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2 Genes—the Basis of Life

Chapter 1 Introduction

1.1 Genes: Key to Human Health?
Understanding how genetic factors contribute to human health is

gathering speed. In the 1950s, the structure of DNA had just been
solved and the precise number of human chromosomes was still un-
der debate® . We now know that there are 46 human chromosomes,
which between them house 3,000 million base pairs of DNA and en-
code® about 60,000 to 80,000 proteins. These coding regions make
up only about 2% of the genome and some chromosomes have a
higher density of genes,but others not.

Sequencing our DNA is all about hunting genes. As well as
providing an excellent framework® for the complete sequencing of
the human genome, the physical map has assisted directly in identi-
fying about 100 disease-causing genes. However, one of the biggest
difficulty ahead is to find genes involved in diseases that have a
complex pattern of inheritance, such as those that contribute to dia-
betes, ohesity@, cancer and mental illness. In all these cases, no
one gene has the yes/no power to say whether a person has a disease
or not. It is likely that more than one mutation is required before the
disease is manifest. A number of genes may each make a subtle con-
tribution to a person’ s susceptibility to a disease; genes may also af-

fect how a person reacts to environmental factors. Unrave]ling® these



AR —4e2 R 3

¥$—% ®@hT
(Ddebate [ di'beit] n.

1.1 EE: AHEHERXE? discussion $16, #HE
A st A B SEA KA R o g A iR © encede [ ino‘:nd]
. . ®. convert inary
HBIES foble, £ 20 #4250 4K, DNA 89 nto code
HMRRAR, BAREERYANBE AV o 2rem,
HBESFV, AEAMNPEALE 46 £ # & RBK)
., B4 30424 DNA(BE B MBI B ) Rtk ?ijf]
A, G 6 FE 8 THEG K Rkt woporting or

AEREALEREE 2%, M B X2 F ER conaining  something

EHOERAREBKR, bR Eh oA A HHR ER, 4H
W E AN, @ obesity [ au'bizsoti )
n. more than average

AME DNAMAG B RAFEAR, o s
AR hRRERT AARE BB L Quavel [an'revol]
PIRBT —AEFIFHIER, BE A h o diclose BF, 7
HET 100 S AKBLER, 22,55 454 TEED
RKRBER LI T A BBRRB R
REAMATRAFG I RS XGEAA,

EZEEAT AF-ALHAGBEF/ 2%
RE~AANBRE T, fEFREAR AN,
THRA-MALGARRETEE, THE
EHEER, ENLFHET—ARK S K
FHRABEAZH B EXBLTRYH—NA
EHMNTRBENERAE TR, BF



4 Genes—the Basis of Life

networks of events will undoubtedly be a challenge for some time to

come, ’

[ From: hitp: //www. nchi. nlm. nih., gov/disease/ ]

1.2 Genes and Development: How Did We Get Here?

It’s a question both basic and profound®. A child might give
a guileless answer: First comes love, then comes marriage, then
comes the baby in the baby carriage.

How did we get here? Each of us begins as a zygote?, as the
sum of egg and sperm, as a primal cell. Genetically complete and
raring to go, this single cell contains the biological software neces-
sary to create a human, written in three billion base pairs of DNA,
twisting through 23 pairs of chromosomes.

Understanding exactly how this software moves an organism
from zygote to adulthood is another matter. What switches genes on
and off, directing them first to develop a primitive® skin, a crude
nervous system, and a chamberless, but beating, heart? And then
to refine—to become eyes that can see. . . with lashes and brows! To
become hands and fingers swirled® with a print unique in all the
world. To become a mind that not only controls basic functions like
breath and heartbeat, but one that burns with the electricity of rea-
son and imagination !

How did we get here? Embryologists, developmental biologists,
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6 Genes—the Basis of Life

fetal pathologists® and others have worked for years to sketch in the
outlines of development. But it’s still pretty much a mystery, and
like all the best mysteries, it defies easy resolution. Clues are elu-
sive®. Methods, mechanisms, and motives are hard to deduce.
Solving it will take more than good detective work; scientific sleuths
also need good hunches and good luck.

In detective novels, it’ s frequently the chance clue—the
stray® fingerprint, the contradictory statement, the forgotten letter—
that cracks the case. So it is too in science, as ORNL’s Waldy Gen-
eroso has come to experience. From a seemingly ordinary experi-
ment, Generoso has stumbled® upon extraordinary results, clues
that might help crack the mystery of how we got here, evidence that
might also help to explain how things can go wrong on the journey.

[ From:Kit Carlson,Science & Technology from Oak Ridge
National Laboratory , Detectives at The Dawn of Life ,1993]

1.3 The Gene Exposed

“We have caught the first glimpses© of our instruction book,
previously known only to God,” said Dr Francis S. Collins, director
of the National Human Genome Research Institute. The Human
Genome Project (HGP) in its first major announcement on Monday,
June 26, 2000, gave the draft plan of a typical human—the rough
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sketch of DNA, the molecule that determines® the hereditary and
structural instruction set of a human.

The information provided by the current work—the gaps will be
filled by 2003—has already led to significant efforts? to locate the
genes that cause diseases and attempt genetic modifications to effect
cures for them.

Such a catalogue of all human genes will help us understand
better and possibly treat many inherited diseases and other human
illnesses such as heart disease, diabetes and even cancer. It will be
useful in the prevention, diagnosis® and treatment of other diseases.
Scientists believe it is fundamental to the progress of medical re-
search throughout the world. It provides the basic set of inherited in-
structions for the development and functioning of a human being and
this knowledge is likely to transform medical care in the 21st centu-
Iy.

While there are specific genes that increase susceptibility® to
certain diseases, a large number of genes are often involved, and
this is further complicated by environmental factors, making the de-
termination of the source of most genetic diseases_very difficult.

What are the medical benefits of this new knowledge? Within a
decade, you may be able to go to your doctor, give a small blood
sample® and be told what is wrong with you—almost. By checking

your genetic code—your personal version of the human genome—the
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