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PLAN OF THE COURSE
15t semester

Name Group

Week .
number Topic

1. Medical biology and its role in medical education. Subject, tasks, and methods of cytology

2. Structural and functional organization of the cell

3. Structural organization of the genome

4. Cell cycle

5. The flow of genetic information in the cell

6. Regulation of gene expression

7. Genomics. Techniques of molecular genetics

8. Genetic engineering

9. Omic technologies in medicine

10. COLLOQUIUM Ne 1

11. Basic laws of inheritance

12. Genetic linkage. genetics of sex

13. Variation. Mutagenesis. Carcinogenesis

14. Population genetics

15. Human genetics

16. Human hereditary disorders

17. Genetic counseling. Prenatal diagnosis

18. COLLOQUIUM Ne 2




PLAN OF THE COURSE
2"d semester

Name Group
Week Topic
number
1. Reproduction of living matter
2. Fundamentals of prenatal ontogenesis
3. Fundamentals of postnatal ontogenesis
4, Biological aspects of regeneration and transplantation
5. General parasitology
6. Phylum Apicomplexa, class Sporozoa
7. Phylum Sarcomastigophora, classes Sarcodina and Zoomastigota. Phylum Infusoria, classe Ciliata
8. Phylum platyhelminthes, class Trematoda
9. Phylum plathelminthes, class Cestoda
10. Phylum Nematoda (1)
11. Phylum Nematoda (2)
12. Phylum Arthropoda, class Arachnida, order Acari
13. Phylum Arthropoda, class Insecta (1)
14, Phylum Arthropoda, class Insecta (2)
15. COLLOQUIUM Ne 3
16. COLLOQUIUM Ne 4
17. Poisonous and venomous organisms




CRITERIA FOR ACADEMIC PROGRESS ASSESSMENT
OF STUDENTS IN THE BELARUSIAN STATE
MEDICAL UNIVERSITY

The decree of the Ministry of education of the Republic of Belarus
Ne 53 from 29.05.2012 «Rules for attestation of students, cadets, listeners for
mastering the content of educational programs of higher education»

10 (ten), passed:

comprehended, profound and full knowledge of the material of all the sections
of the educational program and good knowledge of main issues beyond
the educational program;

accurate usage of scientific terminology (including terms in foreign languages),
competent, logically correct presentation of answers to questions, ability to
generalize and make logical and accurate conclusions;

mastery skills of work with tools and instruments necessary for the discipline,
the ability to efficiently use them for setting objectives and solving scientific and
professional cases;

the remarkable ability of individual creative solutions to problems in
unconventional situations;

a full and profound comprehension of information from basic and recommended
additional literature in the discipline;

ability to orient in theories, concepts, and issues of the studied discipline and
analytically estimate them;

creative individual work in practical and laboratory classes, active and creative
participation in group discussions, and a high cultural level of solutions to
questions.

9 (nine), passed:

comprehended, profound and full knowledge of the material of all the sections
of the educational program;

accurate usage of scientific terminology (including terms in foreign languages),
competent, logically correct presentation of answers to questions;

skills of work with tools and instruments necessary for the discipline, ability to
use them for setting objectives and solving scientific and professional cases;

the ability for individual creative solutions to problems in unconventional
situations of the discipline;

full comprehension of information from basic and recommended additional
literature in the discipline;

ability to orient in theories, concepts, and issues of the studied discipline and
analytically estimate them; regular active individual work in practical and
laboratory classes, active and creative participation in group discussions, and a high
cultural level of solutions to questions.

8 (eight), passed:

comprehended, profound and full knowledge of the material of all the sections
of the educational program;

usage of scientific terminology (including terms in foreign languages), logically
correct presentation of answers to questions;

skills of work with tools and instruments necessary for the discipline, ability to
use them for solving scientific and professional cases;

the ability of the individual solution of problems in the educational discipline;

comprehension of information from basic and recommended additional literature
in the discipline;

ability to orient in theories, concepts, and issues of the studied discipline and
analytically estimate them;

active individual work in practical and laboratory classes, regular and active
participation in group discussions, and a high cultural level of solutions to
guestions.

7 (seven), passed:

comprehended, profound and full knowledge of the material of all the sections
of the educational program;

usage of scientific terminology (including terms in foreign languages), logically
correct presentation of answers to questions;

skills of work with tools and instruments necessary for the discipline, ability to
use them for solving scientific and professional cases;

the ability for the individual solution of problems in the educational discipline
using typical methods;

comprehension of information from basic and recommended additional literature
in the discipline;

ability to orient in theories, concepts and issues of the studied discipline and
analytically estimate them;

individual work in practical and laboratory classes, participation in group
discussions, and a high cultural level of solutions to questions.




6 (six), passed:

full knowledge of the material of all the sections of the educational program;

usage of necessary scientific terminology, logically correct presentation of
answers to questions;

skills of work with tools and instruments necessary for the discipline, ability to
use them for solving scientific and professional cases;

the ability for the individual solution of problems in the educational discipline
using typical methods;

comprehension of information from basic literature in the discipline;

ability to orient in basic theories, concepts and issues of the studied discipline
and analytically estimate them;

active individual work in practical and laboratory classes, periodic participation
in group discussions, and a high cultural level of solutions to questions.

5 (five), passed:

enough knowledge in the material of the educational program;

usage of necessary scientific terminology, logically correct presentation of
answers to questions;

skills of work with tools and instruments necessary for the discipline, ability to
use them for solving scientific and professional cases;

the ability for the individual solution of problems in the educational discipline
using typical methods;

comprehension of information from basic literature in the discipline;

ability to orient in basic theories, concepts, and issues of the studied discipline
and analytically estimate them;

active individual work in practical and laboratory classes, partial participation in
group discussions, enough cultural level of solutions to questions.

4 (four), passed:

enough knowledge in the material of educational program required for higher
education;

comprehension of information from basic literature in the discipline;

usage of necessary scientific terminology, logically correct presentation of
answers to questions, ability to make conclusions without considerable mistakes;

skills of work with tools and instruments necessary for the discipline, ability to
use them for solving typical professional cases;

ability to solve standard cases under the commands of a lecturer;

ability to orient in basic theories, concepts, and issues of the studied discipline
and analytically estimate them;

work at practical and laboratory classes under the commands of a lecturer,
the acceptable cultural level of solutions to questions.

3 (three), not passed:

not enough knowledge in the material of educational programs required for
higher education;

comprehension of some information from basic literature in the discipline;

usage of scientific terminology, presentation of answers to questions with
considerable mistakes;

not enough skills to work with tools and instruments necessary for the discipline,
incapacity to use them for solving typical professional cases;

incapacity to orient in basic theories, concepts, and issues of the studied
discipline and analytically estimate them;

passiveness in practical and laboratory classes, low cultural level of solutions to
guestions.

2 (two), not passed:

very low knowledge of the material of educational programs required for higher
education;

knowledge of some basic literature in the discipline;

inability to use scientific terminology, presentation of answers to with serious
mistakes;

passiveness in practical and laboratory classes, low cultural level of solutions to
questions.

1 (one), not passed:
absence of knowledge in the material of educational program required for higher
education, refuse to answer, unjustified absence.




