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Abstract 

The aromatic herb coriander (Coriandrum sativum L.) has a lot of uses as a spice and has potential medical 

benefits. In this study, the impact of Gamma rays was evaluated on coriander plants. The results showed that 20, 

40 and 60 Gy doses activated most of growth and yield characters significantly (plant height, dry weight of 

plant, number of branches/plants, number of umbels, weight of umbels/plant, weight of seeds/plant and weight 

of 100 seed/plant), with 60 Gy and 20 Gy being the best doses each one of them in some characters. Also, GC-

MS analysis was performed to determine the changes in the phytochemical compounds in ethanolic leaves and 

seeds extract. Linalool fatty acid was the most main compound in the ethanol extract, the dose 40 Gy was the 

highest linalool percentage in leave extract (59.48%), while the dose 60 Gy was the greatest content of linalool 

in seed extract (62.41%). Moreover, some minerals (N, Na, Mg, P, K, Ca, Mn, and Fze) were determined in 

irradiated and non-irradiated samples for both leaves and seeds fine powder. On the other hand, the effect of 

radiation on genetic materials was studied using ten ISSR primers as well as nine SCoT primers which 

determined the changes in the genome and calculate the polymorphism in leaves samples which were exhibited 

(55.5%) with ISSR and (84.3%) with SCoT primers. 
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Introduction 

 

        Coriander (Coriandrum sativum L.) is an annual 

plant that belonging to the Apiaceae family, 

commonly used as a spice, as well as in folk 

medicine, especially in Egypt (Önder, 2018), also 

used in the pharmaceutical and food industries due to 

medicinal properties (Prachayasittikul et al., 2018). 

       Coriander has a significant antioxidant activity 

and anticancer activity (Nithya and Sumalatha, 

2014). Previous studies have proven the medicinal 

effects of coriander plant as an anticonvulsant 

(Hosseini et al., 2021), it has been recommended for 

stimulate digestion, treatment of rheumatis 

(Szemplinskiet et al., 2018) as well as a valuable 

functional food against obesity, metabolic syndrome 

and diabetes (Scandar et al., 2023). 

          Gamma-rays are one tool used to enhance crop 

growth and quality, particularly when used in small 

doses (El-Beltagi et al., 2022), also it is a good 

inducer of mutation and can improve the number of 

bioactive compounds at a level of medicinal plants. 

Moreover, gamma irradiation can enhance the 

antimicrobial activities, antioxidant activity as well 

as total phenolic content of plants (Khawory et al., 

2020). Hence, the possibility of   utilized of gamma 

irradiation to create high-grade raw materials that 

satisfy the demands of the food and pharmaceutical 

industries (Radomir, 2021). 

          The mutagenic sensitivity of Coriandrum 

sativum L. seeds exposed to varying doses of gamma 

radiation had been studied pollen fertility, seed yield 

was examined, field germination rate and 

survivability, mitotic and meiotic anomalies, and 

seedling growth. Also, physiological and cytological 

disruptions were brought about by gamma 

irradiations (Pramanik et al., 2018). 

DNA marker protocols mediated by PCR 

applications have become commonly used in plant 

genomic analysis that DNA markers have been very 

valuable in revealing the extent and distribution of 

variation in a diversity of crop species (Hailu and 

Asfere, 2020). Molecular markers may be dominant 

like RAPD, ISSR, AFLP, and SCoT-DNA or co-

dominant like SSR (Yadav and Malik, 2018). 

         Start codon targeted (SCoT) polymorphism and 

inter simple sequence repeats (ISSR) molecular 

marker systems were proven to be highly 

reproducible, persistent, yet simple approaches for 

assessing the genetic fidelity of the in vitro-

regenerated plantlets (Collard and Mackill  2009; 

Bhattacharyya et al., 2023; Rai, 2023) 
          ISSR markers technique is a quick, simple, and 

normally show excessive polymorphism, without 
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necessary to prior information about genomic 

sequence is required (Idrees and Irshad, 2014), high 

annealing temperature and longer sequence products, 

made it very reliable (Yuan et al., 2019). 

The SCoT markers have been effectively 

employed to study the genetic variation and 

population structure of different species within the 

Apiaceae family, including Ferula asafoetida 

(Tajbakht et al., 2018), Foeniculum vulgare Mill 

(Ramadan et al., 2019), and Anethum graveolens L 

(Kadoglidou et al., 2023). 
 

Materials and Methods 

 

Plant Material: In this study, the seeds of coriander 

(Coriandrum sativum L) were obtained from 

Research Section, Horticulture Research Institute 

(HRI), Agricultural Research Center (ARC, Giza, 

Egypt). 

Gamma   irradiation: The dry seeds of coriander 

were subjected to three different doses of gamma 

radiation (0, 20, 40, and 60 Gy). The National Center 

for Radiation Research and Technology in Nasr City 

(NCRRT), Cairo, Egypt, is where gamma irradiation 

was carried out by 60 Cobalt with dose rate 0,806 

kg/h. 

Field Methodology: The cultivar’s seeds which 

were exposed to gamma irradiation, were sown along 

with the control seeds in sandy-loam soil. The three 

replications of the randomized complete block design 

(RCBD) were employed on the 2nd half of 

November 2022.  

At the start of the experiment, the soil was fertilized 

using the recommendations provided by the Egyptian 

Ministry of Agriculture and Land Reclamation. 

