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ABSTRACT
A cloned 8.2 kb EcoRI fragment has been Isolated from a genomic

l i b ra ry of DNA derived from TMticum aestivum L. cv. Cheyenne. This
fragment contains sequences related to the high molecular weight (HMW)
subunits of g lu ten in , proteins considered to be Important 1n determining the
e las t ic properties of g luten. The cloned HMW subunit gene appears to be
derived from chromosome 1A. The nucleotide sequence of t h i s gene has
provided new Information on the structure and evolut ion of the HMW
subunits. However, hybrid-selection t rans la t ion experiments suggest that
th i s gene 1s s i l e n t .

INTRODUCTION

The high molecular weight subunits of glutenin (HMW subunits) are one

of three sub-groups of prolamin storage proteins found 1n the seeds of

bar ley, wheat and rye and are considered to be Important 1n Imparting

elastomeric properties to gluten, the v1sco-elast1c protein component of

dough (see reviews 1-3). They are encoded by l o d (Glu-1) on chromosome 1

of each of the three genomes (A, B, and D) of hexaploid bread wheat

(Tri t icum aestivum L.) (3) . The three homoeologous l o d encode d i f fe rent

numbers of HMW subunits 1n d i f fe ren t wheat cu l t i va r s : 1n general Giu-Al

specif ies e i ther zero or one, Glu-Bl e i ther one or two and G1u-01 two

major subunit proteins (4-6) . The genes 1n l o d expressing more than one

subunit have been shown to be closely l inked (4-7) . Despite th i s observed

var ia t ion 1n expression at the protein l e v e l , each genome appears to contain

the same number of genes when analysed by hybr id izat ion of a HMW subunit

cONA sequence to res t r i c t i on fragments of genomic DNA (8 ) . I t 1s not known

why the Glu-Al genes are so often s i l e n t , but a survey of 28 sets of

homoeologous l o d has shown that the proportion of s i l en t genes 1n the A

genome 1s almost double that 1n the B genome and three times that 1n the D

genome (9 ) .

The var ia t ion 1n the HMW subunit compositions of d i f f e ren t cu l t ivars 1s
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associated with variation 1n bread-making quality (3) and there 1s y

considerable Interest 1n determining how these proteins Influence the

properties of gluten. Partial sequences of the proteins have been derived

from direct N-terminal amtno-acid sequencing (10) and by deduction from cONA x

sequences (8,11). Computer prediction of secondary structure based on these

sequences, which 1s supported by circular dichroism spectroscopy, suggests

that a considerable proportion of the molecule consists of Spurns (12,13).

I t has been suggested that the repeti t ive P-turns 1n the central domain form '"

an elast ic B-sp1ral, similar to that proposed for elast in (14), and that T

these elastic monomers are assembled Into polymers by Intermolecular

d1 sulphide bonds between the cysteine residues at the N- and C-term1n1

(13). Comparison of the amino add sequences of the non-repet1t1ve portions "

of the HMW subunits with those of other cereal seed storage proteins, and K,

with sequences of proteins present 1n dicotyledonous seeds, has provided

Information on the evolutionary relationships of seed proteins (15). However

the conclusions that can be drawn, concerning both the evolution of the HMW *•

subunits and their complete structure, are limited by the Incompleteness of r

the sequence data: for example the f u l l extent of the repeat region and the
re-

pos i t ions of a l l the cysteine residues are unknown. We have therefore

Isolated genomic clones related t o the HMW subunits and we report here the

e n t i r e nucleot ide sequence of a gene from chromosome 1A. This p a r t i c u l a r t

gene was chosen because of the associat ion of the chromosome 1A encoded

subunit 1n Cheyenne (subunit 2*) w i th good bread-making q u a l i t y ( 3 ) , and

also because some understanding of the lack of expression of genes located -*•

1n the A genome might be obta ined. ,u.

