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ABSTRACT 

 

Calendula is one of the basic plants of ornamen-

tals. It is used in various purposes as cut flowers 

and in gardens. They are rich with active com-

pounds such as chlorophyll a and b, phenols, flavo-

noid and carotenoids. The present study focused on 

mutation induction in order to improve the morphol-

ogy of the plant which can increase the turnout of its 

market and to examine which mutagen will make the 

most noticeable and permanent improvement of the 

plant. For the mutagens, seeds were treated with 

three doses of gamma ray (2500, 5000, 7000 Gy) 

and two chemical mutagens; colchicine and EMS; 

which were applied at concentrations of 1000, 3000 

and 10000 ppm. With the aim to measure the plant 

improvement, we measured the plant morphology, 

its active compounds and protein profiling before 

and after treatments with both γ-radiation and 

chemical mutagen to see which one has the most 

effective imprint on the plant. The morphological pa-

rameters data showed the highest plant high by the 

two doses; gamma dose of 7000 Gy and EMS con-

centration 10000 ppm, while the lowest dose of col-

chicine (1000 ppm) made the most impact on the 

plant height. As for the highest number of 

leaves/plant, it was obtained at 5000 Gy and 10000 

ppm of EMS, while 1000 ppm of colchicine had the 

same effect. But the number of flowers/plant was 

not affected by the gamma radiation and colchicine 

but increased significantly by 10000 ppm of EMS. 

Surprisingly, the flower diameter was not affected 

by EMS while decreased at 2500 Gy and 3000 ppm 

of colchicine. Considering the importance of flower 

shape, all treatments either gamma radiation or 

chemical mutagens showed noticeable changes. 

Whereas, the biochemical parameters measuring 

the active compounds, both Chl-a, Chl-b and carot-

enoids contents increased at 5000 Gy, while flavo-

noid increased at 2500 Gy. Although, all doses of 

gamma ray eliminated the phenols content. While 

the lowest used concentration of colchicine (1000 

ppm) increased both of Chl-a, Chl-b, flavonoid and 

carotenoids, even though the 10000 ppm of colchi-

cine increased the phenol. On the other hand,the 

highest concentration of EMS (10000 ppm) in-

creased Chl-a and Chl-b, while carotenoids, flavo-

noid and phenol increased at 3000 ppm of EMS. 

The protein-profile analysis showed fluctuation in 

the gene expression. The highest performance ap-

peared at 7000 Gy of gamma treatment, 1000, 3000 

ppm of colchicine, while the same result was ob-

tained by EMS at 3000 ppm. 

 

Keywords: Calendula officinalis, mutation, gamma 

radiation, EMS, colchicine, protein-profile analysis, 

Chl-a, Chl-b, flavonoid, phenols, carotenoids. 

 

INTRODUCTION 

 

The floriculture has become a very important in-

dustry in last decades. The development of new and 

novel cultivars of ornamentals is infinite and a 

breeder always has goals to work towards this 

http://ajs.journals.ekb.eg/
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(Datta, 2009). Calendula officinalis L. (pot marigold) 

is a member of Asteraceae family, with 2n=32 chro-

mosome. The vegetative parts of the plant are 

green, the stems covered by fine hairs. The flower 

color varies from yellow to orange (Filipovic et al 

2016). There are ray and disc florets in the inflo-

rescence; it could be blossom out in the spring (Jan 

et al 2017). The wild Calendula is native to Egypt 

and Mediterranean region then grows in the south-

ern, eastern and central Europe and in the north-

west of Africa (Nejad and Shakib, 2013). Im-

portance of Calendula is due to its use as an eco-

nomic crop. It is grown as a flowering bedding plant, 

a cut flower or pot plant. In addition, pot marigold is 

used in human medicine (Hamzawy 2013), veteri-

nary medicine, cosmetics (Pintea et al 2008) and 

nutrition (Acikgoz et al 2017). The florets of orange 

cultivars are used as a source of the spice saffron 

(Marieschi et al 2012). Phenolic compounds (flavo-

noids and phenolic acids) are both abundant in mar-

igold (Frum, 2017). It also contains carotenoids 

(Khalid and Teixeira da Silva, 2012). Calendula 

has medicinal properties used as anti-viral, anti-in-

flammatory, anti-microbial (Mohammad and 

Kashani, 2012; Verma et al 2018), anti-tumor 

(Ashwlayan et al 2018), the genotoxicity and anti-

genotoxicity, antioxidant effects and cytotoxic activ-

ity (Ashraf et al 2017). Calendula is considered one 

of the important plants in the Egyptian flora that in-

cludes more than 2000 plant species. The environ-

ment and climate are suitable for its production as 

ornamental and medicinal plants, which are promis-

ing as economic sources; especially there is an in-

crease in the world demand for the Egyptian medic-

inal plants (Hendawy et al 2019). 

Mutation is the most important factor in evolu-

tion, and induced mutagenesis has become wide-

spread in the biological sciences, for the genetic 

base of germplasm for plant breeding and as a tool 

for functional genomics. Induced mutagenesis was 

successful in improving many ornamental plants 

such chrysanthemum, gerbera and gladiolus, they 

are altered in flower and leaves characters (color, 

shape, size) and physiological traits (flowering time 

tolerance to stresses) Kayalvizhi et al (2017). 

