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Abstract Inheritance of low-molecular-weight glutenin
subunits (LMW GS) and gliadins was studied in the
segregating progeny from several crosses between com-
mon wheat genotypes. The occurrence of a few recom-
binants in the F, grains of the cross Skorospelka
Uluchshennaya x Kharkovskaya 6 could be accounted
for by assuming that the short arm of chromosome 1D
contains two tightly linked loci each coding for at least
one gliadin plus one C-type LMW GS. These loci were
found to recombine at a frequency of about 2%, and to
be linked to the Glu-D3 locus coding for B-type LMW
GS. Some proteins showing biochemical characteristics
of D-type or C-type LMW GS were found to be en-
coded by the G/i-Bl and Gli-B2 loci, respectively.
Strongly stained B-type LMW GS in cvs Skorospelka
Uluchshennaya and Richelle were assigned to the Glu-
B3 locus, but recombination between this locus and
Gli-B1 was not found. Analogously, in the cross Bezos-
taya 1 x Anda, no recombination was found between
Gli-Al and Glu-A3, suggesting the maximum genetic
distance between these loci to be 0.97% (P = 0.05).
A B-type LMW GS in cv Kharkovskaya 6 was assigned
to the Glu-B2 locus, with about 25% recombination
from the GIli-BI locus. The present results suggested
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that alleles at Gli loci may relate to dough quality and
serve as genetic markers of certain LMW GS affecting
breadmaking quality.
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Introduction

There are two main groups of proteins in wheat gluten:
gliadins, which are monomeric proteins having only
intramolecular disulphide bonds, if any, and glutenins,
which can form polymers through intermolecular di-
sulphide bonds between protein subunits (Kasarda
1989). High-molecular-weight (HMW) glutenins are
coded by the Glu-1 loci on the long arm of chromo-
somes of the first homoeological group, whereas low-
molecular-weight glutenin subunits (LMW GS) are
controlled by the G/u-3 loci on the short arm of these
chromosomes. The main gliadin-coding loci, G/i-1 and
Gli-2, are located on the short arms of the chromo-
somes of the first and sixth groups, respectively (Payne
et al. 1984 a, b).

It is generally accepted that wheat dough quality is
mainly determined by the glutenin fraction of gluten
(Payne et al. 1981; Gupta and MacRitchie 1994; Gupta
et al. 1995) and may be strongly influenced by the allelic
state of their controlling genes (Payne et al. 1984a,1987;
Gupta et al. 1989, 1991). Therefore, the identification of
alleles at the glutenin coding loci has acquired impor-
tant practical value.

Allelic variants of the Glu-1 loci are rather easily detected by
means of the SDS-electrophoretic procedure (Payne and Lawrence
1983). In contrast, analysis of LMW GS is difficult, because of their
similarity in molecular weight to some gliadins, albumins and
globulins, so that all these proteins may overlap in SDS elec-
trophoretic patterns. Many glutenin preparations seem to be con-
taminated by gliadins (Kasarda 1989). Several procedures were



developed to avoid or decrease these contaminations and to obtain
the best resolution of the LMW GS (Gupta and Shepherd 1990;
Graybosch and Morris 1990; Gupta and MacRitchie 1991; Khelifi
and Branlard 1991; Singh et al. 1991; Redaelli et al. 1995). Neverthe-
less, the complexity of the reliable definition of the LMW GS in
electrophoretic patterns has resulted in a rather weak knowledge of
their genetics.

