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with prominent genetic activity in inducing potentially beneficial changes and to
establish the possibility of obtaining optimised schemes for obtaining new forms
and more controlled trait variability. Mutations were detected by visual observation
and biometric and biochemical analysis from the second generation to the sixth,
with the inheritance of the detected traits in subsequent generations being
checked. The study presented the possibilities of the mutation process for certain
genetic and breeding-value forms, the specific features of induction of such traits,
which makes it possible to increase the predictability of obtaining the necessary
mutant lines and partially controlled high variability in certain traits. It was found
that the most promising for use is the complex application of moderate doses of
sodium azide and dimethyl sulphate as ecogenetic factors. It was shown that in
combination with three varieties among the ones under study (Kalancha, Polyanka,
Pochayna), it is possible to create highly efficient genotype-mutagenic systems
with increased yield of valuable forms. The increase in mutagenic depression
using more harmful substances can be substantially offset by an increase in the
proportion of beneficial changes. The negative side is their complex nature. The
nature of the ecogenetic factor is no less significant than the concentration of the
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mutagen or the genotype of the original form, which is sometimes overlooked. It was confirmed that the use
of these factors is quite promising in terms of obtaining small biochemical changes (micromutations). Several
promising mutant lines were identified that have a comprehensive improvement in grain yield and quality
without additional negative changes. The findings of this study can be used in breeding programmes to create

new varieties of winter wheat
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INTRODUCTION

Changes in the environment require agricultural crops
to adapt. The relevance of genetic improvement meth-
ods, such as experimental mutagenesis, is to create
more resistant and adapted plant varieties that can sur-
vive in the face of climate change. Chemical mutagens
have shown particular effectiveness in this regard. The
effect of chemical mutagenesis on cultivated plants
can cause mutations in their genome (Lal et al., 2020),
which can lead to heritable changes. According to
J. Chaudhary et al. (2019), these mutations may be ran-
dom and not always beneficial, but in some cases, they
can lead to beneficial changes. The mutation process is
random, and most mutations will not be beneficial or
may be harmful to the plant. Therefore, after mutagene-
sis, the resulting plants are selected and tested to iden-
tify those with desirable properties, such as increased
yields, disease resistance (Bezie et al., 2020) or other
useful characteristics. Thus, W. Yali and T. Mitiku (2022)
found that the effect of chemical mutagenesis on culti-
vated plants can change their development and heredity,
but the results will depend on the particular mutations
that occurred and the characteristics they affected.

Chemical supermutagens with prominent damage
capacity are one of the most popular factors for creat-
ing new mutant forms, especially with complex changes.
They are used not only for genetic improvement of
cultivated plants but also for research on the effect of
mutagens on plant organisms in general to identify
genetic control of traits. M. Spencer-Lopes et al. (2018)
found that most of the successful production of com-
plex economically valuable forms of major crops is con-
ditioned by the effect of chemical mutagenesis, which,
given the level of relevant biological research, is almost
widely used to enhance the crossing components of pa-
rental forms, to investigate genetic systems for individ-
ual valuable key traits, to obtain fundamentally new bi-
ochemical compositions of traits (Kartseva et al., 2023)
in combination with other positive changes.

The site-specificity of chemical factors determines
their increased affinity for certain structural features of
cultivated plant genotypes, which can lead to a substan-
tial increase in the yield of valuable forms.The researcher
can identify and exploit these site-specific interactions,
which can improve the efficiency of the breeding pro-
cess by several orders of magnitude. G.Abaza et al. (2020)
found that two key components must be considered: the
variety as a subject for mutagenic action and the nature

of the chemical mutagenic factor. For factors of another
nature, such variants are not possible. The resulting sys-
tems can generate 60-80% more moulds with positive
changes. This approach requires a large volume of exper-
iments with numerous variants of chemical supermuta-
gens and concentrations, a large set of different varieties,
preferably considering the ecological and geographical
diversity (Ram et al., 2019; Abdel-Hamed et al., 2021)
in origin. Changes caused by prominent concentrations
of mutagens can be difficult to predict and control
(Ahumada-Flores et al., 2021). Different plants can react
differently to the same mutagen, and this can complicate
the breeding process.

The results of global statistics may vary depend-
ing on the plant species, particular mutagen, research
conditions, and other factors. Therefore, it is vital to
conduct research and consider all aspects before us-
ing high concentrations and highly damaging mu-
tagens in genetic improvement. A more careful and
controlled approach may be safer and more effective
in achieving the desired results in crop plant breed-
ing (Cann et al., 2022). Winter soft wheat is a crucial
crop in Ukraine and other countries with comparable
climatic conditions. It is essential for the production of
bread and other food products and is the main source
of nutrition for millions of people. The problem of glob-
al warming and climate change (Sala & Herbei, 2023)
may affect the cultivation of this crop. One of the major
issues is the increase in winter temperatures, which can
cause disruptions in plant development and a substan-
tial correction in the timing of certain phases. As a re-
sult, yields may decrease.

To overcome these challenges, new genotypes of
winter wheat are being developed based on either
forms of different ecological and geographical ori-
gin or the creation of new forms from local material
(Nazarenko et al., 2021). The development of more ef-
ficient crop improvement methods could also be use-
ful for ensuring sustainable winter wheat production
under climate change (Jalal et al., 2021). Managing cli-
mate change and adapting the agricultural sector to
new conditions is a vital task for ensuring food security.

The purpose of this study was to identify the specific
features of heritable variability of winter wheat varieties
based on the frequency and range of positive changes
arising from the interaction between the nature of the
factor and the characteristics of the genotype.
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MATERIALS AND METHODS

The field experiments were conducted in the experi-
mental fields of the Educational and Research Cen-
tre of Dnipro State Agrarian and Economic University
(48°51'10"N, 35°25'31"E) in 2018-2022 (second to
sixth generation of mutants). The experimental plots
have a homogeneous cover consisting of ordinary
low-humus, leached, medium loamy chernozem on
loam. The experimental field is located in the Dnipro
district of the Dnipro region of Ukraine, which belongs
to the Northern subzone of the Steppe with insufficient
moisture. Its climatic resources are characterised by
the following indicators: hydrothermal coefficient >0.9,
rare precipitation during the growing season - 250-
280 mm, annual precipitation - 450-490 mm, and the
sum of temperatures during the period with tempera-
tures above 10°C - about 2,900°C.

Winter wheat seeds (1,000 grains per each concen-
tration and water) of eight varieties: Balaton (Germany),
Borovytsia, Zeleny Gai, Zoloto Ukrainy, Kalancha, Niva
Odeska, Polyanka, Pochayna (Ukrainian selection) were
treated with EMS (ethyl methane sulphonate) 0.025%,
0.05%, 0.1%; SA (sodium azide) 0.01%, 0.025%, 0.05%,
0.1%; DMS (dimethyl sulphate) 0.0125%,0.025%, 0.05%
(Sigma-Aldrich, Germany). The exposure to chemical
supermutagen treatment was 24 hours following the
generally accepted protocols. These concentrations are
trivial for mutagens (chemical supermutagens) of this
group. Controls were soaked in water.

