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IDENTIFICATION OF INTROGRESSIVE WINTER WHEAT
LINES WITH WILD RELATIVES PARTICIPATION
BY RUST RESISTANCE GENES

Abstract. The genetic basis of winter wheat synthetic lines for leaf rust resistance was characterized by using
molecular approaches. Molecular screening showed the presence of the Lrl0 resistance gene for 24 lines (as
Bezostaya 1 cvs and hybrids with it), for 4 samples-Lr13 (Zhetysu cvs and lines with participation), for 3 samples
Lri16 (Karlygash cvs and lines with its participation), in 8 samples - Lr39 (Lr41) with Ae.cylindrica in the pedigree in
combination with becrossing of cvs Erythrospermum 350 and cvs Steklovidnaya 24 and for 1 sample - Lr62,
respectively. For 8 lines with high and partial resistance, Lr/0 genes in combination with Lr39 (Lr41) and one
sample with a combination of Lri0 + Lri6 genes were identified. The obtained result are consistent with the
pedigree, according to which donors with these genes were used to create the studied lines. This material is a
valuable source for the wheat breeding for resistance to leaf rust, identified genetically.

Key words: winter wheat, introgressive lines. wild relatives, rust resistance, Lr genes.

Introduction. An analysis of the literature revealed that many parent forms of winter wheat
introgressive lines are sources of certain leaf rust resistance genes. Based on the introgressive lines
pedigree, it was assumed that certain known leaf rust resistance genes may be present in the synthetic
breeding lines of KazRIAPG.

At the previous research stages, it was shown that the new lines had a high degree of juvenile
resistance, and in the field artificial infection they revealed a high level of resistance.

This work purpose was to analyze the introgressive lines of KazRIAPG breeding winter wheat of
molecular markers linked to the Lr9, Lr10, Lr13, Lr16, Lr19, Lr24, Lr34, Lr39 (41), Lr62 genes and select
promising lines containing one or more genes resistance to rust.

Materials and methods. The main material was 26 introgressive lines of winter wheat obtained from
the wild relatives crossing (7riticum militinae, T.kiharae, T. timopheevii, T. polonicum, Aegilops
cylindrica, Ae.triaristata (Ae. Neglecta Req. Ex Bertol) varieties susceptible to leaf rust (Bezostaya 1,
Zhetysu, Erythrospermum 350, Karlygash, Steklovidnaya 24) Kazakhstan and Russia breeding, as well as
30 lines with varieties. An analysis of the literature revealed that many parental forms of the introgressive
winter wheat lines are sources of certain leaf rust resistance genes. Leaf rust resistance genes found in the
genealogy of synthetic lines are shown in Table 1. Based on their genealogy, it was suggested that certain
known leaf rust resistance genes may be present in the KazRIAPG breeding synthetic lines. In particular,
synthetics may contain the Lr/0 + Lr34 genes from the commercial cvs Bezostaya 1 [1]; Lr/3 - from cvs
Zhetysu, cvs Steklovidnaya 24 [2]; Lri6 - from cvs Karlygash [3]; Lr 41 - from the species A.cylindrica
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[4] and Lr 62 - from the species Ae.triaristata (Ae. Neglecta Req. Ex Bertol) [5, 6] respectively (table 1).
Of the 80 leaf rust resistance genes described in the gene symbol cataloge (DNA markers have been
identified for 50%). From literature sources, we selected well-known DNA markers linked to leaf rust
resistance genes: Lr9, Lrl10, Lri3, Lr16, Lr19, Lr24, Lr34, Lr39 (41), Lr62.

Table 1 — Characterization of parental forms of introgressive winter wheat lines by the presence
of leaf rust resistance genes

. ) Resistance genes to three types of rust )
Variety, view Literature
Yr Lr Sr
Bezostaya 1 Yri8 Lr3a+Lri0+Lr34 Srs [1]
Zhetysu Lri3 Sr8b+Sr5 [2]
Erythrospermum 350 Sr8b+Sr5 [2]
Karlygash Lri6 Srll [2]
Steklovidnaya 24 Lr3a+Lri3? [2]
T.timopheevii Lri8+Lr50+Lr52+LrTt+LrTt2 Sr36+Sr37+Sr40 [3]
Ae.cylindrica Lr39 (Lr41) [4]
Ae.triaristata (Ae. neglecta Req. ex Bertol) | Yr 42 Lr62 [5,6]

Primers were selected based on literature data [7-16], their nucleotide sequences are presented in
table 2.

