
Abstract Over the past decade microsatellites

or simple sequence repeats (SSRs) have at-

tracted a considerable amount of attention from

researchers. The aim of the present paper was to

analyse expressed sequence tag-derived SSR

(EST-SSR) marker variability in wheat and to

investigate the relationships between the number

and type of repeat units and the level of mi-

crosatellite polymorphism. Two hundred and

forty-one new EST-SSR markers available in a

public database (http//wheat.pw.usda.gov) were

characterized in eight durum wheat cultivars

(Svevo, Ciccio, Primadur, Duilio, Meridiano,

Claudio, Latino, Messapia), two accessions of

Triticum turgidum var. dicoccoides (MG4343,

MG29896), one accession of T. turgidum var.

dicoccum (MG5323) and in the common wheat

cv. Chinese Spring. Of these, 201 primer pairs

(83.4%) amplified PCR products successfully,

while the remaining 40 (16.6%) failed to amplify

any product. Of the EST-SSRs analysed, 45.2%

of the primer pairs amplified one or two PCR

products. Multiple discrete PCR products were

observed among both di- and trinucleotide

EST-SSR markers (31.2 and 40.5%, respec-

tively). Markers based on dinucleotide micro-

satellites were more polymorphic than those

based on trinucleotide SSRs in the 12 wheat

genotypes tested (68.9 and 52.7%, respectively).

An average of 2.5 alleles for dinucleotide and 2.0

alleles for trinucleotide SSRs was observed. The

data reported in the present work indicate the

presence of a significant relationship between

motif sequence types and polymorphism. The

primer set based on the AG repeat motif showed

the lowest percentage of polymorphism (55.0%),

while the primer set based on the AC repeat

motif showed t he highest percentage (85.0%).

Among trinucleotide SSRs, the AGG microsat-

ellite markers showed the highest percentage of

polymorphism (70.0%), and the ACG motif the

lowest value (25.0%). The characterization of

these new EST-SSR markers and the results of

our studyon the effect of repeat number and

type of motifs could have important applications

in the genetic analysis of agronomically impor-

tant traits, quantitative trait locus discovery and

marker-assisted selection.
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Abbreviations
EST Expressed sequence tag

SSR Simple sequence repeat

Introduction

The level of molecular polymorphism in cultivated

hexaploid and tetraploid wheats has been found to

be low compared to many other species (Song

et al. 2002). The use of molecular markers in

genome analysis, the systematic mapping of agri-

cultural important traits and marker-assisted

selection have been greatly advanced by the

development of reliable PCR-based markers, such

as amplified fragment length polymorphism

(AFLP) and microsatellite or simple sequence

repeat (SSR) markers. Microsatellites represent a

valid alternative marker system because of their

abundance in plant genomes and easy detection as

PCR-based molecular markers on polyacrylamide

or high-resolution agarose gel. The advantages of

SSR markers include high information content,

codominant inheritance, locus specificity and

reproducibility. Microsatellites are short (1–6 bp

long) tandemly repeated DNA sequences that are

highly polymorphic as a result of freque nt varia-

tions in the number of times the core sequence is

repeated. The observed polymorphism may orig-

inate from unequal crossing-over or from slipped

strand mispairing during replication. Microsatel-

lites are ubiquitous in that they are found both in

coding and non-coding regions of eukaryotic ge-

nomes, and they show high allelic variation

(Turpeinen et al. 2001).

During the past 10 years a great deal of effort

has been expended on the development of SSR

markers based on genomic library screening. This

process requires the construction and screening of

a genomic library of size-selected DNA fragments

with SSR-specific probes, followed by DNA

sequencing of isolated positive clones, PCR pri-

mer synthesis and, finally, testing (Ostrander et al.

1992; Edwards et al. 1996). A major limitation in

SSR development with this procedure is the time

and cost required to isolate and characterize each

locus by sequencing. A new source of SSRs has

recently been found in the form of expressed

sequences tags (ESTs). mRNA transcripts contain

repeat motifs, and the abundance of microsatel-

lites in the expressed sequences of many species

make these markers very interesting because of a

possible role in gene expression or function.

