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Abstract. High efficiency of the cultivation of unfertilized sugar beet ovules and preparation of haploid regenerants
(microclones) of pollinators — maintainers of O-type sterility and MS forms of the RMS 120 hybrid components has
been shown. A technological method that accelerates the creation of new uniform starting material is proposed.
It speeds up the breeding process two to threefold. The identification of haploid regenerants with sterile cytoplasm
in initial populations is of great theoretical and practical importance for breeding, as it facilitates the production of
homozygous lines with cytoplasmic male sterility and high-performance hybrids on sterile basis. As shown by mo-
lecular analysis, a single-nucleotide polymorphism never reported hitherto is present in the mitochondrial genome
of the haploid plant regenerants. It allows identification of microclones as fertile and sterile forms. It has been found
that DNA markers of the sugar beet mitochondrial genome belonging to the TR minisatellite family (TR1 and TR3)
enable reliable enough identification of haploid microclonal plants as MS- or O-type forms. Fragments of 1000 bp in
length have been detected in monogenic forms in the analysis of 11 sugar beet plants cultured in vitro by PCR with the
OP-S4 random RAPD primer. Testing of the OP-S4 marker’s being in the same linkage group as the genes responsible
for expression of the economically valuable trait monogermity demonstrates its relative reliability. By the proposed
method, dihaploid lines (DH) of the male-sterile form and the O-type sterility maintainer of the RMS 120 sugar beet
hybrid have been obtained in in vitro culture. These lines are highly uniform in biomorphological traits, as proven
under field conditions.
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AHHoTauus. [okasaHbl BbiCOKas 3PeKTUBHOCTb KySIbTUBUPOBAHUA HEOMNOAOTBOPEHHbIX CEMA3AYaTKOB pacTeHN
CaxapHOW CBeKJIbl U MOfyYeHne ranionaHbix pereHepaHToB (MUKPOKIIOHOB) ONbinUTeNen — 3akpenuTenemn ctepusb-
HocTn O-Trna n MC-$popm KOMMNOHEHTOB rMbpuga caxapHoi ceeksibl PMC 120. MNpepanaraetca TeXHONOMMYECKUN Me-
TOA, KOTOPbIV CMOCOBCTBYET YMEHbBLLEHNIO BPEMEHW CO3[aHNA HOBOIO BbIPOBHEHHOMO MCXOAHOIO MaTepurana, Yto
BeJET K YCKOPEHMIO CENEKLMOHHOrO npouecca. MiaeHTndukauma raniongHbix PereHepaHToB CO CTEPUNBbHONM Ln-
TOMNA3MOM U3 NCXOAHbIX MONYNALMA UMEET BaXXHOE TeopeTUyecKkoe 1 NpakTUyeckoe 3HaueHve Ona cenekuun, Tak
Kak obneryaeT 3ajauy Co3faHna roMO3UrOTHbBIX JIMHUIA C LUTOMIa3MaTUUECKOW MYXXCKOW CTEPUIbHOCTBIO U BbICOKO-
NPOAYKTUBHBIX TMOPVAOB Ha CTEPUNIbHON OCHOBe. o pesynbTaTam NPOBEAEHHOIO MOJIEKYNAPHO-TEHETUYECKOro
aHann3a, B MUTOXOHAPUWaIbHOM FreHOME FanioUHbIX PAaCcTEHU-PEreHePaHTOB OOHAPYKEH paHee He OMMUCaHHBIN B
nuTepaType OAHOHYKNEOTUAHbIV MONMMOPPU3M, MO3BOAMBLUMIN NAEHTUPULMPOBATL AaHHbIE MUKPOKIIOHbI Kak dep-
TUSbHbIE N CTEpPUIbHblE GOpPMbI. YcTaHOBNEHO, UTO [JHK-MapKepbl MAUTOXOHAPWANbHOMO FeHOMa CaxapHOWN CBEKJIbI,
oTHoCALWMecs K cemecTBY MUHMcaTennnToB TR (TR1 1 TR3), 4atoT BO3MOXKHOCTb C BbICOKOW 3PEeKTUBHOCTbIO BbIAB-
NATb ranfonfHble MUKPOKIOHanbHble pacteHnsa MC- n O-Tina. YctaHoBneHa uHGOpMaTMBHOCTbL Mapkepa OP-S4 ans
onpeneneHna pasgenbHonIogHbIX dopm. Mpu nomoLm MeTofa KynbTypbl in vitro NonyyeHbl AUraniongHble TNHUN
(DH) my>cKo-cTepurbHO GopMbl 1 3aKpenuTensa ctepuibHocT O-Trna rmbpuga caxapHoi ceeknbl PMC 120. Jlunun
XapaKTepur3yTCA BbICOKOW CTEMeHbIO BbIPaBHEHHOCTM MO 6OMOPGONOrMYECKUM NPr3HAKaM, UTO Oblfo MOATBEPX-
[IeHO B NONEBbIX YC/IOBUAX.

