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INTRODUCTION

The genetics and biochemistry of high-molecular-weight
(HMW) glutenin subunits in wheat (Triticum aestivum)
are now well understood by virtue of various studies (12,
16). Moreover, studies have revealed the correlation
between certain HMW glutenin subunits and bread-
making quality (16). HMW subunits are encoded at the
Glu-1 loci of the group 1 chromosomes ( 1A, 1B, 1D ),
and each locus consists of two genes encoding an x-type
and a y-type subunit (17). Because some genes are
silent, wheat cultivars contain three, four or five
subunits. Wheat storage proteins designated as
prolamins consist of two protein classes: gliadins and
glutenins. Gliadins are small, monomeric proteins
comprising the a, B, y and © families. They make up
50% of prolamins (10). Glutenins consist of HMW (
high molecular weight Jand LMW ( low molecular
weight )glutenin subunits. Even though HMW glutenins
constitute onlr 10% of the total storage proteins as
compaired with 40% for LMW (10), it has been reported
that HMW glutenin subunits have the largest effect on
bread making quality (12). More recently, it has also
been shown that loaf volume depends on the
composition of the proteins. Glutenins and gliadins
togethere represent ~80% of the totall proteins in a
typical wheat flour (4, 10). The contributions of gliadins
and glutenins to dough properties have been long been
recognized, and it has been suggested that the gliadins
generally contribute to dough viscosity and glutenins
contribute to dough elasticity (5). Mager effectson loaf
quality have been demonstrated due to the high
molecular weight glutenin subunits ( HMW-GS ) present
(11), the glutenin-to-gliadin ratio (1, 6, 2), the molecular
weight distribution(6, 3) and overall protein content (7).
Each cultivar contains three to five HMW subunits that
can be distinguished by sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE) (8).

The research reported in this paper was carried out to
identify combination of Glu-1 alleles and determination
of relationship between HMW glutenin subunits and
bread making quality by SDS-sedimentation test.

MATERIAL AND METHOD

Forty synthetic lines and forty Iranian cultivars were
examined in this study. To determine the electrophoretic
mobility of each HMW glutenin subunit by SDSPAGE,
standards (Chinese Spring, Hirmand, Falat) that included
the spectra of subunits expected in the lines were used.

These lines were analyzed by SDS-PAGE, according to
the procedure of Payne et al. (1979).

Gels were made with 7.5% (w/v) acrylamide and 0.2%
(w/v) bisacrylamide and contained 1.5 M Tris-HCI, pH
8.8, and 0.27% SDS. The stacking gel contained 0.25 M
Tris-HCI, pH 6.8. Wheat flour (10 mg) was suspended in
300 mL 0.25 M Tris-HCI buffer (pH 6.8) containing 2%
(w/v) SDS, 10% (v/v) glycerol, and 5% 2-
mercaptoethanol and was shaken for 2 h at room
temperature. The suspension was heated at 95°C for 3
min. The top portion of the supernatant was collected
after centrifugation for 3 min at 12 000 rpm, and a
portion (30 pL) of the extract was loaded onto a gel slot.
The electrode buffer was 0.025 M Trisglycine, pH 8.3,
containing 0.1% (w/v) SDS. Electrophoresis was
conducted at 10 mA constant current for 15 h until the
tracking dye, bromophenol blue, reached the bottom of
the gel. The gels were stained for several hours with
Coomassie Blue R in aqueous ethanol and acetic acid.
The system for numbering HMW glutenin subunit bands
and that for allelic classification at Glu-A1l, Glu-B1, and
Glu-D1 loci, proposed by Payne and Lawrence (1983),
were followed.

The SDS-Sedimentation test for carried out whit method
of Quick and Donnelly (1983). Variance analysis of Glu-
1 alleles, carried out by use of Factorial Design in base
of Unbalance Completely Randomized Design.
Comparisons of means of Glu-1 alleles carried out by
Duncan’s multiple range test. The Pearson correlation
coefficient and Pearson correlation coefficient was used
for simple correlation between Glu-1 alleles with each
other and Glu-1 alleles with sedimentation volume,
respectively. Analysis of regression was carried out by
stepwise method; sedimentation volume and Glu-1
alleles was considered as dependent variant and
independent variant respectively.

