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Summary. A genomic fragment containing the Bxl 7 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 IA, IB and ID using 
a computer alignment package. The Bxl7 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, 
IB and ID. 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. 
Variation in the allelic composition of European wheats is 
known to correlate significantly with the variation in bread- 
making quality (Payne et al. 198l; 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, 
Dyl0, Dx2 and Dyl2 (Sugiyama et al. 1985; Thompson et al. 
1985; Halford etal. 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 (Tatharn 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. 
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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 (0.05 M Tris-HC1, pH 7.0; 0.1 M NaC1; 0.3 M EDTA; 
0.3 mg proteinase-K and 0.6 ml of 5% SDS) at 37 ~ for 2 h. 
The DNA was precipitated in ethanol and treated with RNase 
(50~tg/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 L86-69, 
L86-110, 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 I, 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, Eureka, 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, Marls Huntsman, Marls 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-I t. 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-lt (Promega Corp., 
Australia) and transformed in NW2 (Woodcock et al. 1988), a 
recA-, methylation-tolerant, rglB- derivative ofE. coli DS410. 
Plaques were transferred onto nitrocellulose filters and probed 
with nick-translated 32p-labelled pl  By-9 DNA (kindly supplied 
by Dr. P. Shewry). Single positive plaques were selected after 
four rounds of plaque purification and one of these clones, 
2Glu69 from the line L86-69, was used for sequence characteri- 
sation. 

The SacI sites located within the 2Glu69 clone yielded frag- 
ments with lengths ranging from 300 bp to 11 kb which were 
subcloned into the SacI site of phagemid Bluscript SK + (Strata- 
gene) for nucleotide sequencing. Nested deletions were generat- 
ed in these SaeI subclones using the Erase-a-base kit (Promega 
Corp.) by incubating DNA at 30 ~ with Exonuclease III and 
withdrawing 1 gg aliquots at 1 min intervals followed by S1 
nuclease digestion. The recessed ends were filled in with Klenow 
polymerase and ligated at 26 ~ 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 SaeI sites in the se- 
quence were "crossed" by recovering the appropriate DNA 

fragment using the polymerase chain reaction (Cetus Tag1 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 

Character&ation o f  a H M W  glutenin gene clone 

A 17.6-kb D N A  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. l) .  The amino-acid  sequence of  the glutenin 
polypepide was deduced from the nucleotide sequence of  
the cloned gene. It t ranslated 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 est imated molecular  weight 
of  80,750 Da. 

The upst ream promoter  region contains the typical 
eukaryotic  TATA sequence at  -91  and the CCAT se- 
quence at the - 119 posi t ion from the start  of  t ranslat ion 
(Fig. 1). The open reading frame of  2Glu69 ends at a 
double stop codon ' T G A T A G '  that  is followed by a puta-  
tive polyadenyla t ion  site ' A A T A A A '  51 bases down- 
stream from the stop codons. A similar sequence 
(AATAAT) is present 41 bases downst ream from the 
po lyA site which might  be responsible for adenylat ing 
any read- through transcripts.  Mult iple polyadenyla t ion  
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 
2Glu69 revealed dupl icat ion and inversion events. A 
tandem duplicat ion of  53 bases is located 569 bases up- 
stream of  the gene (Fig. 1). Nested within this dupl icat ion 
is a 24-bp sequence which bears sequence similarity to the 
-300  conserved element (Kreis et al. 1985). The duplica- 
t ion 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 H M W  glutenin gene sequenced so far (Forde  
et al. 1985; Hal ford  et al. 1987). This suggests that  either 
a dupl icat ion 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 
GAGCT•TCCCATCCAATTGAAATATTCAATTTTAGATTTGGTTCACAATTTTGATCGGGTCGATGGTATcAATCCCGCGCATC•TCTCACCATAAAA 

