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Aim. To optimize the regeneration and adaptation stages of the methods of obtaining dihaploid carrot plants
via gynogenesis in the culture in vitro, namely embryogenesis from gynogenetic callus, and to obtain normally
developed regenerant plants and regenerant roots. Methods. Common biotechnological methods were applied.
The gynogenetic carrot callus, line 345, was obtained from non-fertilized ovaries using the method, invented
by the authors. Results. The culture medium, in which the yield of embryos from one gynogenetic callus increases 4-fold, and the yield of normal plants – 12-fold, was invented. While growing roots using regenerant
plants in unprotected soil the mulching of soil with white agro¿ber ensures the survival of regenerants at the
level of 86.5 % which is 16 % higher than the control (without mulching) and the increase in the average weight
of roots up to 92.8 g (38.5 g more compared to the control). Conclusions. The regenerating and adaptive stages
of obtaining dihaploid regenerant plants from gynogenetic carrot calluses, induced from non-fertilized ovaries
in culture in vitro were optimized. The ef¿cient culture medium for embryogenesis from gynogenetic calluses
was elaborated. It was established that soil mulching using white agro¿ber increases the survival of gynogenetic plants in unprotected soil considerably and ensures the increase in the average weight of roots. It allows
refusing from greenhouses or tunnels while growing regenerant roots of gynogenetic origin.
Keywords: carrots, experimental haploidy in vitro, non-fertilized ovaries, callus, embryogenesis, regenerant
plants.
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INTRODUCTION
In two recent decades the arti¿cial selection of
domestic plants witnesses ever wider application of
the experimental haploidy method – obtaining plants
with a single set of chromosomes. In nature haploids
may occur spontaneously with the frequency of one
haploid per 105í10ɛ plants. Haploid plants are remarkable for a smaller stalk, late ripeness, and, as a
rule, sterility [1]. To restore the diploid set of chromosomes haploids are treated with colchicine, which
allows obtaining fertile plants, completely homozygous by all the allele genes. Spontaneous restoration
of ploidy degree is also possible (for instance, for
carrots).

– fast obtaining of genetically stable non segregating lines, homozygous for all the loci. It shortens the
duration of the breeding procedure for self-pollinated
plants by 3–4 years, and for cross-pollinated plants –
by 5–6 years. This approach is very ef¿cient for heterosis breeding, when the production of inbred lines
lasts for 5–6 years;
– the ef¿cient selection of genotypes due to phenotype manifestation of recessive genes in haploids and
dihaploids. There is elimination of organisms with lethal and semilethal genes;
– the obtaining of monosomic lines for their application in the genetic analysis and chromosomal engineering.

The application of haploids in the selection of plants
allows solving the following tasks:

Two in vitro methods are widely used to obtain haploids (or diploids):
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androgenesis – the development of haploid plants using microspores grown aseptically on the nutrient medium, which is applied for over 250 species of plants,
including wheat, rice, corn, barley, Àax, alfalfa, grapes,
apples, carrots, etc.;
gynogenesis – the development of haploid plants
using the isolated ovaries grown aseptically on the
nutrient medium, which is less common compared to
androgenesis, but ef¿cient in the production of haploids of sugar beets, sunÀower, potatoes, rice, wheat,
corn, barley, cotton, etc.
The regenerants, obtained using one of the abovementioned methods, differ among themselves by
genotype, i. e. they are remarkable for gamete-clonal variability which may be enhanced using hybrids
F1 as initial material. Due to recombinogenesis the
gametes of hybrids F1 carry different combinations
of parental genes. The transfer of haploids to diploid
level using colchicine allows obtaining a wide spectrum of variability for dihaploids in a short period
of time.
Experimental haploidy in vitro is widely used in the
breeding procedure. For instance, new high-yield varieties of rice and wheat were produce China in short
time using the ovary culture; four-way hybrids of corn
were obtained in the USA. There are on-going studies
in experimental haploidy using wheat in Russia (Saratov State University); using corn – in Moldova (Institute of Genetics, AS of Moldova). In Belarus haploids
are studied in the Institute of Genetics and Cytology
(triticale, sekalotritikum, wheat, Àax, potatoes, sugar
beets) and in SIC NAAS of Belarus for Agriculture
(rape, barley).
The gynogenesis method was ¿rst applied in France
in 1976, when haploid plants were obtained from nonfertilized barley ovaries [2]. Since then haploids of
similar origin were obtained from such crops as barley,
wheat, rice, tobacco, gerbera, hevea, sugar beets, corn,
sunÀower, cotton and potatoes [3].
Andersen et al. used the method of ovary culture to
obtain embryoids from two carrot samples. The average ef¿ciency of androgenesis is 0.8 % [4]. Dihaploid
lines, involved in the breeding process, were created
using embryoids. In Russia Tyukavin et al. elaborated
the methods of androgenesis and gynogenesis for carrots [5], which were used to obtain isogenic strains.
In general the haploidy induction method in vitro for
carrots is remarkable for low ef¿ciency, dependent on
the genotype, the stage of gamete development, cul50

