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EXPRESSION AND INHERITANCE OF PERFORMANCE CONSTITUENTS AND SEED
COLOR IN WINTER RYE

Mazur Z.0.
Verkhniachka Experimental Breeding Station of the Institute of Bioenergy Crops and Sugar Beet
of NAAS, Ukraine

Inheritance of morphological features of seed color and performance constituets in F; and
F, winter rye hybrids from crossing (1.471 / 1.44) and (1.471 / 1.4351H.4-1-22) was investigated.
Quantitative parameters of performance of F; hybrids, such as the number of productive shoots,
the flower number per spike, the kernel number per spike, the kernel weight per spike, and the
kernel weight per plant, exceeded the parents’ averages. High degree of phenotypic dominance
indicate that these traits are inherited by intermediate type, partially dominance and
overdominance. In F, hybrids, dihybrid segregation by color was observed: purple pigments in
the caryopsis coat (purple), aleurone layer pigmentation (intermediate) and wild-type color
(white), with a quantitative prevalence of the wild-type color of the caryopsis. Regardless of the
winter rye lines with colored and wild-type coloration involved in crossing, a monogenic
recessive inheritance was revealed for the purple color of seeds.
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Introduction. Despite significant achievements in genetics, the quantitative trait inheritance
theory is always in the first stages of its development [1]. Current breeding programs require
constant enrichment with new germplasm; this is a prerequisite for progress in breeding [2].

Today, on food markets in many countries worldwide (China, India, South Korea,
Australia, Canada, the USA, Japan, Austria, the Czech Republic, etc.), the introduction of healthy
foods based on unique varieties of cereals with colored (black, blue, purple) grain is gaining
momentum. The authors of these studies called the appearance of cereals with colored grain on
the market "the second green revolution", since colored grain as a way of its biofortification
radically improves the nutritional (biological) status of grain and its products [3].

Therefore, recently, studies of pigmented seeds of cereals have become especially
relevant, since anthocyanins and polyphenols, as powerful plant antioxidants, are able to
scavenge (neutralize) free radicals, reducing risks of dangerous diseases associated with oxidative
stress [4].

According to numerous clinical studies, foods that are rich in anthocyanins and
polyphenols (referred to as micronutrients) are considered to prevent a whole set of pathologies,
including cardiovascular diseases, cancer, diabetes, hypertension, inflammation, and obesity; they
help to slow down aging, protect the body from destructive UV radiation, etc. [5].

Therefore, involvement of genetically valuable forms in hybridization raises probabilities
of combining valuable economic traits, which increase yield, protein content in grain, bread-
making properties, resistance to phytopathogens, and environmental plasticity, in one genotype
[6].

Anyone working with biological materials is quickly confronted with the need to find a
way to manage variability and inheritance. This refers to breeders whose main job is to create
starting materials that are to be evaluated and/or compared with existing ones and between
themselves in various aspects [7].

To create winter rye heterozygous varieties and hybrids consistently producing high yields
under various environmental conditions, it is important to select crossing components with
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colored grain (feamel and male forms), to explore the gene pool of this crop and to chose
individual lines, basing on knowledge of genetic control and variability of grain color in this crop
[8].

Purpose. To establish peculiarities of inheritance of major breeding traits in lines -
parents of winter rye hybrids; to assess the effectiveness of creating starting material for heterotic
winter rye breeding based on lines - donors of purple seed color and a set of valuable economic
characteristics.

Material and Methods. We investigated F, and F, winter rye simple hybrids: 1471 / 1.44
and 1.471 / L4351H.4-1-22.

From hybrid combination No. 16/17-743/18 created by selection and self-pollination in
2017-2020, we obtained a winter rye line with purple caryopses and spike glumes (hereinafter
line 1.471) (Fig. 1).

In line 1.471, the plant height limit (Lim) is 100-131 cm; the spike length is 9.8-13.1 cm; ,
kernels are oval. Purple pigments are localized in the coat of the anthocyanin-colored aleurone
layer of the caryopsis; the colored surface is with normal gloss and roughness that are not scraped
off the caryopsis. Leaves are gray and densely coated with wax. Plants are V-shaped, or patulous.
The thousand kernel weight is 3651 g.

In line 1.44, the short stem is a dominant trait (plant height = 87—-110 cm); the productive
tillering capacity is high. The thousand kernel weight is 52.2 g, largely reflecting the big size of
seeds. Big kernels are determined by two recessive non-allelic genes with a complementary or
epistatic effect.

