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Plant-microbe interactions 

Microbes can be harmful or 
beneficial to plants 

Adapted from “Enviornmental microbiology” by Maier et al. 1st ed., 2002. 

Root-nodules for 
nitrogen fixation 

http://tw.wrs.yahoo.com/_ylt=A8tUzIUdCBdI8eMAqgxt1gt./SIG=1fvd8c4l7/EXP=1209555357/**http:/tw.info.search.yahoo.com/search/images/view?back=http://tw.info.search.yahoo.com/search/images?p=Mycorrhizae&ei=UTF-8&xargs=0&pstart=1&fr=yfp&b=61&w=400&h=215&imgurl=www.bonsaiforum.com/Reading/Mycopix/Myco1.jpeg&rurl=http://www.bonsaiforum.com/Reading/Myco.html&size=155.2kB&name=Myco1.jpeg&p=Mycorrhizae&type=jpeg&no=74&tt=895&oid=d2e85e7d41a5a932&ei=UTF-8
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Harmful interactions between plants and microbes 

How do microbes cause diseases on plants?  

How do plants protect themselves from pathogen attack? 

Innate immunity 

Systemic acquired resistance 

Host resistance 
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How plants defend themselves against pathogens? 

“Whatever the plant defense or resistance, it is controlled 
by its genes”– Agrios, Plant Pathology, 2007 

100,000 fungi 

500 bacteria 

1,000 viruses 

2,500 parasitic 
high plants (PHP) 

500 Nematodes 

Nonhost resistance 

Plant healthy 

Quantitative (polygenic) resistance 

Some infections and symptoms possible 

Plants generally survive and produce 

Monogenic (R gene) resistance 

Plants either are resistant and remain 
healthy or are susceptible and become 
severely diseased 

Agrios GN “Plant pathology” 
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http://scienceblogs.com/tomorrowstable 

Plants v.s animals 

Immune system 

?  

How plants defend themselves against pathogens? 
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1. Preexisting structural and chemical defenses  

wax and cuticles on plant surfaces, the structure of the 
epidermal cell walls, stomata/lenticels, thick-walled cells 

 

Inhibitors released by the plant in its environment or present in 
plant cells before infection   

Defense structure 

Biochemical defense 

Agrios GN “Plant pathology” 

2. Defense through lack of essential factors  

Lack of host receptors and sensitive sites for toxins 

3. Induced structural and biochemical defenses 

Cell wall defense structures, histological defense structures, production 
of reactive oxygen species, and programmed cell death etc. 

How plants defend themselves against pathogens? 
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Cell wall defense structure 

Adapted from “ Plant Pathology” by G. N. Agrios 

Callose: a plant -1,3-glucan deposited in a 
number of specialized wall or wall-
associated structures during normal 
plant development and also in 
response to wounding or pathogen 
challenge 

Comparison of cell wall types  

red pepper  

oak wood  pear fruit stone cells  

 Callose deposition 
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Adapted from “ Plant Pathology” by G. N. Agrios 

Histological defense structures: formation of cork layers  

 Inhibits further invasion  

 block the spread of any toxic substances 

 stop the flow of nutrients and water 

healthy area 

Infected area 
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From “ Plant Pathology” by G. N. Agrios 

Histological defense structures: abscission layer, tyloses and gums 

 Abscission layer: by discarding infected areas  tyloses: by clogging the xylem vessel 

 deposition of gums: impenetrable barrier 

Xanthomonas arboricola pv. pruni  

cherry 

plum 

PP, perforation plate; V, xylem vessel,; XP, 
xylem parenchyma cell; T, tylosis 
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Melotto et al., 2006. Cell 126: 969-980 

Melotto et al. 2008. Annu. Rev. Phytopathol. 46: 101-122 

Light condition 

Stomatal movement in response to pathogen infection 

http://evolution.berkeley.edu/evolibrary/article/mcelwain_02 
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Melotto et al. 2008. Annu. Rev. Phytopathol. 46: 101-122 

Light-adapted plants 

Stomata as defense structures  

Bacterial toxin triggers 
stomatal reopening 
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Antimicrobial proteins (peptides) 

 Play important role in the innate immunity of many living organisms, including 
plants, insects, amphibians and mammals  

 These peptides are highly expressed both locally and systemically during pathogen 
attack. 

