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Summary. A genomic fragment containing the Bx17 high-
molecular-weight (HMW) glutenin gene was isolated
from a wheat genomic library. The fragment contains a
coding region of 2.82 kb with 1.98-kb downstream and
12.8-kb upstream flanking regions. The fragment was se-
quenced and compared with previously published
glutenin genes from chromosomes 1A, 1B and 1D using
a computer alignment package. The Bx17 gene shows
marked similarity to the Bx7 gene sequence. A phenetic
tree derived from the alignments is presented. Also shown
are restriction fragment length polymorphisms (RFLPs)
at the glutenin loci in a set of Australian and internation-
al wheat varieties using different regions of the glutenin
clone as probes. The RFLPs correlated well with the
protein composition in all cultivars analysed.

Key words: Wheat — Glutenin — Dough — Evolution —
RFLPs

Introduction

Genes coding for the high-molecular-weight (HMW)
glutenins are expressed in a highly regulated fashion in
the developing endosperm tissue of wheat seeds.
Hexaploid wheats contain up to six copies of these genes
which are located in pairs, made up of an x-type and a
y-type subunit gene, on the long arm of chromosomes 1A,
1B and 1D. Several studies have shown that one or more
of the HMW glutenin genes are not expressed in wheat
cultivars at the mRNA (Forde et al. 1985) and protein
level (Lawrence and Shepherd 1980; Galili and Feldman
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1983). These studies have also shown that the y-subunit
gene from the Glu-A1 locus is silent in hexaploid wheat.

The HMW glutenin genes that are expressed exhibit exten-
sive allelic variation in the protein products that they code.
Varjation in the allelic composition of European wheats is
known to correlate significantly with the variation in bread-
making quality (Payne et al. 1981; Moonen et al. 1983). Since
glutenins have been implicated in forming highly complex sec-
ondary interactions with other gluten protein components, it is
likely that variation in HMW glutenin subunits affects the prop-
erties of the aggregates containing them. Amino-acid sequences
deduced from genomic clones for subunits Ax2*, Bx7, By9, Dx5,
Dy10, Dx2 and Dy12 (Sugiyama et al. 1985; Thompson et al.
1985; Halford et al. 1987; Anderson and Greene 1989) have
shown that the glutenins are made up of a large central domain,
composed of repeated amino-acid sequences, which is flanked by
unique N- and C-terminus regions. Computer predictions of
secondary structures based on these sequences, supported by
circular dichroism spectroscopy and scanning tunnelling micros-
copy, suggest that the central repeated domain adopts a beta-
spiral structure (Tatham et al. 1985; Miles et al. 1991) that con-
fers elasticity to the glutenin molecule.

The nucleotide sequences of subunits Ax2*, Bx7 and
Dx5 from cultivar Cheyenne were compared by Ander-
son and Greene (1989). They found that while the Ax2*
and Dx5 sequences could be aligned to each other, the
Bx7 sequence contained repeats of a different pattern that
prevented alignment with the other two genes. We have
isolated and sequenced a Bx17 subunit from wheat and
aligned its sequence with previously published HMW
glutenin genes using a computer-assisted sequence align-
ment algorithm. In addition, we have obtained the nucle-
otide sequence information of regions extending 1.98 kb
downstream and 1.91 kb upstream from the gene. Se-
quences from the coding and flanking regions have been
used as ‘markers’ to study restriction fragment length
polymorphisms (RFLPs) in a set of 59 Australian and 15
international wheat cultivars, and these RFLPs are com-
pared with the protein composition of the cultivars.



Materials and methods
Wheat material for isolation of total genomic DNA

Wheat leaf DNA was extracted from 2-month old plants by
incubating 1 g of finely ground leaf material in 5 ml of extrac-
tion buffer (0.05M Tris-HCI, pH 7.0; 0.1 M NaCl; 0.3M EDTA;
0.3 mg proteinase-K and 0.6 ml of 5% SDS) at 37°C for 2 h.
The DNA was precipitated in ethanol and treated with RNase
(50 ug/ml) before phenol/choroform extraction and final
ethanol precipitation.

The wheat lines included the null subunit lines that are
deficient for various combinations of the HMW glutenins and
were supplied by Dr. G.J. Lawrence. The null lines 1.86-69,
1.86-110, L86-111 and L86-114 were derived from crosses be-
tween mutant lines of cultivars Olympic and Gabo (see Law-
rence et al. 1988). L86-69 contains the subunits 1, 17+ 18 and
5+10; L86-110 contains only subunit 1, L86-111 only subunits
17+ 18, and L86-114 only subunits 5+ 10. In addition, DNA
from the following Australian and international cultivars, kind-
ly supplied by Dr. C. E. May, was analysed:

Australian cultivars — Banks, Bencubbin, Bodallin, Canna, Co-
camba, Condor, Cook, Corella, Cranbook, Dagger, Diaz,
Egret, Eradu, Eurcka, Falcon, Gabo, Gamenya, Gluclub,
Gutha, Halberd, Hartog, Harrier, Isis, Kalkee, Kiata, Kite, Ko-
da, Kulin, Lowan, Madden, Miling, Millewa, Minto, Moray,
Olympic, Osprey, Oxley, Quadrat, Quarrion, Robin, Rosella,
Schomberg, Shortim, Skua, Songlen, Spear, Sundor, Sunbird,
Suneca, Sunstar, Sunkota, Sunco, Teal, Timson, Tincurrin, Vas-
co, Warigal, Wren and Wyuna.

