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ABSTRACT: Seed storage proteins from four genotypes of the plant model (Medicago truncatula)
were electrophoretically separated by SDS-PAGE in order to find protein bands as markers for
genotypes characterization in relation to salt stress. A total of 20 protein bands with molecular weight
ranging from 10 to > 80 kD were recorded. Among the genotypes, the tolerant genotype (Tru 131)
represented maximum number of protein bands (14) and the sensitive one (Tru 26) corresponded
minimum number of polypeptide bands (07). Bands (13 and 14) were highly polymorphic and are
exclusive to (Tru 131 and Tru 673), tolerant genotypes. The average gene diversity of seed storage
protein in M. truncatula genotypes was moderate (H = 0,477) and the clustering revealed variation
between these genotypes and were assembled in three groups. The variability of protein profiles
suggested that these selected genotypes can be a good source for crop improvement through
hybridization programs.
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INTRODUCTION

Medicago truncatula is widely used as a model legume plant for understanding tolerance to abiotic
stress (Young and Udvardi, 2009). This legume is of great interest for sustainable agriculture and ecology. M.
truncatula seeds accumulate large quantities of protein at maturity until 32-42% of dry weight (Djemel et al.,
2005). Salinity is an important abiotic stress which significantly affects legume growth in relation with protein
expression provided from seed storage protein. These kind of proteins are considered as influential factors in
genetic diversity (Rodrigues-Quijano et al., 2001), polymorphic while extremely stable and independent of
environmental fluctuations (Valero Galvan et al., 2011).

The SDS- PAGE method is a suitable technique to identify varieties and were used very successfully in
evaluating the genetic diversity (Sharma and Maloo, 2009). Germplasm characterization is important for
evaluation of genetic resources and utilization of valuable genotypes for conservation programs and breeding
purposes (Hamrick et al., 1991; Crawford et al., 2001). The assessment of the level and structure of genetic
diversity of seed storage protein in M. truncatula genotypes is a requirement for plant breeding and genetic
resource conservation programs. The aim of the present study is the assessment of genetic diversity between
M. truncatula genotypes and determination of bands pattern related to salt stress tolerance.

MATERIALS AND METHODS

SEED MATERIAL

Seeds of M. truncatula genotypes provided by different institutes, were studied. Jemalong, is the
reference genotype, Tru 131 and Tru 26 genotypes from IDGC BelAbes, ENSA El Harrach, Algeria,
respectively, and the genotype Tru 673 from ICARDA Aleppo, Syria. Amouri et al., (2014), showed that the
genotypes (Tru 131 and  Tru 673) were tolerant to salt stress and the genotypes (Jemalong and Tru 26) were
sensitive.

Seed storage protein extraction and SDS PAGE
The seed storage protein was extracted according to procedure of Fyad Lamèche (1998). Proteins

were extracted from single seeds for each genotype and homogenized with extraction buffer (50 mM Tris-HCl
(pH: 6.8), 2% SDS, 2,5% beta-mercaptoethanol, 10% Glycerol). Samples were centrifuged at 14000 rpm for 15
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minutes and supernatants were isolated and used for protein assay. The procedure of Laemmli (1970) was
used for the electrophoresis analysis of protein on vertical discontinuous SDS PAGE (4,5 and 7,5 %). The
standard staining and de-staining procedures were used for visualization of clear protein fragments for bands
scoring: the gels were stained in 0.25 % Coomassie brilliant blue-R250, followed by de-staining in 50 %
methanol v/v, 40% acetic acid v/v and 10% distilled water.

Data analysis
Electrophoregrams for each genotype were scored and the presence (1) or absence (0) of each band

noted. Presence and absence of bands were entered in a binary data matrix and was analyzed using the
Statistical Analysis System Statistica 6.1 version based on Jaccard’s similarity coefficient. A dendrogram was
produced using mean of the Unweighted pair group method with arithmetic averages (UPGMA) analysis. The
genetic diversity at each locus was calculated as follows: Hi = 1 – Σ Pi2, with Hi and Pi denoting the genetic
variation index and the frequency of the number of alleles at the locus, respectively (Nei, 1973). The average
gene diversity (H) was calculated from the formula : H = Σ Hi/N. H: average heterozygosity for several loci, hj :
heterozygosity per locus, N: total number of loci.

