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SYLLABUS
Fall semester 2025-2026 academic year
Educational program “6B05103-Biotechnology”

	ID 
and name 
of course
	Independent work 
of the student
(IWS)

	Number of credits
	General
number 
of credits
	Independent work 
of the student
under the guidance 
of a teacher (IWST) 


	
	
	Lectures (L)
	Seminar classes (PC)
	Lab. classes (LC)
	
	

	Genetic Engineering [2149]
	5
	3
	3
	-
	6
	6

	ACADEMIC INFORMATION ABOUT THE COURSE

	Learning Format
	Cycle,
component
	Lecture 
types
	Types 
of seminar classes
	Form and platform final control

	Offline
	PD, UC
	Informative
	Question-answer
	Written traditional, offline

	Lecturer - (s)
	Kuanbay Aigerim, PhD;
	

	e-mail :
	Kuanbay.aigerim@gmail.com  
	

	Phone :
	+7(705)4194334
	

	ACADEMIC COURSE PRESENTATION


	Purpose
of the course
	Expected Learning Outcomes (LO) * 
	Indicators of LO achievement (ID)

	Develop the skills to apply molecular genetic methods in chromosomal and genetic engineering. Learning outcomes include: demonstrating a solid understanding of the theoretical foundations of genetic engineering; explaining the principles and stages involved in genetic engineering and gene localization; and using statistical and mathematical methods to determine the location of genes.
	1. To identify and compare the principles and operational differences among various DNA recombination technologies. To explain the structure and functions of nucleic acids. To evaluate the current and future potential of DNA recombination technologies. To analyze the equipment and instrumentation used in laboratory settings. To apply contemporary methods and enzymes essential for DNA recombination technologies.
	1.1. Identify the differences in the structures and functions of nucleic acids. Recognize key scientists who made significant contributions to the development of DNA recombination and genetic engineering.

	
	
	1.2. Describe the utilization of enzymes critical to DNA recombination technologies and apply the principles of the methods that involve these enzymes.

	
	2. To use plasmids and vectors in DNA recombination for targeted applications. To choose appropriate vectors based on factors such as expression systems, regulatory elements, epitopes, tags, selection markers, and reporter genes. To perform gene cloning by effectively working with DNA and RNA molecules.
	2.1. Analyze the features of vectors and plasmids employed in various expression systems. Perform computer-based analysis of vectors, search and select appropriate vectors from databases, and develop a detailed step-by-step cloning plan.

	
	
	2.2. Demonstrate fundamental techniques for stepwise DNA cloning and select the most suitable methods for each stage of the process.

	
	3. To perform DNA cloning and analyze DNA and RNA in both prokaryotic and eukaryotic systems. To identify and compare similarities and differences in gene expression between prokaryotes and eukaryotes. To explain regulatory elements and to apply them effectively in DNA recombination processes.
	3.1. Identify regulatory elements within a specific expression system and understand their functions. Show the differences in DNA organization between prokaryotes and eukaryotes. Describe operon systems and explain the impact of mutations in their components.

	
	
	3.2. Explain how optimized conditions affect the expression of a cloned gene within a specific expression system.

	
	4. To analyze and apply knowledge of DNA recombination technologies and genetic information structures across various organisms in order to develop new agro-industrial products and genetically modified organisms with beneficial traits, and to design a gene cloning strategy by selecting suitable vectors, employing restriction methods, utilizing PCR and reverse transcription, performing transformations, and conducting screening and induction of protein expression, followed by purification.
	4.1. Research and work with both prokaryotic and eukaryotic microorganisms, demonstrating an understanding of the key features of their genomes, and to apply appropriate methods and techniques specific to each type of microorganism. Work with viruses and the vectors derived from them.

	
	
	4.2. Experiment by executing cell transformation and protein induction in both prokaryotic and eukaryotic cells, and to isolate and purify recombinant proteins from cell and tissue homogenates.

	
	5. To plan and manage projects involving modern DNA recombination methods, including the creation of mutant forms of plants and animals, and to provide leadership throughout these processes. To identify and develop solutions to challenges within the field of genetic engineering.
	5.1. Formulate  the final outcomes of DNA cloning and effectively defend your conclusions during presentations. Work with higher eukaryotes and articulate the significance of developing genetically modified organisms (GMOs) for the advancement and benefit of humanity.