KntoueBble cnioBa: caxapHas CBeK/1a; OQHOCEMAHHOCTb; LIUTOMMa3MaTUYeCcKana My>KCKasa CTePUIbHOCTb; FOMO3WTOTHble
rannoungHble nuHuu; MNMUP-aHanms.
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Introduction

Sugar beet (Beta vulgaris L.) is an important source of
sucrose, and sugar is one of the essential ingredients in the
human diet and a source of readily available energy for
the body. The global demand for sugar is increasing at a
rate of about 1 Mt (0.5 %) per year, while the population is
growing about three times faster. The Russian Federation
ranks first in the world in sugar beet planting hectarage
(1 million ha), leaving behind such countries as the United
States (490 thousand ha), Germany (350 thousand ha), and
France (280 thousand ha) (www.fao.org). In recent years,
however, approximately 98 percent of areas under sugar
beet was planted in Russia with imported seeds of foreign
breeding, which has a highly negative impact on the techno-
logical and economic sustainability of the whole sugar-beet
industry in Russia.

The competitiveness of domestic hybrids depends on the
feasibility of unleashing their inherent genetic potential. The
use of modern biotechnological and molecular techniques in
breeding practice accelerates twofold the development of ge-
netically uniform material, which ensures a high uniformity
of root morphology parameters (size, weight, height of head
protrusion, depth of the fibrous root system, etc.), as well as
sustainable implementation of major commercially valuable
traits (monogermity, crop capacity, sugar content, abiotic and
biotic stress tolerance during the growing stage, prolonged
viability during storage, etc.) during the reproduction. The
combination of biotechnology and conventional breeding
methods permits one not only to increase the productivity
of sugar beet hybrids, but also to improve the quality of
seed material.

One of the major challenges in sugar beet industry is the
need to breed monogerm hybrids on the basis of cytoplasmic
male sterility (CMS). Spontaneously mutant monogerm
plants that served as starting forms for developing mono-
germ beetroot varieties and components of hybrids were
discovered more than 65 years ago (Kolomiyets, 1960;
Popov, 1960). The phenotypic polymorphism of multi- and
monogerm forms of sugar beet and its genetic control were
investigated by many researchers; however, there is no
general consensus on the inheritance and manifestation of
this trait (Nagamine et al., 1989; Dubrovnaia et al., 2003;
Hemayati et al., 2008).

