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Polymorphism of storage proteins in malting barley lines developed at Dobrudzha 
Agricultural Institute – General Toshevo

1 1 2 1 1G. Mihova *, D. Yordanova , D. Valcheva , S. Doneva , I. Ivanova

1 Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria
2 Institute of Agriculture, 1 Industrialna , 8400 Karnobat, Bulgaria

Abstract. . Prolamins are the main part of proteins in the endosperm of cereals. These prolamins are called hordeins in barley and constitute about 40 % of all 
proteins. In relation to the European requirements for varietal identification, the polymorphism of storage proteins of all lines included in varietal testing is being 
investigated at Dobrudzha Agricultural Institute (DAI). The aim of the present study was to investigate the allelic variability in the hordein-coding loci Hor 1, Hor 2 
and Hor 3 in promising malting barley lines developed at DAI. The observed polymorphism covered about 35 % of the variability in the UPOV catalogue (2003). 
Highest variation was observed in C hordeins, followed by the B fraction. Three out of five D hordein alleles were identified. The possibilities of using the 
polymorphism established in this study for improving the brewing qualities of barley were investigated.

Keywords: barley, electrophoresis, hordeins, varietal identification.

Abbreviations: DAI – Dobrudzha Agricultural Institute, DUS – distinctness, uniformity and stability, PAGE – polyacrylamide gel electrophoresis, REM – 
relative electrophoretic mobility, SDS – sodium dodecyl sulfate, UPOV – International Union for the Protection of New Varieties of Plants
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barley lines developed at DAI.Introduction

A large part of the older cultivars and accessions involved in the 
collections of the respective crops are complex populations. They Material and methods
possess both uniqueness and conservatism with regard to their 
adaptability (Petrova and Egorov, 2007). Maintaining this genetic The malting barley lines involved in the competition variety 
variability is especially important for breeding, this is the main task of testing at DAI were about 30 % of the total volume. The 
the genetic stock centers. It is very difficult in practice to preserve polymorphism of the hordeins of 123 genotypes was studied for a 
and maintain the original genetic structure of a complex population period of three years. All genotypes were two-rowed, their 
(Alpatyeva and Gubareva, 2002). Reliable and accessible methods systematic affiliation was mainly to var. nutans, and less – to var. 
for control of the biotypes which constitute such a population are erectum. They were developed by the method of intervarietal 
necessary (Konarev et al., 2000). One of the possibilities is to study hybridization. Their pedigree included cultivars from France, 
the polymorphism of storage proteins. According to the Bulgarian Hungary, Romania, Belgium and Austria, besides the Bulgarian 
law on the protection of new plant varieties and animal breeds, legal cultivars in mass distribution. Their biological type was winter and 
protection is provided with a certificate if the criteria for distinctness, facultative. 
uniformity and stability (DUS) are met. In this case the cultivar can be The hordeins were identified in the Biochemistry Laboratory of 
included in the National varietal list and can be propagated and DAI. SDS PAGE electrophoresis was performed by the modified 
distributed. The expert evaluation is performed by the Executive method of Payne et al. (1980) in 12 % separation gel at 45 mA per gel 
Agency of Variety Testing, Field Inspection and Seed Control. The for 4 h. Hordein extraction was performed according to Singh et al. 
methodology used is in accordance with the International Union for (1991). For visualization of the protein components 0.03 % solution 
the Protection of New Varieties of Plants (UPOV). It is based on a of Coomassie Brilliant Blue R-250 in methanol and acetic acid was 
rank evaluation mainly by quality traits or traits with narrow reaction used. The hordein bands were identified in the UPOV catalog (2003) 
norm. In spite of the use of model accessions, the effect of the comparing them to the respective standards. The relative 
environment can not be ignored and often deviations are observed, electrophoretic mobility (REM) of each band was determined by the 
although insignificant ones. A suitable addition to this methodology is methodology of White and Cooke (1992).
the electrophoretic analysis of storage proteins (Lookhart and 
Wrigley, 1995). The possibility of their use as markers is given by the 

Resultsstable expression regardless of the environmental conditions.
The aim of this investigation was to study the allelic variability of 

