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ABSTRACT 

To distinguish among five lupine (Lupinus 

termis L.) genotypes, biochemical markers and 

seedling characteristics were studied, using  

electrophoresis of seed and leaf proteins and four 

isozyme systems[esterase (EST), catalase (CAT), 

peroxides (Prx), and glutamate oxaloacetate 

transaminase (GOT)]. A total of 21 and 13 

polymorphic bands were detected in the seed and 

leaves, respectively.  Molecular weights ranged 

from 183.82 to 11.14 kDa for the seeds and 148.52 

to 8.17 for the leaves.  Among the genotypes, seed 

storage protein bands ranged from 10 in genotype 

Giza-1 to 13 in genotype Giza-3, while the total 

number of leaf protein bands ranged from six in 

genotype Giza-2 to nine in genotype Giza-1.  

Specific, characteristic bands could be used to 

identify and differentiate some genotypes from 

among others. At the isozyme level, a similar 

number of bands were produced, but the location 

and Rf values of the bands differed, enabling 

identification among the lupine genotypes 

 

INTRODUCTION 

White lupine (Lupinus termis L.), a crop plant 

grown as a traditional human food and animal feed 

since ancient times, is extensively cultivated in Egypt 

and other Mediterranean countries as a component of 

sustainable farming systems (Musquizet al., 1993; 

Hefny, 2013).  The plant is a source of protein (33-

47%) and contains a high concentration of 

polyunsaturated fatty acids, but is relatively low in 

starch, lysine, and sulfur containing amino acids.  Oil 

content ranges from 6-13%, and alkaloid content can 

exceed two percent.   

While a number of researchers have used seed 

characteristics, seedling morphology, and chemical 

tests for varietal identification, these characteristics 

have not been wholly reliable.  Indeed, the continuing 

increase in varieties of several crops has made reliance 

on plant appearance to distinguish among plant 

varieties quite difficult. Over the past several years, 

electrophoresis, a relatively sophisticated and 

reproducible technique, has gained extensive use for 

varietal identification in other crop species, replacing 

morphological characteristics (Cooke, 1987, 1993; 

Naguib et al., 2011; Vanangamudi et al., 1988; Varier, 

1993; Vishwanath et al., 2011). 

Differentiating among lupine genotypes using 

biochemical markers and seedling characteristics will 

enable the use of plant breeding and seedling selection 

to improve lupine yields and constituency. The aim of 

the present investigation was to differentiate between 

five lupine genotypes, using seedling growth 

characteristics and protein and isozyme constituents. 

 

MATERIALS AND METHODS 

  Plant material. Seeds of five lupine (Lupinus 

termis L.) genotypes (Family-9, Mutation–33, Giza-1, 

Giza-2, and Giza-3) obtained from the Leguminous 
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Crops Department of Research (LCDR), at the Field 

Crops Research Institute, Agricultural Research 

Center, Ministry of Agriculture, Giza, Egypt were 

used in this study. 

 Seedling characteristics. To determine the 

germination percentage and seedling characteristics of 

the lupines, 25 randomly selected seeds of each of each 

genotype were tested as recommended by ISTA 

(1999).  In preparation for the germination tests, all 

seeds were surface sterilized by immersion in 0.5% 

sodium hypochlorite (NaOCl) solution for 5 min to 

prevent fungal infections and then rinsed three times 

with sterile water to remove any residual NaOCl.   

 The sterilized seeds were then scattered on the 

upper surface of two sheets of sterile Whatman No. 1 

filter paper that had been premoistened with 10 mL of 

sterile, distilled water and placed in separate, sterile 

Petri plates (150 mm in diameter x 15 mm deep).  The 

plates containing the seeds were placed in a controlled 

environment chamber (Conviron Model EF7) 

containing a mixture of fluorescent and incandescent 

light at 20 ± 2oC for germination under an 18 h light-6 

h dark cycle (PAR =135 µmol m2s-1 and a R-FR ratio 

= 1.92). Seed germination was observed daily with 

water added to each Petri plate as necessary to 

maintain moisture levels.   

 Seedling development was measured at 21 days 

after transfer into the Petri plates by monitoring seed 

germination (ISTA, 1999), by measuring seedling 

stem and root lengths, and determining seedling fresh 

and dry weights of ten randomly selected seedlings.  

Seedling vigor index following the procedure 

(seedling length in cm x germination percentage) 

outlined by ISTA (1999).  Seedling dry weights were 

determined after drying the plant seedlings to a 

constant weight in a hot air oven at 85oC (12 h) 

(Krishnasamy and Seshu, 1990). 

