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Abstract: From crossing the winter wheat variety Starshina (has the non-functional allele

Wx-A1b) and spring wheat line 0-192-03-5 (has the non-functional allele Wx-B1b), we
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obtained two promising lines of partial waxy wheat, which combines the non-functional

alleles Wx-A1b and Wx-B1b. These lines are K-243-13Wx-2 and K-243-13Wx-6. Evaluation
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of these lines was conducted in the Tatar Research Institute of Agriculture in 2017-2018.

The analysis of agronomically valuable traits of the obtained lines of partial Waxy wheat
indicates prospects for their use as prebreeding material for the development of spring
wheat varieties with a modified composition of grain starch.
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1. Introduction

One of the main parameters characterizing the functional
properties of starch is the ratio of amylose / amylopectin.
Biosynthesis of amylose is blocked partially or completely, if
no GBSS enzyme is synthesized, for the production of which
Waxy-genes are responsible. Non-functional alleles of Waxy-
genes cause synthesis disorders and changes in the localization
of amylose in starch. Wheat samples carrying non-functional
alleles at three loci are called “Waxy wheat’, and those carrying
non-functional alleles at one or two loci are called ‘partially
Waxy wheat’. The creation of Waxy wheat varieties makes it
possible to open new directions in the use of wheat grain. The
search for non-functional alleles of Waxy-genes in Russian
wheat varieties showed that these mutations are extremely rare
(Klimushina et al., 2012; Abdulina et al., 2013; Boboshina,
Boronnikova, 2013; Netsvetaev et al., 2015). The null allele
Wx-D1b was not found in Russian varieties. The aim of our
research was to assess the agronomically valuable traits of
our two promising lines of partially Waxy wheat combining
the non-functional alleles Wx-41b and Wx-B1b.

Table 1

2. Materials and methods

We obtained two promising lines of partial waxy wheat, which
combine the non-functional alleles Wx-41b and Wx-B1b.
These lines were developed from hybridization of the winter
wheat variety Starshina (has the non-functional allele Wx-A41b)
and spring wheat line O-192-03-5 (has the non-functional
allele Wx-B1b) and were designated as K-243-13Wx-2 and
K-243-13Wx-6.

The screening of wheat lines and varieties is performed with
the molecular markers specific for the alleles of the analyzed
gene loci (Table 1).

Nucleic acid extraction from wheat grains of milky-wax
ripeness of the 2017 generation was performed using a com-
mercial set of ‘DNA-sorb C’ (Central Scientific Research
Institute of Epidemiology, Russia) in accordance to the
manufacturer’s instructions.

Evaluation of these lines was conducted in the Tatar Re-
search Institute of Agriculture in 2017-2018. The Tatar RIA
is located in the northern part of the Middle Volga region of
Russia.

List of the primers, protocols of PCR amplification for the identification of alleles of wheat Waxy genes

Names and sequences of oligonucleotide primers

4F: 5'-AAGAGCAACTACCAGT-3’
4R: 5-TCGTACCCGTCGATGAAGTCGA-3' (Vanzetti et al., 2009;
McLauchlan et al., 2001)

4F-c: 5'-CCCCCAAGAGCAACTACCAGT-3'
4R: 5'-TCGTACCCGTCGATGAAGTCGA-3' (Vafin et al., 2015)

4F-c: 5'-CCCCCAAGAGCAACTACCAGT-3'
Wx-B2R: 5-CGTTGACGATGCCGGTGTTG-3' (Vafin et al., 2015, 2018)

AFC: 5'-TCGTGTTCGTCGGCGCCGAGATGG-3'
AR2: 5-CCGCGCTTGTAGCAGTGGAAGTACC-3’ (Nakamura et al., 2002)

Alleles Amplification protocols

Wx-A1 .

Wx-B1 X1:94 °C, 4 min. x40: 94 °C, 30 sec; 58 °C, 30 sec;
72°C,30secx1:72°C, 7 min.

Wx-D1

Wx-A1 .

WxB1 X1:94 °C, 4 min x40: 94 °C, 30 sec; 64 °C, 30 sec;
72°C30sec x1:72°C, 7 min.

Wx-D1

Wx-B1 X1:94 °C, 4 min. x40: 94 °C, 15 sec; 65 °C,

(B1b) 15sec; 72°C, 15 sec x1: 72 °C, 7 min.

Wx-A1 X1:94 °C, 4 min. x40: 94 °C, 30 sec; 65 °C, 30 sec;

(A1b) 72°C, 1 min x1:72°C, 7 min.
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3. Results and discussion

The average yield of line K-243-13Wx-6 was 276 g/m?,
which is much lower than that of the standard variety Yoldyz,
550 g/m?. Line K-243-13Wx-2 has an average yield of
534 g/m?. The average weight of 1000 grains in K-243-13Wx-2
is 49.6 g. In K-243-13Wx-2, the degree of lesion by leaf rust
was 0-15 %, the degree of damage by stem rust was 15 %. This
line is susceptible to powdery mildew, its resistance is 3 points
(9 points is the maximum). Line K-243-13Wx-6 is susceptible
to leaf rust, the degree of damage was 15-50 %. Line K-43-
13Wx-6 is susceptible to stem rust, the degree of damage
was 30-70 %. Resistance to powdery mildew of this line in
epiphytotic 2017 was 4 points. In K-243-13Wx-2, the earing
date is 1 day before that of O-192-03-5. In K-243-13Wx-6,
the earing date is the same as in O-192-03-5. According to
the analysis of the grain harvested in 2018, K-243-13Wx-2
and K-243-13Wx-6 have a high protein content in the grain of
14.9 and 14.5 %, respectively, and have a high gluten content
in the grain of 30.8 and 31.7 %, respectively.

4. Conclusions

The evaluation of agronomically valuable traits of the
obtained lines of partial Waxy wheat (K-243-13Wx-2 and
K-243-13Wx-6) indicates prospects for their use as a starting
prebreeding material for the development of spring wheat
varieties with a modified composition of grain starch. In ad-
dition, the yield of line K-243-13Wx2 following two years
of testing was not inferior or was higher than that of the sibs.
The productivity of K-243-13Wx2 significantly exceeded the
productivity of foreign varieties: Barunga, Ones 53, Renee,
Adisiba, Sonora 37, all carrying the Wx-B1b allele. Their
yield was 35-51 % of the yield of line K-243-13Wx2 carrying
two Null-alleles. Whether line K-243-13Wx2 is suitable for
industrial introduction will be shown by analysis of the the
starch grain properties.
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