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Aim. To establish the effect of mutagenic factors on the formation of qualitative traits, defining the phenotype of the
leaf blade, and to investigate the correlation between the manifestation of these factors and the variation of quantitative
traits of breeding value in mutant lines of leaf lettuce. Methods. Non-parametric statistical and criteria of difference
for biological specimens, computational and analytical calculations, correlation analysis. Results. The comparative
analysis was conducted on the qualitative characteristics of the original leaf blade form of leaf lettuce, Zhnych variety,
alongside 14 mutant lines derived from it through the application of mutagenic agents, including dimethyl sulfate
(DMS) and its derivatives (D,MU, DMU-10A, and DMU-9) in two varying concentrations. Notably, the derivatives
of DMS exhibited superior mutagenic efficiency, leading to a four to fivefold increase in the number of mutant plant
forms compared to the reference compound DMS. Among the derivatives, D.MU proved the most effective, generat-
ing five mutant lines. In contrast, DMU-10A and DMU-9 yielded four mutant lines, while DMS produced only one
mutant line. All mutant lines exhibited distinct variations from the initial form across 17 qualitative characteristics
determining leaf blade phenotype. The analysis of Spearman’s rank correlation coefficient (r ) demonstrated weak to
moderate correlation (r, = —0.08...0.62) between the original form and mutant lines. It was determined that three let-
tuce lines, namely B-7, B-22, and B-38, exhibited the most significant deviations from the initial form in term of leaf
blade qualitative traits. Furthermore, it was established that non-parametric indicators of qualitative traits expression
exhibited moderate or high correlation (r, = 0.57...0.74) with an essential quantitative trait — the duration from the
emergence of mass shoots to plant stem development in mutant lines. Conclusions. The identified correlations be-
tween quantitative and qualitative traits provide the opportunity to predictably select mutant genotypes with extended
growth period during the early stages of lettuce plant ontogenesis in future breeding work.

Key words: leaf lettuce, leaf blade, qualitative characteristics, quantitative characteristics, mutagenesis.
DOI:

INTRODUCTION considerable momentum (Gandra et al, 2018; Kovacs-
In the recent decade, the production of different né€ and Takdcsné, 2022; Medina-Lozano et al, 2021,
species of lettuce (Lactuca sativa L.) has gathered a  Shcherbyna and Yurlakova, 2019). Among all this
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species diversity, particular popularity on the market
is noted for leaf lettuce (Lactuca sativa var. secalina
L.). The main requirements for modern varieties of this
species are excellent taste qualities, original form and
color of the leaf, high performance and biological val-
ue, and resistance to stress factors of production (Ar-
nold et al, 2019; Damerum et al, 2020; Ferreira et al,
2020). The conventional breeding scheme of creating
new leaf lettuce varieties envisages artificial hybridiza-
tion with further individual, group, and mass selections.
The flowers of leaf lettuce are facultatively pollinated,
self-pollination takes place still in the buds via pollen
tubes (Acquaah, 2012; Hassan et al, 2021; Patella et al,
2019). Therefore, the current technique of artificial hy-
bridization is somewhat complicated; it is conditioned
by the structure and size of the flower, adjusted to self-
pollination, and the biological specificities of blossom-
ing in this species of plants (Batista and De Souza,
2017; Han et al, 2019; Ktistkova et al, 2008). To expand
the varietal diversity of leaf lettuce, it is reasonable to
use alternative, more efficient methods of creating the
initial material in the breeding practice. One of these
is induced mutagenesis, which can be used to change
only one or several traits of the initial form, which then
can be stabilized in rather a short period of time due to
inbreeding in several generations (Mou, 2011). Muta-
tions can affect the evolution and improvement of let-
tuce (Lactuca sativa L.). First of all, this is a way of
creating genetic variability that can be used in physi-
ological or genetic studies (Delia et al, 2013; Cheng et
al, 2018; Gurdon et al, 2019). The use of mutagenesis
is also very efficient for the breeding of different let-
tuce species, especially for the purpose of improving
a number of economically valuable traits — resistance
to diseases, raising the yield and acquiring new use-
ful qualitative traits, which cannot be obtained by con-
ventional crossing, because the latter enables only the
recombination of the traits, which already are present
in paternal components (Ohki and Hatashita, 2012).
Induced mutation-assisted breeding is considered non-
transgenic; it is more acceptable for consumers and
meets practically no opposition from the defenders of
the environment, government, producers, and broader
public opinion. Although the mutagenesis process may
be uncomplicated, it still requires some practice and
experience to determine the accurate dose of the muta-
gen, which ensures a high frequency of mutations and
a low mortality rate. Due to the accidental nature of
mutagenesis, a large population of samples that mutat-
ed should be detected so that they could be practically
useful for the breeding process. A large area of the ex-
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perimental plot may be required to grow the plants of
generation M, and to obtain enough seeds to breed the
generation M, (Franco et al, 2015; Marcu et al, 2013).
There are five main types of lettuce: leaf lettuce (var.
secalina), cabbage lettuce (var. capitata), romaine let-
tuce (var. longifolia), lettuce stem (var. angustana jr-
ish), half a head of lettuce (var. acefala Alef.), which
belong to the group of green (rare) crops. The inbred
nature of lettuce governs its relatively limited genetic
variability compared to cross-pollinated crops. Such
mutagenic agents as X-rays, ultraviolet radiation, neu-
trons, protons, alpha-, beta-, and gamma-rays, or such
chemical mutagens as ethyl methanesulfonate (EMS)
and dimethyl sulfate (DMS) are used in breeding for a
slight increase in the incidence of mutations, to obtain
mutants with contrastive phenotypes as compared to
the initial forms or as a source of valuable and useful
traits (Begum and Dasgupta, 2010; Kodym et al, 2012;
Kodym and Afza, 2003; Mir et al, 2021). Many for-
eign researchers study the mutagenesis of leaf lettuce,
which allows for solving the problems of improving
specific characteristics of this green crop (Huo et al,
2016; Sorel et al, 2014). It was proven that the highest
effect of the mutagenic factors is achieved when they
are used to treat seeds (Franco et al, 2015; Marcu et
al, 2013).

