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INTRODUCTION

Working Program of the discipline «Modern problems of molecular biology» (elective course)
according to the Higher Education Academic Standard of the 2nd (master’s degree) level
education sector 22 Healthcare
specialty 221 Dentistry
Education program Master of Dentistry

The description of the discipline «Modern problems of molecular biology» (Annotation)
«Modern problems of molecular biology» (elective course) is a studying discipline, which 

is a part of the educational-professional program (EPP, ОНИ) and is studied by the I year students, 
specialty 221 «Dentistry».

Working Program of the discipline «Modern problems of molecular biology» contains such 
chapters:

Chapter 1. «Molecular basis of heredity»,
Chapter 2. «Molecular basis of hereditary diseases»,
Chapter 3. «Modern issues of genetic technologies».
This discipline provides a study of modern problems and achievements of molecular 

medicine, including molecular genetic diagnostics, pharmacology, gene therapy. It lays the 
foundation in dental students for their further mastering knowledge on the basic methods of 
chemical analysis of the structure and functions of biopolymers (proteins and nucleic acids); 
understanding of the molecular-genetic basis for the development of hereditary and multifactorial 
diseases and prospects for the application of the achievements of molecular biology in practical 
medicine.

The course includes lectures, practical classes, individual work of students and ends with a 
final credit.

The study of the discipline «Modern problems of molecular biology» (elective course) lays 
the foundation for further mastering by students specialized knowledge and skills from theoretical 
and professional-practical clinical disciplines (Bioorganic chemistry, Pharmacology, Physiology, 
Medical genetics, etc.).

The types of lessons according to the Working Program are:
a) lectures; b) practical classes, c) individual student’s work; d) consultations.

Structure of the 
discipline

Quantity of credits, hours, from them
Year of study, 

semester
Form of the 
final controlTotal

Auditory
ISW

Le
ct

ur
es

(h
ou

rs
)

Pr
ac

tic
a 

l c
la

ss
es

 
(h

ou
rs

)

Name of the discipline:
«Modern problems of 
molecular biology»

3.5 credits 
105 hours

10 30 65 І course
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The subject of the Academic discipline study is the biological basis of human vital functions at 
the molecular-genetic level,

Interdisciplinary links: the Academic discipline «Modern problems of molecular biology» 
(elective course) is integrated with the following biomedical disciplines: Medical biology, 
Biological and bioorganic chemistry, Genetics, Biophysics, Microbiology, Organic and inorganic 
chemistry, Neurocybernetics, Bioinformatics, etc.

1. Aim and goals of the discipline
1.1. The aim of the course is to form knowledge and practical aptitude for further students’ 
mastering the block of relevant disciplines, which provide natural-science (NS unit) and 
professional-practical (PP unit) preparation for understanding modern problems as well as 
achivements of molecular medicine.
1.2. The ultimate goals of the course «Modern problems of molecular biology» are:
1. To explain the the patterns of human organism vital functions manifestation at the molecular- 
biological and cellular levels.
2. To identify the manifestations of general biological laws during human ontogenesis.
3. To understand the molecular-genetic basis for the development of hereditary and multifactorial 
diseases, prospects for the application of advances in molecular biology in practical medicine.
4. To explain the nature and mechanisms of inherited human diseases phenotypic manifestation.

1.3 Competencies and studying process results
According to the requirements of Higher Education Standard, subject «Modern problems of 
molecular biology» provides the development of competencies.

Integral competencies enables to apply acquired general and professional competences to 
solve complex tasks of a doctor's professional activity and practical problems in the field of health 
care in the relevant position, the scope of which is provided by defined lists of syndromes and 
symptoms of diseases, physiological conditions and diseases that require special tactics patient 
management; laboratory research, implementation of innovations.

