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ABSTRACT 
 

The genus Brassica L. is one of the most economically important genera in the family 
Brassicaceae. It has an essential role in agriculture and horticulture, as well as contributing to the 
economy and populations health. This genus includes numerous species comprising major 
vegetable and oilseed crops with various agronomic traits that need to be further characterized. 
The present paper highlights the current knowledge of taxonomy, chromosome number, genomic 
relationships, geographical distribution, origin, domestication, and breeding technologies of the six 
economically important Brassica species grown in Egypt, as well as describing their genetic 
diversity and relationships at the level of biochemical markers, including storage proteins and 
isozymes. This information would help developing new and more productive crops of disease 
resistant and highly agronomic traits, resulting in a recent platform for crop improvement and 
conservation. 
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1. INTRODUCTION 
 
The genus Brassica L. belonging to the family 
Brassicaceae, plays an important role in 
agriculture and horticulture, as well as 
contributing to the economy and populations 
health [1,2,3]. It includes numerous species 
comprising major vegetable and oilseed crops 
with various agronomic traits [4,5]. Brassica 
species are important sources of vegetables, 
vegetable oil, and condiments [6]. Brassica 
napus, B. juncea, B. rapa, and B. carinata 
provide approximately 12% of the worldwide 
edible vegetable oil supply [7]. The oil is either 
used for human consumption or further 
processed as a biofuel or renewable resource in 
the petrochemical industry. Brassica oleracea 
has a large storage capacity for nutrients and 
provides a large range of unique cole and 
cabbage crops used for human consumption [1]. 
The seed of Brassica nigra is used as a 
condiment mustard. Moreover, Brassica species 
are valuable sources of dietary fiber, potassium, 
phenolics, vitamins A, C and E, and other health-
enhancing factors such as anticancer 
compounds [6,8]. Brassicaceae produces a class 
of biochemicals (glucosinolates) which are 
broken down to compounds (isothiocyanates) 
known to decrease tumour development and 
provide protection against a range of human 
cancers and heart diseases [2,9]. The plants 
containing high amount of glucosinolate may be 
further used as a potential genetic source for 
breeding [10]. Brassica vegetables prevent major 
diseases such as Alzheimers, and some of the 
functional declines associated with ageing [9]. 
Brassica secondary products have antioxidant, 
antibacterial and antiviral effects as well as 
stimulating the immune system and modulating 
steroid metabolism [2,9]. 
 
Various bacterial, fungal, viral, pest and insect 
pathogens, including Peronospora parasitica 
(downy mildew), Plasmodiophora brassicae 
(clubroot), Ophiosphaerlla korrae (ring spot), 
Fusarium oxysporum (yellows or fusarium wilt), 
Leptosphaeria maculans (blackleg), 
Xanthomonas campestris (black rot), Prodenia 
spp. (cut worms), Brevicoryne brassicae 
(aphids), Pieris rapae (cabbage worms) and 
Delia radicum (cabbage root fly) infect Brassica 
and crucifers causing harmful diseases and 
severe damage [11]. The use of pesticides to 
control these devastated diseases is harmful for 

human and environment. The issue that has led 
to searching for alternative resources to control 
these diseases. To close this gap, disease 
resistant Brassica varieties would be develped in 
future breeding programs in order to improve 
their conservation and agricultural production. 
Hence, attention has been paid to wild Brassica 
genetic resources (repositories of resistance 
genes) to identify the genes conferring resistance 
and good agronomic traits including oil content 
[2,12-14]. Better methods for characterizing 
those germplasm collections such as 
biochemical traits, have also been developed to 
improve strategies for their biodiversity 
conservation and utilization in varietal 
improvement. Therefore, the main aim of this 
review is to summarize current knowledge of the 
application of those biochemical genetic traits 
(storage proteins and isozymes) in the genus 
Brassica L. in order to understand its genetic 
diversity, conservation and breeding as a basis 
for further research to develop disease-resistant 
and more productive crops. Taxonomy, 
chromosome number, genomic relationships, 
geographical distribution, origin, domestication, 
breeding systems and technologies of Brassica 
species are also discussed. 
 
