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Abstract. Leaf rust (Puccinia triticina Eriks.) and stem rust (Puccinia graminis f. sp. tritici) are the main
causes of declining wheat yields in Russia and abroad. Epidemics of these diseases lead to significant economic
losses. In recent years, there has been increased pressure from new, more aggressive races of pathogens. As
a result, a breeding strategy aimed at protecting wheat varieties from these diseases is extremely relevant and
a priority. The aim of this work was to identify effective and partially effective genes of resistance to leaf (Lr19,
Lr24, Lr26, Lr29, Lr34, Lr37) and stem (Sr17, Sr22, Sr36, Sr39, Sr47) rust in the Ob forest-steppe of the Altai
Territory for the further development of a set of breeding measures aimed at creating new varieties of spring
wheat with resistance to rust diseases in local conditions using modern methods of molecular marker selection.
The material for the study was 25 promising lines of spring common wheat of secondary origin from Arsenal
collection (Nemchinovka Research Center) with group resistance to leaf-stem diseases and having genetic
material of the species Aegilops speltoides, Ae. triuncialis, Triticum kiharae, Secale cereale and T. migushovae
in the pedigree. Molecular analysis made it possible to determine effective Lr genes in 80 %, and Sr genes in
all tested accessions. The largest number of identified genes (5-6) were found in the following lines: 5-16i,
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20-16i, 34-16i, 44-16i, 45-16i, 48-16i, 53—16i, and the smallest (2-3) in: 1-16i, 14-16i, 19-16i, 21-16i, 25-16i,
40-16i, 49-16i, 61-16i and 135/10i. The desired Lr genes were not found in accessions 1-16i, 28—16i, 49—16i,
61-16i. The results of the studies showed the presence of a wide range of genes of resistance to leaf and stem
rust, which indicates the donor properties of the lines of Arsenal collection and the possibility of their effective
use in marker associated selection in the development of wheat varieties resistant to rust diseases.
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Introduction

Leaf rust (Puccinia triticina Eriks.) and stem rust (Puccinia graminis f. sp. tritici)
are regularly occurring and dangerous wheat diseases both in Russia and abroad. As part
of programs to ensure the overall quality of wheat, advanced breeding lines and various
wheat varieties are being tested for resistance to common rust species.

To slow the growth of pathogens that affect grain crops and prevent the emergence
of new, more dangerous races, it is necessary to employ strategies aimed at increasing
the genetic stability of the agrocenosis. These include a partial mixture of varieties and
the cultivation of varieties with different levels of resistance to survival within a single
area (variety mosaic strategy). In advanced countries, the differences are 3—4 years,
while in Russia this period is significantly longer — 7—10 years or more [1]. Breeding
efforts aimed at developing spring wheat varieties demonstrate a diverse genetic basis
for resistance to leaf and stem diseases, which is highly relevant.

More than 80 genes of resistance to leaf and stem rust with established localization
on wheat chromosomes are known [2]. West Siberian populations of leaf and stem rust
are distinguished by particular virulence and can overcome plant resistance genes that
are effective in other regions. Genes of juvenile resistance (Lr24, Lr28, Lr41, Lr45,
Lr47, LrAg, LrAeg.speltoides) and age-related resistance (Lr35, Lr48, Lr49) have been
identified that are highly effective against Puccinia triticina [3]. In conditions of the
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southern forest-steppe of Western Siberia, spring wheat lines with the following genes
showed immunity to stem rust: Sr9e, Sr24, Sr25, Sr26, Sr27, Sr31, Sr33, Sr35, Sr36,
Sr38, SRDP-2 with the Sr7a+Sr12+Sr gene pyramid [4]. According to the results of
our own evaluations of the collection of near-isogenic lines with the Lr and Sr genes in
2022, the following genes showed high efficiency: Lr9, Lr19, Lr24, Lr25, Lr26, Lr28,
Lr29, Lr35, Lr37, Lr44, Lr45, Lr47 and Sr24, Sr31, Sr36.

The aim of this study was to identify several known effective and partially effective
genes for resistance to leaf (Lr19, Lr24, Lr26, Lr29, Lr34, Lr37) and stem (Sr17, Sr22,
Sr36, Sr39, Sr47) rust in spring common wheat lines from the secondary gene pool
of the Arsenal collection using modern diagnostic methods. The obtained results will
serve as the basis for developing a set of measures aimed at creating new spring wheat
varieties with resistance to leaf and stem rust in the conditions of the Ob forest-steppe
of Altai Krai using the MAS method.

