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Abstract A novel y-type high-molecular-weight glutenin
subunit possessing a slightly faster mobility than that of
subunit 1Dy12 in SDS-PAGE, designated 1Dy12.1t in
Aegilops tauschi, was identified by one- and two-dimen-
sional gel and capillary electrophoresis. Its coding gene at
the Glu-Dt 1 locus was amplified with allele-specific-PCR
primers, and the amplified products were cloned and
sequenced. The complete nucleotide sequence of 2,807 bp
containing an open reading frame of 1,950 bp and 857 bp
of upstream sequence was obtained. A perfectly con-
served enhancer sequence and the �300 element were
present at positions of 209–246 bp and 424–447 bp
upstream of the ATG start codon, respectively. The
deduced mature protein of 1 Dy12.1t subunit comprised
648 amino acid residues and had a Mr of 67,518 Da,
which is slightly smaller than the 1Dy12 (68,695 Da) but
larger than the 1Dy10 (67,495 Da) subunits of bread
wheat, respectively, and corresponds well with their
relative mobilities when separated by acid-PAGE. The
deduced amino acid sequence indicated that the 1Dy12.1t

subunit displayed a greater similarity to the 1Dy10
subunit, with only seven amino acid substitutions,
suggesting that this novel gene could have positive effect
on bread-making quality. A phenetic tree produced by
nucleotide sequences showed that the x- and y-type

subunit genes were respectively clustered together and
that the Glu-Dt 1y12.1 gene of Ae. tauschii is closely
related to other y-type subunit genes from the B and
D genomes of hexaploid bread wheat.

Introduction

It is well established that the high-molecular-weight
glutenin subunits (HMW-GS) are important determinants
of wheat technological properties (Payne 1987; Shewry et
al. 1992; Gianibelli et al. 2001). They constitute part of
the polymeric proteins linked by disulphide bonds and
have molecular weights ranging from 80,000 Da to
120,000 Da. Genetic studies have shown that HMW-GS
are encoded at the Glu-1 loci on the long arms of bread
wheat homoeologous group 1 chromosomes (Payne
1987). Each locus consists of two genes that are not
always expressed, namely the x- and y-type subunits with
slow and high electrophoretic mobilities, respectively
(Shewry et al. 1992). To date, only some of the HMW-GS
genes from bread wheat have been cloned and sequenced
(Forde et al. 1985; Sugiyama et al. 1985; Thompson et al.
1985; Halford et al. 1987; Anderson and Greene 1989;
Anderson et al. 1989; Halford et al. 1992; Reddy and
Appels 1993; Bustos et al. 2000). All HMW glutenin
subunits consist of a large central repeat region, N- and C-
terminus domains, which are considered to be the most
important characteristics relating to the technological
properties of dough (Wrigley 1996).

The diploid Asian goatgrass, Aegilops tauschii (Coss.)
Schmal. (2n=2x=14, DD; syn. Ae. squarrosa), is the donor
of the bread wheat D genome (Dvorak et al. 1998).
Extensive allelic variations in both seed storage protein
composition and isozymes have been detected in Ae.
tauschii ( Lagudah et al. 1987; Lagudah and Halloran
1989; Gianibelli et al. 2001; Yan et al. 2003a, 2003b).
The diploid wild species, therefore, is expected to be a
useful source of genetic material for improving the
quality of bread wheat. Some investigations have shown
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that the HMW glutenin genes from the Ae. tauschii have a
significant influence on bread-making properties in
synthetic hexaploid wheats (Lagudah et al. 1987; Hsam
et al. 2001; Wieser et al. 2003), and some of the resulting
lines have exhibited a shorter mixing time and improved
milling and baking characteristics when compared to
parental lines (Tilley et al. 2000).

To date, only a limited number of HMW-GS genes in
Ae. tauschii have been cloned and characterized (Mackie
et al. 1996; Tilley et al. 2000; Gianibelli and Solomon
2003). Recently, we have detected genetic polymor-
phisms at the Glu-Dt and Gli-Dt loci of 198 Ae. tauschii
accessions using various electrophoretic methods (Yan et
al. 2003a, 2003b). The accession TD159 was found to
possess only a y-type HMW glutenin subunit, which was
designated 1Dy12.1t. We report here the biochemical and
molecular characterizations of this subunit, which may
provide new insights into gene structures and the
molecular evolutionary relationship of the glutenin gene
family.

