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Summary. Meiotic pairing in Triticum turgidum cv. Ma
(4x) with a mean chiasmata frequency of 27.16 per cell
was compared with chiasmata frequencies in its hybrids
with several triticale strains, ‘Chinese Spring’ wheat and
its addition lines for ‘Imperial’ rye chromosomes 4R
and 6R. In hybrids between ‘Ma’ and X Triticosecale
cv. ‘Rosner’ the chiasmata frequency was marginally
reduced by an average of 1.25%, by 8.8% in hybrids
with X Triticosecale cv. ‘DRIRA’ HH and by 6.7% with
‘DRIRA’ EE (lacking 90% telomeric heterochromatin
from chromosome arm 7RL). In pentaploid hybrids
between ‘Ma’ and T. aestivum cv. ‘Chinese Spring’ the
reduction was an average of 10.30%, while addition
lines with rye chromosome 6R reduced chiasmata fre-
quencies by an average of 7.4% and rye addition line
for 4R showed the greatest depression in chiasmata fre-
quency in hybrids by a 25.04% reduction. An inter-
change difference involving long chromosome segments
was observed between ‘Ma’ and ‘Rosner’.
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Introduction

Genomes of rye (Secale cereale) and other species of
Secale have been shown to promote homoeologous
chromosome pairing in hybrids with Triticum aestivum
(Lelley 1976; Dvorak 1977).
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Similar effects were also observed in hybrids with different
polyploid species of Hordeum and in those with 6x Aegilops
crassa (Gupta and Fedak 1985a,b). In these earlier studies,
the genetic system inducing this pairing has been suggested to
be polygenic involving more than one rye chromosome. The
degree of meiotic pairing in some of the hybrids has been
attributed to the relative amounts of heterochromatin possessed
by genomes of different species of Secale (Gupta and Fedak
1985b).

In) view of the above, this study was initiated to
study firstly the effect of individual rye chromosomes
on meiotic pairing in intergeneric hybrids and secondly,
to study the effect of loss of specific heterochromatin
blocks on meiotic pairing in these hybrids. The first
objective could be achieved by using individual rye
chromosome addition lines on bread wheat and the
second by using the isogenic lines of triticale cultivars
‘Rosner’ 6R** and 6R™~ (Roupakias and Kaltsikes
1977) and ‘DRIRA’ HH and EE (Merker 1976) differing
in specific blocks of telomeric heterochromatin.

In order to achieve the above objective, a compara-
tive study of meiosis was undertaken in the following
parental and hybrid materials: (a) tetraploid wheat; (b)
pentaploid hybrids (4x wheatX6x triticale ‘Rosner’
6R*); (c) pentaploid hybrids (4x wheatX6x ftriticale
‘DRIRA’ EE); (e) pentaploid hybrids (4x wheatX6x
wheat ‘Chinese Spring’; (f) pentaploid hybrids with
2n =36 (4x wheat X ‘Imperial’ rye additions for 4R and
6R in 6x wheat ‘Chinese Spring’). Unfortunately, our
efforts to produce the 4x wheatX 6x triticale ‘Rosner’
6R™™ hybrids did not succeed. However, hybrids of
triticale ‘Rosner’ 6R** and ‘Rosner’ 6R™™ with 6x
H. parodii and those of triticale ‘DRIRA’ HH and
‘DRIRA’ EE with 4x H. jubatum, were also produced
which is a part of a separate study. The results of
meiosis in these hybrids with H. parodii and H. jubatum
are being published separately but will be utilized for a
relevant discussion in this communication.



Table 1. Different species/cultivars/stocks used in hybridization
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Species/cultivar Ploidy  Chromosome  Source
level no. (2 n)
1. T. turgidum
cv. ‘Ma’ 4x 28 A. Martin, Cordoba, Spain
2. X Triticosecale Wittmack
(a) cv. ‘Rosner’ (6R**, 6R™) 6x 42 University of Manitoba
(b) cv. ‘Drira’ (HH, EE) 6x 42 University of Manitoba
3. T. aestivum
(a) cv. ‘Chinese Spring’ 6x 42 University of Missouri
(b) Alien addition lines (4R, 6R) 6x 44 University of Missouri