Genetic markers such as morphological, bio-

chemical traits (isozymes and protein profiles) and 

DNA based molecular markers are powerful tools 

for the analysis of genetic diversity and relatedness 

among genotypes, species and large populations of 

plants. SDS-protein polymorphism is served as ge-

netic markers as they are direct products of gene 

expression (active genes) quite polymorphic and 

generally heritable (Mukhlesur et al 2004). SDS-

protein polymorphism profiles reflect the changes in 

the active part of the genome. Polyacrylamide gel 

electrophoresis (PAGE) is generally favored tech-

nique for rapid analysis (Raymond et al 1991) due 

to its validity and simplicity for describing genetic 

variations (Ahmed and Slinkard, 1992). This tech-

nique has been used effectively to decipher genetic 

diversity among/ between genotypes in different 

plant species (Mukherjee and Datta, 2008). 

The objective of this research is to improve ca-

lendula plant using different levels of gamma irradi-

ation, different concentrations of colchicine and 

EMS as mutation induction techniques on morpho-

logical and biochemical traits (active components 

and protein). 

 

MATERIALS AND METHODS 

 

This study was carried out in the Department of 

Genetics, Faculty of Agriculture, Ain Shams Univer-

sity, Shoubra-Elkheima, Egypt and Horticulture Re-

search Institute, Agriculture Research Center, Giza 

(planting experiment), during the period from 2013 

to 2020. For the radiation experiment, seeds were 

treated in Atomic Energy Authority, Nasr City, Cairo, 

Egypt. For the SDS-protein profiling analysis was 

carried out at the Biotechnology lab at Faculty of Ag-

riculture, Cairo University Research Park (CURP). 
 

1. Plant materials 
 

Calendula officinalis L. seeds were provided by 

Horticulture Research Institute, Agriculture Re-

search Center. These plants have been assessed 

by morphological, biochemical genetic traits and the 

seeds were sown under greenhouse conditions.  
 

2. Methods 
 

A. Gamma radiation 
 

Seeds were exposed to gamma rays from the 

Cobalt-60 source (emitting 1KRD per 30 min. at the 

time of radiation was used) and kept in dark until 

grown in the next day. Four doses were applied 0, 

2500, 5000 and 7000 Gray (Gy). Seeds were sown 

individually during the 2013/2014 season for the first 

generation (M1). Then it was planted during the 

2014/2015 season for the second generation (M2). 
 

B. Chemical mutagens 
 

Seeds were soaked in the three different con-

centrations (1000, 3000 and 10000 ppm) of colchi-

cines or Ethyl Methane Sulfonate (EMS), 6 hours in 

the dark, while the seeds for the control were 

soaked in water before they were sown in the green-
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house. The survived plants of M1 generation of Ca-

lendula of each treatment (radiation and chemicals) 

were selected and self-pollinated, in order to obtain 

the M2 seeds. 

 

3. Morphological measurement 

 

All measurements were taken on untreated and 

treated plants. During experimental period, some 

yield-related morphological traits were measured at 

flowering time; plants height (cm), flower diameter 

(cm), number of leaves/plant and number of flow-

ers/plant. 

 

4- Chemical measurements 

 

The quantitative chemical measurements of bi-

ologically active substances Chlorophyll-a, Chloro-

phyll-b, in leaf samples and total carotenoids in 

flower were colorimetrically determined (mg/100g 

fresh matter) according to Dere et al (1998). The 

determination was conducting using acetone (85% 

v/v) as a blank at wavelengths of 662, 644 and 440 

nm, respectively. Total flavonoids content was 

measured according to Zhuang et al (1992) and ex-

pressed as mg catechin equivalents per 100 g fresh 

weight. Total phenolic were analyzed spectrophoto-

metrically using the method described by Swain 

and Hillis (1959), results were expressed as gallic 

acid g/100 g FW. 

 

4. Statistical analysis  

 

Data were analyzed based on morphological 

traits with ANOVA procedure using SAS7. Duncan 

(1955) test was further applied to compare treat-

ments' means at a 5 % level of significance. 

 

5. SDS-PAGE analysis 

 

SDS-protein electrophoresis (SDS-PAGE) was 

performed according to the method of Laemmli 

(1970). Seeds were taken from M1 and M2 of 

treated and untreated plants. They were ground in 

liquid nitrogen (100 mg) and transferred to Eppen-

dorf tubes with 300 μl saline solution, and then cen-

trifuged at 13,000 xg for 5 min at 4˚C. Five hundred 

μl acetone was added to the supernatant (100 μl) 

overnight at -20˚C, and then centrifuged at 13,000 

xg for 3 min 4˚C. Mix (1:4) sample: sample buffer 

(10% SDS, 20% Glycerol, 0.2M tris PH 6.8, 10mM 

beta-mercapto-ethanol and 0.05% bromophenol 

blue) and was heated on 95oC for 5 min prior to 

loading. The resolving gel was 15% acrylamide (w / 

v). The protein fractionation was performed at a con-

stant voltage of 80 V, 4˚C for 4 hr. After run, the gel 

was stained in 50% dH2O, 40% methanol, 10% gla-

cial acetic acid and 0.1% coomassie brilliant blue 

solution for 20 min with gentle agitation. The gel was 

distained in 50% dH2O, 40% methanol and 10% gla-

cial acetic acid) solution until gel background be-

came clear. Gel documentation was with G: Box 

Syngene model 680XHR. 

 

RESULTS AND DISCUSSION 

 

Calendula officinalis was treated with Gamma 

radiation and two chemical mutagens: colchicine 

and EMS. The analysis of variance (ANOVA) for the 

studied parameters showed significant differences 

among mutagens concentrations. Data were rec-

orded on the plants at maturity stage (flowering) in 

the two seasons for M1 and M2 (Table 1). M2 re-

sults were more preferable than M1 because it in-

cludes genetic changes, however, M1 showed 

physiological changes.  
 

