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ABSTRACT

Cytogenetical and biochemical varations among six
Brassica species and their F; hybrids were studied. The
chromosomal behavior of the diploid Brassica species (B. nigra, B.
oleracea and B. campestris) and the tetrapolid ones (B. carinata, B.
juncea and B. napus) was proven to be normal. Irregular
chromosomal configurations including univalents, trivalents and
quadrivalents were detected in the six interspecific Fy hybrids. The
number of chiasmata was higher in B. napus, while the
terminalization coefficients were found to be higher in B. nigra and
B. oleracea than the other four species. The interspecific hybrids
showed reduction in numbers of chiasmata. The six F; crosses were
found to exhibit lagging bivalents that ranged from one to 14
laggards. Two crosses were found to possess two to four micronuclei
with average numbers of 3.85 (B. campestris X B. juncea) and 3.24
(B. napus x B. campestris), while the other crosses exhibited one to
seven micronuclei. Differences in band activity between the parental
cultivars and their interspecific Fy hybrids were detected for both
esterase and peroxidase. Banding patterns in the hybrids comprised
bands from both parental species and additional bands which might
be produced by re-association of some subunit. Results of isolated
and purified DNA showed that amphidiploid parent had amount of
nuclear DNA equal to those of respective diploid parents. DNA
content of the allotetraploid cultivars were approximately twice the
sum of the DNA in the diploid ones. The amount of DNA in B.
napus was equal to the sum of the amounts of DNA in B. oleracea
and B. compestris.
Key words: Brassica — cytogenetical variations ~ biochemical

analysis-
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INTRODUCTION

The genus Brassica inlcudes six species of great value
worldwide. B. nigra (L.) (black mustard, genome BB, 2n =16) is
growing as condiment. B. oleracea L. (genome CC, 2n = 18)
comprises numerous morphotypes that are widely used as vegetables
such as cabbage, broccoli, cauliflower and Chinese kale. B.
camperris L. (genome AA, 2n = 20) is used both as vegetables
(tarnip and Chinese cabbage) and as oleiferous crop (tumnip rape). B.
carinata (Abyssinan mustard, BBCC, 2n = 34) is used in Ethiopia
as a vegetable and as a source of oil. B. juncea (L.) (oriental
mmstard, AABB, 2a = 36) and B. rapus L. (oil-seed rape, AACC, 2n
= 38) are important oil seed crops in Chira, India, Canada and
Europe. The oil seed Brassica includes four species namely B.
campestris, B. juncea, B. napus and B. corinata. Understanding of
the genomic relationships within the Brassica genus at chromosomal
and molecular level is of relevance for assessing the potential of
intergenomic hybridization which can be exploited in Brassica
breeding programs (Skarzhinskaya ef al. 1998 and Cheng e al.,
2002). -

The chromosomes of Brassica are small, morphologically
similar and quite numercus in allotetraploids. However,
cylogenetical researches on Brassicas were initiated with the
determination of chromosome number and genome analysis by
Morinaga (1928). U (1935) established the evolutionary origin of the
three amphidiploid species, B. napus, B. juncea and B. carinata as a
result of interspecific hybridization among the three diploid species,
B. campestris, B. oleracea and B. nigra. This hypothesis has been
verified by multidisciplinary studies such as meiotic chromosome
pairing (Mizushima, 1980 and Prakash and Hinata, 1980), isozymes
(Coulthart and Denford, 1982 and Lazaro. and Aguinagaide, 1998),
nuclear DNA restriction fragment length polymorphism (RFLP)
markers (Song er ¢l., 1990 and 1991), AFLP (amplified fragment
length polymorphism) (Pertl er al. 2002) and fluorescent in-situ-
hybridization ('ISH) (Howella ef al., 2002). Moreover, analyses of
chloroplast and mitochondrial DNA restriction patterns have
revealed that B. campestris and B. nigra are the cytoplasm

contributors of B. juncea and B. carinata (Erickson ef al., 1983 and
Palmer, 1988).
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The phylogenetic relationships among the A, B and C
genomes have been extensively studied at chromosomal and
molecular level. Studies on meiotic chromosome pairing in the
amphihaploids (AB, BC and AC) and digenomic hybrids (AAB,
AAC and BBC) have revealed that there is a higher degree of
homology between the A and C genomes than that between either of
them or B genome (Prakash and Hinata, 1980; Attia ef gl., 1987 and
Kulak er al.,, 2002). Diploid species of Brassica are secondarily
balanced polyploids derived from a common ancestor with a lower
basic chromosome number. B. campestris and B. oleracea have
closer evolutionary relationship, while B. nigra is more distantly
refated (Udall et al., 2005).

The present study employed both cytogenetical and
biochemical approaches to investigate the variations among the
parents and their F, hybrids, to understand the interspecific
relationships among Brassica genomes.

MATERIALS AND METHODS

The materials used in this study consisted of three
elementary diploid cultivars and three allotetraploid cuitivars. The
origin of such six cultivars and their characteristics are presented in
Table (1). It is assumed that all these cultivars are highly pure.

Six out of 15 interspecific crosses were produced through
bud pollination, while the rest ones failed to produce any hybrid
seeds. _

Cytogenetical techniques:

Flowering buds of appropriate size were coilected and
immediately fixed in Farmer's solution consisted of absolute ethanol
and glacial acetic acid. Ferric chloride (about 0.5 g/500 ml fixative)
was dissolved to give the fixed materials a deep straw color.

The materials were fixed for 48 hours and were stored in
70% ethanol saturated with ferric chloride traces in a refrigerator.
The contents of a single anther with a drop of 1% acetocarmine
solution were squeezed out with unplated iron needle (Darlington
and La Cour, 1962). Permanent preparations were prepared
according to (Eid, 1963).

The best preparations of diakinesis and metaphase I stages
were used to determine the average number of univalents, bivalents,
trivalents and quadrivalents and to calculate the chiasma frequency
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and terminalization coefficient. To test the chiasma frequency,
ANOVA test was conducted with four replications, each had 25 cells
for each genotype.

Table (1): Origin and salient features of the parental cultivars used in

this study. -
] Common | Genome .
Cultivars Source name constitution Salient features

iploid cultivars _ )
t- Brassica nigra cv) Sweden Black Condiment, plan
junius * m BB height medium am%

ustard | ; iy
2- B. oleracea cvl egetable, plantl
botrytis Sweden [Cauliflower CcC eight short and early]

: ing
3- B. campestris cv. il seed, plant he'g:a
199 Egypt** | Turnip rape AA and medi
g
llotetraploid

ultivars A egetable/oil  seed,)
1-.B. carinata ¢v. Sweden lit:n:;mln BBCC famt medium and}

ethiopian maturing
2- B. jamcea cv. 217. Indian 01l seed, plant height
Egypt mustard AABB high . and lat
3- B. napus cvl Oil seed Oil seed, plant height}
bakatol Egypt CCAA edium and Jatg

rape mg

*Instituteionen for viixtbiologi BOX 7080 SE-75007 UPSAIA,
Sweden

**QOil Crops Res. Section, Field Crops Res. Institute, Agric. Res.
Center, Giza

Isoenzyme electrophoresis techniques:

Esterase and peroxidase isozymes were investigated in leaf-
blades extracts obtained from 40 days old seedlings as described by
Chu and Oka (1967).

