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Many scientists feel that the leading science in the next century will be genetics. Let us see why they think so. What is the goal of science in general and biology and genetics in particular? What are we learning about life now and what shall we learn in the future? What kind of applications does genetics offer? And does this not also bring problems; for example is it ethical to interfere with basic life processes such as the maintenance and transfer of genetic information?


One of the major advances of molecular genetics in recent years is development of methods for DNA sequencing. They became so efficient that determination of complete DNA sequence of a simple organism, such as a bacterium, is routinely achieved in several months or years. Recently several genomes of higher organisms, the human genome included, were decoded. This development led to the establishment of a new branch of biology  - genomics. Genomics is based on the determination of complete DNA sequences of organisms and analysis of the acquired genetic information. After sequencing, the DNA is analyzed for the presence of genes and elements that regulate their expression. Functional genomics aims at establishing functions of all genes of organisms. One of the ultimate goals of genomics is description of all metabolic reactions that constitute life on Earth. 

Genomics yields unprecedented information about life. It gives answers to many basic questions about evolution but it also supplies us with tools for practical applications. Detailed information on the completed genome projects and projects in progress can be most readily

found on specialized websites such as www.genome.ad.jp/kegg/kegg2.html; or -+www.tigr.org/tdb/mdb/mdb.html.

It may be of interest to scientists whose professional career is so dependent on publishing numerous papers in journals with a high impact factor that the complete DNA sequence of chromosome XV of yeast, comprising over one million nucleotides, was published in one four-page paper with 98 co-authors from 26 laboratories. Results of genomics are mostly deposited in international databases and are published only as a summary of several years work of many scientists.

Some of the genomes completely sequenced are in Table 1. The smallest genome belongs to Mycoplasma genitalium. It consists of a mere 518 thousand nucleotides comprising 513 genes. This is less than was expected a few years ago. It seems now that the basic life attributes are not so complex as to be incomprehensible.
An important part of genomics is bioinformatics. Genetic information is analyzed for the presence of genes and regulatory elements mostly by databases searches. These databases are very large and they expand every day as scientists deposit new data. Today we have in the standard databases of DNA sequences more than two billions of nucleotides.


The results of genomics will serve as a basis for developing new strategies for eliminating viruses including viruses, which cause terminal diseases. Molecular genetics provides physicians with precise tools for diagnostics of many inherited and infectious diseases, forensic scientists with tools for identification of criminals, biotechnologists with tools for the production of hormones, enzymes, antibodies etc. Methods of molecular genetics make it possible to start new industries based on the production of highly biologically active compounds with the use in medicine and agriculture.


In addition to acquiring new information about life, the knowledge of the complete genetic information of organisms serves, and it will serve even more in the future, as a reference for establishing functions of genes from other organisms, including humans. 


The Human Genome Project is undoubtedly the most important project of genomics.  Does it also bring some ethical problems? It certainly does. Who has the right to know my exclusive genetic information? My physician? My spouse? My employer? My insurance company?  Are we ready to cope with potential misuse of genetic information for, for example, racial stigmatization?  These are a few of many issues that are now being discussed among scientists and by public. 

Another ethical problem is connected with gene therapy. Replacement of a damaged gene in somatic cells by a fully functional gene poses no ethical problem. It affects the patient only and it can be considered as the equivalent of organ transplantation. But the therapy of germ cells requires a completely different attitude. A new gene inserted into a germ cell can, after fertilization, be transmitted to succeeding generations with unpredictable consequences. This type of application and research cannot be done with existing knowledge.


With the human genome project practically completed today it is now important to take legislative steps regulating possible patenting of human genes. What kind of information is patentable?

 These questions, however controversial they may be, cannot diminish the positive potential of genomics. We are close to understanding ourselves more thoroughly than ever, especially in learning what makes man different from other animals, primarily from other primates. Genomics helps in understanding evolution and the origin of life on Earth. Genomics is simply a step into the 21st century.
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