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Plants response to stress

qIn nature plants are exposed combination of stresses during

its life cycle which affects its growth and productivity

qTo combat stress plants have adapted several morpho-

physiological & molecular mechanisms

qMolecular mechanisms- regulation of gene expression,

protein synthesis and degradation etc.

qAmong the key molecular players, miRNAs known play a vital

role in stress response



miRNAs biogenesis & function

Khraiwesh et al, 2012 Biochimica et Biophysica Acta

miRNAs are small regulatory RNAs of 20–22 nucleotides that
are encoded by endogenous MIR genes, function by causing
TGS or PTGS

DCL1- DICER LIKE 1
HYL1- HYPONASTIC LEAVES 1
SE- SERRATE
HEN1- HUA ENHANCER 1
HST1- HASTY1
AGO1- AGONATE 1
RISC- RNA INDUCED SILENCING COMPLEX



miRNAs in different stresses

No miRNAs under combined stress
Khraiwesh et al, 2012 Biochimica et Biophysica Acta



Common genes Blastn:miRBase Putative miRNAs

Tools used Data generatedRegulation

Public data Expression analysis of 
miRNAs

Stem-loop RT-qPCR based validation of the selected miRNAs under 
individual and combined stress

Expression of target genes in miRNA mutant

Functional validation of selected miRNAs under combined stress by 
reverse genetic screen

In
 s

ili
co

 a
na

ly
si

s
W

et
-la

b 
va

lid
at

io
n

Data source: GSE79681, FC >2 & p <0.05 
(Gupta et al., 2016, Front. Plant Sci., 7, 686)

Methodology

Drought Pto DC3000

Combined stress



In silico analysis
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10 miRNAs were selected based on their expression under stress and hybridization energy

miRNA and mRNA association network



Expression analysis

ath-miR164b, ath-miR64c, ath-miR397a, ath-miR831 were selected for further analysis

Wet lab validation



Combined stress response of miRNA mutants

Combined stress protocol

Why ath-miR164c & ath-miR397a mutants showed differential stress response of ??



Target gene expression analysis in mutants 

Ø ath-miR164c & ath-miR397a differentially regulate AtP5CS1 gene expression and that could be 

the reason for differential stress response

Is there change in proline level in ath-miR164c mutant ??



Molecular analysis of ath-miR164c mutants

Expression analysis of mitochondrial 
antioxidant genes
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Proline quantification

Ø ath-miR164c showed increased proline accumulation and enhanced antioxidant genes

expression under pathogen and combined stress which resulted in improved resistance

Cleavage assay- 5’RLM-RACE



A hypothetical model depicting ath-miR164c-mediated AtP5CS1
regulation in A. thaliana under combined stress



Outcome of the studies

Future prospective

q ath-miR164c acts as a negative regulator of AtP5CS1 and indirectly regulates

proline-P5C levels

q miRNA-mediated regulation of proline pathway act as convergent point for both

biotic and abiotic stress and further, that can be exploited for the crop

improvement.

q Proline pathway is known to be regulated by more than one miRNA, further

studies are needed in this area for better understanding of proline pathway

regulation under different combined stresses.
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