
Abstract Ten new wheat γ-gliadin gene sequences are
reported and an analysis of γ-gliadin gene family struc-
ture is carried out using all known γ-gliadin sequences.
The new sequences comprise four genomic clones with
significantly more flanking DNA than previously report-
ed, and six cDNA clones from a wheat endosperm EST
project. Analysis of extended flanking DNA from the ge-
nomic clones indicates the limits of conservation of 
γ-gliadin DNA sequence that are similar to those previ-
ously found with other gliadin and glutenin genes and
that are theorized to define the DNA sequence necessary
for gene control. Most of the flanking DNA is not 
homologous to any reported DNA sequence, and one
flanking region contains the first MITE-like (miniature
inverted transposable element) DNA sequence associat-
ed with gliadin genes. About a quarter of the encoded
polypeptides would contain a free cysteine residue – an
observation that may relate to reports that at least some
gliadins can participate in wheat endosperm glutenin
polymer formation. The new sequences represent both
genes closely related to those previously reported and a
new sub-class of γ-gliadins.
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Introduction

The major groups of wheat prolamins are the high-
molecular-weight (HMW) glutenins encoded by genes

on the long arm of the group-1 homoeologous chromo-
somes, the α-gliadins encoded on the group-6 chromo-
somes, the γ- and ω-gliadins, and the low-molecular-
weight (LMW) glutenins all encoded by genes located
on the short arm of the group-1 homoeologous chromo-
somes (Payne 1987; Singh and Shepherd 1988). The 
gliadin family is related to a number of other monocot
storage proteins as well as those from more-distantly 
related dicot genera (Kreis et al. 1985; Shewry 1995).

DNA sequences have been reported for several γ-glia-
din genes, including seven complete coding sequences
from genomic and polymerase chain reaction (PCR)-
derived clones (Rafalski 1986; Sugiyama et al. 1986;
Scheets and Hedgcoth 1988; D’Ovidio et al. 1995; von
Büren et al. 2000), two partial PCR-generated sequences
(D’Ovidio et al. 1991; Maruyama et al. 1998), one com-
plete cDNA sequence (Bartels et al. 1986), and one par-
tial cDNA sequence (Scheets et al. 1985). These have
come from a variety of sources: eight different cultivars
representing bread, spelt, and durum wheats. We have
been carrying out a detailed analysis of the wheat prola-
min gene families using as a model the hard red winter
wheat cultivar Cheyenne (HMW-glutenins, Anderson 
et al. 1988; α-gliadins, Anderson and Greene 1997; 
Anderson et al. 1997; LMW-glutenins, Cassidy et al.
1998; ω-gliadins, Hsia and Anderson 2001). No γ-glia-
dins are yet reported from this cultivar. To complete the
analysis of Cheyenne prolamins we now report charac-
terization of ten new γ-gliadin sequences. 

Material and methods

A wheat cv Cheyenne genomic lambda bacteriophage (λ) library
λSep6-CNN (Anderson et al. 1997) was screened using a 60-bp
oligonucleotide (CAACAATGCTGCCAACAACTAGCACAGAT
TCCTCAGCAGCTCCAGTGTGCAGCCATCCAT) annealed with
a 15-bp 3 complementary primer (ATGGATGGCTGCACA) and
extended in the presence of 32P-dCTP and Sequenase DNA poly-
merase (US Biochemical). The 60-bp oligonucleotide sequence
was taken from the non-repetitive main cysteine-containing cod-
ing domain of γ-gliadin clone W10 (Scheets et al. 1985) and in-
cluded the sequence encoding γ-gliadin conserved cysteines Cf1,
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Cf2 and Cw (arrow beneath polypeptide structure in Fig. 1). Fifty
150-mm plates each containing about 15,000 plaques were hybrid-
ized with the probe. Duplicate filter lifts were carried out for each
plate to distinguish false from positive signals. A single plaque
was identified as reproducibly hybridizing to the γ-gliadin probe
and this λ clone was named λγ13. A 1.7-kb HindIII fragment con-
taining the hybridizing genomic fragment was subcloned into M13
and sequenced using deletion subclones (Dale et al. 1985). The
λγ13 HindIII fragment was nick-translated and used as a probe to
isolate additional genomic clones from the same library and other
libraries described by Anderson et al. (1997).

