
Theor Appl Genet (1984) 67:559-568 

�9 Springer-Verlag 1984 

Blocks of gliadin components in winter wheat detected 
by one-dimensional polyacrylamide gel electrophoresis 

E. V. Metakovsky 1, A. Yu. Novoselskaya 1, M. M. Kopus  2, T. A. Sobko 2 and A. A. Sozinov 1 

1 Institute of General Genetics, USSR Academy of Sciences, Gubkin St. 3, 117809 GSP-1, Moscow B-333, USSR 
2 All-Union Institute for Plant Breeding and Genetics, Odessa, USSR 

Received September 2, 1983; Accepted October 24, 1983 
Communicated by Y. Gleba 

Summary. Inher i tance of  gl iadin components  in win- 
ter wheat  has been  studied by one-d imens iona l  
polyacrylamide  gel electrophoresis.  Single F2 grains 
from 36 intervarietal  hybr id  combinat ions  have been 
analysed. The genetic analysis has revealed blocks, in- 
cluding 1-6  gl iadin components ,  which are inheri ted 
as individual  mende l ian  traits. Abou t  80 variants of  
blocks have been detected.  On the basis o f  the allelism 
test they are grouped into 6 series in accordance with 
the number  o f  known gl iadin-coding loci located on 
chromosomes o f  the homoeologous  groups 1 and 6. 
Each series includes 8-18  blocks control led by dif- 
ferent alleles of  one gi iadin-coding locus. Blocks of  
components  have been conf i rmed to be inher i ted co- 
dominant ly  in accordance to the gene dose in the 
tr iploid endosperm.  The highest  s imilari ty between 
members  of  one series is observed in groups of  blocks 
controlled by chromosomes  1D and 6D. On the con- 
trary, many  blocks control led by  chromosomes  1A 
and 1B have no bands  in common.  The presented 
catalogue o f  blocks o f  components  may  be used to 
make up gliadin genetic formulae  and to compare  
electrophoregrams obta ined  by different authors.  
Blocks of  gliadin components  are suitable genetic 
markers  for use in reveal ing and studying heterogenei ty 
of  wheat  varieties, in tracing their  origin, in identifying 
recombinat ions,  t ranslocations and substi tutions of  the 
genetic mater ia l  and  in solving many  other  problems 
o f  the origin, evolut ion and selection o f  hexaploid  
wheat. 
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Introduction 

The synthesis of gliadin, a polymorphic reserve protein, is 
known to be controlled in hexaploid wheat almost exclusively 
by 6 chromosomes of two homoeologous groups, 1 and 6 
(Wrigley and Shepherd 1973; Rybalka 1975; Zehatschek et al. 
1981; Brown and Flavell 1981; Garcia-Olmedo eta1. 1982). 
The number of gliadin components revealed by one- and two- 
dimensional electrophoresis in different varieties is 15-30 
(Shewry et al. 1978; Lookhart et al. 1982; Wrigley et al. 1982) 
and 20-50 (Wrigley and Shepherd 1973; Mecham et al. 1978; 
Brown and Flavell 1981; Novoselskaya etal. 1983), respec- 
tively. Each chromosome must, obviously, carry genes deter- 
mining the synthesis of several gliadin components. Indeed, 
various authors have noted that gliadin components (bands) 
are inherited as linked groups or blocks (Doekes 1973; 
Sozinov et al. 1975; Baker and Bushuk 1978; Mecham et al. 
1978; Damidaux et al. 1980; Branlard 1982b; Novoselskaya 
et al. 1983). Analysis of gliadin banding patterns in starch gel 
has resulted in the discovery of multiple allelism of gliadin- 
coding loci of the group 1 chromosomes. Two alleles for 
each gliadin-coding locus of the group 6 chromosomes have 
also been detected (Sozinov and Poperelya 1980). Recom- 
binations in components of allelic variants of blocks are 
either not observed at all or occur too seldom to be observed 
(Sozinov et al. 1975; Baker and Bushuk 1978; Mecham et al. 
1978; Damidaux etal. 1980; Sozinov and Poperelya 1980). 
Various gliadin components have a similar amino acid com- 
position and can be divided into several groups with similar 
but not identical amino acid sequences (Bietz et al. 1970; 
Bietz et al. 1977; Autran et al. 1979b). A gliadin-coding locus 
is assumed to consist of several tightly linked genes which 
arise from duplication and subsequent divergence (Kasarda 
1980). Blocks of gliadin components may serve as suitable 
genetic markers in evolution and population studies as well as 
in breeding (Sozinov and Poperelya 1980). 

