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Abstract. This study aimed to optimize the steps of obtaining regenerated cabbage
plants by direct embryogenesis from isolated anthers and ovaries. Stepwise pre-
treatment of inflorescences was usedfor the studied hybrids and inbred lines. First,
the inflorescences were placed in water and kept at a temperature of +4-6∘C for one
day without the use of biologically active substances. Then the inflorescences were
placed in a solution of the drug Dropp (10 mg/l) and cultivated for two days. After that,
the anthers and ovaries were isolated from the flower buds and cultured on the MS
culture medium at a temperature of + 32∘C for one day. The cultivation of the isolated
explants on a nutrient medium (containing 0.01 mg/lof Dropp, 1.0 mg/lof NAA, 500
mg/lof asparagine, 100 mg/l of tyrosine, and 10 g/l of sucrose)led to an increase in their
morphogenetic potential in the culture of anthers and ovaries (by 3.42% and 5.54%,
respectively).A cytological method was usedto demonstrate the haploid nature of the
regenerating plants. The number of chromosomes in the root meristem andleaves, and
the chloroplasts in the closing cells of the stomatawere calculated.

Keywords: cabbage, culture in vitro, regenerated plants, anthers, ovaries, reproductive
organs

1. Introduction

Currently, cabbage is the most common vegetable. The reason is its nice taste and
chemical composition. It contains 2.6-5.7% of sugar, 1.1-2.3% of the proteins, minerals
phosphorus, potassium, magnesium, zinc, manganese, iodine, etc. One of the greatest
advantages of cabbage is its ability to maintain vitamin C without reduction for 7-8
months. No vegetable has such kind of the property. In addition to vitamin C, there
are B1, B2, B6, PP, carotene, folic acid. Among bioactive substances,tartronicacid, which
holds the body turning carbohydrates into fat and thus prevents the accumulation of
excess body weight, isof particular interest [1].

The most important problem of selection is still reducing the time to development of
new varieties. For many years, the efforts of breeders have been mainly focused on the
elimination of plant varieties of the intensive type, responsive to the widespread use
of high doses of fertilizers, pesticides and favorable growing conditions. Required plant
varieties are those combining high potential productivity with resistance to diseases and
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adverse environmental factors,for example, extreme temperatures, drought, salinity, soil
acidity, lack of mineral nutrients, etc. New varieties should also have a good quality of
products and the ability to withstand rapid changes in weather conditions. We address
the complexity of such problems of traditional methods which requires a long time
and a huge scope of work [2]. Broad prospects in the intensification of the selection
process opens the application of modern techniques of applied genetics and applied
biotechnology. These methods must be applied in combination with classical selection.
These methods have practical and theoretical significance. Technologies for creating
haploid plants are of great interest. In the early ХХ century, scientists were talking
about the acceleration of the breeding process through the use of dihaploid plants [3].
Currently dihaploid plants are created through biotechnology. For this purpose, isolated
anthers, microspores, ovaries, ovules, and embryos that lack one paternal chromosome
are used. All primary explants are cultured on nutrient media in vitro [4,5], there wasthe
cultivation of anthers and isolated microspores [6], unfertilized ovaries and ovules [ 7-9].

The method of anther culture and isolated microspore is one of the most promising
ways to obtain haploid plants in vitro. The culture of microspores and pollen is a
model system for studying the processes of plant regeneration from single-celled
systems. In addition, the correct selection of conditions for the cultivation of anthers and
microspores that ensure the formation of somatic embryos is the subject of biochemical,
morphological and molecular studies of the mechanisms of embryogenesis. Thus,
the doubled haploid plants can be successfully used in selecting mutants of cellular
structures. Efficiency of mutagenesis at the haploid level is obvious as for diploid cells
on the same locus double mutationis required, but we would rather focus on haploid
mutation in a single locus, followed by a doubling of the chromosomes.

The results showed that there is still embryogenesis in anther culture in vitro of
different Brassica species, which occurs spontaneously and has a low output frequency
of haploid plants (1-4%). The proposed technologies are difficult to reproduce and are not
sufficiently studied at every stage of androgenesis. Therefore, optimization of conditions
for cultivation of reproductive organs in vitro is an urgent problem important for breeding.

2. Methods and Equipment

The work was carried out on breeding the samples of white cabbage (Brassica oleracea
L.): Zimovka 1474, SlavaGribovskaya 231, as well as the breeding material (inbred lines
- 45-1, 112-1, 11-30 and breeding forms). The material was obtained in the Research
Institute of Selection and Seed Production of Vegetable Crops (VNIISSOK) (Moscow
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region). Plants – donors – were grown in artificial climate chambers of the Federal
Scientific Center for Vegetable Production.

