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Abstract - The results of a study of pollen quality, one of the most important factors of reproductive biology, in multi-marker
tomato lines differing in the type of plant growth (sp*, sp*, sp), the length of internodes and the intensity of the formation of
lateral shoots (Is, br), shape, weight, and color are shown and marketability of fruits (nor, rin, alc, u, r, t, bk, ck, j, j-2). The
research was carried out in 2019-2021. Pronounced genotypic differences between the lines were established in the nature
of the manifestation of traits: fertility, pollen viability, length of pollen tubes and morphological characteristics of pollen
grains, both depending on the level of inflorescence position on the plant and the influence of stressful abiotic factors (high
temperature, drought). It has been shown that different traits of one genotype vary unequally, having certain limits which
indicate their genetic determination. In the pollen populations of lines 196, 197, 234, 237, and 241, carriers of two mutant
marker genes (Is and br), the number of pollen grains with morphological disturbances in their integrity is greater. Lines
110, 164, and 178 were also identified, with a stable manifestation of all the studied characters. The share of influence of
genotype, stress factors and their interaction in the overall variability of traits on the nature of their manifestation is shown,

which indicates the effectiveness of using pollen as a criterion for assessing, identifying and selecting genotypes resistant to

abiotic stress factors.
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1. Introduction

The susceptibility of plants to various unfavorable
environmental factors: high and low temperatures, drought,
soil moisture deficiency, sudden changes in night and day
temperatures, soil salinity, etc., leads to intensified genetic
erosion and, as a consequence, to a significant decrease in
the potential productivity of not only tomatoes but also other
crops (Kang, 2004; Fentic, 2017; Alagna et al., 2020).
Various authors state that environmental sustainability in
the plant world is one of the scarcest economically valuable
traits (Zhuchenko, 2004; Udovenko, 2011; Fentic, 2017;
Alagna F. et al., 2020). It is the narrow limits of genetic
diversity of environmental resistance, for example, to
temperature stress, according to Zhuchenko (2012), that was
the main reason that over the past 50 years, a significant
increase in the upper level of tolerance to these factors in
major crops had not been achieved. Consequently, great
attention in the breeding system of tomatoes and other crops
should be paid to the search, preservation, identification and
use of appropriate gene sources. The creation of tomato
varieties and hybrids that are resistant to abiotic stress
factors through selection is one of the main conditions for
the realization of their genetically inherent potential
productivity. The difficulty in solving this problem lies in
the fact that it is very difficult to determine the stability of
the selected material under natural conditions. It is
necessary that an unfavorable factor (high, low
temperatures, drought, etc.) manifest itself quite severely

precisely during the period of plant development when they
are most sensitive to it. Conducting such assessments is a
rather labor-intensive and expensive procedure in field
conditions. According to Pfahler (1982), one of these stages
of ontogenesis is the male gametophyte of plants, the role of
which in the process of adaptive selection must be given
special attention. This means that innovative methods of
gamete analysis in vitro can come to the rescue, allowing
you to quickly select genotypes resistant to unfavorable
environmental factors. They began to be used quite actively
in breeding practice (Mulcahy et al., 1982; Mascarenhas et
al., 1982; Ottaviano E., 1985; Kravchenko et al., 1988;
Kakani et al., 2012; Yeug-Kyung Chang at el, 2010; Lyakh
et al., 2014; Singh et al., 2017; Makovei, 2018; Demurin at
el., 2022). The selective influence of different factors on the
morphological characteristics of pollen has been
established, which allows them to be differentiated by
phenotype (Matamoro-Vidal et al., 2012). The effectiveness
of using pollen as a criterion for selecting genotypes
resistant to moisture deficiency has been shown (Patil, B. at
el., 2006). Pollen is also used to determine the most
productive flowers in an inflorescence (Blackmore et al.,
2007; Jung et al., 2009). The quality of pollen, being one of
the most important factors of reproductive biology
(Zhuchenko, 2012), determines the efficiency of both
natural and artificial pollination processes, which in turn
depend on the characteristics of pollen formation under the
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influence of certain environmental stress factors.  The
information presented shows that pollen grains’ quality is
influenced by many factors - high and low temperatures, soil
salinity, plant damage by diseases and pests, and even the
introduction of plants, which lead to disruption of
physiological and biochemical processes. This, in turn,
provokes abnormal development of pollen grains, a
decrease in their fertility and, as a consequence, a decrease
in reproductive potential, which is reflected in the level and
quality of the resulting crop and seeds (Pressman E. 2002;
Hsu S.-Y. et al. 2003; Reyes et al. al. 2007; Batygina et al.
2010). Many authors have identified a high negative impact
on the quality of pollen and anthropogenic factors: the use
of herbicides, soil salinity, high levels of ozone and carbon
dioxide in the air, the acidity level of precipitation, and the
accumulation of heavy metals in the soil.

