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Anther culture in rice:
from an experimental model to breeding practice

The anther culture method has become an effective tool in modern rice breeding, enabling a significant re-
duction in the breeding cycle through the rapid production of haploid and doubled haploid plants. Extensive
global experience, particularly in major rice-producing countries such-as China, Japan, and India, confirms
the importance of androgenesis technology for developing new high-yielding and high-quality rice varieties.
The efficiency of this method depends on multiple interacting factors, the most critical being genotype. Stud-
ies have shown that the japonica subspecies of rice is markedly more responsive and suitable for anther cul-
ture, whereas the indica subspecies is typically exhibits low callus induction and regeneration capacity. To
overcome these limitations, inter-subspecific hybridization and optimization of culture protocols are com-
monly employed. This approach has also been successfully implemented in Kazakhstan, where several new
rice lines and varieties have been developed. In particular, the cultivar Fatima demonstrates increased produc-
tivity (~5.1 t/ha) and valuable agronomic traits and has already been released for cultivation in the country’s
major rice-growing regions. Moreover, anther culture has enabled Kazakhstani breeders to obtain doubled
haploid lines surpassing their parental forms in several agronomic characteristics, such as the glutinous varie-
ty Violetta. In conclusion, anther culture in rice holds considerable potential for accelerating the development
of homozygous lines and novel genotypes. The integration of this approach with molecular tools such as
marker-assisted selection (MAS) and CRISPR/Cas9 genome editing offers new opportunities for targeted
gene combination and for expediting the development of improved rice varieties with desired traits.

Keywords: rice, male gametophyte, anther and microspore culture, androgenesis in vitro, biological, chemi-
cal, physical factors.

Introduction

One of the most significant areas of haploid plant biotechnology is anther culture in rice (Oryza
sativa L.), which-enables the production of homozygous lines in a single generation and significantly short-
ens the breeding cycle [1]. This technology is based on the phenomenon of androgenesis, that is, the repro-
gramming of microspores from the gametophyte to the sporophyte pathway [2-3]. This in turn leads to the
emergence of regenerated haploid plants, which can subsequently be doubled to produce a diploid plant [4].
The anther culture method allows for the production of stable inbred lines without long-term pollination,
making it a powerful tool for both applied breeding, which includes accelerated variety development, and for
fundamental genetic research, such as QTL analysis, genomic mapping, and transgenesis [5-6]. Haploid rice
varieties were first obtained in 1931 by Morinaga and Fukushima by crossing two varieties (Dekiyama @ x
Bunketu &) [7]. In 1933, Nakamura [8] described the haploid rice plant, and the first successful experiments
on androgenesis in vitro were conducted by Niizeki and Oono in 1968 [9] using anther cultures of six rice
varieties. In 1970, Guha and co-authors identified the use of totipotent male cells in gametophytic rice
plants [10]. In 1975, as a result of comparative experiments on nitrogen sources, the effective Chu medium
for culturing haploids was developed, which subsequently influenced the creation of the now widely used N6
medium [11-12]. Since then, this method has undergone intensive development, and by the 1980s, the first
androgenic rice varieties (Huayu I, Huayu Il, Xin Xiu, Late Keng 959, Tunghua 1, Tunghua 2, Tunghua 3)
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were obtained in China [13]. These varieties combined several beneficial properties, such as productivity,
stability, and high grain quality. Today, the anther culture method is recognized worldwide as a necessary
component of breeding program [14-15].

Despite its widespread use and effectiveness in breeding Japonica rice, it still faces limiting factors as-
sociated with Indica rice, including early anther necrosis, poor callus induction and proliferation, low green
plant regeneration, and a high level of albinism in regenerated plants [16]. These issues stem from the mo-
lecular and physiological characteristics of microspores, which require comprehensive optimization, includ-
ing selection of donor genotypes, precise selection of nutrient medium composition, cultivation conditions,
and stress management [17-18]. Rice cultivation in Kazakhstan is export-oriented, making accelerated breed-
ing and the development of resilient, high-quality rice varieties extremely pressing [19]. This article aims to
comprehensively analyze the physical, chemical, and biological factors that influence the success of
androgenesis, identify the weak points of the method, and discuss current, modern strategies for integration
into molecular and genomic rice breeding in the country.

Experimental

A review of available sources was conducted using the Scopus/Web of Science database for the period
1930-2025. The following keywords were used in the search for literature sources: rice; physical, chemical,
and biological factors of androgenesis; methods for rice androgenesis; strategies for integration; molecular
and genomic rice breeding.

