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ABSTRACT. Lepidium draba, a medicinal herb belongs to the 

Brassicaceae family is more considered because it contains high level of 

glucoraphanin, as a precursor of sulforaphane (an anti-carcinogenic and 

anticancer agent). Whilst there has been studies on plant response to 

salinity stress, to date the response of L. draba to salinity stress is poorly 

understood. The aims of this study were Identification of Δ
1
- pyrroline-

5-carboxylate synthetase (P5CS) gene and assessment of different 

concentrations of NaCl on P5CS gene expression level and some 

biochemical traits of L. draba treated seedlings. The five-day old L. 

draba seedlings were treated by different concentrations (0, 50, 100, 200 
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and 300 mM) of NaCl for 14 days in completely random design. 

Identification of the P5CS gene was done by purification of total RNA, 

synthesis of cDNA library and amplification of the cDNA in the 

presence of specific primers which followed by sequencing. The gene 

expression level of P5CS was done using real-time PCR methods. 

Thereafter the salts effects were analyzed on peroxidase and catalase 

activity and carotenoid, chlorophyll, total protein and proline contents 

were measured in the treated seedlings using spectrophotometer 

apparatus. Identification and characterization of P5CS mRNA were 

performed and its sequence partially registered in GeneBank. The data 

were shown that P5CS gene expression level and the proline content 

increased with increasing concentrations of NaCl up to 300 mM. 

Peroxidase and catalase activities as well as the total protein content 

were enhanced by increasing the concentrations of NaCl in all samples. 

Chlorophyll and carotenoid contents were significantly decreased by 

salinity stress. According to the results, a correlation was found between 

proline content and P5CS gene expression. Furthermore, these results 

also provide an insight into the response of this medicinal plant to salt 

stress. 

Keywords: Biochemical traits; Lepidium draba; P5CS gene; Proline 

content; Salinity stress. 

 INTRODUCTION 

    Lepidium draba (L. draba), from the family Brassicaceae, is a deep-rooted perennial herb that grows to a 

height of 2 m. It is native to the Balkan Peninsula, Armenia, Turkey, Palestine and Iran and grows in gardens and 

vegetable fields (Rezvani and Zaefarian, 2016). Salinity affects physiological and biochemical traits of plants and 

decreases yield, significantly. Cells create many compatibility strategies in response to various stresses (Rejeb et al., 

2014; Acosta-Motos et al., 2017), such as salinity. Salt stress causes increased construction of the reactive oxygen 

species (ROS), which causes lipid peroxidation (Chen et al., 2018). Therefore, cell membrane stability has been 

used widely to distinguish cultivars tolerant and sensitive to salinity (Jamali et al., 2015). The major ROS are 

superoxide radicals (O2˙ˉ), singlet oxygen (1O2), hydroxyl radicals (•OH) and hydrogen peroxide (H2O2) in 

plants (Phaniendra et al., 2015). The production of ROS is restricted or removed by antioxidant enzymes like 

superoxide dismutase (SOD), guaiacol peroxidase (POD), ascorbate peroxidase (APX) and catalase (CAT) (Foyer 

and Noctor, 2003). These isozymes could be utilized as biochemical markers to investigate the plant tolerance to 

stress (Chunthaburee et al., 2016). It was specified that enzymatic antioxidant defense system including polyphenol 

oxidase, ascorbate peroxidase and catalase, non-enzymatic antioxidant defense system including total soluble 

carbohydrates and proline contents and oxidative stress parameters including malondialdehyde, other aldehydes, 

hydrogen peroxide and electrolyte leakage contents are extremely affected under drought and salinity stresses (alone 

or in combination) (Jamshidi Goharrizi et al., 2019a; Jamshidi Goharrizi et al., 2019c). In the same study, it was 

specified that in the more tolerant plants, enzymatic and non-enzymatic antioxidant defense systems are more active 

to reduce the oxidative stress indexes under drought and salinity stresses (alone or in combination) (Jamshidi 

Goharrizi et al., 2019a; Jamshidi Goharrizi et al., 2019c). 

 a t stress reduces  hotosynthesis efficiency and affects the   ant    ea es ch oro hy   content   ni i  o   

et a ., 2017). A decrease in δ-aminolevulinic acid dehydratase (ALAD) activity in stress conditions can cause 

reduced amount of chlorophyll synthesis (Killiny et al., 2018).  However, it is unclear how this enzyme behaves in 

the leaf under salinity stress conditions.  



