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1. Aim and Objectives of Mastering the Discipline (Module)

4.

Aim of mastering the discipline « Biology: Fundamentals of Genetics» is to provide
students with the necessary knowledge and understanding in the field of general genetics
and breeding (selection), to equip them with practical skills and abilities for work in a
genetics laboratory, to enable them to master biochemical and immunogenetic research
methods, to develop skills in collecting genealogical (family) histories, identifying the
hereditary nature and mode of inheritance of diseases, and to build students' foundational
knowledge of bioinformatics.

Obijectives of mastering the discipline « Biology: Fundamentals of Genetics »:

To develop a comprehensive understanding of the significance of genetics in human life
and the organization of hereditary material (genetic material).

To provide thorough knowledge of the laws of heredity and variation (inheritance and
variability).

To familiarize students with laboratory research methods in genetics and breeding
(selection), as well as bioinformatics approaches.

To master the methods used for Genetics.

2. Place of the Discipline (Module) in the Structure of the Training (educational) Program

The discipline « Biology: Fundamentals of Genetics» belongs to the compulsory part.

3. List of Potential Learning Outcomes for the Discipline (Module), Correlated with the
Outcomes of Mastering the Educational Program

Code and definition of the

Code and definition of the | Planned learning outcomes

competence indicator for the discipline (module)
describing the stages of
competency and indicator
development
GPC-5. Capable of assessing | Al-1 ~ GPC-5.  Assesses | Formation of clinical thinking
morphofunctional, morphofunctional and
physiological states, and physiological  states and

pathological processes in the
human body to solve
professional tasks.

processes in the human body
at the individual, group, and
population levels to solve
professional tasks.

Al-2 GPC-5. Identifies
pathological states and
processes in the human body
to solve professional tasks.

4. Volume of the Academic Discipline (Module) and Control *

Volume of classes: Total: 3 ECTS credits, 108 academic hours.

Full-time type of
study, in academic
hours

Face-to-face work

80

Lectures / including practical training

32/0




Laboratory works / including practical training

48/0

Independent work

28

Forms of control

Graded credit (Graded Pass/Fail test)

* The discipline (module) provides for the use of e-learning and remote learning technologies

(unless otherwise set by the educational standard).

5. Content of the Discipline (Module), Structured by Topics (Sections) with an Indication of

the Hours and Types of Classes

Full-time training | Forms of
current
Contact work control of
of students » | academic
Compe- with the 3 | progress
tencies teacher / of i
4 fgﬁiieonrl (topic) of the discipline and brief ?r?c?ica- gl'(?””; ?rre?i(r:wtilrig! g
tors to hours c
be deve- é
loped g | g :)-)_
28| B EE
SB| ox| —
48 8¢
]l a2
1 The subject of genetics. History of the Al-1 Presentatio
development of genetics. Mendelism. GPC-5 n of
Mendel's laws. Monohybrid, dihybrid, and | Al-2 laboratory
polyhybrid crosses. Test cross. GPC-5 work
1. The subject of genetics Testing
2. Major stages in the development of
genetics
3. Monohybrid cross
4. The law of uniformity of first-
. ; 2 2 2
generation hybrids
5. The law of segregation (splitting) of
traits
6. Dihybrid and polyhybrid crosses
7. The law of independent assortment
(independent inheritance)
8. Test cross (analytical backcross)
9. Backcross (recurrent cross / return
Cross)




