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Introduction

Yakymchuk, R. A., Sobolenko, L. Y., & Sorokina, S. I. (2020). Genetic analysis of morphological traits of the spike and reproduc-
tivity elements of speltoid chemomutant Triticum aestivum. Regulatory Mechanisms in Biosystems, 11(3), 469—474.
doi:10.15421/022072

Long use of the methods of direct intraspecies hybridization in the selective breeding of varieties of Triticum aestivum L. has led to
narrowing of their gene fund and close similarity of the genetic potential of their selective breeding traits. Using the method of experimen-
tal mutagenesis, one can induce systemic mutants with features of other hexaploid 7riticum species which can freely cross-breed with
other hybridization offspring, contributing to extension of genetic potential of cultivated wheat and creation of varieties with new levels of
manifestation of economically beneficial traits. We studied the pattern of inheritance of morphological traits of the ear, length of the stem
and the elements of productivity of speltoid chemomutant of 7. aestivum. For the genetic analysis we used hybrids F; and F; of soft wheat
obtained by cross-breeding speltoid macromutant (Smuhlianka speltoid), induced by the impact of aqueous solution of N-nitroso-N-
methylurea (NMU) in the concentration of 0.025% on the seeds of Smuhlianka variety, with plants of Smuhlianka variety (Erythrosper-
mum variety) and Podoloanka (Lutescens variety). To determine the pattem of inheritance the spike morphology, length of the stem and
the elements of productivity in F; hybrids, we calculated the extent of phenotype domination. In populations of F», we examined plants
with different combinations of phenotype manifestation of ear morphology. In F; hybrids, the speltoid shape of the ear, absence of awns
and red colour of the glumes indicated the dominant pattern of inheritance. The high level of phenotype domination of length of the stem
and ear, number of spikelets in the main ear indicates the inheritance of the features according to intermediate, partly dominant and over-
dominant types. Taking into account the segregation according to the features of spike morphology, awnedness and colour of glumes, the
plants of F, population were divided into phenotype classes, that is 12 and 6 in the combinations of respectively Smuhlianka speltoid x
Smuhlianka and Smuhlianka speltoid x Podolianka. We determined that the obtained results are the consequences of dihybrid linkage
which corresponds to the theoretical proportion of 12: 3 : 1. Segregation into non-aristate and aristate plants corresponds to the proportion
of monogene segregation of 3 : 1. Within separately distinguished phenotype classes, no independent inheritance of the shape of the ear
and awnedness was observed. Dihybrid segregation of F, plants into speltoid, squarehead and varieties Lutescence/Erythrospermum with
quantitative superiority of speltoid plants suggests the control of the trait by two non-allele genes with epistatic interaction. The red colour
of the glumes indicates the dominant monogenic pattern of inheritance. Absence of independent inheritance of the shape of the ear and
awnedness indicates localization of genes which determine these features in one chromosome.

Keywords: soft wheat; systemic mutations; ear morphology; elements of productivity; hybrid combinations; extent of phenotype domination.

teins and minerals in the grain (Sharma et al., 2016; Suchowilska et al.,
2020). Chasing fast improvement of the genetic potential of yield has led

The strategy of selective breeding of soft wheat at the contemporary
stage of the agriculture is oriented towards increasing its yield and adap-
tive potential while maintaining or improving grain quality (Guzman et al.,
2016; Diordiieva et al., 2018). The contemporary norm of annual impro-
vement of yield for the main agricultural crops accounts for 0.8-1.2%,
which should be increased to satisfy the increasing demand for plant pro-
ducts (Li et al., 2018). In recent years use of hybridization, back-cross
breeding and selection has been accompanied by successful combination
of the desirable traits related to grain yield, adaptation to abiotic loads,
resistance to diseases and protection against pests in one genotype of
wheat. However, the use of such methodology of genetic improvement of
the existing varieties of wheat has led to narrowing of their gene fund and
development of similarity according the genetic potential of features im-
portant for selective-breeding (Breseghello, 2013; Mondal et al., 2016).
Despite the increasing demand for food products of high quality, the yield
continues to be the main determining indicator of profitability of produc-
tion of grain crops. The recently created highly-productive varieties are
often characterized by insufficient quality due to the low content of pro-

