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	I. COURSE CONTENT
The aim of the discipline is to provide students with a solid understanding of the cell as the basic structural and functional unit of organisms, including the structure, properties, and evolution of prokaryotic and eukaryotic cells. The module also introduces the structure and function of tissues and organs, major cell organelles. In addition, students gain essential knowledge of embryonic development, focusing on the formation of tissues, organs, and organ systems during the embryonic stage of ontogenesis.
II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)
The course includes the following topics:

Topic 1. Introduction. A Brief History of Cytology. Cell Theory and Its Significance

Introduction to the science of cytology: its content, purpose, and objectives. Objects of study in cytology. The development of cytology: the history of microscope invention, and the ideas proposed by the proponents of preformationism and epigenesis theories. Contributions of Schleiden, Theodor Schwann, Rudolf Virchow, and Karl Bern in the establishment of cell theory. Current achievements in the field of cell biology in Uzbekistan.

Topic 2. Composition, Structure, and Properties of the Cytoplasmic Membrane. Transport of Substances Across the Plasma Membrane. Methods Used in Cell Biology. Types of Cells

Methods used in the study of cell biology include: bright-field, dark-field, luminescent, and electron microscopy; cytochemical and cytophysical techniques; X-ray imaging; tissue culture; and the use of labeled atoms.

The main types of cells are prokaryotic, mesokaryotic, and eukaryotic. Prokaryotic cells are characteristic of organisms with a simple cell structure. Eukaryotic cells are organized assemblies of specialized cells adapted to perform specific functions.

Topic 3. Cytoplasm and the Vacuolar System of the Cell. Intercellular Connections (Contacts)
The structural organization and functions of the cytoplasmic membrane. Chemical composition of the cytoplasmic membrane, including lipids and proteins. Movement of substances across the plasma membrane: active and passive transport. The phenomenon of adhesion. Structures of the plasmalemma: microvilli, cilia, and filopodia. Endocytosis, phagocytosis, and exocytosis. The cell surface (external) apparatus. Pinocytosis and exocytosis. Intercellular contacts, including simple contacts, punctate contacts, desmosomes, plasmodesmata, and others. Their distinctions and respective functions.
Topic 4. Endoplasmic Reticulum (ER). General Classification and Its Types

The endoplasmic reticulum (ER) and its two main types: granular (rough) and agranular (smooth). The role of the endoplasmic reticulum in facilitating the movement of substances between the nucleus and other organelles.

Topic 5. Golgi Apparatus and Lysosomes
The Golgi apparatus is the main “regulatory” organelle in the cell responsible for substance metabolism. Formation of lysosomes, including primary, secondary, and modified forms. The role of lysosomes in intracellular digestion and the bHere’s an academic English translation of your topics 6–30 in a clear, formal style suitable for a syllabus:

Topic 6. Peroxisomes, Sferosomes, and Plant Cell Vacuoles.
 Formation and functions of peroxisomes and sferosomes. Formation and roles of vacuoles. Chemical composition of vacuolar sap. Interconnections between components of the vacuolar system. Structure and function of the vacuolar system.

Topic 7. Cytoskeleton. Structure and Functions of Centrioles and Cilia
Cytoskeletal system of the cell: microfilaments, microfibrils, and microtubules. Structure, functions, presence, and differentiation of centrioles and cilia in cells.

Topic 8. Ribosomes and Protein Biosynthesis
Non-membrane-bound organelles. Structure and functions of ribosomes. The process of protein biosynthesis. Structure, chemical composition, and differences of ribosomes in prokaryotic and eukaryotic cells.

Topic 9. Plastids: Types, Classification, Structure, and Functions
Plastids and the photosynthesis process. Definition, classification, ultrastructure, and chemical composition of cell plastids. Structure and function of chloroplasts. Photosynthetic metabolism in plastids and photosynthetic pigments.

