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					Academic year   2026/2027

1. BASIC INFORMATION CONCERNING THIS SUBJECT 
	Subject 
	Molecular diagnostics

	Course code *
	Bm/B

	Faculty of (name of the leading direction)
	Medical College of Rzeszow University

	Department Name
	Department of Laboratory Diagnostics and Clinical Epigenetics

	Field of study
	medical direction

	level of education
	uniform master's studies

	Profile
	General academic

	Form of study
	stationary / extramural

	Year and semester
	year III, semester VI

	Type of course
	Obligatory

	Language
	English

	Coordinator
	Marek Ciesla, PhD

	First and Last Name of the Teacher
	Marek Ciesla, PhD - Lecture



* - According to the resolutions of Educational Unit

1.1. Forms of classes, number of hours and ECTS
 

	Semester No.

	Lecture 
	Exercise 
	Conversation 
	Laboratory 
	Seminar
	ZP
	Praktical
	Other 
	Number of points ECTS 

	VI
	30
	-
	-
	60
	
	-
	-
	-
	5




1.2.	The form of class activities
  x  classes are in the traditional form
 ☐classes are implemented using methods and techniques of distance learning

1.3 	Examination Forms (exam, credit with grade or credit without grade)


2.BASIC REQUIREMENTS
 
	Completion of the following courses: Medical Biology, Physiology, Biochemistry.



3. OBJECTIVES, OUTCOMES, AND PROGRAM CONTENT USED IN TEACHING METHODS

3.1 Objectives (Os) of this course

	[bookmark: _Hlk177381638]O1 
	Familiarizing students with techniques used in qualitative molecular genetic diagnostics. Quantitative gene expression analyses in molecular diagnostics.

	O2
	Familiarizing students with techniques used in molecular cytogenetic studies and molecular genetic analyses in oncology.

	O3
	Introducing students to the standards for reporting mutations and cytogenetic changes. Germline and somatic mutations. Genotype–phenotype correlations and basic inheritance models. Genetic predisposition and estimation of genetic disease risk.

	O4
	Rules for designing diagnostic reactions based on publicly available online resources. Distinguishing types of molecular probes used for genotyping; comparing the advantages and disadvantages of degradable probes, melting curve analysis, and oligonucleotide probe hybridization.

	O5
	Bioinformatic tools for processing NGS sequencing files (.sam, .bam, .vcf). Gene annotation and verification/explanation of mutation consequences. Differences between next-generation sequencing technologies. Distinguishing clinically relevant mutations from polymorphic variants. Interpretation of results obtained using NGS techniques.



3.2 OUTCOMES FOR THE COURSE

	EK (the effect of education)
	The content of learning outcomes defined for the class (module)
	Reference to directional effects [footnoteRef:1] [1: In the case of a path of education leading to obtaining teaching qualifications, also take into account the learning outcomes of the standards of education preparing for the teaching profession. ] 


	EK_01
	The student knows the principles and applications of molecular biology techniques as well as classical cytogenetic and molecular cytogenetic techniques.
	E.W8.

	EK_02
	The student knows the fundamentals of classical, population, and molecular genetics.
	E.W10.

	EK_03
	The student understands the mechanisms of genetic disorders in humans.
	E.W11.

	EK_04
	The student knows the indications for and laboratory methods used in the genetic diagnosis of intellectual disability, dysmorphia, developmental disorders, disorders of sex development, reproductive failure, cancer predisposition, and prenatal genetic diagnostics.
	E.W12

	EK_05
	The student understands the genetic basis of various diseases and the genetic mechanisms underlying the development of drug resistance.
	E.W13.

	EK_06
	The student knows the fundamentals of in vitro fertilization (IVF) and preimplantation genetic testing (PGT).

	E.W31.

	EK_07
	The student is familiar with new advancements in laboratory medicine.

	E.W32.

	EK_08
	The student can use molecular biology techniques and both classical and molecular cytogenetic techniques in laboratory analyses and can interpret the obtained results.
	E.U12.

	EK_09
	The student can use genetic databases, including online resources, and retrieve necessary information using them.
	E.U13.

	EK_10
	The student is able to interpret the results of molecular and cytogenetic genetic tests and record them using the current international nomenclature.
	E.U16.

	EK_11
	The student is able to assess the diagnostic value of tests and their usefulness in the diagnostic process.
	E.U19.