Esterase and peroxidase Isoenzymes were determined in the
polyacrylamid gel slabs 6% following the method outlined by Davis
(1964). One-tenth gram of leaf tissues was homogenized in 0.5 ml of
0.04 M-tris-buffer (pH 7.8); supplemented with 20% sucrose, 10 ml
M dithiothritol (DTI) and 0.25 ml M EDTA in ice cold pestle and
mortar kept on ice. The obtained homogenate was centrifuged at



J. Agric. Res, Tanta Univ., 31(4-B) 2005 844

10.000 xg for 5 minutes at 4°C and the clear supernatant was used
for electrophoresis. Staining procedures for esterase and peroxidase
were conducted according to Scandalios (1969).

. DNA isolation:

Isolation of DNA from Brassica plants was adapted
according to Van de Ven ef al. (1990). DNA was repurified using
phenol/chloroform and chloroform/isoamyl alcohol and the DNA
pellet was dissolved in 500 ul of TE buffer. The quantity and purity
of the obtained DNA were determined according to the UV
absorbance at 260 and 280 nm wave length values using ultraspec
1000 UV/vis spectrophotometer, Pharmacia Biotechn and calculated
according to Sambrook ef al. (1989).

RESULTS AND DISCUSSION
Cytogenetical observations: .

The cytogenetical study was aimed to investigate the
behavior of the parental species as well as their F; hybrids at
different phases of the meiotic division.

Chromosome pairing at diakinesis and metaphase I stages:

Normal number of bivalents was detected, at both phases, in
the diploid species, B. nigra cv. Junius (eight), B. oleracea cv.
botrytis (nine) and B. campestris cv. 199 (ten), and also in the
allotetraploid species, B. carinata cv. Ethiopian (17), B. juncea cv.
217 (18) and B. napus cv. Bakatol (19) (Figure 1).

Complete pairing at diakinasis and metaphase I stages was
observed for the parental species. However, irregular chromosomal
association was found in their interspecific F; hybrids. Table (2)
shows the average number and percentage of chromosome pairing
for the F hybrids.

B. napus (CCAA) x B. juncea (AABB) (AABC):

At diakinesis stage, univalents, bivalents and trivalent were
detected with an average number of 15.71, 10.57 and 0.05,
respectively. The results showed that about 5% of the cross
exhibited 12 I, 11 II and one III, whereas 10% of the cells displayed
11 1+ 13 II. About 11% of the cells contained 13 I + 12 [, and 74%
of the cells exhibited 17 I + 10 I as shown in Figures (2 a, band ¢). .
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Figure (1): Photomicrographs of diakinasis phase of Brassica
species showing regular behavior (x = 1500).

At metaphase, the average number of univalents, bivalents
and trivalents were found to be 15.39, 10.76 and 0.03, respectively.
However, cell percentages having different chromosomal units were
as follows; 101+ 12H+ 1M (3%), 111+ 13Hor131+121
(14%), and 17 I + 10 H (69%).

At diakinesis and metaphase stages, the two homologous A-
genomes paired preferentially as ten bivalents in a high percentage
of the examined cells (74 and 69%, respectively, (Table 2). This
configuration may represent the ten chromosomes of B. campestris
paired with their own homologues, while the nine chromosomes of
B. oleracea and the eight chromosomes of B. nigra did not pair and
were considered as wunivalents. Allosyndetic pairing among
chromosomes of B. campesiris (A) with chromosomes of B. nigra
(B) and B. oleracea (C) was observed in some meiocytes by the
formation of trivalent and additional bivalent, therefore, pairing is
not only restricted to the A homologous but, extends to include the
added B and C genomes.
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Table (2):Chromosome pairing of the interspecific F; hybrids
between Brassica genotypes at diakinesis and metaphase I

hases.
Diakinesis Metaphase I
Chromosome associations Chromosome
Genotypes | No.of No.of } % scociations .
lexamined| % %
s | v | o lml|w cells by iy {m|w
5 3 12|10 |1} -150] 3 Jiw6ilali|- 1300
- Rapus 10 11 { 13 3.1 - {100 14 }ujia!-{- 1400
B n {3 fozf-] - el 14 J3f| - |- {1400
-Junced 74 i7 ] 10 |- 2401 6 {17810 -1 - Veso
Total 100 lis7if 10571 5 fioos 100 }is30l1076] 3 100.0
Average 1 |1571] 10.57 Jo.os 1 1 [153910.760.03 1
1 13 01 9 |-1-(130] 3 T1911]-]30
:' campesirisl g7 1 8 |10 [ -1 - ls70l 18 felan}-| - !ise
2. juncea gJw]-]-1]m0
Total 100 | 226 | 987 1000 79 |76t 1015} 3 100.0
Average 100 17826 9.87 100 17.6110.15/0.03
B, napus ) ] 9 801 & 2] 7§ 1 £.00
x 14 7 1 1 140{ 18 j1u{oe 18.00
B, campestris] 78 9 10 780] 74 9 310 74.00
Total 100 | 388 | 1006 100 {100 100 {952{9s3 100.0
[Average 1.00 | 838 § 10.06 100 (9.5219.58]0.08
B nigra r} g 7 1 140] 3 |10} 6 T EY)
. 9% 10| 8 9%60| 4 911711 4.0
B. funcea 93 {10 s 93.0
Total 100 | 992 | 796 4 fioool 100 |996|790] 4 | 3 J1000
Average 100 {992} 796 0.04 100 996[790]0.040.03
. carinaia 3 8 7 1 - |30 4 8 7 1 - 4.0
24 m {7 { -1 - 240 24 Ju}l7|-}-1]20
B. nigra 73 9 8 - - |730] 2 9 | 8 - - {720
Total 100 Joas | |3 100] 100 |oaalm2| 4 100.0
Avernge 100 | 945 | 7.73 [003 100 |9.44[7.72}0.04
. carinata 11 0| % o] 2 91711 40
x 89 8 9 80 10 |6 |10 10.0
. oleracea 86 8 9 86,0
Total 100 | 822 | 889 [roog 100 {78402 4 1000
[Average 1.00 822 ] 889 1.00 [|7.84]|9.02]0.04
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Figure (2): Photomicrographs of diakinasis and metaphase I phases
of the F) hybrids (B. napus x B. juncea), (B. campestris x
B. juncea) and (B. napus x B. campestris) (x = 1500).
B. campestris (AA) x B. juncea (AABB):
At diakinesis stage, univalents and bivalents were scored
with an average of 8.26 and 9.87, respectively,. At metaphase I
stage, however, three different chrommosomal configurations as
univalents, bivalents and trivalents were observed with an average
number of 7.61, 10.15 and 0.03, respectively as illusirated in Figures
(2d,eandf).
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The most common configuration in the last cross was 10 II+8
1, this observation assumes that genome A from B. juncea and B.
campestris have maintained relatively close homology. Similar
results were obtained by Mohapatra and Bajaj (1987).