To describe the component composition of gliadins, the 
International Association for Cereal Chemistry has adopted 
the genetic nomenclature suggested by Sozinov and Poperelya 
(1980). The essence of the genetic nomenclature is that the 
electrophoretic gliadin spectrum of a given variety or speci- 
men may be presented as a set of blocks of components 
determined by gliadin-coding loci. An optimal standard 
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technique of polyacrylamide gel electrophoresis of gliadins 
in aluminium-lactate buffer has recently been proposed 
(Bushuk and Zillman 1978; Autran et al. 1979a). However, the 
application of the genetic nomenclature worked out with the 
use of starch gel is impossible for giiadin spectra obtained in 
polyacrylamide gel because of differences in the distribution 
of components in the two types of gel, especially in the 
medium mobility region (Novoselskaya et al. 1983). 

The task of  our work was to analyse the inheritance 
o f  gliadin components and to reveal blocks of  com- 
ponents using the standard procedure of  polyacryl- 
amide gel electrophoresis (Bushuk and Zillman 1978) 
with minimal modifications. 

O0 

Materials and methods 

Single F2 grains of the following hybrid combinations and 
corresponding parental varieties of winter wheat Tritieum 
aestivum have been studied: 32 combinations in which one of 
the parents is 'Bezostaya 1' and the other - 'Aurora', 'Kavkaz', 
'Donskaya bezostaya', 'Dukat', 'Voskhod', 'Dneprovskaya 521', 
'Kishinevskaya 10T, 'Krasnodonka', 'Lesostepka', 'Mironovs- 
kaya 808', 'Mironovskaya Yubileinaya', 'Odesskaya semidwarf, 
'Odesskaya 26', 'Odesskaya 16', 'Peresvet', 'Promin', 'Tarasovs- 
kaya', 'Ukrainka', Towstik's lines 4/147 and 6/24, 'Acker- 
manns Cara', 'Cluj 650', 'Dankowska Iasna', 'Gernot', 
'Kaprock', 'Kiszombori 1', 'Kremena', 'Levent', 'Newcaster', 
'Rusalka', 'Szegedi6', 'Zg2639/73'; combinations 'B16'• 
'Odesskaya semidwarI', 'B 16' • 'Severokubanka' • 
'Promin', 'Concho' • 'Kaprock'. 

To perform giiadin electrophoresis, the standard proce- 
dure (Bushuk and Zillman 1978) with modifications similar to 
ones previously developed (Tkachuk and Metlish 1980) was 
used. Flour from single grains (30-40 mg) was incubated with 
0.1 ml of 70% ethanol (v/v) for 20-40 min at 40 ~ After cen- 
trifugation (10min, 3,000rpm) 0.1 ml of aluminium-lactate 
buffer containing 80% of sucrose and pyronin dye was added 
to the supernatant (Novoselskaya et al. 1983). The electro- 
phoresis was carried out in vertical slabs (1.8 mm• 15 cm• 
15 cm) of 8% polyacrylamide gel at 550 v for 3 h at a tem- 
perature not exceeding 25 ~ (Novoselskaya et al. 1983). The 
gel slabs were fixed in 10% trichloro-acetic acid and stained 
with 0.04% Coomassie R-250 in 10% trichloro-acetic acid 
overnight. Then they were photographed on glass in trans- 
mitted light. For illustration, individual lines were cut out 
from the slabs and arranged in an order required. The regions 
of the gliadin component spectrum in photos and patterns 
were designated for convenience as a,/3, 7, w in accordance 
with the nomenclature originally used for starch gel (Woychik 
et al. 1961). 