1) general (3K):
3K 1. The ability for abstract thinking, analysis and synthesis.
3K 2. Knowledge and understanding of the subject area and understanding of professional activity. 
3K 3. The ability to apply knowledge in practical situations.
3K 4. Ability to communicate in the state language both orally and in writing.
3K 5. The ability to communicate in English.
3K 6. Skills to apply information and communication technologies.
3K 7. The ability to search, determine and analyze information from various sources.
3K 8. The ability to adapt and act in a new situation.
3K 9. The ability to reveal, determine and solve problems.
3K 10. The ability to be critical and self-critical.
3K 11. The ability to work in a team.
3K 12. The striving to preserve the environment.
3K 13. The ability to act socially responsibly and consciously.
3K 14. The ability to realize own rights and responsibilities as a member of society, to understand 
the values of civil (free democratic) society and the need for its sustainable development, the rule 
of law, human rights and freedoms.



3K 15. The ability to preserve and multiply moral, cultural, scientific values and achievements of 
society based on understanding the history and patterns of development of the subject area, its 
place in the general system of knowledge about nature and society and in the development of 
society, techniques and technologies, use different types and forms of physical activity for an 
active recreation and leading a healthy lifestyle.

2) special (professional) (O K )
OK 2. The ability to interpret the results of laboratory and instrumental research.
OK 13. The ability to evaluate the impact of environmental on the health of the people (individual, 

family and population).

Matrix of competencies

No Competence Knowledge Skills Autonomy and 
responsibility

1 The ability to 
use in dental 
practice 
knowledge of 
modern
achievements in
molecular
biology.

To know how to 
interpret the 
importance of 
mol ecular-geneti c 
methods for 
hereditary and 
infectious diseases 
diagnosis in forensic 
medicine.

Be able to solve 
situational problems, 
to identify the 
primary structure of 
the protein, the 
number of amino 
acids, the molecular 
weight of the 
polypeptide according 
to the gene structure 
encoding it.

1. Be responsible 
for the acquirement 
of relevant 
knowledge and 
skills.
2. Be responsible 
for the measures 
that preserve the 
environment within 
the own 
competence.

2 The ability to 
use in dental 
practice 
knowledge of 
cytological basis 
of heredity, 
mechanisms of 
hereditary and 
acquired human 
diseases 
development.

To apply knowledge 
of molecular basis 
of heredity, the 
mechanisms of 
hereditary and 
acquired human 
diseases
development in the 
physician practice. 
To know and 
understand modern 
achievements in 
molecular biology.

Be able to analyze the 
structure of pro- and 
eukaryotic genes, to 
determine the types of 
mutations (gene or 
chromosomal)
Be able to analyze the 
complex mechanisms 
of human traits 
inheritance.

1. Be responsible 
for the acquirement 
of relevant 
knowledge and 
skills.
2. Be responsible 
for the measures 
that preserve the 
environment within 
the own 
competence.

3 The ability to 
estimate the 
impact of 
environmental 
factors on 
human health, to 
use the own 
professional 
activity for 
protection of the 
environment

To know how to 
conduct the own 
professional 
activity to 
preserve the 
environment.

Be able to choose the 
appropriate methods of 
human heredity 
investigation for 
diagnosis of different 
hereditary diseases.

1. Be responsible 
for the acquirement 
of relevant 
knowledge and 
skills.
2. Be responsible 
for the measures 
that preserve the 
environment within 
the own 
competence.



and conducting 
sanitary- 
educational 
work.

Learning outcomes (nPH):
Integrative final program learning outcomes, for the formation of which contributes an academic 
discipline «Modern problems of molecular biology»:
ПРН 7. To analyze the epidemiological situation and provide mass and individual, general and local 
drug and non-drug prevention measures for dental diseases.
ПРН 15. To evaluate the environmental impact on human health in order to assess the morbidity of 
the population.
ПРН 17. To adhere a healthy lifestyle, to apply self-regulation and self-control techniques.
ПРН 18. To be aware of and be guided in one's activities by civil rights, freedoms and duties, to 
raise the general educational cultural level.

After studying the discipline «Modern problems of molecular biology» students should know:

• Structure and functions of nucleic acids.
• Molecular mechanisms of intercellular signaling and transmembrane transport.