ture medium and climatic conditions of growing donor
plants.
To obtain dihaploid plants of carrots the method of
inducing neoplasms in the culture of carrot ovaries in
vitro was developed (Pat. No. 30285 dated February
25, 2008 [17]), which allows obtaining gynogenetic
callus from non-fertilized ovaries [6]. However, the
regenerating ability of this callus and the viability of
plants, received from it, were found to be very low. For
instance, the average yield of embryoids from gynogenetic calluses was 3.1 ± 1.2 per one callus, whereas
the percentage of the formation of normal plants from
these embryoids did not exceed 6.3 % [7]. A number
of factors, participating in the regulation of embryogenesis in vitro have been established. These are nitrogen
compounds (ammonium form), potassium, calcium,
osmotic force of the solution and the concentrations of
carbohydrates, vitamins, amino acids and growth regulators [8]. There are data, proving that ɋɚɋl2, the inhibitor of ethylene synthesis, causes three-fold increase
in the yield of embryoids in the suspension culture [9].
Some authors [10, 11] came to the conclusion on active participation of calcium ions in the initiation of
the program of embryonic development of sporophytes
of plants.
There is con¿rmed positive effect of calcium chloride on embryogenesis from carrot calluses, originating from somatic tissues [6]. Murashige and Scoog
(MS) basal medium was used to develop the culture
medium for the induction of somatic embryoids of
carrots, which contains ɋɚɋl2 in the increased concentration [12].
Taking into consideration the fact that due to haploid
status the calluses of gynogenetic origin require speci¿c conditions for the manifestation of embryogenic
ability, the aim of this work was to optimize the regenerative and adaptive stages of the method of obtaining
dihaploid plants by the gynogenesis in vitro.
MATERIALS AND METHODS
The experiments were conducted in laboratory and
¿eld conditions. Common methods were applied to
cultivate carrot tissues and cells in vitro [13–16].
The productive line 345 of hybrid origin, Shantene
variety, elaborated in the Institute (number in the catalog of biotechnological samples of IVMG NAAS)
was used. The initial plants were selected by optimal
parameters of the seeded cluster in the ¿eld selection
seed-plot. The inÀorescences of orders I and II were cut
at the stage of opening the last row of Àowers.
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The inÀorescences were disinfected with 0.1 % water solution of HgCl2 with the exposition for 20 min,
and washed with distilled water ¿ve times. The ovaries were extracted from the closed buds to obtain a
callus therefrom, using the method of neoplasm induction, developed in the Institute for the culture of carrot
ovaries in vitro [17]. The gynogenetic calluses obtained
were cloned on the medium for callusogenesis during
several passages [11].

In order to determine the optimal method of cultivating gynogenetic regenerant plants in the ¿eld and
of obtaining roots from them, three kinds of material
for soil mulching were studied: black ¿lm; transparent
¿lm, white agro¿ber; control – no mulching [16].

