SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(9), 131-142

UDC633.11:631.95:575.21
DOI: 10.48077/scihor9.2023.131

Cytogenetic activity of a mutagenic factor
with high damaging capacity in winter wheat

Vladislav Horshchar
PhD in Agricultural Sciences, Associate Professor
Dnipro State Agrarian and Economic University
49600, 25 S. Efremova Str., Dnipro, Ukraine
https://orcid.org/0000-0002-6604-0123
Mykola Nazarenko’

Doctor at Agricultural Sciences, Professor
Dnipro State Agrarian and Economic University
49600, 25 S. Efremova Str., Dnipro, Ukraine
https://orcid.org/0000-0002-6604-0123

Abstract. The analysis of cytological abnormalities is an important method for

Article’s History: identifying the potential of a chemical as a mutagen for future heritable genetic
Received: 11.05.2023 changes, the level of genotype-mutagen interaction and site-specific activity for the
Revised: 29.08.2023 nature and/or different concentrations of the mutagen. The research aims to determine
Accepted: 27.09.2023 the limits of the variability of genotypes of different origins, especially those with wide

ecological and genetic variability,and to show the interaction between the variety and
the mutagen. Winter wheat grains of several varieties (Balaton, Borovytsia, Zelenyi Hai,
Zoloto Ukrainy, Kalancha, Niva Odeska, Polianka, Pochayna) were treated with dimethyl
sulphate at concentrations of 0.0125%, 0.025%, 0.05%, and exposure was 24 hours.
The cytogenetic activity was studied by the frequency and spectrum of chromosomal
rearrangements in the corresponding phases of cell division, depending on the variety
and concentration of the mutagen as the main factors affecting these parameters, as
well as the main features of the spectrum, such as the overall rate of chromosomal
rearrangements, the number of fragments and double fragments, bridges, micronuclei,
and lagging chromosomes. The studied concentrations of the supermutagen were
found to have a significant effect on all analysed parameters and can be classified
as optimal and high concentration levels in terms of the effect on cytological activity
and mitotic problems for the factor, despite previous studies. The variety factor has a
much greater impact on the nature and frequency of certain types of aberrations than
an increase in the mutagen concentration, it was characterised by a much greater
site-specific effect than other chemical agents, and various variants in mutagenic
effects were identified according to the subject’s genotype. It was generalised that
the features that reproduced the effect of the mutagen, according to the discriminant
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analysis, were the total frequency, the frequency of fragments and double fragments, and bridges. In practical use
in the genetic improvement of plants and for obtaining valuable traits, the optimal concentrations are 0.0125%,
and 0.025%, which is planned to be further confirmed on a wider range of genotypes and by mutation studies for

the next (second or third) generations
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INTRODUCTION

The study of the chemical factors’activity identifies the
success of the respective substance in inducing both
general variability in plant material and specificity in
the possibility of detecting certain types of changes
in treated plants in subsequent generations. As long-
term studies have shown, the level of activity depends
on the future overall frequency of changes and is sig-
nificantly adjusted by the subject of the action, while
the specificity of the action directly depends on the
reproduction of the specifics of the factor’s effect by
individual indicators.

Following previous studies (Klcuk & Liman, 2018;
Cann et al., 2022), the use of mutagenic factors for
genetic improvement of cultivated plants should be
preceded by careful monitoring of their mutational ac-
tivity and damage capacity. The study was carried out
both at the level of the plant as a whole (mutagenic
depression in terms of plant growth and development
in the first generation) and at the level of the organism,
to determine cytogenetic activity at the cellular level
(analysis of chromosomal aberrations, their frequencies
depending on the genotype and dose (concentration)
of the mutagen, characteristics of the spectrum of cy-
togenetic variability and analysis of the ratios of certain
types of rearrangements).

Monitoring of cytogenetic activity allows not only
to establish the potential activity of a chemical as a
mutagen, as indicated in previous studies (Ariraman
et al.,2018; Abaza et al., 2020; Yali & Mitiku, 2022) but
also to conclude the nature of the aberrations formed
and their correlation with the possible genotype-mu-
tagenic interaction and the suitability of individual
factors for acting on certain genotypes, which has al-
ready been established many times. This is of particular
importance for chemical mutagenesis, given the signif-
icant specific feature of chemicals (mechanism of ac-
tion through structural correspondence to certain DNA
sites) established by previous studies (Von Well et al.,
2018; Chaudhary et al., 2019).

Several researchers (Yang et al., 2019; Hussain
et al., 2021) have shown that varietal material is rather
poorly studied in this area, and even for classical fac-
tors, there is still variability that can reach quite signif-
icant limits. S. Nurmansyah et al. (2018) and E. El-Azab
et al.(2018) proved that only by using the DNA structure
of the original forms, firstly, it is possible to increase
mutational variability or reduce possible depressive ef-
fects when using forms that are very sensitive to this
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factor (especially on the verge of semi- and sublethal-
ity of certain indicators), and secondly, to predict the
level of variability of the resulting material. H. Ram
et al. (2019) found that an important feature of iden-
tifying a mutagenic effect at the cellular level is the
ability to determine the lethality of a particular factor
and its practically useful concentrations in terms of its
genetic activity. When certain thresholds are reached,
the use of higher concentrations is inappropriate and
leads, instead of increasing, to a decrease in the induc-
tion of new forms and their variability, which is associ-
ated with a too-high toxic effect and an increase in the
magnitude of changes in DNA (Hong et al., 2022).