’ v,f‘ \\.

Fig. 1. Winter rye line 471 plants with purple spikelet glumes and seeds in a hybrid
nursery.

Line 1.4351H.4-1-22 has short stems; plants are 80-88 cm tall; the leaf arrangement is
erectoid, reducing the competition among plants for light and increasings the efficiency of
photosynthesis; there is no wax coating on leaves. The kernel weights per spike and per plants as
well as thousand kernel weight are high (the thousand kernel weight is 43.4 g).

The experiments were conducted in the fields of Verkhniachka Experimental Breeding
Station of the Institute of Bioenergy Crops and Sugar Beet (Verkhniachka EBS IBCSB) of
NAAS of Ukraine (Umanskyi District of Cherkassy Region) in 2021-2022. The soils in the
experimental fields are variably podzolized and leached chernozems, occupying about 74% of the
land area. The basic and pre-sowing tillage was traditional for the Forest-Steppe zone of Ukraine.
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The climate is moderately continental and, according to the main weather parameters,
corresponds to an unstably wetted zone. Accessions were sown within the optimal timeframe; the
farming techniques were conventional for the Forest-Steppe. The above-described lines were
studied in breeding nurseries, where their variability in major morphological features was
demonstrated. The following F; and F, simple hybrids were studied: 1.471 x 144 and 1471 x
1.4351H.4-1-22. F; hybrids were sown manually in single-row sections of 1.5 m long by wide-
row method (interrow distance = 25-30 cm) to a depth of 3—4 cm in 2020. The sowing design
was as follows: female form — F; — male form, using the female and male forms as references.

All fully ripened plants were harvested with roots. For structural analysis, 25 plants of the
hybrids, female and male forms were taken; they were evaluated for the following morphological
features: plant height (PH), the productive shoot number (PSN), and spike length (SL). We
analyzed such performance constituents as the flower number per spike (FMS), kernel number
per spike (KNP), kernel weight per spike (KWS), kernel weight per plant (KWP), and thousand
kernel weight (TKW). During the growing period, the phases of plant growth and development
were monitored.

To determine the inheritance of stem length and plant performance constituents by F;, we
calculated the phenotypic dominance degree (hp) by Griffing’s formula [9]. The data obtained
were grouped in accordance with Bale and Atkins’s classification [10].

hp = 2™'(F, -MP)/(HP-MP),

where F,, — hybrid mean in the n™ generation obtained by self-pollination from F;

MP — mean for both parents;

HP — mean of the better parent.

The dominance degree estimates were interpreted using Bale and Atkins’s scale: from -oo
to +00. -0 < hp,r< -1 means hybrid depression; -1 < hp,r < -0.5 — depression caused by negative
dominance; -0.5 < hpr < +0.5 — intermediate inheritance caused by additive effects of genes;
+0.5 < hprer < +1 — dominance; 1< hper < +00 — overdominance (true heterosis).

F, hybrids were sown in 2022, as a population in a breeding nursery in plots of 10 m®,
thinned sowing. At the end of the winter rye growing period, plants with different combinations
of phenotypic expression of spike morphology were evaluated in F, populations.

A total of 25 F; hybrids plants and 400450 F, plants were analyzed. Significance of
quantitative differences between the parents and F; was assessed using the Student's t-test [11].
Correspondence of the observed ratio of phenotypic classes to the theoretical one in F, was
assessed by the 2 test [12].

Results and Discussion. F; and F, hybrids from two crossing combinations, 1.471 / 1.44
and 1.471 / 1.4351H.4-1-2, had identical morphological type, judging by performance constituents
and purple coloration with pigments localized in the coat and aleurone layer of the caryopsis

(Fig. 2).
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Fig. 2. Samples of winter rye seeds: a — purple pigments are localized in the shell,
b — purple pigments are localized in the aleurone layer of the grain, ¢ — white color of the
grain, purple pigments are absent, F; (2021) and F, (2022).

