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Seed Priming with 24-Epibrassinolide Alters Growth and 

Phenylpropanoid Pathway in Flax in Response to Water 

Deficit 
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ABSTRACT 

 The aim of the present study was to determine the effects of seed priming with 24-

Epibrassinolide (EBR) (10-8 M) on growth, biochemical, and molecular characteristics of 

Linum usitatissimum L. seedlings under Polyethylene Glycol (PEG) induced drought 

stress conditions. Imposition of flax seedlings to 6, 12, and 18% PEG declined 

germination rate, shoot length, root length, fresh and dry weights, and significantly 

increased phenolic content and PAL (Phenylalanine Ammonia Lyase) enzymatic activity 

while lowering flavonoid content. Application of EBR significantly increased the 

germination rate, shoot and root lengths, dry weight, fresh weight, and anthocyanin 

content whereas reduced phenolic content. At the molecular level, CHS (Chalcone 

Synthase) and PAL (Phenylalanine Ammonia Lyase) transcripts were upregulated under 

drought stress and even more expressed by application of EBR. In conclusion, EBR pre-

sowing seed priming considerably alleviated damages caused by drought stress and 

improved growth parameters in Linum usitatissimum L. seedlings. 
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INTRODUCTION 

 Drought is a major environmental 

constraint limiting plant growth and crop 

production. The percentage of terrestrial 

areas under drought stress is rising and 

assumed to be doubled by the end of 21st 

century. Therefore, plant responses to 

drought, from perception to transcriptional 

and physiological changes, must be 

considered at a global biological level 

(Farooq et al., 2009; Krishnan and Pereira, 

2008). Drought stress promotes generation 

of secondary metabolites, such as 

phenylpropanoids, phenolic acids, 

flavonoids and anthocyanins, which are 

believed to have powerful radical 

scavenging ability to reduce photooxidative 

stress (Caliskan et al., 2017). Phenolics 

provide structural integrity and scaffolding 

support to plants and contribute to the 

regulation of seed germination and the 

growth (Kulbat, 2016). Flavonoids are 

responsible for attraction of pollinators, fruit 

dispersion, seed germination, growth and 

development of seedling, and protection of 

plants from different biotic and abiotic 

stresses (Samanta et al., 2011). 

Anthocyanins, a class of flavonoids, are also 

known for their protective role in plants 

against various biotic and abiotic stresses, 

due to their powerful antioxidant properties 

(Liu et al., 2018). They prevent lipid 

peroxidation, and maintain membrane 

integrity to decelerate cell senescence (Jiao 

et al., 2012).  

 AT the molecular level, plants also 

respond to drought stress via alteration of 

gene expression and formation of complex 

network leading to modification of target 

proteins, which are responsible for 

physiological and biochemical adaptations 
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(Tani et al., 2019). PAL is the key enzyme 

in the phenylpropanoid pathway that 

converts phenylalanine to trans-cinnamic 

acid. The enzyme responds to biotic and 

abiotic stresses as well. PAL gene expression 

is influenced by a variety of environmental 

stresses, including UV irradiation, drought, 

wounding, and pathogen infection (Cass et 

al., 2015). 

 Chalcone Synthase (CHS) is 

representative of plant polyketide synthase 

superfamily, which produce diverse 

flavonoids (such as anthocyanins). The 

enzyme regulates the first step in the 

flavonoid biosynthesis pathway considered 

as a part of plant developmental stages 

whose expression is induced in plants under 

stress conditions (Dao et al., 2011). 

 Brassinosteroids (BRs), a class of plant 

hormones, have been proven to protect 

plants from abiotic stresses (Sharma et al., 

2017). 24-Epibrassinolide (EBR) was shown 

to significantly improve drought  

tolerance in plants by acting as signaling 

compound (Tanveer et al., 2019). The 

hormone sustains plant growth via carbon 

assimilation rate enhancement, ROS 

reduction, solute accumulation and water 

relations (Tanveer et al., 2018). BR also 

enhances pigment contents, photosynthetic 

efficiency, enzymatic, and nonenzymatic 

antioxidants (Sharma et al., 2016a; Sharma 

et al., 2016b). The ability of hormone to 

induce plant tolerance largely results from 

the interaction with other phytohormones

(Bajguz, 2007).  