In order to select the variant of medium, ef¿cient for
the formation of embryoids, the gynogenetic calluses
were cultivated in the following conditions:

The collection and biometric estimation of regenerant
roots was conducted during the ¿rst decade of October.
Regenerant roots of standard size (DSTU 7035:2009)
were selected for storing in winter.

1. ɆS í control [18];

The regenerant plants were planted into the cuts in
the mulching material using the 45 × 20 cm scheme.
Each variant was presented with three repeats, each repeat – with 20 plants.

The statistical analysis of the results obtained was
performed using common methods [20, 21].

2. ɆS + 999 mg/l CaCl2 (ɆS + CaCl2);
3. ɆS + 90 g/l sucrose (ɆS + sucrose).
25 calluses were used in each variant. The yield of
embryoids from calluses was estimated 30 days later.
The embryoids over 3 mm were subjected to estimation. The regeneration of seedlings from the obtained
initial embryoids was conducted on the MS medium
with 0.1 mg kinetin [19]. The completion of growing
and root development of regenerant plants was conducted on the hormone-free medium of ½ MS [19].
The number of plants, obtained from embryoids, was
estimated 40 days later. Plants of normal structure
with 2–4 leaves, 5 cm high, and with developed root
system were registered.
Plants in tubes were adjusted to in vivo conditions in
the coconut pills under the ¿lm in the cultural room,
where they were cultivated at the temperature of
20 °ɋ and illumination of 10,000 lx. The nutrition with
Knop’s solution was performed every 7 days [16].
The regenerant plants were planted into the open soil
in the phase of 3–5 actual leaves in the ¿rst decade of
July 2014.

RESULTS AND DISCUSSION
During the experiment in elaborating the optimal
culture medium for embryogenesis from gynogenetic
calluses the callus, obtained from non-fertilized ovaries of genotype 345, was cultivated on two modi¿cations of the culture medium MS. After 30 days of
cultivation (passage I) the yield of embryoids in all
the variants of the medium was found to be very low
(Table 1). They were also abnormal and it was impossible to obtain normally developed plants from them.
Further cultivation (passage II) on the same media allowed increasing the level of embryogenic ability of
calluses and obtaining up to 8.9 ± 2.1 embryoids from
one callus in the variant ɆS + CaCl2, which was considerably higher compared to the control (2.1 ± 0.7
of embryo/callus). The cultivation of calluses on the
medium MS + sucrose did not affect the embryogenic
ability of gynogenetic calluses.
The aftereffect of inductive media was observed at
the stage of plant regeneration from embryoids in pas-

Table 1. The effect of modi¿cation of the culture medium on embryogenesis and the yield of normally developed regenerant
carrot plants from gynogenetic callus 345, 2014
Yield of embryoids from one callus, it.
Variant of medium

ɆS (control)
ɆS + CaCl2
ɆS + sucrose
LSD05

Yield of normal plants
from one callus, it.

I passage

II passage

III passage

0.3 ± 0.1
1.1 ± 0.3
0
0.4

2.1 ± 0.7
8.9 ± 2.1
0.4 ± 0.1
1.2

0.6 ± 0.3
7.3 ± 2.0
0.1 ± 0.02
1.1
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after the adaptation, %
10.0
56.0
0
6.8
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sage III. On average 7.3 ± 2.0 of normal plants from
one callus were obtained from embryoids, cultivated
on the medium ɆS + CaCl2, which was considerably
higher compared to the control, where the number of
normally developed plants was 0.6 ± 0.2 it. (Table 1).
While growing in the coconut substrate ex vitro in
the cultural room the regenerant plants, obtained on the
medium ɆS + CaCl2, survived better than regenerants
in the control (56 and 10 % of planted plants respectively).
The cultivation of carrot regenerants in the ¿eld is
more complicated as weather conditions, soil overheating and overdrying affect them, decreasing the survival
of plants and the quality of roots. In order to optimize
the conditions of obtaining roots from gynogenetic regenerants in the unprotected ¿eld conditions the effect
of different mulching materials on the development of
regenerant plants was studied.
It was established that mulching with black and
transparent ¿lms had negative effect on the survival of
plants, decreasing it considerably, compared to the control (15.0; 42.5 and 70.5 %) (Table 2). This fact may be
explained by the increase (due mulching with ¿lms) in
the soil temperature compared to the control which has
negative effect on the development of the root system
of the plant, as the biological speci¿city of carrots is
the suspension of growth processes in the root system
at the soil temperature over 25 °ɋ.
A considerably higher number of surviving plants
compared to the control was obtained while using white
agro¿ber when this index was 86.5 %. It is evident that
this material prevents overheating of soil and promotes
the establishment of plants.
The results on biometric analysis of plants in the
phase of technical ripeness demonstrated that all the
variants of mulching had positive effect on the growth
of the heart of leaves, thus increasing its average height.