METHODS

Plant Mater ia l

Aneuploid seeds of the c u l t i v a r Cheyenne, monosomic f o r chromosomes 1A,

IB and 10 and nulUsomic fo r chromosome LA were k ind l y provided by Dr.

Rosalind Mor r i s , Un ivers i ty of Nebraska. To check the composition of the

HMW subunits 1n these l i n e s , pro te ins were extracted from s i n g l e seeds (16)

and analysed by SDS-PAGE (17) . The resu l ts were 1n agreement wi th the known

chromosomal loca t ion of the genes f o r the Ind iv idua l HMW subunits of

Cheyenne (18) .

Screening of a Wheat Genomic L ibrary

A genomic l i b r a r y of Tr1t1cum aestivum L. (cv. Cheyenne) was prepared

as previously described (19) . A po r t i on (ca. 5 x 10 s recombinant phage) of
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trie amplified l ibrary was screened (20) using the 3 2P-labelled (21) cDNA

Insert from a HMW subunit clone pTaE-c256 (11). The probe was hybridized to

plaque l i f t s on nitrocellulose f i l t e r s for 24 h at 65°C 1n 5 x Denhardt's

(22) solution, 5 x SSC. 0.1% SDS. (SSC 1s 0.15M NaCl , 0.15M trisodium

c i t r a t e . ) The f i l t e r s were washed oncfr 1n the same solution without the

probe, three times with 2 x SSC, 0.1% SDS and once with 0.5 x SSC, 0.1% SOS

before being a1r-dr1ed and autoradiographed for 18 h. Of sixty hybridizing

clones, six were plaque-purified and DNA was prepared by a plate- lysate

method (23) , digested with EcoRI and separated 1n 0.8% agarose. Phage DNA

was co-electrophoresed with an EcoRI digest of Cheyenne genoraic ONA

prepared from either et iolated shoots (method of A. V1ott1 , personal

communication) or endosperm tissue (24) . A H1 nd 111 digest of phage lambda

DNA was used to provide size markers.

Southern Blots and Hybridizations

After electrophoresis the DNA was treated with d i lu te Ha (25) and

prepared for transfer to Pall Biodyne A according to the recommended

procedures (Pal l F i l t r a t i o n Process L t d . , Portsmouth, England).

Pre-hybr1d1zat1on was performed at 65* C for 2 h 1n 5 ml of 5 x Denhardt's

solution, 5 x SSPE, 0.2% SDS and 100 ug/ml denatured herring sperm DNA.

(SSPE 1s 0.18 H NaCl. 0.01 M NaH2P04/Na2HP04 pH 7.7, 1 mM EDTA.)

Hybridization was for 48 h at 65° C In 5 ml of the same solution containing

0.5 yg of 3 2 P- labe l led DNA. The f i l t e r was washed 1n 5 mM

NaH2P04/Na2HP04 pH 7, 1 mM EDTA, 0.2% SDS, f i r s t l y b r i e f l y , then 3

times for 30 m1n prior to autoradiography.

Nucleotide Sequence Analysis

The gene was sequenced using two approaches. F i r s t l y , Pst I

restr ict ion fragments and H1ndIII/H1ncII fragments were sub-cloned Into

M13rapl8 or rapl9 (26) . Secondly, Bal31 deletions (27) were generated using

CsCl purified plasmid DNA preparations (28) as described by Forde et a ! .

(29).

The sequences of a l l the sub-clones were determined by the dideoxy-

sequendng procedures of Sanger et a l . (30) . The sequences were assembled

and analysed using the Staden programmes (31,32) operating on a VAX 11/750

computer.

