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ACCELERATED DEVELOPMENT
OF RICE POPULATIONS USING ANTHER CULTURE
IN VITRO METHOD

E.G. Savenko, V.A. Glazyrina, L.A. Shundrina,
Zn.M. Mukhina, L.V. Esaulova

Abstract

Background. Inclusion of doubled haploids in the breeding process allows in-
creasing the speed and reliability of selection of desired forms with smaller population
volumes. To stabilize the genotype, anthers of hybrid combinations of F, F,, F, and
F generations, developed in crossings of white-grained samples with traits of high
nutritional value of grain, and anthers of combinations of F, generation from crossings
of varieties contrasting in pericarp color and amylose content, were introduced into
the culture. The responsiveness to gamete technologies was studied in 21 hybrid com-
binations. New genetically stable material (DH - doubled haploids) was developed.
Phenotyping was carried out in conditions of a vegetation experiment for economic
and biological traits and elements of plant productivity in four populations, which
included 45 DH lines. Variability was noted in a number of traits within the DH line
populations. Based on the results of the biometric analysis of the regenerated popu-
lations, 6 sources with a “1000 grain mass” of more than 30 grams were identified.

The study was carried out with the financial support of the Kuban Science Foun-
dation and the Russian Science Foundation within the framework of the scientific
project No. 25-16-20103 “Application of the genomic approach in rice breeding for
high technological grain quality”

Purpose. To study the response of hybrids obtained from crossing contrasting
rice samples to in vitro pollen culture, to accelerate the creation of DH line popu-
lations based on the studied genotypes, and to phenotype them.

Materials and methods. The research was conducted at the Laboratory of Bio-
technology and Molecular Biology at the Federal Research Center for Rice, using
the culture of isolated anthers in vitro according to the generally accepted method
of R.G. Butenko (1990).
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Results. The genetic determinism of the “regeneration” trait in the donor plants
used in the crossbreeding was noted. The genotypes of the crossbreeding involving
the varieties Favorit and Azovsky proved to be the most productive in terms of the
output of highly morphogenic calluses and androgenic lines. Phenotypic analysis
revealed significant diversity among the plants in the individual DH populations
in terms of the shape of the panicle, the angle of the flag leaf deviation, the length
of the growing season, the weight of 1,000 grains, the height of the plants, and the
length of the growing season.

Conclusion. Phenotypic analysis of the DH lines’ traits showed that their gen-
esis originates from microspores, thus these lines are a valuable genetic resource.
The inclusion of doubled haploids in the breeding process will help to facilitate the
assessment of recombinant genotypes arising from the cross, will allow to detect
rare recessive alleles, will increase the speed and reliability of the selection of de-
sired forms with smaller population volumes.

Keywords: Oryza sativa L. rice; in vitro pollen culture; doubled haploid (DH)
lines; economic and biological traits; productivity elements
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Hayunast cratbst

