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To demonstrate that plants can detect and
OBJECTIVE:
report exposure to a range of potentially pathogenic
The ultimate objective is to develop a plant or
microbes.
plants that can detect and report these selected exposures.
First,
APPROACH: The project had two major thrusts.
volatile emissions were collected from Arabidopsis thaliana
and other plant species (e.g., maize, tobacco) exposed to
several species and genotypes of plant and animal
pathogenic microbes in the laboratory and compared with
emissions from ininfected plants to identify volatile
Second,
"fingerprints" specific to the infecting microbe.
suppressive subtractive hybridization was used to compile
of Arabidopsis thaliana genes expressed in response
lists
Goals of this work included
to specific pathogens.
identifying microbe-responsive promoters that could be used
to drive reporter constructs, and locating genes
responsible for volatile production.
The project was terminated early, in its
ACCOMPLISHMENTS:
Experiments assessing volatile emissions from
second year.
tobacco plants exposed to several pathogens were completed.
evidence that a plant emits a
These provided the first
specific mix of volatiles that serves as a fingerprint of
Volatile fingerprints were found to be
the exposure.
Volatile emissions allowed us to
highly specific.
distinguish between plants treated with two different
pathovars of the bacterium Pseudomonas syringae (pv.
maculicola and pv. tomato), and with wild type and mutant
forms of P. syringae pv. tomato that differ by only one
Key compounds that varied among these volatile mixes
gene.
were beta ocimene, caryophyllene and methyl salicylate.
Similar experiments were carried out with peanut
They were found to emit characteristic volatile
plants.

Further
mixtures in response to exposure to white mold.
experiments indicated that these volatile profiles differ
from those elicited by insects, and influence insect growth
on infected peanut plants.
To determine whether bacteria other than plant
pathogens might elicit similar responses, tobacco plants
were exposed to the insect pathogen, Bacillus thuringiensis
Volatile samples collected 48h after leaves
var. kurstaki.
were inoculated indicated that this bacterium also elicited
example of a plant
This is the first
a unique mixture.
response to an animal pathogen. It is particularly
intriguing because B. thuringiensis is thought to be the
closest living relative of B. anthracis (anthrax).
Efforts to carry out similar studies of volatiles with
We
Arabidopsis thaliana were not completely successful.
found that A. thaliana emits few volatiles in very small
amounts, making efficient experimentation difficult and
in the field. A
reducing the likelihood of their utility
large number of A. thaliana ecotypes were grown from seed,
were
These trials
in an attempt to find a better emittor.
underway when the project ended.
The gene expression studies produced independent
libraries of Arabidopsis genes expressed in plants
inoculated with the plant pathogens P. syringae, P.
fluorescens, and Alternaria brasssicola. Among these we
found several promoter sequences that could be used to
These libraries have been added
drive reporter constructs.
to a microarray comprising a collection of "stress-response
The
genes" from a range of plant exposure circumstances.
or
we
could
employ
this
microarray
project was ended before
develop response-reporter constructs from these libraries.
CONCLUSIONS: As proposed, some plants (perhaps all plants)
emitted highly distinctive suites of volatiles when exposed
to various plant pathogens, and to one animal pathogen.
that
Volatile mixes remain the only phenotypic trait
There is
provides a 'fingerprint' of such exposures.
considerable variation among plant species (and genotypes)
Gene expression
in the volume of volatiles emitted.
profiles are also distinctive fingerprints of exposure to
microbes, as expected.
There is preliminary support for
the idea that stimulus-specific promoters and reporter
constructs could be developed from such profiles.
to show that
SIGNIFICANCE:
Our studies are the first
plants emit specific volatile mixes in response to
particular microbial genotypes, even those differing by

only a single gene.
This provides evidence for
considerably greater environmental sensitivity and
The molecular
responsiveness than anticipated for plants.
resources developed here have been carried forward and are
in use in an NSF-sponsored study of Arabidopsis responses
to pests and in a DARPA-sponsored study of plant
receptor/response circuits.
PATENT INFORMATION:
No patent applications have been filed
as a result of this work.
Tumlinson was appointed to the R.O.
AWARD INFORMATION:
Raina
Mumma Chair in Entomology at Penn State University.
was appointed Associate Professor with tenure at Syracuse
University.
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