
Introduction

In Japan, about 1.5 million tons of hard wheat flour (strong 
flour) is used for the production of bread each year. This 
amount accounts for approximately 30% of the total amount 
of wheat flour used each year. However, only 50,000 tons of 
strong wheat grain is domestically produced, and the rate of 
self-sufficiency in wheat for bread is only 3% (Ministry of 
Agriculture, Forestry and Fisheries 2011).

In order to increase the production of domestic strong 
flour, many varieties for bread have been developed in re-
search organizations throughout Japan. ‘Yumechikara’ is a 
newly developed hard wheat variety for bread in Hokkaido, 
where most of the wheat is produced in Japan (accounting 
for approximately 70% of total domestic wheat production). 
‘Yumechikara’ has characteristics of extra-strong wheat, 

which causes a small loaf volume (LV) without blending 
with other flours, but it can be used to produce bread with a 
large LV by blending with weak gluten flour (Tabiki et al. 
2011). Therefore, it is processed into bread by blending with 
weak flour, such as soft wheat flour for Japanese noodles, or 
wholemeal flour. ‘Haruyokoi’, a spring hard wheat variety 
cultivated in Hokkaido, has different dough properties from 
those of ‘Yumechikara’ and has good bread-making quality- 
related characteristics without blending with other flours.

Wheat contains a protein called gluten, which consists of 
glutenin and gliadin proteins. The bread-making quality and 
dough strength of wheat are affected by the protein content 
(Finney and Yamazaki 1946) and by the composition of pro-
teins (Branlard and Dardevet 1985, Gupta et al. 1989, Payne 
et al. 1979, 1981, 1987). Glutenin proteins consist of high- 
molecular-weight glutenin subunits (HMW-GSs) and low- 
molecular-weight glutenin subunits (LMW-GSs). HMW-
GSs and LMW-GSs are both closely associated with dough 
strength and bread-making quality (Branlard et al. 2001). 
HMW-GSs are encoded by three loci, Glu-A1, Glu-B1, and 
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Glu-D1, and LMW-GSs are also encoded by three loci, 
Glu-A3, Glu-B3, and Glu-D3.

The Glu loci make different contributions to dough 
strength. Gupta et al. (1994) reported that the contributions 
by loci could be ranked as Glu-D1 > Glu-B1 > Glu-B3 >  
Glu-A3 > Glu-D3 = Glu-A1 with respect to maximum 
dough resistance. Zhang et al. (2009) reported that Glu-D1 
and Glu-B3 play the most important roles in determining 
dough properties.

The alleles at Glu loci also contribute differently to 
dough strength. Many previous studies have shown that 
HMW-GSs encoded by alleles on Glu-1 loci have different 
effects on dough strength and bread-making quality. It is 
well known that the HMW-GS pair 5 + 10 encoded by Glu-
D1d contributes to strong dough and good bread-making 
quality (Campbell et al. 1987, Cressy et al. 1987, Lagudah 
et al. 1987, Payne et al. 1981). HMW-GS 1 and 2* encoded 
by Glu-A1a and Glu-A1b, respectively, and 7 + 8, 7 + 9, and 
17 + 18 encoded by Glu-B1b, Glu-B1c, and Glu-B1i, re-
spectively, also contribute to strong dough and good bread- 
making quality (Cressy et al. 1987, Eagles et al. 2002, He et 
al. 2005, Jin et al. 2013, Payne et al. 1981, 1987).

LMW-GSs, which are encoded by alleles on Glu-3 loci, 
also have effects on dough strength and bread-making qual-
ity. Among alleles at the Glu-A3 locus, Glu-A3b and Glu-
A3d contribute to strong dough properties and good bread- 
making quality-related characteristics (Gupta et al. 1991, 
Ito et al. 2011, Jin et al. 2013, Zhang et al. 2012), whereas 
Glu-A3e (null allele) contributes to a weak dough property 
and poor bread-making quality (Eagles et al. 2002, Zhang et 
al. 2012).