 Seed storage and leaf proteins. Protein extracts 

from seeds and leaves of the various genotypes were 

characterized by SDS-polyacrylamide gel 

electrophoresis (SDS-PAGE), following the proce-

dure of Laemmli (1970) as modified by Studier (1973). 

The seed and leaf from each genotype were ground 

with a mortar and pestle and a 0.02 g sample of each 

genotype was dried, defatted with hexane, and 

completely mixed in 0.2 mL of sample buffer before 

storing overnight at 4oC.A 400 L sample of the 

extract (equivalent to about a 0.2 absorbance value per 

10 L) was thoroughly mixed and heated in a boiling 

water bath for 5 to 10 minutes, and then centrifuged at 

an RCF of 7,000 g for five minutes.  The supernatant 

was transferred to clean, cold sample tubes and 

maintained at 4oC until analysis.   

 The pre-prepared separating gel (Table 1) was 

poured into the space (2 mm) between two glass plates 

held in casting frames to a height of 12 cm (1.5 cm 

below the comb bottom) and then overlaid with 

isopropanol to insure the top of the separating gel was 

horizontal.  After the separating gel had solidified, the 

isopropanol was removed and the stacking gel was 

added at the top of the separating gel.  The well 

forming comb was inserted into the stacking gel for a 

total of 15 min to insure complete polymerization of 

the stacking gel before removal of the comb. 

 After the comb was removed, a 20 to 30 L 

sample of each prepared genotype extract was 

carefully added to a separate comb well to avoid any 

air bubbles and provide sharp separation of protein 

bands. The upper and lower buffer tanks were filled 

with the running buffer and attached each other so that 

the gel was completely covered with the buffer. 

Bromophenol blue in lane one was used to mark the 

protein separation front. 

 The proteins were separated by attaching the 

negative electrode to the bottom tank, the positive 

electrode to the top tank, and then applying 100 volts 

until the dye entered the resolving gel.  The voltage 

was then increased to 250 volts until the dye front 

reached the bottom of the resolving gel and electro-
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phoresis was stopped by disconnecting the electrodes.  

To ensure the orientation of the gel was not lost during 

staining and handling, a small triangle was cut at one 

corner of the gel. 

 After completion the of the protein separation, 

each gel was placed overnight in a separate resalable, 

clear plastic bag containing staining solution. The 

stained gels were then transferred into individual 

reclosable plastic bags containing a destaining solution 

and gently agitated on a shaker. The destaining 

solution was changed several times until the gel 

background was clear except for the protein bands. 

 The Rf values of the stained bands were 

calculated and along with the approximate molecular 

weights were used to determine the position of the 

protein bands. The gels were subsequently scanned 

densitometrically using a color flatbed scanner (Epson 

GT 8000, Epson, Japan) connected to a computer and 

printer using peak scanner2 software that was 

downloaded from the WEB. The estimation of 

molecular weights of different protein bands was 

automatically calculated by comparison to a protein 

marker. 

 Isozymes electrophoresis. Native polyacrl-

amide gel electrophoretic techniques were used to 

identify the isozyme fingerprint of lupine genotypes 

esterase (EST), peroxidase (Prx), catalase (CAT), and 

glutamate oxaloacetate transaminase (GOT).Isozyme 

fractionation was done on a vertical slab (19.8cm 

x26.8 cm x 0.02cm) using a Labconco gel 

electrophoresis apparatus, following the procedure 

outlined by Jonathan and Wendel (1990). 

 A total of five seedlings from each lupine 

genotype were extracted with 1 mL extraction buffer 

(pH 7.5) (1:3 w/v). Each sample was vortexed for 15 

sec and centrifuged for 10 min at a g-force (RCF) of 

8,600 at 5oC to remove any tissue remains. The 

supernatant was transferred to a new Eppendorf tube 

and kept at -18oC until used in the electrophoretic 

analysis.  The standard polyacrylamide8% gel (pH8.6) 

was made using 25 mL of a30% acrylamide-

bisacrylamide solution, 75 mL of gel buffer, 30 mg 

sodium sulfate, 4 mL of ammonium persulfate, and 

100 µL of TEMED.  The gel was poured on the plate 

and 10 well combs were placed immediately. The gel 

polymerization took place in approximately 30min. 

 Extract (50 µL) from each sample was mixed 

with 10 µL of bromophenol blue and added to each 

comb well.  The gel was then completely covered with 

electrode buffer and electrodes were connected to a 

power supply and adjusted at 200 volts for 2h.Upon 

completion of the electrophoretic separation, the 

appropriate substrate and staining solution was added 

to each gel and the gels were incubated at 37°C in the 

dark until the bands appeared.  

