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† Background and Aims The phytohormone abscisic acid (ABA) plays a vital role in various aspects of plant growth
and development and in adaptation of plants to various environmental stresses. Cell response to ABA is initiated by
ABA perception with a cell receptor. Recently, three distinct ABA receptors have been identified, opening a door to
uncover the initial events of ABA signal transduction. The aim of this Botanical Briefing is to present a perspective
of the ABA receptors identified.
† Scope This Briefing offers an introduction to the three ABA receptors identified and an analysis of the complexity
and multiplicity of ABA receptors, and provides some viewpoints on future research.

Key words: Abscisic acid receptors (ABA receptors), abscisic acid signalling, FCA (flowering time control protein A),
ABAR (putative ABA receptor), CHLH (magnesium–protoporphyrin IX chelatase subunit H), GCR2 (G-protein-coupled
receptor 2).

INTRODUCTION

The phytohormone abscisic acid (ABA) plays a vital role
in various aspects of plant growth and development,
including embryo maturation, seed dormancy, germina-
tion, post-germinative growth, and the transition from
vegetative to reproductive growth. ABA is also a central,
hormonal, signal to regulate adaptation of plants to stress-
ful environments, such as drought, cold and salt stresses,
by regulating stomatal aperture and the expression of
stress-responsive genes (Leung and Giraudat, 1998;
Finkelstein et al., 2002; Himmelbach et al., 2003). ABA
functions through a complex network of signalling
pathways where the cell response is initiated by ABA
perception which triggers downstream signalling cascades
to induce the final physiological effects. Numerous down-
stream components involved in ABA signal transduction
have been identified by genetic approaches (for reviews,
see Leung and Giraudat, 1998; Finkelstein et al., 2002;
Himmelbach et al., 2003), leading to considerable
progress in understanding ABA signalling pathways.
Recently, however, significant progress has been made in
the search for receptors that perceive ABA. Three distinct
loci have been found to encode ABA receptors: FCA,
controlling flowering time (Razem et al., 2006); and
ABAR/CHLH and GCR2, regulating the best-characterized
ABA-responses including seed germination, seedling
growth and stomatal movement (Shen et al., 2006; Liu
et al., 2007). This progress in ABA receptor identification
will allow us to uncover the initial events of ABA
signalling in plant cells and to establish the relationship
between the receptors and the currently known regulatory
framework or to explore novel pathways of ABA signal
transduction.

FCA IS A NUCLEAR RECEPTOR FOR ABA
CONTROLLING FLOWERING

ABA has long been known to inhibit flowering, and several
components involved in the signalling pathway have been
suggested (for a review, see Finkelstein and Rock, 2002),
but a flowering-related receptor perceiving ABA had
remained elusive until FLOWERING TIME CONTROL
PROTEIN A (FCA), an important regulator of floral tran-
sition, was identified as an ABA receptor that controls
ABA-dependent flowering (Razem et al., 2006).

