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Abstract. The relationship between a variety’s genotype, environmental conditions and phytopathogenic load are
the key factors contributing to high yields that should be taken into account in selecting donors for resistance and
high manifestation of valuable traits. The study of leaf rust resistance in 49 common wheat varieties was carried out
in the field against the natural pathogen background and under laboratory conditions using single-pustule isolates
with virulence to Lr9 and Lr24.1t has been shown that the varieties carrying alien genes Lr6Agi2 (Tulaikovskaya 10) and
Lr6Agi1 (Voevoda) were resistant to leaf rust infection both in the field and in the laboratory. Varieties KWS Buran, KWS
Akvilon, KW 240-3-13, and Etyud producing crop yields from 417 to 514 g/m2 comparable to the best standard variety
Sibirskaya 17 can be reasonably used as Lr24 resistance gene donors under West Siberian conditions. Omskaya 44 va-
riety showing crop yield of 440g/m2 can be used as a donor for Lr19 and partially effective Lr26. Varieties Tuleevskaya
and Altayskaya 110 with Lr9 in their genomes are recommended for the development of resistance gene-pyramided
genotypes. The highest protein and gluten contents were observed in the CS2A/2M sample, while KWS Buran, Altay-
skaya 110, Volgouralskaya, and KWS Akvilon showed the lowest values. Varieties CS2A/2M, Tulaikovskaya 10, Pavon,
and Tuleevskaya were ranked the highest in micro- (Cu, Mn, Zn, Fe) and macronutrient (Ca, Mg, K) contents among
the common wheat samples from the collection, while the lowest values for most elements were observed in KWS
Buran, Novosibirskaya 15, and Volgouralskaya. Winter varieties demonstrating leaf rust resistance against the infec-
tious background typically carry adult plant resistance genes (Lr34, Lr12, and Lr13), particularly combined with the
juvenile Lr26 gene. The presence of Lr41 in a winter type line (KS 93 U 62) allowed it to maintain resistance against a
leaf rust pathogen clone kLr24, despite the presence of Lr24 in the genotype. Varieties Doka and Cheshskaya 17 may
act as donors of resistance genes Lr26+Lr34 and Lr9+Lr12+Lr13+Lr34, as well as sources of dwarfing without losses
in winter hardiness and yield under West Siberian conditions.
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YcTONUYMBOCTb K Bypoit prkaBUMHE, YPOXKaHOCTb 1 KauecTBO 3epHa
06pasL{oB MArKoW MiueHnLbl B ycnosuax Hoocnbupckoi obnactn

AHHoOTauusA. K ocHOBHbIM daKTOopam, BAMAIOWMM Ha GOPMMpPOBaHMEe BbICOKOTO YpO»XKas, OTHOCATCA CBA3b reHoTUna
copTa C yCnoBrsAMM Npomu3pacTaHna u utonatoreHHas Harpyska, 4to Heo6X0AUMO YUNTbIBaTL B CENeKL MM ANA NMomcKa
LLOHOPOB YCTONUYMBOCTY 1 BbICOKOW BbIPa>KeHHOCTU LIEHHbIX MPU3HAKOB. M3yyeHue ycToiiunBocT 49 06pasLioB MArKon
MNLWEHMLbI K MOpaKeHnto 6Ypoit pXKaBYMHON NPOBEEHO B NONEBbIX YC/IOBUAX €CTECTBEHHOTO MHGEKLMOHHOIO $doHa 1
B 1abOPaTOPHbIX YCNOBUAX K MOHOMYCTYNbHbIM M30/1ATaM C BUPYNIEHTHOCTbIO K reHam Lr9 u Lr24. TokasaHo, uTo copTa,
Hecylme yyxepogaHble reHbl Lr6Agi2 (Tynankosckas 10) n Lr6Agil (BoeBoga), ycTonumBbl K MOpaxeHuto Oypoin pxas-
UYMHOI KaK B NOJIEBbIX YCIIOBUAX, TaK 1 NpwY 3apakeHnn B nabopatopun. Copta KWS Buran, KWS Akvilon, KW 240-3-13
1 JTiod, KoTopble GOPMMPOBAIN YPOXKANHOCTb OT 417 [0 514 r/mM2 — Ha ypoOBHe nyudllero ctaHgapTa Cubnpckon 17,
LienecoobpasHo 1cnonb3oBaTb B ycsioBuAx 3anagHoi Cnbmpn B KayecTBe JOHOPOB reHa yCTonumBocTu Lr24. [loHo-
|POM FreHOB YCTOMYMBOCTU Lr19 1 YacTnuHO 3G dEKTUBHOTO Lr26 MOXKET CiynTb copT OMCKan 44, xapakTepusyoLwnincs
ypoxainHocTbto 440 r/m2. Copta TyneeBckas n Antanckas 110, B reHOMe KOTOPbIX COAEPXKUTCA reH Lr9, pekomeHayeTca
MCMob30BaTh NPU CO3AaHUN FEHOTUMOB C NMPAaMULO FreHOB YCTOMUYMBOCTM. Hanbonee BbicOKMe NokasaTenu coaep-
XKaHuA 6enka 1 KNnenkoBWHbI BblfABNeHbl y obpasua CS2A/2M, HanmeHblume — y copToobpasuos KWS Buran, Antan-
ckas 110, Bonroypanbckas n KWS Akvilon. CpaBHeHMe Konnekummn o6pasLioB MArKor nieHuubl no Mukpo- (Cu, Mn,
Zn, Fe) n makpoanemeHnTtam (Ca, Mg, K) npoaemoHcTprpoBano Hanbonee BbICOKME NMOKasaTenu y rpynmbl, COCTOALLEN
n3 obpasuos CS2A/2M, Tynaikosckasa 10, Pavon u TyneeBckan. HavmeHbluvie nokasateny 60/bLINHCTBA 1€MEHTOB
onpegeneHbl y coptoB KWS Buran, HoBocnbupckas 15 n Bonroypanbckas. O3umble copTa, XapakTepusytowmecs yCTou-
UYMBOCTbBIO K MOpPaKeHWo Oypoii pXKaBUMHOW B YCNOBUAX MHPEKLMOHHOTO GOHa, Kak MPaBmio, HECYT BO3PaCTHbIE FeHbl
yctonumoctu (Lr34, Lr12 v Lr13), B TOM Yncne B COYETaHUUN C IOBEHWIbHBIM FreHOM Lr26. Y NUHUM C 03UMbIM TUMOM
passuTuA (KS 93 U 62) BbisiBNieH reH Lr41, 6narogaps 4emy NMHMA COXpaHAna YCTOMYMBOCTb K MOPaXKEHNIO KIIOHOM
natoreHa 6ypoii p>kaBurHbl KLr24, HECMOTPA Ha Hannune B ee reHoTune reHa Lr24. Copta [Joka n Yewwckas 17 moryT
6bITb JOHOPAMU FEHOB YCTOMYMBOCTU Lr26+Lr34 v Lr9+Lr12+Lr13+Lr34 n UCTOYHMKaMN KOPOTKOCTEGENbHOCTH 6e3
CHVXKEHUA 3IMOCTONKOCTY 1 YPOXKaNHOCTU B ycioBuAx 3anagHoi Cnbrpum.

KnioueBble cfioBa: niieHnLa mMarkas; 6ypaa paBuvHa; Nonynauuns; N30NAT; BUPYNEHTHOCTb; FeH YCTOMYNBOCTY; YPO-
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»KaHOCTb; MUKPO3/1EMEHT; MaKPO3JIEMEHT,; 6en0okK; KnenkoBuHa.

