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Abstract Length differences among trinucleotide-based
microsatellite alleles can be more easily detected and
frequently produce fewer “stutter bands” as compared to
dinucleotide-based microsatellite markers. Our objective
was to determine which trinucleotide motif(s) would be
the most-polymorphic and abundant source of trinucle-
otide microsatellite markers in wheat (Triticum aestivum
L.). Four genomic libraries of cultivar ‘Chinese Spring’
were screened with nine trinucleotide probes. Based on
the screening of 28550 clones, the occurrences of
(CTT/GAA)n, (GGA/CCT)n, (TAA/ATT)n, (CAA/GTT)n,
(GGT/CCA)n, (CAT/GTA)n, (CGA/GCT)n, (CTA/GAT)n,
and (CGT/GCA)n repeats were estimated to be 5.4×104,
3.5×104, 3.2×104, 1.2×104, 6.3×103, 4.9×103, 4.5×103,
4.5×103 and 3.6×103, i.e., once every 293 kbp, 456 kbp,
500 kbp, 1.3 Mbp, 2.6 Mbp, 3.2 Mbp, 3.6 Mbp, 3.6 Mbp
and 4.5 Mbp in the wheat genome, respectively. Of 236
clones selected for sequencing, 38 (93%) (TAA/ATT)n,
30 (43%) (CTT/GAA)n, 16 (59%) (CAA/GTT)n, 3 (27%)
(CAT/GTA)n and 2 (4%) (GGA/CCT)n clones contained
microsatellites with eight or more perfect repeats. From
these data, 29, 27 and 16 PCR primer sets were designed
and tested to the (TAA/ATT) n, (CTT/GAA)n and
(CAA/GTT)n microsatellites, respectively. A total of 12
(41.4%) primers designed to (TAA/ATT)n, four (14.8%)
to (CTT/GAA)n, and two (12.5%) to (CAA/GTT)n re-
sulted in polymorphic markers. The results indicated that
(TAA/ATT)n microsatellites would provide the most-
abundant and the most-polymorphic source of trinucle-
otide microsatellite markers in wheat.

Keywords Wheat · Simple sequence repeat (SSR) · 
Microsatellites · Trinucleotide motifs · Molecular 
markers

Introduction

The level of molecular genetic polymorphism in hexa-
ploid wheat is low as compared to many other species. As
a result, the use of RFLP and RAPD DNA markers in
adapted wheat germplasm for applications such as quanti-
tative trait locus discovery and marker assisted selection is
limited (Chao et al. 1989; Sun et al. 1998). In contrast, mi-
crosatellite DNA markers generally possess higher levels
of polymorphism in most species, such as soybean 
(Akkaya et al. 1992; Morgante and Olivieri 1993), rice
(Wu and Tanksley 1993; Panaud et al. 1996), barley (Liu
et al. 1996) and tomato (Broun and Tanksley 1996), and
thus are a good alternative marker system in wheat (Röder
et al. 1998b). This PCR-based molecular marker is easily
detected on polyacrylamide or high-resolution agarose
gels and distribution of primer sequences is all that is nec-
essary to transfer markers from laboratory to laboratory.
As a consequence, there has been considerable effort de-
voted to developing microsatellite markers and their appli-
cations to the construction of linkage maps (Becker and
Heun 1995; Akagi et al. 1996; Senior et al. 1996; Cregan
et al. 1999), the study of allelic profiles of genotypes
(Rongwen et al. 1995; Plaschke et al. 1995; Diwan and
Cregan 1997; Fahima et al. 1998; Song et al. 1998a; 
Worland et al. 1998), the identification of cultivars (Bligh
et al. 1999; Song et al. 1999) and the tracing of genes with
agronomic importance (Ayres et al. 1997; Jin et al. 1998;
Mian et al. 1999).

The efficiency of microsatellite-marker development
depends on the abundance of repeats in the target species
and the ease with which these repeats can be developed
into informative markers. Efforts to investigate the abun-
dance of microsatellites have been based upon database
searches or screening genomic libraries. In comparison to
database searches, which are largely based on gene se-
quences, genomic library screening offers a more com-
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prehensive evaluation of the complete genome and there-
fore provides a more accurate estimation of SSR frequen-
cy. Based on genomic library screening, it was observed
that, in plants, (AG/TC)n is more frequent than (AC/TG)n
( Lagercrantz et al. 1993), whereas in humans (AC/TG)n
repeats are the most common (Weber and May 1989).