AAAGAGTCAATATATGATATTGTAGCATTAATACATTACATGTAGCCACCGACATGGAAAACGTCCATGCATAAGTATGGTTGATTAATGAAAAACTC 
-1599 

ATAATCACACTGCATTTTTATAAATAAAAAGAAAATACACTTCATCATCTTCCTCACACACCAAGCCAAATACTCCATCTGTTTCTTTGACCAAGTTC 

ACAA•CAAAAACATCAATATCCATAATACTAAATAAATAAATATGAAAATTCGTTTCATGCTTAATCCAATGATAT•GACTTGATATTATGGATATT 
-1403 

TATGTATTTCTCTACAAATTTGATCAAACTTTAAAAGGTTTAACTTCTCAAAAAAAAACTAATACACCTCATATTTTAAAACAGAGAGAGTAGTTTTT 

TTTTACCCAAACCCCCAACTGCCCAGCAAAGCGCGCTCAACTCTTCCTAGTCTAAATAACTAGCATCCACTAACACATTTCTCCCGACATGCAAGcAC 
-1207 

GTCACCTATGAAAATGCCCACCTCAATATGCAACCATGCATAGAAGAAAGCTCACCTCAGCATGCAAATCATGCAGCAAATTTCCATTTTACTTGGCT 

ATTTATGTTTGATAAATATTTCACAAATATACAATAATCAAAAACAATAAATTATATGTGTTTTTAGTTTTAGTTCTCATATCCAAATATACATGTTT 
-1011 

CATACAAC~AAATCTCATTTAAATATATTGTAAAATATTCCGGCAACAACTTGTGGGGTACATCTAGTTACAGTGGAATATTAGTGATGGCCTGACGA 

AGCGATAAGGCCAACGAGAGAAGAAGTGCGTCGTCCTATGGAGGCCAGGGAAAGACAATGGACATGCCAAAGAGGTAGGGGCAGGGAAGAAACACTTG 
-815 

GAGATCCATAGAAGAACATAAGAGGTTAAACATCGGAGGGCATAATGGACAATTAAATCCTACATTAATTGAACTCATTTGGGAAGTAAACAAAATCC 

ATATTCTGGTGTAAATCAAACTATTTGACGCGGATTTACTAAGATCCTATGTTAATTTTAGACATGAcTGGCCAAAGGTTTCAGTTAGTTCATTTGTC 
-619 

ACGGAAAGGTGTTTTCATAAGTCCAAAACTCTACCAACTTTTTTGCACCGTCATAGATAGATAGATGCTGTGAGTCATTGGATAGATATTGTGAGTCA 

GCATGGATTTGTGTTGCCTGGAAATC•AACTAAATGACAAGCAACAAAACCTGAAATGGGCTTTAGGAGAGATGGTTTATCAATTTACAGTTTCCATG 
-423 

CAGGCTACCTTC~ACTACTCGACATGGTTAGAAGTTTTGAGTGCCGCATATTTGCGGAAGAATGGCACTACTCGACATGGTTAGAAGTTTTGAGTGCC 

GCATATTTGCGG~G/~TGGRCT~CAGATACATATCTGCCA~%.CCCCAAG"~%.GGATAATCACTCCTCTTAGATAAAAAGAACAGACCAAGGTAC/~C 
"---'--- -227 

ATC•ACACTTCTGCAAACAATACACCAGAACGAGGATTAAGCCCATTACGTGGCTTTAGCAGACCGTCCAAAAATCTGTTTTCGCAAGCACCAATTGC 

TCCTTACTTATCCAGCTTCTTTTGTGTTGGCAAACTGCCCTTTTCCCAACCGATTTGTTCTTCTCACGCTTTCTTCATAGGCTAAACTAACCTCGGCG 
