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	I. Course Content
         Purpose of Teaching the Course - practical molecular zoology - a new branch of zoology, opens significant opportunities for studying the evolution of the animal world. It has caused a complete revolution, which requires re-examining the relationships among previously studied species. It is worth noting that molecular genetics deepens our understanding of the evolution of organisms and the mechanisms of heredity, and ultimately lays the foundation for molecular systematics and phylogenetics. By comparing genes and genomes, conclusions are drawn about the identification of animal species and their genetic relatedness. The more the nucleotide sequences of the compared genes differ, the more genetically distant the organisms are from each other.
Course Objectives - students should have an understanding of the principles of zoology, parasitology, genetics, and biochemistry. In zoology - the biological diversity of species, the problem of polymorphism within species, and systematics; in biochemistry - the mechanisms of enzymatic reactions and their processes; in cell biology - cell structure, the progression of major processes within the cell, and cell division; in molecular biology - the structure of DNA and RNA, introgression, transcription, translation, the structure of ribosomes, and elements of the genetic code. In this regard, master’s students gain knowledge of studying the methods of molecular zoology, acquiring new information, familiarizing themselves with its scientific-methodological and practical aspects, understanding the conditions for conducting it in a research laboratory, and applying it in practice.



II. Main Theoretical Part (Lecture Sessions)
The course includes the following topics:
Topic 1: Introduction to applied molecular zoology
The subject, purpose, and objectives of practical molecular zoology. The relationship and significance of practical molecular zoology with other sciences. The concept of "Biodiversity." Biological species. Controversial species. Polymorphism within species. Interactive catalogs and databases in biodiversity conservation.
Topic 2: Application of Molecular Methods in Studying Animal Diversity
Genosystematics. Phylogenetics. History of applying molecular biochemistry and genetics methods in studying the animal world. Polymerase chain reaction. Sequencing. Molecular markers used for species identification. Mitochondrial genes (DNA barcoding), nuclear genes.
Topic 3: Research on Studying the Molecular Systematics of Animals in the World and in Uzbekistan
Modern systematics and phylogenetics of multicellular invertebrates. Research on molecular taxonomy of invertebrates conducted in Uzbekistan.
Topic 4: Requirements for Collecting Zoological Samples for Molecular-Genetic Analyses. Morphological and Taxonomic Studies of the Samples
Collection of invasive and non-invasive genetic samples from zoological specimens. Requirements for storing samples in field and laboratory conditions. Suitability of samples for molecular studies. Conducting morphological and taxonomic studies on the collected samples.
Topic 5: Isolation of Genomic DNA from Zoological Specimens
Isolation of genomic DNA from zoological samples using standard phenol-chloroform and commercial reagent kits. The advantages and disadvantages of DNA isolation methods using the phenol-chloroform method, the Diatom DNA Prep kit (Russia), and the DNeasy Tissue Kit (Germany).
Topic 6: Basic Concepts of the Polymerase Chain Reaction (PCR) Method. PCR – Amplification
Basic concepts of the polymerase chain reaction (PCR) method. Selection of nuclear and mitochondrial markers required for PCR. Performing PCR amplification. PCR conditions.
Topic 7: Basic Concepts of the Agarose Gel Electrophoresis Method. Purification of Ribosomal and Mitochondrial DNA
Basic concepts of the agarose gel electrophoresis method. Preparation of agarose gel and performing electrophoresis of PCR products. Measurement of DNA concentration. Purification and isolation of DNA using DNA purification kits
Topic 8: Molecular Cloning. Ligation Reaction. Preparation of Competent Cells and Transformation
Ligation reaction and the components required for its execution. Cultivation of Escherichia coli cells. Preparation of E. coli competent cells. Performing genetic transformation of E. coli cells. PCR screening of bacterial colonies.
Topic 9: Isolation of Plasmid DNA. Restriction Analysis
Isolation of plasmid DNA using Fermentas Gene kits. Principles of performing restriction reactions.
Topic 10: Sequencing – Determination of the Primary Nucleotide Sequence of DNA. Identification of Organisms Based on Nucleotide Sequences
Organization of the asymmetric PCR reaction using fluorescently labeled nucleotides (sequencing reaction). Purification of asymmetric fragments in the PCR amplification reaction. Performing multiple alignments using the BLASTn program.
Topic 11: Construction of Phylogenetic Trees. Submission of Nucleotide Sequences to the GenBank (NCBI) Database. DNA Diagnostics (PCR Technology)
Assembly of sequences obtained for analysis. Multiple alignment of nucleotide sequences using various software programs. Construction of a phylogenetic tree using the MEGA software (verified through Maximum Likelihood, Maximum Parsimony, UPGMA, and Neighbor-Joining methods). Submission of the obtained nucleotide sequences to the international GenBank (NCBI) database.
