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A b s t r a c t  
  

Annual monitoring of the phytosanitary condition of wheat crops in the Saratov region evi-

dences the active development of leaf spots and the accumulation of their infectious potential. Pyre-
nophora tritici-repentis is the causative agent of pyrenophora, or tan spot, and one of the dangerous 

wheat diseases. Bipolaris sorokiniana is the causative agent of spot blotch, a potentially dangerous wheat 

disease. In this work, as a result of field and laboratory assessment of 20 varieties of bread wheat 

(Triticum aestivum L.) cultivated in the Lower Volga region, samples resistant to the pathogen of  tan 

spot, as well as moderately resistant to the pathogen of spot blotch, were identified for the first time. 
The results of identification of the Tsn1/tsn1 gene allele using the molecular marker Xfcp623 showed 

that among the studied wheat samples, the Tsn1 gene was predominant in winter wheat varieties. For 

the first time, statistically significant differences were revealed between the average values of field 

phytopathological estimates of resistance to P. tritici-repentis among varieties from different resistance 

groups (RR, R, MS and S).The purpose of the study is to assess the resistance of winter and spring 

bread wheat varieties (Triticum aestivum L.) cultivated in the Lower Volga region to tan spot and spot 

blotch pathogens and to identify the dominant/recessive allele of the Tsn1 gene in plants. The work 

examined 13 varieties of winter bread wheat (Gostianum 237, Lutescens 230, Saratovskaya 8, Guber-

niya, Mironovskaya 808, Donskaya Bezostaya, Saratovskaya 90, Zhemchuzhina Povolzh’ya, Sara-

tovskaya 17, Kalach 60, Podruga, Anastasiya, Sosedka) and 7 varieties of spring bread wheat (Favorit, 

Prokhorovka, Yugo-Vostochnaya 2, Saratovskaya 70, Saratovskaya 73, Belyanka, Lebedushka). Of 

these, 16 varieties were approved for use in 2022. Sosedka is a promising variety of winter bread wheat; 

Gostianum 237, Lutescens 230, Saratovskaya 8 are the Saratov selection varieties of winter bread wheat 

produced in the first half of the 20th century. Field trials were carried out in 2020-2022 in the breeding 

nursery of the Federal Center of Agriculture Research of the South- East Region (Saratov). The re-

sponse of wheat varieties to natural infection by a local population of the yellow spot pathogen was 

assessed under field conditions using a modified and extended Saari-Prescott scale. In lab tests, plant 

leaves were infected with P. tritici-repentis and B. sorokiniana. The inoculum consisted of a mixture of 

several fungal isolates from plant infectious material 2022 from the Saratov (P. tritici-repentis, ToxA), 

and Leningrad (B. sorokiniana) regions and the Republic of Kazakhstan (P. tritici-repentis, ToxB) ob-

tained from the collection of the All-Russian Research Institute of Plant Protection. For phytopatho-

logical assessment of P. tritici-repentis, a scoring scale was used that characterizes the development 

degree of necrosis and chlorosis. When assessing the resistance of wheat to spot blotch caused by 

B. sorokiniana, we used a scale developed at the All-Russian Research Institute of Plant Protection. 

Genomic DNA was isolated from leaves of 5-day-old wheat seedlings using the standard CTAB/chlo-

roform method. After quantification, the DNA concentration was normalized to 30 ng/μl for subse-

quent PCR. Screening for the presence of a dominant or recessive gene allele (Tsn1 or tsn1) in the 

varieties was carried out using PCR with primer pairs Xfcp623F/Xfcp623R (ZAO Evrogen, Russia). 

The proportion of varieties resistant to P. tritici-repentis isolates capable of producing toxins encoded 
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by the ToxA and Tox B genes was 40 %, to the isolate with ToxA — 55 %, with Tox B — 60 %. The 

proportion of varieties with moderate resistance to Bipolaris sorokiniana was only 15 %. The genotypes 

of three winter bread wheat varieties (Gostianum 237, Mironovskaya 808, Podruga) and 5 genotypes 

of spring bread wheat (Favorit, Prokhorovka, Saratovskaya 70, Saratovskaya 73, Belyanka) which 

turned out to be resistant to tan spot in laboratory and three-year field trials are of the greatest interest. 

