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AHHOTALIUA

[Mmenwnna (Triticum aestivum L.) IBJISIETCS OTHOMK
u3 Haubojiee BaKHBIX OJIS YeJOBeKa 3ePHOBBIX
KyJbTyp. B Poccuy OCHOBHBIE 3€DHOIIPOU3BOISIIE
peruoHsbl — 3T0 3anagHas Cubupb, KpacHomapcKui
Kpa¥ u I[ToBOJI)Kbe. 3HAUUTEJIbHOMY CHUXKEHUIO
ypoXKasi MIIEHUIIbI CITIOCOGCTBYIOT 3a00JieBaHUS,
BBbI3bIBaeMble T'PUOHBIMU IIaTOTE€HAMM, TAKUMU KakK
cTebieBas p>kaBunHa (Bo36yauTensb Puccinia graminis
f. sp. tritici) u >xenTasg MATHUCTOCTH (BO3OYOUTEJH
Pyrenophora tritici-repentis). B paboTe mpoBezeHa
OIlEHKa IOBEHUJIbHON YCTOMYWBOCTHU B JilabopaTop-
HBIX YCJIOBUSIX 92 IPOBBIX COPTOB MSITKOU MIIEHUIbI,
BO3/IEJIIBAEMBIX Ha TEPPUTOPHUU [T0BOJKbS, K IBYM
nonynsauuam P. graminis f. sp. tritici (duenasbuHCKOU
nonynsuy rpuba 2024 roga m YyBaIlICKOU ITOTTYJISI-
nuu 2025 roma) m ABYM IIOMyJsALusAM Pyrenophora
tritici-repentis (TaMGOBCKO¥M TOIYJISAIIMM IMaTOreHa
2024 roma u TeH3eHCKOoM nomyasanuu 2025 roza), a
TakXXe UAeHTU(DUKALUSI T€HOB YCTOUYUBOCTHU K
cTebyieBoi prkaBumHe (Sr24, Sr25, Sr26, Sr28, Sr3l,
Sr36, Sr38, Srb57, Sr1AIR) 1 IOMUHAHTHOM ajljielin
reHa BOCIHPUMMUYMBOCTU K JXKEJITOU IATHUCTOCTU
Tsnl c IOMOILIBI0 MOJIEKYJISIPHBIX MapKepoB. [Tokasa-
HO, UTO K YeJIOMHCKOU MOMNyJasIiuu cTebJIeBOu
PKaBUYMHBI GBLIM YCTOWYMBEI 26 cOpPTOB (28,2%), K
qyBalICcKOU nmomynsanuy rpubda — 50 copToB (54,3%). K
obemM monmynauusaM Bo30ynuTesisa cTebiieBOU
pxaBUMHBI 6bIT ycTOoWuuB 21 copT (22,8%). K
TaMBOBCKOM TIOMYJSALUU XKEJTON MITHUCTOCTU
yMepeHHO ycTOoNuuBbl 15,2% U ycTONUuBH 2,2%
COPTOB, K ITEH3EHCKOH MOMYJISIUY rpruba yMepeHHO
ycroiuuBsl 34,7% u ycroniuuBbl 47,8% copToB. K
06erM MOTyNAIUAM BO3OYIUTENS XKEJITON MATHUC-
TOCTU YMepeHHO ycToiuuBbl 11 copToB (11,9%),
YCTOMYUBEI IBA copTa — JKaza 253 u Ckupzga, 4To
coctaBmJio 2,1% OT 06IIero KoJmu4YecTBa COPTOB.
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ABSTRACT

Wheat (Triticum aestivum L.) is one of the most
important grain crops for humans. In Russia, the
main grain-producing regions are Western Siberia,
Krasnodar Krai, and the Volga region. Diseases
caused by fungal pathogens, such as stem rust
(caused by Puccinia graminis f. sp. tritici) and tan spot
(caused by Pyrenophora tritici-repentis), significantly
reduce wheat yields. This study assessed the seedling
resistance of 92 spring bread wheat cultivars grown in
the Volga region to two populations of P. graminis f. sp.
tritici (Chelyabinsk population of the fungus of 2024
and Chuvashia population of 2025) and two popula-
tions of Pyrenophora tritici-repentis (Tambov popula-
tion of 2024 and Penza population of 2025) under
laboratory conditions. Also, the identification of
genes for resistance to stem rust (Sr24, Sr25, Sr26,
Sr28, Sr31, Sr36, Sr38, Sr57, Sr1A1R) and the dominant
allele of the gene for susceptibility to tan spot - Tsnl
were carried out using molecular markers. It was
shown that 26 cultivars (28.2%) were resistant to the
Chelyabinsk population of stem rust, and 50 cultivars
(54.3%) to the Chuvashia population of the fungus. A
total of 21 cultivars (22.8%) were resistant to both
populations of the stem rust. 15.2% of cultivars were
moderately resistant to the Tambov population of tan
spot, while 2.2% of cultivars were resistant. 34.7% of
cultivars were moderately resistant to the Penza
population of the fungus, while 47.8% of cultivars
were resistant. Eleven cultivars (11.9%) were moder-
ately resistant to both populations of the tan spot,
while 2 cultivars, Ekada 253 and Skirda, were
resistant, which accounted for 2.1% of the total
number of cultivars. The following genes were
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B copTax ugeHTUGUIINPOBaHbI TeHbl: ST31, Sr24, Sr25,
Sr28, Sr38, Sr57, Sr1AIR, Tsnl. BblgeJieHbl TIepCIeK-
THUBHBIE COPTA C TPYIIIIOBOM YCTOMYMBOCTHIO: 100 jieT
TACCP (Sr31, Tsnl), Kauwok (Sr24+Sr1A1R, tsnl), dxaza
253(Sr31, tsnl) ndxama 258 (Sr31, tsnl).

KJiloueBble CJIOBA: SIPOBBIE COPTA MSATKOU
IIIIeHnIbl, IOBEHWJIbHASI ycTOfI‘-IHBOCTb, CTe6.TIeBa§[
PYKaBUMHA, )KeJITasd IATHUCTOCTD, Sr-reHsbl, Tsnl.

BBEJEHUE

OBOJI)KbEe — OJJMH U3 OCHOBHBIX
3€ePHONPOU3BOLAAIINX PETUOHOB
Hallleil cTpaHbl. B mocyieHIE rofbl B
pervoHe yxynmaeTrcd (QUTOIIATOJIO-
ruyeckKas CUTyalus, CBA3aHHAS C
BO30yIUTEIIMU CTEGJIEBOY PrKABUU-
Hbl (Puccinia graminis f. sp. tritici) u
JKeJITON msaTHuctoctu (Pyrenophora
tritici-repentis). CtebieBas pKaBUMHA OTHOCUTCS K
0c060 OmacHBIM 3a060JIEBAHUSAM IIHIEHUIIBI, TIOTEPU
ypoXKas Ha BOCIIPUMMUYMBBIX COPTaX IIPU 3NUDUTO-
TUWHOM Pa3BUTHUU ITATOTE€HA MOTYT JoCcTUraThb 80% u
6osee (Ashagre, 2022). OcHOoBHas mpobJyieMa piKaB-
YMHHBIX 3a00JIEBAHUI COCTOUT B TOM, UTO YPEIUHUO-
CIIOpPBI Tpuba MePeHOCATCS BO3AYIIHBIMU MaccaMu
Ha orpoMHble paccrosHus (Leonard and Szabo,
2005). HemapoM OoguH M3 W3BECTHEUIINX B MUpPE
ceneknuoHepoB HopmaH Bopjioyr ckasajli CBOIO
3HAMEHUTYI0 (ppasy: «¥Y pKaBUMHBI HET rPaHUIl». B
HacTodIlee BpeMs, C OLHOW CTOPOHBI, II0 CTPaHaAM
Adpuku u BamxHero BocToka pacrpocTpaHsSIeTcs
paca Ug99 (TTKSK), BUpyJIeHTHAasA K COPTaM C TEHOM
Sr31, n BepOSITEH ee 3aHOC Ha TEPPUTOPUI0 [T0OBOTIKbS
yepe3 Kacmuiickoe Mope, ¢ IPYTrodl CTOPOHBI — B
EBponie u Poccuu ecTb CBOU arpecCUBHBIE Pachbl
rpuba, aBUpyJIEeHTHBIE K S:31, HO TTIOPa’karoliye copTa
6e3 sToro rena (Patpour et al., 2022). B TToBoJKbe
yBeJIMYEeHNE BPEJLOHOCHOCTU BO3OyAUTENS CTebJie-
BOM prKaBUMHBI Habsomaercs ¢ 2016 roma, xorma
SMUDUTOTUNHOE Pa3BUTHE IMAaTOTeHa 3aTPOHYJIO
Pecny6suky TatapctaH m CapaTOBCKyI0 06JiacTh
(BacunoBawu mp.,2017; Baranovaetal.,2023).

