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Summary. Wheat accessions lacking some of  the co- and 
7-gliadin components encoded by the Gli-! loci on the 
short arm of chromosome 1D in bread wheat and chro- 
mosome 1A in durum wheat were studied by two-dimen- 
sional polyacrylamide gel electrophoresis and restriction 
fragment analysis. Digested genomic DNAs of  'normal '  
and 'null' forms were probed with a c D N A  clone related 
to co-/7-gliadins and with a genomic clone encoding an 
L M W  subunit of  glutenin. The hybridisation patterns 
with the co-/7-gliadin probe were similar to those of  cvs 
'Chinese Spring' and 'Langdon '  used as standards for 
bread and durum wheats, respectively, but several re- 
striction fragments located on the 1D chromosome of  
bread wheat and the 1A chromosome of  durum wheat 
were absent in the 'null '  forms. In addition, specific 
L M W  glutenin fragments encoded by the same chromo- 
somes were also absent in the 'null '  forms, suggesting 
that simultaneous deletions of  blocks of  genes for both 
co-/y-gliadins and L M W  glutenins had occurred. Com- 
parisons of  the protein and R F L P  patterns enabled some 
proteins to be mapped to specific restriction fragments. 

Key words: 'Null '  forms - R F L P  - Gliadins - L M W  
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Introduction 

The Gli-i loci on the group 1 chromosomes of  wheat are 
complex families of  genes encoding three groups of  
proteins: the 7-type gliadins, the low molecular weight 
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(LMW) subunits of  glutenin (both sulphur-rich pro- 
lamins) and the co-type gliadins (S-poor prolamins) 
(Payne 1987). We have reported detailed studies of  these 
loci in bread and durum wheats in which restriction frag- 
ment analysis of  euploid and aneuploid lines was carried 
out using D N A  probes (Sabelli and Shewry 1991). The 
presence of  homologous sequences in 7- and co-gliadins 
required the use of  specific subclones and hybridisation 
conditions in order to discriminate between the two class- 
es of  genes. 

In the present paper we use the same approach to 
analyse a series of  'null' forms at the Gli-1 loci in bread 
and durum wheats, which were identified by screening 
germ plasm collections for the absence of  specific gliadin 
proteins (Lafiandra et al. 1987). The results provide new 
information on the structures of  the Gli-1 loci as well as 
on the nature of  the deficiencies themselves. 

Materials and methods 

Plant material was from the wheat collection of the Germ plasm 
Institute, National Research Council of Italy, Bari. Bread wheat 
accessions MG27079, MG27094, MG27081 and MG27104 were 
collected in Nepal in 1979 (Erskine et al. 1979), and durum 
wheat accession MG41078 in Algeria (Lafiandra et al. 1987). 
For convenience, the 'normal' and 'null' forms of the above 
accessions will be referred to as (+)  and ( - )  respectively. 
Triticum aestivum cv 'Chinese Spring', its aneuploid nullisomic- 
tetrasomic lines and Triticum durum cv 'Langdon' were used as 
standards. 

Two-dimensional (2-pH) polyacrylamide gel electrophoresis 
of gliadins extracted from single seeds was performed according 
to the method of Lafiandra and Kasarda (1985). Methods for 
DNA isolation and Southern blot analysis and the probes for 
the 7-type gliadins (pKAPla) (Bartels et al. 1986) and LMW 
glutenin subunits (pLMWTG2) (Colot et al. 1989) are as de- 
scribed in Sabelli and Shewry (1991). All hybridisation experi- 
ments were carried out at medium stringency. 
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Fig. 1. Two-D (2-pH) gel electrophoresis 
analyses of gliadins of bread wheat acces- 
sions MG27079 and MG27094. 'Normal' 
and 'null' form of the same accession are 
analysed on the same gel. a and a 1 repre- 
sent MG27079 (+)  and ( - ) ,  respectively; 
b and b I MG27094 (+)  and ( - ) ,  respec- 
tively. Arrows indicate the o ) - / 7 -  com- 
ponents that are absent in the 'null forms'. 
Boxes 1 and 2 are discussed in the text 

Fig. 2. Two-D (2-pH) gel electrophoresis 
analyses of gliadins of durum wheat acces- 
sion MG41078. Arrows indicate the o ) - /  

- components of the 'normal' form (left) 
that are missing in the corresponding 'null' 
form (right) 