Materials and methods

Plant material

The details of species and stocks used as parents with their
sources and other details are given in Table 1. Hexaploid
triticale ‘Rosner’ 6R** and ‘Rosner’ 6R™™ were isolated by
Roupakias and Kaltsikes (1977) and ‘DRIRA’ HH and
‘DRIRA’ EE were isolated by Merker (1976). ‘Rosner’ 6R™~
differs from 6R** in having lost 90% of the telomeric hetero-
chromatin of the short arm of 6R. Similarly, ‘DRIRA’ EE
differs from ‘DRIRA’ HH in having lost telomeric heterochro-
matin (90%) on the long arm of 7R. Seeds of the rye addition
lines were supplied by Dr. E. R. Sears, University of Missouri,
Columbia.

Plant culture

The plants were grown from seed in a controlled environment
cabinet at a temperature of 20°/15°C day/night and 16 h
days provided by a combination of fluorescent and incandes-
cent lamps supplying illumination at the intensity of 800 pE
m~2 s, The plants were vernalized where required as seed-
lings for 8 weeks at 4°C and 8 h days prior to planting in a
growth cabinet.

Crossing

Triticum turgidum cv. ‘Ma’ was always used as the female
parent, and its spikes were emasculated two days prior to
anthesis and bagged with dialysis tubing. Pollen from the
other parent in each case was coliected and applied to
emasculated spikes by means of a small brush. At 15 days
after pollination, the hybrid embryos were excised and plated
on a B; medium modified by the exclusion of 2,4-dichloro-
phenoxyacetic acid (2,4-D). When shoots appeared, seedlings
were moved into diffuse and eventually into strong light and
were raised in the same manner as the parental material.

Cytological methods

Spikes of hybrid plants were fixed in Carnoy’s solution (6
parts ethanol : 3 parts chloroform : 1 part glacial acetic acid)
for at least 24 h and squashed in acetocarmine. For better
staining, anthers of appropriate meiotic stages were immersed
in Snow’s solution (Snow 1963) overnight before they were
squashed.

Results

Production of hybrids

Data on seed set, embryo yield and plantlets raised
through embryo culture technique are given in Table 2.
All crosses were characterized by high seed set, how-
ever, a corresponding high yield of plantlets was not
obtained because of poorly differentiated embryos in
the seeds.

Meiosis in hybrids

The results of chromosome pairing in different hybrids
are given in Table 3 and characteristic meiotic con-
figurations are shown in Figs. 1-3. The chiasmata fre-
quency was reduced to different degrees in all hybrids
listed in Table 3 relative to that observed in Ma. The
reduction in chiasmata frequency was only negligible in
hybrids with X Triticosecale cv. ‘Rosner’ 6R** at an
average of 1.25%. The chiasmata frequencies in hybrids
with X Triticosecale cv. ‘DRIRA’ were all reduced
relative to ‘Ma’. The frequencies in the two hybrids with
‘DRIRA’ HH at 23.66 and 25.90 overlapped that with
the ‘DRIRA’ EE hybrid at 25.35 thus no conclusive
effect on chiasmata frequency can be attributed to the
telomeric heterochromatin on rye chromosome arm
TRL. The suppression of chiasmata frequency in the
hybrid carrying the genome of ‘Chinese Spring’ plus 6R
was not as great as that in the pentaploid hybrid
lacking 6R thus implying no chiasmata inducing
properties associated with 6R. Rye chromosome 4R had
the most pronounced effect on suppression of chiasmata
frequency in the 36 chromosome hybrid at 25.04%.

A quadrivalent configuration was observed in
82-90% of PMCs in the hybrids between Ma and
Rosner which was absent in meiocytes of all other
hybrids. Forty percent of the ring quadrivalents were
orientated as alternate arrangements of centromeres
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Table 2. Frequencies of seed set, embryo and plantlet yield in seven different crosses involving

Triticum turgidum cv. ‘Ma’

Florets
pollinated

Hybrid combination

Seeds
obtained?®

Plantlets
obtained®

Embryos
excised®

1. T. turgidum ‘Ma’
X
X Triticosecale ‘Rosner’ 6R** 32
2. T turgidum ‘Ma’
X
X Triticosecale ‘Rosner’ 6R™™ 36
3. T. turgidum ‘Ma’
X
X Triticosecale ‘DRIRA’ HH 38
4. T. turgidum ‘Ma’
X
X Triticosecale ‘DRIRA’ EE 38
5. T. turgidum ‘Ma’
X
T. aestivum ‘Chinese Spring’ 37
6. T. turgidum ‘Ma’
X
T. aestivum (+4R) 35
7. T. turgidum ‘Ma’
X
T. aestivum (+ 6R) 36

