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GENERAL DESCRIPTION OF WORK

Relevance of the topic. Tomato (Solanum lycopersicum L.) is the most
consumed vegetable crop in the world [36], which has high nutritional, technological
and taste qualities. Recently, breeders have made significant progress in creating
highly productive varieties and heterotic F; hybrids, however, many issues remain
unresolved, including those regarding their resistance to adverse environmental
factors [42]. The urgency of the problem is enhanced by the fact that in the Republic
of Moldova every 2-3 year is dry, accompanied by viral epiphytoties, which leads to
intensified genetic erosion of the crop. This determines the need to develop new
methods and technologies of the breeding process to create F; tomato varieties and
hybrids that meet the modern requirements of producers and consumers. The success
of developing valuable genotypes largely depends on the scientifically based choice
of initial material, which can be isolated from genetic collections, and also developed
artificially by involving genetically and geographically distant forms in crossings
[15]. Mutant forms provided by different methods are of particular interest in this
regard [14, 33]. The presence of a large number of easily identified mutant marker
genes can help solve a wide and diverse range of practical breeding problems [3, 5,
21, 30]. The efficiency of using mutant tomato genes in the process of developing
complex gene carriers, varieties and hybrids of tomato depends on the availability of
information on the pattern of manifestation and the degree of phenotypic expression
of mutant markers in the crop cultivation area [33]. Prediction of the breeding process
and the efficiency of its implementation largely depend on the degree of their study
and cultivation [15].

Currently, the problem of intensifying and optimizing the selection process,
which involves the combined use of classical breeding methods with modern ones
(molecular, gametic, biotechnologies, etc.), is very relevant. Gamete technologies are
particularly interesting in this regard, which make it possible to quickly and
efficiently process large populations of pollen under artificially created stress
backgrounds, contributing to the intensification of the breeding process for the
isolation and selection of resistant genotypes at the early and most vulnerable stages
of plant ontogenesis [29, 46, 48, 50]. Studies related to the environmental control of
pollen development both at the stages of its formation [40, 51, 54] and the
functioning of mature pollen [19, 22, 23, 35, 41, 53, 57] indicate its genotype specific
response to different stress factors leading to the distribution of microgametophytes
into groups [29, 30, 35, 58]. To effectively combine the methods of classical breeding
with gametic selection, a deeper knowledge of the characteristics of variability and
inheritance of pollen traits by F; hybrids is required, depending on the level of
resistance of their parental forms and the effect of environmental factors [17, 24], the
share of the influence of parental forms and their interaction on the heritability of
traits to high- and low-temperature stress by F; hybrids [28], recombination trans-
gressive variability in F, and the breeding value of offspring of F; - Fs generations
obtained from resistant recombinants [25, 27]. Our research was devoted to solving
these and a number of other important problems.



Purpose of research. Identification of the genetic potential of cultivated and
mutant forms of tomato at the gametophytic and sporophytic level by analyzing the
variability and heritability of resistance to abiotic stress factors and other
economically valuable traits for the development of new initial material and highly
productive varieties and hybrids.

Research objectives:

e Develop and optimize artificial stress backgrounds (high and low temperatures,
drought) for screening the resistance of mutant and other tomato samples based
on the traits of the male gametophyte under in vitro conditions.

e Study the genetic potential of cultivated and mutant tomato gene pools as a
source of new germplasm for resistance to stress abiotic factors with a
simultaneous assessment of the pattern of manifestation and the degree of
phenotypic expression of biological, economically valuable and mutant marker
traits, to differentiate and classify them.

e Conduct multicomponent crosses, including using genotypes that carry mutant
genes to create hybrid populations, study them and develop effective methods
to be used in breeding.

e Study the regularity of variability and inheritance of biological, cytochemical
and other pollen traits by F; hybrids, which determine resistance to abiotic
stress factors, with subsequent optimization of methods for selecting parental
forms to obtain genotypes resistant to high and low temperatures.

e Estimate the share of influence of parental components and their interaction on
the heritability of the traits of heat and cold resistance of pollen by F; hybrids.

e Develop a method for selecting transgressive recombinants from splitting F»
populations based on the traits of pollen heat resistance and pollen tube
resistance, and determine the breeding value of the offspring of resistant
recombinants in the F3-Fs generations.

e Develop methods of combined selection in combination of traditional classical
selection with gamete technologies.

e Based on the selection and assessment methods developed, produce:

a) new generation initial material with a high potential for resistance to one or
simultaneously 2 - 3 stress abiotic factors in combination with a complex of other
economically valuable traits for different areas of breeding;

b) tomato initial material with mutant marker traits for utilization in heterotic
breeding of both open and protected soil;

e Develop new tomato varieties and hybrids with different combinations of
economically valuable traits, including mutant markers and resistance to
abiotic stress factors.

Research hypothesis. The presence of genotypes with different resistance to
abiotic stress factors in combination with other economically valuable traits in the
cultivated and tomato mutant gene pools, their assessment and study will make it
possible to develop a methodology for selecting parental forms for hybrid combinations,



to reveal their genetic potential of variability and inheritance of traits in order to produce
valuable initial material, new varieties and heterotic hybrids of tomato.

Research methods. The research is based on methods of cultivating tomato
pollen in vitro [8] to assess resistance to abiotic stress factors (high and low
temperatures, drought) [29], the pattern of variability and inheritance of these traits,
recombination and transgressive variability [11, 12, 14]. The pattern of the
manifestation and the degree of phenotypic expression of mutant genes were studied
according to the rules of tomato gene nomenclature [14, 59]. Classical crosses were
carried out as simple, reciprocal, complex stepwise crosses. Cytological preparations
were made to study the morphological and cytochemical characteristics of the nuclei
of generative and vegetative cells of tomato pollen. [18]. The samples were classified
according to the stability scale we developed [29]. The influence of combined
selection using traditional methods and gamete technologies on the intensification of
the tomato breeding process was studied [29]. For statistical processing of data and
their graphical presentation, dispersion, cluster, correlation and other computer
software packages were used Statgraf, Statistica 7, Excell.

Basic scientific provisions submitted for defense:

e Development and optimization of artificial stress backgrounds (high and low
temperatures, drought) for diagnosing the resistance of tomato samples based
on the traits of the male gametophyte under in vitro conditions.

e Genetic potential of cultivated and mutant tomato gene pools as a source of
new germplasm for a complex of economically valuable traits, including
resistance to abiotic stress factors (high and low temperatures, drought).

e Regularities of inheritance of resistance to abiotic stress factors according to
the traits of the male gametophyte (pollen viability, resistance to high and low
temperatures by pollen germination and tube length) in F1 and analysis of
splitting offspring of F2 and F3 generations, etc.

e Theoretical justification for the selection of parental forms in multicomponent
crosses to obtain tomato hybrid offspring resistant to abiotic stress (high, low
temperatures) based on the traits of the male gametophyte: resistance to pollen,
the length of pollen tubes, morphological and cytochemical traits of the nuclei
of V and G cells of tomato pollen.

¢ Integrated use of pollen and traditional breeding methods and its impact on the
intensification of the breeding process.

¢ [Initial material for heterotic breeding of tomato.

e New varieties, F; hybrids and tomato lines, including multi-marker ones.

A new scientific direction of research put forward for defense: Development
and employment of gametophytic technologies at all stages of the breeding process to
increase the efficiency of identifying and selecting genotypes with high levels of
resistance to abiotic stress (high and low temperatures and drought) in combination
with pronounced phenotypic characteristics of the sporophyte.



CONTENT OF THE THESIS

INTRODUCTION. The rationale for the direction of research is presented, a brief
description of the work is given, including the purpose, objectives, hypothesis and
research methodology. The scientific and practical novelty of the results obtained, their
practical significance and the provisions put forward for defense are shown.

1. ANALYTICAL REVIEW OF LITERATURE ON THE TOPIC OF THE
DISSERTATION

It is shown that the problem of tomato breeding for environmental plasticity remains
one of the key areas of fundamental and applied research. The work demonstrates growing
interest in the development of varieties and hybrids that combine in the genotype the traits
of early ripening, yield, fruit quality and resistance to abiotic and biotic stresses. There is a
steadily growing interest in the search, identification, selection and development of new
genetic sources, their replenishment of gene pools, which will allow solving many issues of
practical tomato breeding. There has been a high interest in the use of marker-based, gamete
and other modern methods in combination with classical ones, which help bring tomato
breeding to a qualitatively new level. All these support the relevance and scientific validity
of our chosen direction of research.

2. MATERIALS AND METHODS

The location and conditions of growing experimental material were taken into
account when conducting research. The methods used in the process of conducting
experiments at different stages of plant ontogenesis are presented and described in detail.
Anrtificial stress backgrounds (high and low temperatures, drought) have been developed
and optimized for screening and studying the genetic potential of cultivated and mutant
tomato (Solanum lycopersicum L.) gene pools based on pollen traits [29]. A method has
been proposed for determining the adaptive potential of tomato genotypes to high
temperatures [26]. A resistance scale has been developed taking into account the
criterion of two traits of the male gametophyte, which allows us to differentiate and
systematize the results of screenings of extensive collections according to the type and
degree of expression of the traits that determine resistance (Table 1).

A stress resistance coefficient has been developed [47], which combines two
parameters in one index and gives a complete picture of the resistance of the
genotype to a specific stress factor.

Pex X Lex

— 0
Kstr = oxle X 100%

where: Ksr IS the stress resistance coefficient, expressed in %; Pex is the
number of germinated pollen grains in the experiment, pcs.; Lex is the length of
pollen tubes in the experiment (d.e.m.); Pc is the amount of sprouted pollen in the
control, pcs.; Lc is the length of pollen tubes in control (d.e.m.).

A scheme has been developed for organizing work with the gene pool of mutant
forms of tomato, which covers all stages and phases of the life cycle of each mutant

genotype (Fig. 1).



Table 1. Resistance scale taking into account the criterion of two traits of the
male gametophyte: resistance for pollen germination and pollen tube length

Resistance
Group Pollen Length of pollen Genotype resistance characterization
No germination, % tubes (d.e.m.)
Values within groups, %
I 0-11 0-20 Non-resistant
Il 12 -23 21-41 Weakly resistant
Il 24 - 35 42 -62 Relatively resistant
v 36 -47 63 -83 Resistant
\Y 48 -59 84 - 104 Highly resistant
VI 60 and > 105 and > Ultra-resistant
Vil 0-23 63 and > Low pollen resistance and > high resistance
along the length of the pollen tubes
VIl 48 and > 0-31 High pollen resistance and < low resistance
along the length of the pollen tubes
Collection cl)f mutant forms
Ontogeneza
Sidling Growth Flowering Fruit Seeds
| [ ] | |
seed germination growth type Inflorescence prezence of
I | type stain color
anthocyanin color leaf shape and H | the shape and |
of the hypocotyl color the number color of the the
: | of flowers fruit presence of
prezence bush size and | ' pubescence
pubescence shapne flower size the weight of
| [ and color the fruit )
the seed size
the shape and color the length of | | and shape
of the cotyledons the internodes pollen uniformity
[ [ I [
the shape and color stem and leaf Sterility: the hardness
of the first true leaf pubescence pollen, of the fruit
functional |
. . pericarp
Disease resistance - thicknes

Resistance to abiotic factors based on male gametophyte characters

High temperature resistance at the sporophyte stage

Systematization of the collection of tomato mutant forms based on the type and degree of
manifestation of the researched characters

Fig. 1. Scheme of organizing work with a collection of tomato mutant forms




3. SELECTION OF TOMATO GENOTYPES RESISTANT TO STRESS
TEMPERATURE FACTORS BY MICROGAMETOPHYTE

The results of screening collection material for resistance to high and low
temperatures at one of the most vulnerable stages of ontogenesis, the mature male
gametophyte (pollen), are shown. Screening of collection and breeding tomato
samples (85 genotypes) for high temperature stress was carried out using the regime
of exposing their pollen to a temperature of 45°C for 6 hours. A high individual
response of pollen of each genotype to the studied factor was revealed.

The stress resistance coefficient we developed allowed us to systematize and
distribute them into groups corresponding to the type and level of resistance (Table
2). The genotypes of groups 4 and 5, characterized as resistant, highly resistant and
super-resistant, respectively, are of the greatest interest. They are promising for
employment in breeding as resistance donors.

Table 2. Traits of cultivated tomato gene pool samples according to the degree of

their resistance to high temperature stress

Tolerance Treatment Pollen Pollen Pollen tube | Resistance | Coefficient
group viability, | resistance, length, along the Stress
% % (d.e.m.) pollen tube | resistance
length,
Control 302+24 79.0+1.1
1. Non-resistant | Experiment | 9.3+0.7 30.8 325+04 40.5 12.7
2. Relatively Control 378+1.4 59.0+1.3
resistant Experiment | 22.5+1.2 53.3 50.0+£0.9 83.9 44.7
Control 31.0+2.0 52.0+0.5
3. Resistant Experiment | 254 +2.2 81.9 47.0+£0.7 84.6 72.0
4. Highly Control 273+1.7 32.5+0.3
resistant Experiment | 253 +£2.0 87.6 31.5+0.8 97.0 84.9
5. Ultra- Control 252+14 30.0+0.6
resistant Experiment | 253 +£1.7 100.0 325+09 108.3 116.6
96 tomato samples were assessed for resistance to low temperature stress by

germinating their pollen at a low positive temperature of +6°C for 24 hours on an
artificial nutrient medium containing 15% sucrose and 0.006% boric acid under in vitro
conditions. The percentage of pollen germination in the studied genotypes varied
greatly - from 1.4% to 76.2%. This scatter shows that different samples react
ambiguously to a given stress factor during pollen germination and pollen tube growth.
Based on the reaction of the studied samples to cold stress, most (59 genotypes) were
allocated to the first three groups: unstable, low- and moderately resistant samples. The
limits of trait values within groups are very high (Table 3). At the same time,
genotypes with high intrapopulation homogeneity in pollen germination and pollen
tube growth were identified, which characterizes them as highly and super-resistant
(groups 4 and 5).

The influence of pollen storage time at low temperatures on its quality. We
studied the ability of tomato pollen (16 genotypes) to retain the optimal percentage of
viable and functional pollen during long-term (60 days) storage at low temperatures
(+6°C). It was found that individual genotypes retained high pollen viability (10.0-



12.0%), which, upon germination after long-term storage, formed long tubes (28-36
d.e.m.) [49]. This indicates the effectiveness of using this method for selecting stable
breeding valuable forms of tomato based on microgametophyte characteristics. It can
also be widely used in industrial seed production of heterotic tomato hybrids if it is
necessary to store pollen for repeated use in pollinations.

Table 3. Resistance groups according to the response of tomato genotype pollen
to low temperature (+6°C/24 hours)

Resistance group No genotypes per group | Range of resistance factor values per
group
1. Non-resistant 28 0-21
2. Relatively resistant 31 28- 50
3. Resistant 15 51 - 73
4. Highly resistant 12 78 -100
5. Ultra-resistant 10 101 - 132

4. GENETIC POTENTIAL OF MUTANT FORMS OF TOMATO AS A
SOURCE OF NEW GERM PLASMA BY BREEDING VALUABLE TRAITS

4.1. Particular features of manifestation and degree of phenotypic
expression marker genes at the early ontogenetic stages.

The results of a comprehensive study of the features of the manifestation of
marker traits controlled by mutant genes at different stages of ontogenesis, seedlings,
growth, flowering, fruit, seeds, are presented. Marker genes that control anthocyanin
synthesis, identified on the day of emergence by the color of the hypocotyl, are
described. Their early identification makes it possible to select the desired genotypes,
to control the hybridity of seedling material and, thereby, significantly reduce the
volume and duration of experiments. A group of mutant forms (16 genotypes) was
identified, the hypocotyl of which lacks anthocyanin coloring; it included: Mo 588
(aa); Mo 305 (aw); Mo 343(aw); 581(ag); Mo 585(al); Mo 651(al); Mo 787 (a, hl);
Mo 952 (bls) and multi-marker mutant lines: Mo 500 (wo, d, aw, ¢, m-2); Mo 504
(aw, bk, d, o, p, s, wo); Mo 632 (ag, h, t, u, pl, €); Mo 638 (V-2, c, a, u, ut, gs, gf, u,
ms); Mo 755 (aa, wv, d); Mo 779 (ms-31, |, bu, dl, al); Mo 851 (clau, di, inc, ag); Mo
924 (Ig, vi, y). A strong anthocyanin pigment was observed on 32 mutant forms (from
intense purple to dark burgundy, turning into black), the rest were characterized by
varying degrees of manifestation of the trait (Fig. 2, a). The high heterogeneity of
mutant forms in terms of the specific manifestation of the trait indicates the
advisability of their active involvement in breeding and genetic research [30].

The study and analysis of the nature of the manifestation of marker genes of
cotyledons and the first true leaves within the gene pool also revealed their great
diversity (Fig. 2, b). Differences in the degree of disturbance in shape, color of
cotyledons and first true leaves (bright yellow, yellow, white-yellow, yellow-green,
gray-white, light green, etc.) are controlled by a large number of mutant genes: — aut,
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apn, alb; afl, gil, Cu, cg, c, dt, fu, inf, inta, lur/+; lut; Itf; Ig-2, Me, marm, marm2,
marma3, nv, oc, Op, pu2, pl, res, ru, sf, sy, syv, Tor, ver, vo, V-5/+, wv, Xan/+; Xan-4.
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Fig. 2. Distribution of tomato mutant forms into groups according to:
(a) — manifestation of anthocyanin on the hypocotyl; b) — the cotyledon leaf color

Variations in shape, color, type of leaf blade, degree of dissection, the presence of
lobes and lobules between the main leaves, as well as corrugation and degree of
pubescence in an adult plant are controlled by the following genes: fu; me; div; dt; res;
aut; d; Op; m-2; coa; Ver; inc; c; a; lut; ch; marm; wom; Ven; wt; nv; I-2; wd; Xan/+;
Xa-3; bls; ful; mua; alpha; spl; ag; ta; inta; apn; lur; pl; per; ug-6; clau; oc; alb; ig; vo;
etf; Ig; Tor; bul; V-3; hl; syv; Cu; e; ra. Following the pattern of the manifestation and the
degree of phenotypic expression of these traits, for the effective use of mutant forms,
carriers of these genes in breeding, they are divided into appropriate groups (Fig. 3).

Strongly dissected needle-shaped, dark green
Heavily dissected needle-shaped, light green
Broadly lanceolate, dark green

Broadly lanceolate, light green

Elongated ovoid, gray-green

Elongated ovoid, dark green

Ovoid elongated, light green

Ovoid enlarged, dark green

Ovoid enlarged, yellowish green

Ovoid, gray-green

Ovoid, green-yellowish

Ovoid, dark green

Reniform, light green

o

10 20 30 40

Number of genotypes with a specific leaf shape and color

Fig. 3. Distribution of collectible mutant forms of tomato according to
shape and leaf color

Traits of the reproductive system and mutant genes that control the pattern of
their manifestation. The differences between the mutant forms in the size of the

11



flower, the number of its parts, the ratio of the calyx lobes and the number of corolla
lobes, their length (of the flower petals and calyx), the presence of pubescence and the
color of the flowers, which are the main distinguishing features of the studied mutants,
are quite pronounced. The collection includes mutant forms with highly branched (s,
mult, mup, mux, mua), reduced (hg, di), single-flowered (uf) and fasciated inflorescen-
ces. Mutant forms with different types of sterility have been identified and described —
Mo544 (ds), Mo(ex), Mo 432 (Ge), Mo638 (ms), Mo787 (ms-2), Mo779 (ms-31),
Mo732 (psu), Mo504 (s), Mo732 (ste), Mo738 (ste), Mo756 (st), M0822 (spl). They
exhibit significant variability in the number of perianth and androecium elements. The
calyx lobes may be shorter in length than the corolla lobes, equal to, or significantly
longer than them. These genes are of particular interest for their targeted and active
involvement in the process of creating sterile forms of tomato for heterotic selection.
According to the degree of phenotypic expression of the traits of the reproductive
system, samples of the mutant gene pool (125 forms) were differentiated and
systematized into groups (Table 4).

