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ABSTRACT

Report 40 p., 26 figures, 15 tables, 72 sources, 3 app.
Key words: BRACHYPODIUM, BROWN RUST, RESISTANCE, SOFT WHEAT, PHYTOPATOLOGY,
The object of the study is three lines of Brachypodium distachyon (Bd 1-1, Bd 3-1, Bd21) and soft wheat.
Methods of biochemistry, plant physiology, morphometry, statistics were used in the work.
The main goal of 2020: assessment of the physiological and biochemical mechanisms of the nonspecific resistance of the Brachypodium distachyon model object to leaf rust for the creation of immunopreparations.
The tasks set in 2020 have been fully resolved. The results obtained in the course of the study lead to the following conclusions:
- all studied wheat samples are carriers of resistance genes, genes Lr10, Lr22, Lr34 and Lr67 were identified. The Kazakhstanskaya 19 wheat variety is a carrier of the dominant allele of the Lr34 gene, the Samgau wheat variety is the carrier of the recessive allele of the Lr34 gene.
- genes Lr-10, Lr-22, Lr-34 were identified in Brachypodium distachyon. The Lr67 gene in the Brachypodium Bd21, Bd3-1, Bd1-1 inbred lines is not clearly identified. The Lr-10 gene was identified in the inbred lines Bd21, Bd1-1 and in trace amounts in Bd3-1.
- for the induction of callusogenesis, the optimal concentration of 2.4 D in the culture medium of Murashige and Skoog is 2.5 mg / l. During long-term cultivation, the effect of jasmonic acid on the calli of the inbred Brachypodium distachyon lines causes a lethal effect.
Applications: practical breeding and wheat genetics.
Scientific and organizational work: according to the results of the study, 4 articles, 3 theses, 1 methodological recommendation, 1 participation in the conference were published
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DEFINITIONS, DESIGNATIONS AND ABBREVIATIONS

B.distachyon – Brachypodium distachyon
Bd 21 – Brachypodium distachyon, inbred line 1-1
Bd 3-1 – Brachypodium distachyon, inbred line 3-1
Bd 1-1 – Brachypodium distachyon, inbred line 21
P.recondita – Puccinia reconditа, brown leaf rust
T.aestivum – Triticum aestivum, soft wheat
rpm (revolutions per minute) – torque range
t комн. – room temperature
t – temperature
ROS – reactive oxygen species
BSA – bovine serum albumine
GA – gallic acid
IAA – indoleacetic acid
Kaz.19 – Kazakhstanskaya19
Kaz.early – Kazakhstanskaya early
КазНИИ ЗиР  – Казахский Научно-исследовательский институт земледелия и растениеводства 
KazSRI APG - Kazakh Scientific Research Institute of Agriculture and Plant Growing
C – control
SRW – scientific-research work
MES RK –  Ministry of education and science
MA – Ministry of agriculture
SRI BSP – Scientific-research institute of biological safety problems
E – experiment
rpm - revolutions per minute
Puccinia  recondita – brown leaf rust
RHA – hemagglutination reaction
SA – salicylic acid
SOD – superoxide dismutase
TCA – trichloroacetic acid
PMSF – phenylmethylsulfonyl fluoride
PSB – phosphate-buffered saline
Conv. unit – conventional units

INTRODUCTION


One of the significant issues of the modern world economy is food quality assurance, which is also relevant for Kazakhstan, where the possibility of cultivating soft and durum wheat and the production of grain with high technological quality is one of the strategically important tasks of the country's national security. Environmental stress factors of a biotic and abiotic nature lead to a decrease in the productivity of crops, and the annual loss of world crop yield from diseases, according to the Food and Agriculture Organization of the United Nations, is estimated at more than $ 25 billion, which is equivalent to 35% of the potential harvest harvest [1]. At the same time, the creation of pathogen-resistant varieties of cultivated plants using traditional breeding methods takes a long time, and the evolution of pathogens is ahead of the possibilities of practical breeding, as a result of which the production of pathogen-resistant varieties is late with their introduction into production [2]. In this regard, one of the primary tasks of practical breeding is to identify and develop mobile methods and ways of forming plant resistance to pathogens. The issues of nonspecific plant resistance in terms of increasing the yield of the most important food and fodder cereals are still relevant [3].
Objective of the study: Physiological and biochemical mechanisms of nonspecific resistance of the model object Brachypodium distachyon L. to leaf rust.
Research objectives:
1 Determination of the activity of compounds forming an early protective response upon infection with Puccinia recondita.
2 Determination of the activity of compounds that form the mechanisms of innate immunity when infected with the pathogen Puccinia recondita.
3 Comparative determination of gene expression for age resistance in Brachypodium distachyon and common wheat to the action of leaf rust (Puccinia recondita) and assessment of the effect of exogenous elicitors on Brachypodium callus cultures in vitro.
Research objectives for 2020:
3.1 Determination of expression of genes for age resistance of Brachypodium and varieties of common wheat (genes Lr34, Lr67) upon infection with a pathogen;
3.2 Assessment of the effect of exogenous elicitors on Brachypodium callus cultures in vitro.
In 2018 and 2019. two young employees passed scientific training: the Institute of Biology, Environmental and Rural Sciences of Aberystwyth University, UK and the Institute of Organic Chemistry with the Centre of Phytochemistry, Sofia, Bulgaria.
The implementation of scientific research was facilitated by the purchase of the following equipment in 2018-2020 in the amount of 3 272 515 tenge:
Orbital shaker KS 260 basic package with 2 platforms, Germany;
Drying cabinet E28, Germany;
Mobile irradiator OBNR 2, Russia;
Scales NV 212 RU, OHAUS, USA;
Centrifuge – MiniSpin plus, Eppendorf, Germany;
Shaker – Sunflower Mini Shaker, BioSan, Latvia;
TC thermostat – 1/80 SPU, Russia;
MFP laser HP LaserJet Pro М28w A4-W;
Stereo microscope, ergonomic ISOLAB, Germany;
Distiller ISOLAB, Germany.
The work was carried out on modern equipment that passed the metrological verification in 2018, in 2019.
In 2018, an interim report was prepared for the stage “Analysis of activity of compounds that form an early protective response upon infection with the pathogen Puccinia recondita,” No. 0218RK00859. In 2019, an interim report was prepared for the stage “Analysis of the activity of compounds that form the mechanisms of innate immunity when infected with the pathogen Puccinia recondita,” No. 0219RK00832.
The tasks set for the stages of 2018-2020 have been fully resolved.
Application: practical breeding and wheat genetics
Scientific and organizational work: according to the results of the study, 8 materials were published, including 4 articles and 3 abstracts, methodological recommendations, participation in 3 conferences. Published two articles in the journals indexed in Scopus database with a percentile 0.13 (Q3); 0.10 (Q4).
An application has been filed for a patent “Method for assessing the resistance of a Brachypodium distachyon plant to leaf rust.” Application No. 2020 / 0614.1 is at the stage of substantive examination (Appendix B).


[bookmark: _GoBack]MAIN PART ON SCIENTIFIC-RESEARCH WORK

1 Choosing a research direction

1.1 Model plant Brachypodium distachyon
Brachypodium distachyon – the only annual wild cereal, phylogenetically closest to agriculturally significant cereals - wheat, barley, rice (Figure 1).
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Figure 1 – Phylogenetic relationships of Bd and small-grain cereals [4]

The genome of B.distachyon was sequenced and published in Nature in 2010 [5]. It became the fourth in the list of sequenced genomes, after rice, sorghum and corn, and the first of the Pooideae subfamily 99.6% of his genome has been completely decoded [6]. 
In 2010, an international consortium of scientists, consisting of more than 100 members of the International Brachypodium Initiative consortium from Europe, America and Asia, for the first time deciphered the plant's genetic code, thereby paving the way for the creation of new crops and contributing to strengthening food and energy (biofuel production) security planets [7]. 
B. distachyon has a relatively small genome size, which consists of five chromosomes with a capacity of about 300 million base pairs, which makes it a convenient object for molecular genetic analysis and agricultural genetics, including the study of the mechanisms of response to adverse environmental factors.
Other advantages of B. distachyon include a short ontogenetic cycle, the ability to self-pollinate, ease of cultivation in the laboratory, and plant size (15-20 cm in height). This facilitates its application for fundamental and innovative applied research in the fields of cell biology, biochemistry, molecular genetics, and agricultural biotechnology.
The development of its resources and research tools was facilitated by leading scientists from around the world, in particular, the BrachyTAG project, with the aim of identifying key genes for development, reproduction, bioenergy, adaptation to environmental factors, including the resistance of cultivated crops to the most harmful and common diseases. In addition to rust, it becomes infected with fusarium and septoria [8 -10]. 
The growth of B. distachyon (line 3-1) in the field is shown in Figure 2.
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Figure 2 – The growth of B. distachyon (line 3-1) in the field 

Fundamental research in the field of plant immunity, especially model plants, contributes to understanding the mechanisms of plant resistance and optimizing the control of damage caused by phytopathogens [11]. The mechanisms of plant defense response to the action of phytopathogens are very complex. These are physical responses when the cell wall is a key element in plant defense; chemicals, including the formation of reactive oxygen species, protective compounds, as secondary metabolites and proteins related to pathogenesis [7, 12]. 
Wild grain B.distachyon is currently the ideal model object for the action of phytopathogens affecting crops. There are two other Brachypodium species in Kazakhstan, namely Brachypodium pinnatum subsp. pinnatum (L.) Beauv. and Brachypodium sylvaticum (Huds.) Beauv, in particular in the Markakol State Nature Reserve, national parks Altyn-Emel, Katon-Karagai, as well as in the forests of northern Kazakhstan.

1.2 Features of a biotrophic pathogen Puccinia recondita
Mushrooms Puccinia recondita Rob. ex Desm f. sp. tritici or wheat brown leaf rust is an obligate plant parasite, represented by 7000 species from more than 100 genera, the most common of which is the genus Puccinia, which includes the most economically destructive biotrophic fungi. The global crop losses associated with leaf rust are estimated at a corresponding equivalent in the order of US $ 2 billion [13]. 
Unlike most fungal pathogens, representatives of the genus Puccinia have a complex life cycle, being a two-host parasite with a full life cycle, and have five types of sporulation. It manifests itself mainly on the leaves, less often on leaf sheaths and very rarely on the stems. In the vegetative phase of the life cycle, it exists in the form of dikaryotic mycelium, aeciospores, teliospores and urediniospores. Each specialized form consists of different physiological races that differ from each other in a number of physiological and biochemical characteristics, as well as the ability to infect only certain varieties of the host plant. So, the causative agent of wheat stem rust has more than 200 races, which are distinguished by their aggressiveness, that is, the ability to cause massive damage to susceptible plants and virulence [14].
The harmfulness of brown rust is manifested in a decrease in plant assimilation, increased transpiration, respiration and disruption of other physiological and biochemical processes with a complete disruption of the water balance, which is the cause of premature death of leaves. The disease suppresses the synthesis and deposition of starch and protein in the endosperm, resulting in the formation of a shriveled grain. With severe damage to plants, fewer grains are formed in the ears, they are of low quality, lightweight, which is the main reason for the shortage of harvest. The lack of harvest also depends on the pathogenicity of the pathogen, the resistance of the variety, weather conditions and other parameters. The intensity of damage and the response of the host plant, in particular, are influenced by the stage of plant development, the degree of cultivar resistance and the virulence of the pathogen, the amount of inoculum and environmental factors [2].