This leads to an expansion of the range of anomalies of
the male gametophyte at the stage of formation, affects the
size and other morphological features of the pollen grain,
the biochemical composition, which in turn affects the
fertility and fertilizing ability of mature pollen (Aloni et al,
2001; Izmailov, 2002; Apel et al. 2004; Klimenko et al.
2005; Suzuki et al. 2006; Solntseva et al. 2010). Considering
the increased sensitivity of male gametes to external factors,
using pollen analysis, it is possible to obtain primary
information about the response of genotypes to the action of
a specific stress factor and to identify valuable gene sources
at the early stages of the breeding process to create new,
more resistant forms of tomato.

Assessing the level and identifying forms of tomato
resistance to specific stress factors in natural conditions is
complicated by the combination of the action of a complex
of stress factors (Koshkin, 2010), which usually complicates
or makes such testing in the field impossible. Therefore, to
assess the resistance of plants, along with the action of
natural factors, it is necessary to simulate them in laboratory
conditions. Their advantage is the ability to regulate the
level of severity of the action of the unfavorable factor for
which selection is carried out (high, low temperatures,
drought, etc.) and, thus, intensify the assessment and
selection of the appropriate source material and thereby
speed up the selection process (Makovei 2018).

Taking into account the above information, the purpose
of the research was, using artificially created stress
backgrounds, to study the nature of the manifestation of
male gametophyte traits affecting the reproductive functions
of plants - fertility and pollen viability, the length of pollen
tubes, resistance to pollen germination and the length of
pollen tubes, as well as the size of pollen grains depending
on the genotype, the level of inflorescence position on the
plant and the action of abiotic stress factors, in multi-marker
tomato lines obtained from crossing forms of carriers of the
mutant genes Is (lateral suppressor) and br (brachytic), the
combined influence of which leads to morphological
deviations in the structure of flowers or their individual
elements.

2. Material and Methods

The object of research was 16 multi-marker tomato
lines (L110, L164, L178, L181, L183, L188, L193, L195,
L196, L198, L201, L204, L228, L234, L237, L241) with
different combinations of economically valuable traits,
differing in the type of plant growth (sp*, sp*, sp), the length
of internodes and the intensity of the formation of lateral
shoots (stepchildren), controlled by the Is and br genes,
different in the structure of the reproductive organs, as well
as shape, weight, color, marketability and quality of fruits
(nor, rin, alc, u, r, t, bk, ck, j, j-2 et al.). Plants were grown
in summer greenhouses according to the scheme for lines
with a determinate growth type: 5.5-6 plants/m?, for lines
with semi-determinate and indeterminate growth types: 4-
4.5 plants/m?.

Studied the morphological characteristics of pollen
grains, the fertility and viability of pollen, resistance to
germination and the ability of pollen grains germinated
against the background of stress factors to form pollen tubes
of sufficient length for fertilization. The nature of the
manifestation of the indicated pollen characteristics was
determined depending on the level of position of the
inflorescence on the plant’s main stem and its reaction to the
action of high temperature and osmotic factors. For this
purpose, pollen was collected separately from flowers of 1st
and 2nd inflorescences (lower tier), 3-4 inflorescences
(middle tier) and 5-6 inflorescences (upper tier). Pollen from
100 flowers in each research variant and along each line was
isolated with a specialized vibrator (VB-93). The size
(diameter of pollen grains) of freshly collected pollen
(control) and after exposure to stress factors (experiment)
was calculated by measuring them under a microscope
(Zeiss type) using an eyepiece and an object micrometer
(Pausheva, 1988).