Results 

Absence of gliadin components in the 'null' lines 

The patterns of  gliadins from 'normal '  and 'null '  forms of  
the bread wheat accessions MG27079 and MG27094 sep- 
arated by two-dimensional (2-pH) polyacrylamide gel 
electrophoresis are shown in Fig. 1. The patterns of  
MG27081 and MG27104 were identical to those of  
MG27079 and MG27094, respectively, and are not 
shown. The 'normal '  and 'null '  forms of  the durum wheat 
accession MG41078 are shown in Fig. 2. In all cases the 
'null '  forms lack specific co- and 7-gliadin components,  
which are indicated by arrows. In the bread wheat lines 
these components had the same electrophoretic pro- 
perties as certain chromosome 1D-encoded co- and 
7-gliadins of  cv 'Chinese Spring' (Fig. 1), while the 'null '  

line of  durum wheat lacks components with similar mi- 
gration to certain chromosome 1A-encoded co- and 
7-gliadins of  'Langdon '  (Fig. 2) (Lafiandra et al. 1987). 

Restriction fragment analysis of MG27079 and MG41078 

0)-/7-Type sequences. Although p K A P I  a encodes a 7-type 
gliadin (Barrels et al. 1986), previous analysis showed 
that it hybridised to 7-gliadin and co-gliadin genes under 
conditions of  medium stringency (Sabelli and Shewry 
1991). The hybridisation patterns of  p K A P l a  to bread 
wheat (left and centre) and durum wheat (right) DNAs 
digested with HindIII, EcoRI and BamHI are shown in 
Fig. 3. The central parts of  this figure show the hybridis- 
ation patterns on gels which have been run for a long 
time in order to improve the resolution of  large frag- 
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Fig. 3 A - C .  Restriction analysis of 
'normal'  and 'null' forms of bread and 
durum wheat DNAs digested with 
HindIII (A), EeoRI (B) and BamHI 
(C) and probed with the c o - / y -  clone 
pKAPIa.  Bread wheat cv 'Chinese 
Spring' (CS), the group 1 nulli-tetra 
aneuploids and cv 'Langdon' (L) are 
used as standards. The central parts of 
the figure show long gel analyses. 
Arrows indicate the restriction frag- 
ments that are absent in the 'null' 
forms ( - )  of the bread wheat accession 
MG27079 and the durum wheat acces- 
sion MG41078. They are numbered ac- 
cording to corresponding fragments of 
'Chinese Spring' and ~ re- 
spectively. Unnumbered arrows indicate 
fragments of unknown chromosomal 
locations. The arrowheads in A indicate 
the fragment which may contain genes 
encoding the ;~-gliadins in box 2 (Fig. 1) 



ments. 'Chinese Spring' and its group I aneuploid lines 
are used as standards for bread wheat, and 'Langdon'  for 
durum wheat. Broken lines between 'Langdon'  and ac- 
cession MG41078 indicate fragments with identical rela- 
tive mobilities. The restriction fragments are numbered 
according to Sabelli and Shewry (1991). The hybridisa- 
tion patterns of pKAP l a  to the normal forms of 
MG27079 and MG41078 are broadly similar to those of 
'Chinese Spring' and 'Langdon',  respectively, although 
some polymorphism is present. For example, HindIII 

fragments corresponding to 7 and 11 in 'Chinese Spring' 
are absent from MG27079, while bands corresponding to 
10 and 16 of 'Langdon'  are absent from MG41078 and 
the band corresponding to 3 + 4  is less intense. MG27079 
also shows several fragments that are not apparently 
present in 'Chinese Spring'. Comparisons of the 'normal'  
and 'null' forms of MG27079 and MG41078 demon- 
strate that some hybridising fragments are absent from 
the latter. These are summarised in Table 1 and are indi- 
cated by numbered arrows in Fig. 3. Comparisons with 
"standard" DNAs indicate that these sequences are lo- 
cated on chromosome 1D in MG27079 and on chromo- 
some IA in MG41078 (Table 1). In addition, the 'null' 
form of MG27079 lacks single fragments in all three 
digests that do not correspond to fragments present in 
'Chinese Spring'. These could not be mapped to a chro- 
mosome and are indicate by unnumbered arrows in 
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Fig. 3. The 'normal '  and 'null' lines of these accessions 
also differ in the intensities or relative mobilities of some 
restriction fragments; for example the relative mobilities 
of fragments 11 and 14 in MG41078 DNAs digested with 
EcoRI.  

