
Introduction

The species within the Lolium-Festuca complex are

adapted to a wide range of ecological conditions

and comprise complementary characters that are

regarded as useful agronomic attributes. The genus

Lolium consists of diploid (2n = 2x = 14) species.

Among them, L. multiflorum (Lm) and L. perenne

(Lp) represent the most important forage grasses

for European agriculture, with high productivity

and quality but rather poor persistency under stress

conditions. The Festuca species are geographically

more widely distributed, compared to Lolium,

and range from diploid (2n = 2x = 14) to decaploid

(2n = 10x = 70) species (Borrill et al. 1976).

The most important Festuca species – F. pratensis

(2n = 2x = 14; Fp) and F. arundinacea (2n = 6x = 42)

can provide greater tolerance to climatic stresses,

although they have inferior seedling vigour

and nutritive value than Lolium. These Lolium

and Festuca species hybridise readily and their

homoeologous chromosomes pair and recombine

at a sufficient frequency, enabling the assembling

of their complementary characters within a single

genotype (Humphreys et al. 1997).
L. multiflorum and F. pratensis can hybridise at

different ploidy levels, producing diploid, triploid
and tetraploid hybrids (Jauhar 1993;
Zwierzykowski 1996 for review). Although
diploid hybrids L. multiflorum (2n = 2x = 14) ×
F. pratensis (2n = 2x = 14) exhibit full
chromosome pairing, they are completely sterile
(Jauhar 1975; Werner 1983). In contrast to diploid
hybrids, tetraploid hybrids L. multiflorum (2n = 4x
= 28) × F. pratensis (2n = 4x = 28) are both male-
and female-fertile (Zwierzykowski and
Rybczyñski 1981). In triploid hybrids –
L. multiflorum (4x) × F. pratensis (2x) and
L. multiflorum (2x) × F. pratensis (4x) –
chromosome pairing and fertility depend on the
proportions of parental genomes and cytoplasm
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present (Naganowska et al. 2001). The reciprocal
hybrids with a diploid set of Lolium chromosomes
and a haploid set of Festuca chromosomes have
considerable pollen fertility. However, those with
a haploid set of Lolium chromosomes and
a diploid set of Festuca chromosomes remain
infertile (Jauhar 1975; Naganowska et al. 2001).

The analysis of meiotic chromosome behav-
iour in the triploids and especially the knowledge
about the frequency of intergeneric chromosome
pairing in these hybrids is crucial not only from
the theoretical point of view (comparison of dif-
ferent chromosome associations depending on dif-
ferent genome doses and genetic background) but
also from the practical point of view, since fertile,
reciprocal L. multiflorum (4x) × F. pratensis (2x)
and F. pratensis (2x) × L. multiflorum (4x)
autoallotriploids are often used as an initial plant
material for introgression of Festuca genes
(e.g. genes for abiotic stress resistance) to the
Lolium genome in the backcross breeding
programmes (Zwierzykowski et al. 1999;
Kosmala et al. 2006).

The accuracy of meiotic chromosome associa-
tion analysis within the Lolium-Festuca complex
was improved after development of the genomic
in situ hybridisation (GISH) technique that en-
ables the parental chromosomes of Lolium and
Festuca to be distinguished in the intergeneric hy-
brids and their derivatives (King et al. 1999; Cao
et al. 2000; Morgan et al. 2001).

Recently, we described the backcross breeding
programme involving partially fertile, triploid (2n =
3x = 21) hybrids F. pratensis (2x) L. multiflorum

(4x) (using the same F1 genotypes F1-57/1/17 and
F1-57/3/1 as in this study) as an initial plant material
for backcrosses with diploid L. multiflorum cultivars
to transfer frost resistance from Festuca to Lolium

(Kosmala et al. 2006). We also presented how
a single F. pratensis chromosome segment for
improved frost tolerance was mapped to Lolium

chromosomes 2 and 4 in the selected, diploid BC2

introgression forms by combinatory use of GISH
and fluorescence in situ hybridisation (FISH) with
rDNA probes (Kosmala et al. 2006). Herein,
on the example of 2 F1 genotypes of F. pratensis

(2x) × L. multiflorum (4x), we describe for the first
time the chromosome pairing associations
revealed by GISH at metaphase I in pollen mother
cells (PMCs) of F. pratensis × L. multiflorum

triploids. The approach is similar to that described
previously by King et al. (1999) for L. perenne

(4x) × F. pratensis (2x) and follows earlier results
obtained by Jauhar (1975) and Naganowska et al.

