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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
Lr16 (Karlygash cvs and lines with its participation), in 8 samples - Lr39 (Lr41) withAe.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, Lr10 genes in combination with Lr39 (Lr41) and one
sample with a combination of Lr10 + Lr16 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.
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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, Lrl6, Lr19, Lr24, Lr34, Lr39 (41), Lr62 genes and select
promising lines containing one or more genes resistance to rust.

M aterials and methods. The main material was 26 introgressive lines of winter wheat obtained from
the wild relatives crossing (Triticum 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 Lr10 + Lr34 genes from the commercial cvs Bezostaya 1 [1]; Lr13 - from cvs
Zhetysu, cvs Steklovidnaya 24 [2]; Lr16 - 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, Lr10, Lr13, Lrl6, Lrl9, Lr24, Lr34, Lr39 (41), Lr62.

Table 1- Characterization of parental forms of introgressive winter wheat lines by the presence
of leafrust resistance genes

Variety, view

Bezostaya 1

Zhetysu

Erythrospermum 350

Karlygash

Steklovidnaya 24

T.timopheevii

Ae.cylindrica

Ae.triaristata (Ae. neglecta Req. ex Bertol)

Resistance genes to three types of rust

Yr Lr Sr
Yrl8 Lr3a+Lr10+Lr34 Sr5
Lr13 Sr8b+Sr5
Sr8b+Sr5
Lrl6 Sril
Lr3a+Lr13?
Lr18+Lr50+Lr52+LrTt+LrTt2 Sr36+Sr37+Sr40
Lr39 (Lr41)
Yr 42 Lr 62

Literature

(1

(2

(2

(2

[2

[

[
[56]

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

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

table 2.

Gene Chromo-  Marker Primer

some type Name
Lr9 6BL STS J13

2245/

Lr10 1AS RFLP/STS Lr10-6/r2
iz B SSR  WMCA74
Lrl6 2BS SSR Xwmc 764
Lr19 7DL STS Gb
Lr24 3D SCAR  SCS13026®
Lr34 7DS STS csLV34
Lr39

2D R DM
@) S SS GDM35
Lr62 6AS Opw 7.2

Primer sequence (5'-3") '?,r::)%mfag'gn
F. TCCTTTTATTCCGCACGG CGG
R: CCACACTACCCCAAAGAGACG Hoo
F. GTGTAATGCATGCAGGTTCC
R: AGGTGTGAGTGAGTTATGTT 310
F: ATGCTATTAAACTAGCATGTGTCG
R: GTGCAAACATCATTCCTGGTA 120
F: CCTCGAACCTGAAGCTCTGA
R: TTCGCAAGGACTCCGTAACA 10
F. CATCCTTGGGGACCTC
R: CCAGCTCGCATACATCCA 10
F: CGCAGGTTCCAAATACTT TTC
R: CGCAGGTTCTACCTAATGCAA 607
R: TCATCGACGCTAAGGAGGACCC
F: GTTGGTTAAGACTGGTGATGG 150/229
R: TGCTTGCTATTGCTGAATCG
F. CCT GCT CTG CCC TAGATACG

190/280

R: ATG TGAATG TGA TGC ATG CA
F: CAGGAGCATAGTCATACTTGGG 200

R: CTGGACGTCAACAATGGC
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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, Lr10, Lr13, Lrl6, Lrl19, 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 ddH20O 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” (lInvitrogen
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 Lr19 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 (Ae. Umbellulatum, Agropyron elongatum) were not involved in the winter wheat
synthetics crossing, which allows us to confirm the absence ofthese genes in studied lines.