An expressed sequence tag (EST) project identified γ-gliadin
ESTs from a cv Cheyenne endosperm cDNA library. The standard
M13 forward and reverse primers initiated the sequencing, fol-
lowed by oligonucleotide primer walking down the clone inserts.

DNA sequence editing, analysis, and contig assembly were ac-
complished using the Editseq, Mapseq, Megalign, and SeqmanII
modules of the Lasergene software (DNAstar, Inc.).

Results and discussion

A model of a γ-gliadin polypeptide is shown in Fig. 1.
The 11 previously reported γ-gliadin sequences are listed

in Table 1. An examination of these 11 sequences shows
only six significantly different DNA sequence patterns:
GAG56dfo is identical to W10, GAG56dok is only 1-bp
different from Tag1436, W1020 is 3-bp different from
TD9, TD9 is 1-bp different from TDA16. The wheat
cDNA clones of Bartels and Thompson (1983), Okita
(1984), and Okita et al. (1985) are LMW-glutenins 
(Cassidy et al. 1998) and not γ-gliadins as originally re-
ported. No γ-gliadin sequences have yet been reported
from the bread wheat cv Cheyenne, a high-quality bread
wheat which has been a continuing focus of our effort to
understand the prolamin gene families of a single model
wheat cultivar.

Isolation of cv Cheyenne γ-gliadin genomic 
and cDNA clones

An initial genomic clone was selected from a λ phage 
library of wheat cv Cheyenne DNA. This clone, λγ13,
was plaque-purified and HindIII fragments subcloned. A
1.7-kb HindIII fragment was sequenced and analysis
found that it contained the coding and near-flanking re-
gions of a γ-gliadin gene. This same HindIII fragment
was used to re-screen wheat cv Cheyenne genomic 
libraries and yielded a large number of positive clones
(approximately 40). Three of these were selected for 
further characterization based on different restriction
fragment patterns (clones G1, G6, and γ2656; Table 1),
and completely sequenced to include significantly more
flanking DNA sequence than has previously been report-
ed for γ-gliadin genes.
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Table 1 Wheat γ-gliadin sequences

Name Sequence Cultivar Length DNA Access. References
typea sequence no.b

W10 Cc Newton 798 M16060 Scheets et al. 1985
Tag1436 C Chinese Spring 1,142 – d Bartels et al. 1986
L311A G Yamhill 2,450 M13712 Rafalski 1986
L311B G Yamhill 2,450 M13713 Rafalski 1986
W1621 G Yamhill 1,397 M16064 Sugiyama et al. 1986
W1020 G Yamhill 2,086 M36999 Scheets and Hedgcoth 1988
TDA16 Pc Langdone 850 X53412 D’Ovidio et al. 1991
TD9 Pc Lira 909 X77963 D’Ovidio et al. 1995
EWγ Pc 1CW 840 D78183 Maruyama et al. 1998
GAG56dok P Oberkulmerf 947 AF120267 von Büren et al. 2000
GAG56dfo P Forno 956 AF144104 von Büren et al. 2000
γ13 G Cheyenne 1,843 AF234646 This paper
G1 G Cheyenne 5,718 AF234647 This paper
G6 G Cheyenne 5,150 AF234648 This paper
γ2656 G Cheyenne 6,463 AF234649 This paper
10d11 C Cheyenne 1,213 AF234650 This paper
10h6 Cc Cheyenne 804 AF234651 This paper
924dc3 Cc Cheyenne 784 AF234645 This paper
07c8 Cc Cheyenne 800 AF234642 This paper
09a8 C Cheyenne 1,026 AF234643 This paper
09df2 C Cheyenne 1,255 AF234644 This paper

a G=genomic, C=cDNA, P=PCR
b GENBANK accession numbers
c Partial coding sequences

