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Abstract: Brassica napus L. is very important oilseed crop in the world. It is the second largest world oil crop
after soybean with 13% world production. Its use has been documented in Europe since the 13  century andth

has been grown 2000 BC in India mainly for its use as oil for lamps. B. napus L. is thought to have originated
in either the Mediterranean regions or Northern Europe. It has been developed about 7500 years ago from two
diploid species; B. rapa and B. oleracea containing C and A genomes, respectively, which was later confirmed
by artificial synthesis of amphidiploids and chromosome pairing, use of genome specific chromosome markers,
nuclear DNA content, DNA analysis and chloroplast data. A large number of rearrangements (translocations
and inversions) have been found in two diploid genomes indicating that they have formed prior to the
divergence of the two species. The linkages also consist of central fusion or fission which shows that this
mechanism has played an important role in the evolution of B. napus L. Due to high linkage disequilibrium by
diagnostic markers in the genomes can be used for marker assisted breeding for producing low glucosinolates
and erucic acid in its seed. Narrow genetic base of resynthesized B. napus L. can increase the genetic variation
for establishing a distant gene pool for production of hybrids and adaptation of breeding material selection in
oilseed B. napus L. has accelerated the loss of erucic acid and glucosinolates and preserving the oil synthesis
genes. These practices provide the basis for amphidiploid evolution and its association with crop domestication
and improvement.
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INTRODUCTION (rapeseeds or swede) are cultivated for the production of

The genus Brassica includes a number of important B. carinata  Burn. (Abyssinian  or  Ethiopian  mustard),
crop species (about 37) which produce edible roots B. juncea Czern. (Indian mustard) and Coss. and B. nigra
(Raphanus spp.), buds, stems and flowers and seeds [47]. L. [28]. The wild relatives are useful for the source of
The Brassicaceae (also  known  as  Crucifera  or  mustard) cytoplasmic male sterility for the hybrid seed production
is a large dicot family [47] and is a major contributor to the in the Brassica and also share nuclear genes which can be
human  nutrition  of  millions of people worldwide [43]. incorporated for resistance against different pests and
The species belonging to Brassica are economically diseases.
important   species   which   include;  B.  oleracea  (n=9), Among all the Brassicas, the B. napus L. (also called
B. rapa (n=10) also called as B. compestris, B. nigra (n=8), rapeseed, oilseed rape and canola) is the most
B. juncea (n=18), derived from the interspecific crossing economically important species, an amphidiploid
between B. nigra (n=8) and B.rapa (n=10), B. carinata containing  the  two  genomes of  its progenitors B. rapa
(n=17), derived from  the  interspecific crossing between (A genome) and B. oleracea (C genome). It exists in
B. nigra and B. oleracea and B. napus (n=17), derived different forms such as oilseed, vegetables, rutabagas and
from the  interspecific  crossing  between  B.  rapa  and fodder [45]. It is the second largest world oilseed crop
B. oleracea [21]. B. napus L. and B. compastris after soybean with 13% of world production [45]. Its seed

rapeseed and canola oil [27]. The mustard group includes
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contain 30-40% oil and 35-40% protein depending upon Europe and Mediterranean regions. It may be possible
the type of species and cultivar [37]. In Pakistan it was that B. napus have formed at different locations from
grown on an area of 0.586 million acres with its seed and crosses between B. rapa and B. oleracea of different
oil production was 0.218 and 0.68 million tonnes, types. Recently, it has been found that three diploid
respectively during 2013-14. Edible oil is a major Brassica maternal species are not  closely related and
component of diet but Pakistan is deficient in its have been originated about 24 million years ago around
production and massive quantity of edible oil necessities the intersection forming between Arabian Peninsula and
are fulfilled through imports. During the last year total Saharan   Africa. The   oleracea   lineage   giving   rise   to
availability  of  edible  oil  was  2.325  million tonnes. B. rapa and B. oleracea originated in the northeastern
Locally    only   contributed    0.606    million   tonnes, Mediterranean about 3 million years ago, from where
while  remaining 1.719  million  tonnes  edible  oil  had  to ancestors of B. rapa spread to Asia and B. oleracea
be imported. It is accounted   for   26% of  the  total through Europe [8].
availability  whereas the  country  had  to  import  the Different hypothesis have been proposed for the
remaining  74%  [22]. The reasons for the low production origin of B. napus. [49] have proposed an origin in the
are; rapid rise in population thus decreasing cultivated Mediterranean  region  of  southwest  of   Europe) [21],
area and living standards of its people, lack of high the two parents (B. rapa L. and B. oleracea L.)
yielding varieties, lower production per unit area and lack overlapped in their natural or agricultural environment.
of proper production technology [6, 37]. Due to high Repeated backcrossing of the interspecific hybrids to one
photosynthetic rate per unit leaf area it has high yield or both  parental populations have been suggested for
potential and it is positively correlated with number and the  origin  some  populations  of  B.  napus  L.  [40].
volume of chloroplast per unit leaf area. Root forming Multiple origins of B. napus proposed by Song et al. [50]
types of B. napus L.(commonly known as rutabagas) are and Song and Osborn [51] based on restriction fragment
also present which are grown as fodder for animals and length polymorphism (RFLP) analysis. RAPD analysis has
vegetables for us[8]. also been widely used to study the genetic variation in