Topic 10. Mitochondrial Structure and Functions
Structure of the mitochondrial membrane. Mitochondrial matrix. Processes of ATP synthesis in mitochondria and the electron transport mechanism. Metabolism of substances in mitochondria.
Topic 11. Cell Nucleus
Structural components, ultrastructure, composition, properties, and functions of the nucleus. The nucleus as the primary organelle storing genetic information, its implementation and restoration activities. Evolutionary development of the cell nucleus. DNA structure and functions within the nucleus.

Topic 12. Chromatin and Its Functions. Chromosomal Mutations and Their Consequences
Chemical composition of chromatin. Morphology of mitotic chromosomes. Karyotype and karyogram. Active chromosomal regions: heterochromatin and euchromatin chemical structures. Artificial reproduction in plant cells. Changes in the karyotype, occurrences of polyploidy and aneuploidy, and consequences of chromosomal mutations.

Topic 13. Nucleolus, Nuclear Membrane Pores, and Karyoplasm
Number of nucleoli as an indicator of cellular metabolic activity. Dense peripheral nuclear lamina—structure and significance.

Topic 14. Cell Reproduction. Meiosis I and II, Types, and Biological Significance
Phases of mitosis and cytokinesis. Preparatory state of cells for mitosis. Chromosome movements and physiological changes during mitosis. Mitotic activity and mitotic index. Endomitosis, polyteny, polysomy, and amitosis. Stages of meiosis (Meiosis I and II), their biological and genetic significance, and chromosome number reduction mechanisms.

Topic 15. Necrosis and Apoptosis: Nature and Significance
Cell pathology and its causes. Necrosis as disruption of cell membrane permeability. Apoptosis as programmed cell death. Processes of elimination.

Topic 16. Brief History of Histology
Definition of histology, its place within the biological sciences, and interdisciplinary connections. Goals and objectives of histology. Main sections and branches of the field. Historical development and methods used in histological research.

Topic 17. Epithelial Tissue
Classification and microstructure of tissues. Physiological characteristics of epithelial cells. Simple and single-row epithelium. Stratified and multilayered epithelium.

Topic 18. Glandular Epithelium
Classification of glands. Exocrine glands and their ducts. Endocrine glands. Types of secretion.

Topic 19. Internal Environment Tissues
Blood and lymph. Plasma and formed elements. Serum composition and functions of each formed element. Leukocyte types. Structural composition and functions of blood components.

Topic 20. Connective Tissue
Loose connective tissue: intercellular matrix and cells. Collagen, elastic, and reticular fibers. Specific characteristics of connective tissue. Cellular components of loose connective tissue. Dense connective tissue. Specialized connective tissues.

Topic 21. Cartilage and Bone Tissue
Cartilage tissue: hyaline, elastic, and fibrocartilage. Cartilage cells and intercellular matrix. Cartilage composition and chondrogenesis. Bone tissue: structure, osteoblasts, osteocytes, and osteoclasts. Types of bone tissue and osteogenesis. Functions and significance of bone tissue in the organism.

Topic 22. Muscle and Nervous Tissue
Microscopic structure and types of muscle tissue: skeletal, smooth, and cardiac muscle. Morphology and physiological features of muscles. Nervous tissue: composition and characteristics. Neurons and their types, neuroglial cells, nerve endings, axons, and dendrites. Intercellular interactions and structural components of neuron cytoplasm. Fibers of the nervous system.

Topic 23. Brief History of Embryology
Subject, goals, objectives, research methods, and interdisciplinary connections of embryology. Key stages of embryology. Theories of preformation and epigenesis. Evolutionary and experimental embryology. Applications of embryology in medicine, biotechnology, agriculture, livestock, fisheries, and other fields.

Topic 24. Ontogenesis and Reproduction of Organisms
Definition of ontogenesis, types and stages. Use of ecological methods in embryological studies. Development characteristics of unicellular, colonial, and multicellular organisms. Types of asexual reproduction. Somatic embryogenesis and its characteristics. Types of regeneration (physiological and reparative). Parthenogenetic development as an intermediate form between asexual and sexual reproduction.