• Classification of genes, structural genes organization in eukaryotes.
• Molecular mechanisms and role of replication, repair, and recombination processes.
• Molecular mechanisms of hereditary information realization.
• Principles of gene expression regulation in pro- and eukaryotes.
• General features of viruses, prokaryotes, and eukaryotes genomes organization.
• Modern methods of the human genome study.
• Classification of mutational variability, molecular mechanisms of mutational variability.
• Molecular mechanisms of certain mutagenic factors action and methods of mutagenic 

activity study, mechanisms of antimutagens action.
• Molecular mechanisms of ontogenesis.
• Regulation of the cell cycle. Molecular mechanisms of cell death (apoptosis, necrosis).
• Molecular mechanisms of tumor development.
• Modern methods of molecular genetic diagnostics and their application in medicine.
• The concept of biotechnology and genetic engineering.
• Principles of transgenic organisms construction, possibilities of their application in 

biotechnology and medicine.
• Potential environmental consequences of the genetically modified organisms application.
• Principles of animal cloning and the value of the method for biology and medicine.
• Principles of gene therapy, its achievements and prospects.

be able:
- to identify (schematically) the primary structure of the protein, quantity of amino acids, 

molecular weight of polypeptide, according to the sequence of nucleotides present in the 
gene, encoding it;

- to determine changes in protein structure due to gene mutations.



- to determine the types of gene mutations when solving situational problems and analyzing 
the diagrams; types of chromosomal and genomic mutations during analysis of karyotypes.

2. Informational content of the discipline
For discipline studying is given 3.5 credits ECTS / 105 hours.

Structure of the discipline «Modern problems of molecular biology»:
Working Program of the Academic discipline contains the following chapters: «Molecular basis of 
heredity», «Molecular basis of hereditary diseases», «Modern issues of genetic technologies».

3. Structure of the discipline

Names of chapters and topics Total Lectures Practical
classes

Individual
student’s
work

Molecular basis of heredity
Topic 1. Subject and tasks of molecular 
biology. Practical significance and 
methods of molecular biology. General 
characteristics of macromolecules. 
Methods of molecular biology. Molecular 
mechanisms of intercellular signaling and 
transmembrane transport.

6 2 4

Topic 2. Macromolecules as objects of 
molecular biology study. DNA 
replication and reparation.

13 8 5

Topic 3. Genomic organization in non
cellular and cellular organisms. 
Regulation of gene expression.

18 2 6 10

Molecular basis of hereditary diseases
Topic 4. Molecular-genetic methods in 
medicine

13 4 9

Topic 5. Molecular mechanisms of 
ontogenesis. Problems of mutagenesis 
and molecular mechanisms of hereditary 
diseases.

11 2 9

Topic 6. Cell cycle and its regulation. 
Apoptosis.

14 2 2 10

Modern issues of genetic technologies
Topic 7. The concept of genetic 
engineering. Methods of DNA 
diagnostics.

14 2 2 10

Topic 8. Transgenic organisms. Gene 
therapy. Molecular clo ning. Cloning of 
organisms and cells.

16 2 6 8

Total 105 hours / 3.5 credits ECTS 105 10 30 65
Final control Credit



4. Thematic plan of lectures

No Topic Hours

1. Subject and tasks of molecular biology. The main stages of 
development. Prospects for the application of modern advances in 
molecular biology in clinical medicine.