Identification and Characterization of Δ1-pyrroline-5-carboxylate Synthetase in Lepidium draba Plant and Investigating the 

Expression Level of This Gene and Some Biochemical Traits under Salt Stress  

Genetics and Molecular Research 18 (4): gmr16039971 

Plants also show different changes in the pattern of synthesis and accumulation of proteins in a saline 

environment (Jamshidi Goharrizi et al., 2019a; Jamshidi Goharrizi et al., 2019c). One of the most prevalent 

responses to stress in higher plants is non-toxic solutes, called compatible solutes, osmoprotectants or osmolytes 

(Hossain et al., 2019). These solutes are mostly frequent carbohydrates, sugars, amino acids and proteins, which 

operate as osmolytes. Among a wide range of osmolytes, proline is the most extensive compound accumulated in 

many plant species under stress conditions. The role of proline and its metabolism under stress conditions have been 

studied in many plants. It is generally now accepted that proline acts as a multifunctional metabolite, as well as 

operating as a compatible osmolyte; it can also function in scavenging  reactive oxygen species (ROS), fixing 

subcellular structures, adjusting cell redox homeostasis, providing energy, and acting as a signaling molecule to 

interact with other metabolic pathways under stress conditions (Per et al., 2017). 

Proline in plants is synthesized from glutamate by the action of two enzymes: Δ
1
- pyrroline-5-carboxylate 

synthetase or P5CS and pyrroline-5-carboxylate reductase or P5CR from glutamate (Hayat et al., 2012). P5CS has a 

main role in the control of proline biosynthesis, and increasing proline accumulation decreases osmotic stresses 

(Chun et al., 2018). 

To our knowledge, no published study has been reported on the effect of salt stress on biochemical traits 

and P5CS gene expression in L. draba plant.  The aims of this study are  

[1]. To evaluate the comparative effects of 0, 50, 100, 200 and 300 mM NaCl on POD and CAT enzymes 

activity, chlorophyll and carotenoid biosynthesis, and total protein in addition to proline content  

[2]. To identify and characterize the P5CS from L. draba plant 

[3]. To measure the expression level of P5CS under different concentrations of NaCl including 0, 50, 100, 200 

and 300 mM. 

MATERIALS AND METHODS 

Seed germination  

    In order to germinate, L. draba seeds were disinfected and were put on 1% agar (pH=7) in an incubator 

in complete darkness for 3 days at 28 ± 1°C and 55% relative humidity (Jamshidi Goharrizi et al., 2019e). 

Plant culture 

    Hoagland solution (Hoagland and Arnon, 1950) with pH=6.2 was prepared to culture L. draba seeds  in 

such a way that a lattice lace was put on the surface of a disposable container (bottom of the disposable container 

was cut) and germinated L. draba seeds were put on the surface of this lattice lace (Figure S1). This disposable 

container was placed inside another one that was containing 180 mL Hoagland solution (Figure S1). These 

disposable containers were put in the germinator for two days at 25°C with 16-h light and 8-h dark photoperiod 

(Jamshidi Goharrizi et al., 2019e). After two days, the Hoagland solution became empty, and then 0, 50, 100, 200 

and 300 mM NaCl using of fresh Hoagland solution were prepared and 180 mL of each of these solutions was 

poured in the disposable containers. They were put in the germinator (at 26°C with 17-h light and 7-h dark 

photoperiod), and an aquarium pump was applied to aerate the Hoagland solution. After 14 days, in order to 

evaluate some biochemical traits and gene expression, sprouts were cut, immediately put in aluminum, flash frozen 

in liquid nitrogen and stored at -80°C. 