Materials and methods

The research was conducted in 2024—2025 at the molecular genetics laboratory
of Altai Research Institute of Agriculture. To identify the Lr and Sr genes, 25 spring
common wheat lines from the secondary gene pool of Arsenal collection, developed
at Nemchinovka Research Center through multi-stage hybridization of donors of re-
sistance to the Ug99 race of stem rust, were used. These breeding lines possess group
resistance to European and West Siberian populations of leaf and stem rust [5], which
was confirmed by field studies in the experimental field of Altai Research Institute of
Agriculture in 2021-2022. The CIMMYT scale [6] was used to assess the response and
degree of damage by rust species.

Wheat DNA was isolated from 6-7-day-old etiolated seedlings using the method
of Plaschke et al. [7]. Gene identification was performed using the polymerase chain
reaction (PCR) method with primers marking the Lr genes: Lr19, Lr24, Lr26, Lr29,
Lr34, Lr37 and the Sr genes: Sr17, Sr22, Sr36, Sr39, Sr47. Primers were selected based
on literature data; their nucleotide sequences are shown in Table 1.

Table 1
PCR-markers used to identify Lr and Sr-genes
Markers
Gene i Source
Marker ID Primer sequences (5'-3) Pmdlé;t size,
Lr19 SCS265- GGCGGATAAGCAGAGCAGAGGGCGGATAAGTG 512 [8]
FSCS265-R GGTTATGG
Lr24 SCS73- TCGTCCAGATCAGAATGTGCTCGTCGATTAGCA 719 [9]
FSCS73-R GTGAG
Lr26 SCM9-FSCM9-R | TGACAACCCCCTTTCCCTCGTTCATCGACGCTAA 207 [10]
GGAGGACCC
Lr29 Lr29F24Lr29R24 | GTGACCTCAGGCAATGCACACAGTGTGACCTCA 900 [11]
GAACCGATGTCCATC
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Ending tabl 1
Markers
Gene i Source
Marker ID Primer sequences (5'-3') Pmdl;;t size,
Lr34 csLvV34- GTTGGTTAAGACTGGTGATGGTGCTTGCTATTGC 150 [12]
FcsLV34-R TGAATAGT
Lr37 VentriupLN2 AGGGGCTACTGACCAAGGCTTGCAGCTACAGCA 259 [13]
GTATGTACACAAAA
Sr17 WPT5343- TATTCTACAACGCTCCATCCCGCATGCAANCCA 407 [14]
FWPT5343-R TACCTTT
Sr22 WMC633- ACACCAGCGGGGATATTTGTTACGTGCACAAGAC 117 [15]
FWMC633-R ATGAGGTGGATT
Sr36 XSTM773- ATGGTTTGTTGTGTTGTGTGTAGGAAACGCCCCA 155 [16]
2FXSTM773-2R ACCACCTCTCTC
Sr39 SR39#22- AGAGAAGATAAGCAGTAAACATGTGCTGTCATGA 487 [17]
FSR39#22-R GAGGAACTCTG
Sr39#50s- CCAATGAGGAGATCAAAACAACCCTAGCAAGGA 167
FSr39#50s-R CCAAGCAATCTTG
Sr47 WGWM501- GGCTATCTCTGGCGCTAAAATCCACAAACAAGT 109 [18]
FWGWMS501-R AGCGCC

Source: compiled by V.A. Petin.

Results and Discussion

Based on our evaluation of the breeding lines, the entire collection demonstrated
high resistance to leaf and stem rust in the Ob forest-steppe conditions of the Altai
Krai in 2021 and 2022, compared to the standard variety, Altayskaya 70, which was
60—70% susceptible to leaf rust and 40% susceptible to stem rust (Table 2). Based on
this, it was concluded that these lines possess effective resistance genes, Lr and Sr, or
combinations thereof.

