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Abstract
Red cabbage (Brassica oleracea var. capitata forma rubra) is the most important plant in Brassicaceae family as it has the high
nutritional and medical value. Because of the cross pollination and self-incompatibility in this crop, the use of biological
technique like somatic embryogenesis can be applied to propagate this plant. This paper aimed to find the best medium and
concentration of hormones that have used in production of direct somatic embryogenesis. MS medium enriched with four
concentrations of 2,4-D (0, 1.5, 2, 2.5 mg/L'l) and B5 medium supplemented with five concentrations of 2,4-D (0, 0.50, 0.55,
0.60, 0.65 mg/L™") were applied. Three type of explants were used in this work (Cotyledon, Hypocotyl and leaf). Various
explants that were cultured on MS medium did not appear any response for somatic embryos formation at all concentrations of
2,4-D. The highest average number of somatic embryos (40) per explant was achieved using cotyledon explants on B5
medium provided with 0.50 mg/L" of 2,4-D which developed into the all developmental stages of somatic embryo reaching to
complete plant after 60 days of culture with 45% percentage of conversion. Somatic embryos that were formed on B5 medium
supplemented with other concentrations of 2,4-D (0.55, 0.60 and 0.65 mg/L™") did not develop to all stages of somatic

embryos.
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Introduction

Red cabbage (Brassica oleracea var. capitata forma
rubra) is the most important plant in Brassicaceae family
which distinguished by red color and high nutrient (Boras et
al., 2011). The high medical benefit that comes from
containing of Anthocyanin pigment that gives the red color to
cabbage heads and can be considered as a strong antioxidant
as well as have anti-inflammatory properties. Also, red
cabbage is a suitable food that can be used to reduce the
weight (Al-Rawahy ef al., 2004). Plants of this family are
cross pollinated and self-incompatibility nature (Hassan,
1994). These factors make difficulties in production of
hybrid seeds as it needs high cost and effort moreover creates
difficulties in the achievement of pure bred lines (Desai,
2004). Thus, the scientist found alternative way for
propagation of Brassicaceae plants including somatic
embryogenesis (Al-Sumadaee, 2017). Which can be defined
as the formation of embryos from somatic cells without
gamete fusion and that were produced directly or indirectly
pathways (Jain and Gupta, 2018). In direct pathway, the
somatic embryos can be derived from various explants
without callus tissue formation (Jiménez, 2005). In this way,
plant which produce from germinated embryo is mostly like
the mother plant and has high genetic stability (Salman,
1988). Many factors can affect the production of somatic
embryos like (explants, culture medium, type and
concentration of plant growth regulators that added to the
culture medium) (Liu et al., 1993). The use of 2,4-D is most
common for the production of somatic embryos in most
plants compared with other auxins, in a study that have
reported by Kobayashi et al., 2010 on Arabidopsis plant it
was found that the addition of 2,4-D at concentration of 4.5
mM per liter to BS medium led to good produce of somatic
embryos which appeared after 14 days of culture. Also,
Woéjcikowska and Gaj, 2017 have used 24-D at
concentration of 5 mM per liter and 20 g/L”" of sugar in B5

medium for production of somatic embryos from cotyledon
explants in Arabidopsis plant. In another paper, the same
previous concentrations were used to produce somatic
embryos in Arabidopsis to study the genes variation
(Grzybkowska et al., 2018). Also, direct production for
somatic embryos in cabbage (Brassica oleracea L. var.
acephala) was achieved by Banjac et al., 2019. Few studies
have reported the regeneration through direct somatic
embryogenesis in red cabbage. Thus, this paper aimed to
optimize the best medium type (MS and BS5), concentration
of 2,4-D as well as the best explants type which were used in
this an efficient protocol for direct production of somatic
embryogenesis in red cabbage.

