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Abstract
Many developmentally important Receptor Like Kinases (RLKs), also known as receptor kinases have been shown
to play independent roles in plant defence. In order to investigate the role of Arabidopsis CRINKLY4 (ACR4) in plant
defence mechanism, pathogen challenge experiments were carried out. It was found that ACR4 knockout leaves
show reduced susceptibility to the necrotrophic pathogen, Botrytis cinerea. It is therefore possible that the ACR4
receptor might interact with other proteins that regulate specific defence responses. Reduced susceptibility of ACR4
mutant to B. cinerea could also be due to the possible epidermal defect of acr4 leaves. A detailed study of the
cuticular lipid composition of acr4 leaves may help ascertain whether epidermal defects in acr4 leaves are
responsible for resistance against B. cinerea.
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Introduction
Precise activation of Receptor Like Kinases (RLKs),
also known as receptor kinases plays a vital role in both
development and the response to pathogens. Research in
the last few years revealed that some developmentally
important receptors also play roles in defence or disease
resistance in both plant and animal systems (Aderem
et al., 2000; Chinchilla et al., 2007).
ACR4 (Arabidopsis CRINKLY4) is a membrane
bound receptor which plays diverse roles in plant
development, including maintenance of root stem cell
populations (Stahl et al., 2009), formation of lateral roots
(De Smet et al., 2008), and development of the ovule
integuments (Gifford et al., 2003). Thus, our current
understanding of ACR4 receptor is limited mainly for its
role in plant development. Although no published data are
available on the role of ACR4 in plant defence, in the last
few years microarray data (Zimmermann et al., 2004;
Winter et al., 2007) have revealed that ACR4 is
differentially expressed in response to different pathogens.
In response to Botrytis cinerea, a necrotrophic pathogen,
for example, ACR4 expression is down regulated
significantly (Zimmermann et al., 2004). This suggests
that ACR4, which is known to be involved in
development, could also have a role in plant defence.
In order to clarify the potential involvement of ACR4
in plant immunity acr4 null mutants were challenged with
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B. cinerea, a necrotrophic fungal pathogen to identify how
this mutant behaves in response to the pathogen.
Materials and Methods
Plant material and growth condition: Dry seeds were
sterilized in 70% ethanol + 0.5% Triton-X-100 for 15
minutes. Seeds were then washed twice in 95% ethanol for
5 minutes, dried on sterile Whatman filter paper in a
sterile hood and scattered onto Murashige and Skoog
(MS) agar plates [0.5x MS salts, 0.6% sucrose, 1% plant
micro agar, pH 5.7 (adjusted with KOH) and any
appropriate antibiotics]. The plates were stratified for 3days at 4ºC before being transferred to growth room (22ºC
and constant light) for 10 days. Seedlings were then
transferred to soil (3 parts soil, 1 part sand, 1 part perlite
with Intercept fungicide) and grown at 22ºC, 50%
humidity with 8hrs light/16 hrs dark (short day). Trays
were covered with clear plastic covers for 3-4 days and
then covers removed.
Arabidopsis thaliana ecotype Columbia was used as
wild type. T-DNA inserted homozygous knockout line
acr4-2 was available in the lab and was screened using
primers 5' GTCGACTTTGATAAGCTCCATGTCTC 3'
and 5' GCT TCCTATTATATCTTCCCAAATTACCAA
TACA 3'.
Inoculation with B. cinerea: The glycerol stock of B.
cinerea (Nurmberg et al., 2007) was kindly provided by
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Loake Lab, IMPS, University of Edinburgh, UK. The
pathogen was grown on half strength Potato Dextrose
Broth (PDB) and plates were incubated under continuous
light for 10-12 days. To prepare fungal spore suspensions,
colonies were washed with sterile water (1 plate with 15
ml of water) and filtered twice using Minar cloth to
remove mycelium and centrifuged at 4000g for 10 minutes
to pellet the spores. The pellet was resuspended in 10 ml
of ½ PDB and 5 µl droplet of the 1/10 dilution of the spore
suspension was inoculated onto 6-week old short day
grown leaves. Control plants were inoculated with just ½
PDB. The plants that were kept covered with clear plastic
cover to ensure high humidity for 4 days.
To assess disease symptom development, plants were
scored as follows, 0=no necrotic lesions, 1=plants
showing small dry lesions, 2=plants showing a mix of
small & medium size lesions, 3=plants showing medium
size and spreading lesions, 4=plants showing
predominantly spreading lesions, 5=plants showing
predominantly wide necrotic lesions. Scoring was adapted
from You et al. (2009).

