
INTRODUCTION

One approach to assembling a gene pool is to collect
material from diverse geographic origins, with a con-
centration of accessions from the presumed centres
of diversity in individual samples (Laghetti et al.,
1998; Ghafoor et al., 2003b). Representative sam-
ples from the complete geographic range of the crop
species can help to ensure conservation of co-adapt-
ed gene complexes (Frankel, 1984; Frankel et al.,
1995; Brown, 1978; Beuselinck and Steiner, 1992).
The multilocus nature of most characters provides
information useful to breeders, but the complexity of
inheritance makes predication of breeding outcomes
difficult. The use of gene products (proteins) or low-
molecular components (terpenes, flavonoids) has
solved this problem in part. 

Among biochemical techniques, sodium dode-
cyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) is the most widely used, due to its reli-
ability and simplicity in describing the genetic struc-

ture of crop germplasm (Gepts, 1989; Murphy et al.,
1990). Over the last two decades, considerable
interest has been focused on the use of elec-
trophoretic methods for reliable discrimination and
identification of plant varieties (Sammour, 1985;
Sammour et al., 1994; Przybylska and Zimniak-
Przybylska, 1995). Electrophoresis adds informa-
tion to taxonomy and should not be dissociated
from morphological, anatomical and cytological
observations (Boulter et al., 1966; Ghafoor et al.,
2002). Seed protein profiles and molecular markers
obtained by electrophoresis have been successfully
used to study taxonomical and evolutionary rela-
tionships of several crop plants (Gepts and Bliss,
1988; Gepts et al., 1988; Sammour, 1989; Rao et
al., 1992; Das and Mukarjee, 1995). 

Cultivated lentil (Lens culinaris Medik) is
thought to have originated in the Fertile Crescent of
the Mediterranean region in Western Asia, dating
back to the beginnings of agriculture, from where it
spread to the rest of world (Ladizinsky, 1979; Duke,
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1981). Lentil is unique because it can be grown in
marginal environments in which other crops cannot
be cultivated (Cubero, 1981). Moreover, its high pro-
tein content from 19% to 36%, 55% starch, low levels
of toxic and antinutrient factors, and its ability to
grow under water-deficit stress conditions, are the
main attributes that make this an important crop
(Savage, 1988; Bhatty, 1998). In view of the impor-
tance of the crop, and the need to enhance the scope
and usefulness of its genetic resources, in this study
we undertook to access and evaluate genetic diversity
in lentil collected from geographic regions of
Pakistan, on the basis of seed storage protein profiles.

MATERIALS AND METHODS

Accessions representing the complete geographic
distribution of lentil in Pakistan (N = 144) were
selected for SDS-PAGE analysis (Sultana, 2004).
These accessions, mainly landraces, were collected
from farmers’ fields in lentil-growing areas of
Pakistan (Fig. 1). Seed protein profiles were deter-

mined for 20 plants sampled at random within each
accession to investigate inter- and intra-accession
variation. For extraction of proteins, single seeds
were ground to fine powder with mortar and pestle.
Then 400 μl protein extraction buffer [Tris-HCl (pH
6.8), 2.5% SDS, 10% Glycerol, 5% 2- mercap-
toethanol and Bromophenol Blue (BPB)] was added
to 0.01 g seed flour and mixed thoroughly in an
Eppendorf tube with a small glass rod. Seed protein
extracts were analyzed through vertical slab gel in a
discontinuous buffer system following the method of
Laemmli (1970) by loading 10 μl protein extract
solution in 9.5% polyacrylamide gel. Different
researchers have used gel concentrations ranging
from 7.5% to 17.0% (Masood et al., 2003;
Piergiovanni and Taranto, 2005). The proteins in
the gels were stained with Coomassie Brilliant Blue
(CBB R 250). To check the reproducibility of the
method, two separate gels were run under similar
electrophoretic conditions. The molecular weights of
the dissociated polypeptides were determined using
molecular weight protein standards in the SDS–70
Kit (Sigma Chemical Company, U.S.A.). 
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Fig. 1. Lentil germplasm collecting sites (o) in Pakistan. One circle indicates twenty samples.