In recent years, efforts have been made to develop
markers based on (AG/TC)n and (AC/TG)n repeats in
wheat and about 315 of these markers are now available
(Korzun et al. 1997; Röder et al. 1998a; Pestsova et al.
2000a, b, c,). In contrast to (AG/TC)n repeats, there is
little information on trinucleotide microsatellites, and
few trinucleotide microsatellite markers have been de-
veloped in wheat. Likewise, the frequency of trinucle-
otide microsatellites has not been reported in wheat.

Trinucleotide repeats have been demonstrated to be
highly polymorphic and stably inherited in the human
genome (Edwards et al. 1991; Gastier et al. 1995; Shef-
field et al. 1995). Trinucleotide-based microsatellites are
generally more robust than dinucleotide-based microsat-
ellite markers because they frequently give fewer “stutter
bands” (Hearne et al. 1992; Diwan and Cregan 1997).
Thus, allele sizing is less error prone using tri- rather
than di-nucleotide repeats (Diwan and Cregan 1997).
The ease of allele sizing using tri- vs di-nucleotide SSR
markers and the ability to readily distinguish between
adjacent alleles will permit the use of microsatellite
markers using a range of analysis systems, including
agarose gels. Because of our previous success in devel-
oping a large set of mostly trinucleotide SSR markers in
soybean (Cregan et al. 1999), we decided to investigate
the same approach in wheat.

Before embarking upon a program of trinucleotide-
based microsatellite development in wheat, it was neces-
sary to assess the relative frequencies and repeat lengths
of these microsatellites, and to determine which motif or
motifs could be most readily converted to useful mark-
ers. Therefore, our objectives were to determine the
abundance of nine different trinucleotide microsatellites
in the wheat genome, the repeat length distributions of
each and the rates at which they could be developed into
informative markers.

Materials and methods

Plant materials

Genomic DNA of ‘Chinese Spring’, PI 428203 (Triticum urartu,
A genome); PI 560527 (Triticum speltoides, B genome); PI
220331 (Aegilops tauschii, D genome); ‘Langdon’ (Triticum du-
rum, A, B genome); ‘Cheyenne’; ‘Canadian Red’; ‘Cascade’;
‘Dicklow’; ‘Bunyip’; ‘Catoctin’; ‘Pioneer 2548’; ‘Opata 85’ and
M6 were isolated with either a DNeasy DNA Plant Kit (QIAGEN
Inc.) or a QIAGEN Genomic DNA Purification Kit (QIAGEN
Inc.) after DNA extraction with the CTAB method described by
Keim et al. (1988).

Wheat library construction, screening and DNA sequencing

Genomic DNA of Chinese Spring was digested with the enzymes
SmaI, BsrBI, NIaIV, Cac8I and ECI136II, and then size-selected

on a 1% agarose gel. DNA fragments in the 400- to 750-bp range
were isolated from the gel using Geneclean II (Bio101 Inc., La
Jolla, Calif.). Purified DNA fragments were ligated into the SmaI
site of pBluescript (Stratagene, La Jolla, Calif.). Ligations were
transformed into the XL2-blue strain of Eschericha coli. Libraries
were plated at a density of 1500–2500 clones per Petri plate. Due
to the washing temperature differences of different probes, li-
braries were separately screened with the five “AT-rich” trinucle-
otide probes, (TAA/ATT)10, (CAA/GTT)10, (CTT/GAA)10,
(CAT/GTA)10, and (CTA/GAT)10, and the four “GC-rich” trinucle-
otide probes, (CGT/GCA)10, (GGA/CCT)10, (GGT/CCA)10 and
(CGA/GCT)10. To provide replication, two libraries were created
and screened with “AT-rich” probes and two with the “GC-rich”
probes. Probes were labelled with 32P, hybridized to the mem-
branes from colony lifts as described by Cregan et al. (1994).
Membranes were washed in 1× SSC and 0.1% SDS for 45 min at
46°C for the “AT-rich” probes, and 50°C for the “GC-rich” probes.
Two more cycles of clone selection and re-screening followed, as
described by Cregan et al. (1994). After screening, putative SSR-
containing clones were either cultured in the LB liquid medium,
then lysed and purified by the QIAwell Plasmid Kit (QIAGEN
Inc.), or heated at 100°C for 10 min before amplifying with T3 and
T7 primers and purified with the QIAquick PCR Purification Kit
(QIAGEN Inc.). Clones were subsequently sequenced on an ABI
PRISM 377 DNA Sequencer following labelling reactions, using a
dRhodamine Terminator Cycle Sequencing Kit (The Perkin-Elmer
Corporation).

