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ABSTRACT
The main role of high-molecular-weight glutenin subunits (HMW-GS) on bread gluten properties is very 
well established. However, there is much less knowledge about the contribution of low-molecular-weight 
glutenins (LMW-GS) on the functional properties of bread wheat flours. The present study has analyzed 
a set of segregant lines derived from a cross between two Spanish bread wheat landraces (‘Richela 
Blanca’ and ‘Jeja Pardilla’) with identical HMW-GS profiles but striking differences on gluten strength 
according to the predicted by sodium dodecyl sulphate sedimentation (SDS-S) tests. Their protein band 
patterns for LMW-GS loci have been determined by means of one-dimensional electrophoresis. Mean 
comparison for several parameters related to wheat functional quality supports a positive effect of the 
LMW-GS encoded by the Glu-D3 allele of ‘Richela Blanca’ on bread-making quality.

INTRODUCTION
Among all prolamins, the main role of high-molecular-weight glutenin subunits (HMW-GS) on bread-
making quality is very well established (Weegels et al. 1996). There is much less knowledge about the 
contribution of low-molecular-weight glutenins (LMW-GS) on the functional properties of bread wheat 
flours. This is mostly due to the limitations for the electrophoretic characterization of this group of 
gluten proteins, which is hampered by their structural complexity and the allelic variability at the Glu-3 
loci (Liu et al. 2010). Our group conducted an earlier study that characterized the prolamin composition 
of 200 Spanish bread wheat landraces and estimated their potential quality by means of sodium dodecyl 
sulfate- sedimentation (SDS-S) tests. Several local varieties showed SDS-S volumes much higher than the 
expected according to their HMW-GS pattern. The working hypothesis that guided the present study 
was that those landraces may carry LMW-GS alleles with a positive influence on bread quality. With that 
in mind, crosses were made between pairs of landraces with identical HMW-GS profiles but with striking 
differences on gluten strength according to the predicted by SDS-sedimentation tests. 

MATERIALS AND METHODS
Plant material. This study analyzed the Spanish bread wheat landraces ‘Jeja Pardilla’ (JP; BGE 18202) and 
‘Richela Blanca’ (RB; BGE 12124) and 143 F3:F5 progenies derived from the cross JP × RB. The parental 
lines were provided by the Plant Genetic Resources Centre (CRF) of the National Institute for Agricultural 
Research and Experimentation of Spain (INIA). All materials were cultivated by duplicate in small plots (4 
rows 1 m long) in the experimental fields of the School of Agricultural, Food and Biosystems Engineering 
(ETSIAAB, Universidad Politécnica de Madrid) during the 2015-16 growing season.

Methods. Glutenin extraction was performed according to Singh et al. (1991). Subsequently, HMW-GS 
and LMW-GS were separated by SDS- Polyacrylamide gel electrophoresis (PAGE). The tester varieties 
of Liu et al. (2010) were used to characterize LMW-GS profiles. Bread-making quality was estimated by 
means of SDS-S volume tests (Dick and Quick 1983). Quantification of prolamins (HMW-GS, LMW-GS and 
gliadins) was made by reversed-phase high-performance liquid chromatography (RP-HPLC) following 
Wieser et al. (1998).



124

LACC/IGW. 13th International Gluten Workshop
14-17 March 2018

RESULTS AND DISCUSSION
The SDS-PAGE was conducted to characterize the glutenins present in ‘Richela Blanca’ and ‘Jeja Pardilla’. 
It confirmed that the two parental lines had the same alleles at HMW loci: 2* (Glu-A1), 20x+20y (Glu-B1) 

and 2+12 (Glu-D1). At the Glu-B3 locus both varieties presented 
the i allele. At Glu-A3 and Glu-D3, ‘Richela Blanca’ had the LMW-
GS coding alleles Glu-A3d and Glu-D3b, while ‘Jeja Pardilla’ 
presented the Glu-A3f and Glu-D3c null alleles (Figure 1). Table 
1 shows the allelic combinations observed in the derived F3:F5 
lines for the segregant 
loci Glu-A3 and Glu-D3. 
It must be noted that 
SDS-PAGE analysis does 
not allow discrimination 
between heterozygotes 
and homozygotes for the 
LMW-GS coding alleles of 
‘Richela Blanca’. 
 