UTo KacaeTcsd JXeJTOM MATHUCTOCTHU, TO B
cpenHeM 3abojieBaHMEe BbI3bIBaeT moTepu 5-10%
yposkas, HO Ha BOCIIPUMMUUBBIX COPTaX B 3NUDPUTO-
TUUHBIE TOJBI OHU MOTYT AOCTUTATh 65% u 6Gojee
(Rees et al., 1982). Tak, Ha TeppuTopuu CapaTOBCKOMI
obsiactu (HuxHee [ToBoikbe) ¢ 2000 roma oTMevaeT-
€SI MacCOBOE PacIIpPOCTPaHEHNE U CUJIbHOE MU QUTO-
TUHHOE Pa3BUTHUE KEJITON MATHUCTOCTH (MapKegoBa
U op., 2012). B 2018 r. B CapaToOBCKO¥ 06JacTu
TIOpa’keHue PACTEeHUH IIIEHUIIbI aTOTe€HOM OBLIO
30-40%, a B 2019 1. pa3BuTHe 60JE€3HU AOCTUTAJIO
yxe 80% Ha BOoCHpUUMUYMBBIX coprax (KoOHbKOBA,
Jlamesa, 2020).

TakuM 06pa3oM, OIleHKa COPTOB, PEKOMEHIO-
BaHHBIX K BO3JIeJIbIBAHUI0O Ha TeppuTopuu I1oBoJI-
JKbsI, HA YCTOMYMBOCTb K CTEGJIEBOU pP)KaBUMHE U
J)KeJITOU MATHUCTOCTH SABJISETCS aKTyaJbHBIM
HampaBJIEHVEM UCCJIeJOBaHUH.

Vpentudukaiyus reHOB YCTOMYMBOCTU pacCTe-
HUM C IOMOIIBI0 MOJIEKYJISIPDHBIX MapKepPOB, PEKO-
MEeHJLOBAaHHBIX JJII MapKep-OPUEeHTUPOBAHHOU
CeJIeKIIVY, — YIOOHBIM NHCTPYMEHT B PyKaX UCCJIE0-

identified in the cultivars: Sr31, Sr24, Sr25, Sr28, Sr38,
Sr57,Sr1A1R,and Tsnl. Promising cultivars with group
resistance were identified: 100 years of TASSR (Sr31,
Tsnl), Kanyuk (Sr24+Sr1A1R, tsnl), Ekada 253 (Sr31,
tsnl) and Ekada 258 (Sr31, tsnl).

Keywords: spring bread wheat cultivars,
seedling resistance, stem rust, tan spot, Sr genes,
Tsnl.

INTRODUCTION

he Volga region is one of the main grain-

producing regions of Russia. In recent

years, the phytopathological situation

associated with stem rust (Puccinia

graminis f. sp. tritici) and tan spot
(Pyrenophora tritici-repentis) has worsened in the
region. Stem rust is a particularly dangerous disease
of wheat; yield losses on susceptible cultivars during
epiphytotic development of the pathogen can reach
80% or more (Ashagre, 2022). The main problem with
rust diseases is that the fungal urediniospores are
carried by air masses over vast distances (Leonard
and Szabo, 2005). One of the world's most renowned
plant breeders, Norman Borlaug, famously said, "Rust
knows no boundaries." Currently, on the one hand, the
Ug99 (TTKSK) race, virulent to cultivars with the Sr31
gene, is spreading across Africa and the Middle East,
and it is likely to be introduced into the Volga region
via the Caspian Sea. On the other hand, Europe and
Russia have their own aggressive fungus races,
avirulent to Sr31, but affecting cultivars without this
gene (Patpour et al., 2022). In the Volga region, an
increase in the harmfulness of the stem rust pathogen
has been observed since 2016, when the epiphytotic
development of the pathogen affected the Republic of
Tatarstan and Saratov Oblast (Vasilova et al., 2017;
Baranovaetal.,2023).

As for tan spot, the disease causes yield losses of
5-10% on average, but in susceptible cultivars in
epiphytotic years, they can reach 65% or more (Rees
et al.,, 1982). Thus, in Saratov Oblast (Lower Volga
region), a widespread spread and strong epiphytotic
development of tan spot has been observed since
2000 (Markelova et al., 2012). In 2018, in Saratov
Oblast, damage to wheat plants by the pathogen
reached 30-40%, and in 2019, the development of the
disease reached 80% on susceptible cultivars
(Konkova, Lyashcheva, 2020).

Thus, the evaluation of cultivars recommended
for cultivation in the Volga region for resistance to
stemrustand tan spotisarelevantareaofresearch.
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BaTeJis, TO3BOJISIONIUI OTIPEIETUTD, KAKUMU reHaMu
IeTePMUHMPOBAHA YCTOWYUBOCTDH K IMATOTEHAM B
coprax. Vcrnosb30BaHUE MOJEKYJISIPHBIX MapKEPOB
Hapsaay ¢ GUTOIIAaTOJOTUYECKON OIIEHKOM yCTONYU-
BOCTM JaeT BO3MOJKHOCTb BBIZIEJIUTH MEPCIIEKTUB-
Hble JOHOPHI YCTOUUYMUBOCTHU, KOTOPHIE MOTYT
TIPEJICTABJISATh MHTEPEC IJIS CEJIEKITU .

B cBg3m ¢ 3TUM Iieyibl0 paboThl GbLIA OLlEHKA
IOBEHUJIbHOW YCTOUUYMBOCTU 92 COPTOB SAPOBOU
MSTKOU ITIIEHUIbI, BO3/EJIBIBAEMBIX HA TEPPUTOPUU
[TOBOJXXbs, K CTeOJIEBOM pPIXABUMHE U XKEJITOU
OATHUCTOCTU M UAEHTU(DUKANUI B HUX TE€HOB
YCTOMYMBOCTHU K CTe6JIEBOI pKaBUYMHE — Sr-T€HOB U
BOCIIPUMMYUBOCTHU K KEJITOM NATHUCTOCTU — Tsnl.

MATEPUWAJIBI U METO/IbI

B pabote anasmsupoBasu 92 copTa APOBOU
MSTKOU MIIEHUITbI, BO3E/IbIBAEMbIE HA TEPPUTOPUN
[ToBOJKbSA. [[JIsT OLIEHKY FOBEHUJIbHOIM YCTOMYUBOCTHU
B JIa60PATOPHBIX YCIOBUSIX UCIIOJIb30BAJIN YeJIIOMH-
CKYIO0 ITOMYJIAIINIO CTE0IeBOM pykaBUMHBI 2024 roa u
YyBaIICKYIO MOITYJISIINI0 CTe6JIeBOM pykaBUMHBI 2025
rofia; TaMOOBCKYIO MOIYJISAIAIO JKEJITOM MATHUCTOC-
T 2024 roma ¥ IEeH3eHCKYI0 MOIYJISIIUI0 JKeJITOU
naTHucToCcTH 2025 roma. PasMHOXXeHME TTOMYISIIUT
cTe6JieBOY P)KAaBUMHBI U aHAJNNU3 YCTOUYMBOCTU
pacTeHul B CTaIuX MPOPOCTKOB MPOBOAUIU IIO
CTaHJAPTHOU JlabopaTopHOo¥M MeTommke (Jin et al.,
2007). Insa 3apa’keHUS MPOPOCTKOB TIIIEHUILbI
BO30yzuTeNEM CTebJIeBOM PXKABUYUHEI UCTIOIb30BAIU
cycrneHs3ui ypemuHuoctiop Puccinia graminis f. sp.
tritici (KOHIIEHTPAIUS CYCIIEH3UM — 1 MT yPeIMHUOC-
nop rpuba Ha 1 Mu Bomel ¢ «TBuH 80»). Peakiiuio
IPOPOCTKOB HA WHOKYJSIIIUI CYCIIEH3UEeH CIIOp
BO30yAUTENSA CTEBJIEBON PXKABUMHBI ITPOBOJUIN HA
12-e CyTKHU IO CTAaHJAPTHON YeThipexbajibHOMN
mkaje E.C. Stakman and M.N. Levine (1962).