The excess of the control by this index in the variants
with black ¿lm and agro¿ber was insigni¿cant (23.0 ±
± 1.2 cm, 23.1 ± 1.3 cm, 20.4 ± 1.0 cm respectively),
whereas the variant with a transparent ¿lm was exceeding the control signi¿cally (by 5.6 cm). Evidently, the
mulching with a transparent ¿lm promotes better provision of plants with moisture.
The average number of leaves increased for the plants
in the variants with soil mulching was compared to the
control. A signi¿cant increase was noted for the variant with a black ¿lm, where the number of leaves was
18.2 ± 2.0 per one plant, whereas in the control it was
13.1 ± 1.1. This phenomenon may be explained by
speci¿c response of carrot plants to the conditions of
increased temperature and humidity of soil, created by
the black ¿lm.
The average weight of roots in all the test variants
was considerably higher than that for the control due
to the improvement of water balance. The largest
weight of roots was registered in the variants with the
transparent ¿lm (108.8 ± 7.4 g) and white agro¿ber
(92.8 ± 6.5 g). The increase in the weight of regenerant roots is a positive phenomenon which promotes
the improvement in their quality and ensures preservation capacity due to the decrease in weight during
long-term storing.
The results of the studies were 96 regenerant roots,
the application of which is planned to obtain generation
R1 and to perform further selection work in creating
combination-capable lines.
CONCLUSIONS
The regenerating and adaptive stages of obtaining
dihaploid regenerant plants from gynogenetic carrot
calluses, induced from non-fertilized ovaries in vitro
were optimized. The culture medium MS, modi¿ed
with the increased content of CaCl2, the cultivation
on which leads to 4-fold increase in the number of

Table 2. The effect of different types of soil mulching on the viability and growth of carrot regenerant plants of gynogenetic
origin from callus 345, 2014
Type of mulching
material
No mulch (control)
Black ¿lm
Transparent ¿lm
White agro¿ber
LSD05
52