Origin: Brassica napus L. is the most productive oilseed carried out with B. napus and B. juncea germplasms and
species and is grown as oilseed in various countries of not much information is available on the extent of genetic
the world. B. napus L. (spp. oleifera) usually known as variation present in B. campestris using DNA based
rapeseed, oilseed rape or canola is thought to have marker systems.
originated in either the Mediterranean regions or Northern While, observing chloroplast  diversity in B. napus
Europe. Sinskaia is considered the first who tried to cross L. from interspecific crosses made during crop
Brassica species and crossibility of species replace the improvement programs prove that original introgression
long term confidence  in  the  taxonomic boundaries [49]. event resulting in to B. napus L. involved different
It has been developed from two diploid species B. rapa maternal parents and have been occurred on more than
and B. oleracea which were closely related to each other one occasion [4]. Recently, it is concluded that oilseed
[55]. The C and A chromosomes pair readily with their rape (Brassica napus L.) has been formed about 7500
respective C and A homologues in B. rapa and years ago by crossing between B. rapa and B. oleracea,
B.oleracea. followed by chromosome doubling (allopolyploidy) [12].

Brassica napus L. (n=19) is an amphidiploid species The cytogenetic relationship proposed by U [55]
derived from interspecific crosses between B. oleracea between the Brassica species was later confirmed by
(n=9) and B. rapa (n=10). Wild types of B. napus have artificial synthesis of amphidiploids and chromosome
been found on the beaches of Netherlands, Sweden, pairing, use of genome specific chromosomes markers,
Britain and the Gothland. The  naturalized  (distinct  from nuclear DNA content, DNA analysis and chloroplast
cultivated) forms of B. napus were found in New Zealand data[51,30,42]. It is proposed that the three diploid species
at coastal areas, usually where wild forms of B. rapa and (B. nigra L. Koch., B. oleracea L. and B. rapa L.) have
B. oleracea grow. Some researchers believe that B. napus evolved from common ancestor [43,57]. Recent molecular
have been formed on the northern of Europe, while others investigations proved a common origin for these species
believe it has been originated in the northern or Western but evolved from separate progenitor.

Brassicas [11,17,24,54]. However, the earliest studies were
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 U,1935 (U-triangle) e.g. Bt toxin and herbicide resistance. The hybrids of first

Resynthesis of B. Napus L.: In narrow genetic base of non-crop habitats. The hybrids grow well but produce
resynthesized B. napus L. can increase the genetic less seeds than parents and difference declines with
variation for establishing a distant genepool for increasing generations as well as presence of high
production of  hybrids and adaptation of breeding uncertainty about the recombination, evolution of
material [20]. Resynthesized oilseed rape is an important chromosome numbers [32]. The extensive studies about
genetic  resource  to  modify  the  composition of the gene flow management are needed to organize and
rapeseed  specially  leaf glucosinolates. Glucosinolates strengthen the biological knowledge to assess the
are secondary components present in the Brassicaceae evolutionary and practical outputs of introgression. 
with complex biological functions. It has been found with Resynthesized oilseed rape is an important genetic
more than 100 different side chains [33]. The different resource to change the composition of rapeseed and
types of glucosinolates present in leaves are lowering the leaf glucosinolate contents. The contents of
glucobrassicanapin,      progoitrin      and     gluconapin. the  glucosinolates  differ  depending   on   plant  part,
The presence of glucosinolates in leaves and stems may with both qualitative and quantitative differences among
attract some insects, while repelling others but it inhibits seeds, leaves and stems [56]. In seed its concentration is
several important  bacterial  processes  during  the about 5-10 times higher as compared to leaves and stems
production of biogas using green biomass. Resynthesis but not always. So production of zero and double zero
of stable B. napus by crossing B. rapa and B. oleracea is lines with low and high glucosinolates contents in seeds
difficult. It may be resynthesized by crossing diploid as independently from the leaf glucosinolates is somewhat
well  as  tetraploid  B.  rapa  and  B.  oleracea.  However, challanging [33].
it resulted in very small proportions of pollinations and
thus less in a viable hybrid plant [38]. The production of Domestication: B. napus L. was cultivated by ancient
hybrid plants from diploid  parents  can  be  enhanced civilizations in the Mediterranean and Asia. Its use has
through embryo rescue or somatic hybridization been documented in Europe since the 13  century and has
techniques can be employed [39] and such plants often been grown 2000 BC in India mainly for its use as oil for
normally have a high frequency of chromosomal lamps [15]. 
rearrangements and reduced fertility [38, 41]. The closest The limiting factors in use of Brassica oil were more
relatives involved in the generation of B. napus would than 40% erucic acid and glucosinolates in dry matter.
permit further study of genetic factors which are required Erucic acid is measured undesirable for human nutrition
for the formation of stable amphiploid and allow the more and  glucosinolates  are considered undesirable as
generation of fully fertile resynthesized B. napus L. [4]. protein-rich meal in animal feed [9,13]. Safe limits have