 Flax (linseed) belongs to the genus Linum 

(Linaceae family) and is one of the crop 

plants cultivated for its oil and fiber 

purposes (Millam et al., 2005). The plant is 

being considered as a platform for the 

development of novel bio-products due to its 

adaptability and product diversity. In 2004, 

flax was grown in 47 countries (Smith and 

Jimmerson, 2005) and Canada had the 

highest production of flax in the world 

followed by China, USA, India and EU 

(Statistics Canada, 2006). Several basic 

nutritional and health- properties have been 

attributed to this plant as a functional food 

(Fitzpatrick, 2007).

 To the best knowledge of authors based 

on literature review, no research has been 

conducted on the effects of EBR on 

phenylpropanoid pathway in flax under 

drought imposition, at seedling stage. In this 

study, our main interest was to explore the 

ameliorative impacts of EBR in relation to 

drought stress through growth parameters 

and non-enzymatic antioxidants. 

Additionally, we investigated expression of 

two important genes involved in 

phenylpropanoid pathway, CHS and PAL, in 

ten-day old flax seedlings.  

MATERIALS AND METHODS 

 Seed Treatment  

 Seeds of Linum usitatissimum L., TN-97-

1 cultivar were obtained from the 

Agricultural Research, Education and 

Extension Organization of West Azerbaijan, 

Urmia, Iran. Seeds were sterilized with 70 % 

ethanol for 2 min, then with 50% sodium 

hypochlorite solution for 4 min, and washed 

four times with sterilized water thoroughly. 

The seeds were soaked in sterilized water 

and kept in the refrigerator for 3 days. Then, 

1,500 seeds were soaked either in (i) 

Sterilized water, or in (ii) EBR (10 
-8

 M) 

(Sigma Alderich, Germany), at 27±2°C for 

24 hours under dark conditions. The 

appropriate concentration of EBR was 

selected based on previous publications 

(Rattan et al., 2012; Derevyanchuk et al., 

2015). Afterwards, seeds were transferred to 

two sheets of sterile filter paper moistened 

with solutions including sterilized water, 

PEG (6%), PEG (12%) and PEG (18%) in 

sterile glass bottles (13 cm depth and 10 cm 

diameter) and allowed to germinate in the 

dark at 27±2°C for 3 days (Ozdemir et al., 

2004). Eight glass bottles were considered 

per treatment, each contained 20 seeds. To 

make PEG (6%), 6 g PEG was dissolved in 

water and volume adjusted to 100 mL. The 

same method was applied for preparation of 
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PEG (12%) and PEG (18%). The number of 

germinated seeds was recorded at the end of 

24, 48, and 72 hours after transfer into petri 

plates. After 3 days, bottles were transferred 

to light conditions for 7 days. The 

temperature of the growth chamber was 

maintained at 27±2°C with light intensity of 

350 µmol m
-2

 s
-1

. Daytime humidity was 

between 60 and 70%. All measurements 

were carried out on 10 day old seedlings. 

Plants were harvested with liquid nitrogen 

and stored at -80°C freezer. 

Germination Rate and Growth 

Parameters 

 To calculate the germination rate, the 

number of planted seeds was recorded in 

each bottle. The number of germinated seeds 

was recorded after 24, 48, and 72 hours. A 

fraction comparing the number of 

germinated seeds to the number of planted 

seeds was calculated and shown as a 

percentage: 

GR= Germinated seeds/Total seeds×100 

 Twenty seedlings from each treatment 

were sampled randomly at day 10, followed 

by measuring lengths and fresh weight of 

shoots and roots. For Dry Weight (DW) 

determination, samples were oven dried at 

70°C for 72 hours and then weighed. 

