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Abstract 
In arid and semi-arid regions, Atriplex species constitute excellent forage for livestock, especially during droughts. Due 
to their hardiness, palatability, and edibility, as well as their richness in proteins. Equipped with a very significant 
biomass, they constitute an effective and relatively inexpensive tool in the fight against erosion and desertification, 
especially in steppe areas. The trials aimed at characterizing the genetic diversity of these species are therefore very 
useful for their classification, conservation, improvement, and selection. 
Our work is part of the characterization of the genetic polymorphism of six Atriplex halimus ecotypes from various 
Algerian thru the separation of isoenzymatic markers on electrophoresis gel represented by peroxidases and glutamate 
oxaloacetate transaminase. knowing that the three alleles are expressed for the ecotypes of Bechar, Ain Sefra, Mascara, 
Arzew, and Mostaganem, but for the Chleff ecotype, all the alleles are expressed. 
The results of this study showed that glutamate oxaloacetate transaminase is not very polymorphic among the studied 
ecotypes, with the presence of three isoenzymes visualized in Béchar, Ain Sefra, Mascara, Arzew, and Mostaganem, 
and an additional isoenzyme characterizing the Chleff ecotype, demonstrating its genetic diversity. 
Peroxidases have also demonstrated low interspecific diversity, which characterizes the Chleff ecotype compared to other 
ecotypes. the zymogram of peroxidases presents two active zones each composed of two bands, which suggests the 
presence of two loci each containing two alleles. 
Generally speaking, the results revealed a non-negligible threshold of genetic polymorphism, both inter- and intra-species, 
among the studied ecotypes of Atriplex halimus. 
Keywords: Atriplex hailmus, genetic diversity, ecotype, electrophoresis, isoenzymes. 
 
INTRODUCTION 
In Algeria, Atriplex halimus is a cosmopolitan species found from the coast to the extreme south (Al-Turki 
et al., 2000; Walker et al., 2014). It is planted in inter-dune spaces where it helps stabilize the dunes and 
on saline soils to improve pastures, used in the phytoremediation of contaminated soils and soil 
remediation (Chisci et al.2001, Gharibeh et al.2023). These shrubs can play a role in the development of 
regions where vegetation has been severely degraded. (Mulas ,2004). The organic composition of Atriplex 
halimus depends on several parameters, such as climate, plant age, and season. ( Mkaddem et al., 2024 ). 
Many species resemble each other, even from one genus to another, and especially some of them exhibit 
astonishing polymorphism, which causes the plant's appearance to vary from one individual to another 
depending on the stage of development and the season. The species of the genus Atriplex exhibit 
pronounced morphological polymorphism, manifested in the size and shape of the leaves, fruit valves, and 
seeds, as well as in overall biomass production. (Boules 1999, Piotto et al. 2003). 
That is how we became interested in studying the genetic polymorphism of this plant to identify 
individuals with interesting characteristics for potential selection work. Our work aims to contribute to 
the evaluation of the genetic variability of Atriplex halimus at the biochemical level, represented here by 
peroxidases and glutamate oxaloacetate transaminase.  
 
MATERIAL AND METHODS 
Plant material 
In order to obtain young Atriplex halimus seedlings that will be used in the enzyme extraction step for the 
study of isoenzymatic polymorphism, Atriplex halimus seeds were collected from the following sites: 
Bechar (Abadela), Ain Safra (Tiout), Mascara (Tighennif), Mostaganem (Matarba), Arzew (the port of 
Arzew), Chleff (Soubha) (figure1).. 
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The map below shows the geographical location of the harvesting sites. 

 
Figure 1. Geographical location of the harvesting sites 
Source: Microsoft Encarta 2008; 1993-2007 Microsoft Corporation All rights reserved 
 