-31 

TGCACACAACCATGTCCTGAAGCCTTCACCTCGTCCCTATAAAAGCCCATCCAACCTTCACAATCTCATCATCACCCACAACACCGAGCACCCCAATC 
, p ~, , 

68 
TACAGATCAATTCACTGACAGTTCACTGAGATGACTAAGCGCCTGGTCCTCTTTGCGG•AGTAGTCGTCGCCCTCGTGGCTCTCACCGCCGCTGAAGG 

MetThrLysArgLeuValLeuPheAlaAlaValValValAlaLeuValAlaLeuThrAlaAlaGluGl 
166 

TGAGGCCTCTGGACAACTACAATGTGAGCACGAGCTCGAGGCATGCCAACAGGTGGTGGACCAGCAACTCCGAGACGTTAGCCCCGGGTGCCGCCCCA 
yG•uA•aSerG•yG•nLeuG•nCysG•uHi•G•uLeuG•uA•aCysG•nG•nVa•Va•AspG•nG•nLeuArgAspVa••erPr•G•y•ysArgPr•• 

TCACCGTCAGCCCGGGCACGAGACAATACGAGCAGCAACCTGTGGTTGCGTCCAAGGCCGGATCCTTCTACCCCAGCGAGACTACGCCTTCGCAGCAA 
•eThrVa•SerPr•G•yThrArgG•nTyrG•uG•nG•nPr•Va••a•A•aSerLysA•aG•ySerPheTyrPr••erG•uThrThrPr•SerG•nG•n 

362 
CTCCAACAAATGATATTTTGGGGAATACCTGCACTACTAAGAAGGTATTACCCAAGTGTAACTTCTTCGCAGCAGGGGTCATACTATCCAGGCCAAGC 
LeuG•nG•nMetI•ePheTrpG•yI•ePr•A•aLeuLeuArgArgTyrTyrPr•SerVa•ThrSerSerG•nG•nG•ySerTyrTyrPr•G•yG•nA• 

•TCTCCCCAACAGTCAGGACAAGGACAGCAGCCAGGACAAGAACAGCAACCAGGACAAGGGCAACAAGATCAGCAGCCAGGACAAAGACAACAAGGAT 
aSerPr•G•nG•nSerG•yG•nG•yG•nG•nPr•G•yG•nG•uG•nG•nPr•G•yG•nG•yG•nG•nAspG•nG•nPr•G•yG•nArgG•nG•nG•yT 

558 
ACTACCCAACTTCTCCGCAACAGCCAGGACAAGGGCAACAACTGGGACAAGGGCAACCAGGGTACTAC•cAACTTCACAGCAGCCAGGACAAAAGCAG 
yrTyr•r•ThrSer•r•G•nG•nPr•G•yG•nG•yG•nG•nLeuG•yG•nG•yG•nPr•G•yTyrTyrPr•ThrSerG•nG•nPr•G•yG•nLysG•n 

•AGGcAGGACAAGGG•AA•AATcAGGACAAGGACAACAAGGGTA•TA••CAACTTCCC•GCAACAGT•AGGAcAAGGGCAAcAAc•GGGAcAAGGGCA 
G•nA•aG•yG•nG•yG•nG•nSerG•yG•nG•yG•nG•nG•yTyrTyrPr•Thr•erPr•G•nG•nSerG•yG•nGlyG•nG•nPr•G•yG•nG•yG• 

754 
ACCAGGGTACTACCCAACTTCTCCGCAGCAGTCAGGACAATGGCAGCAACCAGGACAAGGG•AACAACCAGGACAAGGGCAGCAATCAGGACAAGGGC 
nPr•G•yTyrTyrPr•ThrSer•r•G•nG•n•erG•yG•nTrpG•nG•nPr•G•yG•nG•yG•nG•nPr•G•yG•nG•yG•nG•nSerG•yG•nG•yG 

