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Abstract: Amaranthus hybridus L. is an important vegetable in Nigeria, grown mainly for its highly nutritious leaves. In a 

bid to explore the possibility of increasing the infra-specific diversity of the crop, we induced three accessions of A. hybridus 

from Anambra State, Nigeria with x-ray particles using various concentration levels. The experimental layout composed a 5 x 

3 x 3 Randomized Complete Block Design arrangement, with treatment levels: 1 MGY, 2 MGY, 4 MGY, and 6 MGY, 

selectively allotted to the different accession based on a preliminary dosimetry test. Morphological data were recorded and 

subsequently leaves samples subjected to Deoxyribonucleic Acid (DNA) extraction and Random Amplified Polymorphic DNA 

(RAPD) analysis. The results show that except for inflorescence weight, other morphological data were not statistically 

significant. However, RAPD techniques identify some variations induced by x-ray particles on the different accessions. 

Ogbunike accession irradiated with 4 MGY appears to show the optimum concentration of x-ray particles required to induce 

genetic variability in A. hybridus. These findings are of paramount importance to plant breeders, whose primary tool is to 

identify variations to produce better yielding varieties. 
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1. Introduction 

Genetic variation is advantageous to a population because 

it enables some individuals to adapt to the environment at the 

same time, ensuring population survival in the ever changing 

environmental condition [1-2]. From an anthropocentric 

perspective, such genetic variability offers variable traits for 

breeding selection and plant genetic resources improvement 

[3]. Genetic variability in plants is caused by various factors, 

such as: mutation (which can create entirely new alleles in a 

population), random mating, random fertilization, and 

recombination between homologous chromosomes during 

meiosis (which reshuffles alleles within an organism’s 

offspring). Mutations can have significant effects on the 

individual when they occur in somatic tissue, but are only 

inherited if they occur in germ-line tissue. Mutations in 

germ-line tissue are of enormous biological importance 

because they provide the raw material from which natural 
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selection produces evolutionary change [4]. More often, 

these genetic changes are induced by mutagenic agents such 

as x-rays, gamma rays, beta rays, neutrons, chemicals, high 

temperature and low pH [5]. Plants sometimes transmit 

somatic mutations to their descendants asexually or sexually 

(in case when flower buds developments in somatically 

mutated part of plant). Mutations create variations in the gene 

pool, and the less favorable (or deleterious) mutations are 

removed from the gene pool by natural selection, while more 

favorable (beneficial or advantageous) ones tend to 

accumulate, resulting in evolutionary change [6]. Irradiation 

has been successfully used for mutation breeding in various 

crops and ornamental plants [37] and has proven an adept 

means of encouraging the expression of recessive genes and 

producing new genetic variations [23, 36-38]. A study [22] 

reported that the height of Zea mays coleoptiles exposed to 

X-ray doses up to 500 r was not affected and shoots of the 

plants which received over 800 r showed the effects of 

irradiation by delay in bursting through the coleoptiles and 

failure to reach the height attained by their controls during 

the time of the experiment. The starch and sugar content of 

Sweet Potato has been improved by mutation breeding [39]. 

A study [34] mutated Amaranthus caudatus L. with Gamma 

rays and successfully obtained semi-dwarf and dwarf stature, 

non-branching pattern, improved protein content and pigment 

mutations (colour of plants and grains). Taxonomically, these 

mutations which cause change in the plant phylogeny can 

lead to the formation of new plant varieties, which needs to 

be examined and identified appropriately. 

The genus Amaranthus, with about 70 species, is 

characterized by a high degree of morphological diversity 

and a wide spectrum of adaptability to different ecological 

conditions [7]. All amaranths are drought resistant C4 

photosynthetic plant that can grow well in saline, alkaline, 

acidic or poor soil. This genus, which originated in the New 

World, is an ancient crop that was already under cultivation 

5000-7000 years ago [8]. The amaranth gene pool involves a 

diverse group of wild relatives and weedy species, and 

individual Landrace populations [7]. Recently, amaranth has 

been described as one of the new world super grains and is 

gaining popularity among health-conscious consumers in 

many countries of the world, including the United State and 

Japan [8]. It has been identified as a very promising food 

crop because of its exceptional nutritive value as judged by 

its protein and lipid content, as well as for its essential amino 

acid composition that has relatively high lysine content [9]. 