Results 

1 Inheritance ofgliadin components in 'Bezostaya 1" • 
'Odesskaya semidwarf crossing (monohybrid crossing) 

The distribution o f  gliadin components  in 'Bezostaya 1' 
and 'Odesskaya semidwarf  varieties is presented in 
Fig. 1 (lines 1 and 4). The two varieties differ in the 
number  and distribution o f  bands o f  medium electro- 
phoretie mobility (fl and 7 gliadins). Among 164 single 
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Fig. 1. Electrophoretic gliadin spectra in the varieties 'Be- 
zostaya 1' (line 1), 'Odesskaya semidwarI" (line 4) and their 
hybrids (lines 1-4). The scheme shows blocks of jointly inher- 
ited components (see the text about the arrows) 

F2 grains of  the 'Bezostaya 1' • 'Odesskaya semidwarf  
hybrid, four variants o f  the distribution o f  gliadin com- 
ponents corresponding to four phenotypic classes 
were observed. Two electrophoretic patterns included 
all components of  the both parents but differed in the 
degree o f  expression of  the parental components 
(Fig. 1, lines 2 and 3); the other two were identical to 
the parental ones. The number  o f  grains in phenotypic 
classes 1, 2 + 3 and 4 (38, 89 and 37, respectively) was 
in good agreement with the theoretically expected 
distribution in the case of  monohybrid and codiminant 
inheritance of  two groups (blocks) of  gliadin com- 
ponents (Z 2 = 1.21) (Fig. 1). Variants 2 and 3 obviously 
represent two possible heterozygotes with two doses o f  
gliadin components from 'Bezostaya 1' or from 
'Odesskaya semidwarf,  respectively. The number  of  
grains with variants 2 and 3 was equal ( ~  = 0.00). No 
samples in which one of  the pair o f  blocks has an in- 
complete set of  components have been detected. 
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Thus, the genetic analysis shows that the synthesis 
of differing gliadin components in 'Bezostaya 1' and 
'Odesskaya semidwarf is controlled by allelic variants 
of one gliadin-coding locus. All bands composing the 
given block are inherited as a single codominant 
mendelian trait. 

2 Inheritance ofgliadin components in 'Bezostaya 1' x 
'Mironovskaya Yubileinaya" crossing (trihybrid crossing) 

As it is seen from Fig. 2, the parental varieties differ in 
the regions a, fl, and to. Among 238 F2 grains from the 
'Bezostaya l ' •  Yubileinaya' hybrid 27 
basic (with no regard for gene dosage effects in 
the triploid endosperm) gliadin banding patterns or 
phenotypic classes have been revealed. The ob- 
tained distribution of grains in different phenotypic 
classes satisfied the assumption of independent 
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and codominant inheritance of three pairs of alleles 
(Z a --19.95) (Fig. 2). In Fig. 3 eight rare combinations 
of components are presented which correspond to the 
phenotypie classes of triple homozygotes. Fig. 2 (line 2) 
also shows a spectrum of components in the most 
abundant class of triple heterozygotes (the number of 
grains - 27 out of 238). 

The inheritance of one component in the m-region 
(indicated by an asterisk in Fig. 2) has remained 
obscure in this crossing. This component exhibited 
dosage effects, was inherited in accordance with the 
segregation 3 : 1 (presence : absence), and was inde- 
pendent of each of the three loci studied in this 
crossing. 

3 Inheritance ofgliadin components in 'Bezostaya 1" x 
'Levent" crossing (tetrahybrid crossing) 

The parental varieties differed in the distribution of 
gliadin components in all gel regions (Fig. 4). The 
analysis of 184 single F2 grains in the 'Bezostaya l ' x  
'Levent' cross has revealed four pairs of blocks of 
gliadin components displaying clear dosage effects 
(Fig. 5). The ratio of grains in phenotypic classes 1, 
2+3,  4 for each pair of blocks (Fig. 5a -d )  satisfied 
the theoretically expected segregation 1 : 2 : 1 0f 2 = 0.24, 
0.05, 0.52, 1.11, respectively). Both types of heterozy- 
gotes (lines 2 and 3, Fig. 5) had similar frequencies in 
each pair. Consequently, each pair of blocks is con- 
trolled by different alleles of one gliadin-coding locus. 
Moreover, the number of grains in nine phenotypic 
classes for any two pairs of blocks is in good agree- 
ment with the theoretically expected distribution in 
the case of two non-linked codominant traits (Table 1). 
Thus, the synthesis of gliadin components differing in 
'Bezostaya 1' and 'Levent' is controlled by four inde- 
pendent loci. 

