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Investigating rust resistance with 
the model grass Brachypodium
D..F..Garvin

Abstract  
The model plant Arabidopsis thaliana has provided 

unique opportunities to explore and unravel many key 
biological features of plant biology including disease 
resistance. However, the inability of rust fungi of the 
genus Puccinia to infect Arabidopsis has prevented 
its use in exploring grass-rust interactions. The model 
plant Brachypodium distachyon is a member of the 
same grass subfamily as the principal cool-season 
grain crops, and can be infected with various Puccinia 
species. We have focused our efforts on establishing 
Brachypodium as a model for exploring grass - Puccinia 
graminis interactions. Brachypodium can be successfully 
infected by different formae speciales of the stem rust 
pathogen, including P. graminis f. sp. tritici. A wide range 
of response to stem rust occurs in Brachypodium and 
efforts are underway to decipher the genetic basis for 
this variation using recombinant inbred populations 
from parents with differing levels of response. Similarly, 
induced mutants with compromised stem rust resistance 
have been identified and are now being employed 
within a program to understand the molecular biology 
of stem rust resistance and susceptibility. Our results 
to date suggest that Brachypodium holds promise as a 
model plant for advancing our understanding of stem 
rust resistance.
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Introduction
Members of the fungal genus Puccinia, including P. 

triticina, P. graminis, and P. striiformis, cause significant 
losses in cool-season grain crops in many areas of the 
world. The ongoing threat from these pathogens which 
respectively cause leaf rust, stem rust and stripe rust on 
wheat, has led to widespread and successful breeding 
for resistance. Nonetheless, the potential for the 
emergence of new virulent races that overcome existing 
resistance persists and so maintaining resistance is an 
ongoing endeavor. Historically, most of the resistance 

to these pathogens has derived from major race-
specific resistance genes. More recently increased 
attention has been given to identification of race 
non-specific resistance genes that can provide durable 
resistance. Both strategies rely upon natural variation 
in the particular crop. An additional area of interest for 
securing durable rust resistance is non-host resistance. 
The rust fungi are specialized to their hosts and thus 
do not cause disease in non-hosts, and so unraveling 
the biological basis of non-host resistance may provide 
novel avenues for controlling the diseases in a manner 
complimentary to the deployment of race-specific and 
non-race specific resistance genes. A model system 
would be particularly useful for research on exploring 
the to-date amorphously characterized concept of non-
host resistance.

Recently, Brachypodium distachyon (Brachypodium) 
has emerged as a bona fide model grass. A series 
of features of this species that are akin to those of 
Arabidopsis lend themselves well to a model system. 
For instance, the species is petite and spring habit 
genotypes can exhibit a rapid life cycle of 2 months 
under appropriate growth conditions (Garvin et al. 
2008). Brachypodium has a small 272 Mb genome, 
approximately the same average size as a chromosome 
arm of wheat (The International Brachypodium Initiative 
2010). Recently a multitude of genetic and genome 
resources has become available for Brachypodium 
including freely available inbred reference genotypes 
(Vogel et al. 2006, 2009; Filiz et al. 2009) with more being 
developed from a wide geographic range, recombinant 
inbred lines, T-DNA tagged mutants (Thole et al. 2009; 
see also http://brachypodium.pw.usda.gov/), a genetic 
linkage map (Garvin et al. 2010) with a higher resolution 
one soon to be released, efficient Agrobacterium 
transformation methods (Vogel and Hill 2008; Alves et 
al. 2009), BAC libraries and physical maps, and lastly a 
high quality draft genome sequence (The International 
Brachypodium Initiative 2010) with several dozen 
additional genotypes to be resequenced by the US-DOE. 
Access to these resources has dramatically accelerated 
research with Brachypodium in recent years.

Importantly, Brachypodium belongs to the 
large and complex grass subfamily Pooideae, which 
encompasses the majority of the economically 
important cool-season grasses including turf, 
forage and cereal grain crops. While belonging to a 
monophyletic tribe that is estimated to have diverged 
from the Triticeae and other important pooid tribes 
approximately 35 million years ago (The International 
Brachypodium Initiative 2010), Brachypodium is 
reported to be a host for a variety of Puccinia species 
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(Watson and Dallwitz 1992; Draper et al. 2001). Thus, 
Brachypodium may be a useful experimental portal 
to increase our biological understanding of grass-rust 
pathogen interactions. We sought to examine the 
potential utility of Brachypodium as a model for such 
research, with a focus on stem rust.