Tight genetic linkages were shown between Glu-3 and Gli-1 so
that, in common wheat, a few recombinants were found in the
Glu-B3/Gli-B1 complex only (Payne et al. 1984b, 1986; Singh and
Shepherd 1988). Some LMW GS, especially the so called C-type and
D-types, are similar to gliadins in their biochemical characteristics
(Jackson et al. 1983; Payne et al. 1988) and even in their amino-acid
sequences (Tao and Kasarda 1989; Lew et al. 1992; Masci et al.
1993). These LMW GS presumably resulted from gliadin-coding
genes which, due to a mutation, acquired an odd number of cystein
residues, could form intermolecular disulphide bonds, and therefore
might be included in the glutenin fraction. Moreover, it was sugges-
ted that only B-type LMW GS are encoded by Glu-3 loci, while
gliadin-like LMW GS are, in fact, “former gliadins” and are control-
led by the Gli-1 and Gli-2 complex loci (Lew et al. 1992). The
relationship between GI/i-2 alleles and LMW GS patterns is not well
studied, although there are some indications for the existence of
Gli-2-controlled LMW GS (Gupta and Shepherd 1993; Pogna et al.
1995). Moreover, the G/i-B3 locus, which is located between Glu-B1
and GIli-Bl, is claimed to control, in different allelic states, either
gliadin, or D-type LMW GS (Payne et al. 1988). In tetraploid wheat,
the Glu-B2 locus encoding for B-type LMW GS was shown to be
tightly linked to the Gli-B3 locus (Liu and Shepherd 1995).

To better understand the genetics of LMW glutenins,
we carried out a parallel inheritance study of different
components in typical LMW GS patterns and of
known gliadin alleles using segregating progenies of
several genotypes.

Materials and methods

F, progenies from the following crosses of common wheat cultivars
(abbreviations in brackets) were studied: Bezostaya 1 (B1) x Anda,
Bezostaya 1 x Richelle (Rch), Tselinogradka (Ts)x Kazakhstan-
skaya 3 (K3), Skorospelka Uluchshennaya (SU)x Kharkovskaya
6 (Kho), Kazakhstanskaya 126 (K126) x Saratovskaya 36 (S36). Glu-
tenins were extracted from single seeds according to Singh et al.
(1991) with modifications (Redaelli et al. 1995). One-dimensional
SDS electrophoresis of glutenins was performed as described by
Redaelli et al. (1995). For analysis of gliadins, acid (aluminium-
lactate, pH 3.1) electrophoresis (APAGE) was used (Metakovsky
and Novoselskaya 1991). To determine the molecular weight of
particular gliadin components, two-dimensional separation of
gliadins (APAGE x SDS-electrophoresis) was employed (Metakovsky
et al. 1984). The pellet of extraction of prolamin by 70% ethanol, or
single-seed flour, were sometimes used for the analysis of total
protein according to Laemmli (1970). One-dimensional SDS elec-
trophoresis of total protein was performed as described by Dach-
kevitch et al. (1993). The greatest expected genetic distance between
two loci in the case of the absence of recombination between them
was calculated using Hanson’s (1959) formulae.

Results
Chromosome 1A-controlled LMW GS

B-zones of the SDS electrophoretic patterns of glu-
tenins of B1 and Anda differed from each other in the
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presence of the components 3 and 4 (Fig. 1). Genes
coding for these LMW GS were found to be allelic and
segregated in F2 grains of the cross B1 x Anda together
with the corresponding G/i-A1 alleles revealed by AP-
AGE in these cultivars (Gli-A1b and Gli-A1f, respective-
ly). No one recombinant was detected amongst the 153
F2 grains studied, not even when gene dosage in hetero-
zygous F2 grains was considered. The maximum gen-
etic distance between Gli-Al and Glu-A3 calculated
from this data was 0.97% (P = 0.05).

Apparently, the same two LMW GS segregated
together with the Gli-41 alleles in the cross Ts
(Gli-A1f) x K3 (Gli-A1b) (Fig. 2, bands 4 and 3, respec-
tively).

No reliable polymorphism for chromosome 1A-
controlled gliadins was found in other crosses studied
here.

