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ABSTRACT
Report 85 p., 15 figures., 7 tables., 34 resources, 6 appendixes
PROSO MILLET, VARIETY, HYBRID, GENETIC, BREEDING, MOLECULAR MARKERS, DUSTY SMUT, RACE
Objects of research: collection of 192 samples of millet of world and local breeding.

Methods of investigation: phenological observations; field assessment of dusty smut resistance;  artificial inoculation by  dusty smut spores; forced hybridization;  isolation of genomic DNA; carrying out of PCR; electrophoresis of spare proteins, vertical gel electrophoresis of proteins, registration of their polypeptide spectra.

The goal of the project is to identify donors of valuable traits of the world proso millet collection based on molecular-genetic methods and select initial forms to create a new hybrid proso millet material resistant to disease and adapted to weather conditions in Northern Kazakhstan.

Research stage 2020. Definition and evaluation of the nature of inheritance of the main breeding and value traits in hybrid proso millet populations for their inclusion in the breeding process.

In the course of research the following scientific results were obtained:

As a result of screening of the gene pool of millet for dusty smut resistance, valuable resistant forms were isolated: from the foreign collection and from the collection of VIR. In general, absolutely immune varieties were not observed among the paternal collection during the years of research. It should be noted that resistant samples were distinguished in combination with high grain productivity. Identification of the racial composition of the local population of the dusty smut on the differentiation set showed that it is represented by races 1, 2, 3, 4 and 6A. As a result of hybridization of foreign samples of pearl millet with varieties of Kazakhstan breeding, a hybrid material bearing resistance genes was created, which provides resistance to the most widespread races of dusty smut. To study the genetic variability of millet samples, only 9 iPBS markers were tested, of which six gave a reproducible result. Based on the results of structural analysis of source and breeding material, productive genotypes were identified. The above genotypes are of practical interest for breeding programs of proso millet on immunity and high productivity.

Scope of application: biotechnology, agriculture, breeding and seed production, plant protection.
РЕФЕРАТ
Есеп 85 беттен, 15 сурет, 7 кесте, 34 әдебиеттер, 6 қосымша.
ТАРЫ, СОРТ, БУДАН, ГЕНЕТИКА, СЕЛЕКЦИЯ, МОЛЕКУЛАЛЫҚ МАРКЕРЛЕР
Зерттеу объектiлерi: 192 сорттар мен үлгілерден тұратын шетелдік және отандық  коллекциялар.  
Зерттеу әдістері: фенологиялық бақылаулар; егістік жағдайда қаракүйеге төзімділікке бағалау; жасанды будандастыру; Геномды ДНҚ бөлу; ПТР жүргізу; қор белок электрофорезі полипептидті спектрлерді құжаттандыру бойынша жалпы қабылданған әдістемелер. 
Ғылыми жобаның мақсаты: молекулалық-маркерлер негізінде тары дүниежүзілік коллекциясының құнды белгілерінің донорларын анықтау және Солтүстік Қазақтан жағдайында бейімделген, ауруларға төзімді жаңа буданды материал шығару мақсатымен бастапқы фораларды сұрыптау.
2020 ж. кезеңінің мақсаты – Селекциялық үрдіске арналған тары будандық популяциясында негізгі селекциялық-құнды белгілердің тұқымқұуалаушылық сипатын анықтау және бағалау. 
Ғылыми-зерттеу жұмыстарын атқару барысында келесідей нәтижелерге қол жеткізілді:

Тары генофондын төзімділікке скринингі нәтижесінде бағалы төзімді формалар шетелдік коллекциядан және ВИР коллекциясынан анықталды. Дәнді дақылдардың жоғары өнімділігімен үйлесімді төзімді үлгілердің ерекшеленетінін атап өткен жөн. Қаракүйенің жергілікті популяциясының нәсілдік құрамын дифференциалдық жиынтығында зерттеу нәтижесінде 1, 2, 3, 4 және 6А нәсілдерден тұратынын анықталды.

Шетелдік тары үлгілерін қазақстандық сорттармен будандастыру нәтижесінде қарақұйеге кең таралған нәсілдеріне төтеп беретін төзімділік гендер иеленушілер болып табылатын гибридті материал шығарылды. Тары үлгілерінің генетикалық өзгергіштігін зерттеу үшін 9 iPBS маркері сыналды, оның алтауы жоғары нәтиже берді. Бастапқы және селекциялық  материалды құрылымдық талдау нәтижелері бойынша өнімді генотиптер анықталды. Бұл генотиптер иммунитет пен жоғары өнімділікке бағытталған тары селекциясы бағдарламалары үшін ұсынылады.
Қолдану аймағы: биотехнология, ауыл шаруашылығы, селекция және тұқым шаруашылығы.
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TERMS AND DEFINITIONS
In this SRW report, the following terms are used with appropriate definitions:

	Hallelule
	is one of the possible forms of the same gene.

	Buffer
	a mixture of cations and anions in a certain concentration that provides optimum conditions for the reaction as well as a stable pH value.

	Virulence
	the degree of active pathogenicity of pathogens.

	Infectious background
	a special nursery, where in conditions of artificial infection with a certain disease is assessed breeding material.

	Inoculum
	an infectious material used for infection.

	Inoculation
	experimental introduction of the pathogen into the body.

	Marker
	a nucleic acid with a mutation or other prominent feature used to determine the position of a gene or other genetic elements.

	Pathogenicity
	the ability of the pathogen to cause disease in a plant and cause it certain harm.

	Pathotype (race)
	intraspecific taxonomic unit, is a part of a species or specialized form of a pathogen and is confined to the host plant varieties.

	The population
	is an elementary unit of the evolution process capable of responding to changes in the environment by rearranging its gene pool.

	Primer
	a short (single-chain) oligonucleotide sequence used in a polymerase chain reaction.

	Varieties-differentiators
	a set of varieties, the results of which determine races or pathotypes of plant pathogens.

	Persistence
	genetic trait of a host that prevents avirulent isolates from infecting him.


LIST OF DESIGNATIONS AND ABBREVIATIONS 
In this SRW report, the following abbreviations and symbols are used:

	AIC
	Agro-industrial complex.

	DNA
	Deoxyribonucleic acid.

	MAS
	marker of associated selection.

	PCR
	polymerase chain reaction.

	STAB
	cetyl triethylammonium bromide.

	EDTA
	Ethylene-diamine tetra-acetic acid.

	FAO
	Food and Agriculture Organization of the United Nations (FAO).

	Sp genes
	resistant genes to the dusty smut of millet Sphacelotheca panici - miliacei (pers) Bub.

	USDA
	United States Department of Agriculture.


INTRODUCTION

The President of the Republic of Kazakhstan K. Tokayev in his Message to the people of Kazakhstan (01.09.2020) noted the need to develop agriculture to create a competitive economy. Among the main objectives set for the agricultural sector is to double the export of agricultural products [1]. The agrarian sector of the Republic, as an important segment of food security, has great export opportunities and high potential for innovation. One of the most promising sectors of agriculture with export potential is sprouting. 
Breeding and introduction into production of new more productive complex-valuable proso millet varieties is one of the highly effective and economically most advantageous ways to further intensify agriculture, increase yields, combat diseases and pests, as well as improve product quality.

Agricultural production requires new, more yielding, plastic varieties that are able to maximize the use of climatic and soil conditions of growth and resist extreme deviations of weather factors. We need varieties that combine high productivity, drought tolerance, cold resistance, resistance to lodging, crumbling of grain, smut injury and melanosis, fuse and grain capture, friendly sweeping of metelopes and good graininess, different rate of maturity, high technological indicators of grain quality (grain size, high leveling, high yield of cereals), high consumer advantages of cereals (wheat vitreousness, high carotenoid content, bright yellow kernel color, high taste qualities of porridge), increased protein content in grain, easily assimilated its fractions and essential amino acids, suitability for mechanized harvesting.Поэтому создание отечественных высокопродуктивных, устойчивых к болезням сортов проса является своевременной и актуальной проблемой
The annex contains a schedule of work plans to the Agreement (№ 242 of 27.03.2018) between the Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan and the S. Seifullin "Kazakh Agrotechnical University  (Annex A).

By results of researches 9 works are published, including 1 article in the refereed journal recommended by CCES MES RK, 3 articles - in the journals of the far abroad with nonzero impact factor, included in the database Scopus, 1 article in the international research journal of the near abroad, 3 articles - in the International scientific-practical conferences, and also 1 monograph (Appendix B) were prepared.

The patent and license search for the project has been conducted over the last 20 years (USA, China, Korea, Japan, Russia, Brazil, etc.) (Appendix C).

The project is carried out under the budget program 055 "Scientific and / or scientific and technical activities", Subprogram 101 "Grant financing of scientific research". Priority - Life and health sciences. Priority - "Scientific basis for increasing productivity and sustainability of plants and animals".

The goal of the project is to identify donors of valuable traits from the world collection of pearl millet based on molecular genetic methods and select the initial forms for the creation of a new hybrid material resistant to disease and adapted to the weather conditions of Northern Kazakhstan.

Project tasks:

-screening of the world and domestic proso millet collection based on economically valuable traits in order to identify promising donors and sources for further use in the breeding process;

-creation of a hybrid population of proso millet based on artificial forced hybridization in specially selected parent pairs;

-selection and use of molecular markers in proso millet breeding;

- determination and evaluation of the nature of inheritance of the main selection-valuable traits in hybrid proso millet populations for their inclusion in the breeding process.
The following results will be obtained during the project implementation: 

- Screening of the global and local collection of proso millet samples was carried out and promising samples with a complex of economic attributes were identified for use as a diverse source material;

- created highly productive proso millet hybrids that are resistant to stress factors of the environment; 

- molecular markers were used to assess the genetic variability of proso millet;

- the type of inheritance of main selection-valuable traits in hybrid pros millet populations has been determined.

Purpose of the 2020 stage. - Determination and evaluation of the nature of inheritance of the main selection-valuable traits in hybrid proso millet populations for their inclusion in the breeding process.

Tasks for 2020: 1) Genetic control of the inheritance of the disease resistance sign; 2) Evaluation and selection of hybrids according to economically valuable signs and properties and obtaining the original material of millet productive and resistant to disease.

Annex E presents the results on the topic of research for 2018-2020.

Annex F contains supporting documents.

Intermediate reports on the stages of 2018 and 2019 were registered in JSC "National Centre of State Scientific and Technical Expertise" and have names corresponding to the project subject: Inventory No. of report 2018. - 0118R00607; Inventory No. of Report 2019 - 0118R00607.

International cooperation, grants: Under the supervision of specialists in genetics, selection and molecular biology of proso millet, exchange of hermeoplasm of proso millet genotypes was carried out; Northwest A&F University of China (Northwest A&F University, Yangling, Shaanxi, China) and Xinjiang Agricultural University (Xinjiang Agricultural University, College of Pratacultural and Environmental Science, Xinjiang, Urumqi, China); Regional Plant Introduction Station (USA) provided proso millet samples of different ecological and geographical origin.
MAIN PART OF REPORT OF SRW
1 Choice of research area

Millet (Panicum miliaceum L.) is the most important cereal crop. It is widely distributed for its beneficial qualities, which are considered to be highly drought-resistant and yielding. The millet is cultivated mainly for food purposes [2]. Grain (millet) obtained from it is as nutritious as other types of cereals, and, moreover, it is quickly and well digested [3]. Millet also contains vitamins necessary for the body: PP (nicotinic acid) and folic acid, and B1 (thiamine), B2 (riboflavin vitamins millet twice as rich as other cereals. Besides food proso millet, it is also of great feed value. Animal and poultry food is mainly waste from processing pearl millet into cereals: mulch, ostrets, husk, which are cheap feed, especially for birds, as they contain valuable organic acids that promote rapid growth [4].

High heat demand and drought tolerance determine the main regions of millet cultivation. In Kazakhstan, they include western and northeastern regions. With good agricultural machinery or in conditions of irrigation, proso millet is able to give high yields, as one broom can form up to 1 thousand grains weighing 6-7 grams, reaching 15-35 c/ha. [5].
In the sustainable development of the domestic agro-industrial complex, including livestock and poultry farming, for which the feed is expedient to expand the area under crops of such a very valuable crop, as millet. One of the factors limiting the high and stable yields of agricultural crops is a noticeable defeat of cultivated varieties of diseases. The most common among them is the dusty smut generated by Sphacelotheca panici-miliacei. 

The high harmfulness of this pathogen in many areas of the country is promoted by low level of agricultural machinery and insufficient stability of cultivated millet varieties [6]. In emerging phytosanitary situation to smooth negative influence of phytopathogenic factors allows using methods of integrated plant protection. Among the most effective of them is the joint application of various classical and newest techniques, including breeding-genetic and molecular methods of selection [7]. As an important link in integrated plant protection is the selection and cultivation of adapted, disease-resistant varieties. Creation and introduction in production of such Kazakh varieties and hybrids promoting decrease in loss of a crop, increase in profitability of seed production, improvement of quality of received production is an actual direction.
2 Objects and methods of research

The research included 192 varieties and samples of millet from the world collection of VIR, local and foreign (USDA) collections. Among them there are economically valuable samples bearing resistance genes: Sp 1, Sp 2, Sp 3 and Sp 4. Sphacelotheca panici-miliacei proso millet dust pathogen isolates were reproduced annually during 2015-2020. Estimation of smut resistance was carried out during artificial inoculation with pathogenic isolates belonging to local population races (race 1, race 2, race 3, race 4). One month before sowing, the viability of the inoculum was determined (Appendix F.7). For this purpose, the inoculum is sown into Petri dishes and incubated at the temperature optimal for this type of fungus. As a result of calculating the number of viable spores, the most intense reproduction of the pathogen was selected to dispense pearl millet seeds on the basis of 1% spores to seed weight [8]. 

According to the method of 50 pieces of disputed seeds of each sample are sown in two-row plots with row spacing of 20 cm. Control over the effectiveness of the infectious background was carried out by sowing standard Kokchetavskoe 66, a universally susceptible variety in every 9 plots.

For comparison of disease development and objective evaluation of samples' resistance to dusty smut, field experience was laid in natural background of undisputed millet seeds. As a standard, we used a variety Saratov 6, included in the State Register of the RK for the evaluation of economically valuable features of proso millet gene pool.
Classification of smut resistance of proso millet varieties and hybrids was carried out according to the 9-point scale of defeat and in percentage: 1-very weak, (<10%); 3-weak (10-35%); 5-average (36-60%); 7-strong (61-85%); 9-very strong (>85%) ratio [9]. The reaction type is determined by the following scale: 0 - no signs of disease on the brooms; R - resistance (1 point); MR - average resistance (3 points); MS - average susceptibility (5 points); S - high susceptibility (7-9 points). 

For the hybrid material analysis, the offspring of each mother metele are sown separately, by families. The mathematical analysis of the inheritance of the stability feature in the offspring is calculated using the χ2 formula [10]. 

The determination of the χ2- criterion is determined by the formula: O - observed number of genotypes of a certain type; E - expected number of genotypes of classes. If the calculated value of χ2 doesn't exceed the tabular one considering the number of freedom degrees and probability P, the actual data correspond to the theoretically expected ones. 

The pathotype composition of the S.panici-miliacei pathogen was determined according to the race identification key on a differentiating set [11].

Phenological observations were made according to methodological guidelines for the study of the world millet collection [12].
Artificial hybridization. Millet varieties with a complex of valuable features are obtained by synthetic selection - by hybridization. This method is based on a wide study of the source material, careful selection of parental pairs and the attraction of proso millet varieties and forms from different ecological and geographical zones. The development strategy of modern selection notes that new varieties should still be created using classical methods with the involvement of modern methods of biotechnology. Therefore, hybridization is one of the main methods of creating a source material for breeding new varieties and pros millet lines. Several methods of castration and pollination (tweezers, water-thermal castration, chemical castration) will be used in this work, which significantly increases the binding of hybrid grains [13]. 
Molecular analysis consisted of 3 basic procedures:
1 DNA isolation in the studied plants;

2 Aplification of the marker DNA section (polymerase chain reaction proper - PCR);

3 Separation of products on electrophoregram.
DNA was isolated from young leaves and 6 day old seedlings using the Murray method (1980) [14] with some modifications. The young leaves and seedlings were rubbed in an extraction buffer (0.35 M sorbitol 100 mM tris-NCl, 2% CTAB) with the addition of 5% sarcosil. They were cleaned with a mixture of chloroform-isoamyl alcohol (24:1) and centrifuged at 14 300 rpm for 15 min. The supernatant was taken away and DNA was precipitated in an equal volume of isopropanol. Centrifuge at 14 300 rpm for 15 min, the precipitate was dried and dissolved in bidistilled water. DNA concentration and quality were determined using a spectrophotometer (Nano Drop 2000, Thermo Scientific). The isolated genomic DNA was used for PCR.

PCR was used to amplify the marker. The 25 µl mixture for PCR contained: 0.2 mM of each nucleotide, PCR mix 9.4 µl, 20 ng of each primer. Amplification was performed in the amplifier at the following parameters: a) SSR - 940C - 2 min; 40 cycles - 940C - 30 s, 650C - 30 s, 720C - 30 s, 720C - 7 min. The samples were mixed with paint for application (0.25% bromfenol blue - 50% glycerine). Genomic DNA was separated in 1.5% agarose gel at 5 V/cm deposition in TVE buffer (45 tm tris-borat, 1 mM EDTA pH 8).
3 Summary and Evaluation of Research Results

3.1 Screening of Panicum miliaceum L. gene pool in breeding for dust smut resistance 
Millet is one of the most important cereal cultures in the world. Most losses of pearl millet harvest are largely determined by the defeat of plants with fungal pathogens. In recent years, along with the spread of helminthiosporiosis (Bipolaris panici-miliacei) and other pathogens, the threat of epiphytoty of dusty smut (Sphacelotheca panici-miliacei) has increased. In this connection, the development of pearl millet varieties with resistance to fungal phytopathogens remains one of the highest priorities in genetics and selection [6]. 

In 2018-2019, phytopathological evaluation of collectible and breeding millet material for resistance to S. panici-miliacei under conditions of natural infection and on an artificial background of dusty smut was carried out. 

Analysis of data on the gene pool resistance of proso millet to dusty smut showed that during the years of research in natural conditions the disease was practically not observed.

The study of resistance of samples of foreign collection under field conditions showed that the excessively humid 2018 was favorable for the development of smut diseases, so the amount of precipitation per vegetation was 202.0 mm (Annex E.1). Annex E.2 presents the results of the estimation of the lesion rate of this pathogen by years. In this year of maximum disease manifestation among studied 85 genotypes of foreign collection (USDA) in samples: PI 654403 (TU-85-074-03; Turkey), PI 173750 (IPM 990; Turkey) and PI 182258 (DARI; Turkey) there was observed a strong lesion, 67%, 71% and 74%, respectively. Varieties standard Kokchetavskoe 66 also showed a sensitivity of 64% (Figure 1).
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a - Kokchetavskoe 66; b - Uralskoe 109, c - K-9520, d - K-10286
Figure 1 - Metals of millet affected by dusty smut and teliospores of S. panici-miliacei mushroom) on universally susceptible variety samples (Sp 0)
 In general, the studied 41 samples, 48.2% from the whole foreign collection, showed moderate resistance to this pathogen (9-32%). Weak susceptibility was noted in 2019 and 2020: the degree of damage ranged from 6% to 48%, only the sample PI 170589 (IPM 633; Turkey) was susceptible to 65%. Clustering was carried out according to the data of foreign collection stability estimation for 2018-2020 years of research, after calculation of average index of pathogen infestation for the specified period As a result of cluster analysis on the intensity of the pathogen affection, it was possible to divide the samples of foreign collection of millet into the first and second groups. The first group included susceptible samples, the lesion rate of which varied from 13.3% to 25% by years. Immune, highly resistant and relatively stable samples were grouped in the second group of the cluster (Figure 2).[image: image4.jpg]agaave 1
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Figure 2 - Distribution of foreign collection samples of proso millet in the defeat of dusty smut (infection background, 2018-2020).