Preparation of enzyme extract 

Using liquid nitrogen, 0.5 g of L. draba sprouts were crushed and 5 mL of 50 mmol sodium phosphate 

buffer (pH 7.0), including 1% polyvinylpyrrolidone and 0.2 mM Ethylenediamine-Tetraacetic acid (EDTA). The 

homogenate solution was centrifuged at 20,000 g for 25 min, and the supernatant was used for measuring the 

enzyme activity. 
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Estimation of peroxidase (POD) enzyme activity 

POD activity was performed using the Chance and Maehly method, with slight modification (Chance and 

Maehly, 1955). To this end, 4 mL of assay solution, including 20 mM guaiacol, 50 mM potassium phosphate (pH 

7.0), 40 mM H2O2, and 0.3 mL enzyme extract were applied to measure POD activity. Furthermore, 470 nm 

wavelengths were used to record absorbance of reaction after every 30 sec until 5 min had passed. Extinction 

coefficient of tetraguaiacol was considered at 25.5 mM
-1

 cm
-1

, and POD activity in mmol of H2O2 min
-1

 mg
-1

 was 

also measured. The POD enzyme activity was reported by unit per minute per mg protein. 

Estimation of catalase (CAT) enzyme activity  

    The method described by Chandlee and Scandalios was used to measure CAT activity; for this purpose, 

0.4 mL H2O2 (15 mM), 2.6 mL of potassium phosphate (50 mM, pH 7.0) and 0.04 mL of enzyme extract were 

mixed, and CAT enzyme activity was calculated by measuring absorbance at a wavelength of 240 nm (Chandlee 

and Scandalios, 1984). The catalysis of H2O2 was performed by the decline absorbance at 240 nm. The extinction 

coefficient of 0.036 mM
−1

 cm
−1

   was used to calculate the activity of the enzyme, and CAT enzyme activity was 

reported by unit per minute per mg protein.  

Extraction and estimation of chlorophyll and carotenoid contents  

    The method described by Lichtenthaler (Lichtenthaler, 1987) was applied to extract chlorophyll, and for 

this purpose, 0.1 g of leaves with 3 mL 80% acetone were ground in presence of 0.1% CaCO3 for prevention of 

chlorophyllase activities. After filtering samples, the final volume (25 mL) was transferred to tubes, and 

wavelengths of A470, A646.8 and A663.2 were used to record absorbance of reactions. Equation 1-4 was used to 

calculate the contents of chlorophyll a, chlorophyll b, total chlorophyll and total carotenoid. 

Eq. 1      Chlorophyll a = (12/25 × OD663.2 nm) – (2/79 × OD 646.8 nm) 

Eq. 2      Chlorophyll b = (21/5× OD 646.8 nm) – (5/1 OD 663.2 nm) 

Eq. 3      Total chlorophyll = chlorophyll a + chlorophyll b 

Eq. 4    Total carotenoid = [(1000 × OD 470 nm) – (1/82 × chlorophyll a) – (85/02 × chlorophyll b] / 198 

   Extraction and estimation of total protein content  

    For extraction of total protein, 0.5 g L. draba sprouts were homogenized in 6 mL of 10 mM potassium 

phosphate buffer (pH 7.0), including 4% (w/v) polyvinylpyrrolidone (PVP). The solution was centrifuged at 15,000 

g at 4°C for 20 min, and the supernatants were used to determine protein content. The method described by 

Bradford (Bradford, 1976) was applied to determine protein content, and for this purpose, 20 µl of supernatant with 

980 µL of Bradford reagent was mixed and 595 nm was used to record the absorbance of the reactions. Bovine 

serum albumin in different concentrations (0 (blank = No protein), 250, 500, 750 and 1500 µg/mL) was used to 

draw the standard curve, and protein concentrations by line slope formula of this standard curve were quantified. 

Extraction and estimation of proline content  

    Proline content was extracted from 14-day-old L. draba seedlings using the method described by Bates 

et al. (Bates et al., 1973), with a slight modification; 100 mg of L. draba seedlings were homogenized in 10 mL of 

3% aqueous sulfosalicylic acid and centrifuged at 10,000 g for 15 min. In a new microtube, the supernatant was 

mixed with equal volumes of glacial acetic acid and ninhydrin solution. Microtubes were incubated for 1 hour at 

100°C, and then 6 mL of toluene was added to the microtubes. At 520 nm, absorbance of fraction with toluene 
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aspired from fluid phase was recorded using a spectrophotometer. By calibration curve, proline concentration was 

determined and was reported as µmol/g FW. 