 

 Growth and Yield Parameters: Ten plants were 

chosen and length of shoot (cm), dry weight of the 

plant (gm), number of branches per plant 

(branches/plant), Number of umbels per plants 

(umbels/plant), Weight of umbel clusters/plant (gm), 

Seed yield /plant (gm), and 100-seed weight (gm) 

were recorded.  

MStat statistical analysis software: MStat version 

software was used to analyze the data on vegetative 

traits. Gomez and Gomez (1984) The Duncan's test, 

or Duncan's multiple range as per Duncan (1955), 

was employed to confirm the variations in means  

 

Phytochemical parameters: 

 

GC-Mass analysis 

Preparing the samples : Weight of 5 g of each fresh 

leaves and finely ground dry seed samples were 

macerated for 5 days at room temperature in 25 ml of 

80% ethanol. After filtering the alcohol, the 

remaining tissues were extracted three more times 

using 25 milliliters of 80% ethanol. Finally, filtered 

extracts were gathered and allowed to evaporate. 

Analysis of samples: The samples were processed 

using a direct capillary column TG–5MS (30 m x 

0.25 mm x 0.25 µm film thickness) and a Trace GC-

TSQ mass spectrometer (Thermo Scientific, Austin, 

TX, USA).  

 

 Mineral Composition: Coriander leaves and seeds 

fine powder were used to measure the changes of 

some minerals between the control and irradiated 

plants. The National Center for Radiation Research 

and Technology used the Zeiss SmartEDX energy 

dispersive X-ray analysis model to measure a few 

minerals in the samples. Iron, manganese, calcium, 

phosphorus, potassium, sodium, and nitrogen were 

among the elements that were estimated.  

 

Molecular genetic studies  
DNA extraction: The DNA was extracted from 

young leaves of coriander of each treatment using 

Cetyle Trimethyl Ammonium Bromide (CTAB) 

method (Doyle and Doyle, 1990) modified 5, which 

includes 2.8% CTAB; 2.5 M NaCl; 0.1 M Tris-HCl; 

0,02 M EDTA; 3% mercaptoethanol; 2.5% PVP 

(Sari et al., 2015). About 0.2 g of fresh leave 

samples of each treatment was homogenized with 1.5 

ml of prewarmed extraction buffer.  

 

Polymerase chain reaction (PCR) and gel 

analysis: A set of both ISSR and SCot primers were 

chosen for PCR amplification. Quantity of   DNA 

was diluted to final concentration of 10 ng/µl using 

nuclease free H2O. The amplification was 

implemented in 25 µl of reaction mixture, using PCR 

Master mix (Promega, M7502, USA), 1 µl DNA 10 

ng/µl, 2 µl of a primer (10 pmol/ µl), 12.5 µl of PCR 

master mix, and 8.4 µl nuclease free H2O. The 

Reactions of this study were carried out in a 

thermocycler - PCR (Himedia, Prima-96 plus, Type 

LA1015) using the cycling parameters for ISSR and 

SCot primers which their sequences are represented 

at Table (1) and (2).  PCR amplification was 

programmed for ISSR primers to fulfill 40 cycles 

after an initial denaturation cycle for 3 min at 94°C. 

Each cycle consisted of a denaturation step at 94°C 

for 30 s, an annealing step at 41.5°C for 30 s and an 

elongation step at 72°C for 2 min. The primer 

extension segment was done for 5 min at 72°C in the 

final cycle. PCR amplification was programmed for 

SCoT primers to fulfill 36 cycles after an initial 

denaturation cycle for 3 min at 94°C. Each cycle 

consisted of a denaturation step at 94°C for 1min, an 

annealing step at 50.5°C for 1 min and an elongation 

step at 72°C for 2 min. The primer extension 

segment was done for 7 min at 72°C in the final 

cycle. The amplified products were then separated by 

gel electrophoresis on 1.2% agarose gel. Further, the 

gel was viewed under UV trans-illuminator and 

photographed the bands on the gel. 
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Molecular data analysis: Using a UV 

transilluminator, the ISSR and SCoT technique bands 

were seen, and a photo camera were taking the 

images. The differences in band intensity between 

the profiles of the different samples were not 

considered. The binary data generated was used to 

estimate the polymorphism levels by dividing the 

total number of scored bands by the number of 

polymorphic bands. Band size was estimated using 

the gel analyzer Ver. 23.1.1 program by comparing it 

to a 1 kb ladder (Cleaver Scientific Ltd.). 

 

 

Table 1. Primer names, their sequences and GC% used for ISSR analysis. 

Primer Name Sequences (5'→3') GC% 

ISSR 6 CGCGATAGATAGATAGAT 38.9% 

ISSR 7 GACGATAGATAGATAGATA 31.6% 

ISSR 8 AGACAGACAGACAGACGC 55.6% 

ISSR 10 GACAGACAGACAGACAAT 44.4% 

UBC 807 AGAGAGAGAGAGAGT 47.1% 

UBC 808 GAGAGAGAGAGAGAGC 52.9% 

UBC 809 AGAGAGAGAGAGAGAGG 52.9% 

UBC 825 ACACACACACACACACT 47.1% 

UBC 826 ACACACACACACACACC 52.9% 

UBC 827 ACACACACACACACACG 52.9% 

 

Table 2. Primer names, their sequences and GC% used for SCoT analysis. 

