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Abstract Hexaploid bread wheat (Triticum aestivum)
has low levels of RFLP. Simple sequence repeats,
however, show high levels of polymorphism and are
therefore especially useful in intervarietal breeding ap-
plications. We present 53 newly mapped microsatellite
loci for the wheat genetic map, 41 primary loci and 12
additional loci from these same primer pairs. Markers
have been accredited with a quality score on a scale of
1-5 which describes the complexity of the amplification
product profile from each primer pair.
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Introduction

Detailed genetic maps are now available for hexaploid
bread wheat (Triticum aestivum, 2n = 6x = 42) and in-
clude some 2000 loci either mapped directly or with
inferred locations from the aligned genomes of related
Triticum species. Details of the loci mapped in wheat
can be found in the Wheat Gene Catalogue (Macintosh
et al. 1995) and further updates published in the Annual
Wheat Newsletter or in the GrainGenes database. The
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majority of the marker loci on these maps are restric-
tion fragment length polymorphisms (RFLPs) which
have limited use in intervarietal applications because of

Table 1 Microsatellite repeat structures, chromosomal locations
and expected product sizes

Locus Microsatellite Product size®
Xpsp3003-7D (CA);s 211¢
1A 195
Xpsp3007-4D* (TG)s-(TC)o(TA)s(CA)14 176
Xpsp3028-4A* (GA)2q4 122
Xpsp3029-2A (AG)21 150
-6A (245)
-6A 166
Xpsp3030-4B (AG)15 208
-2B 385
-3B 172
Xpsp3037-5B* (CT)161mp 240
Xpsp3039-2A° (CT)30 152
Xpsp3058-6D (CCT)5(TCT)42 189
-2D 290
4A 165
Xpsp3065-5B* (CAG),-(AGG)s 266
Xpsp3078-3B (TG)11 178
4B 184
Xpsp3079-6B* complex 271
-4D* 298
-71D* 178
Xpsp3081-7B (TG)12mvp 123
Xpsp3094-7A (GT)6(GC)s5-(GA)10 130
-1D* 198
Xpsp3142-2A* (CAA)12+ 645
-4A® (292)
Xpsp3200-6D° (AAG);6 170

# Markers which were not previously described in Bryan et al. (1997)
or Devos et al. (1995)

® Product sizes are those expected in ‘Chinese Spring’ except where
the figures are given in parentheses, which are the size of the product
in ‘Synthetic’ where ‘Chinese Spring’ is null

¢This marker has not been mapped



the low levels of polymorphism observed and the re-
sources required for large-scale screening in breeding
situations. Microsatellite markers, on the other hand,
do display reasonable levels of polymorphism in wheat
and are becoming available (Devos et al. 1995; Roder
et al. 1995; Bryan et al. 1997). This paper supplements
the information provided in Bryan et al. (1997) and
provides map locations for many of the microsatellite
loci previously described.

Materials and methods

The majority of the microsatellites mapped are described in Bryan et
al. (1997). A re-evaluation of some microsatellite-containing clones
previously discarded because of complex amplification patterns
provided a further 12 markers (Table 1). Most of the microsatellite
loci were mapped on 119 F, progeny (or F; derivatives/families)
of a ‘Chinese Spring’ x ‘Synthetic’ population (Devos 1992). Two
loci, Xpsp3028 and Xpsp3037, were mapped using ‘Chinese
Spring’ x SQ1, a doubled haploid population of 95 individuals
(Quarrie et al. 1994).

Results
Primer design

Primer design is critical for the production of useful
markers from microsatellite-containing clones, as dem-

Fig. 1 Examples of microsatellite o ¥
primer amplification products in s
different wheat varieties. Markers
have been classified with

a quality score which we feel best
describes their usefulness: 1 single
product recognising a single
locus, little or no stuttering;

2 single product recognising 1. psp3071
a single locus, some stuttering,

however easy to score; 3 single

locus, profound and/or irregular

stuttering, sometimes difficult to

use; 4 multiple products and 2 «g

multiple loci, easy to score but
sometimes difficult to relate
polymorphic loci to those
previously characterised and
mapped; 5 multiple products and
multiple loci, difficult to relate
bands between genotypes.
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onstrated by the development of primers for clone
PSR3081. The initial primers, which were designed by
eye, produced a pattern of four fragments, all shown by
nullisomic-tetrasomic analysis to be located on chro-
mosome 7B, and later all mapped to the same locus on
7BL. Primers, redesigned using ‘Oligo’ primer analysis
software (National Biosciences) and used with the same
polymerase chain reaction (PCR) conditions reduced
the marker to a single product (see Table 1). The design
of primers for PCR is a rather empirical procedure
which is exacerbated by the often small length of the
flanking sequences available. Moreover, the large per-
centage of repetitive DNA in the wheat genome makes
it likely that some primers will recognise multiple sites.
It is possible that many of the complex patterns seen
with some of the primers can be simplified by exploring
other priming sites. A re-evaluation of primers for some
previously discarded microsatellite-containing clones
has also been productive and has provided 12 more
loci, which are identified in Table 1. Table 1 also pro-
vides information not given in Bryan et al. (1997) for
eight primers which amplify products mapping at mul-
tiple locations.