M. Spencer-Lopes et al. (2018) showed that sensi-
tivity to mutagens is genetically determined, and while
two main genetically determined resistance mech-
anisms are known for physical factors, in particular
gamma rays, summarised in the relevant protocols, a
significantly larger number of them are predicted for
chemical agents. It should be noted that one of these
mechanisms was discovered precisely when studying
the cytogenetic activity of local forms of cereal crops,
so cases where individual genotypes in studies (Yang
etal.,2019; Hase et al., 2020) demonstrate a rather spe-
cific, uncharacteristic genotype response to a particular
factor may indicate a new or modified mechanism of
resistance and/or sensitivity to mutagenic effects. This
is especially true given the predominantly recessive
control of these types of resistance.

The research aims to identify the peculiarities of
genotype mutagenic action given the ecological and
genetic variability of subjects in terms of cytogenetic
activity parameters under the influence of a factor with
high damaging ability.

MATERIALS AND METHODS

Cytological analysis studies were conducted in the lab-
oratory at the Department of Breeding and Seed Pro-
duction of Dnipro State Agrarian and Economic Univer-
sity in 2021-2022. The experiment was conducted on
the seeds of eight winter wheat varieties, which were
selected in such a way as to maximise the biodiver-
sity of the crop varieties used for agriculture (Balaton,
Borovytsia, Zelenyi Hai, Zoloto Ukrainy, Kalancha, Nyva
Odeska, Polianka, Pochaina). These varieties in the first
generation were classified into two groups in the field
studies under the action of the mutagen according to
the effects of depression, so to simplify the research




design, we further studied not only the behaviour of
each genotype separately but also linked the data ob-
tained to the groups.

Samples of winter wheat grain were treated with an
aqueous solution of DMS (dimethyl sulphate, hereinafter
referred to as DMS) at concentrations of 0.0125, 0.025
and 0.05%. The control was soaked in distilled water. The
number of treated grains should have ensured the main-
tenance of at least 25-30 samples with a developed pri-
mary root system in the future (at least 100 grains). The
selected concentrations were experimentally proposed
for protocols for the mutational improvement of winter
wheat. The exposure period was 24 hours.

The cytological analysis of chromosomal abnor-
malities under the action of the mutagen was per-
formed on temporary preparations of the primary root
system meristem at the corresponding stages of mitosis
in late metaphase and early anaphase. All types of ab-
errations were studied using Micromed XS-3330 light
microscopy with a 600x magnification on pressed root
tip preparations (2 mm with root length of 1.0-1.2 cm).
In each variant, up to 1000 corresponding cells were
used if available. At a high level of elimination, at least
500 were used.

After exposure to the appropriate concentration
of DMS, the samples were cultured in Petri dishes on
filter paper with distilled water in a thermostat at 20-
22°C. The tips of the roots were then cut off and fixed
in Clark’s fixative, consisting of 3 parts 96% medical
alcohol and 1-part ice-cold acetic acid, for at least 24
hours. The samples were stored in a solution of 70%
ethyl alcohol at 2°C in a refrigerator. For each variant,
up to 30 samples were prepared (but not necessarily
all were used). The resulting pressed root tip prepara-
tions were stained with acetocarmine. For this method
of cytogenetic analysis, such abnormalities as frag-
ments and double fragments, chromatid and chromo-
somal bridges, micronuclei, and lagging chromosomes
were examined. Cells with multiple abnormalities were
counted separately.
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The values in the tables are presented as means
with standard deviation x*SD. The difference be-
tween the variants was determined by factor analysis
(ANOVA module) and was considered significant at
P<0.05. The normality of the distribution was investi-
gated by the Shapiro-Wilks test, pairwise comparison
was performed by the Tukey HSD test, and discrimi-
nant analysis was performed by the multiple statistics
modules of Statistica 10.

RESULTS AND DISCUSSION

The study of the cytogenetic activity of a mutagenic
factor includes such steps as calculating the total fre-
quency of chromosomal aberrations, indicators of the
spectrum of existing changes, and studying the nature
and concentration of mutagens on the variability of
these indicators. The total frequency of chromosomal
aberrations generally depended on the change in con-
centration according to the factor analysis (F=46.17;
F,0s=3.07; P=3.19"10°) and, especially, on the gen-
otype of the source material (F=112.47; F  =2.48;
P=8.26*10), which significantly differed from the pre-
viously studied genetic activity of other, less harmful
mutagens (Table 1). The total frequency, in general,
varied in the control from 0.6 % in Polianka variety to
1.00% in Balaton variety, from 13.47 (Nyva Odeska vari-
ety) to 17.78% in Balaton variety under the influence of
DMS concentration 0. 0125%, under the action of DMS
0.025% from 14.18% in Kalancha to 20.26% in Balaton,
from 12.99% in Nyva Odeska to 23.91% in Balaton with
increasing concentration to DMS 0.05%. In contrast to
the previously studied mutagens, the specificity of the
dynamics of frequency changes in different genotypes
was noted. Thus, the frequency gradually increases in
Balaton and Polyanka, the frequency remains at the
same level and then increases in Zelenyi Hai, Zoloto
Ukrainy, Borovytsia, and Kalancha (i.e. this is the most
typical reaction), the frequency first increases and then
decreases in Nyva Odeska, increases and then remains
at the same level in Pochaina.

Table 1. The total frequency of chromosomal rearrangements in mitotic cells
in the corresponding phases (x£SD, n=500-1000)

Variety Concentration

Mitoses, pcs.