The overall frequency of microsatellites among

species has been found to be inversely related to

genome size and to the proportion of repetitive

DNA but to remain constant in the transcribed

portion of the genomes (Morgante et al. 2002). In

addition, bioinformatic analysis indicated that the

frequency of microsatellites is significantly higher

in ESTs than in genomic DNA across all species

(Morgante et al. 2002). At present over three

million sequences from approximately 200 plant

species have been deposited in publicly available

plant EST databases. Many of the ESTs have

been sequenced as an alternative to complete

genome sequencing, thereby creating a formida-

ble resource for microsatellite marker develop-

ment (Rudd 2003). In several studies the genetic

variation detected with EST-SSR markers was

comparable to that revealed by genomicSSR

markers (Cho et al. 2000; Leigh et al. 2003). Al-

though EST-SSR markers have been shown to be

less polymorphic than genomic SSR markers

(Becker and Heun 1996; Eujayl et al. 2001), the

use of markers from genic regions may be func-

tionally more informative than SSRs from unex-

pressed chromosome regions. Moreover, EST-

SSRs represent a unique opportunity: sequence

information is readily available, and the need of

genomic library screening can be avoided. The

most important feature of the EST-SSR approach

in studies on genetic variation is that primer pairs

designed from EST-SSRs are more likely to

function in distantly related species than primer

pairs derived from genomic libraries (Kanteny

et al. 2002).

Among SSRs the dinucleotide repeats are re-

ported to be more polymorphic among plant spe-

cies (Lagercrantz et al. 1993; Morgante and

Olivieri 1993; Li et al. 2002), while trinucleotide

repeats are over-represented in coding sequences,

but less frequent than mono- and dinucleotide

repeats in non-coding regions (Tòth et al. 2000;

Gao et al. 2003). Furthermore, microsatellite

distribution seems to differ between intergenic and

intronic sequences (Morgante et al. 2002).
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Microsatellites gain and lose repeat units at high

rates, the rate depending on SSR repeat number

and on the repeat motif (Schlötterrer and Tautz

1992).

The selection of suitable markers is one of the

key factors for the success of molecular breeding

programmes. Knowledge of a relationship be-

tween a specific class of SSR and the level of

polymorphism among wheat cultivars may posi-

tively influence the selection of SSR-markers to

be used in breeding programmes and may signif-

icantly increase the efficiency of a specific re-

search strategy or the identification of markers

linked to agronomically important traits.

In the present study we analysed the variability

of EST-SSR markers and investigated relation-

ships between the number of repeat units, type of

motifs and level of polymorphism in wheat geno-

types.

Materials and methods

Genetic material

A total of eight durum wheat (Triticum turgidum

var. durum) cultivars (Svevo, Ciccio, Primadur,

Duilio, Meridiano, Claudio, Latino, Messapia),

two accessions of T. turgidum var. dicoccoides

(MG4343, MG29896), one accession of T. turgi-

dum var. dicoccum (MG5323) and cv. Chinese

Spring of hexaploid wheat (Triticum aestivum)

were used to screen for SSR polymorphism. The

selected tetraploid wheat genotypes are parents

of different mapping populations developed at

the section of Genetics and Plant Breeding,

DIBCA, University of Bari, Italy.

Genomic DNA was isolated from fresh leaves

using the method described by Sharp et al. (1988),

and subsequently purified by phenol-chloroform

method. The purity of the DNA was determined by

the A260/A280 ratio (1.6–1.8) and by restriction

enzyme digestibility and agarose gel electropho-

resis.

Microsatellite source

Polymorphism in the 12 wheat genotypes was

investigated using 241 new EST-SSR primer pairs

developed by Mauricio La Rota and available in

the public database (http//wheat.pw.usda.gov). In

general, EST-SSR markers produced high-quality

patterns (Nicot et al. 2004). A total of 61 dinu-

cleotide EST-SSR markers (20 each of classes

AG and AC, 21 of the class AT) and 180 trinu-

cleotide EST-SSRs (19 each of classes AAG,

AAT, 20 each of classes ACC, ACG, ACT, AGC,

AGG, and 21 for AAC and CCG) were exam-

ined. Primer pairs were chosen to produce PCR

products ranging from 100 to 250 bp in length.

Primer sequences, annealing temperature, and

expected PCR product size are reported in the

web site http//wheat.pw.usda.gov.