Primer design and evaluation

Since the informativness of microsatellites tends to increase with
an increasing number of repeats (Weber and May 1989; Wu and
Tanksley 1993), primers were designed only for those sequences
with repeat units equal to, or greater than, eight, using the soft-
ware OLIGO 5.0 (National Biosciences, Inc. Plymouth, Minn.).
Primers were synthesized by BioServe Biotechnologies (Laurel,
Md.). Each primer set was first examined in amplification reac-
tions using the plasmid from which the sequence was derived and
Chinese Spring genomic DNA as templates. The reaction mix con-
tained 100 ng of template DNA, 1.5 of mM Mg+2, 1.5 of mM of
dNTPs, 1.5 µM of each primer, 1 µl of 10× buffer, 1.25 units of
Taq DNA polymerase and 0.1 µl of 3000 Ci/mmol α-32PdATP in a
total volume of 10 µl. PCR cycling conditions were as follows: 3
min at 95°C, followed by 30 cycles of 40 s denaturation at 94°C,
40 s annealing at the optimized annealing temperature, 1 min ex-
tension at 72°C. After cycling, the reactions were incubated at
72°C for 10 min. The 32P-labelled PCR products were analysed on
a 6% DNA sequencing gel with 30% formamide followed by auto-
radiography. To determine the genome of origin and the level of
polymorphism, those primer sets that produced a product of ex-
pected size in Chinese Spring were further tested using the ge-
nomic DNA of PI 428203 (T. urartu, A genome), PI 560527 (T.
speltoides, B genome), PI220331 (A. tauschii, D genome), Lang-
don (T. durum, A, B genome), Cheyenne, Canadian Red, Cascade,
Dicklow, Bunyip, Catoctin, Pioneer 2548, Opata 85 and M6. Op-
ata 85 and M6 are the parents of the ITMI (International Triticae
Mapping Initiative) mapping population.

Statistical analysis

Gene diversity was calculated for each primer set as: 1-∑P2
ij,

where Pij is the frequency of the jth allele for the ith locus. The data
were processed using the SSRFING program developed by Song
et al. (1998b). 
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Results

Abundance of various trinucleotide motifs 
in the wheat genome

Replicate libraries containing approximately 143000 
and 142000 clones were screened with the “AT-rich” 
and “GC-rich” probes, respectively. A total of 1500
clones were initially observed to contain “AT-rich” mo-
tifs, and 388 with “GC-rich” motifs. Thus, an estimated
0.7% of the clones contained a trinucleotide microsatel-
lite. The inserts of 236 positive clones were sequenced,
of which 70 contained (CTT/GAA)n, 45 (GGA/CCT)n,
41 (TAA/ATT)n, 27 (CAA/GTT)n, 14 (GGT/CCA)n, 
11 (CAT/GTA)n, 10 (CGA/GCT)n, 10 (CTA/GAT)n, 
and eight contained (CGT/GCA)n repeats (Table 1). 
Four trinucleotide repeats, (CTT/GAA)n, (GGA/CCT)n,
(TAA/ATT)n and (CAA/GTT)n predominated making up
78% of the trinucleotide microsatellite-containing clones.

The occurrences of the remaining five repeats were
much lower, each with a proportion of less than 6% of
the total.