Chromosomal rearrangements

pcs. %

Balaton water 1002 9 0.90£0.11°
Balaton DMS 0.0125% 1007 179 17.78%0.51°
Balaton DMS 0.025% 923 187 20.26+0.48¢
Balaton DMS 0.05% 640 153 23.91£0.37¢
Zelenyi Hai water 1008 8 0.79%0.122
Zelenyi Hai DMS 0.0125% 1001 175 17.48+0.39°
Zelenyi Hai DMS 0.025% 910 161 17.69%0.50°
Zelenyi Hai DMS 0.05% 610 123 20.16+0.69¢
Zoloto Ukrainy water 1001 8 0.80+0.21°
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Table 1, Continued

Chromosomal rearrangements

Variety Concentration Mitoses, pcs.
pcs. %

Zoloto Ukrainy DMS 0.0125% 1008 174 17.26+0.39°
Zoloto Ukrainy DMS 0.025% 890 150 16.85+0.37°
Zoloto Ukrainy DMS 0.05% 610 117 19.18+0.43¢
Nyva Odeska water 1009 9 0.89%0.192
Nyva Odeska DMS 0.0125% 1010 136 13.47+0.40°
Nyva Odeska DMS 0.025% 889 130 14.62%0.28¢
Nyva Odeska DMS 0.05% 670 87 12.99+0.47°
Borovytsia water 1001 7 0.70£0.202
Borovytsia DMS 0.0125% 1009 157 15.560.32°
Borovytsia DMS 0.025% 930 148 15.91¢0.33°
Borovytsia DMS 0.05% 578 106 18.34+0.41¢
Kalancha water 1000 10 1.00+0.15°
Kalancha DMS 0.0125% 1003 139 13.860.34°
Kalancha DMS 0.025% 924 131 14.18+0.39°
Kalancha DMS 0.05% 619 97 15.67+0.41¢
Polianka water 1007 6 0.60+0.26°
Polianka DMS 0.0125% 1005 148 14.73+0.36°
Polianka DMS 0.025% 917 145 15.81%0.39¢
Polianka DMS 0.05% 734 129 17.57+0.51¢
Pochaina water 1005 8 0.80+0.06°
Pochaina DMS 0.0125% 1002 139 13.87+0.35°
Pochaina DMS 0.025% 901 152 16.87+0.33¢
Pochaina DMS 0.05% 712 118 16.57+0.37¢

Note: indicates a significant difference at P<0.05 for the Tukey test with Bonferroni correction. Comparison within the

same variety
Source: developed by the authors

Tukey’s test for pairwise comparison showed that
Balaton (F=11.09; F ,.=2.48; P=0.001), Nyva Odeska
(F=8.34; F,,=2.48; P=0.005), Pochaina (F=4.53;
Fo0s=2:48; P=0.02) were significantly different from
other varieties. Thus, regarding the difference in re-
sponse between genotypes, the following was found in
the pairwise comparison: varieties Zelenyi Hai, Zoloto
Ukrainy, Borovytsia, Kalancha, and Polianka form a more
or less homogeneous group, while varieties Balaton,
Nyva Odeska, Pochaina differ from them and each other.

Considering such an indicator as the number of cells
studied, it can be established that only a concentration
of 0.0125% of DMS allowed us to study the appropriate
number of cells. Already at a concentration of 0.025%,
there was a sufficiently high elimination of the genetic
apparatus of cells to fail to collect such a number (the
difference between genotypes is insignificant), and a
concentration of 0.025% of DMS led to high cell death
in the corresponding phases, especially for the varieties
Balaton, Zelenyi Hai, Zoloto Ukrainy, Borovytsia, Kalan-
cha. The varieties Nyva Odeska, Polianka, and Pochaina
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were more resistant (F=8.90; F .=4.10; P=0.004), but
they have a more characteristic plateau in the effect of
the mutagen at high concentrations (except for Poly-
anka). That is, the overall decrease in frequency at high
concentrations cannot be explained by cell death alone;
the mechanism is more complex and includes a ban on
the rearrangement of individual sites after reaching a
certain limit in aberrations. The peak of genetic activity
should be between the second and third concentrations.

Individual indicators of the chromosomal aber-
ration spectrum are presented following the level of
depression at the level of the organism as a whole in
Tables 2 (higher depression) and 3 (more stable). The
analysis was based on the following parameters: the
presence of bridges, fragments, the ratio between frag-
ments and bridges (since the first type of aberration is
mainly induced by chemical mutagens, the second - by
physical ones), the presence of less frequent types of
aberrations such as micronuclei and lagging chromo-
somes, and the presence of cells with two or more ab-
errations were calculated separately.
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Table 2. Parameters of the spectrum of adjustments. First group (xSD, n=500-1000)

