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Abstract: Although it is known that the compositions of gliadins have effects on bread-
making quality of wheat, it is still not clear which gliadins confer improved bread-making
quality and whether those gliadins interact with glutenins and other gliadins. Using a hard
red winter wheat line 99E18 and zhengmai®023 with good bread-making quality as well as
their progeny we identified gliadins associated with the bread-making quality. SDS-PAGE
and APAGE method were used to analyze the gliadin composition and HMW-glutenin
subunits of 45 wheat inbred lines and their relationships to bread-making quality were
conducted. The significance of difference was calculated between the omega gliadins and
bread-making quality. The positive and negative effects have been detected between the
particular gliadin bands and baking quality. Thus, gliadin could be used as parameters when
breeding for bread-making quality.

Key words: Triticum aestivion, Gliadins, High-molecular weight glutemin subunit, bread-
making quality

INTRODUCTION

In wheat (Triticim aestivam L) kernels, there are more than 100 different types of storage protein
and it is well known that the protein constitution is of great significance for the baking quality of the
dough. The storage proteins of wheat are composed mainly of gliadins and glutenins (Shewry and
Tatham, 1990). The glutenins confer elasticity to the dough, while the gliadins are viscous and confer
extensibility (Payne et af., 1984). Gliadins are heterogenous mixtures of single-chained polypeptide
which are soluble in 70% aqueous alcohol. Based on their mobility in Acid polyacrylamide gel
clectrophoresis (A-PAGE), they are divided into four groups from fastest to slowest mobility as
aj¢d¢y and U-gliadin (Gianibelli ef &., 2001). The high-molecular-weight glutenin subunits (HM'W-
GSs) are encoded by Glu-41, Giu-BI and Glu-D1 on the long arm of homoeologous group-1
chromosomes 1A, 1B and 1D, respectively. HMW-GSs are easily resolved by one-dimensional (1-1)
sodium dodecyl sulphate-polyacrvlamide gel electrophoresis (SDS-PAGE) and exhibit extensive
variation among different cultivars (Payne ef af., 1981; Branlard and Dardevet, 1985).

The correlation between gliadin components and flour quality has been reported (Sozinov and
Poperelya, 1980; Mosleth and Uhlen, 1990). It has confirmed that v-45 was positively correlated with
gluten quality, while y-42 gliadin band was negatively correlated with these criteria (Autran and
Galterio, 1989).
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It is known that HMW-GSs that confer good bread-making quality have been intensively studied.
HMW-GS 5+10, encoded by the gene Glu-DI, plays an important role in dough properties
appropriate for bread making, while the 2+12 subumit, encoded by the allelic gene, is not greatly
involved (Payne ef af., 1981, 1987). Zhengmai9023, without HMW-GS 5+10 and 99E18 with HMW-
GSs 5+10 have been confirmed with good bread-making. It was not clear whether the gliadins of
Zhengmai9023 were responsible for the good bread-making quality. The objective of this study was
to identify the relationships between gliadins and bread-making quality in Zhengmai9023.

MATERIALS AND METHODS

Plant Materials

The Chinese winter wheat cultivars Zhengmai9023 and 99E 18 which is a white winter wheat line
developed at Crop Research Institute, Sichuan Academy of Agricultural Science, China were used.
Both of them have good bread-making quality. Forty-five F6 inbred lines selected according to their
elite agronomic traits derived from a cross between Zhengmai®023 and 99E18 were used to study flour
properties.

Zhengmai9023, 99E 18 and the forty-five F6 inbred lines were grown in 2006/2007 at Triticeae
Research Institute, Sichuan Agricultural University, Dujiangyan, Sichuan, China. Seeds harvested were
ground using a Brabender Jr test mill (Brabender Inc., Duisburg, Germany) and flour was obtained at
an extraction rate of 60% from seeds harvested in 2007 using a test mill of Bihler Inc., Uzwil,
Switzerland. The flour samples were used to evaluate flowr properties and bread-making quality in
baking tests.

SDS-PAGE

Total proteins were extracted from individually ground single seed. The reduced proteins were
separated on polyacrylamide gels in the presence of SDS according to the method of Payne ef al.
(1980), with modifications according to Uhlen (1990). The glutenin pellet was dissolved in 100 pL of
buffer contaiming 62.5 mM Tris (pH 6.8), 2% SDS (w/v), 10% glycerol (w/v).10% mercaptoethanol
(v/v) and 0.002% bromophenol blue (BPB, w/¥). The glutenin solution was subjected to SDS-PAGE,
in which 7.5 pL of the solution was electrophoresed at 25 mA for 3 h at room temperature. The
resultant. The gels were stained with 0.25% Coomassie brilliant blue solution overnight and destained
with water for at least 1 day (Johansson ef @, 1993). The HMW subunits of glutenin are designated
according to the numbering system of Payne and Lawrence (1983).

