
Abstract. Many organisms use fatty acid derivatives as
biological regulators. In plants, for example, fatty acid-
derived signals have established roles in the regulation of
developmental and defense gene expression. Growing
numbers of these compounds, mostly derived from fatty
acid hydroperoxides, are being characterized. The model
plant Arabidopsis thaliana is serving a vital role in the
discovery of fatty acid-derived signal molecules and the
genetic analysis of their synthesis and action. The
Arabidopsis genome sequencing project, the availability
of large numbers of mutants in fatty acid biosynthesis
and signal transduction, as well as excellent pathosys-
tems, make this plant a tremendously useful model for
research in fatty acid signaling. This review summarizes
recent progress in understanding fatty acid signaling in
A. thaliana and highlights areas of research where
progress is rapid. Particular attention is paid to the
growing literature on the jasmonate family of regulators
and their role in defense against insects and microbial
pathogens.
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Introduction

It is likely that most (and perhaps all) organisms use
fatty acids and their derivatives as signal molecules to
control processes as diverse as reproduction, social

behavior, sleep, metabolism and defenses. In plants,
fatty acid signals have crucial roles in defense and
development, and their study has implications in basic
biology as well as in agriculture. Fatty acid signaling is
being studied in dozens of species of higher plants
(Farmer 1994; Creelman and Mullet 1997; Mueller 1997;
Wasternack and Parthier 1997). One species, however,
stands out as having the potential to rapidly yield large
amounts of new information in this area: Arabidopsis
thaliana. The extensive use of mutants for studies of
fatty acid metabolism (Ohlrogge and Browse 1995) and
the rapidly progressing genome project (http://genome-
www.stanford.edu/arabidopsis/) are but two factors that
are helping to make A. thaliana an indispensable tool in
our e�orts to understand signal pathways in the
development and defense of plants.

Jasmonic acid (JA), a 12-carbon fatty acid cyclo-
pentanone (and/or its precursors), is essential for the
completion of the A. thaliana life-cycle. Without it, or in
plants unable to perceive JA, this plant does not
generate viable pollen (Feys et al. 1994; McConn and
Browse 1996). Without the ability to generate JA,
Arabidopsis is highly susceptible to herbivory (McConn
et al. 1997), and it is clear that the jasmonate biosyn-
thetic pathway underlies many inducible defenses
against herbivory throughout the plant kingdom (Kar-
ban and Baldwin 1997). Despite the vital roles of
jasmonates in plant physiology we are still unsure of
which jasmonates are biological regulators in vivo and
whether all plants employ the same jasmonate signal.
Additionally, our knowledge of the molecular machinery
used to transmit jasmonate signals is only beginning to
emerge.

Although much of the review is devoted to signaling
via JA and other members of the jasmonate family, A.
thaliana is no less suited to other areas of fatty acid
signaling. Antimicrobial aldehyde production and the
possibility that epidermal cells produce fatty acid signals
necessary for development are two areas where advances
are expected. Several important areas related to fatty
acid signaling in Arabidopsis are not, however, covered
in the review. For example, phospholipase function and
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phosphatidyl inositol signaling are not discussed, al-
though progress in these areas is now rapid. Throughout
the review we have chosen to refer to mutants in lower-
case italics [e.g. lox a lipoxygenase mutant], wild-type
genes in upper-case italics (e.g. LOX ) and proteins in
simple upper case (e.g. LOX). Many key papers involv-
ing research in fatty-acid signaling in species other than
A. thaliana have, for brevity, not been cited even when
they preceeded discoveries in this plant.

The jasmonate signal complex

The jasmonate family is de®ned here as biologically
active cyclopentenones and cyclopentanones of related
structure and related origin from the octadecanoid and
hexadecanoid biosynthetic pathways. The six members
of the jasmonate family that have been detected in
Arabidopsis are shown in Fig. 1. The molecules are
either cyclopentenones [oxo-phytodienoic acid (OPDA),
and dinor-oxo-phytodienoic acid (dnOPDA)] or cycl-
opentanones [the oxo(pentenyl)cyclopentanealkanoic
acid (OPC) series including JA itself]. At the time of
writing this review, we are still unsure of how many
jasmonate family members are signal molecules in vivo
in any plant and of their relative contribution to the
control of gene expression. The cyclopentenones are
expected to be powerful in vivo signals in their own
right, based on studies in other plants cited in Stelmach
et al. (1998). The recent discovery of dnOPDA (Weber
et al. 1997) extends this idea. The term `jasmonate signal

complex' (Farmer 1997) has been used to indicate the
potential complexity of jasmonate signaling in plants
where single or multiple members derived from the
octadecanoid and hexadecanoid pathways may contrib-
ute to signal generation in vivo.