Nevertheless, two A chromosomes failed to pair with their
own homologue as 13% of PMCs presented less than ten bivalents
(Table 2, diakinesis). On the other hand, based on RFLP marker,
Slocum et al. (1990) and Udall er al. (2005) reported that genome
rearrangements have occurred during the evolution of B. campestris
and B. napus, respectively This could explain the difference between
genome A in each of B. juncea and B. campestris. Also, allosyndetic
pairing between bivalents of B. campestris (A) with chromosomes of
B. nigra (B) was observed by the formation of trivalents. However,
the allosyndetic pairing was very rare. Song ef al. (1993) observed
multivalent configurations in the hybrid (A x B). At the same time,
the presence of more than ten bivalents confirmed autosyndetic
pairing, whereas B. nigra chromosomes tended to pair
autosyndetically with each other in about of 18% of cells.

B. napus (CCAA) x B. campestris (AA):

At diakinesis, univalents and bivalents were observed with -
an average number of 8.88 and 10.06, respectively. However, at
metaphase I stage, univalent and bivalents were recorded with an
average of 9.52 and 9.58, respectively, while trivalent was obtamed
once (Figures 2 g, h and i). ,

The percentage of PMCs forming 9 I+10 II was strikingly
high and reached 78% in diakinesis and 74% in metaphase I, This
type of association had been expected to be the rule if the ten
chromosomes of B. campestris that actually prefer to pair only with
their own homologues, leaving the nine chromosomes of B. oleracea
as univalents, Chang and Tai (1986), Attia et al. (1987) and Heneen
et al. (2001) reported the same chromosome configurations between
B. napus and B. campestris with percentages of 95 75.1 and 89,
respectively. ‘

B. nigra (BB) x B. juncea (AABB):

At diakinesis stage, the average number of observed
univalents and bivalents was found to be 9.92 and 7.96, respectively,
whereas quadrivalent was observed once. Percentage of cells
showing 10 I + 8 II was 96, while the percentage of cells having 8 I
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+ 7 II + 1 IV was four as shown in Figure (3 a). However, at
metaphase 1 stage, there were four different chromosome
configurations such as univalent, bivalent, trivalent and quadrivalent
with an average number of 9.96, 7.90, 0.04 and 0.03, respectively.
While the percentage of cells having 10 I + 6 Il + 1 IV was 3.0%, it
was 4% of cellshad 91+ 7 H + 1 IIl and 93% of the cells had 101+
8 Il as shown in Figure (3 b and c).

The main pairing configuration was eight bivalents plus ten
univalents and this suggests that a complete pairing had achieved
between all B genome chromosomes in B. juncea and B. nigra
leaving the ten chromosomes of B. campestris as univalents.
Moreover, Mizushima (1980) and Olsson (1960) have shown that
two B genomes exhibited complete homologues pairing in the
presence of one A genome resulting in 8 IT + 10 I as the model
configuration. On the other hand, allosyndetic pairing also happened
between chromosomes of the B genome with those of the A genome
to form a trivalent and quadrivalent and occurred in 4% and 7% of
the examined PMCs at diakinesis and metaphase I stages. This
finding confirms previous result obtained by U (1935) and
Mizushima (1950) for the same combination.

Also, in fact, the probability that the additional quadrivalents
may also be formed from the synapsis between-chromosomes of B.
nigra only can not be excluded whereas this conclusion agrees with
the conclusion reported by Attia er al. (1987) or between two
chromosomes from B. nigra and two chromosomes of B, campestris.
B. carinata (BBCC) x B. nigra (BB):

At diakinesis stage, The percentage of cells having 8 1+ 7 I
+ 1 I was three. On the other hand 24% of the cells had 111+ 7 II
and 73% of the cells had 9 I + 8 II as shown in Figure (3 d). At
metaphase I stage, the percentage of cells which exhibited 8 1+ 7 I
+ 1 III (Figure 3 €) was proven to be 4%. On the other hand 24% of
the cells had 11 I+ 7 II (Figure 3 f) and 72% of the cells exhibited 9
I+8 1l.

The common configuration was eight bivalents plus nine
univalents and this suggests complete pairing of all B chromosomes
from the two parents. Such observation assumnes that the B genomes
from B. carinata and B. nigra have close homology. This finding
confirms the previous results reported by U (1935) and Mizushima
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(1950) for the same combination. Nevertheless, one to two B
chromosomes failed to pair with their own homologue as 24% of
PMCs presented less than eight bivalents in each of diakinesis and
metaphase I stages. This finding could be a result of lesser degree of
. homology between the two B genomes of B. carinata and B. nigra
and this suggests that genome rearrangements have occurred during
the evolution of B. nigra (Slocum er al., 1990).

It can not be excluded that in rare cases a trivalent within a 8
+7 O+1 I configuration may also result from three
autosyndetically paired C chromosomes. This conclusion is in
agreement with the previous observations that most bivalents in B.
oleracea can be in association of 2 or more (Heneen er al.,, 2001).
However, the maximum pairing in the haploids of B. oleracea was
1II+1H+4]1 (Armstrong and Keller, 1982). Also, this is in agreement
with the formula of Attia and R8bbelen (1986) who reported that the
C genome was tetrasomic for three linkage groups.

B. carinata (BBCC) x B. oleracea (CC):

Univalents and bivalents were observed at diakinesis stage
with an average of 8.22 and 8.89, respectively. While there was 11%
of the cells exhibited 10 I+8 II, there was 89% of the cells had 8 I +
9 II (Figure 3 g). At metaphase 1, univalents, bivalents and trivalent
were detected with an average of 7.84, 9.02 and 0.04, respectively.
The percentage of the cells having 91+ 7 I + 1 Il (Figure 3 h) was
4%; whereas the percentage of cells exhibited 6 I + 10 II was 10%
(Figure 3 i), 86% of the cells exhibited 8 I + 9 II, The most common
configuration was 8 I + 9 II and this suggests preferential
homologous pairing of all chromosomes from the two parents. This
observation assumes that the genome C from B. carinata and B.
oleracea has maintained relatively close homology. This coincides
with earlier results from the same digenomic combination CB-C
elaborated by Mizushima (1950). The failure of homologous pairing
within the single set of C genome suggests that structural changes
and rearrangements happend through the course of its evolution as
11% of PMCs presented less than 9 bivalents. Chevre et al. (1989)
reported that some PMCs of diploid B. oleracea have  a
configuration of 2 148 II owning to the earlier separation of one
bivalent. This could explain the difference between the C genomes
of B. carinata and B. oleracea. . '
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Figure (3): Photomicrographs of diakinasis and metaphase I phases
of the F; hybrids B. nigra x B. juncea, (B. carinata x B.
nigra) and (B. carinata x B. oleracea) (x = 1500).