When studying the variability and inheritance of traits in F; plants, we found that some
parameters were different from those in parents (Table 1).
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Table 1
Structural analysis of F; hybrids and dominance degrees of the performance
constituents in the 1.471 / 1.44 and 1.471 / 1.4351H.4-1-22 crossing combinations, 2021

Parent and combination

Biometric 1. 471/
parameters 1. 471 1. 44 L 435;2N'4-1- 1. 44 1. 4351 N.4-1-
22

Plant height, 116.9+3.4 90.6+2.5 65.4+1.1 101.7+1.5% 8444.0**
cm -0.16 -0.3
Productive 8.9+0.3 7.1+0.8 8.3+0.5 9.54+0.7 9.0+1.2
shoot number 1.7 1.3
Spike length, 9.24+0.2 8.9+0.2 10.4+0.2 11.0+0.3 9.34+0.3**
cm 19 -0.8
Flower number 67.6+2.3 69.7+1.8 60+ 3.4 724+2.3 69.8+1.3**
per spike 33 1.6
Kernel number 44.1£3.4 53.4+1.9 45.84£3.5 65.843.4 64.0+1.9
per spike 3.6 23.8
Kernel weight 1.6+0.2 2.3+0.2 1.7£0.1 2.440.1 2.340.1
per spike, g 1.3 13
Spike kernel 17.9+£1.7 20.6£3.2 11.1£1.5 20.6+0.1 12.6+3.4
weight per 1.0 0.6
plant, g
Thousand 4.4+0.2 4.6+0.2 2.9+0.1 4.4+0.2 2.740.2
kernel weight, g -1.0 -1.4

Note: numerator - absolute values; denominator - phenotypic dominance degree (hp);
* statistically significant difference from a male form at p < 0.05;
** statistically significant difference from a male form at p < 0.05.

The ‘plant height’ trait was inherited by hybrid depression, with hp of -0.16 and -0.3 in
the 1.471 / 1.44 and 1471 / 1.4351H.4-1-22 hybrids, respectively. Burdeniuk-Tarasevych L.A. [13]
reported that the plant height in F; winter bread wheat hybrids was mostly close to the mean
values in the original forms. In F», the plant height was widely variable, with segregation of
biotypes that were taller than the tall parent. The authors [7, 13] noted that selection of semi-
dwarf plants was possible from all crossing combinations between short-stemmed forms with
tall-stemmed ones.

Productive tillering is one of the most important constituents of yield, which is influenced
by hereditary and environmental factors. There were a lot of plants whose values were higher
than the parents’ mean, which meant the heterosis effect for productive tillering in F;. The
phenotypic dominance degree (hp) in 1.471/1.44 and 1471 /14351H.4-1-22 was 1.7 and 1.3,
respectively, indicating overdominance.

Compared to plant height, spike length is less dependent on environmental factors, which
is taken into account when one selects genotypes among hybrid populations [7]. In 1.471 / 1.44,
heterosis was seen (overdominance, hp = 19) for the ‘spike length’ trait. In 1.471 / 1.4351H.4-1-
22, depression (negative heterosis, hp = -0.8) was observed. The expression index of the ‘spike
length’ trait in F; was 9.3 cm, which was similar to the smallest value in the female form, 1471,
(9.2 cm), with 10.4 cm in the male form, 1.44.

As to the flower number per spike, F; hybrids showed heterosis compared to the parental
forms. The trait was inherited by overdominance as true heterosis. The overdominance degree
was 3.3 and 1.6 in the 1.471 / 1.44 and 1.471 / L4351H.4-1-22 combinations, respectively.

In F; hybrids, there were more kernels per spike than in the female form and the
difference was significant in both crossing combinations. For the kernel number per spike,
overdominance was inherent in 1471 /144 and 1471 /14351H.4-1-22 (hp = 3.6 and 23.8,
respectively).
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The main components of winter rye yield include kernel weight per spike. In 1.471 / 1.44
and 1471 /14351H.4-1-22, the ‘kernel weight per spike’ trait was inherited as true heterosis
(overdominance). The dominance degree was 1.3 and 13, respectively. Having investigated
interactions of winter rye genes that determine the ‘kernel weight per spike’ trait, V.V. Skoryk,
N.V. Symonenko et al. [7] noted negative heterosis (depression).

Kernel weight per plant is the combined contribution of kernel weight per spike and
productive tillering of individual plants. The "kernel weight per plant" trait in F; winter rye
hybrids was 20.6 g in of 1.471 / 1.44 and 12.6 g in 1.471 / 1. 4351H.4-1-22, which corresponded a
2.7-fold increase and a 5.3-fold decrease compared to the female forms of the hybrids. In 1471 /
1.44), the kernel weight per plant was similar to that in the male form, amounting to 4.4 g, while
in 1.471 / L4351H.4-1-22, this parameter was 1.5 g higher than in the male form. Taking into
account the dominance degree (hp = 1.0 and hp = 0.6), we established that the ‘kernel weight per
spike’ trait showed dominant inheritance.