L M W  glutenin sequences. 

The same membranes were also hybridised with the 
LMW glutenin probe pLMWTG2 as shown in Fig. 4 (A, 
B and C). Sabelli and Shewry (1991) showed that this 
probe probably hybridises only to LMW glutenin genes. 
The patterns of hybridisation to MG27079 and 
MG41078 were again similar to those of 'Chinese Spring' 
and 'Langdon',  respectively, with the 'normal '  and 'null' 
forms showing minor differences in intensity. The 'null' 
lines also differed in the absence of certain restriction 
fragments, indicated by numbered arrows in Fig. 4. 
Comparisons with 'Chinese Spring' and 'Langdon' indi- 
cate that most of these sequences are located on chromo- 
some 1D of MG27079 and chromosome 1A of MG41078 
(Table 1). In addition, two fragments in MG27079 (no. 8 
with HindIII  and no. 3 with EcoRI)  correspond to frag- 
ments located on chromosome 1B in 'Chinese Spring', 
while the 'null' form of MG41078 also contained some 
fragments not apparently present in the 'normal'  form 
(indicated by * in Fig. 4). 

Table 1. Restriction fragments absent from the 'null' forms, relative to the patterns of 'Chinese Spring' and 'Langdon' 

pKAPla 

HindIII EcoRI BamHI 

MG27079 MG27094 M G 4 1 0 7 8  MG27079 MG27094 M G 4 1 0 7 8  M G 2 7 0 7 9  MG27094 MG41078 

9(D) 9(D) 

12(D) 12(D) 

14(D) 14(D) 

5(A) 3(D) 3(D) 5(A) 5(D) 5(D) 3(A) 

8(A) 7(D) 7(D) J2(A~ 11(D) IJ(D) 

9(A) 8(D) 13(A) 

11(A) 13(D) 13(D) 

pLMWTG2 

HindIlI EcoRI BamHI 

MG27079 MG27094 M G 4 1 0 7 8  MG27079 MG27094 M G 4 1 0 7 8  MG27079 MG27094 MG41078 

2(D) 

8(B)? 

9(D) 

13(D) 

~S(D) 

9(D)? 

13(D) 

15(D) 

6(A) 3(B)? 3(B)? 2(A) 4(D) 4(D) 5(a) 

7(D) 7(D) 6(D)? 6(D)? 

9(D) 9(D) 10(D) 10(D) 

Chromosomal locations of the numbered restriction fragments are indicated by the letters in parentheses 



Fig. 4 A - C .  Restriction fragment analysis of 'normal' and 'null' forms of bread and durum wheat DNAs probed with the LMW 
glutenin clone pLMWTG2. Samples and restriction enzymes are as in Fig. 3. Arrows indicate the restriction fragments absent in the 
'null' forms of MG27079 and MG41078 numbered according to corresponding fragments in 'Chinese Spring' and 'Langdon', 
respectively. Some fragments present in the "null' form of the durum wheat accession MG41078 are abset~t from the 'normal' form 
and are indicated by * 
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Restriction fragment analysis of other bread wheats 

The hybridisation patterns of MG27094 with pKAPla 
and pLMWTG2 are compared with those of 'Chinese 
Spring' and MG27079 in Figs. 3 and 4, respectively. The 
overall patterns were similar to those of MG27079, al- 
though some polymorphism was observed. Some frag- 
ments were absent from the 'null' form of only one of the 
accessions, while others were present in the 'null' and 
'normal' forms of one accession but in neither form of the 
other. In addition, some fragments were present only in 
the 'null' form of one accession but absent from both 
forms of the other. 

Further variation occurred in the intensity of hybridi- 
sation, both between the two accessions and between 
'normal' and 'null' lines within one accession. However, 
for both probes the overall sequence copy number was 
consistent with that reported for 'Chinese Spring' by 
Sabelli and Shewry (1991). The hybridisation patterns of 
MG27081 and MG27104 were similar to those of 
MG27079 and MG27094, respectively, which is consis- 
tent with their protein phenotypes. 

