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Abstract Plant regeneration has been optimized increasingly 
by organogenesis and somatic embryogenesis using a range of 
explants with tissue culture improvements focusing on factors, 
such as the age of the explant, genotype, media supplements 
and Agrobacterium co-cultivation. The production of haploids 
and doubled haploids using microspores has accelerated the 
production of homozygous lines in Brassicaceae crop plants. 
Somatic cell fusion has facilitated the development of in-
terspecific and intergeneric hybrids in sexually incompatible 
species of Brassica. Crop improvement using somaclonal 
variation has also been achieved. Transformation technologies 
are being exploited routinely to elucidate the gene function 
and contribute to the development of novel enhanced crops. 
The Agrobacterium-mediated transformation is the most 
widely used approach for the introduction of transgenes into 
Brassicaceae, and in vitro regeneration is a key factor in 
developing an efficient transformation method in plants. 
Although many other Brassicaceae are used as model species 
for improving plant regeneration and transformation systems, 
this paper focuses on the recent technologies used to re-
generate the most important Brassicaceae crop plants.

Keywords Brassica, Brassicaceae, Improvement, Tissue 
culture

Introduction

Many economically important edible and industrial oilseed, 
vegetable, condiment, and fodder crop species are included 

in the Brassicaceae family. Brassica is the most economically 
important genus in this family. Several species and types 
of Brassicas include significant oilseed crops, vegetables 
and forage crops, which are used in the production of con-
diments, such as mustard. Among the Brassica crops, oil-
seeds have the highest economic value. Oilseed Brassicas 
are found within Brassica juncea, Brassica carinata, 
Brassica rapa and Brassica napus, and are commonly 
called oilseed rape. Vegetable Brassica are an important 
and highly diversified group of crops grown worldwide 
and belong mainly to the species B. oleracea, as well as 
B. rapa and B. napus. This group includes plants such as 
broccoli, Brussels sprouts, cabbage, cauliflower, collards, kale, 
kohlrabi, rutabaga, and turnip. Brassica vegetables contain 
little fat, and are sources of vitamins, minerals, and fiber. 
They also contain a large number of novel phyto-
chemicals, some of which offer protection against carcinogenesis 
(Steinmetz and Potter 1996). Although most research in 
Brassica crops have been performed on oilseed and 
vegetable biotypes, the rapid-cycling Brassica biotypes of 
various species have attracted increasing attention.
  In recent years, major efforts in Brassicaceae research 
have focused on using tissue culture technology for crop 
improvement. In vitro techniques have been applied to 
Brassicas from different points of view, resulting in or-
ganogenesis, somatic embryogenesis and regeneration (Koh 
and Loh 2000; Khan et al. 2002). The production of 
doubled haploid cultivars through the application of in 
vitro cultures of isolated microspores has been applied or 
utilized increasingly for the development of initial breeding 
materials with agronomic traits contributing to both a high 
yield and desired seed composition. The main advantages 
are the decrease in time to develop new varieties, rapidly 
fix traits in the homozygous condition and can increase 
the selection efficiency. This methodology is now used in 
many B. napus breeding programs around the world as an 
alternative/supplement to conventional methods of homozygous 
line production (Koprna et al. 2005). Microspore culture 
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and protoplast culture techniques are used most frequently 
for the manipulation of a foreign gene to broaden the 
genetic diversity. The most common use of protoplasts is 
in somatic hybridization experiments either to overcome 
the barriers in sexual crosses or to modify the cytoplasmic 
traits by altering the organelle populations (Kumar and 
Cocking 1987). Reliable and efficient callus induction and 
plantlet regeneration procedures are also essential for efficient 
Agrobacterium-mediated transformation methods. This area 
needs to be studied for a high frequency shoot regeneration 
system, which is pre-requisite for genetic transformation 
(Riemenchucider et al. 1988). High frequency shoot regene-
ration using hypocotyl explants has been reported for B. 
napus var. Westar. Consequently, this material has been 
used extensively for genetic transformation studies (de Block 
et al. 1989). Considerable research has been carried out in 
the regeneration of the Brassicaceae crop plants. 
This review, presents pertinent research with a focus on 
improving Brassica biotechnology. This includes organogenesis, 
somatic embryogenesis, microspore culture and doubled 
haploids, somatic cell fusion and somaclonal variation for 
the improvement of Brassicaceae crops.

