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Aim. To evaluate the efficiency of inducing generative, reduced parthenogenesis and to better use the differentiating potential
of the embryo culture under apomictic seed production in selection materials of sugar beet with cytoplasmic male sterility
(CMS), and B) to isolate homozygous lines (dihaploids) without the use of polyploidizing substances. Methods. Apomictic
(agamospermous) seed production in apocarpous pollen sterile lines from B. vulgaris subsp. vulgaris var. altissima (sugar beet)
using classical so-called Owen sterile cytoplasm and sterile cytoplasm from Beta maritima and Beta patula as sources, was
conducted under pollen free conditions and spatial isolation in the greenhouse breeding complex of the Yaltushkivska experi-
mental breeding station (Yaltushki, Ukraine). The specificities of embryonic development of apomictic embryos were studied
with the purpose of efficient regulation of the induction of explants in vitro as donors of the culture of immature embryos. Fluo-
rescent flow cytophotometry in combination with the computer program of the Partec Ploidy Analyser PA-2 (Partec GmbH,
Germany, now Sysmex), were used to determine the degree of ploidy, enabling the selection of haploid and dihaploid lines in
vitro. A genetic method was developed using the expression of morphological marker indices of nuclear genes of anthocyanin
coloring (R+r—) of regenerant plants in vitro and ploidy determination for differentiation by generative (reduced) partheno-
genesis. The sampling technique that took into account the hormonal composition of cultural media and the level of genome
ploidy, sample frequency and statistical analysis of the results was determined using the appropriate statistics; the percentage
of regenerants, induced by different types of morphogenesis and ploidy in vitro, was determined along with the measurement
error to control the accuracy of the selected sampling (number of seed embryos). Results. The selected cultural medium No. 3,
based on the basal medium according to Gamberg et al., 1968 (21), contained 6 BAP -2 mg/1, 2.4 D — 0.5 mg/1, gibberellic acid
— 0.1 mg/l, which ensured a success rate of 4.4 to 23.3 % of direct regeneration of shoots from the embryo culture, depending
on the genotype of donors, and 4-10 % for induction and proliferation of callus. In ten experimental numbers of alloplasmic
lines of sugar beet, the incidence of haploids and mixoploids among the regenerants from the embryo culture fluctuated within
the wide range of 14.8 — 62.2 % and exceeded the indices, obtained by other known methods of haploid parthenogamy, which
had the values of 3.79 — 6.25 %. Conclusions. The homozygous lines and dihaploids were determined and set apart/stabilized
in the process of micropropagation, where the differentiation of clones was made on the basis of total DNA content in inter-
phase nuclei, using information of histograms generated in fluorescent flow cytometry with the Partec Ploidy Analyser PA-II
instrumentation. The medium, based on macro- and microsalts according to Gamberg et al., 1968 (21) was found to be the most
efficient; it ensured at least partially successful direct regeneration in the culture of embryos within the range of 4.40 + 1.29 to
23.3 +3.45 %. The success of direct regeneration of apomictic material depended on the composition of the cultural medium
used first and foremost, and to a lesser extent on the stages of embryogenesis from day 12 till day 32, differentiated by the
fixation period for seed embryos starting from the beginning of flowering. Homozygous lines were created without polyploid-
inducing substances due to spontaneous transfer of some cells of haploid regenerant plants to a higher level of ploidy, that can
be used in the breeding of sugar beet. Genetic determination of apomictic seed reproduction in alloplasmic lines and pollen
free lines of sugar beet and the technologies of inducing dihaploids allow reducing the period of inzucht-crossing considerably
to obtain homozygous lines, creating unique material for chromosome engineering and marker-oriented selection with target
combinations of genes in homozygous state.
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INTRODUCTION

Apomixis, the reproduction via asexually formed
seed, i.e. embryo parthenogenesis from unfertilized
cells of the embryo sac, occurs frequently among an-
giosperms, some species or genera may be completely
apomictic, with different ways of seed production for
microspecies (biotypes) of the same species [1-3].
Seedlings arising from apomictic seed have the geno-
type of the maternal parent. Most researchers of apo-
mixis in plants have the opinion that in this case an
embryo without pollination and fertilization occurs not
due to the combination of generative cells but due to
cloning of maternal tissue of a developing seed [4, 5].
New strategies of genomics have become available for
further understanding the key mechanisms of meiosis
regulation and parthenogenesis after deciphering the
genomes of Arabidopsis, Iris and others [1, 2, 5]. Nu-
merous results of apomixis studies demonstrated a high
and confusing level of gene, chromosome, and mor-
phological diversity in the apomictic progeny [6—7].
The embryological studies proved that, depending on
the way of forming embryo sacs, the nature of the apo-
mictic embryo development is determined by the type
of apomixis: diplospory, apospory, adventive embryo-
ny or parthenogenesis [1, 6].

In diplospory (generative apospory) the embryo sac
developed out of a non-reduced megasporocyte. In
some, meiosis may be substituted/followed by mitosis or
the second division is absent. The formation of parthe-
nogenetic embryos takes place in diplosporous embryo
sacs of the Polygonum-type, these embryos develop to
the globular stage and their further development does
not take place due to the absence of endosperm forma-
tion [6]. Low indices of seed formation are notable for
many other species regardless of diplosporous types and
this is one of the unsolved problems for application of
diplospory/apomixis in (molecular) plant breeding [1, 7,
8]. In most species, nucellar and integumental embry-
ony is combined with generative parthenogenesis and
embryos which get into the embryo sac from outside.
A haploid embryo out of reduced cells and an adventive
embryo out of somatic cells do occur [2, 6].

Some of the main differences in the genetic origin of
embryos are as follows:

= different ploidy of embryo sac cells — somatic apos-
porous and diplosporous (generative aposporous, mei-
otic ones);

= embryos with a maternal genome in case of adventive
embryony or with a recombinant genome when developing
from reduced and non-reduced cells of the embryo sac.
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Parthenogenesis is the development of an embryo
from an unfertilized egg cell. This parthenogenesis can
be diploid and haploid. Diploid parthenogenesis takes
place in two ways: 1) in embryo sacs without meiosis
(diplosporic parthenogenesis or generative apospory,
the megagametophyte arises from a cell of the arche-
sporium) and 2) with somatic apospory (somatic apos-
porous, the megagametophyte arises from some other
nucellus cell). Haploid parthenogenesis is observed in
reduced embryo sacs, the cells of which were formed
due to meiotic division. It was proven that haploid
embryos are not capable to grow without diploidy,
their share among seedlings is only 1-2 %. However,
through haploid parthenogenesis haploid embryos in
some species with generative apozygoty and new intro-
duced cytoplasm from wild types (for instance, the case
in alloplasmic lines of Triticum aestivum), may reach
the percentage of 90 % [9].

The practical value of apomixis is substantially due
to the possibility of preserving hybrid (/) and het-
erosis properties in economically valuable plants for
many years and generations. There is presently a high
economic interest and perspective of great benefit for
the use of apomixis by leading plant breeding com-
panies of the world (e.g. Syngenta, Pioneer Hi Bred
International, Rijk Zwaan Zaadteelt B. V., and others)
[2, 4, 5]. Especially high hopes are laid on the meth-
ods of molecular genetics and genetic transformation
of the genome with possible switching from the ga-
metophytic way of seed reproduction to the sporo-
phytic one [10].

Apomictic seed reproduction in sugar beet was ob-
served (but not confirmed) in 1928 by M.V. Favorsky.
It was confirmed in the 1970s, but considered to be of
low importance for breeding, until the work of Levitsky
et al., and Maletskii, Maletskaya et al. since the 1990s
[11, 12, 14]. Apomictic reproduction of wild Beta spe-
cies was described by Barocka in 1960.

It was determined that during apomictic reproduction
the meristem cells of sugar beet seedlings demonstrat-
ed mixoploidy of cell populations with the presence of
both dominating fraction of cells with diploid number
of chromosomes and polyploid cells, occurring from
the diploid ones by endomitosis [11, 13]. K.I. Malets-
kaya (2009) proved that apomictic reproduction in pol-
len sterile lines of beet under pollen free conditions is
not somatic cloning and a case of nucellar embryony,
and the origin of the embryos in this case is mainly
gametophytic reduced and non-reduced parthenogen-
esis [14]. This basis of embryogenesis under apozygoty
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was also thoroughly studied by Szkutnik (2011) using
isoenzyme analysis [7].

