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Abstract. Research in plant pathology is changing dramatically. Genomic and post-genomic investigations are
generating large datasets, which allow the formation of holistic and predictive investigations of both pathogens and
their plant hosts. The genomes of plant pathogenic bacteria are relatively easy to sequence, thus leading to further
investigations on gene expression, proteomics and metabolomics. One of the emerging models for studying bacterial
pathogenesis is Pseudomonas syringae pv. tomato strain DC3000 (Pst DC3000). This review will focus on the use
of ‘post-genomic’ tools that provide insight into the interaction of Pst DC3000 with its various plant hosts.

Introduction
The genomes for over a dozen plant pathogenic bacteria

have been completed, and at least 30 additional sequencing
projects are underway (Preston et al. 2005). Most of the
phytopathogenic bacteria that have been sequenced contain a
circular chromosome and plasmids of varying sizes (Puhler
et al. 2004). The data obtained from genomic sequencing
projects have expanded the array of genes predicted to control
pathogenic interactions with plants, and include genes that are
required for adhesion, production of phytotoxins and plant
growth hormones, resistance to oxidative stress, plant cell
wall degradation, secretory systems, and interference and/or
suppression of host defences. Collectively, these represent
∼6% of the genes identified in the genomes of bacterial
plant pathogens (Puhler et al. 2004). It is now obvious that
a variety of high throughput techniques will be required to
validate the predictions obtained from sequence analysis.
Methods that address metabolism, secretion systems and
the proteome will be required. The application of some
of these techniques has been applied to the study of the
model pathogen, Pseudomonas syringae pv. tomato (Pst)
strain DC3000.

Pseudomonas syringae pv. tomato and close relatives

P. syringae pv. tomato DC3000 (Pst DC3000) is a
pathogen of tomato (Cuppels 1986), Arabidopsis thaliana
(Whalen et al. 1991), and edible Brassica spp. (Zhao et al.
2000; Keith et al. 2003). On tomato, Pst DC3000 causes a
disease known as bacterial speck, which is characterised by
dark brown to black lesions on leaves, fruit and stems; tissue

adjacent to the lesions is often chlorotic. On edible, leafy
Brassica spp. (e.g. broccoli, cabbage, cauliflower, turnip,
radish, etc.), Pst DC3000 can produce a disease that is
indistinguishable from P. syringae pv. maculicola (Psm)
(Zhao et al. 2000). Pst DC3000 also induces water-soaked,
spreading lesions, surrounded by a chlorotic margin on the
model plant, Arabidopsis thaliana (Whalen et al. 1991).

Bacterial speck of tomato occurs worldwide wherever
tomatoes are grown (Goode and Sasser 1980). Lesions can
make the fruit unfit for the fresh market and increase the
costs of harvesting and grading. Pst can survive on the seed
surface for many years in the form of aggregates, especially
inside the cavities of the seed surface (Bashan et al. 1982).
The pathogen can also survive as an epiphyte on greenhouse-
grown tomato plants for extended periods of time (Smitley
and McCarter 1982). Transplants infested with Pst may go
undetected because of lack of visible symptoms and thus
become an important inoculum source for field epiphytotics
(Goode and Sasser 1980).

Life cycle of Pst DC3000

The infection of plants by Pst DC3000 initially involves
epiphytic (surface) colonisation of leaves and other plant
parts. Interestingly, Pst DC3000 is not a good epiphyte, and
the initial population on the leaf surface seldom exceeds
105 cfu/g of leaf tissue (Boureau et al. 2002). This is in
contrast to the related pathogen, P. syringae pv. syringae
(Pss) B728a, which multiplies epiphytically and reaches
populations approaching 107 cfu/g on the surface of bean
leaves (Hirano and Upper 2000). Comparison of the genomes
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of Pst DC3000 and Pss B728a has shown that the latter strain
has many unique traits that contribute to epiphytic fitness,
including genes encoding ice nucleation, copper resistance
and UV repair (Feil et al. 2005). Once in the apoplast
of susceptible plants, virulent Pst DC3000 must overcome
or suppress general antimicrobial defences before they can
multiply aggressively (Jin et al. 2003).

Virulence is multifactorial

One component of virulence in Pst DC3000 is the
type III secretion system (TTSS), which is required for
growth of P. syringae in susceptible host plants and the
activation of plant defence in nonhost plants (Jin et al.
2003). These host responses are elicited when the TTSS
delivers effector proteins to the plant cell, presumably via
the hrp pilus (Collmer et al. 2002; He and Jin 2003).
The availability of the genomic sequence of Pst DC3000
(Buell et al. 2003) has resulted in the identification of
the entire repertoire of TTSS effectors, and the analysis
of pathogen gene expression during infection (Boch et al.
2002; Greenberg and Vinatzer 2003; Chang et al. 2005).
The availability of sequence data from both pathogen and
host has, and will continue to, significantly affect research
in the coming decade, as this has greatly facilitated the
identification of key genes involved in pathogenesis and
disease development.