	EK_12
	The student is able to propose an optimal set of tests that facilitates establishing the correct diagnosis, based on elements of diagnostic test characteristics and in accordance with the principles of evidence‑based laboratory medicine.
	E.U20.

	EK_13
	The student is able to perform a critical analysis of information contained in scientific publications related to issues in laboratory medicine.
	E.U27.

	EK_14
	The student is ready to recognize and acknowledge their own limitations and to self‑assess educational deficits and needs.
	K.K1

	EK_15
	The student is ready to apply principles of professional collegiality and to collaborate within a team of specialists, including representatives of other medical professions, also in multicultural and multinational environments.
	K.K3

	EK_16
	The student is ready to use objective sources of information.
	K.K6

	EK_17
	The student is ready to draw conclusions from their own measurements or observations.
	K.K7



3.3 CONTENT CURRICULUM
A. Problems of the lectures: 

	Course contents

	1. Principles, aims, and fundamental techniques of molecular diagnostics. Methods for extraction and purification of nucleic acids. Molecular biology and cytogenetic techniques used in routine human genetic diagnostics at the DNA level. Nomenclature of genetic code alterations. Targeted genetic diagnostics; foundations of genotyping techniques based on PCR amplification and restriction digestion, oligonucleotide probe hybridization, selective amplification of genetic variants, and real‑time PCR–based genotyping.
2. Diagnostics of monogenic hereditary diseases – identification of inherited pathogenic sequence variants (pathogenic mutations) in the human nuclear and mitochondrial genomes; DNA genotyping methods. Molecular diagnostics of complex (multifactorial) diseases – patient selection, segregation analysis, linkage analysis, association analysis, identification of major genes
3. Immunogenetics – molecular methods used in the diagnosis of immunological diseases and in transplant matching.
4. Molecular diagnostics of cancer – identification of somatic mutations and epigenetic alterations.
5. Application of molecular diagnostics to personalized therapy and human nutrition. Pharmacogenetics and nutrigenetics.
6. Molecular diagnostics of infectious and invasive diseases – methods and areas of application.
7. DNA analysis in forensic medicine – genetic testing for paternity determination and analysis of biological traces.
8. Gene expression analysis. Northern blot hybridization techniques, quantitative reverse-transcription real‑time PCR (RT‑qPCR), and microarray hybridization techniques.
9. Next‑generation techniques in genetic analysis. Next‑Generation Sequencing (NGS). Databases and evaluation of variant pathogenicity.
10. Genetics and molecular diagnostic techniques in gynecology and obstetrics.
11. Genetics and molecular diagnostic techniques in selected neurological disorders in children.




B. Problems of laboratories

	Course contents

	1. Selection, collection, transport, and storage of biological material for molecular testing.
Organization of a medical diagnostic laboratory in the context of molecular diagnostics. Introduction to basic laboratory equipment used in routine molecular diagnostics. Occupational health and safety regulations in a molecular laboratory.
2. Preparation of DNA/RNA for molecular analysis – isolation, assessment of quality and concentration in solution, storage. Comparison of different methods for evaluating nucleic acid concentration and quality. Automation of nucleic acid isolation.
3. Detection of unknown genetic variants using chain‑termination sequencing – workflow in the molecular diagnosis of hereditary disorders. Discussion of the protocol; designing a PCR reaction based on the reagent manufacturer’s protocol. Electrophoresis of PCR products.
4. Detection of genetic variants using capillary electrophoresis – workflow in the molecular diagnosis of cancer. Analysis of protocol limitations with consideration of genetic material fixed in formalin.
5. Molecular diagnostics of infectious and invasive diseases – detection of pathogens and assessment of their concentration in biological material. Commercial diagnostic assays. Quantitative and qualitative methods.
6. Individual genotyping – analysis of polymorphic microsatellite sequences (genetic profiling) for kinship determination.
7. Detection of known genetic variants using PCR‑based methods. Workflow in the molecular diagnosis of hereditary and neoplastic diseases. Commercial diagnostic tests. Use of capillary electrophoresis for the detection of insertion–deletion variants. Genotyping with molecular probes. Principles of reagent selection for molecular assays.
8. Protein electrophoresis in polyacrylamide gels, with particular emphasis on SDS‑PAGE as a denaturing technique, non‑denaturing methods, and the workflow of Western blot analysis. Discussion of analytical capabilities, limitations, and applications of each method in molecular diagnostics, including protein identification and characterization, analysis of expression changes, and detection of disease markers.
9. Application of DNA microarray technology to detect chromosomal rearrangements – array‑based comparative genomic hybridization (aCGH). Applications in the molecular diagnosis of hereditary and neoplastic diseases. Application of fluorescence in situ hybridization (FISH) in the molecular diagnosis of hereditary and neoplastic disorders.
10. High‑throughput techniques for DNA and RNA sequence analysis – Next‑Generation Sequencing (NGS). Principles, types, and applications in the molecular diagnosis of hereditary and cancerous diseases. Use of bioinformatic resources in molecular diagnostics.
11. Explanation of gene‑variant nomenclature and interpretation of the consequences of mutations. Online resources and differentiation of clinically significant mutations from polymorphic variants. Summary of results obtained during laboratory sessions.
12. Clinical case studies. Discussion of example nucleic acid analysis reports: germline variants and somatic variants.



