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1
 Describing The Human Genome Project
 Automobiles, computer chips and space travel are all incredible milestones that have
 propelled humans through the 20th century. As we enter the new millennium, the
 Human Genome Project will not only change the way we live but also alter our
 perspectives about mankind and the way we treat our illnesses. Without doubt this
 exciting new frontier will be marked by controversy and change.
 HISTORY OF HGP
 The Human Genome Project (HGP) has profoundly changed biology and is rapidly
 catalyzing a transformation of medicine .The idea of the HGP was first publicly
 advocated by Renato Dulbecco in an article published in 1984, in which he argued that
 knowing the human genome sequence would facilitate an understanding of cancer. In
 May 1985 a meeting focused entirely on the HGP was held, with Robert Sinsheimer, the
 Chancellor of the University of California, Santa Cruz (UCSC), assembling 12 experts to
 debate the merits of this potential project. The meeting concluded that the project was
 technically possible, although very challenging. However, there was controversy as to
 whether it was a good idea, with six of those assembled declaring themselves for the
 project, six against (and those against felt very strongly). The naysayers argued that big
 science is bad science because it diverts resources from the ‘real’ small science (such
 as single investigator science); that the genome is mostly junk that would not be worth
 sequencing; that we were not ready to undertake such a complex project and should
 wait until the technology was adequate for the task; and that mapping and sequencing
 the genome was a routine and monotonous task that would not attract appropriate
 scientific talent. Throughout the early years of advocacy for the HGP (mid- to late
 1980s) perhaps 80% of biologists were against it, as was the National Institutes of
 Health (NIH). The US Department of Energy (DOE) initially pushed for the HGP, partly
 using the argument that knowing the genome sequence would help us understand the
 radiation effects on the human genome resulting from exposure to atom bombs and
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 other aspects of energy transmission. This DOE advocacy was critical to stimulating the
 debate and ultimately the acceptance of the HGP. Curiously, there was more support
 from the US Congress than from most biologists. Those in Congress understood the
 appeal of international competitiveness in biology and medicine, the potential for
 industrial spin-offs and economic benefits, and the potential for more effective
 approaches to dealing with disease. A National Academy of Science committee report
 endorsed the project in 1988 and the tide of opinion turned: in 1990, the program was
 initiated, with the finished sequence published in 2004 ahead of schedule and under
 budget.
 GENOME AND ITS IMPORTANCE
 The complete package of genetic information needed to make a living thing-in the form
 of all its DNA, genes and chromosomes - is known as genome. The genome is the
 genetic ‘recipe’ for a living organism. So, the genetic information needed to make a
 mouse is known as the ‘mouse genome’. A copy of this genome is found in almost
 every cell of the mouse, and it is passed down from one generation to the next.
 The study of the genomes of living things is known as genomics. It involves carefully
 analyzing the genome to identify the position, structure and role of every gene. The
 simplest living things - bacteria - have small genomes. The bacterium Escherichia coli,
 which is one of many bacteria that live in the human gut, contains about 4 million pairs
 of bases. The human genome is almost 1,000 times bigger at 3 billion pairs of bases.
 Genomics involves working with some very big numbers.
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 The Human Genome
 Your genes are made of a chemical called DNA. DNA is a special chemical, because it
 contains a code - the genetic code - that is made up from four different bases or 'letters':
 adenine (A), thymine (T), guanine (G) and cytosine (C).
 The human genome is the total DNA in a complete set of human chromosomes: that is,
 22 pairs of ordinary chromosomes (or 'autosomes') and a pair of sex chromosomes (X
 and Y).
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 .
 A photograph showing the chromosomes like this is called a 'karyotype'.
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 HUMAN GENOME PROJECT
 The Human Genome Project (HGP) is a global scientific research program created to
 understand the hereditary instructions that make each of us unique. The Human
 Genome Project (HGP) plan included the decision to map and sequence the genomes
 of other organisms that have been important to the study of biology: bacteria, yeast,
 roundworm, fruit fly, and mouse. In addition, the project sought to improve
 sequencing technology. The HGP will create a vast resource of detailed scientific
 information about the structure, organization and function of human DNA. Scientists at
 the U.S. Department of Energy (DOE) were the first to envision the project, in 1986, as
 a project to explore newly developing DNA analysis technologies. By 1988, the National
 Institutes of Health (NIH) joined the project and a joint effort was formally announced in
 1990, officially starting the Human Genome Project. The Department of Energy's
 Human Genome Program and the National Institutes of Health's National Human
 Genome Research Institute (NHGRI) together coordinate the HGP. The HGP's original
 plan was a three billion dollar 15-year project that would be completed in 2005.
