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POSTULATION OF YR RESISTANCE
GENES TO STRIPE RUST IN 12 COMMERCIAL
WHEAT CULTIVARS OF RUSSIAN BREEDING

LP. Matveeva, G.V. Volkova, Yu.S. Kim, Ya.V. Yakhnik

Stripe rust (Puccinia striiformis f. sp. tritici) is a common wheat disease of
economic importance in all world wheat production regions. In most of the regions
stripe rust causes yield losses of 10-70 %, depending on the time infection occur,
host susceptibility, disease development, and the duration of the epidemics. In South
Russia even in unfavourable conditions for the pathogen, stripe rust occurred in
the region every year, and in some areas there are foci of the disease with of up to
50% severity.

Phytopathological testing is one of the least expensive and most effective meth-
ods for the rapid identification of juvenile resistance genes in varieties against
pathogens. It allows to obtain detailed information about the genetics of the host
and pathogen in a short time. In the research Yr resistant genes and its combinations
were postulated in winter wheat varieties of Russian breeding to North-Caucasus
population of stripe rust by this method.

Purpose of this study was identification of known stripe rust resistance genes
in 12 commercial winter wheat cultivars by phytopathological testing.

Material and methods: The postulation of known resistance genes was carried
out in a greenhouse complex (seedling stage) and at the research station (adult plant
stage) of the Laboratory of Plant Immunity to Diseases of the Federal Scientific
Center for Biological Plant Protection (Krasnodar).

For postulation, we chose the method by Dubin et al. (1989), based on the com-
parison of response types of differential cultivars and studied varieties to Pst isolates.

Results. In 10 out of 12 winter wheat varieties of Russian breeding, 13 stripe
rust resistance genes and their combinations were postulated.: Yr3, Yr3a, Yr6,
Yr32, Yr2+6, Yr2+9, Yr39+Alp, Yr4+12, Yr4b, Yr3a+4a+H46, YrA, YrSp, YrSU.
The following resistance genes have not been identified: Yr2, YrS5, Yrl0, Yri0+Mor,
Yr24, Yr27, Yr25+32, since no isolates virulent to carriers of these genes were
isolated from the North Caucasian population of P. striiformis, and they are high-
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ly effective against this population. Highly effective (Yr3, Yr2+9, Yr3a, Yrd4+12,
Yr3a+4a+H46) resistance genes were identified in the Kurs, Morozko, and Step’
varieties. We note a combination of effective Yr2+6 genes in the Gurt variety.

In field conditions, high resistance (degree of damage up to 10%) to the North
Caucasian population of the stripe rust pathogen was shown by lines and differential
cultivars containing the following resistance genes: Yr2, Yr3, YrS, Yri0, Yr24, Yr25,
Yr27, Yri0+Mor, Yr3a, Yr25+32, Yr3a+4a+H46, Yr3c+Min, Yr4+12, Yr7+25,
Yr8+19, 8+6+25, YrSp. Due to the low degree of damage, these genes and their
combinations are classified as highly effective and can be involved in the breeding
process to create new resistant varieties. Varieties containing these genes can also
be recommended for breeders and used in production for effective disease control.

Keywords: gene postulation; genetic resistance; pathotype; Puccinia striiform-
is; resistance, stripe rust; wheat
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Hayunas cratbs

MNOCTYJIUPOBAHUE YR-TEHOB
YCTOMUYUBOCTMH K KEJTOU PKABUNHE
MIIEHUIBI B 12 KOMMEPUYECKUX COPTAX
POCCHUMCKOM CEJIEKIIUA

H.Il. Mameeesa, I.B. Bonkosa, 1O.C. Kum, A.B. Axnuxk

JKenmas paycasuuna (Puccinia striiformis f. sp. tritici) sensemcs pacnpocmpa-
HEeHHBIM 3a001e6anUeM NUEHUYDbL, UMEIOWUM IKOHOMUYECKOe 3HAYeHUe 80 8CeX
Ppecuonax mupa, 030eIblealowux OanHyl0 Kyromypy. B 6onvuwuncmee pecuonos
Jicenmas parcaguuna evizvieaem nomepu ypodcas om 10 do 70 % 6 3asucumocmu om
8peMeHU 3apadicens, GOCHPUUMUUBOCHIU PACMEHUA-XO3UHA, CIENeHl PA36Umusl
boneznu u npodomxcumensHocmu snugumomuii. Ha 1oee Poccuu oadice 8 200b1 ¢
HeONa2oNPUATHBIMU YCIOBUAMU JCETMAS PICAGYUHA BCMPEUACTNCSL eICe200HO, d 8
0MOENbHBIX PALOHAX BCTNPEYANUCH 04alU ¢ pacnpocmpaneruem 00 50 %.

