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Hordeum vulgare x H. bulbosum tetraploid hybrid
provides useful agronomic introgression lines for breeders
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Abstract A sterile hybrid between barley and
Hordeum bulbosum L. that showed regular chromo-
some pairing at meiotic metaphase was treated with
colchicine to induce polyploidy to restore fertility.
Selfed diploid progenies of this hybrid were screened
for resistance to leaf rust and powdery mildew and
the presence of other H. bulbosum-Vke, characters.
A combination of fluorescent in situ hybridisation
(FISH) and genomic in situ hybridisation (GISH)
was used to identify and characterise introgressed
chromosome segments of H. bulbosum chromatin
and to locate them to specific barley chromosomes.
The size of introgression segments varied consider-
ably between different plants. This material provides
valuable new germplasm for breeding disease resist-
ant barley.
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INTRODUCTION

There are three gene pools of cultivated barley,
Hordeum vulgare L., based on several criteria incl-
uding ease of interspecific hybridisations and
molecular and cytogenetic analyses. The primary
gene pool comprises cultivated barley and H. vulgare
ssp. spontaneum, the secondary gene pool consists
of H. bulbosum L., and the tertiary gene pool incl-
udes the remaining 30 Hordeum species (Bothmer
et al. 1995). Most efforts to improve the disease
resistance of H. vulgare have concentrated on intra-
specific H. vulgare crosses or hybridisations between
cultivated barley and H. vulgare ssp. spontaneum
(Lehmann 1991; Nevo 1992; Eglinton et al. 1999).
However, successful introgression of useful genes
from H. bulbosum into H. vulgare has recently been
achieved mainly through the use of backcrossing
partially fertile VBB triploid hybrids (H. vulgare (2n
= 14) x H. bulbosum (2n = 28)) to H. vulgare, where
V and B represent the genome constitution of H.
vulgare and H. bulbosum, respectively (Xu & Kasha
1992; Pickering et al. 1994,2000a). There have also
been reports of putative disease-resistant recom-
binants obtained from selfs of tetraploid hybrids
(either BBVV or VVBB) or their backcrosses to H.
vulgare (Pohler & Szigat 1982), but full chara-
cterisation of these recombinants has rarely been
published (Michel 1995; Pickering et al. 1995).
Furthermore, recombinant progeny do not seem to
be obtained in high frequencies from tetraploid
hybrids (Lange & Jochemsen 1976). However, it is
far easier to obtain progeny from the tetraploid
hybrids simply by selfing rather than using the lab-
orious backcross procedure adopted for the triploid
VBB hybrids where seed sets are very low (Pickering
et al. 1994). Hence, the selection of suitable tetra-
ploid hybrids from which recombinant progeny
could reliably be obtained, would greatly improve
the efficiency of gene introgression and exploitation
in breeding programmes. In this paper, we report
the development of such a tetraploid hybrid and
the characterisation of agronomically useful
recombinant selfed progeny from the hybrid using
in situ hybridisation and pathological testing.
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MATERIALS AND METHODS

A "high-pairing" diploid hybrid (102C2) between H.
vulgare 'Emir' (2n = 2x = 14) and H. bulbosum
HB2032 (2n = 2x = 14) was obtained whose mean
bivalent formation at meiotic metaphase 1 was 6.7
(maximum possible = 711) (Zhang et al. 1999). This
diploid Fj hybrid was, as expected, completely sterile
with indehiscent anthers. To restore fertility by
doubling the chromosome number, young tillers
from the hybrid were treated with an aqueous
solution of 0.05% colchicine plus 2% dimethyl
sulphoxide for 5 h at 30°C. The treated tillers were
washed thoroughly in running tap water for 30 min
and repotted in compost before transfer to a heated
glasshouse maintained at 21 ± 2°C/15 + 2°C (day/
night) with 16 h daylength. Spike fertility and
successful chromosome doubling was assessed by
checking anther dehiscence, and tillers with fertile
spikes were clonally propagated several times until
plants were obtained that were uniformly fertile.
Analysis of chromosome pairing at meiotic
metaphase I in tetraploid plants was performed by
fixing immature spikes in 6 ethanol : 3 chloroform
: 1 acetic acid for a minimum of 48 h before transfer
to 70% ethanol and stored at -20°C. Chromosome
configurations in pollen mother cells (PMCs) were
recorded after squashing anthers in a drop of 1 %
aceto-carmine and viewing the preparations with
light microscopy.