Organogenesis

Organogenesis is an indispensable tool for plant regeneration 
using tissue culture techniques as well as for plant trans-
formation. With the exception of the floral dip method the 
above transformation methods rely on having a robust re-
generation system in place for transformation success (recovery 
of transgenic plants). Regeneration protocols have been 
developed for most Brassica species and organogenesis 
has been the widely used pathway for regeneration. The 
regeneration of plants via organogenesis has been acco-
mplished from a range of tissues, such as cotyledons (Yang 
et al. 2004), hypocotyls (Yang et al. 1991), peduncle seg-
ments (Eapen and George 1997), leaves (Radke et al. 
1988), leaf sections (Alaska-Kennedy et al. 2005), anthers, 
microspores (Keller and Armstrong 1977; Litcher 1982), 
thin cell layers of epidermal and subepidermal cells (Kli-
maszewska and Keller 1985), roots (Xu et al. 1982), and 
protoplasts (Hu et al. 1999). However, it is the seedling 
explants (cotyledons and hypocotyls) that remain the favorite 
for transformation and have been used for most Brassica 
species owing to their ability to regenerate. Many factors 
that affect the successful regeneration of shoots in vitro 
are discussed below.

Genotype 

Extensive screening of genotypes and tissue culture conditions 
have improved the frequency of shoot regeneration in 
most of the Brassica species. Despite these advances, 
some genotypes remain highly recalcitrant to in vitro re-
generation. The genotype-dependent nature of in vitro shoot 
regeneration, both within and among Brassica species, was 
first reported by Murata and Orton (1987), who suggested 
shoot regeneration to be a heritable trait. Sparrow (2004b) 
examined the genetic control of shoot regeneration from 
cotyledonary petioles using diallel crosses in B. napus and 
B. oleracea, respectively. They reported that shoot regeneration 
was under strong genetic control and is associated with 
additive and dominant gene effects, with additive gene 
effects accounting for most of the variation. The ability to 
introduce or increase the in vitro shoot regeneration 
potential of a genotype by conventional breeding, might 
help to overcome the restrictions to routine transformation 
programs where efficient shoot regeneration is a critical 
requirememt. QTL associated with the shoot regeneration 
efficiency in Arabidopsis have also been identified (Lall et 
al. 2004), and the genetic regulation of gene expression 
during shoot development is attracting considerable attention. 
A large variation in the regeneration frequency of 51 
genotypes of B. carinata was observed (Gil-Humanes et 
al. 2011). In B. napus, there was a huge variation ranging 
from 0% to 91% in the 100 cultivars tested (Ono et al. 
1994). In one study, B. napus cultivar GSL-1 showed better 
regeneration efficiency than Westar (a standard cultivar for 
transformation) (Phogat et al. 2000). Of the 123 genotypes 
of Chinese cabbage (B. rapa ssp. pekinensis) tested, a 
large variation in regeneration frequency was observed, 
ranging from 95% to 0% (Zhang et al. 1998). Therefore, 
the genotype specificity is a limiting factor in Brassica 
tissue culture and regeneration, which severely limits the 
germplasm that can be manipulated or improved. 

Intolerance to in vitro conditions

All cells that contain a nucleus are theoretically totipotent 
and retain the genetic information needed to regenerate a 
whole plant. On the other hand, some genotypes are 
simply unable to tolerate the in vitro conditions and thus 
regenerate shoots. An intolerance to in vitro conditions has 
also been observed in B. oleracea and B. napus (Sparrow 
et al. 2004a, 2004b, 2006) and shown to be a dominant 
heritable trait. In these papers, cotyledonary petioles from 
a range of genotypes were screened for their regeneration 
potential in the absence of Agrobacterium. Genotypes that 
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demonstrated tissue culture blackening failed to regenerate 
shoots or regenerated a low number of small shoots direct 
from the petiole base (without a callus phase), which were 
often non-viable. In contrast, the genotypes that regenerated 
multiple shoots, which is a response associated with a small 
callus phase, and no blackening were considerably more 
favorable to an Agrobacterium-mediated transformation 
than the genotypes that regenerated a small number of 
shoots direct from the petiole base.