inoculation, using a scale of 0 to 5. Scoring was adapted
from You et al. (2009). Scoring overall symptom
development with a disease index showed that acr4
mutants were less susceptible to B. cinerea than wild-type
(Figure 2).
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Results

The six-week old attached leaves of wild type Col-0
and acr4 mutant were inoculated with two droplets of the
5µl fungal suspension. The progression of disease was
monitored and photographs were taken 5 days after
inoculation. It was found that disease symptoms were less
severe on acr4 mutant leaves than on the wild type leaves
(Figure 1).
To assess disease symptom development, plants were
scored for their disease severity three days after

Figure 1. The acr4 mutant exhibits decreases susceptibility to B. cinerea
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A mutation in ACR4 shows reduced susceptibility to
B. cinerea: As mentioned earlier, the expression of ACR4
shows a decrease in response to B. cinerea, a necrotrophic
pathogen (Zimmermann et al., 2004). Interestingly, a
similar down regulation of ACR4 was observed in an
unpublished transcriptome data provided by Dr. Katherine
Denby, University of Warwick, UK (personal
communication). This suggested a possible role for ACR4
in defence against B. cinerea. To understand if there is any
potential link between the function of ACR4 and
susceptibility to B. cinerea, it was decided to inoculate
both wild type and acr4 null mutants with B. cinerea
spores.
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Figure 2. Scoring overall symptom development with a disease index
indicated that acr4 mutants show reduced susceptibility to B. cinerea
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Discussion
Our result uncovered an unexpected role of a
developmental regulator, ACR4, in plant–pathogen
interactions. This resistance phenotype of acr4 mutant is
quite striking, given the conventional view that RLKs are
normally involved in mediating resistance responses to
pathogens. The mechanism underlying this resistance
phenotype is still unclear.
In recent years, research on cuticular defective
mutants has revealed that several distinct Arabidopsis
lines with defective cuticle are resistant to B. cinerea
(Bessire et al., 2007; Tang et al., 2007; Chassot et al.,
2007; Voisin et al., 2009). It has been shown that
permeable cuticle allows diffusion of antifungal
compounds that interfere with fungal growth and hence
the mutants with increased permeability are resistant to B.
cinerea.
The acr4 leaves look much like wild type (Gifford
et al., 2003). Watanabe et al. (2004) have shown that
young acr4 mutant leaves (18 days old) are permeable to
the hydrophilic dye, toluidine blue. It also provides a
potential explanation for the Botrytis resistance phenotype
of acr4 mutants and supports the notion that cuticle
defects could, themselves, activate defence responses. To
further understand the nature of cuticular defect of acr4
leaves, a detailed study of the cuticular lipid composition
of acr4 leaves is important.
An alternative hypothesis is that acr4 mutants show
constitutive up regulation of some pathogen response
pathways, leading to decreased susceptibility to some
pathogens. It could also be that ACR4, being a receptor,
could interact with other proteins that are normally
involved in repressing defence responses in the absence of
attack, preventing a premature increase of immune
responses and associated costs. In either case, it is logical
to propose that ACR4 expression could be down-regulated
as part of the response to pathogen attack.
The microarray analysis produced by the Ingram Lab
in 2004 indicated that in acr4 mutant floral meristem
tissues the expression of LIPOXYGENASE2 (LOX2), a
gene encoding an essential enzyme in jasmonic acid
biosynthesis, is upregulated (Bell et al., 1995). Jasmonic
acid signalling is required for resistance against Botrytis
(Thomma et al., 1998). This suggested that the high level
of expression of LOX2 in acr4 mutant could potentially
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have a role in resistance against Botrytis. It would be
interesting to determine the expression level of LOX2 in
acr4 leaves prior to pathogen infection by quantitative
RT-PCR.
Conclusion
The reduced susceptibility of the ACR4 mutant plants
to B. cinerea indicated a possible role of a developmental
regulator in plant defence. At present, it is not known
whether the defective cuticle of acr4 leaves allows
enhanced diffusion of antifungal compounds or ACR4
receptor itself is involved in plant-pathogen interaction.
Future research could help us to determine the precise role
of this kinase in plant defence mechanism.
Acknowledgements
We thank Prof. Gary Loake for the glycerol stock of
B. cinerea and for the assistance with pathogen challenge
experiments.
References
Ayafor, J.F. 1972. Limonoids and phytol derivatives from
Cedrela sinensis. Tetrahedron. 28, 9343.
Aderem, A. and Ulevitch, R. J. 2000. Toll-like receptors in the
induction of the innate immune response. Nature. 406, 782787.
Bell, E., Creelman, R.A., and Mullet, J.E. 1995. A chloroplast
lipoxygenase is required for wound-induced jasmonic acid
accumulation in Arabidopsis. Proc. Natl. Acad. Sci. USA
92, 8675-8679.
Bessire, M., Chassot, C., Jacquat, A.C., Humphry, M. and
Borel, S., Petetot, J.M.C., Metraux, J.P. and Nawrath, C.
2007. A permeable cuticle in Arabidopsis leads to a strong
resistance to Botrytis cinerea. EMBO J. 26, 2158-2168.
Chassot, C., Nawrath, C. and Metraux, J. P. 2007. Cuticular
defects lead to full immunity to a major plant pathogen.
Plant J. 49, 972-980.
Chinchilla, D., Zipfel, C., Robatzek, S., Kemmerling, B.,
Nürnberger, T., Jones, J.D., Felix, G. and Boller, T. 2007. A
flagellin-induced complex of the receptor FLS2 and BAK1
initiates plant defence. Nature. 26, 497-500.
De Smet, I., Vassileva, V., De Rybel, B., Levesque, M. P.,
Grunewald, W., Van Damme, D., Van Noorden, G., Naudts,
M., Van Isterdael, G., De Clercq, R., Wang, J.Y., Meuli, N.,
Vanneste, S., Friml, J., Hilson, P., Jürgens, G., Ingram,
G.C., Inzé, D., Benfey, P. N. and Beeckman, T. 2008.
Receptor-like kinase ACR4 restricts formative cell divisions
in the Arabidopsis root. Science. 322, 594-597.

