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Effects of Prolamins Encoded by Chromosomes 1B and 1D on the Rheological
Properties of Dough in Near-Isogenic Lines of Bread Wheat

R. REDAELLI,*? N. E. POGNA 2 and P. K. W. NG?

ABSTRACT Cereal Chem. 74(2):102-107

Fourteen bread wheat near-isogenic lines (NILs) with different allelegextensibility) when compared to aleles Gli-D1/Glu-D3b and Glu-Dla
at 1B- and 1D-chromosome loGiu-1, Glu-3 andGli-1 coding for high ~ (HMW-GS 2+12), respectively. On the other hand, alleles Glu-Blc
molecular weight glutenin subunits (HMW-GS), low molecular weight- (HMW-GS 7+9) and Gli-BL/Glu-B3k gave greater G values than aleles
GS, and gliadins, respectively, were grown in replicated plots to investiclu-Blu (HMW-GS 7°+8) and Gli-B1/Glu-B3b. The effects of individual
gate the individual and combined effects of glutenin and gliadin compo&lu-1, Gli-1, or Glu-3 aleles on P and G values were largely additive.
nents on the rheological properties of dough as determined by the Chopihe impact of the null allele at Gli-D1/Glu-D3 on gluten strength was
alveograph. NILs did not reveal significant differences in seed yieldhighly positive in NILs possessing HMW-GS 2+12, and negligible or
protein content, kernel weight, test weight, flour yield, and starch damregative in NILs containing HMW-GS 5+10, suggesting that there is
age. On the contrary, they had a large variation in alveograph dougiope for improving dough quality by utilizing this alele in combination

tenacityP (55-93 mm), swiéng G (17-26 mL) and strengiV (140-252
Jx 107%. The null aleles at the Gli-D1/Glu-D3 loci, and allele Glu-D1d
(HMW-GS 5+10) were found to have a strong positive influence on
dough tenacity and a remarkable negative influence on dough swelling

with HMW-GS 2+12. Gli-D1/Glu-D3-encoded prolamins were shown to
play amajor role in conferring extensibility to dough, and could account
for the superior breadmaking characteristics of bread wheat as compared
to durum wheat.

Various sets of whesat cultivars, recombinant inbred lines, bio-
types, intervarietal substitution lines, and F, or more advanced
progeny have been used to study relationships between individual
aleles coding for gliadins, high molecular weight (HMW) or low
molecular weight (LMW) glutenin subunits (GS) and dough vis-
coelastic properties (Sozinov and Poperelya 1980; Payne et a
1979, 1987; Branlard and Dardevet 1985a,b; Gupta and Shepherd
1987, 1988; Gupta et a 1989; Carrillo et a 1990; Gupta and
MacRitchie 1994). The relative ranking of severa dleles at gli-
adin loci (Gli-1 and Gli-2), HMW-GS loci (Glu-1) and LMW-GS
loci (Glu-3) with respect to dough resistance and extensibility has
been determined based on these studies. Furthermore, two impor-
tant findings from a breeding point of view have been obtained
from these and other studies (Pogna et a 1990): 1) gliadin aleles
a the Gli-1 loci are useful genetic markers for dough quality
because of their close linkage with Glu-3 aleles, which are the
likely cause of flour quality variation; and 2) the effects of glu-
tenin subunits aleles at Glu-1 and Glu-3 loci on dough resistance
and extensibility are largely cumulative. Precise evauation of
individual and combined effects of glutenin aleles on dough elas-
ticity and extensibility requires special genotypes such as recom-
binant inbred lines or near-isogenic lines (NILs), especially when
aleles with minor but significant effects are compared. Therefore,
a set of NILs with contrasting allelic compositions at gliadin and
glutenin loci on chromosomes 1B and 1D have been developed in
the Italian bread wheat cv. Alpe. The objective of this study was
to determine the effects of these NILs on dough quality. This pre-
sented an opportunity to determine the relative contribution of
some of the most common alleles coding for storage proteins as well
as that of the presence or absence of Gli-D1/Glu-D3 loci, whose
impact on dough quality has been stressed in recent works (Masci
et a 1991, Branlard and Dardevet 1994, Popineau et al 1994).

listituto Sperimentale Ceredlicoltura, via Mulino 3, 20079 S. Angelo L. (LO),
Italy. Corresponding author.