JlJ1s1 OLIeHKY YCTOWYMBOCTY COPTOB IMIIEHUIIBI K
BO30YIUTEJIO JKEJITOU MITHUCTOCTU OTCEUYEHHBIE
aucTbsa 10-IHEBHBIX IIPOPOCTKOB IIOMeEILANu B
KIOBeTy Ha (DUJIbTPOBAJbHYI OyMary, CMOYEHHYIO
6eHsuMumazosaomM (40 Mr/in), ¥ UHOKYJIUPOBAIU
cyclieH3uel KOHUAWY rpuba B KoHIeHTparuu 5000
KOH/MJI. YCTOMUYMBOCTD OIIEHWBAJIM Ha IIATHIA JEeHb
TIocJie 3apakeHus 110 IIATUOaJIbHOM mKaJie (Rees et
al.,1987; MuxatyioBa u 1p., 2012), B KOTOPO# KOMOU-
Hauy 0aJLIOB IOPaXXeHUSI B BUIE HEKPO3/XJI0PO3
UHTePIIpeTUPOBaNU cienyiooumuM obpasom: R (0/0,
0/1, 1/0, 1/1,) — ycroiiuuBbie, MR (1/2, 2/2, 2/1) —
yMepeHHO yCcToUuuBkle, S (3/3, 3 /4,4/3,4/4,2/3,3/2) -
BocnpuuMuuBsbie, HS (4/3,4/4,4/5,5/4, 5/5) — BBICOKO
BOCTIIPUMMYMBHIE.

IHK pacTeHUI IMIIEHUIbI BHIAENAIU U3
OATUIHEBHBIX ITPOpocTKOB CTAB-MeTomom (Murray,
Thompson, 1980). [lig ugeHTUGUKAIIUYU TEHOB
YCTOMYMBOCTUA M BOCHPUUMYMBOCTU HCIIOJIb30BaIU
crienuduruHble npalimMepsl: Sr24#12— Sr24 (Mago et
al.,2005), Gb—-Sr25/Lr19 (Prinsetal.,2001), Sr26#43 —
Sr26 (Mago et al.,2005); wPt-7004-PCR — Sr28 (Rouse et.
al. 2012), scm9 —-Sr31/Lr26 n Sr1A1R) (Weng et al.,
2007); Xwmced77, Xstm773-2 — Sr36 (Tsilo et al.,2008);
Xemwg682- Sr38 (Helguera et al., 2003); csLV34 —
Sr57/Lr34 (Lagudah et al., 2006); Xfcp623 - Tsnl (Faris
et al., 2010). AMIIN(DUKAITNIO IPOBOLUIIN C UCIIOJb-
3oBanmeM cMecu [P (BuoMactep HS-Taq ITLIP (2x)
BuosmabMuKce). JimekTpodopes IPOAYyKTOB aMILIU(DH-

Identification of plant resistance genes using
molecular markers recommended for marker-
assisted breeding is a convenient tool for researchers,
allowing them to determine which genes determine
pathogenresistance in cultivars. The use of molecular
markers, along with phytopathological assessment of
resistance, makes it possible to identify promising
resistance donors that may be of interest for breeding.

In thisregard, the aim of the work was to evaluate
the seedling resistance of 92 cultivars of spring soft
wheat cultivated in the Volga region to stem rust and
tan spot and to identify genes for resistance to stem
rust — Sr genes and susceptibility to tan spot — Tsnl.

MATERIALS AND METHODS

The study analyzed 92 cultivars of spring soft
wheat grown in the Volga region. To assess seedling
resistance in laboratory conditions, the Chelyabinsk
stem rust population of 2024 and the Chuvashia stem
rust population of 2025; the Tambov tan spot popula-
tion of 2024; and the Penza tan spot population of
2025 were used. The propagation of stem rust
populations and the analysis of plant resistance at the
seedling stage were carried out according to standard
laboratory methods (Jin et al., 2007). To infect wheat
seedlings with the stem rust pathogen, a suspension
of urediniospores of Puccinia graminis f. sp. tritici was
used (the suspension concentration was 1 mg of
fungal urediniospores per 1 ml of water with Tween
80). The reaction of seedlings to inoculation with a
suspension of spores of the stem rust pathogen was
carried out on the 12th day according to the standard
4-pointscale of E.C. Stakman and M.N. Levine (1962).

To assess the resistance of wheat cultivars to the
tan spot pathogen, excised leaves of 10-day-old
seedlings were placed in a cuvette on filter paper
soaked in benzimidazole (40 mg/l) and inoculated
with a suspension of fungal conidia at a concentration
of 5000 con/ml. Resistance was assessed on the 5th
day after infection using a 5-point scale (Rees et al.,
1987; Mikhailova et al., 2012), in which combinations
of damage scores in the form of necrosis/chlorosis
were interpreted as follows: R (0/0, 0/1, 1/0, 1/1) —
resistant, MR (1/2, 2/2, 2/1) — moderately resistant, S
(3/3,3/4,4/3,4/4,2/3, 3/2) — susceptible, HS (4/3, 4/4,
4/5,5/4,5/5)—highly susceptible.

Wheat plant DNA was isolated from 5-day-old
seedlings using the CTAB method (Murray and
Thompson, 1980). Specific primers were used to
identify resistance and susceptibility genes.:
Sr24#12— Sr24 (Mago et al., 2005), Gb — Sr25/Lr19
(Prins et al., 2001), Sr26#43 — Sr26 (Mago et al.,2005);
wPt-7004-PCR - Sr28 (Rouse et. al. 2012), scm9 —
Sr31/Lr26 n Sr1A1R) (Weng et al., 2007); Xwmc477,
Xstm773-2 — Sr36 (Tsilo et al.,2008); Xcmwg682- Sr38
(Helgueraetal.,2003); csLV34 —Sr57/Lr34 (Lagudah et
al., 2006); Xftp623 - Tsn1 (Faris et al., 2010). Amplifica-
tion was performed using a PCR mixture (BioMaster
HS-Taq PCR (2x) Biolabmix). Electrophoresis of the
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Kalluy NPOBOLUJIU B 2% arapos3HbIX rejadax u 8%
IIOJIMAKPUIIIaAaMUOHBIX T'eJIdX. I[J'IH BU3yaJjin3anuu
aJiekTpodoperpaMM HCHOJb30BAJU Telb-IOKY-
MeHTHUpPYyoyio cucteMy GelDoc Go Bio-Rad (CIIIA).

PE3VJIBTATBI 1 OBCYXKJIEHHNE

DuUMOnamon02U4ecKas OYeHKa Ha ycmouiugocns

Ha mepBoM sTame paboThl 6bljIa MpoOBeAeHA
OolleHKa I0BEHUJIbHOM yCTOUUYUBOCTU 92 COPTOB
SIPOBOM MATKOMU ITIIEHUIILI K CTE6JIEBOY PiKAaBUMHE U
JKeJITOUW TATHUCTOCTU HA CTAafUU TIPOPOCTKOB B
JIaGopaTOPHBIX YCIOBUAX (CM. puc. 1, puc. 2).

KoJinuecTBO YyCTOHUMBBIX K CTE6JIeBO#
pkaBuHHE cOPTOB (%)

Number of cultivars resistant to stem rust (%)

B Yens6unckas nomynauus
60 54.3 cTe6J1eBOii PKaBUMHBI,
’ 2024 r.

50 Chelyabinsk population
of stem rust 2024

40 YypBauickasi HOMyJIsius

cTe6J1eBOi PrKaBUMHbI,
30 28,2 2025T.

Chuvashia population of
22,8 stem rust 2025

B 06e nonynauun
cTe6IeBOii PKABUMHBI

Both populations of stem
rust

sIpoBbIe COPpTa MATKOM MIIEHNI[bI
Spring cultivars of soft wheat

Puc. 1. YcToiunsocTb Fig. 1. Resistance of spring
SIPOBbIX COPTOB MATKOW soft wheat cultivars to stem
nweHuubl K ctebneson rust

pXXaBunHe

B pesysibTaTe K 4eJNA6MHCKOU IMOMYJSIIUU
maTroreHa 6bUIM YCTOWYUBHI 26 cOpTOB (28,2%), a K
vyBaIickoi nomynanuu — 50 coptoB (54,3%). Kobenm
OIS IUAM CTE0JIEBOM PIKABUMHBI ObLI YCTOMYUB
21 copT (22,8%). YCTOWUYMBOCTh COPTOB SIPOBOM
MSATKOUW TIIeHUIIbl K Pyrenophora tritici-repentis
IpefcTaBjieHa Ha PUC. 2.