Seventy-six selfed F2 progeny from the tetraploid
hybrid 102C2/4x were sown in the glasshouse. Seed
was harvested from each plant and sown in the field
as single 0.75 m plots; plant morphology and disease
incidence was compared with H. vulgare 'Emir'
throughout the growing season. The diseases
observed were scald (Rhynchosporium secalis
(Oud.) J.J. Davis.), powdery mildew (Erysiphe
graminis DC. f. sp. hordei Em. Marchal), and leaf
rust (Puccinia hordei Otth). Infection types (ITs) of
leaf rust and powdery mildew were as described by
Levine & Cherewick (1952) and Moseman (1968),
respectively.

In situ hybridisation
Roots from germinating seeds were collected and
pre-treated in iced water for 15-16 h before fixing
in 3 ethanol : 1 acetic acid for 2 h at room
temperature. After fixation, roots were transferred to
70-', ethanol and stored at -20°C. Mitotic
dinimosome preparations were made using an air-
diyinj.' method (Zhang el al. 1999). H. vulgare
chiomosoines were identified using fluorescent in

situ hybridisation (FISH) (Fig. 1A) (Pedersen &
Linde-Laursen 1994). To establish which of the H.
vulgare chromosomes contained an introgression
from H. bulbosum, the same chromosome
preparations were then re-probed following removal
of the labelled DNA (Heslop-Harrison et al. 1992)
and subjected to genomic in situ hybridisation
(GISH).

FISH was carried out using the single-stranded
oligonucleotide (GAA)!0 as probe. This was
obtained from GIBCO BRL and end-labelled with
digoxigenin-11-dUTP according to the manu-
facturer's instructions (Boehringer Mannheim). The
labelled (GAA)10 was mixed to a final concentration
of 0.8 Ug/ml in the hybridisation mixture. For GISH,
genomic DNA from H. bulbosum was labelled with
digoxigenin-11 -dUTP by nick-translation according
to the manufacturer's instructions (Boehringer
Mannheim). Total genomic DNA from H. vulgare
was cleaved into 200-500 bp fragments by
autoclaving (121 °C, 15 psi) for 10 min and used for
blocking sites with similar DNA sequences on the
chromosomes.

Hybridisation mixtures and procedures for GISH
and FISH were similar to those described by
Schwarzacher et al. (1992) with the following
modifications. For GISH, labelled H. bulbosum
DNA probe was mixed to a final concentration of
2 p.g/ml and a 50-fold excess of H. vulgare blocking
DNA was added. The concentration of formamide
in the hybridisation mixture was adjusted to obtain
a hybridisation stringency of 85%. The GISH
hybridisation mixture was denatured at 95°C for 10
min (this denaturation step was omitted for the
(GAA)10 probe) before 45 \x\ of the mixture was
applied to each slide and covered with a plastic
coverslip. The slides were then heated to 80°C for
10 min and the temperature lowered to 37°C for
incubation overnight (this incubation was reduced to
2-3 h for (GAA)i0 probe) on a thermal cycler
(Hybaid, Omnislide). Hybridisation was followed by
a stringent wash in 50% formamide in 2 x SSC
(where 1 x SSC = 0.15M NaCl, 0.015M trisodium
citrate, pH 7) at 42°C for the total genomic probe.
For the (GAA)IO probes, the most stringent wash
with 0.2 x SSC was performed at 37°C. Sites of
probe hybridisation were detected using a
Fluorescent Antibody Enhancer Set for DIG
Detection (Boehringer Mannheim). Chromosomes
were counterstained with PI (0.1 u.g/ml propidium
iodide). Slides were mounted in 10 u.1 of antifade
mountant and examined under a Zeiss epi-
fluorescence photomicroscope. The whole slide was