Topic 25. Structure of Male Gametes and Spermatogenesis
Sexual and somatic cells: similarities and differences. Origin and migration of primary sex cells in ontogenesis. Diversity of sperm and egg cells. Structure of the spermatozoon: head, neck, midpiece, and tail. Molecular characteristics of sperm structure and function. Development and maturation of spermatozoa. Stages of spermatogenesis, spermiogenesis, and regulatory mechanisms.

Topic 26. Structure of Female Gametes and Oogenesis
Characteristics of oocytes. Formation and functions of egg cell membranes (primary, secondary, tertiary). Ovulation and structure of the corpus luteum. Stages of follicular development (folliculogenesis) and oogenesis. Classification of oocytes. Mechanism of sperm guidance in internal fertilization. Morphological changes and interactions of sperm and oocyte during fertilization.
Topic 27. Fertilization, Implantation, and Cleavage
Factors affecting fertilization. Biological significance of diapause in birds and mammals. Pre-implantation processes. Ovulation timing and mechanisms in different species. Ovulation, fertilization, and implantation in humans. Implantation as a complex interaction between embryo and maternal organism. Types of implantation (central, eccentric, interstitial) and relation to uterine structure. Neural-hormonal regulation of implantation.

Topic 28. Gastrulation and Organogenesis
Theories on the formation of embryonic layers (Haeckel’s “gastrula,” Mechnikov’s “phagocytella,” etc.). Origin of multicellular organisms. Types of gastrulation. Relationships between cell organelles, cytoplasm, and nucleus. Consequences of disrupted intercellular interactions in multicellular tissues (epigenetic malformations). Role of ecological factors in these processes.

Topic 29. Formation of Temporary (Provizor) Organs
Development of trophoblast and chorion in mammals. Role of primary organs in placental formation. Structure of the placenta in different animals. Functional significance of temporary embryonic organs.

Topic 30. Human Embryonic Development. Critical Periods of Development
Development of trophoblast and chorion in humans. Identification and significance of critical periods in human development.

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

1. Microscope, its structure, and rules for use. 
Identify and name all parts of the microscope and explain their functions. Properly install the objective lenses. Using a prepared slide (e.g., onion peel), focus the image first with the coarse adjustment knob and then fine-tune with the fine adjustment knob. Try to switch from low to high magnification without losing focus.

2. Structure of prokaryotic cells. Bacteria and cyanobacteria
Describe the characteristics of prokaryotic cells, the similarities and differences between bacteria and cyanobacteria, and the role of prokaryotes in nature. Examine diagrams of prokaryotic cells and label all parts. Observe a microscopic preparation of cyanobacteria (e.g., Spirogyra) under the microscope. Compare the structures of bacteria and cyanobacteria, creating a table of differences and similarities.

3. Diversity of eukaryotic cells and study using permanent slides
Study the main types of eukaryotic cells; their internal structure; variation in shape, size, and function; develop skills in identifying and describing organelles in eukaryotic cells using slides and diagrams.

4. Structure of onion epidermal cells and preparation of temporary slides
Students study the structure of onion epidermal cells; the characteristics of onion peel as a microscopic object; preparation of permanent slides; carefully separating onion peel; proper staining of cells (e.g., with iodine solution); preparing permanent slides.

5. Study of plasmolysis and turgor
Students learn the definition of plasmolysis; the definition of turgor – the tension state of the cell membrane and cell wall resulting from water filling the cell; the effect of turgor on cell shape and elasticity; the importance of turgor for maintaining plant cell shape. Prepare solutions of different concentrations; observe changes in cells under the microscope; identify stages of plasmolysis and turgor; present observation results; develop skills to study physiological processes in cells.

