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Lanzhou Alkaline Stretched Noodles (LASN) has introduced by Meng et al. in previous re-
search paper (2007). In order to discover the LASN specialty wheat quality requirement for
allelic variations at Glu-1 of northwest China spring wheats, 2 northwest China spring wheat
cultivars and 39 elite F6 breeding lines were adopted to determine the high-molecular-weight
glutenin subunits (HMW-GS) composition by one step one-dimensional sodium dodecyl sul-
phate polyacrylamide gel electrophoresis (SDS-PAGE) based on the protocol of Singh et al.
(1991). The results showed that the wheat quality and LASN quality were characterised by
Glu-1 alleles significantly. Glu-A1/1 correlated to high protein content and better extensibility
(L) than other allelic variations. Glu-A1/1, Glu-B1/17+18 and Glu-D1/5+10 were beneficial to
dough strength (W), meanwhile Glu-A1/2* and Glu-D1/5+10 were good to dough tenacity (P).
Glu-D1/5+10 strongly correlated to high volume of SDS-sediment significantly. Allelic varia-
tions at Glu-A1/ (1, 2*), Glu-B1/17+18 and Glu-D1/5+10 were beneficial alleles for wheat
quality as well as LASN quality. However, Glu-A1/null and Glu-D1/2+12 were inferior alleles
for wheat quality and LASN quality.

Keywords: spring wheat cultivars, HMW-GS, SDS-PAGE, wheat quality, Lanzhou al-
kaline stretched noodle quality

Introduction

Lanzou Alkaline Stretched Noodle (LASN) was the most prevalent noodle
type in China, about which, previous research has been provided more specific
presentations (Meng et al. 2007). About the HMW-GS effect on wheat quality and
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processing quality, the results have been well documented by numerous re-
searches. Most of pioneer works were focused on bread-making quality; only a
few of them concerned the Asia noodles quality, especially Chinese noodles. Re-
cent research has showed that different alleles on Glu-1 have different effect on
Chinese salted white noodle quality. 1, 17+18 and 5+10 were excellent alleles for
it; especially Glu-A1/1 was the most important alleles (Li et al. 2001). Few studies
have reported the LASN quality requirement for wheat quality in China (Meng
and Shang 2001, 2005; Meng et al. 2003, 2004; Kang 2003). Furthermore, it had
been found that LASN special wheat needs high dough strength (W) and good ex-
tensibility (L) (Meng et al. 2004). On Glu-3 loci effect on LASN, it has been
proved that Glu-A3d and Glu-B3g were beneficial alleles; however Glu-A3a was
unbeneficial allele (Meng et al. 2007) for LASN processing quality. Aside from
these studies, there are no reports on the effect of alleles on Glu-1 for LASN qual-
ity.

Based on the status of northwest China spring wheat quality breeding, the
objectives of this study were to examine the correlation of quality traits to
different alleles on Glu-1 and to determine the profitable and unprofitable alleles
for LASN.

Material and Methods

Wheat samples

Forty-one wheat samples were the same as previous study (Meng et al. 2007),
including 2 commercial wheat cultivars (GanchunNo20 and YongliangNo4) and
39 elite F6 breeding lines, which were selected by Crop Genetic & Breeding Pro-
gram of GAU (Gansu Agricultural University) from 1995–2000. All materials
were sown in Huang-yang County of Gansu Province in 2000–2003 seasons. The
experimental data presented are average values of a 4-year field experiment. The
seed quality characters and dough rheology were analyzed. Chinese Spring (CS)
was used as standards for HMW-GS identification.

