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Abstract⎯Electrophoretic mobility (EM) and molecular weight (MW) of some allelic variants of α- and β-gli-
adins contrlled by Gli-2 loci were compared by means of two-dimensional (APAGE × SDS) electrophoresis.
Comparison of α-gliadins of the alleles Gli-A2b and Gli-A2p, of β-gliadins of the Gli-B2b and Gli-B2c, and of
β-gliadins of the Gli-D2b, Gli-D2c, Gli-D2j, and Gli-D2r indicated that a gliadin with lower EM had, as a rule,
bigger MW which is known to depend on the length of the polyglutamine domain of gliadin of α-type. However,
allelic variants of the α-gliadin encoded by Gli-D2b and Gli-D2e differ in EM but not in apparent MW. It might
be caused by a substitution of some charged/uncharged aminoacids in the polypeptide of gliadin. Allele Gli-B2o
which is very frequent in up-to-date common wheat germplasm originated probably by means of unequal cross-
ingover. Some alleles at Gli-A2 is found to control completely different blocks of gliadins and therefore might
come to common wheat from different genotypes of the polymorphic diploid donor of the A genome. The
results indicate that the reason of the known more vast polymorphism of gliadins controlled by Gli-2 loci as
compared with Gli-1 loci is the considerable difference of the structure, first, of Gli-1 and Gli-2 loci (Gli-2 loci
have more expressed genes per locus) and, second, of genes encoding gliadins of α- and γ-types (α-gliadins are
shown to contain a long polyglutamine sequences highly variable in their length).
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INTRODUCTION
Storage protein of wheat seeds—gliadin—is a con-

venient object for genetic studies due to its exception-
ally high level of polymorphism [1]. Each common
weat genotype is characterized by a unique set of sev-
eral dozen synthesized gliadin polypeptides that differ
in the primary sequence of amino acids and, conse-
quently, in amino acid composition, electric charge,
and molecular weight (MW). Synthesis of almost all
gliadin polypeptides (gliadins) is controlled by six glia-
din-encoding Gli loci (Gli-A1, Gli-B1, Gli-D1, Gli-A2,
Gli-B2, and Gli-D2). Multiple allelism was described
for each of those loci [2–4]. Each allele controls syn-
thesis of several polypeptides (block) inherited
together. The alleles of the same locus differ in their
electrophoretic mobility (EM) and the number of
polypeptides encoded by the block [2–4]. The number
of alleles at the Gli-2 loci is significantly higher than
the number of known alleles at the Gli-1 loci [4]. New
alleles develop as a result of spontaneous mutations in
Gli loci. This causes EM alterations in gliadin poly-
peptides [5]. Blocks encoded by mutant variants of Gli
loci are inherited [6].

According to EM in one-dimensional polyacryl-
amide gel (PAGE) in acid buffer, all gliadin polypep-

tides are classified in four groups: α- (the highest
EM), β-, γ-, and ω-gliadins [1]. Not only polypeptides
of gliadin but also amino acid sequences and nucleo-
tide sequences encoding gliadins are classified in
accordance with EM of gliadins. Almost all gliadins
from the β-zone of electrophoregrams have α-type
amino acid sequences [7, 8]. Thus, there are α-, γ-, and
ω-gliadins on the one hand and α-, γ-, and ω-amino acid
sequences and/or nucleotide sequences on the other
hand [9].

Repetitive domains, as well as two polyglutamine
domains, which are intragenic microsatellites at the
level of DNA, are characteristic of genes encoding gli-
adins of the α-type [10, 11]. Genes of the Gli-2 loci con-
trol synthesis of α-type gliadins (i.e., α- and β-gliadins on
PAGE electrophoregrams). They vary in nucleotide sub-
stitutions, small deletions/insertions, length of microsat-
ellites, and a number of repeats [10–13]. Large deletions
within the domain of repeats were described [10].

