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This activity was aimed to investigate the proteomic diversity of common bean landraces collected from 
the different ecological zones of Malakand division, KP, Pakistan. The genetic diversity was assessed 
through seed storage protein profile using SDS-PAGE of 117 landraces collected from different 
ecological zones of Malakand division, KP, Pakistan. The protein summaries were confirmed via SDS-
PAGE. The electrophoregram produced ten bands ranging from 180 to 10 kDa with Molecular Weight 
Marker. The electrophoregram exhibited two zones RI and RII.  The R-I, contained six bands ranging in 
size from 180 to 34kDa and RII is comprised of 4 bands ranging in size from 33 to 10kDa.The average 
Genetic Index for R-I was 17%, while for R-II, it was 27%. Among all bands, B-4 and B-5 was found to 
have the greatest genetic diversity (90.59% and 88.88%, respectively). The dendrogram based on R-I 
and R-II  zones sorted all the landmarks into 13 and 10 clusters respectively, showed high level of GD 
within 117 landraces. High degree of Variation in protein band profile and multiple clustering validate that 
in future Pakistani bean landraces will provide an abundant chance for obtaining genetically strong and 
stable genotype with high valued production to breeders. 
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INTRODUCTION 
Phaseolus vulgaris L. commonly known as 
Common beans is a member of the Papilanaceae 
/Leguminosae or Fabaceae or bean family is an 
important crop of legumes produced extensively in 
Asia, South America and Africa (Wani et al., 
2010). It is the main source of food of more than 
500 million people in America, Africa and other 
parts of the sphere (Krista et al., 1991). Its global 
production is more than 19.00 million metric tons 
per annum, of which 27% production comes from 
Latin America, 10% from Africa, the remainder 
from other parts of the world (Uebersax et al., 
1991).  

Common bean was originated in Latin 
America more than six hundred years ago and 
very late it was domesticated in Mexico. From 
Latin America, then it spread to Africa, Europe 
and Asia (Gepts et al., 1991). Out of all, 55 
species, five species are extensively important 
and are cultivated in different parts of the world 
(Debouck et al., 1993). These include P. vulgaris 
L. (Common bean), P. lunatus L. (Lima bean), P. 
coccineus L. (Runner bean), P. acutifolius (tepary 
bean) and P. dumosus.  

It is one the most important staple food crop in 
most semitropical, tropical and temperate parts of 
the globe (Perseguini et al., 2011) including 
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mountainous areas of Pakistan. In most 
instances, local farmers in Pakistan are continuing 
the long-standing practice of planting seed they 
set aside from a previous year’s harvest. Such 
locally harvested seeds or “landraces” often 
exhibit genetic adaptation to local environmental 
conditions (Pfeiffer et al., 2006). 

Genetic diversity or genetic variation is one 
the most applied subject being adapted by 
renowned workers of the world. The importance of 
genetic variation was discovered by Vavilov and 
his colleagues in the last century. This success 
led to the base of “Biodiversity International” 
(Govindaraj et al., 2015). The presence of genetic 
variation/diversity within organisms, especially in 
plants is most imperative for plant breeding 
(Ghafoor et al., 2005). Genetic diversity can be 
determined by using various approaches like 
morphology, electrophoresis, and DNA based 
analysis (Nisar et al., 2009) 

In biochemical means, electrophoresis by SDS is 
one of the most important methods for exploring 
the genetic diversity of plant. It is due to various 
factors like environmental independence, 
rationality and adaptability that most of the 
workers use this method (Ghafoor et al., 2005). It 
can also be used to observe intraspecific diversity, 
associations and to regulate the genetic structure 
of the populations of crops (Nisar et al., 2009). 
This activity was aimed to find out the genetic 
diversity of common beans cultivated in Pakistan, 
especially in Malakand division by using SDS-
PAGE. 
  
MATERIALS AND METHODS 

Protein extraction 

Poly Acrylamide gel electrophoresis SDS-PAGE 
was performed to evaluate the level of genetic 
variation/diversity in 117 Pakistani bean landraces 
collected from the different ecological zones of 
Malakand division according to the laboratory 
protocol (Table 1) (Reynolds et al., 1970).  