1.3 Antioxidant system of plants
The earliest reaction of a plant organism to the introduction of a pathogen is the local generation of reactive oxygen species (ROS; oxidative burst), which trigger a chain of subsequent defense reactions. According to the literature, there are two mechanisms of ROS detoxification in a plant cell [15]:
1. Enzymatic, represented by the work of enzyme systems that detoxify ROS - superoxide dismutase, catalase, peroxidase;
2. Non-enzymatic, including low molecular weight antioxidants such as glutathione, ascorbate, proline, carotenoids, tocopherol, etc.
A significant increase in the content of active forms of O2 and H2O2 has a suppressive effect on the development of phytopathogens. The complex of the presented reactions underlies the formation of not only local resistance, but also systemic acquired immunity, which increases plant resistance to microorganisms, fungi and viruses. Under optimal conditions of intracellular metabolism, ROS are produced in small amounts, mainly in chloroplasts, mitochondria, and peroxisomes [16].
The balance between the formation and detoxification of ROS is of decisive importance in the formation of plant defense reactions and their survival under stresses of various nature; therefore, it is important not only the generation of active substances, but also their degradation and utilization, carried out by catalase and peroxidases [17].
Salicylic acid, being an inhibitor of catalase and peroxidase, leads to the accumulation of hydrogen peroxide in cells. At the same time, SA is an endogenous signal of a systemic induced defense response, and a violation of its synthesis or increased destruction leads to an increase in plant susceptibility to biotrophic pathogens [18]. 
Salicylic acid or 2-hydroxybenzoic or phenolic acid meets the requirements for systemic signaling molecules: it easily spreads through the phloem vessels, since its physical properties are close to ideal for remote transport through sieve tubes [19]. In plants, it is most often found in the form of derivatives: methyl ester glycoside, performs various physiological functions. With its participation, the delivery of newly formed proteins to the nucleus, chloroplasts, mitochondria and vacuoles occurs. It enhances the synthesis, preservation and restoration of the structure of nucleic acids and proteins important for the existence of plants. It can serve as a regulator of the transport of organic substances along the phloem, gravitropism, and other physiological processes; it also participates in the signal regulation of gene expression during leaf aging of Arabidopsis thaliana [20].
[bookmark: bookmark=id.1fob9te]Catalase is an antioxidant enzyme that eliminates excess amounts of H2O2 by hydrogen peroxide. This is the enzyme with the highest turnover rate (it can break down 44,000 H2O2 molecules per second) [21]. However, at low concentrations of hydrogen peroxide, catalase is capable of catalyzing its reduction only in the presence of additional hydrogen donors, for example, ethanol, formic or ascorbic acids. Therefore, due to the low affinity for the substrate, its action is effective only at high concentrations of H2O2. Catalase is predominantly found in peroxisomes, where the enzyme concentration reaches 80% [22].
Under biogenic stress influences, the activity of catalase of a phytopathogen is considered as the degree of manifestation of its aggressiveness, expressed in the suppression of reactive oxygen species of the host plant and a decrease in the protective biocidal effect Н2О2 [23]. 
A decrease in catalase activity in plant cells at the first stage of pathogenesis is a necessary condition for maintaining a high amount of Н2О2, which is required to neutralize the phytopathogen in tissues. Inhibition of catalase activity during plant infection is achieved by binding it with salicylic acid, which leads to the accumulation of Н2О2, one of the ROS participating in the formation of immunity. At the same time, the activation of catalase in plants is one of the factors that reduce their protective potential. 
It was found that with an increase in the activity of catalase, the content of H2O2 decreases and does not allow the development of resistance, as a result of which the susceptibility of plants to pathogens increases [24]. Since ROS are toxic not only to the pathogen, but also to the host itself, their amount in plant cells is strictly regulated with the participation of catalase as the main component of the antioxidant system. In addition, catalase limits the lifespan of ROS, protecting the cell from their harmful effects. Therefore, the growth of catalase activity is considered as a protective positive reaction of cells aimed at their preservation under biotic stress at later stages of its action. An increase in antioxidant potential allows plants to resist oxidative stress, which is an integral part of the infectious process [25].
Catalase is not the only antioxidant enzyme that breaks down hydrogen peroxide. Peroxidase is considered as one of the most important catalytic systems among biotic factors of plant protection against phytopathogens. An increase in plant resistance to phytopathogens is achieved due to the activation of lignin formation by peroxidases and an increase in the strength of cell walls in plants .[26].
The non-enzymatic antioxidant link is glutathione, which is a small peptide consisting of three amino acid residues (-Glu, -Cis, -Gly), gamma-glutamylcysteinylglycine. Glutathione protects thiol groups of proteins, inactivates radical particles, destroys peroxide compounds, and reacts with reactive oxygen species. It can stabilize membrane structures by removing acyl peroxides formed during lipid peroxidation. In its reduced form, it can function as an antioxidant in many ways: chemically interact with singlet oxygen, superoxide and hydroxyl radicals, or directly destroy free radicals; to stabilize the membrane structure by the movement of acyl peroxides formed by lipid peroxidation is necessary to maintain the reactions of the ascorbate-glutathione cycle associated with the neutralization of hydrogen peroxide. Reducing the amount of reduced glutathione can lead to severe cellular damage [27]. 
Another important non-enzymatic antioxidant link in plants is carotenoids. By their chemical nature, Carotenoids belong to the class of tetraterpenoids. Carotenoids, due to the presence of conjugated double bonds, can bind singlet oxygen and inhibit the formation of free radicals, preventing their negative effect on the plant organism. They provide protection against ultraviolet radiation, as they can transform the energy of UV light into visible light, which manifests itself in the phenomenon of fluorescence. They act as antioxidants, protecting sensitive tissues and labile compounds from oxidation.
[bookmark: _heading=h.1lu9wgwcxddz]Carotenoids are effective antioxidants and singlet oxygen quenchers (1О2 + β-carotene → О2 + 3(β-carotene). All carotenoid molecules have a polyene chain with alternating double bonds in their structure, but their end groups may differ. Carotenoids include lycopene, paraxanthines, luteins, and xanthophylls. Currently, more than 600 different carotenoids have been isolated and characterized, among which β-carotene is the most studied and frequently encountered. Carotenoids remove excess energy from excited chlorophyll or singlet oxygen and dissipate it through the process of non-radiative relaxation in the form of heat. Thus, oxidative stress can be prevented [28].
Thus, analysis of the literature data shows that there are many systems in plants that ensure the regulation of the level of reactive oxygen species in a plant cell under changing environmental conditions.

1.4 Genes for resistance to leaf rust
There is enough information in the scientific literature on the genes for wheat resistance to Puccinia recondita. Information on nearly 70 Lr resistance genes is known [29].
Nevertheless, the P. recondita pathogen successfully copes with the resistance genes Lr, which is explained by the emergence of new more aggressive pathogen races. The activity and effectiveness of most genes for resistance to leaf rust is short-lived. The rapid change in generations of P. recondita and the ability to mutate leads to the acceleration of the formation of new races of the pathogen. Genes for resistance to leaf rust are divided into genes for juvenile and age resistance. A number of works have shown that genes Lr12, Lr13, Lr34, Lr35, Lr46, Lr48, and Lr49, which are classified as age resistance genes, determine resistance to some pathogen isolates in juvenile plants. The genes Lr1, Lr10, Lr14a, Lr15, Lr20, Lr23, Lr26, Lr34, Lr36, Lr37 are classified as juvenile resistance genes, however, they show resistance to P. recondita isolates as genes of age resistance. It was noted that the onset of their expression in leaves of different layering depends on the pathogen isolate [30].
Many Lr genes are short-lived. However, genes Lr34, Lr46, Lr68, and Lr67 exhibit long-term, albeit partial, resistance. They promote a delayed type of rust development and are effective against all races of the pathogen [31]. 
The Lr34 gene is located on the short arm of chromosome 7D, near the Xgwm295 locus. Lr34 is closely related to the leaf necrosis locus (LTN); it is also possible that the LTN phenotype may have the pleiotropic effect of Lr34 itself [32].
The Lr10 gene is isolated from hexaploid wheat and is located on chromosome 1AS. It encodes a CC-NBS-LRR type protein with an N-terminal domain. When expressed in transgenic wheat plants, Lr10 provides increased resistance to leaf rust [33]. The Lr22 gene is localized on chromosome 4D, has two allelic states, of which Lr22a is the most common, and provides age-related resistance to leaf rust [34].
1.5 Elicitors
Elicitors are chemical compounds of exogenous or endogenous, biotic or abiotic origin, complex or with a well-defined molecular structure. Elicitors can interact with special receptor proteins located on the membrane of plant cells, which in turn triggers a whole cascade of defense reactions, and leads to an enhanced synthesis of metabolites that reduce damage and increase resistance to pathogens, pests or abiotic stress, the so-called pattern activated immunity [35].  Acting as signaling molecules at very low concentrations, due to their inductive action, they are a safer alternative to artificial chemicals. The yield increase from the use of biogenic elicitors as immunizers is from 10 to 30%, depending on the conditions of the year, the variety of plants and, especially, the infectious load of pathogens [35]. They can also be used to induce pharmacological compounds useful for humans in cell cultures of various plants [36].

2   Research objects and methods
2.1 Research objects 
The objects of the study were inbred lines Brachypodium distachyon: Bd 1-1, Bd 3-1,         Bd 21 with varying degrees of resistance to leaf rust and varieties of common wheat of Kazakhstan selection: Kazakhstanskaya 19, Kazakhstanskaya early, Samgau. Seeds of B. distachyon inbred lines were provided by Dr. Matthew Moscou, Sainsbury Laboratory, Norwich, UK.  
Bd1-1 – the line is characterized by long ontogenesis, therefore, it requires additional vernalization, has a large biomass and increased bushiness, small seeds, 2n = 10, place of origin - Turkey. Bd3-1 does not require vernalization, seeds are medium size, 2n = 10, origin is Iraq. Bd21 - the line is characterized by a relatively fast flowering, does not require vernalization, is demanding on light conditions, seeds are large, 2n = 10, the place of origin is Iraq.
Since B. distachyon is a model object phylogenetically close to wheat, the main objective of the project is to study the resistance to leaf rust in order to increase wheat productivity. Therefore, local varieties of common wheat were sown: Kazakhstanskaya 19, Kazakhstanskaya early, Samgau.
Kazakhstanskaya 19. The variety is mid-season, drought-resistant. According to the technological indicators, grain is included in the list of strong wheat. Resistant to brown rust damage, up to 15%. Kazakhstanskaya early. Relatively early maturing. According to the technological indicators, grain is included in the list of strong wheat. Early ripe variety. Average yield 25-30 c/ha. It is affected by brown rust, up to 40%. Samgau variety – mid-season soft wheat. Average yield – 40.5 c/ha. High drought resistance. It is affected by brown rust, as well as Septoria disease, dust smut at the standard level. In terms of grain quality, it belongs to especially valuable wheat [34].
Due to the COVID-19 pandemic, the sowing of seeds was carried out later than usual on April 21-22 on the experimental fields of the Kazakh Research Institute of Agriculture and Plant growing of the Ministry of Agriculture of the Republic of Kazakhstan, Karasai district, Almaty region. Sowing was carried out by hand on plots 1 m wide (row spacing 15 cm). B. distachyon seeds were planted 12 pcs in each row, wheat seeds 20 pcs. The seeds of the B. distachyon and wheat were sown on the same calendar date. The plants were grown according to the generally accepted agricultural practices [35]. Experimental B. distachyon and soft wheat plants were infected with uredinium spores of the Kazakhstani population of Puccinia (P.) recondita in the "tillering" growth phase. Control – untreated plants. P.recondita inoculum was provided by the Research Institute for Biological Safety Problems of the Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan under the contract. 
Urediniospores of brown rust were activated for 30 min at 37-40oC. For germination of fungal hyphae, humidity conditions were created in a desiccator for 4 hours. B. distachyon and wheat plants were sprayed with an aqueous suspension of urediniospores, which contained 0.001% Tween-80. The infectious load of the pathogen spores was 20 mg/m2 [36]. Plants were moistened before infection, treatment was carried out in the evening. Plants treated with spores were covered with plastic wrap to create conditions for increased humidity. Untreated plants served as control. Symptoms of the leaf rust infection of plants appeared in the form of brown pustules with a diameter of 0.5-2.0 mm on the upper side of the leaves (rarely on the leaf sheaths). They were registered on days 7-11, depending on weather conditions. 

2.2 Estimation of salicylic acid content
To determine the content of salicylic acid, 50 mg of leaves were frozen in liquid nitrogen, grounded to a powder state. Samples were allowed to thaw at room temperature. Samples were extracted in 1 ml of water, centrifuged for 10 min at 10,000 rpm, the Eppendorfs were placed on ice. 100 μl of the supernatant was mixed with 0.1% fresh ferric chloride. The volume of the reaction mixture was adjusted to 3 ml. The resulting violet color of the complex-ions of iron and salicylic acid was analyzed using a spectrophotometer, with the measurement of the absorption coefficient in the visible region at 540 nm [37]. 

2.3 Estimation of hydrogen peroxide content
500 mg of leaves were ground on ice in 5 ml of 0.1% trichloroacetic acid. The homogenate was centrifuged (Eppendorf 5417 R) with cooling at 4°C for 15 minutes at 12,000 rpm. 0.5 ml of supernatant was mixed with 0.5 ml of 10 mM phosphate buffer (pH 7.0) and 1 ml of 1M KI. The H2O2 content was determined by measuring the absorption coefficient at 390 nm using a standard curve [38]. 

2.4 Extraction of protein
For protein extraction, a sample of B. distachyon leaves and wheat, weighing 150-200 mg, was grounded, homogenized in chilled porcelain mortars with the addition of 400-600 μl of extraction buffer. For the extraction buffer, 20 μl of 100 mM phenyl-methyl-sulfonyl fluoride (PMSF) were dissolved in isopropanol (0.0174 g per 1 ml, or 0.0087 g per 0.5 ml) added to 2 ml of 50 mM K, Na-phosphate buffer, pH = 7.8. The extraction buffer was pre-cooled, all work was performed on ice. Extraction buffer was added, left for 1-2 minutes. The extract was collected in test tubes and centrifuged for 10 minutes at 12,000 rpm. After sedimentation, the supernatant was used to determine protein concentration and enzyme activity.
[bookmark: _Toc482340473]2.4.1 Measurement of protein concentration 
The protein content was determined by the colorimetric method [39]. The method was based on the reaction of Coomassie Brilliant Blue G-250 with arginine and hydrophobic amino acid residues. The bounded form had a blue color with an absorption maximum at 595 nm. The increase in the absorption of the solution at a wavelength of 595 nm was proportional to the amount of protein in the solution.
To prepare the solution, a concentrated Bradford solution was used and diluted with water in a ratio of 1:5. A calibration curve was constructed using bovine serum albumin (BSA). To prepare a BSA stock solution, 10 mg of BSA was dissolved in 10 ml of distilled water. 10 μl BSA and 1 ml Bradford reagent were added to the cuvette. Measurement of the optical density of BSA with different protein content: 10, 5, 2.5, 1.25, 0.625, 0.3125 mg/ml was carried out on a spectrophotometer at a wavelength of 595 nm.
Determination of the optical density of various BSA concentrations is necessary for plotting a curve and further determining the protein concentration in the desired samples. To determine the protein concentration in plant samples, 10 μl of the extract and 1 ml of Bradford's solution were added to the cuvettes, mixed and left at room temperature for the same time interval from 2 to 60 min, after which the optical density was measured on a spectrophotometer at a wavelength of 595 nm. 

2.5 Estimation of catalase activity
To determine the activity of catalase (EC 1.11.1.6), the spectrophotometric method proposed by H. Aebi was used [40]. The enzymatic function of catalase is to neutralize H2O2 by reduction to H2O and the formation of molecular oxygen. The method was based on this reaction, in which the rate of decomposition of H2O2 by catalase was compared with the activity of catalase.
Reagents: 50 mM K, Na-phosphate buffer, pH 7.8; 50 mM K, Na-phosphate buffer, pH 7.0; extraction buffer, for the preparation of which 20 μl of a 100 mM PMSF solution is added to 2 ml of 50 mM K, Na-phosphate buffer (pH 7.8); 0.6 M hydrogen peroxide, for the preparation of which 3 ml of 3% hydrogen peroxide was brought to 4.5 ml with distilled water. 
Working process: 250 mg of B.distachyon leaves and wheat were grind in a chilled mortar, 0.5 ml of extraction buffer added, the homogenate centrifuged (Eppendorf 5417R) with cooling to 4°C for 5 min. at 12000 rpm. The tubes were placed in a refrigerator at 4оС. The reaction mixture contained: 2.95 ml of 50 mM K, Na-phosphate buffer, pH 7.0; 30 μl of extract. The reaction was started by introducing 20 μL of 0.6 M H2O2 into the reaction mixture. The control cuvette did not contain hydrogen peroxide. Measurement of the optical density of the catalase activity was carried out every second for 100 seconds at a wavelength of 240 nm.
The enzyme activity per 1 mg protein was determined by the formula (1): 

A = (ΔD/T) X/(L•С),                                             (1)

where, C is the protein content in the sample, mg; L - layer thickness, mm; T - the reaction time, sec; X - the final dilution of the extract in the cuvette (the volume of the reaction mixture is divided by the amount of the added extract); ΔD - the change in optical density (subtract the optical density at the end of the reaction from the optical density at the beginning of the reaction); A - Enzyme activity. 
Measurement of catalase activity was performed in triplicate. The standard error was calculated in Microsoft Office Excel.