Class Ne 1. Topic: MEDICAL BIOLOGY AND ITS ROLE IN MEDICAL EDUCATION.

SUBJECT, TASKS, AND METHODS OF CYTOLOGY

~No o, wN

CONTENTS OF THE TOPIC

. The nature of life, and the role of proteins and nucleic acids in

the organization of living systems.

. Organization levels of living matter.

. The cell theory.

. Prokaryotes and eukaryotes.

. Human as a biological and social being.

. The role of biology in medical education.

. Subject, objectives, and methods of cytology (light, electron, and

fluorescent microscopy, histochemistry and immunohistochemistry,
differential centrifugation, autoradiography, morphometry, etc.).

. The method of light microscopy. The structure of a light microscope.

The rules of work with a microscope.

GLOSSARY

. Life —

. Biopolymer —

. Bacteriophage (phage) —

. Virion —

. Capsid —

6. Differential centrifugation —

7. Autoradiography —

8. Cell culture —

9. Histochemistry —

10. Fluorescent dye —

11. Resolving power of a microscope —

12. Eukaryotes —

13. Prokaryotes —




Fig. 1. The microscope «BIOLAM»:
1 —ocular lens; 2 — draw tube; 3 —arm; 4 — coarse adjustment knob;
5 — fine adjustment knob; 6 — base; 7 — mirror; 8 — condenser, diaphragm,
and lens filter; 9 — stage; 10 — revolving nosepiece; 11 — objective lens

Task 1. Label the pictures:

Fig. 2. Diagram of bacterium:




Fig. 3. Diagram of bacteriophage:

9 8

Fig. 4. Diagram of animal cell:




Task 2. Find the type of microscopy

photograph.
A — Common light microscopy;
B — Fluorescent microscopy;
C — Transmission electron microscopy (TEM);
D — Scanning electron microscopy (SEM).

e s T

N adn
5. Anaphase

corresponding to each

2. Nucleus and mitochondria

1 2 3 4

5 6

Task 3. Find the description corresponding to the techniques.

Technique

Description

1 — removal of cell organelles and their
transplantation to other cells

2 — tracking of chemical compounds in
the metabolic pathways of the cell

3 — separation of cellular components by
a centrifuge

4 — obtaining the cell image based on the usage
of visible light rays

5 — assessment of the chemical composition of
cells and chemical reactions occurring in them

6 — locating cell macromolecules using specific
dyes or antibodies bound with dyes

7 — determination of spatial arrangement and
physical properties of atoms in biological
molecules

8 — analysis of biological objects stained with
the dyes which fluoresce when exposed to light

9 — growing cells of multicellular organisms on
nutrient media under sterile conditions

10 — obtaining the images of the cell
components based on the usage of electrons as
a source of illumination

11 — obtaining a tridimensional image of
the surface of a biological object

A. Light microscopy

B. Transmission electron
microscopy

C. Differential
centrifugation

D. Histochemistry and
immunohistochemistry

E. X-ray crystallography
F. Cell culture
G. Cell microsurgery

H. Scanning electron
microscopy

I. Biochemical methods
J. Isotopic labeling

K. Fluorescent microscopy

1 2 3 4 5 6 7

8 9 10 11

11




Task 4. Fill in the table comparing prokaryotes and eukaryotes. Explain the difference or write “+” or ”-”.

Characteristics Prokaryotes Eukaryotes

Kingdoms of organisms

Nucleus (+/-)

Membrane-bound organelles (+/-)

Ribosomes (+/-)

Plasma membrane (+/-)

Cytoskeleton (+/-)

Multicellular organisms (+/-)

Common sizes

Metabolism

Organization of DNA

Ploidy

Transcription occurs in ...

Capability of phagocytosis (+/-)

Types of cell division

Sexual reproduction (+/-)

Teacher’s signature
« » 20
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Class Ne 2. Topic: STRUCTURAL AND FUNCTIONAL ORGANIZATION OF THE CELL

CONTENTS OF THE TOPIC 6. Dynein —
1. The structure of the plasma membrane.
2. Transport across the membrane: passive transport (simple diffusion,
facilitated diffusion, osmosis), active transport, endocytosis, exocytosis. | 7. gsmosis —
3. Cytosol.  Cytoskeleton:  microtubules, intermediate filaments,
microfilaments.
4. Intracellular transport of substances.
5. Assimilation. Ribosomes. 8. Peptidoglycan —
6. Endomembrane system (nuclear envelope, endoplasmic reticulum,
Golgi body, lysosomes, peroxisomes, endosomes, vesicles).
7. Dissimilation. Mitochondria. -
8. Lysosomal and peroxisomal disorders. 9. Pili -
GLOSSARY
1. Antiport - 10. Plasma membrane —
2. Anabolism — . cer
11. Simple diffusion —
3. Glycolysis —
12. Cytosol —
4. Concentration gradient —
13. Endocytosis —
5. Dictyosome —

13




Task 1. Label the diagrams. 1

. = . *x = *
g
. * ; E E f R "
Pseudopodium Coated pit eceptor
.: Coat protein
Phagosome Vesicle

{food vacuole)
Coated vesicle

Fig. 1. Bulk transport across the cell membrane: > 6 7

pracsspssan\ owersi
Ebiasian  Morsi

Fig. 2. Mitochondrion




Task 2. Label the TEMs of different organelles.
.i_& - “? -. ‘ » -. "3’\::\-' - .. £

Fig. 7. Mitochondrion:
1 — outer membrane; 2 — inner
membrane; 3 — matrix;
4 — cristae; 5 — ribosomes

Fig. 4. Rough ER in the cells of the cerebellar cortex:

1 — membrane; 2 — channel; 3 —ribosomes

Fig. 8. Lysosomes
in hepatic cells:
1 — mitochondrion;
2 — lysosome; 3 —cell
membrane

Fig. 9. Peroxisomes:
1 — mitochondrion;
2 — peroxisome;

3 — crystalized core of
peroxisome; 4 — ER,;
5 — ribosomes

SR P e il 5
Fig. 6. Golgi apparatus:
1 — membrane; 2 — cisterna; 3 — lysosome; 4 — vesicle

15




Task 3. Label the diagram of plasma membrane.

Fig. 10. The membrane of an animal cell:

Task 4. Answer the questions.
Question Ne 1. Do mitochondria take part in protein synthesis?

Question Ne 2. Adults do not grow. Do they need protein in food, or can
it be substituted with equal calories of lipids and carbohydrates?

Question Ne 3. What properties of plasma membrane explain its
capability of endocytosis?

Question Ne 4. How sodium-potassium pump works?

Question Ne5. In case of storage diseases, cells accumulate some
molecules, which would be digested in normal cells. The function of
what organelle is missing in case of these diseases?

Task 5. Solve the problem.

Problem Ne 1. Leg muscles of a man spend approximately 24 kJ/min
running. What is the mass of glucose required for 20 min of run? Muscles
can produce 30 ATP from 1 glucose. The cell receives 30.5 kJ of energy
when hydrolyzes 1 mole of ATP to ADP. The molar mass of glucose is
180 g/mole.

