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The disease-causing agents that makes plants 
sick are called plant pathogens 

• Plant pathogens 

cause 10 – 30% 

crop yield losses 

annually 

 

 

• Most plants are 

resistant to most 

pathogens; 

disease is the 

exception, not the 

rule 
 















Plant pathogens (1) - bacteria 

Ring rot of potato is caused 
by the bacterium 
Clavibacter michiganensis 
subsp. sepedonicus (7) Note 
pitting and rot of the 
vascular ring. Crown Gall Disease (8) seen 

at the base of an oak tree, 
and caused by the 
bacterium Agrobacterium 
tumefaciens. Growths more 
typically smaller  



More bacterial plant pathogens 

Xylella fastidiosa – pictured 
on oranges causing Pierces-
disease. (9) showing 
characteristic chlorotic 
(yellowing) symptoms on 
the leaves. 

Xanthomonas oryzae  - 
causing Bacterial Leaf Blight 
in wheat & rice (10) 
characterized by chlorotic 
(yellow) streaking in the leaf, 
reducing photosynthesis 



Plant pathogens (2) - fungi 

Black Sigatoka symptoms in 
banana caused by the 
fungus Pseudocerospora 
fijiensis (11)  Chlorotic 
streaks merging into one 
another, eventually giving 
dead tissue 

Symptoms of powdery 
mildew infection on barley, 
caused by the fungus 
Blumeria graminis (formerly 
Erysiphe graminis) (12) 



More fungal plant pathogens 

Black leaf spot in rose caused 
by the fungus Diplocarpon 
rosae (13) Entire leaves turn 
yellow in addition to the black 
spots. 

Ash Dieback  - caused by the 
fungus Hymenoscyphus 
fraxineus - affecting Ash Trees 
(14) causing leaf and branch 
loss particularly in the crown 
(above). 
 
Fungal fruiting   
  bodies 
 
   
  

Fungal fruiting bodies  



Plant pathogens (3) - viruses 

Electron-micrograph of the 
rods of Tobacco Mosaic 
Virus (TMV) – scale bar = 
100 nm (16) 

Yellowing symptoms of 
Tobacco Mosaic Virus 
(TMV) infection in tobacco 
(15) Stunted growth, leaf 
curling, rolling and 
mottling symptoms may 
also been seen 

health
y 

TMV 
infected 



More viral plant pathogens 

Barley Yellow Dwarf Virus 
(BYDV), a viral disease 
transmitted by aphids. (17) 

Leaves turned yellow across 
their entire length, compared 
with green ‘healthy’ leaves 
(top) 

Symptoms of Cassava Brown 
Streak Disease. An emerging 
disease of increasing 
importance transmitted by 
whiteflies and caused by 2 
related viruses. (18) Necrotic 
(brown) decaying tissue 
throughout the tuber 
making it inedible 



Case History: The Irish Potato Famine 

almost half of the population  

in Ireland depended on potatoes  

to survive. 

In the 1840s, 



The Irish Potato Famine--continued 

In order to feed its people,  

Ireland relied primarily upon  

two high-yielding  

potato varieties. 

When the potato disease struck, it resulted  

in a massive crop failure that lasted  

five years, 1845-1850. 



Due to the crop failure . . . 

…thousands resorted  
to begging for food… 

 …there were food riots… 

… and many were evicted,  
and their homes were burned. 



•  A loss of 1 million lives due to  

    starvation and disease. 

•  A loss of 1.5 million due to emigration. 

Ireland’s 1845 population of 8 million  

dropped to 5.5 million by 1860. 

Over a 15 year period in Ireland . . . 



Impact of Blight on Irish 
population 
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Phytophthora infestans was 

introduced to Ireland from 

South America (where the 

potato originates) 

 

Cool, wet summers provided 

ideal conditions for the fungus 

to flourish 

 

Irish labourer ate ~5.4 kg 

potatoes 

a day spread across 3 meals 

 

Many emigrated to the United 

States to flee from the famine 

 

Population yet to recover 

 Blight outbreak 



A disease, called  

Late Blight of Potato 

destroyed both the leaves and  

tubers of the potato plants. 

The cause was a fungus called  

Phytophthora infestans 

What caused The Irish Potato Famine? 



Phytophthora infestans 



Why was the disease widespread? 

