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A B S T R A C T   

DNA methylation is one of induced changes under salinity stress causing reduction in the 
expression of several crucial genes required for normal plant’s operation. Potential use of royal 
jelly (RJ), folic acid (FA) and 5-azacitidine (5-AZA) on two Egyptian faba bean varieties (Sakha-3 
and Giza-716) grown under saline conditions was investigated. Salinity stress affects negatively 
on seeds germination (G %), mitotic index, membrane stability and induced a significant increase 
in chromosomal abnormalities (CAs). DNA methyltransferases genes (MT1 and MT2) were highly 
up-regulated (~23 and 8 folds for MT1 and MT2 in shoots of Giza-716 stressed plants). On the 
other hand, down regulation of other studied stress related genes: superoxide dismutase (SOD), 
catalase (CAT), glutathione reductase (GR), heat shock protein (HSP-17.9) and proline-rich 
protein (GPRP) were detected in stressed plants of both studied varieties. Treating plants with 
RJ and FA increase G%, chlorophyll content, improves membrane properties and reduces CAs 
compared to non-treated stressed plants. Exogenous application of 5-AZA, RJ and FA on salinity 
stressed plants was associated with a significant reduction in the transcription of MT1 and MT2 
which was associated with significant up regulation in the expression of Cu/Zn-SOD, CAT, GR, 
GPRP and HSP-17.9 encoding genes. The Lowest expression of MT1 and MT2 were induced with 
5-AZA treatment in both studied varieties. Exogenous application of the FA, RJ and 5-AZA 
modified the methylation state of stressed plants by regulation the expression of DNA 
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methyltransferases, subsequently, modulated the expression of studied genes and could be pro-
posed as a promising treatment to ameliorate hazardous effects of salt stress on different plants.   

1. Introduction 

Salinity stress is one of main abiotic stresses that limit crop production and yield quality [1,2]. About 20 % of global cultivated land 
is affected by salinity [3], which effect negatively on food security. Elevated salt levels in the soil have toxic effects on plants and lead 
to various metabolic alterations affecting chloroplast activity, decreasing photosynthetic rate and increasing photorespiration rate. 
This leads to proliferation the oxidative stress and magnification the production of reactive oxygen species (ROS) causing a subsequent 
loss of membrane permeability, proteins integrity [4,5] and effect negatively on plant performance. Stimulation ROS scavenging and 
antioxidant enzyme activities such as superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR) could support plants to 
combat the hazardous effects induced under salinity condition [2,6]. Vicia faba is recognized worldwide as main source of protein and 
essential nutrients in the majority of developing countries and considered as an important crop in the animal feed market [7]. Salinity 
stress effects negatively on V. faba plants where it causing a substantial reduction in germination rate, growth, nodule formation, 
nitrogen fixation capabilities and the final yield [8–10]. 

Hazardous effects of salinity as well as other oxidative stresses are often associated with reduction or even suppression the 
expression of several key genes essential for growth and stress responses [2,6,11]. DNA methylation process protect genomes against 
sever factors and their level is affected by changes the biotic and abiotic conditions [12] Although changes in plant transcriptome 
induced by changes in DNA methylation, mediated by stress, could help plants to survive under stress, it comes with yield penalties, 
where it causes silencing of several genes involved in different metabolic activities [7,13,14]. Methyltransferases, a group of enzymes 
which are responsible for the handover of a methyl group (CH3) from different methyl donor to cytosine residues in DNA, are the main 
tool to induce DNA methylation [12]. A moderate activity of methyltransferases is required for better adaptation of different stresses 
[15,16]. Studies on reduction of methylated signs induced in stressed plants showed a significant recovery for plants under oxidative 
stresses [16]. 

Recently, DNA methylation inhibitors, 5-azacitidine (5-AZA), as well as some plant regulators such as folic acid (FA) and Royal jelly 
(RJ), were used to overcome detrimental effects of oxidative stresses on several plant species [17–19]. Although the beneficial role of 
consumption of FA, RJ and 5-AZA effect of folic have been widely studied in humans and animals [20–23], their effects are rarely 
demonstrated on most plant species under numerous stress conditions. Their association role with regulation of methyltransferases and 
other growth and protection related genes have received very little attention.5-azacytidine is analogous to cytosine that is used as 
popular tool for research in the function of DNA methylation as well as their exogenous application for recovering hazardous effects of 
oxidative stress [20,24]. 5-AZA treatment activates some transcription factors and structural genes elaborated in licochalcone A 
biosynthesis in Glycyrrhiza inflata seedlings [24,25]. Folic acid is a necessary vitamin that catalyzes essential biochemical reactions 
such as metabolism of nucleotides for DNA synthesis and methylation processes with antioxidant properties [26]. Significant increase 
in growth parameters and an alternation in the expression of stress associated genes were recorded in snap bean, Pisum sativum, 
Hordeum vulgare and flax Plants treated with FA [27–29]. Royal jelly which is released from glands on the worker bees’ heads as 
queens’ diet, has high nutritional and antioxidant properties [30] and play the main role in differential variations between queen and 
workers in bees (Apis millifera). These differential variations are accomplished by epigenetic regulation as DNA methylation of different 
diet [22]. 

Application of such novel, promising treatments can be supported by being aware of the processes underlying plant response to the 
oxidative effects of salinity. Accordingly, this study aimed to investigate effects of exogenous application of RJ, FA and 5-AZA on 
V. faba L. plants as a promising strategy to eliminate hazardous effects of salinity. This investigation demonstrated the cytological and 
molecular responses as well as changes in the transcription levels of two DNA methyltransferases encoding genes (MT1, MT2), anti-
oxidant enzyme encoding genes (SOD, CAT, GR) and some stress and growth associated genes [Heat shock protein (HSP-19.7) and 
Glycine-proline rich protein (GPRP)] associated with exogenous application of RJ, FA and 5-AZA on V. faba L. plants grown under 
salinity conditions. 