Hybrid-selection and Translation of mRNA

20 pg of single-stranded recombinant M13 phage DNA were loaded onto

nitrocellulose f i l t e r s and hybridized, as described by Forde et al (33) ,

to 40 ifl of wheat endosperm poly A+ RNA (prepared as 1n ( 3 4 ) ) . After
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h y b r i d i z a t i o n , the f i l t e r s were washed at 60* C w i th 1 x SSC, O . l t SDS (10 x y

2 m1n washes), fo l lowed by 2 washes w i t h 1 x SSC w i thou t SDS. The

hybr1d1zat1 on-selected RNAs were t r ans la ted using the r e t i c u l o c y t e l y sa te

(suppl ied by Amersham and used as Ins t ruc ted ) w i t h 5 uC1 L- [4,5-3H]leuc1ne

(159 C1/mmol) and 5 i£1 L- [2 ,3 ,4 ,5 - 3 Hl>ro l1ne (114 C1/mmol) per 10 ul

I ncuba t i on ) . The t r a n s l a t i o n products were analysed by SDS-PAGE (17) and

f luorography (35 ) .

RESULTS >

Chromosomal Locat ion and Res t r i c t i on Mapping of Cloned Genomic Fragments

A Southern b l o t of an EcoRI d iges t o f wheat DNA (cv . Cheyenne) was
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F1g. 1. Southern blot analyses of wheat genomic DMAs and a wheat genomic
clone. The 32P-labelled Insert of the HMW subunit cONA clone pTaE-c256 (11)
was hybridized to the f i l t e r s . The lanes contained EcoRI digested DNA
from the following sources: lanes a and 1 , T. aestivun cv. Cheyenne, 20
gg; lane b, an aneuploid line of Cheyenne nulHsomic for chromosome 1A, 20
ug; lanes c to f contained BamH I-linearized pTaE-c256 representing 1, 3, 5
and 10 copies of the hybridizing sequence per haploid genome (20 ug of
hexaploid wheat DNA Is equivalent (1n moles) to 3.65 x 10"^ ug of pTaE-
c256. Lane g, T. aestivum, cv. Cheyenne, 15 ug; lane h, T. monococcum,
5 ug; lane j contained the EcoRI digested DNA from the plasmid pHR26 (see
F1g. 2). The genomic origin assigned to the fragments is indicated.
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hybridized to the labelled cDNA Insert from a previously characterized HMW

subunit clone, pTaE-c256 (11). Six fragments hybridized (F1g. 1, lane a)

and these fragments were assigned to the di f ferent genomes on the basis of

fragments present 1n nullisomic and monosomic l ines of Cheyenne. Comparison

of DNA from euploid Cheyenne with that from a l ine nullisomic for chromosome

1A shows that the 6.8 kb and 8.2 kb EcoRI fragments are absent from the

la t te r (F1g. 1, compare lanes a and b) . These fragments must therefore be

derived from chromosome 1A. Fragments of similar size are present 1n the

DNA from T. monococcum, which 1s a cultivated diploid containing the A-

genome (F1g. 1, arrowed 1n lanes g and h). The genomic or ig in of the other

EcoRI rest r ic t ion fragments 1n Cheyenne has been tentat ively assigned

(F1g. 1, lane a) on the basis of fragments present 1n l ines monosomic for

chromosome IB and ID (results not shown). The comparative Intensity of the

hybridization to the reconstructions (F1g. 1, compare lane a with lanes c-f)

suggests that there are 1-3 copies of HMW subunit gene per EcoRI fragment

and thus a tota l of 2-6 copies per haploid genome.

A genomic l ibrary of DNA from the cul t ivar Cheyenne was screened for

clones containing sequences related to HMW subunits. Three clones were

Ident i f ied, each containing an EcoRI fragment of 8.2 kb, and the Insert

from one of them was sub-cloned Into pUC8 to give clone pHR26. The Insert

from pHR26 had a mobility similar t o , but not Identical w i th , the chromosome

1A derived 8.2 kb EcoRI fragment of Cheyenne (F1g. 1, arrowed bands 1n

lanes 1 and j ) . This difference 1n mobility 1s probably due to the

di f ferent amounts of DNA 1n the two lanes. .Restriction analysis, Southern

blot t ing and hybridization to pTaE-c256 suggested that the gene was entirely

contained within a 3.5 kb Smal/BamHI fragment (data not shown). This

fragment was therefore sub-cloned Into pl)C8 to give DHSB26 (F1g. 2).