Dumonamonozuueckoe mecmuposanue A6A1emcs 0OHUM U3 Haumenee dopo-
2ux u Haubonee P pHekmusHvIX Memooos 6bICMpPoll UOEHMUDUKAYUU HOBEHUTILHBIX
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2eH08 ycmoudugocmu copmog k namoeeram. OH no3gonsien 6 KOpomkie CpoKu no-
JYHUMb HOOPOOHYIO UHGOPMaYUIO 0 2eHemuKe X0353UHa U 8030youmens. B ucciedo-
BAHUAX IMUM MEMOOOM NOCTYIUPOBAHYL 2EHbL YCMOUUU8oCcmu Yr u ux Komounayuu
Y COpmMos 03uMOll NUEHUYbl POCCULICKOLU CEeNeKYUU K CeBePOKABKAZCKOU NONYAAYUU
JUCENMOTL PIUCAGUUHDI.

Henvio uccnedosanuit cmana udeHmu@uKayus U36eCMHBIX 2eHO8 YCMOUUUBO-
cmu K dicenmot paicaguune 6 12 kommepueckux copmax 03umoul NuLeHUYybl Memooom
Gpumonamonoeuyeckozo mecmuposans.

Mamepuanvt u memoowt. Ilocmynupoganue u36ecmHuIX 2eHO8 YCMOUUUBOCU
npoBoOUIU 8 MENTUUHOM KOMAIIEKCe (I08EHUTbHAS CMAOUA) U HA NOIEBOM CIAYU-
OHape (cmaousi 83pOCabIX paAcmenuil) 1abopamopuu UMMYHUMEmMa pacmeHuil K
oonesnam DedepanvHoco HAYYHO20 YeHmpPa DUOIO2UHECKOU 3auumsl pacmeHull
(2. Kpacnodap). /[na nocmynupoganust 6vli ucnoib3068an memoo J{youna ¢ coas-
mopamu (1989), ocnosannblil Ha cpagHeHuU MUNO8 peakyuu copmos-ouggepen-
YuUamopos8 u u3yHaemMblx COpmos Ha U30nAmbvl 6030YOUmens JHcenmoul puHcasuuHbsl
nueHuyb.

Pesynomamut. B 10 u3 12 copmos 03umoii nuieHuybl poccutickoll cenexyuu ovliu
nocmynupogamsl 13 2eHoe yemouuusocmu K #ceimou pyicagiuume u ux KOMOUHAyu:
Yr3, Yr3a, Yr6, Yr32, Yr2+6, Yr2+9, Yr39+Alp, Yr4+12, Yr4b, Yr3a+4a+H46, YrA,
YrSp, YrSU. He gvinsnenvt cenvt ycmouiuusocmu Yr2, Yr5, Yrl0, Yri0+Mor, Yr24,
Yr27, Yr25+32, max xax uz cegepoxasxasckou nonynisyuu P. striiformis ne 6wiio
6b10€1EeHO U30NAMOB, GUPYICHINHBIX K HOCUMENAM IMUX 2€HO8, U OHU AGNAIOMCS
6bICOKOIPPeKMUHBIMU NO OMHOWEeHUI0 K 0anHot nonyaayuu. B copmax Kype, Mo-
posko u Cmenb Ol svisigiieHbl 8blcokodppexmusnvie (Yr3, Yr2+9, Yria, Yr4+12,
Yr3a+4a+H46) eenvt yemouiuusocmu. B copme I'vpm — couemarue 3¢pghexmugrvix
2enog Yr2+6.

B ycnosusx noas svicokyro ycmouuueocmo (cmenensb nopasicenus oo 10 %)
Ce6epoKABKA3CKOU NONYIAYUU 8030V OUMENS JHCENMOU PIAHCAGUUNBL NPOAGUNU TUHUU
u copma-oupepenyuamopot, cooepoicawue 2envl yemouuueocmu Yr2, Yr3, Yré,
Yrl0, Yr24, Yr25, Yr27, YriO+Mor, Yr3a, Yr25+32, Yr3a+4a+H46, Yr3c+Min,
Yrd+12, Yr7+25, Yr8+19, 8+6+25, YrSp. H3-3a Huszkoii cmenenu nopaxceHusi
OaHHble 2eHbl U UX COUeMAanus OMHOCAMCA K KAme2opuu 8blCOKOIP@eKmusHvIx u
apghexmusnvix u Mocym Ovims 6061€4€EHbl 8 CENEKYUOHHBII NPOYECc sl CO30ANUS
HogbIX yemotinugulx copmos. Copma, cooepacaujue OanHvie 2etbl, Makice Mo2ym
ObIMb peKomMeHd08aHbl NPAKMUYECKOU CeNeKYUlU U UCHOTb308AHbI @ NPOU3B0OCEE
0151 P hekmusHo20 KOHMPOTL 3a001EBAHUSL.