The comparison of  the results of the analysis of 172 
grains from intervarietal combinations shows that in 
crosses 'Bezostaya 1' x 'Mironovskaya Yubileinaya' 
and 'Bezostaya l ' x 'Leven t '  three different alleles for 
each of the two independent gliadin-coding loci are 
available. Each allelic state of a given locus was 

Table 1. fl values for distribution of grains into 9 phenotypic 
classes for each two pairs of blocks detected in the 'Bezostaya 
1' • 'Levent' cross 

a a b . c a 

b ' 3.37 
c a 6.45 7.72 
d a 2.69 6.15 5.95 

a a, b, c, d - corresponding blocks presented in Fig. 5 

Fig. 2. Electrophoretic gliadin spectra in the varieties 'Be- 
zostaya 1' (line 1), 'Mironovskaya Yubileinaya' (line 3) and in 
the most abundant phenotypic class of their hybrids (line 2). 
The scheme shows blocks of components (see the text about 
the components indicated by asterisks) 
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Fig. 3. Rare patterns of gliadin distribution in F2 
hybrids between 'Bezostaya 1' and 'Mironovskaya 
Yubileinaya' corresponding to the classes of triple 
homozygotes. On the left, three pairs of blocks of 
components are shown schematically. 

characterized by a corresponding group of electro- 
phoretic gliadin components (Figs. 2 and 4). The 
comparative analysis of  a number of crosses not only 
demonstrates the allelism of different variants of 
blocks but also helps to determine more precisely their 
component composition. For instance, the fast com- 
ponent in the 7 region (indicated by two asterisks in 
Fig. 2) can be assigned to a corresponding block only 
after analysis of  the 'Bezostaya l ' x  'Levent' cross since 
in the 'Bezostaya l ' x  'Mironovskaya Yubileinaya' cross 
this component is identical in both parents. 

4 Catalogue of blocks ofgliadin components 

Single F2 grains from 36 crosses involving 39 winter 
wheat varieties and lines have been analysed. The 
sample size in 5 crosses was over 100 grains, and in 20 
crosses 60-80 F2 grains were analysed. At the initial 
stages of the work six independently inherited blocks 
of gliadin components in 'Bezostaya 1' wheat were 
identified. These blocks included almost all com- 
ponents of  this variety. In most other varieties blocks 
were identified on the basis of allelism with respect to 
the blocks of  bands in 'Bezostaya 1'. I f  a variety under 

study had the same blocks as in 'Bezostaya 1' and/or  
blocks similar to those observed previously in other 
varieties we analysed 30-50 F2 grains (11 crosses). In 
all cases allelism of blocks was established on the 
basis of determining groups of jointly inherited com- 
ponents (by analysing electrophoregrams), counting 
the number of parental and heterozygous grains, and 
checking the resultant segregation by the Chi-squared 
test. Relatively small .samples do not permit a confident 
estimation of a possible percentage of recombinations 
between components of allelic blocks. Within our 
samples pairs of allelic blocks were inherited as stable 
non-recombinative groups of bands. 

The results of  the analysis make it possible to dis- 
tinguish 6 basic independent groups, or series, of 
blocks of gliadin components (Fig. 6). The similarity 
of Fig. 6 with the catalogue of blocks of gliadin com- 
ponents worked out earlier with the use of starch gel 
(Sozinov and Poperelya 1980; Poperelya, unpublished) 
is beyond doubt. The determination of gliadin-coding 
loci, the loci to which the series of  blocks presented 
in Fig. 6 pertain, was carried out on the basis of  com- 
parison with the previously published (Sozinov and 
Poperelya 1980) catalogue, and independently on the 
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Fig. 4. Electrophoretic gliadin spectra in the varieties 'Be- 
zostaya 1' (line 1) and 'Levent' (line 2). The scheme shows 
blocks of jointly inherited components. 