After staining and destaining of the gels, genetic
diversity was estimated based on the presence or
absence of peptides. The presence/absence of the
peptide was entered in a binary data matrix. The
scores were 1 for the presence and 0 for the absence
of a band. To avoid taxonomic weighting, the inten-
sity of bands was not taken into consideration. The
SDS-PAGE data were analyzed for simple statistics
and cluster analysis with STATISTICA 6.0 and SPSS
7.5.1 for Windows (Statsoft, 2001; SPSS, 1996).
The data were analyzed on the basis of provinces,
agro-ecological zones, and altitude at intervals of
500 m. The binary matrix was used to calculate the
coordinates for graphic presentation of accessions
based on provincial and clustering patterns in scat-
ter diagrams with the use of SPSS 7.5.1. The agro-
ecological zones followed Agro-Ecological Regions
of Pakistan, which divides the country into 10 zones
on the basis of geology, climate, agricultural land
use and water availability (PARC, 1980). A similari-
ty index was used to construct a dendrogram by the
UPGMA method (Sneath and Sokal, 1973). 

RESULTS 

SDS-PAGE was run in various combinations, and it
turned out that a 9.5% acrylamide gel concentration
and 10 μl sample gave the best resolution (Fig. 2).
The seed protein profile data were split into two cat-
egories of accessions, homogeneous and heteroge-
neous, on the basis of within-accession variation. Of

144 accessions, 108 were homogeneous and the oth-
ers were heterogeneous. In total, 55 protein bands
were recorded, ranging in molecular weight from 14
KDa to 66 KDa, and 13 of these were polymorphic.
Occasionally the density or sharpness of a few pep-
tides varied, but this variation was not considered.
On the basis of banding pattern, the gel was divided
into six regions with intervals of molecular markers.
Region I had 9 bands of more than 66 KDa, of which
3 were polymorphic. Region II ranged from 45 KDa
to 66 KDa, with 14 protein peptides, of which 5 were
polymorphic. Region III ranged from 34 KDa to 45
KDa, with 19 protein subunits, of which 4 were
polymorphic. Regions IV and V, ranging from 18
KDa to 34 KDa, had 9 monomorphic bands. Region
VI, ranging from 14 KDa to 18 KDa, had 4 bands,
one of which was polymorphic. 

As shown in Table 1, band B2 exhibited varia-
tion in the accessions collected from Baluchistan
and Punjab. The material collected from Punjab
Province was polymorphic for all 13 protein pep-
tides; the next most polymorphic germplasm was
that collected from Baluchistan. When these data
were analyzed on the basis of agro-ecological zone
and altitude, it indicated that the germplasm col-
lected from zones 4 and 5 was diverse, with more
than half of the loci heterogenous. The first range of
altitude (0–500 m) revealed diversity for all loci. The
accessions of cluster I were distributed more in
zones 4 and 9 (Tab. 1, Fig. 3). Cluster II consisted of
accessions collected from zones 2 and 4. Cluster III
consisted of zones 4 (6.7% of accessions), 5 (6.7%),
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Fig. 2. Variation of seed proteins of lentil germplasm. Arrows idicate 13 polymorphic peptides. Gel was devided into six
regions of bands: I – >66 kda; II – 45–66 kda; III – 34–45 kda; IV – 24–34 kda; V – 18–24 kda; VI – <14 kda. 



8 (33.3%) and 9 (53.3%). The accessions of cluster
IV were distributed in all zones except 8 (Western
Dry Mountains) and 10 (Staiman Piedmont). The
cluster V accessions were distributed in all zones
except 1 and 4. The accessions of zones 4 and 9 had
the maximum representation in the clusters,
appearing in four of the five. The high diversity of the
accessions collected from Punjab Province may be
attributable to sampling, as this area has been
explored the most in the last two decades. The low-
est degree of polymorphism was found in the acces-
sions from the Northern Area and North Western
Frontier Province, where variation was observed in
two protein peptides. These areas are geographical-
ly diverse and one should expect more genetic diver-
sity, but their accessions and thus the actual diver-
sity of their germplasm was less well represented.
These areas should be sampled more intensively so
that the genetic diversity of lentil in the area can be
accurately portrayed.

