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Abstract
Introgression of traits in a (B. juncea x B. napus) x B. juncea cross was studied using
the doubled haploid method. Charactenzation of F, and BC,F,-derived DH lines using
RAPDs indicated genetic transfer had occurred between the species.. Stability
evaluation through maje and female fertility and meiotic chromosome configuration for
both F, and BC F;-derived DH lines was II;; 7+Illp09+35.10 and Ily47+1.r 6111300
indicating increased stability of BC,F;-derived DH lines. No morphological
abnormalities were observed, although the F,-derived DH lines were more vegetative
than parent lines. Preliminary data showed yield performance of some of the BC,F;-
derived DH lines to be superior to the parents. Oil content as high as 46.3% and total
glucosinolate content of one of the BC,F;-derived DH lines was reduced to 31.4 umg™.
Linolenic acid levels coulc¢ not be altered appreciably élthough other fatty acid profiles
were modified. Resistance to Leptosphaeria maculans and Alternaria brassicae was

modified with some lines showing improved resistance to both diseases.
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Chapter 1
Literature Review
1.1. Introduction

The family Cruciferae (Syn. Brassicaceae) comprises some of the most

important domesticated flowering plants. The cruciferae flower consists of four sepals
and four petals shaped like a cross. The flower contains six stamens (Prakash and
Hinata 1980), of which two are placed higher than the other four. The Brassica
inflorescence is a corymbiform raceme with indeterminate flowering. Flowering begins
at the lowest bud on the main branch. The flowers are regular, bisexual and
hypogynous with four free petals in two whorls, median and transverse. The ovary is
syncarpus and develops into siliqua with two carpels separated by a false septum.
The diploid rape species B. rapa L. (2n=20) appears to have had the widest distribution
from the Atlantic islands in the west to the eastern shores of China and Korea and from
Northern Norway to the Sahara region and Northern India. Brassica napus L. probably
evolved only relatively recently in southern Europe from interspecific crosses of A.
oleracea L. (2n=18) and B. rapa (2n=20) (Robbelen 1987). B. juncea (L.) Czern and
Coss (2n=36), the brown or oriental mustard is assumed to have arisen from the middle
east by hybridization between different genotypes of B. rapa and B. nigra L. Koch
2n=16). B. carinata A. Braun (2n=34) which includes the Abyssinian mustard
originated from northeast Africa (Robbelen 1987).

Brassica crops, which have a broad range of diversity, are mainly found in the
temperate zones of the world. These crops are important as oil plants for production of
margarine, cooking oil and lubricants (B. napus, B. rapa and B. juncea) as fodder (5.
oleracea, B. napus and B. rapa) and as vegetables (B. oleracea). Other crucifer plants
are used in the manufacture of dyes, and are sources of industrial products such as soap
and lamp oils (Stern 1982). The cruciferae also contain agriculturally important wild
and weedy species including Arabidopsis thaliana which serves as a model for study of
Brassica species, stink weed (7hlapsis arvanse), shepherds purse (Capsella
bursapastoris L.), flix weed (Descurainia sophia L. Webb), ball mustard (Neslia

paniculata L. Desv.), wormseed mustard (Erysimum cheirathoides L.), hares ear
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mustard (EFrucastrum gallicum [wild] O.E. Schuiltz), and common pepper grass
(Lepidium campestris L. R. Br) (Canola Council of Canada 1992). B. napus and B.
rapa are both well established oilseed crops of the temperate zones whereas B. juncea
and B. carinata have been grown in other areas of the world as sources of oil and
condiments.

Rapeseed was cultivated in India as early as 2000 B.C. and was introduced to
Japan from China about 35 B.C. (Rapeseed Association of Canada 1970). The Greek
and Roman writings of 200-500 BC indicate that Brassica oilseeds were used as
medicinal remedies for stomach and skin diseases (Downey and Robbelen 1989,
Prakash and Hinata 1980). Extensive use of rapeseed oil began after development of
steam engines when it was found that rapeseed oil clings better to water and steam
washed surfaces than any other lubricant.

Prior to World War 11, rapeseed had been grown in Canada in small research
trials at experimental farms and stations. The need for Canadian rapeseed production
arose from a critical shortage of rapeseed oil needed for lubricating steam engines of
the rapidly increasing number of naval and merchant ships that followed the World War
II blockade of European and Asian sources of rapeseed oil in the early 1940°s. A Polish
immigrant brought some seed from Poland and started growing a small amount of
rapeseed in Canada in 1936. Because of the origin of this farmer and his seed, the
species came to be known as ‘Polish rapeseed’. This species was later determined to be
B. rapa (syn B. campestris). The shortfall in production of the Polish rape for planting
seed led to importation of rapeseed from U.S. seed companies. Since this seed was
originally secured from Argentina, (Bell 1984, Canola Council of Canada 1995a) this
type of rapeseed came to be kriown as ‘Argentine rapeseed’.

The first edible rapeseed oil extracted in Canada was in 1956-57. As early as
1956, the nutritional aspects of rapeseed oil were questioned concerning the high
eicosenoic and erucic fatty acids. In addition to erucic acid, it was found that the
protein meal fraction of rapeseed contained sharp tasting anti-nutritive glucosinolates.
These deficiencies led to the development of greatly improved cultivars now known as

canola. Canola is presently used as a generic term to describe B. napus and B. rapa
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varieties yielding oil of less than 2% erucic acid and 30 umg™ aliphatic glucosinolates
of air dried oil free meal. New canola definitions have been proposed to take effect in
1997, where canola seed will be required to contain no more than 1%6 erucic acid and
less than 18 pumg™ of total glucosinolates, and a meal containing less than 30 pmg
total glucosinolates in air dried oil free meal (Canola Council of Canada 1995b). The
first low erucic acid cultivar ‘Oro’ was produced in 1968 through transfer of traits from
the European cultivar ‘Liho’, into adapted Canadian germplasm. The low erucic acid
cultivars (LEAR) subsequently developed in Canada included B. napus ‘Midas’, and B.
rapa ‘Torch’ and ‘Span’. The first double low variety ‘Tower” with reduced erucic acid
and glucosinolate levels was developed in 1974 through trait transfers from Polish 5.
napus variety ‘Bronowski’ which was found to contain about one-tenth of the
glucosinolate content of standard adapted Canadian germplasm at that time (Canola
Council of Canada 1979). This B. napus variety was the first to meet specific quality
requirements of canola.

‘ Rapeseed oil has been used for edible and non-edible purposes. Rapeseed oil
with over 50% erucic acid is used for cold steel rolling and in jet engines. This oil is
also used in the production of erucamide, a slip agent used in the plastics industry that
prevents plastic sheets and moldings from sticking together or sticking in extrusion
machines. This represents just a small proportion of the total Brassica crop, and is
grown on contract.

From 1971 to 1981, the world rapeseed/canola production increased by 30%
while the Canadian production fluctuated from 12% to 51% in 1976 and 1978. This
averaged to 32% over a nine year period (Canola Council of Canada 1982), but fell to
18.9% of the world's production in 1985 (Cancla Council of Canada 1987). From 1982
to 1992 Canada’s production of canola/rapeseed averaged 3.432 million tonnes, second
only to China and India (Canada Grains Council 1993).

Canola is now the largest oilseed crop in Canada, representing two thirds of the
total oilseed production (Polon 1994). In 1993, over 10 million acres (4 million
hectares) were seeded to canola in Canada with a seed production of S million tons

(Canola Council of Canada 1995a). In 1994, a record 14.375 million acres (5.817
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million hectares) was seeded to canola (Canola Council of Canada 1995a). According
to the council, canola production in the prairie provinces of Canada was highest in
Alberta (3,063,800 tons), Saskatchewan (2,313,300 tons) and Manitoba (884,500
tons). Both Ontario (45,400 tons) and British Columbia (43,100 tons) had a smaller
share of the 1994 production.

Exports of canola seed to Japan account for approximately 40% of Canada’s
seed production. Canada is the highest per capita consumer of canola in the world with
canola oil comprising 42% of margarine, 56% of shortenings and 80% of salad oil
(Polon 1994 and Canola Council of Canada 1995a). A gradual shift to canola can be
expected in the world production of rape seed oil, because of its nutritional advantages
over other vegetable oils (Canola Council of Canada 1982) and the granting of
“Generally Recognized as Safe” status granted tc canola oil by the Food and Drug
Administration of the U.S.A. government in 1985 (National Archives and Records
1985).

Canola is produced under a wide range of environments from the northern short
season Peace river region in Alberta to the long season southern regions of Manitoba
(Canola Council of Canada 1979). The need to develop well adapted cultivars for these
specific environments is recognized by growers and researchers (Alberta Agriculture
1987).

B. juncea (Indian or Oriental mustard) is grown on limited acreage in many
countries for production of condiment mustard, and in western Canada occupies
50,000 hectares annually (Woods et al. 1991). Although B. juncea is agronomically
well adapted to areas traditionally used for growing canola quality B. napus and B.
rapa, the presence of high levels of glucosinolates (approx. 200um g of oil free meal)
and of erucic acid (approx. 25%) makes the seed unsuitable for edible oil processing in
western countries (Woods et al. 1991).

Canadian condiment mustard cultivars of B. juncea are well adapted to dry land
agriculture on the Canadian prairies. They are higher yielding than B. napus and B.
rapa canola cultivars (Rapeseed Association of Canada 1970, Rakow 1995), resistant

to blackleg caused by Leptosphaeria maculans syn. Phoma lingam, (Kirk and

4



Hurslstone 1983) early maturing, drought tolerant and resistant to seed shattering
(Woods et al. 1991, Love et al. 1991) Woods et al. (1991) reported instances where
plots of B. napus were abandoned as a result of drought and shattering whereas 5.
Jincea plots were not affected. B. juncea generally matures earlier and shows more
vigour in the seedling stage. In tests conducted in western Canada, B. juncea on
average yielded more than B. napus (Westar) and B. rapa under irrigation. B. juncea
revained 38.7% of its yield under dry land conditions as compared to B. napus ‘Westar'
and B. rapa 'Tobin' which retained 18.7% and 20.7% of their dry yield respectively in
co-operative trials done over a three year period in Western Canada (Alberta
Agriculture 1987). This is particularly important in areas where the growing season is
short. If this trait could be introgressed into other varieties; this would reduce the risks
associated with hail and frost especially in short growing season areas. Canola
production could expand to drier southern regions if canola quality B. juncea with the
desirable characteristics could be obtained. As a result of this potential, research aimed
at developing canola quality B. juncea has been initiated especially to improve oil and
reduce glucosinolate contents. Other major goals include increasing canola oil and
protein contents while improving seed yield. Oil quality characteristics like fatty acid

composition have been identified as research priority issues (Canola Council of Canada
1995a).

1.2. Parent and donor line development

The genus Brassica is remarkable for its diversity of form. Cultivated varieties
represeni only a portion of the abundant variability that occurs in this genus (Kianian
and Quiros 1992). The common Brassica species B. rapa, B. nigra, and B. oleracea
have x=10, x=8 and x=9 chromosomes respectively. These have been assigned the
genome designation A, B and C (U 1935, Robbelen 1960, Mizushima 1980).
Therefore, their genomes are referred to as AA, BB and CC. Experiments involving
interspecific hybrids and pairing behaviour during meiosis established two groups of
three species each; monogenomic diploids consisting of B. nigra (2n=16), B. oleracea

(2n=18) and B. rapa (2n=20) and digenomic alloploids comprising B. carinata
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(2n=34), B. juncea (2n=36) and B. napus (2n=38) (Prakash and Hinata 1980). B.
Juncea (2n=36, AABB) is a natural amphidiploid which combines the genomes of B.
rapa (AA) and B. nigra (BB). B. napus (2n=38, AACC) is another amphidiploid which
combines the genomes of B. rapa (AA) and B. oleracea (CC). B. carinata (2n=34,
BBCC() is formed through combination of the genomes of B. nigra (BB) and B.
oleracea (CC) (Poehlman 1979). The cytogenetic relationships in the Brassica species
were elucidated by U (1935) resulting in what is commonly referred to as U’s triangle
(Figure 1.1).

Pachytene chromosome analysis has shown that the monogenomic diploids are
segmental alloploids arising from a common ancestor with a basic chromosome number
of 6 denoted as A, B, C, D, E and F (Robbelen 1960, Venkateswarlu and Kamla 1971).
B. rapa’s 10 chromosomes can be represented by AABCDDEFFF, B. oleracea’s 9
chromosomes by ABBCCDEEF and B. nigra’s 8 chromosomes by AABCDDEF.

Since different diploid species in the genus Brassica possesses useful agronomic
traits that are absent in other diploid and amphidiploid species (Bijral et al. 1995),
interspecifc crossing is an important way of introgressing new traits within Brassica.
Resynthesis of amphidiploids from the diploid species has been used to develop
cultivars (Olsson 1963). Artificial alloploids have been used by breeders for
introduction of useful genes from diploids to alloploids (Prakash and Chopra 1990, and
Lange et al. 1989). Autoploids have been developed from the Brassica species through
doubling of chromosomes by the use of colchicine (Olsson 1963). The tetréploids of
the diploid species developed at Svalof, Sweden for forage were vegetatively well
developed than the diplcid and amphidiploid species. A tetraploid from B. rapa was
marketed in Sweden in 1953 under the name of ‘Sirius’. In dry matter yields, it
surpassed the then current diploid varieties by as much as 22% (Olsson 1963).
Tetraploids from the diploid species yielded fewer well developed seeds than their
corresponding diploids in the same study. Tetraploids from amphidiploid species were
characterized by reduced vigour and fertility. Tetraploids from B. napus had 6.1 seeds

per pod as compared to 22.2 seeds per pod in the natural amphidiploid. In B. jurncea,



the tetraploids had 4.9 seeds per pod as compared to the natural amphidiploids with
15.6 seeds per pod (Olsson 1963).

Allosyndesis ard autosyndesis has played an important role in improvement of

Brassica species. Morinaga (1929) and Sasaoka (1930) reported that bivalent pairing in
hybrids between B. juncea and B. napus (AABC) was confined to pairing between A
genome chromosomes (101I) with B and C genome chromosomes remaining unpaired,
i.e. autosyndetic pairing was apparent and that allosyndetic pairing was absent.
In a more recent study, Prakash and Chopra (1990) demonstrated that allosyndetic
pairing occurred between the B and C genome in 9.3% of the meiotic cells studied and
autosyndetic pairing occurred in 90.7% of the PMCs studied. This demonstrates that it
should be possible to transfer traits between the B and C genomes. Other studies by
Busso et al. (1987), showed that allosyndetic pairing occurred between A and C-
genome chromosomes, more than between B genome chromosomes and those from A
and C genomes. This could be as a result of diploid species having different centres of
origin. The A and C-genome species originated from geographically closer regions than
B-genome species, which were more isolated, resulting in more structural differences
(Prakash and Hinata 1980).

Introgression of alien genes is often hampered by the lack of pairing between two
well differentiated genomes (Sznga 1988). In the majority of interspecific hybridizations in
Brassica, hybrids are usually formed if the species with the highest basic chromosome
number are used as the female parent (Quazi 198%, Mohapatra and Bajaj 1987, Ayotte et al.
1987). However, in interspecific crosses between B. juncea and B. napus where B. juncea
has fewer chromosomes than B. napus more hybrid seeds were produced in comparison to
when B. napus is used as a female parent (Sabharwal and Bechyne 1991). It has been
difficult to obtain interspecific hybrid seeds when B. napus was used as a female parent
because of low cross ability (Meng 1987). In a cross between B. napus and B. juncea the
pollen tubes of B. juncea were unable to penetrate the pappillar cells of B. napus because of
a heavy deposition of callose after pollination (Meng and Yi 1988). This problem however

may be circumvented by physically wounding the stigma of B. napus during crossing

procedure.



Figure. 1.1. Interrelationships between the diploid and amphidiploid Brassica
species. After U (1935).
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Intergenomic recombination between B. oleracea (CC) and B. rapa (AA)
chromosomes has been demonstrated in the generation of B. rapa - oleracea addition lines
developed from natural B. napus (Quiros et al. 1987). In the process of developing addition
lines between B. rapa and B. alboglabra, Chen et ai. (1992) suggested that alien
chromosomes from B. alboglabra may not remain intact because of possible intra and
intergenomic recombination, allowing the possibility of chromatin exchange between
genomes. Chromosome substitutions have been known to occur spontaneously in
interspecific crosses (Khush, 1973). Banga (1988) postulated that genetic activity of
substituted chromosomes from the B genome of B. juricea by C chromosomes from the C
genome of B. napus is complementary. This indicates that there are homoeologous regions
in some chromosomes belonging to the B and C genomes of both B. juncea and B. napus
where pairing is possible. Such substitutions are only possible if the substituted chromasome
is phylogenetically related to the replaced chromosome. During anaphase Il and telophase
II, euploid and near euploid gametes occur at low frequencies in partially fertile F, hybrids
between B. napus and B. oleracea (Ayotte et al. 1988).

Environment greatly affects cross ability, and of particular importance is the
condition of the parents. In an interspecific cross between maize and sorghum, collapsing of’
embryos occurred very early at high temperatures (James 1978). The differences in
developmental rates contribute to the failure in hybrid development in interspecific crosses
(Forster and Dale 1983). In addition to hybrid production, alien pollination in interspecific
crosses sometimes results in stimulation of development of unreduced or reduced egg cells
giving rise to maternal and haploid plants respectively (Olsson 1960).

The crosses between species produce partially sterile F, plants (Yarnell 1956). Islam
et al. (1981) reported duplication and elimination of both wheat and barley chromosomes
because of mitotic disturbances in the F,. This seems to agree with the observation that
there was a gradual and erratic elimination of alien chromosomes throughout the life of the
hybrid from a maize and sorghum cross (Jamzs 1978). Often in association with
chromosome elimination, there is a change in chromosome size of one genome due the
presence of chromosome bridges and fragments in hybrid cells leading to chromosome

breakage (Gupta and Gupta 1973). Progenies from interspecific crosses are usually weak
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and slow growing. Hybrid inviability often prevents any utilization of genome combinations
usually as a result of poor seed set and agronomic characteristics (Sprague 1982).

In naturally occurring amphidiploids the constituent genomes have undergone
sufficient genetic differentiation and tend to lose the ability to pair allosyndetically (Heyn
1977). Genetic suppression of homoeologous chromosome pairing was suggested by
Prakash (1974). Rajan and Hardas' (1963), Attia et al. (1987) and Attia and Robbelen
(1986) showed that the Brassica genomes from different species are not completely
homologous. In hybrids obtained from digenomic hexaploids of B. rapa, (varieties tona,
brown yellow, and Burma sarson) gave a range of meiotic configurations from IV ¢7 II 2.6
and I .10 with fertility ranging from 3-40% where an even chromosome pairing would be
expected since they all come from the same genome. As a result of similarities between the
Brassica genomes Sacristan and Gerdemann (1986) were able to transfer agronomically
valuable genes for disease resistance from B. nigra (BB) into B. napus (AACC) by
interspecific crossing with B. juncea (AABB) suggesting an interaction between the A
and B Brassica genomes. Attia and Robbelen (1986) reported a higher degree of
meiotic pairing in the synthesized AACC amphidiploid than in AABB and BBCC
amphidiploids, from which they concluded that A and C genomes are more closely
related to each other than to the B genome. A high number of bivalents were observed
in plants with one A and one C genome (Tai and Ikonen 1988). Tai and Ikonen (1988)
suggested that chromosomes of tetraploid plants obtained through doubling of
dihaploids compate between homologous and homoeologous chromosomes. The
studies conducted by Attia and Robbelen (1986), Busso et al. (1987) and Attia et al.
(1987) revealed that at meiosis homoeologcus pairing in Brassica is more common
between A and C genomes as compared to the B genome. The presence of multivalent
associations at metaphase 1 provided a mechanism for recombination between various
genomes (Ayotte et al. 1988), and showed that it would be possible to transfer traits from
one genome to the other. This degree of homology between genomes greatly influences the
potential use of different germplasm sources to improve Brassica crops through

interspecific crosses.
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Genes transferred from closely related diploid species result in progressive reduction
in resistance to rust, both at tetraploid and hexaploid levels (Knott 1978). The resistance to
leaf rust and stem rust from Agropyron elongarum (2n=70) to wheat was not, however,
overcome by rust races when transferred to hexaploid wheat. Such transfers are often found
to be associated with undesirable genes. In Brassica, Paulmann and Robbelen (1988)
reported introduction of restorer genes from Rapharus sativus, while Sacristan and
Gerdemann (1986) transferred genes for resistance against Phoma lingam from B. juncea
into rapeseed. Resistance to Plasmodiophora brassicae was transferred from B. rapa to B.
napus (Lammerink 1970, Johnstone 1974) and from B. oleracea to B. napus ('Yamagishi et
al. 1980). Different workers have reported success in transferring traits from B. juncea to
other Brassica species. Roy (1984) reported complete transfer of high degree of blackleg
resistance to B. napus from B. juncea in an interspecific cross. This line was later found to
be an addition line that lost the blackleg resistance in subsequent generations (Stringam,
Personal communication). It has also been possible to develop a low linolenic acid line from
a B. juncea and a B. napus cross (Roy and Tarr 1986).

In general both male and female fertility increase from backcross 1 (BC;) to
backcross 2 (BC,) in interspecific crosses (McGrath and Quiros 1990). This results from a
decrease in chromosome number or the effect of an additional backcross in removing some
chromosome abnormalities. In the B. juncea and B. rapa cross reported by Olsson in 1960
seed sizes in the F; were smaller than in their parents, but the reciprocal cross resulted in
seeds of similar size. Pollen fertility in the resulting interspecific hybrids was poor in all the
material, and ranged from 19-26%. From the above examples, it can be inferred that gene

transfer between various genomes is possible (Sjodin and Glimelius 1989).

1.3. Genetic characterization using RAPDs

Identification of individual cultivars is essential now that breeders rights have
been introduced in many countries. Previous identification methods have tended to rely
on agronomic or botanical characteristics of individual plants which is expensive and
labour intensive (Adams et al. 1989). A'so, phenology and morphological
characteristics such as plant growth period (Halligan et al. 1991) and seed shape

i



(Barker et al. 1992) may not be sufficiently different to differentiate cultivars (Mailer et
al. 1994). In Brassica, specialized differentiating tests have been developed based on
seed or plant composition such as fatty acids and glucosinolate content (Heaney and
Fenwick 1980). The utility of phenotypic assays may be reduced by environmental
effects or by complex inheritance of multigenic traits (Rafalski et al. 1991).

Molecular markers, such as random amplified polymorphic DNAs (RAPDs} and
restriction fragment length polymorphisms (RFLPs), provide an efficient method of
estimating genetic relationships among genotypes (Thormann et al. 1994). Markers
provide a means of ensuring that desirable traits are indeed recovered in selected
progeny while ensuring that important alleles from the adapted cultivar are again
recovered (Edwards 1992).

It has been proposed that linkage drag, that is, retention of chromosomal
fragmenis near the gene of interest is more persistent than retention of unlinked
fragments in advanced progeny. It is likely that chromosomal fragments unrelated to
the gene of interest derived from the foreign genome may also be retained and
contribute genomic material to desirable phenotypes (Durham and Korban 1994).
When unique markers are identified that appear to be associated with genomic regions
of interest, segregation analysis must be performed to determine their location in
relation to the gene of interest (Durham and Korban 1994). This assumes that closely
related DNA will have in common a number of sequences depending on the degree of
sequence divergence or convergence between them (Ubholt 1977).

The development of polymerase chain reaction (PCR) to amplify DNA and the
use of randomly amplified polymorphic DNA (RAPD) or arbitrary primed polymorphic
chain reaction (AP-PCR) has resulted in a potentially useful tool for cultivar or line
discrimination (Aitken et al. 1994, Williams et al. 1990, Welsh and McClelland 1991).
RAPDs have been used for mapping inbred lines in soybean (Williams et al. 1990) and
mouse (Welsh et al. 1991), and in construction of genomic maps in diploid species
(Fritsch et al. 1993).

Using a set of Brassica napus genotypes, Hallden et al. (1994) detected highly

similar genetic distances using Restriction Fragment Length Polymorphisms (RFLPs)
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and RAPDs, thereby demonstrating the close relationship between the genotypes.
Polymorphisms can be detected in fragments containing highly repeated sequences
using RAPDs and this provides markers that can be used in regions of the genome
previously inaccessible using RFLPs (Michelmore et al. 1991, Williams et al. 1990). In
interspecific comparisons in the genus Glycine (Williams et al. 1992) and within
Brassica (Thorman and Osborn 1992), the presence of a RAPD band in both genotypes
indicated a high level of sequence homology in their respective DNAs.

RAPD markers provide information at many loci (Rafalski et al. 1991, Welsh et
al. 1991, Williams et al. 1990). Nearly all RAPD markers are dominant (Williams et al.
1990). The dominant nature of the markers is offset by the large number of
polymorphisms generated by a single primer using AP-PCR (Welsh et al. 1991). It is
not possible to distinguish whether a DNA segment is amplified from a locus that is
listerozygous or homozygous with dominant RAPD markers. Since the majority of
RAPD markers are expressed in a dominant manner it is necessary for a single primer
to generate at least one polymorphic amplification product from each parent when
being used to identify hybrids (Baird et al. 1992).

DNA markers by themselves have no measurable effect on the phenotype and
the environment does not affect their expression (Tanhuanpaa et al. 1994). The ease of
assaying RAPDs make them an attractive method for obtaining intraspecific genetic
information (Thormann et al. 1994). This makes it a more reliable and efficient marker
system than phenotypic based systems. RAPD markers have advantages over RFLP
markers since no initial cloning and characterization of the genome is necessary and
only a limited amount of DNA is required (Hallden et al. 1994). Taylor (1993) using
PCR assay to detect seed contaminated with Leptosphaeria maculans determined that
PCR requires less than one half the time required using the current RFLP methods.
With PCR, larger samples could be assayed with greater reliability without even
planting the seeds. RAPDs are also more practical and simpler to use than RFLPs in
germplasm characterization and organization. Since no radio isotope labeling is
involved, RAPDs are considered safer than RFLPs. Coupled with backcross

introgression and bulked segregant analysis, identification of markers that are tightly
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linked to genes of interest is enhanced (Michelmore et al. 1991, Miklas et al. 1993,
Haley et al. 1993). This makes them useful to selection systems. RAPD assay has been
used to develop genetic maps targeting genetic markers and in segregant analysis in
population genetics (Tingey and Tufo 1993).

RAPDs can provide an efficient assay for polymorphism (Williams et al. 1990,
Quiros et al. 1991) if distinguishing between heterozygotes and homozygotes is not
required (Welsh et al. 1991). They can also be used to tag specific chromosomes and
identify gene transfers. As few as three random primers provided enough information
to distinguish between cultivars of broccoli and cauliflower (Hu and Quiros 1991).

Studies comparing species of Brassica, Raphanus and Sinapis genera
concluded that RAPD markers might be useful for taxonomic studies (Demeke et al.
1992, Tanhuanpaa et al. 1993). Less than 55 markers could distinguisi* among 45 B.
oleracea cultivars involving cauliflower and broccoli (dos Santos et al. 1994). Hu and
Quircs (1991) used 40 RAPD markers to distinguish between 26 broccoli and
cauliflower cultivars. Demeke et al. (1992) separated 5 cabbage and 4 cauliflower
genotypes with 122 RAPDs and 13 primers. With only six primers, Mailer et al. (1994)
discriminated 24 of 26 cultivars of B. napus. Occasionally, one primer can distinguish a
wide range of genotypes. In a study of 13 cocoa (7heobroma ) clones Wilde et al.
(1992) separated all of them with a single primer, identifying unique markers for each
of the 13 clones. In apple, DNA amplification finger printing was used in paternity
analysis, where the parent contributing the pollen was unknown. Only 5 arbitrary
primers and RFLP analysis were required to single out a paternal parent among six
putative parents (Harada et al. 1993). Cornique and Marecier (1994) used RAPDs to
compare and successfully identify tissue and offshoot derived plants of date palm
cultivars.

The PCR strategy was used to isolate alleles in self incompatible B. napus
introgressed from B. campestris and found to show high levels of homology to alleles
in B. oleracea isolated from B. rapa (Goring et al. 1992). RAPDs were used to
document and confirm gene introgression in apple. A marker was identified linked to a

fragment from M. floribunda clone 821 genome introgressed into the cultivated scab
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resistant apple (Durham and Korban 1994). Linked RAPDs can be used to screen
germplasm for disease resistance genes and monitor their introgression into other
genotypes (Miklas et al. 1993). In conjunction with near isogenic lines, RAPDs have
been used to identify DNA sequences that are linked to Psenudomonas resistance genes
in tomatoes (Martin et al. 1991) and rust resistance in beans (Haley et al. 1993, Miklas
et al. 1993). The transfer of genetic material from one species to another is the basis of

introducing new traits into aiready established cultivars.