the blocks discovered in 'Mikronovskaya Yubileinaya'  
(block 6A4) and in some other varieties (Fig. 6, blocks 
6A3-7). The same specific components  that disappear 
from the gliadin spectrum in 'Chinese Spring' in the 
absence of  chromosome 1D are not observed in null 
alleles of  1D locus (unpublished). Analysis o f  the data 
presented in Fig. 6 shows that, on the whole, the 
"blocks" o f  components  o f  the 'Chinese Spring' variety 
are typical of  only definite series o f  allefic variants o f  
blocks. The data presented agree with the results ob- 
tained earlier on starch gel using the hybrid material 
from crossing 'Chinese Spring' to some winter varieties 
(Rybalka 1975). 

The catalogue o f  allelic variants o f  blocks is 
intended to make up formulae of  the gliadin com- 
ponent composition in different varieties and speci- 
mens in accordance with the genetic nomenclature 
(Sozinov and Poperelya 1980). For  instance, the com- 
ponent composition o f  gliadin the the varieties studied 
is described by the following formulae (Figs. 1, 2 and 
4). In 'Bezostaya 1' chromosomes 1A, 1B, 1D, 6A, 6B, 
6D control blocks 4, 1, 1, 1, 1, 1, respectively. The 
specimen of  'Odesskaya semidwarf  variety employed 
in the cross studied has a gliadin formula 4.1.1.1.2.1, 
'Mironovskaya Yubileinaya'  - 4.1.5.4.1.2, 'Levent '  - 
11.12.3.2.1.1. Gfiadin formulae of  some other varieties 
studied by us are shown in Table 2. Having a suf- 
ficiently extensive catalogue, a presumable formula of  
gliadin of  any variety can be inferred after analysing 

Table 2. Gliadin formulae for for some winter wheat varieties 

1A 1B 1D 6A 6B 6D basis o f  comparison of  the component  distribution in 
these series o f  blocks with the gfiadin electrophoretic 
spectrum in the 'Chinese Spring' variety. Analysis of  
changes in the gliadin banding pattern in nullitetra- 
somic strains has made it possible to refer the 
groups o f  components ("blocks") in 'Chinese Spring' 
to the known gfiadin-coding chromosomes (unpub- 
fished). The subsequent comparative analysis of  
electrophoretic mobility and intensity of  the com- 
ponents has demonstrated, in particular, that an 
identical group of  bands is controlled by chromosome 
6D in 'Chinese Spring' and presents a block identified 
by genetic analysis in a number  o f  winter wheat 
varieties. This block (6D6), as well as the whole series 
it is included into, is apparently controlled by dif- 
ferent alleles o f  chromosome 6D (Fig. 6). There was 
also similarity between a pair o f  components  con- 
trolled by chromosome 1A in 'Chinese Spring' and two 
bands included into one o f  the blocks in the variety 
'Levent '  (block 1All ,  Fig. 6). Three components con- 
trolled by chromosome 6A in 'Chinese Spring' cor- 
respond in their mobility to specific bands of  one of  

1. 'Aurora' 3 3 1 1 1 6 
2. 'Bezostaya 1' 4 1 1 1 1 1 
3. 'Dneprovskaya 521' 1 2 1 9 1 7 
4. 'Kavkaz' 4 3 2 1 l 6 
5. 'Krasnodonka' 4 10 3 10 1 2 
6.'Lesostepka' 8 17 5 10 8 2 
7. 'Mironovskaya 808' 3 1 5 4 5 2 
8. 'Mironovskaya Yubileinaya' 4 1 5 4 1 2 
9.'Odesskaya 16 (fine) 2 1 5 3 2 6 

10. 'Odesskaya 26' 5 1 4 3 1 2 
11. Odesskaya semidwarf (fine) 4 1 1 1 2 1 
12.'Promin' 4 1 4 3 4 4 
13. Zaporozhskaya ostistaya 4 1 5 1 1 2 