The monogermity trait can be found in each and every
B. vulgaris population. Presumably, choriflowered forms
emerge in symflowered populations as a result of natural mu-
tagenesis (Bordonos, 1966; Maletskiy et al., 1991). Earlier,
researchers headed by V.F. Savitsky proved the monogenic
pattern of inheritance for the M locus, controlling the phe-
notypic manifestation of multi- and monogermity (Savitsky,
1952). The recessive allele m (monogerm) is responsible
for the monogermity trait, and the dominant allele M (mul-
tigerm), for multigermity. Monogerm (or choriflowered)
genotypes are homozygous for the recessive allele mm.
Multigerm (or symflowered) plants are either heterozygous
(Mm) or homozygous for the dominant allele (MM). Devia-
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tions from the monogenic inheritance pattern are described
in studies conducted by S.I. Maletskiy et al. (1991), who
presumed a two-locus model of monogermity inheritance
(mmli). According to S.I. Maletskiy et al. (1991), M is a
structural locus, and there is also a regulatory locus, named |
(I for inhibitor). S.I. Maletskiy et al. define the dominant
alleles of the regulatory locus, which inhibit the develop-
ment of the symflowered SF (or multigerm) phenotype, as
suppressors, or inhibitors, while the recessive alleles of this
locus, which do not inhibit the development of the SF phe-
notype, as enhancers. According to this hypothesis, plants of
the choriflowered (monogerm) phenotype should bear reces-
sive alleles of the M locus and dominant alleles of I. More
recent papers place the M locus to linkage group 2 on chro-
mosome 4 on the genetic map of B. vulgaris (Schumacher
et al., 1997; Amiri et al., 2011). Russian researchers have
described a new recessive gene for monogermity, m2. This
gene is also mapped on linkage group 2 (Shavrukov, 2000).

Biotechnological methods for the development of double
haploids (DH technologies) are currently implemented to
obtain homozygous lines and increase the genetic diversity
(Dunwell, 2010; Chenetal., 2011; Kikindonov et al., 2016).
One of the major challenges in sugar beet breeding is the
development of hybrids with the heterosis effect on sterile
basis. To obtain these hybrids, monogerm male-sterile (MS)
plants are used as a maternal component. Multigerm fertile
pollinator plants are the paternal component. To achieve
the constancy of the maternal component with regard to
monogermity, MS-lines and maintainer lines that maintain
the Owen-type (O-type) sterility are usually obtained by pro-
longed inbreeding during 5-10 generations, which results in
inbreeding depression. To overcome this undesirable factor,
the invitro culture of unfertilized ovules is increasingly used
in sugar beet breeding nowadays. This technique shortens
the time required for producing homozygous genetically
stable lines (DH lines, doubled haploids) with regard to such
important breeding traits as monogermity, sterility/fertility,
etc. The produced dihaploid DH lines require molecular
testing of their monogermity, sterility/fertility, etc. at early
development stages.

The objectives of this work are to develop appropriate
technologies for producing in vitro sugar beet dihaploid lines
and to perform their molecular examination and selection
based on monogermity, sterility/fertility, etc.

Materials and methods

Experiments were conducted with parent components of
sugar beet diploid hybrid RMS 120: MS-line and maintainer
of O-type sterility RF§ (Ramonskaya fertile). The authors
of this hybrid are V.P. Oshevnev, N.P. Gribanova, et al.,
and the originator is The A.L. Mazlumov All-Russian Re-
search Institute of Sugar Beet and Sugar, hereafter referred
to as VNIISS. The RMS 120 hybrid was enlisted to “State
Register of Selection Achievements Authorized for Use for
Production Purposes” in the Russian Federation in 2008
(https://reestr.gossortrf.ru).
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PCR primers
Primer Sequence (5’ — 3')
TR1 F: AGAACTTCGATAGGCGAGAGG
R: GCAATTTTCAGGGCATGAACC
TR3 F: AGATCCAAACAGAGGGACTG
R: CGGATCACCCTATTCATTTG
OP-S4 CACCCCCTTG
nad1B F2_TTTCTCTTTATGGATAACCAATTCA

R3_ AGGATTCCTTTTGTAACCCAAT

In our work with tissue culture, unfertilized ovules at
the bud development stage were used as explants and 10 %
chloramine B solution, as a sterilant. The exposure time
was 60 minutes. Ovules isolated in sterile conditions under
a microscope were placed into liquid culture medium. The
differentiated explants were cultured on solid agar medium
(agar 7 g/L) supplemented with auxins and cytokinins in
different combinations (6-benzylaminopurine, kinetin, gib-
berellin, and naphthaleneacetic acid) (Butenko, 1999).