1. Morphological parameters  
 

Morphological parameters in Calendula using 

gamma irradiation 
 

Plant height: plant height increased signifi-

cantly with 7000 Gy, however, 5000 Gy showed in-

termediate value of plant height, while the shortest 

height was observed at 2500 Gy (Table 1). On the 

contrary, these results are disagreed with Kaur et 

al (2017) who found reduction in plant height under 

all doses of gamma radiation, and with Tiwari and  

Kumar (2011) who found increase in the plant 

height at 2500 Gy in M1. 

Number of leaves/plant: average number of 

leaves/plant was significantly affected by the differ-

ent concentrations of gamma radiation. The highest 

number of leaves/plant (83.30) was detected at 

5000 Gy, meanwhile, at 7000 Gy and 2500 Gy the 

number of leaves per plant decreased to 60.00 and 

53.30, respectively. There was a trend towards a 

gradual increase in the number of leaves/plant as 

mutagen concentration increased from concentra-

tion 2500 to 5000 Gy and reduced in the high con-

centration of 7000 Gy (Table 1). 

Number of flowers/plant: the number of flow-

ers/plant was not affected by any gamma radiation 

doses compared with the control (Table 1). These 

results didn’t agree with Kaur et al (2017) findings 

which showed decrease in flowers number from mu-

tant to the control. 
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Flower diameter: the differences between the  

mutagen doses were significant compared to the 

control. In the M2-generations, the lowest mean  

inflorescence diameter was 3.50 cm that observed 

at the concentration of 2500 Gy (Table 1). This 

agreed with Kaur et al (2017) who showed de-

crease from the control. 

As for flower shape: A noticeable change in 

the shape of the flowers after treatment by gamma 

ray and some of these changes revealed asym-

metry disk as compared to the untreated flowers as 

shown in Fig. (1). 

 

 

 

 

 

 

 

 
 

Fig. 1. Calendula inflorescences before and after gamma radiation treatments in M1 and M2 generations 

 

 

Morphological parameters in Calendula using 

colchicine 

 

Plant height: effects were observed at the 

higher concentrations. Plant height increase were 

obtained at lower colchicine concentrations (1000 

ppm) (Table 1), whereas negative at the 3000 ppm 

colchicine concentration for both M1 (42.60 cm) and 

M2 (47 cm) generations. This agreed with  

El-Nashar and Ammar (2016) who found that lower 

colchicine concentrations (400 and 800 ppm) in-

creased plant height while negative effect was ob-

tained at higher concentration (2000 ppm). 

Number of leaves/plant: there were significant 

differences detected among Calendula plants. The 

highest leaf number (52.60) was detected at high 

colchicine concentration (10000 ppm) (Table 1). 

This result was contradicted with the result of El-

Nashar and Ammar (2016) that showed that the 

lower concentration increased the number of 

leaves. 

Number of flowers/plant: the number of inflo-

rescences/plant was not affected by the colchicine 

treatments (Table 1). This result was not similar to 

El-Nashar and Ammar (2016) who found decrease 

in flower number by increase the colchicine concen-

tration. While Roxana et al (2008) showed increase 

of flower number using colchicine.  

Flower diameter: in the M2-generation, the 

lowest mean inflorescence diameter was 3 cm at the 

concentration of 3000 ppm, while the highest diam-

eters were detected at 1000 ppm (5 and 4 cm) for 

the M1 and M2 generation, respectively, compared 

with the control (3.33 cm) (Table 1). This result dis-

agreed with El-Nashar and Ammar (2016) who 

found increase in the flower diameter over the con-

trol.  

As for flower shape: there was a noticeable 

change in the shape of the flowers after the treat-

ment with colchicine and some of them showed 

asymmetry disk compared to the untreated flowers 

(Fig. 2). 

 

Morphological parameters in Calendula using 

EMS 

 

Plant height: it increased equally at 1000 and 

3000 ppm, respectively, in M2 generation (Table 1), 

while the highest height was obtained at10000 ppm. 

This was like El-Nashar (2012) who found greatest  
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Fig. 2. Calendula inflorescences before and after colchicine treatments in M1 and M2 generations 

 

 

 

height at 1000 ppm of DES in Calendula and 

Samatadze et al (2019) showed low concentration 

of EMS (250 ppm) and DES (500 ppm) in C. offici-

nalis cv. zolotoe. 

Number of leaves/plant: at high EMS concen-

trations (3000 and 10000 ppm), an increase in the 

number of leaves/plant was observed; the highest 

leaf number/plant was 65 cm (Table 1). These re-

sults contradict with El-Nashar (2012) who 

showed decrease in the leaves number by increase 

the concentration of DMS.  

Number of flowers/plant: it was affected by 

EMS treatment only at 10000 ppm in M2 (Table 1). 

This result agrees with El-Nashar (2012) found that 

higher concentration of DMS (4000 ppm) gave 

higher number of flowers/plant. Samatadze et al 

(2019) found increase in the flower number by all 

treatment of DMS in various degrees. 

Flower diameter: there were no significant dif-

ferences between EMS used concentrations in both 

M1 and M2 generations compared to the control  

(Table 1). The result disagrees with El-Nashar and 

Asrar (2016) showed lowest flower diameter at 

5000 ppm of DMS and heights diameter at low con-

centration 2000 ppm. Samatadze et al (2019) found 

increasing in the flower diameter by all treatment of 

DMS in various degrees. 

