
Abstract Selective Amplification of Microsatellite Poly-
morphic Loci (SAMPL) technology was used in bread
wheat for the first time for a study of genetic diversity,
genotype identification and gene tagging. The diversity
studies involved 55 wheat genotypes and two SAMPL
primer pairs (SAMPL-6 and SAMPL-7, each with a 
M-CAG primer), which together gave 43 polymorphic
bands out of a total of 87 SAMPL bands. The average
polymorphic information content (PIC) of SAMPL prim-
ers was 0.221 and that of SAMPL markers was 0.264.
The marker index of SAMPL markers was 9.61. The ge-
netic similarity (GS) coefficients for 1,485 pairs of geno-
types ranged from 0.35 to 0.96 with an average of 0.65.
A dendrogram was prepared on the basis of a similarity
matrix using the UPGMA algorithm, which correspond-
ed well with the results of principal component analysis
(PCA). From a total of 55 genotypes, 54 could be distin-
guished using the SAMPL banding patterns of both
primers. For gene tagging, 568 bands from a total of
1,185 SAMPL bands detected polymorphism between
each of the three pairs of parents differing for grain pro-
tein content (GPC), pre-harvest sprouting tolerance
(PHST) and grain weight (GW). An association of six
bands with GPC, of seven bands with PHST and four
bands with GW was observed using bulked segregant
analysis (BSA).

Keywords SAMPL · DNA polymorphism · Diversity ·
PIC · Jaccard similarity coefficient · Principal component
analysis

Introduction

During the last two decades, DNA markers have been
extensively used in all major crops for detecting DNA
polymorphisms leading to the preparation of genetic
maps, the tagging of genes for economic traits and the
estimation of genetic diversity. Bread wheat, due to its
large genome size (16×109 bp) and a very high propor-
tion of repetitive DNA (>80%), was initially considered
to be difficult material for such studies. However, signif-
icant progress was later made in this crop, using the two
first-generation molecular marker systems, which includ-
ed restriction fragment length polymorphisms (RFLPs)
and random amplified polymorphic DNAs (RAPDs).
The limitations of RFLPs and RAPDs were, however,
soon recognized, and two second-generation PCR-based
marker systems became popular. These included the sim-
ple sequence repeats (SSRs) and the amplified fragment
length polymorphisms (AFLPs) (Roder et al. 1998; Bohn
et al. 1999; Prasad et al. 1999, 2000; Roy et al. 1999;
Varshney et al. 2000; for reviews see Gupta et al. 1999;
Gupta and Varshney 2000). Although SSRs have the ad-
vantage of being locus-specific and multi-allelic, they
need cloning and sequencing for designing the primers
(Weissenbach et al. 1992; Morgante and Olivieri 1993;
Powell et al. 1996). The AFLP approach, on the other
hand, needs no cloning and sequencing, and gives a very
large number of scorable fragments, which enhance its
power to detect polymorphism. However, AFLP bands
are sometimes too many to be conveniently scored and
the markers are often dominant, thus making the choice
between SSRs and AFLPs rather difficult. Therefore,
some of the merits of SSR and AFLP markers have been
combined into a single assay, called selective amplifica-
tion of microsatellite polymorphic loci or SAMPL
(Morgante and Vogel 1994). SAMPL is a modified
AFLP technique in which adapter-ligated restriction
fragments of a conventional AFLP are used, but the final
PCR amplification is achieved using primers which dif-
fer from those employed in AFLP. One of the primers is
a 5´ self-anchoring compound SSR (abundant in many
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plant genomes), and the other is an AFLP primer that is
designed on the basis of the sequences of the synthetic
adapter plus the restriction site, and carries 2–3 selective
nucleotides (Witsenboer et al. 1997). This technique has
a high multiplex ratio like AFLP, and has some degree of
locus specificity like SSRs, thus making it the most effi-
cient of all the molecular markers known so far (except
of course SNPs, that have yet to be used in plant systems
in any significant measure). However, SAMPL has been
sparingly used in the past; the only examples of plant
systems where it was successfully utilized being lettuce,
carrot and a conifer (Witsenober et al. 1997; Paglia and
Morgante 1998; Vivek and Simon 1999). In this commu-
nication, we report the use of SAMPL in bread wheat for
the first time, demonstrating its utility for studies involv-
ing genetic diversity, genotype identification and gene
tagging.

