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Hordeum chilense is a potential source of useful genes for wheat breeding. The use of this wild species to increase genetic
variation in wheat will be greatly facilitated by marker-assisted introgression. In recent years, the search for the most
suitable DNA marker system for tagging H. chilense genomic regions in a wheat background has lead to the development
of RAPD and SCAR markers for this species. RAPDs represent an easy way of quickly generating suitable introgression
markers, but their use is limited in heterogeneous wheat genetic backgrounds. SCARs are more specific assays, suitable
for automatation or multiplexing. Direct sequencing of RAPD products is a cost-effective approach that reduces labour
and costs for SCAR development. The use of SSR and STS primers originally developed for wheat and barley are
additional sources of genetic markers. Practical applications of the different marker approaches for obtaining derived
introgression products are described.
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ge1hemop@uco.es

INTRODUCTION

The wild South American barley species Hordeum
chilense Roem. et Schult. contains beneficial genes for
biotic and abiotic stress resistance, as well as impor-
tant quality traits such as carotene content and seed
storage proteins, many of which are expressed in a
wheat background (MARTÍN et al. 1998). Tritordeum,
the barley-wheat amphiploid, is the basic genetic
material for using H. chilense genetic variability in
wheat breeding (MARTÍN et al. 1996). The use of this
wild species to increase genetic variation in wheat will
be greatly facilitated by marker-assisted introgres-
sion. To do this, molecular markers that enable
tracking of H. chilense chromatin in a wheat back-
ground are needed.

The practical use of genetic markers is nowadays
predominantly performed through the PCR tech-
nique. The original PCR methodology first described
by Khorana’s group (KLEPPE et al. 1971; PANET and
KHORANA 1974) and fourteen years later re-discov-
ered and popularized by Mullis et al. (SAIKI et al.
1985, 1986; MULLIS and FALOONA 1987) is condi-
tioned by a priori knowledge of the nucleotide se-
quences flanking the loci. For a wild species like H.
chilense where no sequence data are available, this
implies the construction of a genomic library, its
screening for potentially polymorphic markers and
the sequencing of a high number of clones. As this is
not economically feasible for a wild species with

limited direct agricultural use, different approaches
have been undertaken in a search for suitable and
cost-effective markers.

MATERIALS AND METHODS

Plant material

H. chilense lines H1 and H7, H. �ulgare cv. ‘Betzes’
and bread wheat cv. ‘Chinese Spring’ were used for
initial RAPD screening and SSR and STS marker
transferability studies. H. chilense lines H1 and H7
belong to two very distinct ecophysiological and
molecular groups (MARTÍN et al. 1998; VAZ PATTO et
al. 2001). To assign markers to chromosomes, six
wheat (cv. ‘Chinese Spring’)/H. chilense accession H1
addition lines (MILLER et al. 1982) including a
monotelodisomic 1 HchS addition, a ditelosomic addi-
tion for 2 Hch alpha arm and disomic addition lines
for chromosomes 4 Hch, 5 Hch, 6 Hch and 7 Hch were
used. For comparison with H. �ulgare chromosome
locations, six T. aesti�um (cv. ‘Chinese Spring’)-H.
�ulgare (cv. ‘Betzes’) disomic addition lines for chro-
mosomes 2 Hv, 3 Hv, 4 Hv, 5 Hv, 6 Hv and 7 Hv

(ISLAM et al. 1978) were used.

DNA extraction

DNA was extracted from young frozen leaf tissue
using the CTAB method of MURRAY and THOMP-

SON (1980) with modifications. The concentration of
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each sample was estimated by comparing their band
intensities with lambda DNA controls of known con-
centrations after ethidium bromide staining of 0.8 %
agarose gels subjected to electrophoresis.

PCR amplification and marker analysis

Methods for RAPD analysis and SCAR development
are described by HERNÁNDEZ et al. 1996, 1999. SSR
and STS analysis are also detailed elsewhere (HER-

NÁNDEZ et al. 2002b,c).

RESULTS AND DISCUSSION

Approaches for the de�elopment of cost-effecti�e
molecular markers

The practical application of molecular markers in a
breeding programme requires simple and economic
methods due to the high numbers of individuals that
need to be characterized every generation. The advent
of PCR-based molecular markers has made molecu-
lar tools accessible for breeder use. However, when
the breeder needs to use molecular tools for a wild
species like H. chilense, two more constraints are
usually faced: a lack of sequence information avail-
able for the wild species genome, and strong eco-
nomic limitations to marker development when
working with a non-crop species. For these reasons,
RAPDs were the first DNA molecular markers to be
developed for H. chilense (see Fig. 1a for a H.
chilense RAPD amplification profile example).