An environment 

conducive to 

disease 

Uniform susceptibility 

in the host plants 

The 

introduction 

of a pathogen 



Plant Disease Triangle 



Human strategies to prevent and 
manage disease 

Environment 

The disease 

triangle  

(it takes 

three) 

Avoid or 

eliminate the 

pathogen 

Manipulate the 

environment to 

favour the plant 

Make the 

plant 

resistant 

through 

genetic or 

other 

methods 



1970  

Southern Corn Leaf Blight Epidemic 

In 1970, 80% of all hybrid field corn grown in the U.S. 
was susceptible to Southern Corn Leaf Blight. 



Southern Corn Leaf Blight Epidemic -- continued 

The pathogen introduced was  

 Cochliobolus heterostrophus race T 



A.  June 18 

B.  July 15 

C. September 1 

The generation time for  

new inoculum? 

                    Only 51 hrs 

Source: Plant Diseases: Their Biology and Social Impact 

The path: 

Progress of Southern Corn Leaf Blight Epidemic  

in North America (1970) 



Why did it happen?  

An environment 

conducive to 

disease 

Uniform susceptibility 

in the host plants 

The 

introduction 

of a pathogen 



The consequences?  

•  Over $1 billion in losses 

•  In many southern states, entire fields  

   were lost 

•  Losses of 80 - 100% were common  

Source: Plant Diseases: Their Biology and Social Impact 



5 Categories of Plant Diseases 

1. New Disease – introduced on new host within last five 
years in a new geographic area 

2. Emerging Disease – increased incidence within last 
10-15 years 

3. Re-emerging disease - previously known in area but 
gaining importance  

4. Threatening Disease – not reported or limited 
distribution in a new geographic area 

5. Chronic/spreading disease -  known for a long 
period and still causing out breaks. 



Depending on the plant species and pest or pathogen, 
these outbreaks may be spread by: 

•  Aphids and other vectors (carriers) 

•  Propagation of diseased plants  

•  Planting of infected seeds  

•  Contaminated cattle manure  

•  Crops moved in contaminated equipment 

•  Wind, including hurricanes & tornadoes 

•  Human transportation of infected plants  

 and fruits (intentional and unintentional) 

•  . . . and other methods 



Plant Pathology: Past to Present 

Citrus  Greening  or  Huanglongbing 
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Plant Pathology: Past to Present 

Citrus  Greening  or  Huanglongbing 

•The pathogen is a fastidious bacterium 
that is vectored by the Asian citrus psyllid. 
•Both the pathogen and the insect were 
introduced into Florida. 
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Plant Pathology: Past to Present 

Why do the British drink tea? 

•Coffee  has  been  a  popular  
beverage  in Europe  since  
1600s.   

•But, in  the  1800s, the  fungal  
disease  “coffee rust”  
devastated  the  British  
coffee  plantations  in  Ceylon  
(now  Sri  Lanka). 

•British  switched  to  growing and  drinking  tea. 



Its not just the disease … 

• As well as crop yield losses, some fungal 
infections are accompanied by toxin 
production, secondary metabolites produced 
by the fungus during its normal growth or 
when put under stress (mycotoxins) 

• These mycotoxins, if consumed, can be deadly 
to both humans and livestock. 

• If not deadly, they often give dramatic 
symptoms … 



The consumption 
of rye grains 

reported to cause: 

Burning and convulsions 
Hallucinations with imaginary 
sounds 
Gangrene and loss of limbs 
Permanent insanity 

• Initial burning sensation led to Latin 
name, Ignis sacer     meaning holy fire. 
• A religious order dedicated to St. 
Anthony was founded in 1083 to help the 
afflicted. The condition became known as 
St. Anthony’s fire  

 



St. Anthony’s Fire  
 • In 1670, a French physician concluded ergotism 

was not an infectious disease and attributed it to 
food. Despite his suggestion of a link to rye ergots, 
farmers did not believe him. The link with the 
fungus causing ergots in rye (Claviceps purpurea) 
took another 200 years to be made. 

• Developing grains in the ear replaced with Ergots 
which are sclerotia (fungal overwintering survival 
structures) 

• Ergots contain several alkaloids. Some are potent 
vasoconstrictors (e.g. ergotamine) while others are 
psychoactive (LSD, lysergic acid diethylamide). 