Review

Factors affecting the efficiency of in vitro androgenesis—biological, chemical, and physical conditions
determining the success of anther culture

A review of the literature and practical experiments revealed that the success of rice anther and micro-
spore culture in vitro is determined by the combined effects of three main groups of factors: biological,
chemical, and physical. The interaction of these factors determines the ability of microspores to develop
sporophytically, forming callus tissue and viable regenerants.

Biological Factors

Biological factors include the genotype, physiological state of the donor plant, and the developmental
stage of the male gametophyte [3, 17, 18, 20]. The genotype of the donor plant, in turn, determines the
embryogenic potential of rice microspores [21]. Japonica subspecies varieties are generally more responsive
to androgenesis than indica varieties. These differences are due to plastid and nuclear genes responsible for
chloroplast biogenesis and morphogenesis [21]. According to research results, anthers from fully developed
and healthy plants have a higher embryogenesis potential, especially if optimal cultivation conditions were
selected. A critical factor influencing the efficiency of in vitro androgenesis in anther culture is the quality of
donor plants [1, 18, 20, 22]. The process of accelerated dihaploid production directly depends on the health
of the plant, its shoots and ears. Twao cultivation methods are most frequently used: controlled conditions in a
greenhouse or phytotron chamber, or favorable field conditions in a nursery [23]. Based on experimental da-
ta, it has been shown that donor plants grown in field conditions outperform those obtained under controlled
conditions [24]. Such regenerants develop significantly more shoots and have a developed ear with large an-
thers and microspores [24-25]. This difference is directly related to the number of viable microspores devel-
oping in the anthers and the nutritional status of the anther tissues [26]. Thus, the stage of microspore devel-
opment is a critical factor that influences the direction of cell differentiation [27]. It has been shown that mi-
crospores at the middle or late mononuclear stage, when the cells are still weakly differentiated but still re-
tain totipotency, are most susceptible to androgenesis [3, 27-28]. At the same time, overmature microspores
lose their activity in morphogenesis, and, conversely, those that are too young are not yet able to respond to
induction signals [1, 3, 18, 20, 22, 26-27].

Chemical Factors

The composition of the nutrient medium plays a central role in the regulation of androgenesis. The most
important components are the mineral composition of the medium, particularly nitrogen sources (ammonium
and nitrate), trace elements, and the concentration and combination of phytohormones. An optimal balance be-
tween these substances has a critical impact on callus induction and the development of regenerated plants. The
most widely used basic nutrient media and their modifications include Murashige and Skoog (MS), Gamborga
B-5, N6, and others, which demonstrate high efficiency for various rice genotypes [1, 3, 18, 20, 29]. Carbohy-
drates are used as an energy source and osmotic agent, and the type of source chosen directly influences an-
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ther response [28]. Literature data indicate that maltose is more effective in anther culture than sucrose,
which can have a toxic effect when broken down into glucose and fructose [27, 30]. In addition, organic ad-
ditives such as yeast extracts, casein hydrolysate, amino acids (glutamine, proline), and vitamins (thiamine,
inositol) affect the acceleration of cellular metabolic activity and morphogenesis [3, 18, 20]. For work with
sensitive varieties, as well as to prevent necrosis and browning, antioxidants and phenol adsorbents (ascorbic
acid, PVP, AgNOs) are added to the nutrient medium [22, 29]. Agar is mainly used as a gelling agent in solid
nutrient media; however, some studies have noted that when agar was replaced with Gelrite, starch increased
the efficiency of androgenesis in vitro [27, 31].

Physical factors

Physical conditions significantly influence the effectiveness of androgenesis. Anthers can be cultured on
both solid and liquid nutrient media [3, 18, 20]. However, it has been noted that combined and two-phase me-
dia promote nutrient diffusion and improve aeration, which directly impacts embryo development [22, 29].
Stress pretreatment is most commonly used in rice anther culture, primarily cold treatment at temperatures
ranging from +4 to +10 °C for several days; less commonly, heat treatment at +33-35 °C, as well as a com-
bination of both, is used. Osmaotic stress, such as sucrose starvation, radiation, and electrical stimulation, is
also introduced [3, 18, 20, 22, 29]. Light and temperature conditions are also important for microspore culti-
vation, influencing photomorphogenesis and regeneration [32—34]. Therefore, during the initial stages, cul-
tures are incubated in the dark and then transferred to a photoperiod at a temperature of 25-28 °C, which
stimulates seedling formation. This range of treatments is necessary to induce the process of microspore re-
programming to sporophytic development [35-36].

In summary, the success of anther culture depends on the careful selection of all the above parameters,
taking into account the specific rice genotype. Only a comprehensive approach to the physical, chemical, and
biological components will increase the efficiency of androgenesis and guarantee a high regeneration rate of
green, viable plants [37-39].

