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The dwarf-male-sterile wheat is unique to China and has been improved by introducing
good germplasm. In order to clear the subunits background of Dwarf-Male-Sterile wheat, so-
dium dodecyl sulphate polyacrylamide-gel electrophoresis (SDS-PAGE) was used to detect
the high and low molecular weight glutenin subunits (HMW-GS and LMW-GS ) compositions
in BC,F,, F, and F; generations from Dwarf-Male-Sterile wheat. Twenty-five alleles and 49
HMW-GS compositions at the Glu-1 loci were detected in different generations. Null and sub-
unit 1 were mainly existed at Glu-A1, and 7 + 8 and 7 + 9 were primarily detected at Glu-B1 in
different generations. Subunit combination 5 + 10 mainly appeared in BC,F,, while 2 + 12 ma-
jor presented in F, and F; generations. HMW-GS compositions null, 7+ 8, 5+ 10 and null, 7 +
9, 5+ 10 showed higher frequencies than other banding patterns, followed by null, 14 + 15,5+
10 and null, 7+ 9, 2 + 12 combinations. In addition, some rare subunit combinations such as 14
+15,13+16,17+ 18,4+ 12,2+ 10 and 5 + 12 were found in different generations. Eighteen
alleles and 51 LMW-GS compositions at G/u-3 loci were found in different generations.
Glu-A3a and Glu-B3d showed higher frequencies than others among three generations. There
were mainly a, b, c alleles at Glu-D3. Thirty, 31 and 14 different combinations were detected
in BC,F,, F, and F; populations, respectively. There were some good combinations such as
A3d/B3h, A3d/B3d/D3a, A3b/B3b/D3a, A3a/B3d/D3a for different quality characteristics. So
some desirable subunit combinations could be selected from different generations and new
cultivars with good quality under distinct subunits background should be bred from
Dwarf-Male-Sterile wheat in future.

Keywords: Chinese Dwarf-Male-Sterile wheat, HMW-GS, LMW-GS, different genera-
tions

Introduction

The Dwarf-Male-Sterile wheat was obtained from the crosses between the dominant
male-sterile wheat and the dwarf-induced No. 1 cultivar. It is a dominant male-sterile ma-
terial with dwarfing marker. The dominant male-sterile gene Ms2 (Tal) for male sterility
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and the GA insensitive dwarfing genes (Rht10) were closely linked on the short arm of
chromosome 4D. Their genetic crossover rate was only 0.18% (Liu et al. 1994). It is very
useful in dwarf breeding. This material is a rare genetics resource of China.

At present, it was mainly used to breeding. According to the GA insensitive trait of
Rht10, the Dwarf-Male-Sterile plants and high-fertile plants could be separated in the
seedling stage (Liu et al. 2001). Agronomic traits of fertile plants from Dwarf-Male-Ster-
ile wheat have been studied by some researchers (Liu et al. 2001). Many cultivars (lines),
such as lunxuan 981, lunxuan 987, and lunxuan 201 have been bred using the recurrent se-
lection method. But there was little clearly known about the genetic background of
cultivars bred, so Dwarf-Male-Sterile wheat and its generations should be detected by mo-
lecular makers or biochemical tools.

Among the various quality components, glutenin subunit composition is of particular
interest to wheat breeders because these subunits are the major factors responsible for the
unique viscoelastic dough characteristics of wheat flour determining mixing and bread
baking performance. These proteins, that represent about 40% of the gluten proteins, can
be separated into two groups by SDS-PAGE: the HMW-GS encoded by the G/u-1 loci and
LMW-GS principally encoded by the Glu-3 loci (Gupta and Shepherd 1990; Singh et al.
1991). Different HMW-GS and LMW-GS alleles and allelic frequencies have been re-
ported for various sets of wheat germplasm since then (Payne and Lawrence 1983;
Graybosch 1992; Redaelli et al. 1997; Igrejas et al. 1999; Branlard et al. 2003; An et al.
2005; Shan et al. 2007; Lerner et al. 2009). Glu-1 alleles closely related with bread-mak-
ing quality (Payne et al. 1987; Gupta et al. 1994) and each identified Glu-1 allele was as-
signed scores by Payne et al. (1987), which made it possible to predict the approximate
bread-making quality of wheat cultivars. Although a large number of alleles at each of the
Glu-3 loci have been reported (Gupta and Shepherd 1990; Jackson et al. 1983), there poses
difficulty for allelic classification of LMW-GS because of multiple genes, which hinders
further study of the role of G/u-3 alleles in determining end-use quality. Some researchers
from Australia, France, USA and China studied the LMW-GS of germplasms and their ef-
fects on bread-making quality (Gupta et al. 1989; Flacte and Uhlen 2003; Ikeda et al.
2003; Branlard et al. 2003; Liu et al. 2004).