• Ergotism takes 2 forms  
– gangrenous / convulsive – both fatal 

• Spores released from sclerotia 
infect cereals at flowering, 
completing the cycle. 

Ergots – long, black 
 structures  among 
healthy grain 



Ergotism & Witchcraft 
 

• 990 – 1129AD, ergotism believed to have killed 
50,000 people in South of France 

• 1692 – convulsive ergotism may have caused 
symptoms that led to the Salem Witch Trials 
(USA) in which 20 people were executed 

• 1926 – 11,000 victims in USSR 

• 1927 - Manchester, UK >200 cases 

• 1951 - French Epidemic, approx. 150 cases 

• 1970’s to present – outbreaks in India & Ethiopia 

 



Plant Pathology: Past to Present 

Some plant pathogens are edible: 

•Corn  smut  is  a  delicacy  in  Mexico, 
where  it  is  called  huitlacoche.  To  get  
more  people  to  eat  it  in  the  U.S., they  
renamed  it  the  “Mexican  truffle”. 

By Russ Bowling from Greenwood, SC, USA - Huitlacoche, CC BY 2.0, 
https://commons.wikimedia.org/w/index.php?curid=42024636 



Plant Pathology: Past to Present 

Some plant pathogens are medicinal: 

•Ganoderma lucidum  complex  (lingzhi 
mushroom  or  reishi  mushroom)  contains  
compounds  used  for  medicinal  purposes  
in  Asia  for  thousands  of  years.  

By Eric Steinert - photo taken by Eric Steinert at Paussac, France, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=452328 



Plant Pathology: Past to Present 

Botrytis  is  a  fungus  you  
often  see  on  fresh  
strawberries.  It  also  
causes  a  disease  of  wine  
grapes,  but  under  certain  
conditions  it  is  called  
Noble  Rot,  as  it  will  result  
in  a  grape  that  is  used  to  
make  sweet  dessert  wines, 
such  as  Sauternes. 

Some plant pathogens are useful: 



Plant Pathology: Past to Present 

Some plant pathogens are useful: 

•Sometimes we deliberately use plant 
pathogens to control exotic, invasive weeds. 

•Tobacco Mild Green 
Mosaic Virus controlling 
Tropical Soda Apple in 
Florida 

 
• Patented by Drs. R. 
Charudattan and E. Hiebert, 
formerly UF/IFAS Pathology 
Department; now BioProdex, Inc. 

https://plants.ifas.ufl.edu/plant-directory/solanum-viarum/#VII-F 



Plant Pathology: Past to Present 

Some  plant  pathogens  are  useful: 

•The  most  useful  plant  pathogen  is  
Agrobacterium  tumefaciens,  a  bacterium  
that  causes  crown  gall  of  many  stone  
fruit  crops. 

•The “original”  genetic  engineer!! 

But, we will save this one for a 
later discussion and activity! 















Aboveground 

Belowground 

Shoots 
and 

flowers 

Roots 

Pathogens 

Pathogens 

Herbivores 
Pollinators 

Carnivores 

Competitor 
plants 

 
 

Secondary 
carnivores 

Symbionts 

Parasitic 
plants 

Carnivores 

Herbivores 

Plant Defense: 
Multitrophic 
Interactions 



Plants respond to attacks by 

herbivores and pathogens 

Plants use defense systems to deter herbivory, prevent 

infection, and combat pathogens 

Herbivory, animals eating plants, is a stress that plants  

Plants counter excessive herbivory with physical defenses such 

as thorns and chemical defenses such as distasteful or toxic 

compounds 

Some plants even “recruit” predatory animals that help defend 

against specific herbivores 



Plant Response to Herbivores 

Plant Defense Traits 



Plants damaged by insects can release volatile 

chemicals to warn other plants of  the same species 

These volatile molecules can also function as an 

“early warning system” for nearby plants of  the 

same species. 