Flower shape: there was a noticeable change 

in the shape of the flowers after the treatment with 

EMS and some of the treated plants showed asym-

metry disk compared to the untreated flowers (Fig. 

3). 

 

2. Statistical analysis of the morphological pa-

rameters of Calendula under the treatments 

 

Table (1) combined the results of all treatments 

on the morphological traits in M1 and M2 generation 

to detect the preferable treatment to obtain a good 

plant in M2 which exposure genetic changes, while 

M1 had physiological changes. 

As shown in Table (1), the significant differ-

ences in plant height was showed at 2500 Gy that 

give the short plant (30.67 cm) in M2, while the high-

est plant was induced by EMS 10000 ppm in M2 

(69.6 cm). For the number of leaves per plant the 

gamma irradiation at 5000 Gy showed the signifi-

cant differences that gave the highest number of 

leaves per plant (83.3) in M2 between all treat-

ments. The number of flowers per plant showed Sig-

nificant differences at 10000 ppm of EMS that the 

highest number was (21.3) in M2. The lowest mean 

of flowers diameter (3 cm) showed a significant dif-

ferences at the concentration of 3000 ppm of colchi-

cine in M2. 

 

3. Biochemical parameters 

 

Biochemical Parameters in Calendula using 

gamma irradiation 

 

Effect of different gamma radiation doses on 

Chl-a, Chl-b content, phenol compounds, flavonoid 

and carotenoids is shown in Table (2) and Fig. (4). 

The three treatments (2500, 5000 and 7000 Gy) in-

creased Chl-a and Chl-b content  compared  to  the  
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Fig. 3. Calendula inflorescences before and after EMS treatments in M1 and M2 generations 
 
 
 

 

control. Obvious increase of Chl-a and Chl-b con-

tent was detected with the increase of radiation 

dose up to (5000) Gy. Kaur et al (2017) recorded 

decrease in both chlorophyll a & b by using of  

gamma radiation. Seeds treated with gamma radia-

tion imposed a high impact on total carotenoids. The 

treatment with 2500 Gy and 5000 Gy showed in-

crease in carotenoids contents, while plants ex-

posed to 7000 Gy showed decrease in it. Kaur et al 

(2017) demonstrated that carotene decreased by in-

creasing the dose of gamma ray. A slight increase 

in flavonoid content was observed with 2500 Gy 

dose compared to the control plants, while 5000 and 

7000 Gy doses showed decrease in the flavonoid 

levels. The application of gamma radiation at the 

three doses (2500, 5000 and 7000 Gy) caused de-

crease in the phenolic content compared to the con-

trol ones. 

 

Biochemical parameters in Calendula using col-

chicine (chemical mutagen) 

 

Effect of different doses of colchicine on Chl-a, 

Chl-b content, phenolic compounds, flavonoid and 

carotenoids are shown in Table (2) and Fig. (5). 

The treatment with 1000 ppm dose of colchicine 

showed enhanced of Chl-a, Chl-b, carotenoids and 

flavonoids content compared to the control, but 

treatment with 3000 or 10000 ppm decreased the 

content of all these compounds except phenol con-

tent was higher at 10000 ppm then at 1000 ppm. El-

Nashar and Ammar (2016) found no significant dif-

ferences in Chl-a and Chl-b contents by various 

concentration of colchicine and the control. On the 

other hand, Robu et al (2012) found increase in ca-

rotenoids, flavonoids and phenols by colchicine 400 

ppm treatment. 

  

Biochemical parameters in Calendula using 

EMS (Chemical mutagen) 

 

Effect of different doses of EMS on Chl-a, Chl-b 

content, phenol compounds, flavonoid and carote-

noids is shown in Table (2) and Fig. (6).The treat-

ment 10000 ppm dose of EMS showed enhance in 

Chl-a and Chl-b content compared to the control 

plants. Also, there was an increase in the carotene,  
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Table 1. Mean performance of the morphological parameters Calendula officinalis with gamma radiation and 

two chemical mutagenesis colchicine and EMS in M1 and M2 generations respectively 
 

 

Treatment 

Plant height (cm) No. of leaves/plant No. of flowers/plant Flower diameter (cm) 

M1 M2 M1 M2 M1 M2 M1 M2 

G
a

m
m

a
  

ra
d

ia
ti

o
n

 

 