A-PAGE of Gliadins

After grinding the one grains, the gliadins were extracted in 70% ethanol and fractionated by
1-D-polyacrylamide gel electrophoresis at pH 3.1 using the method of Bushuk and ZiUman (1987).
The concentration of hydrogen peroxide, used as a catalyst for gel polymerization, was reduced
according to Khan ef af. (1985) to produce a firmer gel giving better resolution. The gels were stained
with Coomassie brilliant blue solution as described by Uhlen (1990) and destained in 10% trichloracetic
acid (TCA). The ghadin blocks are according to Metakovsky ef af. (1984).

Bread-Making and Evaluation of Breads

The flour protein content was determined on a dry weight basis by near-infrared reflectance
spectroscopy (Johansson and Svensson, 1995). SDS-sedimentation (SDSS) volume, described by
Axford ef al. (1979), 1s a good indicator of loaf volume. We performed a modified SDSS test in which
the swelling time was prolonged and 100 mL of solution was added to 2.5 g of flour (Takata ef af.,
1999). All samples were milled into flour using a Brabender Quadrumat Jr. Mill and flour was
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standardized for ash 0.55%. Wet gluten content and Gluten Index were determined according to ICC
standard method Mo, 155 Wet gluten in wheat flour 15 a plastic-elastic substance consisting of the
proteins gliadin and glutenin, obtained after washing out the starch from wheat flour dough. Gluten
separated from wheat flour is centrifuged to force wet gluten through a specially constructed sieve
under standardized conditions. The percentage of wet gluten remaining on the sieve after centrifugation
1z defined as the Gluten Index. Eheological properties of doughs including development time, stakality
time, were tested by 80110-031035 type apparatus made Brabender company in Germany according
to ALCC54-21,

Statistical Analysis
A1 data analysis was performed under the software DPS (Data Proceeding System) version 6.5,

RESULTS

Relationship Between HMW-G 5s and Bread-Iaking (uality

SDS-PAGE and APAGE of total protein extracts were used for a preliminary investigation of the
composition of gliadins in ZW%023 and 99E18 (Fig. 1) as well as their 45 F& inbred lines. Z1{9023
contained HWW-G5s n, 748, 2412 and 9%E18 contained 1, 7+8, 5+10 (Fig. 1a). Two gliadin bands
at mobility 0.15 and 0.18 were both foundin parents, bands at mobality 029, 032 and 0.35 were found
in the ZW9023 while bands at mobility 0013, 0023, 0028, 0.30 and 036 were found in 93E18 (Fig. 1b).

The HWIM-G3s compositions in 45 inbred lines are shown in Table 1. Twelve lines carried
HMW-GEz 1, 78, 510 (1), 26 lines camed HMW-G3S: n, 743, 2412 (I0), 5 lines carmed
HWW-G3s n, 748, 5+H10 (11D and 2 lines carned HWOW-G3s 1, 748, 2412 (IV). Parameters of bread-
tnaking quality of lines with different HWI{-GZs were compared (Table 1), The parameters of the

B = LA
[N

—
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Fig 1. SDE-PAGE (a) and APAGE (b) profile of gliadin and gluten proteins extracted from ZW9023
and 99E18 E |, 99E118; Z, ZW%023; number in &, HWOW-G3s; number in B, gliadin bands

order of iy zone
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parents show that ZM9023 and 99E18 were all with good bread-making quality. In total progeny lines
(T), parameters of the progeny show that flour protein content varied from 11.127 to 17.954%, with
the mean of 13.534%. SDS-sedimentation volume varied from 43.333 to 79.833 mL, with the mean of
65.094 mL. Gluten index varied from 22.733 to 95.274% and the stability time varied from 2.3 to
16.6 min. All of the quality parameters not only in type T but also in the different HMW-GSs show
much high ranges. Most parameters in type I show better bread-making quality than in type 1T even
though there is not significant difference between two parents.