Almost three numbers of Seeds were taken from 
each Landrace and were grounded into a fine 
powder. 400μL of PEB (Protein Extraction Buffer) 
as outlined in table 2.1 was added to 0.01g of 
seed powder taken in effendorf tubes and was 
vortexed, to homogenize the mixture. It was then 
centrifuged at 13000 RPM (revolution per 
minutes) for 10-15 minutes at normal temperature 
to obtain a supernatant, which was then used for 

electrophoresis. As a tracking agent, 
Bromophenol blue (BPB) was added. 
Table 1: Composition of protein extraction 
buffers 
 

S. No. Chemicals Quantity 

1.  Tris 0.6057 g 

2.  
Sodium  

dodectylsulphate  
(SDS) 

0.2 g 

3.  Urea 30.3 g 

4.  Distilled Water 
Total 

volume 
 of 100 mL 

5.  HCL (Conc) 
Adjust to 

pH 8 

6.  
2-

mercaptoethanole 
1mL 

 
  

Electrophoretic designing 
The apparatus for gel was assembled as per 

given design; the gel plates were cleaned 
thoroughly on their internal sides with 70% 
ethanol. Both of the gel plates were placed 
parallel with defined space of 1 mm and were 
fixed in the apparatus with clips. After assembling 
the apparatus, both the stacking and separating 
gels were prepared as per table 2 given bellow. 

 
Table 2: Separation and stacking gel solution 
protocol 
 

Type of 
gel 

Chemicals  Quantity  

Separation 
gel 

Solution A 5.5mL 

Solution C 10mL 

Ammonium  
Per Sulphate 

(APS) 

200 Micro L 

Distilled Water 5 mL 

TEMED 15 Micro L 

Stacking 
gel 

Solution B 2.5 mL 

Solution C 1.5 mL 

Ammonium Per 
 Sulphate (APS) 

70 mL 

Distilled Water 5 mL 

TEMED 17 Micro L 

 
The separation gel was prepared and was 

poured upon the micro space of the two glass 
plates fixed in the frame up to 2/3 of its height. 
Afterward, some distilled water was poured upon 



Sher et al.                                         Protein Profiling of Indegnous Common Bean Through SDS-PAGE 

 

    Bioscience Research, 2020 volume 17(2): 688-698                                                             690 

 

the separation gel gently for fixing. After some 
time to fix the separating gel, the stacking gel was 
prepared as per protocol given in the table 2 and 
poured upon the separation gel. 
 
Table 2.3: Composition of solution A, B and C 
 

Solution  Chemicals 
 Required 

Quantity  

      A  Tris 36.3 g 

SDS 0.4 g 

Distilled water Make total 
Vol, 

 100 mL 

HCL (Conc) Adjust at pH 
8.8 

B Tris 5.9 g 

SDS 0.4 g 

Distilled water Total, Vol 100 
mL 

HCL (Conc) Adjust at pH 
8.8 

C Acrylamide 30 g 

Bias 
Acrykamide 

0.8 g 

Distilled water Total Vol 100 
mL 

 
 The combs were then placed immediately in the 
stacking gel to form wells. The stacking gel retains 
the loaded samples in the wells and allows them 
for downward movement under the influence of 
electro potential. The Solution A, B and C given in 
the table 3 can be prepared based on the 
protocol. 

Detection and Protein profile analysis 
After electroplating, the gel was separated in 

a tray from the gel plates with care so that the gel 
may not be broken into pieces. Distilled water was 
then added to the gel in the tray. After this the gel 
was placed in the staining solution for some time 
normally for 10 minutes above the shaker and 
then washed immediately with distilled water. 
After staining and immediate washing the gel was 
then transferred into another tray having a 
destaining solution for some time just to remove 
the stain of the gel. After this process of staining 
and destaining the gel is washed with distilled 
water for about one hour and then dipped in spirit 
to fix the binding pattern of protein. The 
components of staining and destaining solution 
are given in the table 4 

 

Table 4: Composition of staining and 
destaining solution 
 

Solution  Chemical Quantity  

Staining  
 

Methanol  440 mL 

Acetic Acid 60 mL 

Distilled 
Water 

Make total  
Volume of 1 

L 

Comassie 
brilliant Blue 

(CBB) 

2.25 g 

Destaining  Methanol  440 mL 

Acetic Acid 65 mL 

Distilled 
Water 

Make total  
Volume of 1 

L 

. 
After staining and destaining, the gel was 

examined through the high - precision scanner 
(HP 3500 C, Hewlett Packard Co.). By using a 
single dimensional analysis program, the 
molecular weight of each range of protein was 
determined (Lab Image Version 2.6, Halle, 
Germany).  The nominal data obtained was 
converted into numerical data by coding absent by 
0 and present by 1 for protein bands. By using 
binding and correlation coefficient methods, 
clustering were analysis was carried out by 
Minitab for Windows, Version 14.20 (Minitab Inc. 
Pennsylvania, USA). 