Further detailed analysis was conducted on H1ndIII/H1ncII fragments sub-

cloned Into M13mpl8 and mpl9. The detailed rest r ic t ion maps and the

strategy used to sequence pHSB26 are shown 1n F1g. 2.

Nucleotide and Ami no Add Sequence

The complete nucieotide sequence and the deduced ami no add sequence of

the coding portion of the gene are shown 1n F1g. 3. Analysis of the DNA

sequence Indicates that there are no Intervening sequences present 1n the

gene. An unusual feature of the coding sequence 1s a TAG termination codon

start ing at base 1832 (F1g. 3). The region containing th is codon was found

In three separate M13 sub-clones and was sequenced at least three times on

each strand to exclude sequencing artefacts. We have presented the deduced
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F1g. 2. Restriction map and sequencing strategy of a genomic clone related
to the HMW subunits of glutenin.
(A) Experimentally determined restr ict ion map of pHR26.
(B) Restriction map of a sub-clone of the 3.5 kb Smal/BamHI fragment
from pHR26. The Smal/BamHI fragment was sub-cloned In pUC8 and
designated pHSB26. Preliminary Information on the position of the multiple
Pstl sites within th is fragment was obtained by analysing Hindi 11/
1-HncII fragments sub-cloned Into M13mpl8 and mpl9 (26). The repHcative
forms were digested with Pstl and the restr ict ion fragments separated on
polyacrylamide (6%) gels (63) pr ior to blott ing (64) and hybridization to
pTaE-c256. The regions of pHSB26 sequenced are Indicated by arrows below
the map. Each arrow represents a separate M13 sub-clone and 1s coded
according to the method of generation: arrows with circles Indicate Pstl
fragments; arrows with squares Indicate Hindi 11/Hindi fragments; arrows
w1th vert ical bars Indicate Bal31 deletions made as follows. Clone pHSB26
was cut with BamHI, digested with Bal31, then with EcoRI and 11 gated to
BamHI/Sall cut M13mpl9. Deletions proceeding 1n the other direction
were obtained using a Smal/PstI sub-clone (ca. 1.5 kb) 1n pUC8. In this
the plasmid was cut w^tfTPsTT, digested with Bal31, cut with Hind 111 and
11 gated to a H1ndIII/SmaI cut vector M13mpl8. Three sub-clones are
labelled and mark those used for hybrid-selection of mRNA (see F1g. 4).
Clone M13B5.9 extends from base 778 to base 1141 (see F1g. 3). Clones
M13HH18.1 and M13HH19.7 represent a Hindl l l /HincII fragment 1n both
orientations and span the sequence between bases 1242 and 2070.

The position of putative transcriptional control elements and of codons
In i t i a t ing and terminating translation of mRNA are Indicated.

amino add sequence beyond the TAG codon through to position 2620, which 1s

then followed by adjacent TGA and TAG codons (F1g. 3). The predicted C00H-

tenninal amino acid sequence pr ior to these two stop codons (A S Q-COOH)

agrees with the COOH-terminal sequence of a purified HMW subunit and that

deduced from the nucleotide sequence of the cDNA clone, pTaE-c256 (11). The

remainder of the deduced amino add sequence between the Internal TAG and
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the TGA codon 1s very similar to that determined previously for pTaE-c256.

In particular sequences related to the two consensus repeat motifs

P G Q G Q Q a n d G Y Y P T S L Q Q (marked with broken and solid arrows

respectively 1n F1g. 3 and encoded by nucleotides 1190 to 2494), were also

observed 1n the cDNA clone (11). The sequence E G E A S start ing at residue

22 1s Identical to that determined by direct sequencing of the NH2-

termini of several HMW subunits (10). This suggests that residues 1-21 form

a signal peptide that 1s cleaved post-translat1onally, a result consistent

with the synthesis of the HMW subunits on the rough endoplasmic reticulum

(2,34). The predicted signal peptide has characteristics common to other

signal sequences (36).