As a result of immunological study of 89 samples of VIR collection 36 numbers were allocated, resistant to the disease: K-35, K-803, K-806, K-1437, K-6314, K-6619, K-1942, K-1985, K-2236, K-2374, K-2493, K-2526, K-2742, K-5786, K-6602, K-3664, K-3690, K-3697, K-3751, K-3753, K-9373, K-9571, K-9598, K-9701, K-9719, K-9720, K-9749, K-9805, K-10284, K-10286, K-10289, K-10349, K-10357 and samples not assigned a catalog number: Kormovoye 2606 55k, Kormovoye 2020 054/2, Kormovoye 2528 g.060/3 (Annex A.4). At artificial infection of local population of the pathogen of dusty smut also increased level of stability (1-very weak, <10%) showed a number of collector samples K-10215, K-2278, K-2274, K-520, K-1474, K-10222, K-10121, K-6490, K-8023, K-3806 and K-8528: 2.6%, 3.0%, 5.0%, 5.5%, 5.5%, 6.1%, 6.1%, 6.7%, 8.3%, and 8.3%, respectively.  Weak and average susceptibility to disease was noted in the main part of samples, 42.7% of the whole collection: K-9681, K-10112, K-9989, K-9645, K-10213, K-10204, K-10222, K-10286, K-10299, K-1066, K-2468, K-3742, K-148, K-5786, K-2377, K-8873, K-9910, K-9703, K-9655, K-9658, K-9800, K-9837, K-1685, K-9580, K-8649, K-10170 L78/863, K-2241, K-2253, K-8507, K-8503, K-10224, K-10352, K-10275, K-10282, K-9802 and samples not assigned a catalog number: Seed Rm 18 3217, Gorlinka sang, Omsk 16. The S. panici-miliacei lesion of these samples ranged from 10 to 47.5% by years. During our cluster analysis, the stability indices were broken down into 2 main intervals. The first group of the cluster included immune and highly resistant collector samples of VIR; the second group included samples with weak and medium level of lesion (Figure 3).
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Figure 3 - Distribution of collectible samples of VIR by the impact of dusty smuts (infection background, 2018-2020).

The varieties of the domestic collection were susceptible depending on the years of research. Thus, in favorable 2018 for the development of smut teliospores (202.0 mm) in the varieties Feed millet, Shortandinskoe 10, Shortandinskoe 7, Pamyati Bersiyeva,  Yarkoye 5, Yarkoye 7, Omsk 11, Kormovoye 89, Pavlodar, Zolotistoye kormovoye, Barnaulskoye kormovoye, Saratov 6 intensity of lesions ranged from 36% to 56%. The varieties that were close to the universal receptive standard were Kokchetavskoe 66: Saratovskoe 3, Uralskoe 109 and Aktobe kormovoye, 61%, 66% and 67% respectively.

2019 turned out to be relatively dry (82.5 mm) in the second half of vegetation and unfavorable conditions for the development of the phytopathogen. So, in 2019, the degree of defeat close to the indicators of the standard variety Kokchetavskoe 66 only in varieties: Saratov 3 and Ural 109, their degree of defeat was 50% and 55%, respectively. Other studied local varieties this year have distinguished themselves as the best indicator: 0-15%. 
In 2020, the amount of precipitation during the vegetation period of millet was 124 mm, the temperature regime did not differ from previous years of the study (53.10C). Still stand out varieties of apparent immunity to artificial infection (0): Yarkoye 7, Yarkoye 5, Omskoye 11, Kormovoye 89, Pavlodar, Zolotistoye kormovoye, Kormovoye proso, Shortandinskoye10, Shortandinskoye11 and Pavlodarskoye 4. Other varieties have shown moderate susceptibility to fungal disease S. panici-miliacei: Saratovskoye 6, Barnaulskoye kormovoye, Shortandy\inskoye 7, Uralskoye 109, Pamyati Bersiyeva  and Pavlodarskoye 4, the intensity of damage was: 6.2%, 10.0%, 12.5%, 15.3%, 28.5% and 30%, respectively. varieties were not observed among the native collection. Figure 4 presents a cluster analysis, which shows that, in general, over the years of the study, although the average rate of affection was lower than the standard (55.3%), absolutely immune (Figure 4). 
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Figure 4 - Distribution of varieties of local breeding for dust smut affection (infectious background, 2018-2020).
Thus, our research for 2018-2020 allowed us to identify collectible varieties and samples with better dust smut resistance. Selected samples can serve as a valuable source material for breeding programs for millet immunity.
3.2 Study of the racial composition of the local population of dusty smut.

Smut fungi among numerous pathogens of cereal crops are one of the most important due to the fact that they are widespread, cause a very significant decrease in yield and degrade the quality of grain [15]. Among infectious diseases of millet, the most harmful is the dusty smut caused by pathogenic fungi Sphacelotheca panici-miliacei, respectively, which leads to poor grain quality. All over the world, breeding programs aimed at obtaining genotypes that are not susceptible to disease are based on genetic control of plants to pathogens. Resistance of plants to pathogens of dusty smut no exception, and many varieties tested in some areas as resistant, other researchers can be identified as susceptible. As noted by many phytopathological breeders, the "useful life" of the resistance gene in a variety depends largely on the composition of the population of the causative agent in a certain area, and the value of the same resistance gene may vary in different areas [16]. Therefore, when studying the resistance of varieties to dusty smut, first of all, one should know the pathotype composition of the population, its stability or variability. Understanding of host plant resistance genetics in the context with pathogen virulence allows identifying effective genes of resistance to dominant races in a certain area. It is known that varieties with rasospecific resistance exert strong pressure on forming processes in pathogen populations, which leads to changes in virulence of pathogens. This causes the necessity of constant monitoring of pathogen populations with the purpose of detection of new virulent pathotypes and evaluation of resistance to them of collectible and breeding forms before their inclusion into the breeding process [17]. In this regard, our research was aimed at determining the pathotypes of the local population of dusty smut.
In Kazakhstan, the study of the racial composition of natural populations of dusty millet smut was started in 2016 by our staff S.Seyfullin KATU [18]. 

Monitoring of the natural composition of pathogen populations should be continued with the mandatory use of a set of varieties-diffurentiators. In order to identify the races of pathogens of smut diseases for our country, we proposed a tester series including a set of varieties-differentiators, supplemented in 2018-2019 with varieties and samples of VIR that are resistant in Russia. Using this test kit to determine the racial composition of S.panici-miliacei populations in Akmola region, a number of races of this pathogen were registered. Race specialization was carried out using 17 millet genotypes of different ecological and geographical origin from the world collection of VIR (St. Petersburg), samples with identified resistance genes, and varieties allowed for use according to RC (Table 1). 
Table 1 - Variety diffrentiator reaction to S. panici-miliacei infection (2018-2020).
	Differentiators
	Reaction
	Defeatability of smut, %
	Stability gene
	Identified race
	Years

	Коkchetavskoye 66
	S
	55
	Sp 0
	Race 1, race 2, race 3, race 4
	2018, 2019, 2020

	Saratovskoye 6
	R
	0
	Sp 1
	Race 1, race 2, race 3, race 4
	2018, 2019, 2020

	Ilinovskoye
	R
	0
	Sp 2
	Race 1, race 2
	2019, 2020

	Zolotistoye
	S
	25
	Sp 0
	Race 1, race 2, race 3, race 4
	2019, 2020

	PI 346942
	R
	0
	Sp 5
	Race 1
	2018, 2019, 2020

	К-367
	S
	45
	Sp 4
	Race 3, race 4
	2019, 2020

	К-9989
	S
	50
	Sp 1
	Race 1, race 4
	2019, 2020

	К-9520
	
	56
	Sp 0
	Race 1, race 2, race 3, race 4
	2019, 2020

	К-2755
	R
	0
	Sp 4
	Race 1, race 2
	2019, 2020

	К-10312
	R
	0
	Sp 2
	Race 1, race 2, race 6А
	2019, 2020

	К-10279
	S
	59
	Sp 2
	Race 3, race 4
	2019, 2020

	К-9842
	R
	0
	Sp 1
	Race 1, race 4
	2019, 2020

	К-3137
	R
	0
	Sp 2 (1)
	Race 1, race 2, race 4
	2019, 2020

	К-10278
	R
	0
	Sp 3
	Race 3, race 6А
	2019, 2020

	К-9539
	R
	0
	Sp 4
	Race 1, race 2
	2019, 2020

	К-9671
	R
	0
	Sp 1
	Race 1, race 4
	2019, 2020

	К-10275
	R
	0
	Sp 1, Sp 2, Sp 3, Sp 4
	Race 1, race 2, race 3, race 6А
	2019, 2020


Varietal samples were studied in the period from 2018 to 2020 on the artificial infectious background of the phytopathological site of the. A.I.Barayev research and production centre for grain farming, located in the dry-step zone of Northern Kazakhstan (Figure 5).
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a - the affected variety of pros millet in the field; b - a herbarium sample of an infected plant organ; c - Infection of varieties-differentiators with fungus teliospores; d - different manifestations of infection on the differentiators; e - collected fungus teliospores; f - dried ready teliospores of the dusty smut
Figure 5 - The sequence of study of the racial composition of the dusty smut of the proso millet from the collection of samples of the fungus to the storage of S.panici-miliacei spores: 
Studies on dusty smut are complicated by fungus biology. In the first year, plants infected with fungus spores, form a normal plant. In this case, the mycelium of the fungus is localized in the embryo shield. And only in the phase of extraction, a damaged broom is formed from the infected grain. For the infection of proso millet variety samples used pre-tested quality spore material.

As an inoculum used synthetic population of the pathogen, which was created by collecting teliospores from infected brooms. The seeds of the tested samples were inoculated with an optimal infectious load of 1% teliospores to the mass of seeds. Infected plants were marked with labels. After ripening, the infected metelets were treated manually. Inoculated proso millet seeds were sown within the optimal period for the crop (third decade of May) in the amount of 50 grains of each sample. Accounting was carried out by counting the sick and healthy ears and calculating the percentage of lesions. 
In 2018, based on the results of a study of the racial composition of the local population of the pathogen, two races were identified on a differentiating set: race 1 and race 2.
The selected race 2 is characterized by a strong reaction on the differentiator Saratov 6 (52%). According to the reaction of differentiator PI 346942 (Veselopodolyan 38), carrier of Sp 5 gene, race 1 was registered. 
Based on the analysis of differentiators' reaction to inoculation by the pathogen S. panici-miliacei in 2019-2020, the following races were identified: race 1, race 2, race 3, race 4, and race 6A. The registered race 3 does not affect the sample-differentiator K-10278, which possesses the resistance gene Sp 3, but has virulence to the samples of VIR collection: K-10279, K-367 and to the variety Saratovskoye 6. It was identified in 2018. Race 4 differs in that it slightly affects the variety Saratovskoye 6 (not more than 7%) in 2020, when as in 2019 the inability to infect this variety was shown. Our identified race 6A does not affect the samples having a factor of resistance Sp: K-10312 (Sp 2), K-10278 (Sp 3), as well as variety Quartet (K-10275), consisting of a mixture of isogenic lines and carrying genes of resistance to the smut Sp 1, Sp 2, Sp 3, Sp 4. 

The same assumption is also proved by dwarf reactions of the samples. In accordance with the key of the dusty smut population on the differentiating set, the reaction of collectible genotypes having the genetic factor of protection against damage (Sp 1 and Sp 6) proves the presence of race 6A in the local population. According to the data of the key for determining the race-specific resistance of proso millet to the smut (Tikhonov, 2018), samples of proso millet with non-identical resistance genes give dwarf reactions forming pathomorphic plants  (Table 1) [19].

Table 2 - Reactions of Sp gene carriers on a differentiated set of dusty smut races (Tikhonov, 2018)
	Assumed resistance genes
	Races of the pathogen

	
	1
	2
	3
	4
	6A

	Sp 1
	R
	S
	S
	R
	Rdw

	Sp 2
	R
	R
	S
	S
	R

	Sp 3
	S
	S
	R
	S
	R

	Sp 4
	R
	R
	S
	S
	S

	Sp 5
	R
	S
	S
	S
	S

	Sp 6
	Sdw
	Sdw
	S
	S
	S

	Note: 1 S - susceptibility; 2 R - resistance; 3 dwarf (dwarf - reaction).


This indicates the presence of Sp 1 gene in the genotype which, in early stages of ontogenesis, forms bushy dwarfs with very strong thickets, subsequently sweeping out small unproductive dwarfs, also sporosity is not observed (Rdw), or forms smut rhinoceroses (Sdw), in this case it indicates the presence of Sp 6 gene. But in the course of the study for 2018 among the studied samples there were no pathomorphic plants with the similar dwarf reaction, which shows the absence of race 6A among the virulent pathotypes of the manifested activity in this period of studies.
In 2019, as a result of infestation of the local population of millet seeds by smut , samples of dwarf reactions (bushy dwarfs), according to figure 6, their number was 7.9% of the total number of studied samples of the collection of VIR. [image: image8.jpg]



Figure 6 - dw-reaction in identified samples having genes Sp 1, Sp 6

Selected genotypes (K-8873, K-9910, K-9703, K-8528, K-520, K-1474) with gene Sp 1 provide immunity to race 1 - the most widespread in natural populations and the least virulent of the most known races of dusty smut. As a result of artificial contamination with spore material, resistant samples (Sp 1, Sp 6) were found among foreign collections, which gave a reaction in the form of pathomorphoses (dw - reaction) with slowing down the process of formation of productive metelopes. The resistance caused by Sp 1 was found in the following samples: from India - Ames 11555; from Kazakhstan - Ames 28191, from Turkey - PI 170591, Ames 11680, PI 170604, PI 173750; from Argentina - PI 202294; from Afghanistan - PI 220670, PI 227245, PI 365847, from the USA - PI 649383. Selected genotypes that have resistance genes Sp 1 and Sp 6 in subsequent stages can be used to transfer resistance to other samples.
In 2020, a similar reaction to the inoculation of millet plants with dust smut spores was observed only in samples: PI 219931 (Afghanistan) - Sdw, K-10289 (Iran) - Rdw, K-9705 (Russia) - Sdw, K-3751 (Kazakhstan), K-9802 (Afghanistan) - Sdw. The results obtained in the current year indicate changes in the racial composition of S.panici-miliacei populations, which were also recorded in the standard set of test kits in 2019. The confirmation of this fact was manifested in the increase of resistance of Kokchetavskoe 66 variety to 47.0%. Changes in virulence of pathogens, probably, by climatic conditions or genetic homogeneity in resistance of the tested variety samples. 
Studies conducted against an artificial infectious background provided information on the racial composition of the local population of the pathogen. The obtained data on observation of changes in the composition of pathogen populations allow to explain the loss of variety resistance, to identify new virulent pathotypes of pathogens, to evaluate collectible and breeding material to them and to recommend to breeders sources of resistance for their use in breeding of smut-resistant millet varieties for a particular region.
3.3 Genetic control of inheritance of dust smut exciter prescription

Based on the data of the literature, the contradictions arising when considering the concept of J.E. Van der Planck from the point of view of long-term preservation of varieties of this property, as well as the number of genes that cause phenotypic manifestation of weak or moderate affection of varieties were shown. It is shown that longevity of resistance, or its stability, depends not on the number of genes determining weak or moderate susceptibility of plants to the pathogen but on the nature of relations between genes of host resistance and virulence of the parasite [20]. It should be noted that the exact determination of the number of genes controlling the resistance of plants to the parasite fully depends on the resolution of genetic analysis method. Many authors emphasize the fundamental differences in the nature of genetic material subjected to natural and artificial selection. The essence of these differences is that natural selection mainly uses organisms with dominant genes, while artificial selection increasingly increases the contribution to their origin of recessibility. The authors believe that there is a direct connection between the predominance of dominant genes and the ability of plants to reliably resist extreme environmental conditions, including infection [21]. Thus, in practical breeding for smut resistance, the development of proso millet varieties with effective dominant resistance genes is promising. In this connection, in order to study the nature of the inheritance of immunological reactions to S. panici-miliacei, proso millet varieties with dominant character of Sp 1, Sp 2, Sp 3, Sp 4, Sp 5 were involved in hybridization [22-24]. 
We have produced a series of crossbreeds involving gene introgression into universally susceptible Sp 0 genotypes, as well as combinations of two or more Sp genes (Appendix F.2, Appendix F.6). 

In addition to resistance to the S.panici-miliacei pathogen, marker morphological features (grain coloring, anthocyanic coloring, broom shape, heterosis effect) were also used as criteria for the truth of the hybrids obtained. The combination of these complementary approaches to assessing the truth of hybrids allowed obtaining reliable data on hybridological analysis (Fig. 7).
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 a - intermediate coloring of hybrid grains; b and c - heterosis effect in the first generation
Figure 7 - Marker morphological traits in hybrid combination ♀Davskoye × ♂PI 346942 in comparison with parental forms
Results of study of hybrid population on the infectional background arepresented  in the table 3 
Table 3 - Assessment of F2 hybrids by χ2 criterion for resistance to dusty smut
	Hybryd combination
	Gen Sp
	Proportion of healthy and affected plants
	χ2
	P

	
	♀
	♂
	actual
	teorical
	total
	
	

	Davskoye × PI 346942
	-
	5
	31:8
	3:1
	39
	3.05
	0.90< P<0.95

	К-9989 ×  Davskoye
	1
	-
	12:13
	1:1
	25
	0.02
	0.20< P<0.10

	Kokchetavskoye 66 × К -10312
	0
	2
	13:15
	1:1
	28
	0.13
	0.20<P<0.30

	K-9989 × К-9520
	1
	0
	7:12
	1:2
	19
	0.05
	0.10< P<0.05

	Saratovskoye 6 × К-3742
	1
	0
	35:0
	
	35
	
	

	К-10279 × Shortandinskoye 7
	2
	-
	0:14
	
	14
	
	

	К-367 ×  Saratovskoye  6
	4
	1
	9:0
	
	9
	
	

	Уральское 109 × K-3137 
	0
	2
	6:1
	3:1
	7
	0.44
	0.50< P<0.30

	K-9671 × Yarkoye 5
	1
	-
	0:7
	
	7
	
	

	Yarkoye  5 × K-9671 
	-
	1
	3:9
	1:3
	12
	0.00
	P<0.01

	K-9539 ×  Shortandinskoye 10
	4
	-
	10:5
	3:1
	15
	0.00
	P<0.01

	Шортандинское 11 × К-10278 
	-
	3
	3:7
	1:2
	10
	0.1
	P≥0.30

	Saratovskoye  6 × К-367 
	1
	4
	8:0
	
	8
	
	

	К-9520 ×  Saratovskoye  6
	0
	1
	0:13
	
	13
	
	

	Pamyati Bersiyeva× К-9671
	0
	1
	0:5
	
	5
	
	

	Zolotistoye kormovoye ×  К-9989
	0
	1
	12:15
	1:1
	27
	0.1
	0.30

	Shortandinskoye 7 ×  К-9671
	-
	1
	0:4
	
	4
	
	

	Pavlodarskoye × К-2755
	-
	4
	14:2
	3:1
	16
	0.06
	P<0.10

	 К-10275 ×  К-9520
	1.2.3.4
	0
	18:5
	3:1
	23
	0.04
	

	Shortandinskoye  11 × K10278
	-
	3
	19:5
	3:1
	24
	
	


Monogenic stability control in our studies was quite common and was installed on the following combinations: ♀Davskoye × ♂PI 346942, ♀Uralskoye 109 × ♂K-3137, ♀K-9539 × ♂Shortandinskoye 10, ♀Pavlodarskoye × ♂К-2755, ♀К-10275 (Quartet) × ♂К-9520, ♀Shortandinskoye 11 × ♂K10278. Crossbreeding of these varietal samples leads to an increase in the share of resistant plants in the splitting population, as compared to the crossbreeding combination ♀Yarkoe 5 × ♂K-9671, ♀Shortandinskoye 11 × ♂К-10278, ♀Zolotistoye kormovoye × ♂К-9989, approaching the theoretically expected 3 (R) : 1 (S). The number of degrees of freedom was df=1 for monohybrid crossing. In this connection, we can assume that these genotypes have one or more stability genes of Sp.
Hybrid combinations: ♀К-10279×♂Shortandinskoye7, ♀K-9671×♂Yarkoye 5, ♀Kokchetavskoye66×♂К -10312, ♀K-9989×♂К-9520, ♀К-9989×♂Davskoye0×♂saratovskoye 6 and ♀Pamyati Bersieva×♂К-9671 were strongly affected by the smut stimulus during the years of their experiments. At that time, the combinations obtained from crossing of variety samples, Saratovskoye 6/K-3742, K-367/Saratovskoye 6 and Saratovskoye 6/K-367 kept a high level of stability. 
In F2 combinations from crossing resistant varieties K-367 (Sp 4) and Saratovskoye 6 (Sp 1) among themselves: ♀К-367×♀Saratovskoye 6 ; ♀Saratovskoye 6 ×♀К-367, the ratio of resistant and susceptible genotypes showed 9 (R) : 0 (S) and 9 (R) : 0 (S), respectively. Such a lack of cleavage proves the identity or allelicity of their resistance genes.

