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Summary. Several high molecular weight endosperm
glutenin subunits, coded by genes located on chromo-
somes 1A, 1B and 1D of common wheat, Triticum
aestivum L. em. Thell., were isolated from excised gel
segments and subjected to amino acid analysis and
peptide mapping; the latter was carried out following a
limited digestion with trypsin, chymotrypsin or
Staphylococcus aureus — V8 protease. Generally, all high
molecular weight glutenins had a similar amino acid
composition but several significant differences were
observed in some of them. Both analyses revealed that
the structural similarity among the various subunits
was related to the homology of the genes coding them:
subunits coded by homoalleles, i.e., different alleles of
the same gene, were most similar; those coded by
homoeoalleles, i.e., alleles of homoeologous genes, were
less similar; whereas subunits coded either by alleles of
different genes of the same gene cluster, or by non-
homoeoalleles of homoeologous clusters, were the least
similar. Several small peptides derived from protease
digestion of various subunits had a higher than expected
staining intensity indicating that small peptide repeats
may be interspersed within the glutenin subunits. The
evolutionary course of the high molecular weight
glutenins is discussed.
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Introduction

The fraction of endosperm high molecular weight
(HMW) glutenins of common wheat, Triticum aestivum,

noted for its contribution to the baking quality of wheat
(Wall 1979), has been intensively studied in recent
years. (Recent review see Payne et al. 1982.)

Using one-dimensional polyacrylamide gel electrophoresis
(PAGE) containing sodium dodecyl sulphate (SDS), Bietz
etal. (1975) detected in the common wheat cultivar ‘Chinese
Spring’ four HMW glutenin subunits. Further analyses of
various aneuploids derived from this cultivar revealed that the
two central HMW glutenins are controlled by the long arm of
chromosome 1B (1BL), while the rapidly and slowly migrating
(outer) subunits are controlled by the chromosome arm 1DL
(Bietz et al. 1975; Brown et al. 1979; Lawrence and Shepherd
1980; Galili and Feldman 1983a). Studies of many common
wheat genotypes, as well as several intervarietal substitution
lines have shown that in most cultivars chromosome 1B
controls two to three HMW glutenin subunits, chromosome
1D - two subunits, and chromosome 1A — zero to two subunits
(Lawrence and Shepherd 1980; Payne etal. 1981; Galili and
Feldman 1983b). Shewry etal. (1984) concluded that dif-
ferences between HMW glutenin subunits coded by one chro-
mosome in a given cultivar were unlikely to be due to post-
translational modifications of a single polypeptide chain; the
presence of many amino-acid substitutions in these subunits
indicate that they represent the products of more than one
gene.

The HMW glutenin subunits controlled by each of
the chromosomes 1A, 1B and 1D of hexaploid wheat
were classified further into chromosomal subgroups on
the basis of their occurrence in various cultivars (Galili
and Feldman 1983b): subunits of a given subgroup
were defined as those controlled by the same chromo-
some and never co-appear in a homozygous line; in
hybrids these subunits appear in a ratio of 2:1, de-
pending on the direction of the cross. Following the
suggestion of Lawrence and Shepherd (1980) different
subunits of the same subgroup were assumed to be
coded by different alleles of the same gene. Accordingly,
three genes were identified on chromosome 1B (Glt-B1,
Glt-B2, and Glt-B3), two on 1D (Glt-D1 and Git-D2)
and two on 1A (Glt-A1 and Glt-A2).



Since the HMW glutenin genes are arranged in
clusters (Brown etal. 1979; Lawrence and Shepherd
1980), the following four types of alleles controlling
these proteins may be defined: (a) “Homoalleles” —
alleles of homologous genes; (b) “Homoeoalleles” —
alleles of homoeologous genes (homoeologous genes
coding for subunits with a similar rate of migration);
(c) “Paraalleles” — alleles of different genes of the same
gene cluster [such genes were defined as paralogous
genes (Fitch 1973)]; (d) “Parahomoeoalleles — alleles of
paralogous genes of homoeologous gene clusters, which
are not homoeoalleles. For example, alleles coding for
subunits B2, B4 and B6 (Table 1) are homoalleles, those
coding for B2, D1 and Al are homocoalleles, those
coding for B2, B8 and B10 are paraalleles and those
coding for B2 and D4 are parahomoeoalleles.

