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Curriculum of the Discipline 

1. Description of the discipline, its purpose, subject of study and learning outcomes 

 An important task of doctoral training, along with research and dissertation writing 

is to increase the intellectual potential of doctors of philosophy to the level of understanding 

the processes of formation and development of new branches of science and improving 

existing, starting, and developing new industries. The discipline “Modern advances in 

bioengineering and bioinformatics” is assigned for acquirement of the competencies, 

knowledge, skills and experience in understanding and forecasting these processes in 

modern science and including in the field of biotechnology as a scientific and practical 

activity. 

The discipline "Modern advances in bioengineering and bioinformatics" forms a 

system of competencies, skills and activities for postgraduate students to analyze and predict 

the development of the biotechnology industry based on the knowledge of the molecular 

basis of gene therapy and the latest tools and methods of bioinformatics. The objectives of 

the discipline are the formation of graduate students with the necessary competencies, 

knowledge, skills and abilities for successful postgraduate activities. 
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The purpose of discipline is to develop the students' ability to: 
- search, analysis and processing of information, 

- work in the international scientific space, conducting scientific research at 

the current level, 

- regenerating new ideas for the creation of new drugs using the knowledge 

of modern development of bioinformatics and bioengineering, 

- developing new and improve existing biotechnologies based on new 

bioengineering methods, 

- critical understanding of modern methods of bioengineering and 

bioinformatics to generate new hypotheses for the adaptation of new 

methods in technological processes, 

- performing original research in the field of bioengineering to create new 

knowledge in the field of biotechnology, 

- critical evaluation of the obtained results, making decisions and 

recommendations of alternative strategies for solving problems related to 

the creation and regulation of biological objects, research methods and 

technologies with their participation. 

The subject of the discipline is the patterns of processes of origin and further 

development of theoretical and experimental principles of gene therapy, methods and 

approaches of natural and engineering sciences for their applications in the development of 

drugs for hereditary and acquired diseases. 

As a result of studying the discipline "Modern achievements of bioengineering and 

bioinformatics" the PhD students acquire the following program results: 

- Knowledge and understanding of problematic issues of modern bioengineering 

(including interdisciplinary (gene therapy)) to create the latest biotechnologies in the 

development of drugs. 

- Knowledge and use of modern genetic approaches to improve biological agents and 

regulation of biotechnological processes. 

- Knowledge of modern methods of research at the level of world achievements in 

bioengineering and bioinformatics to gain new knowledge and innovation, organization and 

planning of the experiment, the practice of publishing results. 

- Apply modern tools and technologies for searching, processing and analyzing 

information, in particular, statistical methods of data analysis of large volumes and / or 

complex structures, specialized databases and information systems. 

- Plan and perform experimental and theoretical research using modern knowledge in 

the field of bioinformatics, bioengineering and instrumental methods, critically analyze 

research results. 

- Develop and implement scientific and innovative projects. 

- Develop new and improve existing biotechnologies based on modern advances in 

bioinformatics and bioengineering. 

- Choose the most effective methods of bioinformatics for research on gene therapy.  

The main experience gained by the PhD student at the end of the course is the 

application of acquired knowledge to the analysis of the latest tools and methods of 

bioinformatics in drug development and gene therapy, as well as the application of acquired 

knowledge in research, discussion of results and dissertation content. 



1. Prerequisites and postrequisites of the discipline (place in the structural and logical 

scheme of education according to the relevant educational program) 

The place in the structural and logical scheme of education is provided by disciplines 

such as general chemical and biological disciplines: "Biochemistry", "Biophysics", 

"Microbiology and Virology", "General Biotechnology", as well as a basic level of English 

not less than A2. In the structural and logical plane of the program of training PhD in 

biotechnology, the discipline is based on previously studied disciplines of the master's 

program, which create a foundation for further research and practical activities of doctoral 

graduates as senior managers. 

 The content of the discipline 

 Postgenomic era in the development of bioengineering and bioinformatics. Gene 

therapy. 

Topic 1.1. Molecular basis of gene therapy. 

Development of gene therapy. Problems and prospects of gene therapy in the treatment of 

diseases. Use of modern bioinformatics databases (DB) for drug development. Mendelian 

Inheritance in Man (OMIM) database, ClinVar genome mutations database and their 

relationship to human health. 

Topic 1.2. Methods of introducing genetic material into eukaryotic cells. 

Viral gene and drug delivery systems. Non-viral gene delivery and drug delivery systems. 

Chemical methods. Physical methods. Non-viral delivery systems for gene delivery and 

drug delivery. Bacterial vectors. Application of magnetic nanoparticles (MNPs) for 

physicochemical methods of gene delivery and drug delivery. Materials used to modify the 

MNP surface. Methods of magnetically controlled delivery of genes and drugs. 

Magnetofection. New biological methods of gene and drug delivery. Advantages and 

disadvantages of existing methods of magnetic labeling of the bacterial vector for the 

delivery of genes and drugs.  

