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EXPECTED OUTCOMES
After completing the course, the student should: 
(1) Understand the fundamental principles of metabolomics, its applications, and its role in systems biology.
(2) Be able to evaluate and apply the appropriate experimental model and data analysis to answer a specific biological question (including sample processing and analytical strategies).
(3) Understand the principles, instrumentation, and applications of GC-MS and ¹H-NMR in metabolomics.
(4) Be able to critically evaluate metabolomics results and scientific publications.
(5) Gain insights into multi-omics approaches, including transcriptomics and proteomics, and their integration with metabolomics.
(6) Learn experimental validation techniques such as RT-qPCR and Western blot for confirming transcriptomic and proteomic findings.
(7) Understand the principles of chemometrics.
(8) Gain proficiency in MATLAB and apply Principal Component Analysis (PCA) to different datasets (spectral and discrete data). 

CONTENTS/SYLLABUS
This course provides a comprehensive introduction to metabolomics and its integration with multi-omics approaches. It covers fundamental concepts, analytical techniques such as GC-MS and ¹H-NMR, and data processing methods essential for metabolite identification. Participants will explore multi-omics principles, including transcriptomics and proteomics, along with experimental validation techniques like RT-qPCR and Western blot. The course also delves into multivariate data analysis, chemometrics, and Design of Experiments (DoE) for optimizing analytical workflows. Practical sessions on PCA, MCR, and ASCA will equip attendees with hands-on experience in handling and interpreting omics data for biomedical and life sciences research.



Lesson 1 (3 hours):
Introduction to omics sciences – Overview of metabolomics applications - Metabolomics principles and approaches (targeted and untargeted) – Metabolomics workflow - Sample preparation for metabolome extraction from cell lines, tissues, biofluids or foods – Case studies.
Lesson 2 (2 hours):
Basic principles and technical aspects of GC-MS - Metabolite detection and identification in GC-MS – Data processing and data analysis.
Lesson 3 (2 hours):
Basic principles and technical aspects of 1H-NMR - NMR metabolite assignment – Data processing - Data processing and data analysis.
Lesson 4 (3 hours):
Principles of multiomics - Overview of multiomics applications - Introduction to transcriptomics and proteomics principles - Sample preparation and data analysis.
Lesson 5 (3 hours):
Experimental validation of transcriptomics and proteomic outputs (RT-qPCR, Western blot) – Other useful molecular biology techniques (ELISA, Immunofluorescence) – Data analysis and visualization.
Lesson 6 (3 hours):
Principles and applications of Multivariate data Analysis – MATLAB introduction - Practical lesson about PCA on different types of data.
Lesson 7 (3 hours):
Practical lesson about PCA on different types of data (spectral and discrete data).
Lesson 8 (2 hours):
Introduction to chemometrics. Principles and applications of Design of Experiments (DoE) - Different types of screening and optimization designs.
Lesson 9 (2 hours):
Mixture design – Practical lesson about full factorial and D-optimal design.
Lesson 10 (2 hours):
Advanced chemometrics tools for spectroscopic and omics data: Multivariate Curve Resolution (MCR) and ANOVA-Simultaneous Component Analysis (ASCA). Practical lesson.

READINGS/BIBLIOGRAFY
Scientific publications and material supplied by the teacher

TEACHING METHODS

Lectures		hours: 25
Laboratory		hours
Seminars		hours
Other activities	hours

EVALUATION CRITERIA

a) Methods for acquiring eligibility 
· Written exam
· Oral exam
· Project discussion
· Others
b) Evaluation pattern
For the eligibility, a percentage of the attendance at the course of at least __75__% is requested.
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