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The Human Genome Project
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he human genome project, made
possible by recently invented high
speed DNA sequencing instruments,
has brought us to the threshold of a new
era in human biology. But the human
sequencing project is only the most visible
of the many sequencing projects now in
progress or recently completed. Thus all
of biological research will share in this

new era of genetic discovery. The DNA of

Drosophila, the fruit fly that has been
the object of genetic research for
100 years, has been sequenced. The
mouse genome will be completed
next year. DNA from five different
mosquito species, including those
that are hosts for malaria and yellow
fever, has been sequenced. The
DNA of many bacteria and viruses,
especially those that cause significant
human disease, has been sequenced.
Total sequencing of the rice genome
1S 1IN progress.

These new, high speed sequenc-
ing machines are pouring out
information at such a rate that
interpretation of the data is lagging
far behind. A compurer file of
sequence data can be thought of as
a street map of a major city— but a
map that has a few street labels and
noaddress numbersatall. Itcontains
a huge amountof information, but it
1s undecipherable until much more
work has been done. In sequencing
circles, this work is called annota-
tion: the process of identifying
expressed genes and determining

their function.

The complexity of annotation can
be illustrated with an example from
Drosophila research: after a century of
genetic experimentation, one would expect
the fruit fly genome to be pretty well
understood. When the sequence of part of
a particularly well studied chromosome was
published, geneticists realized that in 100
years of work, they had identified less than
half the genes in fragment. Of the previ-
ously undiscovered genes, about half were
completely new, had no known function,
and no known analogues in other organisms.
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The more we learn, the greater our ignorance
becomes.

The process of annotation is worldwide
and exclusively computer based. For many
years (in this field, 10-15 years is “many”)
researchers have been sequencing individual,
specific genes in a wide variety of organisms.
Sequence dataare deposited in computerized
data bases such as GenBank where they are
available through the Internet to researchers
all over the world, as are very efficient
search programs. When one provides a new
sequence to the search engine, it will identify
all the similar sequences already in the data
base, from any organism. Then, if
anyone has attached a function to
a similar sequence, there will be
leads about the possible function of
the new sequence. One must then
go into the laboratory and do the
appropriate cxperiments to prove
thar the new sequence actually
performs the function attributed to
it. Clearly, with about 100,000 genes
in the human genome, annotation
is going to take a long time.

Notice that the process of
annotation depends explicitly
on the relatedness of all living
creatures, from bacteria and fungi
to birds, plants, invertebrates, other
mammals, and humans. The extent
of the relatedness is wondertul and
amazing. In Drosophila, the fruit
fly, there are 178 genes that are
similar to human genes that cause
specific diseases. One section of
a recently described gene from
yeast has counterparts in sixty
organisms ranging from bacteria
to humans.

“Genome” continues on page 4 >>>



“GOD, COPERNICUS, GALILEO, NEWTON AND FEINSTEIN”"

Faith and Science

(or God, Copernicus, Galileo, Newton and Einstein)

A Sermon by Dean K. Thompson
First Presbyterian Church, Charleston, WV
November 14, 1999

n October 31, 1992, after studying

Galileo’s works for 13 years, Pope

John Paul extended an apology to
the devout Christian astronomer who had
been dead for 350 years. In 1632, building
on the work of a Pole named Nicholaus
Copernicus, Galileo Galilel of Florence
declared that the earth is not the center
of the universe. It is rather a more modest
satellite that goes around the sun. The
fear-filled Copernicus had published similar
findings 90 years earlier—intentionally
only just before his death. The church’s
response to the Copernican revolution,
which declared that the earth revolved
around the sun, was to outlaw all writings
that said the earth moved at all. The reward
for Galileo was a conviction of heresy in
1633. First he was sentenced to prison for
life; then his punishment was changed to
house arrest for life.!

The heresy charges against Galileo were
read publicly in the universities, and his
books were burned. Indeed, Galileo was
forced to denounce his own writings at
a gathering in Rome with these words
provided by the Inquisition: “... with sincere
heart and unfeigned faith I do abjure, damn,
and detest the said errors and heresics, and
generally each and every other error, heresy,
and sect contrary to the Holy Church; and
I do swear for the future that I shall never
again speak or assert, orally, or in writing,
such things as might bring me under similar
suspicion.”

Of course, that is precisely why Americans
cherish the Fifth Amendment to the U.S.
Constitution. It wisely and mercifully
protects us from having to testify falsely
against ourselves.