Molecular screening of these varieties also confirmed resistance to the PtrToxA producer, since they 

had tsn1, which indicates their resistance to the fungal toxin protein PtrToxA. These varieties should 

be involved into breeding programs in the region to improve the resistance of wheat to brown spot and 

blight pathogens.  
 

Keywords: wheat, Pyrenophora tritici-repentis, Bipolaris sorokiniana, ToxA, Tsn1, PCR, yellow 

leaf spot, tan spot, spot blotch 
 

Harmful diseases are of special factors limiting the yield of grain crops in 

the Saratov region. Annual monitoring of the regional phytosanitary condition of 

wheat crops shows the development of leaf spots and the accumulation of their 

infectious potential. One of the widespread wheat diseases in the region is yellow 

leaf spot, or pyrenophorosis. 

Pyrenophorosis is an economically important disease of wheat worldwide 

[1, 2]. Its causative agent, the ascomycete fungus Pyrenophora tritici-repentis 
(Died.) Drechsler is known for the ability to synthesize necrotrophic effectors 

(NEs), including host selective toxins (HSTs) functioning as pathogenicity factors. 

Three necrotrophic effectors, the PtrToxA, PtrToxB and PtrToxC have been de-

scribed for P. tritici-repentis. PtrToxA and PtrToxB are proteins, and PtrToxC is 

a low-molecular non-protein compound [3-5]. 

Relationships in the pathosystem of bread wheat—P. tritici-repentis are car-
ried out in a gene-for-gene mirror pattern, that is, in a susceptible host, each indi-

vidual toxin is recognized by a separate locus product, resulting in plant susceptibility 

and disease expression [6-8]. The uniqueness of this pathosystem is that the ToxA 

gene which determines the main pathogenicity factor (PtrToxA toxin) was intro-

duced into the P. tritici-repentis genome by horizontal transfer from another wheat 

pathogen, the fungus Parastagonospora nodorum [9, 10]. 

Another potentially dangerous disease in the region is dark brown spot of 

wheat, although until now the Saratov Province was not considered the epiphy-

totically dangerous zone for dark brown spot. In years favorable for the pathogen, 

slight damage (no more than 10%) to some varieties occurred. However, due to 

various factors (climate change, improper crop rotation, monocultures, etc.), it 

can be assumed that the massive spread of this pathogen in the region is only a 

matter of time. If during heading it rains continuously for 5-6 days, followed by 

an increase in daytime temperature to 20-30 С, the dark brown spot epiphytoty 

on wheat can develop very quickly [11]. 

Dark brown leaf spot of cereals is caused by the anamorphic fungus Bipo-
laris sorokiniana (Sacc. in Sorokin) Shoem., at the sexual stage Cochliobolus sativus 
(S. Ito & Kurib.) Drechsler ex Dastur. The disease affects barley, wheat, rye, 

triticale, and several wild grasses [12]. The importance of the disease is increasing 

in North and South America, as well as in Europe [13]. It is widespread in many 

regions of the Russian Federation, e.g., in the North-Western and North Cau-

casus regions, Tatarstan, and the Amur region [14-16]. The pathogen is a 

hemibiotroph, that is, in addition to its parasitic state, it is capable of saprophytic 

life. In seeds, soil and plant debris, the fungus remains viable for 5-7 years. Yield 

losses can be 20-40%. The species B. sorokiniana is polymorphic, it also causes 

helminthosporium root rot and, in combination with other pathogens, black 

germ of seeds [17]. 

Wheat resistance to B. sorokiniana is genetically determined. It is known 

that the Sb1 gene increases quantitative (incomplete) resistance to dark brown 

spot. The chromosome segment in which the Sb1 gene is located also contains the 
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leaf rust resistance gene Lr34 which is widely used in wheat breeding [11]. 

