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1. EXPLANATORY NOTE
1.1 Goals and objectives of the discipline

The candidate exam in the discipline "Biology" in the scope of the general educational program of the institution of higher education is focused on identifying an integral system of general professional and special scientific knowledge in the field of biology.
The objectives of the state exam in the discipline "Biology":

- a comprehensive assessment of the level of theoretical and practical preparation of the graduate for the fulfillment of social and professional tasks, and the establishment of compliance with its training educational standard requirements;

- solving the issue of assigning a graduate the appropriate qualifications and issuing him diploma of higher education (taking into account the results of the defense of the thesis);

- identification of ways to further improve the preparation of graduates.

1.2. The place of the academic discipline in the process of preparing a dissertation research
The content of exam is formed on an interdisciplinary basis and includes the following sections of biological science: physicochemical and molecular foundations of biology, non-cellular and cellular forms of organization of a living, multicellular organism, heredity and variability, the theory of evolution of organic forms, the diversity of the organic world, ecology and rational nature management.

In the course of the candidate exam in biology, the academic and professional competencies of the graduate student (applicant), his ability to use in practice the integral (interdisciplinary) methodology, the ability to reasonably analyze the content of academic disciplines and use them as a means to carry out his professional activities are subject to verification.

1.3. Competence requirements
Specialist Academic Competency Requirements

The specialist should:

- AK-1. Be able to apply basic scientific and theoretical knowledge to solve theoretical and practical tasks.

- AK-3. Own research skills.

- AK-4. Be able to work independently.

- AK-5. Be able to generate new ideas (have creativity).

- AK-6. Have an interdisciplinary approach to solving problems.

- AK-7. Have skills related to the use of technical devices, management information and work with a computer.

- AK-8. Have oral and written communication skills.

- AK-9. To be able to learn, improve their skills throughout life.

Requirements for the social and personal competencies of a specialist

The specialist should:

- SLK-3. Have the ability to interpersonal communications.

- SLK-4. Possess health-saving skills.

- SLK-5. Be capable of criticism and self-criticism.

Requirements for professional competencies of a specialist

The specialist must be able to:

Research activities

- PC-1. Conduct qualified research in the field of biochemistry and molecular biology, analyze the results of experimental studies, formulate correct conclusions from the results.

- PC-2. Know new models, theories, research methods, participate in the development new methodological approaches.

- PC-3. Search and analyze data on the problem under study in the scientific literature, compile analytical reviews.

- PK-4. To prepare scientific articles, reports, essays, reports and materials for presentations.

- PC-5. Compile and maintain documentation on research research projects. Scientific and production activities

- PK-6. Qualitatively conduct research and production research, choose competent and experimentally sound methodological approaches, give recommendations on practical application of the results.

- PK-7. Search and analyze data on the problem under study in scientific and technical and other information sources.

Production activities

- PK-11. Perform work on modern production and laboratory equipment, using technical documentation.

- PK-17. Own information on biological-based industries objects in the Republic of Belarus, countries of near and far abroad, and use it in production activities. Organizational and management activities

- PK-23. To prepare reports, materials for presentations.

- PK-24. Use global information resources.

- PK-25. Own modern telecommunication facilities.

Educational activities

- PK-27. Manage educational, research and other types student activities.

- PK-28. Regulate relationships and interactions in the pedagogical process.

- PK-29. Use the best forms, methods, training and education tools.

- PK-31. To develop the work skills of students with educational, reference, scientific literature and other sources of information.

As a result of studying the academic discipline, the graduate student must:

- know:

basic concepts, laws and theories of general, inorganic and organic chemistry; composition, structure and properties of the main classes of organic and inorganic compounds; quality and quantitative analysis of substances; basic concepts and terms used in taxonomy plants and animals; life cycle features of the most important representatives of plant and wildlife, classification of wildlife; the role of plants and animals in nature and human activities; ways to assess the levels of environmental factors in various habitats of plants and animals; principles for identifying environmental groups in relation to various environmental factors; characteristics of the main subcellular components; metabolic ways and their regulation; biophysical laws of biological processes; modern teaching about the cell; the main features of its structure, metabolism, physiology, patterns of reproduction and cell specialization; fundamentals of didactics of biology, the content and structure of school curricula plans, programs and textbooks;

· be able to:

apply the studied laws and concepts in characterizing the composition, structure and properties of substances, methods for their preparation and practical use; use anatomical methods, morphological and taxonomic studies of biological objects; use physicochemical methods to study cells and tissues; use isolation and research methods submicroscopic structures; use methods of observation, description, cultivation, classification, experimental analysis; analyze scientific results; use knowledge in their professional activities; choose forms and methods of training; to plan training sessions in accordance with the curriculum; organize and control various form of training classes; conduct a methodical analysis of didactic material; be able to use new learning technologies.
- own skills:

use methods of anatomical, morphological and taxonomic studies of biological objects; use physicochemical methods to study cells and tissues; use methods for isolating and studying submicroscopic structures; use methods of observation, description, cultivation, classification, experimental analysis; analyze scientific results; use knowledge about the development of biology in their professional activities; choose forms and methods of teaching; plan training sessions in accordance with the curriculum; organize and supervise classes of various kinds; conduct a methodological analysis of didactic material
2. CONTENTS OF THE STATE EXAM

1. MOLECULAR BASIS OF BIOLOGY AND PRINCIPLES OF STORAGE, TRANSFER AND REALIZATION OF GENETIC INFORMATION

Structural organization, physicochemical properties and biological functions of proteins. Amino acids as structural elements of proteins. Chemical bonds between amino acid residues in polypeptide chains (covalent, ionic, hydrogen, hydrophobic interactions and van der Waals forces). Characterization of the peptide bond. Primary, secondary, tertiary and quaternary structures of a protein molecule. Sizes, denaturation, renaturation and solubility of proteins, isoelectric point. Classification of protein molecules by shape, composition, function.

General characteristics of enzymes. Kinetics of enzymatic reactions. Enzyme structure. Active and allosteric centers of enzymes. Coenzymes and cofactors. Similarities and differences between enzymes and non-protein catalysts. The mechanism of action of enzymes. Nomenclature and classification of enzymes (oxidoreductase, transferase, hydrolase, lyase, isomerase, ligase). Influence of substrate and enzyme concentration on the rate of enzymatic reaction. Enzyme-substrate complex. Michaelis-Menten equation. Dependence of enzyme activity on temperature and pH. Enzyme inhibitors and activators.