Thousand kernel weight reflects kernel size and uniformity. In the F; hybrids, there was
no significant difference in the thousand kernel weight compared to the parents. The dominance
degree was -1.0 and -1.4 in 1471/144 and 1471 /14351H.4-1-22, respectively, meaning
negative heterosis (depression). Other researchers who studied the inheritance of kernel weight
per plant, as one of the main indicators in selection of valuable hybrids, revealed that this trait
was mainly inherited by overdominance and, to a lesser extent, by partial or incomplete
dominance of a parent with a stronger or weaker expression of the trait, and by depression [1].

Our data on the performance constituents in the parental forms and their simple hybrids
(1.471/1.44 and 1.471/1.4351H.4-1-22) demonstrate that the inheritance coefficients for the
‘productive shoot number’, ‘flower number per spike’, ‘kernel number per spike’, ‘kernel weight
per spike’, and ‘kernel weight per plant’ traits are inherited by dominance and overdominance.

Analysis of segregation of F, hybrid plants divided the F, populations into phenotypic
classes based on caryopsis color. The observed segregation by caryopsis color is shown in
Table 2.

Table 2
Segregation F, hybrids by caryopsis color in 1.471 / 1.44 and 1.471 / .4351H.4-1-22, 2022

Caryopsis color

Segregation >

Wild type  Intermediate  Purple Ratio Vob.
1.471 / 1.44
Observed 632 22 35 N
Expected 516.8 43.1 129.1 12:3:1 115
1.471 / 1.4351H.4-1-22
Observed 340 75 30 N
Expected 333.8 83.4 27.8 12:3:1 1.14

Note: * v, = 5.99.

Of 689 analyzed F, plants in 1.471 / 144, there were 632 plants with wild-type (yellow-
green) color of the aleurone layer, 35 plants with purple color and 22 with an intermediate color; of
445 studied plants in 1471 / 1.4351H.4-1-22, there were 340 with wild-type, 30 with purple
caryopses, and 75 with an intermediate color.

Hybridological analysis showed that the data obtained were a result of dihybrid segregation,
which statistically significant close to the theoretical ratio of 12: 3: 1 (}’w.= 1.15 and 1.14,
respectively, at y°r = 5.99), indicating epistasis.

Thus, in F», there were considerably more plants with wild-type color of the aleurone layer
than plants with intermediate or purple color. Emergence of hybrid plants with intermediate color
of caryopses, which was not seen in the parents, is noteworthy. The purple color of the caryopsis in
the male lines, 1.44 and 1.4351H.4-1-22, turned out to be recessive relative to the wild type color,
but dominant in 1.471 / 144 relative to intermediate color; however in 1.4351H.4-1-22, on the
contrary, it was recessive relative to intermediate color. Perhaps there is epistasis in 1.471 / 1.44 in
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the following sequence: wild-type > purple > intermediate, but in 1471 / L4351H.4-1-22, the
sequence is different: wild type > intermediate > purple. Morhun V.V. and Lohvynenko V.F. [14]
studied different generations of winter wheat hybrids after individual selections and identified
plants with purple seeds. Therefore, regardless of the genotypes of winter rye lines included in
crossings, the ‘purple color of seeds’ trait showed a monogenic recessive inheritance. Figure 3
illustrates the segregation of the offspring from one plant by seed color.

Fig. 3. Splitting the offspring of one plant according to the color of winter rye seeds.

Conclusions. Having studied the inheritance of morphological characters in F; and F»
hybrids from crossing winter rye lines with purple pigments in the caryopsis coat with lines with
wild-type color of the caryopsis, we found that the purple color of seeds showed a recessive
inheritance.

In F; hybrids, the quantitative constituents of the plant performance, such as the
productive shoot number, flower number per spike, kernel number per spike, kernel weight per
spike, and thousand kernel weight were higher than the parents’ mean values.

In F, hybrids, dihybrid segregation into forms with different colors was observed: wild-
type color of the caryopsis, purple color of the aleurone layer (intermediate), and pigments
localized in the caryopsis coat (purple). The purple color turned out to be recessive relative to the
wild-type color in both hybrid combinations, but at the same time it was dominant relative to the
intermediate color in 1.471 / L44; however, in 1.471 / 1.4351H.4-1-22, on the contrary, the color of
the aleurone layer (intermediate) showed a dominant inheritance over purple pigmentation, which
may be a consequence of epistasis. Regardless of the genotypes of winter rye lines with wild-type
and colored grain included in crossings, both combinations demonstrated a monogenic recessive
inheritance.

