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In this article we report the results of our investigation into several cytogenetic parameters of variability in mutation 
induction of modern winter wheat varieties and some connections between the means of cytogenetic indices and 
different doses of gamma-rays. Analysis of chromosomal aberrations following the action of any kind of mutagen by 
the anaphases method is one of the most widely investigated and most precise methods which can be used to determine 
the fact of mutagenic action on plants and identify the nature of the mutagen. We combined in our investigation the 
sensitivity of genotype to mutagen using cytological analysis of mutagen treated wheat populations with the 
corresponding different varieties by breeding methods to reveal its connections and differences, specific sensitivity to 
mutagens action on the cell level. Dry seeds of 8 varieties of winter wheat were subjected to 100, 150, 200, 250 Gy 
gamma irradiation, which are trivial for winter wheat mutation breeding. We investigated rates and spectra of 
chromosomal aberrations in the cells of winter wheat primary roots tips. The coefficients of correlations amid the rate of 
chromosomal aberrations and the dose of gamma-rays were on the level 0.8–0.9. The fragments/bridges ratio is a clear 
and sufficient index for determining the nature of the mutagen agent. We distinguished the following types of 
chromosomal rearrangements: chromatid and chromosome bridges, single and double fragments, micronuclei, and 
delayed chromosomes. The ratio of chromosomal aberrations changes with the change in mutagen; note that bridge-
types are characteristic of irradiation. Radiomutants are more resistant to gamma rays. This is apparent in the lower rate 
of chromosomal aberrations. Varieties obtained by chemical mutagenesis (varieties Sonechko, Kalinova) are more 
sensitive to gamma-irradiation than others. We propose these varieties as objects for a mutation breeding programme 
and radiation of mutants for planting in areas subject to the action of gamma-rays.  
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Introduction  
 

There are three reasons for the study of plant mutant generation 
M1 after mutagenic effect. The first one is the idenfication of the 
suitability of agricultural land for growing major crops after pollution 
with mutagens. More than 70% of the soil in Ukraine used for 
agriculture is constantly exposed to chemical and physical mutagens. 
The second reason is the fact that the amount of material, obtained 
from the first generation, limits the opportunities for mutation 
breeding programmes (especially using lethal doses). The third reason 
is the use of obtained M1 population to extract valuable mutant strains 
in further generations.  

Mutagenesis reduces plant growth and other crop yield structural 
components, increases the sterility of pollen and reduces the germi-
nation and survival abilities of plants by means of chemical agents 
and gamma rays; sometimes the greater part of a population is killed 
by critical doses (Solanki and Sharma, 2000). Depression increases 
with the increase of dose (Yilmaz and Erkan, 2006). Yet sometimes 
we observe a stimulating effect (in case of low doses) or absence of 
depression (at medium concentrations of some chemical mutagens). 
In the first generations of wheat as cultivar composed from three 
genomes we observed only some dominants. Positive desirable 
mutants can be selected and be incorporated in future breeding 
programmes (Ali Sakin et al., 2005).  

Influence of different types of chemical mutagens or any type of 
ionizing radiation can be analyzed by the calculated number and types 
of chromosomal aberrations (Rakhmatullina, 2007). Chromosomal 
aberrations have long been recognized to be an important biomarker 

of living organisms’ exposure to ionizing radiation and genotoxic 
chemicals. Change in both structure and the number of aberrations 
has been associated with problems in growth and development, e.g. 
congenital abnormalities in new-born living organisms. The rate of 
spontaneous chromosome aberrations is about 0.6% in plants. Both 
structural and numerical aberrations occur spontaneously due to 
internal and external factors (Nikolova et al., 2015).  

The tendency of chromosomal rearrangements to cause visible 
mutations or modifications was first described in plants by de Vries 
(de Vries, 1918). Unlike other living organisms, plant systems offer 
an opportunity to detect the types and rates of chromosome changes 
in the first cell division following gamma-irradiation. It should be 
pointed out that these investigations were conducted long before the 
structure of DNA and chromosomes were known. A break in either 
single (resting stage) or divided (prophase) chromosomes is the 
consequence of direct action on the chromosome by the ionization 
produced by any elementary particle. Such a break may remain as 
such to give rise to terminal deletion, rejoin in the original position 
(restitution) or join with an indigenous break in the same or 
different chromosome to produce various types of rearrangements 
(Natarajan, 2002).  

