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Abstract: Changes of quality traits such as grain sugar, starch, and protein content in full waxy and normal 
wheat in field grown samples was studied during grain filling. Compared to the normal line, the soluble sugar, 
sucrose and pentosan contents were higher in the waxy isoline. The highest pentosan content in waxy wheat 
was 22–27 days after flowering (DAF), while the highest fructan content was 7–12 DAF. In addition, the qual-
ity dynamic changes of two wheat lines were similar except for starch content during grain filling, the Vmax of 
starch synthesis were highest at 17–22 DAF in the waxy line, while this was at 22–27 DAF in the normal line. 
The results indicated that according to the different dynamic changes between waxy and common wheat, the 
quality of waxy wheat may be improved by optimum cultivation measures.
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Granule-bound starch synthase (GBSS), also 
known as the waxy (Wx) protein, is a key enzyme 
for amylose synthesis in wheat. Common wheat has 
three genes, Wx-A1, Wx-B1 and Wx-D1, located 
on chromosome 7AS, 4AL and 7DS, respectively, 
that encode GBSS. Full waxy wheat (amylose-free) 
is deficient in all three GBSS, while partial waxy 
wheat lacks one or two waxy proteins (Nakamura 
et al. 1993a, b; Miura & Tanii 1994; Yamamori 
et al. 1994). After full waxy wheat was produced 
by combining three null alleles at Wx loci (Naka-
mura et al. 1995), researchers have focused on 
the processing quality of waxy wheat (Hoshino 
et al. 1996; Kiribuchi-Otobe et al. 1997; Yasui 
et al. 1997; Zhao & Sharp 1998). However, less 
attention was paid to waxy wheat sugar, starch, 
protein changes during grain filling in waxy wheat.

In this study, a full waxy wheat line Nuomai 12 
(WX12) and its near isogenic line (NIL) common 
wheat Chuanyu 12 (CY12) were used to identify 
waxy wheat grain sugar, starch, protein content, 

and the differences of dynamic changes on quality 
between waxy and common wheat during grain 
filling. This research could provide useful in-
formation for improving waxy wheat quality by 
cultivation techniques.

MATERIAL AND METHODS

Full waxy wheat line Nuomai 12 (WX12) and 
common wheat Chuanyu 12 (CY12) were chosen 
for the study as they are near-isogenic lines.

The field experiment was conducted in the farm 
of the Chengdu Institute of Biology (CIB) from 
year 2008 to 2009. Plots were 5 × 1 m, with row 
spacing of 20 cm and plant spacing of 10 cm. WX12 
and CY12 were grown, and the plants were man-
aged with recommended high-yield practices until 
maturity. Plants were sampled at 7, 12, 17, 22, 27, 
32, 37, and 42 days after flowering (DAF). The 
kernel samples were killed immediately at 105°C 
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and oven-dried at 80°C to constant weight, and 
the grain were then milled and used for the de-
termination of sugar, starch and protein content.

Starch was determined by polarimetric analysis 
(GB/T15685-1995). Soluble sugar and sucrose 
were determined by Anthracenone Colorimetry 
(Experimental Manual on Plant Physiology 1985). 
Phloroglucinal Spectrophotometric Method was 
used to determine pentosan content (Douglas 
1981). Fructan content was determined by AOAC 
method 999.03.

Statistical analyses were done with SPSS statisti-
cal software.

RESULTS AND DISCUSSION

Comparison of soluble sugar, starch 
and protein contents in WX12 and CY12

The soluble sugar, sucrose, and pentosan contents 
in the seeds of  WX12 were significant higher than 
that of CY12. However, the starch and protein con-
tents in the seeds of WX12 were measured as lower 
than that of CY12 (Table 1), but were not statistically 
significant. These differences may result from the 
mutations in the three GBSS genes, which could affect 
the starch and protein synthesis in the grains.

Dynamic change of grain sugar, starch 
during grain filling stage in WX12

The soluble sugar decreased most at 17–22 DAF 
in WX12, while it decreased most at 17–27 DAF 
in CY12 (Figures 1 and 2). The soluble sugar was 
higher in seeds of WX12 than that of CY12 at 
the latter period of grain filling. The dynamic 
change of sucrose content in WX12 and CY12 
were similar during the filling stage, while this 
content in WX12 seeds was lower at the middle 
of grain filling and were higher at the latter stage 
than that of CY12.

The changes of fructan in seeds of WX12 and 
CY12 were nearly the same (Figure 3). The fructan 
content had no significant variations during the 
latter period of filling, however, the maximum 
content of fructan in WX12 were higher than that 
of CY12 at the middle filling stage.

The changes of pentosan levels in seeds of WX12 
and CY12 were similar, while these values in seeds 
of WX12 were higher than that of CY12 during 
the filling stage (Figure 4).

The dynamic change of starch content in seeds 
of WX12 was similar to that of CY12 (Figure 5). 
However, the Vmax was detected at 17–22 DAF 
in seeds of WX12 and at 22–27 DAF in that of 
CY12 (Figure 6).

Table1. Grain soluble sugar, starch and protein content in WX12 and CY12 (in %)

Variety Soluble sugar Sucrose Pentosan Fructan Starch Protein

WX12 4.35a 3.91a 5.77a 1.62a 71.46a 11.49a

CY12 3.48b 2.93b 5.10b 1.49a 73.08a 11.60a

Different small letters meant significant difference at 0.05 probability level

Figure 1. Dynamic changes of total soluble sugar content in the grains of WX12 and CY12 during grain filling
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Figure 2. Dynamic chan-
ges of sucrose content in 
the grains of WX12 and 
CY12 during grain filling

Figure 3. Dynamic chan-
ges of fructan content in 
the grains of WX12 and 
CY12 during grain filling

Figure 4. Dynamic chan-
ges of WX12 and CY12 
pentosan content during 
grain filling

Figure 5. Dynamic chan-
ges of WX12 and CY12 
starch content during 
grain filling
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CONCLUSIONS

Field trial results showed that the Vmax of starch 
synthesis was highest at 17–22 DAF in WX12, while 
this value in CY12 was at a maximum at 22–27 DAF. 
The dynamic changes of two wheat lines were similar 
except for starch content during the filling stage. 
Compared to CY12, the soluble sugar, sucrose and 
pentosan contents were higher in WX12. The highest 
pentosan content in WX12 was 22–27 DAF, while 
the highest fructan content was 7–12 DAF.

This research reveals that there were differences 
in quality between waxy and common wheat dur-
ing the grain filling stage. These could be used as 
cultivation techniques to improve the quality of 
waxy wheat for various purposes.
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Figure 6. Dynamic changes of WX12 and CY12 starch accumulation rate during grain filling
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