Gene flow canola to vegetable B. napus (rutabagas,
swedes, Siberian kale) and vegetables B.rapa (pakchoi,
turnip, Chinese  cabbage)  is  possible  because  these
have  common  sets  of  chromosomes.  Though,
vegetables B. rapa and B. napus are generally harvested
before flowering which reduces the chances of hybrid
production. Similarly no hybrids have been reported
between vegetables B. oleracea (broccoli, cauliflower,
Brussel sprouts, kohlrabi, several kales etc.) and canola
because of harvesting before flowering and seed set.
Forage crop of B.napus L. rarely flower and are consumed
by foraging animals before seed setting. Gene flow may
occur in different steps (i) spontaneous hybridization (ii)
seeds and pollen as a vectors (iii) hybrid behavior which
include fitness cost due to mechanisms of introgression
and hybridization (iv) fitness benefits due to transgenes

generations  are  difficult  to  identify  in the fields and

th
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been described for these compounds as  less  than 2% reduced the glucosinolates genes and genes for oil
erucic acid and less than 30 mole/g of glucosinolates in biosynthesis have been preserved. These are clear
oil free meal [23]. With the detection of low glucosinolates indications of crop improvement and domestication [1, 2,
and zero erucic acid in natural population of B. napus and 3, 12]. The Brassica rapa Genome sequencing project
utilization of these variants in intensive breeding (BrGSP), a multinational project has produced an
programs in Canada and Europe during 1960-1970 totally important genomic resources Bacterial artificial
removed the erucic acid from the oil and reduced content chromosomes (BAC) libraries and BAC-end sequences by
of glucosinolates less than 30 mole g  from seed meal SSR markers, physical and genetics maps and seed-1

[14,52]. This upgraded oilseed B. napus is called as canola bacterial  artificial  chromosome  sequence for B. rapa.
or double low rapeseed. At early times, the canola or This linkage map between the B. rapa and B. napus will
double varieties were low in yield and agronomic traits as permit the rapid transfer of these important genetic
compared to the traditional types. However, intensive resources from B. rapa to B. napus by gene tagging and
plant breeding efforts in the past few decades increased map-based cloning in B. napus and for comparative study
agronomic traits as well as seed yield. At this time, the B. of A genome in Brassica species [59, 60]. 
napus L. is one of the most important oilseed crops in the
world. It has entered in high competitive business led by Strategies in Breeding: Similarity between the ancestors
the  private  breeding  companies.  For  this  purpose, of each of two genomes (C and A) discovered in B. napus
plant breeders working in private companies are often would assist in fusion of novel alleles from the
hassled to develop varieties in short duration by using widespread Brassica gene pool in oilseed rape crop
elite lines or cultivars in crossing programs. genetic improvement programmes. The first intergeneric

Edible oil was first extracted in Canada in 1956 [5, 15]. fertile hybrid Raphanobrassica [26] and it was also forced
Canola is now grown primarily for its seeds which yield that the diploid Brassica species are descended from a
between 35 % to over 45 % oil. Cooking oil is the main use hexaploid ancestor [29]. In B. napus breeding for low seed
but it is also commonly used in margarine. After oil is glucosinolates have long been a primary target. For this
extracted  from  the  seed, the remaining by-product, associative transcriptomics (a novel association) have
canola seed meal is used as a high protein animal feed. been applied to B. napus to identify the genes controlling
Rapeseed  and mustard are widely cultivated in Asia, total seed glucosinolates contents. Then deletion of these
West Europe and Japan. India, China and Pakistan are the polymorphisms successfully converted into polymerase
larger producers of rape and mustard [37]. chain reaction. Due to high linkage disequilibrium by