A productive organ of leaf lettuce is a rosette of
leaves. Depending on the variety genotype, plants are
in a saleable condition for about 10—15 days. Four to
five days after the formation of cotyledons, the first
real leaves are formed, making up a rosette. Then,
the intensity of growth and development is enhanced
considerably. The leaves of leaf lettuce are notable
for vividly manifested phenotypic diversity. All the
leaves are simple sessile, non-dissected or dissected,
lanceolate. In terms of form, they are kidney-shaped,
rounded, elliptical, obovate, lancet, or pinnately com-
pound. The edges of the leaves are solid, toothed, or
curly. The size of the leaf varies greatly; its surface can
be from smooth to blistered, with a thick vein extend-
ing in the middle. The consistency of the leaves can
be from fleshy-tender, crispy, oily to rough. The color
of the leaves varies from light green, green to red. The
color of the leaf blade is presented in a range of dif-
ferent shades, namely, green, dark green, dark gray-
ish green, light green, yellowish green, pale yellowish
green, brownish, red-brown, sometimes with sorrel
pigmentation (Kiistkova et al, 2008). The morphogen-
esis and growth of leaf lettuce leaves have complicated
regulation mechanisms. In addition to genetics, the
environment of development can also have a consi-
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derable impact on the change in the leaf structure, its
color, and venation. The described and noticeable traits
of the most common varieties of leaf lettuce are very
important for the identification of the phenotype and
analysis of the phenotype-genotype association. It is
impossible to find two of the same leaves in the entire
world, but the leaves of different lettuce varieties may
have higher similarity (Du et al, 2022). Obviously, the
statistical traits of the whole leaf are not sufficient for
the detailed description of differences between variet-
ies. Different components of leaves perform specific
physiological functions and may be quantitatively de-
scribed and interpreted using their observed properties.
A leaf of leaf lettuce may be visually divided into dif-
ferent functional regions, such as a petiole and veins
for mechanical support and transportation of nutrients;
other regions are required for photosynthesis (Leschuk
et al, 2017). At present, the current structural pheno-
typing of the leaves of leaf lettuce does not allow for
accurate differentiation of its components. Some traits
of leaf components can be measured manually, but it
requires much time and effort and adds a subjective
researcher’s error during measurements. Several stud-
ies were conducted to investigate the phenotyping of
leaf lettuce leaves based on their digital images for
computer-assisted processing of the visualization re-
sults for structural components (Du et al, 2022; Bauer
et al, 2019). The suggested experimental approach lays
an effective strategy of quantitative analysis of the fine
structure and components of the detached leaf of leaf
lettuce. However, at present, these methods of analysis
are still under development and require better system-
atization of the obtained data. Further progress in solv-
ing this issue will facilitate more detailed segregation
of numerous traits for the classification and identifica-
tion of leaves and provide a more accurate computa-
tional basis for its functional analysis (Du et al, 2022).
The main structure of a proper leaf is established at the
carly stage of its development. Leaf morphogenesis in-
volves the formation of a leaf blade, its venation, the
forms of the edges, and color (Bar and Ori, 2014).

One of the breeding process stages is the selection
of derivative sources, based on the complex of traits,
inherent to genotypes. Their manifestation of species
populations is conditioned by the specificities of the or-
igin of species, variability, and stability of the origin of
physiological functions of plants due to the interaction
of a complicated system: a population — an ecological
environment. The classification traits are divided into
morphologically quantitative and qualitative ones. The
qualitative traits are notable for the presence of clearly
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visible alternative manifestations, for instance, the high
and low habitus of plants, broad and narrow leaves,
long or rounded spikes, etc. The quantitative traits are
all those that can be measured, counted, and weighed.
These traits demonstrate continuous variability, thus,
the value of the trait varies to a different degree. In ad-
dition, quantitative traits have different regularities of
their inheritance as compared to qualitative traits and
respond to environmental conditions (Ceccarelli and
Grando S, 2020; Ewing et al, 2019). As for leaf let-
tuce, attention is paid to the morphology of young real
leaves, as the qualitative traits, defining this morphol-
ogy, are stable, genetically fixed, and display almost
no variation under the impact of environmental factors.
The forms of the leaves, the venation of the leaf blade,
and the waviness of the leaf edge allowed for identifi-
cation of the first herbarium specimen of lettuce (Guo
etal, 2023).

According to the UPOV classification, each plant has
40-50 characteristic traits, which should be known to
each researcher-breeder (the International Union for
the Protection of New Varieties of Plants, 2021). Tak-
ing the abovementioned into consideration, the authors
of the article improved the classifying method to con-
duct the examination of plant species for differences,
homogeneity, and stability of lettuce (Lactuca sativa
L.) (Kondratenko et al, 2019). The classifying method
presents economically valuable and morphological
traits of the plants from the species of lettuce Lactuca
sativa L. and its varieties: leaf lettuce (var. secalina),
cabbage lettuce (var. capitata), romaine lettuce (var.
longifolia), lettuce stem (var. angustana jrish), half a
head of lettuce (var. acefala Alef.), which belong to the
group of green (rare) crops. The classifying method is
the basis for the examination of newly-created variet-
ies and hybrids F, based on determining the difference,
homogeneity, and stability of the manifestation of their
traits, which is the main requirement while conduct-
ing scientific and technical evaluation in the system of
state crop variety testing. According to the current ge-
netic and breeding practice, the gradation of qualitative
traits, defining the morphology of a leaf blade of leaf
lettuce, is presented by some degrees of manifestation
in the certain corresponding reference species (Kon-
dratenko et al, 2019). To evaluate the difference and
homogeneity, the elaborated classifying method used
codes (points for the score) for the traits (from 1 to 9),
required for computational processing of the data. The
combination of these codes constitutes a coded formula
of the species or a specimen, valuable for breeding, and
is used to form a group of similar genotypes.
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It should be noted that the score is widely used for
registrations and observations in the breeding practice.
It is substantiated by the need to avoid labor-consuming
procedures of registering the values of traits in physi-
cal measurement units using specific equipment. The
elaboration of the corresponding scales for the clas-
sification of physical values of traits (classifiers) into
classes and the allocation of the corresponding score
to them facilitates the use of a considerable scope of
single-dimensional estimates in the registration pro-
cess and their registration using points (Kfistkova et al,
2008; Mousavi et al, 2012; Basnet et al, 2014). When
numerous traits should be registered, the application of
scores for estimation is the only way to come to the
comprehensive evaluation of the breeding material by
the difference in morphogenetic processes under indi-
vidual development and phenotype of traits, reflecting
them. It provides a solution to the compromise between
the accuracy of registering a single trait and the pos-
sibility of a deeper description of the breeding material
in terms of differences in growth, development, and,
finally, in epigenetic processes, which are the object of
adaptive breeding. At the same time, the score allows
for comparing the traits and properties that are actually
impossible to evaluate in some physical measurement
units. These are the traits with non-physical measure-
ment units, which characterize some difference, inte-
gral by its form, including the morphotype, and integral
specificities of phytocenosis as of a specific stage of
ontogenesis. The scores of these traits are impossible
to express in physical units using the corresponding
classifying scales. The example may be found in the
score by the degree of manifestation of 39 morphologi-
cal traits, the results of which are attached to the ap-
plication to transfer a species of leaf lettuce to the State
Variety Testing institution (Kondratenko et al, 2019).
The difference in the breeding material by the associa-
tion of traits, registered in scores, can be evaluated us-
ing non-parametric criteria of differences (MacFarland
and Yates, 2016). These criteria can be especially used
while analyzing the differences in the breeding materi-
al by the association of traits, the combination of which
reflects the corresponding integral properties in the
manifestation of macroscopic variability. For instance,
it is valid for the specifics of forming the vegetative
sphere or a life form in general by a particular scope of
traits, reflecting them.

The aim of the study was to establish the effect of
mutagenic factors on the formation of qualitative traits,
determining the phenotype of the leaf blade, and to in-
vestigate the correlation between the manifestation of
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these factors and the variation of quantitative traits of
breeding value in mutant lines of leaf lettuce.