(2001), who analysed meiosis in reciprocal
triploid hybrids of L. multiflorum with F. pratensis

without using GISH.

Materials and methods

Plant material

Two partially fertile, triploid (2n = 3x = 21)
hybrids used in GISH analyses – F1-57/1/17 and
F1-57/3/1 (designated FpLmLm) were produced
by crossing the diploid (2n = 2x = 14) F. pratensis

(designated FpFp) cv. Merbeen, used as the
female parent, with the autotetraploid (2n = 4x =
28) L. multiflorum (designated LmLmLmLm) cvs.
Lotos and Gran, respectively, used as the male
parent. In each cross, different individuals
of F. pratensis cv. Merbeen were used
(Zwierzykowski et al. 1999).

Meiotic chromosome preparations

Inflorescences of the F1 (3x) hybrids used in
the study of chromosome pairing relationships
were fixed in absolute ethanol : glacial acetic acid
(3 : 1) mixture at 37oC for 7 days, and anthers were
squashed in 45% acetic acid. Chromosome associ-
ations at metaphase I of meiosis were analysed by
GISH in 50 PMCs per genotype.

Genomic in situ hybridisation (GISH)

To discriminate between Lm and Fp
chromosomes, total genomic DNA of Lm cv. Tur
was used as a probe and labelled with
digoxygenin-11-dUTP by nick translation
(according to the Roche protocol). Total genomic
DNA of Fp cv. Skra to be used as a blocker was
prepared by boiling of 400 µg DNA (1 µg µL–1)
in 0.4 M NaOH for 45 min, and applied at a ratio
of 1:60 (probe : blocker). All steps in the GISH
protocol were according to Masoudi-Nejad et al.
(2002). The hybridisation signals were detected by
incubation with anti-digoxygenin-fluorescein
(Roche) at the final concentration of 2 µg mL–1

at 37oC for 40 min. Preparations were analysed
by using Nikon Optiphot-2 epifluorescence
microscope and photographed on Fuji 800 films.
For each PMC analysed, the total number of
chromosomes, the number of chromosomes from
each parent, and detailed chromosome pairing
pattern (the number of particular chromosome
configurations) were determined. The mean
values for the frequencies of chromosome
configurations were also calculated.
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Results

The GISH technique enabled Lm and Fp chromo-
somes to be distinguished in each PMC observed.
Thus, it was possible to record the presence or ab-
sence and position of the Lm and Fp chromosomes
in each meiotic metaphase I configuration. All the
analysed PMCs in both F1 genotypes had 21 chro-
mosomes – 14 Lm and 7 Fp. Furthermore, there
were no significant differences in chromosome
configuration frequencies between both plants.
Lolium chromosomes showed preferential homol-
ogous pairing, manifested in a relatively high
number of Lm/Lm bivalents (most of which were
ring-shaped) and Fp univalents, as well as a low

number of Lm/Fp bivalents and Lm univalents.
The Lm and Fp chromosomes formed also
Lm/Lm/Fp trivalents; the mean number of this
configuration type per cell was almost twice as
high as the mean numbers of Lm/Lm bivalents and
of Fp univalents (Table 1). Two Fp/Fp bivalents
and one Lm/Lm/Lm trivalent were also observed
per all 100 PMCs analysed.