Control 25.71def 49.33abcd 52.6cdef 37.6def 11.0ab 5.00b 4.8abc 5.1ab 

2500Gy 16.33f 30.67cdef 27.33f 53.3cdef 5.3b 3.3b 3.6abc 3.5abc 

5000Gy 18.47f 49.33abcd 49.0cdef 83.3bc 8.6ab 7.6b 5,3a 4.7abc 

7000Gy 20.35ef 52.6abc 31.6ef 60.0bcdef 6.3b 4.3b 4.3abc 5.3a 

C
h

e
m

ic
a
l 

m
u

ta
g

e
n

s
 

C
o

lc
h

ic
in

e
 Control 49.0abcd 47abcd 70.0bcd 37.3def 3.0b 2.0b 4.1abc 3.3bc 

1000 62.0ab 62ab 94.0ab 52.0cdef 6.3b 3.3b 5.0ab 4.0abc 

3000 42.6bcdr 47abcd 47.6cdef 40.0def 5.0b 2.0b 5.0ab 3.0c 

10000 48.0abcd 50.6abc 122.6a 52.6cdef 7.0b 3.3b 4.1abc 3.3bc 

E
M

S
 

Control 48.6abcd 47abcd 59.3cdef 37.3def 2.6b 2.0b 4.5abc 3.3bc 

 1000 54.0abc 61.6ab 51.6cdef 59.0cdef 3.3b 2.0b 4.0abc 3.7abc 

 3000 55.0abc 60.6ab 53.3cdef 65.0bcde 3.6b 6.0b 4.2abc 3.5ab 

 10000 35.33cdef 69.6a 68.0bcd 65.0bcde 5.3b 21.3a 5.3a 4.1abc 

Mean of season 39.6b 52.3a 60.6a 53.5a 5.6a 5.1a 4.54a 3.93b 

Letters (a, b, c, d, f) indicates different values- if the values has the same letter, it is not significantly different from each 

other with p ≤ 0.05. 

 
 

Table 2. Effect of gamma radiation and two chemical mutagenesis colchicine and EMS on the active 

compounds of Calendula officinalis in M2 generation. 

 

Treatment 
Chl-a 

µg/100gf 

Chl-b 

µg/100gf 

Carotenoids 

mg/100g 

Flavonoid 

mg/100g 

Phenol 

g/100g 

G
a

m
m

a
  

ra
d

ia
ti

o
n

 

 

Control 6.843 2.9397 0.532  0.068  0.356 

2500Gy 14.660 6.2937 0.832  0.222  0.249 

5000Gy 18.740 8.6482 1.077  0.039  0.184 

7000Gy 15.480 7.08316 0.507  0.020  0.261 

C
h

e
m

ic
a
l 

M
u

ta
g

e
n

s
 

C
o

lc
h

ic
in

e
 Control 0.797 0.776 0.122  0.068  0.122 

1000 1.150 1.913 3.781  0.096  0.147 

3000 0.242 0.096 0.576  0.012  0.114 

10000 0.789 0.633 2.341  0.039  0.159 

E
M

S
 

Control 0.797 0.776 0.123  0.068  0.123 

1000 0.562 0.096 0.569  0.094  0.129 

3000 0.515 0.744 3.180  0.105  0.172 

10000 0.805 0.977 0.413  0.100  0.149 
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Fig. 4. The active compounds of Calendula officinalis extracts as affected by gamma irradiation in M2 gen-

eration 
 
 

 
 
 
Fig. 5. The active compounds of Calendula officinalis extracts as affected by colchicine doses in M2 gener-

ation 
 
 
 

 
 

 
Fig. 6. The active compounds of Calendula officinalis extracts as affected by EMS doses in M2 generation 
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flavonoid and phenol contents with a dose of 3000 
ppm of EMS compared to the control plants, 
whereas the 1000 or 10000 ppm doses caused de-
crease in their contents. El-Nashar and Asrar 
(2016) found that high concentration of DES (5000 
ppm) reduced the total chlorophyll in Calendula. 
 

4. Molecular genetic analysis – water soluble 

protein content in Calendula  

Gamma irradiation experiment  

 

In M1 generation, Calendula plants that has 

been treated with 2500 Gy dose showed the lowest 

band intensity in the SDS-protein PAGE which 

cause reduction of expression that correlate with the 

reduction of the plant height as well. While the high-

est SDS-protein reading was with the seeds treated 

with 7000 Gy dose as shown in Fig. (7a). 

As for the M2 generation, the 2500 Gy treat-

ment remained the lowest in the SDS- protein which 

means there were no significant differences be-

tween M1 and M2 generation in this dose of radia-

tion. Furthermore, the 5000 and 7000 Gy doses 

have the same effect on M2 generation and showed 

more stability comparing to the M1 generation as 

shown in Fig. (7b). 

 

Colchicine treatment 

 

In M1 generation, Calendula plants that has 

been treated with 1000 and 3000 ppm of colchicine 

showed the highest in the SDS-protein which  

caused increase in the expression, while the exces-

sive dose of 10000 ppm of colchicine didn’t cause 

any increase or decrease in the expression the 

same as the control as shown in Fig. (8a). 

As for the M2 generation, it seems that all col-

chicine doses (1000, 3000, and 10000 ppm) caused 

drop in the protein expression to its lowest com-

pared to the untreated Fig. (8b). 

 

EMS treatment 

 

In M1 generation, Calendula plants that were 

treated with 3000 ppm dose of EMS showed the 

highest in the SDS- protein as shown in Fig. (9a). 

Meanwhile, in the M2 generation, the SDS- 

protein decreased in all EMS doses comparing with 

the control untreated Calendula seeds and even 

than the M1 generation as shown in Fig. (9b). 

El-Nasher and Asrar (2016) found that SDS-

protein showed low content with SA and DES at 

5000 ppm, while high content was at 1000, 2000 

ppm of SA and DES, respectively. SA mutagen 

showed high average of SDS-protein content ex-

cept at 4000 ppm of DES. Soliman et al (2008) 

studied the karyotype of calendula seeds. Eleven 

bands were detected, 4 bands are common in all 

types of seeds. The SDS-protein ranged from 2.95 

to 8.43.At the same time, El-Hadary et al (2018) 

showed a reduction in the quantitative level of pro-

tein biosynthesis as revealed by the band intensities 

with PEG treatments in soybeans genotypes. 
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Fig. 7a and b. Polyacrylamide gel electrophoresis for the effect of gamma radiation on the SDS- protein in 

Calendula seeds, M= Marker, C= Control, 1= 2500 Gy, 2= 5000 Gy, 3= 7000 Gy. 