Knrwuesvie cnosa: nocmynupoganue 2eHog; ceHemuieckas yCmoudugocmy,
namomunvl,; Puccinia striiformis; ycmouuueocmy, Jcenmas paicaguuna, nueHuya
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Introduction

Cereal rusts are one of the biggest threats to food security and the most
economically important group of wheat diseases worldwide [19]. The fungal
pathogen Puccinia striiformis f.sp. tritici West, causing stripe (yellow) rust, is
among the most damaging diseases in cereal crops. It’s common in all major
grain-producing regions of the world. Stripe rust develops best in foothill zones
with moderate temperatures and high humidity. Yield losses due to stripe rust
epidemics range from 10-70% up to 100% [9]. Recent research shows that the
pathogen has become even more aggressive [26].

Stripe rust was rare in Russia, primarily in the North Caucasus, until the end
of the 60s. However, episodic manifestations of the pathogen have still been
registered [5]. Since 1990, in the North Caucasus, including Krasnodar Krai,
there has been a tendency to expand the range of the pathogen [7, 8, 25]. Since
2005-2007, stripe rust was recorded in Leningrad (Gultyaeva et al., 2007),
Pskov and Novgorod regions [2].

In recent years, the incidence of the disease in the North Caucasus continues
to grow. This is due to the cultivation of susceptible varieties, the formation of
aggressive races, climate change in the region, and the introduction of infection
from adjacent territories [8, 24].

Variety resistance plays an important role among the known methods for
effective disease control. It prevents the occurrence of epidemics and reduces the
number of chemical treatments. Rusts are predisposed to the intensive formation of
new, more aggressive physiological races, which negatively affects the resistance
of varieties [9]. In this regard, a regular search for resistance genes is required for
breeding new varieties and understanding the genetic potential of the existing ones.

Phytopathological testing (postulation) is one of the least expensive and
most effective methods for the rapid identification of juvenile resistance (R)
genes against pathogens. This approach allows obtaining detailed information
about the genetics of the host and pathogen in a short time [17]. The postulation
of the R genes in wheat cultivars has been actively used since the discovery of
Flor’s gene-for-gene theory [14]. The method is based on the complementary
interaction of host plant R genes and virulence genes of pathogen isolates [10].



162 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

The DNA marker method is also widely used to identify rust resistance genes
in wheat and related plants. Tyryshkin et al., noted significant differences in the
postulation of effective Lr9 and Lr41 resistance genes in Aegilops accessions
using a phytopathological test and DNA markers. They concluded that the
results of the latter method cannot be considered as reliable evidence for the
presence/absence of specific resistance gene alleles in wheat related plants [6].

In turn, the accuracy of phytopathological testing depends on the genetic
diversity of differential cultivars and isolates used. Most often, close isogenic
lines are the best option as differential cultivars. However, they do not accurately
identify R genes if polygenic resistance is present in the tested varieties.
Differential cultivars with combinations of genes are more suitable for the task.

The best results are obtained when isolates with the maximum difference in the
set of virulence genes are used in the experiment [17]. A phytopathological test is
only possible if there are genotypes of pathogens marked by virulence to effective
R genes. It is considered to be a reliable method for identifying specific resistance
genes [6, 22, 23]. Although recent papers by Russian researchers indicate that this
method is insufficiently informative for characterizing the genetic determination
of resistance without the use of molecular approaches [15, 21].

The postulation method is widely used both in the world [12, 17, 19, 26] and
in Russia [6, 8, 24] and is often combined with molecular genetic analysis. Sharma
et al. identified Yr2, Yr6, YrS8, Yr9, Yri0, Yri5, YrA, YrSU stripe rust resistance
genes in 52 lines of emmer wheat by postulation method [20]. In 2012, Dawit et
al. postulated Y72, Yr3a, Yrda, Yro6, Yr7, Y8, Yr9, Yr27, Yr32, and YrSU in 22
Ethiopian wheat varieties [10]. In 2016, Australian scientists postulated Y/ and
Yr27 resistance genes in 4 out of 51 spring wheat varieties [19].

Since the R genes postulation is carried out at the seedling stage, differential
cultivars with juvenile R genes are involved in the experiment. Differential cultivars
with genes for race-specific (Yr: 11, 12, 13, 14, 16) and non-specific (Yr: 18, 29) APR
are excluded, as these genes work at later stages of host plant development [12, 17].

In this paper we aim to identify the known R genes (Y7) to the wheat
stripe rust pathogen in 12 widely distributed varieties of Russian breeding by
phytopathological testing.

Materials and Methods

Seed material. We selected 12 widely released varieties of Russian breeding
included in the State Register of the Russian Federation in 2015-2021: 7
varieties of winter wheat bred by the National Grain Center named after. P.P.
Lukyanenko (Krasnodar), 3 varieties — by Federal Rostov Agrarian Scientific
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Center (Rostov region), 1 variety -by the North Caucasian Federal Scientific
Agrarian Center (Stavropol Krai), and 1 variety -by the Prikum Experimental
Breeding Station (Stavropol Krai). See Table 1.