M. Lillemo et al. [18] indicate a gene for resistance to B. sorokiniana 

which is not allelic to Sb1 and is linked to the leaf rust resistance gene Lr46. There 

is information about the presence of two or more genes for resistance to B. soro-
kiniana and the effectiveness of their pyramiding. It was found that wheat plants 

with erectoid and semi-drooping leaves are less affected by dark brown spot than 

those with drooping leaves [19]. 

The most rational protecting wheat from leaf spot is the cultivation and 

use of resistant varieties. Due to the wide distribution and harmfulness of these 

diseases, many scholarworks are devoted to the search for samples of grain crops 

that are resistant to these pathogens [20-22]. However, in most cases, the identi-

fied resistant wheat accessions are insufficient. 

In this work, as a result of field and laboratory assessment of 20 varieties 

of bread wheat (Triticum aestivum L.) cultivated in the Lower Volga region, sam-

ples resistant to pyrenophorosis and moderately resistant to dark brown spot were 

identified for the first time. The Tsn1/tsn1 identification with the molecular marker 

Xfcp623 showed that among the studied wheat samples, the Tsn1 gene is predom-

inantly found in winter varieties. For the first time, statistically significant differ-

ences were revealed between the average values of field phytopathological indica-

tors in varieties from groups RR, R, MS and S that differ in resistance to P. tritici-
repentis. 

The purpose of the work is to assess the resistance of winter and spring 

soft wheat (Triticum aestivum L.) varieties cultivated in the Lower Volga region to 

yellow and dark brown spot pathogens and to identify the dominant/recessive al-

lele of the Tsn1 gene in plants. 

Materials and methods. Winter soft wheat varieties Gostianum 237, 

Lutescens 230, Saratovskaya 8, Guberniya, Mironovskaya 808, Donskaya Be-

zostaya, Saratovskaya 90, Zhemchuzhina Povolzh’ya, Saratovskaya 17, Kalach 60, 

Podruga, Anastasiya, Sosedka (13 in total) and spring soft wheat varieties Favorit, 

Prokhorovka, Yugo-Vostochnaya 2, Saratovskaya 70, Saratovskaya 73, Belyanka, 

Lebedushka (7 in total) we studied. Of these, 16 have been approved for use in 

2022 [23]. Sosedka is a promising variety of winter soft wheat; Gostianum 237, 

Lutescens 230, Saratovskaya 8 were originated in the Saratov region in the first 

half of the 20th century. 

Field trials were carried out in 2020-2022 in the breeding nursery of the 

Federal Agrarian Research Center of the South-East (Saratov). To evaluate field 

resistance to the local population of the causative agent of pyrenophorosis under 

natural infectious load, Saari-Prescott scale (Saari & Prescott) was used with mod-

ifications and addenda [24]. All varieties tested were divided into 5 groups, the 

RR means highly resistant (susceptibility < 11%), R resistant (11-20%), MS mod-

erately susceptible (21-40%), S susceptible (41-70%) and HS highly susceptible 

(71-100%). 

In lab tests, to infect plant leaves with P. tritici-repentis and B. sorokiniana, 
a mixture of several fungal isolates from the collection of the All-Russian Research 
Institute of Plant Protection was used as the inoculum. In lab tests, a mixture of 
several fungal isolates (ARRIPP collection, the All-Russian Research Institute of 
Plant Protection) was used as an inoculum to infect plant leaves with P. tritici-
repentis and B. sorokiniana. The pathogens were isolated in 2022 in Saratov (P. trit-
ici-repentis, ToxA), Leningrad (B. sorokiniana) provinces and the Republic of Ka-
zakhstan (P. tritici-repentis, ToxB). 

