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Preface

The Human Genome Project (HGP) is fulfilling its promise as the
single most important project in biology and the biomedical sciences-one
that will permanently change biology and medicine. With the recent
completion of the genome sequences of several microorganisms, including
Escherichia coli and Saccharomyces cerevisiae, and the imminent
completion of the sequence of the metazoan Caenorhabditis elegans, the
door has opened wide on the era of whole genome science. The ability to
amlyie entire genomes is accelerating gene discovery and revolutionizing
the breadth and depth of biological questions that can be addressed in
mcdel organisms. These exciting successes confirm the view that
acquisition of a comprehensive, high-quality human genome sequence will
have unprecedented impact and long-lasting value for basic biology,
biomedical research, biotechnology, and health care. The transition to
sequence-based biology will spur continued progress in understanding
gene-environment interactions and in develogment of highly accurate
DNA-based medical diagnostics and therapeutics.

Availability of the human genome sequence presents unique scientific
opportunities, chief among them the study of natural genetic variation in
humans. Genetic or DNA sequence variation is the fundamental raw
material for evolution. Importantly, it is also the basis for variations in
risk among individuals for numerous medically important, genetically

complex human diseases. An understanding of the relationship between
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genetic variation and disease risk promises to change significantly the
future prevention and treatment of illness. The new focus on genetic
variation, as well as other applications of the human genome sequence,
raises additional ethical, legal, and social issues that need to be
anticipated, considered, and resolved.

The HGP has made genome research a central underpinning of
biomedical research. It is essential that it continue to play a lead role in
catalyzing large-scale studies of the structure and function of genes,
particularly in functional analysis of the genome as a whole. However,
full implementation of such methods is a much broader challenge and will
ultimately be the responsibility of the entire biomedical research and
funding communities.

Editor
Dec, 2007
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Overview of Human Genome Project
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1.1 The Human Genome Project
A% HEH AR

Many of you will have heard of the Human Genome Project
(HGP)—some of you may be familiar with most of its objectives and will
have followed its progress. There will be those amongst you who have
questioned its usefulness, but there is no-one who will be ultimately
unaffected, either personally or professionally, by the description of the
human genomic DNA sequence, the ultimate reductionist biologist’ s and
physical anthropologist’ s template. There is an inevitability in the
realization of the HGP which may not have been apparent to the early
pioneers of molecular genetics, but which followed as a simple

consequence of human curiosity. When Watson and Crick published their
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model for the structure of DNA, when Sanger and, separately, Maxam
and Gilbert first sequenced it, when Berg created the first recombinant
DNA molecule, when Boyer and Cohen generated the first recombinant
organism, the logical consequence was the description of the linear
sequence of the human DNA code, organized as it is into two sex
chromosomes and 22 non-sex chromosomes (autosomes). Although those
who fought hard to secure the vision of a co-ordinated, funded effort to
map and sequence the human genome may take issue with this thought as
a trivialization, it is not intended as such. @ It is merely a recognition of
the human tendency to classify and record, to attempt to understand where
we have come from (the human genome sequence is the ultimate
anthropological tool) and what we are made of. The current estimated
date of completion of the human genome sequence is 2005, 52 years after
the description of the structure of the double helix. Perhaps a technical
innovation or increase in funding will permit the completion celebration to
coincide with this important anniversary.

The genetic and physical mapping, and eventual sequencing, of
three thousand million nucleotide bases of DNA has brought “Big
Science” to biology and allows the discipline to hold up its head in the
company of the more mature sciences such as particle physics, and bears
comparison with areas of technological achievement like the Soviet and US
space initiatives.? The pace with which the project has progressed has
been remarkable. As with the space race, which thrived on and drove the
development of computér, rocket and materials technology, the rapid
progress of the HGP reflects the development of a number of key enabling
technologies and resources. Several essential stages have preceded the
megabase sequencing. The first of these has been the construction of an
integrated genetic and physical map which has provided a framework upon
which to hang the sequence and the means to connect the linear DNA
code of each chromosome.® Genetic mapping involves recording the
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relationship between an extensive set of genetic markers, most recently
segrments of DNA, which vary in configuration between individuals. If
pairs of the various forms of markers are inherited together in families
more than 50% of the time, markers are said to be genetically linked. By
making multiple comparisons of this type with a large set of DNA based
genetic markers, it has been possible to put together a genetic linkage
map of the human genome. The value of this map is the ability to carry
out examinations of linkage between sets of markers and putative disease
loci which segregate in families. Increasingly, as the density of markers
on the map improves, the nature of developing genotyping technologies
will allow throughput to be raised by several orders of magnitude. It will
then be possible to carry out large-scale whole-genome association analysis
which will supersede linkage studies.

The second key element has been the development of DNA host/
vector systems capable of accommodating large clones of genomic DNA,
most notably yeast artificial chromosomes ( YACs) in 1987 and
subsequently bacterial artificial chromosomes ( BACs). Together with
radiation hybrid cell lines, these have enabled a physical map of the
human genome to be assembled by providing a resource upon which
sequence tagged sites (STSs) can be placed. STSs are essentially
polymerase chain reaction ( PCR )-based signposts which relate long
overlapping stretches of human cloned DNA. The integration of the
physical map with the genetic map has been a key event which has already
paid off in terms of the positional ¢loning of a number of disease genes. It
is anticipated that such early success in uncovering the genetic basis of
simple yet relatively rare Mendelian diseases will be extended to
components of relatively common polygenic diseases such as insulin-
dependent diabetes mellitus, rheumatoid arthritis, ankylosing spondylitis,
cancers and cardiovascular diseases. This remains the single most

justifiable element of the HGP in our increasingly utilitarian world.