Anther culture specifics in different rice subspecies

The specific subspecies of rice from which the source material belongs is a critical factor influencing
the success of androgenesis. Although the japonica and indica subspecies share a common genetic founda-
tion, their distinct responses to anther culture are explained by differences in the physiological and biochem-
ical characteristics of these subspecies. It has been noted that japonica subspecies varieties exhibit stable cal-
lus formation and high responsiveness, as well as a high percentage of regenerated plants, making them a
model for androgenesis [40-41]. Meanwhile, the indica subspecies exhibits pronounced recalcitrance, i.e., a
low capacity for callus formation, weak embryogenic competence, and an extremely high incidence of albino
plants. These difficulties are complex.in nature and are associated with the expression characteristics of heat
shock genes (HSPs), stress response proteins, and antioxidant defense enzymes, which determine the suc-
cessful development of microspores from the gametophyte to the sporophyte. The indica subspecies is also
characterized by high activity of polyphenoloxidases, which affect the browning of calli and anthers them-
selves, which in turn causes necrosis and the accumulation of phenolic compounds that have a detrimental
toxic effect [42]. The main goal of haploid technology was to overcome recalcitrance. It is known from the
literature that the most effective intersubspecific hybrids (F; indica x japonica), possessing combined
embryogenic competence, turned out to be the first generation; the use of stress treatments (short-term cold
shock at 8-10 °C, osmotic stress, sucrose starvation), aimed at activating the sporophytic development pro-
gram; The replacement of sucrose with maltose as a more stable carbon source; and the addition of silver
nitrate (AgNO3) to suppress tissue browning [43, 44]. Significant progress has been achieved using various
modifications to nutrient media, including enrichment with casein hydrolysate, glutamines, and ammonium
and potassium salts. The use of isolated microspore culture has proven to be the most promising, increasing
the ability to control the conditions for embryogenesis and eliminating the influence of somatic tissues [45].

Efficiency of the anther culture method in applied rice breeding

Anther culture technology has proven to be an effective tool for enhancing breeding, enabling the pro-
duction of homozygous rice lines in a single generation and shortening the breeding cycle. Over the past
decades, the method has been successfully implemented in practice, as evidenced by the development of new
rice varieties worldwide. Back in the 1980s, Chinese scientists developed the “Huayu 15 variety, which
yielded 8-11 t/ha. It was created from a haploid F-1 hybrid plant through anther culture followed by double
haploidization. This variety demonstrated that anther culture enables heterosis while maintaining stability
and uniformity in the offspring. Since then, dozens of highly productive rice varieties have been developed
in China through anther culture [41]. These plants are resistant to a range of diseases, are high-yielding, and
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are characterized by high-quality grain. By 2015, more than 100 rice lines and varieties had been bred in
China. Therefore, China is a striking example of the large-scale implementation of androgenic technology in
rice breeding. Domestic experience describes the development of the early-ripening rice variety “Fatima”,
obtained by breeders at the I. Zhakhaev Kazakh Research Institute of Rice Growing. This variety was ob-
tained through anther culture from the mutant IRRI line (Dihaloid Ko 293), which allowed for the retention
of valuable traits in the homozygous state. In state trials, “Fatima” demonstrated a yield increase of 6-10 %
compared to the standard in various growing regions. Furthermore, the variety exhibits good resistance to
lodging, grain shattering, pests, and diseases. “Fatima” was one of the first Kazakh rice varieties to clearly
demonstrate the effectiveness of anther culture for the accelerated development of new competitive varie-
ties [46]. These examples confirm that the inclusion of anther culture in breeding programs significantly ac-
celerates the development of genetically uniform lines and new rice varieties with improved properties [47].

Challenges in Rice Anther Cultivation

Rice anther culture in breeding allows for shorter cycles and increased hybridization efficiency. Fur-
thermore, this method is easily integrated into transgenesis using molecular markers, enabling the develop-
ment of new varieties with multiple resistances, adapted to various conditions, superior quality, and high
yields (Tab. 1). However, the practical use of rice anther culture still faces a number of challenges that limit
its full potential.

Table 1
Rice varieties obtained from anther culture
Variety Characteristics Country Links

Danfeng 1 High grain quality, high yield China [48]

Zhonghua 8, Zhonghua 9 Blast resistance China [49]

Zhonghua 10 High grain quality, salt tolerance China [50]

1647S High yield China [51]
Salt tolerance, lodging resistance, fire blight re-

Huageng 45 sistance, moderate resistance to anthracnose, China [52]
cercospora leaf spot, and false smut

Hejiang 21, Longgeng 1,

Longgeng 3, Longgeng 4, Blast resistance, high grain quality, high yield China [53]

Longgeng 7, Longgeng 8

Jiudao 26 Mod_erately res_lstant to Iee_lf scab,_ moder_ately sus- China [54]
ceptible to panicle scab, high grain quality

Zhonghua 15 Resistance to fire blight and blast, high yield China [55]

Huageng 15 Salt tolerance China [56]

Zhonghua 14, Zhonghua 16 tsoigr;on'ga”ce' lodging resistance, drought China 57, 58]

Longgeng 10, Longgeng 12 Blast resistance, high quality China [59, 60]
Resistance to blast, leaf rot, and false smut, high .