It is known that Lr10 gene is localized on chromosome 6BL and in studied lines its source is
Bezostaya 1variety of common wheat [1]. In addition, Lr10 gene is one ofthe most widely represented in
Russian varieties [21]. To identify Lr10 gene, we used the marker F1.2245/Lr10-6/r2 [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 Lr10 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 Lr10 gene marker was not detected in
individual lines (table 3), although one oftheir 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 Lrl3 Lrl6 Lr34 Lr39 (41) Lr62
1 2 3 4 5 6 7 8

RFP-1-1 (Bezostaya 1x Ae.triaristata) x Karlygash +

RFP-3-1 Bezostaya 1x Ae.cylindrica +

RFP-4-1 (Bezostaya 1x T.militinae) x T.militinae-6 +

RFP-5-1 (Bezostaya 1x T.militinae) x T.militinae-9 +

RFP-6-1 (Bezostaya 1x 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 oftable 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 1x Ae.cylindrica + +
RFP-20-2 (Bezostaya 1x T.militinae) X T.militinae-9 +

RFP-21-1 (Bezostaya 1x Ae.triaristata) x Karlygash + +
RF-22-2 Zhetysu x T.militinae +

3P350x12 Erythrospermum 350 x T .kiharae-2 +

1630-2 (Erythrospermum 350xAe.cylindrica Host) x Bezostaya 1 + +
1630-5 (Erythrospermum 350 x Ae.cylindrica 1)x Bezostaya 1 +

1630-272 (Erythrospermum 350x Ae.cylindrica Host) x Bezostaya 1 +

1634-1 (Bezostaya 1x Ae.triaristata Wild) x Bezostaya 1 +

1716-42 (Bezostaya 1 x Ae.cylindrica H.) x Karlygash + +

1716-45 (Bezostaya 1x Ae.cylindrica H.) x Karlygash

1716-61 (Bezostaya 1x Ae.cylindrica H.) x Karlygash +

1717-210 (Bezostaya 1xAe.cylindricaH.)x Steklovidnaya 24

1717-450 (Bezostaya 1x Ae.cylindricaH.)x Steklovidnaya 24 +

1718-55 (Bezostaya 1x Ae.cylindricaH.) x Erythrospermum 350 + +
1718-58 (Bezostaya 1x Ae.cylindricaH.) x Erythrospermum 350 +

1718-60 (Bezostaya 1”.Ae.cylindrica Host) X Erythrospermum 350

1718-62 (Bezostaya 17.Ae.cylindrica Host) x Erythrospermum 350 + +
1719-5 (Bezostaya 1x Ae.triaristata W.) x Karlygash +

1719-9 (Bezostaya 1x Ae.triaristata W.) x Karlygash +

1719-10 (Bezostaya 1x Ae.triaristata W.) X Karlygash +

1720-3 (Bezostaya 1 x Ae.triaristata W.) x Erythrospermum 350 +

2040-1 (Bezostaya 1~.Ae.cylindrica Host) x Erythrospermum 350 + +
2044-3 (T.polonicum x Zhetysu) x Zhetysu +

The Lr13 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. Mclntosh et al. [23] revealed a close linkage ofthe Lr13 gene with Lr23 in a number of Australian
and Indian wheat varieties. Currently, several microsatellite markers are used to identify the Lr13 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
WMCA47 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 Lrl3 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 Lr13 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 Lr13 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 ofthis variety.

The next Lr16 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 Lr16 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 Lrl6 gene at a 1.9 cm distance [11]. It is found in samples
with the Lr16 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 Lr16 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/L.r10-6 /r2 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 Lr13

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

The Lr39 (Lr4l) 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 (Lr4l). Currently, the
identification ofthis 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 (Lr41l), 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 ofthese 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
(Lr41l). Atthe 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