For the phytopathological assessment of P. tritici-repentis, a point scale 

was used characterizing the degree of necrosis and chlorosis severity [25], where 

1/0 means chlorosis/necrosis, 1/1 resistance (R), 1/2, 2/1, 2/2 moderate resistance 
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(MR), 2/3, 2/4 moderate susceptibility (MS), 3/2, 3/3, 3/4 susceptibility (S), 4/3, 

4/4, 4 /5, 5/4, 5/5 high susceptibility (HS). The resistance to dark brown spot 

(B. sorokiniana) was assessed by the ARRIPP scale where 1 stands for green leaves, 

with dark brown dotted spots (resistant samples, R), 2 stands for green leaves, 

spots up to 1 mm in size (medium resistant, MR), 3 for dark brown spots up to 

2 mm, merging (moderately susceptible, MS), 4 for chlorotic leaves, dark brown 

spots reach 3 mm (susceptible, S), and 5 for chlorotic leaves, spots larger than 

3 mm, tissue maceration (highly susceptible, HS) [26]. 

Genomic DNA was isolated from leaves of 5-day-old seedlings by the 

standard CTAB/chloroform method [27]. The quality of DNA preparations was 

checked in a 1% agarose gel. Secondary control for purity and quality was also 

performed (a SmartSpecTMPlus spectrophotometer, Bio-Rad, USA). After quan-

tification, the DNA concentration was normalized to 30 ng/μl for running PCR. 

The amount of DNA was consistent with the PCR protocol for the Tsn1 gene 

identification [28-30]. 

A 25 μl reaction mixture for genomic DNA amplification contained 2.5 μl 
10½ PCR buffer (Biolabmix, Russia), 0.5 μl dNTP mixture (10 mM) (TransGen 

Biotech Co., Ltd., China), 0.5 μl each primer (25 μM) (ZAO Evrogen, Russia), 

0.15 μl Taq DNA polymerase (5 units/μl, Dialat LTD, Russia), 1 μl genomic DNA 

and 19.85 µl diH2O. PCR was carried out in a C1000 Touch Thermal Cycler (Bio-

Rad, USA). 

The amplified fragments were separated electrophoretically in a 1.5% aga-

rose gel with 1½ TBE buffer (pH 8.2); the gel was stained with ethidium bromide 

(Biolambix, Russia). To prepare an agarose gel, 200 ml of 1½ TBE buffer was 

added to 3 g of agarose (Helicon, USA) and heated until the agarose was com-

pletely dissolved, then cooled and added with 1.8 μl ethidium bromide. To prepare 

1 liter of 10½ TBE buffer, 108 g of Tris-HCl (Helicon, USA), 55 g of boric acid 

(Helicon, USA), 9.3 g of EDTA (Helicon, USA) and diH2O were used. For 

1½ TBE buffer, 100 ml of 10½ TBE buffer was adjusted to 1 l with diH2O. The 

size of the fragments was assessed using the Step100 plus DNA marker (Biolabmix, 

Russia). 

Screening of isolates for dominant or recessive alleles Tsn1/tsn1 was car-

ried out by PCR with primer pairs Xfcp623F/Xfcp623R (ZAO Evrogen, Russia). 

PCR protocol: 3 min at 94 С; 30 s at 94 С, 30 s at 60 С, 1 min at 72 С (45 

cycles); 5 min at 72 С. The nucleotide sequence of the Xfcp623F primer is 5-

CTATTCGTAATCGTGCCTTCCG-3, of the Xfcp623R primer 5-CCTTCTCT-

CTCACCGCTATCTCATC-3. The amplicon size is 380 bp [28-30]. 

Amplification of the marker is indicative of a dominant Tsn1 allele and 

susceptibility to the fungal toxin protein PtrToxA, the absence of the amplification 

means corresponds to a recessive allele tsn1 and resistance to PtrToxA. 

Statistical processing was performed using the Statistica 12 computer pro-

gram (StatSoft, Inc., USA). The average damage to the leaf blade by pyrenopho-

rosis during field trials (M) and standard deviation (±SD) were calculated. To 

separate wheat varieties by resistance/susceptibility to pyrenophorosis, Student’s t-
test with Bonferroni correction was applied to assess the significance of differences 

between phytopathological scores of wheat varieties [31]. 