 

Total RNA extraction and cDNA synthesis  

    In presence of liquid nitrogen, 100 mg of L. draba sprouts were crushed and transferred to microtubes, 

and 1 mL RNX  us  Cinnagen, Tehran, Iran) was added. Tota  RNA was extracted according to the manufacturer’s 

protocol as described previously (Jamshidi Goharrizi et al., 2018). 1% agarose gel electrophoresis was used to test 

the integrity of isolated RNA. NanoDrop-1000 spectrophotometer was utilized to check the purification and 

concentration of each sample. High-quality RNA (OD 260/280 and OD 260/230 >2) was used for first-strand cDNA 

synthesis. The mRNA (1 µg of total RNA) was reverse transcribed into cDNA as described by Nasiri-Bezenjani et 

al. (Nasiri-Bezenjani et al., 2014) by the use of oligo dt (18 primer) as a primer and MMuLV reverse transcriptase.                

P5CS mRNA identification and sequences analysis  

    Arabidopsis thaliana, Camelina sativa, Brassica napus and Arabidopsis lyrata (GenBank accession No. 

Y09355.1, XM_010506118.1, XM_013800452.2 and XM_021024621.1) were used for P5CS primer design using 

the Gene Runner software (version 3.05). P5CS was amplified using cDNA in presence of specific primers, 

including forward primer: 5'-AGAAAGCTTCAGGCCTTATCTTCAG-3' and reverse primer: 5'-

TTATTCCCACCTCAGCACCAAGTC-3', and 1029 base pair was considered as PCR product.  PCR amplification 

was done in a 25 µL reaction mixture. 0.5 µl of the cDNA as template, 25 mM KCl, 1.25 mM MgCl2, 10 mM 

TriseHCl pH 8.4, 62.5 µM dNTPs, 0.1 µM each primer and 1.25 U Taq polymerase (Invitrogen, Carlsbad, USA) 

were all applied to the purpose of amplification of P5CS gene with the following conditions: initial denaturation at 

94°C for 5 min, 40 cycle amplification (94°C for 45 sec, 63°C for 45 sec and 72°C for 1 min) and a final extension 

for 5 min at 72°C. Observation of PCR product by 1% agarose gel electrophoresis was visualized by UV (gel 

documentation system EQ, Bio-Rad). A 100 bp ladder (Takara, Japan) was used to estimate the amplicon size, and a 

solid single-band was selected and sequenced (Macrogen) using specific primers (forward primer: 5'-

AGAAAGCTTCAGGCCTTATCTTCAG-3' and reverse primer: 5'-TTATTCCCACCTCAGCACCAAGTC-3').  

Using NCBI (protein and nucleotide blast online software), percentages of identity and similarity were extracted, 

and using the IBIVU website (http://ibi.vu.nl/programs/),  alignment of L. draba P5CS protein with other P5CS 

protein was performed to identify the conserved sequences.       

Dendrogram analyses and estimates of evolutionary divergence for P5CS mRNA  

For computing pairwise distances and relationships of L. draba P5CS with other plants from a common 

ancestor, estimating evolutionary divergence and dendrogram plotting, MEGA7 software was used (Amirmahani 

and Jamshidi Goharrizi, 2018). The bootstrap consensus tree inferred from 100 replicates (Felsenstein, 1985) was 

taken to represent the evolutionary history of the taxa analyzed (Felsenstein, 1985). Branches corresponding to 

partitions reproduced in less than 50% bootstrap replicates were collapsed. Initial tree for the heuristic search was 

obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated 

using the Maximum Composite Likelihood (MCL) approach, and then selecting the topology with superior log 

likelihood value. The analysis involved 11 nucleotide sequences. All positions comprising gaps and missing data 

were eliminated. There were a total of 411 positions in the final dataset. Evolutionary analyses were conducted in 

MEGA7 (Kumar et al., 2016). 

Analysis of P5CS gene expression  

    In this study, GAPDH was selected as the internal control gene, and sequence of primers was designed 

using the registered sequences in NCBI. Desirable sequences were designed by alignment of reported sequences in 

NCBI, and conserved sequences including: 
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Forward P5CS 5
/
-CTTGTTCAGATAGCTTCGCTTG-3

/ 
 

Reverse P5CS 5
/
-AGCAAATCAGGAATCTCCTCTC-3

/ 
 

Forward GAPDH 5
/
-TAGACTCGAGAAAGCTGCGA -3

/  
      

Reverse GAPDH 5
/
-TTGTCACTCAACGCGATTCC -3

 
were chosen as primers. Gradient PCR was performed to 

get the best conditions, and 57°C was selected as the best annealing temperature for GAPDH and P5CS genes. 