The quantitative relationship between the dose of radiation and 
the rate of aberration depends on both the type of rearrangements 
and the kind of radiation. With any type of radiation, elementary 
breaks have a linear relationship to the dose. Interchanges ascend 
with increasing of the dose. If a one-time dose of gamma-radiation 
is obtained, all the initial breaks are present simultaneously, reunion 
is disabled and the exchange produce has a squared proportion to 
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the dose. If the dose is given chronically, restitution is disabled over 
the act of reunion and the exchange produce is decreased (Bolzaґn 
and Bianchi, 2006).  

Changes occur in chromosome number and structure in mitotic 
cells after irradiation. Chromosomal changes rank from breaks, 
through exchanges, laggards and anaphase bridges, dicentric and 
centric ring formations, terminal fragments with telomeric signal at 
only one end and interstitial fragments that appear as double 
minutes without any telomeric signals changes in irradiated mitotic 
cells (Rakhmatullina, 2007).  

Joining with gene mutations, chromosomal aberrations in the form 
of different structure rebuilding (deletions, inversions, translocations, 
etc) were generates (Shu et al., 2011). Translocations are the most 
impotent for mutation breeding kind of changes on chromosome level, 
which possibly result from the rejoining of broken chromosome 
districts. Gamma-irradiation leads to generation of chromosome breaks, 
which can reunite in a random manner, the result of this process is 
translocation. Deletions are produced in the same way. Ionizing 
radiation generates cytogenetic aberrations and a large number of errors 
in chromosome segregation. Cytological aberrations observed in cell 
mitosis include the production of micronuclei and other types of 
chromosomal changes (Ukai, 2006; Shu et al., 2011).  

Analysis of variability of chromosomal changes after mutagen 
treatment of any type of mutation factor by the anaphases method is 
one of the most widely investigated and precise methods which can 
be used for determining the fact of mutagen action on plants, and 
identifying the nature of mutagens (Lifang et al., 2001; Adlera et 
al., 2004; Ukai, 2006; Waugha, 2006). Moreover, this method is 
widely exploited for determining radionuclide pollution of land and 
water, its level and the danger of this pollution, for determining the 
optimal doses of radiation and concentrations of chemical super-
mutagens in breeding work with plant material (Ahloowalia et al., 
2004; Nazarenko, 2015). Therefore, radiation mutation is a compo-
und of high mutagenic, clastogenic and recombination activity in 
plants on the cell level, frequently stronger than that of the most 
powerful nitrosoalkylating agents (Grant and Owens, 2001). The re-
lation between clastogenic adaptation shown in descent of chroma-
tid type of changes, micronuclei and changes in the number of 
chromosomes in cells, and the clastogenic effect has been revealled 
(Bignold, 2005). The advantages of this approach are simplicity, 

objectivity of the results, reliability and the ability to make an 
integrated assessment of the impact of a wide variety of natural 
mutagens (Karthika and Subba, 2006; Albokari, 2014).  

The main purpose of this investigation is evaluation of cytoge-
netic variability of mutation induction of chromosomal aberrations of 
modern wheat varieties and connections between the means of the 
cytogenetic characteristics and different doses of gamma-rays.  
 
Material and methods  
 

Winter wheat seeds (Triticum aestivum L.) (approximately 14% 
moisture content) of (in brackets is given the method of obtaining 
the varieties or mutagens used) Favoritka, Lasunya, Hurtovina 
(irradiation by gamma rays), line 418, Kolos Mironovschiny (field 
hybridization), Sonechko and Kalinova (chemical mutagenesis), 
Voloshkova (thermomutagenesis – low plus temperature under 
vernalizaion was used as the mutagen factor) were subjected to 100, 
150, 200, 250 Gy gamma rays. 1,000 wheat seeds were used for 
each treatment. These differences of doses are trivial for winter 
wheat mutation breeding (Ahloowalia et al., 2004; Nazarenko, 
2015). Non-treated varieties were used as a control for each variety.  

