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MUTAGEN EMS TREATMENT OF MICROSPORE-DERIVED
EMBRYOS FOR RAPESEED BREEDING (BRASSICA NAPUYS)

Abstract. Rapeseed embryos obtained from a culture of isolated microspores were treated with various
concentrations of ethyl methanesulfonate (EMS) for one hour. As a result, doubled haploid mutants (DHm) of
rapeseed were obtained with desirable quantitative traits including improved vyield, seed color and fatty acid
composition of seed oil in comparison to donor rapeseed cultivars. Analysis of the fatty acid composition of the
seeds of obtained DHm M2 showed a significant increase in the percentage of oleic acid in cultivars of to 75.4%,
compared with donor cultivars (66.0%). The resulting DHm plants of rapeseed differed from the donor cultivars with
high indicators for the weight per plant and the weight of 1000 seeds. At the same time, according to the results of
qualitative and quantitative analyses, the best indicators were when processing with mutagen in concentrations of
12 mM EMS.
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Introduction. Rapeseed is a valuable source of both edible and industrial oil, and can be used as a
feed protein. Rapeseed (Brassica napus oliferaMetzg.) cultivation in Kazakhstan is commercially viable.
The breeding process that has aimed to produce new cultivars of rapeseed in Kazakhstan is predominantly
performed using traditional methods, however, they are difficult and require a considerable amount of
time. Therefore current methods used do not meet modern requirements for the improvement of crop
species for commercial purposes. One of the ways in which traditional methods can be improved is
through a combination of mutagenesis and haploid biotechnology in the rapeseed breeding process.

The treatment of Brassica seeds with mutagens can cause promote the manifestation of traits such as
resistance to seed shedding [1], changes in the qualitative composition of oil [2,3] changes in flowering
time [4], change in seed coat color from black to yellow [5]. Additionally, haploid biotechnology is
widely used in plant breeding practices, primarily for the creation of homozygous lines in one generation.
This is especially important in cross-pollinated crops in which self-pollination is difficult or impossible [6].

Mutagenesis in vitro has several advantages over traditional breeding methods. For example,
processing allows researchers to obtain microspores of homozygous lines with valuable traits, enhance
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fatty acid composition and obtain lines that without erucic acid [7]. The advantages of the mutagenesis of
haploid cells include: (1) an enhanced ability to avoid chimerism; (2) rapid detection of mutants; (3) the
identification of recessive mutants is possible in the first generation; and (4) the timeframe required for
producing homozygous mutants is shortened. In addition, use of an increased number of microspores
increases the probability of identifying mutants with the more efficient traits. In particular, breeding is
already possible at the in vitro cultivation stage [8,9]. The effectiveness of mutagenesis using a culture of
isolated microspores has previously been demonstrated in several reports [9,10].

Previously, we conducted research that aimed to optimize the cultivation conditions of isolated
rapeseed microspores [11]. The study facilitated our continued research on the use of isolated microspore
cultures to obtain mutants. EMS is widely used as a mutagen of the Brassica family. However, a cultivar
of concentrations and processing times have been previously applied. For example, Feme et al. (2008)
[12] used 2 mM, 4 mM, 8 mM, 10 mM, 12 mM EMS concentrations and the duration of treatment was
15 h. Further, He et al. (2004) [13] used 0.05 mM, 0.1 mM and 0.2 mM EMS concentrations for 20 min
to produce mutants, and 1 mM, 1.5 mM, 2 mM, 25 mM and 3 mM EMS concentrations for durations of
12, 24, and 36 h. Researchers have used a large range of EMS concentrations, and in general, the higher
the concentration used, the shorter the duration oftreatment should be.

An analysis of literature reveals that obtaining true mutants is possible while using a wide range of
exposures to EMS. For our experiments, were treated materials with 4 mM, 8 mM and 12 mM EMS
concentrations for one hour. We chose these concentrations and this specific duration of treatment
because they are not overly stringent and, in our opinion, should produce mildly mutagenic effects.
Microspore-derived embryos were selected as an explant for treatment with EMS in this experiment.

The best, most informative evidence of the occurrence of mutation is demonstrated by assessing
changes that occur at the DNA level [14]. Molecular marker analysis is used to study genetic
polymorphism and provides results that are more accurate than other methods [15]. Each molecular
marker has advantages and disadvantages. The sensitivity of the detection of mutant plants varies
depending upon which marker is used. For example, with narcissus mutagenesis, researchers determined
that the mutation rates were 8.33% using RAPD (Random Amplified Polymorphic DNA) markers and
15.48% using AFLP (Amplified Fragment Length Polymorphism) markers [16].

In other studies, 330 mutant lily lines were tested simultaneously using ISSR (Inter Simple Sequence
Repeat) and RAPD markers. Using ISSR markers, 119 mutant lines were identified at the DNA level. The
hereditary variability of various isolated lily mutants, assessed according to their morphological
characteristics, reached 36.06% using seven ISSR primers [18]. ISSR markers scan 100 to 1000 bp
portions of DNA, and can be used to identify interspecific and intraspecific genetic variation, species,
populations, lines. In some cases, ISSR markers can be used to identify individual genotypes, as well as
for screening for mutations and detecting known alleles [14]. Tomlekova et al. (2006) [18] reported the
successful use of the ISSR method to detect DNA variability in the M1 generation after chemical
treatment of cauliflower seeds, Brassica oleraceae L, var. Capitata, with 0.5, 0.6 and 0.7% EMS.

Various samples of mutant plants obtained from the species studied were established using randomly
selected primer sequences of tandem repeats to identify mutant plant DNA. As a result of a preliminary
screening conducted in the M1 stage, modified plants were selected, and seeds were collected and used to
produce plants of the M2 generation. The aim of this work is to create homozygous mutant B. napus lines
to enhance characters that are useful for breeding.

Materials and Methods.

