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SOFT WHEAT PRODUCTS

Association of Sugar-Snap Cookie Quality with High Molecular Weight
Glutenin Alleles in Soft White Spring Wheats'

E. SOUZA,2 3 M. KRUK, 2 and D. W. SUNDERMAN 2'4

ABSTRACT Cereal Chem. 71(6):601-605

High molecular weight glutenins (HMW-G/u) affect the quality of leaven derived from previously published research. The glutenin strength (GRSbreads produced from wheat (Triticum aestivum L.) flour. However, score) of cultivars and breeding lines was negatively correlated to cookieeffects of these proteins on pastry quality are poorly understood. Sugar- diameter (b = 0.02 cm unit-'; P < 0.05). The negative correlation betweensnap cookie quality was compared to HMW-Glu alleles of soft white GRS score and cookie diameter was greatest in the year with the lowestspring wheat breeding lines and cultivars from multiple trials over four average flour protein content and least in the year with the highest averageyears at Aberdeen, ID. Sugar-snap cookie quality was affected less by protein content. The effect of allelic variation was probably masked inthe composition of the flour protein than by the quantity of flour protein. the years with high average protein content due to the overriding effectsIndividual alleles did not have significant effects on cookie diameter, of total protein content. Selection for cultivars with low GRS scoresexcept for the 13+19 allele of the Glu- 1 B locus, which was associated may produce cultivars with better and more predictable sugar-snap cookiewith smaller cookie diameters. The glutenin strength of alleles at the quality.
three HMW-Glu loci was estimated using a glutenin rank sum (GRS)

Quality of pastry wheat (Triticum aestivum L.) can be assessed
through indirect tests such as alkaline water retention or particle
size index, or directly by baking test products such as standardized
cookies, crackers, sponge cakes, or udon noodles (Hoseney et
al 1988). The protein content of a soft wheat flour is also used
as a predictor of the flour quality (Finney et al 1987). Phenotypic
correlation of protein percentage and pastry quality is strongly
negative. However, the genotypic correlation between a cultivar's
flour protein and pastry quality is generally poor within a popula-
tion of improved soft wheat cultivars. Patterson and Allan (1981)
identified genotypes with quite high protein content and good
pastry characteristics. Strength of the gluten developed by a flour's
protein is negatively associated with pastry quality, as measured
by sugar-snap cookies. Alveograph dough strength (P value) has
been found to be negatively correlated to cookie quality and could
be used to predict residual effects from a simple linear model
of flour protein content estimation of cookie spread (Bettge et
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al 1989). The composition of the flour protein, therefore, may
determine, in part, the intrinsic pastry quality of a cultivar.

The high molecular weight glutenin alleles (HMW-Glu) are
a class of genes that can influence gluten strength. Three homeo-
allelic loci for HMW-Glu are located on chromosomes IA, lB,
and 1 D (respectively Glu-1A, Glu-l B, and Glu-l D). Each locus
is complex, conferring zero to two distinct proteins (Graybosch
1992). Allelic variation is noted by numbering each HMW-Glu
sequentially, based on mobility in sodium dodecyl sulfate poly-"
acrylamide gel electrophoresis (SDS-PAGE) (Payne 1987).

The effect of HMW-Glu alleles on end-use quality of soft or
pastry-type wheats has had little attention previously. However,
the HMW-Glu allelic variation in hard wheats can significantly
influence bread-baking quality (Payne 1987). Cressey et al (1987),
for example, compared two allelic variants for the Glu- 1D locus,
2+12 and 5+10, and found an average of 5% greater loaf volume
in cultivars with the 5+10 allele than in cultivars with the 2+12
allele. Payne et al (1984) summarized previous work on the general
effects of HMW-Glu loci on bread wheat quality. At the Glu-lA
locus, the null allele is inferior to the 2* and 1 allele, with the
2* and 1 alleles approximately equal in effect (null < 2* = 1).
The alleles of the Glu- 1 B locus with known effects on bread quality
are: (in order of increasing favorable effects) 6+8 < 7 < 7+9
< 17+18 = 13+16 = 7+8. The third locus, Glu-lD, has two
common alleles, 2+12 and 5+10, of which 5+10 is the more
favorable for bread quality. The alternate alleles at the Glu-1D
locus 3+12 and 4+12 have been found to be less favorable for
bread quality than either the 2+12 or 5+10 alleles. Payne et al
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(1987) assigned each allele a bread-baking quality score; better
alleles had higher scores. Cultivars were assigned a glutenin quality
score by summing scores for alleles at the three HMW-Glu loci.
Cultivars with higher glutenin quality scores tend to have better
alveograph dough strength (P. N. Fox and E. Souza, unpublished
data), stronger mixograph types, and larger loaf volumes (Payne
1987). Lookhart et al (1993) surveyed the HMW-Glu of the most
widely grown wheats in the United States, based on the 1984
USDA survey. Most hard red winter and hard red spring wheats
had high glutenin quality scores. Soft red winter wheats had
variable quality scores. Graybosch (1992) also cataloged the
HMW-Glu loci of U.S. red wheats; the distribution of alleles
was not strikingly different between the soft red and the hard
red winter wheats of this survey. Lookhart et al (1993) found

that soft white winter wheats, with the exception of Daws, had
very low glutenin quality scores.

Pastry wheats require weak gluten strength for superior quality,
particularly under conditions causing higher protein contents
(drought or disease stress). Therefore, HMW-Glu alleles that cause
development of strong gluten should be detrimental to pastry
quality. Environmental variation for flour protein percentage
cannot be completely eliminated through cultivar or production
improvements. Therefore, it would be desirable to identify genes
that cause pastry quality to deteriorate when flour protein contents
rise. Selection against such genes, once identified, should improve
the quality stability of resulting soft wheats. This article examines
the relationships between HMW-Glu loci and sugar-snap cookie
quality variation in 51 soft white spring wheats.