Table 2 — Specific DNA marker primers closely linked to wheat leaf rust resistance genes

Chromo-| Marker Primer . Y Amplification
Gene some type Name Primer sequence (5-3") Product, p.o. Source
F: TCCTTTTATTCCGCACGG CGG
Lr9 6BL STS J13 1100 [7]
R: CCACACTACCCCAAAGAGACG
2045/ F: GTGTAATGCATGCAGGTTCC
Lri0 1AS | RFLP/STS Lr10-6/12 310 [8-9]
Ti0-0ir R: AGGTGTGAGTGAGTTATGTT
7BS F: ATGCTATTAAACTAGCATGTGTCG
Lri3 SSR WMC474 120 [10]
R: GTGCAAACATCATTCCTGGTA
F: CCTCGAACCTGAAGCTCTGA
Lri6 2BS SSR Xwmc 764 180 [11]
R: TTCGCAAGGACTCCGTAACA
F: CATCCTTGGGGACCTC
Lrl9 7DL STS Gb 130 [12]
R: CCAGCTCGCATACATCCA
F: CGCAGGTTCCAAATACTT TTC
Lr24 3D SCAR  |SCS1302¢49 R: CGCAGGTTCTACCTAATGCAA 607 [13]
R: TCATCGACGCTAAGGAGGACCC
F: GTTGGTTAAGACTGGTGATGG
Lr34 7DS STS csLV34 150/229 [14]
R: TGCTTGCTATTGCTGAATCG
Lr39 F: CCT GCT CTG CCC TAG ATA CG
41 2DS SSR GDM35 190/280 [15]
#1) R: ATG TGA ATG TGA TGC ATG CA
F: CAGGAGCATAGTCATACTTGGG
Lr62 6AS Opw 7.2 700 [16]
R: CTGGACGTCAACAATGGC




Bulletin the National academy of sciences of the Republic of Kazakhstan

Next, primers were synthesized to the loci of the selected DNA markers on the
H-16 DNA/RNA/LNA oligonucleotide synthesizer (Germany), according to the instructions attached to
the device. This work was carried out on the basis of the Molecular Biology and Genetic Engineering
Laboratory NIIPBB. Wheat DNA was isolated from leaves of 4-5 day old seedlings according to the
Dellaporta S.L. method [17]. Lr genes were identified using the polymerase chain reaction (PCR) method
with primers marking the genes Lr9, Lri0, Lri3, Lri6, Lrl9, Lr24, Lr34, Lr39 (41) and Lr62. The
reaction composition was selected according to the annotation attached to the enzyme and the
characteristics of primers. PCR conditions are given in original sources. Almost isogenic lines of the
Thatcher cultivar with the indicated leaf rust resistance genes were used as positive controls for
determining known genes, and ddH2O as a negative control.

The production of specific DNA regions was carried out in a Termocycler-Pro thermal cycler
(Eppendorf, Germany). Identification of the PCR product was carried out using electrophoresis in
1.5% agarose gel (iNtRON, Biotechnology Grade). The amplified fragments were separated in an
electrophoretic chamber (Scie-Plas, UK) in TBE buffer with ethidium bromide addition for 1.5 hours at an
electric field voltage of 80 V. Analysis of the electrophoresis was carried out using a Mini BIS Pro gel-
documenting system, Israel »With software Gel Capture and Gel Quant Express. The amplified fragment
lengths were determined in comparison with DNA markers “100 bp DNA Ladder” (Invitrogen
Corporation).

Results and discussion. Molecular genetic screening of synthetic winter wheat lines revealed no
markers of highly effective leaf rust resistance genes Lr9, Lr19 and Lr24. According to the pedigree, these
resistance genes presence is impossible in the studied samples. Since, Lr9 gene was introgressed into
wheat from Ae.umbellulatum, and Lri9 gene was transferred to common wheat from Agropyron
elongatum and is located on the 7DL chromosome. The stem rust resistance gene Sr25 is also located in
this translocation [18]. The Lr24 gene is transferred to the common wheat genome from Ag. elongatum at
least twice: by translocation in the interspecific hybrid [19] and by induction of homeologic mating [20].
These wild relatives (de. Umbellulatum, Agropyron elongatum) were not involved in the winter wheat
synthetics crossing, which allows us to confirm the absence of these genes in studied lines.

It is known that Lr/0 gene is localized on chromosome 6BL and in studied lines its source is
Bezostaya 1 variety of common wheat [1]. In addition, Lr10 gene is one of the most widely represented in
Russian varieties [21]. To identify Lr10 gene, we used the marker F1.2245/Lr10-6/12 [8-9]; the molecular
size of amplification product with these primers is 310 bp. This marker is the most used for screening
wheat in Western European countries. As a result, a marker linked to the Lr/0 gene was identified in 24 of
the 56 analyzed samples (figure 1, table 3). The Lr10 gene currently belongs to the genes group with
surpassed efficiency, which is most likely due to its massive use in breeding, both in Russia and
Kazakhstan, and abroad. Most of the above lines had a high susceptibility degree in the field and in the
seedling phase, which does not deny this gene presence. The Lr/0 gene marker was not detected in
individual lines (table 3), although one of their parental forms was the same Bezostaya 1. Despite the fact
that the Lr10 gene is currently ineffective, it has been shown that its combination with other Lr-genes can
increase the resistance level [23].

