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Abstract : The current study aimed to investigate the effect of microwave 

radiation on the molecular properties of radish. And detection of mutations 

resulting from exposure to microwave radiation on the genetic material of 

radish plant using RAPD-PCR technique. Samples were collected from the 

plants one month after the date of planting from all treatments, where (4-5) 

young leaves were taken from the growing apex and placed in special 

marked bags and transported directly to the laboratory to conduct the process 

of DNA isolation from them. DNA was extracted from the plant using the 

column tube method. The results of The RAPD indicators are characterized 

by their sensitivity to any change in the components of their interactions. 

Primer P1 molecular sizes ranged between 100bp-1500bp, and the number 

of produced bundles reached 31 bundles, ranging between 1-7 bundles per 

sample. Primer P3 molecular sizes ranged between 250 pb-1250, and the 

number of produced bundles reached 45 bundles, ranging between 1-9 

bundles per sample. Primer P4 molecular sizes ranged between 200bp-

1250bp, and the number of produced bundles reached 41 bundles, ranging 

between 1-8 bundles per sample. Primer P5 molecular sizes ranged between 

150bp-1500bp, and the number of produced bundles reached 22, ranging 

between 1-7 bundles per sample. Primer P8 molecular sizes ranged between 

150bp-1250bp, and the number of produced bundles reached 30 bundles, 

ranging from 1-6 bundles per sample. Primer P12 molecular sizes ranged 

between 250bp-1500bp, and the number of bundles produced reached 42 

bundles, ranging between 1-12 bundles per sample. Primer P16 molecular 

sizes ranged between 200 bp - 1400 bp, and the number of produced bundles 

reached 16, whose molecular sizes ranged between 1-6 for one sample. 
 

       

Introduction  

      The radish, Raphanus sativus L., is an annual herbaceous plant of the Brassicaceae family. The 

radish contains 18 chromosomes. It is a root vegetable of the cruciferous family [1]. It is cultivated 

for its edible root. The radish plant has a short stem Horizontal and circular leaves at ground level 

and oblong leaves with a length of 5-30 cm. The upper leaves of the plant are small. The root of 
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the plant is cylindrical or tapering and is usually red or white in color. The root skin color ranges 

from white to pink, red, purple, yellow, green to black, but The root is usually white, the roots get 

their color from anthocyanins, the red varieties get their color from anthocyanins, while the purple 

varieties get their color from cyanidins [2]. The main root is known to contain minerals, vitamins, 

and fiber, which are important for human health [3]. The glucosinolates of radish have been well 

identified from several studies, [4]. It contains an aliphatic form called glucoraphasatin, which is 

only available in radish [5]. Radish is a popular vegetable in Iraq and is used as a vegetable or 

salad, as both its leaves and roots are a good source of calcium, phosphorus, and ascorbic acid [6]. 

Radish provides a large amount of nutrients, especially rich in protein, fat, carbohydrates, calcium, 

sodium, phosphorus and potassium [7]. The main bioactive compounds produced in radish are 

glycosides, including glucosinolates such as chlorophanine, chlorocorosine, chlorofastin, and 

isothiocyanates such as sulforaphane and sulforaphane [8]. In addition, the reason for the sharpness 

of horseradish is due to the presence of some chemicals such as the enzyme Myrosinase and 

Glucosinolate isothiocyanate, which are produced by this plant [9]. Some have suggested that it 

has anti-cancer activities. In Germany in (2009) revealed an inverse relationship between dietary 

intake of glucosinolates and the risk of prostate cancer [10-11]. In addition, white radish extract 

inhibited abnormal proliferation of vascular smooth muscle cells [8]. The development of 

molecular indicators provided the necessary methods in terms of accuracy, speed, and shortening 

the effort and time to select the best through early recognition of the best molecular performance. 