YCKOPEHHOE PA3BUTHUE NONYJIALMI PUCA
C UCHHOJIB3OBAHUEM KVYJIBTYPbI I1IBIVIBHUKOB

E.I' Cagenko, B.A. I'nazvipuna, JI.A. Illyopuna,
HK.M. Myxuna, JI.B. Ecaynosa

Annomayus

Oo6ocHoBanue. BxiroueHne yIBOSHHBIX TalION/IOB B CENIEKIIMOHHBIHN MTPOIIece
CHO0COOCTBYET MOBBILICHUIO CKOPOCTH U HA/IC)KHOCTH 0TOOPA kKeJTaeMbIX GOpM MpH
MEHBIIUX 00beMax momyssiiuu. s cTabuin3aniy reHoTrIa B KyJabTypy BBE/Ie-
HbI NBUILHUKY THOpuHbIX KoMOnHaumii F), F,, F, u F, mokonenwui, coznannpix B
CKpEIIMBaHUAX 0eJI03epHBIX 00Pa3I0B C MPU3HAKAMH BBICOKON MHIIEBOM LIEHHOCTH
3epHa M bUILHUKKM KOMOMHALMH F, TOKONIEHHsA 0T CKPEIMBAHMI COPTOB KOHTPACT-
HBIX TI0 OKpacKe MepuKapIia ¥ COAepP KaHnuio aMUIIO3bl. M3ydeHa OT3pIBYMBOCTh Ha
raMeTHble TeXHoJoruu y 21 rubpuanoit komOuHanuu. BelieneHbl OT3bIBYMBEIC HA
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KyJIBTYpY IBUTBHUKOB i1 Vitro TeHOTHITBL. CO3/1aH HOBBIA FeHETUYECKH CTaOMIbHBIN
Marepuai. B ycloBusAX BereTallMOHHOTO OIbITA U3yYeHbl MOP(HOIOrUUECKHE IPU-
3HAKM pacTeHUH 45 yIBOEHHBIX I'AIIOUAHBIX JUHUH pUCaA YETHIPEX MOMYJISLMMI.
OTMeueHa BapuaOeIbHOCT M0 Psily MPU3HAKOB BHYTpH nonysisiuit DH munuit. o
pe3yabraraM OMOMETPUUYECKOr0 aHaIu3a PEreHEPaHTHBIX IO ISLUM BbIIEICHO 6
ucroyHukoB ¢ «Maccoii 1000 3epen» 6omnee 30 rpamm.

Iesb. V3ydenne OT36IBANBOCTH THOPHUIOB, OTYyYEHHBIX OT CKPEIINBAHHS KOH-
TPACcTHBIX 00Pa3IOB pHca, Ha KYITYPY IBLIEHHUKOB i1l Vitro, yCKOPEHHOE CO3IaHNE
nonynsaiuit DH nuHui Ha 0cHOBE N3y4aeMbIX T€HOTUIIOB U UX ()EHOTUIHNPOBAHHE.

Marepuanasl 1 MeTOAbI. VccrenoBaHus MPOBOJWINCE B J1a0OpaTOpuu OHo-
TEXHOJIOTHU B MosteKyisipHoi Ononornn OT'BHY «DHL] pucay ¢ ucnons3oBaHu-
€M KYJIBTYPbl U30JIMPOBAHHBIX MBIIBHUKOB iN Vitro MO OOILENPHHATON METOAUKe
Byrenko P.I. (1990).

Pesyabrarbl. OTMEUEHA reHeTHYECKas IeTePMUHUPOBAHHOCTD 10 MPU3HAKY
«pereHepanus» BBOIAUMBIX B CKPEIIUBAHUs pacTeHui — noHopos. Haubomee npo-
JOYKTHBHBIMH TI0 BBIXOY BEICOKO MOP(OT€HHBIX KaJTyCOB U aHAPOTCHHBIX JIMHUH
OKa3aJIMCh TeHOTHIIBI CKPEIINBaHUS ¢ yaacTreM coptoB PaBoput u A3oBckwuii. De-
HOTHIINYECKHUH aHAIIN3 BBISBUII CYLLIECTBEHHOE Pa3HOOOpa3He PACTEHUI B IMHUIX
UHIMBUyaabHBIX oy aiuid DH o ¢popme MeTenku, yrity OTKIOHEHHUS (aroBoro
JUCTa, JJIMHE BeTeTalioHHOro nepuoaa, macce 1000 3epeH, BrICOTE pacTeHUH 1
JUIMHE BEreTallHOHHOIO NIEPUOJa.