Data analysis 
The protein data matrix was processed using 

the Jaccard Similarity Coefficient and two way 
cluster analysis (TWCA) conducted using PC-
ORD in order to find out the genetic 
association/linkage (GA/L) within bean landraces. 
To complement the cluster analysis, a multivariate 
approach was selected and Principal Coordinate 
Analysis (PCA) was carried out also using a PC-
ORD. Genetic indices (GI) within landraces were 
calculated through Unweighted Pair-Group 
Average (UPGMA) %disagreement using 
Software STATISTICA. 
 
RESULTS  

Protein diversity within landraces 
The protein summaries of 117 Pakistani 

Common bean accessions were confirmed via 
SDS-PAGE. It produced ten bands ranging from 
180 to 10 kDa with Molecular Weight Marker 
(MWM) as shown in figure 1. The 
electrophoregram was divided into two zones (R-I 
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and RII), to measure diversity in Common bean 
landraces collected from Malakand division. In 
zone  R-I  6 number of protein bands (B-1, B-2,  
B-3, B-4, B-5 and B-6) were found ranging from 
180 to 34 kDa, while in R-II four bands were 
founds (B7 to B10) and were ranging from 33 to 
10 kDa. 

Bands 1, 2, 4, 5 and 6 showed 83% average 
diversity. The high genetic diversity was found in 
B-4 having 91% and B-5 having 89%. B4 was 
represented in 10 % cases, while B5 was found in 
11% bean landraces. The most Important protein 
band (B3) was found in all accessions of common 
bean and designated as species specific band for 
common beans as shown in figure 2 (tree-B). 

In R-II the entire bands were polymorphic and 

were represented by 4 bands. High genetic 
diversity was found in B-8 and B-9 with 49%21% 
variation (Figure 3/B).  

Band frequency and genetic association 
within landraces 

The graphic representation given in figure 4 of 
protein polypeptide bands revealed significant 
differences within band frequency. B1, B2, B3 and 
B-7 was abundantly present in landraces 
(f=94.88%) while the remaining bands showed low 
frequency ranging from 9% to 80%  in population. 
This huge variation in protein band frequency 
showed genetic diversity due to genetic change. 

 
 

 
Figure 1: Protein banding pattern of Pakistani bean landraces.  MWM= Molecular Weight Marker, 

P.V= Phaseolus vulgaris  

 
Figure 2: Two-way Cluster analysis (TWCA) based on a seed storage protein profile of common 

bean landraces collected from Malakand division. 
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Figure 3: Two way Cluster analysis (TWCA) based on a seed storage protein profile of common 

bean landraces collected from Malakand division. 
 

 
Figure 4: Representation of protein polypeptide band frequency in population of bean landraces 

 

 
Figure 5: Two-way Cluster analysis (TWCA) based on seed storage protein profile in 117 bean 

landraces collected from Malakand division. 
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Fig 6: Scattered plotting through PCA based on R-I  

 
 

 
Fig 7: Scattered plotting through PCA based on R-II 
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Fig 8: Scattered plotting through PCA based on the Combine (R-I and R-II 

 
The genetic association/diversity in common 

been accessions via zone wise protein binary data 
matrix was verified through Jaccard similarity 
Index/Two Way Cluster Analysis (TWCA) and 
Principal Component Analysis (PCA). The 
dendrogram, classified all local varieties into 13 
groups based on R-I (Fig. 5).  In cluster 1, 63% of 
the local varieties were found genetically linked. 
12% of the local varieties were grouped in cluster-
9 (G-9) and 7% represented by 8 local varieties 
were grouped in cluster-8 (G-8). The remaining 
accessions like PV-110, PV-100, PV-97, PV-27, 
and PV-99 were placed individually in G-13, G-11, 
G-10, G-7 and G-6 respectively representing a 
low level of genetic association. In R-II all the 
Landraces were divided into 10 groups as shown 
in Figure 5. In the tree B, 37 percent of the total 
population (44/117) was grouped in the cluster-4, 
whereas 27% of the accessions (32/117) were 
genetically linked in G3. These two clusters 
showed strong genetic interactions with protein 
profile. 

The genetic linkage within landraces collected 
from Malakand division, was confirmed through 
Scatter Plots using zone wise and combine 
Principal Component Analysis (PCA). Similar 
patterns of genetic relation among all the 
landraces showed coordination of TWCA and 
PCA for discovering the association (genetic) 
among 117 bean landraces collected from 
Malakand division (Figures 6, 7 and 8). The 
overall population showed higher genetic diversity 
and splits into 33 groups. Each group represented 
genotypes with similar banding pattern. 