2Department of Food Science & Human Nutrition, Michigan State University,
East Lansing, M1, 48824.

3| stituto Sperimentale Cerealicoltura, Sezione Genetica Applicata, Via Cassia 176,
00191 Rome, Italy.

Publication no. C-1997-0201-03R.
© 1997 by the American Association of Cereal Chemists, Inc.

102 CEREAL CHEMISTRY

MATERIALSAND METHODS

Plant Materials

Fourteen near-isogenic lines (NILs) were produced in the Italian
bread wheat cv. Alpe and grown in the Po Valley a S. Angelo
Lodigiano (Lodi, Italy) on sandy soil under husbandry conditions
similar to those used for commercia production. The experimen-
tal design was a randomized block with three replicates. The ele-
mentary plot of 10 m? consisted of eight rows, 17 cm apart, sown
with 400 germinating kernels’/m?. Cultivar Chinese Spring and
Chinese Spring ditelosomic DT-1DL were used as references in
electrophoresis.

Electrophoretic Analyses

Reduced total protein and unreduced alcohol-soluble proteins
were fractionated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and acid PAGE (A-PAGE), respec-
tively, as described previously (Pogna et al 1990).

Quality Evaluation

Grain yield, 1,000-kernel weight and hectolitre weight were
measured on each plot. After harvesting, the seeds from the three
replicates of each NIL were blended and 3-kg samples were tem-
pered to a moisture of 16% and milled with the MLU 202 Buhler
experimental mill. The a-amylase activities of al the flour sam-
ples were low (Falling Number >300 sec). Flour samples were
analyzed for protein content (N x 5.7, dwb) by the micro-Kjeldahl
method (AACC 1995), and for starch damage levels by method
76-31 (AACC 1995). For dough properties, flour samples were
anayzed with a Chopin aveograph according to the manufac-

turer’s instructions. Standard analysis of variance was applied to

all data.

RESULTS

Seed Characteristicsand Storage Protein Compositionsof NILs

The 14 NILs analyzed here were selected from the cross be-

tween biotypes 2Il and 1lin the bread wheat cultivar Alpe
(Pogna et a 1995). Yield and seed characteristics of these lines
are listed in Table I. The analysis of variance showed no signifi-
cant difference in seed yield, kernel weight, test weight, and pro-



tein content amongst the 14 NILs grown in replicated plots. The
A-PAGE and SDS-PAGE fractionations of storage proteins (Fig. 1)
showed that these NILs share the same alleles at the Gli-Al, Gli-2
and Glu-A3 loci coding for gliadins or LMW-GS, and at the Glu-
Al locus coding for HMW glutenin band 2. However, they differ
from each other in the allele compositions at Gli-B1/Glu-B3
(alele k vs. b), Gli-B5 (a vs. “null”), Gli-D1/GIu-D3 (b vs.
“null”), Glu-B1 (c vs.u, coding for HMW-GS 7+9 and ¥8, re-

spectively) andslu-D1 (avs.d, HMW-GS 2+12 vs. 5+10) (Table

ples showed a low level of starch damage (3.5-3.7%). On the
contrary, there were remarkable differences on the alveograph

parameters of tenacityP), swelling @), tenacity/extensibility
ratio (P/L), and strengthW) of the flours (Table Il). In particular,

the P and G values varied between 55 and 93 mm, and between
16.7 and 25.5 mL, respectively, resulting in a wide variation of the
P/L ratio (0.36-1.64). Dough strength varied between 140 and 252

J x 10™*. Consequently, the effects of alelic variation at each stor-
age protein locus on the alveograph parameters were investigated

I). In particular, the seven NILs marked with “minus” lack the by comparison of appropriate pairs of NILs.
Gli-D1 andGlu-D3 loci because of deletion of a small segment in
the short arm of chromosome 1D (Pogna et al 1995). The missirkffects of Alleles at the Glu-D1 L ocus

segment also contains tkBo-D1 locus encoding for the 25-kDa

Six comparisons (21 vs. 41, 21~ vs. 417, 211" vs. 41, 1l vs. 3,

globulins described by Gomez et al (1988), as suggested by thd vs. 3Il, and 1T vs. 3II") were made to determine the effects

absence of these proteins in ®Blié-D1/Glu-D3-null NILs (Fig. 2).