AA•AAGGT•AG•AGC•AGGA•AAGGG•AAcGAcCAGGA•AAGGA•AACAAGGGTACTA••cAATTT•T•CGCAACAG•CGGGA•AAGGG•AA•AATCA 
•nG•nG•yG•nG•nPr•GlyG•nG•yG•nArgPr•G•yG•nG•yG•nG•nG•yTyrTyr•r•I•eSerPr•G•nG•nPr•G•yG•nG•yG•nG•nSer 

950 
GGACAAGGGCAACCAGGTTACTACCCAACTTCTTTGCGGCAGCCAGGACAATGGCAGCAACCAGGACAAGGGCAGCAACCAGGACAAGGGCAACAAGG 
G•yG•nG•yG•nPr•G•yTyrTyrPr•ThrSerLeuArgG•nPr•G•yG•nTrpG•nG•nPr•G•yG•nG•yG•nG•nPr•G•yG•nG•yG•nG•nG• 

TcAGcAG••AGGAcAAGGAcAACAAT•AGGACAAGGACAACAAGGATA•TAC••AAcTT•T•TGCAACAG••AGGAcAAGGG•AA•AAcTGGGAcAAG 
yG•nG•nPr•G•yG•nG•yG•nG•nSerG•yG•nG•yG•nG•nG•yTyrTyrPr•Thr•erLeuG•nG•nPr•G•yG•nG•yG•nG•nLeuG•yG•nG 

1146 
GGCAACCAGGGTA•TACCCAACTTCGCAGCAGTCGGAACAAGGGCAGCAGCCAGGACAAGGAAAACAACCAGGACAAGGACAACAAGGGTACTACCCA 
•yG•nPr•G•yTyrTyrPr•ThrSerG•nG•nSerG•uG•nG•yG•nG•nPr•G•yG•nG•yLysG•nPr•G•yG•nG•yG•nG•nG•yTyrTyrPr• 

ACTT•TCCGCAACAGTCAGGACAAGGGCAACAACTGGGACAAGGGCAA•CAGGTTACTACCCAACTTCTCCACAGCAGTCAGGACAAGGACAACAATC 
ThrSerPr~G~nG~nSerG~yG~nG~yG~nG~nLeuG~yG~nG~yG~nPr~G~yTyrTyrPr~ThrSerPr~G~nG~nSerG~yG~nG~yG~nG~nSe 

1342 
AGGACAAGGACAACAAGGGTACTACCCAACTTCTCCGCAACAGTCAGGACAAGGGCAACAACCGGGAcAAGGGCAAT•GGGGTACTTCCCAACTT•TC 
rG•yG•nG•yG•nG•nG•yTyrTyrPr•ThrSerPr•G•nG•nSerG•yG•nG•yG•nG•nPr•G•yG•nG•yG•nSerG•yTyrPhePr•ThrSerA 

Fig. 1 (for continuation see page  619) 
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GGCAGCAGTCAGGACAAGGGCAGCAGCCAGGACAAGGACAACAGTCGGGACAAGGGCAACAAGGTCAGCAACCAGGACAAGGACAACAAGCGTACTAC 
rgG•nG•nSerG•yG•nG•yG•nG•nPr•G•yG•nG•yG•nG•nSerG•yG•nG•yG•nG•nG•yG•nG•nPr•G•yG•nG•yG•nG•nA•aTyrTyr 

1538 
CCAACTTCTTCGCAACAGTCAAGACAAAG•CAACAGGCAGGACAATGGCAACGACCGGGACAAGGGCAACCAGGGTACTACCCAACCTCTCCACAGCA 
•r•ThrSerSerGlnG•n••rArgG•nArgG•nG•nA•aG•yG•nTrpG•nArgPr•G•yG•nG•yG•nPr•G•yTyrTyrPr•ThrSerPr•G•n•• 

G•CAGGACAAGAGCAACAATCAGGACAAGCGCAACAATCAGGACAATGGCAACTAGTGTA•TACCCAACTTCTCCGCAACAGCCAGGCCAATTGCAAC 
nPr•G•yG•nG•uG•nG•nSerG•yG•nA•aG•nG•nSerG•yG•nTrpG•nLeuVa•TyrTyrPr•ThrSerPr•G•nG•nPr•G•yG•nLeuG•nG 