	
	
	5.2. Study current methods in genetic technologies and generate innovative solutions for addressing genetic diseases, as well as challenges in energy, ecology, and global nutrition.

	Prerequisites
	"Biochemistry", "General and Molecular Genetics", "Fundamentals of Biotechnology", "Industrial Biotechnology", "Molecular Biology", "Processes and Apparatuses in Biotechnology", "Medical Biochemistry"

	Postrequisites
	"Food Biotechnology", "Microbial Biotechnology", "Biochemical Genetics". Undergraduates can use the evolutionary approach in solving specific scientific problems.

	Learning Resources
	Literature: 
Main 
1. Nicoll, D.S.T. (2023) Introduction to Genetic Engineering. 4th ed. Cambridge: Cambridge University Press. ISBN 978-1-009-18059-7.
2. Kurnaz, I.A. (2015) Techniques in Genetic Engineering. 1st ed. Boca Raton: CRC Press. ISBN 978-0-367-25881-6.
3. Ogurtsov, A.N., Bliznyuk, O.N. and Masalitina, N.Yu. (2018) Fundamentals of Genetic Engineering and Bioengineering. Part 1: Molecular Basis of Genetic Technologies. Kharkiv: NTU “KhPI”. (in Russian)
4. Nelson, D.L. and Cox, M.M. (2022) Lehninger Principles of Biochemistry. Vol. 1–3. Moscow: Knowledge Lab. (Translated edition) (in Russian)
5. Wilson, K. and Walker, J. (2021) Principles and Techniques of Biochemistry and Molecular Biology. Series: Methods in Biology. Moscow: Knowledge Lab. (Translated edition) (in Russian)
6. Bisenbaev, A.K. and Smekenov, I.T. (2021) Genetic Engineering: Laboratory Practicum. Almaty: Kazakh University. (in Russian)

Research infrastructure
Place of the lesson: lecture – room 323, practical lesson – room 322.

Internet resources:
http://elibrary.kaznu.kz/ru
http://molbiol.ru/
http://gene-quant:fication.info/
http://www.medline.ru/ 
http://nauki-online.ru/genetika/
https://hightech.fm/2018/04/19/gene-editing-2 
https://www.ncbi.nlm.nih.gov/



	Academic
course policy
	The academic policy of the course is determined by the Academic Policy and the Policy of Academic Integrity of Al-Farabi Kazakh National University . 
Documents are available on the main page of IS Univer .
Integration of science and education. The research work of students, undergraduates and doctoral students is a deepening of the educational process. It is organized directly at the departments, laboratories, scientific and design departments of the university, in student scientific and technical associations. Independent work of students at all levels of education is aimed at developing research skills and competencies based on obtaining new knowledge using modern research and information technologies. A research university teacher integrates the results of scientific activities into the topics of lectures and seminars (practical) classes, laboratory classes and into the tasks of the IWST, IWS, which are reflected in the syllabus and are responsible for the relevance of the topics of training sessions and assignments.
Attendance. The deadline for each task is indicated in the calendar (schedule) for the implementation of the content of the course. Failure to meet deadlines results in loss of points.
Аcademic honesty. Practical/laboratory classes, IWS develop the student's independence, critical thinking, and creativity. Plagiarism, forgery, the use of cheat sheets, cheating at all stages of completing tasks are unacceptable.
Compliance with academic honesty during the period of theoretical training and at exams, in addition to the main policies, is regulated by the "Rules for the final control" , "Instructions for the final control of the autumn / spring semester of the current academic year" , "Regulations on checking students' text documents for borrowings".
Documents are available on the main page of IS Univer .
Basic principles of inclusive education. The educational environment of the university is conceived as a safe place where there is always support and equal attitude from the teacher to all students and students to each other, regardless of gender, race / ethnicity, religious beliefs, socio-economic status, physical health of the student, etc. All people need the support and friendship of peers and fellow students. For all students, progress is more about what they can do than what they can't. Diversity enhances all aspects of life.
All students, especially those with disabilities, can receive counseling assistance by phone / e- mail kuanbay.aigerim@gmail.com or by MS Teams https://teams.microsoft.com/l/team/19%3AWo1oUD_12voz-q0PGpB9KNQoiN3nV65QlRkEfDRuiM81%40thread.tacv2/conversations?groupId=4237cd32-edb4-4b4b-bfff-efbd087a3f4b&tenantId=b0ab71a5-75b1-4d65-81f7-f479b4978d7b.  
Integration MOOC (massive open online course). In the case of integrating MOOC into the course, all students need to register for MOOC. The deadlines for passing MOOC modules must be strictly observed in accordance with the course study schedule. 
ATTENTION! The deadline for each task is indicated in the calendar (schedule) for the implementation of the content of the course, as well as in the MOOC. Failure to meet deadlines results in loss of points.