There are four major floral promotion pathways identified
in Arabidopsis thaliana for mediating the timing of floral
transition (Mouradov et al., 2002; Boss et al., 2004). The
photoperiod pathway controls flowering by induction of
floral initiation in response to the long days of spring or
early summer, while the vernalization pathway promotes
flowering in response to extended exposure to low tempera-
tures that mimic winter conditions. The photoperiod and
vernalization responses are mediated by pathways that
specifically control response to these environmental cues,
whereas the third, autonomous pathway, and the fourth,
gibberellin (GA) pathway, appear to function independently
of these environmental signals (Mouradov et al., 2002;
Boss et al., 2004). These multiple pathways, however,
converge to regulate the transcription of a set of integrator
genes to control flowering. FLOWERING LOCUS C
(FLC), a MADS box transcription factor (Michaels and
Amasino, 1999), is a central repressor of floral transition
for integrating the vernalization and autonomous pathways
(Sheldon et al., 2000; Mouradov et al., 2002; Boss et al.,
2004; Isabel and Dean, 2006). FCA, an important positive
regulator of flowering involved in the autonomous
pathway, is a nuclear RNA-binding protein (Macknight
et al., 1997) that regulates 3’-end processing and has a
tryptophan–tryptophan (WW) protein interaction domain
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near its C-terminus and two RNA recognition motifs near
its N-terminus (Macknight et al., 1997; Quesada et al.,
2003). FCA interacts with a second RNA 30-end-processing
protein, FY (for Flowering Locus Y), which binds to the
WW domain on FCA. This interaction is required for two
possibly linked processes in FCA function (Quesada
et al., 2003; Simpson et al., 2003). One process is negative
auto-regulation of FCA expression through promoting pre-
mature cleavage and polyadenylation in intron 3 of its pre-
cursor mRNA (pre-mRNA), thus increasing the premature
FCA mRNA encoding the major form of inactive, truncated
protein FCAb and correspondingly decreasing the mature
FCA mRNA encoding the active, full-length protein
FCAg. Another process is to down-regulate FLC expression
through a direct action on FLC pre-mRNA or indirectly via
an FLC regulator. The FCA–FY interaction to control FLC
expression is a key process in flowering regulation
(Mouradov et al., 2002; Boss at al., 2004; Isabel and
Dean, 2006) (Fig. 1). It is in the regulation of this inter-
action that ABA is involved to control flowering.

As a matter of fact, to explore ABA receptors, Hill and
his colleagues screened a barely complementary DNA
expression library with anti-idiotypic antibodies and iso-
lated a protein which binds ABA, called ABAP1 (Razem
et al., 2004). They found that ABAP1 is homologous to
the Arabidopsis FCA protein, and showed that
Arabidopsis FCA also binds ABA with a high affinity
(the equilibrium-disassociation constant Kd ¼ 19 nM)
(Razem et al., 2006). This binding affinity is high enough
to sense physiological concentrations of ABA present in
plants. Competition assays revealed that FCA binds to natu-
rally occurring, physiologically active (þ)-ABA but not
physiologically inactive ABA isomer (–)-ABA, indicating
that the ABA binding is stereo-specific to the physiologi-
cally active form of ABA. These properties of binding
meet the primary criteria of an ABA receptor. The next
question was whether FCA regulates ABA-related pro-
cesses in floral transition, functioning at the primary
events as a flowering signal receptor. In-vitro and in-vivo
assays demonstrated that the binding of ABA to FCA dis-
rupts FCA–FY interaction. The ABA-binding site of the
FCA molecule is near the C-terminus, shielding but not
including the FY-binding WW domain. As expected,
ABA–FCA binding-induced dissociation of the FCA–FY

complex abolishes downstream signalling. The disruption
of downstream signalling includes two processes: (1) a
loss of function of auto-regulation of FCA expression
with a decrease in the premature FCA mRNA encoding
the inactive FCAb as well as a corresponding increase in
the mature FCA mRNA encoding the active FCAg, and
(2) an enhancement of expression of the central flowering
repressor FLC. Importantly, in addition to these molecular
events triggered by ABA binding to FCA, the ABA–FCA
binding-induced dissociation of the FCA–FY complex
results in the expected physiological consequence – a sig-
nificant delay in flowering time. Further experiments with
the flowering mutants fca-1 and fy-1, as well as ABA bio-
synthesis mutant aba1 and ABA signalling mutant abi-2,
showed that FCA specifically mediates the ABA-regulated
floral transition process. The ABA-induced functions also
specifically depend on the physiologically active form of
ABA. These findings demonstrate that FCA is an ABA
receptor controlling ABA-dependent floral transition
(Razem et al., 2006). FCA also functions in the response
of lateral root growth to ABA, but not in the other major
ABA-related responses including seed maturation, germina-
tion, post-germinative growth and stomatal movement
(Razem et al., 2006). This provides evidence for multi-
plicity of ABA receptors to mediate ABA signalling in
response to different developmental or environmental
cues. A model of FCA function to mediate ABA-controlled
flowering signalling is presented in Fig. 1. Further studies
will be needed, e.g. to explore whether ABA binding to
FCA could initiate downstream mRNA processing of
other genes than FLC to mediate other responses such as
lateral root growth, and to analyse whether RNA processing
is a more general mechanism of cell signalling (Finkelstein,
2006; Schroeder and Kuhn, 2006).