2.6 Estimation of peroxidase activity and its isoforms
The Peroxidase activity was determined by the colorimetric method [41], which was based on the rate of the oxidation reaction of benzidine to the formation of a blue product of its oxidation in the presence of hydrogen peroxide and peroxidase.
Reagents: 0.2 M Na-acetate buffer, pH 5.0, prepared from stock solutions of 0.2 M CH3COOH (2.4 ml of CH3COOH was brought to 200 ml with distilled water), 0.2 M CH3COONa (5.44 g CH3COONa is made up to 200 ml with distilled water). To prepare 100 ml of a solution, 30 ml of a 0.2 M CH3COOH solution were mixed with 70 ml of a 0.2 M CH3COONa solution and the pH of the buffer was checked, the pH, if it did not correspond, was adjusted with CH3COOH and 5% NaOH. PMSF was added to the acetate buffer at the rate of 20 μl of 100 mM PMSF solution per 2 ml of buffer (34 mg of PMSF was dissolved in 2 ml of isopropyl alcohol); 0.01% solution of benzidine hydrochloric acid (calculation for 10 samples: 5.6 mg of benzidine were dissolved in 1 ml of concentrated acetic acid, brought to 6 ml with distilled water); 0.3% hydrogen peroxide (0.5 ml of 3% peroxide was made up to 5 ml with distilled water).
A portion of the leaves 200-300 mg was ground in a cold porcelain mortar with a pestle with 0.5 ml of acetate buffer (pH 5.0). The resulting homogenate was centrifuged with cooling to 4 ° C at 12,000 rpm for 5 minutes. Samples were placed in a refrigerator at 4°C.
The reaction mixture contained: 0.98 ml of 0.2 M Na-acetate buffer (pH 5.0); 0.5 ml of 0.01% solution of hydrochloric benzidine; 0.02 ml of extract; 0.5 ml 0.3% H2O2.
The control cuvette contained: 1.48 ml of 0.2 M Na-acetate buffer (pH 5.0); 0.5 ml of 0.01% hydrochloric benzidine solution; 0.02 ml extract.
Measurement of optical density was carried out at a wavelength of 590 nm every second for 120 seconds. To determine the enzyme activity per mg of protein, the following formula was used (2): 
A = (ΔD/T)•X)/(L•С),                  (2)

where, A - enzyme activity; ΔD - the change in optical density (subtract the optical density at the initial time point from the optical density at the end of the reaction); X - the final dilution of the extract in the cuvette (divide the volume of the reaction mixture by the amount of the added extract); T – the reaction time, s; L – layer thickness, cm; С – protein content in the sample, mg.
Peroxidase activity was measured in triplicate. The standard error was calculated in Microsoft Office Excel. 
When studying peroxidase isoforms, it is important to know the nature of the variability of their activity. The determination of peroxidase isoforms was carried out by the Laemli method [42] on a polyacrylamide gel. Concentrating gel 5%, separating 12%, at 4oC, 20 mA [43]. Peroxidase isoforms were detected after electrophoresis with benzidine reagent in acetate buffer, pH 4.7. Measurements were carried out in triplicate.

2.7 Estimation of glutathione
The content of glutathione was determined by titration of mercury glutathionate with 0.001 N KJO3 [44]. A portion of the leaves of B. distachyon and wheat, weighing 2 g, was grounded in 2 ml of a 0.3 N solution of mercury acetate and 2 ml of a 30% solution of sodium acetate. The homogenate was transferred into test tubes, left for 10 minutes for complete precipitation, then centrifuged, the supernatant was drained. The precipitate containing glutathione is washed twice with water, 10 ml of 1 N HCl was added, stirred for 5 minutes; 1 ml of 20% KJ solution was added, mixed and centrifuged. The centrifugate was transferred to a 100 ml titration flask. The precipitate was washed with 10 ml of water with stirring. After centrifugation, the solution was attached to the first centrifugate. 0.5 ml of Starch solution was added to the obtained solution and titrated. One ml of 0.001 N KJO3 solution corresponded to 0.307 mg of glutathione. The glutathione content was calculated by the formula (3):

[image: ]
where, X is the glutathione content (in mg per 100 g of the test substance); a - the volume of 0.001 n KJO3 consumed in the titration of glutathione (in ml); K - the normality of the KJO3 solution; n is the sample of the test substance (in g); 30700 - normal titer of glutathione (in mg) multiplied by 100 to convert to 100 g of substance.

2.8 Estimation of the content of chlorophylls and carotenoids [45]
The content of chlorophylls a, b and carotenoids was determined on a spectrophotometer according to the Wetstein method. A portion of 50 mg of leaves (flag leaf) of B..distachyon and wheat was grounded in a cold porcelain mortar, and 90% alcohol was added. The resulting homogenate was transferred into microcentrifuge tubes, centrifuged for 5 min (Eppendorf 5417 R) with cooling to 4°C at 5000 rpm. The extract was poured into a test tube and the concentration of photosynthetic pigments was determined on PE-5400VI / UV (Russia) at a wavelength of 665 nm (chlorophyll a), 649 nm (chlorophyll b), and 440.5 nm (Carotenoids).
The Chlorophyll content was calculated using the formulas:

	Са (mg/l) = 11,63*D665 – 2,39*D649
	(4)

	Сb (mg/l) = 20,11*D649 – 5,18*D665
	(5)

	        Са + Сb (mg/l) = 6,45*D665 +17,72*D649
	(6)


The total content of Carotenoids was calculated according to formula:

	Сcar (ml/l) = 4,695*D440.5 – 0,268 (Са + Сb ml/l)
	  (7)


Determination of the pigment content taking into account the volume of the extract and the mass of the sample according to the formula:
                                             А = С*V/P*1000,                                       (8)
where, C - the concentration of pigments in mg/l; V - the volume of the pigment extract, ml;  A - pigment content in plant material in mg/g wet weight; P - weight of plant material, g.

2.9 Estimation of the content of indole acetic acid 
To determine the content of indole acetic acid (IAA), plant tissue samples (50 mg) were frozen in liquid nitrogen, homogenized in the cold, placed in test tubes and poured for extraction with cold 80% ethanol at the rate of 10 ml per 1 g of wet weight. The determination of IAA was complicated by the fact that, unlike cytokinins, it is chemically unstable at low pH in the presence of trace amounts of Iron. IAA oxidizes easily in air and light, especially in the presence of yellow pigments. In this regard, an antioxidant (β-mercaptoethanol) was added at the stage of homogenization and extraction. Extraction was carried out at a temperature of 2-4°C for 12 hours with periodic shaking of the tubes on a KS 260 basic orbital shaker (IKA®, Germany) at 50 rpm and 10 minutes at 300 rpm. Homogenization, extraction, and all subsequent procedures were performed under scattered light, protecting the samples from direct exposure to light, which accelerates the degradation of phytohormones. Centrifuged for 10 minutes with refrigeration at 13 thousand rpm. The supernatant was poured into small porcelain dishes, the plant material pellet was washed twice with 5 ml ethanol and centrifuged by combining the supernatants with the first portion. The resulting alcoholic extract was evaporated to an aqueous residue in a flow of cold air. The IAA content was determined at a wavelength of 492 nm [45]. 

2.10  Estimation of lignin content
Lignin is determined by different methods, so the end result varies. The main requirement for acid hydrolysis methods is complete removal of Polysaccharides with minimal impact on Lignin. The accuracy of the lignin determination results depends on the hydrolysis conditions: the type and concentration of acid, temperature, and processing time. Lignin losses depend on the extraction conditions [46]. One of the most effective methods is the determination of the Lignin content by the acetyl bromide method with modifications [47].
The plant material is mixed with 1.5 ml of acetic acid (990 g/kg), 10 ml of freshly prepared acetyl bromide dissolved in acetic acid (250 g/kg) was added. Samples were heated for 60 minutes at 120°C, cooled on ice and 20 ml of acetic acid were added. After stirring and filtering, 5 ml of the filtrate was added to the test tubes containing 5 ml of acetic acid and 5 ml of 0.3 M NaOH. After stirring, 1 ml of 0.5 M hydroxylamine hydrochloride was added to each tube and the volume was adjusted to 25 ml with acetic acid. After mixing, the samples were left for 45 minutes at room temperature. Measurements were carried out on a spectrophotometer at a wavelength of 280 nm.

2.11 Analysis of the morpho-anatomical features of the flag leaf under infection with the pathogen
The study of the anatomical structure was carried out in accordance with generally accepted methods of botanical research [48]. Anatomical preparations were made using a microtome with a TOS-2 freezing device (Inmedprom, Russia). For a quantitative analysis, the morphometric parameters were measured using an MOV-1-15 eyepiece micrometer (at 100x magnification). Micrographs of anatomical sections were made using an MC 300 microscope (Micros, Austria) with a CAMV400/1.3M video camera (jProbe, Japan, magnification 100x, 400x). Statistical processing of morphometric indicators was carried out using Microsoft Office Excel 2013. The study describes the internal structure of the leaves of the studied lines B.distachyon, gives a comparative characteristic of control and experimental samples. 

2.12 Estimation of lectin content
1 ml of acetone, cooled up to 20°C was added to 0.5 ml of the plant extract [49]. The incubation was carried out for 90 minutes at 4°C. Proteins were precipitated by centrifugation at 5000 g for 15 minutes with cooling to 4°C. The supernatant was removed and the precipitate was dissolved in 1 ml of phosphate-buffered saline (PBS) pH 7.4. Human erythrocytes (City Blood Center, Almaty) were precipitated from blood stabilized with anticoagulant sodium citrate and washed three times with PBS followed by centrifugation at 400g for 15 min at 10°C. The precipitated erythrocytes were stored in a refrigerator at a temperature of 4°C for 3 days.
In the wells of immunological U-shaped plates for 96 wells (BD, USA), containing 50 μl of PBS and two-fold dilutions of the test samples, 50 μl of a 2% solution of erythrocytes in PBS was added. Incubation was carried out at room temperature of 20°C for 1.5 hours. The results were determined visually. As a positive control, we used a solution of phytohemagglutinin (PHA) from soybeans (Sigma, USA) at concentrations of 5 and 10 μg/ml.
Lectin activity of 50 protein samples was assessed by the semiquantitative method of erythrocyte agglutination (RGA) [50].

2.13 Estimation of the content of phytoalexins of phenolic nature [51]
The content of polyphenolic compounds in terms of gallic acid was determined spectrophotometrically by reaction with a commercial Folin-Ciocalteu (FCR) reagent (Sigma-Aldrich, Germany). 500 mg of plant material were subjected to extraction in 10 ml of a solvent: ethanol/ water in a ratio of 70:30 (v/v). Extraction was carried out in an Erlenmeyer flask closed with a polished stopper. The flask was kept in an ultrasonic bath for 30 min. at a temperature of 40ºC. The mixture was centrifuged at 5000 rpm for 10 minutes, the resulting extract was decanted from the sediment and dried. The dry residue was dissolved in 10 ml of a solvent, filtered, and brought to a volume of 10 ml with the same solvent. To 1 ml of the analyzed solution diluted in a ratio of 1:10, 1 ml of the FCR reagent diluted in a ratio of 1 part of the reagent and 9 parts of distilled water, 15 ml of distilled water and 2 ml of an aqueous solution of Na2CO3 (7.5%) were added. The prepared mixture was shaken for 10 minutes and then kept in a water bath at 40ºC for 20 minutes. The solution was cooled and the optical density of the solution was measured at 760 nm. To construct the calibration curve, from 1 to 5 mg of gallic acid was dissolved in 10 ml of 80% ethanol  (Appendix A, Table A. 1 – Ratio of reagents for constructing a calibration curve; Figure 3 – Calibration curve of total polyphenols according to Folin–Ciocâlteu (A = 0.0057conc-0.0107; R2 = 0.9986). The concentration of total polyphenols in the analyzed sample was expressed in mg of gallic acid per 100 mg of the plant product.

2.14 Analysis of productivity elements of Brachypodium distachyon and Triticum aestivum plants and protein content in their seeds
Structural analysis of productivity elements was carried out according to the following indicators: plant height, productive bushiness, length, number and weight of grains of the main spike, weight of 1000 grains. Plants were grown in field conditions (control) and under conditions of artificial infection with P. recondita spores (experiment) [35].
Determination of protein content (% to dry weight) in B.distachyon was carried out on 50 grains, in wheat on 25 grains using a grain analyzer for Protein and moisture GrainAZX-50, Zeltex (USA). Automatic calibration was performed using software. To calibrate the near infrared spectrophotometer, a standard analytical method for Protein determination by Nitrogen content was used.
 Figure 4 shows the growth and development of B. distachyon, preparation of P. recondita spores for germination, and infection of plants in the field.  (Appendix A, Figure A. 4 - Growth and development of Brachypodium distachyon in vitro, preparation of Puccinia recondita spores for germination, leaf infection).
The results were statistically processed using the Excel program and according to P.F. Rokitsky [53]. 
Figure 4 shows the growth and development of B. distachyon, preparation of P. recondita spores for germination, and infection of plants in the field of another product (Appendix A, Figure A. 3 – Growth and development of B. distachyon, preparation of P. recondita spores for germination, and infection of plants in the field).