SSR detection

DNA amplifications were carried out in 25-ll

reaction mixtures, each containing 100 ng tem-

plate DNA, 2 lM of each microsatellite primer,

200 lM of each dNTP, 2.5 mM MgCl2, 1· PCR

buffer (10 mM Tris–HCl, pH 8.3, 10 mM KCl)

and 1 U Taq DNA polymerase. The following

PCR profile in a Perkin-Elmer DNA Thermal

Cycler (Foster City, Calif.) was used: an initial

denaturing step at 94�C for 3 min, followed by 35

cycles of 94�C for 1 min, 50/65�C for 1 min, 72�C

for 2 min, with a final extension step at 72�C for

10 min. The amplification products were resolved

on 6% polyacrylamide gels, stained with ethidium

bromide (0.25 ng/ll) and visualized under UV

light using a DIG-DOC (Bio-Rad, Hercules, Ca-

lif.) system.

Statistical analysis

The informativeness of any given DNA marker

was measured by the polymorphism information

content (PIC). According to Weber (1990) and

Anderson et al. (1993) the PIC-value is calculated

as follows:

PIC ¼ 1 �
Xk

i¼1

P2
i

where k is the total number of alleles detected for a

microsatellite, and PI is the frequency of the Ith

allele in the set of 12 wheat genotypes investigated.
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The null allele was not included to compute PIC

value.

Results

In total, 241 primer pairs were selected from a

collection of 5424 wheat EST-derived SSR

markers (available at the web site http//wheat.

pw.usda.gov) and tested on the genomic DNA of

12 wheat genotypes in order to assess amplifica-

tion products and polymorphism level. The re-

sults of all 2892 combinations (241 SSRs · 12

wheat genotypes) were carefully examined. Only

201 (83.4%) of the primer pairs led to at least one

PCR product; the other (16.6%) markers pro-

duced no product (Table 1). When these 201

amplifying primer pairs were assessed more than

half gave one or two PCR products (55.7% as

dinucleotide and 41.7% as trinucleotide SSRs,

respectively). The other primer pairs amplified

multiple PCR discrete products, including bands

of expected and unexpected size. Multiple dis-

crete PCR products were observed in both dinu

cleotide and trinucleotide EST-SSRs (31.2% and

40.5%, respectively). Among the dinucleotides,

SSRs with AG as the repeat motif showed the

lowest value (20.0%), and those with AC as

the repeat motif, the highest (45.0%); among the

trinucleotides, SSRs with AGG and ACT as the

repeat motif showed the lowest value (30.0%),

while those with AAT as the repeat motif, the

highest (52.6%).

Some differences between the expected and

the observed size of the amplification products

were observed. Of the markers amplifying bands,

8% amplified bands of a higher size than ex-

pected, suggesting the presence of introns in the

corresponding genomic DNA. Less than 1.0% of

the primers gave smaller products than expected.

Of the 2412 combinations (201 · 12 wheat

genotypes) a total of 503 alleles were identified:

150 were detected with dinucleotide EST-SSR

markers (2.5 alleles per primer pair) and 353 with

trinucleotide EST-SSR markers (2.0 alleles per

primer pair) (Table 2). The most informative mi-

crosatellite markers were TC66874 and BQ281574

with seven alleles within the dinucleotide SSRs

and TC63424 and BF483209 with six alleles within

trinucleotide SSRs.

The mean values of polymorphism were 68.9%

for dinucleotide and 52.7% for trinucleotide SSR

markers. Polymorphism was calculated as the

number of primers that gave at least two alleles

among the 12 genotypes analysed divided by the

total number of primers amplifying PCR prod-

ucts. Among dinucleotide SSRs, the lowest value

(55.0%) was found among the primer set based

on the AG repeat motif, and the highest one

(85.0%) was found among the AC motif primer

Table 1 Percentage of primer pairs that did not amplify a PCR product and amplified one or two PCR products, multiple
PCR products and high-molecular weight bands, on the 12 wheat genotypes used in this study

Repeat motif Primer pairs
screened (no.)