ABAR/CHLH IS A PLASTID RECEPTOR FOR
ABA CONTROLLING MAJOR ABA

RESPONSES

Similarly to the identification of the FCA receptor, the
search for ABA receptors began with biochemical
approaches to isolate ABA-binding proteins (Zhang et al.,
1999, 2001, 2002). An ABA-specific binding protein from
broad bean leaves was purified to apparent homogeneity
by affinity chromatography, and this protein was shown to
be functionally a putative ABA receptor in guard cell
protoplasts (Zhang et al., 2002). Thus, the ABA-binding
protein was named ABAR (for putative ABA receptor).
Based on sequencing information of the purified protein,
a cDNA fragment was isolated from broad bean (Vicia
faba) leaves and found to encode the C-terminal half of
about 770 amino acids of the putative H subunit (CHLH) of
the magnesium–protoporphyrin IX chelatase (Mg-chelatase).
The purified, yeast-expressed product of the cDNA
fragment encoding the broad bean ABAR/CHLH could
specifically bind ABA. This suggested that CHLH might
be involved in ABA perception as an ABA receptor.

Mg-chelatase is composed of three subunits CHLD,
CHLI and CHLH, and catalyses the insertion of Mg2þ

into protoporphyrin-IX to form Mg–protoporphyrin-IX,

FI G. 1. ABA-triggered FCA signalling delays flowering time. FCA–FY
interaction represses FLC expression and thus promotes flowering. ABA
disrupts FCA–FY interaction by binding to FCA, up-regulating FLC
expression by de-repressing it, and thus delaying flowering. Arrows indi-
cate positive regulation; black bars indicate repression; the grey bar indi-
cates de-repression [diagram modified from Finkelstein (2006) and

Schroeder and Kuhn (2006)].
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the first step unique to chlorophyll synthesis (Walker
and Willows, 1997) (Fig. 2). CHLH plays a central role
in Mg–protoporphyrin-IX biosynthesis as a monomeric,
protoporphyrin-IX-binding protein (Walker and Willows,
1997; Karger et al., 2001). In relation to its enzymic func-
tion, CHLH plays a key role in mediating plastid-to-nucleus
retrograde signalling in which, under stressful environ-
ments, damaged plastids send signals to the nucleus to
control the expression of nuclear genes that encode
plastid proteins to co-ordinate gene expression in both orga-
nelles (Fig. 2). The Arabidopsis genomes uncoupled 5
(gun5) mutant, resulting in a single amino acid Ala990!
Val mutation in CHLH, revealed that CHLH is involved
in plastid-to-nucleus retrograde signalling by controlling
metabolism of the tetrapyrrole signal Mg–protoporphyrin-
IX or sensing the signal (Mochizuki et al., 2001; Surpin
et al., 2002; Strand et al., 2003; Nott et al., 2006).

Testin was done to find out if ABAR/CHLH functions in
ABA signalling in the reference plant Arabidopsis thaliana
(Shen et al., 2006). Both yeast-expressed and natural
Arabidopsis ABAR/CHLH protein specifically bind ABA
with high binding-affinities (Kd values 32–35 nM), approxi-
mately corresponding to physiological concentrations of
ABA. Down-regulation of expression of the ABAR/CHLH
gene by RNA interference (RNAi) reduced, but
up-regulation of the gene by over-expression enhanced,
numbers of ABA-binding sites (maximum binding
volume, Bmax), whereas neither of these manipulations
modified the ABA-binding affinity (unchanged Kd value).
ABA binding to ABAR/CHLH specifically depended on
physiologically active ABA, i.e. (þ)-ABA. The ABA
binding displayed typical ligand–receptor binding charac-
teristics. Additionally, as an ABA and protoporphyrin-IX
double-ligand-binding protein, ABAR/CHLH binds ABA
independently of protoporphyrin-IX, supporting the sugges-
tion that ABA signal perception by ABAR/CHLH is dis-
tinct from protoporphyrin-IX metabolism.