International varieties — Mexico-1856, Israel M68, Chinese
Spring, Maris Huntsman, Maris Ranger, Kapstein, Neepawa,
Norin 10, Pictic 68, Chile 1B, Mexico 120, Sonora 64A, Sonora
64B and La Prevision.

Gene library construction and screening

Genomic libraries were constructed by ligation of DNA from
the euploid and three double-null subunit lines to lambda-
Gem-11. Wheat DNA was partially digested with Sau3A restric-
tion endonuclease and the DNA size-fractionated on a 10-40%
glycerol gradient (Maniatis et al. 1982). DNA fractions were
ligated into BamHI-digested lambdaGem-11 (Promega Corp.,
Australia) and transformed in NW2 (Woodcock et al. 1988), a
recA”, methylation-tolerant, rgf/ B~ derivative of E. coli DS410.
Plaques were transferred onto nitrocellulose filters and probed
with nick-translated 3*P-labelled p1By-9 DNA (kindly supplied
by Dr. P. Shewry). Single positive plaques were selected after
four rounds of plaque purification and one of these clones,
2AGlu69 from the line 1L.86-69, was used for sequence characteri-
sation.

The Sacl sites located within the AGlu69 clone vielded frag-
ments with lengths ranging from 300 bp to 11 kb which were
subcloned into the Sacl site of phagemid Bluscript SK ™ (Strata-
gene) for nucleotide sequencing. Nested deletions were generat-
ed in these Sacl subclones using the Erase-a-base kit (Promega
Corp.) by incubating DNA at 30°C with Exonuclease III and
withdrawing 1 pg aliquots at 1 min intervals followed by S1
nuclease digestion. The recessed ends were filled in with Klenow
polymerase and ligated at 26°C for 4 h. The clones showing
deletions of 300—500 bp size were sequenced using the 24-mer
M13 universal primer on the ABI automatic sequencing ma-
chine (Applied Biosystems, USA). The template for sequencing
in both orientations was the ssDNA rescued using M13K07
infection of the Bluescript phagemid. The Sacl sites in the se-
quence were ‘‘crossed” by recovering the appropriate DNA
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fragment using the polymerase chain reaction (Cetus Tagl DNA
polymerase).

Computer-assisted sequence alignment

Nucleotide and amino-acid sequences from various regions of
the glutenin genes were aligned phenetically by the Sequence
Alignment package developed by Smith (1987). Alignment
scores were derived from similarity measures of pairwise com-
parisons and the scores utilized in generating phenetic trees as
described previously (Reddy and Appels 1989).

Results
Characterisation of a HMW glutenin géne clone

A 17.6-kb DNA fragment derived from the genomic li-
brary of the L86-69 line was characterized by nucleotide
sequencing and restriction analysis. This fragment con-
tains a 2.26-kb coding region bounded by a 12.8-kb up-
stream and 1.98-kb downstream flanking sequence
(Fig.1). The amino-acid sequence of the glutenin
polypepide was deduced from the nucleotide sequence of
the cloned gene. It translated into a 755 amino-acid long
precursor protein comprising a signal peptide of 21
amino-acids, an N-terminus of 81 residues and a C-ter-
minus of 42 residues, with an estimated molecular weight
of 80,750 Da.

The upstream promoter region contains the typical
cukaryotic TATA sequence at —91 and the CCAT se-
quence at the ~119 position from the start of translation
(Fig.1). The open reading frame of AGlu69 ends at a
double stop codon ‘TGATAG’ that is followed by a puta-
tive polyadenylation site ‘AATAAA’ 51 bases down-
stream from the stop codons. A similar sequence
(AATAAT) is present 41 bases downstream from the
polyA site which might be responsible for adenylating
any read-through transcripts. Multiple polyadenylation
signals have also been detected in other seed-storage
protein genes of rice, barley and wheat (Okita et al. 1985;
Pitts et al. 1988; Masumura et al. 1990).