Relationship Between Gliadin Bands and Bread-Making Quality

In 45 inbred lines, a total of 11 gliadin bands were identified at w zone, each bands shows
polymorphism except two bands at mobility 0.15 and 0.18. Namely ZM9023 0.29, 0.32, 0.35 and
99E18 0.13,0.23, 0.25, 0.28, 0.30, 0.36. The number of total bands among the lines varied between
lines whereas the lowest number was three bands while the highest number was eight bands at different
electrophoretic mobility. By comparing the bread-making quality parameters between the lines with
the bands or not, we identified that positive and negative significant effects have been established
between particular gliadin bands and baking quality. Table 2-7 are displayed by minus values between

Table 1: The bread-making quality of total materials

Progenies
Parents 1,748,5+10(I) n,7+8,2+12 (II) n,7+8, 5+10 (1I)
ZMO023 9.90E+T19 Mean Range Mean Range Mean Range
Fp 13.352  15.39 13.255 12.44-15.282 12.821 11.127-14.916 13.884  13.617~-14.257

SDSS 6.5 57.167 70.209 54.667-78.167  60.186 43.333~79.833 68.778  58.500~77.167
WG 51255 54.069 44,252 37.735~55.593 50.274 22.733~95.274 51.68 44.582~55.010

DG 19722 18402 16,428 13.829-23.339 17.975 3.803~39.522 17.854  15.137-18.5897
GI 90.716  91.731 90.379  69.534-99.871 75.032 51.748-95.856 79.986  70.658~94.684
DT 57 7 9.5 3.400~17.500 4.762 2.500~10.400 57 4.900~7.700
ST 9.5 6.2 10.45  3.500~16.300 4.985 2.300~16.600 7.017 3.100~1500
Progenies

Parents 1,7+8,2+12 (IV) Tatal lines (T)

ZM9023 9.90E+19 Mean Range Mean Range
Fp 13.352 15.39 15.42 13.448-17.954 13.534 11.127~17.954
SDSS 66.5 57.167 61.959 50.667~74.167 65.049 43.333~79.833
WG 51.255 54.069 62.729 46.196~84.944 50.773 22.733~95.274
DG 19.722 18.402 23.445 16.435~35.581 18.07 3.804~39.522
GI 90.716 91.731 70.147 54.970~93.599 80.918 53.553~99.871
DT 5.7 7 4.475 3.400~6.000 6.098 2.500~17.500
ST 9.5 6.2 4.95 2.300~8.800 6.71 2.300~16.600

FP: Flour protein content (%); SDSS: SDS-sedimentation volume (mL); WG: Wet gluten (%); DG: Dry gluten (20);
GT: Gluten index (%6); DT, Development time (min); ST, stability time (min)

Table 2: The relationship between gliadin bands at various relative mobilities (RF) and flour protein content (%6)

Order ofbands ~ RF Total lines (T) 1,7+8,5+10 (D n,7+8,2+12 (IN) n,7+8, 5+10 (TN
1 0.13 0.7270 1.408 0.3061 0.0318

4 0.23 -0.4388 -0.265 -0.5027 -

5 0.25 0.7567 -1.254 0.1329 -0.3702

6 0.28 0.4356 1.974%* 0.3105 -0.3702

7 0.29 -0.2882 0.871 -0.3244 0.0563

8 0.30 0.8358* 0.401 0.2403 0.4298

9 0.32 -0.5766 1.234 -0.6204 -0.1440

10 0.35 -0.812* -1.234 -0.3451 -0.0128

11 0.36 1.1362%* 1.974* 0.3247 0.0128

Mean without polymorphism; ***Mean values significantly different at p = 0.05 and p = 0.01, respectively
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Table 3: The relationship between wet gluten (%) and gliadin bands

BN RF Total lines (T) 1,7+8,5+10 (D) n,7+8,2+12 (II) n,7+8, 5+10 (1)
1 0.13 3.8531 4.311 5.2590 0.9593

4 0.23 -3.4992 -7.873 4.9202 -——-

5 0.25 -0.1638 -7.448 2.5220 -7.2724

6 0.28 -2.5743 6.462 -3.4825 -7.2724

7 0.29 5.0568 1.702 6.2755 3.2547

8 0.30 -4.2520 -3.188 -6.3001 3.3545

9 0.32 -7.6618 12.961* -13.3381% -0.9638

10 0.35 -0.8931 -12.961% 3.2011% 3.1991

11 0.36 -0.0453 6.462 -2.4346 -3.1991

Mean without polymorphism; *Mean values significantly different at p = 0.05

Table 4: The relationship between dry gluten (%) and gliadin bands

BN RF Total lines (T) 1,7+8,5+10 (D) n,7+8,2+12 (II) n,7+8, 5+10 (III)
1 0.13 1.0603 1.249 1.6957 0.3021

4 0.23 -0.0982 -3.218 3.4567 -——-

5 0.25 0.4489 -2.969 2.1859 -2.5992

6 0.28 0.0446 4.211 -0.6186 -2.5992

7 0.29 0.1163 -0.321 0.135 0.6107

8 0.30 -1.3001 -1.645 -1.9978 1.3018

9 0.32 -0.3987 7.899%* -2.1165 0.3815

10 0.35 -0.202 -7.899%k* 1.4031 3.1991

11 0.36 0.1811 4.211 -1.0066 -3.1991

Mean without polymorphism; **Mean significantly different at p=10.01

the lines with the bands or not and all the significant difference were test though the analysis of unary
random comparative experiment performed under the software DPS The two lines in type IV does not
carry out analysis because of identical gliadin pattern.

