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Abstract The present work describes a procedure
that allows for the easy and rapid induction of
caulogenesis in four cultivars of Brassica napus L.
from transversal Thin Cell Layers (tTCLs). In order
to investigate the regeneration ability of this crop, the
effects of genotype, explant source and culture
medium were examined on shoot regeneration. The
tTCL explants were excised from hypocotyl and
petiole of 2-week-old seedlings and cultured on
a solid basal MS medium supplemented with
o-naphthaleneacetic acid (NAA: 0.1-0.4 mg 1‘1),
6-benzylamino-purine (BAP: 1-4 mg I"") and sucrose
(2040 g I'Y). A significant genotypic effect was
observed between the four cvs; Jumbo and Drakkar
displayed higher capacities to produce shoots than
Pactol and Cossair. Regeneration commenced earlier
and the percentage of shoot-producing explants as
well as the number of shoots per regenerating explant
was greater. The comparison between the regenera-
tion ability of different explants showed that the
hypocotyls exhibited a high rate of shoot organogen-
esis when they were cultured on MS medium
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supplemented with 3 mg 1”' BAP, 0.3 mg I"' NAA
and 30 g I”' sucrose. Adventitious shoot buds devel-
oped from 46% of the tTCLs, with a mean of 7.5
buds. Furthermore, the method was fast with shoot
formation occurring by 7 days culture. Plantlets
regenerated from all shoots and developed normally.
The regenerated plants were fertile and identical to
source plants.
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Abbreviations

BAP 6-Benzylamino-purine

NAA a-Naphthaleneacetic acid

MS Murashige and Skoog’s medium (1962)

PGRs Plant growth regulators
tTCL(s) Transverse thin cell layer(s)
Introduction

Brassica napus L. (oilseed rape, rapeseed) is one of
the most important vegetable oil and protein-rich
meal crops in the world. Its cultivation has increased
tremendously during the last decade and, by now; it is
the second largest contributor to the world supply of
vegetable oil (Tang et al. 2003). In addition, the plant
is able to produce biomass with added economical
value. Hence, increasing its production is one of the
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most important challenges. To this effect, researchers
focused on the genetic improvements.

In the past years, genetic improvements have
mainly been achieved by conventional breeding
methods, especially for F1 hybrid production. Genetic
engineering also increased the possibilities for rape
improvement (Charest et al. 1988), but a fast and
reliable regeneration system is required for efficient
Agrobacterium-mediated transfer of various agro-
nomic and quality characters (Takasaki et al. 1997;
Tang et al. 2003). Furthermore, uniform regeneration
protocols would be desirable for maintenance of
original genetic combinations or self-incompatible
lines. In addition, efficient tissue culture systems
provide the opportunity to understand mechanisms
that control processes such as mutagenesis and
transgenesis. These systems can also be used to
increase genetic variability. For B. napus, it is known
that shoot regeneration largely depends on genotype,
explant source (Akasaka-Kennedy et al. 2005), PGR
concentration and sucrose content (Nhut et al. 2003;
Tang et al. 2003). Previous studies showed that
organogenesis could be achieved from various
explants: cotyledons (Narasimhulu and Chopra
1988), immature cotyledons (Turgut et al. 1998),
hypocotyls (Khehra and Mathias 1992), stem sections
(O’Neill et al. 1996) and longitudinal Thin Cell
Layers (ITCLs) from stems (Klimaszewska and Keller
1985; Nhut et al. 2003). However, to the best of our
knowledge, there is no report on plant regeneration
system using tTCLs excised from hypocotyls or
petioles of young plants cultivated in vitro.

