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the sequence‐based approach (i.e. RNA‐seq or ChIP‐seq) which does 
not rely on a reference genome to determine the cDNA sequences 
directly. Recent advances in high throughput transcriptomics have led 
to a significant increase in generating data with more emphasis on 
transcriptomics variation in response to an individual treatment than 
on combinations of treatments. 

In attempts to analyze gene expression changes in plants infected 
with pathogens and treated with abiotic stresses, the Arabidopsis 
transcriptome response to dehydration and the plant parasitic 
nematode, Heterodera schachtii, was performed using microarray.4 
In addition, analysis of the transcript profiles on Arabidopsis plants 
treated with flagellin, cold, heat, high light and salt did not only 
detect single stress responses, but also the shared responses between 
combinations of biotic and abiotic stresses.5 Recently, two reports on 
the transcriptome and co-expression network analyses after infection 
with Botrytis cinerea and treatments with cold, heat, drought, salinity, 
osmotic and oxidative stresses individually and in combination, 
identified potential regulatory genes in response to environmental 
stress.6,7 In the latter studies, the combinations of the expression of 
B. cinerea‐upregulated genes (BUGs) and B. cinerea‐downregulated 
genes (BDGs) with each of the six classes of environmental stresses 
were analyzed. It was found that 2.5%, 6%, 12%, 19%, 25% or 41% 
of the BUGs were also induced by heat, drought, oxidative stress, 
salinity, cold or osmotic stress, respectively. On the other hand, the 
percentage of co‐downregulated genes between B. cinerea and the 
same abiotic stresses were 7.6% heat, 6.8% drought, 5.5%, oxidative 
stress, 18.9% salinity, 33% cold and 47.8% osmotic stress. Overall, 
there were only 0.2% of the BUGs showed common induction and 
1.1% of the BDGs showed common repressions with all six abiotic 
stress treatments.

Efforts using transcriptomics have also shed light on the function 
of regulated‐genes encoding proteins that have various roles in plant 
defense. Botrytis‐induced Kinase 1 (BIK1), WRKY33, WRKY70, 
and Expansin‐like A2 (EXLA2) are examples of regulated‐genes 
in response to B. cinerea that have been previously identified by 
microarray.8–11 RNA‐seq analysis determines the global impact and 
specific targets of MED18 modulating the plant immunity, flowering 
time and responses to hormones through interactions with distinct 
transcription factors.12

The combination of biotic and abiotic stresses activates the 
expression of unique and common sets of genes that is orchestrated 
by hormonal or non‐hormonal pathways. Recently, the drought‐
induced gene, Responsive to Dehydration (RD20), is induced by 
the necrotrophic fungi, Alternaria brassicicola and B. cinerea, and 
abiotic stresses.6,7,13 The rd20 mutant plants exhibited increased 
sensitivity to necrotrophic fungi and drought. AbuQamar et al.,8 
have shown that mutations in Arabidopsis expansin‐like A2 (EXLA2) 
increased resistance to necrotrophic fungi, but hypersensitivity to 
salt and cold. It was also shown that cyclopentenone accumulated 
after B. cinerea attack leading to EXLA2 repression. Both BIK1 and 
WRKY33 play an antagonistic role in plant defense contributing as 
positive and negative regulators to resistance to B. cinerea and the 
bacterial pathogen Pseudomonas syringae pv tomato, respectively,9,10 
suggesting a crosstalk between jasmonic acid‐ and salicylic acid‐
regulated disease response pathways. The identification of Arabidopsis 
Botrytis Susceptible 1 interactors (BOI) and BIK1 regulators uncovers 
the function of these interactors and regulators in plant responses 
to pathogen infection and abiotic stress.14,15 Overall, the purpose of 
such transcriptomics research is to promote an adaptation to short‐
and long‐term environmental changes, to identify a map of shared 
stress‐regulated genes, and ultimately to further our understanding 
toward plant responses to multiple stresses. 
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Because plants experience diverse environmental stresses which 

negatively affect development and productivity during their lifetime, 
they deploy certain strategies to adapt to these threats. One of 
these strategies is the modulation of gene expression levels during 
stress conditions. To study the plant response to biotic and abiotic 
stresses, individually or in combinations, numerous transcriptomics 
studies analyzing variations in gene expression have been performed. 
There are different technologies used for transcriptomics studies 
including hybridization‐based and sequence based approaches.1,2 The 
hybridization‐based approach, also known as microarray technology, 
is used for gene expression profiling.3 This technology is dependent on 
pre‐existing knowledge about genome sequences; which is opposite to 
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