Introduction

Common wheat (Triticum aestivum L.) is recognized as
the primary food crop around the world. It is characterized
by balanced composition of protein, starch, fiber, fat, and
mineral elements, while also including vitamins C, B, A,
E, D, K, beta carotene etc. (Roshan et al., 2016) and de-
monstrating high adaptability to growing conditions (Prya-
nishnikov, 2018). According to the data for 2022 (Ros-
stat), the area under crops for spring wheat varieties in
the Novosibirsk region was 222,808 ha with crop yield
of 21 centner/ha. The area for winter varieties was about
34,000 ha with crop yield of 28 centner/ha. The key factors
contributing to high crop yields are the relationship between
a variety’s genotype, its growing conditions (Malchikov,
Myasnikova, 2012) and phytopathogenic background.
Developing a high-yielding variety requires taking these
factors into account while selecting donors for resistance
and high intensity of valuable agronomic traits (Volkova
etal., 2016).

Wheat leaf rust is among the most common diseases
found in bread wheat in West Siberia, as it affects both
winter and spring varieties and reduces crop yields by
15-40 % in epiphytotic years (Kolmer et al., 2015). There
is a set of requirements applying to developing and handling
resistance gene donors, since the use of identical genes in
spring and winter varieties may lead to an epiphytotic out-
break, if the pathogen overcomes the defenses ensured by
the gene (Volkova et al., 2016; Pozherukova et al., 2019).
Thus, winter and spring varieties require different effec-
tive resistance genes and their combinations for protection

against the infection, which implies continuous research
efforts to find new resistance genes.

Over 80 Lr genes have been identified around the world,
with about 50 % classified as alien ones!. The list of genes
used in commercial common wheat varieties includes
Lr9, Lri9, Lr21, Lr23, Lr24, Lr26, Lr28, Lr37, Lr39
(Aktar-Uz-Zaman et al., 2017; Leonova, 2018), Lr6Agil,
Lr6Agi2 (Sibikeev etal., 2017), and L»Sp2 (Adonina et al.,
2018). In Russia, breeding value is assigned to the samples
carrying partially effective genes Lr9, Lrl19, Lr24, Lr25,
Lr26, Lr6Agil, Lr6Agi2 and highly effective protective
genes Lr28, Lr29, Lr39, Lr42, Lr45, Lr47, Lr50, Lr51,
Lr66, LrSp2 (Gultyaeva, Shaydayuk, 2021; Sochalova et
al., 2022).

The use of wheat varieties carrying resistance genes from
relative species (Aegilops, Agropyron, Secale cereale, etc.)
for hybridization makes it possible to extend the diversity of
resistance genes, although the latter are often linked to the
factors reducing crop yields or quality (Markelova, 2007;
Krupin et al., 2019). It was found that the presence of a
fragment carrying Lr9 (transferred from Aegilops umbel-
lulata) reduced crop yield in the United States (Friebe et
al., 1996), while commercial varieties carrying this gene
are available in Russia (Gultyaeva, Shaydayuk, 2021). The
presence of alien material (gene Y determining an increase
in yellow pigment synthesis in endosperm) linked to gene
Lr19 (transferred from Agropyron elongatum) reduced the

T Komugi - wheat genetic resources database. Available: https://shigen.nig.ac.
jp/wheat/komugi/genes/symbolClassListAction.do?geneClassificationld=89
(accessed on March 9, 2023).
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value of the first donors carrying this gene (Knott, 1968).
Later, the locus carrying Lr19/5r25 was successfully sepa-
rated from gene Y using ph1b deletion lines (Marais, 1992;
Zhang et al., 2005). A chromosome segment carrying Lr/9
was shown to have a positive effect on crop yield (Singh
et al., 1998), and a number of varieties with this gene are
currently in production in Russia (Gultyaeva, Shaydayuk,
2021). The presence of a fragment carrying Lr38 (trans-
ferred from Thinopyrum intermedium) in the wheat genome
causes a significant reduction in crop yield (Mebrate et al.,
2008) similarly to the presence of a chromosome segment
including Lr47 (transferred from Aegilops speltoides),
which on top of that has a negative effect on quality (Bre-
vis et al., 2008). Introduction of a wheat-rye transloca-
tion 1B.1R carrying genes Lr26, Pm8, Sr31 leads to dete-
riorating quality of flour and bread (Kumlay et al., 2003).
The use of currently available common wheat lines and
varieties with alien translocations makes breeding efforts
significantly easier, as it does not require obtaining new
breeding material with the primary transfer from relative
species (Timonova et al., 2012). Direct hybridization are
not always successful, and translocations may be partially
lost in the offspring upon further reproduction (Davoyan
etal., 2015).

Among other things, selection of pairs for crosses is
guided by environmental and geographic differences, which
is explained by the high diversity of the genotypes obtained
as a result of transgressions in segregating generations in
crosses between varieties intended for and adapted to dif-
ferent conditions (Vyushkov, 2004). However, the adapt-
ability of alien samples to local conditions is to be taken
into account (Davydova, Kazachenko, 2013), because the
use of environmentally distant samples with low adapt-
ability produces a significant number of low-yielding
genotypes in the offspring, which complicates the develop-
ment of commercial varieties (Souza, Sorrells, 1991). The
use of landraces as donors is complicated by the lack of
research and their heterogeneity, since they were created
as populations and have multiline nature. Thus, modern
varieties of Russian and foreign breeds appear to be the
best source for breeding, but a comprehensive investiga-
tion of their behavior under local conditions is required
beforehand.

We suppose that selection of wheat leaf rust resistance
donors is relevant in a close connection with target soil and
climatic conditions, as well as with type of development.
Therefore, the goal of the present paper was to perform a
comprehensive investigation of the collection of common
wheat varieties in the Novosibirsk region to identify donors
of effective resistance genes for Puccinia triticina Erikss.

Materials and methods

In the present paper, we studied a collection common-wheat
samples including 24 spring varieties and 25 winter variet-
ies, among which 41 samples were from the VIR global
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collection and eight new spring varieties had been recently
tested in Novosibirsk branch of the State commission of
the Russian Federation for selection achievements test and
protection (FSBI “GOSSORTCOMMISSION”).

The field resistance to local population of leaf-rust patho-
gens was studied against the natural spread of the infection
according to the VIR methodology (Merezhko et al., 1999)
and against the artificially increased infectious background
(sowing of susceptible winter wheat varieties, spraying the
seedlings early in the morning with water and urediniospore
mixture upon the emergence of the disease). Crop yield and
its components (1000 grain weight, grain weight per spike,
grain number per spike) was evaluated in the samples for
2—4 years (within the 2015-2020 evaluation of samples in
collection nurseries) according to the VIR methodology
developed for new acquisitions (Merezhko et al., 1999).
The leaf rust resistance at juvenile stage was studied under
laboratory conditions at the Siberian Research Institute of
Plant Production and Breeding (SibNIIRS, Krasnoobsk,
Novosibirsk region) in leaf fragments (Mikhailova, Kvitko,
1979). The samples were inoculated with water suspension
of urediniospores prepared from the local population of
P, triticina collected in 2020 from wheat varieties cultivated
under natural conditions in the SibNIIRS fields (virulence
for varieties and lines with genes Lrl, Lr2a, Lr2c, Lr3a,
Lr9, Lril6, Lr3ka, Lril, Lrl7, Lr30, Lr2b, Lr3bg, Lri4a,
Lri4b, Lrl5, Lril8, Lr20; avirulence to Lr24, Lr19, Lr41,
Lr45, Lrd7, Lr28, Lr6Agil, Lr6Agi2, LrSp2, and Lr26)
and two testing clones: kLr24 (virulence to Lril, Lr2a,
Lr2c, Lr3, Lr3ka, Lrll, Lr24, Lri7, Lr30, Lr2b, Lr3bg,
Lrida, Lri4b, Lrl5, Lri8, Lr20; avirulence to Lr9, Lr16,
Lr26, Lr19) and kLr9 (virulence to Lrl, Lr2a, Lr2c, Lv3,
Lr9, Lri6, Lr3ka, Lrll, Lri7, Lv30, Lr2b, Lr3bg, Lri4a,
Lri4b, Lri5, Lril8, Lr20; avirulence to Lr24, Lr26, Lr19).
A clone with virulence to p24 was isolated from variety
Novosibirskaya 15 during the study of race composition
of the population from the Kuibyshev District of the No-
vosibirsk region. A clone with virulence to p9 was isolated
from variety Chelyaba 2 (Lr9) cultivated in the collection
nursery in the settlement of Krasnoobsk. Agent (with Lr24)
and Udacha (with Lr9) were used as control varieties. Infec-
tion response type (IT) was determined on the 8—10th day
after inoculation using the scale proposed by E.B. Mains
and H.S. Jackson (1926), with 0, 1, 2 representing resistant
response; 3, 4 susceptible response, and X heterogeneous
response (Mains, Jackson, 1926). Virulence of the popula-
tion and clones was determined in isogenic Thatcher lines
and varieties carrying the known resistance genes. The
severity of the damage done to the varieties in presence of
artificial infectious background was estimated according
to the quantitative scale proposed by R.F. Peterson et al.
(1948). Novosibirskaya 15 variety was used as a susceptible
control in the field and in the laboratory.