Materials and Methods

This experiment was carried out at tissue culture
laboratories of Iraqi Ministry of Agriculture from period
7/11/2018 till 15/9/2019. The seed of red cabbage variety
Riassa were provided by (DAEHN FELDT) company. This
variety needs 85-90 days for growing in the field as well as it
has a big heads and external leaves. Surface sterilization for
red cabbage seeds was achieved after use for 15 minutes of a
20% solution of sodium hypochloride (6% NaOCl),
containing a few drops of Tween-20, followed by a triple
rinsing with sterile distilled water (SDW). After that, the
seeds were placed on MS medium (Murashige and Skoog,
1962) devoid of growth regulators and provided with 30 g/L™!
sucrose and 7g/L™" of agar for germination. The cultures were
incubated at 24°C during 16/8 h photoperiod obtained from
fluorescent lamps. After seed germination, three type of
explants (Cotyledon, Hypocotyl and leaf) were cultured on
MS medium supplemented with four concentrations of 2,4-D
(0,15,2,2.5 mg/L'l) and B5 medium (Gamborg et al.,1968)
provided with five concentrations of 2,4-D (0, 0.50, 0.55,
0.60, 0.65 mg/L""). These media were supplemented with 20
g/’ of sucrose as well as 7g/L" of agar. The PH of the
media was adjusted to 6.8 before autoclaving at 1.05 kg/cm?,
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121°C for 20 min. The explants were cultured under aseptic
conditions inside Laminar air flow cabinet using sterile
cutters and forcipes. All cultures were maintained in a growth
room under an 8-h dark/16-h light photoperiod and at 24°C.
After ten days of culture, the appearance of embryos was
classified and counted in each of the 4 stages of development
(globular, heart, torpedo and cotyledonary) under a light of
microscope.

Statistical analysis

Completely Randomized Design (CRD) was applied
with ten replicates for each experiment. Data were analyzed
using Genstat software. Test of least significant differences
(LSD) at 5% level of probability was used to compare the
calculated averages of traits (El-sahookie and Wuhaib,1990).

Results

Effect of 2,4-D concentrations on somatic embryos
formation

The results showed that the all concentrations of 2,4-D
that were used with MS medium did not appear any response
for somatic embryos formation using various type of
explants. On the other hand, it was found that hypocotyl and
leaf explants did not response for somatic embryos formation
when B5 medium used. Thus, only cotyledon explants were
applied in this experiment using B5 medium enriched with
five concentrations of 2,4-D (0, 0.50, 0.55, 0.60, 0.65 mg/L"
". The results of table (1) showed that the use of 2,4- D at
concentration of 0.50 (mg/L™") was the best for somatic
embryos formation as the highest average of somatic
embryos (40) was achieved on this medium and differed
significantly from all other concentrations (P<0.001). While,
the lowest average of somatic embryos (5) was recorded on
medium supplemented with 0.55 mg/L™" (Fig.1).

Table 1 : Effect of 2,4-D concentrations that used with B5
medium on somatic embryos production form cotyledons
explants .

24-D Concel}tration Somatic embryo numbers
(mg/L")

Control)(0 0
0.50 40
0.55 5
0.60 7
0.65 11

LSD (0.05) 33

Fig. 1 : Somatic embryos formation from cotyledon explants after 30
days of culture on B5 medium enriched with 0.60 mg/L-1 of 2,4-D.
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Effect of 2,4-D concentrations on developmental stages of
somatic embryos

The results indicated that somatic embryos at globular
stage appeared after 15 days of cotyledons culture on B5
medium provided with 2,4-D at (0.50, 0.55, 0.60, 0.65 mg/L"
". It was noticed that somatic embryos were formed on
media containing 0.55, 0.60, 0.65 mg/L'1 of 2,4-D did not
develop to other developmental stages of somatic embryos,
thus the paper focused on results that produced from culture
of cotyledon explants on BS medium supplemented with 0.50
mg/L"' of 2,4-D. All developmental stages reaching to
complete plant were observed on this concentration. As
shown in figure (2) direct somatic embryos started to appear
from cotyledon explants after 15 days of culture. The highest
percentage 85% for embryos formation at globular stage was
observed while 15% percentage of somatic embryos at heart
stage was recorded. After 30 days of culture, it was
demonstrated that the percentage of somatic embryos at
globular stage decreased to70% percentage also the
percentage of somatic embryos at heart stage decreased to
10% with appearance of somatic embryos at torpedo stage
with percentage of 20% . After 45 days of culture, globular
and heart stages of somatic embryos were demonstrated on
explants with percentage 5% (for each stage), also somatic
embryos at torpedo shapes with a high percentage 70% were
noticed. Cotyledonary shaped somatic embryos were
obtained on explants with percentage 20%. After 60 days,
somatic embryos at cotyledonary stages were observed with
percentage 45% while somatic embryos at torpedo stages
were observed with percentage 55% (Fig. 3). These results
that were reported in this work can be considered as a good
result compared with results that mentioned in other previous
papers that published in this field.
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Fig. 2 : Effect of 2,4-D at 0.50 mg/L"' on percentage of
somatic embryos through developmental stages. LSD = 3.8
for globular stage, LSD =1.8 for heart stage, LSD =3.4 for

