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SUMMARY

Genetics is the part of Biology that deals with the study of heredity and variation in organisms. Molecular
Genetics studies these processes from the chemical point of view. Genomics is the analysis of the genome
after sequencing, with particular emphasis on comparative aspects related to their composition and the
factors that promote its evolution. This is a still young biology field but it has growing interest from the
develoment of new technologies that allow the characterization of more genomes, and thus open the
possibility of explaining their structures, functions, and according to their compositions, their evolution. It
is, therefore, a field which provides explanations to classic questions of biology: the origin of new functions,
evolution of complexity, speciation, the role of non-coding DNA, the increase in genome size, etc..

After identifying the chemical nature of hereditary material in the mid-40's last century, Molecular Genetics
and more recently Genomics are dedicated to the study of mechanisms of action and regulation of genes,
the development of recombinant DNA techniques, the study of gene expression during different stages of
development and the study of the structure and composition of whole genomes. These advances have led
to the interaction and interrelationship of Molecular Genetics with other sciences, generating new
subdisciplines, such as Genetic Engineering, Molecular Evolution, Genetics of Development, EvoDevo, and,
more recently, Genomics.

The nature of research and the enormous social implications of the methods as well as the eventual
results, makes that Genomics has a constant presence in the media and is the subject of debate in the
most diverse forums. Moreover, the power of molecular methods and the success of genetics has been felt
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in other areas of biology, pulling experts from other areas such as biotech scientists, physicians,
physiologists, botanists, microbiologists to Molecular Genetics and Genomics, which raise different issues
on topics such as expression, organization and variation of genes.

PREVIOUS KNOWLEDGE

RELATIONSHIP TO OTHER SUBJECTS OF THE SAME DEGREE

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

OTHER REQUIREMENTS

COMPETENCES / LEARNING OUTCOMES

1101 -

Adquirir conocimientos teoricos sobre la estructura, funcién y evolucion de los genomas.
Capacidad de aprendizaje autbnomo.

Capacidad de comunicacion oral y escrita.

Capacidad de manejar el inglés como lengua extranjera.

Capacidad de resolucion de problemas.

Capacidad de utilizar las nuevas tecnologias de informacién y comunicacion.

Capacidad para el trabajo en equipo y la cooperacién.

Comprension de la l6gica molecular de los seres vivos como producto de la evolucion.

Conocer las aplicaciones de los conocimientos en genética y biologia molecular en el diagnéstico de
enfermedades humanas.

Conocer los elementos comunes y los diversos de la genética y la biologia molecular de los diferentes
tipos de organismos vivos.

Conocer y comprender las bases moleculares de la informacion genética y los mecanismos de su
transmisién y variacion.

Desarrollo de habilidades para comprender metodologia e interpretar resultados cientificos.
Desarrollo de la capacidad de razonar y aplicar el método cientifico.
Relacionar las caracteristicas estructurales y funcionales de las macromoléculas.

Skills in analysis and synthesis.
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Tener una visién integrada del metabolismo celular y la expresién génica relacionandolas con los distintos
compartimentos celulares.

DESCRIPTION OF CONTENTS

1. Basic concepts in Genomics (I).

What is a genome. What is genomics. Fields in genomics. Genome projects and their importance.
Strategies used for sequencing and assembly of complete genomes. Determination of gene localization
and function: computational analysis and experimental techniques.

2. Basic concepts in Genomics (ll).

From genomes to cells: the transcriptome and proteome. Variations in the transcriptome in eukaryotes:
alternative splicing and RNA editing. Role of introns in the evolution of genomes. Two theories about their
origin. Variations in the transcriptome and proteome in eukaryotes. Other genomic analyses.

3. Organization of viral genomes.

Basic features of the genome of the virus. Classification according to their hereditary material. Examples:
RNA and DNA bacteriophages, DNA and RNA animal viruses. Viroids and satellite RNAs: general features.
Origin and evolution of viruses.