1734 
AACCAGCACAAGGGCAACAACCAGCACAAGGGCAACAATCAGCACAAGAGCAACAGCCAGGACAAGCGCAACAATCAGGACAATGGCAACTAGTGTAC 
•nPr•A•aG•nG•yG•nG•nPr•A•aGlnG•yG•nG•nSerA•aG•nG•uG•nGlnPr•GlyG•nA•aG•nG•n•erGlyG•nTrpG•nLeuVa•Tyr 

TACCCAACTTCTCCGCAACAGTCAGGACAAGGGCAACAAGGGTACTACCCAACTTCTCCGCAACAGTCAGGACAAGGGCAGCAGCCAGGACAAGGACA 
TVr~r~ThrSerPr~G~nG~nSerG~VG~nG~VG~nG~nG~VTVrTVrPr~ThrSerPr~G~nG~nSerG~VG~nG~VG~nG~nPr~G~VG~nG~V~ 

1930 
ACAGCCAAGACAAGGGCAACAAGGGTACTACCCAATTTCTCCGCAGCAGTCAGGACAAGGGCAACAACCAGGACAAGGGCAACAAGGATACTACCCAA 
nG•nPr•ArgG•nG•yG•nG•nG•yTyrTyrPr•I•eSerPr•G•nG•nSerGlyG•nG•yG•nG•nPr•G•yG•nG•yG•nG•nG•yTyrTyrPr•T 

CTT•TC•G•AG•AGT•AGGA•AAGGGCAACAACCAGGACATGAGCAACAGCCAGGACAATGGCTGCAACcAGGACAAGGGcAACAAGGGTAcTATCCA 
hr•erPr•G•nG•n•erG•yG•nG•yG•nG•nPr•G•yHisG•uG•nG•nPr•G•yG•nTrpLeuG•nPr•G•yG•nG•yG•nG•nG•yTyrTyrPr• 

2126 
ACTT•TTCACAGCAGTCAGGACAAGGGCATCAATCAGGACAAGGGCAACAAGGGTACTA••CAA•TTCTCTGTGGCAAC•AGGACAAGGGCAACAAGG 
ThrSerSerG~nG~nSerG~yG~n~lyHisG~nSerG~yG~nG~yG~nG~nG~yTyrTyrPr~Thr~erLeuTrpG~Pr~G~yG~nG~yG~nG~nG~ 

CTACGCCAGCCCATACCATGTTAGCGCGGAGTACCAGGCGGCCCGCCTAAAGGTGGCAAAGGCGCAGCAGCTCGCGGCACAGCTGCCGGCAATGTGCC 
yTyrA•aSer•r•TyrHisVa••erAlaGluTyrG•nA•aAlaArgLeuLysVa•A•aLysA•aG•nG•nLeuA•aA•aG•nLeuPr•A•aMetCysA 

2322 
GGCTGGAGGGCAGCGACGCATTGTCGACCAGGCAGTGATAGAACTCTCTGCAGCTTGCATGGTGCTTGGGCATGCATGCACCTTAGCTATACAATA/~ 
rgLeuGluGlySerAspAlaLeuSerThrArgGln * * ' �9 