(fine) 
14. 'Zirka' 4 2 1 3 4 4 
15. 'Ackermanns Cara' 2 5 1 13 4 6 
16.'Cluj 650' 2 14 9 12 8 6 
17. 'Dankowska Iasna' 12 13 2 2 9 6 
18.'Kaprock' 7 7 9 6 7 6 
19.'Kremena' 11 8 1 2 1 3 
20.'Levent' 11 12 9 2 1 1 
21. Rusalka(line) 4 7 4 8 4 1 
22. 'Szegedi 6' 1 9 9 12 6 6 
23.'Zg2639/73' 16 16 9 2 4 6 
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Fig. 5 a -  d. Dose effects of four pairs of blocks of components in hybrids between 'Bezostaya 1' and 'Levent'. 1, 4 - homozygotes; 
2, 3 - heterozygotes for the blocks illustrated. The genotypes of the specimens presented in Fig. 5 a - d for all four pairs of blocks of 
gliadin components are as follows (from left to right): het, L, het, B; het, het, L, L; B, het, bet, het; L, B, het, het; L, L, L, L; het, L, 
het, B; het, L, het, het; B, het, het, het; het, het, B, B; het, L, het, B; het, L, het, het; L, L, L, L; het, het, L, L; L, B, het, het; B, B, L, 
het; het, het, B, B (L - a block from 'Levent', B - a block from 'Bezostaya 1', het - both allelic variants of blocks are present) 

only the distribution of  gliadin components on gel 
without hybridological analysis. In complicated cases 
(superposition of  components,  small differences in the 
relative mobility o f  components  as compared to those 
mentioned in the catalogue) it is necessary to com- 
pare thoroughly, on neighbouring fines of  the same 
slab, an analysed specimen with a suitable variety 
studied earlier by hybridological analysis. It should be 
noted that the peculiar intensive component  N 50 of  
the variety 'Marquis' ,  which has recently been purified 
to be used as a marker in electrophoresis (Howes and 
Kosmolak 1982), is clearly a component  o f  the 1A1 
block present in this variety. 

5 D&tribution ofgliadin components in different 
gel regions and the possibifity of  their genetic analysis 

The method of  electrophoresis proposed by Bushuk 
and Zillmann (1978) to study gliadins and used by us 

(with minimal modifications) to prepare a catalogue 
of  blocks of  components yields quite satisfactory and 
reproducible results. Thus, this method makes it pos- 
sible not only to detect a doublet o f  components in the 
middle gel region in the variety 'Marquis',  which is 
assumed (Lookhart et al. 1982) to be a criterion of  
good electrophoresis quality, but also to reveal small 
differences in the mobility of  the slow member  of  this 
doublet which are observed in different blocks of  the 
1B series. 

The distribution of  gliadin components along the 
gel in one-dimensional polyacrylamide and starch gel 
electrophoresis is uneven. In the ~o region most bands 
are inherited in accordance with control by a single 
dominant gene. Some bands in this region consist of  
two co-migrating components and their presence- 
absence conforms to the segregation 15: 1. Such com- 
ponents with a similar mobility can be separated and 
identified, in some cases with the help of  prolonged 
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Fig. 6. The catalogue of blocks of gliadin components. On the r i g h t  - the pattern of gliadin bands in 'Bezostaya 1'. CS - "blocks" of 
gliadin components in 'Chinese Spring' detected by the analysis of electrophoretic spectra in different nullitetrasomics. Some num- 
bers of blocks are omitted to bring this catalogue into correspondence with the catalogue of blocks detected in starch gel 

electrophoresis or small changes in p H  a luminium- 
lactate buffer. Minor components  are sufficiently 
stable and their inheritance was easily traced by 
analysing Fz grains. We have failed to assign to any 
series of  allelic variants o f  blocks some minor  com- 
ponents observed in m a n y  varieties (including 'Bezo- 
staya 1') in the middle of  the to region. A special study 

on starch gel has shown that the synthesis o f  these 
components  is apparent ly  controlled by an additional 
locus on chromosome IA (Sobko; Poperelya, unpub-  
lished). 

Bands of  the y region, i f  they are really complex, 
consist of  an intensive componen t  and minor  com- 
ponents of  similar mobil i ty which are revealed only by 
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two-dimensional electrophoresis combining electro- 
phoresis in aluminium-lactate buffer and electro- 
phoresis in the presence of sodium dodecyl sulphate 
(Metakovsky, unpublished). Inheritance of the main 
components of this region, which may be controlled 
by chromosomes IA, 1B, 1D and 6B, is established 
relatively easily by analysis of hybrid material. 