Materials and methods

Seed material

The material used for the diversity study included seeds of 
55 wheat genotypes, that originated in 29 countries belonging to
six continents. The seed material of these genotypes was procured
from the Directorate of Wheat Research, Karnal, India. The details
of the genotypes with the countries of origin are given in Fig. 2,
and their pedigrees (as far as known) are described in Prasad et al.
(1999).

For the tagging of genes/QTLs for three different grain quality
traits, including grain protein content (GPC), pre-harvest sprouting
tolerance (PHST) and grain weight (GW), the seed material con-
sisted of the following three pairs of bread wheat genotypes, each
differing for a different quality trait, and each used for deriving a
separate set of recombinant inbred lines (RILs). For GPC, the two
parents were PH132 (high) and WL711 (low), for PHST they were
HD2329 (susceptible) and SPR8198 (tolerant), and for GW they
were Rye Selection 111 (high) and Chinese Spring (low). Each of
the three sets of 100 RILs for GPC, PHST and GW were derived
following the single-seed descent method, at Punjab Agricultural
University (PAU), Ludhiana.

DNA extraction

DNA was extracted from leaves of 1-month-old field-grown single
plants following a modified CTAB method (Saghai Maroof et al.
1984). The concentration of isolated DNA was determined on aga-
rose gels using known concentrations of lambda DNA.

AFLP adapters and AFLP/SAMPL primers 

The AFLP analysis system I (kit) from Life Technology, USA,
was used, which included the adapters, pre-amplification primers
and selective amplification primers. The two SAMPL primers
were synthesized, on contract, by Oswel, University of Southamp-
ton, UK. The details of the adapter sequences and the different
primers are given in Table 1.

SAMPL analysis

SAMPL analyses were performed following the AFLP technology
suggested by Vos et al. (1995) with some modifications. SAMPL
primers, labelled with γ-32p-ATP, were used in place of one of the
two AFLP primers. Genomic DNA of each genotype was digested
with the restriction enzymes EcoRI and MseI. All PCR reactions
were performed in a Perkin Elmer thermal cycler following Vos et
al. (1995). Each PCR amplified product was mixed with an equal
volume of formamide loading dye, denatured for 5 min in a boil-
ing water bath and then run in a 6% polyacylamide gel at constant
voltage (1,200 V) until the slower dye was two-thirds down the
length of the gel. The gel was transferred to 3MM Whatman chro-
matography paper and dried on a gel drier for 2 h at 80°C. The
dried gel was used for exposing an X-ray-film overnight (or
longer as required) at –80°C.

Bulked segregant analysis (BSA)

BSA was conducted following Michelmore et al. (1991). The two
bulks for each trait were prepared by pooling the DNA from 5 to 
8 RILs representing each of the two tails of the normal distribu-
tion, in case of GPC as well as GW, and from five RILs each ran-
domly chosen from tolerant and susceptible groups of RILs, in
case of PHST.
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Table 1 Sequences of adapters
and primers Adapter/primer Code Sequence

Adapters
EcoRI adapter 5´-CTCGTAGACTGCGTACC

CATCTGACGCATGGTTAA-5´
MseI adapter 5´-GACGATGAGTCCTGAG

TACTCAGGACTCAT-5´

Preamplification primers
EcoRI primer+1 EA 5´-GACTGCGTACCAATTCA-3´
MseI primer+1 MC 5´-GATGAGTCCTGAGTAAC-3´

