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The influence of rye cytoplasm on meiotic stability

of tetraploid Secalotriticum

Barbara APOLINARSKA

Institute of Plant Genetics, Polish Academy of Sciences, Poznañ, Poland

Abstract. Chromosome pairing in tetraploid Secalotriticum was analysed. In the stud-
ied plants wheat chromosomes in PMCs during metaphase I showed a higher degree of
pairing, in comparison to the rye genome. This is reflected in a very low frequency
of univalents and a higher frequency of ring bivalents. The occurrence of wheat
univalents was dependent on wheat mixogenome. In plants with an unstabilized fourth
homoeologous group, a heteromorphic bivalent 4A-4B was observed in 39.9%
of PMCs, whereas in plants with an unstabilized seventh homoeologous group, chro-
mosome 7A-7B pairing was found in all analysed cells. Rye univalents were present in
all plants studied. The highest mean frequency of univalents and rod bivalents, both in
wheat and in rye genomes, were recorded in plants whose first homoeologous group
contained chromosome 1A. The mean number of terminal chiasmata per chromosome
amounted to 1.78 in the wheat genome and 1.36 in the rye genome. It may be concluded
that the plasmagenes in Secalotriticum did not increase the meiotic stability of the rye
genome and also did not stabilize plant fertility.
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Introduction

Tetraploid triticale with various chromosome combinations in the wheat genome
is used for chromosome manipulations in hexaploid triticale (LUKASZEWSKI et al.
1987a, KAZMAN, LELLEY 1994, APOLINARSKA 1997) and tetraploid rye
(APOLINARSKA 1996). Tetraploid triticale has one complete rye genome
and one functional wheat mixogenome; the ratio of wheat genome to rye genome
is balanced but the amount of rye DNA is larger than that of wheat DNA
(GUSTAFSON, BENNETT 1976, HESLOP-HARRISON 1991). In £APIÑSKI’s (2002)
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opinion, tetraploid triticale – less dependent on wheat genes because of its
genomic structure and possible mutations or translocations unblocking recessive
rye genes – is a more responsive material for selection of rye-type plants. The in-
troducing of rye cytoplasm together with mitochondrial and chloroplast genomes
into tetraploid triticale, which is then called Secalotriticum, should increase
the domination of rye traits in these forms. A positive effect of rye cytoplasm in
Secalotriticum can be achieved not only as a result of more successful functioning
of the rye genome in its own cytoplasm, but also owing to the control of some
adaptive traits by rye plasmagenes (GORDEI et al. 2002).

APOLINARSKA (2001), as a result of backcrossing of hybrids between 4x rye
and 4x triticale with 4x triticale, obtained 4x Secalotriticum with different chro-
mosome constitutions in the wheat genome, with stabilized and unstabilized
karyotypes. The aim of the present study was to examine the influence of rye cyto-
plasm in tetraploid Secalotriticum on meiotic stability and of the number of termi-
nal chiasmata on plant fertility.

Material and methods

Pairing of chromosomes in PMCs at metaphase I was analysed in eight
Secalotriticum plants: in five plants with stabilized chromosome constitutions
and in three plants with unstabilized chromosome constitutions. The anthers col-
lected from spikelets were fixed in ethanol and acetic acid mixture (3 : 1 v/v)
and placed in the refrigerator until analysis. Then the anthers were transferred
to 45% acetic acid for 1-3 hours and squashed. PMCs were dyed with
the C-banding method. Chromosome pairing in 30 to 50 PMCs was investigated
for each plant. Frequencies of terminal chiasmata per chromosome were calcu-
lated, assuming that ring bivalents have two terminal chiasmata, rods have one
and univalents have none, while chain trivalents have two and chain quadrivalents
have three terminal chiasmata. Self-fertility was examined by isolation of the
main spikes. The remaining spikes on the plants were not isolated. Spike fertility
was expressed as the number of kernels per spike.