A global analysis of oxylipins in Arabidopsis reveals
a new signal pathway from hexadecenoic acid

Estimates of the levels of JA and OPDA in healthy and
wounded Arabidopsis leaf tissue have been published
and steep rises in these compounds are detected after
tissue injury (Laudert et al. 1996; Stelmach et al. 1998).
Recently, a method for global analysis of oxylipin levels
in A. thaliana leaves was developed (Weber et al. 1997).
This method allows the simultaneous extraction of many
oxylipins and gives `oxylipin signatures' for any plant
tissue. Oxylipins were extracted, separated by gas
chromatography and analyzed as a total ion pro®le by
mass spectrometry. Selective ion monitoring was used to
display and quantitate peaks for members of the
jasmonate family. Results of such an analysis are shown
in Fig. 2. Extraction of the data for ion 83 revealed JA
and its immediate precursors. A new compound was
discovered when the total ion pro®le was scanned for a
fragment of mass 96 which indicates the presence of a
cyclopentenone such as that in the 18-carbon compound
OPDA. The new 16-carbon compound, which was
found to be homologous to OPDA, was named dnOPDA
and could be synthesized from hexadecatrienoic acid

Fig. 1A,B. Jasmonate family signals in
Arabidopsis. The jasmonate family can be
divided into: A cyclopentenones (OPDA
and dnOPDA); B cyclopentanones of the
OPC series leading to JA. Both OPDA and
dnOPDA are powerful inducers in their
own right, and their biological activities
in vivo may, in at least some cases, be
greater than that of JA
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(16:3) in vitro. Since 16:3 is found in monogalactosyl
diacylglycerol, it is possible that a galactolipase releases
16:3 prior to synthesis of dnOPDA. Employment of the
A. thaliana mutant fad5 (see review by Ohlrogge and
Browse 1995), which lacks the ability to desaturate
hexadecanoic acid (16:0), showed that the presence of
16:3 in vivo was a prerequisite for dnOPDA biosynthe-
sis. Thus Arabidopsis has at least two pathways to the
synthesis of jasmonate family members, the established
octadecanoid pathway from linolenic acid (18:3) and the
newly discovered hexadecanoid pathway from 16:3
(Fig. 3). It is not yet known whether dnOPDA is
reduced by OPDA reductase. It is also possible that a
pathway from linoleic acid (18:2) to dihydrojasmonates
acid exists in plants (Gundlach and Zenk 1998).

The discovery of a parallel pathway to the synthesis
of a jasmonate family member led to the question of
what happens to jasmonate signal levels when one
branch of the pathway is disrupted by mutation? The
fad5 mutant of A. thaliana provided a tool for a
preliminary approach to this question. Plants de®cient
in 16:0 desaturation failed to accumulate dnOPDA and,
remarkably, showed reduced levels of OPDA in leaves of
uninjured plants (Weber et al. 1997). Levels of OPDA in
the wounded leaves of the fad5 mutant are, however,
similar to those of wild-type plants. These results suggest
that (i) jasmonate levels are regulated di�erently in
wounded and unwounded Arabidopsis and (ii) the
relative levels of jasmonates are tightly controlled in
uninjured plants and compensate to accommodate the
absence of a jasmonate family member (in this case
dnOPDA). The ®rst conclusion is consistent with
previous research on a cosuppressed lipoxygenase gene,
LOX2, which is involved in wound-induced JA synthe-
sis; in the absence of LOX2, plants still have basal levels
of JA (Bell et al. 1995). In our laboratory, global
measurements of jasmonate family members are cur-
rently being extended and may shed light on new
regulatory functions for jasmonates, for example in the

control of ¯ux into prokaryotic and eukaryotic path-
ways to galactolipid synthesis (Weber et al. 1997). It will
now be interesting to apply the oxylipin-signature
technique to plants infected with various pathogens or
subjected to abiotic stresses such as drought and
temperature extremes.