Results of the seed characteristics (Table 1) suggest that these
allelic variations at the storage protein loci did not affect the agro-

nomic performances of the genotypes.

Alveograph Parametersof NILs

The flour extraction rates of the 14 NILs milled by the MLU
202 Buhler experimental mill were 62—63% (w/w). All flour sam-
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Fig. 1. Acid polyacrylamide gel electrophoresis (A-PAGE) fractionation
of gliadins (A) and sodium dodecyl sulfate (SDS-PAGE) fractionation of
total reduced proteins (B) from near-isogenic lines of bread wheat cv.
Alpe. Lanes 1-14: 411, 417, 3117, 2117, 217, 117, 117, 41, 311, 31, 211, 21, 11,
1l. Gliadin bands encoded by alleles Gli-B1k (double arrowheads), Gli-
B1b (arrowheads), Gli-D1b (arrows), and Gli-B5a (asterisks) are indicated
in A. High molecular weight glutenin subunits are numbered in B.

TABLE|
Yield and Seed Characteristics of 14 Near-1sogenic Lines
of Bread Wheat cv. Alpe?

Yield 1,000-Kernel Hectolitre Protein
Genotype (t/ha) Weight () Weight (kg)  Content (%)
1 6.3 42.6 74.6 11.3
1 6.2 425 74.5 111
2l 6.0 42.5 73.9 115
21| 6.1 424 74.1 109
3l 6.2 42.1 74.0 11.2
3l 6.3 42.1 73.8 11.0
4 6.4 42.5 73.7 111
1 6.0 42.0 72.6 113
11~ 6.2 425 74.5 11.3
27 6.1 42.3 739 114
211~ 6.1 42.4 73.0 114
31~ 6.3 42.3 74.4 115
4~ 6.3 425 74.0 114
411~ 6.0 42.1 73.8 11.2
LSDP 0.6 1.0 32 0.9

a Mean of three replicates.
b east significant difference at P = 0.05.
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Fig. 2. Acid polyacrylamide gel electrophoresis (A-PAGE) fractionation
of alcohol-soluble proteins from near-isogenic lines of bread wheat cv.
Alpe. Lanes 1-10: 1, 1f, 21, 217, 2Il, 2117, 41, 417, cv. Chinese Spring, and
Chinese Spring ditelosomic DT-1DL. Arrows indicate 25-kDa globulins.
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of alleles Glu-Dla (coding for HMW-GS 2+12) and Glu-D1d
(HMW-GS 5+10) on the alveograph parameters. The last three
pairs of NILs were considered in this analysis because of the
small effects of the Gli-B5a allele on the rheological properties of
dough (see below). In each of the six comparisons, a NIL con-
taining subunits 5+10 showed higher P and P/L values and lower
G values than its counterpart possessing subunits 2+12. The P and
P/L mean values attributed to allele d were larger than those of
alele a by 27 and 55%, respectively, whereas the reduction of the
G mean value due to the alele d was 9% (Table 111). Furthermore,
allele d was associated with higher dough strength than allele ain
all the comparisons except 211~ vs. 417, which showed similawy

Effects of Alleles at the Glu-B1 L ocus

The presence of allel@lu-B1u coding for HMW-GS 7+8 was
associated with a larger value BfandP/L than the presence of
allele Glu-B1c (HMW-GS 7+9) in five out of six comparisons (1l
vs. 1ll, 2l vs. 2Il, 3l vs. 3ll, ITvs. 1IF, 21" vs. 2II, and 4t vs.
411 ). On the contrary, NILs possessing allelgave G values
equal to or lower than those of their counterparts with adele
The mean increases BfandP/L values attributed to allelewere
calculated to be 10 and 33%, respectively, whereas the mean
reduction ofG value was 8.1% (Table lIl). Contrasting results
were obtained for gluten strength: lines 11, 2I, and 3I, which con-
tain alleleu along with alleléb at theGli-D1/Glu-D3 loci, showed

values. The mean increase in gluten strength attributed to @llelehigh W values compared to the®lu-Blc counterparts 1lI, 2II,

was as high as 25%.