Selective amplification primers
MseI primer+3 M-CAG 5´-GATGAGTCCTGAGTAACAG-3´
MseI primer+3 M-CTT 5´-GATGAGTCCTGAGTAACTT-3´
MseI primer+3 M-CTC 5´-GATGAGTCCTGAGTAACTC-3´
MseI primer+3 M-CAT 5´-GATGAGTCCTGAGTAACAT-3´
MseI primer+3 M-CAA 5´-GATGAGTCCTGAGTAACAA-3´

SAMPL primers
SAMPL-6 5´-ACACACACACACACATATAA-3´
SAMPL-7 5´-TGTGTGTGTGTGTGTATAT-3´



Data analysis

Polymorphic information content (PIC)

The probability of detection of polymorphism by a marker system
between two randomly drawn genotypes used in a study is de-
scribed as PIC or average heterozygosity (Hav), although for self-
pollinated crops like bread wheat, the term average heterozygosity
appears to be a misnomer. PIC was calculated separately for each
SAMPL primer and for each SAMPL band. PIC or Hav for each
primer was obtained using the following formula and averaged:
Hav (PIC)=β∑Hp/np
, where, Hav is average heterozygosity (PIC) for all SAMPL bands
(both polymorphic and monomorphic), β is the proportion of poly-
morphic bands, Hp=1–∑pi

2 (pi=proportion of genotypes having a
ith band), np=number of polymorphic bands. In the above formula,
∑Hp/np is the average heterozygosity for only the polymorphic
bands, and needs to be multiplied with β to obtain the desired val-
ue of PIC. Hav (PIC) is thus the probability of any solitary band
being polymorphic, when examined in the given sample of geno-
types (for more details see Powell et al. 1996).

The PIC of each marker band (i), which is the probability of
any band being polymorphic between two genotypes drawn ran-
domly, was calculated using the following formula (Roldan-Ruiz
et al. 2000): PICi=2fi(1–fi), where fi is the frequency of genotypes
showing the presence of band i.

Marker index (MI)

The MI was calculated using the formula, MI=Average PIC of
SAMPL primers (Hav, as above)×average number of loci per assay
unit.

Genetic similarity (GS)

For the purpose of assessing genetic diversity leading to cluster
analysis, the data in binary format (1, 0) were used to compute
pair-wise similarity coefficients (Jaccard 1908), utilizing the 
SIMQUAL (similarity for qualitative data) method in NTSYS-pc
software.

Cluster analyses

A similarity coefficient matrix was used for cluster analysis fol-
lowing UPGMA (unweighted pair group method with arithmetic
averages), which is one of the several SAHN (sequential, agglom-
erative, hierarchical, and nested) clustering methods that are avail-
able (Sneath and Sokal 1973). NTSYS-pc software was used for
analysis and the resulting clusters were represented in the form of
a dendrogram.

Principal component analysis (PCA)

The original 1–0 data matrix was used for calculating a correlation
matrix between pairs of markers. The correlation matrix was em-
ployed for the calculation of eigen values, which were then used
for determining the coordinates for each genotype that were used
for PCA.

Results

DNA polymorphism

Two SAMPL primers (SAMPL-6 and SAMPL-7), each
in combination with the AFLP primer M-CAG, were
tried with 55 elite wheat genotypes for a study of genetic

diversity. SAMPL-6 gave a total of 42 bands, containing
22 polymorphic bands, and SAMPL-7 gave a total of 
45 bands, containing 21 polymorphic bands, thus giving
a total of 43 polymorphic bands out of a total of 
87 bands (Fig. 1).