SCoT Primer              Sequence (5`-3`) GC% 

S1 CAACAATGGCTACCACCA 50 
S4 CAACAATGGCTACCACGG 56 

S15 CAACAATGGCTACCAGCC 56 

S20 ACCATGGCTACCACCGCC 67 

S25 AACCATGGCTACCACCAC 56 

S30 AGACAGCTAAATGGGGTG 61 

S33 CCATGGCTACCACCGCCT 67 

S40 CCATGGCTACCACCGCAC 67 

S40 ACCATGGCTACCACCGCA 61 

 

The results and discussion 

The yield-related traits experiment 

Plants for each treatment (0, 20, 40, 60 Gy 

doses) were taken to measure seven vegetative yield-

related traits; Height/plant (cm), Dry weight/plant 

(gm), No of branches/plant, No of umbels/plant, 

Weight of umbels/plant (gm), Weight of seeds/plant, 

Weight of 100 seed (gm) table (3). 

 

Vegetative yield-related traits of 

Coriandrum sativum 
The irradiated plants with dose 20 Gy showed 

significant decrease in plant height, but the 

differences between other doses were insignificant 

compared with the control. The highest value for 

stem length was recorded at 60 Gy dose (99.60 cm). 

Both 20 Gy and 40 Gy showed insignificant 

decrease in the number of branches per plant 

compared with the control (4.6 branches/ plant for 

both), while 60 Gy appeared significant increase 

compared with the control and other doses, the 60 Gy 

recorded 6.2 branches/plant. 

About the number of umbels/plants, the results 

viewed decrease significantly in dose 40 Gy (43.80 

umbels/plant) compared with other doses which have 

insignificant result between them. The non-irradiated 

plants were having the highest number of umbels 

(99.40 umbels/plant). 

For weight of umbels/plant, the test showed that 

there were no remarkable different between the 

control and dose 60 Gy, while a significant decrease 

with the dose 20 Gy were recorded the best result of 

the weight of umbels/plant is in dose 40 Gy (11 gm). 

The weight of seeds/plant showed a significant 

variance between all doses and the control, the best 

result was with 20 Gy dose (7.76 gm) while the worst 

result was obtained with 40 Gy dose (1.86 gm). 

The weight of 100 seed recorded that there is no 

significant change in the results between all doses 

except dose 40 Gy which recorded the lowest value 

(0.600 gm) and the best result was obtained from the 

dose 20 Gy which recorded (0.782 gm).  

For the dry weight of plants, the results showed 

that there is a significant decrease in the (40 Gy) 

treated plants compared with the other treatments, 

and significant increase in the dose 60 Gy compared 

with control, the compared value between the control 

and dose 20 Gy had insignificant increase, the 

highest value for this trait was showed in dose 60 Gy 

(22.8 gm). In general, the highest values for the 

seven studied traits were mostly observed at 60 Gy 

for (three traits), 20 Gy  

 



146                         Alshaimaa. A.Eliwa  et al.  

Annals of Agric. Sci., Moshtohor, Vol. 62 (1) 2024 

Table 3. Means of the ten vegetative yield-related traits for the non-irradiated treatment (control) and three 

gamma irradiated treatments (20, 40, 60 Gy) of the Coriandrum sativum. Different letters indicate 

significant variation. 

Yield parameters 

Doses Height No of 

branches/ 

plant 

No of 

umbels/plant 

Weight of 

umbels/plant 

Weight of 

seeds/plant 

Weight of 

100 seed 

Dry 

weight 

Control 97.60
a

 5.600
ab

 99.40
a

 8.600
b 

6.120
b

 0.7720
a

 17.80
bc

 

20 Gy 88.00
b

 4.600
b

 99.20
a

 11.00
a

 7.760
a

 0.7820
a

 20.20
ab

 

40 Gy 96.40
a

 4.600
b

 43.80
b

 4.740
c

 1.860
d

 0.6000
b

 15.60
c

 

60 Gy 99.60
a

 6.200
a

 91.20
a

 7.820
b

 4.560
c

 0.7540
a

 22.00
a

 

LSD 5.174 1.076 11.54 2.355 0.8930 0.1571 5.046 

 

Phytochemical analysis 

The leaves and seeds of three selected plants 

were collected from each treatment addition to the 

control to determine the change in the phytochemical 

content profile individually by GC-MS technique. 

The findings revealed a variety of variations between 

the radiation treatments which applied to each 

cultivar or within each treatment as compared to the 

control. In general, the phytochemicals which 

recognized were displayed in Table (4) and (5). 

 

Gamma irradiation effects on phytochemical 

contents of Coriandrum sativum 

A. leaves extraction 

The irradiated plants showed different changes 

between different doses and the control in extracted 

leaves sample. These changes are displayed in table 

(4). The hexadecanoic acid (Palmitic Acid) showed 

increase in three used doses compared with the 

control, Oleic Acid increased in two used doses 20 

and 60 Gy and disappeared in 40 Gy. 

Table 4. Phytochemical components (as percentage) of Coriandrum sativum leaves for non-irradiated treatment 

(control) and three gamma irradiated treatments (20, 40, 60 Gy) of the plants using GC-MS. 