Methyljasmonic acid can activate the expression 

of  genes involved in plant defenses 

 

Plant Response to Herbivores 



Jasmonic Acid 

 Levels of  jasmonic acid rise in response to damage  

This hormone can trigger many types of  plant defenses 
including terpenes and alkaloids 

The action of  jasmonic acid induces the transcription 
of  many genes involved in plant defense 

 Jasmonic acid turns on genes for proteinase inhibitor.  
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Systemic Response 



Plants use a variety of  mechanical (toughness, spines), 

chemical (alkaloids, phenolics, terpenoids, latex – the realm 

of  chemical ecology), developmental, and phenological 

defenses 

Defenses may also be classified with reference to their 

production: 

1. Constitutive – produced by & present in the plant  

irrespective of  attack 

2. Induced   – produced by & present in the plant in  

       response to attack 

Plant defense traits 



Plant defense traits 

1. Resistance traits  

 Those traits that “reduce herbivory” 
a. Avoidance (antixenosis) traits 

 Those traits that “affect herbivore behavior;” i.e., deter 

or repel herbivores 

b. Antibiosis traits 

 Those that “reduce herbivore performance” 

2. Tolerance traits 

 Those traits that “reduce the impact of  herbivory 

on fitness” 

  

          

  



     Resistant                                 Tolerant                                  Susceptible 

Resistant vs Tolerant 



Resistance Traits 

Slide courtesy of Amanda Accamando; modified from the original 





Direct Defense 

Morphological Characters 

E.g., Tannins 

Secondary metabolites 
Metabolites 



Cutin, Waxes, Suberins 

 They are made of  hydrophobic compounds which have water-

repelling properties 

 These compounds are non-polar 

 Fatty acids are one type of  hydrophobic compound 

All plant parts exposed to the atmosphere are coated 

with layers of  lipid material that reduce water loss and 

help block the entry of  pathogen fungi and bacteria 

The principal types of  coating are cutin, suberin and 

waxes 



Cutin 
 It is found most above ground 

 It is a macromolecule, a polymer composed of  long fatty 

acid chains that are attached to each other by ester 

linkage, creating a rigid three dimensional network 

 It was a major component of  plant cuticle, a multilayered 

secreted structure that coats the outer cell wall of  

epidermis on the areal parts 

 Plants’ cuticles is composed of  a top coating  of  wax, 

often vary with the climate in which they live.  

 





Waxes 

Complex mixtures of  long-chain  lipids that are 

extremely hydrophobic. 

The most common components of  waxes are 

straight chain alkanes and alcohol of  25 to 35 

carbon atoms. 

 They are synthesized by epidermal cells. 

They exuded through pores in the epidermal cell 

wall by an unknown mechanism. 

 



Suberin 

 It was  formed from fatty acids  but has a different 

structure from cutin.  

 It was often within roots.  

 It can protect against pathogens and other damage.  

 It can form transport barriers between the soil and the 
roots  

Older parts of  roots more suberized  

A cell wall constituent 

Endodermis has suberin side walls  
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Organic compounds that appear to have no direct function  

in photosynthesis, growth, or respiration, but  

1.  They protect primary metabolism by deterring   

      herbivores, reduce  tissue loss and avoid infection by  

      microbial pathogen  

2.  They also attract pollinators and seed-dispersing  animals,  

3.  They act as an agent of  plant-plant competition 

4.  They are formed from the byproducts or intermediates 

     of  primary metabolism 

Secondary metabolites 

End points of  metabolism with no strictly defined 

function  



Three Principal Groups of 

Secondary Metabolites 

Terpenes 

 Lipid synthesized from acetyl CoA or from basic 

intermediates of  glycolysis 

Phenolic compounds 

 Aromatic substances formed  via the shikimic acid pathway 

or the malonic acid pathway  

Nitrogen containing secondary products (alkaloids) 

 Alkaloids which are synthesized primary from amino acids  

  







Functions of Secondary 

Metabolites in Plants 

1. The secondary metabolites have no function in the physiology of  

the plants 

2. They are formed as a result of  an overspill from the primary 

metabolism 

3. They make a valuable contribution to the relationship between plant 

and their environment 

4. Plant utilized secondary metabolites as antibiotics or signaling agent  

during the interaction with pathogen (SAR and Agrobacterium) 

5. They play an important role in two resistance strategies: 

 a. structural level, phenyl propanoids are the major  

        component of  wall polymers lignin and suberin 

 b. Inducible defence antibiotics originated from phenolics, 

         and terpenoids (phytoalexins)   



Resistance Traits: 

 Indirect Defense 

Induced defenses:  

a. Recognition of  the pathogen by the host plant; 

carbohydrates, fatty acids released by fungi 

b. Transmission of  alarm signal to host; Ca, hydrogen 

peroxide, enzymes. 

