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A b s t r a c t  
 

The conditions for growing donor plants in androgegesis in vitro are considered from the 
point of view of the influence of physical factors on the plants (illumination, length of daylight, tem-
perature, nutrition of plants). A priori it is believed that any period of the year (season) is suitable for 
plant tissue culture in vitro, and this is the main advantage of in vitro technologies compared to 
traditional ones. Seasonality is taken into account only when comparing donor plants grown in the 
field and under controlled conditions. However, we have not found reports on the study of using 
procedure of anther in vitro culture throughout the year. This paper is the first to show that, under 
uniform conditions of donor plants growing, the frequency of callus formation and regeneration of 
rice (Oryza sativa L.) plants from anthers in vitro culture differs depending on the month (season) 
when explants were collected. The aim of the studies was to study the seasonal dependence of in 
vitro androgenetic responses of O. sativa when growing donor plants in a climatic chamber condi-
tions. The 5-9 plants of O. sativa subsp. japonica Kato, the Cascade variety, were planted monthly 
during a year and grown in a climatic chamber (at 24 С and 21 С, 15000 lux, 60 % humidity and 
photoperiod of 14 light/10 dark hours) to be the test anther donors. The anthers from naturally 
grown plants served as controls. As a result, the seasonal dependence of callus formation in the rice 
anther culture in vitro was revealed. The peak intensity of callus formation occurs in May and June 
(15.5-28.3 %). When growing donor plants under artificial conditions at both temperatures, in the 
best period for anther culture in vitro (May-June) callus formation was higher than in the control. 
The use of the climatic chamber makes it possible to obtain consistently high values of the intensity 
of callus formation in some months, which is not always possible in the natural conditions. The tem-
perature of donor plant growing affects the frequency of rice callus formation and the regenerative 
capacity. The temperature which is lower than optimal for rice plants (21 С) allows for different 
frequency of callus formation throughout the year, whereas the rice-comfortable temperature (24 С) 
leads to a large seasonal dependence and callus formation from May to September and in December 
and January. At 21 С vs. 24 С, four times more calluses with green regenerants are formed (31.6 % 
vs. 8.8 %), with an increase in the fraction of doubled haploids up to 28.1 % and their number per 
callus up to 16.6. A moderate correlation was found between the share of calli with green rege-
nerants and the average number of doubled haploids per callus (r = 0.59 at p = 0.05). This means 
that with an increase in the number of calli with green regenerants, which is observed at 21 С, the 
total yield of doubled haploids also increases. As to the number of haploids, no such dependence was 
found. Thus, greenhouses and climatic chambers may serve not only for growing donor plants by 
researchers, but also for practical use of the most favorable periods for anthers culture technique. 

 

Keywords: Oryza sativa L., androgenesis in vitro, callus formation, regeneration, doubled 
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An in vitro rice anther culture has been used for genetic researches and 
breeding purposes since 1968 [1]. The works for obtaining doubled rice haploids 
has been successfully carried out for five decades, however, the breeding of new 
varieties, hybrids, and lines requires the optimization of anthers cultivation con-
ditions because a significant dependence of callus formation and regeneration on 
the parent plant’s genotype is known. It is considered a key problem in the 
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plants androgenesis in vitro including that in rice [2-4]. Nevertheless, there are 
also a number of other factors which influence on the androgenesis process: the 
conditions of donor plants growing, shock treatment of anthers before introduc-
tion into the in vitro culture, compositions of culture media and conditions of 
anthers and calli culturing [5-7]. 

The conditions of donor plants growing are considered from the stand-
point of their exposure to the physical factors (light intensity, daylight duration, 
temperature, plants nutrition) [5, 8]. It is believed that any period of the year 
(season) is suitable for the in vitro culture of the plants’ cells and tissues that 
constitutes the main advantage of this technology compared to traditional agri-
cultural production [9]. However, experienced researchers know that in certain 
periods of a year in vitro cultures grow and develop better than in other ones. 
Some rare experimental data on the plants’ seasonal development in the in vitro 
conditions began to appear. Thus, the propagation by cutting of the Sequoiaden-
dron giganteum (Lindl.) J. Buchholz in spring (March-May) contributes to the 
longer preservation of more number of living cuttings [10]. The summer period 
was the most favorable for the essential oil rose grown in the foothill zone of the 
Crimea. In this period, the number of developing explants in five varieties 
reached 92-97%, and in autumn this value was minimal, 40-72% [11]. For roses 
grown on the southern coast of Crimea the best period for selecting and intro-
ducing the explants into the culture were February-March, when the meristems 
development frequency reached 92-100%, in the autumn-summer period this 
value did not exceed 10-20% [12]. The authors conclude that such morphoge-
netic reaction is conditioned by the physiological state of the plant’s organ and 
of the explant secreted from it [12]. We have not found any reports related to 
the anthers introduction in the in vitro culture in all periods of the year. The 
seasonality factor is considered solely when comparing the donor plants grown in 
the field and indoor conditions.  

