MINISTRY OF HIGHER EDUCATION, SCIENCE AND INNOVATION
OF THE REPUBLIC OF UZBEKISTAN
NAMANGAN STATE UNIVERSITY
“APPROVED”
Vice-Rector for Academic affairs
______________ X. Kadirov
“_____” ___________ 2025

PLANT GENETICS

SCIENCE CURRICULUM



Field of knowledge: 
500000 – Natural sciences, mathematics and statistics
Field of education: 
510000 – Biological and related sciences
Field of study: 

70510101 – Biology 

NAMANGAN – 2025
	Course/Module code PGE2304
	Academic year 2025/2026
	Semestr

3
	ECTS-Kredits

4

	Type of Course/Module 

Compulsory
	Language of instruction

Uzbek
	Weekly contact hours 

4

	1
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	60
	60
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	I. COURSE CONTENT
The aim of the discipline Plant genetics is to provide students with a comprehensive understanding of the principles of heredity and variation in plants at both classical and molecular levels. The course is designed to explain the genetic mechanisms governing the inheritance, modification, and emergence of plant traits across generations, as well as to introduce modern genomic concepts, including genome structure, evolution, mapping, sequencing, and gene annotation. Particular emphasis is placed on the application of genetic and genomic approaches in plant adaptation, crop improvement, and the development of stress-, pest-, and disease-resistant plant varieties, highlighting the role of plant genetics in agriculture and biotechnology.

II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)
The course includes the following topics:

Topic 1. Introduction
Subject and objectives of plant genetics. Discovery of the laws of heredity and variation and the history of the development of genetics. The role of genetics within the system of biological sciences. Establishment of genetic research in Uzbekistan and the development of modern genetics.

Topic 2. The plant gene, genome, genome diversity, and genetic analysis
Concepts of genes and genomes. Structure and function of DNA. Genetic diversity. Molecular biology of DNA replication and recombination. Transmission genetics. Principles of segregation. Types and significance of genetic analysis.

Topic 3. Plant genetic diversity
Genetic diversity. Structure and function of DNA replication. Transformation and transduction. Structure of the DNA molecule.

Topic 4. Inheritance of traits through the interaction of alleles of a single gene
Patterns of inheritance resulting from the interaction of allelic genes. Complete dominance.

Topic 5. Complementary, epistatic, and polymeric gene interactions
Structural and modifier genes. Inheritance of traits through interactions of non-allelic genes. Complementary, epistatic, and polymeric gene effects.

Topic 6. Pleiotropy and the genetics of quantitative traits
Pleiotropy and quantitative trait genetics, focusing on the inheritance of quantitative traits in living organisms.

Topic 7. Inheritance of quantitative traits through combined gene effects
Inheritance patterns of quantitative traits resulting from combined gene interactions.

Topic 8. Plant chromosomes. Molecular structure of chromosomes
Human karyotype and chromosome groups. Chromosome inheritance, including traits linked to chromosome 7. Mitochondrial DNA and extranuclear inheritance. Genetics of bacteria and viruses. Molecular biology of gene expression. Molecular mechanisms of gene regulation.

Topic 9. T. Morgan’s chromosome theory of inheritance
Molecular structure of chromosomes. Karyotype and morphology of chromosomes in organisms. T. Morgan’s chromosome theory of inheritance. Sex-linked and linked inheritance of traits. Crossing-over. Genetic and cytological maps.

Topic 10. Genetic and cytological maps. Plant 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 11. Variability of genetic material in plants
Variation and its types. Mutational variability and its classification. Gene (point) mutations. Molecular mechanisms of mutation and DNA repair.

Topic 12. Gene (point) mutations and chromosomal and genomic mutations in plants
Gene and cell therapy. Genetic immunisation. Pharmacogenomics. The role of genomics in the treatment of infectious, hereditary, and oncological diseases. Genetic passportisation. The human genome.

Topic 13. Population genetics and molecular evolution
Natural structure of populations. Gene and genotype frequencies in populations. The Hardy–Weinberg principle. Genetic heterogeneity of populations. Factors influencing the dynamics of population genetic structure. Genetic homeostasis.

III. GUIDELINES AND RECOMMENDATIONS FOR PRACTICAL SESSIONS
Recommended topics and instructions for conducting practical sessions:

Practical session 1. Familiarisation with the national cotton genetic collection
Study of materials from the national cotton (Gossypium) genetic collection as a unique biological resource. Analysis of cotton breeding using genetic materials and an overview of collection-based research approaches.

Practical session 2. Types of genetic problems, their principles, and genetic analysis
Study of the main types of genetic problems, underlying principles, and methods of conducting genetic analysis.

Practical session 3. Solving and analysing problems on mono-, di-, and polyhybrid crosses
Solution and analysis of problems related to mono-, di-, and polyhybrid crosses. Introduction to methods for analysing inheritance patterns in hybridisation.

Practical session 4. Statistical analysis of segregation ratios (χ² Test)
Application of the chi-square (χ²) test to analyse segregation ratios and determine phenotypic deviations from expected inheritance patterns.

