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Abstract. Low-molecular-weight glutenin subunits (LMW-GSs) are one of the important factors for the dough processing quality.
In this study, a novel LMW-GS, designated LMW-N13, from the wheat relative species Aegilops uniaristata PI 554421 was cloned
and characterized. Unlike previously published LMW-GSs, LMW-N13 has a large molecular weight and is the largest LMW-GS
published thus far. Sequence alignments demonstrated that LMW-N13 is a LMW-i-type subunit but contains nine cysteine residues
which is one more than typical LMW-i-type subunits. In addition, four insertions are present in the repetitive domain that resulted
in the large molecular weight. In vitro analysis showed that LMW-N13 could improve the dough quality of different base flours.
Keywords. low-molecular-weight glutenin subunit; molecular weight; processing quality; Aegilops uniaristata.

Introduction
The bread-making quality of wheat flour is widely associated with the wheat storage proteins. Gliadins and
glutenins are the main components of wheat storage proteins, forming the protein network and giving the unique
rheological properties for the dough. In common wheat,
glutenins account for ∼40% of the total storage proteins
(Shewry et al. 1992). Glutenins are divided into highmolecular-weight GSs (HMW-GSs) and LMW-GSs. Most
LMW-GS genes encoded by Glu-3 loci are located on the
short arms of chromosomes 1A, 1B and 1D (D’Ovidio and
Masci 2004). Other LMW-GS loci have also been reported,
such as Glu-B2 and Glu-B4 on chromosome 1B, Glu-D4
on chromosome 1D and Glu-D5 on chromosome 7D (Liu
and Shepherd 1995; Sreeramulu and Singh 1997). Among
them, Glu-3 encoded the most abundant LMW-GSs

and the Glu-3 locus played multifaceted roles in dough
processing quality (Ma et al. 2005).
LMW-GS genes have been characterized as a
multigene family (D’Ovidio and Masci 2004). Based on
the first amino acid residue of the mature protein, LMWGSs are classified into three types: LMW-i, LMW-m and
LMW-s, possessing isoleucine, methionine and serine as
the first amino acid of the mature protein, repetitively
(D’Ovidio and Masci 2004). The structure of LMW-GSs
consists of four main domains: a conserved signal peptide (20 amino acids), a short N-terminal domain (13
amino acids), a central repetitive domain and a conserved
C-terminal domain. The C-terminal domain is further
divided into three domains: a cysteine-rich domain, a
glutamine-rich domain and a highly conserved domain
(Masci et al. 2000). Usually, LMW-GSs contain eight cysteine residues that are involved in forming intramolecular
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and intermolecular disulphide bonds (An et al. 2006). In
LMW-m type and LMW-s type subunits, the first cysteine residue is present in the N-terminal domain, and
the other seven cysteine residues are present in the Cterminal domain. In LMW-i-type subunits, all of the
cysteine residues are located in the C-terminal domain
(Ikeda et al. 2002; An et al. 2006; Pei et al. 2006).
In this work, we report a novel LMW-GS, designated
LMW-N13, which has an unusual molecular weight that
has been identified and characterized from Ae. uniaristata
PI 554421 (NN, 2n = 2x = 14). The molecular structure
and the contribution of LMW-N13 to dough quality were
analysed. The potential applications for the gene in wheat
breeding are also discussed in this paper.

Materials and methods

min, cycled 30 times at 95◦ C for 40 s, 58◦ C for 1 min,
72◦ C for 1.5 min and a final extension at 72◦ C for 7 min.
PCR products were analysed on a 1% agarose gel. The
PCR fragments of expected sizes were purified from the
gel using a Gel Extraction kit (CwBio, Beijing, China).
Purified products were then ligated into pMD18-T vectors
(Takara, Dalian, China) and transformed into Escherichia
coli DH5α. DNA sequencing was carried out by Sangong
(Shanghai, China).
Sequence analysis

Multiple alignments were carried out using DNAMAN
(6.0.2). Based on multiple alignments of the amino acid
sequences encoded by different genomes, a phylogenetic
tree was created using MEGA 6.0. The bootstrap values
were calculated by 1000 replicates.

