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Abstract

The aim of the present investigation was to develop an efficient and reproducible in vitro
regeneration protocol for Brassica campestris L. var. Tori-7. Brassica is one of the most
popular and major oil yielding crop plants around the world including Bangladesh. For
in vitro regeneration of this crop plant, MS medium supplemented with various
concentrations of 6-benzylaminopurine (BAP) and naphthalene acetic acid (NAA) were
used. The highest frequency of callus and shoot regeneration was obtained on MS
medium supplemented with 3.0 mg/l BAP and 0.2 mg/l NAA from both cotyledonary
leaf with petiole and hypocotyl explants. Elongation of shoots was also optimized on the
same media composition. For inducing roots from the excised in vitro derived shoots, half
strength of MS medium supplemented with 0.3 mg/l indole-3-butyric acid (IBA) was
found to be more effective than other hormonal supplements applied. Following the
development of effective roots, in vitro raised plantlets were successfully transplanted
into soil where they produced flowers and fertile seeds. The plants of R: generation was
successfully established in natural environment. In vitro regeneration protocol of Brassica
campestris var. Tori-7 established in this study could be used for future plant genetic
transformation experiments.

Introduction

Agriculture has been playing a pioneering role in maintaining growth and stability of
national economy of Bangladesh (Akhi et al. 2021). The main agricultural commodities of
Bangladesh are rice, wheat, pulses, jute and oilseeds (Sharmin et al. 2018). Among
oilseeds, Brassica is considered as the major crops in Bangladesh which ranked the
world’s third most important vegetable oils after soybean and palm (Paul et al. 2020,
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Hossain et al. 2015). Oil yielding Brassica is commonly known as rapeseed and mustard
and seeds of Brassica contain 40-45% oil and 20-25% protein. It is one of the best cooking
oils particularly for heart patient because it has omega-3 and 6 fatty acid compositions.
Several other fatty acids named palmitic acid, stearic acid, erucic acid, linoleic acid and
linolenic acid etc. are also present in mustard oil which is important for meeting calorie
requirement (Sharafi et al. 2015). It is rich in natural antioxidants and vitamin E. It has
also antibacterial and various medicinal properties that can fight against infections
(Mollika et al. 2011). In Bangladesh mustard oil is mainly used for cooking purposes,
salad dressings and to marinate several food stuffs before cooking it (Mortuza et al.
2018).

Nowadays, Brassica plants have gained extensive scientific interest due to their
nutritional value and agricultural importance across the world (Farooq et al. 2019,
Goswami et al. 2020). However, the productivity and quality of these crops are globally
affected by various climatic variability. Brassica ranked first position and occupies 78% of
land among the oilseed crops grown in this country in respect to area and production
(BBS 2018, Goswami et al. 2020). Although, average yield per hectare of Brassica in
Bangladesh is still alarming due to different weather variability along with the
unavailability of high yielding and short duration varieties (Mamun et al. 2014, Miah et
al. 2017). As most of the farmers of Bangladesh usually cultivate Brassica in the gap
between transplanted aman and boro rice which is comparatively a shorter period of
time (80-90 days). Therefore, short duration varieties of Brassica are required (Miah et al.
2017). Apart from that, several factors including drought, salinity, high temperature and
waterlogging also hampered the Brassica cultivation in Bangladesh (Mollika et al. 2011).
Previously, both the conventional and modern crop improvement strategies have been
taken to improve the quality of mustards and rapeseeds. Nevertheless, conventional
breeding was not a good choice due to unavailability of suitable germplasm and cross-
pollinating nature of Brassica. It is also time consuming and takes eight to ten generations
to develop a new variety (Cardoza and Stewart 2004).