No cells with 7 trivalents were found. Most of
the Lm/Lm/Fp trivalents were frying-pan-shaped
(58.6%) but the other types of trivalents –
chain-shaped (29.4%) and V – and T-shaped
(12.0%) – were also observed. In 90.6% of fry-
ing-pan-shaped configurations, the Fp chromo-
some was located in the handle, while in the
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Table 1. Chromosome configurations at metaphase I of meiosis in 2 triploid (2n = 3x = 21) F1 hybrids
F. pratensis (2x) × L. multiflorum (4x)

F1 plant symbol No. of cells
studied

Chromosome configurations*

univalents bivalents trivalents

Lm Fp Lm/Lm Lm/Fp Lm/Lm/Fp

57/1/17 50 0–4 (0.68) 0–7 (2.32) 0–7 (2.26) 0–1 (0.48) 0–6 (4.16)

57/3/1 50 0–4 (0.74) 0–6 (2.16) 0–6 (2.10) 0–2 (0.60) 0–6 (4.20)

Total 100 0–4 (0.71) 0–7 (2.24) 0–7 (2.18) 0–2 (0.54) 0–6 (4.18)

* in brackets, mean values for all analysed cells

Figure 1. GISH analyses of chromosome associations at metaphase I of meiosis in pollen mother cells of 2 F1 hybrids
Festuca pratensis (2x) × Lolium multiflorum (4x). GISH images created for total genomic DNA of L. multiflorum

as a probe labelled with digoxygenin and detected by anti-digoxygenin conjugated with fluorescein (yellow), with
blocking genomic DNA of F. pratensis (red). Chromosomes were counterstained with propidium iodide. (a) 7 Fp
univalents and 7 Lm bivalents, (b) rod Fp/Fp bivalent (arrow), (c) rod Lm/Fp bivalent (arrow), (d) ring Lm/Lm bivalent
and 2 chain-shaped Lm/Lm/Fp trivalents (arrows), (e) frying pan-shaped Lm/Lm/Fp trivalent (arrow), (f) V-shaped

Lm/Lm/Fp trivalent (arrow), (g) 1 Lm univalent, 1 Lm/Fp bivalent, and 6 frying pan-shaped Lm/Lm/Fp trivalents.



remaining cases, in the ring of the trivalent. In
87.0% of chain-shaped associates, the Fp chromo-
some was observed at the end of the trivalent, but
in the remaining cases, at the middle position be-
tween 2 Lm chromosomes. The examples of chro-
mosome configurations at metaphase I of meiosis
revealed by GISH are presented in Figure 1.

Discussion

Triploid hybrids between diploid and autotetraploid
forms of L. multiflorum and F. pratensis have been
produced before (Zwierzykowski 1987; Humphreys
and Thorogood 1993; Thomas et al. 1994;
Zwierzykowski et al. 1999), but so far, no detailed
analyses of chromosome behaviour at metaphase I
of meiosis in these hybrids have been performed by
GISH. All the information regarding the probable
level of intergeneric pairing in PMCs of the recip-
rocal triploid hybrids of L. multiflorum with
F. pratensis were calculated indirectly, on the ba-
sis of the genomic structure of their derivatives.
For example, we know that the BC1 and BC2 plants
derived from the backcrosses of F. pratensis (2x) ×
L. multiflorum (4x) hybrids into L. multiflorum (2x)
varied greatly in respect of their genomic structure –
the number of chromosomes, the number of parental
and recombined chromosomes, the number of
translocation breakpoints (Zwierzykowski et al.
1999; Kosmala et al. 2006). Furthermore,
the translocation breakpoints in these plants were
distributed along the entire lengths of chromosome
arms, from the centromere to the telomere. Such
a wide distribution of crossing-over was surpris-
ing, because the parental species of these hybrids
are known to have localized distal chiasmata
(Rees and Dale 1974).