Plant materials

Ae. uniaristata PI 554421 was kindly provided by Prof.
Lihui Li of the Chinese Academy of Agricultural Sciences.
Wheat cultivars Guinong 26, Jinan 17 and Gaoyou 9415
were maintained in our laboratory.
SDS-PAGE

A single seed was crushed and mixed with 1 mL 60%
ethanol (v/v) and placed in a 60◦ C water bath for 30
min. Then, it was centrifuged for 10 min at 11,000 g and
the supernatant was discarded. These steps were repeated
thrice. Then, 200 µL of extraction buffer (1 g DTT, 4 g
SDS, 12.5 mL 1 M Tris-HCl at pH = 6.8, 20 mL glycerol
and 50 mL deionized water) was added, and the solution
was extracted in a water bath at 60◦ C for 30 min. The supernatants were used for SDS-PAGE analysis performed on
a 10% running gel (Ma et al. 2013).

E. coli expression

The LMW-N13 genes cloned were reamplified to remove
the signal peptides by designing a new pair of primers (F2:
5 -ATTTCACAGCAACAACAACC-3 ; R2: 5 -TTATCA
GTAGGCACCAACTCC-3 ). After purification, the PCR
products were ligated into the expression vector pEASYE1 (Transgen, Beijing, China) and transformed into E. coli
BL21 (DE3) cells. Then, they were inoculated into 10 mL
Luria-Bertani (LB) broth, and shaken (200 rpm) at 37◦ C.
When the OD600 reached 0.6, BL21 (DE3) was induced by
isopropyl-β-d-thiogalactoside (IPTG) with a final concentration of 0.5 mM for 10 h at 37◦ C, shaking at 200 rpm.
The expressed protein extraction and separation were carried out by SDS-PAGE. The heterogeneous proteins were
extracted and purified from the SDS-PAGE gel following
the method described by Chen et al. (2011).
Preparation of polyclonal antibody (pAbs) and Western blotting

DNA extraction and PCR amplification

Genomic DNA was extracted from young leaves of PI
554421 using a Plant Genomic DNA kit (Tiangen, Beijing, China). A pair of primers was used to clone the coding
sequences of LMW-GS genes in PI 554421. The sequences
of the primers were F1: 5 -ATCATCACAAGCACAAGC
ATC-3 and R1: 5 -ACAACTAGTTTGGGCGGGTCAC
-3 (synthesized by Sangong, Shanghai, China). The forward primer amplified upstream sequences of ∼60 bp and
downstream sequences of ∼120 bp. PCR amplifications
were performed in a total volume of 50 µL containing 2.5
U of LA Taq polymerase (Takara, Dalian, China), 100 ng
of template DNA, 25 µL 2 × GC buffer I, 0.5 mM dNTP
and each primer at 0.5 mM. The reaction was performed
in a C1000 thermal cycler system (Bio-Rad) according to
the following protocol: initial denaturation at 95◦ C for 5

After SDS-PAGE, the band containing LMW-N13 was
cut and milled. Then the collected subunit was used as
an antigen to inoculate a rabbit. The serum was collected
and used for Western blotting, according to Feeney et al.
(2001).
Analysis of the function of LMW-N13 in vitro

An SDS sedimentation test was carried out to analyse
the function of the single LMW-N13 subunit. Plain flours
made from Guinong 26, Jinan 17 and Gaoyou 9415 were
used as base flours. To analyse the change of SDS sedimentation volume caused by LMW-N13, 50, 100 and
150 mg purified proteins were incorporated into 3 g base
flours for further analysis. The SDS sedimentation test was
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performed according to our previous study (Du and Zhang
2017).

Results
Identification of LMW-N13

The results of SDS-PAGE indicated that PI 554421
expresses an unusual LMW-GS with electrophoretic
mobility slightly faster than 1Dy12 of Chinese Spring
(figure 1a). PCR amplification showed that two bands
were present in the agarose gel (figure 1b). After cloning
and sequencing, five LMW-GS genes were obtained (one
was present in 1500-bp band and the other four were
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present in 1000-bp band). After online blast in the NCBI
(https://blast.ncbi.nlm.nih.gov/Blast.cgi), a novel LMWGS gene was obtained and the other four genes were
the same as the published LMW-GS genes. Then, the
sequence of the LMW-N13 gene was obtained and sent
to the GenBank with accession number MF737520. Its
coding sequence was 1317 bp, encoding 438 amino acid
residues. As shown in figure 2, the deduced amino acid
sequences of all aligned genes shared four main domains,
including a signal peptide of 20 amino acid residues, a
short N-terminal (I), a repetitive domain (II) and a Cterminal region. The C-terminal domain could be further
divided into three regions: the cysteine-rich domain (Cterminal I), glutamine-rich region (C-terminal II) and
highly conserved domain (C-terminal III). LMW-N13 has