2

2. Genomic organization in non-cellular and cellular organisms. 
Regulation of gene expression. 2

3 Cell cycle. Genetic mechanisms of carcinogenesis.
2

4 Genetic engineering. Transgenic organisms. Gene therapy: prospects 
for application in medicine. 2

5 Cell engineering. Cloning of organisms. Biological and ethical 
problems of cloning. 2

Total 10

5. Thematic plan of practical classes

No TOPIC Hours

1 General characteristic of macromolecules. 2

2 Nucleic acids and their role in the storage of hereditary information. 2

3 Molecular mechanisms of DNA replication. 2

4 DNA repair. Mechanisms of damaged DNA repair. 
Hereditary diseases with defects in DNA repair.

2

5 Genome structure and molecular mechanisms of gene expression in 
viruses.

2

6 Molecular mechanisms of gene expression inprokaryotes. 2

7 Molecular mechanisms of gene expression in eukaryotes. 2

8 Organization of human genome. 2

9 Molecular mechanisms of mutations. Cell cycle regulation. 2

10 Molecular bases of oncogenetics. 2

11 Methods of nucleic acid investigation. Recombinant DNA. 2

12 Gene therapy. 2

13 Transgenic organisms. 2



14 Molecular-genetic methods in medicine and dentistry. 2

15 Cloning of organisms and cells. Therapeutic cloning and its prospects in 
medicine.

2

Total 30

6. Thematic plan of individual student’s work

No TOPIC Hours Type of control

1 Proteins, their role in providing of biological 
specificity. The concept of proteomics. Prion diseases.

5 Current control 
during practical

2 Mobile genetic elements. Molecular mechanisms of 
general genetic recombination.

5 classes

3 Extranuclear heredity. Mitochondrial genome. 5
4 Molecular mechanisms of cell aging. 5
5 Molecular mechanisms of intercellular signaling and 

transmembrane transport.
4

6 Modern molecular-cytogenetic methods: FISH method, 
comparative genomic hybridization, spectral 
karyotyping, etc.

5

7 Apoptosis: molecular mechanisms. Ways to realize the 
apoptosis program.

5

8 Recombinant DNA, principles of their construction. 
Cloning of nucleic acid fragments in vivo. The concept 
of vector in biology definition.

4

9 Mechanisms of carcinogenesis. 5

10 Nucleic acid-based vaccines and their application in 
medicine.

5

11 Genetic engineering and its methods. 5

12 Mutagenic factors. Methods for substances mutagenic 
activity determination.

4

13 Transgenic organisms. The principle of their 
construction.

4

14 Transgenic bacteria, plants and animals. The main areas 
of application in the national economy and medicine.

4

Total 65

7. Individual tasks. Preparing scientific reports for a scientific students’ association meetings and 
for the Annual Student Scientific Conference.



8. Teaching methods:
- Verbal methods: lecture, conversation;
- Visual methods: illustration, demonstration;
- Practical methods: practical work and solving situational problems to develop skills;
- Individual student’s work with material understanding and learning;
- Using the educational computer programs on discipline.

9. Control methods:
• Current control is performed based on checking of theoretical knowledge and skills during 

practical classes.
• The study of the discipline ends with credit.

Criteria for evaluation. The teacher evaluates each student's knowledge at each practice 
according to four-mark (traditional) system, taking into account the approved evaluation criteria: 

Excellent ("5") -  the student perfectly mastered the theoretical material of the topic, 
demonstrates deep and comprehensive knowledge of the topic, the main concepts of scientific 
sources and recommended literature, thinks logically and answers thoroughly, freely uses the 
acquired theoretical knowledge in analyzing of practical material, expresses his attitude to certain 
problems, demonstrates high level of practical skills acquisition.

Good ("4") -  the student has well mastered the theoretical material of the lesson, knows the 
basic aspects of primary sources and recommended literature; possess practical skills, expresses his 
views on certain issues, but assumes certain inaccuracies and errors in the logic of the presentation 
of theoretical content or in the implementation of practical skills.

Satisfactory ("3") -  the student has mainly mastered the theoretical knowledge of the 
subject, is guided by primary sources and recommended literature, but answers unconvincingly, 
confuses concepts, additional questions cause the student uncertainty or lack of stable knowledge; 
answering questions of a practical nature, reveals inaccuracies in knowledge, is unable to assess 
facts and phenomena, relate them to future activities, makes mistakes in the implementation of 
practical skills

Unsatisfactory ("2") -  the student has not mastered the study material of the topic, does not 
know the scientific facts, definitions, almost does not navigate in the original sources and 
recommended literature, there is no scientific thinking, practical skills are not formed.

