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Chemical Genetics/Genomics - What is it?
A new approach to study the functions of genes and of biological pathways

Background
The completion of the genomic (DNA) sequences of many organisms has created a vast resource of

information as well as a vast challenge in understanding how genes work. Traditional genetic

techniques to study gene function involve deleting the gene, or perhaps the RNA that comes from it,

and observing biological changes. These methods are limited in their ability to make changes that are

defined in time and in space. As a result, some questions of gene function may not be easily addressed

because of problems of embryonic lethality, for example. The field of chemical genetics or chemical

genomics (the terms are used interchangeably) arose from the realization that chemical compounds are

often used to affect biology in spatially or temporally controlled ways.

The aims of chemical genomics
One outcome of a chemical genomics study would be a chemical that can penetrate cells, is stable

within them, and can act highly specifically on a single gene product, usually a protein. The cell

penetration requirement is best met with compounds of molecular weight less than ca. 700. The ideal of

chemical genetics is �a small molecule to modulate the activity of each known protein�. Because there

are so many proteins (tens of thousands) within a cell, success depends on the availability and testing of

very large numbers of compounds. Chemical genetics has thus been enabled by combinatorial chemical

techniques, which permit the rapid preparation of large numbers of candidate compounds, and methods

for rapid biological testing, so-called high-throughput screening (HTS).

A multidisciplinary endeavor
Chemical genetics studies require a wide range of technical expertise. Access to an appropriate

biological system is paramount. Chemical libraries can be purchased or made, a step that may still be

expensive. The many thousands of compounds in chemical libraries must be cataloged, managed, and

accessed, requiring sophisticated informatics to understand how they fit into the mythical �chemical

space� (see the figure below). Screening of the libraries should be conducted with minimal human

intervention, requiring engineering / automation. Screening large libraries gives large volumes of data,

requiring excellent bioinformatics to interpret. Finally, following up �hit� compounds to identify

targets requires modern biochemistry. All of these areas are represented within the UCR Chemical

Genomics IGERT, and leading practitioners of chemical genomics in plants founded the program.
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