Cloning of cDNA, expression, and chromosomal location of
genes encoding the three types of subunits of the barley
tetrameric inhibitor of insect a-amylase
Joaquín Medina, Gregorio Hueros and Pilar Carbonero

,

•

Key words: α-amylase tetrameric inhibitor, barley, c-DNA cloning differential gene expression, genetic
mapping

Abstract
Three cDNA clones from barley developing endosperm, corresponding to proteins BTAI-CMa, BTAICMb and BTAI-CMd, which are the three types of subunits of the tetrameric inhibitor of insect
i:x-amylases, have been identified and sequenced. The deduced amino acid sequence of BTAI-CMb
corresponds to the CM16/CM17 type of subunit in wheat (92/90% identical residues) and has one
putative N-glycosylation site (NLT) and a possible kinase-C phosphorylation site (SCR). The BTAICMa sequence differs at four amino acid residues from a previously reported one from cv. Bomi and
the sequence deduced for BTAI-CMd completes (11 N-terminal residues) and confirms previously
available data. The gene for BTAI-CMa (Iat1 ) is located in the /?arm of barley chromosome 7H (syn.1),
while genes for both BTAI-CMb (Iat2) and BTAI-CMd (Iat3 ) are in the long arm of chromosome 4H.
The three genes are expressed in endosperm and their mRNAs are not detected in the other tissues tested,
except Iat1 , which seems to be expressed at a low level in coleoptile and roots, where it is switched off
by 50 µM methyl jasmonate.

Introduction
In barley endosperm, over 1O % of the total pro
tein is represented by protein families that are
either toxic or inhibitory towards heterologous

systems and consequently may have a defence
role. A substantial fraction of these proteins be
longs to a single multigene family of trypsin/ αamylase inhibitors whose members are scattered
over several chromosomes. We have character-

The nucleotide sequence data reported will appear in the EMBL GenBank and DDBJ Nucleotide Sequences Databases under
the accession numbers X69937 (BTAI-CMa), X69938 (BTAI-CMb) and X69939 (BTAI-CMd).

ized over 20 different inhibitors of this family in
wheat and barley. Those that inhibit oc-amylase
can be either monomeric, homodimeric or heterotetrameric, whereas the trypsin inhibitors are
monomeric. The molecular masses of the different subunits are in the 12-16 kDa range [for recent reviews see 3, 8].
The tetrameric a-amylase inhibitor from barley
is composed by three different proteins, BTAICMa, BTAI-CMb and BTAI-CMd, in a 1:1:2
ratio. This inhibitor is active against the a-amylase
from the larvae of the storage insect pest Tenebrio
molitor, but inactive against both the endogenous
barley a-amylase and that from human saliva.
Subunits CMb and CMd have no inhibitory activity by themselves, while CMa alone retains
some of the activity of the reconstituted tetramer
[2, 3, 25, 29].
The complete sequences of the wheat tetramer
subunits have been deduced from the nucleotide
sequences of their cloned cDNAs [7, 9, 15]. The
inhibitory activities of different'/« vitro' reconstituted wheat tetramers have been shown to fit a
model for alloploid heterosis at the molecular level
[11].
In barley, the complete amino acid sequence of
the precursor of BTAI-CMa has been deduced
from its cDNA [21] and two incomplete cDNA
sequences of BTAI-CMd are known [12, 20],
while only the N-terminal sequence of the mature
protein is available for BTAI-CMb [2]. This protein is of special interest because it has been
shown that it exists both in a glycosylated and in
a unglycosylated form and that the glycosylated
protein, CMb*, is one of the most potent allergens
associated with baker's asthma [24].
We report here the complete sequence of the
precursor for the BTAI-CMb subunit of the barley tetrameric inhibitor, deduced from a cDNA
clone. Previously available sequence data about
the other two subunits, BTAI-CMa and BTAICMd have been completed and essentially confirmed. The localization of the genes for the three
subunits in chromosome arms 7H/? (Iatl) and
4HL (Iat2 and Iat3), as well as their tissue-specific
expression, are also reported.

