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1.	Introduction
Spring soft wheat is the main crop in West Siberia, having 
more than 50 % of the land area under crops and pulse crops. 
The first priority of spring soft wheat breeding is the deve
lopment of high-yield cultivars with resistance to biotic and 
abiotic environmental factors. To this end, the breeders search 
for, find and use donors of important traits in crosses. The 
good choice is soft winter wheat, which has advantages over 
spring wheat in terms of yield. Identification of homozygous 
spring wheat plants resulting from crosses between winter and 
spring wheats requires large timescales. The use of molecular 
markers can make the search for genotypes of interest less 
time- and labor-consuming. In our study, the winter wheat 
cultivars ‘Biyskaya ozimaya’, ‘Filatovka’, ‘Novosibirskaya 3’ 
and ‘Novosibirskaya 40’ adapted to West Siberia were used as 
the maternal forms. The spring wheat introgression line 21-4 
with a translocation on the long arm of Ae. Speltoides chromo-
some 5B carrying the LrAsp5 gene was used the pollinator. 
The aim of our work was to identify, using molecular markers, 
soft wheat plants with a spring growth habit in the hybrid 
population and to assess the quality of their agronomically 
important traits.

2.	Materials and methods
The material used were hybrid plants derived from crosses 
between each of the soft winter wheat cultivars ‘Biyskaya 
ozimaya’, ‘Filatovka’, ‘Novosibirskaya 3’ and ‘Novosibir
skaya 40’ and the spring wheat introgression line 21-4 (T. aes-
tivum/Ae. speltoides) carrying the LrAsp5 locus for resistance 
to leaf rust. We were searching the F2 population for spring 
and winter growth-habit plants using allele-specific markers 
for the Vrn-A1, Vrn-B1 and Vrn-D1 genes as described in a 
work by Likhenko et al. (2015). To identify plants carrying 
the LrAsp5 gene from Ae. speltoides, the Pr1 and Pr5 primers 
were used, their structure and PCR conditions for them as 
described in a work by Leonova et al. (2017). Agriculturally 
important traits were assessed in F3 plants on an experimental 

Abstract: The effectiveness of the use of marker-assisted selection for identification of 
spring growth-habit genotypes derived from crosses between soft winter wheat cultivars 
and the spring wheat introgression line 21-4 carrying the Ae. speltoides LrAsp5 gene for 
resistance to leaf rust has been demonstrated. The duration of the period from sprouting 
to heading has been shown to vary across the hybrids in both directions relative to the 
parental line, even though the allelic compositions of the VRN-1 genes were identical. The 
presence of foreign genetic material has no effect on heading date. Plants with LrAsp5 are 
highly resistant to leaf rust. The expression of the quantitative traits follows an individual 
pattern in each line, irrespective of the presence of alien translocations.
Key words: spring soft wheat; VRN-1 genes; Lr genes; marker-assisted selection; yield-
related traits.

field (Michurinskiy Settlement, Novosibirsk Region) in 2018. 
The parental spring wheat line 21-4 was used as the control. 
The traits assessed were: number of days from sprouting to 
heading, resistance to leaf rust, grain number per spike, grain 
weight per spike and 1000-grain weight. Resistance to leaf 
rust was assessed using the 0–4 scale by Mains and Jackson 
(Mains, Jackson, 1926). Differences between the mean values 
of two samples were tested for significance using Student’s 
t-criterion.

3.	Results and discussion
Crosses between each of the winter soft wheat cultivars ‘Biy
skaya ozimaya’, ‘Filatovka’, ‘Novosibirskaya 3’ and ‘No
vosibirskaya 40’ and wheat introgression line 21-4 resulted 
in 303 hybrid plants, from among which 90 homozygous 
spring-habit F2 plants were identified using molecular markers 
linked to the VRN-1 genes. Of them, 24 had translocations 
from Ae. speltoides, detected with the use of the molecular 
markers Pr1 and Pr5. 

Agronomically valuable traits were analyzed in three 
‘Biyskaya ozimaya’ × 21-4 hybrid plants, of which two had 
Ae.  speltoides translocations, 18 ‘Filatovka’ × 21-4 hybrid 
plants, of which five had Ae. speltoides translocations, 
15 ‘Novosibirskaya 3’ × 21-4 hybrid plants, of which four had 
Ae. speltoides translocations and 28 ‘Novosibirskaya 40’ × 
21-4 hybrid plants, of which ten had Ae. speltoides translo-
cations. The parental spring wheat line 21-4 was used as the 
control.