25 (78.1)

26 (72.2)

35(92.1)

32(84.2)

23 (62.2)

11 (31.4)

12 (33.3)

21(656)  3(9.4)
25(69.4) -

2(57.9)  2(53)
30(78.9)  1(2.6)
23(62.2)  3(8.1)
11(314)  2(5.7)

10278)  1(2.8)

® Figures in parenthesis represent values percent florets pollinated

(Table 4) while the remainder were arranged in adjacent
arrangements. A lower proportion of the quadrivalents
were arranged as open chain configurations.

Discussion

In the present study, results of chiasmata frequencies
observed in the maternal parent, i.e. 4x wheat (7. turgi-
dum cv. ‘Ma’) have been compared with those in
several pentaploid hybrids having an AABB tetraploid
component derived from two parents. These hybrids
different among themselves in several respects. First,
these hybrids had either a D genome or an R genome,
but not both. Second, the R genome from triticale cv.
‘DRIRA’ differed in the presence or absence of hetero-
chromatin content on the long arm of rye chromosome
7R. (Efforts to produce a hybrid lacking heterochro-
matin on the short arm of 6R from ‘Rosner’ were not
successful). Third, the D genome hybrids differed in the
presence or absence of rye chromosome 6R or 4R
(hybrids with other addition lines were not available
for study). In view of the above, several comparisons
were possible. It is obvious from the data presented in
Table 3 that chiasmata frequencies in all hybrids were
reduced relative to ‘Ma’.

The chiasmata frequency in the ‘Ma’ X ‘Rosner’ hybrid was
marginally reduced even with the presence of a translocation

which resulted in a low frequency of multivalents per cell.
‘Rosner’ and ‘DRIRA’ HH are both complete triticales, so the
differences in the meiotic behavior of their respective hybrids
with ‘Ma’ could have been attributed to genotypic effects were
it not for the translocations which enhanced the chiasmata
frequency in hybrids involving ‘Rosner’.

The chiasmata frequencies of the individual ‘Ma’ X ‘DRIRA’
HH hybrids overlapped those of the ‘Ma’x‘DRIRA’ EE
hybrid and although the effect of the latter on chiasmata fre-
quency appears to be marginally promotive the effect is
minimal and the logical conclusion is that the telomeric
heterochromatin on 7RL has a minimal effect on homologous
chromosome pairing.

The pentaploid hybrid, AA;BB,D between ‘Ma’ and
‘Chinese Spring’ was produced from a ‘Chinese Spring’-rye
chromosome addition line from which the rye chromosomes
had been eliminated, therefore the pentaploid and hybrids
with 4R and 6R as additions can be considered as isogenic
lines. On the average, the hybrids with the 6R chromosome
addition showed less of a reduction in chiasmata frequency
than did the pentaploid hybrid although there were hybrids
from each combination that had identical chiasmata frequen-
cies. With chromosome synapsis being the end result of an
oppositional system consisting of chromosomes with promo-
tional and others with suppression effects; chromosome 6R
has no effect on chiasmata frequency. This lack of effect
on homologous pairing should, of course, be differentiated
from homoeologous chromosome pairing induced be-
tween A, B and D genomes, in wheat X rye hybrids (ABDR),
because while in the former (AABBR), suppression of
the diploidizing system (5B system) may lead to multi-
valent formation; in the latter (ABDR) it will lead to only
bivalent or trivalent formation. Furthermore, while in the
former, homologous partners are available for pairing and
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there are two doses of the 5B system to be overcome by
the R genome, in the latter, the homologous partners are
not available for pairing and there is only one dose of
the 5B system to be overcome. Since no multivalents were
observed except in hybrids with ‘Rosner’, it can be safely
concluded that no homologous pairing is induced in these
hybrids while in ABDR hybrids, there is sufficient evi-
dence of induction of homoeologous pairing due to R ge-

