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Abstract 

 

The effects of 60Cobalt (60Co) gamma radiation on cell division and chromosomal structure in M1 generations of three 

varieties (NKU Lider, Bezostaja and GK Beke’s) of Triticum aestivum L. genotypes were determined in this study. To 

understand and compare the tolerance of on three bread wheat varieties to gamma radiation (100, 200 and 300Gy), the 

frequency of mitotic index, phase indices and genotoxicity rate were scored and statistically interpreted under irradiated and 

unirradiated conditions, respectively. In parallel with the increasing radiation dose, mean mitotic index rate decreased in 

NKU Lider and GK Beke’s genotypes. 100Gy 60Co gamma radiation application of NKU Lider was the most powerful 

genotype to increase mitotic activity as compared to other genotypes. However; depending on increasing dose of gamma 

radiation, cell division decreased in all studied genotypes except 200Gy application of Bezostaja genotype. Moreover, 

genotoxicity index of M1 generation in NKU Lider genotype was decreased in all studied radiation doses with the increasing 

dose of 60Co. Furthermore, three different variety of T. aestivum L. seeds treated with different doses of 60Co gamma 

radiation  showed many aberrant chromosomes such as disorderly prophase, stickiness, uncoiling chromosomes, disrupted 

equatorial plate, fragment, micronucleus, alignment anaphase, fault polarization, anaphase and telophase bridges, lagging 

chromosomes and stickiness in all mitotic phases. Consequently, the results suggest that gamma radiation effects are specific 

to the radiation dose and species, and even show different responses in different varieties of the same species. 

 

Key words: Bread wheat, Chromosome aberration,
 60

Co, mitotic activity, Mutagenesis. 

 

Introduction 

 

Concerns about food security are increased 

depending on the raised world population. To feed the 

world population might be possible if the food production 

increase double by 2050. However, this aim is associated 

with many climate-based comprehensive challenges. Plant 

breeders take effort to change genetic structures of the 

plants to improve preferred food by humans. Although 

classical breeding techniques have presented knowledge 

of genetic structure of plants, modern breeding such as 

genetic engineering and mutation breeding give much 

more information than traditional breeders. Mutation 

breeding may be more helpful and faster to reach the aim 

of breeding program than conventional breeding. If 

conventional breeding does not work mutation breeding 

can be an appropriate option to improve new characters 

(Van Harten, 1998; Ahloowalia & Maluszynski, 2001). 

Mutation breeding can be applicable to breed a specific 

character. Moreover, it is also effective to create a novel 

character which is not associated with the parents of the 

plant. The aim of the breeding programs is to reveal 

disappeared or suppressed characters during evolution. 

Instead of waiting for the occurrence of natural mutation 

breeding studies focus on creating physical or chemical 

mutations via mutagens to improve plant structure. 

Enhancing world food security is the main aim for 

mutation breeding that to increase crop production 

(Kharkwal & Shu, 2010) using physical mutagens such as 

X-rays and gamma rays are very common applications to 

develop new food crop varieties.  

Application of gamma radiation is in use commonly 

in agriculture, industry and medicine. Gamma rays have 

many different types of advantages all applied areas and it 

is used to create new mutant crops in agriculture (Ali et 

al., 2015). Especially in wheat, it is a need to develop new 

varieties short height. To have this character makes the 

plant tolerant to strong wind and prevent losses of grain 

yield. It is also not clearly identified how gamma 

radiation influence grain quality. Mashev et al., (1995) 

implied that higher radiation doses could be effective to 

develop more rich plants with regards to protein and 

essential amino acids. Din et al., (2003) revealed that 

effects of higher doses of gamma radiation (30 and 

35krad) created some aberrations on plant structure such 

as one tiller with two ears attached with each and/or 

prevalence of sterile ears etc. Gamma rays belong to the 

ionizing electromagnetic group of radiations and are 

highly penetrating because of the low linear energy 

transfer. This situation makes various foods more 

hygienic and minimize losses against microbial 

contaminants and harmful insects (Farkas, 1998). Because 

of applied dose dependency, low doses of gamma rays 

could have fewer side effects while higher doses could 

have more detrimental effects on various cell organelles 

and biochemical components of the plant (Begum & 

Dasgupta, 2011; Heidarieh et al., 2012). Various doses of 

gamma radiation is a type of physical mutagenesis that it 

induce cellular uptake of water via reactive oxygen 

species (ROS), hydroxyl radical (.OH), ionized water 

(H2O
+2

) and the reactive nitrogen species (RNS) 