Total Phenolic, Flavonoid, and 

Anthocyanin Contents

 The total phenolic content of the extracts 

was determined using the Folin and 

Ciocalteu reagent, following the method 

described by Weidner et al  (2009) with 

slight modifications. Sample and standard 

readings were made using a 

spectrophotometer (APEL PD 303 UV-Vis

Spectrophotometer, Japanese) at 765 nm 

against the blank reagent. The polyphenolic 

extract (125 µL) was mixed with 1.5 mL of 

water and 125 µL of Folin-Ciocalteu‟s 

phenol reagent (1:1). After 5 minutes, 1.25 

mL of saturated sodium carbonate solution 

(8% w/v in water) was added to the mixture. 

The reaction was kept in the dark for 90 

minutes and, after centrifugation, 

absorbance of blue color was measured at 

765 nm. 

 The content of flavonoids in the examined 

plant extracts was determined using 

spectrophotometric method (Quettier et al., 

2000). The sample contained 1 mL of 

methanol solution of the extract in the 

concentration of 1 mg mL
-1

 and 1 mL of 

AlCl3 (2%) solution dissolved in methanol. 

The samples were incubated for one hour at 

room temperature. The absorbance was 

determined using spectrophotometer at 

λmax= 415 nm. The same procedure was 

repeated for the standard solution of 

quercetin and the calibration line 

constructed. 

 Anthocyanin content was determined 

using the protocol of Abbas et al  (2013). 0.1 

g of Linum usitatissimum L. samples were 

extracted for 1 day at 25°C in 1 mL of 1% 

(v/v) hydrochloric acid in methanol. The 

mixture was centrifuged at 13,000×g for 10 

minutes and the absorbance of the 

supernatant was measured at 530 and 657 

nm. Anthocyanin concentrations were 

calculated using the formula [A530-

(1/4×A657)]. The anthocyanin content was 

defined as the product of relative 

anthocyanin concentration and the extract 

volume. One anthocyanin unit equals to one 

absorbance unit [A530-(1/4×A657)] in 1 mL 

of the extraction solution.

Intracellular PAL Assay

 For PAL assay, 0.1 g of plant sample was 

ground in ice-cold 0.1M Tris-HCl buffer 

(pH= 8.8) containing 1% 

polyvinylpolypyrrolidone and 1 mM EDTA. 

The homogenate was centrifuged at 

8,000×g, at 4°C for 10 minutes and 

supernatant tested for PAL activity. PAL 

activity was determined by monitoring the 

reaction product trans-cinnamate at 290 nm 

(Hura et al., 2007). The reaction mixture 

contained 50 mM Tris-HCl (pH= 8.8), 20 

mM L-phenylalanine, and enzyme in a total 
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Table 1. List of primers used in RT-PCR study.  

Gene name Primer sequence (5'→3') Gene bank Size(bp) Reference 

LuPAL FWD: CGGAACAATCACAGCTTCCGG AY837828.1  294      This study 

 REV: TCCTAGCCATTGAGGCGAAGTC    

LuCHS FWD: GGAGTGGACATGCCCGGAGC AY837832.1 543 This study 

 REV: CAGTATGGCAGGCCCACCAGG    

LuEF1α FWD: GCTGCCAACTTCACATCTCA GR508911 140 (Huis et al.,   2010) 

 REW: GATCGCCTGTCAATCTTGGT    

 

volume of 2 mL. The reaction was allowed 

to proceed for 30 min at 30°C and was 

stopped by the addition of 0.5 mL of 

trichloroacetic acid (10%). One unit of 

enzyme activity was defined as the amount 

of enzyme that increased the absorbance by 

0.01 min
-1

 under assay conditions. The 

activity was expressed in U g
-1

 fresh weight.

RNA Extraction and Semi-Quantitative 

RT-PCR

 RNA samples were extracted by the 

CTAB method with slight modification 

(Gambino et al., 2008). First-strand cDNA 

was synthesized in a 12 µL reaction system 

containing 1 µL oligo dT, 2 µL total RNA 

and 9 µL DEPC water at 65°C for 5 minutes. 