Bridges Other (micronuclei,
Fragments N

(single + double) (chromosomal + fragments/ lagging Double or more

Variety Concentration 9 chromatid) 9" chromosomes)

bridges

n % n % n % n %
Balaton water 4.0+0.4° 44 .4 4.0+1.7° 444 1.0 2.0£0.9° 22.2 0.0¢0.0° 00
Balaton DMS 0.0125%  96.0+1.6° 536  61.0+2.1° 341 1.6 22.0%#1.7° 123 32.0%1.7° 179
Balaton DMS 0.025%  101.0+1.9° 542  64.0%2.2° 34.2 1.6 22.0+#1.5* 118 30.0%2.7° 16.0
Balaton DMS 0.05% 75.0%2.4¢ 49.0  62.0+3.4°> 40.5 1.2 16.01.9c 10.5 22.0+1.5¢ 144
Zelenyi Hai water 4.0£1.0° 50.0 3.0£0.62 375 1.3 1.0+1.1° 12.5  0.0%0.0° 0.0
Zelenyi Hai DMS 0.0125%  109.0£#1.2° 62.3  47.0%3.1°> 269 23 19.0£2.5° 109 26.0+2.0° 149
Zelenyi Hai DMS 0.025% 97.0+1.3¢ 60.2  46.0%2.7° 28.6 21 18.0£2.2° 112 23.0%2.5° 143
Zelenyi Hai DMS 0.05% 75.02.2¢ 61.0  34.0+2.5¢ 276 2.2 14.0+2.1> 114 16.0¥2.3¢ 130
Zoloto Ukrainy water 5.0£1.5° 62.5 3.0£1.22 375 1.7 0.0+0.02 0.00 0.0%0.0° 0.0
Zoloto Ukrainy DMS 0.0125%  93.0+3.0° 535  59.0+2.4> 339 1.6 22.0+#1.8° 126 29.0¢1.4°* 16.7
Zoloto Ukrainy  DMS 0.025% 78.0+3.3¢ 520 52.0%3.1° 347 1.5 20.0£2.0° 133 29.0%#2.3> 193
Zoloto Ukrainy ~ DMS 0.05% 61.0+3.1¢ 521  42.0%2.9¢ 359 15 14.0£2.1¢  12.0 17.0%3.0¢ 14.6
Nyva Odeska water 4.0+1.6° 44 .4 4.0+1.22 444 1.0 1.0£1.22 111 1.0+1.5° 111
Nyva Odeska  DMS 0.0125%  79.0%2.3° 58.1 35.0¢1.8° 257 2.3 22.0£2.0° 16.2 32.0+£2.0° 235
Nyva Odeska DMS 0.025% 74.0£3.2° 569  33.0%2.1° 254 2.2 23.0%£2.1° 177 29.0£2.0° 223
Nyva Odeska DMS 0.05% 55.0+4.1¢ 60.9  20.0+2.1< 230 27 14.0£2.2¢ 161 19.0%#2.2¢ 2138

Note: indicates a significant difference at P<0.05 for the Tukey test with Bonferroni correction. Comparison within the

same variety
Source: developed by the authors

Analysing the data for individual types of rear-
rangements, it can be seen that according to the factor
analysis,the frequency of fragments is highly dependent
on the concentration (F=34.33; F, =3.07; P=1.16"107)
and, to a lesser extent, on the genotype of the source
material (F=29.90; F, =2.48; P=4.17"10%). In general,
the number of fragments varied at 0.0125% DMS from
79 in Nyva Odeska in the first group (Table 2) and 73 in
Pochaina and Kalancha (second group, Table 3) to 109
in Zelenyi Hai and 85 in Polianka. Under the influence
of 0.025% DMS, from 74 in Nyva Odeska in the first
group, 70 in Kalancha to 97 in Zelenyi Hai (first group),
87 in Polianka (second group). Under the influence of
DMS, 0.05% from 55 in Nyva Odeska to 75 in Balaton
and Zelenyi Hai (first group), from 54 in Kalancha to 76
in Polianka (second group).

In the first group, the absolute amount is higher,
and the relative weight in the spectrum is lower in the
second group, except for the variety Polyanka, i.e. the
effect of the mutagen is less pronounced. At the same
time, in Balaton, Nyva Odeska, Borovytsia, Polianka,
Pochaina (F=3.11; F .=4.10; P=0.07) there is no sta-
tistically significant difference between the effect of
the first and second concentration, while in Zelenyi
Hai, Zoloto Ukrainy and Kalancha (F=11.25; F  .=4.44;

P=0.004) the difference at each concentration is signifi-
cant. The number of fragments between the control and
the first concentration, the second and the third concen-
tration always changes significantly within the grade. It
should be noted that, in general, the proportion of this
type of chromosomal aberration varies between 50 and
60% of the total number in the spectrum.The following
groups can be distinguished by variability: in the Bala-
ton variety (F=4.45; F  .=2.48; P=0.01), the proportion
is generally decreasing, in all other varieties it is at the
same level, without significant variations.

As for the frequency of bridges, there is a char-
acteristic dependence on the concentration (F=5.09,
Fo0s=3-07, P=0.02), and a relatively stronger depend-
ence on the genotype of the source material (F=9.34,
Fo0s=2-48, P=0.007). In general, the number of bridges
varied at 0.0125% DMS from 35 in Nyva Odeska in the
first group (Table 2) and 34 in Kalancha (second group,
Table 3) to 61 in Balaton and 47 in Borovytsia. Under
the influence of 0.025% DMS, from 33 in Nyva Odeska
in the first group, 30 in Borovytsia to 64 in Balaton (first
group), and 44 in Borovytsia (second group). Under the
influence of DMS 0.05% from 20 in Nyva Odeska to 62
in Balaton (first group), from 23 in Kalancha to 37 in
Pochaina (second group).
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Table 3. Parameters of the restructuring spectrum. The second group (xxSD, n=500-1000)