Huayu 13 grain quality, good flavor, high yield China [61]

Huayu 15 Lodglng and disease resistance, good grain China [62]
quality

HD27 ;hgh grain quality, resistance to diseases, early China [63]

owering

Chongshang 2022 Scab and lodging resistance, good grain quality China [64]

Shuhui 162 Scab resistance, high grain quality China [65]

Hua 1B Sbc:ﬁ(tjycrossmg characteristics, high combining China [66]

Hua 2B High grain quality China [67]

Hua 03 High protein content (13.7 %) China [68]

Chuanhui 907 China [69]

Chuanhui 1618 High grain quality, blast resistance China [70]

Miai 64S Large panicle, high grain quality, blast resistance China [71]

1103S, 8906S, 8902S High yield China [72]

Liangyou 1178 Stable sterility, practical significance for the China [72]

breeding process
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Continuation of Table 1

Variety Characteristics Country Links

HS-1, HS-2, HS-3 ngh yield, high grain quality, multifactorial China (73]
resistance

Hua 1A Sbc:ﬁ?ycrossmg characteristics, high combining China [74]

12865, 64425 Sbc:ﬁ?ycrossmg characteristics, high combining China [75]

Jinshan S-1 High yield China [76]

Huaxiang 7 Stablg sterility, practical significance for the China [77]
breeding process

Xiang 125S High yield, moderate blast resistance China [78]

Hua 2A High grain quality China [79]

V25S Stablg sterility, practical significance for the China [80]
breeding process

EH1S ng_h seed.set percentage Crossbreeding, high China [81]
grain quality

Guan 18, Gan Xhao Xian 11 ngh seed set rate in crossbreeding, blast China [82]
resistance

Huayu 15 Early maturity, disease resistance China [62]

Huayu I, Huayu 11, Xin Xiu,

Late Keng 959, Tunghua 1, Resistance to lodging and diseases, good grain China [68]

Tunghua 2, Tunghua 3, Tanghuo 2, |quality

Huajian 7902, Zhonghua 9

. High yield, high grain quality, resistance to blast .
Milyang 90 and bacterial blight China [83]
CR Dhan 10 (CRAC2221-43), Good grain quality, resistance to brown leafhop- .
. . . India [84]

Satyakrishna per and stripe virus

CR Dhan 801 (CRAC2224-1041, . .

IET18720), Phalguni Resistance to leaf rot and stem borer India [85]
Resistance to blast and gall midge, moderate re-

Janka sistance to stripe virus, yellow stem rust, and India [86]
brown spot

Abel Drought resistance, good grain quality India [86]

Parag 401 Cold tolerance India [87]

Risabell ng_h gram_qgallty, resistance to chlorosis caused India [86]
by iron deficiency

Hwacheongbyeo, Joryeongbyeo, . . .

Hwajinbyeo High grain quality, good taste South Korea [88]

PSBRc 50 Bycol Resistance to brown leafhopper, stripe virus,

(IR 51500-AC11-1) blast, and bacterial blight Scald South Korea [89]

Privolny-4 Salt-tolerant Russia [41]

Sonnet Bla§t_—re5|stant, high yield, does not require high Russia [41]
fertilizer doses

: Can be grown under various irrigation regimes, A

Bicol (IRGES00SERL") does not shatter when overripe, good flavor Philippines [90]

AC-1 Salt-tolerant Bangladesh [91]

Joiku 394, Hirohikari, AC. No.1,

Hirohonami, Kibinohana Salt-tolerant Japan [92]

Dama Cold-tolerant Hungary [93]

Kazakhstan
. . . i (Institute of Plant
Fatima High yield, blast-resistant, good flavor Biology and Bio- [94]
technology)

The key issue in rice anther culture breeding is genotype, as it largely determines the effectiveness of
the method. Current breeding programs face numerous challenges, including lengthy stages, a high work-
load, low callus formation rates, low green shoot regeneration rates, and low androgenesis efficiency in rice
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of the indica subspecies. To mitigate genotype limitations, previous studies have suggested selecting parent
materials with high anther culture efficiency or using indica-japonica hybrid progeny with a higher propor-
tion of japonica ancestry to exploit heterosis and improve anther culture efficiency. Furthermore, identifying
genes that influence anther culture efficiency and using transgenesis with molecular markers can alleviate
genotype limitations.