Materials and methods
Biological material
Developing barley endosperm from Hordeum vulgare L. cv. Abyssinian 2231, collected at 14 days
after pollination, was the source of the poly(A)+
mRNA for the construction of the cDNA library
i~ the lambda vector NM1149. Hexaploid wheat,
Triticum aestivum L. cv. Chinese Spring, diploid
barley, Hordeum vulgare L. cv. Betzes, and the
disomic addition lines of chromosomes 2H, 3H,
4H, 5H (formerly 7), 6H and 7H (formerly 1)
from barley cv. Betzes on a wheat cv. Chinese
Spring background were obtained from K. W.
Shepherd and A. K. M. R. Islam [28]. The ditelosomic addition lines corresponding to chromosomes 4H and 7H were also provided by these
authors: 4HS (short arm of chromosome 4H),
4HL (long arm of 4H); 7Ha (probably long arm
of 7H), 7Hj9 (probably short arm of 7H). These
lines were used for the chromosomal location of
the genes.

Screening of the CDNA library
The cDNA library was screened under nonstringent conditions (60 ° C) using a mixture of
the inserts in clones pCTl, pCT2 and pCT3 [7],
which encoded the subunits of the wheat tetrameric inhibitor. To complete the 5' end of the
cDNA corresponding to the BTAI-CMd subunit,
PCR amplification was carried out [4], using
cDNA from developing barley endosperm as
template with primers 5'-ATGGCGTGCAAGTCC-3' and 5'-GCATACATGCACACCAC-3' derived respectively from the sequence
of the first nucleotides of the signal peptide region
of its wheat homeologue cDNA, pCTl [7] and an
appropriate region of the incomplete BTAI-CMd
cDNA [12, 20]. About 100 ng of cDNA were
added to 50 jitl of a PCR cocktail consisting of
1 x PCR buffer (Promega), 1.6 mM MgCl2, 200
juM of each deoxynucleotide triphosphate, 60 ng
of each primer and 1.2 units of Taq DNA polymerase (Promega). Thirty cycles of amplification

were carried out using a step programme (95 °C,
1 min; 52 °C, 2 min; 72 °C, 2 min), followed by
a 5-min extension at 72 °C. The amplified DNA
was cloned into the Sma I site of vector Ml 3mp 18
and the recombinants screened for positive
clones.

Nucleotide Sequencing
The cDNAs cloned into the M13mpl8-19 vectors were sequenced by the dideoxy chain termination method [26] using a sequenase kit (United
States Biochemical) according to the manufacturer's instructions. Sequencing reactions used
[«35S]dATP ( 1000 Ci/mmol) as label and the
products were separated on 8 % polyacrylamide,
9 M urea 'wedge' gels. The sequences were analysed with the Beckman Microgenie software and
the EMBNet/CNB computer facilities.

Southern blot analysis
Total DNAs were prepared from leaves of barley,
wheat and wheat/barley addition lines after 10-15
days of germination. Green tissue was ground
under liquid N 2 and extracted according to Sharp
et al. [27]. After complete digestion with the appropriate endonuclease, DNA was separated on
0.8% agarose gels. Southern blotting on Nylon
membranes (GeneScreen Plus, Dupont), hybridization (0.5 M Na 2 HP0 4 , 1% SDS, 100 /xg/ml
salmon sperm DNA, pH 7.2, at 65 °C) and highstringency washings (2x SSC, l x SSC, and
0.1 x SSC with 0.1% SDS, for 15 min each, at
65 °C) were performed by standard procedures
[16]. The inserts of the clones used as probes
were 32P-labelled by the multiprime labelling
method [6].

Northern blot analysis
RNA was purified from frozen tissues (developing endosperms, young roots and leaves) by
phenol/chloroform extraction followed by lithium

chloride precipitation [ 14]. Total denatured RNA
was electrophoresed through 5% formaldehyde
agarose gels and blotted into Nylon membranes
(Hybond N, Amersham). Hybridization and
washings were performed following standard procedures [16]. Young barley plants grown for 7
days at room temperature were treated with 0.1
mM abscisic acid, ImM sodium salycilate, and
50 /xM methyl jasmonate. Aqueous solutions of
these compounds were sprayed over the entire
plant every six hours. Roots were excised from
leaves at 24, 48 and 72 h and frozen in liquid N 2 .
RNA was extracted from these tissues as previously indicated [14].