R.T Compound name  Area 

Control     20 Gy     40 Gy     60Gy       

23.88 1, 2-Benzenedicarboxylic acid, 

butyl octyl ester 

[Phthalic acid dihexyl ester] 

lipophilic chemicals 2.36 - - - 

24.17 Z,Z-3,15-Octadecadien-1-ol 

acetate 
Fatty alcohol ester 1.79 - - - 

24.17 Ethanol, 2-(9-octadecenyloxy)-, 

(Z) [Icosanoic acid] 

saturated fatty acid - 3.84 - - 

24.87 9,12,15-Octadecatrienoic acid, 

2,3-dihydroxypropyl ester, 

(Z,Z,Z) [Monolinolenin] 

monoglyceride , saturated 

fatty acid 

2.18 - - - 

25.63 Hexadecanoic acid [Palmitic 

Acid] 

saturated fatty acid 20.24 20.98 25.86 24.03 

28.81 Oleic Acid 

 

monounsaturated omega-

9 fatty acid 

4.44 10.59 - 32.39 

29.14 Phytol Terpene 6.58 - - - 

35.81 1,2-Benzenedicarboxylic acid Saturated fatty acid 4.75 - - 12.80 

42.52 

 

9,12-Octadecadienoic acid 

(z,z)-, 2,3-  

bis[(trimethylsilyl)oxy ]propyl 

ester 

[Monolinolein TMS] 

Unsaturated fatty acid 

ester 

52.72 46.36 59.48 28.51 

44.73 Dasycarpidan-1-methanol, 

acetate (ester) 
Alkaloid 4.96 18.06 3.96 2.26 

44.72 Arabinitol, Pentaacetate pentose sugar alcohol - - 10.69 - 

 

https://pubchem.ncbi.nlm.nih.gov/compound/985
https://pubchem.ncbi.nlm.nih.gov/compound/2-hydroxyisophthalic%20acid
https://en.wikipedia.org/wiki/Arachidic_acid
https://www.chemspider.com/Chemical-Structure.4518847.html
https://pubchem.ncbi.nlm.nih.gov/compound/985
https://pubchem.ncbi.nlm.nih.gov/compound/985
https://en.wikipedia.org/wiki/Oleic_acid
https://en.wikipedia.org/wiki/Oleic_acid
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The 9,12-octadecadienoic acid (z,z)-, 2,3- bis 

[(trimethylsilyl)oxy ]propyl ester (monolinolein 

TMS) showed different level of changes when be 

compared the four doses with each other, the 

compound reached high level at 40 Gy and lowest 

level at 60 Gy. The alkaloid Dasycarpidan-1-

methanol, acetate (ester) was recorded the highest 

level at 20 Gy and lowest at 60 Gy. Radiation caused 

disappearing of some compounds (Phthalic acid 

dihexyl ester; Z,Z-3,15-Octadecadien-1-ol acetate; 

9,12,15-Octadecatrienoic acid; 2,3-dihydroxypropyl 

ester, (Z,Z,Z)-; Phytol ), and appearing of some 

compound  (Icosanoic acid appears in treatment with 

dose 20 Gy only. The Arabinitol, Pentaacetate which 

considered as pentose sugar alcohol had been 

recorded at dose 40 Gy only. 

 

B. Seeds extraction 

The linalool which is considered as the main 

compound in coriander detected at retention time 

6.66 and gamma irradiation induced unsymmetrically 

change, linalool content increased in treatments with 

dose 60 Gy and decreased in the other treatments (20 

and 40 Gy) compared with control. The compound 

named (camphor) gave the same behavior with 

gamma irradiation comparing with the control. 

The saturated fatty acid (palmitic acid) showed 

different changes in used treatments and the highest 

level detected at dose 40 Gy, while the lowest level 

detected at dose 60 Gy. 

The Oleic Acid which classifies as unsaturated 

fatty acid showed different trend, decreased in 20 

Gy, increased in 40 Gy, and disappeared in 60 Gy 

compared with the control. 

Saturated fatty acid (phthalic acid) showed 

decrease in the total ratio in all doses and 

disappeared in 20 Gy compared with the control. The 

lipophilic chemicals like Butyl Octyl Phthalate were 

disappeared in 40 Gy, and some Monosugar 

(Mannose) was appeared in all irradiated treatments 

which didn’t appear in the control, The Antioxidant 

(Farnesol) showed in control and disappeared in 

irradiated treatment doses. 

Terpenoid (Camphor) and Monoterpenoid 

(Geraniol) appeared in all doses and the control, The 

Anticancer (Desulphosinigrin) and Coumarin as 

phenol were detected at 40 Gy only. 

Vardhan and Shukla (2017) suggested that 

increasing in the yield of secondary metabolites by 

ionizing radiation is due to enhancing the activity of 

certain key biosynthetic enzymes. 

This suggestion is consistent with Moghaddam 

et al., (2011) who reported that regarding the 

response to gamma irradiation, PAL activity affects 

flavonoid synthesis in the phenylpropanoid pathway. 

Hence, our results can be interpreted according to 

Mansour et al. (2018) who found significant 

increase in phenols content in irradiated Moringa 

plants leaves that was accompanied with increasing 

in PAL enzyme activity in both pre and post-

flowering stage. 

The results obtained in our study are in good 

agreement with observations in earlier studies by 

Mansour et al. (2018). 