Thus, the results of the hybridological analysis allow to draw a conclusion that at selection of parental forms for creation of the initial material resistant to dusty smut  it is necessary to involve as one of the parents of varietal samples-bearing genes of resistance Sp. According to the results of the conducted research for 2018-2020. We managed to create a hybrid material bearing resistance genes that provide resistance to the most widespread smut race not only in Kazakhstan but also in the CIS: Sp1 gene controls immunity to 1, 4-11 races of smut; Sp 2 gene controls immunity to 1, 2, 5, 6, 9, 10, 12 races of smut; Sp 3 gene controls immunity to 3, 6, 7, 8 races of smut; Sp 4 gene controls immunity to 1, 2, 8, 9, 11 races of smut; gene Sp 5 - immunity to 1, 8, 10 races of the smut; gene Sp 6 - immunity to 8 races, dwarf reaction (dwarf bush) Sᵈᵂ - immunity to 1, 2, 9-12 races of the smut. The selected valuable hybrid material will be used in immunological programs for millet.
3.4 Passporting prosol millet varieties and samples by spare seed proteins

Seed protein polymorphism is widely used in identification of grain crop varieties, assessment of genetic diversity of collections, marking of economically valuable traits [25, 26]. The bulk of seed proteins of cereals are spare proteins, which are albumins, globulins, prolamines and glutellins [27]. The study of spare proso millet proteins will make it possible to develop methods of identification of genotypes and to reveal the conjugation of variability in the composition of these proteins with morphophysiological indicators that determine the productivity of plants. Data on the use of protein and DNA loci as genetic markers of economically significant traits are extremely scarce, and questions about the value of different alleles in relation to food and feed advantages of proso millet grains have not been studied at all. Information on biochemical features of protein complex and application of modern methods of identification of initial and hybrid material should be purposefully used in development of new breeding technologies [28]. Studies of only one prolaminic fraction limits the idea of variability of other protein fractions. On this basis, electrophoretic analysis of components of spare proteins of millet seed: albumins, globulins and prolamines was carried out. The differences in electrophoretic analysis were revealed by computer analysis of protein spectra taking into account the severity of individual zones. By component composition of electrophoretic spectra of spare proteins it becomes possible to select and identify samples of proso millet for creation of new initial materials and determine the degree of its genetic affinity.

Spare protein extraction of proso millet seeds was optimized and protein fractions were identified in order to determine similarity and distinction of resistant and susceptible proso millet varieties to dusty smut. Foreign samples were used to identify the polymorphism of spare seed proteins (glutellins) in SDS-PAGE gel (pH8-9): PI207501 (Turkey), Ames 28191 (Kazakhstan), Ames 11555 (India), PI-649374 (Turkey), 14L-13CK N2, Nzngmz8w8, PI-177015, PI-170604, PI-173750; collections of VIR: K-9520, K-9989, K-3137, K-3675, K-2755, K-10312, K-10279, K-9842, K-10278, K-9539; K-9671; local genotypes: Kokchetavskoe 66, as well as varieties included in the State Register of RK: Pavlodar, Pavlodar 4, Omskoye 11, Yarkoye 5, Yarkoye 6, Yarkoye 7, Pamyati Bersieva, Shortandinskoye 7, Shortandinskoye 10, Shortandinskoye 11, Saratovskoye 3 (Figure 8).
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М-Marker; 1-PI207501; 2-Ames 28191; 3-Ames 11555; 4-PI-649374; 5-K-9520; 6-K-9989; 7- K-3137 Sp2; 8-Yarkoye 5; 9- Shortandinskoye 7; 10, 22- Shortandinskoye 10; 11,21-Omskoye 11; 12,20-Quartet К-10275; 13,19-Кокchetavskoye 66; 14-14L-13CK N2; 15-Nzngmz8w8; 16-PI-177015; 17-PI-170604; 18-PI-173750; 23-Pamyati Bersiyeva; 24- Shortandinskoye 11; 25-Yarkoye6; 26-Yarkoye 7; 27-Pavlodsrskoye4; 28-Saratovskoye3; 29-Pavlodarskoye; 30-К-3675; 31-К-2755; 32-К-10312; 33-К-10279; 34-К-9842; 35-К-10278; 36-К-9539; 37-К-9671
Figure 8 - Spare protein spectrum of pearl millet seeds of collection genotypes

The spectrum of pearl millet oryzenines, obtained in our fractionation conditions, consisted of 26-28 components, with variations in molecular weight from 136 to 15 kDa. Electrophoretical analysis of proso millet protein fraction showed that the main protein spectra are concentrated in the range from 26 to 120 kDa.

Two main protein zones were identified, which are the same for all samples in the range of 60 kDa and 35 kDa. In accordance with figure 8, changes in individual loci of foreign sample PI-177015 (Turkey), local varieties Shortandinskoye 11 and Saratovskoye 3, which had no protein component in the range of 95-120 kDa, should be distinguished.

In the spectrum of spare seed proteins of the stable Quartet genotype carrying resistance genes Sp 1, Sp 2, Sp 3, Sp 4, we observed the manifestation of intensive protein bands with molecular weight of about 72 kDa, which is absent in absolutely susceptible variety Kokchetavskoye 66 (Sp 0). In other studied samples this component is weakly expressed, except for Omskoe 11. This manifestation of clarity of stable protein zones is a confirmation of variety specificity of this genotype.

Thus, optimal conditions of isolation and fractionation of spare proteins of pearl millet grains were selected, protein spectra of domestic varieties allowed for use and samples of stable genes (Sp) bearing were analyzed. In terms of the composition of the total seed protein in the SDS-PAGE gels, the set of bands was almost identical in all samples under study, including genotypes with pathogen (Sp) protection factors.
3.5 Study of genetic diversity of source and selection material using molecular markers

3.5.1 Molecular and genetic analysis of proso millet collection polymorphism

The development and use of molecular markers based on differences in the structure of homologous DNA sequences guarantees greater objectivity, evaluation, because the breeder works only with the genotype, and errors can occur only due to incomplete coupling of the molecular marker with the feature.   DNA technologies, in particular PCR analysis based on DNA amplification - the method is simple enough, has high sensitivity and provides quick results. DNA markers can be used to mark any part of DNA, including non-coding DNA, and can be used to analyze any tissues and organs, regardless of the stage of development of the body. The advantage of the new technology is also the ability to select valuable genotypes not by phenotypic evaluation of an adult plant, but on the basis of direct genetic information at the early stages of plant development. This reduces the selection time and saves material resources and labor costs [29-31].

Molecular markers generated with the help of PCR allow estimating genetic diversity of source material, classifying selection forms, marking genes of economically important features, and mapping genomes. A number of examples of effective use of DNA markers in molecular genetic studies and selection of grain crops are already known.

Makers based on polymerase chain reaction (PCR markers) were also used to determine the degree of similarity of genotypes. The iPBS (inter primer binding site) and SSR (Simple Sequence Repeats) marker systems do not require prior knowledge of the nucleotide sequence of the studied genome and are based on single primer PCR. As a result of PCR, a large number of polymorphic fragments are amplified from this primer, making these marker systems widely used to study hereditary diversity [32]. In this regard, the aim of the study was to evaluate the genetic diversity of the obtained hybrid material using these molecular markers.
The SSR analysis method is the most perspective and suitable for practical using due to such criteria as high accuracy, reliability and good reproducibility of results. With the help of SSR-analysis, a system of molecular methods has been developed to establish kinship relationships, identify unique genotypes and agricultural varieties.

The iPBS primers: 2270; 2271; 2272; 2273; 2276; 2277; 2095; 2374 and 2378 were selected for molecular genetic analysis of DNA polymorphism in proso millet collections. In order to improve the quality of the electrophoregrams obtained, the optimal annealing temperature for the primers was selected, setting it in the range from 36 to 60 °С. Nucleotide sequence and optimal annealing temperatures for each primer are presented in Table 4 [33].
Table 4 - Nucleotide sequence of iPBS markers and their characteristic
	Primers
	Nucleotide sequence
	Annealing Temperature, °C
	Optimal annealing temperature for millet, °C
	CG (%)

	2270
	ACCTGGCGTGCCA
	53.9
	53.9
	69.2

	2271
	GGCTCGGATGCCA
	51.9
	51.9
	69.2

	2272
	GGCTCAGATGCCA
	48.0
	48.0
	61.5

	2273
	GCTCATCATGCCA
	47.6
	39.6
	53.8

	2276
	ACCTCTGATACCA
	42.7
	39.6
	51.7

	2277
	GGCGATGATACCA
	46.2
	43.7
	53.8

	2095
	GCTCGGATACCA
	44.8
	42.1
	58.3

	2374
	CCCAGCAAACCA
	47.1
	41.0
	58.3

	2378
	GGTCCTCATCCA
	44.2
	41.4
	58.3


Only 9 iPBS markers were tested, of which six (2270; 2271; 2276; 2095; 2374 and 2378) gave a reproducible result with all the millet samples studied. The electrophoregram analysis of the obtained DNA profiles revealed the total number of alleles and polymorphic fragments by six primers. Table 5 illustrates the polymorphism of the studied microsatellite loci detected by iPBS markers.

Table 5 - Results of iPBS primer polymorphism analysis 
	Primers
	Amplified alleles size, (n.a.)
	Number of alleles identified in the study
	Number of polymorphic fragments
	Level of polymorphism, %

	2095
	600-1200
	7
	6
	85,7

	2270
	610-1300
	7
	4
	57,1

	2271
	1100-1500
	3
	2
	66,6

	2272
	410-1400
	7
	5
	71,4

	2374
	900-1290
	3
	1
	33,3

	2378
	560-1300
	5
	5
	100


As a result of PCR analysis in the studied 88 samples of millet 32 amplified iPBS-fragments of DNA were detected, 23 of which were polymorphic. The number of DNA fragments synthesized in the analyzed proso millet samples varied depending on the primer from 1 (2374) to 7 (2095). 

The number of DNA fragments synthesized in the analyzed millet samples varied depending on the primer from 3 (2271) to 7 (2270, 2272). DNA profiles of the fragments by 2270 and 2271 markers are shown in Figure 9.
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М-DNA-маrker; 1-Ames 11641; 2-PI 170587; 3-PI 170589; 4-PI 170591; 5-PI 170604; 6-PI 173002; 7-PI 173750; 8-PI 173752; 9-PI 177481;10-PI 180450; 11-PI 204598; 12-PI 207501; 13-PI 211059; 14-PI 219931; 15-PI 220670; 16-PI 222201; 17-PI 223793; 18-PI 251389; 19-PI 253955; 20-PI 255736; 21-PI 260053; 22-PI 268411; 23-PI 269953; 24- PI 269960; 25- PI 289322; 26-PI 289324; 27-PI 289329; 28-PI 296376; 29-PI 346933; 30-PI 222811; 31- PI 346937; 32-PI 346941; 33-PI 346942; 34-PI 365844; 35-PI 365847; 36-PI 367684; 37-PI 463090; 38-PI 463243; 39-PI 463244; 40- PI 531404; 41- PI 649373; 42- PI 649374; 43- PI 649375; 44- PI 654403; 45-K- 9681; 46- K-10112; 47- K- 9989; 48-K- 9645; 49-K- 10213; 50-K-10204; 51- K- 10222; 52- K- 10286; 53-K-10299; 54-K-1066; 55-K-803; 56-K-3742; 57-K-148; 58-K-8873; 59-K-1142; 60-K-9910; 61- K-9703; 62-K- 9658; 63- K- 9800; 64- K-9837; 65- K-1437; 66-K-9580; 67-Actyubinskoye kormovoye; 68-Pamyati Bersiyeva; 69-Yarkoye 3; 70- Yarkoye 5;  71- Yarkoye 6; 72- Yarkoye 7; 73-Оmskoye 11; 74-Kormovoye 89; 75-Pavlodarskoye; 76- Кokchetavskoye  66; 77-Zolotistoye kormovoye 78-Barnaylskoye kormovoye; 79- Saratovskoye 6; 80- Uralskoye 109; 81- Shortandinskoye7; 82- Saratovskoye 3; 83-K-2377; 84-K-1685; 85-PI 346940; 86-PI 346946; 87-PI 436626; 88-K-1; 89-K-2
Figure 9 - DNA Profile Polymorphism Using iPBS 2270 and 2271 Millet Collection Primer

It was found that during PCR analysis one primer amplified 5.3 DNA fragments on average. DNA profiles of the 2378 marker fragments are shown in Figure 10.
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М-DNA-маrker; 1-Ames 11641; 2-PI 170587; 3-PI 170589; 4-PI 170591; 5-PI 170604; 6-PI 173002; 7-PI 173750; 8-PI 173752; 9-PI 177481; 10-PI 180450; 11-PI 204598; 12-PI 207501; 13-PI 211059; 14-PI 219931; 15-PI 220670; 16-PI 222201; 17-PI 223793; 18-PI 251389; 19-PI 253955; 20-PI 255736; 21-PI 260053; 22-PI 268411; 23-PI 269953; 24- PI 269960; 25- PI 289322; 26-PI 289324; 27-PI 289329; 28-PI 296376; 29-PI 346933; 30-PI 222811; 31- PI 346937; 32-PI 346941; 33-PI 346942; 34-PI 365844; 35-PI 365847; 36-PI 367684; 37-PI 463090; 38-PI 463243; 39-PI 463244; 40- PI 531404; 41- PI 649373; 42- PI 649374; 43- PI 649375; 44- PI 654403; 45-K- 9681; 46- K-10112; 47- K- 9989; 48-K- 9645; 49-K- 10213; 50-K-10204; 51- K- 10222; 52- K- 10286; 53-K-10299; 54-K-1066; 55-K-803; 56-K-3742; 57-K-148; 58-K-8873; 59-K-1142; 60-K-9910; 61- K-9703; 62-K- 9658; 63- K- 9800; 64- K-9837; 65- K-1437; 66-K-9580; 67-Actyubinskoye kormovoye; 68-Pamyati Bersiyeva; 69-Yarkoye 3; 70- Yarkoye 5;  71- Yarkoye 6; 72- Yarkoye 7; 73-Оmskoye 11; 74-Kormovoye 89; 75-Pavlodarskoye; 76- Кokchetavskoye  66; 77-Zolotistoye kormovoye 78-Barnaylskoye kormovoye; 79- Saratovskoye 6; 80- Uralskoye 109; 81- Shortandinskoye7; 82- Saratovskoye 3; 83-K-2377; 84-K-1685; 85-PI 346940; 86-PI 346946; 87-PI 436626; 88-K-1; 89-K-2
Figure 10 - DNA profile polymorphism using the primer 2378 of the millet collection
Based on the analysis of polymorphism of DNA fragments using data from five iPBS markers (2270; 2271; 2272; 2095; 2374), diagrams of allele frequency detected in the studied samples were made in accordance with Figure 11.
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Figure 11 - Frequency of microsatellite alleles in loci 2270; 2271; 2272; 2095; 2374

The diagrams show that in locus 2270 there is an allele with the size of 610-1300 b.p.; in locus 2271 there is an allele with the size of 1100 - 1500 b.p.; in locus 2272 there is an allele with the size of 410-1400 b.p. According to marker 2270, most samples had alleles with the size of 610, 730 and 940 b.p., 23, 29 and 29%, respectively, while in marker 2271 only 3 alleles with the size of 1000 (40%), 1300 (48%) and 1500 (12%) b.p. were found. Marker 2272 revealed 7 alleles with the frequency of alleles ranging from 0 to 28%. In the tested primer 2095, an allele with the size 600-1200 bp is found; in locus 2374, an allele with the size 900-1290 bp is found; in locus 2378, an allele with the size 560-1300 bp is found. In marker 2095, 7 alleles were found, whose allele frequency varied from 0 to 28%. In 2374 marker 90% of the amplified allele size was 1300 b.p. In 2378 marker the allele frequency of 560, 800 and 1300 b.p. was in anological ratio, 33, 29 and 33% respectively.

3.5.2 Comparative characteristics of DNA polymorphism in Sp gene carriers 

In order to identify the genetic variability between stable and susceptible millet samples in addition to iPBS markers, PCR analysis using SSR markers was also performed. Nucleotide sequence and PCR mode of used SSR primers are given in Table 6. 
Table 6 - SSR loci characterization used for millet sample profiling 
	Primers
	Marker type
	Nucleotide sequence of primer [34] 
	Annealing Temperature, °C
	Volume of PCR product, n.a.
 (bp)

	SieSSR18 
	(CT)4 
	F-ACAGGTGGGTGGGTAGAGAATA

R - TGTCATCAGTTCACCAACTTCC
	55
	236.17

	SieSSR23 
	(GTC)5
	F-CCTTTTGTATCTACCTACCT

R-GTCTGCTTGTTCTCTTTAAC
	55
	407

	SieSSR24 
	(CT)4
	F-GAAGCATATCCCTGTCTGATCC 

R-ACACCACAGTTACAGCAGTTGG
	55
	256

	SieSSR40 
	(GT)4
	F-GGCATGGCCCTAACTAGATTATT 

R-ACTGGGTCACAACCTACGTCTT
	55
	198

	SieSSR65 
	(ATGG)5
	F-TCACAAACAACGGCATCTCT 

R- GCACAAAAGAGCTCTGGGAC
	55
	254

	SieSSR91 
	(TGC)7
	F-CTGCTTCCTGTCTTCCTTGG 

R-AAGGCGCTTCTCATATCCCT
	55
	132


As a result of the evaluation of molecular changes in proso millet collection samples using SSR SieSSR18 primer, allelic variations were not detected.  These electrophoresis data indicate that polymorphism was not detected in the studied pearl millet samples because PCR products were placed with the size of 200 b.p. Figure 9 shows the results of electrophoresis of PCR products of the studied genotypes with SSR 18 marker. The following primers showed similar results: SieSSR23; SieSSR24 and SieSSR91, PCR products were placed in sizes 407; 256 and 132, respectively.

Among the studied samples of the millet collection, the marker data did not reveal polymorphism, DNA fragments of all varieties and samples, and the standard varieties were identical in size. This was expressed in electrophoregram by the presence of PCR fragments at identical positions, 200 bp (Appendix F.8). 