Some researchers introduce the anthers in the in vitro culture year-round 
without any stable result, but in most cases they try to time the cultivation by 
the end of spring. There are many information releases about using greenhouses 
and climate chambers for growing the donor plants for the rice anther culture 
[13, 14]. The main advantage of using indoor growing is the possibility to regu-
late the growing conditions [5, 6] and the aseptic purity of anthers introduced 
into the culture [5, 15]. In all such works, the emphasis is laid on the parent 
plants’ growing conditions and not on the seasonality.  

In the consideration of the problems related to the donor plant growing 
conditions there is also no the clear-cut answer to the question how to get the 
maximum output of doubled haploids. The relevant researchers are unanimous 
in the opinion that the conditions must be different for different species, genera, 
and families [4, 16]. In most cases, the researches try to create the maximally 
favorable conditions for the growth and development of the parent plants of rice 
[2, 6] both in the field [17-19] and indoor [13, 14] conditions.  

There are some evidences that the stressful conditions of the parent 
plants growing favorably influence the callus formation or shoots regeneration 
processes. In the anthers of the rice plant growing in a dry season there are more 
microspores capable of androgenetic responses [6]. In the plants grown at 18-20 
С, the frequency of calli production and regeneration of green shoots were 
more than 2 times higher than when growing at 26-28 С, and the albinos for-
mation was lower [as cited in 20]. The frequency of green regenerants formation 
turned out to be higher when growing the donor plants in the culture room at 20 
С than when growing in open space [21]. All these experimental data have also 
been obtained regardless of the seasonal dependence.  
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This research for the first time showed that the intensity of the callus 
formation and regeneration of rice plants varies depending on the month when 
the anthers were introduced in the in vitro culture while the donor plants’ grow-
ing conditions were uniform throughout the year. The most favorable period for 
the introduction of anthers in the in vitro culture was May-June. The lower 
temperature of 21С made it possible to obtain callus with different intensities 
throughout the year, and when the temperature of 24 С which is optimal for 
rice, the higher seasonal dependence was observed.  

The objective of this work was to investigate the seasonal dependence of 
the androgenetic responses of rice plants Oryza sativa L. when the donor plants 
growing in vitro in the controlled conditions of climatic chamber under two 
temperature schedules. 

Techniques. The anthers of rice O. sativa subsp. japonica Kato Cascade 
variety were used in the researches (Chaika Far East Federal Research Center 
for Agrobiotechnology). The 5-9 donors planted in the ground on Day 15 of 
every month of the year were placed into the climatic chamber MLR-352H 
(Sanyo, Japan) under the following conditions: temperature 24 С (in 2015) and 
21 С (in 2016), light intensity 15,000 lux, humidity 60%, photoperiod 
(light/dark) 14/10 hours. Donor plants grown in pots in the open space were the 
control. In the control, anther cultures were derived from 400 anthers in August 
2015 and 2016.  

Rice anthers prior to culture were exposed to low positive temperatures 
(5 °C) for 7 days by placing the panicles into the cylinders with water. For cul-
ture, induction culture medium N6 was used [2]. A total of 400 to 702 anthers 
per month were used.  

The anthers were cultured at 25-27 С in the dark until the 1-5 mm calli 
formation. Then it was transplanted to the N6-рк medium [23] for the shoots 
regeneration. The conditions in the culture room were the following: light inten-
sity 4,000 lux, temperature 22-25 С, daylight/dark duration 16/8 hours. For the 
rooting the MS medium [24] with the half-amount composition of macrosalts 
was used as modified by Goncharova [20]. 

The regenerants with a developed root system were planted in pots and 
continued to grow in the culture room until the seeds formation. All regenerated 
plants were divided into groups of haploids (the plants without seeds and with 
very small flowers), doubled haploids (the plants with seeds), tetraploids (the 
plants with few very large seeds having the apparent keel and ribbing on the flo-
ral squames), the plants without seeds (which have formed flowers of normal 
size, but not seeds on two or more panicles), and the plants which died during 
early growth. 