RESULT AND DISCUSSION

For synthetic lines and the Iranian wheat cultivars, 15
different alleles were identified, 3 corresponding to the
Glu- Al locus, 8 to Glu-B1, and 4 to Glu-D1 (Table 1).
Each pattern included 3-5 bands of HMW glutenin
subunits. It has been reported that HMW glutenin
subunit composition is a useful system for wheat variety
identification (10). The synthetic lines and the Iranian
wheat cultivars in this study could be divided into 26
groups based on this parameter(Table 2).
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The positive effect of 5+10 and 748 subunits has been
showed in different studies (3, 9, 13). The frequency of
these two subunits in studied lines and cultivars was
more than other subunits. Common combinations of
HMW subunits were null-7+9-5+10, 2*-7+8-2+12 and

null-7+8-2+12 that observed in 10, 7, 7 lines and
cultivars respectively. Combinations of 2*-7+8-5+10,
2*-17+18-5+10, 2*-13+16-5+10 and 1-13+16-5+10 that
received qualitative score of 10 were observed in 5, 3, 4
and 1 lines, respectively. Variance analysis of Glu-1
showed that Glu-B1 and Glu-D1 alleles had significant
effect whereas Glu-Al didn’t show significant effect on
sediment altitude.

Comparisons of means of allele in Glu-A1, Glu-B1 and
Glu-D1 indicated that 2* subunit in Glu-A1 had highest
means and significant difference with null and 1 alleles,
While there wasn’t significant difference between null
and 1 alleles. In Glu-B1, 17 + 18, 13 + 16 and 7 + 8
alleles showed highest means while in Glu-D1, highest
means were belong to 5+10 and 2+12 alleles. The results
of simple correlation between HMW and sedimentation
volume indicated that in probability level of 1% null
allele Glu-Al has a negative correlation (r=0/387). 2*
subunits in this loci along with 5+10subunits in Glu-B1
and 17 + 18 subunits in Glu-D1 showed a significant and
positive correlation with sedimentation volume in
probability level 1%. With regard to the results of step
wise regression analysis, it was indicated that in first
step 5+10 subunits entered to the model with a
responsibility of 15.4% of variation in sedimentation
volume. In second and third steps, 17+18 subunits and
7+8 subunits entered to the model that was responsible
for 5.8% and 5% of variation in sedimentation volume
respectively. In final step, null subunits entered to the
model. In general, alleles of 2* of Glu-Al, 5+10 of Glu-
D1 and 17+18 of Glu-B1 showed maximum effects on
sedimentation volume based on regression analysis. This
model is responsible for only 31.2% of variation (Table
3).

REFERENCES

1. Doekes,G.J., and Wennekes, L.M.J. 1982.
Effect of nitrogenfertilization on quantity and
composition of wheat flour protein. Cereal
Chem. 59:276-278.

2. GUPTA, R. B., BATEY, I L. and
MacRITCHIE, F. 1992. Relationships between
protein composition and functional properties
of wheat flour. Cereal Chem. 69:125-131.

3. GUPTA, R. B., KHAN, K., and MacRITCHIE,
F 1993. Biochemical basis of flour properties in
bread wheats. I. Effects of variation in the
quantity and size distribution of polymeric
protein. J. Cereal Sci. 18:23-41.

4. Hoseney,R.C., Finney,K.F. Shogren, M. D,
AND Pomeranz,Y. 1969. Functional (
breadmaking ) and Biochemical properties of
wheat flour components . III. Characterization

10.

11.

12.

13.

14.

15.

16.

17.

of gluten protein fractions obtained by
ultracentrifugation. Cereal Chem. 46:126-135.

Khatkar, B. S., and Schofield, J. S. 1997.
Molecular and physicochemicalbasis  of
breadmaking-properties of wheat gluten
proteins : A critical
appraisal.J.FoodSci.Technol. 34:85-102.

MacRitchie,F.,1987.Evaluation of contributions
from wheat protein fractions to dough mixing
and breadmaking.J.Cereal Sci. 6:259-268.

MacRitchie,F., .1992. Physicochemical
properties of wheat proteins in relation to
functionality. Adv.Food Nutr. Res. 36:1-87.

Payne PI, Corfield KG, Blackman JA (1979)
Theor Appl Genet 55:153—-159.

Payne PI, Corfield KG, Holt LM, Blackman J,
A. 1981. Correlation between the inheritance of
certain high molecular weight subunit of
glutenin and bread-making quality in progenies
of six crosses of bread wheat. J. Sci. Food Agri.
32:51-60.