_ ) o Type and degree of damage, score /% The development
Sample Name V\r/égtr%rvct?{d;ggfg / Spldlzet:el ng yellow rust leafrust degree of leaf spot,%
1 2 1 2 3 1 2
1 2 3 4 5 6 7 8 9 10
1630-2 5/4 19.05.16 15 2/5 /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 oftable 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 55 13.05.16 2/5 2/10 15 2/5 4/30 5 10
1634-1 5/5 15.05.16 220 220 15 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 15 15 2/10 10 10
1680-9 4/5 16.05.16 2/5 25 15 1/5 /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 55 18.05.16 0 0 2/30 3/50 4/60 10 10
1716-45 5/5 16.05.16 220 3/20 2/20 3/20 4/30 20 20
1716-61 5/5 16.05.16 0 15 15 15 3/30 40 40
1717-210 5/4 17.05.16 0 0 0 2/10 20 30
1717-450 4/5 17.05.16 0 0 0 0 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
1718-60 4/5 16.05.16 0 0 0 0 0 0 0
1718-62 55 17.05.16 0 0 0 0 20 20
1719-3 5/5 16.05.16 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 55 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 15 15 2/20 2/40 3/60 20 20
1721-69 5/5 15.05.16 220 4/30 1/5 1/5 1/5 10 20
2040-1 55 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 (Lr41l) 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 Yr18, 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 Lr34 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 Lr34 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 csLV 34 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 Lr34 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 ofthe Lr34 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 ofthe 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
(Ae.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 ofLr62 — 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 (Ae.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 Lr13 gene, its
presence was noted in 4 lines created with the Zhetysu cvs participation. The Lr16 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 (Lr41l) 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 (Lr4l), (1716-42) was one sample -with a combination of Lr10 + Lr16 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)”.
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A. C. Pcannesl A. |. 36yFanneBa24, K. *0)xaxMeToB2,
T. B. CaBnH3, A. A. PcbimbeToB2, A. . MopryHoB5

Anonorusanbik KaywCsax npobnemanapbiH
rbINbIMU-3epTTRY MHCTUTYThI, OTap, KasaxcTaH;
2Kazak enHLL LK X3He ecimMiiK WapyallbibIrb
rbINbIMU-3ePTTEY UHCTUTYThbI, AnManbibak, KasaxcTaH;
FKapabanblk ayblliapyallblibiK T3XpUbe cTaHuumACkl, Kapabanbik, KasakcTaH;
4Ka3aK ynTTbIK arpap/blk yHuBepcuteTi, Anmatsl, KasakcTaH;
50M6bI yATThIK arpapiblk yHuBepcuteTi, Om6bl, Pecel

FEH1 TATLA TO31M/1 XXABAVbI T¥K;bIMAACTAPAbLL
LATbICYbl APKbIbl A3 1K BUAAMLBIH UHTPOTPECCUBTLK
CbI3bIL TAPBIH UAEHTUDUKALUANAY

AHHOTauumaA. KasakcTaH >x3He Peceil cenekuuscbiHbIL, Xabalibl T KbiMAacTapMeH OyaaHAacTbIpy apKbifbl
anraH KY3gik 6upaligblH 26 WMHTpOrpeccuBn Chbi3birbiMeH (Triticum militinae, T.kiharae, T.timopheevii,
T.dicoccoides, Aegilops cylindrica, Ae.triaristata (Ae. neglecta Req.ex Bertol) XanblpakTbl TaTKa TEPakTbl X3He
cesimMtan cpbinTap («besoctasa 1», «XKency», «3putpocnepmym 350», «Kapnbiraw», «CTeknoBugHaa 24»),
COHbIMEH KaTap Taburnm >k3He >kacaHAbl (DOH HerisiHge aTafblK >X3He aHanblK TYp/epiHe KaTbICThbl
angdepeHumnangaHrad 30 cbi3blK. Lr reHaepu >KYI7Ieney npainmepmepnepmen, Lr9, Lrl0, Lrl3, Lrl6, Lrl9, Lr24,
Lr34, Lr39(41) x3He Lr62 reHiH mapkepneiTiH nonmmepasansl Tizbek (MTP) agiciH kongaHy apKbinbl XY prisingi.