Table 1.
List of soft wheat fibers included in the phytopathological survey, 2021
Year of in-
Ne Variety Accession | clusion in the Pedigree
state register
P. P. Lukyanenko National Grain Center
1 (Lutescens 9274h222 / Lutescens
**Kavalerka | lutescens 2019 9394h13) /(Lutescens 7643hG12-
12 / Krasnodarskaja 99)
2 | **Karavan lutescens 2018 L.918yav2 / Zorjana nosovskaja
3 | ** Step’ lutescens 2018 L.369-93k14 x Back Palenque
4 | **Markiz lutescens 2019 Irishka x Yunona
5 | **Gurt lutescens 2016 Tanja x Frontana
6 (Rosinka tarasovskaja / Krasnodar-
**Kurs lutescens 2015 skaja 99) / (Lutescens 9269 h 7-19
/ Batko)
7 (Lutescens 7278 h 111 / Lutescens
**Morozko lutescens 2015 8989 h 177) / (KS 91 WGRS 21/
Krasnodarskaja 99)
Prikum Experimental Breeding Station
8 ervihros- (Don 95 / Lutescens r-126768) /
**Korona rgrm m 2019 (Lutescens r-140356 / Ukrainka
permu odesskaja)
North Caucasian Federal Scientific Agrarian Center
9 **Karolina 5 erythros- 2017 Krasnodarskaja 99 x Seljanka
permum odesskaja
Federal Rostov Agricultural Research Center
10 | g Akapella erythros- 2020 1334/07 x Gubernator Dona
permum
11 | **Bogema lutescens 2021 Spalah/Donskaja Lira
12 [**Palmira . 911/16 Delta /782/00
18 - on trial
*according to http://wheatpedigree.net/ (last updated 1.09.2017, accessed 06.10.2021)
** according to https://glavagronom.ru/ (accessed 06.10.2021)

We used 38 differential cultivars (global, European, Australian and
additional sets) with Y R genes and their combinations for phytopathological
testing (Table 2).
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Table 2.
List of differential cultivars used to postulate Y R genes in winter wheat varieties, 2021
Variety/ line Yr-gene Variety/ line Yr-gene
Chiness 166 1 Heines VII 2+HVII
Kalyansona 2 Carstens V 25+32
Felix 3 Alpowa 39+Alp
NIL Avocet S* 5 Bon Fermier 3a
NIL Avocet S* 6 Hybrid 46 3b+4a+H46
NIL Avocet S* 8 Nord Despres 3a+4a+ND
NIL Avocet S* 9 Vilmorin 23 3a+V23
NIL Avocet S* 10 Minister 3c+Min
NIL Avocet S* 15 Mega 4+12
NIL Avocet S* 17 Vuka 4b
Lemhi 21 Lee 7+22+23
NIL Avocet S* 24 Reichesberg 42 7+25
Carina 25 Compare 8+19
NIL Avocet S* 26 Heines Peko 8+6+25
NIL Avocet S* 27 NIL Avocet R* A
NIL Avocet S* 32 Daws Dal+Da2
Moro 10+Mor Strubes Dockkopf SD
Heines Kolben 2+6 Spalding Prolific Sp
Clement 2+9 Suwon 92 x Omar SU

Since the experiment was carried out at the seedling stage, race-specific
Yril, Yri2, Yri3, Yri4, Yrl6 and race-non-specific Y718 and Y29 APR genes
were excluded.

Pathogenic material. To postulate the known Yr R genes, 17 races of the
North Caucasian population of Puccinia striiformis with a different set of
virulence genes were taken from the “State Collection of Entomoacariphages
and Microorganisms” (Table 3): OEO, OE4, 1ES8, 6E0, 12E8, 15E0, 32E0, 32E59,
33E0, 37E129, 38E194, 39E2, 46E0, 97E226, 129E0, 173E28, 239E218.

Classification of isolates by racial composition was carried out according to
Johnson et al. using a standard set of differential cultivars. Reproduction and
accumulation of spore biomaterial was performed in the greenhouse complex
on the control variety KAW [16]

Inoculation. The seed material of differential cultivars and test varieties
was germinated in a humid chamber at +23°C. Then, three-day-old seedlings
were sown with tweezers in flowerpots with sand 25 ml, five grains each.
The flowerpots were placed in a tray with Knop’s nutrient solution and into a
climatic chamber (Binder KBF 720), at +20°C [8].
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Table 3.
Race virulence formulas of the North Caucasian population P. striiformis
Race Virulence to Yr genes
0EO0* 4b, 4+12, 17,21,25,6,39+Alp
0E4 4b,6,8,9,15,17,25,26,39+Alp,8+6+25
1E8 4b,1, 25, 3a+4a+ND+12
6E0 4b,17,21,2+6,7+22+23
12E8 9,21,25,2+6,39+Alp,3a+4a+ND+12,3a+V23
15E0 4b,1,2+6, 39+Alp,3a+V23,7+22+23
32E0 4b,8,9, 21, 25,39+Alp,3a,SD