Interaction of allelic genes. Interaction of Al-1 Presentatio
non-allelic genes. GPC-5 n of
1. Complete dominance Al-2 laboratory
2. Incomplete dominance GPC-5 work
3. Codominance; multiple allelism Testing
4. Non-allelic genes
5. Polygenic inheritance
6. Complementary gene action
(complementarity)
7. Epistasis
8. Polymeric inheritance (polymerism)
9. Pleiotropy
Chromosomal theory of heredity. Al-1 Presentatio
Chromosomal types of sex determination. GPC-5 n of
Inheritance of sex-linked traits. Al-2 laboratory
1. Chromosomal theory of heredity GPC-5 work
2. Linkage group Testing
3. Linked genes
4. Recombination
5. Genetic map (linkage map)
6. Chromosomal sex determination
7. Sex chromosomes (allosomes)
8. Sex-linked inheritance
Non-disjunction of sex chromosomes. Al-1 Presentatio
Primary and secondary non-disjunction. GPC-5 n of
Non-chromosomal inheritance. Al-2 laboratory
1. Non-disjunction of sex chromosomes GPC-5 work
2. Turner syndrome (45, XO) Testing
3. Klinefelter syndrome (47, XXY)
4. Trisomy X (47, XXX)
5. Plasmids.
6. Plastid inheritance.
7. Mitochondrial inheritance.
Genome structure and organization. Al-1 Presentatio
1. Features of prokaryotic genome GPC-5 n of
organization Al-2 laboratory
2. The operon GPC-5 work
3. Features of eukaryotic genome
organization
4. Spacers
5. Functional RNA genes
6. Cis- and trans-regulatory elements
7. Introns
8. Pseudogenes
9. Mobile genetic elements
10. Telomeric and centromeric sequences
Gene-level organization of genetic material. | Al-1 Presentatio
1. Structure of eukaryotic genes GPC-5 n of
2. Exons Al-2 laboratory
3. Introns GPC-5 work
4. Alternative splicing Testing
5. Regulatory elements of eukaryotic

genes




Chromosomal level of organization of Al-1 Presentatio

genetic material. GPC-5 n of
1. Structure of chromosomes Al-2 laboratory
2. Chromosomes and linkage groups GPC-5 2 2 1 work
3. Karyotype and karyograms Testing

4. DNA packaging in chromosomes
5. Polytene chromosomes

Variability of hereditary material. Al-1 Presentatio
1. Variability and its types GPC-5 n of
2. Mutations Al-2 laboratory
3. Gene mutations (point mutations) GPC-5 2 4 2 work
4. Chromosomal mutations Testing

(chromosomal aberrations)
5.  Genomic mutations

Molecular mechanisms of mutagenesis. Al-1 Presentatio
1. Mutagenic action of ionizing radiation | GPC-5 n of
2. Mutagenic action of UV radiation Al-2 laboratory
3. Mutagenic action of chemical GPC-5 work
compounds 2 4 2 Testing

4. Replication errors
5. Role of mobile genetic elements in
mutagenesis

6. DNA repair
Genotype and phenotype. Modifications and | Al-1 Presentatio
reaction norm (norm of reaction). GPC-5 n of
1. Modification variability Al-2 laboratory
(modificational variation) GPC-5 9 2 2 work
2. Phenotype Testing
3. Genotype
4. Norm of reaction (reaction norm)
5. Variation series (variational series)
Genetics of populations. Genes in Al-1 Presentatio
populations. The Hardy-Weinberg law. GPC-5 n of
1. Allele frequency Al-2 laboratory
2. Trait frequency GPC-5 2 4 2 work
3. Panmixia (random mating) Testing
4. The Hardy—-Weinberg law (Hardy—
Weinberg principle)
Factors affecting the dynamics of the genetic | Al-1 Presentatio
structure of populations. GPC-5 n of
1. Absence of panmixia (non-random Al-2 laboratory
mating) GPC-5 work
Genetic drift Testing
Mutation process 2 2 2

Migration (gene flow)
Selection (natural selection)
Bottleneck effect (population
bottleneck)

