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Abstract: Granule-bound starch synthase (GBSS) is a key enzyme in starch biosynthesis pathway. It is responsible 
for production of amylose, therefore low amylose level has been associated with GBSS deficiency. This enzyme, 
also known as waxy protein, is encoded by three homologous genes – Wx-A1, Wx-B1 and Wx-D1 and their 
dysfunction of any origin causes decrease of amylose content. Starch content and, therefore amylose content, is 
closely linked with structure of the cereal endosperm. It is known, that mealy endosperm contains more starch 
than vitreous, which contains more proteins. To identify null alleles of waxy genes in 25 genotypes of wheat with 
nonstandard colored caryopses, PCR markers were used. To determine the endosperm structure of these 
genotypes, the non-destructive Light Transflectance Meter (LTm) was used. Null alleles for Wx-B1 locus were 
observed in 5 tested genotypes, loci Wx-A1 and Wx-D1 were amplified in all genotypes. Percentage of mealy 
caryopses per sample ranged from 0 to 100 % among tested genotypes. No significant correlation between these 
two parameters was observed. 
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Introduction 
Starch, which accounts for 65 – 75% of wheat 
caryopsis dry weight, is one of the most significant 
elements of the cereal endosperm along with storage 
proteins [1]. It is a polymer composed of two 
glucose carbohydrates: amylose and amylopectin 
[2]. Amylose synthesis is regulated by enzyme 
granule-bound starch synthase (GBSS), also called 
waxy protein. In common wheat, because of its 
allohexaploidy (2n = 6x = BBAADD), this enzyme 
is encoded by three homologous waxy genes located 
on the short arm of the chromosomes 7A (Wx-A1 
locus), 7D (Wx-D1), and on the long arm of the 
chromosome 4A (Wx-B1) which was translocated 
from its original short arm of 7B [3, 4, 5]. Products 
of these genes, the waxy proteins, have slightly 
different molecular weight around 59 – 60 kDa [6]. 
When only one or two GBSS genes are functional, 
the wheat is called partially waxy, while genotypes 

with null allele at all three GBSS loci are called 
waxy (triple null), the starch has almost no amylose 
[7]. Waxy or partial waxy wheat types are desirable 
material for Asian noodles production [8] and has 
significant effect on bread making quality [9, 7]. 
Different null Wx alleles have different effect on 
amylose content in wheat. 

Mealiness or vitreousness of wheat endosperm 
primary depends on starch content. Mealy 
endosperm contains more starch and less proteins 
and vice versa [10, 11]. This characteristic is 
essential for example in brewing industry in process 
of malting and other sectors of food industry and 
depends predominately on variety. 

In this work, we wanted to verify whether there 
is a correlation between occurrence of waxy genes 
alleles and endosperm mealiness. 
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Table 1 Used genotypes overview, percentage of mealy grains and null allele incidence 

 
Material and Methods 
 
Plant material 
Total of 25 genotypes with nonstandard colored 
caryopses were analyzed. Sample collection was 
obtained from the Agricultural Research Institute 
Kroměríž, Ltd., Czech Republic and contained 
genotypes with white, purple, yellow and blue 
caryopses which are rich in natural pigments. The 
list of used genotypes is presented in Table 1. 
 
Identification of null GBSS alleles 
Genomic DNA was isolated using DNeasy Plant 
Mini Kit (Qiagen, Germany) from 5 to 7 days old 

wheat seedlings planted in controlled laboratory 
conditions. Primers #4F and #4R used in this study 
were developed by McLauchlan et al. [12]. Used 
primers were designed to amplify all three copies of 
GBSS genes on genome A, B and D. Primer details 
and PCR conditions are summarized in Table 2. The 
reaction took place in the volume of 25 µl. PCR 
products were separated on 1.5% agarose gel stained 
with ethidium bromide and visualized by UV 
exposure. The largest fragment (299 bp) belonged to 
the D genome, the intermediate one (257-bp) to the 
A genome and the smallest one (227-bp) to the B 
genome. 

 
Table 2 Primers sequence and PCR conditions 
Name Sequence Amplified loci Cycling condition 
#4F AAGAGCAACTACCAGT Wx-A1, Wx-B1 

and Wx-D1 
initial denaturation step of 2 min at 94 °C 
followed by 33 cycles of 94 °C 1 min, 54 
°C 2 min, 72 °C 2 min 

#4R TCGTACCCGTCGATGAAGTCGA

Mealiness determination 
Mealiness or vitreousness of wheat endosperm was 
examined according to Chandra et al. [13] using 
Light Transflectance Meter (LTm) originally 
developed for barley testing. This non-destructive 

method is based on measurement of laser beam 
transfer through caryopses. For a single experiment, 
97 caryopses are used from each genotype. 
Caryopses with mealy endosperm cause light 
scattering, LTm values are low. Vitreous caryopses 

Number Genotype 
Caryopsis 

color 

Mealy 
grains 
[%] 