In the present work amino acid analyses and peptide
mappings after limited digestion with either chymo-
trypsin, trypsin or V8 protease were used as probes to
further assess the structural relationships among the
various HMW glutenin subunits.

Materials and methods

Plant material

The following cultivars and lines of common wheat, Triticum
aestivum L. em. Thell., were used: ‘Chinese Spring’, ‘Atlas 66’
(TAA 19), ‘Timstein’, “Thatcher’ and ‘Sonora 66’ (Table 1). The
SDS PAGE pattern of the endosperm proteins of these geno-
types was reported in a previous work (Galili and Feldman
1983 b; Fig. 1).

Protein extraction and electrophoresis

Extraction of total endosperm proteins, fractionation by SDS
PAGE, staining and destaining of the gels and the use of MW
markers were as previously described (Galili and Feldman
19834, b).

Amino acid analysis of individual protein bands

Individual bands were excised from preparative slab gels and
homogenized in 5 ml of 1% sodium dodecyl phosphate (SDS)
using a pestle and mortar. The gel slurry was shaken for
15-20 h at room temperature. Gel pieces were removed by
centrifugation at room temperature for 15 min at 10,400X g.
The supernatant was brought to about 85% with cold acetone
(acetone precipitation was performed twice) and stored for
24h at -20°C. Proteins precipitated by the acetone were
centrifuged at 4°C at 10,400 X g for 20 min and the peliet was
resuspended in 0.3 ml of 6N HCI containing a few drops of
phenol. The proteins were then hydrolized at 110°C for 23 h
in vacuum. Following hydrolysis, the HCl was removed by
lyophilization and the remaining amino acid powder was
resuspended in 0.1 ml of 0.2 M sodium citrate-HCl pH2.2.
Analysis of amino acids was performed by a dionex D-502
amino acid analyzer.

Proteolytic digestion by trypsin or chymotrypsin

Excision and extraction of individual bands from the gels as
well as acetone precipitation were as above, The protein pellet
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was resuspended in 0.1~0.2 ml of 50 mM (NH,),COs. A given
amount of trypsin or chymotrypsin (Worthington) was added
and digestion proceeded at 37°C. Digestion was terminated
by the addition of an equal volume of 3 X sample buffer and
heating at 100°C for 2min. Trypsin cleaves specifically at
lysine and arginine; chymotrypsin cleaves preferentially at
tryptophane, phenyl-alanine and tyrosine and much slower at
asparagine, glutamine, histidine, leucine, lysine, methionine,
serine and threonine (Smythe 1967).

Protein digestion by Staphylococcus aureus V8 protease

Individual bands were excised from the gels and soaked for
30 min in excess of 1.0 mM ethylenediaminetetra-acetic acid
(EDTA), 1% 2-mercaptoethanol (ME), 0.1% SDS and 0.125 M
Tris-HCI pH 6 8. The bands were placed in wells of a second
gel which were then filled with 10-30ul of a solution
consisting of 20% glycerol, 0.1% SDS, 0.1% bromophenol blue
and 0.125 M Tris-HCI pH 6.8 followed by 10 pl of a solution of
10% glycerol, 0.1% SDS, 0.125 M Tris-HCI pH 6.8 and a given
amount of Staphylococcus aureus — V8 protease (Miles). The
enzyme cleaves specifically at glutamate and aspartate
(Drapeau 1977).

Gels were allowed to run at 100 volts for about 2 h until
the bromophenol blue migrated close to the end of the
stacking gel. The current was then stopped for 30 min to
complete the protease digestion and the running was con-
tinued at 150 volts until the dye reached the bottom of the gel.
Staining and destaining were as mentioned above.

Results

Eleven HMW glutenin bands, previously assigned
(Galili and Feldman 1983 b) to six different chromo-
somal subgroups (genes), were studied (Table 1). The
extent of homology between these subunits was deter-
mined from their amino acid composition and peptide
mapping after a limited digestion with trypsin, chymo-
trypsin or V8 protease.