Genes involved in jasmonate metabolism

The enzymology of JA synthesis is increasingly clear
(Mueller 1997). Several genes involved in JA biosynthe-
sis have been cloned and their regulation has been
studied. The picture which is emerging from these
studies is that some of these genes are wound-inducible,
for example FAD7 (Nishiuchi et al. 1997), LOX2 (Bell
et al. 1995), and CYP74 (allene oxide synthase, Laudert
et al. 1996) and often JA-inducible: FAD7 in root tissues
(Nishiuchi et al. 1997), LOX1 (Melan et al. 1993) and
LOX2 (Bell et al. 1995). Thus the jasmonate biosynthetic
pathway is, at least in part, wound-regulated. As well as
providing information on the regulation of jasmonate
biosynthesis the cloning of genes involved in jasmonate
biosynthesis provides valuable tools which could be used
to establish which jasmonate family members contribute
to biological activity in vivo. The recent cloning of a
cDNA for 10,11-oxo-phytodienoic acid reductase
(OPR1, Schaller and Weiler 1997) may now provide a
vital tool to resolve the question of which jasmonate
family members are active signals for defense gene
expression (Gundlach and Zenk 1998; Stelmach et al.
1998), since altered expression of OPR1 could disrupt
the octadecanoid and hexadecanoid pathways at the
cyclopentenone (OPDA and dnOPDA) levels. Treat-
ment of plants with exogenous jasmonate family mem-
bers causes an increase in LOX2 transcripts (Bell and
Mullet 1993) and increases the activity of enzymes
involved in jasmonate metabolism (Weber et al. 1997).
Jasmonates can thus be regarded as metabolic regula-

Fig. 2A,B. Oxylipin signatures from Arab-
idopsis leaves. Extracts from healthy leaves
or leaves wounded 90 min prior to extrac-
tion were analysed by gas chromatography/
mass spectrometry. Selective ion monitor-
ing revealed: A molecules fragmenting to
ions of m/z � 96, from the cyclopentenone
ring of OPDA and dnOPDA; B ions of m/
z � 83 typical of JA and the OPC series.
The two internal standards used, dihydro-
JA (H2JA) and tetrahydroOPDA
(H4OPDA) are indicated as I1 and I2,
respectively
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tors, although whether they really alter metabolic ¯ux
through the jasmonate pathways remains to be tested.

One recently isolated wound-inducible gene (ACO) is
homologous to acyl-CoA oxidase (Titarenko et al.
1997). The authors speculate that ACO action in the
plant response to wounding may include a role in JA
catabolism, thus temporally limiting the JA-mediated
wound response. The enzyme ACO might be involved in
metabolising OPDA to JA, and it would thus be
interesting to test whether ACO is OPDA-inducible.
Furthermore, the discovery of an inducible component
of the b-oxidation machinery could have an impact on
our understanding of this process in plants. It will clearly
be of interest to follow developments regarding this
gene.

Signaling components

The fact that characterized mutants in jasmonate
signaling exist in Arabidopsis means that we are on the
verge of understanding at least some of the cellular
machinery involved in jasmonate signal transduction.

The mutants characterized so far jar1 (Staswick et al.
1992), coi1 (Feys et al. 1994), jin1 and jin4 (Berger et al.
1996), were isolated by their reduced sensitivity to
methyl jasmonate (MeJA; and coronatine, a bacterial
toxin, in the case of coi1). All of these mutations
segregate as recessive Mendelian traits. The mutations
jar1 and jin4 may be allelic (Berger et al. 1996). Among
the mutants, coi1 appears to a�ect more MeJA-activated
responses than do the other mutations. Vegetative
storage protein (VSP) does not accumulate in coi1
¯owers although its levels are high in ¯owers from wild-
type plants as well as in jin1 and jin4 (Benedetti et al.
1995; Berger et al. 1996). Vegetative storage protein is
not MeJA-inducible in the leaves of coi1, jin1 and jin4
plants and MeJA-induction of LOX1 gene expression
was also inhibited in coi1. The coi1 plants are, addition-
ally, male-sterile (which is not the case for the mutants
jar1, jin1 and jin4) and show no anthocyanin accumu-
lation in response to MeJA. If not alleles, jin4 and jar1 at
least share the characteristic that their root growth is less
resistant to MeJA than that of coi1 and jin1. These data
on phenotype and gene expression in A. thaliana
mutants indicate that the mutants a�ect di�erent levels
in the JA signal transduction chain(s). Berger et al.
(1996) speculate that coi1 might be upstream of jar1, jin1
and jin4. It may be di�cult at this stage to position
mutants relative to one another in a simple and universal
model; however, work on protein phosphorylation
during JA signaling is helping to build an image of this
process.