32E59 4b,6,21,26,25+32,39+Alp,3a,3a+4a+H46,3a+4a+ND+12,3c+-
Min,7+25,8+19,4,Dal+Da2,SD

33E0 4b,1,32,39+Alp,SD

37B129 | 4b,1,3,6,9,17,21,25,32,2+6,2+VII,39+Alp,3a,3a+4a+H46,4+12,4,SD
38E194 4b,6,15,21,25,26,32,2+6,2+VIl,3a,4+12,7+22+23,7+25,4,5D,Sp

39E2 4b,1,8,9,25,2+6,39+Alp,3a+4a+H46,7+22+23,5D

46E0 4b,15,21,25,2+6,39+Alp,3a+V23,7+22+23,5D

97E226 4b,1,6,9,21,25,26,32,2+VI1,25+32,39+Alp,3a,4+12,7+25,5D,Sp,SU
129E0 4b,1,21,2+9,3a

173E28 | 4b,1,3,6,9,25,26,32,2+6,2+9,39+Alp,3a,3a+4a+ND+12,3a+V23,3c+
Min,4+12,8+19,8+6+25,SD

239E218 |4b,1,3,6,9,15,17,21,25,26,32,2+6,2+9,2+VII,39+Alp,3a,3a+4a+ND+1
2,3a+V23,4+12,7+22+23,7+25,8+19,4,Dal+Da2,SD,Sp,SU

* - virulence genes of four isolates belonging to this race PST

Plants in the 1-2 leaf phase were inoculated with a water-spore suspension
at the rate of 5 mg of spores per 10 ml of water. Infected plants were incubated
for 24 hours at +9...+12 °C and relative humidity 100%, then they were again
transferred to a climatic chamber with a day/night cycle of 14/10 h, +17...+12
°C, humidity 80% [19].

Plant record. Records were made 14-16 days after inoculation using a
modified 4-point scale adapted from McNeal et al. [18]: 0 - highly resistant type
of reaction, no signs of the disease; 1 - necrosis with rare and small pustules;
2 - chlorosis and necrosis with an average number of pustules; 3 - copious
amounts of pustules and chlorosis; 4 - extensive confluent pustules, chlorosis
is minimal or absent. Thus, reaction types 0—2 were considered avirulent, 3—4
were considered virulent [12, 19].

According to Flor’s gene-on-gene theory [13], the gene postulation was
conducted using the method proposed by Dubin et a/ [11]. Here, the presence
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of Yr-genes was determined by the comparison of response types of the studied
variety and the differential cultivar (the presence of a specific gene in which is
precisely known). If the response type on one of the leaves differed from the
others, then the response type of the majority of plants was recorded.

Field experiment. A field experiment was conducted in 2020-2021 at a
research station with an artificial infectious background of wheat stripe rust
(FRCBPP, Krasnodar), (Figure 1).

R MR MS §
Figure 2. CIMMYT scale to account for P. striiformis damage to grain crops [30].
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Figure 3. Mclntosh Scale to account for P. striiformis damage
to grain crops in the field [3].

Plots with an area of 1 m? were sown in three repetitions and infected with
a mixture of fungal spores with talc at a rate of 5 mg spores per linear meter.
Plants were counted using the CYMMIT and Mclntosh scales (Figures 2, 3) [3].

Results

Postulation of Yr resistance genes in the seedling phase. In greenhouse conditions
we evaluated the response types on the studied differential wheat cultivars and
varieties. In 10 out of 12 studied varieties, 13 Y R genes and their combinations
were postulated: 3, 3a, 6, 32, 2+6, 2+9, 39+Alp, 48+12, 4b, 3a+4a+H46, A, Sp,
and SU. Tables 4 and 5 present the obtained experimental data.