Materials and methods

Plant materials

The Aegilops tauschii (Coss.) Schmal. accession TD159 analysed
was kindly provided by Genebank Braunschweig, Germany. The
wheat variety Chinese Spring was used as the standard for HMW-
GS identification.

One- and two-dimensional gel and capillary electrophoresis

One-dimensional sodium dodecyl sulphate (SDS)- and acid (A)-
polyacrylamide gel electrophoresis (PAGE) and two-dimensional
A-PAGE�SDS-PAGE identifications of HMW glutenin subunit
1Dy12.1t were carried out on a Bio-Rad Mini-PROTEAN II
electrophoretic apparatus (Bio-Rad, Hercules, Calif.) according to
Yan et al. (1999; 2003d). The capillary electrophoretic separation
and characterization of the HMW-GS were performed on a
BioFocus 3000 instrument with phosphate-based buffers according
to Yan et al. (2003c).

Genomic DNA extraction and PCR amplification

Total genomic DNA was isolated from 1–2 g of leaves sampled
from single plants about 3–5 weeks old and from dry seeds
following the methods of Dellaporta et al. (1983) and Plaschke et
al. (1995), respectively.

On the basis of published HMW-GS gene sequences (Mackie et
al. 1996; Anderson et al. 1989; Halford et al. 1987), two pairs of
allele-specific (AS) PCR primers were designed to amplify
different regions of the Glu-Dt y12.1 gene as shown below. The
nucleotide primers synthesized (Sangong) were as follows: (P1)
50-ATGGCTAAGCGGTTGGTCCT-30; (P2) 50-TCACTGGCTAG-
CCGACAATG-30; (P3) 50-ACCACAGTTTGCTCATATTGTCT-
TG-30; (P4) 50-ACGTCTACACTTCTGCAAACAATACC-30.

PCR was carried out using a Perkin-Elmer Cetus DNA Thermal
Cycler (PE Applied Biosystems, Foster, City, Calif.). Samples of
genomic DNA (leaf DNA: 100 ng; seed DNA: 800 ng) were
subjected to PCR in a 50-�l reaction volume containing 2.5 U La
Taq polymerase (TaKaLa), 25 �l 2�GC Buffer II (MgCl2+ Plus),
0.4 mM dNTP and 0.5 �M of each oligonucleotide primer. The PCR
profile consisted of an initial denaturation step of 5 min at 94�C,
followed by one cycle of a 45-s denaturation at 94�C, a 60-s
annealing at 63�C and a 120-s extension at 72�C and concluded
with a final extension step for 10 min at 72�C. PCR products were
analysed on 1% agarose gels.

Cloning, sequencing and comparative analyses of HMW-GS genes

The PCR products were purified and ligated into a pGEM-T
plasmid vector (Promega, Madison, Wis.). The vector was used to
transform Escherichia coli competent cells of the DH a strain. The
cloned fragment was sequenced on an automatic DNA sequencer
(TaKaRa Biotech). Nucleotide sequences were assembled, and
comparative analyses among different HMW-GS genes were
carried out using bioedit 5.09 software.

Results and discussion

Characterization of 1Dy12.1t by different gel
and capillary electrophoreses

The Ae. tauschii accession TD159 possesses only a single
y-type subunit, 1Dy12.1t (Yan et al. 2003b). In order to
further characterize this subunit, we used different
electrophoresis methods to separate the HMW-GS com-
position of TD159. The patterns of one- and two-
dimensional gel electrophoresis are shown in Fig. 1. It

Fig. 1A–C The electrophoretic
characterization of 1Dy12.1t

HMW glutenin subunit from
Aegilops tauschii accession
TD159. A SDS-PAGE pattern,
B A-PAGE pattern, C two-
dimensional pattern by A-PA-
GE�SDS-PAGE. Chinese
Spring (CS) was used as control
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is apparent that TD159 possesses a y-type subunit that is
slightly faster than the 1Dy12 subunit of bread wheat
when both are run on SDS-PAGE and A-PAGE. This
faster subunit was designated 1Dy12.1t. There is also only
one clear protein spot when it is separated by two-
dimensional A-PAGE�SDS-PAGE. In addition, the cap-
illary electrophoretic pattern of this subunit also shows a
single protein peak at about 7.5 min and its migration
time is also slightly shorter than that of the 1Dy12 subunit
(Fig. 2). This result confirmed that the 1Dx-type subunit
in this accession is not expressed and, therefore, that its
coding gene is silent. In general, while gene silencing of
1Dy-type subunits at Glu-A1 and Glu-B1 loci exists it is

exceptional to observe it at the Glu-D1 locus in bread
wheat.