The choice of harvesting sites was based on the existence of a more or less marked phenotypic 
polymorphism, and it was with the aim of verifying whether it finds an explanation by studying it thru 
biochemical markers. 
The panicles containing the seeds were rubbed against a sieve to separate the seeds, which are very small 
in size. Obtaining a large number of seeds without using this method is difficult. The seeds are stored in 
separate boxes. 
The sowing takes place on filter paper in petri dishes placed in an incubator at 25°C to accelerate 
germination. The entire 7-day-old seedlings are used for protein extraction for the study of enzymatic 
systems (Sabu et al., 2000; Tadesse and Bakele,2001). 
The extraction of enzymes from Atriplex halimus seedlings 
The seedlings are cleared of any remaining seed coats by retrieving the seedlings, which are then counted 
and weighed. The enzyme extraction is done on a mortar cooled with ice to avoid any possible 
denaturation. 
Ascorbic acid as well as 2-mercaptoethanol are antioxidants that partially prevent the oxidation of phenols 
into quinones, which can lead to enzyme inactivation. By adding the extraction buffer at a ratio of (1ul / 
mg) (Sandmeier et al.,1981). The obtained extracts are transferred into Eppendorf microtubes (1.5 ml), 
then centrifuged for 20 minutes at 14,000 rpm at 40°C: (Thongthieng and Smitamana 2003). After 
centrifugation, the supernatants (crude extracts) are collected in other microtubes of the same volume, 
they can be used immediately for electrophoresis or frozen at – 200 C; for later use (Haddioui and Baaziz 
, 2001; Martinez et al., 2001). 
The extraction buffer used is the 0.1 M Tris-HCl buffer, pH 8 (Kaplan et al., 2001), which consists of the 
following reagents: Tris Hcl 0.1M, B. mercaptoethanol 70 mM, Sodium metabisulfite 26 mM, Ascorbic 
acid 11mM, PVP (polyvinylpyrrolidone) 4% w/v.  
Preparation of polyacrylamide gel 
The buffer system used is discontinuous. The use of discontinuous buffers, whose pH and ion nature 
allows for the prior concentration of the sample to be separated. 
Polyacrylamide gels have a thickness of 1 mm and are made using two glass plates measuring 20 x 20 cm. 
The upper part of the gel, where the enzymatic extracts are deposited, has a large-pore texture 
(concentration gel, 5% polyacrylamide). This gel allows for the concentration of the extracts before their 
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separation on the narrow-pore gel (separation gel, 8% polyacrylamide). (Wiley Liss 1966). The composition 
of the two gels is summarized in the following table: 
 
Table 01: Composition of discontinuous gel. 

 
 
 

Gel of concentration  
5% (20ml) 

Gel of separation  
      8%  (50ml) 

Distilled water 11,68 ml 24,2 ml 

Polyacrylamide solution 3,32 ml 13,3 ml 

Tris-HCl 0,5 M pH 6,8 5 ml  

Tris-HCl 1,5 M pH 8,8  12,5 ml 
Ammonium persulfate 100 µl 250µl 

TEMED 10 µl 25 µl 
The gel buffer 
The same gel buffer is used as the tank buffer (Vallejos, 1983). This buffer is composed of: 30g of tris-HCl, 
pH=8, 14.4g of glycine, 1L of distilled water. 
Vertical electrophoresis 
This type of setup is mainly used for matrices like polyacrylamide gels. The samples generally move within 
the matrix. The matrix is in the form of gelled material, between two glass plates. It is prepared shortly 
before use by forming a "sandwich" of glass plate/gel/glass plate. During gelation, care will have been taken 
to create wells where samples will be placed. Each end of the gel will be placed in contact with a buffer 
containing electrolytes which, when subjected to an electrical potential, will allow the propagation of a 
current thru the gel. This current will drive the molecules that make up the sample. This migration will 
allow for the separation of various molecular species that will migrate at different speeds. (Kamoun, 1977). 
We use an "electrophoresis tank" essentially consisting of two containers holding the buffer and an 
electrode. The anode and cathode are connected to a direct current generator. The ends of the solid 
support are dipped in the buffer (Guastalla, 2003). 
The migration 30 ul of protein extract are introduced into the wells (one ecotype per well) using  Hamilton 
syringe. Bromophenol blue 0.05 mg/ml (Vallejos ,1983) is used to indicate the migration front. The tanks 
of the device are filled with buffer until both ends of the gel are submerged. The electrodes are connected 
to the generator that provides a continuous current of 50 mA intensity and 300V voltage. During the 
manipulations, the device is placed in a refrigerator to keep the gel at a temperature of 4° C, in order to 
prevent the denaturation of enzymes due to the heat generated by the passage of current thru the gel 
(Zeidler 2000). The operation continues until the migration front reaches the lower end of the gel. 
The revelation 
The in situ revelation of isoenzymes is carried out by incubating the gel in a reaction mixture containing 
the substrates of the studied enzyme. 
The gel containing the investigated enzymes is carefully retrieved, rinsed, then placed in a box where the 
enzymatic reaction and specific staining for each enzymatic system will take place, it is then immersed in 
a fixation solution composed of 7% acetic acid, then stored in cellophane film and digitized (by Scanner). 
Statistical study  
All tests were performed in duplicate or triplicate. Results are presented as mean± standard  
deviation of two or three independent determinations. All statistical analyses were carried out  
by Graphpad prism 5 using analysis of variance (ANOVA) and differences among the means  
were determined for significance at p≤0.05 using least significant. 
 