The present work describes a shoot regeneration
system using transversal Thin Cell Layers (tTCLs)
isolated from four cultivars of B. napus L. The TCLs
technology originated almost 30 years ago (Tran
Thanh Van 1973). Since then, TCLs have been
successfully used in the micropropagation of many
plants including some recalcitrant ones such as
Lupinus species (Mulin and Bellio-Spataru 2000) or
Spinacia oleracea (Léguillon et al. 2003). The tTCls
have also been successfully applied to Lilium longi-
florum (Bui et al. 1999) or Oryza sativa L. (Nhut
et al. 2000). In the present paper, factors influencing
shoot regeneration from tTCLs are investigated in
rapeseed. The effects of genotype, explant source,
PGR concentration and sucrose content are studied to
establish a highly efficient and fast regeneration
system.
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Materials and methods
Plant material

Four B. napus L. cultivars were used to evaluate shoot
regeneration: Jumbo, Drakkar, Cossair and Pactol.
These four different cvs are pure lines, genetically
fixed, and were obtained by autofertilization.

Origin and preparation of tTCL explants

Seeds were surface-sterilized in 70% ethanol for 30 s,
followed by immersion in calcium hypochlorite (5%
w/v) added with two drops of Tween-20 for 30 min.
The seeds were rinsed three times with sterile water
upon sterilization and sown in test tubes on MS medium
(containing 20 g I"" of sucrose and solidified with agar
(Kalys, HP 696) at 6.5 g I""). They were incubated
under a photoperiod of 12 h (40 umol m™= s™") pro-
vided by cool white fluorescent lamps, with a 22/20°C
thermoperiod (light/dark). Explants (tTCLs of 0.3—
0.5 mm) were excised from hypocotyls and petioles of
2-week-old seedlings and placed in contact with the
medium (25 ml) in 90 mm plastic Petri dishes (50 tTCls
of one source each). For each treatment the experiment
was repeated thrice (N = 3).

Culture medium

Hypocotyl and petiole tTCls were cultured on MS
medium (comprising macronutrients, micronutrients
and vitamins of Murashige and Skoog 1962) supple-
mented with different combinations of BAP
(1-4 mg 1*1), NAA (0.1-0.4 mg 1*1) and sucrose
(2040 g 1I'". All media were solidified with agar
(6.5 g 17", adjusted to pH 5.8 by 0.1 N NaOH and
sterilized by autoclaving at 120°C and 1 kg c¢m™ for
20 min.

Culture conditions

The cultures were incubated in the same conditions as
previously described. The number of explants with
shoot buds was scored after 2 weeks culture and the
adventitious shoots formed per explant were counted.
Well-developed shoots were separated and transferred
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to MS medium lacking PGRs to induce rooting (under
the same conditions used for germination). The rooted
shoots were acclimatized under a 16 h photoperiod at
50 umol. m™ s provided by cool white fluorescent
lamps, with a 22/19°C thermoperiod (light/dark). The
small plantlets were transferred in pots containing
sterile compost, watered daily and fertilized with
Hoagland’s solution twice a week in a mist chamber
for 10 days prior to transfer in a naturally-lighted
greenhouse. The acclimatization experiments were
repeated several times throughout the three last years
to check the capacity for normal flowering and
fertility.

Data analysis

The rate of caulogenesis and the number of shoots per
organogenic explant was recorded from three repli-
cates, each with 50 tTCLs per treatment. The values
were compared by analysis of variance (ANOVA)
and the differences among means (5% level of
significance) were tested by the Duncan’s Multiple
Range Test using StatGraphics Plus 5.1.

Results

Typically, tTCL explants (Fig. 1b) from 2-week-old
seedlings (Fig. 1a) swelled after 4-5 days of culture.
Sometimes, a small amount of light-green callus
proliferation was observed through the binocular
glass on the subepidermal area. Shoot regeneration
occurred from tTCL explants that appeared green and
formed a peripheral crown of buds after 7-10 days
(Fig. 2a). These shoots were generally associated
with intense rhizogenesis. Non-regenerating explants
could show either rhizogenesis only or browning and
necrosis after 3 days of culture.

