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ABSTRACT
Phytophthora medicaginis is an important soil-borne oomycete pathogen of lucerne
(Medicago sativa) and chickpea (Cicer arietinum) within Australia and overseas. To
understand the host/pathogen interaction, a pathosystem was developed using the model
legume Medicago truncatula. Using the resources developed for genetics and molecular
characterisation in this model plant, the aim of this research was to understand the
interaction between M. truncatula and P. medicaginis, with a view to improving
resistance to this important pathogen in related legumes.

To observe and characterise the interaction between M. truncatula and P. medicaginis, a
pathosystem was developed by first screening a germplasm collection of 99 M.
truncatula accessions. This revealed a continuous distribution in disease phenotypes
with variable extremes in natural resistance to P. medicaginis culture UQ5750, isolated
originally from M. sativa.

P. medicaginis zoospore inoculation of 1-2 week-old

seedlings in glasshouse experiments proved to be a robust and repeatable method to
consistently confirm the responses observed for six key M. truncatula accessions;
SA8618 and SA8623 exhibit high natural resistance to this pathogen, accession A17 is
moderately resistant, A20 is moderately susceptible and accessions Borung and
SA30199 are susceptible.

To characterise the genetic basis of resistance to P. medicaginis, two reciprocal F2
populations from cross pollinations between A17 and Borung and SA8618 and
SA30199 were produced and then phenotyped for disease symptoms.

Genetic

segregation patterns indicated the involvement of a gene with a major effect in both
reciprocal populations. In particular, a 3:1 segregation ratio for resistance in the F2
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populations from cross pollinations between A17 and Borung indicated the possibility
of a single dominant gene for moderate resistance. Further phenotyping of F3 families
is required to verify this.

A M. truncatula linkage map was constructed using 50 F2 individuals of the A17 X
Borung population and 49 F2 individuals from the Borung X A17 population. The map,
covering 519.3 cM, is comprised of 84 SSR markers with an average distance between
markers of 8.7 cM. These are evenly spaced over 7 linkage groups, including a super
linkage group conferred by a translocation event between LG4 and LG8 of accession
A17.

Quantitative trait locus (QTL) analysis confirmed there was a QTL with a major effect
in the A17/Borung reciprocal populations.

A significant QTL was determined by

quantifying two symptoms of P. medicaginis infection - proportion of dead/chlorotic
leaves and root fresh weight. The trait loci for both symptoms were located on the same
linkage group within the same region, supporting the putative position of the QTL and
the authenticity of its involvement in resistance to P. medicaginis. This QTL was
located on LG6 and accounted for 69.5% of the observed variation in proportion of
dead/chlorotic leaves or 38.1% of the variation in root fresh weight within the
inoculated populations.

The effect of this QTL on resistance to P. medicaginis

translated into 27.5% less dead/chlorotic leaves or 0.86 g more root fresh weight. Other
QTLs with minor effects that are potentially involved in the interaction are located
elsewhere on LG6 and LG2. However, the marker density of the linkage map and the
population size need to be increased to verify this.
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In parallel to this, an F7 recombinant inbred line (RIL) population of chickpea (BG212
X Jimbour), developed by breeders at the New South Wales Department of Primary
Industries (NSW DPI), was also assessed for the genetic basis of resistance to P.
medicaginis. Variance component analysis of phenotype scores for this intraspecific
RIL population indicated that 57.15% of the differences in between-family and withinfamily variance could be attributed to a genetic component. However, gene-based
markers developed in M. truncatula and established simple sequence repeat (SSR)
markers of chickpea were not sufficiently polymorphic in size to produce a linkage map
for further QTL analysis.

An interspecific cross between C. arietinum and C. echinospermum (Howzat X
ILWC246) was also performed by breeders at the NSW DPI to develop RILs. In the
duration of this research these interspecific RILs were bred to generation F3 and
phenotyping assessment had not been performed. However, marker screening of the
parents revealed 122 size polymorphic chickpea SSR markers. A sufficient linkage map
could be produced for QTL analysis once field assessment of this population is
performed. Initial screening of the M. truncatula gene-based markers on the parents of
this interspecific cross also revealed that 50% show a sequence-identified base pair
difference.

A chickpea linkage map incorporating these markers could be

comparatively mapped with M. truncatula.

Molecular investigations of the M. truncatula/P. medicaginis pathosystem were
performed to elucidate the possible underlying defence mechanisms involved in the
observed resistance. To determine the function of ethylene in the resistant response, the
characterisation of defence associated mutants of M. truncatula and Agrobacterium
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rhizogenes-mediated ‘hairy root’ transformations were employed.

Comparison of

response to inoculation of an ethylene insensitive mutant of M. truncatula (sickle) with
the moderately resistant background genotype A17 showed that sickle was
hypersensitive to P. medicaginis. This indicated that ethylene insensitivity was not the
source of resistance to this pathogen and importantly that ethylene is a key defence
signalling molecule in the moderate resistance of A17 to P. medicaginis.

Agrobacterium-mediated ‘hairy root’ transformations of M. truncatula with 4GCC::Luc
constructs, revealed that the production of ethylene and consequently ethylene response
factors (ERFs) after inoculation by P. medicaginis was a general defence reaction by all
accessions. The two susceptible M. truncatula accessions exhibited a much stronger
and earlier response to inoculation than the highly resistant and moderately resistant
accessions.

This indicated that the resistant response may be directed by a

transcriptional component governed by the host genotype, downstream of ethylene
production. The M. truncatula/P. medicaginis ‘hairy root’ transformation assay has
scope to be a powerful functional genomics tool for this pathogen interaction.

Reverse transcriptase quantitative polymerase chain reaction (RTqPCR) was employed
to determine the general patterns of gene expression and function underlying the
response to P. medicaginis infection. Relative changes in gene expression of key
enzymes in each of the salicylic acid, jasmonic acid, ethylene and isoflavonoid defence
pathways and in genes encoding downstream target proteins revealed potential genes
involved in the resistance to P. medicaginis. There was a distinct molecular difference
in the response between the high and moderately resistant M. truncatula phenotypes to
this pathogen. Moderate resistance to P. medicaginis in M. truncatula is possibly
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mediated by ethylene and involves the considerable induction of pathogenesis related
protein 5 (PR5), which was not the same defence response that conferred the high
resistance to P. medicaginis. Early and consistent expression of genes encoding key
enzymes of the isoflavonoid pathway by the highly resistant accession indicated that
phytoalexin response could be associated with the high resistance. Confirmation of the
involvement of isoflavonoid phytoalexins in the high resistance response to P.
medicaginis merits further investigation.
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