Wheat quality evaluation

Wheat flours were prepared using Brabender Quadrumat Junior mill
(Brabender, Duisburg, Germany) after tempering the wheat samples to around
15% moisture content. Samples were ground to the flour yield rate of around 80%.
Near-infrared Reflectance (NIR) instrument (Inframatic 8620 Perten Instruments,
Sweden) was used to estimate the wheat flour protein content according to stan-

Cereal Research Communications 36, 2008

108 MENG and CAI: Allelic Variations and Wheat Quality



dard method ICC-202. Glutomatic 2200 (Perten Instruments, Sweden) was used
to test the wet gluten content, dry gluten content and gluten index according to
AACC method 38-12. For the SDS-sedimentation test, 5 g of flour were used, ac-
cording to the procedure described by Axford et al. (1979). The dough rheological
properties were examined by the Alveograph (Tripette & Renaud, France)
according to ICC-121 method.

Gel electrophoresis

Proteins were extracted from a single half seed using the sequential proce-
dure, modified as follow: the concentration of glycerol was raised to 24% (w/v) in
order to increase the density of extraction solution. The proteins were separated
by one step and one dimensional sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) based on the method of Singh et al. (1991) modi-
fied for better resolution. The specific procedures were according to Meng et al.
(2007). The bands nomenclature of HMW-GS was used as described previously
(Payne and Lawrence 1983).

LASN making and quality evaluation

The methodology of LASN making was according to Meng et al. (2007). The
noodles were cooked in gently boiling water (98±1 ºC) approximately 5 minutes
until the white core in the central had just disappeared. Then it was cooled in run-
ning tap water for 30 second and drained in preparation for sensory evaluation by
10 trained panelists. The cooked noodles were evaluated according to Chinese
Standard Method SB/T0137-93 (Table 1).

Table 1. System for evaluating the quality of cooked noodle

Parameters Full score Criterion

Color 10 Bright, white skin (noodle surface)
Appearance 10 Smooth skin (noodle surface)
Palate 20 Desirable: medium firmness; undesirable: hard or soft firmness
Elasticity 25 Elastic and cohesive when chewed
Stickiness 25 Desirable: does not stick to teeth when chewed
Smoothness 5 Smooth when eaten
Taste 5 Natural aromatic taste
Total score 100 Good quality >80, 80> medium>75, poor quality<75
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Statistical analyses

Simple correlation studies and analysis of variance (general linear model,
GLM) were performed using the SAS software (Statistical Analysis System. SAS
Institute). The presence or absence of HMW-GS alleles were scored with values 1
or 0, respectively.

Results and Discussion

The quality traits and allelic variations at the Glu-1 loci in Northwest China

spring wheat

The typical data (sample number, range, mean and Standard Deviation) for
each of quality parameters and LASN tasting scores were summarized in Table 2.
The data showed the large range covered by the measured variables. The majority
of the samples had low protein content, the mean value was 10.13% as well as the
maximum protein content was 13.8%. Furthermore, the gluten quality of lines (GI
and SDSS) was on medium level generally, whereas there was obviously huge
difference in GI. The crucial index for GI characterizing dough rheology and glu-
ten strength was the Alveographic W, which varied from weak (42×10–4J) to
super strong (366×10–4J). Furthermore, different LASN scores of samples
showed huge variability from poor quality (noodle score = 60) to super quality
(noodle score = 88).

Table 2. The quality characters of experimental samples

Number Minimum Maximum Mean Std. Dev.

Protein. (%) 41 6.90 13.80 10.13 2.50
W. Glu (%) 41 14.20 37.00 26.80 5.27
GI (%) 41 33.00 98.00 80.45 14.74
D. Glu (%) 41 5.23 14.40 9.41 2.06
SDSS (ml) 41 21.20 51.00 32.74 7.09
W (10–4J) 41 42.00 366.00 167.17 77.07
P (mm) 41 29.00 135.00 61.24 20.93
L (mm) 41 26.00 211.00 109.68 48.91
Noodle score 41 60.05 88.08 75.25 7.53

Notes: W. Glu: Wet Gluten, D. Glu: Dry Gluten, GI: Gluten Index, SDSS: SDS-Sediment, W: Dough Strength,
P: Dough Tenacity, L: Dough Extensibility, Std. Dev.: Standard Deviation.