Fragments (single + Bridges Other (mic-ronuclei,

X X (chromosomal + fragments/ lagging Double or more

Variety Concentration double) chromatid) bridges chromosomes)
n % n % n % n %
Borovytsia water 3.0£1.0° 429 3.0£1.12 429 1.0 1.0£1.6= 143 0.0+0.00 0.0
Borovytsia DMS 0.0125% 82.0¢3.1° 52.2 47.0£2.0° 30.0 1.7 28.0¢1.9° 178 26.0*2.0° 16.6
Borovytsia DMS 0.025% 78.01.9° 527 44.0+2.5° 30.0 1.8 26.0+2.4> 176 25.0£2.2° 16.9
Borovytsia DMS 0.05% 57.0+3.0¢ 53.7 30.0%3.0¢ 283 1.9 19.0£2.0c 179 20.0¢3.1° 189
Kalancha water 4.0x0.7° 40.0 5.0£1.72 50.0 0.8 1.0:0.6° 100 0.0£1.0° 0.0
Kalancha DMS 0.0125% 73.0%2.2° 525 34.0+1.8° 24.5 2.2 32.0£1.4> 230 29.0£#1.5* 209
Kalancha DMS 0.025% 70.0%2.0° 534 32.0£2.2° 244 2.2 29.0+2.1° 22.0 28.0+2.0° 214
Kalancha DMS 0.05% 54.0+1.1¢ 557 23.0¢2.2¢ 237 2.4 20.0+2.2¢ 207 19.0%2.5¢ 19.6
Polianka water 2.0£1.22 33.3 2.0£2.0° 33.3 1.0 2.0+1.3* 333 0.0£0.0° 0.0
Polianka DMS 0.0125% 85.0£2.1> 574 43.0+2.1° 29.0 2.0 20.0#1.4> 135 23.0*¥1.4* 154
Polianka DMS 0.025% 87.0+2.4>  60.0 41.0£2.6° 283 21 17.0+2.0° 11.7 22.0+2.1° 151
Polianka DMS 0.05% 76.0%2.9¢ 589 31.0+3.1¢ 240 2.5 22.0+3.0° 171 31.0%2.6° 240
Pochaina water 3.0+1.4° 37.5 5.0£1.2° 62.5 0.6 0.0+0.0° 0.0 0.00.0° 0.
Pochaina DMS 0.0125% 73.0%2.1° 525 40.0+2.6° 28.8 1.8 26.0+2.4> 187 25.0¢1.4° 18.0
Pochaina DMS 0.025% 78.0%2.5° 513 42.0+3.3° 27.6 1.9 32.0+3.0c¢ 21.1 28.0+1.5 184
Pochaina DMS 0.05% 60.0¥3.1°  50.9 37.0£3.4° 313 1.6 21.0+3.3> 178 24.0£1.9* 20.3

Note: indicates a significant difference at P<0.05 for the Tukey test with Bonferroni correction. Comparison within the

same variety
Source: developed by the authors

The absolute amount is again higher in the first
group, and the relative weight in the spectrum is ap-
proximately equal in both groups and depends more
on the individual variety, but it is impossible to es-
tablish patterns. The variability in concentrations is
much lower. Thus, in the Balaton and Pochaina varie-
ties (F=2.46, F, .=4.40, P=0.09) there is no statistically
significant difference between the effects of individual
concentrations, while in other varieties there is no dif-
ference between the first and second concentration
(F=1.34, F ,=2.55, P=0.08), only between the control
and the first and third and all other concentrations. In
general, the proportion of this type of chromosomal
aberration varies between 20-40% of the total number
in the spectrum. The following groups can be distin-
guished by their variability: in the Balaton variety, the
proportion is generally increasing, in the Polianka va-
riety it is decreasing, and in all other varieties it is at
the same level, without significant variations. As for the
integrative index of the ratio of bridges to fragments, in
all cases under the action of the mutagen it exceeded

1, which is typical for the action of chemical mutagens.

This is least pronounced in the Balaton variety, with a
significant predominance of fragments in the varieties
Zelenyi Hai, Nyva Odeska, Kalancha, and Polianka.

As for the presence of liquid aberrations, their num-
ber depends on the concentration (F=3.91; F .=3.07;
P=0.04) but does not depend on the genotype of the
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source material (F=2.40; F, .=2.48; P=0.06). In general,
the number of micronuclei and lagging chromosomes
varied at 0.0125% DMS from 19 in Zelenyi Hai in the
first group (Table 2) and 20 in Polianka (second group,
Table 3) to 22 in Balaton, Zoloto Ukrainy, Nyva Odeska
and 32 in Kalancha. Under the effect of 0.025% DMS,
from 18 in Zelenyi Hai in the first group, 17 in Polianka
to 23 in Nyva Odeska (first group), and 32 in Pochayna
(second group). Under the influence of 0.05% of the
DMS, from 14 in three varieties to 16 in Balaton (first
group), there is virtually no variation, from 19 in Bor-
ovytsia to 22 in Polyanka (second group). In general, the
number is much lower than other types of aberrations.

In this case, the absolute amount is higher in the
second group, and the relative weight in the spec-
trum is relatively higher in the second group (except
for Polianka and considering that Nyva Odeska is ap-
proximately at the same level as other varieties in the
second group) and is more dependent on the individual
variety. The variability in concentrations is even lower
than that of bridges. Thus, in the varieties Zelenyi Hai
and Polianka (F=2.99; F .=4.40; P=0.08) there is no
statistically significant difference between the effect
of individual concentrations, while in other varieties
there is no difference between the first and second
concentration (F=2.55; F  .=3.01; P=0.07), only between
the control and the first and third concentrations, and
all other varieties with a significant decrease in the




number under the highest concentration (except for Po-
chaina, which stood out with a higher number under the
second concentration). In general, the proportion of this
type of chromosomal aberration varies between 10 and
25% of the total number in the spectrum. The following
groups can be distinguished by their variability: in the
first group and varieties Borovytsia and Kalancha, it is
approximately at the same level, in the variety Polianka
it decreases at the second concentration and increases
again to the same level at the third concentration, in the
variety Pochaina it increases to increases to the second
concentration and then decreases to the same level.