Materials. The research materials were rapeseed cultivars (B. napus) ‘Kris’ and ‘Galant’, which
were breeds of the Federal V. S. Pustovoit All-Russian Research Institute of Oil Crops (Russia).

Methods. Microspore culture. Buds were collected early in the morning hours characterized by
intensive pollen division at the single-core microspore stage. The buds were 2-3 mm in size. Buds were
pretreated with 10 mg/L silver nitrate soMon for 2 d at 4°C temperatare. Next, they were sterilized in
50% sodium hypochlorite for 7-10 min, 70% alcohol for 3-5 s, followed by washing three times with
distilled water. Then, buds were placed in a cool vortex (10°C) with 30-40 mL of cooled B5 medium [19]
without hormones (10-12°C), and homogenized for 7-9 s at high speed. The resulting suspension was
filtered using an 80-"m filter. The filtrate was centrifoged at 100 * g (Eppendorf, Germany) for 5 min and

28



ISSN 2224-5308 Series ofbiological and medical. 4. 2020

the supernatant was removed. The precipitate was re-suspended in 15 mL B5 medium and centrifuged
5 min. The supernatant was discarded and the precipitate was re-suspended in NLN medium with
0.05 mg/L BA (PhytoTechnology Laboratories, US), before being poured into Petri dishes to cultivate
microspores. Microspore density in the NLN medium was adjusted to a 35.000 and 50.000 microspores
per mL range. The Petri dishes were placed in a thermostat (TSO-1/80-SPU, Russian) with a shaker at
25°C. When torpedo-shaped embryos were formed, Petri dishes were placed under a light at the same
temperature [20].

Treatment of somatic embryos with mutagens. When they reached a size of 1.5-2.5 mm, embryos
were treated with EMS (Sigma Aldrich, US). Three different concentrations of EMS were added to petri
dishes: 4 mM, 8 mM, and 12 mM. The dishes were then placed on a shaker (40-50 rpm) in a thermostat at
25°C for 1 h. After treatment, embryos were dried on sterile paper sheets for 5 s. Dry embryos were
transplanted onto solid B5 medium with 0.8% agar and 2% sucrose and incubated for 24 h in a thermostat
at 10°C. After incubation, tubes containing embryos were placed under light at 25°C. After two weeks of
cultivation, the embryos were transplanted onto fresh B5 medium for regeneration.

After in vitro plantlets were obtained, they were cut into three equal pieces and cloned. Two of the
three pieces were cloned on B5 medium and one was frozen and stored. Therefore, 1/3 of the plantlets
were left for cloning, and 2/3 were transplanted into the soil. Before transplanting into the soil, a ploidy
test was performed using the CyFlowPloidyAnalyzer. All haploid plants were treated with 0.05%
colchicine solution to double the chromosomal set [21].

Evaluation ofagronomic traits in the obtained mutant doubled haploids. To analysis the offspring of
the obtained mutants, plants of ‘Kris’ (4 mM, 8 mM and 12 mM EMS) and ‘Galant’ (4 mM, 8 mM and
12 mM EMS) cultivars were grown in an experimental field. For this purpose, 100 seeds from each fertile
mutant (M1) were selected for sowing. As a result, 50-60 plants for each mutant (M2) were grown.
30 plants from each mutant were selected to analysis agronomic parameters, weight of 1000 seeds (g),
seed weight per plant (g).

The determination offatty acid composition. The fatty acid composition of rapeseed was determined
using gas chromatography (GC) [22]. Sample preparation for GC was performed as follows: 0.5 mL oil
was extracted from the seeds using a press, 8 ~L of the oil was pipetted into a test tube, and 2 mL hexane
(Honeywell, Germany) was added to the oil. Afterward, 0.1 mL 5% sodium methylate (Sigma Aldrich,
US) was added and the tube was in incubated for 0.5 h with periodic shaking (3 times every 10 min).
After incubation, 1 mL distilled water was added, and the tube was shaken and incubated until complete
sedimentation was achieved. Then, 1 mL of the upper hexane layer was transferred into a penicillin vial
and placed under a fan at room temperature until hexane had completely evaporated. Afterward, 600 "L
of chemically pure hexane was added to the penicillin bottle. The GC procedure was performed on Cristal
2000 M, Khromatek, Russia.

Molecular methods. DNA was isolated from plants using the standard CTAB (cetyl
trimethylammonium bromide) method. Leaf tissue (100 mg) as placed in 700 ul of CTAB extraction
buffer (100 mM Tris (pH 8.0), 5 M NaCl, 20 mM EDTA (pH 8.0), 0.2%), (p/v) P-mercaptoethanol and
2% (p/v) CTAB), and heated at 60°C for 30 min. The DNA was extracted with one volume of
chloroform:isoamyl alcohol (24:1), and precipitated in the presence of isopropanol. The DNA precipitate
was washed with 70% ethanol, dried, and dissolved in 30 ul TE (10 mM Tris-HCI (pH 8.0), 1 MM EDTA,
pH 8.0). After adding 1 ul of RNAse (10 mg/mL), DNA concentration were determined using a
NanoDrop spectrophotometer.

PCR analysis. DNA amplification was performed using ISSR primers [14] (table 1). For ISSR
analysis, the polymerase chain reaction (PCR) was carried out using a reaction volume of 25 ul, which
contained 2 ul 10 x Tag buffer, 2 uL of a mixture of 4 dNTPs (2 mM), 2 ~L ISSR marker (10 pM), 0.2 u1,
Tag DNA polymerase (5U/L), and 1.0 *L DNA (100 ng/?l). The following thermocycling program was
used to perform the randomly amplified DNA polymorphism protocol (ISSR-analysis): pre-denaturation
at 94°C for 10 min; followed by 35 cycles that included a 30 s denaturation at 94°C, a 30 s primer
annealing step at 48°C and a 1-min elongation step at 72°C.
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Table 1- Names, nucleotide sequences, and annealing temperature of 6 ISSR-primers

Primers Sequence (5’- 3%) Annealing temperatare (°C)
BVv-11 CTC TCT CTC TCT CTC TAT 454
BV-17 CACACACACACAGT 4.7
Bv-41 GAG GAG GAG GC 41.0
BV-53 GAG AGA GAG AGA GAG AA 457
BV-47 GTGGTGGTGGC 44.0
BV-50 AGA GAGAGA GAGAGAT 47.0

Abbreviation: ISSR, Inter Simple Sequence Repeat.