2. Materials and methods 

2.1. Plant materials 

Seeds of Egyptian commercial V. faba L. varieties (Sakha-3 and Giza-716) were got from the Agricultural Research Centre, Kafr El- 
sheikh, Egypt. The experiment was carried out at Tanta University’s Faculty of Agriculture farm during the winter season of 2020/ 
2021 in plastic pots (20 cm radius × 30 cm height) filled with 5 Kg soil. About 10 seeds of tested varieties were placed in pots with 3 
replicates for each treatment under field condition. Average day light was 10h and 22min, average high temperature was 19 ◦C, 
average low temperature was10 ◦C and average humidity was 8 %. 

2.2. Salinity stress 

Salinity stress was induced by overnight soaking of seeds in 100 mM NaCl before planting the seed in pots then regular irrigation 
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was carried out with 100 mM NaCl solution when required. 

2.3. Treatments 

Three different materials, Royal jelly (RJ), Folic acid (FA) and 5-azacytidine (5-AZA) were examined for their ameliorative role 
against salinity stress on V. faba L. plants. Commercial natural fresh RJ (IMTENAN, Egypt) was used at concentration of 100 mg/L. 
Folic acid (EIPICO, 10thof Ramadan, Egypt) was applied in concentration of 25 mg/L. Also, 5-azacytidine (Sigma: A2385, Canda) 
treatment was carried out at concentration of 50 mM. Prepared solution of each material was used for overnight soaking of seeds before 
planting as well as regular irrigation separately or in combination with salinity treatment. Tap water was used as control treatment. 
The experiment was divided into eight groups of three replicates each, as shown in Table 1. Samples were collected 30 days after 
planting and stored at − 80 ◦C for further measurements. 

2.4. Rate of seed germination 

Germination percentages of seeds were examined in Petri dishes experiment. Seeds from tested varieties were pre-soaked with 
distilled water in dark for 12h at room temperature before soaking with different experimental treatments. Soaked seeds were kept at 
25 

◦

C in the incubator (POL-EKO-APARATURA SP.J, Wodzisław Śląsk, Poland). Seeds with emerged radicles of more than 2 mm long 
were counted as germinated. 

2.5. Membrane stability 

Lipid peroxidation and membrane leakage rates were used to assess the membrane stability. Lipid peroxidation were detected as 
the concentration of thiobarbituric acid (TBA) reactive products equated with malondialdehyde (MDA) as described in Anjum et al., 
method [31] with slight modification. Leaf tissue (about 0.5 g) was ground in five mL of 5 % (w/v) trichloroacetic acid (TCA) and 
centrifuged for 10 min at 4000 rpm and 4 ◦C. To create the chromogen, two mL of supernatant was combined with three mL of reaction 
mixture that contained 0.5 % (w/v) 2-thiobarbituric acid (TBA) and 20 % (w/v) TCA. The mixture was quickly cooled in an ice –water 
bath after being heated to 100 ◦C for 15 min. The mixture was centrifuged for 10 min at 4000 rpm and 4 ◦C [6]. A spectrophotometer 
(UV1901PC) was used to detect MDA content and the following equation was applied calculating.  

MDA = [(Abs 532 − Abs 600) − 0.0571 × (Abs 450 − Abs 600)]/0.155.                                                                                         

The electrolyte leakage (EL) rate of leaves was determined by dividing net electrical conductivity of the solution with leaf discs 
soaked for 1h by the total electrical conductivity after boiling as reported by Ref. [2] and the results was given in in μS cm− 1 mg− 1 FW 
h− 1. 

2.6. Total chlorophyll and carotenoids contents 

Photosynthetic pigments (total chlorophyll and carotenoids) were extracted from 0.1 g of fresh leaves immerged in 2 mL of 80 % 
acetone for 72 h at 4C◦ then determined by spectrophotometer (UV1901PC, Shanghai, China) to detect their absorbance at 645, 663, 
and 470 nm [32]. 

2.7. Total soluble proteins 

Half g of leaf tissues was ground using liquid nitrogen and suspended 1.5 mL of extraction buffer to extract total soluble proteins 
according to Ref. [33]. Bradford analysis was used to detect protein concentration using Bovine serum albumin (BSA) as standard 
protein [34]. Protein profile alterations were investigated using SDS-polyacrylamide gel electrophoreses [35]. Depending on protein 
concentration, the amount of protein in the samples was standardized (15 μg of proteins were added/lane). Separated bands were 
detected using pre-stained protein Ladder (GeneDirex, Cat.No. PM008-0500). Banding patterns were analyzed using gel analysis 
software (GelAnalyzer2010a, available at www.gelanalyzer.com). 

Table 1 
Experimental treatments.  

Group Code Solution of Treatment 

1 Control tap water without NaCl 
2 FA 25 mg/L FA 
3 RJ 100 mg/L of RJ 
4 5-AZA 50 mM 5-AZA 
5 100 mM NaCl 100 mM NaCl 
6 FA+100 mM NaCl 25 mg/L FA+ 100 mM NaCl 
7 RJ+100 mM NaCl 100 mg/L of RJ+100 mM NaCl 
8 5-AZA+100 mM NaCl 50 mM 5-AZA +100 mM NaCl  
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2.8. Cytological analysis 

For cytological investigation, root tips (1–1.5 cm) of 3 days-old, germinated seeds in solutions of various treatments were utilized. 
After being fixed for 24 h in Carnoy’s solution, root tips were kept at 4 ◦C in 70 % ethyl alcohol until slide processing. Slide staining was 
done using aceto-carmineaccording Kihlman method [36]. Light microscope (PT/Slope, Pearl, England) was used for examining 
prepared slides. Chromosomal aberrations (CAs) and all mitotic phases have been recorded in at least 3000 assessed cells/treatment. 
Following formulas were used in calculation of chromosomal abnormalities percentage and mitotic index (MI) based on obtained 
results. 