This was followed by addition of 2 µL 

dNTP, 1 µL reverse transcriptase, 1 µL 

RNase inhibitor and 4 µL reaction buffer at 

42°C for 1 hour and 70°C for 5 minutes. RT-

PCR reaction was performed according to 

the manufacturer‟s instructions, with gene 

specific primers (Table 1). The LuPAL and 

LuCHS primers were designed based on 

gene bank sequences. PCR reaction was 

conducted in 25 µL volumes containing 12.5 

µL master mix, 1 µL cDNA, 0.75 µM of 

each of the primers (Table 1) and 10 µL 

H2O. The reactions were initiated at 95 °C 

for 3 min, followed by 28–30 cycle of 95°C 

for 25 seconds, 58–62°C for 30 seconds, 

72°C for 25 seconds and a final extension at 

72°C for 7 minutes. The intensity of PCR 

amplified bands was visualized under UV 

and measured using gel documentation 

system (Ingenius 3, Syngene, UK). 

DATA ANALYSIS 

 Data were analyzed using Image J, Excel 

2010 and SPSS 22.0 softwares. Analysis of 

Variance (ANOVA) was conducted to 

compare the mean values among different 

treatments (P≤ 0.05). 

RESULTS 

Germination Rate and Growth 

Parameters

 The effect of osmotic stress induced by 

PEG on the germination rate of linseed is 

presented in Figure 1. The germination rate 

decreased 10, 14.37 and 41.25% under (6%), 

(12%) and (18%) PEG impositions, 

respectively, compared to the control. At 

PEG (18%), a drastic reduction in 

germination rate was noted. However, EBR 

application alleviated the inhibitory effect of 

PEG on germination of flax seeds (Figure 

1).  

 A strong negative correlation coefficient 

was noted between PEG concentration and 

shoot length, which decreased to 3.8, 2.4, 

and 1cm by exposing the seedlings to 6, 12, 

and 18% PEG, respectively, compared to the 

controls (4.6 cm). Whereas, EBR (10
-8

M) 

application improved the growth of linseed 

shoot to 4.6, 3.3, and 1.3 cm in BR+PEG 

(6%), BR+PEG (12%) and BR+PEG (18%) 

(Figure 2). Water deficit induced by PEG 

increased root length to 2.1 cm and 4 cm and 

decreased to 2 cm in seedlings exposed to 
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Figure 1. Germination percentage in Linum usitatissimum L. under drought stress with or without EBR 

application (C: Control). Values are mean±SE based on twenty replicates (n= 20).  Different letters on the 

columns represent significant difference. 

 
Figure 2. Root and shoot lengths (cm) in Linum usitatissimum L. under drought stress with or without EBR 

application (C: Control). Values are mean±SE based on twenty replicates (n= 20). Different letters on the 

columns represent significant difference. 

                                                                                                                   

 
PEG (6%), PEG (12%) and PEG (18%), 

respectively, compared to the control group 

(2 cm). However, EBR seed priming 

promoted root growth in BR 2.6 cm, 

BR+PEG (6%) 4.1 cm, BR+PEG (12%) 7 

cm, and BR+PEG (18%) 3.5 cm (Figure 2). 

 PEG- induced drought stress caused 

reduction in both FW and DW of seedlings, 

while EBR presoaking seed elevated FW 

and DW compared with the seedlings treated 

with PEG alone. The highest FW was 

recorded in BR (0.77 g) and the lowest was 

in PEG (18%) (0.14 g) (Figure 3-A). In case 

of DW, control with 0.062 g and PEG (18%) 

with 0.02 g had the highest and lowest 

amounts among treatments (Figure 3-B). 

Determination of Total Phenolic, 

Flavonoid and Anthocyanin Contents 

 Figure 4-A shows the total phenolic 

content under different PEG treatments. 

Total phenolic content enhanced to 8.6 mg 

GAE g
-1

FW, 9.6 mg GAE g
-1

FW, and 12 mg 

GAE g
-1

FW in PEG (6%), PEG (12%), and 

PEG (18%), respectively. The highest 

phenolic content was detected under PEG 

(18%), and the lowest observed under BR 

(4.80 mg GAE g
-1

FW). Treatment with EBR 

reduced phenolic content to 5.1 mg GAE g
-1

FW 

at BR+PEG (6%), 8.5 mg GAE g
-1

FW at  
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Figure 3. (A) Fresh weight and (B) Dry weight (g) in Linum usitatissimum L. seedlings under drought 

stress, with or without EBR (BR) application (C: Control). Values are mean±SE based on twenty 

replicates (n= 20).  Different letters on the columns represent significant difference. 