2.15 Analysis of adult plant resistance genes of Brachypodium and common wheat varieties (genes Lr34, Lr67) upon infection with a pathogen
The research materials were 7-day-old seedlings of inbred lines Brachypodium distachyon: Bd1-1, Bd21, Bd3-1, ABR-8, as well as varieties and promising lines of common wheat of Kazakhstani and Russian breeding: Kazakhstanskaya 19, Zhenis, Samgau, Novosibirskaya 29, Iren. DNA isolation was performed using CTAB method [54].
Two to three leaf fragments were placed in 1.5 ml Eppendorf. 400 μl CTAB 2% buffer (consisting of 2% CTAB (10.0 g), 1.4 M NaCl (40.91 g), 20 mM EDTA (20 ml 0.5 M EDTA), 100 mM Tris- HCI pH 8 (50 ml 1M Tris-HCI), adjusted with ddH2O to a final volume of 500 ml). Homogenization was carried out for 30 sec. 10 μl RNase was added, shaken for 5 sec on a shaker. Incubated for 60-80 min at 65 °C on a water bath, shaking occasionally. 400 ml of cleaning solution (92% chloroform: 8% isoamyl alcohol) was added. Centrifuged for 1 min at 13,000 rpm. The upper phase was transferred into a new tube. Re-purification with centrifugation was carried out. 350 ml of cold isopropanol were added. 10 min at 13,000 rpm. The precipitated DNA was washed in 70% ethanol. 5 min at 13,000 rpm. DNA was dried for 1 hour and dissolved in TE buffer. DNA samples were stored at -20 °C. Quantitative and qualitative assessment of the isolated DNA was performed using a DNA photometer (Biofotometer Plus, Eppendorf, Germany) and electrophoretic analysis.
The identification of Lr genes was carried out using PCR primers that mark individual genes. Primers were selected based on literature data. The nucleotide sequences of the primers are presented in Table 2 (Appendix A, Table A. 2 – PCR primers for the identification of Lr genes). The volume of the PCR reaction mixture was 10 μl and contained 1.0 μl 10 × buffer, 1.0 μl 2.5 mM dNTP, 0.2 μl 10 μM each primer, 0.2 μl 5 U Taq polymerase, 6.4 μl MQ-H2O, 1 μl 20 ng / μl DNA. The PCR Master mix (Fermentas) was used for PCR. PCR was performed according to the X.M. Chen et al. [55]; protocol (Appendix A, Table A. 3 – Protocol for the PCR reaction).
Amplification was carried out in a Mastercycler (Eppendorf). Amplification products were separated in a 2% agarose gel in TBE buffer (45 mM Tris borate, 1 mM EDTA, pH 8) [56]. Gels were documented by photographing after staining with EtBr (Sigma-Aldrich). DNA Ladder 100 bp Plus (ThermoScientific) was used as a molecular weight marker.

             2.16 Evaluation of the effect of exogenous elicitors on Brachypodium callus cultures in vitro
For callus formation, Murashige and Skoog (MS) were selected as the main culture medium with the addition of phytohormone: 2,4-dichlorophenoxyacetic acid (2.4 D) with a concentration of 0.25 ml [57].
Carefully selected seeds of Brachypodium distachyon were soaked for 24 hours. The seeds were sterilized in a soapy solution for 30 min, followed by washing in running water for half an hour, then additional seed treatment was carried out under the conditions of a laminar: 70% ethanol for 1 min, sublimate 0.1% for 9-10 min, followed by three times rinsing in sterile water according to 5 minutes. Isolation of embryos was carried out using a binocular microscope on Petri dishes in a laminar box. Isolated embryos were placed on the surface of the nutrient medium in the position with the shield down. Then the planted embryos were placed in a thermostat: for callusogenesis under dark conditions at a temperature of 24 °C, for regeneration of shoots – 16/8 hour photoperiod, illumination 3000 lux.
The increase in callus mass was analyzed by individually weighing callus aggregates under sterile conditions on a torsion balance at the time of the next passaging. The process of callusogenesis was assessed by two indicators: 1) the frequency of callusogenesis – the proportion of explants that formed callus; 2) the intensity of callus formation – the degree of callus mass accumulation was assessed using a point system: 0 – no callus; 1 – callusogenesis covers up to half of the explant; 2 – up to 2/3 of the explant is covered with callus tissue; 3 – the explant is only partially visible; 4 – the explant is completely covered with callus.
The growth index of callus cultures was determined every 28 days of cultivation and was calculated by the formula:
I = (Wo -Wt) / Wo,

where Wo is the initial mass of the callus, g; Wt - callus mass at the end of the growing cycle, g [58].


3 Generalization and evaluation of the research results

3.1 Analysis of activity of compounds forming an early protective response upon infection with the pathogen Puccinia recondita
Plants have a quite effective innate immune system, which is based on the active detection of plant pathogens and induction of protective reaсtions.
 
3.1.1 Estimation of salicylic acid content during infection
Endogenous salicylic acid (SA) plays an important role in the induction of protective responses, inducing complex defense mechanisms, resulting in manifestations of systemic and local resistance to a broad range of pathogens. SA is a hydrochloric molecule involved in the mechanism of resistance in plants, which is associated with the induction of ROS generation in the tissues and the stimulation of the synthesis of protective PR-proteins, with activation of phenylpropanoid metabolism, hypersensitivity reactions, and others [61].
The determination of the SA content was carried out spectrophotometrically, with the measurement of the absorption coefficient in the visible region at 540 nm [37]. The results of the content of SA on the 3rd day are presented in Table 4 (Appendix A, Table A. 4 – Salicylic acid content, ug/g fresh weight in leaves B. distachyon and wheat upon infection with P. recondita on 3rd day of infection).
It should be noted that in the control plants of B.distachyon and wheat varieties the presence of SA from the 3rd to the 10th day after infection with the phytopathogen in free form was not detected. An increase in the SA content on the third day was noted in the inbred line Bd 21 - 0.46 ± 0.03 U μg/g fresh weight; at Bd3-1 line, compared with Bd1-1 content SA increased by 45% (0,33 ± 0,18 ug g fresh weight and 0.15 ± 0.06 mg/g fresh weight, respectively). When infected by P.recondita SA content in plants experienced significantly increased with peak on day 7, particularly in Bd21 line; there increase in the content of SA was 3.17 times higher in comparison with the 3rd day of infection.

3.1.2 Estimation of the content of H2O2 upon infection with a pathogen
It is known that bio- and abiotic factors of various genesis influence plants and form ROS, of which H2 O2 is the most stable. It participates in a number of normal physiological processes and in response to stressful situations [62].
The determination of the content of H2O2 was carried out using spectrophotometry, with the measurement of the absorption coefficient in the visible region at 390 nm according to the standard curve [38].
In the infected leaves of B. distachyon,   at the first stages of the development of the disease, H2O2 did not accumulate. An insignificant accumulation of H2O2 in plants of the Bd21 line occurred on the 3rd day, counting 1.75 μmol/g wet weight compared to 1.25 μmol/g wet weight in control. Probably, H2O2 accumulation occurs by recovering of highly reactive oxygen species: superoxide and hydroxyl radicals, either as a product of enzymatic reactions (Appendix A, Figure A. 5 – Content of H2O2 in leaves of B.distachyon under infection with P.recondita on the 3rd day).
The maximum accumulation of H2O2 in the resistant line Bd21 was noted on the 10th day and counted 2.3 μmol/g fresh weight, which is 91% higher than in control (Appendix A, Figure A. 6 - Content of H2O2 in leaves B. distachyoт after infection on 10th day).
If the accumulation of H2O2 on the 10th day of infection in the relatively stable inbred line Bd3-1 was 2.6 μmol / g fr wt, then in the sensitive line Bd1-1 it was 2.8 μmol/g per dry weight . The content of H2O2 on the 10th day from the infection in these lines increased in comparison with the control by 160% and 124%, respectively.
According to the results obtained for Kazakh wheat varieties,   the following regularity was revealed: the rate of accumulation of H2O2, as in B. distachyon, was characteristic of varieties that are more resistant. This indicates that in these varieties of the wheat level of resistance to leaf rust correlates with a constitutively high concentration of hydrogen peroxide (Appendix A, Figure A. 7 - Content H 2 O 2 in wheat leaves upon infection on 3rd and 10th day).

3.2 Estimation of the activity of resistance markers – antioxidant enzymes
One of the main links of protection against ROS is enzymes that remove H2O2- catalase and peroxidases. These enzymes catalyze the two-electron reduction of H2O, catalase usеs H2O2 from various organic compounds, peroxidase is used an electron donor [52].
 
3.2.1 Measurement of protein concentration
To determine the activity of antioxidant enzymes, protein concentration is initially determined in the leaves (Appendix A, Table A. 5 - Estimation of the optical density of various BSA concentrations by the Bradford method).
To determine the protein content in the sample (mg / L), a calibration curve was constructed in the coordinates of protein concentration-optical density of leaves (Appendix A, Table A. 6 – Content and amount of B. distachyon protein during infection).
 


3.2.2 Identification of catalase activity upon infection with P. recondita
Catalase is involved in the neutralization of hydrogen peroxide, the reduction of H 2 O 2 to water, and the formation of molecular oxygen. The rate of decomposition of Н 2 О 2 by catalase is compared with the activity of catalase. This reaction is based on the spectrophotometry method proposed by H. Aebi [40].
The optical density of catalase in the leaves of B.distachyon was measured every second for 100 sec at a wavelength of 240 nm (Appendix A, Table A. 7 - The optical density of catalase B..distachyon upon infection with P. recondita). The optical density was used to measure the concentration of the enzyme in the samples at the initial and final moments of the reaction time. Changes in catalase activity at the infection of leaf rust is presented on Figure 8 (Appendix A, Figure A. 8 – Changes in the catalase activity upon infection with P. recondita). 
Increased catalase activity in stable line 21 constitutes 5.61 U/mg of protein, and is more than the reference for five times (0.77 conventional units/mg protein). The increased activity of the enzyme is apparently associated with a high concentration of H2O2, since the molecules of H2O2  are formed as a result of dismutation neutralized by the enzymatic activity of catalase. 
 
3.2.3 Estimation of peroxidase activity and its isoforms upon infection
Peroxidase is considered as one of the most important catalytic systems among biotic factors of plant protection against phytopathogens. Increased stability to phytopathogen is due to activation of peroxidases and increased thickness of cell walls in plants [63].  Figure 9 shows oxidase activity, which was determined by a colorimetric method [41], based on the rate of oxidation reaction of benzidine in the presence of hydrogen peroxide and peroxidase 8 (Appendix A, Figure A. 9 – Changes in catalase activity upon infection with P. recondita).
It was found that the specific activity of peroxidase is two times higher than that of catalase. The peroxidase activity of the Bd 21 line in infected leaves was significantly higher than that of Bd 1-1 (up to 3.5 times). Soluble peroxidase in leaves B.distachyon is mainly represented by anionic isoforms (Appendix A, Figure A.10 – Peroxidase isoforms in line Bd21 upon infection with P. recondita).

3.3 Estimation of the content of non-enzymatic antioxidants
When enzymatic oxidative stress protection may be less effective in comparison with protective effect nonenzymatic antioxidants. The level of non-enzymatic antioxidants in plant tissues is determined by the relative activity of enzymatic systems and formation of metabolic transformations.


3.3.1 Estimation of glutathione content upon the pathogen infection
Glutathione is the main source of thiol groups found in all compartments of the cell - the cytoplasm, chloroplasts, endoplasmic reticulum, mitochondria, and vacuoles. It is one of the five most important endogenous antioxidants, which accounts for 90-95% of total thiol compounds in the cell. Decreased levels of glutathione may be the cause of susceptibility to various pathogens [64, 65].
The content of glutathione in leaves of B. distachyon and wheat were determined by titration [44]. Table 6 shows the content of glutathione in the leaves of inbred lines of Brachypodium distachyon and wheat on the third and tenth days after infection by brown rust (Appendix A, Table A. 8 – Content of glutathione in leaves of B. distachyon and wheat plants under infection, mg/100 g fresh weight).

3.3.2 Estimation of the content of carotenoids and chlorophylls upon infection
Carotenoids can be attributed to the "auxiliary" photosynthetic pigments present in all photoautotrophic organisms, which however plays an important role in protecting against ROS. Carotenoids very quickly quench 1O2 , and can also absorb excess energy from chlorophyll molecules, which are in an excited state, thus preventing the formation of this form of ROS. All this indicates that carotenoids, localized mainly in chloroplasts, protect the photosynthetic apparatus from the effects of singlet oxygen and other ROS [66, 67].
Determination of photosynthetic pigments performed three-wave photospectroscopical extraction method with pre-photosynthetic pigments in 90% ethanol, at 665, 649 and 440 nm (absorption maxima of chlorophyll respectively a , chlorophyll b, and carotenoids in ethanol).
Concentration of chlorophyll a and b, concentration of carotenoids was calculated according to [45].
It was found that P.recondita affects the pigment content in flag leaves like inbred lines Brachypodium distachyon, as well as in wheat.
The results showed that B. distachyon is more resistant to rust. The following pattern was noted: B. distachyon and Kazakhstanskaya 19 were more resistant to rust than Kazakhstanskaya early. The concentration of chlorophyll-a decreased by 8%, of carotenoids by 66%, while the concentration of chlorophyll b increased by 72% (Appendix A, Table A. 9 – Ratio of photosynthetic pigments in flag leaves of plants of the model object B..distachyon). 
When infected with the pathogen Puccinia recondita , the content of C a + b chlorophylls in the flag leaves of plants of the Bd21 line statistically significantly increased by 96%, in the Bd3-1 line by 104%, and in the Bd1-1 line by 121%.
The content of chlorophylls C a / C b after infection by Puccinia recondita changed as follows: in the leaves of plants of the Bd21 line it statistically significantly decreases almost three times, in the Bd3-1 line in the experiment it increases by 17% in comparison with control, and in the Bd1 line -1 by 47%.
The ratio of the concentration of the sum of chlorophylls to carotenoids (C a + b / car) is an indicator of tolerance to abiotic and biotic stresses. 
According to this indicator plants Bd21 line seen a nine-fold increase in Bd3-1 line up to 4 times, in line Bd1-1 this ratio increased by more than three times compared to the control (Appendix A, Table A. 9 - relation of photosynthetic pigments in flag leaves of plants model object B.distachyon).
Infection with the pathogen P. recondita of wheat plants showed the following: chlorophyll content C and + b of flags O leaves the resistant variety Kaz.19 wheat plants significantly increased by 21%, at relatively resistant variety Samgau 17% relatively to control, and at Kaz.early the amount of chlorophylls remained practically unchanged (Appendix A, Table A. 10 - The ratio of photosynthetic pigments in flag leaves of wheat).
When infected by pathogen P. recondita, chlorophyll content C and + b of flag leaves of wheat leaves of plants resistant variety Kaz.19 significantly increased by 21%, at relatively resistant variety Samgau 17% relative to control, and at Kaz. early the number of chlorophylls practically did not change.
Analysis of the ratio of the content of chlorophylls C a / C b in the case of P. recondita damage to wheat plants showed that the C a / C b ratio in cultivar Kaz.19 significantly decreased by 57%, in Kaz.early statistically significantly increased by 36%, in the Samgau variety by 10%.
In the variety Kaz.19 ratio of C and b + / Scar statistically significantly increasing a smiling more than 2 times, the variety Kaz early increase of 32%, and grade Samgau 97%.
When calculating tolerance indicators, it was revealed that B. distachyon is more resistant to leaf rust than the cultivar Kaz.19. The ratio of the concentration of a / b chlorophylls statistically significantly decreased almost threefold, and the ratio of the concentration of the sum of chlorophylls to carotenoids, on the contrary, increased by more than 1000%.
The data obtained showed that in the process of adaptation to the pathogen, the following physiological changes occur in the plant organism: 
- the ratio of chlorophyll a and b changes;
- the ratio of the sum of chlorophylls to carotenoids changes.
It revealed that inbred line B. distachyon and grade wheat Kaz.19 substantially resistant to infection P.recondita than wheat Kaz early and Samgau.
 