Liquid culture medium supplemented with 1.0 mg/L
6-benzylaminopurine was used for obtaining haploids. They
were propagated on agar medium with the addition of gib-
berellin, 6-benzylaminopurine, and kinetin, 0.2 mg/L each.
The haploid material was diploidized by adding 0.01 %
colchicine to the culture medium and incubating explants
for 36 hours. Rootage developed as microclones were cul-
tured on the medium containing naphthaleneacetic acid
(1 mg/L). The regenerants were incubated at 2426 °C with
the daylight time 16 hours, light intensity 5,000 Ix, and 70 %
relative humidity. The ploidy of samples was determined by
flow cytometry (Partec, Germany) according to the recom-
mended protocol (Cousin et al., 2009).

DNA was extracted from microclones produced via direct
regeneration with Kits for genomic DNA extraction (Sintol
Company, Russia). The quality of DNA samples was tested
by electrophoresis in 1 % agarose gel, and concentrations
were measured with an HS QubitR Assay Kit (Thermo-
FisherScientific, USA). The PCR program was: (1) prede-
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T °C Reference

59 Nishizawa et al., 2000
56

35 Amiri etal.,, 2011

55 Soranzo et al., 2003

naturation at 94 °C for 5 min; (2) 3033 cycles: denaturation
at 94 °C for 30 s, annealing for 40 s, elongation at 72 °C for
60 s; (3) postextension at 72 °C for 3 min. PCR mixture:
1 x PCR buffer, 2.5 mM MgCl,, 0.2 mM each dNTP, 1 unit
of Tag DNA polymerase, 500 ng of DNA, and 0.5 umol of
primers (see Table).

The obtained amplification products were sequenced by
the Sanger method on an ABI PRISM 310 Genetic Analyzer
(Life Technologies, USA). The PCR amplification products
were treated with ColGen kits (Sintol). The results of nu-
cleotide sequence reads were analysed with Mafft software
version 7 (Katoh et al., 2016).

Results and discussion

The study of the monogermity trait during the propagation
of fertile pollinators-maintainers of O-type sterility demon-
strated an increase in the percentage of descendants with
complete (100 %) monogermity from 11 to 68.4 %, with
more rigorous selection and rejection of multigerm plants
(Oshevnev et al., 2018) (Fig. 1). Also, the mean value of
this trait increased from 78.2 to 96 % with increasing the
number of selection generations from G, to G,.

The long-term field and laboratory studies conducted at
VNIISS allowed developing a technology for producing
sugar beet DH lines, which consists of a three-year cycle
of biotechnological and breeding steps (Zhuzhzhalova et
al., 2020) (Fig. 2). At early stages, regenerants are induced
from unfertilized ovules. Plants are selected based on the

1 100 % monogermity
69.2 68.4

60.2

single- or two-seeded
W many-seeded

389

24.8

18.0

0.9 0.5

G2 G3 G4
Generation of selection

Fig. 1. Inheritance of the monogermity trait in the O-type pollinator (Oshevnev et al., 2018).
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Introduction of unfertilized ovules
in vitro

Colchicination and stabilization
of haploid regenerants in vitro

Rooting of dihaploid microclones
in vitro
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Year 1: induction of haploid regenerants

Induction of haploid regenerants,
selection by ploidy (n =9)

Year 2: development of DH lines

Stabilization and micropropagation
of haploid regenerants

Selection by ploidy (n = 18),
micropropagation of DH forms

Year 3: production of DH line seeds

Biochemical and molecular
genetic evaluation of DH forms

Growing of root-stecklings
and seed-bearing plants

Collection
of DH line seeds

Fig. 2. Schematic representation of steps for producing dihaploid sugar beet lines.

mono- and multigermity traits and shrub mien (seed-rich
multistemmed plants). Sprouts of the central ear of the pleio-
chasium cluster are generally used as donors of explants.
Cytological studies allow selecting genotypes with a high
degree of pollen grain fertility and sterility. The selected
well-developed haploid regenerants are stabilized by in vitro
micropropagation on agar medium.