Heading date was substantially influenced by the allelic 
composition of the VRN-1 genes controlling growth habit 
(Stelmakh, 1993; Trevaskis et al., 2007). Our analysis of 
these genes showed that all spring growth-habit progeny of 
the crosses between each of the soft winter wheat cultivars 
and the spring line had the same allelic combination as had 
the parental line 21-4 – Vrn-A1a, vrn-B1, and vrn-D1. In line 
21-4, the number of days from sprouting to heading was 41.1. 
In the ‘Biyskaya ozimaya’ × 21-4 progeny, three out of 13 lines 
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were later in ear emergence than line 21-4. Line 77–10 with an 
alien translocation was the latest – it was 1.2 days later than 
the control (Table 1). Other three lines were earlier than the 
control. Line 77-7 with a translocation was the earliest – it 
was 1.7 days earlier than the parental line. No other line was 
different from line 21-4. In the ‘Filatovka’ × 21-4 progeny, 
only line 85-1 was later than the parental line – 2.9  days 
later. Five lines were earlier than the control, with line 86-2 
being the earliest – it was 2.8 days earlier. All the other lines, 
including those with translocations, in this hybrid population 
were similar to the control. In the ‘Novosibirskaya 3’ × 21-4 
hybrid population, only two lines, 31-12 and 32-7, had the 
same heading date as the parental line 21-4. All the other 
lines in this hybrid population were earlier than their spring 
growth-habit parent. Line 35-12 was the earliest – it was 4.3 
days earlier than the control. In the ‘Novosibirskaya 40’ × 21-4 
progeny, four lines were later than, 12 were earlier than and 12 
were not different from the parental line 21-4. Line 56-8 with 
a translocation was the latest – it was 2.2 days later than the 
control. Line 53-10 with a translocation was the earliest – it 
was 3.3 days earlier than the control.

Heading dates in the lines with foreign genetic material in 
their genomes were shown to be earlier than, equal to or later 

than that in the control line 21-4. The same was true of the lines 
without alien introgressions. It can therefore be concluded that 
the translocation from Ae. speltoides has no effect on head-
ing date in soft wheat. It had previously been demonstrated 
that hybrid plants derived from crosses between winter and 
spring wheats were later in ear emergence than the spring 
growth-habit parent, even though the allelic compositions of 
the VRN-1 genes were identical (Stasyuk et al., 2017). The 
hybrid plants resulting from the crosses between each of the 
winter cultivars and line 21-4 had the same allelic composition 
of the VRN-1 genes as had the parental line, but their head-
ing dates varied in both directions relative to the control. It 
is likely that the differences in heading date are explained by 
factors other than VRN-1.

Scoring the severity of leaf rust showed that all the lines 
that had translocations from Ae. speltoides were immune or 
slightly susceptible (Table 1). Lines without LrAsp5 were 
highly susceptible and had infection type 4 on the 0-4 scale 
by Mains and Jackson, with pustules covering up to 100 % 
of the leaf area.

Analysis of yield components showed that, in the ‘Biyskaya 
ozimaya’ × 21-4 progeny, grain number per main spike was 
similar to that in the parental line in almost all lines, except for 

Table 1
Number of days from sprouting to heading and leaf rust resistance in lines with LrAsp5