General characteristics and biological significance of carbohydrates. Structure, physicochemical properties and distribution in nature. Classification and nomenclature of carbohydrates. Functions of carbohydrates (energy, storage, structural, support, protective, regulatory). Monosaccharides. Classification of monosaccharides. Aldoses family. The ketosis family. Stereoisomerism of sugars. Haworth's and Fisher's formulas. Optical properties of sugars. Disaccharides (maltose, cellobiose, lactose, etc.). Structure and function of starch and glycogen. Cellulose structure.

The main pathways of carbohydrate metabolism. The carbohydrate content of staple foods. Digestion and absorption of carbohydrates in the gastrointestinal tract. Enzymes for the digestion of carbohydrates. The fate of the absorbed products. Regulation of blood glucose levels. The main pathways of glucose metabolism in the body. Glycolysis. Oxidation of pyruvate. The tricarboxylic acid cycle. Pentose phosphate pathway for glucose breakdown. Formation of glucose from various precursors. Gluconeogenesis. Hormonal regulation of glycogen biosynthesis and breakdown.

General characteristics and classification of lipids. Features of their structure. The biological significance of lipids. Lipids as a heterogeneous group of chemical compounds that are insoluble in water, but readily soluble in non-polar organic solvents. The chemical composition of lipids. Alcohols and fatty acids that make up lipids. Saponifiable lipids - containing an ester bond (waxes, triacylglycerols, phospholipids, etc.) and unsaponifiable lipids (steroids, terpenes). Structural and reserve lipids. Lipids as the most important structural and functional components of membranes.

The main pathways of lipid metabolism. Lipid content in food. Digestion and absorption of lipids in the gastrointestinal tract. The role of lipases and bile in these processes. Transport of lipids in the blood. Deposition of lipids in adipose tissue. General scheme of lipid catabolism and biosynthesis. ( -oxidation of fatty acids. Energy of fatty acid oxidation. Biosynthesis of fatty acids in the body. Fatty acid synthetase as a multifunctional protein. Lipid metabolism pathology: obesity, lipoidosis. White adipose tissue as a depot of storage lipids. Brown adipose tissue, its importance in heat production.

Bioenergy. Oxidative phosphorylation. Sources of free energy and its storage in high-energy compounds. ATP and other high-energy phosphorus compounds. The role of the membrane in the coupling between oxidation and phosphorylation. Electron transport chains. Mitchell's chemoosmotic hypothesis. Oligomeric complexes of the respiratory chain. ATP synthetase. The role of conformational mobility of proton redox pumps and ATP synthase complexes in energy transformation. Principles and mechanisms of transformation of ATP energy into various types of work (chemical, mechanical, osmotic).

Biological characteristics, classification and molecular mechanisms of hormone action. Characteristic features and physiological role of hormones. Regulation of hormone secretion. Protein and peptide hormones, steroid hormones and hormones derived from amino acids. Hormone receptors. Modern ideas about the mechanisms of action of hormones.

Classification and biological functions of vitamins and coenzymes. The concept of vitamins as essential food components, the main properties of vitamins. Hypo-, hyper and avitaminosis. Antivitamins. The principle of the classification of vitamins. Fat-soluble vitamins (A, D, E, K). The role of vitamin A (retinol) in the perception of the light signal. The biological role of vitamin D (calciferols). Biochemical functions of vitamin E (tocopherols) as a component of the antioxidant system. Participation of vitamin K (methylnaphthoquinones and methylhydroquinones) in the mechanisms of blood coagulation. Water-soluble vitamins B1 (thiamine), B2 (riboflavin), B5 (pantothenic cyst), B6 ​​(pyridoxine), B12, C (ascorbic acid), PP (nicotinic acid amide), H (biotin), folic acid). The role of water-soluble vitamins as coenzyme precursors.

Spatial organization, physicochemical properties and biological functions of nucleic acids. Nucleic acid classification. Localization of DNA and RNA in the cell. Nucleic acid composition. Primary and secondary structures of nucleic acids. Sizes of nucleic acids. Denaturation of DNA. Melting point of DNA. Optical properties of DNA. Hyperchromic effect. DNA hybridization. The main functions of nucleic acids are storage, transmission and implementation of genetic information. General characteristics of the gene. Regulatory functions of nucleic acids (enhancers, silencers, promoters, antisense RNA, snRNA). RNA - enzymes. Structural function (telomeres).

DNA replication. Enzymatic support of replication and its molecular mechanism. Replication types (semi-conservative, conservative and dispersive). Proteins and enzymes involved in DNA replication. DNA polymerase. Polymerase and exonuclease activities of DNA polymerases. The direction of DNA strand synthesis. Replicative fork. Helikaza. Topoisomerase. DNA stabilizing proteins. Primaza. Primer. The fate of the primer. DNA ligase.

RNA types. Enzymatic support and molecular mechanism of transcription. RNA maturation. The structure and function of mRNA, tRNA, rRNA. RNA polymerases of prokaryotes and eukaryotes. Transcription factors. The role of promoters. Chemistry of RNA polymerase reaction. Transcription stages (initiation, elongation, termination). RNA processing (capping of the 5'-end and synthesis of poly-A at the 3'-end of mRNA, excision of individual rRNAs from the precursor, maturation of tRNA, splicing, alternative splicing).

Protein biosynthesis and post-translational protein modifications. Genetic code. Properties of the genetic code (tripletness, non-overlapping, degeneracy, universality, colinearity, continuity, uniqueness). Amino acid activation. Aminoacyl tRNA synthetase. Specificity of aminoacyl tRNA synthetases. Translation initiation (initiation codons that initiate aminoacyl-tRNA). Broadcast elongation. Formation of a peptide bond. Broadcast termination. Termination codons. Energy capacity of broadcast accuracy. The chemistry and significance of post-translational processing of proteins (glycosylation, phosphorylation, hydroxylation, acetylation, limited proteolysis, etc.).

The structure and function of chromosomes. Molecular organization of chromosomes. DNA packaging levels. Chromosome morphology. Species specificity of the number and morphology of chromosomes. Karyotype. Autosomes and sex chromosomes. Homologous chromosomes. Haploid set of chromosomes in germ cells. Diploid set of chromosomes in somatic cells.

Gene clutch and crossing over. Proof of linked inheritance of traits (T. Morgan's experiments on Drosophila). Complete and incomplete linkage of genes. Crossing over and its characteristics. Crossover types (meiotic, mitotic, unequal). Determination of the crossing over frequency from the results of cleavage in the analyzing cross and in the second generation.