Table 4.
Response of seedlings of close isogenic lines and wheat differential cultivars (¥r)
to 20 P. striiformis isolates (FRCBPP greenhouse complex, 2021)

Yr gene variety 5&'30“’005%&%%52055*%&0 field
paggfﬁgﬁggggaggggﬁggevaluation
— on ~ [3g] [=2)
4b Vuka 3 313|3 013({0]3]3 3|10(13(3(3|3[3|3| 20MR
1 Chinese 166 |3 3|1|3 03 3 310(2(3[2(0|3|0| 40MS
2 Kalyansona |0 1100 0 0 0|00 0 0f0 1R
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3 Felix slof3]o]ofofofofofofo[2]3]o]1]2]t]1]2]2] owr
5 NIL Avocet 8* | 1]0[1]o[oo]ofofo[2]ofo[ofofofo]i[o[1]o] owr
6 NIL Avocet S* | 3[0[3]o[oo]3]ofolol2]o[3]1]3]2]3]3]3]3] 15Mr
$ NIL Avocet S* | 0[3]o]o|1]|o]o]2]o|2]0o[3|0]0o]o]o]3]0[0]0] oRr
9 NILAvocet $* [3[3[3[o]2]ofo[1]3]2]2]3]3]o]2]0|3]2]3]0] s0s
10 NIL Avocet $* | 0] o[ 1]o[o]o]ofofolofofo[1]o[1]o]ololo]o] oRr
15 NILAvocet $* | 1]2[2]0[2[0]o]ofo]3]olo[3]0]3]0[3]0]02] 25MRr
17 NILAvocet $* | 2 0[3]1[1[3]o]ofo]2]o|2[3[3]1]1]3]o]2]2] 25MRr
21 Lemhi 2lol3[3]o]3]ofo]3]3]0]3]3]0]3]3]2]3]3]2] 40ms
24 NIL Avocet s* [0[o[o[1]1]o[ofofolo[o[2]ofo]olo]2[0o[0][0] 10R
25 carina | 3|3[3]3[3]2]ofo[3]3]0[3]3]0[3]0]3]2]3]3] sr
26 NIL Avocet S* [ 30| 1]0] o] ofofo]ofo|o|o]3]o]3]2]3]3|3]0] 40ms
27 NIL Avocet S* [0[2|0[o] o] o[o[o]o|o|o|1]|o]ofofofo|o|o[o] oRr
32 NiLAvocet $* [ 3[2[3] 1] 1]ofo|1]o]o[3]o[3]o]3]1]2]2]3]2] 40ms
10+Mor Moro olofo[of[of[ofofolofo]o]ofofofofofofo]0[0] or
246 Heines Kolben | 3|3 3] o[ 1]3]o[3]3]3[0[2][3]o[3[0]2]2]2]1] 15MRr
249 clement | 3|0[2][0f[of[o]ololo]o]2][0[3]0o]2]3]0]2]2]0] 15MR
24VII Heines VII | 1[0 3]0[o[o]ofoloo]ofo[3]o[3]ofo[2]3]0] 20mr
25432 Carstens V. |0[0[2[o]ofofofo[2]ofo[1]2]o]2]of0[3[3]0] s®r
39+Alp Alpowa |3]3]3]ololo|3|3|3]3]3]3]4]0o|o|0]3]4]3]3] e0s
3a Bon Fermier |3 |0[3[o[ofofofolofo[o]3]afo]3]3]2]3]3]0] 10Rr
3b+4b+H46 | Hybrid46 | 1]3[3[o]ofofofo[2]o[2[0]2]o]2]0]0[3]2]0] oRr
3a+4a+ND+12 | Nord Despres |3[0[2[0[3]ofofo[3[2[0]2]3]o]2]0ol0[3]0]2] 10Rr
3a+V23 vilmorin 23 [3[o|2|1]1]2]o|3[3]3]2]2]3]o[2[0]2]2]2]2] 10r
3e+Min Minister | 3]0[2[ofofofo]ofofolo]1]2]o]0fof0[3]2]2] or
4412 Mega s3lol3]o]ofofofofofofofo]3]o]3]2]2]0[3]3] sRr
7422423 Lee 203folof2]3]1]3]1]3]o]2]3]o]3]o]1]o|2]2] 30MRr
7425 Reichesberg 422|020 ofofofo[o|o]o|1]4]0[3|0|0]3]3]0] sRr
§+19 Compare  |3[0[2[0|0]ofofofofo[2|0]3]0][2]0[2]3[2][0] 10R
§+6+25 Heines Peko | 3] 1] 1]0fofolofo]ofo]1]o]2]0]2]0[3]0][2]0] s®r
A NIL Avocet R* | 2] 0] 3] 0ofo[1]o[o[o[o[1]o]3]0o[3]0]0[3]0]0] 20Mmr
Dal+Da2 Daws 1lof[2]ofofo]o]1]o]ol2]0[3]0[2]0]0]3]2]0] or
SD Dsi‘c‘]‘{‘l}(’s;f 33|3|0|ofofofolo]|3]3]3]3]2[3|1|0]|3]|3]2] 35Ms
Sp S]frfldig‘cg 1/o|2]|olojojolofolo|2]2]3]0]3]0]0]2]|3]2] 1R
SU Suwon x Omar | 1|{0[1[{0|0[0[0[0|0[0[2(/0|3]0(2|0]|0[0[3]0| 35MS