Fig. 1 Model of a γ-gliadin polypeptide. The pattern of disulfide
crosslinks and cysteine residue designations are taken from Müller
and Wieser (1997). The arrow indicates the oligonucleotide se-
quence used to screen cv Cheyenne genomic libraries for γ-gliadin
genes. Roman numerals indicate major domains

d Not submitted to GenBank
e Tetraploid (durum) wheat
f Spelt wheat
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Cloning from genomic libraries is relatively time-con-
suming, but allows flanking DNA to be obtained. The
polymerase chain reaction (PCR) is quick, but is limited
to sequences similar to known sequences. Another meth-
od of gene isolation utilizes expressed sequence tag
(EST) projects. In these, large numbers of random cDNA
clones are sequenced. This method is relatively fast, iden-
tifies large numbers of transcribed gene sequences, and
avoids relying on a single probe which can prejudice se-
quence selection. A potential problem with cDNA clones
is that the utilized polymerase does not have proof-read-
ing characteristics, so a low level of misincorporated bas-
es may occur. In addition, specific cDNA libraries can be
of poor quality such that artifactual duplication/deletions,
frame-shifts, and stop codons are introduced. The cDNA

library used in the current report evidences no such prob-
lems, and the six γ-gliadin cDNAs reported include three
full-length, three truncated sequences on one end (com-
mon to cDNA clones), no stop codons, and no obvious
duplication/deletions (although such occurrences within
the repeat domain cannot be completely ruled out).

A preliminary screen of ESTs made from a wheat cv
Cheyenne endosperm cDNA library (RNA prepared 5–30
days after flowering) indicated that approximately 1.1% of
the library members hybridized strongly with a γ-gliadin
probe. Sequences from a number of these clones were an-
alyzed by BLAST and confirmed to be wheat γ-gliadin se-
quences. Full-length sequencing was performed on six of
these clones (Table 1), three of which contained full-
length coding sequences, and three of which were missing
either part of the 5´ or 3´ portion of the coding regions.

Comparison of known γ-gliadin amino-acid sequences

The derived amino-acid sequences from the γ-gliadin
DNA sequences listed in Table 1 are aligned in Fig. 2. The

Fig. 2 Alignment of all known γ-gliadin polypeptide sequences.
The Clustal algorithm of Megalign (Lasergene, DNAstar, Inc.)
was used to align the derived amino-acid sequences of all γ-glia-
din sequences. The vertical bar after position 31 indicates the po-
sition of the repetitive domain (removed for this analysis). Aster-
isks indicate the positions of the eight conserved cysteine residues.
Sig=signal peptide. Domains are as in Fig. 1



six polypeptide domains are as in Cassidy et al. (1998): a
20-residue signal peptide (Sig); a short N-terminal non-re-
petitive domain of the mature polypeptide (I); a highly
variable repetitive domain (II; removed in Fig. 2, shown
later in Figs. 3 and 4); a non-repetitive domain containing
most of the cysteine residues (III); a domain rich in gluta-
mine residues (IV); and the C-terminal non-repetitive do-
main containing the final two conserved cysteine residues
(V). With the repetitive domain removed, the only region
of length variation is domain IV, which consists of a 6–18-
residue polyglutamine stretch followed nine-residues later
by a nine-residue glutamine-rich region (present in about
half the γ-gliadin sequences).

Polyglutamine stretches are a prominent feature in all
the α-gliadins (Anderson and Greene 1997) and have
previously been noted in a few members of other sub-
families of the gliadin superfamily (γ-gliadins, Rafaski
1986; LMW-glutenins, Cassidy et al. 1998). The poly-
glutamine region of the γ-gliadin genes is highly vari-
able; i.e., GAG56dfo and GAG56dok differ by three
CAA codons in the polyglutamine-encoding region but
by only 1 bp in the remainder of their DNA sequences,
and L311 A and G6 differ in the polyglutamine region by
six codons and only 6 other single bp elsewhere. In
many cases the DNA encoding the polyglutamine
stretches can form a CAA microsatellite. Within the
polyglutamine encoding regions most non-glutamine 
codons are 1 bp removed from glutamine codons and
most likely arose from single base changes in the 
original glutamine codons.