to cultivation of mostly 7riticum aestivum L. and T. durum Desf. and
cessation or minimization of cultivation of other species of Triticum genus
(Voss-Felsetal., 2019). In 2018-2019, the global production of wheat was
assessed at 735 mln. tons, and allohexaploid bread wheat (7. aestivum)
accounted for around 94% of the total production. In 20172018 the pro-
duction of allotetraploid hard wheat (7. durum) equaled about 37.5 min.
tons with more than 5% share of the global production of grain crops.
Other species of wheat, particularly allohexaploid spelta (7. spelta L.),
allotetraploid farro (70 dicoccum Schrank) and diploid einkomn wheat
(T monococcum L.) are grown only in separate regions of the world,
including the EU, the Balkans, and the Indian Subcontinent, where they
occupy large areas (Callejo et al., 2015; Boukid et al., 2018). Evolution of
the selective breeding of plants caused genetic erosion, and thus, loss of
genetic diversity. The analysis of the genome of bread wheat revealed that
its polyploidization and domestication from three diploid ancestors re-
sulted in the loss of 10,000 to 16,000 genes and several gene families.
Atthe same time, as a result of prolonged use of limited numbers of
offspring varieties in hybridization and selection of high-yield varieties for
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certain ecological conditions, many beneficial genes are likely to have
been lost over the recent decades (Breseghello, 2013; Khoury et al., 2014;
Tadesse et al., 2016). Therefore, there is a serious need to work beyond the
model of contemporary agriculture and enrich the genome of wheat again
by introducing embryonic plasma with high non-homogenity.

A number of scientific institutions which work on the development of
varieties of wheat with a high level of productivity, resistance to unfavour-
able factors of the environment and high quality of grain have included the
methods of cross-breeding of geographically remote varieties with the
traits which correspond to the needs of contemporary agriculture (Xie
etal.,, 2015; Longin et al., 2016; Boukid et al., 2018). Use of interspecies
hybridization in the Triticum genus makes it possible to enlarge the gene-
tic potential of cultivated wheat and develop a variety with new levels of
manifestation of traits according to their genetic improvement. In this
respect, wild-growing, semi-wild and long time forgotten species are do-
nors of high content of protein, gluten, lysine, microelements, antioxidants
and resistance to low amounts of macroelements in the soil (nitrogen,
phosphorus, potassium), diseases and pests (Longin et al., 2016). As a
result of remote hybridization with participation of parents with different
sets of alleles, not only interspecies transfer of genes is possible, but emer-
gence of a different type of micromutation, which in some cases can be
useful for selective breeding (Hlebova & Baryisheva, 2016). The presence
of genome composition homologous to 7. aestivum (AuBD) and inhe-
rently determined agriculturally valuable traits (modest requirements in
terms of agricultural conditions, clearly expressed positive reaction to
nitrogen nutrition, high content of protein in the grain) makes allohexaplo-
id species of spelta wheat (7. spelta) valuable as a source of genetic im-
provement of the quality of soft wheat (Guzman et al., 2016; Rap et al,
2017; Deordiieva et al., 2018; Suchowilska et al., 2020). Hybrids of
T. aestivum and T. spelta could become an interesting alternative way of
eliminating unfavourable qualities of spelta and improvement of the nutri-
tive value of bread wheat. The positive results in selective breeding using
genotypes from cross-breeding of soft winter wheat with its wild-growing
and cultivated relative species obtained by the Institute of Plant Physiology
and Genetics of the National Academy of Sciences of Ukraine (IPPG)
indicate perspectives of using introgressive recombinative variability in the
programs of selective breeding of wheat (Morgun et al., 2016). Selective
breeding with the use of remote hybridization entails a number of prob-
lems, the most well-known of which is the inability of different species to
be cross-bred or infertility of hybrid progeny. They are related not only to
the non correspondence of genetic nuclear mechanisms (presence or ab-
sence of homologous chromosomes), but also is determined by cytoplas-
mic inherent factors. Using the method of experimental mutagenesis, it is
possible to induce the systemic mutants which have features of other he-
xaploid species of Triticum and could be cross-bred with the offspring.
Induction of speltoid macromutants in soft wheat has been reported by
many researchers (Forster et al., 2012; Morgun & Yakymchuk, 2015;
Burdenyuk-Tarasevich, 2017; Yakymchuk, 2019). Loci which underlie
speltoid phenotype differences were presumed to be blocks of closely
linked genes. At the same time, macromutational transformations are ex-
plained not only by the impact of genes or blocks of genes, but also by
possible transitions in the dominant or recessive conditions of separate
diploid genomes. Rapid inhibition of expression of some productivity
indicators, caused by such factors, in such speltoid mutants leads to low
productivity, which can be accompanied by high content of protein in
grain, similarly to 7. spelta. Development of speltoid mutants, detection of
their morphostructural peculiarities, genetic determination and pattern of
inheritance of productivity traits would allow us to assess the further per-
spectives of the most rational and efficient use of systemic macromutants
as donors of selective-breeding valuable characteristics of soft winter
wheat. The objective of the study was to determine the pattern of inheri-
tance of morphological features of the ear, length of the stem and elements
of productivity of speltoid chemomutant 7. aestivum.