2. TAXONOMY 
 
The genus Brassica L. belongs to the tribe 
Brassiceae, which in turn belongs to the family 
Brassicaceae (Cruciferae) [1,2]. Scientists 
recorded different numbers of the genera and 
species of the Brassicaceae. Heywood [15] 
found 380 genera and 3000 species in this 
family, whereas Mabberley [16] recorded 365 
genera and 3250 species. Judd et al. [17] also 
recorded 419 genera and 4130 species, while 
Warwick et al. [18] recorded 338 genera and 
3709 species belonging to this family.  
 
The taxonomic status of Brassicaceae and its 
relationships to other families have been the 
subject of controversy among taxonomists for 
many decades. Some taxonomists placed 
Brassicaceae close to the Resedaceae and 
Capparidaceae in the order Cruciales [19,20]. 
Others proposed a relationship between the 
Papaveraceae and Brassicaceae and place 
these families in the same order [21-24]. More 
recently, on the basis of the presence of 
glucosinolates and myrosincells [25] as well as 
on the DNA sequences of the genes [26], close 
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relationships among the Brassicaceae, 
Capparidaceae and Resedaceae have been 
confirmed, while chemical and molecular 
evidences have revealed that the Papaveraceae 
are unrelated to Brassicaceae [27]. Brassicaceae 
has been subdivided by many systematists 
[21,28,29], based on the nature of the hairs, 
fruits, nectar glands and myrosin cells, 
characters of corolla and calyx and position of 
the cotyledons relative to the radicle [27]. 
 
Brassica includes numerous species comprising 
major vegetable and oilseed crops with various 
agronomic traits [2,4,5]. It contains 6 
economically important species, with much 
genetic and morphological diversity, and which 
are cultivated worldwide [30]. Three of these 6 
species are diploid (B. oleracea, 2n = 18;              
B. rapa, 2n = 20; B. nigra, 2n = 16), and 3 are 
amphidiploid (Brassica napus, 2n = 38; Brassica 
juncea, 2n = 36; B. carinata, 2n = 34). Brassica 
species are characterised by a wide range of 
adaptations to various habitats [9,31]. 
 
Brassica oleracea includes many vegetable 
cultivars called cole crops [32]. These cole crops 
comprise cabbage (B. oleracea subspecies 
capitata), cauliflower (B. oleracea subspecies 
botrytis), brussels sprout (B. oleracea subspecies 
gemmifera), broccoli (B. oleracea subspecies 
italica), Kale and collards (B. oleracea 
subspecies acephala), and kohlrabi (B. oleracea 
subspecies gongylodes). The cole crops have 
extreme morphological characters. Examples of 
such morphologies include the enlarged 
infloresences of cauliflower and broccoli; the 
enlarged stems of kohlrabi and marrowstem kale; 
the enlarged apical bud of cabbage; and the 
numerous axillary buds of brussels sprout 
[31,33]. 
 
Brassica rapa L. (synonymous with Brassica 
campestris L.), commonly known as field 
mustard or turnip mustard, is a crop species 
widely grown as a leaf and root vegetable, and 
an oilseed. Brassica rapa and B. campestris 
were first described as 2 species (turnip and wild 
weeds forms) by Linnaeus [2]. Toxeopus et al. 
[34] and CFIA [35] reported that these were the 
same species, and merged the taxa under the 
name B. rapa. There are 3 well defined groups of 
Brassica rapa, based on their morphological 
characters [35]); (1) the oil-type rape or 
oleiferous, often referred to summer turnip rape 
or Polish rape, of which canola is a specific form 
containing low erucic acid in its oil and low 
glucosinolate content in its meal protein; (2) the 