A total of five primer pairs, each using only one of
the two above SAMPL primers (SAMPL-6 with five
MseI primers; see Table 2) were also used to study poly-
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Fig. 1 Representative SAMPL profiles, obtained using SAMPL-7
and M-CAG primers, for 1–13 bread wheat genotypes, serially
representing E271, E549, E319, E336, E581, E585, E661, E677,
E680, E780, E965, E1000 and E1003



morphism between three pairs of parent genotypes dif-
fering for GPC, PHST and GW. A large number of bands
ranging from 50 bp to 450 bp were available exhibiting
sufficient polymorphism within each pair of parents.
However, only clear and distinct bands were scored for
further data analysis. Between the two parents differing
for each of the three traits, 222 of 466 bands were poly-
morphic for GPC, 168 of 376 bands were polymorphic
for PHST, and 178 of 343 bands were polymorphic for
GW (Table 2).

Genetic diversity and genotype identification

For the two SAMPL primers employed with 55 bread
wheat genotypes, the average PIC was 0.221, and the MI
was 9.61. The PIC values of individual SAMPL bands
ranged from 0.035 to 0.499 with an average of 0.264.
Genetic similarity (GS) coefficients for 1,485 possible
pairs of genotypes, based on the above 43 polymorphic
bands, ranged from 0.35 in a solitary pair of genotypes
(E288 and E3389) to 0.96 in each of two pairs (between
E4229 and E4813, and between E3839 and E3901), giv-
ing an average GS value of 0.65. A genetic similarity
matrix prepared on the basis of above GS values was
used for cluster analysis through UPGMA resulting in a
dendrogram (Fig. 2). The genotypes were grouped into
two clusters, cluster I containing 54 genotypes and clus-
ter II containing a solitary genotype, i.e. E3840 from Co-
lumbia. The 54 genotypes belonging to cluster I were
again grouped into two sub-clusters, sub-cluster Ia con-
taining 53 genotypes and Ib containing another solitary
genotype, E2055, from Poland.

The results of principal component analysis are
shown in Fig. 3. Of the total polymorphism, only
21.51% was accounted for by the first two components.

The most-divergent genotypes, namely E3840 from Co-
lumbia and E2055 from Poland, were well separated
from the other genotypes. The remaining 53 genotypes
were clustered into three groups. The results of PCA thus
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Table 2 The details of SAMPL primers used, the frequencies of
bands scored and the putative markers identified during the study
of polymorphism between parents differing for GPC, PHST and

GW. The total number of bands is given under GPC, PHST and
GW, and the percentage of polymorphism is given in parentheses

SAMPL primers GPC Putative PHST Putative GW Putative 
markersa markersa markersa

SAMPL-6×M-CAG 74 (43.24) XccuES6400 74 (37.83) XccuES6430 60 (46.67) –
XccuES6390 XccuES6370
XccuES6300

SAMPL-6×M-CTT 112 (51.78) XccuES6350 83 (49.39) XccuES6410 80 (52.50) XccuES6355
XccuES6345 XccuES6340
XccuES6280 XccuES6330

SAMPL-6×M-CTC 129 (43.41) XccuES6365 92 (39.13) – 80 (51.25) –
XccuES6325

SAMPL-6×M-CAT 94 (51.06) – 87 (43.67) XccuES6150 73 (54.79) XccuES6320
XccuES6110

SAMPL-6×M-CAA 57 (49.12) – 40 (62.50) – 50 (54.00) –

Total 466 (47.63) 6 376 (44.68) 7 343 (51.89) 4

a Putative markers are designated as far as possible on the basis of
nomenclature for AFLP proposed at 9th Int Wheat Genet Symp; X
is a symbol for the DNA marker, ccu for CCS University; E for

the rare cutter enzyme EcoRI used, S6 is a SAMPL primer and the
three digits at the end represent the mol wt in base pairs

Fig. 2 Dendrogram of 55 bread wheat genotypes based on
SAMPL data obtained with two SAMPL primers (SAMPL-6 and
SAMPL-7)



largely corresponded to those from cluster analysis ob-
tained through UPGMA.