PCR products High-molecular
weight bands (%)

Number
of products (%)

One or two
discrete bands (%)

Multiple discrete
bands (%)

AC 20 0.0 55.0 45.0 75.0
AG 20 25.0 55.0 20.0 40.0
AT 21 14.3 57.1 28.6 18.8
AAC 21 19.0 33.4 47.6 33.3
AAG 19 26.3 42.1 31.6 64.3
AAT 19 10.5 36.8 52.6 64.7
ACC 20 5.0 35.0 60.0 65.0
ACG 20 45.0 20.0 35.0 72.7
ACT 20 10.0 60.0 30.0 50.0
AGC 20 10.0 50.0 40.0 77.8
AGG 20 10.0 60.0 30.0 27.8
CCG 21 23.8 38.1 38.1 37.5
Dimeric 61 13.1 55.7 31.2 47.1
Trimeric 180 17.8 41.7 40.5 54.0
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set. Among the trinucleotide SSRs, AGG micro-

satellite markers showed the highest polymor-

phism (70.0%) and ACG microsatellite markers,

the lowest value (25.0%) (Fig. 1).

The informativeness of EST-derived SSRs was

also measured using the PIC. The PIC value was

calculated for each of the polymorphic markers,

and each band in each of the eight durum culti-

vars (Svevo, Ciccio, Primadur, Duilio, Meridiano,

Claudio, Latino, Messapia) examined was con-

sidered to be an allele of a genetic locus for each

EST-SSR marker. The PIC value indicates the

usefulness of DNA markers for gene mapping,

molecular breeding and germplasm evaluation. A

PIC mean value of 0.41 (range: 0–0.82) for dinu-

cleotide SSRs and of 0.24 (range: 0–0.78) for

trinucleotide SSRs (Table 2) were observed.

Discussion

ESTs are currently the most widely sequenced

nucleotide commodity from plant genomes in

terms of number of sequences and total nucleo-

tide count. During the past few years a great deal

of attention has been directed towards discover-

ing and characterizing the range of protein-coding

genes existing within the genome of plant species

with large genomes. Arabidopsis thaliana and

Oryza sativa, model plant species with fully se-

quenced genomes, have the smallest known ge-

nomes (125 Mbp and 430 Mbp, respectively),

while hexaploid wheat has agenome size of 17 Gb

(Rudd 2003). The larger size of the wheat genome

is a result of polyploidy and the presence of re-

gions with repeat motifs, both of which make it

difficult to sequence the complete genome. One

possible method that could be used to investigate

genome coding regions is cDNA sequencing,

which may be considere d to be an alternative to

the complete sequencing of the genome in those

plants with large genomes. A considerable num-

ber of ESTs are currently available for several

crop species (Triticum aestivum, Hordeum vulg-

are, Glycine max, Zea mays, Lycopersicon escu-

lentum, etc.) (Kanteny et al. 2002).

The availability of ESTs in public databases

provides the opportunity to identify SSRs and to

develop molecular markers. Consequently, the

large number of wheat EST-SSRs available in

Table 2 Number of primer pairs that amplified PCR products on the 12 wheat genotypes used in this study, number of
alleles and PIC

Repeat motif Primer
pairs (no.)

Total number
of alleles (no.)

Number of alleles per
primer paira

Mean value
of PICa

AC 20 57 2.9 (1–4) 0.48 (0–0.73)
AG 15 46 3.1 (1–7) 0.42 (0–0.82)
AT 18 47 2.6 (1–5) 0.35 (0–0.76)
AAC 17 48 2.8 (1–4) 0.26 (0–0.79)
AAG 14 26 1.9 (1–5) 0.05 (0–0.28)
AAT 17 39 2.3 (1–4) 0.42 (0–0.78)
ACC 19 56 2.9 (1–6) 0.35 (0–0.78)
ACG 11 22 2.0 (1–3) 0.10 (0–0.43)
ACT 18 38 2.1 (1–3) 0.30 (0–0.74)
AGC 18 44 2.4 (1–5) 0.29 (0–0.70)
AGG 18 43 2.4 (1–4) 0.30 (0–0.71)
CCG 16 37 2.3 (1–6) 0.10 (0–0.28)
Dimeric 53 150 2.5 0.41
Trimeric 148 353 2.0 0.24

a Range is given in parenthesis
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Fig. 1 Polymorphism of expressed sequence tag (EST)-
derived simple sequence repeats (SSRs) based on different
motif sequence types
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public databases is an important research re-

source which can be used to analyse the func-

tional portion of the genomes.