So based on this information, HMW and LMW-GS were analyzed using SDS-PAGE in
BC,Fy, F, and F; generations from Dwarf-Male-Sterile wheat population to elucidate the
subunits background so that the new cultivars with good quality and high yield can be bred
in future.

Materials and Methods

Eleven parents (01-35: null/7 + 9/5 + 10, d/d/b; Taishan008: 1/7 + 8/2 + 12, a/g/c;
Yan2070: 1/7 + 8/5 + 10, b/d/a, 988044: null/14 + 15/5 + 10, a/b/a; PH01-24: null/14 +
15/5 + 10, b/h/c; Shannong8355: null/7 +9/5 + 10, a/f/b; Zhoumail8: 1/7 +9/2 + 12, a/j/a;
4133-2:1/7+8/5+ 10, b/b/c; PH3259: null/14 + 15/5 + 10, a/b/b; 280fen: null/17 + 18/5 +
10, a/f/a; 62008:null/7 + 9/5 + 10, a/d/b at Glu-1 and Glu-3, respectively) were once back-
crossed with Dwarf-Male-Sterile wheat, and 109 BCF; generations were obtained. The
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67 male fertile plants of F, generations and 39 of F5 generations were also analyzed in this
study.

HMW and LMW-GS analysis: The embryo-less half kernels from the materials were
analyzed by SDS-PAGE to elucidate HMW and LMW-GS compositions, using the no-
menclature systems of Payne and Lawrence (1983), Gupta and Shepherd (1990) and Jack-
son et al. (1983) as references.

The extraction of HMW and LMW-GS for SDS-PAGE was based on the two-step ex-
traction method (Hou and Ng 1995), with some modifications. A 0.01-g sample of grain
(randomly selected) was pre-extracted three times with 0.25 ml 50% (v/v) iso-propanol in
eppendorf tubes to remove the gliadins. Other extraction steps and electrophoresis were
according to Deng et al.’s method (2005). Each sample was three replicates. Chinese
spring and Marquis were as contrasts.

Results

Allelic variation at Glu-1 and Glu-3 loci in different generations of dwarfing-sterile
wheat