 However, through rapid technological advances, worldwide efforts on the project have
 greatly accelerated changing the expected completion date to 2003 (making the project
 a 13-year endeavor). Over one thousand researchers, including 16 institutions across
 six nations (the United States, Great Britain, France, Germany, Japan and China) are
 involved with the HGP.
 .
 http://shawmst.org/biology/glossary/Technology#Technology
 http://shawmst.org/biology/glossary/Bacteria#Bacteria
 http://shawmst.org/biology/glossary/Biology#Biology
 http://shawmst.org/biology/glossary/Organism#Organism
 http://shawmst.org/biology/glossary/Sequence#Sequence
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 Each individual has an identity that is due to one’s genetic makeup. No two individuals
 are similar (except mono-zygote twins) because they differ in their genetic make-up.
 Differences in genetic make-up are due to differences in nucleotide sequences of their
 DNAs. It was, therefore, always an ambition of scientists to map human genome.
 Advances in genetic engineering techniques made it possible to isolate and clone DNA
 pieces and determine nucleotide sequences of these fragments.
 Therefore, in 1990, U.S. Department of Energy and National Institute of Health
 embarked and coordinated on the project of sequencing human genome called HGP or
 Human Genome Project. Welcome Trust (UK) joined the project as a major partner.
 Later on Japan, France, Germany, China and some other countries also joined it.
 HGP is a mega project involving a lot of money, most advanced techniques, numerous
 computers and scientists at work. The magnitude of the project can be imagined that if
 the cost of sequencing a bp is 3 dollars, sequencing of З х 109 bp would cost a billion
 dollars. If the data is to be stored in books, with each book having 1000 pages and each
 page with 1000 letters, some 3300 books will be required. Here bioinformatics data
 basing and other high speed computational devices have helped in analysis, storage
 and retrieval of information.
 Goals of HGP:
 HGP had set the following goals.
 1. Determine the sequence and number of all the base pairs in the human genome.
 2. Identify all the genes present in human genome.
 3. Determine the functions of all the genes.
 4. Identify the various genes that cause genetic disorders.
 5. Determine genetic proneness and immunity to various disorders.
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 6. Store the information in data bases.
 7. Improve tools for data analysis.
 8. Find out possibilities of transfer of technology developed during HGP to industry.
 9. The project may result in many ethical, legal and social issues (ELSI) which must be
 addressed and solved.
 The project was slated to be completed for sequencing in 2003. On February 12, 2001,
 a formal announcement about the completion of the project was made. However,
 announcement of sequencing of individual chromosomes came in May 2006 with the
 completion of assigning nucleotide sequences to chromosomes I.
 Methodology:
 There are two types of approaches for analyzing the genome:
 (i) Identify all the genes that are expressed as RNA – expressed sequence tags or
 ESTs
 (ii) Sequencing the whole genome (both coding and noncoding regions) and later
 assigning the different regions with functions -sequence annotation.
 HGP followed the second methodology which involve following steps-
 http://cdn.yourarticlelibrary.com/wp-content/uploads/2013/10/image84.png
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 (i) The whole DNA of the cell is isolated and broken randomly into fragments,
 (ii) They are inserted into specialized vectors like ВАС (bacterial artificial chromosomes)
 and YAC (yeast artificial chromosome),
 (iii) The fragments are cloned in suitable hosts like bacteria and yeast. PCR
 (polymerase chain reaction) can also be used for cloning or making copies of DNA
 fragments,
 (iv) The fragments are sequenced as annotated DNA sequences (an offshoot of
 methodology developed by double Nobel laureate, Frederick Sanger),
 (v) The sequences were then arranged on the basis of some overlapping regions. It
 necessitated the generation of overlapping fragments for sequencing,
 (vi) Computer based programmes were used to align the sequences.
 (vii) The sequences were then annotated and assigned to different chromosomes. All
 the human chromosomes have been sequenced, 22 autosomes, X and Y. Chromosome
 I was last to be sequenced in May, 2006.
 (viii) With the help of polymorphism in microsatellites and restriction endonuclease
 recognition sites, the genetic and physical maps of the genome have also been
 prepared.