Chromosome 1B-controlled gliadins and LMW GS

The biotypes of cv Ts differ from each other in the
presence or the absence of some w-gliadins that are not
controlled by Gli-1 or Gli-2 (Metakovsky et al. 1986).
Comparison of the biotypes showed one of these “self-
ish” gliadins to have an apparent molecular weight of
47500. This polypeptide occurred in the SDS patterns
of grain protein extracted under unreduced conditions
(mercaptoethanol was omitted during the extraction
procedure) (Fig. 3, band 5), and was absent in the

HMW

Fig. 1 Glutenin patterns of single F, grains from the cross Bezostaya
1 x Anda. Bands 1 and 2 are Gli-Blb-controlled gliadins (Gli-B1b
present in both parents); bands 3 and 4 are LMW GSs controlled by
Glu-A3 of Bezostaya 1 and Anda, respectively. High-molecular-
weight (HMW) and low-molecular-weight (LMW) GS are marked;
B and C groups of LMW GS are also shown in the patterns
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Fig. 2 Glutenin patterns of single
F, grains from the cross
Tselinogradka x Kazakhstanska
ya 3. Bands 1 and 2 are Gli-Ble-
controlled proteins; bands 3 and
4 are LMW GSs controlled by
Glu-A3 of Kazakhstanskaya

3 and Tselinogradka,
respectively. An open arrowhead
shows the expected position of
the Gli-B3-controlled gliadin of
Tselinogradka
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Fig. 3 SDS electrophoretic patterns of total grain proteins extracted
from single grains of Tselinogradka (T'), Kazakhstanskaya 3 (K) and
F, grains of their cross. Bands 1 and 3, and 2 and 4, are Gli-Ble-, and
Gli-Blb-controlled proteins, respectively; band 5 is the Gli-B3-con-
trolled gliadin of Tselinogradka. ME — and ME + are unreduced
and reduced conditions, respectively

glutenin patterns (Fig. 2). Gene controlling this protein
recombined with G/i-BI with a frequency of 23.7 +
2.8%. All these features are characteristic of a gliadin
component encoded by the G/i-B3 locus.
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Fig. 4 Glutenin patterns of Skorospelka Uluchshennaya (SU), its
spontaneous mutant lacking all Gli-DI-controlled gliadins (M),
Kharkovskaya 6 (Kh6) and some F, grains of the cross SU x Kh6
including two recombinants at the G/i-DI complex locus (R/ and
R3). Bands 1, 2 and, probably, 3 are Gli-Bl-controlled; band 4 is
Glu-B3-controlled; band 5 is Glu-B2-controlled; band 6 is Gli-B2-
controlled; bands 7,8,9 and 10 are controlled by Gli-DI (or the
Glu-D3/Gli-D1 complex locus). Open arrows show bands lacking in
the recombinant grains

Cv S36 had an APAGE band with apparently the
same electrophoretic mobility as the Gli-B3-encoded
gliadin of Ts. Indeed, in the cross K126 x S36, a gene
encoding this band was found to recombine with GIi-
B1 with a frequency of 23.8 + 7.5% (data not shown).
Therefore, it is likely that this band is also controlled by
Gli-B3. Gli-B3-controlled gliadin found in Ts and S36is
probably the same protein described as B30 by Galili
and Feldman (1984), as component 3 by Metakovsky
et al. (1986), and as gliadin N6 by Dachkevitch et al.
(1993).

The B-zone of the LMW glutenin electrophoretic
pattern of cv Kh6 includes component 5 (apparent
molecular weight of 37500) that is absent in cv SU
(Fig. 4). Analysis of F2 grains from the cross of these
cultivars (Table 1) showed the gene controlling this
component to be located on the short arm of chromo-
some 1B at a distance of 24.8 + 4.5% from GIli-BI.
Taking into account that component 5 is a B-type
LMW GS this protein is likely to be controlled by the
Glu-B2 locus described recently in tetraploid wheat
(Liu and Shepherd 1995) thereby confirming the exist-
ence of this locus in common wheat also.