Objects of our research were isolated anthers, ovaries and ovules of cabbage. First,
the inflorescences are placed in water and kept at a temperature (+4-6∘C) for 1 day
without the use of biologically active substances. Then the inflorescences were placed
in a solution of the drug Dropp (10 mg/l) and cultivated for 2 days. After that, the anthers
and ovaries were isolated from flower buds and cultured on MS culture medium at a
temperature of + 32∘C for 1 day.

For surface sterilization of primary explants we used a sterilizing agent mercuric
chloride (HgCl2) at 0.1%. Isolated buds were kept in mercuric chloride for 4 - 5 minutes,
after which they were washed in three portions of sterile distilled water.

In culture media we used by the prescription Murashige and Skoog (MS) with added
2% of sucrose, 0.8% of agar, 500 mg/l of asparagine, 100 mg/l of tyrosine and plant
hormones. There were substances withcytokinin activity using Dropp at concentrations
of 0.01 mg/l, substances such as auxin - naphthylacetic acid (NAA) concentrations of 1.0
mg/l. Control variant-MS culture medium with 6-benzylaminopurine (BAP) of 1 mg/l was
in combination with NAA -0.5 mg/l. pH culture media in all variants was in the range of
5.5-5.8.

Anthers were aseptically removed from the buds in a laminar box and cultured on
MS-inducing culture media in petri dishes were placed in climatic chamber (Binder,
Germany) and incubated in the dark at 35∘C for 24 hours, after which the temperature
was reduced to 25∘C. In these conditions the explants cultured for 25 days and then
transferred to light a room, which set a 16-hour photoperiod and light white fluorescent
light with an intensity of 5 thousand lux.

The paper stuck to the rules work in a sterile environment, developed at the Depart-
ment of Biotechnology RSAU-MAA named after K.A.Timiryazev [10].

Cytological analysis of counting the quantity of chromosomes and chloroplasts in
stomatal guard cells was carried out in accordance with the workshop on cytology and
cytogenetics of plants [11].

3. Results

The success of obtaining callus and / or embryogenic haploid structures depends on
the correct estimation of the initial state of the gametophyte of the donor plant. We
study the dependence of the stage of development of microspores from the bud size
and its location in the main and lateral inflorescences (Table 1).
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Table 1: The content of microspores at different stages of development in the anther, depending on the
location of the buds in the inflorescence of cabbage (B. oleracea L.),%

Row of buds from the
center

Several stages of microspore

1 – 2 3 – 6 7 – 9

center florets 79.9 (77.2÷83.0)∗ 5.7 (1.4÷6.7) 0

1-2 the row 24.2 (16.1÷29.3) 76.3
(67.2÷83.0)

0

3-4 the row 11.1 (5.7÷15.2) 88.1 (82.1÷91.2) 0

5-6the row 0 10.9 (6.3÷16.4) 81.3 (75.1÷87.1)
> 6 0 0 98.9 (95.4÷99.9)

* - Here and below there is a 95% confidence interval

As can be seen from table 1, in buds located in 1-4 rows from its center, microspores
are in a single-core stage of development. This pattern can be seen in the buds located
both in the main and lateral inflorescences. The content of microspores in anthers varied
at an early stage from high mononuclear (stage 3) to late mononuclear (stage 6) was
76.3-88.1%. In addition, when selecting buds, you must take into account the color of
the buds. This color should be light green. In buds isolated from 5 or more rows, the
formation of pollen in the anthers is observed. Such anthers are not capable of plant
regeneration. Therefore, to obtain haploid plants in vitro, it is necessary to isolate the
buds located in rows 1-4 from the center.

It is known that growth regulators are awide range of natural and synthetic substances
that affect the growth and development of plants [12].Among them there are natural
hormones and their synthetic analogues. These hormones are regulatory factors of
plant physiological processes. Therefore, they can be used in plant biotechnology in
vitro.

