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A B S T R A C T 

The knowledge of the genetic diversity of barley (Hordeum vulgare) genotypes based on protein polymorphism is very 
important for breeding programs. The purpose of the current study was to determine the genetic diversity and 
relationships among ten barley genotypes by using Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) for protein profiles. A total number of 30 bands with molecular weights ranging from 12 to 148 KD were 
detected. Out of these, five bands were observed monomorphic. Rest of the bands had shown polymorphism to the 
extent of 83.3% among the test genotypes. The genetic similarity of the ten genotypes tested varied from 0.26 to 1.00 
with an average of 0.51. Cluster analysis divided the ten genotypes into two major clusters comprising four 
subclusters, which was consistent with the systematic classification of barley done in previous studies. The results of 
this study indicated that the genotypes of barley could effectively be differentiated based on polymorphism, detected 
between protein patterns. SDS-PAGE presented a higher differentiation power and better repeatability; thus, could be 
used as a rapid and reliable method for genetic diversity analysis and laid a solid foundation for future barley 
breeding. 
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INTRODUCTION 

Barley (Hordeum vulgare) is one of the first plants 

domesticated by humans and thus, genetic variation 

occurred in its genome and it has been causing genetic 

diversity in its wild ancestors (Ghaderi et al., 2003). 

Cultivated barley is an annual diploid species, having a 

basic chromosome number of 7 (2n = 2x = 14). Barley 

has many diploid, tetraploid, and hexaploid wild 

relatives. Barley is the only species (of approximately 28 

Hordeum species) that is cultivated on a large scale. 

Barley is one of the most important crops grown 

throughout the world, ranking fourth among the world’s 

cultivated cereal crops after wheat, rice, and maize (Feng 

et al., 2006). Barley has a wide range of adaptability and 

cultivates in areas where other crops don't grow well 

due to the low rainfall, salinity, heat, and cold conditions 

(Mer et al., 2000; Saisho and Takeda, 2011). This crop 

used as a fodder for animals, malt preparation and other 

human consumptions (Masoudi et al., 2008). Farmer 

preferences and breeder selection criteria lead to the 

narrowing of germplasm base (Chen et al., 2012). Only a 

few elite germplasm accessions are often tending to be 

used as parents for the next cycle of breeding leading to 

greater genetic uniformity and germplasm disappearance. 

To assure the safety of crop production, it is necessary to 

widen genetic background in crop breeding. It is well 

known that genetic diversity is the basis of biological 

diversity, and thus, it plays a key role in making progress 

in crop breeding in future (Jisha et al., 2015; Pournosrat 

et al., 2018). Evaluation of genetic diversity using 

molecular markers is a cornerstone for understanding 

genome structure, the characterization and maintenance 

of genetic variation on plant germplasm, identifying 

genes underlying important traits and devising optimal 

breeding strategies for crop improvement  (Kuťka-

Hlozákovás et al., 2016). Further scope of crop 

improvement depends on the conserved use of genetic 

variability and diversity in plant breeding programmes 

and use of new biotechnological tools. Since genetic 

diversity provides information to monitor germplasm 

and prediction of potential genetic gains. 
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Genetic similarity/distance estimates among genotypes 

are helpful in the selection of parents to be used in a 

breeding programme. The study of genetic diversity is 

also important for varietal identification, proper purity 

maintenance, for the implementation of plant variety 

protection rights (Ahmed et al., 2010). 

