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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 xaraanbiHAaFbl Kypiwl (Oryza sativa L.) aHAporeHesi

Kypiw (Oryza sativa L.) AyHWe >Ky3i XaAKbIHbIH >KQpTbICbIHAH aCTaMblH a3blK-TYAIKMNEH KaMTaMachi3
eTeTiH MaHpbI3Abl ABHAI AAKbIA GOAbIN TabblAaAbl, Kenbip TPOMMKTIK, TINTi CyOTPOMUKTIK eAAepAe
ecipineai. Kasipri yakbiTTa ranAOMATbl GMOTEXHOAOIMS (TMHOTEHE3 XXOHE aHAPOIreHEe3) CEAEKLIMSIAbIK,
Toxipmbeae KypilTi XXakcapTy KypaAAapbiHbIH, 6ipi peTiHAe in Vitro-Fbl aHAPOreHe3Ae KOAAAHbIAGADI.
In vitro aHApOreHe3AH ASCTYPAI CEAEKUMS BAICTEPIMEH CAAbICTbIPFAHAQ apPTbIK LWbIAbIFbI FEHOTUITE aTa-
aHaAblK, (hopMarapAbIH, SKOHOMMKAAbIK, KYHAbI GeAriAepiH cakTanTbiH 1-Wi YprakTbiH, FOMO3MIOTaAbl
TYpakTbl 6YAQHAAPbIH a3 yaKbIT apaAblFbIHAQ aAy MYMKIHAITT GOAbIN TabblAaAbl. ATaAbIK, raMeToUTTI
in vitro >xarAariblHAQ ©CIpY 8AICI ayblA LAPYALUbIAbIFbl AAKbIAAAPbBIH, OHbIH, iLIIHAE KYPILTi 3epTTeyAeri
NepcrnekTMBTI OMOTEXHOAOTMSIAbIK, TOCIAAEPAIH Oipi 6OAbIN TabbiAaabl. ByA 8aic aHAporeHesaiH
OMOAOTUSIAbIK, KYObIAbICbIHA HEri3AEAreH — rametoUTTi >KOAAAH CrOopPOUTTI >KOAFA aybiCaTbiH
TO3aH >K8HEe MMKPOCMOopa >KacyllaAapblHaH FanAOMATbI PEreHepaHT eCIMAIKTIH Ty3iAyi. AAanaa, Gya
TEXHOAOTUAAAPAbI KEHIHEH KOAAAHY OCIMAIKTEPAIH pereHepaumsiCbiHbiH, FeHOTUMNKE TayeAAIAiriMeH
>KOHE KOmNTereH >kKarAanAapAa in vitro KypillTiH To3aH »K8He MMKPOCMOPaAbl AAKbIAbIHAA aAbOMHOC
OCIMAIKTEPIHIH KaAbINTaCybIMeH 0alAaHbICTbl €Ki MOCeAeMeH LeKTeAeAl. BbyA wekTeyaepai oto
KaXKeTTIAIr GOAAbI XkaHe 6OAbIN Kara 6epeai. ByA KypilTiH 6apAblK reHoTUNTEpI yLiH ambeban ecipy
TEXHOAOTMSCbIH, TO3aHAAPAbI AaAAbIH aAa BHAEY >KOHEe KOPEeKTIK OpTaHblH KypamblH 93ipAey >KoHe
OHTaMAQHABIPY YLUIH OCbl GaFbITTarbl 3€PTTEYAEPAI XKAAFACTbIPYAbI TaAan eTeai. bya woayaa in vitro
>KarF AaMbIHAAF bl KYPiLll aHAPOreHe3iHiH TMIMAIAITIHe acep eTeTiH GipkaTap hakTopAap KapacTbIpbIAaAbl.

Ty#in ce3aep: Kypiw (Oryza sativa L.), aHaporeHes in vitro, To3aHKan AaKblAAQY, OKLUAyAaHFaH
MUKPOCMOpPaAapAbl AAKbIAAQY, LLIEKTEYLLI pakTopAap.

