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SUMMARY

Plant biotechnology and human health is an optional subject of the Degree in Biochemistry and Biomedical
Sciences. The theoretical and practical content, together with the activities carried out during the course,
have been designed considering two fundamental aspects. Firstly, to provide the knowledge that students
must acquire about Plant Biotechnology and its relationship with human health and, secondly, to avoid
overlapping with other core and optional subjects of the Degree. In this sense, the students have previously
taken a compulsory subject in the third course on Plant Molecular Biology, where some notions of in vitro
culture and genetic transformation of plants are taught in some subjects.

Plants are not only the main primary producers that allow life on this planet, but they also produce and
accumulate a wide variety of compounds that can be useful for the treatment of ailments and diseases.
Starting from this basis, a first section of the program will discuss aspects related to the concept of
medicinal plants and plant drugs, and how plants can be or can be converted into biofactories to produce
certain drugs.

Both classical improvement and improvement by biotechnological procedures are necessary and
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complementary. Therefore, a second section is devoted to the contributions of in vitro culture of plant cells
and tissues to plant improvement, as well as to the different methods of genetic transformation of plants.
This section will be complemented by the content of several practical classes.

In a third section we will address aspects of secondary metabolism of plants, which allows the
manufacture of a wide variety of compounds that can be used to improve human health. These products
will be classified, their possible functions will be studied, and their biosynthetic routes will be studied in
order to understand the different possible strategies that make plants more efficient in the production and
accumulation of these secondary metabolites.

The fourth and final section is devoted to the different applications of plant genetic manipulation,
fundamentally related to obtaining secondary metabolites by in vitro systems, the use of transgenic plants
and their cultivation for the pharmaceutical industry, and how plant foods can be biofortified, among other
applications.

PREVIOUS KNOWLEDGE

RELATIONSHIP TO OTHER SUBJECTS OF THE SAME DEGREE
There are no specified enrollment restrictions with other subjects of the curriculum.
OTHER REQUIREMENTS

Relationship with other subjects of the same degree: No enrollment restrictions have been specified with
other subjects in the study plan.

COMPETENCES / LEARNING OUTCOMES

Acquire skills to use the methodologies of molecular biosciences and to keep an annotated record of
activities.

Be able to think in an integrated manner and approach problems from different perspectives.

Be able to use new information and communication technologies.

Capacidad para la asimilacion de textos cientificos en inglés.

Have an integrated view of normal and altered cell function, including metabolism and gene expression.
Have capacity for analysis, synthesis and critical reasoning in the application of the scientific method.

Know and understand the molecular bases of genetic information and the mechanisms of its transmission
and variation.

Know how to design multidisciplinary experimental strategies in the field of molecular biosciences to solve
complex biological problems, especially those related to human health.
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Know the structural and functional characteristics of macromolecules.

Know the usual procedures used by scientists in the area of molecular biosciences and biomedicine to
generate, transmit and disseminate scientific information.

Students must be able to apply their knowledge to their work or vocation in a professional manner and have
acquired the competences required for the preparation and defence of arguments and for problem solving
in their field of study.

Students must be able to communicate information, ideas, problems and solutions to both expert and lay
audiences.

Students must have acquired knowledge and understanding in a specific field of study, on the basis of
general secondary education and at a level that includes mainly knowledge drawn from advanced
textbooks, but also some cutting-edge knowledge in their field of study.

Students must have developed the learning skills needed to undertake further study with a high degree of
autonomy.

Students must have the ability to gather and interpret relevant data (usually in their field of study) to make
judgements that take relevant social, scientific or ethical issues into consideration.

DESCRIPTION OF CONTENTS

Unit 1. Introduction.

Concept of medicinal plant and plant-based drug. The plant as a drug-producing biofactory.
Biotechnological tools to improve bioproduction in plants.

Unit 2. In vitro culture fundamentals. Cell and tissue culture.

In vitro culture Fundamentals. In vitro culture types. In vitro culture requirements. Micropropagation.
Morphogenesis and embryogenesis. Somaclonal variation. Cell and tissue cultures.

Unit 3. Protoplasts, somatic hybridization and genetic transformation.

Protoplast cultures and somatic hybridization. Genetic transformation of protoplasts
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Unit 4. Genetic transformation of plants.