Determine the quality of pollen and its resistance to
stress factors (high temperature, drought), freshly collected
pollen from each line was divided into 4 parts and used for
experiments according to the scheme:

1. Determination of the ratio of sterile and fertile pollen
grains in populations by staining it with acetocarmine
(Pausheva, 1988). Fertile pollen grains become red after
staining, while sterile pollen with other anomalies in
development does not stain; 2. Assessment of the viability
of freshly collected pollen (control), isolated from flowers
of inflorescences of each line by germination on an artificial
nutrient medium containing 15% sucrose and 0.006% boric
acid in vitro for 3 hours at a temperature of 25°C
(Golubinsky, 1974). Germinated pollen grains were
counted, and the length of pollen tubes was measured; 3.
Heat resistance was tested by exposing freshly collected
pollen to a temperature of 45°C for 8 hours, followed by
germination on a nutrient medium of the above composition
for 3 hours (Makovei, 2018); 4. Drought resistance was
determined by the ability of pollen to germinate and form
pollen tubes of sufficient length for fertilization on a nutrient
medium with a high concentration of sucrose (38%,
simulating drought) with the addition of boric acid (0.006%)
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when germinated in vitro for 5 hours (Makovei, 2018). In
each research option, at least 500 pollen grains were
considered and analyzed according to the nature of their
germination and ability to form long pollen tubes. The
length of the tubes was measured in divisions of the
eyepiece micrometre (d.e.m). Pollen grains in which the
length of the pollen tubes was at least three times the
diameter of the pollen grain were considered germinated.
Resistance was determined using the resistance coefficient
(Ignatova, Makovei, 2014), which combines two parameters
in one indicator and gives a complete picture of the
resistance of the genotype to a specific stress factor.

Pex X Lex
Pc X Lc

Kstr = X 100%

Where Kg 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.).

The share of the influence of the genotype, stress
factors and their interaction on the character of the
manifestation of traits was determined in a dispersion
complex using the Statistica 7 program.

3. Discussions

Marker characteristics (ssp, sp, sp*, sp*, br, Is, pis, nor,
rin, u, gs. j, j-2), the carriers of which are the lines we
created (Table 1), are easily identified in open and protected
soil at different stages of plant growth and development. A
possible limitation of their use in breeding programs may be
the quality of their pollen since they are obtained from
crossing forms of carriers of the Is and br genes, the
presence of which in one genome causes significant
morphological disturbances in the structure of the flower or
its individual elements (Makovei, 2022). Consequently,
their use in heterotic selection, especially as paternal
components, requires information about the quality and
quantity of formed pollen in inflorescence flowers,
depending on the characteristics of the genotype and the
influence of other factors. In this regard, fertility, pollen
viability, morphological characteristics of pollen grains and
the wvariability of these characteristics were studied
depending on the level of inflorescence initiation on the
plant and the effect of high temperature.

3.1. Morphobiological Characteristics of Lines

Table 1 presents the results (average for 2019-2021) on
the nature of the manifestation of the main selection-
valuable traits. The presence of genes that control different
types of plant growth (sp, sp+, spx), high marketability of
fruits (rin, nor, alc), limited formation of lateral shoots (Is),
length of internodes (br) and the stable nature of their
manifestation determine the value of these lines for the
creation heterotic hybrids of industrial type.

Accounting and analysis of the characteristics of the
manifestation of the main economically valuable traits in
populations of generations of offspring lines (F4-Fe) in three
different complex climatic conditions of the year (2019-
2021) revealed homogeneity and stability in the nature of
the manifestation of traits controlled by mutant genes.

Lines 110, 183 and 188 are early ripening (96-103 days)
with a main stem height of 50-65 cm. Others - 164, 178, 181
and 195 belong to the group of mid-early and mid-ripening
forms of tomato (105-114 days) with a plant height of 70-
98 cm. This group of lines was isolated from populations of
hybrid combinations obtained using the mutant form Mo
443 (Is) and have a super determinate and determinate
growth type. The plants are distinguished by a weak and
medium degree of formation of lateral shoots, from 2.9 to
4.2 per 7.1 and 10.4 internodes of the plant’s main stem. The
average length of internodes for this group of lines is from
6.5 to 9.0 cm, which determines the close arrangement of
inflorescences, their greater number on the main stem of the
plant and the total number of fruits on them (Table 1). The
stable nature of the manifestation of traits and their original
combination presuppose their active inclusion in breeding
programs for producing high-yielding and early-ripening
varieties and determinate F; tomato hybrids.

Of particular value in the breeding plan for the creation
of tall heterotic hybrids is the second group of multi-marker
lines: 196, 197, 198, 204, 205, 228, 234, 237 and 241,
obtained from splitting populations of hybrid combinations
from crossing with the semi-cultivated mutant line 11069,
which is the carrier of two genes (ls, br) (Table 1). They
belong to the mid-early ripeness group (101-110 days) and
have semi-determinate and indeterminate growth types. The
length of the main stem of plants is from 150 to 250 cm, on
which a limited number of reduced lateral shoots
(stepchildren) are formed during the active growing season.