However, a breeding program associated to biotechnological tools largely depends
upon the efficacy of in vitro plant regeneration system (Abu-El-Heba et al. 2008).
Significant progress has been achieved in developing in vitro regeneration system for
many species of Brassica where Brassica campestris, has consistently been found more
difficult to regenerate under in vitro condition (Dietert et al. 1982, Glimelius 1984,
Goswami et al. 2020). Although, there are many reports available on the use of in vitro
techniques like in vitro plant regeneration, organogenesis and somatic embryogenesis in
different Brassica spp. (Antonio et al. 1987, Jain et al. 1988, Ono et al. 1994, Koh and Loh
2000, Khan et al. 2002). Therefore, this study aims at to establish an efficient regeneration
protocol for Brassica campestris var. Tori-7 that would be further used for developing
transformation protocol with desired characteristics.
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Materials and Methods

The farmer’s popular mustard variety, Brassica campestris var. Tori-7 was chosen in this
study due to its higher yield, short life cycle and minimal water requirement. The seeds
of this variety used in this experiment were obtained from the Oil Seed Division of the
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur.

The surface sterilized seeds were inoculated on to full strength of MS medium with
3% sucrose and 0.8% agar for germination and seedling development. The cultured seeds
were kept in dark condition till the germination and then transferred to 16 hrs light
condition at 25+2°C in growth room. Generally, germination took place within 2-3 days of
seed inoculation. Two types of explants such as cotyledonary leaf with petiole and
hypocotyl from five days of old seedlings were used for in vitro regeneration. Isolated
explants were cultured on MS media containing BAP and NAA singly or in combinations
for regeneration. For further multiplication, in vitro regenerated shoots were sub-cultured
regularly in a fresh medium at an interval of 12-15 days. About 2-3 cm long shoots were
separated and cultured on a rooting medium containing half strengths of MS with
different concentrations of IBA for root formation. The plantlets with sufficient effective
root system were transplanted to small plastic pots with sterilized soils. Initially the pots
were covered with transparent perforated polythene bags and were maintained in the
growth room. After proper hardening, plantlets were transferred to natural environment.

Results and Discussion

The entire experiment was conducted through Complete Randomized Design (CRD). The
data were collected, on the basis of mean values and values of standard deviation and
analyzed in Microsoft Excel 2010. The significant difference was measured by Duncan’s
Multiple Range Test (DMRT) at 5% probability level.

For callus induction, six different concentrations of BAP and four different
combinations of BAP and NAA were used. Among the combinations tested,
cotyledonary leaf with petiole explants showed the highest callus initiation frequency
(74.54%) on MS + 3.0 mg/l BAP + 0.2 mg/l NAA and the lowest (9.72%) on MS + 5.0 mg/I
BAP whereas hypocotyl explants showed the highest callus initiation frequency (46.83%)
on MS + 3.0 mg/l BAP + 1.0 mg/l NAA combination and the lowest (5.56%) on MS + 4
mg/l BAP (Table 1). It was observed that the responses from both explants were not
significant without NAA intervention and found to be best on MS + 3.0 mg/l BAP + 0.2
mg/l NAA (Table. 1). A significant difference was observed between cotyledonary and
hypocotyl explants on callus initiation frequency. Cotyledonary leaf with petiole explants
showed better performance than hypocotyl explants in terms of callus initiation in the
same concentrations except MS + 1.0 mg/l BAP, MS + 5.0 mg/l BAP and MS + 3.0 mg/I
BAP + 0.5 mg/l NAA (Table. 1). Dina et al. (2019) also found highest callus initiation
frequency using MS media with BAP and NAA in Brassica napus.
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Table 1. Frequency of callus initiation of B. campestris L. var. Tori-7

Callus initiation frequency

Hormone combination

Hypocotyl Cotyledonary leaf with petiole
0.5 mg/I BAP 0+0f 0+0f
1.0 mg/l BAP 14.287 +14.28 cd 0+0f
2.0 mg/l BAP 9.52+16.49 de 23.82+41.24cd
3.0 mg/I BAP 10.32+£9.01 de 15.87 £ 16.72 de
4.0 mg/I BAP 5.56 + 9.62 de 19.45 + 4.81 de
5.0 mg/l BAP 26.39 + 12.03 bc 9.72+ 8.67 ef
3.0 mg/l BAP + 0.2 mg/l NAA 38.89 + 28.80 ab 7454 +9.95a
3.0 mg/l BAP + 0.5 mg/l NAA 40.48 + 10.91 ab 34.92+7.28¢c
3.0 mg/l BAP + 1.0 mg/l NAA 46.83 + 34.69 a 55.56 £ 11.98 b
3.0 mg/l BAP + 2.0 mg/l NAA 25.39+9.91 bc 35.71+1237¢c