Among alleles at the Glu-B3 locus, Glu-B3b contributes 
more to a high value of maximum dough resistance (Gupta 
et al. 1991, 1994), good bread-making quality (Zhang et al. 
2012), and a high value of sodium dodecyl sulfate (SDS) 
sedimentation volume, which is related to large SLV (Si et 
al. 2013) and strong dough properties (Tabiki et al. 2006), 
than do other Glu-B3 alleles. Glu-B3g also contributes to 
good bread-making quality (Zhang et al. 2012), high value 
of SDS sedimentation volume (Si et al. 2013), and strong 
mixograph properties (Jin et al. 2013). However, these re-
ports disagree on ranking of the alleles by dough strength, 
due to differences in the genetic background of materials.

Among alleles at the Glu-D3 locus, Glu-D3b and Glu-
D3a contribute to maximum dough resistance (Gupta et al. 
1991), and Glu-D3f significantly contributes to mixograph 
properties. Zhang et al. (2012) reported that Glu-D3 alleles 
play minor roles.

Dough strength and bread-making quality are greatly af-
fected by a combination of Glu-1 and Glu-3 alleles. Eagles 
et al. (2002) showed that interactions of Glu-B1 × Glu-A3 
and Glu-B1 × Glu-B3 are particularly important for maxi-
mum dough resistance and extensibility. Gupta et al. (1994) 
reported that the interaction between Glu-B1 and Glu-D1 
loci was the most important factor for maximum dough re-
sistance. In a previous study, we found that the combination 

of Glu-D1, Glu-B3, and Glu-A3 alleles is an important fac-
tor for dough properties and bread-making quality-related 
characteristics, and we suggested that the effects of Glu-B3 
alleles on dough strength and bread-making quality differ 
greatly under conditions with or without Glu-D1d (Ito et al. 
2011).

Most of the hard wheat varieties, which are being devel-
oped in our breeding program, have alleles with positive 
effects on dough strength and bread-making properties on 
Glu-1 loci encoding HMW-GSs (having a or b on Glu-A1, b 
or c on Glu-B1, and d on Glu-D1). On the other hand, it is 
possible to improve bread-making properties by introduction 
of other alleles on Glu-3 loci encoding LMW-GSs. Thus, 
we focused on the Glu-B3 locus, which has been reported to 
play the most important role in determining dough properties 
among Glu-3 loci, and attempted to elucidate the effects of 
three alleles (Glu-B3g and Glu-B3b: alleles contributing to 
strong dough properties; Glu-B3h: allele carried by Haruyo-
koi, a variety with good bread-making properties) on dough 
properties and bread-making properties by using NILs to 
minimize the influence of differences in genetic background.

Liu et al. (2010) reported that Glu-B3ab can be resolved 
from Glu-B3b, and it was revealed by using the method 
of classification proposed by Ikeda et al. (2009) that 
‘Yumechikara’ has Glu-B3ab. The combination of Glu-D1d 
and Glu-B3b (ab) in ‘Yumechikara’ accounts for the extra- 
strong dough property (Ito et al. 2012, Tabiki et al. 2011). 
In the present study, we produced near-isogenic lines 
(NILs), which carry different Glu-B3 alleles, by using 
‘Yumechikara’ and investigated the relationship of allelic 
variation in Glu-B3 with dough properties and bread- 
making quality-related characteristics under conditions 
with Glu-D1d.

Materials and Methods

Plant and flour materials
We used 76 NILs derived from three crosses between 

Kachikei 63 (former name of ‘Yumechikara’, a leading hard 
winter wheat variety in Hokkaido; Glu-B3ab carrier) and 
three winter wheat varieties carrying different alleles on 
Glu-B3, Kitami 81 (former name of ‘Kitahonami’, a leading 
soft wheat variety in Hokkaido; Glu-B3g carrier), Mekei 
0419a (Glu-B3g carrier), and ‘Horoshiri-komugi’ (Glu-B3h 
carrier). These lines were produced by backcrossing using 
‘Yumechikara’ as a recurrent parent and the other three vari-
eties as donor parents. The recurrent backcrossing was car-
ried out three or four times, followed by self-fertilization. 
Lines carrying three homozygous genotypes on Glu-B3 
(Glu-B3h derived from ‘Horoshiri-komugi’, Glu-B3g de-
rived from ‘Kitahonami’ or Mekei 0419a, and Glu-B3ab 
derived from ‘Yumechikara’) were selected.