The introduction of biochemical and molecular techniques 

has allowed a more accurate valuation of genetic 

relationships of barely cultivars: total protein profiles 

(Dakir et al., 2002), restriction fragment length 

polymorphism (RFLP) and random amplified polymorphic 

DNA (RAPD) (Al-Hadeithi et al., 2012), simple sequence 

repeat (SSRs) (Chen et al., 2012), amplified fragment length 

polymorphism (AFLP) (Zhang and Ding, 2007). As these 

molecular markers are not influenced by the environment, 

are abundant and do not require previous pedigree 

information (Bohn et al., 1999). The advantages and 

limitations of molecular techniques have been extensively 

discussed (Karp, 1995). But the suitability of a marker 

system should not only base in its ability to discriminate 

between individuals and the number of loci which can be 

assayed simultaneously, but also by the total cost (research 

time and consumables) of the technique. Therefore, the 

cost of techniques could be the limiting factor in many 

developing countries which may be poor in terms of 

economics, but rich in genetic resources. Consequently, 

relatively cheap techniques that demand less sophisticated 

laboratory equipment could be the appropriate choice 

(Aman, 1995; Baloch et al., 2014) to make reasonable 

scientific advancements. However, protein markers are 

useful tools to identify cultivar and classification of crop 

species to study genetic diversity, thereby improving the 

efficiency of plant breeding programs (Gianibelli et al., 

2001; Kuťka-Hlozákovás et al., 2016; Pe´rez de, 1993; 

Sharma and Krishna, 2017). Among biochemical 

techniques, Sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE) due to its simplicity, minimum 

cost in time and labor, and effectiveness is commonly used 

in the studies of plants genetic diversity (Abou-Ellail et al., 

2014; Ahmed et al., 2010; Masoumi et al., 2012; Radwan et 

al., 2013; Sadia et al., 2009). 

Since this technique is non-destructive and needs only a 

small amount of tissue to obtain sufficient material for 

analysis and the rest of the seed could be grown into 

mature plants and seed can be obtained from the tested 

seeds. In addition, electrophoresis of protein can be 

analyzed without previous knowledge of their genetic 

control, as dominant markers (presence-absence) when 

considering each band as a different genetic locus (Dakir et 

al., 2002). It is a direct multi-locus approach involving the 

electrophoretic examination of protein which is encoded 

genetically at more than one locus and which display a 

substantial degree of molecular polymorphism. Nowadays, 

this method is considered as a low cost, high reproducible 

and rapid approach, because of that it became accepted 

valuable tool, although it has been neglected. 

Objectives of the present study were: 1. Patterns for the 

identification and characterization of the phylogenetic 

relationships among ten genotypes of barely identified 

by SDS – PAGE, 2. to establish a baseline to assist future 

conservation and breeding programmes of this species. 

3. to prove the efficiency of this method in estimating the 

genetic diversity. 

MATERIALS AND METHODS 

Plant Material: Ten barley genotypes differencing in 

tolerance to abiotic stress and biotic stress were kindly 

provided by Field Crops Research Institute, Agricultural 

Research Center, Egypt and were used as plant material 

in this study. Pedigree and description of these 

genotypes are presented in Table 1. 

SDS-PAGE Analysis: The SDS-PAGE is a well –

recognized tool for distinguishing cultivars of a crop 

species (Gardiner and Forde, 1992). The present study 

was therefore undertaken to distinguish among the ten 

given genotypes of barley using SDS-PAGE. 

Protein sample extraction: Electrophoresis was done on 

15 to 20-day old greenhouse-grown seedlings. Ten plants 

were sampled for each genotype. Of leaf, 0.5 g was taken 

and ground in a cold pestle mortar with liquid nitrogen 

and mixed with 2 mL extraction buffer containing 1M Tris 

HCl, pH 8.0, 250 mM NaCl, 0.25 mM EDTA. Samples were 

transferred to Eppendorf tubes and left in the refrigerator 

overnight, then vortexed for 15 s and centrifuged at 

13,000 rpm at 4°C for 10 min. The pellets were collected 

and the steps above were repeated twice. After that 1 mL, 

non-water soluble protein buffer (SDS 10 mM b 

mercaptoethanol, 1M Tris HCl, 0.25mM EDTA) was added 

to each pellet and mixed well and left in the refrigerator 

overnight. The sample was then vortexed and centrifuged 

at 13,000 rpm for 10 min under cooling. The supernatant, 

considered as the non-water soluble protein extract, was 

transferred to a new Eppendorf tube. Protein 

concentration was determined by absorbance at 595 nm 

using a spectrophotometer and expressed as μg g-1 fresh 

weight (Bradford, 1976). A standard curve for protein 

was prepared with bovine serum albumin. 
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Table 1. Pedigree and Description of ten barley genotypes. 