The data statistical processing was made using Statistica 10 software 
(StatSoft Inc., USA). The mean values (M), standard errors of means (±SEM) 
and the correlation coefficient (r) were determined. The difference between the 
variants was evaluated by Student’s t-test at the significance level of at least 5%.  

Results. For 24 С and 21 С, 5,172 and 7,278 anther cultures were initi-
ated, 12,450 in total. The seasonal dependence was detected at both tempera-
tures of the parent plants growing; the maximum frequency of callus formation 
occurred in May under 24 С (Fig. 1, A) and in May-June under 21 С (see Fig. 
1, B). However, the temperature which is low for the rice plant made it possible 
to get the callus every month with more or less intensity (1.0-15.5%). At the op-
timum temperature of 24 С in the early spring and late autumn periods, the 
callus formation did not occurred. The monthly callus formation averaged to 
4.5% for 24 С and to 3.9% for 21 С without statistically significant differences. 
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Fig. 1. Callus formation (%) in rice (Oryza sativa spp. japonica) Cascade variety depending on the 
month of anther culture initiation and on the temperature of growing donor plants: A — 24 С, B — 
21 С. 

 

1. Calli with green and albinos regenerants in rice (Oryza sativa spp. japonica) Cas-
cade variety depending on the month depending on the month of anther culture initia-
tion and on the temperature of growing donor plants 

Month 
Call, % 

Green regenerants/albinos 
with green regenerants albinos 

T e m p e r a t u r e  24 С 
May  13.7 37.1 3.5 
June 7.7 23.1 20.5 
July 5.9 26.5 0.8 
August (control) 12.8 25.5 1.3 
August 5.6 16.7 0.9 
September 0 33.3 0 
December  15.9 15.9 24.3 

Average (M±SEM) 8.8±2.1 25.4±3.0 7.3±3.9 
T e m p e r a t u r e  21 С 

January  33.3 16.7 20.0 
February  21.4 21.4 23.7 
March 50.0 16.7 18.3 
April  20.0 20.0 7.6 
May  33.3 22.2 18.4 
June 56.3 59.8 5.4 
July 23.1 7.7 9.8 
August 33.3 52.4 2.3 
August (control) 0 40.0 0 
September 22.2 38.9 8.0 
October 60.0 20.0 44.0 
November 50.0 16.7 21.1 
December 20.0 26.7 50.0 

Average (M±SEM) 31.6±5.0 27.6±4.3 17.6±4.2 
N o t e. The mean values (M) of the share of the calli with green regenerants for 24 С and 21 С differ statistical-
ly significantly at p = 0.01. 

 

The callus frequency in the control was different in 2015 and 2016. 
Thus, the conditions of 2015 were typical for parent plants’ growth that led to 
the higher callus formation (11.7%) (see Fig. 1, A). In 2016, we collected pani-
cles in hot period that could be a negative stressor for the callus formation which 
amounted to 1.4% (see Fig. 1, B), and led to the complete absence of shoot re-
generation. Under growing donor plants in a chamber at both temperatures dur-
ing the best time of the anther culture initiation (May-June), the callus for-
mation was higher than in the control. Thence, using the climatic chamber 
made it possible to get a stable high callus formation in certain months, which is 
not always possible under the natural conditions of growing anther donors.  

Donors grown under 24 С produced 8.8% calli capable of green regenerant 
formation, at 21 С the average value was 4 times higher (t = 3.35, p = 0.004), up 
to 31.6 % (Table 1). Therefore, the temperature which is low for rice plant not 
only allows callus formation throughout the year, but also influences the fre-
quency of calli with morphogenetic responses. There was tendency to a 2-fold 
decrease of albinism. Note that when using other methods to increase shoot re-
generation from anthers, e.g. different regeneration media, the number of green 
regenerants also increases due to the greater output of calli capable of morpho-
genetic responses [23]. 
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Albinism of calli is a problem for plant regeneration in cereal crops [4, 
6]. In our research, the albinos were several times less frequent than green re-
generants (see Table 1); they appeared only at the initial stage of morphogenesis 
and could be easily removed from the callus. The next passage of callus aggre-
gates with green initials allowed tens and hundreds of green regenerants to de-
velop normally. 