MATERIALS AND METHODS

The field studies were conducted in 2015-2019
at the experimental facility of the Research Station
“Mayak” of the Institute of Vegetable and Melon
Growing of the NAAS, located in Baklanovo village
within Nizhyn district of Chernihiv region, Ukraine.
The local environment closely resembles the north-
ern Forest-Steppe region of Ukraine, characterized
by a moderately warm and temperate climate. The fo-
cus of our research was directed towards leaf lettuce
(Lactuca sativa L. var. secalina). Specifically, we in-
vestigated mutant lines of leaf lettuce, which were of
the fourth generation (M,). These mutant lines were
generated through chemical mutagenesis and derived
from the Zhnych variety (K-046), which was bred at
the Research station “Mayak” of the Institute of Veg-
etable and Melon Growing of the NAAS.

To obtain these mutant leaf lettuce plants, we con-
ducted a pre-sowing treatment on air-dried seeds ac-
cording to the scheme outlined in Table 1. This treat-
ment involved the utilization of biologically active
substances with mutagenic properties, including the
reference compound dimethyl sulfate (DMS) and
its chemical analogs, namely D,MU, DMU-10A and
DMU-9, synthesized at the experimental facility of the
Institute of Bioorganic Chemistry and Petrochemistry
of the NAS of Ukraine. These preparations were novel
in the context of their application to leaf lettuce, and the
objective was to determine their effectiveness, relative
to DMS, the reference mutagen, in generating valuable
mutant forms of leaf lettuce for breeding objectives.

The seeds of leaf lettuce were enclosed within cheese-
cloth pouches and treated with aqueous solutions of the
abovementioned biologically active substances in the
active concentrations of 0.1 and 0.05 % for 18 h prior
to sowing in the field conditions (Table 1). The seeds,

Table 1. The scheme of the experiment in expanding geno-
typic variability of leaf lettuce by the method of chemical
mutagenesis, 2015

Mutagenic Concentrations of biologically active
preparations substances of mutagenic effect
Control Treatment of seeds with distilled water
DMS, reference 0.05 %; 0.1 %
D,MU 0.05 %; 0.1 %
DMU-10A 0.05 %; 0.1 %
DMU-9 0.05 %; 0.1 %
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soaked in distilled water, served as the control. Each
experimental specimen of leaf lettuce was sown in the
registration plots of 4.2 sq.m. with a sowing rate of
0.9 g/plot. The seeds were sown in four repeats within
a single row, the a plot length of 5 m, a row spacing
width of 70 cm, and the seed burial depth of 1 cm.

During the growth and development of mutant
plants, phenological observations were diligently con-
ducted. Any plants exhibited modified morphological
and physiological characteristics were registered, and
subsequent generations were checked for the inheri-
tance of these changes. It is essential to clarify that only
alterations in plant traits that were consistently passed
down in subsequent generations were regarded as mu-
tations. Detailed records of all types of mutations were
maintained at every stage of growth and development
from generations M —M..

In adherence to methodological guidelines, each ex-
perimental variant involved the treatment of 1 gram of
seeds (Hvostova, 1965). To study the impact of chemi-
cal mutagens on the plants of the first generation (M),
these seeds were sown in the field conditions in four re-
peats. Phenological observations were made through-
out of the lifecycle of these cultivated plants, comple-
mented by biometric measurements conducted during
both the vegetative and reproductive phases of devel-
opment. Mutations were visually identified in plants at
critical stages of growth and development.

The registration process involved documenting mu-
tations characterized by deviations in the leaf blade
shape and color, stem and branches structure, varia-
tions in the degree of expression of quantitative traits,
and differences in the timing of phenological phases
compared to the initial form (Zhnych variety). The
findings of these studies were instrumental in isolating
mutant genotypes in which mutational variability had
led to improvements in economically valuable traits.

In 2015, we obtained the seeds of mutant generation
M,. In 2017-2019, we studied the mutant progeny of
generations M,~M, under field conditions by the com-
plex of quantitative and qualitative traits and the phe-
nology of growth and development of plants. While
testing the reference preparation, DMS, in the active
concentration of 0.1 %, we did not succeed in obtain-
ing mutant plants of leaf lettuce, Zhnych variety, as the
pre-sowing treatment of seeds with this preparation
made them inviable and under field conditions they had
100 % mortality rate.

The visual analysis of the mutant forms of leaf let-
tuce determined their difference from the initial variety
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genotype by the association of qualitative traits, defin-
ing the phenotype of the real leaf. For instance, the ef-
fect of mutagenic factors was seen in the phenotypic
differences of the leaf blade, defining its morphology,
venation, form of the edge, and color. To estimate the
manifestation degree of qualitative traits for this organ
of mutant genotypes, the Methodology of conducting
the examination of leaf lettuce (Lactuca sativa L.) vari-
eties for differences, homogeneity, and stability, devel-
oped by the Ukrainian Institute of Plant Variety Exami-
nation, which suggests the corresponding points for the
manifestation degree regarding 17 qualitative traits of
the leaf to determine the approbation traits of varieties
for DHS-testing (Kondratenko et al, 2019), was used as
the estimation basis. Among the investigated qualita-
tive traits, there are seven, defining the morphology and
venation of the leaf blade (“the dissection of the edge
of the leaf blade”, “the general shape of the leaf blade”,
“the shape of the tip of the leaf blade”, “glossiness on
the upper side of the leaf blade”, “blistering of the leaf
blade”, “blisters according to the size of the leaf blade”,
“venation of the leaf blade”), four traits defining the
form of the edge of the leaf blade (“the waviness of the
edge of the leaf blade”, “the dissection of the edge of
the tip of the leaf blade”, “the depth of the dissection
of the edge of the tip of the leaf blade”, “the degree of
dissection of the edge of the tip of the leaf blade”), six
traits defining the color of the leaf blade (“the shade
of green coloring of the leaf blade”, “the intensity of
coloring of the outer leaves”, “anthocyanin coloring
of the leaf blade”, “the intensity of anthocyanin color-
ing of the leaf blade™, “the distribution of anthocyanin
coloring of the leaf blade”, “the type of spread of an-
thocyanin coloring of the leaf blade”). The difference
in the material by the association of traits, registered
in scores, can be evaluated using non-parametric cri-
teria of differences. The following statistical indices,
suggested in respective scientific and methodological
journals, were used in the work to conduct the variation
analysis of qualitative traits, defining the phenotype
of the leaf blade (Litun et al, 2009; MacFarland and
Yates, 2016): Spearman’s rank correlation coefficient,
r; Friedman’s analysis of variance; Kendall’s concor-
dance coefficient, W,

For each mutant specimen of leaf lettuce, the index of
normalized values was determined by calculating the
ratio between the score, corresponding to the manifes-
tation degree of some qualitative trait, and the average
value of the score, defining all the manifestations of
the same qualitative trait of the leaf blade according to
the classifying catalog (Kondratenko et al, 2019). This
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experimental approach is widely used in the breeding
practice to bring the manifestation of the investigated
qualitative or quantitative traits to one measurement
unit (Litun et al, 2009; Wen et al, 2023).