Cnucok BUKOPHCTAHUX JIKePeJT

1. Ckopuk B.B., Cumonenko H.B., laumok .M., Heixnana C.C., Xapuenko I1.B., Byrynens
0.0., Mazyp 3.0., Maiicrep LI. I'ibpunonoriyauii aHasi3 TpUTiOPUIHOTO CXPEIIyBaHHS KUTA
o3umoro (Secale cereale L.). CoproBunpoOyBanHs Ta oxopoHa mpas Ha coptu. K., 2010. Bur.
2 (12). C. 15-22.

2. Hsu P., Lander E., Zhang F. Development endapplication jf CRISPR-Cas9 for gebome
engineering. Celll57, Elsevier Snc. 2014. P.1262-1278. DOI:
https://doi.org/10.1016/j.cell.2014.05.010.

3. Guo, Z., Xu, P., Zhang, Z. &amp; Guo, Y. Segregation ratios of colored grains in F1 hybrid
wheat. Crop Breeding and Applied Biotechnology. 2012. Ne 12. P.126-131. DOI:
http://dx.doi.org/10.1590/S1984-70332012000200005.

4. Jacobs D., Steffen L. Nutrients, foods, and dietary patterns as exposures in research: A
framework for food synergy. Amer. J. Clin. Nutr. 2003. Ne 78. P. 508-513. DOI:
https://doi.org/10.1093/ajen/78.3.508S.

44



10.
11.
12.
13.

14.

Andersen Sh., Jordheim M. The anthocyanins. In Flavonoids: Chemistry, Biochemistry and
Applications. Sh., Andersen, K.R., Markham (Eds.). Boca Raton, FL: CRC Press. 2006. P.
471-552. DOIL: https://doi.org/10.1201/9781420039443.

Omreiic H.C., beky3aposa A.C., Manyksan WU.P.,.Bachensn JLU., Bomryenko I'.A., A6ues B./1.
ViydmieHre LEeHHBIX MYTaHTOB U COPTOB O3MMOM TMIIEHMIBI, CO3JAaHHBIX METOIOM
XMMHYECKOTO MyTareHesa, IO CEJIEKIIMOHHO-BAXHBIM Npu3HakaM. BicH. Ykp. Tos-Ba
reHeTHKiB 1 cenekiionepis. 2007. T. 5, Ne 1-2. C. 126-132.

Ckopuk B.B., Cumonenko H.B., [aBumiok [.M., Heixnana C.C., Xapuenko ILB.,
Byrynens O.0., Maszyp 3.0., Maiictep [I. VYcmaakyBaHHs KinbKicHUX o3HakK F2
TPUTIOPUIHOTO CXpELTyBaHHs kuTa 03UMoro (Secale cereale L) B pi3HMX yMOBax cepelOBHUINA.
CoproBunpoOyBaHHs Ta 0xopoHa npaB Ha copti. K., 2010. Bun. 2(12). C. 28-38.

Ma3zyp 3.0. ['eHeTHKa aHTOIIAHOBOTO 3a0apBJICHHS >KHUTA O3UMOTO. ['€HeTHKa 1 CeNeKIlis B
CydacHOMY arpokomiuiekci. Matepianmn VI BceykpalHCBKOI HAyKOBO-  MPAKTUYHOT
KoHpepeHnuii. Ymans, 2021. C. 127-128.

Griffing B. Analysis of quantitative gene-action by constant parent regres-sion and related
techniques. Genetics. 1950. V.35. P. 303-321. DOI: https://doi.org/10.1093/genetics/35.3.303
Beil G.M. Atkins R.E. Inheritance of quantitative characters in grain sorghum. lowa State J.
Sci. 1965. V. 39, Ne3. P. 345-348. DOI: https://doi.org/10.15407/frg2018.01.046

HocnexoB Bb.A. Meroauka TOJEBOrO OMNbITa (C OCHOBAMHM CTaTUCTHYECKOW 00paboTKH
pe3yapTaToB uccienoanus). M.: Konoc, 1985. 351 c.

Poxunkuii I1.®. Beenenue B craructuueckyro renetuky. Munck: Boeraiim. [k, 1974. 448 c.
Bypnentok-Tapacesuu JILA. Xapakrep ycnanxkyBanus o3Hak T.spelta L. YopHoOunbchkumu
MyTaHTaMH TIIEHUI MSAKOI 03uMOi. DaKTOpu EKCHEepUMEHTAJIbHOI E€BOJIOLII OpraHi3MiB.
2013.T. 13. C. 135-139.