 

Table 5. Phytochemical components (as percentage) of Coriandrum sativum seeds for for non-irradiated 

treatment (control) and three gamma irradiated treatments (20, 40, 60 Gy) of the plants using GC-MS 

R.T Compound name Compound ID Area 

control 20 Gy 40 Gy 60 Gy 

6.66 1,6-OctadieN-3-ol, 3,7-

dimethyl[Linalool] 

Unsaturated fatty acid 57.17 54.82 47.55 62.41 

7.37 Camphor Terpenoid 1.61 1.48 1.46 1.85 

8.88 Benzene, 1-methoxy-4-(1-propenyl) 

[Anethole] 

phenylpropanoid - 3.38 4.98 3.68 

13.49 2,6-Octadien-1-ol, 3,7-dimethyl [ 

Geraniol] 

Monoterpenoid 2.27 2.52 1.62 2.17 

14.06 Coumarin Phenol - - 7.28 - 

18.81 (2Z,6E)-Farnesol [ V K] 

 

Antioxidant 5.91 - - - 

18.96 Mannose Monosugar - 6.11 1.64 5.02 

19.01 Desulphosinigrin Glucosinolate 

Anticancer 

- - 3.15 - 

23.87 1,2-Benzenedicarboxylic acid, butyl 

octyl ester 

[Butyl Octyl Phthalate] 

lipophilic chemicals 4.59 4.12 - 4.85 

25.73 Hexadecanoic acid [Palmitic Acid] saturated fatty acid 10.08 8.61 12.64 7.70 

29.61 Oleic Acid Unsaturated fatty acid 6.15 5.51 7.97 - 

35.80 1,2-Benzenedicarboxylic acid [phthalic 

acid] 

Saturated fatty acid 6.86 - 5.95 5.35 

 

Minerals content 

According to the results recorded in table (6) 

most of the mineral percentages increased differently 

among the irradiated plans with different doses (0, 

20, 40, 60 Gy). The most mineral percentages in 

coriander leaves and seeds were potassium, calcium, 

and nitrogen in leaves and seed’s fine powder. 

However, the N % in the leaves decreased in the 

https://pubchem.ncbi.nlm.nih.gov/compound/2-hydroxyisophthalic%20acid
https://pubchem.ncbi.nlm.nih.gov/compound/66540
https://pubchem.ncbi.nlm.nih.gov/compound/6549
https://pubchem.ncbi.nlm.nih.gov/compound/637563
https://en.wikipedia.org/wiki/Phenylpropanoid
https://pubchem.ncbi.nlm.nih.gov/compound/66540
https://pubchem.ncbi.nlm.nih.gov/compound/985
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irradiated samples comparing with the control, while 

increased to 20.72 in the 20 Gy seed’s sample. 

Comparison to the control, the K % appeared 

increased significantly 58.19 in the 20 Gy leave’s 

sample, but insignificantly improved to 30.05 in 60 

Gy seed’s sample. On the other hand, a large 

variation in the Ca content has been reported, it was 

noticed that the dose 40 Gy recorded the highest 

value comparing with the control in both leaves and 

seeds powder. The other minerals (Fe, Mn, P, Mg, 

and Na) were found in little amounts and followed 

different which were increased in most irradiated 

samples. 

 

Table 6. Minerals components (as percentage) of Coriandrum sativum leaves and seeds for non-irradiated 

treatment (control) and three gamma irradiated treatments (20, 40, 60 Gy) of the plants using EDEX.  

Coriander leaves EDEX 

 N% Na% Mg% P% K% Ca% Mn% Fe% 

Coriander control 30.34 4.25 5.70 2.91 37.99 17.05 0.81 0.96 

Coriander (20Gy) 12.38 3.46 3.33 3.91 58.19 15.17 1.08 2.48 

Coriander (40Gy) 22.55 4.99 6.78 3.84 34.39 24.39 1.43 1.62 

Coriander (60Gy) 29.18 5.00 6.10 2.91 36.36 16.36 2.10 1.99 

Coriander seeds EDEX 

Coriander control 15.49 5.34 7.40 4.79 29.88 32.20 1.21 3.69 

Coriander (20Gy) 20.72 7.99 8.86 5.53 27.18 27.40 0.63 1.69 

Coriander (40Gy) 0.03 9.90 13.93 10.28 28.68 34.29 1.16 1.73 

Coriander (60Gy) 14.42 6.97 7.78 6.91 30.05 31.04 0.69 2.14 

 

Molecular analysis 

ISSR Primers: Ten ISSR primers were applied, 

photos of the produced banding patterns are shown in 

Figure (1). According to the mentioned results shown 

in Table (7). The total number of bands was 53 

bands, which are arranged between 3 to 8 bands. The 

primer UBC 825 created the highest number of bands 

(8 bands), while the primer UBC 807 generated the 

lowest number of bands (3 bands). The highest 

number of polymorphic bands appeared with primer 

ISSR 6, ISSR 8, and UBC 825 (5 bands), While the 

primers ISSR 10 and UBC 807 exhibited the lowest 

number (1 band). The total markers were 17 markers, 

thirteen of them were positive markers distinctive to 

the gamma doses 20, 40, and 60 Gy, while the four 

were negative markers which are distinctive to the 

non-irradiated samples (control). The most positive 

markers obtained from ISSR8, and didn’t appear 

with UBC 807, UBC 808, UBC 809, UBC 825, and 

ISSR 7. The negative markers obtained with primers 

ISSR 7, UBC808, UBC 809, and UBC 825. The 

negative markers showed with primers ISSR7, UBC 

808, UBC 809, and UBC 825. The highest markers 

were appeared with primer ISSR 5 and didn’t create 

with primer UBC 807. 
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Fig (1): ISSR Primers with DNA extracted from 