7. Founder effect

SRR AN




13 Genetics of sex determination. Genetics of Al-1 Presentatio
development. GPC-5 n of
1. Chromosomal and molecular-genetic Al-2 laboratory
basis of primary sex determination in GPC-5 work
humans Testing
2. Therole of the Y chromosome in sex
determination
3. The role of autosomal genes in sex
determination
4. Secondary sex determination in 2 2 2
humans
5. Sex-influenced and sex-limited traits
6. Sex and reproduction in animals and
humans
7. Gene function during ontogenesis
(development)
8. Cellular differentiation
9. Maternal effect genes
10. Homeotic and homeobox genes
14 Fundamentals of immunogenetics. Al-1 Presentatio
Fundamentals of oncogenetics. GPC-5 n of
1. Groups of blood Al-2 laboratory
2. Major histocompatibility complex GPC-5 work
(MHC) genes 2 2 2 Testing
3. Immunoglobulin genes
4. V(D)J recombination
5. Proto-oncogenes and oncogenes
6. Viral oncogenesis
15 Genetics of behavior. Al-1 Presentatio
1. Genetic control of the formation of GPC-5 n of
psychological characteristics in Al-2 laboratory
humans. GPC-5 5 2 2 work
2. The role of genetic and environmental Testing
factors in shaping individual
psychological differences in
personality.
16 Genomics and genomic technologies. Al-1 Presentatio
1. Genomics GPC-5 n of
2. Structural genomics Al-2 laboratory
3. Functional genomics GPC-5 work
. 2 4 2 .
4. Pharmacogenomics Colloquiu
5. Population genomics m
6. Comparative genomics
7. Evolutionary genomics
TOTAL in Semester 32 48 28
TOTAL 32 48 28

6. Assessment Tools Fund for the Discipline (Module)
The assessment tools fund (ATF) for the discipline (module) «Biology: Cytology» is based on
the list of competencies to be mastered, indicating the stages of their formation in the process of
mastering the discipline (module). The ATF provides an objective control over the achievement
of the planned learning outcomes. The ATF includes:
A description of indicators and criteria for evaluating competencies at various stages of
their formation, a description of evaluation scales;




e Methodological materials determining the procedures for evaluating knowledge, skills,
abilities and (or) work experience characterizing the stages of competency formation;

« Standard control tasks and other materials necessary for assessing knowledge, skills, and
the level of mastery of the formed competencies in the process of mastering the discipline
(module).

The ATF is an appendix to this discipline (module) program.

7. Methodological Guidelines for Students on Mastering the Discipline

When starting work, each student must take into account the following provisions.

The discipline (module) is structured on a thematic principle; each topic represents a logically
completed section.

The lecture material is dedicated to the consideration of key, basic provisions of the courses and
the clarification of learning tasks assigned for the independent work of students.

Laboratory works are aimed at gaining practical experience in the relevant subject area.

The independent work of students is aimed at the independent study of additional material,
preparation for practical and laboratory classes, as well as the execution of all types of
independent work.

In order to successful master the discipline, it is important to complete all types of independent
work employing the recommended sources of information.

8. Educational, Methodological, and Informational Support for the Discipline
8.1. List of Main and Additional Literature Required for Mastering the Discipline (Module)
8.1.1. List of Main Literature:
1. Genetics and genomics in medicine / Ronald Doron Cohn, Stephen W. Scherer, Ada
Hamosh - Elsevier. — 2024. — 612 p.
8.1.2. List of Additional Literature:

1. Genetics: analysis & principles, Sixth edition / Robert J. Brooker - New York NY :
McGraw-Hill Education. -2018. — 872 p.

2. Lewin's GENES XII / Jocelyn E. Krebs, Elliott S. Goldstein, Stephen T. Kilpatrick. -
Jones & Bartlett Learning . — 2018. -
8.2. List of Educational and Methodological Support for the Independent Work of Students in
the Discipline (Module)

1. Methodological Guidelines for Students on arranging and performing independent work
in the Discipline of Biology: Introduction to Genetics for Students majoring (Specialty)
in 31.05.01 General Medicine. — Stavropol:NCFU. — 2026. — 4p.