3akimouenne. GeHotunyeckuil ananu3 npuzHakos auHui DH nokasan, uto nx
TE€HEe3HC MPOUCXOIUT OT MUKPOCIIOP, TAKUM 00Pa3oM, 9TH JIMHHH SIBIISTIOTCS] LIEHHBIM
TeHETHYECKUM pecypcoM. BiintoueHe yIBOEHHBIX TaIlION/IOB B CEJIEKIIMOHHBIHN IPo-
1IeCC IOMOXKET O0JIErIUTh OLIEHKY PEKOMOUHAHTHBIX T€HOTUIIOB, BO3HUKAIOLINX B pe-
3yIbTaTe CKPELMBAHYS, TO3BOJIUT OOHAPYKUTH PEIKUE PELIECCUBHBIE AILIEIH, TIOBBICUT
CKOPOCTB M Ha/ISKHOCTB 0TOOPA JKeJaeMbIX ()OpM IPH MEHBIIHX 00bEeMax MOITYJISIIUH.

Kurouessle cioBa: puc Oryza sativa L.; KynsTypa IBUIBHHKOB in Vitro; yaBo-
ennble raruonanbie (DH) nuHuM; X03HCTBEHHO OMOJIOTHYECKUE MTPU3HAKH; dlie-
MEHTBHI NPOLYKTUBHOCTH

Jis nutupoBanus. Casenxo, E. I, I'maseipuna, B. A., lllynpuna, JI. A., My-
xuHa, XK. M., & Ecaynoga, JI. B. (2025). YckopeHHOE pa3BUTHE MOMYJISLHUI prca
C HMCIOJIBb30BaHUEM KYJIBTYPBI MBUIBHUKOB. Siberian Journal of Life Sciences and
Agriculture, 17(6-2), 149-164. https://doi.org/10.12731/2658-6649-2025-17-6-2-1542

Introduction
To select varieties with economically valuable traits, it is necessary to re-
plenish the genetic base using not only hybridization, but also new biotechno-
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logical methods. These methods make it possible to create lines with a high
level of homozygosity in one year, instead of 8-10 years. Currently, there is an
urgent need to create varieties with accelerated breeding traits. [1].

The efficiency of breeding can be increased by stabilizing the genetic ma-
terial using gamete technologies in vitro.

Doubled haploid lines play an important role in breeding due to their phe-
notypic homogeneity, wide range of variations, and the manifestation of both
dominant and recessive traits. [2-5].

The offspring of regenerants is studied to identify new phenotypic traits and
gametoclonal variations [6; 7]. Gametoclonal variability is observed in many
economically valuable traits, including biochemical ones. Most often, genetic
variability manifests itself in changes in the level of ploidy, chromosome and
gene mutations. This phenomenon is successfully used by breeders in pro-
grams aimed at developing varieties with improved characteristics. The use
of doubled haploids in breeding has a positive effect [8]. Useful variations in
individual traits and 100% homozygosity have been found in androgenic lines
of wheat, potatoes, teff, and rice. Based on gametoclonal variants, the Dam
variety, which is resistant to pyricularia and has good culinary qualities, has
been developed. The Federal Research Center for Rice has studied a variety of
factors to develop an effective protocol for the regeneration of rice anthers in
vitro in the japonika and indika subspecies. The effectiveness of the rice anther
culture in vitro scheme has been confirmed by practical results: thousands of
doubled haploids of rice have been created, which have been studied by the
breeding departments of the research center in the field to test their morpho-
logical uniformity and evaluate their economically important characteristics.
Based on the selected homozygous DH lines, the following rice varieties have
been registered in the State Register of Breeding Achievements of the Russian
Federation, zoned, and approved for use in the North Caucasus region: Sonet,
Sonata, Privolny 4, Ivushka, and Vodopad. When cultivated in the Krasnodar
rice-growing zone, these varieties consistently demonstrate high yields, resis-
tance to lodging, shedding, and pyricularia, as well as excellent grain quality.
The culture of gametes in vitro includes two stages. The first stage is the induc-
tion of organo/embryogenic calluses, and the second stage is the regeneration of
green plants [9]. This strategy helps to reduce the selection process, increases
the efficiency of selection, and increases genetic diversity [10]. DH populations
do not split and are used in various molecular genetic studies for mapping fixed
homozygotes [11; 12]. They are also an ideal material for genetic mapping of
morphological and complex traits [13].
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Thus, plants derived from gametes have characteristics that differ from those
of their donors, making them attractive for use in breeding programs and ge-
netic engineering [14; 15].