In accordance with Figure 12, when using the SieSSR40 primer in PCR amplified fragment length of 3.6 kb.
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M - molecular weight marker (50, 100 bp); samples 1 to 29 - 1 Quartet; 2 Kokchetavskoe 66; 3 PI 346942 (Ukraine); 4 PI 170587 (Turkey); 5 PI 170604 (Turkey); 6 Ames 11555 (India); 7 K-367 (Sp 2); 8 K-9889 (Sp 1); 9 K-2755 (Sp 4); 10 K-10312 (Sp 2); 11 K-10279 (Sp 2); 12 K-9842 (Sp 1); 13 K-3137 (Sp 2(1)); 14 K-10278 (Sp 3); 15 K-9671(Sp 1); 16 K-9520 (Sp 0); 17 K-9539 (Sp 4); 18 Shortandinskoye 10; 19 Saratovskoye 6; 20 Yarkoye 5; 21 Yarkoye 6; 22 Yarkoye 7; 23 Uralskoye 109; 24 Saratovskoye 3; 25 Shortandinskoye 7; 26 Shortandinskoye 11; 27 Pavlodarskoye 4; 28 Pavlodarskoye; 29 Pamyati Bersiyeva
Figure 12 - Gel profile of 29 millet samples with SSR SieSSR40 primer
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On electrophoregram on this marker is clearly expressed polymorphism in the variety Saratov 3. Amplification products of this variety differed from other samples, the size of the amplifier is slightly higher than that of other samples. The analyzed SieSSR65 was more informative in comparison with SieSSR23, SieSSR24 and SieSSR91 markers, as it also showed polymorphism in domestic variety Saratov 3 according to figure 13.[image: image14.jpg]



M - molecular weight marker (50, 100 bp); samples 1 to 29 - 1 Quartet; 2 Kokchetavskoe 66; 3 PI 346942 (Ukraine); 4 PI 170587 (Turkey); 5 PI 170604 (Turkey); 6 Ames 11555 (India); 7 K-367 (Sp 2); 8 K-9889 (Sp 1); 9 K-2755 (Sp 4); 10 K-10312 (Sp 2); 11 K-10279 (Sp 2); 12 K-9842 (Sp 1); 13 K-3137 (Sp 2(1)); 14 K-10278 (Sp 3); 15 K-9671(Sp 1); 16 K-9520 (Sp 0); 17 K-9539 (Sp 4); 18 Shortandinskoye 10; 19 Saratovskoye 6; 20 Yarkoye 5; 21 Yarkoye 6; 22 Yarkoye 7; 23 Uralskoye 109; 24 Saratovskoye 3; 25 Shortandinskoye 7; 26 Shortandinskoye 11; 27 Pavlodarskoye 4; 28 Pavlodarskoye; 29 Pamyati Bersiyeva
Figure 13 - Gel profile of 29 millet samples with SSR SieSSR65 primer

Thus, only two of the six SSR markers tested were effective: SieSSR40 and SieSSR65, which identified a unique genotype in the variety Saratov 3. The results of genetic polymorphism assessment of pearl millet collection using iPBS (2270; 2271; 2272; 2095; 2276; 2277; 2374 and 2378) markers showed different polymorphism levels: from three to a family of alleles per microsatellite locus. Among them, markers 2095 and 2378 with maximum polymorphism were distinguished, the percentage of which was 85.7 and 100%, respectively. Based on the obtained data on polymorphism identification using iPBS markers and statistical analysis on allele frequency, it is possible to recommend iPBS markers as one of the promising methods for determining the genotypic diversity of a millet collection.
3.5.3 Molecular genetic analysis of crossing and parent form combinations

The study of genetic diversity of pearl millet breeding material using iPBS molecular markers (2270; 2271 and 2378) showed different levels of polymorphism: from one to three alleles per microsatellite locus. Among them with the maximum polymorphism was marker 2270, the polymorphism level of which was 75%. Analysis of PCR products showed that a total of 10 amplified iPBS DNA fragments were recorded, 5 of which were monomorphic and polymorphic DNA fragments.

PCR analysis was performed in hybrids compared to parental forms. Table 7 illustrates the polymorphism of the studied microsatellite loci detected by iPBS markers in hybrids.

Table 7 - Level of polymorphism of iPBS primers in parent forms and hybrid combinations of millet
	Primers
	Amplified alleles size, (n.a.)
	Number of alleles identified in the study
	Number of monomorphic fragments
	Number of polymorphic fragments
	Level of polymorphism, %

	2270
	400-1000
	4
	1
	3
	75.0

	2271
	400-200
	3
	2
	1
	33.3

	2378
	560-1000
	3
	2
	1
	33.3

	Total
	10
	5
	5
	50.0


Markers analyzed by iPBS that in locus 2070 there is an allele with size 400-1000 bp; in locus 2271 there is an allele with size 400-200 bp; in locus 2378 there is an allele with size 560-1000 bp (Figure 14).
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M - molecular weight marker (50, 100 p.n.). ); samples 1 to 30 - 1-Davskoye; 2-PI 346942 (Sp5); 3-F1 ♀Davskoye × ♂PI 346942; 4-Kokchetavskoye 66; 5-K-10312 (Sp2); 6-♀Kokchetavskoye 66 × ♂К -10312; 7-K-9520 (Sp 0); 8-Saratovskoye 6 (Sp2); 9-♀К-9520 × ♂Saratovskoye 6; 10-Davskoye; 11-PI 346942 (Sp5); 12- F2♀Davskoye × ♂PI 346942 (creamy grain color); 13-K-9989 (Sp1);14-K-9520 (Sp 0); 15-♀K-9989 × ♂К-9520; 16-K-9989(Sp1); 18-♀Zolotistoye kormovoye × ♂К-9989; 19-K-9989(Sp1); 20-Davskoye; 21-F1 ♀К-9989 × ♂Davskoye; 22-K-9989(Sp1); 23-Davskoye; 24-F2♀К-9989 × ♂Davskoye; 25-Davskoye; 26-PI 346942 (Sp5); 27- F2♀Davskoye × ♂PI 346942 (red grain color); 28-Davskoye; 29-PI 346942 (Sp5); 30F3♀Davskoye × ♂PI 346942
Figure 14 - Electrophoregrams of iPBS products - polymerase chain reaction: a- iPBS 2270, b- iPBS 2271, c- iPBS 2378

In the course of work, homologous SSR loci were identified. Thus, SieSSR 65, SieSSR 18 and SieSSR 24 gave a clear PCR product at 254 bp, 200 bp and 256 bp, respectively (Figure 15). 
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M - molecular weight marker (50, 100 p.n.). ); samples 1 to 30 - 1-Davskoye; 2-PI 346942 (Sp5); 3-F1 ♀Davskoye × ♂PI 346942; 4-Kokchetavskoye 66; 5-K-10312 (Sp2); 6-♀Kokchetavskoye 66 × ♂К -10312; 7-K-9520 (Sp 0); 8-Saratovskoye 6 (Sp2); 9-♀К-9520 × ♂Saratovskoye 6; 10-Davskoye; 11-PI 346942 (Sp5); 12- F2♀Davskoye × ♂PI 346942 (creamy grain color); 13-K-9989 (Sp1);14-K-9520 (Sp 0); 15-♀K-9989 × ♂К-9520; 16-K-9989(Sp1); 18-♀Zolotistoye kormovoye × ♂К-9989; 19-K-9989(Sp1); 20-Davskoye; 21-F1 ♀К-9989 × ♂Davskoye; 22-K-9989(Sp1); 23-Davskoye; 24-F2♀К-9989 × ♂Davskoye; 25-Davskoye; 26-PI 346942 (Sp5); 27- F2♀Davskoye × ♂PI 346942 (red grain color); 28-Davskoye; 29-PI 346942 (Sp5); 30F3♀Davskoye × ♂PI 346942
Figure 15 - Electrophoregrams of amplification products with SSR markers: a-SieSSR 65, b-SieSSR 18, in-SieSSR 24

Among the studied parent forms and hybrid combinations of SSR millet markers did not reveal polymorphism, DNA profiles of all hybrids studied, as well as parent forms were identical in size. This was expressed in the electrophoregram by the presence of PCR fragments, the size of which is at the same positions.

Thus, in the course of this work it was shown that the informativity of SSR DNA markers is not sufficient for identification of the investigated stability feature in the studied genotypes. However, the use of iPBS markers was more effective for reliable assessment of genetic diversity of pearl millet breeding material. The highest polymorphism level in hybrid populations was shown by the iPBS 2270 marker.

3.6 Yields and basic productivity elements of collectible proso millet varieties

The main indicator when evaluating millet samples is productivity. It fully reflects all biological traits of the sample and its relationship to the condition of cultivation. To characterize the productivity of variety samples over the years, we conducted a structural analysis of the sheaf material. The results of the evaluation on these indicators are presented in Tables E.3.-E.6 As can be seen from the table among the genotypes of high productive bush the following samples of the VIR collection differed: K-9805 (Kazakhstan); K-2241 (Tajikistan); K-3690 (Kazakhstan); K-3697 (Kazakhstan); K-9802 (Afghanistan); K-10282 (Russia): 2.1; 2.1; 2.2; 2.3; 2.8; 2.9 stem/1, respectively. The following local varieties were also distinguished by this indicator: Abakanskoye kormovoye, Pavlodarskoye 4 and Uralskoye 109 (1.6-1.7 stems/1 plant). ) and foreign collection samples: PI 654404 (Turkey), PI 202295 (Argentina), PI 207501 (Afghanistan), PI 251404 (Iran), PI 289324 (Hungary), PI 296376 (Canada) (1.6-2.1 stalk/1 plant).

The varieties Shortandinskoye 10 and Kokchetavskoye 66 had much lower productive bush and collection samples of VIR - Turkish sample: K-1685, Russian samples: K-6619, K-2778, K-10122, K-9755, K-520, K-10312; Kazakh samples of K-10352, K-35 (Kazakhstan) - 1.0 stalk./1 plant.

One of the main elements of the yield structure that determine the productivity of genotypes is the productivity of the main broom. As a result of the study of foreign collections noted significant differences in this indicator. Thus, the mass of grain from the main broom of millet varied depending on the sample from 0.27 to 6.3 g. Productivity of the main broom variety standard was on average 3.19 g. Samples K-9805 (Kazakhstan) and K-6602 (Russia), on this indicator exceeded the standard by 2.81 g. Low productivity broom had samples: K-9539 (Kazakhstan), K-2526 (Russia), K-1685 (Turkey) and K2493 (Kazakhstan). 

An equally important element of productivity is the grain size of the broom. From the data we received, we could see that the degree of variation in the granularity of individual samples is quite significant (63.0-1336 pcs.). Variety samples showed the increased granularity of the broom: Zolotistoye kormovoye, K-9802 (Afghanistan), K-3806 (Kazakhstan), K-9719 (Russia), K-1985 (Uzbekistan), K-2253 (Kazakhstan), K-6602 (Russia), K-9805 (Kazakhstan), K-3697 (Kazakhstan), PI 365847 (Australia), PI 289324 (Hungary), PI 253955 (Afghanistan), PI 227245 (Afghanistan), PI 346940 (Russia). One of the main elements of the structure of the harvest - the mass of 1000 seeds, we noted a large variation in the forms of collectible samples for this indicator (1.4-7.6 g). The coarser grains were variety samples: K-10312 (Russia), K-10286 (Russia), K-10299 (Ukraine) - 7.2-7.6 g, which indicates their high plasticity. 

Involvement in breeding process of the most valuable forms of proso millet, with strong developed this or that element of productivity, gives an opportunity to obtain varieties with increased yield. In the study of collectible samples noted a large difference in grain yield per unit area depending on the origin and variety traits. The average yield of the standard varieties was 178.5 g/m2. Significantly more yielding were the samples: PI 346945 (Russia) - 188.5 g/m2, K -9842 (Russia) - 192.7 g/m2, K-9703 (Russia) - 209.3 g/m2, K-2377 (Kazakhstan) - 448.5 g/m2, they exceed the standard by 270 g/m2, while the samples: K-9539 (Kazakhstan), K-3807 (Kazakhstan), PI 269953 (Pakistan) had lower yields and made up 12.9-37.5 g/m2. Analysis of sheaf material for the years under study showed that among the varieties of local selection of highly productive was not noted (90.5-148.0 g/m2). 
Comparisons of yield of collectible samples by years, it is necessary to note considerable fluctuations. Higher yields were in the previous year - the most favorable weather conditions. Thus, according to the weather station Shortandy (A.I.Barayev research and production centre for grain farming), in 2018 during the vegetation period of millet fell precipitations 202.2 mm, which affected the yield of varieties and samples (up to 337 g/m2). In 2019, the yield of samples is much lower, due to lack of rainfall, only 82.0 mm, which is lower than the long-term average by 54.3 mm (Annex F.1).

The duration of the growing season of crops is an important biological sign and fully depends on the specific meteorological conditions. When studying collection samples of different ecological and geographical groups, the duration of the vegetation period varied from 88 to 109 days (Tables E.3-E.5). According to our studies, the group of medium ripening samples was the most numerous in the year of studies, the total length of the vegetation period was 99-100 days. Samples of this group were close to the variety-standard Saratovsky 6.  Under climatic conditions in 2019 did not mature samples of the foreign collection: PI 173752 (Turkey), PI 202294 (Argentina), PI 202295 (Argentina), PI 207501 (Afghanistan), PI 211059 (Afghanistan), PI 222811 (Iran), PI 346940 (Russia), PI 442533 (Belgium), PI 649383 (USA); samples of VIR: K-9802 (Afghanistan), K-9681 (Kazakhstan), K-10112 (Russia), K-8873 (Kazakhstan), K-8649 (Russia), K-9805 (Russia), K-9705 (Kazakhstan), K-520 (Russia), K-3697 (Kazakhstan).
Cultivation of plants in vegetative conditions allows to receive 2 generations during a year. Therefore, obtained in 2018 and 2019 with the participation of sources of stability Sp hybrid grains of twenty combinations were sown in May 22, 2020 in conditions of vegetative vessels to accelerate the breeding process. As a result of analysis of elements of the yield structure of F 2 proso millet hybrids were identified combinations that exceed or are not inferior to the standard variety Saratovskoye 6. Among these hybrids are particularly noteworthy: K-10279 / Shortandinskoe 7, K-367 / Saratovskoye 6, Shortandinskoe 11 / K-10278, Zolotistoye kormovoye / K-9989, Shortandinskoe 7 / K-9671 and Pavlodarskoye / K-2755, which by weight 1000 grains were above the standard: 7.1, 7.1, 7.8, 7.9 and 8.0, respectively. 

Thus, based on the results of the shear analysis of the productivity elements of the studied material, plastic genotypes were selected, which, despite adverse weather conditions, differed in the complex of features: K-6602 (Russia), K-35 (Kazakhstan), K-3753 (Kazakhstan), K-9749 (Kazakhstan), K-1985 (Uzbekistan), PI 367684 (Australia) and PI 531423 (Poland). Selected valuable genotypes will be included in the breeding program of pearl millet for high productivity.
CONCLUSION

The planned volume of trials has been completed and the expected results have been fully achieved:

The working collection was replenished with promising stable proso millet samples for breeding works. 

The gene pool of proso millet was screened for resistance to dusty smut in a specially created infectious background. As a result of phytopathological testing, it was found that weak and medium susceptible varieties are in limited numbers, and highly resistant to this pathogen are absent in the range of sown varieties, because the priorities in the formation of variety policy still belong to productivity. Screening, based on resistance to harmful phytopathogen, allowed to reveal absolutely immune forms among 36 samples of VIR collection and 16 samples of foreign collection (USDA). Identified proso millet varieties resistant to the pathogen can be purposefully used breeding programs to create immune varieties of proso millet.
As a result of identification of the race composition of the local population of the pathogen on the differentiation set indicates that it consists of at least five races: race 1, race 2, race 3, race 4 and race 6A. Selection on a rigid infectious background with subsequent saturation in the process of hybridization of Sp - resistant genes provides high efficiency of selection for immunity to disease.

Various varieties and samples of proso millet with different smut resistance were studied by electrophoresis of spare seed proteins. Analysis of protein spectra showed that in the spectrum of spare seed proteins in the stable Quartet genotype, which carries resistance genes of Sp, the manifestation of intensive protein bands with molecular weight of about 72 kDa is observed, which is absent in susceptible variety Kokchetavskoe 66 (Sp 0).

The results of genetic polymorphism assessment of proso millet collection using iPBS (2270; 2271; 2272; 2095; 2276; 2277; 2374 and 2378) markers showed different polymorphism levels: from three to a family of alleles per microsatellite locus. SieSSR40 and SieSSR65 were also effective in studying the genetic variability of samples. However, in comparison with the protein spectrum, the molecular markers used did not identify a clear polymorphism between resistant and disease susceptible genotypes.
Based on molecular genetic analysis, 9 SSR markers (SieSSR18; SieSSR23; SieSSR24; SieSSR31; SieSSR33; SieSSR40; SieSSR65; SieSSR84; SieSSR91; SieSSR101a and SieSSR164) were tested, of which only two were effective: SieSSR40 and SieSSR65 However, they were not sufficiently informative compared to the iPBS markers, because no polymorphism was found in the studied genotypes, except for the variety Saratov 3. The results of genetic polymorphism assessment of proso millet collection using iPBS (2095; 2270; 2271; 2272; 2276; 2277; 2374 and 2378) markers revealed different levels of polymorphism: from one to a family of alleles per microsatellite locus. Among them with the maximum polymorphism were distinguished markers 2095 and 2378 (85,7 and 100%). Based on the obtained data on polymorphism identification using iPBS markers and statistical analysis on allele frequency, it is possible to recommend iPBS markers as one of the promising methods for determining the genotypic diversity of pearl millet samples.

In order to intensify the breeding process in hybridization, experiments were laid in vegetative vessels, which made it possible to obtain 20 successful combinations of crosses. As a result of hybridological analysis, it was found that in the selection of parental forms to create a dust-resistant source material, it is necessary to attract as one of the parents of variety samples-bearing genes of resistance Sp. Based on the results of our research for 2018-2020, we managed to create a hybrid material bearing resistance genes that provide resistance to the most common smut races. 
Source and hybrid proso millet material was assessed for its economic value attributes. In terms of yield the following samples were distinguished: PI 346945 (Russia), K-9703 (Russia), K-2377 (Kazakhstan); in terms of productivity of the main broom: K-9719 (Russia), K-9805 (Kazakhstan), PI 253955 (Afghanistan), PI 476399 (Russia), PI 531423 (Poland); in terms of weight of 1000 grains: K-10299 (Ukraine), K-10312 (Russia), K-10286 (Russia), PI 211058 (Afghanistan). Highly stable plastic genotypes were selected based on the results of sheave analysis of the productivity elements of the studied material: K-6602 (Russia), K-35 (Kazakhstan), K-3753 (Kazakhstan), K-9749 (Kazakhstan), K-1985 (Uzbekistan), PI 367684 (Australia) and PI 531423 (Poland), capable of producing a satisfactory crop under the most extreme weather conditions. Also 20 high yielding F2 generation hybrids were obtained, which are carriers of pathogen resistance genes. 

On the basis of the data obtained, the sources of economically valuable traits have been identified and can be used as a source material in breeding programs for selection of pearls for productivity.    
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	Job code, stages
	Name of works under the Agreement and main stages of it’s implementation
	Deadline


	Expected result

	
	
	start
	ending
	

	1
	2
	3
	4
	5

	1
	Screening of the world and local proso millet collection on the basis of economically valuable traits and disease resistance in order to identify promising donors and sources for further use in the breeding process. Selection of parent pairs for crossing.
	January 2018 year
	till 1 November 2018 year
	Screening of world and local collections of proso millet will be carried out based on economic and disease resistance characteristics in order to identify promising donors and sources for further use in the breeding process. Parent pairs will be selected for crossing.