The number of stepsons on the main stem of a plant,
depending on the genotypic characteristics of the line,
ranges from 3.1 to 7.2 pieces. At 21.2-32.5 nodes,
internodes are short and medium length (from 5.3 to 12.4
cm) (Table 1). The plant habit is characterized by an erect—
semi-erect stem, with an optimal ratio of leaf mass and
fruits. The color of the leaves is dark green, with different
leaf shapes: ovate, elongated-ovate, and broadly lanceolate.
Pronounced differences between the lines occur in the shape
and morphological characteristics of the flowers: with large
and small normally developed flowers; with a full corolla,
but petals fused into a tube; with some deformations of the
stamen column and the pistil protruding beyond the stamen
column to varying degrees.

Line 196 is distinguished by an original combination of
characteristics: sterility, potato leaf type, yellow-orange
fruits, and semi-determinant growth type. With minor
modifications, it can be successfully used as a mother
component for creating heterotic F1 hybrids on a sterile
basis.



Milania MAKOVEI / 1JAES, 10(6), 1-9, 2023

3.2. A Cytological Study and Analysis of Pollen Fertility

A cytological study and analysis of pollen fertility of
each line, including relative to the level of inflorescence
position on the main stem of the plant, revealed pronounced
differences between them not only in the coloration of
pollen grains but also in morphological heterogeneity in the
form of underdeveloped, different in size with impaired
integrity and other anomalies associated with the influence
of mutant genes. Normally, tomato pollen fertility is 90-
100%.

It was established that in the populations of pollen lines
110, 164, 178, 181, 183, 188 and 195, isolated from hybrid
combinations with the mutant form Mo 443 (Is), sterile and
with different morphological deviations of pollen grains,
there is a small amount (from 2 to 16, 3%), the rest were
well stained, which characterizes their high fertility (from
83.7 t0 97.4%). Whereas in pollen populations of lines 196,
197, 198, 204, 205, 228, 234, 237 and 241, obtained from
combinations from crossing with line 11069 (Is, br),
heterogeneity is higher. There are quite a lot of pollen grains
with morphological disturbances of varying degrees of
severity (Table 2).

Table 1. Characteristics of new multi-

Differences are also expressed between the lines,
including depending on the level of position of the
inflorescence on the stem of the plant from the flowers from
which pollen was isolated (Table 2). The highest
heterogeneity was observed in pollen populations of lines
196, 197, 234 and 237, which respectively have low fertility:
43.4%, 50.8%, 50.3% and 54.2%. The rest of the pollen was
not stained, which indicates their sterility or they are at
different stages of development due to the negative
influence of the mutant Is and br genes.

In these lines, a decrease in the fertility rate of pollen
obtained from flowers of inflorescences of a higher level on
the plant (5-6 inflorescences) was also noted. Probably,
critical temperature regimes and, as a rule, moisture
deficiency, under which the formation of pollen in the
flowers of inflorescences of the upper tiers of the plant falls,
in combination with the negative influence of the Is and br
genes, leads to an increase in the proportion of
morphological disorders of pollen grains (Table 2).

marker tomato lines (2019-2021)
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110 | Mo443 x Fakel ssp, u, j, s, br 7.1 6,5 3,4 45 8,4 90,3 106.4
164 | Mo443xMaKrista | sp, u, Is, j-2 10.1 8,5 3.1 5.4 11.6 97.7 72.1
178 | Mo443xMilOranj | sp, u, ¢, Is, f 9.0 9.0 4.2 4.7 13.8 87.4 97.3
181 | Mo443xMaKrista | sp, hp-2, j-2, u 10.3 8.1 3.2 4.9 12.6 94.6 88.2
183 | Mo443xMaKrista | ssp, u, Is, j-2, nor 8.8 74 3.0 4.4 10,2 95.3 75.5
188 | Mo0443xMilOranj | ssp, Is, B 9.2 7.0 3.3 4.7 9.1 90.2 74.7
195 | Mo443xMaKrista | sp, u, Is, nor 10.4 7.0 2.9 5.3 13.5 94.8 72.2
196 | L11069xL.2529 sp, ps, alc, 21.2 8.0 3.7 6.5 10.2 89.3 69.7
¢ ls,br
197 | L11069 x L28 sp*, Is, br, rin 325 6.8 3.3 11.3 15.7 94.3 68.1
198 | L11069 x 128 sptrin, Is, u 22.7 12.4 7.2 6.4 12.7 93.9 65.3
204 | L11069 x L556 sp?, Is, t, rin, bk 23.4 8.7 5.4 8.6 16.6 96.0 57.2
205 | L11069 x L 556 spt, Is, u 22.4 11.9 5.8 7.1 13.1 95.1 54.1
228 | L11069 x L111 sp, Is, u, ex 22.7 9.0 6.7 1.7 12.9 96.6 120.4
234 | L11069 x L111 sp™, u, nor, Is,br 21.1 6.5 31 8.1 11.8 94.7 74.2
237 | L11069 x L828 sp*, rin, Is, br 26.8 5.3 4.9 9.8 15.7 91.2 85.1
241 | L11069 x L187 sp*, Is, br, u, ck 28.1 6.4 45 9.0 18.3 92.5 114.3
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Table 2. Fertility and the proportion of morphological disturbances in the integrity of pollen grains in multi-marker tomato lines depending on
the level of inflorescence position on the plant