1.4. Pollen and female fertility

Pollen viability describes the ability of pollen to complete post pollination
events and to effect fertilization (Shivana and Rangaswamy 1992). The viability of
pollen is determined by both genetic and cytological factors. These factors include
among them genic control, pollen sterility genes, pollen killer genes, gametocidal
genes, chromosomal aberrations, non-homology of genomes, and cytoplasmic
abnormalities. According to Iwanami et al. (1988), F, hybrids between different
species produce pollen of reduced fertility because of lack of pairing during meiosis
resulting from differences in chromosome homology. This lack of homology results in
unbalanced or abnormal chromosome distribution.

Several stain based methods have been used to assess pollen fertility. These
stains assess the contents of the pollen grain with varying degrees of specificity for
different constituents. The methods leave the exine unstained but stain the pollen grain
contents. There are methods for starch and other polysaccharides like callose for
example Periodic acid-Schiff Procedure and Aniline blue which utilizes 1+K as active
ingredients. Other methods for chromatin and RNA and various defined cytoplasmic
constituents utilizes acetocarmine, acetic orcein and similar stains like acridine orange
(Heslop-Harrison et al. 1984). In these methods, viable pollen grains are specifically
stained depending on stain used, leaving the inviable grains unstained. The presence of
high viability levels in pollen would suggest a high probability of seed setting as a result
of effective pollination. However, this is not always true because sometimes there are

problems associated with the maternal parent (Meng and Zhou 1988).
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1.5. Cytology

Cytological observations in many species provide information that can be used
for classification (Gomez-Campo 1980). Analysis of meiotic configurations and
differential chromatin condensation at diakinesis can provide specific information on
morphological features of paired or unpaired chromosomes as size differences are
more pronounced at this stage (Cheng et al. 1994). Chromosome banding, although
difficult due to the small size of the chromosomes has been used to characterize
Brassica chromosomes (Wang et al. 1989, and Olin-Fatili and Heenen 1992).
Therefore, chromosome behaviour at meiosis cuuld be used as a measure of the
degree of pairing between chromosomes from various species particularly the
interaction between the various genomes composing the species. Sinc¢ chromosome
pairing is thought to occur between A and C genomes (Sacristan and Gendermann
1986), any deviation from 10 bivalents and 17 univalents at meiosis would indicate the
relative stability of the cross, and the degree of pairing present between the B and C

genomes.

1.6. Agronomic Performance
1.6.1. Yield components

The Brassica species are widely cultivated in Europe and Canada, as well as
Australia, South America, and China. B. juncea is grown mostly on the South Asian
subcontinent (Kjellstrom 1993). Breeding efforts have been directed to improving
production potential as well as the stability of these crops (Prakash 1980). High seed
yield in B. napus has most commonly been associated with the production of a large
number of pods per plant or per unit area in diverse environments such as United
Kingdom (Allen and Morgan 1972) and western Australia (Thurling 1974b).

Dry matter accumulation, growth rate and development area indices of different
plant parts in B. napus have been investigated by Inanaga and Kumura (1974), Thurling
(1974a), Allen and R»{organ (1975), Tayo and Morgan (1975), Clarke and Simpson
(1978), Kasa and Kondra (1986), Augustinussen (1987), Mendham et al. (1990),
Morrison et al. (1990), and Kjellstrom (1993). Relationships between seed yield and
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growth characteristics have been studied by Degenhardt and Kondra (1984), Thurling
(1974b), Chay and Thurling (1989) and Varshney et al. (1991). Other vield
components, such as number of racemes per plant, vegetative yield, harvest index and
1000 seed weight, have also been associated with seed yield (Campbell and Kondra
1978, Ramanujam and Rai 1963, Thurling 1974a, 1974b and Zuberi and Ahmed 1973).
In B. juncea growth and yield have been analyzed by Roy et al. (1981), Chauhan and
Bhargava (1984), and Bhargava and Tomar (1988). In Canada, growth and yield have
been studied by Woods et al. (1991).

1.6.2. Phenotypic characteristics

Tall plants have been associated with high yields (Campbell and Kondra 1978,
Thurling 1974a) and significant heterosis for harvest index (Varshney et al. 1990).
Degenhardt and Kondra (1984) however, found a negative correlation between plant
height and seed yield per plot, suggesting shorter plants may be more desirable than tall
plants. In B. napus, growth prior to anthesis has been found to have a greater influence
on seed yield than post anthesis growth (Thurling 1974a). In short season
environments, the period between sowing and flowering is an important determinant of
yield; with the time of flowering being highly heritable and under control of relatively
few major genes (Thurling 1993). Flowering time appears to have a potential as a
selection criteria for yield in early generations.

According to Kjellstrom (1993), B. juncea starts to flower earlier but with a
shorter flowering period than B. napus. Thurling (1974b) observed that yield was
significantly correlated with time to 50% anthesis. The days to flowering are important
because more than 75% of the pods retained at maturity are formed from flowers
opening within fourteen days of anthesis (Tayo and Morgan 1975) and were found
mainly on the terminal raceme and on the basal and middle regions of the axillary
inflorescence.

Pods are important as photosynthetic organs (Clarke and Simpson 1978,
Chapman et al. 1984, Major et al. 1978). The contribution of assimilates from pods to

rapidly developing seeds are nearly equal to the assimilates from leaves (Brar and Thies
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1977) with leaves exerting an early effect in seed yield by influencing development of
sink capacity in the number of pods and seeds (Clarke and Simpson 1978). Pod number
was found to be correlated with seed yield in two of the three 3. napus cultivars
studied by Campbell and Kondra (1978). The harvest index is a relatively simple
character to measure although it is a manifestation of complex photosynthetic,
translocatory and storage processes associated with seed development (Thurling 1993).
Harvest index is often highly correlated with grain yield (Varshney et al. 1990, Donald
and Hamblin 1976, Clarke and Simpson 1978 and Thurling 1974b) and can be used as a
selection criteria (Bhatt 1976, 1977, Varshney et al. 1990, Rosielle and Frey 1977)
although it is suggested that this will not be effective in all situations (Donald and

Hamblin 1976, Varshney et al. 1990).

1.7. Quantitative Traits
1.7.1. Oil

Rapeseed/canola contains approximately 40% oil and yields a meal containing
about 38-43% protein. Hulls comprise about 16.5-18.7% of the seed weight equivalent
to about 27-30% of that of the de-fatted meal (Shahidi 1990). The unique
polyunsaturated fatty acid composition of canola oil differentiates it from other oils.
Canola oil has a higher oleic acid (C18:1) (about 55%) and a lower linoleic acid
(C18:2) (about 26%) than most of the other vegetable oils. Canola oil has a high
content of linolenic acid (C18:3) (8-12%) compared to vegetable oils such as soybean,
sunflower olive and corn, which have 8.0, 0.2, 0.8 and 0.7% respectively (Sheppard et
al. 1978).

The low level of palmitic acid and other saturated fatty acids (< 5%) is
considered nutritionally desirable but an increase of short chain fatty acids such as
palmitic acids could improve the suitability of canola oil for manufacture of margarines
and shortenings. The high unsaturated fatty acid content in canola, especially C18:3
influences oil stability and quality. Fresh canola oil is odourless, bland and light
coloured. Its quality deteriorates in storage as a result of autoxidation. Although

chemical and physical measurements are useful in determining the oxidative stability of
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oils, sensory evaluation of the odour and flavour quality of vegetable oils is considered
to be the ultimate method of assessing oil quality (Warner and Frankel, 1985).

A reduction in linolenate levels in canola oils can effectively retard oil
autoxidation and flavour deterioration. The fatty acid content, especially the linolenate
(C18:3) was genetically altered to produce low linolenate canola oils (Scarth et al.
1988). These low linolenate oils showed improved flavour quality and storage stability
(Eskin et al. 1989) as a result of reduced oxidation of the oil. However, the reduction
of linolenic acid in the oil might reduce the quality of the oil because it is one of the
essential fatty acids.

B. juncea is characterized by the presence of high levels of erucic acid in its
seed oil. Erucic acid was found to be under embryonic control (Downey and Harvey
1962) with genes present in A and B genomes (Kirk and Hurlstone 1983). In B. napus,
erucic acid is controlled by at least two genes acting in an additive manner with
embryonic control (Jack et al. 1994, Harvey and Downey 1964, Downey and Dorrell
1971, Chen et al. 1988a), with each gene located in the A and C genome (Anand and
Downey 1981). In a study of a B. carinata and B. napus cross, Fernandez-Escobar et
al. (1988) confirmed the presence of erucic acid controlling genes in each of the three
Brassica genomes. Zero erucic acid and low glucosinolate B. juncea has been
developed at Agriculture and Agri-Food Canada (Rakow 1995, Love et al. 1990b,
1991) and Australia (Kirk and Oram 1981) but unfortunately the fatty acid profiles of
these lines is more unsaturated than canola cultivars of B. napus and B. rapa (Raney et
al. 1995). This level of unsaturation, particularly increased linolenic acid levels, is
usually associated with reduced stability (Eskin et al. 1989, Przybylski et al. 1993)
producing oil of lower quality than canola.

The quality of B. juncea oil could be improved by introgressing the fatty acid profile
from B. napus. Edible oil from Brassicas sheuld contain no more than 30um g of

aliphatic glucosinolates and no more than 2% erucic acid by mass (Vaisey Genser
1987).
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1.7.2. Glucosinolates

Glucosinolate content is one of the major constraints associated with canola
meal usage because of problems associated with long term animal feeding. More than
90 different glucosinolates are known in the genus Brassica (Fenwick et al. 1983,
McDannel et al. 1988). Glucosinolates are sulphur containing glycosides that are found
within Brassica and related genera. They consist of a glycone moiety and variable
aglycone side chain. The major glucosinolates occurring in the six Brassica species in
the U triangle (U 1935) are gluconapin, progoitrin and glucobrassicanapin forming the
alkenyl group and 4-hydroxy-glucobrassicin and glucobrassicin forming the indole
group (Kraling et al. 1990). These glucosinolates lack any sulphur containing functional
group in the 3-5 carbon side chain (Gland et al. 1981). The aliphatic glucosinolates can
be divided into propyl butyl and pentyl glucosinolates depending on the length of the
side chain. The side chain is modified to produce alkenyl hydroxyalkenyl
methylthioalkyl and methylsulphinylalkyl homologues.

The aliphatic glucosinolates give the characteristic flavour found in Brassica
vegetables due to the presence of isothiocyanates. The aliphatic glucosinolate profile
appears to be determined by simple genetic systems with two distinct sets of genes; one
determining the side chain length and the other modifying the structure of the side chain
regardless of length (Magrath et al. 1993). The alkenyl glucosinolates are controlled by
at least three genes (Lein 1970). Incomplete dominance was found in 2-hydroxy 3-
butenyl (Progoitrin) and 3-butenyl (Gluconapin) or overdominance in 4-pentenyl
(Glucobrassicanapin) (Kondra and Stefansson 1970). The total aliphatic glucosinolate
content of the seed of B. napus is determined by the genotype of the maternal parent
rather than the genotype of the zygote (Kondra and Steffanson 1970, Love et al.
1990b) with nuclear rather than cytoplasmic gene control. Stringam and Thiagarajah
(1995) suggested that 4 recessive genes are required for the expression of low alkenyl
glucosinoiate levels in B. juncea. Multiple genes (Love et al. 1990a) have also been
suggested to control low glucosinolate values. In a study of F,-derived DH lines, from
a cross of low x high glucosinolate parents, 5-8 recessive alleles controlled complete

absence of alkenyl glucosinolates in B. juncea. In the backcross, involvement of 6-9

20



recessive alleles was found (Stringam and Thiagarajah 1995). This implies that larger
populations are required to recover the necessary alleles for low glucosinolates in
backcross generations. The inheritance of glucosinoiates is complex, but doubled
haploidy cou.: be used in B. juncea to efficiently recover desirable genotypes
controlled by multiple recessive genes (Stringam and Thiagarajah 1995). Of the two 5.
Jjuncea lines identified as higher yielding than B. napus by Rakow (1995), the levels of
alkenvl glucosinolates were lowered, but were still three times the levels observed in 5.
napus (Rakow and Raney 1995).

Environment, nutrition, (Sones et al. 1984} time of sowing, (Sang et al. 1986)
and pod position on the plant (Kondra and Downey 1970) affect the level of
glucosinolates in the seeds of B. napus. Biosynthesis of indolyl glucosinolates starts as
early as the second day of germination whereas the biosynthesis of alkenyl
glucosinolates starts between the fourth "nd sixth week of development (Benncrt
1991). The level of glucosinolates in the cotyledons of B. napus reflect those present in
the seeds suggesting lack of synthesis of glucosinolates within the cotyledons (Glen et
al. 1990), however the enzyme responsible for the hydroxylation of butenyl
glucosinolates was found active in the cotyledons. This enzyme may be responsible for
synthesis of glucosinolate components in the cotyledons (Rossiter et al. 1990). Magrath
and Mithen (1993) found that the rate of glucosinolatebsynthesis and degradation in the
pod tissue is directly related to the amount of glucosinolates in the pod tissue. The
levels of glucosinolates however decrease in the pods as the seeds develop, a factor
attributed to their transport to the seed (De March et al. 1989). The level of aliphatic
glucosinolates in leaves has not been reduced even in low glucosinolate varieties (Inglis
et al. 1992).

Upon hydrolysis of glucosinolates by myrosinase at neutral pH, the glucose and
sulphate are split off, freeing oxazolidinethione isothiocyanate which is goitrogenic
(Bell 1984). Indolylglucosinolates occur in significant quantities but show little

differences between low and high glucosinolate cultivars (McGregor 1978).
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B. napus has a restricted and uniform aliphatic glucosinolate profile (Adams et
al. 1985). It contains butenyl and pentenyl glucosinolates and their hydroxylated
analogues. Low levels of methylsulphinyl pentyl glucosinolates are also found. In the
seed, the major glucosinolates in B. napus are 2-hydroxy 3-butenyl 3-butenyl and 4-
hydroxy 3-indolyl ethylglucosinolate. In the vegetative phase, most of the
glucosinolates are located in the leaves with 3-butenyl glucosinolate accumulating in
large quantities in the inflorescence during maturation (Clossais-Besnard and Larher
1991). The proportion of pentyl and propenyl glucosinolates in seeds was found
proportional to the levels in the leaves, with the pentyls lower in the seeds than in the
leaves (Magrath et al. 1993). Because of the presence of seed specific glucosinolates, it
has been suggested that vegetative parts contain mainly precursors and that
glucosinolate synthesis occurs in the seed (Clossais-Bernard and Larher 1991).

The evidence that meal contains goitrogens was first noted in rats (Kennedy and
Purves 1941), then swine and poultry (Daun and McGregor 1991, Bell and Belzile
1965) and in growing bulls (Iwarsson et al. 1973). The problem results from
hydroxyalkenyls which affect iodine metabolism thereby resulting in depressed growth,
hemorrhaging liver related to the presence of epithionitriles and skeletal abnormalities
in poultry. Aliphatic glucosinolates reduce meal palatability (Magrath et al. 1993).

Glucosinolate amounts do not appear to be directly involved in resistance to L.
maculans but by the concentration on a fresh weight basis (Van den Berg and Rimmer
1991). The activity of glucosinolates depend on the type present in the leaves, for
example 2- hydroxy 3-butenyl glucosinolate does not inhibit mycelial growth whereas
indoles have an ED50 of 139 nmol ml"' (Mithen et al. 1986). Glucosinolates may be
involved in defense reactions against vertebrate and invertebrate pests (Mithen and
Magrath 1992). Glucosinolates are thought to be rapidly metabolized to sustain plant
growth and catabolized during the reproductive phase especially during flowering
(Clossais-Bernard and Larher 1991).
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1.7.3. Water stress tolerance

In B. napus, yield components such as pods per plant and seeds per pod arc all

signiticantly reduced by drought (Richards and Thurling 1978), with plants being most
sensitive at flowering. Drought tolerant plants can use several mechanisms to adapt to
water stress including reduction in water loss by increased water uptake, increased
stomatal resistance and development of large or deep root systems (Parsons and Howe
1984). This adaptation is necessary because maintenance of growth and function
depends on maintaining a relatively high water content in the protoplasm (Good and
Maclagan 1993). Osmotic adjustment under drought has received considerable
attention (Blum 1989, Cortes and Sinclair 1986, Cutler et al. 1977, Levitt 1985).
Cell membranes are one of the first targets of plant stresses. Cell membrane stability
plays a critical role in drought tolerance (Bewley 1979). Mechanisms that tend to
promote drought tolerance by maintaining turgor include osmotic adjustment, an
increase in cell wall elasticity or decrease in cell size (Turner 1979). The loss of
membrane integrity after water stress results in an increase in the cell permeability This
leads to an increase in ion efflux (El Hafid et al. 1989). The degree of solute leakage
varies according to species and appear correlated with drought sensitivity of the species
(Vasquez et al. 1990) . Krishnamani et al. (1984) observed that when leaf discs of
soybean cultivars were dried under fluorescent light cultivar differences were found in
leaf solute leakage.

The rate of injury to cell membranes by drought may be estimated through
measurement of electrolyte leakage from the cells (Blum and Ebercon 1981). The
osmoticum polyethylene glycol (PEG) causes injury to plant tissues and can be used to
induce dehydration in tissues simulating water stress (Blum and Ebercon 1981)
Evaluation of drought tolerance using this method in wheat and sorghum was found to

be comparatively efficient in partitioning between cultivars (Blum and Ebercon 1981).

1.8.  Seed Colour
The seed colour in Brassicas is thought to arise from inability of seed colour

gene(s) to achieve normal black seed pigmentation. Brown seeds arise as a result of
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partial inability of seed colour gene(s) to synthesize the seed coat pigment (Chen et al.
1988b). Several authors have reported single gene controlling seed colour in B. rapa
(Hawk 1982, Chauhan et al. 1995) and B. carinata (Getinet et al. 1987), two genes in
B. juncea (Vera et al. 1979, Vera and Woods 1982) and B. rapa (Stringam 1980),
three genes in oleiferous Brassica (Mohammad et al. 1942) and in B. napus
(Shirzadegan 1986) and as many as five genes in B. rapa (Schwetka 1982). Genes
controlling black or brown colour being either dominant, partially dominant or epistatic
to the genes for yellow colour in Brassica. Yellow seeds are obtained only when the
loci are in the homozygous recessive condition, with any other combination resulting in
either brown or black seeds. Getinet et al. (1987) found all F, seed obtained from a B.
carinata cross identical suggesting that seed colour is under the control of nuclear
rather than cytoplasmic ge=nes. In amphidiploid species, the individual genomes can
function independently of each other to achieve a specific seed colouration, but
intergenomic complementation is possible as a result of existing homology between the
Brassica genomes (Chen et al. 1988b). The genes for the yellow colour are thought to
be in the A and C genomes Chen et al. 1988b, Rashid et al. 1994). Presence of other
factors has however been shown to play a role in seed colour expression. Stringam
(1980) and Hawk (1982) reported difficulties in separation of phenotypic classes a
prblem attributed to modifier genes. Shirzadegan (1986) observed differences between
reciprocals of segregating yellow and black seeded forms of B. napus, a factor he
attributed to cytoplasmic effects on seed colour.

Johnsson and Bengtsson (1970) reported that yellow seeded B. rapa had a
lower percent seed coat (hull) than brown seeded types. Yellow seeds obtained from
segregating B. rapa lines examined by Stringam et al. (1974) were found to contain less
crude fibre, more protein and more oil than brown hulls. Bell and Shires (1982) and
Abraham and Kotwal (1995) confirmed a lower fibre content in yellow seeds than in
brown seeds. However, while the yellow seed coats had lower fibre contents, the
embryos in these seeds had higher fibre content than brown seeds. These differences
were also noted by Slominski and Campbell (1990). Yellow hulls were more digestible

by pigs than brown hulls, while corresponding crude protein was more digestible in the
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brown seed hulls, a factor attributed to higher crude protein, and low lignin and fibre in
yellow seeded hulls (Bell and Shire 1982). Oil free meal from yellow seed coat contains
more non-starch polysaccharides, more cellulose and slightly soluble and structural
polysaccharides (Slominski and Campbell 1990). Yellow meal also contained more non
starch neutral detergent matter but only one half as much lignin and polyphenols as
brown meal (Bell 1993). The yellow seeded form of B. juncea produces more oil, a
meal of low fibre and highly desirable light colour as compared with other Brassicu
species (Weiss 1983). The yellow seed trait should improve the quality of oil obtained
from brown seeded canola quality Brassicas like B. napus. The protein content in 5.
Jjuncea is higher than in canola although the difference is not significant (Woods et al

1991). This is an important quaiity because the cake would be desirable for animal feed
industry.

1.9. Disease resistance
1.9.1. Blackleg Disease

Blackleg disease is a world wide problem of oleiferous B. nupus and other
cruciferous crops (Bokor et al. 1975). It has been reported in Australia (Mcgee 1977)
and Europe (Gugel and Petrie 1992). The pathogen has been reported in 49 countries
and on all continents except Antarctica (Punithalingam and Holliday 1972). In
Germany, the introduction of low erucic and glucosinolate B. napus and B. rapu
varieties have resulted in more interest in the disease because of its increased incidence
(Kruger 1982, 1983). In Canada, the fungus is found in almost all areas where B. napus
or B. rapa are grown. In Alberta, the disease is largely confined to areas east and south
of Edmonton (Evans et al. 1992), and was absent from the Peace river region of
Alberta and British Columbia (MacDonald 1992, Harrison and Loland 1991} until 1992
when virulent strains started appearing in these regions (Evans et al. 1993, cited by
Lange 1993). The causal agent of blackleg, Leptosphaeria maculans (Desm.) Ces et de
Not. is a fungus of the family ascomycetes, belonging to the order Pleosporales. lis
anamorph is Phoma lingam (Tode ex Fr.) Desm., a deutromycetes of the order

Sphaeropsidales (Agrios 1988). Phama lingam was first described by Tode in 1871 as
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a saprophyte of cabbage and was named Sphaeria lingam (Pound 1947). The disease is
a serious yield limiting factor in all canola growing provinces (Petrie 1986, Van den
Berg and Platford 1991, Gugel and Petrie 1992).

Leptosphaeria raculans infection symptoms vary from damping off and smali
leaf spots during the early phase of infection to severe stem cankers referred to as
‘blackleg’ during later stages of the disease (Gabrielson 1983). The leaf infection is
characterized initially by biotrophic growth with completely necrophytic growth in later
stages (Hammond et al. 1985). Resistance is characterized by the formation of a
restrictive dark hypersensitive reaction around the wound observed ten days after
inoculation (Ferreira et al. 1993). The B. juncea type of resistance to L. maculans is
important from an agronomic point of view because it can be transferred through
interspecific crossing to B. napus (Roy 1978, 1984). The hypersensitive type of
resistance is associated with the B genome, and is thought to be conditioned by two
nuclear genes with dominant recessive epistatic action (Rimmer and Van der Berg
1992). This type of resistance has been observed in B. jurncea, B. nigra and B. carinata
(Sjodin and Glimelius 1988).

Some resistance genes are thought to be located on the C genome (Sacristan
and Gerdemann 1986) as different reactions are obtained in crosses between B. napus
with either B. juncea or B. carirata. Several models of inheritance of blackleg
resistance has been proposed, ranging from monogenic dominant (Stringam et al. 1992)
to polygenic systems (Cargeeg and Thurling 1980) in the adult stage. In the seedling
stage resistance is thought to be conditioned by a single dominant gene (Stringam et al.
1992). A large emphasis has been placed on the incorporation of blackleg resistance
into B. napus since seed treatment is not an effective disease control in areas where L.

maculans is endemic and foliar fungicides are not available (Lange 1993).

1.9.2. Blackspot Disease
Black spot disease is caused by Alternaria brassicae (Berk.) Sacc. and
Alternaria raphani Goves and Skolko (Degenhardt et al. 1974). The fungi attack

leaves, stems inflorescence and pods. They produce prominent spots or lesions that
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may be entirely brown, black or greyish-white (Degenhardt et al. 1974, Conn and
Tewari 1989). The fungus produces a phytotoxin called destruxin which produces the
symptoms observed on the sensitive species’ leaves and pods (Bains et al. 1993). The
pathogen infects all aerial plant parts, reduces the photosynthetic area and accelerates
senescence and defoliation (Bains and Tewari 1987). Early attack on pods results in
small wrinkled seeds while attacks at later stages causes premature ripening
accompanied by pod shattering (Grontoft and O’Connor 1990). Early maturing
varieties are more severely affected than late varieties but disease severity at the same
stage of ripening is similar in all varieties within a species (Grontoft and O’Connor
1990). Among the Brassica species studied by Rai and Kumar (1995), B. carinata was
the least susceptible, followed by B. napus, B. nigra, B. oleracea, B. juncea and B.
rapa. In a study on pollen selection for A. brassicae resistance between B. napus, B.
nigra, B. juncea and B. rapa, a similar trend was found between the species. B. napus’
pollen was the most insensitive and B. nigra the most sensitive (Shivanna and Sawhney
1993).

Crop losses as a result of infection by Alternaria species results in 5-30% yield
loss in western Canada (Conn et al. 1990, Tewari 1991). Artificially inoculated field
crops resulted in yield losses of as high as 63% in B. rapa cv Span and up to 42% in B.
napus cv Zephyr (Degenhardt et al. 1974). In a survey conducted in central Alberta,
46% of the fields growing B. rapa and 26% growing B. napus had Alternaria black
spot (Conn and Tewari 1993). In a survey in Europe reported by Kennedy and Graham
(1995) heavy infestations resulted in yield losses of as high as 50%. Infection by the
fungus not only reduces yield, but also results in a reduction in seed oil content and
meal protein content in B. napus and B. rapa varieties (Degenhardt et al. 1974). The
severity of the disease is increased by applying excess amount of nitrogen and
phosphorus. The application of potassium reduced the disease severity by inhibiting
conidial germination (Sharma and Kolte 1994).

Sources of resistance to black spot include wild and allied species of Brassica
such as Camelina sativa and Sinapis alba (Shivanna and Sawhney 1993). In crosses in

which one parent was resistant and the other highly susceptible like B. carinatu x B.
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juncea, the F, plants were resistant while the cross between B. juncea x B. napus
resulted in F, plants of moderate resistance (Rai and Kumar 1995) showing the
possibility of transferring the resistance to the fungus to the susceptible interspecific

cross plants.

1.2. Objectives
The overall objective of this Thesis was to study introgression of traits from B. napus
to B. juncea,and determine their agronomic performance and stability in a new genetic

background.
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Chapter 2

Characterization of Breeding Materials Using Molecular Genetic Markers
2.1. Iatroduction
2.1.1. Interspecific crosses

Transfer of alien chromosomes or chromatin has often been used to introduce
desirable agronomic traits in crops. In Brassica, cytological investigations have
demonstrated relationships between the monogenomic diploid species B. nigra (BB) 2n=16,
B. oleracea (CC) 2n=18 and B. rapa (AA) 2n=20 and the amphidiploid species B. napus
(AACC) 2n=38, B. carinata (BBCC) 2n=34 and B. juncea (AABB) 2n=36 (U 1935). U
demonstrated that B. napus is an allotetraploid derived from hybridization between B. rapa
and B. oleracea, while B. juncea was derived from B. rapa and B. nigra. Studies of
chromos:.sne pairing and morphology at the pachytene stage of meiosis have clarified the
interrelationships between the various genomes. Studies at the cytogenetic level have shown
the close phylogenetic relationship between the A B and C genomes (Armstrong and Keller
1981, Attia and Robbelen 1986 and Busso et al. 1987). B. napus (AACC) and B. juncca
(AABB) possess homology in the A genome, however, over a period of time they have
differentiated to some extent resulting in only partial homology (Rajan and Hardas 19063,
Heyn 1977).