Direct transformation: biolistic. Indirect transformation: Agrobacterium tumefaciens. Mechanisms of
infection and integration of foreign genes. Binary plasmid. Expression module. Transformation markers.
Stable and transitory expression. Chloroplast transformation.

Unit 5. Significance of transgenic plants.

First, second and third generation transgenic plants. Advantages and disadvantages of using transgenic
plants. Possible risks

Unit 6. Concept of secondary metabolism.

Relationship with primary metabolism. Classification of secondary products. Cell compartmentalization.
Distribution and storage of secondary products.

Unit 7. Biosynthesis of secondary metabolites: Phenolic compounds, terpenes,
glycosides and nitrogenous compounds.

Phenols: shikimate pathway and acetate-malonate pathway. Terpenes: acetate-mevalonate and MEP
pathways. Products of the metabolism of nitrogen-containing compounds. Basic principles of alkaloid
biosynthesis. Glycoside synthesis: glucosinolates.

Unit 8. Functions of the products of secondary plant metabolism.

Physiological functions. Interactions of plants with their environment. Importance of secondary products in
food and as active ingredients in pharmacy
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Unit 9. Metabolic engineering of secondary metabolites in plants.

Metabolic engineering strategies of secondary metabolites in plants. Obtaining secondary metabolites of
therapeutic or nutritional interest using in vitro systems.

Unit 10. Transgenic plants in the pharmaceutical industry.

Transgenic plants as a production system for molecules of therapeutic interest: drugs, vaccines, and
antibodies. Advantages and disadvantages of using plants as biofactories of therapeutic products.

Unit 11. Transgenic plants in the food industry and other uses.

Fortified foods. Food biofortification through transgenic crops. Bioremediation.

Laboratory classes

1. Preparation and sterilization of media for different in vitro cultures. Disinfection and culture systems of
plant material.

2. Obtaining plants by direct morphogenesis (foliar). Cellular dedifferentiation and indirect morphogenesis.
3. Propagation by axillary buds and acclimatization of plants obtained by in vitro culture.

4. Obtention of transgenic plants and analysis of marker gene expression.

WORKLOAD

PRESENCIAL ACTIVITIES

Activity Hours
Theory 33,00
Laboratory 12,00

Total hours 45,00

NON PRESENCIAL ACTIVITIES
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Activity Hours
Attendance at other activities 0,00
Individual or group project 10,00
Independent study and work 27,50
Preparation of lessons 30,00
Preparation for assessment activities 0,00
Resolution of case studies 0,00

Total hours 67,50

TEACHING METHODOLOGY

Theory classes: The classes will consist of one-hour lectures in which the teacher transmits the knowledge
of the subject orally, using the most recommended resources and didactic material for the subsequent
preparation of the topic in depth. In some classes, the participatory model will be used, prioritizing
communication between students and between students and lecturer.

Laboratory sessions: There will be 3 compulsory 4-hour sessions where the different proposed experiments
will be carried out.

Seminars: the critical analysis of scientific articles selected by the lecturers of the subject will be carried
out. This activity allows to the student to continue with the activity of reading of scientific works that has
already been started in previous courses. This compulsory activity will be organized in pairs of students
who will have to prepare a small dossier on the article in question and an exposition of it. After the
presentation, a question time will be opened for the students to demonstrate that they have understood the
topic(s) addressed in the article. During the seminar preparation, the students will be supervised by the
lecturers through office tutorials.

EVALUATION

The subject will be evaluated based on the sum of the following components:
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« Assessment of Written Reports and Oral Presentations: The preparation of the dossier, the
presentation, and the defense of a seminar will be worth up to 1 point.

Theory: This section will be worth up to 7 points, assessed through objective tests on the
contents of the subject: a final exam (up to 3.5 points) and continuous assessment activities,
consisting of completing questionnaires and online questions (up to 2 points). The remaining 1.5
points will be assessed through the grading of an exercise carried out via a methodological
application proposal.

+ Practices: The practical part will be worth up to 2 points. It will be assessed through
individualized monitoring in practical activities, consisting of completing a report on the work
carried out during the laboratory sessions (up to 1.5 points), as well as the assessment of
attitude and aptitude during the performance of the experiments, worth up to 0.5 points.

To pass the course, a minimum of 5 points is required. Additionally, it is necessary to obtain at least 40% of
the maximum grade in each of the following sections: seminar, laboratory, and final theory exam.
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