leafy type Brassica rapa, comprising the 
chinensis group (pak-choi, celery mustard), the 
pekinensis group (Chinese cabbage), and the 
perviridis group (tendergreen); and (3) the 
rapiferous type Brassica rapa, including the 
rapifera group (turnip, rapini), and the ruvo group 
(turnip broccoli, Italian turnip) [35,36]. Rakow [1] 
also reported that 7 varieties of vegetable 
Brassica rapa types are known, and these are: 
var. campestris, var. pekinensis, var. chinensis, 
var. para-chinensis, var. narinosa, var. japonica 
and var. rapa. Until recently, these varieties were 
considered as separate species due to the wide 
range of their variability and evolution in isolation 
from each other. 
 
Brassica nigra, known as black mustard, is an 
annual weedy plant grown for its seeds. It is 
growing wild as a weed in the cultivated fields in 
the Mediterranean region [1]. Brassica napus L., 
commonly known as canola or oilseed rape, is 
the amphidiploid (allotetraploid) of Brassica rapa 
and B. oleracea [1]. The term ''canola'' was 
introduced in 1978 by the Canola Council of 
Canada, and often refers to Brassica napus,              
B. juncea and B. rapa species whose seed oil 
contains less than 2% erucic acid [33]. Both 
winter and summer forms of B. napus are 
cultivated as oilseeds in various countries. 
Additionally, root-forming B. napus types, known 
as tuber-bearing swede or rutabaga, are 
cultivated as vegetables [1]. 
 
Brassica juncea L. is an amphidiploid species 
originated from crosses between Brassica rapa 
and Brassica nigra [1]. It has a great seed yield 
potential for semi-arid conditions, and is known 
to be more drought tolerant than rapeseed 
species [37]. It is grown as an oilseed and leafy 
vegetable. Brassica carinata, or Ethiopian 
mustard, is an amphidiploid species originated 
from crosses between Brassica nigra and 
Brassica oleracea, and contains mustard oil [1]. 
 
3. CHROMOSOME NUMBER AND 

GENOMIC RELATIONSHIPS 
 
The cytogenetic research in Brassica started in 
Japan with the identification of the chromosome 
number of Brassica rapa [38]. The genomic 
relationships among Brassica species have been 
determined. The genomes have been 
characterized as the A, B and C genomes, with 3 
monogenomic diploid species, namely Brassica 
rapa (AA, 2n=20), Brassica nigra (BB, 2n=16) 
and Brassica oleracea (CC, 2n=18) [39]. Based 
on the studies of chromosome pairing in 
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interspecific hybrids, Morinaga [40] hypothesized 
that Brassica species with high chromosome 
numbers like Brassica napus (2n=38, AACC), 
Brassica juncea (2n=36, AABB) and Brassica 
carinata (2n=34, BBCC) originated as 
amphidiploids from combinations of pairs of 
species with lower chromosome numbers like 
Brassica nigra (2n=16, BB), Brassica oleracea 
(2n=18, CC) and Brassica rapa (2n=20, AA) 
[2,33,41]. U [42] verified this hypothesis by 
successfully resynthesizing Brassica napus from 
interspecific crosses between the diploid species 
Brassica oleracea and Brassica rapa and 
proposed the genomic relationship among 
Brassica species which is known as Brassica 
triangle or U’s triangle (Fig. 1). These findings 
were later verified by resynthesizing Brassica 
juncea, Brassica napus and Brassica carinata 
through interspecific hybridisation between 
diploid species followed by chromosome 
doubling [33].  
 
The close relationship between the A- and C-
genome has clearly been demonstrated by the 
observation that significantly higher amounts of 
chromosome pairing occur in the AC 
amphihaploids, compared to AB and BC 
amphihaploids [33,43,44]. Formation of 
multivalents in AC amphihaploids (haploids that 
contain one copy of the 2 diploid genomes 
present in the polyploid) suggests that there are 
structural similarities within and among 
chromosomes of these 2 genomes [2]. On the 
other hand, the lack of pairing of the B-genome 
chromosomes with the AC chromosomes 
suggests that this genome is more distantly 
related to the other 2 genomes [33]. It was first 
believed that Brassica nigra may carry a genetic 
factor to suppress homologous pairing, but no 
genetic or cytoplasmic factor has been reported 
that controls pairing [33]. 
 

