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Summary. Triticales (XTriticosecale Wittmack) at three
ploidy levels (8x, 6x, 4x, x="7) were crossed with diploid
rye (Secale cereale L.) to produce a solitary hy-
popentaploid hybrid (2n=32), and a number of tetra-
ploid (2n=4x=28) and triploid (2n=23x=21) hybrids.
The hybrids exhibited a morphology which was inter-
mediate between the parents. The number of bivalents
ranged from 1-7 (4.65 per cell) in hypopentaploid, from
2-12 (7.13 per cell) in tetraploid and from 4-9 (6.84 per
cell) in triploid hybrids. In 4x and 3x hybrids, trivalents
and quadrivalents were also observed at low frequen-
cies (range 0-1; mean 0.01-0.03 per cell). Chiasmata
frequency was highest in triploid hybrids (12.44 per
cell), lowest in hypopentaploid (5.37 per cell) and inter-
mediate in tetraploids (10.54 per cell). More than 7"
were found in 39.7% pollen mother cells (PMC’s) in the
4x hybrids and in 5.0% PMCs in 3x hybrids. It is con-
cluded that an increase in the relative proportion of
wheat chromosomes in the hybrids had a slight sup-
pression effect on homologous as well as homoeologous
pairing of rye chromosomes. Contrary to this, the rela-
tive increase in rye complement promoted homoeolo-
gous pairing between wheat chromosomes. In triploid
hybrids, the chiasmata frequency as well as the ‘c’ value
were the highest, suggesting that in tetraploid hybrids
rye chromosomes had a reduced pairing (low frequency
of ring bivalents).
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Introduction

In recent years, intergeneric hybrids in the tribe Triti-
ceae have been produced in large number for improve-
ment of cereal crops including wheat, triticale, barley
and rye (Sharma and Gill 1983; Fedak 1985a, b; Gupta
and Fedak 1985a, 1986 a).

In these intergeneric hybrids, analyses of meiosis gave use-
ful information about the effect of individual genomes on pair-
ing in hybrids. For instance, rye (Secale cereale) and other Se-
cale species have been found to vary in their influence on mei-
otic pairing in various combinations (Gupta and Fedak
19854, b, ¢). It has also been shown that the effect of the Secale
genome in hybrids with Triticum differ from that in hybrids
with Hordeum (Gupta and Fedak 1985b). The effect was found
to depend on the dose of the rye genome relative to that of
Triticum or Hordeum. In wheat-rye combinations, it had earlier
been shown that while reduction of the dosage of wheat
genomes increases the probability of homoeologous meiotic
pairing between rye and wheat chromosomes, an increase in
the dosage of rye genome increases the level of homoeologous
pairing between wheat chromosomes (Miller and Riley 1972).
Hybrids of triticale at three ploidy levels (8x, 6x, 4x) with
diploid rye (2n=2x=14) provide interesting material for
studying the effect of relative doses of wheat and rye genomes
on meiotic pairing in triticale-rye or wheat-rye hbyrids.

In this communication, we present and discuss the
results of meiotic analyses in hybrids (5x, 4x, 3x) pro-
duced by crossing triticales (XTriticosecale) at three
ploidy levels (8x, 6x, 4x) with diploid (2x) rye (Secale
cereale).

Materials and methods

Octoploid, hexaploid and tetraploid triticales were each
crossed with diploid rye. The parents used and cross combi-
nations made are presented in Table 1. The material for 8x
triticales was obtained from the University of California,
U.S.A.; that of 6x triticale from CIMMYT, Mexico; that of 4x
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Figs. 1 and 2. Meiosis in a hyPopentaploid (2n=32) derived from a cross 8x triticale X 2x rye. 1 Metaphase.I showing 30"+ 1';

2 metaphase I showing 241+ 4 (3 rods+1 ring)

Table 1. Cross combinations (triticale Xrye) and parents used in the study (in every cross combi-

nation, the first parent is used as female)

Cross combination and parents Chromosome  Genomic
no. in constitution
hybrid (2n) of hybrids

1. Combinations using 8x triticale (44 BBDDRR) ABDRR

1. 8x triticale (8A-94) X 2x rye (Assamese) 32
II. Combinations using 6x triticale (44 BBRR)
2. 6x triticale (Armadillo) X 2x rye (Assamese) 28 ABRR
3. 6x triticale (6A 410) X 2x rye (Assamese) 28 ABRR
4. 6x triticale (‘Beagle’) X 2x rye (Assamese) 28 ABRR
5. 2x rye (Assamese) X 6X triticale (6A 410) 28 ABRR

III. Combinations using 4x triticale — (4x By)2 RR*

6. 4x triticale (80-03) X 2x rye (Assamese) 21 (AxBy)RR®

2 A x1_‘?y =7 chromosomes

triticale from the University of Manitoba, Canada, and that of
2x rye from the National Bureau of Plant Genetic Resources
(NBPGR), New Delhi. These were multiplied and maintained
for several generations at Meerut University, Meerut, India.
Crosses were made at Meerut University Experimental Farm
and the F; hybrid plants were raised at the IARI Regional
Station, Wellington (Tamil Nadu) in an off-season nursery.