Topic 1.3. Application of modern methods of therapy and bioinformatics in gene therapy.  

In vivo study of CRISPR-based human gene editing therapy, where editing takes place inside 

the human body. Achievements of bioinformatics in the development and improvement of 

new methods for targeted delivery of genes and drugs. 
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Educational contest 

1. Methods of mastering the discipline (educational component)  

№ 

з/п 

Topic lectures and a list of major issues 

(List of teaching tools, references and tasks independent work of students (IWoS) 

 Topic 1. Postgenomic era in the development of bioengineering and bioinformatics. 

Gene therapy. 

Molecular basis of gene therapy. 

1 1. Lecture 1. Development of gene therapy. Problems and prospects of gene therapy 

in the treatment of diseases. 

https://doi.org/10.1038/s41392-019-0089-y
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2. Literature: basic [1,2], additional [1] 

IWoS – The first human gene therapy drugs approved by the FDA (Food and Drug 

Administration). 

3. Literature: basic [1], additional [2] 

 Topic 3. Application of modern methods of therapy and bioinformatics in gene 

therapy. 

2 Lecture 2. Achievements of bioinformatics in the development and improvement of 

new methods for targeted delivery of genes and drugs. 

Literature: basic [3], additional: [19,20] 

  

3 Lecture 3. Examples of the use of bacteria with natural magnetically controlled 

properties as vectors for targeted delivery of genes and drugs. 

 Literature: basic [5], additional: [21]   

 

Practical training 

The main tasks of the cycle of practical classes: 

- work with software packages used in Biotechnology; 

- practical work with modern databases of molecular biology. 

№ 

з/п 

Topic sessions 

1 Seminar 1 

Search and determination of functions of homologous proteins 

responsible for biomineralization of biogenic magnetic nanoparticles 

(BMN) in humans with BMN biomineralization proteins in 

magnetotactic bacteria in NCBI. Alignment, determination of 

statistical numbers. 

Literature: basic [3], information resources: [1] 

 

 

Independent work of a student / graduate student 

The postgraduate student's independent work in the discipline includes preparation for 

classroom classes (6 hours), modular test (40 hours), preparation for the exam (50 hours) 

and independent preparation for classroom classes on the following topics, listed below (72 

hours). 

 

№ 

з/п 
The name of the topic submitted for self-study Hours 

1.  

Purpose and main characteristics of the database of Single 

Nucleotide Polymorphisms (SNP), the database of the Genome-

wide association study (GWAS). 

Literature: additional: [3], information resources: [2, 3] 

12 

2.  
Viral systems of delivery of genes and drugs in cancer. 

Literature: basic [3], additional:  [5] 
12 



№ 

з/п 
The name of the topic submitted for self-study Hours 

3.  
Non-viral gene and drug delivery systems. 

Literature: additional: [5-8] 
12 

4.  

Examples of the use of magnetotactic bacteria in the treatment of 

cancer. 

Literature: additional: [11,12] 

12 

5.  

The use of magnetic nanoparticles for the delivery of genes and 

drugs. 

Literature: additional: [13-16] 

12 

6.  

A study of CRISPR-based human gene editing therapy. 

Literature: basic [4], information resources: [6] 

IWoS – Application of genome editing technology in targeted 

therapy of human diseases. 

Literature: basic [4], additional: [18] 

12 

 

 

 

 

Policy and Control 

1. The policy of the discipline (educational component) 

The study of the discipline "Modern achievements of bioengineering and 

bioinformatics" takes place in lectures and practical classes. Visibility of training sessions 

is provided by the use of a significant amount of illustrative material (diagrams, tables, 

slides). During the teaching of this discipline, the teacher conducts a survey of graduate 

students in order to determine the level of assimilation of the material presented, it is 

important activity of graduate students, their preparation during the semester of short reports 

or texts on lectures. Practical classes are conducted using computer equipment and software. 

The discipline is taught in accordance with the rating system. The student's rating in the 

discipline consists of points that he receives in the process of working on practical classes 

and writing a modular test. The student's knowledge obtained during the semester is assessed 

on a 52-point grading system. In the process of learning, students can receive additional 

points for performing additional tasks proposed by the teacher.  

 Provisions on the rating system of assessment in the discipline "Modern advances in 

bioengineering and bioinformatics" to this working curriculum are presented in Appendix 

2. 

Types of control and rating system for assessing learning outcomes  

Modular control work is carried out in order to control the quality of the material 

mastered by students and make appropriate adjustments to the educational process based on 

the results of writing the test. The test is a list of theoretical questions and one task on the 

topics "Using modern bioinformatics databases (DB) for drug development" and "Methods 

of introducing genetic material into eukaryotic cells." In the process of writing a modular 

test, the student must show all the acquired and mastered knowledge and be able to answer 



both specific theoretical questions and solve more creative problems. Variants of questions 

of control work on discipline "Modern achievements of bioengineering and bioinformatics" 

are presented in Appendix 1. 