One chromosome 1B-controlled band (d4) appears in the SDS
electrophoretic pattern of gliadins only when a 50% propanol



Table 1 Distribution of grains in different phenotypic classes in the
cross Skorospelka Uluchshennaya x Kharkovskaya 6

Number Penotypic classes Number
of grains
Gli-Ble Gli-Blm LMW-GS
37500
1 + + + 52
2 + - + 30
3 - + - 12
4 + + — 13
5 — + + 13
6 + — — 0

extract of wheat flour is reduced before the electrophoretic separ-
ation (Branlard et al. 1993). It was suggested that this protein could
be considered as a LMW GS, or an w-gliadin associated with
glutenins via S-S bonds. Our analysis of the gliadin allele composi-
tions of 68 common wheat cultivars that had been used earlier, in
particular for the identification of band d4 (Khelifi and Branlard
1992), showed that this band was always present in cultivars having
Gli-Blf, Gli-Blg, or Gli-Ble alleles, and was absent in cultivars with
other alleles at G/i-B1 (data not shown). Each of these three alleles
controls two w-gliadins (Metakovsky 1991), the fast-moving of these
two having an apparent molecular weight of 55 500 (Fig. Sa, spot 2),
identical to that of band d4. To examine further peculiarities of this
protein, F, grains of the cross between Ts and K3 were studied.
These cultivars contain alleles G/i-Ble and Gli-B1b, respectively.

A parallel analysis of the same F2 grains in APAGE
and SDS gels allowed us to identify both Gli-Ble-
controlled w-gliadins in the SDS patterns. It was found
that the faster w-gliadin controlled by this allele was
apparently absent in the SDS electrophoretic pattern of
unreduced gliadins (Fig. 3, band 3), as was found earlier
for band d4 (Branlard et al. 1993). It was also found
that this protein appeared as a stronger band in the
SDS electrophoretic pattern of glutenin (Figs. 2 and 4,
band 2). The outstanding feature of this protein, how-
ever, is that having some characteristics of a glutenin
subunit, it also occurs in the APAGE fractionation of
unreduced alcohol-soluble proteins. An identity of the
protein analysed in APAGE and glutenin patterns is
further stressed by the absence of this component (band
2, Fig. 6) in the glutenin patterns of the spontane-
ous mutants lacking, in particular, the fast-moving w-
gliadin controlled by G/i-Ble (lanes b and f), but not the
slower-moving one (lanes d and i). We conclude that
this protein could be a D-type LMW GS controlled by
Gli-B1 (or by a tightly linked locus) which appears in
the APAGE pattern when it is in a monomeric form.

In contrast, the two Gli-Blb-encoded w-gliadins
have the same relative intensities in both APAGE
(Metakovsky 1991) and glutenin patterns (Fig. 1). Ob-
viously, the two w-gliadins controlled by this allele
were not completely washed away during the glutenin
purification procedure employed.

The electrophoretic pattern of glutenin of SU in-
cludes bands 3 and 4 which are absent in cv Kho6
(Fig. 4). In the F2 grains of the cross of these two
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Fig. 5 Two-dimensional (APAGE/SDS PAGE) patterns of the cul-
tivar Kharkovskaya 6 (a) and Skorospelka Uluchshennaya (b). Spots
1,2 and 3 are Gli-Ble-controlled; spots 4,5,6,7 and 8 are Gli-DI-
controlled; spots 9 and 10 are Gli-B5-controlled; spot 11 is Gli-A3-
controlled. Spot 2 in Kh6 is a LMW GS, or a d4 component; spot 6 is
an unusual gliadin (see the text). An open arrowhead shows the
expected position of the LMW GS (band 3, Fig. 4)

cultivars, the gene for the very strong band 4 (B-type
LMW GS) segregated together with allele Gli-Bim as
revealed by APAGE in cv SU (Fig. 7) so that no one
recombinant between them was detected amongst the
120 F2 grains studied. Obviously, glutenin band 4 of
SU is controlled by the Glu-B3 locus. The faint band
3 of SU apparently segregated together with band 4.
Band 3 is similar in molecular weight and staining
intensity to LMW GS controlled by Gli-Ble (Fig. 4,
band 2). Probably, band 3 is a D-type LMW GS
encoded by the Gli-BI locus. However, a protein with
the molecular weight of band 3 is not present in the
two-dimensional pattern of gliadins of cv SU (Fig. 5b).