Electrophoresis of random-primer amplified products was carried out in agarose (2.5% agarose,
TAE-b~fe” 5 ul of ethidrnm bromide), and PAAG gel (8%) us™ a vertical, and horizontal
electrophoresis chamber. Each amplified DNA fragment on the gel was considered an individual
descriptor with a specific molecular weight, which was determined using a 100 bp + 1.5 Kb DNA Ladder
(Fermentas)molecular weight marker. After electrophoresis, the gel was analyzed in UV-light.

DNA bands traveling at the same rate of movement were equal in size. The bands were scored using
a binary in which bands that appeared to be the size of the target were given a score of 1, while the
invisible band was given a score of 0. Data were then analyzed with UPGMA (Unweight-Pair Group
Method with Arithmetic Means) software based on the Jaccard genetic similarity index within PAST
(Paleotological Statistics Software Package for Education and Data Analysis).

Statistical analysis. Significant results were tested using Analysis of Variance (ANOVA) by
applying the Duncan’s LSD and “key HSD test with the program SPSS 22 (IBM). Means with different
letters are regarded as statistically significant atp < 0.05.

Results and Discussion. The rapeseed embryos obtained via the culture of isolated microspore
cultivars, Kris and Galant, were used to obtain mutant lines. Embryos were formed from individual

Figure 1- Obtained doubled haploid rapeseed mutant of rapeseed in cultures of isolated microspores.

(A) Microspores that had been cultivated for one week. (B) heart-shaped embryos are shown. (C) Microspore-derived embryos
for EMS are shown and a (D) EMS-treated embryo (1 week after treatment) on agar medium. (E , F) Regenerated plantlets from
embryos treated with the EMS are shown. (G) Cloned plantlets and (H) mutant plants in the soil after colchicine treatment and
(1) doubled haploid mutant (fertile) plants are shown.
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microspores, through several stages of development (figure 1 A, B). Mature embryos with visible bipolar
structures were treated (figure 1C).

We assumed that the EMS concentrations used in the experiment, 4mM, 8 mM, 12 mM, after 1h of
treatment did not produce serious lethal mutations, and instead produced only a few changes in the rape
genome. Our results showed that rates of embryo survival in rapeseed when treated with EMS were good,
even at the 8 mM concentration (figure 2). Regeneration took place at a fairly high frequency. Some
stimulation of the regeneration process occurred as a result of the low concentrations of mutagen. Also,
negative effects of increased mutagen concentrations (12 mM) on plant regeneration should be noted.

During regeneration, some plants displayed leaf changes due to albinism (figure 1D, E, F). However,
as shown (figure 2A), the majority of the plants grew without disturbance. Resulting mutant haploid
plantlets were transplanted onto hormone-free MS medium with a half set of macro and micro salts
(figure 1G). The cloning of plantlets was carried out using the same medium, and the reproduction rate
was 1:3. Next, 1/3 ofthe plantlets were left for cloning, and 2/3 of were transplanted to soil (figure 1H, I).

Before transplanting to the soil, a ploidy test was performed. All haploid plants were treated with a
0.05% colchicine solution to double the chromosome set (figure 2B).

8 0 4 8 12 0 4 8 12
EMS concentration (mM) EMS concentration (mM)

*

Figure 2 - Plant regeneration from microspore-derived rapeseed embryos (Brassica napus) treated with EMS. (A) Number of
haploid plants from embryos. (B) Number of fertile plants. Data are means + SD bars of three experiments (n =40 embryos; n
=30 plantlets per experiment), measured in triplicate. The same letter indicates no significant difference and the different letters
indicate a significant difference (Duncan’s LSD test, p<0.05)

Seeds from mutant plants of B.napus cultivars (M1) were sown in an experimental field. During
flowering, each plant was covered with an insulator. As a result, M2 seeds were obtained by growing
mutant doubled haploids of rapeseed (table 2).

Table 2 - Seed mass of mutant doubled haploids (M2) obtained during treatment
of embryos with the EMS mutagen at a concentration of 12 mM

Genotype Seed yield per plant (g) Weight of 1000 seeds (g)
Galant (control) 52+ 14 31+01
DH2G12 65+23 35102
Kris (control) 59+ 15 3004
DH2K12 6.8+ 19 36+01

Values tabulated are mean + SD at three replications.

To further verify and identify promising lines, an analysis was carried out using molecular ISSR
markers of M2-generation rapeseed. ISSR markers have previously been used to screen for genetic
diversity [23]. To assess the level of genetic diversity in rapeseed mutant and parental forms, we selected
6 ISSR primers.

The electrophoregram (figure 3) using BV11, BV17, BV53, BV47 primers revealed visible
differences between mutant plants and starting material. Mutant plants possessed 550 bp, 250 bp,
fragments that were absent in the original plants. As well as mutant lines DH2G12-6, DH2K12-3 and
DH2K12-4 were distinguished by the absence of loci/bends, which showed that mutation and genetic
changes occurred.
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M 1 K 2 3 4 5 6 7 8 9 10 11 12

Figure 3- The ISSR profiles of the 12 mutant
MK1 234 WTTTEE T KT Galant lines using BVIL (A), BVE3 (B) (K) Control (Galant);
(1) DH2G12-1; (2) DH2G12-2; (3) DH2G12-3; (4) DH2G12-4;
(5) DH2G12-5; (6) DH2G12-6; (7) DH2G12-7; (8) DH2G12-8;
(9) DH2G12-9; (10) DH2G12-10; (11) DH2G12-11,;
(12) DH2G12-12 and 4 mutant Kris lines using BV11, BV17
and BV53 primers (C) (K) control (Kris); (1) DH2K12-1-1;
(2) DH2K12-2; (3) DH2K12-3; (4) DH2K12-4 are shown. Lane
numbers indicate the following: (M) (100-3000 b.p. ladder)

The presence of individual loci or the absence of one ofthe genotypes indicates that genetic changes
in plants had occurred as a result of in vitro mutagenesis [24]. Changes observed during molecular
analyses were caused by point mutations, displacement, a nucleotides that was removed from the
sequence [25]. This molecular analysis performed can be used to facilitate the breeding of mutant lines of
rapeseed cultivars. In the future, we analyzed only those mutant lines that had the prospect of practically
useful for breeding. As a result, we determined that the best mutants were plants that were obtained via
exposure to EMS at a concentration of 12 mM.