In the present study, 241 EST-SSR markers

were analysed in 12 wheat genotypes, of which

16.6% did not amplify PCR products. This value

is much lower than the rate (30.0%) obtained by

Nicot et al. (2004) and by Holton et al. (2002),

although a similar value (15%) was observed with

genomic SSRs by Guyomarc’h et al. (2002). The

lack of amplification observed in the present

study may be due to the presence of introns in the

genomic DNA.

Microsatellites are commonly considered to be

codominant markers, and the polymorphism de-

tected among genotypes is the result of variation

in the number of tandem repeat units. However,

the polymorphism detected in the present work

was only in part due to differences in the number

tandem repeat units, as several primers showed

allelic differences as the presence/absence of

bands. Allelic variation at some EST-SSR loci

may be due to deletion and base substitution

events in the intervening sequences between the

primer sites and the SSRs. The variability within a

flanking sequence is sufficient to be able to dis-

tinguish even between two duplicate loci in the

same genome (Decroocq et al. 2003). This could

be particularly useful in wheats for differentiating

loci located on homoeologous chromosomes.

EST-SSRs generally generate high-quality

amplification products (Eujayl et al. 2002; Nicot

et al. 2004), suggesting that ESTs are more suited

for specific primer pair design than genomic se-

quences. The lower quality obtained for genomic

sequences could also be due to a large number of

low-complexity repeated regions framing the mi-

crosatellites. In support of this possibility, Ram-

say et al. (1999) showed that microsatellites are

associated with cereal retrotransposon-like se-

quences. In the present study more than one-half

of the primer pairs tested gave one or two discrete

PCR bands. However, EST-SSRs that amplified

multiple discrete PCR products were observed in

both dinucleotide and trinucleotide motifs, with

AG, AGG and ATT motif-based SSRs showing

the lowest values (20.0, 30.0, 30.0%, respectively).

Although the presence of non-speci fic amplifi-

cation products are attributed to PCR conditions,

such as annealing temperature and MgCl2 con-

centration, multiple bands could also be due to

the occurrence of more than one primer binding

site (Fisher et al. 1998; Westman and Kresovich

1998). In some cases we observed differences

between the expected and the observed size of

the amplification product, with the PCR products

being either smaller or larger than the expected

products, as determined from EST sequences

analysis. PCR products smaller than expected

may have resulted from a small deletion within

the sequence framed by the two primers or from

non-specific annealing of the primers because of

the low complexity of the flanking sequences, or

they could be caused by duplications of EST se-

quences on the same or another chromosome

(Nicot et al. 2004). High -molecular -eight bands

(bands >500 bp) were relived in both dinucleo-

tide and trinucleotide motifs. Such bands are due

to the amplification of introns and may cause

problems during genome analyses since fragments

above 500 bp cannot be scored accurately for

small differences in fragment size (Thiel et al.

2003).

A relatively low level of polymorphism has

been reported in a number of different plant

species when EST-SSR markers were used

(Weising et al. 1996; Smulders et al. 1997;

Bandopadhyay et al. 2004). The level of EST-

SSR polymorphism found in wheat in the present

study (56.8%) is similar to that reported by Nicot

et al. (2004) (53.0%) and Yu et al. (2004) (51.0%)

and comparable that found in a genomic SSR

study (53.0%) (Röder et al. 1998). However,

Eujayl et al. (2002) found EST-SSRs to be sig-

nificantly less polymorphic than genomic SSR

markers.

The polymorphism level among di- and trinu-

cleotide EST-SSRs was found to be different.

Markers based on dinucleotide repeats were more

polymorphic (68.9%) than trinucleotide SSR

markers (52.7%) in the 12 wheat genotypes tes-

ted. Similar results were reported by Nicot et al.

