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ABSTRACT

The plant immune system is equipped with several defensive layers to evade pathogen attack. One of
the primary defense includes plasma membrane-localized receptors explicitly detect conserved
pathogen-associated molecular patterns. Transcriptional reprogramming of resistant genes confers
PAMP-triggered immunity. Consequently basal immunity is triggered which is primarily mediated by
several intracellular nucleotide-binding leucine rich repeat receptors. Subsequently, nucleotide-binding
leucine rich repeat receptors sense pathogens and activate another defense response known as
effector triggered immunity. Both the PTI and ETI are mediated by resistant genes. Interestingly, the
detailed molecular function of resistant genes is not yet fully revealed. Resistant genes are also well
involved in non pathophysiological conditions such as during cold stress, heat stress, duration of
exposure of light and drought stress. Here, we have reported that the Arabidopsis resistant genes
AT1G17600, AT4G14368, AT4G16860, AT5G40910 and AT5G45050 are temperature regulated. We
found that the transcript levels of AT1G58400, AT2G14080, AT2G17055, AT3G51560, AT4G16950,
AT5G40910 and AT5G45050 were significantly raised for the plant samples grown under short-day
conditions. The transcript levels of AT1G17600, AT1G27180, AT1G33560, AT2G14080, AT3G51560,
AT4G16860 and AT4G16950 were upregulated for plants grown under drought stress conditions. In
Arabidopsis, the transcriptional reprogramming is modulated by decapping protein factors. There was
no significant change in the protein level of DCPs. Our results suggest that under abiotic stress

conditions, the resistant genes differentially express independent of the decapping event.

Introduction

Plant immune response activation is based on precise
recognition between a plant receptor and a cognate
pathogen effector, famously described as gene-for-
gene relationship among plant host disease resistant
genotypes and avirulent pathogenic strains (1).
Overall, the plant immune system executes its role via
two distinct arms, namely, pattern triggered immunity
(PTI) and effector triggered immunity (ETI) (2). Plant
immunity, as a counter-attack is elegantly modulated
by two diverse immune receptors, commonly known
as pattern recognition receptors (PRRs) and
intracellular immune receptors, nucleotide-binding
oligomerisation domain-like receptors (NLRs). Once
the cell surface bound pattern recognition receptors
(PRRs) perceive conserved pathogen associated
molecular patterns (PAMPs), this sets the stage for
onset of primary first line plant defense leading to
pattern triggered immunity (PTI) (3, 4). With the onset

of PTI, several other known defense pathways
including, reactive oxygen species (ROS) burst,
activation of mitogen activated protein Kkinases
(MAPKs), expression of immune related genes is
induced in order to prevent non-adapted pathogens
from infecting (5). Another arm of plant immune
response, commonly called as effector-triggered
immunity (ETI), commonly considered as an amplified
version of PTI, is equally vital for provoking an
effective response against pathogenic molecules (6, 7).
With an increasing adaptive nature of pathogens to
evade the primary defense system of host plant, they
are able to release virulence factors known as
effectors into the apoplast or cytoplasm of the host
cell. Previous findings have shown that effectors do
interfere with the PTI pathway so as to allow
pathogens to colonize the host cell and thus leads to
effector-triggered susceptibility (ETS) (8). In turn,
effector molecules are specifically recognized by
intracellular nucleotide binding/leucine rich repeat
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(NLR) receptors resulting to the activation of the ETI
(9, 10). ETI is essentially characterized by a tightly
regulated transcriptional reprogramming followed
by a phenotypic event that is, localized plant cell
death known as hypersensitive response (HR) (9, 11-
14). Broadly, PTI mediates moderate disease
resistance to a wide range of pathogens, and ETI is
accountable for the resistance to any explicit
pathogen harbouring a cognate avirulence gene (8,
15, 16-20). However, the regulatory circuit of the two
classes of plant R genes encoding Toll/interleukin-1
receptor (TIR)-NBS-LRR (TNL) and coiled coil (CC)-
NBS-LRR (CNL) proteins is yet to be elucidated (21,
22). Interestingly, there are no direct evidences
related to the role of R genes under abiotic stress
conditions. R genes are also well involved in non
pathophysiological conditions such as during cold
stress, heat stress, duration of exposure of light and
drought stress. In Arabidopsis the transcriptional
reprogramming is modulated by decapping protein
factors (23-26). In eukaryotes, mRNA turnover
primarily involves the elimination of m7GDP from
the 5' end. The 5' monophosphate is a substrate for
the 5' exonuclease XRN1 resulting in the quick decay
of the mRNA. Primarily, a protein complex mediates
the decapping reaction. The decapping protein
complex is well characterized in yeast and human
but not in plants. In Arabidopsis thaliana, DCP1,
DCP2, DCPS5 are the central decapping protein factors.
The R genes play an important role in conferring the
plants with the ability to defend themselves against
pathogens. Previous studies have confirmed the
involvement of these genes in plant immunity under
biotic stress condition. But, the fate of these genes has
not been revealed under abiotic stress conditions.
Abiotic stress majorly includes the environmental
abiotic factors(s) which can have a prominent effect
on the growth and viability of plants. Under limiting
conditions, abiotic stress may have a significant effect
on plant physiology by regulating the expression of
vital gene(s). Abiotic stress includes heat stress, cold
stress, drought stress, salinity stress, light stress and
many more. Here, we reported the effect of abiotic
stress on the relative expression of R genes.