A total of 25 alleles at the Glu-1 loci were screened among different generations (Table 1).
Three alleles were detected at Glu-A1 locus, that is, 1, null and 2*. Among them, different
generations had different frequency. In BCF,, there was no samples containing 2*, and
subunits 1 and null alleles were mainly frequent with the frequencies 0f 29.4% and 70.6%,
respectively. In F, and F; generations, there were three alleles’ variations, among which
subunit null appeared high frequency, 64.18% and 69.23%, respectively. Second was sub-
unit 1, 32.84% and 20.51%, respectively. Subunit 2* showed low frequency in fertile gen-
erations, only 2.99% and 10.26%, respectively. Fourteen alleles were observed at Glu-B1
locus. Subunit combinations 7 + 8 and 7 + 9 had higher frequencies than other subunit
combinations in BC,Fy, so did in F, and F; generations. Followed was subunit 14 + 15.
Rare subunit 13 + 16 appeared only once in BC,F; generations (Fig. 1b), but was not de-
tected in F, and F; fertile grains. In F; generations, subunit 7 was found. Other subunit
combinations contained three or four subunits, which were mainly present in BC,F; gen-
erations, because the hybrid seeds had the HMW-GS subunits from parents. Only eight al-
leles were detected at G/u-D1 locus. In BCF; generations, subunit combination 5 + 10
was dominant with the frequency of 53.21%, followed by 2 + 12 (15.60%). But in F, and
F; generations, subunit combination 2 + 12 had higher frequency than 5 + 10. Subunit
combinations 2 + 10 and 4 + 12 were observed in F, generations with the frequencies of
29.85% and 2.99%, respectively (Fig. 1a). Subunit combination 2 + 10 was also found in
F; generations, while subunit combination 5 + 12 was present in BC,F; and F, generations
with the frequencies of 0.92% and 2.99%, respectively (Fig. 1b). Other subunit combina-
tions, suchas 5+ 10/2,2 +12/5,2 + 12/5 + 10, were existed only in BC,F, generations.
Eighteen different alleles were found for the LMW-GS (Table 1). Five alleles were
found at G/u-A3. In BCF; generations, the sum of the frequencies of subunit a and b was
94.5%, while the rest was accounted for by d and h. In F, and F; generations, a and h sub-
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units showed higher frequencies than that of other subunits. The sum of the ratio of sub-
unit a, d and h were 91.05% and 87.16% in F, and F3, respectively. The b subunit in F; is
the lowest. The e subunit was found in BC,F,. At Glu-B3, of the eight alleles found,
73.40% were accounted for by d, fand h in BC,F, generations. b, i and j showed low fre-
quency. But in F, generations, 79.11% were represented by a, b, d and f. While the sum of
the frequency of subunit d and j showed 79.48% in F; generations. And the frequency of
Glu-B3 d appeared highest allele among three generations (Fig. 1b). At Glu-D3, five al-
leles were found. The sum of the frequencies of a, b and ¢ were 98.17%, 98.51%, 100% in
BC,F|, F, and F3, respectively. Glu-D3 d and h were rarely observed in generations.
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Figure 1. HMW-GS and LMW-GS profiles of SDS-PAGE of some BC,Fy, F, and F; wheat grains including
some rare alleles (CS-Chinese Spring and M-Marques; CK2-Xiaoyan 6 as controls)
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Table 1. The frequencies of alleles at the Glu-1 and Glu-3 loci of different generations
of dwarfing-sterile wheat

Different generations

Loci Subunits BC[F] Fz F3
Number Ratio (%) Number Ratio (%) Number Ratio (%)
Glu-Al 1 32 29.4 22 32.84 8 20.51
null 77 70.6 43 64.18 27 69.23
2% 2 2.99 4 10.26
Glu-Bl 7+8 35 32.11 32 47.76 21 53.85
7+9 33 30.28 30 44.78 16 41.03
14+ 15 13 11.93 4 5.97 1 2.56
13+ 16 1 0.92
14+15/7+9 8 7.34
14+15/7+8 3 2.75
7+9/17+18 3 2.75
7+8/14 3 2.75
7+9/14 1 0.92
14 +15/8 1 0.92
14 +15/9 1 0.92
14 +15/7 6 5.50
17 +18/7 1 0.92 1 1.49
7 1 2.56
Glu-DI 5+10 58 53.21 12 17.91 4 10.26
2+12 17 15.60 31 46.27 26 66.67
5+10/2 14 12.84
2+12/5 16 14.68
2+12/5+10 3 2.75
5+12 1 0.92 2 2.99
2+10 20 29.85 9 23.08
4+12 2 2.99
Glu-A3 a 68 62.39 38 56.72 12 30.77
b 35 32.11 1 1.49 3 7.69
d 2 1.83 8 11.94 4 10.26
e 5 7.46 2 5.13
h 4 3.67 15 22.39 18 46.15
Glu-B3 a 10 9.17 12 17.91 1 2.56
b 4 3.67 7 10.45 1 2.56
d 36 33.03 24 35.82 25 64.1
f 21 19.27 10 14.93 1 2.56
g 7 6.42 2 2.99 1 2.56
h 23 21.10 6 8.96 3 7.69
i 5 4.59 4 5.97 1 2.56
] 3 2.75 2 2.99 6 15.38
Glu-D3 a 36 33.03 34 50.75 13 33.33
b 36 33.03 21 31.34 18 46.16
c 35 32.11 11 16.42 8 20.51
d 2 1.83
h 1 1.49
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HMW-GS combinations at Glu-1 loci of dwarfing-sterile wheat