Mopryn B.B., JlorBunenko B.®. MyraunonHas cenekuus mueHunbsl. Kues: Hayk.TyMmKa,
1995. 624 c.

References
Skoryk V.V., Symonenko N.V., Davydiuk .M., Neizhpapa S.S., Kharchenko P.V., Butunets
0.0., Mazur Z.0., Maister L.I. Hybridological analysis of trihybrid crossing of winter rye.
Sortovyprobuvannia ta Okhorona Prav na Sorty. Kyiv. 2010; (12): 15-22.
Hsu P., Lander E., Zhang F. Development and application of CRISPR-Cas9 for genome
engineering. Cell. 2014; 157: 1262—1278. DOI: https://doi.org/10.1016/j.cell.2014.05.010.
Guo Z., Xu P., Zhang Z., Guo Y. Segregation ratios of colored grains in F1 hybrid wheat. Crop
Breeding and Applied Biotechnology. 2012; 12(2): 126-131. DOLI:
http://dx.doi.org/10.1590/S1984-70332012000200005.
Jacobs D., Steffen L. Nutrients, foods, and dietary patterns as exposures in research: A
framework for food synergy. J. Clin. Nutr. 2003; 78: 508-513. DOI:
https://doi.org/10.1093/ajcn/78.3.508S.
Andersen Sh., Jordheim M. The anthocyanins. In Flavonoids: Chemistry, Biochemistry and
Applications.  Sh.,, Andersen, K.R., Markham (Eds.). 2006: 471-552. DOL:
https://doi.org/10.1201/9781420039443.
Enheys N.S., Bekuzarova A.S., Manukyan I.R.,Vasfeld L.I., Volchenko G.A., Abiyev V.D.
Improvement of important for breeding traits in winter wheat valuable mutants and varieties
created by chemical mutagenesis. Visn. Ukr. Tov-va Henetykiv i Selektsioneriv. 2007; 5(1-2):
126-132.
Skoryk V.V., Symonenko N.V, Davydiuk I.M., Neizhpapa S.S., Kharchenko P.V., Butunets
0.0., Mazur Z.0., Maister LI. Inheritance of quantitative traits in F2 trihybrid crossing of
winter rye (Secale cereale L) in different environmental conditions. Sortovyprobuvannia ta
Okhorona Prav na Sorty. 2010; 2(12): 28-38.
Mazur Z.0. Genetics of anthocyanin coloration of winter rye. Genetics and Breeding in the
Modern Agrarian Complex. Abstracts of the 6th All-Ukrainian Scientific and Practical
Conference. [Responsible editor: O.0. Nepochatenko]. Uman. Uman. 2021: 127-128.

45



10.

11.

12.
13.

14.

Griffing B. Analysis of quantitative gene-action by constant parent regres-sion and related
techniques. Genetics. 1950; 35: 303—-321. DOI: https://doi.org/10.1093/genetics/35.3.303.

Beil G.M. Atkins R.E. Inheritance of quantitative characters in grain sorghum. Iowa State J.
Sci. 1965; 39(3): 345-348. DOL: https://doi.org/10.15407/frg2018.01.046.

Dospekhov B.A. Methods of field experimentation (with basics of statistical processing of
research data. M.: Kolos. 1985. 351 p.

Rokitskiy P.F. Introduction to statistical genetics. Minsk: Vysheish. Shk. 1974. 448 p.
Burdeniuk-Tarasevych L.A. Inheritance of T. spelta L. traits by Chornobyl mutants of winter
bread wheat. Faktory Eksperymentalnoi Evoliutsii Orhanizmiv. 2013; 13: 135-139.

Morgun V.V., Lohvinenko V.F. Mutational breeding of wheat. Kiev: Nauk. Dumka, 1995.
624 p.