As a result of plant infection with pathogen races, we did not reveal
isolates virulent/avirulent to all differential wheat cultivars. The Yr2, Yr5,
Yri0, Yri0+Mor, Yr24, Yr27, Yr25+32 genes were highly effective, since they
showed a stable response type on all races of wheat stripe rust included in the
experiment.
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Table 5.
Response of seedlings of 12 winter wheat varieties inoculated with 20 virulent
isolates of P. striiformis (FRCBPP greenhouse complex, 2021)

. %”gowooowoo"gogav%goFieldevalu—
variety |2\ SIS 2|28 (52|58 24|25 |2|2|2|E] 2] 8] aton
— e} N [3a} (=)
Akapella [3 (0|2 (3|3 [3|2|3[3(3[|3|3[4]0[0[2]|2[3|0]|0 40 MS
Bogema 3131310123133 [3[3[2|3|3(0(3]0]0]2]01]0 35MS
Gurt 310[(1]0]0|O0JOfO[OfO]2|0|3[0f2]3]|]0|3|2]3 40 MS
Kavalerka | 1 [0 [O0|O[3]|0fO0|2|2[2|0|1|3[0|0|0Of[O]|1[3]O0 10R
Karavan o(ofojojojojofofojoj1rfofr{ojojorofofoj|o IR
Karolina [0|0|0[0|0O[0O|0O|O[O[0O]|O|O|3]0[0O]|O0O|2[3[0]|O0 30 MR
Korona 110(2[0]0|2|0f0Of0OfO0O[O)JO|3|0(3]0]0]|2]|3]0 35 MS
Kurs 310(3(0(0[O0[O|O|O|Of3]0]|4]|]0|2[0[0]3]0]1 SR
Markiz ojofr1fofofofo|jo|joOofOfO]jOjO|JO|L|[Of[O]O]2]|1 OR
Morozko [3 0|3 [1]|1[0l0|O0jO[O|O]|Of3]|]O[Of[O|2]1[3]|1 SR
Palmiral8 |3 [0 (0|O0[2|3]|0[3([3]|2|0f1]2[0|1|0]0|2]|0]2 40 MS
Step’ 3fo0f3|10[o0f0jO]jOfO]|OfL|[O|4]0lO|O]Of[O]|O]|O 40 MS

The following R genes Yri, Yr9, Yr 25, Yr26, YrSD, Yr3a+V23,
Yr3a+4a+ND, Yr 8+19, Yr3c+Min, Yrl7, Yr2l, Yr7+22+23, Yrl5, Yr2+VII,
Yr8, Yr25+32 were not postulated in any of the studied varieties.

Virulent and avirulent response types on test isolates in Akapella coincide
with differential wheat cultivars Vuke and Alpowa. This suggests the occurrence
of two R genes, Yr4b and Yr39+Alp.

Varieties Kurs, Morozko and Step’ give a high response type on the races
173E28, 37E129, 239E218, that are virulent to Yr3, Yr3a, Yr32 and a low
response type on the races that are avirulent to the above genes. This suggests
that these cultivars contain the Y73, Yr3a, and Yr32 genes alone or in combination
with other Y7 R genes. The combination of Yr4+/2 genes was also postulated
in Morozko and Step’ varieties. The Yr/2 gene is a race-specific APR gene.
Therefore, most likely, Y74 plays a key role in the seedling phase.

A high similarity of response types on Pst isolates with differential wheat
cultivar Heines Peko (Y7 2+6) was noted in Bogema and Palmira 18. There was
also noted an average similarity of response types with the close-isogenic line
NIL Avocet S* (¥Yr6). Hence, we assume a combination of two genes occurring
in these varieties.

Korona response types coincide by 80% with the avirulent and virulent
response types of differential wheat cultivar Spalding Prolific. Thus, we can
positively postulate the Y7Sp gene in this variety.
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Kavalerka variety shows a low response type on 18 stripe rust isolates
avirulent to Y»SU and a high response type on two isolates (races 239E218,
97E226) virulent to the above gene. It is likely that the aforementioned variety
contains this R gene.

Karolina 5 shows a low response type on 16 isolates avirulent to Hybid 46
and a high response type on one isolate (race 32E59) virulent to this differential
cultivar. This variety is likely to contain a combination of Yr3b+4b+H46 R genes.

Gurt demonstrates a high response type on 3 isolates (races 173E28,
239E128, 129E0) virulent to Y72+9 and a low response type to 15 isolates
avirulent to the same combination of genes. Therefore, the variety contains
this R gene.

We were unable to postulate Y7 R genes in Karavan and Markiz varieties
due to their high resistance and the lack of differential isolates.

Field evaluation of varieties and differential cultivars.

On an artificial infectious background in field conditions, among the studied
winter wheat varieties of Russian breeding, Karavan had a resistant response
type, as well as differential wheat cultivars with highly effective R genes: Y73,
YrS, Yr8, Yri0, Yr27, Yri0+Mor, Yr3c+Min, YrDal+Da2, Yr3b+4b+H46.