K TaM6GOBCKOM MOMYJISIIIAY JKEJITON MSTHUCTOC-
TU YMEPEHHO yCTOUYUBHI 15,2%, yCTOUYIUBHI — 2,2%
COPTOB, K ITIEH3E€HCKOM MOIMYIIIUuY Ipruba yMEePEHHO
ycToniuuBsl 34,7%, ycTroiumuBbl — 47,8% copToB. K
00eUM TIOMYJISIIUSIM JKEJITON MATHUCTOCTU YMEPEH-
HO ycTouuuBbl 11 copToB (11,9%), ycTONUMBEI IBa
copTa — Jkaga 253 u Ckupga, 4To cocTaBuyo 2,1% oT
00IIEeTo KOJIMYECTBA COPTOB.

Copta100aeT TACCP, Kanmok, dkaga 253 1 9kaza
258 6bLIN YCTOMYMBBI KO BCEM UETBIPEM MOITYISIIIUAM
[aTOTEHOB, TO €CTb 06JIaJaIy TPYIIIIOBOYN YCTONYUM-
BOCTBIO K CTE0JIEBOM PIKaBUMHE U XKEJITOU MSITHUC-
TOCTH.

Hoenmuguxayus eeH08 ycmouiuueocmu

B pesynbTraTe MOJIEKYJISIPHOTO CKPUHUHTA 92
APOBBIX COPTOB ITIMIEHUIIBI B HUX I/I,Z[eHTI/I(l)I/ILH/IpOBa-
HBbI T€Hbl YCTOMYUBOCTU K CTEOJEBOU pKaBUMHE:
Sr31, Sr24, Sr25, Sr28, Sr38, Sr57, Sr1AIR, a TakXe
ITOMUHAHTHBIN T€H BOCIPUMMYMUBOCTU K JKEJITOU
NATHUCTOCTU Tsnl. [eHbl Sr26 v Sr36 B IpOaHaIUu3u-
POBaHHOM MaTepuaje OGHAPYKEHBI He ObLIH.

amplification products was performed in 2% agarose
gels and 8% polyacrylamide gels. The GelDoc Go Bio-
Rad gel documentation system (USA) was used to
visualize the electropherograms).

RESULTS AND DISCUSSION

Phytopathological assessment for resistance.

At the first stage of the work, an assessment was
made of the seedling resistance of 92 cultivars of
spring soft wheat to stem rust and tan spot at the
seedling stage under laboratory conditions (see Fig.1,
Fig.2).

KoJin4yecTBO YCTOHUMBBIX K 3KeJITOM
MATHUCTOCTHU cOPTOB (%)

Number of cultivars resistant to tan spot (%)

60 [ VYmepeHHO ycTOWUUBbIE K
TaMGOBCKOM MOMYJISLUN
2024 r.
Moderately resistant to
Tambov population 2024
50 47,8

Il Ycroituusble K
TaMGOBCKOM MOMyJISIUN
2024 r.

Resistant to Tambov
40 population 2024

34,7 Il VYmepeHHoO ycToituuBbIE K
TNeH3eHCKOM MOMyJIAIun
2025 .

30 Moderately resistant to
Penza population of 2025

M Ycroituussie k
NeH3eHCKOM MOMyIAuI
20 2025 .

Resistant to Penza
15,2 population 2025
11,9 [ | ‘YMepeHHO yCTONYnBbIE K
10 06euM MOMyJISAUAM
JKeJITOM MATHUCTOCTHU

Moderately resistant to
2,2 2,1 both tan spot populations
0 | | Il Ycroituussie k 06enm
TONYJIALMAM HKeJITOH
MATHUCTOCTH

Resistant to both tan spot
populations

sIpoBbIe COPTA MATKOIi IMIIEHUILbI
Spring cultivars ofsoft wheat

Puc. 2. YcTON4MBOCTb Fig. 2. Resistance of spring
SIPOBbIX COPTOB MArKOW cultivars of soft wheat to tan
MLWEHMULbI K XKeNToN spot

NATHUCTOCTH

As aresult, 26 cultivars (28.2%) were resistant to
the Chelyabinsk population of the pathogen, and 50
cultivars (54.3%) were resistant to the Chuvashia
population. Twenty-one cultivars (22.8%) were
resistant to both stem rust populations. Resistance of
spring soft wheat cultivars to Pyrenophora tritici-
repentisis shown in Fig. 2.

15.2% of cultivars are moderately resistant to the
Tambov population of tan spot, and 2.2% are resis-
tant. 34.7% of cultivars are moderately resistant to the
Penza population of the fungus, and 47.8% are
resistant. Eleven cultivars (11.9%) are moderately
resistant to both tan spot populations, and two
cultivars — Ekada 253 and Skirda — are resistant,
which accounts for 2.1% of the total number of
cultivars.

The cultivars 100 years of TASSR, Kanyuk, Ekada
253 and Ekada 258 were resistant to all four pathogen
populations, i.e. they had group resistance to stem
rustandtanspot.
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1 F

Puc. 3. UpeHTudmkaumns reHos Sr31 n Sr1A1R c
MCMNosib30BaHMEM MOMEKYNIIPHOIO Mapkepa scm9: M —
Mapkep MonekynspHoro Beca JHK Step50 plus (Buona6-
MUKC); CTPesIkaMm yKa3aHbl [UArHOCTUUYECKUIA (hparMeHT
207 n.o., Boisenswowmit Sr31 (N2 8 — Apxar, N2 9 — bankbiu,
Ne 16 - EpwoBckas 36, N2 22 — Keaptet J1 375), u 228 n.o.,
BbigBnsowmin SrIAIR (N2 21 — KaHiok)

I'eH yCTOWYMBOCTHU K CTE0JIEBOI pKaBUMHE ST31
(lokanmu3oBaH B PrKaHOM TpaHciaokamuu 1RS.1BL)
aBysgeTcs 3QHEeKTUBHBIM K POCCUMCKUM, B TOM YHCJIE
U K TOBOJDKCKMM IOMyJNSIUSIM CTe6JIeBOM prKaB-
4YMHBI, HO He 3 PeKTUBHBIM K pace Ug99 u ee
ouoTuriaM. Mapkep scm9 pasjanuyvaeT TPaHCIOKAIIUYU
1RS.1BL u 1RS.1AL — guarHocTU4yeckuil (pparMeHT
207 m.o. ykaspiBaeT Ha Hanuuwue 1BL.1RS-TpaHc-
Jokaiuu, a 228 1m.0. — Ha TpaHcaokanuiw 1AL.1IRS
(Weng et al., 2007). ITo pesynbsraTam [I1]P-aHamuza
ren Sr31 61 ugeHTUUIIMPOBAH B 15 coprax: 100
neT TACCP, Apxar, basnksli, EpimoBckas 36, KBapreT
JI 375, Kypbep, [IpoxopoBka, YuCTOOJIbCKAA, dKazLa
253, dkaga 258, dkaga 265, IOro-Bocrounag 2, IOro-
Boctounaa 4, KBapteTr, Kuuep. Bce oHu ObLIU
BBICOKOYCTOMYUBBI K 00€UM TTOITYISAIMSIM CTEBJIEBOM
pxaBUMHBL B copTe KaHIOK OBbLT UAeHTU(OUITMPOBAH
reH Sr1AIR, TOKaJIM30BaHHBIA B TPaHCJIOKAIIUU
1RS.1AL (cM. puc. 3). 3To 3(hheKTUBHBIN reH TPOTUB
cTebJyieBOM p)XaBUYMHBI, cCOPT KaHIOK GBI BBICO-
KOYCTOMYMB K 06€UM ITOITYJIAIIUSIM rpuba.