Age and size of the explants

The age and size of the explant is also critical for optimal 
results. For example, 3-day-old seedlings of B. rapa ssp. 
oleifera yielded a better regeneration than those older than 
4 days (Burnett et al. 1994). In B. napus, 4-day-old seedling 
explants proved optimal, yielding a 90% regeneration rate 
(Ono et al. 1994). In rapid-cycling B. rapa, 3-day-old 
explants from seedlings were the best for regeneration 
(Teo et al. 1997). In all the above cases, the regeneration 
capacity decreased when the age of the seedling was 
increased to more than 4 days. In one instance, it was 
found that 2 week old explants resulted in good regeneration 
in cabbage (Jin et al. 2000). For hypocotyl sections, the 
older explants (8–10 days) have also been used for B. 
napus allowing a larger number of explants to be obtained 
per seedling (Maheshwari et al. 2011). On the other hand, 
Gasic and Korban (2006) reported that hypocotyls from 3–
4-day-old seedlings gave optimal results in B. juncea. A 
3-day-old seedling in one culture room under one light 
regime might be different (larger or smaller) than the same 
seedling grown under different growth room conditions. 
What appears critical in both systems, however, is the 
length of the hypocotyl section. Small sections were 
optimal, i.e. 5–10 mm sections (where smaller explants 
performed better). Long hypocotyl sections had a tendency 
to curl and therefore loose contact with the culture media. 

Choice of media and other media constituents

Regeneration success is affected by the choice of transfor-
mation protocol, hormones and other media additive levels 
used. Hypocotyl and leaf sections often require a callus 
phase before shoot regeneration (Yang et al. 2004; Gasic 
and Korban 2006). This is normally achieved using a high 
cytokinin (usually BAP) to low auxin (e.g. NAA) ratio. 
Gil-Humanes (2011) obtained approximately 82% shoot 
regeneration from hypocotyls culture using 5 mg/l BA and 
1 mg/l 2,4-D in B. napus. The regeneration efficiency was 

the highest with BAP 3.0 mg/l/NAA 0.3 mg/l in B. juncea 
(Bano et al. 2010). The optimum regeneration was found 
on a combination of BAP (3.0 mg/l) and IAA (0.2 mg/l) 
in B. juncea (L.) (Singh et al. 2009). Moreover, various 
media additives might increase the regeneration efficiencies 
in Brassica. Methylglyoxal-bis-(guanylhydrazone) (MGBG), 
an inhibitor of spermidine biosynthesis, was reported to 
increase the regeneration frequencies from 7% to 63% in 
Brassica and other genera (Sethi et al. 1990). In contrast, 
putrescine, a polyamine, was found to enhance shoot 
regeneration in Chinese radish when used with silver 
nitrate or aminoethoxyvinylglycine (Pua et al. 1996). On 
the other hand, putrescine was not effective when used alone, 
but was synergistic with ethylene inhibitors. Brassinolides, a 
relatively new class of compound, was also found to stimu-
late the production of adventitious shoots from cauliflower 
hypocotyl segments (Sasaki 2002). Infection was most effective 
(highest infection frequency) when Chinese cabbage explants 
were infected with Agrobacterium for 15 min and co- 
cultivated for 3 days in a co-cultivation medium at pH 5.2 
supplemented with10 mg/l acetosyringone (Zhang et al. 
2000).

Hyperhydricity and tissue necrosis

Hyperhydricity (formerly termed “vitrification”) and tissue 
necrosis can present a serious problem for plant tissue 
culturists. Nevertheless, a better understanding of the underlying 
mechanism of hyperhydricity and its control in vitro can 
contribute significantly to improved tissue culture success 
(Ziv 1991). In B. rapa and B. juncea, Chi and Pua (1989) 
and Chi (1990) reported that higher regeneration frequencies 
could be achieved if the explants were given an app-
ropriate media and environmental conditions, thereby 
removing/reducing hyperhydricity. The factors found to 
affect hyperhydricity and tissue necrosis are the accumulation 
of ethylene and high humidity in culture vessels (de Block 
et al. 1989), excessively rich media (Ziv 1991), Agrobacterium 
overgrowth/sensitivity (Jin et al. 2000), and high doses of 
exogenous cytokinin and/or auxin (Kamal et al. 2007). In 
B. napus (Cardoza and Stewart 2003), increasing the percentage 
of gelling agent (from 0.8% phytagar to 1.2%) in the shoot 
elongation medium reduced the relative humidity of the 
culture vessel and reduced the hyperhydricity. Ethylene is 
another key factor in optimizing the tissue culture conditions 
for some Brassica species (Cardoza and Stewart 2004). 
Silver nitrate has been used to reduce the hyperhydricity 
in a range of Brassica species, such as B. rapa (Yang et 
al. 2004) and B. napus (Tang et al. 2003). In addition, 
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excluding silver nitrate from the tissue culture media can 
reduce regeneration frequency drastically in some genotypes 
of B. napus (Phogat et al. 2000). Excluding silver nitrate 
in media reduced the regeneration frequency considerably 
in B. napus (Phogat et al. 2000; Khan et al. 2002a, b). In 
Chinese radish (Raphanus sativus var. longipinnatus), the 
combination of silver nitrate and aminoethoxyvinylglycine 
was found to enhance shoot regeneration significantly (Pua 
et al. 1996). Other ethylene inhibitors, which can be used 
in combination or as an alternative, include silver thiosulphate 
(Eapen and George 1997) and aminoethoxyvinylglycine 
used by Chi (1990) for B. rapa and B. juncea, Pua and 
Chi (1993) for B. juncea, and Burnett (1994) for B. rapa. 