Changes in length of polyglutamine region or a
number of intragenic repeats cause changes in gliadin
polypeptide MW. Mutation at the Gli locus can be
detected via PAGE, since mutations cause changes in
polypeptide EM [5]. Comparison of γ-gliadins encoded
by alleles at Gli-A1 or Gli-D1 loci demonstrated that a
87
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Fig. 1. Blocks of common weat gliadin components inher-
ited together (PAGE). They are controlled by allelic variants
from Gli-2 loci. α- and β-gliadins mentioned in the text are
emphasized. B—electrophoregram of variety Bezostaya 1
(standard). Gliadin zones (α, β, γ, and ω) are represented.
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polypeptide with higher EM has a lower MW [14].
Mutations might induce substitution of a polar amino
acid by a neutral one (or vice versa) in a polypeptide.
This could induce EM alteration identifiable by
PAGE, while MW remained the same.

Could EM alteration of gliadin polypeptide, which
had an α-type amino acid sequence, change MW of
the polypeptide? Why is the level of polymorphism
higher at Gli-2 loci than at Gli-1 loci? To answer these
questions, we compared EM and MW values for poly-
peptide blocks encoded by alleles at the Gli-2 loci and
several α- and β-gliadins controlled by known alleles
at the Gli-2 loci.

MATERIAL AND METHODS
Common weat (Trtiticum aestivum L.) seeds from

collections of the Science-Research Agricultural
Institutes of Odessa, Ukraine, and Sant’Angelo Lodi-
giano, Italy, were used in our investigation.

It is well known that separation of gliadin polypep-
tides in one-dimensional electrophoresis in acid buffer
(PAGE) is based on the electric charge of polypeptides
[9]. Two-dimensional electrophoresis was performed
as follows: first dimension resolution was done in
PAGE in acid buffer, and second dimension resolu-
tion was performed in SDS-PAGE [14]. The relative
gliadin MW could be evaluated using SDS-PAGE
adequately, although absolute values could be incor-
rectly higher [9].

RESULTS
PAGE analysis of gliadin was carried out for

939 varieties of common weat from 20 countries. In
total, more than 150 alleles were identified at the Gli
loci, and more than 90 of them were identified at the
Gli-2 loci [1, 9].

Alleles at Gli-A2 locus. Two families of alleles at the
Gli-A2 locus are well known [7]: Bezostaya 1 type (Gli-
A2b, Gli-A2p, Gli-A2s, and Gli-A2q alleles) and Chi-
nese Spring type (Gli-A2f and Gli-A2n) (Fig. 1).
Within each family, the blocks differ in EM for several
α-gliadins [4]. In blocks encoded by alleles at the first
family, 4–5 electrophoretic components were detected
by PAGE. Evidently, some of these components are
mixtures of two or more polypeptides characterized by
similar EM, since two-dimensional patterns of the
same blocks have up to ten α-gliadins for which EM
and/or MW vary. Although PAGE components of
blocks, encoded by alleles of the first family, differ
only in details (Fig. 1), two-dimensional patterns of
the same blocks differ in EM and MW for several α-
gliadins simultaneously. For example, Gli-A2p (Fig.
2a), Gli-A2b (Fig. 2b), Gli-A2q (Figs. 2c, 2d), Gli-A2s
(Fig. 2e), Gli- A2g (Fig. 2f), Gli-A2v (Fig. 2h), and Gli-
A2d (Fig. 2j).

Analysis of two-dimensional electrophoregrams of
the same block from different varieties demonstrated
differences in relative staining intensity and/or EM for
several α-gliadins from this block (Figs. 2c, 2d). These
differences may be associated with experimental vari-
ation of the method [15].

Several alleles at the first family differ in EM of the
most mobile α-gliadin [4]. For example, Gli-A2p allele
encodes a fast-moving α-gliadin having higher EM in
comparison with the Gli-A2b allele (Figs. 1, 4a). Two-
dimensional electrophoresis of gliadin from Rusalka
(allele Gli-A2p, Fig. 2a) and Bezostaya 1 (Gli-A2b, Fig. 2b)
varieties demonstrated that higher EM of α-gliadin
(allele Gli-A2p) is accompanied by a decrease in its
MW by 0.5 kDa. In the course of analysis of individual
seeds of variety Skorospelka Uluchshennaya, a spon-
taneous mutant was discovered. That mutant had
altered EM in one of the α-gliadins (indicated by the
arrow (Fig. 2j). SDS-PSGE analysis showed that a
decrease in the EM of this α-gliadin in the mutant
(Fig. 2l) is accompanied by an increase in its MW by
approximately 0.5 kDa versus control.