In addition, amaranths are also good sources of minerals and 

vitamins and they contain nutrient than most of the common 

cereals and legumes [10]. Cultivated amaranths are used for 

food grain, medicine, leafy vegetables, forage, ornamental 

gardening, and other potential uses [11-12]. Amaranths as C4 

plants, can contribute to mitigate CO2 concentration, the 

major provoking greenhouse effects. Because of high 

biomass production and ability to accumulate heavy metals, 

they can be used as a renewable energy source and for 

phytoremediation [13]. It is also used in gluten free diet [14]. 

Amaranth belongs to the group of plants which genetics are 

poorly studied [15-19]. Such situation is explained by a 

complexity of its hybridization, caused by an extremely small 

size of its reproductive organs and a special constitution of its 

inflorescence [20]. A careful assessment of available 

literature has revealed that there is a scarcity of information 

on the irradiation of Amaranthus spp. especially with X-ray. 

Application of RAPD analyses widely used in various plant 

species will allow by passing these difficulties and assist in 

the investigation of amaranth evolution, taxonomy and 

genetics. Considering the diverse utility base of this 

promising plant, we hypothesized that an induce variation in 

the genome of some naturalized population might result in 

even greater prospects and adaptability in the face of climate 

change and human-induced environmental impact. Therefore, 

the present study was undertaken to investigate the 

mutagenic effects of different x-ray doses on Amaranthus 

hybridus L. accessions 

2. Materials and Methods 

The experiment was conducted in an experimental farm 

behind the Mushroom House, College of Natural Sciences, 

Michael Okpara University of Agriculture, Umudike. 

Umudike is located approximately at latitude 05 
0
 29 

1 
N, 

longitudes 07 
0
 32 

1
 E. Umudike falls within the rainforest 

zone of southern Nigeria, with a mean altitude of 123 meters. 

Daily mean temperature ranges from 23°C and 32°C. The 

field work was carried out between the months of July to 

September, 2015. The seeds of the Amaranthus accessions 

used were obtained from various localities (Ezi Ogidi, 

Ogbunike and Oye Olisa) in Anambra State in June 2015. 

Samples of the germinated accessions of Amaranthus 

hybridus L. were properly identified at the Department of 

Botany herbarium, University of Nigeria, Nsukka. 

Table 1. Accessions of Amaranthus hybridus and collection points. 

S/n Accessions Collection points (GPS location) 

1 Ezi Ogidi 6012’45.68” N 7004’19 E 

2 Ogbunike 6009’60.00” N 7003’00 E 

3 Oye Olisa 6013’60.00” N 7003’11 E 

The accessions were treated with radiations at the 

Radiology Department of the Federal Medical Centre, 

Umuahia for treatment. Each accession was divided into six 

parts to include five treatments and one control. The 

treatments are 1 MGY, 4 MGY, 5 MGY, and 6 MGY. The 

accessions were planted and a morphological datum (plant 

height) was taken weekly for one month [34]. The dosimetry 

was taken from two points on the graph where the plants did 

best [32-33].  
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Figure 1. Graphical representation of the dosimetry. 

From the graph, it could be deduced that Ezi-Ogidi 

accession progressed at 5 MGY and 6 MGY while Ogbunike 

accession did best at 1 MGY and 4 MGY. Finally, Oye-Olisa 

accession progressed at 5 MGY and 6 MGY.  

3. Experimental Set Up 

A 5 x 3 arrangement was used in a randomized complete 

block design (RCBD). The factors were X-Ray levels (MGY) 

with Amaranthus accessions. Each accession was divided 

into three parts to include two treatments and one control 

respectively. Ezi Ogidi accession was treated with 5 MGY 

and 6 MGY, Ogbunike accession was treated with 1 MGY 

and 4 MGY while Oye Olisa accession was treated with 5 

MGY and 6 MGY. Each treatment including the control (0 

MGY) was replicated four times. Morphological data 

collected include plant height, number of leaves, leaf area 

and inflorescence weight.  