Many components of the a and /3 regions are 
complex, and components controlled by chromosomes 
1A, 1B, 6A, 6B and 6D were found in the/3 region. In 
the fl region inheritance of either most intensive or 
single components can be analysed by one-dimen- 
sional electrophoresis (Fig. 1). Genetic analysis of 
gliadins in the a region is simply due to the fact that, 
as shown by one-dimensional (Fig. 6) and two-dimen- 
sional (in preparation) electrophoresis, all components 
in this region in the varieties studied are controlled by 
only two chromosomes, 6A and 6D (see also Kasarda 
1980). 

It should be noted that in several varieties some 
bands have been assigned to none of the blocks. Such 
bands may include several components of approxi- 
mately equal mobility controlled by different loci. All 
doubtful cases of complex components or unclearly 
identified minor components were not taken into 
account when preparing a catalogue of blocks. As a 
result, some of the blocks presented in Fig. 6 are 
probably simplified. 

Discussion 

The analysis of inheritance of electrophoretic gliadin 
components in 39 varieties has permitted a catalogue 
of nearly 80 blocks to be prepared. In the course of 
the work the main features of inheritance of gliadin 
components revealed previously (Doekes 1973; Rybalka 
1975; Sozinov etal. 1975; Baker and Bushuk 1978; 
Damidaux et al. 1980; Branlard 1982 a, and others) with 
the use of starch, polyacrylamide and SDS-polyacryl- 
amide gels have been confirmed: blocks of jointly in- 
herited components, codominance and dosage effects 
of blocks, low recombination frequencies of com- 
ponents of  allelic blocks. We did not tackle the latter 
point especially in this work, but 1 presumptive re- 
combinant for 1B chromosome locus has been found 
in the 'Bezostaya l ' x 'Leven t '  cross (unpublished). 
Multiple allelism demonstrated previously for gliadin- 
coding loci of chromosomes 1A, 1B and 1D (Sozinov 
and Poperelya 1980) has also appeared significant for 
the homoeologous group6 chromosomes. In the 
course of  the F2 grain analysis, neither appearance 
nor reproducible intensification of any band in a 
hybrid as compared to parental variants was recorded 
by us, in contrast to Branlard (1982a). We observed 

only some intervarietal variation in the intensity of the 
same band or spot in two-dimensional electrophoresis 
(Novoselskaya et al. 1983). The staining intensity of 
single (non-superimposed) bands in hybrids was within 
the range of intensity of these components in parents, 
as it was previously reported (Sozinov et al. 1975; Baker 
and Bushuk 1978; Mecham et al. 1978). 

We recognize that the catalogue of allelic variants 
of blocks presented here will undergo certain changes 
with time. Firstly, analysis of non-studied varieties will 
reveal new blocks. Secondly, some presented blocks 
may acquire minor components which will probably 
be located in complex gel regions. Thirdly, some 
blocks (Fig. 6) may represent families of blocks dis- 
tinguishable by hitherto undetected minor components 
and by very faint differences in band mobility. Gliadin 
components of different varieties having an equal 
electrophoretic mobility in aluminium-lactate buffer 
may differ in another electrophoretic system or upon 
isoelectric focusing. Nevertheless, the catalogue en- 
compasses practically all distinct bands in the anal- 
ysed varieties and may serve both for practical use 
and as a basis for more detailed studies in future. 

The catalogue of gliadin allelic blocks, including 
12-18 blocks in each of 6 independent groups or 
series, suggests an exclusively high polymorphism of 
gliadin. Not only are multiple alleles observed for each 
gliadin-coding locus, but blocks themselves controlled 
by one locus significantly differ and may have no 
bands in common. In this connection, a clear distinc- 
tion of series controlled by the D genome from other 
groups should be pointed out. A series of blocks con- 
trolled by the D genome from other groups should be 
pointed out. A series of blocks controlled by a gliadin- 
coding locus of chromosome 1D is the smallest and 
the blocks are very similar (Fig. 6). They include 2-4 
components with a minimal electrophoretic mobility 
and a pair of components in the y region. One of the 
components in the V region is identical in all blocks of 
this series. This component, together with other bands 
controlled by chromosome ID, was absent, firstly, 
from corresponding nullitetrasomics of the 'Chinese 
Spring' variety and, secondly, from some mutant lines 
(Sozinov and Kopus 1983). 