Number Genotype Pedigree Description 

1 Arar Perga/Sekitorisai Moderate tolerant to salinity  

2 Giza123 Giza 117 /FAO86 Six rows, Egyptian barley variety, 

precocious, moderately productive in the 

favourable conditions and tolerant to 

salinity and fungi diseases.  

3 Beecher Introduced to Egypt and named Giza 118  Sensitive tolerant to salinity  

4 Giza 124 Giza 117/Bahteem52/Giza118/FAO86 Six rows, Egyptian barley variety moderately 

productive in the favourable conditions and 

tolerant to salinity and fungi diseases. 

5 Mari Bouns X Ray-mutant Moderate tolerant to salinity  

6 Rihane-03 AS 46//AVT 11 ATHS 2L-1AP-3AP-OAP 

realized at ICARDA  

Six rows, Algerian barley improved variety, 

moderately tolerant to drought and salinity  

7 Line1 ICB890775-7AP-0AP-0AP-10AP-0AP-

1AP-0AP  

Sensitive to salinity 

8 Line2  CB95-0281-0AP-6AP-0AP-7TR-1TR-0AP  Tolerant to salinity 

9 Line3 ICB-1390-0412AP-0AP Sensitive to salinity  

10 Line4 ICB-91-0476-0AP-0AP Sensitive to salinity  

 

Separation of protein samples: A volume of 50 μL of 

non-water soluble protein fraction was added to10 μL of 

2-Mercaptoethanol and boiled in a water bath for 10 

min, then 10 μL Bromophenol blue was added to each 

tube before sample loading. A volume of 15- 20 μL, 

depending on the concentration of protein in the sample 

were applied to each well by micropipette and control 

wells were loaded according to the methods described 

previously (Laemmli, 1970).  Low-molecular-weight 

standard proteins from Sigma Chemical Co. (St. Louis, 

MO) were prepared according to the manufacturer's 

instructions and run on one lane of each gel. Gels were 

shaken gently until the background of the gel became 

clear and polypeptide bands were clearly visible. 

Data Analysis: To evaluate the similarity of the patterns, 

the matrix of identity indexes (ii) was constructed for all 

pairs of genotypes. Identity index (in %) for each 

genotype pair was calculated as the proportion of 

common bands number to all bands number multiplied 

by 100. Analysis of electrophoretic data (0 and 1) 

obtained from SDS-PAGE was performed using NTSYS-pc 

(numerical taxonomy and multivariate analysis system) 

(Rohlf, 1987). Cluster diagram was constructed based on 

an unweighted pair-group method with arithmetic 

average (UPGMA). 

RESULTS AND DISCUSSION 

The SDS-PAGE analysis led to the detection of a total 

number of 30 bands with molecular weights ranging 

from 12 to 148 KD (Table 2). These results partially 

agree with earlier findings of Shekhghasemi et al. (2013) 

who examined 21 bands from 23 genotypes of barley 

and their molecular weight was within the range of 

21.72 to 82.04 KD. In addition, five polypeptide bands at 

molecular weight positions 63.0, 47.0, 39.0, 36.0, and 

12.0 KD were found to be monomorphic. Tripathy et al. 

(2016) reported that the genes controlling the 

expression of the monomorphic bands appeared to 

behave in single blocks. Rest of the 25 bands had shown 

polymorphism to the extent of 83.3% among the test 

genotypes. Although the barley is highly inbred, with low 

heterozygosity, the high value of polymorphism found in 

this investigation. It might be an inherent consequence 

of the selection process and it was possible the 

homozygosity of protein loci were reached in the 

following generations, and the genotypes were a mixture 

of homozygotes for different alleles in many loci (Maris, 

1992). However, the data in Table 2 showed variation in 

the location of the protein bands based on their 

molecular weight. There are four regions which might be 

supported by the existence of four different encoding to 

determine the synthesis of proteins in barley. The first 

region had the highest molecular weight (more than 63 

kD) was the most polymorphic, whereas, the other three 

regions were varied between 12 kD and 63 kD, had the 
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least polymorphic, in addition to monomorphic. These 

polymorphisms may result from differences in the DNA 

sequences that code for the peptides or from differences 

in the genes involved in post-transcriptional Changes 

(Mzid et al., 2016; Vargas et al., 2001). 

