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Summary. The meiotic behaviour of F, hybrids of hexa-
ploid Triticale that differed in their genotypic or chromo-
somic constitution, and diploid rye, was investigated.
Meiotic analysis were done by Feulgen and C-banding
staining methods. A differential desynaptic effect in the
hybrids was detected and explained in terms of genetic
differences in pairing regulators. The high homoeologous
pairing (A-B wheat chromosomes and wheat-rye chromo-
somes) observed in the hybrids can be explained in terms
of an inhibition of the effect of a single dose of the Ph
allele of the 5B chromosome produced by two doses of
the SR chromosome. The higher homoeologous pairing
detected in the hybrid 188 X ‘Canaleja’ could be the over-
all result of the balance between the Ph diploidizing sys-
tem (1 dose), the pairing promoter of the SR chromosome
(2 doses) and that of the 3D chromosome (1 dose coming
from the parental line Triticale with the substitution 3R
by 3D).
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Introduction

Giemsa banding techniques have been extensively used in
the study of chromosomes banding pattern in plant cy-
tology. Sarma and Natarajan (1973) and Merker (1973)
were the first to reveal the C-banding pattern of the chro-
mosomes of rye and Triticale. The study was extended
subsequently to several varieties of the same or different
species of rye (Gill and Kimber 1974a; Verma and Rees
1974; Vosa 1974; Weimarck 1975; Singh and Robbelen
1975; Nakata et al. 1977) and wheat (Gill and Kimber
1974b, 1977). Giemsa C-banding techniques have also
been used to study wheat-rye homoeologous affinity (Gill
and Kimber 1974b; Darvey and Gustafson 1975; Gustaf-

son et al. 1976; de Vries and Sybenga 1976; Zeller et al.
1977), to detect chromosome segment deletions or trans-
locations (Singh and Roébbelen 1976; Gill and Kimber
1977), to investigate the origin of B genome of wheat
(Hadlaczky and Belea 1975), to reveal chromosome addi-
tions and substitutions in wheat and Triticale (Darvey and
Gustafson 1975; Zeller 1973) and to identify chromo-
somes present in 4x-Triticale (Gustafson and Krolow
1978). Terminal and centromeric dark bands in rye chro-
mosomes and intercalary faint bands in wheat chromo-
somes have been used as identifying features in all the
above-mentioned studies.

Studies of meiotic behaviour in hybrids between Triti-
cale and rye have been carried out by several authors (Tar-
kowski 1969; Kiss and Videki 1970; Krolow 1973; Ber-
nard and Bernard 1978; Jouve and Montalvo 1978). How-
ever, meiotic analysis were done by techniques that do
not permit individual identification of the chromosomes
of rye and wheat in the hybrids.

The present study was undertaken in order to investi-
gate reciprocal influences between wheat and rye genomes
and its particular contribution at the meiotic pairing in F,
hybrids of hexaploid Triticale and diploid rye, by means
of Feulgen and C-banding staining methods.

Materials and Methods

A series of plants including seven 6x-Triticale by 2x-rye hybrids
were cytologically investigated. Female parents used in the obten-
tion of the hybrids were plants of the following lines of 6x-Triti-
cale: Cachirulo, 188, 192, 477, IM 78, JM 135 and Dicoccoides.
Male parents were plants of a diploid line of Secale cereale L.
known as Canaleja.

Hybrids were cytologically analyzed and meiotic observations
for irregularities at first metaphase were made (a minimal number
of 30 PMC’s per plant at different meiotic stages were analysed).
Anthers for meiotic analysis of PMC’s were fixed in Carnoy’s fixa-
tive and stained by the Feulgen and C-banding methods. In order
to detect chromosome substitutions in Triticale parents, karyo-
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typic analysis in root tips of these materials using C-banding stain-
ing were carried out.

The procedure for C-Banding was standardized as follows:
fixed material in spread and squashed on glass slides with a drop of
45% acetic acid. The cover is removed after CO,-freezing and the
material bound to slides is dehydrated with absolute alcohol
(98%), during 24 hours. The slides are air-dried and then immersed
for 3 minutes in 0.2 N HCI in a 60°C water bath. After hydrolisis
the slides are washed in three changes of distilled water for a total
of one minute. Denaturation is carried out in a fresh saturated
solution of barium hydroxide (5 g. Ba(OH),-8H,0 in 100 ml.
distilled water). The slides are rinsed in distilled water for ten
minutes, changing the water three times. Renaturation is obtained
by means of hydrolisis in hot (60°C) 2xSSC for one hour (to
prepare 20xSSC: disolve 35.06 g. NaCl and 17.64 g. of
Na,C,H,0,+2H, 0 in 200 ml. of distilled water; working solution
is obtained by dilution with distilled water; pH will be 7.67).
Slides are stained by immersion in Giemsa solution (3 ml. stock
solution Gurr’s improved R66 in 60 ml. Sorensen phosphate biif-
fer, pH 6.9: 30 ml. KH,PO, and 30 ml. NaHPO,), during 3 or
more minutes. The staining is checked at intervals of one minute
to avoid overstaining. Slides with appropriate staining are quickly
rinsed in distilled water, dryed in air, and stored in Xylol over-
night. Preparations are made permanent using Depe-X mounting
media.

