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Brassica carinata (A. Braun) is an amphi-diploid species that originated from interspecific hybridization
between Brassica nigra and Brassica oleracea in the highlands of Ethiopia. The crop has many
desirable agronomic traits but with oil quality constraints like high erucic acid and glucosinolate
contents. In this study, two genotypes and two types of explants were tested for callus induction, shoot
and root regeneration in Murashige and Skoog (MS) medium under different concentrations of
naphthalene acetic acid (NAA), 2,4-dichlorophenoxy acetic acid (2,4-D), and 6-benzyl amino purine
(BAP). Cotyledon proved to be most responsive for callus induction at a higher rate in a short period of
time. Growth regulator type and concentration had a significant effect on the callus induction and
physical appearance. The highest frequencies of callus growth (80.7 and 95%) were observed on
hypocotyl and cotyledon explants, respectively, cultured on MS basal medium supplemented with 0.5
mg/L 2,4-D in Yellow Dodola. Two types of calli were obtained: white and friable callus with large cells;
green and compact callus with smaller cells. For shoot induction, successful shoot regeneration from
white/friable callus was achieved when MS medium was supplemented with 6-benzyl amino purine (2
mg/L). Significant genotypic difference was observed between the genotypes, Yellow Dodola giving the
highest response. Maximum shoot induction was recorded in the hypocotyls of Yellow Dodola (90%)
when MS medium with 2 mg/L BAP was used. Highest percentage of shoots with roots (98.7%) and
highest mean number of roots per shoot (9) occurred on medium with 0.3 mg IBA, while the maximum
root length (4.7 cm) was attained on MS medium without plant growth regulator (MSO) in Yellow Dodola.
Plantlets were successfully acclimatized in potting medium containing a mixture of 25% sand, 50% red
soil and 25% compost on acclimatization pots (1:2:1). The in vitro regeneration protocol developed can
be used for further undertaking of other tissue culture and genetic engineering work on B. carinata.
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INTRODUCTION

In Ethiopia, among the oilseeds, Ethiopian mustard stands are estimated to be 34,580 hectares and 47,721 tons,
third next to niger seed and linseed in total production respectively, at private peasants holdings level, with an
and area coverage (CSA, 2009). Its area and production average productivity of 0.68 tones/ha (CSA, 2009). This
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low production is attributed to a number of production
constraints such as lack of high yielding, early maturing
varieties, high erucic acid (C22:1) content in seed oil and
high glucosinolate content in the meal (EARO, 2000).

Ethiopian mustard, Brassica carinata A. Braun (BBCC,
2n=4x=34) is believed to have originated in the Ethiopia
plateau through natural hybridization of Brassica nigra
(BB, 2n=2x=16) with Brassica oleracea (CC, 2n=2x=18),
followed by the chromosome doubling of the hybrids, and
has several agronomical important traits such as non-
dehiscent siliques, much more developed and aggressive
root system than B. napus. It is resistance to a wide
range of diseases, pests and tolerant to many abiotic
stresses (Katiyar et al., 1986; Malik, 1990), which makes
it a suitable candidate as a food security crop in Ethiopia.

Plant transformation systems have been developed for
many economicallyimportant species of the genus Brassica
such as B. napus (Moloney et al., 1989), B. oleracea
(Deblock et al., 1989), Brassica juncea (Barfield and Pua,
1991), Brassica rapa (Radke et al., 1992), Brassica nigra
(Gupt et al., 1993) and B. carinata (Babic et al., 1998)
which facilitates obtaining transgenic plants with modified
agronomic traits. Many genetic improvements, such as
herbicide tolerance, improved oil quality and production
of pharmacological and industrial products, have been
achieved by genetic transformation in the Brassica species.
For example, in B. napus seeds, high levels of gamma-
linoleic acid were obtained by the introduction of 812-
desaturase genes from the fungus Mortierella alpine (Liu
et al., 2001). In addition B. carinata used to produce
biodiesel, and their erucic acid contents are used as chemi-
cal additives in plastic, tannery and cosmetic industries
(Bozzini et al., 2007), and also as luminant or lubricant in
soap making (Greville, 2005).

Genetic improvement of Brassica spp. has been mainly
achieved by conventional breeding methods. Recently,
genetic engineering opened a new avenue for plant
improvement (Hansen and Wright, 1999). Regeneration
in Brassica is highly genotyped, age dependent and has
been reported in several species (Guo et al., 2005). B.
napus cultivar GSL-1 showed better regeneration efficiency
than Westar (a standard cultivar for transformation) in a
study by Phogat et al. (2000).