4. Data Analysis 

One way analysis of variance was used to test the 

significance of the treatment and subsequent means 

compared using Turkey HSD (Highest significant 

difference). 

5. DNA Extraction 

The DNA of the plant Amaranthus was isolated from the 

young leaf using the traditional CTAB 

(Cetyltrimethylammoniumbromide) protocols/ method [35]. 

Lysing stage: Amaranthus leaf was cut with a scalpel, ground 

in a mortar and introduced into 600 µl of extraction buffer 

and it was incubated at 65°C for 20 minutes. The sample was 

removed from the incubator and allowed to cool to room 

temperature and Chloroform was added. The sample was 

mixed by gentle inversion of the tube several times. Harvest 

stage: The sample was spun at 14,000 rpm for 15 minutes 

and the supernatant (5 g) was transferred into a new 

eppendorf tube and equal volume of cold Isopropanol was 

added to precipitate the DNA. The sample was kept in the 

freezer for 1 hour and later spun at 14,000 rpm for 10 

minutes and the supernatant was discarded and the pellet was 

washed with 70% ethanol later the sample was air dried for 

30 minutes on the bench. The pellet was re-suspended in 100 

µl of sterile distilled water. DNA concentration of all the 

samples was measured on spectrophotometer at 260 nm and 

280 nm and the genomic purity were determined. The 

genomic purity ranged from 1.8 – 2.0 for all the DNA 

samples. The quality of DNA was detected by agarose gel 

electrophoresis and the size of fragment obtained was about 

25 kb for all the samples. The DNA was used in PCR 

amplification using RAPD markers.  

6. PCR Amplification and DNA 

Electrophoresis 

About 10 µl of each DNA was taken into eppendorf tube 

and 990 µl of sterile distilled water was added to make 1000 

µl. The final concentration became 20-50 ng/µl. The reaction 

mix was carried out in 20 µl final volume containing 60 ng – 

80 ng DNA, 0.1 µM of the primers, 2 MM MgCl2, 125 µM 

of each dNTP and 1 unit of Taq DNA polymerase. The 

thermocycler profiles has an initial denaturation temperature 

of 3 minutes at 94°C, followed by 45 cycles of denaturation 

temperature of 94°C for 20 seconds, annealing temperature 

of 37°C for 40 seconds and primer extension temperature of 

72°C for 40 seconds, followed by final extension temperature 

at 72°C for 5 minutes 

Agarose gel electrophoresis was used to determine the 

quality and integrity of the DNA by size fractionation on 

1.0% agarose gels. Agarose gels were prepared by dissolving 

and boiling 1.0 g agarose in 100 ml 0.5 X TBE buffer 

solutions. The gels were allowed to cool down to about 45°C 

and 10 µl of 5 mg/ml ethidium bromide was added, mixed 

together before pouring it into an electrophoresis chamber set 

with the combs inserted. After the gel has solidified, 3 µsl of 

the DNA, 5 µl of sterile distilled water and 2 µl of 6 X 

loading dye was mixed together and loaded in the well 

created. Electrophoresis was done at 80 V for 2 hours. The 

integrity of the DNA was visualized and photographed on 

UV light source. 

Table 2. Primer Sequences. 

S/N Primer Name Primer Sequences 

1 OPT-06 CAAGGGCAGA 

2 OPT-01 GGGCCACTCA 

3 OPT-20 GACCAATGCC 

4 OPT-07 GGCAGGCTGT 

7. Results 

The effect of different doses of x-ray irradiation on the 

morphological characters of the three accessions of 

Amaranthus hybridus L. is depicted in table 3 below. 