Genetic indices within landraces 
Protein binary data matrix was preceded 

through UPGMA %disagreement analysis to 
measure the genetic indices (GI) among 117 bean 
landraces collected from Malakand division. 
Based on zone-wise analysis, R-I calculated 17% 
average genetic diversity while R-II showed 27% 
average genetic diversity. The UPGMA value was 
44% on average and the genetic indices were 
43% as shown in the table 5. 

 
Table 5: Genetic indices (G-I) within 117 bean 
landraces 
 

Zone  Average 
value 

R-I 17% 

R-II 27% 

R-I/R-II 
UPGMA 
 Value 

44% 

GI (%) 42.37% 

 
In R-I, 5.98% bean landraces, revealed more 

than 40% genetic diversity. Among these higher 
level of genetic diversity (55%) was calculated for 
Landrace P.V-99. Similarly, 21% landraces in R-II 
showed more than 40% diversity. Accessions No. 
P.V-28 (61%) and P.V-44 (62%) were genetically 
more diverse landraces in R-II (table 6). 

The combined genetic distances of R-I and R-
II of bean landraces showed 44% average genetic 
variation as shown in table 6. 21.37% landraces 
were observed by more than 60% genetic 
diversity. PV-20, PV-23, PV-27 and PV-97 
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expressed more than 80% genetic diversity and 
hence selected as genetically diverse landraces in 

the population as given in the table 6. 

Table 6: Genetic distances of 117 common bean landraces collected from Malakand division 
measured through UPGMA amalgamation rules using percent dis-agreement. 

 

R1 R II 

R-I &R-II 
UPGMA  

Combined 
value 

GD 
(%) 

Acc 
Valu

e 
%Valu

e 
Acc 

Valu
e 

%Valu
e 

Acc 
Valu

e 

PV-20 0.46 46 PV-1 0.55 55 PV-1 0.63 63 

PV-24 0.46 46 PV-2 0.55 55 PV-2 0.64 63.55 

PV-86 0.4 40 PV-5 0.41 41 PV-3 0.63 62.72 

PV-94 0.43 43 PV-9 0.56 56 PV-4 0.63 63.27 

PV-97 0.43 43 PV-20 0.43 43 PV-5 0.64 63.84 

PV-99 0.55 55 PV-21 0.57 57 PV-9 0.76 75.69 

PV-
110 

0.4 40 PV-22 0.58 58 PV-20 0.88 88.23 

-- -- -- PV-23 0.59 59 PV-21 0.65 65.45 

-- -- -- PV-25 0.41 41 PV-22 0.8 79.82 

-- -- -- PV-26 0.6 60 PV-23 0.81 80.67 

-- -- -- PV-27 0.54 54 PV-24 0.82 81.9 

-- -- -- PV-28 0.61 61 PV-26 0.67 67.31 

-- -- -- PV-29 0.42 42 PV-27 0.87 86.67 

-- -- -- PV-38 0.42 42 PV-28 0.68 68.16 

-- -- -- PV-41 0.42 42 PV-44 0.7 70.32 

-- -- -- PV-42 0.42 42 PV-45 0.65 65.39 

-- -- -- PV-44 0.62 62 PV-46 0.66 66.31 

-- -- -- PV-45 0.57 57 PV-55 0.6 59.81 

-- -- -- PV-46 0.57 57 PV-67 0.62 61.67 

-- -- -- PV-62 0.4 40 PV-94 0.61 60.87 

-- -- -- PV-63 0.41 41 PV-97 0.81 80.83 

-- -- -- PV-65 0.4 40 PV-98 0.73 72.81 

-- -- -- PV-67 0.41 41 PV-99 0.69 68.52 

-- -- -- 
PV-
105 

0.42 42 PV-105 0.74 73.61 

-- -- -- -- -- -- 
P.V-
110 

0.62 61.9 

Average value 5.98% Average value 21% Average value 
21.37

% 

  
   

DISCUSSION 
The proteomic diversity relation to intra and inter 
geographic distribution indicated a broad gene 
pool of P. vulgaris in Pakistan. Many authors 
(Perry et al., 1999) demonstrated that, variation in 
relation to geographic patterns of origin is useful 
in substantiating postulated regions of diversity or 
gene centers. Rare alleles occurring in only one or 
two apparently random populations can be 
considered mutants, migrants or the result of 