	1.1
	Study of proso millet collection to identify donors of productivity and disease resistance.
	January 2018 year
	till 1 November 2018 year
	The millet collection will be reviewed to identify and select donors for productivity and disease resistance.


A selection of parent pairs for crossing will be made. The bookmark of vegetation experiments of the collection of varieties and samples of millet will be made. Hybrid proso millet material will be obtained on the basis of artificial forced hybridization.

	Based on the results of the study, 1 article will be published in domestic scientific journals with a non-zero impact factor.

	2.
	Using molecular markers to assess the genetic variability of the millet. Optimization of PCR setting conditions. Crossing parent forms to obtain hybrids and creation of new promising proso millet material based on artificial forced hybridization in specially selected parent pairs.
	January 2019 г.
	till 1 November 2019 year
	Molecular markers will be used to evaluate the genetic variability of the millet. PCR conditions for molecular markers (SSR, IRAP) will be optimized. 

Parent forms will be crossed to obtain hybrids and new promising  millet material will be created based on artificial forced hybridization in specially selected parent pairs. Disease resistant millet hybrids will be created.


	1
	2
	3
	4
	5

	2.1
	Optimization of PCR production conditions. Using molecular markers to assess the genetic variability of the millet.
	January2019 year
	July

 2019 year
	PCR conditions for molecular markers (SSR, IRAP) will be optimized. Molecular markers will be used to assess the genetic variability of the millet gene pool.

	2.2
	Crossing parent forms and obtaining hybrid F1 seeds. Structural and genetic analysis of sheaf material.
	July

2019 year
	till

1 November

2019 year
	Parent forms will be crossed and hybrid F1 seeds will be obtained.  Samples of millet will be selected on the basis of economically valuable features. A structural and genetic analysis of the sheaf material will be carried out.

Based on the research results, 2 articles will be published in the materials of the international scientific conference and foreign scientific journals, with a non-zero impact factor.

	3
	Determination and evaluation of the nature of inheritance of the main breeding and value traits in hybrid  millet populations for their inclusion in the breeding process .
	January2020 year
	till

1 November 2020 year
	The nature of the inheritance of the main selection-valuable traits in hybrid millet populations will be determined and evaluated to include them in the breeding process.

The monograph will be published in Kazakhstan publishing house. There will be published 2 articles in peer-reviewed foreign scientific publications indexed in Scopus base with non-zero impact factor.

	3.1
	Genetic control of inheritance is a sign of resistance to disease.
	January 2020 year
	till

1 November

2020  year
	The genetic control of the inheritance of the sign of disease resistance will be carried out.

	3.2
	Evaluation and selection of hybrids according to their economic value attributes and properties and obtaining the source material for productive and disease resistant millet.
	July

2020  year
	till

1 November

2020  year
	Hybrids will be evaluated and selected on the basis of economically valuable features and properties and the original productive and disease resistant millet material will be obtained


APPENDIX B
Publications for 2018-2020

2018
in the journals of the Republic of Kazakhstan included in the database recommended by the by CCES MES RK
1) E.N. Dyussibayeva, A.B. Rysbekova, A.I. Seitkhozhayev, G.T. Esenbekova. Assessment of resistance of millet collection specimens to Sphacelotheca panici-miliacei in a live infectious environment // Bulletin of the S. Seifullin Kazakh Agro Technical University. -2018. - No 2 (97). - P. 50-58. (in Kazakh)
2019
in journals from far abroad, included in the Scopus and Web of Science databases, with a nonzero impact factor
2) E.N. Dyusibayeva, G.T. Esenbekova, I.A. Zhirnova, A.B. Rysbekova, C.K. Makhmudova, A.I. Seitkhozhaev and A.E. Zhakenova. Assessment of millet genetic variability using molecular-genetic approach for increasing the efficiency of breeding // Eco. Env. & Cons.: 2019.- Vol. 25 (1), - P.410-415. (IF Scopus-0.12, Percentile-15). (in English)
in journals of the CIS, in the materials of the international scientific and practical conference
3) Seithozhaev A.I., Rysbekova A.B., Dyusibayeva E.N., Esenbekova G.T., Zhirnova I.A., Zhakenova A.E., Teleppaeva A.A. Breeding of common millet (Panicum miliaceum L.) for early maturity in the Akmola region / Modern problems of agricultural sciences in the world. / Collection of scientific papers on the results of the international scientific and practical conference. No 5. Kazan, - NN: ICRON, 2018. - 49 p. (in Russian)
4) Dyusibayeva E.N., Seithozhaev A.I., Rysbekova A.B. Determination of the racial composition of millet smut pathogens in the dry steppe zone of northern Kazakhstan // Eurasian Union of Scientists (ESU) 2019, No 6 (63). - P.11-13. (in Russian)
5) Dyusibayeva E.N., Seithozhaev A.I., Rysbekova A.B., Esenbekova G.T., Tleppaeva A.A., Zhirnova I.A., Zhakenova A.E., Duskalieva B.K. Screening of a collection of common millet (Рanicum miliaceum L.) for resistance to smut / "Science, production, business: the current state and ways of innovative development of the agrarian sector on the example of the Agroholding" Bayserke-Agro "/ Collection of scientific papers on the results of an international scientific and practical conference. No 1. Almaty, - 2019. - 358 p. ISBN 978-601-332-295-7. (in Russian)
2020
in journals from far abroad, included in the Scopus and Web of Science databases, with a nonzero impact factor
6) A. Rysbekova, E. Dyussibayeva, A. Seitkhozhayev, I. Zhirnova, A. Zhakenova, G. Yessenbekovа, S. Bekenova, D. Yussayeva. Influence of sodium azide on morphological traits of Proso Millet (Panicum miliaceum L.) Genotypes // Ecology, Environment and Conservation. Eco. Env. & Cons.: 2020.- Vol. 26, - P. S18-S23. (IF Scopus-0.12, Percentile-15). (in English)
7) Aiman Rysbekova,  Elmira Dyussibayeva, Abilbashar Seitkhozhayev, Irina Zhirnova, Nursaule Zhanbyrshina, Gulden Kipshakbayeva, Yeldos Kulzhabayev and Karina Makhmudova Diagnostics of tolerance to low positive temperatures of the common millet collection during the seed germination // Ecology, Environment and Conservation. Eco. Env. & Cons.: 26 (2) : 2020; P. 893-900. (IF Scopus-0.12, Percentile-15). (in English)
in journals of the CIS, in the materials of the international scientific and practical conference
8) E. N. Dyusibaeva, I. A. Zhirnova, A.B. Rysbekova, A.E. Zhakenova, Tuleuish B. Using of iPBS markers to assess the genetic variability of millet collection / Current trends in the development of agricultural science: Collection of scientific articles dedicated to the 50th anniversary of the selection center of the Federal State Budgetary Scientific Institution "Omsk ANC". - Omsk, 2020.- 548 p. (in Russian)
monograph
9) A.I.Seytkhozhaev, E.N.Dyusibayeva. Selection of broomcorn millet for resistance to smut disease (Sphacelotheca panici-miliacei). - Nur-Sultan, 2020. - 144 p. (in Kazakh)
APPENDIX С
Patent Research Report
[image: image22.jpg]" LT, Tokberpenoy
a0

et b o moleculr genete methods and sclcton
< Patt L of e Republi of Kazaklhston st ST RK St Standard R
1w, Conten: 2 Pocedureof Condocing”

S of work: il (2020)
St reeh 1991 End sarch 2020
Table A1 Patent documenvaion

Scarch subject | Country of ssue, [Applicant (patentee), a country. Application number, Name of invention (full | Information about the action
ecarch e, s | e and mmber | prory dae, comcetion priory. poblcaion date | model smple) | ofthe secuiy document o
consivent ars) | of the il of o for it cacellaion (for |

prvecton. iy of ptet pury nly)|
Clasificaion |
nex o I i I
i ; T e 3 s — 4 —= 1
Dty st of pross aint 1655357 | TithonovNiculy Peroich feod of ocil. Ao
miller wentowner: Sl and psustion asaiaion ifeenision ofmile
e of Vol regon”. cadspore samples
Filing dc: 5 041985
IDuc of publiaon of he paen: 15.06.1991





Continuation of table C.1 
	1
	2
	3
	4
	5

	Artificial smut infestation
	RF Patent №2232500
	Surkov Yu.S.

Patentee: Research Institute of Agriculture of the Central Black Earth Belt named after V.V. Dokuchaeva

Application filing date: 04/27/1993

Date of publication of the patent: 20.09.1997
	Method of infecting millet with smut
	Acts

	Breeding methods
	RF Patent №2122317
	Surkov Yu.S., Lyubimov S.V., Ryabtsev S.N.

Patentee: Scientific Research Institute of Agriculture of the Central Black Earth Belt named after V.V. Dokuchaev

Application filing date: 02/23/1994

Date of publication of the patent: 11/27/1998
	Method for determining the resistance of millet to necrotic apical melanosis
	Acts

	Biotechnological methods in millet research
	RF Patent № 2203534
	Bobkov S.V.

Patentee: All-Russian Research Institute of leguminous and cereal crops

Application filing date: 15.06.2001

Effective date: 15.06.2001

Date of publication of the patent: 10.05.2003
	Method for long-term cloning of millet genotypes (Panicum miliaceum L.)
	Acts

	Crop breeding
	RF Patent №2311754
	Zubrev Alexey Illarionovich

State Scientific Institution Far Eastern Research Institute of Agriculture

Application date: 05.05.2004

Effective date: 05.05.2004

Date of publication of the patent: 10.12.2007
	A method for the selection of varieties, hybrids, initial parental forms, which are agroclimatic analogues, for the introduction and selection of agricultural crops
	Acts
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	Increasing plant resistance to pathogenic microorganisms
	Patent №2380419
	DE BOURAnne Dauve, Passiano Paul Alexander,

Schmidt Edward Daniel Lendert

Patent holder: EXPRESSIVE RESERCH B.V.

Application filing date: 25.07.2005

Effective date: 25.07.2005

Date of publication of the patent: 01/27/2010
	Method for increasing plant resistance to pathogenic microorganisms
	Acts

	Plant breeding
	RF Patent № 2215407
	Zelentsov S.V., Kochegura A.V.

Patentee: State Scientific Institution RSHN - All-Russian Scientific Research Institute of Oilseeds named after V.I. V.S. Pustovoyta

Application date: 03.01.2002

Date of publication of the patent: 10.11.2003
	Method of creating source material for plant breeding
	Acts

	Millet cultivars
	RF Patent №2447
	E.R. Shukis, GNU ANIISH;

G.G. Degtyarenko, GU ANIISH;

A.A. Tumanov, GNU ANIISH;

N.F. Vasilchenko ,.

Patentee: GNU ANIISH

Application submission: 08.12.2004

Patent publication: 12/14/2004 
	Millet variety Altayskoe fodder 
	Acts

	Plant resistance
	United States
9006535

	Mendel Biotechnology, Inc. (Hayward, CA)
Reuber; T. Lynne (San Mateo, CA), Ratcliffe; Oliver(Oakland, CA), Century; Karen S.(Albany, CA), Gutterson; Neal I.(Oakland, CA), Canales; Roger(Redwood City, CA), Queen; Emily L.(San Leandro, CA)Appl. No.: 12/077,535, Oct. 4, 2011
	Biotic and abiotic stress tolerance in plants
	Acts

	Crop tolerance
	RF Patent №2499386
	Martinez Barbosa Gustavo, Tiley Lin, Tapia Ramos Elias, Van Den Einde Kun, Xunfu Zhang

BAYER CROSCIENS AG (DE)

Application submission: 2009-05-14

Patent publication: 27.11.2013
	Ways to increase the tolerance of crops to cold snap and / or frost
	Acts
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	Resistance of cereals
	UnitedStates
WO201460152 (A1)
	University Arkansas, United States
PereiraAndy, Venkategowda Ramegowda 
Application number:WO2014US25923 20140313 
Filing date: Mar 13, 2014
Priority date: Mar 13, 2013
	Methods of increasing resistance of crop plants to heat stress and selecting crop plants with increased resistance to heat stress
	Acts

	Increasing plant resistance
	WO2016050512 A1
	Bayer Cropscience Nv,B.G. Negev Technologies And Applications Ltd., At Ben-Gurion University
Simon Barak,Vanessa Ransbotyn, Matthew 

HYPERLINK "https://www.google.com.au/search?tbo=p&tbm=pts&hl=en&q=ininventor:%22"Hannah,Christoph Verduyn
Дата публикации: 7 апрель 2016
Заявлен:16сентября 2015
	Methods and means for increasing stress tolerance and biomass in plants
	Acts

	Millet seed treatment
	RF Patent №2453369
	Anisimova Lyudmila Vitalievna (RU), Khomutov Oleg Ivanovich (RU), Sidorova Anastasia Andreevna

Patentee: Federal State Budgetary Educational Institution of Higher Professional Education "Altai State Technical University named after II Polzunov"

Application submission: 26.11.2010

Patent publication: 20.06.2012
	Method for hydrothermal treatment of millet
	Acts

	Millet varieties
	RF Patent 
№2470
	Shukis E.R., Lauk R.P., Vasilchenko N.F., Tumanov A.

Patent holder: GNU ANIISH.

Application submission: 28.12.2004

Patent publication: 12.08.2019
	Millet variety Barnaulskoe 98
	Acts


Table C.2 - Scientific and technical, market, regulatory documentation and materials of state registration (reports on research works)

	Search subject
	Name of the source of information indicating the source page
	Author, company (holder of technical information)
	Year, place and body of publication (institution, deposited source)

	1
	2
	3
	4

	Plant protection
	Pathogenic properties, competitiveness and geography of distribution of millet smut
	Tikhonov N.P., Tikhonova T.V.
	Saratov academy, 1994

	Creation of the starting material in millet breeding for smut resistance
	Source material in millet breeding for smut resistance in the Volga region / Abstract for a candidate of agricultural sciences 06.01.05
	Tikhonov, Nikolay Petrovich
	Moscow, 1995

	Breeding millet for smut resistance
	Test procedure for distinctness, uniformity and stability. Sowing millet (Panicum miliaceum L.)
	Tikhonov N.P.
	Official Bulletin of the State Commission of the Russian Federation for Testing and Protection of Breeding Achievements, M., 1999

	Millet smut resistance
	Breeding features of creating valuable genotypes of millet with race-specific resistance to smut / Abstract for the candidate of agricultural sciences 06.01.05
	Zhuk, Galina Petrovna
	Bryansk State Agricultural Academy, Bryansk, 2001

	DNA markers
	The use of molecular markers for mapping of genes of resistance (QTL) to downy mildew in proso millet / Abstract for a candidate of biological sciences 03.00.15
	Kolesnikova, Maria Alexandrovna
	Institute of General Genetics. N.I. Vavilova, Moscow, 2001

	Breeding for millet productivity
	Progress with proso, proso and other millets. Trends new Crop. new uses.
	Baltensperger D.
	USA, 2002

	Millet breeding
	Millet breeding in the Nizhne-Volga Research Institute of Agriculture
	A.N. Neymysheva
	FGBNU Nizhne-Volzhsky Research Institute of Agriculture Irkutsk, 2003

	Millet breeding
	
	Sidorenko V.S., Zhuk G.P.
	VNIIZBK, 2004
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	Proso millet breeding
	Breeding of seed millet in the Middle Volga region / Abstract for the candidate of agricultural sciences 06.01.05
	Antimonov, Alexander Konstantinovich
	Penza, 2004.

	Creation of source material in millet breeding
	Source material of millet for breeding varieties in the conditions of the central black earth zone / Abstract for a candidate of agricultural sciences 06.01.05
	Surkov Andrey Yurievich
	Scientific Research Institute of Agriculture of the Central Black Earth Belt named after V.V. Dokuchaeva, Stone Step, 2005

	Millet resistance genetics
	Genetic and immunological basis for breeding millet for smut resistance
	Tikhonov N.P. 
	State Scientific Research Institute of Agriculture of the South East, 2006

	Molecular genetic research
	Assessment of silver-stained AFLP markers for studying DNA polymorphism in proso millet (Panicum miliaceum L.)
	Décio Karam; Philip Westra; Scott J. Niessen; Sarah M. Ward; José Edson Fontes Figueiredo
	Brazilian Journal of Botany , 2006


	Millet smut resistance
	Experimental and theoretical aspects of studying the relationship between plants and pathogens using the example of the system "millet - smut"
	Tikhonov N.P. 
	State Scientific Research Institute of Agriculture of the South East, 2009

	Physiological and biochemical studies of millet
	Comparative studies on growth and physiological responses to saline and alkaline stresses of Foxtail millet ( Setaria italica L.) and Proso millet (Panicum miliaceum L.)
	M Shohidul Islam, Mosammad Masuma Akhter, Ayman EL Sabagh, Hirofumi Saneoka
	Australian Journal of Crop Science, 2011. – P.1269-1277.

	Features of cultivation of millet
	Promising resource-saving technology for the production of millet / Methodical recommendations 
	 V.I. Zotikov and others.
	Moscow 2010

	Breeding and seed production of millet
	"Increasing the genetic diversity and potential of millet culture in the regions of Kazakhstan through the creation and introduction into production of new adaptive high-quality varieties for the cereal industry and varieties for green fodder to strengthen the fodder base", Report on research work
	Tuleuov A.S. 
	Aktobe agricultural experimental station, 2011


Continuation of table C.2 
	Resilience of millet plants
	Proso millet improvement for disease resistance 
	Kushal R, Arya K.and  Kumar R.
	Forage Res., 2014

	Source material for breeding millet for high productivity
	Initial material for breeding millet for high productivity and ecological sustainability 
	Sokurova Larisa Khasenovna
	Kabardino-Balkarian Research Institute of Agriculture, 2016

	Study of the genetic diversity of millet based on molecular markers
	Genetic Diversity and Population Structure of Broomcorn Millet (Panicum miliaceum L.) Cultivars and Landraces in China Based on Microsatellite Markers (Review Article)
	Minxuan Liu, Yue Xu, Jihong He, Shuang Zhan, Yinyue Wang  and Ping Lu 
	International Journal of Molecular Sciences, 2016, 18.

	Cultivation of seed millet
	Proso Millet (Panicum miliaceum L.) and Its Potential for Cultivation in the Pacific Northwest, U.S.: A Review 
	Habiyaremye C., Matanguihan J., Guedes J., Ganjya G., Whiteman M.
	Frontiers Plant Science: Plant Genetics and Genomics, 2017

	Breeding for adaptation to local conditions
	Millets for next generation climate-smart agriculture


	Bandyopadhyay T., Muthamilarasan M., Prasad M.
	Front Plant Sci., 2017

	Resistance of millet varieties
	Identification of millet varieties by smut resistance 
	Tikhonov N.P., Tikhonova T.V., Milkin A.A. 
	Legumes and cereals, 2018

	Millet collection
	Variability in the Global Proso Millet (Panicum miliaceum L.) Germplasm Collection Conserved at the ICRISAT Genebank 
	Mani V., Azevedo V., Upadhyaya H. and Naresh D
	Agriculture, 2019

	Genetic markers for seed millet
	Development of Species-Specific Microsatellite Markers for Broomcorn Millet (Panicum miliaceum L.) via High-Throughput Sequencing


	Min-Xuan Liu , Yue Xu , Tian-Yu Yang , Zhi-Jun Qiao , Rui-Yun Wang , Yin-Yue Wang and Ping Lu.
	Advances in Crop Science and Technology, 2020


CONCLUSION

on the performance of patent research
Patent information search has been carried out to a depth of 30 years from 1991 to the present. Patent information searches were carried out in electronic databases, RosPatent information and reference systems (www.fips.ru), RF and USSR patent searches (www.findpatent.ru), Eurasian Patent Organization (www.eapo.org), World Intellectual Property Organization (www.wipo.int), SpringerLink (www.springer.com), Oxford journals (www.oxfordjournals.org), PubMed (www.pubmed.com). In general, for the period from 1991 to 2020, more than twenty patents were found, corresponding to the themes of the main tasks of the project.