Generally, Ezi Ogidi and Oye Olisa accessions were best 

induced at 5 MGY and 6 MGY concentrations, however, 

Ogbunike accessions were best induced at 1 MGY 

concentration. An evaluation of the Oye Olisa accession 

reveals that the mean plant height of control was (65.1 ± 9.4) 
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cm while those recorded in 5 MGY and 6 MGY x-ray 

irradiation doses decreased from (60.3 ± 9.1) cm to (56.6 ± 

7.7) cm respectively. Leaf area was also highest (15.1 ±1.4) 

cm
2
 in the accession used as control, followed by 5 MGY 

irradiated plant (14.5 ± 1.4) cm
2
 and lowest (12.3 ± 1.3) cm

2
 

in the 6 MGY x-ray irradiated plant. A similar trend was also 

noticed when leaf number of the accession was measured, 

17.1± 1.1 mean size was recorded in the control, while 16.7 ± 

1.1 and 16.7 ± 1.2 were obtained in the Amaranthus 

accession irradiated at 5 MGY and 6 MGY respectively. The 

x-ray radiation had a statistical significant on the fresh and 

dry inflorescence weight of Ezi Ogidi accessions. Under no 

irradiation (control), fresh and dry inflorescence weights 

were recorded at 36.43 g and 6.80 g respectively. The highest 

fresh and dry inflorescence weight was recorded in 6 MGY 

irradiated accession as 44.9 g and 11.6 g respectively. 5MGY 

irradiated accession was lower at 31.8 g and 6.3 g for fresh 

and dry flower weight respectively versa.  

The results of the morphological effect of x- ray irradiated 

Amaranthus (Ogbunike accession) showed inverse response 

as the mutagen levels increases. The no irradiated accession 

(control) produced the lowest mean height (54.9 ± 7.7) cm, 

followed by the same accession irradiated at 1 MGY (57.5 ± 

7.6) cm, treatment 4 MGY resulted in the highest plant height 

value of (67.2 ± 8.06) cm. Leaf area was high (14.2 ± 0.1) 

cm
2
 in the accession without irradiation (control), but 

reduced at x-ray irradiation of 1 MGY (14.2 ± 0.2) cm
2
 but 

was stimulated to (16.1 ± 0.5) cm
2
 with increased irradiation 

up to 4 MGY. Control produced the highest number of leaves 

at 16.7 ± 1.01 followed by 4MGY irradiated accession (16. 4 

± 1.0) while (16.6 ± 0.98) number of leaves were produced 

by the accession irradiated 1MGY. However, the above 

morphological parameters of accession-Ogbunike were not 

statistically significant at p=0.05. The x-ray radiation had a 

statistical significant on the fresh and dry inflorescence 

weight of Ogbunike accession. The average fresh and dry 

inflorescence weight for the Ogbunike accession as recorded 

for control gave the highest (44.01 and 10.9) g respectively. 4 

MGY irradiated accession gave fresh and dry flower weight 

of (32.88 and 9.4) g respectively. While fresh and dry flower 

weight of Ogbunike of 1 MGY x-ray irradiated accession was 

apparently low at (32.12 and 7.2) g respectively.  

The results of the effect of x-ray on Amaranthus (Oye 

Olisa) accession shows 5 MGY x-ray irradiated accessions 

had the highest height of (67.5± 9.2) cm, followed by the 

control (66.8±8.4) cm, but the accession that received 6 

MGY x-ray irradiation showed the lowest mean height of 

(54.9 ±8.1) cm. Leaf area of no-irradiation (control) of this 

accession was low at (13.0 ± 1.4) cm
2
, but stimulated by 

5MGY level of irradiation at (14.1 ± 1.4) cm
2
 and also 

decreased to (13.5 ± 1.3) cm
2
 at the irradiation of 6MGY. On 

the other hand, control gave the highest number of leaf (17.2 

± 1.1), followed by the accession irradiated at 5 MGY (16.9 ± 

1.03), but slightly decreased to 16.8 ± 1.2 at x-ray irradiation 

of 6 MGY. However, the above morphological parameters of 

accession-Oye Olisa were not statistically significant at 

p=0.05. The fresh and dry inflorescence weight of the Oye 

Olisa accession with treatment 5 MGY irradiated 

Amaranthus accession produced the highest (65.19 g) fresh 

weight, but second in dry weight (13.49 g). Accession with 

no irradiation produced highest fresh inflorescence weight of 

61.8 g and highest dry flower weight value of 16.4g. X-ray 

irradiation at 6 MGY had the lowest weight of 36.81 g and 

7.47 g for fresh inflorescence and dry flower weight 

respectively. 