Amplicon length for GAPDH and P5CS, were 177 and 178 base pairs, respectively. The Rotor-Gene 3000 real-time 

PCR machine was utilized to amplify the reactions and to detect dsDNA synthesis. Using the LinReg PCR program 

(http://www.hartfaalcentrum.nl/index.php?main=files&fileName=LinRegPCR.zip&sub=LinRegPCR), the threshold 

line was plotted, and CT of GAPDH and P5CS genes were computed using the threshold line. The correctness of 

amplification was confirmed by negative control and delta Ct was calculated from the difference between Cts of the 

P5CS and GAPDH. 2-ΔCt was used to ca cu ate P5CS/GAPDH mRNA ratio. 

Statistical analysis  

    The completely randomized design with three replicates was the condition of this experiment, and one-

way ANOVA (Duncan multiple comparison tests) was applied for calculating the data. 

RESULTS  

POD and CAT activities  

In this experiment, by increasing concentration of NaCl, POD activity was enhanced in all samples.  The 

increased amounts of 1.14 fold, 1.69 fold, 2.2 fold and 3.18 fold were calculated under 50, 100, 200 and 300 mM 

NaCl compared to 0 mM, respectively (Figure 1(A)). Also, CAT enzyme activity was evaluated under 5 different 

concentrations of NaCl including 0, 50, 100, 200 and 300 mM NaCl. With the increasing levels of NaCl, CAT 

enzyme activity was enhanced up to 300 mM. Increasing levels of 1.25 fold, 1.54 fold, 1.95 fold and 2.25 fold were 

calculated for 50, 100, 200 and 300 mM NaCl compared to 0 mM, respectively (Figure 1(B)). 

0 5 0
1 0 0

2 0 0
3 0 0

0 .0 0

0 .0 1

0 .0 2

0 .0 3

N a C l C o n c e n tr a t io n  (m M )

P
er

o
x

id
a

se
 a

ct
iv

it
y

(U
. m

in
-1

 m
g

-1
 p

ro
te

in
)

a

b

c

d
d



Identification and Characterization of Δ1-pyrroline-5-carboxylate Synthetase in Lepidium draba Plant and Investigating the 

Expression Level of This Gene and Some Biochemical Traits under Salt Stress  

Genetics and Molecular Research 18 (4): gmr16039971 

Figure 1(A). POD activity in different concentrations of NaCl in 14-day-old L. draba sprouts. Bars with different letters are 

significantly different at P<0.05, according to Duncan's multiple range tests. 
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Figure 1(B). CAT activity in different concentrations of NaCl in 14-day-old L. draba sprouts. Bars with different 

letters are significantly different at P<0.05, according to Duncan's multiple range tests. 

Chlorophyll and carotenoid contents 

 In this research, with increasing concentration of NaCl from 0 to 300 mM, chlorophyll a, chlorophyll b, 

total chlorophyll and total carotenoid decreased, significantly. The highest contents of them were observed at 0 mM 

and after that decreased (Table 1). 

Total protein content 

  Under 5 different levels of NaCl, it was observed that the total protein content was enhanced when NaCl 

increased (Figure 3). In addition, the highest content of protein was seen at 300 mM, No significant difference was 

observed between 100, 200 and 300 mM NaCl  (Figure 2). 