As for the presence of cells with complex aberra-
tions (two or more rearrangements), their number de-
pends on the concentration (F=5.99, F  .=3.07, P=0.03),
but again does not depend on the genotype of the
source material (F=2.12, F, .=2.48,P=0.07) according to
the factor analysis. When counting the number of cells
with complex chromosomal rearrangements, the effect
of 0.0125% DMS varied from 26 in Zelenyi Hai in the
first group (Table 2) and 23 in Polyanka (second group,
Table 3) to 32 in Balaton, Nyva Odeska and 29 in Kal-
ancha. Under the influence of DMS 0.025% from 23 in
Zelenyi Hai in the first group, 22 in Polyanka to 30 in
Balaton (first group), and 28 in Polianka, Pochaina (sec-
ond group). Under the influence of 0.05% DMS, from 16
in Zelenyi Hai to 22 in Balaton (first group), from 19 in
Kalancha to 31 in Polianka (second group). In general,
the number of such cells is quite high in comparison
with other mutagens, but the lethal effect of high con-
centrations is affected.

In this case, in the second group, the absolute num-
ber is higher at higher concentrations, which is associ-
ated with increased cell elimination in the first group,
the relative weight in the spectrum is relatively higher
in the second group (considering the lower one in the
variety Polyanka from the second group and the higher
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one in the variety Nyva Odeska), this parameter shows
a high genotype-mutagenic interaction in the form of
a variety reaction as a subject of mutagenic action. The
variability in concentrations is quite high but lower
than in the previous parameters. Thus, only in the Po-
chaina variety, the effect of the second concentration is
partially different, while in other varieties there is no
difference between the first and second concentration
(F=2.01; F,,=3.40; P=0.09), there is a statistically signif-
icant difference only between the control and the first
and second concentration, between the first and second
concentrations and the third, highest concentration. In
general, the proportion of this type of chromosomal
aberration varies between 10-25% of the total number
in the spectrum. Such varieties as Polianka (the num-
ber of cells with multiple aberrations increases at the
third concentration) (F=9.46; F .=2.48; P=0.001) and
Pochaina (the indicator does not reflect any increase in
concentration) (F=4.00; F, .=2.48; P=0.03) stood out for
their variability in pairwise comparison, which indicates
the absence of threshold concentrations of significance
for viability. ALl other varieties are characterised by ap-
proximately the same value at the first and second con-
centrations and a sharp decline at the third.

The analysis of the factor loadings of individual
signs of cytogenetic variability (Table 4) showed that
for the genotype, such parameters as the total frequen-
cy, fragments, bridges, rare types of aberrations, and the
presence of cells with multiple rearrangements were
significantly variable, although some were on the verge
of being unreliable. That is, concentration as a factor
was more significant, since in the case of genotype, two
indicators of the presence of other types of rearrange-
ments and complex rearrangements were not signifi-
cant, indicating the fact of the reliability of deviations
in the reaction of only two varieties of Polianka and
Pochaina (in one case, somewhat Zelenyi Hai).
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Table 4. Factor load by cytogenetic parameters

Parameter Concentration Genotype
General frequency 0.817* -0.934"
Fragments 0.816 0.844*
Bridges 0.790* -0.749"
Other types of aberrations -0.678* 0.436
Complex 0.717* 0.501
Overall explained 2.983 2.114
Unexplained 0.990 1.095

Note: * - important parameters
Source: developed by the authors

The discriminant analysis (Table 5, Fig. 1) confirmed
the data obtained, somewhat specifying the traits that
reproduced the effect of the mutagen. The total frequen-
¢y, number of fragments, and bridges depended on the

genotype. It should be noted that for chemical mutagens,
especially weaker ones, the number of bridges is not al-
ways included inthe model.All parameters changed when
the concentration of DMS changed. In the classification
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space of the canonical functions, the control was clearly
distinguished with a large distance. The grouping also
showed a statistically significant difference in the case

of higher concentrations. Concentrations of 0.0125 and
0.025% of DMS did not differ in the factor space and
formed one continuous mixed group.

Table 5. Discriminant function values for cytogenetic activity parameters

Genotype Concentration
Parameter
Wilks’-Lambda F__  (7.85) p-level  Wilks’-Lambda F__  (3.89) p-level
General frequency 0.022 10.87 0.01 0.017 8.07 0.01
Fragments 0.020 11.34 0.01 0.018 9.76 0.01
Bridges 0.015 8.77 0.03 0.015 4.56 0.03
Other 0.004 3.67 0.07 0.014 4.66 0.04
Two or more 0.003 3.16 0.08 0.014 4.19 0.05
Source: developed by the authors
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Figure 1. Classification by concentrations in the factor space of canonical functions

The strength of the classification of individual pa-
rameters was the same for both genotypes and con-
centrations, which is significantly different from previ-
ous studies, where concentrations had a significantly
(50%) higher strength when divided into groups (Ta-
ble 6). First of all, this is due to the low potency for
the first two concentrations, while for the control and
0.05% DMS, it is quite high. Among the genotypes, we
can hope for a reliable classification for Balaton, Nyva
Odeska, Polianka, and Pochaina, especially for the first

and third. While the other genotypes form a separate
group, with no significant difference between them.
That is, the studied varieties can be divided into three
separate groups according to their efficiency: Balaton
and Polianka, with high genotype-mutagenic interac-
tion (although it can be different in consequences, al-
ways with high identification ability), Nyva Odeska and
Pochaina - mediocre genotype-mutagenic interaction
(can be different) and the other 4 varieties with low
genotype-mutagenic interaction.