 
RESULT  
Glutamate oxaloacetate transaminase 
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Figure 2. Zymogram of glutamate oxaloacetate transaminase. Bechar(1), Ain Sefra(2), Mascara(3), 
Arzew(4), Mostaganem(5), Chleff(6) 
 
The observation of the zymogram shows that the resolution was perfect, which made the presence of two 
zones of enzymatic activity visible. The observed bands were clearly separated and they were colored pink 
and black with almost identical intensity for the different ecotypes (figure 2). 
At the level of the first activity zone, three bands are exceptionally counted in the Chleff ecotype and only 
two bands for the other ecotypes, whose relative separation profile shows that the two presented bands 
are identical for the studied ecotypes, whose frontal ratios are 0.73±0.01 and 0.75±0.05 respectively, and 
which are cathodic. 
The additional band of the Chleff ecotype shows the diversity it presents compared to the others with a 
Frontal Ratio equal to 0.81 ±0.02. The second zone contains a single black, fast, and anodic band common 
to the studied ecotypes with the same migration or a frontal ratio equal to 0.85 ± 0.06. The results obtained 
allow us to conclude that for glutamate oxaloacetate transaminase, the two highlighted zones correspond 
to two loci with two alleles each, determined by Haddioui and Baaziz (2001), and that the structure of this 
enzyme is monomeric. 
Peroxidases 
 

 
Figure 03. Zymogram of peroxydases. Bechar(1), Ain Sefra(2), Mascara(3), Arzew(4), Mostaganem(5), 
Chleff(6)       
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Electrophoretic analysis on discontinuous polyacrylamide gel of peroxidases using their substrate allowed 
for the separation of the isoenzymes of this system. 
The analysis of the zymogram shows that the number of bands revealed varies from four to five per ecotype, 
these bands are distributed over three zones, each of these three zones is represented by one to three 
bands, slow bands in the first zone, fast bands in the third zone, and intermediate bands in the second 
zone ( Figure 03). 
The first zone contains two common cathodic bands for all populations with a frontal ratio of 0.55 ± 0.04 
and 0.56 ± 0.07 respectively. In this zone, there is also a third one with a frontal ratio equal to 0.61 ±0.02, 
which characterizes the Chleff ecotype, thus showing its genetic polymorphism compared to the other 
ecotypes. The second intermediate zone contains two bands with frontal ratios of 0.63 ±0.002 and 0.65 
±0.01 respectively, existing in all the studied ecotypes except the Chleff ecotype. 
In the third zone, we observe a rapid and identical migration profile of an anodic band where the frontal 
ratio is 0.67 ± 0.02 across all the studied ecotypes. 
 