Blocks of gliadin polypeptides, encoded by second
family alleles at Gli-A2n and Gli-A2f, differ in EM of
one electrophoretic component. It was located in the
middle of the α-zone (Figs. 1, 4b, 4c). Two-dimen-
sional electrophoresis of gliadin demonstrated that,
instead of one α-gliadin of medium staining intensity
CYTOLOGY AND GENETICS  Vol. 52  No. 2  2018
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Fig. 2. Two-dimensional electrophoregrams of gliadin from common weat varieties (alleles present in the varieties are in paren-
thesis): (a) Rusalka (Gli-A2p, Gli-B2p, and Gli-D2b), (b) Bezostaya 1 (Gli-A2b), (c) Saratovskaya 29 (biotype Gli-A2q, Gli-B2q,
Gli-D2e), (d) Kharkovskaya 6 (Gli-A2q), (e) Pandas (Gli-A2g), (f) Saratovskaya 29 (biotype Gli-A2s), (h) Perzivan 1 (Gli-A2v),
(j, l) Skorospelka Uluchshennaya (biotype Gli-A2d), (j) control and (l) spontaneous mutant. Only (b, d, e, f, h) α-zone or (a, c,
j, l) α- and β-zones. Long-tail arrows indicate gliadin polypeptides encoded by alleles at the Gli-A2 locus and discussed in the
text; short-tail arrows indicate Gli-B2; no-tail arrows indicate Gli-D2.
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encoded by Gli-A2f allele (Fig. 3d), a pair of lightly
stained components was detected in the block
encoded by the Gli-A2n allele (Fig. 3f). It is notewor-
thy that the blocks encoded by alleles of different fam-
ilies, for example, Gli-A2b (Fig. 3e) and Gli-A2n (Fig. 3f),
do not have the same components.

Alleles at the Gli-B2 locus. Alleles of the Gli-B2 locus
encode blocks consisting, as a rule, of 5–8 weakly col-
ored PAGE components located in the γ- and β-zones
on electrophoregrams (Fig. 1). In the course of analy-
sis of gliadin via two-dimensional electrophoresis, it
was detected that many alleles at the Gli-B2 locus
encode synthesis of a specific pair of α-gliadins that
have, according to SDS-PAGE data, the same MW of
36.5 kDa. This pair is present in blocks controlled, for
example, by the following alleles: Gli-B2b (variety
Bezostaya 1, Fig. 3e), Gli-B2h (variety Promin, Fig. 3d),
Gli-B2p (variety Rusalka, Fig. 2a), Gli-B2q (variety
Saratovskaya 29, Fig. 2e), etc. These gliadins are des-
ignated as β1 and β2.

Analysis of progeny segregation [16] demonstrates
that gliadin β2* controlled by Gli-B2c from Siete Cer-
ros has a higher EM (Figs. 1, 4d) in comparison to gli-
adin β2 controlled by Gli-B2b alleles [4]. Analysis of
CYTOLOGY AND GENETICS  Vol. 52  No. 2  2018
two-dimensional electrophoregrams showed that the
polypeptide of β2* allele from Gli-B2c locus has a
lower MW (36.0 kDa) as compared with gliadin β2
(Figs. 3c, 3e).

It was found that, instead of polypeptides β1 and β2,
the Gli-B2o allele produces two other β-gliadins desig-
nated as β1* and β2** (Figs. 1, 4e). Comparison of
two-dimensional electrophoregrams of gliadins from
varieties Bezostaya 1 (allele Gli-B2b, Fig. 3e), Pandas
(Gli-B2o, Fig. 3a), and Costantino (Gli-B2o, Fig. 3c)
demonstrated that EM of gliadin β1* is lower than EM
of β1, whereas its MW is approximately 41.0 kDa, and
MW of gliadin β2** is approximately 30.0 kDa.

