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Abstract

This study evaluated the agronomic and qualitative characteristics and cold resistance of 46 doubled haploid mutant B. napus
lines (M2 and M3) that were obtained by treating haploid embryos derived from a culture of isolated microspores with the
EMS mutagen (8 and 12 mM). The fatty acid composition of seed oil, the agronomic characteristics forming the yield and the
resistance to cold temperatures were considered. The analyses showed highly significant differences between the mutants and
original cultivars in all the studied characteristics. Mutant lines DHK12-3, DHK12-4, DHK12-8, DHG12-16, DHG12-18 and
DHG12-10 combined improved indicators of fatty acid composition with high yield and cold-tolerance. Only mutant lines
obtained at a high mutagen concentration (12 mM) were more resistant to the cold than the original cultivars. The obtained
lines were homozygous since they were doubled haploids, and the stability of agronomic and qualitative traits was observed in
two generations. The results obtained confirm the higher productivity of doubled haploid mutant lines, as well as their

availability to variable environmental conditions. © 2022 Friends Science Publishers

Keywords: Rapeseed; Doubled haploid mutant line; EMS; Homozygous; Mutation breeding

Introduction

Rapeseed (Brassica napus L.) is an important oilseed crop
worldwide. The different fatty acid components of certain
oils make them more suitable for specific purposes. For
example, breeding has produced low erucic acid and
glucosinolate (double low or "00") in seeds of the genus
Brassica, leading to the development of a food grade variety
called ‘canola’ (Stefansson and Kondra 1975). The high
oleic acid content and low linolenic acid content of rapeseed
oil are very important for long-term storage as
polyunsaturated acids (linolenic acid) tend to oxidize and
are unstable during frying (Matthdus 2006; Scarth et al.
1988). Another important indicator of the quality of edible
oil is the ratio of saturated and unsaturated fatty acids.

In this respect, the best genotype is considered to be
the one in which the sum of palmitic and stearic saturated
fatty acids is much less than the sum of unsaturated acids
(Sharafi et al. 2015). These properties have been shown to
have positive effects on human health by reducing diseases,
such as heart disease and several neurological disorders
(Chew 2020; Bennouna et al. 2021).

In Kazakhstan, the northern regions are the most
suitable for rapeseed cultivation. The main influencing
factor on the cultivation of rapeseed in these regions is
the duration of the cold season, up to 160 days

(https://www.kazhydromet.kz/ru/klimat/klimat-kazahstana).
The most effective method for obtaining cold-tolerant
rapeseed plants is genetic engineering (Peng et al. 2018).
However, there is a critical attitude towards genetically
modified crops. The breeding work on the creation of new
cultivars is hindered by the low level of genetic variability
in germplasm. The solution to this problem is the use of
mutagenesis in rapeseed breeding (Viana et al. 2019). The
main advantage of mutation breeding is the ability to
improve one or more traits without changing the main
genome (Oladosu et al. 2016). In recent years, induced
mutations have been widely used to obtain oilseeds resistant
to abiotic factors (Emrani et al. 2015; Hussain et al. 2017,
Channaoui et al. 2019).

Mutagenesis is an effective and simple method of
obtaining a valuable starting material that can later be used
to improve agricultural crops (Shu et al. 2012). The widely
used chemical mutagen ethyl methanesulfonate (EMS) has
been applied to generate important recessive and dominant
genomic mutations at a high rate, thereby creating useful
genetic variations necessary for plant breeding (Ul-Allah et
al. 2019). EMS mutagenesis is an efficient approach to
create mutations in the genes of allopolyploid species, such
as B. napus. These mutagens induce non-lethal DNA point
mutations that can persist in the genome due to their self-
pollination ability (Gilkrist et al. 2013). In the studies of
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Shan et al. (2020), it was demonstrated that the use of the
chemical mutagen EMS can change the level of fatty acids
and improve the quality of seed oil. Changes in fatty acid
composition after treatment with the EMS mutagen have
been observed in winter rapeseed (Spasibionek 2006) for
Ethiopian (Velasco et al. 1997) and Indian (Prem et al.
2012) mustard. In Spasibionek (2006), mutant lines were
obtained with an increased level of oleic acid
(approximately 76%) and a decrease in linoleic and
linolenic acids (8.5 and 7.5%, respectively).

In addition, mutagenesis is widely used in rapeseed
breeding to obtain new cultivars with desired agronomic
traits, such as early maturity, dwarfism, resistance to abiotic
stress, and high yields, which are difficult to obtain with
traditional breeding methods (e.g., hybridization) (Parry et
al. 2009; Ali and Shah 2013; Amosova et al. 2019).
Traditional breeding is laborious and requires considerable
time. In addition, all cultivars and hybrids of the food
direction (the low content of erucic acid and glucosinolates)
were obtained from the same cultivar "Tawer"; therefore,
they have a rather narrow range of variations in traits.
Thereby, mutagenesis is used to expand the genetic
diversity of the source material for food selection. In
Channaoui et al. (2019), rapeseed mutants were obtained,
which showed the highest 1000-seed weight and also were
earlier and characterized by a higher number of pods per
plant. Currently, most rapeseed cultivars have a seed color
from yellow to black. Studies show that rapeseed mutants
with yellow seeds have a thin shell, and a higher oil and
protein content than cultivars with black seeds (Facciotti
2003). It is known that the use of mutagenesis in
representatives of the genus Brassica contributes to the
manifestation of such traits as resistance to a certain class
of pesticides, and resistance to abiotic stress factors,
diseases, and changes in the composition of fatty acids that
improve the quality of seed oil (Harloff et al. 2012; Yu et
al. 2019; Guo et al. 2020).

To obtain new mutant rapeseed cultivars with
improved quality characteristics and resistance to abiotic
stress factors, mutagenesis is widely used in the culture of
isolated microspores (Kott 1995; McClinchey and Kott
2008). The main advantage of induced mutagenesis is the
expansion of genetic diversity for the desired traits. At the
same time, the advantage of obtaining doubled haploids is
the rapid production of homozygous lines. The various
homozygous lines obtained in this way are a valuable source
for breeding new cultivars.