Four out of twelve cultivars were highly resistant to stripe rust. (1R-10R):
Markiz, Kurs, Morozko, Kavalerka. No R genes have been postulated for Markiz.
The high degree of Kurs resistance is explained by the Yr3a gene, since the
response type and the degree of damage coincides with the differential cultivar
Bon Fermier (10R). The response type and severity of damage in Morozko
matched the carrier of the Yr4+17/2 (Mega) R gene combination previously
postulated in the seedling phase. The Y»SU gene was postulated in the seedling
phase in Kavalerka. Under field conditions, the variety exhibits high resistance,
in contrast to differential cultivar. This fact suggests that resistance is provided
by some other genes or their combination.

Korona had a moderate susceptibility to the North Caucasian population
of stripe rust (35 MS). Since Spalding Prolific, containing YrSp, postulated at
the seedling stage, showed a highly resistant response type (1R) in the field, its
resistance is probably provided by other, unidentified genes.

The degree of damage to Step’ did not exceed SR. This does not coincide
with the Y73, Yr3a, and Yr32 genes postulated at the seedling stage (0, 10R,
and 40MS, respectively), but coincides with the Mega response type (Yr4+12).
Therefore, we assume the presence of this combination of R genes in the variety.

Akapella, Bogema, Palmira 18 and Gurt were moderately susceptible
varieties (35MS-40MS). In Bogema (35MS) and Palmira 18 (40MS) response
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type and degree of damage do not match those of differential cultivar Heines
Kolben (15MR, Yr2+6). Also the response types differed from NIL Avocet S*
Y16 (15MR). Most likely, these varieties contain other, less effective R genes.

In Gurt, the Yr2+9 genes combination was postulated at the seedling stage.
Under field conditions, response type and degree of damage (40MS) do not
match those of differential cultivar Clement (15MR). Separately, Kalyansona
(Yr2) and Avocet S* (Yr9) display different response types: 1R and 508,
respectively. We believe that it is the combination of highly effective and
ineffective R genes that provides a moderately resistant response type to the
Gurt variety.

Conclusion

Wheat stripe rust represents an economically significant fungal disease
worldwide. Its distribution area and pathogenicity is constantly [26]. Range
expansion of the pathogen is observed in Southern Russia as well [4, 8, 25]. The
most effective and eco-friendly method of disease control remains the use of
resistant varieties [9]. The resistance of varieties, in turn, is determined by the
effectiveness of the known R genes (Y7) to the pathogen. Phytotest postulation
is one of the fastest and most liable methods for identifying juvenile pathogen
R genes in a host plant at the seedling stage [12].

The PCR method is often used in the identification of R genes. However,
using only the analysis of the presence/absence of amplification products
with specific primers cannot reliably determine the presence or absence of
effective R genes in wheat accessions. More reliable results are obtained with
a phytopathological test. Such results, in turn, should, if possible, be supported
by hybridological analysis [6].

In 10 out of 12 winter wheat varieties of Russian breeding, we postulated
13 R genes to stripe rust (Puccinia striiformis) and their combinations by
phytopathological testing: Yr3, Yr3a, Yr32 (Kurs, Morozko, Step’), Yr2+6
(Bogema, Palmira 18) , Yr2+9 (Gurt), Yr4b, Yr39+Alp (Akapella), Yr4+12
(Morozko, Step’), Yr3a+4a+H46 (Karolina 5), Yrd, YrSp (Korona), YrSU
(Kavalerka). The studied varieties are new, recently included in the State
Commission of the Russian Federation for Selection Achievements Test and
Protection

We were unable to identify the following R genes Y72, Yr5, Yri0, Yri0+Mor,
Yr24, Yr27, and Yr25+32 in the studied varieties, since no isolates virulent to
carriers of these genes were isolated from the North Caucasian population of
P. striiformis. They are highly efficient against it.
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Highly effective (Y73, Yr2+9, Yr3a, Yr4+12, Yr3a+4a+H46) R genes were
identified among the postulated Y7 genes in Kurs, Morozko, and Step’ at the
seedling stage. We assume a combination of effective Y»2+6 genes in the Gurt
variety.

Under field conditions, similar response types and the degree of damage
were observed in adult plants for the following varieties and differential
cultivars: Kurs and Bon Fermier (Yr3a); Morozko, Step” and Mega (Yr4+12).
This corresponds to the data of the phytotest on seedlings and suggests the
presence of the Yr3a and Yr4+12 genes in the listed varieties. Most of the
postulated R genes in relation to the North Caucasian population of stripe rust
are classified as weakly effective or ineffective. The Yr3a and Yr4+12 genes,
on the other hand, are highly effective in adult plants stage.
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