Table 2

Results of the evaluation of resistance of lines from Arsenal collection to leaf and stem
rust, experimental field of Altai Research Institute of Agriculture, 2021-2022

Evaluation of resistance to
leaf rust, %/type

Evaluation of resistance
to stem rust, %/type

Variety/Line Pedigree*
2021 2022 2021 2022
Altaiskaya-70 .
(susceptible Altaiskaya-98/ 708 60S 408 408
Altaiskaya-325
standart)
1-16i (96/113)/145//113 10MR 5MR 5MR 5MR
5-16i (96/113)/145 5MR 5MR 5MR
6-16i (96/113)/145 R 0 0
14-16i 96/113 R R R
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Ending tabl. 2
Evaluation of resistance to Evaluation of resistance

Variety/Line Pedigree* leaf rust, %/type to stem rust, %/type

2021 2022 2021 2022
17-16i 96/113 R R 0 0
19-16i 96/113 0 0 R R
20-16i 96/113 R R R 0
21-16i 96/113 0 R 0 R
25-16i 96/113 0 R R R
28-16i (113/96)/145//113 R R R 0
30-16i (113/96)/113 R R 0 0
31-16i (113/96)/113 R R R R
34-16i (113/96)/113 5MR 5MR 0 0
36-16i (113/96)/145 R R R R
37-16i (113/96)/145 R 5MR R 0

40-16i (113/96)/145 R R 5MR 5MR
44-16i (113/119)/113 0 0 0
45-16i (113/119)/113 0 R 0
48-16i (113/119)/113 0 R 0

49-16i (113/119)/113 R 5MR 5MR 5MR

53-16i (113/119)/113 5MR R 5MR 5MR
57-16i (113/119)/119 R R 0 0

60-16i (119/113)/113/113 0 R 5MR 5MR
61-16i (119/96)/113 R R 0 0
135/10i 102/00i /Estivum 440 R R 0 0

Note. *The following donors of resistance to leaf and stem rust participated in the creation
of the lines: GT 96/90 winter wheat line (Bulgaria) with T. migushovae genetic material (in the table it is
listed as line 96); Line 113/00i-4 is a sample of spring wheat from the Arsenal collection with genetic
material of the species Ae. triuncialis and T. kiharae (in the table — line 113); The spring wheat line 145/05i
is the result of crossing the Lada spring variety with a sample from the Arsenal collection k-62903, which
was obtained with the participation of the Ae. speltoides species (in the table —line 145); The winter wheat
line 119/4-06rw is a three-genera wheat-aegilops-rye hybrid containing foreign material Ae. speltoides
and S. cereale (in the table —line 119). The spring wheat line 135/10i is the result of crossing a sample
from the Arsenal collection 102/00i (with genetic material Ae. speltoides) with Estivum 440 spring wheat
[Chaika(w)/Tselinnaya 20/3/ Yubileynaya Osetii (w)//Bezostaya 1/Saratovskaya 36].

Source: compiled by V.A. Petin.

In wheat breeding, the genetic diversity of wild and cultivated relatives, as well
as other cereal crops, is widely used to improve resistance to pathogens. The 1RS/1BL
translocation, carrying the Lr26, Sr31, Yr9, and Pm8 genes, which provide resistance to
powdery mildew and rust diseases, is one of the most frequently used genetic elements
in breeding programs worldwide [19]. Although the Sec-1 locus, encoding e-secalin
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(secalins are storage proteins in rye grain), has a negative effect on the baking qualities
of wheat, the 1RS/1BL translocation generally has a positive effect on yield and adapt-
ability to environmental conditions [20].

Identification of the Lr26 gene was carried out using the SCM9 marker, which
allows differentiation of genotypes carrying 1BL.1RS and 1AL.1RS translocations.
An amplicon of 207 bp indicates the presence of the 1BL.1RS translocation, and 228
bp indicates the 1AL.1RS translocation [21]. As a result of PCR, an amplification
fragment of only 207 bp in size was detected in 16 lines: 5-16i, 53-16i, 6-16i, 14-16i,
17-16i, 19-16i, 20-16i, 21-16i, 25-16i, 30-16i, 31-16i, 36-16i, 37-16i, 44-16i, 45-16i,
48-16i. Common wheat received the translocation 1RS from the rye variety Petkus,
which is located in the long arm of chromosome 1B. This translocation also contains
genes for resistance to powdery mildew Pm8, stem (Sr31) and yellow (Yr9) rust [2].
Genes for resistance to three types of rust are independent but closely linked to each
other. The 1BL.1RS translocation, among other things, contains genes that favorably
influence yield, grain quality, and drought tolerance, which is achieved through in-
creased root mass [20].