The degree of sequence conservation, as seen in 
Fig. 2, is notable since the γ-gliadins have been consid-
ered to be the most ancient of the wheat prolamin fami-
lies (Shewry and Tatham 1990). Although the α-gliadin
(Anderson and Greene 1997) and LMW-glutenin 
(Cassidy et al. 1998) families are also internally con-
served, the γ-gliadin family is most conserved (outside of
the repetitive Domain II). However, ancestry can be ob-
scured by the tendency of gene families to homogenize
their sequences through mechanisms such as duplica-
tion/deletions, specific crossovers, and gene conversion.

Number and placement of cysteine residues

The wheat prolamins exist as monomers and as crosslinked
polymeric proteins. Polymers range in size from a small
number of crosslinked polypeptides to polymers of unde-
termined large size but among the largest proteins in nature
(Wrigley 1996). The standard definition has been that
among the wheat prolamins, the high- and low-molecular-
weight glutenins form the gluten polymer while the glia-
dins are mainly monomeric (Shewry and Tatham 1990).

The core eight cysteines that form intramolecular di-
sulfide linkages (Müller and Wieser 1997) are conserved
in all known γ-gliadins (Fig. 2). Clone W1621 was origi-
nally reported as missing the second C (the Cd of Müller
and Wieser 1997) and thus contained only seven cyste-
ines, leaving one available for intermolecular disulfide

bond formation. However, a re-sequencing on this clone
found that W1621 does contain all eight conserved
cysteines (Galili, personal communication; reported by
Shewry and Tatham 1997). Although most γ-gliadins
contain only these eight cysteine residues that form four
intramolecular disulfide bonds, there are exceptions; i.e.,
γ13 has an additional repeat domain cysteine (see Figs. 3
and 4). In addition, W1020, TDA16, TD9 and G1 are
similar to one another and have an additional cysteine in
the initial part of the repeat domain (see Fig. 4), but at a
different position from γ13. Thus, at least five of the 21
known γ-gliadin sequences contain an odd number of
cysteines (probably more, since clones 924dc3 and 10h6
are similar to G1 but are partial sequences with the first
part of the repeat domain not known).

Lew et al. (1992) and Masci et al. (1995) have report-
ed that a substantial portion of the lower-molecular-
weight polypeptides in the glutenin polymer are α- and
γ-type gliadin sequences. More detailed examination is
needed to determine the exact nature and significance of
the α- and γ-gliadins’ participation in the glutenin poly-
mer and the functional effects. Kasarda (1989) has theo-
rized that gliadins with an odd number of cysteines
would thus have one free cysteine after intramolecular
bonds form. Such gliadins could participate in the gluten
polymer and effectively serve as polymer terminators.
We now note that approximately a quarter of the γ-glia-
dins can contain an uneven number of cysteine residues,
and therefore the gliadins may be more of a factor in
polymer formation than previously appreciated.

Repeat structure

The repetitive domain of the gliadins is composed 
of short peptide motifs. The exact composition of the 
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Fig. 3 Alignment of repetitive motifs by DNA sequence. Repeat
motif codons of the repetitive domain encoding region of clone
γ13 are arrayed vertically to better show the relationships of the
DNA structure. Proline codons are underlined. The single cysteine
codon is boxed. A consensus codon repeat and the derived amino-
acid residue pattern are given below the line
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sidered the DNA structure and saw the DNA motif as
CAA CCC CAA2 CCA TTT CCC. Our own analyses
have concentrated on the codon structure since this is the
primary level of sequence change and interaction among
the DNA repeat motifs (Anderson and Greene 1997; 
Cassidy et al. 1998). As an example, Fig. 3 shows a verti-
cal array of the repeat structure of the γ-gliadin clone γ13.
The alignment is structured to suggest ancestral codons
such that a minimal number of base changes are derived;
i.e., the 4th and 5th repeats begin with ACA (a threonine
codon) but most likely originated as a single C to A trans-
version that then duplicated into a second, adjacent repeat.
A proposed consensus codon and the derived amino-acid
repeat motif is given at the bottom of the array.