Results and discussion

In Secalotriticum the wheat chromosomes showed better pairing than rye chromo-
somes. This was visible in a very low frequency of univalents as well as in a high
frequency of ring bivalents of wheat chromosomes (Table 1). The occurrence
of wheat univalents in analysed plants was dependent on the wheat mixogenome.
Wheat univalents were not found in four plants – in two plants with chromosome
constitution 1B, 2A, 3B, 4A, 5B, 6A, 7B, in one plant with chromosome constitu-
tion 1B, 2A, 3B, 4B, 5B, 6A, 7B, and in one plant with unstabilized seventh
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homoeologous group: 1B, 2A, 3B, 4A, 5B, 6A, 7A/B. In the plant with chromo-
somes 1B, 2A, 3B, 4A, 5B, 6A and 7B, only two chromosome 7B univalents were
observed, while in one plant with stabilized wheat karyotype 1B, 2A, 3B, 4B, 5B,
6A and 7B, univalents of 7B chromosomes were found in 2 cells and univalents
of chromosome 4B in 15 cells. Wheat univalents were present also in two plants
with the heteromorphic chromosomes 4A-4B in the fourth homoeologous group:
in one plant all univalents were chromosomes 4A and 4B, and their mean fre-
quency amounted to 1.72 per cell, while in the second plant additionally 7B chro-
mosome univalents occurred, on average 0.80 per cell. Among 88 analysed cells
of plants with unstabilized fourth homoeologous group, 35 were without wheat
univalents. Excluding the two plants heteromorphic for the chromosomes 4A-4B,
the mean value of wheat univalents was 0.16 per cell.

In tetraploid triticale LUKASZEWSKI et al. (1987c) recorded 7A-7B chromo-
somes pairing with the frequency 0.41 per arm and in lines investigated
by SYCHEVA and DUBOVETS (2002) the pair 7A-7B was responsible for the for-
mation of rod bivalents with the frequency 77.42% and of ring bivalents with
6.45%. In this study in the Secalotriticum plant with the unstabilized seventh
homoeologous group, 100% pairing between 7A-7B chromosomes was observed.
In plants with 4A-4B chromosomes, a heteromorphic bivalent was found in 39.9%
of cells (Figure 1a). NARANJO et al. (1988) reported that in the normal line ABDR,
pairing between short and long arms of 4A-4B chromosomes does not occur.
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Table 1. Mean frequency (number per cell) of rye and wheat chromosome pairing
in tetraploid Secalotriticum plants

Chromosome
constitution of
wheat genome

Rye genome Wheat genome

univa-
lents

bivalents triva-
lents

quadri-
valents

univa-
lents

bivalents quadri-
valentsrod ring rod ring

1B, 2A, 3B,
4A, 5B, 6A,
7B

1.08
1.16
0.28

3.02
2,57
2.43

3.40
3.85
4.43

0
0
0

0.02
0
0

0.04
0
0

0.64
0.86
0.53

6.34
6.14
6.47

0
0
0

1B, 2A, 3B,
4A, 5B, 6A,
7A/B

0.88 1.70 4.86 0 0 0 0.62 6.38 0

1B, 2A, 3B,
4B, 5B, 6A,
7B

1.36
2.64

2.90
3.57

3.38
2.11

0
0

0.02
0

0
0.72

0.80
2.70

6.16
3.94

0.02
0

1B, 2A, 3B,
4A/B, 5B,
6A, 7B

0.58 3.44 3.21 0 0 1.72 0.61 5.53 0

1A, 2A, 3B,
4A/B, 5B,
6A, 7B

3.62 4.24 0.88 0.02 0.02 0.80 2.36 4.24 0

Mean 1.45 2.98 3.26 0.00 0.00 0.41 1.14 5.65 0.00



LUKASZEWSKI et al. (1987c) showed in tetraploid triticale that in the fourth
homoeologous group, pairing between 4A and 4B did not occur. The 7A-7B pair-
ing in all cells analysed and the high pairing frequency of 4A-4B chromosomes at-
tests to the presence of homologous segments in homoeologous chromosomes.
Probably during the breeding procedure in 4x triticale plants (the pollinators)
and also in Secalotriticum with unstabilized chromosome constitutions
of the fourth and seventh group, accidentally homoeologous pairings occurred,
which caused translocations (APOLINARSKA 2001). The pairing of homoeologous
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Figure 1. Chromosome pairing at metaphase I in tetraploid Secalotriticum. (a) Rye genome:
2 univalents 3R, 5 rod bivalents, 1 ring bivalent. Wheat genome: 1 rod heteromorphic bivalent
4A-4B, 6 ring bivalents. (b) Rye genome: 2 univalents 3R, 5 rod bivalents (1 rod bivalent 4R

paired in short arms with C-bands), 1 ring bivalent. Wheat genome: 7 ring bivalents.