Teacher’s signature
« » 20
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Class Ne 3. Topic: STRUCTURAL ORGANIZATION OF THE GENOME

CONTENTS OF THE TOPIC

Evolution of the gene concept.

Evidence that DNA is the genetic material.

Structure and functions of DNA.

Genetic material of viruses and bacteria.

The structure and functions of the cell nucleus.

Gene, chromosome, and genome levels of eukaryotic genetic material.

DNA condensation. Remodeling of chromatin.

The structure of metaphase chromosomes. Euchromatin and

heterochromatin. Types of chromosomes. Rules of chromosomes.

9. Karyotype and idiogram. Methods for studying the human karyotype.
Classifications of human chromosomes.

10. Cytoplasmic inheritance.

NN E

GLOSSARY
1. Genome —

2. Karyotype —

3. Lamins —

4. Nucleoid -

5. Nucleotide —

6. Chromatin remodeling —

7. Nuclear localization signal —

8. Nuclear speckles —

9. Telomeres —

10. Transduction —

11. Centromere index (Cl) -

12. Nucleolar organizer region —

13. Nucleosome —

14. Plasmagenes —

17




Task 1. Label the plctures

Fig. 2. TEM of human
chromosomes:
1-arm;
2 — centromere;
3 — chromatid;
4 —telomere

Fig. 1. TEM of the nucleus:

1 — outer membrane;

2 — inner membrane;

3 — intermembrane space;
4 — pore;

5 — karyoplasm;

6 — chromatin;

7 — nucleolus

)
.
-

L

A

Task 2. Analyze the karyotype of the human and fill in the table.

11 'ég T

e

18 BA
| sa

’IQ

g B
:

am

R

.
5

g

& 8 A A& B "
19 20 21 22 Y
Fig. 3. Human karyotype
Groups Morphology of chromosomes
A (1-3)
B (4-5)
C (6-12, X)
D (13-15)
E (16-18)
F (19-20)
G (21-22,Y)

18




Task 3. Solve the problems.
Problem Ne 1. Write the complementary strands for the following ones:

a. CTGATCTGTATCAACTA

b. 3ACTGATCTGTATCAACTYS

c. 5GTACTAGCTAGCTAGCTAGCCAT3

Problem Ne2. In a DNA molecule, cytosine is 18 %. What is

the percentage of other nucleotides in this DNA?

Problem Ne 3. If a DNA molecule has 56 % of GC pairs, what would be
the percentage of A, G, C, and T, respectively?

Problem Ne 4. 950 cytosines make up 20 % of the total number of bases
in DNA. How many adenine, thymine, and guanine are contained in
the DNA fragment?

Problem Ne 5. Adenine makes 16 %, guanine — 28 %, and thymine —
34 % of a DNA strand. Determine the percentage of pyrimidine bases in
the complementary strand.

Problem Ne 6. A strand of DNA fragment contains 1200 bases. 25 % is
adenine, 10 % is thymine, and 30 % is guanine. How many guanines
would be in the complementary strand?

Problem Ne 7. A DNA fragment has the following sequence in one of its
two strands: GAATCAGTAAGTAT. What is the percentage of each base
type in this DNA fragment? What is the length of this DNA fragment?
What is the (A+T)/(G+C) ratio in that DNA fragment?

Problem Ne 8. DNA was isolated from a bacteriophage. The bases of its
genome are A — 25 %, T — 33 %, G — 24 %, and C — 18 %. How can
this result be explained?

Teacher’s signature
20

« »
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Class Ne 4. Topic: CELL CYCLE

CONTENTS OF THE TOPIC

7. Hayflick's limit —

1. Cell cycle. Interphase.
2. Semi-conservative mechanism of DNA replication. Replicon. .
3. Cell cycle regulators (cyclins and cyclin-dependent kinases). 8. Necrosis —
4. Types of cell division: mitosis, amitosis, endomitosis. Binary division
of bacteria. _
5. Mitosis: characteristics of phases, distribution of genetic material, | 9- Primase —
biological significance.
6. Meiosis as a type of mitosis: characteristic of phases, distribution of )
genetic material, biological significance. 10. Replisome —
7. Cell proliferation and cell death. Necrosis and apoptosis. Caspases.
GLOSSARY 11. Synaptonemal complex —
1. Apoptosis —
12. Topoisomerase —
2. Bivalent -
13. Origin of replication —
3. Caspases —
14. Okazaki fragment —
4. Kinetochore —
15. Chiasmata —
5. Cohesins —
16. Cyclins —
6. Crossing over —

20




Task 1. Write the labels for the diagram of the replication fork.

Task 2. Fill in the table. Write the functions of the enzymes taking
part in DNA replication.

1. DNA-polymerase

2. Primase

3. Helicase

4. Topoisomerase

5. Ligase

Task 3. Write the contents of genetic material in the cell at different
periods of interphase, mitosis, and meiosis (for example 1nlchrlc,
Inpvivdchrdc, etc.).

Interphase Mitosis Meiosis | Meiosis |1

Gu A. Prophase: A. Prophase: A. Prophase:
1. Leptotene:

S: B. Metaphase: B. Metaphase:
2. Zygotene:

G2 C. Anaphase: C. Anaphase:
3. Pachytene:

D. Telophase: D. Telophase:
4. Diplotene:
5. Diakinesis:
B. Metaphase:
C. Anaphase:
D. Telophase:

21




Task 4. Match the characteristics of proteins in the left column with

their functions in the right one.

Task 6. Determine the stages of prophase I by their photographs.

1. Form nuclear pore complex A. Caspases
2. Form nucleosomes B. Cyclins
3. Phosphorylate other proteins to activate or inactivate | C. Cohesins
them
4. Take part in programmed cell death D. Histones
5. Form nuclear lamina E. Kinases
6. Bind homologous chromosomes together in meiosis | F. Condensins
7. Bind sister chromatids together G. Lamins
8. Regulate cell cycle H. Nucleoporins
9. Form the central scaffold of a metaphase I. Synaptonemal
chromosome complex

1 2 3 4 5 6 7 8 9

Task 5. Solve the case problems.

Case Ne 1. The haploid cells 1 and 2 mutated and became unable to replicate
their DNA. In cell 1 the mutations happened during the G1 phase while in cell 2
they happened during G2. What is the theoretical chance that the cells transmit
their mutations to at least one of their daughter cells?

Case Ne 2. The same gene mutated in cells 1 and 2 during interphase. After
mitosis cell 1 transmitted the mutation to only one daughter cell and cell 2 — to
both of them. How can this be explained?

Case Ne 3. There is a protein with an unknown function. Its concentration in
the cell is low and increases only during G2. How the inactivation of the gene
coding for this protein could affect mitosis? Suggest your theories

-~
7 ' ~,-/i f‘b; :i»‘\ Vs ’
4 *% fd \b’ VJ %
o
Wy’ AL AN
g |
o D S E
- RPN
3 ,"7"(.-:‘\ Y c' X l_' .
= /‘{ \\\3‘ é‘., ._¥"“ »f‘d }
chiasmata .(‘* = \' f,f,. St
,“,‘\ 7 .:?‘f\ iy P .
F \-.\ \ v e é‘s ‘ ¥ 3 2
i, L, L2
Phase

Crossing over occurs

The maximal condensation of chromosomes is reached

Condensation of chromatin starts

Synaptonemal complex breaks down, chiasmata appear

m O O B >

Chromosomal synapsis starts

Task 7. Draw the cells undergoing different phases of mitosis.