 

 

 After the enzyme bands appeared, the reaction 

was stopped by washing each gel two or three times 

with tap water followed by submerging the gel in a 

fixative solution consisting of 9 parts ethanol and 11 

parts of 20% glacial acetic acid.  Each gel was kept in 

the fixative solution for 24h and upon removal rinsed 

two times with tap water, photographed, and scanned 

using a Gel Doc-2001 gel documentation system (Bio-

Rad Laboratories, Inc., Hercules, CA) to determine the 

density of each band.  

 The densitometry scanning of the bands was 

focused on the length, width, and intensity of each 

band to ensure full recognition of the isozymes. 

Relative amounts were quantified and scored. The Rf 

values and approximate molecular weights were used 

to determine the position of the protein bands for 

identification of cultivars (Vishwanath et al., 2011). 
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RESULTS 

 Seedling characteristics.  Differences in seed 

germination, shoot and radicle length, fresh and dry 

weights, and seedling vigor were observed among the 

five tested lupine genotypes (Table 3).  Seed germina-

tion ranged from a low of 89% to a high of 98% in the 

genotypes Family-9 and Giza-1, respectively.  In 

contrast, while genotype Family-9 had the highest 

seedling fresh weight among the lupine genotypes, this 

selection also had the lowest seedling vigor index.  

 
 

 Seed storage proteins. Electrophoresis with 

SDS-PAGE revealed a total of 21 polymorphic bands 

with molecular weights ranging from 183.82 to 11.14 

kDa in the seed storage proteins (Table 4).  Distinct 

differences in SDS protein banding patterns were 

observed among the genotypes with 10 bands in 

genotype Giza-1 and 13 bands in genotype Giza-3.  

Some genotypes contained specific bands that could be 

used to identify and characterize specific genotypes.  

Family-9 genotype, for example, contained protein 

bands with molecular weights of 136.92, 50.72, and 

27.13kDa.  Genotype Giza-3 produced three specific 

protein bands with molecular weights of 183.82, 41.65, 

and 26.97 kDa. 

 The protein band (MW = 179.15) was present in 

all genotypes.  Bands with a MW of about 21.33 kDa 

were present in all genotypes except for genotype Giza-1.   

The absence of a band common to all the other geno-

types could be considered a negative marker. 

Table 4.Molecular weights and the presence or absence of  
    genotypes for seed storage proteins in lupines. 

 

 Leaf proteins. A clear variation among the 

lupine genotypes for production of the leaf proteins 

was visible. Separation of the leaf proteins by 

electrophoresis using SDS-PAGE produced 13 bands 

with molecular weights ranged from 148.52 to 8.17 

kDa (Table 5).  Within the 13 bands, four were 

common (MW = 133.17, 131.03, 118.64 and 78.36 kDa) 

and observed in all the tested genotypes (Table 5). 

 Specific protein bands were associated with 

various genotypes.   For example, genotype Giza.-1 

contained a protein band with a molecular weight of 

92.13 kDa, while the genotype Family-9 was character-

ized by a protein band with a molecular weight of 28.40 

kDa.  The protein bands with molecular weights of 77.57 

and 16.12 kDa were present in all the genotypes except 

Giza-1 and Giza-3.Genotypes Mutation-33 and Giza-1 

had the most bands with nine each.  Genotype Giza-2 

only had six bands, the least number of bands. 
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Genotypes:  Fam.-9 = Family-9; Mut.-33 = Mutation-33;  
+ = band present; - = band absent. 

 Isozyme electrophoresis. Esterase (EST), 

catalase (CAT), peroxidase (PRX), and glutamate 

oxaloacetate transaminase (GOT) extracted from the 

leaf tissue of the five studied lupines were analyzed 

and used for identification and characterization of the 

genotypes through polyacrylamide gel electrophore-

sis (PAGE) profiles.   

 Esterase bands differed according to the lupine 

genotype (Table 6).  Characterization the genotypes 

was possible according to the number of esterase band 

patterns.  The genotypes Family-9 and Giza-3 

contained only seven bands each to distinguish 

between these two genotypes, depending on the Rf 

values.   

 
 The Mutation-33 genotype contained six bands 

of which the bands withRf= 0.061, 0.104 and 0.335 

were identical to those of EST-1, EST-2, and EST-5 in 

genotype Family-9. Except for EST-5, The esterase 

bandsof the Giza genotypes differed from each other 

in Rf values and from the genotypes Family-9 and 

Mutation-33 in number of bands, except for Giza-3 

that had the same number of bands as Family-9. 

 Catalase isozyme bands were present in all five 

genotypes, but the number of bands differed (Table 7).  