24 cbI3blKKa KaTbICTbl Lr10 reHi >+<Yl7leneH,qi, onapfpbliH iWiHge atanbiK XaHe aHanblK TYpnepiHge «besoctas 1»
(CoHbIMEH KaTap reH TacbiManfayLbiCbl) Ke3[eCT X3He 9 Cbl3blKKa KaTbICTbl aHbIKTanMagbl. XeTicy ¢ pblObIHbIH
KaTbICYbl apKbibl anblHraH Cbi3blkTa Lrl3 reHi aHbikTangbl. «Kapnabiraw» c”pbibbiHa apHanraH Lrl6 reHi
aHbIKTangbl XaHe 10 CbI3bIKTbIH 3-4e ganengeHa” negurpuge 231-1 (be3octas 1 X Ae.triaristata) x Kapnbiraw);
1716-42 (besoctaa 1 xAe.cylindrica H.) Xx Kapnbiraw)) >xsHe 1716-45 (Be3octasds 1 XxAe.cylindrica H.)
x Kapnbiraw)). Ae.cylindrica KaTbicybl apKbinbl anblHraH 20 CbI3bIKTbIH 8”HAe Lr39 rewmeH (Lr4l) 6aiinaHbiCKaH
MapKep aHbIKTaNfbl X3He «3puTpocnepMym 350» XaHe «CTeKN0BUAHAA 24» KOMOMHALMACbIHAA KaHbIKKaH.

Bip reHoTMnTen 6GipHele XanblpakTbl TaTKa Te3iMAi reHAepAiH KOMOUHaUMACH! Te3IMAINIKTLYL FeHeTUKanbIK
HerisiHiH KeHetloiHe 6aliNaHbICTbl HEr\p/bIM CeHiMAi XX3He "3aK Mep3imAi Koprayfbl KamMTamachl3 eTeTiHi 6enrini.
JKorapbl 3He wWwapa TApakTbliblKKa ve ceris cbi3bikTa (1718-2, 1630-2, 1717-210, 1717-450, 1718-55, 1718-60,
1718-62, 2040-1) 6actanksl Kesi Ae.cylindrica 60/1bin caHanatbiH Lr39 (Lr4l) YWneciminge Lrl0 reHi aHbiKTangpl.
Ae.cylindrica Ta3H 60nbin KeneTw Lr10+Lrl6 reH kom6uHaumscel 6ip Ynarige (1716-42) aHbikTangbl. Monekynanbik
CKPUHUHT Lrl0 T/paKTbinbiK rew 56 cbi3blKTbIH 24-HAe («be3ocTas 1» copTbiHAa X3He OHAarbl 6ygaHaapga),
4 Ynrige Lr13 («XeTicy» cOpTbl XX3He OHbIH KaTbICybl apKblibl anblHraH cbi3blkTap), 3 Ynrige Lrl6 (Kapnbirail
COPTbl >K3He OHbIH KaTbiCybl Heri3iH4e anblHraH cbi3bikTap), 8 Ynrigeri Lr39 (Lr4l) kombuHaumsacbiHAa
Ae.cylindrica apkbinbl «3putpocnepmym 350» x3He «CTeknoBuAHas 24» COPTTapbiMEH KaHbIKKaH, C3MKeCiHLe
»KOrapbl X3He iWiHapa TpakTbinbirbl 6ap Lrl0 reHi HerisiHge Lr39 (Lr4l) xaHe 6ip Ynarigeri Lrl0 + Lrl6 reHiHin
XUbIHTbITbI 6ap Yri (besoctas 1x Ae.triaristata) X Kapnbiraw-2 Lr10 Lr62.

Capbl TOTKa Te3iMAi reHoTMNTep apacbliHAa >KanblpakTbl TOTKA TepakTbl Cbi3biKTap 6enrini 6onabl: 1719-3,
1719-5, 1719-9, 1719-10, 1719-215, Lr10 kombnHaymsAcbiHAa acbiNT KbiMAbl Ae.triaristata (Yr 42) 6ap.

Ocblnaiilla, MOMeKynanbiKk T3CinAepai KongaHa OTbipbin, KY3[iK 6uAaifblH CUHTETUKANbIK XO4apblHbIH
reHeTUKasblK Herisi onapAblH XXanblpakTbl TaTKa Te3iMginiri HerisiHge cunattangbl. A1 matepuan Taburn >aHe
KacaHAbl UMMYHOMOTUANbIK Tangaynap H3TUXKECiHAe anblHraH >X3He 6ugain-srmnonc KZ231 HerisiHge 6upgai
C pblObIH K¥PY apKbiibl A3nenfeHreH 6ugaii cpbinTanybiHbiH K¥Bbl Ke3i 6onbin caHanagbl (10.23.2019 x.
Ne199 / 025.4 naTeHTNK €TiHIM).