Interphase Prophase Metaphase Anaphase Telophase

Teacher’s signature
« » 20
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Class Ne 5. Topic: THE FLOW OF GENETIC INFORMATION IN THE CELL

agrODdE

o

CONTENTS OF THE TOPIC

The Central Dogma of Molecular Biology.

The concept of the gene. Properties and functions of genes.
Ribonucleic acid, its types. The functions of RNA.

Genetic code and its properties.

Transcription. Transcription factors. Production of mRNA in
eukaryotes: primary transcript and its processing.

Recognition. Translation: initiation, elongation, and termination.
Posttranslational modifications of proteins, folding of proteins.
Chaperones.

6. Penetrance —

7. Transcription factors —

8. Degeneracy of genetic code —

GLOSSARY
Promoter —

Intron —

Spliceosome —

Terminator —

Poly-A tail —

9. Aminoacyl-tRNA synthetase —

10. Capping -

11. Protein folding —

12. Chaperone —

13. Proteasome —

23




Task 1. Label the diagram of gene expression.

RNA-
polymerase

RNA-
polymerase

Task 2. Label the diagram of gene translation.

= T

ST

/_/
N\
Y a

24




Task 3. Solve the problems.

Problem Ne 1. A fragment of the human insulin gene contains 2,764 base pairs
(bp). Three exons of the gene contain 42, 204, and 205 bp. The entire first exon,
the first 17 bp of the second one, and the last 62 pairs of the third one code for
untranslated regions of mRNA. The 72 bp of the second exon code for
a signaling sequence of amino acids that is removed from insulin. The last 25 bp
and the first 80 bp of the second and third exons code for C-peptide, which is
also removed from the insulin. How many amino acids does the ultimate insulin
molecule contain? What is the percent of base pairs coding for that molecule in
the gene fragment?

Problem Ne 2. A fragment of adrenocorticotropic hormone (ACTH) produced
by the anterior pituitary lobe has the structure: ser-ser-met-glu-his-phe-arg.
What are the theoretically possible tRNA anticodon variants involved in
the biosynthesis of the ACTH fragment?

Problem Ne3. The distance between adjacent base pairs in DNA is
3.4x1071° m. What is the length of the DNA region coding for 200 amino acids
(without stop-codons)?

Problem Ne 4. Here is a diagram showing the exons (white) and introns (black)
of the HBB gene encoding B-globin, a subunit of human hemoglobin.
The numbers indicate the lengths of introns and exons in base pairs.

142 223

A. How many nucleotides does this gene's mRNA contain?

263

B. The non-translated regions located at the 5" and 3' ends of this MRNA contain
50 and 134 nucleotides (the stop codon is not included). How many amino acids
does beta-globin contain?

Problem Ne5. The average molar mass of a nucleotide is near 300 g/mole.
There is a single-strand DNA of a bacteriophage and its molar mass is
approximately 10’ g/mole. The average number of amino acids in each protein
of this phage is near 400. How many protein-coding genes can be in this DNA?
The non-coding regions can be ignored for the simplicity of calculations.

Problem Ne 6. Each turn of the DNA double helix is 3.4 nm long and contains
10 pairs of nucleotides. The protein fragment consists of 30 amino acid
residues. What is the length in nm of the DNA region that encodes this protein
fragment?

25




Fig. 1. Genetic code: mRNA codons and amino acids they code for

Problem Ne7. A fragment of the sense DNA strand has the following
nucleotide sequence: 5’ATGGAGGCTCTAGGTACCAGT3’.

A) Find the nucleotide sequence of the antisense strand.

B) Find the mRNA fragment transcribed from this DNA (the template for
MRNA is the antisense strand).

C) Label the DNA ends (3’ or 57).

D) Find the amino acid sequence of the protein encoded by this DNA fragment.

The coding (sense) strand:
5 ATGGAGGCTCTAGGTACCAGT &
A)

B)

D)

Teacher’s signature
« » 20
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Class Ne 6. Topic: REGULATION OF GENE EXPRESSION

CONTENTS OF THE TOPIC

5. Housekeeping genes —

6. Chromatin remodeling —

7. Satellite DNA —

8. Enhancer —

1. Human genome: protein-coding genes, RNA genes, non-coding
sequences (repeats, introns, junk DNA). DNA transposons and
retrotransposons. Transcriptome. Proteome. Metabolome.

2. Genome redundancy, its significance.

3. Projects Human genome, ENCODE, Roadmap.

4. Classification of genes (structural and functional genes, housekeeping,
and tissue-specific genes).

5. Operon. Lac- and trp-operons. Polycistronic RNA.

6. Regulation of transcription in eukaryotes: preinitiation complex.
Enhancers, silencers.

7. Epigenetics: histone modifications, cytosine methylation, CpG-islands.

8. Regulation of gene expression by non-coding RNAs.

GLOSSARY

1. Gene expression —

2. Retrotransposon —

3. Single nucleotide polymorphism —

4. DNA methylation —

9. Epigenetics —

10. Proteomics —

11. RNA interference —

12. Common transcription factors —

13. CpG-island -
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Task 1. Label the diagram of lac-operon.

5

—
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|
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~ye
4
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B-Galactosidase

Permease

| Transacetylase

Task 2. Choose the term for each definition.

or organism, at a given time under given conditions.

1. The specific structure of epigenetic modifications | A. Proteome
presents in the cell at a certain period.

2. Qualitative and quantitative set of all low-molecular-|B. Methylome
weight molecules present in the cell.

3. The entire sequence of DNA that characterizes a|C. Genome
species, organism, or specific cell type

4. The entire set of proteins expressed in a given cell type | D. Epigenome

5. The specific set of transcripts (RNA molecules)
present in cells of a particular type

E. Metabolome

6. A specific pattern of DNA methylation presents at a
particular time in the genome or a particular cell type.

F. Transcriptome

1 2 3 4

5 6

and “-” to those that suppress it.

Task 3. Put “+” to the factors that mosly promote gene expression

1. Removal of nucleosomes from the promoter

Interaction of microRNA (as part of RISC) with mRNA

Histone acetylation

Deletion of poly-A tail of mMRNA

Histone methylation

Interaction of the preinitiation complex with an enhancer

Methylation of cytosine in the promoter of a gene

Interaction of the preinitiation complex with a silencer

©| © N o g M w

seguence into the cell

. Introduction of double-stranded RNA with gene
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Task 4. Solve the problems:

Problem Ne 1. Researchers studied the expression of a particular gene and
discovered that deleting a DNA region located 50,000 upstream from
the promoter of the gene significantly reduces the production of protein encoded
by the gene. Deleting neighboring regions had no such effect. How can this be
explained?