Although the frequencies of (CTT/GAA)n and
(GGA/CCT)n were higher than that of (TAA/ATT)n,
most of these repeats were very short (2–7 repeat units).
Since primers were designed only for clones with eight
or more repeat units (Table 1), the proportions of clones
falling into this category were only 59%, 43%, 27% and
4% for (CTT/GAA)n, (CAA/GTT)n, (CAT/GTA)n and
(GGA/CCT)n, respectively, but was 93% for clones with
the (TAA/ATT)n motif.

Based upon the sequence analysis, average insert size
was 575 bp; the occurrences in the wheat genome of the
nine microsatellites were estimated to range from
3.6×103 for (CGT/GCA)n, the least frequent, to 5.4×104

for (CTT/GAA)n, the most frequent microsatellite, i.e.,
once every 4.5 Mbp to once every 293 kbp (Table 2).
The occurrences in the wheat genome of the
(TAA/ATT)n, (CTT/GAA)n, (CAA/GTT)n, (CAT/GTA)n
and (GGA/CCT)n repeats with eight or more units were
estimated to be 3.0×104, 2.3×104, 1.2×104, 2.3×103 and
1.5×103, respectively. Thus, (TAA/ATT)n is the most-
abundant microsatellite containing the desired number of
repeats.

Conversion rates of different motifs to polymorphic
markers

Primers were selected to the SSR flanking regions of 74
of the 89 clones with eight or more perfect repeats.

Table 1 Number and percentage of clones containing perfect tri-
nucleotide repeats of eight or more, determined via screening of
genomic libraries using nine different trinuclotide repeat motifs
followed by sequence analysis of selected clones

Repeat motif Clones with eight Clones with eight
or more repeats (no.) or more repeats (%)

(TAA/ATT)n 38 93
(CAA/GTT)n 16 59
(CTT/GAA)n 30 43
(CAT/GTA)n 3 27
(GGA/CCT)n 2 4

Table 2 Characteristics and estimated frequency of occurrence of microsatellites in the wheat genome, as determined from analysis of
Chinese Spring genomic libraries

Repeat motifs Range of repeat length Estimated occurrencea

in the wheat genome (no.)
2–4 5–7 8–11 12–15 16–19 20–23 24–27 28–31 >32 Total

(TAA/ATT)n 1 2 10 15 4 3 4 1 1 41 3.2×104

(CAA/GTT)n 5 7 9 2 1 2 0 0 1 27 1.2×104

(CTT/GAA)n 18 24 9 9 5 4 0 1 2 70 5.4×104

(CAT/GTA)n 5 3 1 1 0 0 1 0 0 11 4.9×103

(CTA/GAT)n 2 8 0 0 0 0 0 0 0 10 4.5×103

(CGT/GCA)n 7 1 0 0 0 0 0 0 0 8 3.6×103

(GGA/CCT)n 38 5 2 0 0 0 0 0 0 45 3.5×104

(GGT/CCA)n 12 2 0 0 0 0 0 0 0 14 6.3×103

(CGA/GCT)n 10 0 0 0 0 0 0 0 0 10 4.5×103

a Occurrence was estimated based upon number of positive clones on the membranes and the frequency of occurrence of the predicted
microsatellite based upon the DNA seqeunce analysis of clones

Table 3 Number of primer sets
that amplified single, multiple
or no products with Chinese
Spring genomic DNA as a tem-
plate

Motif Primers sets Amplified one Amplified multiple No products
designed (no.) or two discrete products (no.) (no.)

products (no.)

(TAA/ATT)n 29 19 8 2
(CAA/GTT)n 15 11 3 1
(CTT/GAA)n 27 13 9 5
(CAT/GTA)n 3 2 1 0
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Table 4 Primer sequences, repeat motifs, repeat lengths in Chinese Spring, and PIC values of loci that were polymorphic among a set of
14 genotypes

Markers Primer Sequences (5′→3′) Repeat Size in CS Tm (°C) Gene Alleles
types (bp) diversity (no.)