Introgression of alien genes is often hampered by the lack of pairing between two
well differentiated genomes (Banga 1988). Interspecific hybridization has been widely used
to transfer single genes or small blocks of genes across iﬁterspeciﬁc boundaries. Successful
transfers of traits such as triazine resistance from B. napus to B. oleracea (Ayotte et al.
1988), earliness from B. rapa and B. juncea to B. napus (Zaman 1989), blackleg resistance
from B. juncea to B. napus (Roy 1983), shattering resistance from B. juncea to B. napus
(Prakash and Chopra 1988, 1990), and blackleg resistance genes from B. nigra to B. napus
by interspecific crossing with B. juncea have been reported (Sacristan and Gerdemann
1986). Paulmann and Robbelen (1988) reported introduction of restorer genes from
Raphanus sativus to B. napus. Resistance to Plasmodiophora brassicae was transferred
from B. rapa to B. napus (Lammerink 1970, Johnstone 1974) and from B. oleracea to B.
napus (Yamagishi et al. 1980). Roy and Tarr (1986) reported successful development of a
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low linolenic acid line from a B. juncea x B. napus cross. Intergenomic recombination
between B. oleracea (CC) and B. rapa (AA) chromosomes has been demonstrated in a
generation of B. rapa - oleracea addition lines developed from natural B. napus (Quiros et
al. 1987). In the process of developing addition lines between B. rapa and B. alboglabra,
Chen et al. (1992) suggested that alien chromosomes from B. alboglabra may not remain
intact because of possible intra and intergenomic recombination allowing the possibility of
chromosome exchange between genomes. In naturally occurring Brassica amphidiploids the
constitusnt genomes have undergone sufficient genetic differentiation that they lose the
ability to pair allosyndetically (Heyn 1977). Genetic suppression of homoeologous
chromosome pairing was suggested by Prakash (1974). Attia and Robbelen (1986)
reported a higher degree of meiotic pairing in the artificially synthesized AACC
amphidiploid than in AABB and BBCC and concluded the A and C genomes are more
closely related to each other than to the B genome. Some interaction occurs between
the A and the B genomes as evidenced by work of Sacristan and Gerdemann (1986)
involving B. nigra, B. juncea and B. napus. A high number of bivalents were observed
between A and C genome chromosomes by Tai and Ikonen (1988). This suggested that
chromosomes of allotetraploid plants obtained through doubling of dihaploids show
pairing both in homologous and homoeologous chromosomes. The presence of
multivalent associations at metaphase I provide a mechanism for recombination between the
various genomes (Ayotte et al. 1988). The degree of homology between genomes greatly
influences the potential use of different germplasm sources to improve Brassica crops
through interspecific crosses. To stabilize the lines and remove the undesired traits,
backcrossing is usually performed to the parent with the desired background. This also
tends to increase the male and female fertility in subsequent backcross generations of the
cross (McGrath and Quiros 1990).

2.1.2. Genetic characterization by RAPDs
Phenology and morphological characteristics may not be sufficiently different to
differentiate cultivars (Mailer et al. 1994). Some of the methods used to differentiate

cultivars have included plant growth period (Halligan et al. 1991) and seed shape
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(Barker et al. 1992). In Brassica, specialized tests have been developed based on seed
or plant composition such as fatty acids and glucosinolate content (Heaney and
Fenwick 1980). Not only are these approaches time consuming, the efficiencies may be
reduced by environmental effects or by complex inheritance of multigenic traits
(Rafalski et al. 1991).

Molecular markers provide a means of ensuring that desirable traits are indeed
recovered in selected progeny and ensuring that important alleles from the adapted
cultivar are again recovered (Edwards 1992). When unique markers are identified that
appear to be associated with genomic regions of interest, segregation analysis must be
performed to determine their location in relation to the gene of interest (Durham and
Korban 1994).

The development of polymerase chain reaction (PCR) to amplify DNA and the
use of randomly amplified polymorphic DNA (RAPDs) or arbitrary pnmed polymerase
chain reaction (AP-PCR) has resuited in a potentially useful tool for cuitivar or line
discrimination (Aitken et al. 1994, Williams et al. 1990, Welsh and McClelland 1991).
The DNA markers per se have no measurable effect on the phenotype, and the
environment does not affect their evaluation (Tanhuanpaa et al. 1994). The
information, thersiore, generated through DNA markers is independent of
environmental conditions.

RAPDs provides an efficient assay for polymorphism, allowing rapid
identification and isolation of chromosome specific DNA fragments (Williams et al.
1990, Quiros et al. 1991) if distinguishing between heterozygotes and homozygotes is
not required (Welsh et al. 1991). They can also be used to tag specific chromosomes
and identify gene transfers. RAPD markers provide information at many loci (Rafalski
et al. 1991, Welsh et al. 1991) although large differences are found across primers and
species (Williams et al. 1990).

The dominant nature of the markers is cffset by the large number of
polymorphisms generated by a single primer using AP-PCR (Welsh et al. 19%3). It is
also not possible to distinguish with dominant RAPD markers whether a DNA segment

is amplified from a locus that is heterozygous or homozygous. Since the majority of

53



RAPD markers are expressed in a dominant manner it is necessary for a single primer
to generate at least one polymorphic amplification product from each parent when
being used to identify hybrids (Baird et al. 1992). Coupled with backcross introgression
and bulked segregant analysis, identification of markers that are tightly linked to genes
of interest is enhanced (Michelmore et al. 1991, Miklas et al. 993, Haley et al. 1993).
This results in production of markers useful in selection systems.

Studies comparing species in Brassica, Raphanus and Sinapis genera concluded
that RAPD markers might be useful for taxonomic studies (Demeke et al. 1992,
Tanhuanpaa et al. 1993). As few as three random primers generated enrough
information to distinguish between cultivars of broccoli and cauliflower (Hu and Quiros
1991). Less than 55 markers could distinguish among 45 B. oleracea cultivars
involving cauliflower and broccoli (dos Santos et al. 19924) which compared well with
40 RAPD markers used by Hu and Quiros (1991) to distinguish between 26 broccoli
and cauliflower cultivars. Demeke et al. (1992) separated S cabbage and 4 cauliflower
genotypes with 122 RAPDs and 13 primers. With only six primers, Mailer et al. (1994)
discriminated 24 of 26 cultivars of B. napus. At times one primer can distinguish a wide
range of genotypes. In 13 cocoa (Theobroma ) clones Wilde et al. (1992) could

separate all genotypes using a single primer.

2.2. Objectives
The objectives of this study were to develop DH lines from an interspecific cross (B.

Juncea x B. napus) x B. junea through microspore culture, and genetically characterize
the developed lines with RAPDs.

2.3. Materials and Methods
2.3.1. Development of breeding lines

Two breeding populations were maintained throughout the study. The breeding lines
were developed through a series of crosses between B. juncea and B. napus. The breeding
scheme is shown in Figure 2.1. The B. juncea parent was developed by crossing breeding

lines 91-5350-2 x 91-5467-1 from the University of Alberta canola breeding program. The

54



other B. juncea parent was developed by crossing breeding lines 91-5350-1 x 91-5467-1.
This latter parent was crossed to a B. napus breeding line 91-5174-1 obtained through
spontaneous diploidy during microspore culture of immature pollen. The F, plants
obtained were backcrossed to the B. juncea parent developed earlier, to pro:i«: >l
donor parent population 94-1. Concurrently, another cross was made bet.. .- v B,
Juncea breeding line 91-5349-2 and the B. napus line 91-5174-1. The ¥, obt> acd was
backcrossed to an open pollinated form of the B. juncea parent 91-535%. to obtain
donor parent population 94-2. The two donor line populations were seeded in 5 inch
pots using soil free mixture (Stringam 1971) and placed in growth cabinets maintained
at 18/10 °C day/night temperature and 16 hour photoperiod. Photosynthetic photon
flux density at plant level was 425-450 uEm™m’'. Plants were fertilized with 20-20-20
fertilizer solution of NPK twice weekly. At the first true leaf stage, the plants were
thinned to one per pot. Insects were controlled both by manual removal from the plant
and through chemical sprays. Buds at the uni-nucleate stage were picked from plants of
the two breeding populations as they matured. Buds at the appropriate developmental
stage for microspore harvest were selected when petals extended about half to two
thirds the length of the anther. The harvest period was prolonged by removing open

flowers and by occasionally cutting back to allow the re-growth of the plant.

2.3.1.1. Microspore culture

The protocol used for the microspore culture was as described by Coventry et al.
(1988);, and modified for B. juncea (Thiagarajah and Stringam 1990). Buds were
harvested shortly before or at first flower stage from main racemes and lateral
trznches, wrapped in aluminum foil and stored at 4°C for four days. Buds at the
appropriate developmental stage were selected and placed in steel cages, then dipped in
7% Calcium hypochlorite and surface sterilized for 5 minutes. The buds were then
rinsed three times for 5 minutes each with cold sterile double distilled water and
transferred to a chilled sterile mortar and pestle. They were then gently crushed in BS
wash media (13% w/v sucrose) to release microspores. The suspension consisting of

rmicrospores and other plant debris was swirled gently and poured through two layers
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of nested sterile filters (Nytex-63um top and, 44um bottom) (B & SH Thompson)
placed in a sterilized plastic funnel and washed with cold BS culture medium. The
microspores were then collected in sterile S"ml falcon tubes (Fisher) and centrifuged at
900-1000 rpm for 5-8 minutes. The solution was decanted under sterile conditions and
microspores resuspended in B5S medium. The process was repeated four times and the
microspores re-suspended in NLN media (Lichter 1985).

The concentration of the microspores was altered by adjusting the volume of the
medium to approximately Iml bud” utilized. Approximately 10ml of the suspension
was decanted into sterile 60x15mm disposable petri dishes (Fisher cat No. 8-757-13)
and the dishes wrapped in a double layer of paraffin film. The plates were incubated at
35°C overnight in darkness and then transferred to 30°C in similar conditions. The
plates were incubated for 14-21 days and then placed on a shaker at 60-70 rpm for 4-7
days depending on the size of the embryos. The embryos were then transferred (10
embryos per plate) to solid B5 media (0.8% agar containing 0.15mg/l of filter sterilized
gibberellic acid (GA;) from Sigma). The plates containing small undeveloped embryos
were then sealed and returned to the shaker until the embryos had grown sufficiently
for transfer to solid media. The plates were then sealed and maintained at 4°C in an 8
hour photoperiod regime for 7 days, and then transferred to a culture room in a 12/12
hour photoperiod with a photon flux density of 30 uEm™s™ at room temperature.

When the embryos had germinated and developed true leaves and fine roots, they
were transferred to autoclaved soil free mixture (Stﬁngam 1971) and covered with
plastic caps to conserve moisture and reduce stress. The plants were then placed in
growth chambers and watered daily. The caps were removed wien the plants became

established and were allowed to grow until flowering.
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Figure 2.1. Development of the breeding population scheme

Breeding line 1
91-5350-2 x 91-5467-1
(B. juncea)
91-5350-1 x 91-5467-1 91-5174-1
(B. juncea) (B. juncea) (B. napus)

93-433-1 X 93-4i9-5

B. juncea B. napus
v
F,
93-700-2 X 63-702-1
(interspeciﬁc) (8. juncea)
94-1
Breeding line 2
91-5349-2
(B. juncea)
92-1773-1 91-5174-1 63-435-1 (OP)
DH, seed SD blk Res
93-435-1 X 93-419-5
B. juncea 1 B. napus
F,
93-701-3 X 93-703-2
(interspecific) 1 B junceu
94-2
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2.3.1.2. Colchicine treatment

Plant morphology was examined to identify spontaneous diploids and haploid plants.
The spontaneous diploids, which were identified by their larger flowers and copius
production of pollen, were self-pollinated. The roots of the haploid plants were washed to
remove all potting media and immersed in a colchicine solution (3.4g I'") for one and a half
hours (Coventry et al. 1988), and exposed to bright light to improve transpiration and speed
the uptake of the colchicine solution. The plants were then transplanted into fresh 5 inch
pots and allowed to regenerate. At flowering, the plants were bagged and the bags agitated

periodically to ensure the development of self-pollina‘ed seed.

2.3.2. Genetic characterization by use of RAPDs
2.3.2.1. Plant material

Seeds from B. juncea, B. napus, F, and BC,F;-derived DH plants were planted
in five inch pots and grown as earlier described. Prior to leaf harvesting. plants were
kept in the dark for 48 hours to reduce photosynthetic activity. This procedure reduced
the amount of polysaccharides present in the leaf tissues which interferes with the
analysis (Delaporta et al., 1983). The tender young leaves were harvested from three
week old plants. Samples were collected from actively growing plants, wrapped in
aluminum foil, and stored in liquid nitrogen (Delseny et al. 1990) until DNA was

extracted.

2.3.2.2. DNA Extraction

The DNA was extracted using the protocol described by Delaporta et al. (1983)
with slight modification outlined below. The leaf tissue was ground in a chilled mortar
and pestle under liquid nitrogen. This prevented degradation of the sample upon
thawing. Eight ml of extraction buffer, consisting of: 100 mM Tris pH=8, 50 mM
EDTA pH=8, 500 mM NaCl and 10 mM f-Mercaptoethanol (added fresh) were added
to the ground tissue and transferred to a sterile Oakridge tube. One ml of 20% sodium
dodecy! sulphate (SDS) was added followed by vigorous shaking. One-hundred-fifty

pg/ml of Proteinase K (112 ul of 20mg/ml) was added to the macerated tissue and the
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mixture incubated for one hour at 55 °C. t1ve ml of SM potassium acetate (KoAc) was
added, mixed thoroughly, and the entire mixture then placed on ice for twenty minutes.
The mixture was then centrifuged at 25,000 xg (16,500 rpm) using a Beckman Model
J-21B centrifuge and the supernatant filtered through a single layer of Miracloth
(Sigma) to remove floating debris. An equal volume of phenol:chloroform (24:1
Chloroform:Isoamyl alcohol) was added, mixed thoroughly and then centrifuged for 5
minutes at 3,500 rpm using a Hitachi Himac model CTS DL clinical centrifuge. An
additional chloroform extraction completed the extraction process. The DNA was
precipitated by adding 0.6 vol. isopropanol (2-propanol) and centrifuging the cloudy
mixture for five minutes at 3,500 rpm. The DNA pellet was placed into a 1.5 ml tube
and rinsed twice with 70% ethanol. The DNA pellet was then resuspended in S00 pl
TE pH=8 containing 10 mM Tris and 1 mM EDTA. The DNA solution was treated
with 5ul of RNAse for one hour at 37 °C followed by a phenol:chloroform extraction.
Sequential chloroform extractions were done until no white interface remained (approx.
3 times). An equal volume of 5M NaCl was added and mixed, and the DNA
precipitated by adding an equal volume of 95% ethanol. If necessary, the DNA solution
was centrifuged at 13,000 rpm using a Canlab Biofuge A centrifuge before a pellet was
obtained. The DNA peliet was washed three times with 70% ethanol and vacuum dried
using a Savant Speedvac concentrator. The dry pellet was then dissolved in a minimum

amount of TE pH 8 (10mM Tris, ImM EDTA) and stored at -20 °C.

2.3.2.3. Quantification

Twenty ul of DNA were added to 2,000 pl of sterile de-ionized water and
optical density (OD) determined at 26% nm with of a Cary 219-0018 UV
spectrophotometer. Optical density (OD) readings were also taken at 230nm (proteins)
and 280nm (polysaccharides) to determine the level of contamination. An OD ratio

reading of 1.7-2.2 was desired between DNA and the protein bands. The DNA

concentration was calculated from the formula:

DNA concentration (ug/ul) = OD (260nm) x dilution factor x

1000
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The original DNA solution was then diluted to a concentration of 5ng/ul. The diluted

DNA was divided into 1.5ml aliquots and stored at -20 °C until required.

2.3.2.4. Amplification conditions

Amplification was completed according to Williams et al. (1990) with slight
modifications. The reactions were carried out in volumes of 22.9ul containing 1.9ul of
25mM MgCl,, 2.5ul of 10x Buffer (Promega), 0.5ul of 10mM dNTP (Pharmacia),
0.2ul of 1U Taq DNA polymerase (Promega), and 2.5ul of 2mM primer obtained by
diluting stock primers ten times. The volume was made up to 22.9ul by adding sterile
double distilled water. Of this solution only 20ul were used for amplification. The
reaction mixture was placed in 0.5ml reaction tubes and overlaid with a drop of mineral
oil to prevent evaporation of the mixture.

Amplification was performed in a Techne PHC 2 DNA Thermal Cycler
programmed for 45 cycles of 1 minute at 94 °C, 1 minute at 35 °C and 2 minutes at 72
°C. An extra cycle at 94 °C, for 1 minute, 35 °C for 1 minute and at 72 °C for 10
minutes completed the amplification. The amplification products were separated by
1.4% agarose gel made by dissolving 0.42g of agar in 30ml of Tris acetate (TAE)
buffer consisting of 0.04M Tris acetate with 0.001M EDTA. The buffer was made from
a 50x stock solution. The agarose was dissolved by microwaving for 55 seconds on
high. One and half pl of aqueous ethidium bromide (10 mg/ml) was added prior to gel
casting in a mini gel mold (Styler Instruments). The PCR products were placed in
reaction tubes taking care not to remove oil together with the products. Two pl of
loading buffer consisting of 0.25% bromophenol blue, 0.25% xylene cyanol and 30%
glycerol in water were added to the reaction tube to act also as a tracking dye. An extra
tube was included containing 2ul of 1 Kb ladder (GIBCO BRL), 2ul of loading buffer
and 20ul of double distilled water. After loading, the gel was run at 80V for 1-2 hours,

observed under UV light, and the results recorded on a 57 type Polaroid film.
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2.3.2.5. Similarity Index

A similarity index was determined to compare the parents, F; and BC,F,-
derived DH plants using the method of Nei and Li (1979). The calculations were based
on presence or absence of specific markers in the parents F; and BC,F,-derived DH
plants. The similarity index F, is a ratio of shared bands in two populations and total

bands present in the population (Table 2.8 and 2.10).

_ 2Nxy
" Nx+Ny
Where Nx = No. of Bands present in population x
Ny = No. of bands present in population y
Nxy = No. of bands common to the two populations x and y

2.4. Results

2.4.1. Donor line development

The donor plant population from 94-2 was more responsive with 50% of the
population (3 plants) developing embryos. Donor plants had different embryogenic
capabilities resulting in different plant populations (Table 2.2). The donor plant population
from 94-1 had a 20% response (5 plants). The level of embryogenic capability was lower
than in the 94-2 population. The F, plant population from which 94-2 was obtained on
backcrossing produced doubled haploid plants on microspore culture. Most of the plants
died from the effects of colchicine treatment as B. juncea is more sensitive to colchicine
toxicity (Thiagarajah and Stringam 1993). The recovered doubled haploid plants were
identified because of higher level of pollen production and larger flowers observed in the
plants. The 94-1 derived DH population was severely affected resulting in only one double
haploid line from donor 94-1. Ten lines were obtained from 94-2 derived population and six

F,-derived DH plant lines were obtained.

2.4.2. Phenotypic description of parent lines

B. napus leaves are dark green, glaucous, and lyrate. The lower leaves are
partially clasping. The leaf lobes are acute, with a narrow elliptic lamina shape. The leaf

margin dentition is undulate. The bracts have broad auricles, with coarse small teeth on
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their margins. The inflorescence is an elongated raceme, borne terminally on the main
stem as well as on the branches. The flowers are bright yellow although the colour may
vary from orange to pale yellow. The flower petals tends to be wide apart giving an
appearance of a wider flower. B. juncea contains light green leaves with a hairy
surface. The leaf lobes are rounded, with a wide elliptic shape. The margin dentition
contains sharp teeth. The bracts are elongate with small teeth on its margin. The
flowers are pale yellow and show a more compact nature than B. napus. The

morphotypes observed in the breeding lines were as shown in table 2.1.

Table 2.1. Morphological appearance of the breeding populations based on leaf
structure and general flower appearance.

Breeding Population Morphology of Plants Number of Plants
94-1 B. juncea type 7
Intermediate 6
B. napus type 2
94-2 B. juncea type 3
Intermediate 2
B. napus type 1

The main advantage of using haploids is the rapid and theoretically complete
homozygozity of the offspring resulting in a time saving of several years in cultivar
development (Thiagarajah and Stringam 1993). It is algo simpler to distinguish different
classes within genetic populations because heterozygotes, usually common in early
segregating populations, are absent (Choo et al. 1985).

DH populations have been used to study inheritance of traits such as fatty acids
and glucosinolates in B. napus (Siebel and Pauls 1989a, 1989b, Stringam and
Thiagarajah 1995), seed colour studies in canola type B. napus (Henderson and Pauls
1992), and seed colour and leaf hairiness in B. juncea (Thiagarajah and Stringam
1993).
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Table 2.2.  Response to microspore culture in Fy and BC\F, of the cross B. juncea x B.

napus.
Type of Population Plant identity Recovered Plants after
Colchicine treatment
F, 93-701-3 8
BC,F, 94-1-2 2
94-1-3 1
94-1-5 14
94-1-6 1
94-1-8 1
BCF, 94-2-1 4
94-2-2 24
94-2-3 8

The use of the doubled haploidy method of breeding did not differ significantly from
traditional single seed descent (SSD) method of breeding (Thiagarajah and Stringam
1993). Jansen (1992) suggested a population of doubled haploid lines is nearly
equivalent to a late generation of a single seed descent program, which in the case of
unlinked genes, the minimum number of doubled haploids are only slightly smaller than

the minimum number of single descent lines in the seventh to eleventh generation

(Jansen and Jansen 1990).

2.4.3. Genetic characterization using RAPDs

Six primers out of twenty obtained from Operon Technologies were used to
discriminate between 17 F, and BC,F,-derived DH lines, two B. juncea and one B.
napus parents (Table 2.3). The primers used were single 10-mer oligoriucleotides.
Only consistent bands were scored from the various primers used. Faint and non
repetitive bands were not included in the analysis. The PCR was run at least twice per
primer or group and the results from the multiple runs compared to determine the
consistent bands. Polymorphisms was detected in eighty-six percent of the scorable

RAPDs. Fourteen percent of the markers were monomorphic and appeared in all
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plants. Higher numbers of markers were detected in the B. juncea parents than in the B.
napus parent. The size of the amplificatic... products ranged from 1.9 Kb to 0.3 Kb in
the 29 scorable markers developed from the six primers (Table 2.4).

Primers OPA9, OPA16 and OPA18 produced six markers each, with primers OPA9
and OPA18 producing a monomorphic band at 0.3 Kb and 0.6 Kb respectively (Table
2.4, Figures 2.2 and 2.3). Primers OPA3 (Figure 2.6) and OPAl4 (Figure 2.5)
produced four markers each which were polymorphic. Monomorphic bands were
produced by OPA9 (Figure 2.2). OPA20 and OPA18 produced 2 and 1 monomorhic
markers of 1.2 and 0.8 Kb (Table 2.4) and 0.6 Kb (Figure 2.3) repectively.
Monomorphic bands specific only to F; and BC,F;-derived DH plants were also
produced. A 0.8 Kb band amplified by OPA3 (Table 2.4 and 2.7) was present in both
B. juncea and B. napus but was only detected in BC,F,-derived DH lines. A
monomorphic band of 0.87 Kb present only in the BC,F,-derived DH lines was
detected by OPA18 (Table 2.4 and Figure 2.3).

Table 2.3. Primers and their Sequences used for DNA amplification.

Primer Sequence No. of RAPDs
OPA3 5" GTT GCG ATCC 3’ 4
OPA9 5" GGG TAACGCC3 6
OPAl4 5" TCTGTGCTG G 3 4
OPAIl6 5" AGCCAGCGAAS 6
OPA18 5> AGGTGACCGT3 6
OPA20 5 GTT GCG ATC C 3’ 3
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Figure 2.2. Genetic characterization of Fi and BCiFi-derived DH plant:.
using RAPD markers generated by Primer OPAY (Operon Technology;
Alameda California). Monomorphic band at 0.4 Kb present in all F, and
BC:Fi-derived plants is shown by an arrow. The 1.0 Kb and 0.8 Kb
marker present in the B. napus and B. juncea are rccovered both in the F,
and BCiFi-derived plants. Lanes 1-2, B. juncea, and B. napus; Lanes 3-8,
Fi-derived DH plants and Lanes 9-14, BC:Fi-derived DFI plants.
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Table 2.4. Classification of RAPD markers developed between parents, F; and
BC,F,-derived DH plants from 94-2-3.

Pnmer
Size B. _] B.n Fl Fx F| F; F; Fl BC[F: BClFl BC;F; BC]F] BC]F] BC]F]
(Kb) 31 S3 S4 S5 S6 S7 S8 S9 Sl S14 S15 Si6 S17 S18
OPA 16 19 1 1 1 1 1 0 0 0 1 0 0 0 0 o
1.5 0 1 0o 0 1 0 0 0 1 0 0 0 0 0
14 0 1 1 1 1 0 0 0 1 0 0 0 o 0
1 0 1 1 1 1 1 1 1 0 1 0 0 0 0]
0.95 1 0 0 1 0 0 0 0 1 ¢ 1 1 1 1
0.83 1 0 Y 0 0 0 0 0 1 O 0 0 0 0
OPA9 1.6 1 1 1 1 1 1 H 1 1 1 1 1 O
1.2 1 0 | o 0 0 0 1 ! | 1 1 | Y
1 ¢ 1 1 1 1 I 0 1 0 0 0 G 0
08 1 Q0 0 1 1 1 0 1 1 1 1 1 0 1
04 1 0 0 0 i 1 0 0 1 i 0 1 1 0
0.3 1 1 ] 1 1 1 1 1 I 1 ) 1 1 1
OPA14 1.5 1 0 1 1 1 1 1 1 1 1 1 1 1 |
1.4 1 1 ] 0 1 1 i | 1 1 1 | 1 o
0.9 1 1 1 1 0 1 1 1 1 1 0 0 0 0
0.4 1 0 1 0 1 1 1 1 1 1 1 1 1
OPA20 1.5 i 0 1 1 1 0 1 1 1 1 1 0
1.2 i 1 1 1 1 1 1 1 1 1 1 1
08 1 1 i 1 1 1 i i I i I
OPA3 1.8 i 0 1 1 ] 1 1 1 0 1 1 0 1 1
1 1 0 0o 0 0 0 0 1 1 1 1 1 | 1
0.9 0 ! 0 0 0 0 0 1 1 | 1 1 1
08 1 1 | i 1 1 1 1 0 0 0 0 0 (V]
OPAIS 1.05 1 0 1 | 1 0 1 | 1 1 1 0 1 1
0.93 0 1 1 1 1 1 1 1 1 1 I 1 1 1
0.87 1 1 1 0 1 1 1 1 1 1 1 1 1 1
08 1 0 0o o0 0 1 1 0 1 1 ] 1 1 1
0.7 1 ) o o0 o0 1 1 0 1 1 1 1 0 Q0
0.6 1 1 1 1 1 1 1 | 1 1 1 1 1 1

Sce Appendix 2 for sample abbreviations
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Figure 2.3. RAPD analysis of Fi-derived DH plants between B.
Jjuncea x B. napus using the random primer OPA18. Lanes 1-3, B.
juncea parent 1 and 2, and B. napus; Lancs 4-9, Fi-derived DH

plants. The 1.05 Kb marker from the B. juncea and 0.87 Kb from

B. napus are found in the Fi-derived DH plants in lunes 4, 6, 8 and
9.
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Table 2.5. Classification of RAPD markers developed between parents, F, and
BC,F,-derived DH plants from 94-2-1 and 94-2-2.

Primer Size ‘BJ *B. n F] F] F] F| F] F] BC]F] BC]F] BC]F] BC1F|
(Kb) Si S3 S4 S5 S6 S7 S8 S9 S12 S13 S19 S20

OPAY 1.6 1 0 1 1 | 1 1 1 0 0 0 0
1.2 1 0 1 0 0 o 0 1 0 1 0 1
1 0 1 1 1 1 1 1 0 0 0 0 0
0.8 1 0 0 1 1 0 i 0 1 1 1 1
0.4 1 0 0 0 1 1 0 0 i 1 1 1
0.3 1 1 1 1 1 1 1 1 1 1 1 1
OPAIlG6 1.9 1 1 1 1 1 0 0 0 0 G 0 0
1.5 0 1 0 0 1 0 0 0 1 i 1 1
1 0 1 1 1 1 1 1 1 0 0 0 0
0.9 1 0 0 1 1 1 1 i 1 1 1 1
0.6 1 1 0 1 1 1 1 1 0 0 1 1
0.5 0 1 1 | 1 1 1 1 1 i 1 1
OPAILS 1.05 1 0 i 1 1 o 1 1 1 1 1 {
0.93 0 1 1 1 1 1 1 1 1 1 0 1
0.87 1 1 1 1 0 1 1 1 1 1 1 1
0.8 1 o 0 0 0 1 1 0 1 1 J }
0.7 1 0 0 0 0 1 1 0 | 1 I 1
0.6 1 1 1 1 1 1 1 1 1 1 1 1

*B.j and B.n =B. juncea and B. napus respectively
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2.5. Discussion

The B. juncea parent is an amphidiploid consisting of A and B gcnomes,
whereas B. napus consists of A and C genomes. Since the parents share the A genome
(U 1935), the shared bands observed in the gels could have resulted from the common
genome A where DNA associated with A genome chromosomes from both B. jurcea
and B. napus could have homologous regions. Species specific bands were more
abundant in B. juncea than in B. napus. In a previous study, Quiros et al. (1991)
observed that the B genome had the highest amplification products, more than double
the A p#nome and more than three times the C genome products. There were 14
amplification products detected only in B. juncea as compared to 6 observed in the 5.
napus. The number of markers observed in B. juncea and B. napus was in close
agreement with observations of Quiros’ et al. (1991).
OPA9 amplified a 1 Kb marker specific for the C-genome. B-genome specific markers
were detected by OPA16 with 0.9 Kb and 1.4 Kb markers. In the study by Quiros et al
(1991) a 0.8 Kb A-genome specific marker was amplified by OPA9.
The 1000 bp C-genome specific marker detected by OPA9 was also detected in the k.
but only in a single BC,F;-derived DH plant (Figure 2.2}. This may have occurred as a
result of pairing between C-genome chromosomes from B. napus and B. juncea B-
genome chromosomes which on backcrossing dissociated and were lost afier
backcrossing in most of the BCF,-derived DH lines. The distribution of the markers
appeared random among the F; and BC,F,-derived DH lines. All markers observed in
the parents were recovered either in the F, or BC/F -derived DH plants.
Other than markers amplified by OPA3 (Figure 2.6), markers found in B. napus only
were all detected in the F,, showing that all the F, contained some genetic material
from B. napus. As a result of backcrossing, the B. napus genetic material passed on to
BC,F,-derived DH plants was reduced considerably.
The reduction of B. napus markers recovered trom BC,F,-derived DH plants suggests
loss of genetic material from B. napus in BC,F,-derived DH plants resulting from
backcrossing to B. juncea. This loss supports the observations of reduction in

chromosome numbers observed in the PMCs of F,-derived DH plants discussed in
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Chapter 3. The 1 Kb fragment amplified by OPA3 in the BC,F,-derived DH plants
could be of B. napus origin arising through homeologous pairing of B- and C-genome
chromosomes. The monomorphic bands detected by various primers were very likely
from the A-genome chromosomes which are present in both parents. The influence of
the C-genome chromosomes in the BC,F;-derived DH plants was diminished as a result
of backcrossing, a fact shown by reduction in the number of B. napus markers in the
BC,F,-derived DH plants. This suggests the desired B. juncea background was
recovered and hopefully some of the B. napus markers observed in BCF;-derived DH
plants were expressed for the required traits.