Figure 1. (a) SDS-PAGE analysis of LMW-N13 in PI 554421. CS: Chinese Spring; 1Dx2, 1Bx7, 1By8 and 1Dy12 were the HMW-GSs
in CS. The protein of LMW-N13 was marked by an arrow. (b) PCR amplification of the gene of LMW-N13 in PI 554421. M: DNA
ladder, the gene of LMW-N13 was marked by an arrow. (c) SDS-PAGE analysis of E. coli expressed LMW-N13. Lane 1, Ae.
uniaristata; lane 2, proteins expressed from BL21 (DE3); lane 3, proteins expressed under IPTG induced BL21 (DE3); lane 4, proteins
expressed without IPTG induced BL21 (DE3) transformed with pEASY-E1; lane 5, proteins expressed under IPTG induced BL21
(DE3) transformed with pEASY-E1; lane 6, proteins expressed without IPTG induced BL21 (DE3) transformed with LMW-N13;
lane 7, proteins expressed with IPTG induced BL21 (DE3) transformed with LMW-N13. The proteins of LMW-N13 in PI 554421
and E. coli were marked by arrows. (d) Western blotting analysis of LMW-N13 and E. coli expression products. Lane 1, LMW-N13;
lane 2, total proteins from E. coli containing pEasy-N13 without induction of IPTG; lane 3, total proteins from E. coli containing
pEasy-N13 with induction of IPTG.
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Figure 2. Multiple alignments of LMW-N13 with eight published i-type LMW-GSs (GenBank nos. GQ870244, GQ870243,
FJ755323, GQ870247, JF339182, KJ801157, KP793237 and KJ793238). FJ755323 and JF339182 are from the D genome of Triticum
aestivum, GQ870243 and GQ870244 are from Ae. uniaristata (NN, 2n = 14), GQ870247, KJ801157, KP793237 and KP793238 are
from Triticum urartu (AA, 2n = 14). Conservative cysteine residues were boxed and the additional cysteine residue in LMW-N13 are
indicated by arrow. Four insertions in LMW-N13 are underlined.

an N-terminal sequence of ISQQQPPPFS and therefore
belongs to the LMW-I type subunits (figure 2). Compared
with the published LMW-GS genes from wheat and its
relative species, there are eight cysteine residues present in
LMW-N13, and the additional cysteine residue is located
in the first insertion of the repetitive domain (figure 2). In
addition, four unique insertions are present in LMW-N13
(figure 2). The single-nucleotide polymorphism (SNP) and
insertion/deletion (InDel) variations in LMW-N13 were
identified by comparison with the other eight LMW-GS
genes previously characterized in the GenBank, including
GQ870244, GQ870243, FJ755323, GQ870247, JF339182,
KJ801157, KP793237 and KP793238 (table 1 and figure 1
in electronic supplementary material at http://www.ias.ac.
in/jgenet/). A total of five SNPs and four insertions were
identified. Phylogenetic analyses indicated that LMW-N13
clustered together with the LMW-GS from N, M and
U genomes (figure 2 in electronic supplementary material), suggesting the close relationship between the three
genomes.
To verify whether the LMW-N13 was faithfully
expressed in bacteria, the identity of the cloned LMW-N13
open reading frame (ORF) was confirmed by
E. coli expression. Since the mature LMW-GS has no signal peptide, the sequence which encodes the signal peptide
was removed. Then the ORF of LMW-N13 was ligated
into pEASY-E1. The recombinant plasmid was chosen to

express mature protein in E. coli BL21 (DE3). SDS-PAGE
indicated that the bacterial cells expressed protein bands
with identical electrophoretic mobility to the native protein in PI 554421 (figure 1c). The expressed LMW-N13
in PI 554421 and E. coli reacted with the specific pAbs
(figure 1d), thus confirming its identity as LMW-N13.
Effects of LMW-N13 on SDS sedimentation volume

SDS sedimentation volume is an important indicator of
flour quality (Takata et al. 1999). In the present study, three
wheat cultivars of different genetic backgrounds were used
as base flours to analyse the contribution of LMW-N13 to
SDS sedimentation volume. Compared with the base flour,
all samples with the addition of LMW-N13 had significantly higher SDS sedimentation volumes (table 1). Table 1
also shows that the SDS sedimentation volumes increased
with the increasing of the purified protein content. The
results of SDS sedimentation suggest that LMW-N13 has
potential to improve wheat quality.