Alleles at Gli-D2 locus. Blocks controlled by alleles
of the Gli-D2 locus contain mostly 3–5 polypeptides
located in β- and α-zones on PAGE electrophore-
grams and differ in EM (Fig. 1) [3, 4]. Blocks con-
trolled by alleles at Gli-D2b in Bezostaya 1 and Gli-D2e in
Mironovskaya Yubileynaya differ by EM of two glia-
dins. One of them (designated as β3 for allele Gli-D2b
and β3* for allele Gli-D2e) is located at the boundary
between β- and α-zones on electrophoregrams, and
the other one is located in the α-zone (α1 and α1*,
respectively). Gliadin β3 has higher EM than β3*, and
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Fig. 3. Two-dimensional electrophoregrams of gliadin
from common weat variety (alleles present in the varieties
are in parenthesis): (a) Pandas (Gli-A2g, Gli-B2o, Gli-D2b),
(b) Costantino (Gli-A2g, Gli-B2o, Gli-D2r), (c) Siete Cer-
ros 66 (Gli-B2c, Gli-D2c), (d) Promin (Gli-A2f, Gli-B2h,
Gli-D2j), (e) Bezostaya 1 (Gli-A2b, Gli-B2b, Gli-D2b),
(f) Mironovskaya Yubileynaya (Gli-A2n, Gli-B2b, Gli-D2e),
(h, j, l, m) gliadins from F2 seed obtained from crosses Bezos-
taya 1 and Mironovskaya Yubileynaya. α-, β-, and γ-zones of
(a, d, l) electrophoregrams or (b, c) β- and γ-zones are rep-
resented. Long-tail arrows indicate gliadin polypeptides
encoded by alleles at Gli-A2 locus; short-tail arrows indi-
cate Gli-B2; no-tail indicate Gli-D2. Long-tail arrow in
(d) indicates α-gliadin different in Gli-A2f as compared to
Gli-A2n.

β1* β1*

β2** β2**

β4**β4*

β3**

β1

β1

β1

β1

α1

α1

α1*

α1*α1 α1*

β2
β2

β2β2*

β3*

β3*

β3

β3β3* β3

α1α1*α1α1*

β3* β3β3*
β3

β3

β4

β4

γγ βββ ααα γγ βββ ααα

γγ ββ αα γγ ββ αα
(a)

(c) (d)

(e) (f)

(g) (h)

(i) (j)

(b)
α1 has lower EM in comparison with α1* (Figs. 1, 3e, 3f).
In the course of two-dimensional electrophoretic
analysis of gliadin in F2 seeds obtained from crosses
between varieties Bezostaya 1 and Mironovskaya
Yubileynaya, the following genotypes were detected:
heterozygous for Gli-D2 locus and homozygous for
Gli-A2b locus (Figs. 3f, 3k), heterozygous for Gli-D2
locus and homozygous for Gli-A2n (Fig. 3j), heterozy-
gous for Gli-D2 locus and heterozygous for Gli-A2
(Fig. 3m). It was found that polypeptide β3, having a
higher EM, has a lower MW (31.5 kDa) as compared to
β3* (32.3 kDa), whereas polypeptides α1 and α1*
have approximately the same MW (approximately
33.0 kDa). Heterozygous genotypes demonstrated dose
effects of alleles in triploid endosperm. For example,
genotypes heterozygous for Gli-D2 locus and homozy-
gous for allele Gli-A2b had either two doses of the Gli-
D2b allele (Fig. 3l) or two doses of the Gli-D2e allele
(Fig. 3h).

The Gli-D2r allele is unique, since it controls synthe-
sis of gliadin (indicated by β3**) characterized by signifi-
cantly higher EM as compared to β3 (Figs. 1, 4f). Com-
parison of two-dimensional electrophoretograms of
varieties Pandas (Gli-D2b, Fig. 3a) and Costantino
(Gli-D2r, Fig. 3b) showed that gliadin β3** MW is
lower than β3 MW and is approximately 30.8 kDa.

One-dimensional PAGE demonstrates differences
between Gli-D2b and Gli-D2c alleles in EM of β-glia-
din in the β-zone on electrophoregram at the border
with the γ-zone. Moreover, the polypeptide controlled by
Gli-D2b allele (designated as β4) has a lower EM than
β4* from Gli-D2c alleles (Figs. 1, 4d). Analysis of two-
dimensional electrophoregrams for Pandas (Gli-D2b),
Bezostaya 1 (Gli-D2b), and Siete Cerros (Gli-D2c) vari-
eties (Figs. 3a, 3e, 3c, respectively) showed that gliadin
β4 has higher MM (34.8 kDa) as compared with β4*
(34.2 kDa).