According to quantitative characteristics of the data, mutant plants were relatively higher indicators
ofthe mass of plants compared with the control and the mass of 1,000 seeds was determined (table 2). In
addition, mutant seeds of two plants of the Galant cultivar (DH2G12-5, DH2G12-6) had seeds that were
different in color - from light brown to black (figure 4), while the donor cultivar Galant had black seeds.
Changing the color of the seed coat from black to yellow is an important positive trait for cultivars of
rapeseed (canola).

Figure 4 - Mutant seeds (EMS 12 mM) of the Galant cultivar are shown as follows:
(A) control; (B) mutant seeds DH2G12-5; (C) mutant seeds DH2G12-6

A key indicator of the value of rapeseed breeding was determined principally by assessing the fatty
acid composition of seed oil [26]. Another indicator of the nutritional composition of rapeseed was the
absence of erucic acid. In our experiments, erucic acid was not found in either donor or mutant lines. An
important indicator of the quality of edible oil is the ratio of saturated to unsaturated fatty acids. In this
regard, the best genotypes are considered to be ones in which the sum of palmitic and stearic saturated
fatty acids is smallest [12]. In addition, rapeseed genotypes, which have high oleic acid and low linolenic
acid content are ideal.

Analysis ofthe fatty acid composition ofthe seeds of individual M2 mutants was carried out only in
individual plants tested for the presence of mutations using molecular markers. Table 3 presents data that
revealed that the fatty acid compositions of doubled haploids were different from controls.
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Table 3- Indicators of the percentage ratio of the fatty acid composition of seeds in mutant M2 doubled haploids
of rapeseed, obtained when processing androgen embryos treated with 12 mM EMS

Fatty acid

Nam%%‘;g?#g'ed P S 0 L Ln Er
(C16:0) (C18:0) (C18:1) (C18:2) (C18:3) (C22:1)

% % % % % %
Galant (control) 36+0.1a 20+ 1a 66.0 £ 2d 180+2a 74+0.2a <0.05
DH2G12-1 36+0.3a 25+0.2a 725+ 1.5d¢ 13.8 £ 0.2aH 45+0.3b <0.05
DH2G12-2 33+01a 24+0.2a 754+09a 122+2.1f 30x0d <0.05
DH2G12-3 38+04a 29+0.2a 743 = 11d 123+ 0.3f 34+0.2d <0.05
DH2G12-4 32+02a 26+0.2a 713+0.2c 155+ 0.6c 44 +0.4b <0.05
DH2G12-5 36+05a 29+0.3a 703+ 15¢c 16.6 + 0.4 35+ 0.2d <0.05
DH2G12-6 36+04a 29+0.2a 70.2+0.8¢c 181 +0.4a 16+04e <0.05
DH2G12-7 39+02a 23+0.3a 71.7+£0% 14.7+ 0.4 41+02x <0.05
DH2G12-8 38+54a 24+0.3a 729+ 0.44x 134 £ 0.7cHf 41+£02x <0.05
DH2G12-9 38+04a 26+0.3a 74.3 £ 0.5 122+ 0.3f 35+ 0.2d <0.05
DH2G12-10 36+04a 21+0.3a 70.7+0.3c 12.7 £ 0.3 31+02d <0.05
DH2G12-11 31+01a 2.7+0.1a 720+ 0.2 14.4 £ 0.2ak 36+0.2d <0.05
DH2G12-12 35+0.3a 26+0.3a 731+ 044c 152+ 0.1t 35+0.3d <0.05
Kris (control) 3.7+03d 20+0.2b 67.6+0.1c 17.3+04a 59+01a <0.05
DH2K12-1 41+0.2a 28+0.2a 72.8+£0.3b 123+ 04c 40+£0.2b <0.05
DH2K12-2 3.7x03d 23102 73.5 £ 0.9 123+0.3c 40+0b <0.05
DH2K12-3 33+02b 221020 73.1 £04d 133+£0.2b 33+02c <0.05
DH2K12-4 35+ 04d 24 +0.28 741+0.2a 123+0.2c 31+02c <0.05

Vataes lab”ated are mean + SD at three replications. Means followed by same letters in the cotamn are not different
from one another by Tukey test at the 5% probability level.
Abbreviation: P, palmitic acid; S, stearic acid; O, oleic acid; L, linoleic acid; Ln, lenolenic acid; Er, erucic acid.

Chromatographic analysis showed that the oleic acid content within seed oil of mutant plants of the
Galant cultivar was 9.4% higher (from 70.2 % to 75.4%) compared to the control (66.0%). Also, the sum
of unsaturated fatty acids was superior in mutant plants of the Galant cultivar to the oil from the seeds of
mutant plants of the Kris cultivar. Mutant plants of Kris cultivar (DH2K12-4) had 6.5% (74.1) increased
oleic acid content. It should be noted that the mutant plants, DH2G12-5, DH2G12-6, isolated by the
lighter color of the seeds, and had a good fatty acid compositions (table 3).

