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	I. COURSE CONTENT
The Aim of the Discipline. The aim of the discipline Modern Bioinformatics is to provide master’s students with a comprehensive understanding of the theoretical foundations and current directions of bioinformatics, enabling them to interpret genomic, transcriptomic, proteomic, and other omics data in a biological context. The course aims to develop students’ ability to effectively use major biological databases and modern bioinformatics software tools, analyze nucleotide and protein sequences, evaluate and visualize phylogenetic relationships, critically assess bioinformatics methods and algorithms, and independently design and conduct bioinformatics research. Graduates will be able to present scientific results professionally in both written and oral forms.
II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)
The course includes the following topics:

Topic 1. Introduction to modern bioinformatics: Subject, goals, and objectives
Introduction to the bioinformatics course. The concept of bioinformatics and its history. Stages of development of the field. Its evolution as a scientific discipline, content, and objectives. Achievements in the field of biological databases.

Topic 2. Bibliographic databases and tools for retrieving textual information
Learning to work with bibliographic databases during the preparation of dissertations and scientific articles. Use of databases such as Scopus, Springer, Google Scholar, and others.

Topic 3. Biological information databases and their application
Use of scientific research methods in various fields of biology and the formation of biological databases. Study of observational, comparative, historical, experimental, and mathematical modelling methods in biology and their application in database development.

Topic 4. Modern microscopes and software used with them
Visualisation of biological objects using modern microscopes, image and video acquisition, and the application of digital microscopy software.

Topic 5. Software for studying the geographic distribution of biological species
Analysis, mapping, and categorisation of biological data using Google Earth, ArcGIS, and GeoCAT software, including assessment according to international categories.

Topic 6. Software for the analysis of nucleic acids
Comparison of nucleotide sequences using the BLAST program. Gene clusters, promoters, TATA boxes, SAT blocks, enhancers, and silencers. Transcription, translation, and protein synthesis. Start and stop codons, messenger RNA, ribosomes and their subunits, and initiation, elongation, and termination factors.

Topic 7. Software for the analysis of amino acids
Comparison of amino acid sequences and identification of translations using BLAST. Regulatory elements such as TATA boxes, SAT blocks, enhancers, and silencers. Processes of transcription, translation, and protein synthesis, including start and stop codons, mRNA, ribosomes, and translation factors.

Topic 8. Clustalw and t-coffee software and their applications
Use of ClustalW and T-Coffee for sequence alignment. Explanation of restriction enzyme activity using plasmids containing a single EcoRI restriction site, resulting in linearisation of circular plasmid DNA with sticky ends.

Topic 9. Construction of phylogenetic trees in biological research and their significance
Phylogenetic trees as graphical models representing evolutionary relationships among organisms and their importance across various fields of biological research.

Topic 10. Phenetic analysis in biological research and its importance
Phenetic (taxonomic) analysis as a quantitative method for assessing similarities and differences among organisms based on morphological, biochemical, genetic, and physiological characteristics.

Topic 11. Software for biopolymer modelling and their application
Use of the RasMol program and its operating procedures. Visualisation of biological macromolecules based on their primary structure. Working with RasMol and I-TASSER. Deposition of generated structures into PDB and MMDB databases.

Topic 12. Modeller and i-tasser software and their application
Visualisation of biopolymers based on their primary structure. Practical use of RasMol and I-TASSER. Submission of generated structures to PDB and MMDB databases.

Topic 13. Modelling of global climate change processes
Global climate change trends worldwide, their experimental investigation, and bioinformatic analysis.

Topic 14. Practical application of modern bioinformatics in biological research and future prospects
Application of bioinformatic software to analyse experimental data obtained in biological research and its use in scientific articles and dissertations.

Topic 15. Application of bioinformatics in modern medicine and pharmaceuticals
Use of bioinformatic tools in disease diagnosis, treatment, and drug development.

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

1. Introduction to modern bioinformatics: Subject, goals, and objectives
Approach: Use of web resources and online platforms. Skills: Searching databases such as NCBI, EMBL, and DDBJ. Professional challenge: Extracting data relevant to a specific biological question.

2. Bibliographic databases and tools for retrieving textual information
Approach: Use of platforms such as GBIF and iNaturalist. Skills: Downloading relevant data using APIs and filters. Challenge: Assessing the reliability of collected data and the accuracy of geographic coordinates.

3. Biological information databases and their use
Approach: Teaching through interactive web browsers. Skills: Integrated searches using UniProt, KEGG, and ENSEMBL. Challenge: Managing data redundancy and correct use of contextual information.

4. Modern microscopes and software used with them
Description: Students are introduced to modern light, electron, confocal, and atomic force microscopes. Fundamentals of microscopy, sample preparation techniques, and image analysis using microscopy software (e.g., ImageJ, ZEN, NIS-Elements) are covered. Skills: Operating microscopes, sample preparation, digital image analysis, measurement, and morphological analysis.

5. Software for studying the geographic distribution of biological species
Description: Analysis and mapping of species distribution using geoinformation technologies such as ArcGIS, Google Earth, QGIS, and MaxEnt. Skills: Working with GPS coordinates, visualising species distribution using GIS tools, and understanding the basics of ecological modelling.

6. Software for the analysis of nucleic acids
Approach: Use of the NCBI BLAST interface. Skills: Identifying genes and proteins corresponding to given sequences. Challenge: Interpreting E-values and alignment similarity scores.