	INFORMATION ABOUT TEACHING, LEARNING AND ASSESSMENT

	Score-rating letter system of assessment of accounting for educational achievements
	Assessment Methods

	Grade
	Digital
equivalent
points
	points,
% content
	Assessment according to the traditional system
	Criteria-based assessment is the process of correlating actual learning outcomes with expected learning outcomes based on clearly defined criteria. Based on formative and summative assessment.
Formative assessment is a type of assessment that is carried out in the course of daily learning activities. It is the current measure of progress. Provides an operational relationship between the student and the teacher. It allows you to determine the capabilities of the student, identify difficulties, help achieve the best results, timely correct the educational process for the teacher. The performance of tasks, the activity of work in the classroom during lectures, seminars, practical exercises (discussions, quizzes, debates, round tables, laboratory work, etc.) are evaluated. Acquired knowledge and competencies are assessed.
Summative assessment - type of assessment, which is carried out upon completion of the study of the section in accordance with the program of the course. Conducted 3-4 times per semester when performing IWS. This is the assessment of mastering the expected learning outcomes in relation to the descriptors. Allows you to determine and fix the level of mastering the course for a certain period. Learning outcomes are evaluated.

	A
	4.0 _
	95-100
	Great
	

	A-
	3.67
	90-94
	
	

	B+
	3.33
	85-89
	Fine
	

	B
	3.0
	80-84
	
	Formative and summative assessment

	Points % content


	B-
	2.67
	75-79
	
	Activity at lectures
	0

	C+
	2.33
	70-74
	
	Work in practical classes
	39

	C
	2.0
	65-69
	Satisfactorily
	Independent work
	21

	C-
	1.67
	60-64
	
	Design and creative activity
	0

	D+
	1.33
	55-59
	
	Final control (exam)
	40

	D
	1.0
	50-54
	
	TOTAL
	100

	FX
	0,5
	25-49
	Unsatisfactory
	
	

	F
	0
	0-24
	
	
	

	
Calendar (schedule) for the implementation of the content of the course. Methods of teaching and learning.


	A week
	Topic name
	Number of hours
	Max.
ball

	MODULE 1 
Introduction to DNA Recombination Technologies

	1
	L 1. Introduction. DNA recombination technologies and their application. General principles of the structure of nucleic acids as carriers of genetic information. Differences in the structure and functioning of DNA and RNA. RNA ribozymes. Ribosome as a ribozyme.
	2
	

	
	Seminar 1. Acquaintance with the laboratory room, basic equipment and reagents. Safety rules in laboratory rooms.
	2
	0

	2
	L2. Analysis of the main methods used in DNA recombination. Their goals and principles of work.
	2
	

	
	Seminar 2. Enzymes used in DNA recombination. Restriction enzymes, DNA polymerases.
	2
	0

	
	IWST 1. Consultation on the implementation of IWS 1 on the topic: Prepare a presentation on the topic: “Restriction endonucleases. Classification of restriction enzymes. Restriction enzyme nomenclature. Restriction cards.
	
	

	3
	L3. The main enzymes used in DNA recombination technologies.
	2
	

	
	Seminar 3. Analysis of methods using enzymes: Reverse transcriptase; DNA ligase; Polynucleotide kinase; terminal phosphatase; Alkaline phosphatase; Poly-A polymerase.
	2
	0

	
	IWS 1. Prepare a presentation on the topic: "Restriction endonucleases. Classification of restriction enzymes. Restriction enzyme nomenclature. Restriction cards. (Submit in Powerpoint format).
	1

	0

	4
	L4. General characteristics of vectors used in DNA recombination technologies. Classification. Basic properties. The capacity of vectors.
	2
	

	
	Seminar 4. Methods for determination and computer analysis of vectors for expression systems of prokaryotes and eukaryotes. Conditions for plasmid vectors. Plasmid vector pBR322. λ vectors based on the bacteriophage genome. λ lytic and lysogenic ways of development of bacteriophages. Construction of cosmid vectors.
	2
	15