Materials and methods
For the genetic analysis we used F; and F, hybrids of soft winter

wheat (T aestivum), obtained from cross-breeding of speltoid macromu-
tant (Smuhlianka speltoid), induced by influence of aqueous solution of
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N-Nitroso-N-methylurea in the concentration of 0.025% on the seeds of
Smuhlianka variety, with the plants of Smuhlianka variety (Erythrosper-
mum variety) and Podolianka (Lutescens variety). Hybrid plants were
grown in the fields of the experimental research area of the Institute of
Plant Physiology and Genetics of the National Academy of Sciences of
Ukraine (IPPG) in the Hlevaha urbanized settlement of Vasylkiv district
of Kyiv region. Research on plants of the varieties and the wheat mutant in
the husbandries of initial seed production revealed their stability according
to the main morphological features.

F; hybrids were planted manually in one row plots of 1.5 m length
and 30 cm distance between the rows. The sowing was performed accor-
ding to the following scheme: mother variety — hybrids of the first genera-
tion — father variety, using the varieties employed in cross breeding as
standards. For the structural analysis we selected 25 plants of both hybrids
and father varieties in the stage of complete ripeness, and then determined
their parameters of length of the stem and elements of productivity.
To determine the character of their inheritance, in F1 hybrids, we deter-
mined the extent of phenotype domination (hp) according to Griffing
(1950). The data obtained was systematized according to Beil & Atkins
(1965).

The generation of F, plants was planted as a population in the selec-
tive nursery in 10 m” plots, using thinned-out sowing. By the end of the
vegetation, in F, populations we recorded plants with different combina-
tions of phenotype manifestation of spike morphology traits. In general, in
F, populations we examined 400500 plants of each one. The reliability of
the quantitative differences between the father plants and hybrids was
determined using Student’s t-criterion. The correspondence of the actual
proportion of phenotype classes to the theoretical proportion in F, was
determined according to j criterion.