Figure 4 shows the vertically arrayed peptide repeat pat-
tern for all reported γ-gliadins. The initial and final repeat
motifs do not fit the consensus motif but are included since
they appear to be related to the consensus. The more-inter-
nal repeat motifs in the domain are undergoing relatively
rapid changes mainly by single base alterations and repeat
duplication/deletions. An example of a large deletion is the
missing eight repeats of 09a8 as compared to 09df2 and
07c8. A shorter duplication is suggested by the repeats #9
to #11 that are duplicated in the sequence of G6.

Both G6 and L311A are similar and are pseudogenes
as defined by the presence of stop codons within the re-
peat domain of the consensus open reading frame. With
only 2 pseudogenes out of 21 sequences (13 of which are
genomic sequences), the γ-gliadins are similar to the
LMW-glutenin genes for which only a few pseudogenes
have been reported (Cassidy et al. 1998; Lee et al. 1999)
and are very different from the α-gliadins where about
50% of the genes are pseudogenes, or some zein families
which can be three-quarters pseudogenes (Liu and
Rubenstein 1992; Llaca and Messing 1998).

A comparison of the proposed consensus repeat mo-
tifs of all four major gliadin types is shown in Fig. 5.
The LMW-glutenin consensus motif is the least similar
to the other three consensus motifs. The γ-gliadin and ω-
gliadin motifs are most similar, and this accounts for the
cross-hybridization of a γ-gliadin probe with ω-gliadin
sequences (Hsia and Anderson 2001), while the α- and
γ-gliadins, and LMW-glutenins do not cross-hybridize to
the same degree (Anderson et al. 1997). Such differ-
ences/similarities in repeat structure should not be used
as a basis for gene-family relatedness since these repeat
domains are evolving relatively rapidly, and most likely
independently, within each gliadin family.

Analysis of the DNA sequence flanking coding regions

The DNA flanking the coding region of genes contains
promoter and other untranslated sequences. The new 
γ-gliadin sequences contain standard control element
motifs (data not shown) such as a TATA box and multi-
ple polyadenylation signals that have been reported for
other gliadin genes. In the current report, one objective
was to obtain more distal 5´ and 3´ non-coding sequenc-

Fig. 4 Repeat structure of all reported γ-gliadins. The amino-acid
repeat domain of all reported γ-gliadin sequences are arrayed ver-
tically to compare this domain among protein family members.
The identical, or nearly identical, domains are consolidated for
brevity. The name of clone 09a8 is underlined along with a portion
of the repeat domain to indicate that the 09a8 repeat domain is
identical to 09df2 and 07c8 except that 09a8 is missing the under-
lined portion of the domain. 924dc3 is a partial sequence but has
an identical repeat domain over the available sequence (shown
within parentheses). TDA16 and TD9 (listed in parentheses) have
identical repeat domains and are different from W1020 only at two
glutamate for glutamine substitutions (W1020 residue is the first
in the Q/E pairs). Periods indicate stop codons. Asterisks indicate
repeat units containing cysteine residues