Establishment of
regenerants in soil, %

Height of heart, cm

Number of leaves per
one plant

Root weight,
g

70.5
15.0
42.5
86.5
8.1

20.4 ± 1.0
23.0 ± 1.2
26.0 ± 1.5
23.1 ± 1.3
3.2

13.1 ± 1.1
18.2 ± 2.0
14.0 ± 1.6
14.2 ± 1.7
2.4

54.3 ± 4.7
74.3 ± 6.7
108.8 ± 7.4
92.8 ± 6.5
11.2
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embryoids, formed from gynogenetic calluses, compared to the control (8.9 ± 2.1 and 2.1 ± 0.7 respectively) and 12-fold increase in the yield of normal
plants from one callus (7.3 ± 2.0 and 0.6 ± 0.3), was
developed.
While growing roots using regenerant plants in
the ¿eld the mulching of soil with white agro¿ber
ensures the survival of regenerants at the level of
86.5 % which is 16 % higher than the control (without mulching) and the increase in the average weight
of roots up to 92.8 g (38.5 g more compared to the
control). It allows refusing from greenhouses or tunnels while growing regenerant roots of gynogenetic
origin.
Ɋɟɝɟɧɟɪɚɰɿɹ ɪɨɫɥɢɧ
ɡ ɝɿɧɨɝɟɧɧɢɯ ɤɚɥɸɫɿɜ ɦɨɪɤɜɢ
Ɍ. ȱ. ȼɿɰɟɧɹ, Ɉ. Ɏ. ɋɟɪɝɿɽɧɤɨ
e-mail: ovoch.iob@gmail.com
ȱɧɫɬɢɬɭɬ ɨɜɨɱɿɜɧɢɰɬɜɚ ɿ ɛɚɲɬɚɧɧɢɰɬɜɚ
ɇȺȺɇ ɍɤɪɚʀɧɢ
ȼɭɥ. ȱɧɫɬɢɬɭɬɫɶɤɚ, 1, ɩ/ɜ ɋɟɥɟɤɰɿɣɧɟ,
ɏɚɪɤɿɜɫɶɤɚ ɨɛɥ., 62478
Ɇɟɬɚ. Ɉɩɬɢɦɿɡɚɰɿɹ ɪɟɝɟɧɟɪɚɰɿɣɧɨɝɨ ɬɚ ɚɞɚɩɬɢɜɧɨɝɨ
ɟɬɚɩɿɜ ɫɩɨɫɨɛɭ ɨɬɪɢɦɚɧɧɹ ɞɢɝɚɩɥɨʀɞɧɢɯ ɪɨɫɥɢɧ ɦɨɪɤɜɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɝɿɧɨɝɟɧɟɡɭ ɭ ɤɭɥɶɬɭɪɿ in vitro, ɚ