 

 

 
Fig. 8a and b. Polyacrylamide gel electrophoresis for the effect of colchicine on the SDS- protein in Calen-

dula seeds, M= Marker, C= Control, 1= 1000 ppm, 2= 3000 ppm, 3= 10000 ppm. 
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Fig. 9a and b. Polyacrylamide gel electrophoresis for the effect of EMS on the SDS- protein in Calendula 

seeds, M= Marker, C= Control, 1= 1000 ppm, 2= 3000 ppm, 3= 10000 ppm. 

 

CONCLUSION  
 

It was clear from this study that the use of 

gamma rays had a clear effect on the size of the 

plant, as the dose of 7000 Gy led to an increase in 

the length of the plant, and the dose 2500 Gy led to 

the small size of the plant from a short length and 

reducing the diameter of the flowers with increase 

in the carotenoids and flavonoid in a manner suita-

ble for use as pot plants. The treatment with chemi-

cal mutagens was unique by changing the shape of 

flowers, so that the concentration of 3000 ppm of 

colchicine and 1000 and 3000 ppm of EMS led to 

the existence of mutations in the form of flowers, 

which were used to modify and renew the form of 

flowers and use them as cut flowers.These changes 

were stable and present in both M1 and M2.  
 

Conflict of interest 
 

The authors declare no conflict of interest. 

 

ACKNOWLEDGMENTS 

 

The authors wish to give a gratitude to Ain 

Shams Center of Genetic Engineering and Biotech-

nology (ACGEB) in Faculty of Agriculture, Ain 

Shams University and the Biotechnology lab at 

Cairo University Research Park, Faculty of Agricul-

ture (CURP), for providing the facilities to get this 

research done. 

REFRENCES 

 

Acikgoz F.E. 2017. Edible Flowers. J. of Experi-

mental Agric. Int., 17(1), 1-5. 

Ahmad F. and Slinkard A.E. 1992. Genetic rela-

tionships in the genus Cicer L. as revealed by 

polyacrylamide gel electrophoresis of seed stor-

age proteins. Theoretical and Applied Genet-

ics, 84, 688-695. 

Ashraf A., Riaza M., Nasrullaha M., Hanifb M., Ja-

vaida B., Alic S. and Qayyumd M.A. 2017. 

Phytochemical, antioxidant and cytotoxicity 

studies of Calendula officinalis L. (pot marigold) 

leaves extracts. Oxidation Communications, 

40(1-I), 120-130. 

Ashwlayan V.D., Kumar A., Verma M., Garg V.K. 

and Gupta S.K. 2018. Therapeutic potential of 

Calendula officinalis. Pharm. Pharmacol. Int. J. 

6(2), 149-155. 

Datta S.K. 2009. Role of classical mutagenesis for 

development of new ornamental varieties. In: 

Shu QY, editor. Induced plant mutations in 

the genomics era. Vienna: Joint FAO/IAEA 

Division of Nuclear techniques in Food and 

Agricuture, International Atomic Energy 

Agrncy, pp. 300-302. 

 

 



482       Eman Elmenbawy, Sawsan Elateek, Nahla Awad and Eman Fahmy 

 

AUJASCI, Arab Univ. J. Agric. Sci., 22(2), 2082 

Dere S., Gunes T. and Sivaci R. 1998. Spectro-

photometric determination of chlorophyll-A, B 

and total carotenoid contents of some Algae 

species using different solvents. Tr. J. of 

Botany, 22, 13-17. 

Duncan D.B. 1955. Multiple Range and Multiple F 

Tests. Biometrics, 11, 1- 42. 

El-Nashar Y.I. 2012. Effect of chemical mutagens 

on vegetative growth and flowering in Calendula 

officinalis L. (cv. Calypso yellow). Alexandria 

Science Exchange J., 33(2), 108-115. 

El-Nashar Y.I. and Ammar M.H. 2016. Mutagenic 

influences of colchicine on phenological and mo-

lecular diversity of Calendula officinalis L.  

Genetics and Molecular Research, 15(2),  

gmr.15027745.  

El-Nashar Y.I. and Asrar A.A. 2016. Phenotypic 

and biochemical profile changes in Calendula 

(Calendula officinalis L.) plants treated with two 

chemical mutagenesis. Genetics and Molecu-

lar Research, 15(2), gmr.15028071.  

Filipović V., Ugrenović V., Radanović D., Mar-

ković T., Popović V., Aćimović M. and Sikora 

V. 2016. Morphological features, productivity 

and quality of pot marigold (calendula officinalis 

L.) cv. “DomaćiOranž. III International Con-

gress “Food Technology, Quality and Safety, 

pp. 525-530. 

Frum A. 2017. HPLC determination of polyphenols 

from calendula officinalis L. flowers. Acta uni-

versitatis Cibiniensis Series E: Food Tech-

nology, 21(2), 97-101. 

Hamzawy M.A., El-Denshary F.S., Hassan N.S., 

Fathia A.M. and Mosaad A.A. 2013. "Dietary 

Supplementation of Calendula officinalis Coun-

teracts the Oxidative Stress and Liver Damage 

Resulted from Aflatoxin". Hindawi Publishing 

Corporation ISRN Nutrition. pp. 538427-

538436.  

