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Abstract More than 40 polyhapioid plants (2n-2Y-19, genome formula AC) of Brassica papux
(2n=4X-38. AACC) were cytogeheucaﬂy studied. Some of these potyhapioids were found among fieic
popufations and the rest vere decived through anther cuiture of regular B papus. Msiotic behavicur
- at diakinesis and metaphase { revealed nine bivalents and one univalent in more than forty percen:
of the grealer than 400 polten mother cells analyzed. However. when the chromosﬁme number of tn-
polyhaploids was doubfed using colchine. [9 bivalents were observed. These plants (2n=4X=38. AALL}
aiso had meiotic behaviour identical to a regufar B. napys. Quadrivalents association were ohserved
wvhen the chromosome numbers were doubled to the octaploid level (2n-8X=72. AAAA(‘L‘C‘.I}‘ it is
suggested that ‘A’ and 'C’ are homoeologous genomes. If homologous partamers are pressnt.
chromosnmes would pair vithin the same genome to form bivalents as toccurred in the tetrapiotas and
"o (orm quadrivaleats 8s occurred in the octaploids. However, when g homologous partner is not
available. the homoeoiogous chromosomes would then pair to form bivalents in those pelyhaploids

Introduction Brassica napusl. hasbeen recognized as an allotetraploid which has derived its two
geaomes of chromosomes from B. campestris {2n=2X-20. AA) and B. oleraces (2n-2%-18, C) (U 1939)
The chromosomes of B. papus form 19 bivalents during first melbsis‘ Occasionaily, one to two
quadrivaleats have been obssrved (Catcheside 1934, Broda etal 1979) However, no satisfactory theory
has been provided to explain the origin of these quadrivalents. Altia and Robblen (1986) reported a
higher degree of meiotic pairing (chrasmatascell) in the AC amphiploid than in AB and BC
tmphiploids and suggested that the genomes A and C are more closely related to each other than to the

B genome.

U (1935) observed mostly bivalents with occasional univalents in his syathetic Brassica napys.
Sarashima (1964) noisced abnormalities such as quadrivalents and trivaleats which persisied up to the
fifth generation after synthesis. Analysis of meiosis of synthetsc Brassica napus produced by somatic

fusion also showed a wide variation in chromosome pairing with many univalents and ~uitivaients
{Schenck and Robblen 1982)




Various authors have suggested partial homoiogy between chromosomes belonging to the A
and C genomes ( Mizushima 1952, Robblen (96, [nomata 1980, Prakash and [linata 1980). The present
saper inlends to ascertain the phylogenetc relationship betveen the A and C genomes and the ofigin
of quadrivalent association in Bragsica aapus by studying dihapiotds {2n=2X=19. AC) of spontaneous

nrigin and planis derived through anther or microspare cuiture

Marterinis and Methods Three regular piaats of B. aapys variety "Regeat’ wore used (o suppty
anthers and microspores for issue culture. Twenty five dihaploid plants were used in this study
Seven dihaploids were discovered in the rapeseed breeding field Eighieen dihaploid planis vere
obtained thraugh tissue culture. Stem cuttings were treated with a colchicine solution to double their
chromosome number Eleven planis were obtained with doubled chromosomevnumbcm and one piant

vas a mixoploid with boih 4X and 8% celis

The techniques of Keller and Armstreng (1978, 1979) were used to cuiiure anthers and
microspores. Approximately 65% of the plants had theu chromosome numbers doubled after the
colchicine treatment For cytogenetic investigation. flower buds vere [ixed in 2 Farmer s solution
The cetocarmine smear technique was used to prepare microslides for cylogesetic observation For

each meiotic interpretation. a minimum of 25 polion mother cells (PMC's) vere examined