Allosyndetic pairing to form a ftrivalent

between

chromosomes of the C genome with those of the B genome was very
rare and occurred in 3 and 4% of the examined PMCs at diakinesis
and metaphase 1 stages, respectively. It can not be excluded,
however, that in rare cases a trivalent within a 9 I+7 II+1 Il
configuration might also result from three autosyndetically paired B,
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chromosomes. This conclusion was confirmed by Attia et al. (1987)._
These results agree with those reported by Song er al. (1993).

Allosyndesis, observed in interspecific F; hybrids between
the different allotetraploid Brassica species, allowed stimulating
deductions regarding the relationship of the different genomes. Attia
et al. (1987) concluded that a high amount of pairing was found in
the AC amphihaploid while amphihaploid AB and BC showed a low
pairing. Also, Jahier ef al. (1989) observed, in the ¥, hybrids (ABC),
that 18% of chromosomes paired as quadrivalents or pentavalents.
Also this observation supports the hypothesis on the polyploid
nature of the genomes A, B and C. Also, Mizushima (1950)
concluded that B. oleracea and B. campestris are more closely
related to each other than to B. nigra. Previous observations reached
the same results where the presence of nine bivalent in AC
amphihaploid plant was reported (Prakash and Hinata, 1980; Attia
and Rdbbelen, 1986; Palmer, 1988 and Song er al., 1990).

The probability that the trivalent and additional bivalent may
also be formed from only C or B or A chromosomes can not be
excluded. Whereas, the studies on chromosome pairing in haploid of
B. campesitris proved that the maximum chromosome pairing
observed in haploid was two bivalents plus one trivalent (Armstrong
and Keller, 1982). Also pachytene chromosome analysis by
Venkateswarla and Kamala (1971) revealed that B. campestris
genome is represented by AABC DDE FFF and B. nigra by AABC
DDEF. Attia and Rbbelen (1986) reached the same results whereas
they found tetravalents and pentavalents in the amphihaploid
involving B. campestris, B. mgra and B. oleracea which suggests
the existence of autosyndetic pairing.

The evolution of any differentiation of the two genomes A
and C appears to be too small to secure a conspicuous preferentiat
pairing. This conclusion was confirmed by analysis of ACC (2n =
28) hybrids (Gotoh, 1959), and crosses of B. campestris with an
autotetraploid B. oleracea (Inomata, 1980). These results agree with
those reported previously for synthetic amphihaploids (Prakash and
Hinata, 1980) since they found that in synthetic Fy B. napus lines (A
x C and C X A) chromosomes from the A and C genomes paired
very well in metaphase I with 0-3 univalents. :
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Chiasmata frequency/cell at diakinesis and metaphase I stages:

Data presented in Table (3) revealed that B, napus species
possessed the highest mean value for chiasmata frequency/cell at
both stages, followed by B. juncea then B. carinata, however, the
lowest mean value was recorded for B. nigra.

At both stages, F; hybrids had lower mean values than their
respective parents. The highest mean values at both stages was
recorded for (B. napus x B. juncea) F), and the lowest mean values
at both stages was found for B. carinata x B. nigra) F,.

Chiasmata frequency/bivalent at diakinesis and metaphase I:

The highest mean value was recorded for B. ngpus, followed
by B. juncea, and then B. carinata, however, the lowest mean value
for such trait was recorded for B. oleracea as presented in Table (3).
In the F; hybrids, the mean values were found to be lower than those
of their parental species at both stages. Comparisons between F;
hybrids showed that the highest mean value was recorded for (B.
nigra x B. juncea) F, while the lowest mean value was recorded for
(B. carinata x B. oleracea) F; at diakinesis. At metaphase I,
however, the highest mean value for such trait was recorded for (B.
carinata x B. nigra) F,, followed by (B. nigra, x B. juncea) F; while,
the lowest mean value was recorded for (B. carinata x B. oleracea)
F;.

Terminalization coefficient at diakinesis and metaphase I:

At diakinesis stage, Table (3) revealed that there were no
significant differences between the parental genotypes themselves
and/or their hybrids. However, the (B. carinata x B. oleracea) F;
possessed the highest mean estimate at diakinesis.

At metaphase 1, the highest mean estimate of terminalization
coefficient was recorded for B. oleracea cultivar, whereas, B. napus
possessed the lowest one. In F; hybrids, the mean values for
terminalization coefficient were proven to be significantly higher
than those of their respective parents. Again, the (B, carinata x B.
oleracea) F\ possessed the highest estimate.
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Table (3): Mean performance of chiasmata frequency per cell; per
bivalent and the terminalization coefficient at diakinesis
and metaphase I phases for six interspecific F; hybrids

and their parental cultivars.

Diakinesis .. Metsphasel
Genotypes frequency / frequency /| Terminalization | frequency /} frequency | Tenninalization
cell bivalent Coefficient cell / bivalent Coefficient
B_ nigra 1437 {1.78abcd| 057ab 126de | 1.57#b 0.86 abc
B. oleracea § 14.9def | 1.65¢ 0.57 sb 127de | 1.54bc 0.87 ab
B. campestris] 186c | 1.86abc| 054ab 155¢ | 1.55bc 0.85 abc
B carinata | 322b | 1.89ab | 0.55ab | 26480 | 1.58ab 0.84 be
B. juncea 343ab | 1.91ab | 0.55ab 288ab | 1.60ab 0.84 be
B. napus 366a | 1.93a 0.55 ab 308a | 162a 083 ¢
g- rapusX 1 j193¢d | 1.63¢cd 0.58 ab 150cd | 1.39¢ 0.88ab
, Juricea
B.campestris{ o3 41 165cd | 057ab }138cde| 141c 0.88 ab
x B. juncea
B, napus x
B compestris 172¢d {1.709bcd| 0.58ab | 144cde | 1.48d 0.87 ab
g' nigrax | 341 ef [1.72abcd]  0.583b 122¢ | 1.53¢ 0.87 ab
, juncea .
B carinatax| 1395 lygobed| o038ab | 119¢ | 1.55bc |  0.38ab
3 ng’d
B. carinata x ]
B oloroen | 142¢ef | 1.59d 0.59a 122¢ | 137¢ 0.89a

In the same column, means followed by the
significantly different at 1% level.