Table 3 — Analysis of synthetic winter wheat lines of the KazRIAPG breeding for the presence of leaf rust resistance genes

) Presence of (+) resistance gene (s):
Name Pedigree
Lr10 | Lri3 | Lri6 | Lr 34 |Lr39 (41)| Lr 62
1 2 3 4 5 6 7 8
RFP-1-1 (Bezostaya 1 x Ae.triaristata) x Karlygash +
RFP-3-1 Bezostaya 1 x de.cylindrica +
RFP-4-1 (Bezostaya 1 x T.militinae) x T.militinae-6 +
RFP-5-1 (Bezostaya 1 x T.militinae) x T.militinae-9 +
RFP-6-1 (Bezostaya 1 x T.militinae) x T.militinae-4 +
RFP-9-1 Zhetysu x T.timopheevii
RFP-12-1 Zhetysu x T.militinae
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Continuation of table 3
1 2 3 4 5 6 7 8
RFP-14-2 Zhetysu x T.timopheevii
RFP-17-2 Erythrospermum 350 x T kiharae +
RFP-18-2 Bezostaya 1 x de.cylindrica + +
RFP-20-2 (Bezostaya 1 x T.militinae) x T.militinae-9 +
RFP-21-1 (Bezostaya 1 x Ae.triaristata) x Karlygash + +
RF-22-2 Zhetysu x T.militinae +
OP350x12 Erythrospermum 350 x T kiharae-2 +
1630-2 (Erythrospermum 350xA4e.cylindrica Host) x Bezostaya 1 + +
1630-5 (Erythrospermum 350 x Ae.cylindrica H)x Bezostaya 1 +
1630-272 (Erythrospermum 350x Ae.cylindrica Host) x Bezostaya 1 +
1634-1 (Bezostaya 1 x Ae.triaristata Wild) x Bezostaya 1 +
1716-42 (Bezostaya 1 x Ae.cylindrica H.) x Karlygash +
1716-45 (Bezostaya 1 x Ae.cylindrica H.) x Karlygash
1716-61 (Bezostaya 1 x Ae.cylindrica H.) x Karlygash +
1717-210 (Bezostaya 1 x Ae.cylindrica H.)x Steklovidnaya 24
1717-450 (Bezostaya 1 x Ae.cylindrica H.)x Steklovidnaya 24
1718-55 (Bezostaya 1 x Ae.cylindrica H.) x Erythrospermum 350
1718-58 (Bezostaya 1 x Ae.cylindrica H.) x Erythrospermum 350 +
1718-60 (Bezostaya 1 xAe.cylindrica Host) x Erythrospermum 350
1718-62 (Bezostaya 1 xA4e.cylindrica Host) x Erythrospermum 350 +
1719-5 (Bezostaya 1 x Ae.triaristata W.) x Karlygash +
1719-9 (Bezostaya 1 x Ae.triaristata W.) x Karlygash +
1719-10 (Bezostaya 1 x Ae.triaristata W.) x Karlygash +
1720-3 (Bezostaya 1 x Ae.triaristata W.) x Erythrospermum 350 +
2040-1 (Bezostaya 1 xAe.cylindrica Host) x Erythrospermum 350 + +
2044-3 (T.polonicum x Zhetysu) x Zhetysu +

The Lri3 gene is one of the most widely represented in wheat varieties worldwide and is closely
linked to the Ne2m hybrid necrosis gene. Until recently, this symptom was used as a morphological
marker. McIntosh et al. [23] revealed a close linkage of the Lr13 gene with L#23 in a number of Australian
and Indian wheat varieties. Currently, several microsatellite markers are used to identify the Lr/3 gene
(Xgwm630, WMC474, Xksm58, Xstm773b). There is conflicting information in the literature about the
individual markers effectiveness. More often they are characterized as uninformative. We used the
WMC47 microsatellite marker for screening winter wheat introgressive lines. This marker was selected in
hybrid combination analysis Leichardt x WAWHT2071 and is used in breeding programs in Australia
[10]. As a result of PCR, the Lr13 gene presence was established in Zhetysu x T.timopheevii lines;
Zhetysu x T.militinae; Zhetysu x T.kiharae; Zhetysu x T.militinae-2 (table 3, figure 2), created on Zhetysu
variety basis, which, according to published data, is the carrier of the Lr/3 and Sr8b + Sr5 genes [2].
Earlier, on the phytopathological test basis, it was suggested that the cvs Steklovidnaya 24 may be the
carrier of the Lr/3 gene [2]. But, during molecular screening, a specific fragment of amplification was not
observed either in cvs Steklovidnaya 24 or in other lines created with the participation of this variety.

The next Lri6 gene is located on the 2BS chromosome, the source of the gene is Selkirk (Canada),
testing line of the Thatcher variety is RL6005. To identify the Lr/6 gene carriers, we selected the
Xwmc764 marker, developed on the SSR marker basis. This marker is localized on the long arm of
chromosome 2B and flanks the locus of the Lr16 gene at a 1.9 cm distance [11]. It is found in samples
with the Lrl6 gene as an amplification product with a molecular weight of 180 bp. K.Nazari et al. [2]
previously identified this gene in cvs Karlygash winter wheat variety by postulating resistance genes. In
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our experiments, 10 synthetic lines were created with the cvs Karlygash variety participation. Among
them, the Lr/6 gene was identified only in lines 231-1 (Bezostaya 1 x Ae.triaristata) x Karlygash,

M - marker (100 bp DNA Ladder), P.C. - positive control M - marker (100 bp DNA Ladder), P.K. - positive control
(Thatcher line with Lr10), N.c. - negative control (H20), (Thatcher line with Lr13), N.c. - negative control (H20),
1-56 - synthetic lines of winter wheat (samples name 1-56 - synthetic lines of winter wheat (samples name
and origin are shown in table 3) and origin are shown in table 3)

Figure 1 — Amplification products using a pair of primers Figure 2 — Amplification products using a pair
2245/ Lr10-6 /12 to a diagnostic marker linked of WMC474 primers for a diagnostic marker linked
to the sheet rust resistance gene Lr10 to the sheet rust resistance gene Lr/3

1716-42 and 1716-45 (table 3), representing selections from one combination. For most of the lines, the
presence of this gene was not detected.