Bohomolov (2018) observed gametophytic apomixis
in sugar beet as a result of absent meiosis in case of in-
ducing apomixis, while crossing with wild Beta corol-
liflora L. (2n = 36) and B. trigina L. (2n = 56), when
the crossings were exposed to high doses of radiation.
Gamma-radiated-lines, forming viable progeny under
isolation conditions, were created. This opens the pos-
sibility of obtaining ‘new generation’ hybrids, based on
apomictic lines [15].

The method of inducing maternal haploids under in
vitro conditions (gynogenesis), using unpollinated seed
embryos decreases the period of obtaining homozy-
gous selection materials to 1-2 years, due to genetic
homogeneity of lines of the resulting dihaploids [16,
17]. Zhuzhzhalova et al. (2016) found that an effi-
cient way to stimulate the yield of haploids (from 3.0
to 9.8 %) was obtained using the liquid basal nutrient
medium, based on micro- and macrosalts according to
Gamberg et al., to which cytokinin BAP (1.0 mg/l) was
added [17].

Haploid seedlings from apomictic sugar beet seed
progenies, formed under pollen free conditions, were
first isolated by Maletskaya [14]. The only so far pos-
sible method of obtaining haploid and dihaploid lines
in vivo is the selection of haploids on the basis of mor-
phology (by measuring thickness and length of the tip
on days 2-3 after germination). The yield of haploids
is usually not more than 3.79-6.25 %, and it includes
a long process of ploidy stabilization of both soma-
tic and generative cells [14]. It was proven in the ex-
periments using 150 pollen sterile lines under pollen
free conditions in the Laboratory of Cytogenetics, the
Institute of Bioenergy Crops and Sugar Beet (Kyiv,
Ukraine) that the regenerants from apomictic plants
include haploids, diploids and tetraploids, as deter-
mined using flow cytometry on total DNA content
of interphase nuclei with the Partec Ploidy Analyser
PA-II (Partec Company, Germany) [18]. Mixoploid
genomes in the apomictic progeny of sugar beet are
unstable and change to the diploid level in the course
of four cycles of apomictic seed reproduction in mi-
cropropagation [19].

The seed of selection materials of sugar beet, ob-
tained via parthenogenesis via polyembryony, is char-
acterized by genetic diversity; the generation of 2-3
shoots from some apocarpous fruit was observed [7,
14,]. Embryological studies demonstrated that apomic-
tic seeds originated both from somatic cells (adventive
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embryony) and from generative cells of the embryo
sac [11, 12]. Such formations of seeds are called seed
cloning, but theoretically this progeny should not be ho-
mogeneous, since they are of different genetic nature —
out of somatic and generative cells. Levites et al. (2016)
discovered that polymorphism of enzymes, present in
these apomictic plants, was related to relocation of the
enzymatic locus and variability of their expression due
to difference in the structure of isoenzymes [20].

The variability of ploidy level and the occurrence
of partial mixoploidy in apomictic sugar beet plants
complicate the selection of valuable breeding features
in those plants [15, 19]. Once the problem of differ-
entiating progeny is solved, somatic and generative
apomixis in materials with CMS will allow using the
apomictic method of seed reproduction to induce ho-
mozygous lines and obtain constant progeny which
will improve the sugar beet breeding programs.

The aims of our research were 1) to select generative
parthenogenetic seeds and determine ploidy of apomic-
tic embryos; 2) to induce and produce dihaploid lines
under in vitro conditions depending on the genotype
and plasmotype of seed plants-donors of sugar beet
using cytophotometry methods of determining ploidy
and selection of haploid and diploid regenerants in vi-
tro from the embryo culture of apomictic embryos; 3)
to study the specificities of regenerating apomictic em-
bryos in alloplasmic lines and lines with new sterile
cytoplasm from wild Beta maritima and Beta patula.

The following experiments were conducted to
achieve the above-mentioned aims:

= the effect of hormonal composition of the basal cul-
ture medium according to Gamberg et al. (1968) [21],
taking the genotype of seed plants-donors into account,
on differentiation processes in the culture of apomictic
embryos;

= the differentiation of apomixis type (analysis of
variability of the ploidy level of the genome in second
generation regenerants) by determining the total con-
tent of nuclear DNA of interphase nuclei using fluores-
cent flow cytometry;

= subsequent isolation of homozygous lines in micro-
propagation based on differentiation and in vitro selec-
tion of haploids and dihaploids, obtained without the
effect of colchicine.

MATERIALS AND METHODS

The initial material for the study on the specificities
of inducing the embryo culture, obtaining regenerants
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based on apozygoty and CMS was seed plants of pol-
len sterile apocarpous lines of sugar beet of Yaltush-
kivska experimental breeding station with B. vulgaris
Owen cytoplasm (1945) and alloplasmic lines with
new sources of cytoplasmic sterility from wild spe-
cies of Beta L. — Beta maritima, from natural popula-
tions of Greece and Turkey, and Beta patula of Ma-
deira, Portugal).

The following seed plants were used as donors of
apomictic embryos in our research:

= apomictic lines of seed plants A, with selection
numbers 13-136 5,12; 13-138 p.1, 5, 8 were formed
under conditions of the greenhouse breeding complex
of Yaltushkivska EBS. At least 10 out of 100—150 seed
donors from each line were selected by the features of
separate flowers (mm) and of sterility (MS-0) [22]. For
seed plants of each apomictic line, about 2,000 flowers
were analyzed after the start of flowering, within the
development period from day 12 to day 32;

= alloplasmic pollen sterile lines based on new male
sterile cytoplasm from wild Beta maritima and Beta
patula, with high apomictic seed production with the
following selection numbers: B,CS patula A,:18 (Ma-
deira, Portugal) p.1, p.2, p.3, B,CS patula A:18 p.2,
p.5) B,CS maritima (Turkey) A 18, p.1,p.2, p.5 B,CS
maritima (Greece) A :18 p.1, p.2.

The alloplasmic lines were created in the Laboratory
of Cytogenetics as reciprocal progeny of wild species
of Beta maritima and Beta patula of the above-men-
tioned different ecologic-geographic origin [23]. New
sterile cytoplasm was selected from crossings with the
wild beet species by determining the recessive nucle-
ar genes of sterility fixation: hypocotyl coloring r-r-,
two-year cycle of development b-b-, apocarpous nature
mm, sterility xxzz.

Pollen free conditions with the purpose of inducing
apomictic seeds were ensured by spatial isolation of
seed plants under conditions of the greenhouse breed-
ing complex of the Yaltushkivska breeding station, as
well as application of parchment isolators on the ex-
perimental field of the Institute of Bioenergy Crops
and Sugar Beet [22]. Pollen free mode comprised cul-
tivating MS-0 sugar beet plants on isolated plots in the
greenhouse breeding complex. In August, the seeds of
MS-lines were grown in a cycle (from seed to seed).
The phenotype of each plant was determined by pol-
len features prior to flower opening. The plants with
completely sterile pollen MS-0 phenotype according to
Owen (1945) were kept for reproduction. Parchment
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isolators were put on specific shoots of seed plants to
safeguard apozygous reproduction. During the flower-
ing in the following May-June the temperature fluctu-
ated from 38 °C to 51 °C. Seed plants of MS-0 type
were selected for the pollen free reproduction method
and MS-I and MS-II types were discarded [18].

The evaluation of embryogenesis
of apomictic embryos

Among seed plants of sugar beet, the ones with
the best development of seed plant habitus, forming
apocarpous pollen-sterile microspecies (biotypes) in
terms of development of generative shoots were select-
ed to be donors of embryos.

The distinguishing and marking of flowers on breed-
ing materials of pollen sterile lines, obtained in pollen
free mode, was performed by the modified method of
Shyriaeva of 1984, [24]. This method envisages dis-
tinguishing the buds, which have opened, and marking
them with color threads up and below. The marking of
male sterile flowers was conducted from 8.00 a.m. till
11 a.m. depending on the temperature.

