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SUMMARY

Bioinformaticsis an interdisciplinary field that devel ops methods and software tools for understanding
biological data. Asan interdisciplinary field of science, bioinformatics combines computer science,
statistics, mathematics, and engineering to analyze and interpret biological data: nucleotide and protein
seguences, genome organization, structure and variability, as well as the prediction of biomolecule
structure and function.

With the advent of the era of genomics, bioinformatics has extended its field of study to the massive
analysis of biological data, including those derived from humans, and therefore, has become as a very
important support for biomedical and biotechnology research.

The contents of this course have been designed as an advanced extension of the basic knowledge and
training acquired by the students during their degrees. The extended knowledge and skills acquired in this
course must be defined as bioinformatic techniques, since the aim is not to train bioinformaticians, but
biomedicine and biotechnology researchers able to understand and use bioinformatic analysis to the
advanced user level.
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PREVIOUS KNOWLEDGE

Relationship to other subjects of the same degree

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

Other requirements

There are no enrollment restrictions with other subjects of the curriculum of the master or any
prerequisites

OUTCOMES

2224 - M.U. Investigacion y Desarrollo en Biotecnologia Biomedicina

Students should apply acquired knowledge to solve problems in unfamiliar contexts within their field
of study, including multidisciplinary scenarios.

Students should be able to integrate knowledge and address the complexity of making informed
judgments based on incomplete or limited information, including reflections on the social and ethical
responsibilities associated with the application of their knowledge and judgments.

Students should communicate conclusions and underlying knowledge clearly and unambiguously to
both specialized and non-specialized audiences.

Students should demonstrate self-directed learning skills for continued academic growth.

Students should possess and understand foundational knowledge that enables original thinking and
research in the field.

Be able to integrate new technologies in their professional and/or research work.
Ser capaces de analizar de forma critica tanto su trabajo como el de su compafieros.

Capacidad de seleccionar y gestionar los recursos disponibles (instrumentales y humanos) para
optimizar resultados en investigacion.

Ser capaces de realizar una toma rapida y eficaz de decisiones en situaciones complejas de su labor
profesional o investigadora, mediante el desarrollo de nuevas e innovadoras metodologias de trabajo
adaptadas al ambito cientifico/investigador, tecnolégico o profesional en el que se desarrolle su
actividad.

Ser capaces de acceder a la informacion necesaria en el &mbito especifico de la materia (bases de
datos, articulos cientificos, etc.) y tener suficiente criterio para su interpretacién y empleo.

Aplicar el razonamiento critico y la argumentacion desde criterios racionales.

Capacidad para preparar, redactar y exponer en publico informes y proyectos de forma clara y
coherente, defenderlos con rigor y tolerancia y responder satisfactoriamente a las criticas que
pudieren derivarse de su exposicion.
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- Ser capaces de trabajar en equipo, sin discriminacién entre hombres y mujeres, con eficiencia en su
labor profesional o investigadora adquiriendo la capacidad de participar en proyectos de
investigacion y colaboraciones cientificas o tecnoldgicas.

- Aprendizaje en la redaccién de articulos cientificos en los campos de la Biomedicina y la
Biotecnologia.

- Manejar adecuadamente las fuentes de informacién cientifica y poseer la habilidad de hacer una
valoracion critica de las mismas, integrando la informacién para aportar conocimientos a grupos de
investigacion multidisciplinares.

- Utilizar adecuadamente las herramientas informaticas, métodos estadisticos y de simulacién de
datos, aplicando los programas informaticos y la estadistica a los problemas biomédicos y
biotecnoldgicos.

- Dominar el método cientifico, el planteamiento de protocolos experimentales y la interpretacion de
resultados en el @mbito biomédico y biotecnologico.

- Ser capaces de aplicar la experiencia investigadora adquirida tanto en la empresa privada como en
organismos publicos.

- Saber disefar estrategias experimentales multidisciplinares en el ambito de las biociencias
moleculares para la resolucion de problemas biol6gicos complejos, especialmente los relacionados
con salud humana.

- Adquirir destrezas en el manejo de las metodologias avanzadas empleadas en las biociencias
moleculares y en el registro anotado de actividades.

LEARNING OUTCOMES

1. Understanding of the operation of the file system and how the information is managed by the Linux
operating system

2. Knowing of the types of data generated by new generation sequencing techniques: sequence formats
and files.

3. Knowing the types of genome assemblers and their algorithms.
4. Strategies and procedures of current genome annotation methods.
3. Understanding special statistical problems posed by high performance biological data.