Problem Ne 2. Researchers performed experiments with two groups of mice: in
the first group the color of the coat was yellow. In the second group, it was dark.
These traits were inherited. However, it was found that adding folic acid to
the diet of pregnant yellow-colored mice makes the color of little mice dark.
How could this be explained?

Problem Ne 3. One of the operons of a certain bacterium contains five genes.
Gene A, which is closest to the promoter, and gene B, which is farthest from
the promoter, are approximately equal in length. However, it was found that
the protein encoded by gene A commonly appears in the cell earlier than
the protein encoded by gene B. How can this difference be explained?

Problem Ne 4. The distance between the promoter and terminator of a gene is
2700 bp. The gene codes for a protein having the mass 22 000 Da (the mass of
one amino acid is approximately 110 Da). What is approximate percent of exons
in the gene?

Problem Ne 5. Let's take a hypothetic operon where each promoter, operator,
and terminator contain 10 base pairs. This operon has 3 structural genes, each
code for a protein consisting of 50 amino acids. What is the number of
nucleotides in this operon? Any other regions can be ignored for simplicity.

Teacher’s signature
20

« »
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Class Ne 7. Topic: GENOMICS. TECHNIQUES OF MOLECULAR GENETICS

=

CONTENTS OF THE TOPIC

Methods of nucleic acids isolation.

DNA research methods: gel electrophoresis, restriction analysis,
nucleic acid hybridization, DNA microarrays, PCR, sequencing.

PCR and its types: quantitative PCR, reverse transcription PCR,
multiplex PCR.

. Genome sequencing methods (Sanger sequencing, pyrosequencing,

nanopore sequencing, bisulfite sequencing).

7. Restriction analysis —

8. Nucleic acid hybridization —

GLOSSARY

Gel electrophoresis —

. Restriction endonuclease —

DNA probe —

DNA sequencing —

Sanger sequencing —

. Dideoxynucleotide —

9. Polymerase chain reaction —

10. DNA microarray —

11. Bisulfite sequencing —

12. Quantitative PCR —

13. Intercalating dye —
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Task 1. Label the diagram of quantitative PCR.

3
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Task 2. Match the sequencing method with its characteristic (write
the correct letter in the table): a) Sanger sequencing;
b) pyrosequencing; c) nanopore sequencing; d) bisulfite sequencing.

Uses nucleotides lacking a 3' OH group

Known as the chain termination method

Based on the measurement of ion current through a non-conductive
membrane

The nucleotide sequence is determined by chemiluminescence

Uses a nanopore in a special membrane

Reveals methylated cytosine in the DNA

Nucleotide sequencing is determined by differences in the length of
synthesized DNA fragments

Task 3. Solve the problems.

Problem Ne 1. The photograph shows an agarose gel in which DNA is
visualized after electrophoresis. Using a length marker (labeled as “M”),
determine the approximate length of the presented fragments in base pairs.

A: 1- B: 1-
2 - 2 -
3- 3-
4 — 4 —

Problem Ne 2. Restriction endonuclease Hindlll recognizes and cuts the site
5 AAGCTT3'. What is the chance of finding this nucleotide combination in
a random DNA? What is the expected average length of the fragments formed
when the DNA is cut by HindIl1?
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Problem Ne 3. Theoretically, after each PCR cycle, the amount of DNA is
doubled. How many minutes would it take to obtain one million copies from
one molecule? The denaturing, annealing, and extension last 15, 30, and
90 seconds.

Problem Ne 4. The gene RHO encodes the protein called rhodopsin. Various
mutations in this gene cause a hereditary disorder retinitis pigmentosa that
causes loss of vision.

Sanger sequencing was performed. GATC GATC
The diagram shows a fragment of - |4
the coding strand from the RHO gene
(bases encoding 21%-27"" amino acids).
Read the codons from the first nucleotide
at the bottom of the figure. Which
mutation occurred in the sick person?
What is the change in the amino acid
sequence in the protein?

affected

healthy

Problem Ne 5. Mutations in the PAH gene cause phenylketonuria. The disease
is autosomal recessive (develops when the gene PAH is altered in both
chromosomes). Here are the results of Sanger sequencing of the PAH gene for
two families.

In family A, both parents have a ¢.728G>A mutation in exon 7, i.e., replacing
the 728" G nucleotide with A.

In family B, one parent has the mutation ¢.721C>T (replacing CD with T) and
the other has the mutation ¢.1238G>C (replacing G with CD).

Examine the data in the figure and conclude whether children in both families
have the disease or not. Explanation: control is the gene regions of other
individuals without mutations that are needed for comparison; G, C, A, T are
the Latin notations for G, C, A, and T shown by the software that processes
the sequencing data.

Cotrdl T cc GeCcT OTTCGCTAC

Wy AN AN

CTCCGAACCT TCCGCCT GTTC CGCTAC

A\ Z\N\(\W V) AV / VYA

CCTG CCT GTTCGCT

D A

TTTCCTG CCT GTTCGECTAC

Mother

Proband

CTCCAACCT

Teacher’s signature
20

« »

32




Class Ne 8. Topic: GENETIC ENGINEERING

el N

CONTENTS OF THE TOPIC

Genetic engineering: goals, objectives, and stages.

Methods for obtaining genes for transgenesis.

Recombinant DNA. Construction of vectors, their types.

Introduction of recombinant DNA into a recipient cell. Selection of
transformed cells. Selective and reporter genes.

Biotechnology, its importance for medicine. Genetically modified
organisms. Food products containing GMOs.

6. Selectable marker genes —

7. Shuttle vector —

8. Lipofection —

GLOSSARY
Vector —

Recombinant DNA —

Transgenesis —

Polylinker —

Reporter genes —

9. Electroporation —

10. Transformation —

11. Sticky ends —

12. DNA cloning —

13. Biolistics —

14. Phagemids —
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Task 1. Match the method of introducing recombinant DNA into
a cell with its name:

Table 1
Some restriction endonucleases and their restriction sites

1. The method is based on the ability of bacteria to . . Restriction S .
take up DNA molecules from a solution A. Transduction N endonuclease Restriction sites and cut points
2. Dellve_ry_/ c_)f DNA into a cell in a vesicle with one B. Electroporation L Ball 5’—TG GV CCA73’
or more bilipid layers 3 -ACCAMGGT-5
3. _Transfer of_ recombinant DNA into a bacterial cell C. Lipofection 5 .GVGATCC-3
using a bacteriophage 2. BamHI 3-CCTAGAG-5
4. I_Dlrect introduction of DNA into the nucleus with D. Transformation 5 GUAATTC 3
a thin needle 3. EcoRlI 3 - CTTAANG-5’
5. Formation of temporary channels in the membrane S - —
b .. E. Mlcromjectlon 5-AVAGCTT-3
y electric impulses 4 Hindll1 , ,
1 2 3 4 5 ' 3-TTCGAMNA-5
5-GVYTCGAC-3’
5. Sall , .
. . . . 3 -CAGCTANG-5
Task 2. Label the diagram of cloning a human gene in a bacterial , ,
cell 6 Xbal 5-TVCTAGA-3’
' ' 3 -AGATCAT-5
5-GGV¥CC-3’
7. Haelll 3 .CCAGG_5

Human cell

Bacterial cell

1- 5
2 6
3- 7-
4

Task 3. Solve the problems.
Problem Ne 1. There is a 27-bp DNA fragment:

5'-CTGAATTAGGATCCAGGCAATAGTGTG-3"'
3'-GACTTAATCCTAGGTCCGTTATCACAC-5"'

What endonuclease from the table can cut this DNA? How many fragments will
be formed?
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HindIII

Problem Ne2. The figure
EcoRI I EcoRV

shows plasmid pBR322 with its
restriction sites. Which of the
following double-stranded DNA
fragments can be inserted into
the plasmid if only the
endonucleases from table 1 are
available? Why?