4. Genome organization in prokaryotes.

Generalities. Basic features of the prokaryotic genome: size, physical structure, genetic organization and
content. Bacterial transposable elements: insertion sequences, compound transposons. The species
concept in prokaryotes. Evolution of the prokaryotic genome: the role of horizontal gene transfer and
reductive evolution.
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5. Peculiarities of archaea.

Basic concepts. Features of archaea. Identification of new archaea: molecular methods. Classes of
archaea. Comparison of archaea to eukaryotes and bacteria. Role of archaea in the origin of the eukaryotic
cell.

6. Genome organization in eukaryotes (1).

Introduction. Variation in genome size and the C value paradox Reassociation kinetics and genome
complexity. Classification of repetitive DNA: functional sequences and non-functional sequences. Some
data from sequenced genomes: Caernohabditis elegans, operons and "trans-splicing". The human genome:
associated projects.

7. Genome organization in eukaryotes (ll).

Gene families: types. Gene and genomic duplication. Origin of new genes: molecular mechanisms. The 2R
hypothesis. Families of repeated genes: rDNA, tRNA, histones. Families of related genes: the globin cluster.
Paradox of the gene families. Concerted evolution.

8. Genome organization in eukaryotes (lll).

Tandemly repeated sequences. Main classes in human DNA. Satellite DNA: characteristics, location and
function. Minisatellite and microsatellite DNA: characteristics and applications: DNA “fingerprinting".
Telomeric DNA: structure. Mechanisms of telomeres maintenance.

9. Genome organization in eukaryotes (1V).

Transposable elements. Classification of transposable elements. DNA transposons: Control elements in
maize, P elements in Drosophila melanogaster, and other elements. Retrotransposons: Retroviruses,
retrotransposons with LTRs, retrotransposons without LTRs. Transposable elements in the human genome.
Efects of transposable elements in the genome.
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10. Organelle genomes.

Extranuclear inheritance. General features of the organelles. From endosymbionts to organelles. Structure
and function of the mitochondrial genome. Mitochondrial genetic code. Characteristics of mitochondrial
DNA in yeast, animals and plants. Structure and function of the chloroplast genome.

11. Molecular basis of genomic evolution (I): Mutation and repair.

Causes of mutation. Types of mutations. Effects of mutations. Reversion. Spontaneous and induced
mutations. Reversion. Error prevention. DNA repair: mechanims. Direct repair: types and genes involved.
Excision repair: types and genes involved. Recombination repair.

12. Molecular basis of genomic evolution (II): Recombination.

Types of recombination. Models of homologous recombination: Holliday model and heteroduplex DNA,
Meselson-Radding model, double-stranded break model. Gene gene conversion. Proteins involved in
homologous recombination. Site-specific recombination. Somatic recombination and hypermutation:
immunoglobulin genes.

13. Molecular basis of genomic evolution (lll): Transposition.

General mechanisms of transposition: replicative and conservative transposition. Genetic and evolutionary
significance of transposable elements.

\WORKLOAD

PRESENCIAL ACTIVITIES
Activity Hours
Tutorials 3,00
Theory 36,00
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Classroom practices 6,00

Total hours 45,00

NON PRESENCIAL ACTIVITIES

Activity Hours
Attendance at other activities 2,50
Individual or group project 20,00
Independent study and work 15,00
Preparation of lessons 25,00
Preparation for assessment activities 5,00
Resolution of case studies 0,00

Total hours 67,50

TEACHING METHODOLOGY

The development of the subject is structured around theoretical and working sessions in the classroom,
computer sessions, tutoring in person or via e-mail, preparation of presentations and reports individually

and in groups and attendance at seminars, taught by experts or by the students themselves.