3.4 Analysis of productivity elements, estimation of protein content in seeds of B. distachyon plants and wheat varieties during infection
One of the main elements of wheat yield is ear productivity. Productivity depends on a number of characteristics: ear length, density, number of grains per ear. Productivity assay was performed for morphological control for plants and to check purposeful influence on the formation of yield structure elements [46].
Comparative analysis of productivity elements presented in Table 11 (Appendix A, Table A. 11 – Effect of the pathogen Puccinia recondita on elements of productivity in B. distachyon and wheat).   
Brown rust infection significantly reduced all the elements of productivity. The main features of the main spike change: length, number of grains and weight of grains. For example, the length of the main spike of line Bd1-1 decreases to 46% (1.04 ± 0.45 cm - experiment, 1.91 ± 0.65 cm - control). In Bd3-1 line - statistically significant by 25%, in comparison with control (4.12 ± 0.12 g), the main indicator decreases - the mass of 1000 grains (3.11 ± 0.18 g). In the Bd21 line, the “productive bushiness” trait during infection decreases to 4.3 ± 0.56 units as compared to 5.4 ± 0.55 units in the control; the sign "number of grains" is statistically significantly reduced by 10%.
A statistically significant decrease in all productivity indicators in soft wheat varieties under the influence of leaf rust was established.
The results of the influence of P. recondita on the protein content in the grain of inbred lines of the model plant and soft wheat are shown in Table 12 (Appendix A, Table A. 12 - Influence of P. recondita on the protein content in the grain of inbred lines B. distachyon and common wheat).
Infection of brown rust shows almost no effect on the protein content of kernels of inbred lines as a model plant B. distachyon, and wheat local lollections. Thus, in the Bd 3-1 line, the protein content in grains practically does not change - control 12.00 ± 0.10%, experiment 11.7 ± 0.10%, in the Bd1-1 line the protein content is: 11.53 ± 0 46 % in the control variant and 10.86 ± 0.11% in the experiment, and at the line y Bd21 11.35 ± 0.06 % of the control, 11,03±0.06% in the experimental embodiment.
Figure 11 shows a plot contains the relationships between a protein contained  in the grain from the productivity element "mass of grains in the main ear" of inbred line Bd 21, and wheat (Appendix A, Figure 11 A. - Dependence of the protein content in the grain from the productivity  element  “mass of grains in the main ear” in line Bd 21 and wheat upon infection by P. recondita).
 
3.5 Estimation of the activity of compounds that form the mechanisms of innate immunity during the infection with the pathogen P. recondita
Plants have a fairly effective innate immunity system, which is based on the active detection of phytopathogens and the rapid induction of protective reactions.

3.5.1 Estimation of indoleacetic acid (IAA) content 
To overcome the protection of plant pathogens have developed multilevel molecular mechanisms of hormonal pathways of plants. 
An increase in the level of IAA in infected plants coincides, but the time with the maximum rate of accumulation of fungal biomass in them, and the artificial elimination of excess auxin leads to a noticeable decrease in the intensity of the disease, indicating the participation of IAA in creating favorable conditions for the introduction and further development of the parasite in the tissues of the host plant [62]. Determination of the content of IAA in leaves B. distachyon was performed by enzyme immunoassay at a wavelength of 492 nm [41].  
Change of IAA is probably due to an increase in the overall activity of the altered processes in cells under the influence of the host plant pathogen, in particular with the action pathogen in the hormonal signaling pathways with a view to its rapid growth and development of IAA level is different in different organs and changes with age seedlings [63].
On the third day, the plants B. distachyon with varying degrees of resistance, an increase in IAA content was observed. In plants of resistant lines, this increase was more significant (fast and early), compared with plants of susceptible line Bd 1-1, and amounted to 154 ng/g fresh weight (Appendix A, Figure A. 12 – IAA content in leaves of inbred lines B. distachyon infected with leaf rust ). It is also important to note that after a slight, not statistically significant, increase in the third day of infection IAA content in infected plants to the 7th day is lower than the control, and throughout the vegetative translational period was at the control level. Transit and multiple storage aux new in the initial period in resistant plants, can be a condition subsequent stabilization of their level and deterrence induced pathogen accumulation of IAA in plants. In tissues susceptible line Bd 1-1 IAA levels increased with a certain delay and on the 7th day was 1.5 times higher than in control.  
This probably indicates that the accumulation of auxins is necessary for the development of the fungus in plant tissues of the susceptible line Bd 1-1, is one of the conditions for the development of the disease and correlates with the literature data: auxins can accelerate the rapid degradation of plant cell walls by phytopathogen enzymes, decrease the activity some protective proteins, attraction of nutrients of the affected plant to the place of localization of the fungus and stimulation of its sporulation. It is impossible to confirm with full probability the plant or infectious nature of IAA predominates at the initial and further stages of leaf rust infection, due to the fact that this compound is an integral part of plant metabolism. Start raising the level of IAA apparently due to the non-specific resistance of plants B. distachyon, because the increase in the content of IAA on the third day of infection observed in all lines of  B. distachyon .
 
3.5.2 Estimation of lignin in lines of B. distachyon
It was previously found that plant tissue lignification is a factor of resistance to fungal pathogens. The protective effect can be expressed in a mechanical barrier to the spread of fungal hyphae, as well as in the toxic effect of aromatic metabolites on the pathogen [64].
Morphological changes and changes in the lignin content in the leaves of inbred B. distachyon when infected with the pathogen P. recondita are presented in Figure 13 (Appendix A, Figure A. 13 - Dynamics of lignin accumulation in leaves of inbred B. distachyon lines upon infection with P . recondita ).
Prior infection with the pathogen P. recondita in inbred lines of B. distachyon, no significant differences in lignin content were observed. Active accumulation of lignin was observed in plants of the resistant line Bd21 on day 3 after inoculation, as well as in the relatively resistant line Bd3-1. In the susceptible line Bd1-1 on day 3, the lignin content was 1.5 times less intense and amounted to 68 mg / g dry weight compared to 115 mg / g dry weight in plants of the resistant line Bd21 and 93 mg / g dry weight in Bd3 -1. The activation of lignin formation is associated with an increase in plant resistance to phytopathogens , since the lignification of cell walls creates a mechanical barrier to the penetration of infection.
 
3.5.3 Analysis of morphological and anatomical characteristics of flag leaf of inbred lines B distachyon upon infection with a pathogen
The peculiarities of the anatomical structure of the vegetative organs of a plant, including the structure of the leaf, well reflect the adaptation of plants to growing conditions. 
The study aimed to evaluate the effect of leaf rust infection on quantitative veins indicators on the internal anatomic leaves structure of B. distachyon. The test plants were infected with             P. recondita spores during the tillering growth phase. To study the anatomical structure, flag leaves of plants were recorded, which are located directly under the ear, since the tiers of cereal plants have leaves of different quality. With an increase in the layer of a leaf, the degree of its xeromorphism increases, the density of veins increases, the pubescence of the leaves increases, and the cells become smaller [65]. 
Steel plate - main photosynthesizing portion plate, mostly has a linear shape and nearly 
parallel arrangement of the conductive beams. B. distachyon leaves are in a bud usually folded lengthwise. The study of the anatomical structure of the flag leaf blade shows that they are flat, . On the upper side each plate forms a small projection - keel. Thanks to these transverse sections visible ribbing sheet. The outer surface of the cells of the upper and lower epidermis is cutinized due to the presence of a wax plaque. With both of their sides of the leaf blade visible short-celled spinous hairs, rarely meeting are single-celled long spinous outgrowths. Experimental plants have a long, unicellular spine-like outgrowth on the upper side of the epidermis.      
In transverse sections from the upper epidermis at the bottom of depressions between the ribs clearly visible bubble-shaped cells - a cell motor, whereas in normal cells cover a larger size and contributing convolution via sheet in dry weather (Appendix A, Figures 14, 15, 16).
The mesophyll is uniform layer throughout the entire thickness of the leaf blade, consists of slightly folded cells. The vascular fibrous vascular bundles are arranged in one row. Over the circumference of fibrovascular bundles under the conductive mechanical roll there is sclerenchyma layer. The bulk of these cells form the lower side of the leaf blade, reinforcing large and medium parts. Tide beams from below in the form of a stand. Between the vascular bundle of the main vein and the upper epidermis, the colorless parenchyma forms wide supportive layer.
Comparison of the morphometric data of the leaves of the control and experimental plants of the line Bd 1-1 showed that a thicker leaf blade and the development of conductive bundles distinguish the experimental plants. Plant leaves line B d 1-1, affected rusty brown leaf cause of the medium in fibrovascular bundles have a sheet thickness roughcast on 29.80% more (583,10 ± 0.02 nm) as compared with lamina control plant (449,20 ± 0.03 nm). It is also noteworthy, that height changes epidermal cells. Thickness of the upper leaf epidermis embodiment experienced line 1-1% reduced by 57.0 (55.70 ± 0.01 nm), compared with control plants s - 97.60 ± 0.04 nm. In Height of the lower epidermal layers of the sheet of cells is increased by 12.4%, possibly due to the formation of more dense waxy coating, Table 1 3 (Appendix A, Table A.1 3 - Effect of          P. recondita on morphometric parameters of leaves in line Bd 1-1; Appendix A, figure A. 14 Anatomical structure of the leaf in Brachypodium distachyon, line 1-1).
According to the Table 1 1 , an increase of vascular bundles in diameter at 24.86%, can be explained by the presence of more spaced vessels responsible for the transport of water with dissolved substances from the soil in above-ground part of the plants (experiment - 328.40 ± 0.09 nm, control - 263.0 ± 0.03 nm).
Morphometric analysis of the data line B d 3-1, showed that infected rust spores plant leaves, have indices increased internal structures, compared with those of control plants (Appendix A, Table A.1 4 - Effect of P. recondita on morphometric indicators in leaves of Bd3-1 line; Annex A, Figure 15 A - The anatomical structure of B. distachyon leave, line 3-1).
According to the data in Table 14, the height of the integumentary cells of both the upper and lower epidermis changes in cross section. The thickness of the upper epidermis of experimental plants was equal to 67.20 ± 0.02 nm, which is slightly higher (3.20%) that this parameter in control- 65.10 ± 0.03 nm. There is also a thickened of 7.5% lower epidermis in infected leaves (experiment 64.00 ± 0.01 nm, control - 59.05 ± 0,02nm).
The infected plants are small in sheet plastics - 458.40 ± 0.07 nm, compared with the control 451.00 ± 0.03 nm. Significant change of 43.94% in diameter of conductive tissues in infected, compared with control (control - 197.30 ± 0.01 nm, experiment - 284.00 ± 0.06 nm, corresponding to the data in Table 14).
Histological sections of leaf blades of experimental and control plants of line B d21 showed the following. Plants infected leaf rust, have a thickened lamina, compared to control, are characterized by reduction in thickness of the epidermal cells and the diameter of the conductive beams (Appendix A, Table A.1 5 - Effect of P.recondita on morphometric parameters of leaves in line Bd21; Appendix A, Figure A. 16 - Anatomical structure of the leaf, line Bd 21).
Studies on the anatomical structure of leaves Bd21 determined that the thickness of the sheet at the plant affected by leaf rust is 609.30 ± 0.07 nm and leaf discs 19.94% greater than control - 508.00 ± 0.04 nm. The thickening of the lamina possibly caused by the presence of fungal mycelium plaque.
Morphometric analysis of leaf blades of different lines B. distachyon showed changes in internal structures of infected plants: epidermal thickness, total development of lamina as well as the dimensions of conductive tissues compared with similar indices of control plants. Considerable thickening of leaf plate in sensitive line Bd1-1 (29.80%) and stable line Bd21 (19.94%). The thickness of the upper leaf epidermis in sensitive line Bd1-1 was reduced by 57.0% comparing to control, as is evident from Table 13.
 
3.6 Estimation of lectin content during infection with a pathogen
Plant lectins have a multifunctional role: they participate in the defense reactions of cells against pathogens and herbivorous insects, and also affect symbiosis with microorganisms, playing a key role in establishing symbiotic relationships with nodule bacteria [66].  
We analyzed hemagglutinative activity of the extracts of leaves of inbred lines of                     B distachyon at 1, 3, and 5 days post infection with P. recondita. To concentrate proteins, the acetone precipitation technique was used [50]. Most proteins have been shown to precipitate, including lectins. The presence of lectin activity of protein samples in the amount of 50 samples was assessed by the semiquantitative method of the hemagglutination reaction (RHA) [51]. 
Figure 17 contains the results of a tablet with WGA samples for three variants of control lines B. distachyon on the 1st day of infection, samples 1 to 8 (Appendix A, Figure A.1 7 - Haemagglutination reaction with protein concentrates).
As can be seen from Figure 17, erythrocytes in all samples settled to the bottom of the wells. RHA was visible only in cells with PHA. Same results were obtained for all 50 samples. This can be interpreted as the absence of lectin activity in control and the experimental variants of leaves of inbred lines in the first days after infection. On the other hand, the absence of lectin activity may be associated with a small amount of lectins – less than 5 μg/ml by reaction with PHA. 
To test this hypothesis, RHA was set for extracts from plants prior to protein concentration, the results of which were shown on Figure 18 (Appendix A, Figure A. 1 8 – Hemagglutination reaction with crude extracts from plants).
The studies carried out show low lectin activity of the studied samples. When diluted by 2 and 4 times, a positive RHA was observed in extracts No. 14 (Bd3-1, 1 day after infection), No. 33 (Bd1-1, 3 days after infection) and in (Bd1-1, 5 days after infection) with a dilution of 8 times. Accumulation of lectins was noted on days 3 and 5 in the sensitive Bd1-1 line and the medium sensitive Bd3-1 line. At the same time, the concentration of proteins with acetone does not lead to an increase in this activity. Probably, plant infection led to an increase in the activity of cell wall lectins and a parallel inhibition of the activity of soluble lectins , which correlates with the literature data [67]. 
 