Amino acid composition

Amino acid composition was determined for both
HMW glutenin bands and interband gel segments.
Analysis of the interband gel segments revealed a non-
specific background of amino acids, accounting in
molaric quantity for about 10% of the various glutenin
bands. The amino acid compositions of the individual
HMW glutenins, corrected for by this non-specific back-
ground, are shown in Table 2. On the whole, there was
a great similarity in amino acid composition among all
subunits. In fact, the mole percentage of aspartic acid +
asparagine, glutamic acid + glutamine, glycine, phenyl
alanine and lysine did not differ significantly among
the various HMW glutenin subunits. On the other
hand, histidine, alanine, isolencine and arginine were
the most variable. For the rest of the amino acids, slight
though significant differences were observed. Com-
parisons of the relative amounts of each amino acid in
the different subunits by the Duncan’s Multiple Range
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Table 1. The HMW glutenin subunits studied, their origin and assignment into chromosomal groups
and subgroups®. Subunits of one subgroup are coded by different alleles of one gene; genes of the

same chromosomal group comprise one gene cluster

Chromosomal Chromosomal Band MW Origin
group subgroup designation® (KD)
Chromosome 1B Git-Bl1 B2 98 ‘Chinese Spring’
B4 95 ‘Atlas 66
B6 92 ‘Timstein’
Glt-B2 B8 90 ‘Atlas 66’
B9 88 ‘Timstein’
Git-B3 B10 86 ‘Chinese Spring’
Chromosome 1D Git-D1 D1 108 ‘Chinese Spring’
D3 106 ‘Thatcher’
Glt-D2 D4 84 ‘Thatcher’
D5 80 ‘Chinese Spring’
Chromosome 1A Glt-Al Al 114 ‘Sonora 66’

* According to Galili and Feldman (1983 b)

Table 2. Amino acid composition of individual HMW glutenin subunits isolated from excised gel segments (values are expressed as
mole % and represent the average of at least three different determinations)™®

Gene Glt-A1  GIt-Bl Glt-DI Glt-B2 Glt-B3  GlIt-D2 SE
Subunit Al B2 B4 B6 D1 D3 B8 B9 B10 D4 D5

Asp°® 1.14 0.74 1.33 1.15 090 091 1.16 1.45 L15 1.76 1.33 0.42
Thr* 3.00 339 330 339 2.8 281 342 330 343 359 3.39 0.14
Ser* 6.68 798 769 825 5.48 5.92 6.51 6.80 7.51 659  6.16 0.32
Glu* 39.46 36.50 3698 3641 3846 3738 3628 3548 35.15 3462 3695 1.32
Pro* 1336 1289 1222 12.24 14.64 1377 9.73  10.96 10.84 1142 1229 0.42
Gly 18.88 1964 1876 18.18 2073 2092 19.98 18.74 19.33 1938  18.95 0.74
Ala* 2.48 3.14 352 373 317 313 458 413 4.74 4.53 3.99 0.29
Val* 0.90 1.20 1.69 1.58 1.38 1.46 268  2.28 1.97 221 1.67 0.29
Met* 0.40 036 023 031 034 023 044 044 0.19 0.80  0.63 0.10
Ile* 0.29 058 054 081 030 047 1.30 1.28 1.12 084 091 0.14
Leu* 444 3.01 273 335 442 449 434 437 4.17 427 379 0.20
Tyr* 4.26 650 6.66 592 464 494 514 517 5.01 4.86 5.05 0.48
Phe 0.23 035 015 044 025 039 0.58  0.50 0.61 077 042 0.41
His* 0.69 0.61 0.28 065 0.60 052 1.22 1.57 1.31 .78  2.00 0.11
Lys 0.93 0.64 142 092 091 1.05 1.48 1.36 1.42 0.80 L.15 0.25
Arg* 2.68 2.11 225 250 0.73 1.26 202 240 - 1.93 2.06 1.43 0.22
* The amino acids cystein and tryptophan were not determined

® The values of amino acids marked by an asterisk (*) differed significantly among various subunits at the 5% level (F test)

¢ Aspartic acid + asparagine

d

Glutamic acid + glutamine

Test (Table 3), showed that subunits coded by homo-
alleles were most similar to one another; some of those
coded by homoeoalleles were less similar and subunits
coded by the other homoeoalleles as well as those
coded by paraalleles and parahomoeoalleles were least
similar; the latter two types of alleles differed from
each other only slightly. These comparisons also indi-
cated that the similarity between subunits coded by the
genes Glt-Al and Glt-DI was greater than between

those coded by Gk -BI and either Glt-Al or Glt-DlI;
subunits coded by G/r-B2 were very similar to that
coded by Giz-B3; the latter, however, was more similar
to those of the homoeologous gene G/t-D2 than the
subunits of Gl¢-B2.