2. The average number of rice (Oryza sativa spp. japonica) Cascade variety green re-
generants per callus depending on the month of anther culture initiation (M±SEM) 

Month Calli  Haploids  Doubled  haploids  Tetraploids  Dead  plants Seedless plants  
T e m p e r a t u r e  24 С 

May  17 54.1±13.3 14.8±3.9 0 11.2±3.5 0.3±0.2 
June 1 157 4 0 44 0 
July 2 16.0±10.0 13.5±9.5 0 2.5±1.5 0 
August (control) 6 17.2±15.4 3.7±1.8 0 1.7±0.8 0 
August 1 14 0 0 1 0 
December 7 54.9±24.4 28.0±11.3 1.6±1.6 11.1±8.9 1.4±0.8 

Average 5.7±2.5 10.9±5.6 4.6±2.4 0.3±0.3 11.9±6.7 0.3±0.2 
T e m p e r a t u r e  21 С 

January  2 90.5±0.5 1.0±0.0 0 8.5±0.5 0 
February  3 33.0±31.5 28.3±27.3 0.3±0.3 9.7±2.9 4.3±4.3 
March 6 17.3±9.4 23.5±17.9 0 14.2±7.8 0 
April  5 27.4±13.3 9.6±5.6 0 9.8±7.2 0.2±0.2 
May  17 31.9±8.4 19.7±6.9 0.5±0.5 5.4±1.0 1.9±1.2 
June 52 28.0±5.4 10.9±2.5 0.3±0.3 8.9±1.4 2.4±0.6 
July 3 3.7±2.0 9.7±7.3 0 3.0±2.1 0 
August (control) 7 21.3±13.4 5.9±2.4 0 4.1±1.8 1.4±1.0 
September 4 34.0±21.1 18.5±11.2 0 9.8±1.4 1.0±0.6 
October 3 3.3±1.3 61.7±30.9 0 7.0±3.4 1.3±0.7 
November 6 12.0±5.7 12.3±7.0 0 3.3±3.3 0.8±0.4 
December 3 51.7±24.1 15.0±10.0 0 15.0±9.0 0 

Average 9.3±4.1 27.2±6.7 16.6±4.3 0.1±0.1 8.2±1.1 1.1±0.4 
N o t e. The average values for doubled haploids at two temperatures differ statistically significantly at p = 0.05; 
the differences in mean values of the haploids number are statistically insignificant. 

 

 
Fig. 2. Regeneration of rice (Oryza sativa spp. japonica) Cascade variety depending on the month of 
anther culture initiation for donor plants growing temperatures of 24 С (A) and 21 С (B): a — hap-
loids; b — doubled haploids; — dead plants; d — plants without seeds; e — tetraploids. 

 

The average amount of regenerants of various types per callus depending 
on the temperature of donor plant growing is shown in Table 2. There were no 
statistically significant differences between haploids and doubled haploids as per 
months. The statistically significant difference (t = 4.26, p = 0.0001) was only 
between the average values of doubled haploids in June and October for 21 С of 
growing donor plants. The average values of doubled haploids differed (t = 2.39, 
p = 0.05) between 24 С and 21 С temperatures (see Table 2). There was mod-
erate correlation between the portion of the calli with green regenerants and the 
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average number of doubled haploids per callus (r = 0.59, p = 0.05). It means that 
as an increase in the number of calli with green regenerants occurred at 21 С, the 
total output of doubled haploids also increased. Such dependence by the number 
of haploids has not been revealed.  

For 24 С and 21 С the total number of produced regenerants amount-
ed to 2,464 and 5,798, respectively. The maximum number of regenerants was in 
May-June period in accordance with the callus formation intensity (Fig. 2). For 
24 С, a regenerative ability slightly increased in December. 
 

 
Fig. 3. Groups of regenerants of rice (Oryza sativa spp. japonica) Cascade variety depending on the 
month of anther culture initiation for donor plants growing temperatures of 24 С (A) and 21 С (B): 
a — haploids; b — doubled haploids; — dead plants; d — plants without seeds; e — tetraploids. 