4. Knowing how to apply basic statistical techniques and those adapted to the computational treatment of
big experimental or clinical data.

5. Understanding the biological, mathematical and computational fundamentals of the bioinformatic
methods used in the inference of evolutionary processes at the genome level.

6. Understanding the basics concepts of structural biology and biophysics, and the bioinformatic tools
used to infer nucleic acid and protein structures.
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7. Knowing the use and development of the main methods for predicting three-dimensional structure of
nucleic acids and proteins

DESCRIPTION OF CONTENTS

1. Introduction to the LINUX operating system

LINUX operating system architecture. File systems. Programs and processes. Process management.
Windowing environment. Protocols and applications for file sharing and shared storage.

2. Genome assembling methods

Types of data obtained by ultrasequencing (NGS), sequence formats and files. Sequence quality
assessment and data pre-treatment. Genome assembly algorithms: 'de novo' and 'mapping’. Genome
assembly quality assessment. Sequence data bases management: SRA. Re-sequencing data analysis:
'variant calling'

3. Genome annotation procedures

Genome annotation files and formats: GFF, EMBL, GenBank. Current annotation strategies: advance
methods for gene prediction and annotation transfer. Gene identification algorithms. Genome annotation
guality assessment

4. RNAseq gene expression analysis: data management.

Quality assessment of the RNAseq reads. Alignment of reads with a reference genome. Sequence
structure and normalization. Gene transcription counting

5. Statistical analysis of differential gene expression

Problem description: hypothesis contrast. R/Bioconductor. ExpressionSet,
RangedSummarizedExperiment

6. Multiple comparison and methods for p-value adjustment

Multiple comparison problems. False Discovery Rate (FDR). The BenjaminiHochberg set-up procedure
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7. Statistical analysis of differential gene expression with microarrays
LIMMA: Linear Models for Microarray Data Analysis.

8. Statistical analysis of differential gene expression with RNAseq
edgeR Method: differential expression analysis of digital gene expression data

9. Statistical analysis of gene expression grouping

Gene group analysis problems. Over-representation analysis across multiple Gene groups. One-tailed
Fisher's Exact Test

10. Prediction and analysis of acid nucleic and protein structures

Nucleic acid and protein structure data bases. Alignment and structure classification. Structural
Genomics. Nucleic acid and protein 3D structure prediction. Molecular coupling

11. Genome variation analysis

Phylogenomics: genome phylogenetic analysis. Population genomics: population structure analysis from
genome variation. Selection detection at the genome level

WORKLOAD

ACTIVITY Hours % To be attended
Computer classroom practice 25,00 100
Attendance at events and external activities 1,00 0
Development of individual work 6,00 0
Study and independent work 8,00 0
Readings supplementary material 2,00 0
Preparation of evaluation activities 5,00 0
Preparing lectures 5,00 0
Preparation of practical classes and problem 3,00 0
Resolution of case studies 7,50 0
TOTAL| 62,50
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VNIVERSITAT G D VALENCIA

TEACHING METHODOLOGY

Classes will be theoretical-practical, so they will be hold in a computer room.
For each topic, there will be:

1) Anintroduction of theoretical concepts that require prior preparation tasks by the students (by reading
texts provided by the teacher).

2) Active learning through problem solving and practical case studies, through which the students will
acquire skills on different aspects of the subject.

3) Self learning to solve individual problems and new theoretical and practical exercises.

4) We can consider attending a conference, seminar, panel discussion, on topics related to the subject of
the course and organized at the Burjassot-Paterna campus by the Master CCA or departments, centers,
research ingtitutes from this campus.

EVALUATION

Evaluation will be based on a continuous assessment of each student, according to the different activities
described in the Methodology section: attendance to al class activities, resolution and presentation of all
the works and activities, the degree of participation and involvement of the student in the process of
learning. The specific aspects to evaluate are:

1. Objective exam on the contents of the course. It will consist of a series of questions regarding both
theoretical and practical issues. Specia importance will be given to the understanding of basic concepts
for the development of their biological formation and for the achievement of the overall objectives of the
course. It is mandatory to get at least a score of 5 out of 10 in this exam to pass the course. The score of
this section will represent 50% of the final scoring of the course.

2. Exercise, assignment and questionnaire evaluation along the course. The score of this section will
represent 35% of the final scoring.

3. Assessment of participation in classroom activities, tutorials and other group activities. Among other
things, this section will assess the ability to ask questions, propose answers and lead the group discussion,
aswell as attendance. The score of this section will represent 15% of the final course scoring.
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