PCR analysis of the 1Dy12.1t HMW-GS subunit gene

Two pairs of PCR primers, P1+P2 and P3+P4, were used
to amplify the coding region and upstream sequence of
the 1Dy12.1t HMW-GS subunit gene of Ae. tauschii
(Fig. 3), respectively, and the results are shown in Fig. 4.
It is obvious that only a single PCR product of 1,947 bp is
obtained with primer P1+P2, which corresponds to the
length of the coding region of the 1Dy-type subunit gene
(Fig. 4A). Previous reports on glutenin genes (Thompson
et al. 1985; Halford et al. 1987; Anderson et al. 1989)
indicated that the coding sequences of the 1Dy-type
subunit genes are about 2,000 bp, so the size of the
amplified product is in agreement with the size of the
coding region of the 1Dy12.1t subunit gene. Using primer
P3+P4, we succeeded in amplifying one apparent single
band of about 1,200 bp that corresponded to the upstream
sequences of the 12.1t gene. The DNA extracted from
both leaves and dry seeds showed the same results with
respect to PCR amplification.

The nucleotide and deduced amino acid sequences
of the 1Dy12.1t subunit gene

The PCR products of both the coding region and upstream
sequences were cloned and sequenced by means of primer
walking. The complete sequence of 2,807 bp, containing
an intron-less open reading frame of 1,950 bp encoding a
protein of 648 residues plus 857 bp of upstream sequence,
was obtained, which ends at a double stop codon (Fig. 5).

Fig. 2 Capillary electrophoretic characterization of 1Dy12.1t sub-
unit present in TD159. Capillary electrophoretic characterization
was carried out in 0.1 M phosphate buffer, pH 2.5, containing 20%
acetonitrile and 0.05% hydroxypropylmethyl-cellulose at 12.5 kV
and 40�C with 25 �m (ID)�27-cm uncoated fused-silica capillaries.
Chinese Spring (CS) was used as control

Fig. 3 Location of the oligonucleotide primers P1+P2 and P3+P4
used to amplify the coding region and the upstream sequence of the
1Dy12.1t HMW-GS gene, respectively. The coding region of the
1Dy12.1t subunit gene is boxed and the central repetitive domain is
shaded

Fig. 4 Agarose-gel separation
of amplified products using the
primer P1+P2 (A) and P3+P4 (B).
Both leaf DNA (L) and seed
DNA (S) were used. M Lambda
DNA/HindIII markers, X nega-
tive control
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Some typical eukaryotic sequences were found in the
upstream region; for instance, a TATA box and a CCACC
sequence (Kozak 1987) are present at positions of 85–
91 bp and 4–8 bp upstream of the ATG start codon,
respectively. In addition, three CCAAT-like sequences—
CCAAT (74–78 bp), CCAT (116–120 bp) and CAAAT
(190–195)—are also present, as in other plant genes
(Messing et al. 1983).

As shown in Fig. 5, at a position of 209–246 bp
upstream of the ATG start codon, a 38-bp, perfectly
conserved enhancer sequence (50-GTTTTGCAAAGCTC-
CAATTG CTCCTTGCTTATCCAGCT) of HMW-GS
genes identified by Thomas and Flavell (1990) is present,
which is a major regulatory element for gene expression
(Shewry and Halford 2002). In addition, there is a 24-bp
sequence from �447 to �424 bp, which is highly
homologous with part of the �300 element described by
Forde et al (1985). This sequence is also conserved in the
50 flanking regions of B hordeins and other prolamin
genes.