coriander leaves under the four γ- 

irradiation treatments (M= DNA ladder 1 

kb (Cleaver Scientific Ltd), 1= control, 

2= 20 Gy, 3= 40 Gy, and 4= 60 Gy) 
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Table 7. Presence (1) and absence (0) of different bands in Coriander leaves with 10 ISSR primers under four γ- 

irradiation treatments. Ms=Molecular size, 1=control, 2=20 Gy, 3=40 Gy, and 4=60 Gy 

Primer name Band no. Ms (bp) 1(Control) 2(20Gy) 3(40Gy) 4(60Gy) 

 1 1054 0 1 1 1 
 2 970 0 1 1 1 

ISSR 6 3 896 0 0 1 1 

 4 841 0 1 1 1 

 5 636 0 1 0 0 

 6 570 1 1 1 1 

        ISSR 7 
 

1 1587 1 0 0 0 

 2 910 1 1 1 0 

 3 650 1 1 0 0 
 4 503 0 0 0 1 

ISSR 8 1 1400 0 1 1 1 
 2 885 0 1 1 1 

 3 690 0 1 1 1 
 4 605 0 1 1 1 

 5 540 0 1 1 1 

 6 465 1 1 1 1 

       ISSR 10 1 1186 1 1 1 1 

 2 855 0 1 1 1 
 3 763 1 1 1 1 

 4 695 1 1 1 1 

      UBC 807 1 1301 0 0 1 0 
 2 930 1 1 1 1 

 3 690 1 1 1 1 

      UBC 808 1 1587 1 0 0 0 

 2 910 1 1 1 0 

 3 650 

 

1 1 0 0 
 4 503 0 0 0 1 

      UBC 809 1 1220 1 1 1 1 
 2 1041 1 0 0 0 

 3 944 0 0 1 0 
 4 830 1 1 1 1 

 5 715 1 1 1 1 

 6 550 1 1 1 1 
 7 395 1 1 1 1 

      UBC 825 1 1730 1 0 1 1 
 2 1041 1 0 0 0 

 3 1530 1 0 1 0 

 4 1000 0 1 0 1 
 5 910 1 1 1 1 

 6 830 1 1 1 1 
 7 763 1 1 1 1 

 8 666 1 0 1 0 

     UBC 826 1 965 1 1 1 1 

 2 844 1 1 1 1 

 3 685 1 1 1 1 
 4 590 1 1 1 1 

 5 505 0 1 1 1 
 6 425 0 1 1 1 

    UBC 827 1 1330 0 1 1 0 

 2 1023 0 1 1 1 
 3 743 1 1 1 1 

 4 561 1 0 1 0 
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Table 8. Total numbers of total bands, monomorphic, unique bands, polymorphic bands, the percentage of 

polymorphism and the positive and the negative markers for each ISSR primer with Coriander 

leave samples under four treatments (0, 20, 40, and 60 Gy).             
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ISSR 6 1054-570 6 1 1 5 83.3%  3 0 3 

ISSR 7 2100-880 4 1 0 3 75%  1 1 2 

ISSR 8 1400-465 6 1 0 5 83.3%  5 0 5 

ISSR 10 1186-600 5 4 0 1 20%  1 0 1 

UBC 807 1301-690 3 2 1 1 33.3%  0 0 0 

UBC 808 1587-503 4 0 1 4 100%  0 1 1 

UBC 809 1220-395 7 5 1 2 28.5%  0 1 1 

UBC 825 1730-666 8 3 1 5 62.5%  0 1 1 

UBC 826 965-425 6 4 0 2 33.3%  2 0 2 

UBC 827 1330-561 4 1 0 3 75%  1 0 1 

Total - 53 22 5 31 59.42%  13 4 17 

 

SCoT Primers: Nine SCoT primers were 

applied, Photos of the produced banding patterns are 

shown in Figure (2) According to the mentioned 

results shown in Table (9) that represents the results 

of nine SCoT-DNA primers under the four 

treatments of Coriander leave samples (the control, 

20 Gy, 40 Gy, and 60 Gy). The total number of 

bands was 51 bands, which are arranged between 3 

to 10 bands. The primer SCoT 40 viewed the highest 

number of bands (10 bands), while the primers SCot 

1, and SCoT 4 generated the lowest number of bands 

(3 bands). The highest number of polymorphic bands 

appeared with primer SCoT 40, while the primers 

SCoT 4 exhibited no polymorphic bands, the total 

markers were 24 markers, twelve of them was 

positive markers distinctive to the gamma doses 20, 

40, and 60 Gy, while eleven were negative markers 

which are distinctive to the non-irradiated samples 

(the control). Primer SCoT 44 produced the highest 

positive markers while primer SCoT 4 didn’t form 

any positive marker, the SCoT25, and SCoT 40 

primers produced three negative markers which is 

distinctive to non-irradiated samples. The primer 

SCoT 30 produced two positive and negative 

markers. The primers SCoT 44 and SCoT 15 formed 

one negative marker, while primer SCoT 1, and 

SCoT 20 didn’t produce any negative marker. 