Blocks of components controlled by chromosome 
6D are also very similar and almost always have 5 
distinct components. They have only small differences 
in the mobility of some components which are prob- 
ably caused by single mutations in corresponding 
genes. 

Blocks of components controlled by chromo- 
somes of A and B genomes are much more diverse. 
Subgroups or families of blocks including one or 
several components characterized by equal electro- 
phoretic mobility may be distinguished among them. 
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Chromosome 6A controlled blocks may be divided 
into 3 - 4  subgroups depending on the mobility o f  the 
fastest components. The family o f  blocks 6A3-7  has 
three similar bands and the blocks differ by the 
mobility o f  the remaining 1-3 components.  It may  be 
assumed that this subgroup of  blocks has a common  
precursor and the observed polymorphism is a result 
of  mutation accumulation. Thus, different gliadin 
components controlled by one gliadin-coding locus 
and included into one block are subject to the action 
of  natural mutation process in a different degree or are 
of  different selective value. 

Almost all blocks controlled by chromosome 1B 
have an intensive band in the region of  the slowest y- 
gliadins. In accordance with the electrophoretic 
mobility of  this band, several subgroups of  1B blocks 
may be distinguished. Their members are, probably, 
more closely related than members of  different sub- 
groups. Several subgroups of  blocks may also be dis- 
tinguished in the series o f  blocks controlled by chro- 
mosome 6B. The series o f  chromosome 1A-controlled 
blocks containing components  in r ,  y and ~o gliadins 
is very diverse. 

It is believed that hexaploid wheat Triticum aestivum 
appeared about 10,000 years ago due to hybridization of the 
tetraploid form AABB with the D genome donor Ae. squarrosa 
(Konzak 1977). It is natural to suppose that the rate of 
changes in the blocks of linked components (changes in the 
number, mobility and intensity of components caused by 
mutations, duplications, deletions, unequal crossingover etc. 
in corresponding genes) is equal in the series of blocks con- 
trolled by the A, B and D genomes. In this case, an essentially 
higher diversity of blocks controlled by the A and B genomes 
as compared to series controlled by the D genome may be 
explained by higher selective values of certain components 
of 1D and 6D blocks maintained in the relatively conservative 
form. Another possible explanation is that the D genome was 
introduced into the tetraploid forms AABB several times. 
Gliadin blocks controlled by the A and B genomes must be 
different in these tetraploid forms and might have given rise 
to subgroups or families of blocks observed nor. The repeated 
AABBDD hexaploid formation might have been promoted by 
the specific effect of the D genome on photosynthesis, water 
balance, properties of grain proteins and other important 
parameters of the plant (Cole etal. 1981; Planchon and 
Fesquet 1982). The presumptive differences of the gliadin 
component composition in the tetraploid forms AABB may 
be also due to heterogeneity of the diploid donors of the A 
and B genomes (see also Cole et al. 1981). Judging by gliadin 
blocks controlled by chromosomes 6D and 1D, the D 
genome donor was much more homogeneous. 

The results obtained agree with the hypothesis on 
the complex structure of  gliadin-coding loci. Each of  
these loci controls the synthesis of  a series o f  com- 
ponents with different electrophoretic mobilities in 
aluminium-lactate buffer and different molecular 
weights (Novoselskaya et al. 1983). Genes controlling 
the synthesis of  these components  are apparently 
closely linked on the chromosome. However, in the 

gliadin-coding locus there may  be recombinations, 
mutations and other events changing the mobility, 
number  and intensity o f  the components  o f  this block. 
Judging by the great diversity o f  allelic blocks, in- 
cluding ones controlled by the genome D which ap- 
peared relatively recently in the hexaploid wheat 
genome, these changes were not very rare and were 
not eliminated by natural selection and /o r  by breeding. 
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