Several amino acids were either particularly low or
high in subunits of certain genes: serine and arginine
were low while proline was high in subunits of Glt-D1I;
serine and tyrosine were high while leucine low in sub-
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Table 3. Comparison between subunits produced by homoalleles, homoeoalleles, paraalleles and parahomoeoalleles as to differences in their amino acids mole % (based on values of Table 2); the

difference (at the 0.05 level) between at least one pair of subunits controlled by the indicated alleles as determined by the Duncan’s Multiple Range Test

acid

Amino
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units of G/t-BI; methionine and histidine were high in
oYt —o—ornmooeTy—w subunits of Git-D2; isoleucine was high while proline
low in subunits of Gl/t-B2 and G/t-B3; tyrosine was low
in subunits of G/z-41.

+ + 4+ + + |

Peptide mapping

s s 4 L The protease digestion of each subunit yielded a unique
and fairly repeatable peptide map. Trypsin and chymo-
trypsin gave complex maps of many peptides which in
most cases revealed some similarity only between
subunits of homoalleles (Figs. 1 and 2). Digestion with
* S A S V8 protease yielded less complex maps with consider-
able similarity between subunits of homoalleles and
some similarity between subunits of several homoeoal-
leles (Figs. 3—6). In most cases, several peptides ap-
peared with a higher than expected staining intensity,
indicating that small peptide repeats might be inter-
spersed within the HMW glutenin subunits (Figs. 1-7).

10

+ ++ ++++ ++ o+

Homology between subunits coded by homoalleles

Maps of subunits coded by homoalleles showed several
peptides with identical MW as well as several different
peptides, indicating a considerable structural homology
© besides various degrees of amino acids alterations in
the sequence of these subunits. Maps of several sub-
+ o+ ot - units, especially those coded by the homoalleles of the
genes Git-DI and Glt-D2 (Figs.5 and 6), showed, in
several peptides, a similar size variation to that re-
vealed by the original undigested bands from which
they were derived. This indicates that duplication or
insertion of small peptides may have also contributed
+ + + « to the size variation between these subunits.

Git-Bi. Generally, subunits B2, B4 and B6 of this gene
(Fig. 1, left) showed a partial homology in the trypsin
peptide maps (Fig. 2) and a considerable homology in
+ e the chymotrypsin and V8 protease peptide maps
(Figs. 1 and 3). The trypsin maps showed that subunits
+ + o+t 4+ 4 © B2 and B6 were more similar to each other than to
subunit B4. Despite the considerable homology, several
unique peptides were noted in each of the peptide
maps derived from the three proteases.

+ o+t ++ 4 + |

Glt-B2. Subunits B8 and B9 of this gene (Fig. 1) showed
a partial homology in the chymotrypsin and trypsin
derived peptide maps (Figs. 1 and 2) and almost full
homology following V8 protease digestion (Fig. 4). The
latter protease cleaved B8 and B9 into a few peptides
only.

® Glutamic acid + glutamine

Glt-D1. Peptide maps of subunits D1 and D3 of this
gene (Fig. 1) revealed a few homologous peptides with
identical MW following digestion with either one of the

® Aspartic acid + asparagine

Asp
Thr
Ser
Glu®
Pro
Gly
Ala
Val
Met
Ile
Leu
Tyr
Phe
His
Lys
Arg
Total



Undigested Digested with Chymotrypsin
| e |

Fig. 1. Peptide maps of excised
HMW glutenin bands: undigested
(lefty and digested with 10 pg/ml
chymotrypsin (right) for 100 min
at 37°C. Arrows indicate MW
markers

Fig. 2. Peptide maps of excised
HMW glutenin bands digested
with 10 or 100 pg/ml trypsin for
100 min at 37°C. Arrows indicate
MW markers

Digestion with V8 protease (ug/lane)

0 vl sl (40 0
' o he l > 2 x

B2
B4
B6
B2

Fig. 3. Peptide maps of excised HMW glu-
tenin bands of G/r-BI digested with 0, 0.1,
1.0 or 10pug/lane with V8 protease. (X)
digestion products of 10 ug/lane V8 pro-
tease. Arrow indicates MW markers
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Digestion with V8 protease (ug/lane)
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Fig. 4. Peptide maps of excised HMW
glutenin bands of Git-B2 and Git-B3
144~ — e - digested with 0, 0.1, 1.0 or 10 ug/lane
V8 protease. (X) digestion products of
10 pg/lane V8 protease. Fractionated
MW markers are indicated by arrow
Digestion with v8 protecse (nug/lane) Digestion with V8 protease (ug/lane)
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Fig. 5. Peptide maps of excised HMW glutenin bands of Git-
D1 digested with V8 protease. (X) digestion products of 10 ug/
lane of V8 protease. Fractionated MW protein markers are in-
dicated by arrow

three proteases (Figs. 1, 2 and 5). In these maps how-
ever, several subunits could be detected with size
variation of about 2 KD - the size difference between
D1 and D3 (Table 1). Each map also possessed several
unique peptides.