Mapping

Forty-one primary microsatellite loci were mapped, i.e.
those for which the ‘Chinese Spring’ allele matched
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exactly the molecular weight expected from the DNA
sequence. A further 12 loci were provided by additional
products produced by these same primer pairs. Al-
though these are loci recognised by microsatellite
primers, it is not known whether these the PCR prod-
ucts also contain microsatellite repeats. The fragment
size in ‘Chinese Spring’ for these additional loci is given
in Table 1.

Consideration of multiple band PCR profiles of
some microsatellites raises the issue of quality of indi-
vidual microsatellite markers. Microsatellites, or more
specifically the primers used to identify them, vary
considerably in their ease of use, which is likely to be
very important for large-scale screening applications or
when several markers are to be multiplexed for simulta-
neous use. Based on the degree of stuttering (the ampli-
fication of several artifactual fragments from a single
locus, with both greater and lesser numbers of repeat
units than the template fragment) observed on sequen-
cing gels and the number of fragments produced from
distinct loci, which is a particular problem in poly-
ploids such as wheat, we have devised a scale of 1 (best)
to 5 (useful but only with care), which is explained by
example in Fig. 1, and used to anotate the mapped
microsatellites in Fig. 2 where the individual loci are
associated with the quality scores.

Conclusions

Of the 53 loci, most (21) were mapped in the A genome
and fewest (13) in the D genome. The map in Fig. 2
shows the location of the Xpsp loci and may be com-
pared with the more extensive RFLP maps reported by
Gale et al. (1995). Although there are many fewer points
there is no reason to speculate that the distribution of
microsatellite and RFLP loci are different.

It can be seen that in only one case have probable
homoeologous loci been mapped (Xpsp3094, 7TA and
7D). This confirms that the value of microsatellite
markers will be in the main restricted to intra-specific
analysis. Microsatellite markers are likely to be of lim-
ited use for comparative analyses, or even introgression
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studies involving wild species related to wheat. Never-
theless, the locus specificity and high level of poly-
morphism associated with microsatellites must make
them the marker of choice for practical wheat breeding
today. This project, together with the work of the
Gaterleben group, has provided a reasonable start at
coverage of the wheat genome.

Acknowledgements and primer availability We would like to thank
Andrei Semikhodskii for his help with mapping. This work was
undertaken as part of a programme jointly funded by the Biotech-
nology and Biological Sciences Research Council, the Department
of Trade and Industry, and the plant breeding companies; Zeneca,
Plant Breeding International, Nickerson Biocem and Ciba Geigy.

The microsatellite markers are available as primer pairs for aca-
demic research applications. Requests should be addressed to Dr.
M.D. Gale.

References

Bryan GJ, Collins AJ, Stephenson P, Orry A, Smith JB, Gale MD
(1997) Isolation and characterisation of microsatellites from
hexaploid bread wheat. Theor Appl Genet 96:557-563

Devos KM, Atkinson MD, Chinoy CN, Liu C, Gale MD (1992)
RFLP based genetic map of homoeologous group 3 chromo-
somes of wheat and rye. Theor Appl Genet 83:931-939

Devos KM, Bryan GJ, Collins AJ, Stephenson P, Gale MD (1995)
Application of two microsatellite sequences in wheat storage
proteins as molecular markers. Theor Appl Genet 90:247-252

Gale MD, Atkinson MD, Chinoy CN, Harcourt RL, Jia J, Li QY,
Devos KM (1995) Genetic maps of hexaploid wheat. In: Li ZS,
Xin ZY (eds) Proc 8th Int Wheat Genet Symp. China Agricul-
tural Scientech Press, Beijing, pp 2940

Mao L, Devos KM, Zhu L, Gale MD (1997) Cloning and genetic
mapping of wheat telomere-associated sequences. Mol Gen Gen-
et 254:584-591

Mclntosh RA, Hart GE, Gale MD (1995) Catalogue of gene symbols
for wheat. In: Li ZS, Xin ZY (eds) Proc 8th Ing Wheat Genet
Symp. China Agricultural Scientech Press, Beijing, pp 29-40

Quarrie SA, Gulli M, Calestani C, Steed A, Marmaroli N (1994)
Location of a gene regulating drought-induced abscisic acid
production on the long arm of chromosome 5A of wheat. Theor
Appl Genet 89:794-800

Roder MS, Plaschke J, Konig SU, Borner A, Sorrells ME, Tanksley
SD, Ganal MW (1995) Abundance, variability and chromosomal
location of microsatellites in wheat. Mol Gen Genet
246:327-333