Fig. 1. Metaphase I showing 14"+7' in a penta-
ploid hybrid, AABBD

Fig. 2. Metaphase I showing 13"+9' in a penta-
. ploid hybrid, AABBR

Fig.3. Metaphase I showing 1™+12"+7' in the

(e pentaploid hybrid AABBR between T. turgidum
cv. ‘M2’ and X Triticosecale cv. ‘Rosner’. (Note a
prominent interchange ring)

nome, leading to the formation of bivalents and trivalents
(Nakajima 1952; Nakajima and Zennyozi 1966; Miller and
Riley 1972; Mettin etal. 1976; Lelley 1976; Dvorak 1977). In
an earlier study on several hybrids involving various com-
binations of A, B, D and R genomes, Miller and Riley (1972)
concluded that a reduction in the dosage of wheat genomes
induces homoeologous pairing between rye chromosomes and
an increase in the dosage of rye genome does so between the
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Table 3. Chromosome association at metaphase I in pentaploid hybrids (4x wheat X 6x triticale; 4x

wheat X 6x wheat)
Parent/hybrid 2n 1 11 o v c¢ Xta (%redn) Cells
- over
Rings Rods Total Ma
1. T. turgidum cv. ‘Ma’ 28 7.0 13.19 0.81 1400 - - 097 27.19 26
(AABB) 28 7.0 13.12 0.88 14.00 — - 097 27.12 28
2. T. turgidum cv. ‘Ma’
X
X Triticosecale cv.
‘Rosner’ 6R** 35 7.03 11.14 1.03 11.17 0.03 0.89 0.96 26.84 1.18 35
(AABB,R) 35 7.09 11.36 0.82 12.18 0.09 0.82 0.96 2677 143 22
35 7.00 11.28 093 1221 - 090 096 26.84 1.18 29
26.82% 125*
3. T turgidum cv. ‘Ma’
X
X Triticosecale cv.
‘DRIRA’ HH 35 8.00 10.18 3.30 1348 0.01 — 0.85 2366 9.2 69
(AA,BB,R) 35 7.08 1194 202 1396 — - 093 259 46 48
24.78* 8.8*
4. T. turgidum cv. M2’
X
X Triticosecale cv.
‘DRIRA’ EE 35 726 1148 239 1387 - - 091 2535 67 93
(AA,BB,R)
5. T. turgidum cv. ‘Ma’
X 7.10 10.90 3.05 1395 - - 089 2485 85 20
T. aestivum cv. 35 7.10 1065 2.60 1325 - - 0.85 23.90 120 20
“‘Chinese Spring’ 24.35*10.3*
(AA,BB,D) 8.09 10.86 259 1345 — - 087 2431 105 22
6. T. turgidum cv. ‘Ma’
X 36 10.88 3.09 13.97 0.89 2485 8.5 20
T. aestivum cv. 25.19% 7.4*
‘Chinese Spring’+ 6R 11.56 230 1386 - — 091 2543 64 23
7. T. turgidum cv. ‘Ma’
X 36 748 541 1289 - - 073 2036 25.04 44

T. aestivum cv.,
‘Chinese Spring’+4R

Mean values

Table 4. Chromosome associations among chromosomes involved in an interchange and the orienta-
tions of interchange quadrivalents in Triticum turgidum ‘Ma’ X X Triticosecale ‘Rosner’ pentaploid

hybrids (AABBR)
No. of cells No. of cells with chromosome associations
scored
2[1 1 113 + 1 1 1 v
Adjacent Alternate Chain Total
86 8 3 39 26 10 75
Mean/PMC 0.09 0.03 0.46 0.30® 0.12 0.87

* 40% of total ring IV

wheat chromosomes. When AABBR and ABDR hybrids are
compared the ratio of wheat:rye genomes is 4:1 in the
former and 3:1 in the latter, suggesting that the relative
proportion of wheat genome has increased and that of rye
genome decreased in the present pentaploid hybrids when
compared with tetraploid ABDR hybrids exhibiting homoeolo-

gous pairing. This may also partly explain the absence of
homoeologous pairing in hybrids in the present study.