Herbivore damage can elicit a Signaling Pathway 

(Induced Defenses) 
 



cytoplasmic -cytoplasm surrounds hyphae (e.g., 

Armillaria),  

 cell wall thickening  

 histological (cork layers, adventitious roots), 

 abscission layers, 

 tyloses and  gums, 

 necrotic defense (hypersensitive response). 
 

Induced structural defenses 

 



 

 Hypersensitive reactions (phytoalexins, antimicrobials 

(important with obligates parasites – rusts, leaf  spots, 

active oxygen radicals disrupt cell membranes, 

reinforcement of  host cell walls) 

 Antimicrobials – phytoalexins, phenolics 

 Immunization 

Local and systemic acquired resistance 

    

Induced biochemical defenses 



Phytoalexins 

Low molecular mass antimicrobial metabolites 

synthesized de novo from primary metabolites in 

response to infection 

 

1. Structurally diverse group of  metabolites with the 

isoflavonoids can be an example 

2. The isoflavonoids phytolaexins are synthesized from 

the flavonoids branch of  the phenylpropanoid 

pathways 
 

(Phyto = “plant” and alexin = “to ward off/”) 



 Production of  phytoalexins may be stimulated by 

certain compounds called elicitors. 

High molecular weight substances found in the cell 

wall such as glucans, glycoprotein, or other 

polysaccharides 

Gases such as ethylene (C2H4) 

 In susceptible plants, a pathogen may prevent the 

formation of  phytoalexins, by the action of  

suppressors produced by the pathogen 

 The suppressor also can be a glucan, a glycoprotein, 

or a toxin produced by the pathogen 

PRODUCTION OF PHYTOALEXINS 



How are Phytoalexins Formed? 

 Shikimic acid pathway (phenylpropanoids) 

– Hydroxycinnamic acids 

– Coumarins 

– Hydroxybenzoic acids 

Mevalonic acid pathway (Isoprenoids) 

– Carotenoids  

– Terpenoids 

Combination of  Pathways Shikimic-Polymalonic)  
– Flavonoids and anthocyanins 

OOH

OH O

OH

OH

OH

OH

HOOC

OH

OH

OOCCH C
H

OH

OH

The “-noids” 



Signaling Cascade for Defense 

Responses 

Molecular nature of  elicitors: 

1. Cell wall proteins (e.g., Harpin) 

2. Intracellular proteins (defined genetically  in a 

bacterium by cloning avirulent  loci) 

3. Peptide derived from a larger protein 

 (from a fungus)  

4. Heptaglucan (small oligosaccharide) 



Secondary Signals 

1. Ca+2 , required for subsequent steps 

May mediate phosphorylation-dephos. events involved 

in transcriptional or post- transcriptional gene 

regulation (there are a number of  genes whose 

transcription increases, and some decrease) 

 

Some defense genes also induced by blue-UV light 

or other stresses 



2. H2O2 (hydrogen peroxide) 

Plays multiple roles: 

induces defense-related genes 

induces apoptosis 

causes cross-linking of  cell wall proteins (more 
resistant to wall-degrading enzymes) 

may directly kill pathogens 

Secondary Signals 



 3. Salicylic acid 

required for SAR 

levels increase locally and at distance from 

infection  

Systemic Signal? Probably not. Still unknown 

Secondary Signals 



Model derived mostly 

from studies in cell 

culture using specific 

elicitors.  

However, there is 

evidence for  

induction in intact 

plants by R genes. 

Some aspects are also 

constitutive and help 

block most microbes 

(non-host resistance). 

Signaling Cascade for Defense 

Responses 





Systemic Acquired Resistance 

 Systemic acquired resistance causes systemic 

expression of  defense genes and is a long-lasting response 

 Salicylic acid is synthesized around the infection site and 

is likely the signal that triggers systemic acquired 

resistance 

When a plant survives the infection of a pathogen at one site 
it can develop increased resistance to subsequent attacks. 

 

Although plants don’t have “immune systems” they have 
signaling mechanisms that can act in this way. 