Unique patterns were obtained in 47 of the 55 geno-
types using SAMPL-6, and in 49 of the 55 genotypes us-
ing SAMPL-7. When the results of both SAMPL primers
are considered together, 54 of the 55 genotypes were
found to have unique patterns in at least one of the two
primers and 42 genotypes had unique patterns with each
of the two primers. Only one genotype (E3414 from
Ethiopia) of the 55 genotypes used did not have a unique
pattern with either of the two primers. These results sug-
gest that SAMPL technology can be effectively utilized
for distinguishing a fairly large number of genotypes.

Bulked segregant analysis (BSA)

The five primer pairs that were used for detecting poly-
morphism between the parents differing for GPC, PHST

and GW, as above, were also used for conducting BSA
(Michelmore et al. 1991) on corresponding bulked DNA
samples each for GPC, PHST and GW. With these prim-
er pairs, apparent association of six SAMPL markers
(bands) with GPC, seven with PHST and four with GW
was observed (Figs. 4a, b and c). These bands showing
associations with GPC, PHST and GW belonged to four
of the five SAMPL primer pairs used in the present study
(Table 2) and, of these four, only one (SAMPL-6 with
M-CTT) gave bands which included at least one band
showing association with each of the above three traits.

Discussion

In the present study, the SAMPL approach has been used
in bread wheat for the first time for a study of genetic di-
versity and gene tagging. Two SAMPL primer combina-
tions (SAMPL-6 and SAMPL-7, each with the M-CAG
AFLP primer; see Table 1) were found to be adequate for
the study of genetic diversity among 55 different wheat
genotypes, although for gene tagging five primer combi-
nations were tried (Table 2). A higher number of primers
for gene tagging was used, since screening of a much
larger number of bands was required to identify at least a
few bands that may be associated with each of the three
traits of interest (Table 2). In an earlier comparable study
involving DNA fingerprinting in a conifer (Norway
spruce, Picea abies), as well as in the present study, two
SAMPL primers (SAMPL-7 was used in both the
studies) were found to be adequate for DNA fingerprint-
ing (Paglia and Morgante 1998). Despite the similarity
between bread wheat and Norway spruce both in genome
size (15–25×109 bp) and a high proportion of repetitive
DNA (>80%), the level of polymorphism in the present
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Fig. 3 Patterns of relationships among 55 bread wheat genotypes
revealed by principal component analysis based on SAMPL data.
The genotypes from A to BC are A-E146, B-E149, C-E288, 
D-E271, E-E549, F-E319, G-E336, H-E581, I-E585, J-E661, 
K-E677, L-E680, M-E780, N-E965, O-E1000, P-E1003, Q-E784,
R-E2055, S-E2161, T-E2336, U-E2401, V-E2602, W-E2724, 
X-E3066, Y-E3068, Z-E3070, AA-E3083, AB-E3086, AC-E3249,
AD-E3111, AE-E3250, AF-E3253, AG-E3264, AH-E3273, AI-
E3274, AJ-E3275, AK-E3280, AL-E3387, AM-E3389, AN-E3414,
AO-E3492, AP-E3715, AQ-E3840, AR-E3859, AS-E3860, AT-
E3876, AU-E3877, AV-E3896, AW-E4205, AX-E4229, AY-E4813,
AZ-E2990, BA-E3839 BB-E3901 and BC-E4328. Note: due to
overlapping, the labels of four genotypes (G-E336, AE-E3250,
BA-E3839 and BB-E3901) can not be clearly visualised in the
figure