In the current paper we present for the first time
the results of chromosome pairing analysis ob-
tained by using GISH for PMCs of
F. pratensis (2x) × L. multiflorum (4x). Similar in-
vestigations were performed earlier by King et al.
(1999) for L. perenne (4x) × F. pratensis (2x) hy-
brids. The frequency of meiotic chromosome as-
sociates revealed in their study by GISH in the
LpLpFp, where 2 homologous Lp chromosomes
and 1 homoeologous Fp chromosome are present,
showed that chromosome pairing was strictly
preferential between Lp chromosomes. Those au-
thors fairly concluded that in the absence of pref-
erential pairing, the 3 chromosomes of the same
homologous/homoeologous group (2 Lp and 1 Fp
chromosomes) should pair with each other at ran-

dom. Thus, in the absence of trivalents, the ratio
of Lp/Fp bivalents to Lp/Lp bivalents should be
2:1. Moreover, there should be also twice as many
Lp univalents as Fp univalents. However, in
72 PMCs analysed, King et al. (1999) observed
only 28 Lp/Fp bivalents and 235 Lp/Lp bivalents.
There were also significantly more Fp univalents
(239) than Lp univalents (39) in all the cells ana-
lysed. In the work described herein, we identified
54 Lm/Fp and 218 Lm/Lm bivalents in 100 PMCs
analysed. Moreover, the number of Fp univalents
(224) significantly exceeded the number of Lm
univalents (41). Thus, the tendency of occurrence
of this chromosome configuration was similar in
both LpLpFp and FpLmLm triploids and chromo-
some pairing was shown to be preferential be-
tween Lp(Lm) chromosomes. Furthermore, the
other observations regarding chromosome pairing
within the trivalents also confirmed this preferen-
tial pairing in the analysed triploids, as the Fp
chromosome was not randomly located in the
chain- and frying-pan-shaped trivalents both in
those of King et al. (1999) and in our triploids ana-
lysed. Though homologous pairing of Lolium

chromosomes in both FpLmLm and LpLpFp hy-
brids was proved to be preferential, the mean fre-
quencies of the particular chromosome
configurations were different in FpLmLm, com-
pared to LpLpFp hybrids. Generally, we observed
more Lm univalents, Lm/Fp bivalents and
Lm/Lm/Fp trivalents in the FpLmLm hybrid,
compared to the LpLpFp hybrid. Furthermore,
fewer Fp univalents and Lm/Lm bivalents in the
FpLmLm, compared to the frequency of Fp
univalents and Lp/Lp bivalents in the LpLpFp,
were also observed. These data indicate that the
level of the preferential chromosome pairing be-
tween Lolium chromosomes is different in both
triploids. The chromosome pairing seems to be
more preferential between Lp chromosomes in
L. perenne (4x) × F. pratensis (2x) hybrids ana-
lysed by King et al. (1999), compared to the chro-
mosome pairing between Lm chromosomes in
F. pratensis (2x) × L. multiflorum (4x) hybrids
analysed herein. The observations could suggest
that the genomes of L. multiflorum and
F. pratensis are more closely related than the
genomes of L. perenne and F. pratensis, but no de-
tailed investigations regarding this question have
been performed so far. The ease of hybridisation
and the frequency of homoeologous chromosome
pairing both in diploid Lm(Lp)Fp and triploid
Lm(Lp)Lm(Lp)Fp hybrids indicate that all the 3
species are closely related. In contrast, the sterility

218 A. Kosmala et al.



of the diploid intergeneric hybrids, the ease with
which Lm(Lp) and Fp chromosomes can be distin-
guished by using GISH, and the position and num-
ber of rDNA loci in the species (Thomas et al.
1996, 1997) indicate that they are distantly related.
The differences in the level of preferential chro-
mosome pairing of Lolium chromosomes ob-
served between LpLpFp and FpLmLm hybrids are
now difficult to explain, as L. multiflorum and
L. perenne genomes (even, what is the most im-
portant, the repetitive DNA fractions of the 2 spe-
cies) are so similar that they cannot be
distinguished in the hybrids by GISH. Before
drawing any firm conclusions regarding this sub-
ject, the influence of environmental conditions on
chromosome associations at meiosis should be
also considered, as it was previously shown for
F. mairei × F. glaucescens hybrids (Kopyto et al.
1989).