Results

Hybrids of the first generation of both combinations of cross-breeding
(Smuhlianka speltoid * Smuhlianka and Smuhlianka speltoid % Podolian-
ka) were represented by one morphotype: speltoid ear with red glumes
and absence of awns, indicating dominant inheritance of traits of speltoid
mutant. Determining the variability and the pattern of inheritance of a
number of the features in hybrids F, revealed that separate parameters of
the productivity elements are not found uniformly compared with the
father varieties (Table 1). Thus, the trait stem length of the first generation
hybrids significantly exceeded that in the father variety, being closer to the
parameters of the mother plants. Hybrids F; in the combination Smuh-
lianka speltoid x Podolianka were significantly higher than father varieties
and did not differ by this feature from mother plants. Depending on the
combination of cross-breeding, the feature was inherited according to the
type of partial positive dominance (hp = 0.73) for Smuhlianka speltoid x
Smuhlianka and over-dominance (hp = 1.13) for Smuhlianka speltoid
Podolianka. Length of the main ear of F; plants was greater than that of
the father variety and close to the parameter of mother plants. The extent
of phenotype domination ranged within 0.20-0.61, suggesting partial
positive dominance and intermediate inheritance of the mentioned trait.

General and productive tillering of wheat was characterized by lower
variability than other features which form the structure of yield. In F;
hybrids, compared with father plants, the parameters of the total and pro-
ductive tillering did not significantly change and were found to have do-
minant, partially dominant, intermediate and recessive types of inheritance
depending on the combination of cross-breeding.

The number of spikelets in the main ear in F; hybrids corresponded to
the level of the mother variety. However, this parameter in the combina-
tion Smuhlianka speltoid x Podolianka was reliably higher than in the
father variety — Podolianka. No significant differences according to this
trait were determined between F hybrids and their speltoid mother variety.
The trait of the number of ears in the main ear was inherited as the domi-
nant one with the effect of heterosis. In the combinations Smuhlianka
speltoid X Smuhlianka and Smuhlianka speltoid x Podolianka, the extent
of'its phenotype dominance equaled respectively 13 and 1.33.

The amount of grains from the main ear of F; hybrids significantly
exceed such parameter of the mother variety in the cross-breeding combi-
nation Smuhlianka speltoid x Smuhlianka and was significantly lower
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than in the father variety in the combination Smuhlianka speltoid x Podo-
lianka. The feature was inherited according to the intermediate type (hp =
0.11) and partial negative dominance (hp =—0.58). According to the mass
of grains fiom the main ear, F; hybrids significantly did not differ from
any of the father varieties. The parameter of the manifestation of the trait in
the combination Smuhlianka speltoid x Smuhlianka accounted for 2.3 g,

Table 1

corresponding to its average value of the both parents. In combination
Smuhlianka speltoid x Podolianka the parameter of mass of grain from
the ear of hybrids equaled 2.2 g, not differing from the level of the father
variety. The level of the phenotype dominance varied within 0.2-1.0,
indicating intermediate type of inheritance of the trait and partial positive
dominance.

Parameters of the elements of productivity of F; hybrids and the extent of their phenotype dominance (hp) (n=30, x = SD)

Father variety and combinations

.. . Smuhlianka speltoid %
Elements of productivity SUBE  Srubiianka  Podolianka Smublianka Podolianka
Spefion absolute value of the parameter  hp  absolute value of the parameter  hp

Length, cm stem 1184+17  868+05 99.8+0.7 114.1 £1.3%* 0.73 119.6+1.6* 1.13
i main ear 13.5+06 99+04 94+02 12.8+04* 0.61 11.9+£03** 0.20
stems 6.0+04 56+03 63+04 56+03 -1.00 6.0+04 1.00
Number of productive stems 44+03 48+02 52+03 47402 0.50 53+03%* 125
spiklets in the main ear 192404 19.1+£03 16.83+0.3 198+03 13.00 19.6+04%* 133
grains from the main ear 386+12  476+16 46.7+£1.6 43.6+1.5%* 0.11 404+ 1.6* —0.58
grains from the main ear 20+0.2 25+0.1 22+02 23402 0.20 22+02 1.00
Mass,gr  grains from the plant 82+06 92+06 99+0.7 89+0.6 040 9.6+05 0.65
1,000 grains 494+1.6 487+18 469+2.0 49.1£13 0.17 476+1.8 —044

Notes: * — difference compared with the father variety was statistically reliable at P < 0.05; ** — difference compared with mother variety was statistically reliable at P <0.05.