Kpowme Toro, B coptax KaHiok 1 9kama 265 ObLI
UaeHTU(DUIINPOBaH reH Sr24. JJaHHbIN T'eH CIIETIJIEH C
595G HEeKTUBHBIM T€HOM YCTOMYUBOCTU K OYpoOH
p>xaBuuHe Lr24,4TO ejaeT ero IepCcleKTUBHBIM J1JI
CeJIeKIMU. DTO PENKUY TeH IJid OTEeYECTBEHHBIX
COPTOB MIIEHUIIBI, XOTSA OH PacIpOCTpPaHeH B
3apy6GeXHbBIX COPTaX. B aHaIM3upyeMoM MaTepuajie
Cc mcmnoJb30BaHuUeM Mapkepa Ventriup-LN2 y
YyeThIpeX COPTOB — dPJopeHc, Jkaza 66, 3cTep U
Kanukco — 6bLT MAeHTUGUIIUPOBAH TeH Sr38. ITO
Hed((hEKTUBHBIN T'€H, OJHAKO OH MOXXET ITOBBICUTH
YCTOMYMBOCTD K ITATOT€HY B COUETAHUU C APYTUMU
renamu ycroriuuBoctu (Raufetal., 2022).

V3 reHoB, 3(p(heKTUBHBIX IPOTUB PAChI BO30OYIH-
TeJist cTebIeBol pxkaBurHbl Ug99, B aHATU3UPYEMOM
MaTepuajie GbLIM WUIeHTU(DUIIVPOBAHBI reHBI S125,
Sr28 u Sr57. g ugeHTu(MUKaAIMY reHa BO3pacTHON
ycToiunBocTu Sr57 (Lr34) 6bLI NCITOIB30BAaH MOJIEKY-
JSAPHBIM Mapkep csLV34. Pe3ynbTaThl CKPUHUHTA
[I0Ka3aJiu HaJinuue reHa Sr57 B ceMU aHaJu3upye-
MbIX copTax: JKuryneBckas, Kazanckas I06uieiiHas,
YucTtonosbckas, Exatepuna, Xadart, Ikaza 253, 9kaga
282. Ing uaeHTU(GUKAIINY reHa Sr25 UCIIoIb30BaIl
STS-mapkep Gb. Bo Bcex 30HaX pacIpoCTpaHEeHUS
pacel Ug99 ren Sr25 sddekTruBeH, HO OH KOHTPOJIU-
PYEeT BBICOKMY YPOBEHDb YCTOMUYMBOCTY K CTEBJIEBOM
pKaBUYMHE TOJIBKO Ha OIIpeJleJIeHHOM TeHETUYEeCKOM
(hoHe, 0cOGEHHO B MPUCYTCTBUU BO3PACTHOTO reHa
Sr2. B Poccuu reH Sr25 nnotepsan 3HeKTUBHOCTh Ha
Tepputopuu [ToBokbsa (BapanoBa u ap., 2021), HO

i

Fig. 3. Identification of the genes Sr31 and Sr1A1R using the
molecular marker scm9: M — DNA molecular weight marker
Step50 plus (Biolabmix); arrows indicate the diagnostic
fragment of 207 bp, detecting Sr31 (No. 8 — Arkhat, No. 9
Balkysh, No. 16 Ershovskaya 36, No. 22 Quartet L 375 and
228 bp, detecting Sr1A1R - No. 21 Kanyuk)

Identification of resistance genes

As a result of molecular screening of 92 spring
wheat cultivars, genes for resistance to stem rust were
identified in them: Sr31, Sr24, Sr25, Sr28, Sr38, Sr57,
Sr1A1R,aswell asthe dominant gene for susceptibility
to tan spot Tsni. The Sr26 and Sr36 genes were not
detected in the analyzed material.

The stem rust resistance gene Sr31 (located in
the rye translocation 1RS.1BL) is effective against
Russian, including Volga region, stem rust popula-
tions, but is ineffective against the Ug99 race and its
biotypes. The scm9 marker differentiates between
the 1RS.1BL and 1RS.1AL translocations: a 207-bp
diagnostic fragment indicates the presence of the
1BL.1RS translocation, while a 228-bp fragment
indicates the 1AL.1RS translocation (Weng et al.,
2007). Based on the PCR analysis results, the Sr31
gene was identified in 15 cultivars: 100 years of
TASSR, Arkhat, Balkysh, Ershovskaya 36, Kvartet L
375, Kurier, Prokhorovka, Chistopolskaya, Ekada 253,
Ekada 258, Ekada 265, Yugo-Vostochnaya 2, Yugo-
Vostochnaya 4, Kvartet, and Kiner. All of them were
highly resistant to both stem rust populations. The
Sr1A1R gene, localized in the 1RS.1AL translocation
(see Fig. 3), was identified in the Kanyuk cultivar. This
is an effective gene against stem rust; the Kanyuk
cultivarwas highly resistant to both populations of the
fungus.

Besides, the Sr24 gene was identified in the same
Kanyuk and the Ekada 265 cultivars. This gene is
linked to the effective leaf rust resistance gene Lr24,
making it promising for breeding. This gene is rare
among Russian wheat cultivars, although it is
common in foreign cultivars. In the analyzed mate-
rial, using the VENTRIUP-LN2 marker, the Sr38 gene
was identified in four cultivars: Florence, Ekada 66,
Ester, and Calixo. This gene is ineffective; however, it
can increase resistance to the pathogen when
combined with other resistance genes (Rauf et al.,
2022).

Ofthe genes effective against the Ug99 race of the
stem rust pathogen, the Sr25, Sr28, and Sr57 genes
were identified in the analyzed material. The
molecular marker csLV34 was used to identify the
age-related resistance gene Sr57 (Lr34). Screening
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ocraercd 3GHeKTUBHBIM B 3amagHoi Cubupu u
Kpacuomapckom kpae. I'eH Sr25 uieHTU(PUIIPOBaH B
18 coprax (19,5%). Takxe B IIpOaHAJIU3UPOBAHHOM
MaTepualie ¢ UCII0Jb30BaHUEM Mapkepa wPt-7004-
PCR upzentudunupoBan reH Sr28, shheKTUBHBIN
npoTtuB packl Ug99 u ee 6uoTuioB. I'en Sr28 ObLi
obHapy)XeH B ABYX coprax — Cakapa u UmMCTOMIOJIb-
ckas (2,1%). KomuuecTBO COPTOB C UAECHTUDUIIU-
POBaHHBIMU ST-TeHaMU IIPe/ICTaBJIeHO Ha PUC. 4.

0 185

163
78
43
&l . 2l iy rl
[ N o

wWAAST w S mAe2d mErdE 58T m Sr28 w5 LA IR m Tand

a

Puc. 4. KonnuectBo Fig. 4. Number of spring
SIPOBbIX COPTOB MLIEHULLbI wheat cultivars with

c upeHTuguumpoBaHHbiMu  identified resistance
reHamu yctonumsoctu (%)  genes (%)

M1 2 345 6 GK

"

ik

Puc. 5. UpeHTU(hMKaLmMa 0OMUHAHTHOM anfienm reHa
BOCNPUUMUMUBOCTU Tsnl € UCMONb30BAHUEM
MoneKynspHoro mapkepa Xfcp623: M — mapkep
mMonekynapHoro Beca HK Step50 plus (Buonabmukc);
CTpesikoi ykasaH auarHoctuueckuin pparmeHT 380 n.o.
N2 1-6 — apoBble copTa nweHuubl, N 1 - 100 net TACCP,
Ne 4 — Anb Bapuc, Gl - copt Glenlea (No3uTUBHbI
KOHTpOSb), K — Boaa (HeratuBHbIV KOHTPOJb)

Fig. 5. Identification of the dominant Tsn1 allele of the
susceptibility gene using the Xfcp623 molecular marker:
M is the Step50 plus DNA molecular weight marker
(Biolabmix); the arrow indicates the 380 bp diagnostic
fragment. No. 1-6 are spring wheat cultivars, No. 1 is

100 years of the TASSR, No. 4 is Al Waris, Gl is the Glenlea
cultivar (positive control), K is water (negative control)

Kak BugHO Ha puc. 4, HauboJiblllee KOJMUYECTBO
COPTOB C UAeHTUDUIIUPOBAHHBIMU reHaMU YCTON YN~
BOCTH K CTE0JIEBOM PrKaBUKMHE — HOCUTEJIU TeHOB S125
(19,5%) u Sr31 (16,3%), UTO CaeL0BaJIO OXKUIATh, TaK
KakK 3TU TeHbI, 0COOEHHO Sr25, pacmpocTpaHeHbI B
SIPOBBIX POCCUUCKUX COPTAaX ITIIEHUIIBI.