These indicators use the nucleic acids (DNA and RNA) in the organism's body, and through them 

the researchers were able to overcome all the obstacles that faced the previous methods. Among 

these indicators is the RAPD - PCR (Randomly Amplified Polymorphic DNA), which was used 

to detect the relationship and genetic differences between radish varieties. There are many studies 

that used this technique, including a study in which 37 starters were used in the radish plant [12-

13]. 

Materials & methods 

Design of experiment 

All (5) treatments (FC, F1, F2, F3, F4) were cultivated. Where we divided the seeds into five 

groups in order for the seeds to be placed in water, which coincides with Sunday 10/30/2021 by 

placing them in containers and keeping them in a dark place for 48 hours, then we exposed the 

samples to different times of microwave waves, which coincides with Tuesday 11/1/ 2021, and it 

was worked on in the Molecular Biology Laboratory - University of Tikrit - College of Science - 

Department of Life Sciences, and then the samples were cultivated on the same day in the farms 

of Al-Alam district of Salah Al-Din Governorate. 

 

Sample collection 

  Samples were collected from the plants one month after the date of planting from all treatments, 

where (4-5) young leaves were taken from the growing apex and placed in special marked bags 

and transported directly to the laboratory to conduct the process of DNA isolation from them. 

 

DNA extraction 

DNA was extracted from the plant using the column tube method. 

 

Method of extracting DNA  
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 The leaves of the plant are washed with distilled water and left to dry. Then we take 5-10 

leaves of the plant and put them in a ceramic mortar and add Liqiuid nitrogen to it and we 

grind the leaves well until they turn into a powder. 

 transfer the mixture to a 2 ml Pendrof tube 

 Add 800 microliters of preheated Lysis buffer-1 and then incubate the samples in a water 

bath for 30 minutes at 60C, stirring every five minutes. 

 Add 200 microliters of protein precipitation buffer to the sample, then vortex the sample, 

then freeze the samples for 5 minutes. 

 mix the samples with a vortex, then put the samples in a centrifuge at a speed of 14,000 for 

5 minutes (to precipitate the insoluble particles). 

 The clearant is withdrawn by a fine pipette, where we withdraw 500, 600, or 700 

microliters into a new Pendrov tube. 

 A similar volume of Binding buffer is added to the test tube containing the sample and 

mixed well by inversion and then by vortex for 10 seconds. 

 Prepare a Column tube. Then, 600 microliters of the sample are transferred to a Column 

tube. 

 put the samples in a centrifuge for 1 minute at a speed of 10,000 revolutions per minute. 

 keep the filter and discard the sediment (note that if the sample does not pass through the 

filter, we repeat the centrifugation process at a speed of 14000 for a minute. 

 Add 500 microliters of washing buffer-1 (washing buffer-1), then put the samples in a 

centrifuge for one minute at 10,000 rpm. 

 Keep the filter and get rid of the sediment. 

 Add 500 microliters of washing buffer-2 (washing buffer-2), then put the samples in a 

centrifuge for 1 minute at 10,000 rpm. 

 Keep the filter and get rid of the sediment. 

 Drying without adding anything in a centrifuge for 2 minutes at 13000 speed to remove 

residual ethanol. 

 Transfer the filter to a new Pendrov tube. 

 Add 100-150 microliters of preheated Elution buffer at a temperature (60C) to R.T and 

incubate for five minutes (or leave for five minutes) 

 The samples are placed in a centrifuge for 2 minutes at 10,000 rpm at room temperature. 

 Disposing of the colum filter and keeping the pendentroof tube containing the extracted 

DNA and stored at -20C. 

 

Electrophoresis technology 

The electrophoresis process is performed to detect the presence of DNA, and the electrophoresis 

process takes place in two stages, and each stage has a specific time and electric current, and the 

time, electric current, and voltage vary according to the size of the basin used in the electrophoresis 

process. 

Primers  

In the current study, table (1) showed the primers that used to diagnosis some genes in Raphanus 

sativus radish.  