(Nurmansyah et al., 2018; Reisz et al., 2014). That’s why 

this process effects the structure of DNA and mitosis 

(Singh, 1983). Depending on radiation dose, different 

types of chromosome aberrations such as stickiness, 

laggards, fragments, bridges, fault polarization and 

micronuclei can be shown in nuclei (Beadle, 1932; Sakin 

et al., 2005; Verma & Khah, 2016). 
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The main goal of the study is determination of 

cytogenetic and genotoxic variability of three bread wheat 

varieties and comparison of the tolerance to different 

doses of gamma-rays for mitotic potential of three 

different genotypes.  

 

Materials and Methods 

 

Plant materials: Three bread wheat (Triticum aestivum 

var. aestivum L.) varieties, Bezostaja (tall, mid-early, 

awnless, superior in flour quality for bread making, but 

inferior in lodging resistance and yield capacity), GK 

Beke’s (mid-tall, mid-early, awned, superior in flour 

quality for bread making, but inferior in rust resistance 

and yield capacity) and NKU Lider (mid-tall, mid-late, 

awned and good in flour quality for bread making and 

yield capacity) were used as experimental material.  

 

Gamma radiation: The moisture contents of the seeds of 

wheat genotypes used in this study were 13.1% for 

Bezostaja, 13.5% for GK Beke’s and 13.6% for NKU 

Lider. The grains for each genotype were divided into 

four groups (A, B, C, D), each of which contained 2000 

grains. Group A was kept unradiated (0 Gray (Gy); 

control), while the other groups were radiated with 100Gy 

(B), 200Gy (C) and 300Gy (D) gamma rays.  The gamma 

radiation doses were chosen depending on the most 

effective dose on wheat mutation breeding literature 

(Borzouei et al., 2010; Aly et al., 2018). 

Gamma treatment was obtained from 
60

Co, Ob-Servo 

Sanguis Co-60 Research Irradiator with isotope model, 

while the dose rate was 2.190 kGy h
-1 

in 2016-17 growing 

season in Turkish Atomic Energy Authority, Saraykoy 

Nuclear Research and Training Center, Ankara, Turkey. 

The unit for the absorbed dose of radiation energy is the 

gray, which is equivalent to 1 J Kg
-1

 and 100 rads. 

After the application of radiation doses, the 

experiment was set up with using total 12 M0 combination 

seeds together with the unirradiated (0Gy; Control) seeds 

in the Department of Field Crops at Namık Kemal 

University during the growing season of 2016 and 2017. 

The experiment was carried out in the randomized 

complete block design (RCBD) with 3 replicates. 

Nitrogen and P205 at 140 and 70 kg ha
-1

, respectively, 

were incorporated into the soil as compound fertilizer (20-

20-0) before sowing, urea during tillering and ammonium 

nitrate before heading. The crop was kept free of weeds 

by hand hoeing when necessary. The remain seeds were 

sown in the greenhouse in order to confirm the work. The 

plants were harvested with hand on July 07, 2017. 
 

Cytogenetical analysis: 10 uniform sized of each three-

bread wheat variety (NKU Lider, Bezostoja and GK 

Beke’s) seeds were put into petri dishes covered with two 

sheets filter papers moistened with 20 ml of distilled 

water (0Gy) and different 
60

Co radiation (100, 200, 

300Gy). Seeds were germinated in incubator under 24°C. 

After the root tips were 1–1.5 cm long, they were cut off, 

pre-treated with iced water for 24 hours. Then, root tips 

were fixed for 24 h in Carnoy solution [(ethanol (99%): 

glacial acetic acid (3:1)] and then stored in 70% ethanol at 

4°C until required. Root tips were hydrolysed with 5 N 

HCl for 35 min and stained in Feulgen at least 1 h and 

then squashed in a drop of 45% acetic-acid on slides. 