At Glu-1 loci, 49 HMW-GS compositions patterns were detected in different generations
(Table 2). Each of them contained 3-6 protein bands. There were more variations of
HMW-GS combinations in BCF; than in F, and F; generations. The frequencies of
HMW-GS banding patterns, null, 7+ 8, 5 + 10 and null, 7 + 9, 5 + 10, were 10.09% and
12.84%, respectively, followed by null, 14 + 15, 5+ 10 and null, 7+ 9, 2 + 12 combina-
tions. These appeared higher than other banding patterns. The frequency of subunit com-
binations 1, 7+ 9 and 5 + 10 was 5.50%.

Table 2. HMW-GS compositions of different generations of dwarfing-sterile wheat

Different generations

Subunit composition BC,F, F, F; Score;

Glu-Al Glu-Bl Glu-D1 Number Ratio Number Ratio Number Ratio
(%) (%) (%)

null 7+8 5+10 11 10.09 1 1.49 1 256 7
1 7+8 5+10 4 3.67 3 448 0 10
null 7+8 2+12 5 4.59 6 8.96 7 1795 5
1 7+8 2+12 1 0.92 7 10.45 5 12.82 8
1 7+8 2+12/5 7 6.42 0 0 8
null 7+ 8/14(15) 5+10 2 1.83 0 0 7
null 7+8/14 + 15 5+10 3 2.75 0 0 7
null 7+8 2+12/5+10 2 1.83 0 0 57
1 7+8(9) 2+ 12/5+10 1 0.92 0 0 8/10
null 7+8/14 2+12 1 0.92 0 0 5
null 7+8/14+ 15 5+10/2 2 1.83 0 0 7
null 7+8 5+10/2 2 1.839 0 0 7
null 7+8 2+10 0 8 11.94 3 769 -
null 7+8 4+12 0 1 1.49 0 4
1 7+8 2+10 0 3 4.48 1 256 -
1 7+8 5+12 0 1 1.49 0 -
2% 7+8 5410 0 2 2.99 0 10
2% 7+8 2+12 0 0 4 10.26 8
null 7+9 5+10 14 12.84 2 2.99 3 769 6
1 749 5+10 6 5.50 3 448 0 9
null 7+9/14 + 15 2+12/5 3 2.75 0 0 4
1 7+9/14+15 5+10 4 3.67 0 0 9
null 749 2+12 8 7.34 11 16.42 7 1795 4
null 7+9/14 + 15 5+10/2 1 0.92 0 0 6
1 7+9 5+10/2 2 1.83 0 0 9
1 7+9?214 5+10 1 0.92 0 0 9
null 7+9/17+18 2+12/5 3 2.75 0 0 4/5
null 7+9 5+10/2 1 0.92 0 0 6
1 749 2+12/5 2 1.83 0 0 7
null 749 2+10 0 8 11.94 4 1026  —
1 7+9 2+12 0 3 448 2 513 7
1 7+9 5+12 0 1 1.49 0
1 7+9 2+10 0 1 1.49 0 -
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Table 2 (cont.)

Different generations

Subunit composition BC,F, F, F;3 Score,

Glu-Al Glu-B1 Glu-D1 Number Ratio Number Ratio Number Ratio

(%) (%) (%)
null 749 4+12 0 1 1.49 0 3
null 14+ 15 5+10 8 7.34 1 1.49 0 -
1 14+ 15 2+12 1 0.92 0 0
null 14+ 15 2+12/5 1 0.92 0 0 -
null 14+ 15 2/5+ 10 1 0.92 0 0 -
1 14 +15/9 2+ 12 1 0.92 0 0 -
null 14 +15/8/9 5+10 1 0.92 0 0 -
null 7/14 + 15 5+10 3 2.75 0 0 -
null 14 +15/7 5+10/2 3 2.753 0 0 -
1 14+ 15 5+10/2 1 0.92 0 0 -
null 14+ 15 2+12 0 0 3 4.48 1 2.56 -
null 13+ 16 5410 1 0.92 0 0 -
null 17+ 18/7 5+10 1 0.92 0 0 7
null 14+ 15 5+12 1 0.92 0 0 -
1 717 + 18 2+ 12 0 1 1.49 0 8
null 7 2+10 0 0 1 2.56 -