The seeds used in this study were of the M0 generation. After 
mutagen treatment, dry seeds were germinated in Petri dishes for 
24–48 hours (depending on presoaking and mutagen action), at a 
temperature +25 ºС. Afterwards, the central primary roots were cut 
(provided their length was 10–15 mm) and fixed in a solution of 
alcohol and acetic acid (in proportion 3 : 1) for 24 hours. The fixa-
tion material was stored in 70% alcohol solution at a temperature 
2 ºC (30–35 roots per variant). We conducted cytological analysis at 
temporary press-time preparations of primary root tips (1.0–1.5 mm 
length) stained with acetocarmine (prepared by Remsderh). Tissue 
maceration was conducted with 45% solution of acetic acid (during 
5 minutes at 60 ºС). Anaphase of cell division was observed by 
light microscope JNAVAL. No less than 800 cells in proper phases 
of mitosis were observed in each variant (Lifang et al., 2001; Rank 
et al., 2002; Natarajan, 2005). Statistical analyis of dates obtained 
was conducted by the method of multi-factor analysis, the 
variability of the index difference was evaluated by ANOVA,the 
standard tools of the programme Statistica 8.0 were used. Standard 
error (± SE) values of the treated variants are presented in Table 1.  

 

Table 1  
Rate of chromosomal aberrations in primary root cells of winter wheat  

Chromosomal aberrations Chromosomal aberrations Mitosis, 
number number percent 

Mitosis, 
number number percent Variant 

Favoritka 418 
Control 984 19 1.9 ± 0.3 962 11 1.1 ± 0.1 
Gamma-rays, 100 Gy. 1006 71   7.1 ± 0.7* 992 161 16.2 ± 1,1* 
Gamma-rays, 150 Gy 1004 139 13.9 ± 1.1* 1056 245 23.2 ± 1,2* 
Gamma-rays, 200 Gy 943 230 24.4 ± 1.5* 747 228 30.5 ± 1.6* 
Gamma-rays, 250 Gy 466 126 27.1 ± 1.5* 586 247 42.2 ± 1.9* 

Variety Lasunya Hurtovina 
Control 1056 15   1.4 ± 0.2 1034 12 1.2 ± 0.1 
Gamma-rays, 100 Gy. 979 88     9.0 ± 0.8* 1012 100   9.9 ± 0.9* 
Gamma-rays, 150 Gy 1012 158   15.6 ± 1.1* 981 147 15.0 ± 1.0* 
Gamma-rays, 200 Gy 810 198   24.5 ± 1.5* 1011 228 22.6 ± 1.5* 
Gamma-rays, 250 Gy 399 98 24.6 ± 1.5 742 193 26.0 ± 1.6* 

Variety Sonechko Voloshkova 
Control 1026 8 0.8 ± 0.1 1003 31 3.1 ± 0.3 
Gamma-rays, 100 Gy. 1010 194 19.2 ± 1.1* 1000 213 21.3 ± 1.2* 
Gamma-rays, 150 Gy 1003 288 28.7 ± 1.3* 1007 332 33.0 ± 1.4* 
Gamma-rays, 200 Gy 888 342 38.5 ± 1.9* 560 266 47.5 ± 2.0* 
Gamma-rays, 250 Gy 411 190 46.2 ± 2.0* 478 198 41.4 ± 1.8* 

Variety Kalinova Kolos Mironivschini 
Control 1047 9 0.9 ± 0.1 909 10 1.1 ± 0.1 
Gamma-rays, 100 Gy. 1000 192 19.2 ± 1.1* 1019 179 17.6 ± 1.0* 
Gamma-rays, 150 Gy 937 269 28.7 ± 1.3* 890 215 24.2 ± 1.2* 
Gamma-rays, 200 Gy 817 315 38.5 ± 1.9* 738 243 32.9 ± 1.7* 
Gamma-rays, 250 Gy 459 212 46.2 ± 2.0* 510 196 38.4 ± 1.8* 

Note: * – difference is considered statistically significant at P < 0.01.  
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Results and discussion  
 

In Table 1 we represent the data of the results of our analysis with 
the following parameters: overall number of observed mitosis in 
primary root tips, number of cells with visible chromosomal aberrations, 
total rate of changes. As we can see from Table 1, frequencies of 
aberrations varied from 7.1% (Favoritka, gamma-rays 200 Gy) to 
47.5% (Voloshkova, gamma-rays 200 Gy) of the total number of cell 
divisions. All the variants are statistically substantially dissimilar from 
each other and from the control (excluding 250 Gy). A higher frequency 
of aberrations in any cases is characteristic for varieties obtained by 

chemical mutation breeding (Sonechko, Kalinova) and we can predict a 
higher rate of visible mutations (in view of previous investigations).  