CGTGA~GTGTGTTCACAGCTTTTCGTGTAACTAGAGTAAAGCC~AATAA~AATGCAAGATGAAAAGCTTCTCCGACTAAAAAAAC~ACAAAACTGGTG 
2518 

CTATATAGTATGTGTTGCATGTCTCAGTTCATTGTcAGCCACTGAATGCAAACATACTCCTATATTTTGCATGCGAAAAAAGAGGGTGTGGCAATAT• 

CCTAGcTAAAACTAA•AACAGTTAGAAGGAAAAAAGAACAGA•CAAAAATGGCTTCTTGGTTTGAGACCTAc•ATCATCCAAGCAAGGGAAAGGGAAA 
2714 

ACG•CACATTCTTCGGGTGCAGACTAGGGATACGAGAGAAAAATTGTGCGCTCACCTGTGC•TCCTGCCGCTCCTTCTAACCGCCGGTGAAAATTCTT 

ATCCGGTGATCGTAATGATCGGCACGAGAGTTTCGCCCACTCTCGCGTCGATC•AGGCCAATTCGATGGGGGTGCTGCTGCTCGTGGGTTCGTGGTCT 
2910 

TCGCACCGTGAAATGGCAGAAGCATACGCCTCCTGAGCTGTGCTTGCTGTTGTTCATGGATCCGTGGCTTGTGCGGCAGGAAGAAGAGGGAGGCTGGG 

CAAGAGACATCGACATCAGCGAGAAGAAAACAAAGAGGAAGTGGAGGCGCAATTTCTGTGGCTGGACGTCACATGAAGCGAAGGAGCCATCAACATC 
3106 

AGAGACAAAGAAAACAAAGAGGAAGTGGGGCCGCAATTTCTGTGGCTGGACGTCACATGAAGCGGAGGAGCCATTGACATCAGAGACAAAAAACAA 

AGAGGAAGTGGGGCCGCAATTT•TGTGGCTGGACGTCACATGAAGCGGAGGAGCCATCGACATCAGAGACAAAGAAGAAGAGGAAGAACGGGGCGTCG 
3302 

AGCTCTGAGCCGGACAAGAAAAGGTGGTTCAAGACCAAGATTTGGAGAAAGAAGAAGGCCAAGAACAAACAGTTGGCAACCCTTGTGAAAGAGATTTC 

ACTCCCAAGTAATGCCCTCCATCATCTTATTATCCATCTTTGCAGAGAAACTAAATTCAGCAATATCAAATTTATCAATGATTATCAATGAATATTTG 
3498 

CCCAACACAGATATGTGACGAGCACTCAGGTACTTACATAGGAAATCTGGTGGTAAGAATGTTTAGTTCAAATACATTGCAACAACAAGTTAGTGATG 

TTCAGGGATAGTTGTATGTGCATTGCCCTCTTCTTGGACCTACTTTCACCCTGAAATTTGTAATCCTGGATTAGTAATTCATGTTTGGGCGATTAAGT 
3694 

AAG•ATTTCTGATTGAGAAGAAATCTTAAAATGCAGATAGT•CCAAGGCCAGGGCTGCGGCAGGGGAAATACTACGGATCGGCAACCACAACATTCCT 

AGCAGAGTGTTTACGTACAGTCAACTGTCAGACGCGA•CAATTCTTTCAGCCAGGAGAATCTCCTGGGAGAAGGTGGCTTTGGAAGGGTGTACAAAGG 
3890 

ATACATTCCAGAGACCATGGAAGTAATAAGCATTCCTTCTCCCAGCTTCCTGTTCTATGTTTCATTAAGTTGGCACCTCAAGATGCTATGCTACATAC 

AGCAGCAACACCTTCCTGATGTAAATTATGTGCGTA•GTAGGTCATAGCGGTTAAGCAGCTGGACAAGGATGGGTTGCAAGGAAATCGTGAGTTCCTT 
4086 

GTCGAGGTGCTGATGCTTAGCCTCCTTCATCACCCAAACCTTGTCA•CTTGCTCGGTTACTCCACCGAATGTGACCAAAACATTCTAGTGTATGAGTA 

TATGCCACTCGGTTCTTTACAAGATCATCT•CTAGGTAATACAGAACAATAATGTTGTGGTTCTCGAACATATTCCGCAGAACTGAAAAAT•TGAAAT 
4147 

TATGATAGCACATTTGTATCGATGCTGATTTGGTACTTGAATTCTGCAGATCCTCGAGCTC 

Fig. 1. Nucleotide and deduced amino-acid sequence of the Bxl7 glutenin clone (2Glu69). 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 element is underlined and the latter enclosed in brackets 
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18000 bp DNA segment from the Glu-Bx17 locus 

