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ABSTRACT 
The prolamins (glutenins and gliadins) are the most important quality components in wheat. In this 
study, the genetic variability for prolamins in a collection of 158 Spanish durum wheat landraces 
(Triticum turgidum L ssp durum, 2n = 4x = 28, AABB) has been stablished.  The allelic variability for 
Glu-A1, Glu-B1, Glu-A3, Glu-B3 and Glu-B2 loci was analyzed by protein electrophoresis.  The Glu-B1 was 
the most polymorphic HMW-GS locus, while the Glu-B3 was the most polymorphic LMW-GS locus, with 
seven and twelve alleles respectively. Based on the different electrophoretic mobility observed in SDS-
PAGE, novel subunits or subunit combinations have been described for almost all loci. After the genetic 
characterization, a quality analysis was performed on 116 landraces, in order to study the effects of the 
glutenin and gliadin alleles from different loci on quality. 

INTRODUCTION
Durum wheat landraces are considered essential resources for agriculture to increase the genetic 
diversity of modern cultivated varieties and to improve their adaptation to biotic and abiotic constraints, 
as well as a source of genetic variability for grain quality improvement. The endosperm reserve proteins 
are the most important and most studied quality components in durum wheat. They have a direct 
relationship with grain quality, are independent of environmental conditions, depend on relatively few 
genes and are easily identified. The proteins from a wheat grain are a very heterogeneous material, 
which include albumins (water soluble), globulins (soluble in neutral salt solutions) and prolamins of two 
types: gliadins and glutenins. The association of prolamins with lipids and other components (minerals, 
carbohydrates) forms viscoelastic complex called gluten. The most commonly used markers for semolina 
quality are gliadins γ-42 and γ-45. There is an association between the presence of gliadin γ-45 and 
gluten strength, but it has been demonstrated that the effect is really caused by the subunits of low 
molecular weight glutenins (LMW-Gs) tightly linked to gliadin γ-45 and not by γ-45 itself (Payne et al. 
1984). Following studies have established that the quality of durum wheat depends on the specific 
subunits of low molecular weight glutenins encoded by the Glu-A3, Glu-B3 and Glu-B2 loci (Ruiz and 
Carrillo 1995; Carrillo et al. 2000).

In this study, the genetic diversity of high and low molecular weight glutenin subunits of a collection of 
Spanish durum wheat landraces and their relation to semolina quality was analysed.

MATERIALS AND METHODS
Plant Material: A collection of 158 Spanish durum wheat landraces (Triticum turgidum L. ssp durum, 2n= 
4x= 28, AABB) from the Plant Genetic Resources Center-INIA (Alcalá de Henares, Madrid).

HMW, LMW and gliadins characterization: ElectElectrophoresis of reduced and alkylated glutenin 
proteins was performed on 1D-SDS-PAGE at 12% polyacrylamide (Payne et al. 1980), and gliadins were 
fractionated by A-PAGE (Lafiandra and Kasarda 1985). HMW glutenin alleles were identified using the 
nomenclature of Payne and Lawrence (1983) with some modifications (McIntosh et al., 2006); B-LMW 
glutenin alleles were named following Nieto-Taladriz et al. (1997), while γ-gliadins from Gli-B1 locus 
were named following Kudryavtsev et al. (1996).
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Glu-B1y molecular analysis: DNA extraction of varieties ‘Langdon’, ‘Chinese Spring’ and ‘Hope’ 
was done using a standard CTAB protocol. Specific oligonucleotides were designed for PCR 
amplification of the complete coding sequence of the Glu-B1y locus with the Primer3 Software 
(http://bioinfo.ut.ee/primer3-0.4.0/), named By8F1 (5’-GTCCTCTTTGCGACAGTAGTCAT-3’) and By8R1 
(5-’TGCTCTGTGTTAACATGGTATGG-3’). Amplification products were purified with the Speedtools PCR 
Clean-up kit (Biotools), cloned using the TA Cloning Kit (Invitrogen) and sequenced (Macrogen Europe). 
Sequence analysis was performed with the Genious v 9.0 software.

Quality analysis: The SDS-sedimentation (SDSS) test was performed as described in Carrillo et al. 1991. 
Rheological properties were determined by Mixograph of 10 g whole wheat meal (Finney and Shogren 
1972) with modification for a constant water absorption of 6.5 ml. The mixograph parameters were: 
mixing development time (MT), maximum peak height (MH), height at 3 min after the peak (H3, and 
resistance to breakdown (BDR; difference in percentage between MH and H3).

Statistical analyses: The Duncan method for multiple comparisons (SAS software, SAS Institute, Cary, 
NC) was used to establish the relationships between quality parameters and allelic diversity.