The statistical analysis of experimental data was
conducted using STATISTICA program (StatSoft, Inc.
(2014). STATISTICA, version 12. www.statsoft.com).

RESULTS

Due to the studies in mutational breeding, we cre-
ated 14 mutant lines, which are derivatives of leaf let-
tuce, Zhnych variety, valuable for breeding purposes
(Table 2).

The analysis of the qualitative traits of mutant lines,
derivatives of this variety, was conducted in 2018 with
generation M,. At that time, all the linear specimen
were in the nursery of the competition variety testing
after three years of selecting for the stable manifes-
tation of both qualitative and quantitative traits. The
results of the study of linear material by the complex
of quantitative traits were presented by the authors
of this article in another publication (Kondratenko et
al, 2020). The analysis of mutant lines revealed their
morphological differences from the initial form in

terms of morphology, venation, form of the edge, and
color of the leaf blade. According to the analysis, con-
ducted for the manifestation of 17 qualitative traits
of the leaf blade in the combined population of leaf
lettuce genotypes, consisting of both mutant lines and
the initial form, it was determined that one trait had
6 degrees of manifestation, one trait — 5 degrees of
manifestation, 3 traits — 4 degrees of manifestation,
7 traits — 3 degrees of manifestation and 5 traits — 2
degrees of manifestation.

Due to the effect of mutagenic factors, the highest
variability in terms of manifestation was noted for the
traits “the shape of the leaf” and “leaf blisters accord-
ing to the size”. The smallest changes were noted for
the following qualitative traits: “the venation of the
leaf blade™; “the dissection of the edge of the tip of the
leaf blade”; “anthocyanin coloring of the leaf blade”;
“the distribution of the anthocyanin coloring of the leaf
blade”; “the type of the distribution of anthocyanin col-
oring of the leaf blade”. The group of 7 traits, defining
the morphology of the leaf blade and its venation, had
26 degrees of manifestation. The group of 6 traits, de-
fining the coloring of the leaf blade, had 16 degrees of
manifestation. The group of 4 traits, defining the shape

Table 2. Mutant genotypes of leaf lettuce, generation M, obtained after the effect of mutagenic factors of different nature,

2015
Name Applied Name
of preparation concentration, % of mutant line
Name of mutant line Initial form — Zhnych variety (k-046)
DMS (reference)
0.05 B-38 (k-0296)
0.1 No mutant plants were obtained due to 100 % mortality rate of the seeds
after the pre-sowing treatment of the seeds with DMS preparation
D.MU
0.1 B-2 (k-0262)
B-4 (k-0264)
B-6 (k-0266)
0.05 B-7 (k-0267)
B-8 (k-0268)
DMU-10A
0.1 B-11 (k-0271)
B-14 (k-0274)
0.05 B-16 (k-0275)
B-18 (k-0277)
DMU-9
0.1 B-21 (k-0280)
B-22 (k-0281)
B-23 (k-0282)
0.0 B-24 (k-0283)
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of the edge of the leaf blade, had 12 degrees of mani-
festation.

One of the requirements to the application of non-
parametric criteria to the entire range of traits is the need
to bring their values to one measurement unit, which can
be ranked. Different intervals of score variation were
used in the elaborated classifying method to describe
specific qualitative traits, which manifest the phenotype
of the leaf blade: {1; 2}; {1; 3}; {1; 4}; {1; 7}; {3; 7};
{1; 9}. The absence of the phenotypic manifestation of
the trait was marked as a zero score. To bring the scores
of points to one measurement unit, we used the calcula-
tion of the index of normalized values. The registration

of the association of qualitative traits, manifesting the
phenotype of the leaf blade in mutant lines not by their
initial score of points but by the calculated indexes of
normalized values, is presented in Table 3.

To estimate the differences between mutant forms
and the initial form — Zhnych variety, the work with
qualitative traits involved the use of Friedman’s analy-
sis of variance, Kendall’s concordance coefficient, IV,
and Spearman’s rank correlation coefficient (7). The
breeding material was compared using the abovemen-
tioned criteria and the average values of the index of
normalized values of traits in the experiment. The anal-
ysis of qualitative traits, defining the morphology of the

Table 3. Normalized values of qualitative traits for leaf blade in mutant lines and the initial form (Zhnych variety) of leaf

lettuce (generation M,, 2018)

Mutant lines
Phenotypic trait S >

> © — < © o0 — I o <+ 0

== O I S ol i Al B el Al N AN IO\ A B

N >| /@ [aa) m M an) an) aa) an) an) aa) an) aa) m M

Differences in the morphology of the leaf blade and venation
Dissection of the edge 1.5 1 15115 1 IS 15115 (151515051515 1
The shape of the leaf 1.62 [ 1.85]1.15]1.85]0.69 |1.85[0.230.46|1.62|1.85]|1.62]|0.23 |1.15|1.62| 0.69
The shape of the tip 1.5 I 05| 151157050515 1 |05]05| 1 [05]051] 15
Glossiness on theupper | 1.4 | 1.4 | 1 1.4 1 0.6 | 1 1 1 06 |14 ] 14|06 | 1 1
side
Blistering 0.67 10.22]0.22]0.67|1.11 |0.22 [ 0.67 | 0.22 | 0.67 | 0.67 | 0.22| 2 |0.22(0.22 | 1.11
Blisters according to the | 2.19 | 0.94 | 1.56 ] 0.94]0.94]|0.31 094|094 [ 1.56[1.56]0.94|1.56| 0 |1.56| 1.56
size
Venation 1.33 10.67|1.33|1.33|1.33]0.67|0.67|0.67|1.33|1.33(0.67|0.67|1.33|1.33]|0.67
Differences in the shape of the edge of the leaf blade
Waviness of the edge .17 | 1.17| 1.5 | 1.5 [ 1.17|1.17|1.17 {083 |1.17|083| 1.5 | 05 | 1.5 |1.17| 0.5
Dissection of the edge 1.8 102180202 |18]18|02|18 02|18 02| 18] 18] 02
of the tip
Depth of the dissection .12 0 |1.12| 0O 0 (L12|112| 0 |1.12| O |1.12| O |[L87|1.12| O
of the edge of the tip
Degree of the dissection | 1.12 | 0 |1.87| 0 0 (L12|187| 0 |1.12| O |1.12| O |[L87|1.12| O
of the edge of the tip
Differences in the coloring of the leaf blade

Shade of green coloring | 1.33 | 1.33 | 1.33 133 [1.33 133 1 |1.33]0.67| 1 1 |1.33[0.67(067| 1
Intensity of coloringof | 1.17 | 1.5 | 1.17|1.17]0.83| 1.5 | 0.5 | 1.5 | 0.5 |0.83|1.17| 1.5 |0.83|0.83| 1.17
the outer leaves
Anthocyanin coloring .13 | 1.13 ) 1.13 | 1.13 | 1.13 | 1.13 | 1.13 [ .13 | 1.13 | 1.13 | 1.13 | 1.13 | 1.13 | 1.13 | 0.88
Intensity of anthocyanin 1 129 1 1 [071129]071]1.29| 1 1 [1.29]1129]071| 1 1
coloring
Distribution of anthocy- | 1.33 | 1.33 [ 0.67 | 0.67 | 0.67 | 1.33 | 0.67 | 1.33 [ 0.67 | 0.67 | 1.33 | 1.33 | 0.67 | 0.67 | 1.33
anin coloring
Type of distribution of 0510505151505 |15]05(05(|15[05[05|15]05] 15
anthocyanin coloring
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leaf blade in mutant forms, demonstrated their differ-
ences from the initial form (Table 4).