Table 4. Diversity of tomato mutant forms according to the manifestation
of the reproductive system traits

Trait manifestation degree | Trait value range | No genotypes per group
The level of the first inflorescence fixation
4-5 15
The leaf above which the first 6-8 33
inflorescence is fixed 9-12 59
13 and above 23
Inflorescence type
Solitary flowers 1-3 6
Simple inflorescence 4 - 10 flowers per inflorescence 59
Simple inflorescence with strong
pubescence 1 - 7 flowers per inflorescence 11
Intermediate (1-2 axis) 10 — 18 flowers per inflorescence 32
Compound (3-4 or more axes) 19 and up (up to 60 flowers) 15
Flower size and color
Small, light yellow, weak pubescence 3
Small, light yellow, with pubescence 6
Few in components — five Large, light yellow, without
elements pubescence 13
Large, light yellow, with pubescence 11
Small, yellow, with pubescence 15
Large, yellow, with pubescence 41
Many components — more than Small, yellow, without pubescence 12
five elements Large, yellow, with pubescence 24

4.2. Genotypic response of pollen of tomato mutant forms to the action of
abiotic stress factors.

The results of the first assessment of the resistance of mutant forms of tomato
(125 genotypes) under artificially created stress backgrounds (high, low temperatures,
drought) according to a set of traits of the male gametophyte are presented: pollen
viability, pollen tube length, pollen germination resistance and pollen tube length

12



resistance. Analysis of the genotype-specific response of pollen of mutant tomato
forms to the action of various stress factors made it possible to differentiate and
systematize them into the group corresponding resistance scale (Fig. 4). Under
different stress backgrounds, the same mutant forms responded ambiguously to the
action of the stress factor. For example, with a lethal reaction to the action of one
stress factor, while high resistance is recorded against the background of a different
one, and on the third one, high intrapopulation variability is revealed in the pattern of
pollen germination and the ability of pollen grains germinated against the background
of stress to form tubes of sufficient length for fertilization.

The results of assessing samples of the mutant tomato gene pool based on the
pattern and degree of manifestation of male gametophyte traits, characterizing their
resistance to various stress abiotic factors, made it possible to identify mutant forms
of several genetically determined types:

— Mutant forms of tomato, characterized by high pollen resistance to all
studied stress factors (high, low temperatures, drought).

— Mutant forms, with an equally high response of their pollen (sensitivity) to
the action of the above stress factors.

— Mutants that combine resistance to high and low temperatures.

— Mutants that combine resistance to high temperature and drought.

— Mutants that combine high resistance to low temperature and drought.

— Mutant forms whose pollen is resistant only to high temperatures.

— Mutant forms with highly resistant pollen only to low temperatures.

— Mutant forms, the pollen of which is highly resistant only to drought.

— Mutant forms of tomato with high intrapopulation variability of the studied
pollen traits under different artificially created stress backgrounds:

a) genotypes in which, against the background of stress factors, a small number
of pollen grains germinate, but the germinates form very long, uniform pollen tubes;

b) genotypes with actively and rapidly germinating pollen grains, but pollen
grains germinating against the background of stress factors, cannot form pollen
tubes of sufficient length for fertilization (three diameters of pollen grains) [8], (tubes
are very short with deformations of varying degrees of severity).

This allows us to conclude that the resistance to three different stress abiotic
factors (high, low temperatures, drought) is determined by different genetic systems,
revealing differences even within one mutant sample in two different pollen traits:
germination and the ability of germinated pollen grains to form tubes of a length
sufficient for fertilization.

The research has not found any dependence of the type and level of resistance
for pollen traits on marker genes carried by mutant forms. For example, some multi-
marker mutants — Mo 500 (Wo™, aw, d, o, r, m-2); Mo 519 (r, ¢, wd); Mo 632 (g, h, t,
I-2, u, pl, 1g); Mo 924 (uf, vi, y) are characterized by high pollen resistance for both
traits to all factors, while others — Mo 308 (a, ¢, d, I); Mo 451 (sp, hp, u, 0g), Mo 638
(a, v-2, ¢, u, y, t, gs, of, r, mc); Mo 663 (rvt, vo, d, gf, ssp) demonstrate very high
sensitivity both for pollen germination and its ability to form long tubes under all
artificially created stress backgrounds. Analysis of the influence of environmental
conditions on the degree of variability of pollen traits when growing mutant tomato
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plants in different years (2011-2014) showed an ambiguous reaction, however, the
trait indicators remained within the normal reaction range characteristic of a specific
genotype. This indicates the feasibility and effectiveness of using artificial stress
backgrounds for the assessment, identification and selection of resistant genotypes
based on the characteristics of the male gametophyte at the initial stages of plant
development and the breeding process.

Low temperature

/—. v

Osmotic factor- drought

High temperature

8

ST

|

Fig. 4. Distribution of mutant forms of tomato into groups according to the
degree of resistance of their pollen to high, low temperatures and drought

Note:1 — unstable forms; 2 — pollen weakly resistant for both characteristics: 3 — moderately
resistant; 4 — stable; 5 — highly stable; 6 — super stable; 7 — forms unstable in terms of pollen
germination and stable in terms of the length of pollen tubes; 8 — resistant pollen germination and
unstable pollen tube length

4.3. Potential of mutant forms for economically valuable traits

The variety in bush shape is mainly related to the size of the plant (d, dd, dmp, dmd,
ssp, sp, sp™, sp*), the number of lateral shoots (Is), the degree of their branching (atn, bu,
br, cg, bip, com, sd, bls, wd, etc.). Taking into account the nature of the manifestation
and the degree of phenotypic expression of the traits controlled by these genes and the
duration of the growing season, we systematized the mutant forms into groups:
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indeterminate: early ripening (98-108 days), mid-ripening (110-118 days), late ripening
(121-134 days). day); determinate: ultra-early ripening (89-99 days), early ripening
(104-109 days), mid-ripening (110-118 days), late ripening (121-137 days) and ultra-
late ripening (154-158 days); semi-determinate: early ripening (102-109 days), mid-
ripening (110-117), late ripening (121-132 days); superdeterminate: ultra-early
ripening (87-98 days), early ripening (100-109 days), mid-ripening (111-119 days);
dwarf forms: ultra-early ripening (79-99 days), early ripening (101-109 days), medium
—(112-119 days) and late ripening — (121-147 days). This is a kind of tomato gene pool
that determines a wide range of life forms with different types of growth and fruit
ripening periods, which can be used as the initial material for these traits when solving
theoretical and practical problems of breeding in open and protected ground.

Identification and systematization of mutant forms based on fetal traits. The
gene pool we studied is widely represented by marker genes that control various fetal
traits [30]. Fruit color is associated with a large number of mutant genes: o, at, ep,
dg, gf, hp, t, u, ug, Ip, I, r, sh, y, which determine the nature and intensity of the color
of the ripening fruit, and the expression degree of the differences in mature ones. The
content of lycopene and g-carotene in fruits is controlled by the g, e, p°9, and Del
genes. By changing the biochemical, and especially the pigment composition of
fruits, these genes affect not only the color, but also the taste, dietary and commercial
qualities of the fruits [1, 43, 55]. Color genes most strongly influence the pigment
composition of fruits, while some mutant genes — r, at, sh reduce the total content of
carotenoids [60], and others — hp, hp-1, hp-2, Ip, dg increase it [61], and the third
ones — B, fc, Del, t, gs, fg change their composition and ratio without affecting the
total content. The £ gene is of great value for improving the chemical composition of
fruits, which increases the content of fS-carotene, the main precursor of vitamin A.
Forms with the £ gene, as a result of the substitution of lycopene with f-carotene,
have an orange or red-orange color of the fruit [39, 55]. The pat and pat-2 genes give
fruits its fleshiness and high elasticity. Their use in breeding improves fruit
formation and fruit size, especially when grown in unfavorable conditions. The
degree of pubescence of different parts of the plant, including fruits, is determined by
the genes Ln, p, vi, W°™. Unripe fruits have mutant forms that are carriers of the rin,
nor, alc genes. The trait — the shape of the tomato fruit, as well as color, is one of the
main characteristics in the breeding of new varieties regarding their direction and
purpose [1]. The specificity of the collection in terms of fruit shape is given by the
presence of another group of genes in it — Ol, o, obl, el, n. The surface of the fruit in
the studied forms is smooth or ribbed to varying degrees; the apex of the fruit is
smooth, sometimes elongated into a more or less sharp nose. According to the degree
of phenotypic expression of these traits, mutant genes have been described that
control the pattern of their manifestation, ep, o, el, crl, f, y, bk, Ic, Ol, n, n-2, ck, anr,
ptb [30]. Mutant forms of tomato have been identified and systematized according to
the number, shape, color, structure of seed chambers, modification of fruit
ripening and the presence of seeds in them, controlled by genes —an, aw, e, ds, Ge,
at, Bog, Lc, Ip, Del, Abg , at, gf, Gr, hp-1, lo, loc, Nr, r, t, fi, bs [30]. Taking into
account the pattern of the manifestation of fetal traits for their targeted use in
breeding, they are divided into the following groups:
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Group | — round-shaped fruits of varying color intensity (16 varieties according
to the color scheme of the fruit): 1 — red; 2 — intense red; 3 — carrot-red; 4 — orange; 5
— yellow and dirty yellow; 6 — pink; 7 — white; 8 — dark green and green-yellow; 9 —
intensely green pubescent; 10 — red-burgundy, turning into black; 11 — brown-black;
12 — red with pink stripes; 13 — pink with yellow stripes; 14 — red with yellow stripes;
15 — green with yellow stripes; 16 — orange with pink stripes.

Group Il- flattened fruits (divided into three varieties according to the
characteristics of the surface of the fruit in combination with the color of the fruit):
A- smooth surface (1 — bright red, 2 — dark red, 3 — green); B — semi-ribbed surface
(1 —red, 2 — intense red); C — heavily ribbed (1 — red, 2 — dark red, 3 — intense pink
with orange stripes).

Group I11- oblong fruits (divided into five subgroups according to the shape of
the fruit): A— pear-shaped (1 — red, 2 — lemon yellow, 3 — intense orange, 4 — pink); B
— plum-shaped (1 — red, 2 — orange, 3 — banana color); C — cylindrical (1 — red, 2 —
orange); E — heart-shaped (red, pink); D — ellipsoidal (1 — red).

This is an inexhaustible source of germplasm, which opens up wide
opportunities for their active use in the creation of new varieties and hybrids of
tomatoes for various purposes, including ornamental ones.

According to the author of more than 500 mutant forms of tomato [33], for their
targeted and effective use in breeding and genetic research, it is necessary to have
information about the degree of phenotypic variability of marker traits in the crop
cultivation area. Our studies [30] have shown that the manifestation and reliability of
identification of mutant genes simultaneously depend on both the characteristics of the
genotype and environmental conditions. It has been established that different marker
characteristics in unregulated climatic conditions (in the field) manifest themselves
ambiguously. The presence of anthocyanin on the hypocotyl of mutants, as well as its
content on various parts of the plant (a, aa, aw, at, al, ag, bls, cla etc.) are most
susceptible to the influence of environmental factors. In some cases, anthocyanin
pigment is strongly expressed, in others it is not detected. A similar situation was
revealed by the modification of hairs controlled by genes h, hl, hr, hrt, hs, vi, Ln etc. To
a certain extent, this also applies to mutants with unusual color and shape of the fruit
with uneven spotting and necrosis of leaves (Abg, af , at, B, bk, coa, ctr, cul, dg, alb, v-2,
impdia, psu etc.). A wide range of variability in the nature and degree of phenotypic
manifestation was noted for sterility markers (ex, ex-2, ps, ps-2, s, sl-2, st, ste) and genes
(mup, mux, mua, ms-2, uf), controlling the type of inflorescence and the number of
flowers on them. Another group of marker genes: alb, ch, cv, lur, lut, marm, spl, scfis
very well identified at the cotyledon leaf stage and during the growth and development
of seedlings in a greenhouse, but after planting the plants in a permanent place in the
field, the signs disappear. Many marker traits are identified only at a certain stage of
growth and development (seedlings, cotyledons, first true leaves, flowering, full ripening
of fruits, etc.), which confirms the author’s recommendations about the effectiveness of
their use in practical breeding only if information on the degree of their phenotypic
manifestation is available.

A comprehensive study of the gene pool of mutant forms of tomato (mutant
genes) has shown that they are a unique source of new germplasm, determining a
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wide range of life forms, which can be purposefully and actively used to solve
theoretical and practical breeding problems (creation of new generation initial
material, lines, varieties and heterotic hybrids), as well as a tool (object) for
conducting fundamental genetic, physiological and biochemical research [30].

5. GAMETE TECHNOLOGIES AND THEIR USE IN TOMATO BREEDING
AND GENETIC RESEARCH

5.1. Variability of morphological traits of the nuclei of vegetative (V) and
generative (G) cells of tomato pollen in F1 lines and hybrids under the influence
of stress temperatures. The results of the study of morphological characteristics —
diameter, perimeter, area in the nuclei of vegetative (V) and generative (G) cells of
tomato pollen when exposed to high (45°C) and low temperatures (+7°C) in parental
lines (P, and P;) and their F; hybrids are presented. It has been shown that the
nuclei of V and G cells react differently to high and low temperatures. The root
cause of their different reactions may be the structure: the nuclei of V cells are
vacuous, large, in contrast to the nuclei of G cells, which are denser and smaller.
The nuclei of V and G pollen cells differ in homozygous and heterozygous
genotypes and in the composition of hereditary factors.

It has been found that the nuclei of V cells in the populations of all F; hybrids
are more homogeneous in morphological traits than those of their parental forms.
And, conversely, in terms of the traits of G cell nuclei, especially in experimental
variants, variability is higher in F; populations.

Clustering of genotypes according to the pattern of the manifestation of
morphological characteristics of the nuclei of V pollen cells at 25°C (control)
revealed the following distribution: the 1st cluster included genotypes with average
values of the traits (diameter, perimeter, area of nuclei), the 2nd with low values, and
the 3rd with high ones. When pollen is exposed to a temperature of 45°C, the degree
of similarity between genotypes changes, and they end up in different clusters. While
a temperature of 7°C does not have a special effect on the variability of the trait of V
cell nuclei, the degree of similarity between genotypes relative to the control almost
does not change (Fig. 5). The pattern of the manifestation of the traits of the nuclei of
V pollen cells in F; is predominantly determined by the paternal form.

Analysis of the morphological characteristics of pollen G cell nuclei on three
different backgrounds (25°C, 45°C, 7°C) showed their higher variability. Clusters
had pronounced trait indicators (Fig. 6). For example, in the control (25°C), the
magnitude and pattern of the manifestation of traits is determined by the influence
of the paternal form in all hybrids, while in the variants with temperatures of 45°C
and 7°C a high influence of the maternal forms is found. The response of the
original forms and F; hybrids of tomato according to morphological characteristics
to the action of stress factors manifests itself in a differentiated manner. At the
same time, genotypes in populations from different combinations based on the
traits of G cell nuclei at both backgrounds (45°C and 7°C) had a similar
distribution into clusters (Fig. 6). It is likely that selection for resistance to one
factor may lead to increased tolerance to another.
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Fig. 6. Dendrogram of the similarity of the original forms and F1 hybrids of
tomato according to the morphological characteristics of the nuclei of G pollen

cells at high and low temperatures: 1. L 187(1); 2. L 965; 3. F1 Irok; 4. L187(2); 5. L828;
6. F1 Krasnaia Strela; 7. L965; 8. L214; 9. F1 Severniy Express
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5.2. Variability and inheritance of DNA content and chromatin dispersion.

We studied the influence of high (45°C) and low (7°C) temperatures on the
pattern of manifestation and variability of cytochemical parameters (DNA content
and chromatin dispersion) of the nuclei of vegetative (V) and generative (G) pollen
cells of F; tomato hybrids and their parental forms (three hybrid combinations).

In terms of DNA content in the nuclei of V and G pollen cells, clear differences
were observed between the hybrids and their parental forms. These differences are
especially pronounced against the backdrop of stressful temperatures. This may be
due to the fact that gametes of heterotic genotypes can be of different types and vary
in the composition of hereditary factors. Consequently, they respond differently to
stressful temperatures, thereby creating a wider range of variability. Since the nucleus
of the G cell is the carrier of hereditary information, this indicates a broad connection
between genomic changes, including those associated with hybridization, while the
nucleus of the vegetative cell is a storage cell with high metabolic activity.

Significant clear differences were revealed between the parental forms and their
F1 hybrids in the nuclei of both (V) and (G) pollen cells in terms of chromatin
dispersion, which characterizes its functional activity. An increase in its index
demonstrates a more compact structure and a decrease in its activity [34]. No specific
pattern of influence of the used temperature stress factors on the variability of the
traits DNA content and chromatin dispersion” has been established. The
manifestation of these traits in F1 tomato hybrids was predominantly determined by
the genotypic particular features of the parental forms.

A relative index of the thermal resistance of genotypes can be the ratio of DNA
content in the nuclei of V and G pollen cells (G/V), which characterizes the process
of DNA synthesis [13]. It should be noted here that we obtained pollen from plants
grown in a greenhouse, where the temperature in summer exceeded 30°C, so the G/'V
ratio in the control actually characterizes its stability, and its subsequent warming
created additional stress. It was found that the resistance of pollen of all three F;
hybrids to the studied temperature stress (45°C and 7°C) was either lower than that of
the resistant parental form, or coincided with the less resistant form (Table 5). This
indicates that the original lines are characterized by different genetic resistance.

Table 5. The ratio of DNA content in the nuclei of G and V pollen cells in the
initial lines and F1 hybrids of tomato under the influence of different

temperatures
t = 25°C (control) t=45°C t=7°C
F1 hybrid P1 P> F1 P P2 F1 P1 P> F1
Irok 1.20 1.15 1.09 1.28 104 | 09 | 138 | 121 | 119
Krasnaia Strela 1.14 1.09 1.18 1.23 091 | 08 | 132 |1.08 | 1.08
SeverniyExpress 1.35 1.25 1.24 1.31 1.21 131 | 101 | 1.22 | 1.06

This indicates that the original lines are characterized by different genetic resis-
tance. Therefore, during hybridization, in addition to taking into account the
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resistance indices of the male gametophyte, it is necessary to select initial lines with
high combining ability and identical resistance to temperature stress.

At the same time, we analyzed the influence of genotype and temperature
factors on the variation in DNA content in the nuclei of V and G pollen cells. It was
found that the share of the influence of the interaction of two factors on the variability
of the amount of DNA in the treatment with high temperature is significantly higher
in the G cell and is 78.4% versus 47.4% in the V cell (Table 6). Against the
background of low temperature, both in the V and G cells, the influence of the
interaction of factors “genotype x temperature” is quite high and amounts to 62.6%
and 60.6%, respectively (Table 6). This indicates reserves for selection of forms
resistant to this stress with the desired indices of adaptability.

The share of the influence of genotype, temperature and their interaction on the
variability of the chromatin dispersion trait is somewhat different. High variability of
chromatin dispersion was noted during the interaction of these factors in the option of
using pollen at high temperatures (45°C) for V cell - 66.1%, while for G cell only
38.6% and 23.1% are determined by genotype. Against the background of low
temperature, the share of influence of genotype (32.8% V - cell and 32.1% G - cell)
and temperature (32.8% V - cell and 44.8% G - cell) is high (Table 6), which led to a
clearer differentiation of genotypes. Possibly, pollen resistance is associated with the
functional activity of chromatin.