• H. H. Flor’s gene-for-gene hypothesis  

– Plants have a plant resistance gene (R); pathogens 
have an avirulence gene (avr) 

– It is the recognition of the gene products (i.e. 
proteins) that is critical 

– If binding occurs, plant can mount defenses that 
keep pathogen avirulent 

– If no binding occurs, the plant succumbs to 
disease 
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Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 

1. Pathogen 
    enters cell. 

2. Proteins are 
    released into cell 
    by pathogen. 

3. R gene products from 
    the plant cell bind to 
    avr gene products. 

4. If binding occurs, the R gene product 
    is activated, triggering a protective 
    hypersensitive response. If no binding 
    occurs, the plant succumbs to disease. 

Bacterium 

Fungus 

avr 

avr 

R 

R 

R 

avr Hypersensitive 

response 

Hypersensitive 

response 

No disease 

occurs 

No disease 

occurs 

Plant 

develops 

disease 

Virus 



• Recognition of the pathogen by the R gene 
product leads to hypersensitive response  

– Leads to a very rapid cell death around the site of 
attack 

– Also to longer term, whole plant resistance 
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• Rapid cell death due to hypersensitive 
response 
– Seals off the wounded tissue to prevent the 

pathogen or pest from moving into rest of the 
plant 

– Hydrogen peroxide and nitric oxide produced 
• May signal cascade of chemical events resulting in 

localized host cell death 

– Phytoalexins – antimicrobial chemical defense 
agents 
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Gene-for-gene response leads to local cell death 

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 

Courtesy R.X. Latin. Reprinted with permission from Compendium of Cucurbit Diseases, 1996, American Phytopathological Society, St. Paul, MN 



• Systemic acquired resistance (SAR) 

– systemic response by plants 

– Several pathways lead to broad-ranging resistance 
that lasts for a period of days 

– Long-distance inducer is likely salicylic acid 

– At the cellular level, jasmonic acid is involved in 
SAR signaling  

– SAR allows the plant to respond more quickly to a 
second attack 
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Hypersensitive Response (HR) 

Local cell death seals off pathogen 

Plantcells 

Microbial 

protein 

Rprotein 

Signal 

molecule 

Systemic Acquired Resistance (SAR) 

Temporary broad-ranging 

  resistance to pathogen      

HR 

SAR 

Signal 

molecule 

Plant cells 

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 



Plants immune response 

• Plants do not possess an immune system such as that of 
animals 

 

• They do recognize pathogens 

 

• Recognition initiates secondary metabolic processes that 
produce chemicals that will stop or slow microbial infections: 
thickening of cell wall, premature cell death (HR response), 
systemic  acquired resistance 

 

• There are also constitutive defences that will make plants less 
susceptible without a recognition system  

 



Classes of plant immune responses 
 

• Basal response: transcription of genes in response to PAMP 
recognition. 

• Hypersensitive response (HR); apoptosis of cells at the site 
of infection 

• Systemic acquired immunity: The entire plant becomes 
resistant to infection 

• Jasmonic acid/ethylene pathway: The entire plant and 
neighboring plants develop resistance to herbivores. 

• Non-host immunity 



The basal response 
 

• This is the response induced by PAMP elicited signalling. 

• The effectors of this response are currently being 
characterized. 



Hypersensitive response 
 

• This is a rapid apoptosis response that kills cells in the area of infection. 

• It can be induced by the interaction of an R gene carrying plant with an 
Avr carrying microbe. 

• In the lab one can infiltrate bacteria into the whole leaf, causing a 
massive cell death response but in the field the HR response is likely 
tiny and limits the growth of microbes to a small area on the leaf. This 
should stop the growth of biotrophic pathogens that require living 
tissue in order to survive. 

• Nitric oxide (NO) and hydrogen peroxide (H2O2) regulate the response. 

• The HR can trigger systemic acquired resistance. 



Systemic Acquired resistance (SAR) 
 

• Challenge a leaf with an infectious agent and distal tissues become resistant. 

• The distal tissues have broad resistance – not just to the original pathogen. 

• Can be induced by cell death; either HR or otherwise. 

• The effects are broad range, acting on bacteria, fungi and viruses. 

• A number of genes are induced by SAR but the mechanism behind the 
resistance in unknown. 

• Salicylic acid must accumulate to induce the SAR but salicylic acid is not the 
systemic signal; an unidentified lipid likely serves as the signal. 

• A SAR signal (but not salicylate) travels through the plant and increases the 
resistance of the plant to further infection. 