One of the criteria of differences by the integral
manifestation of the block of traits in the investigated
sampling of mutant forms is the comparison of the sum
of ranks (S) and the experimental value of the crite-
rion Xzexp (MacFarland and Yates, 2016). The range of
variability for the index of “the sum of ranks” in our
experiment (117.0...175.5) considerably exceeded
)(Zexp' (13.63), which confirms significant differences
between mutant lines and the initial form by the in-
vestigated association of qualitative traits (Table 4).
The calculation of Kendall’s concordance coefficient
(W = 0.057) proved insignificant concordance be-
tween morphogenetic processes, preceding the block
of formed associated traits, and considerable specific-
ity by them.

As for the entire investigated sampling of mutant
lines and the initial form, a more manifested evalua-
tion of differences is ensured by the index of “average
index of normalized values” of Friedman analysis of
variance and the value of Spearman’s rank correlation

coefficient (), which are in good agreement. Accord-
ing to the data in Table 4, the correlation between the
initial form and mutant lines by the manifestation de-
gree of 17 qualitative traits varied from —0.08 to 0.62.
By the degree of genetic affinity to the initial form, the
investigated group of mutant lines can be conditionally
divided into three groups. The first group is the lines
with the highest affinity and average strength of the
correlation (£ 0.3 <7 <=+ 0.69). This group consists of
two lines B-16 (= 0.62) and B-24 (r, = 0.58), which
showed statistically reliable association with the initial
form (Table 4). In addition to these lines, this group
also includes three following lines: B-4 (» = 0.43); B-8
(r,=0.31); B-21 (r,= 0.41).

A weak correlation (£0.1 < r < £0.29) was noted
for six lines: B-2 (r = 0.27); B-6 (r, = 0.25); B-11 (r, =
=-0.18); B-14 (r, = 0.25); B-18 (r, = 0.20); B-23 (r =
= —0.22). The most contrastive lines, with practically
absent correlation in terms of manifesting the asso-
ciation of qualitative traits, defining the phenotype
of the leaf blade, were three lines (r < + 0.09): B-7
(r,=—0.08); B-22 (r, = 0.02); B-38 (r, = 0.09).

Table 4. The results of the analysis of variance for the expression of qualitative traits defining leaf blade morphology in mu-

tant forms derived from the Zhnych Variety of leaf lettuce

Results of Friedman’s analysis of variance * Spearman’s
Mutant ; rank
specimen No of cat. Average rank Sum of ranks ?}’iﬁﬁ;ﬁ;‘z Average square | correlation
(Si) values (X ) deviation () | coefficient, r
Zhnych variety k-046 10.32 175.50 1.29 0.39 -
line B-2 k-262 7.97 135.50 0.91 0.56 0.27
line B-4 k-264 8.82 150.0 1.14 0.46 0.43
line B-6 k-266 9.12 155.0 1.04 0.56 0.25
line B-7 k-267 7.15 121.50 0.89 0.47 —0.08
line B-8 k-268 8.44 143.50 1.06 0.50 0.31
line B-11 k-271 7.12 121.0 1.0 0.47 —0.18
line B-14 k-274 7.38 125.50 0.85 0.54 0.25
line B-16 k-275 8.09 137.50 1.08 0.39 0.62
line B-18 k-277 7.09 120.50 0.89 0.55 0.20
line B-21 k-280 8.76 149.0 1.11 0.43 0.41
line B-22 k-281 7.76 132.0 0.89 0.61 0.02
line B-23 k-282 7.47 127.0 1.05 0.58 -0.22
line B-24 k-283 7.62 129.50 1.04 0.44 0.58
line B-38 k-296 6.88 117.0 0.89 0.49 0.09
Average 8.0 136.0 1.01 0.50 —

Note. * — The results of calculations for Kendall’s concordance coefficient (#): W= 0.057 and the calculations for the crite-
rion of X-square are as follows y°  =13.63 and | =0.48,i.c.x’ >y’ . thus the significance of the concordance coef-
ficient W is considerable in 5 % of the significance level; in bold are Spearman’s rank correlation coefficients r, the reliability

of which was proven at the significance level of p < 0.05.
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The diagram of comparative differencei in the mutant lines of leaf lettuce, derivatives of Zhnych variety, by genotypic aver-
age indices of the normalized values, defining the variability level of the associated traits, defining the morphology of the leaf

blade (generation M)

The visualization of the data in Table 4 by the vari-
ability of “the average index of normalized values”
for the entire sampling of the investigated genotypes
of leaf lettuce is presented in the diagram (Figure).
One of the specificities of mutant lines was the pres-
ence of lower values of this index as compared to the
initial form. The explanation of this experimental fact
from the genetic standpoint requires further studies.
To determine the degree of the efficiency of muta-
genic factors, we conducted their differentiation by
the number of formed mutant linear genotypes, which
had a different degree of difference from the initial
form. The index of “the average index of normalized
values” was considered to be the integral criterion for
the formation of new degrees of the manifestation of
qualitative traits, defining the phenotype of the leaf
blade as compared to the initial form. All mutant lines
of leaf lettuce were conditionally divided into three
groups. The data about the differentiation of muta-
genic factors by the efficiency degree were compiled
in Table 5.

The obtained data demonstrate that the most efficient
preparation of the mutagenic effect, among all the in-
vestigated ones, was found to be D,MU. Its application
in the active concentration of 0.05 % resulted in cre-
ating two mutant lines (B-7 and B-8) and three more
mutant lines (B-2, B-4, and B-6) were obtained using
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the concentration of 0.1 %. The preparation D,MU was
used to create the lines with a different affinity degree
regarding the initial form — from the most contrastive
line B-7 to the lines with a weak (B-2 and B-6) and
moderate correlation (B-4 and B-8) by the manifesta-
tion of the association of qualitative traits, defining the
phenotype of the leaf blade (Table 5).

The mutagenic effect of DMU-10A preparation was
seen in creating four mutant lines — B-16 and B-18
while testing the concentration 0.05 % and B-11 and
B-14 while testing the concentration of 0.1 %. Three
lines, B-11, B-14, and B-18, had a weak correlation
with the initial form (£0.1 <r <+0.29) by the manifes-
tation of the association of qualitative traits. Line B-16
had the highest affinity with Zhnych variety among all
the obtained mutant linear genotypes (r, = 0.62).