Table 6. The share of the influence of various factors on the DNA content and
chromatin dispersion in the nuclei of V and G pollen cells under the influence of
temperature stress

DNA content Chromatin dispersion
Factor t=45°C t=7°C t=45°C t=7°C
> V| G Y G Y G V | G
Genotype 16.0 | 183 | 23.2 29.3 9.0 23.1 328 | 321
Temperature 234 | 4.1 8.1 1.8 5.9 94 32.8 44.8

Genotype x Temperature | 47.4 | 78.4 62.6 60.6 66.1 38.6 26.6 10.0

Thus, the manifestation of cytochemical traits such as DNA content and chromatin
dispersion in the nuclei of V and G pollen cells in all studied tomato F; hybrids was either
intermediate or close to the less resistant parental form, which indicates the recessive
pattern of inheritance of resistance to the studied temperature stress factors. Similar results
were obtained by other authors [6, 56], who identified genomic changes in F; maize
hybrids indicating instability of nuclear DNA content. It was also shown that in interline
hybrids with high heterosis, the amount of nuclear DNA was at the level of the average
parent, while in F; with low heterosis, the amount of DNA was approximately 5% higher
[37]. High variability of DNA content depending on environmental conditions as
beenestablished in allopolyploid hybrids of triticale and wheat [2, 4].

5.3. Inheritance of the resistance to high and low temperatures for male

gametophyte traits by F1 hybrids
We studied the inheritance of resistance according to the traits of the male
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gametophyte (pollen viability, pollen tube length, resistance to pollen germination
and pollen tube length) to high (45°C) and low (7°C) temperatures by F; hybrids
obtained by direct and reciprocal crossings of lines with different resistance types and
levels. It has been established that when crossing two resistant lines (L187 x L828)
according to the studied traits in F; hybrids, both in terms of heat resistance and cold
resistance, negative over dominance (depression) is observed in direct and reciprocal
hybrids (Table 7), which indicates the recessive nature of these traits.

In the hybrid combination (L187 x L965), where one of the parent components is
resistant to both temperatures, and the other is highly sensitive, negative dominance and
over dominance in heat and cold resistance of pollen are observed. The same pattern was
revealed for the stability of pollen tubes (Table 7). The conclusion about the recessive
nature of resistance based on these traits is also valid in this treatment.

In F; hybrids, where both parental forms (L558 x L965) are susceptible to high and
low temperatures, there is over dominance in pollen heat resistance and pollen tube
stability. For the trait “cold resistance of pollen”, in direct crossing, intermediate
inheritance was observed, in reciprocal crossing, dominance of the best parent was notable
(Table 7). The indices are more pronounced against the high temperature background.

It can be assumed that these lines are closely related in origin, the crossing of
which leads to the unification of their alleles and increased resistance in F;.

Direct and reciprocal hybrids F; (L469 x L186 and L186 x L479), produced using
parental forms with the same average resistance to stressful temperature factors according
to male gametophyte traits, form pollen that is more heat-resistant than their original
forms. This also applies to the traits cold resistance and stability of pollen tubes. It is likely
that the lines (469 and 186) used in this crossing combination also have different pairs of
equivalent resistance genes, the combination of which in one genome in F; hybrids leads
to increased manifestation of traits characterizing the resistance of the genotypes.

Table 7. The pattern of inheritance of resistance to high and low temperatures
by F1tomato hybrids for the traits of the male gametophyte

The inheritance coefficient, hp
Hybrid Freshly collected Heat resistance Cold resistance
combination pollen (control)
1 2 3 4 5 6
L187 x L828 -14 +2.0 -0.55 -15 -6.0 -7.1
L.828 x L187 -1.6 +3.3 -1.21 - 2.65 -5.2 -7.2
L187 x 1965 +3.9 +6.4 -0.711 - 0.86 -1.0 -153.8
L965 x L1187 -15 +3.7 -0.82 - 0.30 -0.70 -139.6
L558 x 1.965 -1.2 - 0.06 +16.4 +2.2 +0.33 -0.94
L1965 x 1558 -55 - 0.13 +26.9 +2.8 +1.0 -1.20
L469 x 1186 +15 +0.89 +1.43 +24.0 +4.9 +0.06
L186 x 1469 +0.4 + 0.56 +3.0 +79.6 +8.3 +1.4
L965 x L1214 -1.0 - 0.33 +1.1 +0.28 +41.0 +0.42
L214 x 1.965 - 05 - 0.06 - 0.18 +3.3 +12.8 - 0.68
L189 x 1965 -26 +0.6 +67.7 +4.48 +0.69 - 37
L965 x L.189 - 20 - 1.0 +49.8 +0.40 -0.94 - 94
Note. Numbering in the table headings: 1. Viability of freshly collected pollen; 2. Length of
pollen tubes; 3. Heat resistance for pollen germination; 4. Heat resistance for the length along pollen
tubes; 5. Cold resistance for pollen germination; 6. Cold resistance for the length along pollen tubes
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There were no significant differences depending on the direction of crosses in
F1. The established patterns of inheritance by F; hybrids of resistance to high and low
temperatures based on male gametophyte traits when crossing forms with contrasting
and equal levels of resistance also indicate the recessive nature of the inheritance of
traits to stressful temperature factors, also indicate the recessive nature of the
inheritance of traits to stressful temperature factors, which is consistent with the
conclusion made in section 5.2 and the conclusions of other authors [17, 24, 52].

The findings are of great interest for practical employment in tomato breeding and
can serve as a prerequisite for a reasonable selection of parental pairs in heterotic breeding.

5.4. The share of the influence of parental forms on the heritability of
resistance to temperature stress

The influence of parental forms on the manifestation of heat and cold resistance
traits in F; was determined by component analysis in a two-factor complex with the
calculation of the broad sense heritability coefficient (h?). Evaluation and analysis of
parental forms and their F; hybrids (14 combinations) for resistance to high
temperatures were carried out at various temperature backgrounds: 35°C; 38°C; 45°C
and 48°C with different time exposures to pollen: 3, 5 and 7 hours. Cold resistance
was determined by germinating pollen in vitro at low temperatures of +6°C and
+10°C. The share of influence of each parent and their interaction on the heritability
of resistance to temperature stress factors based on male gametophyte traits was
calculated [28].

In general, when pollen was exposed to temperatures of 35°C, 38°C, 45°C and
48°C with temporary exposures of 5 and 7 hours, the influence of the interaction of
maternal and paternal forms (A x B) on the heritability of the trait “heat resistance”
by F; hybrids was significant pollen” F;. When assessing each F; combination
individually, the influence of maternal forms (A) was decisive, especially in the case
where a more stable form is used as the maternal component.

It was found that the manifestation of the trait “viability of freshly collected pollen -
control” in F; is determined by the interaction of maternal and paternal forms (A x B).

Treatment of pollen from F; hybrids at a temperature of 35°C for 5 hours revealed a
significant effect on the manifestation of the trait in the F; maternal form (55.4%). With
a longer time, exposure to pollen (7 hours), these values change. The same pattern is
observed at a temperature of 38°C with a time exposure of 5 hours. A longer exposure to
pollen (7 hours) leads to an increase in their interaction (A x B) - 68.0% (Table 8).

Exposure of pollen to a temperature of 45°C for 5 hours shows that the resistance of
F, hybrids is mainly determined by the maternal component (52.4%). An increase in the
time exposure of the action to 7 hours leads to a decrease in the proportion of the maternal
component (A) and an increase in the influence of the interaction of maternal and paternal
forms (A x B) on the heritability of pollen heat resistance by F; hybrids (Table 8).

A significant influence on the heritability of the trait in F1 at a temperature of 48°C
with different durations of action (5 and 7 hours) is exerted by the interaction of (A x B)
factors with coefficients of 61.6% and 71.2%. The share of influence of paternal forms
(B) in all treatments of research turned out to be insignificant (Table 8).
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Table 8. Heritability of the trait pollen heat resistance by F1 hybrids

h2, %
Crossing 25°C - 3 hours
components (control) 35°C 38°C 45°C 48°C
5 hours
AQ 12.4 55.4 44.0 52.4 28.6
BJ 16.2 7.5 15.2 9.2 7.2
AxB (2 x3) 66.7 35.1 39.3 37.9 61.6
7 hours
AQ 124 37.6 21.9 35.9 19.0
BJ 16.2 9.4 10.0 9.5 7.5
AxB (2 xJd) 66.7 52.7 68.0 54.4 712
Note: Q —L5and L 7; & — L 302, L 304, L 305, L 311, L 324, L 327, cultivar Viza.

The second block shows an analysis of the heritability of the trait “cold resistance
of pollen” by F; hybrids from different combinations, which demonstrates a high share
of the influence of the maternal form (A) — 40.6% against the background of a lower
temperature (+6°C). This figure decreases to 18.0% at a temperature background of
+10°C (Table 9), but at the same time the proportion of interaction between the maternal
x paternal form (A x B) is very high. In the studied combinations of F; hybrids in both
experimental variants (+6°C and +10°C), the influence of interaction (A x B) turned out
to be significant with the coefficients being 55.7% - 78.8%, relatively (Table 9).

Table 9. Heritability of the trait cold resistance of pollen by F; hybrids

Crossing h?, %
components 25° C — 3 hours (control) 10°C — 24 hours 6° C — 24 hours
AQ 31.6 18.0 40.6
BJ 4.6 3.2 3.6
AxB (2 xd) 62.5 78.8 55.7
Note: @ —L5and L 7; & —L 302, L 304, L 305, L 311, L 324, L 327, cultivar Viza.

It was established that in combinations of F; hybrids (14 pairs) both in terms of heat
resistance and cold resistance of pollen, the share of the influence of paternal forms on the
heritability of traits is insignificant. The effect of maternal (A) forms and their interaction
with paternal (A x B) forms turned out to be significant. In this experiment, the heritability
index is not only a characterization of the studied traits, but also of the artificial
background conditions in which the parental forms and their F;, hybrids were studied.

5.5. The role of transgressions in tomato breeding for the resistance to high
temperatures

The results of the analysis of splitting F, populations (9 combinations) obtained
using parental forms that are equally resistant to high temperature (45°C) according
to a set of characteristics of the male gametophyte (pollen viability, pollen tube
length, pollen heat resistance and stability along the length of the tubes) are
presented. The measure of variation in the studied traits was the average dispersion
index (S?) for the hybrid family [12]. It was shown that the intrapopulation variability
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in pollen traits for each combination is different: high S>-8015, S>-5848, S>-5764,
$2-5035; average S>-4645; S2-4620, S>-4502 and low S2-2647; S>-1702. In the
splitting F, populations, genotypes with extreme deviations in trait values were
identified, namely: inferior to both parental forms; at the level of the mid-parental
trait; exceeding or inferior to that of the parents; and transgressive recombinants,
which are superior to both parents for pollen heat resistance and tube stability.
Figures 7 a, b, ¢, d show the pattern of intrapopulation transgressive variability in
pollen traits in hybrids with contrasting dispersion (S2) in the family.

In the combination of the F, hybrid (L5 x L305) with the highest family variance
(S2-8015), a wide range of intrapopulation variability was also revealed. The heat
resistance of pollen varies from 1.0 to 89.9%. A high frequency of genotype occurrence
(50.8%) with low values of the trait (1.0 - 29.9%) was revealed. The average values
(30.0% - 49.9%) were 32.3%, and only 16.9% were characterized by high heat
resistance of pollen (50.0 - 89.9%). There are no genotypes in the population with
extremely high rates of the trait (90.0% - 109.9%) (Fig. 7 a). Analysis of the trait “pollen
tube resistance” showed that 53.8% of genotypes were divided into classes with medium
and high values (39.9%-69.9%). No genotypes with extremely low values of the trait (O-
9.9%) were identified in the population, but a few with extremely high values (100-
119.9%) were observed. From this population, only two recombinants were isolated,
which had the same high values for both traits, and they were higher than those of the
original forms. In the population, many heat resistant genotypes were identified for
pollen, but unstable for tube length and vice versa (Fig. 7 a).

Intrapopulation recombination variability for both pollen traits is quite high and
in the combination F, — L7 x L126 with dispersion for the family S2-2647, which is
three times lower than in the one discussed above. There are many genotypes in the
population (9.2%) with extremely high heat resistance of pollen (from 90.0 to
109.9%), and many recombinants (26.1%) exceeding the best parent in pollen tube
resistance (90.0 - 119 ,9%). The diagram (Fig. 7 b) clearly shows that the distribution
curve of genotypes within the population is shifted towards classes with high values
of both traits (50.0% - 89.9%), the frequency of which is 61.2%, and only 12 .7% had
low (10-29.9%) and medium (30-49.9%) index scores (Fig. 7 b). There are no
genotypes with extremely low values (1-9.9%). The occurrence of transgressive
recombinant forms with a high coincidence of the values of both traits “pollen heat
resistance and pollen tube resistance” in this combination is higher than in the others.

A wide range of intrapopulation variability was also recorded for the L7 x
combination Ceros (S*>-5764) for both pollen traits (Fig. 7c). Genotypes are
represented by all classes: 28.7% with extremely low heat resistance of pollen (1-
9.9%); 45.2% had average values (19.9-39.9%); and 23.1% and 2.9% were
distributed into classes with high (40 - 89.9%) and very high (90-119%) trait values,
respectively. For “pollen tube resistance”, 33.6% of genotypes have extremely low
values (from 1 to 19.9%), while the frequency of occurrence of transgressive
recombinant forms along the length of the tubes (50-89.9%) makes 41.3%.8.6% of
genotypes had extremely high values of the trait (90-119%) (Fig. 7c). However, no
recombinant forms with a high coincidence of the index values for both traits, which
would be higher than that of the best parent, or at its level, were identified.

24



In terms of the pattern of the variability of traits, the population of the F, hybrid —
L5 x L324 (S%-5848) is radically different from those above mentioned (Fig. 7 d). A
very high frequency of occurrence of genotypes was noted, which were divided into
classes with extremely low (1 - 19.9%), low (20 - 39.9%) and average (40 - 49.9%)
trait values. But it is from this population that recombinant forms have been isolated,
which in both pollen traits exceed the best parent or are at its level. After exposing their
pollen to high temperature, it quickly germinates, forming tubes, the resistance of
which is higher than in the control (100 - 119.9%). Therefore, the index of this trait
should be used as the main criterion in the selection of resistant genotypes.
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Fig. 7. Genotypic structure of splitting F> populations according to the
frequency of occurrence of tomato genotypes with a certain value of traits: heat
resistance in pollen germination and resistance in the length of pollen tubes

Individual analysis of intrapopulation recombination variability for the traits
“pollen heat resistance and resistance along the length of tubes” in combinations with
pronounced differences in dispersion (S?) in the family showed that not all populations
produce transgressive recombinants, even if their parental forms are characterized by
high resistance. From 9 splitting F, populations, it was possible to select 23 genotypes,
the genome of which combines genetic factors that ensure, against the background of
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stressful temperatures, high pollen viability, its resistance, and are also responsible for
the growth of pollen tubes and their resistance. Taking into account the identified
variability of two pollen traits, it is recommended that selections at this stage of
ontogenesis be carried out with a high coincidence of their characteristics.

5.6. Breeding value of Fs3 and Fs generation offspring derived from
transgressive recombinants resistant in terms of pollen traits

The response of hybrid populations to selection (R), as one of the most
Important characteristics of their selection value [9], was determined in F3; and F4 by
the ratio of the average values of traits of the entire population (Xar) and in selected
offspring (Xop) in the previous generation. The actual shift in the quantitative
expression of the trait during selection was established. Generations were quantified
based on the plant selected in the previous generation. Seeds of the best plants
isolated in F, were used to obtain F; populations, and from F3, the best were selected
to form offspring of the F, generation.

Analysis of the selection value based on the response of hybrid populations to
selection (R) showed that the actual shift in pollen heat resistance in F3 relative to F; is
small (0.92), and even lower in F4 to F, — 0.65 (Table 10). Heterogeneity of hybrid
populations of different combinations in terms of pollen heat resistance in the F; and F,
generations remains high. Selection was effective in F; relative to F, only for the
combinations L7 x L305 and L7 x Ceros (Table 10), but in F, they showed a downward
shift in indices. Since the assessment of hybrid populations is carried out in different
years, it is obvious that when the conditions for pollen formation changed, not all the
best offspring selected in F, were such in the next generation, while heat resistant forms
were isolated from populations from different combinations. The shift in indices in the
dynamics of generations F,, F3; and F4 from different hybrid combinations was slightly
higher in the resistance of pollen tubes: 0.99 (F; to F;) and 1.15 (F4 to F;). The most
pronounced positive shift towards high values for this trait in F3 and F, relative to F, was
observed in three combinations (R —1.91, 1.29 and 1.08) (Table 10).

Table 10. Response of hybrid populations F3, F4 to selection in F» for pollen traits

F2, % (population The coefficient of selection efficiency in hybrid
Hybrid average in a specific offspring in generational dynamics
combination hybrid combination) Fs | Fa | F3/F> Fual F,
Heat resistance of pollen of hybrid populations in the dynamics of generations
L7 xL 305 45.8 1.50 0.86
L7xL126 63.7 0.50 0.35
L 7 x Ceros 53.4 1.11 0.76
L5xL 324 515 0.86 0.69 0.92 0.65
L 7 x Lider 67.7 0.45 0.37
L 5 x Ceros 43.3 0.54 0.33
Resistance of pollen tube genotypes in hybrid populations
L7 xL 305 44.4 1.76 1.91
L7xL126 81.1 0.96 0.98
L 7 x Ceros 64.8 1.16 1.29
L5xL 324 112.4 0.59 0.84 0.99 1.15
L 7 x Lider 86.7 0.89 1.08
L 5 x Ceros 51.2 0.67 0.76
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The homogeneity of these populations in terms of the presence of genotypes
with high pollen tube resistance indicates the efficiency of selections taking into
account the criterion for this trait in the dynamics of the F,, F; and F, generations.
The data presented demonstrate that the breeding value of the offspring of the F; and
F4 generations obtained from transgressive F, recombinants for the traits pollen heat
resistance and pollen tube resistance is not as pronounced as expected. Probably, the
pattern of their manifestation reflects the combination of many genotypic and
phenotypic traits that appear at different stages of plant ontogenesis, which
simultaneously demonstrates the polygenic nature of the traits.

5.7. Combined selections and their influence on the trait manifestation
pattern and intensification of the tomato breeding process.

Combining methods of traditional, classical breeding with gametic selection is
aimed at increasing genotypic variability in populations to select highly productive
and stable genotypes. A step-by-step alternation of assessment and selection was
carried out at different stages of ontogenesis under the influence of high temperatures
(43°C for sporophyte and 45°C for gametophyte), while recording data on some
economically valuable traits (length of the growing season, height of the first
inflorescence, early ripening, productivity etc.). Eleven combinations of hybrids were
studied and analyzed.

Starting from F, the formation and assessment of the offspring of generations
up to Fs was carried out using three methodological approaches: 1 — step-by-step
alternation of sporophytic and gametophytic selections under the influence of high
temperature (experiment 1); 2 — only gametophytic selections using heat treated
pollen (45°C) for pollination (experiment 2); 3 — traditional selection during self-
pollination for a high rate of studied traits (control). Selection index [14] served as
criterion, which allows the evaluation of the quality of the lines, the efficiency
assessment of the selections and their impact on the intensification of the breeding.

It has been shown that gradual alternation of selections for sporophyte and
gametophyte under the influence of high temperature conditions (43°C and 45°C) at
the early stages (F;-F3) leads to more resistant and productive offspring in Fs-F;
compared to the use of only gametophyte selections and these differences are more
noticeable in comparison to the lines derived through traditional selection (control).

The assessment of Fs-F; generation lines at the sporophyte stage (seed
germination and seedling length) based on their growth response to high temperature
exposure shows that those isolated in alternating sporophytic and gametophytic
selections were more resistant compared to the lines isolated using the other two
methods. This is especially pronounced for the seedling length trait (Fig. 8 a, b).