3.7 Estimation of phenolic phytoalexins during infection with a pathogen
Phytoalexins have high biological activity. Their main feature is synthesis during the development of a fungal infection. The spectrum of phytoalexins increases with an increase in their quantitative content. Depending on the composition, the content of phytoalexins correlates with the disease resistance of the variety, and also increases to a level that leads to a significant limitation or complete suppression of the phytopathogen. Thus, during the development of septoria, phytoalexins inhibited spore germination from 6 to 73% and elongation of growth tubes from 7 to 83% [68].
Analysis of the data obtained showed that the content of phenolic compounds in the control variant in the resistant line Bd21 was 38% higher than in the sensitive Bd1-1. On the 3rd day after infection, the content of phenols in Bd21 increased 1.6 times as compared with the 1st day and amounted to 15.69 mg gallic acid equivalent / g dry weight (mg GA equiv./g dry weight), and by 7th day 3.4 times and amounted to 33.56 mg eq. GA/g dry weight. At the same time, Bd1-1 showed a significant decrease in the total content of phenolic compounds on day 3, which is probably associated with the suppression of the accumulation of phenols in susceptible plants by the pathogen. In line Bd3-1, a gradual increase in the content of phenols was noted: on the 1st day, 8.35 mg eq. GA/ g dry weight in the experiment, 6.5 mg eq. GA/ g dry weight in control). On the 7th day 7.8 mg eq. GA/g dry weight in experiment and 26.7 mg eq. Ga/ g dry weight in control (Appendix A, Figure 19 A. - The change of phenolic phytoalexins in inbred lines of B. distachyon upon infection with P. recondita).
In the resistant line Bd21 the content of phenolic compounds in the control variant was 38% higher than in the sensitive Bd1-1. On the 3rd day after infection, the content of phenols in Bd21 increased 1.6 times in comparison with the 1st day and amounted to 15.69 mg equivalent of GA/g dry weight (mg equiv. GA/ g dry weight), and by 7th day by 3.4 times and amounted to 33.56 mg eq. GA/ g dry weight. At the same time, Bd1-1 showed a significant decrease in the total content of phenolic compounds on day 3, which is probably associated with the suppression of the accumulation of phenols in susceptible plants by the pathogen. In the Bd3-1 line, a gradual increase in the content of phenols was noted: day 1 (8.35 – experiment, 6.5 – control mg eq. GA/ g dry weight), 7th day (7.8 – experiment, 26.7 – control mg eq. GA/ g dry weight).
It should be noted that there are few published data on the study of phytoalexins of the model plant Brachypodium distachyon. In particular, it was shown that in the case of fusarium infection, most of the induced genes belonged to the metabolic pathways of the biosynthesis of phenolic compounds (phenylpropane or phenolamide) [68]. Also, 5% of the composition of the protective cuticle wax is normally made up of alkylresorcinols – phenolic lipids, which provide the first line of defense against pathogenic microorganisms [69]. Brachypodium produces basic indole derivatives phytoalexins, associated with wheat and barley, benzoxazalinon, gramin, secologanin, capable of synthesis of phenylpropanoids, tryptamine and serotonin [70].

3.8 Analysis of gene expression for adult plant resistance in Brachypodium and common wheat varieties upon infection with a pathogen
One of the main problems with the short-term efficiency of most Lr-genes is the formation of virulent P. recondita races that are able to overcome resistance; therefore, many of the known Lr-resistance genes become ineffective. Resistance genes - Lr34, Lr68 and Lr67 provide partial but long-term resistance [58].
These genes contribute to the delayed development of rust and are effective against all races of the pathogen.
The aim of this work is to assess the possible expression of genes for resistance to leaf rust, in particular genes Lr34 and Lr67 in a number of common wheat varieties and B. distachyon inbred lines, and to identify Lr genes.
The priority in the study was the study of effective genes of age-related resistance to leaf rust - Lr34, Lr67, Lr22, since they are most characterized by delayed necrosis of lengthy duration, these genes are phenotypically close.
Isolation of genomic DNA from leaves of 7-day-old seedlings of B. distachyon and wheat was performed using the CTAB method [54]. To identify Lr resistance genes, the method of polymerase chain reaction (PCR) with specific primers marking individual genes was used (Appendix A, Table A. 2 - PCR primers for identifying Lr genes). The amplification programs are selected depending on the studied Lr resistance gene (Appendix A, Table A. 3 - Conditions for carrying out the polymerase chain reaction using primers to the corresponding Lr resistance genes).
The csLV34STS marker was used to identify the Lr34 gene. The gene is located on the 7DS chromosome. As a result of PCR, the varieties revealed fragments of different lengths, from 185 to 258 bp. The csLV34 marker of the Lr34 gene makes it possible to assess the allelic state in common wheat samples. The dominant allele indicates the presence of an amplification fragment with a molecular weight of 150 bp in the samples, and a recessive allele with a molecular weight of 229 bp. Figure 20 shows the amplification fragments identifying the presence of the gene for resistance to leaf rust Lr34 in various allelic states in the studied samples. Wheat varieties Novosibirskaya 29, Samgau and Zhenis have a recessive allele of gene Lr34, while varieties Kazakhstanskaya 19 and Iren carry a dominant allele of gene Lr34 and can be used as its sources in the breeding process (Appendix A, Figure A. 20 - DNA amplification products of varieties wheat with gene Lr34).
The Lr67 gene, in complementary interaction with other resistance genes, provides field resistance to Puccinia recondita in the form of the APR gene. To find the gene, the Xcfd23-4D genetic marker was used. The Lr67 gene is located on chromosome 4D. Figure 21 shows the results of electrophoresis of PCR products, reflecting the presence of the Lr67 gene in the samples under study and it was shown that the amplification fragment is present in all samples (Appendix A, Figure A. 21 - Amplification products of the DNA of wheat varieties with the Lr67 gene).
As a result of molecular screening, it was established that all wheat samples are carriers of resistance genes; genes Lr10, Lr22a, Lr34, and Lr67 were identified. Wheat varieties Kazakhstanskaya 19 and Iren are carriers of the Lr10, Lr22a, Lr34 and Lr67 genes, they are also carriers of the dominant allele of the Lr34 gene. The wheat cultivar Samgau, Novosibirskaya 29, Zhenis are carriers of the recessive allele of the Lr34 gene.
Brachypodium distachyon has genes Lr-10, Lr-22, Lr-34. The Lr67 gene in the Brachypodium Bd21, Bd3-1, Bd1-1 inbred lines is not clearly identified (Appendix A, Figures A.22-26). The gene Lr-10, which is frequently found in wheat, has been identified in the inbred lines Bd21, Bd1-1 and in trace amounts in Bd3-1 (Appendix A, Figure A.25).
In general, it is most effective when the plant contains several genes for partial resistance, since none of them alone provide the full effect.

3.9 Evaluation of the effect of exogenous elicitors on Brachypodium callus cultures in vitro
Calli were subcultured to fresh medium after 28 days. For passaging, pieces of callus tissue weighing no more than 4-7 g were taken. To obtain a sufficient amount of callus biomass, 5-7 passages were performed for each line (Appendix A, Figure A. 26 – Brachypodium distachyon callus in vitro). It was found that an increase in the concentration of 2,4-D was accompanied by a decrease in the frequency of formation of morphogenic calli. The process of recognizing an elicitor in plants is carried out with the participation of signaling systems that determine the reaction of cells to various chemical and physical influences [71] In this regard, in order to increase the growth rate and morphogenetic activity (morphogenesis) of calli, we chose jasmonic acid as an elicitor, one of the most well-known mediators of signaling systems [72] of which we looked at two main concentrations of 0.85 and 0.65 μL/L (Appendix A, Figure A. 27 – Growth of Brachypodium distachyon inbred lines callusses under different concentrations of jasmonic acid).


CONCLUSION

The Republic of Kazakhstan is one of the largest producers of commercial wheat grain, where the possibility of cultivating wheat and producing grain with high technological quality is one of the strategically important tasks of the country's national security. However, abiotic and biotic environmental factors, in particular phytopathogens, affect the productivity and grain quality of spike crops.
It is known that plant organisms have different defense regulation systems. Infection with pathogens causes a cascade of defense reactions in resistant plants, which lead not only to the localization of the focus of infection, but also to the emergence of systemic acquired resistance in plants. The formation of resistance is associated with the production of signaling molecules in infected tissues and their translocation to uninfected parts of the plant, where they induce protective reactions and contribute to an increase in resistance. Immunity based on the inability of phytopathogens to infect plants of a particular species is called non-specific.
The tasks set for 2018-2020 have been fully reached. The results obtained in the course of the study lead to the following conclusions:
1 In control plants, the presence of salicylic acid in free form was not detected. It should be noted that the content of salicylic acid in line Bd3-1 is increased as compared to Bd1-1.
In the infected leaves of Brachypodium distachyon, hydrogen peroxide did not accumulate at the first stages of the development of the disease. The maximum accumulation of Н2О2 in the Bd21 inbred line was noted on the 10th day.
2 It was found that the specific activity of peroxidase is 2 times higher than that of catalase, and soluble peroxidases are represented mainly by anionic isoforms. The peroxidase activity of the resistant Bd21 line in infected leaves was significantly higher than that of the susceptible Bd1-1 line (up to 3.5 times).
3 It was found that in the process of adaptation to the pathogen there is a change in the ratio of chlorophyll a and b, a change in the ratio of the sum of chlorophylls to carotenoids. It has been shown that carotenoids are less susceptible to the action of leaf rust than chlorophylls.
4 Infection with P. recondita to a large extent affects all elements of productivity of the studied wheat plants, while Brachypodium distachyon exhibits significant resistance to the phytopathogen. It has been established that when infected by P. recondita, the protein content in the grain of B. distachyon lines and common wheat cultivars practically does not change.
5 It was found that in the plants of the resistant line Bd21, the increase in IAA content was rapid in comparison with the plants of the susceptible line Bd1-1 and reached a maximum (154 ng/ g fresh weight) on the 3rd day after infection.
6 Active accumulation of lignin was observed in the resistant line Bd21 on day 3 after inoculation, as well as in the relatively resistant line Bd3-1. In the susceptible line Bd1-1 on day 3, the lignin content was 1.5 times lower and amounted to 68 mg / g dry weight compared to 115 mg/ g dry weight in Bd21 and 93 mg/ g dry weight in Bd3-1.
7 It was found that infection with B. distachyon with leaf rust leads to a change in all quantitative indicators of the internal anatomical structure of the leaf: the thickness of the epidermis, the general development of leaf blades, and the size of the conductive tissues in comparison with the control.
8 Low activity of lectins in all studied B. distachyon inbred lines during P. recondita infection was shown. The accumulation of lectins was noted on the 3rd and 5th days in the sensitive Bd1-1 line and the medium sensitive Bd3-1 line.
9 It was found that the content of phenolic phytoalexins in the control variant in the resistant line Bd21 was 38% higher than in the sensitive line Bd1-1.
10 All wheat samples carry resistance genes; genes Lr10, Lr22, Lr34, and Lr67 have been identified. The Kazakhstanskaya 19 wheat variety carries the dominant allele of the Lr34 gene. Samgau wheat variety carries the recessive allele of the Lr34 gene.
Brachypodium distachyon has genes Lr-10, Lr-22, Lr-34. The Lr67 gene in the Brachypodium Bd21, Bd3-1, Bd1-1 inbred lines is not clearly identified. The Lr-10 gene was identified in the inbred lines Bd21, Bd1-1 and in trace amounts in Bd3-1.
11 For the induction of callusogenesis, the optimal concentration of 2.4 D in the culture medium of Murashige and Skoog is 2.5 mg/l. During long-term cultivation, the effect of jasmonic acid on the calli of the inbred Brachypodium distachyon lines causes lethal effect.
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Appendix А


Table 1 – Calibration curve for reagent ratio

	Concentration, mg/L
	Gallic acid stock solution volume
for sample preparation, μl

	Volume of 80% ethanol for sample preparation, μl

	 Control,   0
	0,0
	250

	25
	12,5
	   237,5

	50
	25
	225

	100
	50
	200

	150
	75
	175

	200
	125
	125






Figure 3 – Folin–Ciocalteu calibration curve for total polyphenols 
(А=0,0057·conc-0,0107; R2=0,9986)







Table 2 – PCR primers for identification of Lr-genes

	Lr-genes
	Marker name
	Marker type
	Locali-zation
	Sequence
	Reference 

	Lr10
	FI.2245Lr10-6/r2
	STS
	1AS
	5-GTG TAA TGC ATG CAG GTT CC-3
5-AGG TGT GAG TGA GTT ATG TT-3
	Feuillet C., 2003 [33]

	Lr34
	csLv34
	STS
	7DS
	5-GTT GGT TAA GAC TGG TGA TGG-3
5-TGC TTG CTA TTG CTG AAT AGT-3
	Lagudah E. et al, 2006 [32]

	Lr67 
	Xcfd23-4D
	CFD
	4D
	5-CAA TAA GTA GGC CGG GAC AA-3
5-TGT GCC AGT TGA GTT TGC TC-3
	Guyomarch et al. 2002

	Lr22
	WMS296
	SSR
	2DS
	5-AAT TCA ACC TAC CAA TCT CTG-3
5-GCC TAA TAA ACT GAA AAC GAG-3
	Roder et al., 1998




Table 3 – Conditions of PCR using primers to the corresponding Lr-resistance genes

	Lr-genes
	Initial denaturation (°C, min)
	The number of cycles
	Denaturation
(°С, sec)
	Annealing (°С, sec)
	Extension 
(°С, sec)
	Final extension    (°С, min)

	Lr-10
	94 (3)
	35
	94 (45)
	60 (45)
	72 (30)
	72 (3)

	Lr-34
	94 (10)
	30
	94 (30)
	60 (30)
	72 (30)
	72 (7)

	Lr-67 (4D)
	94 (2)
	30
	95 (60)
	60 (60)
	72 (60)
	73 (5)

	Lr-22 (2DS)
	94 (2)
	30
	94 (60)
	55 (60)
	73 (50)
	73 (5)
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Figure 4 – Growth and development of Brachypodium distachyon in laboratory conditions        (A, B), preparation of Puccinia recondita spores for germination (C),                                          infection of plants (E), phenotypic traits of leaves (O, P)

Table 4 – The content of salicylic acid, μg/g wet weight in the leaves of B. distachyon and wheat during P. recondita infection on the 3rd day of infection.