Giza-1 had only three catalase isozyme bands in the 

five lupine selections that analyzed.  The genotypes 

Family-9 and Mutation-33 had four catalase isozyme 

bands as compared with the five bands present in the 

Giza-2 and Gisa-3 banding pattern.  The genotypes 

Family-9, Mutation-33, and Giza-2 had the same Rf 

values of 0.143 and 0.837.    

Table7.Rf of catalase isozyme bands in lupine genotypes. 
Genotype CAT-1 CAT-2 CAT-3 CAT-4 CAT-5 

Family-9 0.007 0.143 0.430 0.837 --- 

Mutation-33 0.110 0.143 0.344 0.837 --- 

Giza-1 0.113 0.335 0.837 --- --- 

Giza-2 0.107 0.143 0.300 0.355 0.837 

Giza-3 0.075 0.138 0.216 0.287 0.566 

 For the peroxidase isozyme, the maximum 

number of genotype bands was three.  The genotype 

Giza-2 only had two bands.  Matching bands were 

identified in PRX-1 for the genotypes Family-9 and 

Giza-1 with an Rf of 0.091, in PRX-2 for genotypes 

Mutation-33 and Giza-2 with an Rf of 0.39, and in 

PRX-3 for genotypes Family-9 and Mutation-33 with 

an Rf of 0.455 and for genotypes Giza-1 and Giza-3 

with an Rf of 0.436. 

Table8.Rf of peroxidase isozyme bands in lupine genotypes. 

PRX - 3 PRX - 2 PRX - 1 Genotypes 

0.455 0.417 0.091 Family-9 

 
0.455 0.397 0.098 Mutation-33 

 
0.436 0.412 0.091 Giza-1 

 
--- 0.397 0.077 Giza-2 

 
0.436 0.379 0.086 Giza-3 

 
 The glutamate oxaloacetate transaminase iso-

zyme bands in all five genotypes had very similar Rf 

values (Table 9).  The isozymes for Famly-9, 

Mutatuion-33, Giza-1, and Giza-3 had the same band 

Rf value of 0.334.  For the isozyme GOT-2, the Rf 

values for Mutation-33 and Giza-1 were the same and 

the Rf value of 0.334.Genotypes Mutation-33 and 

Giza-1hadthe same Rf  values for all three isozymes 

and the genotypesFamily-9Giza-1, Giza-2, and Giza-3 

had the Rf value of 0.417. 
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Table9.Rf of glutamate oxaloacetate transaminase 
 isozyme bands in lupine genotypes. 

Genotype GOT-1 GOT-2 GOT-3 

Family-9 0.334 0.387 0.417 

Mutation-33 0.334 0.378 0.427 

Giza-1 0.334 0.378 0.417 

Giza-2 0.350 0.392 0.417 

Giza-3 0.334 0.392 0.417 

 

DISCUSSION 

 Desirable seed germination characteristics are 

those similar to the qualities of other crops.  Rapid 

germination, vigorous seedling growth, and the ability 

to withstand environmental and pest stress are 

important characteristics desirable in all crops seeds. 

In addition to seed germination and growth, however, 

the desirable lupine plant must be adaptable to 

growing and producing a seed crop in marginal soils 

and climates (Sánchez et al., 2005).   

 A comparison of lupine seedling germination 

and development within the five genotypes tested in 

this study demonstrated differences among the 

collection of seeds.  These differences in seed 

germination and vigorous growth suggest some 

significant differences within the genotypes that could 

be used in plant breeding to improve the cultivation of 

lupine production under adverse environmental 

conditions.   

 Lupine seeds, which are relatively high in 

proteins, lipids and fiber content, make lupine a 

historical and current valuable food and feed crop, 

especially in the Mediterranean area (Gladstone, 

1974).  Thus, genotype selection and plant breeding 

could be expected to improve plant development and 

nutritional value. 

 Biochemical markers can be considered a good 

tool for identification and genetic evaluation of the 

conserved material.  These biochemical markers can 

be achieved and identified by protein banding patterns 

or isozyme polymorphism. Therefore, biochemical 

genetic fingerprinting can satisfy both adequacy and 

accuracy for the identification of the conserved 

material.  Furthermore, electrophoresis 

polyacrylamide gel continues to play a major role in 

the experimental analysis of protein. 

 Polyacrylamide gel electrophoresis (PAGE) is 

still the most widespread from of the technique, since 

this procedure offers sufficient resolution for most 

situations and is coupled with simple use and the 

ability to process many samples simultaneously for 

comparative purposes (Hames, 1990).  Protein band-

ing patterns can be efficiently used to identify and 

separate genotypes with desirable traits. 
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