The pre-sowing treatment of leaf lettuce seeds with
the preparation DMU-9 in the active concentration of
0.05 % promoted the creation of one line (B-24), and
three more lines were obtained using the concentration
0.1 % of this preparation — B-21, B-22, and B-23. The
lines were distinguished by a different degree of affini-
ty in terms of the investigated association of qualitative
traits. Line B-22 (r < +0.09) was most different from
the initial form. We isolated line B-23 with a weak cor-
relation and two lines B-21 and B-24 with a moderate
correlation to Zhnych variety (Table 5). Due to the ef-
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Table 5. The differentiation of mutagenic substances using non-parametric criteria to evaluate differences in mutant lines of
leaf lettuce (Derivatives of Zhnych Variety, K-046) based on the association of traits defining the leaf blade phenotype

Concentration Limits of variation for Spearman’s rank
of mutagenic correlation coefficient, r,
substance for Average index
Name of ) . .
. presowing Mutant line of normalized
preparation treatment of values r <+0.09 0.1 <r < H3<r <
leaf lettuce ’ ' +0.29 +0.69
seeds
Initial form — Zhnych variety 1.29 — - -
DMS (reference) 0.05 % B-38 0.89 + — -
D,MU
0.05 % B-7 0.89 + - -
B-8 1.06 - - +
0.1 % B-2 0.91 - + -
B-4 1.14 - - +
DMU-10A B-6 1.04 - + -
0.05 % B-16 1.08 - -
B-18 0.89 - + -
0.1 % B-11 1.0 - + -
DMU-9 B-14 0.85 - + -
0.05 % B-24 1.04 - - +
0.1 % B-21 1.11 - - +
B-22 0.89 + - -
B-23 1.05 - + -

fect of the reference preparation DMS (concentration
0f 0.05 %), we succeeded in obtaining only one mutant
line B-38, but it was rather contrastive as compared to
the initial form ( < +0.09).

Having determined the specificities of the manifes-
tation of qualitative traits of the leaf blade, we con-
ducted a correlation analysis between them and other
economically valuable traits to determine a probable
connection between the phenotype elements of mutant
lines and their productivity potential. The correlation
analysis involved a total of 9 quantitative traits, valu-
able for breeding: “plant rosette height”; “plant rosette
diameter”, “the number of leaves on one plant”, “leaf
length”, “leaf width”, “weight of one plant”, “crop ca-
pacity”, “the duration of the period from the appear-
ance of mass seedlings to stemming”, “the duration of
the period from the appearance of mass shoots to flow-
ering”. The correlation analysis involved the following
non-parametric indices of evaluating the qualitative
traits of “average rank” and “average index of normal-
ized values”. To determine more generalized, common,
correlation we used integral data for the study years by
all the linear genotypes and initial form, as a cumula-
tive value. Thus, while forming the initial database to

conduct the correlation analysis, we used the block of
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comparative respective indices of qualitative and quan-
titative traits of mutant lines and added the correspond-
ing data about the initial form — Zhnych variety. The
formation of the database of qualitative and quantita-
tive traits was done using the results of three years of
studies (2017-2019), obtained for the mutant genera-
tions M,-M.. The data of the correlation analysis are
compiled in Table 6.

The obtained results demonstrated a statistically re-
liable correlation between the pairs of separate quan-
titative and qualitative traits. For instance, the aver-
age, practically same negative correlation bond (r, =
= —0.39...-0.40) was noted for two pairs of indices —
“average rank” and “average index of normalized val-
ues”, which were compared to the quantitative trait of
“plant rosette diameter”.

A moderate or strong correlation (r, = 0.57...0.74) was
found for the abovementioned non-parametric indices
with a relevant phenological phase of the development
of leaf lettuce plants — the duration of the period from
the appearance of mass shoots to stemming (Table 6).
This phenological phase is especially relevant for the
breeding selection, as it defines the completion of the
vegetative period of leaf lettuce plants and their tran-
sition to the reproductive phase of development. Mu-
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Table 6. Spearman’s rank correlation coefficient (r) between the manifestation degree of qualitative and quantitative traits in

mutant lines and the initial form, Zhnych variety™*

Quantitative traits g g ) g 2
8 [i=) @ =) :
g g BEw 28
= v = = T E| 5 &
< g 5 g ) Q o
.20 < 9 = o = =)
) LN 9] a o 8 ¢ Q0 o o
= o % ) > = sL::) gl .2 o .S
5 [ 54 =) R~ = 3 8| C g8
+— +— — o —~ O ! “~“ =8 O
s s &= = = Pt S ° & °© g z
g % o eh % o (o8 = 2 8 =) 8 )
) o 5 g = - < S ®wnl|l o il
= = 2 = B < © S oot S g
) = = = — < “eh o s s g|8a8
Non-parametric g E = s S 5 o S5o=|E oz
statisticalindices A~ A~ Z — - = © ARS8 |RETD
Average rank -0.01 -0.40 0.03 -0.04 0.10 -0.17 -0.16 0.74 -0.27
Average index of -0.06 -0.39 0.01 -0.24 0.16 -0.08 -0.08 0.57 -0.07
normalized values

Note. * Spearman’s rank correlation coefficients, r, the reliability of which was confirmed on the significance level of

p <0.05, are in bold.

tant lines with a longer vegetation period are of higher
breeding value, since they also have a longer period of
economic suitability for the collection of leaf mass for
fresh green products. Different components of lettuce
leaves perform specific physiological functions and
may be quantitatively described and interpreted using
their observed properties. For instance, the petiole and
veins perform the function of mechanic support for the
leaf as an integral organ, while other components are
closely related to photosynthesis (Leschuk et al, 2017;
Du et al, 2022). The changes in anthocyanin coloring
of the leaf blade in mutant forms of lettuce demonstra-
te the changes in their biosynthesis, and thus a diffe-
rent photoperiodic reaction as compared to the initial
form — Zhnych variety.

The average negative correlation between non-para-
metric statistical indices, defining the phenotype of
the leaf blade, and the manifestation of the quantita-
tive trait of “plant rosette diameter” demonstrated that
the increase in mutational changes in the phenotype of
the leaf blade resulted in the decrease in the degree of
manifestation of the abovementioned quantitative trait.
Thus, there was a change in the architectonics of mutant
plants of leaf lettuce as compared to the initial form.
At the same time, a weak or almost absent correlation
with five quantitative traits, defining the productivity of
mutant lines of leaf lettuce (“the number of leaves on
one plant”, “leaf length”, “leaf width”, “the weight of
one plant”, “crop capacity”’) demonstrated their more
complicated genetic organization and poor dependence
on the phenotypic manifestation of the entire complex
of the investigated qualitative traits.
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DISCUSSION