1 The score is evaluated based on the Payne score.

In F, generations, subunit combinations null, 7+ 9 and 2 + 12 showed higher frequency
with 16.42%, then was null, 7+ 8, 2 + 10 and null, 7 + 9 and 2 + 10 combinations with both
the frequencies of 11.94%. The frequencies of subunit combinations 1, 7+ 8,2 + 12 and
null, 7 + 8, 2 + 12 were 10.45% and 8.96%, respectively. In F; generations, there were
mainly subunit combinations null, 7+ 8,2 + 12 and null, 7+ 9 and 2 + 12 with both the fre-
quencies of 17.95%. Followed was 1, 7+ 8 and 2 + 12 combination with 12.82%. Subunit
combination 2*, 7 + 8 and 2 + 12 was found with the frequency of 10.26%, so did null, 7 +
9 and 2 + 10 combination. Two combinations, that was null, 7+ 8,2 + 10 and null, 7+ 9, 5
+ 10 had the same frequencies of 7.69%. The good subunit combination null, 13 + 16 and
5+ 10 was found in BC,F; with the frequency of 0.92%. All other subunit combinations
appeared low frequencies in different generations. These indicated the genetic back-
ground of dwarfing-sterile wheat could be improved by introducing good parents with
good HMW glutenin subunits. The cultivars with good quality would be bred from the im-
proved generations of dwarfing-sterile wheat.

LMW-GS combinations at Glu-3 loci of dwarfing-sterile wheat

The 51 different combinations for the LMW-GS in total were shown in Table 3. In BCF,
population, thirty combinations were found and the frequencies of the combinations of
afb, adc, adb and ahc at Glu-A43, Glu-B3 and Glu-D3 were higher than that of other combi-
nations. The combinations at the same Glu-43e were not seen in the population. In F, gen-
eration, there were thirty-one different combinations. The highest frequency was ada at
17.91%, second was afb and haa at 8.96%, respectively. In F; generation, fourteen differ-
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ent combinations were obtained. The combination of hdb showed highest at 23.08%. The
sum of the frequencies of hdb, hjb/c, hdc, had and hib was 46.15% at the same Glu-A3h.
Thus, there contained some good combinations in different generations.

Discussion

Dwarf-sterile wheat is a unique breeding resource in China. Variations of the HMW-GS
compositions of different generations were examined by SDS-PAGE. Many composition
types were identified. Even seven banding patterns were found in BC,F, seeds at Glu-1/
loci. There were many good subunits related with good quality according to Payne’s re-
search (Payne and Lawrence 1983) for HMW-GS, such as 2*,5+ 10,7+ 8, 17 + 18, which
had been confirmed. But for 14 + 15 and 13 + 16, there was not clearly scored in Payne
score system. After many researchers evaluated the effects of these subunits combination
on bread quality (Zhao 1994), they both were considered as good subunits. It had been
known that the HMW-GS combinations with good quality often showed better dough
properties than single subunit because of the interactions among them (Groger et al. 1997;
Gregova et al. 2007).

Glu-3 alleles also are important for good quality. Some researchers (Gupta et al. 1989;
Zhang et al. 2007) indicated that the LMW-GS, in combination with the HMW-GS, pro-
vided better predications than the HMW-GS alone for maxium dough resistance. So at
Glu-A3, there ranked b > d> e > ¢, the Glu-B3 allelesrankedi>b=a>e=f=g=h>c, and
the Glu-D3 alleles ranked e >b > a > ¢ > d. The combinations bb at Glu-43 and Glu-D3
seemed to be associated with extensibility. Thus LMW-GS must be taken into consider-
ation for difference in quality. When considering extensibility, the combinations for G/u-3
bbb, bbc and cbe showed best, but for dough strength, the rankings were as follows:
a=d=f=catGlu-43,b>’=d =c=c’=b=g>i>f=jat Glu-B3,anda=b=d=c at
Glu-D3 (Branlard et al. 2003). For gluten quality and bread-baking quality, the combina-
tions Glu-A3d and Glu-B3h appeared best, and then were A3d/B3f, A3b/B3h, A3b/B3d,
A3a/B3d at Glu-A3 and Glu-B3 from China Huanghuai zone wheat (Zhang et al. 2007).
The combinations of 1, 7+9, 5+ 10, Glu-A3d, Glu-B3d and Glu-D3c¢ at Glu-1 ang Glu-3
loci showed best for SDS-sedimentation, mixing peak time, mixing peak width (Lei et al.
2009).