Fig. 4 Representative bulk segregant analysis (BSA) for GPC,
PHST and GW using SAMPL primer-6 and AFLP primers 
M-CAG (a), M-CTT (b) and M-CAT (c). In each case, P1 and P2
are parents and B1 and B2 are corresponding bulks. (a) GPC:
P1=PH132 (high GPC) and P2=WL711 (low GPC); (b) PHST:
P1=SPR8198 (tolerant) and P2=HD2329 (susceptible); (c) GW:
P1=Rye Selection (high GW) and P2=Chinese Spring (low GW)



study (43 polymorphic bands) was almost double that
observed earlier in Norway spruce (20 polymorphic
bands). This was true even when the same primer,
SAMPL-7, was employed in both studies (21 polymor-
phic bands in the present study as against 11 polymor-
phic bands in the earlier study), suggesting that the level
of polymorphism is not entirely dependent on the
SAMPL primer, but also depended on the plant system
being examined. The comparison thus also suggested
that SAMPL may prove to be relatively more useful for
the analysis of the wheat genome than for the analysis of
other large genomes represented by some conifers. An
analysis of earlier SAMPL studies also suggested that
the same SAMPL primer may give different levels of
polymorphism in different plant systems. For instance,
SAMPL primers with an AT extension (e.g. SAMPL-7)
detected the highest level of polymorphism in corn and
soybean, but not in lettuce (see Witsenboer et al. 1997).

When SAMPL technology is compared with SSR,
one should also realize that the SAMPL technique scores
a large number of loci in the same reaction and thus has
a high multiplex ratio. SSR primers, on the other hand,
are locus-specific and generally each amplifies a single
locus (only rarely, an SSR primer pair may amplify two
or three loci), thus having a low multiplex ratio. There-
fore a SAMPL reaction is actually equivalent to a large
number of SSR reactions. Even a multiplex fluorescently
labelled automated SSR reaction will use a maximum of
5–6 primer pairs, and will not be able to detect the level
of polymorphism obtained with a solitary SAMPL reac-
tion. Thus, among the microsatellite-based technologies,
SAMPL is certainly superior to SSR for studies where
locus specificity is not required. In a crop like bread
wheat, with a large genome size, it is also superior to
AFLP since it gives fewer bands to be conveniently
scored and also gives a relatively higher frequency of
codominant markers.

Genetic diversity

The parameters like polymorphic information content
(PIC) and marker index (MI) are generally used to evalu-
ate a marker system for its ability to detect high levels of
DNA polymorphism in an analysis of genetic diversity.
The average PIC value of SAMPL primers in the present
study in bread wheat was 0.221, which is based on both
the frequency of each polymorphic band and the propor-
tion of polymorphic bands in an assay. In another study
in bread wheat, mean reported PIC values, when multi-
plied with a proportion of polymorphic bands (to make
them comparable with the present values), turn out to be
0.21 for SSR, 0.08 for RFLP and 0.07 for AFLP (Bohn
et al. 1999). In three other earlier studies on bread wheat,
PIC values for SSR ranged from 0.23 to 0.79 (Roder et
al. 1995), 0.29 to 0.79 (Plaschke et al. 1995) and 0.21 to
0.90 (Prasad et al. 2000). These values will not change
significantly, even if the proportion of polymorphic
bands is taken into consideration (usually >70–90% SSR

loci are polymorphic when studied over a large number
of genotypes). Thus the present PIC value for SAMPL is
much higher than those reported earlier for RFLP and
AFLP, but are either comparable, or lower, than those for
SSR. However, such a comparison of a single SAMPL
reaction with a number of SSR reactions may not be jus-
tified. In view of this, to make the results of SAMPL and
SSR comparable, diversity indices were also calculated
by using phenotypes rather than individual bands, as
done in an earlier study involving AFLP (Russel et al.
1997). This gave a very high value for PIC (0.979), sug-
gesting that individual reactions of SAMPL are extreme-
ly informative when compared to individual reactions of
SSRs. However, for individual SAMPL markers (indi-
vidual bands), the average PIC value of 0.264 obtained
during the present study is slightly higher than the mean
PIC value of 0.20, that was reported for AFLP markers
in an earlier study in rye grass (Roldan-Ruiz et al. 2000).
This suggests that, although at the individual band level
the degree of polymorphism in SAMPL does not differ
very much from that reported for AFLP, a high propor-
tion of polymorphic bands led to a value of PIC for the
primers, which is much higher than those reported earlier
for RFLP or AFLP.