The diploid Brassica genomes vary from 1.1 
pg/2C (529 Mbp/1C, where C is haploid DNA per 
nucleus) for Brassica rapa to 1.4 pg/2C (696 
Mbp/1C) for Brassica oleracea [31,45]. The 
genomes of the allotetraploids (amphidiploids) 
range from 2.2 pg/2C (1,068 Mbp/1C) for 
Brassica juncea to 2.6 pg/2C (1,284 Mbp/1C) for 
Brassica carinata (Fig. 1). 
 
4. GEOGRAPHICAL DISTRIBUTION, 

ORIGIN AND DOMESTICATION  
 
Species of the family Brassicaceae are believed 
to have originated in the Himalayan region 
[33,46]. The tribe Brassiceae is distributed 
throughout the Mediterranean, the Irano-
Turanian and the Saharo-Sindian 
phytogeographic regions which are different in 
altitude, climate and ecological diversity [33,46]. 
Most of the diversity in the Brassica species 
occurs in the southwest Mediterranean area 
including Algeria, Morocco, Spain, and some of 
the Atlantic islands [47]. It is believed that the 
tribe Brassiceae originated first in the southwest 
Mediterranean region [33,46].  
 
The wild form of Brassica oleracea grows 
perennially along the coast of the Mediterranean 
region from Greece through to the Atlantic coasts 
of France and Spain, around the coast of 
England, and to a certian extent in Helgoland 
[48]. The wild type is found on the limestone and 
chalk cliffs in places protected from grazing. In 
North America and Europe, domesticated types 
have been identified as escapes [48]. Brassica 
oleracea is a recent introduction into North 
America. It is commonly accepted that the 
cabbage origin is the north European countries 
and the Baltic Sea coast [49,50], and 
Mediterranean region [51]. 

 
 

 
 

Fig. 1. Genomic relationships of the different dipl oid and amphidiploid Brassica  species, 
known as U’s triangle. 1C, 1C nuclear DNA content ( pg); GS, genome size (Mbp) [31,33,42,45 ] 
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Brassica rapa originated from the highlands near 
the Mediterranean Sea rather than from the 
Mediterranean coastal areas [1]. The climate in 
these mountainous regions is very cold, and 
Brassica rapa shows rapid vegetative growth 
under low-temperature conditions. From here, it 
spreads northward into Scandinavia and 
westward to Eastern Europe and Germany 
[1,52]. It is believed that Brassica rapa was 
introduced into China through Mongolia or 
western Asia as an agricultural species [1]. The 
introduction into Japan could have occurred via 
China or Siberia. Hence, South India, central 
Asia and China are considered to be secondary 
centers of origin, where the three distinct 
ecotypes of Brassica rapa (brown sarson, yellow 
sarson and toria) have evolved [33,38,53]. 
 
Brassica nigra grows in the Mediterranean 
region, extending into central Asia and the 
Middle East [1,33]. It has been found on road 
sides and fields near Tangiers, Morocco, Egypt, 
and under semi-cultivated conditions in Rhodes, 
Sicily, Turkey and Ethiopia. In the climatic 
conditions of the Mediterranean regions, 
Brassica nigra grows relatively quickly [33]. 
 
Wild forms of Brassica napus occur on the 
beaches of the northern parts of Europe, 
including Sweden, the Netherlands and Britain 
[1]. Naturalized forms of Brassica napus, which 
are very distinct from cultivated forms are found 
on coastal cliffs of New Zealand, where Brassica 
oleracea and Brassica rapa grow wild [1]. It is 
believed that Brassica napus originated in the 
Mediterranean regions or western regions of 
Europe. 