Basic defenses of a plant 



Hypersensitive responses kill small parts of the leaf 



Systemic acquired immunity 



Involves salicylate but this is not the factor acting 
through the plant 

Vernooij, B. et al.  1994, Plant Cell 6:  959-965 

wt No Salicylate 

No SAR in scion 



TMV plaques in scion leaves 

Vernooij, B. et al.  1994, Plant Cell 6:  959-965 

X/N N/X 

X/X N/N 



Crunchers vs suckers 



Jasmonic acid response (JA) 
 

• This chemical is a volatile plant hormone involved in 
regulating immunity. 

• JA synthesis is induced upon herbivory (crushing wounds). 

• JA induces the transcription of a number of genes that are 
anticipated to reduce the digestion of the herbivore. 

• For example, the induction of arginase in tomato plants. 

• This reduces the availability of arginine to the insect gut 
and reduces growth of the caterpillar. 



  

Pseudomonas syringae alters the immune balance of 
the plant 



PAMPs (Pathogen accociated 
molecular patterns) 

• Pathogen-associated molecular patterns, or PAMPs, are molecules 
associated with groups of pathogens, that are recognized by cells of the 
innate immune system. These molecules can be referred to as small 
molecular motifs conserved within a class of microbes. 



Plant cells can recognize PAMPs 
 

• The Arabidopsis receptor Fls2 is a flagellin receptor 

• The structure comprises of the extracellular domain of the protein 
containing Leucine Rich Repeats. 

• The intracellular domain contains a serine threonine kinase  

• Signaling is transduced through a MAP kinase cascade and activates 
transcription factors in the WRKY family. 

• As in animals, there are many PRRs in plants that presumably can 
recognize microbes by more than one PAMP. 





Structure of the penetration peg 



• Fls2 can be shown to have an immune function because loss of function 
mutations sensitized the plants to infection. Forced expression of the MAP 
kinases or WRKY29 will force the activation of the pathway and protect the 
plant from fungal and bacterial infections 
 

• This suggests that this PAMP activated pathway is required for fighting fungal as 
well as bacterial infections. The pathway may have originally been identified as 
responding to bacteria but its output can affect fungal growth as well. 



 



Bacteria 

Bacteria have evolved methods of blocking the plant innate immune 
response 





• One example of a bacterial effector is AvrRpm1 

• RIN4 is a negative regulator of PAMP elicited signaling 

• The presence of this protein results in increased 
phosphorylation of the plant protein RIN4. 

• AvrRpm1 interacts physically with RIN4 

• Increased phosphorylation of RIN4 presumably results in 
decreased PAMP triggered immune defense. 

• The bacteria grow better because they are no longer 
inhibited by the PAMP triggered immune response. 





A second effector, AvrRpt2 is a protease that cleaves RIN4 



https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&ved=0ahUKEwjc44rK1efLAhUBlxoKHffUB1IQjRwIBw&url=https://www.researchgate.net/figure/24308394_fig2_Figure-3-Simplified-schematic-representation-of-the-plant-immune-systema-Upon&psig=AFQjCNG3AjtXpBXx1eF5CUJ3yYxpl9XK0g&ust=1459401819924843


The plant has countermeasures to 
defend against bacterial effectors 

• This work developed from the study of R genes in plants. 

• R genes are dominant plant genes that provide resistance to pathogens 
carrying dominant Avr genes. 

• A plant carrying an R gene that is infected by a bacterium carrying an 
Avr gene will be immune to disease. 

• All other combinations will lead to disease. 

• Molecular analysis of R genes revealed that they form two basic classes 

1. LRR containing extracellular proteins. 

2. LRR containing intracellular proteins. 



RR or Rr rr 

Avr1 No disease DISEASE 

avr1 Disease Disease 

The gene-for-gene resistance model 
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Mi-1 is an R gene giving resistance to nematode and aphid 
infection 

Vos, P. et al.  1998 Nature Biotechnology 16:  1365-69 

Wild type: 
Aphid infested 

Carrying Mi-1 



Barley  
powdery mildew (Bgh) 

Blumeria graminis f.sp hordei 

Nonhost infection  
on Arabidopsis 

Arabidopsis 
powdery mildew 

Erysiphe cichoracearum 

Host infection 
on Arabidopsis 

Host infection 
on Barley 