Shoot elongation and rooting in vitro

Once shoot regeneration has been achieved from the 
desired genotype, another stumbling block can be the 
isolation of viable shoots. This is partially true for B. 
rapa, which is one of the more recalcitrant Brassica 
species (Sparrow and Goldsack unpublished data). Small 
shoots are often prone to an undesirable morphology, 
hyperhydricity and a failure to elongate, and roots in vitro. 
A shoot elongation step, where the cytokinin levels are 
lowered but not removed, can often help the shoots to 
elongate (Bhalla and Singh 2008). Hyperhydricity is often 
overcome once the shoots have elongated, but occasionally 
other supplements need to be explored. Rooting is often 
achieved by simply removing the cytokinin (Sparrow et al. 
2006) but in some cases, may also require the addition of 
an auxin (such as NAA or IBA) (Bhalla and Singh 2008; 
Singh et al. 2009).

Somatic embryogenesis

Somatic embryogenesis, which has been the subject of 
increasing research, has become one of the most desired 
pathways in the regeneration of plants via tissue culture 
because it bypasses the need for time-consuming and 
costly manipulation of individual explants, which is a 
problem with organogenesis. Somatic embryogenesis might 
also overcome the difficulties with micropropagation pro-
cedures in species that are difficult to root. Although 
somatic embryogenesis has been used in transformation 
and regeneration systems in many plant species, Brassica 
crops appear to be lagging in this direction; possibly due 
to the tractability and advanced state of organogenesis 
techniques in Brassica. Microspores or anthers have been 
the somatic embryogenesis explants of choice in most 

Brassica species (Tuncer and Yanmaz 2011) but there are 
few reports using other explants. Somatic embryos have 
been obtained from hypocotyls (Kohlenbach et al. 1982), 
protoplast-derived colonies (Kranz 1988), immature cotyledons 
(Turgut et al. 1998) and zygotic embryos (Burbulis et al. 
2007) in B. napus. Somatic embryogenesis has been re-
ported in B. juncea L. cv. Pusa Jai kisan from hypocotyl 
and cotyledon explants (Fig. 1) (Akmal et al. 2011). In 
Chinese cabbage, somatic embryogenesis has been induced 
from cotyledonary explants (Choi et al. 1996). Somatic 
embryos in cauliflower were obtained by Leroy (2000) 
using hypocotyl explants. Somatic embryogenesis has been 
reported in rapid-cycling B. napus from hypocotyl explants 
(Koh and Loh 2000). Regarding organogenesis, the genotype 
is a very important factor in the embryogenic frequency of 
most Brassica species. Only one of three different Chinese 
cabbage cultivars ‘Top Salad’ yielded somatic embryos 
(Choi et al. 1996). Genotype effects are important in B. 
rapa (Baillie et al. 1992), B. carinata (Barro and Martin 
1999), and B. napus (Chuong et al. 1988). 

Anther/microspore culture and double haploids

One of the most exciting developments in biotechnology 
has been the production of haploid and doubled haploid 
plants. Haploids and doubled haploids have been produced 
in Brassica species using anther culture or isolated microspores, 
thereby providing a tool for the rapid production of 
homozygous lines for the production of hybrid seeds. This 
technology is a valuable tool in breeding self-incompatible, 
outcrossing lines, which are typical in vegetable Brassica. 
A range of techniques for microspore/anther cultures have 
been developed for Brassica species (Palmer et al. 1996). 
Somatic embryos and plantlets were produced in B. napus 
as early as 1977 (Keller and Armstrong 1977), and have 
been exploited for a range of purposes since that time. On 
the other hand, most genotypes respond better to isolated 
microspore cultures, and these explants give a higher embryo 
yield than an anther culture (Cao et al. 1995). Genotype- 
dependent effects were also observed in B. carinata (Barro 
and Martin 1999) and B. oleracea (Na et al. 2011). 
Therefore, this technology needs to be extended to non- 
responsive cultivars before it becomes a universally efficient 
tool in breeding. Once haploid plants are produced, doubled 
haploids can be obtained either by colchicine application 
on haploid plants or by a process of spontaneous doubling 
of the chromosomes. In Brassica species, spontaneous doubling 
depends on the genotype, microspore stage and culture 
conditions. Low-temperature treatment has facilitated the 
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Fig. 1 Somatic embryogenesis. a) Cotyledon derived embryogenic callus, b) Globular embryo, c) Torpedo shaped embryo, d) Heart 
shaped embryo, e) Globular stalked embryo, f) Heart shaped mature embryo (arrow indicating distinct shoot and root pole), g) Heart 
shaped embryo with cotyledons and long radical, h) Cotyledonary embryo, i) Germinated seedling like cotyledonary embryo, j) 
Development of emblings, k) Plantlets developed from the emblings (adopted from Akmol et al. 2011)

