
Introduction

The quality of wheat (Triticum aestivum L.) grain

is largely determined by the seed storage proteins

present in the endosperm (Shewry and Halford

2002). Glutenins are the major components

of seed storage proteins, and consist of mainly two

types of subunits: high-molecular-weight glutenin

subunits (HMW-GSs) and low-molecular-weight

glutenin subunits (LMW-GSs), which are held to-

gether by intermolecular disulfide bonds to form

the glutenin polymer (Shewry et al. 1993).

The HMW-GSs represent approximately 10%

of the total seed storage proteins. Their important

role has been well established (Shewry et al. 1992,

1995). LMW-GSs are also useful in determining

the physical properties of flour during bread

(Gupta and MacRitchie 1994) and pasta making

(Ruiz and Carrillo 1995). However, the character-

ization of LMW-GS genes has been restricted

so far, due to the difficulty to resolve them

by SDS-PAGE and the presence of a large number

of subunits (Cassidy et al. 1998). LMW-GSs rep-

resent about 1/3 of total seed storage proteins

and 60% of glutenins (Bietz and Wall 1973),

and are classically subdivided into B, C and D

groups according to their electrophoretic mobility

in SDS-PAGE and their isoelectric points (Jack-

son et al. 1983). In wheat, coding genes

of LMW-GSs are at Glu-A3, Glu-B3 and Glu-D3

loci, and located on the short arms of chromo-

somes 1A, 1B and 1D, respectively (Singh

and Shepherd 1988). In recent years, more efforts

have been focused on the isolation and character-

ization of LMW-GS genes. To date, more than

90 cDNA and genomic DNA clones of LMW-GS

genes were reported, and their gene structure has

been identified (D’Ovidio and Masci 2004).

J Appl Genet 46(4), 2005, pp. 349-355

Isolation of low-molecular-weight glutenin subunit genes

from wild emmer wheat (Triticum dicoccoides)

Yuan-Wen Yue, Hai Long, Qian Liu, Yu-Ming Wei, Ze-Hong Yan, You-Liang Zheng

Triticeae Research Institute, Sichuan Agricultural University, Dujiangyan, Sichuan 611830, China

Abstract. Three low-molecular-weight glutenin subunit (LMW-GS) genes, designated LMW-Td1, LMW-Td2

and LMW-Td3, were isolated from wild emmer wheat (Triticum dicoccoides), which is the tetraploid progenitor

of common wheat (T. aestivum). The complete nucleotide sequence lengths of LMW-Td1, LMW-Td2

and LMW-Td3 are 858, 900 and 1062 bp, respectively. LMW-Td1 and LMW-Td3 can encode proteins with 284

and 352 amino acid residues, respectively, whereas LMW-Td2 is a putative pseudogene due to the presence

of 3 inframe stop codons in its C-terminal domain. The deduced protein sequences of the 3 genes share the same

typical polypeptide structures with known LMW-GS genes containing 8 cysteines in the mature protein domains.

LMW-Td1 was clearly distinguished from all known LMW-GS genes, and considered as a novel LMW-GS gene.

Two hydrophobic motifs (i.e. PIIIL and PVIIL) were observed in the repetitive domain of LMW-Td3. Sequence

comparison indicates that sequences of the 3 LMW-GS genes from this study are strongly similar to known

LMW-GS genes. Our phylogenetic analysis suggests that LMW-Td1 and LMW-Td2 are homologous with genes

on chromosome 1A, and LMW-Td3 is closely related to genes on chromosome 1B.

Key words: emmer wheat, LMW-GS gene, sequence analysis.

Received: April 11, 2005. Accepted: August 19, 2005.

Correspondence: Y.L. Zheng, Triticeae Research Institute, Sichuan Agricultural University, Dujiangyan, Sichuan 611830,

China, e-mail: ylzheng@sicau.edu.cn; yu_ming_wei@yahoo.com



Wild emmer wheat (T. dicoccoides), which

is primitive and hulled, is the tetraploid progenitor

of common wheat. Electrophoresis of seed stor-

age-protein composition at the Glu-A1, Glu-B1

and Gli-B1/Glu-B3 loci (Ciaffi et al. 1993)

and PCR analysis of DNA tracts encoding high-

and low-molecular-weight glutenin subunits

(Pagnotta et al. 1995) in T. dicoccoides accessions,

revealed extensive variations, indicating the high

value of this germplasm for the improvement

of wheat quality in future breeding programs.

However, no DNA sequence encoding a HMW-

GS or LMW-GS from T. dicoccoides was isolated,

so the objective of this study was to isolate

LMW-GS genes from T. dicoccoides.