Gli-D2j allele encodes β-gliadin (β4**), which has (in
the same way as β4*) a higher EM as compared to gliadin
β4 alleles at Gli-D2b (Figs. 1, 4b). It was figured out
that the higher EM of gliadin β4** is accompanied by
a lower (the same way as for β4*) MM as compared to
β4 (Figs. 3d, 3e). In this case, the MM of gliadins β4*
and β4** differs insignificantly (Figs. 3c, 3d), although
β4* has higher EM than β4** (Figs. 1, 4c, 4d).

DISCUSSION
Three groups of gliadins, synthesized in common

weat seeds (α, γ and ω), differ among themselves by
structure and amino acid composition [8]. Predominant
protein, α-gliadin (up to 30% of total seed protein), is
encoded by the Gli-2 locus [10, 13]. In fact, α-gliadins
are components of many food products [10, 17].

The group of α-gliadin-encoding genes is charac-
terized by exceptionally high level of polymorphism
[13]. The use of variants of two-dimensional electro-
phoresis permitted the identification of approximately
30 different polypeptides of α-gliadin per common weat
variety [9]. However, Chinese Spring has up to 90 and
more α-gliadin-encoding genes capable of expression
[13]. For Gli-2 loci (Gli-A2, Gli-B2, and Gli-D2), 28–
35 alleles per locus are described [9]. Each allele
encodes a group (block) of gliadin polypeptides
CYTOLOGY AND GENETICS  Vol. 52  No. 2  2018
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Fig. 4. PAGE electrophoregrams of gliadin from varieties and genotypes of common weat [4] containing alleles of Gli-2 loci:
(a) Pliska (Gli-A2p), (b) Mironovskaya 808 (Gli-A2n, Gli-D2e), (c) Promin (Gli-A2f, Gli-D2j), (d) Siete Cerros (Gli-B2c, Gli-D2c),
(e) Lutescence 62 (Gli-B2o), (f) Poljarka (Gli-D2r), B—variety Bezostaya 1 (universal control). Long-tail arrows indicate gliadin
polypeptides encoded by alleles at Gli-A2 locus; short-tail arrows indicate Gli-B2; no-tail indicate Gli-D2. Schema demonstrates
blocks encoded by Gli-A2b and Gli-A2p alleles.
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(PAGE electrophoretic components) localized in α-
and β-zones on PAGE electrophoregrams [2–4].

In a typical gliadin-type polypeptide, five domains
are identified: the signaling sequence is followed by
N-terminal domain (113–134 amino acids), it is com-
posed of moderately conservative repeats of 5–7 amino
acids in length, followed by two polyglutamine
domains alternating with two unique domains. The
usual length of polyglutamine domain is 7–28 amino
acids [8, 11, 13]. In variety Cheyenne, an unusual
α-gliadin gene containing polyglutamine domain of
107 amino acids in length was identified [10].

Genes encoding α-gliadins differ among them-
selves mostly in substitutions of nucleotides as well as
small deletions/insertions [11–13]. Groups (families)
of α-gliadin-encoding genes are described. They differ
in the details of their structure [8, 11, 13].

Blocks encoded by the Gli-A2 locus can be divided
into two families that differ in PAGE block compo-
nents [7]. Two-dimensional electrophoresis of gliadin
CYTOLOGY AND GENETICS  Vol. 52  No. 2  2018
isolated from F2 seeds from crosses of the varieties that
have contrasting alleles at the Gli-A2 locus has been
performed. Inheritance of all polypeptides composing
a “two-dimensional” block was confirmed [18].

Some blocks encoded by alleles at the first of two
families (Bezostaya 1 type or Cheyenne type [7]) differ
in one-dimensional PAGE only by EM of one or two
α-gliadins [4]. This could indicate a close similarity
between those blocks and corresponding alleles at the
Gli-A2 locus (Fig. 1). Two-dimensional blocks
encoded by alleles of this family were much more
complicated than “one-dimensional” blocks: each
two-dimensional block had a unique combination of
5–10 α-gliadins that differed from each other by EM
and MW (Fig. 2).

