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Take home messages

• Combine the rich molecular biology with 
traditions to tell stories of wheat to teach 
real human history

«Nothing is more prolific than 
wheat» Pliny the elder (23-79 AD), 
Naturalis Historia

Wheat price is not an issue 
of the past



Wheat in the world

65%

12%
6%

 High consumption worldwide

 The most transacted

 More grown 
(730 million tons)

Of all the cereal grains, wheat stands out for 
being a major source of protein and energy for 
the human diet:

Production in million metric tonnes



Portugal wheat production



Wheat grain storage proteins (gluten-forming proteins)

 major determinants

of gluten elasticity

by promoting the

formation of larger

glutenin polymers

Monomeric Gliadins

ω-gliadins

γ-gliadins

α/β-gliadins

Polymeric Glutenins

High Molecular Weight

LMW glutenin subunits

HMW glutenin subunits

Low Molecular Weight

≈  80% total  
grain proteins 

C-terminal domainN-terminal domain Central repetitive domain

65-75 kDa

80-90 kDa
x-type

y-type
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Genetic control of storage proteins



BHMW-GS, LMW-GS and gliadins of 
seeds belonging to the National 
Catalogue of Varieties



Glu-A1



Glu-D1

Glu-B1



Locus Strenght
• GluA1 2* = 1 > nul
• GluB1 17-18 ≥ 13-16 ≥ 7-9 = 7-8 ≥ 7 = 6-8
• GluD1 5-10 ≥ 3-12 = 2-12 ≥ 4-12
• GluA3 a = d = f ≥ e
• GluB3 b’ ≥ d = c = c’ = b = g > i > f ≥ j
• GluD3 a ≥ b = d = c
• GliA2  t ≥ k = r = f = g = j ≥ l = b = p
• GliB2 m >b ≥ r ≥ h = o = g ≥ ae = l = ac
• GliD2 m = e ≥ a = h = v = g = n

Storage proteins and score of 
quality

They are the major genotypic determinants 
of the strength of wheat dough.
Possessing a key role in the rheological 
behavior of the flour during the baking 
process.



6X
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Genetic Resources

4X
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Glu-B1

LMW-GS
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Gli-A1
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Monitoring genetic resources through analysis of storage 
protein alleles – Glutenins and Gliadins

Hexaploid Tetraploid

Old and Modern
varieties

Ribeiro et al. (2011). Towards allelic diversity in the storage proteins of old and currently growing
tetraploid and hexaploid wheats in Portugal. Genetic Resources and Crop Evolution 58(7): 1051-1073.

Chromosome 1
A / B / D

Glu-1

Glu-3
Gli-1



Genetic Resources

12 years before

Old varieties

Modern
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Genetic Resources

• Modern varieties showed that the prevalence of certain 
alleles is due to its association with technological quality as a 
consequence of selection in the breeding programs

• Regarding the HMW-GS, approximately 90% of the 
combinations observed corresponded to good bread-making 
quality



Barbela Bread Wheat 



Barbela Bread Wheat 



ω gliadins

Different HMW-GS and LMW-GS of wheat lines



New HMW-GS in Portuguese wheat
landrace 'Barbela‘
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IEF x SDS-PAGE

‘Barbela 28’

‘Carala’

‘Atlas 66’



Mass Spectrometry

‘Barbela 28’
‘Carala’



1Ax1.1 Mw and pI

pI Subunit 1.1 = 5.7
More acidic pI reported for HMW-GS encoded by 
Glu-A1 locus

Mr Subunit 1.1 = 93.648 Da
Higher molecular weight reported for HMW-GS 
encoded by Glu-A1 locus

Impact on the amount and size of GMP formed;
important in determining the quality

