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Suppression of Multivalent Formation by B Chromosomes in Natural
and Artificial Autopolyploids of Scurvy-Grass (Cochlearia L.)

P.P. Gupta

Department of Genetics, University of Liverpool, Liverpool (England)

Summary. In diploid Cochlearia pyrenaica, its established
natural autotetraploid C. officinalis, and their newly in-
duced autotetraploid and auto-octoploid derivatives, B
chromosomes change the normal pattern of chromosome
association by suppressing homologous pairing. Frequency
of bivalents increases at the expense of multivalents from
lower to higher numbers of B chromosomes. The reduction
of multivalents due to the direct influence of the B chro-
mosomes, independent of pollen mother cell chiasma fre-
quency, is suggested as being related to the mechanism that
prevents A/B chromosome pairing.
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Introduction

The restriction of meiotic pairing in homeologous chromo-
somes has been shown to be under the control of B chro-
mosomes in diploid and tetraploid interspecific hybrids of
Lolium, Festuca and Briza (Evans and Macefield 1972,
1974; Bowman and Thomas 1973; Murray 1978). The in-
fluence of B chromosomes on homologous chromosome
pairing in autotetraploids is also known in Lolium perenne
(Macefield and Evans 1976). However, such findings on
the restriction of homeologous and homologous chromo-
some pairing have been hitherto confined within a family
Gramineae. The effects of B chromosomes in these plants
are also far from uniform: some involve drastic reduction
in chromosome pairing, whereas others are relatively mild.

In the present investigations, the effects of B chromo-
somes on the pairing of homologous chromosomes at mei-
osis in three different ploidy levels of Cochlearia, family
Cruciferae, were studied. The diploid C. pyrenaica and its
established natural autotetraploid derivative C. officinalis

were chosen. In addition, their synthetic autotetraploids
and auto-octoploids were produced for a comparative study
of the influence of B chromosomes.

Materials and Methods

The plants of diploid C. pyrenaica and its established natural auto-
tetraploid derivative C. officinalis were collected from naturally
growing populations in Durham (England) and Caernarvon (Wales).
These species were also obtained as seed from the University Bo-
tanic Gardens of Murmansk (U.S.S.R.), Oslo (Norway) and Munich
(Germany). Autotetraploids and auto-octoploids were produced
by the application of aqueous colchicine on both the germinating
seed and seedling stages of these species, as described earlier (Gup-
ta 1980). All these plants of diploid, newly induced autotetraploid,
established natural autotetraploid and newly induced auto-octo-
ploid origins were grown to maturity under glasshouse conditions
(15 + 2°C, 14 h photoperiod and 10 + 2°C, 10 h dark). Cytologic-
al preparations were made from pollen mother cell (PMC) squashes
by the usual iron-acetocarmine technique. Frequencies of chiasma-
ta and various chromosome configurations were scored at first me-
taphase of meiosis in 20 PMCs of each plant, and in a total 6-10
plants for each class of B chromosomes.

Results

The present studies reveal 2-4 B chromosomes in diploid
plants, 4-8 B chromosomes in newly induced autotetra-
ploids, 0-1 B chromosome in established natural autotetra-
ploids and 0-2 B chromosomes in newly induced auto-oc-
toploids. The B chromosomes are euchromatic and show
no evidence of pairing with the A chromosomes in any of
these cochlearias.

The frequencies of chiasmata and various chromosome
configurations were examined in both the diploids and in
the various autopolyploids. The data are presented in Table
1. It is clear from this Table that the pattern of chromoso-
me association is markedly affected, a result of the B chro-
mosomes, at the 4x and 8x levels. In the presence of the B
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Fig. 1. Independence of the variation in multivalent frequency with cell chiasma frequency in established natural autotetraploid (4xp),
induced autotetraploid (4x;) and induced auto-octoploid (8x;) cochlearias. Mean frequency of chromosomes in multivalent configurations
in PMCs of specific chiasma frequency at different classes of B chromosomes. o—c, OB; e—e, 1B; 2, 2Bs; a—a, 4Bs; oo, 6Bs; s—a, 8Bs

show slight and normally nonsignificant reduction in chias-
ma frequency, both per chromosome as well as per cell,
from lower to higher numbers of B chromosomes, whilst
at the same time multivalents reduce significantly. It is ob-
vious from Figure 1 that multivalent frequency does not
change with increasing chiasma frequency at any class of
B chromosomes. Therefore, it can be suggested that in
Cochlearia the B chromosomes alter both the level of chro-
mosome association and the level of chiasma formation,
but independently of each other. These findings are in
agreement with the results of Macefield and Evans (1976)
in Lolium perenne, where frequency of chiasmata and mul-
tivalent formation were usually in reverse order.

The mechanism for the reduction of multivalents due
to direct influence of the B chromosomes, independent of
PMC chiasma frequency, in the different kinds of autopo-
lyploids is worth speculating on. It is unanimously accept-
ed that B chromosomes evolve from A chromosomes, but
they never pair with them. For preventing this A/B chro-
mosome pairing, a locus or loci might be responsible that
is controlled from the B chromosomes. This locus or loci
of the B chromosomes, if it prevents homologous pairing
between A and B chromosomes, might also act to suppress
the pairing of homologous chromosomes to some extent.
In the cochlearias, it seems that a dosage effect of pairing
control loci of B chromosomes increases the suppression
of homologous pairing of A chromosomes. Therefore, the
situation is such that the frequency of bivalents increases
along with some univalents at the expense of multivalents
from lower to higher numbers of B chromosomes.

The suppression of multivalent formation in autopoly-
ploids is clearly of significance in plant breeding. It may
well be possible to use B chromosomes to restore fertility

by achieving regularity and stability in the meiotic system
of freshly induced autopolyploids, at least in those plants
where Cochlearialike B chromosomes are present.
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