Total DNA was isolated from 5—7-day seedlings using the
method proposed by J. Plaschke et al. (1995). Genotyping
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of wheat varieties was performed using the DNA markers
developed for wheat leaf rust resistance genes (Supplemen-
tary Material 12). Protein and gluten contents were mea-
sured using an OmegAnalyzer G near-infrared spectrometer
(Bruins Instruments, Germany). Macro- and micronutrient
contents were measured using a ContrAA 800 D atomic
absorption spectroscope (Analytik Jena, Germany).

Statistical processing of the results was performed using
Statistica 10.0 and MS Excel.

Results

Evaluation of leaf rust resistance of the tested wheat variet-
ies against the 2020 pathogen background has enabled us
to identify 20 spring and 21 winter varieties with disease
severity rates of 10 % and below (Table 1). The severity rate
in Zauralochka, Udacha, Altayskaya 110, and Tuleevskaya
varieties carrying Lr9 gene reached up to 100 % of the sus-
ceptibility standard level (Novosibirskaya 15 variety) under
field conditions. At the same time, almost all varieties were
ranked moderately resistant (score 5) against the natural
spread of the infection in the years with maximum pathogen
background (Table 2). Juvenile resistance to P. triticina
was maintained in 20 spring wheat varieties and only 10
winter varieties (Amigo, KS 93 U 50, KS 90 WGRC 10,
KS93U40,KS 93U 62, Poema, Aivina, Kollega, Pervitsa,
Vostorg), which implies the presence of adult plant resis-
tance genes in the remaining 11 winter varieties (Knyaginya
Olga, Doka, Lebed, Kuma, Batko, Grom, Lidiya, CO 07
W 245, Ritter, Cheshskaya 16, and Cheshskaya 17 (see
Table 1).

The results of molecular testing using markers developed
for resistance genes Lrl, Lr9, Lr10, Lri12,Lri3, Lrl6, Lr19,
Lr24,Lr26, Lr28, Lr34, Lr41, and Lr47 confirmed the pres-
ence of postulated Lr genes in most varieties being studied.
In addition, we found that KWS Buran and KW 240-3-13
varieties studied in collection nurseries carried Lr24
gene similarly to the other modern varieties from the EU
(KWS Akvilon and KWS Torridon). It is worth noting that
KW 240-3-13 was infected by the kLr9 clone, but resisted
the kLr24 clone (IT 2, i. e. moderately resistant), while
KWS Buran showed heterogeneous response to the kLr24
clone and resisted the kZ»9 clone.

Saratov breed varieties Tulaikovskaya 10 and Voevoda
carrying alien genes Lr6Agi2 and Lr6Agil maintained
resistance to pathogen in the field (in particular, against
the artificial pathogen background) and to the clone with
virulence to Lr24. We were unable to find any publicly
available information on wheat leaf rust resistance genes
carried by the H 15-3 variety, which demonstrated leaf rust
immunity against pathogen in field and in the laboratory
testing. Based on the genotyping results obtained using
molecular DNA markers, resistance genes Lr/2 + Lri6 +
Lr26 + Lr34 were found.

2 supplementary Materials 1 and 2 are available at:
https://vavilov.elpub.ru/jour/manager/files/Suppl_Sochalova_Engl_27_8.pdf
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The presence of Lr41 gene detected in the genomes of
the winter lines developed at the University of Kansas
(USA) (KS 90 WGRC 10 and KS 93 U 62) allowed the
line KS 93 U 62 maintain resistance to the xLr24 clone,
despite the presence of the Lr24 gene. The KS 93 U 40
line characterized by the presence of two L genes (Lr19 +
Lr24) also maintained resistance to the kLr24 clone as the
spring varieties carrying Lr/9 (Yuliya, Volgouralskaya,
Dobrynya). At the same time, according to the literature,
the KS 93 U 50 line carrying the Lr26 and Lr24 genes was
susceptible to the kLr24 clone, but maintained resistance
to both the native population and the kZLr9 clone in the
context of increased infectious background. The Lr/9 and
Lr26 genes in the genotype of the Omskaya 44 spring va-
riety effectively protected the plants from both the native
population of wheat leaf rust pathogen and clones.

Noteworthy results were obtained for winter varieties
characterized with different combinations of resistance
genes, e.g., adult plant resistance gene Lr34 combined
with juvenile resistance gene L»26 in the Kollega, Poema,
Aivina, and Doka varieties allowed them to maintain
resistance both against natural pathogen background
and pathogen clones (see Table 1). At the same time, the
Lebed variety carrying Lri3 (adult plant resistance gene)
in addition to Lr26 and Lr24 genes was affected both by
the native population and the clones in the juvenile phase
and overcame infection in the field against the increased
infectious background. A similar response was observed in
Lidiya, Cheshskaya 16, and CO 07 W 245 varieties with
two adult plant resistance genes (Lr13 + Lr34) identified
in the genome.

Effective use of resistance donors implies their fitness
to the local conditions, which is why we analyzed the crop
yields and manifestation of quantitative traits in a number
of varieties tested in various experiments in different years.
The selected varieties and lines had been under study for
at least two years. Based on field evaluation of valuable
agronomic traits, the following high-yielding spring wheat
varieties stood out: Voevoda (509.8 g/m?), KW 240-3-13
(514.1 g/m?), and Altayskaya 110 (580.0 g/m?) (see
Table 2). On top of that, Voevoda and Altayskaya 110
produced high-yielding spikes (1.69 and 2.00 g) with high
number of grains per spike (41.4 and 48.5). The KW 240-
3-13 variety produced large grains with high 1000-grain
weight (45.1 g). Other results of note included the Vol-
gouralskaya (with high ear grain content of 39.1) and
Chelyaba 75 (with 1000 grain weight of 45.3 g) varieties.
In context of intensive crop farming practices, special atten-
tion is paid to dwarf varieties. Etyud, KWS Akvilon, KWS
Torridon, and Tulaikovskaya 10 were not only resistant
to the pathogen, but also showed crop yields comparable
to the best standard variety Sibirskaya 17 (517.1 g/m?)
while being short-stemmed (62.1-83.8 cm) and so can be
recommended as a source for developing leaf rust resistant
varieties for intensive crop farming. Etyud, KWS Akvilon,
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Table 1. Evaluation of disease infection rate in common wheat varieties with established Lr resistance genes

Variety Gene: literature data / Field severity, %  Seedling test, infection type Reference

establishedbyPCR s
kLr24  kLr9 Field population

KWS Akvilon Lr24/Lr24 0 3 1 1-2 Gultyaeva, 2018

Tuleevskaya Lr9/Lr9 70-100 0 3 3 GRIS, 2022

KS 93 U 50 Lr42 vnn Lr24+1r26/Lr24 0 3 0 0 Germplasm
....................................................................................................................................................................................................... releases. .., 2022