motifs is at least partially a subjective evaluation by indi-
vidual researchers, and various consensus motifs for 
the γ-gliadins have been proposed: QPQQPFP (Scheets 
et al. 1985; D’Ovidio et al. 1995), and PQQPF plus
PQQPQQ(Q)PFPQ (Rafalski 1986). D’Ovidio also con-
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es than previously reported. Three clones, G1, G6 and
γ2656, were sequenced to obtain 4–5 kb of flanking se-
quence. Figure 6 shows a pairwise comparison of these
more-extensive sequences. G1 and G6 flanking DNA di-
verge beyond about –700 upstream with respect to the
initiation codon and +600 downstream with respect to
the stop codon. Clones G6 and γ2656 diverge similarly
in their 5´ regions, but γ2656 diverges at approximately
300 bp downstream from the stop codon from all known
γ-gliadin sequences. Among the previously characterized
γ-gliadin genes, the most-flanking DNA (600–1,000 bp
for both 5´ and 3´ regions) has been reported for LP311
A and LP311B, and both genes have similar flanking se-
quences to G6. Not enough sequence data is currently
available for definitive conclusions, but the patterns of
divergence are similar to that reported for the α-gliadin
gene family (Anderson et al. 1997) wherein the the 
α-gliadin flanking DNA sequences diverged at approxi-
mately –600 bp at the start codon about 500 bp 3´ to the
polyadenylation sites. We had previously speculated that
the conserved regions are the delimiting DNA sequence

elements needed for fully functional gliadin genes, on
the assumption that genes missing elements necessary
for gene control would be inactive and not maintained
through selection.

The G6 vs γ2656 comparison (Fig. 6) shows a second
region of similarity (seen as the lower short diagonal)
implying that the 3´ portion of the G6 sequence is simi-
lar, but not identical, to part of the 5´ flank of γ2656.
These similar sequences in the flanking DNAs could be
repetitive elements occurring by chance near these two
γ-gliadin genes or it could indicate that G6 is immediate-
ly upstream of another γ-gliadin gene. Among the known
γ-gliadins, G6 is most similar to L311A, the 5´ member
of a pair of γ-gliadin genes found on a single λ clone
(Rafalski 1986). L311A is followed 4-kb downstream by
a second γ-gliadin gene, L311B, that is most similar to
γ2656. Not enough genetic or physical mapping data is
available to determine if the Cheyenne γ-gliadin genes
G6 and γ2656 are allelic to the linked γ-gliadin genes of
Rafalski (1986) or if close linkages are a more general
characteristic of the γ-gliadin gene family.

There were few significant matches between the 
γ-gliadins flanking DNA sequences and sequences in the
public databases. The exception was for γ2656 (arrow-
heads along the γ2656 sequence in Fig. 6) where both the
5´ and 3´ flanks have short homologies to cereal repeti-
tive DNAs. In the 5´ flank of γ2656 is a 50-bp sequence
with low homologies (e–7 to e–10) to sequences found in
sequenced rice and sorghum BAC (bacterial artificial
chromosome) clones. In the 3´ flank, and just following
the polyadenylation site, is a 33-bp fragment with low

Fig. 5 Repeat domain motifs for
the major classes of the gliadin
superfamily. A comparison of
the repeat domains within mem-
bers of the different major 
classes of gliadins suggested 
different, but related, consensus
repeat motifs for each class. The 
LMW-glutenin pattern is taken
from Cassidy et al. (1998). The
α-gliadin pattern is taken from 
Anderson and Greene (1997).
The γ-gliadin pattern is from the
present report, and ω-gliadin pat-
tern is from the accompanying
paper (Hsia and Anderson 2001)

Fig. 6A–C Homology plots of γ-gliadin sequences. Pairs of γ-gli-
adin DNA sequences show homologies between genes using a cri-
terion of an 80% match over a 20-bp window. A G6 vs G1. B G6
vs γ2656. C G6 vs G6. The box-like densely plotted region on
each diagonal indicates the multiple homologies among the repeti-
tive domain motifs. Arrows above the diagonals indicate positions
of start codons and arrows below the diagonals indicated stop co-
dons. Arrowheads along the γ2656 sequence indicate the position
of short regions homologous to cereal repetitive DNAs. The 5´
and 3´ ends of the sequences are indicated on the left and top axis
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homology to a rye hypervariable DNA (Genbank acces-
sion AF153326) and part of a wheat retrotransposon
WIS-2–1A (Lucas et al. 1992). Further downstream is a
longer segment (202 bp) with significant homologies to a
Hordeum chilense repeated DNA (Ferrer et al. 1995;
8e–34) and a repeated sequence reported from Psathyros-
tachys juncea (McIntyre et al. 1988; e-44). Outside of
these exceptions, most available γ-gliadin flanking DNA
has no significant homology to any known sequences,
consistent with observations made with other wheat pro-
lamin gene families (Anderson, data not shown). These
sequences may be non-informative DNA specific to
wheat, but further genomic sequencing within the grass-
es will clarify such issues of genome sequence evolution.

