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Abstract. In this study reserve endosperm proteins, hordeins of seven spring barley cultivars with different origin: Zernogradskii (Russia), Bodega, Fink, 
Scarlett and Barke (Germany), Josefin and Astoria (France) were fractionated and characterized by SDS-PAGE electrophoresis. On the basis of the obtained 
spectra 19 bands (D + C + B) with different relative electrophoretic mobility and intensity were identified. The electrophoresis profiles of the groups D-, C- and B-
hordein are designated as separate types (models) using the index corresponding to hordein blocks. We have established one profile type for D-hordein (D1), 
two- for C-hordein (C1, C2), and five - for B-hordein (B1, B2, B3, B4, B5). Based on these results hordein formulas (configurations) of accessions are 
constructed, which enable the expression of specific varietal characteristics and prove the existence of the inter allelic variation (hordein polymorphism) due to 
the presence or absence of protein components and their different electrophoretic mobility in the profiles of D-, C- and B-hordein.
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Introduction

The use of biochemical markers of genetic control of useful 
traits is increasingly used in the breeding of barley (Jones, 1982; 
Hauser et al., 1982; Stoyanova and Popova, 2002). As a result of 
long research it was found, that electrophoretic spectra of reserve 
proteins in barley - hordeins - remain unchanged under the influence 
of environmental conditions (Konarev, 1983, 1983a). Studying the 
genetic nature of the traits in barley varieties on the basis of 
polymorphism of reserve proteins is a guarantee for a successful 
breeding programme (Konarev et al., 1986). The determination of 
reserve proteins is widely used in studies of plant populations, since 
variability in their characteristics is genetically determined. They are 
characterized by a high level of polymorphism and stability.

Barley storage proteins – hordeins – have been divided into 
three groups on the basis of their electrophoretical mobility and 
amino acid composition (Shewry and Milfin, 1985). D-hordeins have 
the highest molecular weight (105 kD); they are characterized by a 
high amino acid (glutamine, glicine and proline) content (Shewry and 
Tatham, 1990). Synthesis of these hordeins is encoded by the Hor 3 
locus located on the long arm of chromosome 1H(5) (Kreis et al., 
1984). C-hordeins (50–80 kD), rich in glutamine, phenylalanine and 
proline, and the major B-hordeins (36–45 kD), rich in glutamine, are 
encoded by the Hor 1 and Hor 2 loci, respectively, both located on 
the short arm of chromosome 1H(5) (Shewry and Milfin, 1985). The 
advantages of hordeins for studying the genetic diversity in barley 
have been described by many authors (Pomortsev et. al., 2002; 
Vyhnanek et al., 2003). The barley storage protein hordein is 
characterized by a high level of polymorphism (Dimova, 2011; 
Mihova et al., 2012). 

Different gel and buffer systems were used for hordein 
electrophoresis (Pomortsev et al., 2002). High performance liquid 
chromatography (HPLC) and DNA analysis are successfully applied 
for investigating hordein composition and barley polymorphism 
(Molina-Cano et al., 2002; Kroth et al., 2005).

By using electrophoretic SDS-PAGE method spare proteins 
can be separated into individual fractions (Dimova et al., 2010; 
Dimova, 2011; Mihova et al., 2012), each of which has a specific 
relationship with the economic valuable traits. Their expression is 
stable and independent of environmental conditions (Konarev, 
2000; Todorov et al., 2002; Todorov, 2006).

The purpose of this study is to establish hordein polymorphism 
between seven spring barley cultivars with different origin by SDS-
PAGE.

Material and methods

The material object of this study were seven cultivars of spring 
barley showing a set of valuable traits and qualities (yield, number of 
fertile tillers per plant, length of spikes, number of grains per spike, 
number of sterile spikes, mass of grain per spike, mass of grain per 
plant, mass of 1000 grains, complex disease resistance, vegetative 
period and resistance to lodging), during the period of study 2012-
2015. They are of different origin: Zernogradskii from Russia, 
Bodega, Fink, Scarlett and Barke from Germany, Josefin and Astoria 
from France (Table 1).
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Table 1. Origin and variety of seven spring cultivars 
Hordeum vulgare L. subsp. distichon (L.) KOERN

Cultivar Origin Variety

Scarlett

Bodega

Fink

Barke

Zernogradskii

Josefin

Astoria

Germany

Germany

Germany

Germany

Russia

France

France

nutans 

nutans 

erectum 

nutans 

nutans 

nutans 

nutans 
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Separation of reserve proteins Zas performed in the laboratory 
of biochemistry of Dobrudzha Agricultural Institute � General 
Toshevo in 201�. The analyses Zere performed on single grains 
obtained by self�pollination under the isolator. Attached is a vertical 
SDS�PAGE electrophoresis.