	
	IWS 1. Prepare a presentation on the topic: "Restriction endonucleases. Classification of restriction enzymes. Restriction enzyme nomenclature. Restriction cards. (Submit in Powerpoint format). 
	1
	15

	5
	L5. Ways of constructing recombinant DNA molecules.
	2
	

	
	Seminar 5. Selective and reporter genes. Methods "Transformation and screening of bacterial/yeast cells".
	2
	15

	
	IWST 2. Consultation on the implementation of the IWS 2 on the topic: Prepare a presentation on the topic: “1. Maxam Gilbert Method or Sanger Method. 
	1
	0

	MODULE 2 
Fundamentals of DNA recombination technologies

	6

	L6. Realization of genetic information. Elements regulating the expression of prokaryotic genes.
	2
	

	
	Seminar 6. Analysis of the mechanism of regulation of gene expression at the levels of transcription and translation. Operon structure of bacterial genes. Lactose operon J. Monod and F. Zhakov. Tryptophan operon.
	2
	10

	
	IWS 2. Prepare a presentation on the topic: "1. Maxam Gilbert's method or Sanger's method. (Submit in Powerpoint format). 
	1
	15

	7
	L7. Organization of genomes, as well as genetic elements that regulate gene expression in pro- and eukaryotes. The role of RNA (rRNA, mRNA, tRNA, U-family RNA, 7S-RNA, etc.) in gene expression.
	2
	

	
	Seminar 7. Structural complexity of eukaryotic genes. Mosaic structure of eukaryotic genes. Transcription regions of important DNA: TATA- and CAT-boxes, enhancers, AATAAA- and others. mRNA processing: titration and methylation, polyadenylation. M. Kozak's model of eukaryotic mRNA translation initiation.
	2
	10

	
	IWST 3 Consultation on the implementation of IWS 3 on the topic: Develop a scheme for cloning a gene into a vector. Optimize cDNA genes for expression in E. coli bacterial strains. Give a description.
	1
	0

	8

	L8. Expression of eukaryotic genes. The structure of eukaryotic genes.
	2
	

	
	Seminar 8. Differences in the regulation of gene expression in prokaryotes and eukaryotes.
	2
	10

	
	IWS 3. Design a scheme for cloning a gene into a vector. Optimize cDNA genes for expression in E. coli bacterial strains. Give a description. (Submit in Powerpoint format).
	1
	10

	Midterm control 1
	
	100

	9
	L9. Yeast cells of S. cerevisiae in genetic engineering. Expressions in Yeast. The Yeast Two-Hybrid Assay
	2
	

	
	Seminar 9. Saccharomycetes are the genetic organization of yeast. Plasmid transformation of yeast cells. Molecular vectors of S. cerevisiae. Integration vectors. Cloning vectors. Artificial chromosome UAS.
	2
	10

	
	IWST 4 Consultation on the implementation of IWS 4 on the topic: Describe one of the methods for determining and studying gene expression:
1. Real-Time PCR 
2. Western Blotting
3. RNA sequencing (RNA-seq)
	1
	0

	10
	L10. Insect viruses as vectors for highly efficient expression of foreign genes.
	2
	

	
	Seminar 10. Molecular genetic organization of baculoviruses. Expression and cloning of foreign genes in the baculovirus genome. A simplified Bac-to-Bac hybrid baculovirus system.
	2
	10

	
	IWS 4.
Describe one of the methods for determining and studying gene expression:
1. Real-Time PCR 
2. Western Blotting
3. RNA sequencing (RNA-seq)
	1
	10

	MODULE 
Higher Eukaryotic DNA Recombination

	11
	L11. Recombination of plant DNA. Regulatory elements of the plant genome.
	2
	

	
	Seminar 11. Recombination of plant DNA. Use of Ti and Ri plasmids for obtaining transgenic plants. Methods for obtaining protoplasts and the formation of plants from callus.
	2
	10

	
	IWST 5 Consultation on the implementation of IWS 5 on the topic: "Expression systems and their regulatory elements."
	1
	0

	12
	L12. Obtaining transgenic plants. Introduction of genes into plant cells and expression of genetic material.
	2
	

	
	Seminar 12. Method of bio-ballistics, transformation of nuclear and chloroplast genomes of plants.
	2
	10

	
	IWS 5. Presentation on the topic: "Expression systems and their regulatory elements."
	