Gene divisibility. Cis-trans test for allelism. Gene as a unit of mutation, recombination, function (T. Morgan). Formation of modern ideas about the structure of a gene (multiple allelism, stepwise allelism, pseudo-allelism). Cis-trans test for allelism.

Gene, chromosomal and genomic mutations. Classification of gene mutations. The causes of gene mutations are R. von Borstel's concept of "errors of the three Rs": replication, repair and recombination. Classification of chromosomal mutations. Mechanisms of occurrence. Classification of genomic mutations, mechanisms of their occurrence.

Genotype as a system of allelic and non-allelic gene interactions. Interaction of allelic genes: complete dominance, incomplete dominance, codominance. Multiple allelism. Inter-allelic complementation. Interaction of genes: complementarity, epistasis (dominant and recessive), polymeria (cumulative and non-cumulative).

Basic laws of heredity. The law of uniformity of the first generation hybrids and the law of splitting and their cytological basis. The law of independent inheritance and its cytological foundations. Conditions limiting the effect of the laws of G. Mendel.

Genetics of sex. Sex-linked inheritance. Determination of sex in animals and plants. Balaps theory of sex determination in Drosophila. Genetic and cytogenetic features of sex chromosomes. Sex chromatin. Ginandromorphs. Features of the inheritance of sex-linked traits. Sex-dependent and sex-limited symptoms.

Nonchromosomal inheritance. Peculiarities of inheritance of nonchromosomal genes in eukaryotes. The main criteria for non-chromosomal inheritance. Plastid heredity. Mitochondrial inheritance.

2. NON-CELLULAR AND CELLULAR

FORMS OF ORGANIZATION OF LIVING

2.1. VIRUSES

The structure of viral particles and the functions of their individual structures. Virus core and capsid, virion envelopes and their origin. Symmetry types of viruses. Organization of virus genomes. The interaction of proteins and nucleic acids in the packaging of viral genomes. Functions of protein components of virions, lipids and carbohydrates of viruses.

The structure of bacteriophages and features of their interaction with the cell. Form, structure and features of the chemical composition of simple and complex phages. Features of interaction with bacteria of virulent and temperate phages. Mechanism of lysogenization and prophage induction. Phage transduction and phage conversion. Bacteriophages as carriers of bacterial genetic information. The use of phages in genetic engineering as vectors of genetic information.

Interaction of viruses with a host cell, stages of viral replication. General scheme of virus replication. Stages of viral replication: adsorption, penetration, deproteinization of a viral particle, synthesis of precursors of viral nucleic acids and proteins, assembly of virions, release of viral particles from the cell. The main types of viral genome replication according to Baltimore. The coding strategy of viruses depending on the organization of the genome.

Forms and types of viral infections in humans and animals. Ways of transmission of viruses in humans and animals. Pathogenesis of viral diseases. The spread of viruses in the host and tropism to certain tissues. Virus-induced cytopathic effects in animal cells. Hereditary and acquired factors of antiviral immunity.

2.2. PROCARIOTS

Morphology and structural organization of a bacterial cell. Morphology and size of bacteria. Superficial mucous structures and bacterial cell wall. Organelles move bacteria. The cytoplasmic membrane of bacteria and its derivatives. Intracytoplasmic inclusions of bacteria. Genetic apparatus of a bacterial cell: nucleoid and plasmids. Ribosomes of a bacterial cell.

Cultivation and growth of bacteria. Chemicals as nutrient substrates. Bacterial cell growth factors. Auxotrophs and prototrophs. Culture media in microbiology. Cultivation of aerobic and anaerobic microorganisms. Regularities of growth of pure crops in periodic cultivation (growth curve, characteristics of individual phases). Growth of microorganisms with continuous cultivation.

The action of physical and chemical factors on the vital activity of bacteria. The effect of temperature, radiation, acidity of the environment and other factors on the vital activity of microorganisms. Antibiotics; their nature and mechanism of action on a bacterial cell. Practical use of chemical and physical factors. Sterilization methods used in microbiological practice

Fermentation as a way of obtaining energy by bacteria. Fermentation pathways for carbohydrates and other compounds. Lactic acid, alcoholic, propionic acid, butyric acid fermentation, mixed fermentation: pathogens, chemistry, energy yield and practical application.

Breathing as one of the types of energy metabolism in bacteria. Synthesis of ATP molecules in the respiratory chain of bacteria and yeast. Aerobic breathing. Electron donors and acceptors used by various microorganisms during anaerobic respiration (nitrate, sulfate and carbonate). Mechanism of oxidation of inorganic substances by chemolithotrophic bacteria. Nitrification, oxidation of inorganic sulfur and iron compounds.

The relationship of microorganisms with higher plants and animals. Forms of relationships with macroorganisms. Epiphytic and rhizospheric microflora of plants. Symbiotic nitrogen-fixing microorganisms Normal human microflora, its representatives and importance for the body. Microorganisms pathogenic for humans, animals and plants, and their virulence factors.

2.3. EUKARYOTIC CELL

A cell is an elementary unit of structure, vital activity, growth and development of organisms. The similarity of the structure of cells of all organisms is the basis of the unity of the organic world. Chemical composition of cells. Variety of cells. General plan of the structure of a eukaryotic cell. The relationship between the structure and functions of cell organelles is the basis of its integrity.

Cell organelles, their microscopic and ultramicroscopic structure and functions. Cell nucleus, its structural organization and functions. The structure and function of biological membranes. The role of the plasma membrane in cell permeability. Features of intermolecular interactions in membranes. Active and passive transport of substances through biomembranes. Glycocalyx of an animal cell. The structure and significance of the granular and smooth endoplasmic reticulum, ribosomes, Golgi complex, lysosomes, mitochondria, cell center, peroxisomes, microtubules and microfilaments. Cell nucleus. The role of the nucleus in the life of the cell and its importance in the transfer of information from DNA to protein. Interphase nucleus, the main elements of its structure: chromatin, nucleolus, karyoplasm, nuclear envelope. Chromatin, its chemical characteristics. Diffuse and condensed chromatin, euchromatin and heterochromatin, their functional significance.

Cell cycle. Interphase. Methods of cell reproduction: mitosis, amitosis, meiosis. Cell life cycle: presynthetic, synthetic, postsynthetic phases and mitosis. Stages of mitosis, their duration and characteristics. Meiosis, its stages. Conjugation of chromosomes, crossing over, reduction of the number of chromosomes. The biological significance of meiosis. Chromosomes of the "lamp brush" type. Differences between mitosis and meiosis. Features of meiosis and fertilization in higher plants. Amitosis.