Chemical mutagenesis is considered as an effective
mean in improving the yield and quality trait of crop plants
(Kong et al. 2020). Moreover, EMS is one of the most
powerful chemical mutagens used to induce mutation in crop
plants (Sharamo et al. 2021). The present study was carried
out to investigate the effect of mutation induced by EMS on
qualitative and quantitative characters of doubled mutant
haploid rapeseed lines in M2 and M3 mutant lines and to

identify and select the most interesting ones for their use as a
valuable germplasm in the rapeseed breeding program.

Materials and Methods
Plant materials

The objects of research were previously obtained 46
doubled mutant haploid lines of rapeseed cultivars "Galant"
and "Kris". All mutant lines were derived by treatment with
EMS mutagen of embryos obtained in the culture of isolated
microspores (Fig. 1). Haploid embryos were treated with
EMS aqueous solution at concentrations of 8 and 12 mM for
1 h (Daurova et al. 2020). The mutagen concentration and
treatment time were optimized in our previous studies
(Zhambakin et al. 2015). As the haploid plantlets were
formed, they were treated with 0.05% aqueous colchicine
solution to double the chromosome set. Further, they were
transplanted into the ground under controlled conditions and
mutant seeds of doubled haploids were obtained.

The originator of the cultivars (Kris and Galant) is the
V.S. Pustovoit All-Russian Research Institute of Oil Crops.

Determination of fatty acid composition

The fatty acid composition of rapeseed was determined using
gas chromatography (GC). Sample preparation for GC was
performed as follows: 0.5 mL oil was extracted from the
seeds using a press and 8 uL of the oil was pipetted into a
test tube, to which 2 mL of hexane (Honeywell, Germany)
was added. Subsequently, 0.1 mL 5% sodium methylate
(Sigma Aldrich, US) was added and the tube was 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 the hexane had completely
evaporated. Subsequently, 600 uL of chemically pure
hexane was added to the penicillin bottle. The GC procedure
was performed on a Cristal 2000 M (Khromatek, Russia;
GOST R 51483-99 1999).

Characteristics of vegetative growth

For the analysis of offspring, mutant plants of the cultivars
"Galant" (8 and 12 mM EMS) and "Kris" (8 and 12 mM
EMS), as well as the original cultivars, were grown in the
experimental field. Morphological parameters were
collected at the harvest stage and measured using 30
randomly selected mutant plants and 20 plants of each
parent genotype. At maturity plant height (cm) and
number of pods per plant were determined. After harvest
number of seeds per pod was counted in laboratory whilst
1000-seed weight (g) and the weight of seeds per plant (g)
was determined by a precision balance.
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Fig. 1: Produced rapeseed doubled haploid mutants in cultures of
isolated microspores. (A) Microspores that had been cultivated for
one week. (B) Microspore-derived embryos and EMS-treated (C)
Regenerated plantlets from embryos treated with the EMS are
shown. (D) doubled haploid mutant (fertile) plants are shown

Determination of cold resistance

Forty-six mutant plants and 2 original materials (Galant and
Kris) were grown to the stages of 3-4 leaves at a
temperature of 25°C and then were placed in a
programmable low-temperature thermostat for 2 h at
temperatures of 4°C, 0°C, and — 4°C. For each temperature,
12 plants were treated with three repetitions. After low-
temperature treatment, the plants were placed in controlled
conditions for recovery at a temperature of 22-25°C for 3
weeks (16 h day/8 h night in 5000 lux light mode) and the
survival degree was assessed (Yan et al. 2018).

Statistical analyses

In this research, at least three biological replications (n > 3)
were designed for each experiment. All values are means +
standard deviation (SD). The measurement of the mean
value, the standard deviation and the coefficients of
variation (CV%) of each trait were calculated using Excel
2010. Data were processed using one-way ANOVA, and
mean separation was done by a Duncan's multiple range
test. Statistical analyses were performed using the computer
program SPSS 22 (IBM).

Results

Differences in fatty acid composition between original
cultivars and doubled haploid (DH) mutant lines

When evaluating 46 mutant lines (2 and M3) and lines with
a low total content of saturated acids a low content of
linolenic acid and a high content of oleic acid were

distinguished. Based on the total content of saturated fatty
acids, all mutants showed a reduced total concentration of
saturated fatty acids and an increased concentration of oleic
acid in comparison with the original cultivars. In general,
mutant lines showed a significant difference compared with
the original plants (Table 1). In DH mutant lines, DH2K12-
4, DH2K12-5, DH2K12-12, DH2K8-6, DH2KS-7,
DH2G12-13, DH2G12-18, DH2G12-19, DH2G8-2 and
DH2G8-3, the oleic acid content varied from 74.2 to 74.6%,
respectively and was 6.6-8.6% higher than that in the
original cultivars. Meanwhile, in the M3 mutant plants, a
slight decrease in the content of oleic acid was observed in
comparison with the M2 mutant lines (1.5%). However, in
relation to the control sample, they were significantly higher
(5.0-6.5%). High oleic acid mutants in M2 (DH2K12-4,
DH2K12-5, DH2K12-12, DH2K8-6, DH2K8-7, DH2G12-
13, DH2G12-18, DH2G12-19, DH2G8-2 and DH2G8-3)
showed the highest stability in the composition of fatty acids
in M3. The content of oleic acid in these mutant plants
ranged from 71.5 + 1.9% to 73.2 + 1.6%, while in the
control cultivars it was 66 *+ 1.5%. As shown in Table 1, the
M3 mutant lines of Kris had significant reliability in the
percentage ratio of oleic and linolenic acids. Moreover,
DH3K12-4 had high significance for two fatty acids, an
increased concentration of oleic acid (73.3 £ 1.6%) and a
low level of linolenic acid (3.5 £ 0.3%). All of the selected
M3 mutant lines of the «Galant» cultivar had high
authenticity based on the results of oleic and linolenic acid.
The oleic acid level in 8 «Galant» mutant lines varied from
715 + 1.2% to 73.3 £ 0.7%. The content of linolenic acid
was significantly lower than the control sample, i.e., from 2.9
+ 0.1% to 5.3 £ 0.7%. The increase/decrease in oleic acid
content was accompanied by a  concomitant
decrease/increase in the content of linoleic and linolenic
acids.