Protein phosphorylation is involved in signal trans-
duction controlling wound-inducible gene expression in
tobacco (Seo et al. 1995) as well as in A. thaliana (Rojo
et al. 1998). Protein kinase and protein phosphatase
inhibitors, as well as auxin, were used to inhibit or
modulate the expression of several wound-inducible
genes, including VSP, JR1, JR2, JR3, and a choline
kinase homologue, CK (Titarenko et al. 1997; Rojo et al.
1998). These studies led to a model for the role of
protein kinases and phosphatases (probably of the PP2A
type) in jasmonate-dependent and jasmonate-indepen-
dent gene expression. The model implies that protein
phosphorylation is involved in or downstream of the JA
perception necessary for gene activation (Rojo et al.
1998). This work represents a step forward in our
understanding of jasmonate signaling, and it will be
interesting to see whether any of the jasmonate-insen-
sitive mutations are in genes encoding protein phospha-
tases or protein kinases. No receptors are yet reported
for jasmonates in Arabidopsis or other plants and their
subcellular location is unknown.

Defense against herbivores

Genetic analyses have shown that jasmonate production
is essential for defense against the herbivore, Bradysia, a
fungal gnat that is commonly found in Arabidopsis
cultures (McConn et al. 1997). The Arabidopsis fad3-
2fad7-2fad8 triple mutant lacks the ability to synthesize
the jasmonate precursor 18:3 and also has massively

Fig. 3. The biosynthesis of jasmonates in wounded Arabidopsis leaves.
Mutations a�ecting the biosynthesis of jasmonates are indicated in
italics. For each mutant a solid horizontal line indicates an established
lesion and a dashed horizontal line indicates a theoretical lesion. 13-
HPOTrE and 11-HPHTrE are the 13- and 11-hydroperoxides of 18:3
and 16:3, respectively. It is not yet clear whether conversion of
dnOPDA to OPC-6:0 occurs. 18:0, octadecanoic acid
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reduced levels of 16:3. This mutant is rapidly attacked
by the larvae of Bradysia impatiens (McConn et al.
1997). Treatment of the triple mutant with MeJA
restored its defenses to Bradysia. Exactly how MeJA
works in this process is unknown, and it is important to
note that it is not clear which genes play direct roles in
defense against A. thaliana's herbivores. Existing data
lead to a speculative model for the role of jasmonates in
the defense of Arabidopsis against herbivores (Fig. 4). In
the model the glucosinolate system is thought to play a
central role. Like other members of the Brassicaceae,
Arabidopsis uses the production of glucosinolates (Hal-
kier and Du 1997) as a potentially important part of its
arsenal against herbivory. Glucosinolates are degraded
into highly toxic products (such as isothiocyanates and
nitriles) via the enzyme myrosinase, for which at least
three genes have been identi®ed in A. thaliana (Xue et al.
1995). If and how these genes are regulated in stress and
tissue damage is not yet clear; however, a JA-inducible
sulphotransferase potentially involved in glucosinolate
synthesis has been identi®ed (Lacomme and Roby 1996).
Moreover, parts of the myrosinase-glucosinolate system
are jasmonate-inducible in other Brassicaceae (Doughty
et al. 1995; Tiapalensuu et al. 1997). The exact role of JA
(and other jasmonates) in defense against Arabidopsis
herbivores remains to be established and defense genes
activated by pathways dependent or independent of
jasmonates need to be identi®ed. The genome sequenc-
ing project is now helping to build up a better picture of
defense-related genes in Arabidopsis and this is illustrat-
ed by the recent discovery of genes potentially involved
in cyanogenesis (The EU Arabidopsis genome project:
Bevan et al. 1998). Whether these genes are regulated by
fatty acid-derived signals such as jasmonates is unknown
but cyanogenesis is included in Fig. 4 for completeness.

Herbivore defenses in many plants involve the release
of volatile alarm signals from the attacked plant.
Recently, a fatty acid-derived elicitor of alarm-signal
production was isolated from the regurgitant of an
insect herbivore; this molecule, volicitin [N-(17-hydrox-
ylinolenoyl)-L-glutamine], activated alarm-signal pro-
duction in maize (Alborn et al. 1997). Reports of
whether or not volicitin (or a related signal) is active
in A. thaliana are not yet available. If found to be active
in A. thaliana, these elicitors, which potentially might
interact with the jasmonate pathway (Farmer 1997),
would be excellent tools for the study of complex
signaling between Arabidopsis and herbivores. At this
point it is worth noting that the great potential of A.
thaliana and its close relatives as ecological models in the
area of herbivore defense is being realised (e.g. Mauricio
and Rauscher 1997; http://www.arabis.net/Arabis/re-
sArbis.htm) and, in the future, it will be interesting to
see signaling/defense mutants incorporated into these
studies. For such experiments the growing number of
mutants in epicuticular wax formation (e.g. Aarts et al.
1995; Jenks et al. 1996) are likely to provide excellent
materials for studies of the role of cutin quality and
quantity in plant-insect interactions.