Flour Protein Content (FP)

The bands at mobility 0.13 do not show significantly different but show positive effect in four
tvpes while 0.23 show negative (Table 2). However, 0.25, as well as 0.29 and 0.32 show uncertain
effects with flour protein content in the four types, respectively. The band at mobility 0.28 show
significantly positive impact at p= 0.01 in type I. The band at mobility 0.30 and 0.36 show positive
effect in the four types and significantly different at p = 0.05 and p = 0.01 in type T. The band at
mobility 0.35 show consistently negative effect in the four types and significantly different at p=0.05

in type T.

Wet Gluten (WG)

The bands at mobility 0.13 and 0.29 do not show significantly different, but show positive effects
on flour protein content, while the other bands show uncertain effects in the four types (Table 3). The
two bands at mobility 0.32 and 0.35 show significantly different at p= 0.05, respectively found in
type T and I1, but they give opposite direction between two types. Tt suggested that they have especial
interaction with HMW-GS potentially.

Dry Gluten (DG)

The band at mobility 0.13 also show positive effect on dry gluten although not show
significant difference, while the other bands show uncertain effects in the four types (Table 4). The
two bands at mobility 0.32 and 0.35 show significantly different at p = 0.01, only found in
type 1. The band at mobility .32 show positive effects while the band at mobility 0.35 show
negative (Table 4).
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Table 5: The relationship between gliten index (%6) and gliadin bands

BN RF Total lines (T) 1,7+8,5+10 (D) n,7+8,2+12 (I n,7+8, 5+10 (I
1 0.13 1.5446 2.696 0.8202 -1.0883

4 023 5.0008 13.960 -6.0061

5 025 4.5237 10.849 1.5535 15.8389

6 0.28 64722 -10.007 9.5993 15.8389

7 0.20 -1.1280 1.626 -0.2312 -2.825

8 030 8.5770 7.662 11.9701 -14.1942

9 032 0.4554 -23.823% 6.2502 2.5028

10 0.35 -2.3936 23.823% 94701 -9.4701

11 036 3.5749 -10.007 7.5084 7.5084

Means without polymorphism; *Means significantly different at p =0.05

Table 6: The relationship between development time (min) and gliadin bands

N RF Total lines (I 1,7+8,5+10 (1) n,7+8,2+12 (ID) n,7+8, S+10 (1)
1 0.13 0.501 0.875 0.007 -0.975
4 023 4,573 7.033% 0221 e
5 025 1.897 8.200 1.012 2.000
6 0.28 1.345 0.547 0.710 2.000
7 0.20 -0.920 -3.033 0.084 -1.167
8 030 3,507 4.307 2.067% 0.875
9 032 -1.663 -1.500 0,056 -1.125
10 0.35 0.943 7.220 0,671 -1.750
11 036 1.200 0.547 1.091 1.750

Mean without polymorphism; *, **Mean values significantly different at p = 0.05 and p = 0.01, respectively

Table 7: The relationship between stability time (min) and gliadin bands

BN RF Total lines (I 1,7+8,5+10 (1) n,7+8,2+12 (ID) n,7+8, S+10 (1)
1 0.13 7.521 0.458 0.2013 4.6

4 023 4.2445%% §.127%+ -0.5591 -

5 0.25 14919 -0.014 0.4261 2475

6 0.28 1.6515 -0.82 0.5939 2475

7 0.20 -0.6764 2,617 0.71 3.2

8 030 3.2667% 1.727 2.8 1.725

9 032 -1.9968 1 0.5083 5.9

10 0.35 0.4987 8.7 -0.4581 -6.45

11 036 1.7879 -0.82 1.1848 6.45

Mean without polymorphism; *, **Mean values significantly different at p = 0.05 and p = 0.01, respectively

Gluten Index (GI)

The band at mobility 0.25 show positive effect on gluten index although not show significant
difference, while the other bands show uncertain effects in the four types. Two bands at mobility 0.32
and 0.35 were found in type I show signmficantly different at p=0.05. The band at mobility 0.32 show
negative correlation with DG while the band at mobility 0.35 show positive (Table 5).