	10

	13
	L13. Recombination of animal DNA.
	2
	

	
	Seminar 13. Genetic transformation of mammalian cells. Introduction of foreign DNA into animal cells.
	2
	10

	14
	L14. Vector systems based on animal viruses.
	2
	

	
	Seminar 14. Features of vectors based on animal viruses. Directed DNA mutagenesis in vitro. "Knockout" of genes.
	2
	10

	15
	L15. Genome Editing. Genome Editing Using Engineered Nucleases.
	2
	

	
	Seminar 15. Hereditary metabolic defects. Diagnosis of hereditary diseases based on the analysis of DNA molecules. General concept of hereditary diseases. Gene therapy. Its basic principles. Gene therapy ex vivo. Gene therapy in vivo. The system of gene transfer to the target organ. Correction of genetic defects using oligonucleotides.
	2
	10

	
	IWST 6. Consultation for exam preparation.
	1
	10

	Midterm control 2
	100
	

	Final control (exam)
	100
	

	TOTAL for course
	100
	


		 	

Dean                                                          ___________________________________ Kurmanbaeva M.S.
                                                                         
Head of Department                                 ___________________________________ Zhunusbayeva Zh.K.

Chair of the Academic Committee 
on the Quality Teaching and Learning  ______________________________ Bakhtybayeva L.K.

Lecturer                                                     ___________________________________ Kuanbay A.K.

RUBRICATOR OF THE SUMMATIVE ASSESSMENT 

CRITERIA EVALUATION OF LEARNING OUTCOMES  
 
Written work, abstract, presentation, team project for IWS 1 – IWS 5.
 
	Criterion  
	"Excellent"  
90–100% of the grade for the IWS. 
	"Good"  
70–89% of the grade for the IWS.
	"Satisfactory"
50–69% of the grade for the IWS.
	"Unsatisfactory"
25-49% of the grade for the IWS.
	"Unsatisfactory"
0–24% of the grade for the IWS.

	 1.  Knowledge and understanding of the theory and concepts related to the assignment topic.
	 The work provides a comprehensive coverage of all the questions outlined in the assignment, with detailed reasoning for each conclusion and statement. It is structured logically and sequentially, supported by examples.
	The work provides a complete but not exhaustive coverage of all questions, with a condensed reasoning of the main points. It may contain logical inconsistencies and lack a clear sequence in the presentation of the material. Stylistic errors and imprecise use of terminology are present.
	The work provides an incomplete coverage of the assignment topic, with superficial reasoning of the main points. It may contain logical inconsistencies and lacks a clear sequence in the presentation of the material, and does not include examples.
	Incorrect coverage of the posed questions, erroneous reasoning, factual, stylistic, and logical errors, leading to incorrect conclusions.
	Lack of understanding of the basic concepts related to the assignment topic. Violation of academic ethics (plagiarism).

	2. Application of the chosen methodology to specific practical tasks.
	Complete fulfillment of the assignment, with a detailed and well-reasoned response to the posed question in solving the practical task.
	Partial fulfillment of the assignment, with an incomplete and at times poorly reasoned response to the posed question, along with an incomplete solution to the practical task. Incorrect terminology is used.
	The material is presented fragmentarily, with a disruption of logical sequence, containing factual and semantic inaccuracies, and demonstrating superficial knowledge.
	Insufficiently thought-out work plan, inability to complete tasks in general terms, and the presence of errors and shortcomings exceeding acceptable limits.
	Inability to apply knowledge, draw conclusions, and make generalizations. Violation of academic ethics (plagiarism).

	3. Presentation,
team project.
	Excellent, engaging presentation with high-quality visuals, slides, and materials, showcasing outstanding teamwork.
	Good engagement, quality visuals, slides, or other materials, and a solid level of teamwork.
	Satisfactory level of engagement, satisfactory quality of materials, and satisfactory level of teamwork.
	Low level of engagement, low quality of materials, and low level of teamwork.

	Low quality of materials, poor level of teamwork. Violation of academic ethics (plagiarism).


   


Dean                                                          ___________________________________ Kurmanbaeva M.S.
                                                                         
Head of Department                                ___________________________________ Zhunusbayeva Zh.K.

Chair of the Academic Committee 
on the Quality Teaching and Learning  ___________________________ Bakhtybayeva L.K.

Lecturer                                                   ___________________________________ Kuanbay A.K.