DISCUSSION 
The enzymes are made visible on the gel by using chromogenic substrates that produce colored products 
after the enzyme's action. Thus, for example, the release of α or β naphthol allows for its subsequent 
combination with an Azody (Fast blue RR) to produce a colored precipitate (Baaziz 2006). This is the case 
with our studied systems. 
The Glutamate oxaloacetate transaminase 
For the glutamate oxaloacetate transaminase system, the appearance of pink bands and black bands was 
observed. This color difference highlights the specificity of the enzymes (Vallejos, 1983). Pasteur et al. 
(1987) reported that this color difference also indicates the presence of different loci. 
The presence of three bands common to the different ecotypes demonstrates the homogeneity of the 
species for this enzymatic system. On the other hand, the presence of an additional band specific to the 
Chleff ecotype reveals the existence of genetic diversity. Although this variability is low, it is not negligible. 
According to Micales and Bonde (1995), the origin of isoenzyme diversity may be due to the presence of 
a single locus coding for multiple alleles. So the presence of three common bands for all the ecotypes of 
Bechar, Ain sefra, Mascara, Arzew, and Mostaganem translates to the presence of three alleles and four 
alleles for the Chleff ecotype if the enzyme is monomeric. 
Other authors report that glutamate oxaloacetate transaminase can also be dimeric. In this context; the 
appearance of three bands for the ecotypes: Bechar, Ain sefra, Mascara, Arzew, and Mostaganem reveals 
the presence of two alleles. Regarding the Chleff ecotype, three alleles responsible for the four bands found 
were identified. 
From a karyological point of view, the ploidy level appears to be highly variable, with diploid, triploid, and 
tetraploid plants having been identified during the experiments (Barrow, 1987), so the origin of the 
variation in these isoenzymes may be due to the presence of multiple loci that code for a single allele. 
If we consider that the enzyme has a monomeric structure, the presence of three bands for the ecotypes 
of Bechar, Ain sefra, Mascara, Arzew, and Mostaganem can be explained by the existence of three loci, 
and the four bands require four loci for the Chleff ecotype. 
If the enzyme is dimeric; the three bands indicate two loci in the ecotypes of Bechar, Ain sefra, Mascara, 
Arzew, and Mostaganem, while the four bands characterizing the Chleff ecotype are explained by the 
presence of three loci. 
Haddioui and Baaziz (2001) consider that in Atridex halimus, glutamate oxaloacetate transaminase is 
monomeric, and that these enzymes from foliar extracts exhibit four active zones with two bands each, 
suggesting the presence of four loci with two alleles. From this perspective, the appearance of the bands is 
explained by the presence of two loci with two alleles each. Only three alleles are expressed for the ecotypes 
of Bechar, Ain sefra, Mascara, Arzew, and Mostaganem. Whereas for the Chleff ecotype, all the alleles are 
expressed. 
Peroxidases 
Peroxidases are Michaelian enzymes with two substrates, catalyzing an irreversible reaction according to a 
ping-pong mechanism (Ngo, 2010). They have a variety of substrates (aromatic phenols, phenolic acids, 
indoles, amines, and sulfonates, etc.) (Veitch, 2004, Vlasova, 2018). 
The enzymatic activity of peroxidases depends on several factors, the most important of which are pH and 
temperature. (Diao et al., 2019). Peroxidase exists in several isoforms within the same plant with similar 
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molecular weights, which are easily revealed by electrophoresis under non-denaturing conditions. These 
iso-enzymes catalyze the same reaction but differ in some physicochemical properties. (Marzouki, 2012). 
The zymogram of peroxidases is simple and easy to read; it probably suggests the presence of five alleles 
encoded by the same locus for the ecotypes of Bechar, Ain Sefra, Mascara, Arzew, and Mostaganem, and 
four alleles for the Chleff ecotype, if the enzyme is monomeric and the origin of the variability of 
isoenzymes is due to the presence of several alleles encoded by a single locus. 
In this same context, if the enzyme is dimeric, the appearance of five bands in the ecotypes of Bechar, Ain 
Sefra, Mascara, Arzew, and Mostaganem requires the presence of three alleles, and the four bands 
visualized in the Chleff ecotype originate from three alleles. 
If we assume that the origin of isoenzyme diversity is due to the presence of several loci that code for a 
single allele and the enzyme is monomeric, the different levels of band migration can be attributed to 
several loci, the number of which is five in the ecotypes of Bechar, Ain Sefra, Mascara, Arzew, and 
Mostaganem, and four in the Chleff ecotype. In this same context, if we consider that the enzyme is 
dimeric, the five bands visualized by the zymogram in the same five ecotypes indicate the existence of three 
loci. However, the four visualized bands originate from three loci. 
Let's compare our results with those obtained by other authors: Haddioui and Baaziz (2001) and who were 
able to highlight that in Atriplex halimus, peroxidases are considered monomeric enzymes, these same 
authors report that the zymogram of peroxidases presents two active zones each composed of two bands, 
which suggests the presence of two loci each containing two alleles, the existing difference between our 
results and theirs is mainly due to the structure of the enzyme which can be dimeric or it is a post-
translational modification. 
The change in edaphic and climatic conditions can force populations of certain species to evolve 
functional characteristics and express their enzymatic systems (Hegazy ,2001 ; Lobo et al., 2003). 
Nowadays, the biotechnological interest in enzymes is growing due to economic and environmental 
advantages. Among these enzymes of interest are peroxidases, which are heme enzymes. They are capable 
of catalyzing the oxidation of a wide range of organic or inorganic compounds (Adeniyi et al., 2009; Zia 
et al., 2011). They are ubiquitous in plants such as chenopods (Quiroga et al., 2000). They participate in 
the healing of injured tissues and the protection of the plant against pathogenic microorganisms (Pandey 
et al., 2017). These enzymes have long been studied for their industrial and analytical applications 
(Agostini et al., 2002; Lu et al., 2016; Sonet et al., 2018). 
 
CONCLUSION 
The observation of enzymatic polymorphism is a powerful indicator and tool for studying the genetic 
diversity of Atriplex halimus, it is also a particularly interesting aspect of phenotypic polymorphism, 
directly representative of the genetic heritage. 
The results obtained with the two enzymatic systems allow us to draw the following conclusions: 
For glutamate oxaloacetate transaminase, we can assume that the two highlighted zones correspond to two 
loci with two alleles each, determined by Haddioui and Baaziz (2001); however, the structure of this 
enzyme is probably monomeric. 
For peroxidases, three zones were visualized in the electrophoresis gel, but no hypothesis on the number 
of loci given the existing difference between our results and those determined in 2001 by Haddioui and 
Baaziz, which may be the origin of the dimeric structure of the enzyme or it may be a post-translational 
modification. 
However, the estimation of electrophoretic diversity for a population of a given species must be based on 
the examination of a sufficiently large number of individuals to better analyze the diversity of populations. 
Finally, extending this study to other enzymatic systems and even to other ecotypes would allow for a 
better evaluation of genetic variability. 
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