In vitro regeneration is one of a key factor in developing
an efficient transformation method in plants. In Brassica
spp. in vitro regeneration is highly genotype-dependent
for B. napus (Ono et al., 1994; Phogat et al., 2000), B.
rapa (Zhang et al., 1998) and B. oleracea (Sparrow et al.,
2006). In addition, Dietert et al. (1982) compared 6 species
of the genus Brassica for callus growth and plant regene-
ration and reported a high influence of the genotype in
the in vitro culture. However, the available information on
the genotype and explant variability for in vitro culture
and shoot regeneration in B. carinata is limited to a small
number of genotypes, thus a limiting factor for the appli-
cation of genetic engineering to a wide number of geno-
types. For that reason, it is important to identify highly
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regenerant genotypes that can be used in transformation
via Agrobacterium tumefaciens.

However, no work has been done on the effects of
various growth regulators on the callus formation from the
hypocotyl and cotyledon explants of Yellow Dodola and
Holleta-1 B. carinata genotypes. But there are a number
of studies carried out in the direct regeneration to increase
the regeneration frequency of Brassica spp. and remark-
able progress has been achieved. Hence, the main objec-
tive of this study was to establish an in vitro regene-ration
and propagation protocol for the two rapseed (B. carinata)
cultivars, Yellow Dodola and Holeta-1 using hypocotyl
and cotyledon explants.

MATERIALS AND METHODS

The experiment was conducted in Holleta Agricultural Biotechnology
Laboratory. Two varieties of B. carinata namely Holeta-1 and Yellow
Dodola obtained from Highland Oil Crops Research Department of
Holleta Agricultural Research Centre, were used for this study.

Surface sterilization and germination

Seeds of B.carinata genotypes Holeta-1 and Yellow Dodola were
first washed by soaking in tap water for 5 min to remove dust and
dirt. The seeds were then transferred to 70% ethanol for 1 min followed
by 1% sodium hypochlorite (NaOCI) for 20 min. The surface sterilized
seeds were then rinsed with sterile distilled water for 2 to 3 times.
The pH of the culture medium was adjusted to 5.8 using 1.0 M HCI
or 0.5 M NaOH before autoclaving and autoclaved at 15 psi at
121°C for 15 min. The seeds were plated for germination on the
previously prepared hormone free full strength MS media containing
2% sucrose with 0.6% agar under sterile condition and were incu-
bated at 25+2°C in a 16/8 h day/night photoperiodic regime under
cool white fluorescent lights (2700 -Lux) umol quanta m™ s™ for 5-7
days.

Cotyledon leaves and hypocotyls were excised from 5-7 days old
seedlings under sterile condition and were cut into 0.5-1 cm pieces
of explants excluding the meristematic axillary bud. Five explants
were then placed horizontally in each magenta box with callus
induction MS medium supplemented with different concentrations of
2,4-dichlorophenoxy acetic acid (2,4-D), naphthalene acetic acid
(NAA) and 6-benzyl amino purine (BAP).

Callus induction medium

Explants were cultured on the basal MS-medium supplemented
with three hormones 2,4-D, BAP and NAA at different
concentrations (0.1, 0 .25, 0.5, 1.0 and 1.5 mg/L) to enhance callus
initiation. All growth conditions were maintained with 3 replications
in complete dark for one month. The explants were then sub-
cultured every 4-5 weeks on the freshly prepared MS medium until
callus was formed. The percentage of explants (%) that induced
calli and their weights (gm) were recorded for each treatment.

Shoot induction medium
After about 30-48 days of callus culture, the calli were transferred

aseptically onto a sterile Petri dish and were cut into convenient
size by a sterile scalpel or blade, then transferred onto a freshly
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prepared media supplemented with 0, 1, 2 and 3 mg/L BAP. Each
culture box contained 5 pieces of calli and all the treatments were
performed with three replications and sealed with parafim in a
growth room under 16 h light at 2700 pmol quanta m2 s™" lux light
intensity and 8 h dark cycle at 25 +2°C. The explants were sub-
cultured every 2-3 weeks intervals on the freshly prepared medium
to obtain shoot regeneration. The parameters recorded were the
percentage of explants producing shoots (%), the mean number of
shoots produced per explants and shoot height attained (cm).

