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Non-host resistance of rice to cereal rust

Nearly all agricultural cereals, and most grasses suffer 

from rust pathogens

Rice is atypical--it does not have a known rust pathogen

What is the genetic/biochemical basis of rice NHR? 

Can rice NHR to rust be transferred to wheat?



Discussion

ÅBackground and NHRðcurrent 
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ÅProject 

o Objectives

o Approach
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o Outlook 



Lipka et al 2005. Science 310:1180

Arabidopsis vs  barley powdery 

mildew (Blumeria graminis f. sp 

tritici)

Three ñpenetrationò mutations 

(PEN)---from screening 12,000

PEN1 encodes a syntaxin 

protein, involved in targeting 

vesicles to the site of 

attempted penetration 

PEN2 encodes a peroxisome-

localised glycoside hydrolase. 

PEN3 encodes a plasma-

membrane localised ATP-

binding cassette transporter

Layers of defense mechanisms

3 gene mutations



Loehrer et al. 2008 MPMI 21: 1421-1430

pen3-1

jasmonic acid (jar1-1)

salicylic acid (sid2-1) 

Increase fungal growth in 

double mutants

Non-host resistance in Arabidopsis to Asian 

soybean rust 



Other NHR interactions with rust pathogens
Cow pea rust, Uromyces vignae, infection of Arabidopsis

EDS1 and NDR1 mutations and no effect

SID2 and NahG showed increased growth

Wheat leaf rust growing on Arabidopsis

Only 0.2% produced haustoria

Reactive oxygen species produced and salicylic acid produced

Barley leaf rust infection of wheat

Rapid HR produced

Inhibitors of PAL and CAD had no effect

Treating plants with D-mannose reduced cell death 3 dpi

Asian soybean rust on Arabidopsis

PEN genes mutations increased fungal growth

Pen + jar1 or sid2 or eds1 increased fungal growth



Plant defense mechanisms that must be circumvented 

for successful infection by a plant pathogen

Ayliffe et al. Proceeding chapter



Research partners

CSIRO

Microscopy screen

Mapping populations

Rust pathology

USDA-ARS

University of 

Minnesota

Germplasm/mutant

Macro-screen

Huazhong Agr. Univ

NW Agri Forestry Unvi

T-DNA mutant screen

Stripe rust

IRRI

Germplasm/mutants

Pre-screen loss-of 

resistance mutants

Genetics/double mutants

Rust pathology



Preliminary results

1. Assembly of rust pathogen isolates and rice 

genetic resources

2. Micro and macro-phenotyping techniques

3. Rice mutants

loss-of-basal defense to rice diseases

4. Screening Germplasm

Genetic variation among genotypes



�‹ Ample rust inoculum has been increased for:

�‹ 10 races of Puccinia graminis f. sp. tritici

�‹ 5 races of Puccinia graminis f. sp. avenae

�‹ 3 isolates of Puccinia graminis f. sp. secalis

�‹ One or more isolates each of: 
�‹ Puccinia graminis f. sp. lolii
�‹ Puccinia graminis f. sp. festucae
�‹ Puccinia graminis f. sp. poae
�‹ Perhaps others to follow

Rust isolates increased 