Bbl/IeJIeHbI COPTa C COUeTaHVeM T€HOB yCTONUN-
BOCTU K cTebJyieBOM prkaBumHe: ApxaT (Sr31+Sr25),
Keapret JI 375 (Sr31+Sr25); Kauiok (Sr24+Sr1AIR),
Yucrornosbekas (Sr31+ Sr28+ Sr57), dxkana 253 (Sr31+
Sr57), 9xana 265 (Sr31+Sr24).

resultsrevealed the presence of the Sr57gene in seven
analyzed cultivars: Zhigulevskaya, Kazanskaya
Yubileynaya, Chistopolskaya, Ekaterina, Hayat,
Ekada 253, and Ekada 282. The STS marker Gb was
used to identify the Sr25 gene. The Sr25 gene is
effective in all zones of distribution of the Ug99 race,
but it controls a high level of resistance to stem rust
only in a specific genetic background, especially in
the presence of the age-related gene Sr2.In Russia, the
Sr25 gene has lost its effectiveness in the Volga region
(Baranova et al., 2021), but remains effective in
Western Siberia and Krasnodar Krai. The Sr25 gene
was identified in 18 cultivars (19.5%). The Sr28 gene,
effective against the Ug99 race and its biotypes, was
alsoidentified in the analyzed material using the wPt-
7004-PCR marker. The Sr28 gene was detected in two
cultivars—Sakara and Chistopolskaya (2.1%). The
number of cultivars with identified Sr genes is shown
inFig. 4.

As can be seen from Fig. 4, the largest number of
cultivars with identified genes for resistance to stem
rust are carriers of the Sr25 (19.5%) and Sr31 (16.3%)
genes, which was expected, since these genes,
especially Sr25, are common in Russian spring wheat
cultivars.

Cultivars with a combination of genes for
resistance to stem rust have been identified: Arhat
(Sr31+Sr25), Quartet L 375 (Sr31+Sr25); Kanyuk
(Sr24+Sr1A1R), Chistopolskaya (Sr31+ Sr28+ Sr57),
Ekada 253 (Sr31+Sr57), Ekada 265 (Sr31+.Sr24).

Also, in the cultivars 100 years of TASSR and Al
Varis, a dominant Tsn1 allele for susceptibility to tan
spotwas identified (see Fig. 5).

The absence of a diagnostic fragment of the
dominant Tsnl allele indicated the presence of a null
recessive tsnl allele controlling resistance. However,
no correlation was found between the detection of the
dominant Tsn1 allele in cultivars and susceptibility to
tan spot, which is consistent with our previous
findings on landraces and modern common wheat
cultivars (Mironenkoetal.,2023,2024).

CONCLUSION

Thus, laboratory evaluation showed that 21
cultivars (22.8%) were resistant to stem rust, 11
cultivars (11.9%) were moderately resistant to tan
spot, and 2 cultivars (2.1%) were resistant. Identifica-
tion of stem rust resistance genes using molecular
markers revealed the presence of Sr genes in spring
cultivars of common wheat: Sr31, Sr24, Sr25, Sr28,
Sr38, Sr57 and SriAIR. Combinations of genes for
resistance to stem rust have been identified in
cultivars: Arhat (Sr31+Sr25), Quartet L 375
(Sr31+Sr25); Kanyuk (Sr24+Sr1AIR), Chistopolskaya
(Sr31+ Sr28+ Sr57), Ekada 253 (Sr31+ Sr57) and Ekada
265 (Sr31+S5r24).

Promising cultivars with group resistance to
stem rust and tan spot have been identified: 100 years
of the TASSR (Sr31, Tsnl), Kanyuk (Sr24+Sr1A1R, tsni),
Ekada 253 (Sr31, tsn1) and Ekada 258 (Sr31, tsnl).
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Taxxxe B coptax 100 jetr TACCP u Anp Bapuc
OblTa UAeHTU(GUIIMPOBaHA JOMUHAHTHAS ajljielib
reHa BOCIIPUUMYUBOCTH K JKEJITOU MATHUCTOCTU Tsn1
(cM. puc. 5).

OTCyTCTBME JUAarHOCTUYECKOTo hparMeHTa
INOMWHAHTHOM ajenu Tsnl 03HAJaJio Hajuuue
HYJIEBOW PEIECCUBHOM aJliesu tsnl, KOHTPOJIUPYIO-
mel ycToMumBOCTh. OfHAKO KOPPENSAIUU MEeXIY
JeTeKlmel NOMUHAHTHOU ayenu Tsnl B copTax u
BOCIIPUMMYMUBOCTBHIO K JKEJITOM MATHUCTOCTU HE
6bLI0 OGHAPYIXKEHO, YTO COTJIACYeTCS C BBIBOZAMU,
cIlelaHHBIMY HaMU paHee Ha MaTepuaje CTapo/aB-
HUX U COBPEMEHHBIX COPTOB MSATKOM MUIEHUIIBI
(MupoHeHKo u 1p., 2023,2024).

3AKJIIOYEHUE

TakuM o6GpasoM, OlleHKa B JabopaTOPHBIX
YCJIOBUAX TTIOKa3aJja, 4YTo K cTe6JIeBOM p)KkaBUYMHE ObLIT
ycTotiuuB 21 coptT (22,8%), K )KEJITOH MATHUCTOCTH
yMepeHHO ycToiunBbl 11 copToB (11,9%), yCTOMYUBbI
— nBa (2,1%). geHTuduKaIyusa reHoB YCTOMYNBOCTHA
K cTebJIeBOM PrKaBUMHE C UCITOJIb30BAHUEM MOJIEKY-
JIAPHBIX MapKepOB BbIABUJIA HaJWUMe B SIPOBBIX
copTax MSTKOMU ITIIEHUIIbI ST-TeHOB: Sr31, Sr24, Sr25,
Sr28, Sr38, Sr57 n Sr1AI1R. BeIsIBJIeHBI COUETaHUS
TeHOB YCTOMYMBOCTU K CTeGJIEBOU pP)KaBUMHE B
coprax: Apxart (Sr31+Sr25), KBaprtet J 375
(Sr31+Sr25); Kauwok (Sr24+Sr1AIR), YucTomoJyibcKas
(Sr31+Sr28+Sr57),3kana 253 (Sr31+Sr57)udkana 265
(Sr31+Sr24).

BbIziesieHbI TePCIIEKTUBHBIE COPTA C TPYIIIIOBOM
YCTONUMBOCTBIO K CTEOJIEBON PyKAaBUMHE UM JKEJITOH
narauctoctu: 100 jet TACCP (Sr31, Tsnl), KaHok
(Sr24+Sr1AI1R, tsnl), dxama 253 (Sr31, tsnl) u dkama 258
(Sr31, tsnl).

BJIATOOJAPHOCTD

PaGoTa BBITIOJIHEHA IIPU IOAJEP)KKe TpaHTa
PH® N¢ 25-16-00287 https://ias.rscf.ru/ext/shot/
10457251

CIIMCOKJIUTEPATYPBI

1. Bapanosa O.A., Cubukees C.H., [Ipy»xxuH A.E.,
CosuHna U.[I. TToTepsa 3HEKTUBHOCTY IT'€HOB YCTOMU-
4YMBOCTU K cTe6ieBoy prkaBumHe Sr25 u Sr6Agi Ha
Tepputopuu HuxxHero IToBoJXbsg // BecTHUK
3amuThl pacTeHmii. 2021. T. 104, N2 2. C. 105-112.
DOI:10.31993/2308-6459-2021-104-2-14994.

2.Bacunosa H.3., AcxagynnuH [I.®. SnupuroTus
cTeb6IeBON P)KABUMHBI HA SIPOBOU IIIEHUIlE B
TaTtapcTaHe // 3al[uTa U KapaHTUH pacTeHuit. 2017.
N22.C.27-28.

3. KoubkoBa 2.A., JIameBa C.B. JKenTasg OaTHHUC-
TOCTb JINCTHEB 03MMOM MATKOMU MITeHUIbI B CapaToB-
CKoM obsacTu // 3epHOBOe x0351iicTBO Poccuu. 2020.
N23(69).C.67-71.

4. Mapxkenosa T.C., BanoBa O.B. YCTONYNBOCTh
00pasIloB IPOBOYM M O3WMMOM MIMIEHUIIbI K XKEeJTOU
IATHUCTOCTU JIUCTHEB B YCIOBUAX HIDKHero [ToBoJI-
’Kbd /| CeIbCKOX03gMicTBeHHad 6rojorud. 2012. T. 47.
N23.C.118-121.