During the last two decades, systematic research work on the hordein-coding loci Hor 1, Hor 2 and Hor 3 in promising malting 
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storage proteins is being carried out at the Biochemistry Laboratory Based on our preliminary investigations, the best resolution and 
of DAI. The research work is directed mainly toward breeding and precise separation of the individual fractions was obtained by SDS-
improvement of wheat. A significant contribution of the researches is PAGE. The polymorphism of the hordeins of the Bulgarian malting 
the investigation and use of polymorphic storage proteins as genetic and fodder barley cultivars in mass distribution was investigated 
markers of quality and selection of quality genotypes in the process (Dimova et al., 2010; Valcheva et al., 2010). It was found out that 
of breeding (Todorov, 2006). We started using hordeins in the most of them consisted of several biotypes. In fodder barley their 
breeding work on barley considerably later due to the long number was as high as seven, which can be explained by the high 
interruption in our barley program. The initial efforts were directed percent of chasmogamous type of flowering.
toward accumulation of sufficient data on the problem, adapting and Hordeins have been divided in four groups on the basis of their 
précising of the applied methods with the aim to more clearly amino-acid composition and electrophoretic mobility: A, B, C and D. 
visualize the electrophoretic spectra and properly read the A hordeins have the lowest molecular weight, often do not give 
respective configurations. In literature different methods have been consistent patterns and are not considered true storage proteins 
described for analysis of storage proteins (Cooke, 1988). Some of (Shewry et al., 1978). D hordeins possess highest molecular weight, 
the first reports for identification of hordeins in Bulgaria were those of and respectively lowest electrophoretic mobility. Their synthesis is 
Netsvetaev and Gorastev (1985). Their investigation is based on coded by locus Hor 3 located on the long arm of chromosome 5 
starch gel electrophoresis. Stoyanova and Popova (2002) and (Shewry and Tatham, 1990). In the formed working collection of 
Cholakova et al. (2005) applied acid polyacrylamide gel malting barley accessions, three allelic variant of the gene were 
electrophoresis. SDS-PAGE was used for identification of naked identified (Figure 1). They were represented by one subunit and 
barley (Atanassov et al., 2001). corresponded to blocks 1, 3 and 5 according to the UPOV 

classification (2003). B hordeins and C hordeins are coded by the Discussion
multigenic loci Hor 2 and Hor 1, respectively, both located on the 
short arm of chromosome 5. Concerning C hordeins, six allelic The hordein blocks identified in the working collection occurred 
variant of the gene have been found. They correspond to blocks 1, 2, with different frequency (Figure 2). The applied method allowed 
6, 8, 9 and 14 from the above catalogue. With the exception of block investigating the polymorphism of D hordeins, which was not 
6, all blocks were represented by more than one unit and differed by possible through the other major method of acid PAGE. Although 
the intensity of coloring. In the most polymorphic locus related to the Hor 3 is less polymorphic than loci Hor 2 and Hor 1, its 
synthesis of B hordeins, seven alleles were identified. According to characterization is of special importance for the breeding of malting 
the UPOV catalogue these were blocks 2, 5, 6, 8, 9, 14 and 20. All barley. It has been reported that D hordeins correlate most strongly 
were represented by more than one subunit and had different with the malting and technological properties of barley (Howard et 
density. al., 1996). Out of the total of five blocks in the UPOV catalogue, the 
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Figure 1. Diagrammatic representation of D, C and B hordein patterns
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most frequent is the first one with REM of the subunit 34. In the C 
hordeins, out of sixteen blocks, the eight one was most frequent, with 
REM values of the subunits 61+65+68+73, and in the B hordeins the 
block with REM values 78+86+91+95+100 was the most frequent 
out of a total of 25 blocks.

The identified alleles occurred in various combinations. Figure 
3 presents the alleles with highest frequency. On the whole the 
variability was not very high due to several reasons:

lBreeding work on barley at DAI was resumed after a long 
interruption and only during the recent years a working collection of 
barley accessions with various origin was formed;

lTo develop genetic variability, a limited number of parental 
forms were used, which inevitably narrowed it;

lSelection pressure probably had significant effect on the 
hybrid population in the process of selection.

The future researches of out team related to the polymorphism 
of prolamines in barley will be directed toward solving purely 
practical problems: analysis of the genetic variability within the 
barley collection and its maintenance, evaluation of the varietal 
purity and stability in the process of breeding and seed production 
and determining the relation between hordein fractions and malting 
quality.

individual subunits was 61+65+68+73 and 62+65+68. In the most 
polymorphic locus Hor 2 related to coding of B hordeins, seven 

Conclusion alleles were identified, or 33.3 % of the variation. In the working 
collection formed, blocks 8 and 6 with REM of the subunits 
78+86+91+95+100 and 78+84+95+101 were predominant. In D Different methods for analysis and identification of barley 
hordeins, three out of five alleles were identified. Most frequent was prolamines were adopted. In C hordeins six alleles were identified, 
block 1 with REM of the subunit 34.which was 37.5 % of the variation. Blocks 8 and 1 had highest 

frequency and their respective electrophoretic mobility of the 
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Figure 2. Frequency of allelic expression at loci Hor 1, Hor 2 and Hor 3
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