Number of lagging chromosomes:

At the first meiotic anaphase stage, regular behavior was
observed .in all parental species. In the F crosses, however, from
five to fourteen laggards were observed in the interspecific (B. napus
x B. juncea) F with an average of 12.66 (Tabie 4 and Figure 4 a).

In the F, of (B. campestris x B. juncea) (Figure 4 b), (B.
napus x B. campestris), (B. nigra x B. juncea) (Figure 4c), (B.
carinata x B. nigra) and (B. carinata x B. oleracea), laggards were
detected with averages of 6.14, 6.38, 7.28, 5.36 and 6.12,

respectively (Table 4).

same letter are nof -
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Table (4): Meiotic chromosome behaviour at anaphase I, telophase
1, anaphase II, telophase II and quartet stages, number
and average of lagging chromosomes and micronuclei of

six interspecific Fy hybrids and their parental cultivars.
Anaphase 1 Telophase | Anophase II Telophese I Quartet

No. of | No.of [No. off No. of | No. of | No. of [No. 01 No. of [No.off No, of
celis | laggards | cells flagpards| cells |lapgards| cells |laggards| ceils | micronuciei
Brassica nigra, B, oleracea, B. campestris, B. caringta, B. juncea and B,
100 0 00| 0 100 0 _1100] O {100 0
Total 100 0 100 0 100 ] 100 0 100 0
|Averag, 00 0.0 00 0.0 0.0
1(B. napus x B. juncea)
53 14 2 5 52 10 46 7 a6 7
30 13 18 4 26 9 32 5 30 6
1 g 10 3 12 8 20 3 23 5
6 5 10 5 2 2 11 4
Total 160 1266 100 |1 462 100 900 1001 546 | 100 59
Average! 12.66 462 9.0 546 591
11 (B. campestris x B. juncea)
53 7 88 4 67 4 58 4 69 4
23 6 36 3 30 3 27 3 20 3
19 5 6 2 3 2 15 1 11 2
5 2
Total § 100 614 160 | 3652 | 100 364 | 100 | 328 | 100 358
Average; 6.14 1 352 3.64 328 3.58
1Ml {B. napus x B. campestris}
61 7 60 4 63 4 68 4 33 4
22 6 24 3 25 3 21 3 58 3
11 5 16 2 12 2 11 2 9 2
& 4
Total { 100 638 100 | 34 100 351 1100} 357 |10 324
Averagel 6.38 3.44 KR | 357 324
1V (B. nigra x B. juncea)
57 8 59 5 55 4 61 4 59 2
31 7 36 4 31 3 3 3 K} 1
7 5 5 3 14 2 L 2 3 0
5 4
Towal | 100 728 100 | 454 100 343 100 § 353 100 156
Average 7.28 4.54 ifn 353 1.56
' V (B. carinata x B. nigra)
58 6 65 3 62 3 i 49 4 95 1
31 5 35 2 32 2 30 3
11 3 6 0 18 2 5 0
3 0
Towal § 100 5.36 100 | 265 100 250 100 | 322 100 935
Aversge 5.36 2.65 2.50 an 095
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Table (4):Continued
Anaphase 1 Telophase] | AnophaselI | Tciophase II Quartet
No. of { No.of [No.of] No.of | No. of | No. of [No. of] No. of No.off Ne.of
cells | Iagpards | cells |l cells |Iapeards| cel's {lagpands| cells | micronuclei
VI{B. carinata x B. oleracea)
“ | 7 66| 5 62 € |60] 4 |51 2
33 6 28 4 34 4 34 3 36 1
14 5 6 2 4 2 6 0 13 0
9 4
Total | 100 612 100 | 454 100 516 [ 100 ] 342 | 100 138
Average 6.12 4.54 5.16 342 1.38
L : ‘. - - ' - -
“: e a -'..". - L ) -
- - - .
Y - - - *
o . £ SN L
LT - » -
e - T AT
an * "‘. - ) *
:’... : - bt -
(2) 14laggerds (b)) 7 laggards {t) Blaggards | (D5 laggerds
Ansphase I Telophase I
.~ " A . ‘-": .
‘ - . : ) - - -r.i|
L] <.
A _ .
- ..4 . P H Ly 1
\::p... s —— i -
() Alaggards | (© Slaggerds | (210laggerds | (W) 4laggerds
Telophase 1 Anaphase II
4t .4 : :
- . x - . t m . i‘*.
» e .
-, LA - -
- ot L v o B :
R .
@D 7laggerds N 4laggerds | (K) 7 micronuciei | (D 4 micronuclei

Telophase II Quarlet stage

Figure (4): Photomicrographs of different meiotic stages: a-, d-, g-, - and
k- (B. napus x B, juncea), b-, h-, and I- (B. campestris x B.
Jjuncea), ¢ (B. nigra x B. juncea)), e- and j- (B. napus x B.
campestris) and I~ (B. carinata x B. oleracea) (x = 1500).
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At telophase 1, lagging chromosomes were observed in the F;
crosses of (B. napus x B. juncea (Figure 4d), (B. nigra x B. junceq),
(B. campestris x B. juncea) and (B. napus X B. campestris, (Figure
4e)) with an average of 4.62, 4.54, 3.52 and 3.44, respectively. The
remaini- ; two F;’s of (B. carinata x B. nigra) and (B. carinata x B.
oleracea (Figure 4f)) possessed laggards with an average of 2.65 and
4.54, respectively.

At anaphase II, lagging chromosomes were observed in the
F) of (B. napus x B. juncea, (Figure 4g)), (B. campestris x B. juncea,
(Figure 4h)), (B. napus x B. campestris), (B nigra x B. juncea), (B.
carinata x B. nigra) and (B. carinata x B. oleracea) with an average
of 9.00, 3.64, 3.51, 3.41, 2.50 and 5.16, respectively.