Regarding HMW-GSs, only Mekei 0419a of all the do-
nor parents carries Glu-A1b, a different allele to that of 
‘Yumechikara’ on Glu-A1 (‘Yumechikara’ carries Glu-A1a.), 
and only ‘Horoshiri-komugi’ of all the donor parents carries 
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Glu-B1c, a different allele to that of ‘Yumechikara’ on 
Glu-B1 (‘Yumechikara’ carries Glu-B1b.). However, Gupta 
et al. (1994) and Eagles et al. (2002) reported that there is 
no significant difference between the maximum dough re-
sistances produced by Glu-A1a and Glu-A1b. Furthermore, 
many studies have shown that Glu-B1b and Glu-B1c pro-
duce dough with almost the same strength (Branlard et al. 
2001, Eagles et al. 2002, Jin et al. 2013). On the other 
hand, ‘Kitahonami’ and ‘Horoshiri-komugi’ carry Glu-D1a, 
a different allele to that of ‘Yumechikara’ on Glu-D1 
(‘Yumechikara’ carries Glu-D1d.). It is well known that 
Glu-D1d has a great effect on dough strength. Thus, we 
checked the genotypes of NILs with regard to only Glu-D1 
by the method of Ishikawa et al. (2005), and the lines that 
did not carry Glu-D1d were removed from the selected lines.

Liu et al. (2010) reported that Glu-B3ab can only be re-
solved and distinguished from Glu-B3b by a two-dimensional 
polyacrylamide gel electrophoresis (2-D PAGE) method. In 
the present study, we detected three Glu-B3 alleles (b, g, and 
h) of NILs by a polymerase chain reaction (PCR) as de-
scribed by Suzuki et al. (2006). However, the PCR could 
not distinguish Glu-B3b from Glu-B3ab. Therefore, in the 
present study, we regarded that the lines detected to carry 
Glu-B3b by the method of Suzuki et al. (2006) carry Glu-
B3ab derived from ‘Yumechikara’.

The seeds of all selected lines were sown in late Septem-
ber 2011 in a research field at the NARO Hokkaido Agricul-
tural Research Center, Memuro, Hokkaido, and were grown 
in an experimental plot consisting of 2-m rows with 72-cm 
widths under standard field management conditions. Wheat 
samples were harvested in the maturation period (late July 
in 2012) and dried, and they were threshed in early August 
of 2012.

Flour quality test
Wheat samples were milled with a Brabender Jr. test mill 

(Brabender Inc., Duisburg, Germany). Two fractions (A- 
flour and B-flour) were obtained by a drawer partitioned in 
half for receiving flour. A-flour, which is a higher grade than 
that of B-flour, was used for evaluation of flour qualities. 
A-flour was 87–92% of the total ground flour. The protein 
content was measured by a near-infrared reflectance instru-
ment (Inframatic 8120, Percon Co., Hamburg, Germany). 
The dough properties were evaluated by a 2-g mixograph 
(National Manufacturing Division of TMCO, Lincoln, NE, 
USA). Distilled water was added to 2 grams of flour (14% 
moisture basis) with optimum absorption calculated by the 
American Association of Cereal Chemists (AACC) method 
(Method 54-40A, 1995: optimum absorption (%) = 1.5 ×  
flour protein content (14% moisture basis) + 43.6). The 
mixing peak time (PT), with longer time corresponding to 
stronger dough, was measured.

Determination of Glu-B3 genotypes by polymerase chain 
reaction (PCR)