Three roots were examined for each radiation of 
60

Co and 

control groups for three slides. Mitotic index, phase 

indices (I) of dividing cells and chromosome aberrations 

was scored by analysing at least 3,000 cells per treatment 

(1.000 per slide). The mitotic index was calculated 

through the number of divided cells/total number of cells 

(Sehgal et al., 2006). To compare the cell division in 

more detailed, we calculated the indices (I) of the separate 

phases  prophase (IP), metaphase (IM), anaphase (IA) 

and telophase (IT). According to Ivanova et al., (2003), 

the phase indices were examined by the formula: 

 

Iphase = 
The cell number of respective phase 

the total number of divided cells 

 

To express the cytotoxicity and genotoxicity the 

chromosomal aberrations were determined by scoring the 

number of aberrant cells / total number of divided cells. 

The abnormal chromosomes were observed at 100X 

objective on Olympus CX- 41 research microscope and 

they were photographed with C–5060 WZ camera. 

 

Statistical analysis: Data from unirradiated (0Gy, 

Control) and radiated with different doses of 
60

Co (100, 

200, 300Gy) were compared using ANOVA analysis with 

MiniTab 17 (MiniTab 2010) and SPSS 22 (Anon. 2013) 

software. Differences between each group were evaluated 

using non-parametric Kruskal–Wallis Analysis and 

Duncan’s multiple range test at a level of significance 

p≤0.05 (Duncan, 1955). 
 

Results  
 

Effects of 
60

Co gamma radiation on cell division: The 

effects of different doses (100, 200, 300Gy) of 
60

Co 

gamma radiation on mitotic index and mitotic phases in 

the root tip cells of three bread wheat varieties (Bezostaja, 

GK Beke’s, NKU Lider) was shown in Table 1. The 

effects of gamma radiation on mitotic activity were 

significant (p<0.05) in all studied parameters. Mitotic 

index rates in all control groups of M1 generations of 

three bread wheats showed the highest mitotic activity in 

NKU- Lider (0.23±0.02) and the lowest (0.10±0.02) in 

Bezostaja. Mean mitotic index value was approximately 

50% lower than NKU Lider genotype in control groups of 

GK Beke’s (0.13±0.01) and Bezostaja (0.10±0.02) 

genotypes. In parallel with increasing radiation doses 

mean mitotic index decreased in all studied genotypes 

except Bezostaja.  NKU Lider was the most successful 

genotype about mitotic activity as compared to other 

genotypes of control group (p<0.005). 100Gy gamma 

radiation of 
60

Co increased the mitotic activity compared 

to control group in NKU-Lider genotype as 61%. 

However, 200 and 300Gy radiation showed a negative 

effect on mitotic proliferation in that genotype.  Mitotic 

index values significantly reduced in NKU Lider 

genotype in higher than 100Gy gamma radiation doses 

(Table 1) (p<0.05). The only 200Gy 60Co gamma 

radiation application stimulated cell division in Bezostaja 

genotype. Therefore, it was observed that Bezostaja was 
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the most resistant genotype to higher gamma radiation 

dose among all varieties. While the control group of 

Bezostaja showed 0.10 mitotic index value, 200Gy of 

gamma radiation increased the cell division with the rate 

of 50 percent. Also, a very little increase was found on 

300Gy (0.11) in all radiation doses of Bezostaja. GK 

Beke’s 100Gy (0.21) radiation is also very powerful 

among all genotypes after NKU Lider 100Gy gamma 

radiation to increase cell division.  

The highest dose (300Gy) of 
60

Co gamma radiation 

on the meristematic root tips of NKU Lider and GK 

Beke’s genotypes were significantly (p<0.05) lower than 

the mitotic index of their control group. The most 

increased cell division rates were scored in 100Gy for 

both genotypes. However, mitotic inhibition was 

determined significantly depending on the increasing dose 

application in all genotypes except Bezostaja (p<0.05). 

The highest rate of prophase indices (Ip) was determined 

in the control group of NKU Lider (0.86) and Bezostaja 

200Gy (0.73). However, prophase indices of NKU Lider 

genotype showed no increase compared to its control 

group (Table 1). In addition, GK Beke’s metaphase 

indices (IM) showed the highest value (0.38) for all 

radiation doses and control groups in three bread wheat. 