Root induction medium

Eight weeks later, regenerated shoots were carefully removed from
the culture box and cultured in freshly prepared MS medium
containing different hormonal supplements like IBA and NAA at
different concentrations (0.0, 0.1, 0.3 and 0.5 mg/L) for root initiation.
The MS media contained 2% sucrose, 0.6% agar and the pH was
5.8. Parameters recorded were the percentage of explants producing
root (%), the mean number of roots produced per explants, root
length attained (cm) and the fresh and dry weight of shoots attained
(cm) after four weeks of culture. Plantlets with approximate height
of 4-7.7 cm, with well-developed roots were transferred to a small
acclimatization pot, containing sterilized soil mix with a proportion of
1:2:1 sand, red soil and compost, respectively.

Experimental design and statistical analysis

The experiments were arranged in a complete randomized design
(RCD), with three replications and each replication per treatment
contained 5 explants. Data were analyzed using analysis of
variance (ANOVA) using statistical analysis system (SAS versions)
software and the least significant differences among mean values
were compared using DMRT at p<0.05.

RESULTS AND DISCUSSION
Callus induction on hypocotyl and cotyledon explants

The in vitro morphogenetic responses of cultured plants
are affected by different components of the culture media
and therefore, it is important to evaluate their effects on
plant callus induction and regeneration (Gubis et al.,
2004). The surface sterilized germinating seeds were used
as sources of explants for callus induction. The explants
were inoculated on MS medium with variable ranges of 2,
4-D, BAP, NAA.

It was observed that the explants showed an initial
swelling followed by callus formation within 2 - 3 weeks of
incubation, in treatment without plant growth regulators.
Callus proliferation started from cut ends of hypocotyls
and cotyledon on MS medium supplemented with different
concentrations of 2, 4-D, BAP and NAA and eventually
extended all over the explants. Callus initiation began from
cut edges after 12 days in cotyledon explants and after
15-20 days in hypocotyl explants.

Callus produced from cotyledon explants grew faster
during the first 7-30 days of culture in both varieties.
Approximately, after 3 weeks of culture, the explants

were almost completely converted into callus. Similar
results have been described in other reports. Ullah et al.
(2004) reported that on B. napus cv. Rainbow explants,
callus proliferation started from the cut ends of the
hypocotyls and cotyledon. Al-Naggar et al. (2010)
reported different results in B. napus; 2,4-D induced
callus production over the entire surface of the cotyledon
and hypocotyls.

The type and quantity of callus and callogenesis
efficiency depends on the duration of their exposure to
hormone and on the type of explants (Bano et al., 2010;
Khan and Rashid, 2002). In this experiment, the highest
quantity of callus was formed in cotyledons after short
induction on MS with 2,4-D. BAP and NAA required more
time to produce callus and caused poor formation of
compact calli, with many necrotic sites. Abellatef et al.
(2008) and Dietert et al. (1982) obtained similar results in
cotton and B. napus cv. Evitain on MS media supple-
mented with 2,4-D and BAP, respectively. Highly signi-
ficant difference in percentage of callus formation was
observed in between two types of explants, PGRs and
the genotypes used (Table 1). These results are in agree-
ment with those reported by Sayed et al. (2010) and
Khan et al. (2010).

Effects of 2,4-D on callus induction

2,4-D is among the most widely used auxin for in vitro
callus induction in a wide range of plant species (Al-Naggar
et al., 2010; Khan and Rashid, 2002). The highest per-
centage of callus (95%) was obtained on cotyledon explants
cultured on MS medium supplemented with 2,4-D at 0.5
mg/L with 1.5 g mean weight (Table 1), followed by from
the same explants on 1 mg/L 2,4-D (86%). However, for
the hypocotyl explant, 80.7% of callus was obtained on
MS medium supplemented with 2,4-D at 0.1 mg/L (Table
1), followed by using 0.25 mg/L 2,4-D (63.9%) within the
genotype of Yellow-Dodola. In Holeta—1, The highest per-
centage of callus (88.9%) was obtained on cotyledon
explants cultured on MS medium supplemented with 0.5
mg/L, 2,4-D followed by 80% from the same explants by
using 1 mg/L of 2,4-D. However, for the hypocotyls
explants, 66 and 73% of callus were obtained respectively
with the same concentrations of 2,4-D as mentioned in
cotyledon (Table 1). In line with the present results,
Magdoleen et al. (2010) also reported that the most
efficient hormone concentration depends on the genotype
used and the type of explants. The cotyledon in particular
was found to be the best for callus proliferation in both
genotypes.

The Yellow Dodola genotype in particular was found to
be the best for callus initiation in both explants types with
0.5 mg/L 2,4-D. It had the highest callus initiation
frequency (CIF) and produced calli with more weight than
the Holleta-1 within the different concentration levels of
2,4-D. These results are in harmony with those reported
by Ali et al. (2007) in B. napus.
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Table 1. Effect of different concentrations of 2,4-dichlorophenoxy acetic acid (2,4-D), naphthalene acetic acid (NAA) and benzyl adenine purine (BAP) on callus induction and mass of

callus in Yellow Dodola and Holeta-1.