Fresh leaves of one-month-old seedlings were harvested 

in the research field and then frozen in a freezer at –20°C. 
The frozen leaves were ground with 800 μl of 2% cetyl 
trimethyl ammonium bromide (CTAB) and stainless steel 
beads in a 2-ml sample tube by a multi-beads shocker 
(Shake Master, Biomedical Science, Tokyo, Japan) and in-
cubated at 65°C for 30 min. Six hundred μl of chloloform- 
isoamyl alcohol (=24 : 1) was added to the sample tubes 
after incubation and centrifuged (16200 × g, 10 min), and 
then 600 μl of the supernatant was added to 400 μl of iso-
propanol in a 1.5-ml sample tube. After centrifugation 
(16200 × g, 15 min), the supernatant was removed and the 
residue was dried at room temperature. The dried residue 
was dissolved in 100–400 μl TE buffer (0.01 M Tris-HCl, 
1 mM EDTA) and was used as a template for PCR. PCR 
was performed using 10 μl of amplification solution con-
taining 1 μl of the template solution and forward and re-
verse primers for Glu-B3 (Suzuki et al. 2006) in a Thermal 
Cycler (Veriti 384 Well, Applied Biosystems, Foster City, 
CA, USA) programmed at 95°C for 15 min, followed by 35 
cycles at 94°C for 30 sec, 55°C for 30 sec, and 72°C for 
2 min, and then followed by 72°C for 5 min.

Bread-making tests
The bread-making quality-related characteristics of 76 

NILs (28 lines carrying Glu-B3b, 23 lines carrying Glu-
B3g, and 25 lines carrying Glu-B3h) were evaluated. Bread- 
making tests were performed by the straight-dough method 
modified from the Japan Yeast Industry Association method 
(1991) and the AACC method (Method 10-09, 1995). The 
ingredients (100 g flour, 5 g sucrose, 2 g salt, 5 g shorten-
ing, 2 g yeast, 30 ppm ascorbic acid solution, and an ade-
quate volume of distilled water) were mixed in a 100-g 
Micro-Mixier (National Manufacturing Division of TMCO, 
Lincoln, NE, USA). Mixing time for bread-making was 
determined by observation of the dough condition during 
bread-making. After mixing, the dough was rounded and al-
lowed to rest for 50 min in a fermentation cabinet at 30°C 
(first fermentation), and then sheeted, rounded, and allowed 
to rest for 30 min at 30°C (second fermentation), followed 
by sheeting and fermentation for 15 min at 30°C (bench 
time). After the bench time, the dough was panned and 
proofed at 38°C and 85% humidity for 55 min (final proof) 
and then baked at 200°C for 25 min. The bread was weighed 
and the LV (ml) was measured by the rapeseed-replacement 
method after cooling at room temperature for 1 hr. SLV 
(ml/g) was obtained by dividing LV (ml) by bread weight (g).

Statistical analysis
Data were subjected to a Turkey-Kramer multiple com-

parison test to examine the effects of allelic variation on 
flour protein content, dough properties, and mixing time for 
bread-making using the software Excel-Toukei 2012 (Social 
Survey Research Information Co., Ltd.). Two parameters of 
bread-making quality-related characteristics, LV and SLV, 
that showed strong correlations with flour protein content 
were used for analysis of covariance (ANCOVA), and data 
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for LV and SLV in each genotypic group were corrected by 
removing the effect of flour protein content.

Results

Relationships between flour protein content and genotypes 
of Glu-B3

The flour protein contents of lines carrying Glu-B3ab 
ranged from 11.0 to 14.7%, those of lines carrying Glu-B3g 
ranged from 11.8 to 14.9%, and those of lines carrying Glu-
B3h ranged from 11.5 to 14.7%. The average contents in 
these three genotypes are shown in Fig. 1. The lines carry-
ing Glu-B3g had the highest flour protein content (13.6%), 
followed by the lines carrying Glu-B3ab (13.4%), and the 
lines carrying Glu-B3h had the lowest flour protein content 
(13.0%). However, there were no significant differences 
among these contents.

Relationships between dough strength and genotypes of 
Glu-B3

The mixing peak times (PTs) in a 2-g mixograph are 
shown in Fig. 2. The lines carrying Glu-B3g showed the 
longest PT, followed by the lines carrying Glu-B3ab, and 
the lines carrying Glu-B3h showed the shortest PT. The re-
sults indicated that the lines carrying Glu-B3g have the 
strongest dough property, the lines carrying Glu-B3ab have 
the next-strongest dough property, and the lines carrying 
Glu-B3h have the weakest dough property.

