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Effect of Allelic Variation and Expression Quantity at Glu-1 Loci on Size
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Abstract: The size distribution of glutenin polymers is a key factor in determining gluten strength and end-use quality, while the
relationship with the quality and quantity of subunits at Glu-1 loci has been not studied in detailed. Twenty-three spring genotypes
(Trial 1) and twenty-one winter genotypes (Trial I1) were used to study the effect of allelic variation and expression quantity at the
Glu-1 loci on the size distribution of glutenin polymers. The results showed that the size distribution of glutenin polymers was
significantly affected by allelic variation and subunits in expression quantity at the Glu-1 loci based on flour protein content, es-
pecially on total expressions of high-molecular-weight glutenin subunits (HMW-GS). In Trial I, low expression of HMW-GS was
presented, significantly additive effects were observed at Glu-B1 and Glu-D1 loci (P < 0.01) for SDS-unextractable polymeric
protein (UPP) and percent SDS-unextractable polymeric protein in total polymeric protein (%UPP). The contribution of individual
glutenin subunit could be ranked as 7°5+8" > 7+9 > 17+18 > 7+8 and 5+10 > 2+12 at Glu-B1 and Glu-D1 loci, respectively.
Higher %UPP was observed in those allelic compositions with subunit 5+10 than with 2+12. The expression of HMW-GS was
highly positively correlated with UPP (r = 0.79-0.93). While in Trial I, high expression of HMW-GS was presented, significantly
additive effects were only observed at Glu-D1 loci (P < 0.05) for %UPP. The contribution of individual glutenin subunit ranked as
5+10 > 2+12 and 4+12 at Glu-D1 loci for %UPP, and no significant difference was observed among allelic compositions for the
size distribution of polymers. The expression of HMW-GS was positively correlated with UPP (r = 0.42-0.86, P < 0.05 or 0.01).
In conclusion, gluten strength and end-use quality can be improved by selection of high quality subunits in combination with high
expression in breeding program.
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Table 1 ANOVA of Glu-1 loci in flour protein content and the size distribution of polymeric proteins
. FPC EPP uPP %UPP
Locus MS % MS % MS % MS %
I Trial |
Glu-Al 1 1.20 426 16.1 13.4 35.2 6.60 1.84 0.89
Glu-B1 3 0.33 11.7 39.4 32.8 210.2" 39.4 82.5" 40.1
Glu-D1 1 0.49 17.4 18.5 15.4 259.4™ 48.7 111.9" 54.3
Il Trial 1l
Glu-Al 1 0.62 416 38.6 21.0 8.8 3.5 1.4 1.4
Glu-B1 3 0.12 8.1 13.4 7.3 54.5 21.6 18.0 17.6
Glu-D1 2 0.18 12.1 103.0 55.9 116.5 46.1 67.9" 66.2
FPC ;EPP  SDS- ; UPP  SDS- ; %UPP UPP
10° AU mg™* , AU

FPC: protein content; EPP: quantity of extractable glutenin polymeric protein; UPP: quantity of unextractable glutenin polymeric pro-
tein; %UPP: UPP/ (EPP + UPP)x100. Quantity of glutenin fractions was showed as 10° absorbance units of HPLC for 1 mg of flour, abbre-

viated with AU. "P < 0.05; P < 0.01.
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Table 2 Effect of individual glutenin subunit on flour protein content and the size distribution of polymeric proteins

FPC EPP uPP %UPP
Locus Subunit No. of samples (%) (AU) (AU) (%)
I Trial |
Glu-Al 1 12 109a 55.2a 509 a 478 a
2" 11 10.3a 53.5a 48.0 a 46.9a
Glu-B1 7%5+8" 2 112a 49.3a 64.2 a 56.4 a
17+18 8 10.6 a 549a 47.0b 46.1 bc
7+8 4 104 a 59.2a 44.7 b 42.8c¢c
7+9 9 10.6 a 53.0a 50.5b 485b
Glu-D1 5+10 15 10.8a 535a 522a 493 a
2+12 8 10.3a 56.2a 445b 439b
Il Trial 1l
Glu-Al 1 20 12.3a 63.2a 59.3a 483 a
0 1 115a 6l.la 51.8a 46.0 a
Glu-B1 14+15 3 126a 68.0a 55.6 a 446 a
17+18 2 12.0a 63.8a 57.5a 474 a
7+8 14 12.3a 62.4 a 59.0 a 48.6 a
13+16 2 12.3a 60.1a 65.3 a 519a
Glu-D1 5+10 12 123 a 60.3a 61.8a 50.5a
2+12 8 12.4 a 67.1a 549a 448 b
4+12 1 119a 63.7a 57.6a 47.5 ab
0.05 1

Values followed by different letters within a column are significantly different at P < 0.05. Abbreviations as in Table 1.
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Table 3 Effect of combined glutenin subunits on flour protein content and the size distribution of polymeric proteins

FPC EPP uPP %UPP
Subunits No. of samples (%) (AU) (AU) (%)
I Trial |
1, 749, 5+10 3 10.7b 495a 52.0a 50.9 a
2", 7+9,5+10 4 11.3a 53.7 a 55.0 a 50.6 a
1,17+18, 5+10 5 10.7b 53.3a 48.5 ab 474 a
2", 7+8, 2+12 2 9.6 b 54.0 a 40.1 ab 424D
Il Trial 1l
1, 7+8, 5+10 9 12.3a 60.0 a 61.5a 50.6 a
1, 14+15, 2+12 3 126a 68.0 a 55.6 a 446 a
1,7+8, 2+12 4 124 a 68.0 a 55.1a 44.7 a
1, 17+18, 5+10 2 118a 61.9 a 56.4 a 476 a
0.05 1
Values followed by different letters within a column are significantly different at P < 0.05. Abbreviations as in Table 1.
, | Glu-D1 ); Glu-D1 %UPP 74.9%
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UPP 76.8% (y = 30.8 + 5.5x), , |
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Table 4 Correlation coefficients between Glu-1 loci in quantity and the parameters in the size distribution of polymeric proteins

EpC Glu-Al Glu-B1 Glu-D1 Subunit type
Parameter AX Total Bx By Total Dx Dy X y xly
I Trial |
FPC null 0.45" 0.45" 0.41 0.57" 0.55™ 0.60"  0.38 0.48" 0.51" 0.24
EPP 064" -0.18 -0.17 -0.18  -0.13 -0.15 -0.10 -026 -017  -0.20 0.05
upPpP 058" 089" 0.83" 079" 090" 0.93” 092" 087" 088" 093" 031
%UPP 0.10 0.79" 0.73" 070" 077" 0.82" 078" 084" 0777 084" 018
Il Trial 1l
FPC null 0.34 0.36 0.29 0.39 0.05 0.01 021 038 038  -0.10
EPP 055" -0.34 -0.42 049" -0.24 -0.55" -051" -053° -045" -038 -021
UPP 0.66" 0.80" 0.81" 078" 0717 0.51" 0.42 071" 086" 080" 004
%UPP 0.26 0.76" 0.80" 082" 067" 0.67" 059" 081" 086" 079" 013
“P < 0.05; “P < 0.01. Abbreviations as in Table 1.
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