An extensive analysis of chromosome pairing
in the reciprocal triploid hybrids of L. multiflorum

with F. pratensis was performed by Naganowska
et al. (2001) without using GISH. Those authors
reported 2.22 univalents (both Lm and Fp
univalents were included into 1 group), 5.22 biva-
lents (Lm/Lm, Lm/Fp and Fp/Fp) and 2.75
trivalents (all the possible configurations:
Lm/Lm/Fp, Lm/Lm/Lm, Lm/Fp/Fp and
Fp/Fp/Fp) as mean values for 1 PMC of
F. pratensis (2x) × L. multiflorum (4x) hybrids.
These data significantly differed from our results
herein, in respect of the frequency of the bivalents
and trivalents; we identified 2.72 bivalents and
4.18 trivalents per PMC analysed. One of the pos-
sible reasons of these differences, excluding envi-
ronmental conditions influence, could be a manner
of plant selection for meiotic analysis, which was
different in both cases. Naganowska et al. (2001)
analysed 180 PMCs derived from 6 F1 individuals,
randomly selected from a bigger population.
Two triploids used in our research were not se-
lected at random. These 2 genotypes, exactly,
were previously used as an initial plant material
for the introgression of frost tolerance genes from
F. pratensis into diploid cultivars of
L. multiflorum (Kosmala et al. 2006). Thus, these
plants, before including them into the backcross
procedure, had been selected for their high vigour
and fertility (data not shown). Similarly to our re-
sults, Naganowska et al. (2001) observed no cells
with 7 trivalents but more (90.9%) frying-pan-
shaped trivalents were found, compared to the fre-
quency of this chromosome configuration identi-
fied herein (58.6%). On the other hand, studies

of meiosis in the LmLmFp hybrid, performed by
Jauhar (1975), showed that about a half of the tri-
valent configurations were of the frying-pan type,
similarly to our results.

Among the other chromosome configurations,
we observed 2 Fp/Fp bivalents and 1 Lm/Lm/Lm
trivalent per all 100 PMCs analysed. King et al.
(1999) also observed 2 Fp/Fp configurations per
all 72 PMCs of a L. perenne (4x) × F. pratensis

(2x) hybrid. This type of associations, although
rare, has been also documented in other hybrids,
including L. multiflorum × F. drymeja diploids
(Thomas and Morgan 1990).

Further analyses of chromosome pairing using
GISH in all 4 possible combinations of triploid
hybrids between diploid and tetraploid
L. multiflorum and F. pratensis are required to
compare the occurrence of different chromosome
associations with different genome doses and
genetic background.

Conclusions

The chromosome pairing at metaphase I in PMCs
of F. pratensis (2x) × L. multiflorum (4x) hybrids
was shown to be preferential between Lolium

chromosomes, similarly to the chromosome pair-
ing pattern estimated earlier for L. perenne (4x) ×
F. pratensis (2x) hybrids. In the case of both hy-
brid types, a high number of Lolium bivalents and
Fp univalents compared to a low number of
homoeologous bivalents and Lolium univalents
was identified. Intergeneric chromosome pairing
was observed not only within Lolium/Festuca bi-
valents but also in a relatively high number
of trivalents with 2 Lolium chromosomes and 1 Fp
chromosome. However, the mean frequency of the
intergeneric associates was higher in the case
of the Lm and Fp, compared to the Lp and Fp chro-
mosomes. Despite that difference, the level and
range of intergeneric recombination in both trip-
loids seems to be sufficient for transferring the
genes for important agricultural traits between
Lolium species and F. pratensis by using the
triploid L. perenne (4x) × F. pratensis (2x) and
L. multiflorum (4x) × F. pratensis (2x) hybrids as
an initial plant material in backcross procedures.
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