So in this study, some desirable subunit combinations were found, such as 1, 7 + 8/7 +
9,5+ 10and 2*, 7+ 8,5+ 10 at Glu-1 loci, and 43d,/B3h, A3d/B3d/D3a at Glu-3 loci, etc.
in different generations, but some of their frequencies showed very low and mainly ex-
isted in BCF; and F, generations. These perhaps were caused by introducing good parents
with desirable subunits combinations, such as 14 + 15,17 + 18, and 5 + 10, 43d/B3d/D3b,
A3a/B3d/D3b, etc. The frequency of 5 + 10 appeared higher in BCF,; than F; and F; gener-
ations. Because the fertile plants from F, and F; generations were not improved by intro-
ducing good parents, so there was not many good subunits found in seeds. In all, many
germplasms had been screened and found some good subunits, which could be used to im-
prove the Dwarf-Male-Sterile wheat genetic background, and then desirable cultivars with
good quality and high yield should be bred from these populations in future.
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Table 3. LMW-GS compositions of different generations of dwarfing-sterile wheat

Subunit composition Different generations
BC,F,; F, F;

Glu-A3 Glu-B3 Glu-D3 Number  Ratio (%) Number Ratio (%) Number Ratio (%)
a g c 2 1.83 0 0

a h b/c 4 3.67 1 1.49 3 7.69
a f c 2 1.83 1 1.49 0

a i b 2 1.83 0.00 0

a f b 11 10.09 6 8.96 0

a d c 10 9.17 1 1.49 5 12.82
a g a 5 4.59 0 0

a d b 13 11.93 1 1.49 0

a b a 2 1.83 0 0

a b b 2 1.83 0 0

a d c 1 0.92 0 0

a d a 7 6.42 12 17.91 0

a j a 3 2.75 0 4 10.26
a a a 1 0.92 2 2.99 0

a b b 1 0.92 0 0

a h a 1 0.92 1 1.49 0

a f a 1 0.92 3 4.48 0

a b b 0 3 4.48 0

a b c 0 3 4.438 0

a g b 0 2 2.99 0

a i a 0 1 1.49 0

a i h 0 1 1.49 0

b h c 12 11.01 0 0

b f a 2 1.83 0 0

b d a 3 2.75 0 3 7.69
b g a 2 1.83 0 0

b i a 2 1.83 0 0

b a c 4 3.67 0 0

b f b 2 1.83 0 0

b h a 6 5.50 0 0

b a d 2 1.83 0 0

b h a 0 1 1.49 0

d d b/c 0.92 3 4.48 0

d i a 0.92 1 1.49 0

d h a 0 1 1.49 0

d d a 0 3 4.48 2 5.13
d g a 0 0 1 2.56
d f b 0 0 1 2.56
e b b/c 0 1 1.49 1 2.56
e j c 0 1 1.49 0

e a a 0 1 1.49 0

e h b 0 1 1.49 0

e h a 0 1 1.49 0

e a c 0 0 1 2.56
h a b/c 3 2.75 3 4.48 0

h d b 1 0.92 2 2.99 9 23.08
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Table 3 (cont.)

Subunit composition Different generations
BC]F] F2 F3

Glu-A3 Glu-B3 Glu-D3 Number Ratio (%)  Number Ratio (%)  Number Ratio (%)
h j b/c 0 1 1.49 2 5.13

h d c 0 1 1.49 1 2.56

h a a 0 6 8.96 0

h d a 0 1 1.49 5 12.82

h i b 0 1 1.49 1 2.56
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