Seed Priming with Brassinolides Enhances Growth
and Strengthens Antioxidative Defenses under Normal
and Heat Stress Conditions in Brassica juncea
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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

Brassinosteroids (BRs) are a
family of about 70 structurally
related compounds that
contribute to:

*Growth

Cell division, elongation, and
differentiation

*Stress tolerance

*Reproductive development
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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 O, by NBT staining and H,O, by DAB staining. (B) Quantification of O,,, H,O, 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.
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Seed priming with brassinolides improves growth and
reinforces antioxidative defenses under normal and
heat stress conditions in seedlings of Brassica juncea
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Abstract

Ernwirommental stresses pose a major challemge for plant researchers to fulfill increasing
food demand. Researchers are trying to generate high-yvielding and stress-bolerant or
resistant wvarieties using dlassical genetics and modern gene-editing tools; howewer,
botih approaches hawe Emitaticns. Chemical treatments emerged as an altemative o
improwe yield and impart stress resilience. Brassinosteroids (BR=s) are a group of phyto-
hormmones that regulate wvarious biclogical processes, inchuding stress management.
With foliar spray methods, BR treatmemts showed promising resulis bt sre not
economically feasible. We hypotihesize that primimg of seeds. which reguires lesser
amowunts of BRs, could be equally effective in promoting growth and stress tolerance.
Cneving to thiis noticn, we anabyzed the impact of primime seeds with selected BRs,
namely, Z29-epibrassinolide (EBL)] and Z8-homobrassinolide (HEL) in Brassica juncea
umder mormal and heat shock stress conditions. Seeds primved with BRs amd srossem wnitl
seadlings stage at narmal conditions (207 C) were subjected to a heat shock (357 C) for
a Few hours, relating to what plants experiemce in natural conditions. Heat shock
reduced the growth and biomass with an imcreased accumulation of reactive oooygen
species. MAs anticpated. BRs treatmemnts significantly improwved the growtih and physio-
logical parameters with an enhanced anticsddant defenss under both conditions. Tran-
scriptional amalyses rewealed that BRs concomitantly indwce growesth and oxidative
siress-responsive gene expression wia the canonical BR-signaling patihneray. Transfer of
umstressed and heat-shock-treated seedlings to field conditicons demonstrated the
long-ternm effectivity of BR-priming. Ouwr results showed seed priming svith BERs could
improwe growth and resilience agasinst heat shock: hence, it appears to be a wiable
strategy to enhance crop yields and stress tokerance.

productive regions of tropical and subhtrogical areas. The global awer—

Abjotic stresses resultimg from enswironmental perturbations pose &
constant challenges to plants. These enwirnonmental oonstraints debsrio-
rabte owerall produsctivity. Among warbows environmental cues, isoress-
ing bemperatere because of indestrialization and modermization
presents a significant threat to plants (Dash & Mallick, 20107 Yang
et @l 200300 It s a severe hazard for nowurishing crop production in the

apge ternperaburse has enhanced by 178 ower the past 100 years and is
also anticipated bo rise at a guick pacs in the fobore. Hencs, incraassod
tEemperature or resulting heat stress has bbeoormse a major thireat lmin-
ing crop produection aroassd the glolse (Abedelraloman et al., 2017 In
genaeral, plants throwes well ab a specific termperabure ramEes: o ewer,
fluctuations in threshold Eemperatune negatvely imeect groveti, nutri-
tiomnal walues, and owerall produsct beiity. It has been predicted that everny
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