In the second and third generations, possible mu-
tations were examined visually and by manual reseed-
ing by families (1-2-row plots, row spacing — 0.15 m,
row spacing length - 1.5 m), and the inheritance of the
newly identified traits was studied. The mutation fre-
quency was calculated as the ratio of mutation cases
to the total number of families investigated in the var-
iant in percentage terms. Mutant lines were analysed
to measure yield and quality in the fourth to sixth gen-
eration. The area of the plots was 5-10 m?, depending
on the year of the experiment and generation, rep-
etition was 1-2 times, standard (original variety and
national variety Podolianka for determining produc-
tive forms) — every 20 numbers. The protein content
of wheat grain was measured using an Infratec 1241
(FOSS, Denmark), and the content of glutenins and gli-
adins was measured by liquid chromatography using an
RP-HPLS (INRA, France). The content of trace elements
was determined using an Agilent 5110 inductively cou-
pled plasma atomic emission spectrometer (Agilent,
Germany) with light intensity based on wavelength
characteristics. A multi-element test solution (Mg, Mn,
Zn, Mo, Co, Cu) was used as Agilent standards.

Statistical analysis of data was performed accord-
ing to ANOVA, the data was grouped and evaluated
using discriminant and cluster analysis (Euclidean dis-
tance, single link) (Statistica 10.0, multivariate statis-
tics module, TIBCO, Palo Alto, USA). The normality of the
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data distribution was verified using the Shapiro-Wilk
W-test. The differences between the individual variants
were assessed using the Tukey test (pairwise compar-
ison). The study of the plant material obtained by the
treatment took place in two stages. During the first one,
the second and third generations were used to identify
changes in the original forms and to detect their inher-
itance by visual and biometric analysis. The resulting
lines were again tested for heritability and their yield
parameters were determined in a trial during the fourth
to sixth generation. In parallel, small, hidden micromu-
tations were analysed for biochemical components
(protein, gluten, certain components of wheat grain re-
serve proteins significant for the baking industry, and
the presence of some valuable trace elements). A total
of 48,800 families were investigated for the three sub-
stances, of which 4,171 mutant lines were identified.

The following types of changes can be used as pos-
itive mutations: thick stem, short stem, semi-dwarfism,
dwarfism, intensive wax coating (associated with high
drought tolerance, in the variety model for the North-
ern Steppe), coarse grain, long ear, large ear, early ma-
turity, disease tolerance (evaluation and selection for
these traits started in generations M,-M,), productivity,
ability to tillering (preliminary evaluation and selection
in generations M,-M,, environmental testing in gen-
erations M4-M6), increased protein content, positive
changes in protein components (content of high and
low molecular weight glutenins and gliadins), positive
changes in the content of trace elements (Mg, Mn, Zn,
Mo, Co, Cu) (evaluation and selection in environmental
testing of generations M,-M,).

Experimental studies of plants (both cultivated and
wild), including the collection of plant material, were
following the institutional, national, or international
guidelines. The authors followed the standards of the
Convention on Biological Diversity (1992) and the Con-
vention on the Trade in Endangered Species of Wild
Fauna and Flora (1979).

RESULTS AND DISCUSSION

Generally, all varieties belong to stable genotypes and
the level of spontaneous variability is low. The results
of the first mutagen, EMS, are presented in Table 1. A
total of 15,800 families were investigated for controls
and variants, including 1,043 mutant lines in total. The
number of useful changes (possible complex changes,
two or more per line) was 267, including negative as-
pects (additional changes) of 159 lines, of which 68
forms were finally tested as promising forms, which
were of great interest for direct use but mainly as do-
nors of traits (genetically valuable). The number of
families in each treatment was 500, except for Balaton,
EMS 0.1%, and Niva Odeska, EMS 0.1%, for other geno-
types and concentrations, the depressant effect did not
affect the amount of material for evaluation.
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Table 1. Frequency of positive mutations in the fourth to sixth generation, EMS, (x=SD, n=400-500)

Variant Frequency of positive Share of total Number of Number of Frequency of
changes, % frequency lines, pcs.  promising lines, pcs.  promising lines, %

Balaton 0.20+0.04° 0.50 1 0 0.00+0.002

Balaton, EMS 0.025% 1.40+0.11° 0.21 5 3 0.60£0.07°
Balaton, EMS 0.05% 2.20%0.17¢ 0.24 6 2 0.40+0.06°
Balaton, EMS 0.1% 3.25 #0.20¢ 0.22 7 2 0.50%0.09%¢
Zoloto Ukrainy 0.40+0.082 0.33 1 0 0.00+0.002
Zoloto Ukrainy, EMS 0.025% 2.00+0.17° 0.26 6 3 0.60£0.07°
Zoloto Ukrainy, EMS 0.05% 3.40%0.22¢ 0.31 11 4 0.80£0.09°
Zoloto Ukrainy, EMS 0.1% 1.80+0.16° 0.13 6 3 0.60£0.07°
Zeleny Gai 0.20+0.042 0.33 1 0 0.00+0.002

Zeleny Gai, EMS 0.025% 2.40+0.18° 0.44 7 3 0.60£0.06°
Zeleny Gai, EMS 0.05% 2.60+0.19° 0.36 6 3 0.60%0.06°
Zeleny Gai, EMS 0.1% 2.00+0.17° 0.21 5 2 0.40+0.04¢
Niva Odeska 0.00+0.002 0.00 0 0 0.00+0.002

Niva Odeska, EMS 0.025% 1.80+0.13° 0.26 7 3 0.60£0.08°
Niva Odeska, EMS 0.05% 2.40+0.18¢ 0.25 6 3 0.60£0.08°
Niva Odeska, EMS 0.1% 3.50%0.29¢ 0.22 8 3 0.75%0.11°
Borovytsia 0.20+0.06® 0.25 0 0 0.00+0.002
Borovytsia, EMS 0.025% 1.20%0.11° 0.21 5 3 0.60+0.07°
Borovytsia, EMS 0.05% 2.60%0.16° 0.35 8 4 0.80+0.11¢
Borovytsia, EMS 0.1% 3.00£0.21° 0.29 6 2 0.40%0.06*
Kalancha 0.40%£0.012 0.40 1 0 0.00+0.00?
Kalancha, EMS 0.025% 1.40+0.12° 0.23 5 3 0.60£0.07°
Kalancha, EMS 0.05% 2.80+0.19¢ 0.34 9 4 0.80£0.09°
Kalancha, EMS 0.1% 3.00£0.27¢ 0.23 8 3 0.60£0.07°
Polyanka 0.20+0.042 0.50 1 0 0.00+0.002
Polyanka, EMS 0.025% 1.60+0.10° 0.35 6 3 0.60%0.07°
Polyanka, EMS 0.05% 1.60+0.11° 0.24 5 2 0.40+0.05°
Polyanka, EMS 0.1% 2.20+0.16¢ 0.25 6 3 0.60£0.07°
Pochayna 0.20£0.04° 0.50 1 0 0.00+0.00?
Pochayna, EMS 0.025% 1.40+0.10° 0.29 5 3 0.60£0.07°
Pochayna, EMS 0.05% 1.60+0.11° 0.25 5 2 0.40£0.05°
Pochayna, EMS 0.1% 1.80%+0.12% 0.20 5 2 0.40%0.05°