(score)

BARC001 GCG ATG CTT TTG CCT TGT TTC AG (TAA)8 271 52 0.30 2
GCG GCC CCT TTG ACT CTT CAT AG

BARC002 GCG AGA TGC ACA TCA GCA CCT AAT C (TTA)5+20 287 52 0.69 4
GCG CCA TAT TGG AAT CTT TCT TTC T

BARC004 GCG TGT TTG TGT CTG CGT TCT A (TTA)15 158 52 0.83 7
CAC CAC ACA TGC CAC CTT CTT T

BARC005 GCGCCTGGACCGGTTTTCTATTTT (TTA)5+8 278 52 0.46 3
GCGTTGGGAATTCCTGAACATTTT

BARC006 TTCGGTCGTTGAGGTGACCAATTATG (TTA)24 471 52 0.77 4
GACAAAGGATTAGCCCAAAGTAAGAG

BARC008 GCG GGA ATC ATG CAT AGG AAA ACA GAA AA (TTA)15+11 245 50 0.72 5
GCG GGG GCG AAA CAT ACA CAT AAA AAC A

BARC009 GCG GTC GGT GTC TCC AGT TTT TTT ATC A (TTA)6+(TTG)6 201 52 0.46 2
GCG ACA TGC GGA CAG TAT TTA AAT TTC

BARC011 GCG ATG CGT GTA AAG TCT GAA GAT GA (TAA)9+12 299 50 0.75 4
GCG TCC ATG GAG CTC TGT TTT ATC TGA

BARC010 CGA CAG AGT GAT CAC CCA AAT ATA A CAT (TAA)28 196 50 0.83 7
CGG TCT AAT TGT CAA TGT A

BARC014 GCG TTG TGG AAA CTC AGT TTT GTT GAT TTA (TAA)18+12 270 50 0.80 6
GCG GAA AGG AAC GAA GTA CAT TTT GTA GA

BARC017 GCG CAA CAT ATT CAG CTC AAC A (TAA)12 272 50 0.65 4
TCC ACA TCT CGT CCC TCA TAG TTT G

BARC018 CGC TTC CCA TAA CGC CGA TAG TAA (TAA)20 228 52 0.84 7
CGC CCG CAT CAT GAG CAA TTC TAT CC

BARC003 TTCCCTGTGTCTTTCTAATTTTTTTT (TTC)17 188 52 0.65 4
GCGAACTCCCGAACATTTTTAT

BARC007 GCG AAG TAC CAC AAA TTT GAA GGA A (TTC)6+3 267 50 0.46 2
CGC CAT CTT ACC CTA TTT GAT AAC TA

BARC010 GCG TGC CAC TGT AAC CTT TAG AAG A (TTC)13 283 52 0.32 3
GCG AGT TGG AAT TAT TTG AAT TAA ACA AG

BARC013 GCA GGA ACA ACC ACG CCA TCT TAC (TTC)5+3+2 142 50 0.46 2
GCG TCG CAA TTT GAA GAA AAT CAT C

BARC015 ATG CAA AGG CCG GGG TTA TC (CAA)9 102 50 0.60 3
CAC CTC TAG CCT ACG CCA ACA TT

BARC016 GCG TTG CGA GAT CTT ATG GGT TT (CAA)9 112 52 0.14 2
GCG CGT TTT TCG AAT ACC TTG T

Among these, 29, 15, 27 and 3 primer sets flanked
(TAA/ATT)n, (CAA/GTT)n, (CTT/GAA)n and (CAT/GTA)n
microsatellites, respectively (Table 3). In 15 instances
the microsatellite was too close to the cloning site and
therefore primers could not be selected. Of the 74 primer
sets tested, 45 produced one or two discrete products
with the genomic DNA of Chinese Spring as a template
(Table 3). About 66%, 73%, 48% and 67% of primers to
(TAA/ATT)n, (CAA/GTT)n, (CTT/GAA)n and (CAT/GTA)n
microsatellites amplified one or two discrete PCR prod-
ucts, respectively.