The markers developed could be classified into species specific markers, present
only in the parents B. juncea or B. napus (Table 2.6). Species-specific markers were
detected by all six primers used in the study. Fourteen markers were detected only in

the B. juncea, parents and only six in the B. napus parent.

Table 2.6. Species specific markers observed in the B. juncea and B. napus

parents.
B. juncea B. napus
OPA20 1500 OPAI18 900
OPAI1S8 1000 OPAI6 1500
OPA18 800 OPA16 1400
OPAI18 700 OPA16 1000

OPA16 900
OPA16 800

OPA14 1500
OPA14 400

OPA9 1600
OPAY 1200
OPA9 800
OPAY 400

OPAZ 1800
OPA3 1600

OPA9 1000
OPA3 900
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Figure 2.4. RAPD profiles of 3CiFi-derived DH plants generated
by Primer OPA14. Lanes 1-3 represent B. juncea parents 1 and 2,
and B. napus. Lanes 4-14 represents BCiFi-derived plants. B. juncea
specific markers 1.5 Kb and 0.4 Kb arc shown by arrows.
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Figure 2.5. R APD banding patterns of DNA amplification
products from Fi-derived DH plants. The Primer used was
OPA14. Lanes 1-3, B. juncea parents 1 and 2, and B. napus;
Lanes 4-9 represents Fi-derived DH plants. The B-genome
marker 1.5 Kb was found in all Fi-derived DH plants. The 1.4
Kb marker present in both parents is probably from the A
genome. It was detected in all the lanes except lane S.
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The number of markers detected in the BC F,-derived DH plants increased by more
than 1.5 times over the F, in B. juncea. This is probably as a result of extra B. juncea
genetic material arising from the backcrossing, replacing some of the B. napus markers
observed in the F,-derived plants. Other than markers from primer OPA3, the B. napus
marker bands from other primers detected in the F, were reduced by nearly 50% in the

BC,F;-derived DH plants.

Table 2.7. Distribution of amplification bands from B. juncea and B. napus in
DH plants derived from 94-2-3.

Primer F, derived DH BC,F, derived DH
B. juncea OPA20 5 4
OPAI18 9 15
OPA1l6 1 6
OPAl4 11 19
OPA9 14 19
OPA3 7 10
Total 47 73
B. napus OPA18 6 6
OPAIl6 8 3
2PA9 < ]
OPA3 0 6
Total 19 16
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Figure 2.6. RAPD profile of six Fi-derived DH plants
using primer OPA3. A 1.8 Kb marker from both B. juncea
and B. napus was recovered in the Fi-derived DH plants.
Lancs 1-2, B. juncea and B. napus; Lanes 3-8, Fi -derived
DH plants.
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Table 2.8.  Similarity Index for parents, F, and BC,F\ DH plants derived from 94-2-3.

Bj Bn F, F F, F Fy F, BC)F BGF BCF BCF  BGF  BGF
Sl S3 S4 §S $6 87 S8 S9 Sl NE S1S S16 s1? S18

Bj Sl |

Bn 83 0.42 )

F S4 0.67 065 1

F S5 061 259 082 1

F S6 062 065 082 082 1

F 87 076 065 072 068 078 1

F S8 074 063 096 072 081 087 1

F $9 079 057 08 072 081 077 085 i

BC,F, SIl 078 056 076 086 076 068 071 071 1

BC,F, S14 080 054 072 064 073 083 081 08 080 I

BC,F, S15 082 044 070 066 0.70 070 078 0.83 0.82 0.88 1

BC,F, S16 065 046 086 056 067 072 070 075 0.83 0.86 0.93 1

BC,F, S17 079 046 072 062 071 062 075 080 079 0.86 0.93 0.90 1

BC,F, SI8 068 046 054 058 059 065 063 074 065 0.76 0.83 0.74 0.80 i
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The plants were grouped into 8 comparison groups in an attempt to determine their
similarities and hence the degree of genetic material transfer (Tables 2.8, 2.9, 2.10 and
2.11). The similarity indices were calculated using marker population bands obtained
from primer amplification (Table 2.7). A total of 155 bands in the F,-derived and
BC,F,-derived lines were used. Because a common A-genome is shared between B.
juncea and B. napus, a certain level of genetic similarity was expected. In this material,
the similarity index was 0.42. The BC,F,-derived DH plants were more similar to the B.
Jjuncea parent than B. napus (0.80 and 0.508) as a result of backcrossing to B. juncea.
The level of similarity between the B. napus parent and F,, and BC,F,-derived DH
plants was reduced from 0.67 to 0.508. As a result of backcrossing to the B. juncea
parent, the BC F,-derived DH plants were more similar (0.8) to the B. juncea parent
than F, plants (0.730) (Table 2.9). The average number of similarities between group 2
and 4 was significantly different (p=0.05). Groups 6 and 7 were not significantly
different.

Three primers were used to characterize the DH plants from donor plants 94-2-
1 and 94-2-2. The BC,F,-derived DH plants that had more B. napus-like morphological
characteristics had higher similarity score to B. napus than those that were more
morphologically different such as DH plants from 94-2-3. The average similarity scores
for groups from 94-2-1 and 94-2-2 donor line plants showed a similar trend to those
from donor Iiné 94-2-3 with slight variation in individual BC,F;-derived DH line

similarity scores.
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Figure 2.7. Comparison of scven BCiFi-derived DH plants
using RAPD markers gencrated using Primer OPA20. The
similarity between the plants is shown by the presence of 1.2 and
0.67 Kb in all the plants and a 0.55 Kb marker in all plants except
BCiFi-derived DH plant in lane 1. The BC/Fi-derived DH plants
in lancs 3 and 7 did not contain a 1.5 Kb marker (shown by an
arrow) present in all the other plants.

77



Table 2.9. Means and Standard Deviations of comparison groups for DH plants
derived from 94-2-3.
Group Plant comparisons Mean Similarity Index Std
Deviation

1 B. juncea & F,-derived 0.730 0.075

2 B. napus & BC,F,-derived 0.508 0.066

3 F] & BC,F,-derived 0.695 0.076

4 B. napus & F,-derived 0.667 0.049

5 B. juncea & BC,F;-derived 0.800 0.060

6 Between BC,F,-derived 0.814 0.078

7 Between F,-derived 0.798 0.059

8 B. juncea & B. napus 0.420 -
Table 2.10. Means and Standard Deviations of comparison groups for DH plants

derived from 94-2-1 and 94-2-2.

Group Plant comparisons Mean Similarity Index Std Dev.
1 B. juncea x F,-derived 0.635 0.085

2 B. napus x BCF,-derived 0.530 0.025

3 F, x BC,F,-derived 0.680 0.059

4 B. napus x F,-derived 0.722 0.048

5 B. juncea x BC,F,-derived 0.810 0.081

6 Between BC,F,-derived 0.900 0.067

7 Between F,-derived 0.787 0.071

8 B. juncea x B. napus 0.350 -
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Table 2.11.  Similarity Index for parents, F, and BC\F\-DH plants derived from 94-2-1 and 94-2-2.

B.j Bn F Fy Fi Fi F, F, BC/F, BCF, BCF, BCF,
Sl S3 S+ S5 S6 ST S8 089 S12 S13 Sty S0

Bj SI 1
Bn S3 043 1
F, S+ 031 092 | @

k)

F\ S5 038 088 08 1

F| S6 071 088 075 095 1

F S7 071 075 067 089 095 |

F S8 057 086 077 088 082 088 1

Fy SY 0353 067 071 082 078 082 08 1

BC,F, Si12 071 043 046 0.63 071 075 057 0.67 ]

BC,F, SI3 08 04 057 059 067 071 053 075 093 ]

BC,F, S19 08 0533 043 071 078 082 067 075 093 088 l
BC,F, S20 088 05 053 067 074 078 063 082 08 094 094 ]
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Chapter 3
Cytological Stability

3.1. Introduction
3.1.1. Cytology

Cytological observations in many species may be helpful for species
classification (Gomez-Campo 1980). Analysis of meiotic configurations and
differential chromatin condensation can elucidate morphological features of paired or
unpaired chromosomes at diakinesis, since size differences are more pronounced at
this stage (Cheng et al. 1994). Although chromosome banding is difficult in Brassica
because of the small chromoseme size (Olin-Fatih and Heenen 1992). banding has
been used to characterize these chromosomes (Wang et al. 1989, Olin-Fatih and
Heenen 1992). Chromosome behaviour during meiosis can be used as a measure of
the degree of inter and intra genmmi pairing between chromosomes in interspecific
crosses. Since homoeologous ci. «rsome pairing in Brassica is thought to occur
between A and C genomes, 10 bivalents and 17 univalents are expected if complete
non-pairing at meiosis occurs in B. juncea (AABR) x B. napus (AACC) (Sacristan
and Gendermann 1986). Deviations would indicate the relative inter and intragenomic
pairing in the cross. This would also indicate the degree of stability resubing from

interaction between the B and C genomes.

3.1.2. Pollen and female fertility

Pollen viability refers to the ability of polien to complete post pollination
events and to effect fertilization (Shivana and Rangaswamy 19%.2;. The viability of
pollen is determined by several fautors including genic control. For example, sterility
genes, killer genes, gametocidal genes, chromosomal aberrations, non homology of
genomes and cytoplasmic abnormalities are all under genetic contiol. According to
Iwanami et al. (198R), F, hybrids between different species produce pollen of reduced

fertility because of a lack of pairing during meiosis, resulting in unbalanced or

abnormal chromosome distribution.
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Several methods based on stains have been used to assess pollen viability.
These differentially stain the constituents of the vegetative cell with varying degrees
of spe-ificity. The methods leave the exine unstained. Methods include polysaccharide
staining as in the periodic acid-schiff procedure, aniline blue and chromatin and RNA
staining methods involving acetocarmine, acetic orcein and acridine orange (Heslop-

Harrison et al. 1984).

3.1.3. Reciprocal crosses between F, and parents

The presence of high viability levels in pollen would suggest a high probability
of seed set from eflective polline_ltion. However, this is not always the case because
occasionally the high pollen fertility is not reflected in high seed set, as few and
shriveled seeds are obtained. On these occasions there are problems associated with
fertilization both at the genetic and morphological level for example malformation of
floral parts like stigma in the maternal parent resulting in poor seed set (Meng and
Zhou 1988). Low stainability of pollen in the F; of interspecific crosses was reported
by Struss et al. (1991), Lee and Namai (1992), and Chen et al. (1992) but effects of
microspore culture and double haploidy on pollen stainability in F,-dcrived DH plants

has not been reported.

3.2. Materials and Methods
3.2.1. Cytology

The pollen mother cells were harvested from terminal buds of 21-30 day old
plants grown in a growth chamber as described in Chapter 2. The buds were fixed in
Newcomer's solution (Newcomer 1953) consisting of isopropanol, propionic acid,
petroleum ether, acetone and dioxane in a ratio of 6:3:1:1. The solution was then
mixed with pure powdered basic ferric acetate o a final concentration of 3% (w/v) to
act as a mordant (Stringam 1970). The buds were allowed to stand in the fixative for
48 hours, transferred to 70% ethanol, and stored at 4 °C until required. The buds
were then removed from the storage solution and blotted to remove excess solution.

Starting from the largest to the smallest, individual anthers were dissected from each
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bud and placed onto a clean glass slide. A drop of 2% acetocarmine was added and
the anther macerated as quickly as possible with a rusted iron needle to aid in
chromosome staining while avoiding excessive staining of the cytoplasm All debris
were removed by fine forceps, and a cover slip placed gently over the drop. The
underside of the slide was heated briefly over a steam jet. While still hot, the slide was
inverted over a filter paper and pressed to express excess stain and flatten the cells.
The slide was then observed first under low magnification wth a Phase Contrast
microscope ( Model BHS PM-10AD sP) to identify the proper cell stages for study
Those slides with proper chromosome stages were temporary scaled using clear nail
polish applied around the cover slip. Meiotic figures were photographed under an oil
emersion objective using an attached camera (Olympus C-35AD) loaded with
Technical Pan film (Kodak). Exposures were taken utilizing an Olympus Exposure

control unit attached to the camera.

3.2.2. Pollen fertility

To determine the fertility of the pollen, samples were obtained from Fi-derived
DH, , BC F, and parent plants. Five flowers from the main branch were harvested
from each plant. Pollen grains from dehiscing anthers were brushed into culturing
media (Shivana and Rangaswamy 1992) to prevent dehydration and to preserve the
grains until staining was completed. Each flower was placed in a well containing
about 200ul of media for analysis. After one hour, a drop of 2% acetocarmine was
added into the pollen culture mixture and stirred. This procedure fixed and stained the
pollen grains. By using a fine dropper, a drop of the pollen/culture solution was
removed by suction and observed under low power of the microscope. Stained and

germinated grains were counted as fertile and unstained as sterile.

3.2.3. Female fertility

To investigate whether the F-derived DH lines had both male and female
gamete stability, reciprocal crosses were made between three F,-derived DH lines and

both B. napus and B. juncea parents and one non reciprocal cross between one F-
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derived DH line and both parents. The two parents and F,-derived DH plants were
grown as previously described. Crosses were completed on buds borne on the main
stem and occasionally on the primary branches. Buds were hand emasculated prior to
anthesis and pollinated by brushing pollen from the selected donors on the stigma of
the recipient. The exposed stigmas were then bagged to prevent contamination by
foreign pollen. Pollinations were done consecutively until bud development ceased.
The number of developed pods and the number of seeds obtained were determined.
Fertility index (FI) was calculated by determining the number of seeds developed as

compared to total seeds possible from the parents.

Fi= 50
BPxSPP
where SD=Seeds developed from the cross

BP=Buds pollinated per cross
SPP=Seeds per pod of open pollinated parent

3.3. Results

3.3.1. Cytology

Cytological observations were carried out on six F; and eleven BC,F;-derived DH;
lines. A total of 343 pollen mother cell (PMC’s) were studied among the lines; 123
from the F,-derived DH lines and 220 from the BCF,-derived DH lines. The PMC’s
were studied at various cell stages, however the majority of them were at diakinesis

and anaphase I stages.

3.3.1.1. F;-derived DH plants

There was considerable variation in the number of chromosomes between
different cells even within the poles (Figure 3.5) probably resulting in gametes of
unequal ciiromosome number. At diakinesis various chromosome arrangements were
observed. Univalent numbers ranged from 3-14 in some F,-derived DH plants
(Figures 3.1, 3.3, and 3.4). Bodies were observed at the poles in the cells that could

not be positively identified as chromosomes in some PMC’s because of the small size
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of chromosomes (Figure 3.5). In other PMC's, accurate identification could not be
done because of various associations, (i.e. stickiness and ciumping Figure 3.2)

The PMC’'s from the Fi-derived DH plants were sampled at diakinesis,
metaphase, telophase I and anaphase I. The PMC's observed in the early stages had a
chromosome distribution of 3.5-10 univalents. More than 11 bivalents and occasional
trivalents for the F,-derived DH plants were observed (Table 3.1). At anaphase 1 the
chromosome distribution at the poles was on averag: 22.8-27.6. This distribution
indicated a relatively large number of univalents suguesting loose chromosome
associations or partial pairing. The large number of chromosomes during anaphase
indicated production of unbalanced gametes. This could be responsible for the low
female fertility observed in Fi-derived DH plants. Also secondary chromosome
associations as were observed making it impossible to determine in many cases,
whether the associations resulted from chromosome stickiness or true homologous

pairing.

3.3.1.2. The BC,F,-derived DH plants

At anaphase most of the PMC’s in BC,F,-derived DH plants showed a
chromosome distribution of 17-18 (Figures 3.8, 3.10). At diakinesis and prophase the
predominant chromosome configuration was 17 bivalents plus 2 univalents (Figures
3.6, 3.12 and 3.13). The presence of trivalents was noted and observed only in a
relatively few number of cells studied. On average the BC,F,-derived DH plants had a
chromosome distribution of more than 14 bivalents, 1-3.9 univalents and a relatively

low trivalent chromosome count of 0-0.6 per line (Table 3.2).

90



Table 3.1.  Chromosome distritution in PMC’s from F;-derived DH plants of B. juncea x B. napus.

Plant No. of Cells Chromosome Configuration
Diakinesis/Prophase/Metaphase Anaphase

04-1290 17 IT o3 - Is10 23-27
94-1291 19 [T Moy IDso 21-28
94-1292 7 M - [ 27-27
04-1293 27 M - [ o9 24-29
obu_wo.a Mw : 7-10 :_ 0-1 ~ 3-14 NM-Nw
04-1295 25 Il g7 My Tsa2 20-27

123 e Hows s 22.8-27.6
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Figure 3.1. Chromosome configuration of F;-derived DH plant 94-1294 showing 12
bivalents and 16 univalents (shown with an arrow) at late metaphase 1 (The
inset shows the same cell in reduced detail) (Bar  2um)
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Figure 3.2. Diakinesis stage of F,-derived DH plant 94-129} showing chromosome
associations, stickiness and clustering. (Bar = 6umj.
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Figure 3.3.  Late Prophase chromosomes of F,-derived DH plant 94-1295 showing 1511
+ HIII + 61 The trivalent is shown by an arrow (Bar = 6um).
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Figure 3.4. Prophase chromosomes of F,-derived DH plant, 94-1295 showing 14II +
131 configuration (Inset shows the same cell in reduced detail) (Bar =

3um)
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Figure 3.5.

Figure 3.6.
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Telophase I of Fi-derived DH plant, 94-1290 showing 27.29 configuration
at =ach pole (Bar = 6um)

Diakinesis in BCF;-derived DH plant 94-1280, showing 1711 + 21
chromosome configuration (Bar = 7um).
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The univalents may have resulted from dissociation of bivalents after doubling.
This may arise because different genomic origins of the chromosomes. At anaphase,
the BC,F,-derived DH plants had an average chromosome count of 16.6-18.4 at each
pole. The large number of bivalents observed indicate a greater degree of pairing
within the chromosomes of the different genomes comprising the species involved in
the cross. This was also reported in a study between diploid Brassica species by Attia
and Robellen (1986). In some cells, a chromosome count of 19 was observed (Figure
3.9 and 3.6) which could have resulted from an extra chromosome from B. napus.
This, however, could not be substantiated and may result from abnormal chromosome

division.

3.3.2. Pollen fertility

There was little variation between the BC,F; plants in terms of pollen fertility
(Table 3.3.). The difference between the BC,F, plant population was not significant
(p=0.05). The mean pollen fertility of 94-1 and 94-2 was 13.6% and 26.8%
respectively. The pollen fertility of the F, piants was not determined. There were
significant differences between the breeding populations and the parent lines. The
parents had a high fertility level ranging from 88.8% in one of the B. juncea parents to
96.3% in the other B. juncea parent. The fertility of the parents, F, and BC,F;-derived
DH plants is given in Table 3.4.

The fertility of the BC,F, plants increased after undergoing microspore culture
and subsequent doubling of chromosomes using colchicine. The 94-1 plants’ mean
fertility increased from 13.6% to 95.6%. The 94-2 BC,F, plants’ mean fertility
increased from 26.8% to between 93.2% and 96.5% in BC,F;-derived DH plants. The
F,-derived DH plants had a fertility of 88.8% in the DH: generation. The difference
between the plants was not significantly different although the Fi-derived DH plants

had a lower fertility than the other lines.
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Table 3.2.

Chromosomes distribution in the PMC’s of BC,F;-derived DH plants
of (B. juncea x B. napus) x B. juncea.

Plant No. of Cells Chromcsome Configuration
Diakinesis/Prophase/Metaphase Anaphase
94-1279 19 I ya4s - Toa 16-18
94-1280 24 e Hloga Too2 18-18
94-1281 27 M isq7 Mlea T 17-19
94-1282 14 Hj6mis Ml oa To2 17-18
94-1283 12 I s Mloa Yoz 18-19
94-1284 23 Hipaz Mlgg Ty 16-18
94-1286 29 I - I,z 16-18
94-1287 21 Il ysas o lo2 14-19
94-1288 27 I jaas - | 17-19
94-1289 22 | | FPRTI | 18-18
94-1486 2 16-18
220 Il 472 HI e 1o 16.6-18.4
Table 3.3. Pollen fertility levels in BC,F, plants determined by aceto-carmine
staining.
BC,F, No. of No. of Mean Maxigmm Std Dev
Plant Plants Pollen Fertility Fertility
grains
Sampled
94-1 13 2143 13.6 40.2 12.6
94-2 5 575 26.8 46.2 17.1
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Figure 3.7. PMC of BC,F,-derived DH plant 94-1280 at diakinesis showing 1711 + 11
Note association of bivalents shown by an arrow (Bar = 10um).

Figure 3.8.  Diakinesis of BC,F;-derived DH plant 94-1280. The PMC shows 18I1L.
Stickiness is apparent in some of the chromosomes shown by

arrows (Bar = 6um).
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Figure 3.9. Metaphase I in BC F;-derived DH plant in 94-1281 The chromosome
configuration suggests 1811 + 11. (9 of the bivalents have alrcady divided
and diads started to migrate to the opposite poles. 10 of the bivalents are
still on the metaphase plate) (Bar = 3jum).

Figure 3.10. Early anaphase I of BC,F,-derived DH plant 94-1281 showing 17:18
disjunction (Bar = 6um).
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Figure 3.11. Late metaphase I of BC\F ,-derived DH plant 94-1281 plant showing 18
bivalents. Some of the bivalents have disjoined and diads started to migrate

towards the opposite poles (Bar = 4um).
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Figure 3.12. Diakinesis stage of BC F;-derived DH plant 94-1286 PMC showing a 1711
+ 21 chromosome configuration. The univalents are shown with arrows

(Bar = 3um).
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Figure 3.13. Metaphase | of BCF-derived DH plant 94-1280 watha 1711+ 21
configuration Univalents are shown with arrows (Bar  Spuny

L a%

Figure 3.14. Anaphase 1 of plant from BCF,-derived DH plant 94-1288 Scparation of
the chromosomes at this stage appear normal with a 18 18 chromosome

configuration (Bar = 3pum).
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3.3.3. Female fertility

Reciprocal crosses were completed for Fi-derived DH lines designated as S4,
S6 and S7 (see appendix) and crosses in one direction for F,-derived DH line S9 using
both B. napus and B. juncea. Fertility index wa; higher when the parent lines were
used as the female in all crosses as compared to the F;-derived DH lines, but the
degree differed from one line to another. When B. juncea was used as the female
parent the observed fertility was higher than when B. napus was used as the female
parent. When the B. juncea parent was used as the pollen donor, seed set fertility

index was higher when compared to B. napus (Table 3.5).
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Table 3.4. Pollen fertility levels (%) in Parents, F\-derived DH: and BC/F, plants.

Plant No. of Plants No. of Pollen Mean Maximum Std Dev
grains fertility Obscrved
Sampled Fertility
B. juncea 1 2 269 96.3 96.4 o1
B. juncea 2 2 150 88.8 91.2 34
B. napus 2 334 95.1 95.7 0.8
F, 10 1272 88.8 95.6 7.1
94-1-5 1 170 959 95.9
94-2-1 2 344 96.5 98 2.1
94-2-2 5 1017 95.4 100 33
94-2-3 12 1557 93.2 100 7.1
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Table 3.5. Female fertility of reciprocal crosses between Parents and F,-derived
DH plants of B. juncza x B. napus.

Cross No. of Buds No. of Pods No. of Seeds  Fertility
Pollinated at Harvest Obtained Index (FI)
B. juncea x S4 27 18 66 0.1491
S4 x B. juncea 17 17 26 0.0933
B. juncea x S6 32 30 103 0.1963
S6 x B. juncea 18 18 4 0.0136
B. juncea x S7 52 38 182 0.2134
S7 x B. juncea 43 4 4 0.0057
B. napus x S4 35 11 10 0.0200
S4 x B. napus 43 22 5 0.0081
B. napus x S6 39 34 23 0.0412
S6 x B. napus 31 27 4 0.0090
B. napus x S7 41 19 5 0.0085
S7 x B. napus 20 4 0 0.0000
S9 x B. juncea 50 40 55 0.0679
S9 x B. napus 37 I5 10 0.0189

3.4. Discussion
3.4.1. Cytology

The A-genome chromosomes in the F; of a cross between B. juncea and B.
napus are expected to pair, resulting in at least 10 bivalents. If pairing between C and
B-genome occurs, more than 10 bivalents may be present. Any occurrence of less
than 17 univalents would indicate homoeologous pairing had taken place between the
8 chromosomes of the B-genome and the 9 chromosomes of the C-genome. This
would result in possible exchange of genetic material between these genomes.
Assuming no allosyndetic pairing of the B and C-genome chromosomes from both
parents, only pairing of the A genome chromosomes from B. juncea and B. napus
would occur resulting in 10 bivalents and 17 univalents from B and C-genomes as

suggested by Banga (1988). With partial allosyndetic pairing occurring, morc than 10
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bivalents would be observed and subsequently less than 17 univalents in each PMC. In
most of the F, and BC,F,-derived DH plants in this study, more than 10 bivalents
were observed. It has been suggested that homology between the A and B-genome
chromosomes is less than between A and C-genome chromosomes (Rajan and Hardas
1963, Attia et al. 1987, Busso et al. 1987 and Namai et al. 1980). In the F,;-derived
DH plants in this study, the range of univalents observed was lower than the
theoretical expectations. This indicated pairing between the B and C-genomes (Table
3.1). Although Attia et al. (1987) observed a rare complete pairing of A genomc in
the presence of a single C-genome, 3.5-10 univalents, 11.7 bivalents and 0.7 trivalents
were obtained at prophase/metaphase I on average in the 123 PMC’s observed in the
current study. This suggested a complete A genome chromosome pairing and at least
two pairs of chromosomes allosyndetically pairing from the B and C genomes. A low
level of chromosome pairing is found between the A and B genomes and between B
and C genomes as compared to pairing between A and C genomes (Attia and
Robbelen 1986 and Attia et al. 1987). This would suggest pairing occurrs between the
A genomes of the parents. This would therefore leave the B and C genomes to pair
allosyndetically.
The presence of higher numbers of bivalents than the theoretically expected
has been thought to result in morc chiasmata formation in the hybrids (Attia et al.
1987) and therefore more chances of genetic material transfer (Ayotte et al. 1988).
Such pairing allowed Sacristan and Gerdemann (1986) to transfer disease resistance
from B. nigra to B. napus and Roy (1984) to transfer the blackleg resistance from B.
juncea to B. napus through a series of backcrosses to B. napus. This resistance was
however lost in subsequent generations because the lines were found to be addition
lines. The loss of the extra chromosome in Roy’s lines resulted in the loss of blackleg
resistance. In the current study at anaphase I the average chromosome count in the
F,-derived DH plants was 22.8-27.6 in each pole. This distribution indicates a
possibility of production of unbalanced gametes in the F;-derived DH plants which
may have reduced chromosomal stability. In the BC,F,-derived DH plants, a morc

stable anaphase was obtained with PMC’s showing an average of 16.6-18.4
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distribution in the poles at anaphase 1. Occasionally PMCs with as low as 14
chromosomes at one pole were observed. This was not compensated in the other
pole, suggesting complete loss rather than redistribution during metaphase I.