 

 

 

NaCl concentrations (mM) Chlorophyll a 

 (mg/g FW) 

Chlorophyll b  

(mg/g FW) 

Total Chlorophyll  (mg/g 

FW) 

Total carotenoid (mg/g FW) 

0 0.53 ± 0.01
a
 0.19 ± 0.00

a
 0.73 ± 0.02

a
 0.09 ± 0.05

a
 

50 0.4 ± 0.05
b
 0.15 ± 0.03

b
 0.55 ± 0.08

ab
 0.09 ± 0.01

b
 

100 0.36 ± 0.01
b
 0.18 ± 0.04

b
 0.54 ± 0.01

b
 0.08 ± 0.03

b
 

200 0.27 ± 0.06
b
 0.11 ± 0.01

c
 0.38 ± 0.06

c
 0.06 ± 0.01

b
 

300 0.13 ± 0.00
c
 0.02 ± 0.01

d
 0.16 ± 0.01

d
 0.04 ± 0.01

b
 

Table 1.  Contents of chlorophyll a, chlorophyll b, total chlorophyll and total carotenoid in L. draba sprouts under different 

concentrations of salinity stress. Data are presented as the means  ±  SD (n=3). Bars with different letters are significantly different 

at P<0.05, according to Duncan's multiple range tests. 
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Figure 2. Content of total protein in L. draba sprouts under different concentrations of salinity stress. Bars with different letters 

are significantly different at P<0.05, according to Duncan's multiple range tests. 

Proline content  

In this study, 5 different levels of NaCl including 0, 50, 100, 200 and 300 mM were used to measure 

proline content in L. draba. For proline content, analysis of variance showed a significant difference between all 

NaCl concentrations, and means comparison demonstrated that with increasing concentrations of NaCl, proline 

content increased in all samples. Comparison of 50, 100, 200 and 300 mM NaCl with 0 mM revealed the increased 

amounts of 1.99 fold, 4.53 fold, 6.13 fold and 15.62 fold in proline content, respectively (Figure 3). 
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Figure 3. Proline content in different concentration of NaCl in 14-day-old L. draba sprouts. Bars with different 

letters are significantly different at P<0.05, according to Duncan's multiple range tests. 
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P5CS gene amplification and sequences alignment      

    cDNA as a template was applied for P5CS gene amplification using specific primers, and a 1092 bp 

fragment was amplified (Figure S2). After sequencing, 382 nucleotides (Gene Bank Accesion number MK032798) 

(Text S1) and 127 amino acids (Gene Bank Accesion number QCP57269) (Text S2) belonging to the codon region 

of P5CS enzyme, were identified. The extracted sequence of L. draba P5CS mRNA represented 94%, 94%, 93%, 

91% and 91% identity with Camelina sativa, Arabidopsis lyrata, Arabidopsis thaliana, Brassica napus and 

Brassica oleracea P5CS mRNAs, respectively. In addition, 92%, 92% and 91% identities were observed between 

the extracted sequence of L. draba P5CS protein with Arabidopsis lyrata, Arabidopsis thaliana and Camelina sativa 

P5CS proteins, respectively.                                                                                   

The results of dendrogram analyses for P5CS mRNA suggested that L. draba and Camelina sativa have a 

common ancestor (Figure 4). The evolutionary history was inferred using the Maximum Likelihood method based 

on the Tamura-Nei model (Tamura and Nei, 1993). The number of base substitutions per site between sequences 

was charted in Table 2. 

 

 

Figure 4. Dendrogram analyses of P5CS mRNA. 

 

 

 

 

 

 

 

 

 

  

1 2 3 4 5 6 7 8 9 10 

1 XM_010429044.1 

          
2 XM_021024621.1 0.063 

         
3 Y09355.1 0.058 0.027 

        
4 XM_006290587.2 0.072 0.074 0.072 

       
5 XM_013800452.2 0.119 0.107 0.110 0.143 

      
6 XM_013750087.1 0.119 0.107 0.110 0.143 0.000 

     
7 XM_006403379.2 0.105 0.091 0.091 0.123 0.080 0.080 

    
8 XM_009118014.2 0.128 0.115 0.119 0.152 0.017 0.017 0.088 

   
9 HM013941.1 0.172 0.160 0.167 0.179 0.189 0.189 0.186 0.201 

  
10 XM_006403379.2 0.105 0.091 0.091 0.123 0.080 0.080 0.000 0.088 0.186 

 
11 Lepidium_draba_P5CS 0.069 0.077 0.077 0.086 0.111 0.111 0.114 0.128 0.196 0.114 

Table 2.  Estimates of evolutionary divergence between sequences (computed pairwise distances). 
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P5CS gene expression 