The rating system for assessing the learning outcomes of students in the credit module 

"Modern advances in bioengineering and bioinformatics" corresponds to the distribution of 

study time by type of classes and tasks in the discipline in accordance with the working 

curriculum. 

During the semester, the student has the opportunity to receive a maximum of 50 

points. 

Writing a modular test and work on practical classes of the graduate student is 

estimated at 50 points. 

50 points are taken for the exam. 

Detailed characteristics of Rating System of Evaluation are given in Appendix 2. 

2. Additional information on the discipline (educational component) 

Appendix 1 

1. Questions to the modular test from the course "Modern achievements of bioengineering 

and bioinformatics" 

2. Purpose and classification of databases (Archival databases, supervised databases, 

derived databases and integrated databases). 

3. Formats for presenting information in the database GenBank NCBI. 

4. Basic requirements for database software 

5. Purpose of the database Mendelian Inheritance in Man (OMIM). 

6. Purpose and main characteristics of the ClinVar database. 

7. Purpose and main characteristics of the database of Single Nucleotide Polymorphisms 

(SNP), 

8. The main features of the database Genome-wide association study (GWAS). 

9. Database of protein sequences (UniProt, PROSITE). 

10. Software resources used in bioinformatics DB and their functions. 

11. Human Metabolome Database (HMDB). Basic search tools in HMDB database. 

12.  Purpose and main characteristics of the database Human protein atlas. 

13. Online Mendelian Inheritance in Man (OMIM) database. 

14. Single Nucleotide Polymorphism (SNP) database. 

15. Genome-wide association study (GWAS) database. 

16. Purpose and main characteristics of the database Atlas of tumor cells The Cancer 

Genome Atlas. 

17. Features of the postgenomic era in the development of bioinformatics. 

18. Gene therapy, definition, development strategy. 

19. Viral delivery systems of genes and drugs. 

20. Non-viral gene and drug delivery systems. 

21. Methods of electroporation for the introduction of genes and drugs. 

22. Methods of sonoporation for the introduction of genes and drugs. 

23. Methods of magnetically controlled delivery of genes and drugs. Magnetofection. 

24. New bacterial magnetically controlled methods of gene and drug delivery. 

25. CRISPR technology for human gene editing therapy. 

26. The main achievements of CRISPR technology of human gene editing therapy. 

27. Examples of achievements of personalized medicine. 



28. Examples of foreign and Ukrainian companies offering human genome analysis. 

Appendix 2 

Rating system for evaluation the learning outcomes of students in the credit module 

of the course "Modern advances in bioengineering and bioinformatics" 

A student's credit module rating consists of the points he receives for: 

• execution and defense of 1 practical works; 

• writing a modular test. 

Scoring criteria. 

1. Practical works. Weight score - 10.  

flawless work - 10 points; 

there are certain shortcomings in the preparation or execution of work - 8 points; 

there are shortcomings in the preparation and execution of work - 6 points; 

Work not performed or not protected - 0 points. 

2. Writing a modular test. Weight score - 40. The maximum number of points for a 

modular test is 40 points. 

Modular test consists of 4 theoretical questions 

The maximum number of points for one theoretical question is 10 points: 

the student receives a complete correct answer - 10 points; 

for the correct answer with minor inaccuracies the student receives - 8 points; for the 

correct answer, but there are some inaccuracies the student receives - 6 points; 

for the answer, in which there are significant inaccuracies, the student receives - 4 

points; for incorrect answer the student receives 0 points. 

Penalty and incentive points for: 

• non-admission to practical work due to unsatisfactory entrance control - 2 point; 

• participation in the modernization of practical work; performance of tasks on 

improvement of didactic materials on discipline is given from 2 to 10 encouraging points. 

The exam is rated at 50 points. The control task of this work consists of five questions 

from the list provided in the appendix to the work program. 

Each question is evaluated in 10 points according to the following criteria: 

"Excellent" - a complete answer (at least 90% of the required information), provided 

appropriate justifications and personal opinion - 9-10 points; 

"Good" - a fairly complete answer (at least 75% of the required information), 

performed in accordance with the requirements for the level of "skills", or minor 

inaccuracies) - 7-8 points; 

"Satisfactory" - incomplete answer (not less than 60% of the required information. 

Made in accordance with the requirements for the "stereotypical" level and some errors) - 

5-6 points; 

"Unsatisfactory" - unsatisfactory answer - 0 points. 

 

Table of correspondence of rating points to grades on the university scale: 

Scores Marks 

100-95 Excellent 

94-85 Exceptionally good 

84-75 Good 

74-65 Satisfactorily 



64-60 Enough 

Less than 60 Unsatisfactorily 

Admission conditions are 

not met 
Not allowed 

 

Work program of the discipline (syllabus): 

Compose Professor Doctor of Technical Sciences Svetlana Gorobets  

Approved by the Department of Bioinformatics (protocol № _16__ from _22/07/2020р.) 

Approved by the Methodical Commission of the faculty (protocol № 10 from 26/06/2020р.) 