Practical session 5. Analysis of trait inheritance based on allelic and non-allelic gene interactions
Study of inheritance patterns resulting from interactions between allelic and non-allelic genes, including dominant and recessive gene effects.

Practical session 6. Complementary interaction of non-allelic genes
Solving genetic problems based on complementary gene interactions. Introduction to different types of complementation.

Practical session 7. Epistatic interaction of non-allelic genes
Analysis and solution of genetic problems involving epistasis. Introduction to inhibitor genes, dominant inhibitors, and recessive inhibitors.

Practical session 8. Polymeric interaction of non-allelic genes
Study of polymeric gene interactions, including cumulative and non-cumulative polymerism. Solution of quantitative inheritance problems related to polymerism.

Practical session 9. Gene structure in different plant organisms
Comparative analysis of gene structure and function across different plant organisms. Discussion of evolutionary, morphological, and biological differences revealed through genome studies.

Practical session 10. Double fertilisation and apomixis
Study of double fertilisation, sperm cells, zygote and endosperm formation. Introduction to apomixis, agamospermy, adventive embryony, and parthenogenesis.

Practical session 11. Polyploidy in plants
Investigation of chromosome number variation, including polyploidy, autopolyploidy, and allopolyploidy, and their genetic significance.

Practical session 12. Hybridisation of genetically distant forms and associated challenges
Study of the advantages and difficulties of hybridising genetically distant forms or species.

Practical session 13. Analysis of problems related to quantitative trait inheritance
Analysis of inheritance patterns of quantitative traits with emphasis on polygenic gene effects.

Practical session 14. Assessment and statistical analysis of morphological and agronomic traits
Determination and statistical processing of selected morphological and agronomic trait indicators in hybrid or line materials from genetic collections.

Practical session 15. Determination of cotton fibre yield and fibre index
Calculation and analysis of cotton fibre yield and fibre index based on measured parameters of the studied genetic materials.

IV. COURSE PAPER
Course paper topics
1. Multidomain proteins with rna-binding functions (coilin)

2. Study of protein systems associated with lipid metabolism involved in the pathogenesis of alzheimer’s disease

3. Protein structure prediction and protein engineering

4. Genomics and proteomics

5. Monitoring the transmission of genetic information

6. Databases related to expression analysis and proteomics

7. Protein identification resource (pir)

8. Analysis (editing) of rna in human brain cells

9. Inherited retinal degenerative eye diseases

10. Structural and functional analysis of pentapeptide mcbg and qarb proteins

11. Analysis of mutational contexts in the genome of drosophila melanogaster
12. Rna chaperones

13. Expasy: Protein analysis and export systems

14. Hierarchy of protein architecture and classification of protein structures

15. Dogmas in biology: Primary and secondary levels

16. Genetic diversity and personal identification

17. Protein stability and folding

18. Clustering methods for phylogenetic trees

19. Medical aspects: Disease diagnosis and consequences

20. Neurodegenerative diseases and gene therapy in humans

21. Gene localisation within the genome: Prokaryotic genomes (escherichia coli)

22. Gene localisation within the genome: Eukaryotic genomes (drosophila melanogaster)

23. Identification of protein structures encoded by genes

24. Prediction and modelling of protein structures

25. Comparative analysis of gene expression in the pancreas and hippocampus

26. Rosetta and linus software tools

27. Software for multiple comparison of biological sequences using databases

28. The human genome project

29. Molecular phylogenetics

30. Modern methods for visualisation of biological macromolecules

31. Neural networks

32. Application of grid technologies and supercomputers in biology

33. Development of biological sequencing methods

Note: The course paper topic is selected independently by the master student.

COURSE PAPER ASSESSMENT RUBRIC (5-POINT SCALE)
General assessment principles. Assessment is based on intended learning outcomes (ilos). Emphasis is placed on scientific independence, analytical thinking, and academic integrity. The course paper is assessed on the basis of written work (and oral defence, if applicable). Maximum score: 5 points.

Assessment criteria and weighting
No.
Assessment criterion
Description
Max. Score
1
Relevance of the topic and clarity of objectives
The topic is relevant to modern bioinformatics; the research problem is well defined; aims and objectives are clearly formulated
1.0
2
Scientific background and use of literature
Appropriate use of national and international sources (textbooks, scopus/wos-indexed articles, reviews); correct citation and referencing
1.0
3
Methodology and bioinformatic approach
Selection and correct application of bioinformatic methods (e.g. Blast, sequence alignment, modelling, phylogenetics) with scientific justification
1.0
4
Results analysis and conclusions
Results are critically analysed, supported by figures/tables; conclusions are logical, well argued, and scientifically sound
1.0
5
Academic writing quality and independence
Clear structure, academic language, compliance with formatting standards, originality of work, absence of plagiarism
1.0
Total
5.0
Grade descriptors
5 – excellent - The topic is fully and deeply addressed with a high level of scientific insight. Advanced bioinformatic methods are applied correctly and independently. Results are thoroughly analysed; conclusions demonstrate critical thinking. Academic writing is of high quality; no plagiarism detected

4 – good - The topic is generally well covered. Methods are correctly applied, though analysis may lack depth. Conclusions are logical but not fully comprehensive

3 – satisfactory - The topic is partially addressed. Methodology is applied at a basic level. Analysis and conclusions are limited or insufficiently supported.

