plasma ‘ R Extracellular haustorial matrix
membrane e K

Plant plasma

Plant cell cytoplasm
membrane

Cell wall

* Extracellular matrix of haustorium contains products of both fungal and plant origin
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absorb nutrients without triggerin strong immune response
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General introduction of plant pathogens

1. Fungi as plant pathogens

*Frequently this type of biotrophic fungus
suppresses natural senescence of plants
and causes “ green islands” in infected
leaves.

=l

“Green islands”
In senescing leave
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fungus stimulate plant hormone production to prevent senescence.

can manipulate the life cycle of the plant


General introduction of plant pathogens

1. Fungi as plant pathogens

Chemical weapons of funqi

1. Enzymes O

* Phytopathogenic fungi (some bacteria, too) produce different sets of
degrading enzymes.

 These enzymes play important roles during penetration and disease
developmental stages.
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degrade plant materials by enzyme
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General introduction of plant pathogens

1. Fungi as plant pathogens

 Cell wall degrading enzymes produced by plant pathogens include
cutinases, pectinases, cellulases, glucanases, proteinase, ligninases etc.

» Many of the necrotrophic pathogens
which attack herbaceous tissues produce
pectolytic enzymes.

Mlddle-\ e
lamella i AE

Pectin-rich
cell corner_
» Some tree pathogens secrete cellulase

and ligninases.

Structure of the plant cell wall
Cuticle, pectin, cellulose, hemicellulose, lignin and cell wall proteins.
Middle lamella is a thin layer of pectic substance. [©
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important to maintain plant structure
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General introduction of plant pathogens

1. Fungi as plant pathogens

Chemical weapons of funqi

2. Microbial Toxins

In phytopathology, “toxin” is reserved for toxic chemicals able to cause effects
similar to those of disease symptoms induced by microorganisms.

Two types of microbial toxins
» Host specific (selective) toxins
* Non host specific (selective) toxins
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General introduction of plant pathogens

1. Fungi as plant pathogens

Non-host specific (selective) toxins

Toxins produced by phytopathogenic microbes.
This type of toxins are active not only in host plants but also in the non-host plants.

Non-host specific toxins are not primary determinants of host range.

(ﬁ OH CHg @
CH4CO CHEO—(|3—CH=CH2
CH,
HO ©
O
0 ||
HyC CH20CCHs
H
OH
H3CH o, “OH
| SN 2
Phofo 1268, A, lrL jl:l'H-E'P‘.* %t* .Ei%l;f;
CH,OCH,
Fusicoccin
Fusicoccin is produced Disease symptoms

by Fusicoccum amygdali Common name “ Canker”
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toxin can affect non host plants

fungus itself cannot cause disease in non host plant but the toxin that is extracted from fungus can cause symptoms in non host plants
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General introduction of plant pathogens

1. Fungi as plant pathogens

Host range-The range of host species or cell types
which a particular virus, bacteria, or parasite is able
to infect or parasitise.



General introduction of plant pathogens

1. Fungi as plant pathogens

~2 Cuticle
Upper epidermis

N -

Phofo 126, A L Jo l'iE!.f:EI%. _Ei;""ﬁi_l}ﬁ'
Palisade

mesophyll cell

<~ Bundle sheath cell
Xylem
Phloem

Common name “ Canker”
*The toxin stimulates

the H*-ATPases of the quard cells

=]

Disease symptoms
Vein'

Lower epidermis

Spongy mesophyll
d cells

Cuticle
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natural opening can close or open

when plants are dry it will close

toxin keeps guard cells open continuously
causes plants to lose water and wilt
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General introduction of plant pathogens

Inhibited P-type
ATPase

Autoinhibitory 1. Fungi as plant pathogens

domain

ATP

Models for the activation
of plasma membrane

_ H+ ATPase
®§ Constitutive active

Identified as a
Fucicoccin’s receptor

*Phoshorylationape
allows 14-3-3 to bind

@ Fusicoccin induces the activation of the plasma membrane
@ localized H*-ATPase and leads to stomata opening.
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toxin mimics the phosphorylation step and activates protein pump - irreversible

Fucicoccin locks the protein in place
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General introduction of plant pathogens

1. Fungi as plant pathogens

Similarity to the effect of cholera toxin from Vibrio cholerae
for the intestinal epithelium.

V. cholerae
&=
¥ cl- Na‘, H,0 High concentration of cAMP
/_‘ il ) courses constitutive
\ cerr M activeness of the chloride
&/ / channel CFTR.
GProtein "o CAMP
N
denylate
e

A A
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General introduction of plant pathogens

1. Fungi as plant pathogens

« Host-specific (selective) toxins

A host-specific toxin is a substance produced by a pathogenic microbe that, at
physiological concentrations, is toxic to the hosts of that pathogen and shows little
or no toxicity against non-host plants.

In general, HSTs must be present for the producing microorganism to be able to
cause disease.

CH, ©
o

/TN NH

N A

HC-toxin produced by
Cochliobolus carbonum.
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General introduction of plant pathogens

1. Fungi as plant pathogens

» Pathogens fight against plant defense system and plants fight back

HC-toxin

I

Jﬁ4§ LAs
M

maize (corn) fungal pathogen
Cochliobolus carbonum.

g s—

Elicitors

Transcription
factors

' HC-toxin
// , Transcnphon of
| def
/ (2] ¢ Lme genes

reductase

W e

& | ~

\ Histone %
gg %i deacetylase 2

L

1

5 Na o hml = HC toxin reductase

j Hh!
p— Defense protem; L-Ala j/&‘
/ -////" and chemicals

\ B»Prn

\ * Hm1 encodes HC-toxin reductase (HCTR)
537 ’ *Elicitors; substances of biotic origin which

% induce a defense response

/

From Biochemistry and Molecular Biology of Plants
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General introduction of plant pathogens

2. Oomycetes as plant pathogens



General introduction of plant pathogens

2. Oomycetes as plant pathogens

Oomycetes

e They are colloquially regarded as "fungi," but ultra-structure and DNA sequence
argues against their inclusion in the kingdom Mycota (kingdom Fungi).
(They bear closer relationship to a group of algae, and the kingdom Chromista
has been proposed)

» Cell walls contain mainly $-1,3-glucans and perhaps cellulose, but not chitin.

* Phytophthora infestans on potato
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