Yellow— Dodola Holeta—1
PGR Concentration (mg/L) Callus induction (%) Mean Weight (g) Callus Induction (%) Mean weight (g) NC
Hypocotyl Cotyledon Hypocotyl Cotyledon Hypocotyl Cotyledon Hypocotyl Cotyledon
0 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0° NO
0.1 44.3+1.30° 53.4+0.96° 0.45+0.05¢ 0.56+0.04° 38.6+80.52°  44.3:0.23° 0.5+0.08° 0.37+0.03° W /F
0.25 50+1.00° 66.8+1.15° 0.65+0.13° 1.0£0.00% 41.8+0.21°  58.2+0.18° 0.4+0.05° 0.9+0.09° WIF
gap 05 50+2.0° 80.5+0.50° 0.89+0.09° 1.2+0.40° 44.3+0.23%  72.1+0.12° 0.9+0.04° 0.9+0.012 Y/IF
1 33.4+1.25° 0.0+1.00¢ 0.37+0.03° 0.55+0.05° 27.6+0.51° 50.+0.0° 0.2+0.05° 0.6£0.04°>  WIF
15 16.3+0.35¢ 27.3+0.35° 0.23+0.05¢ 0.27+0.04%®°  16.8+0.17°  22.1+0.12° 0.12+0.07¢ 0.21+0.10°  Y/F
Mean 324 46.4 0.54 0.6 28.2 411 0.44 0.65
CV (%) 3.6 1.68 24 3.8 1.2 0.33 1.9 6.4
0 0.0+0.0f 0.0+ 0.0 0.0+0.0° 0.0+0.0¢ 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° NO
0.1 52.3+0.35° 66.7+0.58° 0.63+0.08" 0.6+0.15° 52.8£0.15°  61.1x0.06°  0.47+0.03°  0.92+0.10® C/G
0.25 63.9+ 0.10° 83.5+0.68° 0.89+0.10" 0.79+0.08°  58.2+0.17°  77.8+0.15° 1.120.1° 0.7£0.02° C/G
sap 0° 80.7+0.29° 95.1+0.812° 1.5+0.60° 2.1+0.12° 66.8+0.21°  88.9+0.10° 1.27+0.20° 1.320.25° CI/G
’ 1 33.2+0.17° 86.2+0.17° 0.83+0.57" 0.96+0.06" 73.2£0.17%°  80.5+0.50° 0.17+0.81° 0.96:0.16° CI/G
15 16.2+0.4° 27.6+0.51° 0.95+0.06" 0.7+£0.05° 55.7+0.3¢ 75.0+1.0° 0.3+0.5¢ 0.78+0.12° CIG
Mean 411 59.9 0.97 0.85 51.1 63.8 0.82 0.9
CV (%) 0.64 0.9 1.2 10.7 0.35 0.72 3.8 3.1
0 0.0+0.0' 0.0+0.0f 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0%0.0° 0.0%0.0° W/F
0.5 30.2+0.29° 50.2+0.29° 0.40%0.01° 0.37+0.04°  33.2+0.17°  58.2+0.17° 0.17+0.5° 0.9+0.044>  WJ/F
1 41.6+0.51° 52.8+0.17° 0.53+0.06b%  0.86+0.13"°  47.1+0.12°  61.1+0.06° 0.17+0.5° 0.9+0.15°  WI/F
NAA 15 66.8+0.17° 50.3+0.58"° 0.29+0.09d° 1.4+0.40° 58.2+0.17°  73.2+0.17° 0.17%0.71° 0.96+0.35°  WI/F
25 44+0.23° 58.2+0.17° 0.78+0.0° 0.9+0.07° 50+1.00° 69.3+0.23° 1+0.88° 1.120.1° WIF
Mean 37.4 50.5 0.6 0.95 42.5 57.5 0.47 1.4
CV (%) 0.95 0.57 1.4 6.6 1.01 0.27 7.2 0.85

The experiment was arranged in randomized complete design, with three replications and each experiment contained five explants. Means with in a column followed by the same superscript
letters are not significantly at P<0.05 according to DMR. PGR = Plant growth regulators; NC = nature of callus; W = white; F = Friable; C = compact; G = green and Y = yellow.