Pollen fertility depending on the level of Average pollen | Degree of damage
inflorescence position on the plant, % fertility by to the integrity of
Lines no Inflorescences genotype, % pollen grains, %
1-2 3-4 5-6
110 ssp, u, j, Is, br) 87.6 £2.79 90.8 £ 2.85 72.8+281 83.7+231 16.3
164 (sp, u, Is, j-2) 96. 1+ 1.86 96.3+2.79 96.4 + 2.36 96.1+2.13 3.4
178 (sp,u, t, Is) 89.9+1.13 91.4+235 89.2 £ 2.07 90.2 £ 2.23 9.8
181 (sp, hp-2, j-2, u) 97.6 £ 2.77 924 +261 86.3+1.74 92.1+£20 7.9
183 (sp, u, Is, j-2, nor) 87.5+1.14 83.6 £ 2.33 85.4+1.83 85.5 + 2.37 17.2
188 (ssp, u, Is) 98.3+1.92 87.7+281 88.2 £ 2.64 914 +3.34 8.6
195 (sp, u, Is, nor) 99.6 £ 2.65 96.4 +1.94 96.3 £ 2.85 97.4+£297 2.6
196 (sp*, ps, alc, ¢, Is,br) 41.8+1.14 55.7+1.27 32.8+1.52 43.4+1.78 56.6
197 (sp*, Is, br, rin) 53.6 £ 0.94 51.8+1.72 4714134 50.8 £ 2.11 49.2
198 (sp*,rin, Is, u) 83.6 +£1.86 75.5+2.05 77.2+213 78.9 £ 2.69 21.3
204 (sp*, Is, t, ¥in) 80.2 + 1.67 79.6 £1.54 75.7+1.77 785+1.73 215
205 (sph, Is, w) 89.8+1.78 90.9+1.87 80.4+141 89.7+1.94 10.3
228 (sp*, Is, u, ex) 69.4+1.82 724+£212 57.2+1.28 66.3 £ 2.33 33.7
234 (sp*, u ,nor, Is, br) 55.9+1.91 49.6 £ 1.67 454 +1.33 50.3 +1.87 49.7
237 (sp*, rin, Is, br) 73.5+231 52.8 £+ 2.17 36.3+2.04 54.2 £ 2.05 45.8
241 (sp*, Is, br, uw) 63.2+1,34 65.7 £ 1.93 548+ 1.74 61.2+211 38.8
Average by tiers 79.2 77.0 70.1
NSRuos 3.71 3.14 3.96
Note: 500 pollen grains were assessed for each line

3.3. Pollen Viability

Differences between the lines were also established in
pollen viability, which characterizes the pollen grain’s
fertilizing ability or zygotic potential. The pollen viability
of the lines varied from very low (16.1%) to high (53.0%)
(Table 3). At the same time, it should be noted that the
study’s results did not establish a direct connection between
fertility and pollen viability.

For example, pollen from line 195, with very high
pollen fertility (97.4%), had the lowest viability (16.1%),
while line 196, with the lowest pollen fertility (43.4%), had
19.9% viability. Relatively high viability - 25.5%, 33.5%,
41.2 and 35.4% were detected in lines 197, 228, 237 and 241
with low fertility (50.8%, 66.3%, 54.2% and 61.2%,
respectively) when germinating pollen on an artificial
nutrient medium under in vitro conditions. In general, in the
studied lines, pollen viability is 1.5 - 3 or more times lower
than its fertility (Table 3).