For microscopic observation apomictic embryos
were fixed in Carnoy’s fixative (3 volumes of ethyl al-
cohol : 1 volume of glacial acetic acid) for 14 days at
+4 °C. After the fixation, the material was washed and
desiccated three times in 75 % ethyl alcohol for 1 h.
The washed material was kept in 80 % ethyl alcohol for
preparations. Thin sections were made by hand using
a sharp razor blade. The sections were placed on the
specimen slide one after another and stained for 2 h in
the solution of glycerin with the addition of 9 % alco-
holic iodine solution. After washing in running water
for 12 h, the sections were placed in a glycerin-iodine
solution and mounted under a coverslip on a micro-
scope slide. The preparations were studied under the
stereoscopic microscope (LOMO MBS-10). The de-
velopmental stage of embryos was determined on the
fifth day after flowering when the embryo was at the
globular stage, the heart stage was observed on day 8,
and on days 10—12 the torpedo and «cotyledon = root»
stage (where the cotyledon and hypocotyl were getting
longer). On day 16 the embryo reached the «/2» stage of
the embryo sac, and on day 20-22 — «¥» of the embryo
sac. On day 24 the embryo developed up to the chalazal
end of the sprout and completed its development on
day 28 under the conditions of pollination, fertilization
and formation of hybrid embryos. We observed the lo-
cation of the embryo sac of sugar beet in the micropylar
part of the seed embryo, the embryo developed from
the micropylar to the chalazal end. A light microscope
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Genotypes of pollen-sterile lines, donors of culture
of immature apomictic embryos Beta xxzz R+r—S vulg.; Beta xxzz R+r—S maritima

Induction of embryo culture in vitro and differentiation
of apomictic embryos by ploidy and expression of alleles R+r—;

Generative reduced parthenogenesis

(n; 2n) Beta xzr—Svulg. ; Beta xz r—S maritima
n; 2n; 4n) Beta xzZR+Svulg.; Beta xzZR+S maritima

Somatic embryogenesis
(2x) Beta xxzzR+r—S vulg.;
Beta xxzz R+r—S maritima

| Spontaneous polyploidization in conditions in vivo |

of homozygous lines of dihaploids 2n Beta
xxzz R+R+S vulg.; 2n Beta xxzz r—r—S vulg. Beta
xxzz R+R+S maritima; Beta xxzz r—r—S maritima

Fig. 1. Genetic method of inducing haploids and dihaploids in the culture of apomictic embryos

MBS-10 (LOMO, Russia) was used for cytological
analysis while magnifying objects 12.5x7. Micropho-
tography was conducted using a Sigeta digital camera
in combination with the computer program Toup View
(Touptek Photonics, China), applying Twain and Direct
Show software.

The method of obtaining a culture of embryos
from selected materials of sugar beet possessing
cytoplasmatic male sterility and apomixis

To optimally induce the culture of apomictic em-
bryos, different compositions of nutrient media were
investigated, using different ratios of cytokines, auxins,
carbohydrates and amino acids, based on a macro- and
microsalts medium of Gamberg et al. (1968) [21]. The
duration of the development of apomictic embryos was
calculated from the start of flowering of seed plants.

Medium No. 212, previously developed at the Insti-
tute of Bioenergy Crops and Sugar Beet [25] to induce
haploids from immature seed embryos and based on
micro- and macrosalts according to Gamberg et al.
[21], was used as control, to adjust the composition of
the media with the purpose of inducing embryo culture
during apozygoty. Due to delay in the development of
embryos from apomictic lines, we changed the period
of selecting breeding material for further use to 10 days.
To induce the embryo culture in vitro, we used stress
conditions in a combination of low (+4 °C) and high
(+33 °C) temperatures. The excised ovules were steril-
ized in a solution of 20 % chloramine and subsequently
kept at +4 °C in the refrigerator for 2 days with the
illumination of 3 klx, 16 h photoperiod, and a relative
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humidity of at least 75 %. Then they were transferred
onto medium No. 3 of Gamberg et al. (1968) [21] and
kept in a thermostat at +33 °C for 30 days with the il-
lumination of 810 klx, 16 h photoperiod, a relative
humidity of at least 80 %, and CO, at 0.1-0.12 %. Sub-
sequently, to activate plant growth, the embryo struc-
tures formed in the 30 days before, were transferred to
the medium according to Gamberg et al. (1968) with
the addition of 0.3 mg/l BAP and gibberellin 1mg/1 for
microclonal reproduction. The genetic method of in-
ducing haploids and dihaploids in sugar beet with apo-
mixis and CMS to obtain homozygous lines (Fig. 1),
was applied when differentiating regenerative plants
of the second passage [26]. The roots of seed plants-
donors of apomictic embryos of pollen-sterile lines and
alloplasmic lines were differentiated on the basis of the
allele of marker red color of hypocotyl R+. The differ-
entiation of haploids, mixoploids and dihaploids was
conducted on regenerant plants of the second passage
using hypocotyl marker color (R+; r—) and by determin-
ing ploidy using fluorescent cytophotometric analysis
by the Partec Ploidy Analyser PA-II and its computer
programs (Partec company, Germany).

The genetic method of inducing haploid and dihap-
loid lines based on the embryo culture of apomictic
embryos of sugar beet is presented in Fig. 1.

The regenerants of passage I of each genotype were
separately analyzed both by marker coloring of the hy-
pocotyl (R+1—), and by the level of genome ploidy using
fluorescent flow cytometry and computer programs of
the Partec Ploidy Analyser PA-II.DNA of peas (Pisum
sativum) as well as nuclei of cells of animals and hu-
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mans served as reference. When ploidy was determined
by the flow cytometry, leaves of control specimen with
previously determined number of chromosomes for
this species were used. We used the leaves of haploid
and diploid biotechnological lines with the number
of chromosomes determined as external standard for
sugar beet. The objects of analyzing the shoots in vitro
were their leaves, containing cells of different tissues
after preparing the suspension according to the method
of Partec company.

It was proven that the main bulk of cells of sugar beet
leaves was at the G stage, representative for interphase
nuclei in the pre-synthetic period and corresponding to
ploidy in general [27]. We detached leaves during re-
planting of regenerated shoots in a laminar flow cabinet
and kept them in bags with moistened filtration paper in
the refrigerator at +4 °C. To prepare the suspension of
nuclei, a part of a leaf was cut with a sharp razor in Petri
dishes with the addition of 1.5 ml extraction (lysing)
buffer solution (Partec, Germany). The buffer solu-
tion included 10 mM — aminomethane; 10 mM Na2 —
EDTA; 100 mM — NaCl; pH 7.7; 100 ml — mo-ther solu-
tion DAPI (Germany). After cutting we added 0.5 ml of
DAPI fluorochrome solution (Partec, Germany) and 0.5
ml propidium iodide (4,6-diamidino-2-phenylindole).
Histograms were generated that describe the distribution
of'the investigated cellular DNA, and the number of cells
with a particular content of nuclear DNA. The number of
measurements was from 2 to 150 thousand nuclei per
sample. Diploid level of the genome corresponds to the
peak on the channel 100 and the class of cells with dou-
ble content of nuclear DNA — on the channel 200 (Fig.
5, ¢). The number of samples from each apomictic line
corresponded to the number of regenerated apomictic
embryos.

The leaves of regenerated in vitro shoots were used to
determine ploidy. The obtained plants were stabilized
by ploidy to the diploid level during 3—4 passages, and
after a check using PA Partec and the stabilization fol-
lowed by their microclonal reproduction in vitro. The
basal medium of Gamberg et al. (1968), with the ad-
dition of 0.1 mg/l naphthyl acetyl and 0.3 mg/l indole
butyric acids, 0.5 mg/l gibberellin, 45 mg/l sucrose, pH
5.6, 5.8, was used for rooting. After rooting, plantlets
were selected for further cultivation on the basis of
morphological features and high regeneration percent-
age of root system and leaf apparatus.

Rooted clones

The rooted clones were transferred into growth me-
dium under conditions of the greenhouse breeding
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complex of Yaltushkivska experimental breeding sta-
tion. The growth medium was prepared prior to plant-
ing (40 % soil, 30 % humus and 30 % sand) and placed
into pots, 35 cm in diameter. Mineral fertilizers were
introduced as calculated per 60 kg of growth medi-
um — ammonium nitrate (34 %) — 40-50 g, superphos-
phate (19 %) — 100-110 g, potassium salt (40 %) — 30—
40 g. The survival of young plants in pots was from 99
to 100 %. The humidity of 60-70 % from total moisture
capacity was preserved with a relative humidity of 75 %.

During the vegetation of plants, the air temperature
in the greenhouse fluctuated from 35 °C to 55 °C in
April-May, with the illumination of 1012 klx.

To determine the reliability of the analysis and sam-
pling accuracy, the coverage error mp [28] was deter-
mined by the formula:

/P(100—
mp =y AL,

where P — the percentage of regenerants from the em-
bryo culture grown in vitro, determined by the type of
morphogenesis depending on hormonal composition of
cultural media, or by the ploidy level of the genome
using cytophotometric methods; » — number of seed
embryos from one apomictic line.