At telophase II, lagging chromosomes were again observed
in the F, crosses of (B. napus x B. juncea (Figure 4i)), (B. campestris
x B. juncea), (B. napus x B. campestris (Figure 4j)), (B. nigra x B.
Juncea), (B. carinata x B. nigra), (B. carinata x B. oleracea) with an
average of 5.46, 3.28, 3.57, 3.53, 3.22, 3.42, respectively (Table 4).
Number of micronuclei:

At quartet stage, no micronuclei and/or microcytes were
observed in the parental species; however from zero to seven
micronuclei were found in the F; crosses. In the Fy’s of (B. napus x
B. juncea, Figure (4k)), (B. campestris x B. juncea) and (B. napus x
B. eampestris), micronuclei with an average of 5.91, 3.58 and 3.24,
respectively were recorded, While the Fy’s of (B. nigra x B. juncea)
and (B. carinata x B. oleracea) possessed micronuclei with an
average of 1.56 and 1.38, respectively, three and thirteen percent of
the tetrads in such two F;’s showed no micronuclei (Table 4). On the
other hand, micronuclei were observed in the F; cross of (B.
carinata x B. nigra) with an average of 0.95, while five percent of
the examined tetrads in this ¥; were found to be free from
micronuclei. _

Concerning the chiasmata frequency per cell and per bivalent
at both diakinesis and metaphase 1 stages, the obtained result
revealed that the six interspecific F) hybrids, generally exhibited
reduction of chiasmata frequency per cell and per bivalent compared
with their corresponding parents. The results also indicated that the
terminalization of chiasmata in such six F; crosses was faster than
those detected for their parental cultivars.
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The results also revealed that the six F, crosses showed
varied number of laggards at each of the first and second meiotic
anaphase and telophase stages as well. These delayed chromosomes
are a usual consequence of the existence of univalents of the single
genomes which often appeared unpaired (non conjunction) or
probably resulted from the early disjunction of chiasmata at
metaphase I stage. Furthermore, such laggards usually travel to the
poles but sometimes arrive too late to be included with the daughter
nuclei.

At quartet stage, micronuclei were observed in the six
interspecific F, hybrids. Such micronuclei are the resuit of laggards
at the meiotic stages prior to quartet stage.

Esterase (EST) isozyme patterns:

The results of electrophoretic isozyme patterns of EST of the
parental species, B. oleracea, B. carinata, B. nigra; B. juncea, B.
napus and B. campestris and their F; crosses ars presented in Table
(52) and Figure (5a).

The maximum number of six bands for EST was recorded
for B. campestris followed by B. carinata and B. napus with five
bands for each. On the other hand, it was found that the lowest
number of three bands was recorded for B. juncea. These isozyme
bands were found to be distributed in two zones in these parental
species. In the first zone, three, five, four, two, five and four bands
were recorded for B. oleracea, B. carinata, B. nigra, B. juncea, B.
napus and B. campestris, respectively. In the second zone, two, one,
and two were detected in B. oleracea, B. juncea and B. campestris, .
respectively.

A maximum number of 14 bands was detected for the (B.
carinata x B. oleracea) F, followed by (B. nigra x B. juncea) Fy
which exhibited eleven bands. However, the lowest number of five
bands was observed for (B. campestris x B. juncea) F,.

These results revealed that the Egyptian cultivar B.
campestris, which was the highest polymorphic cultivar, exhibited a
unique band (no. 6) and shared band no. 7 with the Swedish cuitivar
B. carinata. The other Egyptian cultivar; B. juncea had also a unique
band (no. 13). The F; hybrids; (B. carinata x B. oleracea) was found .
to be the highest polymorphic hybrid (100%) followed by (B.
carinata X B. nigra) and (B. nigra x B. juncea) F,'s (64.2%).



859 Megeed, M.S.A. et al

Peroxidase (PER) isozyme patterns:

Data of the PER patterns of the interspecific F; crosses and
their corresponding parents are presented in Table (5b) and Figure
(5b). The results showed that B. nigra was found to be highly
polymorphic {84.6%) with eleven bands, followed by B. napus
(76.9% /ith ten bands and the lowest polymorphic cultivar was B,
campestris (53.8%) with seven bands.

The highest polymorphic hybrid was (B. campestris x B.
Jjuncea) (100%) with 13 bands, followed by (B. carinata x B. nigra)
F; with ten bands (76.9%). The lowest polymorphic hybrid was (B.
carinata x B. oleracea) (38.5%) with five bands. '

‘While the hybrid (B. carinata x B. oleracea) possessed 14
esterase bands with high activity and was the highly polymorphic
one, it had poor peroxidase activity and was the lowest polymorphic
hybrid in peroxidase analysis. On the opposite side, while the hybrid
(B. campestris x B. juncea) acted very well with peroxidase and was
the highest polymorphic hybrid, it acted very poorly with the
esterase isozyme.

(@ (b)

Figure (5): Photographs of esterase (a) and peroxidase (b) isozyme patterns
of the six parental Brassica species and their six interspecific
F; hybrids. Samples numbers (lanes) are presented as follows:
(a&b)1,3,5,7,9 and 11, respectively, showing the parental
species; B. oleracea, B. carinata, B. nigra, B. juncea, B.
napus and B. campestris, 2, 4, 6, 8, 10 and 12 showing the
Fy's of (B. carinata x B. oleracea), (B. carinata x B. nigra),
(B. carinata x B. oleracea), (B. carinata x B. juncea), (B.
napus x B. campesiris) and (B. campestris x B. junceun),
respectively.
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Table (5): Description of esterase and peroxidase isozyme pattemns
of the six parental species and their interspecific F;

hybrids.
a. Esterase isozyme patterns
Genotypes
B. ¥:1 B B. Bt B B |\ B | B \Bnagpusx| B B.
No. ofl ¢'eraceal carinata|carina inctanigrajnigra xjunceal napus B WM
ba:.lds x xB B x campestris xB.
B, nigra juncea B : Juncea
oleracea funcea
' 1 2 3 4 15! 6 718109 10 11 12
1 - - -
2 - -
3 + - -
4 -+ | - -]+ “—+ | - -
5 - ++ + ++ - ++ ++ - - -
6 - +i+ - H - . ] - - +—+ -
7 T I R T I ++ ++ -
2 + - ++ ++ - - - -
9 ++ - R N
10 -+ - - -
31 ++ +H+ - - R ans -
12 | -+ ++ -
13 + | + -
14 +H+ ++
Total 5 14 5 9 4 11 3 9 3 7 6 5
b. Peroxidase isozyme patterns
1 - - + - ++ - |+ ++ +
2 - - ] - - - -
3 - - - R . - - - ++
4 + - ++ - |+ - -l |- - -+
5 ++ - ++ =+ || - - ++ - ++
6 . . ++ H O] = | = + ++ ++
vi - - - ] - -4 | + - ++
8§ | ++ - e+ =+ [+ - o | H ++ T+ ++
9 - + || . - “++ - - - et
10 - - + . - - - SN
1t - -+
12 ++
13 -
Total 9 5 "8 10 11 9 9 9 10 8 7 13

The obtained results showed that heterozygosity was higher
in the Egyptian cultivar than that of the Swedish ones in ES patterns.
Analysis of EST, PER and phosphorylases (PHO) isoenzymes by
Kato and Tokumasu (1979) and Schek and Wolf (1986) showed that