Therefore, the testing of the domestically produced
preparations of mutagenic effect, - D,MU, DMU-10A,
and DMU-9 — determined their high efficiency in cre-
ating a 4-5 times larger number of mutant forms of
plants as compared to the reference preparation DMS
(dimethyl sulfate). Their application facilitated the cre-
ation of 13 mutant lines, while only one mutant line
was obtained using the reference preparation. While
analyzing the mutant generation, it should be noted that
the mutagenic effect of preparations was noted only in
the partial change of the initial form genome — Zhnych
variety. The most efficient preparation was found to be
D, MU, the application of which facilitated the creation
of five mutant lines (B-2, B-4, B-6, B-7, and B-8). As
compared to the initial form, the total number of chang-
es in the leaf blade phenotype in the five abovemen-
tioned mutant lines was 56.5 % (Table 3). Out of these,
the combination of seven qualitative changes, respon-
sible for the leaf blade morphology and its venation,
related to 74.3 % of changes. Four traits, responsible
for the shape of the leaf blade edge, related to 60 %
of changes, and six qualitative changes, responsible for
the leaf bade coloring, related to 36.6 % of changes. As
compared to the initial form, there were practically no
phenotypic changes in the trait of “the shade of green
coloring” (Table 3). The greatest mutational changes
were noted for line B-7 with 12 out of 17 investigated
differences in the manifestation degree of qualitative
traits. Line B-2 had 11 differences, and lines B-4, B-6,
and B-8 had 8 differences each, respectively.
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The preparation DMU-10A was responsible for 4
mutant lines — B-11, B-14, B-16 and B-18. As com-
pared to the initial form, the total number of changes
in the leaf blade phenotype in the four abovementioned
mutant lines was 60.3 % (Table 3). As for the more dif-
ferentiated evaluation, the difference in the manifesta-
tion degree of the traits, responsible for the morphology
of the leaf blade and its venation, was 64.3 %, those for
the shape of the leaf blade edge — 56.3 %, those for the
leaf blade coloring — 58.3 %. The greatest mutational
changes were noted for line B-18 (12 out of 17 investi-
gated differences in the manifestation degree of quali-
tative traits). Lines B-11 and B-14 had 11 differences
from the initial form, line B-16 had six differences. As
compared to the initial form, there were practically no
phenotypic changes in the trait of “the dissection of the
leaf blade edge” and “anthocyanin coloring” (Table 3).

Preparation DMU-9 facilitated the creation of four
lines (B-21, B-22, B-23, B-24). According to the anal-
ysis of the abovementioned mutant lines by the leaf
blade phenotype, the total number of their differences
from the analogous organ of Zhnych variety plants was
55.9 % (Table 3). For instance, the block of qualita-
tive traits, responsible for the morphology of the leaf
blade and its venation, had 67.9 % differences from the
same traits in the initial variety. The block of qualita-
tive traits, defining the shape of the edge and the col-
oring of the leaf blade, had 50 % differences, respec-
tively. The greatest mutational changes were noted for
line B-23 (13 out of 17 investigated differences in the
manifestation degree of qualitative traits). Line B-22
had 12 differences, and lines B-21 and B-24 had 7 dif-
ferences each, respectively. As compared to the initial
form, there were practically no phenotypic changes in
the trait of “anthocyanin coloring” (Table 3).

The only mutant line B-38, obtained from the effect
of the reference preparation DMS, had a high rate of
changes in the leaf blade phenotype as compared to the
initial form. 13 out of 17 qualitative traits had some
differences from the initial Zhnych variety. Among the
qualitative traits, defining the morphology of the leaf
blade and its venation, only the trait of “the shape of
the tip” had the manifestation degree, analogous to the
initial form. All the rest were different. All four pheno-
typic traits, defining the shape of the edge of the leaf
blade, had different manifestation degrees as compared
to the initial form. Out of six qualitative traits, defin-
ing the coloring of the leaf blade, three traits — “the
shade of green coloring”, “anthocyanin coloring”, and
“the type of distribution of anthocyanin coloring” were
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different in their manifestation degree from the initial
form (Table 3).

The cumulative analysis of all 14 mutant lines of
leaf lettuce demonstrated that the range of variation of
the manifestation degrees of qualitative traits, defining
the morphology of the leaf blade and its venation, was
within 50-100 %. The variation from 50 to 71.4 % was
noted for the manifestation degrees of the qualitative
traits, defining the shape of the leaf blade edge, and
the variation from 7.1 to 71.4 % — for the manifesta-
tion degrees of qualitative traits, defining the leaf blade
coloring.

To analyze the differences between the initial form
and mutant lines, in addition to the average index of
normalized values, we used Spearman’s rank correla-
tion coefficient to compare the complexes of values of
this index by 17 investigated qualitative traits. There
was great agreement between the evaluation of the
difference, shown by the average index of normal-
ized values from Friedman’s analysis of variance and
Spearman’s rank correlation coefficient. For instance,
the smaller number of differences was between the
mutant line and the initial form, the stronger correla-
tion was between them. The highest affinity to the ini-
tial Zhnych variety was noted for lines B-16 and B-24
(r, = 0.58...0.62). Their differences by the leaf blade
phenotype related to the smallest number of qualitative
traits — 67 out of 17 under investigation. Lines B-2,
B-11, B-14, B-18, B-22, B-23, and B-38, in which the
differences from the initial form were in 11-13 qualita-
tive traits, had a weak correlation or it was practically
absent (r = -0.22...0.27).

The analysis of the correlation between qualitative
and quantitative traits demonstrated the impact of
phenotypic changes in the leaf blade morphology on
the manifestation degree of such quantitative traits as
“plant rosette diameter” and “the duration of the period
from the appearance of mass seedlings to stemming”.
There was a moderate negative correlation (7, = —0.40)
between the changes in qualitative traits and the size
of plant rosette diameter of mutant line plants. A mod-
erate or strong positive correlation (r, = 0.57...0.74)
was noted for such indices as “the average rank” and
“the average index of normalized values” with a rele-
vant phenological phase of development of leaf lettuce
plants — the duration of the period from the appearance
of mass seedlings to stemming (Table 6). Both quanti-
tative traits are related to the functional role of leaves in
the formation of architectonics and photoperiodic reac-
tion of leaf lettuce plants.
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CONCLUSIONS

Consequently, the evaluation of three novel muta-
genic agents, namely D, MU, DMU-10A, and DMU-9,
has substantiated their remarkable efficacy in instigat-
ing mutational alterations within the leaf lettuce ge-
nome, particularly concerning leaf blade morphology,
when compared to the reference compound, DMS. It
is worth noting that certain authors of this study have
been granted a utility model patent in Ukraine for this
method of broadening the spectrum of genotypic vari-
ability in leaf lettuce via induced mutagenesis (Kon-
dratenko et al, 2023). The method of mutational breed-
ing was successfully employed to yield 14 mutant lines
of leaf lettuce, derived from the domestic Zhnych vari-
ety, thereby contributing valuable genetic resources for
breeding endeavors.

Furthermore, it was ascertained that all examined
mutagenic agents, namely D .MU, DMU-10A, and
DMU-9, consistently demonstrated their superior effi-
cacy, generating a significantly higher number of mu-
tant plant forms, approximately four to fivefold more,
relative to the reference compound DMS. Depend-
ing on the mutagenic agent’s impact, we conducted a
comparative analysis of the distinctions between the
initial form (Zhnych variety) and the 14 mutant li-
nes across 17 qualitative traits, which define the leaf
blade’s phenotype, employing non-parametric statisti-
cal methods.