11" (W=218 P/L=1.64)

21" (W=252 P/L=0.64)
1§ (W=241 P/L=0.98)

21l (W=140 P/L=0.36)

107 (W=224 P/L=1.09)
111 (W=227 P/L=0.91)

31 (W=201 P/L=0.64)
31l (W=167 P/L=0.54)

21" (W=183 P/L=0.90)
21 (W=173 P/L=0.50)

ﬁ

Fig. 3. Alveograms of 12 near-isogenic lines of bread wheat cv. Alpe.
Near-isogenic lines containing high molecular weight glutenin subunits
2+412 (A-C) and 5+10 (D-F).W = strength (J x 10, P/L =
tenacity/extensibility ratio.

41" (W=227 P/L=1.26)

41 (W=233 P/L=0.66)

and 3ll, whereas the converse occurred in the three NIL pairs pos-
sessing the null allele &li-D1/Glu-D3. However, the mealV
values attributed to allelesandu were very similar (Table II).

Effects of Alleles at the Gli-D1/Glu-D3 L oci

Comparisons of six NIL pairs (11 vs.71I1Il vs. 11, 2] vs. 2T,
21l vs. 217, 3ll vs. 3, and 4l vs. 41) showed that NILs having
the null allele at theGli-D1/Glu-D3 loci were characterized by
larger P and P/L values and lowe6G values than those of their
counterparts with allel®, the mean variations @&, P/L, andG
values due to the null allele being 18, 56, and —12%, respectively
(Table 111). Furthermore, the null allele was associated with a sig-
nificant increase in thgV value in the three NIL pairs possessing
HMW glutenin subunits 2+12 (21 vs. 2121l vs. 2II" and 3lI vs.
31I7). On the contrary, this allele showed negligible or even adverse
effects on dough strength in NIL pairs containing HMW subunits
5+10. The effects of the absence of the storage proteins encoded
by the Gli-D1/Glu-D3 loci on the rheological properties of the
2+12 or 5+10 NILs are illustrated by the alveograms in Figure 3.

Effects of Alleles at the Gli-BL/Glu-B3 and Gli-B5 L oci

Only three pairs of NILs (2I vs. 3, 2Il vs. 3ll, and2iis. 3II)
were available to investigate the effects of allddeendk at the
Gli-BY/GIu-B3 loci on dough viscoelastic properties, all six
genotypes containing HMW subunits 2+12. All&levas associ-
ated with increase@ values and, therefore, with a small decrease
in the P/L ratio (Table IlI). Allelic variation at these loci did not
affect significantly dough tenacity and strength. There were no
valid pairs of NILs to determine the effects of all&B-B5a on
the dough parameters. However, comparison of the dough quality
of NIL pairs 11 vs. 41, IT vs. 417, and 1IT" vs. 4l indicated that
the combined effects of allelésanda at Gli-BL/Glu-B3 and Gli-
B5, respectively, orG and W values did not differ significantly

TABLE 11
Storage Protein Compositions and Alveograph Parameter s of 14 Near-l sogenic Lines of Bread Wheat cv. Alpe

Storage Protein Allele?

Alveograph Parameter®

Genotype Gli-B1/Glu-B3  Gli-B5 Gli-DUGIu-D3  Glu-Bl Glu-D1 P G P/L w
1l b null b u d 82 20.4 0.98 241
1l b null b c d 77 20.4 0.91 227
2l k a b u a 55 232 0.50 173
211 k a b c a 47 255 0.36 140
3l b a b u a 57 231 0.52 172
3l b a b c a 59 231 0.54 167
4 k a b u d 69 228 0.66 233
1I- b null null u d 93 16.7 1.64 218
1l b null null c d 79 18.8 1.09 224
21- k a null u a 71 19.8 0.90 183
211 k a null c a 70 23.8 0.64 252
3= b a null c a 62 21.8 0.64 201
41- k a null u d 86 184 1.26 227
411- k a null c d 72 20.8 0.87 244

a Alleles Glu-B1c and Glu-Blu code for HMW-GS 7+9 and 7°+8, respectively; alleles Glu-D1a and Glu-D1d code for HMW-GS 2+12 and 5+10, respectively.
b P = tenacity (mm), G = swelling (mL), P/L = tenacity/extensibility ratio, W = strength (Jx 10%).
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from the individua effect of adlele k (Table 111), suggesting a minor
influence, if any, of allele Gli-B5a on these alveograph parame-
ters. These indirect comparisons also revealed that alele Gli-B5a
was associated with a slight decrease of P and P/L values.