ɫɚɦɟ: ɟɦɛɪɿɨɝɟɧɟɡɭ ɡ ɝɿɧɨɝɟɧɧɨɝɨ ɤɚɥɸɫɭ ɬɚ ɨɞɟɪɠɚɧɧɹ
ɧɨɪɦɚɥɶɧɨ ɪɨɡɜɢɧɟɧɢɯ ɪɨɫɥɢɧ-ɪɟɝɟɧɟɪɚɧɬɿɜ ɿ ɤɨɪɟɧɟɩɥɨɞɿɜ-ɪɟɝɟɧɟɪɚɧɬɿɜ. Ɇɟɬɨɞɢ. Ɂɚɫɬɨɫɨɜɚɧɨ ɡɚɝɚɥɶɧɨɩɪɢɣɧɹɬɿ ɛɿɨɬɟɯɧɨɥɨɝɿɱɧɿ ɦɟɬɨɞɢ. Ƚɿɧɨɝɟɧɧɢɣ ɤɚɥɸɫ ɥɿɧɿʀ
ɦɨɪɤɜɢ 345 ɨɬɪɢɦɚɧɨ ɡ ɧɟɡɚɩɥɿɞɧɟɧɢɯ ɧɚɫɿɧɧɢɯ ɡɚɱɚɬɤɿɜ in vitro ɡɚ ɜɢɧɚɣɞɟɧɢɦ ɚɜɬɨɪɚɦɢ ɫɩɨɫɨɛɨɦ.
Ɋɟɡɭɥɶɬɚɬɢ. Ɋɨɡɪɨɛɥɟɧɨ ɩɨɠɢɜɧɟ ɫɟɪɟɞɨɜɢɳɟ, ɧɚ ɹɤɨɦɭ
ɜɢɯɿɞ ɟɦɛɪɿɨʀɞɿɜ ɡ ɨɞɧɨɝɨ ɝɿɧɨɝɟɧɧɨɝɨ ɤɚɥɸɫɭ ɡɛɿɥɶɲɭɽɬɶɫɹ ɭ 4 ɪɚɡɢ, ɚ ɜɢɯɿɞ ɧɨɪɦɚɥɶɧɢɯ ɪɨɫɥɢɧ í ɭ
12 ɪɚɡɿɜ. ɉɪɢ ɜɢɪɨɳɭɜɚɧɧɿ ɤɨɪɟɧɟɩɥɨɞɿɜ ɡ ɪɨɫɥɢɧɪɟɝɟɧɟɪɚɧɬɿɜ ɭ ɧɟɡɚɯɢɳɟɧɨɦɭ ʉɪɭɧɬɿ ɦɭɥɶɱɭɜɚɧɧɹ
ʉɪɭɧɬɭ ɛɿɥɢɦ ɚɝɪɨɜɨɥɨɤɧɨɦ ɡɚɛɟɡɩɟɱɭɽ ɩɪɢɠɢɜɥɟɧɧɹ
ɪɟɝɟɧɟɪɚɧɬɿɜ ɧɚ ɪɿɜɧɿ 86,5 %, ɳɨ ɧɚ 16 % ɜɢɳɟ, ɧɿɠ ɭ
ɤɨɧɬɪɨɥɿ (ɛɟɡ ɦɭɥɶɱɭɜɚɧɧɹ), ɬɚ ɡɛɿɥɶɲɟɧɧɹ ɫɟɪɟɞɧɶɨʀ
ɦɚɫɢ ɤɨɪɟɧɟɩɥɨɞɿɜ ɞɨ 92,8 ɝ (ɧɚ 38,5 ɝ ɛɿɥɶɲɟ ɩɨɪɿɜɧɹɧɨ
ɡ ɤɨɧɬɪɨɥɟɦ). ȼɢɫɧɨɜɤɢ. Ɉɩɬɢɦɿɡɨɜɚɧɨ ɪɟɝɟɧɟɪɚɰɿɣɧɢɣ
ɬɚ ɚɞɚɩɬɢɜɧɢɣ ɟɬɚɩɢ ɫɩɨɫɨɛɭ ɨɬɪɢɦɚɧɧɹ ɞɢɝɚɩɥɨʀɞɧɢɯ
ɪɨɫɥɢɧ-ɪɟɝɟɧɟɪɚɧɬɿɜ ɡ ɝɿɧɨɝɟɧɧɢɯ ɤɚɥɸɫɿɜ ɦɨɪɤɜɢ,
ɿɧɞɭɤɨɜɚɧɢɯ ɡ ɧɟɡɚɩɥɿɞɧɟɧɢɯ ɧɚɫɿɧɧɢɯ ɡɚɱɚɬɤɿɜ ɭ ɤɭɥɶɬɭɪɿ
in vitro. Ɋɨɡɪɨɛɥɟɧɨ ɟɮɟɤɬɢɜɧɟ ɩɨɠɢɜɧɟ ɫɟɪɟɞɨɜɢɳɟ ɞɥɹ
ɟɦɛɪɿɨɝɟɧɟɡɭ ɡ ɝɿɧɨɝɟɧɧɢɯ ɤɚɥɸɫɿɜ ɬɚ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ
ɦɭɥɶɱɭɜɚɧɧɹ ʉɪɭɧɬɭ ɛɿɥɢɦ ɚɝɪɨɜɨɥɨɤɧɨɦ ɿɫɬɨɬɧɨ ɩɿɞɜɢɳɭɽ
ɩɪɢɠɢɜɥɟɧɧɹ ɝɿɧɨɝɟɧɧɢɯ ɪɨɫɥɢɧ ɭ ɧɟɡɚɯɢɳɟɧɨɦɭ ʉɪɭɧɬɿ
ɿ ɡɚɛɟɡɩɟɱɭɽ ɡɛɿɥɶɲɟɧɧɹ ɫɟɪɟɞɧɶɨʀ ɦɚɫɢ ɤɨɪɟɧɟɩɥɨɞɿɜ.
ɐɟ ɞɨɡɜɨɥɹɽ ɧɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɬɟɩɥɢɰɿ ɱɢ ɬɭɧɟɥɶɧɿ