Nevertheless, a wide range of intra-specific variation in 

protein profiles was observed in the present study. The 

resulting data matrix of the presence and absence of 

bands resolved 97 polymorphic polypeptide bands out 

of total 147 bands over all the ten test genotypes which 

reveal 66% polymorphism (Table 2). Moreover, a 

number of polypeptide bands in each genotype ranged 

from eight (Line 1) to as high as 21 bands (Mari) with an 

average of 14.7 bands. While Arar and Giza124 recorded 

20 polypeptide bands each. Table 3 showed that 

maximum polymorphism (85%) was observed in Arar 

genotype while minimum polymorphism (37%) was in 

Line1. The high diversity observed in Arar genotype 

proteins may be due to being the result of gene silencing 

in these proteins (Lawrence and Shepherd, 1980).  

 

Table 2. Electrophoretic (SDS-PAGE) polypeptide banding pattern of the protein in ten barley genotypes. 

Band 

No. 
Rf MW 

Arar Giza 123 Beecher Giza 124 Mari Rihane line1 Line2 Line3 Line4 
Total 

1 2 3 4 5 6 7 8 9 10 

1 0.08 148 - - - - - + + + + + 5 

2 0.016 124 + + - + + - - - - - 4 

3 0.05 121 + + + + - - - - - - 4 

4 0.08 120 - - - + + - - - - - 2 

5 0.133 108 + + + + + - - - - - 6 

6 0.15 106 + + + + + - - - - - 5 

7 0.23 96 - - - + - - - - - - 1 

8 0.26 94 + + + + + + + - + + 9 

9 0.28 87 - - - - + - - - - - 1 

10 0.35 67 - - - - + - - - - - 1 

11 0.36 63 + + + + + + + + + + 10 

12 0.38 59 + - - + + - - - - - 3 

13 0.433 47 + + + + + + + + + + 10 

14 0.45 45 + - + - - - - - - - 2 

15 0.5 42 - + - - - - - - - - 1 

16 0.51 39 + + + + + + + + + + 10 

17 0.53 36 + + + + + + + + + + 10 

18 0.55 33 - + + + + - - - - - 4 

19 0.58 30 - + - + - - - - - - 2 

20 0.6 28 + + + - - + - + + + 7 

21 0.633 26 - - - + + - - - - - 2 

22 0.65 24 + - + + + - - - - - 4 

23 0.66 23 - - - - - + + + + + 5 

24 0.7 22 + - + + + - - - - - 4 

25 0.76 21 + - + - - - - - - - 2 

26 0.816 19 + + + - + - - - - - 4 

27 0.83 18 + + + + + + - + + + 9 

28 0.85 17 + - + + + + - + + - 7 

29 0.86 14 + + + - +  -   - 4 

30 0.9 12 + + + + + + + + + + 10 

Total band 20 17 19 20 21 11 8 10 11 10 147 
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Table 3.  Numbers of protein bands and polymorphism 

percentage in ten barley genotypes. 

Genotype 
Number 

of bands 

Polymorphic 

bands 

Polymorphism 

percentage% 

Arar 20 17 85 

Giza 123 17 12 71 

Beecher 19 14 75 

Giza 124 20 15 75 

Mari 21 16 76 

Rihane 11 6 54 

Line1 8 3 37 

Line2 10 5 50 

Line3 11 6 54 

Line 4 10 5 50 

 

The polymorphic nature of a cultivar is important for 

identification. Trustworthy samples of cultivars are 

necessary to ensure representative cultivars and not an 

inadvertent mixture(Echart-Almeida and Cavalli-Molina, 

2000). Since pure seeds maintained by donors were 

used in this investigation, the polymorphic protein 

patterns were considered representative of the ten test 

genotypes. 