A higher frequency of aberrations was obtained by using the 
200 Gy dose. Frequency was statistically lower when we used gamma-
rays for the varieties Favoritka, Lasunya, Hurtovina obtained with gam-
ma-irradiation. The same situation we observed for the varieties Kalino-
va and Sonechko, when NMU and NEU were used in our previous 
investigations, but with a more pronounced decrease in the case of 
gamma-rays. Thereby, the varieties Favoritka, Lasunya, Hurtovina are 
less sensitive to gamma-rays. Gamma-rays initiated a higher rate of 
chromosome aberrations than nitrosoalkylureas) (Nazarenko, 2016).  

Table 2  
Types of chromosomal aberrations in winter wheat  

Fragments  
(single and double) 

Bridges (chromosome  
and chromatide) 

Micronucleus,  
lagging chromosomes 

Complicated aberrations 
Variant 

number percent number percent 

Fragments / 
bridges 

number percent number percent 
Favoritka, control 6 54.6 5 45.5 1.2 0 0.00 2 18.2 
Gamma-rays, 100 Gy 17 23.9 51 71.8 0.3 3 4.2 5 7.0 
Gamma-rays, 150 Gy 28 20.1 101 72.7 0.3 10 7.2 21 15.1 
Gamma-rays, 200 Gy 67 29.1 152 66.1 0.4 11 4.8 38 16.5 
Gamma-rays, 250 Gy 52 41.3 71 56.4 0.7 3. 2.4 34 27.0 
Lasunya, control 4 26.7 11 73.3 0.4 0 0.0 0 0.0 
Gamma-rays, 100 Gy 42 47.7 46 52.3 0.9 0 0.0 8 9.1 
Gamma-rays, 150 Gy 71 44.9 79 50.0 0.9 8 5.1 22 13.9 
Gamma-rays, 200 Gy 82 41.4 104 52.5 0.8 12 6.1 31 15.7 
Gamma-rays, 250 Gy 43 43.9 38 38.8 1.1 17 17.4 41 41.8 
Hurtovina, control 7 58.3 5 41.7 1.4 0 0.0 0 0.0 
Gamma-rays, 100 Gy 43 43.0 52 52.0 0.8 5 5.0 7 7.0 
Gamma-rays, 150 Gy 69 46.9 74 50.3 0.9 4 2.7 14 9.5 
Gamma-rays, 200 Gy 112 49.1 114 50.0 1.0 2 0.9 29 12.7 
Gamma-rays, 250 Gy 101 52.3 89 46.1 1.1 3 1.6 41 21.2 
Line 418, control 6 54.6 5 45.5 1.2 0 0.0 2 18.2 
Gamma-rays, 100 Gy 58 36.0 101 62.7 0.6 2 1.2 6 3.7 
Gamma-rays, 150 Gy 81 33.1 143 58.4 0.6 21 8.6 31 12.7 
Gamma-rays, 200 Gy 64 28.1 132 57.9 0.5 32 14.0 38 16.7 
Gamma-rays, 250 Gy 101 40.9 132 53.4 0.8 14 5.7 52 21.1 
Kolos Mironovschiny, control 5 50.0 5 50.0 1.0 0 0.0 0 0.0 
Gamma-rays, 100 Gy. 73 40.8 101 56.4 0.7 5 2.8 12 6.7 
Gamma-rays, 150 Gy 81 37.7 122 56.7 0.7 12 5.6 18 8.4 
Gamma-rays, 200 Gy 92 37.9 138 56.8 0.7 13 5.4 32 13.2 
Gamma-rays, 250 Gy 78 39.8 116 59.2 0.7 2 1.0 28 14.3 
Sonechko, control 6 75.0 2 25.0 3.0 0 0.0 0 0.0 
Gamma-rays, 100 Gy 53 27.3 135 69.6 0.4 6 3.1 6 3.1 
Gamma-rays, 150 Gy 50 17.4 209 72.6 0.2 29 10.1 28 9.7 
Gamma-rays, 200 Gy 58 17.0 243 71.1 0.2 41 12.0 43 12.6 
Gamma-rays, 250 Gy 48 25.3 116 61.5 0.4 26 13.7 64 33.7 
Kalinova, control 2 22.2 7 77.8 0.3 0 0.0 0 0.0 
Gamma-rays, 100 Gy 80 41.7 112 58.3 0.7 0 0.0 29 15.1 
Gamma-rays, 150 Gy 100 37.2 164 61.0 0.6 5 1.9 42 15.6 
Gamma-rays, 200 Gy 112 35.6 193 61.3 0.6 10 3.2 64 20.3 
Gamma-rays, 250 Gy 81 38.2 127 59.9 0.6 4 1.9 37 17.5 
Voloshkova, control 16 51.6 13 41.9 1.2 2 6.5 5 16.1 
Gamma-rays, 100 Gy 101 47.4 108 50.7 0.9 4 1.9 18 8.5 
Gamma-rays, 150 Gy 142 42.8 174 52.4 0.8 16 4.8 35 10.5 
Gamma-rays, 200 Gy 108 40.6 143 53.8 0.8 15 5.6 67 25.2 
Gamma-rays, 250 Gy 47 23.7 136 68.7 0.4 15 7.6 43 21.7 