Change in quantitative characteristics

According to the results of the analysis of variance, EMS
mutagen exposure significantly affected the variability of all
studied quantitative traits in the M2 and M3 generations
(Table 2). Higher variability was observed in the M2
mutants for traits, such as the number of seeds per pod, the
number of pods per plant, and the seed yield per plant. In the
M3 mutants, indicators such as the number of pods and the
weight of 1000 seeds were the most stable. A higher degree
of variability was observed in mutants obtained by treatment
with 12 mM EMS.

Variation in the parameters of yield attributes (1000-
seed weight and the weight of seeds per plant) of mutant
doubled haploids is shown in Table 3. Treatment with the
mutagen led to significant (P < 0.05) differences between
original cultivars and doubled haploid mutants in the weight
of seeds per plant and the weight of 1000 seeds.

In the original parents, the weight of seeds per plant
was 5.3g (Galant) and 5.8 g (Kris) and the weight of 1000
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Table 1: Fatty acid composition of seeds in B. napus cv.. Kris, Galant and DH mutants (M2 and M3)

Name of Fatty acid Name of Fatty acid
doubled haploid 16:0 18:0 16:0+18:0 18:1 18:2 18:3 doubled haploid 16:0 18:0 16:0+18:0 18:1 18:2 18:3
line
Kris 37 +20 + 57 +67.6+1.0" 17.3+0.7° 5.9+ 0.2° Galant 36+0.3% 20 +56+05 66.0+2.0 180+0.2% 7.4+0.2
0.6® 0.4° 1,00 0.22
M2 mutants
DH2K12-3 35 +20 +55+06%% 718 +18.1+1.2° 3.9+12% DH2G12-13 3.0+£05%¢ 20  +50+05% 745+12% 16.6+0.29" 4.6+ 0.4
0.4% 0.3° 1.0 0.2
DH2K12-4 37 +22 + 5.9+ 742+08* 150+1.1° 21  + DH2G12-16 32+04% 18 +£50+09° 735+11° 17.1+0.109 2.8+0.1%"
0.2% 0.2° 0.720cde 09 0.5?
DH2K12-5 36 +18 +54+05° 743+09° 17.4+ 4.0+ 0.8° DH2G12-18 38+02% 19 +57+05% 746+12% 223+0.2* 27+0.1%
0.3* 0.2° 0.6> 0.3
DH2K12-12 38 + 2.5+ 6.3 + 724 + 15.740.6® 4.6+ 0.4° DH2G12-19 34404%%" 24  +58+09% 741+0.9® 19.6+0.1° 2.5+0.1%"
0.4% 0.3* 0.7%d 0.9 0.5?
DH2K12-13 36 +23 + 59+ 53¢ 714 + 15.6+ 4.6+ 0.2° DH2G12-10 32+03% 18 +50+05° 735+0.9° 17.1+0.69 2.8+ 0.2
0.3 0.2° 0.8> 0.3% 0.22
DH2K12-14 43+04% 24+ 6.7+0.8% 713 +139+0.8 3.6+.4" DH2G8-3 38+02% 19 +57+06® 746+0.9% 223+0.1* 2.7+0.1%
0.4%® 0.64 0.42
DH2K8-6 32+02° 23 +55+04%% 736 +146+09° 33  + DH2GS-1 33+03% 22  +55+07% 734+05° 21.3+0.3° 21+04%
0.2 1.1® 05 042
DH2K8-7 35 +20 £55+07% 742409 14.3+1.0" 4.1+ 0.39 DH2GS-2 36£04%9 24  +60+£07® 743+0.6® 21.2+£0.1° 23+0.1%
0.3 0.4° 0.3
M3 mutants
DH3K12-3 34 +23 +58+06% 708 +19.3+1.5° 59+ 1.1* DH3G12-13 31+04% 20 +51+06° 732+0.9% 176+0.7 53+0.7¢
0.3 0.3° 0.9 0.2
DH3K12-4 38 +24 + 6.2 + 728 + 166+10° 35 + DH3G12-16 32 +16 +48+0% 715+12%190+0.89 35+ 1.4
0.2 0.2 0.4 1.2% 03 0.3%f 12%
DH3K12-5 37 +20 +57+08 732+16* 182+ 5.2+ 0.6° DH3G12-18 3603 20 +56+06° 733+0.7%21.0+£0.7* 36+07%
0.6® 0.2 0.9 0.3
DH3K12-12 35 + 2.6+ 6.1+06% 715 + 17.7% 5.6+ 0.3° DH3G12-19 36087 21 +57+13% 728+0.7° 19.8+0.9% 2.9+ 0.1
0.3* 0.3® 1.9% 0.8% 0.5?
DH3K12-13 35 +23 +58 + 70.8 + 19.3+ 4.5+ 0.7° DH3G12-10 31+£03% 16  +47+10% 721+06% 182+0.7" 4.2+ 0.7
0.3* 0.2° 0.50e 1.8™ 0.9% 0.72
DH3K12-14 39+02* 27+ 6.6+06® 703 +152+11" 46+.9" DH3GS-3 35+01% 20 +55+03 731+ 20.3+0.02" 3.4+1.1°¢0"
0.4% 1.04 0.22 0.9%
DH3K8-6 33+02° 2.1 +£54+03% 721 +16.7+0.6" 47  + DH3G8-1 35+072 20 +55+14° 72040.2% 22.3+0.7° 40+09™"
0.1° 1.1%® 06 0.72
DH3K8-7 37 + 2.7 £ 57+10% 728+17* 152+0.8" 5.4+0.79 DH3G8-2 29+05% 20  +49+09° 73.1+1.0b° 21.5+0.9% 354049
0.3* 0.7° 042

Values tabulated are mean + SD at three replications.