2.4. CELL AS AN ORGANISM

The main features of the structure and life of protozoa as independent organisms. Types of nuclear cycles. The protozoan cell is like a typical eukaryotic cell. Specific structural features of protozoa as independent organisms at the cellular level of organization: integuments of the protozoan cell, organelles of movement, digestion, osmoregulation. Irritability and ability to cope with adverse conditions. Reproduction: asexual, its types. The types of sexual process are copulation and conjugation. Types of nuclear cycles - with gametic, zygotic and intermediate reduction.

3. BASICS OF LIFE MULTI-CELLULAR ORGANISMS

3.1. MUSHROOMS

General characteristics of mushrooms. Fungi as a separate kingdom of eukaryotic organisms. Features of the structure of the cell, the vegetative body, its evolution. An overview of the types of reproduction in fungi. Change of nuclear phases in different groups of fungi. Fruit bodies, their evolution. Mushroom lifestyle. Distribution, role in nature and significance to humans

Comparative characteristics of the departments of Oomikot, Chitridiomycot, Zygomycot. The structure of the vegetative body of fungi and mushroom-like organisms from the departments of Oomikot, Chitridiomycot, Zygomycot. Evolution of reproductive organs and methods of reproduction. Phylogenetic relationships. Distribution, significance in nature and human life.

Comparative characteristics of the departments of Ascomycot and Basidiomycot. The structure of the vegetative body of fungi from the departments of Ascomycot and Basidiomycot. Reproduction methods and their evolution, change of nuclear phases in life cycles. Distribution, significance in nature and human life.

Lichens as symbiotic organisms. The dualistic nature of lichens. A modern view of the "symbiosis" of lichens on the example of the relationship of phyco- and mycobiont. Morphological and anatomical structure of lichens. Breeding methods, ecology. The most important representatives, significance in nature and human life.

3.2. PLANTS

3.2.1. Plant physiology

Water exchange of plants, its components. Driving forces of water entry into the cell and its transport through the whole plant system. The mechanism of formation of the gradient of water potential in the system of short and long distance transport. The release of water by the plant. Transpiration, its meaning, types and regulation by internal and external factors.

Spatial organization and driving forces of ion transport in a plant. Intracellular transport of ions. Possible mechanisms and methods for the entry of ions into the cell and into the system of the whole plant. The system of short and long distance transport of substances in a plant. Passive and active transport of ions.

The concept of plant growth and development, their dependence on external and internal factors. General patterns of plant growth. Types and phases of plant growth. Factors affecting plant growth and development. Phenomena of periodism and dormancy in plant ontogenesis, their role in the interaction of a plant with environmental conditions.

Plant resistance as an adaptation to living conditions. Components of stability: a) resources of reliability and b) methods of protection, their characteristics. Levels of the stress response of plants to environmental stress: cellular, organismic, and population stress, which determine the physiological and genetic adaptation of plants to the effects of the stressor.

Membrane bioenergy of plant cells. Stages of membrane energy conversion: 1) generation of a proton gradient with the participation of the redox chain. Construction principle and function of redox chains; 2) biosynthesis of ATP on conjugating membranes. Structural and functional organization and mechanism of work of ATP synthase.

The concept of photosynthesis and its meaning. The general equation of photosynthesis, the role of each of the components of the equation. Characteristics of the stages of photosynthesis, criteria for the selection of stages and their main products. Physical, physicochemical and chemical meanings of photosynthesis. The role of photosynthesis for the plant and the role on a planetary scale. Characterization of the primary processes of photosynthesis. Absorption, temporary storage and migration of solar radiation energy in the system of photosynthetic pigments. Conversion of solar radiation energy in the reaction center. Structural and functional organization of the chloroplast redox chain. Localization of the redox chain, electron carrier complexes. The concept of cyclic and non-cyclic electron transport. Main products and efficiency of membrane energy conversion in chloroplasts.

Different pathways of carbon metabolism during photosynthesis. С3-way of assimilation of carbon by plants. Calvin cycle, its stages and their main products. C4-pathway and CAM-metabolism as adaptation of plants to different conditions of existence.

Respiration, its main functions and features in plants. The concept of dark respiration, its components and biological role: energetic, plastic, thermogenesis. Characteristics of the main stages of the transformation of the respiratory substrate during respiration. Alternative pathways for the oxidation of the respiratory substrate in plants.

3.2.2. Plant morphology

Plant tissues, their classification and characteristics. The appearance of tissues in plants in the process of evolution, their modern definition and classification. The most important groups of tissues: meristems, integumentary, mechanical, conductive tissues; their functions, diversity, structure, origin in ontogeny, location in the body of plants.

The main vegetative organs of higher plants. Organ metamorphoses. The appearance of organs in plants in the process of evolution. The main vegetative organs of a plant, their morpho-anatomical features in connection with the functions performed, a variety of structures. The concept of organ metamorphosis. Metamorphoses of root, shoot and leaf origin, their biological significance.

The flower as a special reproductive organ of angiosperms. General plan of the structure of a flower, its parts and elements, their functions. Modern ideas about the morphological nature of flower parts, the origin of the calyx, corolla, androecium and gynoecium in the process of evolution. Evolutionary transformations in the structure of a flower. Processes in the flower: micro- and megasporogenesis, the formation of male and female gametophytes. Pollination of flowers, its types (auto- and allogamy). Double fertilization in flowering plants, its biological significance.

Fruits and seeds as reproductive organs of flowering plants. Formation and structure of the fruit in flowering plants, the biological significance of the pericarp. The fruits are non-opening, opening, disintegrating. The principles of artificial and natural classification of fruits. Formation and structure of the seed. Morphological diversity of seeds (types of seeds). Seed germination and its types; functions of cotyledons during seed germination.

3.2.3. Plant taxonomy

Plant taxonomy. The structure of plant taxonomy: definition, classification and nomenclature. System of botanical taxonomic categories. Binary nomenclature of species. Determination of the biological species. Plant taxonomy methods.

The origin of plants. The origin of lower and higher plants: ancestral form, time of appearance, prerequisites. Comparative characteristics of higher and lower plants. Adaptive tasks in water and on land and their solution by plants. The main directions of plant evolution in the life cycle and morpho-anatomical structure.

Comparative characteristics of the departments Green and Chara algae. Features of the morpho-anatomical structure of Green and Chara algae. Community of pigments, storage carbohydrates, cell wall substances. Breeding features. Spread. Evolution.