 
 

From the Table 1 we can see that the higher rates of chromo-
somal changes in any cases are characteristic for varieties obtained 
by mutation breeding with use of chemical mutagens (Sonechko, 
Kalinova). Gamma-rays were effective in aberration induction in 
case of chemical mutation varieties. Because of this, re-exposure of 
mutagens is acceptable as a method if we exploit other natural 
mutagens than first time (for example gamma-rays after nitroso-
alkylureas in our pattern).  

We developed the following types of aberrations of chromoso-
mes after spectra investigation of: chromosomal bridges and 
double-bridges, fragments of chromosomes and double-fragments, 
micronucleus, lagging chromosomes. Cases with complicated aber-
rations (two or more kinds of changes in one mitosis) and ratio 
between fragments and bridges were counted singly (Table 2). 
The number of any type of chromosomal changes increased when 
the dose was raised (correlation coefficients were around 0.8–0.9). 

Previously we observed this evidence in our investigations when 
more bridges than fragments were induced with gamma-rays 
(fragments-bridges ratio lower than 1) (Nazarenko, 2016). Howe-
ver, more fragments and double-fragments were caused by chemi-
cal supermutagens (fragments-bridges ratio more than 1) (Nazaren-
ko, 2015, 2016). We will be able to use this parameter to identify 
the action of gamma-rays action as similar to that of chemical 
mutagens but in opposite sense of parameter.  

In general, when the dose of the mutagen was increased the 
frequency also increased. Also the percentage of complex (double 
and more changes in one cell) aberrations rose. On the other hand, 
complicated aberration occurs more frequently after NMU and 
NEU than after exposure to gamma-rays.  

The results of three-factor analysis (“genotype”, “dose” and 
“mutagen”; in the general scheme of analysis we include our data 
from previous investigation into the action of chemical mutagens 
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(Nazarenko, 2016), show that the rate of chromosome aberrations 
was influenced most strongly by the “dose” factor, then by the 
“genotype” factor, then by the “mutagen” factor. However, the 
second and third factors involved more of the dispersion than the 
first. We found that repeated exposure to similar mutagens (for 
example, gamma-rays on the variety obtained by the action of this 
mutagenic factor) tends to produce a substantially lower rate of 
chromosomal aberrations.  

Therefore, we propose this parameter (prevalence of fragments 
under bridges as fragments-bridges ratio) for identifying the type of 
mutagen. Complex (or combined) aberrations are more typical for 
chemical mutagens than for physical. Genotypes, obtained with 
gamma-rays are less sensitive to repeated action of the same mutagen. 
The previous rule for chemical supermutagens was confirmed for 
gamma-rays too. Gamma-rays will successful in mutation induction 
in case of application of for chemical mutations varieties.  
 
Conclusions  
 

Radiomutants are more resistant to gamma rays. This is 
apparent in the lower rate of chromosomal aberrations. We can 
predict a lower quantity of mutations if we exploit these varieties as 
mutation breeding objects.  

Varieties obtained by chemical mutagenesis (varieties Sone-
chko, Kalinova) are more sensitive to gamma-irradiation than 
others (rates of chromosomal changes are higher). We propose 
these varieties as objects for a mutation breeding programme and 
radiation mutants for planting in areas subject to the action of 
gamma-rays action after pollution by radionuclide substances.  

Comparison between bridges and fragments is a reliable index for 
identification of the nature of mutagens (chemical or gamma-rays). 
The highest numbers of any type of fragments were observed in the 
case of gamma-irradiation, the reverse applied with bridges. In 
general, the rate of any kind of chromosomal aberrations shows a 
linear increase with raised dose of the mutagen. Complex (or 
combined) aberrations are more typical for chemical mutagens than 
for physical.  
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