Results. As is known, climatic conditions significantly influence the devel-

opment of biological systems. Increased temperatures and drought due to climate 

change lead to rapid senescence of leaves and an increase in the incidence of leaf 

spots [32]. The weather conditions of the growing seasons 2020-2022 in the region 

had a beneficial effect on the development of yellow leaf spot. The highest degree 

of damage to wheat plants by pyrenophorosis was observed in 2022 (more than 

40% on susceptible varieties). 
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1. Resistance of wheat (Triticum aestivum L.) varieties cultivated in the Lower Volga 
region to yellow and dark brown spot pathogens 

Variety (allele) 

Field test estimate (Pyrenophora 

tritici-repentis), % 

Lab test score, points (phenotype) 

P. tritici-repentis 
Bipolaris so-
rokiniana 

M±SD  

(n = 90) 

resistance  

phenotype 
TохА TохВ 

S o f t  w i n t e r  w h e a t  

Gostianum 237 (tsn1) 4.3±1.15 RR 2/1 (MR) 2/2 (MR) 4 (S) 

Lutescens 230 (Tsn1) 23.3±5.77 MS 1/2 (MR) 1/1 (R) 2 (MR) 

Saratovskaya 8 (Tsn1) 18.3±2.89 R 1/1 (R) 1/1 (R) 3 (MS) 

Guberniya* (Tsn1) 6.7±2.89 RR 3/2 (S) 3/2 (S) 2 (MR) 

Mironovskaya 808* (tsn1) 8.3±5.77 RR 3/2 (S) 1/1 (R) 2+,3 (MS) 

Donskaya Bezostaya* (Tsn1) 8.3±2.89 RR 3/2 (S) 1/1 (R) 3 (MS) 

Saratovskaya 90* (Tsn1) 48.3±2.89 S 1/1 (R) 3/3 (S) 3 (MS) 

Zhemchuzhina Povolzh’ya* (Tsn1) 41.7±5.77 S 3/3 (S) 3/3 (S) 4 (S) 

Saratovskaya 17* (Tsn1) 41.7±5.77 S 1/1 (R) 3/3 (S) 4 (S) 

Kalach 60* (Tsn1) 21.7±7.64 MS 1/1 (R) 1/1 (R) 2+,3 (MS) 

Podruga* (tsn1) 3.3±2.89 RR 3/3 (S) 3/3 (S) 3 (MS) 

Anastasiya* (Tsn1) 28.3±2.89 MS 1/1 (R) 3/3 (S) 3 (MS) 

Sosedka (Tsn1) 8.3±5.77 RR 1/0 (R) 1/1 (R) 3 (MS) 

S o f t  s p r i n g  w h e a t  

Favorit* (tsn1) 6.7±2.89 RR 1/1(R) 1/1 (R) 4 (S) 

Prokhorovka* (tsn1) 10.0±5.00 RR 3/3 (S) 1/1 (R) 4 (S) 

Yugo-Vostochnaya 2* (tsn1) 23.33±5.77 MS 3/3 (S) 3/3 (S) 4 (S) 

Saratovskaya 70* (tsn1) 11.7±2.89 R 3/3 (S) 2/2 (MR) 4 (S) 

Saratovskaya 73* (tsn1) 8.3±2.89 RR 1/1 (R) 2/2 (MR) 3 (MS) 

Belyanka* (tsn1) 16.7±5.77 R 1/1 (R) 1/1 (R) 2 (MR) 

Lebedushka* (Tsn1) 26.7±2.89 MS 3/3 (S) 3/3 (S) 3 (MS) 

N o t е. RR — high resistance, R — resistance, MR — moderate resistance, MS — moderate susceptibility, S — 

susceptibility. Field trials were carried out in 2020-2022 at the breeding nursery of the Federal Agrarian Research 

Center of the South-East (Saratov). The varieties approved for cultivation in the Lower Volga region of the Russian 

Federation (region 8) are marked with an asterisk [13]. 