Mitotic index (MI)=
Total dividing cells

Total dividing and non dividing cells
× 100  

Percentage of abnormal cells=
Total abnormal cells
Total dividing cells

× 100  

2.9. Analysis of gene expression 

Changes in level of gene expression were determined using real-time PCR (RT-qPCR) analysis. Frozen leaves stored at − 80 ◦C were 
used for total RNA extraction from seedlings under control and other selected experimental treatments using RNA Mini-Preps Kit (EZ- 
10 Spin Column -BIO BASIC CANADA INC, Ontario, Canada). Agarose gel electrophoresis (1.0 %) was used to check the integrity of 
extracted RNA. RNA purity and concentration were measured using a Nano drop spectrophotometer (BioDrop ULite, Wales, and 
England). Samples with purity of 1.8 or more were considered acceptable for gene expression analysis. cDNA was synthesis of 1 μg 
DNase free total RNA in 20 μL reaction mix using HiSenScriptTMRH cDNA synthesis Kit (iNTRON Biotechnology, Cat. No: 25087) using 
Oligo (dT18) primer. Quantitative evaluation of gene expression was performed using low rox SYBR Green stain (5xHOT FIREPoL 
®EvaGreen® qPCRSuperix) in a reaction volume of 20 μL. The Step One Plus™ Real Time PCR system (Applied Biosystem™ 4376600) 
was used to conduct all reactions. Transcript level of Actin gene (AC: JX444700.1) was employed as an internal control. Variflex option 
was applied to provide different annealing temperature on the same plate for different genes. The reaction was carried out using 3 
biological replicates for each treatment with specific primers designed for all studied genes (Table S1). Relative gene expression (RQ) 
was represented after calibration with values of reference gene and control treatment as 2-ΔΔct [37]. 

2.10. Statistical analysis 

Throughout the investigation, the experimental architecture was a full factorial split-plot design with three biological replicates per 
treatment, arranged in randomized complete blocks. The analysis of variance (ANOVA) was used to statistically assess all the data, and 
Tukey’s honestly significant difference (HSD) test was used as a post-hoc analysis to compare the means (p ≤ 0.05). Using JMP Data 

Fig. 1. Changes in germination % of two studied varieties (Sakha-3 and Giza-716) under all studied treatments. Control: tap water; FA: 25 mg/L 
folic acid, RJ: 100 mg/L Royal Jelly, 5-AZA: 50 mM 5-azacytidine, 100 mM: 100 mM NaCl, FA+100: 25 mg/L folic acid+100 mM NaCl, RJ+100: 
100 mg/L royal jelly+100 mM NaCl, 5-AZA+100 mM: 50 mM 5-azacytidine+ 100 mM NaCl. Values that have distinct lettering are statistically 
significant at p < 0.05 when subjected to a two-way ANOVA and Duncan test analysis. 
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analysis software Version 15, an ANOVA and Tukey’s test were performed. 

3. Results and discussion 

3.1. Germination (%) 

Salinity stress induced a significant reduction in plant growth (Fig. 1S) in both studied variety and it also affects germination 
percentage (G %) in both studied varieties (Fig. 1). Germination % of Giza-716 (Fig. 1A) was more affected than Sakha-3’s (Fig. 1B). 
Osmotic stress brought on by the presence of ions could explain salt’s ability to prevent or slowing down seed germination [38] due to 
less water moving into the seeds during imbibition [39]. Also, the excessive levels of NaCl induces nutritional imbalances, reduction in 
germination rate and plant development because of their role in disturbing ionic balance of the cells [40,41]. Treatments with FA, RJ 
and 5-AZA did not induce any changes in germination % of unstressed plants. Under salinity stress, all tested chemicals (FA, RJ and 
5-AZA) induced a significant increase in G % for both studied varieties except for Sakha-3 treated with 5-AZA where induced changes 
being non-significant (Fig. 1A). 

3.2. Photosynthetic pigments and membrane stability 

Salinity stress caused a significant decrease in the total chlorophyll content. This decrease was non-significant for carotenoids 
contents in both studied varieties (Fig. 2: A, B). Salt stress inhibits photosynthesis by lowering the amount of leaf photosynthetic 

Fig. 2. Changes in photosynthetic pigments and membrane stability. Changes in total chlorophyll [A], carotenoid [B], leakage rate [C] and MDA 
content [D] of two studied varieties (Sakha-3 and Giza-716) under all experimental conditions. Control: tap water; FA: 25 mg/L folic acid, RJ: 100 
mg/L Royal Jelly, 5-AZA: 50 mM 5-azacytidine, 100 mM: 100 mM NaCl, FA+100: 25 mg/L folic acid+100 mM NaCl, RJ+100: 100 mg/L royal 
jelly+100 mM NaCl, 5-AZA+100 mM: 50 mM 5-azacytidine+100 mM NaCl. Values that have distinct lettering are statistically significant at p <
0.05 when subjected to a two-way ANOVA and Duncan test analysis. 
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pigments, where chloroplasts exposed to high excitation energies due to salt stress, subsequently boosts the generation of ROS [42]. A 
significant increase in total chlorophyll of both studied varieties was recorded in unstressed and stressed plants treated with FA and RJ 
(Fig. 2A). These increases in chlorophyll contents were associated with reduction in carotenoids contents in unstressed and stressed 
plants (Fig. 2B) except for FA and RJ treatments with stressed Sakha-3 variety. Treatments with 5-AZA showed non-significant 
reduction in total chlorophyll in treated plants compared to control. Under salinity condition treatment with 5-AZA showed 
non-significant decrease in chlorophyll content under control and stress condition except for Sakha-3 plants under stress (Fig. 2A). 

