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	I. CONTENT OF THE SCIENCE

           The aim of teaching this course is to understand how traits and characteristics in organisms are expressed in future generations by studying the laws of heredity and variation in organisms at the classical and molecular levels.
           The objectives of the course are is important for its latest modernity in the system of biological sciences. This science covers the study of important tasks such as the prevention of infectious and hereditary diseases, the creation of varieties and breeds of plants and animals resistant to pests and factors that cause similar negative consequences, through in-depth study of the concept of molecular genetics and genetic engineering and its history, DNA technology that stores the hereditary information of all living organisms, the genome revolution, genome mapping, genome sequencing (determination of nucleotide sequence), genome interpretation (determination of genes).
II. MAIN THEORETICAL PART (LECTURE)
II.I. The subject includes the following topics:
1. Introduction.
The subject and tasks of molecular genetics. Discovery of the laws of heredity and variability, history of the development of science. The role of genetics in the system of biological sciences. Establishment of genetic research in Uzbekistan and the development of modern genetics.
2. Gene, genome, genome diversity and genetic analysis.

The concept of gene and genome. DNA structure and function. Genetic diversity. Molecular biology of DNA replication and recombination. Transmission genetics. Principles of segregation. Types of genetic analysis and the importance of analysis.

3. Genetic diversity. Molecular mechanisms of DNA replication and recombination. Genetic diversity.
Structure and function of DNA replication. Transformation. Transduction. Structure of the DNA molecule.

4. Genetic and cytological maps. Human karyotype and chromosome groups.

Chromosome and genome mutations. Polyploidy and heteroploidy. Autopolyploidy and allopolyploidy. Cytoplasmic mutations. Spontaneous and induced mutations. Methods for studying mutations.

5. Variability of genetic material.

Variability and its types. Mutational variability and its classification. Gene or point mutations. Molecular mechanisms of mutation and DNA repair.

6. Bioengineering based on the method of genetic engineering.

Genetic engineering as a direction of nanobiotechnology. Methods of gene extraction for introduction into another organism. Technology of introducing genes into a cell. Methods of introducing DNA into a host cell. Genetic engineering of bacteriophages in the creation of hybrid materials.

7. Transcription, translation and protein synthesisDNA replication and repair.

Transcription, translation and protein synthesis. Start and stop codons, messenger RNA, ribosome and its subunits, initiation, elongation and termination factors.

8. Structural genomics. Analysis of the genome at the DNA level.

Analysis of the genome at the DNA level; PCR, gel electrophoresis, restriction, molecular cloning and sequencing methods.

9. Structural genomics. Analysis of the genome at the DNA level.

Analysis of the genome at the DNA level; PCR, gel electrophoresis, restriction, molecular cloning and sequencing methods.

10. Functional genomics. Gene knockout RNA interference.

Gene clusters, promoter. TATA-block, SAT-block, enhancers and silencers.

11. Microorganism genetic engineering and nanotechnologies.
Methods of genetic engineering of microorganisms, use of nanotechnologies, examples, use and prospects in the food industry, medicine, agriculture.

12. Plant genetic engineering and nanotechnologies.
Methods of genetic engineering of plants, use of nanotechnologies, examples, use and prospects in the food industry, medicine, agriculture.

13. Animal genetic engineering and nanotechnologies.

Methods of genetic engineering of animals, use of nanotechnologies, examples, use and prospects in the food industry, medicine, agriculture.

14. Medical bioengineering.
Drug delivery using nanotechnologies. Nanodevices, Protein delivery using nanotechnology. Nanoelectric biosensors. Nanorobots.

15. Student's T criterion. Critical value of T. Wilcoxon-Mann-Whitney criterion (U criterion).

The essence of the content of Student's T criterion, its use, reflection in scientific works. The essence of the content, use and implementation of the Wilcoxon-Mann-Whitney criterion (U criterion). Implementation using modern programs.


	III.1. PRACTICAL TOPICS
III.I. The subject includes the following topics:
1. The emergence of genomics and the history of its development.

