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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 lowmolecular weight glutenin subunits (HMW-GS and LMW-GS ) compositions

in BC1F1, F2 and F3 generations from Dwarf-Male-Sterile wheat. Twenty-five alleles and 49

HMW-GS compositions at theGlu-1 loci were detected in different generations. Null and sub-

unit 1 were mainly existed atGlu-A1, and 7 + 8 and 7 + 9 were primarily detected atGlu-B1 in

different generations. Subunit combination 5 + 10mainly appeared in BC1F1, while 2 + 12ma-

jor presented in F2 and F3 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 Glu-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 BC1F1, F2 and F3 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, soDwarf-Male-Sterilewheat 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 theGlu-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 ofGlu-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; Flaete and Uhlen 2003; Ikeda et al.

2003; Branlard et al. 2003; Liu et al. 2004).

So based on this information, HMWand LMW-GSwere analyzed using SDS-PAGE in

BC1F1, F2 and F3 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; Zhoumai18: 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 atGlu-1 andGlu-3, respectively) were once back-

crossed with Dwarf-Male-Sterile wheat, and 109 BC1F1 generations were obtained. The
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67 male fertile plants of F2 generations and 39 of F3 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 theGlu-1 loci were screened among different generations (Table 1).

Three alleles were detected atGlu-A1 locus, that is, 1, null and 2*. Among them, different

generations had different frequency. In BC1F1, there was no samples containing 2*, and

subunits 1 and null alleles were mainly frequent with the frequencies of 29.4% and 70.6%,

respectively. In F2 and F3 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 atGlu-B1

locus. Subunit combinations 7 + 8 and 7 + 9 had higher frequencies than other subunit

combinations in BC1F1, so did in F2 and F3 generations. Followed was subunit 14 + 15.

Rare subunit 13 + 16 appeared only once in BC1F1 generations (Fig. 1b), but was not de-

tected in F2 and F3 fertile grains. In F3 generations, subunit 7 was found. Other subunit

combinations contained three or four subunits, which were mainly present in BC1F1 gen-

erations, because the hybrid seeds had the HMW-GS subunits from parents. Only eight al-

leles were detected at Glu-D1 locus. In BC1F1 generations, subunit combination 5 + 10

was dominant with the frequency of 53.21%, followed by 2 + 12 (15.60%). But in F2 and

F3 generations, subunit combination 2 + 12 had higher frequency than 5 + 10. Subunit

combinations 2 + 10 and 4 + 12 were observed in F2 generations with the frequencies of

29.85% and 2.99%, respectively (Fig. 1a). Subunit combination 2 + 10 was also found in

F3 generations, while subunit combination 5 + 12 was present in BC1F1 and F2 generations

with the frequencies of 0.92% and 2.99%, respectively (Fig. 1b). Other subunit combina-

tions, such as 5 + 10/2, 2 + 12/5, 2 + 12/5 + 10, were existed only in BC1F1 generations.

Eighteen different alleles were found for the LMW-GS (Table 1). Five alleles were

found at Glu-A3. In BC1F1 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 F2 and F3 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 F2 and F3, respectively. The b subunit in F2 is

the lowest. The e subunit was found in BC1F1. At Glu-B3, of the eight alleles found,

73.40% were accounted for by d, f and h in BC1F1 generations. b, i and j showed low fre-

quency. But in F2 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 F3 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 c were 98.17%, 98.51%, 100% in

BC1F1, F2 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 BC1F1, F2 and F3 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 BC1F1 F2 F3

Number Ratio (%) Number Ratio (%) Number Ratio (%)

Glu-A1 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-B1 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-D1 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

j 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



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 BC1F1 than in F2 and F3 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%.
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Table 2. HMW-GS compositions of different generations of dwarfing-sterile wheat

Different generations

Subunit composition BC1F1 F2 F3 Score1

Glu-A1 Glu-B1 Glu-D1 Number Ratio Number Ratio Number Ratio

(%) (%) (%)

null 7 + 8 5 + 10 11 10.09 1 1.49 1 2.56 7

1 7 + 8 5 + 10 4 3.67 3 4.48 0 10

null 7 + 8 2 + 12 5 4.59 6 8.96 7 17.95 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 5/7

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 7.69 –

null 7 + 8 4 + 12 0 1 1.49 0 4

1 7 + 8 2 + 10 0 3 4.48 1 2.56 –

1 7 + 8 5 + 12 0 1 1.49 0 –

2* 7 + 8 5 + 10 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 7.69 6

1 7 + 9 5 + 10 6 5.50 3 4.48 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 7 + 9 2 + 12 8 7.34 11 16.42 7 17.95 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?14 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 7 + 9 2 + 12/5 2 1.83 0 0 7

null 7 + 9 2 + 10 0 8 11.94 4 10.26 –

1 7 + 9 2 + 12 0 3 4.48 2 5.13 7

1 7 + 9 5 + 12 0 1 1.49 0 –

1 7 + 9 2 + 10 0 1 1.49 0 –



In F2 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 F3 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 BC1F1 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 HMWglutenin 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 BC1F1
population, thirty combinations were found and the frequencies of the combinations of

afb, adc, adb and ahc atGlu-A3, Glu-B3 andGlu-D3were higher than that of other combi-

nations. The combinations at the sameGlu-A3e were not seen in the population. In F2 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 F3 generation, fourteen differ-
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Table 2 (cont.)