1. Theoretical sessions: In the section on classroom work, 28 sessions of one-hour are included.

Before starting each lesson, students will have a script of it, which will include the theoretical
content of the sessions, all significant artwork that will be presented and a section with the latest
bibliographic contributions on the subject. This script will be available in the Virtual Classroom of
the University of Valencia. Thus, it is intended that the student can prepare classes in advance
that will be easily followed, only taking the notes needed for proper understanding.

Working sessions in the classroom: Throughout the course, and in accordance with the
development of theoretical sessions, it will be offered to students the possibility to participate in
debates/seminars on issues related to the subject studied. To this end, working groups of 2-3
students will be established for the preparation of such debates/seminars under the guidance of
the teacher, who will assist them in finding suitable material to achieve the objectives. In these
meetings, the active participation of students in the discussion of the proposed item will
promote and, upon completion, students will have to elaborate a summary on the topic under
discussion. In addition, several sessions will be held in the computer lab in which programs for
genome analysis and databases related to the human genome available in free websites will be
used. For better utilization of this activity, it will be raised for subgroups of 16 students.
Seminars, conferences and other activities: They will serve to develop activities that will allow
students to expand their knowledge on the subject and to relate it with other disciplines, and to
promote the acquisition of skills different than those acquired in the lectures and work sessions
classroom. One of these activities will be the critical analysis of scientific papers selected by the
teacher of the subject. This activity aims at training the student in the reading of scientific
papers (which necessarily involves reading technical English), bringing him/her closer to the
original literature that permits the development and advancement of biomedical sciences. This
activity is mandatory, and it will be organized jointly with the other subjects in the same course.
The preparation, presentation and discussion (30 minutes) of the scientific papers will be held in
groups of 2 students and supervised by the teacher through the tutorials. The attendance to
seminars and conferences on topics related to genomics will be also promoted, specilly those
that may present an additional interest to students, as may be the social impact of the topic or
the presentation of some high-profile scientific novelty. These seminars will be conducted by
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experts on the subject. In order to develop the critical ability of the students, they may voluntarily
submit a report on the seminar or conference received, consisting of a brief summary on it and a
critical discussion.

4. Tutorials: The role of tutoring is to help and guide the student personally in all the problems that
arise in dealing with the study of the subject. They facilitate the exchange of views between
teacher and student, in an effort to individual approach to teaching. The information and
communication technology can also be used to enhance teacher-student interaction. Queries
sent by students via e-mail will be accepted, configuring a remote tutoring. Since they are a way
of written communication, the student is forced to perform an analysis of their own doubts and
to learn to clearly express them in writing. In addition to personal tutorials, we propose to hold
three group tutoring sessions in which the teacher and the students will jointly resolve issues
that have not been sufficiently clarified during regular meetings or those issues that gave rise to
further discussion and that would not fit in regular sessions. For better utilization of these
activities, they will be raised for subgroups of 16 students.

EVALUATION

« Evaluation of the knowledge acquired during the lectures will be made by conducting a written test in
which the student must answer a series of short questions and practical issues covering all the contents in
class. The note of this test represent 75% of the total grade. To pass the course, a score of 5 out of 10 in
that test should be reached.

The remaining 25% of the grade can be obtained through participation in various activities to achieve the
maximum allowed. The maximum score for each section is as follows:
- Presentations of topics related to the subject and delivery of reports about them: 10%.
- Solving of questionnaires in tutoring sessions: 10%.
- Critical analysis of scientific papers: 5%.
To evaluate the activity of critical analysis of articles, the following evaluation criteria will be also
considered: knowledge and understanding of the information contained in the articles, correct use of
terminology and speaking skills. Integration with other theoretical and practical content of this or other
subjects of the grade will be also valued. The maximum score in this activity will be of 10 points,being
needed 5 points to overcome it. The mark obtained will represent 5% of the final grade for each of the
subjects in the third year that participate in this activity. If the student does not reach the minimum score
required, suspend the subject in which he/she prepares this activity. The participation of other students in
the presentation and the discussion sessions may be also taken into account by the teacher to modulate
the final mark of the subject.
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