Values with different alphabetical superscripts are significantly different (P <0.05) according to DMRT.
16:0, palmitic acid; 18:0, stearic acid; 18:1, oleic acid; 18:2, linoleic acid; 18:3, linolenic acid; DHnNn- doubled haploids, number of generation, name of cultivar, number of plant

Table 2: Vegetative parameters in B. napus cv. Kris, Galant and DH mutants (M2 and M3)

Traits Parental plant (Kris) After mutagen treatment (Kris) Parental plant(Galant) After mutagen-treated (Galant)
X +S CV 8wMM EMS 12 MM EMS X +S cv 8§ MM EMS 12 MM EMS
X+S CV X+S CV X 4S CV X+S CcVv
M2 mutants
Plant height (cm) 1364+96 7% 116.2+23.6 20% 96.8+26.4 27% 1325+5.3 4% 117.0+23.7 20% 94.7+126 13%
Number of pods 1144+213 18% 160.0+75.0 47% 184.6 +131.7 70% 1375+156 9% 167.8+33.8 33% 201.3+123.6 35%

Number of seeds in pods 15.0+28 18% 18.0+5.2
1000-seed weight (g) 31+09 29% 3.6+0.8
weight of seeds per plant (g) 6.5+ 1.6 25% 7.1+28
M3 mutants
Plant height (cm)
Number of pods
Number of seeds in pods 16.0+3.2 20% 15.3+6.3
1000-seed weight (g) 31+09 29% 37+13
weight of seeds per plant (g) 5.9+1.2 20% 6.8+23

29% 21.0+7.2
22% 3.8+13
37% 11.6+4.3

1340+13.0 10% 1152+4.2 4% 1204+123 10% 126.0+3.3 3%
1250+£30.6 24% 165.0+38.4 23% 166.9+32.9 20% 125.0+10.3 8%
40% 17.4+6.4
25% 3.9+0.5
34% 9.2+ 4.8

34% 17.2+3.2 19% 179+6.2 30% 19.8+5.9 35%
34% 3.4+0.6 18% 3.7+16 39% 3.8+15 43%
39% 6.3+13 21% 6.8+33 49% 10.3+5.6 58%

1246+44 12% 1193+121 10%
152.1£31.9 21% 190.0+£36.9 19%
41% 14521 14% 12.0+x45 37% 146+8.6 58%
35% 3.3+0.8 24% 3.6+06 16% 3.8+0.5 13%
52% 6.3+1.7 2% 42+23 37% 9.0£33 54%

Each meaning represents the mean value + standard deviation; CV - Coefficient of variation

seeds was 3.3 (Galant) and 3.1 g (Kris). In the M2 mutants
of «Kris», the seed weight per plant varied from 5.3 to 17.4
g, and the weight of 1000 seeds varied from 3.7 to 4.7 g.
The weight of seeds per plant in the M2 mutants of
«Galant» ranged from 5.4 to 20 g and the weight of 1000
seeds ranged from 3.8 to 4.4 g. According to the
characteristics of the weight of seeds per plant and the
weight of 1000 seeds, three mutants of the Galant cultivar

(DH2G12-1, DH2G12-3, DH2G12-10) and five mutant
lines of the Kris cultivar (DH2K12-3, DH2K12-7,
DH2K12-8, DH2K8-2, DH2K8-5) were distinguished. The
results of morphological traits showed that the M3 mutants
retained all the quantitative traits that M2 had.

One mutant line from «Kris», DH2K8-7, combined
the best indicators of the yield with reduced linolenic acid
content.
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Table 3: Yield attributes and seed color of B. napus cv. Kris and Galant and DH mutants (M2 and M3)

Name of doubled weight of seeds from 1000-seed weight ~ Color ~ of Name of doubled weight of seeds from 1000-seed Color  of
haploid line the 1st plant seeds haploid line the 1st plant weight seeds
Kris 58+1.2 3.1+04° b Galant 53+09" 3.3+0.3%0 b
M2 mutants

DH2K12-3 174+12° 4,0 + 0.30cdef b DH2G12-1 20.0+15° 43+0.2% b
DH2K12-4 8.4+0.9% 4.4 +0.5% br DH2G12-3 9.2+ 0.6 44+05% br
DH2K12-5 53+0.87 3.8 +0.2%f y.br DH2G12-7 6.3 +0.9% 3.9+ 0.5 br
DH2K12-6 13.3+1.1° 3.8+ 0.3%f0 b DH2G12-8 6.1+0.8" 3.8 + 0.50cdf br
DH2K12-7 9.1+1.2¢ 45+ 0.4% b DH2G12-9 121+1.2° 3.8 % 0.40cdef br
DH2K12-8 111+12° 4.2 +0.3% br DH2G12-10 174+£13° 44+01° b
DH2K12-13 11.0+1.1° 3.7 £0.2%f0 b DH2G12-15 95+0.9¢ 3.5+ 0.5%0 y.br
DH2K12-14 6.2+0.9" 49+0.2° b DH2G12-16 104 +0.7¢ 3.8 + 0.6 b
DH2K8-1 8.3 £0.3%f 4.3 +0.4% br DH2G12-18 5.4+0.7™ 54+0.3° y.br
DH2K8-2 13.40.7° 47+0.2% b DH2G8-3 5.9+0.7 4,0+ 1.0 br
DH2K8-5 13.1+0.8° 4,0 % 0. 20cdef br DH2G8-2 10.3+1.1¢ 3.9+ 0.3 br
DH2K8-7 7.0£0.7¢% 4.4 +0.2% b DH2G8-4 5.5+ 0.84m 3.4+0.6%0 y.br
M3 mutants