Discussion 

Several authors have reported electrophoretic analyses of 
'null' lines lacking specific gliadin components (Wrigley 
and Shepherd 1974; Autran 1975; Damania et al. 1983; 
Payne et al. 1984a, b; Pogna et al. 1985; Lafiandra et al. 
1989) including Lafiandra et al. (1987) who observed the 
absence of co- and 7-gliadins in lines of bread and durum 
wheat. They assigned the missing proteins to genes on 
chromosome 1 D of bread wheat and 1A of durum wheat 
and proposed that the deficiencies might be due to the 
deletion of genes as well as the stable repression of gene 
expression. The analyses reported here demonstrate that 
genomic fragments hybridising to pKAPla  (a 7-gliadin 
clone) are absent from the 'null' lines and that most of 
these indeed appear to be located on chromosomes 1A 
and 1D in the durum and bread wheats, respectively 
(Table 1). Previous studies have shown that pKAPla  
cross-hybridises to co-gliadin genes under conditions of 
medium stringency, and some of the hybridising frag- 
ments which were absent from the 'null' lines could there- 
fore encode co-type gliadins. In fact, several of the restric- 
tion fragments which are absent from the 'null' lines do 
correspond in mobility to putative co-gliadin genes in the 
standard lines 'Chinese Spring' and 'Langdon' (Sabelli 
and Shewry 1991), and these are underlined in Table 1. 
There is, however, disagreement between the proportions 
of 7-type and co-type fragments identified with the three 
enzymes (there are, for example, no co-type fragments in 
the HindIII digests of bread wheat), which indicates that 
the situation is more complex. HindIII fragment 9 is 

present in high copy number (about eight per haploid 
genome) in 'Chinese Spring' and shows a dramatically 
decreased intensity of hybridisation with the 7-gliadin 
specific probe pKAPla-Y (Sabelli and Shewry 1991). It 
is possible, therefore, that this band contains several 
fragments encoding 7- and co-type prolamins in 'Chinese 
Spring' and in MG27079 and MG27094 ('normal' 
forms). Because the fragment size (7.4 kb) is sufficient to 
contain several genes we cannot conclude whether the 7- 
and co-type sequences are present on the same or different 
fragments. 

The 'null' forms of bread and durum wheat also 
lacked fragments hybridising to pLMWTG2, a probe 
that appears to hybridise only to LMW subunit genes 
(Sabelli and Shewry 1991). Comparisons with 'Chinese 
Spring' and 'Langdon' indicate that most of these frag- 
ments are located on chromosome IA in the durum 
wheat and ID in the bread wheats, but several HindIII 
and EcoRl fragments in the bread wheats appear to be 
located on lB. None of the BamHI fragments from the 
same lines corresponded to 1B-derived fragments of 
'Chinese Spring', so they may be polymorphic variants of 
1D fragments that correspond in mobility to 1B frag- 
ments of 'Chinese Spring'. The LMW subunits of 
glutenin are poorly resolved by SDS-PAGE of total pro- 
lamin preparations, but such analyses showed simpler 
patterns in the 'null' forms (results not shown), which are 
consistent with the absence of some proteins. 

The absence of fragments encoding co-/7-gliadins and 
LMW glutenin subunits suggests that considerable 
amounts of DNA have been deleted from the 'null' lines. 
We do not know whether this has occurred by single or 
multiple deletion events, but the former seems more like- 
ly as multiple events within a single locus must occur very 
rarely. The lines did not exhibit any differences in chro- 
mosome number (Lafiandra et al. 1987), but detailed 
karyotype analyses have not been carried out. 

Comparison of the hybridisation patterns of 
MG27079 and MG27094 (Figs. 3 and 4) showed restric- 
tion fragment polymorphism consistent with that ob- 
served in the protein patterns (Fig. 1). By combined eval- 
uation of the DNA and protein polymorphisms it is pos- 
sible to tentatively assign some proteins to specific DNA 
fragments. In particular the two major chromosome 1B- 
encoded co-gliadins present in MG27079 (indicated by 
box i in Fig. 1) are absent from MG27094 and are prob- 
ably encoded by genes on HindIII fragment 10, EcoRI 
fragment 6 (the absence of this fragment is clearly seen on 
the autoradiograph, but is not clear in the reduced pho- 
tograph in Fig. 3) and the additional BamHI fragment 
between 7 and 8. Similarly, the slowest 7-gliadins of 
MG27079 (box 2 in Fig. 1) are absent from MG27094 
and 'Chinese Spring' (Lafiandra et al. 1987) and are pos- 
sibly encoded by genes on the fragment indicated by 
arrowheads in Fig. 3 A. 
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In conclusion, comparisons of  the 'null '  and 'normal '  
forms of  bread and durum wheats by combined protein 
and D N A  analyses have demonstrated that all the 'null' 
forms appear to derive from deletions of  structural genes 
on chromosomes 1A (durum wheat) and 1D (bread 
wheat). Comparisons of  the bread wheat accessions also 
allow us to allocate individual gliadin proteins to D N A  
restriction fragments, which has not been possible previ- 
ously due to the high degree of  polymorphism and struc- 
tural homology of  the gliadin gene families. The 'null' 
forms identified in this and previous studies (Lafiandra 
et al. 1987, 1989; Payne et al. 1984a) will also facilitate 
the analysis of  wheat gluten structure and functionality 
by allowing the construction of  isogenic lines to correlate 
the presence or absence of  specific proteins with various 
characteristics. 

