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Goal. To assess the combinatorial ability of the tomato source material by sign «lycopene content in
the fruit» in the system of diallel crosses. Methods. Field — to establish differences between variants of
the experiment; laboratory — to determine the content of lycopene in the fruit; genetic — to determine the
indicators of combinatorial ability; mathematical and statistical — to assess the reliability of the research
results. Results. Studies identified samples that should be used for heterosis and varietal selections, as
well as those that should be used only when creating synthetic varieties. The established advantages of
additive effects in the genetic control of the sign «lycopene content in tomato fruits» made it possible to
select phenotype in the 2nd hybrid generation. Conclusions. Samples MO 112 and T-3627 should be
used to create heterosis hybrids and as a component of synthetic varieties. The Dark green sample, Alia
variety, and the Ne 477 lines can be used to create synthetic varieties. The established advantage of
additive effects in the genetic control of the sign «lycopene content in tomato fruits» makes it possible to
recommend selection in the selection process by phenotype, starting from the 2nd hybrid generation.
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Lycopene is a unique natural antioxidant that has anti-cancer properties [1, 2]. It is considered as a
biologically active component that can prevent cell damage by so-called free radicals, and is a natural
method for the prevention of cardiovascular and cancer diseases [3-5]. Lycopene is found in many fruits,
vegetables and berries: in particular, in the fruit of the tomato, which is the leader in its content (0.72-20
mg / 100g), guava (5.23-5.50 mg / 100g), grapefruit (0.35-3.36 mg / 100g), carrots (0.65-0.78 mg / 100g),
apricots (0.01-0.05 mg / 100g), persimmons, rose hips, red cabbage and beets [6-8]. Tomato forms with
mutant genes hp-2%, B%, B° are high in lycopene content, but they are characterized by low productivity,
late and extended ripening period, which significantly reduces their practical value [9-11]. The value of
varieties and lines for use as parental forms in hybrid combinations of crosses is determined not only by
their economically valuable traits, but also by their ability to give a high heterosis effect, namely,
combination ability [12, 13]. The most accurate general (GCA) and specific (SCA) combining ability is
determined by diallel crosses [14, 15].

The purpose. Evaluate the combining ability of the tomato source material on the trait of
"lycopene content in the fruits" in the system of diallel crosses.

Methods: field — to establish differences between the variants of the experiment; laboratory - to
determine the biochemical composition of fruits, genetic - to determine the indicators of combining ability;
mathematical and statistical - to assess the reliability of the research results.

Materials and methods of research. The research was conducted in 2017-2019 on the fields of
breeding and seed crop rotation of Cherkasy DSGDS. As parental forms were used the line Ne477 (sp, u)
and the Alya (sp) variety with a reduced fruit ripening period and three samples with a high lycopene
content in the fruit: Dark green (hp-2%); MO 112 (hp); T-3627(B°).

The experiments are based on the method of one-factor experiments [16]. Testing of the obtained
hybrids and source material was carried out taking into account the recommendations and
methodological approaches [17, 18]. Determination of lycopene content in fruits was carried out according
to the method provided by the Institute of Vegetable and Melon Growing of NAAS. Evaluation of the
combining ability of the trait "lycopene content in tomato fruits" was performed according to the first
scheme V.I. Griffing with a matrix of crosses and tests p2 (direct and reciprocal crosses + parent forms),
where p - is the quantity of parent forms according to the guidelines [19, 20].

Research results. The dispersion analysis of the combining ability (table 1) shows significant
differences in general and specific combining ability. In addition, in 2017 and 2018, a significant reciprocal
effect was found. In this case, when there is a reciprocal effect, it can be eliminated by averaging the
values of the trait in direct and inverse hybrids and take the same average values.



1. Dispersion analysis of the combining ability of lycopene content in tomato fruits, 2017-2019

Sum of Degrees of Mean :
Year Source Squares freedom Squares F estim. F tabl.
Hybrids 371,6 24 15,5* 225,6 1,79
~ GCA 29,2 4 7,3* 319,1 2,61
S SCA 66,7 10 6,7* 291.,4 2,08
N Reciprocal *
offects 28,0 10 2,8 122,5 2,08
Error 1,1 48 0,02*
Hybrids 268,1 24 11,2* 9,7 1,79
© GCA 477 4 11,9* 31,1 2,61
S SCA 20,2 10 2,0* 53 2,08
I :
Reciprocal 21,5 10 22" 5,6 2,08
effects
Error 18,4 48 0,4*
Hybrids 160,8 24 6,7* 9,4 1,79
o GCA 47 1 4 11,8* 49,5 2,61
S SCA 45 10 0,4 1,9 2,08
- Reciprocal 2.0 10 0,2 0.9 2,08
effects ’ ’ ’ ’
Error 11,4 48 0,2

Note. * significant at 0.95 level.