 
Brassica juncea has a long history of cultivation 
in temperate and humid parts of southern China 
[33,38]. It is believed that the Middle East regions 
are the primary centers of origin of Brassica 
juncea, where the oilseed form evolved [38,54]. 
Central and western China, the arid plateaus of 
Asia and southern Iran were considered as 
secondary centers of origin, where its wild 
relatives are found [55]. Recent cytological, 
biochemical and molecular evidence suggest a 
polyphyletic origin for Brassica juncea, in areas 
where the parental species have a sympatric 
distribution [33,56]. 
 
The cultivation of Brassica carinata is restricted 
to the Ethiopian plateau and parts of Kenya for 
centuries [1,38]. It might have originated from 
hybrids between kale, which has been cultivated 
in the Ethiopian plateau since ancient times, and 

wild or cultivated Brassica nigra [1]. No wild 
forms of Brassica carinata has been found on the 
Ethiopian plateau [1,33,54]. 

 
5. BREEDING SYSTEMS AND 

TECHNOLOGIES  
 
Due to the strong self-incompatibility system, 
most Brassica crops are outbreeders with a high 
degree of heterozygosity in natural populations 
and open-pollinated crops [9]. Brassica oleracea 
is insect cross-pollinated with self-pollination 
prevented by a sporophytic self-incompatibility 
system [32]. Doubled Haploid (DH) technology 
has been widely applied in Brassica crops to 
generate inbred lines, and self-incompatibility 
(SI) has been successfully used to produce F1 
hybrids. Cytoplasmic male sterility (CMS) is used 
in hybrid production, and provides an excellent 
tool to study genetic interactions between 
nucleus and mitochondria during flower 
development [6,32]. 
 
The cross between B. napus and B. oleracea is 
normally infertile, however the use of embryo 
culture techniques can produce viable hybrids 
[57]. Hybrids have been produced between 
forage rape (B. napus ssp. biennis) and kale (B. 
oleracea ssp. acephala) and also between rape 
and cauliflower (B. oleracea ssp. botrytis). The 
main program has involved doubling the the 
hybrids chromosomes with colchicine to produce 
the possible new species hybrid B. napoleracea. 
The hybrids are highly fertile when back-crossed 
to rape but produce only occasional seed when 
back-crossed to kale. Aphid resistance and self-
incompatibility have been transferred to rape, 
and new combinations of glucosinolates in the 
plant tissues have been obtained [57]. 
 
Breeding of Brassica aims to increase yield and 
improve agronomic characteristics and quality. In 
oil types, an essential aim in breeding programs 
is to increase seed oil content and seed yield, 
although it is difficult to achieve these two 
simultaneously. Disease resistance is also an 
important breeding aim. In Brassica vegetables, 
breeding programmes have different objectives 
and priorities since each vegetable type is 
characterised by its own characteristics [6]. 
Brassica crops were among the first to be 
targeted for commercial transgenic genetic 
modification, for traits such as modification of 
male sterility and herbicide resistance [9,32]. 
Recently, improved nutritional quality of Brassica 
products has become an important selection 
criterion to globally improve the living standard. 



 
 
 
 

El-Esawi; ARRB, 8(4): 1-11, 2015; Article no.ARRB.20645 
 
 

 
6 
 

Improving fatty acid composition and increasing 
tocopherol content of oilseeds has been a target 
for breeding [6]. 

