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ON THE FRONT COVER

Human chromosomes contain the DNA for 
thousands of individual genes. Each gene is a 

segment of double-stranded DNA that holds the code
for making a specific molecule, usually a protein. 
The code is spelled out in various sequences of the 
4 chemical bases in DNA: adenine (A), thymine (T),
guanine (G), and cytosine (C).1 In 1990 the Human
Genome Project was initiated. Its goal was to determine
the complete nucleotide sequence of DNA and to 
localize the estimated 50 000 to 100 000 genes within
the human genome.2 The initial 5-year research plan set
specific goals for what was expected to be a 15-year
project. The first and second 5-year plans outlined the
intention to sequence the human genome and study
genetic variation and functional analysis of the
genome.3,4 It is now anticipated that the 15-year project
will be finished ahead of schedule, in 2003, just 50 years
after the discovery of the double-helix structure of DNA
by Watson and Crick.5 However, it is possible that less
than the totality of the genome will have been decoded
by then, because some areas, such as the centromeres,
are not amenable to automated assembly because of
their highly repetitive sequences.  

Determining the base-pair sequence of a strand of
DNA is not entirely straightforward. Today’s most 
popular method for base-pair sequencing was reported
in 1977 by Sanger and others.6 This method involves
replicating each strand of DNA, adding a known 
base-pair sequence to each strand, and dividing the
replicates into 4 groups. Nucleotide bases are then
added, and base pairing begins. Each nucleotide base
has a complementary base with which it can pair 
(A pairs with T, and G pairs with C). However, base
pairing can be halted by means of a specific chain 

terminator — a modified nucleotide of adenine,
thymine, guanine, or cytosine. Because pairing halts
where the chain terminator binds, chains of various
sizes are created by the chain terminator. To 1 of the
original 4 groups, only an adenine chain terminator is
added, such that chains in that group halt where the
chain terminator of A is paired. The same process is 
followed for the other 3 groups and the other 3 chain
terminators. All 4 groups of DNA fragments are then
separated according to their size by means of 
electrophoresis. Starting with the smallest piece, the
chain terminator is “read”. If the smallest piece appears
in the “A” column, then the first nucleotide in the chain
is adenosine. This process continues until the entire
code of the original piece is determined.

About 1 year ago, 2 groups of researchers 
simultaneously published their DNA sequence results.7,8

In fact, neither group had completely sequenced 
all human DNA. Many small portions of the highly
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Fluorescent-light microscopy shows a dividing cell in
metaphase. Its duplicated chromosomes (which appear in blue)
are being separated for equal distribution into 2 new cells. The
spindle poles serve as centres from which microtubules (appear-
ing in green) grow outward. The microtubules interact with 
special structures on the chromosomes, and the chromosomes
are separated equally between the 2 new cells. Photograph 
by Dr Alexey Khodjakov and Dr Conly L. Rieder, Division of
Molecular Medecine, Wadsworth Center, New York State
Department of Health, Albany, New York.
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repeated sequences between genes had not been 
entirely sequenced, and many will not be finished until
2003. Nevertheless, both groups agreed that humans
have only about 30 000 genes, fewer than initially
thought, and that genetic differences between any 
2 people are small.

The sequencing of the human genome is 
considered the single most important project in biology
and the biomedical sciences. It is anticipated that it will
create an understanding of the relationship between
genetic variation and the risk of developing any one of
the nearly 4000 genetic diseases that affect humans. In
fact, it is hoped that we can learn to prevent or treat
many of these genetic diseases through knowledge
gained in the Human Genome Project.
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