The nucleotide sequence shown 1n F1g. 3 extends for 814 bases 5' to the

ATG codon and 295 bases 31 to the coding sequence. In the 51 flanking

region the sequence TATAAAA 1s present between 85 and 91 bases upstream from

the ATG codon; th is agrees 1n position and sequence with the expectations

for a 'TATA' box 1n plant and animal genes (37,38). Sequences similar to

the 'CCAAT' box 1n animal genes (39) are also present; CCAT which begins at

position 696, CAAAT at 620 and CCAAT at 582 (119-233 bases upstream from the

ATG codon). The 5' flanking region also contains a series of three

Imperfect direct repeats of 20 nucleotides (F1 g. 3, marked A) that have the

consensus sequence GTGAGTCATAGCATACATAT. This sequence shows considerable

homology to one half of the '-300 element' that 1s strongly conserved

upstream from other prolamin genes (29). These repeats are flanked by a

direct repeat of another sequence (marked B). Several Inverted repeats are

present and two are Indicated 1n the f igure. In the 3' f lanking region, a

consensus polyadenylation signal sequence (boxed 1n F1 g. 3) 1s present 52

bases from the double stop codon and another sequence AATAAT 1s present a

further 50 bases downstream, beginning at base 2728.

Hybrid-select1on -trans!at1 on

Normally the codon DAG functions as a stop codon. However recent work

has shown that 1n at least one species of higher plant the two major

cytoplasmic tRNAsTYR can act as UAG suppressors (40). Thus, 1f the HMW

subunit gene present 1n pHSB26 1s expressed 1n vivo then the mRNA should

direct the synthesis of a polypeptide of molecular weight 37,292 or , 1f the

stop codon 1s read through, 65,229. Three sub-clones were used to hybrid-

select mRNA from poly A+ RNA Isolated from the membrane-bound polysomes of

developing endosperms of the cul t ivars Cheyenne and Sentry. The released

mRNAs were translated 1n v i t ro and the products separated by SDS-PAGE and
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visualized by fluorography (F1g. 4). The HMW subunits present 1n the two

cult ivars have been numbered according to the classi f icat ion of Payne et

a l . (5) and those encoded by the B and D genomes have been classif ied as x-

and y-types (5,7; see F1g. 4). Where one chromosome lA-encoded subunit

occurs 1n cul t ivars, 1t 1s considered to be of the x-type (5). Gone

M13HH18.1, which contains the repetit ive portion of the gene, selected mRNAs

directing the synthesis of a l l major HMW subunits (F1g. 4, lanes d and j ) ;

some low molecular weight polypeptides were also synthesized but there 1s no

evidence of a major polypeptide of apparent Mp between 30,000 and 60,000.

In contrast, clone M13B5.9, which encodes the non-repet1t1ve N-term1nal

portion of the coding sequence and some of the 5' flanking sequence (F1g.

2), selected mRNA that specified one major polypeptide with a mobility

equivalent to subunits 9 and 10 1n Cheyenne and subunit 12 1n Sentry (F1g.

4, lanes f and 1). An accurate Mp for these subunits 1s not known:

subunit 10 has been reported to be 1n the range of 84,000 to 118,Ood by SDS-

PAGE (41) and subunit 12 1s estimated at 63,000 by sedimentation equilibrium

ultracentrifugation (42). I t 1s possible that factors which promote read-

through of the amber codon are present 1n the reticulocyte lysate (40,43,44)

and may also be present 1n the calf thymus tRNA preparation. However, 1t

would be expected that a proportion of the polypeptides synthesized jn_

vi t ro would terminate at the Internal UAG. The apparent absence of a

polypeptide of Mr 37,000 suggests either that the corresponding mRNA 1s

absent or 1s not translated 1n v i t r o .