The mass of grains from plants in F; hybrids in cross breeds Smuh-
lianka speltoid x Smuhlianka and Smuhlianka speltoid * Podolianka
accounted for 8.9 and 9.6 g, which exceeded by 0.7 and 1.4 g the parame-
ter of the examined trait in the speltoid mutant and was less by 0.3 g than
the father varieties. Taking into account the extent of phenotype domin-
ance (hp = 0.40 and 0.65), we can draw a conclusion that the trait of grain
weight from the plant indicates intermediate inheritance and partial posi-
tive dominance. In F; hybrids no difference was determined according to
the mass of 1,000 grains compared with the samples included in cross
breeding. The level of phenotype dominance accounted for —0.44 —+0.17,
which is characteristic for the intermediate type of inheritance.

Taking into account segregation according to the features of the ear
morphology, awnedness and colour of glumes, the plants of F, population
were divided into phenotype classes of 12 and 6 in combinations, respec-
tively Smuhlianka speltoid x Smuhlianka and Smuhlianka speltoid
Podolianka (Fig. 1). Actual segregation according to the shape of the ear in
each F, population is presented in Table 2. Among 402 plants examined
in the second generation in the combination Smuhlianka speltoid x Smuh-
lianka we found 320 — with speltoid ear, 61 — with ear of Erythrospermum
variety (hereinafter — normal ear) and 21 — squarchead ear; and in the cross
bred combination Smuhlianka speltoid x Podolianka, among 450 exami-
ned plants, 344 plants were found to have speltoid ear, 72 — ear of Lutes-
cens variety (hereinafter — normal ear) and 34 — squarehead ear. Based on
the data of hybridological analysis, we determined that the obtained results
are the consequence of dihybrid segregation, which reliably corresponds
to the theoretical ratio 12 : 3 : 1 (¢ =4.56 and 3.16, respectively).

The population of F, of Smuhlianka speltoid x Smuhlianka plants
was studied for presence and absence of awns. In soft wheat, the awned-
ness is a recessive feature. It disappears in F; hybrids and, depending on
features of spike morphology and colour of glumes, expresses in F,. Se-
gregation into non-aristate and aristate plants accounts for 313 : 89 ()¢ =
1.75), which reliably corresponded to the proportion of monogene segre-
gation equaling 3 : 1 (Table 2).

In the F, population, among speltoid plants, we counted those with
aristate ears. Their total number was found to be insufficient to confirm the
reliabilities of the proportion of 3 : 1. Among plants with squarchead and
normal ears, there were by contrast more aristate than non-aristate plants
(Table 3). As a result of crossing over in the region of probable localizati-
on of B; and Q genes 5A chromosome in combinations of mutant Smuh-
lianka speltoid and plants of Smuhlianka variety, samples with recombi-
ned traits occurred, the share of which in the conditions of independent
combination was less than expected. Thus, within separately distinguished
phenotype classes, no independent inheritance of the traits of ear shape
and awnedness were seen. Therefore, genes which determine the indica-
ted traits compose one group of segregation which causes restrictions on
their free combination.
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Fig. 1. Classes of segregation according to combinations of traits of shape
and colour of ear in F, plants of combinations (¢) Smuhlianka speltoid x
Smuhlianka, (b) Smuhlianka speltoid x Podolianka; a: 1 —normal aristate
white, 2 —normal aristate red, 3 —normal non-aristate white, 4 —normal
non-aristate red, 5 — speltoid aristate red, 6 — speltoid aristate white, 7 —
speltoid non-aristate red, 8 — speltoid non-aristate white, 9 — squarehead
non-aristate white, 10 — squarchead non-aristate red, 11 —squarchead
aristate white, 12 — squarehead aristate red; b: 1 —normal white, 2 —nor-
mal red, 3 —speltoid red, 4 — speltoid white, 5 — squarehead white,