Pollen viability was tested by the staining reaction in 1 soiution of [2-KI Those that stained
darklv and were round snd fuil vere coasidered as viable. Lightly stained and shrunkea poilen

grains were classified as inviable

Resuits  Meiotic behaviour in the three regular B napus plants was identicai to those reported io
the literature. Among 7} PMC's observed. 69 cells or 97 18% of the total had a typical 19 bivalents at
diakinesis and metaphase |. One cell had one quadrivalent and another cell had two quadrivaients. At
anaphase |, among a total of 56 PMC's examined, over 95% of them had their dvad chromosomes
separated equaily and they migrated toward each of the opposite two poles. Only one ceil each had
lagging chromosomes and a chromatin bridge, respectively. Chromosomes aiso behaved normaily st
other meiotic stages and no micronuclous was detected at the quartet stage

Spontansously occurring dihaploid piants of B napus {2n=2X=19) have been reported by Uisson
and Hagberg (1955). Stringam and Downey {{973) and others Morphologically. these plants are
similar to a regular B napus plant bui their growth is usually stunted with narrower leaves Thev are
always highly sterile Dihaploid B. napus planats have also beea produced through anther or
microspore culture in various laboratories including those »f Steingam (1977% and Yeller aad
Armstrong (197% 1979} '



Meiotic chromosome behaviour of spontaneousty occurring aad tissue culiure derivad
dihaploids are very similar. Among 9% PMC's examined at diakinesis. over 30% of them had :
chromosome association of (191! - {1} and about 44% of the 104 cells observed at metaphase { had :ha
same pairing pattern. Overall, of the 200 PMC's examined at diakinesis and metaphase i, 188 celis or
%% of the total had a minimum of five bivajents. Tae average chromosome association in the
dihaploid piants was 77311 . 2541

A towai of 170 PMC's were counted at anaphase |. Aimost 40% of the them had a (10-9)
segregation. Another 37% of the ceils had either {agging chromosomes or oue lo (wo chromatin
bridges. Thirty nine ceils {23%) had chromosomes ciumped together and were not couniable But

they had no laggards, bridges. or any other types of appareat meiotic irregularitiss

Chromosome counts vere made in 1% colchicine treated piants. Eleven plants had their
chromosome numbers doubled to the tetrapioid levet (2n-4%=38) and one plant was a mixoploid with
both tetrapioid (2n=4X-38) and octaploid (2n=81=76) cells. The overail doubling rate s( this colchicine
treatment vas sbout 67% .

Chromosome bebhaviour of the artificially induced tetrapioids is very similar to their regular §
aapys counterpart. The chromosomes form 19 bivalents at diakinesis and metaphase{ with occasional
quadrivalents. At anaphase l. regular (19-19) segregation was observed in most of the PMC's
examined. No laggards or bridges were opserved.

The tetraploid ceiis of the mixoploid plaat behaved similari to those in a regular tetraploid
plant. The ratio between tetrapioid and octapioid cells is about 4:1

Only 25 cells, 21 at diakinesis and 4 at metaphase |, respectiveiy, had their chromosemes
separated vell enough that reliabie cytological interprotation could be made Three ceils had 38
bivalents vhich were all at fate metaphase [ when separation had already started in some of the
chromosomes. The one cell examined at earfier metaphase | aad all 21 cells at diakinesis had a
minimum of four quadrivalents. The highest number of quadrivaients reached 16 and the average
chromosome association was 6.88!Y . 2¢ 311 No trivalent or univalent was abserved.

Pollen viability, as expressed by staining reaction in an [2-K] solution, of alf plants is listed in
Table 7. Pollen stainabifity of the three regular B. aapus approached 100%. The dihaploids had opfy
% 8% stainable poilen. The coichicine doubled tetraploids had 72% stainable peilen The mixoploid
plant had 17% stainable pollen Among those stainable pollen grains. two size classes were quite
obvious and the ratio was simiiar (0 the ratio between tetrapioid and octaploid cells Therefore. the
large and small poilen grains were considered as products of tetraploid and octaploid PMCts

respecively
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The poliea stainability in all plants reflecied their meiotic chromosome behaviour. The
colchicine doubled tetrapioid plants had lower polien stainability than a regular B. napus plant
probably because of geaetic imbalance in a newly doubled amphiploid. Similar situation is true in
colchicine treated materials in many other plant species. The mixopioid plant was expecied to have
jower stainability because irregular chromosome segregation couid occur due (o multivalent

chromosome association al metaphase i.