DISCUSSION

Gene Structure, Copy Number and Evolution of the HMW Subunits

The results Indicate that the HMW subunits of glutenin are encoded by

between 6-18 genes 1n the hexaploid bread wheat cultivar Cheyenne and

suggest that these genes belong to a small multigene family as previously

shown for the cultivar Chinese Spring (8). Whether there 1s significant

variation 1n the copy number of genes for the HMW subunits between

cultivars, as has been reported for the A-gl1ad1n genes (45), 1s not known

F1g. 3. Nucleotide and derived protein sequence of clone pHSB26. Putative
transcriptional control elements are boxed. Stop codons are marked by
asterisks. In the 5' flanking regions arrows labelled A and B Indicate two
dif ferent direct repeats: the arrow labelled x marks an Inverted repeat.
Another sequence (arrow labelled y) 1s found Inverted 1n the opposite 3'
flanking region. In the coding region solid arrows mar;k a sequence based on
the nonapeptide repeat G Y Y P T S L Q Q ; broken arrows mark another
sequence based on the hexapeptide repeat P G Q G Q Q.
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CHEYENNE SENTRY
GENOME SUBUNIT GENOME SUBUNIT M r xKr 3

-43-0
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F1g. 4. Characterization of the genomic clone for a HMW glutenin subunit
using hybrid-selection translat ion. Phage DNAs from the M13 sub-clones T-'
HH18.1, HH19.7 and 85.9 (see F1 g. 2) were bound to nitrocellulose and
nybridized to poly A+ RNA from wheat endosperm. The RNA which hybridized
was eluted, precipitated with tRNA as carr ier (Boehringer, ca l f thymus), and v

translated using the reticulocyte lysate. The 3H-1abelled translation
products were analysed on 101 polyacrylamide gels and fluorographed. The
conditions for pre-hybr1d1zat1on, hybridization, washing and elution are h'
described 1n Methods. The cult ivars from which the protein and RNA was
extracted are Indicated in the f igure . Lanes a and g, authentic prolamin
polypeptides stained with Coomassie blue; lanes b and h, translation
products of polysomal poly A+ RNA with added tRNA; lanes c and 1 ,
translation products of tRNA alone; lanes d and j , translat ion products of
poly A+ RNA selected by clone N13HH18.1; lanes e and k, translation
products of poly A+ RNA selected by clone M13HH19.7 which contains the
complementary strand to clone M13HH18.1; lanes f and 1 , translat ion products
of poly A+ RNA selected by clone M13B5.9; lane m, no poly+ RNA added to ;

f i l ter-bound DNA; lane n, l l (C-rad1olabened molecular size markers (BRL;
phosphorylase B, bovine serum albumin, ovalbumin and trypsinogen). The HMW ^
subunits of glutenin are numbered according to the c lassi f icat ion of Payne
et a l . (5) and their genome control 1s Indicated.

but we have noted l i t t l e variation 1n the copy number per haploid genome of

the HMW subunit genes present 1n two dipioid species and one tetraploid *

species (results not shown). The s imi lar i ty 1n the sizes of the two 1A ^

encoded EcoRI fragments present In Cheyenne and T. monococcum (F1g. 1 ,

lanes g and h) suggests that the sizes of these fragments have been

conserved 1n the course of evolution. However, 1t 1s known that the 8.2 kb *

i
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fragment 1s absent 1n the cul t ivar Chinese Spring and replaced by a 16.5 kb

fragment (8). Recent results have Indicated that 1n this cul t ivar there has

been an Insertion of approximately 7 kb at a position equivalent to base

1718 1n pHSB26 (see F1g. 3; N. P. Harberd, personal communication).

The apparent TAG stop codon at bases 1832-1834 (F1g. 3) occurs at the

3' of a 27 base repeat un i t , 1n a position normally occupied by the

glutaraate codon CAG, and 1t 1s probably the resu l t of a pyr-pyr

substi tut ion. In the absence of th is substitut ion, the gene would have a

560 amino add coding region devoid of Introns. The nucleotide sequence of

another HMW subunit gene (accompanying paper) also lacks Introns, making the

coding regions of th is family of genes perhaps the longest so far reported

for a higher eukaryote not to contain Intervening sequences. Other cereal

storage protein genes (38, 45) also lack Introns, unlike most higher

eukaryotic genes Including those for legume seed storage proteins (46,47),

and 1n contrast to Gilbert's suggestion (48) that genes with repeating

structures are l ike ly to contain Introns.