Discussion
Ae. uniaristata, the N-genome donor of polyploid Aegilops
plants, possesses extensive variations in storage protein
genes (Wang et al. 2011). The present study reported
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Table 1. SDS sedimentation volumes of samples of base flour with and without incorporation of heterologously expressed LMW-GSs.

Control
Guinong 26
Jinan 17
Gaoyou 9415

15.6 ± 0.32a
24.5 ± 0.12b
30.9 ± 0.36c

SDS sedimentation volume (mL)
50 mg
100 mg
24.4 ± 0.21b
31.1 ± 0.14c
33.2 ± 0.11c

32.8 ± 0.57c
37.6 ± 0.48d
39.5 ± 0.29d

150 mg
39.8 ± 0.08d
44.5 ± 0.17e
46.1 ± 0.33e

Means ± standard deviations (n = 3). Means followed by different letters
within the same column were significantly different from each other (P < 0.05).

that LMW-N13, a novel LMW-I type LMW-GS from
PI 554421, was cloned and sequenced. LMW-N13 possesses the structure typical of a LMW-I type subunit but
has some differences in the details. The molecular structure of LMW-N13 has nine cysteine residues, which is
one more than typical LMW-I type subunit (figure 2).
Previous publications have indicated that LMW-i type
LMW-GSs possess more repeat sequences and therefore have higher molecular weights than LMW-m type
and LMW-s type subunits. Compared with the published
LMW-GSs, LMW-N13 shows a larger repetitive domain
and is the largest LMW-GS among the published LMWGSs. Its molecular structure indicates that it has four
insertions in the repetitive domain (figure 2). It is well
accepted that more cysteine residues and a long repetitive domain may have a positive influence on wheat flour
quality (Masci et al. 1998, 2000; D’Ovidio and Masci
2004). Li et al. (2008) reported that a 44-kDa LMW-I
type subunit was associated with high-quality properties
in durum wheat. This subunit had a longer regular repetitive domain and two polyglutamine stretches present in the
repetitive and C-terminal domains. These highly repeated
sequences could be helpful in producing good viscosity
and elastic properties of dough (Masci et al. 2000; Li et al.
2008).
LMW-GSs have been studied for a long time, but
there is far less understanding of the function of LMWGSs than that of HMW-GSs. There are several factors
that restrict researchers’ understanding of how LMWGSs affect dough processing quality. First, LMW-GSs are
encoded by several linked genes, and the number of genes
involved is still not clear (Ikeda et al. 2002). Although
some near-isogenic lines have been used to analyse the contribution of single LMW-GSs to dough quality (Zhang
et al. 2012; Zhen et al. 2014), the number of LMW-GSs
involved in these studies is quite limited. Second, some
LMW-GSs can significantly improve dough quality, but
these genes were not implied in wheat breeding like HMWGS 1Dx5+1Dy10.
Previous studies have proved that LMW-GSs take part
in the formation of the glutenin macropolymer (GMP).
The number of cysteine residues of LMW-GSs is more than

that of HMW-GSs, making LMW-GSs more conducive
to the formation of intermolecular disulphide bonds.
Analysis of single LMW-GSs from Agropyron elongatum
showed that LMW-GSs affected dough quality more than
HMW-GSs (Chen et al. 2011). The LMW-GS that we
obtained in this work showed two differences from the
typical LMW-GSs: (i) LMW-N13 showed a HMW and
is the largest LMW-GS reported thus far, and (ii) an
extra cysteine residue is present in the repetitive domain.
Previous studies showed that HMW-GSs or LMW-GSs
with larger molecular weights and more cysteine residues
could improve the formation of GMP and thereby improve
dough quality. The micro-SDS sedimentation volume indicated that LMW-N13 could improve the dough quality of
different wheat flours. Above all, the LMW-GS that we
cloned in this work provides a new genetic resource for
wheat quality improvement.
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