KS93 U 62 Lr41/Lr24+Lr41 0 0 0 0 Germplasm
releases..., 2022
Poema ........................... LrU/L,26+L,34 ..................................... 0 ............................... 000 .....................................................................
wina 110,26, L34/L10, 126,34 O 1 12 GRs202
Kollega L10,L26/Lr10,Lr26, i34 o S
KnyaginyaOlga L4+l 434/l +L34nol24 1 3 1 3
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Variety Gene: literature data / Field severity, %  Seedling test, infection type Reference

established by PCR e

kLr24  kLr9 Field population

perv'tsaL,26/L,26+Lr, ..................................... 03 ................ 1 ................ 1 _ZGR|52022 ......................
DOka ............................... Lr26+L,34/L,26+Lr34522X ............................
VostorgLr26+L,34/L,26+Lr345 ................................ 1 _2X ............... 1 .............................
LebedL,U/L,7+Lr,3+L,26+L,34 ................. 033 ............... 3 ......................................................................
KumaL,34/,_,34 .............................................. 1 033 ............... 3GR|52022 ......................
Batko .............................. L”0+LrU/er+L” ............................ 03)(3 .............................
Grom ............................... Lr10+Lr7+L,U/Lr7+Lr34 ................... 03)(3 .............................
lelyaLr34+Lr3+LrU/Lr34+L”3 ................. 033 ............... 3ShIShkmeta|2018 ......
C007W245(Antero)L,U/L,73+L,34 .................................... 033 ............... 3 ......................................................................
thter ............................... L,U/HeTL,2453O ............... 3 ......................................................................
CheSChSkayaw ............. L,U/Lr73+L,3453X .............. 3 ......................................................................
CheSChSkayaw ............. LrU/Lr9+L”2+L”3+Lr34 .................. 1 0 ............................. OX .............. 3 ......................................................................

Note. Resistance genes presented according to literature data are highlighted in red.
* According to the pedigree, the presence of the LrSp2 gene is assumed, a dash (-) means that the identification of the Lr gene using the PCR method was not

performed.

KW 240-3-13, Omskaya 44, and Tulaikovskaya 10 were
characterized by high resistance (scores 7-99) to powdery
mildew and septoria leaf spot during the years with high
pathogen activity, high resistance to septoria leaf spot alone
was observed in H 15-3 (score 9), Cunningham, and Pa-
von (7) varieties, while Voevoda, Tuleevskaya, and KWS
Torridon were resistant to powdery mildew (7), which is
also a significant trait for selecting pairs for crosses.

Among the leaf rust resistant winter varieties, high
crop yields were demonstrated by Doka (589.2 g/m?) and
Cheshskaya 17 (547.7 g/m?) also characterized by short
stems (66.5 and 80.0 cm respectively) and winter hardi-
ness comparable to standard variety Novosibirskaya 40
(score 4.1) (Table 3). In addition, Doka variety produced
high number of grains per spike (100.6).

Protein and gluten content varied from 13.4 to 22.95 %
and from 25.94 to 46.33 % respectively, with CS2A/2M
demonstrating significantly higher values compared to
other varieties (p <0.001) (the Figure, Supplementary Ma-
terial 2). KWS Buran, Altayskaya 110, Volgouralskaya, and
KWS Akvilon varieties were characterized by the lowest
protein contents below 14 %. The lowest gluten content
values were observed in Volgouralskaya, KWS Akvilon,
and KWS Buran varieties.

Comparison of micro- (Cu, Mn, Zn, Fe) and macronu-
trient (Ca, Mg, K) contents in the studied varieties showed
that the highest values were observed in the CS2A/2M,
Tulaikovskaya 10, Pavon, and Tuleevskaya varieties. The
lowest values for most elements were observed in the KWS
Buran, Novosibirskaya 15, and Volgouralskaya varieties.

Discussion

Despite the significant advances in biotechnology, hybridi-
zation of initial parental forms with further selection of
morphotypes of interest (Gultyaeva et al., 2020; Marchenko
et al., 2020), in particular, using marker-assisted selection
(Stasyuk et al., 2017; Gultyaeva et al., 2018), still remains
the prevalent method of developing new wheat varieties.
Leafrust is among the most dangerous diseases of wheat in
West Siberia, as it affects both winter and spring varieties.
To prevent epiphytotic outbreaks accompanied by dramatic
reductions in crop yields of spring varieties, plant breeders
have to use different effective resistance genes and their
combinations for winter and spring varieties (Krupin et al.,
2019). Another significant factor in selecting resistance do-
nors is their fitness to target conditions, because resistance
gene donors are often represented by foreign breeds (Gryaz-
nov, Pigorev, 2019; Konkova et al., 2022) or the isogenic
lines developed based on foreign cultivars (Koishybaev,
2019), and these genotypes can show reduced crop yields
under local conditions due to low adaptability to adverse
abiotic environmental stresses. In the present study, we have
performed a comprehensive evaluation of wheat leaf rust
resistant varieties. So, among the spring varieties carrying
Lr24 gene, German breed varieties (KWS Buran, KWS
Akvilon), English KWS Torridon variety, or Ukrainian
Etyud variety can be reasonably used as resistance donors
for West Siberian conditions, unlike the Australian variety
Cunningham producing much lower crop yield (242.4 g/m?)
compared to the minimum crop yield of a standard variety
0f408.7 g/m? (Novosibirskaya 15). The latter drop in crop
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Table 2. Field study results for spring common wheat varieties

Studying a collection of common-wheat varieties for leaf rust resistance,
crop yield and grain quality in the conditions of Novosibirsk region

Variety Originator Average values over the years of study Resistance score in natural
conditions (minimum value
over the years of study)

Vegetation Yield, Plant  Grain  Grain  1000grain Powdery Leafrust Septoria
period, g/m?2 height, weight number weight,g  mildew
day sm per spike, g per spike, pc.

Novo5|blrskaya15RUSSIa700 .............. 4087 ........ 868091259348 ................ 31 .............. 3 ...............

NOVOS|b"Skaya31RUSSIa734 .............. 4448 ........ 942 ......... 1 02291350 ................ 3 ................ 3 .............. 3 ...............

Slb"skayaWRUSSIa .............. 8025171 ....... 1034 ......... 1 22324377 ................ 5 ................ 7 .............. 5 ...............

EthUkrame750 .............. 4280 ........ 600095258368 ................ 7 .............. 99 .............. 5 ...............

CSZA/ZM .................... Austra“a790 ............... 1 250 ........ 700029 ................ 1 56 ................... 1 90 ................ 9 .............. 99 .............. _ ...............

KWSAkVIIon ............... Germany775 .............. 4172 ........ 621 .......... 1 16321352 .............. 99 .............. 99 .............. 7 ...............

KW240313 .............. Germany ......... 8315141 ......... 920 ......... 1 48325 .................. 451 ................ 7 .............. 99 .............. 7 ...............

KWSBuran ................. Germany788 .............. 4733 ......... 860 ......... 1 33323 .................. 415 ................ 5 .............. 99 .............. 3 ...............

KWSTomdon ............. GreatBntam8233665 ......... 838 ......... 1 33340389 ................ 7 ................ 9 .............. 5 ...............

Cunnmgham .............. Austraha .......... 8502424 ........ 690 ......... 1 23331372 ................ 5 .............. 99 .............. 7 ...............

Zaura|ochkaRu55|a7683569 ........ 934 ......... 1 022993391 ................. 5 .............. 3 ...............

UdaChaRUSSIa .............. 8303770 ........ 673075255292 ................ 5 ................ 5 .............. _ ...............

Tu|eeVSkayaRUSSIa .............. 830 .............. 4248 ........ 667083286286 ................ 7 ................ 5 .............. _ ...............