Analysis of the lines isolated from populations of the same combinations, but
with different selection methods for male gametophyte traits (pollen germination and
tube length), did not reveal a clear influence of the selection method (Fig. 9 a, b). The
most pronounced differences are observed in the traits, as well as in the lines isolated
from different hybrid combinations. Pollen from the lines obtained from sporophytic
and gametophytic selections was less resistant to high temperature than that from
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gametophytic selections. However, germinated pollen of the lines from sporophytic
and gametophytic selections forms longer tubes (91-214 d.e.m.) than pollen of the
lines from gametophytic selections (67-121 d.e.m.). The shortest tubes (44.3-87.5
d.e.m.) were found for the lines in the control treatment. At the same time, it should
be noted that according to the traits of the male gametophyte, some lines had equal
values, regardless of the selection method used to obtain them (Fig. 9 a, b).
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Note: 1 — between sporophytic-gametophytic and only gametophytic selections; 2 — efficiency index between
the gametophytic and control variants; 3 — indices of alternation of sporophytic-gametophytic selections
relative to the control.

The stable pattern of manifestation and high coincidence of resistance in Fs-F;
offspring populations in the lines from different combinations against the background
of high temperature in the sporophyte (seed germination and length of seedlings) and
strong variability in the traits of the male gametophyte (resistance to pollen
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germination and stability of pollen tubes) in generation dynamics indicates that the
role of the diploid generation in the formation of resistance to high temperatures is
more pronounced than the haploid generation.

The efficiency of the combined use of traditional selection methods with gamete
selection has also been recorded for some economically valuable traits.

In lines 110/1 and 118/1, isolated using alternating sporophytic and gametophytic
selections, the duration of the growing season was shorter than in gametophytic lines
by 10 and 11 days, respectively, and by 9 and 8 days compared to the control. In other
lines, these differences are not so pronounced (from 1 to 5 days). Analysis of the traits
of the height of the first inflorescence and the length of the internodes showed that
the lines 133-11/1, 133-12/1, 124/1, 110/1, and 7/1 from sporophytic and gametophytic
selections had a height of the first inflorescence laying by 1- 2 leaves lower than the
lines from other selection treatments. These differences are more pronounced in lines
110/1, 118/1 and 124/1, isolated from combinations from crossing ultra-early, early
and mid-early forms. The influence of sporophytic and gametophytic selection on the
length of internodes was recorded in lines 133-11/1 and 133-12/1, while in the lines
isolated from populations of the same combinations, but by two other methods
(gametophytic, traditional) such differences were not found.

Data on the elements of fruit formation: the number of flowers on the first five
inflorescences and the number of fruits set from them, depending on the level of the
inflorescence position on the plant, revealed a shift in the average values of the traits, both
depending on the traits of the parental forms used in crosses and the method of their
breeding. The percentage of flower shedding in lines (118/1, 124/1, 110/1, 7/1) from
sporophytic and gametophytic selections was lower, and, therefore, fruit formation was
higher, which is confirmed by high indices of 1.32; 1.43; 1.21; 1.29 relative to the lines
isolated in the control (Table 11). They are also higher and make 1.15; 1.20; 1.13; 1.17 in
comparison to the lines from gametophytic selections. The indices are almost equal (1.14;
1.18; 1.07; 1.11) when comparing the lines in the gametophytic selection treatment with
the control (Table 11). Probably, for these lines, the direction of alternation of selections at
different stages of ontogenesis (sporophyte and gametophyte) against the background of
high temperature served as a powerful factor in the development of adaptability associated
with genetic and environmental differentiation of lines.

Another group of lines (135/1/2/k, 123/1/2/k, 128/1/2/k and 133-15/1/2/k)
decreased fruit formation due to high flower shedding on the upper inflorescences (4-
6th). Despite this, there are significant differences between the lines in terms of the
selection method used to obtain them (Table 11). Thus, line 135/1 is distinguished by a
higher and more uniform fruit set across all inflorescences than those produced from
gametophytic (135/2) and traditional (135/k) selections. The results were similar for
lines 123/1, 123/2 and 123/k with the indices of 1.14: 1.09: 0.96, respectively. Almost
equal indices for all three selection methods for fruit set were found in lines 133-
12/1/2/k (1.01: 1.04: 1.03) and 128/1/2/k (1.03: 1 .02: 0.99), while no influence of the
selection method on this trait was detected in lines 133-15/1/2 (Table 11).

As for overall yield, the lines isolated from the same combination, but using
different methods, also differ greatly from each other (Table 11). Lines 124/1 and 133-
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12/1 from sporophytic and gametophytic selections formed a total yield by 9.9 and 7.1
t/ha more than those identified in the control.

Table 11. Fruit formation and overall yield of new tomato lines, derived through
different selection methods

Flower shedding and fruit formation Total yield

Line no. Efficiency indices of selection methods selection efficiency indices

alb - axc - b alb - axc - b
118/1/2/c 115 : 132 : 114 1.056 : 113 : 1.03
135/1/2/c 110 : 120 : 1.07 1.07 : 109 : 0.98
133-11/1/2/c 110 : 1.06 : 0.96 1.04 : 107 : 1.04
123/1/2/c 114 : 1.09 : 0.96 1.07 : 106 : 0.99
124/1/2/c 120 : 143 : 118 1.08 : 114 : 1.06
133-12/1/2/c 101 : 104 : 1.03 106 : 112 : 1.05
128/1/2/c 1.03 : 1.02 : 0.99 1.00 : 101 : 101
110/1/2/c 113 ;. 121 . 107 109 . 111 : 1.03
7-1/1/2/c 117 129 : 111 1.04 : 105 : 101
134/1/2/c 113 : 112 : 0.99 1.06 : 109 : 1.03
133-15/1/2/c 1.03 : 094 : 0.92 1.03 : 1.02 : 0.99

Note: experiment-1 (a — sporophytic and gametophytic selection); experiment-2 (b — gametophytic
selection); control (c — traditional selection for high values of trait indices)

The difference in total yield between the lines is 134/1, 133-11/1, 118/1, 7/1, L123/1,
and 135/1 in comparison to the control was 4.7 t/ha; 3.9 t/ha; 3.6 t/ha; 2.5 t/ha; 2.4 t/ha,
and 2.0 t/ha, respectively. When comparing the total yield between the lines from
sporophytic and gametophytic selections and those obtained in the gametophytic
treatment only, it is obvious that its index is lower (from 0.3 t/ha to 6.0 t/ha), but it is
higher by 0.3 - 3. 9 t/ha than in the control. The indices in the treatment of
gametophytic selections are higher compared to the control only in lines 124/2 by 3.9
t/ha, 133-12/2 by 3.1 t/ha, 133-11/2 and 134/2 by 1.4 t/ha, 118/2 by 1.3 t/ha. The
differences between the other lines are not so pronounced - from 0.1 to 0.9 t/ha. This is
confirmed by the efficiency indices of selection methods (Table 11).

The differences between the lines in the studied traits, both in the reproductive
phase during the formation of productivity elements and in the overall yield, give a
complete picture of their resistance to high temperatures in field experiments. This
confirms the differentiating ability of selection methods.

Evaluation, analysis and selection of genetically different quality breeding valuable
material using a combination of traditional breeding methods with gametic selection in the
dynamics of F;-F; hybrid generations resulted in complex gene carriers of important traits
(more than 100 lines), many of which are used for breeding and genetic research and as
donors of economically valuable traits. Others are tested in the control and competitive
test nurseries, and some lines have passed the State test. They are approved and included
in the Catalog of Plant Varieties of the Republic of Moldova [38].

5.8. Genotypic features of released tomato varieties

General characterization of varieties. An integrated approach to research with
simultaneous assessment of resistance to temperature stress and economically valuable

30



traits made it possible to develop new lines and varieties of tomato, MilOranj;
MaKrista; Stefani; Vivat; Prichindel; Cireasca, Matriona, Dimetra, llica, Petramak
with an optimal and original combination of morphobiological and economically
valuable traits.

Varieties of different ripening periods: early ripening (87-93 days), mid-early
(105-110 days) and mid-ripening (112-117 days) are intended for fresh consumption.
They differ in the type of plant growth. For example, the Prichindel (dd) and Cireasca
(ssp) varieties, which have dwarf and super-determinate growth, belong to decorative
and delicious small-fruited (10-18 g) forms of tomato and are intended for growing in
loggias and on balconies, as well as in a compacted scheme (8 -10 plant/m2) in open
ground. The Dimetra variety has a very compact standard type of bush and belongs to
the group of ultra-early ripening forms. They successfully combine morphobiological
traits with resistance to abiotic stress factors and the most common diseases.

Another group of salad type varieties for lovers are MilOranj, MaKTrista, Stefani,
Ilica, Petramak with super-determinate, determinate and indeterminate growth types.
They develop from 4 to 7 inflorescences on the main stem, the first ones alternating
through two leaves, and the rest are arranged one after the other, and the growth of
the main stem ends in a raceme. the indeterminate, low-growing variety Stefani with
a low numbers of side shoots and short internodes and the early-ripening determinate
variety Vivat is particularly distinguished. The fruits of this group of varieties with
orange and pink coloration of varying intensity have a presentable appearance and
high quality taste. Two red-fruited varieties — Matriona (mid-early) and Mary
Gratefully (mid-ripening) have round, smooth fruits and stable yields. They are
highly resistant to low positive temperatures at different stages of ontogenesis
(sporophyte-gametophyte) and are suitable for early seedling cultivation.

Resistance of tomato varieties to abiotic stress factors based on pollen
characteristics. Targeted breeding for resistance to high, low temperatures and
drought allowed us to develop varieties with different combinations and levels of
resistance manifestation based on the traits of the male gametophyte, i.e. resistance in
case of pollen germination and the length of pollen tubes (Fig. 10 a, b). The varieties
MakKrista, Matriona, llica, Petramak are characterized by equally high resistance to
all three stress factors for both pollen traits. Pollen of the MilOranj variety
germinates well against the background of high and low temperatures (47.6% and
48.3%), simultaneously forming long tubes (48-53 d.e.m.). Whereas, against the
background of an osmotic stress factor (which imitates drought), the rate of pollen
germination is high (63.5%), but germinated pollen grains cannot form tubes of
sufficient length for fertilization (12-20 d.e.m.) (Fig. 10 a, b).

The variety Stefani is characterized by high resistance to pollen germination under
different stress backgrounds (54.1% — heat, 77.7% — cold, 63.6% —drought) (Fig. 10 a),
but at the same time there are very pronounced differences in the pattern of pollen tube
formation. Against the background of osmotic stress, germinated pollen grains cannot
form tubes of sufficient length for fertilization, while against the background of high
and low temperatures, pollen, when germinating, forms very long tubes — 90 d.e.m.
(70.2%) and 79 d.e.m. (77.7%) respectively. Assessment of resistance to low
temperature factors (+10°C) at the sporophyte stage for the trait the length of the
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embryonic root also revealed high resistance (88.6%). The coincidence of resistance
indices at different stages of ontogenesis (sporophyte-gametophyte) is consistent with
the high yield when grown in early culture in unheated film greenhouses. The Stefani
variety also responds positively to cultivation at high temperatures in open and
protected ground. The Vivat variety is characterized by high resistance to low
temperature for both traits (58.0% and 79.8%, respectively), while resistance to
drought and high temperature is low for both traits (Fig. 10 a, b). The reverse reaction
of pollen to the action of these stress factors was detected in the varieties Prichindel
and Cireasca. They are not resistant to low temperatures and are highly resistant to
heat and drought. A successful combination of morphobiological and economically
valuable traits with stability ensures their stable passage through interphase sub-periods
of the growing season and the realization of their genetically inherent productivity
potential with high quality fruits under high temperature conditions.
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Fig. 10. Resistance of tomato varieties to abiotic stressful factors:
a) by pollen germination; b) for the length of pollen tubes

Productivity and biochemical characteristics of tomato varieties. Assessment
and comparative analysis of new tomato varieties was carried out using the released
varieties Solaris and Juliana as standards for the varieties MilOranj, MaKrista,
Stefani and Matriona. For the Vivat, Dimetra and llica varieties, the Peto variety
served as standard. The results obtained for the Cireasca and Prichindel varieties
were compared with the well-known Barnaul Canning variety, which served as a
paternal component in the crossing combinations from which the varieties were
isolated. Data on recording the total, marketable and early yields of varieties (Xavr)
for three years (2015-2017) are summarized in Figure 11.

The MilOranj variety had higher yields in three years of different climatic conditions
than both standard samples (Fig. 11). The formation of an early harvest, which is equal to
that obtained from the first 3 inflorescences, also exceeded their indices. The fruits are
dense, large (up to 300 g) with delicate, intensely orange colored pulp with a high content
of dry matter (5.78%) and total sugar (4.98%). The MaKTrista variety is also characterized
by high productivity — 66.1 t/ha versus 52.2 t/ha (1st standard) and 58.0 t/ha (2nd
standard). The fruits have an excellent taste due to the high content of dry matter (5.2%)
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and total sugar (5.0%), intensely pink, large 140-200 g, dense, stays on the plant for a long
time (20-25 days) without softening (nor gene). Another variety is Stefani with high yields
(74 t/na) and fruit marketability (96.1%), in which almost a third of the yield falls on the
first three inflorescences (27.5 t/ha). It is distinguished by large pink fruits (on 1 cluster up
to 500-700 g) and long-term yielding time (up to 78 days).

The varieties Matriona and Petramak also exceed standard samples in terms of
general and commercial productivity (Fig. 11). They are characterized by a lower response
to environmental factors, forming a consistently high yield in years of different climatic
conditions (Matriona — 2015 - 67.5 t/ha; 2016 - 65.8 t/ha; 2017 - 66.3 t/ha and Petramak —
64.9 t/ha; 68.4 t/ha and 64.3 t/ha, respectively). The fruits of the Matriona variety are large
(140-200 g), red, with sugary, tender pulp and a high content of dry matter (5.8%) and
total sugar (5.04%). The Petramak variety also has exceptional characteristics with
intensely pink, dense fruits that have high quality taste and contain from 5.0 to 5.7% dry
matter and from 4.8 to 5.4% total sugar. The presented varieties are distinguished by high
fruit set rate under high temperature conditions and severe drought.

The early ripening varieties Vivat, Dimetra and llica have are distinguished by
slightly different characteristics (Fig. 11). They are of a super-determinant growth
type. Fruits weighing from 90 to 140 g with high quality taste are different in color —
pink, red and orange. Plants with compact inflorescences alternating every 1-2 leaves,
with simultaneous ripening of fruits on them and early and synchronous yields.

Varieties — Prichindel and Cireasca belong to the group of decorative-gourmet type.
They are intended for hobbyists and have high yields, characteristic of the forms of this
type (Prichindel from 250 to 350 g/plant, Cireasca from 400 to 750 g/plant). The external
presentability of these varieties is ensured by the compact decorative appearance of the
plants themselves, the shape of the inflorescences, as well as the shape, weight and color
of the fruits. In conditions of high temperatures and drought, the fruits set well.
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Fig. 11. Productivity of tomato varieties (average for three years with
NSRes = 4.03 t/ha for varieties with controls 1 and 2; NSRos = 2.16 t/ha varieties
with control 3; NSRos = 1.12 t/ha for the Cireasca and Prichindel varieties).
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The varieties developed are distinguished by their ability to realize the
genetically inherent productivity potential with high marketability of fruits in
environmental conditions other than optimal. They are characterized by fruits that are
uniform in color, shape, weight and color spectrum and have excellent taste qualities.
They are recognized and included in the Catalog of

Varieties of the Republic of Moldova [38] (Table 12), and are also protected by
patents of the State Agency for Intellectual Property of the Republic of Moldova.

Table 12. Recognized tomato varieties

. Growin Fruit Regionalization,
Variety name season, dzgys weight, g ) year Autors
Mary Gratefully (B) Mihnea N., Grati V., Lupascu G.,
106-113 80-100 2014 Botnari V, Makovey M.
. . Makovei M., Guseva L., Beleaev

MilOranj (Br) 113-117 200-300 2014 P., Botnari V., Lupascu G.

. Makovei M., Guseva L.,
MakKrista (Br) 114-119 140-200 2014 Beleaev P., Botnari V.

. Makovei M., Guseva L.,
Stefani (Br) 111-117 200-500 2015 Beleaev P., Botnari V., Stefirtd A.
Vivat (Br) 90-98 90-120 2016 Makovei M., Guseva L.
Prichindel (Br) 79-85 12-16 2016 Makovei M., Guseva L., Botnari V.
Cireasca (Br) 90-97 10-12 2018 Makovei M.
Matriona (Br) 106-111 110-140 2019 Makovei M., Botnari V., Ganea A.
Dimetra (Br) 96-100 80-100 2020 Makovei M., Botnari V.
lliuca (Br) 104-107 90-110 2020 Makovei M., Botnari V.
PetraMak (Br) 110-115 120-180 2022 Makovei M.
F1 Ingstar 113-117 100-120 | In SCZV with 2022 | Makovei M., Lupascu G., Ganea A.
F1 RozaMak 110-115 110-120 | In SCZV with 2022 | Makovei M., Lupascu G., Ganea A.

6. BREEDING FOR HETEROSIS - DEVELOPMENT OF INITIAL
MATERIAL

6.1. Prediction of parental form selection efficiency

Currently, the phenomenon of heterosis has acquired enormous industrial
significance. The development of heterotic tomato hybrids should be based on the
availability of genetically studied material [44] and a continuous screening for donors of
such traits as sterility, high reproductive capacity (pollen quality and quantity), organic
combination of morphobiological and economically valuable traits, resistance to biotic
and abiotic stress factors, early maturity, productivity with high combining ability [7, 10,
16, 20, 29]. The presence of donors with a certain genetic control (mutant genes) and a
pronounced phenotypic effect of their manifestation is of particular interest in this
regard, the identification of which at the early stages of ontogenesis makes it possible to
identify hybrid plants [30]. To predict the efficiency of the selection of parental pairs in
the process of creating heterotic F; tomato hybrids, we performed hybridization between
forms that have no pronounced differences and, conversely, used mutant and semi-
mutant forms that differ greatly in the phenotype and genotype (Table 13).

The crossing scheme included semi-mutant lines with a different set of mutant
genes: L 8 (sp*, u, nor); L 28 (sp*, Mi, Tm-2, rin); L 111 (sp*, nor, j-2); L 1185 (dw, u,
al); L 135 (sp, y, br); L 202 (sp*, bk, u, ep); L 11069 (sp™, nor, br, Tm-2a, Is, j), direct
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mutant forms — Mo 409 (sp, nv), Mo 443 (ssp, Is), Mo 446 (sp*, o, r), Mo 632 (ag, h, t,
I, u, pl, Ig); highly productive varieties of our own breeding — MaKTrista, MilOranj,
Stefani, and breedings of PNIISKh Zagadka, Fakel, Raiskoe naslajdenie, and Dikaia
roza, which are also carriers of the markers sp, s, u, nor, rin, t, j-2) (Tab. 13).