4 © 2024 Al-Farabi Kazakh National University


https://doi.org/10.26577/eb.2024.v98.i1.01
https://orcid.org/0000-0002-0951-1275
https://orcid.org/0009-0004-9487-6755
https://orcid.org/0000-0001-8371-4049
https://orcid.org/0000-0001-9949-2663
https://orcid.org/0000-0003-2566-8536
https://orcid.org/0009-0008-3953-2457
https://orcid.org/0009-0008-7995-1779
mailto:serik_m65@list.ru
mailto:serik_m65@list.ru

B.N. Usenbekov et al.

b.H. Ycenbekos'?, C.K. MyxambeTxkaHos'? *, A. MbiH6aeBa'?,
A.K. Amumposa'?, X. bepkumbai’, A. Ocnarosa', Y. TypraHosa'
"MHCTUTYT GMOAOTMM 1 BMOTEXHOAOTMM pacTeHuit, KasaxcTaH, r. AAmarsbl

2Ka3axckmi HaUMOHaAbHbIN YHUBEPCUTET nMeHn aab-Dapabu KasaxcraH, r. AaMarbl
*e-mail: serik_m65@list.ru

AHaporeHes puca (Oryza sativa L.) in vitro

Puc (Oryza sativa L.) — BaxxHast 3epHoBast KyAbTypa, obecrneumsaiolLas nMraHnem 60Aee NMOAOBUHbI
HACeAEHMs 3eMHOrO LIapa U BbipaLLMBAEMas FAaBHbIM 06PA30M B TPOMUUECKUX U AAXKe B HEKOTOPbIX
cyb6Tponuueckux ctpaHax. B HacTosuee Bpems ranaomMaHas GUOTEXHOAOMMS (TMHOTEHe3 1 aHApore-
He3) UCMOAb3YeTCs B CeAEKLIMOHHOM MPAKTUKE KaK OAMH M3 MHCTPYMEHTOB YAYYLLIEHUS prca, NpenmMy-
LLLeCTBEHHO aHApoOreHesa in vitro. MeToA KyAbTMBMPOBaHMS in Vitro My>KCKOro rametoduTa 9BAgeTcs
OAHVM U3 NMEepPCreKTUBHbIX OBUOTEXHOAOTMUYECKMX MOAXOAOB B CEAEKLIMOHHbBIX MCCAEAOBAHMSIX CEAbCKO-
XO3$IMCTBEHHBIX KYAbTYP, B TOM YMcAe puca. [penmyliecTBo aHApOreHesa in Vitro Mo cpaBHeHWIo ¢
TPAAMUMOHHBIMU METOAAMU CEAEKLIMM 3aKAIOYAETCS B BO3MOXHOCTU ObICTPOrO MOAYUYEHUSI rOMO3M-
FOTHbBIX KOHCTAHTHbIX TMOPUAOB 1-rO MOKOAEHMSI, COXPAHSIOLLMX B FEHOTUME XO39MCTBEHHO-LIEHHbIE
MPU3HAKM POAMTEABCKMX (DOPM. DTOT METOA OCHOBaH Ha OMOAOTMUYECKOM SIBAEHWMM aHApOreHesa — 00-
pa3oBaHMM U3 MbIABHUKOB M KAETOK MMKPOCTIOP FanAOUMAHOIO pacTeHUs-pereHepaHTa, pasBuTme KoTo-
poro nepekAlYaeTcs C raMeToMTHOro MyTH Ha CnopoUTHbIN. OAHAKO LLIMPOKOE NMPUMEHEHME 3TUX
TEXHOAOIMIA OrPaHMUMBAETCS CYLLECTBYIOWMMU ABYMSI MPOOAEMaMM, CBA3AHHBLIMM C FEHOTUMMYECKOMN
3aBMCMMOCTbIO pereHepaLmMm pacTeHunii 1 hOPMMPOBAHMEM BO MHOMMX CAYyYasix pacTeHUI-aAbOMHOCOB
B KYAbTYpPe MbIAbHMKOB in Vitro 1 Mukpocnop puca. Heo6XoAMMOCTb yCTpaHEeHUs 3TUX OrpaHUueHUiA
OblAa M OCTaeTcst. ITo TpedyeT NMPOAOAXKEHUSI MICCAEAOBAHMIA B 3TOM HarpaBAE€HMM Mo paspaboTke M
ONTUMM3ALMM TEXHOAOTMM BblpalLMBaHWsl, NMPEABAPUTEALHON 06PabOTKM MbIABHUKOB M COCTaBa NUTa-
TEAbHOWM CPEAbl, YHMBEPCAAbHOM AASl BCEX FEHOTUMOB puca. B AaHHOM 0630pe paccMoTpeH psia dak-

TOPOB, BAMSIOWMX HA 3(PEeKTUBHOCTb aHAPOreHe3a puca in vitro.
KaroueBble caoBa: puc (Oryza sativa L.), aHAporeHes in vitro, KyAbTypa MbIAbHUKOB, KyAbTypa
MN30AMPOBaHHbIX MUKPOCTIOP, AUMUTHPYIOLLME (DaKTOpbI.

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], N
[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 §-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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