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Introduction 
Currently, the technology of obtaining haploids and doubled haploids is widely used in 

breeding programs to accelerate the development of high-yielding hybrids and varieties of 
agricultural plants [1]. This technology allows a necessary selection among the generations to 
achieve genetic stability and homogeneity of breeding lines [2], but it also reduces greatly the 
number of necessary populations to find the desired genotype.

DH technology has been improved over the last decades through empirical studies by 
different specialists working with a particular crop [3,4]. It can be further used in mutation 
breeding, genetic engineering, in vitro screening for complex traits such as drought, cold and 
salt tolerance. DH plants also play an integral role in the recently developed Reverse breeding 
technology. This technology involves recovering DHs from microspores of plants in which 
recombination is absent or limited (by suppressing or preventing recombination, e.g., by 
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Abstract
Relevance: One of the most important ways of classical breeding is creation of highly productive hybrids 
and varieties of agricultural plants. To speed up considerately the solution of this problem it is necessary 
to use in vitro technologies, in particular, production of haploid and diploid plants. Such technologies 
are of particular interest for growing important agricultural crops, for instance, broccoli. However, 
the frequency of plant regeneration from reproductive organs remains low. Therefore, nowadays it is 
necessary to search for high-performance and replicable technologies to produce DH plants. 

Materials and methods: The objective of the work is to develop a procedure for producing plants-
regenerants from the reproductive organs of broccoli (Brassica oleracea L. convar. Botrytis (L.) Alef. var 
cymosa Duch.) using the method of vacuum infiltration. The objects of the study were isolated anthers 
and ovaries of broccoli. The sort that was used is called “Dan` Nikolayu Vavilovu”. Vacuum infiltration of 
broccoli buds was carried out with a 15% solution of Aminoven at the concentration of 4ml/l and with a 
solution of Dropp at the concentration of 0.1mg/l. After the infiltration anthers and ovaries were isolated 
from the buds, which had been cultivated on MC nutrient medium containing the Dropp specimen at the 
concentration of 0.01mg/l and NAA 0.1mg/l.

Result: The use of vacuum infiltration of broccoli buds with Aminoven for 10 minutes along with pressure 
of 0.8 atm. was found to have a significant impact on embryogenesis process. Besides, this process took 
place directly on isolated anthers. In this case the frequency of embryoid formation averaged at about 
3.7%. In the case of isolated ovaries usage, the frequency of embryogenesis was 2%. The proposed 
technology makes it possible to increase the frequency of the formation of haploid plants from isolated 
anthers and ovaries by 25-30% in comparison with the existing technologies of other authors
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knocking out key meiotic genes). Produced recombinant-inbred 
populations can be screened using molecular markers to identify 
populations with complementary chromosome combinations to 
enable the reconstruction of the original heterozygous DH parent 
by hybridization of two individuals. Consequently, different parents 
with different chromosomal compositions can be identified to 
recover existing F1 hybrids.

Haploids (Hs) and doubled haploids (DH) can be produced 
either spontaneously or by different in vitro methods using 
female and male gametophytic cells/parts of the plant. For some 
monocotyledons and potatoes, both production options are 
possible, for most dicotyledons the current choice is limited to one 
method only [5].

It is well known that many basic protocols for producing 
haploids and doubled haploids were developed in the early 1990s, 
but most of them proved to be ineffective due to low reproducibility 
and low yield of DH-plants. This is due to the fact that the 
realization of the morphogenetic potential of the reproductive 
organs is determined by a complex of interrelated factors, such as 
genotype and growing conditions of the donor plant, pretreatment 
of buds and inflorescences, the stage of development of isolated 
anthers or microspores, the composition of the nutrient medium, 
etc. [6,7]. Each of these factors has its own specific influence on 
morphogenetic processes in vitro.