The deduced protein sequence of the 1Dy12.1t subunit
is similar to that of 1Dy12t (Mackie et al. 1996) and the
other 1Dy-type HMW subunits present in bread wheat
(Thompson et al. 1985; Halford et al. 1987; Anderson et
al. 1989). The first 21 amino acids constitute a signal
peptide (Watson 1984), which is cleaved off as the protein
is transported through the endoplasmic reticulum. This is
homologous with the signal peptides of the other HMW
glutenin subunits and other cereal prolamins (Kreis et al.
1985; Halford et al. 1987). As with the other HMW
glutenin subunits, the protein structure of the mature
1Dy12.1t subunit possesses three clear structural charac-
ters: a non-repetitive N-terminal domain of 104 residues,
a repetitive central domain of 481 residues and a non-
repetitive C-terminal domain of 42 residues. The cysteine
residues present in the N- and C-terminal regions are
considered to form intermolecular disulphide bonds that
can create very high molecular weight linear polymers
(Wrigley 1996). Therefore, they are important in provid-
ing viscoelastic properties to dough. Seven cysteine
residues are present in the 1Dy12.1t subunit: five in the
N-terminal domain, one in the C-terminal domain and one
in a nonapeptide repeat near the C-terminal end of the
array of repeats.

The repetitive domain consists of tandem and inter-
spersed repeats based on hexapeptide (consensus
PGQGQQ) and nonapeptide (consensus GYYPTSLQQ)
motifs marked in Fig. 5, and no tripeptide (consensus
GQQ) is present. There are 49 hexapeptide and 19
nonapeptide repeat units; consequently, hexapeptide units
are either adjacent or separated by a nonapeptide unit.
Nonapeptides are always separated by a hexapeptide unit
and never present in tandem arrays. However, like any of
the other y-type subunits present in bread wheat (Forde et
al. 1985; Thompson et al. 1985; Halford et al. 1987), two
longer repeat units (11 followed by 12 residues) are
present adjacent to each other at the beginning of the
repetitive central domain. This may correspond to
degenerated nonapeptides, probably resulting from the

dipeptide and tripeptide insertion. Based on the above, the
properties of the 1Dy12.1t subunit are consistent with the
structure of typical 1Dy-type HMW glutenin subunits.
The nucleotide and deduced amino acid sequences of the
coding region of the1Dy12.1t subunit gene have been
deposited in the EMBL database under accession number
AY248704.

Comparative analysis of y-type subunits among diploid
and hexaploid species

As indicated above, the nucleotide and deduced amino
acid sequences of the 1Dy12.1t subunit gene are closely
homologous with those of the 1Dy12t subunit (Mackie et
al. 1996). A comparison of the amino acid sequence of the
1Dy12.1t subunit with that of other y-type subunits from
diploid and hexaploid wheat species is shown in Fig. 6.
All five y-type subunits possess the same number and
distribution of cysteine residues. In particular, three
subunits (1Dy12.1t, 1Dy12t and 1Dy10) possess the same
648 residues and show high homology, with only a few
single amino acid substitutions, whereas they exhibit
greater differences to subunits 1Dy12 and 1By9 present in
bread wheat. The mature 1Dy12.1t and 1Dy12t subunits
differ in five residues—one in the N-terminal domain and
four in the repetitive central domain. Both subunits
display a greater similarity to subunit 1Dy10 than to
1Dy12 of bread wheat. The N-terminal domain of
1Dy12.1t possesses a lysine residue at position 41 com-
pared to a glutamic acid in the other four subunits, while
there is a single amino acid difference between 1Dy12.1t,
1Dy12t (isoleucine) and the other three subunits (valine)
at position 81. The remaining amino acid sequences in the
N- and C-terminal domains of the 1Dy12.1t, 1Dy12t,
1Dy10 and 1Dy12 subunits are exactly the same.

In the repetitive central domain, 1Dy12.1t and 1Dy12t

differ in four residues at the positions of 462 (tyrosine/
serine), 499 (proline/serine), 503 (glutamine/proline) and
580 (glutamine/histidine), respectively. It is possible to
draw the conclusion that these five single amino acid
substitutions are responsible for the minor molecular
difference between 1Dy12.1t and 1Dy12t on the SDS-
PAGE pattern.