Note: indicates a significant difference at P<0.05 for the Tukey’s test with Bonferroni correction. Comparison within the
same variety
Source: compiled by the authors

Only when compared to the standard is the number
of beneficial changes in all varieties statistically sig-
nificantly higher. Only in Balaton and Niva Odeska va-

Fo0s=4:99; P=0.02), but did not differ from the second
(F=4.01; F,,=4.99; P=0.06), which did not have a sig-
nificant difference between them (F=3.55; F, .=4.99;

rieties a significant increase in the frequency of bene-
ficial changes was observed with each increase in EMS
concentration, in Zoloto Ukrainy the frequency first in-
creased and then decreased at the third concentration
to the level of the first one (F=2.26; F,.=4.99; P=0.08).
In Borovytsia and Zeleny Gai varieties, the variability un-
der the influence of all concentrations was at the same
level, in Kalancha there was no significant difference
under the influence of the second and third concentra-
tions (F=4.06; F,.=4.99; P=0.06); for the Polyanka gen-
otype - the first and second (F=3.22; F ..=4.99; P=0.07);

’ 7005

for Pochayna - the third differed from the first (F=7.11;

P=0.07). As for the general characteristic of the param-
eter, the variability for the mutagen concentration was
generally significant (F=17.23, F  .=3.86, P=0.001), and
the difference in the response for varieties was also
significant (F=18.17,F .=4.11,P=0.001). As for the gen-
otype-mutagenic interaction, it was significant only for
Borovytsia and Niva Odeska (F=8.33; F  .=3.10; P=0.01).

The proportion of useful changes in the total fre-
quency reached 0.2-0.4 for different variants but was
generally slightly higher for the first to third concen-
tration. No statistically significant relationships were
found. The same applies to the number of valuable
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lines, except for the genotypes Kalancha, Polyanka,
and Pochayna. The large number of additional nega-
tive changes and their complex nature led to a slight
decrease in lines at the highest concentration, despite
the higher frequency of useful forms in general (mainly
semi-dwarfs and dwarfs).

The last parameter, the frequency of selected prom-
ising lines as a percentage of the total amount of ma-
terial, is quite important. The indicator is much less
variable than the frequency of valuable forms in gen-
eral, but it can be said that half of the varieties (Zoloto
Ukrainy, Borovytsia, Kalancha, Polyanka) have more or
less the same level of the trait at any concentration,
but a significant difference with the control. For Po-
chayna and Zeleny Gai, there was a slight gradual de-
crease, Niva Odeska showed an increase, while Balaton
was unstable. In any case, the effect of different con-
centrations was significant (F=5.01, F .=3.86, P=0.04),
the difference by genotype was not (F=3.98, F, =4.11,
P=0.06), as was the genotype-mutagenic interaction
(F=2.03,F, .=3.10, P=0.07). Thus, it was difficult to find

? 7005
promising compositions among the available varieties

under the influence of EMS to create a system with an
increased yield of useful forms.

Under the action of sodium azide, considering the
greater variety of concentrations (which is mainly due
to the wide range of agents in inducing changes and
substantially less general knowledge of the ecogenetic
factor), the largest amount of source material of 19,400
families in the second and third generations was in-
vestigated, of which 1,692 mutant lines were obtained
and 301 lines were selected as potentially useful, 178
forms were proposed for further genetic improvement
as donors of valuable traits and direct use (Table 2). The
number of families in the variants for higher concentra-
tions was reduced to 400, except for the more resistant
Pochayna and Polyanka varieties. Thus, the negative ef-
fects had a greater impact on the viability of the samples
than the previous factor. The same range of beneficial
changes was observed for the mutagen, but the varia-
bility for most traits was substantially higher, primarily
in the induction of shorter stemmed forms (F=21.17;
F,0s=3.05; P=1.94-10°) and positive biochemical
changes (F=52.63; F .=3.01; P=3.47-10°%).

Table 2. Frequency of positive mutations in the fourth to sixth generation, SA, (xSD, n=400-500)

Variant Frequency of positive  Share of total N‘umber of l:ll..|mbe:r of Fre'q.uensy of
changes, % frequency lines,pcs.  promising lines, pcs. promising lines, %
Balaton 0.20£0.03® 0.50 0 0 0.00+0.00°
Balaton, SA 0.01% 2.00+0.21° 0.29 7 5 1.00+0.17°
Balaton, SA 0.025% 3.20%+0.25¢ 0.33 11 7 1.40+0.25°
Balaton, SA 0.05% 3.60%0.28¢ 0.26 12 7 1.40+0.26°
Balaton, SA 0.1% 3.50+0.28¢ 0.17 6 3 0.75%0.12°¢
Zoloto Ukrainy 0.40£0.082 0.33 1 0 0.00+0.00°
Zoloto Ukrainy, SA 0.01% 2.20£0.21° 0.35 6 5 1.00+0.12°
Zoloto Ukrainy, SA 0.025% 2.60+0.22° 0.33 9 6 1.20+0.15°
Zoloto Ukrainy, SA 0.05% 4.00%0.29¢ 0.31 11 7 1.40+0.16"
Zoloto Ukrainy, SA 0.1% 4.25%0.34¢ 0.22 12 5 1.25+0.15°
Zeleny Gai 0.40£0.082 0.67 0 0 0.00+0.00°
Zeleny Gai, SA0.01% 1.80+0.17° 0.33 5 4 0.80+0.11°
Zeleny Gai, SA0.025% 2.60£0.21¢ 0.32 9 5 1.00+0.12°
Zeleny Gai, SA0.05% 3.00+0.25¢ 0.26 9 5 1.00+0.12°
Zeleny Gai, SA0.1% 4.00+0.30¢ 0.21 10 5 1.25+0.15°%
Niva Odeska 0.00£0.112 0.00 0 0 0.00+0.00°
Niva Odeska, SA 0.01% 2.20£0.25° 0.28 7 4 0.80£0.11°
Niva Odeska, SA 0.025% 3.00+0.29¢ 0.28 9 5 1.80+0.21°¢
Niva Odeska, SA 0.05% 4.60%0.35¢ 0.32 12 7 1.40+0.16¢
Niva Odeska, SA 0.1% 4.00+0.30¢ 0.20 10 6 1.50%0.17¢
Borovytsia 0.20£0.032 0.25 0 0 0.00+0.00?
Borovytsia, SA 0.01% 2.20+0.21° 0.38 4 0.80+0.11°
Borovytsia, SA 0.025% 2.60£0.22° 0.33 5 1.00+0.12°
Borovytsia, SA 0.05% 3.60%0.31°¢ 0.30 11 6 1.20+0.14%
Borovytsia, SA 0.1% 3.50%0.30° 0.18 5 1.25+0.14*
Kalancha 0.40£0.07° 0.40 0 0.00+0.00°
Kalancha, SA 0.01% 3.60+0.28° 0.58 6 1.20+0.14°
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Table 2. Continued