RAPDs represent an easy way of quickly generat-
ing markers suitable for introgression (HERNÁNDEZ

et al. 1995; PEIL et al. 1997), but their use is limited
when the wheat genetic background changes. SCARs

(PARAN and MICHELMORE 1993) are more specific
assays, suitable for automation or multiplexing. To
reduce labour and costs for SCAR development,
direct sequencing of RAPD products is the preferred
approach for their development (HERNÁNDEZ et al.
1999). This approach is based on a modification of
the standard RAPD protocol, consisting of the use of
decamer primers in pairwise combinations, instead of
a single decamer (WELSH and MCCLELLAND 1991).
In this way, mixtures of RAPD amplification prod-
ucts flanked by the same or by two different primers
are obtained. After a simple selection of RAPD prod-
ucts flanked by two different RAPD primers (HER-

NÁNDEZ et al. 1999), products can be directly
sequenced using dye-terminator cycle sequencing,
thus avoiding the cost and time-consuming cloning
step usually required for SCAR development (PARAN

and MICHELMORE 1993).
There is a major difference in the nature of the

sequence amplified by SCARs obtained by cloning or
by direct sequencing of RAPD products. When
cloning the selected RAPD fragment, the original
RAPD polymorphism can be reproduced. When di-
rectly sequencing the selected RAPD markers, the
sequence within the RAPD fragment is used for
priming instead of the immediate 3� extensions in-
cluding the original primers. Such an amplification of
sequences internal to the original RAPD maintains
the polymorphism, due to significant sequence diver-
gence between the wheat and H. chilense genomes.
SCAR primer design by cloning and by direct se-
quencing of RAPD products is illustrated in Fig. 2.

Reamplification of non-targeted bands is the main
problem for the development of SCARs by direct
sequencing of RAPD products because it leads to

Fig. 1. H. chilense F2 H1×H7 segregation of different types of PCR-based molecular markers.
Dominant RAPD (a), SCAR (b) and STS (c) markers and (d) codominant SSR marker.
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Fig. 2. SCAR primer design. a) for a cloned RAPD marker; b) for a directly sequenced
RAPD marker.

poor sequencing results. Nevertheless, when SCARs
are developed by cloning, the same phenomenon
leads to clones containing different RAPD fragments
of identical molecular weight with no information
available to determine the targeted RAPD sequence.
In these cases, the sequence obtained by direct se-
quencing, although of poor quality, can sometimes be
aligned only with one of the cloned sequences, allow-
ing the selection of the correct clone (HERNÁNDEZ et
al. 1999). Thus both approaches can be complemen-
tary to overcome such a problem.

An alternative approach for direct sequencing of
RAPD products is the use of a single primer for
amplification (the standard RAPD technique) and the
four possible sets of 3�–extended oligonucleotide
primers for dye terminator cycle sequencing

(MITCHELSON et al. 1999). The cloning step is also
avoided. So far, the development of SCAR markers
using the obtained sequences has not been reported.

The use of wheat and barley SSR and STS
primers

Wild species like H. chilense can benefit from marker
resources developed in related Triticeae crop species
such as barley and wheat. For example, a subset of
SSR and STS primers developed for wheat and barley
have an additional application for marker-assisted H.
chilense introgression into wheat.

There is little information available to predict
transferability of SSR or STS markers, but their ease
of assay enables them to be tested empirically. As
large numbers of SSR and STS markers are being
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developed in wheat and barley, even a relatively low
level of transferability provides a valuable marker
resource (see Fig. 1c and 1d for amplification exam-
ples of STS and SSR markers). In the present case,
more than 50 % of wheat and barley primer pairs
amplified products from H. chilense DNA and thus
would be applicable for mapping and germplasm
surveys. Some of the H. chilense products failed to
amplify in tritordeum or the addition lines, probably
because of preferential amplification of the wheat
sequences, but 36 % of wheat and 29 % of barley
markers could be used for analysis of tritordeums
and derived introgression lines. These figures clearly
show that wheat and barley SSRs constitute an effi-
cient and cost effective source of molecular markers
for H. chilense (HERNÁNDEZ et al. 2002a). About
90 % of the barley STS primers tested amplified the
H. chilense genome. About 10 % of them have proven
useful for genetic analysis of tritordeums and derived
introgression lines (HERNÁNDEZ et al. 2002b).

Marker-assisted selection of deri�ed introgression
products

Traditionally, marker-assisted selection of basic
breeding material has been accomplished using mor-
phological or biochemical markers. The advent of
DNA markers widens the possibilities of application.
Marker-assisted selection of basic breeding material
has been carried out, in a first approach, with the
development of chromosome-specific markers for H.
chilense, detectable in a wheat background. These
markers are currently being used to obtain new addi-
tion lines of H. chilense accessions carrying agronom-
ically interesting traits. The bread wheat×hexaploid
tritordeum hybrid (AABBHchD) is in some varietal
combinations self-fertile and seed set can always be
obtained after backcrossing with either of the parents
(wheat or tritordeum). In this way, tritordeum can be
used as a bridge for transferring desirable traits from
H. chilense into bread wheat (MARTÍN et al. 1998).
Short-term goals are the introgression of genetically
or chromosomally characterized traits. For example,
high carotenoid content, interesting for durum wheat
breeding, is conferred by the addition of the alpha
arm of chromosome 7 Hch (ALVAREZ et al. 1998) and
resistance to carnal bunt is located on 4 Hch (MARTÍN

et al. 1998). With this aim, H. chilense chromosome-
specific SSR, STS and SCAR markers will be used.

Additional goals are the marker-assisted selection
and chromosomal characterization of tritordeum
nullisomic lines. This will be carried out using wheat
SSRs specific for the A and B genome chromosome
arms, as well as SSRs, SCARs and STSs marking the
H. chilense chromosome arms.

Finally, barley STSs and SSRs that are not trans-
ferrable to H. chilense are detected in the primer
screening process. In conjunction with in situ hybridi-
sation techniques these constitute valuable markers
for the marker-assisted selection of tritordeum addi-
tion and substitution lines that contain H. �ulgare
chromosomes or chromosome segments (HERNÁN-

DEZ et al. 2002a).
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