Acknowledgements. Part of this work was carried out at the 
AFRC Institute of Arable Crops Research, Rothamsted Exper- 
imental Station, supported by the European Economic Commu- 
nity (grant B/87000603). We thank Mrs. J. M. Llewellyn and the 
Photography Department at Long Ashton for the typing of the 
manuscript and preparing the figures, respectively. 

References 

Autran JC (1975) Nouvelle possibilit6s d'identification des vari- 
et6s Frangaises de bl6 par 61ectrophorbse des gliadines du 
grain. Ind Alim Agric 92:1065-1094 

Bartels D, Altosaar I, Harberd NP, Barker RF, Thompson RD 
(1986) Molecular analysis of 7-gliadin gene families at the 
complex Gli-1 locus of bread wheat (T. aestivum). Theor 
Appl Genet 72:845-853 

Colot V, Bartels D, Thompson R, Flavell R (1989) Molecular 
characterization of an active wheat LMW glutenin gene and 
its relation to other wheat and barley prolamin genes. Mol 
Gen Genet 216:81-90 

Damania AB, Porceddu E, Jackson MT (1983) A rapid method 
for the evaluation of variation in germplasm collections of 
cereals using polyacrylamide gel electrophoresis. Euphytica 
32:877-883 

Erskine W, Bourgois J J, Shresta PM (1979) Report of the IBPGR 
wheat and barley collecting expedition to the hills of Nepal. 
AGP: IBPGR/79/45, IBPGR Secretariat, Rome 

Lafiandra D, Kasarda DD (1985) One- and two-dimensional 
(2 pH) system of polyacrylamide gel electrophoresis carried 
out in a single gel: separation of wheat proteins. Cereal 
Chem 62:314-319 

Lafiandra D, Colaprico G, Kasarda DD, Porceddu E (1987) 
Null alleles for gliadin blocks in bread and durum wheat 
cultivars. Theor Appl Genet 74:610-616 

Lafiandra D, Benedettelli S, Margiotta B, Proceddu E (1989) 
Chromosomal location of gliadin coding genes in T. aestivum 
ssp. spelta and evidence on the lack of components con- 
trolled by Gli-2 loci in wheat aneuploids. Theor Appl Genet 
78:177-183 

Payne PI (1987) Genetics of wheat storage proteins and the 
effect of allelic variation on bread-making quality. Annu 
Rev Plant Physiol 38:141-153 

Payne PI, Holt, LM Hutchinson J, Bennett MD (1984a) Devel- 
opment and characterization of a line of bread wheat 
Triticum aestivum, which lacks the short-arm satellite of 
chromosome 1B and the Gli-B1 locus. Theor Appl Genet 
68:327-334 

Payne PI, Holt LM, Jackson EA, Law CN (1984b) Wheat stor- 
age proteins: their genetics and their potential for manipula- 
tion by plant breeding. Philos Trans R Soc London Ser B 
304:359 -371 

Pogna NA, Dal Belin Peruffo A, Mellini F (1985) Genetic as- 
pects of gliadin bands 40 and 43.5 associated with gluten 
strength. Genet Agrar 39:101-108 

Sabelli PA, Shewry PR (1991) Characterisation and organisa- 
tion of gene families at the Gli-I loci of bread and durum 
wheats by restriction fragment analysis. Theor Appl Genet 
(in press) 

Wrigley CW, Shepherd KW (1974) Identification of Australian 
wheat cultivars by laboratory procedures: examination of 
pure samples of grain. Aust J Exp Agric Husb 14:796-804 