Hordein e[traction is carried out using the method of Singh et al. 
�1991�. Each grain Zas ground to fine flour �Zith a pestle in a 
porcelain mortar�, the embryo being previously removed by using a 
scalpel. Ground kernels Zere transferred to 1.� ml Eppendorf tubes. 
E[traction buffer �0.1 ml �0� �v�v� propanol, 0.0� Ɇ Tris ± HCl, pH 
�.0, containing 1� �Z�v� freshly added dithiothreitol �DTT� Zas 
added to each tube for the e[traction of storage protein of barley 
�hordein�. In the absence of DTT relatively less of the medium 
molecular Zeight of hordein bands Zere e[tracted especially from 
seed containing high level of nitrogen. Each sample is mi[ed for a 
feZ seconds of vorte[ in order to facilitate homogenization and 
e[traction. After incubation for 1 hour at ���C to each micro tube 
Eppendorf type 0.1 ml �0� �v�v� propanol Zas added containing 
1.4� �v�v� freshly added 4�vinylpyridine �VP�. In this Zay alkylation 
of SH�groups Zas performed in the samples. After incubation for 1 
hour at ���C and centrifugation for 10 minutes at 12000 g, 0.2 ml of 
each clear supernatant Zas transferred to a neZ Eppendorf and 0.2 
ml of a solution �sample buffer� containing 2� SDS, 0.0� M Tris � HCl 
�pH �.0�, 40� glycerol and 0.02� bromophenol blue Zas added to it. 
The samples Zere mi[ed, incubated for 1 hour at ���C, centrifuged 
at 12000 g for 10 minutes, and then they can be used for SDS�PAGE 
analysis.

The e[traction procedure used is carried out in several stages 
to achieve ma[imum e[traction of alternative endosperm proteins 
�hordein�. Even clearer electropherograms Zere obtained after 
further alkylation of the protein molecules prior to being treated Zith 
SDS. The main advantage of SDS�PAGE electrophoresis is that it 
alloZs simultaneous separation of the B�, C� and D�hordein.

Staining of the gels Zas performed Zith a 1� solution of 
Coomassie brilliant blue �CBB� R 2�0 in acetic acid, methanol and 
Zater at the ratio �1���4� overnight. Discoloration of the gel plates 
Zas carried out Zith a solution of acetic acid, methanol, distilled 
Zater �1�2�7�. Bleach Zas changed repeatedly to clear the 
background, then gel plates Zere scanned.

The gel system adapted Zas the one described by Laemmli 
�1970� Zith some modifications. 12� ɚcrylamide separating gel �pH 
�.0� and acrylamide stacking gel �pH �.�� Zere used. )ourty 
microliter Temed and 100 l 10� APS Zere used as catalysts. A thirty 
sample Zell former �0.7� mm perspe[ comb� Zas inserted into the 
stacking gel and left to polymerize. Hordein e[tracts from individual 
kernels �40 l� Zere loaded into each sample Zell Zith a micropipette. 

SDS�PAGE Zas performed at a constant current of 20 mA per 
plate at room temperature for 1��20 hours. Hordein patterns Zere 
classi¿ed using the Lallemand±Briand system Zith modi¿cations 
�Lallemand and Briand, 1990�. Hordein formulas Zere constructed 
according to Dimova �2011�. 

5esXlts anG GisFXssion

As a result of the electrophoretic analysis 19 bands Zith 
different relative electrophoretic mobility Zere established. One Zas 
identified in the area of D�hordein, three in the area of the C�hordein 
and fifteen � in the area of the B�hordein �)igure 1�. The 
electrophoresis profiles of the D�, C� and B�hordein Zere indicated 
by using indices corresponding to the identified hordein blocks 
�)igure 2�. There are � types of alternative profile endosperm 
proteins in the tested cultivars �Table 2, )igure 2�. Clearly visible is 
one profile type for D�hordein �D1�, tZo � for C�hordein �C1, C2�, and 
five � for B�hordein �B1, B2, B�, B4, B��.