 
6. BIOCHEMICAL CHARACTERIZATION 

OF Brassica  GENETIC DIVERSITY 
  
Genetic diversity is defined as the variation of 
individual genotypes within and among species, 
and is the raw material permitting species to 
adjust to a changing world [2,58]. The genetic 
profile of whole populations varies from place to 
place across a species range. These differences 
may arise as the result of chance occurrences, 
such as the genetic composition of dispersing 
individuals that create a new population (founder 
effect), or changes in allele frequencies that 
result from chance matings in very small 
populations (genetic drift) [2,59]. Differences 
among populations may also arise 
systematically, especially if the environment in 
different places exposes the individuals to 
different optima for survival and reproduction 
(fitness). For these and other reasons, 
populations can diverge from one to another in 
their genetic composition. This divergence is 
especially strong and rapid when there is a little 
gene flow among populations (e.g., limited 
dispersal of seeds or pollen, or limited movement 
of animals across physiographic barriers) [59]. 
Over evolutionary time, such among-population 
genetic differences can accumulate and result in 
the development of a new species (allopatric 
speciation). Knowledge of the amount and 
distribution of genetic variability within a species 
is vital for establishing efficient conservation and 
breeding practices [3,58,60,61], whereas it 
provides plant breeders with options to develop, 
through selection and breeding, new and more 
productive crops that are resistant to diseases 
and pests and adapted to changing 
environments. It also provides information for 
domestication and designing sampling protocols 
[62]. Therefore, assessing genetic diversity is 
essential for providing information for 
domestication, propagation and breeding 
programs as well as conservation of plant 
genetic resources. The biochemical markers 
(storage proteins and isozymes) have been 
developed and used to evaluate the genetic 
diversity and relationships of Brassica and 
various plant species. 
 
6.1 Storage Proteins 
 
Proteins are the post-transcriptional and 
translational products of an organism's DNA and 

form structural and enzymatic components of 
cells. Their size and amino acids sequences are 
the direct results of transcription and translation 
of the nucleotide sequences of the genes [63,64]. 
Hence, any observed variation in protein systems 
is considered as a mirror for genetic variations, 
specifically seed proteins which reflect the 
genetic history of the species and are not 
influenced by the environmental fluctuations. 
 
Proteins have been separated and characterized 
by different methods such as ultracentrifugation, 
chromatography, serology and electrophoresis. 
Of these methods, only electrophoresis provided 
data for gene-ecological studies. This method is 
the most appropriate for the separation and 
equivocal comparison of proteins [64,65]. 
Electrophoretic techniques have been widely 
used as a rapid and accurate test to identify and 
characterize different cultivars and genotypes of 
plants. Genotype identification by electrophoretic 
protein fingerprinting was used to assess the 
uniformity, purity and agronomic merits [66-68]. 
 
Electrophoretic analysis of native or denatured 
seed storage proteins was used to provide 
information concerning the genetic variability, 
which represent a source of information for 
assessing genetic and taxonomic relationships at 
the species level and below, for example, 
Lathyrus sativus [69], Lactuca [70] and Brassica 
[68,71-74]. 
 
Toosi et al. [68] analyzed protein profiles                   
of B. juncea var. Ensabi at different growth 
stages. Sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) of seed, shoot 
and root samples of seedling, before-flowering 
and after-flowering stages of the plant were 
performed on 10% polyacrylamide gel. Out of 11 
bands noticed in seed proteins of Ensabi, five 
polypeptides matched closely with seed protein 
profiles of other B. juncea varieties. A 
comparison of the protein profiles at different 
growth stages suggested steady expression as 
well as up- and down-regulation of numerous 
genes encoding different proteins in                              
B. juncea var. Ensabi.  
 
Rabbani et al. [71] used SDS-PAGE to analyse 
the total seed storage protein of oilseed mustard 
(Brassica juncea) germplasm from Pakistan. 
Eight types of protein were revealed based on 
the banding patterns of 52 accessions. The 
results indicated that SDS-PAGE markers 
applied to seed proteins could not distinguish the 
closely related oilseed collections and cultivars 
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from each other as they were characterized by 
the same banding pattern and formed a common 
gene-pool. However, seed proteins were useful 
to separate B. juncea and B. campestris. It also 
distinguished the oilseed mustard from the 
vegetable form. Khurshid and Rabbani [72] also 
assessed genetic divergence of Brassica species 
based on protein polymorphism using SDS-
PAGE. The study revealed considerable degree 
of peptide polymorphism and distinguished 
among genotypes studied.  
 