Alleles of wheat samples at the Glu-1 loci were separated by SDS-PAGE (Ta-
ble 3). At Glu-A1 locus, A×1 was the most prevalent having the highest frequency
(56%). 2* and null alleles occurred in 10 and 8 samples, respectively, showed
nearly equivalent percentage. At Glu-B1, 7+9 alleles appeared with slightly
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higher frequency than 7+8 (36% and 32%, respectively). However, Bx20 and
Bx22 were rare. At Glu-D1, 5+10 alleles were occurred with highest frequency
(56%) moreover, have become an important selection marker in recent years in
China. In general, there was a big variation in the alleles of Glu-1; meanwhile it
was found that Glu-A1/1, Glu-B1/7+9 and Glu-D1/5+10 were the main allele
types. Glu-B1/20 and 22 therefore were excluded for analyzing objectively.

Table 3. Allelic variation at glutenin loci Glu-1 of experimental materials

Glu-A1 Glu-B1 Glu-D1

Alleles No. Frequency (%) Alleles No. Frequency (%) Alleles No. Frequency (%)

1 23 56 7+8 13 32 2+12 10 24
2* 10 24 7+9 15 36 5+10 23 56
Null 8 20 17+18 10 24 2+10 8 29

20 1 2
22 2 6

Correlations between wheat quality traits and LASN making quality and allelic

variation at the Glu-1 Loci in Northwest China spring wheat

Correlations between the HMW-GS and all quality parameters were showed
in Table 4. On Glu-1 locus, it could be found that Glu-A1/1 and 2* have similar ef-
fect on wheat physical characters (Protein, W. Glu, GI, D. Glu, SDSS) apparently,
while some different effects occurred on rheological dough properties. Allele 1
has significant correlation relationship with W and L; whereas, allele 2* was cor-
related with P positively (r = 0.38*) and L negatively (r = –0.34*), meanwhile, it
was not significant with noodle score. Plenty of studies have showed 2* allele has
more significant effect on wheat quality than Ax1 (Sontag-Strohm et al. 1996; Luo
et al. 2001). They found that Glu-A1/2* cause significantly greater SDSS value
than null allele, and adding Glu-A1/1 allele affected the dough strength strongly.
We confirmed the result, however, Ax2* could not affect wheat dough strength
(W) significantly in our research. On the other hand, allele null has distinct nega-
tive effect on most of testing characters. It had smaller effect on wheat quality than
1 and 2* alleles (Table 4). Similar results were found by Odenbach and Mahgoub,
that is, Glu-A1/null caused the low volume of SDS-sedimentation value
(Odenbach and Mahgoub, 1988). On Glu-B1 locus, only 7+9 and 17+18 alleles
have the significant effect on wheat quality. Based on Payne et al. (1987)
HMW-GS scoring system, 7+8 alleles got higher score value than 7+9 alleles.
However, 7+8 alleles did not have any notable effect on quality characters in our
research. 7+9 had the significant negative effect on some quality characters (Pro-
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tein, W. Glu, W, L). These results contradict with other pioneer works (Branlard
and Dardevet, 1985; Autran and Galterio, 1989); however, for Chinese wheat
cultivars, Zhao et al. (1994) also showed that 7+9 were unprofitable subunits for
wheat quality. It maybe attributed to different pedigree relationships of different
cultivars. Allele 17+18 had beneficial effect on wheat quality parameters as pub-
lished before (Branlard and Dardevet 1985; Payne et al. 1987; Rogers et al. 1997).
Samples possessing 17+18 alleles in our study therefore had high values
of protein content, D. Glu and W. Glu-D1/5+10 alleles were undoubted profit-
able subunits not for wheat protein quality but for dough rheological properties
in wheat samples. The presence of 2+12 allele pair resulted low values of SDSS
and P.