The Lr39 (Lrdl) gene was transferred to common wheat from five samples Ae. tauschi of various
geographical origin, as well as from Ae.cylindrica. The Lr39 gene is predominantly found in North
American varieties, and the Thunderbolt variety was the first to introduce this gene. In our experiments,
many synthetic winter wheat lines (20 lines) were obtained with the participation of Ae.cylindrica, in
connection with which we suggested that these lines can carry the Lr39 gene (Lr41). Currently, the
identification of this gene is possible based on various molecular markers analysis. According to published
data, the SSR marker to the GDM35 locus is the most diagnostic compared to other markers [16].

In this regard, in this experiment, we used a pair of primers for the SSR locus of GDM35 marker.
When using GDM35 primers in lines with a functional allele of Lr39 gene (Lr41), an amplification
product with a molecular weight of 190 bp is detected, with a non-functional allele from 214 to 280 bp.
(depending on the genotype), heterozygous - both of these products. The distance between the marker and
the gene is estimated at 1.9 ¢cM [15]. As a result, PCR in 8 lines (1718-2, 1630-2, 1717-210, 1717-450,
1718-55, 1718-60, 1718-62, 2040-1) out of 56 detected a diagnostic marker linked to the Lr39 gene
(Lr41). At the same time, at the previous research stages (table 4), it was shown that the marked lines had
a high degree of juvenile resistance, and in the field, against the background of artificial infection, they
revealed a high age resistance level.

Table 4 — Field resistance of promising lines of winter wheat from 2 nurseries to fungal diseases

Type and degree of damage, score /% The development
Sample Name Winter hardiness /| - Spikeling yellow rust leaf rust degree of leaf spot,%
regrowth, score date

1 2 1 2 3 1 2

1 2 3 4 5 6 7 8 9 10
1630-2 5/4 19.05.16 1/5 2/5 1/10 2/10 3/30 5 10
1630-4 5/5 17.05.16 0 0 2/10 3/20 3/40 10 10
1630-5 5/5 17.05.16 0 0 3/20 4/30 4/60 0 0
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Continuation of table 4

1 2 3 4 5 6 7 8 9 10
1630-10 5/5 15.05.16 0 0 2/10 3/10 3/20 5 10
1630-272 5/5 13.05.16 2/5 2/10 1/5 2/5 4/30 5 10
1634-1 5/5 15.05.16 2/20 2/20 1/5 2/5 2/10 5 10
1675-72 4/5 18.05.16 2/10 2/10 2/10 3/10 3/10 10 20
1675-72 4/5 18.05.16 2/5 4/10 2/5 2/5 3/10 10 10
1680-4 4/5 20.05.16 0 2/5 1/5 1/5 2/10 10 10
1680-9 4/5 16.05.16 2/5 2/5 1/5 1/5 1/5 5 10
1712-8 5/5 16.05.16 0 0 2/5 2/5 2/10 5 10
1712-36 5/5 17.05.16 2/10 2/10 2/20 4/30 4/40 20 20
1716-42 5/5 18.05.16 0 0 2/30 3/50 4/60 10 10
1716-45 5/5 16.05.16 2/20 3/20 2/20 3/20 4/30 20 20
1716-61 5/5 16.05.16 0 1/5 1/5 1/5 3/30 40 40
1717-210 5/4 17.05.16 0 0 0 0 2/10 20 30
1717-450 4/5 17.05.16 0 0 0 0 0 40 20
1718-55 4/5 19.05.16 0 0 0 0 0 0 5
1718-58 4/5 19.05.16 0 0 2/20 3/40 4/60 20 30
1718-60 4/5 16.05.16 0 0 0 0 0 0 0
1718-62 5/5 17.05.16 0 0 0 0 0 20 20
1719-3 5/5 16.05.16 0 0 0 0 0 10 10
1719-5 4/5 17.05.16 0 0 2/10 3/10 4/30 20 30
1719-9 4/5 15.05.16 0 0 1/5 3/10 4/20 10 10
1719-10 5/5 15.05.16 0 0 2/20 3/20 4/50 10 10
1719-215 5/5 14.05.16 0 0 2/10 4/30 4/60 30 40
1720-3 5/5 14.05.16 1/5 1/5 2/20 2/40 3/60 20 20
1721-69 5/5 15.05.16 2/20 4/30 1/5 1/5 1/5 10 20
2040-1 5/5 15.05.16 3/10 3/10 3/10 3/10 3/10 20 20
2044-3 5/5 17.05.16 0 1/5 0 0 0 20 20
Steklov. 24 5/5 05.05.16 3/30 4/40 3/20 4/30 4/60 40 40

Thus, the results of molecular screening are consistent with phytopathological data. In addition,
fragments with a non-functional allele (from 214 to 280 bp) were amplified in 32 lines, and null alleles of
the Lr39 gene (Lr41) were detected in 16 lines.