Fatty acid derivatives in pathogenesis ± new models
for Arabidopsis

What roles do fatty acid derivatives such as JA play in
pathogenesis? Several JA-inducible genes which are
induced during pathogenesis are known and will help
provide answers to this question. Defensins are small
antifungal proteins found in the animal and plant
kingdoms (Broekaert et al. 1997). In Arabidopsis,
systemic expression of the defensin gene PDF1.2 is
induced during infection by the fungus Alternaria
brassicicola (Penninckx et al. 1996). The PDF1.2 gene
is up-regulated by JA but not by salicylic acid (SA) and,
importantly, after infection with A. brassicicola JA
accumulates in both infected and non-infected leaves.
Furthermore, the lesion-mimic mutant acd2 displays
elevated JA levels as well as increased PDF1.2 gene
expression (Penninckx et al. 1996). A direct role of the
PDF1.2 protein in pathogenesis is not yet con®rmed but
the protein provides a valuable marker. Other genes
which will probably be used to unravel the roles of fatty
acids in defense against pathogens include the pathogen-
and JA-inducible thionin THI2.1 (Epple et al. 1995).
Still more roles for fatty acids might be discovered in the
regulation of defense gene expression during plant-
microbe interaction. Salicylic acid-independent systemic
pathogenesis-related gene expression occurs in A. thali-
ana when treated with biocontrol bacteria (Pieterse et al.
1996), and it is not yet known what types of signal
molecules regulate these responses.

Bowling et al. (1997) place JA and SA pathways in
parallel and propose that the de®nition of systemic
acquired resistance (SAR) in Arabidopsis should in-
clude both pathways. This is consistent with the sys-
temic increase of both JA and PDF1.2 gene expression

Fig. 4. Speculative model for defenses against herbivory in Arabidop-
sis. Defense genes are activated by members of the jasmonic acid
family (JA family) or by independent pathways (Titarenko et al.
1997). The glucosinolate/myrosinase system plays important defense
roles which may depend to some extent on the production of
jasmonates. Note that other genes encoding proven herbivore defenses
are yet to be de®ned in Arabidopsis
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observed by Penninckx et al. (1996). Figure 5 shows a
model which provides a framework for further tests of
the potential roles of jasmonates in pathogenesis. We
have added LOX and hydroperoxide lyase to the model
of Bowling et al. (1997) due to their likely in-vivo roles
in the production of antimicrobial aldehydes. It has
been suggested that these alkenals and aldehydes,
(together, perhaps, with their parent fatty acid hydro-
peroxides) may actually kill cells during hypersensitive
cell death in plants (Farmer 1994). Fatty acid hydro-
peroxides themselves are also toxic to plant cells (data
not shown) and might contribute to plant and/or
pathogen cell death.

The generation of antimicrobial alkenals and alk-
anals in infected plant tissues is well known but has not
yet received adequate attention in terms of molecular
biology. Hexanal and 2E-hexenal are antibiotics thought
to play roles in defense against numerous pests (reviewed
in Farmer 1994). Arabidopsis provides an ideal system in
which to investigate the potential roles of these com-
pounds. Hydroperoxide lyases (HPLs) are the enzymes
which metabolize fatty acid hydroperoxides to oxoacids
and aldehydes. Hydroperoxide lyase activity was recent-
ly detected in A. thaliana (Avdiushko et al. 1995; Zhuang
et al. 1996) and this enzyme(s) may be the source of the
volatile C6 aldehydes hexanal and 2E-hexenal. This
detailed study has shown that chloroplast fatty acids are
likely to be the principle substrates for C6 aldehyde
production in Arabidopsis. Hydroperoxide lyase from
A. thaliana is reported to be JA- and wound-inducible
(Avdiushko et al. 1995; Rojo et al. 1998). Fatty acid-
biosynthesis mutants are also being used to study the
production of volatile alkenals and alkanals in
A. thaliana. Three mutants which have been used are
fad2, and fad3, extrachloroplast desaturases that desat-
urate octadecanoic acid (18:1) and 18:2, respectively and
fad7, a chloroplast x-3 desaturase mutant which blocks
conversion of hexadecadienoic acid (16:2) and 18:2 to
16:3 and 18:3, respectively. All three mutants produce
altered levels of C6 aldehydes. The mutants fad2 and
fad3, (which have reduced levels of extraplastidic 18:2
and 18:3) were found to produce elevated levels of 2E-
hexenal, whereas fad7 produced elevated quantities of
hexanal (Zhuang et al. 1996). Although the molecular
basis for these e�ects of the mutations are unclear, it
would be worthwhile to test whether these mutants have
altered defenses to pathogens and insects.