The glutenin pattern of cv Rch includes a strong
LMW GS very similar to band 4 of SU. It is inherited
together with Gli-BIh of Rch, without any one case of
recombination in the 91 F: grains from the cross
B1 x Rch analysed (data not shown). This band is a
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Fig. 6 Glutenin patterns of (lanes a, b) cv Leningradka, (c, e, g) differ-
ent biotypes of cv Tselinnaya Ubileinaya and (d, f, h, i) their spontan-
eous mutants. The mutants lacking the fast-moving Gli-Ble-
controlled w-gliadin (b, f), the slow-moving Gli-Ble-controlled -
gliadin (d, i), or all Gli-Ble-controlled gliadins (h) are shown. Bands
1 and 2 the same as on Figs. 2 and 4. Open arrows show the absence
of band 2 in the mutants

B-type LMW GS and, therefore, is most likely encoded
by the Glu-B3 locus. Taken together, the data from the
crosses SU x Kh6 and B1 x Rch show that the distance
between Gli-B1 and Glu-B3 does not exceed 1.42%
(P =0.05).

SU has two minor w-gliadins controlled by G/i-BS
(Pogna et al. 1993) in its APAGE and two-dimensional
patterns (Fig. 5b and 7, components 9 and 10). In our
work, no one recombinant was found between G/li-B5
and Gli-BI (components 1, 2 and 3) in a study of 254
F2 grains of the cross SU x Kh6. From this data, the
maximum genetic distance between Gli-BI and Gli-B5
is 1.18% (P = 0.05).

Chromosome 1D-controlled gliadins and LMW GS

SU is the sole common wheat cultivar having allele
Gli-Dic (Metakovsky 1991) which controls the strong
y-gliadin band 7 in the APAGE pattern (Fig. 7), where-
as cv Kh6 has allele Gli-D1i the main characteristic of
which is the presence of a particular w-gliadin (com-
ponent 6, Figs. 5a and 7) that often has a horseshoe-like
form in APAGE (Fig. 7, lanes b, ¢, f, and g). These
cultivars differ from each other in the pattern of the
C group of LMW GS: SU contains bands 7 and 9, and
Kho6 has bands 8 and 10 (Fig. 4). Bands 7 and 9 are

a R b ¢ d mme f g h i

SU Khé

Fig. 7 APAGE patterns of the cultivar Skorospelka Uluchshennaya
(SU), Kharkovskaya 6 (Kh6) and some F, grains of their cross
including recombinants at Gli-DI (Rl and R2). The numbering of
bands corresponds to that on Fig. 5. Band 2 of Kh6 is LMW GS, or
a d4 band (see the text). Band 6 of Kho6 is an unusual gliadin (see the
text). Dots show Gli-B2-controlled gliadins which were used for the
identification of genotypes of the F, grains at G/i-B2. Open and solid
arrows in the recombinant grains show the absence and presence,
respectively, of the Gli-DI controlled bands

controlled by the G/i-DI locus (or by a locus linked to
Gli-D1) because they are absent in a spontaneous mu-
tant lacking all the G/i-DI-controlled APAGE bands of
SU (Fig. 4, lane M). The apparent molecular weights of
all chromosome 1D-controlled electrophoretic compo-
nents analysed in the cross SU x Kh6 are shown in
Table 2.

As a result of the analysis of 120 F2 progenies, it was
found that, as a rule, all four electrophoretic compo-
nents of each parental cultivar (see Table 2) were
inherited together, as a block. Moreover, these two
protein blocks were found to be allelic (data not
shown). However, there were three probable recom-
binants. One recombinant had gliadin 6 and glutenin
8 from Kho in the absence of gliadin 7 and glutenin 10
from the same cultivar (Fig. 4 and Fig. 7, lane R1);
whereas the second recombinant contained gliadin
7 and glutenin 10 and lacked gliadin 6 and glutenin
8 (Fig. 7, lane R2). The third recombinant lacked only
glutenin 9 from cv SU (Fig. 4, lane R3). Two-dimen-
sional separation of the gliadin of the second recom-
binant, together with appropriate control pattern, is
shown in Fig. 8.