Payne, P.I., L.M. Holt, E.A. Jackson & C.N.
Law, 1984.Wheat storage proteins: their
genetics and their potential for manipulation by
plant breeding. Phil Trans R Soc Lond B 304:
359-371.

Payne PI, Holt LM, Lawrence GJ (1983)
Detection of a novel high molecular weight
subunit of glutenin in some Japanese hexaploid
wheats. Journal of Cereal Science 1, 3-8.

Payne, P. 1., Nightinale, M. A., Krattiger, A. F.,
and Holt, L. M. 1987. The relationship between
HMW glutenin subunit composition and the
brad-making quality of British-grown wheat
varieties. J. Sci. Food Agri. 40:51-46.

Perron, C. E., Lukow, O. M., and Townley-
smith, F. 1998. The use of doubled haploids to
investigate the effect of endosperm proteinson
dough mixing and baking properties. proc. 9th
Int. wheat Genet. Symp. 4:248-250.

Quick,J.S. & B. I. Donnelly. 1980. A rapid test
for estimation of durum wheat gluten quality.
Crop Sci. 20:816-818.

Sedighe Bahraei, Abbas Saidi & Darya
Alizadeh.2004. High molecular weight glutenin
subunits of current bread wheats grown in Iran.
Euphytica 137: 173-179.

SHEWRY, P. R, HALFORD N. G., and
TATHAM, A. S. 1992. High molecular weight
subunits of wheat glutenin. J. Cereal Sci.
15:105-120.

Shewry, P.R., Tatham, A.S., Fido, R.J., 1995.
Separation of plant proteins by electrophoresis.
In: Jones, H. (Ed.), Methods in Molecular
Biology—Plant Gene Transfer and Expression
Protocols, vol. 49. Humana Press, Totowa, pp.
399-422.



Tablel- Glu-1 alleles and their frequency

Glu-1 loci Glu-Al Glu-Bl1 Glu-D1

gﬂ‘e‘lels null 1 2 17418 14+15 13419 13416 TH9 7T+8 7 6+8  S5+10 27+12 2412 12
Frequency 35 12 33 15 1 1 7 16 36 2 2 39 7 331
g?;gincy 4375 15 4125 1875 125 125 875 20 45 25 25 4875 875 4125 B

Table 2- Combination of Glu-1 alleles and quality score for lines and cultivars

Combination of Percentage Number of  Quality

Glu-1 alleles frequency cultivar score
2", 17+18, 5+10 5 4 10
Null, 17+18, 5+10 25 2 8
2", 749, 5+10 3.75 3 9
Null, 7+8, 2" +12 75 6 nd
2", 748, 2" +12 1.25 1 nd
Null, 7+9, 2+12 25 2 5
2", 7+8, 2+12 8.75 7 8
Null, 749, 5+10 125 9 7
2", 7+8, 5+10 6.25 5 10
Null, 7+8, 2+12 8.75 7 6
Null, 7+8, 5+10 5 4 8
2", 13+16, 5+10 5 4 10
1,7+8,2+12 5 4 8
1, 6+8,2+12 1.25 1 6
1,17+18, 2+12 3.75 3 8
2", 13+16, 2+12 25 2 8
Null, 6+8, 5+10 1.25 1 6
1,749, 5+10 25 2 9
2",7,5+10 25 2 8
Null, 7+8, 12 1.25 1 nd
Null, 17+18, 2+12 1.25 1 6
Null, 14+15, 5+10 1.25 1 7
2", 17+18, 2+12 6.25 5 8
1, 13+16, 5+10 1.25 1 10
1,7+8, 5+10 125 1 10
Null, 13+19, 2+12 1.25 1 nd

Table 3- Regression analysis of the accepted alleles that can be used to predict sedimentation volume

. Partial
. Coefficient of Standard 5 . P
Glu-11loci  Alleles regression (B) Error (SE) R Cumulative R’ F
Glu-D1 5+10 9.255 1.188 0.154 0.154 19.905
Glu-B1 17+18 7.963 1.796 0.058 0.212 15.990™
Glu-B1 7+8 5.653 1.603 0.050 0.262 13.487"

Glu-Al null -3.461 1.124 0.052 0.314 17.716™