Table 6. Classification ability of objects belonging to separate concentrations and genotypes

water 100
DMS 0.0125% 32.0
DMS 0.025% 32.0
Objects in the model, concentration, %
DMS 0.05% 83.5
Total 62.0
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Table 6, Continued

water 100

Balaton 925

Borovytsia 37.5

Zelenyi Hai 52.5

Zoloto Ukrainy 37.5

Objects in the model, genotype, % Kalancha 37.5
Nyva Odeska 75.0

Polianka 92.5

Pochaina 75.0

Total 62.5

Source: developed by the authors

According to such an integrative sign of mutagen
concentration lethality as the number of cells with
multiple aberrations (with the addition of the total
frequency), for most varieties, the critical concentra-
tion can be between the DMS 0.025% and DMS 0.05%
with a plateau in the range of DMS 0.0125% and DMS
0.025% or to the right of the higher one. Based on the
nature of the expression of individual parameters, it can
be concluded that the first hypothesis is more justified.
For the Polianka and Balaton varieties, the critical con-
centration lies further away from the 0.05% DMS, while
the Pochaina variety is characterised by a long plateau
under the influence of all concentrations.

This study is part of a series of studies analysing the
effects of a genotype-mutagenic set of chemical factors
on a corresponding set of genotypes. Previous analyses
of the data obtained showed (Nazarenko, 2017; Beiko
& Nazarenko, 2022; Horshchar & Nazarenko, 2022) a
decrease in site specificity with increasing mutagen ac-
tivity, but when using DMS, the trend reversed, and site
specificity increased significantly. This is evident from
the pairwise comparison of genotypes but was not re-
flected in the number of traits with a significant effect
of genotype, which may indicate the contrast of only
individual varieties.

The plateau found in the studies, depending on the
increase in the dose of the mutagen and the variety,
has already been noted by researchers (Oney-Birol &
Balkan, 2019), with a general decrease in mitotic activi-
ty and a gradual increase in the frequency of rearrange-
ments in other material. This effect is typical in the
range of high values of the agents of action. In addition,
it demonstrated the ability to reduce the genotoxicity
index, which in total allowed the researchers to con-
clude that the mutagenic effect is highly dependent on
the characteristics of a particular variety as its subject.

Protocols of cytogenetic studies of mutagenic fac-
tors show (Spencer-Lopes et al., 2018) that such values,
although they belong to high and ultra-high doses and
concentrations, have quite wide limits of variability in
the case of continuous mutagens, but are 1.5-2 times
lower for chemical supermutagens. The difference in

recommendations is the use of such doses in the case
of physical factors, while for chemical factors these are
pre-critical concentrations (Bezie et al., 2020), given the
maximum values of usefulness in future generations
(in the case of the studied material, DMS 0.0125 and
0.025%, except for the varieties Polyanka and Pochay-
na, for which the use of DMS 0.05% is more effective for
obtaining complex changes)

Previous studies (El-Azab et al, 2018; Pane et al.,
2018) have often found a lower significance of the
subject of mutagenic influence, mainly at the level of
the organism as a whole, The experiment confirms the
significance of this conclusion and proves the preser-
vation of the identified trends in a partial form at the
cellular level, taking into account some changes that
are related to the structural features of the genome
of certain varieties and that may not affect the level
of fixation of depressive effects in terms of phenotypic
indicators in the first generation. This may indicate the
possible presence of separate genetically determined
mechanisms of resistance to the mutagenic factor and
their increasing importance with the increase in the
strength of the mutagen, even though previous stud-
ies (Nader et al, 2022) also associated a decrease in
the site specificity of some chemicals, especially new
classes of nanoparticles, which, despite the overall neg-
ative effect on mitotic activity and induction of a signif-
icant number of rearrangements, may not have shown
any dependence on the subject of action.

Despite the peculiarities of the action of each mu-
tagen in the group as a whole, the greater significance
of such classical indicators (Nurmansyah et al., 2018) as
the total frequency, number and ratio of fragments and
bridges does not decrease. They are the main indicators
of mutagenic activity at the cytogenetic level, as estab-
lished by cycles of previous studies (Bhat & Wani, 2017),
especially in terms of identifying the properties of a
chemical agent, while other indicators are more com-
plementary (Nurmansyah et al, 2018), even when apply-
ing agents with high correspondence to DNA structures
and using insertional mutagenesis (Ram et al., 2019),
which has a higher level of dependence on the subject
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of action. Of great importance for establishing the sig-
nificance of individual concentrations in terms of peak
activity is the rate of complex aberrations, which has
been observed in both less harmful agents (Nazarenko
& Izhboldin, 2017; Bhat & Wani, 2017) and aspects of
continuous action (Pramanik et al., 2018), although in
the latter case, it is proposed to give priority to the use
of sublethal and lethal doses. In the first case, the rec-
ommendation to use more moderate options remains,
which can be based on both mutagenic depression and
monitoring of cytogenetic activity.