BankIt1453293 1Ax1.1 JN172932





Mass Spectrometry

1 MTKRLVLFAA VVVALVALTA AEGEASGQLQ CERELQEHSL KACRQVVDQQ  
    51 LRDVSPECQP VGGGPVARQY EQQVVVPPKG GSFYPGETTP PQQLQQSILW  
   101 GIPALLRRYY LSVTSPQQVS YYPGQASSQR PGQGQQPGQG QQEYYLTSPQ  
   151 QSGQWQQPGQ GQAGYYPTSP QQSGQEQPGY YPTSPWQPEQ LQQPTQGQQR  
   201 QQPGQGQQLR QGQQGQQSGQ GQPRYYPTSS QQPGQLQQLA QGQQGQQPER  
   251 GQQGQQSGQG QQLGQGQQGQ QPGQKQQSGQ GQQGYYPISP QQLGQGQQSG  
   301 QGQLGYYPTS PQQSGQGQSG YYPTSAQQPG QLQQSTQEQQ LGQEQQDQQS  
   351 GQGRQGQQSG QRQQDQQSGQ GQQPGQRQPG YYSTSPQQLG QGQPRYYPTS  
   401 PQQPGQEQQP RQLQQPEQGQ QGQQPEQGQQ GQQPGQGEQG QQPGQGQQGQ  
   451 QPGQGQPGYY PTSPQQSGQG QPGYYPTSPQ QSGQLQQPAQ GQQPGQEQQG  
   501 QQPGQGQQGQ QPGQGQQPGQ GQPGYYPTSP QQSGQEQQLE QWQQSGQGQP  
   551 GHYPTSPLQP GQGQPGYYPT SPQQIGQGQQ PGQLQQPTQG QQGQQPGQGQ  
   601 QGQQPGQGQQ GQQPGQGQQP GQGQPGYYPT SLQQSGQGQQ PGQWQQPGQG  
   651 LPGYYPTSSL QPEQGQQGYY PTSQQQPGQG PQPGQWQQSG QGQQGYYPTS  
   701 PQQSGQGQQP GQWLQPGQWL QSGYYLTSPQ QLGQGQQPRQ WLQPRQGQQG  
   751 YYPTSPQQSG QGQQLGQGQQ GYYPTSPQQS GQGQQGYDSP YHVSAEHQAA  
   801 SLKVAKAQQL AAQLPAMCRL EGGDALLASQ 

1.1 VS 1

•Score: 184

•Similarity: 27%

•Also found a great 
similarity with the 
subunit 2*



Mass Spectrometry
Repetitive Motifs:

• Tripeptides: GQQ
• Hexapeptides: PGQGQQ e PGQLQQ
• Nonapeptides: LRQGQQGQQ
• Tripeptides + hexapeptides: PGQGQQGQQ
• Nonapeptides + hexapeptides: PGQGQQLRQGQQGQQ 

Appearance of 
several glutamine 
residues

Amino acid related to the 
elastic properties of the 
dough due to the 
extensive array of 
interchain hydrogen 
bonds that form



Mass Spectrometry
• The subunit 1.1 present the same number of 

cysteines in the N- (3) and C-terminal (1) 
domains as the other subunits encoded by the 
same locus

Presence of 
cysteine residues 

in the subunits

Propensity to create disulfide 
bonds that alter the polymer 
structure and conformation 

of the protein

Important for viscoelastic 
properties of wheat dough



HMW-GS 1Ax1.1
• The extensibility of the dough is a crucial parameter 

for the production of biscuits and is known to be a 
character of low heritability.

Subunit 1.1
Genetic 

Potential

Biotechnologic 
Potential

Economic 
Potential



Technological tests
• In recent years, the quality differences 

among cultivars have gained increasing 
importance in wheat world trade due to 
important economic and social trends 
globally.



 Sweet-biscuit
Speed and energy 
of dough extrusion,
Cooking time
Dough temperature
Biscuit mass before 
and after cooking,
Length, thickness, 
width, density and 
surface appearance 
of the biscuit.

 Flour yield
 Protein content
 Grain hardness
 Thousand kernel weight of 
grains

 Chopin alveograph
 Mixograph
 Viscosity of the 
pentosans
 Zeleny test
 Laser granulometry
 Starch damage

 Storage proteins
Glu-1
Gli-1
Glu-3

Quality Tests



Distribution of extensibility (L) values 
All the ‘Barbela’ wheat lines studied

0%1,12%

11,24%

22,47%
25,84%

30,34%

6,74%

1,12% 1,12% 0%0%

5%

10%

15%

20%

25%

30%

35%

0 50 100 150 200 250 300
L

%

L28 L=225

Distribution of extensibility  (L) values
Loci Glu-B1 and Glu-D1 identical to the line of wheat  ‘Barbela 28’
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Results of Chopin Alveograh

• This line represents 1.12% of 
the population for extensibility 
values greater than 225 mm