 

According to data of 2020-2022, at the breeding nursery of the Federal Agrar-

ian Research Center of the South-East (Saratov), the studied varieties of soft winter 

and spring wheat developed different resistance to the local population of P. tritici-

repentis (Table 1). The degree of damage to the varieties Gostianum 237, Guberniya, 

Mironovskaya 808, Donskaya Bezostaya, Podruga, Sosedka, Favorit, Prokhorovka 

and Saratovskaya 73 did not exceed 8%, so they were identified as highly resistant 

(RR). The varieties Saratovskaya 8, Saratovskaya 70 and Belyanka turned out to be 

resistant (R) with an average degree of damage of no more than 18%. 

Lutescens 230, Kalach 60, Anastasiya, Yugo-Vostochnaya 2 and Lebedu-

shka showed moderate susceptibility (MS). The remaining varieties turned out 

to be susceptible to field damage from pyrenophorosis (see Table 1). 

To establish the significance of differences between varieties ranked by 

resistance to pyrenophorosis (groups RR, R, MS, and S), we used Student’s t-test 

with Bonferroni correction (Table 2). Note, no differences were found between 

varieties of the same resistance group. The exceptions were Lutescens 230 (MS) 

and Saratovskaya 8 (R) with the average degree of pyrenophorosis damage of 23 

and 18%, respectively, and Mironovskaya 808 (RR) and Saratovskaya 70 (R), with 

8 and 12%, respectively. No statistically significant differences could be detected 

between these pairs of varieties (p > 0.05).  

L.A. Mikhailova et al. [25], as a result of an analysis of over 1000 samples 

from the VIR collection, reported that the frequency of resistant forms among 

winter wheat accecssions is higher than among spring wheat. Screening for re-

sistance to yellow spot of 209 varieties of winter and 136 varieties of spring wheat 

from the State Register of Breeding Achievements of the Russian Federation until 

2010 showed that approximately 40% of winter wheat varieties and 16% of spring 

wheat were characterized by varying degrees of resistance to P. tritici-repentis, the 

remaining varieties were susceptible [25]. 
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2. Variance analysis of a posteriori comparisons of wheat (Triticum aestivum L.) varieties depending on the field damage by Pyrenophora tritici-repentis 
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Gostianum 237  0* 0* 0.52 0.28 0.28 0* 0* 0* 0* 0.79 0* 0.28 0.53 0.13 0* 0.04* 0.28 0* 0* 

Lutescens 230   0.18 0* 0* 0* 0* 0* 0* 0.65 0* 0.18 0* 0* 0* 1 0* 0* 0.04* 0.37 

Saratovskaya 8   0* 0* 0.01* 0* 0* 0* 0.04* 0* 0.01* 0.01* 0* 0.03* 0.04* 0.08 0.01* 0.65 0.03* 

Guberniya    0.65 0.65 0* 0* 0* 0* 0.37 0* 0.65 1 0.37 0* 0.04* 0.65 0.01* 0* 

Mironovskaya 808     1 0* 0* 0* 0* 0.18 0* 1 0.65 0.65 0* 0.37 1 0.03* 0* 

Donskaya Bezostaya      0* 0* 0* 0* 0.18 0* 1 0.65 0.65 0* 0.04* 1 0.03* 0* 

Saratovskaya 90       0.08 0.08 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 

Zhemchuzhina Povolzh’ya        1 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 

Saratovskaya 17         0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 

Kalach 60          0* 0.08 0* 0* 0* 0.65 0.01* 0* 0.04* 0.18 

Podruga           0* 0.18 0.37 0.08 0* 0.03* 0.18 0* 0* 

Anastasiya            0* 0* 0* 0.18 0* 0* 0* 0.65 

Sosedka             0.65 0.65 0* 0.04* 1 0.03* 0* 

Favorit              0.37 0* 0.04* 0.65 0.01* 0* 

Prokhorovka               0* 0.04* 0.65 0.04* 0* 

Yugo-Vostochnaya 2                0* 0* 0.04* 0.37 

Saratovskaya 70                 0.04* 0.18 0* 

Saratovskaya 73                  0.03* 0* 

Belyanka                   0.01* 

* Differences are significant at p  0.05. 
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Due to the insignificant manifestation of dark brown spot in the natural 

conditions of the Lower Volga region, a correct field resistance assessment of the 

wheat varieties was impossible. However, in the context of climate change, the 

consequences of which are observed in the region every year, the issue of creating 

promising sustainable breeding material, including resistant to dark brown spot, is 

undoubtedly relevant. This problem is of particular importance now, when the 

pathogen influenced by various factors (biological characteristics, anthropogenic 

impact, etc.) is expanding its area. 