From this, it follows that in flowers, there are
significantly fewer lines of pollen grains capable of
germinating and producing fertilization than fertile ones. No
patterns were identified regarding the relationship between
the indicators of these two characteristics.

Probably, the heterogeneity of lines in the composition
of hereditary factors, including mutant genes, of which they
are carriers, leads to the disruption of trophic relationships
in the process of microsporogenesis, which is reflected in
morphological heterogeneity and selective death of
gametes. This, in turn, leads to the fact that gametes with the
highest life potential survive and remain, which, when
germinating, simultaneously form long pollen tubes.

3.4. Reaction of Pollen from Tomato Lines to High
Temperature and Osmotic Stress

The results of assessing the pollen of multi-marker
tomato lines for resistance to high temperature and drought
(osmotic factor) in terms of germination and the ability of
pollen grains that sprouted under the influence of these
stress factors to form tubes of sufficient length for
fertilization showed their different responses to the action of
these stressogens. Lines 178, 181, 195, 196, 197, 198, 201,
205, 237, and 241 had high indicators after high-
temperature treatment of pollen for both traits (Table 3),
which indicates their resistance to high temperature. The
pollen of the remaining lines germinated worse under in
vitro conditions after being treated at 45°C for 8 hours, but
the germinated pollen grains formed long pollen tubes,
which indicates a high zygotic potential and characterizes
them as stable according to the “length of pollen tubes” trait.
(Table 3). Germination on an artificial nutrient medium with
a high concentration of sucrose of 38%, which simulates
drought, has a strong inhibitory effect on pollen germination
and the growth of pollen tubes. Against this background,
only lines 181, 205, 237 and 241 stand out, the pollen of
which germinates well, simultaneously forming long pollen
tubes (Table 3).

Pollen from lines 110, 164, 178 and 234 germinates
well against the background of the osmotic factor, but the
germinated pollen grains cannot form pollen tubes of
sufficient length for fertilization. Pollen from line 183 did
not germinate. The remaining lines show different levels of
resistance in terms of pollen germination and tube length. In
most of the lines, the indicator of the trait “resistance along
the length of pollen tubes” was very low and varied within
the group from 10.1% to 28.0% (Table 3).
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Table 3. Indicators of traits characterizing the quality of pollen of multi-marker tomato lines and its resistance to stress factors

Resistance, %
- Viability, % by Germination Pollen by Length Pollen Tubes
_ Fertllltgl 25°C T T

Lines Pollen, % (control) Tempe%ature Drought Tempe%ature Drought
JI110 83.7 + 2.3 169 + 1.0 260 + 1.0 55.9 + 1.6 46.9 + 1.8 225 + 1.1
JI 164 96.1 + 2.1 313 +1.2 189 + 14 450 + 1.7 600 + 15 260 + 1.6
JI178 90.2 + 2.7 53.0 + 1.2 804 +1.9 43.0 £ 1.1 99.1 + 1.8 26.0 + 1.2
J181 92.1+ 2.0 279 + 1.1 431 + 1.7 522 + 15 730 + 1.9 36.0 + 1.0
JI1 183 85.5 + 2.3 351+ 16 240 + 1.1 0,1 80.0 + 2.0 0

JI 188 914 + 3.0 300 + 1.9 36.3 + 2.0 23 + 04 70.1 + 15 10.1 £ 0,2
JI 195 974 + 3.1 16.1 + 04 52.0 + 1.3 70 £ 05 730 + 1.9 13.1 + 0.6
JI1 196 434 + 2.8 199 £ 1.0 48.8 + 2.0 7.8 £ 0.3 89.8 + 1.1 28.0 + 0.7
JI1 197 525 + 24 255 + 1.8 83.0 + 2.1 19.0 £ 0.9 70.7 + 1.7 186 + 0.9
JI 198 789 + 1.1 215 + 0.8 780 + 14 313 + 17 86.8 + 1.4 24.0 £ 0.9
JI201 86.8 + 2.3 23.0 + 0.6 50.9 + 1.3 12.1 £ 06 900 + 1.6 210 + 1.0
J 204 785 = 1.6 459 + 1.7 247 £ 1.1 271 £ 2.0 79.8 £ 1.3 182 £ 1.1
J 205 89.7 £ 1.3 230 = 1.7 574 + 1.7 412 + 2.0 61.3 £ 1.3 589 + 1.6
JI 228 66.3 + 3.3 335 + 1.3 320 + 1.0 158 + 1.1 96.9 + 2.0 156 + 04
JI 234 50.3 + 1.8 16.7 £ 0.7 18.0 £ 0.5 34.9 + 0.9 420 £1.8 13.0 £ 1.0
J 237 542 =+ 1.2 412 + 1.3 488 + 1.0 304 £ 15 68.4 £2.2 513 + 14
J 241 612 £ 1.7 354 = 0.7 52.6 + 0.5 437 + 1.1 48 £14 57.2 £ 0.9