6. Endoplasmic reticulum and its types
Explain the differences between types of ER and their functions; draw a diagram or illustration of the ER; analyze the role of ER in cellular processes.

7. Golgi apparatus – structure and types
Understand the Golgi apparatus as a complex of flattened membranous sacs called dictyosomes; types of Golgi apparatus; distinguish by functional state and location in different cells. Develop skills in identifying the Golgi apparatus; create a labeled diagram; analyze its role in cellular processes.

8. Lysosome and its types
Describe lysosome structure (a membrane-bound organelle containing hydrolytic enzymes; size and shape vary depending on cell function; protective membrane prevents self-digestion); functions of lysosomes; types of lysosomes. Explain their role in cells; differentiate primary and secondary lysosomes; understand autophagy and intracellular digestion processes.

9. Structure of plastids – chloroplasts and chromoplasts as examples
Students study plastids in general; structure of chloroplasts, chromoplasts, and leucoplasts; functional differences; explain functions of different plastids; practice microscopy of plant cells; compare the color and function of chloroplasts and chromoplasts; create a table highlighting their differences.

10. Structure of mitochondria. Microtubules and centrioles
Identify mitochondria, microtubules, and centrioles in diagrams and microscopic images; explain their role in cell life; create labeled diagrams; understand the relationship between structure and function. Examine the third diagram of mitochondria and microtubules; discuss their roles in cell division.

11. Structure of ribosomes
Explain the structure and function of ribosomes; create a labeled diagram; understand their role in protein biosynthesis; identify large and small subunits; explain the difference between free ribosomes and ER-bound ribosomes; prepare a brief lecture on translation; discuss ribosomes’ significance for cell life.

12. Structure of nucleosome and chromatin fiber. Types of metaphase chromosomes. Cytogenetic chromosome alterations
Students study nucleosome and chromosome structure, formation, condensation, and alteration. Develop skills in understanding DNA packaging; understand consequences of chromosomal anomalies; observe metaphase chromosomes under a microscope and determine their type.

13. Nuclear membrane and pores. Schematic structure of the nucleolus
Study the structure of the nuclear membrane, its main components, functions of nuclear pores, schematic structure of the nucleus, and nuclear components. Develop skills to identify the nucleus in diagrams and micrographs; draw organelles including outer and inner membranes, pores, nucleoplasm, and nucleoli.

14. Phases of mitosis. Phases I and II of meiosis
Students study mitosis phases – sequential stages of somatic cell division: prophase, metaphase, anaphase, telophase. Understand processes occurring at each stage, biological significance, crossing-over of homologous chromosomes and chromatids, and their role in hereditary variation.

15. Endoreplication and polyteny. Necrosis and apoptosis
Learn the concept of endoreplication; polyteny; biological significance in organism development; microscopic preparations of polytene chromosomes. Compare ordinary and polytene chromosomes. Observe signs of endomitosis and endoreduplication in micropreparations. Define necrosis and apoptosis as two forms of cell death; analyze morphological changes in cells during proliferation and death.

16. Epithelial tissues – simple epithelium
Study general characteristics, structural features, and functions of epithelial tissues; identify epithelium type using a microscope. Describe the function of the studied epithelium; learn to identify types of simple epithelium; understand the link between structure and function; distinguish simple epithelium from stratified epithelium.

17. Stratified epithelium
Study general characteristics, types, and features of stratified epithelium; examine slides under a microscope; recognize skin (epidermis) as stratified squamous keratinized epithelium; distinguish keratinized and non-keratinized epithelium. Identify transitional epithelium; study functional correlation between epithelial structure and organ role.

18. Glandular epithelium. Types of secretion
Study general characteristics, classification, and functions of glandular epithelium. Examine different exocrine glands under a microscope; study endocrine gland structure (thyroid, adrenal glands); identify type and location of secretion; determine secretion type (merocrine, apocrine, holocrine); understand correlation between structure and function.

