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RICE (ORYZA SATIVA L.) ANDROGENESIS IN VITRO

Rice (Oryza sativa L.) is a cereal crop cultivated mainly in tropical and even some subtropical 
countries and provides food for more than half of the world’s population. Nowadays, haploid biotech-
nology (gynogenesis and androgenesis) is used in breeding practice as one of the tools to improve rice, 
preferably in vitro androgenesis. The method of in vitro cultivation of male gametophyte is one of the 
promising biotechnological approaches in crop breeding research, including rice. This method is based 
on the biological phenomenon of androgenesis – formation of haploid regenerant plant from anther and 
microspore cells, whose development switches from gametophytic to sporophytic pathway. However, 
the wide application of these technologies is limited by the existing two problems associated with the 
genotype-dependence of plant regeneration and formation of albino plants in many cases in in vitro male 
gametophyte culture of rice. The need to eliminate these restrictions has been and remains. This requires 
continued research in this direction to develop and optimize the technology of cultivation, pre-treatment 
of anthers and components of the nutrient medium, universal for all rice genotypes. This review consid-
ers a number of factors that affect the efficiency of rice androgenesis in vitro.

Key words: Rice (Oryza sativa L.), androgenesis in vitro, anthers culture, isolated microspores cul-
ture, limiting factors. 
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In vitro жағдайындағы күріш (Oryza sativa L.) андрогенезі

Күріш (Oryza sativa L.) дүние жүзі халқының жартысынан астамын азық-түлікпен қамтамасыз 
ететін маңызды дәнді дақыл болып табылады, кейбір тропиктік, тіпті субтропиктік елдерде 
өсіріледі. Қазіргі уақытта гаплоидты биотехнология (гиногенез және андрогенез) селекциялық 
тәжірибеде күрішті жақсарту құралдарының бірі ретінде in vitro-ғы андрогенезде қолданылады. 
In vitro андрогенездің дәстүрлі селекция әдістерімен салыстырғанда артықшылығы генотипте ата-
аналық формалардың экономикалық құнды белгілерін сақтайтын 1-ші ұрпақтың гомозиготалы 
тұрақты будандарын аз уақыт аралығында алу мүмкіндігі болып табылады. Аталық гаметофитті 
in vitro жағдайында өсіру әдісі ауыл шаруашылығы дақылдарын, оның ішінде күрішті зерттеудегі 
перспективті биотехнологиялық тәсілдердің бірі болып табылады. Бұл әдіс андрогенездің 
биологиялық құбылысына негізделген – гаметофитті жолдан спорофитті жолға ауысатын 
тозаң және микроспора жасушаларынан гаплоидты регенерант өсімдіктің түзілуі. Алайда, бұл 
технологияларды кеңінен қолдану өсімдіктердің регенерациясының генотипке тәуелділігімен 
және көптеген жағдайларда in vitro күріштің тозаң және микроспоралы дақылында альбинос 
өсімдіктерінің қалыптасуымен байланысты екі мәселемен шектеледі. Бұл шектеулерді жою 
қажеттілігі болды және болып қала береді. Бұл күріштің барлық генотиптері үшін әмбебап өсіру 
технологиясын, тозаңдарды алдын ала өңдеу және қоректік ортаның құрамын әзірлеу және 
оңтайландыру үшін осы бағыттағы зерттеулерді жалғастыруды талап етеді. Бұл шолуда in vitro 
жағдайындағы күріш андрогенезінің тиімділігіне әсер ететін бірқатар факторлар қарастырылады.

Түйін сөздер: күріш (Oryza sativa L.), андрогенез in vitro, тозаңқап дақылдау, оқшауланған 
микроспораларды дақылдау, шектеуші факторлар.
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Андрогенез риса (Oryza sativa L.) in vitro

Рис (Oryza sativa L.) – важная зерновая культура, обеспечивающая питанием более половины 
населения земного шара и выращиваемая главным образом в тропических и даже в некоторых 
субтропических странах. В настоящее время гаплоидная биотехнология (гиногенез и андроге-
нез) используется в селекционной практике как один из инструментов улучшения риса, преиму-
щественно андрогенеза in vitro. Метод культивирования in vitro мужского гаметофита является 
одним из перспективных биотехнологических подходов в селекционных исследованиях сельско-
хозяйственных культур, в том числе риса. Преимущество андрогенеза in vitro по сравнению с 
традиционными методами селекции заключается в возможности быстрого получения гомози-
готных константных гибридов 1-го поколения, сохраняющих в генотипе хозяйственно-ценные 
признаки родительских форм. Этот метод основан на биологическом явлении андрогенеза – об-
разовании из пыльников и клеток микроспор гаплоидного растения-регенеранта, развитие кото-
рого переключается с гаметофитного пути на спорофитный. Однако широкое применение этих 
технологий ограничивается существующими двумя проблемами, связанными с генотипической 
зависимостью регенерации растений и формированием во многих случаях растений-альбиносов 
в культуре пыльников in vitro и микроспор риса. Необходимость устранения этих ограничений 
была и остается. Это требует продолжения исследований в этом направлении по разработке и 
оптимизации технологии выращивания, предварительной обработки пыльников и состава пита-
тельной среды, универсальной для всех генотипов риса. В данном обзоре рассмотрен ряд фак-
торов, влияющих на эффективность андрогенеза риса in vitro.