RESULTS AND DICUSSION 
The result of the glutenin diversity analysis is presented 
in Table 1. At Glu-A1 locus, a novel subunit, with a higher 
electrophoretic mobility than the V subunit, was identified 
on one accession. At Glu-B1 locus, the 6 + (8) pair, was 
the most frequent combination. The subunit named (8) 
presented a slightly different mobility compared to the By8 
present in the pairs 6 + 8 and 7 + 8 of the standards (‘Chinese 
Spring’ and ‘Hope’, respectively), and it was more similar to 
the By8 present in the 7+8 pair of subunits from the durum 
wheat ‘Langdon’  (Ribeiro et al. 2016). The By8 genes 
from” Hope” and “Langdon” were cloned, sequenced and 
compared to “Chinese Spring” By8 sequence from TGACv1 
wheat genome. Several polymorphisms were identified 
among them, so the subunits classified as 8 in the two 
bread wheat standards and in durum wheat correspond to 
different molecular species. 

Encoded by the Glu-A3 locus, seven alleles previously 
catalogued were found (a, b, d, e, h, q, i, Nieto-Taladriz 
et al. 1997) and, in addition, five subunits (5 * and 8 *) 
or pairs of subunits (5 + 8*, 5* + 20 and 6 + 20) with no 
allele correspondence. The Glu-B3 locus was the most 
polymorphic LMW locus, the a allele being the most 
frequent (37.9%), followed by the h and i alleles (15.5% 
and 13.8%, respectively). Some combinations of B-LMW 
subunits that have no corresponding alleles were also 
found: the combination 1 + 3 + 13* + 19, previously 
described by Aguiriano et al. (2008); the combinations 2 + 
4 + 13 + 16 + 19 and 13 + 19, previously described by Nazco 
et al. (2014); and the combination of subunits 1 + 3 + 13 + 
19, 13* + 18, 13 + 14 + 18 and 2 + 4 + 13 + 15 + 17, that had 
not been described until now. The Glu-B2 locus encoded 
for three allelic variants (a, b and c).

Table 1. HMW-GS and LMW-GS identified in the 
collection of Spanish durum wheat landraces.

Locus Allele Glutenin subunits No. %

Glu-A1 a 1 24 20.7
 b 2* 27 23.3
 c Null 60 51.7
 o V 4 3.4
 New - 1 0.9
Glu-B1 a 7 2 1.7
 b 7+8 13 11.2
 e 20x+20y 20 17.2
 f 13+16 11 9.5
 an 6 2 1.7
 aq 32+33 8 6.9
 bd 20x+8 1 0.9
 - 20x 1 0.9
 - 6+ (8) 58 50.0
Glu-A3 a 6 47 40.5
 b 5 9 7.8
 d 6+11 3 2.6
 e 11 9 7.8
 h Nulo 35 30.2
 q 5+20 3 2.6
 i 8*+11 1 0.9
  5* 1 0.9
 - 8* 3 2.6
 - 5+8* 3 2.6
  5*+20 1 0.9
 - 6+20 1 0.9
Glu-B3 a 2+4+15+19 44 37.9
 b 8+9+13+16 4 3.4
 d 2+4+15+17+19 2 1.7
 e 2+4+15+16+18 3 2.6
 f 2+4+15+17 14 12.0
 g 2+4+15+16 1 0.9
 h 1+3+14+18 18 15.5
 i 5+7+8+14+18 16 13.8
 - 1+3+13*+19 1 0.9
 - 1+3+13+19 1 0.9
 - 13*+18 1 0.9
 - 13*+15+19 3 2.6
 - 13+14+18 1 0.9
 - 13+19 4 3.4
 - 2+4+13+15+17 1 0.9
 - 2+4+13+16+19 2 1.7
Glu-B2 a 12 58 50.0
 b Nulo 55 47.4
 c 12* 3 2.6
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In order to analyze the influence on the quality parameters of individual alleles from the Glu-1 and Glu-
3 loci, Duncan tests were carried out. In the Glu-A1 locus, the allele o showed the highest mean value 
for SDSS, while MT and the lowest for BDR. The influence of this allele had not been reported before. 
Regarding the Glu-B1 locus, it was found that the presence of the alleles b and f provided a higher SDSS 
value and that the lowest SDSS and MT values corresponded to the an allele. There is no previous data 
about the influence of allele f on semolina quality. In the Glu-A3 locus, it was found that the mean value 
of the SDSS and MT of the landraces with the pair 5 + 8* was higher than the rest, the landraces with 
alleles b and d having the lowest SDSS values. The influence of pair 5 + 8* or subunit 8* on the gluten 
quality has not been previously addressed. The allelic variability of the Glu-B3 and Glu-B2 loci did not 
show any significant influence on quality parameters. The positive effect of a, a, a alleles combination 
from LMW-GS loci in gluten strength was confirmed in this work. 

The high variability for prolamin loci characterized in the collection of durum wheat landraces has 
allowed us to analyze the effect on semolina quality of different alleles, some of them not previously 
described. However, the number of accessions having a particular genotype was frequently low, which 
weakens this kind of analytical approach. To gain insight into the influence of these new alleles in quality, 
the generation of segregating populations is required.

This research was supported by the project AGL2016-77149-C2-1-P from the MINECO of Spain.
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