Leading developments in the field of research No. AP05131622 "Obtaining of perspective low-amylose millet samples for selection based on biochemical and molecular-genetic methods" are carried out by researchers from China, USA, Russia, India, Brasilia.
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ABSTRACT

Inthis esearch are presented the s resulsof evalustion the genetic varibility ofthe millet collcton of
various ecology-geographical origin (Aigharistan, Belgium, Hungary, China, Canad, Indi,Iran, Mexico,
Pakisan, Rusia, USA, Turkey, Ukraine, rance).For determination of genetic variabiltyof the colection
during the implementation of our research 0 SSR and SIPES markers were tested. Amng the snalyzed
markers 0 SSR-markers (SIGSSRIS; SicSSR2Y, ScSSR24;SicSSR1; SicSSRA3; SioSSRA0; SicSSREB; SicSSRB4

SieSSRI1; SieSSR101a and SieSSR164) were nt informative n comparison with IPBS markers,as they did
ot demonsirate the polymorphism for the experimental genotypes of millt. Six IPBS-maskers (270; 271

276,205, 2374 and 2378 have yiclded thereproduced result with allth studied millt samples. Resltsof
asscsament of geneic polymorphism of the mille colecion with use of IPBS-markers (2095; 2270; 271

2272:2276; 277, 7374 avd 378) demerstzate various levelof polymorphis: from three toseven allles
for one microsatlite locus. 2095 and 2378 markers with maximum polymorphism, they stood ou, their
percents were 857 and 100% respectvely

Key wonds : Poso millt, Collecion, DNA, PCR, Molecular marrs, SSR, iPBS, Polymorphism:

Introduction

Millt (Panicum milliaceun L) is one of the most an-
cient grain crops cultivated by a human, that s most
demanded as a valuable feed, fodder and grain for-
age crop today in many countries of the world in-
cluding Kazakhstan. Millet is capable to provide
high level of grain harvest and green mass. The
main application of millet grain Is receiving the
‘groats which surpasses other cereals and legumi-
‘nous crops by nutritional value (Kalinova, 2007).
For food security of Kazakhstan, it s necessary to

have new cultivars adapted for local conditions of
the country. Current rural production claims great
demands on new millet cultivars. Before starting
cultivar's breeding, a breeder has to define traits
and properties which are necessary for its cultiva-
tion i a certain area (Surkov and Surkov, 2017).
Now in plant breeding the method of use of
DNA markers is getting a wide circulation that al-
lows simplifying, accelerating and reducing for 5
‘ears the price of breeding process during creation
‘ofnew cultivars. Also, molecular markers allow es-
timating a genetic variety of inital material in plant

“Cormesponding suthor's email s aman_bamailr
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CETEKLILA IPOC A OBBIKHOBEHHOTO (Panicun miliaceum L) HA CKOPOCTIETIOCTS
B VCTIOBHEX AKMOJIHCKO! OBTACTI

Cefirxaaaes AJL, Pusciesosa A, Tuocutaesa 3., Ecenterona [T,
“apuosa ILA, Haxenosa AE, Teneamaeea AA.

‘st aporerirecs ymmepeaer me. . Celipynmmma, . Acraza

Tlpoco — om0 2 Tpesmeimcs 3epacasc: KYHIYP, 3037eTABIeNAS eTo3eKoS, KOTopas Ceros masbosee
ocTpaoaiE S A TpOIOROTECTRERELS, FOpMIRLA % 3£PEOdY PR KYTRTPA 50 MEOTE CIPS MEFS, 3
ow acre 7 3 Kasancrae, caocoSias oecieTisams SOTYeRHe SMCORE YPORISH 6P X 7ER0 MaceH.
Ocsmsos scromsacsauue sepsa mpoca oGusxsosesaoro (Paicum miliacein L) - moysese Kpymas, oropas o
ek HERROSTE TPESOCIGTET APVTES 3ePEORE T 4pROSOGCAE TTIPAL BAOIGTITSCKSS ZEEROT:
Gomon sepma ompemrsercs ScOTID COTSPERARNEN SEIMERIDGN: IECKICAOT, TR K MeTHORE,
“pimTofas, fimnm, moneioR. JeTeRas X2 X COTONA TPOC3, 3 KISRCTES K0P 3 PATIORe KPYTHORD POSITORD
cxora cocoBemayer mosmemzo Yaoes 3 yaySmeRImD SEYCoRSS caoReTa o052, Jepea Tpoca — obmaTemE
sormomes xeGamopcs, ocoBo memm 3 mmameaozcrse [1.23]. Eme o socromcrson spoca masores
‘astcosue moxasarems ypoxaimocrs, o cauzeremecrayer pesopa lrasasa Bepesssa, soropack momymn 201
wrald]

Thpoco — oxmn m caox sacyvoyerodmmRsc: X X3poCTolD: KYTYP, CaocoSES: TpOTIOCTOR %
sammaroe w0 secsaa saa0 T38 sacymTELS: paioRcs, KOTR ZPYTHR JRPRCES KYTTYPAL CETSRO CHEZOT
spoxai Heowomps m mmencpemcaemmte Tocromicrsa ok Symrps, mocesmse momams 3 PK
Crpesamema0 comamores, 10 camass ¢ RetooneRol e KapoTaoXos TSRO TeRROCTE, ReCTISETAROCTS
re——

Tlpomymessocns mpocs TacEo cassiEs < SpoI TR RO SererTHGERGTo Hepoaa. Hmecrao, o
‘206aTacs comeramEE 3 0o TeROTETS EOTIX TeTMA TPEIERLTS TOTAED METOION CETE ITITECEL
‘menomaozm0 w022 orpezTersEscx remevecs soppenut lovrosy » pememmm mpofmest sxoorecxoit
N ———
SR SOTOpASK COCTONT  MIKCIMATARGN YAOBIETSOpER CeSHYETECH: ToTpeGRocTel copra. Baicomas
‘coremma s ypoxaizcers, Geaycaoamo, 6sma x Gyzer sukmsimel ek cerexzoRepos. B 70 2 spos
coutam cxopocnemc: coptos, fecTeTERION: cpeZIOR, 20 CTASETLAVD T Fo%aN YPORIRCT: X TTCTIO
‘comysaesoi mpoayIIIER stercs 5e wesse s2xmoR aaatek, pemesEe Korope TpeSyer AT 0k youTE
5

Tposormmemsocrs sererasmommoro cepmom maseres sasms AmTEAOO T OF
B S A S P - ——
‘orolmorns pacrem x pasmEmEa duromzores. XoTs O7e 3 TPEITIECTS Tpoca 50 OTROERD &
2y 32pRORLDS KYTSTpa SBRRETES a0 CEOPOCHETOCT, T 58 MERSS TS T3 TSR I SBAETES
ovem axmymoi.

Hecaezosssns sscaommamaca 3 2018 5. 5 omimsox mose HIIL 5 sme. ATL Bspaess. B piors Gacm
‘mcmomacaams 170 o6paanos mpoca oresecraemmof  saposos: xotsesa,  wa 100 reaormos s moSeam>
‘peocraaness s Pegioal lantInvoduction Sttion (asposaa soxreross USDA). Tow Stae University (CTI).

@emonormaciie 536moTeRRE TOSOTITI COFTACED MeTOTIRRCKIDS XIS T WY XIpoRoi
sommerzm mpoca. Jas THGOPSIOPRGTY IERTER 0 XEACTReREO TPSESIN TSpex YEopsoh TSI
cmomosct arepan » somrvecTae 15 pacress xEzoro 06parEa % aEATEpesaTE o 12 R, oSpAmaS
05008 SEDSERS 3 TpOTYETHRRY0 KYCTHSIORTS, SOTEUACTS0 PR S METETRE, SICOTY PSETERA, TTERY X
r————— )

B xom mysemms sereramm omsemamcs cnervemme g scROmS, Kymeme, WEOI 3 TPYS,
‘sercaasne, maerese, onoTaas, sockesas % oo caenocry. Hamanos st GTEcEposar nepao 5073 8
‘2ee scrymmono 10-15% pacrems, 4232 cramamacs zomod mpa 70-75 %. B 2018 1. moces pabowed xommestomt
‘Tpoca 6um mposeaes 27 as, 3 mepen 2 7t TR0 TS0 TMERETACs, TPORIOTID CHT0R HOXOTOTIRRS, TTO

7
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(PANICUM MILIACEUM L) HA YCTOHUHBOCTD K TOJI0BHE

Mwcutaesa 3.H,, Ceimxoxcacs A.IL., Puctexosa AB., Ecentexosa I.T,
Trennacea A.A., Kuprooa ILA., Kaxenooa A.E., Tyckaruesa BK.
‘Kasaxcx arpoTexsteckt yEmBepetet mu. C Celipy1masa
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B cetexummm pactemtit HanGOTee AKTyaTsHOR JATaTel ABTAETCE COETHHEHHE B OTHOM
H'TOM e COpTe MMYHHTETa HTH YCTORNHBOCTH OTHOEPEMEHHO K PASTHYHEIM 3a00TeBaHA-
M. D0 CBF3HO ¢ NOCTOMHEOM JHepeHIHaNTeR B0 BPEMERH  HPOCTPAHCTBE BOI0YTE-
‘Teitelt 3a00TeBarH HA PASTHIEE ATPeCCHBHE PACE!. VTHTHEAS OTPHIATETEESIE HOCTET-
TS X\HYeCKIX 0GPAGOTOK PACTER Hif, CETEKITI0 KA MMMYHTET MOXHO CIHTATS CaMED!
gexTHEENY CpencTEOM GopsOE! ¢ GoTsmEECTEOM Gotessel. TIpH SToM BoYIeTsIEARHE
YCTORTHBEIX COPTOB, B TEHOTHIE KOTODSIX COBMEIEN METEH PAX APYTHX XOSHCTBEEHO-
IIOTESEEIX MPH3HAKOB, TOBSIMAET 3 EXTHEROCTS APYTHX JAINMTHEIX MeponpraTa [1-4]
B Hameit CTpae HaHGOTee BPETOHOCHEIM GOTe3Hel MPOCA ABIFETCE MELTHHAR TOTOBHE
(Sphacelotheca panici-miliacef). 1713 KOTopOFt TOPOT BPETOHOCKOCTH B OTIETHESIE FOTAI CO-
cramger 10 90 -100% mopaKerms MeTeT0K [5]

OGsexTaut HecTex0BaRHi CTYARTH 170 OGPASIE! B COPTA TPOCA, TOTYTEHESIE B pe-
aymsTare MomoTHesmA paGotero MaTepHaTa 8 2015-2018 rr. Hay et ycTofmBoCTH mpoca
Ea YCTORTHBOCTS K TOTOBEe B yCTOBHAX CeBeprOro KasaxcTasa IPOBOTHTC Ha eCTeCTBeR-
EoM H HexycerBerEoN Gosax HITI] me. A M Bapaesa

Tlo pesyTSTaTaM GHTONATOTOTHTECKOTO ARATIA HA JOHe HCKYCCTBEHHOTO JApaKEHHS
CHOpAMH TOTOBEE, YIATOCH BHIETHTS HMMYHESIE C Xopommeli YCTORTHBOCTE GOpI. Cpe-
1 100 0Gpasiios 3apyGe Aol KOLTEKIHH 10 H3y IERHEIM IPHIHAKAM OTOGPAEH0 36 0GpasIos
&2 o6pasmia xoxtexi BHP, KOTOpEe OKa3aTHCh HOTHOCTEEO MnMyREEDMH (0) K dmroma-
Torery. Tlo PesyTSTaTaM YCTAHOBTERO, 97O HCIOTE3yeMsle B IPORIBOICTEE HAMelk CTPAEE!
COpTA IPOCA OTeHECTBEHHOM CETCKINH He 0GTATAOT YCTONTHBOCTIO K MECTHEDM PACTPO-
CTpasemsEI pacay matoresa. OUpEXETeR PaCOBSI COCTAB MeCTHOR HOMYAIIHH TETEHOR
ronogsm, cobpamsste Ba TeppuTopiA Kazaxcraza. JITx HIyIEHNS PEAKIEH K BO3OYTHTETO
‘ToToBgH S. panici-miliacel BEIFETER0 4 Ka3AXCTARCKITX H 3aPyOEAHEIX COPTOB-THGepene-
atopos, exmoasomEX Takke copra kax: Koxterasckoe 66, Beceromozonss 38, Capatosckoe
6 oBpaser P1442533. PesyToTaTs! aRaTisa MpOBEEHHEIX Ha THO GepeRmmpyommn HaGope
BOSGYTHTENA TOTOBEH MOKA3AT, TTO TOMHEHPYIOMIEME Pacayst G5 paca 1 i paca 2

Tlo pe3yTSTaTaM (eHOTOTHTe CKIX HAGTIOTeRTTH EAHGOTee KOPOTKI BeTeTaIHOHSIH e~
‘pron (87 mete) e ofpasist P1 649372 (®pammes). Ames 11555 (Hsmus), oem yseperso
MOTYT HCIOTE30BATECA B CETEKIHORHELX MPOTPAMMAX KAK HCTOMHHKE CKOPOCTETOCTE

3 GoTBIOro pas00Gpa3is CpETHECTETAIX 0GPASIO CTEIYET OTMETHTS HaHGOTee ypo-
‘KaliEste, ¢ HOCHTETAMI Sp Tex0B ycTofmocTs ofpasmsr: K-10312 (Sp 2) m K-0842 (Sp
1). TIpomsBeXera 3aKTaIKA BETETANHORKEIX OTEITOR IPOCA OTETECTBERHOM 1 3ApyGEAHOR
KOTEKINH /T4 THODIIH3IHT HA ECTECTBEHHOM GOHe B MOTeBHIX ye10Bmax HITL 3X m
A M Bapaesa AxvorHECKo ofTacTH

w — 262
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Diagnostics of tolerance to low positive temperatures
of the common millet collection during the seed
germination
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ABSTRACT

Objectives of the study were the germination response ofthe inital breeding materials of millt (Panicun
milizcewn L) originating from five countries, thei tolerance to the low positive temperatures during
‘germination i itr0and the identifcation of cod-tolerant samples fo further usein the breeding programs.
‘The main problem of proso millet for carly spring planting is ow-temperature stres a the stage of seed.
germination. As aresultofthe aboratory screening, an unequal reaction ofthe studied millt genotypes by
the trat of cold tolerance tolow positive temperatures was revealed. The most cold-tolerant samples were:
K-5786, PLS31413, Zolotistoye kormovoye, Pamiati Bersiyeva, Shortandinskoye7 and Yarkoye6, and these
genotypes demornstrated the rootlets length comparable with the standard. The mathematial analysis of
the interrlation of the average data of secd viabilty: germination, germination energy, and coleoptiles
length of the mille plantlets demonstrated that all of these traits i certain degree correlate depending on
the temperature.

Key wonds: Proso miller, Cold tolerance, Psitoelowtemperature, Selction, Germination

Proso millet, as a typical xerophyte, has a growing
season of 60-100 days, and for conditions of dry
steppe zone of Kazakhstan, it is one of the most
adapted cultures, that defines an area of its use for

Introduction

Common millet or millet (Panicum millaceun L) be-
longs to the cultures of extreme antiquity and is one

of the most important cereals in the world (Colosi
‘and Schaal, 1997; Zhao, 2005; Wang et al,, 2016). Mil-
letis widespread in all continents of the globe. The
five leading producers of millet are the Russian Fed-
eration, India, China, the USA, and Ukraine
(Zotikov et al,, 2012; Wang ef al,, 2016). Due to its
precocity, drought tolerance, efficiency, and other
valuable biological and economic traits, this culture
can be widely used in production (Zhidkin, 192)

food and fodder purposes (Tsygankov ef al., 2006).
However, milletis very exacting to warm during its
initial stages of vegetation that interferes with early
terms of its sowing in drought areas. Millet weakly
endures low temperatures at all stages of ontogen-
esis. Therefore, by tolerance to low positive tem-
‘peratures, millet belongs to a weak tolerance group.
(Fedulov ef al, 2015).

Cold endurance is the ability of plants to endure

*Cormesponding author's email: aiman_sb@mailra
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Influence of sodium azide on morphological traits of
Proso Millet (Panicum miliaceum L.) Genotypes
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ABSTRACT

Objectve of the present investigation was the study the effectiveness of sodium azide (NaNy) on the
‘morphologcal raitsof the initial breeding materialsof mllet (Panicur milaceun L ). The seeds were treated.
with different concentrations of sodium azide (0.1; 02; 03 and 0.4%). Number of morphological mutant
were abserved visually and recorded. According;to the dblained resultsthestimulating effect of mutagen s
clearly determined, the higher the level of the concentration of mutagen, the strongr the decrease in seed
germination. In general, lower 0.1 mM concentration of sodium azide was mst effective. Different
Concentrations of sodium azide nhibited most ageonomic traits such as germination, plant height, panicle
length, panicle weigth and one thousand seed weight of proso mille in the feld conditons.

Key wonds: Proso millel, Mautagenesis Sodium azide, Treatment, Germination, Efctioeness

Introduction

Mutagenesis is widely used in plant breeding for
the creation of genetic variability of crops that is
absent in the gene pool (Ambli et al,, 2014). More
than 3000 varieties of cultivated plants have been
created in the world at the moment using experi-
‘mental mutagenesis. The method is quite effective-
ness in plant breeding al the main economically
valuable traits. Achieving the same result using by
other methods is much more difficult or not advi

able in some situations (Morgunef al, 1995). Vari-
ous mutagens are used to produce induced muta-
tions in plants. Itis known series of mutagenic sub-
stances belonging to different classes of chemical
compounds. Among them are important mutagens
such as ethylene nimine, ethyl methanesulfonate,
diethyl sulfonate, 1,4-bis-diazoacetyl butane,

nitrosoalkylurea, sodium azide and other sub-
stances. Many studies have shown that chemical
‘mutagens are significantly more effectiveness than
physical. If under the influence of radiation in
plants up to 10-15% of viable changes oceur, then
using of chemical mutagens allows you to get them
up to 30-60%. Widely using of the mutational breed-
ing method in many countries n the world has con-
firmed its high effectiveness in solving various
problems of plant breeding. Mutants are often of
great breeding value, as they may have new, previ-
ously unknown useful traits. In addition, with the
help of mutagenesis, it is possible to overcome the
technical difficulties that arise when crossing small-
flowered crops, such as proso millet (Kumar ef L.,
2003; Kumar ef al, 1996; Kumar ef al, 2010; Maduli
et al,, 2007; Mehta et al., 1994; Singh NX_ et al., 2009).
In connection with the discovery of chemical

Comesponding author's email aiman_sb@mailra
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HCIOJIb30BAHHE IPBS MAPKEPOB /111 OIEHKH
TEHETHUECKOI BAPHABEJIBHOCTH KO/LTEKITHH ITPOCA

3.H. Trocn6aesa. PhD xoxtop. H.A. Kuprosa. PhD ZokTopant.
A.B. PoicGeKoBa, KAHIIIAT GHON. HAYK. aCCOUNNPOBARHBIH mpodeccop.
AE. Kaxerosa, b.5. Toaeyim
Kasaxcxuit azpomexsiiecxuil yausepeumem ww. C.Ceiigpynuna,
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B paome npedcmasiens: dansie no oyexxe cenemurieckoil sapuabeTsHoCTI
KOAIEKRYUL MPOCA PAITIMOZ0 IKOTOZ0-2C0PAPIECKO0 NPOUCTONCIEHIR HA OCHOBE
IPBS auaprepos. Beezo npomecmuposano 9 iPBS uapkepos, u3 xomopux uiecmn:
iPBS 2270; iPBS 2271; iPBS 2276; iPBS 2005; iPBS 2374 u iPBS 2378 dam socnpo-
ussodune pesyTomam co acex 88 uzyennwix obpazyos npoca. B pesyromame IILIP
ananuza suzeneno 32 axmugruyuposanorx iPBS-gpacenmos JHK, uz xomopuix 23
6o monuvopgmb. C MAKCUMATSHBN TOTIMOPGUINON THIOTUTUCE MAPREPS!
2095 u 2378, npoyenm xomopux cocmasun 85,7 u 100% coomeememsero.
Kmoueaste croea: xomexsyus npoca, ITLIP anans, iPBS mapreps, nomuwiopuzn.