A cluster analysis of obtained data was used to determine genetic distances between eight mutant
rapeseed plants (lines) and plants ofthe control cultivars (Galant (G control)) and Kris (K control)) and a
dendrogram was constructed (figure 5). Genetic distances between the studied lines ranged from 0.3 to
1.0. The most genetically similar mutants were DH2G12-2 (isolated by its fatty acid composition in which
oleic acid content was 75.4%) and DH2G12-3 (selected as a result of its fatty acid composition, in which
oleic acid content was 74.3%). The greatest degree of genetic difference was between DH2G12-1
(isolated by quantitative characteristics) and Galant (control) plants, which demonstrated a high degree of
genetic difference and the presence of mutations.
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Figure 5- Phylogenetic tree of mutant rapeseed lines

The creation of clusters of initial plants and their mutants reveal genetic features, and studying the
location of genes in different clusters in the dendrogram. Mutant plants DH2G12-1 (isolated by
quantitative characteristics and fatty acid composition), DH2G12-2, DH2G12-3, DH2G12-4, DH2G12-5
(identified by seed color ) and DH2K12-4 (identified by its quantitative characteristics and fatty acid
composition) demonstrate a high degree of genetic difference from their parent plants, since they are
located much further from the control.

In our experiment, we used embryos obtained from microspore cultures to perform EMS. The use of
chemical mutagenesis directly within cultures of isolated microspores can reduce embryogenesis, and
create difficulties throughout the mass production of plants from embryos. Secondary embryos induced
from calli have been previously used to solve such difficulties [27] either calli were induced from
embryos. Work of Liu et al. (2005) [28] produced doubled haploid mutant rapeseed plants resistant to
Sclerotinia sclerotiorum.

Conclusion. In our experiments, the processing of mutagenic EMS embryos obtained for the culture
of isolated microspores was shown. Mutant doubled haploids of the rapeseed cultivars Galant and Kris,
were obtained by both quantitative and qualitative characterization. Researchers determined that the best
outcomes of mutagenesis were obtained by processing embryos obtained for the culture of isolated
microspores in an EMS concentration of 12 mM.

In the future, the authors plan to use other markers, in particular SNP (Single Nucleotide
Polymorphisms) markers, for the analysis of rapeseed mutagenesis. This would provide a more in-depth
analysis of mutations that arose as a result of EMS treatment of on embryos obtained in the isolated
microspore.

Acknowledgments. The work was carried out with grant funding of the AP05130871 “Creating
doubled haploid mutant lines of B. napus, B. rapa and their hybrids using in vitro mutagenesis, to obtain
high-quality oil with high oleic acid content” project. Funding was provided from the Science Committee
ofthe Ministry of Education and Science ofthe Republic of Kazakhstan.
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A. K. dayposa, [. B. Bonkos, A. /1. Jaypos,
K. K. XXanap, M. X. LlWamekoBa, K. X. XXambakuH

BampaXxrep 6110N0rMACHI XK3HEe BUOTEXHOMOMMSACHI NHCTUTYTHI, Anmatbl, KasaxcTtaH

PAMNC CEJIEKUMACHI YLIIIH OKWWAYJTAHTAH MUKPOCITOP OAKbI/IbIHAH AJIBIHTAH
SMBPNOVATAPALI EMS MYTAFEHIMEH OHAEY (BRASSICA NAPUS)

AHHOTauma. MwuKpocrop [AbIKbUIbIHAArbl MyTareHe3 pancTbll, XaHa COpTTapbiH Liblrapyfa CenekuuasbLL
Taxlpnbe YLLiH KeHiHeH KonfaHbinagbl. MyTareHesal, MainfblH Maiisbl KbILLKbIT K¥paMblHbIH €3repioLle OH 3cep
eTeTiHi Genrini.

Panc mMyTareHesi YLWiH 3KCnepuMeHTTepiMi3ge OKLWlaynaHraH MuKpocropanap AakblfbliHaH —asblHraH
avbpronatap naviganaHbingbl. SKCNEPUMEHT HbiCaHbl PeTiHAe panc - Kpuc asHe ManaHTTbiH 3pYKCi3 COpPTTapsbl
KbI3MET eTTi. JKCNepuMeHTIMi3fe MyTareHMeH eHfey 3MS-4 MM, 8 MM X3He 12 MM XUMWANbIK MyTareH
KOHLIEHTpaumschl kesiHae 1,5 - 2 MM enwemgen ambpurovaTapga 1 carat 60ibl XYprisingi. MyTareHMeH eHAeyaeH
KeliiH amMOpunonATap eciMiikTepai ofaH 3pi KanmnbliHa KenTipy YwiH [amboprTiH )KaHa KOPeKTIK opTacbiHa
aybICTbIpbIIAbLI. BN 34ic ranonaTsl MyTaHTThl €CIMAIKTEPAI xannaii anyra MYMKIHZIK 6epegi.

AJbIHraH ranfouaTbl MyTaHTTbl eciMAiKTepaiH 6ip 6enw 5 xanbipak aszacbiHa >xeTkeHae 0,05% konxu-
LIMHMEH XPOMOCOMABIK XWbIHTbIKTbI el eceney YLWiH eHAeAi X3He Tonblpakka, GakbliaHaTblH Xarjaira aybic-
Tbipgbl. HaTwxeclufe okllaynaHraH MWKPOCMOP AaKblfapblHaH a/lblHFaH aMOpPUOHAApabl MyTareHMeH eHaeyae
pancTblH MYTaHTTbl €0 eCefleHreH rannouarbl eciMikTepi MeH OHbIH T KbiMbl (M1, M2) anbiHAbl. PancTbiH
MYTaHTTbI )X3HE aTa/TblK XK3He aHa/bIK (hopMasiapbiHAa FeHeTUKa/bIK 3pTYPAifiK geHreiliH 6aranay YLiH 6 npaliivep
ISSR TaHgangsl. MyTaHTTbl IMHKANAP MyTaLWs MEH FeHETUKaSIbIK €3reproTepaLy, 60/raHbIH KepCeTTi XaHe aTablK
X3He aHasbIK (hopManapblHaH epeKLLeneHai.