Resuits
Chromosome Substitutions in Female Parents

Giemsa C-banding technique has been used to investigate
the somatic chromosome constitution of hexaploid Triti-
cales used in the development of the hybrids. No chromo-
some substitutions were observed in the lines Cachirulo,
192,477, IM 78, M 135 and Dicoccoides, all showing 7

Fig. 2.
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pairs of rye chromosomes in all root tip meristem cells
analyzed. On the other hand strain 188 showed only 6
pairs of rye chromosomes, which means that it is a substi-
tution line. Strain 188 is a secondary line derived by self-
ing from an hybrid between the Spanish hexaploid Triti-
cale Cachirulo and a dwarf mutant of the common wheat
Marfed. Results of individual analysis of several plant of
this strain lead to the assumption that rye chromosome
3R has been replaced by wheat chromosome 3D.

Pairing at Diakinesis

Data on chromosome associations at diakinesis detected in
three hybrids are given in Table 1. The average of biva-
lents in the hybrids was close to 13. A minimum of 2
bivalents was detected in all plants analyzed (Fig. 1).

Pairing at Metaphase I: Feulgen Staining Method

Results of meiotic pairing at metaphase I in the hybrids
are registered in Table 2. It can be seen that pairing was
variable, the total number of bivalents being always less
than 10 (Fig. 2).

Pairing at Metaphase I: C-banding Staining Method

Data on meiotic behaviour presented as mean number of

chromosome associations are given in Table 3. It is per-
haps of interest to note: (1) the higher number of uni-

Fig. 3.

Fig. 1. Diakinesis configuration of the hybrid 192 X Canaleja showing 14 bivalents (Feulgen staining). Fig. 2. Metaphase I configuration
of the hybrid 188 X Canaleja showing 15 univalents + 5 bivalents + 1 trivalent (Feulgen staining). Fig. 3. Metaphase I configuration of
the hybrid JM 78 X Canaleja showing 7 rye bivalents + 14 wheat univalents (C-banding staining)
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Table 1. Chromosome pairing at diakinesis in hybrids Triticale X rye analyzed by Feulgen

staining method

Material Mean univalents Mean bivalents per PMC (range) Mean chiasmata
per PMC per PMC
(range) Open Closed (range)

188 X Canaleja 1.3 (04) 2.8(14) 10.5 (2-12) 27.2 (24-32)

192 X Canaleja 1.4 (0-6) 3.1 (1-5) 10.2 (5-12) 25.6 (18-30)

JM 135 X Canaleja 2.5 (0-8) 3.334-7 9.4 (4-11) 32.9 (20-29)

valents of A and B wheat genomes than of R rye genomes,
(2) the higher number of bivalents of rye chromosomes
than of wheat chromosomes, (3) the presence of wheat-
rye bivalents, (4) the variability of the relative ratios of
homoeologous (A-B and A or B-R) to homologous pairing
(R-R) in the hybrids. The high homoeologous detected in
the hybrid 188 x Canaleja is to be remarked (Fig. 3).

Discussion

Our results on the variability of pairing among hybrids are
in agreement with previous observations reported by Ber-
nard and Bernard (1978). The desynaptic effect may be

explained in terms of genetic differences in the system
that interferes in part with chiasmata formation during
pairing of homologous chromosomes from parental lines
of Triticale. Lelley (1974) suggested a genetic system
regulating the decrease in chiasmata rate in three hexa-
ploid Triticale lines and their hybrids, and Jouve et al.
(1977) pointed out that differences in meiotic behaviour
in several lines of hexaploid Triticale (JM 78 and JM 135
included) could be explained by genetic differences in
pairing regulators, indirectly acquired during selection
processes of fertility improvement.