Results
Characterization of cDNA clones
Two positive clones that differed in their restriction maps were selected from the barley endosperm cDNA library, using as probe a mixture
of cloned cDNAs encoding the three subunits of
the wheat tetrameric inhibitor of insect a-amylase
[7]. The longest open reading frames in the nucleotide sequences of the inserts in the two clones
respectively included regions encoding the known
N-terminal sequences of the previously purified
proteins BTAI-CMa and BTAI-CMb, two of the
three components of the barley tetrameric inhibitor of a-amylase [2]. The deduced amino acid
sequence of BTAI-CMa from cv. Abyssinian reported here (accession number X69937) differs at
four positions with respect to that of the same
protein in cv. Bomi [21] and these differences
imply a different net charge for the two proteins,
which is of interest because no charge variants
have been found for this protein in previous surveys [22, 18]. The nucleotide sequence encoding
subunit BTAI-CMb (accession number X69938)
had not been previously reported. A possible
kinase-C phosphorylation site (SRC) and one putative N-glycosylation site (NLT) for BTAI-CMb
can be identified in the deduced amino acid sequence (Fig. 1). Truncated cDNA clones corresponding to BTAI-CMd, the third and most hy-
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Fig. 1. Alignment of the deduced amino acid sequences of the precursors for the barley subunits of the tetrameric inhibitor of
a-amylase (BTAI-CMa, BTAI-CMb and BTAI-CMd) and comparison with the wheat tetrameric amylase inhibitor (WTAI)
homeologues CM1, CM2, CM16, CM17 and CM3 [7, 9, 15]. The sequences of the mature proteins are divided into three domains
(A, B and C) following the criteria of Kreis et al. [13]. Identical residues between proteins belonging to the same subfamily are
boxed and coincident residues in the eight members compared are shaded. Possible phosphorylation sites (TPK and SCR) in
BTAI-CMa and BTAI-CMb are indicated by wavy lines, and the putative N-glycosylation site (NLT) is marked with a double
underline.

drophobic component of the tetrameric inhibitor,
had been previously reported by us and others
[12, 20]. The coding sequence was completed up

to the initial methionine of the signal peptide by
a PCR strategy (accession number X69939).
Three independently generated clones were se-

quenced in order to avoid possible sequence errors due to amplification. The BTAI-CMd amino
acid sequence reported here fully coincided with
that reported by Paz-Ares et al. [20], which was
38 residues short of the mature N-terminus, and
differed by one substitution (T/P at position 119)
from that of Halford et al. [12], which lacked the
first 11 residues.
In Fig. 1, the deduced amino acid sequences of
the barley precursors have been aligned with their
wheat equivalents [7]. The four alignment blocks
correspond to the signal peptides and to the three
domains proposed for the mature proteins by
Kreis et al. [13]. No gaps were required for the
alignment within each barley/wheat homologous
set of subunits, except for a difference of three
residues at the N-terminal of the mature proteins
in the CMd/CM3 pair.
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Chromosomal location of genes
The sequences encoding the three subunits of the
barley inhibitor were subcloned in vector pUC 18
and were used as probes to determine the chromosomal locations of the corresponding genes by
Southern analysis of DNAs from the wheat/
barley addition and ditelosomic addition lines
(Fig. 2). High-stringency conditions were used to
avoid cross-hybridization with other inhibitor
genes of the same family. The CMa probe gave
three bands with cv. Chinese Spring wheat DNA
and one non-overlapping band of ca 3.1 kb with
cv. Betzes barley DNA when digested with the
Sac I restriction endonuclease (Fig. 2A). The latter appeared as an extra band in the patterns of
the addition lines carrying either chromosome 7H
(syn. 1) or the 7H/? ditelosomic (Fig. 2A), indicating location of the gene for BTAI-CMa (Iatl
gene) in the /? arm of chromosome 7H. In a similar manner, the CMb probe hybridized with a
single non-overlapping band of the Sac I pattern
of Betzes barley DNA, the 4H addition, and the
4HL ditelosomic addition lines, thus showing the
location of gene for BTAI-CMb (gene Iat2) in the
long arm of chromosome 4H (Fig. 2B). The bands
identified by the CMd probe in the Eco RI pat-
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Fig. 2. Chromosomal locations of genes Iatl, Iat2 and Iat3
corresponding to the three types of subunits BTAI-CMa,
BTAI-CMb and BTAI-CMd respectively, of the barley tetrameric inhibitor of a-amylase. Southern blot analysis of the
following genotypes: hexaploid wheat Triticum aestivum cv.
Chinese Spring (W); diploid barley, Hordeum vulgare cv.
Betzes (B); Chinese Spring wheat/Betzes barley addition lines
(2H, 3H, 4H, 5H, 6H, 7H) and ditelosomic additions lines
(7Ha, 7H/?; 4HS, 4HL). DNA digested with restriction endonuclease Sac I was hybridized with probes corresponding
to BTAI-CMa (A) and BTAI-CMb (B) and DNA digested
with Eco RI with probe corresponding to BTAI-CMd (C).
Barley bands are indicated with arrowheads.