AnblHraH MyTaHTTbl eLU eCe/leHreH rannonaTapablH Mainbl-KbIUKbINALIK K¥paMblH Tagay panc copTTapbiHia
O/IEMH KbILKbIbIHBIH NalbI3AblK apakaTblHACbIHbIH AOHOP/bIK COpTTapMeH (66,0%) canbicTbipraHga 75,4%-ra
JefiH aliTapnblkTail “nraiiraHbiH KepceTTi. AJIbIHFaH MyTaHTTbl €Ll eCefleHreH PancTbiH raniouaTbl eciMaikTepi
eamaKTL, canmarbl MeH 1000 T/ KbIMbIHBIH Maccacbl 60lbIHLIA YOrapbl KEPCETKILUTEPMEH SOHOP/LIK COpPTTapAaH
epekieneHai. COHbIMEH KaTap, canaiblK X3HE CaHAblK Tangay HaTvkenepi GOMbIHLLA >KOrapbl KepceTwiTep
12 mM EMS KOHUEHTpaumscbiHAa MyTareHMeH eHfey 6apbiCbiHAa alikbIHAAAbI.

3epTTey HaTWKenepi KepceTKeHAen, OKLiaynaHraH MMKpOCMopa AakbliblHaH 3MOPUOHAAPAbIH MyTareHesi
parncTbiH cananbl 6enriiepLl xxaxkcaptyga Y/IKeH aneyeTke ue. B afic MyTaHTTbl )XK3HE COHbIMEH KaTap Kaxetn
6enrinepi 6ap roMo3vroTasibiK NUHUANAPALI Xacayra MyMLIHIK 6epefi >xaHe cenekumansik Y/epic TMiMAINIriH
aliTap/blikTain apTThipybl MYyMLLUH.

TYWin cespep: panc, Brassica napus, Mukpocnopanap, EMS, ISSR.

A. K. fJayposa, 1. B. Bonkos, 1. /1 aypos,
K. K. XXanap, M. X. LamekoBa, K. X. XXambakuH

WHCTUTYT GMONOrumM 1 BUOTEXHONOT M pacTeHuid, Anvatbl, KazaxcTaH

OBEPABOTKA MYTATEHOM EMS SMBPNONAOB, MONYYEHHbLIX B KYJIbTYPE
N3OJIMPOBAHHbBIX MUKPOCTIOP A/1A CEJIEKLUNWN PATICA (BRASSICA NAPUS)

MyTareHe3 B Ky/bType MWKPOCMOP LUMPOKO MPUMEHSETCS 418 CEMEKLMOHHON MPaKTUKW MPW BbIBELEHUN
HOBbIX COPTOB panca. V13BeCTHO MOMIOXMTeNbHOE BNAHME MyTareHesa Ha U3MEHeHUWe >XMPHOKUC/IOTHOrO CoCTaBa
macna.

B Hawmx 3akcnepumMeHTax [ns MyTareHesa parnca WCronb3oBaiM 3MOpMOUAbl, MOSyYeHHble B Ky/bType
M301IMpOBaHHbIX MUKpocnop. O6bekTaMu A8 3KCNepUMeHTa CNyXXun 6e33pyKoBble copTa panca - Kpuc u ManaHT.
B oTmumm oT gpyrux nccrnefoBartenibCkMx paboT no 06paboTke MyTareHOM B Ky/bTYpe M30/MPOBaHHBIX MUKPO-
CMop B Hallem 3KcrepumeHTe 06paboTKa MyTareHOM MpPOBOAMNOCH Ha 3aMbOpuouaax pasmepoMm 1,52 Mm npw
KOHLEHTpaUmMsAX XMMu4yeckoro mytareHa EMS - 4 MM, 8 MM n 12 MM B TeueHue 1 vaca. lMocne o6paboTKu
MyTareHoM 3ambpuongsl ObiM MEpeHECEHbl Ha CBEXYHD MuTaTeNbHyt cpedgy ambopra B 5 ans ganbHeiiwel
pereHepaumu pacTeHuii. JaHHblii METOZ MO3BOSET MACCOBO NOJyYaThb ran/iouaHbIE MyTaHTHbIE PaCTEHNS.

YacTb MOMy4YeHHbIX raniougHbIX MyTaHTHbIX pacTeHMA MO AOCTVIKEHUKO (hasbl 5 MCTOYKOB 06pabaTbiBasiu
0,05% KONXULMHOM [N YABOEHUA XPOMOCOMHOI0 Habopa 1 Nepecaxmsann B rpyHT, B KOHTPO/IMPYEMble YC/IOBUS.
B pesynbTtate, npyu 06paboTKe MyTareHOM 3MOPMOUAOB, MOMYYEHHbLIX M3 KYNbTYpbl M30/IMPOBaHHbIX MUKPOCMOP,
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6bI/M NOMTyYeHbl MyTaHTHbIE YABOEHHbIE ranjoniHble pacTeHWs parca, a Takke ux cemeHa (M1, M2). [ns oueHku
YPOBHSA FeHeTNYeCKOro pasHoobpasns y MyTaHTHbIX U POAWTENbCKMX (hopM panca 6b110 0TobpaHo 6 npaiiMepos
ISSR. Bce MyTaHTHble NIMHWM OTAMYANIUCL OT POAMTENLCKUX (HOPM, MOKa3biBasd, YTO MyTaums WU reHeTU4yeckue
N3MEHeHWs NPOU3OLLN.