Plant antibiotics 
Phytoanticipin vs. phytoalexin 

low molecular weight antimicrobial compounds that are present in plants 
before challenge by microorganisms or are produced after infection solely 
from preexisting constituents  

phytoanticipin 

phytoalexin 

antimicrobial compounds which require de novo expression of the 
enzymes involved in their biosynthetic pathways after elicitation  
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Conservation of signaling pathways mediating the activation 
of innate immunity in insects, mammals, and plants 

1. All can recognize 
various PAMPs using 
PRR proteins 

2. Structures of the host 
receptors are similar 

3. MAPK (mitogen-
activating protein 
kinase) cascades 

Nurberger et. al. (2001) Immunol. Rev. 198: 249-266 
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Induced plant defense mechanisms 

 Basal defense 

 cultivar-specific resistance 

- Also known as plant innate immunity, nonhost resistance, horizontal 
disease resistance, and nonspecific resistance 

- Also known as induced resistance, R gene-based resistance, gene-for-
gene resistance and specific resistance 

- Triggered by general elicitors, called pathogen-associated molecular 
patterns (PAMPs); therefore, it is also known as PAMP-triggered 
immunity (PTI) 

- Triggered by effector proteins of the pathogens; therefore, it is also 
known as effector-triggered immunity (ETI) 
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Basal defense (innate immunity) and general elicitors 

 basal defenses are triggered by the general elicitors 

   -  invariant pathogen (microbial)-associated molecular patterns  

      (PAMPs/MAMPs), not found in host plants 

   - endogenous elicitors known as damage-associated molecular  

      patterns (DAMPs)     

 the first line of defense response against attempted microbial invasion 

 pattern recognition receptors (PRRs)  

 Examples in plant systems:  

Elongation factor (EF-Tu) vs. EFR (elongation factor receptor) 

Flagellin (flg22) vs. Flagellin sensing 2 (FLS2; receptor-like kinase)   

Boller and Felix, 2009. Annu. Rev. Plant Biol. 60: 379-406. 

- in both animal and plant systems; used to perceive molecular  
   signatures that identify whole classes of microbes     

Chitin vs. LysM RLK1 (receptor-like kinase protein) 
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Flagellin: the monomer of flagellum 

PAMP-triggered immunity 

Zipfel and Felix 2004. Curr. Opin. Plant Biol. 8: 353-360  

flg22 

Felix et al., 1999. Plant J. 18: 265-276  
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PAMP-triggered immunity 

Chinchilla et al., 2010. Trends Plant Sci. 14(10): 535-541. 



18 

An example of DAMP: 

plant cell wall fragments 

Lincoln Taiz and Eduardo Zeiger, 5th eds, Plant Physiology  
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Chinchilla et al., 2007. Adv. Exp. Med. Biol. 598: 358-371 

Plant Immune responses 

T3SS 

Plant resistance (R) 
protein 

Recognize 
bacterial type 

III effectors 

T3SS: type III secretion system 
Resistant host Susceptible host Nonhost 
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Convergent activation of specific CDPKs and MAPK 
cascades in initial MAMP signalling 

Boudsocq et al., 2012. Nature 464: 418-423 



21 

Host resistance (Gene-for-gene resistance) 

pathogen Plant host  

RR rr 

avr 

Resistance 

(incompatible 
interaction) 

Susceptible 
(compatible 
interaction) 

no avr 
 

Susceptible  Susceptible 
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Necrotic defense reaction: through hypersensitive response  

The faster the host cell dies after invasion, the more 
resistant to infection the plant seems to be 

N, nucleus; PS, protoplasmic strands; Z, zoospore; H, hypha; G, 
granular material; NC, necrotic cell 

From “ Plant Pathology” by G. N. Agrios 
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Plant immune responses 

Chinchilla et al., 2007. Adv. Exp. Med. Biol. 598: 358-371 

ion fluxes 

synthesis of ethylene (stress-
related) 

transcription reprogramming 

production of reactive oxygen 
species (ROS) 

Hypersensitive response 

Localized responses 

Systemic responses 

Pathogenesis-related (PR) 
protein expression 

accumulation of salicylic 
acid (SA)  

http://ag.arizona.edu/crop/diseases/papers/dischemistry.html 
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Induced and systemic resistance  

 plant defenses preconditioned by prior infection or treatment that 
results in resistance (or tolerance) against subsequent challenge 
by a pathogen or a parasite 