BamHI

4359029 g

pBR322

4361 bp

Ndel
Ne 1.
5'-CCGAATTCAGATGTAAGGCAATAGTGTGAATTCACA-3'
3'-GGCTTAAGTCTACATTCCGTTATCACACTTAAGTGT-5"

Ne 2.
5'-CCTTAAGCTGAGGCTAAGGCAATAGAAGCAACACATG-3"
3'-GGAATTCGACTCCGATTCCGTTATCTTCGTTGTGTAC-5"

Ne 3.
5'-AGGCCGATACCCGATACTCGACCGATACTGTAGGCCG-3"'
3'-TCCGGCTATGGGCTATGAGCTGGCTATGACATCCGGC-5"'

Problem Ne 3. The pUC19 plasmid contains:

¢ The gene for resistance to the antibiotic ampicillin (amp).

e The gene lacZa, allows bacteria to produce a blue substance from another
substance called X-gal.

o Polylinker (a region containing multiple restriction sites) is located within
the lacZa gene.

Cells transformed with recombinant pUC19-based DNA were seeded on
a medium containing ampicillin and X-gal. White and blue colonies grew on
the medium (each colony was a group of bacterial offspring of one cell).

1. What is the fate of bacteria that have not transformed (i.e. without pUC19)?
2. What is the fate of bacteria that have pUC19 but are without the desired
gene?

3. Which color colonies were successfully genetically modified?

Blue colonies
White

amp

Teacher’s signature
« » 20
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Class Ne 9. Topic: OMIC TECHNOLOGIES IN MEDICINE

CONTENTS OF THE TOPIC

6. Gene therapy -

7. Cancer immunotherapy —

8. Personalized medicine —

9. CRISPR/Cas9 —

1. Internet databases containing information about nucleotide sequences,
specialized online services, Blast, NCBI. Bioinformatics. Phylogenetic
analysis.

2. Applications of genetic engineering in medicine: production of protein
products, mono- and polyclonal antibodies, recombinant proteins,
DNA probes.

3. Genome editing tools: CRISPR/Cas9, TALEN. Prospects for use in
medicine and bioethical problems of genomic editing. Gene therapy.

4. Pharmacogenetics. Personalized medicine.

5. Molecular genetic markers of tumors. Cancer gene diagnostics.

6. Ways to diagnose hereditary gene diseases: direct sequencing, PCR,
RFLP-, SSCP-analysis, DNA microarrays.

GLOSSARY

1. Monoclonal antibody —

2. Recombinant protein —

3. Personalized medicine —

4. Pharmacogenomics —

5. Variable regions of an antibody—

10. Hybridoma —

11. Vector vaccine —

12. Recombinant vaccine —

13. Biomarker —

14. Phylogenetic tree —
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Task 1. Label the diagram.

In vivo gene therapy &
ﬂ‘:‘.—. N\
1

Ex vivo gene therapy 4

Task 2. Solve the problems.

Problem Ne 1. Here is the SSCP of an exon for three different individuals. Two
of them are homozygous for different mutations (i.e., they contain the same
mutation in both copies of the gene).

g wh‘
1 2 3

What is the number of individual who has the mutations of both other
individuals?
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Problem Ne2. A patient with oligodentia (absence of several teeth) was
examined for mutations that might cause this condition. He was found to have a
mutation in exon 2 of the MSX1 gene. His family members (parents and
mother’s parents) without oligodentia were also examined, for which the RFLP
method was used because the mutation detected creates a restriction site for
the Tagl endonuclease. As a result, the studied fragment of exon 2 of the MSX1
gene (length -557 bp) could be cut by the given nuclease into fragments of 365
and 192 bp, which indicated the presence of the mutation. The results are shown
in the figure.

C — control (a person without the mutation);

1 — maternal grandfather of the person under study;

2 — maternal grandmother of the person under study;

3 — father of the researched person;

4 — mother of the person under study;

P — the person under investigation;

U — uncut fragment of the studied DNA,;

M — standard (a marker of fragment length)

C 1 2 3 4 P
. :
b e et
e
[S— R ]

Who has the mutation in this family?

Problem Ne 3. The vast majority of cases of Friedreich's ataxia are caused by
amplification (multiple copy number increase) of the GAA repeat in the first
intron of the FXN gene. As a result, the length of the DNA fragment containing
the repeat increases, and the mobility in the agarose gel decreases. The figure
shows the result of electrophoresis of the FXN gene fragment containing
the indicated repeat. “M” is the length marker, and “C” is the control (healthy
person). Identify the numbers of samples in which both copies of the gene have
amplification (sick individuals), one copy has amplification (healthy mutation
carriers), or no amplification (healthy individuals).

M 1 3

2

Teacher’s signature

« » 20
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Class Ne 10. Topic: COLLOQUIUM Ne 1

CONTENTS

1. The nature of life, and the role of proteins and nucleic acids in the organization of
living systems. Organization levels of living matter. The cell theory.

2. Prokaryotes and eukaryotes.

3. Human as a biological and social being.

4. The role of biology in medical education.

5. Subject, objectives, and methods of cytology (light, electron, and fluorescent
microscopy, histochemistry and immunohistochemistry, differential centrifugation,
autoradiography, morphometry, etc.).

6. The method of light microscopy. The structure of a light microscope. The rules of
work with a microscope.

7. The structure of the plasma membrane.

8. Transport across the membrane: passive transport (simple diffusion, facilitated
diffusion, osmosis), active transport, endocytosis, exocytosis.

9. Cytosol. Cytoskeleton: microtubules, intermediate filaments,
Intracellular transport of substances.

10. Assimilation. Ribosomes.Endomembrane system (nuclear envelope, endoplasmic
reticulum, Golgi body, lysosomes, peroxisomes, endosomes, vesicles).

11. Dissimilation. Mitochondria. Lysosomal and peroxisomal disorders.

12. Evolution of the gene concept. Evidence that DNA is the genetic material.

13. Structure and functions of DNA. Genetic material of viruses and bacteria.

14. The structure and functions of the cell nucleus.

15. Gene, chromosome, and genome levels of eukaryotic genetic material.

16. DNA condensation. Remodeling of chromatin.

17. The structure of metaphase chromosomes. Euchromatin and heterochromatin.
Types of chromosomes. Rules of chromosomes.
18. Karyotype and idiogram. Methods for
Classifications of human chromosomes.