Combined Effects of Alleles at Different Storage Protein Loci

In generd, aleles at the Glu-D1, Glu-B1, Gli-D1/Glu-D3, and
Gli-BU/Glu-B3 loci acted in an additive manner on aveograph
parameters P and G, the combined effects of aleles being not very
different from the simple sum of their individua effects on dough
tenacity and swelling (Fig. 4). Allelic variation at the Gli-B5 locus
was not considered in this analysis because of the small number of
NILs for a valid comparison. On the contrary, the mean W vaues
of alele compositions Gli-D1/Glu-D3null plus Glu-D1d, Gli-
D1/Glu-D3null plus Glu-Blu and Gli-D1/Glu-D3null plus Gli-
B1b were much lower than those expected on the basis of the indi-
vidual effect of each alele on dough strength.

DISCUSSION

An isogenic line approach was adopted in the present study to
relate individual aleles coding for storage proteins to dough
rheologica properties. The Alpe NILs used here were very similar
agronomically and were not significantly different from each other
in terms of seed yield, kernel weight, test weight, and protein
content. Furthermore, they showed no differences in gliadins,
LMW-GS, and HMW-GS other than those already described. One
major difference in globulin components controlled by the short
arm of chromosome 1D was noted between Gli-D1/Glu-D3b and
Gli-DV/Glu-D3null lines (Fig. 2). Based on their solubility in dilute
sdline solutions and two-dimensional |EF x SGE patterns (data
not shown), these components were identified as the 25-kDa

250
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OGiu-D1a Glu-Bic
EHGlu-D1a Glu-B1u
HGlu-D1d Glu-B1c
HGlu-D1d Glu-B1u
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B Glu-D1d Gli-D1k
HGlu-D1d Gli-B1b
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EGli-D1null Gli-B1k
HGli-D1null Gli-B1b
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P G PIL w

X
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globulins described by Gomez et a (1988). It is not known
whether these globulins have any effect on dough quality. How-
ever, they do not form disulfide-linked polymers (Gomez et al
1988), thus they would have no mgjor effects on strength proper-
ties of wheat flours (Singh et a 1990, Gupta and MacRitchie
1994).

Allelic variation at the storage protein loci on chromosomes 1B
and 1D had significant effects on dough tenacity, swelling and
strength. Furthermore, the effects of individua alleles on alveo-
graph P and G vaues were largely cumulative, so that different
allele combinations in the same wheat genotype showed contrast-
ing dough properties (Fig. 3), confirming that wheat quality can be
modified genetically without affecting the grain protein level. In
particular, alele Glu-D1d coding for HMW-GS 5+10 and the null
alele at the Gli-D1/Glu-D3 loci had a positive effect on dough
tenacity and a strong negative impact on dough extensibility com-
pared to aleles Glu-Dla (HMW-GS 2+12) and Gli-D1/Glu-D3b,
respectively. The superiority of the former aleles for dough tenac-
ity has been associated with their capacity to form larger size
polymers (Gupta and MacRitchie 1994, Popineau et al 1995). The
contrasting effects of HMW-GS 5+10 and 2+12 have been
accounted for by basic differences in their structures (Anderson et
al 1989), whereas the reduced strength tenacity attributed to the
active Gli-D1/Glu-D3b dlele is possibly due to altered polymer
formation of the encoded proteins. Masci et a (1993) recently
showed D-group LMW-GS encoded by Gli-D1/Glu-D3 to have
cysteine in their primary structures and suggested that they origi-
nated from a single codon mutation occurring in an w-gliadin
gene. According to these authors, mutated w-gliadins would act as

“chain terminators” during glutenin polymer growth, affecting
negatively dough tenacity and strength as a result of the reduced

sizes of the overall glutenin polymers.

OGlu-D1a Gli-D1b
AGlu-Dia Gli-Dinull
EGlu-D1d Gli-D1b
HGlu-D1d Gli-D1null

250
200

t6li-D1b Glu-Bic
@Gli-D1b Gilu-Biu
®GIli-D1nuli Glu-B1c
BGli-Dinull Glu-B1u
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100

§0

250
200

UGluB1c Gli-B1k
EGlu-B1ic Gli-B1b
BGlu-Biu Gli-Blk
HGlu-B1u Gli-B1b
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100