Git-D2. Subunits D4 and D5 of this gene showed a con-
siderable number of homologous peptides after diges-
tion with chymotrypsin (Fig. 1) and a smaller number
of homologous peptides in maps of trypsin or V8
protease digest (Figs. 2 and 6). Several peptides which

Fig. 6. Peptide maps of excised HMW glutenin bands of G/z-
D2 with 0, 0.1, 1.0 or 10 ug/lane V8 protease. (X) digestion
products of 10 ug/lane V8 protease. Fractionated MW markers
are indicated by arrow

could account for the size difference of 4 KD between
D4 and D5 (Table 1), were seen in all protease digests.
In the peptide maps derived from the higher concen-
tration of trypsin, a considerable number of unique
peptides was also seen (Fig. 2).

Homology between subunits coded by homoeoalleles

Subunits coded by homoeoalleles revealed in their
chymotrypsin and trypsin maps a low degree of
homology. However, some degree of homology be-
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Digestion with V8 protease (ug/lane)
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Fig. 7. Peptide maps of excised HMW glutenin bands of G/t-B1, Git-B3, Git-DI and Glt-D2 digested with 0, 0.1, 1.0 or 10 pg/lane
V8 protease. (X) digestion products of 10 ug/lane V8 protease. Fractionated MW markers are indicated by arrow

tween subunits B10 and D5 of the genes Gl/t-B3 and
Glt-D2 could be detected following V8 protease diges-
tion of these subunits in parallel lanes (Fig. 7). These
maps showed at least five peptides of the same size as
well as about five non-related peptides.

No homology between subunits D1 and B2 of the
genes Glt-DI and Glr-Bl was detected in the V8
protease digests (Fig. 7).

Homology between subunits coded by paraalleles
or by parahomoeoalleles

No homology could be detected between subunits -

coded by paraalleles and by parahomoeoalleles in any
of the protease digests. The only exception were sub-
units B8 and B9 of the G/t-B2 gene and subunit B10 of
the Gi-B3 gene. These subunits showed a partial
homology in the maps of chymotrypsin and trypsin
digests (Figs. 1 and 2) and almost a full homology in
the maps of the V8 protease (Fig. 4).

Discussion

The relative similarity among the various HMW glutenin
subunits, as revealed both by amino-acid analyses and
peptide mappings, strongly indicates a common ances-
tral origin of the genes coding them. This is in accord
with the conclusion of Shewry etal. 1984, that the
various wheat genes for HMW glutenin subunits evolved
from a single ancestral gene. The conservative nature of

genes controlling storage proteins is well known
(Kasarda 1980). It remains, however, a difficult task to
trace their evolution through the analysis of the various
types of the HMW glutenins.

The data obtained in this work revealed that in
terms of their structure and amino acid compositions
subunits coded by homoalleles are most closely related
to each other; subunits coded by homoeoalleles are less
similar and those coded by paraalleles and parahomoeo-
alleles are least similar. This finding, which is in agree-
ment with the previous assignment of the HMW glutenin
subunits into chromosomal groups and subgroups
(Galili and Feldman 1983 b), supports the principles
underlying the classification of the various HMW
glutenin alleles into the above four groups.

Peptide mapping revealed that subunits controlled
by homoalleles of the B genome genes were more
closely related than those of the D genome. The highest
degree of similarity was found among subunits of the
Glt-Bl gene. This is in contrast to the finding that
Glt-B1 is the most polymorphic gene, having the widest
qualitative and quantitative variation among all HMW
glutenin genes in hexaploid wheat (Galili and Feldman
1983 b). In addition, peptide maps of subunits coded by
homoalleles of the genes G/t-DI and Glt-D2 showed a
considerable number of small peptides with size dif-
ferences similar to the original undigested subunits.
Apparently, insertion of small peptides has contributed
to this size variation among subunits coded by the
homoalleles of these two genes. The differences be-
tween subunits controlled by homoalleles of the B and



D genomes may reflect different patterns of divergence
within the HMW glutenin genes of these genomes.