ɭɤɪɢɬɬɹ ɩɪɢ ɜɢɪɨɳɭɜɚɧɧɿ ɤɨɪɟɧɟɩɥɨɞɿɜ-ɪɟɝɟɧɟɪɚɧɬɿɜ
ɝɿɧɨɝɟɧɧɨɝɨ ɩɨɯɨɞɠɟɧɧɹ.
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Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɦɨɪɤɜɚ, ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚ ɝɚɩɥɨʀɞɿɹ in
vitro, ɧɟɡɚɩɥɿɞɧɟɧɿ ɧɚɫɿɧɧɿ ɡɚɱɚɬɤɢ, ɤɚɥɸɫ, ɟɦɛɪɿɨɝɟɧɟɡ,
ɪɨɫɥɢɧɢ-ɪɟɝɟɧɟɪɚɧɬɢ.
Ɋɟɝɟɧɟɪɚɰɢɹ ɪɚɫɬɟɧɢɣ
ɢɡ ɝɢɧɨɝɟɧɧɵɯ ɤɚɥɥɭɫɨɜ ɦɨɪɤɨɜɢ
Ɍ. ɂ. ȼɢɰɟɧɹ, Ɉ. Ɏ. ɋɟɪɝɢɟɧɤɨ
e-mail: ovoch.iob@gmail.com
ɂɧɫɬɢɬɭɬ ɨɜɨɳɟɜɨɞɫɬɜɚ ɢ ɛɚɯɱɟɜɨɞɫɬɜɚ
ɇȺȺɇ ɍɤɪɚɢɧɵ
ɍɥ. ɂɧɫɬɢɬɭɬɫɤɚɹ, 1, ɩ/ɨ ɋɟɥɟɤɰɢɨɧɧɨɟ,
ɏɚɪɶɤɨɜɫɤɚɹ ɨɛɥ., 62478
ɐɟɥɶ. Ɉɩɬɢɦɢɡɚɰɢɹ ɪɟɝɟɧɟɪɚɰɢɨɧɧɨɝɨ ɢ ɚɞɚɩɬɢɜɧɨɝɨ
ɷɬɚɩɨɜ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɞɢɝɚɩɥɨɢɞɧɵɯ ɪɚɫɬɟɧɢɣ
ɦɨɪɤɨɜɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɧɨɝɟɧɟɡɚ ɜ ɤɭɥɶɬɭɪɟ in
vitro, ɚ ɢɦɟɧɧɨ: ɷɦɛɪɢɨɝɟɧɟɡɚ ɢɡ ɝɢɧɨɝɟɧɧɨɝɨ ɤɚɥɥɭɫɚ,
ɩɨɥɭɱɟɧɢɹ ɪɚɫɬɟɧɢɣ-ɪɟɝɟɧɟɪɚɧɬɨɜ ɢ ɤɨɪɧɟɩɥɨɞɨɜ-ɪɟɝɟɧɟɪɚɧɬɨɜ. Ɇɟɬɨɞɵ. ɉɪɢɦɟɧɟɧɵ ɨɛɳɟɩɪɢɧɹɬɵɟ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. Ƚɢɧɨɝɟɧɧɵɣ ɤɚɥɥɭɫ ɥɢɧɢɢ ɦɨɪɤɨɜɢ 345 ɩɨɥɭɱɟɧ ɢɡ ɧɟɨɩɥɨɞɨɬɜɨɪɟɧɧɵɯ ɫɟɦɹɩɨɱɟɤ in
vitro ɩɨ ɢɡɨɛɪɟɬɟɧɧɨɦɭ ɚɜɬɨɪɚɦɢ ɫɩɨɫɨɛɭ. Ɋɟɡɭɥɶɬɚɬɵ.
Ɋɚɡɪɚɛɨɬɚɧɚ ɩɢɬɚɬɟɥɶɧɚɹ ɫɪɟɞɚ, ɧɚ ɤɨɬɨɪɨɣ ɜɵɯɨɞ ɷɦɛɪɢɨɢɞɨɜ ɢɡ ɨɞɧɨɝɨ ɝɢɧɨɝɟɧɧɨɝɨ ɤɚɥɥɭɫɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ
ɜ 4 ɪɚɡɚ, ɚ ɜɵɯɨɞ ɧɨɪɦɚɥɶɧɵɯ ɪɚɫɬɟɧɢɣ í ɜ 12 ɪɚɡ. ɉɪɢ
ɜɵɪɚɳɢɜɚɧɢɢ ɤɨɪɧɟɩɥɨɞɨɜ ɢɡ ɪɚɫɬɟɧɢɣ-ɪɟɝɟɧɟɪɚɧɬɨɜ
ɜ ɧɟɡɚɳɢɳɟɧɧɨɣ ɩɨɱɜɟ ɦɭɥɶɱɢɪɨɜɚɧɢɟ ɩɨɱɜɵ ɛɟɥɵɦ