6 —squarehead red; ruler scale — 5 mm

According to the results of the analysis of the character of inheritance
of colour of the glumes, their red colour in F, plants, regardless of the
combination of cross breed, retains a constant tendency towards domin-
ance over white colour (Table 4). In the combination Smuhlianka spelto-
id X Smuhlianka, the segregation according to the traits of colour of the ear

Regul. Mech. Biosyst., 2020, 11(3)

471



equaled 318 red-eared and 84 white-cared plants, corresponding to the
proportion 3 : 1 (% = 3.61) of monogenic inheritance. The same propor-
tion was found during the analysis of segregation of the traits in the popu-
lation of the generation of F, plants in the cross-bred combination Smuh-
lianka speltoid x Podolianka: 350 with red ear and 100 with white ear
(¢ =1.85). Therefore, the trait of red colour of glumes determines the
dominant monogenic character of inheritance regardless of genotypes of
soft wheat included in cross-breeding combinations with the speltoid
mutant.

Table 2
Segregation in F, hybrids according to the shape of the ear and awnedness

Ear Segregation
phenotype  actual expected ratio v Lt

Combinations

speltoid 320 3015

Smuhlianka ~ normal 61 754 12:3:1 456 599
speltoid x squarehead 21 25.1
Smuhlianka ~ non-aristate 313 3015
aristate 89 100.5 301 175 384
Smuhlianka  speltoid 344 3375
speltoid x normal 72 844 12:3:1 319 59
Podolianka  squarchead 34 28.1
Table 3

Segregation of hybrids according to the combinations of traits of awned-
ness and ear shape in combination Smuhlianka speltoid x Smuhlianka

Phenotype of the ear
) . square
Segre- speltoid (. yid @ head STES 2 romal ol
gation  non- . head non- .
. aristate 3:1 non- . : . aristate 3:1
aristate . aristate aristat
aristate
Actual 294 26 486 9 12 1157 10 51 1117
Expected 240 80 T 1575 525 T 4575 1525 4
Note: s =3.84.
Table 4
Segregation of F, hybrids according to colour of the ear
Cross-bred Segregation Earphe;r(())tggsion
combination red  white of red fo white ©
Smuhlianka speltoid x actual 3180 840 31 361
Smuhlianka expected 3015 1005 ' ’
Smuhlianka speltoid x actual 3500 100.0 31 185
Podolianka expected 3375 1125 ) ’
Note: s =3.84.
Discussion

Analysis of morphological traits of the ear and the elements of pro-
ductivity of father varieties and simple F; hybrids revealed that speltoid
form of the ear, red colour of the glumes and non-awnedness was domi-
nant, and such quantitative parameters as length of the main stem and the
number of spikelets in the main ear were close to those of the speltoid
mutant. Simultaneous improvement of all economically valuable traits is
often complicated due to negative correlation between them, caused by
segregation of the genes in chromosomes and presence of genes with
pleiotrophic effect (Schulthess et al., 2017; Neyhart et al., 2019). One of
the most important traits which breeders are willing to improve is yield.
Itis determined as correlation of dependent parameters such as height of
plant, period of earing, mass of a thousand grains, number of grains in one
ear and mass of the ear (Schulthess et al., 2017). Most selective-breeding
valuable traits belong to the category of quality, each controlled by a com-
plex genetic system. Formation of a separate trait in the process of ontoge-
nesis occurs under the impact of various factors, particularly environment,
genotype and their interaction (Voss-Fels et al., 2019).