TIpoco (Panicum milliaceum L.) — oZma 3 IpeBHEHINIX 3epHOBBIX
KYTBTYp. BO3ACTBIBACMBIX TTOBCKOM. KOTOPAZ CETOAHA HANGOICE BOC-
TpeGoBaRa Kak UCHHAT IPOIOBOTBCTBEHHAL, KOPMOBAA 1 3ePHOGYPAKHAL
KyTBTypa BO MHOTHX CTPAHAX MHPA, B ToM uHcae & B Kasaxcrame, crio-
COBHA% OGCCHCMHBATE MOTYICHNE BBICOKHX YPOKACH 3¢PHA H 3enéoif
Macchl. OCHOBHOS HCHOTB30BAHHC 3CPHA TPOCA OGHIKHOBCHHOTO —
HoTyMeHHe KPYmBI KOTOpai MO NHTATCTBHON LCHHOCTH HPEBOCKOTHT
ApyTHE 3epHOBBIC H 3¢pHOGOGOBEIE Ky ToTyps [1]

Il1s npoxoBonbeTBeRHON GesomacKocTH KasaxcTama HeoSXOAmMO
HMCTS HOBBIE COPTA, IPHCTIOCOGTCHHBIX K MCCTHBIM YCTOBHAM CTPAHBL
COBPeMEHROE CelBCKOX03HCTBRRROS IPOM3BOACTEO NPETBABIACT K HO-
BBIM COpTaM Tpoca BEICOKIE TpeGoBaria. IIpeskae M NPHCTYIIHTS K Bl-
BEACHMIO COPTA, CECKUNOHEP AOKSH ONPEICTHTD IEpTHl H CEOHCTBA,
KOTOPIe HCOGXOAMMBI A% BO3ACTBIBARNA €TO B OIPEACTeRHOM 308 [2]

B HAcTOAWee BPeMS B CCNCKUNH PACTCHIi MIPOKOE PACIPOCTPAHE-
HEC NpHOGDETacT MeToX mHemombsopamia JIHK-Mapkepos. KoTopsii
YOPOIIAET, YOKOPACT H YACIICBIACT CeCKUNORHBII MPOLCCT IPH cO3Ia-
HHH HOBBIX COPTOB Ha 3-5 7eT. Takke, MOICKYIAPHBIC MaPKEphl B CElek-
HE pacTeHIii NO3BOTAIOT OUCHATS TCHETHNSCKOS PASHOOGPAsHE HCXOI-
HOTO MATepHATA, KIACCHUURPOBATS CETEKINORHBIC OPMBI I MAPKHPO-
BaTh [CHEL X03HCTBEHHO-UCHREIX NpI3Hakos [3]. [T olCHKE remeTie-

72
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APPENDIX F 

Tables and illustrations of auxiliary character
Table F.1 - Metorological factors for the growing season of millet (meteorological station LLP SPCGF A.I.Baraev ", 2018-2020) 

	Days
	Temperature
	Precipitation 
	S≥0
	S effective temperatures

	
	agricultural
	average

many years
	agricultural
	average

many years
	agricultural
	average

many years
	≥5
	≥10

	
	
	
	
	
	
	
	agricultural
	average

many years
	agricultural
	average

many years

	2018 

	June

	

	I
	17.0
	16.7
	5.6
	12.0
	547
	698
	272
	404
	107
	183

	II
	16.1
	18.6
	13.8
	14.4
	707
	894
	382
	539
	167
	271

	III
	17.7
	19.5
	49.9
	13.9
	884
	1085
	509
	688
	244
	370

	per month
	16.9
	18.2
	69.3
	40.3
	884
	1085
	509
	688
	244
	370

	July

	I
	22.0
	20.1
	3.0
	18.1
	1103
	1278
	678
	841
	363
	472

	II
	21.9
	20.0
	9.8
	19.6
	1320
	1486
	845
	991
	480
	571

	III
	16.5
	19.6
	34.3
	16.7
	1500
	1698
	970
	1149
	550
	676

	per month
	20.1
	20.1
	47.1
	54.4
	1500
	1698
	970
	1149
	550
	676

	August

	I
	19.8
	18.7
	0.3
	13.5
	1695
	1880
	1116
	1280
	646
	758

	II
	15.9
	18.0
	48.0
	12.7
	1854
	2059
	1217
	1406
	705
	836

	III
	10.1
	15.4
	37.5
	13.8
	1961
	2225
	1269
	1517
	707
	895

	per month
	15.3
	17.3
	85.8
	40.0
	1961
	2225
	1269
	1517
	707
	895

	2019 

	June

	I
	12.9
	16.7
	5.0
	11.7
	616
	698
	303
	404
	130
	183

	II
	12.7
	18.6
	24.1
	14.1
	742
	894
	379
	539
	157
	271

	III
	16.8
	19.5
	11.4
	13.7
	908
	1085
	495
	688
	223
	370

	per month
	14.1
	18.3
	40.5
	39.5
	908
	1085
	495
	688
	223
	370

	July

	I
	20.0
	20.1
	2.3
	19.0
	1106
	1278
	643
	841
	321
	472

	II
	26.4
	20.0
	0.0
	20.6
	1366
	1486
	853
	991
	481
	571

	III
	19.9
	19.6
	13.2
	17.4
	1610
	1698
	1015
	1149
	588
	676

	per month
	22.1
	19.9
	15.5
	57.0
	1610
	1698
	1015
	1149
	588
	676

	August

	I
	19.2
	18.7
	0.3
	13.5
	1800
	1880
	1155
	1280
	678
	758

	II
	19.6
	18.0
	4.0
	12.6
	1994
	2059
	1298
	1406
	771
	836

	III
	15.6
	15.4
	21.7
	13.7
	2164
	2225
	1413
	1517
	833
	895

	per month
	18.1
	17.4
	26.0
	39.8
	2164
	2225
	1413
	1517
	833
	895

	2020 

	June

	I
	19.2
	16.7
	5.6
	11.7
	936
	698
	604
	404
	358
	183

	II
	17.4
	18.6
	5.0
	14.1
	1108
	894
	726
	539
	430
	271

	III
	11.0
	19.5
	39.5
	13.7
	1216
	1085
	784
	688
	443
	370

	per month
	15.8
	18.3
	50.1
	39.5
	1216
	1085
	784
	688
	443
	370

	July

	I
	14.8
	20.1
	24.9
	19.0
	1363
	1278
	881
	841
	490
	472

	II
	22.0
	20.0
	6.0
	20.6
	1580
	1486
	1048
	991
	607
	571

	III
	16.3
	19.6
	15.7
	17.4
	1753
	1698
	1166
	1149
	670
	676

	per month
	17.7
	19.9
	46.6
	57.0
	1753
	1698
	1166
	1149
	670
	676

	August

	I
	23.0
	18.7
	8.7
	13.5
	1981
	1880
	1344
	1280
	798
	758

	II
	17.9
	18.0
	18.3
	12.6
	2158
	2059
	1471
	1406
	875
	836

	III
	18.0
	15.4
	0.3
	13.7
	2353
	2225
	1611
	1517
	960
	895

	per month
	19.6
	17.4
	27.3
	39.8
	2353
	2225
	1611
	1517
	960
	895


Table F.2 - Results of hybridization of millet in vegetation vessels using forced pollination and thermal castration 
	Combinations 
	Presence of resistance genes 
	Number of castrated flowers, pcs 
	Number of hybrid seeds, pcs 
	Settability.%

	♀К-9989 × ♂Davskoe
	Sp1
	171
	58
	69.6

	♀Kokchetavskoe 66 × ♂К -10312
	Sp 0
	50
	32
	64

	♀K-9989 × ♂ K-9520
	Sp 1
	50
	36
	72

	♀Kokchetavskoe 66 × ♂Zhadinskoe
	Sp 0
	30
	4
	13.3

	♀ К-9520 × ♂Saratovskoe 6
	Sp 0. Sp 1
	42
	8
	19.0

	♀K-10279 × ♂Davskoe
	-
	42
	4
	9.5

	♀ In memory of Bersiev × ♂K-9671
	Sp 1
	40
	3
	7.5

	♀К-10275) × ♂ К-842
	Sp 1.Sp 2. Sp 3. Sp 4
	40
	8
	20

	♀Zolotostoye kormovoe × ♂ К-9989
	Sp 1
	40
	4
	10

	♀Shortandinskoe 7 × ♂ К-9671
	Sp 1
	30
	2
	6.6

	♀ Kormovoe 2020 × ♂PI 531413
	-
	30
	7
	23.3

	♀Pavlodarskoe × ♂K-2755
	-
	20
	6
	30

	♀ К-10275 × ♂ К-9520
	Sp 0. Sp 1.Sp 2. Sp 3. Sp 4
	30
	3
	10

	♀ Yarkoe 7 × ♂ К-9840
	Sp 1
	32
	5
	15.6

	Hybridization after thermal castration

	♀К-9520 × ♂Yarkoye 7
	Sp 0
	40
	6
	15  

	♀Barnaulskoe kormovoe × ♂ PI 531404 
	-
	40
	27
	67.5

	Total
	727
	244
	365.3

	The average
	45.4
	15.2
	22.8


Table F.3 - Structure of the yield of varieties of the domestic millet collection by productivity elements, 2018-2020
	Name
	Plant height, cm
	Panicle length, cm 


	Number of grains from main panicle, g 
	Weight of grains from main panicle, g 
	Weight of 1000 grains, g 
	Productvity bushiness, stems./1 plant.
	Vegetation period,day 
	Harvest

Ness,
  g / m2 

	Incidence of smut,%

	Saratovskoe 6 St
	83.3
	17.8
	445.0
	3.19
	5.00
	1.5
	99
	178.5
	21.1

	Pamyaty Bersieva
	67.5
	17.5
	555.0
	3.12
	3.92
	
1.5
	102
	95.8
	28.5

	Stern 89
	92.3
	19.7
	273.5
	1.75
	5.37
	
1.1

	103
	110.4
	19.3

	Kokchetavskoe 66
	91.0
	17.0
	385.0
	2.05
	5.14
	1.0
	102
	112.7
	55.3

	Pavlodarskoe
	73.6
	14.8
	384.0
	2.51
	6.69
	1.1
	101
	108.4
	19.0

	Zolotistoe kormovoe
	85.0
	19.0
	731.0
	1.97
	3.80
	1.3
	104
	143.3
	15.7

	Barnaul kormovoe
	74.4
	27.9
	380.5
	2.34
	5.90
	1.5
	102
	107.3
	19.8

	Kormovoe millet
	81.2
	19.5
	313.7
	2.02
	5.40
	1.2
	103
	90.5
	12.0

	Abakanskoe kormovoe
	70.8
	15.9
	433.3
	2.78
	7.00
	1.6
	101
	139.5
	-

	Shortandinskoe 7
	45.0
	15.5
	426.4
	2.68
	6.24
	1.1
	102
	146.3
	17.8

	Saratovskoe 3
	78.0
	18.0
	402.3
	2.45
	5.95
	1.2
	102
	148.0
	37.0

	Uralskoe 109
	62.0
	16.0
	417.9
	2.01
	5.43
	1.7
	103
	144.6
	43.7

	Shortandinskoe 10
	60.0
	14.0
	346.0
	1.96
	3.69
	1.0
	104
	57.6
	12.3

	Shortandinskoe 11
	66.0
	15.0
	408.2
	2.13
	5.98
	1.2
	103
	138.6
	18.0

	Pavlodarskoe 4
	68.9
	18.6
	365.0
	3.09
	5.78
	1.6
	103
	120.6
	10.0


   Table F.4 – Structure of the yield of varieties of the VIR millet collection by productivity elements. 2018-2020
	VIR 

No
	Origin
	Plant height. cm
	Panicle length. cm 


	Number of grains from main panicle. g 
	Weight of grains from main panicle. g 
	Weight of 1000 grains. g
	Productvity bushiness
	Vegetation period. day 
	Harvest

ness.
  g / m2 
	Incidence of smut.%

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Saratovskoe 6 St
	Russia
	83
	18
	445.0
	3.19
	5.00
	1.5
	99
	178.5
	21.1

	К-10275
	Quartet. Russia
	70
	19
	403.1
	2.36
	5.19
	1.4
	101
	133.3
	0.0

	К - 9373
	Russia
	75
	19
	475.5
	3.33
	5.57
	1.2
	103
	87.7
	0.0

	К – 9720 
	Russia
	69
	20
	463.6
	1.88
	3.10
	1.0
	102
	163.2
	0.0

	К -9802 
	Afghanistan
	82
	23
	817.8
	2.80
	3.23
	2.8
	-
	76.5
	21.7

	К-9681 
	Kazakhstan
	72
	17
	512.2
	2.64
	5.80
	1.5
	98
	114.1
	14.7

	К-10112
	Russia
	75
	17
	444.6
	2.35
	6.10
	1.3
	103
	90.6
	16.2

	К-9989 
	Russia
	71
	14
	371.5
	2.36
	6.75
	1.3
	102
	126.4
	21.0

	К-9645 
	Russia
	80
	20
	343.3
	1.32
	4.30
	1.1
	103
	62.2
	14.3

	К-10213 
	Russia
	74
	19
	381.0
	2.00
	3.80
	102
	104
	24.0
	13.3

	К-10204 
	Russia
	71
	18
	271.6
	1.72
	6.67
	1.15
	105
	90.4
	13.7

	К-10222
	Russia
	72
	17
	340.6
	2.24
	6.48
	1.35
	103
	112.6
	12.7

	К-10286 
	Russia
	77
	22
	426.1
	2.04
	7.81
	1.2
	102
	104.5
	12.0

	К-10299
	Ukraine
	72
	20
	405.9
	2.68
	7.20
	1.35
	101
	113.1
	15.3

	К-1066 
	Kazakhstan
	73
	19
	438.5
	2.04
	5.26
	1.4
	102
	117.1
	26.3

	К-803 
	Kazakhstan
	77
	20
	582.1
	3.50
	6.00
	1.45
	99
	125.4
	0.0

	К-2468 
	Kazakhstan
	87
	20
	430.3
	1.42
	3.56
	1.1
	103
	89.3
	20.7

	К-148 
	Kazakhstan
	84
	21
	490.0
	2.40
	4.70
	1.4
	103
	93.0
	40.3

	К-5786 
	Kazakhstan
	96
	20
	377.0
	1.74
	4.70
	1.2
	112
	117.5
	21.0

	К-2377 
	Kazakhstan
	102
	21
	484.3
	2.70
	5.84
	1.2
	104
	448.4
	34.3

	К-8873 
	Kazakhstan
	81
	17
	544.2
	3.00
	6.00
	1.5
	105
	114.7
	35.0 

	К-9910 
	Ukraine
	77
	20
	466.7
	2.46
	5.60
	1.3
	103
	156.8
	13.7

	К- 9703 
	Russia
	75
	20
	535.8
	2.83
	5.75
	1.2
	102
	209.2
	11.7

	К-9655 
	USA
	98
	25
	431.65
	2.43
	4.05
	1.1
	102
	147.3
	20.7 

	К- 9658 
	Mexico
	71
	18
	388.0
	1.36
	3.75
	1.1
	99
	98.2
	21.0

	К-9800 
	USA
	78
	16
	415.7
	2.09
	4.76
	1.2
	103
	112.0
	13.0


     Continuation of table F.4
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	К-9837 
	Russia
	62
	21
	383.2
	2.09
	5.40
	1.1
	107
	104.2
	33.3

	К-1437
	Uzbekistan
	89
	19
	434.4
	1.95
	3.78
	1.2
	102
	54.0
	0.0

	К-1685 
	Turkey
	75
	19
	181.7
	0.60
	2.72
	1.0
	102
	26.0
	14.7

	К-9580 
	Canada
	70
	22
	339.9
	2.93
	3.67
	1.35
	101
	121.0
	18.0

	К-9598
	Kazakhstan
	76
	22
	443.2
	2.05
	4.38
	1.1
	104
	139.9
	0.0 (Rdw)

	К-8528
	Kyrgyzstan
	58
	16
	349.3
	1.46
	2.74
	1.1
	102
	124.2
	8.3

	К-6314
	Russia
	79
	19
	562.1
	2.25
	4.42
	1.9
	101
	117.7
	0.0

	К-6619
	Russia
	70
	17
	336.0
	2.18
	6.60
	1.0
	103
	115.2
	0.0

	К-8649
	Russia
	80
	24
	616.6
	1.40
	2.70
	4.22
	101
	162.2
	18.3

	К-9719
	Russia
	76
	21
	977.1
	4.16
	4.46
	1.3
	102
	146.3
	0.0

	К-9749
	Kazakhstan
	71
	18.5
	459.9
	1.49
	3.38
	1.5
	101
	142.9
	0.0

	К-10170 Л78/863
	Ukraine
	77
	23
	467.9
	1.91
	4.23
	1.3
	99
	148.3
	27.7

	К-10289
	Iran
	29
	20
	278.4
	0.95
	3.78
	1.75
	100
	90.18
	0.0

	К-806
	Kazakhstan
	69
	19
	395.8
	1.79
	4.94
	1.6
	
100
	132.5
	0.0

	К-1942
	Tajikistan
	82
	16
	538.4
	2.11
	4.11
	1.45
	98
	113.9
	0.0

	К-1985
	Uzbekistan
	70
	16
	1075.8
	4.40
	3.68
	1.1
	102
	143.3
	0.0

	К-2236
	Tajikistan
	65
	17
	544.7
	3.06
	5.27
	1.0
	102
	108.3
	0.0

	К-2241
	Tajikistan
	69
	19
	509.8
	2.14
	4.45
	2.1
	97
	106.6
	10.0

	К-2253
	Kazakhstan
	73
	20
	1059
	6.10
	5.30
	1.35
	101
	194.0
	10.0

	К-2274
	Tajikistan
	72.5
	20
	458.2
	2.00
	2.00
	1.4
	110
	159.9
	5.5

	К-2374
	Kazakhstan
	85
	22
	573.0
	3.37
	5.34
	1.3
	100
	73.4
	0.0

	К-2493
	Kazakhstan
	77
	19
	251.4
	1.00
	4.38
	1.45
	110
	90.7
	0.0

	К-2742

	Russia
	66
	16
	654.6
	2.96
	4.79
	1.45
	101
	130.5
	0.0

	К-2778
	Russia
	76
	18
	573.9
	3.27
	5.67
	1.0
	105
	146.1
	3.3

	К-10122
	Russia
	76
	17
	513.6
	1.73
	5.85
	1.0
	102
	168.23
	5.5

	К-9705
	Russia
	70
	19
	650.7
	3.70
	5.52
	1.0
	98
	167.46
	47.5

	К-10121
	Russia
	51
	10
	258.8
	1.69
	5.20
	1.8
	101
	40.4
	6.1

	К-8503
	Kazakhstan
	54
	15
	231.0
	1.12
	5.05
	1.4
	98
	121.22
	26.0


     Continuation of table F.4
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	К-10224
	Ukraine
	66
	18
	402.1
	2.04
	5.62
	1.4
	101
	96.4
	20.0