AHaNn3 XMPHO-KMUCNOTHOrO COCTaBa CEMSH, MOMYYEHHbIX MYTaHTHbIX YABOEHHbIX rannovgos M2, nokasan
3HauMTeNbHOE YBENMYEHME NPOLEHTHOrO COOTHOLLIEHMS O/IEMHOBOI KMCNOThI Y COPTOB panca Ao 75,4%, no cpasHe-
HUIO C JOHOPHbIMY copTamu (66,09). MofyyeHHble MyTaHTHbIe YABOEHHbIE ranioungHble PpacTeHMs parca oTmya-
NINCb OT [JOHOPHbLIX COPTOB C BLICOKUMM MOKA3aTeNAMU MO Macce ¢ pacteHus u mMacce 1000 cemsaH. Mpu atom, no
pe3y/bTatam KayeCTBEHHbIX U KOMYECTBEHHbIX aHa/IM30B, HaUyYLLMe rokasaTenu 6bim npu 06paboTke MyTare-
HOM B KOHUeHTpauuun 12 mM EMS.

Hawy pe3ynbTatbl MoKasanu, YTo MyTareHe3 amMopuonzoB 13 KynbTypbl U30MPOBAHHLIX MUKPOCMOP UMeeT
60MbLIOKA MOTEHUMAN A1 Yy4LeHWs KauyecTBEHHbIX MPU3HAKOB panca. [aHHbli MeTof4 MO03BOMSET CO34aTb
MYTaHTHbIE U B TO Xe BpeMsi TOMO3UTIOTHbIE JIMHUN C YKeNaeMbIMU NMPU3HAKaMK, YTO MOXET 3HAUUTE/IbHO NOBbICUTb
3(hpeKTMBHOCTbL CENEKLMOHHOIO NpoLiecca.

KntoueBble cfioBa: parc, Brassica napus, mukpocnopsl, EMS, ISSR.

Information about the authors:

Ainash Daurova, Dept. of Breeding and Biotechnology, Inst. of Plant Biology and Biotechnology, Almaty,
Kazakhstan; ai_ken.89@mail.ru; https://orcid.org/0000-0001-7949-9112

Dmitriy Volkov, PhD student, Dept. of Breeding and Biotechnology, Inst. of Plant Biology and Biotechnology,
Almaty, Kazakhstan; spiritdem@mail.ru; https://orcid.org/0000-0003-4609-7912

Dias Daurov, Dept. of Breeding and Biotechnology, Inst. of Plant Biology and Biotechnology, Almaty,
Kazakhstan; dias.daurov@gmail.com; https://orcid.org/0000-0003-3073-4577

Kuanysh Zhapar, PhD student, Dept. of Breeding and Biotechnology, Inst. of Plant Biology and Biotechnology,
Almaty, Kazakhstan; zhapar.zk@gmail.com; https://orcid.org/0000-0002-9007-9730

Malika Shamekova, PhD, associate Professor, Dept. of Breeding and Biotechnology, Inst. of Plant Biology and
Biotechnology, Almaty, Kazakhstan; shamekov@gmail.com; https://orcid.org/0000-0002-8746-7484

Kabyl Zhambakin, Doctor of Biological Science, Professor, Academician of KR NAS. Inst. of Plant Biology
and Biotechnology, Almaty, Kazakhstan; zhambakin@gmail.com; https://orcid.org/0000-0001-5243-145X

REFERENCES

[1] Braatz J., Harloff H., Jung C. (2018) EMS-induced point mutations in ALCATRAZ homoeologs increase silique shatter
resistance of oilseed rape (Brassica napus) // Euphytica. Vol. 214. 29 p. https://doi.org/10.1007/s10681-018-2113-7 (in Eng.).

[2] Lee Y et al., (2018) EMS-induced mutation of an endoplasmic reticulum oleate desaturase gene (FAD2-2) results in
elevated oleic acid content in rapeseed (Brassica napus L.) // Euphytica. Vol. 214. 28 p. doi.org/10.1007/s10681-017-2106-y
(inEng.).

[3] Channaoui S., Labhilili M., Mouhib M., Mazouz H., Fechtali E., Nabloussi A. (2019) Development and evaluation of
diverse promising rapeseed (Brassica napus L.) mutants using physical and chemical mutagens // Oilseeds and fats, Crops and
Lipids. Vol. 26. 35 p. https://doi.org/10.1051/0cl/2019031 (in Eng.).

[4 Mizuno Y, Okamoto Sh., Hara M., Mizoguchi T. (2014) EMS mutagenesis and characterization of Brassica rapa
mutants // Plant Biotechnology Journal. Vol. 3L P. 185-190. doi: 10.5511/plantbiotechnology.14.0109b (in Eng.).

[5] Zhai Y et |., (2019) Targeted mutagenesis of BnTT8 homologs controls yellow seed coat development for effective oil
production in Brassica napus L // Plant Biotechnology Journal. P. 1-16 (in Eng.).

[6] Hazarika R., Mishra V, Chaturvedi R. (2013) In Vitro Haploid Production-A Fast and Reliable Approach for Crop
Improvement. In: TutejaN., Gill S., eds Crop Improvement Under Adverse Conditions. Springer, New York. P. 171-212 (in Eng.).

[7] Barro F., Fernandez-Escobar J., De la Vega M., Martin A. (2001) Doubled haploid lines of Brassica carinata with
modified erucic acid content through mutagenesis by EMS treatment of isolated microspores // Plant Breeding. Vol. 120.
P. 262-264. doi :10.1046/j.1439-0523.2001.00602.x (in Eng.).

[8] Maluszynski M., Szarejko Y, Sigurbjurnsson B. (1996) Haploidy and mutation techniques. Vol 1 P. 67-93. In: Jain
S.M,, Sopory S.K., Veilleux R.E., eds. In vitro haploid production in higher plants. Kluwer., Dordrecht (in Eng.).

[9] Szarejko I., Forster BP. (2007) Doubled haploidy and induced mutation // Euphytica. Vol. 158. P. 359-370. doi:
10.1007/s10681-006-9241-1 (in Eng.)

[10] Wan G.L. (2008) In Vitro Mutagenesis for Breeding of Novel Germplasm in Brassica napus // Crop Science. Vol. 194.
P. 169-247 (in Eng.).