Analysis of sequences flanking the coding region in
AGlu69 revealed duplication and inversion events. A
tandem duplication of 53 bases is located 569 bases up-
stream of the gene (Fig. 1). Nested within this duplication
is a 24-bp sequence which bears sequence similarity to the
—300 conserved element (Kreis et al. 1985). The duplica-
tion of the —300 element appears to be unique to the Bx
subunit genes since it is also present in the Bx7 gene
(Anderson and Greene 1989) but not the By subunit or
any other HMW glutenin gene sequenced so far (Forde
et al. 1985; Halford et al. 1987). This suggests that either
a duplication of this sequence has occurred in the Bx
subunit genes after divergence of the three genomes in
wheat or else that the other subunit genes have lost the
sequence by deletion.
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~1795
GAGCTCTCCCATCCAATTGAAATATTCAATTTTAGATTTGGTTCACAATT TTGATCGGGTCGATGGTATCAATCCCGCGCATCCTCTCACCATARAAA

AAAGAGTCAATATATGATATTGTAGCATTAATACATTACATGTAGCCACCGACATGGAAAACGTCCATGCATAAGTATGGTTGATTAATGAAAAACTC
-1599
ATAATCACACTGCATTTTTATAAATAAAAAGAAAATACACTTCATCATCTTCCTCACACACCAAGCCAAATACTCCATCTGTTTCTTTGACCAAGTTC

ACAACCAAAAACATCAATATCCATAATACTAAATAAATARAATATGAAAATTCGTTTCATGCTTAATCCAATGATATCGACTTGATATTATGGATATT
~1403

TATGTATTTCTCTACAAATTTGATCAAACTTTAAAAGGT TTAACTTCTCAAAMAAAAACTAATACACCTCATATTTTARAACAGAGAGAGTAGTTTTT

TTTTACCCAAACCCCCAACTGCCCAGCAAAGCGCGCTCAACTCTTCCTAGTCTARAATAACTAGCATCCACTAACACATTTCTCCCGACATGCARGCAC
-1207
GTCACCTATGAAAATGCCCACCTCAATATGCAACCATGCATAGAAGAAAGCTCACCTCAGCATGCAAATCATGCAGCARATTTCCATTTTACTTGGCT

ATTTATGTTTGATAAATATTTCACAAATATACAATAATCAAAAACAATAAATTATATGTGTTTTTAGT TTTAGTTCTCATATCCAAATATACATGTTT
-1011
CATACAACCAAATCTCATTTAAATATATTGTAAAATATTCCGGCAACAACTTGTGGGGTACATCTAGTTACAGTGGAATATTAGTGATGGCCTGACGA

AGCGATAAGGCCAACGAGAGAAGAAGTGCGTCGTCCTATGGAGGCCAGGGAAAGACAATGGACATGCCARAGAGGTAGGGGCAGGGAAGARACACT TG
-815

GAGATCCATAGAAGAACATAAGAGGTTAAACATCGGAGGGCATAATGGACAATTAAATCCTACAT TAATTGAACTCATTTGGGAAGTARACARAATCC

ATATTCTGGTGTAAATCAAACTATTTGACGCGGATTTACTAAGATCCTATGTTAATTTTAGACATGACTGGCCARAGGTTTCAGTTAGTTCATTTGTC
-619
ACGGAAAGGTGTTTTCATAAGTCCARAACTCTACCAACTTTTTTGCACCGTCATAGATAGATAGATGCTGTGAGTCATTGGATAGATATTGTGAGTCA

GCATGGATTTGTGTTGCCTGGARATCCAACTAAATGACAAGCAACAAAACCTGAAAT GGGCTTTAGGAGAGATGGTTTATCAATTTACAGTTTCCATG
~423
CAGGCTACCTTCCACTACTCGACATGGTTAGAAGTTTTGAGTGCCGCATAT TTGCGGAAGAATGGCACTACTCGACATGGTTAGAAGTTTTGAGTGCC

—

GCATATTTGCGGAAGAATGGCTAACAGATACATATCTGCCAAACCCCAAGAAGGATAATCACTCCTCTTAGATAAAAAGAACAGACCAAGGTACARAC
- -227

ATCCACACTTCTGCAAACAATACACCAGAACGAGGATTAAGCCCATTACGTGGCTTTAGCAGACCGTCCAAAAATCTGTTTTCGCAAGCACCAATTGC

TCCTTACTTATCCAGCTTCTITTTGTGTTGGCAAACTGCCCTTTTCCCAACCGATTTGTTCTTCTCACGCTTTCTTCATAGGCTAAACTAACCTCGGCG
=31
TGCACACAACCATGTCCTGAAGCCTTCACCTCGTCCCTATAARAGCCCATCCAACCTTCACAATCTCATCATCACCCACAACACCGAGCACCCCAATC
68
TACAGATCAATTCACTGACAGTTCACTGAGATGACTAAGCGCCTGGTCCTCTTTGCGGCAGTAGTCGTCGCCCTCEGTGGCTCTCACCGCCGCTGAAGG
MetThrLysArgLleuValleuPheAlaAlavValvalValAlaleuvValAlaleuThrAlaAlaGluGl
166
TGAGGCCTCTGGACAACTACAATGTGAGCACGAGCTCGAGGCATGCCAACAGGTGGTGGACCAGCAACTCCGAGACGTTAGCCCCGGGTGCCGCCCCA
yGluAlaSerGlyGlnleuGlnCysGluHisGluLeuGluAlaCysGilnGlnValValAspGlnGlnLeuArgAspValSerProGlyCysArgProl

