Published in Cell Research 19, 1322-1323, 2009
which should be used for any reference to this work

The ATAF1 transcription factor: At the convergence point of
ABA-dependent plant defense against biotic and abiotic

stresses

Brigitte Mauch-Mani*, Victor Flors?

University of Neuchatel, Faculty of Science, Department of Biology, Laboratory of Molecular and Cellular Biology, Rue Emile Argand
11, CP 158, CH-2009 Neuchatel, Switzerland; 2Plant Physiology Section, Department of CAMN, Universitat Jaume I, Spain

Because of their sessile lifestyle,
plants have evolved sophisticated
ways of coping with the various biotic
and abiotic stresses they can encounter
during their life. Their defensive reac-
tions to a given stress have to be rapid
and well adapted to the situation. They
are the results of tightly coordinated
changes at the molecular level involving
the contributions of different signaling
pathways. Traditionally, two signal
transduction pathways have been inves-
tigated preferentially for defense against
biotic stresses, attributing a stronger in-
volvement in defense against biotrophic
or hemibiotrophic organisms to the sali-
cylic acid (SA)-dependent pathway and
amajor role in defense against necrotro-
phs to the jasmonic acid/ethylene (JA/
ET)-dependent pathway. In contrast,
it is common knowledge that abiotic
stress regulation mainly depends on the
ABA signaling pathway (for review on
the different pathways, see [1]). Recent
studies, however, show a role for ABA
not only against abiotic stresses but
also in defense against pathogens and
point to a significant coordination of the
plants’ responses to the various environ-
mental and biotic stimuli including an
important cross-talk between different
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signaling pathways [2].

NAC (NAM, ATAF, and CUC)
transcription factors belong to a gene
family specific to plants and play roles
in development and stress responses [3].
The first described NAC genes NAM
(no apical meristem) and CUC2 (cup-
shaped cotyledon), as many later ones,
are development-related. In Arabidopsis
alone, more than a hundred NAC genes
have been predicted and many of them
have overlapping functions. The mem-
bers of the ATAF subfamily of NAC
domain genes, ATAF1 and ATAF2, were
primarily known to negatively regulate
responses to drought and wounding and
to reduce PR protein expression against
some fungi [4, 5], but recent transcrip-
tion profile data [4] as well as functional
studies of ATAF1 and related NACs
show a co-regulated expression by
wounding, infection, methyl jasmonate,
abscisic acid, hydrogen peroxide, cold,
drought, salt and osmotic stresses.

In the non-host plant-pathogen sys-
tem Blumeria graminis f. sp. hordei
(Bgh) — Arabidopsis, ATAF1 has been
shown to promote penetration resistance
[4]. The observed ATAF1-dependent
regulation of ABA-responsive genes
was clearly correlated to a reduction of
ABA levels upon attempted infection of
the plants with Bgh. In atafl mutants,
however, such a Bgh-dependent de-
crease in ABA levels was not observed.

Wild-type plants also had higher basal
levels of ABA than the mutants (atafl)
suggesting that the transcriptional
regulation of ABA biosynthesis through
ATAF1 is stimulus-dependent. Taken to-
gether, this shows that the ability of Ara-
bidopsis to restrict penetration by Bgh
strongly depends on ATAF1-mediated
repression of ABAbiosynthesis. The ob-
vious hyperinduction, in Bgh-infected
atafl mutants, of ABA-inducible genes,
that normally play a role in abiotic stress
resistance, points to a similar antago-
nistic function of ATAFL1 as has been
described for ERD15 [6]. Thus, ATAF1
is at the crossroad of biotic and abiotic
stress pathways and acts as a switch
between plant abiotic stress tolerance
and defense.

More, although sometimes contro-
versial, evidence regarding the possible
roles of ATAF1 has been published
lately. atafl mutants have been de-
scribed to be more drought tolerant [4,
5] as well as less drought tolerant [7].
In these assays, atafl mutants were
grown first on agar medium and then
transplanted to soil where water was
withheld from them after a certain time
of growth. In one case [7] atafl mutants
recovered much better than wild type
plants after re-watering. On the oppo-
site, and using the same Salk insertional
mutants, no differences in the recovery
rate were found between both wild type



and mutants, respectively, by Wu et al.
[8]. A further controversy can be found
after infection with the necrotrophic
fungal pathogen Botrytis cinerea.
Although there is a consensus, that
ATAF1-overexpressing lines are more
susceptible to Botrytis infection [8, 9],
the expression patterns of defense genes
differed in both cases. While Wu et al.
[8] describe a down-regulation of PR1
expression after infection compared to
wild type, Wang et al. [9] present an
up-regulation of PR1 expression. Simi-
larly, PDF1.2 expression goes down in
one case [8] and remains stable in the
other one [9]. Infection with avirulent
Pseudomonas syringae pv tomato avr
Rpm1l and the virulent wild type Pst
DC3000 failed to reveal any differences
in disease phenotype and severity when
comparing wild type and overexpress-
ing lines for ATAF1 [7] but tests with
only Pst DC3000 infection of wild
type and ATAF1-overexpressing lines
yielded a higher disease severity in the
overexpressing lines when performed
in another lab [8].

At this point, it is not possible to
resolve where such discrepancies in the
results might stem from. The observa-
tions are, however, reminiscent of some
controversial reports concerning the
role of ABA in disease resistance [2,
6]. Lately, evidence has been pointing

into the direction of a strong influ-
ence of environmental factors in the
modulation of the crosstalk between
ABA-signaling, and defined biotic and
abiotic stress signaling pathways [10].
Any change resulting in an alteration of
ABA homeostasis in plants might there-
fore punctually destabilize the system
and alter the balance of the different
pathways involved and it looks like
ATAF1 might be prominently involved
in this process.

In conclusion, there is increasing evi-
dence that transcription factors integrate
abiotic stress tolerance and defenses and
most reports show that they act through
downstream modulation of responses
to ABA.
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