The Lr34 gene confers slow-rusting resistance to wheat plants, which is character-
ized by an extended period of disease development after infection, as well as a reduc-
tion in the number and size of pathogen pustules on the leaf surface. Using this gene in
combination with other leaf rust resistance genes (Lr10, Lr13, Lr16, etc.) will allow the
development of less susceptible wheat samples and varieties [22].

The Lr34 leaf rust resistance gene is considered to be of low efficacy in Russia [23],
but it is valuable as a source of other disease resistance genes linked to it in the same
chromosome segment, such as yellow rust (Yr18), powdery mildew (Pm46), and stem
rust (Sr57) [5]. Identification of the Lr34 gene was performed using the codominant
STS marker csLV34, which identifies the gene in various allelic states. The dominant
(functional) allele is indicated by the presence of amplification fragment with a molecular
weight of 150 bp in the samples, while the recessive (non-functional) allele is indicated by
229 bp fragment. The detection of both allelic variants of the Lr34 gene in a sample may
indicate heterozygosity at this locus, or it may be a consequence of heterogeneity in the
source material due to DNA extraction from several seedlings with different genotypes.

Almost all of the presented lines possessed the recessive allele of the Lr34 gene.
The dominant allele was detected only in lines 34—16i, 40—16i, and 135/10, while the
heterozygous allelic state was observed only in the control sample.

The Lr37 gene was transferred to common wheat via the 2NS-2AS translocation
from Aegilops ventricosa as part of the Yr17/Lr37/Sr38 gene cluster and is localized
on the short arm of chromosome 2A. Until recently, it was considered highly effective
in many countries. However, the widespread cultivation of varieties with Lr37 gene in
Western Europe has led to a loss of its effectiveness. In Russia, the effectiveness of Lr37
gene varies by region from high to moderate [24].

Identification of the Lr37 gene in collection lines was performed using the VENTRIUP
and LN2 primers. A 259 bp marker fragment was detected in 11 genotypes: 5-16i, 34-16i,
53-16i, 60-16i, 17-16i, 30-16i, 31-16i, 44-16i, 45-16i, 48-16i, and 57-16i.
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The Lr19, Lr24, and Lr29 genes were introgressed into wheat from Agropyrum
elongatum. All of them are located in the D genome and are closely linked to the stem
rust resistance genes Lr19/Sr25 and Lr24/Sr24. These genes are considered highly
effective and are widely used in breeding. To identify these genes, the SCAR markers
SCS265 (Lr19), SCS73 (Lr24), and Lr29F24 (Lr29) were used. Amplification fragments
for all three genes were detected only in control samples, indicating the absence of
Agropyrum elongatum genetic material in the pedigrees of the studied lines.

The Sr17 gene (from T. turgidum), located on chromosome 7B and linked to
Lr14a/Pmb5, although ineffective against Ug99, can provide resistance to local popu-
lations in certain regions and in combination with other genes, such as Sr13 [25]. The
Sr17 gene was detected using the DArT marker wPt 5343 in four lines: 20-16i, 34-16i,
44-16i, and 53-16i.

The Sr22 gene was originally identified in Triticum monococcum and was then
transferred to tetraploid and hexaploid wheat through interspecific hybridization. This
gene is effective against all races of stem rust, and there are lines with Sr22 that are not
linked to undesirable agronomic traits [26].

Sr22 was previously mapped to the long arm of chromosome 7A. Three linked
markers, CFA2019, CFA2123, and BARC121, were used to haplotype this locus [27].
Olson et al. [15] generated a new set of lines with reduced foreign fragments and found
that the closest markers adjacent to Sr22 in these lines were WMC633 and CFA2123.

When using marker CFA2123, a characteristic 234 bp product was found. We
observed this in all the samples studied, including the negative control. Since this
marker is not fully diagnostic and can give false-positive results, we used another
SSR marker, WMCG633. As a result, we detected amplified products that were de-
scribed as not only diagnostic. All lines had fragments of approximately 240 bp,
and 117 bp were absent only in 21-16i, 40—16i, 34-16i, and 17-16i. As Olson et
al. [15] wrote, this may be due to recombination between the resistance gene and
all markers mapped in this region.