19. Formed elements of blood
Study blood smear micropreparations; calculate leukocyte ratios. Develop skills to detect abnormalities in quantity or structure – important diagnostic markers of diseases; examine blood microscopically and identify formed elements; study their structure and function.

20. Loose connective tissue
Study general characteristics of loose connective tissues; identify them under the microscope. Recognize fibroblasts, fibers, and amorphous substances. Understand the spatial relation of connective tissue to epithelium.

21. Dense connective tissue. Special connective tissues
Familiarize with dense connective tissue and specialized connective tissues (adipose, reticular, pigment); recognize fiber types (collagen or elastic) and structural features.

22. Cartilage tissue. Bone tissue
Study general characteristics, structure, classification, and functions of cartilage and bone tissue; examine various micropreparations. Identify osteons, central canals, osteocytes in lacunae. Recognize structures of bone plates and bone marrow cavities.

23. Muscle tissue. Nervous tissue
Students study theoretical material on the structure and function of muscle and nervous tissues; examine microscopic preparations. Study skeletal, cardiac, and smooth muscle tissues under the microscope; identify structural characteristics (presence of striations, nucleus location, etc.).

24. Structure and biological characteristics of testes and male gametes
Students study the microscopic structure of the testes; examine histological sections under a microscope; identify cells involved in spermatogenesis: spermatogonia, spermatocytes, spermatids, and mature spermatozoa.

25. Stages and mechanism of spermatogenesis
Understand sequential stages of spermatogenesis; study functions of different sperm components (head containing nucleus and acrosome, tail for motility); analyze sperm motility and factors affecting viability and functionality.

26. Structure and biological characteristics of ovaries and oocytes
Study microscopic structure of ovaries, oogenesis, oocyte structure, and biological characteristics. Identify developmental stages of oocytes and corresponding follicles; understand meiotic division; analyze features affecting fertilization; study protective membranes of the oocyte; correlate ovarian structure with biological function.

27. Stages and mechanism of oogenesis
Study stages of oogenesis: origin and proliferation of oogonia; initiation of meiosis; follicle growth and development; completion of first meiotic division; initiation and arrest of second meiotic division; completion of meiosis II – formation of mature oocyte.

28. Fertilization. Cleavage and fertilization stages. Biological significance.
Study sequential stages from fertilization to zygote formation; fusion of gametes and formation of pronuclei; stages of fertilization; biological significance; mechanisms and types of cleavage. Study embryonic development stages: zygote → blastomeres → morula → blastula. Compare cleavage in humans and mammals.

29. Gastrulation. Methods of gastrulation and their relation to organismal development. Mesoderm formation
Learn the concept and essence of gastrulation; main mechanisms of gastrulation; study how these mechanisms occur in various animals (amphibians, birds, mammals).

30. Gastrulation in amphibians: process and features
Study the transition from blastula to gastrula – formation of three germ layers: ectoderm, mesoderm, and endoderm. Compare gastrulation in amphibians with other animals (fish, birds, mammals). Explore developmental stages of Xenopus laevis embryos through video materials.

    IV. INDEPENDENT STUDY AND ASSIGNMENTS
   Guidelines and responsibilities for independent study in the course
When completing independent study assignments, students are required to:

a) Actively work with textbooks and study materials to gain a deep understanding of the topics covered.
b) Prepare in advance for lectures, practical and seminar sessions, as well as assessments (tests and exams), and use time efficiently.
c) Submit each independent study assignment within the specified deadlines.
d) Understand and comply with the rule that assignments submitted after the deadline will not be accepted.
e) Be aware of and avoid plagiarism when completing independent study tasks.