Khan et al. [73] analyzed the total seed strorage 
proteins of 136 accessions of Brassica napus L. 
based on SDS-PAGE technique. A total of 21 
protein sub-units were revealed among the 
accessions. Out of these 21 bands, 16 (76.19%) 
were polymorphic and 5 (23.81%) were 
monomorphic. The similarity coefficient among 
these accessions ranged from 0.83 to 0.98. The 
cluster analysis divided the accessions into five 
major clusters. A low level of genetic variation 
was found. So, to reveal high level of genetic 
diversity among these accessions 2-D gel 
electrophoresis along with other molecular 
techniques should be used in future. Mir et al. 
[74] also assessed patterns of genetic diversity 
and relationships among different accessions of 
Brassica juncea using sodium dodecyl sulphate. 
The dendrogram clustered the the accessions 
into two main clusters and distinguished among 
the accessions studied. Therefore, SDS-PAGE of 
seed storage proteins has proven to be a simple 
and effective method for distinguishing among 
plant accessions. 
 
6.2 Isozyme Markers 
 
Isozymes (isoenzymes) are structurally different 
molecular forms of an enzyme having, 
qualitatively, the same catalytic function. 
Allozymes are allelic variants of enzymes 
encoded by structural genes of the same locus. 
Isozymes emerge through amino acid alterations, 
which may cause changes in net charge, or the 
spatial structure (conformation) of the enzyme 
molecules as well as their electrophoretic 
mobility. After specific staining, the isozyme 
profile of individuals could be observed [64,75, 
76]. Isozyme analysis has been used for various 
purposes in biology, e.g., to assess phylogenetic 
relationships, estimate genetic variability and 
taxonomy, study population genetics and 
developmental biology and to direct utilisation in 
plant genetic resources management and plant 
breeding [75,76], for example, red clover [77], 

Ballota [78], Lespedeza [79], blue pine [80], 
Lactuca [64] and Brassica [2,12,81]. Lázaro and 
Aguinagalde [12] studied the genetic variation in 
36 populations of wild taxa of Brassica oleracea 
and 2 cultivated forms using isozyme variation at 
11 loci for 5 enzyme systems. The mean values 
for the percentage of polymorphic loci and 
expected heterozygosity were 54% and 0.224, 
respectively. The intrapopulational genetic 
diversity was 67%, while interpopulational 
genetic diversity was only 33%. The cluster 
analysis divided the accessions into 3 different 
groups. Raybould et al. [81] also examined the 
genetic variation at 4 isozyme and 7 
microsatellite loci in natural populations of 
Brassica oleracea on the coast of Dorset. All loci 
were polymorphic, and the diversity index of 
isozyme loci was similar to that of the 
microsatellites. Genetic differentiation among 
accessions (FST) was significant for all loci and 
there was evidence of isolation by distance at 
both microsatellite and isozyme loci. The above 
studies showed a variation in the data displayed 
by different isozyme markers and proved to be 
successful for assessing the genetic variation, 
taxonomic relationships and species identity. In 
conclusion, these studies data could be used to 
improve Brassica crops through future breeding 
programs and further research studies. 
Biochemical and molecular markers have an 
essential role in crops improvement [12,82-84]. 
 
7. CONCLUSION 
 
This review summarized the biology, distribution, 
origin, and breeding systems of Brassica species 
as well as their genetic diversity and 
relationships at the level of biochemical markers, 
including storage proteins and isozymes which 
have proven to be effective for evaluating the 
genetic variation, taxonomic relationships and 
species identity. Undoubtedly, this current 
knowledge would be potentially used for 
enhancing future breeding programs of highly 
agronomic Brassica species as well as improving 
their propagation, sampling protocols, and 
conservation strategies. 
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