The Lr34 gene belongs to the group of genes that provide partial (partial) resistance, which is
characterized by horizontal stability indicators: an increase in the latent period, a decrease in the number
of pustules and their size. This gene was first described by Dyck in 1977 [22], and later the same author
established its localization in chromosome 7D [24]. Further studies showed that the Lr34 gene is located
on the short arm of chromosome 7D [25]. In addition, it was found that it is genetically inseparable from
the APR gene YrI8, associated with moderate resistance to yellow rust [26, 27]. The cosegregation of this
gene with the powdery mildew resistance gene Pm38 was revealed [28]. The locus is also associated with
resistance to the yellow dwarf virus of barley Bdvl [29]. The main morphological manifestation of the
Lr34 gene is leaf tips necrosis [30]. In the world, a lot of work has been done on monitoring wheat
collections for the presence and elucidation of the allelic state of the Lr»34 gene using molecular genetic
markers. In Russian varieties, the Lr34 gene is widely used from Bezostaya 1, which is widely used in
wheat hybridization. Despite the fact that L34 gene efficiency in Russia has been lost, it has been shown
that its combination with other race-specific genes, for example Lr13, significantly increases the level of
field resistance [22].
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The codominant STS marker csLV34 was derived from the RFLP marker and is closely linked to the
Lr34 locus (0.4 cM) [11]. This marker is most commonly used for screening wheat around the world.
When using csLV34 primers, an amplification fragment with a molecular weight of 150 bp indicates the
presence of a functional gene allele, 229 bp - to a non-functional allele, and of both fragments to a
heterozygous state. We used this marker to identify the L»34 gene in the studied winter wheat lines. As a
result, a specific amplification product with a molecular weight of 150 bp found only in the control line
with the Lr34 gene. The absence of a functional allele of the L734 gene in the studied lines is probably due
to the use of various genetic material and the characteristics of the selection process. To more accurately
answer this question, it is necessary to conduct additional studies using other markers. Although, an
amplification product of 229 bp in size, indicating the presence of a non-functional allele of the gene, was
observed in many synthetic lines (25 lines) obtained with the participation of Bezostaya 1 (table 3).

Translocation with the Lr62 gene is transmitted to common wheat from Ae. neglecta Req. ex Bertol
(de.triaristata) and can be localized on chromosome 6AS. The yellow rust resistance gene Yr42 is also
located in this translocation. The Lr62 gene is effective against a wide range of Puccinia triticina
pathotypes in southern Africa and western Canada [5, 6]. To identify the Lr62 gene, the only molecular
marker Opw 7.2 was proposed [16]; however, this marker is still validated for use in MAS schemes.
However, in our experiments, we used the Opw 7.2 marker for molecular screening of 9 synthetic lines
obtained from the crossbreeding of common wheat varieties with Ae.triaristata (Ae. Neglecta Req. Ex
Bertol). It should be noted that we do not have a line — the positive control of Lr62 — and its presence
was judged by the presence of a diagnostic fragment (700 bp) during PCR analysis. As a result, fragments
of different sizes and not only those declared as diagnostic are amplified. A 700 bp amplicon, described as
a diagnostic fragment by A. Eksteen [16], was observed at line 231-2 (Bezostaya 1 x Ae.triaristata) x
Karlygash (table 3). However, the visualization in the agarose gel was not clear enough, which does not
allow us to conclude that this gene is present in this line, and the results should be regarded as preliminary.
Moreover, this work requires continuation, in particular, conducting a phytopathological test and PCR
analysis using an effective molecular marker, as well as a cytogenetic study of the transfer of genetic
material from Ae. neglecta Req. ex Bertol (4e.triaristata) into created synthetic lines.

Of particular importance are these research results due to the fact that high elements content found
highly resistant genotypes among previously identified sources.

Conclusions. The Lr10 gene was identified for 24 (out of 56) lines, in the genealogy of which there is
a Bezostaya 1 variety (also a carrier of this gene) and was not found for 9 lines. For the Lr/3 gene, its
presence was noted in 4 lines created with the Zhetysu cvs participation. The Lr/6 gene was detected for
Karlygash cvs and in 3 out of 10 lines that have it in pedigree, these are numbers 231-1; 1716-42 and
1716-45. For 8 out of 20 lines with the presence of Ae.cylindrica in the origin, a marker linked to the
Lr39 gene (Lr41) was detected, and in combination with cvs Erythrospermum 350 and Steklovidnaya 24.

It is known that a combination of several leaf rust resistance genes in one genotype can provide more
reliable and long-lasting protection due to the genetic resistance basis expansion. In 8 lines with high and
partial resistance (1718-2, 1630-2, 1717-210, 1717-450, 1718-55, 1718-60, 1718-62, 2040-1), Lr10 genes
in combination with Lr39 (Lr41), (1716-42) was one sample —with a combination of Lr/0 + Lrl6 genes
was revealed. Thus, the results of molecular screening are consistent with phytopathological data [32].