OCOB/TUBOCTI ITIPOABY TA YCIIA/IKYBAHHA O3HAK EJIEMEHTIB
ITPOAYKTHBHOCTI TA 3ABAPBJIEHHA HACIHHA Y 7ZKUTA O3UMOI O

Maszyp 3.0.
Bepxwusitpka gociqHo-cenekniifia cranmis [HeTuTyTy 6i0eHepreTHuHUX KyJIbTYp 1 IyKPOBHX
oypsikiB HAAH, Ykpaina

Merta. BecraHoBUTH OCOOIMBOCTI yCHaIKyBaHHSI OCHOBHUX CEJEKLIHHMX O3HAK Y JiHIA — OaThKiB

riOpuiB  03MMOTO JKUTA; OLIHUTH €(EeKTUBHICT CTBOPEHHS BHUXIIHOTO MaTepiany Ui
TeTepPOTUYHOI CENEKLil )KUTa O3MMOT0 Ha OCHOBI JIHINA — JOHOPIB MypILypOBOTrO 3a0apBICHHS
HACIHHS Ta KOMIUIEKCY TOCIIOIapCHKO-IIIHHUX O3HAK.

Martepianu i metoau. Jlocnigu npooammu Ha noysix Bepxusmpkoi JICC IBKillb HAAH Vkpainu

VYmanceKoro paiiony, Yepkacbkoi oOmacti. CiBOy ribpuniB Fi 31icHIOBaIM OIHOPSAKOBUMHU
JUISTHKAMHA JIOBXXKUHOIO 1,5 M BpYy4HY IIMPOKOPSITHUM crocobom (Mbkpsmus 25-30 cM.) Ha
rmbuny 34 cm. Cxema ciBOM: MmarepuHcbka ¢opma — Fi—OarpkiBcbka Qopma, 3
BUKOPUCTAaHHAM OaThKIBCHKUX (popM sk craHmapriB. Bci pocnmuu y (a3i mOBHOI CTHIIIOCTI
30upany 3 KOpiHHAM. [ cTpyKTypHOro aHamizy Opaiu 1o 25 pociuH riopuiB, MaTepHHCHKUX
Ta OaTbKIBCHKUX (POopM, AKiI JOCIUDKYBAIM 32 TaKUMHU MOPQOJIOTTYHMMHU IMOKa3HUKAMH, SK
Bucotra pociuH (BP), kimbkicte mpoayktuBHuX maroHiB (KIIII), momxwmaa komocy (IK).
AHaizyBaiay Taki eIeMEHTH MPOJyKTUBHOCTI, K KUTBKICTh KBITOK B Kojoci (KKK), kinbkicTh
3epeH B konoci (K3K), maca 3epHa 3 konoca (M3K), maca 3epna 3 pocnuau (M3P), maca 1000
3epen (MT3). VY mpomeci Bererauii cmocrtepirand (asd  pocTy Ta  PO3BUTKY
pociuH. BinnoBigHIiCTh  ()aKTHYHOTO CHIBBIIHOLICHHS (PEHOTHIIOBUX KJIACIB TEOPETHYHOMY
criiBBinHOMmEHHIO B F) BU3HAYAIN 32 KpUTEpieM ).

Pe3yabTatn Ta 00roBopeHHsl. JlOCHDKEHO XapaKTep YCMaJKyBaHHS MOP(OJOTIYHUX O3HAK

3a0apBICHHSHACIHHS Ta €JIEMEHTIB TpoAyKTHUBHOCTI TiOpuaie F; 1 F,, onepxanmx
3acxperryBaHHs (1.471 / n.44) Ta (1.471 / 1.4351H/4-1-22) xwura o3umoro.KinbKicHI mapameTpu
€JIEMEHTIB MPOAYKTUBHOCTI Ti0puaiB Fj, K KUTbKICTBIPOIYKTUBHUX MAaroHiB, KUIbKICTh KBITOK
B KOJIOCI, KUTBKICTh 3€pEH B KOJIOCi,Maca 3epHa 3 KOJ0ca, Maca 3epHa 3 POCIMHU NEPEBHUIIYBAIN
MOKa3HUKU OaTbKIBCBKUX CepelHIX 3Ha4yeHb. BHCOKI TOKa3HUKH CTYHEHHS (PEHOTHIIOBOTO
JOMIHYBaHHSI BKa3ylOTh Ha yCHaJKyBaBHHS IIMX O3HAK 32 MPOMDKHHM, YAaCTKOBO JOMIHAHTHUM
Ta HAAJOMIHAaHTHUM Tunamu. Y TibpuzaiBs F, cnoctepiranocs muriOpuaHe po3IICIUIEHHS Ha
dbopmu 13 3abapBieHHSM: (IOJETOBUX IMICMEHTIB JIOKAJi30BaHMX B OOOJOHIN 3EpHIBKH
(dpioneroBe), 3abapBlICHHS AIEHPOHOBOrO IIapy 3€pHIBKHU (IIPOMDKHE) Ta HOpMalsibHE (Oi1e), 3
KUTBKICHOIO MEPEBAror0 HOPMAIBHOTO 3a0apBIICHHS 3€PHIBKH.