The occurrence of albino plants, as well as browning of callus and anthers, negatively impacts
androgenesis efficiency. Albinism is a recessive trait controlled by a group of loci of abnormal gene expres-
sion or mutations; the absence of chloroplasts is influenced by both genes and environmental factors [95].
Browning occurs upon activation of polyphenoloxidases produced in tissues and leading to inactivation of
other enzymes, which inhibits growth [96]. Any anther is susceptible to browning, regardless of age, and
high concentrations of inorganic salts and sugars in the nutrient medium can accelerate this process. An ef-
fective strategy for preventing these two phenomena may be the selection of young spikelets whose anthers
are still mononuclear, regulation of environmental parameters (light, temperature), and the use of various
antioxidants (activated carbon, PVP, vitamin C, and Na,S,05) [97]. In another case, it was shown that inser-
tion of a transposon into the BOC1 gene promoter reduces callus browning in culture [98]. Literature data
have shown that reducing the manganese content and the concentration of inorganic salts in the callus induc-
tion medium, as well as optimizing the concentration of hormones (e.g., KT or 2,4-D) can reduce the for-
mation of albino plants and simultaneously increase the callusogenesis rates [99].

QTLs associated with antheric cultivability in rice

The ability of rice microspores to develop in culture is a complex quantitative trait controlled by a large
number of genes. Furthermore, genotypic differences depend on the rice subspecies. Literature data have
shown that QTL mapping methods have yielded a number of loci that influence key stages of
androgenesis [100]. Experiments with a DH population (double haploids) from a cross between the indica x
japonica subspecies revealed QTLs associated with callus formation frequency located on chromosomes 6, 7,
8, 10, and 12, as well as those for the ability to regenerate green plants on chromosomes 1 and 9, respective-
ly. A QTL responsible for the formation of albinos was also found on chromosome 9. In another study, a
QTL associated with green plant regeneration was mapped on chromosome 10 and used to select plants with
enhanced regeneration capacity in the Milyan 23 x Gihobyeo rice population [101]. As a result, the marker
associated with this locus was integrated into the MAS program to obtain a new rice line with enhanced re-
generation capacity, saving time and resources for obtaining DH forms. Despite the difficulties of
phenotyping, which limit the number of QTL in androgenesis, the use of modern methods, in particular Seg-
regation Distortion Analysis, provides new opportunities for mapping the corresponding loci. Using this
method, five loci were identified: SDL1.1, SDL1.2, SDL2, SDL5, SDL7 (2023), the alleles of which were
successfully transmitted to DH progeny with increased frequency, indicating successful microspore devel-
opment in vitro [102].

Prospects for the development of anther culture—new technologies and integrated approaches

Rice anther culture is a highly promising method with enormous potential for accelerating rice breed-
ing. Isolated microspores are easily cryopreserved, which is useful for long-term storage of haploid material.
However, anther culture remains a time-consuming and labor-intensive method, which poses a significant
challenge to scalability. Future advances anticipate the introduction of high-throughput automated systems.
Advanced molecular breeding approaches are actively integrating anther culture with high-precision genetic
tools, such as genome editing technologies (CRISPR/Cas9) and marker-assisted selection (MAS) [103].
Combining androgenesis with MAS offers expanded opportunities for breeding new varieties and increases
the accuracy of early-stage selection. Selecting hybrids using molecular markers followed by fixation of the
desired genotype using anther culture creates conditions for the rapid production of homozygous lines con-
taining desired alleles for quality, resistance, or productivity. This approach has already proven successful in
a number of breeding programs, for example, in the development of early-ripening, high-yielding Chinese
varieties. The effectiveness of the MAS method is also reflected in the screening of DH lines, allowing for
the rapid identification of promising forms, bypassing years of field trials. In a more technologically ad-
vanced perspective, rice anther culture can be combined with genome editing methods. This can be achieved
by editing parental forms or by directly delivering CRISPR/Cas9 complexes to embryogenic calli or micro-
spores. This makes it possible to introduce the necessary point mutations and immediately obtain homozy-
gous plants without lengthy selection. Furthermore, editing genes that limit the efficiency of androgenesis
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itself, particularly those responsible for albinism, opens a new avenue for significantly increasing the effec-
tiveness of the technology itself. Thus, introducing MAS and CRISPR/Cas9 tools into anther culture allows
for the dramatic acceleration of the selection process, improvement of the source material, and the capture of
valuable traits [104, 105]. All of this makes androgenesis a crucial element of the modern biotechnological
platform in rice cultivation.

