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DOI 10.18699/ICG-PlantGen2019-18 Abstract: This paper presents the results of the introduction of leaf rust resistance genes
inherited from Th. intermedium and Ae. speltoides into the genome of spring wheat cultivars
differing in the length of the vegetation period. A total of 409 F, families from cross
combinations with the early ripening cultivar Novosibirskaya 15, mid-early ‘Novosibirskaya
31, mid-ripening ‘Udacha’and mid-late ‘Sibirskaya 17'and the donors of Lr resistance genes
‘Tulaikovskaya 10" and ‘Chelyaba 75’ were studied for leaf rust resistance and the duration
of vegetation period. A significant reduction in heading date was revealed in the F, lines
obtained on the base of the mid-late variety Sibirskaya 17. In contrast, the lines originating
from of the ‘Udacha’ x ‘Chelyaba 75" and ‘Novosibirskaya 15’ x ‘Tulaikovskaya 10’ crosses
were characterized by an elongated period from germination to ear emergence. According
to the results of molecular and phytopathological testing, breeding lines were selected that
differ in pathogen resistance, length of vegetation period and productivity.
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1. Introduction

One of the important problems of modern breeding is the
creation of new wheat cultivars carrying a complex of ag-
ronomically important traits. Wild wheat relatives such as
wheatgrass (Thinopyrum ssp.) and goatgrass (4egilops ssp.)
are an inexhaustible source of widening the genetic diversity
of bread wheat by genetic loci that determine resistance to
biotic stress factors and adaptability. However, the alien
genetic material of these species is transferred to the genome
of common wheat in the form of extended translocations, or
substitutions of whole chromosomes or their arms (Friebe et
al., 1996; Petrash et al., 2016). Introgression of a large amount
of foreign chromatin can lead to disruption of the function-
ing of the gene networks responsible for the formation of the
traits. Therefore, when introducing disease resistance genes
into commercial wheat cultivars, it is important to take into
account the effects of alien translocations on such characters
as heading date and yield. The purpose of this work was to
create new resistant lines of bread wheat, differing in heading
date and ripening. The selection of genotypes was carried out
with the help of molecular markers that detect alien genetic
material.

2. Materials and methods

For hybridization, we used four spring wheat varieties, Uda-
cha, Novosibirskaya 15 (N15), Novosibirskaya 31 (N31) and
Sibirskaya 17, highly susceptible to leaf rust and belonging to
different groups of ripeness (Piskarev et al., 2017). The wheat
cultivars Tulaikovskaya 10 (T10, the Lr64i = 2 gene from
Th. intermedium) and Chelyaba 75 (the LrSp2 gene from Ae.
speltoides) were used as donors of leaf rust resistance genes.
F,and F, hybrids were multiplicated under greenhouse condi-
tions to produce F, plants; F, , progeny were estimated in field
condition on the experimental plots of the Institute of Cytology
and Genetics, SB RAS, in 2016-2018. The evaluation of resis-
tance to leaf rust was carried out at the adult plant stage under

local population of pathogen. The degree of susceptibility was
assessed using a modified Cobb’s scale (Peterson et al., 1948).
Screening of genotypes for the presence of the Lr6A4i = 2
and LrSp2 genes was performed using the Xicg64i = 2 and
Xksum?73 markers as previously described (Leonova et al.,
2017; Adonina et al., 2018). Separation of PCR products was
performed in 2 % agarose gel or on an ABI3130XL automatic
sequencer in a 6 % denaturing polyacrylamide gel.

3. Results and discussion

Actotal of 409 recombinant F, plants was studied, 110 of them
from cross combinations with the early ripening cv. N15, 102
plants with the mid-early cv. N31, 99 with the mid-ripening cv.
Udacha and 98 with the mid-late cv. Sibirskaya 17. According
to the results of the genotyping of the F, progeny with primers
to the Lr64i =2 and LrSp2 genes, samples containing and not
containing alien genetic material were selected.