Despite the impressive number of wheat varieties approved for use in var-

ious regions of Russia, there are probably not enough varieties highly resistant to 

dark brown spot. For example, in the Republic of Tatarstan, with the strong de-

velopment of dark brown spot, most varieties of spring wheat were susceptible to 

damage [11]. In the Amur region, under epiphytoty of dark brown spot, wheat 

samples varying in degrees of resistance were identified, but no barley varieties 

resistant to B. sorokiniana were found [16]. A.V. Sidorova et al. [14] did not iden-

tify samples highly resistant to dark brown leaf spot among the studied spring soft 

wheat accessions of the VIR world collection. 

In the lab tests, we assessed the resistance of varieties to pathogens of 

pyrenophorous and dark brown spot. When inoculating samples, high resistance 

to both isolates of P. tritici-repentis (ToxA and Tox B) was noted in the varieties 

Saratovskaya 8, Kalach 60, Sosedka, Favorit, Belyanka. The varieties Saratovskaya 

90, Saratovskaya 17, Anastasiya, Saratovskaya 73 showed high resistance to the 

isolate carrying the ToxA gene, and Lutescens 230, Mironovskaya 808, Donskaya 

Bezostaya, Prokhorovka were highly resistant to the isolate with the Tox B gene. 

Moderate resistance to both isolates of P. tritici-repentis was shown by Gostianum 

237, Lutescens 230, to the isolate with the ToxB gene by Saratovskaya 70, Sara-

tovskaya 73. The total proportion of varieties resistant to P. tritici-repentis produc-

ing ToxA and ToxB toxins was 40 %, to the isolate with the ToxA gene 55%, with 

Tox B 60%. The samples Guberniya, Zhemchuzhina Povolzh’ye, Podruga, Yugo-

Vostochnaya 2 and Lebedushka were susceptible to both isolates. 

N.M. Kovalenko et al. [1], when screening 70 varieties of bread wheat, 

first approved by the State Register of Breeding Achievements of the Russian Fed-

eration in 2018-2020, found that the proportion of varieties resistant at the seedling 

syaage to isolates producing ToxA and ToxB toxins was 13%, to the isolate forming 

ToxA 21%, ToxB 43%. 

The presence of resistance donors among Russian wheat varieties creates 

the opportunity for successful selection for immunity to yellow spot. This is espe-

cially true currently, when the spread of diseases in grain-producing regions of 

Russia has become almost universal, and grain harvest losses can amount to more 

than 50%. 

In our studies, during artificial infection of wheat varieties with the path-

ogen B. sorokiniana, no highly resistant samples were identified. However, three 

varieties demonstrated moderate resistance (MR), the Lutescens 230, Guberniya 

and Belyanka. The remaining samples were susceptible. The total proportion of 

varieties resistant to B. sorokiniana was 15%. 

In addition to field and laboratory assessment of the resistance of varieties 

to P. tritici-repentis, we screened the samples for the presence of a dominant (Tsn1) 

or recessive (tsn1) allele in the genotype (Fig.). 

Among the 20 varieties studied, only 3 varieties of winter wheat (Gostia-

num 237, Mironovskaya 808, Podruga) and 6 varieties of spring soft wheat (Fa-

vorit, Prokhorovka, Yugo-Vostochnaya 2, Saratovskaya 70, Saratovskaya 73, 

Belyanka) carried the tsn1 allele, which indicates their resistance to PtrToxA-pro-

ducing isolates at the genetic level. 
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The results of identification of the Tsn1 and tsn1 alleles using the molec-

ular marker Xfcp623 showed the predominant presence of Tsn1 in winter wheat 

varieties (see Fig.). 
 