Table (1): showed the primers that used in this study 
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No Primer Sequence 5´➡️➡️➡️ 3´ 

P1 OP A-01 CAGGCCCTTC 

P3 OP B-12 CCTTGACGCA 

P4 OP C-08 TGGACCGGTG 

P5 OP H-16 TCTCAGCTGG 

P8 OP B-20 GGACCCTTAC 

P12 OP D10 GGTCTACACC 

P16 OP D-18 GAGAGCAAC 

 

RAPD_PCR  

An amount of 2 microliters of DNA extracted from the plant was taken and placed in special tubes 

for PCR using a micropipette, 2 microliters of previously prepared primer enzymes were added, 

and 14 microliters of distilled water were added to special tubes for PCR Pre-mix form Bioneer 

(pcr) and the mixture was mixed properly.  

Results & Discussion  

DNA extraction 

The study included the extraction of DNA from the radish plant, which was treated with different 

times of microwave radiation, and after the isolation of the DNA, the purity and the appropriate 

concentration for conducting PCR reactions were confirmed, and all samples were transferred 

using electrophoresis to detect the genomic DNA on an agarose gel at a concentration of 1%, and 

after the migration process, the gel was photographed using Gel Documentation system to see the 

DNA bundles and estimate their size as in the figure (1).  

 

 

 

 

 

 

 

 

 

 

Figure (1): Results of genome electrophoresis on an agarose gel 

The results of the RAPD-PCR indicators  
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The RAPD indicators are characterized by their sensitivity to any change in the components of 

their interactions. Therefore, they are considered among the reactions that are difficult to repeat 

and obtain the same result [14-15]. It was shown through the results obtained in this study that the 

concentration of the template DNA mainly affects the results, especially in the intensity of the 

band that appears on the Agros Gel. It leads to the dispersion of the outputs in the early stages of 

the program, which leads to not obtaining clear results and prominent bands, as well as leads to 

the appearance of a smear smear between the bands. It was shown through the results that the best 

concentration of the DNA template is 50 ng for the reaction sample. Sample dilut ions were 

adjusted to 50 ng / microliter per liter using a Nano drop device. The difference in band density 

when DNA concentrations are controlled is a discriminatory feature that can be used in diagnosis 

[16]. 

Primers result 

The results of the primers used in this study are the primers produced, which amounted to 7. The 

following is a detailed explanation of the prefixes produced:  

Table (2): results of primers used in RAPD reactions 

Prime

r  

The 

number 

of sites 

produce

d 

numbe

r of 

public 

sites 

number 

of 

variatio

n  sites 

Total 

numbe

r of 

bands 

numbe

r of 

generi

c 

bands 

Numbe

r of 

variatio

n  

bands 

Number 

of 

unique 

package

s 

Numb

er of 

missin

g 

bands 

Variatio

n  % 

P1 11 2 9 31 10 21 4 1 81 

P3 9 5 4 45 20 25 - 3 44 

P4 8 6 2 41 30 11 - 2 25 

P5 7 3 4 22 15 7 3 1 57 

P8 8 6 2 30 20 10 1 1 25 

P12 9 - 9 42 - 42 - 3 100 

P16 6 - 6 16 - 16 1 2 100 

Total 58 22 36 227 95 132 9 13 62 

 

Primer P1 (OP A-01) 

Primer P1 showed eleven sites for the bundles, and all of these bundles were differentiated except 

for only two sites, which are general sites in this primer, their molecular sizes ranged between 

100bp-1500bp, and the number of produced bundles reached 31 bundles, ranging between 1-7 

bundles per sample. This Primer in the F1 sample is characterized by only one absent bundle, 

where Its molecular size was 900 bp, and the F2 sample was characterized by only three unique 

bands, as its molecular size was 1250 bp-1500 bp, respectively, 600 bp. The F3 sample was 

characterized by one unique band and an absent band. The molecular size of the unique band was 

800 bp. As for the molecular size of the absent band, it was 500 bp as ahown in table (2) and figure 