torpedo stage and LSD =1.2 for cotyledonary stage.
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Fig. 3 : Developmental stages of somatic embryos from cotyledon explants on B5 medium with 0.50 mg/L™" of 2,4-D. A)
Somatic embryo at globular stage. B) Somatic embryos at heart stage. C) Somatic embryo at torpedo stage. D)Somatic embryo
at cotyledonary stage.

Discussion

The results showed that somatic embryos which formed
directly from cotyledon explants on B5 medium
supplemented with various concentrations of 2,4-D at 0.55,
0.60, 0.65 mg/L™" could not develop to all other stages of
somatic embryos. This might due to changes that happened in
DNA, many factors could affect on this process like growth
regulators, culture medium, the temperature, light type that
used inside incubator, source of amino acid and the PH
medium (Zavattieri et al., 2010). Also, the level of auxin in
culture medium could affect on somatic embryogenesis if it
was high or low and sometimes after stimulation of cells for
somatic embryos formation, no decrease in auxin level might
led to inhibit the embryogenic development (Jiménez, 2001).
While the development of somatic embryos for all stages
from cotyledon explants that were cultured on B5 medium
enriched with 2,4-D at 0.50 mg/L™" was recorded. The reason
behind this might belong to the using of 2,4-D. This growth
regulator can be applied strongly to convert the sexual cell to
somatic cell and also led to loss the cell polarity as well as it

works with other endogenous auxin to prevent cells approach
that led to organogenesis (Karami et al., 2009). There are
some hypothesis could explain the role of 2,4-D in
stimulating of direct and indirect formation of somatic
embryos from explants like:-

1) Some authors thought that the effect of 2,4-D due to its
role which was found similar to stress responses. Stress-
inducible cell signalling compounds, such as H,0O, and
NO in the target tissue were recognized (Pfeiffer and
Hoftberger, 2001). In Arabidosis, it was found that stress-
related genes to be associated with the induction of
somatic embryogenesis (Nowak et al., 2015).

2) On the other hand, it was thought that the direct effect for
2,4-D in somatic embryogenesis might be through the
gene induction which stimulates the somatic embryos
formation or its indirect effect by increasing the
endogenous IAA production in plant. In Arabidopsis
plant, it was found increasing in endogenous IAA when
2,4-D used in somatic embryos medium (Wdjcikowska et
al., 2013).
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B5 medium has positive impact in somatic embryos
production, this might due to the reduction of nitrogen source
in medium as it contains only KNO3 and plants are appeared
different responses to amount and source of nitrogen in a
medium (Shirin et al., 2015). The other reson behind this
efffect is the high contain of (Thiamine) in B5 medium which
can be considered as an essential micronutrient for all living
organisms (Mangel et al., 2017) because it is required as a
metabolic cofactor in several enzymatic reactions including,
the citric acid cycle, glycolysis, branched-chain amino acid
biosynthesis and the cytosolic non-oxidative stage of the
pentose phosphate pathway (Goyer, 2010; Rapala- Kozik,
2011). These results are in accordance with other researches
who referred that somatic embryos can be produced on MS
and B5 medium that enriched with 2,4-D without adding any
other hormones (Raghavan, 2004; Kobayashi et al., 2010;
Wojcikowska and Gaj, 2017). While other studies are in
contrast with our results, who reported that using of auxins
and cytokinins in a medium are required for somatic embryos
formation (Siong et al., 2011; Cosic et al., 2013; Banjac et
al.,2019) .

Conclusion

According to our best knowledge, there have been no
reports concerning in vitro regeneration of this crop by direct
somatic embryogenesis technique. So, especially in this time
as increasing in requirements around the world for these
nutritional and medical crops which can be consumed to
increase immunity against diseases, thus many studies about
propagation of red cabbage using biological technique are
needed.
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