tern, allowed mapping of the gene for BTAI-CMd
(gene Iat3) also in the same 4HL chromosomal
arm (Fig. 2C). The three barley probes hybridized

with wheat DNA under the stringency conditions
used because of the above discussed close similarity between equivalent subunits in wheat and
barley. It is to be noted that the pattern obtained
with the CMb probe for addition line 4H lacked
one of the wheat bands (Fig. 2B), while the same
line gave the normal wheat background with
probe CMd (Fig. 2C).

leoptiles and roots (Fig. 3). Treatment with
0.1 mM abscisic acid or with ImM salicylate did
neither induce the expression of genes latl and
Iat3 (data not shown), nor alter the expression of
gene latl in these tissues, while 50 nWL methyl
jasmonate switched off the latter (Fig. 3). 3 about
here

Discussion
Expression of genes latl, Iat2, and Iat3
Analysis by northern hybridization of total RNAs
from developing endosperm, the tissue from
which the inhibitor subunits had been originally
purified [2, 25, 29], showed the synchronous expression of the three genes during the cell proliferation stage (first half) of endosperm development (Fig. 3). Expression of these genes in other
tissues and under different external stimuli was
also investigated. Only gene latl (probe CMa)
was found to be expressed at a low level in COENDOSPERM
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In Table 1, all binary comparisons of the amino
acid sequences of the different subunits from the
wheat and barley tetrameric inhibitors whose
complete sequences are known, are presented. A
higher percentage of conserved residues are to be
found between barley/wheat homeologues (CMa
versus CM1 and CM2, 81/82% identical residues; CMb versus CM 16 and CM 17, 92/90%
identity; CMd/CM3, 86% identity) than between
any pair of the barley tetramer subunits (CMa/
CMb, 49% identical residues; CMa/CMd, 50%
identity; CMb/CMd, 57% identity). 1 about here
Previous data from our department [22] had
Table 1. Binary Comparisons (% Similarity and % Identity)
of subunits of the tetrameric a-amylase inhibitors from wheat
(CM1/CM2, CM16/CM17, CM3) and barley (CMa, CMb,
CMd).
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Fig. 3. Northern blot analysis of genes latl, Iat2 and Iat5. 5
jig of total RNA from endosperms at different developmental
stages (1 = 5 days after pollination (dap); 2 = 10 dap; 3 =
18 dap) were electrophoresed in 1% agarose gels containing
5 % (v/v) formaldehyde, blotted onto nylon filters and hybridized with probes corresponding to BTAI-CMa (pCMa),
BTAI-CMb (pCMb) and BTAI-CMd (pCMd). Total (15 fig
per slot) RNA from young roots and shoots (7 days of germination) were hybridized with the BTAI-CMa probe (pCMa)
after challenging for 72 h with the indicated chemicals: C =
control; S = ImM salycilic acid; A = 0.1 mM abscisic acid;
J = 50 fiM methyl jasmonate. Results were identical at 24,48
and 72 h.
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associated protein CMa with chromosome 1 (syn.
7H) and proteins CMb and CMd with chromosome 4. We have corroborated this and assigned
genes to chromosome arms. The assignment of
gene Iatl to the fi arm of chromosome 7H, together with the similar fi arm location of the Ssl
sucrose synthase gene [23], supports the equivalence of this chromosome arm (7H/?) with the
short arms of wheat chromosomes 7A, 7B and
7D [1, 17]. Location of genes Iatl and Iat3 in the
long arm of chromosome 4H is in agreement with
that of its wheat homeologues CM 16 and CM3
whose genes have been mapped within a few kilobases of each other [7] in the long arms of
group-4 chromosomes [1]. The presence of
closely related genes in the short arms of group-7
chromosomes and the long arms of group-4 chromosomes would be in agreement with the partial
homology between these chromosome arms proposed by Naranjo et al. [ 19] based on cytogenetic
evidence. The missing wheat band in the Southern pattern of the 4H disomic addition line
(Fig. 2B), which is present in the 4HL and 4HS
ditelosomic addition lines, implies partial or total
loss of a wheat chromosome while generating the
addition line or during subsequent manipulation.
The present study shows that the three genes
are coordinately expressed during the proliferative stage of endosperm development. With the
exception of the Iatl gene, which seems to be
expressed at a low level in young roots and shoots,
the genes are endosperm-specific. The weak signal detected with the Iatl probe in shoots and
roots might alternatively represent weak crosshybridization with the messenger of a not yet
characterized member of the same inhibitor family. In any case, the fact that the steady-state level
of this messenger is markedly decreased by methyl jasmonate is in contrast with what has been
observed with other inhibitors, such as the trypsin
inhibitors reported by Ryan's group [5], which
are markedly induced by the same treatment.