The goal of the research was to study the responsiveness of hybrids obtained
from crossing contrasting rice samples to in vitro anther culture and to accel-
erate the development of DH line populations based on the studied genotypes.

Purpose. To study the response of hybrids obtained from crossing contrast-
ing rice samples to in vitro pollen culture, to accelerate the creation of DH line
populations based on the studied genotypes, and to phenotype them.

Materials and methods

The research was conducted at the Federal State Budgetary Scientific In-
stitution “Federal Scientific Rice Centre” using standard methods according
to Butenko R.G. (1990) [16]. To stabilize the genotype, the culture includes
the anthers of hybrid combinations of F2, F3, F4, and F5 generations, created
by crossing white-grained samples with high grain nutritional value, and the
anthers of F4 combinations from crossing varieties with contrasting pericarp
color and amylose content. The anthers were inoculated under aseptic condi-
tions in a laminar flow hood using the Blades basic agar medium with phyto-
hormones (17). Calluses were cultured on Murashige and Skoog medium until
green shoots appeared, which were transferred to a hormone-free MS medium
for rooting (18).

Results

To stabilize the genotype, anthers of hybrid combinations of F,, F,, F, and
F, generations, developed in crossings of white-grained samples with traits of
high nutritional value of grain, and anthers of combinations of F, generation
from crossings of varieties contrasting in pericarp color and amylose content,
were introduced into the culture. Anthers were inoculated onto Blaydes induc-
tion medium (0-passage) with an increased content of 2,4-D (4.0 mg/1) until calli
appeared, then calli were transferred to Blaydes subcultivation medium with
a reduced concentration of 2,4-D (2.0 mg/l), enriched with proline 500.0 mg/1
and glutamine 500.0 mg/I. Cultivated for 20-30 days (1st passage). For further
incubation and stimulation of regeneration processes, the calli were transferred
to MS medium + 1.0 mg/l a-NUA + 5.0 mg/I kinetin + 500.0 mg/I proline +
500.0 mg/1 glutamine + 30.0 g/I sucrose.

When cultivating anthers of rice hybrids of F,, F,, F, and F generations, de-
veloped by crossing white-grained samples with traits of high nutritional value
of grain, high responsiveness of all studied genotypes for the trait of callusogen-
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esis induction was noted. The maximum result (13.72%) was shown by the F,
hybrid Yakhont / Azovsky. The minimum indicator was demonstrated by the F
hybrid Atlant / Sprint - 2.35% (LSD, , = 0.48) (see Fig. 1).

The formed callus lines had a high regenerative capacity. Genetic determina-
tion by the “regeneration” trait of the donor plants introduced into the crossing
was noted. The most productive in terms of the yield of androgenic lines were
the genotypes of the crossing involving the varieties Favorit and Azovsky: F,
Favorit / Azovsky (60 lines), F, Favorit / Sonet (31 lines), F, Apollon / Favorit
(49 lines), F, Atlant/ Azovsky (14 lines), F, Neve / Azovsky (79 lines), F, Yak-
hont / Azovsky (8 lines).

4

=4 Callusogenesis, %

—i—Regeneration, %

Fig. 1. Callusogenesis and regeneration in anther culture in vitro of hybrid
rice combinations of F, F,, F, and F, generations developed in crossing white-grained
samples with traits of high nutritional value of grain

When cultivating anthers of rice hybrids of the F, generation from crossing sam-
ples contrasting in pericarp color and amylose content, all samples also showed high
responsiveness to callus induction from 5.42% to 20.39% (see Fig. 2).