TABLE I
Pedigrees and High Molecular Weight Glutenin Profiles of Soft White Spring Wheat Breeding Lines

and Cultivars Grown at Aberdeen, ID, 1982-1990

Pedigree

Hyslop/ Fielder
Cowbird.s/2*Sterling
Twin/Triple Dirk
Potam 70/ Fielder
4*Yt54A/ /NrnlO/ Bvr/ 3/2*Y50/4/NrnlO/ Bvr/ / Baart/ Onas
4*Yt54A/ /NrnlO/ Bvr/ 3/2*Y50/4/NrnlO/ Bvr/ / Baart/Onas
Purplestraw/ Yandilla
Cowbird.s/ 2*Sterling
Sterling/ 3/ Mochis 73/ Pavon.s/ / Sterling
Neelkant/ A773249S-8-2-1
Bluebird 2/2*Fielder/ /Seri
Sterling/ / Cocaraque 75/ Hork.s/ 3/ 2*Sterling
Sterling/ 3/ Bluebird.s/ / Protor.s/ Huac.s/4/ Sterling
Tonichi.s/2*Sterling
Tonichi.s/2*Sterling
Tonichi.s/2*Sterling
A81579S/4/Tonichi.s/ 3/ Fielder/Zaragoza.s/ / Fielder
A81580S/ /Tonichi.s/ A751 17S-9300-4
Treasure.s/ Tonichi.s
A75120-2214-1-1 / Caldwell
Tonichi.s/ 2*Sterling
Tonichi.s/ 2*Sterling
A771064S-4/ A78106S-1
A71 182S-3/Treasure.s
A771064S-4/ / '76 IRN#1315/ Fieldwin
A77217S-3/4/ Fielder/ Zaragoza.s/ / Fielder
ID0182/ Fieldwin
ID0183-35/ A77182S-3
IDO182/ Fieldwin
Tonichi.s/ 3/ Fielder/ Zaragoza 75/ / Fielder
ID0228/ 3/ Fielder/ Zaragoza 75/ / Fielder
Fielder/ Zaragoza 75/ / Fielder/ 3/ IDO150
IDO182/ Fieldwin
ID0232/ A75120S-2214-1-1
Treasure/ Treasure.s
Tonichi.s/ 2*Sterling
Sterling/ Bliss
IDO182/ Fieldwin
ID0182/ Fieldwin
ID0182/ Fieldwin
A7940S-5/ / Cowbird.s/ Sterling
ID0232/ Sterling
Owens/ Neelkant/ Owens
Emu.s/TJB 84
ID045/6/ 2*ID046/ 5/ A653552/3/ IDO20
/ / P1227196/ A63166S-A-2-8/ 4/ Gaines/ Lemhi 53
Potam 70/Fielder
Western Plant Breeders private cultivar
Bluebird 2/4/ Springfield*7/ 3/ As/ Fr/ / A63167S-A-1-50-45-5/ 5/ IDO46/II8156
Bluebird 2/4/ Springfield*7/ 3/ As/ Fr/ / A63167S-A-1-50-45-5/5/ ID046/118156
Tifton 3725/ Walladay/ / K7400195/ Authur 71/3/ K806645
Owens/ / A6596S-A-21-1 / Fielder
K7400315/ Potam -70

'Cultivar or breeding line is a mixture of two alleles at the designated locus.
bBreeding line or cultivar is heterogeneous for HMW-glutenin profile.
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Glu-lA Glu-lBi wu-Iu

Null
Null
2*

Null
Null
Null

N
Null

2
Null

2*
Null

I
Null

1
2*

Null
Null

1
2*

Null
Null
2*

Null
Null
Null
Null
Null

2*
1

Null
2*

Null
Null

2*
1

2*
2*
2*
2*

Null
Null
Null
2*

Null
Null
Null

2*
2*

Null
Null

2*

7
13+16

6+8/7+9'
7+9

13+19
13+19
13+19
13+19
13+19
7+9

13+19
13+19
13+19
7+9

13+19
13+19
13+19
13+19
7+9
7+8

13+19
13+19
6+8
6+8

13+19
13+19
7+8
6+8
6+8

7+9/ 13+19b
13+19
13+19
6+8
6+8
7+9

13+19
13+19
6+8
6+8
6+8

13+19
13+19
6+8
7+8

7+8
7+9

17+18
6+8
6+8
7+9
7+8
7+9

2+12
2+12
2+12
2+12
2+12
2+12
5+10
2+12
5+10
2+12
2+12
2+12
2+12
2+12
2+12
2+12
2+12
2+12
5+10
2+12
2+12

2+12 /5+1ob
3+12
3+12
2+12
2+12
2+12
2+12
2+12
2+12
2+12
5+10
2+12
2+12
2+12
5+10
2+12
2+12
2+12
2+12
2+12
2+12
2+12
5+10

2+12
5+10
3+12
2+12
2+12
5+10
2+12
2+12

Name

Bliss
Centennial
Dirkwin
Edwall
Fielder
Fieldwin
Federation
ID71006
ID71027
ID71042
ID71055
ID71086
ID71171
ID71202
ID71208
ID71210
ID71218
ID71219
ID71240
ID71244
ID71252
ID71260
ID71320
ID71353
ID71363
ID71377
ID7 1419
ID71441
IDO285-52s
ID0394
ID0405
ID0406
ID0407
ID0408
ID0409
ID0410
ID0415
ID0417
ID0428
ID0429
ID0442
ID0449
ID0458
OR487570
Owens

Penawawa
Sprite
Treasure
Treasure Sib
Wakanz
Whitebird
WA7496

-