Different generations

Subunit composition BC1F1 F2 F3 Score1

Glu-A1 Glu-B1 Glu-D1 Number Ratio Number Ratio Number Ratio

(%) (%) (%)

null 7 + 9 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 5 + 10 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 7/17 + 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.



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 BC1F1 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 (Gröger et al. 1997;

Gregová 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 > c, theGlu-B3 alleles ranked i > b = a > e = f = g = h >c, and

the Glu-D3 alleles ranked e >b > a > c > d. The combinations bb at Glu-A3 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 forGlu-3

bbb, bbc and cbc showed best, but for dough strength, the rankings were as follows:

a = d = f = e at Glu-A3, b’ = d = c = c’ = b = g > i > f = j at Glu-B3, and a = 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 + 10 and 2*, 7 + 8, 5 + 10 atGlu-1 loci, and A3d,/B3h, A3d/B3d/D3a atGlu-3 loci, etc.

in different generations, but some of their frequencies showed very low and mainly ex-

isted in BC1F1 and F2 generations. These perhaps were caused by introducing good parents

with desirable subunits combinations, such as 14 + 15, 17 + 18, and 5 + 10, A3d/B3d/D3b,

A3a/B3d/D3b, etc. The frequency of 5 + 10 appeared higher in BC1F1 than F2 and F3 gener-

ations. Because the fertile plants from F2 and F3 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 theDwarf-Male-Sterilewheat 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

BC1F1 F2 F3

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 4.48 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 1 0.92 3 4.48 0

d i a 1 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



Acknowledgements

This work was financially supported by the Shandong National Science Foundation

(ZR2009DQ009), the State Key Development (973) Program of Basic Research of China

(No. 2009CB118301), the Shandong Provincial Agriculture Liangzhong Project

(LuNong Liangzhongzi ([2007] No. 7 and [2008] No. 167). Thanks to Professor C.E.

Walker from the Department of Grain Science & Industry, Kansas State University, for

his valuable help and advice on this topic.

References

An, X., Li, Q., Yan, Y., Xiao, Y., Hsam, S.L.K., Zeller, F.J. 2005. Genetic diversity of European spelt wheat

(Triticum aestivum ssp. spelta L. em. Thell.) revealed by glutenin subunit variations at the Glu-1 and Glu-3

loci. Euphytica 146:193–201.

Branlard, G., Dardever, M., Amiour, N., Igrejas, G. 2003. Allelic diversity of HMWand LMWglutenin subunits

and omega-gliadin in French wheat (Triticum aestivum L.). Genetic Resources and Crop Evolution

50:669–679.

Deng, Z.Y., Tian, J.C., Sun, G.X. 2005. Influence of high molecular weight glutenin subunit substitution on rhe-

ological behaviour and bread-baking quality of near-isogenic lines developed from Chinese wheats. Plant

Breeding 124:428–431.

Flaete, N.E.S., Uhlen, A.K. 2003. Association between allelic variation at the combined Gli-1, Glu-3 loci and

protein quality in common wheat (Triticum aestivum L.). J. Cereal Sci. 37:129–137.

Graybosch, R.A. 1992. High molecular weight glutenin subunit composition of cultivars, germplasm, and par-

ents of US red winter wheat. Crop Sci. 32:1151–1155.

Gregová, E., Mihalik, D., Šliková, S., Šramková, Z. 2007. Allelic variation of HMW glutenin subunits and

1BL.1RS translocation in Slovak common wheat. Cereal Res. Commun. 35:1675–1683.

Gröger, S., Oberforster, M., Werteker, M., Grausgruber, H., Lelley, T. 1997. HMW glutenin subunit composi-

tion and bread making quality of Austrian grown wheats. Cereal Res. Commun. 25:955–962.

Gupta, R.B., Singh, N.K., Shepherd, K.W. 1989. The cumulative effect of allelic variation in LMW and HMW

glutenin subunit on dough properties in the progeny of two bread wheats. Theor. Appl. Genet. 77:57–64.