Variant Frequency of positive  Share of total Number of Numbe'r of Frgq_uensy of
changes, % frequency lines, pcs.  promising lines, pcs. promising lines, %

Kalancha, SA 0.025% 3.40+0.31° 0.44 11 5 1.00£0.11°
Kalancha, SA 0.05% 4.40%0.34¢ 0.34 11 7 1.40+0.16"
Kalancha, SA 0.1% 5.50+0.36¢ 0.26 14 8 2.00£0.19¢
Polyanka 0.00£0.00° 0.00 0 0.00+0.00°
Polyanka, SA 0.01% 2.60+0.23° 0.59 5 1.00£0.11°
Polyanka, SA 0.025% 4.00%0.32¢ 0.61 11 7 1.40%0.15¢
Polyanka, SA 0.05% 2.80+0.25° 0.26 9 5 1.00£0.11°
Polyanka, SA 0.1% 3.40+0.27¢ 0.27 10 5 1.00+0.11°
Pochayna 0.00+0.002 0.00 0 0.00+0.00°
Pochayna, SA 0.01% 2.00+0.21° 0.43 6 5 1.00+0.11°
Pochayna, SA 0.025% 3.00£0.26¢ 0.44 11 6 1.20£0.14°
Pochayna, SA 0.05% 3.20%+0.27¢ 0.31 11 6 1.20+0.14°
Pochayna, SA 0.1% 4.00£0.32¢ 0.33 10 7 1.40+0.16"

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

same variety
Source: compiled by the authors

The index of frequency of variability in the spec-
trum of useful changes shows that for all variants the
difference with the control was statistically significant,
and the variability by genotype (F=18.21; F  .=3.55;
P=3.56-10% and increasing concentration was sig-
nificant (F=34.82; F, =3.11; P=4.17-10"). The geno-
type-mutagen interaction was significant (F=24.17;
F,0s=3.01; P=5.52-10). Only in Pochayna did the fre-
quency increase statistically significantly with each
concentration. In the varieties Zoloto Ukrainy (F=4.82,
F,0s=5.17,P=0.06), Kalancha (F=4.44,F  =5.17,P=0.07),
and Borovytsia (F=4.76, F .=5.17, P=0.06) there was
no difference between the effect of the first and sec-
ond concentrations. There was no difference between
the second and third concentration in Balaton (F=3.11,
F,0s=2.17, P=0.09) and Zeleny Gai (F=3.82, F, =5.17,
P=0.08), in the Polyanka variety there was a difference
(F=7.92; F,,=5.17; P=0.02), but the frequency decreased
before the first concentration (F=4.12; F  .=5.17;
P=0.08). In terms of the activity of the third and high-
est concentration, there was no difference in Balaton
(F=4.82; F,,=5.05; P=0.07), Zoloto Ukrainy (F=4.22;
F,0s=5.05; P=0.07), Niva Odeska (F=3.81; F, =5.05;
P=0.08), and Borovytsia (F=3.42; F, =5.05; P=0.09),
while in all other varieties it increased significantly.
Thus, in this case, the use of an SA concentration of
0.1% is justified for most cases.

In the total frequency, the proportion of valuable
changes varied from 0.2 to 0.6, with a gradual decrease
with increasing concentration for most genotypes upon
reaching higher concentrations, with a possible gradual
increase of SA within 0.01-0.05%. No significant trends
were observed in the number of promising lines, ex-
cept for the increase in complex changes at higher con-
centrations. According to the analysis of the frequency
of selected lines in any variant, there was a difference

with the control, only in the varieties Niva Odeska and
Kalancha there was some significant variability, which
was expressed in a significant increase under the influ-
ence of higher concentrations. Generally, the frequency
gradually increased moderately, or was not lower than
the previous one, except for Balaton and Zoloto Ukrainy,
where it decreased at 0.1% SA. For all varieties, the
genotype-mutagen interaction was positive for Bala-
ton (F=9.17; F, =4.22; P=0.002), Kalancha (F=9.98;
Foos=422; P=0.001), Polyanka (F=10.10; Foos=4-22;
P=0.001), and Pochayna varieties (F=13.16; F, .=4.22;
P=4.13-107). The effect of sodium azide as a mutagen
differed significantly from EMS in that it has a much
higher genetic activity both in terms of the frequency
of individual changes in traits and the total number of
genetically and breeding-value changes.

The effect of DMS led to a substantial decrease in
the amount of plant material in the first generation,
specifically, at a concentration of 0.05%, the number
of families in some cases (Balaton, Niva Odeska) was
reduced to 200. In total, 13,600 families in the sec-
ond and third generation were studied as source ma-
terial, from which 1,436 mutant lines were obtained
(very high genetic activity of the factor influenced, and
therefore with a substantial reduction in the amount
of material, variability in some cases (mainly negative)
exceeded the effect of SA, in some cases (mainly neg-
ative) exceeded the effect of SA and was much higher
than the effect of EMS) and 226 lines were selected as
potentially useful, 89 forms were proposed for further
genetic improvement as donors of valuable traits and
direct use (Table 2). The presence of numerous sterile
forms and undesirable variability in ear shape had an
impact. On the other hand, the ecogenetic factor was
effective in mutations in stem structure and disease re-
sistance and often induced rare types of mutations.

Scientific Horizons, 2023, Vol. 27, No. 1
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Table 3. Frequency of positive mutations in the fourth to sixth generation, DMS, (xSD, n=200-500)

Variant Frequency of positive Share of total N_umber of Numbgr of promising Frgq_uenc.y of
changes, % frequency lines, pcs. lines, pcs. promising lines, %

Balaton 0.20+0.052 0.50 0 0 0.00+0.002

Balaton, DMS 0.0125% 4.40%0.38° 0.42 12 5 1.00£0.12°
Balaton, DMS 0.025% 5.97% 0.45¢ 0.27 11 4 1.33+0.14¢
Balaton, DMS 0.05% 5.75+0.43¢ 0.27 5 2 1.00£0.12°
Zoloto Ukrainy 0.40+0.10° 0.33 0 0 0.00+0.002
me%%'fza;[‘yoy’ DMS 3.60£0.31° 0.39 11 4 0.80£0.10°
Zoloto Ukrainy, DMS 0.025% 4.50%0.39¢ 0.23 12 3 1.00£0.12°
Zoloto Ukrainy, DMS 0.05% 3.20%0.27° 0.17 5 1 0.29+0.06°
Zeleny Gai 0.40£0.10? 0.67 0 0 0.00+0.002

