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	Abstract
Human Genome project will define an individual as an outcome of interactions among about 100,000 assembled genes and their products. It will also provide tools to test for these genes. Several thousands of these genes and their alleles determine one’s susceptibility to a number of diseases, one’s immunity and one’s response to various drugs. Efficacy of many drugs is found to depend on genetics of a patient. This raises the possibility that determining genetic makeup (genotype) should precede therapy. It is now possible to do just that, reaping the benefit from insights gained from the newly identified area of pharmacogenomics. This information has already led to a variety of newer pre-symptomatic, co-therapeutic and prognostic diagnostic tests. Tools like DNA array and PCR technologies make the diagnostic technologies possible. The newer technologies will significantly affect healthcare and has tremendous ethical implication as well.


Human Genome Project : It is said that medical sciences have so far witnessed three revolutions since Hippocrates argued some 2400 years back that the working of the body can be explained by the laws of nature rather than the supernatural. The first one was in 1854 when British surgeon John Snow indicated that cholera is spread by contaminated water. This led to sanitation system and prevention of epidemics. Second one of surgery with anaesthesia also came at about the same time. The third one was the introduction of vaccines and antibiotics leading to prevention and cure of many infections. It is said that the fourth and perhaps the final one is Human Genome Project, gene therapy and biotechnology related concepts. 

Genome is a total genetic complement of an organism. It includes genetic material in the nucleus as well as sub cellular organelles. Sequencing and characterization of about 20 genomes of lower organisms have been completed. Human genome includes a total of 25 chromosomes, of which 22 are autosomal, one each of x and y chromosomes and mitochondrial chromosome. Human genome contains a total of 3 x 109 nucleotide base pairs, with about 100,000 different genes confined in about 10% of the genome DNA. It is not known what is the function of remaining 90% of the DNA. Last year, complete sequence and analysis of Human Chromosomes 22,21 and Arabidopsis (plant) Chromosomes 2 and 4 was reported. Human   chromosome 22 is expected to contain about 27 disease-associated genes including various cancers and schizophrenia. Genome analysis of fruit fly Drosophila is almost complete. In June this year, a rough draft of the Human Genome was published giving more than 90% accurate information of genetic material that we are made up of. It is one of the rare government projects, which is very much below predicted cost and running ahead of schedule. 

Human genome project includes 

· Development of markers on chromosomes 
· Mapping of markers, linkages 
· Sequence of DNA 
· Analysis of sequenced DNA 
· Attributing function to gene (s) 
· Proteomics for compiling expressed genes 
· Allele identification and functions (population gentics) 
· Highlights of the projects are given in Table .
Table 1 : Highlights of Human Genome project

	Started 
	1988

	Initial Target Finish Date :
	2005

	Revised target finish date  :
	2003/2002

	90% complete working draft : 
	June 2000

	Projected Cost : 
	US$ 5 Billion

	Actual Cost : 
	US$ 3 Billion 


Table II : Predicted Functions of Human Genes

	22%
	RNA and Protein Synthesis 

	12% 
	Cell Division 

	12%
	Signaling 

	12%
	Defence 

	17%
	Metabolism 

	8%
	Structure 

	17%
	Unknown 


Predicted function of human genes are indicated in Table II. We have identified only about one-third of them so far. Identification of the remaining genes will lead to more drugs targets for therapeutics and diagnostics. It is interesting to note that all tissues have quantitatively and qualitatively the same DNA. However, there is a tissue specific expression of genes. It is also prudent to develop a tissue specific catalogue of genes expressed in a given tissue, in a specific development stage or in specific disease. For example, there are 300 prostate specific genes out of which about 100 are specifically expressed in prostate tumors : 20 of which are for malignancy. Monitoring expression of these is useful in predicting and monitoring expression of these is useful in predicting and monitoring prostate cancer. DNA microarray or DNA chips are used for such diagnosis. About 1500 genes can be simultaneously analyzed on one DNA chip. 

Presymptomatic diagnosis :


Naturally so far diagnosis is made after the onset of the disease. Medical genetics permitted us to calculate the probability of developing certain condition in an individual based on pedigree analysis. Ability to accurately determine such odds based on DNA test before the onset of disease is a newly acquired capability. DNA based diagnostics raises the real possibility to do the diagnosis early in life or even before birth, much before the onset of disease. For example technology is already available to test at birth susceptibility to disease like breast cancer  much before the development of the disease. Should we test for this ? who should do the testing and control the information. Chances of misuse and abuse of the information are tremendous. The technology  to do presymptomatic testing is at the door step. Whether and how to use it is the question that collectively the society has to answer.

Pharmacogenomics: 

Individual variability in pharmacokinetic parameters is already well known. There is tremendous differences among individuals in the their absorption, metabolism, efficacy and toxicity parameters of a given drug (Fig.2) Completion of 
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Human Genome Project will help in identification of a number of genes determining one's response to a durg. The set of genes involved in drug absorption, metabolism, toxicity and efficacy. These genes and their alleles will determine drug variability among individuals. These variability factors can now be mapped, diagnosed and quantitated. The information can also be used in determining the choice of drug, its dosage and even its delivery mode. The technology is at our doorstep and the 21st century will bring the era where tailoring of therapy to one's genes will be a reality.

Examples of Genetic Variations in Drug Responses.  

· 50% of hypertensive patients fail to respond to each of the six key groups of drugs.

· African-Caribbean respond better to diuretics and Ca2+ channel blockers and less well to ACE inhibitors.

· ACE variation due to genotype. 

· There are many variations  in structure of Ca2+ channel and hence genotype variations.

· 20% of patients develop resistance to corticosteroid treatment in Asthma, due to genetically determined down regulation of beta – 2 receptors.

· 25% of patients show poor response to antileukotriene teratment, due to mutation in promoter. 

· Link between apolipoprotein E-4 (APOE4) and Alzheimer’s Disease. Three alleles determines onset. 

· APOE4 people get AD earlier and do not respond to cholinesterase inhibitors. 

· Impact on drug development during testing/clinical phase : Narrow target groups. 

· 23 single nucleotide polymorphism is insulin receptor gene c’. 

· Genotyping of multidrug resistance.

· Polymorphism in drug acetylation (NAT2:13 alleles, responsible for bi-and tri-modal distribution of isoniazid).

· Cytochrome p450 isoenzymes : 

Serious side effect of seldanne (anti-allergic, Terfenadine) with erythromycin only with particular isoenzyme of CYP.

· Genotyping of pathogens : variants, drug resistant etc. 

Table III : Pharmacy : Before and After

Genomics

	Disease description
	Mechanism 

	Disease homogeneity 
	Heterogeneity 

	Patient homogeneity
	Individual variation 

	Universal therapeutic 
	Patient Risk Profile

	Strategy 
	Targeted therapy 


· Some people metabolize Prozac very slowly leading to higher drug concentration in the blood for prolonged time.

· I contrast, some people metabolize Isoniazid very rapidly before the drug has chance to act.

· Some drugs can not be converted to their active form by some individuals leading to lack efficacy of the treatment e.g. Codeine for pain.

Conclusion 

The end of Human Genome Project is in sight. the month undertaking by human kind will be completed ahead of schedule and much below cost. The information from the project has already helped basic research as well as healthcare. We are on the eve of complete unraveling of the genetic information. The revolutionary insight will help us better understand individual variation in our response to drug absorption, metabolism, efficacy and toxicity.

We will soon be in position to assess this ‘individuality’ and tailor therapeutics regiment in response to it. ‘A tablet for everone’ is not the optimum therapy and will hopefully be replaced by individually tailored choice of drug and its dosage. 
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