In both B. juncea (Prakash and Hinata 1980) and B. napus (Attia and
Robbelen 1986) homoeologous chromosome pairing from the two diploid ancestors
constituting the two ampbhidiploid species occurs at a very high frequency at meiosis
in artificially synthesized B. juncea and B. napus. This occurs at a reduced frequency
in amphihaploid DH plants derived from established amphidiploid cultivars. This is as
a result of amphihaploid plants inheriting or evolving mechanisms that prevent
homoeologous recombination (Lydiate et al. 1993). In the presence of one single C-
genome, complete pairing of two A-genomes was found to be very rare in digenomic
triploids (Attia et al. 1987). Pairing was not restricted to only the A homologues, but
extended to include the C genome. On the other hand, no tendency of allosyndetic
pairing was found between the B and C genomes. This was contrary to findings of
Mizushima (1968) who reported four bivalents following hybridization between B.
nigra (BB) and B. oleracea (CC). Banga (1987) observed as many as three bivalents
in a spontaneous haploid of B. carinata (BC). Banga found that in the presence of
one B genome two A genomes exhibited complete homologous pairing resulting in a
I, + 1,0 configuration. In a cross between B. napus and B. nigra, in generation of
addition lines the trigenomic hybrid when backcrossed to B. napus were found to
have a I 941 + II 164 + IIl o2; + IV 057 against a theéretical 14+ Il |0 chromosome
distribution if no promoters or inhibitors were involved (Jahier et al. 1989). The single
F, plant obtained from the cross in this study had I g1z + II 726 + Il g7 + 1V o +V
o0 at meiosis. The F, had 18% quadrivalent or pentavalent pairing. Because of the
deviation from theoretical expectations, it was reasoned that the B genomes must be
influencing the chromosome arrangements at meiosis. According to Banga (1988)
there are a few homoeologous regions in some chromosomes belonging to the B and
C genomes where pairing is possible. This may influence and disrupt the genome
organization resulting in exchange of genetic material. The evidence from these

studies show that possibilities exists of C genome chromosomes from B. napus
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pairing strongly enough not to dissociate (separate) with B genome chromosomes on
backcrossing to B. juncea. This would result in transter of traits to B. juncea with
most of the B. juncea characteristics remaining intact. The 2 uaivalents observed in
Figures 3.12 and 3.13 could be a chromosome from B. juncea paiting loosely with 2
chromosome from B. napus. On backcrossing, low homology between B and C
genomes caused the dissociation of the chromosomes. This resulted in two separate
chromosomes with the other pairs coming from the AB genome of B. juncea.

In a cross between B. napus and B. juncea (AB) and between B. napus (AC)
and B. carinata (BC) followed by backcrossing to B. napus, Rashid et al. (1994) werce
able to recover yellow seeds from subsequent generations. This showed that
interactions between the A and C genome chromosomes occur. According to Busso
et al. (1987) pairing between trigenomic hybrids is assumed to occur mostly between
the A and C-genomes, however since less than eight univalents were found in their
study involving ACB trigenomic hybrids, some chromosomes from the B-genome
must have been involved in the pairing between A and C-genome chromosomes. This
was again demonstrated by Zaman (1989) who was able to show introgression of A
genome chromosome(s) or gene(s) from B. rapa’B. juncea not only into the A
genome of B. napus but also into the C-genome.

Tai and Ikonen (1988) reported an allosyndetic pairing between the A and C
genomes at the rate of II ;3 in dihaploids from B. napus. Prakash and Hinata (1973)
and Mizushima (1950) showed that B genome chromosomes paired infrequently with
those of A and C genomes. In the studies with resynthesized B. juncea, Rajan and
Hardas (1963) found that B genome chromosomes manifested homology only with A
genome chromosomes alien to B. juncea and originating from another source but not
from digenomic species used in its resynthesis. This would then imply that the A
genome from B. napus would be able to pair with B genome chromosomes from A.
juncea. On backcrossing the F,, the chromosome pairing would favour the B. juncea
parents resulting in chromosome configuration of the B. juncea type. Backcrossing B.
naporapa with B. napus, McNaughton (1973) showed that stabilization of the cross

eventually results from selective elimination of the foreign A-genome leaving the
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recurrent parent genomes. There is a possibility of the B. napus chromosomes being
eliminated as observed by James (1978) in wheat, or suppression of pairing occurring
between the genomes as documerited in several studies (Rajan and Hardas 1963,
Prakash 1974, Lydiate 1993, Song et al. 1993). This leaves the B. juncea chromosomes
to pair among themselves giving rise to PMC’s having 18 chromosomes. Sunberg and
Glimelius (1991) found chromosome elimination to occur when species with different
ploidy levels are combined. This was thought to occur as a result of dissimilarities
within the genomes and manifested in the different cell cycle times in the nucleus.

In the BC,F,-derived DH plants of the present study, a relatively higher number
of bivalents was obtained (Table 3.1) ranging from 14-18 as compared to F;-derived
DH plants with 7-14 bivalents. The reduction in the univalents observed and the
increase in the bivalents found in the BC,F;-derived DH plants indicate greater stability.
This was also reflected in the quantity of seed set. Each chromosome from synthetic B.
napus is thought to have a range of partial or complete homoeologues in the A and C-
genomes composing them (Lydiate 1993), enabling partial or complete binding with
other chromosomes. Although it has proven difficult to associate specific changes to
acquisition of specific chromosomes (Chevre et al. 1991 and McGrath and Quiros
1990), the fact that more bivalents than expected were formed in the F,-derived DH
plants in this material could have resulted in exchange of genetic material during
chiasma formation. The presence of loosely associated chromosomes in the BC,F;-
derived DH lines would attest to this. The presence of extra chromosome(s) has been
associated with qualitative changes expressed in the plant. Chen et al. (1992) observed
a dramatic increase in erucic acid content of the monosomic addition line attributed to
the removal of the eight C-genome chromosomes belonging to the C-genome in B.
rapa-alboglabra addition lines. The presence of many univalents in the F;-derived DH
lines may have been responsible for the low female fertility observed in the lines
studied. Because of an increase in the bivalent frequency in the BC,F;-derived DH
plants, a high female and male fertility was observed (Table 3.2). The individual BC/F;-
derived DH plants with a high univalent frequency also showed a reduced seed set in

the field. Although no drastic phenotypic alterations were observed in the BC,F;-
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derived DH lines as compared to the B. juncea parent, changes at the phvsiological

level are possible (Banga 1988, Chen et al. 1992, Cheng et al. 1994).

3.4.2. Male and Female Fertility

The fertility of the breeding populations differed considerably before and after
microspore culture. The lower fertility shown by F, plants could be as a result of
chromosomal aberrations common in interspecific crosses. Several studies reported
similar results (Roy 1984, Olsson 1986, Sabharwal and Dolezel 1993). Subsequent
microspore culture followed by colchicine treatment of the F; and BC,F, plants 94-1
and 94-2 resulted in increased pollen fertility. The fertility of the F;-derived DH.
plants however was still iower than that shown by BCF;-derived DH plants obtained
by backcrossing the F; plants to B. juncea. The high fertility shown by these plants
suggests a more stable chromosome division resulting in fertile pollen. This 1is
confirmed by the higher seed set shown by the BC,F,-derived DH plants. Although
the level of pollen fertility shown by Fi-derived DH. plants was high, it was not
reflected in greater seed set. This was also reported by Lee and Namai (1992). The
seed set in F;-derived DH lines was generally poor as compared to DH lines derived
from BC,F, plants. This would suggest that F; plants had fertile pollen grains that
could not effectively self-fertilize. The F,-derived DH plants could have had problems
associated with reduced maternal female fertility as suggested by Meng and Zhou
(1988), Meng and Yi (1988) and Meng and Lu (1993). Most of the pods formed afier
self pollination were empty, despite normal pod development, which was consistent
with observations made by Sabharwal and Bechyne (1991). Some of the pods had
shrunken seeds which did not germinate. A single backcross seemed to have resulted
in more stability of the reproductive process resulting in improved seed setting in
selfed BC,F,-derived DH plants. This could be as a result of improved pairing of
chromosomes from the same genome resulting in more even chromosome distribution
during meiosis. The resulting pollen would be more likely to effect self-fertilization

without the attendant problems associated with interspecific hybrids noted by
Nishiyama et al. (1991).
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Reciprocal crossing of the F;-derived DH lines with their parents confirmed
that B. juncea is more successful as a maternal parent as compared to B. napus. This
was also reported by Sabharwal and Bechyne (1991) and Sabharwal and Dolezel
(1993). In most crosses, the fertility index was 3-7 times higher in B. juncea than in B.
napus. The fact that pollen from F,-derived DH lines resulted in a higher seed set
when used as pollinators, confirms the earlier observation of high pollen fertility. The
pollination of the F;-derived DH plants with pollen from the parent lines resulted in
poor seed set, strongly suggesting reduced female fertility of the F, lines. The fact that
the pollen had a higher fertility and an ensuing high fertilization rate to the parent lines
would indicate chromosomal abnormalities in the female gametes, resulting in pairing
problems. If pollen had chromosomal problems, presence of empty grains (non
staining with acetocarmine) would have been observed in the F,-derived DH lines.
This was not the case in the present material. Incompatibility reactions between pollen
and pistil resulting in disorientation of growth of the pollen tubes in the ovary and
arrested development of embryos have also been offered as explanations for reduced
female fertility (Dolstra 1982, Meng and Zhou 1988). Heavy deposition of callus after
pollination has been found to affect pollen germination in an interspecific cross
between B. napus and B. juncea (Meng 1987 and Meng and Yi 1988). Since pollen
fertility of both B. juncea and B. napus in the present study was both 96% and 95%
(Table 3.2), it can be concluded that the F,-derived DH plants had reducea female
fertility, which stabilized on backcrossing to B. juncea. The male fertility, however,

was not affected both in F, and BC,F,-derived DH lines.
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Chapter 4
Agronomic Performance

4.1. Introduction

In Brassica crops, considerable breeding efforts have been directed to
improving production potential as well as stability (Prakash 1980). High seed yield in
B. napus has most commonly been associated with the production of large numbers of
pods per plant or per unit area. This has been reported in diverse environments such as
the United Kingdom (Allen and Morgan 1972) and western Australia (Thurling 1974b).

Other associated traits such as dry matter accumulation, growth rate and
development area indices of different plant parts in B. napus have been investigated by
Inanaga and Kumura (1974), Thurling (1974a), Allen and Morgan (1975) Tayo and
Morgan (1975), Clarke and Simpson (1978), Kasa and Kondra (1986), Augustinussen
(1987), Mendham et al. (1990), Morrison et al. (1990) and Kjellstrom (1993). The
relationships between seed yield and growth characteristics have been studied by
Degenhardt and Kondra (1984), Thurling (1974b) Chay and Thurling (1989) and
Varshney et al. (1990). In B. juncea, the relationships between growth rate factors,
growth and yield, have been analyzed by Roy et al. (1981), Chauhan and Bhargava
(1984) and Bhargava and Tomar (1988).

4.1.1. Phenotypic characteristics

A high crop growth rate during vegetative development is an important pre-
requisite for high seed yield (Mendham and Scott 1975). The yield advantage of 5.
rapa over B. napus has been attributed to a greater assimilate source accumulated
before anthesis and available for mobilization to the developing seeds after anthesis
(Richards and Thurling 1978c). Studies with winter cultivars of B. napus (Mendham
and Scott 1975) indicated that the plant must attain some critical size at the time of
floral initiation for maximum yield in a given environment. The rate of growth in the
early stages could be used as an indicator of vigour at a given time as it reflects the

amount of dry matter accumulated by the plant (Clarke and Simpson 1978).
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The initiation of flowering is a major developmental event and the time between
sowing and flowering is another important determinant of yield in short-season
environments. Studies have generally shown flowering time to be highly heritable and is
often determined by relatively few major genes (Thurling 1993). Flowering time thus
appears to have potential as a selection criteria for yield in early generations. Early
flowering is essential to the avoidance of stress later in the season in spring cultivars.
The days to flowering are important because more than 75% of the pods retained at
matusity are formed from flowers opening within 14 days of anthesis (Tayo and
Morgan 1975). These flowers are mainly on the terminal raceme and on the basal and
middie regions of the axillary inflorescence.

Pods are important as photosynthetic organs (Clarke and Simpson 1978,
Chapman et al. 1984, Major et al. 1978). Pod growth and ripening is characterized by a
period of rapid growth of older pods on the terminal inflorescence, axillary
inflorescences, and abscission of some of the younger and more apically-positioned
pods (Allen and Morgan 1975). The contribution of assimilates from pods to rapidly
developing seeds are nearly equal to the assimilates from leaves (Brar and Thies 1977),
however, the leaves exerts an early effect on seed yield by influencing development of
pods (Clarke and Simpson 1978).

Harvest index is a trait that has been extensively studied, especially as an
alternative criteria of selection for high yield. Harvest index is defined as the ratio of
grain yield to total biomass yield (Donald 1962, Huhn et al. 1991). The harvest index is
a relatively simple character to measure although it is a manifestation of complex
photosynthetic, translocatory and storage processes associated with seed development
(Thurling 1993). Harvest index (HI) has increased with yield improvements in
European wheat cultivars even without a conscious effort to select for it. This has
however had little effect on biomass production (Austin et al. 1980). Harvest index is

highly stable under different environmental conditions (Austin 1980).



4.1.2. 'Water stress resistance

Plant water relations in Brassica have been studied in an effort to evaluate
genotypes suitable to drier areas which are traditionally not suitable to conventional
growing of Brassica crops. Woods et al. (1991) compared B. juncea, B. napus and B.
rapa in Western North America. In the Woods et al. (1991) study, B. juncea in more
than one location of these trials survived drought and shattering, whereas, B. napus and
B. rapa did not. In the Brassica, it has been shown that there is variation in seed yield
response to drought both between and within B. rapa and B. napus (Richards and
Thurling 1978a, 1978b). B. juncea has a greater ability to extract water from the soil,
especially when limited amounts are available. A small loss of water in B. juncea results
in a higher water potential than B. napus (Kumar and Elston 1992). Several methods
have been used to estimate various components of water stress. Some of the methods
used include water retention in leaves (Oleinikova and Kozhushko 1970, Sandhu and
Laude 1958, Salim et al. 1969), leaf water status (Todd and Webster 1965), and
electrolyte leakage (Blum and Ebercon 1981, Vasquez et al. 1990).

4.2. Objectives
The objective of this study was to assess the agronomic characteristics of the BC,F,
and F,-derived DH lines developed and described earlier and to determine the degree of

introgression of traits from B. napus to the BC,F,-derived DH plants.

4.3. Material and Methods
4.3.1. Field establishment

The experimental plots were established at the University’s Edmonton Research
Station Farm at Michener (53°24’N latitude 113°31’W longitude) on black
chernozemic soils. Eighteen lines, including two B. juncea and one B. napus parents
were seeded at a rate of 6 kg ha” using Swift current Fabro four row plot seeder on
May 9, 1995. The fertilizer (11-51-00 of NPK) was applied at the rate of 50 Ibs/acre to
the soil before ploughing in. The lines were grown in four-row plots six metres long

replicated three times. Those lines with insufficient seed were planted in two-row plots.
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Two guard rows were sown around the experiment. Weeds were kept to a minimum by
rogueing. Assessment of agronomic and morphological traits based on descriptors by
IPBGR (1987, 1990) began 1 month following sowing. The presence or absence of
anthocyanin in the leaf was determined one month after planting by observing purple
colouration of petioles and stems. A sample was observed at four random spots in all
the plots, and presence or absence of the colouration noted. Plant heights were
recorded 30 days after sowing to estimate the relative growth rates of the BC,F, and
F,-derived DH lines compared to the parent plants. Four plants were sampled for
height at random from the plot. In the two-row plots, two samples were taken. Days to
flowering were determined from the day of planting until 50% of the plants had
flowered. This was done by observing the plots every day and estimating the time in
which 50% of the plants flowered. Primary branching character was observed by
counting the number of primary branches from the main raceme. Sample size consisted
of four plants selected at random from three replicates. Pods per plant were determined
by selecting four plants at random in plots and counting individual pods present per
plant. Within the plant, six pods were sampled from the main raceme starting at the
base. Pod length and seeds per pod were determined from the six pods. The number of
pods on the main raceme were determined from four standing plants in the plots. Seed
yield per plant was determined by harvesting four plants at random from each plot,
allowing them to dry in the field for three days, and then transferring them into a drying
shed to air dry for five days. Individual plants were then weighed to obtain total dry
weight per plant, threshed and the seed cleaned and weighed. Harvest index was
calculated from seed yield per plant and total dry matter yield. From seed obtained on a
single plant yield, a random sample was taken and 200 seeds counted and weighed.
Seeds obtained from the single plant harvest was retained for fatty acids and meal
quality analysis discussed in chapter 5. Statistical analysis of variance and regression

was done vsing glm procedure of the SAS statisical program (1989).

117



4.3.2. Water stress resistance

Ten leaf discs 8mm in diameter from leaf numbers three and six were harvested
from green house plants grown as previously described in Chapter 2. The discs were
then incubated i1. 10 mi of 10%, 20% 30% and 40% (w/v) of Polyethylene Glycol 8000
(formally 6000) obtained from Sigma dissolved in de-ionized doubled distilled water
(Bansal et al. 1991). A control consisting of the same number of discs in 10ml de-
ionized water was included. The vials were kept at 10 °C for 24 hours (Blum and
Ebercon 1981). The discs were then rapidly washed three times in distilled water and
incubated again for 24 hours in distilled water. The vials were then well shaken, and
conductivity from the solution determined using conductivity meter CDM 83
(Copenhagen). The vials were heated in an oven for three hours at 100 °C to kill the
tissues and left overnight to equilibrate at room temperature. The conductivity of the
solution was determined after shaking. Leak..ge was determined by taking the ratio of
first conductivity reading (T1) to the second conductivity reading (T2). Reading
obtained from the control (C1) and (C2) were used to calculate injury level percentages

using the method of Blum and Ebercon (1981):

71 C1
% Injury =1-{ 1-(—T—2)/1-(z:£)}x|00

Where T, = First conductivity measurement
T, = Second conductivity measurement
C, = First conductivity measurement of control
C- = Second conductivity measurement of control

4.4. Results
4.4.1. Morphological traits
4.4.1.1. Flower and leaf

The morphology of the BC,F,-derived DH lines closely resembled the B. junceu
parents in most of the leaf and flower characteristics studied. All plants with the
exemption of F;-derived DH plant 94-1291 did not express any anthocyanin in the
cotyledons and stems (Table 4.1). The leaves were smooth in seven of the eleven

BC,F;-derived DH plants with 4 of the lines showing hairy leaf trait. In the F\-derived
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DH plants, only 1 line, 94-1291, had smooth leaves, while the other lines expressed the
hairy leaf trait. The lobing of the leaf margin in F,-derived DH genotypes was rounded
(IPBGR 1987, 1990). The BC,F,-derived DH lines showed a mixture of both acute and
rounded lobes in seven-and four lines respectively. The leaf lamina shape observed in
most of the genotypes resembled the B. juncea parent with wide elliptic (WE) leaves.
Three BC,F,-derived DH lines had orbicular (ORB) leaf shapes (Table 4.1).
One line had a narrow elliptic (NE) leaf type found in the B. napus parent (IPBGR
1987, 1990). Only 1 F,-derived DH line had orbicular leaf shape while the rest had
wide elliptic leaf lamina shape. The margin dentation in F,-derived DH lines was
undulate with only one line showing rounded dentation. Amongst the BC,F,-derived
DH lines were 2 lines with sharp and 9 lines with rounded teeth margin dentation. All
BC,F,-derived DH lines had elongated bract shapes with small dentations as in the B.

Juncea parent (Table 4.2).

4.4.1.2. Pod length

There were significant differences (p=0.05) between the parents and
progeny for pod length. B. napus had the longest pods (mean length 6.13 cm).
The BC,F,-derived DH plant 94-1284 had the shortest pods at 2.55 cm. Most
lines had B. juncea-type pods. There was a significant difference in pod length

between the parent B. napus and B. juncea, BC\F, and F,-derived DH lines.

4.4.2. Agronomic characteristics

4.4.2.1. Plant height

Plant height was measured to estimate the relative vigour of different genotypes. 5.
juncea parents 1 and 2 had the most vigour with B. jusicea parent 2 showing superior
vigour to all other parents. The B. napus parent had the poorest growth vigour at 30
days with a height of 4.17 cm. This was significantly different (p=0.05) from both B.
juncea parents. The BC,F; and F;-derived DH plants were not significantly different
amongst themselves, but were significantly different from both parents. The height

ranged from 10.67 cm in B. juncea to 2.0 cm in the F,-derived DH plant 94-1290.
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Table4.].  Some Leaf morphological characteristics of parents, F

B. juncea x B. napus interspecific crosses.

. and BC,F-derived DH genotypes of

Genotype Anthocyanin  Hairs Lobing Lamina Margin Type of Leaf
Shape Dentition
Parent B. juncea 2 2 Rounded WE Sharp teeth 1
B. juncea 2 2 2 Rounded WE Sharp teeth 1
B. napus 2 1 Acute NE Undulate 2
BC,F; Derived 94-1279 2 2 Rounded ORB Sharp teeth 1
94-1280 2 1 Acute WE Rounded i
94-1281 2 1 Acute WE Rounded 2
94-1282 2 1 Rounded ORB Rounded 1
94-1283 2 i Acute WE Rounded 1
94-1284 2 2 Acute WE Rounded 1
94-1286 2 1 Acute WE Rounded 1
94-1287 2 1 Acute WE Sharp tecth 1
94-1288 2 I Acute WE Rounded 1
94-1289 2 2 Rounded NE Rounded 2
94-1486 2 2 Rounded ORB Rounded 1
F, Derived 94-1290 2 2 Rounded WE Undulate 1
94-1291 1 1 Rounded WE Undulate 2
94-1292 2 2 Rounded WE Undulate 1
94-1293 2 2 Rounded WE Undulatc 1
94-1295 2 2 Rounded ORB Rounded 2

Anthocyanin=1-Present, 2-Absent, Hairiness=1-Smooth, 2-Hairy. Leaf Type=

Elliptic (WE=0.67-0.79), ORB

-Orbicular (>0.80), NE-Narrow Elliptic (<0.66).

{-Petiolatc, 2-Lyratc Lamina Shape (Width /Length)=WE-Widc
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Figure 4.1.  Parent plant B. juncea 1 near the end of the flowering period. Note the
relatively large number of pods.
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Figure 4.2. Parent plant line B. napus, showing the relatively fewer number of pods,
branching and mid flowering as compared to B. juncea. The parent line
was sown concurrently with B. juncea parent shown in Figure 4.1
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Table 4.2. Inflorescence characteristics of parents, F, and BC,F,-derived DH
genotypes in B. juncea x B. napus interspecific crosses.

Genotype Nature Bract
of
Flower
Shape Dentition
Parent B. juncea 1 1 Elongate Small teeth
B. juncea 2 1 Elongate Small teeth
B. napus 2 Broad Auricles Coarse Small teeth
F;-Derived 94-1291 2 Elongate Coarse Small teeth
94-1295 3 Broad Coarse Small teeth
94-1290 3 Elongate Smooth
94-1292 2 Broad Auricles Sparse Coarse teeth
94-1293 3 Broad Sparse Coarse teeth
BC,F,-Derived 94-1279 1 Elongate Small teeth
94-1280 1 Elongate Small teeth
94-1281 1 Elongate Small teeth
94-1282 1 Elongate Small teeth
94-1283 I Elongate Small teeth
94-1284 1 Elongate Small teeth
94-1286 1 Elongate Small teeth
94-1287 1 Elongate Small teeth
94-1288 1 Elongate Small teeth
94-1289 1 Elongate Small teeth
94-1486 1 Elongate Small teeth

Flowcer type=1-B. juncea, 2-B. napus. 3-Othcr

123



Figure 4.3.

BC,F;-derived DH plant. The earliness relative to the F;-derived
DH plant (Figure 4.4) is evident. The number of pods present on
this plant was greater than those observed in the F-derived DH
plant.
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Figure 4.4.

F,-derived DH plant derived from the cross B. juncea x B. napus.
The relative morphological similarity to B. napus (Figure 4.2) is
evident. Note the developing pods in this plant are fewer than
those in BC,F,-derived DH plant (Figure 4.3).
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Figure 4.5.

Comparison of flower morphology of parent lines, B. juncea, B.
napus, and F-derived DH plants. The flowers of the F;-derived
DH plants are larger, less intense in colour with petals more
separated than that in the B. juncea parent. (A= B. napus, B=
F,-derived DH plants and C= B. juncea)
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Figure 4.6.

Comparison of flower morphology of BC,F,, F,-derived DH
plants and B. juncea. The F)-derived DH plant flower is larger
than the backcross flower. A= F;-derived, B=BC,F,~d¢erived and
C= B. juncea. The petal separation more evident in the B. napus
flower is still detectable in the BC,F,-derived DH plant fiower.
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The genotypes were all significantly different at p=0.05 (Table 4.4) when
analyzed individually. The F,-derived DH plants had an intermediate growth rate
between the two parents. The B. juncea 1 (Bjl) growth rate was significantly
different from the other groups. The B. juncea parent lines were faster growing

than B. napus or BC F,-derived DH plants.

4.4.2.2. Primary branching

The number of primary branches ranged from 13.75 in the F-derived
DH plant 94-1291 to 4.29 in the BC,F;-derived DH plant 94-1280. When F,
and BC,F,-derived DH plants were pooled and analyzed as groups, there was
no significant differences (p=0.05) detected within the groups. There was no
observed pattern in this trait in the Fy and BC,F,-derived DH plants. The F,
plants had the highest number of branches in the grouping. B. juncea 2 (Bj2)
had the lowest number of branches per plant. B. napus and Bjl were not
significantly different. The BC \F,-derived DH plants had a mean branch number
of 7.9 which was significantly different from the others at p=0.05.

4.4.2.3. Days to flowering

Days to flowering ranged from 58 days in F;-derived DH plant 94-1291
and 94-1293 to 43.7 days in the B. juncea parents. The F -derived DH plants
flowered later than the parent lines and the BC,F,-derived DH lines. The
average of the BC,F;-derived DH lines, Bjl and Bj2 and B. napus were 48.3,
44.0, 46.7 and 47 days respectively.

4.4.2.4. Pod characteristics
4.4.2.4.1. Pod number

The total number of pods were significantly different in the parent genotypes as
generally compared to both the F, and BC,F,-derived DH plants, with a few exceptions
in the BC,F,-derived DH plants (Table 4.3). Pods per main raceme ranged from 60
pods in BC,F,;-derived DH plant 94-1284 to 29.5 pods in F,-derived DH line 94-1293.
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The F,-derived DH plants had the highest number of pods per main raceme at 37.0
pods. They also exhibited a higher pod count compared with both parents. This was
different from observations in the green house where F)-derived DH plants had fewer
pods than other lines (Figure 4.1, 4.3, and 4.4). This may have occured as a result of
reduced stand densities in F;-derived DH line plots in the field. The BC 1\F,-derived DH

plants had an intermediate pod count.

4.4.2.4.2. Seed number

The number of seeds per pod was highest in the B. napus parent with an
average of 22.07 seeds per pod. The F;-derived DH plant 94-1295 had the least number
of pods with 2.04 seeds per pod. The F,-derived DH plants had the least number of
seeds per pod, however seeds per pod in the BC,F,-derived DH plants were not
significantly different from the B. juncea parent line. The F,-derived DH lines with very
few seeds were probably the result of reduced fertility of the female plant as earlier

observed.

4.4.3. Yield characteristics
4.4.3.1. Dry Matter yield

The total single plant dry matter yield varied greatly from 235.58g in BC,F;-
derived DH plant 94-1286 to 40.33g in 94-1486. Individual BC,F,-derived DH lines
were significantly differenct with respect to dry matter yield. The F;-derived DH plants
had a relatively higher but non significant average dry matter yield than the parents and
BC,F,-derived DH lines. B. juncea parent 1 had the least average dry matter yield of
40.5g.
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Pod, seed and raceme traits in individual parents, F; and BC Fi-derived DH genotypes in B. juncea X B. napus
interspecific crosses.

Table 4.3.