A|talskaya110RUSS|a .............. 8405800 ...... 1000200 .............. 485 ................. 4121 ................. 3 .............. _ ...............

Ju“aRUSSIa .............. 8653916 ........ 860 ......... 1 14282392 ................ 5 ................ 9 .............. 3 ...............

V0|goura|skayaRUSSIa .............. 8303800 ........ 980 ......... 1 51391386 ................ 5 ................ 9 .............. 3 ...............

VoeVOdaRUSSIa .............. 8705098 ...... 1030 ......... 1 69 .............. 414 ................. 408 .............. 99 .............. 99 .............. 5 ...............

Che|yaba75RUSS|a .............. 810 .............. 4044 ...... 1030 ......... 1 34296 .................. 453 ............... 3 .............. 99 .............. 3 ...............

OmSkaya44RUSSIa .............. 813 .............. 4408 ........ 875 ......... 1 41379376 ................ 7 .............. 99 .............. 7 ...............

H153 ......................... Germany ......... 9202510 ........ 650 ......... 1 10357308 ................ 5 .............. 99 .............. 9 ...............

Tu|alkov5kayaRUSSIa .............. 925 .............. 4053 ......... 799 ......... 1 14319346 ................ 9 .............. 99 .............. 7 ...............

Pavon .......................... MeX|co ............. 960 ............... 1 300 ........ 600059 ................ 1 59300 ................ 3 .............. 99 .............. 7 ...............

Average ............................................... 8233904 ........ 826 ......... 1 163”360 ................ _ .............. _ ................ _ ...............

Standarddewatlon62 ............... 1 154 ........ 151037 .................. 7 460 ................ _ .............. _ ................ _ ...............

* Septoria leaf spot resistance was not evaluated in the years when the sample was studied.

yield has nothing to do with the alien translocation from
Thinopyrum elongatum (Lr24/Sr24), but is rather due to low
adaptability of the genotype as a whole, which may have
a detrimental effect on selection of high-yielding forms,
if Cunningham variety is used as a donor for Lr24 gene.
The Lr19 gene commonly used in Russian breed varieties
(Gultyaeva, Shaydayuk, 2021) still remains rather effective
in protecting wheat varieties from leaf rust infection in
West and East Siberia (Gultyaeva et al., 2018; Meshkova
et al., 2019), despite its defense being compromised in
the European part of Russia (Gultyaeva et al., 2020). The
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Omskaya 44 variety (440.8) can act as a donor for this
resistance gene, since it is comparable to the best standard
variety Sibirskaya 17 in crop yield (517.1 g/m?). Apart
from that, this variety can also act as a donor for the Lr26
gene, which is partially effective in protecting wheats from
leaf rust in West (Gultyaeva et al., 2018) and East Siberia
(Meshkova et al., 2019).

Despite the failure to resist infection in the context of
infectious background, varieties carrying the Lr9 gene still
have breeding value, since it protects plants from severe
infection in context of natural infection spread. Varieties
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Table 3. Field study results for winter common wheat varieties

Variety Originator Average values over the years of study
Vegetation Winter Yield, Plant Grain Grain 1000 grain
period, hardiness, g/m? height, weight number weight, g
day score sm per spike, g per spike, pc.
Novosibirskaya 40, standart ~ Russia 319.5 4.1 396.5 107.0 1.66 86.5 27.3
Kollega Russia 320.5 33 274.1 67.5 2.12 85.9 26.5
Doka Russia 316.8 4.5 589.2 66.5 1.58 100.6 31.9
Cheschskaya 17 Czech Republic  321.5 3.8 547.7 80.0 1.61 724 24.8
Cheschskaya 16 Czech Republic  321.5 4.5 348.3 71.8 1.46 75.8 249
Standard deviation 1.7 0.7 80.5 13.7 0.21 10.2 4.7
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Protein (a) and gluten (b) contents in grains of spring common wheat varieties.

carrying this gene (except for Altayskaya 110) were ranked Breeding value of the donors of the Lr28 (CS2A/2M)
as moderately resistant to the pathogen during the years of  and L»47 (Pavon) resistance genes transferred from Aegi-
its maximum activity. The Lr9 gene donors may be used  lops speltoides seems questionable under West Siberian
for developing resistance gene-pyramided varieties, which  conditions, since their low fitness to the local conditions
may prolong the lifespan of the gene. drastically affects the crop yields (125.0 and 130.0 g/m?
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respectively). On top of that, the evaluation of breeding
material collected from hybrid populations F; and BC|F,
obtained earlier on the basis of two commercial variet-
ies (Sibirskaya 17 and Novosibirskaya 31) crossed with
lines Thatcher Lr28 and Thatcher Lr47 (Piskarev et al.,
2021) showed a significant increase in vegetation period
(+ 6.3 days) compared to the recipient Sibirskaya 17
(44.2 days) and in plant height (+ 11.4 cm) in recombi-
nants with the Lr28 gene. Adverse effects on crop yield,
number of grains per spike, and stem length were observed
in recombinants with Novosibirskaya 31 variety carrying
the Lr47 gene.

Despite the relatively high crop yield of the Chelyaba 75
variety (404.4 g/m?) carrying the LrSp2 gene from Aegilops
speltoides Tausch linked to the gametocidal gene (Adonina
et al., 2018), which is surely a valuable trait under West
Siberian conditions, we were unable to obtain a variety
outperforming the current standards while carrying this
gene, despite the availability of vast source material (over
4000 lines from crosses between four varieties, namely
Novosibirskaya 15, Novosibirskaya 31, Udacha, and Sibir-
skaya 17) as early as 2015.

Wheat leaf rust resistance of the Odintsovskaya variety
(selection from population Chelyaba 75 x AHK-17B) may
be controlled by the LrSp2 gene transferred from Chelya-
ba 75 and linked to the gametocidal gene (Adonina et al.,
2018), since the variety resisted infection, but no ampli-
fication products of markers linked to other resistance
genes were detected. Lr/ gene was detected as a result
of genotyping in the Omskaya 44 variety in addition to
Lr19 and Lr26 identified earlier by L.V. Meshkova et al.
(Meshkova et al., 2021).

Voevoda and Tulaikovskaya 10 are of interest as a source
material for developing varieties with all around resistance
to leaf pathogen infections under West Siberian conditions.
These varieties demonstrate crop yields (509.8 for Voevoda
and 405.3 g/m? for Tulaikovskaya 10) on par with the
best standard varieties. On top of that, Tulaikovskaya 10
stands out in stem length (79.9 cm), and Voevoda in high
weight and number of grains per spike. Tulaikovskaya 10
was earlier used to develop the Novosibirskaya 61 spring
common wheat variety, which was submitted to the FSBI
“GOSSORTCOMMISSION” in 2017, but then withdrawn
from testing due to lack of advantages compared to standard
varieties in West Siberia branches of the FSBI “GOSSORT-
COMMISSION”. In addition, including Tulaikovskaya 10
into hybridization resulted in shorter vegetation period
in the lines selected from combinations with middle-late
variety Sibirskaya 17 (Leonova et al., 2019). The Voevoda
variety has not been involved in hybridization yet.

The analysis of the genotyping results shows that the
winter varieties characterized by wheat leaf rust resistance
in context of infectious background typically carry adult
plant resistance genes (Lr34, Lr12, and Lr13), in particular
combined with the juvenile resistance gene Lr26, whereas
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Studying a collection of common-wheat varieties for leaf rust resistance,
crop yield and grain quality in the conditions of Novosibirsk region

the spring varieties are primarily represented by donors of
juvenile resistance genes, which agrees with the findings
of E.I. Gultyaeva and E.L. Shaidayuk (2021). We believe
that these protective mechanisms are best suited for vari-
eties with different type of development, because there is
no evidence of leaf rust infection of winter wheat varieties
before the ear emergence stage in West Siberia, and there-
fore the transition of the pathogen from winter varieties to
the spring ones appears complicated.