Acknowledgements
The technical assistance of L. Lamoneda and J.
Garcia is acknowledged. J. Medina was the re-

cipient of a F.P.I, scholarship from the Ministerio de Educacion y Ciencia. We thank F. GarciaOlmedo and G. Salcedo for critical reading of the
manuscript. This work was financed by grant
Bk>91-0782 from Comision Interministerial de
Ciencia y Tecnologia (Spain).

References
1. Aragoncillo C, Rodriguez-Loperena MA, Carbonero P,
Garcia-Olmedo F: Chromosomal control of non-gliadin
proteins from the 70% ethanol extract of wheat endosperm. Theor Appl Genet 45: 322-326 (1975).
2. Barber D, Sanchez-Monge R, Mendez E, Lazaro A,
Garcia-Olmedo F, Salcedo G: New a-amylase and
trypsin inhibitors among the CM-proteins of barley (Hordeum vulgare). Biochim Biophys Acta 869: 115-118
(1986).
3. Carbonero P, Salcedo G, Sanchez-Monge R, GarciaMaroto F, Royo J, Gomez L, Mena M, Medina J, Diaz
I: A multigene family from cereals which encodes inhibitors of trypsin and heterologous a-amylases. In: Aviles
FX (ed), Innovations on Proteases and Their Inhibitors,
Walter de Gruyter, Berlin/New York (in press).
4. Erlich HA, Gelfand D, Sninsky JJ: Recent advances in
the polymerase chain reaction. Science 252: 1643-1651
(1991).
5. Farmer EE, Ryan CA: Interplant communication: Airborne methyl jasmonate induces synthesis of proteinase
inhibitors in plant leaves. Proc Natl Acad Sci USA 87:
7713-7716 (1990).
6. Feinberg AP, Vogelstein B: A technique for radiolabelling
DNA restriction endonuclease fragments to high specific
activity. Anal Biochem 132: 6-13 (1983).
7. Garcia-Maroto F, Marafia M, Garcia-Olmedo F, Carbonero P: Cloning of the cDNA and chromosomal location of genes encoding the three types of wheat tetrameric
inhibitor insect a-amylase. Plant Mol Biol 14: 845-853
(1990).
8. Garcia-Olmedo F, Salcedo G, Sanchez-Monge R,
Hernandez-Lucas C, Carmona MJ, Lopez-Fando JJ,
Fernandez JA, Gomez L, Royo J, Garcia-Maroto F,
Castagnaro A, Carbonero P: Trypsin/a-amylase inhibitors and thionins: possible defence proteins from barley.
In: Shewry PR (ed), Barley: Genetics, Biochemistry, Molecular Biology and Biotechnology 335-350. CAB International, Wallingford, UK (1992).
9. Gautier MF, Alary R, Lullien V, Joudrier P: Nucleotide
sequence of a cDNA clone encoding the wheat {Triticum
durum Desf) CM2 protein. Plant Mol Biol 16: 333-334
(1991).
10. Gomez L, Martin E, Hernandez D, Sanchez-Monge R,
Barber D, Pozo V, Andres B, Armentia A, Lahoz C,

11.

12.

13.

14.

15.

16.

17.

18.

19.