5. Muponerko H.B., KoBanenko H.M., bapaHoBa
O.A., MutpodanoBa O.Il. YCTOMYMBOCTb CTapoOiaB-
He¥ 03MMOU MATKOM ITIIEeHUIIBI K KEeJITOU IIITHHUCTOC-
TH // TPyApl 110 IPUKJIAAHON 60TaHUKE, TeHETUKE U
cenexknuu. 2023. T. 184. N2 4. C. 1-10. DOI:
10.30901/2227-8834-2023-4-1-10.

ACKNOWLEDGEMENTS

The work was supported by the Russian Science
Foundation grant No. 25-16-00287 https://ias.rscf.ru/
ext/shot/10457251

REFERENCES

1. Baranova O. A., Sibikeev S. N., Druzhin A. E,,
Sozina I. D. Loss of effectiveness of stem rust
resistance genes Sr25 and Sr6Agi in the Lower Volga
region // Plant Protection News 104(2):105-112. DOI:
10.31993/2308-6459-2021-104-2-14994. (In Russ.)

2. Vasilova N. Z., Askhadullin D. F. Epiphytoty of
stem rust on spring wheat in Tatarstan [Epifitotiya
steblevoy rzhavchiny na yarovoy pshenitse v
Tatarstane] / Plant Protection and Quarantine. 2017,
2:27-28.(InRuss.)

3. Konkova E. A., Lyashcheva S. V. Yellow spot of
leaves of winter soft wheat in Saratov Oblast [Zheltaya
pyatnistost listyev ozimoy myagkoy pshenitsy v
Saratovskoy oblasti] // Grain economy of Russia. 2020;
3(69):67-71.(InRuss.)

4. Markelova T. S., Ivanova O. V. Resistance of
spring and winter wheat samplestotanleafspotinthe
lower Volga region [Ustoychivost obraztsov yarovoy i
ozimoy pshenitsy k zheltoy pyatnistosti listyev v
usloviyakh nizhnego Povolzhya] // Agricultural
Biology.2012;47(3):118-121.(In Russ.)

5. Mironenko N.V., Kovalenko N.M., Baranova
0.A., Mitrofanova O.P. Resistance of old winter bread
wheat landraces to tan spot [Ustoychivost
starodavney ozimoy myagkoy pshenitsy k zheltoy
pyatnistosti] // Proceedings on applied botany,
genetics and breeding. 2023;184(4):205-214. (In
Russ.) DOI: 10.30901/2227-8834-2023-4-1-10. (In
Russ.)

6. Mironenko N.V., Kovalenko N.M., Baranova
O.A., Khakimova A.G., Mitrofanova O.P. Seedling
resistance of winter and spring bread wheat cultivars
to Pyrenophora tritici-repentis. [Yuvenilnaya
ustoychivost ozimykh i yarovykh sortov myagkoy
pshenitsy k Pyrenophora tritici-repentis] //
Proceedings on applied botany, genetics and
breeding. 2024;185(2):95-105. (In Russ.)
DOI:10.30901/2227-8834-2024-2-95-105.

7.Mikhailova L. A., Mironenko N. V., Kovalenko N.
M. Tan spot of wheat. Guidelines for studying
populations of the tan spot pathogen Pyrenophora
tritici-repentis and cultivar resistance [Zheltaya
pyatnistost pshenitsy. Metodicheskiye ukazaniya po
izucheniyu populyatsiy vozbuditelya zheltoy
pyatnistosti Pyrenophora tritici-repentis i
ustoychivosti sortov]. St. Petersburg, 2012. (In Russ.)

8. A unique wheat disease resistance-like gene
governs effector-triggered susceptibility to
necrotrophic pathogens / Faris J. D., Zhang Z., Lu H.,
Lu S. et al. // Proc Natl Acad Sci. 2010. Vol. 107. P.
13544-13549.D0I:10.1073/pnas.1004090107.

®duTtocaHuTapusa. KapaHTtuH pactenuit 20



CENEKUUNA UTEHETUKA BREEDING AND GENETICS

6. MuponeHnko H.B., KoBanenko H.M., bBapaHosa
O.A., Xakumosa A.I., Mutpodanosa O.I1. OBeHUIB-
Hasl YCTOMYMBOCTb O3UMBbIX U IPOBBIX COPTOB MATKOI
mieHuIbI K Pyrenophora tritici-repentis // Tpyzpbl o
MIPUKJIaTHOM 60TaHNKe, TeHEeTHKe U cesieKiuu. 2024,
T. 185, N2 2. C. 95-105. DOI:10.30901/2227-8834-
2024-2-95-105.

7.MuxaisnosaJl.A., MupoHeHko H.B., KoBajieHKO
H.M. JKesTag mMATHUCTOCTb NIIEHUIbl. MeTonMuec-
KY€ yKa3aHUs 110 U3y4YeHUI0 MOy UN BO30yuTe-
JIS JKeJITOM maTHucrtoctu Pyrenophora tritici-
repentis u ycroltumBocTu copToB. CaHKT-ITeTepbypr,
2012.

8. A unique wheat disease resistance-like gene
governs effector-triggered susceptibility to
necrotrophic pathogens / Faris J. D., Zhang Z., Lu H.,
Lu S. et al. // Proc Natl Acad Sci. 2010. Vol. 107. P.
13544-13549.D0I:10.1073/pnas.1004090107.

9. PCR assays for the Lr37-Yr17-Sr38 cluster of
rust resistance genes and their use to develop
isogenic hard red spring wheat lines / Helguera M.,
Khan I. A., Kolmer J., Lijavetzky D., Zhong-qi L.,
Dubcovsky J. // Crop Science. 2003. Vol. 43. P.
1839-1847.

10. Characterization of seedling infection types
and adult plant infection responses of monogenic Sr
gene lines to race TTKS of Puccinia graminis f. sp.
tritici / Jin Y., Singh R. P., Ward R. W., Wanyera R.,
Kinyua M., Njau P., Fetch T., Pretorius Z. A., Yahyaoui
A.//Plant Disease.2007.Vo0l.91.P.1096-1099.

11. Lagudah E. S., McFadden H., Singh R. P. et al.
Molecular genetic characterization of the Lr34/Yr18
slow rusting resistance gene region in wheat // Theor.
Appl. Genet.2006.Vol.114.P.21-30.

12. Mago R., Bariana H. S., Dundas I. S. at al.
Development of PCR markers for the selection on
wheat stem rust resistance genes Sr24 and Sr26 in
diverse wheat germplasm // Theor. Appl. Genet. 2005.
Vol.111.P.496—-504.D0I:10.1007/s00122-005-2039-z.

13. Murray M. G., Thompson W. F. Rapid isolation
of high molecular weight plant DNA // Nucleic Acids
Res.1980.Vol.8.P.4321-4325.

14. Wheat Stem Rust Back in Europe: Diversity,
Prevalence and Impact on Host Resistance / Patpour
M., Hovmeller M. S., Rodriguez-Algaba J., Randazzo B.,
Villegas D., Shamanin V. P,, Berlin A., Flath K.,
Czembor P, Hanzalova A., Slikova S., Skolotneva E. S.,
Jin Y., Szabo L., Meyer K. J. G., Valade R., Thach T.,
Hansen J. G., Justesen A. F. // Front. Plant Sci. 2022.
Vol.13.Art.882440.D0I1:10.3389/fpls.2022.882440.

15. AFLP and STS tagging of Lr19, a gene confer-
ring resistance toleafrustin wheat/Prins R., Koebner
R.M.D.,Groenwald J. Z., Marias G. F. et al. // Theor Appl
Genet.2001.Vo0l.103.P.618-624.

16. Molecular Characterization of Genomic
Regions for Adult Plant Resistance to Stem Rust in a
Spring Wheat Mapping Population/RaufY., BajgainP.,
Rouse M. N., Khanzada K. A., Bhavani S., Huerta-
Espino J., Singh R. P,, Imtiaz M., Anderson J. A. // Plant
Disease. 2022, Feb;106(2):439-450.
DOI:10.1094/PDIS-03-21-0672-RE.

17. Rees R., Platz G., Mayer R. Yield losses in
wheat from yellow spot: comparison of estimates
derived from single tillers and plots // Australian
Journal of Agricultural Research. 1982. Vol. 33, N26.P.
899-908.D0I:10.1071/AR9820899.

18.ReesR.G.,Platz G.J.,MayerR. J. Susceptibility

9. PCR assays for the Lr37-Yr17-Sr38 cluster of
rust resistance genes and their use to develop
isogenic hard red spring wheat lines / Helguera M.,
Khan I. A., Kolmer J., Lijavetzky D., Zhong-qi L.,
Dubcovsky J. // Crop Science. 2003. Vol. 43. P. 1839-
1847.