TYWin cesgep: KY3aik 6ugaii, MHTporpecmBn Ynrinep, >kabaibl T KbiMAac, TaT aypyblHa T/ PaKTbi/bIK,
Lr-reHgepi.
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A. C. Pcanuesl, A. N. Abyrannesa24 K. K. KoxaxmeTos2,
T. B. CaBnH3, A. A. PcbimbeTtoB2, A. . MopryHoB5

Hay4yHo-uccnefoBaTelbCKUl UHCTUTYT
npo6nem 6uonoruueckoin 6esonacHoctn, OTap, KasaxcTaH;
2KaszaxcKuil Hay4yHo-uccnefoBaTelbCKUA MHCTUTYT
3eMnefenns 1 pacTeHneBoACTBa, AnManbibak, KasaxcTaH;
Kapabanbikckass CXOC, n.HayyHoe, KasaxcTtaH;
4Kazaxckuit HaunoHanbHbIi ArpapHblii YHuBepcuTeT, AnMatbl, KasaxcTtaH;
50mMcKuii FocynapcTBEHHbI ArpapHblii Y HuBepcuTeT, Poccus, OMCK

NAEHTUOUKALNA NHTPOFPECCUBHbBIX TVHUM
03VMIMOW MNWEHWLbI C YYACTUEM AUKNX COPOAVNYEN
MO FEHAM YCTOMUYMBOCTW K PXXABYNHE

AHHOTaLWA. 26 MHTPOrPECCUBHBIX JIMHWIA 03MMOI MLUEHWLbI, MOMYYEHHbIE OT CKPELLMBAHWS AUKOPACTYLLMX
copoguuein (Triticum militinae, T.kiharae, T.timopheevii, T.dicoccoides, Aegilops cylindrica, Ae.triaristata
(Ae. neglecta Req.ex Bertol), ¢ yMepeHHO YCTOWYMBBLIMU W BOCNPUUMUMBLIMUA K JIUCTOBOIN pXKaBuMHe copTamu
(besoctas 1, Xetbicy, dputpocnepmym 350, Kapnbiraw, CrteknosmgHasa 24) cenekuum KasaxctaHa u Poccuu, a
Takke 30 NUHWIA C HacbIWEeHNeM COPTOB AUdEepeHLMPOBaHbl paHee Ha eCTEeCTBEHHOM W UCKYCCTBEHHOM (hOHe
OTHOCUTENbHO POAUTENbCKUX (opM. WaeHTUGMKaLMO FeHOB Lr OCYWecTBASAM C WUCMO/b30BaHWEM MeToAa
nonumepasHoi LenHow peakuum (MUP) ¢ npaiimepamu, MapKupyoLwmmm redsl Lr9, Lr10, Lrl3, Lrl6, Lrl9, Lr24,
Lr34, Lr39(41) n Lr62.

leH Lrl0 naeHTUhUUMPOBaH ANA 24 NWHWUIA, B POLOCNOBHOW KOTOPbLIX NpUCyTCTBYeT copT besoctas 1 (Takke
HOCWUTENb 3TOFO FeHa) U He 06HapyXeH Ans 9 nuHWA. And reHa Lrl3 OTMeYeHO ero MpuCyTCTBME B JINHWUSX,
CO3[laHHbIX C yyacTuem copta XeTbicy. ['eH Lrl6 BbigneH gna copTa Kapabiraw ny 3-ex u3 10 MHWIA, UMEOLLMX
ero B neaurpu, ato Homepa 231-1 (be3octass 1 x Ae.triaristata) x Kapnbiraw); 1716-42 (be3soctas 1 x Ae.cylindrica
H.) x Kapnbiraw) n 1716-45 (Besoctas 1 x Ae.cylindrica H.) x Kanbiraw)). Ana 8 n3 20 nuHWIA ¢ NPUCYTCTBUEM B
nponcxoxaeHumn Ae.cylindrica geTeKTMpOBaH MapKep, CLENeHHbI ¢ reHom Lr39 (Lr4l), npuyem B KOMBUHALMSX C
HacblweHnem SpuTpocnepmymM 350 1 CTeknosugHas 24.