The MI value of SAMPL markers in the present study
was 9.61, which is also higher than the value of 3.41 for
AFLP obtained in an earlier study in bread wheat (Bohn
et al. 1999). These values, when compared with those
available for single-locus multiallelic marker systems
like SSR prove to be much higher. A low value of MI
available in this earlier study involving AFLP was due to
a low proportion of polymorphic bands available in this
earlier study (0.21 against 0.49 in the present study). An
MI value of 6.14 that is intermediate between the above
two contrasts was also available for AFLPs in soybean
(Powell et al. 1996). In view of the above, when both
PIC and MI values are considered together, SAMPL
proves to be the most informative marker system for
bread wheat.

While evaluating SAMPL for detecting polymor-
phism, we need to recognize, that all SAMPL bands in a
reaction are not polymorphic, as may sometimes be true
in SSRs (Prasad et al. 2000). This may be attributed to
one or more of the following reasons: (1) lack of poly-
morphism at some of the compound SSR loci (particular-
ly the compound microsatellites) amplified through
SAMPL, (2) a low abundance of polymorphisms in re-
striction fragments associated with compound microsat-
ellites used in SAMPL, or (3) poor resolution of the
polymorphism due to differences of only a single or few
repeats. However, a large number of bands or loci avail-
able to detect polymorphism in each single SAMPL re-
action more than offsets the apparent low polymorphism
available at individual band level in this technology, thus
making SAMPL technology extremely useful.

The results of the present study were also evaluated
for their utility in genotype identification. In this connec-
tion, it may be recalled that during the present study
SAMPL-6 gave unique patterns in 47 genotypes and
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SAMPL-7 gave unique patterns in 49 genotypes. Of
these genotypes, as many as 42 gave unique patterns
with each of the two SAMPL reactions and both reac-
tions together distinguished 54 of the 55 genotypes.
These results suggest that, due to a high multiplex ratio,
it is possible to distinguish a fairly large number of
wheat cultivars from each other using SAMPL technol-
ogy.

The mean GS value of 0.65, obtained from 1,485 dif-
ferent pairs derived from 55 genotypes, was much higher
than the mean GS value of 0.23 (range=0.05–0.88), ob-
tained using 20 SSRs in an earlier study with the same
material (Prasad et al. 2000). Slightly lower values that
were reported earlier using an entirely different set of ge-
notypes included 0.57 (21 SSR), 0.65 (117 RFLP probes
in combination with five enzymes, giving 470 bands)
and 0.61 (16 AFLP primer pairs giving 559 bands)
(Bohn et al. 1999). In the present study, a relatively high-
er value of GS from SAMPL data may be attributed at
least partly to the lack of resolution of locus-specific al-
lelic diversity at individual loci in this technology. Low
GS values with SSR were also obtained in an earlier
study where, using an entirely different material, 
23 SSRs gave an average GS value of 0.31 (Plaschke et
al. 1995). An unusually high mean GS value (0.81) was
obtained in a solitary earlier study of bread wheat, where
45 genotypes were screened using 38 STS markers
(Chen et al. 1994), and an unusually low mean GS value
(0.18) was obtained using 124 diverse genotypes and a
much bigger set of 119 RFLP probes (Paull et al. 1998).
In these different studies on genetic diversity in bread
wheat undertaken using a variety of molecular markers,
the variation in GS coefficient values may be attributed
either to the differences in the number/nature of geno-
types used or to the differences in the probes/primers
employed.