Genotype Pods Number Pod Characteristics Primary
Branches
Total Pods  Main raceme Length Seed No

Parent B.junceal 290.7¢ 42.1 cdef 3.12 defgh 17.26 cd 55hi
B. juncea2  2853¢ 50.9 abc 1.00¢c 18.22bc 7.12 defghi
B. napus 2095¢ 37.0efg 6.13a 22.07 ab 6.00 ghi

F, Derived 94-1290 - - - - 8.00 bedefgh
94-1291 706.0b 58.5a 2.70 gh 3.08 ji 13.75a
94-1292 330.5bc 300g 3.85 cde 10.50 efgh  9.25 bede
94-1293 345.0 be 295g 3.03 cfgh 275 8.67 bedef
94-1295 360.5bc  46.8 bede 3.62 cdef 204 8.25 bedefg

BC,F;-dcrived 94-1279 431.9bc 34.0 bede 3.02 2fgh 1407 cdef  7.58 cdefgh
94-1280 2376¢ 42.3 cdef 384 cde 17.89 be 4921
94-1281 3249 bc 37.4 defg 265 h 11.82¢cfg 8.6 bedef
94-1282 474.1 b 54.3ab 3.29 cdefgh 13.58 cdef  6.83 cfghi
94-1283 490.8 be 47.75 bede 3.30cdefgh  7.82gh 6.17 fghi
94-1284 2245¢ 60.0a 2.55h 9.79cfgh  9.50bcd
94-1286 13874 a 48.0 bed 3.52 cdefg 6.79 hi 13.75a
94-1287 501.0 be 43.2 cde 2.93 fgh 9.63 fgh 10.00 be
94-1288 493.3 be 39.9 defg 391 cd 12.74 def 8.83 bede
93-1289 385.2bc 32.11g 3.12 defgh 9.54 fgh 9.42 bed
94-1486 2848¢ 37.6 defg 3.71 cdefl 1445cde  6.83 efghi
SEM 74.6 1.80 0.09 0.54 0.41

Figures followed by the same letters arc not significantly different at

p=0.05 using Duncan’s multiple range test.
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4.4.3.2. Seed yield per plant

Seed yield per plant was significantly different within the lines (Table 4.5).
Yield was highest in the BC,F,-derived DH plant 94-1288 with 26.31g. The lowest
yield was obtained from the Fi-derived DH plants with plant 94-1292 yielding only
0.14g. The B. juncea 2 parent had 24.69g whereas the B. napus parent had 15.99g.

4.4.3.3. Harvest index

The highest harvest index (HI) was obtained from BC,F,-derived DH plant (94-
1486), with 39.15%. The lowest harvest index values were obtained from the F,-
derived DH line (94-1292) with HI=0.1 %. The parent lines had a relatively high

harvest index as compared to the other genotypes.

4.4.4. Correlations: Seed yield, harvest index and other yield components
Analysis of variance detected significant differences in most traits measured. No
significant correlations were detected between harvest index and other characteristics
(Table 4.6). Pods per main raceme, pod length, seeds per pod, seed yield per plant and
1000 seed weight were all positively correlated to harvest index. Total pods per plant
and total dry weight were negatively correlated to harvest index. Components such as
total pods per plant, and total dry weight had negative correlations with harvest index.
They, however, had positive correlations with seed yield per plant, showing that total
pods and total dry weight per plant could be an import'ant predictor for both seed yield

per plant and higher harvest index.

131



Table 4.4.

Agronomic characteristics of parents, F, and BC,F-derived DH
genotypes of B. juncea x B. napus interspecific crosses.

Genotypes Height (¢cm) Primary Branches/Plant Days to Flowering
Parents B. juncea 1 6.18 bedef 5.5 hi 43.7h
B. juncea 2 10.67 a 7.17 defghi 433 h
B. napus 4.17 defg 6.00 ghi 52.7bc
F, Derived 94-1290 200g 8.00 bedefgh 45.0 gh
94-1291 5.00 cdefg 13.75a 58.0 a
94-1292 6.5 bedef 9.25 cbde 50.0 cde
94-1293 9.5 ab 8.68 cbdef 58.0 a
94-1295 4.25 defg 8.25 cbdefg 52.0 bed
BC\F, Derived  94-1279 7.92 abc 7.58 cdefgh 47.0 cfgh
94-1280 6.25bedef  4.291 45.7 fgh
94-1281 4.00 defg 8.60 cbdef 5430
94-1282 6.83 bede 6.83 efghi 46.3 cfgh
94-1283 7.33 bed 6.17 fghi 440 h
94-1284 3.5efg 9.5 bed 49.0 def
94-1286 4.92 cdefg 10.25b 48.3 defg
94-1287 3.08 g 10.00 be 53.0 bc
94-1288 5.5 cdefg 8.83 cbdc 48.0 cfg
94-1289 3.58 cfg 9.42 cbd 48.7 defg
94-1486 8.42 abc 6.83 cfghi 45.3 fgh
S.EM 0.76 0.41 0.91
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Table 4.5. Yield Characteristics of parents, individual F; and BC,F,-derived DH
plants of B. juncea x B. napus interspecific crosses.
Genotype -Total Dry  Seed Yield/ Harvest
Weight (g) Plant (g) Index (%0)

Parent B. juncea1l 4051d 13.78 ab 33.70 abc
B. juncea2  89.65 bcd 2469 a 29.02 be
B. napus 51.73 cd 15.99 ab 30.67 abc

F;-Derived 94-1290 48.00d - -
94-1291 110.00 bed 044 b 0.30h
94-1292 95.70 bed 0.14b 0.10h
94-1293 179.70 ab 2220 125 h
94-1295 69.95 cd 1.92b 2.45 gh

BC,F:-Derived 94-1279 63.04 cd 17.99 ab 27.28 cd
94-1280 50.83 cd 15.56 ab 31.84 abc
94-1281 87.69 bed 17.75 ab 12.17 ef
94-1282 46.72 cd 12.09 ab 26.46 cd
94-1283 96.48 bed 8.68 ab 7.8 efg
94-1284 127.48 bed 13.54 ab 10.63 efg
94-1286 23558 a 14.60 ab 6.42 fgh
94-1287 149.23 abc 17.09 ab 11,99 ef
94-1288 14428 abcd 2631l a 19.42 de
94-1289 94.83 bced 13.00 ab 12.37 ef
94-1486 40.33d 15.49 ab 39.15a
SEM 17.4 3.18 0.02

Figurcs followed by the same letters are not significantly different at p=0.05 using Duncan’s multiple
range test.
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Table 4.6.  Coefficients of correlation between seed yield/plant and seven of its components in parents, F, and
BC,F,-derived DH plants (7 df).

Xi X: X3 X4 Xs Xs X: Y
Total Pods/Plant (X)) 1.00 043 0.14 -0.20 0.71 -0.23 0.30 0.08
Pods/Main raceme (Xs) 1.00 0.40 0.26 0.18 0.22 0.83 0.31
Pod length (cm) (X3) 1.00 0.67 -0.02 0.47 0.57 0.40
Seed/Pod (X4) 1.00 .40 0.88 0.54 0.72
Total Dry wt/Plant Xs) 1.00 £0.52 0.11 0.04
Harvest Index (%) Xe) 1.00 0.41 0.69
1000 Seed wt. (g) (X7) 1.00 0.44

Sced Yield/Plant (g)  (Y) 1.00

134



4.4.5. Water stress resistance

The electrolyte leakages obtained from the different groups for leaf number
three ranged from 7.75% for the discs in distilled water (Control) to 42.28% (40%
PEG). There were no significant differences between the genotype lines, although
significant differences were observed among the various treatments. Leakage levels
increased with increase in PEG concentration levelling off at concentrations between 20
and 30%. At higher concentrations the leakage was almost equal. B. napus had
consistently low leakage levels at all treatments, the differences becoming smaller as
concentrations of PEG increased.

The F,; and BC,F,-derived DH plants had intermediate values between the two
parents. At higher concentrations, the BC,F,-derived DH plants had leakage levels
higher than both parents. Leakage levels for the sixth leaf had a different pattern as
compared to the third leaf (Figure 4.8). As in leaf three, B. napus had low leakage
levels when compared to B. juncea at low concentrations. The differences became
smaller at higher concentrations. In the highest concentration tested, B. juncea had
lower injury levels when compared to B. napus. As in leaf three, the BC,F;-derived DH
lines had leakage levels midway between the two parents. Leakage levels for the F,-
derived DH plants were lower than either parent. In all the treatments, leakage was
higher in BC,F, than the F,-derived DH lines. |

Injury levels (Blum and Ebercon 1981), showed similar trends to leakage levels
(Figure 4.9). B. juncea had the highest injury levels tapering off at 20% PEG
concentration. The highest injury levels obtained for both B. juncea and B. napus was
38.22% and 38.12% at the highest concentrations tested which was not significantly
different at p=0.05. At lower concentrations, B. napus showed consistently less injury
than B. juncea. As in the case of leakage, the F, and BC,F;-derived DH had
intermediate injury levels to those of both parents. F,-derived DH lines had higher

injury levels than BC,F,-derived DH lines in all the treatments for the third leaf.



Figure 4.7.  Electrolyte leakage for the third (3rd) leaf profiles of parents, F, and

BC,F,-derived DH genotypes in B. juncea x B. napus interspecific
crosses.
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Figure 4.8.  Electrolyte leakage for the sixth (6th) leaf profiles of parents, F, and

BC,F;-derived DH genotypes in B. juncea x B. napus interspecific
Crosses.
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The injury levels obtained for leaf six showed an almost linear relationship between
injury levels and PEG concentrations. The injury levels were lowest in the F;-derived
DH group contrasting with leaf three, in which B. napus had the lowest injury. At
higher concentrations, B. napus showed higher injury levels than all other lines. At
higher levels of PEG, B. juncea injury levels were relatively low as compared to the

other lines.

Figure 4.9.  Injury (%) caused by different PEG concentrations to the 3rd and 6th of
parents, F, and BC,F;-derived DH genotypes in B. juncea x B. napus
interspecific crosses.
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4.5. Discussion
4.5.1. Agronomic and morphological traits

According to Thurling (1993), alternative criteria used for yield selection must
be simple to measure, significantly correlated to plot yield, and highly heritable. The
most widely used alternative criteria have been primary morphological components of
seed yield such as the number of pods per plant, number of seeds per pod and‘ weight
per 1000 seed. Adams (1967) found that although these characters are appropriate,
they have sometimes proved unreliable because of existence of compensatory
mechanisms. This resullts in reductions in one or more yield components in response to
selection for another specific component. In other instances, it has proven effective as
observed in the case of selection for seed weight in B. juncea (Gupta and Labana
1985). Seed yield is linearly related to biomass and days to 50% flowering. Seed yield
depends primarily on the number of pods and number of seeds per pod produced
(Kumari et al. 1994, Campbell and Kondra 1978). Studies by Taylor and Smith (1992)
found no correlation between seeds per pod and yield in any of the B. napus varieties
studied. Negative correlations between number of pods per plant and number of seeds
per pod were reported in both B. napus and B. rapa by Thurling (1974b).

In the current material, the hairy leaf trait found in the B. juncea parent lines
was retained in some BC,F;-derived DH lines and lost in others. Since absence of the
hairy leaf trait found in the B. napus parent was expressed in the backcross-derived
progeny, the genes responsible for the trait expressidn must have been introgressed
from B. napus. In the F,-derived DH lines, only one line expressed the glabrous trait,
while the other lines retained the hairiness gene, showing that it was possible to lose
some of the genes from B. juncea through the cross.

Preliminary results on the various yield characteristics and yield components
studied had different effects on seed yield per plant. Although the F 1-derived DH plants
had a high dry matter yield (106.81g plant') it was not reflected in seed yield (1.27g
plant™”). Among the genotypes studied the F)-derived DH plants had the highest total
pod number (533.3) with the lowest found in the B. napus parent (154.5). There was

considerable variation in pod numbers per plant, mainly as a result of differences in
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plant sizes associated with uneven stands in the plots. Because of the compensatory
nature in Brassicas growth (Adams 1967, Chay and Thurling 1989), the plants
displaye¢ . siderable variability to compensate for lower stand density in some plots.
Although Taylor and Smith (1992) contend that yields are relatively unaffected by
differences in plant density, the single plants in this study seem to have adjusted to
compensate for low plant density.

There was a general observation that pods on the main raceme were directly
related to yield, except for B. napus and F,-derived DH plants which had low pod
numbers (37) on the main raceme but had a higher seed yield (15.99g plant’') (Table
4.3). Apparently the genotypes with long pods also seemed to respond by producing
fewer pods to compensate for increased requirement for photosynthates (Adams 1967).
Pods from the B. napus parent were significantly longer than all other genotypes. The
B. juncea parent (Bj2) was significantly different from B. mapus but was similar to
BC,F, and F,-derived DH plants. The shortest pods were obtained from one of the B.
Jjuncea parents (Bj1). The length of pods did not result in significantly higher yields in
the preliminary data obtained. Pod lengths in the BC F,-derived DH plants, however,
were similar to B. juncea types. Since no increase in pod length was observed in the F;-
derived DH plants greater than the B. juncea parent, the genes controlling the pod
length were either not transferred, or expressed in the F),-derived DH. genotypes
(recessive genes). The short pods observed in both F, and BC,F,-derived DH lines could
have originated from B. juncea. Since this trait is highly heritable (Chay and Thurling
1989), the phenotype would have been expressed if the genes inherited from B. napus
were dominant. This cannot be said with certainity because the expression of the genes
may occur also if in the homozygous recessive condition.

The genotype with the highest harvest index was B. juncea parent Bj1 (Table
4.6) The genotype with the lowest harvest index were the F,-derived DH plants.
Individual plants (94-1486) had a harvest index higher than the best parent an increase
of 27.6% (Table 4.6). This shows that it was possible to improve the efficiency of the
parents as reflected by the improved harvest index. From this study, it has been possible

to identify genotypes agronomically similar if not better than the higher value parent.
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Presence of genotypes with potential for superior yield to both B. juncea and B. napus
parents (like 94-1288 line) suggests that recombination of genes from A, B and C-
genomes of B. juncea and B. napus occurred, resulting in genotypes with desirable
genetic constitution. For example, preliminary data from both BC 1F-derived DH line
04-1280 and 94-1486 with a yield of 15.56g plant™ (HI= 31.84) 15.49g plant™
(HI=39.15) respectively suggests that the lines were more efficient in allocation of
assimilates to seeds than both B. napus and B. juncea. Although line 94-1286 had a
high yield, its high dry matter yield could not be converted to seed yield. These three

lines should be investigated further for yield stability and other qualitative traits.

4.5.2. Water stress resistance

When electrolyte leakage was determined for leaf number 3, there were no
significant differences among the parents, F, and BC,F,-derived DH lines. The leakage
levels for leaf 3 were far lower than the leakage levels for leaf 6, especially 2t increased
PEG concentration, showing that they suffered less cell membrane damage. Leakage
levels for leaf 6 were significantly different (P=0.05) within the groups. This suggests
that older leaves (leaf 3) were more dehydration tolerant than intermediate and younger
leaves (leaf 6). This finding was constant across the groups at higher concentrations
(higher stress levels) for both older and younger leaves (Figures 4.7, 4.8). Other than
being more dehydration tolerant than leaf 6, the leaves had similar injury patterns
(Figure 4.9). Studies by Levitt (1985) found that detached younger leaves were more
dehydration tolerant than older leaves when stressed. The findings were based on
relative water content in detached cabbage leaves. Since B. napus had a lower
electrolyte leakage on average apart from highest level of stress, it can be argued that it
has more dehydration tolerance than B. juncea when rapidly dehydrated. As the stress
level increases, the cell membrane stability seems to break down as evidenced by the
increased leakage as compared to B. juncea. According to Levitt (1985), in slowly
dehydrated leaves, increased stress results in increased dehydration tolerance by
permitting drought induced acclimation. Premachandra et al. (1991) found that

electrolyte leakage was affected by leaf thickness and surface wax content in maize.
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Leakages taken for both F; and BC,F,-derived DH plants for leaf 3 were
intermediate between the parents. This would be expected if genetic material is
transferred from the parents to the F; and BC,F,-derived DH lines. At higher levels of
stress, F)-derived DH plants had reduced leakage but the BC,F,-derived DH lines had a
higher leakage level than the parents. Conformational alterations of the cell membranes
suggested by Shcherbakova and Kacperska-Palacz (1980) and increased solutes has
been found to result from acclimation. Other reports by Good and Maclagan (1993),
Shcherbakova and Kacperska-Palacz (1980), Shcherbakova and Kacperska (1983)
found no beneficial effects on drought tolerance arising from these conformational
changes. B. juncea is slower in adjusting to rapid dehydration stress resulting in more
injury reflected in higher leakages. Ashraf and Mehmood (1990) reported highest rate
of deposition of epicuticular wax in nature in B. napus at the onset of drought, but as
drought progressed, the epicuticular wax deposition was highest in B. juncea. This, and
the fact that B. napus’ relative water content decreases slowly but continuously as
compared to B. juncea which loses water more rapidly (Good and Maclagan 1993).
probably explains the higher leakage values observed in B. juncea as compared to B.
napus. The Fi-derived DH lines leakage is less at higher stress levels than the parents
and BC,F,-derived DH lines. This suggests that the F,-derived DH lines had the genetic
potential to resist drought, but took longer to adjust (acclimatize) to the stress. similar
to the B. juncea parent. The BC,F;-derived DH lines were more sensitive to rapid
dehydration and would probably require more time to acclimatize to the stress because
leakage levels increased with increased stress levels. The backcrossing to B. juncea
appears to have resulted in loss of genetic material obtained from B. napus allowing for

rapid acclimation to sudden stress levels.
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Chapter S
Quantitative Study
5.1. Introduction

Brassica species like B. napus, B. rapa and B. juncea are important source of
vegetable oils. Significant oil quality improvements from the first two species have been
done by shifting cultivation from traditional cultivars to cultivars producing more
nutritionally desirable oils and meal. Besides being high in caloric value, oils and fats
are important in human and animal nutrition as they provide a source of essential fatty
acids like linolenic and arachidonic acids. Fats and oils transport fat soluble vitamins
like A, D and E. Oils and fats also provide an efficient heat transfer medium (frying) for
rapid uniform cooking and contribute to the flavour and palatability of foods.

Canola meal has relatively low digestible and metabolizable energy attributed to
its high level of fibre content associated with black and brown seed coat colour (Bell
1993). Improvements in the quality of canola meal can be achieved by breeding for
further genetic reduction in glucosinolate levels, for yellow seed coat colour, and for
increased meal protein content. Resistance to blackleg and blackspot diseases is
important because of serious losses from this disease. The best control has been

suggested to be development of resistant cultivars (Newman and Bailey 1987).

5.1.1. Oil

The unique polyunsaturated fatty acid composition of canola oil differentiates it
from other oils. The low level of palmitic acid (C16:0) and other saturated fatty acids
(< 5%) are considered nutritionally desirable. An increase of short chain fatty acids
such as palmitic acid, however, could improve the suitability of canola oil for
manufacture of margarines and shortenings (Davik and Heneen 1993, Tanhuanpaa et al.
1995). Canola oil has a higher oleic acid (C18:1) (about 55%) and a lower linoleic acid
(C18:2) (about 26%) than is found in most vegetable oils. The highly unsaturated fatty
acid content especially C18:3 in canola influences oil stability and quality, and results in
reduced shelf life.
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A reduction in linolenate levels in canola oils can eflectively retard oil
autoxidation and flavour deterioration. Genetic alteration of fatty acids such as linolenic
acid (C18:3) has resulted in better quality oils with improved flavour and storage ability
(Scarth et al. 1988, Eskin et al. 1989). However in the long run, this acid is necessary
because it is one of the essential fatty acids for humans. Linolenic acid has been shown
to be effective in lowering serum triglyceride levels as well as in reducing platelet
aggregation thereby increasing blood clotting time. This ‘anti-thrombic’ and ‘anti-blood
clotting’ effects appear to play a role in reducing coronary heart disease (Canola
Council of Canada 1995a).

The control of biosynthesis of fatty acids has been reported to be under several
genetic mechanisms and is in different genomes in the Brassicas. Erucic acid in B.
Jjuncea “vas found to be under embryogenic control (Downey and Harvey 1962) with
genes tfrom both A and B genomes (Kirk and Hurlstone 1983). Erucic acid is also
thought to be controlled by at least two genes acting in an additive manner in B. napus
(Jack et al. 1994, Harvey and Downey 1964, Downey and Dorrell 1971, Chen et al.
1988a) with genes located in the A and C genomes (Anand and Downey 1981). In a
study of a B. carinata x B. napus cross Fernandez-Escobar et al. (1988) confirmed the
presence of erucic acid-controlling genes in each of the three Brassica genomes A, B
and C. Stringam and McGregor (1980) reported the control of inheritance of linoleic
and linolenic acid to be under the developing embryo rather than the maternal tissue in
B. rapa. Other mechanisms for controlling C18 fatty acids have been proposed.
Cytoplasmic effects (Diepenbrock and Wilson 1987, Thomas and Kondra 1973), and
the influence of the environment were reported to have a considerable effect on the
final concentration of linolenic and linoleic fatty acids (Tremolieres et al. 1982, Pleines
and Friedt 1988, 1989).

The presence of fatty acid controlling genes in all genomes, (Fernandez-Escobar
et al. 1988, Chen et al. 1988a) and the ability for complete and partial pairing between
A, B and C genomes of different Brassica species (Fernandez-Escobar 1988, U 1935)
makes it possible to recombine specific genes and select for desired fatty acid

composition (Roy and Tarr 1986) through interspecific crosses.
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The strong association between chlorophyll and linolenic acid seems to make
selection for reduced levels of this acid difficult (Thies 1970, cited by Roy and Tarr
1986), but other research findings suggests otherwise (Stringam and McGregor 1980).
The expression of low linolenic acid in Brassica is therefore feasible without the

problems associated with chlorophyli (Scarth et al 1588, 1995).

5.1.2. Glucosinolates

Glucosinolates are a class of about 100 naturally occurring thioglucosides that
are characteristic of the cruciferae and related families in the order Capparales (Bones
and Rossiter 1995). Glucosinolates are found in all parts of the plant; sometimes more
than 15 different types of glucosinolates occurring in one plant (Olesen 1981, Sang et
al. 1984). The major glucosinolates occurring in the six Brassica species in the U
triangle (U 1935) are gluconapin (3-butenyl glucosinolate), progoitrin (2-hydroxy-3-
butenyl glucosinolate) and glucobrassicanapin (4-pentenyl glucosinolate) comprising
the alkenyl group and 4-hydroxy-glucobrassicin (4-hydroxy-indolylmethyl
glucosinolates) and glucobrassicin comprising the indole group (Kraling et al. 1990).
The latter lack any sulphur containing functioral group in the 3-5 carbon side chain
(Gland et al. 1981). The modification of the side chain produces alkenyl hydroxyalkenyl
methylthioalkyl and methylsulphinylalkyl homologues. The total aliphatic glucosinolate
content of the seed of B. napus is determined by the genotype of the maternal parent
rather than the genotype of the zygote (Kondra and Steffanson 1970, Love et al. 1990)
and is controlled by nuclear genes. Environment and nutrition (Sones et al. 1984%,
Josefsson and Appelqvst 1968), and time of sowing (Sang et al. 1986) affect the level
of glucosinolates in the seeds of B. napus. Most of the glucosinolates in the seed come
from redistribution from other parts of the plant (Drozdowka and Rogozinska 1982,
McGregor 1988, Merrien 1989). Magrath and Mithen (1993) found the rate of
glucosinolate synthesis and degradation in the pod tissue as factors responsible for
glucosinolate levels in the seeds. Reduction of the level of glucosinolates in the pods

decreases as the seeds develop as a result of their transport to the seed (De March et al.
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1989). This suggests that glucosinolates are a storage form for nitrogen. carbon and
sulphur. This also explains why five to ten times the levels of glucosinolates are found
in the seeds as compared to the vegetative parts (Clossais-Besnard and Larher 1991).
Indolyl glucosinolates in Brassica occur in significant quantities, with little differences
between low and high alkenyl glucosinolate cultivars (McGregor 1978). The main
difference between cultivars with high and low glucosinolate content come from
differences in progoitrin (2-Hydroxy 3-butenyl glucosinolates) and gluconapin (3-
butenyl glucosinolate) (Bilsborrow and Evans 1989). As a result of presence of seed-
specific glucosinolates, it has been suggested that vegetative parts provide mainly
glucosinolate precursors. The final steps for glucosinolate synthesis occur in the seed
(Clossais-Besnard and Larhez 1991). In the double zero winter rapeseed types,
decreasing proportion of alkenyl glucosinolates was found to be accompanied by an
increase in the proportion of the indole glucosinolates (Musnicki et al. 1995). The
restrictive nature of aliphatic glucosinolates in B. napus has been found to be of little
taxonomic vai:: {Adams et al. 1985). However the glucosinolate profiles could be

utilized for identification in crosses between low and high glucosinolate species

The evidence that rapeseed meal contained goitrogens was first noted in rats
(Kennedy and Purves 1941), then swine and poultry (Daun and McGregor 1991, Bell
and Belzile 1965) and in growing bulls (Iwarsson et al. 1973). The problem of meal
utilization in animal feed results from hydroxyalkenyls that affect iodine metabolism.
This depresses growth, causes haemorrhaging liver as a result of epithionitriles and
causes skeletal abnormalities in poultry. Upon hydrolysis of glucosinolates by
myrosinase (thioglucoside glucohydrolase E.C. 3.2.3.1) at neutral pH, the glucose and
sulphate are split off to free oxazolidinethione isothiocyanate which are goitrogenic
(Bell 1984). Feeding experiments with indoly! glucosinolates and their transformation
products demonstrated non detrimental effects on animals fed with diets containing
these glucosinolates if kept below 3um g of dry matter of the diet. The diet is usually
below this level even when 30% of the diet comes from double low rapeseed meal (Bell

1994) containing normal indolyl glucosinolate.
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Glucosinolate amounts do not appear to be directly involved in resistance to L.
maculans but the concentration on a fresh weight basis does (Van den Berg and
Rimmer 1991). Glucosinolates are thought to be rapidly metabolized to sustain plant
growth and catabolized during the reproductive phase especially during flowering
(Clossais-Besnard and Larher 1991). The reduction of the level of glucosinolate
contents in the seed and subsequently in the meal has been a long term breeding
objective in canola. Low glucosinolate lines are desirable to produce glucosinolate-free

meal for the animal feed industry and possibly for human consumption.

5.1.3. Protein

Canola meal is a source of high quality protein supplement but its use is limited
because it has low available energy and low protein digestibility (81%) (Bell et al.
1981, Bell 1993). The protein is of high biological value (Ballester et al. 1977, Sauer et
al. 1982), a feature unusual for proteins of vegetable origin. Canola meal also contains
an exceptionally high content of phosphorus (1.1-1.2%) (Guenter et al. : '35).
Rapeseed meal contains about 43% crude protein (dry basis) (Bell 1984), with canola
meal showing a 41.9% crude protein (Bell and Keith 1991). Canola meal with
improved protein but with high digestibility and amino acids availability in animals
digestive systems would allow for its extensive use in animal feeds if competitively
priced (Bell 1993). The new initiative of developing canola quality B. juncea is based
on superior qualities shown by this sp~cies over B. napus, among which its pure yellow

coat colour associated with higher protein and less fibre in its meal (Slominski et al.
1995).

5.1.4. Disease resistance
5.1.4.1. Blackleg resistance (Leptosphaeria maculans)
Dlackleg is a serious disease of rapeseed and canola, and causes severe losses in

swizv pants of the world. The disease is caused by Phoma lingam (Tode ex Fr.) Desm.
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with the perfect stage of the fungus being Leptosphaeria maculans (Desm) Ces & de
Not. The disease causes premature ripening of the plant resulting in serious yield isves
The disease has been effectively controlled in Europe since the introduction i icunt
cultivars (Newman and Bailey 1987, Rimmer and Van den Berg 1::%2; : artially
resistant seedlings get leaf-lesions caused by ascospores (primary infection’ aad later
pcnidiophores {secondary infection) discharged from the infected leaves. In
susceptible plants, the infection spreads from the leaf to the base of the stem, forming
cankers. Cultivars resistant to the fungus remain 60-80% canker free in their adult
stage (Roy 1984). Only partial or adult resistance has been found in B. napus (Roy
1984), although recently the University of Alberta has released a blackleg resistant
variety ‘Quantum’ adapted to western Canada (Stringam et al. 1995a, 1995b). K.
juncea shows high resistance in both seedling and adult plant stage (Roy 1984)

Because of the systemic nature of the disease, the use of resistant cultivars still remains
the chief method of controlling blackleg, and new cultivars should be highly resistant
(Newman and Bailey 1987). One method of achieving such resistance would be
through interspecific crosses between B. juncea and B. napus. The interspecific crosses
involve interaction and exchange of genetic material between the various genomes of

the species involved in the cross.