Material and methods

The T. dicoccoides (2n = 4x = 28, AABB) acces-

sion As842 was collected and conserved by

the Triticeae Research Institute, Sichuan Agricul-

tural University, China. The genomic DNA was

extracted from young leaves according to the pro-

cedure of Devos et al. (1992).

PCR amplification of the complete open read-

ing frame (ORF) of LMW-GS genes was con-

ducted in a volume of 50 ìL, containing 200 ng

of genomic DNA, 200 ìM of each dNTP, 50 ìM

of each primer (P1 5’-ACCATGAAGACC

TTCCTCG(A)TCTTT-3’ and P2 5‘-GAGTTGG

TGG(C)CTACTGATAA-3‘), 3U ExTaq DNA

polymerase with high fidelity (TaKaRa),

and 1 × PCR buffer (supplied with the Taq poly-

merase). The cycling parameters were 94°C for

5 min, followed by 30 cycles of 94°C for 45 s,

63°C for 45 s, and 72°C for 1 min, and a final ex-

tension at 72°C for 5 min. The amplified products

were separated in 0.8% agarose gels. The desired

DNA fragments were recovered from the gels,

and subjected to ligation with the pMD18-T vector

(TaKaRa), and then transformed into E. coli DH5á

competent cells (Sambrook et al. 1989). The posi-

tive colonies were amplified by using M13 prim-

ers to identify the clones with an insert. Several

positive colonies were screened out and se-

quenced by a commercial company (TaKaRa).

The nucleotide and deduced amino acid se-

quence analysis were conducted by using pro-

grams deposited in the NCBI network

(http://www.ncbi.nlm.nih/gov/) as well as

DNAMAN and MEGA2 software.

Results

LMW-GS gene isolation and sequencing

Using the primer set P1/P2, two DNA fragments
with expected size of about 900 and 1000 bp were
obtained (Figure 1) and both recovered from

the gel, and then ligated into a pMD18-T vector.
The resulting ligation products were transformed
into E. coli DH5á competent cells. The positive
clones with inserts were selected and sequenced.
Three LMW-GS genes, designated LMW-Td1,
LMW-Td2 and LMW-Td3, were obtained.

Sequence analysis

The complete lengths of LMW-Td1, LMW-Td2

and LMW-Td3 are 858, 900 and 1062 bp, respec-

tively (Figure 2). LMW-Td1 and LMW-Td3 can en-

code 2 proteins, composed of 284 and 352 amino

acids (aa), with estimated molecular weight

of 32 kDa and 40 kDa, respectively. However,

3 inframe stop codons were found in

the C-terminal domain of LMW-Td2, indicating

that it is a putative pseudogene. Alignment of de-

duced amino acid sequences indicated that the pre-

dicted protein of each of the LMW-GS genes has

a typical peptide structure with a highly conserved

20-aa signal peptide a short N-terminal domain fol-

lowed by a highly variable repetitive domain,

and a C-terminal domain comprising more than half

of the protein.

The leader sequences of LMW-Td1, LMW-Td2

and LMW-Td3 encode a typical 20-aa signal pep-

tide and are conserved among the 3 deduced

polypeptides with differences in only 4 aa at posi-

tions 12, 13, 14 and 16, respectively (Figure 3A).

A cysteine residue at position 16 in this domain
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Figure 1. PCR products obtained from wild emmer wheat

with primers P1 and P2. Lane 1 = DNA marker;

lane 2 = PCR products.



Figure 2. Nucleotide sequences of isolated LMW-GS genes. The symbols “–” and “.” represent the consensus sequences

and deletions, respectively. The stop codons are in bold letters.



was found in LMW-Td1. After the signal peptide,

there is a short and highly conserved N-terminal

domain consisting of only 13 aa (Figure 3B).

LMW-Td1 and LMW-Td2 contain a cysteine

residue at position 5 and are more similar to each

other than to LMW-Td3 in this domain, with

only one different residue at position 2 (gluta-

mate�glutamine), which might result from

a GAG�CAG transversion. LMW-Td3 differs

from LMW-Td1 and LMW-Td2 in 3 and 4 residues,

respectively, and no cysteine was found in this do-

main of LMW-Td3.

The repetitive domain of LMW-GS is charac-

terized by the tandem variations of short peptide

motifs rich in proline and glutamine (Cassidy et al.

1998). The number of repeats present in this do-

main is mainly responsible for the length variation

of LMW-GSs (D’Ovidio and Masci 2004).

LMW-Td1, LMW-Td2, and LMW-Td3 consist

of 11 repeats (69 residues), 13 repeats (83 resi-

dues) and 18 repeats (133 residues), respectively.