Materials and Methods
Plant materials and growth conditions

Seeds of wild-type Arabidopsis (Arabidopsis
thaliana) ecotype Columbia-0 (Col-0) were sown in
soil. The plants were grown simultaneously under
short-day (12/12 hr light/dark) and long-day (16/8 hr
light/dark) conditions at 22 °C with 70-80% relative
humidity. Western blotting and RNA-seq assays
were done using the leaves of Arabidopsis thaliana.
The Arabidopsis plants grown under long-day
conditions were used for cold stress, heat stress and
drought stress experiments. For heat stress assays,
the plant samples were incubated at 37 °C for 10
min. Arabidopsis plants were grown under water
deficient conditions for carrying out drought stress
assays. Likewise for performing cold stress
experiments, plants were grown under 16/8 hr
light/dark at 16 °C and 16/8 hr light/dark at 4 °C
growth conditions.

RNA-seq

Fully grown rosettes of three-week-old Arabidopsis
plants were used for the RNA-seq analysis. Plant
samples to be dipped in 0.5x MS medium, vacuum
infiltrated and incubated in the dark for 4 hrs. After
the RNA purity is confirmed with a bioanalyzer, the
total RNA was processed for preparation of the mRNA
sequencing (Illumina). 500 ng total RNA to be used to
obtain mRNAs. A-tailing and end-repair was done
after first and second-strand complementary DNA
synthesis. All samples were processed in three
biological replicates (7, 23, 24).

Protein extraction and Western blotting

Total proteins were isolated from 0.1 gm leaf of the
twenty one day old Arabidopsis thaliana Col-0 plants.
The leaves were harvested from plants which were
grown simultaneously under short-day (12/12 hr
light/dark) and long-day conditions (16/8 hr
light/dark) at 22 °C. Similar approach was followed to
isolate the total protein from cold stress, heat stress
and drought stress induced plant samples. The
composition of the extraction buffer was 20 mM of
Tris-Cl (pH 8.0), 100 mM of NaCl, 1 mM of EDTA, 1
mM of PMSF and 1X proteinase inhibitor. Western
blot analysis was done using protein-specific
antibodies (7).

Results and Discussion

Differential temperature affects the mRNA levels
of Arabidopsis resistant genes

The  defense-related genes in  Arabidopsis
predominantly are involved in conferring the plants
to defend against incoming pathogens. But, their role
during abiotic stress is yet to be revealed. In this
context, the current study intended to see the
behaviour of resistant genes when plants are
challenged with heat and cold stress. It was observed
that the resistant genes AT1G17600, AT4G14368 and
AT4G16860 are highly expressed when plants are
exposed to cold stress (16/8 hr light/dark; 16 °C and
16/8 hr light/dark; 4 °C) relative to their transcript
levels under normal physiological growth conditions
(16/8 hr light/dark; 22 °C; Fig. 1). Similarly, when
plants were exposed to heat stress conditions (37 °C;
10 min several resistant genes were expressed at a
higher level relative to the transcript levels under
normal physiological growth conditions (16/8 hr
light/dark; 22 °C). The transcript levels of AT5G40910
and AT5G45050 were 1.6 times with respect to their
counterparts (Fig. 2). The differential expression of
Arabidopsis resistant genes under temperature stress
reveals that apart from their canonical role; defense-
related genes may also be well involved in supporting
the plants to respond to any change in temperature
conditions. Changes in cellular homeostasis under
different temperature conditions might be
manipulated by a set of temperature regulated
resistant genes in Arabidopsis.

The duration of exposure of light modulates the
expression level of resistant gene transcripts

To validate our assumption that the Arabidopsis
resistant genes are regulated by the duration of
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Fig. 1. Differential RNA level expression of the Arabidopsis resistant genes under cold stress. (A) The expression levels of AT1G17600,
AT4G14368 and AT4G16860 were upregulated for plants exposed to cold stress. (B) Heat map of differential expression patterns of the
Arabidopsis resistant genes under cold stress. Web-based tool Morpheus was used to generate the heat map.
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Fig. 2. Differential transcript coverage of the Arabidopsis resistant genes under heat stress. (A) The transcript coverage of AT5G40910 and
AT5G45050 were higher for plants exposed to heat stress. (B) Heat map of differential transcript coverage of the Arabidopsis resistant
genes under heat stress. Web-based tool Morpheus was used to generate the heat map.

exposure of light, we checked the transcript level
of the Arabidopsis defense genes for the plant

samples grown at long-day and short-day
conditions. Interestingly, we found that the
transcript levels of AT1G58400, AT2G14080,

AT2G17055, AT3G51560, AT4G16950, AT5G40910
and AT5G45050 were significantly raised for the
plant samples grown under short-day conditions
relative to their expression levels for plants
grown under long-day conditions (Fig. 3). This
previously unrevealed fact makes sense in a
manner that it represents specific Arabidopsis

defense genes which also get involved in non-
pathophysiological environment in plants and
identifying the detailed role(s) of these specific
genes would be intriguing.