Table 3. Treatment means and standard error of growth parameters for the different accessions. 

Morphological 

characters 

Ezi Ogidi Ogbunike Olisa 

control 5 MGY 6 MGY control 1 MGY 4 MGY control 5 MGY 6 MGY 

Plant height 65.5a±9.4a 60.3a±9.2 56.6a±8.06 54.9a±7.7 57.5a±7.6 67.2a±8.6 66.8±8.4a 67.5a±9.2 54.6a±8.1 

Leaf area 15.1a±1.4 14.5a±1.4 12.3a±1.3 15.3a±3.1 14.2a±0.2 16.1a±0.5 13.6a±1.4 14.5a±1.4 13.5a±1.3 

Leaf number 17.1a±1.1 16.7a±1.1 16.7a±1.2 16.7a±1.01 16.4a±0.8 16.6a±1.0 17.2a±1.1 16.9a±1.3 16.8a±1.2 

Inflorescence 

weight wet 
36.43b±1.1 31a.89±1.8 44.94c±2.1 44.01c±1.1 32.12a±1.8 32.88b±2.1 61.8b±1.1 65.9c±1.8 36.8a±2.1 

Inflorescence 

weight dry 
6.8b±2.1 6.3a±1.1 11.6c±2.1 10.9c±2.1 7.21a±2.1 9.4b±2.1 16.4c±4.5 13.9b±1.1 7.4a±2.3 

HSD = 95%, similar superscript, a = shows no Significant Difference, different superscript shows significant difference. 

The scoring of bands was carried out to mark genetic 

differences among the various accessions. The 

electrophoretic banding pattern presented in below (table 4) 

shows that Ezi Ogidi accession irradiated at 5 MGY indicates 

a genetic banding at locus-4 with no irradiation (control) 

accession, at 6 MGY, bands were visible at loci -1 and -5, 

however, at but bands at -2, -3, and -6 loci with 5 MGY 

accession. Ogbunike accession shows a completely different 

banding pattern with the control indicating that mutation 

occurred at a very high frequency. 1 MGY irradiation is 

banded with the control at loci -1, -5, -7, -9, and -10. 4 MGY 

irradiation showed banding pattern with control at -3, -4 and 

-6 loci. But differ from 1 MGY irradiation at -1, -3, -4, -7, -8, 

-9 and -10. Oye Olisa accession shows a similar banding 

pattern with the mutant Ezi Ogidi accession. Intra class 

banding implies that 5 MGY irradiation shows banding with 

the control at locus -5 only, while 6 MGY irradiation 

indicated a variant mutant plant and shows no banding with 

the control, but differ from 5 MGY accession only at locus-5.  
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Table 4. Band matrix among the different accessions in relation to the associated irradiation levels. 

Accessions Band-1 Band-2 Band-3 Band-4 Band-5 Band-6 Band-7 Band-8 Band-9 Band-10 

Ezi Ogidi Control 1 1 1 0 1 1 Ms Ms ms Ms 

Ezi Ogidi 5 MGY 0 0 0 0 0 0 Ms Ms ms Ms 

Ezi Ogidi 6 MGY 1 0 0 1 1 0 Ms Ms ms Ms 

Ogbunike Control 0 0 0 0 1 0 1 1 0 0 

Ogbunike 1 MGY 0 1 1 1 0 1 0 1 0 0 

Ogbunike 4 MGY 1 1 0 0 1 0 0 0 1 1 

Oye Olisa Control 1 1 1 1 1 1 Ms Ms ms Ms 

Oye Olisa 5 MGY 0 0 0 0 1 0 Ms Ms ms Ms 

Oye Olisa 6 MGY 0 0 0 0 0 0 Ms Ms ms Ms 

 

Five primers were used for the preliminary study, out of 

which two primers (T-06 and T-20) gave the best 

polymorphism. The cultivar has three bands degraded with 

the use of 5 MGY and 6 MGY with primer T-06; the 

bands are 1500 bp, 1400 bp and 800 bp. This is shown on 

plate 1. Two primers T-06 and T-20 gave polymorphism 

with Ogbunike samples. Control sample had many missing 

or absent bands on primer T-06 shown on plate 1. Primer 

T-20 had one band present on Ogbunike 1 MGY and 

absent on others. Ezi Ogidi samples had two polymorphic 

bands with primer T-06. The size of the two bands is 400 

bp and 200. 