The next step includes the diploidization of haploid mate-
rial by colchicination, stabilization of colchicined regene-
rants, selection based on biochemical and molecular traits,
and formation of in vitro DH lines.

At the final stages of the technology, dihaploid lines
are rooted in vitro, steckling roots and seed-bearing plants
are grown in a greenhouse, and seeds of DH lines are col-
lected. The proposed technology produces genetically and
morphologically uniform material two to three times faster,
omitting the recurrent self-pollination of plants (see Fig. 2).

The selection of genotypes with valuable breeding traits
is of great importance in producing homozygous sugar beet
lines based on haploids. It is known that sugar beet popula-
tions contain plants with normal (N) and sterile (S) cyto-
plasm. The pollen of N plants is fertile and viable, whereas
in S plants it can be either fertile or sterile depending on the
interaction between the sterile (S) cytoplasm and recessive
alleles (rfl and r/2) of the nuclear gene performing the
fertility-restoring function. CMS is a result of a complex
interaction of certain nuclear and mitochondrial genes (Mat-
suhiraetal., 2012; Chen et al., 2014). This multilocus gene
for fertility restoration (Rf), a suppressor of mitochondrial
genes causing pollen sterility, is one of the best understood
genetic factors involved in CMS manifestation (Arakawa
etal., 2018).

There are also other important genetic factors insufficient-
ly elucidated to date. One of them is the mitochondrial gene
nadl (BevupMp038), which encodes subunit 1 of NADH-
dehydrogenase in the NADH: ubiquinone oxidoreductase
complex. The expression of this gene makes a significant

M K1 K1-1 K2 K2-1 K2-2 K3 K3-1 K3-2 K3-3

Fig. 3. Electrophoretic image of DH regenerant fragments with nad1
gene markers.

K1 - control fertile plants; K3 — control sterile plants; K1-1, K2, K2-1, K2-2 -
forms with normal (N) cytoplasm; K3-1, K3-2, K3-3 - forms with sterile (S) cy-
toplasm; M - molecular weight ladder (MassRuler™ DNA marker, 80-1,031 bp,
ThermoScientific, USA). Band size: 400 bp.

contribution to the interaction between the nuclear and
mitochondrial genomes. We employed markers for nadl to
analyze sugar beet dihaploid regenerants, both fertile and
sterile (Fig. 3).

The PCR analysis revealed a 400-bp DNA fragment in
all samples. The amplificates were sequenced, and sequence
alignment showed their identity except for one single-nu-
cleotide polymorphism. It was shown that in all samples with
fertile pollen, i.e. carriers of the nuclear gene dominant allele
Rf1, nucleotide C was replaced by T, whereas all haploid
sterile forms had only nucleotide C (Fig. 4).

The detected single-nucleotide substitution is presumed
to be significant (non-synonymous), i.e., it can induce an
amino acid substitution in the polypeptide, which seems
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cck2 attcttatctgaattgcgagaataactgactaagecegtgegtgecataageggteattet
cekl-1 attcttatctgaattgcgagaataactgactaagecgtgegtgecataagaggtcattet
ceck2-1 attcttatctgaattgcgagaataactgactaagecegtgegtgecataagaggteattet
ccK2-2 attcttatctgaattgcgagaataactgactaageccgtgegtgccataagaggtecattet
ceK3-2 0 e attgcgagaataactgactaagcecgtgegtgecataagaggteattet
eck3-3 attcttatctgaattgcgagaataactgactaagececgtgegtgecataagaggtecattet
ccK3 attcttatctgaattgcgagaataactgactaagecgtgegtgecataagaggteattet
ccKk3-1 attcttatctg-attgcgagaataactgactaagcegtgegtgeccataagaggtecattet
cekl attcttatctg-attgcgagaataactgactaagcegtgegtgccataagaggtcattet