Effect of RJ and 5-AZA on carotenoids content was variety-dependent. A significant increase in chlorophyll content in stressed Giza- 
716 plants under RJ and FA treatment was accompanied with a significant decrease in carotenoids content. This correlation was 
previously documented in several plants [43]. Protective effects of tested treatment on either chlorophyll or carotenoids are consistent 
with mitigating role of these materials against oxidative stress. It is well recognized that carotenoids function as antioxidants in plants 
[44,45]. 

Effect of different experimental condition on membrane stability was determined based on induced modification in values of both 
EL and MDA. Salinity stress induced significant increases in EL (Fig. 2C) and MDA (Fig. 2D) in both studied varieties. Giza-716 variety 
showed higher values of El and MDA than Sakha-3 which indicate to its sensitivity to salinity stress. Plasma membranes are the main 
location of ion-specific salt damage [46]. Therefore, leakage rate of plasma membranes is considered as crucial selection criteria in 
recognizing salt-tolerant plants [47,48]. Combined treatment of FA, RJ and 5-AZA with salinity caused a reduction in EL and MDA 

Fig. 3. SDS‒PAGE of total soluble proteins separated bands extracted from shoots [A] and roots [C] of Giza-716, as well as shoots [B] and roots [D] 
of Sakha-3. Circled zones indicate to the lost bands. Red arrows indicate to the induced bands. Yellow arrows indicate bands that were recovered in 
stressed plants. Green arrows indicate uniquely induced bands. C: control irrigated with (tap water); FA (folic acid: 50 mM); RJ (Royal Jelly: 100 
mg/L); 5-AZA (5-azacytidine 50 mM); 100 mM: 100 mM NaCl; FA+100 (25 mg/L folic acid+100 mM NaCl); RJ+100 (100 mg/L royal jelly+100 
mM NaCl), 5-AZA+100 mM (50 mM 5-azacytidine+ 100 mM NaCl). 
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values comparing with untreated plants except for value of EL for Giza-716 treated with 5-AZA under stress. The recovery effect 
(Fig. 2S) of RJ could be explained due to the potential role of its components, such as flavonoids and phenolic, as a radical scavenger 
[49,50]. Besides the antioxidant properties of RJ, it may also play a role in suppressing the enzymes that initiate the peroxidation of 
endogenous lipids and the expression of cytochrome P450 gene which consider as intracellular source of some free radicals such as 
H2O2, O2

• and HO• radicals [51]. Recovery effect of folic acid on stressed plants could be explained by increased activity of CAT and 
APX H2O2 scavenging enzymes [52]. Inhibition of DNA-methylation by 5-AZA increased plant viability and adaptation to several 
abiotic stresses [52]. 

3.3. Analysis of total soluble proteins 

Electrophoretic analysis using SDS-PAGE of total soluble proteins fraction extracted from shoots and roots revealed that under salt 
treatment some of protein bands were disappeared (circled zones no. 1 to 11) in both shoots (Fig. 3; A, B) and roots (Fig. 3; C,D), 
regardless of molecular weight. Changes in protein patterns under salinity stress could be explained as a result of the suppression or 
alteration the expression of some genes in plants during acclimation process [53,54]. Treatment with FA, RJ and 5-AZA induced 
expression of some new separated bands in both varieties, indicated with red arrows, (Fig. 3; A, B). It also caused loosing for some 
bands where, bands in circle no. 12 and 13 were disappeared in Giza-716 roots under FA treatment (Fig. 3C). Also, bands in circles no 
14 and 15 were disappeared in roots of Sakha-3 treated with RJ (Fig. 3 D). Treatment of stressed plants with FA, RJ and 5-AZA caused a 
recovery for most of lost bands under salinity treatment, indicated with yellow arrows, (Fig. 3; A, B, C, D). It also induced some new 
bands, where treatment stressed plants of Giza 716 with 5-AZA induced expression of new band in roots with molecular weight about 
12 KDa (indicated with a green arrow) (Fig. 3C). Also, another band with molecular weight about 15 KDa (indicated with a green 
arrow) was induced in roots of stressed Sakha-3 plants treated with FA (Fig. 3 D). Considering the improvement of plant performance 
under these treatments, these newly induced bands could be associated with acquisition of salinity tolerance and could be used for 
further analysis to detect their encoding genes. 

Table 2 summarizes the changes in patterns of separates bands and the percentage of lost and induced bands under different 
treatment compared with control treatment. In Sakha-3 shoots’, total number of separated bands was increased by 12.5 % under 
salinity stress. In Sakha-3′ roots, the total number of separated bands decreased by 9 % comparing with control treatment. In Giza-716, 
about 40 % and 57.2 % of total separated bands in shoots and roots respectively, were lost under salt treatment compared to control. 
These results could explain the higher sensitivity of Giza-716 variety to salt comparing with Sakha-3 as it lost higher number of protein 
bands under salinity stress. Percentage of new induced bands under recovery treatment for stressed plants ranged from 9 % (with RJ 
treatment to Sakha-3 root) to 42 % (with 5-AZA treatment to Giza-716 roots). 

Application of FA exogenously improves plant growth and metabolism [55], where it is considered as a cofactor for many enzymes, 
especially those elaborated in synthesis of cell wall and proline residues hydroxylation [56,57]. Treatment of potato with FA induced a 
significant improvement in both of total soluble proteins and carbohydrates [58]. As genetic programs of plants could be altered by 
treatments with 5-AZA which led to inhibition of DNA methylation and control of gene expression [13], they could induce expression 
of new protein bands [59]. 