	Option
	Salicylic acid content, μg / g wet weight

	Brachypodium distachyon

	
	Bd21
	Bd3-1
	Bd1-1

	control
	n/f*
	n/f
	n/f

	experiment
	0,46±0,03
	0,33±0,18
	0,15±0,06

	Triticum aestivum

	
	Kazakhstanskaya 19
	Kazakhstanskaya early 
	Samgau

	control
	n/f
	n/f
	n/f

	experiment
	1,73±0,1
	1,57±0,01
	1,69±0,03

	         * n/f – not found




Table 5 – Determination of optical density of various concentrations of BSA by the Bradford method
	BSA concentration, mg/ml
	Optical density, 595 nm

	5,0
	1,3670

	2,5
	0,7080

	 1,25
	0,4150

	 0,65
	0,3790

	   0,325
	0,1550

	     0,1625
	0,0180
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Figure 5 - H2O2 content in the leaves of B. distachyon during infection on the 3rd day
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Figure 6 - H2O2 content in the leaves of B. distachyon during infection on the 10th day
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Figure 7 - H2O2 content in the leaves of soft wheat during infection on the 3rd and 10th day

Table 6 – Content and amount of B. distachyon protein during infection

	Sample
	Content, mg/ml
	Optical density, 595 nm
	Amount, mg

	Bd21 control
	3,6343
	1,0330
	0,036343

	Bd21 experiment
	1,1910
	0,3385
	0,047917

	Bd3-1 control
	3,7864
	1,2730
	0,032629

	Bd3-1 experiment
	1,2415
	0,3973
	0,058737

	Bd1-1 control
	3,9942
	1,3552
	0,031914

	Bd1-1 experiment
	1,3320
	0,3785
	0,064896




Table 7 – Data on the optical density of catalase in B.distachyon during infection with                P. recondita
	Seconds
	Bd21 control
	Bd21
experiment
	Bd3-1 control
	Bd3-1 experiment
	Bd1-1 control
	Bd1-1 experiment

	10
	0,073
	0,192
	0,068
	0,189
	0,063
	0,186

	20
	0,068
	0,191
	0,065
	0,187
	0,060
	0,181

	30
	0,065
	0,185
	0,062
	0,181
	0,057
	0,176

	40
	0,059
	0,182
	0,050
	0,176
	0,049
	0,172

	50
	0,032
	0,178
	0,029
	0,171
	0,028
	0,168

	60
	0,016
	0,171
	0,014
	0,168
	0,012
	0,164

	70
	0,008
	0,158
	0,005
	0,154
	0,004
	0,151

	80
	0,005
	0,149
	0,003
	0,139
	0,002
	0,133

	90
	0,003
	0,144
	0,001
	0,124
	0,001
	0,119

	100
	0,002
	0,14
	0
	0,12
	0
	0,09



According to the optical density data, the concentration of the enzyme in the samples was measured at the initial and final moments of the reaction time.
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Figure 8 – Changes in catalase activity during P. recondita infection
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Figure 9 – Change in peroxidase activity upon infection with P. recondite


[image: ]
Figure 10 – Isoforms of peroxidase in line Bd21 during infection with P. recondita
Table 8 – The content of glutathione in the leaves of B. distachyon and wheat plants at infection, mg/100 g wet weight

	Test option
	Brachypodium distachyon
	Triticum aestivum

	
	Bd21
	Bd3-1
	Bd1-1
	Kazakhstanskaya 19
	Kazakhstanskaya early 
	Samgau

	The third day after infection

	Control
	3,75±0,2
	6,84±0,1
	8,5±0,2
	3,75±0,3
	6,84±0,2
	8,5±0,1

	Experiment
	5,95±0,1***
	8,03±0,2**
	9,0±0,1*
	5,95±0,1
	8,03±0,2**
	9,0±0,2*

	The tenth day after infection

	Control
	3,75±0,2
	6,84±0,1
	8,5±0,2
	4,00±0,2
	7,8±0,4
	8,00±0,1

	Experiment
	5,95±0,1***
	8,03±0,1**
	9,0±0,2*
	4,50±0,3
	20,10±0,2***
	18,2±0,2***

	          * at Р < 0,05; ** at Р < 0,01; *** at Р < 0,001 comparing to control




Table 9 – Photosynthetic pigments ratio in flag leaves of plants of inbred lines of B. distachyon 
	Test options
	
	   Са+b, mg/g wet weight
	Са/Сb
	Са+b / Сcar

	Brachypodium distachyon, Вd21

	Control
	
	2,6±0,1
	2,3±0,4
	3,5±0,7

	Experiment
	
	5,1±0,3***
	0,8±0,2*
	36,9±0,8**

	Brachypodium distachyon, линия Вd 3-1

	Control
	
	2,3±0,1
	1,39±0,1
	4,6±0,3

	Experiment
	
	4,7±0,2*
	1,64±0,1
	27,4±0,2**

	Brachypodium distachyon, линия Вd 1-1

	Control
	
	1,9±0,3
	1,17±0,1
	4,8±0,2

	Experiment
	
	4,2±0,3*
	1,72±0,2
	21,6±0,1*

	         * at Р <0,05; ** at Р <0,01; *** at Р <0,001 comparing to control





Table 10 – The ratio of photosynthetic pigments in flag leaves of wheat

	Test options
	Са+b, mg/g wet weight сы
	Са/Сb
	Са+b / Сcar.

	Kazakhstanskaya 19

	Control
	3,3±0,2
	2,1±0,1
	3,6±0,3

	Experiment
	  4,0±0,1*
	 1,2±0,3*
	11,7±0,8**

	Kazakhstanskaya early

	Control
	2,8±0,1
	1,9±0,1
	5,2±0,3 

	Experiment
	2,9±0,2
	  2,6±0,1*
	6,9±0,2*

	Samgau

	Control
	3,37±0,2
	0,98±0,1
	4,02±0,2

	Experiment
	3,96±0,1
	1,13±0,1
	7,95±0,3*

	* at Р <0,05; ** at Р <0,01 comparing to control





Table 11 – Influence of the pathogen Puccinia recondita on productivity elements in B. distachyon and common wheat

	Trait
	Plant height, cm
	Productive toughness, pcs
	Main ear
	Weight of 1000 grains, g

	
	
	
	Ear length, cm
	Number of grains, pcs
	Grain weight, g
	

	Inbred line Bd1-1

	  C
	15,90±0,90
	3,2±0,39
	1,91±0,65
	47,0±0,68
	0,18±0,02
	3,00±0,27

	  О
	9,93±0,68***
	 2,50±0,33
	1,04 ±0,45
	40,0±0,47***
	0,15±0,01***
	2,16±0,08***

	Inbred line Bd3-1

	  C
	16,99±0,82
	4,5 ±0,38
	1,47±0,64
	56,0±0,23
	  0,22±0,01
	4,12±0,12

	  О
	11,50 ±0,52***
	3,2±0,01**
	1,40±0,51
	49,0±0,40***
	0,18 ±0,01**
	3,11±0,18***

	 Inbred line Bd21

	  C
	13,50±0,19
	5,4±0,55
	2,65±0,43
	50,0±0,46
	0,28±0,01
	4,34±0,28

	  О
	10,45±0,74***
	4,30±0,56
	1,98 ±0,04
	45,0±0,16***
	0,20 ±0,01***
	 2,78±0,17***

	Kazakhstanskaya 19

	  C
	112,3±0,48
	6,2±0,42
	10,30±0,48
	37,0±0,48
	1,83±0,006
	38,91±0,41

	  О
	93,44±0,97***
	4,70±0,48*
	9,603±0,52
	33, 0±0,52***
	1,55±0,01***
	36,20±0,32***

	Kazakhstanskaya early

	  C
	104,3±0,58
	6,50±0,53
	9,9±0,83
	39,8±0,6
	1,54±0,005
	39,09±0,51 

	  О
	102,8±0,48
	4,35±0,94*
	 8,15±0,75
	33,5±0,56***
	1,06±0,004***
	 31,89±0,70***

	Samgau

	  C
	112,3± 0,99
	6,1±0,88
	10,20±0,66
	41,60±0,84
	1,35±0,007
	34,02±0,31

	  О
	108,5±0,53**
	4,7±0,82
	8,70±0,88
	37,80±0,79**
	0,96±0,006***
	29,89±0,41**

	            *at Р < 0,05;  ** at Р < 0,01;  ***at Р < 0,001 comparing to control


     






Table 12 – Influence of P. recondita on the protein content in grain of B. distachyon inbred lines and common wheat
	Options 
	Protein content in grain,%

	B.distachyon, line Bd 1-1

	Control
	 11,53±0,46

	Experiment
	10,86±0,11

	B.distachyon, line Bd 3-1

	Control
	12,00±0,1

	Experiment
	11,7±0,1

	B.distachyon, Bd21

	Control
	11,35±0,06

	Experiment
	11,03±0,06

	Kazakhstanskaya early

	Control
	 13,20 ±0,03

	Experiment
	13,0 ±0,05

	Kazakhstanskaya 19

	Control
	14,75 ±0,14

	Experiment
	14,54 ±0,08

	Samgau

	Control
	14,26±0,23

	Experiment
	13,93±0,11
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Figure 11 – Dependence of the protein content in grain on the element of productivity
“Grain mass in the main spike, g” in Bd21 and wheat upon infection with P. recondita
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Figure 12 – Indoleacetic acid content in the leaves of 
B. distachyon inbred lines infected with leaf rust
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Figure 13 – Dynamics of lignin accumulation in the leaves of 
B. distachyon inbred lines upon infection with P. recondita


Table 13 – Influence of P. recondita on the morphometric parameters of the leaves, line Bd1-1

	Test options
	Epidermis thickness, nm
	Leaf thickness, nm
	Diameter of conducting beams, nm

	
	Upper
	Lower
	
	

	Brachypodium distachyon, line 1-1

	Control 
	97,600,04
	59,60,01
	449,200,03
	 263,00 0,03

	Experiment
	55,700,01
	67,00,01
	583,100,02
	328,400,09

	Note: in all cases, the difference is statistically significant relative to the control data, р< 0,001




Table 14 – Influence of P. recondita on the morphometric parameters of the leaves, line 3-1
 
	Test options 
	Epidermis thickness, nm
	Leaf thickness, nm
	Diameter of conducting beams, nm

	
	Upper
	Lower
	
	

	Brachypodium distachyon, line 3-1

	Control 
	65,100,03
	59,050,02
	451,000,03
	197,300,01

	Experiment
	67,200,02
	64,000,01
	458,400,07
	284,000,06

	Note: in all cases, the difference is statistically significant relative to the control data, р< 0,001





Table 15 – Effect of P. recondita on the morphometric parameters of the leaves, line Bd21

	Test options
	Epidermis thickness, nm
	
Leaf thickness, nm
	
Diameter of conducting beams, nm

	
	Upper
	Lower
	
	

	Brachypodium distachyon, line 21

	Control 
	61,30,023
	71,80,039
	508,000,04
	259,60,083

	Experiment
	60,00,027
	60,50,019
	609,300,07
	229,10,087

	    Note: in all cases, the difference is statistically significant relative to the control data, р< 0,001       
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А) Control                                               B) Experiment

Figure 14 – Anatomical structure of the leaf of Brachypodium distachyon, line 1-1, where: 1. upper epidermis, 2. lower epidermis, 3. trichome, 4. mesophyll, 5. vascular bundle, 6. xylem.


[image: ] [image: ]
100х
[image: ] [image: ]
400х
А) Control                                               B) Experiment

Figure 15 – Anatomical structure of the leaf of Brachypodium distachyon, line 3-1, where: 1. upper epidermis, 2. lower epidermis, 3. trichome, 4. mesophyll, 5. vascular bundle, 6. xylem.
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А) Control                                               B) Experiment

Figure 16 – Anatomical structure of the leaf of Brachypodium distachyon, line 21, where: 1. upper epidermis, 2. lower epidermis, 3. trichome, 4. mesophyll, 5. vascular bundle, 6. xylem.
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Figure 17 – Hemagglutination reaction with different protein concentrations
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Figure 18 – The reaction of hemagglutination with crude plant extracts
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Figure 19 – Change in the content of phenolic phytoalexins 
in B. distachyon inbred lines under infection with P. recondita
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M–molecular marker (GeneRuler 100 bp DNA Ladder, ThermoFisherScientific, USA);
1 – Novosibirskaya 29; 2 – Kazakhstanskaya 19; 3 – Iren; 4 – Samgau; 5 – Zhenis

Figure 20 – Products of DNA amplification in wheat varieties with gene Lr34
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M–molecular marker (GeneRuler 100 bp DNA Ladder, ThermoFisherScientific, USA);
1 – Novosibirskaya 29; 2 – Kazakhstanskaya 19; 3 – Iren; 4 – Samgau; 5 – Zhenis

Figure 21 – Products of DNA amplification in wheat varieties with gene Lr67

[image: C:\Users\User\AppData\Local\Temp\Rar$DIa0.392\Lr_34.jpg]

1 – M–molecular marker (GeneRuler 100 bp DNA Ladder, ThermoFisherScientific, USA);
2 – Novosibirskaya 29; 3 – Kazakhstanskaya 19; 4 – Iren; 5 – Zhenis; 6 – Zhenis –mutant line; 
7 – Samgau; 8 – Kazakhstanskaya early; 10 – Bd 1-1; 11 – Bd 21; 12 – Bd 3-1; 13 – АВR8

Figure 22 – Amplification products of genomic DNA of wheat and 
inbred lines of B. distachyon with gene Lr 34

[image: C:\Users\User\AppData\Local\Temp\Rar$DIa0.899\Lr_67.JPG]

1 – M–molecular marker (GeneRuler 100 bp DNA Ladder, ThermoFisherScientific, USA);
2 – Novosibirskaya 29; 3 – Kazakhstanskaya 19; 4 – Iren; 5 – Zhenis; 6 – Zhenis –mutant line; 
7 – Samgau; 8 – Kazakhstanskaya early; 10 – Bd 1-1; 11 – Bd 21; 12 – Bd 3-1; 13 – АВR8

Figure 22 – Amplification products of genomic DNA of wheat and 
inbred lines of B. distachyon with gene Lr67
[image: C:\Users\User\AppData\Local\Temp\Rar$DIa0.917\Lr_22.jpg]

Figure 24 – Products of amplification of genomic DNA of wheat and inbred lines of B.distachyon with gene Lr22
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Figure 25 – Products of amplification of genomic DNA of wheat and inbred lines of B.distachyon with gene Lr10
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Figure 26 – Calluses of Brachypodium distachyon in vitro
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Figure 27 – Growth of calluses of inbred lines of Brachypodium distachyon 
at different concentrations of jasmonic acid
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Figure 28 – Effect of jasmonic acid on calluses of inbred lines of Brachypodium distachyon
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Приложения 1.1-1 .14 
к Договору№_ от ___ 2018 г . 