2 – unsatisfactory - The topic and objectives are poorly defined. Inappropriate or incorrect methodological approach. Significant weaknesses in analysis and interpretation

1 – fail - The topic is not addressed. Academic standards are not met. Plagiarism or lack of independent work is identified

Academic integrity policy. In cases of confirmed plagiarism, the course paper receives 0 points and is not assessed. Plagiarism checks are conducted using institutionally approved plagiarism-detection systems. All sources must be properly cited according to academic standards.
IV. INDEPENDENT STUDY AND ASSIGNMENTS
Independent Study Topics
1. Preparation for lecture classes
2. Preparation for practical and seminar classes
3. New directions in genetics
4. Biological significance of meiosis
5. Biological significance of mitosis
6. Study of complete inheritance of one trait and incomplete inheritance of another trait
7. Hereditary diseases associated with gene mutations
8. Complete linkage inheritance of genes
9. Incomplete linkage inheritance of genes
10. Cytoplasmic inheritance of traits
11. Polyploidy and tetrapolyploidy
12. Penetrance and expressivity
13. Methods for studying the human genome
14. Inheritance via episomes and mobile genetic elements
15. Mechanisms of genetic recombination
16. Mutations and molecular mechanisms of DNA repair
17. Preparation for lecture classes
18. Preparation for practical and seminar classes
19. Regulation of gene activity (gene expression control)
20. Transcriptomics
21. Comparative and evolutionary genomics
22. RFLP molecular markers and their applications
Requirements for independent study
When completing independent study assignments for the course, students are required to fulfil the following duties and responsibilities:

a) actively work with textbooks and learning materials in order to study the covered topics in depth;
b) prepare in advance for lectures, practical classes, seminars, and assessment activities (tests and examinations), and use time efficiently;
c) submit each independent study assignment within the established deadlines;
d) be aware of and comply with the requirement that assignments will not be accepted after the submission deadline;
e) be aware of and strictly comply with the requirement to avoid plagiarism (academic dishonesty) when completing independent study assignments.

Forms of Independent Study Assignments
Independent study assignments for the course are recommended to be completed according to the principle of alternative choice, using the following formats:

· preparation of an analytical report (essay) on a given topic;

· solving non-standard practical problems and performing creative analytical tasks;

· preparation of scientific articles, abstracts, and reports;

· development of project-based skills by identifying solutions to real practical problems and preparing tests, discussion questions, and assignments;

· preparation of an analytical presentation on a specific topic;

· identification of a clear solution to a given problem and its critical analysis;

· comprehensive analysis of an assigned problem, including definitions and conclusions;

· in-depth study and advanced analysis of a given topic;

· conducting experimental or pilot research activities;

· preparation of calculation, graphical, and project-design works.

Assessment of independent study. Independent study assignments are assessed during practical classes and are taken into account in the evaluation of mid-term (interim) assessments.

	3.
	V. Learning outcomes / Professional competencies
Upon successful completion of this course, the student will be able to demonstrate fundamental and advanced knowledge of plant genetics, understand inheritance patterns and molecular mechanisms of trait formation, apply classical and molecular genetic methods in plant research, and integrate genetic data with biological and ecological processes.

	4.
	VI. Teaching technologies and methods
· Lectures

· Interactive case studies

· Practical sessions

· Group work

· Presentations

· Individual projects

· Team projects and their defense

	5.
	VII. STUDY AND EXAMINATION REQUIREMENTS
Credits are awarded to master’s students upon the successful completion of all prescribed assessments for the Plant genetics discipline, in accordance with the approved academic schedule. Student performance is evaluated through interim assessment (IA) and final assessment (FA), which are designed to assess both theoretical knowledge and practical competencies in plant genetics and genomics.

Assessment Criteria
Excellent (5): The student demonstrates a comprehensive and in-depth understanding of classical and molecular plant genetics, independently applies genetic and genomic approaches in analytical and research contexts, critically analyzes genetic variation and inheritance patterns, and formulates scientifically sound and well-justified conclusions.

Good (4): The student shows a solid understanding of the course content, correctly applies plant genetics concepts and methods in practice, and clearly explains key theoretical and methodological principles.

Satisfactory (3): The student demonstrates a basic understanding of plant genetics and is able to apply fundamental concepts and methods with limited analytical depth.

Unsatisfactory (2): The student has not mastered the course content and is unable to demonstrate an adequate understanding of plant genetics principles, methods, and applications.

Interim Assessment: Conducted once per semester in based on conversation form.

Students are regularly evaluated during practical (laboratory) 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 test 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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	The curriculum has been developed and approved by Namangan state university as follows:
- Discussed and recommended for approval at the meeting No. ___ of the department of Biology on ___, 2025.

- Approved and recommended for confirmation at the meeting No. ___ of the council of the faculty of Biotechnology on ___, 2025.

Discussed and approved at the Meeting No. ___ of the Council of NamSU on ___, 2025.
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