Table 13. Scheme for selecting parental forms for crossing at the stage of
developing F1 hybrids and subsequent analysis of the trait inheritance pattern

Plant genotypes of original parental forms

Hybrid combinations Maternal form Paternal form
L11069x L 111 sp*, u, nor, Tm-22, Is, br, j-2 ssp, nor, u, hp-1, j-2
L111xL 11069 ssp, nor, u, hp-1, j-2 sp*, u, nor, Tm-22, Is, br, j-2
L111xL8Q - - sp*, U, nor
L8 xL 111 sp*, u, nor ssp, nor, u, hp-1, j-2
LL8xL 11069 sp™, U, nor sp*, u, nor, Tm-22 1Is, br, j-2
L111xL 28 ssp, nor, u, hp-1, j-2 sp, Mi, g, Tm-2, rin
L28 x L111 sp, Mi, g, Tm-2, rin ssp, nor, u, hp-1, j-2
L 111 x Fachel ssp, nor, u, hp-1, j-2 sp, j-2, U
L 111 x Makrista -/l - sp, j-2, u rin,
L 111 x MilOranj - - ssp, U, t, rin
L111x L 1185 -/l - dw, u
L1185 x L 111 dw, u ssp, nor, u, hp-1, j-2
L 1185 x Makrista - - sp, j-2, u rin,
L 11069 x L 28 sp*, u, nor, Tm-22 s, br, j-2 sp*, Mi, Tm-2, rin
L 11069 x Raiscoe naslajdenie -/l - sp*, loc, , u*, s
L 11069 x Dicaia roza -l - sp, ep, loc, ut, s
L 11069 x Stefani -/l - sp*, u
L 111 x Raiscoe naslajdenie ssp, nor, u, hp-1, j-2 sp*, loc, , u*, s
L 111 x Dicaiaroza -/l - sp™, ep, loc, ut, s
L 111 x Mo 443 ssp, nor, u, hp-1, j-2 ssp, Is
Mo 443 x Makrista ssp, Is sp, j-2, urin,
Mo 443 x MilOranj ssp, Is ssp, U, t, rin
Mo 446 x Zagadka sp*,0p, u* ssp, U,
Mo 446 x Raiscoe naslajdenie -1 - sp*, loc, , u*, s
Fakel x Mo 632 sp, j-2, U ssp, ag, h, t, 1, u, pl, Ig
Fakel x L 135 sp, j-2, u sp, U*j
L111 x Mo409 ssp, nor, u, hp-1, j-2 sp,nv

Inheritance and the heterotic effect regarding economically valuable traits in F;
hybrids were studied. It has been shown that the inheritance of the trait length of the
growing season by F; hybrids (direct-reciprocal) from crossing the forms where both
parents are carriers of the same storability gene nor (L11069 x L111; L111 x L8; L111 X
L28) followed the type of positive dominance in direct crosses (hp = 1.0-0.87) and over
dominance in reciprocal crosses (hp = 1.2-1.8-2.3) (Table 14) with an average heterotic
effect for all combinations (16.7%, 120.4%, 105.6%, and 154.3%) (Table 15). Whereas
in the combination L 111 x L 28 and vice versa L 28 x L 111, where the parents forms
are carriers of two different genes nor and rin, positive over dominance was recorded
(hp = 2.0 - 2.3) in direct and reciprocal hybrids (Table 14). At the same time, a high
heterotic effect was observed (168.6% and 208.4%), respectively (Table 15). Hence,
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two different storability genes present in a heterozygote contribute to delay of fruit
ripening more significantly. Similar data were reported by other authors [20, 21].

In combinations with the mutant form Mo 443 — Mo 443 x MakKdrista, the
duration of the growing season is inherited in F; according to the type of positive
over dominance (hp = + 2.0), while in Mo443 x MilOranj, according to negative
over-dominance (hp = - 1.8) (Table 14), with an average heterotic effect for these
combinations of 101.4% and 99.8% (Table 15).

When crossing the mutant form Mo 446 with the early-ripening variety Zagadka,
the F; hybrid showed intermediate inheritance (hp = + 0.35), while in combination with
the late-ripening form (Raiskoe naslajdenie), it showed negative incomplete dominance
(hp = - 0.56) of the parent with a longer growing season (Table 14).

The hybrid combination of the Fakel variety with the multi-marker mutant form
Mo 632 is of particular interest, where in three different years of research (2014,
2015, 2016), stable negative over dominance was observed (hp=-3.1—--4.2—- 3.8,
respectively), that is, of the parent form with a shorter growing season. Negative
heterosis was also recorded for almost all traits (87.1%, 52.2%, 90.7%, and 90.4%),
respectively, and for pericarp thickness it made 100.3% (Table 15).

The trait length of the growing season is inherited by F; hybrids from
intermediate with deviations towards negative or positive to over dominance, both
towards positive and negative (Table 14).

The data and analysis of the pattern of manifestation and inheritance of the trait
number of flowers per inflorescence showed that the degree of dominance (hp) varies
widely — from negative overdominance to positive dominance (Table 14). Intermediate
inheritance of the trait was observed in 61.2% of F1 hybrid combinations. Five F;
hybrids had negative over dominance (L11069 x Dikaia rosa, L111 x Raiskoe
naslajdenie, L11069 x Stefani, L111 x Dikaia roza, and Fakel x Mo 632). These are
hybrid combinations, where one of the initial forms has two-, sometimes three-axis
inflorescences, which are inherited according to the dominant type (Table 14). Since the
yield depends rather on the number of fruits set on the inflorescence and their average
weight than on the number of flowers, an individual analysis of these traits when
growing F; hybrids and their parental forms for 3 years (2014-2016) made it possible to
identify the peculiarities of their manifestation. For example, in hybrid combinations of
L111 x L28 and L28 x L111, L111 x MilOranj, and Mo446 x Zagadka, positive
dominance is observed (hp = 0.95 — 0.64 — 0.85 and 0.55, respectively), and positive
over dominance in the combination L111 x MaKrista (hp = 1.05) (Table 14). For these
hybrids, the average effect of heterosis over the years of research is quite high and
amounts to 107.8%, 131.6%, 121% and 126.3%, respectively (Table 15). Consistently
high heterosis is also observed in other traits. Intermediate inheritance of the trait
number of fruits per inflorescence was found in 62.0% of combinations. Negative over-
dominance occurred only in the F; hybrid with the participation of the mutant form Mo
632 (hp = -1.86) (Table 14). Analysis of the fetal weight trait showed that 33.2% of F;
hybrids showed positive over-dominance (Table 14), while the rest had intermediate
inheritance. The F; hybrid Fakel x Mo 632 is the exception since negative over-
dominance (hp = -2.38) in fruit weight and negative dominance (hp = -0.51) in pericarp
thickness were observed. Most of the hybrids (63.0%) inherited the trait pericarp
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thickness according to the type of positive dominance and over-dominance; in the
remaining 37.0%, it was inherited intermediately (Table 14).

The highest values for pericarp thickness (0.60-0.90 cm) were found in F;
hybrids — L111 x MilOranj, L111 x MaKTrista, L111 x L28 and L28 x L111, and L
111 x L11069. Negative dominance and over-dominance were more frequently
observed in combinations where a non-mutant form with a semi-complex
inflorescence and very large fruits is used as one of the parent forms (L11069 X
Raiskoe naslajdenie, L11069 x Dikaia roza, and L11069 x Stefani). The traits are
inherited in combinations with the mutant forms Mo 409, Mo 443 and Mo 446 from
negative over-dominance (depression) to positive dominance, this is especially
obvious in the combination with the multi-marker mutant Mo 632 (Table 14).

Table 14. Inheritance of breeding valuable traits by F; tomato hybrids

Degree of dominance h, (average for 2014-2016)
Traits
Hybrid Duration Number of Quantity Weight Thickness
combination growing season | flowers per fruits for one pericarp

inflorescence | inflorescences fetus fetus
L11069x L 111 +0.6 +0.2 +0.45 +2.0 +1.8
L111x L 11069 +1.2 - 0.35 -0.17 +2.4 +3.2
L111xL8 +0.54 +0.62 +0.21 - 081 +0.72
L8xL111 +1.8 +0.22 +0.02 - 0.68 +0.57
L111xL28 +2.0 +0.13 +0.95 +1.4 +4.1
L28 xL 111 +2.3 +0.24 + 0.64 +1.7 +3.5
L 111 x Fakel + 0.56 +0.15 +0.20 + 0.60 +0.38
L 111 x Makrista -1.32 +0.40 +1.05 +1.40 +1.12
L 111 x MilOranj -1.0 +0.25 +0.85 +2.1 +7.4
L111xL 1185 +0.64 +0.11 +0.48 - 0.32 - 041
L 11069 x R.N. - 081 -0.50 -0.14 - 0.61 - 0.57
L 11069 x D.R. - 0.9 -1.38 -0.21 - 0.80 - 0.33
L 11069 x Stefani +0.42 -1.1 -0.63 -.0.27 - 0.61
L111x R.N. +05 -131 -0.04 - 0.74 +0.12
L111xD.R. + 0.64 -4.0 -0.42 - 0.25 +0.03
Mo 443 x MaKTrista +2.0 -05 +0.27 - 0.40 - 0.28
Mo 443 x MilOranj -18 -0.28 +0.4 - 0.25 - 0.54
Mo 446 x Zagadka +0.35 +0.12 +0.55 - 040 +0.14
Mo 446 x R.N. - 0.56 - 0.86 +0.07 +0.53 +1.0
Fakel x Mo 632 - 3.70 - 3.0 -1.86 - 2.38 - 051
L 111 x Mo 443 +1.8 +0.23 +0.17 +0.50 +0.02
L 111 x Mo 409 +0.53 - 047 -04 +0.48 - 051

Stable positive dominance and over dominance of the traits over the years of
research was observed in F; hybrids with semi-mutant lines: L11069 x L111 and vice
versa L111 x L11069, L111 x L28, L111 x MaKTrista and L111 x MilOranj. These F;
hybrids have a high heterotic effect for all traits (Table 15).

A pronounced negative over-dominance (depression) was observed for the
breeding valuable traits in the F; hybrid Fakel x Mo 632: hp = -3.7 (length of the
growing season); hp = -3.0 (number of flowers per plant); h, = -1.86 (number of
fruits set); h, = -2.38 (average fruit weight), and hp = - 0.51 (pericarp thickness)
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(Table 14). Depression for the manifestation pattern of these traits was consistently
expressed in three different years of research. This may be due to the pleiotropic
influence of a higher number of mutant genes (ag, h, t, I, u, pl, and Ig), which carries
the mutant form Mo 632.

Analysis of the manifestation of productivity traits in F; showed that in the
combinations L11069 x L111, L111 x L8, L111x L28, L111 x MaKrista, L111 x
MilOranj, Mo 446 x Zagadka, and L111 x Mo 409, increased productivity (heterosis)
was achieved by increasing the fruit number on the plant and their average weight.
In combinations L111 x L11069 and Mo 446 x Raiskoe naslajdenie, it occurred due
to an increase only in the average fruit weight, and in F;—L111 x L1185 and Mo 443
X MilOranj due to an increase in the fruit number from the flowers number. They are
recommended for cultivation in open and protected soil in the Republic of Moldova.

Table 15. Heterotic effect (X) for breeding valuable traits in F1 hybrids

Heterotic effect (X, % — average for 2014-2016)
Hybrid Growing season Flower Fruit number | Single fetus Fetus
combination duration number per per weight pericarp
inflorescence | inflorescences thickness

L 11069 x L 111 116.7 100.1 124.5 204.1 156.7
L111xL 11069 120.4 924 97.3 223.7 204.6
L111xL8 105.6 112.7 103.3 98.4 104.2
L8xL 111 154.3 109.4 100.2 92.3 103.8
L111xL28 168.6 103.1 107.1 138.6 166.7
L28xL 111 208.4 110.2 131.6 1414 164.8
L 111 x Fakel 98.6 94.1 102.4 112.3 93.7
L 111 x MaKrista 96.1 131.2 126.3 140.7 116.2
L 111 xMilOranj 99.1 113.3 121.0 186.8 226.3
L111xL 1185 103.2 99.7 107.2 96.2 90.1
L 11069 x R.N. 93.1 84.3 90.0 935 96.2
L 11069 x D.R. 100.2 68.7 86.3 914 98.0
L 11069 x Stefani 96.4 100.1 97.8 92.7 101.2
L111x R.N. 100.3 90.4 98.2 96.7 100.4
L111xD.R. 102.0 77.2 88.4 96.6 99.7
Mo 443 x MaKrista 101.4 80.2 93.8 95.2 94.2
Mo 443 x MilOranj 99.2 94.7 100.4 90.1 98.8
Mo 446 x Zagadka 101.1 104.5 109.7 88.2 96.3
Mo 446 x R.N. 92.3 81.4 96.3 102.7 102.0
Fakel x Mo 632 87.1 52.2 90.7 90.4 93.6
L 111 x Mo 443 132.4 102.3 100.4 96.7 100.3
L 111 x Mo 409 111.2 69.8 77.0 100.3 102.4

Other combinations were also identified (L11069 x Raiskoe naslajdenie, L11069
x Dikaia roza, and L11069 x Stefani), in which negative heterosis was recorded for
productivity components. It can be assumed that the negative effect occurs due to the
linkage of genes (sp™, u, nor, Tm-22, Is, br), the carrier of which line 11069 is, with
late ripening genes and the semi-complex inflorescence of the second components of
these hybrids. The assumption [21] that late ripening genes have a depressing effect
on precocity, overall productivity, fruit weight, smooth maturation and other
economically valuable traits is supported by individual F; hybrids.
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It has been shown that the degree of dominance and the level of heterotic effect
in different F; combinations for the breeding valuable traits is determined by the
genetic particular features of the parental forms used in crosses and the specific
interaction of their genomes.

6.2. Development of initial material with functional sterility

Forms with different types of sterility such as Mikado (ps-positional sterile),
L1751 (pis-pistilate), L1132 (ms 10*° - male sterile) with a marker potato leaf (c), L
708/69 (ps -2) of a standard bush type (d), as well as lines 1151 and 11069 which are
characterized by partial sterility (17.8% - 11.2%) and are carriers of the Is (lateral
suppressor) and br(brachytic) genes were used in the second block of crosses. With
their participation, 8 hybrid combinations were derived L1132 x L708/69; L1132 x L
1751; Mikado x L708/69; L1751 x Mikado; L1151 x L708/69; L11069 x L708/69;
L708/69 x L1751; and L11069 x L1751. When analyzing the splitting F, and F3
populations, the manifestation degree of the reproductive system traits was taken into
account the following: type of inflorescence, type of flowering, type of flower
sterility (position of the pistil relative to the stamen column), flower size and lobe
number. At the same time, the degree of expression of economically valuable traits
was studied, i.e. the duration of the growing season, the type of growth and habitus of
plants, the size, shape, and color of the fruit.

The range of genotypic variability in F. populations according to the
manifestation pattern of the traits that determine the type of sterility. In splitting F,
populations from different crossing combinations, high intrapopulation heterogeneity
was revealed for the traits of inflorescence type and flower structure. Two classes of
genotypes have been identified - with simple (5-9 flowers) and complex inflorescences
(11 - 40 flowers). According to the pattern of the position of the column relative to the
stamen column, the number of perianth elements and androecium, a wide range of
variability was revealed within each combination (Table 16).

High recombination variability according to the type of sterility was observed in the
population L1132 x L708/69, from which 11 plants emerged. Three of them had a
complex inflorescence with 100% sterility of flowers, the other 8 plants were
characterized by a simple inflorescence in combination with different types of sterility,
but only 5 of them corresponded to the task in terms of the pattern of the pistil position
relative to the stamen column (Table 16). Most of the flowers studied (36.5%) had
varying degrees of deformed pale stamens with a small amount of shriveled pollen.
Along with them, 16.3% of flowers with a short pistil and a deformed stamen column
with sterile pollen were described, 19.4% of flowers had a highly protruding long pistil
and highly viable pollen, and only 4.0% were distinguished by the complete absence of a
stamen column (sl) or had single stamens glued to the pistil. The remaining 23.8% of
flowers were fertile with highly viable pollen (58.3%) (Table 16). In the splitting F
population of this combination, high heterogeneity in the type of plant growth was
revealed: standard (SFM), indeterminate and determinate with potato leaf (SFM),
determinate with potato leaf and normally developed flowers, highly productive with
uniform fruits, as well as forms with potato leaf, complex multi-branched inflorescence,
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small pale yellow flowers with a highly protruding pistil, sterile pollen and yellow fruits
(a rare combination).

In the splitting population from the combination L1751 x variety Mikado, the
spectrum of variability in the presence of sterile forms of different types is
significantly narrower. Seven plants with a uniform raceme, flowers without
deformations, and a pistil protruding from the bud at the lemon-yellow stage, that is,
before flowering, were identified. The majority (71.2%) of the flowers had a highly
protruding pistil (2-3 mm) (Table 16). This type of sterility is most interesting for
heterotic breeding since self-pollination does not occur due to the non-dehiscence of
the anthers. There is an opinion [31] that spontaneous cracking of the anthers of such
flowers occurs at temperatures of 35°C and above. High variability in the ratio of
long- and short-columnar flowers in plants was revealed in the population L1751 x
L708/69. There were 53% of long-columnar flowers with a normally developed
staminate column (functional sterility) in the population. A long pistil, but short glued
stamens were observed in 14.8% of flowers and 16.5% of flowers had a short style
with varying degrees of deformation of the stamens (Table 16).

Table 16. Segregation in populations of F2 hybrids according to the
manifestation of sterility of different types
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L 1132 x L 708/69 252 23.8 194 36.5 16.3 4.0

L 1751 x Mikado 220 20.3 71.2 0 3.1 5.4

L 1751 x L 708/69 200 15.7 53.0 14.8 16.5 0

L 11069 x L 708/69 159 62.7 25.8 7.2 6.3 0

L 1151 x L 708/69 194 62.9 17.5 19.6 0 0

Five plants were identified with slight variability in flower size and position of
the style relative to the staminate column within one inflorescence and more
inflorescences depending on the tier of their position on the main stem of the plant. In
hybrid combinations (L11069 x L 708/69 and L 1151 x L 708/69), where lines with
partial sterility (11.2-17.8%) were used as the maternal form, the formative process
by type and degree of manifestation of sterility was much narrower. Splitting into
fertile, semi-sterile and single highly sterile plants occurred in F, (Table 16). The data
show a complex pattern of the inheritance of flower components, indicating the need
for breeding of forms with a certain combination of style and stamen lengths. Forms
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in which the pistil has a moderate length in combination with a short stamen column
present particular interest for breeding.

The next stage is to study the degree of expression of sterility traits in the
offspring of the Fs generation derived from plants isolated in F,. The level of sterility
was assessed by counting the number of fruit set from free pollination [31]. A strong
split was noted in the F; populations from plants isolated in F, from the combination L
1132 x L 708/69. At the same time, F3 populations formed from two other plants (17/16
and 18/16), isolated from the same hybrid combination, showed a high degree of
sterility, regardless of the tier of the inflorescence position on the plant and the flowers in
the inflorescences (Table 17). A high degree of sterility was observed in F; populations
from plants selected in F, from the combinations L1751 x Mikado and L1751 x L
708/69, where lines with the optimal combination of pistil and stamen lengths were
selected in F3. From the combination L1751 x Mikado, two lines 27/16 and 33/16 were
isolated, the level of sterility of which is almost 100% for all inflorescences. Other lines,
44/16, 45/16 were obtained from F3 from the combination L1751 x L708/69 (Table 17).

A total of 8 promising lines were identified, which in two different years showed a
high level of sterility for the percentage of fruit set from free pollination of 86 - 99%. Five
lines (18/6, 27/16, 33/16, 44/16, and 45/16) had functional sterility, the other three (9/16,
11/16, 17/16) were characterized by even inflorescences with long-columnar flowers and
different degree of deformation of individual stamens and the entire stamen column.

Table 17. Fruit set in sterile forms of tomato in Fs populations, depending on the
level of location of the inflorescence on the main stem of the plant

Percentage of fruit set depending on the tier
arrangement of inflorescence during free pollination
Genotype No Inflorescences

1st 2nd 3rd 4th 5th 6th
9/16 (L 1132 x L 708/69) 0.02 0.01 0.02 0.05 0.04 -
11/16 (L1132 x L 708/69) 0 0.02 0.02 0.04 0.03 -
17/16 (L1132 x L 708/69) 0 0 0.01 0 0 -
18/16 (L 1132 x L 708/69) 0.01 0 0.01 0.04 0 -
27/16 (L1751 x Muxkano) 0 0 0 0.01 0 -
33/16 (L1751 x Muxkano) 0 0 0 0.01 0.01
44/16 (L1751 x L 708/69) 0.01 0.01 0 0.02 0.02
45/16 (L 1751 x L708/69) 0 0 0 0.01 0.02 0.03

Morphobiological characteristics of sterile lines of the F4 generation. When
selecting sterile forms, special attention was paid to the presence of complementary
characteristics: type of growth, pattern of stem formation, length of internodes and
fruit characteristics. The highlighted lines had a simple inflorescence type. L 11/16
and L 18/16 had a minimum number of flowers on an inflorescence (from 3 to 5), L
33/16 inflorescences had the highest (7.5 pieces) (Table 18), but their number can
vary depending on the level of inflorescence position on a plant. For example, in L
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33/16, as the level of inflorescence on the plant increases, their branching with the
presence of a larger number of flowers is observed, in other lines the opposite
happens (9/16 and 45/16). Some lines (9/16, 11/16, 17/16/ 18/16, 27/16/ 44/16) have
a determinate type of growth with a main stem height of 59 to 90 cm (Table 18),
others (33 /16 and 45/16) belong to semi determinate forms. In L 33/16, most of the
plants (53%) ceased growing after the formation of 5-6 inflorescences. Along with
them, there are plants (11.7%) that completed the growth of the main stem at earlier
stages (4-5 inflorescences); their further growth continued due to side shoots. Similar
results were obtained for L 45/16, in which 50% of plants ceased growing after the
formation of 5-6 inflorescences, which indicates the influence of environmental
conditions on the manifestation of the semiderminate type of growth trait.