Zeleny Gai,DMS 0.0125% 3.80%0.33° 0.37 7 5 1.00+0.13°
Zeleny Gai, DMS 0.025% 4.55+0.41° 0.26 9 4 1.00£0.12°
Zeleny Gai, DMS 0.05% 4.00+0.36° 0.19 6 2 0.67+0.07¢
Niva Odeska 0.00+0.162 0.00 0 0 0.00+0.002

Niva Odeska, DMS 0.0125% 4.40%0.40° 0.43 11 4 0.80+0.21°
Niva Odeska, DMS 0.025% 5.67+0.49¢ 0.28 10 4 1.33%0.23°
Niva Odeska, DMS 0.05% 4.00+0.43° 0.23 9 3 1.50%0.24%
Borovytsia 0.60£0.08? 0.75 1 1 0.20£0.09?
Borovytsia, DMS 0.0125% 4.60+0.34° 0.48 12 4 0.80+0.17°
Borovytsia, DMS 0.025% 4.90£0.38° 0.29 13 5 1.25%0.22°
Borovytsia, DMS 0.05% 3.47+0.36¢ 0.19 6 1 0.29+0.112
Kalancha 0.20£0.04° 0.20 0 0 0.00+0.002
Kalancha, DMS 0.0125% 4.40+0.38° 0.47 12 5 1.00+0.17°
Kalancha, DMS 0.025% 6.60£0.43¢ 0.31 13 6 1.50%0.21°
Kalancha, DMS 0.05% 8.50+0.43¢ 0.34 11 3 1.00+0.17°
Polyanka 1.00+0.11° 0.50 1 1 0.20£0.00?
Polyanka, DMS 0.0125% 3.20%£0.29° 0.40 11 5 1.00+0.11°
Polyanka, DMS 0.025% 3.970.31° 0.31 11 6 1.33%0.14°
Polanka, DMS 0.05% 4.60£0.40° 0.26 9 3 0.75%0.09¢¢
Pochayna 0.00£0.00? 0.00 0 0 0.00+0.002
Pochayna, DMS 0.0125% 2.60%0.26° 0.31 7 4 0.80+0.10°
Pochayna, DMS 0.025% 3.13+0.30° 0.24 6 3 0.60£0.08°
Pochayna, DMS 0.05% 2.60%0.26° 0.14 5 1 0.60+0.18°

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

same variety
Source: compiled by the authors

In terms of the frequency of beneficial changes, it
was statistically significantly different from the con-
trol at all concentrations. The variability of concentra-
tions in the effect by variety was much lower, mainly
due to the rapid increase in negative mutations at
higher concentrations. Thus, Zeleny Gai and Pochayna
varieties had no variability in concentration. Among
the other varieties, the Borovytsia genotype (F=3.17,
Fo0s=4:99, P=0.08) had no significant difference be-
tween the first and second concentrations. In Balaton
(F=5.06; F,,=5.15; P=0.06) and Polyanka varieties
(F=4.76; F,.=5.15; P=0.06), there was no difference in
mutagen activity under the influence of the second and
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third concentrations; there was a difference in Zoloto
Ukrainy (F=6.76; F .=5.15; P=0.02) and Niva Odeska
(F=7.11; F,,,=5.15; P=0.008), but the frequency of ben-
eficial changes falls to the level of the first concentra-
tion (F=4.16; F, =5.15; P=0.07 and F=4.92; F  =5.15;
P=0.06). Again, only in the Kalancha variety did each
subsequent concentration lead to a significant increase
in the number of beneficial changes. The index of fre-
quency of variability in the spectrum of useful changes
showed that for all variants the difference with the con-
trol was statistically significant, and the variability ac-
cording to genotype (F=19.77; F .=3.65; P=2.26-10°)
and increasing concentration was significant (F=14.82;




F,0s=3-22; P=5.09-107). The genotype-mutagen inter-
action was also significant (F=5.17; F .=3.11; P=0.02).

The proportion of valuable changes in the total mu-
tation frequency was 0.2-0.5, which was slightly lower
than the SA, but generally quite high. No significant sta-
tistical patterns were found, except for a predominant-
ly gradual decrease in the share of valuable changes
in most varieties with increasing concentration and a
relatively high level at 0.0125% DMS. Many additional
negative changes resulted in a rather low number of
forms selected for testing, which was significantly in-
ferior to the effect of the previous mutagen and more
comparable to EMS.

In terms of the frequency of such lines, it was found
that this parameter is more variable than in the SA. Thus,
there was no variability with the change in concentration
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in the Niva Odeska, Kalancha, Polyanka, and Pochayna
varieties, and it dropped to the level of the control un-
der the influence of 0.05% DMS in Borovytsia. Balaton,
Zoloto Ukrainy, and Zeleny Gai varieties had a gradual
increase in the moderate range with a further decrease
for higher concentrations. The genotype-mutagenic in-
teraction was significant in a positive sense for the va-
rieties Niva Odeska (F=7.08, F.=4.30, P=0.007), Kalan-
cha (F=6.90, F, =4.30, P=0.008), and Polyanka (F=5.07,
F,05=4-30, P=0.02). According to the effect of different
mutagens by nature, a cluster analysis was performed to
consider the site-specific response of all genotypes de-
pending on the group of substances and each substance
separately (notably, there was no significant difference in
the grouping by EMS and DMS, as further demonstrated

by the discriminant analysis (Fig. 1).

Balaton

Zeleny Gai

Zoloto Ukrainy

Borovytsia

Niva Odeska

Kalancha

Polyanka

Pochayna

5 6 7 8 9
Linkage Distance

Figure 1. Results of cluster analysis by frequency of positive changes according to genotype

Source: compiled by the authors

In total, four groups were found, three of which
were minor. The first group included Balaton, Zeleny
Gai, Zoloto Ukrainy, Borovytsia, and Niva Odeska vari-
eties, for which the genotype-mutagenic interaction
was not factually significant despite the preliminary
results of factor analysis for individual substances. The
study found that the use of these genotypes to create
a high-performance mutagen-initial form system is not
possible for substances with high damaging properties.
This does not mean that the use of this group will not
lead to the emergence of promising forms, but the ef-
fectiveness of this process will be relatively mediocre.
In the second group, one variety, Kalancha, showed a
specific response to EMS and SA; due to the specific
features of the genotype structure, it can be used as
a component for enhancing mutational activity. The
third group included the Polyanka variety, the fourth -

the Pochayna variety, which showed increased affinity
for the action of SA. Considering the specific features
of this factor, one should expect a relatively sizeable
number of forms with biochemical and physiological
microchanges.