Our research has shown that the most successful combination of hormones in the
culture medium for the cultivation of reproductive organs of B. oleracea L. in vitro
is the combination of Dropp at a concentration of 0.01 mg/l with NAA-1.0 mg/l [13].
Under these conditions of cultivation, the formation of callus tissue was observed. The
effectiveness of callus formation for isolated anthers and ovaries was 1.5 times higher
than the control variant (BAP 1 mg/l in combination with NAA -0.5 mg/l) and amounted
to 17.8% and 29.6%, respectively. The callus tissue was formed yellow and had a non-
uniform structure. In the process of transplanting to a new nutrient medium, the callus
tissue acquired a denser structure and became green in color. In this callus tissue,
roots and somatic embryogenesis were formed. In the future, regenerating plants were
formed from the somatic embryogenesis (Fig. 1).
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Figure 1: The formation of callus tissue (a); formation of meristematic zones (b); formation of somatic
embryogenesis (c); plants from inbred lines 45-1 (d); plants from inbred lines 112-1 (f); plants frominbred lines
11-30 (g).

Subsequent culturing of callus tissue on MS culture medium with Dropp and NAA
induced the formation of adventitious kidneys. The frequency of their formation in callus
tissue obtained from anthers was 1.85%, and from ovaries – 3.7%. When replacing NAA
with 2.4-D, the intensity of callus formation increased. In the culture of anthers, the
frequency of callus formation was 16.7%, and in the culture of ovaries-27.8%. Under
these conditions, the frequency of organogenesis was 1.11% and 1.85%, respectively.

The optimized nutrient medium was also tested on other breeding samples provided
by VNIISSOK employees. Studies have shown that the competence of anthers and
ovaries to morphogenesis in vitro depends on the genotype. For example, for varieties
Zimovka 1474, SlavaGribovskaya 231, the frequency of organogenesis was 0.8-1%, and
for inbred lines – 45-1, 112-1, 11-30, the frequency of organogenesis was 1.8-3.5%.

Differentiated adventitious buds during culture evolved microshoots that
showed strong growth, the formation of the correct morphology leaf and root system.
For more active development of the root system, the nutrient medium should include
auxins in higher concentrations (1 mg/l NAA).

Formed regenerated plants were subsequently transferred to the soil conditions of
cultivation. The positive influence of the peat-turf substrate (1:1) adapts the regenerated
plants of cabbage to the conditions ex vitro (Fig. 2).

The obtained regenerated plants were used to calculate the number of chromosomes
in the root meristem, as well as the number of chloroplasts in the cells of the closing
stomata of leaves using the new universal method of preparing preparations of plant
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Figure 2: Adaptation of white cabbage regenerated plants ex vitro: a – microshoots with roots; b - plants
ex vitro after 3 months of adaptation, c - plants ex vitro after 4 months of adaptation; d - formation of
reproductive organs on plants.

Figure 3: Cytological analysis of the chromosome set of white cabbage regenerated plants obtained from
the reproductive organs (single (n = 9), triploid (3n = 27) and pentaploid (5n = 45)).

chromosomes – «SteamDrop» [15]. As a result of the research, the dependence of
the level of ploidy on the cultivation conditions was studied. It has been shown that
plants-regenerants of white cabbage, obtained in vitro from reproductive organs, had
a different set of chromosomes (n, 3n, 5n)(Fig. 3). It was established that the number
of chloroplasts in the stomatal cells of regenerated plants was from 9 to 11, while the
original donor plants had 18–20.

4. Discussion

One of the most important goals of plant breeding is creating DH lines. It allows you
to reduce the time of selection and get new varieties. Much attention is paid to in
vitro haploid technology worldwide. However, these technologies have their drawbacks,
because the frequency of haploid plant regeneration from anthers and microspores is
low[4, 6-8, 15]. Therefore, research is underway to improve these technologies. The
use of drugs with cytokinin activity increases the frequency of plant regeneration in
vitro culture. This work presents a non-standard technology for pre-treatment of buds
before their introduction in vitro. In addition, the drug Droppsignificantly increases the
morphogenetic potential of isolated anthers and microspores. The drug Dropp was
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used in the treatment of inflorescences before their introduction in vitro. The technology
provides for placing inflorescences in a solution of the drug Drop (10 mg/l) for 2 days.
After that, the anthers and ovaries were isolated from flower buds and cultured on MS
culture mediumwithcombination of Dropp at a concentration of 0.01 mg/l with NAA-1.0
mg/l.This method has not been used in technology to create DH lines before. One
of the most important aspects of this technology is the proof of the haploid nature
of regenerating plants.The method ”SteamDrop” [14]that was used in this work was
developed in the Russian state agrarian University – MSHA and tested on different
plants.

5. Conclusion

Thus, on the basis of the experimental data, we picked up the culture conditions that
would ensure the regenerated plants of cabbage isolated reproductive organs and
proved their haploid nature.
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