Table 2 Apparent molecular weights of the electrophoretic compo-
nents analysed in the cross Skorospelka Uluchshennaya (SU) x
Kharkovskaya 6 (Kh6)

Component  Type of Cultivar ~ Apparent
electrophoresis molecular
weight
7 APAGE of gliadins SuU 36500
8 APAGE of gliadins SU 31500
7 SDS PAGE of glutenins SuU 34000
9 SDS PAGE of glutenins SuU 30000
6 APAGE of gliadins Khé6 48 500
7 APAGE of gliadins Khé6 35000
8 SDS PAGE of glutenins Kh6 33500
10 SDS PAGE of glutenins Khé6 29000
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Fig. 8 Two-dimensional (APAGE/SDS PAGE) patterns of the second
recombinant at the Gli-B1/Glu-D3 complex locus found between
F, seeds of the cross Skorospelka Uluchshennaya x Kharkovskaya
6 (b), and of the appropriate control F, grain of this cross (a).
Gli-D1-, and Gli-Bl-controlled components are shown by vertical
thin arrows, and arrowheads, respectively. Component 6 which is
absent in the recombinant (open arrow) is marked by a thick arrow in
the control pattern
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The gliadin and glutenin polypeptides analysed here
showed contrasting molecular weights (Table 2) and
are therefore encoded by different genes. The present
results indicate a complex organization of the storage
protein genes on the short arm of chromosome 1D. In
cv Kh6, this chromosome contains at least two separate
loci, one coding for gliadin (or D-type subunit of
LMW) 6 and C-type subunit 8 with the other encoding
y-gliadin 7 and C-type subunit 10. The Glu-D3 locus
controlling B-type LMW GS should also occur nearby
because it is tightly linked to Gli-DI (Singh and
Shepherd 1988).

Chromosome 6B-controlled gliadins and LMW GS

Inheritance of LMW GS 6 (apparent molecular weight
of 37000) of cv Kh6 (Fig. 4) was analysed in 54
F2> grains of the cross SU x Kh6. It was found that
the presence and intensity of this component strongly
correlated with the presence of the Gli-B2 allele of
Kh6 as revealed by APAGE. In particular, 16 grains
homozygous for this allele showed a strong band
6 (Fig. 7, lane e; Fig. 4, lanes b,g) and 13 grains
homozygous for the Gli-B2 allele from SU lacked this
band (Fig. 7, lane h; Fig. 4, lanes f, h). The remaining 25
grains were heterozygotes at Gli-B2 and showed a rela-
tively faint band 6 (for example, Fig. 7, lanes a, R1, ¢;
Fig. 4, lanes R1, c, R3). Segregation of band 6 was
found to be independent from each of the other five
main Gliloci (data not shown). The molecular weight of
component 6 is very similar to that of some Gli-B2-
controlled gliadins in the two-dimensional separations
of Kh6 (Fig. 5a) and other cultivars (Metakovsky et al.
1984).