The findings of the discriminant analysis performed
according to mutagen (Fig. 2) suggested that EMS and
DMS were actually more equally effective in terms of
their effect on the entire group of genotypes. The ef-
fect of SA was the most variable and, clearly, SA as a
mutagen has a more site-specific nature of action than
other factors and is more dependent on the range of
the used starting material on the particular subject of
action. That is, systems with this factor are more likely
to be selected and should be given further attention
for the selection of new initial forms. A more thorough
screening would also be warranted.

Scientific Horizons, 2023, Vol. 27, No. 1
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Figure 2. Identification of individual mutagenic factors according to genotype-mutagenic interaction

Source: compiled by the authors

In the spectrum of the obtained promising changes,
the discriminant analysis identified signs that reliably
show significant variability under the influence of cer-
tain substances (Table 4). An analysis was also carried
out according to the individual characteristics of the
mutation process. Thus, it was found that SA is more
potent as a mutagen in terms of the range of induced
traits (almost all traits except thick stem and yield), fol-
lowed by DMS, which was not significantly effective in
inducing mutations for intense waxy coat, large grain,
large ear, high-yielding bushy forms, and higher protein
content in wheat grain. The least successful in terms of
the spectrum was the effect on the presented varietal
set of EMS, which significantly affected the mutation
frequencies for short stemmedness, induction of semi-
dwarfs, forms with long ear, with positive changes in
the content of trace elements. Analysing the traits, the

forms with a thick stem (resistant to lodging) should
use only DMS, forms with intensive wax coating (po-
tentially resistant to drought) and with large grain and
ear — SA, bushy forms and those with a higher protein
content - also SA. Thus, considering the higher effi-
ciency of DMS in inducing dwarfs and disease-resistant
forms, the use of SA and DMS is effective for this set of
genotypes. The use of EMS is not advisable. Therewith,
the emergence of yielding forms is not a model and
cannot be predicted from the data obtained. Therefore,
the data obtained need to be supplemented by expand-
ing the variety of source forms.

Based on the results of a three-year small-plot en-
vironmental trial, the following mutant lines were ob-
tained that were the most promising in terms of stable
high yields (Table 5), and their characteristics in terms
of grain quality are presented in Table 6.

Table 4. Identification of variability-significant features

Feature in the model Wilks Lambda A Mutagen in the model Foos P-level
Thick stem 0.234 DMS 391 0.06
Short-stemmed 0.077 EMS, SA, DMS 18.12 0.001
Semi-dwarfs 0.089 EMS, SA, DMS 9.36 0.001
Dwarfs 0.157 SA,DMS 6.14 0.005
Intensive wax coating 0.212 SA 377 0.076
Large grain 0.213 SA 3.58 0.079
Long ear 0.084 EMS, SA, DMS 10.14 0.001
Large ear 0.286 SA 2.14 0.099
Early ripening 0.093 SA,DMS 8.04 0.004
Disease resistance 0.092 SA,DMS 777 0.003
Productive 0.229 absent 2.77 0.087
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Table 4. Continued

Feature in the model Wilks Lambda A Mutagen in the model Foos P-level

Bushy 0.214 SA 4.80 0.046

Higher protein content 0.230 SA 4.43 0.039

Positive changes in protein 0.104 SA, DMS 8.67 0.003

components
Positive changes in the content of 0.103 EMS, SA, DMS 8.98 0.003
trace elements
Source: compiled by the authors
Table 5. Yield characteristics of the obtained mutant lines
(Dnipro State Agrarian and Economic University, 2021-2023), t-ha*
Variant Origin 2021 2022 2023 Average

1 Podolianka, st. 5.38+0.09° 5.56+0.08° 6.22%0.12° 5.72%0.10°
26 Balaton, SA 0.025% 6.93%0.17° 7.12%0.19° 6.98+0.17° 7.01£0.16°
45 Zoloto Ukrainy, SA 0.05% 5.67+0.12¢ 6.05%0.13¢ 6.17+0.132 5.96+0.10¢
234 Zeleny Gai, EMS 0.05% 6.45+0.14¢ 6.57+0.12¢ 6.24+0.152 6.42+0.14¢
256 Niva Odeska, DMS 0.0125% 6.11£0.12¢ 6.18+0.10¢ 6.26+0.132 6.18%0.11¢
278 Borovytsia, EMS 0.025% 5.98+0.14¢ 6.55+0.10¢ 5.99+0.11° 6.17%0.11¢
334 Kalancha, DMS 0.0125% 6.78%0.15> 6.99%0.11° 6.34+0.12° 6.70%0.12>
356 Kalancha, SA 0.05% 6.43%0.11¢ 7.02£0.15° 7.00 £0.15° 6.82%0.14>
391 Polyanka, SA 0.025% 6.24+0.11% 6.54+0.12¢ 6.43+0.13 6.40£0.12¢
412 Polyanka, DMS 0.0125% 6.79+0.14 7.03£0.16° 6.74+0.14° 6.85+0.14"
423 Pochayna, SA 0.025% 7.01£0.15° 7.12%0.16° 7.07+0.14° 7.07+0.15°
446 Pochayna, SA 0.05% 6.77+0.10% 6.91+0.10° 6.84+0.12° 6.84+0.10

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

same variety
Source: compiled by the authors

Among the productive lines, all the original forms
can be found in the origin, but the varieties Balaton,
Zoloto Ukrainy, Zeleny Gai, Niva Odeska, and Borovytsia
are represented by only one line each. The varieties Kal-
ancha, Polyanka, and Pochayna each produced two lines.
The use of SAin moderate concentrations yielded 6 lines,
DMS -3 lines,and EMS - 2 lines. The use of high concen-
trations that were at or above the LD,  and RD, in the
first generation did not produce any form for direct use
(many genetically valuable forms, primarily dwarfs, semi-
dwarfs, early maturing, and disease-resistant).

Atotal of 11 lines were identified for yielding qual-
ities; the years of testing did not differ significantly in
terms of soil and climatic conditions, but 2023 was the
best year in terms of standard yields. Thus, in 2021, the
productive lines were factually divided into 6 groups:
the first was the Podolianka standard, the second line
45, which exceeded the standard but was inferior to
other lines, the third lines 256 and 278, which exceeded
the first and second groups but were inferior to others,
the fourth line 234, 356, which exceeded the previous
three groups, the fifth lines 26 and 423, which were re-
cord-breaking in 2021, and the intermediate position
was occupied by the minor groups 334 and 412 (in
terms of yield between the record-breaking and fourth

groups) and line 391 (in terms of yield between the
third and fourth groups). Thus, lines 26, 334, 412, 423,
mainly varieties with high genotype-mutagenic inter-
action, deserve more attention.

In 2022, the diversity was substantially lower, there
were no transitional groups, and there was a clear dif-
ferentiation into four groups, the first being the stand-
ard, the second lines 45, 256, which exceeded the
standard but were inferior to other lines, the third 234,
278,391, which exceeded the standard and the second
group, and the fourth with the highest productivity
lines 26, 356,412,423, 446. In 2023, the diversity was
the lowest, with only three groups: the first standard
and lines 45, 234,256,278, 334; the second transitional
line 391, which did not differ from some lines in the
first group but differed from others and the standard;
and the third lines 26, 356,412,423, 446, which signif-
icantly exceeded the first and second groups. According
to the results of three years, five groups were found, of
which the cluster of lines 26, 423 (F=7.99; F .=3.89;
P=0.01) was the most productive and the transitional
334, 356, 412, 446 (F=7.14; F ,=3.71; P=0.01) were
also interesting.