ɚɝɪɨɜɨɥɨɤɧɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɢɠɢɜɚɟɦɨɫɬɶ ɪɟɝɟɧɟɪɚɧɬɨɜ ɧɚ ɭɪɨɜɧɟ 86,5 %, ɱɬɨ ɧɚ 16 % ɜɵɲɟ, ɱɟɦ ɜ ɤɨɧɬɪɨɥɟ
(ɛɟɡ ɦɭɥɶɱɢɪɨɜɚɧɢɹ), ɢ ɭɜɟɥɢɱɢɜɚɟɬ ɫɪɟɞɧɸɸ ɦɚɫɫɭ
ɤɨɪɧɟɩɥɨɞɨɜ ɞɨ 92,8 ɝ (ɧɚ 38,5 ɝ ɛɨɥɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ
ɫ ɤɨɧɬɪɨɥɟɦ). ȼɵɜɨɞɵ. Ɉɩɬɢɦɢɡɢɪɨɜɚɧɵ ɪɟɝɟɧɟɪɚɰɢɨɧɧɵɣ ɢ ɚɞɚɩɬɢɜɧɵɣ ɷɬɚɩɵ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɞɢɝɚɩɥɨɢɞɧɵɯ ɪɚɫɬɟɧɢɣ-ɪɟɝɟɧɟɪɚɧɬɨɜ ɢɡ ɝɢɧɨɝɟɧɧɵɯ ɤɚɥɥɭɫɨɜ ɦɨɪɤɨɜɢ, ɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɢɡ ɧɟɨɩɥɨɞɨɬɜɨɪɟɧɧɵɯ ɫɟɦɹɩɨɱɟɤ ɜ ɤɭɥɶɬɭɪɟ in vitro. Ɋɚɡɪɚɛɨɬɚɧɚ ɷɮɮɟɤɬɢɜɧɚɹ ɩɢɬɚɬɟɥɶɧɚɹ ɫɪɟɞɚ ɞɥɹ ɷɦɛɪɢɨɝɟɧɟɡɚ ɢɡ
ɝɢɧɨɝɟɧɧɵɯ ɤɚɥɥɭɫɨɜ ɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɭɥɶɱɢɪɨɜɚɧɢɟ ɩɨɱɜɵ ɛɟɥɵɦ ɚɝɪɨɜɨɥɨɤɧɨɦ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɩɪɢɠɢɜɚɟɦɨɫɬɶ ɝɢɧɨɝɟɧɧɵɯ ɪɚɫɬɟɧɢɣ ɜ ɧɟɡɚɳɢɳɟɧɧɨɣ ɩɨɱɜɟ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɫɪɟɞɧɟɣ ɦɚɫɫɵ
ɤɨɪɧɟɩɥɨɞɨɜ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɩɥɢɰɵ
ɢɥɢ ɬɭɧɧɟɥɶɧɵɟ ɭɤɪɵɬɢɹ ɩɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɤɨɪɧɟɩɥɨɞɨɜ-ɪɟɝɟɧɟɪɚɧɬɨɜ ɝɢɧɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɨɪɤɨɜɶ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɚɩɥɨɢɞɢɹ in vitro, ɧɟɨɩɥɨɞɨɬɜɨɪɟɧɧɵɟ ɫɟɦɹɩɨɱɤɢ, ɤɚɥɥɭɫ,
ɷɦɛɪɢɨɝɟɧɟɡ, ɪɚɫɬɟɧɢɹ-ɪɟɝɟɧɟɪɚɧɬɵ.
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