130

Zereen and Ingram / Bangladesh Pharmaceutical Journal 15(2): 127-130, 2012

Gifford, M.L., Dean, S. and Ingram, G.C. 2003. The Arabidopsis
ACR4 gene plays a role in cell layer organisation during
ovule integument and sepal margin development.
Development 130, 4249-4258.
Nurmberg, P.L., Knox, K.A., Yun, B.W., Morris, P.C., Shafiei,
R., Hudson, A., and Loake, G.J. 2007. The developmental
selector AS1 is an evolutionarily conserved regulator of the
plant immune response. Proc. Natl. Acad. Sci. USA 104,
18795-18800.
Stahl, Y., Wink, R.H., Ingram, G.C. and Simon, R. 2009. A
signaling module controlling the stem cell niche in
Arabidopsis root meristems. Curr. Biol. 19, 909-914.
Tang, D., Simonich, M. T. and Innes, R.W. 2007. Mutations in
LACS2, a long-chain acyl-coenzyme A synthetase, enhance
susceptibility to avirulent Pseudomonas syringae but confer
resistance to Botrytis cinerea in Arabidopsis. Plant Physiol.
144, 1093-1103.
Thomma, B.P.H.J., Eggermont, K., Penninckx, I.A.M.A.,
Mauch-Mani, B., Vogelsang, R., Cammue, B.P.A. and
Broekaert, W.F. 1998. Separate jasmonate-dependent and
salicylate-dependent defence-response pathways in
Arabidopsis are essential for resistance to distinct microbial
pathogens. Proc. Natl. Acad. Sci. USA 95, 15107-15111.

Voisin, D., Nawrath, C., Kurdyukov, S., Franke, R.B., ReinaPinto, J.J., Efremova, N., Will, I., Schreiber, L. and
Yephremov, A. 2009. Dissection of the complex phenotype
in cuticular mutants of Arabidopsis reveals a role of
SERRATE as a mediator. PLoS Genet. 5, e703.
Watanabe, M., Tanaka, H., Watanabe, D., Machida, C. and
Machida, Y. 2004. The ACR4 receptor-like kinase is
required for surface formation of epidermis-related tissues
in Arabidopsis thaliana. Plant J. 39, 298-308.
Winter, D., Vinegar, B., Nahal, H., Ammar, R., Wilson, G.V.,
and Provart, N.J. 2007. An "Electronic Fluorescent
Pictograph" browser for exploring and analyzing
largescale biological data sets. PLoS One. 2, e718.
You, M. P., Yang, H. A., Sivasithamparam, K. and Barbetti, M.
J. 2009. A new leaf blight disease of Trifolium dasyurum
caused by Botrytis fabae. Eur. J. Plant Pathol. 123, 99-103.
Zimmermann, P. Hirsch - Hoffmann, M., Hennig, L. and
Gruissem, W. 2004. GENEVESTIGATOR Arabidopsis
microarray database and analysis toolbox. Plant Physiol.
136, 2621-2632.