3.4 Didactic methods

Lectures:
Lecture with a multimedia presentation, providing students with knowledge in the field of general laboratory analytics, diagnostic testing techniques, and the interpretation of results.
Laboratory classes:
Demonstration and observation, methods based on students’ practical activities: hands‑on laboratory exercises, including the development of manual procedures; diagnostic methods; practical interpretation of laboratory results in various genetics disease conditions; analysis of the literature, including the analysis of online sources such as publicly available medical databases.

4. METHODS AND EVALUATION CRITERIA


4.1 Methods of verification of learning outcomes

	Symbol of effect

	Methods of assessment of learning outcomes (Eg.: tests, oral exams, written exams, project reports, observations during classes)
	Form of classes

	from EK_01 to EK_17 

	Colloquium /test/ + exam /test/
	Lectures,
laboratories



4.2 Conditions for completing the course (evaluation criteria)

	Lectures, seminars, laboratories  (from EK_01 to EK_17)
The requirements for passing the course include attendance at lectures and laboratory classes, obtaining a pass in laboratory classes, and achieving a positive grade on the mid‑semester tests and the final examination.
The requirements for passing the laboratory classes include attendance and obtaining a passing grade in the written assessment. Absence due to illness must be documented and confirmed by the Dean’s Office. The student must justify the absence immediately after the reason for it has ceased, i.e., during the first class attended after the period of absence.
An unexcused absence from classes is treated as a failed laboratory session/ conversatories.
Final colloquium – single-choice test.
Assessment criteria:
5.0 - has knowledge of the education content at the level of 93% -100%
4.5 - shows knowledge of the content of education at the level of 85% -92%
4.0 - shows knowledge of the content of education at the level of 77% -84%
3.5 - shows knowledge of the content of education at the level of 69% -76%
3.0 - shows knowledge of the content of education at the level of 60% -68%
2.0 - shows knowledge of the educational content below 60%
Positive evaluation of the subject can be obtained only on condition of obtaining a positive assessment for each of the established learning outcomes.





5. Total student workload required to achieve the desired result in hours and ECTS credits

	Activity
	The average number of hours to complete the activity

	Contact hours (with the teacher) resulting from the study schedule of lectures and seminars
	90

	Contact hours (with the teacher) participation in the consultations, exams
	5

	Non-contact hours - student's own work
(preparation for classes, exam, writing a paper, etc.)
	30

	SUM OF HOURS
	125

	TOTAL NUMBER OF ECTS
	5


* It should be taken into account that 1 ECTS point corresponds to 25-30 hours of total student workload.

6. TRAINING PRACTICES IN THE SUBJECT 

	Number of hours
	-

	Rules and forms of apprenticeship
	-



7. LITERATURE


	Basic literature: 
1. Lippincott Illustrated Reviews: Cell and Molecular Biology. Ed. 2. Nalini Chandar, Susan Viselli. Wolters Kluwer Health (JL). 2019. 
2. Introduction to molecular biology and molecular genetics. Tadeusz Wilczok, Magdalena Tkacz, Institute of Computer Science, University of Silesia, Katowice 2009.
Additional literature: 
1. Essential Cell Biology (fourth edition). Alberts B., Hopkin K., Johnson A.,et al. New York: London: W.W. Norton and Company. 2019. 
2. Biochemistry, Molecular Biology, and Genetics. Ed. 7. Michael A. Lieberman, Rick Ricer. Wolters Kluwer Health (JL). 2020.
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