Product size 
Wx-D1 
299 bp 

Wx-A1 
257 bp 

Wx-B1 
227 bp 

1 Novosibirskaya 67 white 2 + + + 
2 ANK-28A purple 10 + + + 
3 ANK-28B purple 6 + + + 
4 Abissinskaya Arraseita purple 84 + + + 
5 Konini purple 30 + + - 
6 Purple purple 87 + + + 
7 Purple Feed purple 91 + + + 
8 Indigo purple 100 + + + 
9 Rosso purple 88 + + + 
10 Citrus yellow 0 + + + 
11 Luteus yellow 50 + + + 
12 Bona Dea yellow 89 + + + 
13 TA 4024 yellow 3 + + - 
14 UC66049 blue 99 + + + 
15 Tschermaks Blaukörniger Sommerweizen blue 98 + + - 
16 Tschermaks Blaukörniger blue 99 + + - 
17 48M blue 97 + + + 
18 Skorpion (RU 440-6) blue 76 + + + 
19 RU 440-5 blue 96 + + + 
20 Barevná 9 blue 23 + + - 
21 Barevná 25 blue 74 + + + 
22 Xiao Yian blue 68 + + + 
23 EF 02-54/9 blue 100 + + + 
24 H 90-15-2 blue 85 + + + 
25 Heroldo white 34 + + + 
Null allele incidence [%]  0 0 20 
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transmit more light thus LTm values are higher. 
Final number is an expression of mealy caryopses 
percentage in sample. 
 
Results and Discussion 
 
GBSS genes variability 
In 25 tested genotypes variability occurred only 
in locus Wx-B1. Five genotypes (20%), namely 
Konini, TA 4024, Tschermaks Blaukörniger 
Sommerweizen, Tschermaks Blaukörniger 
and Barevná 9 were deficient in the 227 bp product. 
We can conclude that null allele is present in this 
locus. Wx-A1 and Wx-D1 alleles were present in the 
whole collection (Table 1, Figure 1). In a set of 103 
Argentinian wheat cultivars [2], 24% samples lack 

the PCR fragment for Wx-A1. Results for Wx-B1 and 
Wx-D1 were the same as in this paper. In Iranian 
cultivars the incidence of Wx-B1 null allele was 
lower, 4.2% had no PCR product in this locus [1].  

Distribution of the null alleles is the matter 
of geographical origin. Null allele for A genome is 
frequent in Turkish genotypes. On the other hand, 
Korean, Japanese and Australian wheat often carry 
the null allele Wx-B1. Wx-D1 null alleles are very 
rare [14]. 

Starch from Wx-B1 deficient wheat displayed 
some functional properties in starch pasting [15]. 
These partial waxy types may have the largest usage 
in Asian countries for production special noodle 
types, like udon or ramen [16]. 
 

 
Fig. 1 PCR products of Wx-A1, Wx-B1 and Wx-D1 
A) Samples 1 – 13 

 
B) Samples 1 and 14 – 25 

 
 
Mealiness of wheat caryopses 
Percentage of mealy caryopses present in samples 
ranged from 0 to 100%. Figure 2 shows examples of 
LTm values among 97 caryopses per sample. Two 
genotypes EF 02-54/9 and TA 4024 with extreme 
values are present. We can conclude, that 8 
genotypes, namely Novosibirskaya 67, ANK-28A, 
ANK-28B, Konini, Citrus, TA 4024, Barevná 9 and 
Heroldo, had less than 50% of mealy caryopses in 
sample and the rest of 17 genotypes had 50% or 
more caryopses with mealy endosperm, even 8 of 
them had the percentage of mealy caryopses higher 
than 90 %. Results are shown in Table 1. Genotypes 
with mealy endosperm may be interesting material 
for wheat beer brewing, because increasing 
mealiness causes increased malting yield [20]. 
 

Correlation between presence of Wx-B1 null 
allele and endosperm mealiness 
Even though many sources claim that Wx-B1 has the 
largest effect on amylose content in wheat 
endosperm [15, 17, 18, 19] and its structure is 
closely linked to starch amount, no significant 
correlation was found between mealiness and 
occurrence Wx-B1 allele in tested genotypes 
according to Pearson correlation coefficient. 

Possible explanation could be the effect of the 
other two present Wx-A1 and Wx-D1 alleles which 
could substitute absence of Wx-B1 product 
in genotypes with its deficiency. 

Another reason could be that GBSS genes 
influence only one constituent of the starch, 
amylose. The second component, amylopectin, is 
controlled in other ways. 

 

Wx-D1 
Wx-A1 
Wx-B1 

Wx-B1 
Wx-A1 
Wx-D1 
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Fig. 2 Examples of two used genotypes with extreme high and low percentage of mealy endosperm 

 
Legend: EF 02-54/9 has 100 % mealy caryopses, 3 % of TA 4024 caryopses are mealy, thus is considered vitreous. 
 

Conclusion 
A set of 25 common wheat (Triticum aestivum L.) 
genotypes with white, purple, yellow and blue 
caryopses were examined in terms of GBSS or waxy 
genes variability. Five of them showed absence in 
Wx-B1 locus and may therefore be considered as 
partially waxy and are potentially valuable in future 
breeding programs. Collection of wheat with 
nonstandard colored caryopses showed wide range 
of endosperm structure.  
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