TCACCGTCAGCCCGGGCACGAGACAATACGAGCAGCAACCTGTGGTTGCGTCCAAGGCCGGATCCTTCTACCCCAGCGAGACTACGCCTTCGCAGCAA
leThrValSerProGlyThrArgGlnTyrGluGlnGlnProValValAlaSerLysAlaGlySerPheTyrProSerGluThrThrProSerGinGln
362
CTCCAACARATGATATTTTGGGGAATACCTGCACTACTAAGAAGGTATTACCCAAGTGTAACTTCTTCGCAGCAGGGGTCATACTATCCAGGCCAAGC
LeuGlnGlnMetIlePheTrpGlyIleProAlaleuleuArgArgTyrTyrProSerValThrSerSerGlnGlnGlySerTyrTyrProGlyGlnAl

TTCTCCCCAACAGTCAGGACAAGGACAGCAGCCAGGACAAGAACAGCAACCAGGACAAGGGCAACAAGATCAGCAGCCAGGACAARGACAACAAGGAT
aSerProGlnGlnSerGlyGlnGlyGlnGlnProGlyGlnGluGlnGlnProGlyGlnGlyGlnGlnAspGlnGlnProGlyGlnArgGlnGlnGlyT
558
ACTACCCAACTTCTCCGCAACAGCCAGGACAAGGGCAACAACTGGGACAAGGGCAACCAGGGTACTACCCAACTTCACAGCAGCCAGGACAAAAGCAG
yrTyrProThrSerProGInGlnProGlyGlnGlyGlnGlnleuGlyGlnGlyGlnProGly TyrTyrProThrSerGlnGlnProGlyGlnLysGln

CAGGCAGGACAAGGGCAACAATCAGGACARGGACAACAAGGGTACTACCCARCTTCCCCGCARCAGTCAGGACAAGGGCAACAACCGGGACAAGGGCA
GlnAlaGlyGlnGlyGlnGlnSerGlyGilnGlyGlnGInGlyTyrTyrProThrSerProGlnGlnSerGlyGlnGlyGlnGlnProGlyGlnGlyGl
754
ACCAGGGTACTACCCAACTTCTCCGCAGCAGTCAGGACAATGGCAGCAACCAGGACAAGGGCAACAACCAGGACAAGGGCAGCAATCAGGACAAGGGC
nProGlyTyrTyrProThrSerProGlnGlnSerGlyGlnTrpGlnGlnProGlyGlnGlyGlnGlnProGlyGlnGlyGlnGlnSerGlyGIlnGlyG

AACAAGGTCAGCAGCCAGGACAAGGGCAACGACCAGGACAAGGACAACAAGGGTACTACCCAATTTCTCCGCAACAGCCGGGACAAGGGCAACAATCA
InGInGlyGInGlnProGlyGinGlyGlnArgProGlyGlnGlyGlnGlnGlyTyrTyrProlleSerProGlnGlnProGlyGlnGlyGlnGlnSer
950
GGACAAGGGCAACCAGGTTACTACCCAACTTCTTTGCGGCAGCCAGGACAATGGCAGCAACCAGGACAAGGGCAGCAACCAGGACAAGGGCAACAAGG
GlyGlnGlyGlnProGlyTyrTyrProThrSerLeuArgGlnProGlyGlnTrpGlnGlnProGlyGlnGlyGinGlnProGlyGlnGlyGlnGlnGl

TCAGCAGCCAGGACAAGGACAACAATCAGGACAAGGACAACAAGGATACTACCCAACTTCTCTGCAACAGCCAGGACAAGGGCAACAACTGGGACAAG
yGInGInProGlyGlnGlyGlnGlnSerGlyGInGlyGlnGlnGlyTyrTyrProThrSerLeuGinGlnProGlyGlnGlyGlnGlnLeuGlyGinG
1146
GGCAACCAGGGTACTACCCAACTTCGCAGCAGTCGGARCAAGGGCAGCAGCCAGGACAAGGAAAACAACCAGGACAAGGACAACAAGGGTACTACCCA
1yGInProGlyTyrTyrProThrSerGlnGlnSerGluGlnGlyGlnGlnProGlyGlnGlyLysGlnProGlyGlnGlyGlnGlnGlyTyrTyrPro

ACTTCTCCGCAACAGTCAGGACAAGGGCAACARCTGGGACAAGGGCAACCAGGTTACTACCCAACTTCTCCACAGCAGTCAGGACAAGGACAACAATC
ThrSerProGlnGlnSerGlyGlnGlyGlnGlnLeuGlyGlnGlyGlnProGlyTyrTyrProThrSerProGlnGlnSerGlyGlnGlyGlnGlnSe
1342
AGGACAAGGACAACAAGGGTACTACCCAACTTCTCCGCAACAGTCAGGACAAGGCCAACAACCGGGACAAGGGCAATCGGGGTACTTCCCAACTTCTC
rGlyGlnGlyGlnGlnGlyTyrTyrProThrSerProGlnGlnSerGlyGInGlyGlnGlnProGlyG1lnGlyGlnSerGlyTyrPheProThrSerA