Plants underexpressing ABAR via RNAi and antisense
transgenic manipulation showed significant ABA-insensitive
phenotypes in seed germination, post-germinative growth,
ABA-induced promotion of stomatal closure and inhibition
of stomatal opening. Down-regulation of the ABAR

expression also reduced the expression of a subset of
ABA-positively responsive genes, but enhanced the
expression of several ABA-negatively responsive genes.
In contrast, the ABAR-overexpressors displayed ABA-
supersensitive phenotypes, were more resistant to water
loss from their leaves and were more tolerant to drought,
but the RNAi- and antisense-plants were more sensitive to
dehydration and drought stress. A T-DNA insertion loss-
of-function mutant, abar-1, is lethal – probably owing to
a distortion in late embryonic development. Plants of a
chemically (17b-oestradiol)-regulated inducible ABAR-
RNAi line showed, after induction by 17b-oestradiol,
ABA-insensitive phenotypes in ABA-induced promotion
of stomatal closure and inhibition of stomatal opening.
In addition, like the stable ABAR-RNAi lines, the cch
mutant, an allele of the gun5 with a single amino
acid mutation Pro642! Leu, showed ABA-insensitive
phenotypes in seed germination, post-germinative growth
and stomatal movement. The cch mutation decreased
ABA-binding activity of ABAR/CHLH, which explains
its ABA-insensitive phenotypes, whereas the gun5 has
no ABA-related phenotype, probably because the gun5
mutation does not affect ABA-binding to ABAR/CHLH.
These findings demonstrate that ABAR/CHLH is a plastid
ABA receptor positively controlling major ABA responses.
A series of additional, pharmaceutical assays as well as
genetic analysis with mutants defective in chlorophyll
metabolism or plastid retrograde signalling showed that
ABAR/CHLH-mediated ABA signalling is a process dis-
tinct from chlorophyll metabolism and Mg–protoporphyrin
IX-mediated plastid retrograde signalling (Shen et al.,
2006) (see Fig. 2). Recently, however, ABSCISIC ACID
INSENSITIVE4 (ABI4), a transcription factor involved in
ABA signalling, was shown to be a target of the plastid ret-
rograde signalling that functions downstream of GUN5/
ABAR/CHLH (Koussevitzky et al., 2007). This raises the
question of whether the hormone signal and retrograde
signals cross-talk to control nuclear gene expression.
Current studies suggest that hormone signalling shares
some components with chloroplast-to-nucleus signalling,
but the two pathways do not appear to interact (Shen
et al., 2006; Koussevitzky et al., 2007). However, given
the important role of abscisic acid in regulating the
expression of nuclear genes that encode chloroplast
proteins, it is worth further investigating whether the two
signalling pathways intersect at some currently unidentified
nodes or in some as-yet unknown manner (Zhang, 2007).

The mechanism of ABAR perception of ABA and down-
stream signalling events are still unknown so it is necessary
to explore the ABAR–ABA binding mechanism and its
biological significance, to screen the functionally interact-
ing partners of ABAR and to elucidate the signalling mech-
anism. In this regard, we believe that the mechanisms of the
ABAR/CHLH-mediated ABA-signalling pathway may be
diversified in different tissues/cells or during developmental
stages. It was observed that the transgenic ABAR-RNAi or
ABAR-antisense lines or cch mutant plants showed the
strongest, stable, ABA-insensitive phenotypes in stomatal
movement, whereas for germination, and especially post-
germinative growth, the ABA-insensitive phenotypes were

FI G. 2. Triple functions of ABAR/CHLH. ABAR/CHLH, interacting
with two other subunits of Mg-chelatase, CHLI and CHLD, catalyses the
insertion of Mg2þ into protoporphyrin-IX (Proto) to form Mg–
protoporphyrin-IX (MgProto), the first step unique to chlorophyll synthesis.
ABAR/CHLH regulates also the plastid-to-nucleus retrograde signalling,

and mediates ABA signalling as a plastid receptor for ABA.
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weaker, which was more apparent when the ABAR levels
were down-regulated to a certain extent (Shen et al.,
2006) This suggests that some threshold concentration of
this protein may exist to modify the signalling process for
seed germination and seedling growth, or that other ABA
receptors may function redundantly or distinctly at least in
these developmental processes.