Sr36 was introgressed into wheat from T. timopheevii and is localized on the short
arm of chromosome 2B. This gene is widely used in breeding and is distributed in many
varieties worldwide. Sr36 is effective against most stem rust races, including Ug99,
except for the TTKST and TTTSK varieties [28]. It is also used to create pyramids in
combination with other Sr genes during the breeding of resistant wheat varieties.

To detect this gene, the SSR codominant marker Xstm 773-2 was used, yielding
clear, readable fragments of 155 bp in length, indicating the presence of the gene, and
190 bp in length, indicating the absence of the gene. The 155 bp fragment was amplified
in most accessions, while the 190 bp fragment was detected in 25-16i and 135/10i.

The stem rust resistance gene Sr39 confers resistance to all known pathotypes of
Puccinia graminis f. sp. tritici, including Ug99 (TTKSK) and its variants, TTKST and
TTTSK, which are virulent against Sr24 and Sr36, two frequently used resistance genes.
The Sr39 gene was transferred into the hexaploid wheat cultivar Marquis to chromosome
2B from the 2S chromosome of Aegilops speltoides [29]. The transferred segment also
contains the leaf rust resistance gene Lr35. To identify Sr39, the markers Sr39#22r and
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Sr39#50s were used. The first marker revealed a fragment of 820 bp in all samples,
which did not correspond to the diagnostic fragment of 487 bp. A similar situation was
observed for the second marker: with a declared fragment of 167 bp, products of 240
and 280 bp were amplified in the samples. At this stage of research, we can assume that
the chromosomal region containing the annealing site of these primers is missing. Later,
when we obtain a control line with the Sr39 gene, repeat PCR analysis will allow us to
confirm this assumption.

The stem rust resistance gene Sr47 was transferred from Aegilops speltoides by
homeologous recombination using the ph1b mutant into durum wheat, resulting in the
DAS15 line. We tested for the presence of the Sr47 gene, but without a control, as was the
case with Sr39. A pronounced 109-bp product was observed in most accessions, except
for accessions 14-16i, 19-16i, 25-16i, 31-16i, and 44-16i, which did not contain it. The
researchers note that when using Xgwm501, a saturated fragment of 109 bp in length
indicates the presence of Ae. speltoides chromatin, while the absence of the fragment or
its lesser expression may indicate a segment of the wheat chromosome [30].

As a result of molecular screening, both single Lr and Sr genes and their pyramid
were detected in the studied spring common wheat lines (Table 3). The greatest number
of identified genes was found in line 53-16i (Lr26, Lr37, Sr17, Sr22, Sr36, Sr47), while
in lines 1-16i, 28-16i, 49-16i, 61-16i the studied Lr genes were not detected. Considering
the high resistance of the latter genotypes in the conditions of the Altai Territory and the
southern forest-steppe of Western Siberia, there is a high probability of the presence of
other effective resistance genes (e.g. Lr35, Sr32, Sr39, Sr40) or new resistance genes
transferred from Ae. speltoides, T. kiharae or T. migushovae.

Table 3

Identification of Lr and Sr genes in spring common wheat lines from Arsenal collection

Lr—-genes Sr—genes
Lr26 Lr34 Lr37 Sr17 Sr22 Sr36 Sra7
Altaiskaya-70 - - - - - - -

Variety/Line

- - - +

+
+

1-16i
5-16i
6-16i
14-16i
17-16i
19-16i
20-16i
21-16i
25-16i
28-16i
30-16i
31-16i
34-16i - + + +

- + - +

|

|
+
+

|
+
|
|

|+ ||| ||+
+

S I I N I S O

+
|
+
|

I
I
I
I
+ |+ |+ |+

+
|
+
|

+ |+ |+ |+
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Ending tabl. 3
Variety/Line Lr-genes Sr-genes
Lr26 Lr34 Lr37 sr17 Sr22 Sr36 Sra7
36-16i + _ _ - " N "
37-16i + _ _ - " . "
40-16i - + _ - - . "
44-16i + _ ; " " " -
45-16i + _ ; - " . "
48-16i + _ ; - " . "
49-16i - _ _ - " " "
53-16i + _ ; " " . "
57-16i - _ ; - " . "
60-16i - _ ; - " " "
61-16i - _ _ - " . "
135/10i - + _ - " - "

Source: compiled by V.A. Petin.