Effects of BAP on callus induction

In study on the effects of different concentrations
of BAP on callus initiation from hypocotyl and

cotyledon, the results show that MS medium
supplemented with 0.5 mg/L of BAP was the most
effective in callus induction for both types of
explants and genotype. 0.5 mg/L BAP was more

effective in inducing callus from cotyledon explants
than hypocotyls. A higher concentration of BAP
(1.5 mg/L) inhibited callus proliferation. BAP at
low concentrations were more effective for
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Figure 1. Proliferation of callus from hypocotyl and cotyledon explants of Brassica carinata cultivars after 5 weeks
of culture on full MS medium supplemented with 0.5 mg/L 2,4-D. (A). Compact/green callus formation from
cotyledon of Yellow Dodola. (B). Compact/green callus formation from cotyledon of Holeta—1. (C). White/friable
callus formation from the hypocotyl of Yellow Dodola. (D). White/friable callus formation from the hypocotyl of
Holeta—1.

induction of callus. The present study showed that callus
initiation frequency (CIF)was 80 and 50% for Yellow Dodola
cotyledon and hypocotyls explant, supplemented with
concentration of 0.5 mg/L of BAP respectively (Table 1).
Whereas, Holetta—1 had CIF of 72 and 44% on cotyledon
and hypocotyl explants supplemented with the same
concentration of BAP, respectively (Table 1). Among the
explants types, the cotyledon explants was more
responsive than the hypocotyls.

Comparison of different explants types and lines in
terms of callus production revealed a genotypic variation
between the types of explants and lines with Holleta-1
being the least responsive while Yellow Dodola was the
most productive. This finding correlated with the result of
various research reports in B. napus (Datta and Conger,
1999; Fang et al., 2005; Khan et al., 2010; Pathirana and
Eason, 2006, 2004; Rao et al., 2006.

Effects of NAA on callus induction

In study on the effects of different concentrations of NAA
on callus initiation from hypocotyl and cotyledon, the
results show that MS medium supplemented with 1.5
mg/L of NAA was the most effective in callus induction for
both types of explants and genotype. 1.5 mg/L NAA was
more effective in inducing callus in explants hypocotyls
than cotyledon. The present study showed that callus
initiation percentage was 66.8 and 52.8% for Yellow
Dodola hypocotyls and cotyledon explants, supplemented
with concentration of 1.5 mg/L NAA respectively (Table 1)
whereas, in Holetta—1, the best callus induction was
observed in cotyledonary explants and it was 73 and 69%
at the concentration of 1.5 and 2.5 mg/L of NAA in MS
medium, respectively. The second best callus was 58%
at the concentration of 1.5 mg/L of NAA from the
hypocotyls explants (Table 1). For the comparison of

explants types, the cotyledon explants was more
responsive than the hypocotyls (Table 1). These results
are in agreement with those reported by Magdoleen et al.
(2010) and Chamandosti et al. (2006). Comparison of
different explants types and lines in terms of callus
production revealed a genotypic variation between the
types of explants and lines with Holleta-1 being the best
responsive while Yellow Dodola was the least productive.

Two morphological types of calli were obtained after 30
days of culture; white friable and compact green. Calli
derived from hypocotyls became soft or friable, sticky,
yellow-white to cream colored and nodular type, and
mostly consisted of large and translucent cells (Figure 1C
and D). Whereas calli from cotyledons were nodular,
green, organogenetic, compact green calli and non-
friable, with small and green cells often developed on
media containing 0.5 mg/L 2,4-D and formed round
masses (Figure 1A and B). This result is in consistence
with the result obtained for sugar beet by Kamal et al.
(2007) and Chamandosti et al. (2006) which reported
similar findings in B. napus; three morphologically distinct
types of calli were induced by using different concen-
trations of 2,4-D and BAP.

Shoot initiation and indirect

organogenesis

regeneration via

Shoot proliferation occurred through a callus phase. The
development of shoots (Figure 2) from white friable and
compact callus (regardless of the explants type) was
observed after 3-4 weeks of culture. Shoot development
was achieved at all concentrations of BAP except for the
treatment without plant growth regulator (Table 2). The
percentage of explants forming shoots varied between
type of explants (hypocotyl and cotyledon) as well as
between the genotypes, Holleta—1 and Yellow Dodola
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Figure 2. Shoot initiation and regeneration from the callus of hypocotyl and cotyledon explants of
Brassica carinata cultivars after eight weeks of culture on full MS medium supplemented with 2 mg/L
BAP and root induction in MS medium supplemented with 0.3 mg/L IBA. (A and B). New shoot
initiation from hypocotyl and cotyledon explant of Yellow Dodola respectively after 8 week of culture.
(C and D). New shoot initiation of hypocotyl and cotyledon explant of Holleta—1 respectively after 8
weeks of culture. (E and F). Shoot regeneration of hypocotyl derived calli on MS medium after 10
weeks of culture from Holeta—1 and Yellow Dodola, respectively, (G and H). Root induction after
four weeks culture from Yellow Dodola and Holeta—1 respectively, (I and J). Acclimatization of the in
vitro plantlets of Yellow Dodola and Holetta—1 respectively in the greenhouse after two weeks of
removing the plastic bag, (K and L). Well-developed plantlets one month after acclimatization and
plantlets flowering after a month in the green house, respectively.
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Table 2. Shoot regeneration frequencies from hypocotyls and cotyledon explants of Brassica carinata cultivars obtained from callus using different
concentrations of BAP after eight weeks of culture.