DH3K12-3 152+0.9? 3.8+ 0.3%f b DH3G12-1 18.9+1.6% 3.9+0.7% b
DH3K12-4 8.6+0.3% 3.9+0.7% br DH3G12-3 10.4 £ 0.9 3.9+08% br
DH3K12-5 7.3+050 3.9+0.1% y.br DH3G12-7 7.8+0.91 4.1 +0.6>% br
DH3K12-6 10.1£0.5° 3.6+0.7% b DH3G12-8 6.7 £0.8% 3.8 0. 70f br
DH3K12-7 75+1.14 4107 b DH3G12-9 108 +1.0° 3.7 £ 0.9 br
DH3K12-8 99+1.0° 4,0+ 0.8 br DH3G12-10 165+0.9° 41+09° b
DH3K12-13 10.7+0.5° 3.9+0.9% b DH3G12-15 8.6+0.9¢ 3.7+ 0.8%0 y.br
DH3K12-14 7.6+0.3" 41+08% b DH3G12-16 9.9+0.8¢ 3.6 +0.8%f b
DH3K8-1 8.2+0.7% 3.6+0.7% br DH3G12-18 72+10m 43+0.7° y.br
DH3K8-2 11.7£1.3° 4.6+0.7% b DH3G8-3 6.0 + 0.9% 4.0+0.3 br
DH3K8-5 9.7+06° 4.1 + 0, 70c0f br. DH3G8-2 7.8+0.7¢ 3.8 +0.4% br
DH3K8-7 8.2 +0.659 3.840.7% b DH3G8-4 7.6+0.74m 3.7+0.9% y.br

Values tabulated are mean + SD at three replications.

Values with different alphabetical superscripts are significantly different (P <0.05) according to DMRT.

DHnNn- doubled haploids, number of generations, name of cultivar, number of plants
b-black, br — brown, y.br —yellow brown

Fig. 2: Seeds of original B. napus cvs. Kris and Galant and their mutant progeny. Seeds of B. napus cvs. Kris (al) and Galant (b1), mutant
seeds of DH2K12-4 (a2) and DH2K12-4 (a3); mutant seeds of DH2G12-8 (b2) and DH2G12-15 (b3)

In addition, a change in seed color was observed in the
mutant lines — from yellow brown to black (Fig. 2 and
Table 3) — which was maintained over two generations
(M2 and M3). The original cultivars had black seeds.

Cold-tolerance screening

DH mutants and the original plants were moved to low-
temperature conditions (4, 0 and -4°C) for 12 h (Fig. 3).

All of the tested DH mutants and original plants had no
obvious morphological changes at a temperature of 4°C.
However, the parental plants began to die when treatment
occurred under 0°C and -4°C. The DH mutant plants under
the same conditions showed wilting leaves, which recovered
within 21 days. With a decrease in temperature, the damage
to the plants was higher. At a temperature of 0°C, the
dehydration of leaves and stems was observed and the edges
of the leaves were twisted. The survival rate of original
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Fig. 3: Morphological changes in parental cultivars and DH
mutants of rapeseed seedlings (Kris and Galant) after 21 days at
22°C and cold stress. A, D, G, J — parental plants after 21 days at
22°C (CK), for 6 hours of treatment at 4°C, 0 and -4°C,
respectively; B, E, H, K and C, F, I, L mutant lines DH3G12-10
and DH3K12-8, after 21 days at 22°C (CK), for 6 hours of
treatment at 4° C, 0 and -4°C, respectively; B, E, H, Kand C, F, I,
L mutant lines DH3G12-10 and DH3K12-8, after 21 days at 22°C
(CK), 2 h of treatment at 4°C, 0 and -4°C, respectively. Bar, 5 cm

plants at 0°C was 7 and 5% (Galant and Kris), while the
viability of mutants was 45 and 43% (Galant and Kris).
Under the influence of a temperature of -4°C, the leaves and
stems of the original plants were severely dehydrated and
showed zero survival, while the mutants that were obtained
by treatment with EMS mutagen at a concentration of 12
mM showed 49% viability at low temperatures (Fig. 4). Of
the 46 analyzed mutant lines, which had different levels of
survival, higher viability was shown in the mutant lines
DHG12-10, DHK12-8, DHK12-3, DHK12-4, DHG12-16
and DHG12-18, which were derived from treatment with
the EMS mutagen at a concentration of 12 mM (Fig. 4). As
shown in Fig. 3, all of the mutant lines showed high
significance compared to the original plants (P < 0.05) at
low temperatures (4, 0 and -4).

Discussion

EMS mutagenesis is an effective approach to create
mutations in the genes of polyploidy species such as B.
napus. Moreover, EMS is the most common chemical
mutagen that is used in the culture of isolated microspores
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Fig. 4: Effect of the EMS mutagen concentration on survival of
DH mutant lines in cold-stress. (a) DH mutant lines of B. napus

cv. Kris and (b) DH mutant lines of B. napus cv. Galant
Values with different letters are significantly different (P <0.05) according to DMR

(Lu et al. 2016). In this study, we studied mutants that were
derived earlier by us during the treatment of secondary
embryos obtained in the culture of isolated microspores
(Daurova et al. 2020). Secondary embryos or embryonic
calluses have been successfully used to produce mutant
doubled haploid rapeseed plants resistant to Sclerotinia
sclerotiorum (Liu et al. 2005) and Leptosphaeria maculans
(Desm.) (Newsholme et al. 1989).

Most researchers mutagenized seeds to obtain
rapeseed mutants with improved qualitative and quantitative
traits (Shan et al. 2020). However, it may take a long time to
assess and confirm the changes made in quantitative and
qualitative traits (up to 4-5 years), while homozygous
doubled haploid mutants allow the selection of plants with
the desired traits at the M2 generation (Huang et al. 2016).
EMS mutagenesis can induce genetic changes in plants and
modify the levels of fatty acids in seed oil (Amosova et al.
2019). In this study results confirmed that the mutagenesis
of haploid embryos leads to mutant homozygous lines with
improved fatty acid composition. In particular, vegetable
oils with a high content of oleic acid are relevant for a
healthy diet (Bowen et al. 2019). The fatty acid composition
of the doubled haploid seeds obtained by us had a high
content of unsaturated (oleic, linoleic, linolenic) and a
decrease in the amount of low saturated fatty acids (palmitic
and stearic) was observed, in addition, the content of erucic
acid was not higher than 0.05%.