Independent study assignments for the course are recommended to be completed using the principle of alternative options:

1. Prepare an interactive presentation on the significance of plastids, incorporating images and graphics.
2. Gather information about mitochondria from scientific articles and compile an analytical report.
3. Create an infographic or report on cell pathology and its causes.
4. Compare the division of animal and plant cells using diagrams, images, and tables.
5. Demonstrate cell damage and death through a presentation or video material.
6. Identify the chemical composition of cells using experimental data and an analytical table.
7. Compile a table showing the characteristics of epithelial and connective tissues and perform a comparative analysis.
8. Illustrate the relationship between bone and muscle tissues using diagrams and brief explanations.
9. Present nervous tissue and types of neurons using a presentation and visual diagrams.
10. Create 20 diverse test questions on specialized connective tissues (multiple choice, matching, true/false).
11. Demonstrate the individual development characteristics of bony fishes using a presentation and illustrative diagrams.
12. Illustrate the embryonic development of reptiles and birds through models or visual diagrams.
13. Study the essence of viviparity using an analytical report and diagrams.
14. Describe the risks and consequences of implantation using diagrams, images, and brief explanations.

Independent study assignments are assessed during practical sessions and are taken into account in interim assessments.

	3.
	V. Learning outcomes / Professional competencies
Upon successful completion of the discipline Cytology, Histology and Embryology at the bachelor’s level, the student will demonstrate fundamental knowledge of cell structure and function, the microscopic organization of tissues, and the main stages of embryonic development. The student will be able to use basic laboratory equipment, including microscopes, prepare and analyze histological specimens, observe developmental processes, and scientifically evaluate anatomical and morphological features using appropriate biological terminology.
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	VI. Teaching technologies and methods
· Lectures

· Interactive case studies

· Practical sessions

· Group work

· Presentations

· Individual projects

· Team projects and their defense
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	VII. STUDY AND EXAMINATION REQUIREMENTS
Credits allocated for the course are awarded to students only upon achieving positive results in the assessment types for each semester.

Assessment Types: 

Student knowledge is evaluated through interim (IN) and final (FN) assessments. Grades are assigned according to the following scale: 5 – “Excellent”, 4 – “Good”, 3 – “Satisfactory”, 2 – “Unsatisfactory”.
Grading Criteria:
ECTS A (5): The student makes independent conclusions and decisions, thinks creatively, reasons independently, applies acquired knowledge in practice, understands the essence of the subject (or topic), knows it, can express and explain it, and gains a clear understanding of the subject (or topic).

ECTS B (4): The student reasons independently, applies acquired knowledge in practice, understands the essence of the subject (or topic), knows it, can express and explain it, and gains a clear understanding of the subject (or topic).

ECTS C (3): When the student is able to apply acquired knowledge in practice, understands the essence of the subject (or topic), knows it, can express and explain it, and has a clear understanding of the subject (or topic).

ECTS D (2): The student has not mastered the curriculum, does not understand the essence of the subject (or topic), and does not have a clear understanding of the subject (or topic).

Intermediate and Final Assessment Procedure
Intermediate assessment is conducted orally once per academic semester.
During the semester, students are continuously evaluated in practical sessions (seminars and laboratory classes), and their performance is taken into account for intermediate assessment based on criteria such as timely and complete completion of practical and independent assignments, as well as active participation in class.

In this process, the average of grades obtained from practical sessions and independent learning assignments is combined with the grades received during the intermediate assessment and officially recorded in the grade book.

Students who receive an unsatisfactory grade or miss the intermediate assessment without a valid reason may retake it no more than once before the final assessment.

The final assessment is conducted in written form at the end of the semester according to the approved schedule.
For written assessments, students are provided with a control variant consisting of at least five questions (tasks). Each task is graded separately, and the final grade is determined by averaging the scores and recorded as a whole number.

For students with disabilities who are unable to complete the assessments in the standard format, an alternative form of assessment may be approved by the Dean of the Faculty. 
When forming variants for the final assessment, it is required to strictly follow the requirements specified in the provided sample. That is, each variant must contain 5 questions: 2 questions (40%) based on classroom (in-class) sessions and 3 questions (60%) based on independent study sessions. 
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