RESULTS

In the apomictic line (A,) 13-138 p.1, there was
considerable degeneration of seed embryos under pol-
len free conditions, which could exceed 80 % (Table
1), the development of apomictic embryos on day 12
reached the globular stage (Fig. 2, @), and that was 4
days behind the hybrid one according to the scheme of
development for hybrid embryos, determined for Beta
vulgaris [24], that reached the torpedo stage already. In
the alloplasmic line B,CS maritima (Turkey) A,:18 p.5
the development of apomictic embryos was observed
at the heart stage on day 20 which was 12 days behind
the hybrid one.

On day 12 we observed the development of apomic-
tic embryos at the globular stage, and on day 20-22 at
the heart stage, torpedo stage, «'2» of the embryo sac,
and the cotyledon = root or ¢ = r stage, depending on
the genotype of seed plants-donors (Fig. 2, a—d).

At +33 °C the isolated embryos formed leaves, roots
and/or callus depending on the composition of cultural
media and origin of the material. Four variants of the
basal medium with different amounts and ratio of
cytokines, auxins, and saccharose were analyzed. The
basal cultural medium which was previously developed
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to obtain haploid plants from isolated non-fertilized
seed embryos by Bilous et al, [25], was used as control.
The differentiating characteristics of regenerants, de-
pending on their genotype and composition of cultural
media under in vivo conditions are presented in Table 1.

According to Table 1, medium No. 3 yielded the
highest number of regenerants for four different lines

in one experiment. The yield of differentiating callus
depended on genotype of the tested lines and fluctuated
from 6 to 10.0 %. Direct embryogenesis was observed
in all the control genotypes, Table 1 also presents the
total number of seed embryos. The indices of direct
regeneration are indices of the number of regenerated
apomictic embryos for each control line (see Fig. 3, a),

Table 1. The types of morphogenesis in culture of apomictic embryos in two lines with cytoplasmatic male sterility (CMS)
of sugar beet and two alloplasmic lines, depending on their genotype and three variations in composition of the basal cultural
medium according to Gamberg et al., 1968 (24), and with medium 212 of Bilous et al. 2006 (25) as control

Experimental number and genetic make-up of cell line

Types of 13-136 A,:18 p.5 13-138 A,:18 p.5 E%S»S Arg’j‘?gt‘mz B,CS patula A2:18 p. 2
morphogenesis CMS line CMS line —ob Alloplasmic line
Alloplasmic line
*R % R % R % R %

Control medium No. 212 [25] Organic additives**** Gibberellic acid 0.1 mg/l; Phytohormones: 6 BAP — 0.5 mg/1, 2.4 D
0.1 mg/1 Carbohydrate: saccharose 30 g glucose 20 g Adenine 2 mg/1

undifferentiated callus 3 2.68 7
direct embryogene-sis 5 1.52 # 4
differentiating callus 10 4.46 +1.95 3
Total: *** 112 8.93+2.69 215
(94 lost) c.16% | (201 lost)

3.25+1.21 11 10.48 + 4 228+1.13
1.86 £0.92 7 2.98 6 3.43+£1.38
1.39+0.79 1 6.67£2.43 5 2.86 £1.25
c.55 105 0.95+0.21 175 c. 7.4%
(86 1lost) | c.18% | (160 lost)

Macro- and microelements see [24] Organic additives™*** Gibberellic acid 0.1 mg/l Phytohormones: 6 BAP — 0.4 mg/I,
NAA**~0.1 mg/l, 2.4 D 0.1 mg/l Carbohydrate: saccharose 30 g

undifferentiated callus 3 3.0+1.7 2

direct embryogene-sis 7 7.0+2.5 6

differentiating callus - - -

Total:*** 100 c. 10 % 201
(90 lost)

0.99 +0.69 4 3.81+£1.87 1 0.89+0.7
298+1.19 9 8.57+2.73 5 4.46 +1.95

c.4% 105 c. 122 % 112

Macro- and microelements see [24] Organic additives**** Gibberellic acid 0.1 mg/l Phytohormones: 6 BAP — 2 mg/1,
2.4 D - 0.5 mg/l Carbohydrates: saccharose 30 g, glucose 10 g

undifferentiated callus 4 1.60 £0.79 -

direct embryogene-sis 25 10.0 £ 1.89 11

differentiating callus 20 8.0+1.72 15

Total:*** 250 c.19% 250
(201 lost)

440+1.29 35 23.3+3.45 27 18.0+3.14
6.0+1.5 14 9.33 £2.37 15 10.0 £2.45
c. 10.4 % 150 c.32% 150 c.28%

Macro- and microelements see [24] Organic additives®**** Gibberellic acid 0.1 mg/l Phytohormones: 6 BAP — 4 mg/1,
2.4 D — 1 mg/l Carbohydrates: saccharose 30 g

undifferentiated callus 16 16.0+£3.7 4

direct embryogene-sis - - -

differentiating callus 3 3.0+1.71 2

Total:*** 100 c.21% 150
(81 lost)

2.67+1.32 7 4.67+1.72 11 11.0£3.12
1.33+0.7 2 1.33+£0.93 - -
c.4% 150 c.6% 100 c. 11 %

Note: # = standard deviation * R — number of regenerants by morphogenesis type; **NAA — naphthyl acetic acid; ***Total
number of induced seed embryos at late stages of embryogenesis; **** Organic additives: nicotinic acid 0.5 mg/l; pyridoxine
0.1 mg/l; glycine 3 mg/l; glutamine 1 mg/l; thiamine 0.1 mg/l; B-alanine 1 mg/l; ascorbic acid 3 mg/l; meso-inositol 100 mg/1.
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Fig. 2. Developmental stages of apomictic embryos, potential material for embryo culture: a — embryo at the globular stage
of sugar beet line (A,) 13-138 p.1 on day 12; b — heart stage in alloplasmic line B,CS maritima (Turkey) A,:18 p.5 on day
20; ¢ — degeneration of one embryo and development at the «cotyledon = root» stage in case of polyembryony in alloplasmic
B,CS patula p.2 A,:18; d — torpedo stage in sugar beet line 13-136 p.5 on day 22

Fig. 3. The induction of alloplasmic and CMS embryo culture: @ — direct regeneration of shoots in the culture of apomictic
embryos in alloplasmic line B.CS patula, A,:18 p. 2; b — tissue differentiation and organogenesis in alloplasmic line B,CS
maritima «Ts»A_:18 p.5; ¢ — development of shoots from the differentiating callus in the culture of embryos in haploid CMS

line 13-138 A:18 p.5

Fig. 4. Shape of leaves and expression of dominant allele R+ and recessive allele r- in regenerants of apomictic embryos: a —
the expression of allele r- in the haploid line 13-138 A :18 p.1 showing the absence of red color in vitro by the expression of
allele r-; b — recessive homozygote, showing silencing of the gene responsible for anthocyanin formation in the hypocotyls in

line B3CS; ¢ — presence of a dominant allele R+ in line B,CS patula A,:18 p.5, anthocyanin formation in hypocotyl

but it depended on the genotype and on the plasma type
of seed plants-donors. It fluctuated from 4.4 to 10.0 %
for two selection numbers of apomictic, apocarpous pol-
len free lines of B. vulgaris. Direct regeneration at the
heart stage, and «c = r» stage was substantial for the al-
loplasmic lines B,CS maritima «Ts» A,:18 p.5 and B,CS
patula A:18 p. 2. The characteristics of induced mor-
phogenetic processes in alloplasmic and CMS embryo
culture via direct regeneration are presented in Fig. 3.

10

Generally, a dose of the cytokinin BAP at 0.3 mg/l
and gibberellin at 1 mg/l resulted in growth stimulation
and development of beet explants, obtained via direct
regeneration, in the course of two passages in micro-
propagation. The obtained regenerants were planted
onto the medium to stimulate growth only. Practically
all the variants of investigated media demonstrated
positive effect on growth by the hormones applied in
our experiment in four different doses. The number of
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side shoots was from 4 to 8 per explant, and that of
morphologically developed shoots — 75-100 %. The
medium with cytokinin BAP 0.3 mg/l and 1 mg/] gib-
berellin was selected and used as the medium most
suitable to regenerate and micropropagate plants. On
this medium clone, formed during the second passage,
were characterized by intense green leaves, normal ra-
tio of a top and a leaf, and active regeneration of next
passage clones. The increase in the concentration of
each hormone from 0.5 to 1 mg/I resulted in tissue ne-
crosis in explants. When the duration of cultivation was
prolonged, first and second passage regenerant plants
showed toxic effects of phytohormones and the forma-

tion of plants with modified morphology — a modified
form of a leaf blade and the ability of active regenera-
tion of shoots.

Variability in morphology of the leaf blade, even
within one selection number, was observed in second
passage plantlets.