The heterogeneous accessions were not consid-
ered for analysis and presentation due to low intra-
accession variation. All the polymorphic peptides
observed within heterogeneous accessions were also
recorded in the material evaluated, hence all the
variation for SDS-PAGE was included in the analy-
sis and presentation. The cluster diagram using
UPGMA revealed 5 clusters, and these were subdi-
vided into 19 sub-clusters (Fig. 3). Three accessions

were in cluster I, 3 in II, 15 in III, 71 in IV, and 16
in cluster V. The level of association for grouping on
the basis of provinces and altitude was low; 13 of 15
accessions of cluster III were collected from
Baluchistan, mostly from high altitudes, whereas 61
of 71 were from Punjab and were mostly from low
altitudes. In terms of the three geographic parame-
ters, province and altitude grouped the accession
sub-clusters, whereas agro-ecological zone was inde-
pendent of the clustering pattern. The provincial dis-
tribution data indicated some relation with protein
bands, and thus were plotted in a scatter diagram
on the basis of the first two components, which con-
tributed to 26.23% of the total variation (Fig. 4).
Separation on the basis of PC1 and PC2 revealed that
the germplasm collected from Punjab was scattered,
and many of these accessions overlapped due to
similarity. The scatter diagram revealed that 21.43%
of the accessions from Punjab, 20% of those from
Sindh, 30% of those from Baluchistan, 50% of those
from the North Western Frontier Province and 100%
from the Northern Area were represented on the
basis of dissimilarity. 

The scatter diagram for PC1 and PC2 revealed
separation on the basis of classification, and 26.7%
of the accessions of cluster III, 19.7% of IV and
31.2% of cluster V were represented on the basis of
similarity, whereas all the accessions of cluster I
were scattered.
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Fig. 3. Cluster diagram of 108 homozygous accessions of Lens culinaris based on SDS-PAGE markers. Collection sites
were Punjab (P), Baluchistan (B), Sindh (S), Northern Areas (NA) and North Western Frontier Province (NWFP). Numbers
1 to 10 are agro-ecological zones given in Figure 1. The last segment presents the altitude range of the collection site.



DISCUSSION

Sampling and assays have been successfully used to
study the geographic variation of seed storage pro-
tein (Bogyo et al., 1980; Erskine and Muehlbauer,
1991; Piergiovanni and Taranto, 2003; Ghafoor et
al., 2003a). In the present investigation, four zones
of the electrophoretic profile exhibited variation,
with major differences in region II, where 5 of 14
protein peptides were polymorphic. Similarity of
banding patterns between accessions may be due to
duplications in the germplasm, but this should be
confirmed with two-dimensional electrophoresis
(e.g., Celis and Bravo, 1984; Beckstrom-Sternberg,
1989; Higginbotham et al., 1991; Picard et al., 1999;
Thiellement et al., 2005). In our study, SDS-PAGE
showed low intraspecific variation. SDS-PAGE
should be used to select diverse accessions from

various sources, preferably from the centre of diver-
sity, so that a broad-based gene pool can be
acquired. For better management of the gene bank,
precise and comprehensive knowledge of agricultur-
al and biochemical data (proteins and DNA) is
essential so that duplicates can be eliminated; this
will help in compiling a core collection of lentil
germplasm.