 

The number of regenerants of different types was not the same for differ-
ent temperatures of growing donor plants. At 24 С, haploids were always the 
greatest in number, throughout the year up to 65.3% and from 50.0 to 93.3% as 
per months (see Fig. 3, A). Doubled haploids amounted 20.3% on average per 
year and varied from 0 to 42.2% as per months. At 21 С, throughout the year 
haploids averaged 52.6%, ranging from 4.6 to 90.5%, and doubled haploids 
reached 28.1%, ranging from 1.0 to 84.1% (see Fig. 3, B). That is, as the tem-
perature used to grow donors decreased, the number doubled haploids increased. 
This was due to the increase in the average number of regenerants from callus. 
In certain months (March, July, October and November), if the donor plants 
were exposed to lower temperature (21 С), doubled haploids prevailed over 
haploids (see Fig. 3). 

No dependence has been found for nonviable regenerants, tetraploids, 
and sterile plants of non-haploid origin. Seasons of the year and the temperature 
of the donors growing did not affect the frequency of their appearance. Appar-
ently, their formation in callus was spontaneous. 

The found seasonal dependence of androgenetic responses in rice is well 
consistent with the general biological laws. Spring and early summer is the most 
favorable period for active germination of seeds and vegetative propagation of 
plants. Obviously, even under controlled growing donors, callus formation in 
anther culture and regeneration intensify precisely in this period. The propaga-
tion by cutting of other plants in vitro is also most successful in spring [10-12]. 
Indoor growing (in greenhouses, climatic chambers) not only ensures the con-
trolled conditions for growing donor plants, which is often practiced by re-
searchers [5, 6], but also enables using favorable time to initiate anther culture. 
Pershina et al. [25] note the negative response of some wheat varieties in anther 
culture when growing donor plants in a greenhouse. Perhaps, given the seasonal 
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dependence of androgenic responses, the result could be positive. 
The low temperature during the donor plants growing (21 С) is an addi-

tional stressor which stimulates the androgenetic responses of the rice plants and 
made it possible to get the regenerants throughout the whole year, while more 
favorable temperature (24 С) is effective only during certain months. Shock 
temperatures (4-12 С) of anther pretreatment can switch the program of micro-
spore development in cereals from gametophytic to sporophytic [2, 5, 7]. The 
extremely low temperature of donor growing enhances this effect in rice. A 
number of researches show that creating the better conditions for the donor 
plants’ growth and development is not necessary as it is commonly believed. A 
stress including the temperature stress enhances the callus formation and regen-
eration [as cited in 20, 21].  

Thus, there is the seasonal dependence of callus formation in rice anther 
culture, with the maximum frequency in May to June. The temperature of donor 
plant growing influences callus formation intensity and regenerative ability. The 
temperature which is lower than the optimal for the rice plants (21 С) ensures 
callus formation with different intensity throughout the whole year, while at the 
optimal temperature (24 С) the callus formation is possible only from May to 
September and in December to January. The anthers of donor plants grown at 
21 С produce practically 4 times more calli with green regenerants (31.6%) as 
compared to those at 24 С (8.8%). The number of doubled haploids increases 
up to 28.1% and averages up to 16.6 per callus. 

 
R E F E R E N C E S  

 
1. Niizeki B.H., Oono K. Induction of haploid rice plant from anther culture. Proceedings of the 

Japan Academy, 1968, 44(6): 554-557 (doi: 10.2183/pjab1945.44.554). 
2. Mishra R., Rao G.J.N. In-vitro androgenesis in rice: advantages, constraints and future pro-

spects. Rice Science, 2016, 23(2): 57-68 (doi: 10.1016/j.rsci.2016.02.001). 
3. Xu L., Najeeb U., Tang G.X., Gu H.H., Zhang G.Q., He Y., Zhou W.J. Haploid and doubled 

haploid technology. In: Advances in Botanical Research-Rapeseed Breeding. S.K. Gupta, 
M. Delseny, J.‐C. Kader (eds.). Academic Press, London, 2007: 181-216 (doi: 10.1016/S0065-
2296(07)45007-8). 

4. Dunwell J.M. Haploids in flowering plants: origins and exploitation. Plant Biotechnology Jour-
nal, 2010, 8(4): 377-424 (doi: 10.1111/j.1467-7652.2009.00498.x). 

5. Ferrie A.M., Caswell K.L. Isolated microspore culture techniques and recent progress for hap-
loid and doubled haploid plant production. Plant Cell Tiss. Organ Cult., 2011, 104(3): 301-309 
(doi: 10.1007/s11240-010-9800-y). 

6. Datta S.K. Androgenic haploids: factors controlling development and its application in crop 
improvement. Current Science, 2005, 89(11): 1870-1878. 