There are only seven amino acid substitutions between
the 1Dy12.1t and 1Dy10 subunits—at positions 41
(lysine/glutamic acid), 81 (isoleucine/valine), 285 (gluta-
mine/ arginine), 462 (tyrosine/serine), 499 (proline/ser-
ine), 503 (glutamine/proline) and 630 (leucine/valine).
However, although subunits 1Dy12.1t and 1Dy12 exhib-
ited very similar mobilities on both SDS- and A-PAGE
gels, there were more differences between them than
between the 1Dy12.1t and 1Dy10 subunits with respect to
amino acid sequence. As shown in Fig. 6, a dipeptide (GQ
at 523–524) and two hexapeptide (QIGQGQ at 217–222
and 244–249) deletions exist in 1Dy12.1t as well as in
1Dy12t and 1Dy10, while there is a dipeptide deletion
(GQ at 398–399) in the 1Dy12 subunit. In addition, there
are 15 other single amino acid changes between subunits
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Fig. 5 Nucleotide and deduced amino acid sequences of the
1Dy12.1t HMW-GS genes. The putative TATA box and CCACC
sequence are boxed. CCAAT-like sequences are underlined. An
enhancer element with 38 bp identified by Thomas and Flavell
(1990) is enclosed in brackets. A possible “-300 element” described
by Forde et al. (1985) is boxed with a broken line. The putative

signal sequence of the encoded protein (21 residues beginning at
the start codon) is indicated. The nonapeptide (consensus GYYPT-
SLQQ) and hexapeptide (consensus PGQGQQ) repeat motifs are
indicated with a solid and broken arrow, respectively. Two stop
codons are marked by asterisks
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1Dy12.1t and 1Dy12; these occur at positions 41, 81, 130,
201, 230, 321, 416, 462, 499, 503, 541, 585, 590, 596 and
661.

Table 1 lists the frequency of amino acid variations
from tripeptide, hexapeptide and nonapeptide consensus
at each of the 18 positions in six y-type and six x-type
subunits at different loci from diploid and hexaploid
species. It is obvious that there are more variations at
positions 1 and 4 of the hexapeptide and positions 2, 5 and
7 (with the higher frequency of a proline or glutamine
substitution) of the nonapeptide, whereas the remaining

positions as well as the tripeptide repeats in x-type
subunits are highly conserved. The mean numbers of
amino acid differences from the consensus per repeat unit
including hexapeptide and nonapeptide units show that
the repeat units of y-type subunit 1Dy10 and x-type
subunits 1Dx2, 1Dx5, 1Bx17 and 1Bx7 were closer to the
consensus than the other subunits.

In order to gain an understanding of the evolutionary
relationships among HMW-GS genes from diploid and
hexaploid species, we used the nucleotide sequences to
produce a dendrogram of the 1Dy12.1t subunit together

Fig. 6 Comparison of the de-
rived amino acid sequence of
the Dy12.1t subunit with five
other y-type HMW glutenin
subunits from diploid and
hexaploid Triticum species. The
differences between subunits
1Dy12.1t and 1Dy12t are indi-
cated with an asterisk. Some
other differences among the y-
type subunits are underlined or
marked with bold letters. Dele-
tions in all sequences are indi-
cated by a dash
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with other 15 HMW subunits from bread wheat and Ae.
tauschii (Fig. 7), namely 1Bx7 (Anderson and Greene
1989, EMBL accession number X13927), 1Bx17 (Reddy
and Appels 1993, JC2099), 1Ax2* (Anderson and Greene
1989, M22208), 1Ax1 (Halford et al. 1992, X61009),
1Ax-null (Bustos et al. 2000, AF145590), 1Dx5 (Ander-
son et al. 1989, X12928), 1Dx2t (AF480485), 1Dx2.1t

(AF480485), 1Dx2 (Sugiyama et al. 1985, X03346), 1Ay
(Forde et al. 1985, X03042), 1By9 (Halford et al. 1987,
X61026), 1Dy10 (Anderson et al., 1989, X12929), 1Dy12t

(Mackie et al. 1996, U39229), 1Dy13t (AY174159), and
1Dy12 (Thompson et al. 1985, X03041).On the resulting
dendrogram it is clear that x- and y-type HMW subunit
genes cluster together in separate groups and, in partic-
ular, that the 1Dy12.1t subunit gene is closely related to
the 1Dy10 gene with a homology of 98%. This further
confirms the 1Dy12.1t as a y-type subunit. Within a
cluster, HMW glutenin subunits encoded by the Glu-D1
locus on the D genome of diploid and hexaploid species
display a greater similarity. Furthermore, the y-type
subunits (except for the 1Ay silent gene) show more
similarity than the x-type subunits.