SS XbS Xb S S S 

I m m 

5' 

7 

s ~ 
J 

s ~ 

s 

~ S 

J 3' 

I 
b555?-~'3332"b2"bl 

Gene region 
I I 

1000 bp 

pGl u69a pGl u69b pGl u69c 
I I i  t r - - 1  

S D D SBH H BS N ES 

I I 

6.1 kb 

3' 

Fig. 2. Top panel: restriction map of the 2Glu69 
clone and an enlarged section showing the three 
SacI fragments used for sequencing (labelled 
pGlu69a-c). The gene region is hatched and the 
restriction sites shown are B, BamHI, D, DraI; E, 
EcoRI; H, HindIII; N, NcoI; S, SacI; Xb, XbaI; 
Xh, XhoI. The sections of 2Glu69 were sequenced 
are indicated (L___~). Bottom panel: TaqI-di- 
gested DNA of the null lines L86-69, -110, -111 
and -114 (lanes 1-4) and the 2G1u69 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-1 B band is present in lane 1 but has come 
up relatively faintly 

Orig& of the H M W  glutenin clone 2Glu69 

The chromosomal  origin of  the clone was determined by 
comparison of  the TaqI restriction fragment sizes of  
D N A  from the null subunit lines with that of  the 2Glu69 
clone cut with the same enzyme. Hybridization of  D N A  
from this digest with a SacI fragment of  2Glu69 contain- 
ing most of  the gene coding region (pGlu69b) indicated 
that the clone was derived from the chromosome-IB 
locus of  H M W  glutenins (Fig. 2). Since the Glu-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 Bxl7 or the Byl8 allele. Nucleotide 
sequence analysis o f  the 2Glu69 clone revealed it to be an 

x-subunit clone based on its length, N-terminal sequence 
and repetitive motif  patterns (data in next section), thus 
establishing its correspondence to the Bxl7 allele. 

Alignment of the Bx l7  sequence 
with genes from chromosomes 1A, IB  and 1D 

The amino-acid sequence of  the gene for subunit 17 was 
aligned with that of  eight previously published H M W  
glutenin genes using the multiple sequence alignment al- 
gori thm (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 
(x) Glu-Bx7 
(x) Glu-Ax2 

[ I (x) Glu-Dx2 
(x) Glu-Dx5 
(y) Glu-Ay 
(y) Glu-By9 

] [ ~ [  (y) Gtu-Dy,2 
(y) Glu-OylO 

Fig. 3. A phenetic tree derived from the sequence alignment of 
the nine HMW glutenin genes. The genes are indicated in paren- 
thesis and by their allelic nomenclatures 

Bxl7 

X--COnS 

y-cons 

tire peptide sequence of  the nine subunits were then used 
to produce a phenetic tree (Fig. 3). The dichotomy be- 
tween the x- and y-type genes is clearly apparent by the 
tight clustering of  the genes from different genomes with- 
in a subunit type. Within a cluster, the y subunits (except 
for the lAy silent gene) associate more closely, indicating 
greater sequence similarity, than to the x genes. Sequence 
alignment using an alternative computer program devel- 
oped by SoftGene GmbH (Berlin) produced a similar 
result where all the y-type sequences aligned closer to 
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Fig. 4. Alignment of amino-acid sequences of Bxl7 and the consensus sequences of the x- and y-type HMW glutenin genes using the 
multiple sequence alignment algorithm. Residues in the x- and y-consensus that are similar to Bxl7 are shown by a dot 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 
communication). 