The results of genetic diversity based on the dendro-
gram derived using GS values and the PCA analysis con-
ducted directly from binary matrix data were in agree-
ment to a great extent (Figs. 2 and 3). The highest GS
value of 0.96 was observed between E4229 (from Spain)
and E4813 (from Kenya), as well as between E3839
(from Columbia) and E3901 (from Equador), suggesting
that the two genotypes in each of these two pairs are
closely related. This corresponds well with their posi-
tions in the dendrogram as well as in the PCA plot (Figs.
2 and 3). On the basis of available information on pedi-
gree (adequate data on pedigree was not available to
work out coefficients of coancestry, f), and a high GS
value, it seems that they may be ancestrally related in the
remote past. In contrast to the above, the pair with geno-
types E288 (from Poland) and E3389 (from Lebanon)
had the lowest GS value (0.35). The positions of these
two genotypes in the dendrogram, as well as in the PCA
plot, also suggests that they are diverse. Therefore, they
represent a pair of diverse genotypes, representing po-
tential parents for a hybridization programme. In both,
cluster analysis and PCA analysis, however, genotypes
E3840 from Columbia and E2055 from Poland are

unique with respect to other genotypes. The GS value
between these two genotypes is 0.457, which is not the
lowest, suggesting that these are not so diverse with re-
spect to each other as they are with respect to the other
genotypes. Thus the information on genetic similarities
(all 1,485 values of GS are not provided), as well as the
cluster and PCA analyses collected during the present
study, when used together should prove useful for infer-
ring relationships between the genotypes and for the
identification of diverse genotypes for plant breeding.

Gene tagging

The five SAMPL primer pairs that were used for gene
tagging in the present study gave a fairly high level of
polymorphism (37.83% to 62.50%). When considered
together for all the five primer pairs, the polymorphic
bands were 47.6% for GPC, 51.9% for PHST and 44.7%
for GW. In contrast to this, when 340 locus-specific SSR
primers were earlier utilized for the same three pairs of
parents, 25.1% polymorphic primers were available for
GPC (Prasad et al. 1999; Harjit-Singh et al. 2001),
23.9% polymorphic primers were available for PHST
(Roy et al. 1999) and 18.2% polymorphic primers were
available for GW (Varshney et al. 2000). In case of
PHST, a set of 138 STS primers were also tried in an
earlier study, where 21.7% primers detected polymor-
phism (Roy et al. 1999). Thus it is evident that the poly-
morphism between the same pairs of genotypes detected
by SAMPL is 2–3 times the polymorphism detected by
locus-specific SSR or STS primers.

Bulked segregant analysis in the present study also al-
lowed the detection of associations between SAMPL
markers and each of the three traits, including GPC,
PHST and GW (Figs. 4a, b and c; Table 2). Six SAMPL
markers were found to be associated with GPC (XccuES6
400, XccuES6390, XccuES6365, XccuES6350, XccuES6
325, XccuES6300), four SAMPL markers were found to
be associated with GW (XccuES6355, XccuES6340,
XccuES6330, XccuES6320) and seven SAMPL markers
were found to be associated with PHST (XccuES6430,
XccuES6410, XccuES6370, XccuES6345, XccuES6280,
XccuES6150, XccuES6110). These associated SAMPL
markers can be converted into locus-specific primers,
which would require the elution of associated bands, fol-
lowed by cloning and sequencing. This is being done in
our laboratory in an extended study aimed at developing
efficient markers for marker-aided selection.

Conclusion

The present study in bread wheat has demonstrated that
the microsatellite-based marker system SAMPL can be
efficiently and effectively utilized for a variety of studies
involving the detection of DNA polymorphism. It can
certainly be used for a study of genetic diversity and for
the development of markers for marker-aided selection.

471



However, studies need to be conducted to find out if the
diversity patterns obtained by this marker system differ
from the diversity patterns obtained with other marker
systems and/or also from the diversity patterns obtained
using morphological traits. In order to evaluate their util-
ity, it may also be necessary to determine the relative fre-
quencies of co-dominant markers in AFLP and SAMPL
technologies. Further, the markers identified through
SAMPL to be associated with economic traits need to be
converted into user-friendly PCR-based locus-specific
primers for plant breeding.
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