W N R T I P W o o
cek2 ccaaacgggacagggccaagectttaggttgtttaagtaagttggotgacagateggeeca
ceKl-1 ccaaacgggacagggccaagectttaggttgtttaagtaagttgggtgacagateggeca
cck2-1 ccaaacgggacagggccaagectttaggttgtttaagtaagttgggtgacagateggeeca
ccK2-2 ccaaacgggacagggccaagectttaggttgtttaagtaagttgggtgacagateggeea
eck3-2 ccaaacgggacagggccaageccttaggttgtttaagtaagttgggotgacagateggeea
ccKk3-3 ccaaacgggacagggccaageeccttaggttgtttaagtaagttgggtgacagateggeea
cck3 ccaaacgggacagggccaageccttaggttgtttaagtaagttgggtgacagateggeeca
ccKk3-1 ccaaacgggacagggccaageccttaggttgtttaagtaagttgggtgacagateggeca
cekl ccaaacgggacagggccaagectttaggttgtttaagtaagttgggtgacagateggeca

RN HAFFFNNFAFFFAFAAINN

Fig. 4. SNP location in the nad1 gene in regenerants.

AR R A b A A R R R R R R R b R e R

ccK3, ccK3-1, ccK3-2, ccK3-3 - sterile forms; ccK1, ccK1-1, ccK2, ccK2-1, ccK2-2 - fertile forms.

to result in producing a functionally different protein. The
presence of this SNP is likely to be related to differences in
the CMS trait manifestation in sugar beet.

The genetic polymorphism of the B. vulgaris mitochon-
drial genome was investigated by using highly variable
tandem repeats, or minisatellites. Four tandem repeat loci
(TR1, TR2, TR3, and TR4) were found and described in
earlier studies of the mitochondrial genomes of sugar beets
(Nishizawa et al., 2000; Liu etal., 2017). The TR minisatel-
lite family consists of 30 to 32-bp long sequences arranged
in tandems of 2 to 13 in beet genotypes examined (Xia et
al., 2020). It was shown that markers TR1 and TR3 are
linked to genes controlling CMS (Nishizawa et al., 2000).
This finding motivated us to analyze our regenerants with
the aforementioned primers.

PCR analysis of DNA samples with the TR1 primer
revealed 700-bp fragments in O-type haploid forms and
400-bp fragments in MS haploid forms. The sample No. 10
showed both bands (Fig. 5).

172 3 4 5 6 7 8 9 10 11 12 K- M

700 bp —> -— — .

400 bp —> D e p——

Fig. 5. Electrophoretic image of PCR products obtained with the TR1
primer.

Lanes: 1-5, 12 - haploid regenerants of O-type pollinator; 6-9, 17 — MS rege-
nerants (haploids); 70 - haploid (mix). M - DNA molecular weight ladder
GeneRuler™; 100-3,000 bp (ThermoScientific, USA). “K-" - negative control
(sterile water without DNA). Band sizes: 700 and 400 bp.

As both fragments are amplified in the genome of the
sample No. 10, it is rather difficult to say with certainty
whether it belongs to the MS- or O-type. Earlier, A.G. Bra-
gin et al. (2012) showed that both N- and Svulg-specific
markers can be found in all cytoplasms of plants with both
the Owen plasmotype and the plasmotype ensuring the
formation of fertile pollen. Their data strongly support the
assumption of independent coexistence of mitochondrial
genomes of N- and Svulg-types within mitochondria of
plants of the same line.

PCR with the primer TR3 revealed 500-bp fragments in
O-type haploid forms and 400-bp fragments in MS haploid
forms. No DNA fragments were detected in the sample
No. 9 (Fig. 6).