3.4. Cytological analyses 

Effect of salinity and different experimental treatments on chromosomal abnormalities (CA) and mitotic index (MI) in V. faba was 
performed using cytological investigation (Table 3). Salinity stress caused a significant inhibition for mitotic division. The MI was 
reduced in Sakha-3 from 22 % under control treatment to 13 % at 100 mM NaCl treatment and reduced in Giza-716 from 24.8 under 
control treatment to 12 % under 100 mM NaCl treatment. High level of salinity induced a significant reduction in the MI of Hordeum 

Table 2 
Changes (% of control) in total numbers of separated bands for soluble proteins.  

Variety Tissue  Control FA RJ 5- 
AZA 

100 mM 
NaCl 

FA+100 mM 
NaCl 

RJ+100 mM 
NaCl 

5-AZA+100 mM 
NaCl 

Sakha-3 Shoot Total number of 
bands 

8 12 12 13 9 13 12 13 

% of changes – +50 +50 +62.5 +12.5 +62.5 +50 +62.5 
Sakha-3 Root Total number of 

bands 
11 12 9 12 10 12 10 12 

% of changes – 9 − 18 27 − 9 +9 − 9 +9 
Giza-716 

Shoot 
Total number of 
bands 

10 12 13 13 8 13 13 14 

% of changes – +20 +30 +30 − 40 +30 +30 +40 
Giza-716 Root Total number of 

bands 
7 7 7 9 3 9 9 10 

% of changes – – – +28 − 57.2 +28.5 +28.5 +42.8 

- Control: tap water; FA: 25 mg/L folic acid, RJ: 100 mg/L Royal Jelly, 5-AZA: 50 mM 5-azacytidine, 100 mM: 100 mM NaCl, FA+100: 25 mg/L folic 
acid+100 mM NaCl, RJ+100: 100 mg/L royal jelly+100 mM NaCl, 5-AZA+100 mM: 50 mM 5-azacytidine+ 100 mM NaCl. (− /+) indicates a loss or 
increase in band numbers. 
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vulgare [60]. High salt concentrations caused total totally suppression of mitotic division of in vitro cultured cells of Centaurea ragusina 
[61]. reduction in DNA, RNA and protein synthesis under salinity condition as well as increased lipid peroxidation and cellular 
membrane damage could induce inhibition for cell division [62]. A disruption in the progression from the G2 phase of the mitotic cycle 
to mitosis is shown by a decrease in the prophase percentage under salt stress [63]. Under salt stress, metaphase arrest was rarely 
documented in root apical meristem cells [6]. 

Treatment of non-stressed plants with 5-AZA recorded a highest MI value followed by RJ treatment with significant increase 
comparing to control treatment for both studied varieties. At the same time, FA treatment showed a significant reduction in mitotic 
index compared with control for Giza-716 and a non-significant decrease for Sakha-3 (Table 3). Under salinity stress, RJ treatments 
showed significant increase in MI for both varieties compared to non-treated plants, while 5-AZA treatment showed non-significant 
increase in MI for both varieties. However, when compared to untreated plants, FA treatment resulted in a non-significant rise in 
MI for Sakha-3 and a substantial increase for Giza-716 (Table 3). 

Different types of CAs were observed in dividing cells of root apical meristem for each treatment (Fig. 4; A-R), total number and 
percentage of every type of abnormalities were recorded (Table 4). The number of induced CAs differed under different experimental 
conditions. The majority of CAs was caused by salinity stress where the most recorded CAs were bridges, C-metaphase and laggard 
chromosomes (Fig. 4; B, H, M). The induced aberrations under salinity were similar to colchicine type action. C-metaphase abnor-
mality caused by inhibition of spindle fiber formation and causes a metaphase arrest, which has an effect similar to colchicine [45]. The 
disruption of the spindle apparatus may be responsible for the irregular spreading of chromosomes [64]. Laggards could be caused due 
to abnormal organization of spindle fiber [65]. Chromosome segment inversions could create the chromosome bridges during 
anaphase and telophase, or it may be caused by chromosomal stickiness and inability of free anaphase separation due to unequal 
translocation [66]. Micronuclei most eventually create from stray chromosomes and fragments [66]. The percentage of CA under 
salinity treatment in Giza 716 (29.26 %) was higher than its value in Sakha-3 (18.30) (Table 4). 

Treatment with FA, RJ or 5-AZA on stressed plants alleviated salinity stress damage and caused significant reduction in CA % 
comparing with untreated stressed plants for both varieties, except for Sakha-3 with RJ treatment which showed non-significant 
reduction in CA % comparing with untreated stressed plants (Table 4). Increasing CA% under RJ treatment was reported as a 
result of its stimulation effect and it was directly proportional to the increase in MI% (Table 3). Using of convenient doses of RJ may 
assist in reducing the hazardous effects of salinity stress [30]. Considering properties of RJ components which provide stabilization of 
cell membranes and raise antioxidant activities could elucidate the increase in cell division, growth, nucleic acid and protein synthesis 
and support its recovery role and reduction of CAs on stressed plants [49,67]. 

Obtained results demonstrated that FA has the protective role against salt damage during mitosis division by decreasing the 
inhibitive effect of salt stress on MI. Folic acid treatment reduced detrimental effects of salinity stress by reducing bridges aberration 
(partially in Sakha-3, and almost completely in Giza-716 variety). Folic acid binding to essential elements and increasing their ab-
sorption which stimulates cell division and increases growth and differentiation during irrigation with saline water [68]. It also has the 
potential to function as natural antioxidants and growth regulators where it was reported that applying of FA at concentration of 50 
mM was very operative in eliminate the harmful effects of salinity (100 mM) in relation to CAs [69]. Treatment of 5-AZA also induced a 
reduction in laggard and bridge aberrations in both varieties, being most in Giza-716 variety (Table 4). 

Table (3) 
Changes in the mitotic index in two varieties of faba bean under all experimental conditions.  