Topic 12: PCR Diagnosis of Parasitic Diseases
Collection of biomaterial. Preparation of species-specific primers. Rapid diagnosis of parasitoses in live animals using PCR technology.

III. Instructions and Recommendations for Practical Sessions
Recommended Topics for Practical Sessions and Instructions for Conducting Practical Work:
1. Requirements for collecting zoological samples for molecular analyses. Isolation of genomic DNA from invertebrate samples using the standard phenol-chloroform method.
Familiarization with methods and requirements for collecting zoological samples for molecular analyses, and learning to prepare permanent and temporary specimens from them. Learning to isolate genomic DNA from invertebrate samples using the classical phenol-chloroform method.
2. Isolation of genomic DNA from invertebrate samples using commercial reagent kits.
Learning to isolate genomic DNA from invertebrate tissue samples using commercial reagent kits. This method is one of the techniques for extracting nucleotides using reagents or kits. Such kits allow DNA to be isolated from various natural materials, as well as enable rapid purification of DNA from clinical samples.
3. Performing PCR Amplification.
Learning to prepare a master mix from the buffers required for the polymerase chain reaction and to set the necessary programs on the thermocycler.
4. Preparation of Agarose Gel and Performing Electrophoresis of PCR Products.
Learning to prepare agarose gel, load PCR products into the prepared gel, and perform electrophoresis.
5. Isolation and Purification of DNA from Agarose Gel
Learning methods for isolating and purifying DNA from agarose gel. One of the potential issues with PCR amplification products in the gel is the appearance of non-specific bands or smeared lanes.
6. Performing the Ligation Reaction.
Learning to perform the ligation reaction. The ligation reaction is the covalent joining of two DNA molecules. Ligases are enzymes that connect different DNA fragments to each other. The necessary condition for conducting experiments is the use of “vectors.”
7. Requirements for Preparing Escherichia coli Competent Cells. Performing Genetic Transformation of E. coli Cells.
Learning the requirements for preparing Escherichia coli competent cells. Transformation is the change in the hereditary characteristics of cells resulting from the introduction of foreign DNA. Learning to perform genetic transformation of E. coli cells.
8. Performing PCR Screening in Bacterial Colonies.
Learning to perform PCR screening of bacterial colonies. The simplest plasmid vector consists of the following components: 1 – a gene that must enter the host cell DNA; 2 – a region ensuring the replication of the plasmid and the gene being transferred; 3 – a marker that allows identification of the host cell carrying the plasmid with the inserted gene; 4 – plasmid DNA.
9. Isolation of Plasmid DNA Using Kits.
Learning to isolate plasmid DNA using ready-made kits. Organizing practical sessions using a microcentrifuge, thermostat, pipettes of various sizes, and plasmid DNA isolation reagent kits.
10. Restriction Enzyme Reaction Analysis. Sequencing Reaction.
Learning to select the necessary enzymes for the restriction reaction and to analyze the reaction. Selecting the required enzymes for the restriction reaction; performing the ligation reaction using a reagent kit; analyzing the restriction reaction. Learning to prepare purified DNA for sequencing.
11. Purification of Fragments from Asymmetric PCR Amplification.
Learning to purify fragments from asymmetric PCR amplification. Method for purifying fragments from asymmetric PCR amplification. Analysis of sequenced chromatograms using the BioEdit software package.
12. Performing multiple alignments using the BLAST program. Identification of organisms.
Identification of organisms based on the analysis of primary nucleotide sequences. Performing multiple sequence alignments using the BLASTn program; carrying out multiple alignments with bioinformatics software. Identification of organisms based on the analysis of primary nucleotide sequences.
13. Assembly of Nucleotide Sequences
Assembly of nucleotide sequences. Learning to perform multiple alignments of nucleotide sequences using various computer programs.
14. Performing Multiple Alignments of Nucleotide Sequences Using Various Compute
Cladistic Analysis; Assembly of Nucleotide Sequences; Learning to Perform Multiple Alignments of Nucleotide Sequences Using Various Computer Programs.
15. Using the MEGA-8 Software for Phylogenetic Tree Construction.
Construction of Phylogenetic Trees. Learning to construct phylogenetic trees using the MEGA-8 software and other bioinformatics programs. Requirements include a computer with installed bioinformatics software and internet access, as well as sequence chromatograms of zoological samples. Learning the requirements for constructing phylogenetic trees; using the MEGA-8 software; learning to construct phylogenetic trees using bioinformatics programs.