Discussion

The inheritance of some LMW GS were studied using
segregating progenies (Payne et al. 1984a; Singh and
Shepherd 1988; Khelifi and Branlard 1991, 1992) and
recombinant isogenic lines (Gupta and MacRitchie
1994; Pogna et al. 1995; Redaelli et al. 1995). However,
it was noticed (Gupta and Shepherd 1990; Redaelli
et al. 1995) that some components of the LMW GS
electrophoretic patterns have inconsistent behaviour
and, therefore, are difficult to analyse. The positive
identification of individual alleles of G/u-3 remains dif-
ficult (Singh et al. 1991). To simplify a procedure for the
identification of LMW glutenin alleles, it was suggested
(Singh et al. 1991; Gupta et al. 1994) to use alleles at the
gliadin-coding GI/i-1 loci as genetic markers for par-
ticular Glu-3 alleles because of the tight genetic linkage
of Gli-1 and Glu-3 (Payne et al. 1984a, b, 1986; Singh
and Shepherd 1988). Alleles at the gliadin loci, G/i-1
and Gli-2, can be more easily revealed by means of the
APAGE procedure (Metakovsky 1991).
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The recent findings of Tao and Kasarda (1989) and
Lew et al. (1992) suggest that some LMW GS are, in
fact, slightly modified gliadins encoded by the Gli loci.
One might suggest, that, in this case, genes controlling
gliadins and C-type and D-type LMW GS are inter-
spersed inside the Gli-1 locus. Our results on chromo-
some 1B- and 1D-controlled gliadins and LMW GS
confirm this suggestion. In addition, we have found
one LMW GS controlled by Gli-B2 (or by a locus
tightly linked to Gli-B2).

An w-gliadin with a molecular weight of 55500 was
shown to belong to a block of gliadin components
controlled by the G/i-Ble allele as fractionated by AP-
AGE (Metakovsky 1991). This protein has the same
molecular weight as band d4 described by Branlard
etal. (1993). Band d4 was found to occur in SDS-
PAGE fractionation of an alcohol extract of wheat
flour only when proteins are reduced before elec-
trophoresis (Branlard et al. 1993; this work). Further, in
some mutant seeds analysed in the present paper, the
Gli-Ble-encoded gliadin and band d4 disappeared si-
multaneously from the APAGE pattern of gliadins and
the SDS PAGE pattern of glutenins, respectively. To
explain these results, one must suggest that either there
are two different tightly linked genes, the first control-
ling an w-gliadin, and the second encoding for a D-type
subunit of the same size, or, more likely, that some
D-type LMW GS such as band d4 can be seen in the
APAGE pattern of alcohol-soluble proteins. This un-
usual w-gliadin is controlled by several Gli-B1 alleles
that occur in the world-common wheat germ plasm
(Metakovsky 1991). According to Khelifi and Branlard
(1992), band d4 may relate to dough quality. Polypept-
ides similar to band d4 are encoded by Gli-Blm
(for an example, band 3 in Fig. 4) and related
alleles, but they do not occur in the APAGE frac-
tionation of gliadins. In contrast, allele G/i-B1b seems
not to encode any LMW GS of this type. This differ-
ence may be responsible for the known positive influ-
ence of Gli-BIb on dough quality (Sozinov and
Poperelya 1980; Metakovsky et al. 1996). Band d4, and
proteins similar to it, could be originated from gliadins
by acquiring one extra cysteine residue and therefore
become the chain-terminating-type proteins acting
to limit the growing of glutenin polymers and
thereby decreasing dough quality (Kasarda 1989). This
mechanism may be also responsible for the difference
of Gli-2 alleles in relation to dough quality: alleles
at a particular Gli-2 locus may differ, for example,
in the number of encoded LMW GS of the chain-
terminating type.

Genes at the Glu-43 and Glu-B3 loci code for B-type
LMW GS with molecular weights (about
40000-42000) similar to those of the major y-gliadins
controlled by Gli-A1 and G/i-B1 (for an example, com-
ponent 4, Fig. 4). However, these genes are different
from those coding for gliadins as suggested by the fact
that cultivars with the same allele at Gli-A1 (or Gli-Bl1)

may have contrasting B-type subunit compositions
(unpublished results).

In general, our results confirm the idea that some
LMW GS are encoded by the Gli loci (Lew et al. 1992).
Genes coding for gliadins or LMW GS may be inter-
spersed along a chromosome region. This complicates
the genetic analysis of LMW GS which relate to qual-
ity, as well as the nomenclature of storage proteins in
wheat. However, it clarifies the role of Gli alleles in
infuencing dough quality and indicates that Gli alleles
may indeed serve as markers for some quality related
LMW glutenins.
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