“banding patterns in the hybrids comprised bands from both parental
species, plus additional bands which may have been produced by
subunit re-association. Studies on B. napus, B. campestris and B.
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alboglabra (a form of B. oleracea) by Chen et al. (1989) found that

peroxidase (PER) was monomorphic unlike the present results and
- the result reported by Thorpe et al. (1987). Simonsen and Heneen
(1995) repoired that ten out of 17 isozyme loci were polymorphic in
B. campestris and six in B. oleracea. They found that the level of
heterozygosity was lower in the Swedish cultivars of B. campestris
than that of the Chinese landraces and the other cultivars of B.
campestris. However, the level of heterozygosity in B. oleracea was
- even lower than that in the Swedish cultivars of B. campestris.
Lazaro and Aguinagalde (1998) studied genetic variation in 36
populations of B. oleracea using isozyme variation at 11 loci for five
enzyme systems (IDH, 6-PGD, PGM, PGI, and MDH) and found
that the highest polymorphism was 54% among these populations.
DNA content:

Resuits obtained in Table (6) showed that B. napus cultivar
possessed the highest amount of nuclear DNA in the parental
Brassica species followed by B. juncea while, the lowest amount of
nuclear DNA was for B. nigra. Furthermnore, DNA content of B.
napus, B. juncea and B. carinata are approximately twice the sum of
the DNA in the parental cultivars, B. campestris, B. oleracea and B.
nigra. These results are in a good harmony with those obtained by
Sundberg and Glimelius (1986) and Verma and Rees (1974) since
they reported that the amount of nuclear DNA in the amphidiploid
Brassica species was equal to those of respective diploid parents.

Table {6): DNA content of the six parental cultivars.

Species Concentration pg/ml
|B. nigra 350
B. oleracea 380
B, campestris 420
B. carinata 730
B. junceq 770
B. napus 780

Intergeneric and interspecific hybridization may bring about
genomic changes such as gene inactivation, chromosome
elimination, and chromosome addition (Namai, 1987)



J. Agric. Res. Tanta Univ., 31(4-B) 2005 862

REFERENCES

Armstrong, K.C. and W.A. Keller (1982). Chromosome pairing in
haploids of Brassica campestris. Theor. Appl. Genet. 59: 49-
52.

Attia, T. and G. Robbelen. (1986). Cytogenetic relationship within
cultivated Brassica analyzed in amphihaploid from three
diploid ancestors. Can. J. Genet. Cytol. 28: 323-329.

Attia, T.; C. Buss and G. Rdbbelen (1987). Digenomic triploids for
an assessment of chromosome relationships in the cultivated
diploid Brassica species. Genome, 29: 326-330.

Chang, R.Y. and W. Tai (1986). A cytogenetic study of hybrids
between Brassica napus L. and B. campestris L. Cruciferae.
Newsletter. 11: 20-21.

Chen, B.Y.; W.K. Hencen and V. Simonsen (1989). Comparative
and genetic studies of Isozyme in resynthesizes and
cultivated Brassica napus L., B. campestris L. and B.
alboglabra Bailey. Theor. Appl. Genet. 77: 673-679.

Cheng, B.JF.; G. Séguin-Swartz, and D.J. Somers (2002).
Cytogenetic and molecular characterization of intergeneric
hybrids between Brassica napus and Orychophragmus
violaceus. Genome, 45: 110-115

Chevre, AM.; F. Eber; G. Thomas and F. Baron (1989). Etudes
cytologiques de choux tetraploides (Brassica oleracea L.
SSP. acephala) obtenus ? partin de lignées diploides aprés
traitemetn ? la colchicine, Agronomic, 9: 521-525.

Chu, Y.E. and HI. Oka (1967). Comparison of variation in
peroxidase isozymes between Perennis sativa and

Breviligulata glaberima series of Oryza. Bot. Bull. Acad.
Sinica 8: 261-220.

Coulthart, M. and K.E. Denford (1982). Isozyme studies in Brassica.
1. Electrophoretic techniques for leaf enzymes and
comparison of B. napus, B. campestris and B. oleracea using
phosphoglucomutase. Can. J. Plant Sci. 62: 621-630.

Darlington, C.D. and LF. La Cour (1962). The handling of
chromosomes. Ed Geore Allen and Unwin, London,
England.

Davis, B.J. (1964). Disc electrophoresis II. Method and application
of serum proteins. Ann. N.Y. Acad. Sci. 121: 404-427.



863 Megeed, M.S.A. et al

Eid, S.E. (1963). A safe method for making squash preparations
permanent. Alex. Jour. Agric. Res. 11(2); 213-215.

Erickson, L.R.; N.A. Straus and W.D. Beversdorf (1983).
Restriction patterns reveal origins of chloroplast genomic in
Brassica amphiploids. Theor. Appl. Genet., 65: 201-206.

Gotoh, T. (1959). A digenomic diploid plant obtained by an
interspecific cross in Brassica and its next generation
progenies. Jpn. J. Breed. 9: 101-108.

Heneen, W.K.; B.Y. Chen; B.F. Cheng and A. Jonsson (2001).
Characterization of the A and C genomes of Brassica
campestris and B. alboglabra. Hereditase,36: 289-291.

Howella, E.C.; G.C. Barkerb; G.H. Jonesa; M.J. Kearseya; G.J.
Kingb; E.P. Kopb; C.D. Ryderb; G.R. Teakleb; J.G.
Vicenteb and S.J. Armstronga (2002). Integration of the
cytogenetic and genetic linkage maps of Brassica oleracea.
Genetics, 161:1225-1234,

Inomata, N. (1980). Hybrid progenies of the cross Brassica
campestris X B. oleracea. 1. Cytogenetical studies on F;
hybrids. Jpn. J. Genet. 55: 189-202.

Jahier, J.; A.M. Cheure; AM. Tanguag and F. Eber (1989).
Extraction of disomic addition lines of Brassica napus-B.
nigra. Genome, 32: 408-413.

Kato, M. and 5. Tokumasu (1979). An electrophoric study of
esterase and peroxidase isozyme in Brassica Euphytica, 28:

. 339-349,

Kulak, S.; R. Hasterok and J. Maluszynska (2002). Karyotyping of
Brassica amphidiploids using 55 and 258 IDNA as
chromosome markers. Hereditas, 136: 144-150.

Lazaro, A. and I. Aguinagalde (1998). Genetic diversity in Brassica
oleracea L. (Cruciferae) and wild refatives (20=18) using
isozymes. Annals of Botany 82: 821-828.

Mizushima, U. (1950). Karyotype studies of species and genus
hybrids in the tribe Brassiceae of Cruciferae. Tohoku J.
Agric. Res. 1: 15-27.

Mizushims, U. (1980). Genome analysis in Brassica and allied
genera. In Brassica Crops and Wild Allies, Biology and
Breeding, (F. tsunoda, K. Hmata, and C. Gomez-Campo,
Eds), pp. 89-106. Japan Scientific Societies Press, Tokyo.



J. Agric. Res. Tanta Univ., 31(4-B) 2005 864

Mohapatra, D. and Y.P.S. Bajaj (1987). Interspecific hybridization
in Brassica juncea x Brassica hirta using embryo rescue.
Euphytica 36: 321-326.