Variety Treatment Total No. of examined cells  No. of dividing cells  Mitotic phase (%) Mitotic index (%) 

Prophase Metaphase Anaphase Telophase 

Sakha-3 control 
FA 

3277 
3460 

722 
692 

50.6 
59.89 

8.29 
8.39 

15.73 
11.64 

24.43 
20.07 

22.00 ± 1.80 bcd 

19.99 ± 0.32cde 

RJ 3321 1090 64.09 6.88 11.46 17.57 32.84 ± 2.04a 

5-AZA 3249 1188 80.31 4.04 7.35 8.2 36.57 ± 1.11a 

100 mM 3297 440 47.73 11.54 13.83 26.91 13.33 ± 1.67fg 

FA+100 3401 566 65.23 6.29 9.16 19.31 16.65 ± 1.01d-g 

RJ + 100 3172 619 55.21 7.8 10.52 26.47 19.52 ± 0.53cde 

5-AZA+100 3353 557 53.52 5.73 8.18 32.57 16.63 ± 0.47efg 

Giza-716 Control 3402 845 66.44 5.88 11.25 16.44 24.81 ± 1.77b 

FA 3290 658 55.86 8.23 9.19 26.38 20.02 ± 1.19cde 

RJ 3279 1087 70.34 7.95 12.07 9.25 33.13 ± 1.57a 

5-AZA 3300 1105 75.5 4.08 7.91 12.51 33.50 ± 1.94a 

100 mM 3353 419 59.38 4.87 8.83 26.5 12.48 ± 0.69g 

FA+100 3295 621 60.97 6.17 8.75 24.11 18.84 ± 0.24def 

RJ + 100 3198 795 65.84 6.17 14.08 16 24.94 ± 1.98bc 

5-AZA+100 3262 562 52.88 3.58 7.96 35.58 17.23 ± 0.74d-g 

- Numbers carrying different letters are significantly different at p ≤ 0.05 Control: tap water; FA: 25 mg/L folic acid, RJ: 100 mg/L Royal Jelly, 5-AZA: 
50 mM 5-azacytidine, 100 mM: 100 mM NaCl, FA+100: 25 mg/L folic acid+100 mM NaCl, RJ+100: 100 mg/L royal jelly+100 mM NaCl, 5- 
AZA+100 mM: 50 mM 5-azacytidine+ 100 mM NaCl. Values that have distinct lettering are statistically significant at p ≤ 0.05 when subjected to a 
two-way ANOVA and Duncan test analysis. 
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3.5. Quantitative analysis of gene expression 

Transcript amount of all studied genes in shoots and roots of Sakha-3 and Giza-716 varieties were determined under control, 
salinity stress (100 mM NaCl) and salinity treatment combined with FA, RJ or 5-AZA exogenous applications. Studied genes included 
antioxidant enzyme encoding genes: superoxide dismutase (cu/zn-SOD), glutathion reductase (GR) and catalase (CAT) and genes 
encodes for some protective proteins: heat shock proteins (HSP-17.9) as well as DNA methyltransferase encoding genes: MT1 and MT2. 
In general, expression levesl of studied genes were higher in shoots than roots in both studied varieties, except for Cu/Zn-SOD and CAT 
in Giza-716 under 5-AZA treatment (Fig. 5AB,6AB) where their expression was higher in the root than shoots. Obtained results showed 
that salinity treatment induced decrease in the transcription level of all considered genes in Giza-716 variety and most of studied genes 
in Sakha-3 variety, except for MT1 and MT2 where it showed a significant rise in their transcript amount under salinity condition in 
both studied varieties (Fig. 5: F, G; 6: F, G). 

The activity of ROS scavenging enzymes is usually improved in responses to many stresses [64]. Increasing the transcription level of 
both Cu/Zn-SOD and CAT under salinity treatment in shoots of Sakha3 could explain their salinity adaptation comparing with Giza-716 
(Fig. 5: A, B; 6:A, B), where SOD and CAT enzymes constitute a very important antioxidant defense against ROS produced with salinity 
stress. On another hand, expression levels of Cu/Zn-SOD, CAT and GR (Fig. 6: A, B, C), in both shoots and roots of Giza-716 were 
down-regulated significantly under salinity treatment. 

Treatment with FA, RJ and 5-AZA for stressed plants caused a significant increase in the transcription level of all considered genes, 
except for methyltransferases encoding genes (MT1 and MT2) (Figs. 5 and 6: F, G). The highest level of Cu/Zn-SOD expression (~23 
folds) was recorded at treatment with FA in Sakha-3 (Fig. 5A) while the lowest level (~3.5 folds) was at treatment with 5-AZA in Giza- 
176 (Fig. 6 A). Treatment with RJ induced a massive increase (~30 folds) in the expression level of CAT at Sakha-3 (Fig. 5 B). For GR 
encoding gene, the highest expression levels (~4 folds) were recorded with RJ treatment at both studied varieties (Figs. 5 and 6: C). 

When plants suffer from stress, the antioxidant defense system is boosted to maintain ROS content at the levels require for a normal 
metabolism. In this context, exogenous application of FA, RJ and 5-AZA improved the defense system by inducing the expression of 
antioxidant encoding genes (Figs. 5 and 6: A, B, C). Up-regulation the expression of cu/zn-SOD, CAT and GR associated with FA, RJ and 
5-AZA treatments helps in directly scavenge a free radical induced under salinity stress. Depending on where the SOD enzyme is 
located, these proteins shield intracellular and extracellular components from oxidation and damage, [70]. Additionally, by efficiently 

Fig. 4. All types of chromosomal abnormalities scored during cytological examination of root tips from two studied varieties of V. faba under all 
experimental conditions. Scored abnormalities included A: micronuclei; B: Bridge; C, D: chromosome loss; E: compacted telophase; F: telophase 
bridge; G: centromere disturbance; H: C-metaphase; I: lagging chromosome; J: fault polarization; K: vagrant chromosome; L: sticky chromosomes; M: 
multiple bridges; N, O, P: breaks and fragments; Q, R: uncoiling chromosomes. 
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Table (4) 
Number of different chromosomal abnormalities scored under control and all experimental condition in Sakha-3 and Giza-716 varieties.  

