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I. COURSE CONTENT
The aim of the discipline. The aim of the discipline Molecular genetics is to provide undergraduate students with a fundamental understanding of the mechanisms by which traits and characteristics are inherited and vary across generations, through the study of the laws of heredity and variation at both classical and molecular levels. The course is designed to explain the molecular basis of gene structure and function, genetic information transfer, and variation in living organisms, forming a foundation for further studies in genetics, biotechnology, and related life sciences.
II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)
The course includes the following topics:
Topic 1. Introduction
Molecular genetics as a discipline—its subject matter and objectives. The discovery of heredity and variability laws, and the historical development of the field. The role of genetics within the biological sciences. The establishment of genetic research in Uzbekistan and the advancement of modern genetics.
Topic 2. Gene, Genome, Genomic Diversity, and Genetic Analysis
Concepts of gene and genome. DNA structure and function. Genetic diversity. Molecular biology of DNA replication and recombination. Transmission genetics. Principles of segregation. Types and significance of genetic analysis.
Topic 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.
Topic 4. Genetic and Cytological Maps. Human Karyotype and Chromosome Groups
Chromosomal and genomic mutations. Polyploidy and heteroploidy. Autopolyploidy and allopolyploidy. Cytoplasmic mutations. Spontaneous and induced mutations. Methods for studying mutations.
Topic 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.
Topic 6. Bioengineering Based on Genetic Engineering Methods
Genetic engineering as a branch of nanobiotechnology. Methods for isolating genes for introduction into other organisms. Technology for introducing genes into cells. Methods for introducing DNA into host organism cells. Use of bacteriophages in genetic engineering for creating hybrid materials.
Topic 7. Transcription, Translation, and Protein Synthesis: DNA Replication and Repair
Transcription, translation, and protein synthesis. Start and stop codons, messenger RNA, ribosomes and their subunits, initiation, elongation, and termination factors.
Topic 8. Structural Genomics: Analysis of Genomes at the DNA Level
Analysis of genomes at the DNA level: PCR, gel electrophoresis, restriction digestion, molecular cloning, and sequencing methods.
Topic 9. Structural Genomics: Analysis of Genomes at the DNA Level
Analysis of genomes at the DNA level: PCR, gel electrophoresis, restriction digestion, molecular cloning, and sequencing methods.
Topic 10. Functional Genomics: Gene Knockout and RNA Interference
Gene clusters, promoters. TATA box, CAAT box, enhancers, and silencers.
Topic 11. Genetic Engineering and Nanotechnology in Microorganisms
Methods of genetic engineering in microorganisms, use of nanotechnology, examples, applications in food industry, medicine, agriculture, and future prospects.
Topic 12. Genetic Engineering and Nanotechnology in Plants
Methods of genetic engineering in plants, use of nanotechnology, examples, applications in food industry, medicine, agriculture, and future prospects.
Topic 13. Genetic Engineering and Nanotechnology in Animals
Methods of genetic engineering in animals, use of nanotechnology, examples, applications in food industry, medicine, agriculture, and future prospects.
Topic 14. Medical Bioengineering
Drug delivery using nanotechnology. Nanodevices, protein delivery via nanotechnology. Nanoelectronic biosensors. Nanorobots.
Topic 15. Student’s T-Test, Critical T-Value, and Wilcoxon-Mann-Whitney U Test
Concept and application of Student’s T-test and its representation in scientific work. Concept, application, and implementation of the Wilcoxon-Mann-Whitney U test. Implementation using modern software.
III. GUIDELINES AND RECOMMENDATIONS FOR PRACTICAL SESSION
Recommended topics and instructions for conducting Topics:
Topic 1. Emergence and Historical Development of Genomics
Examines the origins and evolutionary milestones of genomics as a scientific discipline. Studies key contributors like J. Watson and F. Crick, whose research laid the foundation for genomic science. Analyzes major scientific and technological revolutions that enabled achievements such as the Human Genome Project and the genomic revolution.
Topic 2. Gene Structure in Different Organisms
Explores the structural and functional diversity of genes across various life forms. Investigates how differences in gene organization influence evolution, morphology, and biological traits. Provides insights into life processes and evolutionary pathways through comparative genomic studies.
Topic 3. Gene Clusters, Promoters, TATA Box, CAAT Box, Enhancers, and Silencers
Studies the organization and roles of regulatory genetic elements such as promoters, TATA and CAAT boxes, enhancers, and silencers. Examines how these structures maintain genomic balance and efficiently regulate genetic activity in organisms.
Topic 4. Practical Session: Start and Stop Codons, mRNA, Ribosomes and Subunits, Initiation, Elongation, and Termination Factors
Introduces key components of protein synthesis: start/stop codons, messenger RNA, ribosomes, and translation factors. Explores the steps of initiation, elongation, and termination in protein biosynthesis. Discusses the biological significance of these processes.
Topic 5. Restriction Fragment Length Polymorphism (RFLP) Markers
Explores the principles and applications of RFLP markers in genetic analysis. Studies how variation in DNA fragment lengths, revealed by restriction enzymes, serves as a genetic marker. Examines its use in gene mapping, fingerprinting, and population genetics.
Topic 6. Simple Sequence Repeats (SSR) and Random Amplified Polymorphic DNA (RAPD) as DNA Markers
Introduces SSR and RAPD markers and their utility in genetic studies. Examines the structure and function of these markers in detecting nucleotide sequence variations. Analyzes their precision in identifying random mutations and polymorphisms.
Topic 7. Methylation-Specific PCR (MSP) and Histone Modification Types
Explores epigenetic analysis techniques, focusing on Methylation-Specific PCR (MSP). Studies various histone modifications, including acetylation, methylation, phosphorylation, and ubiquitination. Analyzes chemical changes in amino acid residues during these processes.
Topic 8. Studying Gene and Genome Structures Using DNA and Chromosome Models, Charts, and Video Materials
Utilizes physical models, charts, and multimedia resources to examine gene and genome architecture. Visualizes DNA double-helix and chromosome organization. Enhances understanding of structural genomics through interactive learning aids.
Topic 9. Studying Molecular Mechanisms of DNA Replication and Recombination via Video Materials
Uses video resources to illustrate the molecular machinery of DNA replication and recombination. Demonstrates enzymatic processes, strand separation, and genetic exchange mechanisms. Facilitates comprehension of these fundamental genetic processes.
Topic 10. Grouping Human Karyotype Chromosomes Based on Genomic Structure
Classifies human chromosomes within a karyotype according to genomic structure and morphology. Introduces fundamental genomics projects, particularly the Human Genome Project. Examines the latest analytical models and findings from human genome research.
Topic 11. Solving Problems Related to Quantifying Nitrogenous Bases Involved in Genetic Information Realization
Practices calculating quantities of nitrogenous bases (adenine, thymine, cytosine, guanine) involved in genetic expression. Applies base-pairing rules and stoichiometric principles to solve genetics problems. Develops quantitative reasoning in molecular genetics.
Topic 12. Genetically Modified Organisms (GMOs) and Their Biosafety
Analyzes GMOs from an industrial-scale biosafety perspective. Compares GMO-derived products with natural counterparts in terms of similarities and differences. Evaluates environmental, health, and regulatory aspects of GMO technology.
Topic 13. Contemporary Bioengineering Challenges
Examines bioengineering methods in medicine, including their prospects and limitations. Discusses ethical, technical, and societal challenges in modern bioengineering applications. Explores future directions and innovative solutions in the field.
Topic 14. Analysis of Problems Related to Inheritance of Quantitative Traits
Studies the genetic basis of quantitative trait inheritance through problem-solving. Explores polygenic effects and their contribution to phenotypic variation. Applies genetic principles to analyze continuous traits in populations.
Topic 15. Identifying and Statistically Processing Indicators of Certain Morpho-Economic Traits in Hybrid or Line Materials from Genetic Collections
Focuses on evaluating specific morphological and economic traits in hybrid or pure-line genetic materials. Applies statistical methods to process and interpret trait data. Enhances skills in genetic resource characterization and data analysis.