Traditional scales are converted into the points.

10. Current control is performed based on a comprehensive assessment of the student's activities 
and acquired competencies (knowledge, practical skills, etc.), which includes control of the input 
level of knowledge, quality of practical work, level of theoretical training, and the results of the 
final knowledge control.

Current control is performed during the studying classes and is aimed at checking the 
mastering by students the learning material. The forms of current control are:
a) tests with a choice of one correct answer (multiple choice questions), the definition of the correct 
sequence of actions, definition of correspondency, the definition of specific areas in a picture or 
diagram ("recognition");
b) individual oral examination, interview;
c) solving of typical problems from molecular biology;



b) control of practical skills.

10.1. Evaluation of students' current educational activity is carried out at each practical (laboratory 
or seminar) class according to four-mark system, taking into account the approved evaluation 
criteria for the discipline and is represented in the Journal of Academic Performance. All types of 
work and the list of competencies, provided by the program and methodical recommendations for 
the topic study, are taken into account. A student must receive a grade on each topic.
10.2. Individual work of students is estimated during current control on the relevant lesson.

11. Final control
It is a form of final control, which is based on evaluation the student's results of mastering 

theoretical and practical material performed in certain types of practical classes.
Credit from the discipline is conducted after the completion the studying, before the 

examination session. All topics from current control should be successfully performed.
Students get a credit for a course, if the average score for current activity during the semester 

is at least "3" (120 points on a 200-point scale).
Grades from traditional the 4-point scale are converted into points on a multi-point (200- 

point) scale in accordance with the ECTS rating scale.

12. The scheme of calculation and distribution of points that are received by students:
Maximum quantity o f points, which student can collect for the current educational activity 

for admission to the exam (differentiated credit) makes 200 points.
Minimum  quantity o f points, which student can collect for the current educational activity for 

admission to the exam (differentiated credit) makes 120 points.
The calculation o f the number ofpoints is made on the basis of the collected student’s marks 

on the traditional scale during the discipline study, by calculating the arithmetic mean (AM or 
average), rounded to two decimal places. The obtained value is converted into points according to 
the scoring scale as follows:

AM x 200

The assessment of the discipline, the form of final control of which is credit, is based on the 
results of the assessment of current educational activities and is marked on a two-point scale: "pass" 
or "fail".

To pass the discipline, the student must collect for the current educational activity not less 
than 60% of the maximum amount of points (for a 200-point scale - not less than 120 points). 
Scores and grades ("pass" or "fail") the teacher puts in the examination sheet and in the student's 
record book (except for a failing grade).

The scores from discipline are converted to the ECTS scale. Grade F (failing grade)
Grade F (unsatisfactory with obligate repeat of the course) is awarded to students who have 

attended all classes in the discipline, but did not collect the minimum number of points for the 
current academic activity. Such students receive a grade "fail" and are not allowed to take the exam 
session.

The scores from discipline are converted to the ECTS scale and to the 4-point scale 
independently.



„A”, „B”, „C”, „D”, „E” ranking is made for students studying at one of the specialty and 
who have successfully completed study course.

Discipline points for students who have successfully completed the program are converted 
into traditional 4-point scale by absolute criteria, which are listed in the following table:

Points from discipline Estimation on 4-point scale
From 170 to 200 points 5
From 140 to 169 points 4
From 139 points to minimal quantity of points, 
which student must collect

3

Less than minimal quantity of points, which 
student must collect

2

Objective evaluation of educational activities of students is tested by statistical methods (the 
correlation coefficient between ECTS score and score in a national scale).

13. Methodological support:
• Working Program of the discipline.
• Schedules of lectures, practical classes and individual student’s work.
• Lecture theses from the discipline.
• Methodical recommendations for lecturers.
• Methodical recommendations for practical classes for students.
• Methodical recommendations for individual student’s work.
• Test and control tasks for practical classes.
• Questions and tasks for final control of the discipline (credit).
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Informational resources:
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