A dotplot analysis of G6 with itself (right frame in
Fig. 6) shows a short perpendicular diagonal through the
5´ flank sequence diagonal. Such a “cross” is indicative
of an inverted repeat forming a MITE (miniature invert-
ed transposable element), although in this case the ele-
ment is missing the duplicated insertion site typical of
transposable element insertion events. The proposed
self-annealing of this DNA is shown in Fig. 7. This is the
only such MITE-like element we have found near a glia-
din gene, but we have identified several in the 5´ regions
of the HMW-glutenin genes (data not shown).

Gliadin flanking sequences have yet to be associated
with regions of nested transposons as found in maize
(SanMiguel et al. 1996). Either the wheat genome is not
constructed the same as maize, or such repeat nests have
not yet been reached in available wheat flanking sequenc-
es. Further study of gliadin loci structure using bacterial
artificial chromosome libraries should provide clearer in-
formation on the extended physical structure of these loci.

Phylogenetic tree of known γ-gliadin sequences

Sabelli and Shewry (1991) estimated 15–40 different 
γ-gliadin genes in the hexaploid cv Chinese Spring. We
believe the number in cv Cheyenne is likely to be close
to the high end of the Sabelli and Shewry estimate since
10 of the 12 Cheyenne sequences initially determined
were unique. Two cDNA sequences were identical to
cDNA 10d11, but identity does not establish origin from
the same gene because of the possibility of recent dupli-
cation/conversions in such complex gene families.

Figure 8 shows a phylogenetic tree derived from the
alignment in Fig. 2, and indicates clustering of the known 
γ-gliadin sequences. Most of the new sequences reported
here fall within existing clusters, except for three of the
cDNA sequences (09a8, 09df2 and 07c8) which form a pre-
viously unreported subgroup of the γ-gliadin gene family.

A general problem with studies of large gene families
is that the identification of additional family members can
depend strongly on the initial probe. For example, if the

Fig. 7 Proposed structure of a MITE-like element found in the G6
5´ flanking DNA. The potential snap-back secondary structure of a
211-bp DNA sequence is given. Complementarity is indicated by
dashes. The short, nonduplicated, sequence adjacent to both ends
of the suggested MITE-like element is shown at the base of the
figure

Fig. 8 Phylogeny tree of γ-gliadins. The alignment from Fig. 2
was used to construct a phylogenetic tree of all reported γ-gliadin
sequences. The +C indicates a branch all of whose known mem-
bers contain an extra cysteine residue. The Ψ symbol indicates a
branch whose members are pseudogenes
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first isolated member of a family is used to screen a ge-
nomic library, then there will be the tendency to isolate
new genes most closely related to the probe sequence.
Similarly, use of PCR to avoid library screening depends
on knowledge of previously studied genes. In the case of
the γ-gliadin sequences, all of the previously reported se-
quences, as well as the four new genomic clones in the
present report, have a direct or indirect descent from the
first γ-gliadin partial cDNA clone, W10 (Scheets et al.
1985). A random cDNA screen (such as the one revealing
the 09a8, 09df2 and 07c8 cDNA sequences) has an advan-
tage in avoiding these biases. Our previous understanding
of the structure of the prolamin gene families will change
with large-scale EST programs identifying new and previ-
ously unknown gene family structures and relationships.
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