Salcedo G, Palomino P: Members of the a-amylase inhibitors family from wheat endosperm are major allergens
associated with baker's asthma. FEBS Lett 261: 85-88
(1990).
Gomez L, Sanchez-Monge R, Garcia-Olmedo F, Salcedo G: Wheat tetrameric inhibitors of a-amylases: alloploid heterosis at the molecular level. Proc Natl Acad
Sci USA 86: 3242-3246 (1989).
Halford NG, Morris NA, Urwin P, Williamson MS,
Kasarda DD, Lew F-L, Kreis M, Shewry P: Molecular
cloning of the barley seed protein CMd: a variant member of the a-amylase/trypsin inhibitor family of cereals.
Biochim Biophys Acta 959: 435-440 (1988).
Kreis M, Forde BG, Rahman S, Miflin BJ, Shewry PR:
Molecular evolution of the seed storage proteins of barley, rye and wheat, J Mol Biol 183: 499-502 (1985).
Lagrimini LM, Burkhart W, Moyer M, Rothstein S: Molecular cloning of complementary DNA encoding the lignin forming peroxidase from tobacco: Molecular analysis
and tissue-specific expression. Proc Natl Acad Sci USA
84: 7542-7546 (1987).
Lullien V, Alary R, Guirao A, Joudrier P, Gautier MF:
Isolation and nucleotide sequence of a cDNA clone encoding the bread wheat (Triticum aestivum L.) CM 17 protein. Plant Mol Biol 17: 1081-1082 (1991).
Maniatis T, Fritsch EF, Sambrook J: Molecular Cloning:
A Laboratory Manual. Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY (1982).
Marafia C, Garcia-Olmedo F, Carbonero P: Linked sucrose synthase genes in group 7 chromosomes in hexaploid wheat (Triticum aestivum L.). Gene 63: 253-260
(1988).
Molina-Cano JL, Fra-Mon P, Salcedo G, Aragoncillo C,
Roca de Togores F, Garcia-Olmedo F: Morocco as a
possible domestication center for barley: biochemical and
agromorphological evidence. Theor Appl Genet 73: 531536 (1987).
Naranjo T, Roca A, Goicoechea PG, Giraldez R: Chromosome structure of common wheat: genome reassignment of chromosomes 4A and 4B. In: Miller TE, Koebner
RMD (eds), Proceedings 7th International Wheat Genetics Symposium, pp. 115-122. Institute for Plant Science
Research, Cambridge (1988).

20. Paz-Ares J, Ponz F, Rodriguez-Palenzuela P, Lazaro A,
Hernandez-Lucas C, Garcia-Olmedo F, Carbonero P:
Characterization of cDNA clones of the family of trypsin/
a-amylase inhibitors (CM proteins) in barley (Hordeum
vulgare L.). Theor Appl Genet 71: 842-846 (1986).
21. Rasmussen SK, Johansson A: Nucleotide sequence of a
cDNA coding for the barley seed protein CMa: an inhibitor of insect a-amylase. Plant Mol Biol 18: 423-427
(1992).
22. Salcedo G, Fra-Mon P, Molina-Cano JL, Aragoncillo C,
Garcia-Olmedo F: Genetics of CM-proteins (A hordeins)
in barley. Theor Appl Genet 68: 53-59 (1984).
23. Sanchez de la Hoz P, Vicente-Carbajosa J, Mena M,
Carbonero P: Homologous sucrose synthase genes in
barley (Hordeum vulgare) are located in chromosomes 7H
(syn. l)and2H. Evidence for a gene translocation? FEBS
Lett 310: 46-50 (1992).
24. Sanchez-Monge R, Gomez L, Barber D, Lopez-Otin C,
Armentia A, Salcedo G: Wheat and barley allergens associated with baker's asthma: glycosylated subunits of the
a-amylase inhibitors family have enhanced IgE-binding
capacity. Biochem J 281: 401-405 (1992).
25. Sanchez-Monge R, Gomez L, Garcia-Olmedo F, Salcedo G: A tetrameric inhibitor of insect a-amylase from
barley. FEBS Lett 207: 105-109 (1986).
26. Sanger F, Nicklen S, Coulson AR: DNA sequencing with
chain terminating inhibitors. Proc Natl Acad Sci USA 74:
5463-5467 (1977).
27. Sharp PH, Dersui S, Gale MD: Isoenzyme variation and
RLFPs at the ^-amylase loci in wheat. Theor Appl Genet
76: 691-699 (1988).
28. Shepherd KW, Islam AKMR: Progress in the production
of wheat-barley addition and recombination lines and
their use in mapping the barley genome. In: Shewry PR
(ed), Barley: Genetics, Biochemistry, Molecular Biology
and Biotechnology, pp. 99-114. CAB International,
Wallingford (1992).
29. Shewry PR, Laflandra D, Salcedo G, Aragoncillo C,
Garcia-Olmedo F, Lew EJ-L, Dietler MD, Kasarda DD:
N-terminal amino acid sequences of chloroform/methanol
soluble proteins and albumins from endosperm of wheat,
barley and related species. FEBS Lett 175: 359-363
(1984).