The pattern of repeats shown 1n F1g. 3 suggests that the sequence

organization of the HMW subunits has arisen during evolution by a series of

Intragenic duplications of two adjacent but unrelated ancestral units of 18

nucleotides and 27 nucleotides, 1n a manner similar to the model proposed

for the evolution of the repeti t ive sequences of sa te l l i t e DNA (49).

However, 1t 1s not clear why the shorter repeat unit 1s so often tandemly

repeated whereas the longer repeat unit 1s not. The or ig in of much of the

sequence from amplification of two primordial sequences probably accounts

for the strong bias 1n the codon usage for several of the amino adds. For

example 85% of a l l proline codons are CCA. This bias 1s not evident 1n

other plant or animal genes (see (50) for review).

I t has been suggested that the prolamins, which are unique to the

Gramineae, are of relat ively recent evolutionary or igin (51). The HMW

subunit genes possess several characteristics that suggest they are the most

recently evolved of the prolamin gene famil ies. F i r s t l y , the i r copy number

1s the lowest for the three groups of prolamins (8,24,52,53). Secondly,

there appears to be less variation 1n the length of the restr ic t ion

fragments related to the HMW prolamin genes than 1n those related to the S-

r1ch or S-poor prolamins (8,53,54). Final ly, the repeated sequences show a

considerable degree of conservation - much greater than that seen 1n the S-

r1ch prolamins (see (50) for review).

Though apparently of recent or ig in , new evidence (15) suggests that the
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prolamins have evolved from another much older family of seed proteins. The

proposed ancestral seed storage protein gene had three domains A, B and C

which are s t i l l present 1n a super-family of salt-soluble seed proteins that

Includes wheat a-amylase Inhibi tor, barley trypsin Inhibi tor and the 2S

storage proteins of certain dicotyledonous seeds (15,50). In the S-r1ch

prolamins these three regions are fused with an N-term1nal domain that

consists largely of repeated sequences (50,55). In contrast, the repeats 1n

the HMW subunits (which are different from those 1n the S-r1ch prolamins)

are between the A and C regions. The B region, to date, had not been

found. Analysis of the complete sequence 1n F1g. 3 by the DIAGON computer

program using a graphic matrix (56), has Indicated that the B region is

present 1n the HMW subunit gene between residues 62 and 98 (50) (encoded by

nucleotides 998 to 1108).

Is this A-genome gene expressed?

Termination codons which reduce the length of the open reading frame

have been found 1n genes of other multigene families (57-60). Their

presence does not mean the gene 1s not expressed; 1n the maize storage

protein genes, nonsense mutations result 1n truncated ze1n polypeptides so

that sequences hybridizing to members of the heavy chain class but encoding

polypeptides of the l igh t chain class are present (58). The results of the

translation of hybrid-selected mRNAs (F1g. 4) suggest that the HMW subunit

gene present 1n pHR26 does not produce a truncated polypeptide. The

selection of a raRNA giving a single major polypeptide of equivalent mobility

to subunit 12 (which 1n I t s mature form has an Mp of 63,000 by

sedimentation equilibrium ultracentrifugation (42)) could be Interpreted 1n

terms of the synthesis of the 65,229 molecular weight polypeptide predicted

by the longer coding sequence. However, 1n the cul t ivar Cheyenne, there 1s

no evidence for an 1n vivo polypeptide of th is mobil i ty and encoded by

chromosome 1A. Two reported analyses (18,61), and our own unpublished data

using aneuploid lines of Cheyenne, f a l l to show any major chromosome 1A-

encoded polypeptide of a mobility equivalent to that of subunits 9 and 10.