3BECTHO, YTO COYeTaHNe HECKOMbKMX FeHOB YCTOMUYMBOCTY K IMCTOBO pXaBUMHE B OLHOM FeHOTUME MOXeT
obecneunBatb 60Nee HafeXHY U NPOLO/MKUTENbHYIO 3alUTy BCNeACTBME PACLUMPEHUS TeHETUYECKOW OCHOBbI
YyCTOMUMBOCTM. B 8 AIMHMAX C BbLICOKOM M 4YacTMUHOI ycToiumBocTbio (1718-2, 1630-2, 1717-210, 1717-450,
1718-55, 1718-60, 1718-62, 2040-1) BbisiBNeHbl reHbl Lrl0 B covetaHun ¢ Lr39 (Lr4l), MCTOYHMKOM KOTOPOro
asnsetca Ae.cylindrica. BoissBneH oanH obpasel, (1716-42) ¢ kom6uHauueli reHoB Lr10+Lrl6, s BCcex XapaKTepHo
npucytcTBme Ae.cylindrica. MonekynsipHblii CKPUHWHI MOKa3an Hanuuue reHa ycrtoiumeoctu Lrl0 y 24 u3
56 nuHuii (kak y copTa Besoctas 1 um rmbpugos ¢ HuUM), y 4 o6pasyoB - Lrl3 (copT KeTbiCy M NUHUKU C €ro
yyactmem), y 3 obpasyoB - Lrl6 (copT Kapnbiraw v AnHMK C ero y4vactuem), y 8 obpasuos - Lr39 (Lr4l) c
NpUCYTCTBMEM B MpoucxoxaeHun Ae.cylindrica B KOMBUHaLMAX C HacbllLleHWEM COPTOB 3puTpocnepmym 350 u
CTeknoBugHas 24, COOTBETCTBEHHO C BbICOKOW M YaCTUYHOW YCTOUYMBOCTLIO BbISIBNEHbI FeHbl Lrl0 B coueTaHuu ¢
Lr39 (Lr4l) »n oanH o6pasey C KomGuHaumelh reHoB Lrl0+Lrl6 u o6pasey (BesocTas 1 x Ae.triaristata) X
Kapnbiraw-2 Lrl10 Lr62.

Cpeav reHOTWNOB, YCTOMUMBBLIX K XXENTOW pXKaBUMHe, LOMOHWUTENbHO YCTOMYMBOCTU K IMCTOBOM pPXXaBUMHE
OTMeYeHbl Gopmbl: 1719-3, 1719-5, 1719-9, 1719-10, 1719-215, umetowne B CBOEW POAOCNOBHON Ae.triaristata
(Yr 42) B kombuHaumm c Lr10.

Takum 06pa3om, C UCMOMb30BAHNEM MOMIEKYNAPHBIX MOAXOA0B 6blia OXapakTepu3oBaHa reHeTUYecKas 0CHOBa
CUHTETMYECKUX NIMHWUIA 03UMOWA MLUEHULbI MO YCTOWYMBOCTU K IMCTOBON pXaBuuHe. [aHHbIA MaTepuan sBnseTcs
LLEHHbIM UCTOYHUKOM AN CeNeKUMM MleHWLbl Ha YCTOMYMBOCTb K IMCTOBOWM pXKaBuMHe, Kak Obl0 MoKasaHo B
pe3ynbTaTe UMMYHO/IOTMYECKOT0 aHain3a Ha eCTeCTBEHHOM U UCKYCCTBEHHOM (DOHe W NOATBEPXAEHO CO34aHueM
HOBOrO COpTa Ha MWeHNYHO-3rnnoncHol ocHose KZ231 (3asBka Ha nateHT Ne2019/025.4 ot 23.10.2019 r.).

KntoueBble cnoBa: 03MMas NileHnLa, MHTPOTPECCUBHBIE IMHUMW, JUKNE COPOAMYM, YCTONUMBOCTL K PXKaBUMHE,
Lr-reHbl.
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