 This work studied the effect of gamma rays on 

plant characteristics, the vegetative parameters have 

recorded an increase in some characteristics similar 

to (Moussa, 2018). The irradiation enhanced the 

growth characteristics of a number of economically 

significant plants like coriander plants specially in 

low doses (Kim et al., 2004), (Marcu et al., 2013) 

and (Ilyas and Naz, 2014).  Most of vegetative 

parameters have been significantly increased in dose 

60 Gy in this study which agreed with (Hong et al., 

2018) that reported that common wheat (Triticum 

aestivum L.) growth traits were positively influenced 

by low gamma radiation doses. Radiation also can 

improve the number of bioactive compounds at a 

level of medicinal plants, also, gamma irradiation can 

enhance the antimicrobial activities, antioxidant 

activity as well as total phenolic content (Khawory 

et al., 2020). Depending on the species and the 

radiation dose, the effects of gamma radiation on the 

phenolic profile were diverse, also the content of 

other phytochemical compound where change with a 

rise in some phytochemicals and a decrease in others 

(Calucci et al., 2003).  
In the exposed nine aromatic herb plants by 

gamma radiation. The phytochemicals percentages in 

leaves and seeds, noticed increased in the level of 

Omega 9 fatty acid, Linalool, and Monolinolein 

(unsaturated fatty acid) which have the same opinion 

of (Hussein and Hamideldin, 2016) and (Ali et al., 

2018). A new compound was showed (Anethole) in 

irradiated samples (Anethole) compared with the 

control, while the antioxidant [Vitamin K] 

disappeared in the irradiated samples which 

disagreed with the results of (Ahmed et al., 2023). 

The N, K, and Ca are the most percentages of 

minerals found in plants samples; the dose 60 Gy 

showed increase in the Ca percentage. Dose 40 Gy 

raised up the percentage of K agreed with (Hussein 

and Hamideldin, 2016), While N percentage 

reduced by radiation comparing with non-irradiated 

plant sample.    
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In addition, irradiation causes high changes in 

the molecular level study, ISSR technique brings 

high levels of polymorphism, which are reproducible 

and beneficial for the identification of intra-genotype 

and inter-genotype version in many plants 

(Labajová, 2013) In this study the percentage of the 

polymorphism between samples using ISSR marker 

was 59.42% with new 5 unique bands appeared and 

17 markers (10 positive markers +7 negative 

markers) with total bands 55 bands, these results 

aligned with (Taheri et al., 2013). 

Using nine SCoT markers with irradiated and 

non-irradiated samples, the genomic variations were 

observed in a polymorphism percentage about 84.3% 

with 7 unique bands, and 24 markers (12 positive + 

11 negative) with total number of bands 51, the 

results of this marker were compatible with (Essa et 

al., 2024).  
 

           

 

  

 

 

 

 

 
 

Fig (2): SCoT Primers with DNA extracted from Coriander leaves under the four γ- irradiation treatments (M= 

DNA ladder 1 kb (Cleaver Scientific Ltd), 1= control, 2= 20 Gy, 3= 40 Gy, and 4= 60 Gy) 
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Table  9. Presence (1) and absence (0) of different bands in Coriander leaves with 9 SCoT primers under four γ- 

irradiation treatments. Ms=Molecular size, 1=control, 2=20 Gy, 3=40 Gy, and 4=60 Gy 

Primer name Band no. Ms (bp) 1(Control) 2(20Gy) 3(40Gy) 4(60Gy) 

 1 915 1 1 1 1 
SCoT 1 2 613 1 1 1 1 

 3 440 0 1 1 1 

     SCoT 4 1 2275 1 1 1 1 

 2 1158 1 1 1 1 

 3 630 1 1 1 1 

      SCoT 15 1 1343 1 0 0 0 

 2 1050 1 1 1 1 
 3 858 1 1 1 0 

 4 741 0 0 1 0 

 5 510 1 1 0 0 
 6 360 1 1 0 0 

 7 255 1 1 0 0 
    SCoT 20 1 2327 0 0 1 1 

 2 1178 1 1 1 1 

 3 880 0 0 1 1 
 4 725 0 0 0 1 

 5 665 1 1 0 1 
    SCoT 25 1 1418 1 0 0 0 

 2 967 0 1 1 1 

 3 890 1 0 0 0 
 4 399 1 0 0 0 

    SCoT 30 1 2338 1 0 0 0 
 2 1439 1 0 0 0 

 3 1230 1 0 0 1 
 4 1025 0 1 1 1 

 5 833 0 1 1 1 

 6 694 0 0 1 1 
 7 590 0 1 1 0 

    SCoT 33 1 965 1 0 0 0 
 2 900 1 1 0 0 

 3 857 0 1 0 0 

 4 832 0 1 1 1 
 5 828 0 1 1 1 

    SCoT 40 1 2811 0 0 1 0 
 2 2367 1 0 0 0 

 3 1754 0 0 1 0 
 4 1074 1 0 0 0 

 5 935 0 1 1 1 

 6 811 1 0 0 0 
 7 733 0 0 1 1 

 8 687 1 1 0 1 
 9 575 1 1 1 0 

 10 459 0 0 1 0 

    SCoT 44 1 2059 1 0 0 0 
 2 1195 0 1 1 1 

 3 1020 0 1 1 1 
 4 829 0 1 1 1 

 5 725 0 0 1 0 
 6 661 1 1 1 1 

 7 610 0 1 1 1 
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Table 10. Total number of total bands, monomorphic bands, unique bands, polymorphic bands, the percentage of 

polymorphism and the positive and the negative markers for each SCoT primer with Coriander leave 

samples under four treatments (0, 20, 40, and 60 Gy).             
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SCot 1 440-915 3 2 0 1 33.3% 1 0 1 