19. Cytoplasmic inheritance.

20. Cell cycle. Interphase.

21. Semi-conservative mechanism of DNA replication. Replicon.

22. Cell cycle regulators (cyclins and cyclin-dependent kinases).

23. Types of cell division: mitosis, amitosis, endomitosis. Binary division of bacteria.
Mitosis: characteristics of phases, distribution of genetic material, biological
significance. Meiosis as a type of mitosis: characteristic of phases, distribution of
genetic material, biological significance.

microfilaments.

studying the human karyotype.

24. Cell proliferation and cell death. Necrosis and apoptosis. Caspases.

25. The Central Dogma of Molecular Biology.

26. The concept of the gene. Properties and functions of genes.

27. Ribonucleic acid, its types, functions. Genetic code and its properties.

28. Transcription. Transcription factors. Production of mRNA / mRNA synthesis in
eukaryotes: primary transcript and its processing.

29. Recognition. Translation: initiation, elongation, and termination.

30. Posttranslational proteins modifications, protein folding, chaperones.

31. Human genome: protein-coding genes, RNA genes, non-coding sequences (repeats,
introns, junk DNA). DNA transposons and retrotransposons. Transcriptome. Proteome.
Metabolome. Genome redundancy, its significance.

32. Projects Human genome, ENCODE, Roadmap. Classification of genes.

33. Operon. Lac- and trp-operons. Polycistronic RNA. Regulation of transcription in
eukaryotes: preinitiation complex. Enhancers, silencers.

34. Epigenetics: histone modifications, cytosine methylation, CpG-islands,

35. Regulation of gene expression by non-coding RNAs.

36. Methods of nucleic acids isolation.

37. DNA research methods: gel electrophoresis, restriction analysis, nucleic acid
hybridization, DNA microarrays. PCR and its types: quantitative PCR, reverse
transcription PCR, multiplex PCR. Genome sequencing methods (Sanger sequencing,
pyrosequencing, nanopore sequencing, bisulfite sequencing).

38. Genetic engineering: goals, objectives, and stages. Methods for obtaining genes for
transgenesis. Recombinant DNA. Construction of vectors, their types.

39. Introduction of recombinant DNA into a recipient cell. Selection of transformed
cells. Selective and reporter genes.

40. Biotechnology, its importance for medicine. Genetically modified organisms. Food
products containing GMOs.

41. Internet databases containing information about nucleotide sequences, specialized
online services, Blast, NCBI. Bioinformatics. Phylogenetic analysis.

42. Applications of genetic engineering in medicine: production of protein products,
mono- and polyclonal antibodies, recombinant proteins, DNA probes.

43. Genome editing tools: CRISPR/Cas 9, TALEN. Prospects for use in medicine and
bioethical problems of genomic editing. Gene therapy.

44. Pharmacogenetics. Personalized medicine.

45. Molecular genetic markers of tumors. Cancer gene diagnostics.

46. Ways to diagnose hereditary gene diseases: direct sequencing, PCR, RFLP-, SSCP-
analysis, DNA microarrays.
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Class Ne 11. Topic: BASIC

LAWS OF INHERITANCE

N

o ok

CONTENTS OF THE TOPIC

Genetics as a science.

Hybridological analysis.

Laws of inheritance in a monohybrid cross. Law of purity of gametes.
Testcross. Backcrossing.

Laws of inheritance in polyhybrid cross.

Limitations of Mendel's laws. Pleiotropy.

Intraallelic gene interactions (complete and incomplete dominance,
superdominance, codominance, and allelic exclusion).

Multiple alleles. Inheritance of blood groups in the ABO system.
Inheritance of MN blood groups and Rh factor.

Interallelic interaction of genes (complementary, inhibitory, polymeric
gene action). Bombay blood group as an example of recessive
epistasis in humans.

5. Phenotype —

6. Polymeric gene action —

7. Codominance —

8. Genotype —

9. Backcrossing —

GLOSSARY
Allele —

Complementation —

. Superdominance —

Testcross —

10. Epistasis —

11. Intraallelic interactions —

12. Allelic exclusion —

13. Pure lines —
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Task 1. Solve the problems.

Problem Ne 1. How many and what types of gametes could be formed by
organisms with the following genotypes?

AaBbDd AAbbCCddRR

Problem Ne 2. A blue-eyed male married a brown-eyed female. Her father was
blue-eyed and her mother was brown-eyed. It’s known that the allele of brown
eyes is dominant. What phenotypes of children could be expected in this family
and what is their chance?

Problem Ne 3. In humans, brown eyes and dextrality (right-handedness) are
determined by the dominant alleles of two different genes. The blue eyes and
sinistrality (left-handedness) are determined by their recessive alleles.
A browned-eyed right-hander man married a blue-eyed left-hander woman.
What traits could be expected in children if the man is double-heterozygous?

Problem Ne 4. A woman has blood groups O, [ Phenotype | Gene |Genotype
Rh-, MN. Her husband has groups AB, Rh+ System ABO
(homozygote), and N What comblgatlons of Group 0 () 0 10
blood groups can their children have® Group A (1l) BT AP
GroupB(Ill) | 1B | IBIB, |B|°
Group AB(IV)| IA+1B| A8
System MN
Group M M | MM
Group N LN LN
Group MN  [LM+LN | LMLN
System Rh
Rh+ D |DD,Dd
Rh- d dd

Problem Ne5. In humans, congenital deafness can be caused by recessive
alleles of two different genes (d and e). Normal hearing requires dominant
alleles of both the genes (D and E). There is a family where parents are deaf
while all their seven children have normal hearing. What are the most probable
genotypes of all members in this family?
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Problem Ne 6. Healthy parents have got two children. The older one was | Problem Ne 7. In “Fleur” begonia, leaf variegation is caused by a recessive
healthy, but the younger one has two autosomal recessive disorders: cystic | allele of the gene f, and in “Sank” begonia by a recessive allele of the gene S
fibrosis and galactosemia. What is the chance that the healthy child is a carrier | (genes are in different chromosomes). When two dihomozygous variegated
of at least one of these diseases? What is the chance of giving birth to a child | plants of these varieties are crossed, all resulting hybrids have green leaves.
sick with at least one of the diseases in the family? How many begonias (in %) among plants with green leaves (F2) will carry only
one (any) variegated leaf gene?

Teacher’s signature
« » 20

42




Class Ne 12. Topic: GENETIC LINKAGE. GENETICS OF SEX

arwN

o

CONTENTS OF THE TOPIC

Experiments of T. Morgan. Complete and partial genetic linkage.
Linkage groups.

Crossing-over.

Chromosomal theory of inheritance.

Genetic and cytological chromosome maps.

Sex as a biological trait. Sex-influenced and sex-limited traits. X and
Y linked traits.

Definition, differentiation, and redefinition of sex in ontogeny.
Genetic regulation of gonadogenesis in humans.

Peculiarities of sex determination in humans: physical, intermediate
and socio-psychological determinants.

Disorders of sex development in humans. Ethical and legal aspects of
morphological and civil sex changes.

X-inactivation. M. Lyon's hypothesis of female mosaicism by sex
chromosomes.