Genomic Studies: The extensive duplication of loci may marker  assisted  breeding   for  low  glucosinolates in
be expected in a species that has evolved through seed [32, 44, 45]. In addition to this B. carinata (an
polyploidy ancestor. The diploid progenitors of B. napus allotetraploid) with C and B genomes, has a number of
(C and A genomes) are widely duplicated clones (about important traits that would be valuableto incorporate into
73%) of two or more duplicate sequence within each B. napus by backcrossing. Later the traits can be
genome. Most of these duplicated loci have been found confirmed by using SSR markers, genomic in situ
as distinct linkage groups as collinear blocksand hybridization (GISH) assay and counting of chromosomes
rearrangements including translocations and inversions. to check the introgression into B. napus indicating that B.
A large number of rearrangements have been found in two carinata (C genome) chromosomes pair and recombine
diploid genomes indicating that they have formed prior to normally with those of B. napus without major
the divergence of the two species. The linkage may also chromosomal rearrangements [34,35,36]. The crossing of
consist of central fusion or fission which shows that this B. oleracea  and B. oleracea is normally unsuccessful,
mechanism has played an important role in the evolution but by using of in vitro culture technique e.g embryo
of B. napus. The B. napus genome and its duplication rescue, can produce hybrids [25,53,58]. Similar types of
resulted in functional and epigenetic cross talk with hybridization have been extensively studied by many
various homeologous exchanges and subtle structures. researchers [10,19,31,48]. Many of these attempts are
Expression divergence and initial gene loss has begun in based conventional  techniques  (e.g  hand  pollination).
B. napus. Furthermore selection in oilseed B. napus has In  these experiments the frequency of  hybrids  are low.

diagnostic  markers  in  the  genomes can be used for
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When B. rapa is used as female parent it produce hybrid 5. Al-Shehbaz, I.A., 2012. A generic and tribal synopsis
at high frequency which indicate a strong incompatibility of the Brassicaceae (Cruciferae). Taxon, 61: 931-954.
in the reverse cross [7,16,18]. In addition to these 6. Amanullah, M. Hassan and S.S. Malhi. 2011.
unidirectional  incompatibility   is   also  observed  when Phenology and seed quality response of rape (B.
B.    carinata     and  B.     napus    are    synthesized. napus) versus mustard (B. juncea) to sulphur and
The incompatibility  barriers  may  occur  at  any stage potassium fertilization in northwest Pakistan. J. Plant
from pollination to fertilization or at later stages of Nutrition, 34(8): 1175-1185.
development to a fertile plant. 7. Ammitzboll H., T.N. Mikkelsen and R.B. Jorgensen,

CONCLUSIONS between oilseed rape and Brassica rapa. Environ.

Brassica napus L. is the most productive oilseed 8. Arias, T., M.A. Beilstein, M. Tang, M.R. Mckain and
species and is grown as oilseed in various countries of J.C. Pires. 2014. Diversification times among Brassica
the world. Its use has been documented in Europe since (Brassicaceae) crops suggest hybrid formation after
the 13  century and has been grown 2000 BC in India 20  million  years  of  divergence.  Am.   J.   Bot.,th

mainly for its use as oil for lamps. B. napus L. is thought 101(1): 86-91.
to have originated in either the Mediterranean regions or 9. Bell, J.M., 1993. Factors affecting the nutritional
Northern Europe. Due to high linkage disequilibrium by value of  canola  meal: A  review.  Can. J. Anim. Sci.,
diagnostic markers in the genomes can be used for marker 73: 679-697.
assisted breeding for producing low glucosinolates and 10. Bennett, R.A., G. Seguin-Swartz and H. Rahman.
erucic acid in its seed. Narrow genetic base of 2012. Broadening genetic diversity in canola: towards
resynthesized B. napus L. can increase the genetic the development of canola quality Brassica oleracea.
variation for establishing a distant gene pool for Crop Sci., 52: 2030-2039.
production of hybrids and adaptation of breeding material 11. Bhatia, S., S. Das, A. Jain and M. Lakshmikumaran.
selection in oilseed B. napus L. has accelerated the loss of 1995. DNA fingerprinting of the B. juncea cultivars
erucic acid and glucosinolates and preserving the oil using    the     microsatellite     probes;
synthesis genes. The reviewer will be able to understand Electrophoresis, 16: 1750-1754.
origin, importance, establishment, future aspects and 12. Chalhoub,   B.F.   Denoeud,   S.   Liu,   I.A.P.   Parkin,
strategies of Brassica napus L. after the study of this H. Tang, X. Wang, J. Chiquet, H. Belcram, C. Tong,
manuscript. B. Samans, M. Corréa, C.D. Silva, J. Just, C. Falentin,
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