    Variations in gene expression showed that NaCl affected P5CS gene expression significantly; P5CS 

expression was severely enhanced with increasing levels of NaCl. The increased amounts of 2.1 fold, 3.99 fold, 4.4 

fold and 5.53 fold were estimated under 50, 100, 200 and 300 mM NaCl, compared to 0 (Figure 5). As shown in 

Fig. S3, Real-time quantitative RT-PCR amplification products for P5CS gene under 0, 50, 100, 200 and 300 mM 

NaCl were separated in 1% agarose gel electrophoresis. 
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Figure 5. Expression of P5CS gene relative to GAPDH as internal control in different concentrations of NaCl in 14-

day-old L. draba sprouts. Bars with different letters are significantly different at P<0.05, according to Duncan's multiple range 

tests. 

DISCUSSION 

Salinity is a great abiotic stress that can reduce water potential and cause nutrient imbalances in plants, and 

they affect plant growth, adversely (Acosta-Motos et al., 2017). Thus, the conception of a molecular basis for salt-

stress tolerance mechanisms is necessary in breeding and genetic engineering  rograms in   ants’ to erance to 

salinity stress (Hanin et al., 2016). In this research, the effects of different levels of salt stress on some biochemical 

traits and P5CS gene expression of L. draba were investigated. 

It is specified that the defense of oxidati e stress occurs through antioxidant enzymes   mechanisms,  i e 

POD and CAT (Chawla et al., 2013). Our results demonstrated that increasing NaCl concentrations induced POD 

and CAT activities. Generally, POD and CAT are considered as the key components of antioxidant protection of the 

plants (Yan-Feng, 2008). CAT and POD are  the most effective antioxidant enzymes in cell damage preventing and 

have a major importance in regulating intracellular levels of H2O2 (Swathy Lekshmi and Jayadev, 2017).  Increased 

activities of antioxidant enzymes in response to salt stress are related to the enhanced stress tolerance (Kusvuran et 

a ., 2016).  imi ar y, these enzymes’ acti ities increasing for RO  sca enging under sa inity stress were re orted in 

other cultivars (Abd Elgawad et al., 2016; Gharsallah et al., 2016; Jamshidi Goharrizi et al., 2019b). 

 The present study revealed that NaCl stress induced a decrease in the chlorophyll a, chlorophyll b, total 

chlorophyll and total carotenoid contents. The results of our study are consistent with those of Grzeszczuket al. 
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(2018) on Salvia coccinea, where salt treatment reduced photosynthetic pigments (Grzeszczuk et al., 2018). 

Chlorophyll content reduction under salt stress could be due to chlorophyll pigments destruction. This is because of 

the elevated activity of chlorophyll-degrading enzymes, such as chlorophyllase and chlorophyll synthesis: 5-

aminolevulinic acid (ALA) synthase inhibition in salinity stress conditions (Wu et al., 2018).  Furthermore, the lack 

of chlorophylls in abiotic stresses is due to  hotoinhibition or reacti e oxygen s ecies formation  Pos íši , 2016).  

Carotenoids, as antioxidants, have the ability to detoxify the effects of reactive oxygen species (Verma and 

Mishra, 2005). A decline in carotenoid contents by enhanced salinity stress is in agreement with the results that 

reported by Akcin and Yalcin (2016) on Salicornia prostrata Pall. and Suaeda prostrata Pall. subsp. Prostrata  (Akcin 

and Yalcin, 2016). The reduction in carotenoid contents demonstrated that the protection via carotenoid was not one 

of the most significant processes in response to salt stress. It has been specified that lipid peroxidation and reactive 

oxygen species (ROS) played a substantial role in damaging different photosynthetic membranes that 

photosynthetic pigments were bound (Sayyad-Amin et al., 2016). Moreover, the thylakoid membrane structure 

destruction was another cause for decreasing the affinity between chlorophylls and proteins of the chloroplast. This 

phenomenon reduced the activity of chlorophyll synthesis enzymes subsequently causing a reduction in chlorophyll 

stability and the chlorophyll breakdown without changing it by enzymatic synthesis (Sayyad-Amin et al., 2016). 