Development Time (DT)

Two bands at mobility 0.23 and 0.30 show positive effects on bread-making quality in the four
types and significant effects at p = 0.01 were detected in type T and at p = 0.05 in type T and II
respectively. The other bands do not show significantly different and uncertain effects except the
bands at mobility 0.25 and 0.28 which show positive effects among the four types (Table 6).

Stability Time (ST)

The band at mobility 0.23 shows positive effects on bread-making quality were detected at
p = 0.01 in type T and in type I, respectively. The band at mobility 0.30 were found in type T at
p = 0.05. The other bands do not show significantly different but show uncertain effects among the
four types (Table 7).
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DISCUSSION

The parameters between lines show high variation not only in type T but also in all the sub types
of progeny (Table 1). The bread-making qualities varied from low to high attribute to the appearance
of some particular gliadin bands even though with the same HMW-GSs. Tt indicates that some
particular gliadin bands offer real effects to bread-making qualities in wheat.

Most parameters of the bread-making qualities for 45 inbreed lines show better in type I than in
tvpe II even though there is not significant difference between two parents. The result is identical with
other previous studies that the HMW-GS 5+10 indeed contribute to good bread-making quality.

When the bread-making qualities of the 45 inbreed lines were compared considering the gliadin
bands, the better bread-making quality was associated with the presence of bands at mobility 0.23,
(.28, 0.30 and 0.36. The bands at mobility 0.32 and 0.35 from ZM9023 have various impacts, the
former is favorable for WG and DG against GI and the latter is just reversed (Table 3-5). It is well
known that the stability time mean the stability of dough. The higher the stability time showed, the
better bread-making quality the dough is. The band found in 99E18 at mobility 0.23 show higher
stability time especially in type I (Table 7). The contribution of the gliadin band at mobility 0.23
present in type I to superior bread-making quality was also indicated by the development ime_in
baking tests (Table 6). Therefore, we hypothesized that in addition to HMW-GS 5+10, the gliadin
bands found in 99E18 are responsible for the good bread-making quality. There is no significantly
difference in the type III with every parameters of bread-making quality because of lacking sample.
Apart from varietal identification, variation in prolamin composition is beginning to be exploited by
wheat breeders in the development of new varieties with improved bread-making qualities. Several
investigators have shown correlations between specific HMW-GSs and bread-making quality (Burnouf
and Bouriquet, 1980; Moonen and Zeven, 1984, Branlard and Dardevet, 1985, Campbell ez f., 1987,
Cressey ef al., 1987, Payne, 1987, Ng and Bushuk, 1987; Uhlen, 1990; Johansson and Svensson,
1995). The significant difference of some parameters of bread-making quality aroused by gliadins could
be construed as cither to the gliadins themselves or as special glutelin compositions associated with
them (Payne, 1987).

Certainly, we don’t exclude the effects originated from low-molecular-weight glutenin subunit
(LMW-GS), which will be studied soon. Both positive and negative effects of specific LMW-GS on
wheat flour quality have been reported by Branlard ef «f. (2001) and Eagles ef ef. (2002). And in fact,
Vazquez had detected that Low Mr subunits 1+14, tightly linked to y-45 had a significant positive
effect, whereas low M subunits 6+11, tightly linked to y-42 had a significant negative effect on gluten
quality (Vazquez, 1996). If this is in case, we should pay more attention to the links between gliadins
and low Mr subunits as well as their contributions to bread-making quality.

Furthermore, analyses of random lines from this cross have shown that part of the progeny also
show better bread-making quality than their parents. Thus, we can improve the baking quality of wheat
by crossing varieties that have complementary, good-quality prolamins and to screen embryo less half
grains at later generations by electrophoresis. A few of the progeny will have the best combination of
prolamins possible for the cross and their bread-making qualities will be better than those of their
parents. The remaining embryo-parts of these selected grains can then be grown and evaluated for other
characters in later generations (Payne, 1987).

CONCLUSION

The present study analyzed the relation between bread-making quality and gliadins of progeny
lines from Zhengmai®023=99E18. For flour protein content, the presence of bands at mobility 0.28
and 0.36 from 99E18 show obvious positive effects. It could be associated with high mumber of gliadin
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bands. About gluten, the bands at mobility 0.32 and 0.35 from ZM9023 have various impacts, the
former is favorable for WG and DG against GI and the latter is just reversed. With property of paste,
the bands at mobility 0.23 and 0.30 in 99E18 may be related to high DT and ST.
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