Fig. 1 (for continuation see page 619)
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GGCAGCAGTCAGGACAAGGGCAGCAGCCAGGACARGGACAACAGTCCGGACAAGGGCAACAAGGTCAGCAACCAGGACAAGGACARCARGCGTACTAC
rgGlnG1lnSerGlyGinGlyGlnGlnProGlyGlnGlyGInGlnSerGlyGlnGlyGlnGlnGlyGlnGinProGlyGlnGlyGlnGlnAlaTyrTyr
1538
CCAACTTCTTCGCAACACTCAAGACARAGGCAACAGGCAGGACAATGGCAACGACCGGGACARGGGCAACCAGGGTACTACCCAACCTCTCCACAGCA
ProThrSerSerGlnGlnSerArgGlnArgGinGlnAlaGlyGlnTrpGlnArgProGlyGinGlyGlnProGlyTyr TyrProThrSerProGlnGl

GCCAGGACAAGAGCAACAATCAGGACAAGCGCAACAATCAGGACAATGGCARCTAGTGTACTACCCAACTTCTCCGCAACAGCCAGGCCAATTGCAAC
nProGlyGlnGluGlnGlnSerGlyGinAlaGlnGlnSerGlyGinTrpGlnLleuvalTyrTyrProThrSerProGlnGlnProGlyGlnleuGlnG
1734
AACCAGCACAAGGGCAACAACCAGCACARGGGCAACART CAGCACARGAGCAACAGCCAGGACAAGCGCARCAATCAGGACAATGGCAACTAGTGTAC
1nProAlaGlnGlyGlnGlnProAlaGlnGlyGlnGlnSerAlaGlnGluGlnGlnProGlyGlnAlaGlnGlnSerGlyGlnTrpGlnLeuvValTyr

TACCCAACTTCTCCGCAACAGTCAGGACAAGGGCARCAAGGGTACTACCCARCTTCTCCGCARCAGTCAGGACAAGGGCAGCAGCCAGGACRAGGACA
TyrProThrSerProGlnGlnSerGlyGlnGlyGIinGlnGlyTyx TyrProThrSerProGlnGlnSerGlyGlnGlyGinGlnProGlyGlnGlyGl

1930
ACAGCCAAGACAAGGGCAACAAGGGTACTACCCAATTTCTCCGCAGCAGTCAGGACAAGGGCAACAACCAGGACAAGGGCAACAAGGATACTACCCAA
nGlnProArgGlnGlyGlnGlnGlyTyrTyrProlleSerProGlnGlnSerGlyGlnGlyGInGInProGlyGlnGlyGinGlnGlyTyrTyreroT

CITCTCCGCAGCAGTCAGGACAAGGGCAACAACCAGGACAT GAGCAACAGCCAGGACAATGGCTGCAACCAGGACAAGGGCAACAAGGGTACTATCCR
hrSerProGlnGlnSerGlyGlnGlyGInGlnProGlyHisGluG1lnGlnProGlyGinTrpleuGlnProGlyGlnGlyGlnGilnGlyTyrTyrPro
2126
ACTTCTTCACAGCAGTCAGGACRAGGGCATCAATCAGGACAAGGGCAACAAGGGTACTACCCARCTTCTCTGTGGCAACCAGGACARGGGCAACAAGG
ThrSerSerGlnGlnSerGlyGInGlyHisGlnSerGlyGlnGlyGInGlnGly TyrTyrProThrSerLeuTrpGlnProGlyGinGlyGlnGlnGl

CTACGCCAGCCCATACCATGTTAGCGCGGAGTACCAGGCGGCCCGCCTAAAGGTGGCARAGGCGCAGCAGCTCEGCGGCACAGCTGCCGGCAATGTGCC
yTyrAlaSerProTyrHisValSerAlaGluTyrGlnAlaAlaArgleulysValAlalysAlaGlnGinLeuAlaRlaGlnLeuProAlaMetCysA

2322
GGCTGGAGGGCAGCGACGCATTGTCGACCAGGCAGTGATAGAACTCTCTGCAGCTTGCATGETGCTTGGGCATGCATGCACCT TAGCTATACAATARA
rgleuGluGlySerAspAlaleuSerThrArgGln * *

CGTGACGTGTGTTCACAGCTTTTCGTGTARCTAGAGTAARGCCCAARTAATAATGCAAGATGAARAAGCTTCTCCGACTARAAAAAAGAACAAARCTGGTG
2518
CTATATAGTATGTGTTGCATGTCTCAGTTCATTGTCAGCCACTGAATGCARACATACTCCTATATTTTGCATGCGARAARAGAGGGTGTGGCAATATC

CCTAGCTAAAACTAACAACAGTTAGAAGGAAARAAAGAACAGACCAARAATGGCTTCTTGGTTTGAGACCTACCATCATCCAAGCAAGGGAAAGGGAAA
2714
ACGCCACATTCTICGGGTGCAGACTAGGGATACGAGAGARAAATTGTGCGCTCACCTGTGCCTCCTGCCGCTCCTTCTARCCGCCGGTGAARATTCTT