Cross Line Sprouting to heading, days
x ± sx

Leaf rust resistance

Infection type1 Percent leaf area infected

Line 21-4 Control 41.1 ± 0.2 1 5

Biyskaya ozimaya × 21-4 77-7 39.4 ± 0.2* 1 10

77-10 42.3 ± 0.3* 0 0

Filatovka × 21-4 83-3 39.4 ± 0.2* 0 0

83-10 41.4 ± 0.2 0 0

83-11 41.4 ± 0.2 1 15

84-14 41.1 ± 0.3 0 0

87-8 40.1 ± 0.4 1 5

Novosibirskaya 3 × 21-4 31-8 38.5 ± 0.1* 2 20

31-14 38.2 ± 0.3* 2 30

32-10 39.3 ± 0.3* 1 20

34-12 40.3 ± 0.2* 1 10

Novosibirskaya 40 × 21-4 53-1 41.2 ± 0.3 2 50

53-10 37.8 ± 0.3* 2 40

54-6 42.7 ± 0.4* 0 0

54-7 41.0 ± 0.2 0 0

54-10 39.8 ± 0.3* 2 30

54-14 42.3 ± 0.2* 2 30

56-8 43.3 ± 0.4* 0 0

57-5 40.4 ± 0.4 1 10

57-8 39.9 ± 0.3* 0 0

57-11 39.4 ± 0.2* 2 30

* Differences between the hybrid lines and the parental line are significant at p < 0.05. 
1 On the 0–4 scale after Mains and Jackson.
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line 74-8 without translocations and line 77-7 with a transloca-
tion from Ae. speltoides, which were inferior to the control. 
In the ‘Filatovka’ × 21-4 progeny, ten lines were equal to line 
21-4, and eight lines, including line 83-10 with a translocation, 
were inferior to the control. In the ‘Novosibirskaya 3’ × 21-4 
progeny, line 36-3 without translocations was superior and 
five lines, including two with translocations, were inferior to 
the control. In the ‘Novosibirskaya 40’ × 21-4 progeny, five 
lines, of which two had foreign genetic material, were inferior 
to the control. No other line was different from the spring 
growth-habit parent.

Grain weight per spike in the ‘Biyskaya ozimaya’ × 21-4 
progeny was not significantly different from the control, except 
for line 74-8, which was inferior. An line with an Ae. speltoi-
des introgression, 83-3, which was superior to the parental 
line, was identified among the ‘Filatovka’ × 21-4 hybrids. 
Seven lines, of which one had a translocation, were inferior 
to the control, while the others were similar to the spring 
growth-habit parent. Two ‘Novosibirskaya 3’ × 21-4 hybrid 
lines without translocations were significantly superior to the 
control, and four were inferior in terms of grain weight per 
spike. The other nine lines in that progeny were not different 
from the parent. In the ‘Novosibirskaya 40’ × 21-4 progeny, 
seven lines, including three with translocations, were inferior 
to the parental line, while the others were not different from 
the control. 

1000-grain weight in line 75-13 without translocations and 
line 77-7 with a translocation from cross ‘Biyskaya ozimaya’ × 
21-4 was significantly higher than in the control, three lines 
were inferior and the other eight were similar to the control 
in terms of this measure. In the ‘Filatovka’ × 21-4 progeny, 
four lines were superior and four were inferior to the control. 
In either case, one of the lines had a translocation. The other 
lines in that population were not significantly different from 
the control. In the ‘Novosibirskaya 3’ × 21-4 progeny, five 
lines, including one with a translocation, were superior, three 
were inferior, and seven were similar to the control. In the 
‘Novosibirskaya 40’ × 21-4 progeny, four lines, of which two 
had translocations, were superior to the control. Three lines, 
of which one had a translocation, were significantly inferior 
and 21 were significantly similar to the control. 

The assessment of the quantitative traits showed that the 
lines with translocations from Ae. speltoides were superior, 
equal or inferior to the control in terms of those traits. It can 
therefore be concluded that the expression of the quantitative 
traits in each line follows an individual pattern, irrespective of 

the presence of alien translocations. Based on the assessment 
of yield components, lines 75–13, 83–3, 84–10, 31–15, 35–3, 
36–3, 36–6, 54–2, 56–7, 57–8, and 57–11 were significantly 
superior to the parental line 21–4 in terms of 1000-grain weight 
or grain number per main stem spike and grain weight per 
main stem spike. These lines can be recommended for use 
in breeding work.

4.	Conclusions
Our results show the effectiveness of marker-assisted selec-
tion, with which we identified among F2 plants those that had a 
spring growth habit and carried a translocation with the LrAsp5 
gene from Ae. speltoides. A field experiment demonstrated that 
plants with translocations were highly resistant to the West 
Siberian population of Puccinia triticina Erikss., the causative 
agent of leaf rust. Variation in heading date is probably not 
only due to the VRN-1, genes, but also due to the genetic 
background of the winter wheat varieties used. The expres-
sion of the quantitative traits follows an individual pattern in 
each line, irrespective of the presence of alien translocations.
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