(2004): in their experiments dinucleotide SSRs

showed a much higher polymorphism level (83%)

than both trinucleotide SSRs (46%) and other

SSR classes. Various researchers have reported

that the dinucleotide repeats are the most poly-

morphic of the genome markers among plants
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Table 3 List of EST-SSR markers (http//wheat.pw.usda.gov) analysed on the 12 wheat genotypes used in this study

S. No Accession no. Repeat motif Annealing
temperature (�C)

Presence
of PCR producta

Polymorphismb

1 TC87342 AC 55 + +
2 CA723284 AC 55 + +
3 CA723396 AC 55 + +
4 TC73356 AC 55 + +
5 TC100265 AC 55 + +
6 TC82211 AC 55 + +
7 CA694538 AC 55 + –
8 TC73378 AC 55 + +
9 BE430392 AC 55 + +

10 CA612754 AC 55 + +
11 CA646285 AC 55 + +
12 BJ227727 AC 55 + +
13 CA698471 AC 55 + +
14 BJ296546 AC 50 + +
15 CA596934 AC 50 + +
16 BQ251631 AC 50 + –
17 TC81688 AC 50 + +
18 TC66497 AC 50 + +
19 TC83420 AC 50 + +
20 CA669680 AC 50 + –
21 TC94553 AG 55 + –
22 TC67482 AG 55 + +
23 CA614288 AG 55 –
24 TC101123 AG 55 + –
25 TC82680 AG 55 –
26 TC64267 AG 55 –
27 CA741546 AG 55 + +
28 CA653131 AG 55 –
29 TC83596 AG 55 + –
30 CA484639 AG 55 + +
31 TC66874 AG 55 + +
32 BQ282789 AG 55 + +
33 BQ281574 AG 55 + +
34 CA486384 AG 55 + +
35 TC83694 AG 55 + +
36 AL825137 AG 50 + –
37 TC94800 AG 50 + +
38 TC86475 AG 50 + +
39 TC80973 AG 50 + +
40 TC72728 AG 50 –
41 CA632473 AT 55 + +
42 BE419757 AT 55 + +
43 BE401607 AT 55 + +
44 BQ160961 AT 55 + –
45 TC82246 AT 55 –
46 CA626219 AT 55 + +
47 CA610925 AT 55 + –
48 BQ243113 AT 55 –
49 CA502606 AT 55 + +
50 TC100999 AT 55 + +
51 CA681433 AT 55 –
52 BJ301149 AT 55 + +
53 CA697200 AT 55 + +
54 TC77994 AT 55 + +
55 CA613690 AT 55 + +
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Table 3 Continued

S. No Accession no. Repeat motif Annealing
temperature (�C)

Presence
of PCR producta

Polymorphismb

56 CA621576 AT 55 + +
57 CA680079 AT 55 + +
58 TC92484 AT 50 + –
59 CA627342 AT 50 + +
60 TC65815 AT 50 + +
61 BJ274672 AT 50 + +
62 TC66737 AAC 55 + –
63 CA715581 AAC 55 + –
64 BQ237352 AAC 55 –
65 CA709844 AAC 55 + –
66 NP234579 AAC 55 + +

|K02069.1|
AAA34284.1

67 TC65969 AAC 55 –
68 TC67050 AAC 55 + +
69 TC84566 AAC 55 –
70 TC74127 AAC 55 + –
71 CA717120 AAC 55 + +
72 CA681143 AAC 55 –
73 TC71237 AAC 55 + +
74 TC65956 AAC 55 + +
75 TC85050 AAC 55 + +
76 CA485812 AAC 50 + +
77 BJ237020 AAC 50 + +
78 TC66133 AAC 50 + –
79 TC66370 AAC 50 + +
80 CA717892 AAC 50 + +
81 TC84551 AAC 50 + +
82 BQ607256 AAC 50 + +
83 CA737007 AAG 55 + –
84 BJ313172 AAG 55 + –
85 CA613743 AAG 55 + –
86 TC85953 AAG 55 –
87 TC94359 AAG 55 + –
88 BF202588 AAG 55 + –
89 TC68217 AAG 55 –
90 TC63221 AAG 55 –
91 CA715722 AAG 55 + +
92 TC86610 AAG 50 + +
93 CA605638 AAG 50 + +
94 TC66918 AAG 50 + +
95 TC92024 AAG 50 –
96 BQ483099 AAG 50 + –
97 BQ241171 AAG 50 –
98 TC71017 AAG 50 + –
99 TC88757 AAG 50 + –

100 BG904656 AAG 50 + +
101 CA620394 AAG 50 + +
102 BG905242 AAT 55 –
103 BJ239878 AAT 55 + +
104 CA704477 AAT 55 + +
105 BQ620347 AAT 55 + +
106 BF483631 AAT 55 + +
107 CA709708 AAT 55 + –
108 CA655819 AAT 55 + –
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Table 3 Continued