5.1.4.2. Blackspot resistance (Alternaria brassicae)

Blackspot disease of rapeseed is an economically important disease in western
s .nada caused by Aiternaria brassicae (Conn et al. 1990, Tewari and Conn 1988).
The fungus attacks all parts of the plant, especially leaves and pods causing lesions that
have necrotic centres surrounded by chlorotic areas (Ayer and Pena-Rodriguez 1987).
The pathogen synthesizes abscisic acid which accelerates leaf senescence (Dahiya and
Rimmer 1988). Consequently, substantial reductions occur in canola and rapeseed seed
1eld and oil quality (Degenhardt et al. 1974, Ayer and Pena-Rodriguez 1987), because
of the production of small and wrinkled seeds resulting from premature ripening, and
pod skattering (Grontoft and O’Connor 1990). Generally, B. napus cultivars are less

susceptible than those of B. rapa (Skoropad and Tewari 1977, Tewari 1991, Rai and
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Kumar 1995) although all commercial ~.ihivars of Brassica species are susceptible
(Tewari 1991). The factors important for disease spread tnclude epicuticular wax on
leaves (Conn and Tewari 1989), temperature (Degenhardt et al. 1982, Kennedy and
Graham 1995), leaf age, and duration of wet periods (Mridha and Wheeler 1993, Hong
and Fitt 1995). Sources of resistance to the fungus have been identified in wild and
allied Brassica species such as Camelina sativa and Capsella bursa (Tewari 1991). Rai
and Kumar (1995) reported F, plants obtained from B. juncea x B. napus as being
moderately resistant to the disease, although the F, from the cross B. napus x B. rapa
were susceptible. In the study, resistant F, plants from B. carinata x B. juncea and B.

napus x B. carinata crosses were obtained.

5.2. Materials and Methods

The materials studied included 3 field grown parent lines, 4 F, and 11 BC,F;-
derived DH lines as discussed in Chapter 4. Two of the F,-derived DH lines did not
produce enough seed for the various analytical processes. Protein analysis was done on
meal obtained after oil extraction. Part of the meal was also used for glucosinolate
determination. Different sample sizes were used for the various seed components

discussed as a result of seed limitations.

5.2.1. Oil content

Four samples of 1.25g each per line per repvlicate wage obtained from field
grown seeds. Oil content was determined by nuclear magn.iic resonance (NMR)
analysis on a whole seed basis using an Oxford 4000 NMR Analyzer (Oxford
Analytical Instruments Ltd). The oil content was expressed as percentage oil content in

the air dried seed (8-12% moisture content).

5.2.2. Fatty acids
Two samples from each line per replicate were analysed in duplicates and the
analysis repeated three times. The average of the three repeats was used for statistical

analysis in the BC F,-derived DH lines. Fatty acids were determined by the ISO (1990)
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procedure for animal and vegetable oils using gas chromatography. brietly described
below. Approximately three to four grams of seed were placed in a Raney oilseed
crusher (Canadian Centre for Advanced Instrumentation) and seven ml of petroleum
ether added. The loaded crusher was then closed and placed on a shaker and run for
thirty misxtes. The Raney crusher was then opened and the solvent evaporated
overnight. One ml of pentane was added to the oil to dilute it. 2 m! of sodium
methanoate were added to esterify the oil, and the mixture allowed to stand for thirty
minutes. The methylated oil was placed in autosampler vials for gas liquid
chromatography analysis. using a GLC (HP model 5890 series 1) equipped with an
autosampler and an integrator. The autosampler was set to inject 1-3 i of the sample
for analysis. The injector and detector were programmed at 280 °C and 300 "C while
the column temperature was adjusted to 200-240 °C rising at a rate of 10 °C min™'. The
pressure of the helium carrier gas was adjusted to 40lbs in? (2.9kg cm™). The detector
range was set up at 1. The autosampler run time was 5 minutes with a flush time of 13-
15 seconds. The integrator settings included a stop time of 5 minutes, with a minimum
area of 50. The slope was set for 0.lmV/minute. The chart was plotted to Smm/minute
on a ImV full scale. The fatty acids were expressed as percentage of total fatty acids

present in the sample. The free fatty acids were not determined.

5.2.3. Glucosinolates

Samples used for glucosinolate analysis were equal to those used for fatty acid
analysis as the meal obtained was used for glucosinolate extraction. The air dried oil
free meal was prepared for glucosinolate extraction by treating with aqueous methanol
to inactivate endogenous myrosinase. The glucosinolates were then desulphated on an
ion exchange column. The desulphated glucosinolates were derivatized to form volatile

trimethylsilyl (TMS) ethers that were separated and quantified by gas liquid
chromatography (Heaney and Fenwick 1980).
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5.2.4. Protein

Two oil free meal samples from the BC,Fi-derived DH lines were obtained
from the meal remaining after glucosinolate analysis. Since seed was limited, only one
F,-derived DH line was analysed for meal protein. The meal was weighed carefully and
loaded using an attached autosampler into a Leco FP-2000 Analyzer fitted with a
nitrogen probe. The meal was combusted, the resulting gases analyzed, and the

contents expressed as percentage protein by multiplying N value by 6.25.

5.2.5. Disease resistance
5.2.5.1. Blackleg resistance (Leptosphaeria maculans)

Twelve lines (11 BC,F; and 1 F,-derived DH lines) and three parent lines (2 B.
juncea and 1 B. napus) were screened. The method used to screen the material was
that described by Bansal et al. (1994). The seeds from the 14 lines were each planted in
sixteen 6 x 6 cm pots by placing several seeds in the pots which were later thinned on
germination to two plants. The plants were maintained at approximately 21 °C and 16
hr photoperiod supplemented with 400W high pressure sodium lamps. Isolates of L.
maculans cultured on V8 agar supplemented with rose bengal (0.4um/ml) and
incubated at room temperature under 12 hr photoperiod were used as the inoculum.
Pycnidiospore suspensions were prepared separately in sterile distilled water from 12-
14 day old growing cultures and adjusted to 1x10° spores per millilitre. The seedlings
per line were divided into four groups of eight plants each and then randomized into
trays. Inoculations were made by placing 10ul of the suspension dispensed from an
Eppendorf micro pippette on a wound made on each cotyledon by a No. 1
entomological needle. The inoculated seedlings were incubated in a mist chamber
(100% RH) for two days. The reactions on cotyledonary leaves were recorded 10 days

after inoculation on a 0-4 scale, and the disease severity calculated using the formula

below:
0 No visible expression of the disease
1 Necrotrophic hypersensitive responsc around the wound
2 Gray-green tissue collapse with distinct margin
3 Gray-green tissue collapse with diffuse margin
4 Most of the tissue collapsed with pycnidia formatioa
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Disease severity (DS) % = X(No. of plants in categories x Category value) x 100

Total no. of plants x 4
and the data transformed to the logarithmic values and analyzed using the gim

procedure of SAS (1989) statistical software.

5.2.5.2. Blackspot resistance (Alternaria brassicae)

The disease score was taken on field grown parents, F, and BC,F,-derived DH
lines. The disease severity score was taken on pods prior to harvesting. This was done
by visually estimating the percent area covered with lesions using the assessment key
developed by Conn et al. (1990). The data were then transformed to the logarithm

values and analyzed using the GLM procedure of SAS (1989) statistics software.

5.3. Results
§_3.1. Oil Content and fatty acids

The oil contents in the parents B. napus, B. juncea 1 and B. juncea 2, F, and
backcross F;-derived DH plants were significantly different (p=0.05) (Table 5.1). The
oil content was highest in B. napus with 46.5% oil. The lowest percentage of oil was
found in the F;-derived DH plants with a mean oil content of 30.3%. The BC,F,-
derived DH lines had an oil content of 40.1%6. This was lower lower than that found in
both parents. The fatty acids were dominated by oleic, linoleic and linolenic fatty acids
(Table 5.1), but the proportions were significantly different within the different
genotypes (p=0.05). B. napus had the highest level of oleic acid while B. juncea had
the lowest. The F,-derived DH plants =s zroup had a high oleic acid (49.5%) second
only to B. napus. In the BC,F,-derived DH plants, the level dropped to 40.2% which
was slightly but not significantly lower than the backcross parent at p=0.05. Means for
linoleic acid were highest in the BC,F,-derived DH lines (33.2%) while the lowest level
was found in the parent B. napus. The F,-derived DH plants had a mean of 26.7%,
intermediate between the two parents. Linolenic acid was highest in B. juncea 2 and
BC,F,-derived DH plants (16.3%). B. napus and F,-derived DH plants had lower levels

(11.7 and 14.1% respectively). The levels of palmitic acid were generally low (3.1-
P p

156



4.7%). The highest levels were found in the F,-derived DH lines (4.7%) (Table 5.1).
BC,F,-derived DH lines had higher levels (4.1%) than B. juncea 2 parent. Stearic acid
was also expressed at low levels (1.4-2.6%) with B. napus and B. juncea expressing
lower levels when compared to both F, and BC,F,-derived DH lines. When individual
lines were analyzed, the oil content was significantly different within the genotypes
analyzed. The F-derived DH plant 94-1291 had the lowest oil content. The BC,F;-
derived DH line with highest percentage of oil content was 94-1279. The F;-derived
DH plant with the highest percentage of oil content was 91-1295. All fatty acid
contents (percentages oil) were significantly different (p=0.05) in all the genotypes
studied except for the lignoceric fatty acid. Oleic acid was highest in the F;-derived DH
plant 94-1291. The F,-derived DH plants had relatively higher levels of this particular
fatty acid than B. juncea and BCF,-derived DH lines. Linoleic acid was lowest in the
F,-derived DH line 94-1291 and highest in the BC,F,-derived DH plant 94-1284.
Linolenic 2<id levels were approximately one half those of linoleic acid in most of the
genotypes.

The correlation between oil content and oleic acid was low but positive
(r=0.3140) (Table 5.2). Linoleic acid had a negative correlation coefficient (r=-0.2636)
with oil content while linolenic acid had a low negative correlation coefficient (r=-
0.1997). The relationship between oleic, linoleic and linolenic acids was high (oleic and
linoleic r=-0.9812, oleic and linolenic r=-0.8262 linoleic and linolenic r=0.7534). The
coefficients between oil content and arachidic acid (r=-0.6050) and behenic (r=-0.2962)

were significant (p=0.05).

§.3.2. Glucosinolates

Total glucosinolate content was significantly different between the parents, F,
and BC,F,-derived DH plants. The B. juncea 2 parent had a high total glucosinolate
content in 100mg oil free meal (Table 5.3). The B. napus parent had the lowest total
glucosinolate content among the three parents used. The F,-derived DH plants had

higher glucosinolate levels than both parents. Total alkenyls were highest in B. juncea 1
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parent while the B. napu:s parent had the lowest. B. juncea 2 the maternal parent used
as the female parent in all the BC F;-derived DH lines apart from line 94-1289 had a
total alkenyl glucosinolate content of 45.2 umg”'. The BCF,-derived DH plants had an
average of 59.6 umg”' of alkenyl glucosinolates. The total indoles were significantly
different within the parents and F; and BC,F-derived DH groups. The lowest level of
total indoles was found in the F;-derived DH plants with 5.4 umg™ and the highest in B.
napus parent. The presence of 4-OH-indolylmethyl glucosinolate was highest in the 5.
napus and lowest in the F)-derived DH plants (Table 5.3). 2-hydroxy-3-butenyl
glucosinolates were high in Fi-derived DH plants. The lowest levels of this
glucosinolate was found in B. juncea. BC,F,-derived DH plants and B. juncea were not
significantly different (p=0.05) in this indole glucosinolate, but B. napus was. Allyl
glucosinolate were mainly found in the BC/F,, Fi-derived DH lines and B. junccu

plants. Among individual genotypes, the lowest level of allyl glucosinolate was found in
the F,-derived DH plant (94-1292).

Total glucosinolates ranged from 123.5 umg™ in F,-derived DH line 94-1295 to
11.5 umg’ in Fj-derived DH plant 94-1292. The lines with the lowest total
glucosinolate content were all BC,F,-derived DH lines 94-1281, 94-1288 and 94-1279
having 31.4, 37.3 and 39.3 umg' respectively. These lines were significantly different

(p=0.05) from both parents, all having lower levels than B. juncea, but higher levels

than B. napus.

Total alkenyl glucosinolates, currently used to set the canola standard was
significantly different among the genotypes analyzed. The plant with the highest level of
total alkenyl glucosinolate was F)-derived DH plant 94-1295 (Table 5.3). The lowest
levels of alkenyl glucosinolates were obtained from 94-1281 with 24.3 pumg” and 94-
1288 with 27.4 umg'. Although these genotypes had higher glucosinolate contents
than the B. napus parent, they were below the current 30.0 pumg™ limit set for lines to
be considered as canola quality. This will however change by 1997 to include both

aliphatic and indole glucosinolates (Canola Council of Canada 1995b). Specific
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glucosinolates like 3-butenyls, 4-pentenyl and 2-OH-3-butenyls, were all significantly
different (p=0.05) between parents, F, and BC,F,-derived lines. The 3-butenyl and 4-
pentenyl glucosinolates were found mainly in the B. juncea and BCF,-derived DH
lines. They also occured in lower concentrations in B. napus and F,-derived DH lines.
The BC,F,-derived DH line 94-1289 was derived from B. juncea 1, which probably
explains the high levels obtained for these glucosinolates. The BCF,-derived DH lines
with the lowest 3-butenyl glucosinolates included 94-1281, 94-1288, and 94-1279
(Table 5.3).

5.3.3. Proteins

The meal protein was highest in the Fi-derived DH line (Table 5.5). The parent lines
had a narrow range of protein (43.7-44.5%). The BC,F,-derived DH lines had a wider
variation (39.5-43.3%), with none of the lines showing higher protein content than the

parents.



Table5.1.  Oil content (% in seed) and fatty acid profiles (% of oil content) of parents, F, and BC,F,-derived DH genotypes of B.
juncea x B. napus interspecific crosses.

Genotype Fatty acids
Oil Content
Type Plant Palmitic Stearic Oleic Linoleic Linolenic Arachidic Eicosenoic Lignoceric (°o)
Parent B napus 4.35bcde 1.40h 34.44b 24.52¢ 11.68h 0.58fgh 1.66a 0.21abc 46.5a
B. junceal  3.35hi 2.64bc 44.76d 32.31bed  13.758 0.61efg 1.18fghi 0.20abc 43.3abc
B. juncea2  3.75efgh 2.17cdef  41.12fg  32.29bcd  17.70a 0.57gh 1.17ghi 0.18abc 41.56¢
F, 94-1291 3.94dcfgh  1.84gh  57.93a 21.86f 12.00h 0.68bcde  1.496b 0.00e 25.4h
04-1292  16ibc 2.38cde  52.62b 25.89% 13.31g 0.00j 1.20fgh 0.00e nd
04-1293 6.27a 3.30a 38.98gh  33.06bcd  15.62def 1.01a 0.93k 0.18abc 29.0fg
04-1295 3.94defgh  1.96efg  50.0lc 25.74¢ 14.977 0.64defg 1.35¢cd 0.14bcd 36.6de
BC,F, 94-1279 3.64fghi 2.11def  44.49de  31.48d 15.36¢ef 0.52hi 1.05 0.18abc 46.3ab
04-1280 3.84efgh 2.45cde 42.05¢f  32.10cd 16.11bcdef  0.6-4defg 1.33cde 0.15bcd 43.8abc
04-1281 $12cdefg  2.43cde 4053 30.80d 15.35¢f 0.71bcd 1.231g 0.07de 36.8de

04-1282  3.90defgh  2.09def  39. l4gh  3415abc  1731ab 0.58gh 1.35¢cd 0.12cd 42.0abc
04-1283  4.24bcdef  2.5lcd 39.22gh  34.08abc  16.48abcde  0.64defg 1.11hjj 0.22abc 35.1e
04-1284  4.67bc 2.51cd 37.21hi  35.77a 16.48abcdec  0.67cdef 1.32cde 0.12cd 32.1ef

94-1286  450bcd  3.02b  3592i  35.4% 16.91abcd  0.76b 1.26¢fg 0.23ab 36.4de
04-1287  4.47bcd 225cdef  38.40ghi 34.62ab  16.55abedc 0.63defg  1.27del  0.24ab 35.7¢
04-1288  3.59ghi 224cdef  40.52fg  33.16bcd  16.99abc 0.59fgh 1.38¢c 0.15bcd 42.2abc
04-1280  484b 3.06ab 40.39fg  32.0lcd 15.96cdef  0.73bc 1.211g 0.27a 40.6cd
04-1486  3.7ligh 2.26cdef  41.99%f  32.8lbcd  15.87cdef  0.6Ucfg 1.19fgh 0.15bcd 44.4abc
SEM 0.140 0.118 0.623 0.548 0.299 0.020 0.022 0.023 0.892

Figures followed by the same letter (s) are not significantly different at p=0.05 using Duncan’s Multiple range test. nd = not determined.

.
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Table 5.2.  Correlation coefficients of various fatty acids to total il content profiles of parents, F, and
BC,F,-derived DH genotypes of B. juncea x B. napus interspecific crosses (10 d.9)

Lauric Palmitic  Stearic  Oleic Linoleic  Liolenic  Aracidic  Eicosenoic  Behenic  Lignoceric  Oil Content
auric 1.000
Palmitic 0.0257 1.000
Stearic 0.2550 0.5341 1.000
Oleic 0.1740 -0.4284  -0.6870 1.000
Linoleic 0.1751 0.3509 0.6537 -0.9812 1.000
Linolenic 0.0800 0.1390 03903 -0.8262 0.7534 1.000
Aracidic 0.0889 0.8094 0.7861  -0.4718  0.4084 0.1651 1.000
Eicosenoic -0.0679 -0.000S 03743 02647 -0.2546 -0.3479 -0.0704 1.000
Behenic -0.0107 0.7168 0.3531  -0.2627  0.2166 0.0226 0.6849 0.0873 1.000
Lignocenic 0.2158 0.2864 0.2598  -0.2868  0.2788 0.0573 0.1736 -0.0279 0.1884 1.000
Oil Content 0.1079 -0.535§  -0.4004 03140 -0.2636 -0.1997 -0.6050* 0.0916 -0.2962¢ -0.0560 1.000

* Significant at p=0.05
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les of parents, F; and BC\F -derived DH genotypes it 3. juncea x B. napus

Table5.3.  Glucosinolate (um g") profi
interspeci<ic Crosses.
Genotype Glucosinolate
Total Alkenyls  Total Indoles Total
A.%ﬁ e Plant Allyl Buteny! Pentenyl OHBUT  OHINDOMETH Glucosinoiates
Parent  B. napus 0.12% 1.824f 0.455f 7.217e 14.820a 9.92h 16.008a 25.93gh
B. juncea 1 1:908¢ g1568a  7.786b  1830g  9.275bcd 93.21abc 9.447bc 102.66ab
B. juncea 2 23.25Tbcd  18.844de 1.895def  1.109g 8.037cde 45.24efg 8.252bcde 53.49defg
F, 94-129] 10835de  11325f 07376 23.104c  5.336fg 16.20efg 5.500cde 51.70detg
04-1292 0.107e 1171 0.344( 5349ef  2.816h 7.30h 4.200e 11.50h
94-1293 2005¢bed  14954cf  4823c  35571b  5.245fg 69.00bcde 14.300¢ 73.30cde
94-1295 39.183a 13.906ef  2.678cde  57.674a  6.90cfg 116.50a 7.028bcde 123.53a
BC,F, 94-1279 17.853cd 12.096ef  0.885f 0.718g 9.350bcd 31.58gh 7.769bcde 39.3:4gh
94-1280 30.98abc  14.875¢f  0392f  2.733fg  6.958c(g 49.16defg 8.138bcde 57.30def
94-1281 [4348dc  8.700cf 0684 0452  6.773clg 24.29gh 7.143bcde 31.43fgh
94-1282 $1.976a 36.544¢ $.314cd 1.243g 7.67lcde 84.20bc 7.935bcde 92.13bc
04-1283 42.051a 11.734ef 1.826delfl  16.172d  4.942g 72.45bcde 5.18cde 71.63bcd
04-1284 34.161ab 30.362cd  2.013del  0.574g 5.303fg 67.17cdefl 5.521cde 72.6Ycdc
04-1286 42.909a 29.910cd 1.385¢f 0.973¢g 4.717gh 75.31bcd 4.936de 80.25bcd
94-1287 41.201a 40.733¢ 3.469cde  1.073g 0.140efg 86.59bc 6.249bcde 92.84bc
04-1288 15.968cde  10.093ef  0.686f 0.527g 9.713bc 27.40gh 9.871b 37.27gh
04-1289 0.488¢ 644780 301442 1487g  7.346dcf 96.80ab 6.043bcde 102.84ab
94-1486 19037bcd  16932¢  2.118def  1.139g  10.820b 39.33(g 9.051bed 18.38efg
SEM 3.731 3.128 0.562 0.750 0.520 6.666 0.948 6.582

OHBUT=2-Hydroxy-3-Buteny}, OHINDOMETH=4-Hydroxy-3-indolylmethy!
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Table 5.4.

Correlation of individual glucosinolates to total glucosinolates of parents, Fy and BC,F\-derived DH
genntypes in B. juncea x B. napus interspecific crosses (9d.f).

Allyt Butenyl  Pentenyl OHBUT  OHPENT INDOMETH OHINDOMETH TOTALK TOTINDOLES TOTGLUCS
Aliyl 1.000
Butenyl 0.0538 1.000
Penteny | 03030 05904 1.000
OHBULTT 0.0571 0.1948  0.0414 1.000
OHPENT 0.1630 01576 0.2189 0.6381 1.000
INDOMETH -0.0801 0.2675  -0.0943 0.2442 0.2046 1.000
ONINDOMETH ~ -0.5804  -0.2250  0.0087  -0.0343 0.3505 0.2637 1.000
TOTALN 9.5178 0.7749 0.4699 0.2062 0.0362 0.15%6 -0.4632 1.060
TOTINDOLES 04969  -0.2422 -0.053% -0.0126 0.3507 0.3794 0.8518 -0.4340 1.000
TOTGLUCS 0.4820°  0.7R16®  0.4852¢  0.2142° 0.0797 0.1207 -0.3827¢ 0.9942¢ £.3348¢ 1.000

* Significant at p=0.05

OHBUT- 2-Hydroxy-3-Buteny), OHPENT=2-Hydroxy-4-Penteny 1; INDOMETH =3-Indolylmethy ), OHINDOMETH 441 Ivdroxy-3-indolylmethyl

163



Table 5.5.

Protein content of oil free meal (%5) of parents and BC,F,-derived DH
genotypes of B. juncea x B. napus interspecific crosses.

Genotvpe Plant Protein (%)
Parents B. napus 44 2b
B. juncea 1 44.5b
B. juncea 2 43 7ab
F.-derived DH 094-1295 47.0a
BC,F:-derived DH 94-1279 40.4de
04-1280 43 .2bc
94-1281 41.5cde
94-1282 4] .lcde
04-1283 39 8e
94-1284 39.5e
04-1286 42.0bcde
94-1287 41 .2cde
94-1288 43 3bc
94-1289 39.8e
94-1486 42 8bcd
SEM 0.676

164



5.3.4. Disease Resistance
5.3.4.1. Blackleg (Leptosphaeria maculans)

Biackleg resistance was high in B. juncea (Figure 5.1). B. napus had the highest
disease severity score. There were significant differences observed between B. juncea.
and B. napus parents (p=0.05). The F;-derived DH line screened for blackleg had an
intermediate reaction to the disease with a severity score of logl0 1.29 (19.5%)
between the two parents (other F;-derived DH lines did not germinate). A wide range
of hypersensitive reactions were obtained from the BC,F;-derived DH lines ranging
from very resistant (94-1486) with a score of logl0 DS of 0.5987 (3.1%) to fairly
susceptible DH lines (94-1288) with a log10 DS score of 1.43 (27.0%).

5.3.4.2. Blackspot (4l/ternaria brassicae)

The scores were taken from field grown plants. Although different methods
were used in scoring the disease reaction of the lines, standardization of the data
enabled valid comparisons to be made. Contrary to previous reports, B. napus was
more susceptible than B. juncea to Alternaria brassicae (Rai and Kumar 1995, Saharan
1991). The disease score for B. napus was Log10 DS of 1.0398 (10.9%) as compared
to B. juncea's score of Logl10 DS of 0.9143 (8.2%) (Figure. 5.4). The F;-derived DH
lines 94-1291 and 94-1295 had logl0 DS of 1.044 (11.8%; and 0.9248 (8.4%).
According Rai and Kumar (1995), the F; of a similar cross were characterized as
moderately resistant. The BC;F,-derived DH lines had a wide range of phenotypic
expression to blackspot disease. Very susceptible DH lines (94-1289 and 94-1287) with
log10 DS scores of 1.2906 (19.5%) and 1.1505 (14.1%) and very resistant lines (94-
1280 and 94-1281) with log10 DS of 0.3495 (2.2%) and 0.5714 (3.7%) were obtained

which had values well above and below the parents.
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Figure 5.1.  Blackleg and Black spot disease severity (DS) score on laboratory

grown (Blackleg) and Field grown (Blackspot) parents, F, and BCF,
derived DH lines.
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5.3.5. Seed Colour

The F, seeds from the B. juncea x B. napus cross had a black seed coat. On
backcrossing, the seed coat colour of the BC,F, plants varied, with 3 BC,F,-derived
DH lines showing seeds that could not be classified as completely black or completely
brown. Eight of the 11 BC,F,-derived DH lines had yellow seed coats. Sceds from
seciprocal crosses of the Fi-derived DH lines with the parents had seed coats similar to
those of the maternal plant, but the shades of brown obtained with the BC,F,-derived
DH lines created a problem in classification. As a result, distinct classes of yellow,

brown, brown/black and black were used in the classification of seed colour (Table
5.6).
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Table 5.6. Seed coat colour of parents, F;, BC,F,-DH lines and reciprocal crosses
of F,-derived DH and parent lines.

Genotype
Seced Coat Colour

Type Plant

Parent B. napus Black
B. juncea l Yellow
B. juncea 2 Yellow

F, derived DH 94-1291 Black
94-1292 Black
94-1293 Black
94-1295 Black

BC,F, derived DH 94-1279 Yellow
94-1280 Yellow
94-1281 Yellow
94-1282 Yellow
94-1283 Yellow
94-1284 Brown/Black
94-1286 Yellow
94-1287 Brown/Black
94-128% Yellow
94-1289 Brown/Black
94-1486 Yecllow

F, derived DH x Parents  94-1292 x B. juncea 2 Brown/Black
94-1293 x B. juncea 2 Brown
94-1293 x B. napus Brown
934-1295 x B. juncea 2 Brown/Black
94-1295 x B. napus Brown
94-1299 x B. juncea 2 Black
94-1290 x B. napus Brown/Black

Parents x Fi-derived B.juncea2x 94-§292 Yellow
B. juncea 2 x 94-1293 Yellow
B. juncea 2 x 94-1295 Yellow
B. napus x 94-1292 Brown/Black
B. napus x 94-1293 Brown/Black
B. napus x 94-1295 Brown/Black
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5.4. Discussion
5.4.1. Oil Content and Fatty acid Profiles

The range of phenotypic expression in oil content ranged from 46.3% 10 25.4%
in both the F, and BC,F,-derived DH lines. The fact that three DH lines had oil
contents similar to the B. napus parent (46.5%) than 1o the B. juncea (41.5%0) parent
suggests that introgression of genes for this trait from B. napus to B. juncea had
occurred (Figure 4.7). Recombination however, also resulted in genotypes with values
lower than the B. juncea parent, implying that some recombinations from the cross
were undesirable. The F,-derived DH lines had generally low oil contents, which were

easily shifted on backcrossing towards the B. juncea background.

5.4.2. Fatty acid Profiles
5.4.2.1. Oleic acid

B. napus’ with the preferred fatty acid profile registered a mean of 54.4% oleic
acid. Most of the F,-derived DH lines showed a skewed oleic acid level towards B.
napus. These lines had oleic acid levels >50% apart from the line 94-1293 with a mean
of 39.9%. This F;-derived DH line expressed more B. juncea type characteristics than
the other F,-derived DH lines. Among the 6 F,-derived lines studied cytologically, the
line 94-1291 had an average of 24-29 <romosomes during anaphase I of melosis, a
higher count than all the other lines. It is possible that during meiosis, PMCs with
unequal chromosome distribution were produced (Table 3.1). This could have
eventually resulted in the DH line possessing more B genome gene(s) from B. juncea
than the other F;-derived DH lines. In a study by Chen et al. (1992) removal of C-
genome chromosomes in B. rapa-alboglabra monosomic addition line¢s resulted in a
dramatic increase in erucic acid. This was attributed to a loss of genes responsible for
biochemical process leading to fatty acid desaturation step. In the current study, 5.
Jjuncea had lower levels of oleic acid (41.1%). This level was improved from 41 1% in
to levels as high as 44.5% in 3 of the 11 BC,F,-derived DH lines The reduction in
oleic acid contents in five of the lines suggests the possibility that the gene loci

controlling this trait could be on different chromosomes or may be physically located
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further apart in the same chromosome allowing exchange during crossing over (Chen et
al. 1992). Three BC,F-derived DH lines had oleic acid levels statistically similar to B.
juncea. Thus it should be possible to obtain a wide range of expressed phenotypes if
chromosomes from different genomes occurred in various combinations in the DH

lines.