Concentration Hypocotyl Cotyledon
PGR (mg/L) Calli regenerated No of shoots per Shoot Calli regenerated No of shoots Shoot
shoots (%) callus length shoots (%) per callus length (cm)
Yellow Dodola
0 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0°
1 39.6+1.2° 3+0.87° 3.9+0.53" 22+1.0° 3.1+0.63° 3+1.0°
Bap 2 QOiZ'Oab 7.7¢1 .5%3 7.7¢1 '52: 45+0.81° 5.4+1.53° 5.4+0.38°
3 46.4+1.8 5+1.53 5.7+1.44" 29+1.53° 3.8+1.04° 3.8+1.0°
Mean 44 5 5.8 24.2 3.32 4
CV (%) 3.4 16 3.8 17 47
Holeta-1
0 0.00.0° 0.0+0.0° 0.0+0.0° 0.00.0° 0.00.0° 0.0+0.0°
1 31+0.76° 2.3+0.57° 3.7+0.58° 19.8+1.06° 1.3+0.58"° 2.9+0.1°
Bap 2 56.9+1 .213 611.53ab 6.710.85: 3412.083b 3.711.01 6+1.0°
3 37+0.68 3.7£1.15 4.3+1.53 22.4+0.53 2.3+0.58™ 4+1.0°
Mean 31.3 4 33.7 2.4 43
CV (%) 2.6 11 12 13 1.9

The experiment was arranged in randomized complete design, with three replications and each experiment contained five explants Per Magenta Box. Means with in
a column followed by the same superscript letters are not significantly at P<0.05 according to DMRT.

on MS media supplemented with different concen-
trations ofthe BAP. These findings exhibited a varied
response (22-90%) of shoot regeneration from both
explants of both cultivars. Similar results were
obtained by Moghaieb et al. (2006) and Kamal et
al. (2007) in B. napus.

The explants developed as tiny patches of pale
green callus bearing several hump-like structures
within a period of 20-30 days. At the concentration
of 0.5 mg/L 2, 4-D subsequently, they differentiated
into shoot buds. Best shoot elongation was
achieved when regenerating segment of the callus
was cut into smaller pieces containing three or
four shoots and sub cultured in the basal medium
supplemented with 2 mg/L BAP. These results are

correlated with those reported by Moghaieb et al.
(2006), Zeynali et al. (2010) and Kamal et al.
(2007) in B. napus. Results of the effect of BAP
on shoot initiation in the two varieties of B.
carinata are presented in Table 2 and Figure 2.
The result reveals that all varieties respond to all
treatments. Morphologically, best shoots were
induced on the medium that contained 2 mg/L
BAP (Figure 2). Highest percentage of survival
rate of cultured explants was obtained at 2 mg/L
of BAP. This holds true for both the varieties.
Shoot regeneration frequency (SRF) was 90% for
hypocotyl explants and 45% for cotyledonary
explants of Yellow Dodola at 2 mg/L of BAP. In
Holleta—1 there is a significance difference among

the concentrations. The highest recorded SRF is
56% from hypocotyls explants and 34% from
cotyledonary explants (Table 2) at 2 mg/L of BAP.
Based on this result, 2 mg/L BAP concentration
was used as an optimum PGRs for shoot initiation.
Similar results have been reported by Ravanfar et
al. (2009) in B. oleracea.

The same results have been reported by Khan
and Rashid (2002) where they have shown that
the important factors for shoot regeneration were
explant type and genotype. This is also in
agreement with Moghaieb et al. (2006), Yang et
al. (1991) and Yu et al. (2005). Thus, it is clearly
shown that the regeneration depends on explants
type and genotype.