The results of the present study with regard to intensity
of quantitative traits and crop yields of winter varieties
are rather modest, because the collection samples are
often characterized by low winter hardiness under local
conditions, which only allows us to evaluate resistance in
the context of infectious background. However, the Lr41
gene allowing the KS 93 U 62 line to resist the kLr24-
clone infection despite the presence of Lr24 in the geno-
type was only detected in winter lines (KS 90 WGRC 10,
KS 93 U 62). In addition, the Doka (with plant height of
66.5 cm and crop yield of 589.2 g/m?) and Cheshskaya 17
(80.0 cm and 547.7 g/m?) varieties may be used not only
as donors for effective resistance genes (Lr26 + Lr34 and
Lr9 + Lri2 + Lri3 + Lr34), but also as sources of dwarf
genes not causing losses in winter hardiness and crop yields
under West Siberian conditions.

Conclusions

The varieties carrying alien genes Lr6Agi2 (Tulaikov-
skaya 10) and Lr6Agil (Voevoda) show wheat leaf rust
resistance both in the field and in laboratory setting. Among
all spring varieties carrying the Lr24 gene analyzed in the
paper, the KWS Buran, KWS Akvilon, KW 240-3-13, and
Etyud varieties producing crop yields (417.2-514.1 g/m?)
comparable to the best standard variety Sibirskaya 17
(517.1 g/m?) can be reasonably used as donors under West
Siberian conditions. Omskaya 44 (440.8) characterized by
crop yield on par with the best standard variety can act as a
donor for resistance gene Lr/9, while also carrying the Lr26
gene (which is partially effective in West and East Sibe-
ria). Lr9 gene donors (Tuleevskaya and Altayskaya 110)
are recommended as a source material for resistance gene-
pyramided varieties. Breeding value of the donors of the
Lr28 (CS2A/2M) and Lr47 (Pavon) resistance genes trans-
ferred from Aegilops speltoides seems low under West
Siberian conditions due to low fitness of the samples to
local conditions. The winter varieties characterized by
white leaf rust resistance in the context of increased in-
fectious background typically carry adult plant resistance
genes (Lr34, Lri2,and Lri3), in particular, combined with
juvenile resistance gene Lr26. Lr41 identified in the winter
type line (KS 93 U 62) allowed it to maintain resistance
against the kLr24 clone, despite the presence of Lr24 in
the genotype. The Doka (with plant height of 66.5 cm and
crop yield of 589.2 g/m?) and Cheshskaya 17 (80.0 cm and
547.7 g/m?) varieties may be used as donors for effective
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resistance genes (Lr26 + Lr34 and Lr9 + Lri2 + Lri3 +
Lr34) and sources of dwarf genes not causing losses in cold
hardiness and crop yields under West Siberian conditions.

References

Aktar-Uz-Zaman M., Tuhina-Khatun M., Hanafi M.M., Sahebi M.
Genetic analysis of rust resistance genes in global wheat cultivars:
an overview. Biotechnol. Biotechnol. Equip. 2017;31(3):431-445.
DOI 10.1080/13102818.2017.1304180

Adonina I.G., Bukatich E.Y., Salina E.A., Piskarev V.V., Tyunin V.A.,
Shreyder E.R. Inheritance of the translocation in chromosome 2D
of common wheat from Aegilops speltoides Tausch with leaf rust
resistance gene. Russ. J. Genet. 2018;54(8):989-993. DOI 10.1134/
S1022795418080021

Brevis J.C., Chicaiza O., Khan I.A., Jackson L., Morris C.F., Dubcov-
sky J. Agronomic and quality evaluation of common wheat near-
isogenic lines carrying the leaf rust resistance gene Lr47. Crop
Sci. 2008;48(4):1441-1451. DOT 10.2135/cropsci2007.09.0537

Chetkowski J., Golka L., Stepien L. Application of STS markers for
leaf rust resistance genes in near-isogenic lines of spring wheat
cv. Thatcher. J. Appl. Genet. 2003;44(3):323-338

Davoyan R.O., Bebyakina 1.V., Davoyan E.R., Zinchenko A.S.,
Zubanova Yu.S., Mikov D.S. Introgressive lines of common
wheat with the genetic material of Agropyron glaucum. Vavilovskii
Zhurnal Genetiki i Selektsii = Vavilov Journal of Genetics and
Breeding. 2015;19(1):83-90. DOI 10.18699/VJ15.010 (in Rus-
sian)

Davydova N.V., Kazachenko A.O. Peculiarities of selection of initial
material for selection of spring soft wheat in the conditions of the
Central Non-Chernozem Region. Vestnik Altayskogo Gosudarst-
vennogo Agrarnogo Universiteta = Bulletin of Altai State Agra-
rian University. 2013;103(5):5-9 (in Russian)

Friebe B., Jiang J., Raupp W.J., McIntosh R.A., Gill B.S. Charac-
terization of wheat-alien translocations conferring resistance to
diseases and pests: current status. Euphytica. 1996;91:59-87. DOI
10.1007/BF00035277

Germplasm releases from the wheat genetics resource center.
Available: https://www.k-state.edu/wgrc/genetic_resources/germ
plasm_releases from the wgrc.html (Accessed 07.10.2022).

Grib S.I. Strategy and priorities of crop breeding in Belarus. Proceed-
ings of the International Conference “Breeding process optimiza-
tion: factor of the stabilization and increase of plant production in
Siberia”. Krasnoyarsk, Kirenskiy Institute of Physics, 2019;23-28
(in Russian)

GRIS. Genetic Resources Information System for Wheat and
Triticale. Available: http://www.wheatpedigree.net/ (Accessed
07.10.2022).

Gryaznov A.A., Pigorev 1.Ya. Source material for breeding spring
wheat for leaf rust resistance. Vestnik Kurskoy Gosudarstvennoy
Sel skohozyaystvennoy Akademii = Bulletin of the Kursk State
Agricultural Academy. 2019;5:45-52 (in Russian)

Gultyaeva E.I. Methods for identifying wheat resistance genes to leaf
rust using DNA markers and characterizing the effectiveness of
Lr-genes. St. Petersburg: VNIIZR Publ., 2012 (in Russian)

Gultyaeva E.I. The diversity of Russian soft wheat varieties in genes
for brown rust. Proceedings of the International Conference “Cur-
rent issues in plant immunity against pests”. St. Petersburg: All-
Russia Plant Protection Institute, 2016;24 (in Russian)

Gultyaeva E.I. The genetic structure of Puccinia triticina populations
in Russia and its variability induced by the host plant. Doct. Biol.
Sci. Diss. St. Petersburg, 2018 (in Russian)

2023
278

YcTONUYMBOCTb K Bypoit prkaBUMHE, YPOXKaHOCTb 1 KauecTBO 3epHa
06pasL{oB MArKoW MiueHnLbl B ycnosuax Hoocnbupckoi obnactn

Gultyaeva E.I., Shaydayuk E.L. Identification of leaf rust resistance
genes in the new Russian varieties of common wheat. Biotekhno-
logiya i Selektsiya Rasteniy = Plant Biotechnology and Breeding.
2021;4(2):15-27. DOI 10.30901/2658-6266-2021-2-02 (in Rus-
sian)

Gultyaeva E.I., Shaydayuk E.L., Shamanin V.P., Akhmetova A.K.,
Tyunin V.A., Shreyder E.R., Kashina I.V., Eroshenko L.A.,
Sereda G.A., Morgunov A.l. Genetic structure of Russian and
Kazakhstani leaf rust causative agent Puccinia triticina Erikss.
populations as assessed by virulence profiles and SSR markers.
Agric. Biol. 2018;53(1):85-95. DOI 10.15389/agrobiology.2018.1.
85eng