Equally high resistance to both stress backgrounds for
pollen germination and its ability to form long pollen tubes
was detected in lines 205, 237 and 241 (Table 3). No
pronounced differences were found between the lines
carrying one Is gene or two Is and br genes in terms of
resistance to high temperature and drought in pollen
germination and the length of pollen tubes, which
characterize the fertilizing ability of their male
gametophyte.

3.5. Dispersion Factor Analysis of the Sources of
Variability

Dispersion Factor Analysis of the Sources of
Variability in pollen resistance to abiotic stress factors
revealed the share of the influence of genotype, stress
factors and their interaction in the total variability of traits
(Fig. 1). When individually analyzing the effect and
interaction of factors on the nature of the manifestation of
male gametophyte traits, it was revealed that in a number of
lines (181, 183, 188, 193, 195, 201 and 241), the proportion
of variability introduced by stress factors was high (from
47.2% t0 58.9%), while in lines 110, 164, 178, 196, 198, 234
and 237 the share of the influence of stress factors was
insignificant and varied from 7.5% to 26.3% (Fig. 1).

The nature of the manifestation of traits: fertility,
viability, resistance to high temperature and drought for
pollen germination and the ability of pollen grains
germinated under the influence of stress factors to form
pollen tubes of sufficient length for fertilization in these
lines is determined by the genotype with the corresponding
indicators of 70.0%, 69.6%, 74.6% 61.0%, 53.9%, 56.2%
and 71.6%. From Figure 1, it can be seen that the share of
variability introduced by the genotype and stress factors is
individual for each line. Most of the multi-marker lines
demonstrate a high genetically determined level of

adaptability to the studied unfavorable environmental
factors based on the characteristics of the male
gametophyte.

3.6. Morphological Characteristics of Pollen Grains

The effective use of these lines in the creation of
heterotic hybrids requires the availability of information
about the morphological characteristics of pollen grains,
including ranking them by diameter depending on the
genotype, the influence of the level of inflorescence
initiation on the plant and the high-temperature factor. This
is especially important when artificially interfering with the
processes of pollination and fertilization, in particular
during hybridization and industrial hybrid seed production.
Differences were established in the average value of the trait
“diameter of pollen grains”, which varied from 20.4 um to
29.6 um, determined by the genotypic characteristics of the
lines. Lines (196, 228, 234 and 241) with large pollen grains
(28.3 ym, 29.6 um, 28.3 um and 25.9 um, respectively)
were identified.

The pollen of line 196 was uniform in the diameter of
pollen grains, regardless of the level of inflorescence
initiation. Pollen populations of lines 228, 234 and 241 are
more heterogeneous due to the presence of pollen grains of
different sizes, with deformations of varying degrees and
impaired integrity, stuck together. The coefficient of
variation (V, %) in the size of pollen grains from the lower
to the upper inflorescences is 16.4%, 14.2 and 21.3%,
respectively. In flowers of inflorescences at a higher
position on the plant, there are more small pollen grains, but
they practically do not respond to exposure to high
temperatures. Whereas the treatment of pollen obtained
from flowers of inflorescences of the lower and middle tiers
with high temperatures significantly reduces their size
(Table 4). At the same time, it should be noted that lines 204
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and 205 were identified, which form small, uniform pollen
grains regardless of the level of position of the
inflorescences on the plant. The coefficient of variation in
the diameter of pollen grains from the lower tier of the
inflorescence position to the upper ones is very low and
ranges from 3.7% to 5.4%. After high-temperature
exposure, the size of pollen grains does not change
regardless of the flowers of the inflorescences and at what

level of position on the plant it was obtained (Table 4). At
the same time, lines (197 and 198) were also identified, the
pollen grains of which decrease in size as the level of
inflorescence initiation on the main stem of the vegetative
plant increases, with coefficients of variation of 19.3% and
20.8%. This pattern also persists when pollen is exposed to
high temperatures (Table 4).