Therefore, proteins being the direct gene products 

reflect the genomic composition of lines accurately to 

some extent and, are ideal for the study of genotypic 

distinctiveness. Out of 30 polypeptide band profiles, only 

one protein type (monomorphic) was common in all 

genotypes and the other 29 protein types/profiles 

(polymorphic) were detected for protein expression in 

the present ten of test genotypes. Therefore, proteins 

can be regarded as markers of structural genes that code 

them. The proximity of the processes between protein 

synthesis and primary genetic information (DNA) also 

largely reduces or even eliminates any environmental 

interaction in protein composition. Thus, analyses of 

protein composition have in fact become analyses of 

gene expression, while methods for protein composition 

comparison enable the measuring of genetic variability 

among individuals and populations (Cooke, 1994). 

The frequency of genotypes revealing each band was 

shown to be as minimum as 1 to maximum 10 indicating 

a wide range of protein expression among the test 

genotypes (Table 2). Eight test genotypes revealed their 

characteristic genotype-specific polypeptide banding 

pattern while both Rihane-3 and Line3 revealed 

common protein types. Such a high degree of homology 

in polypeptide banding pattern among some of the 

genotypes might be due to similar ancestry with the 

narrow genetic base. This could also be due to 

duplications in collections(Maris, 1992). It is suggested 

that the genotypes with similar banding patterns should 

be studied in detail for agronomic and biochemical traits, 

including 2-D electrophoresis and DNA markers, for 

better management of the gene bank 

(Karuppanapandian et al., 2006). 

Genetic variation in a set of germplasm has an important 

role in the identification of varieties. Polymorphism in 

electrophoretic banding pattern of proteins is associated 

with the genotype’s genetic background and thus it can 

be used to understand the genetic makeup (Shuaib et al., 

2007). Giza124 and Mari revealed a unique band 120 kD 

which is absent in all other test genotypes. Similarly, 96 

kD band was unique to Giza124. Similarly, 87kD band 

and 67 kD band were unique to Mari.  Out of ten 

genotypes, only Giza 123 revealed a unique band 42 kD. 

In contrast, an 18 kD was shown to be present in all 

genotypes except in Line1. However, an average of 

alternatives per band (presence or absence) in each 

genotype as a variability parameter, which would be 

equivalent to the number of alleles per locus if the 

alternatives presence or absence were controlled by 

dominant and recessive alleles, respectively (Heisel et 

al., 1986; Sadia et al., 2009). Such genotype -specific 

protein markers could be reliably and useful in the 

studies of genetic diversity and classification of adapted 

cultivars and in breeding programs through marker-

assisted selection (MAS). 

Genetic similarity based on Jaccard´s coefficient ranged 

from 0.26 to 1.00 with an average of 0.51(Table 4). The 

values of identity indexes were arranged into four groups 

0-25%; 26-50%; 51-75%; 76-100% and the number of 

genotype pairs belongs to each group was represented 

graphically (Figure 1). Forty-five values of identity 

indexes were found out the only 20 possible paired 

genotypic combinations have similarity coefficient value 

more than 0.51 including twelve pairs in group 51-75% 

identity indexes and other eight pairs in group 76-100%, 

indicating fair degree of homology among the test 

materials but no pair had identity indexes lesser than 

25% (Table 4 and Figure 1). This may be because plant 

breeders tend to have narrow genetic diversity among 

the parents they use in their crossing programmes 

(Redden et al., 2007) and suggest the similarity of genes 

responsible for seed storage proteins (Ali et al., 2007). 

Among the ten genotypes, Rihane-3 with Line3 showed 
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the highest similarity index (100). It might due to 

uniformity in the major bands between the two 

genotypes and it could be these proteins are conserved 

by gene coding (Javaid et al., 2004). However, Maris 

(1992) analyzed the genetic similarity among different 

barley cultivars and noted a great similarity among them. 

He concluded that the similarity could reflect the 

common origin of many of these cultivars. This result 

indicates the power of selection to lessen the genetic 

diversity of proteins, especially for a trait that is 

controlled by a few major genes (Baenziger et al., 2001). 

While the lowest similarity index was found between 

Mari with line1 (0.26) followed by Giza124 with Line1 

(0.27) and Beecher with Line1 (0.28). Since the ten 

barley genotypes have the different pedigree, the reason 

to find the levels of diversity in some genotypes could be 

to their protein are controlled by multigene families that 

have arisen by duplication and divergence from an 

ancestral gene through nucleotide substitutions, 

insertions, and deletions. These last two mutation types 

have produced a variable number of repetitive sequences 

inside the corresponding genes (Shewry, 1995). The 

result reflected the diversity could be indicated to the 

expected heterozygosity under random mating 

conditions. Such genotypic combinations could be 

selected in hybridization programme. 