Of the 45 primer sets that amplified one or two dis-
crete products, 18 amplified polymorphic products i.e.,
products that varied in size among the ten hexaploid and
one tetraploid wheat genotypes.. In the case of primer
sets that amplified two products, polymorphism was de-
fined as variation among the higher-molecular weight or

lower-molecular-weight products or both. The number of
alleles at each of these loci, and the gene diversity values
based upon the 11 wheat genotypes, are given in Table 4.
Among these 18 loci, 12 were based on (TAA/ATT)n re-
peats, while only four and two were based upon
(CTT/GAA)n and (CAA/TTG)n microsatellites, respec-
tively. The percentage of primer sets tested that resulted
in a polymorphic microsatellite marker is given in Table
5. A much higher proportion (41%) of the primer sets
synthesized to (TAA/ATT)n flanking regions resulted in
polymorphic markers.

Markers based on trinucleotide microsatellites were
highly polymorphic in the 11 wheat genotypes tested.
There was an average of four alleles at the 18 loci among
the 11 genotypes. The mean gene diversity values of the
18 loci was 0.60. High polymorphism of (TAA/ATT)n
microsatellite markers was observed and the average
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Table 5 Percentage of primer
sets producing polymorphic
markers

Core motif Primer sets Polymorphic loci Primer sets producing
synthesized and developed (no.) polymorphic markers (%)
tested (no.)

(TAA/ATT)n 29 12 41
(CAA/GTT)n 15 2 13
(CTT/GAA)n 27 4 15
(CAT/GTA)n 3 0 0

Fig. 1 Panel A Pattern of
polymorphism detected by 
microsatellite BARC004 in a
set of wheat accessions. 
Panel B Genotypes of 15 re-
combinant inbred lines (RILs)
from the ITMI mapping popu-
lation and ITMI parents Opata
85 and M6 at the BARC004 lo-
cus

gene diversity was estimated to be 0.68 for (TAA/ATT)n,
compared to 0.48 and 0.37 for (CTT/GAA)n and
(CAA/TTG)n microsatellite markers, respectively. Based
upon the analysis of the A-, B- and D-genome donors,

six of the 18 loci were assigned to the A genome, four to
the B genome, three to the D genome, one to both the A
and B genomes, two to both the B and D genomes, two
to the A, B and D genomes. Primers that amplified prod-
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ucts from more than one genome in the donor genomes,
however, usually amplified what appeared to be one
product in the hexaploid wheat. Figures 1 and 2 provide
an illustration of the PCR products produced by two of
the 18 loci using the 11 wheat genotypes as templates. In
addition, each of these two loci were used to genotype
15 recombinant inbred lines from the ITMI mapping
population derived from the cross of Opata 85 (hexa-
ploid wheat)×M6 (synthetic hexaploid). Figures 1 and 2
demonstrate the discrete products with few stutter bands
and the minimal amount of extraneous signal that were
typical of most of the trinucleotide loci developed.

Discussion

The frequency of (TAA/ATT)n in the library

Our results indicated that trinucleotide repeat motifs were
present in 0.7% of the clones screened via hybridization
with oligo probes. If only the repeats with lengths equal to
eight or more were considered, this value was estimated to
be 0.26% of the clones. The occurrence of (TAA/ATT)n,
(CAA/GTT)n, (CTT/GAA)n, (CAT/GTA)n and (GGA/CCT)n
was once every 235 kbp, or a total of 6.8×104 per haploid
the genome. As a basis of comparison, we searched genom-
ic DNA sequences of Arabidopsis thalinana available in

Fig. 2 Panel A Pattern of
polymorphism detected by 
microsatellite BARC012 in a
set of wheat accessions. 
Panel B Genotypes of 15 re-
combinant inbred lines (RILs)
from the ITMI mapping popu-
lation and ITMI parents Opata
85 and M6 at the BARC012 
locus