 Defense priming (termed “sensitization” in 1933) 

     Systemic acquired resistance (SAR)  

     Induced systemic resistance (ISR) 

     Resistance induced by symbiotic fungi 

     -aminobutyric acid-induced resistance (BABA IR) 

     Wound-induced resistance 

 a physiological “state of enhanced defensive capacity” elicited by 
specific environmental stimuli, which is effective against a broad 
range of pathogens or parasites, including bacteria, fungi, virus, 
nematodes, parasitic plants, and insect herbivours 

 have potential to be applied in the field  
Vallad and Goodman (2004) Crop Sci. 44: 1920-1934 

Conrath, U. (2011) Trends Plant Sci. 16: 524-531 
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Induced and systemic resistance  

van Wees et al. 2008. Curr. Opin. Plant Biol. 11: 443-448 

Pieterse and van Loon, 2004. Curr. Opin. Plant Biol. 7: 456-464 
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Defense priming  

Tanou et al.(2012) Front Plant Sci. 3: 216. 

The physiological condition in which plants are able to better 
or more rapidly mount defense responses, or both, to biotic or 

abiotic stress, is called the “primed state” of the plant 
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Phytohormones involved in plant disease resistance 

Pieterse et al. 2009. Nat. Chem. Biol. 5: 308-316. 

Plant hormones (also known as phytohormones) are signal 
molecules which can be used to regulate plant growth 
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Pieterse et al. 2009. Nat. Chem. Biol. 5: 308-316. 

Tools to study the role of phytohormones 
in the plants’ immune responses 

www.plantpath.cornell.edu. 

Mutants 

Hormone 
synthesis 

Perception  

signaling 
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López et al. 2008. Curr. Opin. Plant Biol. 11: 420-427. 
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Wounding/ insect 
herbivores 

López et al. 2008. Curr. Opin. Plant Biol. 11: 420-427. 
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Systemic acquired resistance (SAR) 

• Found in 1961 by A. Ross 

-- Tobacco plants challenged with tobacco mosaic virus (TMV) subsequently 
developed increased resistance to secondary infection in distal tissues 
(Ross 1961. Virology 14: 340-358.) 

• Onset of SAR requires accumulation of salicylic acid (Metraux et al. 1990. 

Science 250: 1004-1006.) and coordinated expression of pathogenesis-
related (PR) proteins (Cote et al. 1991. Mol. Plant-Microbe Interact. 4: 173-181.) 
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Systemic acquired resistance (SAR) 

Durrant and Dong., 2004. Annu. Rev. Phytopathol. 42:185-209 

Key regulators 

EDS1/PAD4 

NPR1  
(Non-expressor of Pathogenesis Related 1) 
(also known as NON-IMMUNITY 1 [NIM1]) 

Required for accumulation of 
salicylic acid  

Required for SAR as well as other defense-
signaling pathways and regulates PR protein 
expression through interaction with TGA 
transcription factors activated by SA 
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Redox control of systemic acquired resistance 

Oxidized NPR1: 
inactive form 

accumulation of 
antioxidants? 

Pieterse and van Loon, 2004. Curr. Opin. Plant Biol. 7: 456-464 

coactivator 

Reduced form 
of TGA1 

Activation sequence-1 (as-1) 
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NPR1 as a modulator of crosstalk between 
SA and JA-dependent defense responses 

Pieterse and van Loon, 2004. Curr. Opin. Plant Biol. 7: 456-464 

(ubiquitin-ligase complex) 
Inactive 

form 

active 
form 
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Dual role of the proteasome in preventing and 
stimulating NPR1 target gene transcription 

Spoel et al. 2009. Cell 137: 860-872 

Oxidized, 
inactive form 

Reduced, 
active form 
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Fu and Dong, 2013. Annu. Rev. Plant Biol. 64: 839-863 

Infected cells Neighboring cells 

NPR3/4 are SA receptors 
which mediate SAR through 
controls of NPR1 stability 

High [SA] Low [SA] 

NPR4-mediated degradation of 
NPR1 in the absence of infection 
prevents spurious activation of 
resistance 
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ICS: isochorismate synthase 

pathogen 

? 
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