10. Characterization of seedling infection types
and adult plant infection responses of monogenic Sr
gene lines to race TTKS of Puccinia graminis f. sp.
tritici / Jin Y., Singh R. P., Ward R. W., Wanyera R.,
Kinyua M., Njau P., Fetch T., Pretorius Z. A., Yahyaoui
A.//Plant Disease.2007.Vo0l.91.P.1096-1099.

11. Lagudah E. S., McFadden H., Singh R. P. et al.
Molecular genetic characterization of the Lr34/Yr18
slow rusting resistance gene region in wheat // Theor.
Appl. Genet.2006.Vol.114.P.21-30.

12. Mago R., Bariana H. S., Dundas I. S. at al.
Development of PCR markers for the selection on
wheat stem rust resistance genes Sr24 and Sr26 in
diverse wheat germplasm // Theor. Appl. Genet. 2005.
Vol.111.P.496-504.D0I:10.1007/s00122-005-2039-z.

13. Murray M. G., Thompson W. F. Rapid isolation
of high molecular weight plant DNA // Nucleic Acids
Res.1980.Vol.8.P.4321-4325.

14. Wheat Stem Rust Back in Europe: Diversity,
Prevalence and Impact on Host Resistance / Patpour
M., Hovmeller M. S., Rodriguez-Algaba J., Randazzo B.,
Villegas D., Shamanin V. P,, Berlin A., Flath K.,
Czembor P., Hanzalova A., Slikova S., SkolotnevaE. S.,
Jin Y., Szabo L., Meyer K. J. G., Valade R., Thach T.,
Hansen J. G., Justesen A. F. // Front. Plant Sci. 2022.
Vol.13.Art.882440.D0I1:10.3389/fpls.2022.882440.

15. AFLP and STS tagging of Lr19, a gene
conferring resistance to leaf rust in wheat / Prins R.,
Koebner R. M. D., Groenwald J. Z., Marias G. F. et al. //
Theor Appl Genet.2001.Vol. 103.P.618-624.

16. Molecular Characterization of Genomic
Regions for Adult Plant Resistance to Stem Rust in a
Spring Wheat Mapping Population/RaufY., BajgainP.,
Rouse M. N., Khanzada K. A., Bhavani S., Huerta-
Espino J, Singh R. P,, Imtiaz M., Anderson J. A. // Plant
Disease. 2022, Feb;106(2):439-450.
DOI:10.1094/PDIS-03-21-0672-RE.

17. Rees R., Platz G., Mayer R. Yield losses in
wheat from yellow spot: comparison of estimates
derived from single tillers and plots // Australian
Journal of Agricultural Research. 1982. Vol. 33, N26.P.
899-908.D0I:10.1071/AR9820899.

18.ReesR. G., Platz G. J., MayerR. J. Susceptibility
of Australian wheats to Pyrenophora tritici-repentis //
Australian Journal of Agricultural Research. 1987.
Vol.39.P.141-151.

19. Identification of markers linked to the race
Ug99 effective stem rust resistance gene Sr28 in
wheat (Triticum aestivum L.) / Rouse M. N., Nava . C.,
Chao S., Anderson J. A., Jin Y. // Theoretical and
Applied Genetics. 2012. Vol. 125. P. 877-885.
DOI:10.1007/s00122-012-1879-6.

Hosbpb N2 4 (25) 2025 21



CENNEKUNA UTEHETUKA BREEDING AND GENETICS

of Australian wheats to Pyrenophora tritici-repentis //
Australian Journal of Agricultural Research. 1987.
Vol.39.P.141-151.

19. Identification of markers linked to the race
Ug99 effective stem rust resistance gene Sr28 in
wheat (Triticum aestivum L.) / Rouse M. N.,, Naval. C.,
Chao S., Anderson J. A., Jin Y. // Theoretical and
Applied Genetics. 2012. Vol. 125. P. 877-885.
DOI:10.1007/s00122-012-1879-6.

20. Stakman E. C., Stewart D. M., Loegering W. Q.
Identification of physiologic races of Puccinia
graminis var. tritici / United States Department of
Agriculture—Agricultural Research Service. 1962. E-
617 (rev).

21. Tsilo T. J,, Jin Y., Anderson J. A. Diagnostic
microsatellite markers for detection of stem rust
resistance gene Sr36 in diverse genetic backgrounds
of wheat // Crop Sci. 2008. Vol. 48. P. 253-261. DOI:
10.2135/cropsci2007.04.0204.

22.PCR-based markers for detection of different
sources of 1AL.1RS and 1BL.1RS wheat-rye
translocations in wheat background / Weng Y.,
Azhaguvel P., Devkota R. N., Rudd J. C // Plant Breed-
ing. 2007. Vol. 126. P. 482-486. DOI: 10.1111/j.1439-
0523.2007.01331.x.

NMHP®OPMAIINA OB ABTOPAX

BapanoBa OJbra AJjieKCaHJAPOBHA, KaHAUAAT
O6MOJIOTUYECKUX HAyK, BEAYIIWH HAYYHBIN COTPYA-
Huk BU3P, r. [TymkuH, 1. CaHKT-ITeTepOypr, Poccus;
baranova_oa@mail.ru,
https://orcid.org/0000-0001-9439-2102

PacTopryesa Taucusa PyciaHOBHA, CTy[LeHTKA
2-T'0 Kypca MarucTpaTypbl 6M0JIOrUYeCKOro (haKyJib-
TeTa CII6I'Y, 1. CaukT-IleTepbypr, Poccus; mabopaHT-
uccanenosarteab BM3P, r. IlymkuH, r. CAaHKT-
ITeTepOypr, Poccus;
rastorguevataya@gmail.com

Kosasienko Hage:xaa MuxaijioBHa, KaHUIAT
OGMOJIOTUYECKUX HAYyK, BEAYIIWH HAYyUYHBIN COTPY.A-
HuK BU3P, 1. [TymkuH, r. CankT-ITeTepOypr, Poccus;
nadyakov@mail.ru,
http://orcid.org/0000-0001-9577-8816

Muponenko HuHa BacujgbeBHa, JOKTOD
OGUOJIOTUYECKUX HAyK, BEAYIIWM HAyYHBIH COTPYA-
HukK BU3P, 1. [TymkuH, r. CaukT-IleTepbypr, Poccus;
nina2601mir@mail.ru,
http://orcid.org/0000-0003-3383-2973

20. Stakman E. C., Stewart D. M., Loegering W. Q.
Identification of physiologic races of Puccinia
graminis var. tritici / United States Department of
Agriculture—Agricultural Research Service. 1962. E-
617 (rev).

21. Tsilo T. J., Jin Y., Anderson J. A. Diagnostic
microsatellite markers for detection of stem rust
resistance gene Sr36 in diverse genetic backgrounds
of wheat // Crop Sci. 2008. Vol. 48. P. 253-261. DOI:
10.2135/cropsci2007.04.0204.

22. PCR-based markers for detection of different
sources of 1AL.1RS and 1BL.1RS wheat-rye
translocations in wheat background / Weng Y.,
Azhaguvel P., Devkota R. N., Rudd J. C // Plant
Breeding. 2007. Vol. 126. P. 482-486. DOI:
10.1111/j.1439-0523.2007.01331.x.

INFORMATION ABOUT THE AUTHORS

Olga Baranova, PhD in Biology, Leading
Researcher, All-Russian Research Institute of Plant
Protection, Pushkin, St. Petersburg;
baranova_oa@mail.ru,
https://orcid.org/0000-0001-9439-2102

Taisia Rastorgueva, 2nd-year Master's student,
Faculty of Biology, St. Petersburg State University, St.
Petersburg, Russia; laboratory assistant — researcher,
All-Russian Research Institute of Plant Protection,
Pushkin, St. Petersburg;
rastorguevataya@gmail.com

Nadezhda Kovalenko, PhD in Biology, Leading
Researcher, All-Russian Research Institute of Plant
Protection, Pushkin, St. Petersburg;
nadyakov@mail.ru,
http://orcid.org/0000-0001-9577-8816

Nina Mironenko, Advanced Doctor of Biology,
Leading Researcher, All-Russian Research Institute of
Plant Protection, Pushkin, St. Petersburg;
nina2601mir@mail.ru,
http://orcid.org/0000-0003-3383-2973

®dutocaHuTapusa. KapaHTuH pactenuin 22