Table 18. Morphobiological characterization of F4 generation tomato lines
with different types of sterility (average 2014-2016)

Vegetation Leaf

period Inflorescence Flower number Plant Fetus
Lines length number per number per between height weight

(days) stem inflorescence | inflorescences (cm) (9)
9/16 107+ 1.4 4-5 4-5 21-14 70 - 80 68
11/16 104 +0.9 4 3-5 20-14 65 - 86 80
17/16 106 + 1.2 3-4 4-5 20-1.0 59 - 81 75
18/16 106 £1,7 3-4 4-5 22-12 60 - 76 65
27/16 117+1.9 4-5 5-7 20-15 81-90 120
33/16 115+1.1 5-7 5-7-9 25-18 95-110 125
44/16 102 +1.3 5-6 5-7 21-15 71-90 110
45/16 104 £2.1 6-8 5-9 24-20 89 -118 98

The lines also differ in the traits of the fruit: some (9/16, 11/16, 17/16, 18/16)
are red, smooth, flat-round, round-oval in shape, medium in size and medium-early
ripening; others (27/16 and 33/16) have large, intensely pink fruits; the third ones
(44/16 and 45/16) have intensely red, round-shaped fruits (Table 18). These lines
with a favorable combination of economically valuable traits and different types of
sterility are of particular interest for heterotic breeding.

6.3. Mutant Is and br genes and development of genetic variability in F»
and Fz hybrid populations

To develop heterotic hybrids with low side shoot forming ability and short
internodes, capable of effectively using not only the total area of cultivation
structures, but also the vertical one, we included genotypes in the selection process (L
11069 —sp*, Is, br, j-2, Tm? and Mo 443 — ssp, Is), which are carriers of the Is (lateral
suppressor) and br (brachytic) genes that control the intensity of the formation of
side shoots and the length of internodes. Using these forms and lines (L28, L111,
L187, L828, and L556) that have a set of valuable quantitative and qualitative traits
with different shoot forming abilities, possessing genes sp+, sp+, sp, ssp, u, nor, rin,
and j-2, and highly productive, large-fruited varieties MilOranj, MaKTrista, Fakel, as
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a result of the crossings, a series of experimental hybrid combinations were
developed (L11069 x L111, L11069 x L1828, L11069 x L187, L11069 x L28,
L11069 x L556, M0443 x MaKrista, Mo443 x MilOranj, and Mo443 x Fakel.

Analysis of the first generation hybrids (F;) revealed 100% dominance of the shoot
forming ability of the cultivated parental forms. The size of the side shoots varied and
was directly dependent on the degree of their development in the cultivated parental
forms. The trait length of internodes was inherited according to the intermediate type.
Differences between F; hybrids in terms of reproductive system traits were directly
dependent on the genotypic particular features of the lines involved in the crosses.

Recombination variability in splitting mutant linear and mutant varietal
populations of F, for the traits controlled by the Is and br genes. We studied
segregating F2 populations from different hybrid combinations (L11069 x L187;
L11069 x L828; L11069 x L556; L11069 x L28; and L11069 x L111), the first group
derived from crossing indeterminate and semi-determinate forms and the second group
includes Mo443 x MaKrista, M0443 x MilOranj, and Mo443 x Fakel from crossing
determinate forms. Four traits were analyzed: the intensity of the formation of side
shoots; length of internodes; morphological disturbances in the flower structure and fruit
weight (150 plants in each combination). Taking into account the pattern and degree of
manifestation within each characteristic, several indices were considered:

— Intensity of formation of side shoots: 1 — high degree (from 100 to 71%, when
a side shoot is formed at each node or every other node), 2 — medium (from 70-40%,
every 2-3 nodes), 3 — low (40-10%, one side shoot per 4 nodes) and 4 — very low
(<10%, no side shoots or single reduced ones);

— Length of internodes: 1 — long internodes (from 9.1 cm to 12.5 cm and above),
2 — internodes of medium length (from 6.1 cm to 9.0 cm), 3 — short (<6.0 cm);

— Morphological disturbances in the structure of the flower (the overall structure of the
flower, its individual elements, including heterostyly): 1 — high degree (from 100 to 70%), 2
— medium (70-40%), 3 — low, (40-10 %), 4 — normally developed flowers (<10%);

— Fruit weight: 1 — from medium to large (120-71 g), 2 — from medium to small
(70-40 g), 3 — from small to very small (40-10 g).

A wide range of intrapopulation recombination variability was revealed in all
hybrid combinations for all the traits studied (Fig. 12 a, b).

In hybrid populations of the 1st group, the frequency of occurrence of genotypes
that form side shoots in each node of the plant or every other node, depending on the
hybrid combination, is very high and varies from 30.7 to 60.4%, the average for the
group beings 46%. There are very few genotypes without side shoots or forming
single shoots in the population of each combination — 4.8%, 1.4%, 2.3%, 8.3%, and
7.4%, respectively (Fig. 12 a).

The data recorded and analysis of the trait length of internodes showed that 60%
of genotypes in populations had internodes of average length (from 6.1 to 9 cm), which
means more inflorescences on the stem. Long internodes (10.6-12.5 cm and 9.8-12.5
cm) formed 36.5% of the splitting population from the combination L11069 x L556
and 47.8% in the combination L11069 x L111, while plants with very short internodes
(<6 cm) were observed in small numbers (average 5.8%) in these hybrid populations.
A wide range of variability was observed in the flower morphology (Fig. 12a). The
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fewest genotypes (11.4 and 8.4%) with various kinds of flower deformations were
identified in the populations of hybrids L11069 x L556 and L11069 x L111; normally
developed flowers were found in 42.3 and 56.4% of genotypes, respectively.
Diametrically opposite data were obtained for the combinations L11069 x L828 and
L11069 x L187, in populations of which 65.9% and 41.5% of genotypes were
characterized by strong and moderate disturbances in the structure of the flower or its
individual elements. Approximately 1/3 of the genotypes have heterostyly and even
parthenocarpy. Consequently, fruit set was weak, there were no seeds at all or very few
of them (up to 25 pieces), which indicates the presence of pleiotropic effects. Plants
with single or complete absence of side shoots with short internodes were also
identified (from 22.7 to 50.1%, respectively).

In the populations of hybrids of the first group, the predominant part of the genotypes
formed small fruits (from 40 to 70 g). The range of variability in populations from
different combinations is quite wide. In the populations from the combinations L11069 x
L 28 and L11069 x L111, 69.5% and 32.1% of genotypes had large fruits, respectively.

In the segregating populations F, hybrids of the second group, many genotypes
are found in the populations that form side shoots every 2-3 nodes (Fig. 12 b). No
plants without side shoots were found in the population from the combination Mo443
x variety Fakel. A low percentage of genotypes (2.6 and 3.4%) forming 1-2
underdeveloped reduced side shoots was also detected in the populations Mo443 x
MaKTrista and Mo443 x MilOranj. Most of the genotypes in the segregating hybrid
populations of this group had short internodes (Fig. 12 b).
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Fig. 12. Recombination variability for the traits controlled by mutant marker
genes Is and br in segregating F> populations from crossing with line 11069(a)
and mutant form Mo 443 (b)

Note: Traits — 1. High degree of side shoot formation (100-71%). 2. medium (70-41%). 3. low (40-
10%). 4. very low (<10%); 5. Long internodes (12.5-9.1 cm). 6. internodes of medium length (9.0-6.1 cm). 7.
short internodes (<6 cm); 8. A high degree of morphological disturbances in the flower structure (100-71%).
9. media degree of morphological disorders (70-41%). 10. low level of disturbances in the flower structure
(40-10%). 11. normally developed flowers (<10%); 12. Fruit weight, medium to large (120-71 g). 13. From
medium to small (70-40 g). 14. small to very small (40-10 g).
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Probably, the genetic determination of this type of growth of these forms
predetermined the pattern of its manifestation. Significant differences have been found
both between hybrid combinations and the range of intrapopulation variability in the
degree of disturbances in the flower structure. For example, in the populations F, —
Mo443 x MaKrista and Mo443 x Fakel, the frequency of occurrence of genotypes with
normally developed flowers is high (60.2% and 45.7%), while in the population Mo443
X MilOranj, there are fewer of them (25.5%) and the frequency of occurrence of
genotypes with various types of deformations of the flower and its elements, including
sterile ones, is 56.7%. For fruit weight, the range of variability is narrowe, genotypes
with larger and more uniform fruits predominated in the populations (Fig. 12 b).

A wide range of intrapopulation recombination variability in the degree of
manifestation of the traits controlled by the mutant Is and br genes in F; revealed the
need to systematize genotypes with a certain combination of traits in a cluster
complex. The genotypes divided into separate clusters are characterized by a very
complex combination of traits (Fig. 13 a, b), while intrapopulation similarities and
differences have been also found. They are quite pronounced both for the traits
studied and their combination in one genotype, and the hybrid populations derived
from crossing indeterminate (1st group) and determinate forms (2nd group).

For the first group of hybrids, the most numerous first cluster included
genotypes with strong shoot forming ability (from 71 to 100%, almost on the node of
every leaf of the plant), internodes of medium length (6.1-9.0 cm), small and medium
weight fruits (41-70 g) (Fig. 13 a). This combination of traits indicates the ambiguous
influence of these genes on their expression in these descendant populations.
Depending on the shoot forming ability of the parental forms, these traits are
determined to a greater or lesser extent by the cultural genome. The second cluster
included genotypes with a more complex combination of traits: an average degree of
formation of side shoots (41-70%) with long internodes (9.1-12.5 cm), fewer
morphological deviations in the structure of flowers (0-40%) and large fruits (up to
120 g). The 3rd cluster contains genotypes with the most complex combination of
traits, low side shoot forming ability (one per 4 nodes) or their complete absence on
the main stem (0-40%), short internodes (<6 cm), a high degree of disturbances in the
flower structure (from 41 to 100%) and small fruits (from 10 to 40 g) (Fig. 13 a).
From the above, the conclusion is as follows — the fewer side shoots are formed and
the shorter the internodes on the plant, the more morphological deviations in the
structure of the flowers and the smaller the fruits. This indicates a multiple
(pleiotropic) effect from the influence of the Is and br genes due to their insufficient
cultivation, or these side effects are due to the linkage of these genes with others,
which have an indirect effect, enhancing the pattern of the manifestation of mutant
traits. In tomato, many mutant genes that control significant breeding valuable traits
act pleiotropically [21, 32]. Suppression of their negative effects is possible with
more active cultivation of the mutant forms of which they are carriers.

Clustering of genotypes of the 2nd group of hybrids obtained with the mutant
form Mo 443 (Is) revealed similar, different degrees of similarity and differences
between genotypes in splitting hybrid populations, according to a certain combination
of traits, including depending on the traits of the parental forms used in crosses.
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According to the degree of manifestation of traits and their specific combination in
one genotype, they are also distributed into three clusters (Fig. 13 b).

The genotypes of the third cluster with an average degree of formation of side
shoots (41 - 70%), with short internodes (<6 cm), normally developed flowers and
medium to large fruit weight (from 70 to 140 g) present the highest interest.
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Fig. 13. Dendrograms of similarities and differences of genotypes with a certain
combination of traits controlled by mutant marker genes isolated from
segregating populations of different hybrid combinations with
L 11069 (a) and mutant form Mo 443 (b)

Note: Traits — 1. High degree of side shoot formation (100-71%). 2. medium (70-41%). 3. low (40-
10%). 4. very low (<10%); 5. Long internodes (12.5-9.1 cm). 6. internodes of medium length (9.0-6.1 cm); 7.
short internodes (<6 cm); 8. High degree of morphological disturbances in the flower structure (100-71%). 9.
media degree of morphological disorders (70-41%). 10. low level of disturbances in the flower structure (40-
10%). 11. normally developed flowers (<10%); 12. Fruit weight, medium to large (120-71 g). 13. medium to
small (70-40 g). 14, small to very small (40-10 g).

The high recombination variability in the pattern of manifestation and degree of
expression of the traits controlled by the Is (lateral suppresser) and br (brachytic)
genes in segregating F, populations, and the clustering of genotypes with a certain set
of traits showed that the two genes Is and br have a stronger negative effect on
manifestation of the traits of the reproductive system than one Is gene, which
indicates their complementary action.

Analysis of variance of genotypic variability in F, offspring from different
combinations (8) for the parameters of the traits (4) with varying degrees of
manifestation (14 indices), controlled by the Is and br mutant genes, showed an excess
of intercluster variance over intracluster one (Table 19). This indicates significant
differences between the analyzed hybrid combinations and high intrapopulation
recombination variability within each of them in the pattern of manifestation and degree
of expression of the traits, as well as the successful differentiation and systematization of
genotypes, for a set of traits with a certain value of indices in clusters (Table 19). Their
systematization based on breeding value will allow optimizing programs when
developing new initial material.
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Table 19. Analysis of variance of genotypic variability in segregating F»

populations for the traits controlled by the Is and br genes

F. hybrid Intercluster Intracluster
combinations variance df variance df F P
indeterminate x indeterminate combinations
11069 x 187 4763.371 2 1419.867 11 18.45141 0.000306
11069 x 828 4284.437 2 2577.780 11 9.14136 0.004585
11069 x 556 8005.041 2 10,53.736 11 | 41.78250 0.000007
11069 x 28 2616.694 2 1733.123 11 8.30398 0.006338
11069 x 111 3347.385 2 1649.203 11 11.16334 0.002251
determinate x superdeterminate combinations
Mo 443 x c. MaKrista 6024.723 2 1553.766 11 21.32623 0.000164
Mo 443 x c. MilOranj 5093.761 2 2428.767 11 11.53494 0.001994
Mo 443 x c. Fakel 8916.381 2 2945.368 11 16.64991 0.000470

6.4. Multi-marker tomato lines and the degree of trait expression
controlled by the Is and br genes in Fz- Fs populations

In the third generation, the offspring of genotypes isolated in F, from different
combinations of hybrids of the first group showed cleavage in all traits. This is most
pronounced in the formation of side shoots and morphological deviations in the
structure of flowers in the Fs offspring from the combination L11069 x L556 (the
split was similar to the F, population), which indicates the instability of the genetic
systems of the original forms, as well as side effects from the Is and br genes due to
linkage with other genes that enhance the manifestation of mutant traits. In the F3
populations from the combinations L11069 x L187 and L11069 x L828, there were
more semi-cultivated genotypes with small fruits (32-45 @), single side shoots and
pronounced deviations in the structure of the flower. At the same time, genotypes
with traits of cultivated lines (more medium-sized side shoots, long internodes, larger
fruits) emerged, as well. Aligned offspring for selectable traits in F; were obtained
from genotypes isolated from the populations L11069 x L28 and L11069 x L111.
Lines 28 and 111 have a semi-determinant growth type (sp*) and are carriers of the
rin and nor storability genes. From the F3 populations of these combinations, more
genotypes (lines) were isolated that successfully combine limited formation of side
shoots, short and medium-length internodes, normally developed flowers, medium-
sized and large fruits, and stable manifestation of these traits in F,.

Populations more aligned in terms of the degree of manifestation of traits in F3
offspring form genotypes isolated from hybrid combinations of the 2nd group. A
stable pattern of manifestation of selected traits was observed in populations from Mo
443 x MaKrista and Mo 443 x Fakel. Strong segregation for reproductive system
traits was found in populations of F3 offspring from genotypes derived from the
combination Mo 443 x MilOran;.

Multi-marker lines 196, 197, 204, 224, and 228 (Table 20), produced in F, from
the combinations L11069 x L28 and L11069 x L111, are valuable in breeding terms.
The plants are of a semi-determinant growth type, mid-ripening (101-110 days), with a
main stem length of 110-138 cm, forming weak, self-limiting growth side shoots. The
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number of side shoots on the main stem ranges from 3.0 to 6.4 per 18.2-21.7 nodes,
internodes of average length, from 6.7 to 9.6 cm (Table 20). These lines in F4 and Fs in
two years different in climatic conditions (2015, 2016) showed a stable pattern of
manifestation of the analyzed traits, although plants with small fruits were produced,
but without side shoots in some offspring. The plant habitus is characterized by an
erect to semi-erect stem with a good leaf to fruit ratio. The color of the leaves is dark
green, of different shapes, ovate, elongated-ovate, broadly lanceolate. Differences were
also revealed in the shape and morphology of the flower, normally developed and
flowers with a full corolla, but petals fused into a tube.

Another group of lines (186, 205, 237, 241, 10/16) are the offspring of the
genotypes isolated from the hybrid combinations L11069 x L 187, L11069 x L828
and L11069 x L556. They have an indeterminate growth type with an optimal
combination of breeding traits (Table 20). For example, line 186 forms a limited
number of side shoots on the plant (3.3-3.8 per 28.8-32.9 nodes), has large and dense
fruits (110 g or more). Line 237 is distinguished by the identical traits. Weak
indeterminate growth, close to semi-determinate, but not self-limiting with a frequent
arrangement of inflorescences, are characteristic of lines 205, 241 and 10/6. They
have 3.8 - 6.1 side shoots per 21.4-29.4 nodes (levels) and on some nodes, there are
from 3 to 7 very small, reduced side shoots (3-4 cm). Lines (110, 164, 178, 181, 183,
188, 193, 195) of super determinate and determinate growth types, with aligned
inflorescences, normally developed flowers, low side shoot forming ability, dense
and uniform by shape and color of fruits were isolated from combinations with the
mutant form Mo 443 (Is), (Table 20). This indicates that the initial mutant form (Mo
443) had a high polygenic content for these traits, since the Is gene does not have a
strong negative effect on their manifestation. Analysis of the populations of offspring
of the F, and Fs generations shows that the pattern of the manifestation of traits was
stable in 2016 compared to 2015, (Table 20).

Initial material (multi-marker lines) with different combinations of genes (sp™, sp™,
sp, ssp, rin, nor, Is, br, pis, ex, sl etc.) was developed, that form a limited number of side
shoots with short internodes, different in the type of growth and habitus of plants, the
duration of the growing season, with different types of inflorescences and sterility,
ensuring the possibility of their reproduction, as well as for size, shape, color and quality
of the fruits. These lines corroborate with the research objectives and are included in
work programs to study their combining ability and develop F; tomato hybrids.

6.5. Variability of pollen quality and quantity in multi-marker tomato lines
depending on the level of inflorescence laying and high temperature

Marker traits (ssp, sp, sp*, sp™, br, Is, pis, nor, rin, u, gs. j, j-2), the carriers of which
are the lines developed, are easily identified in open and protected ground (greenhouse)
at different stages of plant growth and development. A limitation to their active inclusion
in breeding programs may be the quality of their pollen, since they are obtained from
crossing forms of carriers of the Is gene, which is associated with morphological
deviations in the structure of the flower. Therefore, we studied the fertility and viability of
pollen, the morphological traits of pollen grains, pollen productivity, the influence of the
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level of inflorescence set on the plant and high temperature on the variability of these
traits, since reproductive functions depend on them.