 
 

 
Figure 4. (A) Phenol (mg GAE g

-1
FW), (B) Flavonoid (mg QE g

-1
FW) and (C) Anthocyanin (mg g

-1
 FW) in 

Linum usitatissimum L. Seedlings under drought stress with or without EBR (BR) application (C: 

Control). Values are mean±SE based  on six replicates (n = 6). Different letters on the columns represent 

significant difference. 
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BR+PEG (12%), and 7.7 mg GAE g
-1

FW in 

BR+PEG (18%).  

 Flavonoid production was significantly 

lowered to 1.16, 0.95, and 0.71 mg QE
 
g

-1
FW 

by exposing seedlings to PEG (6%), PEG 

(12%), and PEG (18%), respectively, 

compared to the control group (1.4 mg QE
 
g

-1
 

FW) (Figure 4-B). However, application of 

EBR did not have much effect on flavonoid 

content and was reported as 1.41 mg QE
 
g

-

1
FW in BR, 1.19 mg QE

 
g

-1
FW in BR+PEG 

(6%), 0.97 mg QE
 
g

-1
FW in BR+PEG (12%), 

and 0.73 mg QE
 
g

-1
 FW in PEG (18%) +BR. 

 Seedlings grown under drought stress 

possessed comparatively higher anthocyanin 

level compared to the control seedlings 

(Figure 4-C). This value was reported 1.5, 2, 

and 1.2 fold higher under, respectively, PEG 

(6%), PEG (12%), and PEG (18%), 

compared to the control group. However, 

EBR application elevated the anthocyanin 

content with the highest identified in the 

BR+PEG (12%)-treated seedlings (0.33 mg 

g
-1

FW). 

PAL Enzymatic Activity

 Seedlings raised with PEG exhibited a 

significant increase in PAL activity under 

PEG (6%) (67.5 U
 
g

-1
FW), PEG (12%) (76.8 

U
 
g

-1
FW), and specially PEG (18 %) (131.8 U

 

g
-1

FW) compared with the control group (39 

U
 
g

-1
FW) (Figure 5). However, seed priming 

with EBR declined the PAL activity in 

BR+PEG (6%) to 61.16 U
 
g

-1
FW, BR+PEG 

(12%) to 66 U
 
g

-1
FW and BR+PEG (18%) to 

119 U
 
g

-1
FW. EBR seed priming increased the 

enzyme activity in BR group to 52.8 U
 
g

-1
FW. 

Gene Expression Analyses

 The CHS transcript level was enhanced in 

PEG (6%), PEG (12%), and PEG (18%) to, 

respectively, 4.5, 5, and 2.8 fold, compared 

to the control group (Figure 7A). EBR seed 

priming significantly increased CHS gene 

expression in BR+PEG (6%) but decreased 

its mRNA level in BR+PEG (12%) and 

BR+PEG (18%) groups. The highest CHS 

expression was observed in PEG (12%) 

group and the lowest was detected in the 

control group (Figure 6).  

 PAL gene expression increased 1.3 and 

1.5 fold under PEG (6%) and PEG (18%), 

respectively, but did not alter under PEG 

(12%), compared to the control group 

(Figure 7B). However, EBR seed priming 

pretreatment enhanced PAL mRNA level in 

PEG (12%) and PEG (18%), but did not 

change PAL transcripts in PEG (6%).The 

highest PAL expression was observed in BR 

and BR+PEG (18%) groups and the lowest 

was found in the control group (Figure 6). 

DISCUSSION 

Germination Rate and Growth 

Parameters

 Germination is potentially the most critical 

stage of exposure to drought stress (Ahmad et 

al., 2009). Drought reduces the osmotic 

potential of the seed and subsequently declines 

the germination rate (Shitole and Dhumal, 

2012). In this study, drought stress resulted in 

delay and decrease of seed germination in flax. 