Under drought stress conditions, the transcript
level of several resistant genes is upregulated

Similarly when plants were challenged with
drought conditions, several Arabidopsis resistant
genes were differentially expressed. The transcript
levels of AT1G17600, AT1G27180, AT1G33560,
AT2G14080, AT3G51560, AT4G16860 and
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AT4G16950 were upregulated for plants grown
under drought stress conditions relative to the
plants grown under normal physiological growth
conditions (Fig. 4). This result hints out that several
defense related genes in Arabidopsis are also being

stress. The underlying molecular mechanism(s)
through which resistant genes participate during
drought conditions needs to be revealed. Resistant
genes-mediated response of plants during drought
stress could be edifying.

involved in molecular events specific to drought
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Fig. 3. Differential RNA level expression of the Arabidopsis resistant genes under short-day conditions. (A) The expression levels of
AT1G17600, AT4G14368 and AT4G16860 were upregulated for plants grown under short-day conditions. (B) Heat map of differential
expression patterns of the Arabidopsis resistant genes under short-day conditions. Web-based tool Morpheus was used to generate the
heat map.
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Fig. 4. Differential RNA level expression of the Arabidopsis resistant genes under drought stress conditions. (A) The expression levels of
AT1G17600, AT1G27180, AT1G33560, AT2G14080, AT3G51560, AT4G16860 and AT4G16950 were upregulated for plants grown under
drought stress conditions. (B) Heat map of differential expression patterns of the Arabidopsis resistant genes under drought stress
conditions. Web-based tool Morpheus was used to generate the heat map.



The protein level of decapping protein factors
remains unaffected under abiotic stress
conditions

Transcriptional reprogramming depends on several
factors. The expression of immune genes under
varied abiotic stress conditions would certainly be
under strict regulation. One of such regulatory
mechanisms that eventually determine the fate of
mRNA is the mRNA decapping event, essentially
mediated by decapping proteins (DCPs): DCP1, DCP2
and DCP5. To validate whether there is any change in
the protein level of the DCPs when plants are
challenged with abiotic stress, we performed
immunoblotting assays to confirm the protein levels.
There was no significant change in the protein level
of DCPs (Fig. 5). The protein level of actin was also
considered to be the internal control. Equal
concentration of protein loading was done as
revealed by Ponceau S staining for RuBisCo.
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Fig. 5. The protein level of the Arabidopsis decapping protein
factors; DCP1, DCP2 and DCP5 remains unaffected under the abiotic
stress conditions. The Western blots were generated using protein-
specific antibodies.

Conclusion

Revealing the functional and physiological role of the
Arabidopsis resistant genes is of great interest may
unravel many hidden molecular mechanism(s). It
was observed that the resistant genes AT1G17600,
AT4G14368 and AT4G16860 are highly expressed
when plants are exposed to cold stress (16/8 hr
light/dark; 16 °C and 16/8 hr light/dark; 4 °C) relative
to their transcript levels under normal physiological
growth conditions (16/8 hr light/dark; 22 °C).
Similarly, when plants were exposed to heat stress
conditions (37 °C; 10 min) several resistant genes
were expressed at a higher level relative to the
transcript levels under normal physiological growth
conditions (16/8 hr light/dark; 22 °C). The transcript
levels of AT5G40910 and AT5G45050 were 1.6 times
with respect to their counterparts. Interestingly, we
also found that the transcript levels of AT1G58400,
AT2G14080, AT2G17055, AT3G51560, AT4G16950,
AT5G40910 and AT5G45050 were significantly raised
for the plant samples grown under short-day
conditions relative to their expression levels for
plants grown under long-day conditions. The
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transcript levels of AT1G17600, AT1G27180,
AT1G33560, AT2G14080, AT3G51560, AT4G16860 and
AT4G16950 were upregulated for plants grown under
drought stress conditions relative to the plants grown
under normal physiological growth conditions. These
results primarily points out that apart from its
canonical function, the resistant genes might be
involved in regulating unknown cellular events in
Arabidopsis. In animals, resistant genes are well
involved in diversified metabolic pathways apart
from being involved in defense response. It seems
worthwhile to focus on the molecular mechanism(s)
through which resistant genes mediates a wide range
of physiological events. The detailed mechanism(s) of
the resistant genes-mediated events remains to be
elucidated. How resistant genes-mediated response is
triggered in plants in response to abiotic stress
conditions is not yet fully understood. Our results
gives a prima facie evidence that the resistant genes
are differentially expressed under varied abiotic
conditions in Arabidopsis and may be well involved
in modulating different physiological processes
necessary for the plant to resist the environmental
changes.
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