S. No Accession no. Repeat motif Annealing
temperature (�C)

Presence
of PCR producta

Polymorphismb

109 CA741577 AAT 55 + +
110 BQ252012 AAT 55 + +
111 TC100598 AAT 50 –
112 TC89954 AAT 50 + –
113 TC90707 AAT 50 + +
114 TC90706 AAT 50 + +
115 TC89955 AAT 50 + +
116 TC64794 AAT 50 + –
117 TC64796 AAT 50 + +
118 CA593727 AAT 50 + +
119 BQ620347 AAT 50 + +
120 CA485678 AAT 50 + +
121 CA732895 ACC 55 + +
122 TC63424 ACC 55 + +
123 CA486296 ACC 55 + +
124 BE400563 ACC 55 + –
125 TC94376 ACC 55 + +
126 CA618377 ACC 55 + +
127 TC100823 ACC 55 + +
128 CA730301 ACC 55 + –
129 CA618656 ACC 55 + –
130 TC100719 ACC 55 + –
131 CA690172 ACC 50 + –
132 TC82866 ACC 50 + +
133 TC87112 ACC 50 + +
134 TC91785 ACC 50 + +
135 BJ235341 ACC 50 + +
136 CA732895 ACC 50 + –
137 TC63424 ACC 50 + +
138 CA718858 ACC 50 + +
139 TC97410 ACC 50 + +
140 CA701016 ACC 50 + +
141 CA677802 ACG 55 + –
142 TC71445 ACG 55 + +
143 TC83809 ACG 55 + –
144 TC90829 ACG 55 + +
145 CA744169 ACG 55 –
146 BQ608325 ACG 55 + –
147 CA484813 ACG 55 + –
148 CA695607 ACG 55 –
149 CA605496 ACG 55 –
150 CA596953 ACG 55 –
151 TC67093 ACG 50 –
152 TC78251 ACG 50 + +
153 CA696865 ACG 50 –
154 TC69937 ACG 50 + +
155 TC83809 ACG 50 + +
156 BF483389 ACG 50 –
157 CA729823 ACG 50 –
158 TC73262 ACG 50 –
159 BG313615 ACG 50 + +
160 CA650776 ACG 50 + +
161 CA718646 ACT 55 + +
162 TC98867 ACT 55 + –
163 CA664300 ACT 55 + +
164 CA661581 ACT 55 + +
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Table 3 Continued

S. No Accession no. Repeat motif Annealing
temperature (�C)

Presence
of PCR producta

Polymorphismb

165 TC68633 ACT 55 + +
166 CA732258 ACT 55 + +
167 CA662775 ACT 55 + –
168 CA704353 ACT 55 + –
169 BQ282800 ACT 55 –
170 TC77993 ACT 55 + +
171 CA618403 ACT 50 + +
172 CA693702 ACT 50 + –
173 BQ162419 ACT 50 + +
174 TC63295 ACT 50 + +
175 TC64141 ACT 50 –
176 TC79888 ACT 50 + +
177 TC91851 ACT 50 + +
178 TC65216 ACT 50 + +
179 TC65170 ACT 50 + –
180 TC84150 ACT 50 + +
181 TC64360 AGC 55 + +
182 TC71106 AGC 55 + +
183 BJ318987 AGC 55 + +
184 TC94880 AGC 55 + –
185 TC67049 AGC 55 + –
186 NP234852 AGC 55 + +

|U50984.1|
AAA96276.1

187 TC89813 AGC 55 –
188 BE515440 AGC 55 + –
189 BQ245951 AGC 55 + +
190 CA501135 AGC 55 + +
191 BQ171047 AGC 55 + +
192 TC96817 AGC 55 + +
193 CA728820 AGC 55 + –
194 CA642505 AGC 55 + +
195 CA728856 AGC 55 + –
196 TC93568 AGC 55 –
197 TC81607 AGC 55 + +
198 TC91141 AGC 50 + +
199 TC88840 AGC 50 + +
200 CA648994 AGC 50 + +
201 CA656642 AGG 50 + +
202 AL829536 AGG 50 + +
203 TC98928 AGG 50 –
204 TC86249 AGG 50 + +
205 BJ249131 AGG 50 + –
206 BQ743416 AGG 50 + +
207 BE438417 AGG 50 + +
208 TC82726 AGG 50 + +
209 TC68249 AGG 50 –
210 CA499013 AGG 50 + +
211 TC69043 AGG 50 + +
212 CA598248 AGG 50 + –
213 CA622856 AGG 50 + –
214 TC91009 AGG 50 + +
215 TC71366 AGG 50 + +
216 TC75438 AGG 50 + +
217 CA711628 AGG 50 + +
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(Lagercrantz et al. 1993; Morgante and Olivieri