Gupta, R.B., Shepherd, K.W. 1990. Two-step one dimensional SDS-PAGE analysis of LMW subunits of

glutenin. I. Variation and genetic control of the subunits in hexaploid wheats. Theor. Appl. Genet. 80:65–74.

Gupta, R.B., Paul, J.G., Cornish, G.B., Palmer, G.A., Bekes, F., Rathjen, A.J. 1994. Allelic variation at glutein

subunit and gliadin loci, glu-1,glu-3 and gli-1 of common wheat: I. Its additive and interaction effects on

dough properties. J. Cereal Sci. 19:9–17.

Hou, G., Ng, P.K.W. 1995. Quantification of glutenin subunits by sequential acetone precipitation and by so-

dium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) coupled with densitiometry using a

known quantity of glutenins as a standard. Cereal Chem. 72:545–551.

Cereal Research Communications 38, 2010

404 DENG et al.: HMW-GS and LMW-GS Composition of Chinese Dwarf-Male-SterileWheat

Table 3 (cont.)

Subunit composition Different generations

BC1F1 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



Igrejas, G., Guedes-Pinto, H., Carnide, V., Branlard, G. 1999. The high and low molecular weight glutenin sub-

units and w-gliadin composition of bread and durum wheats commonly grown in Portugal. Plant Breeding

118:297–302.

Ikeda, T.M., Nakamichi, K.M., Nagamine, T., Yano, H., Yanagisawa, A. 2003. Identification of specific

low-molecular-weight glutenin subunits related to gluten quality in bread wheats. Japan Agricult. Res.

37:99–103.

Jackson, E.A., Holt, L.M., Payne, P.I. 1983. Characterization of high-molecular-weight gliadin and low-molecu-

lar-weight glutenin subunits of wheat endosperm by two-dimensional electrophoresis and the chromosomal

location of their controlling genes. Theor. Appl. Genet. 66:29–31.

Lei, Z., Liu, L.,Wang, M., Yan, J., Yang, P., Zhang, Y., He, Z. 2009. Effect of HMW and LMWglutenin subunit

on processing quality in common wheat. Acta Agronomica Sinica 35:203–210.

Lerner, S.E., Kolman,M.A., Rogers,W.J. 2009. Quality and endosperm storage protein variation in Argentinean

grown bread wheat. I. Allelic diversity and discrimination between cultivars. J. Cereal Sci. 49:337–345.

Liu, B.H., Yang, L.,Wang, S.H. 1994. A study on genetics of dwarf male-sterile wheat. Acta Agronomica Sinica

20:306–309.

Liu, B.H., Wang, S.H., Yang, L., Bao, H.Y.,Meng, F.H., Xia, L.Q., Xue, G.D. 2001. Studies on dwarf male-ster-

ile wheat with different genetic back-ground. Acta Agronomica Sinica 27:207–211.

Liu, L., Zhou, Y., He, Z.H., Yan, J., Zhang, Y., Pema, R.J. 2004. Effect of allelic variation atGlu-1 andGlu-3 loci

on processing quality in common wheat. Acta Agronomica Sinica 30:959–968.

Payne, P.I., Lawrence, G.J. 1983. Catalogue of alleles for the complex gene loci,Glu-A1,Glu-B1, Glu-D1,which

code for high molecular weight subunits of glutenin in hexaploid wheat. Cereal Res. Commun. 11:29–35.

Payne, P.I., Nightingale, M.A., Krattiger, A.F. 1987. The relationship between HMWglutenin subunit composi-

tion and the bread making quality of British grown wheat varieties. J. Sci. Food Agric. 40:51–65.

Redaelli, R., Ng, P.K.W., Pogna, N.E. 1997. Allelic variation at the storage protein loci of 55 US-grown white

wheats. Plant Breeding 116:429–436.

Shan, X., Clayshulte, S.R., Haley, S.D., Byrne, P.F. 2007. Variation for glutenin and waxy alleles in the US hard

winter wheat germplasm. J. Cereal Sci. 45:199–208.

Singh, N.K., Shepherd, K.W., Cornish, G.B. 1991. Rapid communication: a simplified SDS-PAGE procedure

for separating LMW subunits of glutenin. J. Cereal Sci. 14:203–208.

Zhang, L., Hu, L., Yu, D., Zhao, X., Dong, H.,Wang, G., Xu,W. 2007. Effects of lowmolecular weight glutenin

subunits encoded byGlu-A3 andGlu-B3 loci on gluten strength and baking quality in wheat. Acta Agricuture

Boreali-Sinica 22:162–167.

Zhao, H. 1994. Genetic diversity of HMW-GS and its relationship with quality and other agronomic traits. Acta

Agronomical Sinica 20:67–75.

Cereal Research Communications 38, 2010

DENG et al.: HMW-GS and LMW-GS Composition of Chinese Dwarf-Male-SterileWheat 405



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