5.4.2.2. Linoleic acid

Linoleic acid was significantly increased in 6 BC,F,-derived DH lines. These
lines had higher linoleic acid levels than B. juncea (Table 5.1). Apparently, there must
have been introgression of genes from B. napus to B. juncea to result in such an
increment in levels of this fatty acid. This may be possible if the desaturation step from
oleic acid is altered, or further desaturation to linolenic is blocked. These genes were
probably not expressed fully = R. napus (24.5%), suggesting they could be partially
masked or the recombination with B. juncea genes enhanced the expression of this
trait. The F,-derived DH lines had a skewed distribution towards the B. napus parent
except for the F,-derived DH line 94-1293 which had more B. juncea characteristics.
The ie-+} ~% this fatty acid which was highest in the B. juncea parent, was not retained
in m-> :he F,-derived DH lines, but was likely tempered in its expression by genes

from the B. napus parent in 6 of the BC,F,-derived DH lines (Table 5.1).

5.4.2.3. Linolenic acid

The level of linolenic acid in the B. juncea (17.7%) was higher than all of the
lines studied. Only a slight reduction in the linolenic acid levels was observed from the
B. juncea. Although the reduction was significant in some cases, the profiles of all the
BC,F.-derived DH lines were B. juncea types. The F,-derived DH lines however had
profiles closer to B. napus profiles than B. juncea. It could be argued that the genes
responsible for low linolenic acid were in the C genome chromosomes in the B. napus,
which were introgressed into the Fj-derived lines, but were subsequently lost on
backcross. The slight reduction ir :he linclenic acid levels in the BCF,-derived DH

lines was probably as a result of some gene(s) being retained in the BC,F,-derived DH
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lines, but their influence was not sufficient to reduce levels of the acid. This trait was

not as easily altered as the other fatty acid profiles.

5.4.2.4. Other Fatty Acids

One of the problem fatty acids is erucic acid, of which canola must contain less
than 2% of the total fatty acid content. In the current material, the genotypes did not
show any’ erucic acid (Retention time of 5.80 min in GLC). The genes regulating
synthesis of this fatty acid present in the A and B genome in B. juncea, and in A and C
in B. napus (Kirk and Hurlstone 1983, Fernadez-Escobar 1988, Chen et al. 1988a)
seem to have been lost or their expression insignificant in the studied material. It is also
possible that minute quantities may have been synthesized, but could not be detected by
the GC at that sensitivity level.

Low levels of palmitic acid (C16:0) are necessary to reduce the level of
saturation in the oil, however this acid is necessary to improve the suitability of canola
oil for manufacture of margarine and shc * nirs because it reduces crystallization in
the margarine (Davik and Heneen 1993}, - a." ©-om F,-derived DH lire 94-1293 the
genotypes studied had a narrow profile runae Jor 5 fatty acid. Slight modification in
the elongation process may have resulted from the influence of genes from the various
genomes consiituting the species used in the cross. The percentage of palmitic acid was
negatively correlated with oleic acid, suggesting an increase in the biochemical process
leading to the carbon chain elongation process from C16 to C18. Stearic acid (C18:0)
was positively correlated with levels of palmitic acid. The level of this fatty acid was
lower than palmitic acid, ranging from 1.4-3.3%. The eicosenoic acid (C20:1)
synthesized from elongation of oleic acid (C18:1) was low, probably because of altered
elongation blockage at this step. The reduced amount of this fatty acid may have
contributed to the lack of erucic acid as elongation of eicosenoic acid leads to erucic
acid. Other minor fatty acids like arachidic (C22:0) and lignoceric acid (C24:0)
constituted less than 1.9% of the fatty acids. This is probably as a result of the lack of
their fatty acid precursor compounds resulting from blockage and subsequent

elongation step from oleic acid through eicosenoic and erucic acids.
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5.4.3. Glucosinolates

The variation in glucosinolate content could be attributed to genetic instability.
The presence of two univalents in some BC,F;-derived DH lines appears to be
associated with glucosinolate content in the seeds. Higher levels were obtained in lines
showing higher instability (Table 3.2, Figures 3.7, 3.13), with lower glucosinolate
levels observed in lines showing a more stable configuration (Figures 3.10, 3.11).
Chromosomes from different species but from the same genome (homologous
chromosomes) may pair closely because of structural homology, hence greater stability.
These chromosomes would have a greater chance of being retained in subsequent
backcross than would be the case with homoeologous pairing. It is therefore possible
that some chromosome(s) or gene(s) from both the A and C-genome of B. napus may
have been introgressed into this material complimenting the genes already present in B.

juncea. These would be important traits expressed by recessive genes.

5.4.3.1. Total Glucosinolates

Total glucosinolates in the present study included both indole and alkenyl
glucosinolates. A wide range of phenotypes were observed ranging from extremes of
both parents to intermediate types. Two BC,F;-derived DH lines (94-1281 and 94-
1288) with 31.4 pumg’' and 37.3 umg' were obtained, which had lower and
significantly different total glucosinolates than B. junéea. However the levels of total
glucosinolates were greater than those observed in B. napus. Although a significant
reduction of glucosinolates from 53.5 umg™! (B. juncea) to as low as 31.4 pmg’ (94-
1281) was achieved (Table 5.3), these lines do not meet the canola quality standard.

Six BC,F,-derived DH lines had total glucosinolate levels (57.3-92.8 umg™)
higher than B. juncea 2 parent. This glucosinolate elevation could occur through
recombination of genes controlling this trait from various genomes through either
chromosomal substitution (Chen et al. 1988b) or crossing over during meiosis. The
result would be chromosomes with modified gene constitution, thus enhancing

expression of this trait. The presence of extremes of phenotypes makes it possible to
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select for lower total glucosinolates, and because intermediate phenotypes were

obtained, there appears to be partial dominance or modification of expression of this

trait.

5.4.3.2. Total alkenyls

To conform with current canola standards, total contents of the four major
alkenyl glucosinolates must not exceed 30 umg”' of oil free meal (Aldophe 1980). Only
two of the BC,F,-derived DH lines had levels below this value. Four of the BC\F,-
derived DH lines had significantly lower amounts of these glucosinolates (31.6-39.3
umg™) than B. juncea 2 (45.2 umg'). The drastic reduction and increase of alkenyl
glucosinolates over the B. juncea parent in some lines (Table 5.3), could only arise
from a loss or gain of major genes from the C genome of B. napus (Kondra and
Stefansson 1970, Parkin et al. 199/ Magrath et al. 1993). The possibility of inheriting
one or both genes responsible for chau. elongation and side chain structure (Magrath et
al. 1993) may explain the wide variation in alkenyl glucosinolates observed in the
BC,F,-derived DH lines.

Since the major difference in glucosinolate content in canola quality varicetics
results from the alkenyl glucosinolates (Bilst .rrow 1993), a decrease in alkenyl
glucosinolates would be highly dssirable. The expression of low alkenyl glucosinolates
requires four recessive alleles, and up to 6-9 recessive alleles in backcross populations
in B. juncea {Stringam and Thiagarajah 1995). Inheritance of some of these alleles may
have the eect of reducing alkenyl glucosinolates at varying degrees without displaying

profiles from either parent (Kondra and Stefansson 1970) allowing selection for desired

genotypes.

5.4.3.3. Total indole Glucosinolates

The definition of canola (Aldophe 1980) did not include the amount of indole
glucosinolates in the meal, although they constitute a substantial amount of total
glucosinolates. In fact, with the development of low glucosinolate cultivars, indole

glucosinolates represented a greater proportion of total glucosinolates since their levels
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remain relatively constant (Bilsborrow 1993). The definition of canola has been
proposed to include indole glucosinolates (Fenwick 1985). The Canola Council of
Canada has proposed that beginning 1997, new glucosinolate level requirements for
seed will be 18 pmg™’, whereas the oil free air dried meal will contain <30 umg’ total
glucosinolates (Canola Council of Canada 1995b). In the current study, the profile of
B. juncea was preferred because of lower levels of indole glucosinolates it exhibited. B.
napus with the lowest total alkenyl glucosinolates, had the highest level of indole
glucosinolates. It was however possible to obtain BC,F,-derived DH lines with even
lower levels of indole glucosinolates than the lower parent value B. juncea. Lines with
as low as 4.9 umg” of indole glucosinolates were obtained showing possibilities exist
of reducing both alkenyl and indole glucosinolates even when the two fatty acids are
negatively correlated (Table 5.4). The present data suggest the genes controlling indole
glucosinolates may be in different chromosomes, located further apart on the various
chromosomes allowing exchange of genetic material during crossing over, or transfer
of whole chromosomes between the genomes occured. Although the control of indolyl
glucosinolates was thought to be under complex polygenic control (Rucker and Rudloff
1992, Mithen 1992), it appears possible to easily modify the profile of these
glucosinolates. If indeed this is the case, then a high probability exists that whole
chromosomes may have been introgressed into B. juncea in this material. The
correlation index between the total indoles and total alkenyls was negative (r = -0.434)
and were significant when correlated to total glucosinolates (Table 5.4). This would
mean reduction of alkenyl glucosinolates would result in increased indole
glucosinolates which the data presented implies. This was also observed by Musnicki et
al. (1995). This would make it difficult to completely eliminate both types of

glucosinolates unless the apparent link is broken.

5.4.3.4. Allyl Glucosinolates
The allyl glucosinolates are more abundant in the B. juncea than in B. napus
(Sang et al. 1984). In the interspecific material between B. juncea and B. napus

studied, the highest level of this glucosinolate was found in B. juncea as expected.
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Extreme phenotypes obtained (0.49-42.9 pmg™). show that selections could be made
for lower levels of this glucosinolate. As low as 0.49 umg ' was obtained in the BCF,-
derived DH lines (94-1289) which was derived from B. juncea 1 parent (Appendix 1),
with the highest in BCF,-derived DH line (94-1286). It is probable that genes
introgressed from B. napus had the effect of enhancing allyl glucosinolate synthesis

resulting in the observed increase in some F, and BC,F,-derived DH lines, well beyond

the high parent range.

5.4.3.S. Proteins

The wide variation obtained in protein content may be a reflection of the
differential loss of genetic material inherited from B. napus after backcrossing to B.
Jjuncea. In the process, the data suggests that loss or substitution of genetic material
from B. juncea may have occurred, making it possible to obtain genotypes of lower
meal protein value than either parent. However two of the lines had protein contents
similar to the B. juncea parent. Only three of the lines did not have meal protein
content of >40% (Table 5.6). Two of the brown /black seeded BC,F,-derived DH lines
had low protein content (Tables 5.5 and 5.6) showing a link between black seeded

colour and low meal protein (Slominski et al. 1995).

5.4.4. Disease Resistance
5.4.4.1. Blackleg Disease (Leptosphaeria maculans) resistance

Brassica species with the B genome (B. nigra, B. carinata and B. juncea)
possess a hypersensitive type of resistance to blackleg that is effective throughout the
life of the species (Rouxel et al. 1990, Rimmer and Van den Berg 1992). Introgression
of the resistance gene(s) from the B genome may occur more readily if B. carinata is
used in crosses with B. napus, but the resistance breaks down quickly (Rimmer and
Van den Berg 1992). It has therefore been found more beneficial to use the long lasting
but mere difficult path of introgression through interspecific crossing with B. juncea
(Sacristan and Gerdemann 1986). In the present study, the F; and BC,F,-derived DH

lines screened had blackleg resistance equal to or lower than the 3. juncea parents.
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On backcrossing the F) to B. juncea, the resulting progeny would be expected
to display the B. juncea type of resistance, because of increased proportion of the B.
juncea genome (Table 2.8), but the current material had a wide range of phenotypes,
from very high resistance (DS=3.1%) to B. juncea parent type (DS=25%). This
suggests that resistance genes from B. napus were enhancing the already existing
resistance genes in B. juncea.

Roy (1978, 1984) was successful in transferring B. juncea type blackleg
resistance into B. napus through an interspecific cross. Continued segregation at the Fg-
F,, and cytological observations by Rimmer and Van den Berg (1992) indicated the
observed resistance was as a result of aneuploidy. Roy’s lines were found to contain 39
or 40 chromosomes. In the current study, the BC F,-derived DH lines had normal
chromosome counts apart from 94-1286 with 1711 + 21 at metaphase 1. In most other
lines at anaphase, chromosome segregation was 18:18 suggesting stability in the lines.
Although Roy (1978) described resistance to blackleg in B. juncea as absolute and
durable, Sjodin and Glimelius (1988) reported susceptibility in B. juncea accessions,
implying that it was possible to lose the genes conferring the blackleg resistance in
some cases. Keri (1991) (cited by Rimmer and Van den Berg 1992) showed resistance
in B. juncea as resulting from the action of two epistatic genes. The epistatic effects of
these genes in the present material may have been altered by the presence of B. napus
genes producing the observed effects. Instead of a reduction in resistance to blackleg
because of the presence of B. napus gene(s) (Rouxel et al. 1990), resistance to blackleg

was actually enhanced in most of the BC,F,-derived DH lines.

5.4.4.2. Blackspot Disease (Alternaria brassicae) resistance

Several reports (Shivanna and Sawhney 1993, Tewari 1991, Rai and Kumar
1995) suggested that B. napus was riore resistant to Alternaria blackspot than B.
Jjuncea, but in the materia! studied, B. juncea was more resistant. The presence of
transgressive segregation for this trait cbsesved in the BC,F,-derived DH lines for this
trait implies selection was possible. On backcrossing to B. juncea, the continuous

variation obtained suggests polygenic control. Recombinations with desirable traits
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apparently did occur between the F, and B. juncea parent gene(s) resulting in individual
lines with better resistance than either parent, however susceptible genotypes were also
obtained. Some of the BC F-derived DH lines had very high susceptibility (94-1289)
with log10 DS of 1.2906 (19.5%) while other lines had as low as logl0 DS of 0 3405
(2.2%) in 94-1280. It appears that crossing of B. juncea with B. napus, followed by
backcrossing, enabled recombination of resistance genes from the various genomes
especially from A genome of B. napus and B. juncea to occur. This overcame the
effects of genes from B genome which have been suggested as possessing a

susceptibility conditioning effect on B. nigra and B. juncea (Rai and Kumar 1995)

5.4.5. Seed colour

Genes for the black colour present in B. napus were obviously introgressed into
some of the BC,F,-derived DH lines. Vera and Wocds (1982) identified genes for
yellow colour in the A and C genomes in B. junceu and B. carinata. The seed colour
has been thought to be under one, two, three, or five genes in different Brassica species
(Hawk 1982, Chauhan et al. 1995, Getinet et al. 1987, Vera et al. 1979, Vera and
Woods 1982, Stringam 1980, Mohammad et al. 1942, Shirzadegan 19806, Schwetka
1982). It has been suggested that seed colour is maternally determined (Mcng 1995,
Shirzadegan 1986). In reciprocal crosses done in the current study with the Fi-derived
DH lines and the parents, the seeds obtained had shades of colour similar to the
maternal parent. Schwetka (1982) reported that seed colour was predominantly but not
completely determined by the maternal parent, however the maternal influence in the
backcross seems reduced in the present material since three out of eleven lines had
brown seeds. The three BC,F,-derived DH lines therefore must have had heterozygous
alleles due to the expression of the brown colour. Seeds obtained by reciprocal crosscs
(Table 5.6) with the parents tended to express the phenotypic colour trait of the
maternal plant, showing the strong cytoplasmic influence of this trait.

Yellow seed colour is expressed only when the loci are homozygous and in the
recessive condition with any other combination resulting in brown or black sceds

(Schwetka 1982), however, a strong rvioplasmic influence from the maternal parent

RS



seems to be enough to allow for phenotypic expression of the yellow colour trait even
when genes for black colour are present as shown by the reciprocal seeds (Table 5 0)
Intergenomic complementation has been suggested as a result of existing homology
between the Brassica genomes (Chen et al. 1988b). however individual genomes can
function independently of each other to determine seed colour. The possibility of genes
for yellow colour from A and C genome~ (Chen et al. 1988b, Rashid et al 1093
recombining therefore exists, increasing the probability of achieving seeds with a yellow
coat. The fact that brown seeded DH lines were obtained after backcrossing the Fy to
B. juncea shows that it was also possible to introgress undesirable dark coloured

gene(s) to the progeny.
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Chapter 6
Summary and Conclusions
6.1. Summary
6.1.1. Breeding Material Development and Genetic characterization

The cross between B. juncea and B. napus was achieved without major
problems, however microspore culture performed on the Fi and BCF, proved difticult
The F; from one of the interspecific crosses ( 93-700-2) was not responsive and -
derived DH lines from this cross were not obtained. This may reflect the recalcitram
nature of B. juncea to microspore culture. The backrossing scheme (Figure 2°1)
resulied in 21 BC,F, donor lines of which only three resembled B. napus (Table 2.1)
The microspore culture carried out in all donor lines was successful in only cight of the
BC,F, plants, with some more responsive than others (Table 2.2). Because of the
problems associated with infertility and colchicine toxicity, only eleven BCFy . 1d six
F,-derived DH lines were obtained.

The genetic characterization of this material using twenty nine RAPD markers
(Table 2.4, 2.5) generated by six primers (Table 2.3) between parent lines, Iy and
BC,F;-derived DH lines revealed genetic similaritics between them. Because of their
common genome, B. juncea and B. napus had a similarity value (SI) of 0.42. The
BC,F-derived DH lines had an increased similarity index (SI) of 0.508 as compared to
the B. napus parent showing an increased genetic component from B. napus (Table 2.9
and 2.10). The presence of genome specific markers in both F; and BC,F,-derived DI
lines confirmed the presence of B. nupus genes in the developed lines (Table 2.0,
Figure 2.2, 2.7). Some of the markers were also observed by Quiros et al. (1991).

The preliminary agronomic performance data on the F; and BC,\F i-derived DH
lines in the field revealed good yield potential in the BC,F;-derived DH lines. The lines
had delayed flowering as compared to the B. juncea parent, but were generally carlicr
flowering than B. napus. The F)-derived DH lines had very low fertility resulting in
poor seed set (Table 3.3). All the DH lines had good branching (4.9-13.8 branchces)
with no distinct patterns differentiating the F, and BC,F,-derived DH lincs. Preliminary

yield characteristics of BC,F,-derived DH lines (Table 3.5) taken on individual single
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plants showed some superior lines yielding better than the parents. This indicates that
recombination for some of the components of high yield occurred, resulting in superior

genotypes.

6.1.2. Stability

The stability of the DH lines was determined through cytological observations,
pollen staining and reciprocal crossing of the F; to B. napus and B. juncea. The meiotic
data for the F,-derived DH showed an average chromosome distribution of 11.7II + 0-
0.7111 + 3.5-101. The higher level of univalents suggested reduced fertility stability. a
factor observed in yield evaluation as very low seed formation was obtained. Pairing
between chromosomes from different genomes must have occurred as reflected in
varying numbers of univalents obtained from the various lines (Table 3.1, Figures 3.1.
3.2, 3.4 and 3.5).

The expected reduction in male fertility was not observed (Table 3.4), however,
seed set was low, a problem attributed to the female fertility. Reciprocal crossing
between the F;-derived DH lines and the parent lines revealed that the fertility index
was very low when the F,-derived DH lines were used as the female parent (Table 3.5).
and that improved seed set was obtained when B. juncea was used as the female
parent. The BC,F,-derived DH lines showed a more stable meiosis than the F-derived
DH lines, with an average meiotic configuration of 14.7II + 0.06III + 1-3.91 at
prophase and metaphase (Table 3.2) which later stabAilized in most of the lines to an
18:18 configuration at anaphase I (Figure 3.11). The presence of 1711 + 2I could be
attributed to a loose association between a B genome and a C genome chromosome
which dissociated afterwards to give the observed configurations (Figures 3.7, 3.8,
3.15). This association appeared strong in some BC,F,-derived DH lines resuiting in
1811 (Figures 3.9, 3.14, and 3.16). This apparent instability did not affect their
agronomic performance (based on one season data), but since only one generation was

observed further observation is needed to establish their long term stability.
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6.1.3. Quantitative traits

The quantitative traits in the developed F, and BC,F,-derived DH lines were
determined for oil conteni. fatty acid profiles glucosinolate content, water stress,
disease resistance and seed colour. A wide vanation in oil content indicaies a wide
range of genetic recombination, particularly after backcrossing, since no Fi-derived DH
line had high oi! content. This shows it was possible to extract desirable genes trom
both species to improve the oil content of the parent whose desired background was
sought (Table 5.1). The levels of oleic acid in three BC\F-derived DH lines was
generally intermediate between the high parent value (8. napus = 54 4%) and low
parent value (B. juncea = 41.1%). Fi-derived DH lines had highest levels of this fatty
acid of up to 57.9%. The improved profile in three BC,F -derived DH lines over that in
B. juncea indicate it was possible to introgress oil content genes from K. napus to B,
juncea (Table 5.1). It was difficult to modify the linolenic acid profiles as indicated by
the fact that BC,F,-derived DH lines had profiles similar to B. juncea. The genes
controlling low linolenic acid from B. napus may have been lost during backcrossing
Total glucosinolates determined on an oil free meal basis was reduced in some BC, -
derived DH lines over that in B. juncea and increased in others The reduced levels
were however not as low as those in B. napus. Such observations were also reported
by Rakow and Raney (1995). Elevated concentrations of total glucosinolates in the |-
derived DH lines may have occurred as a result of genes from B. junicea and B. napus
associating in the F,, enhancing synthesis of glucosinolates. The fatty acid profile was
not as variable as that observed in the glucosinolate profile, suggesting this trait was

more stable.

6.1.4. Water stress rasistance

Electrolyte leakage for 3rd and 6th leaf showed rhat B. juncea is more
susceptible to water stress prior to acclimation, but is more tolerant following
acclimation than B. napus. This could be achieved through physiclogical processes like
osmotic adjustments and increase in amino acid concentration in the cells enabling them

to resist drought stress. The effect of the drought stress is also thought to resuit in
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increase in cell wall elasticity or a decrease in cell size. The electrolyte leakage followed
similar trends for leaf 3 and 6 (Figure 4.7 and 5.2). The BC,F,-derived DH lines were
however more susceptible than F,-derived DH genotypes. This is probably as a result
of higher non acclimated tolerance capability inherited from B. napus. Injury levels
(Figure 4.9) exhibited a similar trend. The superior field water stress resistance
observed in B. juncea as compared to B. napus (Woods et al. 1991) comes as result of
acclimation when stress is gradually applied but is not evident in rapid stress to which

B. napus appears adapted.

6.1.5. Disease resistance

The blackleg resistance recovered from the BC,F-derived DH lines improved from
25% disease severity (DS) in the highly resistant parent (B. juncea) using the cotyledon
test (Bansal et al. 1994) to about 3.2% DS in BC 1F-derived DH line 94-1486. This can
be explained by recombination of introgressed gene(s) from B. napus with those from
B. juncea enhancing the already existing resistance to blackleg. The genes for high
resistance shown by B. jurnicea expressed both at seedling and adult stiges seem to have
interacted with the genes for partial resistance in B. napus to produce a more resistant
genotype expressing a better phenotype than B. juncea. Although screening was done
at the cotyledonary stage, it is expected the observed resistance will be stable and long
lasting as reported in 2 previous study (Rimmer and Van den Berg 1992). The lack of
non aggressive strains at the University Farm (Bansal, personal communication) did not
allow for field screening to establish whether this was the case. The developed lines
should be challenged in fields with aggressive forms of Leptosphaeria maculans.
Resistance to blackspot segregated transgressively in the BC,F;-derived DH lines.
Differential sensitivity shown by B. napus and B. juncea was also expressed by BC,F;-
derived DH lines. It was possible to obtain both highly resistant and highly susceptible
lines through interspecific crossing.

The yellow seed coat colour was recovered from the backcrossed plants in eight of the
eleven BCF,-derived DH lines. This showed that it was possible to introgress

undesirable traits from B. napus. The F,-derived DH lines all had black seed coat
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because of maternal effects and dominant nature of genes controlling seed colour. Since

the genes from B. juncea for yellow colour were present in BC \Fi-derived DH hines,

the homozygous recessive condition necessary for the vellow colour was present

(Schwetka 1982).

6.2. Cenclusions

1.

Genetic material was introgressed from B. napus to B. juncea, since RAPD
markers from B. napus were recovered in the BCF,-derived DH lines. Genetic
similarities (Nei and Li 1979) calculated between BC,F, lines and B. napus
showed genetic similarities greater than can be attributed to the common A
genome shared between the two species, suggesting introgression from the C
genome had occurred.

BC,F,-derived DH lines were cytologically more stable than the F,-derived DH
lines with an n=18 configuration at diakinesis and a loose association of one
bivalent dissociating to give two univalents. The bivalents are probably made up
of chromosomes or chromosome segments from the C and B genomes The F;-
derived DH lines were cytologically unstable, giving rise to PMCs with higher
numbers of univalents. A high level of female sterility was observed inF,-
derived DH lines resulting in poor seed set.

From the preliminary data on agronomic performance, some BC,F,-derived DH
lines were superior to B. juncea and B. napus in both yield and harvest index.
The BC,F,;-derived DH lines were lower in oil content than the B. napus parent
but showed improved oil content over that of the B. juncea parent. Improved
fatty acid profiles for oleic and linoleic acid were obtained in spesific lines. It
was difficult to modify the linolenic acid profile, but it was p--1ble >
introgress genes for low total alkenyl glucosinolates from B. napus w B.
Juncea.

Resistance to blackleg was improved by introgressing genes from B. napus to
B. juncea resulting in BC F;-derived DH lines with higher resistance scores

than parental B. juncea line. Resistance to blackspot disease was introgressed
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from B. napus to B. juncea resulting in resistant BC,¥F,-derived DH lines to
blackspot disease.

6. The desirable yellow seed coat colour was recovered from B. juncea on
backcrossing, although genes for the black colour were retained in three out of
eleven BCF,-derived DH lines.

The effects of introgressing traits through interspecific crosses between B. juncea and

B. napus has been demonstrated although undesirable genes such as dark seed coat

colour and high indole glucosinolates can also be introgressed to the species with the

desired background. To recover most of the desirable traits in a B. juncea background,
backcrossing the F; to B. juncea is necessary, although some desirable quality traits

expressed best in the F; such as high oleic acid, apparently are lost.
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Appendix 1  Parents, F, and BCF, derived DH genotypes codes of B. Juncea x
B. napus interspecific crosses.

Plants’ name Source Sample
B. juncea 1 Parent (Bj1) S2
B. juncea 2 Parent (B)j2) S1
B. napus Parent (BN) S3
94-1279 94-2-3 S18
94-1280 94-2-3 S17
94-1281 94-2-3 S16
94-1282 94-2-3 S15
94-1283 94-2-3 S14
94-1284 94-2-2 S19
94.1286 94-2-2 S13
94-1287 94-2-2 Si2
94-1288 94-2-3 S11
94-1289 94-1-5 S10
94-1486 94-2-1 S20
94-1290 F, S9
94-1291 F, S8
94-1292 F, S7
94-1293 F, Sé6
94-1294 Fi SS

94-1295 Fy S4
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Appendix 2a

Appendix 2b

Appendix 2¢

Appendix 2d

BSx 10 (frozen stock) (1L)
KNO;

MgSO,-7H,0

CaC]z-ZHzo

(NH4):SO4

NaH,PO,4-H,0

Fe 330

B5x 10 vitamin stock

B5x 100 micronutrient stock

KI stock (0.83g in 1L)

ddH,0 added to a final volume of 1L
Store in freezer as 100 ml samples

BS5x 10 (frozen vitamin stock ) (1L)
myosinositol

nicotinic acid

pyridoxine HCI

thiamine HCI

ddH,0 added to a final volume of 1L

BSx 10 (frozen micronutrient stack ) (1L)

MnSO4-H20

H:BO:

ZnS04-TH,O

NazMnO4-2H20

CUSO4-SH20

CoCl,-6H,;O

ddH20 added to a final volume of 1L

BS Wash Medium (1L)

B5x 10 stock

Sucrose

ddH,0 added to a final volume of 1 L.
pH adjusted to 6.0

Sterilize in autoclave
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12.5g
1.25g
3.75g
0.67g
0.75g
0.20g
50.0mL
50.0mL
5.0mL

10.0g
0.10g
0.10g
1.00g

1.0g
0.30g
0.20g
0.025g
0.0025g
0.0025g

100mL
200mL
20g



Appendix 2e
BS Solid Culture Media (1L)

B5x 10 stock 200mL
Sucrose 130g
GA3 (0.15mg/L) ImL

ddH20 added to a final volume of 1 L.

pH adjusted to 5.7

Agar 8g
Sterilize in autoclave

Appendix 3

NLN Culture Medium (1L)

ddH,0 S00mL
KNO; 0.125g
‘MgS0,4-7H,0 0.125g
Ca(NO3)z-4H20 O.SOg
KHzSO4 0.1 25g
Fe 330 0.04g
B5x 100 vitamin stock 10.0mL
B5x 100 micronutrient stock 10.0mL
Glutathione 0.03g
L-glutamine 0.80g
L-serine 0.10g
Sucrose 130g

ddH,0 added to a final volume of 1L
pH adjusted to 6.0
filter sterilize and store in fridge (2-5 °C)

195