Although his theories brought about a
scientific revolution which continues to this
day, Galileo died as a prisoner, totally
blind and temporarily unappreciated. What
made Galileo so revolutionary was his
scientific method. In order to help humanity

understand the physical world, he observed
empirical data and he used the language
of mathematics. That's how he explained
the structures of the universe. The church,
on the other hand, used the language of
scripture and the cosmology of scripture
as the means of explaining the structures
of the universe.’

Yet, despite its fear and persecution of
the truth, the church could not stop the
scientific revolution. Fifty years later, in
1687, a devout Christian in England, a
natural philosopher and mathematician
named Isaac Newton, “laid down the laws
of celestial dynamics™ and captivated the
scientific world with the law of gravitation.

Since Newton, science and religion have
often continued to be very uncomfortable
with one another. The great Methodist John
Wesley likened gravitation to “infidelity.”
Other religious leaders charged that Newton
had substituted gravitation for Divine
Providence.?

Thus, across the following centuries,
religion and science have often been at
loggerheads, talking past one another rather
than to one another. With this tension in
mind, Graham Hardy tells the story of the
college student who used these words to
begin his essay on the relationship between
science and religion. “The difference between
science and religion is that science is
material and religion is immaterial,™ the
student wrote.

"Today, this tension 1s dissolving in some
significant circles. Today, many scientists are
walking out onto the edge of the mystery
of the universe and crying out for God.
Today, many scientists and many churches
revere the words of Albert Einstein who
said, “Science without religion is lame.
Religion without science is blind.”” Today,
more and more scientists cherish and claim
these words written by the devout Isaac
Newton at the end of his watershed book:
“This most beautitul system of the sun,
planets, and comets could only proceed from
the counsel and dominion of an intelligent
and powerful Being.™

Working under God’s providence rather

“Faith and Science” continues on page 3 >>>
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“FAITH AND SCIENCE”

<<< “Faith and Science” continued from page 2

than against God’s providence,” working
under God’s providing, ordering and caring
hand, Newton knew with Galileo that the
Bible is not a science book. As Galileo was
fond of saying, “The Bible tells us how to go
to heaven, not how the heavens go.”°

This is still a very important light for
us to shine forth today. The Bible is not
meant to be understood as a science book.
The Genesis accounts of creation deal with
the theological “why” of creation and not
with the scientific “how.”"! The Genesis
truth stories are not descriptions of how
God created. Rather, they ask “Why?” and
they answer “God.”

Why? Why is there something instead
of nothing? That is one of the most crucial
questions you will ever ask. There are atleast
three possible answers to the question “Why
is there something instead of nothing?”

The atheist’s answer: blind chance;
total accident.

The agnostic’s answer: 1 don’t know. 1
don’t know why there is something instead
of nothing.

The Christian’s answer: God. God the
Father Almighty, Maker of heaven and
earth. In the words of Jim Holt, the universe
“suddenly exploded into being some 15
billion years ago in a flash of light and
energy. The abrupt emergence of a world
out of nothingness with a big bang bears
an uncanny resemblance to the Genesis
command: Fiat lux.”*? (“Let there be
light.”)

Why is there something instead of
nothing?“The more Istudy science, the more
Ibelieve in God,”"? Einstein once confessed.
And, as another theologian/scientist also
confesses, “There are geneticists working
on DNA today who not only believe that
biology and genetics tell us about our genes
and where we come from, but also see the
presence of God in the way that DNA is
put together.”!

Yes, we believe in God the Father
Almighty, Maker of heaven and earth,
Maker of all things good and wonderful.
God is why there is something instead of
nothing. Thus today, perhaps more than
any other searchers for truth, scientists
are helping me to see and to cherish the
inspiring picture that the God of scripture,
and the God and Maker of the universe

explored by science, and the God we know
personally in Jesus Christ do not negate each
other. I mean, please consider this testimony
from Dr. Charles Townes, a renowned Nobel
physicist. “As a religious person, I strongly
. the presence and actions of a
creative being far beyond myself and yet
always personal and close by.”

No, you do not live in a chance-based

sense . .

world in which meaningless and accidental
forces account for the way things are.
For both in the Bible and in our ongoing
scientific discoveries, we encounter a
magnificent world that is created, connected
and redeemed by God the Father Almighty,
Maker of heaven and earth. As my friend
Dr. Paul Francke likes to point out, scientists
are now claiming the presence of a loving,
providing, intelligent, interrelating “designer
of the universe.” Francke enthusiastically
interprets the big bang as the living work
of an intelligent designer of our universe,
instead of some accidental collision of
atoms billions of years ago. With modern
physicists and theologians, Francke testifies
to a holistic worldviewwhich declares thatall
things have an “intrinsic interrelation.”