Coronatine, an important aspect of virulence
in Pst DC3000

Although the TTSS is the most-intensively studied
aspect of virulence in Pst DC3000, other aspects of
virulence include global regulatory genes (Alarcon-Chaidez
et al. 2003; Chatterjee et al. 2003), exopolysaccharides
(Keith et al. 2003) and phytotoxins (Bender and Scholz-
Schroeder 2004). Coronatine (COR) is a chlorosis-inducing
phytotoxin produced by several pathovars of P. syringae
including pv. alisalensis, atropurpurea, glycinea, maculicola,
morsprunorum and tomato (Bender and Scholz-Schroeder
2004). COR contributes to the multiplication of P. syringae
in planta and lesion formation or expansion in several
host plants, including ryegrass, soybeans, tomatoes and
several crucifers (Bender and Scholz-Schroeder 2004).
COR consists of two distinct structural components:
(1) the polyketide coronafacic acid (CFA) and (2) coronamic
acid (CMA), an ethylcyclopropyl amino acid derived from
isoleucine (Ichihara et al. 1977; Parry et al. 1994). CFA
and CMA function as biosynthetic intermediates and are
joined together by an amide linkage to form the parent
compound, COR (Ichihara et al. 1977). CMA is a structural
analogue of 1-aminocyclopropane-1-carboxylic acid (ACC),
an intermediate in the pathway to ethylene in higher plants.
It has also been noted that COR is a structural and functional
analogue of jasmonic acid (JA) and related signalling
compounds such as MeJA and 12-oxo-phytodienoic acid

(12-OPDA), the C18 precursor of JA/MeJA (Weiler et al.
1994). OPDA, JA, MeJA and other octadecanoids affect the
regulation of diverse plant responses including biotic stress
(Farmer et al. 2003), wounding (Howe and Schilmiller 2002),
abscission (Burns 2002) and volatile production (Weber
2002). The identification of the Arabidopsis coi1 (coronatine
insensitive) mutant supports the hypothesis that COR is
a functional analogue of MeJA (Feys et al. 1994). More
recently, a JA insensitive mutant (jai1) of tomato, which is
also insensitive to COR, was identified as a homologue of
the Arabidopsis COI1 (Zhao et al. 2003; Li et al. 2004).
jai1 plants, like the Arabidopsis coi1 mutant, are insensitive
to COR and exhibit resistance to strains of P. syringae that
produce COR (Zhao et al. 2003).

Although COR is involved in various physiological
responses, we do not understand how COR is perceived in
different tissues, precisely how it functions, and to what
extent it mimics MeJA. Previous reports have documented
the production of ethylene in COR-treated tissue (Kenyon
and Turner 1992), a response that may be attributed to the
structural similarities between CMA and ACC.

Transcript profiling: a tool to better understand
interactions between plants and P. syringae

We recently used cDNA microarrays to investigate the
molecular processes that are regulated by MeJA, COR,
CFA and CMA in tomato leaves (Uppalapati et al. 2005).
We found that COR and MeJA, but not CMA, induced
genes involved in the synthesis of ethylene (Uppalapati
et al. 2005). Ethylene plays an important role in the
symptoms associated with bacterial speck of tomato; for
example, plants that are insensitive to ethylene show impaired
disease symptoms (Lund et al. 1998), and ethylene has
been implicated in chlorosis and senescence (Stall and Hall
1984). Ethylene production was observed in COR-treated
leaves and was produced when COR-producing bacteria
infected susceptible host plants (Kenyon and Turner 1992).
In our transcript profiling experiments, COR induced genes
associated with ethylene biosynthesis and responsiveness,
suggesting that COR may modulate ethylene as a virulence
strategy (Uppalapati et al. 2005).

COR also induced the expression of a set of auxin-related
genes, implying that auxin levels also play an important
role in pathogenesis (Uppalapati et al. 2005). In a study
using potato tubers and mung bean hypocotyls (Sakai et al.
1979), auxin and COR were speculated to have different
primary sites of action but similar physiological activities.
Our results support this study and suggest that the COR-
induced JA pathway may positively regulate auxin responses
in tomato. This is consistent with the hypothesis that JA and
auxin may function via a common signalling intermediate
that modulates response to multiple plant hormones
(Devoto et al. 2003).
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Our results show that COR modulates genes involved
in the pathways to JA, ethylene and auxin. This raises an
interesting question: should COR be considered a phytotoxin
or a phytohormone mimic? It is not surprising that COR
targets these particular phytohormone pathways, as both
ethylene and JA are known to positively regulate susceptible
interactions between tomato/Arabidopsis and P. syringae
(Kunkel and Brooks 2002). A popular hypothesis is that
COR may act as a suppressor of defence response(s),
possibly by suppressing salicylic acid-dependent defences
in Arabidopsis and tomato (Kloek et al. 2001; Zhao et al.
2003). Although suppression of SA-mediated defences
was not observed using exogenously applied COR, genes
involved in JA biosynthesis and responsiveness were induced
by COR (Uppalapati et al. 2005). Mutual antagonism
between JA- and SA-mediated defence pathways is well
documented (Kunkel and Brooks 2002); consequently, COR
may stimulate the JA pathway at the expense of SA-dependent
defence responses.

Comparison of transcriptional changes regulated
by COR and MeJA

Two recent reports document the existence of
JA-modifying enzymes, including a MeJA esterase
and a JA amino acid synthetase (Staswick and Tiryaki 2004;
Stuhlfelder et al. 2004). Presumably, a MeJA esterase could
cleave exogenous MeJA to form JA, which could be further
metabolised by a JA amino acid synthetase to form JA amino
acid conjugates. These metabolised products of MeJA, along
with the other MeJA-induced phytohormones (e.g. ethylene,
IAA) could contribute to the secondary transcriptional
changes in MeJA-treated leaves. This process may enable
plant cells to ‘fine tune’ the chemical signals that regulate
plant growth and help maintain jasmonate homeostasis
(Staswick and Tiryaki 2004). However, it remains unclear
whether COR is metabolised and forms conjugates with
amino acids in planta. There are very striking differences in
the structure of COR and MeJA, and these changes might
enable COR to ‘evade’ MeJA modifying enzymes. If COR
is not further metabolised, this could lead to perturbations
in JA homeostasis and result in phytotoxicity. Clearly, there
are many unresolved questions regarding the activity of
COR in modulating phytohormone pathways. Experiments
are underway to further analyse COR/MeJA-responsive
genes and the potential receptors for these compounds,
which will help elucidate the mechanism of action for both
COR and MeJA.
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