Length of the stem in F; hybrids was inherited according to the type
of partial positive dominance and over-dominance, indicating such diffi-
culties in the selective breeding as short stems in conditions involving a
speltoid mutant in cross-breeding combinations. The feature of length of

main stem, compared with the stem length, was less dependent on the
environmental factors, suggesting the possibility of effectively carrying
out the selection of unique genotypes in hybrid populations (Mukhordova,
2019). The length of the main ear, as the potential indicator of the yield of
its grains, is one of the most important elements of productivity of winter
wheat plants. The same peculiarity is seen according to size of grain.
This is one the most accessible elements of the structure of the yield for
conducting individual selection for productivity in the hybrid populations
which segregate (Cheng et al., 2015). The adaptive character of interaction
of genes of the speltoid mutant and varieties of soft wheat which control
the trait of number of spikelets in the main ear was found in our research
and that of other authors (Simonov et al., 2015; Guo et al., 2018).

Taking into account that size of grain practically does not change un-
der the influence of environmental conditions, determining genetic values
of mass of 1,000 grains and the character of their inheritance in the condi-
tions of cross-breeding speltoid forms with soft wheat is essential for
creating new varieties (Cheng et al., 2015; Mukhordova, 2019). The re-
sults obtained confirm the data obtained by other scientists on the pattern
of inheritance of mass of 1,000 grains as one of the main parameters du-
ring selection of valuable hybrid varieties of wheat, mostly according to
the type of over-dominance and to a lower extent — according to partial or
incomplete dominance of the father variety with a greater or lesser degree
of manifestation and depression (Ataei et al., 2017; Valekzhanin & Koro-
beinikov, 2019).

In F, the quantitative advantage was observed for plants with speltoid
ear above plants with squarchead and normal ear shapes. A peculiarity of
segregation in the second generation is emergence of the trait of square-
head ear in the group of plants of the surveyed populations, which was
absent in the father varieties. Normal shape of the ear of offSpring pro-
duced by Smuhlianka and Podolianka was recessive in relation to speltoid
type, but at the same time it was dominant in relation to the squarehead
type. The probable reason for such segregation of the traits may be the
epistatic interaction of genes which causes dominance of their expression
in the following sequence: speltoid > Erythrospermum/Lutescens >
squarchead. Other scientists (Simonov et al, 2015; Burdenyuk-
Tarasevich, 2017) also discovered that speltoids, in the conditions of cross-
breeding and individual selections in different generations, manifest squa-
reheads, and squareheads by contrast manifest speltoids. The research
revealed that mutants with speltoid and squarehead features of the ear
were genetically related to each other. The results of a number of studies
on determining inheritance of the feature of speltoidness also indicate their
dominant pattern (Morgun et al., 2016; Burdenyuk-Tarasevich, 2017,
Simonov et al., 2017). However, summing up the results of direct and re-
verse cross-breedings of speltoid mutant and soft wheat, we determined
that the pattern of inheritance of speltoidness does not correspond to gene-
rally-known proportions and, depending on the partner in cross-breeding,
the trait is manifested as either recessive or dominant (Burdenyuk-Tarase-
vich, 2017). Despite the diverse nature of speltoid mutants, their emer-
gence is also related to the changes affecting SA chromosome: loss of
chromosome, deletion of locus carried by O gene, and mutation of Q in g.
The latter can have monogenic recessive character, monogenic dominant
and dominant with expression of recessive epistasis. Gene Q is identified
to family of transcription factors of APETALA-2, located on the long arm
of 5A chromosome and regulates threshing in polyploid species of wheat
and has a pleiotrophic effect on several other important traits, including the
length and the shape of the ear, fragility of its rachilla, height of the plant,
size of gain and time of ear formation (Simonov et al., 2015; Konopat-
skaia et al., 2016). Mutation in only one pair of nucleotides in alleles of O
gene changed the aminoacid in position 329, which was significant in the
process of domestication of wheat. Polyploid species of wheat have addi-
tional homeological loci of Q gene on 5B and SD chromosomes. Analysis
of 5Bg and 5Dgq revealed that 5SBq is a pseudogene which codes the com-
plete protein, but takes part in regulation of expression of SAQ and 5Dg,
and combination of SAQ, 5Bq and 5Dg loci is important for the formation
of the ear with free threshing (Konopatskaia et al., 2016). Also, it is possi-
ble that in this process a role is also played by regulatory genes which
control the expression of dozens of genes, since only single mutation in
their sequence could lead to significant changes in phenotype (Suchowils-
kaetal., 2020).
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From the practical perspective, speltoids with typical ear of soft wheat
and squareheads are the most valuable because these forms have produc-
tive ear with easy threshing (Diordiieva et al., 2018).The squareheadness
feature has a varied genetic nature. The reason for its development may be
polysomy, aberration or genetic mutations. The latter usually have a mo-
nogenic recessive pattern, monogenic dominant and dominant with ex-
pression of recessive epistasis (Yakimchuk, 2019). Emergence of square-
head type of the ear also is attributed to the effect of dosage of q allele
which is hypomorphic in relation to Q, and the threshold for the normal
shape of the ear is around between 4q and 5¢. Increase in the dose of ¢
allele leads to emergence of ears of squarehead types (Xu et al., 2018).
Emergence of plants with squarehead ears among hybrids is possible in
the context of effect of other squarchead-underlying genes along with the
C gene controlling the density of the ear. Those are recessive genes de-
tected in the presence of O gene. Density of the ear is regulated also by L;,
L, extender genes. In the presence of recessive alleles of all these genes
(CClill, genotype), a relatively short, dense clavate ear of squarchead
type develops in hexaploid wheat (Yurchenko & Voloshchuk, 2016).