Two alleles—Gli-A2f and Gli-A2n from Gli-A2
locus (Chinese Spring type [7])—differ only by EM of
one α-gliadin [4]. Two-dimensional electrophore-
grams of blocks encoded by these alleles are composed
of several apparently identical polypeptides. Never-
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theless, the difference between the blocks controlled
by alleles Gli-A2f and Gli-A2n is more complex. It
could not be explained by mutation-altering EM of
one α-gliadin (Figs. 2d, 2e).

Two-dimensional electrophoregrams of blocks
encoded by alleles of the second family of the Gli-A2
locus have no gliadin polypeptide for which EM and
MW would coincide with other gliadins from the first
family. At the same time, blocks with an intermediate
set of components were not detected [9]. Alleles of the
Gli-A2 locus from the first and second families also
differ in the set of restriction fragments of genomic
DNA (identified by the RFLP method) [19]. Obvi-
ously, common weat inherited these contrasting fam-
ily of alleles in the Gli-A2 locus from different geno-
types of a polymorphic donor of genome A [9, 19].

Analysis of two-dimensional electrophoregrams of
common weat varieties demonstrated that many
alleles at the Gli-B2 locus control synthesis of a pair of
β-gliadins (designated β1 and β2) having MW of
approximately 36.5 kDa. Evidently, this pair devel-
oped via gene duplication and subsequent divergence
of the two copies. This causes development of two
genes encoding β-gliadins in the Gli-B2 locus. They
have the same MW and different EM. It is well known
that duplications in the Gli-2 loci induced development
of a large number of copies in a family of genes that have
α-gliadin encoding sequences [20]. Duplicated genes
can undergo significant divergence [20, 21].

The Gli-B2o allele is of special interest, since it has
a positive effect on common weat adaptability [16].
This allele more often than others from the Gli-B2
locus is inherited by progeny of crosses [9]. Analysis of
segregating progeny [16] demonstrated that the Gli-B2o
allele encoded β1* and β2* gliadins instead of β1 and
β2 (Fig. 1). Two-dimensional electrophoresis was
used to evaluate MW of β1* and β2* gliadins: approx-
imately 41.0 and 30.0 kDa, respectively. Thus, MW of
two β-gliadins is almost the same for those gliadins
encoded by Gli-B2b, Gli-B2p, Gli-B2h, Gli-B2q, and β1
and β2 polypeptides encoded by other alleles (73 kDa),
and product of Gli-B2o allele (71 kDa). It could be
hypothesized that the Gli-B2o allele developed via
unequal crossing over at the region of Gli-B2o locus,
where duplicated genes encoding β1- and β2-gliadins
were located. There are other possible events at the
DNA level that could induce development of the Gli-B2o
allele [21].

Gli-D2c and Gli-D2j alleles differ from the Gli-D2b
allele by higher EM (Fig. 1) and lower MW of the gli-
adin polypeptide located at the end of the zone. It is
interesting that, despite different EM, β4* gliadins
(allele Gli-D2c) and β4** (Gli-D2j) had MW (approx-
imately 34.0 kDa) difficult to distinguish with SDS-
PAGE. Polypeptides α1 and α1*, encoded by alleles
Gli-D2b and Gli-D2e, respectively, also had different
EM and the same MW. The difference in EM did not
coincide with MW variation and could be caused by

difference in the number of charged amino acids in
gliadin polypeptides.

As a rule, Gli-2 locus polypeptides with a higher
EM had a lower MW. For example, when comparing
three variants of the most mobile β-gliadin encoded by
the Gli-D2 locus (β3*, β3, and β3** in the order of
increasing EF, Fig. 1), it was found that a polypeptide
with a higher EM has a lower MW. Curiously, the gli-
adins β3 and β3** are found only in blocks that are
coded alleles of Gli-D2b and Gli-D2r, respectively,
while β3* occurs in many alleles of this locus [4]. The
difference in MW between polypeptides β3*, β3, and
β3** is less than 1 kDa, so development of β3 and β3**
was probably associated with a mutational loss of one
repeat in the gliadin N-terminal domain or with a
decrease in the length of a polyglutamine domain.