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 Salient Features of Human Genome:
 1. Human genome has 3.1647 billion nucleotide base pairs.
 2. The average gene size is 3000 base pairs. The largest gene is that of Duchenne
 Muscular Dystrophy on X-chromosome. It has 2.4 million (2400 kilo) base pairs. B-
 globin and insulin genes are less than 10 kilobases.
 http://cdn.yourarticlelibrary.com/wp-content/uploads/2013/10/image85.png
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 3. The human genome consists of about 30,000 genes. Previously it was estimated to
 contain 80,000 to 100,000 genes. Human gene count is around the same as that of the
 mouse. Nine tenth of genes are identical to that of the mouse. We have more than twice
 as many genes as fruit fly (Drosophila melanogaster) and six times more genes than in
 bacterium Escherichia coli.
 The size of genome or number of genes is unconnected with the complexity of body
 organization, e.g., Lily has 18 times more DNA than human genome, yet it produces
 fewer protein than us because its DNA has more introns and less exons.
 4. Chromosome I has 2968 genes while Y-chromosome has 231 genes. They are the
 maximum and minimum genes for the human chromosomes.
 5. The function of over 50% of discovered genes is unknown.
 6. Less than 2% of the genome represents structural genes that code for proteins.
 7. 99.9% of the nucleotide bases are exactly similar in all human beings.
 8. Only 0.1% of human genome with some 3.2 million nucleotides represents the
 variability observed in human beings.
 9. At about 1.4 million locations occur single nucleotide differences called SNPs (snips)
 or single nucleotide polymorphism. They have the potential to help find chromosomal
 locations for disease associated sequences and tracing human history.
 10. Repeated or repetitive sequences make up a large portion of human genome. There
 are some 30,000 minisatellite loci, each having 11 -60 bp repeated tandemly up to
 thousand times. These are about 2,00,000 microsatellites, each with up to 10 bp
 repeated 10-100 times.
 11. Repetitive sequences are nucleotide sequences that are repeated many times,
 sometimes hundred to thousand times. They have no direct coding function but provide
 information as to chromosome structure, dynamics and evolution.
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 12. Approximately 1 million copies of short 5-8 base pair repeated sequences are clus-
 tered around centromeres and near the ends of chromosomes. They represent junk
 DNA.
 Applications and Future Challenges:
 1. Disorders:
 More than 1200 genes are responsible for common human cardiovascular diseases,
 endocrine diseases (like diabetes), neurological disorders (like Alzheimer’s disease),
 cancers and many more.
 2. Cancers:
 Efforts are in progress to determine genes that will change cancerous cells to normal.
 3. Health Care:
 It will indicate prospects for a healthier living, designer drugs, genetically modified diets
 and finally our genetic identity.
 4. Interactions:
 It will be possible to study how various genes and proteins work together in an
 interconnected network.
 5. Study of Tissues.
 All the genes or transcripts in a particular tissue, organ or tumor can be analyzed to
 know the cause of effect produced in it.
 6. Nonhuman Organisms:
 Information about natural capabilities of nonhuman organisms can be used in meeting
 challenges in health care, agriculture, energy production and environmental
 remediation. For this a number of model organisms have been sequenced, e.g.,
 bacteria, yeast Coenorhabditis elegans (free living non-pathogenic nematode), Droso-
 phila (fruit fly), Rice, Arabidopsis etc.
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 Advantages
 Some current and potential applications of genome research include:
 Molecular medicine
 Energy sources and environmental applications
 Risk assessment
 Bio-archaeology, anthropology, evolution, and human migration
 DNA forensics (identification)
 Agriculture, livestock breeding, and bio-processing
 If we were to know what each and every gene in our DNA did, it would lead to
 revolutionary new ways to diagnose, treat, and someday prevent the thousands of
 disorders that affect us every day. We would have:
 Improved diagnosis of disease
 Earlier detection of genetic diseases
 Improved Treatment for certain diseases
 From the HGP, Microbial Genome Program has been created which has done research
 to create to energy sources, biofuels, and various other environmental applications.
 Genome research can also help risk assessors assess health damage and risks caused
 by exposure to radiation and cancer-causing toxins. This will information can hopefully
 reduce the likelihood of heritable mutations.
 DNA forensics now plays a vital role in many high profile court cases. DNA sequencing
 can help identify potential suspects whose DNA may match evidence left at crime
 scenes.
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 Disadvantages
 But decoding the DNA sequencing poses daunting moral dilemmas. With knowledge of
 our genetic code will come the power to re-engineer the human species. Biologists will
 be able to use the genome as a parts list and may well let prospective parents choose
 their unborn child's traits. Scientists have solid leads on genes for different
 temperaments, body builds, and statures.