This variability in the shape of leaves and the expres-
sion of dominant allele R+ and recessive allele r- in the
regenerants of different ploidy is presented in Fig. 4.

According to the genetic expectations based on the
occurrence of haploids and dihaploids in the culture of
apomictic sugar beet embryos, and described earlier

Table 2. The variability of ploidy of embryonic regenerants of apomictic (CMS and alloplasmic) sugar beet lines (all of the
R+r- anthocyanin hypocotyl coloring genotype), as measured by the quantity of total DNA in their interphase nuclei

Period Genotype Ploidy on the basis of total DNA in interphase nuclei,
Selec- of donor | Number depending on the number of embryos obtained (%)
. of embry- Rege-
tion . plants by of
onic nerated green, 1- red, R+
number, the ex- planted
apomic- deve- pression seed embryos,
por lopment, % n,2n, n, 2n, 2n, 4n,
tic lines of alleles | embryos n n, 2x 2x
days 4n 4n 8n
R+r
B,CS maritima (Greece) A,:18
p- 1* 22 Rtr- 210 233+£23#| 14(6.7) | — 13(6.2) | 4(1.9) 18 (8.6) -
p-2 28 Rtr- 150 18.7+3.18| 5(3.3) - 11 (7.3) 5@3.3) 74.7) -
B,CS patula (Madeira) A:18
p-1 12 Rtr- 250 348 +3.02| 14(5.6) — | 28(11.2) | 20(8.0) | 25(10.0) -
p-2 22 Rtr- 75 16.0£4.2 | 6(8.0) - 1(1.3) 5(6.7) - -
p-3 32 Rtr- 84 67.9+5.1 |12(143)| — [22(26.2)| 18(21.4) | 27(32.1) | 5(6.0)
B,CS maritima (Turkey) A :18
p-1 12 Rtr- 250 40+12 | 15(6.0) | — [45(18.0)| 10(4.0) | 17(6.8) | 13(5.2)
p- 22 Rtr- 171 450+3.8 | 14(82) | — |22(12.9) - 29 (17.0) | 12 (7.0)
p-3 32 Rtr- 150 46.0+4.1 | 9(6.0) - 125@16.7)| 9(6.0) | 26(17.3) -
B,CS patula (Madeira) A:18
p-2 12 Rtr- 175 8.6+2.6 - - 5(2.9) 5(2.9) - 5.9
p.-5 22 Rtr- 112 23.0+£4.0 - - |18 (16.1) - - 8(7.1)
13-138 A:18
p-1 22 Rtr- 112 16.1£3.5 | 2(1.8) - - - 8(7.1) 8(7.1)
p- 22 Rtr- 215 88=+19 8(3.7) - 11 (5.1) - - -
p-8 22 Rtr- 150 10.L0£2.5 | 3(2.0) - 12 (8.0) - - -
13-136 A:18
p-5 22 Rtr- 105 13.3+£3.5 | 7(6.7) - 7(6.7) - - -
p- 12 22 Rtr- 100 120£3.2 | 2(2.0) - 5(5.0) - - 5(5.0)

Note: # = standard deviation; * selection number of the apomictic line, as seed plants-donors of seed embryos.
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Fig. 5. Selected histograms of the distribution of polyploidy of interphase nuclei based on the total DNA content of those
nuclei in regenerants of a sugar beet embryo culture under apomixis and CMS: a — histograms of haploid shoots with the
distribution of interphase nuclei on channels 50 and 100 in regenerants of apomictic line 13-138 A :18 p.5; b — distribution
of interphase nuclei of mixoploid regenerants on channels 50, 100 and 200) in regenerants of alloplasmic line B,CS patula
(Madeira) A,:18 p.2; ¢ — histogram of diploids 100 and 200 in regenerants of apomictic line 13-136 A :18 p.5

[26], haploid shoots both with the recessive allele r-
and the dominant allele R+ responsible for anthocyanin
staining in the hypocotyl, are regenerated in apomictic
embryos from the cells of the embryo sac. The results
of analyzing regeneration potential and variability by

the genome ploidy level of the shoots, formed in the
process of embryo culture and micropropagation, are
presented in Table 2.

The variability in of the genome ploidy level of inter-
phase nuclei as determined by their total DNA content

Table 3. The efficiency of the method of inducing haploids and mixoploids in the culture of apomictic embryos in selection
materials with cytoplasmatic male sterility of different origin

Efficiency of generative parthenogenesis (number Haploids
Origin of selection Number of No of and %) * n and
numbers gf apomictic | apomictic cultivated 1, 2mE* 0, 2, AntH mixoploids
lines lines embryos n, 2n, 4n nr
number % number % and %
B,CS maritima (Greece) p-1 210 14 6.7 17 8.1 (31)14.8
AL:18 p-2 150 5 3.3 16 10.6 (21)13.9
B,CS (Madeira)A,:18 p. 1 250 14 5.6 48 19.2 (62) 24.8
p.2 75 6 8.0 6 8.0 (12) 16.0
p.3 84 12 14.6 40 47.6 (52)62.25
B,CS (Turkey) A :18 p. 1 250 15 6.0 55 22.0 (70) 28.0
p.2 171 14 8.2 22 12.9 (36)21.1
p.3 150 9 6.0 34 22.7 (43) 28.7
B,CS (Madeira) A :18 p-1 175 - - 10 5.7 (10) 5.7
p.2 112 - - 18 16.1 (18) 16.1
13-138 A :18 p. 1 112 2 1.8 - - (2)1.8
p.5 215 8 3.7 11 5.1 (19) 8.8
p.8 150 3 2.0 12 8.0 (15) 10.0
13-136 A:18 p.- 4 105 7 6.7 7 6.7 (14)13.4
p- 12 100 2 2.0 5 5.0 (7 7.0

Note: *efficiency of haploid reduced parthenogenesis expressed as the percentage of shoots with haploid nuclei (50 un., 100
un.), (50 un., 100 un., 200 un.); ** haploids »n, 2n are regenerated from the cells of embryo sac and the haploid status of the
genome is maintained in the micropropagation; ***mixoploids 7, 2n, 4n are regenerants of reduced cells of the embryo sac
due to endomitosis and somatic polyploidization under apomixis.
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in the regenerants of embryo culture in case of apomix-
is (both alloplasmic and CMS) is presented in selected
histograms in Fig. 5.

Seed embryos from seed plants-donors, and apomic-
tic embryos of apocarpous pollen free lines of sugar
beet with selection numbers 13-136 A:18 and 13-138
A 18 showed considerable (8.8-16.1% on day 22)
shoot degeneration when cultivated in vitro (Table
2). The percentage of haploids fluctuated from 1.8 to
6.7 % for pollen free lines of sugar beet and from
3.3 to 14.3 % for alloplasmic lines with new sterile cy-
toplasm.

In the progeny with new sterile cytoplasm of the wild
Beta patula, 8.6 % of the embryos of line B.CS patula
A:18 p.5 and 67.9 % of B,CS patula A,:18 p.3 pro-
duced shoots when cultivated for the first time.

The percentage of haploids of line B,CS patula A :18
p-3 with recessive green 1- color allele was 14.3 %. The
diploids with the allele dominant red color R+ were
32.1 % for line B,CS maritima A 18 p.2, and for the
p.3 line this number was 17.3 %. Haploids were absent
in most donors of apomictic R+ embryos with red hy-
pocotyl in sugar beet.

Table 3 shows the efficiency of inducing haploids
and mixoploids in the culture of apomictic embryos in
selection materials with cytoplasmatic male sterility of
different origin. The percentage of regenerants in pol-
len sterile lines of sugar beet with apomixis fluctuated
from 1.8 to 10.0 % in seed plants-donors of the embryo
culture with selection number 13-138 A:18 pl and
from 7.0 to 13.4 % in pollen free lines of sugar beet 13-
136 A:18 p5 and depended on genetic determination of
apomictic reproduction of seeds in selection numbers,
which defined the percentage of developed embryos
and regenerated seed embryos in vitro, respectively.

According to Table 3, the percentage of mixoploids
and haploids (combined by their origin from genera-
tive cells of the embryo sac) regenerants of line B,CS
maritima A,:18 was 13.9-14.8 %. The percentage of
mixoploids and haploids for selection numbers with
sterile cytoplasm from Beta maritima fluctuated from
21.1 to 28.7 %.