Conclusion

Anther culture is increasingly integrated into modern breeding strategies as a tool for “accelerated
breeding”, revolutionizing rice breeding by significantly accelerating the development of new lines and vari-
eties. The use of anther culture allows for the reduction of the breeding cycle for a new variety from 6-8
generations to 2-3, which is particularly important for strategically important crops such as rice. Anther cul-
ture makes it possible to quickly respond to production needs, from improving yield and grain quality to in-
troducing disease resistance genes. Combining this method with marker-assisted selection and genome edit-
ing (MAS, CRISPR/Cas9) enables the targeted production of homozygous lines with specific sets of valuable
traits in a single generation. In China, over 200 commercial rice varieties have been developed through an-
ther culture, many of which have occupied significant acreage and contribute to food security. In Vietnam,
India, Bangladesh, and other Asian countries, haploid technologies are also used for the accelerated im-
provement of local varieties (improving quality, disease resistance, and producing lines for hybrid breeding).
Kazakhstan’s experience with the Fatima variety demonstrates the method’s effectiveness even in the harsh
continental climate of Central Asia. Thus, the method serves as a cornerstone of modern breeding programs,
complementing traditional hybridization and integrating with molecular and genomic technologies.

The responsiveness of anthers and microspores cultured in vitrois influenced by many interacting fac-
tors: growing conditions of the donor plants, genotype, physiological state of the donor plant, stage of micro-
spore development, anther pretreatment, and the composition of the nutrient medium. To improve the effi-
ciency of producing haploids and dihaploids, it is necessary to conduct a comprehensive study to evaluate the
structural features and physiological mechanisms of the anther cell reprogramming process and their respon-
siveness to cultivation conditions. The development and use of new rice varieties that are resistant to pests,
diseases, and drought, as well as tolerant of saline-alkaline environments, high-yielding, and of superior
guality, can be facilitated by integrating anther culture with other technologies, such as transgenic technolo-
gy, molecular marker-assisted selection, and CRISPR/Cas9 gene editing. Standardizing and simplifying an-
ther culture protocols to minimize the impact of experimental operations, along with improving the anther
culture system in rice, will facilitate the development and use of new rice varieties and enrich rice
germplasm resources in Kazakhstan. Anther culture in rice has evolved from basic experimental protocols to
high-tech breeding systems. Historical successes and ongoing challenges (recalcitrance, albinism, variability)
are supported by modern technological solutions, making this method an effective tool for modern rice im-
provement programs.
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Kypim 1aKkblIbIHBIH TO3aHIAHYbI:
IKCIEPUMEHTTIK MO/IeJIb/IeH CeJIeKIUSIIbIK TIKipudere aAeidin

JlakpUIIpIH TO3aHAAHy oficTepl TalloMaTap MEH JUralUIOMATapAbl JKelen aly eceOiHeH CeIeKIUSIIBIK
IUKJII eoyip KbICKapTyFa MYMKIHZIIK OepeTiH 3amMaHayd Kypilll CeJeKIHSCHIHBIH THIMAI Kypansl. Kpiraid,
YKanonwus, MUuaust sxoHe 6acka aa enjaepe )KUHAIFaH dJIEMIIIK YIKEH TOXKipHOe jKOFapbl OHIMIII KOHE Ccaraibl
JKaHa KYpIll COPTTaphIH IIBIFApy/Aa aHJPOTCHE3 TEXHOJIOTHSICHIHBIH 0Te Oaranbl eKeHAITH aonenaeiai. byn
omicTiH Thimaniri Oipkarap QakTopiapra OaiaHBICTBI, OJApIBIH Heri3rici — reHoTHN. Toxipubene
japonica TyprapMarbIHBIH KypilITepi KaJUIyCOTeHE3 JKOHE pereHepanusFa KOFaphl KaOUIeTTimiriMeH
epexmeneHeTiHairi, an indica Typrapmarsl KypimTepi yimiH Oy KaCHET TOMEH OOJIaTBhIHIBIFBl KOPCETIITeH.
byHpait KMBIHABIKTap/IB! SNy YIIiH OyJaHAaCTHIPY JKOHE IPOTOKOJIIa OHTAWIAHBIPYIBIH SPTY Il SaicTepi
KEHIHEeH KOJIaHbUIaabl. by aic GipHenie jxaHa Kypill KaTapyiapbl MEH COPTTaphI IbIFapbUTFad Kasakcranaa
na TiMai Oommel. Artanm aWTKaHAa, OHIMIUNri sxorapel (~5,1 T/ra) »oHe KyHIBI, aybUIIIapyallbUIBIK
kacuerrepi OGap «®artuma) COpPTHI €TIMI3AIH HEri3ri Kypill ecipeTiH alMakTapblHa aylaHIAaCTBIPBUIFAH.
Jakpurapl TO3aHAaHY apKBUIBI ecipy omici KasakcraHmarel ceneknmoHepiepre Oipkarap arpOHOMUSUIIBIK
KacueTTepi OOibIHIIA OAaCTamKBIIAaH achIll TYCETiH IWTAIIOMATHl KaTapiapAbl jkKacayFa MYMKIHIIK Oepmi
(MbIcanbl, TIIOTHHO31bI «BHONIETTa» COPTHIHBIH Karapiapbl). Kypill AaKpUIBIHBIH TO3aHJaHYbIHAA JKaHA
TEHOTUNTEP/l JKOHE TI'OMO3UTOTANBI KaTapiapibl JKbULAAM ajylaa IOTEHIManbl JKOFapbl. Bya Kypanasl
MOJICKYJIJIBIK ~ TOCUTAepMEH — Mapkep-accocauusiianran ceiekiusimMeH (MAS) sxone CRISPR/Cas9
reHOM/IbI  pelaklusulay —TEXHOJOTHMSUIApBIMEH —HMHTerpanusuiayra Oonaipl, Oyl HaKThl  TeHIepmi
ColfKeCTeHIpyre JKoHEe camanbl KacueTTepi 0ap »aHa COpTTappl LIBIFapy MPOLECIH eadyip KeaeaeTyre
MYMKIHIIK Oepeti.