There is a statistically significant difference was observed 

in anaphase and telophase indices between the all 

varieties (p<0.05) (Table 1). It was also observed that 

telophase indice (IT) value showed the highest rate in GK 

Beke’s 100Gy radiation among all doses and their control 

groups of three different types of bread wheat barley.  

 

Genotoxic effects of 
60

Co gamma radiation on 

chromosome structure: The unradiated (control) group 

which was not exposed to 
60

Co gamma radiation and 

germinated in distilled water showed normal mitotic cells 

(Table 2, Fig. 1) and regular formation of mitotic 

chromosome number (2n=6x=42). However, the seeds of 

three varieties exposed to gamma radiations (100, 200, 

300Gy) was exhibited with different types of 

chromosome aberration indices in different phases of 

mitosis (Table 2, Fig. 2). Genotoxicity index (IG) in the 

applied dose of 
60

Co was significantly (p<0.05) higher 

than control group. Although genotoxicity. It was 

determined that NKU Lider genotype is very successful to 

inhibit potential detrimental effects of high dose gamma 

radiation on chromosome behaviour. However, Bezostaja 

and GK Beke’s genotypes could not showed any 

regenerative impact on chromosome aberrations. 

Genotoxicity index was completely increased depending 

on rising radiation dose (Table 2). In general, 300Gy 

gamma radiation dose showed highest genotoxicity index 

in all genotypes except NKU Lider. 

After the application of various doses of 
60

Co 

gamma radiation to the seeds belongs to each genotype, 

they were monitored by microscopic observations such 

as disorderly prophase, stickiness, uncoiling 

chromosomes, disrupted equatorial plate, fragment, 

micronucleus, alignment anaphase, fault polarization, 

anaphase and telophase bridges, lagging chromosomes 

and stickiness for all phases (Table 2, Fig. 2). There was 

not noticed aberrant chromosomes in control groups of 

three bread wheat variety (Fig. 1). The highest phase 

aberration value (0.16) in 300Gy radiation dose of 

Bezostaja variety was observed in disorderly prophase 

(Fig. 2a-d) and bridges in anaphase and telophase in GK 

Beke’s variety under the 100Gy radiation (0.07). All the 

chromosomal aberrations except fragment and alignment 

anaphase was statistically significant (p<0.05). The most 

commonly observed chromosomal aberration types were 

disorderly prophase (Fig. a-d), uncoiling chromosomes 

(Fig. 2i, j) and disrupted equatorial plate (Fig. 2e, f), 

bridges in anaphase and telophase (Fig. 2q, r) and 

lagging chromosomes (Fig. 2k, l, q, s, t, u, v). Fragment 

(Fig. 2m), micronucleus (Fig. 2n, o), alignment anaphase 

(Fig. 2u) and fault polarization (Fig. 2v) was less when 

compared other aberrations. The gamma radiations at 

300Gy induced more genotoxic than the 100 and 200Gy 

dose in mitotic cells of each genotype.  

 

Table 1. Mitotic index and phase indices are shown against concentration increase in induced gamma radiation 

(100, 200 and 300Gy) and uninduced (0Gy) groups of three varieties of T. aestivum L. 

Treatments 
Mitotic index 

(MI) 

Prophase indices 

(Ip) 

Metaphase 

indices (IM) 

Anaphase 

indices (IA) 

Telophase 

indices (IT) 

NKU Lider-0 * 0.23 ± 0.02
cd

 0.86 ± 0.02
c
 0.08 ± 0.02

ab
 0.03 ± 0.01

c
 0.01 ± 0.01

c
 

NKU Lider-100 0.29 ± 0.06
d
 0.63 ± 0.06

ab
 0.18 ± 0.04

bc
 0.01 ± 0.00

a
 0.01 ± 0.00

a
 

NKU Lider-200 0.19 ± 0.03
abc

 0.65 ± 0.02
ab

 0.26 ± 0.02
cd

 0.01 ± 0.01
a
 0.01 ± 0.00

a
 

NKU Lider-300 0.17 ± 0.02
abc

 0.52 ± 0.05
a
 0.36 ± 0.04

d
 0.01 ± 0.01

ab
 0.02 ± 0.01

ab
 

Bezostaja-0 0.10 ± 0.02
ab

 0.64 ± 0.09
ab

 0.08 ± 0.04
ab

 0.02 ± 0.01
ab

 0.01 ± 0.00
ab

 

