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Capacity building and strategic innovation for the development of biotechnology in Chile.

An International biotechnology training partnership between Chile, MECESUP2 and the University of California San Diego (UCSD)

Areas for biotechnology training at UCSD.

Below we identify areas for training that encompass the advancing frontier of biotechnology: genetics, genomics, proteomics, bioinformatics, systems biology, metabolic engineering, protein structure and molecular recognition. The concepts and techniques of these new disciplines underlie agricultural, microbial and biomedical biotechnology. A person trained in this way can readily switch from working with one type of organism to another type. Faculty members who are potential trainee supervisors and who work in plant, microbial or animal (human) biotechnology are listed. The program can be expanded to include bioengineering and medical devices.

1. Plant genetics, functional genomics and molecular markers.

Chile is a major producer of agricultural products especially fruits and wine. Plant genetics and molecular markers are of fundamental importance to modern plant breeding and crop improvement. Plant breeding, which used to be strictly a field activity now relies heavily on molecular analysis. A prerequisite for mastering the new plant improvement techniques is to understand how the identification of an interesting phenotype can be translated into identifying the gene that is responsible for the phenotype; how molecular and genomic information is used for positional cloning of genes, how information from model plants can be transferred to crop plants; and how information available on the web about gene expression can be exploited. Faculty members who can train postdocs in these skills are Martin Yanofsky, Robert Schmidt and Yunde Zhao (all in Biol. Sci.), and Joanne Chory (Salk Institute). Professor Yanofsky is a world-renowned expert on the genetic modification of flowers.

2. Biofuels.

Global climate change is pushing the economies of developed and developing nations to become carbon neutral. This means that a greater proportion of a country’s energy will in the future be derived from non-fossil fuel energy sources. Sugar produced by sugar cane and cellulose in plant biomass (agricultural and forest wastes, energy crops) are the preferred substrates for the manufacture of bioethanol. A number of new technologies need to be developed to make the conversion of biomass into ethanol possible. Given the extensive forests in Chile, Chile could become a major ethanol exporter if this sector is properly developed. In addition, biomass will become an important source for industrial feedstocks. These developments will depend on the genetic modification of plants (see above), on metabolic engineering (see below) as well as on other new technologies (fermentation). UCSD faculty members who can train postdocs in the basic science that underlies these new technologies are: Steve Briggs, Bernard Palsson, John Woolley, Laurie Smith, and Yunde Zhao.
3. Systems biology and metabolic engineering.

All cells synthesize a large variety of metabolites. Plant and microbial cells synthesize in excess of several hundred thousand different secondary metabolites or phytochemicals. Many of these have found applications in medicine, the food industry, the chemical industry and agriculture. Their synthesis involves complex pathways with many enzymatic steps. and multiple enzymes (genes). Many cannot be produced chemically (or are difficult to purify if they are) because of stereochemically specific functional groups. Understanding, modeling and altering those enzymatic pathways to achieve greater product synthesis is an important objective of metabolic engineering. This field intersects with molecular biology, proteomics, protein structure and systems biology. Faculty members who could train graduate students or postdocs in this field are Bernhard Palsson (Bioengineering), Trey Ideker (Bioengineering) and Joseph Noel (Salk).

4. Biosensors.

Biosensors are one of the hottest new areas in biotechnology research and development. Biosensors are composed of two essential components, the transducers, which may be optical, electrochemical, piezoelectric, thermometric, magnetic or micromechanical, and the biological sensing elements, which range from insect organs and pieces of tissue to enzymes and antibodies. The biological sensing element detects a specific chemical or biomolecule by reacting with it in some way, and this causes the transducer to generate a recordable signal. Recent developments in nanotechnology offer the potential for highly sensitive detection and small, unobtrusive sensors that could be implanted in patients or incorporated into clothing. Many research groups are exploring the potential of designing biosensors based on carbon nanotubes, quantum dots and molecularly imprinted polymers (MIPs). UCSD faculty members who could train postdocs in this field include Charles Zuker, Roger Tsien and David Gough (Bioengineering). 

5. Stem cell biology.

Stem cells are the totipotent or pluripotent cells found in embryos and adult tissues that are capable of self-renewal and can give rise to many different types of specialized cells, in some case to entire organs or even organisms. Biotechnology companies and UCSD researchers are focusing on the use of stem cells to develop novel therapies that will cure various diseases,. First, however, we need to identify the genes essential for self renewal and the signal transduction pathways that lead to cell differentiation. UCSD faculty involved in stem cell research and able to train postdocs include Cornelis Murre, David Travers, Yang Xu and Steve Briggs.

6. Genomics and bioinformatics for biodiversity characterization, plant breeding and basic biology

South America is the site of enormous biological diversity in its terrestrial and marine ecosystems. How can this biodiversity be characterized so that it can be catalogued and protected? Genomic sciences provide the tools. The genomes of more than 100 microbes and of several plants (Arabidopsis and rice) and animals (Homo sapiens, fruit fly, nematode, sea urchin) have been fully sequenced and genomic information is available for many other plants and animals. Genomic sciences have progressed tremendously in the past 10 years and the Plant and Animal Genome meeting is held annually in San Diego. Understanding how bioinformatics is used to mine genomic databases for valuable information about genes and their expression is now an essential component of biology. Gene expression profiling (examining the expression of thousands of genes in a single experiment) has become an essential tool in biological research. Annotating genomic information (cDNA libraries for example) is essential when one begins to work on a new species that is not a major crop or pathogen, but may nevertheless be of considerable interest to industry or agriculture.

Faculty members who can train students and postdocs in these areas are Milton Saier (Biol Sci), Terry Gaasterland (SIO), Eric Allen (Biol. Sci.) and Joseph Ecker (Salk Institute). 

7. Molecular recognition between pathogens of plants and animals and their hosts.  

This area of research is fundamental to our understanding of how pathogens evolve to evade the defense mechanisms of their hosts, which are also evolving constantly to escape invasion by the pathogen. Similar processes of coevolution that involve  molecular recognition and escape from this recognition occur between microbial pathogens and their hosts, nematodes and their hosts and insects and plants. Research in this area involves identifying and cloning the genes of the molecular partners that recognize each other, protein crystallization, modeling protein structures, site directed mutagenesis to produce mutant proteins and other molecular approaches. Although the interacting partners differ, the approach is similar for bacterial or fungal plant pathogens, pathogenic nematodes, and human diseases including bioterrorism agents. Faculty members who can train postdocs and students in this field include Partho Gosh (Chem and Biochem), Raffi Aroian, Ethan Bier and Joe Pogliano (Biol. Sci).

The subjects and faculty members that are listed here are only examples and are not meant to be restrictive. It is likely that the trainees themselves will identify faculty members that are not on this list. 



