The above results do not mean that individual rye chro-
mosomes do not influence homologous pairing among wheat
chromosomes in hybrids. A comparison of the results of two
hybrids involving addition lines of wheat for 6R and 4R and



those of the pentaploid hybrid (AABBD), having no rye chro-
mosome, proves that at least rye chromosome 4R definitely
influences homologous pairing. In another study, Orellana
et al. (1984) studied meiosis in wheat-rye addition and substi-
tution lines and suggested that rye and wheat chromosomes
affect each other's homologous pairing. They also suggested
that the effect of 5R in the diminution of wheat chromosome
pairing was strongest and that of 3R the weakest. In the
present study, although pentaploid hybrids with rye chromo-
some SR (2n=136) were not available, those with 4R chromo-
some showed a definite effect in suppressing homologous
chromosome pairing (reduction 25.04%). This effect is much
higher than the one reported for 5R by Orellana et al. (1984),
who actually examined the effect in hexaploid addition and
substitution lines, while in the present study pentaploid
hybrids were used.

Our results on the effect of 4R can be examined with
another study conducted by us on the effect of three triticale
cultivars on the homoeologous pairing in 6x H. parodii (Gupta
and Fedak 1986). In these studies three cultivars of triticale
(‘Rosner’, ‘DRIRA’ and ‘Welsh’) were used. The maximum
pairing was observed in the hybrid with ‘Welsh’, having 2R/2D
or 4R/4D or 7R/7D substitution and no pairing was observed
in the ‘Rosner’ hybrid having a 2R/2D substitution or 2R/2D
translocation. This led us to conclude earlier that 2R has a
promotional effect and if ‘Welsh” does not have 2D/2R or 7D/7R
substitution then 4R may have a suppression effect on homoeolo-
gous pairing, If the difference in homoeologous and homologous
pairing is simply that of degree of relatedness, the same
mechanism may actually be involved in the two cases. We
propose to conduct further studies on the effect of different rye
chromosomes on homoeologous chromosome pairing in inter-
generic hybrids of rye with several genera of Triticineae
(Aegilops, Agropyron, Hordeum and Triticum), which should
further elucidate the effect of individual rye chromosomes on
homologous and homoeologous chromosome pairing in inter-
generic hybrids.

A comparison of chiasmata frequencies in the hybrids
with ‘DRIRA’ HH and ‘DRIRA’ EE should also be made to
understand the effect of telomeric heterochromatin located on
7RL. There was hardly any difference in chiasmata frequen-
cies, suggesting that this heterochromatin does influence the
homologous chromosome pairing in pentaploid (AABBR)
hybrids. Similar observations were made regarding the
homoeologous pairing between the H, and H, genomes in the
pentaploid hybrids obtained by crossing H. jubatum (2n=4x
=28=H,H,H,H,) with ‘DRIRA’ HH and ‘DRIRA’ EE
(Gupta and Fedak in preparation). However, the results in the
case of hybrids of H. parodii (2n=6x=42) with ‘Rosner’ 6R**
and 6R™" were different such that the chiasmata frequency in
hybrid with 6R™~ was slightly higher although the increase is
not really appreciable (0.58 in hybrid with 6R** and 0.94 and
1.40 in two hybrids with 6R™7). This increase, if attributed to
loss of heterochromatin, may be due to different organization
of repetitive sequences, because both 6RS and 7RL have all
the four repeat sequence families, including 480 bp, 610 bp,
120 bp and 630 bp (Jones and Flavell 1982).

Another noticeable feature in the present study was
the high frequency of cells with a quadrivalent observed
only in the T. turgidum X ‘Rosner’ hybrid. The fre-
quency was very high, with a single quadrivalent
observed in 82—-90% of PMCs. It is thus apparent that
the quadrivalent could not have resulted due to
homoeologous pairing, but must be due to a difference
for an interchange between two non-homologous chro-
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mosomes from among the chromosomes of A and B
genomes in the two parents.

The data on chromosome associations presented in
Table 4 clearly indicate that long segments of chro-
mosomes are involved in the interchange. This is
evident from the high frequency of cells with quadri-
valents and trivalents (91% of cells) and, from the fact that
the alternate orientation of the ring quadrivalent is
achieved in 40% of the cells. Although orientation of the
interchange quadrivalent may be genetically regulated,
alternate orientation is facilitated by median centro-
meres and exchange of long segments. The chromo-
somes involved in the interchange can be identified by
crossing ‘Ma’ as well as ‘Rosner’ with ditelocentrics
available in ‘Chinese Spring’, followed by a study of
meiosis in the F; hybrids.
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