Gultyaeva E.I., Sibikeev S.N., Druzhin A.E., Shaydayuk E.L. En-
largement of genetic diversity of spring bread wheat resistance
to leaf rust (Puccinia triticina Eriks.) in Lower Volga region.
Sel skokhozyaistvennaya Biologia = Agricultural Biology. 2020;
55(1):27-44. DOI 10.15389/agrobiology.2020.1.27rus (in Rus-
sian)

Imbaby I.A., Mahmoud M.A., Hassan M.E.M., Abd-El-Aziz A.R.M.
Identification of leaf rust resistance genes in selected egyptian
wheat cultivars by molecular markers hindawi publishing corpora-
tion. Sci. World J. 2014;2014:574285. DOI 10.1155/2014/574285

Knott D.R. Translocations involving 7riticum chromosomes and Ag-
ropyron chromosomes carrying leaf rust resistance. Can. J. Genet.
Cytol. 1968;10(3):695-696. DOI 10.1139/g68-087

Kolmer J.A., Kabdulova M.G., Mustafina M.A., Zhemchuzhina N.S.,
Dubovoy V. Russian populations of Puccinia triticina in distant
regions are not differentiated for virulence and molecular geno-
type. Plant Pathol. 2015;64(2):328-336. DOI 10.1111/ppa.12248

Kon’kova E.A., Lyashcheva S.V., Sergeeva A.Il. Screening of the
world winter bread wheat collection for leaf-stem disease resis-
tance in the Lower Volga region. Zernovoe Hozyaystvo Rossii =
Grain Economy of Russia. 2022;14(2):36-40. DOI1 10.31367/2079-
8725-2022-80-2-36-40 (in Russian)

Koyshybaev M. Reaction of isogenes thathcher wheat lines on the
North-Kazakhstan population of Puccinia triticina and resistance
of wheat cultivars. Mikologiya i Fitopatologiya = Mycology and
Phytopathology. 2019;53(3):162-169. DOI 10.1134/S002636481
9030073 (in Russian)

Krupin P.Yu., Divashuk M.G., Karlov G.I. Gene resources of peren-
nial wild cereals involved in breeding to improve wheat crop.
Sel skokhozyaistvennaya Biologiya = Agricultural Biology. 2019;
54(3):409-425. DOI 10.15389/agrobiology.2019.3.409rus (in
Russian)

Kumlay A.M., Baenziger P.S., Gill K.S., Shelton D.R., Gray-
bosch R.A., Lukaszewski A.J., Wesenberg D.M. Understanding
the effect of rye chromatin in bread wheat. Crop Sci. 2003;43(5):
1643-1651. DOI 10.2135/cropsci2003.1643

Leonova LN. Influence of alien genetic material on the manifesta-
tion of agronomically important traits of common wheat (7. aesti-
vum L.). Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov Journal
of Genetics and Breeding. 2018;22(3):321-328. DOI 10.18699/
VJ18.367 (in Russian)

Leonova LN, Piskarev V.V., Boiko N.I., Stasyuk A.I., Adonina I.G.,
Salina E.A. Development and study of new spring wheat lines con-
taining aliengenetic material from Th. intermedium and Ae. spel-
toides. In: Current Challenges in Plant Genetics, Genomics,
Bioinformatics, and Biotechnology. Proceedings of the Fifth In-
ternational Scientific Conference PlantGen2019. Novosibirsk:
ICG SB RAS, 2019;61-63

Mains E.B., Jackson H.S. Physiologic specialization in leaf of wheat
Puccinia triticina Erikss. Phytopathology. 1926;1(16):89-120

VMMYHUTET PACTEHUW K BONE3HAM / PLANT IMMUNITY 997



L.P. Sochalova, V.A. Aparina, N.I. Boyko ...
N.A.Vinichenko, I.N. Leonova, V.V. Piskarev

Mal’chikov P.N., Myasnikova M.G. Relative development of durum
wheat productivity traits in the breeding process. Vavilovskii Zhur-
nal Genetiki i Selektsii = Vavilov Journal of Genetics and Breed-
ing. 2012;16(4/2):987-997 (in Russian)

Marais G.F. The modification of a common wheat-Thinopyrum dis-
tichum translocated chromosome with a locus homeoallelic to
Lr19. Theor. Appl. Genet. 1992;85(1):73-78. DOI 10.1007/BF00
223847

Marchenko D.M., Ivanisov M.M., Rybas’ I.A., Nekrasov E.I., Ro-
manyukina [.V., Chuhnenko Yu.Yu. The results of breeding work
with the winter bread wheat for non-fallow forecrops in the Agri-
cultural Research Center “Donskoy”. Zernovoe Khozyaystvo Ros-
sii = Grain Economy of Russia. 2020;72(6):3-9. DOI 10.31367/
2079-8725-2020-72-6-3-9 (in Russian)

Markelova T.S. Use of wild wheat species and relatives for introgres-
sion of disease resistance genes. AGRO XXI. 2007;4-6:16-18 (in
Russian)

Mebrate S.A., Oerke E.C., Dehne H.W., Pillen K. Mapping of the
leaf rust resistance gene Lr38 on wheat chromosome arm 6DL
using SSR markers. Euphytica. 2008;162:457-466. DOI 10.1007/
s10681-007-9615-z

Merezhko A.F., Udachin R.A., Zuev V.E., Filatenko A.A., Serbin A.A.,
Lyapunova O.A., Kosov V.Yu., Kurkiev U.K., Okhotnikova T.V.,,
Navruzbekov N.A., Boguslavskiy R.L., Abdulaeva A K., Chiki-
da N.N., Mitrofanova O.P., Potokina S.A. Replenishment, preser-
vation in live form and study the world collection of wheat, triti-
cale and Aegilops. St.Peterburg: VIR Publ., 1999 (in Russian)

Meshkova L.V., Rosseeva L.P., Sidorov A.V., Sabaeva O.B., Zve-
rovskaya T.S., Belan I.A. Physiological specialization of brown
rust pathogen on the wheat in Krasnoyarsk region. Vestnik
KrasGAU = Bulletin of the Krasnoyarsk State Agrarian Univer-
sity. 2019;142(1):29-36 (in Russian)

Meshkova L.V., Rosseeva L.P., Shmakova O.A., Belan I.A. Influence
of varieties of soft spring wheat with gene L726 on the virulence
of the agent of brown rust in the Omsk region. Uspekhi Sovremen-
nogo Estestvoznaniya = Successes of Modern Natural Science.
2021;10:20-25. DOI 10.17513/use.37693 (in Russian)

Mihaylova L.A., Kvitko K. V. Laboratory methods for cultivation of
the leaf rust pathogen Puccinia recondita Rob. ex. Desm. f. tritici.
Mikologiya i Fitopatologiva = Mycology and Phytopathology.
1979;4(3):269-273 (in Russian)

Peterson R.F., Cambell A.B., Hannah A.E. A diagrammatic scale for
estimating rust intensity on leaves and stems of cereals. Can. J.
Res. 1948;26(5):496-500. DOI 10.1139/cjr48c-033

Piskarev V.V., Aparina V.A., Boyko N.I., Morozova E.V., Timo-
feev A.A. Influence translocation from Secale cereale and Aegi-
lops speltoides to agronomic traits of spring wheat breeding lines.
In: AGROBIOTECHNOLOGY-2021. Collection of articles of the
international scientific conference. Moscow: Russian State Agra-
rian University Publ., 2021;778-782 (in Russian)

Plaschke J., Ganal M.W., Réder M.S. Detection of genetic diversity
in closely related bread wheat using microsatellite markers. Theor:
Appl. Genet. 1995;91(6-7):1001-1007. DOI 10.1007/BF00223
912

Pozherukova V.E., Shamanin V.P., Gladkih M.S., Chursin A.S.,
Gul’tyaeva E.I. Evaluation of the collection of varieties of the
KASIB network in the conditions of the southern forest-steppe of
Western Siberia. Vestnik Omskogo GAU = Bulletin of the Omsk
State Agrarian University. 2019;33(1):30-37 (in Russian)