Comparative characteristics of the departments of yellow-brown algae: Yellow-green, Diatom, Brown. Features of the morpho-anatomical structure of Yellow-green, Diatoms and Brown algae. Community of pigments, storage carbohydrates. Features of cell integuments, reproduction. Spread. Evolution.

Spore higher plants with a predominance of gametophyte in the life cycle: Mossy. Classification, comparative characteristics of classes, life cycles (cuckoo flax, sphagnum, marshantia), structure of vegetative and reproductive organs, evolution, ecology, main adaptations of bryophytes to the environment, significance in nature and human life.

Spore higher plants with a predominance of sporophyte in the life cycle: Classification, life cycles of equal and heterosporous lycopods (club-shaped lymphoid, selaginella), structure of vegetative and reproductive organs, evolution, ecology, basic adaptations of lycopods to the environment, significance in nature and human life.

Spore higher plants with a predominance of sporophyte in the life cycle: Horsetail. Classification, life cycle of the horsetail, the structure of vegetative and reproductive organs, evolution, ecology, the main adaptations of horsetails to the environment, significance in nature and human life.

Spore higher plants with a predominance of sporophyte in the life cycle: Fern-like. Classification, life cycles of equally and heterogeneous ferns (scabbard, salvinia), structure of vegetative and reproductive organs, evolution, ecology, main adaptations of ferns to the environment, significance in nature and human life.

Characteristics of seed plants. The origin of seed plants (flowering and gymnosperms), general characteristics and classification, morphological nature of the ovule, its adaptive advantages, hypotheses on its origin, the significance of heterosporism. Comparative characteristics of gymnosperms and flowering plants.

Characteristics of gymnosperms. Comparative classification (at the class level). The main evolutionary directions. Micro- and megasporogenesis, mechanisms of pollination and fertilization. The structure of the male and female cones of the main representatives. Life Cycles (Cycad, Ginkgo, Pine). Features of the class Oppressive (shell-seed). Significance in nature and human life.

Characteristics of flowering plants. Classification (at the level of classes and subclasses). Hypotheses of the origin of the flower. The life cycle of a flowering plant. Adaptations that ensured the high competitiveness of Tsvetkovy on Earth. Distinctive features of Tsvetkovs. The most important directions of the morphological evolution of the Tsvetkovye department

Characteristics of Dicotyledonous Plants. Classification. Evolutionary paths. Morphological, biological and ecological features of key families (for example, magnolia, buttercups, cabbage, pink, legumes, celery, lacustrine, aster). Significance in nature and human life.

Characteristics of Monocotyledonous Plants. Classification. Origin hypotheses. Evolutionary paths. Morphological, biological and ecological features of key families (for example, lily, orchid, sedge, bluegrass, palms). Significance in nature and human life.

3.2.4. Plant communities

Plant communities: signs and properties. The concepts of "phytocenosis", "flora" and "vegetation". Properties and signs of phytocenosis. Continuum paradigm. Types of interactions between plants in the phytocenosis. Population structure of phytocenoses. Phytocenotypes and life strategies.

Composition and structure of phytocenoses. Floristic and ecobiomorphic composition of plant communities. Principles and methods of research of phytocenoses. Analytical signs of phytocenosis. The vertical and horizontal structure of the phytocenosis: layering and mosaic.

Changes and classification of phytocenoses. Reversible and irreversible changes in phytocenoses. Classification of successions. Classification and ordination of plant communities. Comparative characteristics of the floristic and ecological-phytocenotic classifications of syntaxa. The role of geobotanical research in the rational use and protection of nature.

3.3. ANIMALS

3.3.1. Morpho-functional characteristics of animal tissues

Morphological and functional characteristics of epithelial and connective tissues. Epithelial tissue. General characteristics of the epithelium. Morphological, physiological and histogenetic classification of epithelia. Glandular epithelium, structural features and classification of glands of internal and external secretion. Types of secretion. Classification, structure and function of connective tissues: blood and lymph, loose connective tissue, dense connective tissue, tissues with special properties, cartilage and bone.

Morphological and functional characteristics of muscle and nervous tissue. General morphological and functional characteristics of muscle tissue. Classification of muscle tissue. Smooth muscle tissue. Striated muscle tissue: ultrastructure of the myon. The structure of myofibrils. Sarcomere. Molecular mechanism of muscle contraction. Cardiac muscle tissue. The structure of the myocardium. Ultrastructure of cardiomyocytes. Features of the structure of the fibers Purkine - the conducting system of the heart. General morphological and functional characteristics of the nervous tissue. The cellular composition of the nervous tissue. Morphology of neurons and their classification. Ultrastructure of pulp and non-pulp nerve fibers. The structure and function of neuroglia.

Ontogeny and phylogeny of tissues. Regeneration of tissues. Definition of the concept of "fabric". Principles of tissue classification based on their structure, functions, ontogeny, degree of renewal and evolutionary origin. Patterns of tissue evolution. The theory of parallelism in the evolution of tissues A.A. Zavarzin. The theory of tissue evolution N.A. Khlopin. Principles of tissue evolution from the standpoint of the theory of diferon. Differentiation of cells - the emergence of a heterogeneous cellular composition of the body, providing a variety of its functions. The role of the nucleus and cytoplasm in cell differentiation. Differentiation factors and regulation of this process. Genetic, humoral and neural differentiation factors. Stem cell and differon. Regeneration of tissues.

3.3.2. Biology of individual development

Individual development of animals and humans: gametogenesis, fertilization, cleavage, gastrulation. Sex cells. The structure of the sperm: head, neck, insertion, tail. The structure of the testes. Consecutive stages of spermatogenesis. Spermiogenesis. Regulation of spermatogenesis. Egg cells. Structure and properties. The structure of the mammalian ovary. Stages of oogenesis. Classification of oocytes by the amount of deposited yolk and by its distribution. General characteristics of the fertilization process and its biological significance. Fertilization stages. Distant interaction, contact interaction, fertilization reaction (cortical reaction). General characteristics of the crushing process. Complete (holoblastic), partial (meroblastic) crushing. The main types of holoblastic cleavage (radial, spiral, bilateral, anarchic) ​​and their features. The main types of blastula in animals with different cleavage methods, their structure and features. General characteristics of gastrulation processes. The main methods of gastrulation (intussusception, epiboly, delamination, immigration, mixed type). Teloblastic and enterocoelous methods of mesoderm formation. Methods for the formation of a secondary body cavity.