Variety Treatment Types of aberration (%) Abnormality 
% 

Micronucleus C- 
metaphase 

Laggard bridges vagrant 
chromosome 

chromosome 
loss 

fault 
polarization in 
telophase 

irregular 
prophase 

uncoiling 
chromosomes 

chromosome 
break 

spindle 
disturbance 

Multiple 
nuclear 

Sakha-3 control 0 4 6 7 2 1 0 3 1 2 0 0 3.65 ± 0.85g 

100 mM 7 13 12 18 4 8 4 2 3 9 0 0 18.30 ±
2.75b 

FA 5 14 12 19 3 11 7 6 5 6 0 0 12.71 ±
1.37bcd 

FA+100 5 11 14 15 5 5 3 0 0 3 0 0 10.79 ±
0.60cde 

RJ 4 19 12 14 6 7 5 5 3 7 3 0 7.85 ± 0.86d- 

g 

RJ + 100 10 18 3 13 4 9 4 11 3 12 0 0 14.06 ±
0.66bc 

5-AZA 0 19 1 13 0 6 0 3 0 16 1 2 5.13 ±
0.17efg 

5- 
AZA+100 

4 13 2 5 7 4 0 0 0 15 0 0 8.94 ± 1.09c- 

g 

Giza-716 control 0 8 4 9 0 2 1 5 0 5 1 1 4.31 ± 0.65fg 

100 mM 12 20 17 21 8 14 8 8 3 11 0 0 29.26 ±
3.59a 

FA 4 15 8 15 9 8 6 0 4 3 0 0 10.96 ±
0.96cde 

FA+100 5 13 12 15 0 9 0 0 3 4 0 0 9.87 ± 1.14c- 

f 

RJ 0 20 12 15 5 4 7 12 0 0 6 0 7.42 ± 0.61d- 

g 

RJ + 100 7 11 7 12 2 4 5 6 3 0 0 0 7.23 ± 0.93d- 

g 

5-AZA 8 18 3 13 2 2 3 0 0 13 0 0 5.62 ±
0.63efg 

5- 
AZA+100 

10 11 4 3 0 6 0 0 0 21 0 4 10.52 ±
0.51cde 

- Control: tap water; FA: 25 mg/L folic acid, RJ: 100 mg/L Royal Jelly, 5-AZA: 50 mM 5-azacytidine, 100 mM: 100 mM NaCl, FA+100: 25 mg/L folic acid+100 mM NaCl, RJ+100: 100 mg/L royal 
jelly+100 mM NaCl, 5-AZA+100 mM: 50 mM 5-azacytidine+ 100 mM NaCl. 
Values that have distinct lettering are statistically significant at p ≤ 0.05 when subjected to a two-way ANOVA and Duncan test analysis. 
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Fig. 5. Changes in the expression level of some particular genes of Sakha-3 variety seedling under control and other experimental treatments. The 
transcription level was detected as changes in the transcript amount using qRT‒PCR. Relative expression (RQ) was calculated as 2− ΔΔct calibrated 
with actin gene (accession no. JX444700.1) and control treatment as internal control. For every cDNA sample, the data are shown as the means ±
SEs of relative expression for three biological replicates. Values that have distinct lettering are statistically significant at p ≤ 0.05 when subjected to 
a two-way ANOVA and Duncan test analysis. 
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Fig. 6. Changes in the expression level of some particular genes of Giza-716 variety seedling under control and other experimental treatments. The 
transcription level was detected as changes in the transcript amount using qRT‒PCR. Relative expression (RQ) was calculated as 2− ΔΔct calibrated 
with actin gene (accession no. JX444700.1) and control treatment as internal control. For every cDNA sample, the data are shown as the means ±
SEs of relative expression for three biological replicates. Values that have distinct lettering are statistically significant at p ≤ 0.05 when subjected to 
a two-way ANOVA and Duncan test analysis. 
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breaking down hydrogen peroxide (H2O2) into water and oxygen, CAT plays a critical role in preventing cellular oxidative damage 
[54], while GR activity is essential in speeding scavenging process of H2O2 under stress [71]. This may explain reduced leakage rate 
and MDA content reported for FA, RJ and 5-AZA treatments (Fig. 2: A, B). 

HSP17.9 encoding gene was involved as member of conserved proteins which known to be produced in response to a sudden rise in 
temperature and under a variety of abiotic stresses for instance salinity [2,6,72]. Expression levels of HSP17.9 with salinity treatment 
were significantly down regulated in shoots and roots in both varieties except for shoots of Sakha-3 where the reduction in their 
expression was non-significant. Treatment with all of FA, RJ and 5-AZA induced a significant up-regulation in HSP17.9 expressions in 
both varieties (Figs. 5 and 6: D). The highest expression level of HSP17.9 transcript (~4 folds) was induced at treatment with 5-AZA in 
Sakha-3 (Fig. 5 D) and with RJ in Giza-716 shoots (Fig. 6 D). Small heat shock proteins serve as chaperones for other proteins inside 
cells. They are crucial for the folding of denatured proteins, de novo folding and the prevention of unintended protein aggregation, 
among other protein-protein interactions. As well as their role within the cells in proteins transferring across membranes [73]. 