Relationships between mixing time for bread-making and 
genotypes of Glu-B3

The mixing times for bread-making are shown in Fig. 3. 
The lines carrying Glu-B3g showed the longest mixing 
time, followed by the lines carrying Glu-B3ab, and the lines 
carrying Glu-B3h showed the shortest mixing time. The re-
sults indicated that the lines carrying Glu-B3g need the 
longest time to fully develop the dough, the lines carrying 
Glu-B3b need a longer time than those carrying Glu-B3h, 
and the dough of lines carrying Glu-B3h is developed in the 
shortest time.

Relationships between bread-making quality-related char-
acteristics and genotypes of Glu-B3

The relationship between protein content and bread- 
making quality was analyzed by calculating the correlation 
coefficients between SLVs and protein content (Fig. 4). 
SLV showed a significant correlation with flour protein con-
tent in lines carrying each of the three alleles at Glu-B3 
(Glu-B3h: r = 0.85***, Glu-B3ab: r = 0.82***, Glu-B3g: 
r = 0.79***). This result indicated that bread-making quali-
ty was greatly affected by flour protein content. Thus, we 
analyzed lines using flour protein content as a covariate by 
analysis of covariance (ANCOVA) to remove the effect of 
protein content. First, we analyzed interactions between the 

Fig. 1. Flour protein contents of NILs carrying three genotypes on 
Glu-B3. Values followed by the same letter are not significantly differ-
ent according to the Tukey-Kramer multiple comparison test.

Fig. 2. Mixing peak time in a 2-g mixograph of NILs carrying three 
genotypes on Glu-B3. Values followed by the same letter are not sig-
nificantly different according to the Tukey-Kramer multiple compari-
son test.

Fig. 3. Mixing time for bread-making of NILs carrying three geno-
types on Glu-B3. Values followed by the same letter are not signifi-
cantly different according to the Tukey-Kramer multiple comparison 
test.
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factor (allelic variation on Glu-B3) and the covariate (flour 
protein content) to test parallelity of regression in each geno-
type. Analysis of variance (ANOVA) showed that there 
were no significant interactions between the factor and co-
variate. Therefore, the regression coefficients of the three 
genotypes were considered to be similar.

The F-values of the LVs and SLVs from ANCOVA for 
alleles on Glu-B3 are shown in Table 1. Both of the param-
eters for bread-making quality were affected significantly 
by the allelic variation on Glu-B3.

The corrected LVs and SLVs are shown in Fig. 5 and 
Fig. 6, respectively. The corrected values were expected 
values calculated by using the regression coefficient be-
tween LV (SLV) and flour protein content, assuming the 
lines have average protein content (corrected LV = LV-a 
(FP-AFP); corrected SLV = SLV-a (FP-AFP); a: regression 
coefficient between LV (SLV) and flour protein content; FP: 
flour protein content; AFP: average of flour protein content 
in all lines). The lines carrying Glu-B3h had the highest LV 
followed by the lines carrying Glu-B3ab, and the lines car-
rying Glu-B3g had the lowest LV. Similarly, for SLVs, the 
Glu-B3h lines showed the highest value, the Glu-B3g lines 
showed the lowest value, and the Glu-B3ab lines showed a 
value between them.

Discussion

The average measurement values of lines carrying Glu-
B3ab in the present study were almost the same as those of 
the recurrent parent, ‘Yumechikara’. Data for ‘Yumechikara’ 
show an average of two years from 2011 to 2012 in our 
research field under the same cultivation method to NILs. 
Yumechikara had a flour protein content of 13.1%, PT of 
8.3 min, mixing time of 10.8 min, SV of 940 ml, and SLV 
of 6.4. It is thought that the lines carrying Glu-B3ab have 
almost the same dough properties and bread-making quality 
related-characteristics as those of ‘Yumechikara’.

There were no significant differences among the protein 
contents of the three groups carrying different alleles on the 
Glu-B3 locus in the present study. Therefore, it is thought 

Fig. 4. Relationship between flour protein content and specific loaf 
volume of NILs carrying three genotypes on Glu-B3. *** significant at 
0.1% level.

Table 1. F-values of LV and SLV from ANCOVA for alleles on 
Glu-B3 (n = 76)

Factor d.f. LV SLV
Glu-B3 2 3.20 * 3.52 *
Flour protein content 1 174.00 ** 144.45 **

* P < 0.05,** P < 0.01.