7. Software for the analysis of amino acids
Approach: Use of the NCBI BLAST interface. Skills: Identifying genes and proteins corresponding to amino acid sequences. Challenge: Interpreting E-values and alignment similarity scores.

8. Clustalw and t-coffee software and their applications
Approach: Comparative analysis using real biological examples. Skills: Assessing sequence similarity levels. Challenge: Identifying and correcting alignment errors.

9. Construction of phylogenetic trees in biological research and their significance
Approach: Use of MEGA, ClustalW, and T-Coffee. Skills: Tree construction and multiple validation approaches. Challenge: Selection of appropriate evolutionary models.

10. Phenetic analysis in biological research and its importance
Approach: Use of MEGA, ClustalW, and T-Coffee. Skills: Construction and evaluation of phenetic trees. Challenge: Selection and justification of analytical models.

11. Software for biopolymer modelling and their applications
Approach: Use of AlphaFold, RasMol, Modeller, and I-TASSER. Skills: Protein structure modelling. Challenge: Comparing prediction accuracy with experimental and practical results.

12. Modeller and i-tasser software and their applications
Approach: Use of AlphaFold, RasMol, Modeller, and I-TASSER. Skills: Protein structure modelling and visualisation. Challenge: Evaluation of predictive accuracy and comparison of modelling results.

13. Modelling of global climate change processes
Description: Modelling global climate change processes and their impact on biological diversity. Databases and modelling tools such as WorldClim, CMIP6, and DIVA-GIS are studied. Skills: Analysis of climate projections, assessment of climate impacts on plant and animal species, and development of adaptation models under changing environmental conditions.

14. Practical application of modern bioinformatics in biological research and future prospects
Description: The role of bioinformatics in genomics, transcriptomics, proteomics, and metabolomics; use of resources such as NCBI, Ensembl, and KEGG for data analysis. Skills: Working with biological databases, genetic analysis, network analysis, and functional genomics studies.

15. Application of bioinformatics in modern medicine and pharmaceuticals
Description: Role of bioinformatics in molecular drug design, gene therapy, pharmacogenomics, and personalised medicine. Platforms such as DrugBank, PubChem, AutoDock, and SwissADME are analysed. Skills: Modelling drug–receptor interactions, identifying biological targets, and understanding the fundamentals of molecular docking and ligand design.

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

2. Comparative bioinformatic analysis of catalytic amino acids in enzymes of the alpha/beta hydrolase superfamily

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

4. Protein structure prediction and protein engineering

5. Genomics and proteomics

6. Monitoring the transmission of genetic information

7. Databases related to expression analysis and proteomics

8. Bibliographic databases

9. Protein identification resource (pir)

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

11. Comparative bioinformatic analysis of lactate dehydrogenase isoenzymes in humans

12. Inherited retinal degenerative eye diseases

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

14. Analysis of mutational contexts in the genome of drosophila melanogaster
15. Rna chaperones

16. Expasy: Protein analysis and export systems

17. Hierarchy of protein architecture and classification of protein structures

18. Dogmas in biology: Primary and secondary levels

19. Genetic diversity and personal identification

20. Protein stability and folding

21. Clustering methods for phylogenetic trees

22. Medical aspects: Disease diagnosis and consequences

23. Neurodegenerative diseases and gene therapy in humans

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

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

26. Identification of protein structures encoded by genes

27. Prediction and modelling of protein structures

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

29. Rosetta and linus software tools

30. Software for multiple comparison of biological sequences using databases

31. The human genome project

32. Molecular phylogenetics

33. Modern methods for visualisation of biological macromolecules

34. In silico analysis of protein structures and properties

35. Neural networks

36. Application of bioinformatic approaches in drug development

37. Principles of working with i-tasser and modeller software

38. Visualisation of protein structures using the rasmol program

39. Application of grid technologies and supercomputers in biology

40. 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. Analysis of biological molecules using sequencing methods
2. Study of biodiversity databases and preparation of a short analytical essay
3. Analysis of biological molecules using Hidden Markov Models
4. Analysis of biological molecules using the Monte Carlo method
5. Study of phylogenetic tree construction algorithms and development of phylogenetic trees for plants and animals
6. Study of the operating principles of I-TASSER and Modeller software and visualisation of protein structures
7. Multiple sequence alignment and construction of phylogenetic trees using ClustalW and T-Coffee
8. Study of the concept of bioinformation in the modern world and its practical application
9. Working with MetaBase and ConsensusPathDB databases
10. Assessment of biological diversity to understand and analyse evolutionary biology
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.
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	V. Learning outcomes / Professional competencies
Upon successful completion of this course, the student will be able to use bioinformatics tools and databases to analyze nucleotide and protein sequences, interpret genomic and proteomic data, visualize phylogenetic relationships, and independently design and present bioinformatics research.

	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 Modern Bioinformatics 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 bioinformatics competencies.

Assessment Criteria
Excellent (5): The student demonstrates a comprehensive and in-depth understanding of modern bioinformatics concepts and methodologies, independently applies advanced bioinformatics tools and computational approaches, critically analyzes genomic and molecular data, and formulates scientifically sound and well-justified conclusions.

Good (4): The student shows a solid understanding of the course content, correctly applies bioinformatics methods and software tools in practical tasks, and clearly explains key theoretical and methodological principles.

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

Unsatisfactory (2): The student has not mastered the course content and is unable to demonstrate an adequate understanding of bioinformatics 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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Discussed and approved at the Meeting No. ___ of the Council of NamSU on ___, 2025.
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