One of the main stages of creating homozygous lines
in vitro is polyploidization and stabilization of the new
lines by transferring the selected plants of these lines to
cultural media using a polyploidizing substance, such
as colchicine [17]. But in our research, when culturing
apomictic embryos and their cloning for two-three pas-
sages on a cultural medium for sugar beet according to

AGRICULTURAL SCIENCE AND PRACTICE Vol.6 No.2 2019

a] — b

Fig. 6. a — a rooted clone of homozygous line 2 B,CS
maritima A :18; b — alloplasmic line 2 B,CS patula A :18,
stabilized by the level of genome ploidy

Gamberg et al. (1968) (21) formula with the addition
of BAP 0.3 mg/l and gibberellin 1 mg/l, lines of dihap-
loids were isolated from all the investigated selection
numbers of types of regenerants, either based on new
sterile cytoplasm, or regenerants, based on sterile cyto-
plasm (Table 3) without the addition of colchicine.

Examples of the rooted clones of homozygous dihap-
loid lines are presented in Fig. 6 (a).

The stabilizing selection of the developed shoots in
vitro on the basis of ploidy resulted in a high regen-
eration capability and formation of morphologically
developed clones, capable of rooting. The introduction
of naphthyl acetic acid into the medium according to
Gamberg et al. (1968) resulted in the successful (80-
100 %) rooting of diploid clones of cultivated plants.

DISCUSSION

Embryogenetic stages of apomictic embryos of sug-
ar beet have been determined in earlier studies [19,
23]. Both in the CMS line 13-138 A:18 p.1 and allo-
plasmic lines B,CS maritima A:18 p.1, B,CS patula
A,:18, 13-136 p.5 embryos developed slower than
those of the control haploid lines. Therefore, it is sug-
gested to discriminate and select embryos for cultur-
ing already from day 12, when most of them are in the
globular stage.

When comparing four variations in growth hormones
(cytokinins and auxins) and carbon source, the basal
medium with 0.1 mg/l gibberellic acid, 2 mg/l 6 BAP,
0.5 mg/l 2.4 D, 30 g saccharose, 10 g glucose, (me-
dium no. 3 of Table 1) yielded the best results in direct
regeneration in a culture of embryos within the range
of 4.40 + 1.29 for an alloplasmic line (13-138 A:18
p.1) and 23.3 £ 3.45 % for a CMS line (B,CS maritima
«Ts»A,:18 p.5.). An overall observation is that success
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of bringing embryos into culture depended mostly on
the culture medium and to a lesser extent on the stage
of embryo formation at the time of starting the cultiva-
tion.

When analyzing the ploidy level by fluorescent flow
cytometry on total DNA of interphase nuclei, haploids
(R+r-) were detected and selected in regenerants of the
2™ passage. The percentage of these obtained haploids
depended on the genotype of sugar beet and alloplas-
mic line donors. Regenerants of apomictic embryos
(which were gametophytic reduced apomictic) were
found to be mixoploid (haploid, diploid, tetraploid in
interphase nuclei) and may be used to obtain the lines
of dihaploids. Mixoploids have been characterized ear-
lier in somatic tissue of sugar beet [14, 18]. Apomixis
changes the way of seed production in many flowering
plants, but it was found that apomictic progeny often
has anomalies in the mechanism of mitosis and the re-
sult is the occurrence of endopolyploid, tetraploid cells,
and cells of a higher level of ploidy [9, 27-29]. It was
proven that under endopolyploidy there are changes
both in the copies of the genome and genes in the cell
and in the activity of genes [27].

In alloplasmic lines, the percentage (62.2 £ 5.3 %)
of haploid shoots in the suspension of leaf cells was
the highest in comparison to all the other methods of
inducing haploid parthenogamy in sugar beet. To our
knowledge we are the first who have been able to pro-
duce haploid and mixoploid shoots during the first
three-four passages in micropropagation without the
use of polyploidizing substances such as colchicine.
We believe that in future, the polyploidy status of re-
generants should be further characterized and proven,
using for example, molecular markers, in-sifu hybrid-
ization or other relevant genetic molecular methods. At
present our way of seed production in apocarpous pol-
len sterile lines of sugar beet is still in its infancy. But
even now we can use facultative apomixis as a highly
efficient way of inducing homozygous lines in vitro.
The homozygous lines that we obtained may be used
in further scientific studies and selection and breeding
programs (including field studies) of sugar beet.

A large variability in the percentage of haploids and
mixoploids (from 16.0 to 62.2 %) was determined for
selection material with sterile cytoplasm of Beta patu-
la, which, in this case, may depend on polyembryony
in the selection number B,CS patula A,:18.

In addition to environmental hazard, the introduction
0f 0.1-0.005 % colchicine to the nutrient media for ef-
ficient polyploidization, the exposition of explants for
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48 h to this substance led to the necrosis of regenerant
growth points and degeneration of up to 40 % of ex-
perimental material. In addition, according to the re-
searchers of polyploidization in sugar beet in vitro, the
colchicination of haploids and doubling the number of
chromosomes takes place in an insignificant number of
clones, up to 38 %, but requires much labor and time of
transplanting [14, 17].

CONCLUSIONS

A new approach to enhance the efficiency of tech-
nologies of producing homozygous lines in apomictic
sugar beet lines by inducing embryo culture and differ-
entiation of regenerant plants by gametophytic reduced
parthenogenesis in culture in vitro without the use of
colchicine is presented, with the following results:

= stable haploid regenerants from reduced partheno-
genesis in alloplasmic lines, based on new sterile cy-
toplasm of Beta maritima and Beta patula, — for some
selection numbers up to 62.2 and for pollen sterile lines
of sugar beet only up to 13 %;

= ploidy stabilization of shoots (as determined by flu-
orescent flow cytometry) to diploid level and obtaining
homozygous lines in the course of three-four passages
in micropropagation was obtained for all tested lines
without the use of colchicine, and was based on endo-
mitosis under apomixis.