GeneBank and EMBL. In total, 436 trinucleotide repeats of
eight or more repeat units were found. (TAA/ATT)n,
(CAA/GTT)n, (CTT/GAA)n, (CAT/GTA)n and (GGA/CCT)n
microsatellites accounted for 96% of the total, while
(GGT/CCA)n, (CGT/GCT)n, (CTA/GAT)n and (CGA/GCT)n
accounted for only 4%. This result is quite similar to our
observations in wheat where (TAA/ATT)n, (CTT/GAA)n
and (CAA/GTT)n accounted for about 96% of the clones
with eight or more repeat units. Lagercrantz et al. (1993) re-
ported that (TAA/ATT)n and (CTT/GAA)n were the most-
common trinucleotide motifs with n≥8 in plants through 
a search of the EMBL database. In tomato, these two 
microsatellites, (TAA/ATT)n and (CTT/GAA)n, were nearly
as frequent as the dinucleotide repeats (AG/TC)n and
(AC/TG)n as determined by genomic library screening
(Broun and Tanksley 1996). Work in our laboratory demon-
strated that (TAA/ATT)n was the most useful trinucleotide
motif for developing SSR markers, and has resulted in the
development of more than 500 SSR markers in soybean
(Cregan et al. 1999). Of further note is the fact that
(TAA/ATT)n repeats were also found to be the most abun-
dant and the most frequently polymorphic among all of the
trinucleotide motifs in humans (Gastier et al. 1995). Their
work resulted in the development and mapping of more
than 500 (TAA/ATT)n microsatellite markers (Sheffield et
al. 1995).

Effectiveness of developing polymorphic markers 
in wheat 

The conversion of microsatellite-containing sequences in-
to useful markers is sometimes quite difficult, especially
in species with large genomes. Pfeiffer et al. (1997) re-
ported that only 20% of 36 primer pairs flanking dinucle-
otide repeats amplified single variable loci from spruce
genomic DNA. The remaining primer pairs either gave
poor amplification or produced a complex pattern with
multiple bands. A similar low conversion rate from SSR-
containing sequence to useful markers was observed in
pine (Smith and Devey 1994; Kostia et al. 1995) and
wheat (Röder et al. 1995). The low conversion rates of
primer pairs to useful markers in these species were prob-
ably due to the high level of repetitive DNA sequences in
their genomes. Based upon our experiment, on average,
about 30% of the (TAA/ATT)n, 7% of the (CAA/GTT)n
and 6% of the (CTT/GAA)n containing clones identified
by library screening resulted in a useful microsatellite
marker. No useful markers resulted from other 
clones containing other repeat motifs. Obviously the
(TAA/ATT)n repeat was preferable to other trinucleotide
repeats. In this study, a high proportion (66%) of discrete
single or double products were amplified by designing
primers to the flanking sequences of (TAA/ATT)n SSRs.

Assignment of loci to A, B and D genomes

Even though some of the loci were assigned to two or
three different genomes based on the evaluation of ge-

nome donors, these loci generally amplified only a single
clear fragment in durum and hexaploid wheat. These loci
can be readily used for mapping and other analyses. For
example, Fig. 1 showed that BARC004 amplified a
strong product from the B-genome donor as well as two
products from the D-genome donor. However, with tetra-
ploid or hexaploid wheats as templates, only one clear
product was generally apparent. Likewise, in the case of
BARC012, a weakly amplified product was apparent
with each of the A-, B-, and D-genome donors; however,
with the tetraploid and hexaploid wheats, a single dis-
crete product was apparent. Thus, while five of the 18
loci were assigned to more than one genome based upon
amplification of PCR products from two or three of the
genome donors, these primers usually amplified a single
discrete product from Chinese Spring and the other hexa-
ploid wheats. Therefore, the use of the genome donors
does not appear to be a reliable method to determine the
genome from which a new SSR will amplify a product
when hexaploid wheat is used as the template. This lack
of reliabilty may result from the fact that PCR amplifica-
tion will occur from a homoeologous locus when the
specific locus to which primers were designed is not
present. For example, if primers were designed to a locus
in the A genome they might amplify the homoeologous
locus in the B or D genome in the diploid genome do-
nors because there is no perfectly homologous template
present to compete for primer annealing. In contrast,
when hexaploid wheat is used as a template the homolo-
gous locus is present as a template and it succesfully
competes for primer annealing.

The use of Chinese Spring, Opata 85 and M6 
to identify polymorphic primer sets

Among the 18 primer sets which amplified polymorphic
products on 10 hexaploid and one tetraploid wheat ge-
notypes, all were polymorphic in a comparison with 
Chinese Spring, Opata 85 and M6. Thus, these three ge-
notypes could be effectively used as a preliminary screen
for the polymorphism of new SSR loci, thereby decreas-
ing the number of amplification reactions needed to test
each primer set.
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