Fig. 5. Corrected loaf volume with removal of the effect of flour pro-
tein content in NILs carrying three genotypes on Glu-B3. Bars indicate 
standard errors. Corrected LV = LV-a (FP-AFP) a: regression coeffi-
cient between LV and flour protein content, FP: flour protein content, 
AFP: average of flour protein contents in all lines.

Fig. 6. Corrected specific loaf volume with removal of the effect of 
flour protein content in NILs carrying three genotypes on Glu-B3. Bars 
indicate standard errors. Corrected SLV = SLV-a (FP-AFP) a: regres-
sion coefficient between SLV and flour protein content, FP: flour pro-
tein content, AFP: average of flour protein contents in all lines.
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that the variation of dough properties among the three 
groups on the Glu-B3 locus does not result from the protein 
contents but from the protein compositions affected by 
Glu-B3 alleles. The NILs carrying all three alleles had vari-
ous flour protein contents. There have been some reports 
about flour protein contents of the donor parents used in the 
present study, except Mekei 0419a. ‘Horoshiri-komugi’ was 
reported to have flour protein contents ranging from about 
9.6 (Ozeki et al. 1975) to 10.4% (Yanagisawa et al. 2000). 
‘Kitahonami’ has a lower flour protein content than that 
of ‘Hokushin’ (a leading variety before ‘Kitahonami’ in 
Hokkaido) (Yanagisawa et al. 2007), and ‘Yumeshikara’ 
has an about 2% higher flour protein content than that of 
‘Hokushin’ (Tabiki 2014). Thus, ‘Horoshiri-komugi’ has 
lower flour protein contents than those of ‘Yumechikara’ 
NILs, and ‘Kitahonami’ has lower flour protein contents 
than those of ‘Yumechikara’. It is thought that the variation 
of protein contents among the groups carrying the same 
Glu-B3 allele was caused by the small number of replica-
tions in backcrossing (three or four times) when NILs were 
developed and by the effect of the lower flour protein con-
tents of the donor parents.

The results for PTs in the 2-g mixograph indicated that 
Glu-B3g was the most effective for a strong dough property, 
followed by Glu-B3ab, and that Glu-B3h was the least ef-
fective. The effects of Glu-B3 alleles on dough strength 
have been compared in many previous studies, but the re-
sults are inconsistent because of differences in evaluation 
values and genetic background. Gupta et al. (1991) ranked 
the contributions of Glu-B3 alleles by measuring the maxi-
mum dough resistance as follows: Glu-B3b = Glu-B3i  
>> Glu-B3g = Glu-B3h >> Glu-B3c. Martinez-Cruz et al. 
(2011) ranked them by gluten strength of recombinant lines 
as Glu-B3g = Glu-B3h > Glu-B3j, and Zhang et al. (2012) 
ranked them by maximum dough resistance as Glu-B3g  
> Glu-B3b = Glu-B3i > Glu-B3c. The results of the present 
study indicated that the contributions of Glu-B3 alleles to 
strong dough were ranked as Glu-B3g > Glu-B3b (ab) >  
Glu-B3h, being consistent with the results obtained by 
Zhang et al. (2012) and results of some previous studies 
(Funatsuki et al. 2007, Ito et al. 2011, Tabiki et al. 2006) in 
which dough strength was evaluated by the peak time in a 
mixograph. In addition, there was an obvious (a significant) 
difference between the effect on dough strength of Glu-
B3ab and that of Glu-B3g in the present study. Ito et al. 
(2011) reported that recombinant lines carrying Glu-B3g 
show longer PT than that of the lines carrying Glu-B3b 
when they are accompanied by Glu-D1d. It was reported 
that both Glu-B3b and Glu-B3g have additive effects with 
Glu-D1d on the strength of dough (Funatsuki et al. 2007, 
Tabiki et al. 2006). Therefore, it is thought that there is an 
obvious difference in the degrees of additive effect between 
Glu-D1d and Glu-B3ab or Glu-B3g.