The study and analysis of pollen populations of multi-marker lines based on the
ratio of sterile and fertile pollen grains in them showed high fertility in almost all
lines (from 70.4 to 96.1%). Assessment of pollen viability, which characterizes the
fertilizing ability of a pollen grain, did not reveal a direct relationship between
fertility and viability. For example, L 234 with pollen fertility of 93.6% has a
viability of 16.7%, while L 204 with fertility (78.5%) has a pollen viability of 45.9%.
Lines 196 and 228 with the lowest pollen fertility had viability of 19.9% and 30.0%,
respectively.  Hence, there are significantly fewer pollen grains capable of
germinating and producing fertilization than fertile ones in the pollen populations of
the studied lines. Simultaneously, pollen from multi-marker tomato lines was
assessed for resistance to high temperature and drought. Genotype specific
differences between the lines were recorded in the response of their pollen to the
action of high temperature and osmotic factor (simulating drought). Regarding the
response of pollen lines to the action of high temperature factors, the indices within
the group varied significantly from 18.0% in L 234 to 83.1% in L 193. There were
also pronounced differences in pollen germination of the studied lines against the
background of the osmotic factor, from 0.1% in L 183 to 55.9 in L 110. Analysis of
variance of the sources of variability in pollen resistance to the stress factors studied
revealed the share of the influence of genotype, stress factors and their interaction in
the total variability of traits (Fig. 14).
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Fig. 14. Factor analysis of the variability sources of pollen resistance to
abiotic stress in multi-marker lines

The influence of the level of inflorescence set on the main stem of the plant on

pollen viability and its resistance to high temperature was studied in addition to these
characteristics. Differences in the viability of freshly collected pollen (control) were
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observed both between lines and depending on the level of inflorescence initiation.
Pollen collected from flowers of inflorescences of the lower tier (1-2 racemes) had
high viability (55.2% - 40.6%), on the 3rd-4th inflorescences this index is even higher
(64.3% - 58.8 %), two or more times lower (14.5% - 26.0%) on the 5th and 6th
inflorescences. In all studied lines, high viability was characterized by pollen obtained
from flowers of inflorescences of the middle tier (3-4), and the lowest was observed in
all lines on the inflorescences of the upper tier of the plant (Fig. 15 a). The same
regularity was found for the trait “pollen tube length” (Fig. 15 b). It should be noted
that the inflorescences of the middle tier (3-4) form and bloom under the most
favorable environmental conditions, while the inflorescences of the upper tiers (5-6)
are subject to critical conditions in terms of temperature and moisture deficiency.
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Fig. 15. Indices of pollen traits in lines depending on the level of location of the
inflorescence on the main stem of the vegetative plant (control): a — pollen viability,
%; b — length of pollen tubes, d.e.m.

The regularities were slightly different when pollen of lines obtained from
flowers of inflorescences of different tiers was treated at a temperature of 45°C for 8
hours, followed by its germination on an artificial nutrient medium under in vitro
conditions. A high differentiated response of pollen lines was revealed, both in
general and to high temperature exposure and, in particular, depending on the level of
inflorescence position on the plant (Fig. 16 a, b). Analysis of the trait “stability of
pollen tubes” shows that pollen from flowers of inflorescences of the upper tier (5-6)
germinates faster after heat treatment (45°C) (Fig. 16 a), simultaneously forming very
long tubes (Fig. 16 b), while in the control they were the shortest (Fig. 15 b). This
indicates that pollen from the flowers of the upper tier of inflorescences, which was
formed at high temperatures, in the populations studied has a larger number of
resistant gametes, which, when germinating, simultaneously form long pollen tubes
that can ensure fertilization under conditions of high temperature stress.
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Fig. 16. Variability of pollen trait indices in tomato lines depending on the level
of inflorescence position and high temperature: a — heat resistance for pollen
germination, %; b — length of pollen tubes, d.e.m.

The study and analysis of the morphobiological characteristics of pollen grains in
tomato lines before and after heat treatment, depending on the level of inflorescence
Initiation, revealed particular features characteristic of each line, both depending on the
location of the inflorescence and the response to temperature stress (Table 21). A
specific pattern in the variability of the trait “pollen grain size” depending on the level of
inflorescence position on the plant and the response of pollen lines to high temperature
has not been established. The differences are determined by the genotypic particular
features of the lines. Some (1, 2, 10) form large grains on all inflorescences of the plant,
but have a strong response to high temperature, decreasing in size. Others (6, 7), on the
contrary, having very small pollen, do not react at all to high temperature. At the same
time, lines (5 and 8) were also identified, the pollen grains of which decrease in size as
the level of inflorescence on the plant increases; this pattern persists even after high-
temperature exposure (Table 21).

Table 21. Pollen grain measurements in tomato lines before and after heat
treatment relative to the tier of inflorescence location on the main stem

Diameter of pollen grains of Diameter of pollen grains after heat treatment
Lines freshly collected pollen (um) (um )
Inflorescences Inflorescences

1-2 3-4 5-6 1-2 3-4 5-6
1. L166 | 28,9+0,11 | 30,0£0,14 | 30,0+0,12 | 22,0+£0,20*** | 29,0+0,16* 27,0+£0,11%**
2. L 167 | 30,0+0,18 | 32,9+0,16 | 28,0+0,14 30,0+0,19 27,6+0,19*** 27,6+£0,17
3. L168 | 26,0+0,20 | 27,0+0,16 | 27,4+0,18 26,0+0,11 25,0+0,18*** 27,0 +0,14
4. L169 | 25,0+0,16 | 26,3+0,21 | 22,0+0,20 | 23,0+£0,17** | 23,0+0,15*** 22,0 £0,15
5. L170 | 29,0+0,15 | 28,0+0,11 | 27,0+0,17 | 25,0+0,14*** | 24,0+0,19*** | 22,0 £0,12***
6. L171 | 20,0+0,10 | 21,0+0,13 | 20,0+0,10 | 21,0+0,10* 20,0+0,13* 21,1 +0,17**
7. L172 | 23,0+0,15 | 23,0+0,14 | 24,0+0,13 23,2+0,18 22,6+0,21 24,0 £0,13
8. L173 | 33,1+0,21 | 26,0+0,15 | 23,0+0,11 | 29,0+0,18*** 25,6+0,19* 22,4+ 12*
9. L174 | 26,140,417 | 21,0+0,11 | 25,0+0,15 26,1+0,15 20,8+0,23 24,9+0,11
10. L175 | 28,0+0,10 | 29,0 £0,18 | 29,0+0,21 | 19,64+0,10*** | 20,0+0,13*** | 23,0+0,09***
The differences are significant: * at the 0.05% level, ** 0.01% and *** 0.001%
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For the trait pollen productivity, which is of particular importance for tomato lines
used in heterotic breeding as pollinators, significant differences were recorded both
between the studied lines and within them in the ability to produce a certain volume of
pollen per flower, depending on the level of inflorescence formation on plant. Lines 7
(172) and 10 (175) are characterized by high pollen productivity, and these two lines
have different characteristics in the size of pollen grains (7-small, 10-large). Low values
were observed for lines 1 (166), 3 (168) and 6 (171) (Table 22). It has been assessed that
the amount of pollen produced in flowers decreases from the first inflorescence to the
last. More pollen is produced in the flowers of the inflorescences of the middle tier (3-4),
which is highly viable and, when germinating, forms the longest tubes (Fig. 15 a, b).

The differences between the lines in pollen productivity and the percentage of
working (functional) pollen, estimated by the amount of pollen produced and its
viability, are also quite pronounced. They are also significant relative to the location
of the inflorescence on the plant and are most pronounced between the middle (3-4)
and upper tiers (5-6) (Table 22).

Table 22. Pollen productivity and working pollen volume in tomato lines
depending on the location of the inflorescence on the plant

Pollen productivity, mg/flower | Working (functional) pollen volume, %
Lines Level of inflorescence location on the vegetating plant
1-2 3-4 5-6 Mean 1-2 3-4 5-6 Mean
1. L 166 0,311 0,314 0,395 0,340 9,8 15,7 7,3 10,9
2. L 167 0,564 0,571 0,509 0,548 31,1 36,6 16,5 28,1
3. L168 0,396 0,434 0,318 0,382 12,7 22,6 11,6 15,6
4. L 169 0,660 0,702 0,612 0,658 21,2 20,2 13,3 18,2
5. L 170 0,531 0,546 0,404 0,494 25,3 18,2 11,0 18,2
6. L171 0,276 0,309 0,268 0,284 7,7 10,8 5,7 8,1
7. L172 1,081 1,280 1,020 1,127 59,2 70,8 26,5 52,2
8. L173 0,840 0,760 0,893 0,831 34,1 44,7 12,9 30,6
9. L174 0,712 0,686 0,511 0,636 37,5 35,4 9,2 27,4
10. L 175 1,280 1,420 1,296 1,332 62,5 61,9 32,4 52,3
Mean 0,665 0,720 0,623 0, 667
NSRos 0, 043 0,094

A comprehensive analysis of multi-marker tomato lines revealed the influence of
the level of inflorescence initiation on the plant and the high-temperature factor on the
nature of variability of male gametophyte traits, pollen viability, pollen tube length,
pollen germination resistance, pollen tube length resistance, pollen grain sizes, pollen
productivity and percentage of working (functional) pollen. It has been established that
each line is characterized by genetically determined individual variability in the indices
of the studied traits, the magnitude of which simultaneously depends on the age
characteristics of the plant and environmental factors, while different traits of the same
genotype vary unequally, having certain limits. All traits of the male gametophyte and
each one separately, when analyzed, reveal a large component of variability depending
on environmental factors, which is especially important to know when using these lines
in heterotic breeding as a paternal component.
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GENERAL CONCLUSION AND PRACTICAL RECOMMENDATIONS

General conclusion

1. Artificial stress backgrounds (high and low temperatures, drought) have been
developed and optimized to assess the resistance of collection and breeding tomato
samples based on the traits of the male gametophyte (pollen) under in vitro
conditions; a resistance scale for differentiation, systematization of screening results,
and a scheme for organizing studies on the genetic potential of the mutant gene pool
have been worked out (Chapter 2, [146]).

2. A method has been developed for assessing the adaptive potential of tomato
genotypes to high temperature stress using severe conditions: 38°C; 45°C; 48°C and
temporal exposures of plant pollen of different durations (3, 5, and 7 hours), which
can be widely and efficiently employed in breeding to select resistant forms at the
initial stages (Chapter 3, [130]).

3. It has been found that pollen of tomato genotypes is able to endure low
temperatures (+6°C) for a long time (60 days) maintaining a relatively high
percentage of viable (10.0-12.0%), functional (tube length of 28-36 d.e.m.) pollen,
which proves the efficiency of the method for selecting microgametophyte resistant
forms and its employment in seed production of heterotic hybrids when it is
necessary to store pollen for multiple pollinations (Chapter 3, [339]).

4. Screening of resistance of single marker and multi-marker mutant forms of
tomato (125 samples) to three abiotic stress factors, high and low temperatures and
drought using a set of traits of the male gametophyte has demonstrated that resistance
to them is determined by different genetic systems, revealing differences even within
one mutant form for pollen germination and the formation of a pollen tube of
sufficient length for fertilization (Chapter 4, [134]).

5. The potential of the gene pool of tomato mutant forms is shown for breeding
valuable traits, at the stage of seedlings, cotyledons and first true leaves, controlled
by a large number of genes as follows: a, aa, aw, ag, al, hl, and Is at the seedling
stage and aut, apn, alb; gil, Cu, cg, inta, Ln, lu, Itf, 1g-2, Me, marm, nv, pu2, pl, res,
sf, sy, V-5/+, and W°™ at the stage of cotyledon and first leaves; for plant growth
and habitus — sp*; sp*; sp; ssp; d; dd; dmd, wd, Is, atn, bu, br, cg, and bip, the length
of the growing season from ultra-early ripening (83-99 days) to ultra-late ripening
(131-158 days); ex, ps, ps-2, pi, pi-2, sl, sl2, ch, glf, cs-2, and Ge for sterility; rin,
nor, alc, u, gs, gf, f. bk, ck, anr, ptb, at, p, Lc, Ip, Del, Abg, hp-1, lo, and loc are
genes that control the density, color, shape, size, chambering of fruits, etc., which
determines a wide range of vital forms and is of great interest and value as a new
germplasm for solving problems of practical breeding and conducting fundamental
research (Chapter 4, [135]).

6. It has been found that the manifestation of morphological (diameter,
perimeter, and area) and cytochemical characteristics (DNA amount, chromatin
density) of the nuclei of vegetative (V) and generative (G) pollen cells in F; hybrids
depends both on the characteristics of the parental forms and the effect of temperature
stress factors on pollen (45 °C and +7 °C), which in almost all F; tomato hybrids



studied is intermediate, or the value is close to the less resistant parental form,
which indicates the recessive nature of their inheritance (Chapter 5, [123, 126 ]).

7. The regularities of inheritance (hp) of resistance to high and low temperatures
by F; tomato hybrids for the traits of the male gametophyte have been established.
The analysis of their heritability (h?) has shown that the resistance of Fy hybrids is
determined by the maternal forms; at a higher level and prolonged exposure to the
stress factor on pollen, the influence of the interaction of the parental components
increases, while the contribution of the paternal forms is insignificant. This can serve
as a basis for a reasonable selection of parental pairs in the development of highly
resistant varieties and heterotic hybrids (Chapter 5, [127, 132]).

8. A method has been developed for selecting resistant transgressive
recombinants from splitting tomato F, populations for a set of male gametophyte
traits against the background of high temperature (45°C) based on the particular
features of the combination of traits expressed in the average variance index for the
hybrid family (S?), which makes it possible to isolate resistant recombinants and
carry out selections at the early stages of breeding taking into account other
economically valuable traits, as well (Chapter 5, [128, 149]).

9. The efficiency of the combined employment of gamete and traditional breeding
methods based on the step-by-step alternation of selections for sporophyte and gametophyte
against the background of high temperature stress (43°C and 45°C) at the early stages in Fy,
F,, Fsresulting in intensification of the breeding process and producing offspring (lines) in
F4 - Fs, which are more resistant, productive, with a short growing season, low initiation of
the first inflorescence, lower flower shedding and high fruit set under high temperatures has
been substantiated on a scientific basis (Chapter 5, [146, 148]).

10. High recombination variability has been revealed in the pattern of
manifestation and degree of phenotypic expression of the traits controlled by the
mutant genes Is (lateral suppresser) and br (brachytic) in segregating F, populations,
cluster analysis showing that their combined effect (Is and br) has a stronger negative
impact on the reproductive trait manifestation than single Is gene, which indicates
their complementary action (Chapter 6, [135]).

11. It has been established that the lower number of side shoots and the shorter
the internodes on a tomato plant, the more morphological deviations in the flower
structure and the smaller the fruits, which indicates the multiple pleiotropic effect of
the Is and br genes due to their insufficient culture level. Negative effects can also be
determined by their linkage with other genes that enhance the degree of mutant traits
manifestation (Chapter 6, [135]).

12. Multi-marker lines (>50) with an original combination of traits controlled by
the sp*, sp*, sp, ssp, ¢, rin, nor, Is, br, pis, ex, sl, gs, hp-1, j- 2, j genes have been
developed. These genes are expressed at different ontogenetic stages and characterize
the type of growth and architectonics of the plant, internode length, shoot forming
ability (without runners, with few runners), reproductive system (type of sterility),
fruit traits (size, shape, color, marketability) and overall productivity. It has been
demonstrated that the quality of pollen, its productivity and the percentage of
functional pollen in these lines depend on the layer of inflorescence set on the plant
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and the action of the high temperature factor, but the degree of variability of trait
indices is determined by the genotype (Chapter 6, [135, 150]).

13. Differentiating capacity of the developed methodological approaches regarding
the assessment of resistance to abiotic stress factors based on the traits of the male
gametophyte, the study of variability and inheritance of traits together with different
combinations of cultivated and mutant forms of tomato, analysis of their offspring (F:-
F10) at different stages of ontogenesis (sporophyte, gametophyte) has made it possible to
produce more than 100 lines incluing gene carriers of the traits valuable for breeding and
new varieties, MaKrista, MilOranj, Stefani, Prichindel, Vivat, Dimetra, llica, Cireasca,
Matriona, Petramak (Chapter 5 [151, 152, 153, 154, 155, 156, 157, 158, 159, 160]), as
well as heterotic hybrids, two of which, Ingstar and Rozamak, are being tested by the
State Variety Testing Commission of the Republic of Moldova (Chapter 6, [161, 162]).
Practical recommendations

1. It is recommended to involve tomato mutant forms in the breeding process as
new germplasm, which will contribute to expanding the range of genotypic variability in
populations, thereby making it possible to accomplish many objectives in view of
producing plant forms with new architectonics (differing in determinate type, single-
stem, with shortened internodes, etc.) and reproductive organs of different structure, with
different color, shape, fruit weight and long-term preservation of commercial qualities.

2. To intensify the breeding process in the development of early-ripening and
later-ripening varieties capable of realizing the genetically inherent productivity
potential under high temperature conditions, it is recommended to use combined
methods with step-by-step alternation of sporophytic and gametophytic selections
with simultaneous assessment of resistance and economically valuable traits.

3. When selecting parental pairs for crossing to create heterotic tomato hybrids
resistant to high and low temperatures, it is recommended to use stress-resistant
genotypes as the maternal component, hybrids involving such forms have a higher
adaptive potential.

4. In crossings and, especially, in reproduction of heterotic hybrids and in
industrial hybrid seed production, it is recommended to take into account the location
of the flower on the inflorescence and the inflorescence on the main stem of the plant
in the paternal component, since age-related changes in combination with the
particular features of weather conditions are reflected in the pattern of the trait
manifestation in male gametophyte (pollen).

5. Multi-marker lines with different types of sterility ensuring the possibility of
their reproduction, different in the type of growth and duration of the growing season
with limited shoot formation, short internodes, differing in size, shape, color,
marketability of fruits and a number of other economically valuable traits including
yielding capacity are recommended to be employed as sources of breeding valuable
traits in heterotic breeding.

6. Recommended for cultivation:

(a) salad varieties of indeterminate and determinate growth types, Stefani, MaKTrista,
MilOranj, Matriona, Petramak, Vivat, Dimetra, Ilica (large fruited with pink, orange and
red fruits) for open soil production conditions and unheated film greenhouses,
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(b) varieties of ornamental type, Prichindel and Cireasca (small fruits for fresh

consumption, dish decoration and whole fruit canning) for loggias, balconies and
open soil according to a compacted scheme;

(c) high-tech indeterminate, mid-early and mid-ripening heterotic tomato F;

hybrids, Ingstar and Rozamak. for large scale greenhouses.

10.

11.

12,

13.
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ANNOTATION
MAKOVEI Milania, " Genetic potential of the cultivated and mutant gene pool of tomato (Solanum
lycopersicum 1.), methods of research and use in breeding
Doctor habilitatus thesis in biological sciences, Chisinau, 2023

Structure of the thesis: introduction, 6 chapters, general conclusions and recommendations; the
bibliography includes 437 titles, the thesis is completed with 10 annexes, has 256 text pages, 49 tables, 44 figures.
The results are published in 172 scientific works.

Research area: Plant breeding and seed production.

Key words: tomato, gene pool, breeding, resistance, microgametophyte, abiotic stress factors, variability,
heritability, mutant genes, heterosis, lines, varieties.

The aim of the research: identification of the genetic potential of tomato cultivars and mutants at the
gametophytic and sporophytic level by analyzing the variability and heritability of the resistance to unfavorable
abiotic factors and other economically valuable traits in order to develop new initial material, high performance
varieties and hybrids.