Table 2 lists the molecular weight of 11 HMW
glutenin subunits that was calculated on the basis of
nucleotide sequences and their relative migration orders
under different separation methods. It is known that some
HMW glutenin subunits (subunits 1, 2* and 10) differ in
their mobilities when compared by SDS-PAGE and A-
PAGE methods (Morel 1994; Yan et al. 2003b). In
general, A-PAGE and acidic high-performance capillary
electrophoresis (A-HPCE) as well as SDS-PAGE and
SDS-HPCE have similar migration orders. However, the
relative mobilities of HMW glutenin subunits under A-
PAGE are well in agreement with their true molecular
weights. For example, the relative mobility of subunit
1Dy10 (67,495 Da) is faster than that of the subunit
1Dy12 (68,695 Da) when separated by A-PAGE, while
the 1Dy12.1t (67,518 Da) subunit is located between the
subunits 1Dy12 and 1Dy10.

Allelic variation and evolution
of HMW glutenin subunit genes in Ae. tauschii

The hexaploid bread wheats (Triticum aestivum L.,
2n=6x=42, AABBDD) originated from interspecific hy-
bridization between tetraploid Triticum turgidum ssp.
dicoccum (2n=4x=28, AABB) and diploid Ae. tauschii
(Dvorak et al. 1998). Investigations on HMW-GS com-
position have shown that extensive allelic variation exists
at the Glu-Dt 1 locus in diploid Ae. tauschii species, and
several novel HMW subunits have been detected—for
example 1Dy12.1t, 1Dy12.2t, 1Dy12.3t, 1Dy12.4t,
1Dy12.5t, 1Dy10.1t, 1Dy10.2t, 1Dy10.3t, 1Dy10.4t,
1Dy10.5t, 1Dy1.5t, 1Dy1.5*t etc.—which have not been
found in hexaploid bread wheat (Lagudah and Halloran,
1989; Gianibelli et al. 2001; Yan et al. 2003b). This
suggests that only a small number of Ae. tauschii
genotypes of restricted geographic origin were involvedT
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in the polyloidization process during the origin of T.
aestivum. Therefore, a narrow genetic diversity for the D-
genome may exist in bread wheat. It is expected that the
extensive allelic variations of HMW glutenin subunits
present in the wild diploid species could widen the
genetic background of bread wheat for the improvement
of baking quality.

It is apparent that molecular weight differences among
HMW glutenin subunits are mainly due to the central
repeat region size. Our comparison of the amino acid
sequence of the 1Dy12.1t and 1Dy12 subunits showed
that they differ by 15 amino acid substitutions, two
hexapeptide and one dipeptide deletions and one dipep-
tide insertion (Fig. 6), resulting in subunit 1Dy12.1t being
slightly smaller than subunit 1Dy12. Recent reports have
also revealed that subunit 1Dy12.4t, a small HMW
glutenin subunit detected in Ae. tauschii (Gianibelli et
al. 2001) displays deletions in the central repetitive motifs

(Gianibelli and Solomon 2003). Therefore, as proposed
by Anderson and Greene (1989), the following modes
may result in sequence alteration and evolution: (1) single
base and single repeat changes, (2) deletions or additions
within a repeat, (3) deletions or duplications of blocks of
repeats, with possible unequal crossover and slip-mis-
matching during the evolutionary process of HMW-GS
genes.

