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The RD20 gene encodes a member of 
the caleosin family, which is primar-

ily known to function in the mobilization 
of seed storage lipids during germination. 
In contrast to other caleosins, RD20 
expression is early-induced by water defi-
cit conditions and we recently provided 
genetic evidence for its positive role in 
drought tolerance in Arabidopsis. RD20 
is also responsive to pathogen infec-
tion and is constitutively expressed in 
diverse tissues and organs during devel-
opment suggesting additional roles for 
this caleosin. This addendum describes 
further exploration of phenotypic altera-
tions in T-DNA insertional rd20 mutant 
and knock-out complemented transgenic 
plants in the context of early develop-
ment and susceptibility to a phytopatho-
genic bacteria. We show that the RD20 
gene is involved in ABA-mediated inhibi-
tion of germination and does not play a 
significant role in plant defense against 
Pseudomonas syringae.

RD20, a Positive Regulator  
of Drought Tolerance

For many years, RD20 (Responsive to 
Dehydration, 20) was considered as one 
of the genes the most highly and rapidly 
induced by various abiotic stresses and it 
is often used as a convenient water stress- 
or ABA-responsive marker gene.1,2 The 
protein encoded by RD20 belongs to the 
caleosin family that comprises at least 7 
members in Arabidopsis (AtCLO

1-7
).3 As 

demonstrated for AtCLO1 and AtCLO2, 
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caleosins are oil-body-associated proteins 
that possess a Ca2+-dependent peroxygen-
ase activity.4 RD20, also named AtCLO3, 
is associated to oil-body membranes and 
shares all the biochemical characteris-
tics required to act as a peroxygenase.5 
Until now, the functional role of RD20 
in water-stress responses was not known, 
but using combined whole-plant physiol-
ogy and reverse genetic approaches, we 
demonstrated that RD20 participates in 
drought tolerance mechanisms through 
the regulation of stomatal aperture, plant 
growth and water use efficiency.5

RD20 is Involved in ABA-Mediated 
Inhibition of Germination

The importance of abscisic acid (ABA) 
in various physiological processes such 
as germination, seedling growth or reg-
ulation of evapotranspiration has been 
well documented.6,7 We have previously 
reported that exogenous ABA applica-
tion is responsible for rapid and transient 
RD20 gene induction and that RD20 
gene expression is also finely controlled 
during the germination process with an 
enhanced expression in cotyledons and 
hypocotyl compared to roots.5 Thus, the 
behavior of the available knock out rd20 
and knock out complemented transgenic 
lines ORK5 (for Overexpression of RD20 
in KO rd20) was analyzed following exog-
enous ABA treatment through germina-
tion and cotyledon opening and greening 
assays.8 Sterilized seeds were sown on 
half-strength MS medium containing 1% 
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day six. ORK5 complemented lines were 
generated using RD20 cDNA under the 
control of the constitutive 35S promoter. 
Interestingly, these lines displayed a weak 
but a significantly higher germination rate 
than the WT suggesting that overexpres-
sion of RD20 decreases ABA sensitivity 
during germination. Scoring of green and 
fully developed cotyledons after six days 
also revealed that rd20 cotyledon opening 
and greening was significantly reduced in 
response to 0.5 μM ABA (Fig. 1C and 
1D) compared to WT and ORK5 lines. 
This indicates that mutation in RD20 
gene can alter ABA responses during 

genotypes. However, compared to WT 
and ORK5, rd20 mutant seeds exhibited 
an enhanced sensitivity to ABA-induced 
inhibition of germination in response to 1 
and 2 μM ABA three days after transfer 
to the growth chamber (Fig. 1A). Time 
course experiments showed that all the 
genotypes were able to germinate fully 
in two days in the absence of ABA but 
that germination of rd20 knock-out seeds 
was significantly delayed on medium 
containing 2 μM ABA (Fig. 1B). About 
50% of WT and ORK5 seeds had germi-
nated in 4 days but rd20 seeds reached a 
comparable level of germination only at 

agar supplemented or not with (±)-ABA. 
For germination assays, about 30 seeds 
from WT and mutant seeds were sown in 
triplicate in the same Petri dish, incubated 
for four days at 4°C in the dark to break 
any residual dormancy and transferred 
to the growth chamber. Germination 
was scored as the emergence of the radi-
cal, and seeds developing fully expanded 
green cotyledons were counted. All exper-
iments were repeated at least three times 
and the results are presented in Figure 1. 
As expected, increasing ABA concentra-
tions inhibited germination and seedling 
growth in a dose-dependent manner in all 