RESULTS AND DISCUSSIONS

Protein distribution patterns in four genotypes of Medicago truncatula were studied and reveal quali-
tative and quantitative variations in terms of band number, staining intensity and molecular weight (Table. 1).
Based on molecular weights the banding pattern revealed three regions (Fyad Lamèche, 1998): Region I (10 -
40 kDa) comprised 10 bands, region II (40 - 60 kDa) consisted of 5 bands and region III (60 - >80kDa) had 5
bands. Twenty protein polypeptide bands of diverse molecular weights ranging from 10 to > 80 kD were
identified, two were monomorphic (band 1 and band 9 ) located in the region I and II, respectively, and were
common in all genotypes. The genotypes showed considerable variation in protein band number ranged from 7
to 14. Among the genotypes, Tru 131, tolerant genotype, showed maximum (14 bands) resolved protein bands
while, the minimum (7 bands) was recorded in the highly sensitive genotype (Tru 26) and the average (10 and
11 bands) were recorded in Tru 673 and Jemalong genotypes, respectively. The bands (6, 11 and 15) were
absent in the sensitive genotype (Tru 26). However, the band 4 was present just in Jemalong and the bands
(3,5,8,10 and 18) were present in the genotype (Tru 673), bands (7 and 20) in the genotype (Tru 131), while
bands (13 and 14: Region III) with higher genetic diversity (0,500), were recorded in the tolerant genotypes (Tru
131 and Tru 673) but not in the sensitive ones (Tru 26 and Jemalong), these protein (polypeptide) bands can
be considered as tolerant genotypes specific (Fig. 1). Seed protein profiles are often species specific and highly
stable (Ladizinsky and Hymowitz, 1979). The same authors reported variation in number and position of bands
in the accessions of the same species and also differences in the darkness and thickness of various bands in
the accessions of the same species, suggesting that bands characters are under control of quantitative gene
systems. In the same time, we noted the presence of the bands (16 an 17) highly polymorphic (0,500) in Tru
131, tolerant genotype and in Tru 26, the sensitive one. These bands were absent in the others genotypes. The
average gene diversity of seed storage protein in M. truncatula genotypes was moderate (H = 0,477), however,
the results obtained of genetic diversity for each band (Hi) showed that the region III had the highest value (Hi =
0,495) and it was more polymorphic than the region I and II (Hi = 0,468). This data suggest that the region III
(highly polymorphic and without monomorphic bands) can be involved in the control of tolerance to salt stress
in M.truncatula. Fyad Lamèche et al.,(1996) affirmed that the variation of bands (absence or presence) within
species of annual Medicago could be the expression of one locus, where each band is controlled by one allele
and each band corresponding to a monomer. Another suggestion by Shepherd (1968) and Kalinova (2006)
stated that each band is governed by several genes located at different chromosomes. Similarity index for four
genotypes ranged from 13,3 to 66,7 %. Highest percent similarity was recorded between (Tru 131) and
(Jemalong) (66,7 %) despite were contrasting genotype to salt stress tolerance because there is more intense
bands (quantitative variation) in the tolerant genotype (Tru 131) than the sensitive one (Jemalong), while, the
minimum (13,3 %) between (Tru 26 and Tru 673), sensitive and moderately tolerant, respectively with a major
qualitative variation. Damerval et al., (1987) hypothesized that the quantitative variations in gene product levels
revealed by electrophoretic techniques is a more important basis for detection of morphological and adaptive
change than classical variability (presence/absence). In the same manner, Malik et al., (2009), showed that the
accessions of soybean from various sources differed considerably, indicating that there is no definite
relationship between genetic diversity and geographic diversity. Similar results were reported by (Ghafoor et al.,
2003). Cluster analysis of banding pattern of examined genotypes based on similarity index and UPGMA
resulted three distinct clusters (Fig. 2). Cluster I consisted of one moderately tolerant genotype (Tru 673), clus-
ter II comprised of two contrasting genotypes (Tru 131 and Jemalong) but with major quantitative variation
(presence of the same bands but with different intensity) and cluster III had one highly sensitive genotype (Tru
26). The degree of genetic relatedness among genotypes based on pedigree (dendogram) information can
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sometimes be imprecise or incomplete (Maccaferri et al., 2003). The dendrogram revealed moderate genetic
diversity because two of the four genotypes are in different cluster for the same species. Our results suggest
that the two contrasting genotypes (Tru 26 and Tru 673), showed better demarked protein profiles with
reference to their band presence or absence, but the intensity of band is very recommended to discriminate
between tolerant and susceptible genotypes, this was illustrated for example, by comparison between (Tru 131)
tolerant genotype, with high bands intensity and (Tru 26) the sensitive one, with low intensity.