Kinm ce30ep: xypiuitin To3aHmaHysl, in Vitro anaporexes, ramounarap, auramiouarap, Oryza sativa (indica,
japonica), kypim cenexuusicel, Mapkepiik cenekims (MAS), CRISPR/Cas9

b.H. Ycen6ekos, C.K. Myxamberxkanos, T.A. Kyp6anranuesa, A.K. Amuposa,
N.A. Capt6aeBa, E.A. Kupumbaes, E. K. I'abnynnuna, JI.A. Epexenos, A.E. Epexenon

KyJabTypa nbUIBHUKOB y puca:
0T IKCIMEPUMEHTAJIbHOI MO/IeJIM K CeJIeKIMOHHOM NMPaKTHKe

Merton KynbTypHl HBUIBHUKOB NPEACTABISIET cO00H 3(h(heKTUBHEIN MHCTPYMEHT COBPEMEHHOH CENeKIHN PH-
ca, NO3BOJIAIOMINIT 3HAUUTEIIBHO COKPATUTh CEJIEKIIMOHHBIA IIUKII 32 CYET OBICTPOTO MOJTYUYESHUs TAIIONIOB
JquramounsoB. OrpoMHblil MUPOBOIl OIIBIT, HakoIIeHHbIH B Kutae, Sinonuu, Manuu u 1pyrux crpaHax, moj-
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TBEPXKJaeT OOJIbIIYIO IICHHOCTh TEXHOJIOTHH aHJPOTeHEe3a B BBIBECHUH HOBBIX BHICOKOIPOAYKTHBHBIX U Ka-
YECTBEHHBIX COPTOB puca. I(P(HEeKTUBHOCTh JAHHOTO METO/A 3aBHCUT OT KOMILIEKca (aKTOPOB, KIIOUYEBBIM
U3 KOTOPBIX SIBJSIETCS TeHOTHUI. [Ioka3aHo, 4To MoABHA prca japonica sBISIETCS 3HAYUTEILHO GOJiee OT3BIB-
YHBBIM U yIOOHBIM Ha MpaKTHKE, TOrJa Kak st moasuaa indica xapakrtepHa HU3Kasi CIIOCOOHOCTh K Kaslly-
coreHe3y M pereHepanuu. [t mpeoosieHus 3TUX TPYJHOCTEH MIMPOKO MPUMEHSeTCS THOPUIM3AH U pas-
JIMYHBIC CTIOCOOB! ONTUMHU3AINY IIPOTOKOJIOB. [laHHBIN MeTOx Takke 3apeKkoMeHxoBan ceds 1 B Kasaxcrane,
TZie TIOJTyd4eH s HOBBIX JIMHHI M COpTOB puca. B wactHOCTH, copT «@aTtnmay» OTIMYaeTcs MOBBHIIICHHON
ypOoKaiHOCThIO (~5,1 T/Ta) U HECceT LIEHHbIE X03HCTBEHHbIC IPU3HAKH, U YK€ PaHOHHPOBAaH B OCHOBHBIX PH-
COCEIOILIMX PErHOHAX CTpaHbl. MeTo KyJIbTYphI IBUIBHUKOB MO3BOJIMI celeKinoHepaM KazaxcraHa BeIBeCTH
JMTaIlJIOUIHbIEC JTMHUH, TPEBOCXOAAIINE UCXOJHBIC 10 Psy arpOHOMHYECKHX KauecTB (HAaIpHMep, JUHUH
TIIIOTHHO3HOTO copTa «Buonerra»). O000mIast, KylIbTypa NbUIBHUKOB PUCa HMEET BHICOKUI MOTEHINAT B yC-
KOPEHHOM IIOJIy4YeHUH TOMO3UTOTHBIX JINHUH W ITOJTyYeHHUH HOBBIX T€HOTHUIIOB. [laHHBIH MHCTPYMEHT MOXHO
MHTETPUPOBATH C MOJICKYJISIPHBIMHU TIOX0JJaMH — MapKep-acconuupoBaHHoil ceneknuert (MAS) u TexHomo-
rusiMu penaktupoBanus reioma CRISPR/Cas9, uTo mo3BosHT coyeraTh KOHKPETHBIC TCHBI M 3HAYUTEIIBHO
YCKOPHTB IIPOLIECC BBHIBEAECHHSI HOBBIX COPTOB C MHTEPECYIOINMH XapaKTePHCTHKAMH.