Screening for stem rust isolates that 
infect Brachypodium

A set of 5 inbred diploid Brachypodium genotypes 
was employed for an initial screen with a set of Puccinia 
isolates representing eight diverse Puccinia species 
and three different P. graminis f. sp. Pots containing 
the Brachypodium genotypes were spray-inoculated 
at the one to two leaf stage with the different Puccinia 
isolates and then subjected to an overnight dew 
period. One of the isolates, P. graminis f. sp. phlei-
pratensis, produced a very small number of sporulating 
pustules. The result has since been confirmed 
repeatedly in subsequent inoculations, and mist 
chamber conditions have gradually been optimized to 
obtain consistent results (Fig. 1). As well, new isolates 
since collected from timothy (Phleum pratense) have 
been used to confirm the pathogenicity of Puccinia 
graminis f. sp. phlei-pratensis on Brachypodium.

Natural variation for stem rust 
resistance in Brachypodium

The aforementioned experiments also revealed 
that there is significant natural variation between 
Brachypodium genotypes for resistance to P. graminis 
f. sp. phlei-pratensis, ranging from nearly immune to 
significant levels of pustule development, although 
none of the genotypes so far screened can be 
considered fully susceptible (Fig. 1). As part of our 
lab’s research with Brachypodium, we are developing 
or have completed development of a series of 
recombinants inbred line populations (RILs). Among 
the first RILs developed is a set derived from a cross 
between the most and least resistant Brachypodium 
genotypes. These were evaluated for segregation 
in stem rust response, with results suggesting both 
major gene effects and the action of modifiers/minor 
genes. With the plethora of Brachypodium genomic 
resources, as well as new genomics tools, we are 
seeking to further characterize the genes underlying 
both major stem rust resistance genes and modifiers 
and minor genes in future studies.

Infection of Brachypodium by 
P. graminis f. sp. tritici

We were interested in determining if Brachypodium 
could serve as a surrogate for research on stem rust 
of wheat and barley. Thus, several races and isolates 
of P. graminis f. sp. tritici were used in a disease screen 
of approximately two dozen diverse Brachypodium 
genotypes at the single leaf and later growth stages. 
Disease phenotypes varied depending on the race/
isolate (Fig. 2), but a small subset of genotypes 
was identified on which pustule development was 
pronounced. However, over time plants do mount 
a defense response and thus no genotypes were 
considered fully susceptible. Reinoculation of plants 
approximately 14 days after initial primary leaf 
inoculations revealed that the correlation between 
disease development on primary and later developing 
leaves was imperfect, with some genotypes exhibiting 
significant disease development on primary, but not on 
later leaves. We are developing populations involving 
new genotypes that show the highest levels of stem rust 
susceptibility to explore its genetic basis.

Fig 1.Infection.of.Brachypodium.by.P..graminis.f..sp..
phlei-pratensis...A,.primary.leaves;.B,.leaf.on.culm;.C,.
culm;.D,.differential.infection.of.primary.leaves.of.two.
different.Brachypodium.genotypes.

Fig 2.Examples.of.disease.phenotypes.observed.on.
different.Brachypodium.genotypes.inoculated.with.a.
single.race.of.P..graminis.f..sp..tritici..A,.primary.leaves;..
B,.older.leaves.
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Mutagenesis as a tool to dissect the stem 
rust resistance response

Mutagenesis is a potent tool for assisting in the 
dissection of plant defense response pathways. We 
have screened both EMS-treated and gamma-irradiated 
populations of a highly resistant Brachypodium 
genotype to identify mutants with compromised 
resistance to P. graminis f. sp. phlei-pratensis. A number 
of mutants derived from both treatments were identified 
with increased susceptibility relative to the wild type 
parent (Fig. 3). We are now employing these for research 
to examine the genetic basis of susceptibility to this 
and other P. graminis f. sp., and to generate resources 
for broader genome analysis of stem rust resistance and 
susceptibility.

Conclusions
Brachypodium is an attractive model for disease 

resistance research relevant to wheat, barley, and other 
cool-season cereal grains. Its petite stature, rapid life 
cycle, compact but comparable gene content, and 
evolutionary affinity to these crops, coupled with the 
fact that it can be infected by P. graminis, suggests that it 
may be a useful surrogate to dissect aspects of stem rust 
resistance in a manner unattainable in the crop species 
themselves.
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