Particular attention in the development of regulations for 
obtaining haploid and dihaploid plants is paid to the hormonal 
control of morphogenesis, which is carried out by changing the 
auxin/cytokinin ratio. With the use of growth regulators, the 
interaction of cells, tissues and organs is carried out both in the 
whole plant and in its isolated explants. Hormones are necessary 
for triggering and regulating morphogenetic and physiological 
programs, they are active in very low concentrations and are 
relatively low-molecular weight substances. From the scholar data, 
it is known that when anthers are cultured on nutrient media in 
vitro, all plant species can be divided into two classes: hormone-
dependent and hormone-independent. In hormone-independent 
plants, hormones can either come from the anther wall or from 
the pollen itself. Hormone-independent plants are mainly in the 
Solanaceae family. For example, pollen embryogenesis was induced 
on simple mineral-sugar medium in tobacco [8], black henbane/
hog bean/poison tobacco/sticking Roger (Hyoscyamus niger) [9].

It has been found that tobacco anthers contain endogenous 
auxins, one of which was identified as indole-3-acetic acid (IAA) 
[10]. In order to induce callusogenesis and embryogenesis, anthers 
of most plant species require the addition of various hormones and 
other growth agents to the medium [11]. However, the substances 
under study do not always reach the target cells as they are not 
evenly distributed in the intercellular space. Therefore, a search 
for efficient technologies to deliver regulatory factors to culture in 
vitro plant cells is required. Such technology can be based on the 
application of the vacuum infiltration method.

As early as the 1930s, the vacuum infiltration method was 
applied to quantify the synthesizing and hydrolyzing action 
of invertase in living plant tissues. This method was based 
on introducing solutions of various substances into leaves by 
immersing the plant part under study in the solution, over which 
strong rarefaction of air was created. As a result, air left the 
intercellular spaces and then, under pressure, the solution got back 
into the leaves tissue. The rate and direction of enzymatic reactions 
in living cells were determined by this method [12].

Vacuum infiltration is used in modern technology, particularly 
in genetic engineering research for agrobacterial transformation. 
As a rule, the tissues used for transformation are immersed in a 
suspension of agrobacteria and then placed in a vacuum chamber 
for 20min or another time determined experimentally. Infiltration of 
plant tissues in a vacuum promotes the penetration of agrobacteria 
into the intercellular spaces. The work has been done on both 
somatic (leaf, petiole, meristem) and reproductive (bud) plant 
cells [13]. In 1999, for example, the method of an agrobacterial 
suspension vacuum infiltration directly into the flowers of intact 
Arabidopsis plants was proposed.  The infiltration of the flowers 
was carried out for a few minutes. A subsequent return of the plants 
to soil conditions made it possible to obtain the transformed seeds. 
This technique was subsequently carried out on Chinese cabbage 
(Brassica chinensis, Brassica pekinensis), alfalfa (Medicago), colza 
(Brassica napus var. oleifera).

For example, in the works of Stepanova Ayu et al. [14] it is 
shown that an increase in transformation efficiency can be achieved 
if during incubation with agrobacteria wheat seeds are treated with 
ultrasound in the presence of aluminium oxide or if it is inoculation 
with vacuuming [14].

It is the principle of vacuum infiltration that can be used in in 
vitro technologies, and in particular in the production of haploid 
and diploid plants. Growth regulators, plant extracts and various 
preparations based on secondary plant metabolites can be used as 
inducers of morphogenesis. Probably, under the action of vacuum, 
the intercellular space can be filled with the studied solutions, 
which activate further morphogenetic processes. This method has 
not been developed for cell and tissue culture, and in particular 
for in vitro cultivation of reproductive organs of plants of the 
Brassicaceae family yet. Particular attention should be paid to 
broccoli cabbage.

Broccoli cabbage (Brassica oleracea L. convar. botrytis (L.) Alef. 
var cymosa Duch.) is common throughout the world due to its 
dietary, medicinal and preventive qualities and ease of cooking. In 
the Russian Federation, the recognized crops collection includes 
50 varieties and hybrids of broccoli, of which 70% are of foreign 
selection and only 0.5% of the total production volume are native 
varieties [15].