Of particular interest in the phenogram was the close 
branching of the allelic forms of a subunit type (for ex- 
ample Bxl7 and Bx7). The Bx17 and Bx7 genes aligned 
perfectly with each other except for two amino-acid sub- 
stitutions and a 36 codon deletion. The 36 amino-acid 
deletion in Bxl 7 was located in the repetitive domain and 
included the loss of a block of three hexapeptide and two 

Fig. 5. DNA from varieties Skua (lane 1), Canna (lane 2), 
Suneca (lane 3) and Warigal (lane 4) was digested with BamHI 
and EeoRI individually, immobilized on nylon membrane and 
probed with the upstream sequence subclone pGlu69a 

nonapeptide repeats. This deletion in Bxl 7 probably ex- 
plains the difference in mobilities of the two proteins on 
an SDS-electrophoresis gel (separation based on protein 
size) where Bxl7 protein runs faster than Bx7 (data not 
shown). 

An alignment of the consensus sequence of the x- and 
y-type genes is shown in Fig. 4. A marked difference 
exists between the two types in the central domain, with 
several deletions, duplications and substitutions separat- 
ing their amino-acid sequence. In contrast, the N- and 
C-termini are very similar between the two types with 
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 2Glu69 to the x-type genes. 

Variability in wheat varieties assayed with 2Glu69 

The three subclones, pGlu69a-c  (see Fig. 2), spanning 
the upstream, coding and downstream flanking regions 
of the Bxl7 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. BamHI, HindIII, EeoRI, EcoRV and TaqI, 
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- 
tion in banding patterns was evident among the cultivars. 
Although each enzyme produced a distinct banding pat- 
tern the bands were uniform in all varieties tested (Fig. 5). 

Fig. 6. a TaqI-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 TaqI 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 
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revealed a uniform pattern of bands in all varieties tested 
(data not shown). 

Fig. 7. DNA of cultivars Cranbrook, Gutha, Oxley and Tincur- 
rin restricted with HpaII (lanes 1-4) and its isoschizomerMspI 
(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 HpaII enzyme 

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

The coding region probe: Restriction analysis of the var- 
ious wheats with the SacI fragment of 2Glu69 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 TaqI. 

On comparing the RFLPs of TaqI 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 TaqI digestion produced discriminate bands 
for HMW glutenin alleles in all the 73 varieties tested. 
Figure 6 shows the mobilities of the TaqI 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 HpaII consistently demonstrated poly- 
morphisms between cultivars that shared identical 
glutenin alleles (Fig. 7). Differences could also be shown 
for these wheats when digested with MspI (an iso- 
schizomer of HpalI 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, 

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 lAy) 
clustered together more closely than the x genes. The 
silent gene lAy (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 lAy 
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 lAy 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 BxI7 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 
TaqI bands could be assigned to the various allelic com- 
binations in the wheats. This correlation between 
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glutenin R F L P s  and protein  composi t ion  also held true 
when a more  diverse set of  internat ional  wheat  cultivars 
was analysed. The potent ia l  usefulness of  the R F L P  pro-  
cedure, in providing an increased level of  discr iminat ion 
among glutenin composi t ions  in breeding programs  to 
select for dough propert ies,  was demonst ra ted  by using 
the enzyme MspI. 

Previous studies using c D N A  probes for the hordeins 
in barley (Bunce et al. 1986) and the H M W  glutenins in 
wheat  (Harberd  et al. 1986) have shown that  restriction 
fragment  length var ia t ion exists at  these loci. In  addit ion,  
Bunce et al. (1986) detected restr ict ion po lymorph ism be- 
tween cultivars with the same hordein alleles. In  the pres- 
ent study, the restr ict ion enzyme HpaII proved useful in 
discriminating between cultivars with identical glutenin 
alleles. Thus a combina t ion  of  TaqI and HpaII digestion 
would not  only reveal the extent of  var ia t ion among 
cultivars but  also aid in varietal  differentiation. 
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