The scientific research, presented in the article, was
conducted within the framework of a scientific task
27.00.01.05.F (No. 0116U000331) ASR «Creating
competitive hybrids of sugar beet and elaborating tech-
nological methods of implementing their biological po-
tential» with the financing of NAAS of Ukraine.
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3UTOTHYHOMY CITOCO01 PEmpomyKIli HACIHHS CEeNEKIIHHUX
MarepianiB IyKpOBHX OYpSKIB 3 HUTOIUIA3MAaTUYHOIO HO-
nosivoro crepuibHicTIO (ITUC), Ta BUAIIMTH TOMO3MIOTHI
niHil (mogBoeH] ramoinu) 6e3 mii MOMIIIOiTU3YIoUHX pe-
4oBUH. MeToau. ANOMIKTHYHHMH CIOCIO penpoiyKuii Ha-
CIHHSI y PO3IUIBHOIUIIHUX TMUJIKOCTEPUIIBHUX JIiHIH 3 B.
vulgaris subsp. vulgaris var. altissima (IyKpoBUX OypsKiB)
CTepWIBbHOW nuToIIasMor0 OyeHa i CTePUIbHUMH IIHUTO-
ITa3MaMU BiJl AWKWUX BUNIB Beta maritima i Beta patula GyB
3a0e3MeueHnii METOJIOM OE3MUIIKOBOTO PEKHMY, B YMOBaX
MIPOCTOPOBOT 130JIMi{ 1 CeTEKIIHHO-TETITHIHOTO KOMIUIEKCY
SINTYIMIKIBCHKOT JOCIITHO-CENEKIIIHHOT cTaHmii (SnTymkwy,
VYkpaina). OcoOIMBOCTI eMOpIOHATBHOTO PO3BHUTKY aIlo-
MIKTHYHUX 3apOJKiB BUBYAIH IS OI[IHKH €(EKTUBHOTO pe-
T'YIIOBaHHS 1HAYKIIi €KCIUIAHTIB in Vitro, SIK JIOHOPIB KyJlb-
Typu Hemo3pimux eMmOpioHiB. Bukopucrano meromu ¢uryo-
pecueHTHOI IHUTOPOTOMETPii 3 KOMIT'IOTEPHUMH IpOTpa-
mamu Ploidy Analyser PA-2 («Partec GmbH», Himeuunna,
3apa3 Sysmex), sl BU3HAYEHHs PIBHS IUIOIJHOCTI Ta J10-
Oopy ramioigHUX 1 JUraruIoiNHUX JiHIA in vitro. Pos-
poOrieHa TeHEeTHYHA MOJENh 3 BHKOPHUCTAHHSAM eKcIpecii
MOPQOJIOTIYHIX MapKEepHUX O3HAK SIAEPHUX T'€HIB aHTO-
mianoBoro 3abapBieHHs1 (R+ 1-) pociawH-pereHepaHTiB in
vitro Ta BU3HAUCHHs IUTOIMHOCTI JUIA MUQepeHIiamnii re-
HepaTHUBHUM (pelyKOBaHMM) NapTeHOreHe30M. TexXHOori0
migbopy BHOIpKH, SKa BPaxOBye TOPMOHAIBHHNA CKJIa
KyJIBTYPaJIbHOTO CEpEe/IOBHINA Ta PIBEHb IUIOIIHOCTI Te-
HOMY, 9aCTOTy BHOIPKH Ta CTaTHCTUYHHI aHANTi3 pe3yibTa-
TIB BU3HAYaJIM 3a BUKOPHCTAHHS BIJIIOBIJHOI CTAaTUCTHKH;
BIJICOTOK pEreHepaHTiB, IHIYKOBaHHX PI3HUMU THIIAMH
MopdoreHesy Ta IUIOIAHOCTI in Vitro, BU3HAYAIN Pa3oM 3
NOXHUOKOIO BUMIPIOBaHb JJIsl KOHTPOJIIO TOYHOCTI MifiOpanoi
BHOIpKH (KITBKOCTI HACIHHEBUX 3a4atkiB). Pesyabrarn. I1i-
ni0paHo CKiIaj KyabTypajibHoro cepenoBuina Ne 3 Ha OCHO-
Bi 6a3oBoOrO cepemoBuina 3rigHo 3 Gamberg et al., 1968 (21)
i3 BBemeHHsM 6 BAII — 2 mr/m, 2,4 11 — 0,5 mr/mn, ribeperno-
Boi kucioru — 0,1 Mr/m, mo 3abesmneyuye mpsiMy pereHepa-
Lif0 TaroHiB 3 E€MOPIOKYIBTYypH, 3aJIEKHO BiJl TEHOTHUILY
pociuH-noHOopiB Big 4,4 1o 23,3 %, iHAYKIIO 1 mpoiidepa-
mifo kamrocy Bix 4,0 mo 10,0 %. V mecsaTn ekCriepuMeHTab-
HUX HOMEpIB aJIOIIa3MaTHYHUX JIHIH I[yKpOBHX OypsKiB
BIJICOTOK TaIUIOIIHUX 1 MIKCOIUIOITHHMX ITAaroHIiB y percHe-
paHTiB 3 eMOpIOKYIBTYpH 3MiHIOBaBCA y Mexkax [4,8—
62,2 % 1 mepeBUIyBaB MOKA3HUKH, OTPUMAHI IHIIMMU
BiIOMHMH CIIOCOOaMHM TaIUIOiMHOI MapTeHOoTraMii, MOKa3HH-
KM sKuX Oynm y mexax 3,79-6,25 % s mykpoBux Oy-
pskiB. BucHoku. ['omo3uroTHi niHii Ta gurammoinu Oyio
BH3HA4YEHO 1 CTaO1i30BaHO B TPOIECI MIKPOKIOHAIBHOTO
PO3MHOKCHHS, i Yac SKOro Mud)epeHIiiaiio KIOHIB Mpo-
BOIWIM Ha OCHOBI 3arampHOro BMicTty JIHK B inTepdazHo-
My S/Ipi 32 BUKOPUCTaHHS TiCTOTpaM, OTPUMAaHUX il 4ac
¢ryopecrienTHOI TpoTouHOi mmUTOoMeTpii Ha Partec Ploidy
Analyser PA-II. Byno BusiBICHO, IO CEPEIOBUILE HA OCHOBI
Makpo- Ta MikpocoJeii 3rigHo 3 Gamberg et al., 1968 (21) e
Halle()eKTHBHIIIAM; BOHO 3a0e3MedyBajio MpUHAWMHI JacT-
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KOBO YCIHIIIHY IpsSIMy pereHepauilo B KyJIbTypi 3apOjKiB
B Mexax Bif 4.40 £ 1.29 no 23.3 + 3.45 %. Ycnix npsiMoi
pereHeparii anoMiKTHYHOTO Marepially B Iepury uepry
3aJIe)aB BiJl CKJIaly BUKOPUCTAHOTO KYJIBTYypallbHOTO cepe-
JOBHIIA, 1 IEII0 MEHIe — BiA cTamid eMmOpioreHe3y 3
nas 12 mo mus 32, nudepeHniiioBaHUX 3a TepiooM
¢ikcarii HaCIHHEBHX 3apOJKIB, MOYMHAOYHM BiJ IMOYATKY
1BiTiHHS. CTBOPEHO TOMO3UTOTHI JIiHIT 0€3 BUKOPUCTAHHS
HOJITUIOTTU3YIOYMX PEYOBHH 3aBISKH CHOHTAHHOMY Iepe-
XOJly YaCTHHU KIITHH TalUIOITHUX POCIUH-PEreHEepPaHTIB
Ha BUILIUHA piBEHb IUIOIJHOCTI, IO MOXXHa BHKOPHCTOBY-
BaTH B CeJIeKIi] IyKpoBHX OypskiB. [eHeTHYHE BU3HAYEH-
Hsl allOMIKTUYHOTO CHOCOOY PerponyKiii y aioruia3Mariy-
HUX JIIHIH 1 0E3MMIKOBUX JIIHIN I[yKpOBHX OYpSKiB, a TAKOXK
TEXHOJIOTIT 1HYKIII AUTAIUIOiAiB JO3BOJSIOTH 3HAYHO CKO-
POTHTH TIEPiOJl IHIYXT-CXpEIlyBaHb Ui OTPUMaHHSI TOMO-
3WTOTHHUX JIIHI Ta CTBOPHUTH YHIKaJbHUH Marepian s
XPOMOCOMHOT iH)XeHepii Ta MapKep-Opi€HTOBAHOT CeNeKIiT
3 3aJ]aHUMHU KOMOIHAI[IsIMU TeHIB Y TOMO3UTOTHOMY CTaHi.

KorouoBi ciioBa: anmomikcuc (armo3uroTist), Tarioian, Moj-
BOEHI Taruioifu, ajoriasMaTu4Hi JiHii, Beta maritima,
anamizarop moiguocti (AIT) «Partec».

CoBepleHCTBOBAHUE TEXHOJIOTHIl MOJTyYeHUS
CTAOMJIBHBIX (IN)ranJIoHIHBIX pereHePaHTOB
U3 SMOPHOKYJIBTYPbI CeJeKIIMOHHBIX MATEPHAJIOB
caxapHoii cBekuIbl (Befa vulgaris) ¢ ano3uroTu4ecKum
CIOCOOOM PenpoayKIHH ceMsIH 0e3 HCMOJIb30BaAHUS
KOJXHIMHA

H. C. Kopanpuyk !, M. B. Pouk !, 1. M. T'agzaino 2,
T. M. Hegsk ', O. A. 3unuenxo '

' MHCTUTYT OMOIHEPTETUIECKUX KYIIBTYP
u caxapHoii ceexsisl YAAH
yi. Kinuanueckas, 25, Kues, 03110, Ykpauna
2 HaumoHasibHast akaJieMusi arpapHbIX Hayk,
yi. Muxawuna EmenbsnoBuya-IlaBnenko, 9,
Kues, 01010, Ykpauna