Ключевые слова: рис (Oryza sativa L.), андрогенез in vitro, культура пыльников, культура 
изолированных микроспор, лимитирующие факторы.

Introduction
 
Haploid plants in rice were first discovered by 

Morinaga and Fukushima in 1931[1], and in 1968 
Niizeki and Oono obtained the first haploid plants in 
rice anther culture [2].

Since then, there have been many studies aimed 
at improving the efficiency of various aspects of the 
male gametophyte in rice and the use of dihaploids 
in breeding. Currently, there is a lot of information 
in the literature about rice androgenesis in vitro [3-
8]. The purpose of this article was to analyze the 
literature data devoted to the study of a number of 
factors affecting the processes of androgenesis in 
vitro in rice.

Androgenesis in vitro is the reprogramming 
of the development of the male gametophyte 
from the gametophytic to the sporophytic path of 
development with the formation of regenerated 
plants with a haploid set of chromosomes. The 
use of androgenesis significantly accelerates the 
production of homozygous constant lines carrying 
economically valuable traits and representing 
valuable material for selection [3-8].

At the same time, there are problems that 
reduce the effectiveness of this method and its 
widespread use in breeding practice. However, the 

wide application of these technologies is limited 
by the existing two main problems associated with 
the genotypic dependence of plant regeneration 
and the formation of albino plants in many cases in 
rice anther and microspore cultures in vitro. Until 
now, the need to eliminate these restrictions has 
been and remains. This requires continued research 
on the optimization of cultivation technology, 
anther pretreatment and components of the nutrient 
medium.

Techniques of androgenesis in vitro 
There are two approaches to obtaining haploid 

plants by inducing androgenesis under aseptic 
conditions. The first is anther culture, in which 
isolated anthers are cultured on a solid nutrient 
medium. Second, microspores culture, in which 
pollen grains are released from the anther, and then 
cultivated on a liquid nutrient medium. Thus, in this 
article, the term androgenesis in vitro is used in a 
broad sense, including the culture of anthers and 
microspores.

Factors affecting the androgenesis of rice in 
vitro

An analysis of the literature data revealed that 
the success of the cultivation of rice anthers and 
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microspores is influenced by numerous biological, 
chemical and physical factors.

Among the biological factors, androgenesis of 
rice in vitro is strongly influenced by the donor plant 
genotype, its physiological state and developmental 
stage of the male gametophyte. 

Among the chemical factors influencing the 
success of androgenesis in vitro are the mineral 
composition of nutrient media, growth stimulants, 
vitamins and organic additives. Physical factors 
include the state (type) of the nutrient medium, 
temperature and radiation pretreatment of the 
planting material, temperature and light conditions 
of cultivation.

Biological factors
Donor plant genotype. The genotype of the initial 

material is one of the important factors determining 
the positive results of cultivating isolated anthers 
and microspores. Therefore, the identification and 
selection of genotypes responsive to cultivation 
conditions is a primary task [9-12].

Due to the strong dependence on the genotype, 
some researchers suggest that the starting material 
for androgenesis should be crossed with well-
regenerating varieties [13, 14]. Since this is not 
always possible, an alternative solution is to select 
optimal cultivation conditions for each individual 
rice genotype [15].

Donor plant physiological state. The 
physiological state of plants at the time of cultivation 
is one of the key factors influencing the induction of 
androgenesis in vitro [3-8, 11].

Healthy donor plants, their shoots and ears are 
the first important factors in the implementation 
of accelerated production of dihaploids. Two 
commonly used methods (controlled conditions in 
a greenhouse or phytotron chamber; favorable field 
conditions in the nursery) help breeders to work 
in this direction. Controlled light and temperature 
conditions (greenhouse, phytotron chamber) allow 
growing donor plants throughout the year [16].

Some researchers prefer materials grown in 
the field for their work. Generally, the capacity for 
androgenesis in vitro of anthers and microspores 
from donor plants harvested from the field is 
significantly superior to that of plants grown under 
controlled conditions. They form more shoots with 
a developed spike, large anthers and microspores 
inside the anthers [16]. 

This is mainly, as experiments show, the number 
of viable microspores formed in anthers depends 
on the donor plant physiological state and on the 
nutritional status of anther tissues [11].

Phase of male gametophyte development. The 
phase of development of pollen grains in anthers plays 
a decisive role in the induction of morphogenetic 
processes up to the production of haploid regenerants 
[3-8, 11]. Therefore, before cultivating anthers, it 
is necessary to determine the development stage 
of the male gametophyte. The stage of microspore 
development can be determined by morphological 
and cytoembryological characteristics [3, 11]. It was 
found that the level of starch content in microspores 
is the best cytological marker in comparison with 
other morphological features [12].