SDS-S test is widely used as a reliable screening technique 
to predict bread-making quality in wheat breeding programs 
(Blackman and Gill 1980). Flours from the parental varieties 
‘Jeja Pardilla’ and ‘Richela Blanca’ cultivated in 2015-16 resulted 
in SDS-S volumes of 42 and 83 mm, respectively. The difference 
was consistent with the obtained in samples from earlier 
seasons (JP: 41 to 45 mm; RB: 89 to 112 mm), thus reinforcing 
the existence of good quality-related alleles in ‘Richela Blanca’. 

SDS-S volumes in the JP × RB segregant lines ranged between 21 and 83 mm. Results in Table 2 indicate 
a positive effect on this parameter of the Glu-D3b RB allele whereas no significant influence of variation 
at Glu-A3 has been found. 

The amount of different fractions of gluten proteins has been related with some rheological properties 
of wheat flours (Wieser and Kieffer 2001). ‘Richela Blanca’ has a higher total glutenin (GLU) and LMW-
GS content and lower gliadin to glutenin ratio (Gli/Glu) than ‘Jeja Pardilla’ (results not shown / results in 
Chacón, Guzmán, Ribeiro, Igrejas and Benavente, this issue). These quantitative differences, that could 
be on the basis of the better gluten properties of ‘Richela Blanca’, might be related to the presence of 
the null alleles for Glu-A3 and Glu-D3 in ‘Jeja Pardilla’. The inability to discriminate homozygotes from 
heterozygotes for Glu-A3d and Glu-D3b RB alleles is a clear limitation when examining the influence 
of variation at Glu-A3 and Glu-D3 loci on the content of gluten protein fractions in the segregant lines. 
However, the results in Table 2 suggest some positive effect of the Glu-D3b allele of ‘Richela Blanca’ on 
the amount of the LMW-GS fraction (Table 2).

The complex correspondence between the allelic variation at Glu-3 loci and the electrophoretic patterns 
of LMW-GS might be another limiting factor affecting the conclusions of the study. Therefore, further 
analyses are being conducted to determine the inheritance and effect of individual LMW glutenin bands 
on the quality-related parameters examined.  

This study has been funded by grants AGL2012-38345 and AGL2016-77149C2 (Ministry of Science, 
Innovation and Universities, former Ministry of Economy and Competitiveness, Spain).

Table 1. Frequency of the genotypes 
determined by SDS-PAGE at Glu-A3 and 
Glu-B3 loci in JP × RB segregant lines. 

Glu-A3 Glu-D3 N of lines

dd, df  bb, bc 60
dd, df cc 47
ff bb, bc 31
ff cc 5

Figure 1. HMW-GS and LMW-GS profiles 
in the parental landraces ‘Richela Blanca’ 
(RB) and ‘Jeja Pardilla’ (JP), and F3:F5 
segregant lines. For the Glu-A3 locus, lines 
1-5 show the dominant RB allele (d) while 
lines 6-8 show the null JP allele (f). For 
the Glu-D3 locus, lines 1-5 and 8 show the 
dominant RB allele (b) while lines 6 and 7 
show the null JP allele (c).
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Table 2. Means (± standard errors) of quality-related parameters in F5 lines expressing 
(RB) or not (JP) the LMW-GS coded by the Glu-A3 or Glu-D3 alleles of ‘Richela Blanca’. 
Minimum and maximum values are indicated. Results of the Student t-tests for mean 
comparisons are included (ns: not significant at P= 0.05; *: P < 0.05; **: P < 0.01).

 Glu-A3 Glu-D3
 RB lines JP lines  RB lines JP lines  
 dd, df ff t-test bb, bc cc t-test

SDS-S (mm)   41.3±1.1 45.2±2.3 ns 44.3±1.4 38.8±1.2 **
 20 to 82 23 to 83  21 to 83 20 to 58 
GLU (g/100g)      2.54±0.05 2.50±0.08 ns 2.58±0.06 2.44±0.07 ns
 1.4 to 3.9 1.7 to 3.8  1.5 to 3.9 1.4 to 3.7 
HMW (g/100g     0.62±0.02 0.62±0.03 ns 0.61±0.02 0.63±0.02 ns
 0.3 to 1.1 0.3 to 1.0  0.3 to 1.0 0.4 to 1.1 
LMW (g/100g)     1.92±0.04 1.90±0.06 ns 1.98±0.05 1.81±0.05 *
 1.0 to 3.1 1.3 to 2.8  1.1 to 3.1 1.0 to 2.6 
gli/glu  5.25±0.18 5.62±0.28 ns 5.43±0.18 5.20±0.28 ns
 2.4 to 11.4 2.0 to 9.1  2.0 to 9.2 2.6 to 11.4 