In terms of the technological qualities, 278 (F=5.09;
F,0s=4.01; P=0.03),234 (F=5.69; F ,=4.01; P=0.02),446

0.05
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(F=7.29; F,,,=4.01; P=0.008), 234 (F=5.00; F,,.=4.01;
P=0.03), 391 (F=7.99; F ,,=5.98; P=0.01) were nega-
tively affected, all the rest formed sufficient quality for

strong wheat. The traits are quite low in variation, un-
like the following (content of reserve protein compo-
nents) (Table 6).

Table 6. Technological qualities of wheat grain (Dnipro State Agrarian and Economic University, 2022)

Glutenins

Variety/line Protein, % Gluten, % Gliadins
HMW LMW
Podolianka 13.982 25.182 0.159992 0.46346° 0.45742
26 14.077 25.992 0.17423 0.48435° 0.45452
45 14.022 26.032 0.152452 0.48477° 0.45532
234 13.51° 22.19° 0.163132 0.46569° 0.4435°
256 13.78% 24.56% 0.153562 0.462232 0.4101¢
278 14.27¢ 27.74¢ 0.16405° 0.42100¢ 0.4124¢
334 14.27¢ 26.97% 0.17341° 0.454042 0.45572
356 14.012 25.782 0.18513° 0.453132 0.4416°
391 13.53° 22.23° 0.18022° 0.40719¢ 0.4512°
412 14.022 26.10° 0.19403¢ 0.46300? 0.4548:
423 14.15% 26.78¢ 0.18478° 0.41999¢ 0.46182
446 14.524 28.174 0.19357¢ 0.40976¢ 0.4639

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

same variety
Source: compiled by the authors

For durum wheat, a high content of high-molecu-
lar weight glutenins, a lower content of low molecular
weight glutenins, and a high content of gliadins are de-
sirable. According to the first variant, lines 26, 334, 356,
391, 412, 423, 446 had the best results. The low-mo-
lecular-weight glutenin content was lower in mutant
forms 278, 391, 423, 446, and negative in 26 and 45.
The gliadin content was higher only in line 446, and
lower negative in lines 234, 256, 278, and 356. This
combines high productivity and the best quality of lines
26 (negative for high low molecular weight glutenin),
423,334,356,412,and separately, form 446 (combining
high yield and best quality in all parameters).

Thus, for the material studied, it is advisable to use
mainly SA in concentrations of 0.025-0.05% and DMS
in concentrations of 0.0125% in the complex as mu-
tagens, and while the effectiveness of SA has already
been discussed, DMS is stubstantially understudied.
EMS as a mutagen is limited in its effectiveness both in
terms of characteristics and material yield. It is possi-
ble to obtain forms with a high damaging effect under
the influence of moderate concentrations of mutagens
that combine improvements in a complex of economi-
cally valuable traits. Based on the eight varieties stud-
ied and three mutagens at 10 concentrations, six sys-
tems with increased yields of valuable forms and an
increase in efficiency of up to half of the baseline have
already been identified, which indicates the prospects
of searching in this area.

The analysis of the data obtained so far
(M. Nazarenko et al., 2022) showed a decrease in site
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specificity with an increase in the activity and damage
capacity of the mutagen. However, when using DMS and
SA (as opposed to EMS), the trend was quite different
(OlaOlorun et al., 2021), and the response of a particu-
lar source material to the action was significant, as the
pairwise comparison of genotypes suggests, which can
be partially reproduced in the number of traits with a
significant effect of a single factor, indicating the con-
trast of individual genotypes (Kalancha, Pochayna, Pol-
yanka) and the possibility of creating high-performance
systems based on them. The described regularity of the
mutation process allows using this type of variability
to obtain new material with the required potential in
a more manageable, reliable, and predictable manner,
which was previously considered impossible. Mutations
in research have proven to be a reliable and constant
source for local genetic resources, as indicated by pre-
vious studies by A. Anter (2021), for traits such as long
grained ear, early maturity, with a set of valuable bio-
chemical changes and disease resistance.

Previously obtained data by M. Hussain et al. (2021)
show that the use of SA and DMS as mutagenic factors
is advisable primarily to obtain forms for use as com-
ponents (Mangi et al., 2021) for further improvement of
existing forms through recombinant breeding. It is less
likely to create forms that can be used directly as com-
mercial varieties in the future. This variant again stays
outside the forecast (Ergun et al., 2023a), despite a fairly
large sample size. To increase the reliability of the fore-
cast, as previously pointed out by M. Hassine et al. (2023),
it is necessary to expand the set of genotypes used in the




study substantially. First of all, SA and DMS (additionally)
as mutagenic factors show a more significant depend-
ence on the specific features of genotype-mutagenic in-
teraction, i.e., they depend on the DNA structure of the
source material of the site variety, as was mentioned
earlier by H. Shimelis et al. (2019), with a clear differ-
entiation from genetically determined responsiveness to
mutagenic effects.

The regularities established during the study also
demonstrate that a fairly significant number of traits
that are definitely economically valuable are highly
variable under the influence of the factors under study
(Ergln et al., 2023b) (with the exception of productive
mutations). This once again indicates that in the case
of chemical supermutagens, a great deal depends on
a well-chosen starting material, depending on the
particular factor. As the concentration of mutagenic
substances increases, the risk of negative and positive
changes in the complex continues to increase substan-
tially (Shabani et al., 2022). The number of such cases
is quite considerable even for moderate concentra-
tions, which is why up to half of all promising mutant
forms obtained are ignored. This is a general trend
(le Roux et al., 2021). Varieties that demonstrate high
variability both in the first generation in terms of the
effects of mutagenic depression and in the second or
third generation in terms of the frequency and spec-
trum of heritable changes are not always more suitable
for use, but this trend is not absolute. In otr research,
two of the three promising varieties, Polyanka and Po-
chayna, are less vulnerable.

A close relationship was found between econom-
ically valuable traits and the frequency of valuable
mutations obtained for these genotypes, the overall
frequency and spectra of visually identifiable muta-
tions. Although this pattern has already been identified
(Mamenko & Yakymchuk, 2019), it was not for chem-
ical mutagenesis. Thus, for the genetic improvement of
winter wheat varieties, the six identified combinations
of three varieties of Ukrainian breeding and moderate
concentrations of sodium azide and dimethyl sulphate
can be used, which guarantee a substantial increase in
the yield of forms with economically valuable traits by
about 20-50%.