(2). 
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Figure (2): results of the Primer (opA-01) P1 stage on agarose gel with a concentration of 1.5% 

Primer P3 (OP B-12) 

The primer P3 showed nine sites for the bundles, and all of these bundles were general except 

for four sites, which are different sites in this primer, their molecular sizes ranged between 250 

pb-1250, and the number of produced bundles reached 45 bundles, ranging between 1-9 bundles 

per sample. respectively between bp250-bp1250, and the F3 sample was characterized by only one 

absent band, with a molecular size of 700 bp, as shown in figure (3). 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 Figure (3): results of the Primer (OP B-12) P1 stage on agarose gel with a concentration 

of 1.5% 

Primer P4 (OP C-08) 

The Primer P4 showed 8 sites for the bundles, and all of these bundles were general except for two 

sites, which are different sites in this Primer, their molecular sizes ranged between 200bp-1250bp, 

and the number of produced bundles reached 41 bundles, ranging between 1-8 bundles per sample. 

The F1 sample, with only an absent band, had a size between 200 bp, as shown in Figure (4). 
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Figure (4): results of the Primer (OP C-08) P1 stage on agarose gel with a concentration of 1.5% 

Primer P5(OP H-16) 

The primer P5 showed seven sites for the bundles, and all of these bundles were different except 

for three sites only, which are general sites in this primer, their molecular sizes ranged between 

150bp-1500bp, and the number of produced bundles reached 22, ranging between 1-7 bundles per 

sample. This primer in the FC sample is characterized by only one absent bundle, where Its 

molecular size was 800 bp, and the F1 sample was characterized by only one unique band, with a 

molecular size of 150 bp, and the F4 sample was characterized by only two unique bands, with a 

molecular size of 250-bp1250, respectively, as shown in figure (5). 
 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): results of the Primer (OP H-16) P1 stage on agarose gel with a concentration of 1.5% 

Primer P8 (OP B-20) 

The primer P8 showed seven sites for the bundles, and all of these bundles were general except 

for three sites, which are different sites in this primer. Their molecular sizes ranged between 

150bp-1250bp, and the number of produced bundles reached 30 bundles, ranging from 1-6 bundles 

per sample. This primer in the F2 sample is characterized by only one unique bundle. Where its 

molecular size reached 700 bp, and the F4 sample was distinguished by an absent band only, its 

molecular size was 1250 bp, shown in the figure (5). 
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Figure (6): results of the Primer (OP B-20) P1 stage on agarose gel with a concentration of 1.5% 

Primer P12 (OP D10) 

The primer p12 showed nine sites for the bundles, and all of these bundles were different in this 

primer, their molecular sizes ranged between 250bp-1500bp, and the number of bundles produced 

reached 42 bundles, ranging between 1-12 bundles per sample. Only one was absent, with a 

molecular size of 400 bp, and the F3 sample was distinguished by only one absent band, with a 

molecular size of 800 bp, as shown in the picture (5-7). 

 

 

 

 

 

 

 

 

 

 

 

Figure (7): results of the Primer (OP D10) P1 stage on agarose gel with a concentration of 1.5% 

Primer P16 (OP D-18)  

The primer P16 showed eight sites for the bundles, and all these bundles were different in this 

primer, their molecular sizes ranged between 200 bp - 1400 bp, and the number of produced 

bundles reached 16, whose molecular sizes ranged between 1-6 for one sample. The molecular 

size reached 300 bp, and the F4 sample was characterized by only one absent band, with a 

molecular size of 1400 bp, as shown in the figure (8). 
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Figure (8): results of the Primer (OP D-18) P1 stage on agarose gel with a concentration of 1.5% 

 

Conclusions  

The longer the duration of exposure to microwave radiation, the greater the effect on phenotypic 

and molecular characteristics. Microwave radiation has positive effects, as some phenotypical 

traits of radish were improved. There is a clear effect on the genome of the DNA sequences 

resulting from the effect of microwave radiation. 
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