Table 4. Correlation and level of significance for individual allele at Glu-1 loci
and wheat quality parameters

Protein W. Glu GI D. Glu SDSS W P L Noodle
(%) (%) (%) (%) (ml) (10–4J) (mm) (mm) score

1 0.52** 0.60** n.s. 0.58** 0.30* 0.56** n.s. 0.59** 0.45**
Glu-A1 2* 0.49** 0.53** n.s. 0.47** 0.32** n.s. 0.38** –0.34** n.s.

null –0.32** –0.31* –0.39** –0.31* n.s. –0.43** n.s. –0.37* –0.47**
7+8 n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
7+9 –0.31* –0.39** n.s. n.s. n.s. –0.30* n.s. –0.38* n.s.

Glu-B1 17+18 0.34** n.s. n.s. 0.35* n.s. 0.31* n.s. n.s. 0.36**
22 n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
2+12 n.s. n.s. n.s. n.s. –0.31* n.s. –0.36* n.s. –0.39**

Glu-D1 5+10 0.31* n.s. 0.55** 0.33** 0.39** 0.33* 0.44** n.s. 0.38*
2+10 n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

Note: * and ** indicated significant at 5% and 1% level respectively; n.s.: not significant.

Glu-A1/1, Glu-B1/17+18 and Glu-D1/5+10 alleles had the beneficial effect
on LASN quality generally. On contrary, Glu-A1/null and Glu-D1/2+12 alleles
had negative influence on LASN quality. The significant relationship between
Glu-A1/1 and noodle score (r = 0.45**) indicated that subunit 1 was most impor-
tant allele for LASN. Although 2* allele was the most effective subunit for wheat
general quality, however it has no significant effect on LASN quality. Maybe the
negative effect on dough extensibility L influenced the LASN processing quality,
and so we also could conclude that dough extensibility was a vital character for
LASN making. On the other hand, Glu-A1/null allele of the experimental samples
was bad for LASN quality; therefore, it should be noted in early generation. There
was only one pair of allele 17+18 on Glu-B1 have the significant positive effect on
LASN. Although there were some disputes on the effect of 17+18, most re-
searches have showed it was good for bread making quality. In our research, it
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was good not only for general quality, but for LASN quality, too. On Glu-D1 lo-
cus, allele 2+12 has always been thought to associate with weaker dough quality.
According to present study, 2+12 alleles had negative effect on LASN quality.
Whereas, 5+10 alleles were good to LASN quality (r = 0.38*) and beneficial to
bread quality. This result was confirmed the recognized function of 2+12 and
5+10 alleles again in Chinese spring wheats. We should note that Glu-A1/1,
Glu-B1/17+18 and Glu-D1/5+10 were good for bread making and also for LASN
eating quality in this study. So, LASN need wheat cultivars similar to bread wheat
in some degrees. Some studies had found that for Asia noodles dual-purpose ge-
notype for bread-noodle was available (Habernicht et al. 2002; Davies and
Berzonsky 2003). There is also a possibility to develop dual-purpose genotypes
for bread-LASN end-uses. Therefore, for Northwest China spring wheats, LASN
wheat should be selected the combination of Glu-A1/1, Glu-B1/17+18 and
Glu-D1/5+10 on Glu-1 loci as well as eliminated Glu-A1/null and Glu-D1/2+12
in early generation selection.

Conclusion

In present study, we evaluated the effect of alleles at Glu-1 loci of northwest
China spring wheats on wheat quality characters and LASN tasting quality. Con-
clusions were listed as follows: (1) Wheat quality and LASN quality were deter-
mined by HWM-GS encoded by Glu-1 loci, Glu-D1 was the most important lo-
cus. (2) Whilst the use of HMW-GS composition as selection tool in breeding pro-
gram, selecting on the basis of Glu-A1/1, 2*, Glu-B1/17+18 and Glu-D1/5+10 ap-
pears highly advantageous. These alleles could improve the wheat protein quality
and dough strength significantly. Glu-A1/null and Glu-B1/7+9 were disadvan-
tages subunits, which decreased the dough tenacity (P), dough extensibility (L)
and dough strength (W) notably. (3) For LASN quality, Glu-A1/1, Glu-B1/17+18
and Glu-D1/5+10 are perfect alleles, whereas Glu-A1/null and Glu-B1/2+12 are
unprofitable alleles.
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