 

Figure 2. Gel electrophoresis for primer OPT-06, OPT-20, OPT-07, OPT-01. 

1 Ezi Ogdi Control2 Ezi Ogdi 5mGY 3 Ezi Ogdi 6mGY4 Ogbunike Control. 

5 Ogbunike 1 mGY 6 Ogbunike 4mGY 7 Oye Olisa Control. 

8 Oye Olisa 5mGY 9 Oye Olisa 6Mgy. 
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Figure 3. Dendogram representing the genetic diversity among different accessions using RAPD. 

Legend: Eze_0=Ezi Ogidi Control, Eze_5 = Ezi Ogidi 5 MGY, Eze_6 = Ezi Ogidi 6 MGY, Ogbunike0 = Ogbunike Control, Ogbunike1 = Ogbunike 1 MGY, 

Ogbunike 4 = Ogbunike 4 MGY, Oye_0 = Oye Olisa Control, Oye _5 = Oye Olisa 5 MGY, Oye_6 = Oye Olisa 6 MGY. 

8. Discussion 

The exploitation of natural and induced genetic diversity 

inherent in crop plant species is a basic requirement for plant 

breeding activities. The huge pressure exerted on supporting 

natural resources as a result of population increase has 

prompted the need for proper plant genetic resource 

management plans to sort for relevant variations in available 

crop plants that can be of immense benefit to plant breeders, 

for crop improvement. One way of inducing variability in 

crop plants is by X-ray irradiation. The present research work 

was carried out to determine the effect of different doses of 

X-ray irradiation on three (3) accessions of Amaranthus 

hybridus L. using morphological and molecular (RAPD) 

methods.  

From the morphological data, it was discovered that there 

was no statistical difference in three of the four parameters 

assessed (plant height, leaf area, and leaf number) in all 

accessions (Ezi-Ogidi, Ogbunike and Oye-Olisa) subjected to 

X-ray treatment. This finding was in line with the assertion 

of [21] who stated that X-ray radiation has no effect on the 

seed germination or growth of Echinacea angustifolia. 

Russel [22], also recorded no difference in the plant height of 

Zea mays exposed to X-ray. Although morphological 

characters in Amaranthus hybridus are important, going by 

its major use as a vegetable crop, the variation induced might 

not be morphologically obvious but could be at the 

biochemical level in terms of nutrient level improvement. 

The wet and dry weight of the inflorescence was statistically 

significant. Inflorescence of Amaranthus hybridus is a vital 

part of the plant, primarily for reproduction and also for the 

utilization of its seeds as an important grain crop for food 

security. It appears to be like the different concentrations of  

exerted differential effects on the different accession types. 

Notably, Treatment 6 MGY resulting in the highest weight 

value of the inflorescence for Ezi-Ogidi accession, treatment 

5 MGY produced the best inflorescence weight for Oye-Olisa 

accession. However, the treatment I MGY and 4 MGY did 

not improve the weight of Ogbunike accession. In line with 

this result, it is best to apply specific concentration of X-ray 

on the particular accession based on the requirement as 

regards the weight of the inflorescence. This finding is in line 

with the work of El-Mokadem and Mostafa [23] on 
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Browallia speciosa mutated with Sodium azide as well as El-

Nashar [24] on Amarathus seedlings and Mostafa [25] on 

Heliathus annuus. 