e-mail: sugarbeet@ukr.net, natalakovalcuk461@gmail.com

Heab. OueHuTs YPPEKTUBHOCTh MHIYKIIMHA T€HEPATHBHO-
T0, PEeayLHPOBAHHOTO MAapTEHOTeHe3a W MOp(OpreHHOro
MMOTEHINAIa SMOPHUOKYIBTYPBI TIPH aIlO3UTOTHIECKOM CITO-
co0e pempoAyKINN CEMSH B CENEKIMOHHBIX MaTepHajax
CaxapHOM CBEKJIbI C LUTOIJIA3MaTHYECKOM MY>KCKOM cTe-
punsHOCTEI0 (UMC), m1st BBIOENECHUS TOMO3HTOTHBIX JTH-
HUH (YOBOGHHBIX TaIIOWIOB) 0€3 BO3ACUCTBUS TOIUILION-
TU3UPYIOMUX BemecTB. MeToabl. ATTOMUKTHYECKHHA CITO-
co0 penpOAYKINU CEMSH Y Pa3aeIbHOIIIONHBIX ITBUIBIIECTE-
pUIBHBIX JWHUK c S. vulgaris mmrommasmoil OysHa H
HOBBIMH CTEpPIJIBHBIMH IIWTOIUIa3MaMH OT JUKHAX BHIOB
Beta maritima m Beta patula Opl1 o0ecTiedeH METOIOM
0e3MBUIBIIEBOTO PEKUMa B YCIOBHAX MPOCTPAHCTBEHHOU
M30JIAIAN U CETEKIIMOHHO-TeIUIMIHOTO KOMIUTEKca SnTymI-
KOBCKOH OITBITHO-CENEKUMOHHOM craHimu. IlpoBenena unen-
TAUKAIST U OTOOp CEMEHHBIX PAcCTCHHH TOHOPOB He-
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3peNbIX  3apofbImeH MO (PEHOTHITMUECKHUM MpPHU3HAKAM
siIepHbIX TeHoB crepwibHoctH (MC-0, MC-I, MC-II).
[TpuMeHeHbI METOMKH MCCIIE0BAHMS CTaauii SMOPHOHAb-
HOTO Pa3BHUTHsI AIIOMUKTHYECKHX 3apOJBIIICH IUIST OIIEHKH
3G PEKTUBHOCTH PEryJIMPOBAHUS MHIAYKIHH YKIUIAHTOB, KaK
JIOHOPOB KYJIBTYpPBl HE 3pEJBIX 3MOPHOHOB 32 PAa3HBIMH
TUMaMu MopdoreHesa, 3aBUCMMO OT COCTaBa KyJIBTypalb-
HBIX CpeJl Yepe3 MpsIMyI0 pereHepanuio u (GpopMUpoBaHNE
KaJIoCHOM TKaHH. Mcronp3oBaHbl MeTOABI (PIIIOOPUCIICHT-
HOW IMTO(POMETPHH C KOMIIBIOTEPHBIMH Tporpamamu Plo-
idy Analyser PA-2 («Parec GmbH», I'epmanus), ms on-
peleneHnst YpoBHsI TUIOWJHOCTH U OTOOpa TarIOWIHBIX U
JUTAIUIONIHBIX JIMHUH in vitro. Pa3zpaboTana reneTndeckas
MOJIEJIb C UCIIOJIb30BAaHUEM IKCHPECCHU MOP(OIIOTHYECKIX
MapKepHBIX MPU3HAKOB AaHTOIIMAHOBOW okpacku (R + r-)
st andQepeHanii pereHepaHToB M0 T'eHepaTHBHOMY
U comarudyeckoMy smOpuoreHesy. s nocroBepHOCTH HC-
CIICIOBAaHUH ¥ TIPABWIJIBHO TONOOpAaHHOW BBIOOPKHM B 3a-
BUCUMOCTH OT TOPMOHAJBHOTO COCTaBa KYJIBTypalIbHbIX
Cpexl ¥ ypOBHS INIOUIHOCTH I'€HOMa, MCIIOIb30BAHHBIC Me-
TOJIMKM CTaTUCTUYECKOro aHanu3a. Pesyabrarsl. [1omo0-
paH cOCTaB KyIbTypaJIbHOH cpenbl ¢ BBeneHUueM 6 BAIT —
2mr/n, 2,4 1 0,5 mr/m, rub6epemnoBas kucimora 0,1 mr/m,
4YTO 00CCICYMBACT MPSIMYIO PEreHEepaIfio MOOEroB ¢ 3MO-
PHOKYIBTYPBI, B 3aBHCHMOCTH OT TCHOTHIIA CEMEHHBIX
pactenuii-nonopos ot 4,4 no 23,3 %, UHAYKUHUIO U TIPO-
nmudeparmro kamryca ot 4,0 mo 10,0 %. [Iporent rammona-
HBIX M MHUKCOIUIOWIHBIX TT00ETOB B aJIOIUIA3MATHYECKHUX
JUHUAX 3HAYUTEIBHO TPEBBIIIAT KOJIMYECTBO PACTEHHIA,
MOJTYYEHHBIX JAPYTUMH W3BECTHBIMU CIIOCOOAMH HMHIYK-
LMY TaIUIOMHON MapTeHOTaMUHM Yy CaxapHOM CBEKJIBl, U
BapbpHpoBaN B Tpexnenax 16,7; 24,8; 62,2 %. Brinenenusie
TOMO3UTOTHBIE JIMHUH, Y/IBOGHHBIE TaljouAbl B Ipolecce
KyJIBTHBUPOBaHUs U IU(QEpeHIHayu KIOHOB M0 COfep-
xkaanto JIHK B wmHTEpda3HBIX spaXx Ha THCTOTpaMMax
(AIT) «Partec». BpiBoabl. Ha mpumepe amo3urorndyeckux
muanii ¢ [IMC S. vulgaris Thma caxapHOW CBEKIBI H
QJIOTIIIA3MaTHYECKUX JIMHUK C HOBBIMH CTEPHIIBHBIMH LIUTO-
rIa3MaMu OT JUKHUX BUJOB Beta maritima w Beta patula,
pPacCMOTPEHBI IIUTOTEHETHYECKHE OCOOCHHOCTH TEHE3Hca
KJIETOK B KYyJIBTYpPE HE3pENbIX alOMHKTUYECKHX 3apOJibl-
mel, WHAYNUPOBAHHBIX (N Vilro Ha CTaJuM Pa3BUTHUSL
smOpuonoB 12, 20, 22 cyrtok. Jlyurueit okazanack cpexa Ne 3
n obecrieunBana MPSIMYI0 PETEHEPAlMI0 B KyJIbType He-
3penbix 3apoablmeil B mpeaenax 4,40 + 1,29 u 23,3 +
+ 3,45 %. Tlo pesynbprataM 3KCTIEpUMEHTATBHBIX HCCIIe-
JIOBaHWH MBI HAOJIOZAEM 3aBHCHMOCTH 3MOPHOTCHHOTO
MOTEHIIMAIa MPEXIEe BCEro OT T'€HETHYECKOil JeTepMUHa-
UM arO3UTOTHYECKOTO CII0Cco0a PENpOAYKIUH CEMSH Yy
pacTEeHUI-JOHOPOB, a TAaKXKe COCTaB KyIbTYPaJIbHBIX CPEX
U B MEHbBIICH CTENEHHM OT CTaJuM 3MOPHOHAIBHOTO pa3-
BUTHUS 3apopplmiei. C y4eToM CyMMAapHOIrO MPOLEHTHOTO
COOTHOIICHHS TAIUIOMIHBIX PACTEHUH M MUKCOIUIOMIHBIX C
MIPUCYTCTBUEM (PAKIMK TAIUIOWAHBIX MHTEP(A3HBIX A1ep
Ha (AIl) «Partec», ycranoBieHa 3((eKTUBHOCT WHIYKIINU
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TEHEPaTUBHOTO PEAYIHPOBAHHOTO IApTEHOTEHE3a B 3MO-
PHOKYIIBTYPBI CEJICKIIMOHHBIX MaTepHalioB CaXapHOH CBEK-
a1 ¢ IMC wu anomukcucoM. Co31aHHBIE TOMO3HTOTHBIC
JUHAN 0e3 WCHOJNB30BAHUS IOTUIUIONIN3UPYIOIINX BeE-
mecTB, Onarojaps CHOHTAHHOMY IEPEXOAY YacTH KIIETOK
TaIJIONAHBIX PACTCHUH-pETeHEpaHTOB Ha Ooliee BBICOKHI
YPOBEHb IUIOMJHOCTH JUIsI NPUMEHEHUS B CENCKIIBIMOH-
HOM HPOLECCE CaxapHOM CBEKJbl. B ycnoBusx reneruuec-
KON JIeTEpMHHAINU allOMHUKTHIECKOTO CIIOC00a PErpomayK-
UM CEeMSIH TPH MEXBHIOBOH THOPHIM3ALNHM W HCIONb-
30BaHUS] HOBOM TEXHOJOTWH WHIYKIUH JIMHUH YJBOCHHBIX
TaluIONJI0B BO3MOXKHO 3HAYUTENBHO COKPAaTUTh CPOK HH-
I[yXT-CKPEIINBAHUH, TPY/103aTPaTHOCTh TTOJIEBBIX HCCIIEN0-
BaHWH M CO3/1aTh YHUKAIBHBIM MaTepual AJsl UCHOJIb30Ba-
HUSL PE3yNbTaTOB XPOMOCOMHOM HWHXXGHEPHH, MapKep-
OPHEHTHPOBAHHOHN CENEKINN C 33JaHHBIMA KOMOMHAIHSIMHU
TEHOB B TOMO3UTOTHOM COCTOSTHUH.

KuroueBble ciioBa: anmoOMHUKCHC (AMO3MIOTHSA), TallIOUIBI,
YABOGHHBIC TAIUIOMJIBI, CaXapHas CBEKJa, aJuIoNjIa3MaTH-
YecKue JMHHUM, Beta maritima, aHamu3aTop IUIOMIHOCTH
(AIT) «Partec».
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