Assuming a strictly homologous pairing, a 14 univa-
lents (7'5 + 7'g) and 7 bivalents (7''g g ) pattern of pairing
was to be expected. However, PMC’s with more than 7

Table 2. Chromosome pairing at metaphase I in hybrids Triticale X rye analyzed by Feulgen staining method

Material Mean univalents Mean bivalents per PMC (range) Mean trivalents Mean chiasmata
per PMC per PMC per PMC
(range) Open Closed (range) (range)
Cachirulo X Canaleja 11.7 (6-20) 4.2 (0-9) 3.9 (1-5) 13.7 (7-21)
188 X Canaleja 11.3 (2-16) 3.9 (2-8) 4.4 (1-7) 0.04 (0-1) 13.1 (7-21)
192 X Canaleja 9.3 (2-18) 4.4 (0-10) 4.9 (0-8) 15.2 (8-21)
477 X Canaleja 15.2 (6-24) 4.9 (0-8) 1.4 (0-5) 0.05 (0-1) 7.8 (4-14)
JM 78 X Canaleja 19.7 (10-28) 3.2(0-7) 0.9 (04) 5.3 (0-15)
JM 135 X Canaleja 9.5 (2-18) 5.1 (2-9) 4.1 (2-8) 0.03 (0-1) 13.1 (5-21)
Dicoccoides X Canaleja 19.6 (10-22) 2.7 (0-5) 1.4 (0-5) 0.05 (0-1) 9.1 4-17)
Table 3. Chromosome pairing at metaphase 1in hybrids Triticale X rye analisis by C-banding technique
Material Mean univalents Mean open bivalents Mean closed bivalents per PMC Mean trivalents
per PMC (range) per PMC (range) per PMC (range)
2-Xata (range) 3-Xata (range)
w R w R W-R w R W-R w R W-R-R
188 X Canaleja 43 2.2 3.2 1.7 1.1 1.8 2.4 0.1 0.2 0.2 0.07
(1-8) (0-8) (1-6) (04) (03) 0-6) (14 (©0-2) o1 @©1 ©1
477 X Canaleja 10.8 4.5 1.4 33 0.2 1.1 0.3
(8-14) (2-8) 0-2) (2-5) ©0-2) (©0-3) (0-1)
JM 78 X Canaleja  11.8 54 0.7 2.6 0.2 0.2 1.5 0.1
(8-14) (0-10) ©-3) (©06) (02 0-2) (04 (0-2)
IJM 135 X Canaleja 7.9 1.6 1.7 2.5 0.3 1.2 29 0.02 0.6
2-14) (0-6) 0-6) (0-3) (0-3) ©-3) (0-6) ©0-1) (©-2)

W = wheat chromosomes; R = rye chromosomes; W-R = wheat-rye bivalents; W-R-R = wheat-rye-rye trivalents
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bivalents and with more than 14 univalents were detected
in all hybrids. This fact can be explained in terms of an
intensification of homoeologous pairing and a reduction
of homologous pairing due to mutual interactions be-
tween wheat and rye genetic systems of meiotic regulation
in the hybrids.

An increase of homoeologous pairing in the haploid
complement of common wheat chromosomes by addition
of increasing doses of rye genome (0 to 3) was reported
by Miller and Riley (1972) and Riley et al. (1973). The
effect seems to depend on the balance between the 5B
chromosome of wheat (one dose), which shows a diploidi-
zing genetic system Pk located on the long arm (Wall et al.
1971a and b), and the number of doses of chromosome
5R from rye, which has a pairing promoter on the short
arm, which enhances homoeologous pairing of the chromo-
somes from wheat. The high homoeologous pairing ob-
served in the hybrids studied here can be explained in
terms of an inhibition of the effect of a single dose of the
Ph allele of the 5B chromosome produced by two doses of
the SR chromosome. The higher homoeologous pairing
detected in the hybrid 188 x Canaleja could be the overall
result of the new balance between the Ph diploidizing
system of the 5B chromosome (1 dose) the pairing pro-
moter of the SR chromosome (2 doses) and that of 3D
chromosome (1 dose) which has also a pairing regulator
system (Mello-Sampayo 1971; Mello-Sampayo and Canas
1973; Sears 1976).

Pairing of wheat and rye chromosomes has been re-
ported in other materials (Mettin et al. 1976; Schlegel
1977; Dhaliwal et al. 1977; Pohler and Kistner 1977).
This homoeologous pairing seems to be increased by the
presence of chromosome 3D. Our results about individual
chromosome associations suggest that the increase of
wheat-rye pairing in the hybrid 188 x Canaleja may not
be solely the result of specific effect of chromosome 3D,
and that an increase in general homoeologous pairing be-
cause of the new interaction of genetic system of pairing
should be also taken into account.

It is hoped that further study of genome influences
will permit new recombinations involving Triticale, in
order to increase germplasm stores in this synthetic crop.
The inconvenience of self-sterility in Triticale X rye F,
hybrids would not be important if these hybrids were
used as female parents in the first generation in successive
substitution backcrosses using Triticale as the recurrent
parent.
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