Pryanishnikov A.L. Scientific foundations of adaptive breeding in the
Volga region. Moscow: RAS Publ., 2018 (in Russian)

QiuJ.W.,, Schiirch A.C., Yahiaoui N., Dong L.L., Fan H.J., Zhang Z.J.,
Keller B., Ling H.Q. Physical mapping and identification of a can-

998

Studying a collection of common-wheat varieties for leaf rust resistance,
crop yield and grain quality in the conditions of Novosibirsk region

didate for the leaf rust resistance gene Lr/ of wheat. Theor. Appl.
Genet. 2007;115(2):159-168. DOI 10.1007/s00122-007-0551-z

Roshan K., Rathore K.S., Bharkatiya M., Goel P.K., Naruka P.S.,
Saurabh S.S. Therapeutic potential of Triticumaestivum Linn.
(Wheat Grass or Green Blood Therapy) in the treatment and pre-
vention of Chronic and Acute Diseases: an overview. Pharma-
Tutor. 2016;4(2):19-27

Schachermayr G., Siedler H., Gale M.D., Winzeler H., Winzeler M.,
Keller B. Identification and localization of molecular markers
linked to the Lr9 leaf rust resistance gene of wheat. Theor. Appl.
Genet. 1994;88(1):110-115. DOI 10.1007/BF00222402

Shishkin N.V., Derova T.G., Gultyaeva E.I., Shaydayuk E.L. Deter-
mination of leaf rust resistance genes in winter soft wheat varieties
using traditional and modern research methods. Zernovoe Kho-
zyaystvo Rossii = Grain Economy of Russia. 2018;59(5):63-67 (in
Russian)

Sibikeev S.N., Druzhin A.E., Badaeva E.D., Shishkina A.A., Drago-
vich A.Y., Gultyaeva E.I., Kroupin P.Y., Karlov G.I., Khuat T.M.,
Divashuk M.G. Comparative analysis of Agropyron intermedium
(host) beauv 64gi and 64gi2 chromosomes in bread wheat cul-
tivars and lines with wheat-wheatgrass substitutions. Russ. J.
Genet. 2017; 53(3):314-324. DOI 10.1134/S1022795417030115

Singh R.P., Huerta-Espino J., Rajaram S., Crossa J. Agronomic ef-
fects from chromosome translocations 7DL.7Ag and 1BL.IRS in
spring wheat. Crop Sci. 1998;38(1):27-33. DOI 10.2135/cropsci
1998.0011183X003800010005x

Singh S., Bowden R.L. Molecular mapping of adult-plant race-spe-
cific leaf rust resistance gene Lr/2 in bread wheat. Mol. Breed.
2011;28:137-142. DOI 10.1007/s11032-010-9467-4

Skolotneva E.S., Leonova I.N., Bukatich E.Yu., Salina E.A. Methodi-
cal approaches to identification of effective wheat genes provid-
ing broad-spectrum resistance against fungal diseases. Vavilovskii
Zhurnal Genetiki i Selektsii = Vavilov Journal of Genetics and
Breeding. 2017;21(7):862-869. DOI 10.18699/VJ17.307 (in Rus-
sian)

Sochalova L.P., Musinov K.K., Piskarev V.V. Gene pool of spring
and winter soft wheat resistance sources to fungal phytopatho-
gens. In: Gene pool and plant breeding. Materials of the 6th In-
ternational Conference. Novosibirsk, 2022;187-191 (in Russian)

Souza E., Sorrells M.E. Prediction of progeny variation in oat from
parental genetic relationships. Theor. Appl. Genet. 1991;82(2):
233-241. DOI 10.1007/BF00226219

Stasyuk A.I., Leonova [.N., Salina E.A. Variability of agronomically
important traits in spring wheat hybrids obtained by marker-as-
sisted selection from crosses of winter wheat with spring wheat
donors of resistance genes. Sel skokhozyaistvennaya Biologiya =
Agricultural Biology. 2017;52(3):526-534. DOI 10.15389/agro
biology.2017.3.526rus (in Russian)

Timonova E.M., Leonova I.N., Belan I.A., Rosseeva L.P., Salina E.A.
Influence of individual regions of Triticum timopheevii chromo-
somes on the formation of resistance to diseases and quantitative
traits of common wheat. Vavilovskii Zhurnal Genetiki i Selektsii =
Vavilov Journal of Genetics and Breeding. 2012;16(1):142-159
(in Russian)

Tomkowiak A., Skowronska R., Buda A., Kurasiak-Popowska D.,
Nawracata J., Kowalczewski P.L., Pluta M., Radzikowska D.
Identification of leaf rust resistance genes in selected wheat culti-
vars and development of multiplex PCR. Open Life Sci. 2019;14:
327-334. DOI 10.1515/biol-2019-0036

Volkova G.V., Kremneva O.Yu., Shumilov Yu.V., Gladkova E.V.,
Vaganova O.F., Mitrofanova O.P., Lysenko N.S., Chikida N.N.,
Hakimova A.G., Zuev E.V. Immunological assessment of wheat
samples, its rare species, Aegilops from the collection Federal

BaBunosckuii XKypHan reHeTuku u cenekuyum / Vavilov Journal of Genetics and Breeding - 2023 - 27 - 8


https://doi.org/10.1134/S1022795417030115
https://doi.org/10.1515/biol-2019-0036

J1.N. Covanosa, B.A. AnapuHa, H./. boinko ...
H.A. BuHnyehko, /.H. JleoHoBa, B.B. Muckapes

research center “Vavilov All-Russian Institute Of Genetic Re-
sources” and selection of sources with group resistance. Vestnik
Zashchity Rasteniy = Plant Protection News. 2016;89(3):38-39
(in Russian)

Vyushkov A.A. Breeding of spring wheat in the Middle Volga region.
Samara, 2004 (in Russian)

2023
278

YcTonunBocTb K 6ypoit pkaBUriHe, ypOXKalHOCTb 1 KauecTBO 3epHa
06pa3sLIoB MArKoON MiueHULbl B ycioBuAx HoBocnbrpckoii obnactn

Zhang W., Lukaszewski A.J., Kolmer J., Soria M.A., Goyal S.,
Dubcovsky J. Molecular characterization of durum and common
wheat recombinant lines carrying leaf rust resistance (Lr/9) and
yellow pigment (Y) genes from Lophopyrum ponticum. Theor.
Appl. Genet. 2005;111(3):573-582. DOI 10.1007/s00122-005-
2048-y

ORCID

L.P. Sochalova orcid.org/0000-0002-4674-6639
V.A. Aparina orcid.org/0000-0003-2714-7216
N.I. Boyko orcid.org/0000-0002-5026-4907

E.V. Zuev orcid.org/0000-0001-9259-4384

E.V. Morozova orcid.org/0000-0001-9439-9785
K.K. Musinov orcid.org/0000-0002-4500-836X
N.A. Vinichenko orcid.org/

I.N. Leonova orcid.org/ 0000-0002-6516-0545
V.V. Piskarev orcid.org/0000-0001-9225-5227

Acknowledgements. The study of spring wheat varieties samples for quality traits and the content of micro- and macroelements was carried out with
the financial support of the Russian Science Foundation (project 23-16-00041, https://rscf.ru/project/23-16-00041/). Genotyping and assessment of
susceptibility to leaf rust was carried out with the support of the budget project of the Institute of Cytology and Genetics SB RAS (FWNR-2022-0037).

Transparency of financial activities. The authors declare the absence of any financial interest in the materials or methods presented.

Conflict of interest. The authors declare no conflict of interest.
Received May 17, 2023. Revised July 19, 2023. Accepted July 19, 2023.

VMMYHUTET PACTEHUW K BONE3HAM / PLANT IMMUNITY 999