Minisatellites are widely used for evaluation of mitochon-
drial genome polymorphism. This fact may be responsible
for the nonuniform patterns of samples No. 9 and 10 ob-
tained by amplification with different TR family minisa-
tellites.

12 3 4 5 6 7 8 9 10 11 12 K- M

500 bp
—>

—
400 bp

Fig. 6. Electrophoretic image of PCR products obtained with the TR3
marker.

Lanes: 1-5, 12 - haploid regenerants of O-type pollinator; 6-9, 17 - MS regene-
rants (haploids); 10 - haploid. M — DNA molecular weight ladder GeneRuler™,
100-3,000 bp (ThermoScientific, USA). “K” - negative control (sterile water
without DNA). Band sizes: 500 and 400 bp.
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2,800 bp
—

p— e —

—
——

— >
1,000 bp !
-

Fig. 7. Electrophoretic resolution of PCR products obtained with the
OP-5S4 primer.

Lanes: 7-3 - O-type; 4, 5 - HP (heterosis pollinator); 6-717 - MS. M - DNA mole-
cular weight ladder GeneRuler™, 100-3,000 bp (ThermoScientific, USA). “K-" -
negative control (sterile water without DNA). Band sizes: 1,000 and 2,800 bp.

The results of molecular testing suggest that these primers
allow early discrimination of haploid regenerants of O- and
MS-types, which is of theoretical and practical significance
for breeding. Exceptions are the samples No. 10 (two frag-
ments when amplified with TR1) and No. 9 (no amplification
product with TR3).

As mentioned above, the crucial breeding trait of sugar
beet is monogermity, regulated by the recessive allele of the
M-m gene. As with mitochondrial genes, the genes (loci)
that control the monogermity trait have not been mapped
precisely (Shavrukov, 2000). However, a locus linked to this
trait in F; and F, populations has been identified. Scientists
outside Russia tested 297 single-stranded decamer RAPD
primers with an F, population of monogerm and multigerm
sugar beet hybrids. The nearest genetic marker (closer than
50 cM) linked to the monogermity gene was OP-S4 (Amiri
etal., 2011).

In our PCR experiments, 11 samples of sugar beet ob-
tained in vitro with the OP-S4 primer produced 1000-bp
fragments. A second fragment of about 2,800 bp was seen
in some samples (No. 1, 2, 3, 10, and 11). DNA fragments
from genotypes No. 4 and 5, which are multigerm according
to the data from breeders (V.P. Oshevnev, N.P. Gribanova),
were barely seen (Fig. 7).

The results obtained in testing primer OP-S4, belonging
to the same linkage group as the gene for monogermity, do
not presume reliable ranking of samples according to the
monogermity trait at the stage of haploid microclones. This
may be related to the low specificity and high sensitivity to
conditions of the reaction, characteristic of RAPD primers.
The identification of homozygous monogerm genotypes
requires a more comprehensive analysis with a larger num-
ber of sugar beet plant samples and molecular markers with
higher specificity.

Conclusions

In this study, an approach to the accelerated development
of doubled lines (homozygotes) as components of highly
productive hybrids was designed. Seeds were obtained from
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four B. vulgaris DH lines and used for the propagation of
highest quality seeds of the male-sterile form of the RMS
120 hybrid component. Molecular analysis detected an SNP
in the genomes of the haploid regenerants, and this SNP
allowed the discrimination of fertile and sterile forms. It is
shown that mitochondrial minisatellite markers TR1 and
TR3 enable classification of haploid regenerants as MS- or
O-type forms. Analysis of 11 monogerm and multigerm
plants obtained in vitro by PCR with the RAPD primer
OP-S4 revealed 1000-bp long fragments in monogerm
regenerants.

By combining biotechnological and molecular methods
with traditional breeding techniques, new breeding mate-
rial can be produced to develop indigenous new-generation
sugar beet hybrids.
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