The results of mixing times for bread-making were simi-
lar to those of PTs in the 2-g mixograph; e.g., the lines car-
rying Glu-B3g showed the longest mixing time, followed by 

those of Glu-B3ab, and those of Glu-B3h showed the short-
est mixing time. These results suggest that lines carrying 
Glu-B3g and Glu-B3ab need a long time for bread-making 
and have less production per hour in large-scale processing 
than do lines carrying Glu-B3h, which might be a disadvan-
tage for bakeries. However, if the flour of Glu-B3ab and 
Glu-B3g lines is blended with a weak flour for bread- 
making, it could compensate for the weak dough property, 
as in the case of ‘Yumechikara’ utilized in bakeries.

LV and SLV, two parameters for bread-making quality- 
related characteristics, were affected by the flour protein 
contents for all genotypes on Glu-B3, and we compared the 
effects of the three Glu-B3 alleles on bread-making quality- 
related characteristics using ANCOVA to remove the effect 
of protein content. The lines carrying Glu-B3h showed the 
largest SLV, followed by Glu-B3ab, and the lines carrying 
Glu-B3g showed the smallest SLV. Zhang et al. (2012) com-
pared the bread-making quality-related characteristics of 
‘Aroona’ NILs carrying various alleles on Glu-B3 and re-
ported that Glu-B3g produces the best quality parameters, 
including LV. In contrast, we found that LV and SLV of Glu-
B3g lines are smaller than those of Glu-B3h and Glu-B3ab. 
The disagreement in results is thought to have been caused 
by the allelic difference at Glu-D1 alleles between ‘Aroona’ 
(Glu-D1a) and ‘Yumechikara’ (Glu-D1d). Since all of the 
‘Yomechikara’ NILs carrying Glu-B3g in the present study 
also have Glu-D1d, it is thought that the additive effects of 
Glu-B3g and Glu-D1d make the dough too strong for 
bread-making.

The lines carrying Glu-B3h showed the shortest mixing 
time for bread-making and the largest LV and SLV among 
the three genotypes of lines used in the present study. There-
fore, it was indicated that ‘Yumechikara’ NILs with Glu-B3h 
caused moderate dough strength and had the most positive 
contribution to bread-making quality-related characteristics 
among the three groups of Glu-B3 alleles. Many varieties 
composing two classes, 1CW (No.1 Canada Western Red 
Spring) and DNS (Dark Northern Spring), and ‘Haruyokoi’, 
which have been established as leading (elite) varieties with 
good bread-making quality-related characteristics in the 
flour market, carry Glu-D1d, which increases gluten 
strength, and Glu-B3h, which contributes to moderate 
dough strength (Ikeda and Takata 2012, Ikeda et al. 2014, 
Ito et al. 2012). The ‘Yumechikara’ NILs with Glu-B3h are 
thought to have good bread-making quality-related charac-
teristics like those of the above elite varieties.

The results of the present study suggest that the introduc-
tion of Glu-B3h into ‘Yumechikara’ accompanied by Glu-
D1d makes it possible to breed varieties that have good 
bread-making quality-related characteristics without blend-
ing with other flours. On the other hand, dough strength, 
mixing time for bread-making, LV, and SLV for NILs with 
Glu-B3ab were between those for NILs with Glu-B3h and 
Glu-B3g. Thus, it is inferred that varieties with the same 
glutenin composition as that of ‘Yumechikara’ NILs carry-
ing Glu-B3ab are more suitable for bread-making without 
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blending than are varieties with the same glutenin composi-
tion as that of ‘Yumechikara’ NILs carrying Glu-B3g. How-
ever, it is thought that varieties with the same glutenin 
composition as that of ‘Yumechikara’ NILs carrying Glu-
B3g are not suitable for bread-making without blending, 
since ‘Yumechikara’ NILs with Glu-B3g provide excessive-
ly strong dough, the longest mixing time for bread-making, 
and the smallest LV and SLV among the three genotypes of 
lines. However, Ito et al. (2012) reported that a variety with 
a combination of Glu-D1d and Glu-B3g has good qualities 
for fresh pasta-making, which needs a hard texture of strong 
dough. In conclusion, the development of hard wheat varie-
ties with glutenin compositions of ‘Yumechikara’ NILs 
carrying different Glu-B3 alleles will make it possible to 
produce a variation of high-quality flour suitable for various 
flour processing products.
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