Results indicate that shoot regeneration ability is
strongly influenced by the genotype. Considerable
variation in shoot regeneration from tTCL explants
was observed both between and within the Brassica
cultivars. The first shoots were observed after 7 days
on tTCLs of Jumbo and Drakkar in almost all PGR
combinations screened (Fig. 2b) while they appeared
after 3—4 weeks from tTCLs of Pactol and Cossair. In
addition, the caulogenesis rate ranged from 6% for
Cossair to 46.7 % for Jumbo with the highest number

Fig. 1 Mother plant and tTCLs from rapeseed. (a) Fifteen-
day-old seedlings of B. napus var. Jumbo (bar: 1.8 cm);
(b) fresh hypocotyl tTCLs (bar: 1 cm)

Fig. 2 Shoot regeneration from B. napus tTCLs after 2 weeks
of culture on MS + 3 mg 1" BAP + 0.3 mg "' NAA + 30 g 1!
sucrose. (a) Multiple shoots formed on hypocotyl tTCLs of
Jumbo (crown of buds) (bar: 0.5 cm); (b) multiple shoots formed
on hypocotyl tTCLs of Drakkar (bar: 1.2 cm)

of shoots per explant (7.5) (Table 1). Furthermore,
the origin of tTCL explants also affected shoot
regeneration: hypocotyl tTCLs best responded com-
pared to petiole tTCLs for all the genotypes tested
(Table 1). For Jumbo, the induction of adventitious
buds from tTCLs of petiole reached 34.7% on MS
medium added with 0.3 mg I"' NAA, 3 mg 1! BAP
and 30 g I"! sucrose.

In this study, four combinations of NAA and BAP
were tested for each genotype and for each explant
source. The best rate of plant regeneration was
obtained with 0.3 mg 1"' NAA and 3 mg 1”' BAP for
all genotypes and explants (Table 1). The least shoot
regeneration frequency was observed for 0.1 mg ™!
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Table 1 Effect of genotype on in vitro organogenesis from tTCLs of petioles and hypocotyls

Genotype Shoot regeneration frequency (%) Number of shoots per tTCL

Petioles Hypocotyls Petioles Hypocotyls
Jumbo 34.7% 46.7% 5.5% 7.5%
Drakkar 10.0° 32.2° 1.3% 2.5°
Pactol 9.0° 11.0° 1.2% 2.0°
Cossair 2.0¢ 6.0 1.0 1.5¢

Data (percentage of tTCLs producing shoots and number of shoots per tTCL) were collected after 2 weeks of culture on medium
supplemented with 0.3 mg 1”! NAA, 3 mg 1”! BAP and 30 g 1! sucrose

The results were calculated from three replicated experiments, each with 50 tTCL explants per treatment. For each parameter, the
values with different letters are significantly different (Duncan’s test)

NAA and 1 mg 1! BAP and for 0.4 mg 1"' NAA and
4 mg "' BAP (Table 2). With regard to sucrose
concentration, 30 g I”" was significantly beneficial to
bud formation for the four varieties tested when
cultured in the presence of 0.3 mg 1™ NAA and
3 mg "' BAP (Tables 1 and 2).

Finally, the shoots transferred in test tubes exhib-
ited rooting and rapid development (Fig. 3a, b, c and
d). When hardened just after rooting, regenerated
plantlets transferred to pots in greenhouse showed a
high rate of survival upon acclimatization (80—100%)

(Fig. 4). The plants developed until flowering
8 weeks later (Fig.5) and fertile seeds were
harvested.

Discussion and conclusion

Based on the efficiency of the thin cell layer
technology for the propagation of various plant
species, this study was undertaken to achieve a high
rate of regeneration in B. napus L. from tTCL
explants. This technique promoted rapid and inten-
sive shoot regeneration with shoot buds developing
within 7 days for the most reactive genotype. These
results compare favourably with recent studies of
shoot regeneration of rapeseed from traditional
explants (Tang et al. 2003; Akasaka-Kennedy et al.
2005) and from TCLs (Klimaszewska and Keller
1985; Nhut et al. 2003). Based on these two last

Table 2 Influence of PGRs and sucrose content on in vitro organogenesis from tTCLs of petioles and hypocotyls of Brassica napus

cv. Jumbo

Sucrose (g 1’1) Growth regulators (mg 1’1)

Shoot regeneration frequency (%)