The maximum result of callusogenesis was noted in genotypes involving
the variety Violetta in the crossing: F, Violetta / Zlata and F, Violetta / CRLB-1

—17.10% and 20.39%, respectively. The indicators for these genotypes were at
the same level (LSD; = 3.24).

2950 morphogenic callus lines were obtained. During the cultivation, 52.8%
of the callus lines were realized by gemmogenesis and gemmorhizogenesis into
1557 full-fledged plants (see Fig. 3).
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Fig. 2. Callusogenesis and regeneration in anther culture in vitro
of hybrid combinations of rice F, generation from crossings rice samples contrasting
in pericarp color and amylose content

Fig. 3. Gemmogenesis processes in rice callus F, hybrid Yakhont / Azov
(macro photo)
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Regenerants were planted in specialized plant growth chambers under con-
ditions of high humidity and controlled temperatures to adapt to ex vitro condi-
tions. After spontaneous chromosome doubling in some callus lines, the cells
proliferated into doubled haploids, which produced seed progeny.

Under the conditions of a pot experiment, phenotyping of plants from four
populations, which included 45 DH lines, was carried out for a number of veg-
etative, morphological and biological traits.

Phenotypic analysis in DH line populations revealed significant diversity in
panicle shape. In the F, Violetta/Zlata population and in the F, Violetta/CRLB-1
population, all plants had an upright compact panicle. In the F, Mars/[VRON AN-
JAJI population, plants with an upright compact panicle, with a weakly spreading
panicle, and lines with a weakly spreading inclined panicle were identified. In the
F, Violetta/B/P (04466) population, various forms of a weakly spreading panicle
were noted in the lines: drooping, inclined, vertical (see Fig. 4).

e

|

|
4

e ———

F, Violetta / B/R (04466)  F, Mars / IVRON ANJAII F, Violetta/ CRLB-1

Fig. 4. Variability in the shape of panicles in populations of doubled haploid lines

Within the populations, the lines varied in the length of the growing season;
early ripening lines— 110 days, mid-ripening lines — 112 days, and late ripening
lines — 130 days were identified. No lines with a growing season of less than
100 days were identified.

Plants of lines within populations differed in the angle of deviation of the
flag leaf; there were individuals with a semi-vertical angle of 30-45°, an interme-
diate angle of 50-70°, and a horizontal angle of 80-90°. DH lines with a vertical
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angle of deviation of the flag leaf from the stem of up to 30° were identified,
and line No. 5 DH F1 Violetta / B/P (04466) had an angle of 20°.

Dwarfy lines (60-70 cm) were identified. Tall plants (125-135 cm) were
noted in all lines of the F, Mars/IVRON ANJAJI population. Most of the plants
in the populations were medium-sized, from 80 to 102 cm, with a low mass
of 1000 grains (20-25 g). The F, Violetta/CRLB-1 population lines had a high
mass of 1000 grains - over 30 g (min — 32.1 g, max — 35.4 g (LSD 1.2)); these
lines also had a strong stem resistant to lodging (1 point).

Discussion

The main limiting factor in obtaining a large number of androgenic plants is
the genotype. To overcome this problem, it is necessary to develop a reliable and
efficient system for pollen culture regeneration, which will allow the produc-
tion of genetically stable rice lines with targeted traits from hybrids. Although
cultured cells are usually able to synthesize all the necessary amino acids, the
addition of proline and glutamine to the medium can increase the growth rate
of cells. It has been reported that the use of proline and glutamine amino acids
in the medium has a positive effect on the frequency of callus formation and
regeneration of rice (Chowdhry et al., 1993; Ge et al., 2006; Shahsavari, 2011).
The addition of proline and glutamine to the induction medium reduced the time
from anther inoculation to callus formation and improved the quality of the
callus. This is because amino acids are an easily accessible source of nitrogen
for growing tissue cells and can maintain a high rate of callus cell growth for
an extended period. On callus obtained on medium supplemented with proline
and glutamine, the intensity of green plant regeneration was higher. This is in
line with the studies of Chowdhry et al. (1993) and Shahsavari (2011), who also
reported that these amino acids increase the percentage of plant regeneration.
In our experiment, all rice genotypes were responsive to anther culture. How-
ever, the frequency of callus formation and plant regeneration varied greatly
among the genotypes. Ge et al. (2006) also reported different potential of rice
genotypes in inducing callus and regeneration.