CONCLUSIONS

SDS-PAGE of seed storage proteins can be used to assess genetic diversity in Medicago truncatula
genotypes in relation with salt stress tolerance. The data analysis revealed a moderate variation between
genotypes and the protein bands (13 and 14) were specific in tolerant genotypes (Tru 131 and Tru 673), also
the intensity of protein band in relation to salt stress is very recommended to discriminate between tolerant and
susceptible genotypes like (Tru 131 and Tru 26). These information can be used to identify specifically
differences between different genotypes under salt stress in the plant model of M. truncatula.

ACKNOWLEDGEMENTS

Financial support for this work was provided by National Research Program of the Ministry of Scientific
Research of Algeria (2012-2013 PNR Project Code: 50).

Figure 1. Seed storage protein profiles in four genotypes of M. Truncatula. M: molecular weight marker (10-256 KDa:
BioLabs). 1 : Tru 26. 2 : Tru 673. 3 : Tru 131. 4 : Jemalong.
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Table 1. Type, number and amount of genetic diversity in four genotypes of Medicago truncatula.

Table 2. Similarity matrix based on Jaccard coefficient for seed storage protein in M. Truncatula genotypes
Genotypes Tru 26 Tru 673 Tru 131 Jemalong
Tru 26 1 0.133 0.500 0.385
Tru 673 1 0.263 0.312
Tru 131 1 0.667
Jemalong 1

Figure 2. UPGMA (Unweighted Pair Group Method with Arithmetic means) dendrogram of four genotypes of M. Truncatula
based on seed storage protein profiles.

Region
Band
N°

Rf
Values

Molecular
weight
(kDa)

Genotypes Genetic
diversity
(Hi) for each

band

Genetic
diversity in
each
Region

Average
gene
diversity
(H)

Tru 26 Tru 673 Tru 131 Jemalong

Region I

1 0,37 >80 1 1 1 1 0

0,468

0,477

2 0,41

> 60 - 80

1 0 1 1 0,375
3 0,43 0 1 0 0 0,375
4 0,46 0 0 0 1 0,375
5 0,49 0 1 0 0 0,375

Region II

6 0,55

> 40- 60

0 1 1 1 0,375

0,468
7 0,57 0 0 1 0 0,375
8 0,62 0 1 0 0 0,375
9 0,64 1 1 1 1 0
10 0,65

10- 40

0 1 0 0 0,375

0,495
Region III

11 0,66 0 1 1 1 0,375
12 0,69 1 0 1 1 0,375
13 0,71 0 0 1 1 0,500
14 0,74 0 0 1 1 0,500
15 0,79 0 1 1 1 0,375
16 0,82 1 0 1 0 0,500
17 0,84 1 0 1 0 0,500
18 0,86 0 1 0 0 0,375
19 0,89 1 0 1 1 0,375
20 0,91 0 0 1 0 0,375

Total number of bands 07 10 14 11

Number of monomorphic bands 02 (Region I and II)

0,2 0,4 0,6 0,8 1,0 1,2 1,4

Similarity coefficient

Tru 673

Jemalong

Tru 131

Tru 26
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