Figure 1. Effects of exogenous ABA on seed germination and seedling growth. (A) ABA-dose response of seed germination of WT, rd20 and ORK5 
transgenic lines three days after transfer to growth chamber. (B) Time-course representation of WT (grey squares), rd20 (white circles) and ORK5 (dark 
grey triangles) seed germination during the 7 days following transfer to growth chamber on half-strength MS medium supplemented or not with 2 
μM ABA (continuous and dashed lines respectively). (C) Seedling development of WT, rd20 and ORK5 transgenic lines. The data are means of 3 repeti-
tions (±SEM). Each bar or point represents the mean value of at least 350 seeds. (D) Representative 10-day-old seedlings of WT, rd20 and ORK5 plants 
grown on MS medium supplemented with ABA (0.5 μM) are shown.
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germination, growth or morphology of 
rd20 knock-out plants compared to WT 
and complemented lines. The impact of 
RD20 mutation was only revealed under 
stress conditions5 and ABA treatment indi-
cating that RD20, like many stress respon-
sive genes, is responsible for conditional 
phenotypes. Compared to other caleo-
sins, RD20 is quite particular because of 
its gene induction by various abiotic fac-
tors.18 Future works aiming to decipher the 
molecular processes controlled by RD20 
should improve our understanding of the 
role of this particular lipid-body peroxy-
genase in response to environmental stress. 
Increasing evidence indicates that lipids 
can act as mediators in many physiological 
processes19 and although our knowledge 
on the role of lipid-body associated pro-
teins is still scarce, RD20 might contribute 
to lipid signaling/modifications in plant 
stress responses.
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early developmental stages but also sto-
mata opening in the whole plant.5 The 
recent discovery of multiple ABA per-
ception systems as well as several ABA-
signaling components such as kinases, 
phosphatases, G-proteins and secondary 
messengers show that ABA acts through 
a complex signaling cascade to induce 
changes and fine-tuning of multiple phys-
iological processes during plant devel-
opment and in abiotic and biotic stress 
responses.9-15

RD20 is Not Involved in Defense 
against Pseudomonas syringae

Thanks to microarray data,16 it is known 
that RD20 gene induction is not limited 
to abiotic stresses and exogenous ABA 
treatment. Several transcriptome analyses 
have shown that RD20 is induced by the 
presence of pathogens such as the bacterial 
phytopathogen Pseudomonas syringae or the 
fungus Botritys cinerea,16 and recent evi-
dences suggests that ABA can act as a posi-
tive or negative regulator of plant responses 
to biotic stress by interfering with stress 
signaling pathways at multiple levels.14,15,17 
We first validated some of these expression 
data by analyzing RD20 gene induction in 
a time-course experiment using Real-Time 
PCR with RNA prepared from plants chal-
lenged by virulent and avirulent P. syrin-
gae strains. Levels of RD20 mRNAs were 
enhanced 6 h after inoculation by both 
strains and this expression level was main-
tained for at least 24 h (not shown). To 
assess the physiological relevance of RD20 
gene induction during biotic stresses, we 
evaluated its role in plant-pathogen inter-
actions using the epiphytic bacterium P. 
syringae and the available knock-out rd20 
and complement ORK5 lines. Although 
RD20 gene expression was induced during 
P. syringae infection, no significant differ-
ences were observed on initiation of symp-
toms and on disease development between 
the genotypes. These results were validated 
by in planta bacterial numeration indicat-
ing that RD20 do not contribute to plant 
defense against P. syringae.

Concluding Remarks

Under standard culture conditions, non-
significant defects were observed on 