Histogenesis and organogenesis: derivatives of ectoderm, endoderm and mesoderm. Ectoderm derivatives. The neural tube and the origin of the central nervous system. Differentiation of the neural tube at the anatomical, histological and cellular levels. Changes in the three-zone structure of the brain in the cerebellum and in the cerebral hemispheres. Neural crest and its derivatives. Migration pathways of neural crest cells. Endoderm derivatives. Development of the digestive and respiratory systems. Derivatives of the mesoderm. Development of the heart and blood vessels, genitourinary system, musculoskeletal system.

Development processes: growth, aging as a stage of ontogenesis, theories of aging. Types of growth processes. Linear, allometric, conformal growth. Growth factors. Growth inhibitors and stimulants. Regulation of growth processes. Direct and indirect development. Metamorphosis: distribution and biological significance. Neotenic development. Aging as a stage of ontogenesis, the theory of aging.

3.3.3. The diversity of the animal world

The diversity and unity of the animal world. The specificity of animals as a component of the biosphere. The number of species and the variety of taxonomic groups of animals. The main features that characterize animals are the type of metabolism, mobility, growth pattern, metabolic features, the structure of the animal cell, and histological features. The role of animals in the ecosystem as consumers and decomposers.

The origin of multicellularity. Characteristics of multicellular organisms. Symmetry types. The main stages of embryonic development of multicellular organisms. The main ideas about the origin of multicellular organisms are the colonial hypotheses of Haeckel, Byuchli, Mechnikov, and the hypothesis of Haji's compartmentalization. The main features of the organization of multicellular organisms are the number of cells, histological features, types of symmetry, the main stages of embryonic development (cleavage, gastrulation, histo- and organogenesis, formation of germ layers).

Type of Intestinal, characteristics, division into classes. The general characteristic of the type is radial symmetry, bilayer, histological features. Polyp and jellyfish as life forms. Nervous system, methods of reproduction, metagenesis. Principles of division into classes, distinctive features of the classes Hydrozoi, Scyphozoi, Antozoi and Kubozoi.

Type Flatworms, characteristics, division into classes. The general characteristics of the type are bilaterality, three-layer structure, the structure of the skin-muscular sac, parenchyma, and an overview of organ systems. Adaptation to a parasitic lifestyle. The principles of division into classes, the distinguishing features of the classes Cilia, Flukes and Tape.

Type Roundworms, characteristics, main classes. General characteristics of the type, the main aromorphoses are the shape of the body, the structure of the skin-muscular sac, the primary cavity, the structure of organ systems. The value of roundworms in the circulation of substances, adaptation to a parasitic lifestyle.

Type Ringed worms, characteristics, division into classes. The general characteristics of the type are segmentation, cephalization, the structure of the skin-muscular sac and organs of movement. The whole and its functions. Review of organ systems, methods of reproduction and development. Principles of division into classes, distinctive features of the classes Multi-bristled, Small-bristled, Leeches.

Type Molluscs, characteristics, division into classes. The general characteristic of the type is the division of the body into sections, mantle and mantle complex, shell. Whole and organ systems are signs of organizational complexity. Reproduction and development. Principles of division into classes, distinctive features of the classes Gastropods, Bivalves, Cephalopods.

Type Arthropods, characteristics, division into classes. The general characteristic of the type is the nature of segmentation, the formation of tagmata, the structure of the limbs, the external skeleton. Mixocel, structure of organ systems, adaptation of arthropods to life in the ground-air environment. Principles of division into classes, distinctive features of the classes Crustaceans, Arachnids, Insects.

Characteristics and system of the Chordovy type. General characteristics of the chordate type and its position in the animal world. The most important morphological, physiological-biochemical and ecological-ethological characteristics of chordates. The difference between chordates and invertebrates. Chordate system. Subtypes of cranial, larval chordates, vertebrates. The role of chordates in the functioning of natural ecosystems in human life.

Vertebrates, their general characteristics. General overview of the organization of vertebrates: arenas of life, variety of life forms, external structure, external integuments, skeleton, digestive, respiratory, circulatory, nervous, urogenital systems, sensory organs. Division of vertebrates into anamnium and amniotes, homeothermic and poikilothermic. Modern subtype system: superclasses, sections and classes.

Morphophysiological and ecological characteristics of fish. General outline of the organization and ecology of fish. Hydrodynamic and biomechanical principles of fish structure. Morphophysiological and biological features of cartilaginous and bony fish (external structure and organ systems). Reproduction (spawning) of fish. Ecological groups of fish. The modern superclass system for Pisces.

Morphophysiological and ecological characteristics of amphibians. General characteristics of amphibians as land pioneers. The specificity of the structure due to the dual nature of adaptations to the aquatic and air-ground environments (external structure and organ systems). Reproduction, development of amphibians. Metamorphosis. The main ecological groups of modern amphibians. Modern class system.

Morphophysiological and ecological characteristics of reptiles. General characteristics of reptiles (external and internal structure). Specificity of gas exchange, blood circulation, water-salt metabolism. The specificity of reproduction, parthenogenesis. Devices for protection from enemies (poisonous apparatus, autotomy, etc.). Modern classification of reptiles (division into subclasses, orders, suborders).

Morphophysiological and ecological characteristics of birds. Review of the morphophysiological organization of birds as amniotes adapted to flight (external structure and organ systems). Features of reproduction, embryonic and postembryonic development of birds. Types of chicks. The main ecological groups of birds. The modern system of birds (division into subclasses, superorders, orders).

Morphophysiological and ecological characteristics of mammals. General characteristics of the class. Morphophysiological outline of the organization (external structure, differentiation of the dental system, hair, types of glands, improvement of the systems of internal organs). Reproduction of Monotremes and Placentals. Features of embryonic development. Main ecological groups. Class system.

Nutrition and digestion, excretion and osmoregulation in invertebrates and vertebrates. Overview of the structure of the digestive system in Flat, Round, Ringed, Molluscs, Arthropods, Chordates, complications, division into divisions. Methods of feeding in animals - filtration, phytophagy, saprophagia, zoophagy, etc. Characteristics of the organization of the organs of excretion and osmoregulation - protonephridia, metanephridia, nephromixia, coelomoducts, kidney types in vertebrates.

Respiration and blood circulation in invertebrates and vertebrates. Gas exchange in animals, the appearance of the respiratory system, adaptation of the respiratory system to the environment - gills, lungs, trachea. Blood circulation in animals, closed and open circulatory systems, the structure of the heart and its work. Respiratory pigments.

Coordination systems and sense organs in invertebrates and vertebrates. The evolution of the nervous system of animals is diffuse, orthogonal, ladder, chain, scattered-nodal, tubular. Development of sense organs, sensory units. Endocrine apparatus.