GCR2 IS A PLASMA MEMBRANE RECEPTOR
FOR ABA, CONTROLLING MAJOR

ABA RESPONSES

Ligand signalling via guanine nucleotide (G)-binding
protein (G protein)-coupled receptors (GPCRs) is a ubiqui-
tous transmembrane signalling mechanism in a variety of
eukaryotic organisms, including plants, fungi and animals
(Jones and Assmann, 2004; McCudden et al., 2005). G pro-
teins consist of three different subunits, Ga, Gb and Gg,
which form a heterotrimeric complex. GPCRs are a class
of proteins typically with a seven-transmembrane domain
(7TM) structure composed of an extracellular N-terminus,
seven hydrophobic stretches of about 20 amino acids
linked by alternating intracellular and extracellular loops,
and a cytoplasmic C-terminal tail. The heterotrimers of
G-protein are membrane-bound by their close association
with the intracellular faces of GPCRs. Heterotrimeric G
protein complexes are intracellular partners of the
GPCRs, linking ligand perception by GPCRs with down-
stream effectors. GDP-bound Ga subunits bind tightly to
the obligate heterodimer of Gbg, which aids Ga localiz-
ation to the plasma membrane and is essential for functional
coupling to GPCRs. In addition, the binding of Gbg to Ga
inhibits dissociation of GDP from Ga (reviewed in Jones
and Assmann, 2004; Perfus-Barbeoch et al., 2004;
Assmann, 2005; McCudden et al., 2005). In the classical
signalling paradigm, in response to activation by agonist
binding to a GPCR, the inactive G-heterotrimeric
complex Ga-GDP/Gbg converts to an active conformation,
promoting GDP release from, and GTP binding to, the Ga
subunit, which results in both dissociation of the G-protein
complex from the GPCR and liberation of Ga from Gbg.
Either the liberated form of Ga (Ga-GTP) or the free
Gbg dimer or both participate in signalling to downstream
effector proteins. Signalling is terminated by the intrinsic
GTPase activity of Ga, which hydrolyses GTP to GDP,
thereby allowing Ga to re-associate with the Gbg dimer,
and thus reforming the inactive heterotrimeric complex
associated with the GPCR (reviewed in Jones and
Assmann, 2004; Perfus-Barbeoch et al., 2004; Assmann,
2005; McCudden et al., 2005).

The Arabidopsis genome encodes one canonical Ga
(GPA1) subunit (Ma et al., 1990; Ma, 1994), one Gb
(AGB1) subunit (Weiss et al., 1994; Mason and Botella,
2001), two Gg (AGG1 and AGG2) subunits (Mason
and Botella, 2000, 2001) and about 25 candidate GPCRs
with a seven-transmembrane topology that characterizes
this receptor family (Grill and Christmann, 2007).
Heterotrimeric G proteins and GPCRs were reported to
regulate ABA signal transduction in Arabidopsis.
An Arabidopsis GPCR, GCR1, interacting with GPA1,

was shown to be a negative regulator of ABA signalling
involved in seed germination, post-germinative growth
and stomatal response (Pandey and Assmann, 2004;
Pandey et al., 2006). GPA1 is involved in ABA signalling
as a negative regulator controlling seed germination and
post-germinative growth (Ullah et al., 2002; Lapik and
Kaufman, 2003; Pandey et al., 2006), but as a positive reg-
ulator controlling stomatal opening where GCR1 and GPA1
have opposite effects on ABA signalling (Wang et al.,
2001). Consistently to GPA1, the Gb subunit AGB1 also
negatively regulates ABA signalling in seed germination
and post-germinative growth (Pandey et al., 2006).
However, the GCR1 does not appear to function as an
ABA receptor, as ABA was not reported to be a functional
ligand of GCR1.