Frequency of callus initiation from 5 days old cotyledon and hypocotyl explants cultured on the full strength of
MS medium comprised with several strengths of BAP and NAA. The mean values were compared by DMRT.
Mean + SD followed by similar letters aren't significantly diverse at P = 0.05.

Shoot bud formation started from callus tissue after two to three weeks of explants
inoculation. Both the calli and calli with shoot buds were transferred to shoot induction
media for obtaining complete shoot buds (Fig. 1la & 1b). Similar media compositions
which used for callus induction were used as shoot regeneration media. The highest
shoot regeneration frequency (75.0 %) was obtained from cotyledonary leaf with petiole
explants on MS media supplemented with 4.0 mg/l BAP whereas the same concentration
showed very low (13.89%) in case of hypocotyl explants. On the other hand, MS
supplemented with 3.0 mg/l BAP and 0.2 mg/l NAA showed best shoot regeneration
frequency for both cotyledon (50%) and hypocotyl (49.2%) explants (Table 2). Khan et al.
(2010) and Dina et al. (2019) found enhanced shoot regeneration frequency from
cotyledon than hypocotyl explant. However, hypocotyl explants showed variable
responses towards regeneration than cotyledonary leaf with petiole in certain
combinations optimized in the present study (Fig. 1c-1f). It was also noticed that
regeneration frequency of both explants was decreased with the increasing concentration
of NAA (Table. 2). Hachey et al. (1991), Mollika et al. (2011) had reported efficient
regeneration in B. campestris with BAP in combination with NAA. Goswami et al. (2018)
also found responses on shoot regeneration of B. juncea in combination of BAP and NAA
using hypocotyl as explants. It was observed that 18-20 days were required to shoot
initiation in case of both the explants.
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Fig. 1 (a-f): Different stages of in vitro shoot regeneration on MS medium supplemented with 3.0 mg/l BAP and
0.2 mg/l NAA. (a) Stereomicroscopic view of callus from hypocotyl explants of Tori-7; (b) Induction of
shoots from callus derived from hypocotyl; (c) Newly formed multiple shoots from the cotyledonary leaf
with the petiole of Tori-7; (d) and (e) Proliferation of several shoots following sub-culture of initially
developed shoots; (f) Elongated developing shoots.

Table 2. Frequency of shoot initiation of B. campestris L. var. tori-7

Hormone combination

Shoot initiation frequency

Hypocotyl Cotyledonary leaf with petiole
0.5 mg/l BAP 0+0i 0+0g
1.0 mg/l BAP 44.44 + 11.98 abc 16.67 + 15.28 ef
2.0 mg/l BAP 48.4 +28.39 ab 24.61 + 15.85 cdef
3.0 mg/l BAP 10.32£9.02 gh 34.92+7.28¢
4.0 mg/l BAP 13.89 + 12.73fg 75+£8.33a
5.0 mg/l BAP 3472+ 241 cd 33.33+£28.87cd
3.0 mg/I BAP + 0.2 mg/l NAA 49.2+19.82a 50+7.14b
3.0 mg/l BAP + 0.5 mg/l NAA 30.15+ 2.74 de 25.39 £+ 9.91 cde
3.0 mg/I BAP + 1.0 mg/I| NAA 23.81 + 21.82 def 0+0g
3.0 mg/I BAP + 2.0 mg/l NAA 0+0i 0+0g