Bezostaja-100 0.08 ± 0.01
a
 0.48 ± 0.04

a
 0.36 ± 0.05

d
 0.01 ± 0.00

a
 0.02 ± 0.01

a
 

Bezostaja-200 0.15 ± 0.04
abc

 0.73 ± 0.02
bc

 0.04 ± 0.02
a
 0.01 ± 0.01

a
 0.02 ± 0.00

a
 

Bezostaja-300 0.11 ± 0.01
ab

 0.48 ± 0.10
a
 0.32 ± 0.03

cd
 0.01 ± 0.01

a
 0.02 ± 0.01

a
 

GK Beke’s-0 0.13 ± 0.01
abc

 0.50 ± 0.01
a
 0.38 ± 0.01

d
 0.01 ± 0.01

a
 0.02 ± 0.01

a
 

GK Beke’s-100 0.21 ± 0.06
bcd

 0.58 ± 0.10
ab

 0.30 ± 0.10
cd

 0.01 ± 0.01
ab

 0.04 ± 0.01
ab

 

GK Beke’s-200 0.10 ± 0.01
a
 0.63 ± 0.02

ab
 0.20 ± 0.04

bc
 0.02 ± 0.01

bc
 0.02 ± 0.02

bc
 

GK Beke’s-300 0.08 ± 0.01
a
 0.54 ± 0.03

ab
 0.25 ± 0.02

cd
 0.01 ± 0.01

ab
 0.02 ± 0.01

ab
 

* Values with insignificant difference (P < 0.05) for each column are indicated with same letters (means ± SD) 
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Fig. 1. Normal mitotic chromosome structure in the meristematic root tip 
cells of uninduced (0Gy) gamma radiation in three varieties of T. 

aestivum L. prophase (a), metaphase 2n=6x=42 (b), anaphase (c), 

telophase (d). Mitotic cells scored by analyzing at least 3,000 cells per 
treatment (1.000 per slide). Chromosome structure were obtained by 

100X objective on Olympus CX- 41 research microscope and they were 

photographed with C–5060 WZ camera. Scale bar: 10 µm 
 

Discussion 
 

To produce better crop varieties via selecting and 
combining various desired features, plant breeders use 
genetic variability in crop plants as a traditional resource. 
Natural variation can be generated by spontaneous mutations 
which occur at extremely low frequency. Therefore, to 
generate novel variation, mutation breeders apply different 
chemical or physical mutagens to enhance mutation 
frequency. Improvement in either one or more economic 
traits and their quality features can be obtained with the help 
of exogenous mutations within the shortest possible time. 
Crop improvement programs accept induced mutations as a 
common approach, thus speeding up the breeding program 
considerably (D'Souza, 2014). Physical mutagens are most 
used mutation breeding technique among plant breeders that 
it leads break on DNA double strand. 

Gamma rays are the most energetic form of 
electromagnetic radiation (Kovacs & Keresztes, 2002). As 
the main source of gamma radiation, 

60
Co and 

137
Cs used for 

induced mutation (Brown & Caligari, 2008). The gamma 
rays which interact with atoms and molecules to produce free 
radicals in cells are ionized forms of radiation. These free 
radicals could be detrimental in plants cells by changing cell 
division, chromosome structure, cellular structure and 
metabolism causing morphological, anatomical, 
physiological and biochemical damages depending on the 
radiation levels (Kim et al., 2004; Wi et al., 2005). 
Cytogenetic monitoring is the most effective method to 
understand species specific effects on DNA level. It allows 
the researchers to estimate the cytogenetic changes via 
mutagenesis. Mitotic index is a cytogenetic test which 
measures the proliferation of mitotic cells (M phase) in the 
cell cycle and its inhibition could be scored as cellular death 
(Rojas et al., 1993; Gadano et al., 2002). Cytogenetic and 
genotoxic effects of 