Numerous multi-year studies conducted on different varieties of
wheat demonstrated that detection of traits of awnedness could be due to
influences of genes of almost all chromosomes, including modifier genes,
and also genotypic environment and gene regulators. However, in most
examined samples of soft wheat, non-awnedness is controlled by one B,
dominant gene of SAL chromosome (Huang et al., 2020; Wiirschum
etal., 2020). Absence of the awnedness in F; hybrids, inherited from the
speltoid mutant and expression of aristate forms among plants of F, gene-
ration confirms the fact of dominance of non-awnedness over awnedness.

The dominant B; gene is located in the telemetric region of the long
arm of 5SA chromosome (Simonov et al., 2015), where also the ear shape-
determining O gene is localized. Therefore, we can presume that genes
which determine the shape of the ear and non-awnedness of examined
speltoid mutants are linked together. This presumption is confirmed by se-
gregation inside phenotype classes of F, plants with speltoid, squarechead
and normal types of the ear of pants into aristate and non-aristate ones.

Conclusions

In the induced speltoid chemomutant, in the conditions of cross-
breeding with soft winter wheat, the traits of speltoid type of the ear, non-
awnedness and red colour of the glumes determine the dominant character
of inheritance. Quantitative parameters of the elements of productivity
such as length of stem, length of the ear, number of spikelets in the main
ear in hybrids of the first generation exceeded the parameters of the father
plants’ average values and according to the level are close to speltoid
mutant, and high extent of phenotype dominance indicates inheritance of
these traits according to intermediate, partially dominant and over-domi-
nant types.

Dihybrid segregation in the populations of plants of the second gene-
ration into forms with speltoid, squarehead and varieties Lutescens/Eryth-
rospermum ears, with quantitative superiority of speltoid plants indicates
control of the feature by two non-allele genes with epistatic interaction.
Regardless of genotypes of the varieties of soft wheat, included in the
combination of cross-breeding with speltoid mutant, the trait of red colour
of the ear determines monogenic dominant pattern of inheritance. Absen-
ce of independent inheritance of the traits of the shape of the ear and aw-
nedness in separate phenotype segregation classes indicates linkage of
genes which determine the mentioned traits and localization of them in
one chromosome.
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