 

Electropherogram of the Xfcp623 marker amplification products in varieties of winter soft wheat (Trit-

icum aestivum L.): 1 — Gostianum 237, 2 — Lutescens 230, 3 — Saratovskaya 8, 4 — Guberniya, 

5 — Mironovskaya 808, 6 — Donskaya Bezostaya, 7 — Saratovskaya 90, 8 — Zhemchuzhina Pov-

olzh’ya, 9 — Saratovskaya 17, 10 — Kalach 60, 11 — Podruga, 12 — Anastasiya, 13 — Sosedka, 14 — 

Favorit, 15 — Prokhorovka, 16 — Yugo-Vostochnaya 2, 17 — Saratovskaya 70, 18 — Saratovskaya 

73, 19 — Belyanka, 20 — Lebedushka. M — DNA marker Step100 plus (Biolabmix, Russia). Positive 

control (C+) is Glenlea variety, negative control (C-) is line 6B365. The diagnostic fragment is 380 bp 

in size. 
 

According to the literature, the preservation and spread of isolates with 

the ToxA gene in the population may occur due to their selection on varieties with 

the Tsn1 susceptibility gene [33]. It is suggested that the sexual stage of P. tritici-
repentis is predominantly observed on winter varieties and results in the retention 

of the ToxA gene [34]. 

Of the 20 cultivar—isolate Tsn1—ToxA pathosystems analyzed, gene inter-

action in almost half of the cases (45.5%) was gene-by-gene, that is, it led to 

damage to cultivars with the dominant Tsn1 allele by P. tritici-repentis isolates with 

the ToxA gene. In the remaining 54.5% of cases, a resistance response occurred. 

Varieties with recessive tsn1 alleles were affected by ToxA isolates in 54.5% of 

combinations, the rest remained resistant. Apparently, this happened because we 

did not use a pure toxin, but spores of a fungus that carries the ToxA gene and is 

capable of producing, in addition to PtrToxA, toxins that have not yet been iden-

tified [3, 5, 8]. 

N.V. Mironenko et al. [34] explain the resistance of varieties with the 

dominant Tsn1 allele to P. tritici-repentis isolates with the ToxA gene by a possible 

decrease in the expression of the ToxA gene under the influence of the genetic 

background of a particular variety. The defeat of varieties with recessive tsn1 alleles 

may indicate either the absence of gene-by-gene intraction, or the presence of 

other effector genes and susceptibility genes in the pathosystem. 

In general, of the 20 varieties of winter and spring soft wheat that we 

studied, only the Belyanka variety is resistant to both pathogens at once. It showed 

resistance to P. tritici-repentis in field tests, to P. tritici-repentis isolates with ToxA 

and ToxB in lab test, and moderate resistance to B. sorokiniana. In addition, the 

Belyanka variety carries the tsn1 gene, which indicates resistance to P. tritici-re-

pentis with ToxA. 

Thus, by screening 20 varieties of soft wheat, promising and approved for 

cultivation in the Lower Volga region of the Russian Federation, we identified 
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samples resistant to the causative agent of pyrenophorous spot, and moderately 

resistant to dark brown spot. The varieties resistant to Pyrenophora tritici-repentis 

isolates producing toxins PtrToxA and PtrToxB account for 40%, to PtrToxA pro-

ducers 55%, PtrToxB 60%. The proportion of varieties that showed average re-

sistance to the pathogen Bipolaris sorokiniana was only 15%. The genotypes of 

greatest interest are three winter soft wheat varieties, the Gostianum 237, 

Mironovskaya 808, Podruga and five spring soft wheat varieties, the Favorit, 

Prokhorovka, Saratovskaya 70, Saratovskaya 73, and Belyanka which turned out 

to be resistant to pyrenophorosis in lab and three-year field tests. Molecular 

screening also confirmed immunity to PtrToxA producers in these varieties due to 

the tsn1 allele which indicates their resistance to the fungal toxin protein PtrToxA. 

These varieties are recommended for regional programs of wheat breeding for re-

sistance to yellow and dark brown leaf spots. 
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