According to Perry and McIntosh (1991), differ-
entiation by geographic region of origin is useful in
substantiating postulated regions of diversity or
gene centres. Rare alleles occurring in only one or
two apparently random populations can be consid-
ered mutants, migrants or the result of other coinci-
dental events (van Hintum and Elings, 1991). Alleles
common in restricted areas occur mostly in high
mountainous areas. This could indicate that genetic
material has been introduced from the foothills of
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TABLE 1. Diversity of 13 polymorphic peptides for three geographic parameters in lentil germplasm collected from
Pakistan

1 – indicates the presence of the protein band; 0 – indicates absence of the protein band; 1/0 – indicates polymorphism of the protein
band in the germplasm;  f – number of accessions; NWFP – North Western Frontier Province.



the North Western Frontier Province to the high
mountains of the North Western Frontier Province
and Northern Area. Migration of landraces into new
regions, followed by some degree of contamination
by mixing with other landraces, can be expected in a
country like Pakistan, where movement of
germplasm from one area to another is not restrict-
ed. Areas with a high levels of environmental stress
will present mixtures with interesting types of toler-
ance to environmental stresses but which are homo-
geneous; these areas require less extensive sampling
for the purpose of conserving genetic resources. 

Clusters based on agro-ecological zones did not
prove useful for the studied lentil germplasm,
whereas altitude and provincial distribution
grouped 63 accessions out of 108 (58.3%). Cluster
analysis also grouped many same-source accessions

separately, perhaps due to exchange of germplasm
by breeders or transport of pulses to different mar-
kets from where seed of various origins is dissemi-
nated throughout the country. According to Smith et
al. (1995), linkage clustering and PCA are useful for
preservation and utilization of germplasm.

On the whole, the multivariate approach proved
to be a very useful tool, in that it produced five clus-
ters based on SDS-PAGE, much more differentiated
by provincial distribution than by subdivision of
clusters solely according to the altitude and agro-
ecological zone of the collecting site. The study con-
firmed the wealth of phenotypic diversity in the local
lentil germplasm. The variation within Pakistan
seems largely attributable to province. Further col-
lection missions to the main lentil-growing areas
should concentrate efforts on sampling as many geo-
graphically and ecologically distinct areas as possi-
ble, rather than collecting extensively from fields
close to motorable roads in individual provinces, as
has already been suggested by Pecetti et al. (1996)
for tetraploid wheat. For cowpea, Laghetti et al.
(1998) suggested sending collection expeditions to
areas where genetic erosion is taking place, along
with the areas where the existing genetic diversity
has not yet been sampled (Padulosi, 1993). 

Brown (1978), Frankel (1984) and Huh and
Huh (2001) considered geographic origin the best
criterion for examining variation, whereas Kumar
and Arora (1992) reported no definite relationship
between genetic diversity and geographic distribu-
tion. Previous studies on germplasm from Pakistan
as reported by Piergiovanni and Taranto (2003)
indicated low diversity of seed proteins in lentil, but
in the present study the large collection we exam-
ined showed diversity for all three regions, and
almost all the polymorphic bands reported earlier in
cultivated lentil were observed in the present mate-
rial. A small number of germplasm collections from
a particular region might not accurately represent
the actual diversity within that region. Samples rep-
resenting the total diversity in a particular country
or region should be evaluated, so that a representa-
tive rather than random set of accessions can be
used for investigations of diversity on the regional or
continental level. As Pakistan is in the vicinity of the
centre of diversity of lentil, high variation of various
parameters is expected, and that can be found only
if a complete set of germplasm is studied. Although
germplasm collected from high altitudes of the
Northern Areas exhibited low genetic diversity, the
high geographic diversity of the area means that
some classic diversity should be expected, and fur-
ther collection missions to the area are suggested. 

SDS-PAGE on 9.5% acrylamide in a large gel
can be employed to study intraspecific diversity. It
enabled us to isolate landraces, which require criti-
cal evaluation to isolate pure lines. There is a wealth

Sultana et al.82

Fig. 4. Scatter diagram of 108 accessions of lentil based
on SDS-PAGE for distribution against provinces (above)
and clusters (below).



of inter- and intra-accession variation in local lentil
germplasm that is yet to be collected. Further col-
lections are needed to expand the gene pool. Except
for Punjab Province, all areas in Pakistan should be
explored before their local germplasm becomes
extinct. SDS-PAGE showed a low level of diversity in
our accessions, but higher than in other legumes,
and it can be increased by the addition of more
extensively sourced germplasm.
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