Alteration in the expression level of the glycine and proline-rich protein encoding gene (GPRP) has been suggested to be crucial for 
plant growth and development as well as environmental adaptation [74]. Expression level of GPRP was inhibited significantly under 
salinity stress at both studied varieties (Figs. 5E and 6E). Expression levels of GPRP were significantly up-regulated under treatment 
with all of FA, RJ and 5-AZA to reach their highest expression level (~35 folds) in Giza-716 shoots for treatment with 5-AZA (Fig. 6 E) 
and about 17 folds in Sakha-3 shoots for treatment with RJ (Fig. 5E). It was recorded that GPRPs interact with catalases and control 
their activity under conditions of biotic and abiotic stressors. This reflect their role in effective removal of excessive H2O2 produced 
under these conditions [75,76]. Overexpression of proline-rich proteins in plants or yeast usually results in multiple abiotic stress 
tolerance [77]. Folic acid is involved in synthesis pathways of a wide range of amino acids, including methionine, glycine, valine, 
tryptophan and proline [27]. Royal jelly’s beneficial effects on growth are due to its great content of lipids, amino acids, protein, 
vitamins, carbohydrates, minerals as well as other antioxidants [78]. Then, the up-regulation of GPRP in salinity stressed plants under 
different tested treatments could explain the associated improvement in plant growth under salinity treatment. 

The transcription levels of MT1 and MT2 encoding genes (Fig. 5: F, G; 6: F, G) were significantly up regulated under salinity 
treatment comparing to control in both studied varieties. Boosting global DNA methylation will decrease global transcription, which 
will lower the energy required by the cell to fend off pathogens or endure other stressors linked to environmental difficulties [13]. The 
role of these enzymes in DNA methylation resulted in gene silencing subsequently reducing the expression of different genes which 
lead to plant developmental abnormalities [25,79]. Thus, the detrimental effect of salinity stress on Giza-716 may result from over 
expression of methyltransferases enzyme encoding genes (MT1 about 7 folds, MT2 about 25 folds) (Fig. 6: F, G). On another hand, the 
expression of MT1 and MT2 in shoots of Sakha-3 (more tolerant variety) were only 2–3 folds (Fig. 5: F, G), explaining observed 
genotypic difference. 

Treatment of stressed plants with FA, RJ and 5-AZA showed a significant down regulation for MT1 and MT2 transcription level 
comparing with non-treated stressed plants (Fig. 5: F, G; 6:F, G). 

It is known that FA can reduce the cytotoxic effects of salinity stress by minimizing the oxidative damage brought by osmotic 
condition and improving the glutathione-ascorbate cycle activity to increase plant antioxidant capacity under various stress conditions 
[80]. Folic acid plays a crucial effect in boosting plant tolerance and lowering oxidative damage induced by salinity-because FA-treated 
plants under saline condition increase the activities of CAT and SOD enzymes [28]. This will subsequently reduce the oxidative load 
and, hence, the extent of methylation. Also, RJ is considered as a scavenger of free radicals due to some of its components with 
antioxidant activity [49]. Some components such as flavonoids and phenolic were ingredients with strong antioxidant properties of 
hydroxyl radical scavenging [50]. Royal jelly was able to reduce the inhibitory effects of salinity as it was associated with a significant 
decrease in MT1 and MT2 expression at both studied varieties comparing with untreated stressed plants. Using of RJ at convenient 
doses may assist in decreasing the harmful effects of salinity stress [30]. It is clear that RJ has a major epigenetic impact in the dif-
ferentiation of the larvae into workers and queens [81]. With the exception of methionine, which is reported to be marginally higher in 
worker jelly (WJ) than in RJ, the levels of most EAAs were higher in WJ than in RJ [82]. Since DNA methylation levels target a group of 
genes rather than a single gene, hypomethylation of a resistance gene would increase its expression and enable the cell to overcome the 
temporary challenge [13,25]. DNA hypomethylation and dormancy acceleration was induced in buds of tree peony treated with 5-AZA 
[83]. Changing DNA methylation pattern using 5-AZA affected sex differentiation in Sphaeropteris lepifera tree [84]. 

Obtained results indicate to the role of studied material in modifying the methylation state of stressed plants by regulation the 
expression level DNA methyltransferases encoding genes. Thus subsequently modulate the transcription level of numerous stress 
related genes which could explain the recovery effect of studied material on different stressed plants in various previous studies. 

4. Conclusion 

Presented results verified the negative effects of salt stress on two Egyptian commercial V. faba L. varieties. Irrigation with saline 
water affected negatively seed germination %, mitotic index, membrane stability and caused a significant increase in chromosomal 
abnormalities (CA %). DNA methyltransferases genes (MT1 and MT2) were highly up-regulated under salinity treatment. Other studied 
stress related genes; Cu/Zn-SOD, CAT, GR, HSP-17.9 and GPRP showed a significant down regulation under salinity treatment. 
Treatments with royal jelly (RJ), folic acid (FA) and 5-azacitidene (5-AZA) led to salt-tolerant phenotypes improving chlorophyll 
content, membrane stability, and reducing the percentage of CAs. These beneficial effects were accompanied with a significant 
reduction in the expression level of two studied DNA methyltransferases (MT1 and MT2) and significant up regulation of SOD, CAT, 
GR, GPRP and HSP-17.9 encoding genes. Thus, exogenous application of the FA, RJ and 5-AZA regulate the expression of two studied 
DNA methyltransferase (MT1, MT2) induced under salinity which resulted in restoring the expression of antioxidant enzymes. Changes 
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in the expression of antioxidant enzymes as well as GPRP and HSP-17.9 encoding genes improved plant redox state and alleviate 
oxidative and detrimental effects of salinity on V. faba plant. Exogenous application of the FA, RJ and 5-AZA could be recommended as 
a promising treatment to ameliorate hazardous effects of salinity stress on faba bean plants. Additional investigations are required to 
explore the effect of different concentration of studied material considering their effects on the expression of other DNA methyl-
transferases as well as DNA demethylases encoding genes. 
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