[11] Zhambakin K Zh. et al., (2012) Obtaining double rapeseed haploids // Bulletin of KazNU. Biological Series. Vol. 3
P. 47-57.

36


mailto:ai_ken.89@mail.ru
https://orcid.org/0000-0001-7949-9112
mailto:spiritdem@mail.ru
https://orcid.org/0000-0003-4609-7912
mailto:dias.daurov@gmail.com
https://orcid.org/0000-0003-3073-4577
mailto:zhapar.zk@gmail.com
https://orcid.org/0000-0002-9007-9730
mailto:shamekov@gmail.com
https://orcid.org/0000-0002-8746-7484
mailto:zhambakin@gmail.com
https://orcid.org/0000-0001-5243-145X
https://doi.org/10.1007/s10681-018-2113-7
https://doi.org/10.1007/s10681-017-2106-y
https://doi.org/10.1051/ocl/2019031

ISSN 2224-5308 Series ofbiological and medical. 4. 2020

[12] Feme A. M. R et al., (2008) Microspore mutagenesis of Brassica species for fatty acid modifications: a preliminary
evaluation // Plant Breeding. Vol. 127. P. 501-506. doi: 10.1111/j.1439-0523.2008.01502.. (in Russ.).

[23] He J., Wang J., Chen W, Li G., Cun S. (2004) Effect of EMS treatment on microspore embryogenesis in vitroin
Brassica napus // Southwest China Journal ofAgricultural Sciences. Vol. 17(6). P. 690-693 (in Eng.).

[14] Kumar H., Anubha Manish K., Lal JP. (2011) Morphological and molecular characterization of Brassica rapa ssp
yellow sarson mutants // Journal of Qilseed Brassica. Vol. 2. P. 1-6 (in Eng.).

[15] Khurshid H. et al., (2019) Genetic structure of pakistani oilseed brassica cultivars revealed by morphometric and
microsatellite markers // Pakistan Journal ofBotany. Vol. 51. P. 1331-1340 (in Eng.).

[16] Lu G, Zhang X., Zou Y.J., Zou Q.C., Xiang X., Cao J.S. (2007) Effect of radiation on regeneration of Chinese
narcissus and analysis of genetic variation with AFLP and RAPD markers // Plant Cell, Tissue and Organ Culture. Vol. 83.
P. 319-327. doi:10.1007/S11240-006-9189-9 (in Eng.).

[17] Xi M, SunL., Qiu Sh,, Liu J., Xu J., Shi J. (2012) In vitro mutagenesis and identification of mutants via ISSR in lily
(Lilium longiflorum) // Plant Cell Reports. Vol. 31. P. 1043-1051. doi: 10.1007/s00299-011-1222-8. (in Eng.).

[18] Tomlekova N., Antonova G., Nikolova V., Petkova V. (2006) Chemical mutagenesis in head cabbage (brassica
Oleracea var. Capitata |.) // Plant breeding and Seedproduction. Vol. 12. P. 95-100. (in Eng.).

[19] Gamborg O.L., Eveleigh D. (1968) Culture methods and detection of glucanases in suspension cultures of wheat and
barley // Canadian Journal ofBiochemistry and Physiology. Vol. 46. P. 417-421. doi: 10.1139/068-063 (in Eng.).

[20] Swanson E.B. (1990) Microspore culture in Brassica // Methods in Molecular Biology. Vol. 6. P. 159-169. doi:
10.1385/0-89603-161-6:159 (in Eng.).

[21] Yuan S etal., (2015) Chromosome Doubling of Microspore-Derived Plants from Cabbage (Brassica oleracea var.
capitata L.) and Broccoli (Brassica oleracea var. italica L.) // Front Plant Science. Vol. 6. 1118 p. doi: 10.3389/fpls.2015.01118
(inEng.).

[22] Gost R (1999) Vegetable oils and animal fats. Determination by gas chromatography of constituent contents of
methy! esters of total fatty acid content. P. 151-159 (in Russ.).

[23] Khatri A, Bibi S., Dahot M.U., Ahmed Khan 1., Nizamani G.S. (2011) In vitro mutagenesis in banana and variant
screening through ISSR // Pakistan Journal ofBotany. Vol. 43. P. 2427-2431 (in Eng.).

[24] SoniyaEV., Banerjee N.S., Das M.R. (2001) Genetic analysis of somaclonal variation among callus-derived plants of
tomato // Current Science. Vol. 80. P. 1213-1215 (in Eng.).

[25] Muhammad A.J., Othman EY. (2005) Characterization of fusarium wilt-resistant and fusarium wilt-susceptible
somaclones of banana cultivar rastali (Musa AAB) by random amplified polymorphic DNA and retrotransposon markers // Plant
Molecular Biology Reports. Vol. 23. P. 241-249. https://doi.org/10.1007/BF02772754 (in Eng.)

[26] Sakhno L.O. (2010) Variability in the fatty acid composition of rapeseed ail: Classical breeding and biotechnology //
Cytology and Genetics. \Vol. 44. P. 389-397. doi: 10.3103/S0095452710060101 (in Eng.).

[27] Newsholme D.M., MacDonald M.V., Ingram D.S. (1989) Studies of breeding in vitro for novel resistance to
phytotoxic products of Leptospheria maculans (Desm.) Ces. & De Not in secondary embryogenic lines of Brassica napus ssp.
oleifera (Metzg.) Sinsk., winter oilseed rape // New Phytologist. Vol. 113. P. 117-126. doi:10.1111/j.1469-8137.1989.th04697.x
(inEng.).

[28] Liu S etal., (2005) In vitro mutation and breeding of doubled-haploid Brassica napus lines with improved resistance
to Sclerotinia sclerotiorum // Plant Cell Reports. Vol. 24. P. 133-144. doi: 10.1007/s00299-005-0925-0 (in Eng.).

37


https://doi.org/10.1111/j.1439-0523.2008.01502.x
https://doi.org/10.1007/BF02772754
https://doi.org/10.1111/j.1469-8137.1989.tb04697.x

