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Learning objectives

Learning:

After the course, students should know about:

What Systems Biology is.

The paradigm shift underlying the current surge in Systems Biology.

The methods that are available for Systems Biology studies and how they work.
The different types of problems that can be solved with those methods.

Mo~

Capacities:

After the course, students should be able to:

1. Critically analyze Systems Biology research.
2. ldentify the best methods to solve a given problem.
3. Plan research using Systems Biology methods.
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Competences

CB1 Knowledge and understanding that provide a basis or opportunity for originality in developing and / or applying
ideas, often within a research context

CB2 Being able to apply the acquired knowledge and have the ability to solve problems in new or unfamiliar
environments within broader (or multidisciplinary) contexts related to their field of study

CB3 Being able to integrate knowledge and handle complexity, and formulate judgments based on information that
was incomplete or limited, include reflecting on social and ethical responsibilities linked to the application of their
knowledge and judgments (%)

CB5 Acquiring learning skills to enable them to continue studying in a way that will be largely self-directed or
autonomous

CG1 Knowing how to select and apply different analytical methods at the molecular, biochemical, cellular, genetic
and phenotypic level for the diagnosis and study of the diseases.

CG5 Ability to prepare, process and interpret the results rigorously and applying appropriate technologies
CG6 Knowing to address research projects towards medical and translational interests (diagnosis and therapy)

CE4 Recognize high performance techniques (high throughput) and be able to use bioinformatics tools for data
analysis.

CT2 Mastering a foreign language

CT3 Mastering ICT

Subject contents

SYSTEMS BIOLOGY: A PARADIGM
Evolving paradigms in Biology. Reductionism vs. holism vs. neo-reductionism. Modularity in living organisms.

What is needed to study the systems biology of an organism? Eukaryotes vs. prokaryotes.

GENOMICS:

Next-generation sequencing technologies.
DNA microarrays.

Variomic approach in Systems Biology.

Genotype vs. phenotype. Functional effects of genetic variants.

PROTEOMICS:
Protein identification by mass spectrometry.
Gel-free approaches.

Quantitative proteomics.
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METABOLOMICS:
Basic concepts on metabolomics.
Differential treatment of biological samples.

Metabolites databases.

SYSTEMS BIOLOGY:
Network representations.

Mathematical models of biological systems.

Development plan
1. SYSTEMS BIOLOGY: A PARADIGM

1.1 Evolving paradigms in Biology. Reductionism vs. holism vs. neo-reductionism. Modularity in living organisms.
(1h Seminar)

1.2 What is needed to study the systems biology of an organism? Eukaryotes vs. prokaryotes. (1h Seminar)

2. GENOMICS:

2.1 Next-generation sequencing (NGS) platforms. (2 h Seminar)
2.2 DNA microarrays. (2h Seminar)

2.3 Applications of microarray and NGS technologies. (2h Seminar)
2.4 Concepts in DNA microarray data analysis. (2h Seminar)

2.5 Variomic approach in Systems Biology. (2h Seminar)

2.6 Variomic analysis: NGS data. (1h Seminar / 3h Practice)

2.7 Genotype vs. phenotype. Functional effects of genetic variants. (1h Seminar / 1h Practice)

3. PROTEOMICS:

3.1 Protein identification by mass spectrometry. (2h Seminar)
3.2 Gel-free approaches. (2h Seminar)

3.3 Quantitative proteomics. (2h Seminar)

3.4 Analysis of a selected problem by proteomic approaches. (2h Practice)

4. METABOLOMICS:
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4.1 Basic concepts on metabolomics: applications. (1h Seminar)
4.2 Equipments and software: chromatography, QTOF, TripleQ. (2h Seminar)
4.3 The HMDB, MADISON and MASSTRIX databases. (1h Seminar / 2 h Practice)

4.4 Analysis of a selected problem. (2h Practice)
5. SYSTEMS BIOLOGY:
5.1 Network representations. (1h Practice)

5.2 Mathematical models of biological systems. (1h Seminar / 1h Practice)

5.3 Analyzing mathematical models of biological systems. (1h Seminar / 2h Practice)

Evaluation

Five evaluation activities. Each corresponding to the different parts of the subject. Genomics (NGS/microarrays),
genomics (variomics), proteomics, metabolomics, and systems biology. For each evaluation there will be a written
test counting up to 16 % of the global grading plus 4 % for attendance and active participation in class.
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