BucHoBkn. HeszanexHo Bi TEHOTUMIB JIHIA JKUTa O3UMOTrO, BKIIOYCHHUX Yy KOMOIiHAIIii

CXpElIyBaHHS 3 KOJIbODOBUM 1 HOPMAJbHMM 3a0apBJiCHHSIM, 3a O3HAKOIO (hioseToBOro
3a0apBIIeHHS HACIHHS BUSBJICHO MOHOT€HHHI PELIECUBHUN XapaKTep yCIaIKyBaHHS.

Knwouoegi cnosa: scumo o3ume, ceHemuyHuil aHais, YcnaoKky8auts, 3a6apeneHHs HaACiHHA,
Moponoeiumi o3HaKu, NiHii
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FEATURES OF MANIFESTATION AND INHERITANCE OF TRAITS ELEMENTS OF
PRODUCTIVITY AND SEED COLOR IN THE LIFE OF WINTER RYE

Mazur Z.0.
Verkhniatka Research and Breeding Station of the Institute of Bioenergy Crops and Sugar Beet of
the National Academy of Sciences, Ukraine

Purpose. To establish peculiarities of inheritance of major breeding traits in lines - parents of
winter rye hybrids; to assess the effectiveness of creating starting material for heterotic winter
rye breeding based on lines - donors of purple seed color and a set of valuable economic
characteristics.

Material and methods. The experiments were conducted in the fields of Verkhniachka
Experimental Breeding Station of the Institute of Bioenergy Crops and Sugar Beet
(Verkhniachka EBS IBCSB) of NAAS of Ukraine (Umanskyi District of Cherkassy Region) in
2021-2022. The following F; and F, simple hybrids were studied: 1471 x 144 and 1471 x
1.4351H.4-1-22. F, hybrids were sown manually in single-row sections of 1.5 m long by wide-
row method (interrow distance = 25-30 cm) to a depth of 3—4 c¢cm in 2020. The sowing design
was as follows: female form — F; — male form, using the female and male forms as references.
All fully ripened plants were harvested with roots. For structural analysis, 25 plants of the
hybrids, female and male forms were taken; they were evaluated for the following
morphological features: plant height (PH), the productive shoot number (PSN), and spike length
(SL). We analyzed such performance constituents as the flower number per spike (FMS), kernel
number per spike (KNP), kernel weight per spike (KWS), kernel weight per plant (KWP), and
thousand kernel weight (TKW). During the growing period, the phases of plant growth and
development were monitored. Correspondence of the observed ratio of phenotypic classes to the
theoretical one in F, was assessed by the %2 test.

Results and discussion. Various forms from a genetic collection, carriers of dominant and
recessive alleles of one or several marker traits were used as the starting material to explore
expression and inheritance of morphological traits. Hybrid combination No. 16/17-743/18 (line
471) with purple seeds, which had been created by selection and self-pollination (inbreeding),
was crossed with donors of the dominant ‘short stem’ trait with wild-type (light) color of seeds,
1.44 and 1.4351H.4-1-22. In F; hybrids, the quantitative constituents of the plant performance, in
particular the productive shoot number, flower number per spike, kernel number per spike,
kernel weight per spike, and kernel weight per plant were higher than the parents’ mean values.
High degree of dominance indicated that these traits were inherited by dominance and
overdominance. In F, hybrids, dihybrid segregation into genotypes with different colors was
observed: purple due to pigments in the caryopsis coat, intermediate and wild-type color of the
aleurone layer, with greater number of wild-type plants. The purple color of the caryopsis in the
parental lines, 1.44 and 1.4351H.4-1-22, turned out to be recessive relative to the wild-type color,
but at the same time it was dominant in 1471 / 144 relative to intermediate color, and in
1.4351H.4-1-22, on the contrary, it was recessive in relation to intermediate color. Epistasis in
1.471 / 1.44 was seen in the following sequence: wild-type > purple > intermediate, while in 1.471
/ L4351H.4-1-22 the sequence differed: wild-type > intermediate > purple.

Conclusions. Regardless of the genotypes of winter rye lines with colored and wild-type seeds
included in crossings, the purple color of seeds showed a monogenic recessive inheritance.

Key words: winter rye, genetic analysis, inheritance, seed color, morphological traits, lines
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