• Selection of  wheat  lines 
with identical composition to 
the line evaluated to the loci 
Glu-B1 and Glu-D1.
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From Proteomics to Genomics
Analysis of 12 sequences for the design of primers:
• Glu-Ax: 1; 2*; 2ºº and Glu-Ay
• Glu-Bx: 13; 20; 7 and Glu-By: 16; 8; 15; 9
• Glu-Dx and Glu-Dy: 12*; 10

Together with data from 
mass spectrometry

Primers Forward
gluAF1: 5’-CCGACAGTCCACCGAGATGA-3’

gluAF2: 5’-CGAGATGACTAAGCGGTTGGTT-3’

Primers Reverse
gluAR1: 5’-GAGTTCTATCACTGGCTGGCCA-3’

gluAR2: 5’-ATAGCTAAGGTGCATGCATGCC-3’
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Amplification of a sequence of about 2,600 bp in ‘Barbela 28’ wheat line



Coding sequence of HMW-GS 1.1
The sequence obtained (GenBank accession 
JN172932) showed a high identity with those 
present in public databases for subunits 
encoded by the same locus, such as the 
subunit 1.

1.1 VS 1

95 % of Identity



1.1 VS 1
• The 1.1 ORF showed about 108 more base pairs than 

the ORF of subunit 1

• Several differences were found between the two 
sequences:

•4 two-base insertions

•1 four-base insertion

•6 single-base deletions

•4 two-base deletions

•2 four-base deletions

•1 five-base deletion

•46 single-base substitutions

•12 two-base substitutions

•9 three-base substitutions

•1 four-base substitution

•1 six-base substitution

•1 single-base insertion



1.1 HMW-GS Aminoacidic sequence
• HMW-GS 1.1 shows a length of 866 amino acids, being 

HMW-GS 1 thirty-six amino acids shorter. 
• The predicted amino acid composition of N- and C-

terminal domains of subunit 1.1 is identical to the subunit 
1, as expected due to the results previously obtained by 
mass spectrometry. 

• All the subunit 1 cysteines were conserved in subunit 1.1 
and no extra cysteine residue was observed in the 
central repetitive domain of 1.1.

• In addition, 2 highly conserved substitutions were 
observed at positions +29 and +162 in the N-terminal 
and C-terminal domains respectively.



• An insertion of 36 amino acids was 
observed in the end of the central 
repetitive domain at position +771.

• These mutations led to some changes in the 
HMW-GS 1.1 repetitive motifs, namely tripeptide 
(GQQ), hexapeptide (LGQGQQ) and 
nonapeptide (GYYPTSPQQ) motifs in the 36-aa 
insertion, compared with HMW-GS 1.

1.1 HMW-GS Aminoacidic sequence



36-aa insertion

1.1 VS 1



‘Barbela’ landrace used in a 
breeding programme

Year crosses
2013 Barbela x French elite wheat A (med-hard, strong dough)

Barbela x French elite wheat B (med-hard, extensible dough)

2014 (Barbela x Elite A) x Elite A, BC1

(Barbela x Elite B) x Elite B, BC1

2015 BC1S1

2016 BC1S2

2017 BC1S3, HMW glutenin selection

2018 BC1S4, HMW glutenins and hardness selection, indirect quality tests

2019 BC1S5, yield trials and advanced quality tests (W Chopin, gluten,…)



Final Considerations
• The very high molecular weight fraction of glutenins is 

considered important in determining wheat flour quality. 
Thus, the very high molecular weight of this subunit can 
obviously have positive effects on the formation and size 
of the glutenin macropolymer (GMP).

• The GMP and its rheological properties are extensively 
reported to be good quality predictors.

• GMP content is strongly related with the maximum 
resistance (Rmax) and extensibility of dough.

This relationship appears to be intrinsically linked 
to the high extensibility of the dough provided by 
HMW-GS 1.1



Final Considerations
• In summary, this project provided a better 

understanding of the molecular and genetic 
basis of this unique HMW-GS.

• The knowledge gained can now be used in 
breeding programs, particularly in the ongoing 
breeding cultivars with high quality, to develop 
the extensibility of wheat in terms of food 
biotechnology.

• Omics of wheat endosperm: a tool to find 
genes  involved in kernel composition and 
quality.
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