60
Co gamma radiation were observed in 

three bread wheat varieties by determining mitotic activity 
and the number of chromosomal aberrations such as 
disorderly prophase, stickiness, uncoiling chromosomes, 
disrupted equatorial plate, fragment, micronucleus, 
alignment anaphase, fault polarization, anaphase and 
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telophase bridges and lagging chromosomes. Depending on 
the increase of gamma radiation, significant inhibition was 
found in mitotic activity between all groups except 
Bezostaja.  Likewise, Ananthaswamy et al., (1971) irradiated 
wheat seeds with 

60
Co gamma rays from 20 to 200krad dose 

levels and observed an inhibition on seedling growth by 50-
62 percent at low doses from 20 to 40 krad at higher doses. 
Also, Evans & Hof (1975) have determined that gamma rays 
treated to different plant species caused the disruption of the 
mitosis frequency. The mitotic activity (MI) of NKU Lider 
and GK Beke’s varieties applied 100Gy radiation was 
significantly increased with the range of 26 and 61%, 
respectively as compared to control group. The highest dose 
of NKU Lider and GK Beke’s genotypes showed a 
significant inhibition (27, 38.5%, respectively) Kim et al., 
(2000) revealed that from high dose to low dose of gamma 
radiation caused inhibition or stimulation of germination, 
seedling growth, and different types of biological responses 
(Rojas et al., 1993). Also, the decrease of mitotic activity in 
high radiation doses of 

60
Co can be explained that increased 

application dose may have a lethal impact or can block 
mitotic phases and inhibit G2/M phase (Preuss & Britt, 2003; 
Comai & Henikoff, 2006). Likewise, Eroglu et al., (2007) 
indicated that gamma rays reduced cell division in parallel to 
rising radiation dose in barley seeds. However, in this study, 
Bezostaja seeds which was applied lowest dose (100Gy) 
showed the same cytotoxic limit value as the highest doses of 
other two bread wheat genotypes as well. So, the results of 
this genotype imply that Bezostaja is more tolerant to 

60
Co 

gamma radiation than NKU Lider and GK Beke’s genotypes.  
Chromosomal aberrations have long been used as an 

important biomarker of living organisms’ exposure to 
gamma ray radiation and genotoxic chemicals. Changes in 
structure and numerical aberrations which occur 
spontaneously correlated with troubles in growth and 
development depending internal and external factors. 
Spontaneous chromosome aberration rates are about 0.6% in 
plant cells which are first-tier assay systems for the detection 
of possible genetic damage by environmental chemicals 
(Grant, 1978; Rakhmatullina & Sanamyan, 2007; Nikolova 
et al., 2015). Numerous cytogenetic studies have reported 
that mutagenic disorders on plant cell metabolism result from 
possible structural or numerical abnormalities on 
chromosomes (Gadano et al., 2002; Swierenga et al., 1991; 
Bolwell & Wojtaszek, 1997; Nazarenko & Izhboldin, 2017). 
One of the most important effect of seeds treated to higher 
gamma ray dose through inhibition of cell division in the 
meristematic cells is impaired mitosis (Nurmansyah et al., 
2018). In general, an increasing spectrum of aberrations on 
chromosomes was determined depending on the increasing 
intensity of gamma radiations. In this study, the sensitivity of 
the genotypes to 

60
Co gamma radiation was statistically 

significant and different. However, this study indicated that 
application of gamma radiation to the seeds caused an 
increase on chromosome aberrations. 

60
Co gamma radiation 

on NKU Lider bread wheat variety seeds significantly 
reduced chromosome aberration frequency in M1 
generations. This could be due to the reduction of the 
mutagenic effect as well as DNA repair mechanism (Curtis, 
2012) in NKU Lider genotype. In the present study, 
genotoxicity index of Bezostaja and GK Beke’s bread wheat 
varieties was determined that frequency of chromosome 
aberration increased in parallel with the 

60
Co radiation dose 

uptake. Although there had been found many similar results 

which implied that increasing genotoxicity dependent to 
increasing radiation dose (Nurmansyah et al., 2018; Fenech, 
2000; Kiong et al., 2008; Dona et al., 2013) but there were 
few studies in the opposite direction with that results (Malla, 
2011).  