To identify a plasma membrane receptor for ABA in
Arabidopsis, Ma and his colleagues found a gene encoding
a putative GPCR, GCR2, a typical plasma membrane
protein belonging to the 7TM family (Liu et al., 2007).
They showed that, like GCR1 (Pandey and Assmann,
2004), GCR2 has the ability to interact with the Ga
subunit GPA1, thus forming a possible complex. Unlike
GCR1 (Pandey and Assmann, 2004; Pandey et al., 2006),
however, GCR2 positively regulates ABA signalling: (a)
loss-of-function of the GCR2 gene results in ABA-insensitive
phenotypes in major ABA-responses, including ABA-
induced inhibition of seed dormancy, germination, post-
germinative arrest of seedling growth, inhibition of stomatal
opening, promotion of stomatal closure and inhibition of
the inward Kþ channel in guard cells, and this loss of
function also represses some ABA-positively responsive
genes; and (b), in contrast, GCR2 overexpression leads to
ABA-hypersensitive phenotypes in these ABA-induced
physiological processes. These findings reveal that GCR2
is a positive regulator in ABA signalling (Liu et al.,
2007). Additionally, to test genetic interactions between
GCR2 and GPA1, the assays with gcr2gpa1 double
mutants and GCR2- and GPA1-transgenic manipulation
were performed. The results showed that GCR2 functions
together with GPA1 to transduce ABA signal at least in
guard cell regulation (Liu et al., 2007). As GPA1 negatively
regulates ABA signalling in seed germination and early
seedling growth (Pandey and Assmann, 2004; Pandey
et al., 2006), GCR2 should negatively regulate GPA1 func-
tion in these developmental processes, which is different
from stomatal regulation.

GCR2 was shown to bind specifically the physiologically
active (þ)-ABA [but not the inactive ABA isomers (–)-
ABA or trans-ABA] with a Kd value of 20 nM (Liu et al.,
2007), which is consistent with the physiological concen-
tration range of (þ)-ABA in plant tissues. Furthermore,
(þ)-ABA disrupts the GCR2–GPA1 interaction, but (–)-
ABA or trans-ABA cannot (Liu et al., 2007). These find-
ings suggest that GCR2 can perceive an ABA signal, and
that this ligand-binding event leads to the dissociation of
the GCR2–G protein complex to release Ga and the Gbg
dimer, thus activating the downstream signalling events
mediated such as by phospholipase Da1 (Zhao and
Wang, 2004) or cupin-domain protein AtPirin1 (Lapik
and Kaufman, 2003), which supports the suggestion that
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GCR2 is an ABA receptor. As both GCR1 and GCR2 have
the same interacting partner Ga subunit GPA1, the GPA1
appears to represent a node at which different signalling
pathways converge (Grill and Christmann, 2007).

It has been noted that the gcr2 mutants still display ABA
responses, which may be because of functional redundancy
with other GCR2-related proteins, given that there are two
other GCR2 homologues in the Arabidopsis genome
(Grill and Christmann, 2007). On the other hand, the rela-
tively weak phenotypes in the gcr2 mutants are consistent
with the occurrence of multiple ABA receptors in plant
cells, possibly involving at least the intracellular ABA per-
ception site ABAR/CHLH (Shen et al., 2006). A model
schematizing how GCR2 works to mediate the ABA
signal is presented in Fig. 3. Further work might be
focused, for example, on exploring whether GCR2–
AGB1/AGG1/AGG2 interactions are required for ABA
signalling and on screening the effectors downstream of
these interactions to elucidate complex GCR2-mediated
ABA-signalling network.