I t 1s possible that a minor band may be present but obscured by subunits 9

and 10 but th is has not been shown. I t would also be expected that 1f a

transcript from this gene was selected by clone M1385.9 (F1g. 2), then the

translation of a proportion of 1t would terminate at the Internal UAG.

Although the rabbit reticulocyte 1n v i t ro protein synthesis system can

read through an Internal UAG 1n TMV RNA, a major proportion of the

polypeptides formed terminate at that codon (40,43). A more l ike ly
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explanation for our results 1s that clone M13B5.9 preferential ly selects

mRNA for subunit 10, which 1s encoded by a lQy a l le le (5,18): the

nucleotide sequence of N13B5.9 1s 92% homologous to the same region of a

putative lQy gene from Chinese Spring (accompanying paper) and 1n particular

a region of 120 nucleotides shows 95% homology. Furthermore, the amino add

composition predicted by pHSB26 1s much closer to that determined (10) for

subunit 10 than that for 2*, part icular ly 1n the number of basic residues.

This suggests that clone M1385.9 may be useful as a di f ferent ia l probe to

Identify future genomic clones.

In conclusion, 1t 1s unlikely that the gene we have sequenced produces

a functional mRNA and 1t 1s probably a si lent gene from the A-genome

encoding a y-type HMW subunit. The reasons for the apparent silence are not

clear. I t 1s possible that the gene 1s transcribed: Goeddel et a!. (62)

have described an Interferon pseudogene, containing termination codons and a

framesMft mutation, which 1s s t i l l transcribed. F1g. 3 shows that the 5'

and 3' flanking regions contain the major known consensus sequences.

However, only part of the conserved sequence of the putative regulatory ' -

300 element1 (29) 1s present. The 5' flanking sequence of the ID encoded

HMW subunit gene from cv. Chinese Spring (accompanying paper) does not

extend far enough to enable us to compare th is region of the two genes.

However, over thei r region of overlap, the two sequences are 84% homologous,

and comparison using DIAGON (56) analysis (not shown) reveals no major

Insertions or deletions. Only one region of 50 bp 1n both sequences,

extending from -415 to -376 r e l a t i v e to the ATG codons, 1s highly

divergent.

Protein Structure

Irrespective of whether or not 1t 1s expressed, the coding sequence of

pHSB26 may be expected to be very similar to those of other, expressed HMW

subunit genes. The sequence suggests that there are three domains within

the HMW subunits: an N-term1nal domains of about 100 amino adds, a

repeti t ive domain of over 400 amino adds and a C-terminal domain of about

40 residues. A number of signif icant observations can be made. F i rs t l y ,

the nonapeptide and hexapeptide repeats make up the majority of the molecule

(75% of the f inal protein). Based on computer predictions of part ial cONA

sequences (12,13) 1t 1s l i ke ly th is repet i t ive portion 1s 1n the form of B-

turns. Secondly, the sequence confirms the predicted presence of cysteine

residues at the N- and C-term1n1 and the absence of any 1n the centre of the

molecule (13,42). The sequence predicts 6 cysteine residues, f ive within
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the f i r s t 60 amino adds from the N-ternvinus and one located 13 residues

from the C-terro1nus. Thirdly, as previously Indicated by short amino- and

carboxyl-terminal sequences (10,11) , the charged residues are concentrated

1n these regions. Thus of the 62 charged residues, a third (mostly add le )

are 1n the N-term1nal domain and a further 8 (mostly basic) are 1n the C-

tenninal region. Each of these three characteristics may be expected to be

relevant to the behaviour of the HMW subunits 1n gluten and to support a

recent hypothesis for their elastomeric properties (12,13) . This 1s based

upon the formation of glutenin polymers 1n which the Individual HMW subunits

(containing a high proportion of the i r backbone 1n the form of an elast ic S-

spi ra l ) are linked head-to-tall by disulpMde bonds between the i r N- and C-

terminal cysteines.
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