The glutamine and proline contents of LMW-Td1,

LMW-Td2 and LMW-Td3 are given in Table 1.

PPFSQQQQ was the most common repeat motif,

with variations in the number of glutamines.

A cysteine was found in LMW-Td3 at position 13

of this domain.

The C-terminal domain can be subdivided into

3 domains (Figure 3C). Domain I is highly con-

served, in which 5 cysteines were found in all

known LMW-GSs (Cassidy et al. 1998).

The 3 LMW-GS genes isolated in this study con-

sist of 75 aa in this domain, except the replacement
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Table 1. Comparison of deduced amino acid sequences of repetitive domains in isolated LMW-GS genes

Gene Repeat motifs Number
of aa

Gln content
%

Pro content
%

LMW-Td1 QQQ PLQPQQ TFPQQ PPFSQQQQ PFPQQ PPFSQQQ
PSFSQQ PLFSQQQQ PVLPQQ PAFSQQQYQQ LLQQQ

69 47.83 20.29

LMW-Td2 QQQ PLQQQ ETFPQQ PTFSQQQQ PFLQQ PPFSQQQ
PSFSQQ PLFSQQQQ PVLPQQ PAFSQQQQ TVLPQQ
PAFSQQQHQQ LLQQQ

83 46.99 15.66

LMW-Td3 QQQ PLPPQQQ PPCSQQQQ PFPQQQQ PIIILQQ
SPFSQQQQ PVLPQQQ PVIILQQ PPFSQQQQ PVLPQQ
PPFSQQQQQQQQQQQQ PPFSQQQQ PVLPQQ
PPFSQQQQ PPFSQQQQ PSSQQ PPFPQQHQQ FPQQQ

133 49.62 23.31

aa = amino acids; Gln = glutamine; Pro = proline

Figure 3. Comparison of signal peptides (A), N-terminal (B) and C-terminal domains (C) of isolated LMW-GS genes.

The symbols “–” and “*” represent the consensus residues and stop codon, respectively. Cysteines are indicated by

arrowheads.



of a glutamine by an inframe stop codon in

LMW-Td2. Domain II contains a cysteine residue

and is distinguished by its high glutamine content

(ratios of glutamine residues to total residues are:

29/53 in LMW-Td1, 27/51 in LMW-Td2,

and 34/57 in LMW-Td3). Two stop codons replac-

ing 2 glutamines were found in LMW-Td2 in this

domain. Domain III is composed of 54 residues in

the 3 genes, with the last conserved cysteine.

A nucleotide sequence comparison with

known LMW-GS genes was conducted

by Blastn software on the NCBI website

(http://www.ncbi.nlm.nih/gov/). Several best-

matched genes were chosen for additional align-

ment analysis of the predicted protein sequences

(Table 2). LMW-Td1 was remarkably different

from the 5 best-matched LMW-GS genes, which

were highly homologous in the interior (iden-

tity > 93%). The sequence identity between

LMW-Td1 and the 5 best-matched LMW-GS

genes ranged from 84.3 to 88.3%. A deletion of 14

residues occurring in the repetitive domain was

mainly responsible for the difference. Sixteen

amino acid alterations in conserved and repetitive

domains were also identified (data not shown).

LMW-Td2 is a putative pseudogene, as it proved to

be extremely homologous with 4 known se-

quences (99.3�100%) derived from Ae. tauschii

(2n = 2x = 14, DD), Secale sylvestre (2n = 2x =

14, RR) and Ae. triuncialis (2n = 2x = 28, UUCC)

(Table 2), respectively, which were previously re-

ported as pseudogenes for the inframe stop

codons. The number and positions of these stop

codons are conserved among the 4 genes.

LMW-Td3 had a high degree of identity

(93.6�99.7%) with 5 genes isolated from

T. aestivum (2n = 6x = 42, AABBDD).

Phylogenetic analysis

In order to gain an understanding of the evolution-

ary relationships between the LMW-GS genes

from wild emmer and other related species, 5 rep-

resentative LMW-GS genes AB062868,

AB062877, U86028, Y14104 and Y17845, lo-

cated on chromosome arm 1AS or 1BS, were re-

trieved from the NCBI : database and utilized to

construct a dendrogram using nucleotide se-

quences of the coding domains. One of the 5 genes
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Table 2. Comparison of deduced amino acid sequences of isolated LMW-GS genes with those of known genes