2. Laboratory Manual for the Discipline of Biology: Introduction to Genetics for Students
majoring (Specialty) in 31.05.01 General Medicine. — Stavropol:NCFU. — 2026. — 89p.

8.3. List of Resources of the Information and Telecommunications Network Internet Required
for Mastering the Discipline (Module)

1. Genetics: The Fundamentals https://mitxonline.mit.edu/courses/course-
v1:MITXxT+7.03.1x/

2. National Center for Biotechnology Information https://www.ncbi.nlm.nih.gov/

3. Ensembl Project https://www.ensembl.org/index.html

4. https://elementy.ru

9. List of Information Technologies Employed through the Discipline (Module), Including a
List of Software and Information Reference Systems

When delivering lectures, computer equipment and demonstrations of multimedia presentation
materials are used. In seminars and practical classes, students deliver presentations prepared by
them during the hours of independent work.

Information Reference Systems:



https://mitxonline.mit.edu/courses/course-v1:MITxT+7.03.1x/
https://mitxonline.mit.edu/courses/course-v1:MITxT+7.03.1x/
https://www.ncbi.nlm.nih.gov/
https://www.ensembl.org/index.html
https://elementy.ru/

Information-reference and information-legal systems used in the study of the discipline:

1. | https://www.iprbookshop.ru/

https://biblioclub.ru/

2.
3. | webofknowledge.com
4. | http://scopus.com/

Software:

1. | Alt Workstation 10

Alt Workstation K

2.
3. | Alt Server
4. | Office software package — P7-Office

10. Description of the Material and Technical Resources Required for the Educational
Process for the Discipline (Module)

A classroom equipped with multimedia equipment and technical

Lecture classes training facilities.

Teaching laboratory equipped with instructional equipment and
technical teaching aids: a set of educational furniture with 12
student workstations, a projector, and a laptop with the necessary
licensed software package. The laboratory is also equipped with
the following specialized instrumentation and supplies:
High-performance sequencer with a sample preparation station
and a starter reagent Kit.

Nucleic acid amplifier with hybridization-fluorescence detection
of amplification products (real-time PCR system).
Single-channel variable-volume pipettors (adjustable pipettes).
Pipette stand.

Laboratory freezer.

Liquid nitrogen storage system (liquid nitrogen tank and storage
container).

Thermal cycler (thermocycler).

Gel documentation system with a blue light source.

Horizontal electrophoresis system.

Power supply for electrophoresis and blotting procedures.
Spectrophotometer.

Water purification system.

High-speed refrigerated centrifuge.

Shaking incubator.

Aspirator with trap flask.

Centrifuge/vortex for PCR plates.

Densitometer.

Refrigerated thermoshaker for microcentrifuge tubes.

Magnetic stand.

Vortex mixer.

Magnetic stirrer with heating.

Bactericidal (UV) air recirculator.

Microscopes.

Sets of microscope slides (prepared slides) on genetics.

Laboratory classes

A classroom, equipped with multimedia equipment and technical

Practical classes training facilities.




A room for the independent work of students, equipped with
computer hardware with the capability to connect to the Internet
network and provide access to the electronic information and
educational environment of the university.

Independent work

Carried out in the structural subdivisions of the university and (or)
Practical training in organizations engaged in activities matching the profile of the
respective training program, including its structural subdivision.

11. Specific Features of Mastering the Discipline (Module) by Persons with Disabilities

Students with disabilities shall be provided with special textbooks, teaching aids, and
didactic materials, special technical training facilities for collective and individual use, the
services of an assistant (helper) providing the necessary technical assistance to the students, as
well as the services of sign language interpreters and tactile sign language interpreters.

The mastery of the discipline (module) by students with disabilities may be organized
jointly with other students, as well as in separate groups.

Mastering the discipline (module) by students with disabilities is to be carried out taking
into account the peculiarities of psychophysical development, individual capabilities, and health
status.