However, supplementation of EBR to PEG 

induced drought stressed seedlings enhance 

the seed germination showing the stimulatory 

role of EBR on seed germination promotion, 

which could be due to gibberellic acid 

biosynthesis (Steber and Mccourt, 2001). 

 In the present study, growth of seedlings 

was severely impaired under drought stress, as 

reflected in reduced root and shoot lengths, 

whereas pre-sowing seed application of EBR 

improved seedling growth. BRs impinge root 

growth based on meristematic cell 

proliferation and elongation (González-García 

et al., 2011). The crucial role of BR as key 

regulator in the optimal control of cell cycle 

progression (González-García et al., 2011) and 

cell expansion (Chaiwanon and Wang, 2015) 

has already been shown. The shoot growth 

promotion of BR has also been attributed to 

enhancement in size and number of leaf 

epidermal and mesophyll cells since BR 
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Figure 5. PAL enzyme activity (U g
-1

FW) in Linum usitatissimum L. seedlings under PEG induced drought 

stress  with or without EBR (BR) application (C: Control). Values are mean±SE based on 6 replicates (n= 6). 

Different letters on the columns represent significant difference. 

 

Figure 6. RT-PCR gene expressions of Chalcone Synthase (CHS), Phenylalanine Ammonia Lyase (PAL) and 

EF1α in Linum usitatissimum L. seedlings under PEG induced drought stress with or without EBR (BR) application. 
 

 
Figure 7. Relative mRNA levels of (A) Chalcone Synthase (CHS) and (B) Phenylalanine Ammonia Lyase (PAL) 

(B) in Linum usitatissimum L. seedlings under PEG induced drought stress with or without EBR (BR) application. 
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loss-of-function mutants displayed 

significant reduction in cell size, leaf 

epidermal, and mesophyll cell number 

(Anwar et al., 2018). 

 Drought stress is one of the most 

important factors affecting fresh and dry 

weights in plants. Under drought stress, 

accumulation of dry matter in all plant 

organs is reduced and leads to a loss in dry 

weight of the plant, although different plant 

organs show different degrees of decline 

(Asrar and Elhindi, 2011). Reducing dry 

matter may be due to a significant reduction 

in photosynthesis, decrease in plant growth 

(Shao et al., 2008), and changing the amount 

of water or nutrients (Zokaee-Khosroshahi et 

al., 2014)  However, EBR seed priming 

enhanced fresh and dry weights under 

drought stress, which could be attributed to 

chlorophyll accumulation, amylase activity, 

stomatal conductance, photosynthesis 

(Anwar et al., 2018), total protein contents, 

and membrane stability (Anwar et al., 2018; 

Aghaee and Rahmani, 2019). 

Total Phenolic, Flavonoid and 

Anthocyanin Contents 

 Phenolic compounds play an important 

role in the detoxification of free radicals. 

Thus, a common response to drought stress 

is an increase in synthesis of phenolic 

compounds (Ksouri et al., 2007). In this 

study, phenolic compounds were 

accumulated in higher amounts in Linum 

usitatissimum L. seedlings under drought 

stress, as compared with the controls. This 

induction could be related to antioxidative 

role of phenolic compounds to scavenge 

ROS in plants under stresses (Fayez and 

Bazaid, 2014). However, phenolic content 

tended to decrease to almost control 

seedlings range under EBR application, 

which is in consistency with growth 

promotion due to decrease of oxidative 

stress and increase of antioxidative enzymes 

activity (Jiroutova et al., 2018; Aghaee and 

Rahmani, 2019). 

 Flavonoids are plant secondary 

metabolites with important roles in plant 

physiology (Pourcel et al., 2007). Various 

biotic and abiotic stress conditions affect the 

accumulation of flavonoids in plant 

vegetative tissues and organs (Braidot et al., 

2008). They are known as efficient metal 

chelators, and plants alleviate stress via 

formation of chelate complexes with 

flavonoids (Lachman et al., 2005). In this 

study, phytochemical analysis revealed 

lower accumulation of total flavonoid 

content under drought stress. A uniform 

mechanism for flavonoid production and 

secretion has not been illustrated under 

stress due to the fact that the flavonoid 

accumulation is dependent on several 

parameters such as stress condition, 

frequency, duration, timing and plant species 

(Cetinkaya et al., 2017). In the present 

study, EBR did not exert any influence on 

flavonoid accumulation under PEG-induced 

drought stress, indicating that ameliorative 

impacts of EBR are not induced via 

flavonoid production in flax. The 

mechanism of BR relevance in flavonoid 

content has largely remained unknown (Li et 

al., 2017). 