Asexual and sexual reproduction of animals. Types of life cycles of invertebrates and vertebrates. Metagenesis and Heterogony. Parthenogenesis and its significance. Methods of asexual reproduction in animals - budding, fragmentation, strobilation, polyembryony. Sexual process, gametes, methods of fertilization. Separation and hermaphroditism. Sexual reproduction methods - parthenogenesis, neoteny. Parthenogenesis and its significance. Development is direct and indirect, metagenesis and heterogony.

3.4. ANATOMY AND PHYSIOLOGY OF HUMAN AND HIGHER ANIMALS

Physiology of excitable tissues. Modern ideas about the nature of biopotentials. Irritability and excitability as the ability of living systems to respond to environmental factors. Membrane mechanisms of charge formation on the neuron membrane. Ion pumps (potassium-sodium, calcium, chlorine, proton pumps). Resting potential. Potential-dependent channels. Local response. Action potential. Changes in excitability with excitement. Refractoriness. Lability.

The musculoskeletal system. Human skeleton. Muscles and their functions. Types of bone joints (continuous and discontinuous joints). Composition, structure, properties of bones. Skeleton growth and development. Age features of bones. Bone tissue functions. Physiological and reparative regeneration. Muscle fibers and myofibrils. The mechanism of muscle contraction. Sarcomere. Electromechanical interfacing. Muscle strength. Types of muscle contractions. The ratio of the maximum muscle work and the magnitude of the load. Muscle fatigue and performance.

Composition, functions and physical and chemical properties of blood. Blood antigen systems.
Blood functions (transport: respiratory, nutritional, excretory; thermoregulatory, homeostatic, protective). Plasma and blood corpuscles. Hematocrit. Osmotic and oncotic pressure of blood plasma. Erythrocytes: number, function, hemoglobin, ESR. Leukocyte formula. Immunity. Platelets and blood coagulation system (hemostasis). Anticoagulants. Blood groups: ABO system, Rh-factor system.

Circulatory system. A heart. Hemodynamics. Circles of blood circulation. Functional groups of vessels (shock-absorbing, resistive, exchange, capacitive, shunting, blood return vessels). Properties of the heart muscle (conduction, excitability, contractility, automation). Cardiac cycle, its phases. Volume and linear velocity of blood flow. Minute blood volume. Blood pressure indicators. Blood pressure in various parts of the vascular bed.

The human respiratory system. Transport of gases by blood. Airways (nasal cavity, nasopharynx, larynx, trachea, bronchi) and lungs. The main stages of the respiratory process. Inhalation and exhalation mechanisms. External respiration indicators: tidal volumes and tidal capacities. Respiratory minute volume. Pleural pressure. Transport of oxygen and carbon dioxide by the blood. Oxygen capacity of blood. Carbonic anhydrase.

The structure and function of the digestive system. The role of the digestive glands in the digestion of proteins, fats and carbohydrates. Absorption of water and nutrients. Digestive tube (mouth, pharynx, esophagus, stomach, small intestine, large intestine) and digestive glands (liver, pancreas, salivary glands). Composition and properties of saliva, gastric juice, pancreatic juice, bile, intestinal juice. The main enzymes of the digestive juices. Parietal digestion. The main hormones of the digestive system. The mechanisms of absorption of nutrients into the blood. The role of the liver in the neutralization of toxic compounds.

Metabolism and energy. Food. Metabolism - anabolic and catabolic processes. Stages of storing and releasing energy in the body. Measurement of energy consumption: direct calorimetry and indirect calorimetry (or full gas analysis method). Basal metabolism and factors affecting its value. Proper basic exchange. Working increase. Total energy consumption. Classification of energy consumption depending on the severity of physical labor and labor intensity. Nutrient requirements and dietary intake. Nutrition theory.

Excretion physiology. The structure and function of the kidneys. Features of blood circulation and kidney metabolism. The mechanism of urine formation: glomerular filtration, tubular reabsorption and secretion. The structure of the nephron. Features of blood flow in the nephron. Filtration of blood plasma. Composition and volume of primary urine. Mandatory and optional reabsorption. Threshold substances. Features of the metabolism of proteins and amino acids in the kidneys. Tubular secretion. Final urine composition. The role of aldosterone, antidiuretic hormone and natriuretic hormone in the regulation of diuresis.

Central nervous system. Reflex principle of operation. Reflex classification. Properties of nerve centers and principles of reflex coordination. Neurons and glial cells are the main structural units of nervous tissue. Reflex, reflex arc, reflex ring. Types of reflexes - according to the place of closure, according to the conditions of formation, according to the number of synapses, according to the biological role. The nerve center and its properties. The principles of coordinating the activity of the central nervous system: convergence, divergence, occlusion. Irradiation. Dominant. Excitation and inhibition. The main structures of the brain.

The autonomic nervous system. Localization of vegetative centers. Functional antagonism and synergism of the sympathetic and parasympathetic divisions of the autonomic nervous system. Vegetative reflexes. Localization of the centers of the sympathetic and parasympathetic nervous systems in the central nervous system. Peripheral ganglia. Differences between the reflex arc of the autonomic reflex and the arc of the somatic reflex. Pre- and postganglionic fibers. Adaptive trophic function of the sympathetic nervous system. The role of the parasympathetic nervous system in the regulation of visceral functions.

Regulation of functions in the body. The relationship between nervous and hormonal regulation. Endocrine apparatus. The mechanisms of regulation of functions are nervous, hormonal and neurohormonal. Differences between nervous and hormonal regulation. The role of the hypothalamus in the unification of nervous and hormonal regulation. Liberins and statins of the hypothalamus. Hormones of the anterior, middle and posterior lobes of the pituitary gland. Thyroid hormones. Adrenal hormones and their role in stress response. Pancreatic hormones and their role in glucose regulation. Sex glands and puberty.

The immune system as a collection of specific organs, cells and molecules. The structure and function of the central and peripheral organs of the immune system. Characterization of cells of the immune system: development, localization and role in the body. Characterization of cytokines that determine the functioning of the immune system.

Structural and functional features of immunoglobulins. Physicochemical properties and molecular structure of antibodies. Antigenic properties of immunoglobulins, the concept of allotypes, idiotypes and isotypes. Structural and functional features of immunoglobulins of different classes. Interaction of immunoglobulins with antigens, affinity and avidity of antibodies.