Among the four different BAP, 2 mg/L of BAP produced
significantly maximum number of shoots for both varieties
(Table 2). Yellow Dodola gave maximum mean number
of shoots (7.7) followed by Holleta—1 (6) from the hypo-
cotyl explants. The maximum shoot height attained at 2
mg/L of BAP for Yellow Dodola and Holleta—1 were 7.7
and 6.7 cm, respectively from the hypocotyl explants
(Table 2). Medium supplemented with 2 mg/L of BAP was
the best in many of the parameters recorded. However,
there was a significant difference between the cultivars in
number of shoots developed and shoots length. Yellow
Dodolla was best in both cases (Table 2).

The responses of explants for shoots regeneration were
different. Various authors (Munshi et al., 2007; Gubis et
al., 2004) reported that hypocotyl explants were superior
to cotyledon in shoot regeneration efficiency and shoot
length. MS medium supplemented with 2 mg/L BAP was
the most effective in adventitious shoot formation and
shoot length in both explants and cultivars. This result
agreed with those of George et al. (2008) who showed
that one of the B. napus cultivars named RK—7 had low
shoot regeneration (18%) from cotyledonary explants
while the same cultivar had a higher (27%) shoot
regeneration from the hypocotyls explants.

Genotypic effects

Genotypic effect is well established in tissue culture
response. Different genotypes had different physiological
requirement of plant growth regulators for in vitro shoot
and root regeneration (Malik et al., 2005).

The response of various genotypes to callus formation
varied considerably. Similarly, the effect of hormones on
callus formation of the two genotypes was different
(Table 1). A differential response in callus induction and
survival was noticed when calli were cultured in media
supplemented with auxins (2,4-D and NAA) and cytokinin
(BAP) at different concentrations. The genotype, Yellow
Dodola was found more responsive to callus production
than Holleta—1 (Table 1). Such results can be attributed
to the genetic differences in the two varieties. Genotypic
influence on in vitro morphogenesis in Brassica has been
documented previously (Khan and Rashid, 2002; Dietert
et al., 1982; Fazekas et al., 1986; Khehra and Mathias,
1992). Such reports indicated that the developmental
processes reflected by in vitro response are genetically
controlled. Total number of shoots regenerated varied
significantly among the two genotypes. During this study,
a better consistent response and maximum number of
shoots (90%) was produced from Yellow Dodola.

Root organogenesis

Effect of NAA and IBA on root induction

The rooting results reveal that plantlets cultured on rooting
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media induced roots in all media whether or not
supplemented with NAA and IBA. The primary roots were
observed after two weeks of culturing on MS medium
supplemented by different concentrations of IBA and
NAA. However, well developed and mature roots were
obtained after a month. Rooting of plantlets was usually
attained at half MS medium with low concentrations of
auxins and sucrose. Similar result was reported by Khan
and Rashid (2002). Among the different auxins, IBA was
the best for root induction. The treatment containing 0.3
mg/L IBA and the control (MSO) gave the highest
percentage of plantlets producing roots and mean
number of roots per plantlet in both genotypes (Table 3).
The highest percentage of explant producing roots (98%)
and mean number of roots produced per explants (9) was
observed on Yellow Dodela supplemented with IBA (0.3.
mg/L) and the lowest frequency of response (41%) on
Yellow Dodola fortified with NAA (0.5 mg/L). Whereas,
Holleta—1 had the highest and lowest root formation at 92
and 38% on media fortified with 0.3 and 0.5 mg/L of IBA
and NAA, respectively. NAA supplemented medium
resulted in low root induction and shoots in the medium
had a tender callus at the base of shoots and produced
stumpy and thick roots. These results are in agreement
with the findings of Ravanfar et al. (2009). Caboni and
Tonalli (2002) reported that IBA is the most effective
auxin for root induction in a wide range of plant species.
IBA is superior in stability than NAA. The present study
also proved that IBA was better than NAA for root
induction. Similarly, Salman (2002) as well as Ali et al.
(2007) reported a similar result by using 0.3 mg/L of IBA
in B. oleracea and B. napus (Westar) respectively where
90% root formation was recorded in the latter.

The second maximum frequency of root formation
(91%) of Yellow Dodola was achieved on half strength
MS medium without growth regulators along with
maximum root length (4.7 cm). It is assumed that root
formation on auxin free medium may be due to the
availability of higher quantity of endogenous auxin in
shootlets raised in vitro. Similar results were reported by
Ali et al. (2007) in B. napus. Both treatments showed
significant difference with respect to the percentage of
shoots forming roots, mean number of roots produced
per shoot, root length, fresh and dry weight. In this study,
the highest increase in fresh and dry weight was
observed in medium supplemented with 0.3 mg/L IBA.
There was a significant difference between the root
length attained with IBA and NAA treatment. NAA
produced fewer roots than IBA. Similar results were
obtained by various authors (Moghaieb et al., 2006;
Chamandosti et al., 2006; Kamal et al., 2007).