 Anthocyanins are the colored water-

soluble pigments in glycosylated forms, 

belonging to the phenolic group (Hock et al., 

2017). Anthocyanin biosynthesis, as branch 

of flavonoid pathway, includes genes such 

as Chalcone Synthase (CHS), Chalcone 

Isomerase (CHI), Dihydroflavonol 

Reductase (DFR), 

Leucoanthocyandindioxygenase (LDOX), 

and UDP-glucose: Flavonoid-3-OGlucosyl 

Transferase (UF3GT) (Grotewold, 2006). 

Anthocyanins, as antioxidants, play an 

important role in water homeostasis 

(Sperdouli and Moustakas, 2012). They 

scavenge ROS and prevent oxidative 

damage in various plant species under 

stresses (Chen and Murat, 2002). The 

accumulation of anthocyanin pigments has 

been reported in response to various stresses 

such as drought, salinity, high light, chilling, 

UV-exposure, wounding, pathogen 

infection, pollution, osmotic stress, and 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
20

.2
2.

4.
2.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
7-

27
 ]

 

                             9 / 14

https://dorl.net/dor/20.1001.1.16807073.2020.22.4.2.4
https://jast.modares.ac.ir/article-23-19677-en.html


  ________________________________________________________________ Aghaee and Rahmani 

1048 

nutrient deficiency (Kovinich et al., 2015; 

Winkel-Shirley, 2001).  

In the present study, drought stress increased 

anthocyanin content and EBR seed priming 

caused even more anthocyanin 

accumulation, revealing better oxidative 

stress management under hormone 

application. EBR enhancement of total 

anthocyanins content has also been shown in 

two varieties of pepper (Capsicum annuum) 

under salinity stress (Abbas et al  2013).

PAL Enzymatic Activity 

 Phenylalanine Ammonia Lyase (PAL) is a 

key enzyme of the phenylpropanoid pathway 

catalyzing the deamination of phenylalanine 

to trans-cinnamic acid (Cass et al., 2015). 

Moreover, Phimchan et al  (2014) reported 

that under drought stress, PAL enzyme 

activity is enhanced as compared to the non-

drought-stressed plants. In this study, PAL 

activity was enhanced to overcome 

detrimental impacts of drought stress via 

enhancing phenolics and anthocyanin 

contents. However, application of EBR 

decreased its activity and returned it to about 

the range of the control plants, indicating 

less oxidative stress upon hormone 

pretreatment. Our data shows consistency 

between fluctuation of PAL enzymatic 

activity and phenolic content. The phenolics 

are synthesized via phenylpropanoid 

pathway, in which PAL is a key and primary 

enzyme. Considering elevation in the 

anthocyanin content and reduction in 

phenolics upon EBR treatment in this study, 

it can be concluded that measured phenolics 

are related to phenolic compounds not 

including anthocyanins (Ayub et al., 2018).

Gene Expression 

 One of the most important enzymes in 

flavonoid/anthocyanin biosynthesis pathway 

is Chalcone Synthase (CHS) (Sanchez,

2008). CHS expression is often induced by 

biotic and abiotic stresses like elicitor, 

pathogen, UV irradiation, and post-harvest 

wilting procedures (Vannozzi et al., 2012; 

Versari et al., 2001). In the present study, the 

expression of CHS was enhanced under PEG 

conditions indicating its drought 

responsiveness and showed consistency with 

anthocyanin content. However, application 

of EBR led to less CHS transcript level, 

which does not support higher accumulation 

of anthocyanine content. Since the activity 

of enzymes correlates strongly with the 

metabolite concentration, it can be 

concluded that regulation of anthocyanin 

synthesis in flax occurs at the post-

transcriptional, translational or post-

translational levels (Niu et al., 2017).  