Thus, using molecular approaches, the genetic basis of winter wheat synthetic lines for leaf rust
resistance was characterized. This material is a valuable source for the wheat breeding on leaf rust
resistance.

This work was financially supported by the grant of the Kazakhstan Republic Education and Science
Ministry 2018-2020 AR05134334 “Physiological, biochemical and molecular fundamentals of wheat
productivity and adaptability with the germplasm participation of wild relatives depending on lifestyle and
vernalization genes (Vrn)” and 2015-2017. No. 2766/GF4 “Synthetic forms as the basis for the
conservation and use of the wild wheat relatives genofund in terms of grain quality (nutritional and
technological aspect)”.

— 76 ——



ISSN 1991-3494 4.2020

A. C. Pcammes’, A. I. Bﬁyfaﬂuenaz"‘, K. Ko:kaxmeTos?,
T. B. CaBun’, A. A. Pchivéeros’, A. K. Moprynos®

'Buonorusbik Kayinci3aik mpodiemManapbiH
FBUIBIMH-3epTTey HHCTUTYTHI, OTap, Kazakcran;

*Kasak eriHIIimiK %oHe CiMIIK [apyaibIbiFbl
FBUIBIMU-3€PTTEY MHCTUTYThI, Anmanbioak, Kasakcran;
*KapabalbIK aybUIIIApyaIIbITBIK TOKIpuOe cranmmscsl, Kapabansik, Kazakcran;
*Kasak YITTHIK arpapibiK yHHBEpCcHTeTi, AnMaThl, Kazakcran;

OMObI YITTBIK arpapibiK yauBepenteti, OMObI, Peceit

T'EHI TATKA TO3IM/I )KABABI TYKBIMJIACTAP/IBIH
KATBICYBI APKBLIBI KY3IIK BUJANIBIH HHTPOTPECCUBTIK
CBI3LIKTAPBIH WIEHTU®UKALIUSLIAY

Annoranus. Kazakcran xoHe Peceil celleKUMsACHIHBIH jkabaiibl TYKbIMIACTAPMEH OyIaHAACTBIPY apKbLIBI
anfaH Ky3Oik Owumaiaeld 26 wuHTporpeccuBTi cbi3birbiMeH (Triticum militinae, T.kiharae, T.timopheevii,
T.dicoccoides, Aegilops cylindrica, Ae.triaristata (Ae. neglecta Req.ex Bertol) »anpIpakTel TaTKa TYPaKTHl JKOHE
cesimran cypemrap («besocras 1», «Keticy», «Opurpocmepmym 350», «Kapnpsramy, «CrexnoBumHas 24»),
COHBIMECH KaTap Ta0WFU JKOHE JKacaHAbl (OH HETI3iHAE aTalublK KOHE aHaJbIK TYpJIEpiHE KaTBICTHI
muddepentmanganrad 30 cb3bIK. Lr renaepin xkyiieney npaiimepmepnepmen, Lr9, Lr10, Lrl3, Lrl6, Lr19, Lr24,
Lr34, Lr39(41) xone Lr62 renin mapkepieiitin noiaumepasaist Tizoek ([ITP) omicin KonmaHy apKbUIbI XKYPTi3Uidi.

24 cpI3bIKKa KaThICTI Lr10 reHi sxyHeneHIi, ojapablH iMIiHIe aTalblK )KOHE aHAIBIK Typiepinae «besocrast 1»
(coHBIMEH KaTap TeH TachIMAaJIayIIBICHl) KE3EeCTi XKoHe 9 CHI3BIKKA KATBHICTHI aHBIKTAIMaAbl. JKeTicy cyphIOBIHBIH
KAaTBICYbl ApKBUIBI aNbIHFaH ChI3BIKTa Lrl3 reHi aHbKTanabl. «Kapmeramny cypeiObiHa apHanrad Lrl6 reni
aHBIKTANIBI J)KOHE 10 ChIBBIKTHIH 3-nme monenneHmi, neaurpune 231-1 (besocras 1 x Ae.triaristata) x Kapibrram);
1716-42 (besoctrass 1 x Ae.cylindrica H.) x Kapnerramn)) sxone 1716-45 (besocrast 1 x Ae.cylindrica H.)
x Kapasrramr)). Ae.cylindrica kareicybl apkbiibl anbiaFan 20 cb3bIKThIH 8-iHae Lr39 renimen (Lr41) OaitnanbickaHn
MapKep aHbIKTaNIbI )KoHe «dpuTtpocnepmym 350» xoHe «CTexnoBuIHas 24» KOMOUHALMSICHIHAA KaHBIKKAH.