	К-10352
	Kazakhstan
	63
	21
	321.5
	1.27
	5.37
	1.0
	102
	110.8
	21.3

	К-10357
	Ukraine
	68
	16
	423.5
	1.58
	3.94
	1.1
	99
	107.9
	0.0

	К-10349
	Ukraine
	83
	17
	360.4
	1.59
	4.73
	1.1
	102
	121.1
	0.0


	 К-5786
	Kazakhstan
	67
	20
	539.4
	2.58
	4.32
	1.1
	102
	47.5
	0.0

	К-8023
	Kazakhstan
	72
	23
	427.4
	2.27
	5.10
	1.1
	102
	128.5
	6.7

	К-9701
	Russia
	71
	21
	334.8
	1.12
	4.15
	1.25
	99
	122.4
	0.0

	К-6490
	Russia
	61
	18
	228.0
	1.26
	5.55
	1.1
	99
	136.1
	6.1

	К-6602
	Russia
	61
	15
	1336.5
	6.30
	5.44
	1.75
	102
	149.1
	0.0

	К-9805
	Kazakhstan
	77
	20
	1131.4
	5.75
	5.24
	2.1
	103
	114.5
	0.0

	К-35
	Kazakhstan
	57
	16
	704.3
	2.50
	3.09
	1.0
	101
	175.0
	0.0

	К-520
	Russia
	49
	10
	645.9
	2.30
	3.46
	1.0
	102
	112.2
	5.0 (Sdw)

	К-1474
	Russia
	62
	15
	356.6
	1.57
	4.41
	1.1
	100
	174.0
	5.0(Sdw)

	К-2526
	Russia
	66
	19
	161.0
	0.48
	4.46
	1.3
	100
	124.2
	0.0

	К-10286
	Russia
	65
	19
	516.2
	1.54
	3.41
	1.2
	99
	93.5
	0.0

	К-3664
	Kazakhstan
	59
	20
	310.5
	1.31
	4.36
	1.1.1
	106
	125.3
	0.0

	К-3690
	Kazakhstan
	49
	12
	584.2
	2.30
	3.96
	2.2
	106
	100.4
	0.0

	К-3697
	Kazakhstan
	83
	24
	1335.6
	4.10
	3.33
	2.3
	104
	78.2
	0.0

	К-3751
	Kazakhstan
	65
	19
	337.3
	1.33
	4.40
	1.0
	103
	132.7
	0.0

	К-3753
	Kazakhstan
	61
	14
	232.5
	1.09
	4.79
	1.35
	103
	164.8
	0.0

	К-3806
	Kazakhstan
	77
	23
	870.4
	4.80
	5.13
	1.25
	102
	122.1
	8.3

	К-3807
	Kazakhstan
	85
	25
	247.8
	1.00
	4.14
	1.05
	102
	37.5
	8.3

	К-3906
	Kazakhstan
	72
	25
	456.8
	2.17
	4.80
	1.0
	106
	175.8
	6.1

	К-10282
	Russia
	73
	23
	564.0
	2.13
	3.74
	2.95
	105
	104.4
	58

	К-367 
	Russia
	70
	18
	413.1
	1.70
	4.37
	1.15
	105
	113.3
	45

	K-9520 
	Russia
	77
	17
	556.0
	3.85
	6.31
	1.2
	107
	136.9
	56

	К-2755 
	Russia
	79
	21
	406.8
	1.97
	5.10
	1.1
	101
	125.2
	0.0

	K-10312 
	Russia
	77
	21
	424.2
	3.32
	7.21
	1.0
	100
	132.1
	0.0


     Continuation of table F.4
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	К-10279 
	Russia
	79
	16
	522.8
	2.68
	5.28
	1.2
	99
	132.2
	59

	K-9842 
	Russia
	80
	16
	586.7
	3.79
	6.54
	1.2
	101
	192.7
	0.0

	K-3137 
	Russia
	74
	20
	335.0
	1.83
	5.70
	1.5
	-
	89.1
	0.0

	К-10278 
	Russia
	62
	14
	302.3
	2.20
	6.38
	1.1
	-
	84.3
	0.0

	K-9539 
	Kazakhstan
	50
	9
	63.0
	0.27
	2.75
	1.1
	100
	12.9
	0.0

	K-9671 
	Kazakhstan
	63
	17
	652.9
	2.65
	5.67
	1.2
	-
	162.2
	0.0


     Table F.5 - The structure of the yield of varieties and samples of foreign collection samples by productivity elements. 2018-2020
	Name of genotypes
	Origin
	Plant height, cm
	Panicle length, cm 


	Number of grains from main panicle, g 
	Weight of grains from main panicle, g 
	Weight of 1000 grains, g 
	Productvity bushiness. stems/1 plant
	Vegetation period, day 
	Harvest

ness.
  g / m2 

	Incidence of smut, %

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Saratovskoe 6 St
	Russia
	83
	18
	445.0
	3.19
	5.00
	1.5
	98
	178.5
	21.1

	PI 649372
	France
	99
	22
	284.4
	2.10
	5.94
	1.0
	112
	94.8
	2.0

	Ames 11555
	India
	112
	25
	233.0
	1.60
	3.17
	1.0
	99
	73.4
	0.0

	Ames 11641
	India
	75
	18
	439.3
	1.30
	3.71
	1.0
	102
	80.9
	0.0

	Ames 11674
	India
	88
	18
	595.9
	3.49
	6.00
	1.3
	106
	176.0
	9.0

	Ames 28191
	Kazakhstan
	67
	16
	87.6
	0.75
	2.90
	-
	-
	53.9
	0.0

	PI 163298
	India
	94
	23
	385.4
	1.30
	3.80
	1.1
	97
	73.4
	8.3

	PI 163300
	India
	99
	23
	260.6
	1.30
	4.80
	1.45
	104
	109.4
	0.0

	PI 170587
	Turkey
	91
	22
	497.1
	1.80
	4.00
	1.1
	93
	134.2
	23.8

	PI 170589
	Turkey
	44
	17
	316.0
	2.11
	6.20
	1.2
	94
	67.8
	31.3

	PI 654404
	Turkey
	97
	19
	418.4
	2.23
	4.60
	1.7
	100
	102.0
	0.0

	PI 170591
	Turkey
	77
	25
	201.7
	1.08
	4.37
	1.1
	100
	64.5
	0.0

	Ames 11680
	Turkey
	100
	20
	396.3
	2.01
	4.00
	1.1
	101
	78.4
	0.0

	PI 170604
	Turkey
	91
	23
	441.1
	2.32
	4.38
	1.2
	101
	122.1
	15.3

	PI 173002
	Turkey
	99
	24
	531.1
	3.31
	4.78
	1.3
	100
	126.5
	15.0

	PI 173750
	Turkey
	94
	21
	312.9
	3.56
	3.10
	1.1
	103
	91.4
	23.7


       Continuation of table F.5
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	PI 202294
	Argentina
	90
	21
	282.3
	0.69
	2.25
	1.0
	103
	26.0
	0.0

	PI 202295
	Argentina
	105
	19
	188.9
	0.89
	1.40
	1.6
	102
	10.8
	12.1

	PI 204598
	Turkey
	92
	21
	133.2
	0.44
	4.00
	1.0
	98
	34.4
	0.0

	PI 207501
	Afghanistan
	82
	25
	1059.0
	4.90
	4.95
	1.6
	-
	98.5
	7.7

	PI 211059
	Afghanistan
	56
	18
	280.2
	1.28
	2.49
	1.4
	-
	126.4
	7.0

	PI 219931
	Afghanistan
	71
	17
	446.1
	2.01
	4.60
	1.5
	102
	83.5
	32.5

	PI  289325
	Germany
	74
	22
	474.4
	2.60
	4.9
	1.0
	103
	93.3
	18.3

	PI 289329
	Omskoe 9
	78
	20
	461.9
	2.12
	5.10
	2.0
	102
	135.1
	0.0

	PI 220670
	Afghanistan
	62
	17
	175.0
	1.29
	6.00
	1.2
	-
	50.8
	28.8

	PI 222201
	Afghanistan
	65
	17
	309.6
	1.77
	5.49
	1.2
	105
	92.6
	10.7

	PI 222811
	Iran
	70
	20
	273.0
	1.60
	5.86
	1.35
	101
	102.9
	5.0

	PI 223793
	Afghanistan
	70
	21
	461.8
	2.70
	5.50
	1.1
	102
	85.5
	14.0

	PI 290726
	Afghanistan
	84
	23
	246.3
	1.40
	5.40
	1.2
	-
	51.6
	12.7

	PI 227245
	Afghanistan
	70
	15
	1003.1
	4.80
	5.70
	1.5
	102
	98.0
	5.3

	PI 251389
	Iran
	62
	14
	261.5
	1.13
	4.10
	1.2
	102
	55.2
	10.3

	PI 346938
	Russia
	89
	23
	295.4
	2.80
	2.71
	1.5
	106
	51.0
	4.3

	PI 251404
	Iran
	76
	20
	535.5
	1.91
	3.27
	2.15
	102
	82.7
	0.0

	PI 346940
	Kazansk 61
	76
	20
	376.2
	2.34
	2.37
	1.2
	103
	115.3
	6.3

	PI 346942
	Russia
	62
	18
	566.2
	2.86
	5.16
	1.2
	102
	69.1
	9.3

	PI 253955
	Afghanistan
	71
	18
	782.1
	5.00
	4.70
	1.5
	102
	82.1
	16.3

	PI 260053
	Russia
	63
	13
	288.0
	3.00
	6.05
	1.3
	-
	126.8
	0.0

	PI 268411
	Afghanistan
	59
	19
	427.5
	2.25
	5.30
	1.3
	98
	62.2
	5.0

	PI 269953
	Pakistan
	59
	24
	380.0
	1.70
	3.95
	1.1
	100
	22.2
	16.3

	PI 346945
	Russia
	61
	16
	609.4
	2.73
	4.75
	1.3
	99
	188.4
	13.7

	PI 269960
	Pakistan
	88
	23
	414.2
	2.41
	5.25
	1.0
	99
	75.8
	0.0

	PI 289322
	Hungary
	75
	19
	328.4
	1.85
	5.00
	1.2
	-
	74.9
	4.3

	PI 289324
	Hungary
	70
	16
	738.7
	3.50
	5.19
	2.15
	89
	146.0
	16.0

	PI 289329
	Hungary
	85
	21
	269.0
	1.45
	4.60
	1.3
	88
	67.6
	7.0

	PI 296376
	Canada
	92
	21
	262.1
	1.72
	5.37
	1.85
	100
	71.0
	13.3

	PI 346933
	Russia
	89
	20
	499.2
	2.35
	4.99
	1.1
	99
	81.5
	0.0

	PI 346937
	Russia
	75
	15
	380.9
	2.22
	6.80
	1.2
	98
	90.6
	5.0

	PI 346940
	Russia
	91
	19
	1046.2
	4.90
	5.16
	1.2
	105
	133.9
	10.0


      Continuation of table F.5
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	PI 346941
	Ukraine
	80
	23
	447.8
	2.80
	5.25
	1.2
	-
	144.7
	18.0

	PI 346942
	Ukraine
	71
	18
	431.0
	2.86
	6.50
	1.3
	-
	138.2
	6.0

	PI 346944
	Russia
	80
	16
	396.6
	2.60
	6.40
	1.35
	102
	151.1
	8.7

	PI 173752
	Turkey
	61
	16
	513.6
	1.50
	3.23
	1.0
	-
	98.0
	19.7

	PI 202294
	Turkey
	98
	20
	385.6
	3.59
	3.90
	1.2
	95
	131.2
	4.7

	PI 175798
	Turkey
	93
	21
	457.5
	1.80
	4.05
	1.0
	102
	109.9
	12.7

	PI 176654
	Turkey
	92
	22
	358.6
	1.40
	4.50
	1.0
	102
	78.6
	24.7

	PI 177015
	Turkey
	94
	21
	348.5
	2.35
	4.80
	1.0
	103
	94.9
	9.3

	PI 177481
	Turkey
	89
	22
	439.3
	1.85
	3.98
	1.45
	102
	134.2
	0.0

	PI178990
	Turkey
	86
	22
	513.7
	3.67
	6.80
	1.3
	102
	154.4
	4.3

	PI 209790
	Germany
	99
	22
	655.4
	2.10
	2.65
	2.1
	104
	111.0
	25.0

	PI 211058
	Afghanistan
	78
	17
	443.6
	3.58
	7.60
	1.1
	99
	174.9
	26.0

	PI 223792
	Afghanistan
	67
	19
	229.0
	0.99
	3.70
	1.3
	101
	46.9
	2.2

	PI 232929
	Hungary
	105
	22
	390.5
	1.92
	4.26
	1.15
	100
	115.4
	4.3

	PI 179391
	Turkey
	95
	24
	313.5
	1.60
	4.84
	1.34
	100
	69.8
	4.3

	PI 180450
	India
	62
	17
	593.6
	1.40
	2.24
	1.25
	100
	110.9
	9.7

	PI 182258
	Turkey
	74
	19
	246.9
	1.60
	3.77
	1.3
	99
	61.3
	9.3

	PI 365842
	Australia
	71
	19
	479.3
	2.12
	3.50
	1.1
	104
	75.8
	9.0

	PI 365844
	India
	74
	24
	653.1
	3.20
	5.12
	1.5
	103
	156.4
	0.0

	PI 365847
	Australia
	80
	19
	723.4
	2.82
	3.80
	1.4
	109
	67.4
	15.7

	PI 367684
	Australia
	55
	14
	327.0
	2.99
	6.90
	1.5
	99
	152.6
	0.0

	PI 442533
	Belgium
	67
	15
	531.0
	1.75
	3.30
	1.1
	107
	51.5
	9.7

	PI 179389
	Turkey
	86
	22
	460.2
	2.36
	4.60
	1.1
	101
	65.15
	7.4

	PI 463247
	India
	77
	16
	453.0
	2.27
	4.50
	1.35
	104
	83.4
	20.3

	PI 463250
	India
	63
	22
	354.6
	2.05
	4.90
	1.35
	99
	79.6
	4.3

	PI 463266
	India
	87
	24
	273.1
	1.41
	4.65
	1.15
	98
	61.4
	6.3

	PI 476399
	Russia
	-
	-
	1018.0
	4.33
	4.72
	-
	-
	72.5
	5.0

	PI 507933
	Hungary
	69
	18
	354.5
	2.22
	5.70
	1.2
	103
	116.6
	5.3

	PI 531404
	Russia
	74
	17
	455.5
	2.50
	4.70
	1.5
	100
	81.0
	20.3

	PI 531413
	Germany
	83
	15
	599.2
	2.89
	5.00
	1.2
	106
	165.7
	4.7

	PI 531423
	Poland
	75
	19
	522.5
	4.79
	6.50
	1.1
	102
	153.2
	0.0


       Continuation of table F.5
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	PI 531427
	Tajikistan
	53
	17
	161.7
	2.43
	4.07
	1.3
	103
	72.2
	8.5

	PI 649374
	Turkey
	70
	18
	348.6
	1.72
	3.60
	1.1
	104
	69.3
	0.0

	PI 649383
	USA
	53
	15
	-
	-
	-
	-
	-
	-
	5.7

	PI 654403
	Turkey
	77
	17
	380.9
	1.72
	4.30
	1.15
	100
	100.9
	38.3


      Table F.6 - Elements of the structure of the yield F 2 of millet hybrids grown in conditions of vegetation vessels
	Genotypes
	Productivity

bushiness
	Plant height. cm 
	Panicle length. cm 
	Flag leaf length. cm
	Number of grains in the main panicle. pcs
	Weight of grain from the main panicle. g
	Weight of 1000 grains. g
	Stem diameter. mm
	Presence of resistance genes Sp

	Saratovskoe 6 St
	1.5
	83.0
	18
	24
	445
	3.19
	5.0
	0.3
	1

	Davskoe / PI 346942
	1.5
	83.2
	18
	23
	569
	3.19
	5.0
	0.4
	5

	К-9989 / Davskoe
	1.2
	80.3
	24
	23
	302
	4.50
	5.1
	0.4
	1

	Kokchetavskoe 66 / К -10312
	1.3
	72.0
	18
	19
	303
	3.63
	6.3
	0.4
	2

	K-9989 / K-9520
	1.3
	69.0
	18
	18
	201
	4.56
	7.0
	0.3
	1

	Saratovskoe 6 / К-3742
	1.0
	80.5
	23
	16
	204
	3.99
	6.9
	0.4
	1

	К-10279 / Shortandinskoe 7
	1.3
	79.0
	25
	18
	296
	4.1
	7.1
	0.5
	2

	K-367 / Saratovskoe 6
	1.3
	72.3
	26
	19
	401
	4.9
	7.9
	0.4
	2

	Ural skoe 109 / K-3137
	1.4
	72.0
	23
	17
	409
	2.9
	5.1
	0.5
	2

	K-9671 / Yarkoe 5
	1.2
	65.3
	14
	16
	499
	2.3
	4.9
	0.4
	1

	Yarkoe 5 / K-9671
	1.1
	63.2
	16
	15
	398
	2.9
	4.0
	0.4
	1

	K-9539 / Shortandinskoe 10
	1.0
	75.4
	24
	16
	205
	3.1
	5.6
	0.4
	4

	Shortandinskoe 11 / К-10278
	1.3
	83.0
	21
	19
	201
	4.3
	7.1
	0.4
	3

	Saratovskoe 6 / К-367
	1.0
	72.0
	22
	20
	233
	2.6
	4.0
	0.3
	1

	K-9520 / Saratovskoe 6
	1.0
	53.9
	19
	16
	388
	2.8
	5.6
	0.5
	1

	Pamyaty Bersieva / K-9671
	1.1
	55.0
	19
	16
	358
	4.3
	5.6
	0.4
	1

	Zolotistoe kormovoe / К-9989
	1.3
	 79.0
	24
	20
	356
	5.6
	7.8
	0.4
	1

	Shortandinskoe 7 / К-9671
	1.0
	80.0
	23
	24
	320
	3.9
	7.9
	0.4
	1

	Pavlodarskoe / К-2755
	1.4
	81.0
	21
	23
	188
	4.3
	8.0
	0.4
	4

	  K-10275 / K-9520
	1.0
	82.3
	20
	23
	136
	3.3
	4.1
	0.4
	1.2.3.4

	Shortandinskoe 11 / K-10278
	1.1
	78.1
	20
	21
	403
	3.9
	5.6
	0.4
	3
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Figure F.7 - Germinated mycelium of dust smut spores recorded with a light microscope
[image: image35.png]M - Maprep MoNCKyIApHOTO Beca (50, 100 wa); ofpasms 1 ao 29 — 1 Keaprer; 2
Kokaerasckoe 66; 3 PI 346942 (Vipamma); 4 PI 170587 (Typmax); 5 PI 170604
(Typman); 6 Ames 11555 (Miyan); 7 K-367 (Sp 2); 8 K-9889 (Sp 1); 9 K-2755 (Sp
4); 10 K-10312 (Sp 2); 11 K-10279 (Sp 2); 12 K-9842 (Sp 1); 13 K-3137 (Sp 2(1));
14 K-10278 (Sp 3); 15 K-9671(Sp 1); 16 K-9520 (Sp 0); 17 K-9539 (Sp 4); 18
Iloprampasackoe 10; 19 Caparoncioe 6; 20 Sproe 5; 21 SAproe 2 Sproe 7; 23
‘Vpansckoe 109; 24 Caparoscroe 3; 25 Illopramaaaceoe 7; 26 Ilopramyasackoe 11;
27Iasnoaapcroe 4; 28 IMarnopapckoe; 29 Iamwa Bepcrera.





Figure F.8 - Gel profile from millet samples with SSR primers: SieSSR18; SieSSR23. SieSSR24 and SieSSR91
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