The maximum callus formation rates were noted in the F_ Yakhont/Azov
hybrid (13.7%) and genotypes involving the variety Violetta variety in the cross-
ing: F, Violetta/Zlata and F, Violetta/CRLB-1 - 17.10% and 20.39%, respec-
tively, which was associated with the high combining ability of the crossing
samples for the “callus formation” trait.

The ability to regenerate depended on the quality and degree of develop-
ment of the callus tissues, as well as the presence of auxin-type hormones in
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the nutrient medium, as at a certain stage, their cells no longer needed certain
auxins, as they began to produce them on their own.

During long-term cultivation of calluses on inducing media without subcul-
turing and subsequent transfer to regeneration media, the cells of androgenic
structures (gemm) stopped proliferating and underwent dedifferentiation, i.c.,
the differentiation of the morphogenic complex stopped, and the cells trans-
formed from meristematic to parenchymatous. The studies have shown that it
is particularly successful to cultivate the anthers until calluses appear, followed
by subculturing the newly formed calluses on a nutrient medium with a reduced
concentration of 2,4-D for 20-30 days, and then culturing them for 30-45 days
on regeneration media, which ensures maximum yield of regenerated plants.

The analysis of economically valuable traits and productivity elements of an-
drogenic lines revealed their variability among populations. The similarities and
differences in the morphological traits of DH lines in populations were expressed in
the uniformity of plants within a single line and the diversity in economic and bio-
logical characteristics and biometric traits between lines within a single population.

The biometric trait “mass of 1000 grains” is an important element of produc-
tivity, negatively correlating with the number of spikelets on a panicle and posi-
tively - with the yield of the variety. In the studied samples, the value of the trait
“mass of 1000 grains” varied from 17.4 to 35.4 grams. All domestic rice varieties
have an average grain size (26-30 grams). Based on the results of the biometric
analysis of regenerated populations, 6 sources of large grains with a “mass of
1000 grains” over 30 grams, with an average panicle length from 13.5 to 14.9
cm were identified, all of them are lines of the F, Violetta / CRLB-1 population.

According to breeders, a highly productive rice morphotype should have
an erectoid (up to 15°) or vertical arrangement of leaves (20-30°). Thus, the de-
velopment of samples with such an angle of deviation of the flag leaf from the
stem is an important trait, since varieties with vertical leaves allow thickening
crops and increasing productivity. During phenotyping, variation of this trait
in populations from 80-90° (horizontal) to 20-30° (vertical) was noted. Forms
with an erectoid arrangement of leaves were not identified.

Most DH lines developed on the basis of anther culture had a compact ver-
tical panicle, which domestic breeders prefer in the original forms, which is as-
sociated with the weather and climatic conditions of rice cultivation in Russia.

Conclusion
The obtained data of biometric analysis and economic-biological charac-
teristics indicate gametoclonal variability in populations of doubled haploids,
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which is based on the isolated anthers culture in vitro, which contributes to
the development of genetic diversity of the source material. Phenotypic anal-
ysis of the DH lines showed that their genesis comes from microspores. Thus,
these lines are a valuable genetic resource. Inclusion of doubled haploids in the
breeding process will help to facilitate the evaluation of recombinant genotypes
arising from crossing, will allow detection of rare recessive alleles, will increase
the speed and reliability of selection of desired forms with smaller population
volumes. In self-pollinating cereals, one homozygous genotype often carries
successful single traits or combinations of traits and can be used to improve the
variety or potentially become a new variety.
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