ATCCGGTGATCGTAATGATCGGCACGAGAGTTTCGCCCACTCTCGCGTCGATCCAGGCCAAT TCGATGEGGGTGCTGCTGCTCGTGGGTTCGTGGTCT
2910
TCGCACCGTGAAARTGGCAGAAGCATACGCCTCCTGAGCTGTGCTTGCTGT TGT TCATGGATCCGTGGCT TGTGCGGCAGGARGRAGAGGGAGGCTGGG

CAAGAGACATCGACATCAGCGAGAAAGARAACAAAGAGGAAGTGGAGGCCCAAT TTCTGTCGCTGGACGTCACATGAAGCGARGGAGCCATCAACATC
3106 -
AGAGACAAAGRARACAAAGAGGAAGTGGGGCCGCAATTTCTGTGCCTGGACGTCACATGARGCGGAGGAGCCATTGACATCAGAGACARAGAAAACRR

AGAGGAAGTGGGGCCGCAATTTCTGTGGCTGGACGTCACAT GAAGCGGAGGAGCCATCGACATCAGAGACAAAGARGAAGAGCAAGAACGGEGCETCG

3302
AGCTCTGAGCCGCACAAGAAAAGGTGGTTCARGACCARGATTTCGAGARAGAAGAAGGCCARGAACARACAGT TGECAACCCTTGTGARAAGAGATTTC

ACTCCCAAGTAATGCCCTCCATCATCTTATTATCCATCTTTGCAGAGARACTARATTCAGCAATATCARAT TTATCAATGATTATCARTGAATATTTG
3498
CCCARCACAGATATGTGACGAGCACTCAGGTACTTACATAGGARATCTGGTGGTAAGARTGT TTAGTTCAAATACATTGCAACAACAAGTTAGTGATG

TTCAGGGATAGTTGTATGTGCATTGCCCTCTTCTTGGACCTACT TTCACCCTGAAATTTGTAATCCTGGAT TAGTARTTCATGT TTGGGCGATTAAGT
3634
AAGCATTTCTGATTGAGAAGAAATCTTARRATGCAGATAGTCCCARGGCCAGGGCTGCGGCAGEGGAARTACTACGGATCGGCAACCACAACATTCCT

AGCAGAGTGTTTACGTACAGTCAACTGTCAGACGCGACCAATTCT TTCAGCCAGGAGAATCT CCTGGGAGAAGGTGGCTTTGGARGGGTGTACAAAGG

3890
ATACATTCCAGAGACCATGGAAGTAATAAGCATTCCTTCTCCCAGCTTCCTGTTCTATGTTTCATTAAGTTGGCACCTCAAGATGCTATGCTACATAC

AGCRGCAARCACCTTCCTGATGTAAATTATGTGCGTACGTAGGTCATAGCGGTTAAGCAGCTGGACAAGGATGGETTGCAAGGAAATCGTGAGTTCCTT

4086
GTCGAGGTGCTGATGCTTAGCCTCCTTCATCACCCARACCTTGTCACCTTGCTCGGTTACTGCACCGAATGTGACCAARACATTCTAGTGTATGAGTA

TATGCCACTCGGTTCTTTACAAGATCATCTCCTAGGTAATACAGAACAATAATGTTGTGGTTCTCGAACATATTCCGCAGARCTGAAAAATCTGARAT
4147
TATGATAGCACATTTGTATCGATGCTGATTTGGTACTTGAATTCTGCAGATCCTCGAGCTC

Fig. 1. Nucleotide and deduced amino-acid sequence of the Bx17 glutenin clone (AGlu69). The numbering originates at the first
methionine of the open reading frame. The TATA and putative polyadenylation sequences are boxed and the stop codons indicated
with asterisks. The tandem duplication containing the —300 clement is underlined and the latter enclosed in brackets
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18000 bp DNA segment from the Glu-Bx17 locus
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Origin of the HMW glutenin clone AGlu69

The chromosomal origin of the clone was determined by
comparison of the Zagl restriction fragment sizes of
DNA from the null subunit lines with that of the AGlu69
clone cut with the same enzyme. Hybridization of DNA
from this digest with a Sacl fragment of AGlu69 contain-
ing most of the gene coding region (pGlu69b) indicated
that the clone was derived from the chromosome-1B
locus of HMW glutenins (Fig. 2). Since the G/u-B1 locus
in the null lines is derived from the Gabo parent
(Lawrence et al. 1988), this clone was expected to corre-
spond to either the Bx17 or the By18 allele. Nucleotide
sequence analysis of the AGlu69 clone revealed it to be an

<4-25kb

Fig. 2. Top panel: restriction map of the AGlu69
clone and an enlarged section showing the three
Sacl fragments used for sequencing (labelled
pGlu69a—c). The gene region is hatched and the
restriction sites shown are B, BamH]I, D, Dral; E,
EcoRI; H, HindlII1; N, Ncol; S, Sacl; Xb, Xbal;
Xh, Xhol. The sections of AGlu69 were sequenced
are indicated (lessd). Bottom panel: Tagl-di-
gested DNA of the null lines L86-69, -110, -111
and -114 (lanes 1-4) and the AGlu69 DNA
(lane 5) was immobilized on nylon membrane and
hybridized with the pGlu69b subclone. The arrow
on the left indicates the band corresponding to the
glutenin gene from the B genome and the number
on the right a molecular weight marker. The chro-
mosome-1B band is present in Jane 1 but has come
up relatively faintly

x-subunit clone based on its length, N-terminal sequence
and repetitive motif patterns (data in next section), thus
establishing its correspondence to the Bx17 allele.