Broccoli comes from the Mediterranean countries: Spain, Italy 
and Greece. In the last 10 years, the EU has begun to breed broccoli 
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for higher cabbagehead weight and disease resistance intensively. 
The crop is high in protein, more than asparagus, spinach, sweet 
corn and yam. The curds contain essential amino acids, of which 
there are as many as in beef, and amounts of lysine, isoleucine 
and tryptophan are the same as, for example, in chicken eggs. In 
addition, broccoli cabbage curds contain methionine, choline, 
sulforaphane, sinigrin, vitamins A, B1, B2, PP, C, E, K, salts of 
potassium, magnesium, phosphorus, calcium, which improve 
memory, prevent the formation of cancer cells, enhance immunity, 
etc.

Because of the early maturity of this vegetable crop and its 
correct cultivation technique, it is possible to get several harvests 
per year. Considering that there are only two approved ultra-early 
maturing broccoli varieties and hybrids in the State Register of 
Breeding Achievements, it is necessary to fill this niche with native 
varieties. For this reason, conducting breeding work in the period 
from 2014 to 2019 allowed the team of researchers at Federal State 

Budgetary Scientific Institution “All-Russian Research Institute of 
Phytopathology”, led by doctor of biological sciences Temirbekova 
Sulukhan Kudaberdievna to produce a new variety of broccoli 
cabbage ‘Dan’ Nikolayu Vavilovu’, characterized by resistance to 
bacterial and fungal diseases, early maturity; with heads exceeding 
the standard weight and size (Figure 1). In December 2020, by the 
decision of the State Commission for Variety Testing and Protection 
of Breeding Achievements, this variety was included in the State 
Register for cultivation in all regions of the Russian Federation.

Regarding the study of broccoli cabbage in in vitro culture, 
in particular, the search and development of a highly efficient 
technology for producing haploid plants is still a topic of current 
interest. Based on the above, the purpose of the work is to develop 
regulations for obtaining broccoli cabbage (Brassica oleracea L. 
convar. botrytis (L.) Alef. var cymosa Duch.) plant regenerants from 
reproductive organs using the vacuum infiltration method.

Figure 1: 
(a)	 Broccoli cabbage ‘Dan` Nikolayu Vavilovu’ in the phase of maturation and
(b)	 Flowering.

Material and Methods
The objects under study became isolated anthers and ovaries 

of broccoli cabbage. Research was conducted on the variety Dan’ 
Nikolayu Vavilovu. The plants were grown in a greenhouse at 
the Artificial Climate Laboratory (ACL) of Russian State Agrarian 
University-Timiryazev Moscow Agricultural Academy until the 
flowering stage.

The in vitro work was performed on buds, which were isolated 
from both leading and lateral shoots. Before introducing the 
isolated explants into the in vitro culture, a stepwise pretreatment 
was performed according to the method we developed earlier 
[16,17]. It includes the following stages: 1) incubation of buds in 
water for 1 day at low positive temperature (+4-6 °C); 2) after 
that, 2 days incubation in preparation Dropp solution (10mg/l); 3) 

sterilization of plant material in 0.1%  mercury bichloride solution 
for 3-4 minutes, washing in three portions of sterile distilled 
water; following cultivation of isolated anthers or ovaries in vitro 
at +32 °C for 1 day on modified Murashige and Skoog (MS) nutrient 
medium [18].

Vacuum infiltration of sterile buds was performed before 
introducing anthers or ovaries into an in vitro culture. The work 
was performed in a vacuum chamber, in which sterile buds were 
placed and air was evacuated (0.7-0.9atm. pressure). After 40 
minutes, the pressure was gradually increased to atmospheric 
conditions and the buds were incubated under these conditions for 
1-15 minutes. The key point is that the difference in pressure causes 
the intercellular space to become filled with the test solution. The 
tested solutions were a 15% solution of Aminoven and Dropp at 
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concentrations of 4ml/l and 0.1mg/l respectively. In the control 
version, the buds were subjected to vacuum infiltration with sterile 
distilled water, or vacuum infiltration was not applied, but the buds 
were kept in the prescribed solutions.