Bip reroTumnreri OipHemIe KambIPpaKTHl TaTKa TO3IMII TeHIEPAiH KOMOWHAIMACH TO3IMIIUTIKTIH T€HETHKAIBIK
HETi31HIH KeHEIiHe OaiyIaHBICTHI HEFYPJIBIM CEHIMI JKOHE Y3aK Mep3iMIi KoprayIbl KaMTamachl3 eTeTiHi Oenrimi.
JKorapsl xoHe inriHapa TYpPaKThUIBIKKA He ceri3 ch3bikTa (1718-2, 1630-2, 1717-210, 1717-450, 1718-55, 1718-60,
1718-62, 2040-1) 6acranks! ke3i Ae.cylindrica 6onbin cananarei Lr39 (Lr41) yineciminge Lr10 reHi aHbIKTansl.
Ae.cylindrica Ton 6ousbin kenerin Lr10+Lr16 ren komOuHanmsicel 6ip yarige (1716-42) anbikrangsl. MoneKynaibiK
ckpuHuHT Lr10 TypakThuiblk reHi 56 cbi3bkThiH 24-Hae («besocras 1» copThiHma xoHe OHIAFbl OynaHIapna),
4 ymrige Lrl3 («Keticy» cOpTHI %oHE OHBIH KATHICYBI apKBUIBI allbIHFaH CHI3BIKTAp), 3 yirige Lrl16 (Kapmeram
COpPTBHI OHE OHBIH KATBICYBl HETi3iHIE alblHFaH CbI3BIKTap), 8 yarigeri Lr39 (Lr4l) komOwmHammschiHOa
Ae.cylindrica apkpuisl «OpurpoctiepmyM 350» xoHe «CrexnoBuaHas 24» copTTapblMEH KaHBIKKaH, COWKECiHIIe
JKOFapbl JkoHe imiHapa TypakTbuibiFbl 0ap Lr10 reni Herizinne Lr39 (Lr41) sxone Oip yirigeri Lr10 + Lrl16 reninin
KUBIHTBIFBI 0ap yiri (besocras 1 x Ae.triaristata) x Kapneram-2 Lr10 Lr62.

Capbl TOTKa TO3IMII TCHOTHIITED apachIHIa KANBIPAKThI TOTKA TYPAKTHI ChI3bIKTAp Oenrimi Oosmaer: 1719-3,
1719-5, 1719-9, 1719-10, 1719-215, Lr10 komOuHanmscbiHaa ackIITYKEIMIBT Ae.triaristata (Yr 42) Gap.

OcpUTaiiina, MOJIEKYJANBIK TOCUTASpAl KOJNJaHa OTBIPHIN, KY3MIK OMIANIbIH CHHTETHKAIBIK KOJNIAPBIHBIH
TCHETUKAIBIK HETi31 OJIAPJIBIH >KAIBIPAKTHI TaTKa TO3IMIUIIr HeTi3iHIme cumartaiasl. by martepwan TaOWFH jKoHE
KacaHJbl MMMYHOJIOTHSJIBIK Talliayjap HOTMIKECIHIE ajblHFaH joHe Ompai-srmionc KZ231 Herizinne Oupait
CYpBIOBIH KYpPY apKbUIBI JQJCIACHICH Ouaail CYpBINTANYBIHBIH KYHIbI Ke31 Oosbin canamamsl (10.23.2019 x.
Nel199 /025.4 mareHTTiK OTIHIM).

Tyitin ce3mep: Ky3mik Ommaii, MHTPOTPECHBTI YiTiNep, >kabalbl TYKBIMIAC, TaT aypyblHa TYPAaKTBUIBIK,
Lr-rergepi.
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WIEHTU®UKALIAS HTHTPOT PECCUBHBIX JIMHUIA
03UMO¥ MIEHAILBI C YYACTHEM JUKAX COPOIUYEN
0 TEHAM YCTOMYMBOCTH K PJKABUNHE

AHHOTanusi. 26 UHTPOTPECCUBHBIX JIMHUKA O3MMOW NILIEHHUIIBI, MOJY4YEHHbIE OT CKPEIIUBAHUS TUKOPACTYIINX
copomuueit (Triticum militinae, T.kiharae, T.timopheevii, T.dicoccoides, Aegilops cylindrica, Ae.triaristata
(Ade. neglecta Req.ex Bertol), ¢ yMEpeHHO YCTOWYHMBBHIMH M BOCIIPHHMYHBBIMU K JIUCTOBOW pyKaBUYMHE COPTAMHU
(besocras 1, XKetwicy, Opurpocepmym 350, Kapmeram, CrexmosugHast 24) cenekunn Kazaxcrana m Poccunm, a
tatoke 30 nuHUMI ¢ HacklmeHueM copToB MU depeHnnpoBaHbl paHee Ha €CTECTBEHHOM M HCKYCCTBEHHOM (oHe
OTHOCHUTENIBHO POAUTENbCKUX (GopM. MneHTudukanuio reHoB Lr ocCylIeCTBISUIM C HCIIOJNB30BaHHEM METOJA
nojuMmepasHoii nenno peakuuu (I1LP) ¢ npaiimepamu, mapkupyrommmu resst Lr9, Lr10, Lrl13, Lrl6, Lr19, Lr24,
Lr34, Lr39(41) u Lr62.