Hendawy S.F., Abouziena H.F., Abd El-Razik 

T.M., Amer H.M. and Hussein M.S. 2019. Win-

ter weeds and its control in the medicinal plants 

in Egypt: a survey study. Egyptian Pharmaceu-

tical J., 18, 16-26. 

Jan N., Andrabi K.I. and Riffat J. 2017. Calendula 

officinalis - An important medicinal plant with po-

tential, biological properties. Proc. Indian Natn. 

Sci. Acad., 83(4), 769-787. 

Kaur R., Kapoor M., Kaur R. and Kumar A. 2017. 

Effect of gamma radiation on cyto-morphology, 

total phenolic content and antioxidant activity of 

Calendula. J. of Hill Agriculture, 8(4), 395- 

402. 

Kayalvizhi K., Kannan M. and Ganga M. 2017. Ef-

fect of Physical and Chemical Mutagens on Mor-

phological Characters in M1V2 Generation of 

Tuberose (Polianthestuberosa L.). Int. J. Curr. 

Microbiol. App. Sci. 6(4), 2492-2499. 

Khalid K.A. and Teixeira da Silva J.A. 2012. Biol-

ogy of Calendula officinalis Linn: Focus on phar-

macology, biological activities and agronomic 

practices". Med. Aromat. Plant Sci. Biotech-

nol., 6, 21-27. 

Laemmli U.K. 1970. Cleavage of structural proteins 

during the assembly of the head of bacterio-

phage T4". Nature, 227, 680- 685. 

Marieschi M., Torelli A. and Bruni R. 2012. Qual-

ity control of saffron (Crocus sativus L.): Devel-

opment of SCAR markers for the detection of 

plant adulterants used as bulking agents. J. of 

Agricultural and Food Chemistry, 60, 10998-

11004. 

Mohammad S. and Kashani H.H. 2012. Pot mari-

gold (Calendula officinalis) medicinal usage and 

cultivation. Scientific Research and Essays, 

7(14), 1468-1472. 

Mona H. El-Hadary, Shaimaa S. El-Sherbini and 

Samar A. Omar 2018. Molecular characteriza-

tion and response of five soybeans genotypes to 

PEG Treatment. Egypt. J. Genet. Cytol., 47(1), 

175- 192. 

Mukherjee M. and Datta A.K. 2008. Evaluation of 

genetic diversity in five species of Ocimum by 

SDS-PAGE, Indian J. Genet. Plant Breed, 68, 

212-219. 

Mukhlesur R.M., Hirata Y. and Alam S.E. 2004. 

Genetic variation with in Brassica rapa cultivars 

using SDS-PAGE for seed protein and isozyme 

analysis, J. Biol. Sci., 4(2), 239-250. 

Nejad A.R. and Shakib A.K. 2013. Ornamental 

value of Calendula officinalis “Yellow Gitana” as 

a result of nitrogen-fertilizer and plant density. 

Intl. J. Agri. Crop Sci., 5(4), 362-365. 

Pintea A., Dulf F.V., Bele C. and Andrei S. 2008. 

Fatty acids distribution in the lipid fractions of 

Calendula officinalis L. seeds oil. Chem. Listy, 

102(15), 749-750. 

Raymond J., Inquello V. and Azanza J.L. 1991. 

The seed protein of sunflower: comparative 

studies of cultivars. Phytochemistry, 30, 2849- 

2856. 

Robu T., Vatavu R., Leonte C. and Zaharia M.  

2012. Phytochemical analysis of extracts from 

inflorescences of Calendula officinalis L. spe-

cies treated with mutagen substances. Environ-

mental Engineering and Management J., 

11(1), 169-175. 



  

AUJASCI, Arab Univ. J. Agric. Sci., 22(2), 2082 

483 
 

Genetic Improvement of Calendula officinalis L. through Mutation  

Induction using Gamma Irradiation and Chemical Mutagens 

Roxana V., Leonte C., Robu T. and Pascal-Slabu 

C.G. 2008. Studies concerning the influence of 

some mutagens on the production of inflores-

cences at Calendula officinalis L. species. Lu-

crăriŞtiinţifice–Seria Agronomie, 51, 41- 46. 

Samatadze T.E., Zoshchuk S.A., Hazieva F.M., 

Olga Y.Y., Natalya Y.S., Alexander I.M., Alex-

andra V.A. and Olga V.M. 2019. Phenotypic 

and molecular cytogenetic variability in calen-

dula (Calendula officinalis L.) cultivars and mu-

tant lines obtained via chemical mutagenesis. 

www.nature.com/Scientific Reports 9, 9155-

9165. https://doi.org/10.1038/s41598-019-

45738-32. 

Soliman M.I., Rizk R.M.H. and Rizk R.M.A. 2008. 

The impact of seed polymorphism of plant ge-

netic resources on the collection strategy of 

gene banks. Global J. Biotech. & Biochem., 

3(1), 47-55. 

Swain T. and Hillis W.E. 1959. The phenolic con-

stituents of Prunusdomestica L. The quantitative 

analysis of phenolic constituents. J. Sci. Food 

Agric., 10(1), 63-68. 

Tiwari A.K. and Kumar V. 2011. Gamma rays in-

duced morphological changes in pot Marigold 

(Calendula officinalis). Prog. Agric., 11(1), 99-

102. 

Verma P.K., Raina R., Agarwal S. and Kour H.  

2018."Phytochemical ingredients and pharma-

cological potential of Calendula officinalis Linn. 

Pharm. Biomed. Res., 4(2), 1-17. 