Number of shoots per tTCLs

NAA BAP Petioles Hypocotyls Petioles Hypocotyls
20 0.1 1 0.0° 2.0 0.0° 1.0°
30 0.1 1 2.0¢ 4.0° 1.0° 2.0°
40 0.1 1 3.0 3.0¢ 1.5° 1.0°
20 0.2 2 4.0° 5.0¢ 2.5° 1.5°
30 0.2 2 7.0%¢ 7.0%¢ 2.5° 1.0°
40 0.2 2 14.0° 19.1¢ 2.5° 1.0°
20 0.3 3 23.0° 28.4° 2.5° 2.0°
30 0.3 3 34.7° 46.7° 5.5° 7.5%
40 0.3 3 18.1¢ 11.0° 2.5° 1.0
20 0.4 4 9.0% 3.0¢ 2.0° 1.0°
30 0.4 4 3.0 2.0¢ 1.5° 1.0°
40 0.4 4 0.0° 2.0¢ 0.0° 1.5°

Data (percentage of tTCLs producing shoots and number of shoots per tTCL) were collected after 2 weeks of culture

The results were calculated from three replicated experiments, each with 50 tTCL explants per treatment. For each parameter, the
values with different letters are significantly different (Duncan’s test)

@ Springer



Plant Cell Tiss Organ Cult (2008) 92:25-30

29

Fig. 3 Plants regenerated from hypocotyl tTCLs and trans-
ferred in test tubes on MS for development and rooting (bar:
1.8 cm): (a) Jumbo (b) Drakkar (c¢) Pactol (d) Cossair

Fig. 4 Rooted plants regenerated from hypocotyl tTCLs of
Drakkar transplanted in pots for 1 week (bar: 4 cm)

references, using TCL explants provides a method for
efficient bud regeneration but the explants were
excised longitudinally and originated from 6-week-
old flowering plants cultured in greenhouse. How-
ever, in our study, responsive TCL explants were
excised transversally and from young axenic plants.

In our experiments, all the factors evaluated
influenced shoot regeneration. In this respect, a
strong genotypic effect was previously reported in
B. napus tissue culture (Akasaka-Kennedy et al.
2005). Jumbo and Drakkar showed a greater capac-
ity to produce shoots on the medium containing
0.3 mg I"' NAA, 3 mg I"' BAP and 30 g I"' sucrose
than Pactol and Cossair. The use of these four

Fig. 5 Plant regenerated from hypocotyl tTCL of Drakkar,
flowering 8 weeks after transfer in pot (bar: 10 cm)

genotypes, two favourables and two recalcitrants
within the same genus, may be a useful approach to
conduct a genetic analysis of shoot regeneration
(Julliard et al. 1992).

The source of tTCLs was also a critical factor in
our experiments: for all genotypes, hypocotyl tTCLs
best responded compared to petiole and exhibited the
highest shoot regeneration frequency. Tang et al.
(2003) showed that the PGR content and the sucrose
concentration affected significantly the regeneration
process from traditional explants as observed from
tTCL explants in our study. Moreover, our results
indicate a negative correlation especially for the most
reactive genotype Jumbo, between the PGR content
and the sucrose concentration: at low PGR content,
shoot regeneration increased with the sucrose con-
centration and inversely (Table 2). Thus, sucrose may
compensate for the lack of PGRs in culture medium
for shoot regeneration.

Based on the factors evaluated, a fast regeneration
protocol was achieved using in vitro cultivated tTCL
explants which proved especially responsive for two
of the four genotypes tested.

For further improvements, other factors could be
taken into account, such as hormonal or light
pretreatments (Julliard et al. 1992; Nhut et al.
2000), the age of the mother plant and the medium
pH (Nhut et al. 2002), the addition of AgNO;
(Akasaka-Kennedy et al. 2005) or of various sugars,
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but also more specific factors such as tTCL explant
thickness or position along the organ (Nhut et al.
2001).

In wider applications, tTCLs could be used as a
tool for fundamental regeneration studies and for crop
improvement through mutagenesis or transgenics. In
addition to being an efficient regeneration process,
Teixeira da Silva (2003) provided evidence of the
capacity to efficiently produce non-chimeric trans-
genic plants using similar methods. Given this, tTCLs
should provide a good system for the study of
fundamental and applied aspects of regeneration and
transformation of this main crop.
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