4A-4B and 7A-7B chromosomes probably takes place between the homologous
segments of the recombinant chromosomes. Similar conclusions were drawn
by LUKASZEWSKI et al. (1987c) in relation to the second homoeologous group
of wheat chromosomes 2A-2B in tetraploid triticale. £APIÑSKI

and SCHWARZACHER (1998a, 1998b) found in 4x triticale small translocations be-
tween homoeologous 5A-5R chromosomes; homologous fragments occurred in
both chromosomes.

In the wheat genome much more ring than rod bivalents were observed (Fig-
ures 1a, 1b). Ring bivalents occurred with the mean frequency 5.65 per cell, rang-
ing on average from 3.94 to 6.47, while rod bivalents appeared with the mean
frequency 1.14 per cell. Six plants had 0.53-0.86 rod bivalents per cell. Two re-
maining plants with two different chromosome constitutions 1B, 2A, 3B, 4B, 5B,
6A, 7B and 1A, 2A, 3B, 4A/B, 5B, 6A, 7B had significantly more (P < 0.01) rod
bivalents per cell, 2.70 and 2.36, respectively (Table 1).

The rye genome of 4x Secalotriticum, similarly to 4x triticale with wheat cyto-
plasm (LUKASZEWSKI et al. 1987b, 1987c, BAUM, LELLEY 1988), to 6x triticale
(THOMAS, KALTSIKES 1971, 1972, 1974, 1976, LELLEY 1975, ROGALSKA 1979,
1983), and to 8x triticale (RILEY, MILLER 1970, WEIMARCK 1973, 1975a,
1975b), showed weakened pairing in comparison to the wheat genome and has
higher frequencies of univalents and rod bivalents (Table 1).

In all plants analysed, PMCs showed the presence of rye univalents. The mean
frequency of rye univalents amounted to 1.45 per cell, ranging on average from
0.28 to 3.62. The highest mean frequency of univalents and rod bivalents of wheat
and rye was observed in plants with chromosome constitution 1A, 2A, 3B, 4A/B,
5B, 6A, 7B. Considerably weaker pairing in this plant was probably the result
of the presence of chromosome 1A. Such a supposition suggests that in 4x rye,
in the presence of monosomic substitution 1A chromosome, a considerable in-
crease in the frequency of rye univalents was also observed (APOLINARSKA

2003). DARVEY and LATER (1973) suggested that the 1B chromosome contains
a gene that suppresses pairing in triticale, while THOMAS and KALTSIKES (after
GUSTAFSON 1976) showed that the control of meiotic stability is located on
the short arm of this chromosome. Probably, on the tetraploid level, the activation
of gene(s) on homoeologous 1A chromosome causes the increase of meiotic
unstabilization.

BENNETT et al. (1971), BENNETT and KALTSIKES (1973) and ROGALSKA

(1979, 1983) found the that the large terminal bands of the late-replicating
heterochromatin cause meiotic disturbances. THOMAS and KALTSIKES (1974)
and WEIMARCK (1975b) noticed that in hexa- and octoploid triticale during
metaphase I, the rye chromosomes showed a reduction of pairing in comparison
to the wheat chromosomes, and this appeared to be related to the existence of ter-
minal heterochromatin. Those authors noticed also that the rye chromosomes with
large terminal heterochromatin bands on both arms were most frequently
univalents. Results obtained in the present study confirm the conclusion of the au-
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thors mentioned above. The frequency of univalents was the highest (0.52 per
cell) in chromosome 3R, with the largest heterochromatin bands among all rye
chromosomes (Figures 1a, 1b), followed by 2R (0.34), 1R (0.21), 4R (0.11),
7R (0.10), 6R (0.09), and was the lowest (0.08) in 5R, with the smallest
heterochromatin band.