In summary, studies on the potential roles of fatty
acid-derived signals in pathogenesis have now provided
good, testable models, and evidence for the roles of
jasmonates in defense against pathogens is increasing. If
the early literature on antimicrobial aldehydes (reviewed
in Farmer 1994) is to be believed, genetic tests of their
roles will be fruitful. These tests could include examining
the susceptibility of antisense hydroperoxide lyase plants
to a battery of di�erent microbial pathogens (and
insects). The Arabidopsis genome project provides
sequence information on regulatory regions of genes
potentially involved in fatty acid signal and toxin
generation. Careful analysis of existing sequence data
will accelerate the design of experiments to identify the
role of gene function in signal transduction and defense.
For genes such as HPL these analyses should be helpful
since little information is available for their regulation.

Very-long-chain fatty acids and cuticle formation

Just as C16 and C18 fatty acids can be metabolized to
signal compounds in A. thaliana, longer-chain fatty acids
could serve as substrates for the in-vivo synthesis of
biologically active molecules. A potential source of such
molecules is the epidermis ± the site of cuticle biosyn-
thesis. The formation of cuticle requires the biosynthesis
of very-long-chain fatty acids (VLCFAs) by elongation
of C18 and C20 fatty acids such as stearic and eicosanoic
acids. Healthy vegetative tissues of Arabidopsis contain
very low levels of C20 and C22 fatty acids but the levels
of these compounds can be increased by the ectopic
expression of the seed fatty acid elongation gene (FAE1)
in vegetative tissues (Millar and Kunst 1997). These
plants have a dramatically altered phenotype raising the
possibility that VLCFAs are metabolized to signals or
toxins in these tissues. Interestingly, this possibility
provides a parallel with on-going work on fatty acid
elongation in vegetative tissues. The fatty acid elonga-
tion enzymes which function naturally in vegetative
tissues may di�er from those in seed tissues. In the case
of vegetative tissues it appears that the early steps of
stearic acid elongation in epidermal cells may be
indispensable for plant growth. No mutants in the
elongation of stearic acid in epidermal cells have been
reported (Negruk et al. 1996), and this raises the
possibility that essential developmental signals derived

Fig. 5. Potential roles of fatty acids in
pathogenesis in Arabidopsis. The model is
based in part on those of Penninckx et al.
(1996) and Bowling et al. (1997). Lipoxy-
genase (LOX ) and hydroperoxide lyase
(HPL) may contribute to the death of
pathogen and plant cells during the hyper-
sensitive response (HR) by generating toxic
fatty acid hydroperoxides and alkenals.
Jasmonic acid (JA) and salicylic acid (SA)
up-regulate defense gene expression in
distal tissues and contribute to systemic
acquired resistance. PR, pathogenesis-re-
lated
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from VLCFAs might exist. Together with the results on
FAE1 over-expression, these observations make the
search for such putative signals attractive although the
existance of VLCFA-derived regulators of development
remains an open question.

Conclusion

Answers to the following crucial questions related to
fatty acid signaling are likely to involve work with
Arabidopsis thaliana: What is the signaling machinery
for jasmonate perception and signal transduction?
Which genes participate directly in herbivore defenses
in Arabidopsis? How general are the roles of fatty acid-
derived signals such as jasmonates in pathogenesis? In
addition, the growing numbers of Arabidopsis mutants
in fatty acid metabolism and signaling make this plant
especially attractive for ecological studies. The genome
sequencing project will surely impact this ®eld of
investigation in Arabidopsis.

The following people furnished valuable unpublished data: J.J.
Sanchez-Serrano, E.W. Weiler, M.H. Zenk. We thank J-J. Pernet
for help with the ®gures and P. Reymond for valuable comments.
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