CONCLUSIONS

According to the pairwise comparison of cytogenetic
activity for individual varieties, the role of genotype in
determining the reaction of the subject of mutagenic
action to the increase in the damaging properties of
the mutagen (considering both its nature and the in-
crease in the concentration of the factor) was found to
be increasing.As the concentration of the agent of gen-
otype-mutagenic interaction increases, the difference
between individual varieties in the variability of cy-
togenetic parameters of the spectrum increases, which
is reproduced by the power of classification analysis of
objects by a set of indicators and by the significance of
three parameters (total frequency, number of bridges

and fragments) according to factor and discriminant
analysis. The sensitivity of the varieties manifested at
the organism level in terms of mutagenic depression is
partially preserved, although it may differ for individual
varieties (Niva Odeska, Polyanka). A rather significant
variety of reactions to the action of the studied muta-
genic factor was shown. The data obtained on predict-
ing the effectiveness of individual concentrations (DMS
0.0125 and 0.025%) in terms of inducing certain types
of mutations require both the expansion of the source
material to confirm the obtained patterns and further
research at the level of consideration of visual and bi-
ochemically identified micro- and macro- changes that
are heritable during field trials in the next generations,
which is included in the plans (involvement of addi-
tional varieties of Western European ecotypes, research
of the second or third generation).
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AHoTauif. AHani3 UMTONOMYHMX aHOMaNIN € BAXXIUMBMM METOAOM iAeHTU(IKaLIT MOXIMBOCTEN XiMIYHOT pe4yoBUHMU
SK MyTareHy ons ManmbyTHiX CNaflkoBUX rEHETUYHMX 3MiH, PiBHS FeHOTUM-MyTareHHOi B3aEMOAIi Ta canT-cneumdivHoi
aKTUBHOCTI AN Npupoau Ta/abo pi3HMX KOHUEHTpaui MyTareHy. MeTol ekcnepuMeHTy Oyno BM3HAUMTU Mexi
MiH/IMBOCTI FEHOTUNIB Pi3HOrO NMOXOMKEHHS, HAacaMmnepes, i3 WMPOKOK eKONoro-reHeTUYHOK MiHAMBICTIO, MOKa3aTH
B33EMOLI0 MK COPTOM Ta MyTareHoM. 3epHO MueHuLi 031MMoi Kinbkox copTiB (banatoH, boposuusg, 3enexuit fan,
3onoto Ykpainu, KanaHua, Husa Opecbka, MNongHka, MoyaiHa) 06pobnsnm aumetnncynbdaToM y KOHLEHTPALLSX
0,0125 %, 0,025 %, 0,05 %, ekcno3uuia ctaHoBuna 24 roauHW. byno [OCNIAKEHO LMTOreHeTUYHY aKTMBHICTb
[OCNIAKYBANM 33 YacTOTOK Ta CMEKTPOM XPOMOCOMHMX nepebynoB y BignoBifHMX dazax KAITUHHOroO moginy B
3aN1eXKHOCTI Bif, COPTY Ta KOHLEHTpaLii MyTareHy ik OCHOBHMX (DaKTOpIB, WO BNAMBAKOTb HA Li MOKA3HUKM, TAKOX
OCHOBHi 03HaKM CMEKTPY, Taki SK 3arasibHa LWBMUAKICTb XPOMOCOMHMX NepebynoB, KiNbKicTb GparMeHTiB i NOABIMHMX
(dparmMeHTIB, MICTKiB, Mikposiaep i BiACTalOUMX XPOMOCOM. byno BCTaHOBAEHO, WO AOCAIAXKYBAHI KOHLEHTpauii
cynepMyTareHy CyTTEBO BMJIMHY/M HA BCi aHaNi30BaHi NapaMeTpw, iX MOXHa BiAHECTM OO0 ONTUMANbHUX | BUCOKMX
PiBHIB KOHLEHTpALii 33 BMMBOM HAa LMTONOrIYHY aKTUBHICTb | NpobneMamu y MiTo3i, 419 YMHHKMKA, HE3BAXKAOUM
Ha nonepenHi AOCNiAXeHHS, GaKTop COpT 3Ha4HO Binblue BNIMBAE HA NPUPOAY Ta YACTOTY AeSKMX TUMiB abepauii,
HiX 36iNblUEeHHs KOHLLEHTpaLii MyTareHy, BiH XapakTep13yBaBCs 3HaYHO BiNbLUO CanT-cneundiyHO A€, HiXK HLWI
XiMiYHi areHTu, pi3Hi BapiaHTM MO 3MiHAaM MyTareHHoi Aii 6ynu iLeHTUdiKOBaHI BiANOBIAHO A0 reHOTUNY CyOEeKTY.
byno y3aranbHeHo, WO 03HaKaMu, SKi BiATBOPIOBaNM BNJIMB MyTareHy, 3rifHO AUCKPUMIHAHTHOrO aHanisy, € 3aranbHa
4acToTa, YyacTota parMeHTiB i NOABIMHUX dparMeHTiB, MICTKKU. [1pU NPaKTUYHOMY BMKOPUCTaHI B FEHETUYHOMY
noninwWeHi POC/MH Ta AN OTPUMAHHS LiiHHUX 03HAK ONTUMAsIbHUM € BUKOPUCTAHHS KoHLeHTpaui 0,0125 %,0,025 %,
O MIAHYETbCA A0AATKOBO MiATBEPAMTM Ha Binbll WMPOKOMY CMEKTPi FreHOTUMIB Ta AOCNIIKEHHAMMU MyTaLii ans
HaCTYNHUX (BpYroro-TpeTboro) NOKoiHb
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