Frequency of shoot initiation from 5 days old cotyledonary leaf with petiole and hypocotyl explants cultured on
the full strength of MS medium comprised with several strengths of BAP and NAA. The mean values were
compared by DMRT. Mean * SD followed by similar letters aren't significantly diverse at P = 0.05.
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Age of the explant was found to play a significant role towards in vitro shoot
regeneration. To find out the suitable explant, explant of different ages (3 to 7 days) were
used. It was observed that cotyledonary leaf with petiole explants from five days old
seedlings showed the highest (74.54%) callus regeneration frequency and from seven
days old seedlings showed the lowest (15%) callus regeneration frequency on the best
callus induction medium (MS + 3.0 mg/l BAP + 0.2 mg/l NAA) (Fig. 2). There was no
significant difference between callus regeneration frequencies of hypocotyl explants from
5 days (38.89%), 6 days (38%) and 7 days (40%) old seedlings. However, the number of
the shoot(s) per explants was higher in the case of 6 days old explants. A steady
reduction in shoot regeneration frequency was observed in case of cotyledonary leaf with
petiole explants excised from 6 days to 7 days old seedlings (Fig. 2). This result indicates
that age of seedling affects the callus and shoot regeneration frequency and most range of
shoot is produced from 6 days old seedling from both explants. Many researchers have
reported that explants excised from 4-6 days old seedlings produced optimal shoot
regeneration rates (Cardoza and Stewart 2004, Mollika et al. 2011, Khalil et al. 2022). It
was also narrated that younger explants exhibited greater morphogenic potential than
older explants as they might have more metabolically active cells with hormonal and
nutritional conditions that are responsible for increased organogenesis.
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Fig. 2 Effects of explant age on shoot regeneration of B. campestris L. var. Tori-7 from
cotyledonary leaf with petiole and hypocotyl explants.
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Fig. 3 (a-c): Induction of roots from excised regenerated shoots of Tori-7 on half strength of MS
medium with 0.3 mg/l IBA. (a) Initiation of roots; (b) fully developed roots; (c) One of the in
vitro raised plantlets with developing silique.

For root induction, MS as well as half strength of MS medium supplemented with
different concentrations of IBA was used. Best rooting (80%) was found of the
regenerated shoots on half strength of MS media with 0.3 mg/l IBA. About 16-18 days
were required for root induction and the number of roots per plant was recorded to be 3-
5 (Fig. 3a & 3b). Similar results were observed by Mollika et al. (2011). Interestingly, it
was recorded that the in vitro regenerated shoots of Tori-7 produced in vitro flowers on
regeneration media. These in vitro flowers were relatively smaller than those of in vivo
produced flowers. This result revealed that regenerated shoots may synthesize flower
inducing hormone in their body and induced flowering hormones spontaneously.
Similar results on in vitro flowering of B. campestris and cauliflower was also reported by
Verma and Sing (2007), Vandana et al. (1995) and Mollika et al. 2011. Plantlets of Tori-7
were successfully transplanted into small plastic pots after adequate development of
roots and the mean percentage of survival rate of the transplanted plantlets was 38.40
(Fig. 3c). Flowering occurred within 1-1.5 months and they flowered throughout the
season. Seeds formation took place after 2-2.5 months and was harvested from in vitro
regenerated plants. The germination rate of the seeds of R: generation was recorded to be
about 90% which was identical with the mother plant (Fig. 4a & 4b). The flower buds of
R1 plants appeared within one month and complete flowering took place within 45 days.
Siliques formation took place after pollination and seeds were collected after maturation
(Fig. 4c-4i).
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Through this investigation, a successful in vitro regeneration protocol for Brassica
campestris var. Tori-7 was developed and can be utilized for genetic transformation of
Brassica species using agronomically important genes.

Fig. 4 (a-i): Establishment of R1 generation. (a) Development of R: seedlings in large clay pots;
(b) One of the healthy R: plantlets; (c) Induction of flower bud within one month of
plantation; (d) Plants at amaximum flowering stage within 1.5 months of plantation; (e)
Magnified view of flowers with several flower buds; (f) Flowers as well as siliques formation on
the plants; (g) Maturesiliques of one of the R: plants; (h) Harvested siliques developed from one
of the Riplants; (i) Seeds developed from one of the R: plants.
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