Morinaga, T. (1928). Preliminary note on interspecific hybridization
in Brassica. Proc. Imp. Acad. Tokyo, 4: 620-622,

Namai, H. (1987). Inducing cytogenetical alterations by means of
interspecific and intergeneric hybridization in Brassica
crops. gamma Field Symp. 26: 41-88.

Olsson, G. (1960). Species crosses within the genus Brassica. L

- Artificial Brassica Juncea Coss. Hereditas 46: 171-223.

Palmer, J.D. (1988). Intraspecific variation and multicircularity in
Brassica mitochondrial DNAs, Genetics. 118: 341-351.

Pertl, M.; T.P. Hauser; C. Damgaard and R.B. Jergensen. (2002).
Male fitness of oilseed rape (Brassica napus), weedy B. rapa
and their F; hybrids when pollinating B. rapa seeds.
Heredity, 89, 212-218.

Prakash, S. and K. Hinata (1980). Taxonomy, cytogenetics and
origin of Crop Brassica, a review. Opera Bot., 55: 1-57.

Sambrook, J.; EF. Froitch and T. Maniatis (1989). Molecular
cloning. Cold Spring Harbort Laboratory. Cold Spring
Harbor. NY. -

Scandalios, J.G. (1969). Genetic control of multiple molecular forms
of enzymes in plants. A Review. Bioch. Genet. 3: 37-79.

Scheck, HR. and G. Wolf (1986). Characterization of somatic
Brassica napus hybrids by polyacrylamide electrophoresis .
Plant Breed. 97: 72-74.

Simonsen, V. and W.X. Heneen (1995). Genetic variation within
and among different cultivars and land races of Brassica
compestris L. and B. olera L. based on Isozyme. Theor.
Appl. Genet. 91: 346-352. _

Skarzhinskaya, M.; J. Fahleson; K. Glimelius and A. Mouras (1998).
Genome organization of Brassica napus and Lesquerella
JSendleri and analysis of their somatic hybrids using genomic
in situ hybridization. Genome, 41:691-701.

Slocum, M.K.; S.S. Figore; W.C. Kennard; J.Y. Suzuki and T.C.
Osborn (1990). Linkage arrangement of restriction fragment
length polymorphism loci in Brass:ca oleracea. Theor.
Appl.. Gent. 80: 57-64.



865 Megeed, M.S.A. et al

Song, K.M.; T.C. Osborn and P.H. Williams (1990). Brassica
taxonimy based on nuclear restriction fragment length
polvmorphisms  (RFLPs). 3. Genome relationships in
Brassica and related genera and the origin of B. oleracea and
F rapa. Theor. Appl. Genet., 79: 467-506.

Song, .M.; JL.K. Suzuki; MK. Slocum; P.H. Williams and T.C.
Osborn (1991). A linkage map of Brassica rap and based on
restriction fragment length polymorphism loci. Theor. Appl.
Genet., 82: 296-304.

Song, KM.; K. Tang and T.C. Obsorn (1993). Development of
synthetic Brassica amphidiploids by reciprocal hybridization
and comparison to natural amphidiploids. Theor. Appl.
Genet. 86: 811-821.

Sundberg, E. and K. Glimelius (1986). A method for production of
interspecific hybrids within Brassiceae via somatic
hybridization, using resynthesis of Brassica napus as a
model. Plant Science. 43(2): 155-162.

Thorpe, S.K.; S.F. Kianian and D. Douches (1987). Analysis of the
Brassica oleracea genome by the generation of B.
campestris-oleracea  chromosome  addition  lines:
Characterization by isozymes and rtDNA genes. Theor. Appl.
Genet. 74: 758-766.

U, N. (1935). Genome-analysis in Brassica with special reference to
the experimental formation of B. ngpus and pecuhar mode of
fertilization. Jap. J. Bot. 7, 389-452.

Udall, J.A,; P.A. Quijada and Th.C. Osborn. (2005). Detection of
chromosomal rearrangements derived from homeologous
recombination in four mapping populations of Brassica
napus L, Genetics, 169:967-979.

Van de Ven, M.; W. Powell; G. Ramsay and R. Waugh (1990).
Restricktion fragment length polymorphism as genetic
markers in Vicia. Heredity, 65: 329-342.

Venkateswarla, J. and T. Kamala (1971). Pachytene chromosomes
complements and genome analysis in Brassica. J Indian Bot.
Soc. 50 A: 442-449.

Verma, S.C. and H. Rees (1974). Nuclear DNA and the evolution of
allotetraploid Brassica. Heredity 33: 61-68.



J. Agric. Res. Tanta Univ., 31(4-B) 2005 866

Al padldl
Wad ) uin £ 0 Lty Oy DppasS paall g 481 5 g st RIS
‘ eian g
Al e Abaa o B 4 g Sh 3wl ¢ 3ol 28 L dada
EHaRdl () ey el
saa — Uik daala — Al iy 4ol 30 48 — Al el pud

Ao i calial Baw o LS ol g A8 g Sl AN A 50 0
Solull o aay By . \@aay Brassica ssp. Saadydl  aial
B s B carinata) el gl { B. campestris_s oleracea
Cfaa gl Cuiacia®s Aza guges S ID 0S5 ey By (B. napus y juncea
G dass ¢ Bl aed (g el ADEN ¢ ASEY ga g ay ST
YW Jalas IS Lais B napus ¢ o A Wle IS Llsh ae
(e (ned ek WS . B oleraceas B. nigra el S We
s gl g 5nd el a3 f dagy e ClaRSY 30 8 Lal e g
Liginl (it ofia (o Liag) ap gy ¢ AShe Clang 14 51 O o ol 5
3.85 Yo fiey Amg ) (I OB Oy - o) 5 Sl gl e 2 o
(B. el 4 3.24 b siay (B campestris X B. juncea) (el G
Gp P ne e Caed b Cgial Winapus x B. campesiris)
bbis 4 lE) Jo il &0 3By . 5 phea Gbgl gau A
N G Doy 3ma¥ cla ¥l elie e IS poad
) oh Lo i el (8 pind il o Jhasd LS . Leina s )
Lagl WS omed s b oultldl gl DS (e aa) dleaaa
cdan gl ot oad o A3l 08 o Daday By il 035350y
JS el s faad Gidy RS0y Jie a5 el e ae
laa! e JSIDNA -0 4l o dglle 5,800 454831 Calialyt
diase ¥ A W B napus, B. carinata, B. juncea 4 dxlyj)
CliaYl oda (53655 4 sl QAN UMY DNA D 4eS Ao genal
aa 9 wua B, nigra, B. oleracea, B. campestris (jasi Al g Axcly )
B. e USIDNA 3 .8 & gans o4 B napus & DNA - 43S f
B. carinata, B. (e S dpailly SISy Wy O oleracea, B. compestris

juncea