For rice, the best stage for the induction of 
embryogenesis is the middle or late single-core 
stage of microspore division [8, 17, 18]. Probably, 
microspores at this stage are poorly differentiated 
and have an increased morphogenetic potential for 
the induction of callusogenesis, embryogenesis and 
organogenesis and recovering of the whole plant 
[18].

It is important to note that in many cases, 
mononuclear microspores from the early to late 
stages of maturation of the male gametophyte are 
more responsive to the induction of androgenetic 
processes. However, the most appropriate stage of 
microspore development may differ for different 
genotypes.

Chemical factors
Components of the nutrient medium. A very 

important factor affecting androgenesis in vitro is the 
components of the nutrient media. In particular, the 
concentration and combination of phytohormones or 
plant growth regulators (PGR) play a certain role. In 
various experiments, the addition of the following 
components is used: macro- and microelements, 
vitamins, carbohydrates, amino acids, activated 
carbon, various organic additives. Modified 
Murashige and Skoog [19], Gamborg B5 [20], N6 
[21] and others basic nutrient media are used for 
the cultivation of isolated anthers and microspores  
[3-8].

Carbohydrates are necessary in media for the 
cultivation of anthers and microspores as an energy 
source and as osmotic agents [18]. The use of one 
or another group of carbohydrates greatly influences 
the response of cultivated anthers. The correct 
choice of the carbon source greatly influences the 
reaction of the anther. A number of researchers have 
noticed that the use of maltose instead of sucrose 
has a positive effect on increasing the efficiency of 
induction of androgenesis in rice in vitro [11, 22].

Sucrose has a toxic effect on androgenesis in 
vitro. Since, when sucrose is added to the nutrient 
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medium, it breaks down with the formation of 
glucose and fructose. As is known, microspores are 
very sensitive to fructose [11].

The type and concentration of PGR in the 
induction nutrient medium is very important 
for changing the pathway of development of 
microspores from gametophytic to sporophytic. It 
has been established that not only the combination 
of growth regulators, but also the auxin/cytokinin 
balance play a significant role in the regulation of in 
vitro androgenesis in rice [3-8].

Physical factors
The physical state of the nutrient media. 

Usually, rice anthers are cultivated on solid nutrient 
media. However, there is evidence that cultivation 
on a solid medium leads to increased necrosis of 
the anther tissue. Liquid nutrient media are often 
used to monitor anther and micropore that have 
limited access to nutrients and growth regulators 
[3-6, 8, 11, 12]. Agar is widely used as a gelling 
agent of solid nutrient media. It has also been 
shown that the replacement of agar with gelrite or 
starch increased the efficiency of androgenesis in 
vitro [11, 23].

Pretreatment conditions of rice anthers for 
androgenesis in vitro. According to literature 
data, pre-stress treatment of anthers plays a key 
role in reprogramming microspores to the path of 
sporophytes, which practically means the induction 
of embryogenesis in vitro. 

It has been established that pre-treatment of 
planting material at low positive temperatures has 
a positive effect on the induction of androgenesis in 
rice. By inhibiting the processes of destruction of 
male gametophyte cells [3-6, 11, 24]. At the same 
time, it was noted that sensitivity to cold treatment 
varies among different genotypes. It has been shown 
that in rice, 8 days of cold stress at 8-10°C stimulates 
the induction of morphogenetic processes [25], and 
11 days of pretreatment reduces the yield of albino 
seedlings [26]. In some cases, a combination of 
osmotic stress with cold pretreatment is used to 

induce androgenesis in vitro in rice. It was found 
that changes in the level of endogenous auxin under 
osmotic stress caused by exposure to low positive 
temperatures increase the induction of callusogenesis 
[27]. In rice, pretreatment with cold can be partially 
replaced by sugar starvation to obtain the frequency 
of embryogenesis and regeneration of seedlings 
during androgenesis in vitro [28, 29].

The use of low doses of radiation improved 
callus induction and plant regeneration in resistant 
varieties but increasing the radiation dose had 
the opposite effect. It has been noted that the 
effectiveness of radiation exposure varies among 
different rice genotypes [32] and depended on the 
stage of development of the male gametophyte at 
the time of inoculation [33].

Conclusion

The effectiveness of androgenesis in vitro 
depends on biological, chemical and physical 
factors, including: the genotype of the mother plants, 
the physiological state of the starting material, the 
degree of maturity of the male gametophyte, the 
composition and type of nutrient media, exposure to 
low temperatures and radiation.

To improve the efficiency of androgenesis in 
vitro, it is necessary to conduct a comprehensive 
study of the structural features and cellular 
mechanisms of the reprogramming processes of 
anther cells from gametophytic to sporophytic 
pathway and their responsiveness to cultivation 
in vitro, and this technology still requires the 
development of a universal nutrient medium for all 
rice genotypes.
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