To get acquainted with the history of the development of genomics and the scientists who contributed to it. The scientific research of J. Watson and F. Crick, the formation of genomics, the genomic revolution and the sequence of the human genome, scientific and technological revolutions that influenced the development of genomics

2. The structure of genes in various organisms.

The structure and function of genes of various organisms, the differences between them, the evolution of these differences, the formation of morphology and biological properties, the study of genomes, the vital processes of organisms and their evolution.

3. Gene clusters, promoters. TATA-block, SAT-block, enhancers and silencers.

To study the structure and functions of gene clusters, promoters, TATA-block, SAT-block, enhancers and silencers, and the role of structures in ensuring genomic balance and effectively controlling the genetic activity of organisms.

4. Start and stop codons, messenger RNA, ribosome and its subunits, initiation, elongation and termination factors.

Start and stop codons, messenger RNA, ribosome and its subunits, initiation, elongation and termination factors, the occurrence of the protein synthesis process and the biological significance of these processes.

5. Restriction fragment length polymorphism (RFLP) markers.

Restriction fragment length polymorphism (RFLP) - getting to know the functions of markers.

6. Simple sequence repeats (SSR) as DNA markers. Random amplification polymorphism of DNA (RAPD).

Simple sequence repeats (SSR), random amplification polymorphism of DNA RAPD (Random Amplified Polymorphic DNA) structure, functions, familiarization with the level of accuracy of markers in the exchange of nucleotide positions in random mutations.

7. Methyl-specific PCR (MSP), types of histone modifications (acetylation, methylation, phosphorylation, ubiquitinylation).

Methyl-specific PCR (MSP), types of histone modifications acetylation, methylation, phosphorylation, ubiquitinylation, intensity characteristics of PCR technologies, reactions related to proteins and changes in the radical, amino and carboxyl groups in the amino acids in this process.

8. Study of gene and genome structures using DNA and chromosome models, models and videos.

Study of gene and genome structures, DNA and chromosome models, models and videos.

9. Study of molecular mechanisms of DNA replication and recombination using videos.

Study of molecular mechanisms of DNA replication and recombination using videos.

10. Chromosomes in the human karyotype and their grouping according to the genome structure.

Chromosomes in the human karyotype and their grouping according to the genome structure. Fundamental projects in genomics. Acquaintance with the latest analysis samples of the human genome from the “Human genome project”.

11. Solving problems related to determining the amount of nitrogenous bases involved in the realization of genetic information.

Learning to solve problems related to nitrogenous bases (adenine, thymine, cytosine, guanine) involved in the realization of genetic information.

12. GMO and its biosafety.

Analysis of GMO (genetically modified organisms) and its biosafety on an industrial scale, studying the similarities and differences of GMO products from natural products.

13. Modern bioengineering problems.

Get acquainted with bioengineering methods in medicine, its prospects and shortcomings.

14. Analysis of issues related to the inheritance of quantitative traits.

Study of the analysis of issues related to the inheritance of quantitative traits, the polygenic effect of genes.

15. Determination of indicators of certain morpho-economic traits in hybrid or line materials of the genetic collection and their statistical processing.

Study of the determination of indicators of certain morpho-economic traits in hybrid or line materials of the genetic collection and their statistical processing.


	IV.1. INDEPENDENT WORK

	1. Conducting additional literature analysis based on lecture sessions;

2. Developing new directions and plans for connecting practical and seminar sessions with direct scientific research;

3. Analyzing the latest data on new areas of genetics and preparing analytical material based on this data;

4. Modeling the biological significance of meiosis and the process of its occurrence; visualization using AI in the form of pictures, gifs, short videos.

5. Modeling the biological significance of mitosis and the process of its occurrence; visualization using AI in the form of pictures, gifs, short videos.