Gene Accession
number

Percentage
of identity

Chr. location
Origin Reference

LMW-Td1 AB062873 88.26 T. aestivum cv. Norin 61 Ikeda et al. 2002

AB062874 87.92 T. aestivum cv. Norin 61 Ikeda et al. 2002

AY695380a 87.92 T. aestivum Jiang et al. 2004

U86026 87.92 T. aestivum cv. Cheyenne Cassidy et al. 1998

AY299458 84.3 T. aestivum ssp. tibetanum Wang et al. 2005

LMW-Td2 AY841015b 100 1DS Ae. tauschii As63 Huang et al. 2005

AY829370ab 100 Secale sylvestre

AY585351b 99.66 1DS Ae. tauschii AUS18913 Johal et al. 2004

AY841016ab 99.32 Ae. triuncialis

LMW-Td3 AY841013 99.72 1DS Ae. tauschii As63 Huang et al. 2005

AY214450a 98.86 T. aestivum cv. Chinese spring

AB062865 98.86 1DS T. aestivum cv. Norin 61 Ikeda et al. 2002

AB062866 98 1DS T. aestivum cv. Norin 61 Ikeda et al. 2002

AY585355 96.3 1DS Ae. tauschii AUS18913 Johal et al. 2004

a directly submitted to GenBank; b pseudogene; Chr. = chromosome

Figure 4. Dendrogram of isolated LMW-GS genes.

The genes from the GenBank database are represented by

their accession numbers followed with chromosome

assignments (in capital letters).



(Y14104) derived from T. durum (2n = 4x = 28,

AABB), while the others derived from bread

wheat (T. aestivum, 2n = 2x = 42, AABBDD).

The 7 genes were clustered into 4 groups

(Figure 4). LMW-Td1 and LMW-Td2 are highly

homologous and closely related to AB062868

and U86028, which are located on chromosome

1A, whereas LMW-Td3 seems to be more homolo-

gous with the genes on chromosome 1B.

Discussion

Evolutionary studies indicate that the prolamine

genes in the tribe Triticeae have a common origin

(Kreis et al. 1985; Shewry 1993). Coding genes

of wheat LMW-GSs are not interrupted by introns

and are highly conserved at both 5’ and 3’ terminal

domains (Shewry and Halford 2002; D’Ovidio

and Masci 2004). These properties made it possi-

ble to isolate new LMW-GS genes from wheat and

its relatives by PCR amplification (D’Ovidio et al.

1992; Masci et al. 1998; Ciaffi et al. 1999;

Lee et al. 1999; Long et al. 2004; Huang et al.

2005; Wang et al. 2005). Wild emmer wheat

(T. dicoccoides) was found to have a high value

for breeding programs aiming to improve protein

quality in wheat (Ciaffi et al. 1993; Pagnotta et al.

1995). In this study, 3 LMW-GS genes, designated

LMW-Td1, LMW-Td2 and LMW-Td3, were iso-

lated for the first time from T. dicoccoides. Among

them, LMW-Td1 was clearly distinguished from

the known LMW-GS genes by sequence compari-

son, and considered as a novel LMW-GS gene

(GenBank accession No. AY748826). LMW-Td2

was recognized as a putative pseudogene for

the presence of 3 inframe stop codons.

In LMW-Td3, there were 2 hydrophobic motifs

(i.e. PIIIL and PVIIL) in the repetitive domain

(Table 1). Similar results have been reported

in some LMW-GS genes by Ikeda et al. (2002),

Johal et al. (2004), and Huang et al. (2005). On

the basis of N-terminal amino acid sequences,

3 subgroups of typical LMW-GSs can be recog-

nized as LMW-s, LMW-m and LMW-i types, ac-

cording to the first amino acid residue of the mature

protein: serine, methionine and isoleucine, respec-

tively (D’Ovidio and Masci 2004). Therefore,

LMW-Td1, LMW-Td2 and LMW-Td3 are of

the LMW-m type. Our phylogenetic analysis

suggests that LMW-Td1 and LMW-Td2 are homol-

ogous with genes on chromosome 1A,

and LMW-Td3 is closely related to genes on chro-

mosome 1B.

Conclusions

Wild emmer wheat (T. dicoccoides), the tetraploid
wild progenitor of common wheat, has a high
value for breeding programs aiming to improve
protein quality in wheat. It this study, 3 LMW-GS
genes designated LMW-Td1, LMW-Td2
and LMW-Td3 were isolated from T. dicoccoides
for the first time. Among them, LMW-Td1
and LMW-Td3 can encode 2 proteins with 284
and 352 aa, respectively, whereas LMW-Td2 is
a putative pseudogene due to 3 inframe stop
codons in its C-terminal domain. LMW-Td1 was
clearly distinguished from all known LMW-GS
genes, and considered as a novel LMW-GS gene.
Phylogenetic analysis suggests that LMW-Td1
and LMW-Td2 are homologous with genes on
chromosome 1A and LMW-Td3 is closely related
to genes on chromosome 1B.
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