The phylogenetic tree that we constructed on the basis
of nucleotide sequence showed that the 1Dy12.1t subunit
gene sequence was most closely related to those of the
1Dy12t and 1Dy10 subunit genes. Sixteen x-type and y-
type HMW-GS genes from wild diploid and hexaploid
species apparently clustered into two respective groups.
Shewry et al. (1989) showed that these two lineages of
glutenin genes diverged from an ancestral sequence prior
to the separation of the wheat genomes. In general, the y-
type genes clustered together more closely than the x-type

Table 2 The molecular weight
of HMW glutenin subunits cal-
culated from nucleotide se-
quences and their relative
migration order by different
separating methods

HMW-GS Mr(Da) SDS-PAGEa Urea
SDS-PAGEa

A-PAGEa A-HPCEb SDS-HPCEc

1Dx5 88137 4 1 2 2 2
1Ax1 87680 1 3 3 5 3
1Dx2 86987 3 2 1 1 1
1Ax2* 86317 2 4 4 6 4
1Bx7 82873 5 5 5 4 5
1Bx17 80750 6 7 6 3 6
1By9 73526 7 11 7 7 7
1Dy12 68695 9 6 8 9 9
1Dy12.1t 67518 10 9 9 10 10
1Dy10 67495 8 10 10 8 8
1Dy12t 67411 9 8 8 9 9

a Number indicates the order of HMW glutenin subunits in relative mobilities from low to high
obtained by different gel electrophoresis methods based on Yan et al. (2003b) and Mackie et al.
(1996b)
b Separation order in relative migration time from high to low as shown by acidic high performance
capillary electrophoresis (A-HPCE) with 0.1 M phosphate-glycine buffer (pH 2.5, containing 20%CAN
and 0.05% HPMC according to Yan et al. (2003c)
c Separation order in relative migration time from high to low as shown by SDS-HPCE using the
ProSort SDS-protein analysis kit modified by the addition of 5% methanol according to Yan et al
(2003c)

Fig. 7 A phenetic tree derived
from the sequence alignment of
the HMW-GS genes from dif-
ferent Triticum species
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genes, suggesting that the two lineages may be evolving
at differential rates. Our results are similar to those of
Reddy and Appels (1993) in that they show that the y-type
subunit genes have accumulated fewer changes and,
therefore, have evolved at a slower rate than the x-type
subunit genes during the evolution of the storage protein
gene family.

Relationship between glutenin structure
and dough quality

The strength of gluten is highly correlated with different
combinations of the HMW glutenin subunits. For exam-
ple, the 1Dx5+1Dy10 subunits are associated with good
bread-making quality, while the 1Dx2+1Dy12 subunits as
well as 1Bx20 are associated with poor bread-making
quality (Redaelli et al. 1997; Shewry et al. 2003).
However, the molecular basis that results in quality
differences between HMW glutenin subunits is not clear.
According to the results obtained from the present study
and previous reports, the HMW glutenin proteins consist
of non-repetitive N- and C-termini amino acid stretches
and a large central repeated domain, including tripeptide
(x-type subunits), hexa and nonapeptide (y-type subunits)
repeat units. The cysteine residues present in N-termini
(normally three to five) and C-termini (only one) form
intermolecular disulphide bonds to create very large
polymers that play an important role in providing
viscoelastic properties to dough. The central repeated
domain adopts a b-spiral structure that confers elasticity
to the protein molecule (Gianibelli et al. 2001). In
addition to disulphide cross-links in the glutenin poly-
mers, dityrosine cross-links may play an important role in
determining glutenin structure and functionality (Tilley et
al. 2001). Flavell et al (1989) found that subunit 1Dy10
has a higher proportion of repeats of the consensus type
than subunit 1Dy12 and subsequently postulated that this
produces a more regular pattern of repetitive b-turns in
the polymers. Recent reports have shown that subunit 1Bx
20 displays two cysteine residue substitutions by tyrosines
in the N-terminal domain when compared with subunit
1Bx7; this is considered to be responsible for the negative
effect on dough strength by decreasing the number—and
affecting the pattern—of disulphide cross-links in the
glutenin polymers (Shewry et al. 2003).

It is noteworthy that subunits 1Dy12.1t and 1Dy10 are
highly similar in their sequence and repeated structure, in
particular that both subunits possess seven cysteine
residues and a similar proportion of repeats of the hexa
and nonapeptide consensus types. This suggests that
subunit 1Dy12.1t could have a positive effect on bread-
making quality similar to that of the good quality subunit
1Dy10. Further investigations on the expression and
functional properties of 1Dy12.1t gene are currently
underway.
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