After vacuum infiltration, anthers or ovaries were isolated 
from buds under sterile conditions and transferred to nutrient 
media containing mineral salts according to MS prescription, and 
preparation Dropp at a concentration of 0.01mg/l, NAA 0.1mg/l. pH 
of the medium was in the range 5.5-5.8 in all variants. 

Plant material was cultured in Petri dishes in a climate chamber 
(Binder, Germany), in darkness at 350C for the first 5 days, after 
which temperature was reduced to 250C. Under these conditions, 
explants were grown for 25 days and then moved to a light room, 
where a 16-hour photoperiod and white luminescent lamps (brand 
“OSRAM AG”, production - Germany) with light intensity of 5 
thousand lux were installed [16] (Kirakosyan, Kalashnikova 2015).

The experiments were carried out in triplicate. Statistical 
processing of the results was carried out according to standard 
methods. Data in the tables are given as arithmetic mean with 
standard error (M±mM). The differences of the chosen averages 
were assessed at a confidence level of 0.95.

Research Results
Based on the scholar literature data, we studied the effect of 

factors of chemical nature in vacuum infiltration conditions on 
the morphogenetic potential of cultivated reproductive organs of 
Brassica oleracea L. convar. botrytis (L.) Alef. var cymosa Duch.

Primarily, optimal time and pressure conditions should be 
established to provide high viability of cultured explants. Vacuum 
infiltration of the buds was performed for 1, 5, 10 and 15 min with 
water and at 0.7 atm, 0.8atm and 0.9atm pressure. The main results 
are shown in Figure 2.

Figure 2: Influence of vacuum infiltration conditions on bud viability Brassica oleracea L. convar. botrytis (L.) 
Alef. var cymosa Duch.

It has been shown experimentally that infiltration conditions 
have a significant effect on bud viability. An inversely proportional 
effect was found with increasing duration of vacuum infiltration 
buds viability decreased. This effect was shown by the formation 
of necrotic lesions primarily in the peripheral zone of buds during 
cultivation on nutrient medium MS combined with preparation 
Dropp and NAA at concentrations of 0.01 and 0.1mg/l respectively. 
Optimal vacuum infiltration conditions, which kept the buds viable 
in 50% of cases, were obtained at 0.8atm and with an exposure 
time of 1, 5 or 10 minutes. For next experiments, an exposure of 
10 minutes was chosen for a longer impact of the chemicals on the 
explant, which is probably going to provide deeper permeation into 
the cellular structures (tissues).

Growth regulators and amino acids are known to be one of 
the important regulators of morphogenesis [17-19]. Therefore, 
searching ways to deliver these substances to the cells of cultivated 
explants is an actual problem. In this work the vacuum infiltration 
of broccoli cabbage buds with Dropp and a 15% solution of 
Aminoven was used. The substances were chosen on the basis of 
our previous studies, which proved their high stimulating action 
on the formation of adventive buds on cultured in vitro explants. 
For example, Aminoven stimulating action can be described by the 
content in the solution of 17 non-essential and essential L-amino 
acids (alanine, arginine, tyrosine, proline, glycine, etc.), its action 
on morphogenetic potential of somatic cells was proved in the 
experiments of R.G. Butenko (1999). The main results are given in 
Table 1&2.
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Table 1: Influence of vacuum infiltration on the morphogenetic potential of isolated anthers of broccoli cabbage.