The relative similarity between subunits coded by
homoeoalleles as compared with that of subunits coded
by paraalleles or parahomoeoalleles, is in accord with
the classification of the genes Glt-41, Git-BI and Gli-
D1 into one homoeologous group coding for the slowly
migrating subunits, and Glt-B3 and Gl/t-D2 into a
second homoeologous group coding for the rapidly
migrating subunits. In addition, both amino acid ana-
lyses and peptide mapping show that subunits B10 and
D5 of the homoeologous genes Gl/t-B3 and Glr-D2,
respectively, are closer to one another than subunits B2
and D1 of the homoeologous genes Glt-BI and Glt-D1.
This may indicate that the homoeologous genes coding
for the slowly migrating subunits have further dif-
ferentiated from one another than those coding for the
rapidly migrating subunits. Thus, the differentiation
rate of different genes in one gene cluster may be dif-
ferent and independent of each other.

The second homoeologous group of genes, i.e., that
coding for the rapidly migrating subunits, lacks a
representative of chromosome 1A. As was suggested by
Payne et al. (1981) this gene is either absent or inactive
in hexaploid wheat. It is, however, present in the
diploid wheat, T. monococcum, the donor of the A
genome of polyploid wheats, as well as in the wild
tetraploid wheat T. turgidum var. ‘dicoccoides’ (Galili
and Feldman 1983 c).

Subunits coded by paraalleles or by parahomoeo-
alleles showed conspicuous differences from one
another in their amino acid composition and peptide
mapping. These differences strongly indicate that such
subunits represent products of different genes. This is in
agreement with the conclusion of Shewry etal. 1984
that the differences between subunits coded by paralogous
genes are unlikely to be due to posttranslational modi-
fications of a single polypeptide chain, because of the
presence of amino acid substitutions and deletions in
these subunits. Exceptionally, subunits of the paralogous
genes Glt-B2 and Git-B3 of chromosome 1B were found
to be very similar to each other and therefore, very
closely related. Since a gene homoeologous to G/t-B2 is
absent from chromosomes 1A and 1D of common
wheat, as well as from the genomes of Aegilops species
of section Sitopsis (closely related to the donor of the
B genome; Galili and Feldman, unpublished), the
duplication and divergence that gave rise to the Glr-B2
occurred at the polyploid level and is a relatively recent
event.

That divergence of the ancestral HMW glutenin gene
followed gene duplication is suggested from the presence of
several small peptides with higher than expected staining
intensity in most peptide maps. It seems that repeats of small

peptides might be interspersed among the HMW glutenin sub-
units. This is also supported by the presence of DNA se-
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quences coding for basic repeats, of six, nine and 21 amino
acids, recently shown in two c¢cDNA clones produced from
mRNAs coding for HMW glutenins in common wheat (Forde
etal. 1983; Thompson etal. 1983). Repeated amino acid
sequences were also shown in wheat gliadins by Kasarda
(1980); Bartels and Thompson (1983) and in corn zeins by
Geraghty etal. (1981) and Pedersen et al. (1982). Argos etal.
(1982) postulated that amino acid repeats are important for
the compact organization of zeins in protein bodies.

The repeated amino acid sequences in storage proteins
suggest that even the ancestral storage protein genes evolved
by duplication and divergence of small basic DNA sequences
(Kasarda 1980). Later during evolution, when these repeats
were divergent enough, duplication of larger DNA sequences
might have also occurred. This may explain the fact that
several groups of repeated DNA sequences of different sizes
may be observed within one storage protein gene. It might
also partially explain the wide size variation of storage
proteins. Amplification or deletion of repeated DNA se-
quences can be carried out between genes by unequal crossing
over at meiosis or even within a gene by intrastrand recombi-
nation (Kasarda 1980; Thompson et al. 1983).

The fact that subunits coded by paraalleles showed
a greater diversity than subunits coded by homoeoal-
leles suggests that duplication of the ancestral gene
preceded the speciation of the ancestral wheat plant.
This is in agreement with the finding that most lines of
diploid wheat and Aegilops possess more than one
HMW glutenin band (Galili and Feldman, unpub-
lished). It appears that the formation of paralogous
genes for storage proteins occurred very early in the
development of the grass family since the loci for
Hordein in barley and Zein in corn are also known to

be comprised of several paralogous genes.
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