 There may also be serious side effects to manipulating the genes. It just so happens
 that some disease genes also confer resistance to other diseases: carrying a gene for
 sickle cell anemia, for instance, brings resistance to malaria. If we change and
 rearrange our genes, it may have severe consequences to our future development.
 Another issue raised is that of employment and health insurance eligibility. From the
 beginning of the HGP, it was warned that genetic knowledge could be used against
 people in insurance and employment. If a company found out that an applicant has a
 gene for kidney disease, then they are almost certainly not going to hire them. Worse
 yet, if they discovered that one of their long-time employees has the gene for cancer for
 example, then they might not choose to employ that person anymore and that person
 and their family would be in a serious financial situation.
 There would need to be major changes in legislation if we are to live in a society with
 unimaginable scientific capabilities that will coincide impartially with a moral ethos.
 Ethical, Legal and Social Implications
 Early planners of the HGP realized that human genomic mapping and sequencing
 would have profound implications for individuals, families and our society. Although this
 information can potentially and dramatically improve human health, it would raise a
 number of ethical, legal and social issues (ELSI) such as how this information would be
 interpreted and used, who would have access to it, and how can society prevent harm
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 from improper use of genetic information. To address these issues, the ELSI Program
 was established as a part of the HGP. ELSI was created so that potential problem areas
 could be identified and solutions created before genetic information is integrated into
 modern health care practices (4). This is a unique aspect because the HGP is the first
 large scientific endeavor to address social issues that may arise from the project (3).
 The DOE and NIH genome programs each set aside 3-5% of their annual budgets for
 the study of ELSI (4).
 There are four major priorities being addressed by ELSI. The first is the issue of privacy
 and fairness in the use and interpretation of genetic information. As genetic information
 is being discovered, the risk of genetic discrimination increases as new disease genes
 are identified. The issue of privacy and confidentiality, including questions of ownership
 and control of genetic information becomes critical. Fair use of this information for
 insurance, employment, criminal justice, education, adoption, and the military is
 necessary. Also, the impact of genetic information on psychological responses to family
 relationships and individual stigmatizations becomes an issue (5).
 The second priority for ELSI is the clinical integration of new genetic technologies. It has
 been questioned if health professionals are adequately educated about genetics,
 genetic technologies and the implications of their use. Important issues include
 individual and family counseling and testing, informed consent for individual considering
 genetic testing, and the use of such genetic test for the use of reproductive risk
 assessment and making reproductive decisions (5).
 The issues that surround genetic research are the third priority of ELSI. Such issues
 include the commercialization of the products from human genetic research. Examples
 are questions of the ownership of tissue and tissue derived products, patents,
 copyrights, and accessibility of data and materials (5).
 The fourth priority is the education of the general public and health care providers. ELSI
 funded surveys have revealed that most of the public and health professionals are not
 knowledgeable about genetics, genetic technologies and the implications of having
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 genetic information. It is essential that the public understands the meaning of genetic
 information and that the nation's health professionals have the knowledge, skills, and
 resources to integrate this new knowledge and technologies into diagnosis, prevention,
 and treatment of diseases (5).
 CONCLUSION
 Although vast issues of social implications have arisen from genetic research, society
 has too much to gain from the discovery and consequent understanding of the human
 body and all its components. Americans alone spend enormous sums of money on
 personal health care including diet pills, hair loss, and virility drugs. It is unforeseeable
 to me that our society will stop its' quest to be healthier and happier.
 I believe that genetic research and information should not be allowed in any
 discriminatory manner. Insurance companies should not be allowed to deny coverage to
 individual or even have access to that information. The rights of privacy need to be
 strengthened. Employers and employments agencies should not know an individuals'
 genetic information. This information should be for the individual at risk of health
 concerns only and used in treatment or possible prevention.
 To be valuable to society, genetic information must be available to all people in need of
 such information. Class distinctions between those who can afford better health care
 must not enter the use of genetic research and information.
 The positive endeavors such as environmental issues of clean-up and waste
 management, increased agricultural production and safe food quality should be
 strengthened.
 Genetic research is further extension for the human mind to understand our own beings.
 We desire information. I do not believe it is possible, if even necessary, to stop the
 advancement of scientific discovery. As a society and human race, the question that
 should be concerning and focused on is rather what issues resulting from this discovery
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 need to be addressed. Our curiosity will not stop. Let us use new genetic information to
 advance the prosperity of the human population.
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