THOMAS and KALTSIKES (1974), WEIMARCK (1975b) and ROGALSKA (1979)
showed that rye chromosomes, with large heterochromatin bands on one arm,
paired in rod bivalents with arms without bands. In the case of 4R chromosome,
there were several cells in different analysed plants, where chromosomes were
pairing in rod bivalents with their short arms having large heterochromatin bands
(Figure 1b).

The mean number of terminal chiasmata per rye chromosome ranged from
0.86 in the plants with chromosome constitution 1A, 2A, 3B, 4A/B, 5B, 6A
and 7B, to 1.63 in plants with chromosome constitution 1B, 2A, 3B, 4A, 5B, 6A,
7A/B. The mean number of terminal chiasmata per wheat chromosome varied
from 1.51 in one of the plants with chromosome constitution 1B, 2A, 3B, 4B, 5B,
6A, 7B, to 1.92 in one of the plants with chromosome constitution 1B, 2A, 3B, 4A,
5B, 6A, 7B. Many tetraploid triticale lines with wheat cytoplasm whose progeny
was used as pollinators to get F1 hybrids and BC1-F1 Secalotriticum

(APOLINARSKA 2001), had higher frequencies of univalents and rod bivalents
and lower frequencies of ring bivalents in the wheat genome (LUKASZEWSKI et al.
1987b) in comparison to the plants discussed here. The mean number of terminal
chiasmata per wheat chromosome in the analysed plants was slightly higher
and amounted to 1.78; while in the lines obtained by LUKASZEWSKI et al. (1987b)
it was 1.74. On the other hand, the mean number of terminal chiasmata in rye chro-
mosomes of the analysed plants was lower than in tetraploid triticale
and amounted to 1.36. In plants obtained by LUKASZEWSKI et al. (1987b), the cor-
responding value was 1.43.
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Table 2. Mean number of terminal chiasmata per chromosome and fertility of tetraploid
Secalotriticum plants

Chromosome constitution
of wheat genome

Mean no. of terminal
chiasmata per chromosome

No. of kernels per spike

genome self-
pollination

open-
pollinationrye wheat total

1B, 2A, 3B, 4A, 5B, 6A, 7B
1B, 2A, 3B, 4A, 5B, 6A, 7B
1B, 2A, 3B, 4A, 5B, 6A, 7B
1B, 2A, 3B, 4A, 5B, 6A, 7A/B
1B, 2A, 3B, 4B, 5B, 6A, 7B
1B, 2A, 3B, 4B, 5B, 6A, 7B
1B, 2A, 3B, 4A/B, 5B, 6A, 7B
1A, 2A, 3B, 4A/B, 5B, 6A, 7B

1.41
1.47
1.61
1.63
1.38
1.11
1.41
0.86

1.90
1.88
1.92
1.91
1.88
1.51
1.67
1.55

3.31
3.35
3.53
3.54
3.26
2.62
3.08
2.41

5.00
16.00
15.00
11.00
8.00

19.00
12.00
20.00

9.00
5.00

24.00
22.75
7.57
1.33

10.00
9.00



The fertility analysis of the plants showed that those with the highest number
of terminal chiasmata per rye or wheat chromosome had the highest fertility
of open-pollinated spikes, whereas the fertility of isolated spikes was much lower
(Table 2). The highest fertility of isolated spikes was observed in a plant with
the lowest number of terminal chiasmata per chromosome and the highest fre-
quency of univalents. Differences in fertility of isolated spikes on the same
Secalotriticum plant indicate a high variability of this trait, which is probably de-
pendent on the meiotic stability of individual spikes. According to the opinion
of £APIÑSKI and SCHWARZACHER (1998) the differences in fertility are probably
results of chromosome aberrations as well as of the wheat mixogenome, which
was not properly formed from the evolutionary and genetic point of view
(APOLINARSKA 2001).

Conclusions

The high pairing frequency of 7A-7B and 4A-4B chromosomes attests to the pres-
ence of homologous segments in homoeologous chromosomes. Activation
of gene(s) on 1A chromosome causes the increase of meiotic unstabilization. Rye
chromosomes with the large terminal bands are more likely to be invloved in mei-
otic disturbances. The results of this study indicate that rye plasmagenes in
Secalotriticum neither increased the meiotic stability of the rye genome nor influ-
enced plant fertility stabilization.
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