Fig. 2 Microspore derived embryo of Brassica oleracea L. Var. italica . A) Cotyledonary microspore embryo formation after 4 weeks 
in culture medium; B) Microspore derived plantlet formation after 4 weeks on conversion medium; C) Acclimatized microspore 
derived plants in the greenhouse 4 weeks after transfer from in vitro culture (adopted from Na et al. 2011)

production of doubled haploids (Chen and Beversdorf 
1992). B. juncea doubled haploids have been produced by 
culturing microspores and treating the haploid plants with 
colchicines (Lionneton et al. 2001). Recently, breeders have 
employed doubled haploids to produce homozygous lines 
in relatively short periods.

Microspore and anther cultures are employed as breeding 
tools to improve vegetable Brassica, such as B. oleracea 
(Fig. 2) (Na et al. 2011) and B. rapa ssp. chinensis (Cao 
et al. 1994). Pink (2008) reviewed the applications of 
double haploids produced via an anther or microspore 
culture in crop improvement research on vegetable Brassicas 



18 J Plant Biotechnol (2012) 39:13–22

Fig. 3 Protoplast fusion between A. thaliana and B. napus. a) 
Development of calli and shoots derived from protoplasts of A. 
thaliana (ecotype ‘Wassilewskija’) 2 months after isolation. The 
arrow shows a regenerated shoot, b) Leaf morphology of A. 
thaliana (left), somatic hybrid and B. napus (right), c) Flowers 
from A. thaliana (left), hybrids (from left to right) and B. napus
(right) (adopted from Yamagishi et al. 2002)

(B. oleracea). Many studies employed microspore culture. 
A microspore culture is useful in gene transfer, bio-
chemical and physiological studies and in the production 
of desired traits, such as herbicide resistance and fatty acid 
modification through mutagenesis and selection in Brassica 
(Gil-Humanes and Barro 2009). Microspore-derived embryos 
of B. napus have been used to examine the biochemical 
pathways and screen metabolic products (Wiberg et al. 
1991). Microspores have also proven to be viable trans-
formation targets for the production of transgenic B. napus 
plants (Nehlin et al. 2000). 

Somatic cell fusion

Protoplast fusion allows the creation of hybrid and cybrid 
combinations of species that are sexually incompatible, 
thereby facilitating the transfer of genes from a related, 
but sexually incompatible species, to another without genetic 
transformation. This technology has allowed not only 
intrageneric hybridization, but also the production of intergeneric 
hybrids and cybrids. A range of desirable traits from the 
parents have been transferred to the hybrids and cybrids 
using this technology. One success of protoplast fusion has 
been the production of disease-resistant hybrids. Somatic 
hybrids that are resistant to bacterial soft rot have been 
produced by the fusion of B. rapa and B. oleracea protoplasts 
(Ren et al. 2000). Somatic hybrids that are resistant to 
Leptosphaeria maculans were produced by fusing the pro-
toplasts of B. napus and Sinapis arvensis, which is a wild 
relative of B. napus (Hu et al. 2002), and were fully 
fertile. Interspecific hybrids have been produced by fusing 
the mesophyll protoplasts of B. juncea and B. spinescens 
(Kirti et al. 1991b). The hybrids had morphological features 
and chromosomes of both parents, but had sterile pollen. 
Although hybrids had sterile pollen, backcrosses with B. 
juncea yielded viable seeds.
  Another important use of protoplast fusion is the pro-
duction of male-sterile lines. Male-sterile, cold-tolerant B. 
napus somatic hybrids were produced by fusing an Ogura 
male-sterile cold- sensitive cauliflower inbred line (B. oleracea 
var. botrytis inbred ‘NY7642A’) with a cold-tolerant, fertile 
canola (B. rapa cv. Candle) (Heath and Earle 1996). Male 
-sterile cybrids have also been produced by the fusion of 
protoplasts of B. napus and B. tournefortii (Liu Clarke et 
al. 1999). A cytoplasmic male-sterile cybrid of B. oleracea 
was produced by transferring the sterile ‘Anand’ cytoplasm 
(originally from a wild species of B. tournefortii) from B. 
rapa to B. oleracea (Cardi and Earle 1997). Cold-tolerant 
cytoplasmic male-sterile (CMS) cabbage (B. oleracea ssp. 