There are no identified allelic differences betZeen D�hordein 
profiles �Hor �� of the analyzed varieties � Zernogradskii, Bodega, 
)ink, Scarlett, Barke, Josefin and Astoria, �Table 2, )igure 1, )igure 
2�. In a study of Nordic electropherograms of barley cultivars the 
same pattern of the D�hordein Zas identified for all �Peltonen et al., 
1994�. The lack of differences betZeen D�hordein profiles of barley 
cultivars Zas reported at a later stage in the study by Leistrumatitp 
and Paplauskienp �2007�.

In the area of C�hordein �Hor 1� three band are e[pressed Zith 
different electrophoretic mobility and intensity, tZo of Zhich are 
common for hordein models �C1, C2�. The electrophoretic profile, 
type C1, containing tZo minor and one Zell e[pressed subunits, is 

)LJXUH 1. ElectropKoretic spectra of Kordein by 
S'S-3A*E: 1:Zernogradskii; 2:Bodega; 3:Fink; 
4:Scarlett; 5:Barкe; 6:Josefin; 7:Astoria

)LJXUH 2. Allelic states of genes in loci +or1� 
+or2 and +or3 in spring barley cultiYars
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typical of the analyzed cultivars Zernogradskii, Bodega and Fink 
(Table 2, Figure 2). The other block configuration C2 contains four 
minor subunits. It has been established for cultivars Scarlett, Barke, 
Josefin and Astoria (Table 2, Figure 2).

The most significant allelic polymorphism was identified in B-
hordein (Hor 2) as compared to D- and C-hordein. Fifteen bands 
have been identified (Figure 2).

Spring cultivars of barley, object of the present study belong to 
five different profile models in terms of electrophoretic spectra of B-
hordein. Greater frequency was established for type B2 in Bodega 
and Barke and type B4 in Scarlett and Astoria. Profile type B1 is 
typical for Zernogradskii, B3 - for Fink and B5 – for Josefin.

Leistrumatité and Paplauskiené (2007) analysed seventeen 
spring barley cultivars and identified in the group of C-hordein and in 
the group of B-hordein seven different profile types.

In Table 3 are depicted constructed hordein formulas for each of 
the tested cultivars. Scarlett and Astoria can be classified into one 
group, because they have the same hordein configuration. Other 
cultivars: Zernogradskii, Bodega, Fink, Barke and Josefin have 
specific configurations that differ among themselves and from those 

of cultivars Scarlett and Astoria.
The presented hordein formulas allow the expression of 

specific varietal characteristics and prove that hordein 
polymorphism in the analysed materials. The identified intervarietal 
allelic variation is due to the presence or absence of the protein 
components and their different electrophoretic mobility in the profiles 
of B- and C-hordein of the studied cultivars.

Conclusion

Electrophoresis of reserve endosperm proteins of seven spring 
barley cultivars showed the presence of 19 bands with different 

relative electrophoretic mobility: in the group of D-hordein - one, in 
the group of the C-horedin – three, in the group of B-hordein -fifteen. 
The assessment of hordein composition proved the existence of 8 
hordein profile types in the tested samples - D1, C1, C2, B1, B2, B3, 
B4, B5. The analysed spring barley cultivars - Zernogradskii, 
Bodega, Fink, Scarlett, Barke, Josefin and Astoria have identical 
profile model of the D-hordein – D1. In comparison with the cultivars 
Zernogradskii, Bodega and Fink, which have profile type C1, four 
accessions - Scarlett, Barke, Josefin and Astoria have profile type 
C2. All cultivars are characterised by a high degree of polymorphism 
of B-hordein, wherein five different profile types were identified - B1, 
B2, B3, B4 and B5. The results of electrophoretic analysis and 
design hordein formulas for each cultivar show that, on the one 
hand, they are homogeneous, i.e. each variety is characterized only 
by a formula. On the other hand, intervarietal polymorphism exists, 
i.e. cultivars Scarlett and Astoria with the same hordein formula are 
different from the cultivars Zernogradskii, Bodega, Fink, Barke and 
Josefin, which have specific hordein formulas.
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Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of  
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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