In previously published studies, high concentrations
of the EMS mutagen were reported to affect quantitative
traits, such as plant height (Kumar and Yadav 2010), 1000-
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seed weight, and seed weight per plant (Ali and Shah
2013). In our study, EMS mutagenesis induced
morphological and agronomic changes among DH mutants
of M2 and M3 generations. As a result, it was possible to
successfully select mutants showing distinct differences in
morphological and agronomic characteristics. Moreover,
the results showed that some mutant lines differed in the
color of the seeds, which had brown and light-brown
shades. B. napus with yellow seeds has a number of
advantages: high oil content, higher protein content, and
low fiber content. Although rapeseed with yellow seeds is
not found in nature, there are a number of studies aimed at
creating hybrids and mutants of rapeseed with yellow seeds
(Facciotti 2003; Rahman et al. 2019). In addition, the
following undersized lines stood out: DHK12-3, DHK12-4,
DHK12-5, DHG12-7 and DHG12-16. Compared with the
parent cultivars, these mutants had plant heights ranging
from 93 cm to 115 cm, while the control had 129 cm.
Stunting of plants (dwarfism) is accompanied by an
increase in yield due to a decrease in lodging and an
increase in the yield index (More and Malode 2016). In our
study, the stunted rapeseed mutants showed high yields
compared to the parental plants. Previously, it was found
that the best results of mutagenesis were observed when the
embryos obtained in the culture of isolated microspores
were treated with high concentrations (Rahman et al.
2013). The results of our studies confirmed that at a high
concentration of the mutagen (12 mM), an increase in the
weight of 1000 seeds occurs, which was also shown in
another work (Channaoui et al. 2019).

Low temperature is serious stress that negatively
affects the growth and development of plants, reducing
yields (Xin and Browse 2000). Cold resistance is an
important characteristic of rapeseed, which is sown in the
northern regions. Based on previous studies (Fiebelkorn and
Rahman 2016), we evaluated 46 mutant doubled haploid
rapeseed lines for cold resistance, in comparison with the
original varieties at temperatures of 4°C, 0°C and -4°C.
Similar work was carried out in the study of McClinchey
and Kot (2008), where it was reported that mutant doubled
haploids showed increased resistance to cold at -6°C,
without noticeable phenotypic changes. In our study, we
used the viability index under low-temperature stress as a
criterion for identifying cold-resistant mutants. Our data are
consistent with the results of previous studies, where the
viability of seedlings was evaluated at chilling (4 and 2°C)
and freezing (-2 and -4°C) (Lei et al. 2019).

Our results demonstrate that EMS treatment of
microspores is an efficient procedure to generate mutations
resulting in highly diverse phenotypes of rapeseed.
Microspore mutagenesis is a rapid approach for creating the
homozygous mutants, which can be screened in M;
generation and can accelerate the creation of new cultivars.
Moreover, this approach identifies mutant lines that
combine improved quantitative and qualitative traits and
cold resistance.

Conclusion

High efficiency of mutagenesis in the culture of embryos
obtained from isolated microspores in the selection of spring
rapeseed. Mutant lines were identified that combined
improved quantitative and qualitative traits and resistance to
cold (DHK12-3, DHK12-4, DHK12-8, DHG12-16,
DHG12-18, and DHG12-10). In addition, mutant-line
DHK12-4 had brown seeds, whereas DHG12-18 was
yellow-brown. Overall mutagenesis in the isolated
microspore culture expands the genetic diversity of the
initial material and is a good tool for the practical breeding
of rapeseed. The promising lines obtained as a result of the
experiments will be disseminated to breeders for breeding
domestic cultivars of spring rapeseed (canola) adapted for
cultivation in the northern regions of Kazakhstan.

Acknowledgment

The work was carried out with grant funding support for the
project AP08856576 “Creating source material of turnip
rape (Brassica rapa) to create new cultivars for Northern
Kazakhstan” from the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.

Author Contributions

Kabyl Zhambakin and Malika Shamekova:
Conceptualization; Kuanysh Zhapar, Zagipa Sapakhova and
Dias Daurov: Methodology, Software; Ainash Daurova and
Kabyl Zhambakin: Data curation, Writing- Original draft
preparation; Kabyl Zhambakin: Supervision; Ainash Daurova,
and Kabyl Zhambakin: Writing- Reviewing and Editing.

Conflict of Interest

The authors declare that this work was carried out without
any commitments that could result in a potential conflict of
interest.

Data Availability

All new research results were presented in this article.
Ethics Approval

Not applicable.

References

Ali HMA, SA Shah (2013). Evaluation and selection of rapeseed (Brassica
napus L.) mutant lines for yield performance using augmented
design. J Anim Plant Sci 23:1125-1130

Amosova AV, SA Zoshchuk, VT Volovik, AV Shirokova, NE Horuzhiy,
GV Mozgova, OY Yurkevich, MA Artyukhova, VA Lemesh, TE
Samatadze, OV Muravenko (2019). Phenotypic, biochemical and
genomic variability in generations of the rapeseed (Brassica napus L.)
mutant lines obtained via chemical mutagenesis. PLoS One 14:1-20

225


https://www.sciencedirect.com/science/article/pii/S2214514116000027#!