capitata) was produced by fusing the leaf protoplasts from 
fertile cabbage and a cold-tolerant Ogura male-sterile 
broccoli (Sigareva and Earle 1997). An interesting application 
of protoplast fusion is the combination of male-sterile and 
fertility restoration systems, which would be amenable for 
the production of heterotic hybrids. This technology was 
applied to B. juncea via protoplast fusion with Moricandia 
arvensis with the fertility restoration function of this male 
-sterile B. juncea by introgression (Prakash et al. 1998). 
On the other hand, these CMS lines were chlorotic. 
Protoplast fusion of chlorotic male-sterile B. juncea with 
green male-sterile B. juncea resulted in green male-sterile 
plants (Kirti et al. 1998). Protoplast fusion between A. 
thaliana and B. napus resulted in the production of 
asymmetric hybrids, which included three male-sterile 
hybrids (Fig. 3) (Yamagishi et al. 2002). The male-sterile 
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plants would be excellent candidates for a study of the 
genes involved in CMS. Because the A. thaliana genome 
has been sequenced, somatic hybrids and cybrids of A. 
thaliana and Brassica species should help unravel the 
genomic functions in several crops in the family.

Somaclonal variation

Genetic variations are very important in crop improvement 
and form the basis of the development of new varieties. 
Somaclonal variation is a valuable tool in plant breeding, 
wherein the variations in tissue culture-regenerated plants 
from somatic cells can be used in the development of 
crops with novel traits. By applying selection pressure 
during tissue culture, it is also possible to develop somaclones 
resistant to biotic and abiotic stresses (Jain 2001). Somaclonal 
variations are associated with changes in the chromosome 
number and structure, point mutations and DNA methylation 
(Brown et al. 1993). Somaclonal variation has been observed 
in cauliflower plants propagated from adventitious root 
meristems (Grout and Crisp 1980) as well as anther culture 
-derived doubled haploids of B. napus (Hoffmann et al. 
1982). In anther culture-derived plants of B. juncea var. 
Rai-5, a variation in the agronomic character, oil content 
and fatty acid composition were observed (George and 
Rao 1983). Yellow-seeded variants were observed in the 
progeny of the plants regenerated from cotyledonary explants 
of B. juncea cv. TM-4 (George et al. 1987). Somaclonal 
variants in R1 generation were selected from Indian 
mustard (B. juncea cv. Prakash) plants developed from 
shoots induced from a cotyledonary callus (Jain et al. 1989). 
These Indian mustard plants display large variations in all 
the characters evaluated. Some of the plants also showed 
significantly higher yield as well as other improved ag-
riculturally important characteristics compared to the controls. 
Somaclonal variations have led to the selection of a dwarf 
mutant and true breeding lines in the R2 generation. 
Somaclones of B. juncea producing high yields and resistance 
to shattering have been selected and released commercially 
(Katiyar and Chopra 1995). The selection pressure in vitro 
yielded salt-tolerant somaclones of B. juncea (Kirti et al. 
1991a).

Conclusions and future prospects

Science and technologies in plant cellular and molecular 
biology offer tremendous potential for plant improvement. 
Tissue culture, somatic cell fusion, somaclonal variation 

and transformation together can be of use in the develop-
ment of plants with novel desirable traits. The mapping 
and sequencing of Brassica genomes will facilitate the 
isolation of specific genes to assist in crop improvement 
and help to better understand the basic biology of this 
fascinating genus. Many genetic improvements with the 
highest impact have come from a genetic transformation 
where an efficient regeneration protocol is the prerequisite. 
Although these developments are at least partially the 
result of the increased efficiency in many of the tissue 
culture technologies reviewed, possibly the most promising 
technology on the horizon for Brassica is in planta trans-
formation, which would, paradoxically, negate the need 
for tissue culture and much of the information reviewed in 
this paper. 
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