IV. INDEPENDENT STUDY AND ASSIGNMENTS
Independent Study Tasks
1. Modeling the biological significance of mitosis and meiosis and the process of their occurrence;
2. Preparation of maps expressing the origin of the heritability of characters;
3. Preparation of schemes expressing the causes of the occurrence of polyploidy and heteropolyploidy processes;
4. Analysis of materials expressing the phenomena of patency and expressivity and their biological significance;
5. Preparation of chromosomal aberrations or rearrangements and their models.
Guidelines and responsibilities for independent study in the course
When completing independent study assignments, students are required to:
a) Actively work with textbooks and study materials to gain a deep understanding of the topics covered.
b) Prepare in advance for lectures, practical and seminar sessions, as well as assessments (tests and exams), and use time efficiently.
c) Submit each independent study assignment within the specified deadlines.
d) Understand and comply with the rule that assignments submitted after the deadline will not be accepted.
e) Be aware of and avoid plagiarism when completing independent study tasks.
Independent study assignments for the course are recommended to be completed using the principle of alternative options:
1. Prepare an analytical report (essay) on the topic.
2. Prepare an analytical presentation on a specific topic.
3. Find a solution to a given problem and analyze it.
4. Conduct an in-depth analysis of a given problem, providing definitions and conclusions.
5. Study a given topic thoroughly and analyze it at an advanced level.
6. Develop practical problem-solving skills by working on projects, preparing tests, discussion questions, and assignments to find solutions to existing practical issues.
7. Prepare a scientific article, thesis, or lecture material.
8. Solve non-standard practical problems creatively.
Independent study assignments are assessed during Topic.s and are taken into account in interim assessments.


	3.
	V. Learning outcomes / Professional competencies
Upon successful completion of the discipline Molecular Genetics at the bachelor’s level, the student will demonstrate knowledge of DNA structure, gene organization, and gene expression. The student will be able to apply basic methods of genetic analysis, interpret molecular genetic data, and use foundational molecular genetics concepts in biotechnology, medicine, and introductory research activities.


	4.
	VI. Teaching technologies and methods
· Lectures
· Interactive case studies
· Topic.s
· Group work
· Presentations
· Individual projects
· Team projects and their defense
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	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: 
Student knowledge is evaluated through interim (IN) and final (FN) assessments. Grades are assigned according to the following scale: 5 – “Excellent”,  4 – “Good”, 3 – “Satisfactory”, 2 – “Unsatisfactory”.
Grading 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 A (4):  the student understands the essence of the subject, conducts independent observations, applies the knowledge gained in practice;
ECTS A (3):  the student understands the essence of the subject, applies the knowledge gained in practice;
ECTS A (2): the student has not mastered the subject program, does not understand the essence of the subject, and has no idea about the subject.
Students are regularly evaluated during practical 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 Topic.s 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.
Written. 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 5 questions: 2 questions (40%) based on classroom (in-class) sessions and 3 questions (60%) based on independent study sessions.
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