Yes, a personal, loving, providing, caring
and intricately creating God is the reason
why there is something instead of nothing.
Thus, Dr. Francke loves to quote these
inspiring scientific affirmations:

Make gravity the slightest bit weaker,
and no galaxies suitable for life would have
formed: make it the slightest bit stronger
and the cosmos would have collapsed upon
itself moments after the big bang.”

If the rate of expansion one second
after the explosion [the big bang] had been
smaller by even one part in a hundred
thousand million million, the universe
would have collapsed before it ever reached
its present state.'®

Yes, as the great hymn in the first chapter
of Pauls letter to the Colossians proclaims,
through the God we behold in our Lord
Jesus Christ, “all things in heaven and on
earth were created” and “hold together.™"
Yes, “Science without religion is lame,”
and “Religion without science is blind.”
Thus, I am so grateful to God that the new
physics 1s reverently confessing a holistic
worldview—that all things have an“intrinsic
interrelation.” In the words of Barbara

Brown Taylor, “Quantum physics suggests

that our life in God is like a luminous web
of relationships flying across the vastness
of space.” And, she asks, “Where is God in
this picture? All over the place. Up there.
Down here. Inside my skin and out. God is
the web, the energy, the space, the light—not
captured in them, as if any of those concepts
were more real than what unites them,
but revealed in that singular, vast net of
relationships that animates everything
that is.”%

Why is there something instead of
nothing?

God!

Let us pray a prayer by the theologian/
scientist, Teilhard de Chardin.

O God, 1 believe that you are the origin of the
impulse and at the end of that pull which, all
my life long, I have been trying to follow. You
are in the life which springs up within me and
in the matter which sustains me. I find there
is something better than Your gifts. It is You
Yourself that 1 find. You make me participate
in my being with You. Amen. 't

Dr. Dean K. Thompson is Pastor of the First
Preshyerian Church of Charleston, West Virgina.
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<<< “Genome” continued from page 1

The marvelous complexity and related-
ness of all living creatures are reflected in
the new information that is appearing daily
from annotation. We truly are related to
all living things, no matter how different
they appear to be.

What are some of the practical applica-
tions for genetic discovery in the area of
human health and disease? Many of these
applications will come from understanding
the genetics of other organisms, where our
understanding of the natural history of
disease processes and how to interfere with
them will be greatly enhanced. Comparison
of the genomes from the five species of
mosquitoes already sequenced may reveal
specific features that make some mosquitoes
good hosts for parasites like malaria, or
viruses like yellow fever. These insights
could lead to novel and highly specific means
of controlling only those mosquito species
that carry deadly diseases.

A vital application of genetic research is
to discover how a specific disease is related
to the function of a specific gene. When the
gene or genes are discovered, then research
must discover the normal function of the

gene and how the disrupted function of the
mutated gene leads to the disorder. If the
gene in question is also found in an organism
that can be used in experimentation, there
is a good possibility of finding directly the
function of the gene. Ina mouse, for instance,
the gene can be inactivated or removed, and
the consequences observed.

However, in the vast majority of human
diseases, many genes are involved, and
interactions of genes with the environment
are critical. (The old nature vs. nurture
arguments are not resolved by the Human
Genome Project.) Human disorders cannot
be categorized exclusively as genetic or
nongenetic. Mostly, they are a mixture
of the two.

Consider adult-onset diabetes. It tends
to run in families, i.e., it has a genetic
component. But expression of the gene, even
if it is inherited, is not inevitable. Regular
exercise, avoidance of obesity, and a healthy
diet can prevent diabetes.

Lung cancer provides another example of
the interaction of genetics and environment
in the development of disease. Almost all
lung cancer is caused by smoking, but only
10% of cigarette smokers develop lung

cancer. If the carcinogens in the smoke were
the only cause, all smokers would deveélop
cancer. The difference between the lucky.
90% and the unlucky 10% is probably in
their genes. Most likely, the unlucky 10%
have mutations in the enzymes that detoxify
the carcinogens in smoke: the enzymes
are less effective, the carcinogens remain
longer in the lungs, and cancer develops—
again, an interaction of genes and the
environment.

There was great controversy ten years
ago about the Human Genome Project—
whether it would be feasible, and what
the results might tell us. Now, with the
sequencing 90% completed, it is clear that
the possibilities are immense for better
understanding humanity and all the world’s
creatures.t
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