Daurova et al. / Intl J Agric Biol Vol 28, No. 4, 2022

Bennouna D, F Tourniaire, T Durand, JM Galano, F Fine, K Fraser, S
Benatia, C Rosique, C Pau, C Couturier, C Pontet, C Vigor, JF
Landrier, JC Martin (2021). The Brassica napus (oilseed rape) seeds
bioactive health effects are modulated by agronomical traits as
assessed by a multi-scale omics approach in the metabolically
impaired ob-mouse. Food Chem Mol Sci2:100011

Bowen KJ, PM Kris-Etherton, SG West, JA Fleming, PW Connelly, B
Lamarche, P Couture, DJA Jenkins, CG Taylor, P Zahradka, SS
Hammad, J Sihag, X Chen, V Juan, J Rempel, PJH Jones (2019).
Diets enriched with conventional or high-oleic acid canola oils lower
atherogenic lipids and lipoproteins compared to a diet with a western
fatty acid profile in adults with central adiposity. J Nutr 149:471-478

Channaoui S, M Labhilili, M Mouhib, H Mazou, ME Fechtali, A Nabloussi
(2019). Development and evaluation of diverse promising rapeseed
(Brassica napus L.) mutants using physical and chemical mutagens.
OCL 26:35

Chew SC (2020). Cold-pressed rapeseed (Brassica napus) oil: Chemistry
and functionality. Food Res Intl 131:108997

Daurova AK, DV Volkov, DL Daurov, KK Zhapar, MK Shamekova, KZ
Zhambakin (2020). Mutagen EMS treatment of microspore-derived
embryos for rapeseed breeding (Brassica napus). News Natl Acad
Sci KazakhSer Biol Med 4:27-37

Emrani N, HJ Harloff, O Gudi, F Kopisch, C Jung (2015). Reduction in
sinapine content in rapeseed (Brassica napus L.) by induced
mutations in sinapine biosynthesis genes. Mol Breed 35:37-47

Facciotti D (2003). Production of Improved Rapeseed Exhibiting Yellow-
Seed Coat. US Patent 006547711B2, 15 April 2003

Fiebelkorn D, M Rahman (2016). Development of a protocol for frost-
tolerance evaluation in rapeseed/canola (Brassica napus L.). Crop J
4:147-152

Gilkrist EJ, CHD Sidebottom, CS Koh, T Macinnes, AG Sharpe, GW
Haughn (2013). A mutant Brassica napus (Canola) population for
the identification of new genetic diversity via TILLING and Next
Generation Sequencing. PLoS One 8:1-11

GOST R 51483-99 (1999). Vegetable oils and animal fats. Determination
by gas chromatography of constituent contents of methyl esters of
total fatty acid content, pp:151-159. Moscow, Russian Federation

Guo Y, L Ch, W Long, J Gao, J Zhang, S Chen, H Pu, M Hu (2020).
Synergistic mutations of two rapeseed AHAS genes confer high
resistance to sulfonylurea herbicides for weed control. Theor Appl
Genet 133:2811-2824

Harloff HJ), S Lemcke, J Mittasch, A Frolov, JG Wu, F Dreyer, G
Leckband, C Jung (2012). A mutation screening platform for
rapeseed (Brassica napus L.) and the detection of sinapine
biosynthesis mutants. Theor Appl Genet 124:957-969

Huang SN, ZY Liu, DY Li, RP Yao, H Feng (2016). A new method for
generation and screening of Chinese cabbage mutants using isolated
microspore culturing and EMS mutagenesis. Euphytica 207:23-33

Hussain S, WM Khan, MS Khan, N Akhtar, N Umar, S Ali, S Ahmed, SS
Shah (2017). Mutagenic effect of sodium azide (NaN3) on M2
generation of Brassica napus L. (variety Dunkled). Pure Appl Biol
6:226-236

Kong W, L Wang, P Cao, X Li, J Ji, P Dong, X Yan, C Wang, H Wang, J
Sun (2020). Identification and genetic analysis of EMS-mutagenized
wheat mutants conferring lesion-mimic premature aging. BMC
Genet 21:88-98

Kott LS (1995). Production of mutants using the rapeseed doubled haploid
system. In: Induced mutations and molecular techniques for crop
improvement. Proceedings of an international symposium on the use
of induced mutations and molecular techniques for crop improvement,
pp:505-515. International Atomic Energy Agency, Vienna, Austria

Kumar G, RS Yadav (2010). EMS induced genetic disorders in sesame
(Sesamum indirum L.). Rom J Biol Plant Biol 55:97-104

Lei Y, T Shah, Y Yong Cheng, Y Lu, X Zhang, X Zou (2019).
Physiological and molecular responses to cold stress in rapeseed
(Brassica napus L.). J Integr Agric 18:2742-2752

Liu S, H Wang, J Zhang, BDL Fitt, Z Xu, N Evans, Y Liu, W Yang, X Guo
(2005). In vitro mutation and selection of doubled-haploid Brassica
napus lines with improved resistance to Sclerotinia sclerotiorum.
Plant Cell Rep 24:133-144

LuY, S Dai, A Gu, M Liu, Y Wang, S Luo, Y Zhao, S Wang, S Xuan, X
Chen, X Li, G Bonnema, J Zhao, S Shen (2016). Microspore induced
doubled haploids production from ethyl methanesulfonate (EMS)
soaked flower buds is an efficient strategy for mutagenesis in
Chinese cabbage. Front Plant Sci 7:1780-1788

Matthdus B (2006). Utilization of high-oleic rapeseed oil for deep-fat frying
of French fries compared to other commonly used edible oils. Eur J
Lipid Sci Technol 108:200-211

McClinchey SL, LS Kott (2008). Production of mutants with high cold
tolerance in spring canola (Brassica napus). Euphytica 162:51-67

More UA, SN Malode (2016). Mutagenic effect of EMS on quantitative
characters of Brassica napus L. Cv. Excel in M1 generation. J Glob
Biosci 5:4018-4025

Newsholme DM, MV MacDonald, DS Ingram (1989). Studies of selection
in vitro for novel resistance to phytotoxic products of Leptospheria
maculans (Desm.) Ces. & De Not in secondary embryogenic lines of
Brassica napus sspp. oleifera (Metzg.) Sinsk., winter oilseed rape.
New Phytol 113:117-126

Oladosu Y, MY Rafii, N Abdullah, G Hussin, A Ramli, AH Rahim, G
Miah, M Usman (2016). Principle and application of plant
mutagenesis in crop improvement: A review. Biotechnol Biotechnol
Equip 30:1-16