Conclusion

The presence of a wide range of leaf and stem rust resistance genes in wheat lines
from Arsenal collection was identified, indicating the donor properties of these lines
and the possibility of their effective use in MAS to overcome the genetic uniformity
of local varieties in terms of resistance to rust diseases and address the phytosanitary
situation in the region.
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NpeHTudurKaumsa reHoB yCTOM4UBOCTU K INCTOBOM
N CTe61eBOM pXXKaBUNHE Yy CeNEeKLMOHHbIX JIMHWUNA SIPOBOW
MSIFKOM MLUEHULbl U3 BTOPUYHOIro reHodoHAa KonneKuum
«ApceHan»

B.A. ITeTun! g, C.B. /lenexoB' ', N.®. JTanoukuna’ ~ , H.P. laiiHy/1/iuH?

!depepanbHbIil ANTalCKU HayuHBIN LeHTP arpobuorexHonorut, 2. bapHayn, Poccutickas
Dedepayus
2®enepasbHBIN MCCTe0BaTeNbCKUN LeHTP «HeMunHOBKa», 2. Mockea, Poccutickass Pedepayust
<0 999.source.z@mail.ru

Awnnoranus. Jlucrosas (Puccinia triticina Eriks.) u crebnesas (Puccinia graminis f. sp. tritici) p)kaBuuHbI
SIBIIFOTCSI OCHOBHBIMU ITPUUMHAMM CHIDKEHHsI YPOXKaHHOCTH MILeHHLbI B Poccuu 1 3a py6exxoM. NUpUTOTHI
9TUX GosIe3Hel MPUBOZAAT K 3HAYMTEIBHBIM 9KOHOMUUECKUM NoTepsiM. HabsrofaeTcst ycuneHue JaBieHus
CO CTOPOHBI HOBBIX, D0JIee arpeCcCHBHBIX pac nartoreHoB. CTpaTerus CesieKL|y, HarlpaB/ieHHast Ha 3allUTy
COPTOB IIIEHHULIBI OT 3TUX O0JIe3HeH, SIBISeTCs KpaiiHe akTyaIbHOW U PUOPUTeTHOM. Lleh ncciemoBaHms —
naeHTUGUKALYS 3)(HeKTUBHBIX U UaCTUUHO 3P PeKTUBHBIX TeHOB YCTOMUMBOCTH K TUCTOBOM (Lr19, Lr24, Lr26,
Lr29, Lr34, Lr37) u crebnesoii (Sr17, Sr22, Sr36, Sr39, Sr47) pkasurte B [Ipruobckoii iecocternu ATalickoro
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Kpasi i1 JajbHelIeil pa3paboTKy KOMIUIeKca Ce/leKLIMOHHBIX MepPONPUATHH, HarpaB/IeHHbIX Ha CO3/laHue
HOBBIX COPTOB $IPOBOM MILIEHUIIBI C YCTOMUMBOCTBIO K P)KaBUMHHBIM 00/I€3HSIM B MECTHBIX YC/IOBUSIX C UC-
M0/Ib30BaHUEM COBPEMEHHBIX MeTOJ,0B MOJIeKY/ISIPHO-MapKepHOI ceyleKLiMK. MaTepuasoMm /s UcciiesioBa-
HUS CJTY)KWN 25 TIepCIIeKTUBHBIX JTMHUIM IPOBOM MATKOH IIIIEHULIbI 13 BTOPUYHOTO reHO(OH/a KOJIIEKLIUH
«ApceHan» (PVL «HeMUMHOBKa») C TPYIIOBON YCTOMYMBOCTBIO K TMCTOCTEOEbHBIM O0/1e3HAM, UMELOLLHe
B POJIOC/IOBHOM TeHeTHUYeCKHi Matepuas BuzioB Aegilops speltoides, Ae. triuncialis, Triticum kiharae, Secale
cereale v T. migushovae. MosneKy/IsIpHBIN aHaIN3 TO3BOIUI OTIpeie/UTh 3¢ dekTuBHEIe reHbl L1y 80 %, a reHb
Sr—y BCex NpOTeCTUpOBaHHbIX 00pa3iioB. Hanborbliee 4ncio HzeHTHGUIIMPOBaHHbBIX TeHOB (5—6) BBISIB/IEHO
y uHui: 5-16i, 20-16i, 34-16i, 44-16i, 45-16i, 48-16i, 53—16i, a HanumeHsb11Iee (2—3) — 1-16i, 14-16i, 19-16i,
21-16i, 25-16i, 40-16i, 49-16i, 61-16i, 135/10i. Y obpa3srjos 1-16i, 28-16i, 49—16i, 61—-16i UICKOMBIX TeHOB
Lr He oOHapyskeHO. Pe3ynbTaThl MCC/IeJ0BAaHUM TT0Ka3a/lu Ha/IM4Ke [IMPOKOTo CIIeKTpa FeHOB YCTOHUMBOCTH
K JIMCTOBOH U cTe0s1eBOM pyKaBUMHe, UTO yKa3bIBaeT Ha JIOHOPCKUE CBOMCTBA JIMHUM KOJIIEKIIUU «ApceHamn»
Y BO3MOXKHOCTb MX 3()(heKTUBHOTO UCIIO/Ib30BaHMS B MapKep-aCCOLIMUPOBAHHON Ce/eKL{MH TPY CO3/laH|H COPTOB
TILLIEHNLbI, YCTOMUYMBBIX K PPKAaBUMHHBIM 0O0JIe3HSM.