In order to ensure the accessibility of higher education under the educational program for
persons with disabilities, the following is provided during the mastery of the discipline (module):

1) for persons with visual impairments:

o the presence of an assistant offering the student the necessary technical assistance, taking
into account individual features (help taking the workplace, moving around, reading and
formatting the task, including writing under dictation),

e written tasks, as well as instructions on the procedure for their execution, are formatted in
an enlarged font,

e special textbooks, teaching aids, and didactic materials (having a large font or audio
files),
individual uniform lighting of at least 300 lux,
if necessary, a magnifying device is provided to the student to complete the task;

2) for persons with hearing impairments:

e the presence of an assistant providing the student with the necessary technical assistance,
taking into account individual characteristics (helps to take a workplace, move around, read and
format the task, including writing with dictation),

e the availability of sound-amplifying equipment for collective use is ensured; if necessary,
sound-amplifying equipment for individual use is provided to the student;

e provision with proper sound means of reproducing information is ensured;

3) for persons with musculoskeletal disorders (including severe motor function impairments
of the upper limbs or the absence of upper limbs):
e written tasks are performed on a computer with specialized software or are dictated to an
assistant;
e at the request of the student, tasks may be performed verbally.

12. Specific Features of Implementing the Discipline with the Use of Distance Learning
Technologies and E-Learning

Subject to Part 1 of Article 16 of the Federal Law of December 29, 2012, No. 273-FZ On
Education in the Russian Federation, e-learning shall be viewed as the arrangement of
educational activities employing information contained in databases and used in the
implementation of educational programs, as well as information technologies, technical means,
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and information and telecommunication networks that ensure the processing and transmission of
the specified information via communication lines, and the interaction of students and
pedagogical workers.

Remote (distance) learning technologies are understood as educational technologies
implemented mainly with the use of information and telecommunication networks during the
indirect (at a distance) interaction of students and pedagogical workers.

The implementation of the discipline may be carried out with distance learning
technologies and e-learning in full or in part. The components of the Educational And
Methodological Complex (EMC) of the discipline (working program of the discipline,
assessment and methodological materials, forms of attestation) implemented with the use of
distance learning technologies and e-learning contain an indication of their use.

When arranging educational activities with distance learning technologies and e-learning,
asynchronous and synchronous methods of interaction between participants in educational
relations via the information and telecommunications network Internet may be offered.

When using distance learning technologies and e-learning, the schedule for the discipline
shall indicate: methods of interaction among participants in educational relations via the
information and telecommunications network Internet (VCC — videoconferencing, ET —
electronic testing); links to the electronic information and educational environment of NCFU, to
educational platforms and resources of other organizations to which open access is provided via
the information and telecommunications network Internet; for synchronous learning — the time of
online classes and instructors; for asynchronous learning — the authors of online courses.

When arranging intermediate attestation with distance learning technologies and e-
learning, the Methodological Recommendations on the use of technical means ensuring the
objective reliability of results when conducting intermediate and state final attestation for higher
education educational programs — Bachelor’s Degree programs, Specialist’s Degree programs,
and Master’s Degree programs with distance learning technologies are used (Letter of the
Ministry of Science and Higher Education of Russia dated December 7, 2020, # MN-19/1573-
AN On sending methodological recommendations).

The implementation of the discipline with the use of e-learning and distance learning
technologies is carried out using the electronic information and educational environment of
NCFU, to which students are provided access via the information and telecommunications
network Internet, or using the resources of other organizations, including platforms providing
services for videoconferencing, online meetings, and distance learning (MTS-Link), as well as
using the capabilities of social networks to carry out communication between students and
instructors.

The educational and methodological support for a discipline shall be ensured with e-
learning and distance learning technologies includes the working program presented in electronic
form, educational and methodological manuals or a course of lectures, methodological guidelines
for performing various types of educational activities of students provided for by the discipline,
and other educational and methodological materials posted in the information and educational
environment of NCFU.
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