7. Germanà M.A. Anther culture for haploid and double haploid production. Plant Cell Organ. 
Cult., 2011, 104(3): 283-300 (doi: 10.1007/s11240-010-9852-z). 

8.  Bolvell G.P., Vud K.R., Gonzales R.A. et al. Biotekhnologiya rastenii: kul'tura kletok /Perevod s 
angliiskogo V.I. Negruka; s predisloviem R.G. Butenko [Plant biotechnology: cell culture]. 
Moscow, 1989 (in Russ.). 

9. Urazaliev K.R. Biotekhnologiya. Teoriya i praktika, 2016, 2: 4-19 (in Russ.). 
10. Sultonova M.S., Nimadzhanova K. Innovatsii i prodovol'stvennaya bezopasnost', 2014, 4: 77-81 

(in Russ.). 
11. Egorova N.A., Stavtseva I.V. Vestnik Udmurtskogo universiteta, 2016, 26(2): 45-52 (in Russ.). 
12. Mitrofanova I.V., Mitrofanova O.V., Brailko V.A., Lesnikova-Sedoshenko N.P. Prikladnaya 

khimiya i biotekhnologiya, 2015, 2(13): 37-48 (in Russ.). 
13. Bishnoi U.S., Jain R.K., Gupta K.R., Chowdhury V.K., Chowdhury J.B. High frequency an-

drogenesis in indica ½ Basmati rice hybrids using liquid culture media. Plant Cell, Tissue and 
Organ Culture, 2000, 61(2): 153-159 (doi: 10.1023/A:1006407912576). 

14. Lapitan V.C., Redoña E.D., Abe T., Brar D.S. Molecular characterization and agronomic per-
formance of DH lines from the F1 of indica and japonica cultivars of rice (Oryza sativa L.). 
Field Crop Research, 2009, 112(2-3): 222-228 (doi: 10.1016/j.fcr.2009.03.008). 

15. Ilyushko M.V. Vestnik KrasGAU, 2014, 6: 143-148 (in Russ.). 
16. Smýkal P. Pollen embryogenesis — the stress mediated switch from gametophytic to sporophytic 



564 

development. Current status and future prospects. Biologia Plantarum, 2000, 43(4): 481-489 
(doi: 10.1023/A:1002835330799). 

17. Rout P., Naik N., Ngangkham U., Verma R.L., Katara J.L., Singh O.N., Samantaray S. Dou-
bled haploids generated through anther culture from an elite long duration rice hybrid, 
CRHR32: method optimization and molecular characterization. Plant Biotechnology, 2016, 33: 
177-186 (doi: 10.5511/plantbiotechnology.16.0719a). 

18. Premvaranon P., Vearasilp S., Thanapornpoonpong S., Karladee D., Gorinstein S. In vitro 
studies to produce double haploid in Indica hybrid rice. Biologia, 2011, 66(6): 1074-1081 (doi: 
10.2478/s11756-011-0129-8). 

19. Mishra R., Rao G.J.N., Rao R.N., Kaushal P. Development and characterization of elite dou-
bled haploid lines from two Indica rice hybrids. Rice Science, 2015, 22(6): 290-299 (doi: 
10.1016/j.rsci.2015.07.002). 

20. Goncharova Yu.K. Ispol'zovanie metoda kul'tury pyl'nikov v selektsii risa [Using the anther cul-
ture method in rice breeding]. Krasnodar, 2012 (in Russ.). 

21. Ilyushko M.V. Effect of growing conditions of rice donor plants on anther culture in vitro. 
Journal of Agricultural Science and Technology, 2015, 5: 686-694 (doi: 10.17265/2161-
6256/2015.08.007). 

22. Chu C. The N6 medium and its applications to anther culture of cereal crops. Proceedings of Sym-
posium on Plant Tissue Culture, 25-30 May 1978, Peking. Science Press, Peking, 1978: 43-50. 

23. Ilyushko M.V. Izvestiya TSKHA, 2017, 2: 126-133 (in Russ.). 
24. Murashige T., Skoog F. A revised medium for rapid growth and bioassays with tobacco tissue 

cultures. Physiologia Plantarum, 1962, 15: 473-497 (doi: 10.1111/j.1399-3054.1962.tb08052.x). 
25. Pershina L.A., Osadchaya T.S., Badaeva E.D., Belan I.A., Rosseeva L.P. Vavilovskii zhurnal 

genetiki i selektsii, 2013, 17(1): 40-49 (in Russ.). 