Alignment of the Bx17 sequence
with genes from chromosomes 1A, 1B and 1D

The amino-acid sequence of the gene for subunit 17 was
aligned with that of eight previously published HMW
glutenin genes using the multiple sequence alignment al-
gorithm (Smith 1987). This program is equipped to com-
pare sequences of different lengths where it automatically
normalizes the alignment scores by dividing with the to-
tal alignment length. Alignment scores based on the en-
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—((x) Glu-Bx17 tire peptide sequence of the nine subunits were then used
to produce a phenetic tree (Fig. 3). The dichotomy be-

(x)
(x)
L_—L———E: Exg Glu-Dx2 tween the x- and y-type genes is clearly apparent by the
— ) (x) Glu-Dx5 tight clustering of the genes from different genomes with-
(v)
)

y) Glu-Ay in a subunit type. Within a cluster, the y subunits (except

(v) Glu-By9 for the 1Ay silent gene) associate more closely, indicating
—L: Ey§ gﬁjgy ;g greater sequence similarity, than to the x genes. Sequence
Y Y alignment using an alternative computer program devel-

Fig. 3. A phenetic tree derived from the sequence alignment of . ..
the nine HMW glutenin genes. The genes are indicated in paren- oped by SoftGene GmbH (Berlin) produced a similar

thesis and by their allelic nomenclatures result where all the y-type sequences aligned closer to
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Fig. 4. Alignment of amino-acid sequences of Bx17 and the consensus sequences of the x- and y-type HMW glutenin genes using the
muitiple sequence alignment algorithm. Residues in the x- and y-consensus that are similar to Bx17 are shown by a do? and those
that are different by the relevant letter. Deletions in all three sequences are indicated by a dash
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each other than did the x-type genes (B. Wittig, personal nonapeptide repeats. This deletion in Bx17 probably ex-

communication). plains the difference in mobilities of the two proteins on
Of particular interest in the phenogram was the close an SDS-electrophoresis gel (separation based on protein
branching of the allelic forms of a subunit type (for ex- size) where Bx17 protein runs faster than Bx7 (data not
ample Bx17 and Bx7). The Bx17 and Bx7 genes aligned shown).
perfectly with each other except for two amino-acid sub- An alignment of the consensus sequence of the x- and
stitutions and a 36 codon deletion. The 36 amino-acid y-type genes is shown in Fig. 4. A marked difference
deletion in Bx17 was located in the repetitive domain and exists between the two types in the central domain, with
included the loss of a block of three hexapeptide and two several deletions, duplications and substitutions separat-
ing their amino-acid sequence. In contrast, the N- and
BamH1 EcoR1 C-termini are very similar between the two types with
:“"T—“;‘—‘: ‘ﬁ' only an 18-residue-long deletion distinguishing the N-ter-

minus of the x subunits relative to the y. Figure 4 also
shows the clear alignment of AGlu69 to the x-type genes.

Variability in wheat varieties assayed with LGiu69
' The three subclones, pGlu69a-c (see Fig. 2), spanning
i the upstream, coding and downstream flanking regions
of the Bx17 clone were used as probes in the restriction
analysis of a set of 59 Australian and 15 International
wheat varieties. Five different restriction endonuclease
enzymes, viz. BarmHI, HindI1l, EcoR1, EcoRV and Tagql,
were used to assay variation at the glutenin loci in these
wheats. The following profiles were observed:

Using the 5’ flanking regions as probe: When subclone
pGlu69a (from the 5" flank) was used as a probe on the
wheats digested with the above five enzymes, no varia-
Fig.5. DNA from vaticties Skua (fane 1), Canna (lane2), . ca . & ot amoim s eotron
Suneca (lane 3) and Warigal (lane 4) was digested with BamHI 10n 11 banding patie - g - :
and EcoRI individually, immobilized on nylon membrane and Although each enzyme produced a distinct banding pat-

probed with the upstream sequence subclone pGlu69a tern the bands were uniform in all varieties tested (Fig. 5).
a b
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Genetic designation of locus

Fig. 6. a Tagl-digested DNA of eight wheat cultivars Osprey, Olympic, Oxley, Banks, Songlen, Dagger and Quarrion in lanes 1-8
respectively was blotted onto nylon membrane and hybridized with the coding region subclone pGlu69b. b Diagrammatic represen-
tation of the relative positions of the 7agl bands produced by using pGlu69b as an RFLP marker on 74 wheat cultivars. The bands
are shown for the three glutenin loci and the allelic designation is written at the bottom of each lane with the numerical denotation
at each band



Fig. 7. DNA of cultivars Cranbrook, Gutha, Oxley and Tincur-
rin restricted with Hpall (lanes 1—4) and its isoschizomerMspl
(lanes 5—8) was blotted and probed with pGlu69b. These two
pairs of cultivars share identical glutenin composition but can be
differentiated by RFLPs produced by the Hpall enzyme

Multiple bands were arranged in irregular ladders from
BamHI, EcoRI and HindlIIl digests in addition to a
smear of bands in the background.