Subsequently, calculations of the Spearman’s rank
correlation coefficient () for the initial form and mu-
tant lines, concerning the manifestation degree across
these 17 qualitative traits that characterize the leaf'blade
phenotype, unveiled correlations ranging from weak to
moderate (r, = —0.08...0.62). Within the spectrum of
differentiation, the most pronounced divergence from
the initial form was observed in three specific lines, de-
noted as B-7, B-22, and B-38 (r, = —0.08...0.09).

Additionally, it was established that moderate to high
correlations (7, = 0.57...0.74) were evident between
non-parametric indicators that quantified the manifes-
tation degree of qualitative traits and a vital quantitative
trait — the duration from the appearance of mass shoots
to the stemming of plants within the mutant lines.

The observed correlations between qualitative and
quantitative traits offer a valuable tool for the early
selection of mutant genotypes of leaf lettuce, which
exhibit extended vegetation periods, thus facilitating
further breeding efforts. Notably, at the level of the M4
mutant generation, the qualitative traits that define the
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leaf blade phenotype are remarkably stable and geneti-
cally fixed, demonstrating minimal variation under the
influence of environmental factors.

The pursuit of a more comprehensive understand-
ing of phenotypic diversity within leaf lettuce neces-
sitates ongoing refinement of methods for assessing its
components. Shifting from score-based evaluations to
quantitative assessments can provide enhanced accu-
racy and precision, thereby allowing for a more refined
differentiation of these traits. Future investigations in
the field of mutational breeding for leaf lettuce should
prioritize the exploration of correlations between the
manifestation degrees of qualitative traits, especially
those related to leaf blade coloration, and the various
phenological phases during the plant’s development
throughout the growing season.

In summary, our analysis of the results underscores
the stability and genetic fixation of qualitative traits
defining the leaf blade phenotype within mutant gen-
erations. We have successfully expanded the spectrum
of genotypic variability in the morphological traits of
the leaf blade of leaf lettuce through pre-sowing seed
treatment with novel preparations, chemical analogs
of DMS, surpassing the performance of the reference
preparation. Ultimately, the outcomes of our mutation-
al breeding efforts have yielded 14 mutant lines of leaf
lettuce that hold significant value for future breeding
initiatives.
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Meta. BcraHoBUTH J1if0 MyTareHHUX YMHHHKIB Ha (OpMY-
BaHHS SKICHHX O3HAK, SIKi BU3HAYAIOTh (DEHOTHUH JIMCTKO-
BOI IUIACTMHKH, Ta JOCIIAMTH KOPEJSLIHHY 3alIeKHICTh
MDK IX NpOSIBOM 1 Bapialli€ro CeJIeKI[IHHO-IIIHHUX KiJIb-
KICHHX O3HaK y MYyTaHTHHX JIiHI canaTy JHCTKOBOTO.
Metonu. HemapamerpudHa cTaTHCTHKA Ta KpHUTepii Bia-
MIHHOCTI Ui Oi0JIOTiYHHMX OO0 €KTIB, PO3pPaxyHKOBO-aHA-
JITUYHI OOYMCIICHHS, KOpelsiiiHui ananiz. Pe3yabraru.
IIpoBeneHo MOpIBHAJILHUHN aHATI3 SKICHUX O3HaK (DEHOTH-
IiB JINCTKOBOI IIACTHHKM BUXIAHOI (popMH cajary JIMCT-
KoBoro copry JKHHY Ta CTBOpEeHHX Ha HOro OcHOBI 14
MYTaHTHHMX JIiHId, OTPUMaHUX B pE3yJbTaTi MyTareHHOI
aii gumeruncyinbpary (JIMC) Ta ioro noxignux (I,MV,
IMVY-10A i IMVY-9) y nBox KoHIeHTpalisx. BeraHosie-
Ha BUIA e(eKTHBHICTh MyTareHHoi il moxigaux JMC:
KIJIbKICTh MYTaHTHUX (DOPM POCIIHH, MOPIBHSHO 13 €TallOH-
HUM TIpenaparoM, 3poctana y 4—5 pasiB. Haiibinemr edek-
THBHHUM TpenaparoM Bussucs JI MV 3a xii sxoro ctBope-
HO 5 MyTaHTHUX JIiHIH, 32 MyTareHHoi xist npenaparis JIMVY-
10A 1 IMY-9 — 4 MmyTaHTHUX JiHii, TOII 5K 3a /il €TaJIOHHOrO
npenapary JJMC — nume oxny. Ilpu oMy KOHTpacTHI O
BiTHOIICHHIO JT0 BUXiAHOT ()OPMH MyTaHTHI JiHii Oy0 OTpH-
MaHo 3a Jiil BCiX nperaparis. 3’s1cOBaHO 0COOJINBOCTI MyTa-
reHHol i 010J0TIYHO-aKTHBHUX PEUYOBMH Ha PO3IIMPEHHS
CHEKTPY T€HOTHUITOBOI MIHJIMBOCTI cajlaTy JMCTKOBOTO 3a 17
SIKICHUIMH O3HAaKaMH, SIKi BU3HA4YaioTh (DEHOTHUI JHMCTKOBOT
TUTaCTHHKH. AHai3 KoediuieHTy panrosoi xopessinii Criip-
MeHa (7) Mik BHXiZHOIO (OPMOIO i MyTaHTHHUMH JiHiAMH
MOKa3aB HasSBHICTH cIabKoTo abo cepemHbOl CHUIIM KOpels-
uiinoro 38’sa3Kky (r, = —0,08...0,62). Bussneno 3 HaiGimbuI
KOHTPACTHI 3 BUXiHOIO (hopmoro JiHIT canary 3a sSKiCHUMHU
O3HaKaMH JIMCTKOBOT MmiaacTHHKU — B-7, B-22 i B-38. Bcra-
HOBJICHO, 1110 CepeHil a00 BUCOKUI KOPENSIIHHMNA 3B’ 130K
(r, = 0,57...0,74) HenmapamMeTpHYHMX TIOKa3HUKIB DiBHA
MIPOSIBY SKICHMX O3HAK i3 Ba)XKJIMBOIO KUIBKICHOIO XapakTe-
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PHUCTHKOIO — TPHUBAJICTIO MEPiOIy Bill MOSBH MAaCOBHX CXO-
IiB 10 CTEOMyBaHHS POCIHH MYTAaHTHHX JiHIA. BHCHOBKH.
BcranoneHi KopensmiiHi 3B’ 3KH MiXK KiTbKICHAMU 1 sSIKic-
HUMH 03HaKaMU JTO3BOJISIFOTH MIPOBOUTH Ha PaHHIX eTamax
OHTOTEHE3y POCIIMH callaTy JIMCTKOBOTO J00ip MyTaHTHHX
TCHOTHUIIB 13 OUTBII MMOJOBXKECHUM BETeTAI[IITHAM IEPiooM
MOPIBHSHO 13 BUXITHOO (HOPMOIO.

KarouoBi ciioBa: canaT JIMCTKOBHM, JINCTKOBA INIACTHHKA,
SIKICHI O3HAKH, KUTbKICHI O3HAKU, MyTarcHes.
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