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Significance of temperature on biological life

• Different physical and chemical processes
within the plants are governed by temperature

• The diffusion rate of gases and liquids
• Solubility of different substances
• Rate of reactions
•Stability of the enzyme system



Brassinosteroids (BRs) are a 
family of about 70 structurally 
related compounds that 
contribute to:
•Growth
•Cell division, elongation, and 
differentiation
•Stress tolerance
•Reproductive development

Brassinosteroids

24-EpiBrassinolide (EBL)

28-HomoBrassinolide (HBL)



Figure 1. Brassinosteroids, EBL (A) and HBL (B) positively impacted the growth of normally grown
and heat-shocked seedlings. Seeds pre-soaked in solutions containing different concentrations of EBL and
HBL for 8 h, were grown under laboratory conditions. For control, seeds were pre-soaked in DDW. Eight-day-
old seedlings primed with EBL, HBL, or DDW were maintained at 20 °C (as control) or subjected to 35 °C
(heat shock) for 5 h daily for three consecutive days.
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Figure 2. EBL and HBL showed positive impact on growth parameters and photosynthetic pigments in normally grown and heat-shocked
seedlings. Measurement of growth parameters: (A) fresh weight, (B) dry weight, (C) shoot length, (D) root length, and photosynthetic pigments: (E)
chlorophyll a, (F) chlorophyll b, (G) total chlorophyll, and (H) carotenoids. Seedlings primed with EBL, HBL, or DDW and subjected to heat stress or
maintained under normal conditions (as shown in Fig. 2) were used. For fresh and dry weight, 25 seedlings were used. Root and shoot lengths were
calculated using a ruler for 5 randomly selected seedlings. For pigments, seedlings weighing 200 mg were homogenized and used for quantification. Data
represent the mean of three replicates. Error bars represent standard deviation (SD) and different letters above the bars represent a significant difference as
determined by one-way ANOVA.
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Fig. 3. EBL and HBL repress ROS accumulation and oxidative damage in both normally grown and heat-shocked seedlings. (A)
Detection of O2

- by NBT staining and H2O2 by DAB staining. (B) Quantification of O2
-, H2O2, and HO- levels. ROS accumulation analyses

were carried out in 10-day-old seedlings established from seeds presoaked in different concentrations of EBL and HBL. (C) Lipid
peroxidation quantified as malondialdehyde (MDA) levels. (D) Cell death represented by electrolyte leakage. For MDA levels, electrolyte
leakage, and proline content, 10-day-old seedlings established from seeds presoaked in 1 nM each of EBL and HBL, were used. For MDA
analysis, 500 mg of fresh tissue was homogenized and used for TBA-based assay. Electrolyte leakage was assessed in the leaves of 25
seedlings. Data represent the mean of three replicates. Error bars represent SD and different letters above the bars represent a significant
difference as determined by one-way ANOVA.
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Figure 4. EBL and HBL positively affect the activities of antioxidants and their transcriptional expression. (A) Activities of
enzymatic antioxidants and levels of non-enzymatic antioxidants. Ten-day-old seedlings were ground to a fine powder and
homogenized in different buffers and used for enzyme assay and quantifications. (B) Transcriptional expression of enzymatic
antioxidants. Transcript expression was determined by qRT-PCR using 10-day-old seedlings. Briefly, total RNA extracted from
seedlings weighing 100 mg was used to prepare cDNA. ACTIN was used as an internal control. In both (A) and (B), data represent
the mean of three replicates. Error bars represent SD and different letters above the bars represent a significant difference as
determined by one-way ANOVA.
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Figure 5. BRs treatment modulates the expression of genes involved in heat shock response and canonical BR signaling pathway. Genes
involved in (A) general heat stress response and (B) BR signaling and downstream genes. Gene expression was determined by qRT-PCR using 10-
day-old seedlings. Briefly, total RNA extracted from seedlings weighing 100 mg was used to prepare cDNA. ACTIN was used as an internal control.
In both (A) and (B), data represent the mean of three replicates. Error bars represent SD and different letters above the bars represent a significant
difference as determined by one-way ANOVA.
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Figure 6. BRs-priming induced growth promotion and heat shock response protect B. juncea
seedlings against heat shock. Seed priming with BRs leads to growth promotion and pro-activation
of HSR. BRs-priming enhances biomass, photosynthetic pigments, and the expression of many
growth-related genes. It also augments antioxidants, detoxifiers, chaperones and the expression of
stress-responsive genes. Thus, seed priming with BRs enhances growth of seedlings under normal
conditions and provides resilience to stress conditions.






	Slide Number 1
	Slide Number 2
	Significance of temperature on biological life
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12