CONCLUSIONS

The genetic material of Ukrainian breeding (varieties
Kalancha, Pochayna, Polyanka) is a successful compo-
nent as an initial form for the creation, together with
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the action of chemical supermutagens of high damage
capacity (SA and DMS), of systems with a prominent
stable yield of mutants with positive changes in eco-
nomically valuable traits. That is, six systems based on
three varieties and two mutagens (SA and DMS) were
identified, the use of which led to guaranteed produc-
tion of lines with positive complex shifts in valuable bi-
ochemical components, increased yield of useful forms
(up to 50% compared to other variants). The forms
obtained by applying the proposed systems can have
additional valuable qualities, but the effectiveness of
the variety-mutagen complex begins to decline with in-
creasing concentration, primarily due to the increased
risk of additional negative qualities. When obtaining
such systems, it is justified to invest in early continu-
ous screening of forms by biometric and biochemical
analysis in the second or third generation after muta-
genic exposure, which guarantees the availability of
additional valuable material for genetic improvement
of the crop. Thus, during the genetic improvement, it
is worth using a moderate amount of sodium azide
(0.025-0.05%) and, as an additional source of variabil-
ity, moderate concentrations of DMS (0.0125%), while
the use of EMS is less justified. Based on the results of
research on the identification of beneficial changes and
their correlations in the system of interaction between
nature, factor concentrations, and characteristics of the
source material, promising complexes of these compo-
nents were identified, the combination of which leads
to a substantial increase in the efficiency of the genetic
improvement of winter wheat. Further research will fo-
cus on such valuable traits as drought and winter har-
diness, specific features of mineral use and accumula-
tion by the studied lines to confirm the parameters that
provide advantages in yield and grain quality, and it is
also planned to investigate the induction of new forms
by highly active mutagens based on new Ukrainian and
international forms with the same traits.
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CnapaKoBa MIHJ/IUBICTb Yy NeHULi 03MMOoi Npu B3aeMogii reHoTuna
3 YUHHMUKAMMN BUCOKOi FreHETUYHOI aKTUBHOCTI

Bnapucnae IeaHoBuuy MNopuiap
Kananaat cinbCbKorocnoaapCbkux HayK, AOLEHT
[HINpOBCbKMI AepPXKaBHWUIA arpapHO-eKOHOMIYHUI YHIBEpCUTET
49600, syn. C. Eppemosa, 25, M. IHinpo, YkpaiHa
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Mukona Mukonaiiosuy HasapeHko
[lOoKTOp CiNbCbKOrocnoaapcbkmMx Hayk, npodecop
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AHoTauif. BusBneHHS HOBMX MOX/IMBOCTEN B 3aCTOCYBAHHI OKPEMUX EKOreHETUUYHUX YMHHUKIB AN FeHETUYHOro
NONIMWEHHS MWeHULi O03MMOI € BaXIUMBMM KOMMOHEHTOM BAOCKOHANIEHHS iCHYUMX arpoueHo3iB 3epHOBMX
KyNbTyp B paMkax CTpaTerii npofoBosibyoi 6e3neku. MeTo foCniaXeHHS 6yno nokasaTu MOXIMBOCTI PEYOBUH 3
BMCOKOK MEHETUYHOI aKTUBHICTIO B iHAYKLIi MOTEHLiMHO-KOPUCHUX 3MiH Ta BCTAHOBUTU MOXJ/IMBICTb OTPUMAHHS
ONTUMI30BaHMX CXEM AJ1 OTPUMAHHS HOBMX (DOPM Ta BifbLl KEPOBAHOT MiHIMBOCTI 38 03HakaMu. MyTaLii BUSBNSIAU
Bi3ya/JIbHUM CNOCTEPEXEHHSIM Ta BiOMETpUYHUM, BiOXiMIYHMM aHaNi30M MOYMHAKYM 3 APYroro MOKOJiIHHSA A0
LWIOCTOr0 C MepeBipKOK YCNaAKYBAHHS BUSBAEHUX O3HAK Y HACTYMHUX MOKOMAIHHAX. [1OKa3aHO MOXNMBOCTI
MyTaLiMHOro MpoLecy 3a OKPEMUMMU FEHETUYHO- Ta CenekuiiHOo-LiHHMMKM hopMaMu, 0COBAMBOCTI IHAYKLII TaKmMx
03HaK, WO Ja€ 3MOry niABMLMTM MNPOrHO30BAHICTb OTPUMAHHS HEOOXiAHMX MYTaHTHUX NiHIM Ta 4aCTKOBO-
KEepOBAHOI BMCOKOiI BapiaTUBHOCTI 33 OKPeMMMM O3HaKamMu. BCTaHOBNEHO, WO Hanbinblw nepcnekTMBHUM Ans
BMKOPUCTAHHS € KOMMIEKCHE 3aCTOCYBAHHA MOMIpHUX 03 a3MAay HaTpito Ta AUMETUNCYNbdATy K eKOreHeTUYHMUX
YMHHMKIB. [oKa3aHo, WO B KOMMIEKCi 3 BUKOPUCTAHHAM TPbOX COPTiB cepepn AocnimkyBaHux (KanaHua, lNonsHka,
MouariHa) MOXIMBE CTBOPEHHSI BUCOKOEPEKTUBHUX FEHOTUM-MYTAareHHUX CUCTEM 3 MiABULLEHUM BUXOOOM LIHHUX
dopM. 3pocTaHHS MyTareHHOi denpecii Npu BMKOPUCTaHHI Binbll LWKOLOYMHHUX PEYOBMH MOXe OyTU CyTTEBO
CKOMMEHCOBAHMM NiABULLEHHAM YAaCTKM KOPUCHMX 3MiH. HeraTuBHMM € iX KOMNNekcHui xapaktep Aii. MNpupona
€KOreHeTUYHOro GakTopy K YUHHUK HE MEHLU CYTTEBA HidXX KOHLEHTPaLis MyTareHy abo reHoTMn BMXigHOi dopmu,
L0 iHOLI YPaxOBYETbCA HELOCTATHBO. [1iATBEPAKEHO, L0 BUKOPUCTAHHS HaBeLeHUX GaKTopiB € LOBONI 06iLsAYUM
3 OrNAAY OTPUMAHHS Manux BioXiMiYHKUX 3MiH (MiKpoMyTaLil). BuaineHo aekinbka nepcnekTMBHUX MYTAHTHUX NiHIN,
L0 MalTb KOMMIEKCHE MOJINWEeHHS BPOXAMHOCTI Ta SIKOCTi 3epHa, 6e3 10AaTKOBUX HEraTUBHMX 3MiH. PesynbTtati
[OCNIOKEHHS MOXHA BUKOPUCTATK B CeNeKLiMHUX nporpamMax A CTBOPEHHS HOBMX COPTIB MLWEHULi 03UMOI

KntouoBi cnoBa: MyTaLii; XiMiYHWIA MyTareHes; NweHUuUs 03MMa; CynepmyTareHun; BpOXKanHiCTb; AKiCTb 3epHa
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