Also, salinity stress induced an increase in total protein content by increasing salt stress. Because of some 

tolerance levels of L. draba at these NaCl concentrations, the total protein level was elevated. Similar finding was 

reported in P. imperialis and  P. fortune (Ayala-Astorga and Alcaraz-Meléndez, 2010). Accumulation of proteins is 

important to cell survival against stress effects and makes membranes stabilized under salt stress conditions (Ayala-

Astorga and Alcaraz-Meléndez, 2010). Protein accumulation may prepare nitrogen storage for further utilization 

when stress is over (Tegeder and Masclaux‐Daubresse, 2018). These proteins can be synthesized in response to salt 

stress or the elevated level at present consecutive expression proteins when plants are under saline stress (Kaleem et 

al., 2018). Several proteins have been identified in Brassicaceae family in response to salt stress (Shokri-Gharelo 

and Noparvar, 2018).  

Another interesting finding in the current work was the elevated proline content by increasing salinity 

stress. Proline has an adaptive role in mediation of osmotic adjustment and the sub-cellular structures protection in 

stress conditions. Proline is more effective in protecting against stress than other common osmolites, such as sugars 

and sugary alcohols (Hasanuzzaman et al., 2019). It has also been reported that proline content elevated as NaCl 

concentration increased in Plantago ovata Forsk (Golkar et al., 2017). Jamshidi Goharrizi et al. showed that proline 

content increased under drought and salinity stresses (alone or in combination) in UCB-1 rootstock, significantly 

(Jamshidi Goharrizi et al., 2019a; Jamshidi Goharrizi et al., 2019c). Also, Hmidi et al. (2018) reported proline 

accumulation due to soil salinity in Cakile maritima (Hmidi et al., 2018). It has been suggested that more proline 

accumulation occurs to protect chlorophyll level and cell turgor in order to maintain photosynthetic activity under 

salt stress (Acosta-Motos et al., 2017). Because proline level in plants is a mixture result of biosynthesis, 

catabolism, and transport activities, it is required to evaluate the expression profiles and functions of involved genes 

in these activities to comprehend the proline metabolism mechanism. There has been no report about genes involved 

in proline-metabolism in L. draba until now. P5CS is generally recognized to be the key enzyme of proline 

synthesis (Guan et al., 2018). Thus, we sequenced and aligned partial coding sequence of the P5CS gene with 

known P5CS genes in other plants. Bioinformatics analysis showed that the nucleotide sequences of it shared high 

similarities with P5CS genes in other plants and the highest similarity was observed with the P5CS gene of (94%).  

 In the present study, we analyzed the proline gene expression level in response to increasing salinity stress 

level. P5CS was overexpressed significantly by increasing stress level. P5CS gene overexpression causes increased 

proline accumulation in plants. Oxidative stresses produce free radicals, and free radicals increase proline 

accumulation, and proline accumulation is mediated by changing P5CS gene expression in Brassica napus L. 

seedlings under NaCl stress (Xiong et al., 2018). In previous studies, expression of P5CS gene was increased by 

different types of abiotic stress such as salt stress in Arabidopsis (Cui et al., 2015) and Brassica napus (Kubala et al., 

2015). Also, Jamshidi Goharrizi et al. showed that P5CS and P5CR genes expression levels increased with 

increasing levels of PEG up to 12% (Jamshidi Goharrizi et al., 2019d). 
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CONCLUSION 

Salinity is one of the most important abiotic stresses all over the world. This is the first study that 

investigates the biochemical and molecular responses of L. draba plant under salinity stress. Interestingly, salt stress 

has changed biochemical traits and P5CS gene expression, differently. According to the current study, by increasing 

NaCl concentrations, POD and CAT activity in addition to total protein and proline content improved, whereas the 

contents of photosynthetic pigments decreased. Increasing contents of  ro ine,  rotein and antioxidant enzymes   

activity in L. draba sprouts may act as a fundamental duty in protecting the plants under salinity stress. Also, the 

expression pattern of P5CS enhanced the view that it is involved in mechanisms related to the salt stress responses. 

Our results also proved that P5CS gene expression, content of proline, and NaCl concentration has a positive 

correlation together. Altogether, this study provides data on biochemical and molecular bases of salt stress on L. 

draba plant. They may improve our perception of the mechanisms by which salinity impacts on the growth and 

development of plants and may be applied as efficient methods to determine the tolerant and sensitive varieties of L. 

draba under salt stress. 
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