6. Studying the complete inheritance of one trait and the incomplete inheritance of the second trait, working on genetic issues related to complete and incomplete inheritance;

7. Classification of hereditary diseases associated with gene mutations into groups (in this case, autosomal, sex chromosome, dominant, recessive categories are taken as a basis);

8. Solving genetic problems of complete inheritance of genes and constructing a genetic map;

9. Solving genetic problems of incomplete inheritance of genes and constructing a genetic map;

10. Preparing maps expressing the origin of haploplasmic inheritance of traits;

11. Preparing schemes expressing the causes of the occurrence of polyploidy and heteropolyploidy processes;

12. Analysis of materials expressing the phenomena of patency and expressivity and their biological significance;

13. Methods of research of the human genome. Building a map of unique genes by studying the history of research of the human genome project;

14. Analysis of inheritance processes through episomes - mobile genes based on schemes:

15. Study of the mechanism of recombination, the reasons for its occurrence;

16. Molecular mechanisms of mutations and DNA repair. Preparation of materials expressing the specific characteristics of mutation types;

17. Preparation of a chronological map of cytoplasmic inheritance, its causes;

18. Preparation of chromosome aberrations or rearrangements and their models;

19. Preparation of schemes expressing the importance of mutations in evolution;

20. Verification of the practical connections between the theories in lecture sessions and the actual ones using the h2 method;

21. Analysis of the most effective methods of preparing for practical and seminar sessions. (cluster, self-study, testing methods)

22. Preparation of schemes expressing a chronological analysis of the processes of gene activity control;

23. Creating a model of the transcriptome process;

24. In-depth study and high-level analysis of the topic of bioimaging, bioimaging system, cell bioimaging; from large biological databases.

25. In-depth study and high-level analysis of the given topic of bionanoenergetics and its management;

26. Creating a scheme of glycomics and expression of functional processes;

27. Genome browsers. Preparing materials about gene families that activate the genome;

28. Preparing chronological maps representing the development of comparative and evolutionary genomics;

29. ENSEMBL demonstration. Scientific analysis of the mechanisms of the connection of the process with biological processes;

30. RELP molecular markers and their use. Getting acquainted with the latest technologies based on markers;

	V. THE RESULTS OF THE EDUCATION
Upon successful completion of this course, the student will be able to understand the laws of heredity and variation at classical and molecular levels, analyze processes such as DNA technology, genome evolution, genome mapping, sequencing, annotation, and protein biosynthesis, and apply this knowledge in scientific research and practical applications.

	VI. Teaching technologies and methods
• lectures;

• interactive case studies;

• seminars (logical reasoning, quick questions and answers);

• work in groups;

• making presentations;

• individual projects;

• projects for teamwork and defense.

	VII. STUDY AND EXAMINATION REQUIREMENTS
Credits allocated for the course are awarded to students only upon achieving positive results in the assessment types for each semester.

Assessment Types: 
Midterm (MA) and final (FA) assessment types are used to assess students' knowledge in the subject.

Assessment by assessment types is carried out on the following assessment criteria: 5-“excellent”, 4-“good”, 3-“satisfactory”, 2-“unsatisfactory”.

Assessment criteria:

ECTS A (5): the student understands the essence of the subject, thinks creatively, makes independent conclusions and decisions, applies the knowledge gained in practice;

ECTS B (4): the student understands the essence of the subject, conducts independent observations, applies the knowledge gained in practice;

ECTS C (3): the student understands the essence of the subject, applies the knowledge gained in practice;
ECTS D (2): the student has not mastered the subject program, does not understand the essence of the subject, and has no idea about the subject.
Midterm Assessment: Conducted once per semester in written form.

Students are regularly evaluated during practical (seminar) sessions throughout the semester. Performance in these sessions, as well as the timely and complete completion of independent study tasks and participation in class activities, is taken into account for the interim assessment.

Grades from practical sessions and independent study assignments are averaged with the interim assessment grade and recorded officially.

A student who receives an unsatisfactory grade or misses the interim assessment without valid reason may retake it only once before the final assessment.

 Final Assessment: Conducted in written form at the end of the semester according to the approved schedule.
When forming variants for the final assessment, it is required to strictly follow the requirements specified in the provided sample. That is, each variant must contain 50 questions: 20 questions (40%) based on classroom (in-class) sessions and 30 questions (60%) based on independent study sessions.
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