I'en Lr10 unertudunmpoBas mis 24 ITWHWNA, B POJOCIOBHONH KOTOPBIX MPHUCYTCTBYeT copT besocras 1 (Taxxke
HOCHTEINIb TOTO TeHa) W He OOHapyxeH mist 9 muaumi. s rena Lrl3 oTMmedeHO ero mpHCyTCTBHE B JIMHUSX,
co3aHHbIX ¢ yuactueM copta XKetsicy. ['en Lrl16 Beianen ans copra Kapnerram u y 3-ex u3 10 nuHMiA, nMeromumx
ero B neaurpu, 310 Homepa 231-1 (bezoctas 1 x Ae.triaristata) x Kapnsiram); 1716-42 (be3ocras 1 x Ae.cylindrica
H.) x Kapunerram) u 1716-45 (be3ocrast 1 x Ae.cylindrica H.) x Kanpiram)). J{ist 8 u3 20 nuHuil ¢ mpucyTCTBUEM B
MIPOUCXOXKACHUH Ae.cylindrica nerexTupoBaH Mapkep, cueruieHHbIi ¢ reHoM Lr39 (Lr41), mpudeM B KOMOMHAIHSIX C
HaceimenueM Dpurpoctepmym 350 u CrexnoBunHas 24.

W3BecTHO, YTO cOUeTaHHE HECKOIBKUX I'€HOB YCTOWYHMBOCTH K JINCTOBOW P’KaBUYMHE B OHOM T'€HOTHIIE MOKET
obecrieunBarh Oosiee HAJEKHYIO M NPOAOIDKUTEIBHYIO 3alUTy BCJIEICTBUE PACIIMPEHUS] T€HETHUECKOH OCHOBBI
ycToiiunBocTd. B 8 nuHMAX ¢ BBICOKOW M uyacTU4HOM ycroiumBocThio (1718-2, 1630-2, 1717-210, 1717-450,
1718-55, 1718-60, 1718-62, 2040-1) BbisiBneHs! reHsl Lr10 B couetanuu ¢ Lr39 (Lr4l), uctouHukoM KOTOpPOTo
spisiercst Ae.cylindrica. BoisiBien onun oopasery (1716-42) ¢ komOuHanueii renoB Lr10+Lrl6, as Bcex XxapakTepHO
npucytctBue Ae.cylindrica. MollekyJISIpHBI CKPHHHHT [OKa3al Haludue reHa ycrowumBoctd Lrl0 y 24 u3
56 muHWiA (kak y copra besocras | u ruOpunoB ¢ HUM), y 4 o6pasmoB — Lrl3 (copt XKerbicy u THHHAU C €ro
yuactuem), y 3 oOpasuoB - Lrl6 (copr Kapapram u nuHnu c ero ydactuem), y 8 obpasuoB — Lr39 (Lr4l) c
MPUCYTCTBUEM B MPOUCXOXKACHUHM Ae.cylindrica B KOMOMHAIMSX C HACBIIICHUEM COPTOB purpocrepmyMm 350 u
CrekinoBuaHas 24, COOTBETCTBEHHO C BBICOKOI M YaCTUYHOM yCTOMYMBOCTBIO BBISBIEHBI TeHbl Lr10 B coueTanuu ¢
Lr39 (Lr4l) u omun obOpaser; ¢ komOuHarmedd reroB Lr10+Lrl6 u obpasery (Besocras 1 x Ae.triaristata) x
Kapmpram-2 Lr10 Lr62.

Cpeny reHOTHIIOB, YCTOWYMBBIX K JKEJITON PKaBUMHE, JOMOIHUTEIBHO YCTOWYNBOCTH K JIMCTOBOW prKaBUMHE
ormedeHbl popmer: 1719-3, 1719-5, 1719-9, 1719-10, 1719-215, umeronue B CBOEH POJOCIOBHOH Ae.triaristata
(Yr 42) B kombuHaimu ¢ Lr10.

Takum 00pazom, ¢ UCIIOIBL30BAaHUEM MOJIEKYJISIPHBIX MOJXOJI0B OblLIa OXapaKTepu30BaHa I'€HETHYECKass OCHOBA
CUHTETUYECKUX JINHUA O3MMOW NIIEHHLBI 110 YCTOMYMBOCTU K JIMCTOBOW prkaBuuHE. [IaHHBIA MaTepuan SBIIETCS
LIEHHBIM HMCTOYHUKOM JUIS CEJIEKIWH IIICHWIBl Ha YCTOHYMBOCTH K JINCTOBOM p)KaBUMHE, KaK OBUIO ITOKA3aHO B
pe3ynbTaTe UIMMYHOJIOTHYECKOTO aHaJIN3a Ha €CTECTBEHHOM M MCKYCCTBEHHOM (JOHE M MOATBEPXKICHO CO3MaHHEM
HOBOT'O COpTa Ha IMIIEHUYHO-3TWIONCHOM ocHoBe KZ231 (3asBka Ha mateHT Ne2019/025.4 ot 23.10.2019 1.).

KoueBsbie c1oBa: 03uMast MIIEHUIA, HHTPOIPECCUBHBIC JINHUHU, TUKHE COPOJIUYH, YCTOHUYUBOCTD K pPKaBUKHE,
Lr-rensr.
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