We found that samples MO 112 and T-3627 for three years had a high (reliable positive effects)
GCA - 0.25-1.21 and 0.49-0.96, respectively, the sample Dark green high value GCA (1.02) had only in
2017, in other years of research - the average values of the effects of GCA (Table 2).

2. Effects of the general combining ability (GCA) of the trait of "lycopene content in tomato
fruits”, mg /100 g, 2017-2019

Variety, line 2017 2018 2019
Line Ne477 -0,88* -0,92* -1,24*
Alya -0,89* -1,26* -1,01*
Dark green 1,02* 0,05 0,23
MO 112 0,25* 1,18% 1,21*
T-3627 0,49* 0,96* 0,80*
Pos 0,09 0,35 0,28

Note. * significant at 0.95 level.

Variety Alya and line Ne477 had a low (significant negative estimates of effects) assessment of
GCA - from minus 0.89 to minus 1.26 and from minus 0.88 to minus 1.24, respectively.

Significant differences in specific combining ability (SCA) indicate that some hybrid combinations
within the variety differed significantly from its average value. Thus, based on the fact that general
combining ability (GCA\) is equivalent to additivity, and spesific combining ability (SCA) is equivalent to
non-allelic interaction of genes, in the system of genetic control the main part in the set of varieties is
represented by genes with additive effects. At the same time, significant contribution and non-additive
effects were revealed. In order to identify lines and varieties with high or low SCA, for each parental form,
variance was calculated for comparison with the total average value (Table 3).




3. Evaluation of variance of effects of general combining ability (GCA) and spesific combining
ability (SCA) for evaluation of lines and varieties on the trait of [ycopene content in tomato fruits,
mg/100g, 2017-2019

Variety, line Alya Dark MO -112 T-3627 S 2 S 2
Year green Si 0
Line Ne 2017 0,46* -1,05* -0,68* -0,59* 0,52 0,77
4 2018 -0,45 -0,04 0,07 0,24 -0,22 0,79
2019 0,38 -0,07 -0,18 -0,77* 0,01* 1,50
Alya 2017 -1,44* -0,45* 2,96* 2,79* 0,79
2018 0,96* -0,25 -0,64 0,11 1,53
2019 -0,48 -0,31 0,44 -0,01 0,98
Dark green 2017 1,14* -1,57* 1,72 1,03
2018 -1,35* 0,15 0,41 -0,05
2019 0,16 -0,41 -0,07 0,02
MO 112 2017 -2,32* 1,81 0,06
2018 2,12* 1,32* 1,34
2019 0,13 -0,14 1,43
T-3627 2017 4,22* 0,23
2018 0,96* 0,87
2019 0,06* 0,60
2017 2,21
Average 2018 0,52
value
2019 -0,03

Note. 55i2 - variance of the effect of specific combining ability; 5912 - variance of the effect of general
combining ability.

Comparing the variants of SCA with their diallel average value, we found that over the years of
research, a high annual value of SCA was observed in the sample T-3627 (0.06-4.32). Sample MO 112
(carrier of the hp gene), line Ne477 and variety Alya changed the value of SCA under the influence of
external factors (from high to low).

Comparison of the variance of the effects of general (5912 ) and specific ( 5Si2) combining ability
revealed that in the line Ne477 (for three years of research), Alya variety (with normal lycopene content in
fruits), sample MO 112 (with high lycopene content) for two years of research 5g12 > §Si2 , Which

indicates the predominance of additive effects of genes in the genetic control of the trait "lycopene
content in fruits". The advantage of additive effects in determining the value of the trait allows to
recommend selection in the breeding process by phenotype. In samples of Dark green and T-3627 for

two years of research 5912 < 55i2 , which indicates the advantage of non-additive effects.




Conclusions
After analyzing the results of the study of combining ability, it should be noted that the samples MO

112 and T-3627 can be used both to create heterosis hybrids and as a component of synthetic varieties.
Sample Dark green (with high and medium values of GCA effects and medium values of SCA), Alya
variety and line Ne477, which have low values of GCA effects and cannot be used in heterosis breeding
for high lycopene content in fruits, can be used to create synthetic varieties.

The established advantage of additive effects in the genetic control of the trait "lycopene content
in tomato fruits" allows to recommend selection in the breeding process by phenotype, starting from the
second hybrid generation.
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