Disorderly prophase (63%) was the most common 
aberration. However, disrupted equatorial plate (11%), 
uncoiling chromosomes (9%), bridges in anaphase and 
telophase (8%), lagging chromosomes (6%) and stickiness 
(5%) are significant to see the detrimental effects on mitotic 
cells of three bread wheat variety.

60
Co gamma radiation side 

effects were dose dependent, where a low dose has fewer 
side effects in contrast to a high dose of application in all 
studied varieties except NKU Lider genotype. Interestingly 
the genotype NKU Lider had the lowest frequency of 
chromosome aberration in the highest radiation dose 
(300Gy). The gamma radiations at 300Gy induced had 
higher aberrant chromosomes than the 100 and 200Gy doses 
in abnormal mitotic cells of Bezostaja and GK Beke’s 
genotypes.  The number of fragmentation, alignment 
anaphase, fault polarization and micronucleus were less than 
other aberrations. Moreover, the variation of genotypic 
sensitivity can be explained with the difference of genetic 
makeup among the genotypes of a species (Khursheed et al., 
2015). The decreasing frequency of chromosome aberration 
in parallel with the dose increase can be explained as higher 
genetic resistivity and stability toward the effect of gamma 
radiation in NKU Lider genotype.  

DNA molecules form genes and thousands of genes 
compose a chromosome studying genetic damage from 
ionizing radiation in terms of gross structural damage to 
chromosomes is often easiest. Structural changes induced in 
chromosomes by radiation include single breaks, multiple 
breaks and chromosome stickiness or clumping (Passmore, 
2016). Tarar & Dnyansagar (1980) implied that lagging 
chromosome occurs when a chromosome is improperly 
positioned, in relation to other chromosomes depending on 
the treatment to radiations, the spindle fibres may fail to 
carry the respective chromosome to the polar regions. 
Liman et al., (2012) reported that occurrence of lagging 
chromosomes was due to the failure of the chromosome or 
acentric chromosome fragments to move to either of the 
pole at anaphase stage. However, Verma & Khah (2016) 
revealed that the most frequent aberration was chromosomal 
stickiness in gamma irradiated M1 generations of T. 
aestivum. Gaulden (1987) explained that sticky 
chromosomes is characterized by losing the function of one 
or two types of specific nonhistone protein which control 
chromatid separation and segregation. To expose the genetic 
material to a mutagenic agent is caused by functional and 
structural mutation of these kind of proteins (Turkoglu et 
al., 2007). Many researchers implied that stickiness means 
high toxicity of the agent and it causes inappropriate 
protein-protein interaction (Nwakanma & Okoli, 2010). 
Also, the stickiness led to the disturbance in the enzyme 
system that it might be decrease in the rate of cell division 
(Mahakhode & Somkuwar, 2013). Micronucleus, 
fragmentation, fault polarization and alignment anaphase 
were observed the lowest aberration frequency in all 
chromosomal rearrangements of all varieties. Grant (1978) 
implied that micronuclei generally resulted from fragments 
or lagging chromosomes which fail to incorporate in the 
either of the daughter nuclei during telophase of the mitotic 
cells (Krishna & Hayashi, 2000). 
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Fig. 2. Mitotic chromosome aberrations in the meristematic root tip cells of induced gamma radiation in three varieties of T. aestivum L. The aberrant 

cells were counted in total slide approximately 1000 cells per treatment by 100X objective on Olympus CX- 41 research microscope and photographed 
with C–5060 WZ camera. (a-d) disorderly prophase, (e, f) disrupted equatorial plate, (g, h) stickiness in metaphase, (i, j) uncoiling chromosomes at 

metaphase (k) lagging chromosomes at metaphase (l) lagging chromosomes at telophase (m) fragment at metaphase (n, o) micronucleus (p) lagging 

chromosomes and bridge at anaphase (q) lagging chromosomes and alignment telophase (r) alignment telophase and bridge at telophase (s) lagging 

chromosomes and alignment at anaphase (t) l (u, v) fault polarization and lagging chromosome ( represent aberrant chromosome). Scale bar: 10 µm 
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