Molecular analyses have helped resolve the distinctness in 

the genetic makeup of crop plants when morphological 

investigations have failed [26]. The present study involving 

the use of Random amplified polymorphic DNA has helped 

in identifying mutants and appropriate concentration needed 

for the specific accession. From the DNA result, it was 

noticed that Oye Olisa accession treated with 5 MGY and 6 

MGY has three bands of 1500 bp, 1400 bp, and 800 bp with 

primer T-06 which is not noticed in the control. The 

Ogbunike control sample had many missing or absent bands 

on primer T-06, unlike the treated samples. Ogbunike 

accession treated with 1MGY had one band on primer T-20 

which is absent on others. Ezi Ogidi accessions had two 

polymorphic bands of 400 bp and 200 bp with primer T-06. 

The genetic variability using a distance matrix 

dendrogram clearly depicted in figure 2 outlines the genetic 

relationship among the different accessions. The 

dendrogram comprises 3 major groups of similar genetic 

make-up. The first clade is composed solely of the 

Ogbunike accession irradiated with 4 MGY. The second 

clade is composed of Ogbunike (control), Oye Olisa 

accession irradiated with 5 MGY and 6 MGY, and Ezi 

Ogidi accession irradiated with 6 MGY. The third clade 

comprises Ogbunike accession irradiated with 1 MGY, Ezi 

Ogidi accessions (control), and Oye Olisa accession 

(control). This genetic relationship identifies Ogbunike 

accession irradiated with 4 MGY as the most genetically 

diverse accession. And this also gives the clue on the best 

concentration required to induce such mutation, which in 

this case was 4 MGY. Various authors have suggested the 

use of a rapid and specific molecular marker as a workable 

solution to solving the problem of ambiguity resulting from 

the use of morphological method in assessing crop genetic 

variability. The advantageous use of molecular techniques 

in identifying variability induced by x-ray particles as 

compared to the morphological method has been affirmed. 

It offers a faster and more precise way of determining 

relationships among closely related species than that of the 

morphological investigation. These findings are in line with 

the report of Rahman [31] which states that DNA 

fingerprinting is an important tool for molecular 

characterization of various groups of plants. Jimoh et al. 

[27] went further to explain that morphological 

characteristics are subject to physiological and 

environmental influence. Snezana et al. [7] also state that 

the use of the RAPD assay to identify genetic variation is 

preferred over the morphological and biochemical markers 

since these are completely devoid of the effects of the 

environment and the stage of the experimental material, 

thus making them highly reliable. On the same note, Park 

and Nishikawa [8] states that the evaluation of morphology 

is very time-consuming and morphological traits often 

cannot serve as unambiguous markers because of 

environmental influence. It is worthy to also note that that 

RAPD is a preferred method for identification of genotypes 

because it is relatively inexpensive, utilizes arbitrary 

primers, and randomly samples a potentially larger number 

of loci in a less complex pattern than other polymerase 

reaction (PCR) based markers [28-30].  

9. Conclusion 

The study has affirmed the use of x-ray particles in 

inducing genetic variations in Amaranthus hybridus 

accessions from Nigeria. Although most of the morphological 

parameters were statistically not significant except for 

inflorescent weight. The molecular analysis, however, 

showed variations, identifying polymorphism among the 

different accessions. The Oye Olisa accession treated with 5 

MGY and 6 MGY has three bands of 1500 bp, 1400 bp, and 

800 bp with primer T-06 which is not noticed in the control. 

The Ogbunike control sample had many missing or absent 

bands on primer T-06, unlike the treated samples. Ogbunike 

accession treated with 1MGY had one band on primer T-20 

which is absent on others. This study identifies Ogbunike 

accession irradiated with 4 MGY as the most genetically 

diverse accession. 

The genetic distinctness identified among accessions is 

largely due to chromosomal disturbances which is a 

consequence of the physical mutagen. This has further 

proven RAPD as an effective tool for the detection of genetic 

differences among individuals and a useful tool for breeders. 

The mutagenesis treatments seemed to activate the 

expression of some genes which resulted in the different 

appearances of the bands.  

Future studies should involve the genetic variability 

assessment of the second generation mutated plants on 

agricultural traits such as disease resistance, pigment (leaf 

and grain colour), branching pattern, yield, taste, nutrition, 

etc. 
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