5. Genetic map of chromosome —

6. Primary sexual characteristics —

7. Heterogametic sex —

8. Barr body -

9. Mosaicism —

GLOSSARY
Linked genes —

Sex-linked genes —

Crossover gametes —

Chromosomal theory of sex determination —

10. Androgen insensitivity syndrome —

11. Holandric traits —

12. Hemizygosity —

13. Genetic sex —

43




Task 1. Solve the problems.

Problem Ne 1. Write the gametes and their percentages for Drosophila with
the following genotypes (the distance between the linked genes is 28 cM).

A B AB AEB D
1. male = = 2. male i female = 4 female= =
a b ahb ab ab d

Problem Ne 2. The distance between the autosomal gene that determines
the Lutheran antigens and the gene that determines the solubility of some blood
proteins is 13 cM. What is the percentage of non-crossover gametes in a double-
heterozygous human?

Problem Ne3. What is the probability of giving birth to a recessive
homozygous child in a family of people with the following genotypes?
The distance between the genes A and B is 20 cM.

AB AB
P: = ==
ah ab
O % O %
G: O % O %
O % O
O % O =
F1:
Answer:
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Problem Ne 4. Two patients, 15 and 18 years old with a female phenotype, have
primary amenorrhea. Clinical examination revealed underdevelopment of
primary sex characteristics. Barr body was not detected. The karyotype was
determined to be 46, XY. Male sex hormone levels were not elevated, but closer
to the upper limit of the normal range. Sequencing of the AR gene was
performed to verify one of the suspected causes of the disease, which revealed a
nonsense mutation c.2657T>A — codon TAA instead of TAT. As result,
the protein encoded by this gene is not being produced. What diagnosis was
confirmed by sequencing of the AR gene? What does this gene encode?

Problem Ne5. Elliptocytosis and blood group Rh+ are determined by
the dominant alleles of genes El and D respectively. Both the genes are situated
in the same chromosome at a distance of 3 cM. There is a man who is
heterozygous for both genes. He inherited Rh+ from his mother and
elliptocytosis from his father. His wife has blood group Rh— and normal
erythrocytes. What phenotypes can their children have and what is their chance
in percent?

Problem Ne 6. Hemophilia and color blindness are caused by the recessive
alleles of two different genes (h and d). The genes are situated in the X
chromosome at a distance of 10 cM. A woman whose father had both
the diseases and mother had no such recessive alleles married a healthy man.
What is the probability of giving birth to a child: 1) with both diseases; 2) with
one disease; 3) phenotypically healthy?

Teacher’s signature
20

« »
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Class Ne 13. Topic: VARIATION. MUTAGENESIS. CARCINOGENESIS

CONTENTS OF THE TOPIC

6. Phenocopies —

7. Anaphase lag —

8. Non-homologous end joining —

9. Oncogene —

1. Variation and its types. Phenotypic plasticity.

2. Combinative variation.

3. Mutations. Causes of mutations: DNA copying errors, unequal
crossing over, mutagens.

4. Physical, chemical, and biological mutagenic factors. Genetic hazards
of environmental pollution by mutagens.

5. Classifications of mutations.

6. Stability and repair of genetic material.

7. Types of DNA repair. Excision repair, repair of double-stranded
breaks. Photoreactivation. Role of repair disorders in human pathology.

8. Carcinogenesis. Oncogenes and tumor suppressor genes.

GLOSSARY

1. Mutation —

2. Unequal crossing over —

3. Reparation of genetic material —

4. Insertion —

5. Reading frameshift —

10. Tumor suppressor genes —

11. Reciprocal translocation —

12. Combinative variability —

13. Transversion —

14. Missense mutation —
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Task 1. Label the figure of nucleotide excision repair and explain its
mechanism.

Damaged DNA 1-
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Task 2. Match the DNA repair mechanism with its name.

1. Error-prone mechanism for joining double-stranded
breaks

A. Direct reversal

2. Single nucleotide is replaced

B. Nucleotide
excision repair

3. Method by which pyrimidine dimers are eliminated
in humans

C. Base excision
repair

4. Damage is repaired without nucleotide replacement

D. Nonhomologous
end joining

5. Repair involving proteins with endo- and
exonuclease activity and subsequent filling in the gap
in the DNA strand with DNA-polymerase

E. Reparation by
homologous
recombination

6. Use of the sequence of homologous chromosome
or sister chromatid to repair double-stranded breaks

F. Mismatch repair

1 2 3 4

5 6

Task 3. Model changes of proteins in case of different point

mutations.

Initial MRNA 5’AUGACCGACCCGAAAGGGACCY
Peptide

Silent mutation 5’AUGACCGACCCCAAAGGGACC3”
Peptide

Missense mutation 5’AUGCCCGACCCGAAAGGGACCY
Peptide

Nonsense mutation 5’AUGACCGACCCGUAAGGGACC3”
Peptide

Frameshift mutation 5’AUGACCGACGCCGAAAGGGACC3
Peptide
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Task 4. Solve the problems.

Problem Ne 1. Some cells of a person have a normal karyotype, others have 47
or 45 chromosomes. What is the name of this phenomenon? What is the
mechanism of its origination?

Problem Ne 2. A man has got brown eyes, his wife has got blue eyes and their
daughter has one blue and the other brown eyes. How can it be explained?

Problem Ne 3. Aged spouses got a son who is heterozygous in the causing
hemophilia. What conclusion about his karyotype can be drawn?

Problem Ne 4. Every day in every human
cell about 200 cytosines per haploid genome

deamination

are converted to uracil by spontaneous | =N _+HO
deamination. What is the consequence of /& TN ,K
deamination of methylated cytosine? H 0
cytosine uracH
NH, 0
| =N i NH
N’J*o N/J\
H H ©
cytosine uracil
NH, o)
HiC H;C
3 I XN 3 \ﬁ\NH
N’J\o H/l*o
H
5-methylcytosine thymine

Problem Ne 5. Burkitt's lymphoma (cancer that develops from B-lymphocytes)
is known to develop because of an increase in the activity of the C-MYC
oncogene located in chromosome 8. The disease can be caused by several
aberrations:

a) translocation of a g-arm fragment from chromosome 8 to the g-arm of
chromosome 14;

b) translocation of a p-arm fragment from chromosome 2 to the g-arm of the
chromosome 8;

c¢) translocation of the g-arm region from chromosome 8 to the g-arm of
chromosome 22.

Is one of these mutations present in the chromosomes shown in the photograph?

Explain your answer.
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Class Ne 14. Topic: POPULATION GENETICS

N

CONTENTS OF THE TOPIC

Population. Characteristics of a population. Gene pool.

Ideal population. Hardy—Weinberg equilibrium.

Factors disturbing Hardy—Weinberg equilibrium: natural selection,
genetic drift, mutations, migration, non-random mating.

Human genetic polymorphism, its biological, medical, and social
aspects. Distinctive features of the human population. Types of
marriages. Inbreeding. Mating assortativity. Inbreeding coefficient.
Large and small populations. Peculiarities of the gene pool of isolates.
Founder and bottleneck effects.

Effects of elementary evolutionary factors on human populations.
Genetic load, its biological essence, and medical significance.

5. Immigration —

6. Founder effect —

7. Inbreeding —

GLOSSARY
Population