Constitutive factors of the body's defense against foreign antigens. The protective function of the skin and mucous membranes, the role of normal microflora in protection against infection. Inflammatory response. Phagocytosis, its stages. The complement system and ways of its activation. The mechanism of destruction of foreign cells under the action of the complement system.

Immunity to infectious diseases and its forms. The concept of species and individual immunity and the factors that determine them. Natural immunity and its forms. Artificial immunity and its forms. Vaccines and serums, their use for the prevention and treatment of infectious diseases.

Hypersensitivity as a form of the body's response to antigens. The mechanism of the formation of immediate hypersensitivity. Delayed type hypersensitivity, the mechanism of its development. Anaphylaxis and anaphylactic shock.
4. EVOLUTIONARY, ECOLOGICAL AND APPLIED ASPECTS OF BIOLOGY

4.1. EVOLUTION THEORY
Elementary factors of evolution and their role in the evolutionary process. Characterization of the mutational process as an elementary factor of evolution. Genetic combinatorics and its role in evolution. Gene flow and drift. Population waves and their role in evolution. The role of isolation as a factor that enhances genetic differences between populations and species. Types of isolation (spatial, biological, etc.), their characteristics and significance. Interaction of mutation, recombinogenesis, life waves and isolation as stochastic factors of evolution.

Natural selection and the struggle for existence are the driving and directing force of evolution. The concept and forms of the struggle for existence. Struggle for existence as the basis of natural selection. Natural selection as selective reproduction of genotypes in populations. The main forms of natural selection: stabilizing, driving, disruptive. Sexual selection. Individual and group selection. The place of natural selection among other factors of evolution; orientation of the selection action.

The emergence of adaptations as a result of the action of natural selection. Passive and active means of protection, their improvement in the course of evolution. Co-evolution. The relative nature of the adaptations. The mechanism of origin and classification of adaptations (by origin, belonging to different environments, evolutionary scale, etc.). The methodological significance of solving the problem of the emergence of adaptations by the evolutionary theory.

Species and speciation as the main stages of the evolutionary process. Genetic-evolutionary concept of a species as a closed system. Criteria and features of the species. Integrity of the species, its genetic basis and maintenance mechanism. Population structure of a species as a result of evolution. View as a system (N.I. Vavilov). The polytypical concept of the species. Speciation is the result of microevolution. Speciation as the transformation of genetically open systems into genetically closed ones. Speciation is divergent (cladogenesis) and non-divergent (anagenesis). Phyletic speciation. Allopatric and sympatric speciation. The importance of chromosomal variability in morphogenesis and speciation.

The emergence of humanity as a stage in the development of living things along the path of unlimited progress. The problem of the "ancestral home" of humanity. Features and stages of the evolution of Homo sapiens. The role of labor and social factors in the formation of a modern person. Human races and ways of their formation. Evidence for the evolutionary and genetic unity of modern races. Features of the modern stage of human evolution. On the role of social and biological laws in the further evolution of man.
4.2. ECOLOGY AND RATIONAL ENVIRONMENTAL MANAGEMENT

The concept of the environment, environmental factors and their classification. Interaction of organisms with the environment. The essence of the concepts of "environment" and "habitat". Neutral and ecological factors of the environment. Classification of environmental factors according to their importance for the life of the organism, according to the nature of the response of the organism, according to the nature of their origin. General patterns of the action of environmental factors on the body. The complex impact of environmental factors on the body. The doctrine of limiting factors.

The main properties of the population. Dynamics and regulation of the population size. Biological and group properties of the population. Static group properties: number, density, spatial structure, sex and age composition of the population. Dynamic group properties: fertility, mortality, population growth, biotic potential. Types of population dynamics. Mechanisms of population size regulation by intraspecific and interspecific factors dependent on density.

Types of interspecies connections and relationships. Links are trophic, topical, phoric, factory. The main types of relationships: neutralism, competition, predation, parasitism, amensalism, commensalism (lodging, parasitism), protocooperation, mutualism. Lotka-Volterra equation. Competitive exclusion rule by G.F. Gause.

Biocenosis structure. Transformation of matter and energy in an ecosystem. Definitions of biocenosis, community, biogeocenosis and ecosystem. Species, spatial and functional structures of the biocenosis. Ecological niche concept. Food chains: grazing chains (grazing), decomposition chains (detrital). Food webs and trophic levels. Regularities of transformation of matter and energy in food chains.

The doctrine of the biosphere. Definition of the biosphere. The length of the biosphere. The main types of matter in the biosphere. Biospheric functions of living matter. Energy flow and circulation of matter in the biosphere. Geological and biological cycles of matter. Reserve and exchange funds of matter in the biosphere. Biogeochemical cycles of nitrogen, phosphorus, carbon, water.

Natural conditions and resources, their current state. Ways of rational use of natural resources. The concept of conditions and resources. Classification of natural resources by source (natural), area of ​​use (economic), exhaustion and renewability (environmental), sales market (market). Atmospheric resources. Water resources. Lithosphere resources. Renewable and non-renewable types of energy. Biological resources. Basic principles of rational nature management. Ways to solve the problem of air pollution. Protection of mainland and ocean waters from pollution. Ways and methods of soil protection. Ways to solve the energy problem.

4.4. USE OF BIOLOGICAL SYSTEMS IN PRACTICAL TECHNOLOGIES

Biotechnology objects and biotechnological processes; basic concepts. Biotechnology development stages; basic biotechnological principles and development prospects. General diagrams of biotechnological processes. The concepts of biosystems, substrates, products, stages and methods of biotechnological processes. Application of mutant forms of microorganisms in biotechnological processes.

Biotechnological synthesis of organic substances. The role of mutant strains as producers, external factors of metabolic regulation in the production of amino acids, medicines, and other organic substances. Production of itaconic and gluconic acids: production strains, technological conditions.

Production of lactic acid products and ethanol as aerotolerant anaerobic processes. Lactic acid fermentation, metabolic characteristics, producers, technology conditions, product value, the role of complex crops. Ethanol production, biotechnological features of the process, product form, food and energy aspects.

Leaching of metals as a biotechnological large-scale process. Leaching of metals; biotechnology of ore dressing. Sulfo-reducing bacteria, their chemotrophic metabolism, methods of use for uranium leaching, coal desulfurization, etc.

Modern aspects of the application of the achievements of molecular and cellular biology for practically significant medical and agricultural technologies. Recombinant DNA technology, the use of vector systems to create microorganisms capable of producing human insulin and other proteins. Hybridoma and Stem Cell Technologies. Cloning of plant and animal organisms, organs and tissues. Genetically modified organisms are a technological acceleration of directed evolution.
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