IV. Independent Study and Self-Directed Practical Work
Independent Study Assignments
1. Prepare analytical material on the relationship of practical molecular zoology with other sciences.
2. Prepare a presentation on the significance of practical molecular zoology.
3. Create a test on the topic of genosystematics.
4. Highlight current issues in phylogenetics.
5. Prepare analytical information on the history of applying molecular biochemistry and genetics methods in studying the animal world.
6. Study the working principle of the polymerase chain reaction.
7. Explain the sequencing technology.
8. Isolation of Genomic DNA from a Zoological Sample.
9. Preparing samples using the standard phenol-chloroform method and commercial reagent kits.
10. Application of the Polymerase Chain Reaction (PCR) Method.
11. Performing Genetic Transformation of E. coli Cells.
12. Purification of Asymmetric Fragments in the PCR Amplification Reaction.

When completing independent study assignments in the course, students must carry out the following tasks and responsibilities:
a) Actively work with textbooks and study materials to gain a deep understanding of the covered topic;
b) Prepare in advance for lectures, practical sessions, and assessments (tests and exams), making efficient use of time;
c) Submit each independent study assignment within the specified deadlines;
d) Be aware that assignments submitted after the deadline will not be accepted and adhere to this rule;
e) Know and comply with the requirement to avoid plagiarism when completing independent study assignments.
Independent study assignments in the course are recommended to be completed based on the principle of alternative formats as follows:
1) Prepare analytical information (essay) on the topic;
2) Analyze and prepare a scientific article, thesis, or lecture;
3) Create a test and glossary on the topic;
4) Prepare an analytical presentation on a specific topic;
5) Conduct a comprehensive analysis of a given problem, providing definitions and conclusions;
6) Study the given topic in depth and perform a high-level analysis;
7) Conduct experimental and trial work;
8) Develop problem-solving skills through projects by finding solutions to existing practical problems and preparing discussion questions and assignments.
Independent study assignments in the course are assessed during practical sessions and are taken into account during evaluation for the intermediate control.
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	Learning Outcomes / Professional Competencies
Upon successful completion of this course, the student will be able to analyze animal diversity at the molecular level, perform DNA extraction, PCR, barcoding, and phylogenetic analysis, use bioinformatic tools to study animal systematics and population structure, interpret molecular data, and apply findings to scientific and practical tasks.
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	                      VI. Educational Technologies and Methods
· Lectures;
· Performing and summarizing practical work;
· Interactive case studies;
· Logical reasoning, rapid Q&A sessions;
· Group work;
· Individual projects;
· Presentations;
· Collaborative projects and their defense. 
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	VII. Requirements for Earning Credits
Written: The exam duration is 80 minutes. 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.
ECTS A (5): The student demonstrates excellent and comprehensive knowledge of Applied Molecular Zoology. Shows a thorough understanding of molecular methods and laboratory techniques, including DNA extraction, PCR, gel electrophoresis, cloning, sequencing, and phylogenetic analysis. Independently and correctly applies molecular techniques in practical and laboratory tasks. Critically analyzes experimental results, constructs and interprets phylogenetic trees, and accurately submits nucleotide sequences to the GenBank (NCBI) database. Successfully applies PCR-based DNA diagnostics, including diagnostics of parasitic diseases. Completes all theoretical and practical assignments accurately, independently, and at a high scientific level, demonstrating critical and creative thinking.
ECTS B (4): The student demonstrates very good knowledge of the subject. Understands core molecular zoology concepts and applies standard laboratory techniques correctly, with minor technical inaccuracies. Performs PCR, electrophoresis, and basic molecular analyses competently. Interprets results correctly, though explanations may lack depth or precision. Completes most tasks independently, requiring minimal guidance.
ECTS C (3): The student demonstrates adequate and satisfactory knowledge meeting minimum requirements. Understands fundamental concepts of applied molecular zoology and basic laboratory procedures. Performs laboratory work with guidance from the instructor. Shows limited ability to analyze and interpret molecular data independently. Explanations and conclusions are generally correct but superficial.
ECTS D (2): The student demonstrates limited knowledge and skills. Has an incomplete understanding of molecular techniques and their applications. Experiences difficulties in performing laboratory tasks and interpreting results. Requires significant supervision and support to complete assignments. Learning outcomes are only partially achieved.
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	The curriculum was developed and approved by Namangan State University.
- It was discussed at the meeting No. _____ of the “Biology” Department on _____, 2025, and recommended for approval.
- It was approved and recommended for confirmation at the meeting No. _____ of the Faculty Council of Biotechnology on _____, 2025.
-It was discussed and confirmed at the meeting No. _____ of the Namangan State University Council on _____, 2025.
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