 

Table 4.  Jaccard similarity coefficients of ten barley genotype's protein bands.  

Genotssype Arar Giza123 Beecher Giza124 Mari Rihane Line1 Line2 Line3 Line4 

Arar 1.00          

Giza123 0.61 1.00         

Beecher 0.86 0.64 1.00        

Giza124 0.60 0.54 0.56 1.000       

Mari 0.64 0.52 0.60 0.71 1.00      

Rihane 0.41 0.40 0.43 0.39 0.33 1.00     

Line1 0.27 0.32 0.29 0.27 0.26 0.73 1.00    

Line2 0.36 0.35 0.38 0.30 0.29 0.91 0.64 1.00   

Line3 0.41 0.40 0.43 0.35 0.33 1.00 0.73 0.91 1.00  

Line4 0.36 0.42 0.38 0.30 0.29 0.91 0.80 0.82 0.91 1.00 

The data obtained from the SDS-PAGE analysis was 

used for the construction of dendrogram using UPGMA 

shown in Figure 2. The ten genotypes were grouped 

into two main clusters. Cluster 1st contained two 

subclusters. First subcluster consisted of Rihane-3, 

Line2, Line3 and Line4 and Rihane-3 with Line3 had an 

identical electrophoretic pattern. Second sub cluster 

contained Line1 only. Some barley genotypes inevitably 

were clustered in the same or very close groups, due to 

the fact that they are genetically very similar and might 

share common ancestors. This may cause 

disadvantages for barley production in a breeding 

program. Cluster 2 contained two sub clusters. The first 

one consisted of Giza124 and Mari while the second 

contained Arar, Giza123 and Beecher. In addition, the 

cluster analysis revealed that Giza123 and Rihane-3 are 

distinctly related to each other. The results partially 

agree with Alipour et al. (2002) studied the genetic 

variation in the electrophoretic patterns of proteins. 

Based on the relative mobility on the gel, 30 protein 

bands were obtained, of which only 5 bands varied 

among the accessions. Cluster analysis based on 

qualitative evaluation of the patterns grouped the 

accessions into 8 clusters and classified the different 

bands into 3 groups. 

 

 
Figure 1. Distribution of identity indexes of protein 

pattern of ten barley genotypes. 
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Figure 2. Dendrogram of 10 barley genotypes prepared based on SDS-PAGE data. Genotype codes: see Table 1. 

 

CONCLUSION 

Plant protein pattern is considered as the genotypic 

fingerprint. It is, therefore, used for several purposes 

such as plant variety protection, registration, 

certification, patents and as a breeding tool especially in 

breeding programs. Plant protein profiles could be a 

useful marker in the studies of genetic variation and 

classification of different cultivars, thereby improving 

the efficiency of breeding programs in cultivar 

development. The present study revealed variation in 

ten genotypes of barley about their protein profiles.  

According to the results of genetic diversity and 

relationships illustrated the ability to resolve genetic 

variation among ten genotypes may be more directly 

related to the number of polymorphism detected with 

SDS-Page protein electrophoresis. 

Presently more and DNA-based markers are being used 

in studies related to plant genetic diversity and plant 

breeding. However, as cost well-trained scientists and 

technicians in modern techniques and funds are often 

limiting in developing countries, simpler and cheaper 

methods are needed in poor developing countries to 

progress in agricultural development. Therefore, SDS-

page methods are reliable and economical techniques 

could be preferred, at least in the first screening of 

genetic variability. For the future works in this field, 

consequently, improving barley quality cannot be 

achieved without considering protein content and 

several gluten alleles. Considering all the different alleles 

and the numerous genetic combinations represent a 

considerable burden for geneticists. Hence, in the 

meantime, efforts to move on to modern techniques 

should continue to be able to study a larger number of 

crop genetic resources and enhance plant breeding 

capacity in the country. 
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