Study objectives: development and optimization of artificial stress backgrounds (high, low temperatures
and drought) for resistance screening of mutant forms and other tomato genotypes based on the traits of the male
gametophyte under in vitro conditions; studies on the genetic potential of the gene pool of cultivated and mutant
tomatoes as a new source of germplasm to enhance the resistance to abiotic stress factors, with the simultaneous
assessment of the manifestation of biological, economically valuable, and mutant marker traits; carrying out
crosses between several parents including the use of mutant genes to produce new hybrid populations; studies on
the variability and inheritance by F1 hybrids of the biological, cytochemical, and other traits of the pollen that
determine the resistance to abiotic stress factors for the subsequent optimization of the selection procedures of the
parents and production of resistant genotypes; estimation of the rate of the influence of parental forms and their
interaction on the heritability of pollen heat and cold resistance traits in F1; development of the selection method
of resistant transgressive recombinants from F, populations based on the traits of the male gametophyte;
development of combined selection methods simultaneously employing traditional ones and gametic
technologies; development of tomato initial material with mutant marker traits to be used in heterotic breeding;
development of tomato varieties and hybrids with high producing capacity and resistance to abiotic stress factors
that combine economically valuable traits, including mutant marker ones.

Scientific novelty and originality: for the first time, a collection of tomato single- and multi-marker
mutant forms has been evaluated for the resistance to abiotic stress factors (high, low temperatures, drought)
based on male gametophyte traits. The resistance to above factors has been shown to be determined by different
genetic systems. Have been: (i) elucidated the particular features of variability and heritability of cytochemical,
biological, and economically valuable traits depending on genotype and environmental conditions; (ii) developed
of methodology to make the tomato breeding process more efficient by combining gametic and classical selection
approaches.

Principal results for science and practice. (i) New generation initial material with different combination
of resistance to three abiotic stress factors (high and low temperatures, and drought), including complexes of
economically valuable traits and mutant marker properties. (ii) The importance of  combined employment of
gametic and classical breeding methods has been scientifically substantiated. (iii) Varieties (11), heterotic hybrids
(2), and improved tomato lines have been developed, that are diverse genetically (>50).

Theoretical significance. (i) The limits of variability and heritability of biological and cytochemical traits
and some marker properties of mutants under the influence of high and low temperatures have been estimated, which
allowed the assessment of adaptability level in tomato genotypes and the optimization of parental form selection for
crossings. (ii) The rate of parental influence on drought and cold resistance in F1 hybrids has been demonstrated. (iii)
The peculiar features of transgressive variability in F» populations have been found, allowing early prediction of the
selection efficiency of resistant recombinants and the breeding value of the offspring in Fz-Fa.

Application value. Tomato hybrid populations (more than 140) with a wide range of variability of
economically valuable traits have been developed. F; heterotic varieties and hybrids of tomato which differ in the
growth type, plant architectonics, shape, color, fruit weight, and diverse combination of mutant marker traits — dw,
ssp, sp, Sp™, sp*, rin, nor, ex, ps, hp, Is, br, j-2, etc. have been developed for open and protected soil.

Implementation of scientific results. The newly developed tomato initial material, varieties, and Fi
hybrids have been included in the breeding programs of some laboratories of the Institute of Genetics, Physiology
and Plant Protection of the State University of the Republic of Moldova and in the Russian Federation to produce
new forms of tomatoes; they are still used in the working collections of the Plant Genetic Resources Laboratory
(IGFPP, USM) and are cultivated in various individual households and by farmers.
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AHHOTANUA

MAKOBEM Musianbs JImutpueBna, «eHeTHYecKHii OTEHINA KYJIbTYPHOTO H MyTAHTHOTO
resoonaos Tomata (Solanum lycopersicum L.), MmeToabI HcciieIOBAHMS M HCTIOJIL30BAHUS B CeJIEKIUN.
Juccepranusi Ha COUCKAHNE YUEHOH CTeNeHN JOKTOPA Xa0WJINTAT OHOJOTHYECKUX HAYK,
Kummnes, 2023

CTpykTypa AuccepTaluu: BBEeICHUE, 6 TlIaB, OOMKe BEIBOIBI U PEKOMEHIAINH, CIIMCOK JINTEPATypHl U3
437 naumeHoBanui, 10 mpunoxeHuid, 256 cTpaHWI] OCHOBHOTO TekcTa, 49 Tabmwmi, 44 pucynka. [lomydeHHbIe
pe3yJIbTaThl Oy OIMKOBaHBI B 172 Hay4YHBIX paboTax.

Oobnactb ucciaenoBanus: CeneKius paCTeHUN U CEMEHOBOJICTBO.

KiaroueBble cjioBa: TomaT, TeHO(OHI, CEICKIHS, YCTOWYMBOCTh, MYMXKCKOW TaMETO(PHT, aOHMOTHUECKHE
cTpecc-(haKTophl, HI3MEHIHBOCTE, HACTICIOBAHIE, MyTaHTHBIE T€HBI, TETEPO3UC, INHUH, COPTA.

Henas uccieoBaHus: BRISBICHHE T'€HETHYECKOrO IMOTEHIMANA KYJIBTYPHBIX M MyTaHTHBIX (hopM TomaTta
Ha TaMEeTO(HUTHOM M CIIOPO(UTHOM YPOBHE ITyTEM aHaJIM3a M3MEHUYMBOCTH M HACIECIYyEMOCTH YCTOHYHMBOCTH K
CTPECCOBBIM A0OHMOTHYECKUM (DaKTOpaM U APYTHUX XO3IHCTBEHHO-IICHHBIX NPHU3HAKOB UL CO3MAaHUS HOBOTO
HUCXOJHOI'0 MaT€puajia, BBICOKONIPOAYKTUBHBIX COPTOB U FI/I6pI/IZ[OB.

3agaum: co3maTh ¥ ONTHMU3MPOBATH UCKYCCTBEHHBIE CTpecCcOBbIe (poHa (BBICOKHE, HU3KHE TEMIEPATYPHI,
3acyxa) VISl CKpUHuHea MYTAaHTHBIX W JPYTMX TE€HOTHIIOB TOMara IO NPU3HAKaM MYKCKOro rameToura B
YCIAOBHSX iN Vitr0; U3y4uTh T€HETHYCCKUI MOTCHIMAT KyJBTYPHOTO W MYTAHTHOTO TeHO(OHIOB TOMaTa Kak
WCTOYHMKA HOBOI 3apOABINIEBON IUIa3Mbl Ha YCTOWYMBOCTH K AOMOTHYECKHMM CTpeccaM C OJIHOBPEMEHHOM
OIICHKOW TPOSIBIICHUsI OMOJIOTHIECKUX, XO3SIHCTBCHHO-IICHHBIX ¥ MYTaHTHBIX MapKEPHBIX MPH3HAKOB; MOJYYHTh
HOBBIC THOPUIHBIC TIOMYJISIUH;, H3YYUTh U3MEHUYUBOCTh W HACJEJOBaHUE THOpUIamMu Fi OMOIOru4ecKuX, IUTOX M-
MHUYECKUX M JPYTHUX TPHU3HAKOB MBUIBIEI, JIETCPMUHUPYIONIMX YCTOMYMBOCTH K CTpecc-(hakTopam Uit
MOCTEIYIOMIEH ONTHMHU3AIMY CIIOCO00B A(PPEKTUBHOTO MOAOOPa POIAUTEIHCKUX IMAap U TONYYCHHS yYCTOWIHBBIX
TCHOTHUIIOB; ONPEJICIUTh JONI0 BIHMSHUS POAUTEIBCKHX (OPM M WX B3aMMOJCHCTBHUS Ha HACICAYSMOCTb
MPU3HAKOB JKapo- M XOJOAOCTOMKOCTh MBUIBLBI THOpumamMu Fi; paspaboraTh MeTon OTOOpa yCTOWYIHBBIX
TPAHCTPECCUBHBIX PEKOMOMHAHTOB M3 IMOMYJISIUH F2 1Mo nmpu3Hakam My>KCKOTO rameTo(uTa; pa3padoTaTh METOIbI
KOMOWHHPOBAaHHBIX OTOOPOB B COYCTAHUM TPATUIMOHHON CEJEKIUU C TaMETHBIMH TEXHOIJOTHSMH; CO3IaTh
UCXONHBI MaTepual ¢ MYTAaHTHBIMH MAapKepHBIMH TPU3HAKAMHU U1 TE€TEPO3MCHON CENEKINH; CO31aTh
BEICOKOIIPOAYKTUBHBIE U YCTOHUYMBBEIE K CTPECCOBBLIM a0MOTHYECKAM (PaKTOpaM copTa M THOPHUABI TOMaTta C
Pa3HBIM COYCTaHNEM XO3SHCTBEHHO-IICHHBIX MIPU3HAKOB, BKIIOYast MyTAHTHBIC MapKEpHBIE.

Hayynass HOBM3HA M OPUIMHAJIBLHOCTH PpaldOTBHI: BIEPBbIE U3YYCHA KOJUICKIWS OJHO- H
MHOTOMapKEpHBIX MYTAaHTHBIX ()OPM TOMAaTa Ha YCTOWYMBOCTH K aOHMOTHYECKHM CTpeccaM (BBICOKas, HU3Kas
TEMIIEpaTypHl, 3acyXa) MO MPHU3HAKAM MYKCKOro rametodmura. [lokazaHo, 4TO yCTOWYHMBOCTH K 3THM CTpecc-
(hakTopam JIETepMUHHUPYETCS Pa3HBIMU TEHETHUECKUMH CUCTeMaMU. BpisBieHbI: 1) 0COOCHHOCTH U3MEHYMBOCTH
U 3aKOHOMEPHOCTU HACJICAOBAHUSA HUTOXUMUYCCKHUX, 6I/IOHOFI/I‘~IGCKI/IX u XO3HﬁCTBCHHO-HeHHLIX MPU3HAKOB
ToMaTa THOpumamMu Fi B 3aBHCHMMOCTH OT TEHOTHIIA W YCJOBHH Cpeiabl; 2) pa3paboTaHa METOIOJIOTHS
I/IHTeHCI/I(l)I/IKaHI/II/I CCJICKIIMH P KOMITJICKCHOM HCIIOJIb30BAHWU I'AMETHBIX U KJIIACCUYCCKUX MOAXOI0B.

OcHOBHBIE Pe3yJIbTATHI VISl HAYKH W MPAKTHKH: 1) MOJy4YeH UCXOHBIM MaTepral HOBOTO MOKOJICHHS C
pasHBIM COYETaHWEM YCTOHYMBOCTH K TpeM aOHMOTHYECKHM cTpeccopaM (BBICOKHE, HHM3KHE TeMIlepaTypébl,
3acyxa), BKJIOYAas KOMIUIGKC XO3sCTBEHHO-IICHHBIX M MAapKEpHBIX TNPU3HAKOB; 2) HAy4yHO OOOCHOBaHA
3HAYUMOCTh COYETAaHUS METOJIOB MbUIBLEBOM W KJIACCHYECKOM cenekuuu: 3) coszmaHsl HOBble coprta (11),
reTepo3UCHBIE THOPHIBI (2) M TeHETHYECKH pa3HOKaueCTBEHHbIE CeJIeKIIMOHHBIE TMHUN ToMata (>50).

TeopeTnyeckasi 3HAYNMOCTh Pa0OTHI. Y CTAHOBICHBI: 1) JUMHTHI HM3MEHYHBOCTH W 3aKOHOMEPHOCTHU
HACIICIOBAaHUS OHOJIOTHYECKUX, NUTOXUMHYECKHX W HEKOTOPBIX MYTAHTHBIX MAapKEPHBIX IPH3HAKOB IO
IEHCTBUEM BBICOKHX W HH3KHX TEMIIEPATyp, IMO3BOJLIONINE OMPEICIHTh YPOBCHb aNalTUBHOCTH T€HOTHIIOB U
ONTHUMHU3UPOBATH MOA00P Map Ui CKPEUIMBAHUS; 2) OIS BIUSHUS POAUTEIbCKUX (POPM Ha YCTOHYUBOCT K Kape
u xonoxy rudpumoB Fi; 3) 0COOCHHOCTH TPAaHCTPECCHBHOW M3MEHYMBOCTH B MOMYJSIIUSIX F2 ¥ BO3MOXHOCTb
paHHero MporHo3upoBaHus 3HHEKTUBHOCTH OTOOPOB YCTOWYHBBIX PEKOMOMHAHTOB U CEJIEKIIMOHHAS IICHHOCTh UX
MTOTOMCTB B MOKOJICHHSIX F3-F4.

MpuxnagHas 3HaYMMoOCTb. [lonmydeHsl ruGpuaabie momyisiuu (Oonee 140) ¢ MIMPOKUM CIIEKTPOM
W3MCHYMBOCTH CEJICKIIMOHHO-IICHHBIX MpH3HaKoB. CO3MaHbl JIMHUH, COPTa U T€TEPO3UCHBIe THOpUIBI F1 ToMaTa,
OTIIMYAIONINECS 10 THILy POCTa M apXUTCKTOHWKE KycTa, (OpPMOIl, IBETOM W MAaccoil IUIoJa, C pPa3HBIM
COYeTaHWEM MapKEpHBIX Mpu3HaKoB — dw, ssp, Sp, Sp*, sp*, rin, nor, ex, ps, hp, Is, br, j-2 u npyrwue.

BHenpenne Hay4yHbIX pe3ysbTaToB. CO3IaHHBIA HMCXOJHBIH MaTepual, copTa W rubpunsl Fi Tomarta
BKITIOUCHBI B CEJICKIIMOHHBIC TIPOTPaMMbI HEKOTOPBIX JlabopaTtopuit MTHCTUTYTa TeHETHKH, (P3HOJIOTHH U 3AIIUATHI
pactennii ['ocymapctBeHHoro YHuepcureta Monnossl u Poccuiickoit denepanuu st HOIydeHHUsS HOBBIX (GOpM
TOMaTa; UCIOJB3YIOTCS B aKTHBHBIX Koyiekmusx JlabopaTopun reHeTmueckux pecypcoB pacteHuit (MI'®u3P,
I'VM), a Taxoxe BHEJJPEHBI B Pa3JIMYHbIE TPOU3BOJICTBEHHBIE U (PepPMEPCKHE XO35HCTBA.
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ADNOTARE
MAKOVEI Milania, “Potentialul genetic al genofondurilor tomatelor de culturi si mutante
(Solanum lycopersicum L.), metode de cercetare si utilizare in ameliorare”.
Teza de doctor habilitat in stiinte biologice, Chisinau, 2023

Structura tezei: introducere, 6 capitole, concluzii generale si recomandari, bibliografia cuprinde 437
titluri, teza este completatd cu 10 anexe, are 256 pagini de text, 49 de tabele, 44 figuri. Rezultatele obtinute
sunt publicate n 172 lucrari stiintifice.

Domeniul de cercetare: Ameliorarea plantelor si producerea semintelor.

Cuvinte cheie: tomate, genofond, ameliorare, rezistentd, microgametofit factori abiotici de stres,
variabilitate, heritabilitate, gene mutante, heterozis, linii, soiuri.

Scopul cercetirilor: evidentierea potentialului genetic al cultivarelor de tomate si a mutantilor la nivel
gametofitic si sporofitic, prin analiza variabilitatii si heritabilitatii rezistentei la factori abiotici nefavorabili si altor
caracteristici agronomic valoroase in vederea credrii materialului initial nou, a soiurilor si a hibrizilor performanti.

Obiectivele studiului: crearea si optimizarea fondurilor artificiale de stres (temperaturi ridicate, scazute,
secetd) pentru screening-ul rezistentei formelor mutante si altor genotipuri de tomate pe baza caracterelor
gametofitului mascul in conditii de in vitro; cercetarea potentialului genetic al genofondului tomatelor de
cultura si a celor mutante 1n calitate de sursa noud de germoplasma pentru rezistenta la factori abiotici de stres,
cu estimarea concomitentd a manifestérii caracterelor biologice, agronomic valoroase si marker mutanti;
efectuarea incrucisarilor intre mai multi parinti, inclusiv cu utilizarea genelor mutante, pentru crearea
populatiilor hibride; studiul variabilitatii si heritabilitatii caracterelor biologice, citochimice si altor caractere al
polenului la hibrizii F1 care determina rezistenta la factorii de stres abiotic pentru optimizarea ulterioard a
procedeelor de selectie a genitorilor si obtinerea genotipurilor rezistente; determinarea ratei de influenta a
formelor parentale si interactiunii acestora asupra heritabilitatii caracterelor de rezistentd a polenului la
temperatura ridicata si scazuta in generatia F1; elaborarea metodei de selectie a recombinantilor transgresivi
rezistenti din populatiile F, pe baza caracterelor gametofitului mascul; elaborarea metodelor de selectie
combinatd prin asocierea metodelor traditionale cu tehnologiile gametice; crearea materialului initial la tomate
cu caractere mutante marcate, pentru utilizare in selectia heterotica; crearea soiurilor si hibrizilor de tomate cu
productie ridicatd si rezistentd la factorii de stres abiotic ce Tmbind caractere agronomic valoroase, inclusiv
marker mutant.

Noutatea si originalitatea stiintifica: pentru prima datd a fost studiata o colectie de forme mutante cu
un singur marker si multimarker la tomate in vederea decelarii rezistentei la factori de stres abiotic
(temperaturi ridicate, scazute, secetd) pe baza caracterelor gametofitului mascul. S-a demonstrat ca rezistenta
la arsitd, frig si secetd este determinatd de diferite sisteme genetice. Au fost: 1) elucidate particularitatile
variabilitatii si legitatile heritabilitatii caracterelor citochimice, biologice si agronomic valoroase, in
dependentd de genotip si conditiile de mediu; ii) elaborata metodologia de eficientizare a procesului de
ameliorare la tomate prin asocierea procedeelor de selectie gametica si clasica.

Rezultatele principiale noi pentru stiinta si practica. A fost: i) obtinut material initial de noua
generatie cu asociere diferitd a rezistentei la trei factori de stres abiotic (temperaturi ridicate si scazute, si
secetd), inclusiv a complexelor de caractere agronomic valoroase si insusiri marker al mutantilor; ii) este
argumentata stiintific importanta utilizarii asociate a metodelor de selectie gametica si clasica: iii) sunt create
soiuri (11), hibrizi heterotici (2) si linii ameliorate de tomate, diverse din punct de vedere genetic (>50).

Semnificatia teoretici. Au fost: i) stabilite limitele variabilitatii si legitatile heritabilitatii caracterelor
biologice, citochimice si ale unor insusiri marker al mutantilor sub influenta temperaturilor ridicate si
scazute, ceea ce au facut posibild stabilirea nivelului de adaptibilitate a genotipurilor de tomate si s-a
optimizat selectia formelor parentale pentru incrucisare; ii) demonstrata rata de influenta a formelor parentale
asupra rezistentei hibrizilor F; la arsita si la frig; iii) elucidate particularitatile variabilitatii transgresive in
populatiile F», fiind demonstrata posibilitatea de prevedere timpurie a eficientei de selectie a recombinantilor
rezistenti si valoarea ameliorativa a descendentilor in generatiile Fz-Fa.

Valoarea aplicativa. Au fost obtinute populatii hibride de tomate (mai mult de 140) cu un spectru larg al
variabilitatii caracterelor agronomic valoroase. Au fost create soiuri si hibrizi heterotici F1 de tomate pentru teren
deschis si protejat, ce se evidentiaza prin tipul de crestere, arhitectura plantei, forma, culoarea, greutatea fructului
si asociere diversa a caracterelor marker al mutantilor — dw, ssp, sp, sp*, Sp*, rin, nor, ex, ps, hp, Is, br, j-2 etc.

Implementarea rezultatelor stiintifice. Materialul initial, soiurile si hibrizii F1 de tomate nou create,
au fost incluse In programele de ameliorare ale unor laboratoare ale Institutului de Geneticd, Fiziologie si
Protectie a Plantelor din cadrul Universitatii de Stat a Republicii Moldova si in Federatia Rusa, pentru
obtinerea unor noi forme de tomate; se mai folosesc in colectiile de lucru ale Laboratorului Resurse Genetice
Vegetale (IGFPP, USM) si sunt cultivate in diverse gospodarii individuale si de fermieri.
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