Variant
Number of Explants, %

Sterile Living Forming Morphogenic Callus Forming Embryoids

With the use of vacuum infiltration

H2O 100 68±3 12,0±0,6 1,9¸2,5

Aminoven 100 71±4 17,9±1,0 3,4¸4,0

Dropp 100 57±3 13,8±0,7 2,0¸2,4

Without the use of vacuum infiltration

H2O 100 100 11,2±0,5 2,0¸2,2

Aminoven 100 100 14,1±0,6 2,6¸3,2

Dropp 100 100 16,7±0,8 2,0¸2,2

Table 2: Influence of vacuum infiltration on the morphogenetic potential of isolated broccoli cabbage ovaries.

Variant

Number of Explants, %

Sterile Living Forming Morphogenic Callus Forming Embryoids

With the Use of Vacuum Infiltration

H2O 100 47±3 18,5±0,9 0,8¸1,0

Aminoven 100 56±3 29,3±1,4 1,8¸2,2

Dropp 100 49±2 24,1±1,0 1,5¸1,7

Without the Use of Vacuum Infiltration

H2O 100 100 17,7±0,6 0,7¸1,0

Aminoven 100 100 22,9±1,0 1,5¸1,7

Dropp 100 100 18,3±0,9 1,6¸1,8

As a result of these studies, it is evident that the use of vacuum 
infiltration has a significant effect on the morphogenetic potential 
of cultured explants. It was experimentally shown that the action of 
vacuum could stimulate morphogenetic activity of cells, in relation 
to the control variant. Moreover, this effect depended on the studied 
explants [20,21]. For example, cultivation of anthers isolated from 
buds after vacuum infiltration led to a viability increase in explants 
and their morphogenetic potential. It should be also noted that the 
morphogenetic activity of explants was affected not only by vacuum 

infiltration, but also by the preparation that was used. Thus, when 
buds were infiltrated with a 15% solution of Aminoven, the process 
of embryogenesis was observed directly on isolated anthers. 
The frequency of embryogenesis in this variant was the highest, 
averaging 3.7%. Visual observations showed that the process of 
embryoid formation occurred asynchronously and all stages of 
embryoid development could be seen in the same field of view 
using a binocular loupe: globular, heart and torpedo (Figure 3).

Figure 3: Embryogenesis on isolated anthers of Brassica oleracea L. convar. botrytis (L.) Alef. var cymosa Duch. 
after vacuum infiltration:
a.	 magnification x8,
b.	 magnification x12
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As for cultivation of isolated ovaries, the rate of direct 
embryogenesis was between 0.8 and 2.2% for the variants. The 
highest rate was also obtained in the variant with the use of vacuum 
infiltration with Aminoven solution and the counted rate was 2.2%.

The formed embryoids from all variants were subsequently 
cultured on hormone-free MS nutrient medium on which the 
formation of seedlings was observed

It should be noted that during cultivation of isolated ovaries, in 
addition to direct plant regeneration, formation of callus tissue was 
found in 29.3% of cases. The following cultivation on MS nutrient 
medium containing IAA - 2mg/l, 6-BAP - 1mg/l, sucrose - 3%, agar 
- 7g/l resulted in the formation of adventitious buds, from which 
regenerated plants were subsequently formed (Figure 4).

Figure 4:  Formation of callus tissue on isolated ovaries of Brassica oleracea L. convar. botrytis (L.) Alef. var 
cymosa Duch. after vacuum infiltration.

Conclusion
Thus, as a result of our research we have studied the dependence 

of reproductive organ morphogenesis process of broccoli cabbage 
on cultivation conditions. The positive effect of vacuum infiltration 
of cabbage buds for 10 minutes and 0.8atm. pressure, as well as 
the application of 15% solution of Aminoven drug on the process 
of morphogenesis was shown. The proposed technology makes it 
possible to increase the frequency of haploid plants formation from 
isolated anthers and ovaries by 25-30%, which is probably going to 
have an effect on speeding up the breeding process of deriving new 
hybrids and varieties of important agricultural plants.
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