other coincidental events (Hintum et al., 1991). 
The findings of genetic diversity within the 
population play a key role in selection of elite 
genotypes with superior agronomic traits (Simon 
et al., 2007). For this purpose Protein 
electrophoresis using SDS-PAGE is the most 
valuable technique for describing genetic diversity 
at a seed storage protein level within crop 
populations. It is now widely used method to find 
out the genetic analysis of various leguminous 
plants, including common beans (EI-Fiky et al., 
2012).  
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The present activity is the first documented report 
about the seed proteomic assay of Pakistani 
Common bean Landraces collected from the 
different regions of Malakand division. During this 
investigation, a significant diversity was found 
regarding seed protein profile. In this study, the 
electrophoretic profile showed huge variation with 
major differences within genotypes in both regions 
of R-I and R-II. In these Landraces all proteins 
polypeptide were polymorphic except B3.  The 
typical genetic diversity within bands was found 
28.37%.  Among protein bands, the genetic 
diversity of the highest levels for B4 and B5 was 
found 90.59% and 88.88% respectively. This 
protein indicates genetic diversity that is caused 
by genes change / structure, which is shown in 
seed storing proteins. In facts the opportunities for 
improvement in crops are direct proportion to the 
genetic diversity. In R-I (between 34-180kDa), 
Protein B3 was monomorphic and selected as 
specie specific bands for Phaseolus Vulgaris (L). 
This indicated that the gene, which codes this 
protein, is highly conserved in Common bean. 
Other workers like (EI-Fiky et al., 2002) 
elaborated the electrophoretic profile of the 
Egyptian Common bean cultivar. They reported 
47 bands between 20 to 136kDa and each cultivar 
was observed with different banding pattern. 
Moreover, all the bands were polymorphic. 
Similarly, in another activity conducted by 
(Sammour et al., 2007) regarding the comparative 
electrophoretic profile of Phaseolus vulgaris and 
other four species of Phaseolus like P. acutifolius, 
P. grayanus, P. lunatus and P. maculatus. They 
reported in their study 31 protein subunits having 
found with a unique protein profile except P. 
vulgaris, which was in the distant from all the 
others with high polymorphism.  In separating 
population based on genetic diversity or genetic 
association amongst the accessions, Cluster 
analysis (CA) and Principle Component analysis 
(PCA) are widely used methods. CA is used to 
produce a dendrogram or clustering in groups of 
the population, based on the genotypes 
dissimilarities or similarities (Govindaraj et al., 
2015). In PCA, dimensional scatter plot of the 
genotypes is drawn which is more informative 
regarding distances among the genotypes 
(Hassan et al., 2016). In the present study, the 
same statistical analyses were used to 
understand the genetic association/genetic 
diversity exist among the landraces. The Combine 
analysis for R-I and R-II separated the Landraces 
into two distinct lineages at 0.00% similarity level. 
Only one Landrace P.V-97 reported from District 

Chitral occurs in a linkage-II (L-II). The 116 
Landraces in a linkage-I (L-I) was inter spread into 
32 groups revealing intra and inter geographic 
distribution proteomic diversity within landraces. 
P.V-20, P.V-27, P.V-24 and P.V-09 reported from 
District Dir (Upper) showed 15%, 25%, 37.5% and 
42% similarity respectively, P.V-67 from District 
Dir (Lower) indicated 50% similarity, P.V-99 and 
P.V-109 from District Shangla showed 31.25% 
and 45% similarity respectively while P.V-98 from 
District Chitral displayed 48% similarity with a 
population of L-I. Furthermore, each out of the 
above mentioned Landraces represented 
individual group in L-I of the tree.  This proteomic 
diversity relation to intra and inter geographic 
distribution indicated a broad gene pool of P. 
vulgaris in Pakistan. According to (Perry et al.,  
1999) the variation in relation to geographic 
patterns of origin is useful in substantiating 
postulated regions of diversity or gene centers. 
Rare alleles occurring in only one or two 
apparently random populations can be considered 
mutants, migrants or the result of other 
coincidental events (Hintum et al., 1991).  All 
landraces in G-4 and 22 Landraces in G-10 were 
reported from different agro-ecological zones, but 
exhibit 100% similarity protein profile and hence 
the landraces clustered together in the tree. 
Perhaps this similarity is due to the migration of 
landraces from one Agro ecological region to the 
other, but interestingly under similar protein profile 
these landraces are adapted to tolerate 
environmental stresses in areas with high level of 
environmental changes. According to (Simon et 
al., 2007), linkage clustering and PCA is useful for 
the preservation and utilization of germplasm.  
The mathematical analysis described by (Nei et 
al., 1979) for estimating genetic indices within the 
population was applied to binary data of protein. It 
was identified that the landraces P.V-20, P.V-23, 
P.V-27 and P.V-97 calculated >80% GI and hence 
selected as genetically diverse Landraces in the 
population. 

CONCLUSION 
It can be concluded that a high degree of 

diversity is found in this untouched area of 
Malakand division, KP, Pakistan and can be used 
for obtaining a high degree resistant and best 
common beans land races 
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