на грантовое финансирование 


ТЕХНИЧЕСКАЯ СПЕЦИФИКАЦИЯ И 


КАЛЕНДАРНЫЙ ПЛАН РАБОТ 


По договору № J,JJv от М . tl V . 2018 года 


1. Дочернее государственное предприятие на праве хозяйственного ведения «Научно­
исследовательский институт проблем биологии и биотехнологии» Республиканского 


государственного предприятия на праве хозяйственного ведения «Казахский национальный 


университет им. аль-Фараби» Министерства образования и науки Республики Казахстан 


1.1 По приоритету: 4. Науки о жизни и здоровье . 


1.2 По подприоритету : 4.1 Фундаментальные и прикладные исследования в области 
биологии 


Физиологические, биохимические и молекулярно-генетические механизмы 


жизнедеятельности растений, животных и человека, их адаптации к биотическим и 


абиотическим факторам среды обитания. 


1.3 По теме проекта: АРО5134104 «Физиолого-биохимические механизмы 


неспецифической устойчивости модельного объекта Brachypodium distachyon L. к бурой 
листовой ржавчине» . 


1.4 Общая сумма проекта 24 ООО ООО (Двадцать четыре миллиона) тенге, в 


том числе с разбивкой по годам, для выполнения работ согласно пунктуЗ: 


- на 2018 год - в сумме 8 ООО ООО (Восемь миллионов) тенге; 
- на 2019 год - в сумме 8 ООО ООО (Восемь миллионов) тенге; 
- на 2020 год - в сумме 8 ООО ООО (Восемь миллионов) тенге. 


2. Характеристика научно-технической продукции по квалификационным 
признакам и экономические показатели 


2.1 Направление работы: фундаментальные и прикладные исследования в области биологии. 
2.2 Область применения : сельское хозяйство . 


2.3 Конечный результат: 
- за 2018 год: Будет определена активность соединений, формирующих ранний защитный 


ответ при инфицировании патогеном Puccinia recondita, Будет одна статья в рецензируемых 


отечественных научных изданиях. 


- за 2019 год: Будет определена активность соединений , формирующих механизмы 


врожденного иммунитета при инфицировании патогеном Puccinia recondita. Будет осуществлена 
публикация методического руководства по изучению механизмов неспецифической устойчивости. 


Будет одна статья в журнале, индексируемом в базах данных Web of Science или Scopus с 


ненулевым импакт-фактором и одна публикация в рецензируемых зарубежных научных изданиях с 


ненулевым импакт- фактором. 


- за 2020 год: Будет проведено сравнительное определение экспрессии генов возрастной 
устойчивости Brachypodium distachyon и мягкой пшеницы к действию бурой листовой ржавчины 
и оценка действия экзогенных элиситоров на каллусные культуры Brachypodium in vitro . Будет 
осуществлена подача заявлений на получение авторского свидетельства и инновационного патента 


РК. Будет две статьи в журнале, индексируемом в базах данных Web of Science или Scopus с 
ненулевым импакт-фактором и одна статья в рецензируемых отечественных научных изданиях. 


2.4 Патентоспособность : Результаты планируется заявить в виде авторского свидетельства. 


2.5 Научно-технический уровень (новизна): Новизной настоящего проекта является 


комплексное исследование физиолого-биохимических механизмов, ряда анатомо­


морфологических особенностей, вносящих суммарный вклад в формирование неспецифической 
устойчивости модельного объекта Brachypodium distachyon с целью создания новых форм­


доноров устойчивости пшеницы , иммунопрепаратов, увеличения адаптивности казахстанских ' 
сортов мягкой пшеницы к бурой ржавчине. Проведение сравнительного изучения изменений , 


происходящих в Brachypodiumdistachyon при инфицировании патогеном, на трех линиях (Bd21 , 
d,J/1, 
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ВdЗ-1 , Bdl-1 ) с различной степенью устойчивости к бурой листовой ржавчине . 


2.6 Использование научно-технической продукции осуществляется: Заказчиком и 


Исполнителем совместно 


2.7 Вид использования результата научной и (или) научно-технической деятельности : 


научные публикации, отчеты, обзорно-аналитические материалы. 


3. Наименование работ, сроки их реализации и результаты 


Шифр Наименование работ по Срок выполнения* Ожидаемый результат* 


задания, Договору и основные этапы 
начало окончание 


этапа его выполнения* 


Определение активности Январь до 1 ноября Будет определена 
соединений, формирующих 2018года 2018года активность соединений, 


1. ранний защитный ответ при формирующих ранний 


инфицировании патогеном защитный ответ при 


Puccinia recondita. инфицировании патоге-


ном Puccinia recondita. 
1.1 Определение содержания Январь Июнь Будет определено 


салициловой кислоты и 2018 года 2018года содержание 


перекиси водорода при салициловой кислоты и 


инфицировании патогеном перекиси водорода при 


Puccinia recondita. инфицировании 


патогеном Puccinia 
recondita. 
Будет определена 


активность маркеров 


устойчивости -
антиоксидантных 


ферментов : каталазьr, 


пероксидазы и ее 


изоформ при инфициро-


вании патогеном 


Puccinia recondita. 
1.2 Определение содержания Январь до 1 ноября Будет определено 


неферментативных 2018 года 2018 года содержание 


антиоксидантов: глутатиона, нефермента-


каротиноидов , тивных анти-


хлорофиллов при инфици- оксидантов: глутатиона, 


ровании патогеном. каротиноидов, 


хлорофиллов при 


инфицировании 


патогеном . 


Будет одна статья в 


рецензируемых 


отечественных научных 


изданиях. 


2. Определение активности Январь до 1 ноября Будет определена 
соединений , формирующих 2019 года 2019 года активность соединений , 


механизмы врожденного формирующих механиз-


иммунитета при мы врожденного 


инфицировании патогеном иммунитета при 


Puccinia recondita. инфицировании 


патогеном Puccinia 
recondita. 


dlft, 
/ 


1 






image56.emf



3.1 


3.2 


Определение экспрессии генов 


возрастной устойчивости Brachy­
podium и сортов мягкой пшеницы 
(гены Lr34, Lr67) при инфици­


ровании патогеном . 


Оценка действия экзогенных 
элиситоров на каллусные культуры 


Brachypodium in vitro. 


От Заказчика: 


Председатель ГУ «Комитет науки 


Министерства образования и науки РК» 


.,~.,-~'--'' Абдрасилов Б.С . 
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Январь 2020 
года 


Июль 


2020 года 


Июнь 


2020 года 


до 1 ноября 
2020 года 


Будет определена 


экспрессия генов воз­


растной устойчивости 


Brachypodium и сортов 
мягкой пшеницы (гены 


Lr 34, Lr67) при 
инфицировании 


патогеном. 


Будет проведена оценка 


действия экзогенных 


элиситоров на каллусные 


культуры Brachypodium in 
vitro. 
Будет осуществлена 


подача заявлений на 


получение авторского 


свидетельства и 


инновационного патента 


РК. Будет две статьи в 


журнале,индексируемом 


в базах данных Web of 
Science или Scopus с 
ненулевым импакт­


фактором и одна статья в 


рецензируемых 


отечественных научных 


изданиях. 


От Исполнителя: 


Ознакомлен : 


руководитель проекта 


че ~ Омирбекова Н .Ж. 


~ Жусупова А.И . 
(подпись) 


dl# -J 






image5.png
[©]





image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg




image10.png
B HS 0=

e
i

Beranums

% Bupesans
B Konwposars

" ¥ Gopuar no oGpy

Byep osmena

2

3

4

s

0

7

0

)

0

CTPAHWLA 30

Oruer_2510.2019 - Word ? @B - x
BCTABKA IVBAH PA3METKA CTPAHNLLbI CCHUKN PACCHIKN PELIEH3VPOBAHME 1A /A Ommpbexosa Hapryns ~
- A A - A # Haiimn -
Times NewF - |12 Aoa ha- ke Al T | AaB6Br AsboBsTr, AasoBs, AaBGB As56BsT Asstosrn Axstsera | .,
KK 4 mex, x A-¥-A- S5+ -0 - | Hassaume TO6uunbii T6eswire.. 33ronoso.. 3aronoso.. 3aronoso.. 3aroroso [
5 woupr 5 nesau = Crum 5 Pegacniposarne A
-GN ENEE ENNS EXRY SN T ENRN SRE NN SRR T INR TR INE IR R 5

YACTO CHOB: 12349

02 Pycomii
Rorowenve kan.

wEorernmrern. | g potemtom 20|

A

ABTOCOXPAHEHVIE OT4ET_25.10.2019:

24102019




image11.png
Hydrogen peroxide content

Jmol/g fresh weight

A

=Bdic =Bd2le *Bd-lc "Bd-le #Bdl-lc sBdl-le




image12.png
Jmol/g fresh weight

5"

0

#Bd2ic #Bdle #Bdi-lc »Bd3-le sBdi-lc sBdl-le




image13.png
Hydrogen peroxide content umol/g fresh weight

o8

07

08

05

o2

03

o;

o

Control, 3-rd and 10-th day after infection

sKz=19C
“Kazl19E3
“Kaz19E10

WKz eary C
#Kazeady B3
#Kzewly E-10

" Samgan C
#SamgmES
Sz E-10




image14.png
Basle

Catalase activify

561

077

i

Bddle Ba21c Ba2le





image15.png
20

—— Bl expurimental
—a— B2 conteot
e 581 conteot
- B2 exparimental

—e— B3] exparimental




image16.png
123 45 701234567
Control Experiment




image17.png
2 carly, Control
02059

Kazakhstansksya-19, Control
Ri=1

Kazakhstanskaya-19, Esperiment
RE=00793 Kazakhstanskaya early, Experiment

oo = RE= 0103

grain, %

i
=
1

Brachypodium distachyon, Control
RF=00338

Brachypodium distachyon, Esperiment
RE=0001

Cantent of protei

0 1 2 3 4
Grain mass in the main spike, g

# Kazkhstansksya-19, Control —o—Kazakhstanskaya-19, Experiment
© Kazakhstanskaya early, Control + Kazakhstanskaya eatly, Experiment
- Brachypodium distachyon, Contral -~ Brachypodium distachyon, Esperiment





image18.png
g

YBIoM 21y 5/3u uaju0d Yy

34567

2

°

EEEELLEEE

Days after infe

-1

—— control e




image19.png
Bd-1

o289
RRRQ

170
150
130
110

%0

I

43 3/3u Juajuos YVT

45 6 7

3

Days after infe

E]

—e— control  —e—Ba3-1




image20.png
Days after infe

—— control  —o— 521




image21.png
Bdl-1

EEEEREER

qS1om Lp 5/5m ‘wpusy jo juajuo)

7

0123456

Days after infe

—e— control  —@—Bd1-1




image22.png
Bd3-1

2 3 9 2 © 2 9
2 8 28 R 3 8

qS1om Lp 5/5m ‘wpusy jo juajuo)

34567

2

—e—control  —o—Bd3-1




image23.png
Bd21

2 3 2 2 2 g
242 3 o~ 9

qS1om Lp 5/5m ‘wpusy jo juajuo)

2

01234567

Days after infe

—e—control  —e—Bd21




image1.emf

image24.png




image25.png




image26.png




image27.png




image28.png




image29.png




image30.png




image31.png




image32.png




image33.png




image2.emf

image34.png




image35.png




image36.png
1 (s seie (o (oo (o0 (s!s)i@) FuA 10pg/ml
u‘(@’@;(‘;@‘@@‘@ - O@@ FHA, S g/ ml
@@@@@ @ Q Lo
@ @@@ @)
@@@C’@
\@@
W @ L
8

@

&

/ Negative control

w@E®
RO

"




image37.png
-\

41
4

45




image38.png
Bt

(uBtan i3 puspesgba ot vo)
spousl Jo s fror

6

23 4
Days after infection

—o— control

0

——B&31




image39.png
B

OuBtan i3 puspenbs 2w o)
stouayd Jo yuapuod oL

—e—control  —e—Ba21

Days after infection




image40.png
Bdl-1

35

b o 3 b 3o vo)
sousl Jo s o

Days after infection

—o— control  —e—BdL-1




image41.jpeg




image42.png
—}
—_—
=





image43.jpeg
1000bp

500 bp
400 bp
300bp
200bp

100bp

Br.1-1 Br.21 Br.3-1 ABR8




image3.png
Tropical

Temperate cereals cereals
Forage Oats  Rye Wheat Barley Bromus Brachypodum Rice  Maize
grasses distachyon

Pooideae

Oryzodeae

Poaceae
5mm TRENDS in Plant Science





image44.jpeg
1000 bp

500 bp
400bp
300bp

200bp
100bp

KP

Br.

Br.1-1 Br21 Br3-1 ABR8





image45.jpeg
19 W X XM C KP  Br. Bri-1 Br21 Br3-1 ABRS

1000bp

500bp
400bp
300bp

200bp

100bp





image46.jpeg
1000bp

500
200 bp

300 bp
200bp

100bp

KP

Br

Br.1-1

Br21

Br.3-1 ABR8





image47.png




image48.jpeg




image49.jpeg




image50.jpeg




image51.emf

image52.emf