Knioueswie criosa: KynpTypa NBUILHUKOB, aHIporeHes in Vitro, rarownsl, quramronast, Oryza sativa (indica,
japonica), cenekuust puca, mapkepnas ceneknus (MAS), CRISPR/Cas9

Information about the authors

Usenbekov Bakdaulet — Candidate of Biological Sciences, Associate Professor, Head
of Laboratory of Plant Physiology and Biochemistry, Institute of Plant Biology and Biotechnology (IPBB),
Almaty, Kazakhstan; e-mail: bakdaulet7 @yandex.ru; https://orcid.org/0000-0002-0951-1275

Mukhambetzhanov Serik — Senior Lecturer, Higher School of Natural Sciences, Candidate of
Biological Sciences, Astana International University, Astana, Kazakhstan; e-mail: serik_m65@list.ru;
https://orcid.org/0009-0004-9487-6755

Kurbangaliyeva Taira — Researcher of Laboratory of Plant Physiology and Biochemistry, Institute of
Plant Biology and Biotechnology (IPBB), PhD-student, Department of Food Biotechnology, Almaty Tech-
nological University, Almaty, Kazakhstan; e-mail: taira.kurbangaliyeva@mail.ru; https://orcid.org/0000-
0002-6246-3903

Amirova Aigul — Candidate of Biological < Sciences, Associate Professor, Department
of Genetics and Molecular Biology, Kazakh National University named after Al-Farabi, Almaty, Kazakh-
stan; e-mail: aigul.amirova@kaznu.edu.kz; https://orcid.org/0000-0001-9949-2663

Sartbayeva Innabat — PhD, Leading Researcher of Laboratory of Plant Physiology and Biochemistry,
Institute of Plant Biology and Biotechnology (IPBB), Almaty, Kazakhstan; e-mail: innabat-sa@mail.ru;
https://orcid.org/0000-0001-7090-9373

Kirshibaev Erlan — Candidate of Biological Sciences, Associate Professor, Department of Biotech,
Kazakh National University named after Al-Farabi, Almaty, Kazakhstan; e-mail: er_biol@mail.ru;
https://orcid.org/0000-0002-6061-2039

Gabdullina Yerzada — Doctor of Biological Sciences, Associate Professor, Department of Food
Biotechnology, Almaty Technological University, Almaty, Kazakhstan; e-mail: elzadag@mail.ru;
https://orcid.org/0000-0002-8255-1070

Yerezhepov Dauren — PhD, Senior Researcher, Laboratory of Genomic and Personalized medicine,
Center for Life  Sciences, National Laboratory Astana, Nazarbayev University, Astana, Kazakhstan;
e-mail: dauren.yerezhepov@nu.edu.kz; https://orcid.org/0000-0002-4631-1348

Yerezhepov Adil — Candidate of Biological Sciences, Senior Lecturer, Department of Biotech,
Kazakh National University named after Al-Farabi, Almaty, Kazakhstan; e-mail: adil.yerezhepov@mail.ru;
https://orcid.org/0009-0009-6968-6948

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 83


mailto:bakdaulet7@yandex.ru
mailto:serik_m65@list.ru
mailto:taira.kurbangaliyeva@mail.ru
mailto:aigul.amirova@kaznu.edu.kz
mailto:innabat-sa@mail.ru
mailto:er_biol@mail.ru
mailto:elzadag@mail.ru
mailto:dauren.yerezhepov@nu.edu.kz
mailto:adil.yerezhepov@mail.ru