Zhuang X.P., Lu Y.Y. and Yang G.S. 1992. Extrac-

tion and determination of flavonoid in ginko. Chi-

nese Herb. Med., 23, 122-124. 

 

 

https://doi.org/10.1038/s41598-019-45738-32
https://doi.org/10.1038/s41598-019-45738-32


 

 

 
 

     

 

 ، مصرجامعة عين شمس، القاهرةللعلوم الزراعية،   مجلة اتحاد الجامعات العربية

 2020، 181-174 (،1)ددع (،28)جلدم

Website: http://ajs.journals.ekb.eg 
 

 

 

 
 

484  
 

 

 شعبان أبو حسين .د ا تحكيم:
 جمال هريدي.د ا

 ستحداث الطفراتإالتحسين الوراثي لنبات الاقحوان من خلال 
 شعاع والمطفرات الكيماويةلإستخدام اإب

]41[ 
 *2إيمان محمود فهمى - 3نهلة عبد الفتاح عوض -  2سوسن يوسف العتيق - 1ي حمد المنباو إيمان أ

 مصر -جيزه  – مركز البحوث الزراعية -معهد بحوث البساتين -قسم الحدائق النباتية  -1
 مصر -القاهرة   - 11211حدائق شبرا  – 86ص.ب  –جامعة عين شمس  -كلية الزراعة  -قسم الوراثة  -2
 رمص -جيزه  – مركز البحوث الزراعية -معهد بحوث البساتين -قسم تربية الفاكهة والاشجار ونباتات الزينة  -3

 

*Corresponding author:  eman_abdelhameed@agr.asu.edu.eg 
 

 
 

 

Received 02 February, 2020     Accepted 1 July, 2020 
 

 زــــــــــــــــالموجـ
 

الزينة نباتات من  Calendula نبات الأقحوان يعتبر 
 ومليئه .كأزهار قطف وفي الحدائقفيستخدم الهامة 

 فينوليةلامركبات الو الكلورفيل أ و ب المواد الفعالة مثل ب
لى عالدراسة   ركزت هذه. الكاروتيناتو  والفلافونيدات

 تغيير ملحوظ للوصول إلىفى النبات  اتطفر  إحداث
ثلاث جرعات من  باستخدام البذور . تمت معاملةودائم

راي واثنين من ج 0222،  0222،  0022أشعة جاما 
بتركيزات  EMSالكولشيسين و  :المطفرات الكيميائية 

أخذت جزء في المليون.  02222، 0222، 0222من 
 ،عدد الأوراق للنبات ،طول النبات) ةات مورفولوجيقياس

، (شكل الأزهار ،قطر الأزهار ،عدد الأزهار للنبات
 من النباتات كل   ىعلالبروتين فعالة و مركبات الالو 

طول أعلى النتائج وأظهرت  .معاملةالالمعاملة وغير 
 10000تركيز ب EMSو رايج 0222جرعة  نبات عند

جزء في  0222الكولشيسين وتركيز جزء في المليون 
 0222عند على أعلى عدد أوراق تم الحصول  .المليون 

Gy  جزء في المليون من  02222وEMS  تركيزو 
دد علم تتأثر  .جزء من المليون من الكولشيسين 0222

الأزهار / النبات بإشعاع جاما والكولشيسين ولكنه زاد 
. لم EMSجزء في المليون من  02222 عند تركيز

 0022 عندبينما انخفض  EMSب يتأثر قطر الزهرة
 جزء في المليون من الكولشيسين. 0222ي و جرا

 مطفراتاما والجأشعة  زهرة أظهرتالشكل بالنسبة ل

حيوية ال أظهرت القياسات .الكيميائية تغييرات ملحوظة
  0222د عن الكاروتيناتو  ب ى كلوروفيل أ ومحتو  ارتفاع
. جراى 0022الفلافونويد عند  ت، بينما زادجراى

جميع جرعات أشعة جاما محتوى الفينولات.  وخفضت
ى ـــــإلون ـــــــــــجزء في الملي 0222تركيز الكولشيسين  أدى

الفلافونويدات و  ب ل أ وـــــــــــــــكلوروفي من ادة كلـــــــزي
المليون من جزء في  02222 عندو ، والكاروتينات

 أ و ب كلوروفيلزاد من كل من الكولشيسين زاد الفينول. 
جزء في المليون( بينما زادت  02222) EMSتركيز عند

جزء في  0222 عندالكاروتينات والفلافونويد والفينول 
ي ف تغيرا  . أظهر تحليل البروتين EMSالمليون من 

،  جراى 0222ظهرت أعلى نسبة عند فالتعبير الجيني 
 جزء في المليون من الكولشيسين،  0222، 0222
EMS  واتضح من هذه  .جزء في المليون  0222عند

تأثيرا  واضحا  على حجم  االدراسة أن أشعة جاما كان له
زيادة محتوى الكاروتين والفلافونويد بما يناسب و النبات 

 نفردت المعاملة بالمطفراتاستخدام كنباتات أصص. و لإا
ن موجود تحورات فى شكل الازهار مما يمكن بالكيماوية 

وقد تميزت هذه التغيرات  قطف. استخدامها كأزهار
 بالثبات والاستمرارية خلال الجيلين الأول والثانى.

 
 الاقحوان، الطفرات، أشعة جاما، :المفتاحيةالكلمات 

EMS ،الكولشيسين، تحليل البروتين كلوروفيل أ ،
 .الكاروتينات ،الفينول ،الفلافونويدكلوروفيل ب، 
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