Discussion U (1935) observed as many as eight bivalents in a hybrid between B. campestris and B
oleraces and suggested that the A genome of B. campestris and the C genome of B. gleracea are closely
related. Mizushima {1950} suggested that the A genome chromosomes couid form two "autosyndedic”
pairs and the C genome chromosomes could form one “autosyndedic” pair He suggested that at feast
five of the eight bivalents observed by U were "allosyndedic” and also conciuded that A and C are
closely related genomes. Attia and Robbelen (1986) reached the same conclusion by using
information on chromosome pairing and chiasma frequencies in amphihaploid hybrids.

Rieger et al (1976), based on an original paper by G. L. Stebbins (1947). defined ‘autosvodesis’
as "the pairing of compiele or partial homologous contained ia the same gametes al fertilization”
Therefore, what appeared in rapeseed literature in the past as “aulosyndesis”. pairing of chromosomes
within A or C genomes, should be called homologous pairing or intra-genomic pairing. And
“allosyndesis”, pairing of chromosomes betweea A and C genomes, should be termed homoeologous

pairing or inter-genomic pairing.

Olsson and Hagberg (1955} counted five to eight bivalents, may be git . 3l in therr
spontaneously occurring dihaploid B. papus. In the photomicrographs of stem cuftured plants of B
papus haploids published by Stringam (1977). several loosely paired bivaleats could be recognized.
Mostly bivalents could be identified in the doubled material.

Results of the present study are clearly in agreement with the data published in the literature
that a high number of bivalents are present in plants with one A and one C genomes of chromosomes
Onc possible expianation for the tack of quadrivaleat association in tetraploid plants, reguiar B. napus
plants or tetraploid plants obtained through doubling of dihaploids, is that the homoeologous {inter-
genomic) pairing is genetically suppressed. Suppression of homoeologous pairing in other species of
the genus Brassica has been reported by Prakash (1974). Harberd (1976) and Harberd and McArthur

(1980) Similar suppression is weil know in many other piant species {Devorak 1983}

Apparently, genic suppression is removed in the newly synthesized hybrid between B
campestris and B gleracea and in the spontaneously occurring and anther culture derived dihaploids




in vhich each genome is oniy present onice (2n-2X=19. AC) and mostly bivalents are observed. ¥When
the the chromosome aumber of dibaploids is doubled. a high numoer of quadrivaleats should he
present in the tetraploids (2n«4X=AACC). On the other hand. if the preseance of qumhvalenis n a
reguiar B. gapus plant i3 caused by letrasomy as suggesied by Mizushima (1950). there shouid be a
similar numbper of octavaients present in the octapfoid cells. Neither has been found to be true 1n the
present study

A simiiar situation is reported in a tetraploid bariey Hordeum jubatum by Starks and Tai
11974).  Hordeum jubatum 15 a tetraploid with two hemoeotogous genomes. The homoeciogous
chromosomes vouid pair only whea thers is no competition from a more closely reiated homologous

pariner

[ atetraploid B. napus. spontaneous or induced, each chromosome of either A or C genome has
2 homologous partaer and they pair w form bivaients. When the chromoesome number is reduced to
the dihaploid level. inter-genomic pairing prevails between homoeologous chromesomes of the A and
C genomes The presence of quadrivalents in a reguiar B. napus piant can be attributed to occasional
secondary pairing between homoeologous bivalents. Secoadary association in lhe genus Brassica has
been reported by Prakash and Hinata (1980) and in this iaboratory by Tang (1985)
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