The evaluation of F, families for the response to the leaf rust
pathogen showed that the donors of resistance genes, “T10” and
‘Chelyaba 75°, exhibited from immune to medium-resistant
(OR-10MR) reaction type, respectively. The parental variet-
ies of bread wheat were highly susceptible to the pathogen
(70-90S). Among the F, offspring, 312 lines were resistant to
leaf rust (OR-20MR), including 116 obtained on the base of
‘T10°, 196 lines with ‘Chelyaba 75°. The susceptible response
was shown by 75 families from ‘T10’° cross combinations. It
should be noted that among the offspring originating from
‘Chelyaba 75, plants susceptible to leaf rust were not detected.
As was shown previously, this effect may be associated with
the gametocidal action of the Ae. speltoides translocation
containing the LrSp2 gene (Adonina et al., 2018).

Genotyping of F, offspring using the Xksum73 marker,
showed that in all samples obtained with the participation of
‘Chelyaba 75°, a fragment of 194 bp, specific to Ae. speltoides,
was amplified (Figure 1). When using the Xicg64i = 2 marker
developed for the 6DL/6Ai translocation in “T10’, a fragment
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specific to Th. intermedium chromatin was amplified in all
resistant plants. The results indicate the effectiveness of the
primers for screening plant material for the presence of trans-
locations inherited from the varieties Chelyaba 75 and T10.

A significant reduction was revealed in the length of head-
ing date of the F, lines obtained on the base of the mid-late
variety Sibirskaya 17 compared with all the paternal donor
cultivars. Resistant and susceptible lines based on the early
cultivar N15 moved to flowering 2.0 (‘N15’x‘T10’) and 4.1
days (‘N15’x ‘Chelyaba 75°) later than the maternal wheat
cultivars. The heading date of the lines from the ‘N31°x ‘T10’
cross combination was overall shorter than in ‘N15°, and a
similar reaction was observed with the lines from the ‘Uda-
cha’x“T10’ cross. In contrast, the lines of the ‘Udacha’x
‘Chelyaba 75’ cross combination were characterized by an
elongated period from germination to ear emergence in com-
parison with the maternal form.

A significant increase in the period from germination to
maturation’ from 3.6 days (resistant lines Sibirskaya 17 x Che-
lyaba 75) to 16.7 days (resistant lines N31 x T10) was found.
In general, the length of the vegetation period of resistant lines
selected from combinations involving cultivars of the early
and mid-early groups increased by 5.6 days (‘N31°x ‘Che-
lyaba 75”) and 15.8 days (‘N31°x “T10”) in comparison with
the maternal wheat cultivars. The results also indicate that the
susceptible F, lines obtained in cross combinations with “T10’
are characterized by shortened periods ‘germination — ear
emergence’ and ‘germination — maturation” compared with
the resistant ones.

We have previously shown in cross combinations of winter
wheats with spring donors of resistance genes that the use of
the cv. T10 as a donor of the Lr64i = 2 gene increases head-
ing date of spring progenies (Stasyuk et al., 2017). However,
this effect was not associated with the presence of fragments
introgressed from an alien genome.

ANOVA analysis of heading date in resistant and suscep-
tible wheat lines obtained on the base of “T10’ indicates that
the variance of the factors «genotypes of maternal wheat
cultivar» (A), «resistance to leaf rust» (B) and «environ-
ments» (C) is reliable at the 1 % significance level. The effect
of the environmental factor was 43.9 % in comparison with
the factors «genotypes of maternal wheat cultivary» (31.4 %)
and «resistance to leaf rust» (14.6 %) (Figure 2). Analysis
of factors affecting the period from germination to ripening
indicates that the main contribution is made by the genotype
of the maternal wheat (46.1 %).

cation of genomic DNA of F, progeny and the
parental forms Chelyaba 75 and Udacha with
ksud73 primers. Lane M is a DNA ladder; the ar-
row indicates the diagnostic fragment.
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Figure 2. Effects of the genotypes of the maternal wheat cultivars (A),
resistance to leaf rust (B) and environments (C), and their interaction on
heading date in wheat lines derived from crosses between the varieties
N15, N31, Udacha and Sibirskaya 17 with T10.

4. Conclusions

Thus, our study have shown that the use of donors of leaf
rust resistance genes, originating from 7h. intermedium and
Ae. speltoides, in most cases leads to a prolongation of the
developmental stages. It has been established that changes in
the heading date is not always associated with the presence
of alien translocations. The genotype of the maternal wheat
variety makes a major contribution to the phenotypic mani-
festation of the trait “time from germination to ripening”. The
results also indicated the effectiveness of the use of molecular
markers specific for alien translocations to select genotypes
for target loci at the early stages of breeding.
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