50

G PA. W
X X
10 100

Fig. 4. Mean values for alveograph tenacity (P, mm), swelling (G, mL), P/L ratio, and strength (W, J x 10™%) attributed to allele combinations in near-

isogenic lines of bread wheat cv. Alpe.
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TABLE Il
Mean Alveograph ValuesAttributed to Different Alleles Coding for Storage Proteinsin Near-lsogenic Lines
of Bread Wheat cv. Alpe and the Differences Between the Means (% )2

Glu-D1 Glu-B1 Gli-D1/Glu-D3 Gli-B1/Glu-B3 Gli-B1/Glu-B3/Gli-B5
Par ameter® d a % u c % null b % b k % b/null k/a %
P 79 62 +27.4 74 67 +104 77 65 +18.5 59 57 +3.5 85 76 +11.8
G 205 225 -8.9 20.3 22.1 -8.1 19.9 22.6 -11.9 22.7 24.2 -6.2 18.6 20.7 -10.1
P/L 0.96 0.62 +54.8 0.97 0.73 +32.9 1.03 0.66 +56.1 0.57 0.50 +14.0 1.24 0.93 +33.3
W 240 191 +25.7 202 209 -3.3 218 197 +10.7 180 188 -4.3 228 235 -3.0

a Sample calculationGlu-D1, (79 — 62)/62 100 = 27.4%.

b p = tenacity (mm), G = swelling (mL), P/L = tenacity/extensibility ratio, W = strengtHL(").

Alveograph Decreasing effect

Parameter Do

P Glu-D1: d>a Gli-D1/Glu-D3: null >b  Gli-B1/Glu-B3b
+Gli-B5: null >k+a  Glu-Bl:u>c

G Gli-D1/Glu-D3: b > null  Gli-B1/Glu-B3k + Gli-B5: a > b
+null Glu-Di:a>d Glu-Bic>u

w Glu-D1: d > a_Gli-D1/Glu-D3: null > b

Fig. 5. Relative performance of various prolamin alleles for aveograph
tenacity (P, mm), swelling (G, mL) and strength (W, J x 10°%).

On the other hand, alele Gli-D1/Glu-D3b revealed strong posi-
tive effects on dough extensibility, suggesting that the greater
extensibility of bread wheat dough as compared to that of durum
wheat could primarily be attributed to the presence of Gli-D1/Glu-
D3-encoded proteins in hexaploid wheat. Near-isogenic durum
wheat lines differing from each other in the presence or absence of
Gli-D1/Glu-D3-encoded prolamins are currently being produced
to confirm this conclusion and develop durum wheat genotypes
with improved breadmaking quality (Redaglli et a 1992). LMW-
GS have been reported to affect dough extensibility and swelling
(Gupta et a 1989, 1994; Khelifi and Branlard 1992; Brett et a
1993). This suggests that the effects on dough extensibility attrib-
uted to Gli-D1/Glu-D3 may be largely due to LMW-GS encoded
a Glu-D3, gliadins encoded by the linked Gli-D1 locus having
only minor effects, if any.

The present results agree with those of Branlard and Dardevet
(1994) showing the positive effects of the null adlele at Gli-D1
from cv. Darius on dough strength of wheat lines containing
HMW-GS 2+12 or 3+12. However, clear evidence is provided
here that, when compared with alele Gli-D1b, the null alele had
negligible or negative effects on dough strength in Alpe lines
containing HMW-GS 5+10 (Figs. 3 and 4). Moreover, these lines
showed P/L > 1, with deleterious effects on breadmaking quality.

The effects of alelic variation at the Glu-B1, Gli-B1/Glu-B3
and Gli-B5 loci on dough tenacity and strength were much
smaller. On the contrary, aleles Glu-Blc and Gli-Blk were posi-
tively corrdated with dough extensibility and, therefore, with reduced
P/L ratio, suggesting that there is scope for improving dough
quality by utilizing these aleles. Based on their relative perform-
ances, the storage protein aleles analyzed here can be ranked as
shown in Figure 5.

One of the key findings of the present study is that chromosome
1D exerts a strong influence on the viscoelastic properties
(elasticity and extensibility) of dough. In particular, deletion of the
Gli-DV/Glu-D3 loci may have application in breeding programs
for dough strength improvement (in combination with HMW-GS
2+12). On the other hand, selection based on aleles Glu-Blc and
Gli-BY/Glu-B3k can lead to extensible and balanced (P/L < 0.5)
dough without significant negative effects on dough tenacity.
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