 Phenylalanine Ammonia Lyase (PAL, EC 

4.3.1.5) is the key enzyme of the 

phenylpropanoid biosynthetic pathway (Cass 

et al., 2015). In this study, expression of 

PAL was enhanced under drought stress, 

especially under PEG (18%) to increase 

phenolics production. Accumulation of 

phenolics as antioxidant compounds is one 

of the general responses to abiotic stresses in 

plants (Winkel-Shirley, 2001). EBR pre-

sowing seed priming elevated PAL transcript 

level indicating that EBR is positive 

regulator of the PAL gene. However, there 

was a lack of correlation between PAL 

enzymatic activity and PAL transcript level 

under EBR application revealing that PAL 

regulation occurs at both transcriptional and 

post-transcriptional levels (Promyou et al. 

2007).  

 Eexpression of CHS and PAL genes were 

reported to be associated together (Yuan et 

al., 2012). However, our data on transcript 

levels of CHS and PAL support upregulation 

of PAL gene with downregulation of CHS 

mRNA level under application of EBR 

hormone (Figures 6 and 7). Interestingly, 

fluctuation in CHS transcript expression 

supports anthocyanin content.  

CONCLUSIONS 

 The present study showed that EBR seed 

priming improves seed germination, fresh 
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weight, dry weight, shoot and root lengths, 

with reduction in phenolic content and PAL 

enzymatic activity and induction of 

anthocyanin accumulation revealing less 

oxidative damage occurring under drought 

stress in flax plants. Since, water deficit 

adversely affects the global crop production, 

and impacts are getting more serious in the 

recent decades, BR treatment seems to be a 

promising solution to reduce the harmful 

effects of drought stress. Understanding 

BR's mechanism for reducing the severity of 

drought requires more research. 
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کتان در ا در مسیر فنیل پروپانوئید ر رشد واپی براسینولید -42با هورمون دانه تیمار 

 دهدتغییر می به تنش آبپاسخ 

 پ. آقایی، و ف. رحمانی

 چکیده

 مًلار( بز 8-01) (EBR)اپی بزاسيىًليد-42مطالعٍ حاضز با َدف تعييه تاثيز تيمار بذر با ًَرمًن 

تحت  .Linum usitatissimum L) ) کتان رشد، پارامتزَاي بيًشيميايی ي مًلکًلی داوٍ رست َاي

( اوجام شد. بزاساس وتايج بٍ دست آمدٌ در داوٍ رست PEGيکًل )تىش خشکی واشی اس پلی اتيله گلا

، جًاوٍ سوی، طًل ساقٍ ي PEG (18%), PEG (12%), PEG (6%)َاي کتان تحت تىش خشکی 

داري در ميشان تزکيبات فىلی ي  ريشٍ، يسن خشک ي يسن تز کاَش يافت در حالی کٍ افشايش معىی

مشاَدٌ شد. استفادٌ اس  لياس( ي کاَش در مقدار فلايوًئيدَا )فىيل آلاويه آمًويا PALفعاليت آوشيمی 

EBR  سبب افشايش سزعت جًاوٍ سوی، طًل ساقٍ ي ريشٍ، يسن خشک، يسن تز ي محتًاي آوتًسياويه ي

 CHSکاَش محتًاي فىًلی گزديد. در سطح مًلکًلی، تحت تىش خشکی، ريوًيسی اس صن َاي 

سبب افشايش َز چٍ  EBRًويا لياس( افشايش يافت ي استفادٌ اس )فىيل الاويه آم PAL)چلکًن سيىتاس( ي 

بٍ طًر قابل تًجُی سبب  EBRبيشتز بيان ايه دي صن شد. بٍ طًر کلی، خيساودن قبل اس کاشت بذر با 

کاَش خسارات واشی اس تىش خشکی شدٌ ي سبب افشايش پارامتزَاي رشدي داوٍ رست َاي کتان تحت 

 تىش خشکی می گزدد.
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