1993; Li et al. 2002; Baek et al. 2003), which is

surprising since increasing or decreasing the

number of dinucleotide motifs would result in the

modificationof the reading frame of the gene.

One possible explanation for this finding would

be that dinucleotides follow steps of three motifs

which do not modify a gene’s reading frame

(Nicot et al. 2004).

The analysis of SSR type sets reported here

revealed different polymorphisms within dinu-

cleotide and trinucleotide SSR types. A complete

list of the EST-SSRs analysed in the present pa-

per is provided in Table 3. The data reported here

indicate the existence of a significant relationship

between motif sequence type and polymorphism,

with the mean PIC values indicating that a SSR

based on the AG repeat motif is the least infor-

mative among the dinucleotide SSRs and that an

AT motif primer set is the most informative.

Interestingly, AT repeats seem to be typical of

non-transcribed regions, whereas AG repeats

were abundant in transcribed regions (Morgante

et al. 2002). The low polymorphism detected

among the 12 wheat genotypes using AG-based

SSRs primers may suggest the presence of these

microsatellites in classes of genes highly con-

served in plants, while the high polymorphism

detected byAT-based SSRs primers may suggest

that non-transcribed regions of genes easily

accumulate mutations. It would be interesting to

investigate whether monomorphic markers

among di- or trinucleotide EST-SSRs are more

transferable to related species, such as rice or

barley, than others. Although several studies

(Weising et al. 1996; Smulders et al. 1997;

Bandopadhyay et al. 2004; Röder et al. 1998;

Nicot et al. 2004; Peng et al. 2005) have found

different levels of polymorphism among di- and

tri- or tetranucleotide EST-SSRs, there seems to

be a lack of detailed analyses on the relationship

between polymorphism and EST-SSR types to

date. As a result of the continually increasing

number of ESTs being depositedin public

Table 3 Continued

S. No Accession no. Repeat motif Annealing
temperature (�C)

Presence
of PCR producta

Polymorphismb

218 TC89764 AGG 50 + +
219 TC70636 AGG 50 + +
220 TC71885 AGG 50 + +
221 TC63543 CCG 50 + +
222 TC98561 CCG 50 + +
223 TC71130 CCG 50 + +
224 TC91144 CCG 50 + –
225 TC100243 CCG 50 –
226 TC101394 CCG 50 –
227 BJ271437 CCG 50 + +
228 CA666539 CCG 50 + +
229 CA666539 CCG 50 + –
230 BJ225377 CCG 50 + +
231 CA607284 CCG 50 + –
232 CA731845 CCG 50 –
233 BF483209 CCG 50 + +
234 TC68120 CCG 50 + +
235 TC70186 CCG 50 + +
236 TC73864 CCG 50 + +
237 TC85928 CCG 50 + –
238 BE471206 CCG 50 –
239 BJ278437 CCG 50 + +
240 CA634443 CCG 50 –
241 TC90852 CCG 50 + +

a +, Indicates the presence of amplified bands; –, indicates the absence of amplified bands
b + and – indicate polymorphic and monomorphic markers, respectively
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databases, hundreds of new EST-SSR markers

have been developed in recent years. EST-de-

rived SSR markers constitute a novel source of

markers that are physically associated with coding

regions of the genome and which enhance the

role of genetic markers in germplasm evaluation

by enabling the variation in expressed genes to be

assayed (Peng et al. 2005). Polymorphic EST-SSR

markers directly sample variations in transcribed

regions of the genome, and this may enhance

their value in wheat genetic diversity assessment

and marker-assisted selection. The results of the

present investigation indicate that some SSR

types are able to discriminate among cultivars

much more than others, a finding which may help

researchers choose the appropriate markers to be

used in breeding programmes.
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