CONCLUDING REMARKS: MULTIPLE
RECEPTORS PERCEIVE THE ABA SIGNAL

A receptor was traditionally believed to initiate multiple,
branching, signalling pathways in response to its ligand
binding. However, the events of signal perception and
downstream relay may be made more complicated by the
possible existence of multiple classes of receptors for a
signal. Several lines of evidence support the suggestion
that multiple, different, ABA receptors perceive the ABA
signal. First, some partly active isomers, such as (–)-
ABA and the ABA metabolites 80-hydroxy-ABA and
phaseic acid, activate some responses; in addition, there
are different active groups on the ABA molecule, which
may interact with different ABA-binding proteins
(Walton, 1983; Walker-Simmons et al., 1994, 1997;
Nyagulu et al., 2005). These diversities in the structure-
defined stereo-specificity suggest the existence of different

ABA perception sites. Secondly, ABA perception sites
may be different in response to different environmental
cues, and they may be organ-, tissue- or even cell-specific
and developmental stage-specific Thirdly, plant cells
possess the ABA perception sites inside and outside the
cells. Previous pharmaceutical studies by manipulating
apoplasmic-side or cytosolic-side ABA concentrations
mainly in guard-cell and barley aleurone-protoplast
systems indicated that there exist both extracellular and
intracellular ABA perception sites in cells (reviewed in
Finkelstein et al., 2002). The identification of the nuclear
receptor FCA, plastid receptor ABAR/CHLH and plasma
membrane receptor GCR2 for ABA confirms these early
findings provided by physiological approaches. Do other
ABA receptors, however, exist to mediate ABA signalling
in addition to the three identified ABA receptors? As men-
tioned above, FCA mediates ABA-dependent flowering
control, and also regulates lateral root growth, but not
other major ABA responses (Razem et al., 2006). ABAR/
CHLH strongly regulates the stomatal response, but rela-
tively weakly affects other responses (Shen et al., 2006).
GCR2-mediated responses are also apparently relatively
weak (Liu et al., 2007). These studies suggest the possible
presence of other additional ABA receptors to mediate
ABA signal redundantly or distinctly in response to develop-
mental or environmental cues, or at different cellular
compartments.

In looking for additional receptors for ABA, the most
obvious candidates would be close homologues of the
receptors identified. The Arabidopsis genome harbours a
single gene copy for ABAR/CHLH, whereas both FCA
and GCR2 have several homologues in the Arabidopsis
genome (Finkelstein, 2006; Grill and Christmann, 2007).
On the other hand, analysis of ABA-specific-binding
domains on FCA, ABAR/CHLH and GCR2 molecules
will aid identification of candidate receptors with the
same ‘ABA-binding pocket’. Additionally, efforts with bio-
chemical approaches may still be useful in screens for dis-
tinct ABA receptor candidates. Isolation of ABA-binding
proteins by use of carefully designed affinity probes has
been shown to be efficient in the identification of FCA
and ABAR/CHLH receptors (Razem et al., 2004, 2006;
Zhang et al, 2002; Shen et al., 2006) where the biochemical
and genetic approaches converge. Finally, forward genetic
screens with possibly improved screening strategies may
be auspicious for the isolation of ABA-receptor mutants,
as leaky mutations may not necessarily be lethal in ABA
receptor genes in which a loss-of-function mutation is
lethal. For example, the cch mutant, which is defective in
the ABAR/CHLH gene, is ABA-response defective but not
lethal (Shen et al., 2006); also, in some receptors with a
multigene family, even loss-of-function mutants survive
well, such as gcr2 mutants (Liu et al., 2007). The identifi-
cation of the three ABA receptors also suggests that func-
tional redundancies may be not a big problem to hinder
isolating candidate ABA receptors with forward genetic
approaches, as clear ABA-related phenotypes have been
observed in these ABA-receptor mutants identified
(Razem et al., 2006; Shen et al., 2006; Liu et al., 2007).
We are waiting for identification of novel ABA receptors

FI G. 3. ABA-binding to GCR2 activates the plasma membrane receptor.
ABA binding to GCR2 disassociates the inactive heterotrimeric G protein
(Ga-GDP/Gbg) from GCR2, facilitating the exchange of GTP for GDP on
the Ga subunit, and releasing Ga-GTP from the heterodimer Gbg. The lib-
erated Ga-GTP and the free heterodimer Gbg can interact separately with
downstream effector proteins (E1, E2) to relay the signal, resulting finally
in cell responses. The signalling is terminated by reforming the inactive

heterotrimeric G protein associated with GCR2.
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through both old and new methods to uncover the complex
and diverse ABA signalling mechanisms.
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