Parry MA, PJ Madgwick, C Bayon, K Tearall, A Hernandez-Lopez, M
Baudo, M Rakszegi, W Hamada, A Al-Yassin, H Ouabbou, M
Labhilili, AL Phillips (2009). Mutation discovery for crop
improvement. J Exp Bot 60:2817-2825

Peng D, B Zhou, Y Jiang, X Tan, DY Yuan, L Zhang (2018). Enhancing
freezing tolerance of Brassica napus L. by overexpression of a
stearoyl-acyl carrier protein desaturase gene (SAD) from Sapium
sebiferum (L.) Roxb. Plant Sci 272:32-41

Prem D, K Gupta, A Agnihotri (2012). Harnessing mutant donor plants for
microspore culture in Indian mustard [Brassica juncea (L.) Czern
and Coss]. Euphytica 184:207-222

Rahman H, SD Singer, RJ Weselake (2013). Development of low-linolenic
acid Brassica oleracea lines through seed mutagenesis and
molecular characterization of mutants. Theor Appl Genet 26:1587—
1598

Rahman MLG, D Schroeder, P McVetty, J Jiang, S Zhu, Y Yuan (2019).
Transcriptomic comparison between developing seeds of yellow-
and black-seeded Brassica napus reveals that genes influence seed
quality. BMC Plant Biol 19:203-216

Scarth RP, BE McVetty, SR Rimmer, BR Stefansson (1998). Stellar low
linolenic-high linoleic acid summer rape. Can J Plant Sci 68:509—
511

Shan DX, L Sh, L Lu, Y Yu, L Sh, L Lin, L Zh, X Du, X Liu, LG Qing-
Yong Yang (2020). Development and screening of EMS mutants
with altered seed oil content or fatty acid composition in Brassica
napus. Plant J 104:1410-1422

Sharafi Y, MM Majidi, SH Goli, F Rashidi (2015). Oil content and fatty
acids composition in Brassica species. Intl J Food Prop 18:2145-
2154

Sharamo FF, H Shimelis, BM OlaOlorun, H Korir, AH Indetie, J Mashilo
(2021). Determining ethyl methane sulfonate-mediated (EMS)
mutagenesis protocol for inducing high biomass yield in fodder
barley (Hordeum vulgare L.). Aust J Crop Sci 15:983-989

Shu QY, BP Forster, H Nakagawa (2012). Principles and applications of
plant mutation breeding. In: Plant Mutation Breeding and
Biotechnology, pp:301-325. Shu QY, BP Forster, H Nakagawa
(Eds). CABI, Wallingford, UK

Spasibionek S (2006). New mutants of winter rapeseed (Brassica napus L.)
with changed fatty acid composition. Plant Breed 125:259-267

Stefansson BR, ZP Kondra (1975). Tower summer rape. Can J Plant Sci
55:343-344

Ul-Allah S, S Ahmad, M Igbal, M Naeem, M ljaz, MQ Ahmad, Z Hassan,
HG Nabi (2019). Creation of new genetic diversity in cotton
germplasm through chemically induced mutation. Intl J Agric Biol
22:51-56

Velasco L, JM Fernandez-Martinez, AD Haro (1997). Induced variability
for C18 unsaturated fatty acids in Ethiopian mustard. Can J Plant Sci
77:91-95

226


https://www.sciencedirect.com/science/article/pii/S2214514116000027#!
https://www.sciencedirect.com/science/article/pii/S2214514116000027#!
https://pubmed.ncbi.nlm.nih.gov/?term=Guo+Y&cauthor_id=32556395
https://pubmed.ncbi.nlm.nih.gov/?term=Long+W&cauthor_id=32556395
https://pubmed.ncbi.nlm.nih.gov/?term=Gao+J&cauthor_id=32556395
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+J&cauthor_id=32556395
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+S&cauthor_id=32556395
https://pubmed.ncbi.nlm.nih.gov/?term=Pu+H&cauthor_id=32556395
https://pubmed.ncbi.nlm.nih.gov/?term=Hu+M&cauthor_id=32556395
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Tang%2C+Shan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Liu%2C+Dong-Xu
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lu%2C+Shaoping
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yu%2C+Liangqian
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Li%2C+Yuqing
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lin%2C+Shengli
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Li%2C+Long
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Du%2C+Zhuolin
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Liu%2C+Xiao
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Guo%2C+Liang
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yang%2C+Qing-Yong
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yang%2C+Qing-Yong

Improvement of Breeding-valuable Traits of Brassica napus / Intl J Agric Biol Vol 28, No. 4, 2022

Viana VE, C Pegoraro, C Busanello, ACD Oliveira (2019). Mutagenesis in
rice: The basis for breeding a new super plant. Front Plant Sci
10:1326-1353

Xin Z, J Browse (2000). Cold comfort farm: The acclimation of plants to
freezing temperatures. Plant Cell Environ 23:893-902

Yan L, J Cai, L Gao, B Huang, H Ma, Q Liu, X Dai, X Zhang, Y Chen,
X Zou (2018). lIdentification method and selection of cold
tolerance in rapeseed (Brassica napus L.). Chin J Oil Crop Sci
40:74-83

Yu L, S Gan, X Jinye, X Lingzhi, L Senying, Y Yongtai, G Jianwei, X Jun,
L Shisheng, W Baoshan, L Maoteng (2019). Drought-responsive
genes, late embryogenesis abundant group3 (LEA3) and vicinal
oxygen chelate, function in lipid accumulation in Brassica napus and
Arabidopsis mainly via enhancing photosynthetic efficiency and
reducing ROS. Plant Biotechnol J 17:2123-2142

Zhambakin KZ, AK Zatybekov, DV Volkov, MK Shamekova (2015).
Mutagenesis in microspore culture of brassica napus. Euras J Appl
Biotechnol 3:20-32

227


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Liang%2C+Yu
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Gan%2C+Lu
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Xiong%2C+Jinye
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Xi%2C+Lingzhi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lai%2C+Senying
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yin%2C+Yongtai
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Gu%2C+Jianwei
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Xiang%2C+Jun
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Li%2C+Shisheng
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wang%2C+Baoshan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Li%2C+Maoteng