The spikes of the F, plants were fixed in Carnoy’s solution
(6:3:1) for meiotic studies. A drop of FeCl; was added to the
fixative as a mordant. The material was transferred to 70%
ethanol after 24 h until squashes were made. Acetocarmine
(2%) was used for staining. The relative affinities between

genomes were calculated by using the mathematical pro-
cedures developed by Alonso and Kimber (1981) and Kimber
and Alonso (1981).

Results

1 Meiotic analysis of hybrids

a) (8x triticale X 2x rye) hybrids (ABDRR). Only one F,
plant survived in the cross between octoploid triticale
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Fig. 3. Morphology of spikes of parent (a =triticale; c=rye) and the hybrid (b) of a cross 6x triticale X 2x rye

Figs. 4-6. Meiosis in hybrids (2n=4x=28) between 6x triticale and 2x

rye. 4 Metaphase I showing 101+ 91 (7 rods+2 rings);

5 metaphase I showing 141+ 711 (3 rods + 4 rings); Fig. 6 metaphase I showing 111+ 71 (2 rods+5 rings) + 111!

and rye. This exhibited a hypopentaploid chromosome
number (2n=32) instead of a euploid (2n=35). At
metaphase I, the number of bivalents ranged from 1 to
7 (Figs. 1 and 2; Table 2). Quadrivalents or heteromor-
phic bivalents were absent even though such abnor-
malities as anaphase bridges, misdivision of laggards
and unequal distribution of chromosomes at anaphase I
were noticed.

b) (6x triticale X 2x rye) hybrids (ABRR). The hybrids
obtained from this cross had intermediate spike mor-
phology with respect to the parents (Fig. 3). The data on
chromosome associations and chiasmata frequencies are

presented in Table 2. Most pollen mother cells
(P.M.C.’s) exhibited 7 bivalents and 14 univalents as ex-
pected with an average bivalent frequency of 7.13 per
PM.C. In other cases, bivalents ranged from 2 to 12
(Figs. 4-6). Heteromorphic bivalents in a low frequency
were also observed. Abnormalities such as formation of
multivalents, bridges, unequal distribution of chromo-
somes, misdivision of laggards at anaphase I and forma-
tion of micronuclei were also noticed.

c) (4x triticale X 2x rye) hybrids (AxBy) RR. The hybrids
obtained from this cross also had intermediate spike
morphology with respect to their parents (Fig. 7). Most
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Table 2. Chromosome associations and chiasmata frequencies in hypopentaploid (one plant), tetraploid (16 plants from four cross

combinations) and triploid (one plant) hybrids of triticale and rye

Hybrid combination No. of 11 m v Chiasmata % PMC’s with

and genome cells

constitution analyzed I Ring Rod Total Total  Per 7 more
bivalent than

7H

8x triticale X 2x rye 100 22.64 044 421 4.65 0.02 537 115 8.0 0.00

(ABDRR; 2n=32) (18-28)* (0-4) (1-7) (-1 ©-1n - (1.20)°

ox triticale X 2x rye 1,600 13.62 172 5.36+0.04> 7.13 003  0.01 1054  1.48 25.50 39.70

(ABRR; 2n=28) (6-22)  (0-6) (0-12) (2-12) (-1 (0-1) (2.17)¢

4x triticale X 2x rye 400 7.25 381 3.03+001° 6.84 001  0.01 1244 1.82 74.50 5.00

[(4xBy)RR; 2n=21] (3-11)  (1-7) (0-5) 4-9) 0-1) (0-1 (1.85)¢ '

* Values in parentheses are ranges
" Heteromorphic bivalents
¢ Interstitial chiasmata in parenthesis

Table 3. Relative genome affinity in triploid and tetraploid hybrids

Genome constitution Model giving Cce x° Homoeologous  Ratio of homologous

of hybrid best fit chiasmata (%) to homoeologous
chiasmata

(AxBy)RR 2:1 0.71 0.96  7.21 12.87:1

(2n=21)

ABRR 2:1:1 0.47 1.00  0.10 1024.00:1

(2n=28)

* Mean arm pairing frequency
® Relative affinity of most closely related genomes

of the P.M.C’s shared 7 bivalents and 7 univalents as
expected (Fig. 8). The heteromorphic bivalents included
only rod bivalents and were observed only in the cells
with more than 7 bivalents. Quadrivalents were ob-
served in a low frequency (Fig. 9). Separation of chro-
mosomes at anaphase I was often regular (Fig. 10),
although bridges and laggards were also observed in
some cells.