In most comparisons, the MW difference in two
allelic variants of gliadin polypeptides was approximately
0.5 kDa, and faster gliadin had a lower MW. This differ-
ence was characteristic of most mobile α-gliadins. Their
EM was different for blocks controlled by Gli-A2p and
Gli-A2b alleles, one α-gliadin in spontaneous mutant,
and another one in control variety Skorospelka
Uluchshennaya. Gliadin β2* encoded by Gli-B2c allele
had higher EM [4] and lower MW (36.0 kDa) as com-
pared with gliadin β2 (36.5 kDa). Gliadins encoded by
alleles Gli-D2c (β4*) and Gli-D2j (β4**) differed from
gliadin β4 alleles of Gli-D2b by higher EM [4] and
lower MW by 0.5 kDa. Approximately the same differ-
ence in MW was observed between gliadins β3 (allele
Gli-D2b) and β3* (Gli-D2e).

It is well known that the length (MW) of α-type gli-
adin polypeptides depends on the number of repeats at
the N-terminal domain and the length of the polyglu-
tamine domains [8, 10–13, 17]. We detected a differ-
ence in MW (approximately 0.5 kDa) between allelic
variants of gliadins. This difference in MW value was
lower than MW for a repeat in the N-terminal domain
of the polypeptide (up to 7 amino acids). Since gluta-
mine MW is 0.128 kDa, the observed differences
between allelic variants of α-type gliadins could be
explained by shortening of the polyglutamine domain
length by 3–4 amino acids or deletions/insertions of
this size. Polypeptides of α-type gliadin, differing only
by the length of the polyglutamine domain, were
described previously [11, 13, 17].

On the contrary, the difference between γ-gliadin
molecules encoded by alleles at Gli-A1 and Gli-D1 loci
almost always exceeds 1 kDa. Therefore, it could be
explained by varying number of repeats (6–8 amino
acids [22]) in γ-gliadin repetitive domain [14]. More-
over, the analysis of cloned genes demonstrated that
the length of γ-gliadin depends upon the number of
repeats in the second polypeptide domain (repetitive
domain) [22, 23]. Thus, while the differences in MW
in α-type gliadin depends upon the length of polyglu-
tamine domain, the difference in MW between alleles
CYTOLOGY AND GENETICS  Vol. 52  No. 2  2018
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of γ-gliadins could be explained by the number of
repeats in the domain [9].

The number of alleles of the Gli-2 locus is at least
1.5 times higher than the number of alleles in Gli-1 loci
[4, 9]. Our results permit us to speculate that the cause
of higher polymorphism in Gli-2 loci in comparison to
Gli-1 loci is associated with special features of those
loci and the number of α- and γ-types encoded by
them.

Firstly, the number of α-type polypeptides encoded
by the Gli-2 locus (Figs. 1–3) is higher than the number
of γ-gliadins encoded by any allele of the Gli-1 locus [9].
Changes in any gene in the Gli-2 locus could be iden-
tified by PAGE and interpreted as identification of a
new allele resulting from a mutation. Evidently, the
higher the number of genes expressed in the locus, the
higher the probability of development of a new allele
inside the locus.

Secondly, DNA sequences encoding the polyglu-
tamine domains of the gliadin peptide are variants of
microsatellites [10, 13]. Microsatellites have high fre-
quency of spontaneous mutation [24]. Indeed,
PAGE of individual common weat seeds demon-
strated that the frequency of spontaneous mutations
inducing changes in EM of polypeptides is higher in
Gli-2 versus Gli-1 [5].

Thus, the frequency of development of new alleles
(and polymorphism extension) in Gli-2 loci should be
much higher than in Gli-1 loci. A portion of changes in
Gli-2 loci is difficult to detect due to the overlap of
electrophoretic components encoded by the above-
mentioned loci [9]. Nevertheless, the number of Gli-2
alleles in the catalog [4] is significantly higher than the
number of alleles in Gli-1. We would like to stress that,
for Gli-1 loci, starch electrophoresis in acid buffer pro-
vides approximately the same polymorphism detection
capabilities as PAGE, but the capabilities of differentia-
tion of alleles at Gli-2 loci are different [2, 3]. Apparently,
small differences in α-gliadin MW associated with poly-
glutamine domains are unresolvable in starch gels.
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