SCoT 4 630-

2275 

3 3 0 0 0% 0 0 0 

SCoT 

15 

255-

1343 

7 1 1 6 85.7% 1 1 2 

SCoT 

20 

665-

2327 

5 1 1 4 80% 1 0 1 

SCoT 

25 

890-

1418 

4 0 0 4 100% 1 3 4 

SCoT 

30 

590-

2203 

7 0 0 7 100% 2 2 4 

SCoT 

33 

828-965 5 0 1 5 100% 2 1 3 

SCoT 

40 

459-

2811 

10 0 3 10 100% 1 3 4 

SCoT 

44 

575-

2059 

7 1 1 6 85.7% 4 1 5 

Total  51 8 7 43 84.3% 12 11 24 

 

Conclusion 

   

Radiation was affected on the coriander on the different 

ways. These differences appeared in the vegetative 

characters, phytochemical components, mineral contents, 

and molecular analysis either leaves or seeds. All doses 

cause changes on the yield and vegetative parameters and 

mineral percentages, dose 20 Gy and 60 Gy showed the 

best values. About the phytochemical components, it is 

clearly the radiation causes increase in the percentages of 

linalool which was recorded the highest value at 60 Gy 

dose. Molecular analyses in this study revealed a high 

degree of genetic differentiation with high polymorphism 

percentages among the samples under investigation Using 

ISSR and SCoT primers as molecular markers. 
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بأشعة جبمب الكزبرة المشععةفيتوكميبئية وجزيئية على ولوجية ودراسبت مورف  

 
 1، نيمة حسيد الدين محمد الديد2مخمهف محمد محسهد بخيت  ،2ىدى عمي سالم الجارحي  ،1الذيساء عبدالقادر عميهه 

 مرر -القاىرة  -ىيئة الطاقة الذرية السررية -الإشعاع  مركز بحهث وتكشهلهجيا -قدم بحهث السشتجات الطبيعية  -1
 مرر –القاىرة  - بشياجامعة  -الزراعة كمية  -الهراثة قدم -2

 
عذببة عطريبة ليبا العديبد مبن ااسبتخدامات حيبم تدبتخدن كشبهع مبن انبهاع التهاببى بالإ با ة الب   (.Coriandrum sativum L)يعتبر نبات الكزبرة 

جبرا  ،  40جبرا  ،  20 ي ىذه الدراسة : تم تقييم تأثير اشعة جامبا عمب  الشببات وقبد ا يبرت الشتباال اع الجرعبات  الطبي.استخداماتيا  ي السجال 
جببرا  عسمببت عمبب  تشذببيف معاببم  ببفات الشسببه و ببفات السحرببهل برببهرة كبيببرة ، وىببذه الرببفات تزببسشت    ببهل الشبببات ، الببهزع الجبباف ،  60و 

 60و  20 تينبببذرة، ، كسببا اع كببل مببن الجببرع 100ت ، وزع الشببهرات/ نببات ،   وزع البببذور/ نبببات ، وزع عبدد اف ببرع / نبببات ، عببدد الشببهرات / نبببا
لتقبدير التييبرات  بي السركببات   GC-MS جرا  كبانها ا زبى الجرعبات حيبم ا يبر كبل مشيسبا تفهقبا  بي  بفات معيشبة ، كسبا انبو تبم اجبراء تحميبى 

ثببانهلي  ببي الهرقببة والببذرة ، حيببم تهاجببد الحسبي الببدىشي الميشببالهل كببأعم  مركب  رايدببي  ببي السدببتخم  الفيتهكيسياايبة السهجببهدة  ببي السدبتخم  ااي
جبرا   60% ، ، حيشسبا ا يبرت الجرعبة  54.45 البهرق  ي السدبتخم  من الميشالهل جرا  اعم  ندبة مئهية  40اايثانهلي ، كسا ا يرت الجرعة 

 N, Na, Mg, P, K, Ca, Mn, and) تبم تقبدير العشبا    ذلب،،%، . عبلوة عمب   62.45اعمب  محتبهى مبن الميشبالهل  بي مدبتخم  الببذور  
Fe ثيبة وذلب،  ي الشباتات السعاممة وغير السعاممة بااشعاع  ي كل من مدحهق الببذرة والهرقبة ، كسبا انبو تبم دراسبة تبأثير ااشبعاع  عمب  السبادة الهرا

حيم تم دراسة التيييرات عم  السحتهى البهراثي وحدبان ندببة التعبدد الاباىر   ISSR and SCot markers)باستخدان بعي السعمسات الهراثية   
  SCoT.% ، مع معمسات 54.3، و    ISSRمعمسات  %، مع 55.5باستخدان عيشات افوراق حيم و مت   

 