The coding region probe: Restriction analysis of the var-
ious wheats with the Sacl fragment of AGlu69 that in-
cludes the coding region produced a totally different
banding pattern compared to the 5 flanking probe. Dis-
crete bands of mobilities ranging from 1.8 to 9.3 kb in
length were observed with the different enzymes (Fig. 6).
Although some RFLPs were evident among the varieties
with all the enzymes used, maximum variation was de-
tected with Tagl.

On comparing the RFLPs of Tagl with the HMW
glutenin composition based on SDS-PAGE separation of
the proteins, a direct correlation was established between
the occurrence of restriction fragments and protein
bands. Thus Tagl digestion produced discriminate bands
for HMW glutenin alleles in all the 73 varieties tested.
Figure 6 shows the mobilities of the Tagl fragments that
could be allocated to the different alleles tested.

It was also of interest to differentiate between vari-
eties that where indistinguishable from SDS-PAGE pro-
files. The enzyme Hpall consistently demonstrated poly-
morphisms between cultivars that shared identical
glutenin alleles (Fig. 7). Differences could also be shown
for these wheats when digested with Mspl (an iso-
schizomer of Hpall that is methylation-insensitive) indi-
cating restriction site polymorphism at the ‘CCGG’ se-
quence in the cultivars.

Using 3’ flanking region as probe: Patterns produced by
the pGlu69c fragment as a hybridization probe on wheat
DNA digested with a particular restriction endonuclease,
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revealed a uniform pattern of bands in all varieties tested
(data not shown).

Discussion

Evolution of the glutenin genes

A comparison of the nucleotide sequence of the Bx17
HMW glutenin gene cloned in the present study with that
of eight previously published glutenin genes has shown
that several structural changes, such as point mutations,
deletions and duplications in the coding and flanking
regions, separate these genes. The changes are particular-
ly apparent when the x- and y-type subunits are com-
pared. These two lineages of glutenin genes have di-
verged from an ancestral sequence prior to the separation
of the wheat genomes (Shewry et al. 1989). From the
present study, it is also obvious that the two lineages are
evolving at differential rates. An alignment of the se-
quences showed that the y-type genes (except for 1Ay)
clustered together more closely than the x genes. The
silent gene 1Ay (Thompson et al. 1985) exhibited maxi-
mum change in its amino-acid composition relative to the
other y genes, and the mutations were localized mainly in
the central repetitive region. Apart from the silent 1Ay
gene, the y-subunit genes from the B and D genomes are
more similar to each other in sequence composition than
the corresponding x-subunit genes from these genomes.
These results suggest that except for the event/s that
would have rendered the 1Ay gene silent in bread wheats,
the y-subunit genes have accumulated fewer changes and
have evolved at a slower rate than the x-type genes during
evolution of the wheat family.

An alignment of the consensus sequence of the two
subunit types (Fig. 4) also suggests that the deletions in
the y-subunits, relative to the x, are comprised of com-
plete blocks of repeat units that include the hexapeptide
(PGQGQQ), nonapeptide (GYYPTSP/LQQ) and tri-
peptide (GQQ) repeat units. It can be concluded that
although the x- and y-type genes evolved from the same
basic sequence, duplications of this sequence have oc-
curred independently in the two lineages, with the x-type
genes having incorporated a tripeptide sequence within
its basic sequence.

Potential utilization of glutenin RFLPs

When DNA fragments from the coding and flanking
regions of the Bx17 clone were used as probes to detect
the extent of restriction fragment length variability at the
glutenin loci in a set of 59 Australian wheat cultivars,
maximum variation was defined by the coding region
probe pGlu69b (see Fig. 6). With this probe, diagnostic
Tagl bands could be assigned to the various allelic com-
binations in the wheats. This correlation between
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glutenin RFLPs and protein composition also held true
when a more diverse set of international wheat cultivars
was analysed. The potential usefulness of the RFLP pro-
cedure, in providing an increased level of discrimination
among glutenin compositions in breeding programs to
select for dough properties, was demonstrated by using
the enzyme Mspl.

Previous studies using cDNA probes for the hordeins
in barley (Bunce et al. 1986) and the HMW glutenins in
wheat (Harberd et al. 1986) have shown that restriction
fragment length variation exists at these loci. In addition,
Bunce et al. (1986) detected restriction polymorphism be-
tween cultivars with the same hordein alleles. In the pres-
ent study, the restriction enzyme Hpall proved useful in
discriminating between cultivars with identical glutenin
alleles. Thus a combination of Tagl and Hpall digestion
would not only reveal the extent of variation among
cultivars but also aid in varietal differentiation.
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