VARIABILITY SOURCE, %

m genotype stress factor m genotype X stress factor
L241 I v ¥ S | b8 |
L237 Iy W T 3 6]
L234 I < v . 1/5 |
L228 I N 14/ |
L204 | v ¥ 1509 |
L201 Y - 113 |
L198 | -5 N 113 |
L196 | - 85 |
L195 [ 7 S 0 |
L193 I <y A 10,2 |
L188 YN 38 |
L183 TN I L 115 |
L181 I < L DD |
L178 | 7 W S 18 |
L164 I - e N 1971 |
L 110 | 4 I 158 |

Fig. 1 Factor analysis of sources of variability in pollen resistance to abiotic stresses in multi-marker lines

A strictly defined pattern in the variability of the trait
“pollen grain size” depending on the level of inflorescence
position on the plant and the reaction of pollen lines to high
temperature has not been established. The differences are
determined by the genotypic characteristics of the lines.
Some (1, 2, 10) form large grains on all plant inflorescences
but react strongly to high temperatures, decreasing in size.
Others (6, 7), on the contrary, having very small pollen, are
characterized by a complete lack of response to high
temperature. At the same time, lines (5 and 8) were also
identified; the size of pollen grains decreases as the level of
the inflorescence position increases; this sequence is

maintained even after high-temperature action. This is
especially pronounced in lines whose genome contains two
mutant genes Is and br. It can be assumed that the main
reason for the intralineal morphological variation in pollen
quality, depending on the location of the inflorescence, is
the different physiological states of plants in ontogenesis
and the individual reaction of genotypes to these changes.
Based on this, when carrying out hybridization, the breeder
must take into account the genotypic characteristics of the
maternal and paternal forms, their reaction to high-
temperature conditions, and the inflorescences’ location on
the plant.

Table 4. Sizes of pollen grains in tomato lines before and after heat treatment relative to the tier of inflorescence location on the main stem of the

plant
Diameter of pollen grains of freshly Diameter of pollen grains after
collected pollen, pm heat treatment, pm
Lines Inflorescences Inflorescences
1-2 3-4 5-6 1-2 3-4 5-6
1. L 166 289+0,11 30,0+0,14 30,0+0,12 22,0 + 0,20%** 29,0 + 0,16* 27,0 £ 0,11%**
2. L1167 30,0+0,18 32,9+0,16 28,0+ 0,14 30,0+0,19 27,6 + 0,19%** 276+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. L 169 250+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*** | 240+£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 +0,12*
9. L174 26,1+0,17 21,0+0,11 25,0+ 0,15 26,1 +0,15 20,8 + 0,23 249+0,11
10. L175 28,0+ 0,10 29,0+0,18 29,0+ 0,21 19,6 £0,20*** | 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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These and the above characteristics show that new
multimarker lines are characterized by a complex of
complementary morphobiological and other economically
valuable traits and represent genetically valuable material
for subsequent use in breeding programs, including in
heterotic selection as paternal components (pollinators).

4. Discussion

The identified wide range of trait variability made it
possible to fairly fully reflect the hereditary genetically
determined potential of individual variability in fertility and
pollen viability of freshly collected pollen, as well as the
response of pollen of multi-marker tomato lines to the action
of abiotic stress factors - high temperature and drought. At
the same time, the influence of the level of inflorescence
initiation on the main stem of a vegetative plant in multi-
marker lines on the nature of the variability of the studied
characteristics of the male gametophyte (pollen viability;
length of pollen tubes, resistance to pollen germination;
stability to the length of pollen tubes; morphobiological
characteristics of pollen grains), including depending on the
genotype and the action of the high-temperature stress
factor. It has been established that each line is characterized
by genetically determined individual variability in the
characteristics of the male gametophyte, the magnitude of
which simultaneously depends on the age characteristics of
the plant and environmental factors, but at the same time,
different characteristics of one genotype change to an
unequal extent, remaining within the limits of the reaction
norm of each specific genotype on the effect of one or
another factor. This can be valuable and widely used in
heterotic breeding when selecting at the initial stages of
lines as paternal components (pollinators). This also
indicates the feasibility and effectiveness of using
artificially created stress backgrounds for the assessment,
identification and selection of resistant genotypes based on
the response of their pollen to the action of various stress
factors, thereby promoting the intensification of selection
for the creation of initial parental forms, hybridization and
industrial hybrid seed production. Consequently, pollen
traits characterizing its quality can serve as an effective
criterion for selecting breeding-valuable material for use in
conventional and heterotic breeding. This non-standard
approach to research, taking into account the complex
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