Genotypic effect

The response of different genotypes to root induction
varied considerably. Similarly, the effect of hormones on
root formation of the two genotypes was different (Table 3)
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Table 3. Effect of auxin types on percentage of shoots with root, mean number of roots produced per shoot, root length (cm) and fresh and dry weight (gm)

of B. carinata after four weeks of culture.

PGR Concentration (mg/L) Shoots with root (%) Number of roots per shoot Root length (cm) Fresh weight (g) Dry weight (g)
Yellow Dodola
MSO 0 91.6+0.513° 7.3+1.16° 4.7+0.572 1.320.15b 0.17+0.058°
0.1 80.50+0.50° 3.7 +1.54° 2.3+0.57° 1.320.21° 0.13+0.0°
0.3 98.7+0.65° 9.0+1.0% 4+1.7% 2.0+0.0% 0.22+0.07°
IBA 05 66.0+1.0° 3.0+1.0° 1.9+1° 0.93+0.6° 0.11 £0.09°
Mean 84.2 575 3.2 1.4 0.43
CV (%) 0.67 9.6 12 10 8.6
0.1 66.7+0.51° 1.620.63° 1.3+0.57° 1.1+ 0.17b° 0.13 +0.061"
0.3 77.9+0.15° 2.3+0.58° 1.7+0.57° 1.4+0.32° 0.17 +0.058°
NAA 05 41.5+0.50° 1.50+0.50° 1.320.57° 0.57+0.45° 0.08 +0.029°
Mean 69.4 3.2 2.2 1.1 0.12
CV (%) 0.35 13 19 3.8 2.8
Holeta—1
MSO 0.0 88.6+0.49° 7.0+1.0° 3.9+0.13° 1.17+0.29 0.16+ 0.212
0.1 77.9+0.15° 3.3 +1° 3.3+0.57° 1.0£0.10° 0.10+ 0.0°
0.3 92.0+4.13? 8.0+1.0° 1.7+0.57° 1.37+0.122 0.13 +0.06°
IBA 05 43.5+3.01° 2.3+0.58° 1.6£1.23° 0.8+0.39° 0.09+0.01°
Mean 75.5 5.2 2.6 1.1 0.12
CV (%) 3.74 1.97 54 9.09 0.4
0.1 62.0+0.95° 2.0+1.00° 0.83+0.14° 0.77+0.21% 0.086+0.03?
0.3 66.8+0.21° 2.7+0.58° 0.98+0.028° 1.1£0.15% 0.10+ 0.00%
NAA 0.5 38.6+0.53° 1.3310.58° 0.77+1.15° 0.5+0.36" 0.08+0.035°
Mean 63.7 3.08 7.4 0.87 0.1
CV (%) 1.26 9.9 8.8 3.8 47

The experiment was arranged in randomized complete design, with three replications and each experiment contained five explants. Means with in a
column followed by the same superscript letters are not significantly at (P<0.05) according to DMRT.

Variations in percentage and root length among
the tested cultivars indicated that the differences
in responses were due to the differences between
the genotypes. Genotypic variations in in vitro
culture system are frequently observed in B.
carinata cultivars. During the present study, it was

revealed that the varieties varied significantly for
their regeneration capacity on the similar medium.
This might be due to their genetic differences.
Similarly, genotypic influence on in Vvitro
morphogenesis in Brassica spp. has been
documented previously (Dietert et al., 1982; Khan

et al., 2010). After thorough washing of the well-
developed roots with tap water, in vitro raised
plantlets were then transferred to the pot
containing sterilized soil mixed with a proportion of
1:2:1 sand, red soil and compost, respectively, at
green house with 80% humidity, 25°C



temperature and 16 h light of about 2700 lux of light intensity
and 8 h dark. About 100% plantlets were successfully
established.

Conclusion

The present study describes an effective indirect regene-
ration protocol for in vitro propagation of two genotypes of
B. carinata. Cotyledon explants gave higher callus initiation
percentage than hypocotyls explants in both genotypes at
the concentration of 0.5 mg/L 2, 4-D. The BAP and NAA
took longer time to produce callus, and caused the
formation of poor and compact calli with many necrotic
sites. Successful shoot regeneration was achieved from
white compact callus. 2 mg/L BAP is better for shoots
induction in both genotypes. The highest percentage of
shoots producing roots and mean number of roots per
explants was achieved at the concentration of 0.3 mg/L of
IBA. The survival rate of regenerated plantlet was 100%.
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