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SUMMARY

Bioinformatics is an interdisciplinary field of science that develops methods and software tools for the
understanding of complex and abundant biological data, such as genomic sequences, or gene expression
measurements. It has applications in biomedicine, conservation biology, systems biology, etc.

We designed the syllabus as an introduction to this wide discipline. When choosing and ordering the
contents, we followed two main principles. First, that every bioinformatics analysis must be reproducible.
This requirement entails the adption of certain good practices, which are also useful in other contexts. And
second, we conceive bioinformatic analyses as a collective endeavour, aimed at collaborating, often in an
interdisciplinary team. Thus, it is necessary to be able to communicate results in comprehensible ways, as
well as being able to collaborate to produce them. This trait also conditions the fundamental habits at work
with computers and the choice of tools.

The subject is oriented to practice, with twice as many hours in the lab than in the classroom.

PREVIOUS KNOWLEDGE

RELATIONSHIP TO OTHER SUBJECTS OF THE SAME DEGREE

There are no specified enrollment restrictions with other subjects of the curriculum.
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OTHER REQUIREMENTS

There is no need for previous knowledge of Linux, nor of any programming language. The course departs
from zero, without assuming any previous experience.

COMPETENCES / LEARNING OUTCOMES

Actuar con autonomia en el aprendizaje, tomando decisiones fundamentadas en diferentes contextos,
emitiendo juicios en base a la experimentacion y el andlisis y transfiriendo el conocimiento a nuevas
situaciones

Analizar a nivel molecular el resultado de la manipulacién de un organismo.

Be able to convey ideas, problems and solutions in the field of biotechnology.

Be able to use English to write reports and to interpret information from protocols, manuals and databases.

Capacidad de interpretar datos relevantes.

Colaborar eficazmente en equipos de trabajo, asumiendo responsabilidades y funciones de liderazgo y
contribuyendo a la mejora y desarrollo colectivo

Contribuir en el disefio, desarrollo y ejecucion de soluciones que den respuesta a demandas sociales,
teniendo en cuenta como referente los Objetivos de Desarrollo Sostenible

Demostrar razonamiento critico y autocritico en el ambito de la titulacion, considerando aspectos tales
como la ética profesional, los valores morales y las implicaciones sociales de las diferentes actividades
realizadas

Poseer y comprender los conocimientos en Biotecnologia.

Propose creative and innovative solutions to complex situations or problems, typical of the area of
iéééconnection, to donate responses to the various professional and social needs

Saber comunicarse de manera efectiva, tanto de forma oral como escrita, adaptandose a las
caracteristicas de la situacion y de la audiencia

Ser capaz de abordar el andlisis de la estructura de macromoléculas al objeto de modificarla con fines
biotecnolégicos.

The ability to apply this knowledge in the professional world.

DESCRIPTION OF CONTENTS
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1. Text files and alignments

Inconvenients of graphic user interfaces. The plain text and common formats: FASTA, FASTQ, SAM and
VCF. Bash command line. Interpreted languages. Basics of R or python. Automatization of processes
(scripts). Alignment of sequences.

2. Principles of data management

Inconvenients of spreadsheets. Metadata. Good practice in organizing folders. Permissions and properties
of files in Linux. The XML and JSON formats as models of data bases. Notions of relational data bases.
Operating with tables or data frames. Fisher;s exact test.

3. Public data bases

The European Nucleotide Archive (ENA). Uniprot. Interpro. Other permanent repositories. Programatic
queries through the aplication programming interfaces.

4. Visualization and exploration of data

Advanced graphics tools (e.g., ggplot2). Exploratory data analysis (PCA, biplots, etc.). Graphs.

5. Reproducibility

Pillars of reproducibility in bioinformatics. Version control with git. Tools for controlling the computation
environment.

6. BLAST

The BLAST algorithm and its implementations as an online service and a command line tool. Building of a
BLAST data base. Basic and advanced searches.

7. Phylogenetic inference

Markov chains and molecular evolution. Models of nucleotide substitution. Genetic distances. Neighbor-
joining. Maximum likelihood. Bayesian methods.

8. Sequence assembly

Main methods and concepts related to genome assemby. De Bruijn graphs and k-mers. Quality control.
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9. Genome annotation

Identification and masking of repeats. Gene prediction by homology and ab initio. Gene ontology. Formats
GTF/GFF and BED. Genome browsers.

10. Gene expression analysis

RNA sequencing. Demultiplexing. Normalization. Count data. Differential expression.

11. Protein bioinformatic analyses

Prediction of secondary and tertiary structures. Protein-protein interactions. The PDB data base.
Visualization of protein structures.

\WORKLOAD

PRESENCIAL ACTIVITIES
Activity Hours
Tutorials 3,00
Theory 16,00
Computer classroom practice 26,00
Total hours 45,00
NON PRESENCIAL ACTIVITIES
Activity Hours
Attendance at other activities 0,00
Individual or group project 12,00
Independent study and work 31,50
Preparation of lessons 0,00
Preparation for assessment activities 24,00
Resolution of case studies 0,00
Total hours 67,50

TEACHING METHODOLOGY

Theory classes, in master-class style, will inform the practice sessions. And these, in turn, will motivate
theoretical reasoning. Practice sessions will combine live-coding and supervised autonomous work.

The first five units will develop the basic pragmatical skills: passive use of a programming language,
version control, data manipulation and graphical representation. The automatization of processes and
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literate programming will be facilitated by the distribution of scripts previously prepared by instructors.

Once students become confortable with basic tools, we will address more complex bioinformatic
challenges (BLAST searches, phylogenetic reconstruction, etc.). In this second stage, we will keep using the
basic tools (literate programming, version control and so on), in order to reinforce the good practice in
bioinformatics.

Mentoring sessions in smaller groups (tutoria) will serve to help students prepare their digital notebook, as
well as to go over previously taught material or to broaden it, upon demand.

EVALUATION

There will be two evalutation tools. First, the digital practice notebook, where students will record the
procedure and results of all the exercices from the practice sessions. The notebook will count 50% of the
final grade.

The second instrument of evaluation will be an exam that will combine theory and practice. It will constitute
the remaining 50% of the final note. In order to pass the whole subject, one must obtain a score of at least
4 out of 10 in the exam, and a global score of at least 5 out of 10.

In the second call, the evaluation criteria will be the same. Upon failure to pass in first call, any grade above
5 of either the notebook or the exam, will be respected, and only the failed part will have to be repeated.
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