KnroueBsble cnoBa: [THK-Mapképel, 60/1e3HM pacTeHUH, CelbCKOX035ICTBEHHas reHeTHKa, TpUOHBIe a-
TOreHbl, Lr-reHsl, Sr-reHbl, MapKep-acCOLIMMPOBaHHasl CeeKLHsI

Bknaj aBropoB: TletriH B.A. — poBe/ieHe OTILITOB, HaNMCaHYe TeKcTa pykonucy; Jlerexos C.B. — pa3paboTka
KOHLIETLMH, TIPOBEPKa U Pe/laKTUPOBaHKe TeKcTa pykorucy; Jlarnoukuna U.@., TainynmmH H.P. — obcyxaeHne
U yTBep)KJieHre OKOHUaTeJbHOr0 BapraHTa PYKOIHCH.

duHaHcupoBaHue. PaboTa BbINO/IHEHa MpY (PUHAHCOBOH MOZiep)KKe MpoekTa MUHUCTepcTBa 00pa3oBaHMst
1 Hayku Poccuiickoit @ezeparyn «Pa3BUTHe CesleKIIMOHHO-CEMEHOBOAUECKOTO LieHTpa B chepe 3epHOBBIX
1 3epHOO000BBIX KY/IBTYP — CTPYKTYPHOTO nozpaszesenus desiepaabHOTO rocysapCTBEHHOTO OI0/PKeTHOTO
HayuyHOTro yupexzjeHus ,,PesepanbHblii AnTaiickKuid HayYHBIH [IeHTp arpobuorexHosoruii“» CornaileHue
Ne 075-15-2025-186 ot 18 anpesss 2025 1.

3asB/IeHHs 0 KOHQUIMKTe HHTepecoB. ABTOPHI 3asiB/ISAIOT 00 OTCYTCTBMM KOH(IMKTAa MHTEPECOB.
Hcropus craTbu: NocTynuia B pefakuyio 19 ntons 2025 r., mpuHsTa K myomkarmy 15 oktsaopst 2025 1.

Jnsa nutupoBanus: ITemun B.A., J/lenexos C.b., Jlanoukuna U.®., I'alinynaun H.P. ijeHTHdUKaLys
reHOB YCTOWUMBOCTH K JIMCTOBOM 1 CTeO/1eBOM pyKaBUKMHE Y CeeKLMOHHbIX JIMHUI SPOBOI MATKOM IMIIEHUL{bI
13 BTOPUYHOTO reHO(OH/Ia KosleKLK «ApceHasn» // BecTHUK Poccuiickoro yHUBepCHUTeTa ipy>KObl HApO/|OB.
Cepwusi: ArpoHOMUST U )KMBOTHOBOZACTBO. 2025. T. 20. Ne 4. 577-588. doi: 10.22363/2312-797X-2025-20-4-577-
588 EDN: CABXNN
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