Discussion

The hybrids produced and utilized during the present
study, provide suitable material for a study of (a) the ef-
fect of the wheat genome(s) on pairing between rye
homologues; (b) the effect of the rye genome on pairing
between homoeologous chromosomes of wheat and (c)
the effect of different combinations of wheat and rye
genomes on pairing between homoeologous chromo-
somes of wheat and rye. In hybrids examined during
the present study, three ploidy levels are represented
and in each case seven pairs of rye chromosomes (six
pairs when there is a substitution, e.g. Armadillo, Gus-

tafson and Zillinsky 1973) are supposed to be present
along with a variable number of non-homologous
wheat chromosomes, and accompanied by the Ph locus
to suppress homoeologous pairing. In such a situation,
if rye chromosomes behave independently without be-
ing influenced by wheat chromosomes and if the wheat
chromosomes do not pair either among themselves or
with rye chromosomes, then one would expect seven
bivalents (six in the case of Armadillo, due to substi-
tution) in a large number of P.M.C.’s as in the normal
diploid rye. A similar situation should be observed with
respect to chiasma formation so that chiasma frequency
in diploid rye and the above three hybrids should be the
same, except when the triticale carried a substitution -
(e.g. Armadillo) and provided there are no interactions
involved. Contrary to this oversimplified situation, we
observed that the pairing behaviour and chiasmata fre-
quencies varied in three cases and in one case it was
much lower than what is known for diploid rye. For in-
stance, in six inbreds of rye, the mean chiasmata fre-
quency (averaged over at least six plants each) varied
from 8.68 to 13.34 and in cultivar ‘Petkuser Som-
merroggen’ (Ra10), it was 13.69 (Lelley 1978). This sug-
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Fig. 7. Morphology of spikes of parents (a =triticale, ¢ = rye) and the hybrid (b) of a cross, 4x triticale X 2x rye

Figs. 8-10. Meiosis in h?'brids (2n=3x=21) between 4x triticale and 2x rye. 8 Metaphase I showing 7'+ 7 (1 rod +6 rings);
9 metaphase I showing 7' + 511 (1 rod +4 ringsy+1V; 10 anaphase I showing a 10:9 distribution and two dividing univalents in a
triploid hybrid (2n=21)
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gests that the presence of wheat chromosomes influ-
enced the pairing not only between rye chromosomes,
but also between wheat and rye chromosomes.

The frequency of bivalents in tetraploids is higher
than in triploids, although the chiasmata frequency is
higher in triploids. Higher bivalent frequency in tetra-
ploids may be attributed to pairing between chromo-
somes of two genomes of wheat and the pairing be-
tween wheat and rye chromosomes, as evident from the
presence of multivalents and heteromorphic bivalents in
triploid as well as tetraploid hybrids. The frequencies of
mean ring bivalents, total bivalents and chiasmata were
the lowest in the solitary hypopentaploid hybrid plant
(2n=32).

The above results can be compared with earlier published
results (Riley and Miller 1970; Miller and Riley 1972).
Although the chiasmata frequencies suggest that an increase in
the relative proportion of wheat chromosomes in hybrids had a
slight suppression effect on homologous pairing of rye chromo-
somes, there is no definite evidence that a relative increase in
rye chromosomes promoted homoeologous pairing. On the
contrary, the number of cells with more than 7'' was higher
in tetraploid hybrids than in triploid hybrids, suggesting
that homoeologous pairing takes place mainly in tetraploid
hybrids. It is interesting to note in a recent study that a dif-
ferent effect is observed when barley and rye genomes are
brought together in hybrids (Gupta and Fedak 1985b). We al-
so recognize that the two rye genomes in the hybrids belong to
different cultivars, one of them from Assamese rye and the
other from an unknown source present in triticale parent. This
could also influence the chiasmata frequency, although this
will be a common factor in all the three hybrids except that the
three missing chromosomes in the pentaploid hybrid may or
may not include one or more rye chromosomes. In such stud-
ies, it is difficult to distinguish the pairing configurations in-
volving wheat and rye chromosomes from other possible con-
figurations” unless banding techniques or in situ hybridization
techniques are utilized. There is, however, evidence available
that homoeologous pairing between wheat and rye chromo-
somes is facilitated by a relatively higher proportion of rye
chromosomes as evident from heteromorphic bivalents ob-
served in tetraploid and triploid hybrids but not in the penta-
ploid hybrids. This may help transfer of rye segments to wheat
through recombination.

The relative affinity tests demonstrated that the mei-
otic pairing follows 2:1 and 2:1:1 models in triploid
and tetraploid hybrids, respectively. The relatively high-
er ‘cC’ value in triploid hybrids would suggest reduced
pairing of rye chromosomes in tetraploid hybrids and
the difference in pairing can be attributed to the in-
creased number of wheat chromosomes. On the other
hand, in tetraploid hybrids, the bivalents formed due to
homoeologous pairing may be more due to homoeolo-
gous chromosomes of A and B genomes which are sup-
posed to be absent in triploid hybrids. The homoeolo-

gous pairing is higher in triploid hybrids as per math-
ematical analysis, where it takes place between wheat
and rye chromosomes (Alonso and Kimber 1981). This
confirms the recommendations that while introducing
alien genetic variation, the number of wheat chromo-
somes should be kept minimum and rye chromosomes
to the maximum (Miller and Riley 1972).
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